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MONDAY, JUNE 13, 1988 -- 8:45 A.M.

Auditorium, Independence Hall

Chairmen: K. NARAHARI RAO, Department of Physics,

The Ohio State University, Columbus, Ohio.

GREGORY P. LAFYATIS, Department of Physics,
The Ohio State University, Columbus, Ohio.

Plenary Session

OPENING REMARKS: J. C. GARLAND, Chairman, Department of
Physics, The Ohio State University.

MAI. TUNABLE DIODE LASER SPECTROSCOPY: PAST, PRESENT
A N D FU T U R E .. ..... ... .. . .... . .... .. ..... .. .... .... .. 3 5 m in .

A. W. MANTZ, Laser Analytics, Inc.
25 Wiggins Avenue, Bedford,
Massachusetts, 01730.

MA2. THE VERSATILITY OF FOURIER TRANSFORM SPECTROSCOPY... 35 min.

HENRY BUIJS, Bomem, Inc., 635 rue Marais,
Vanier, Quebec, Canada, GIM 2Y2.

MA3. THE TORSION-ROTATION SPECTRA OF ACCIDENTALLY SYMMETRIC
TOP MOLECULES: CARBODI-IMIDE, PNCNH, AND DISULFANE,

H S S H .... ...... ..... ........ ...... ..... ..... ..... ....3 5 m i n .

MANFRED WINNEWISSER, Physikalisch-Chemisches
Institut, Justus-Liebig-Universitat Giessen,
Heinrich-Buff-Ring 58, D-6300 Giessen,

West Germany.

Intermission

COBLENTZ PRIZE AND AWARD LECTURE (11:15 A.M. - 12 NOON)

MA4. PHASE-COHERENT MOLECULAR DYNAMICS AND PHASE-
COHERENT CHEMISTRY .................................. 30 min .

KEITH A. NELSON, Department of Chemistry,
Massachusetts Institute of Technology,
Cambridge, Massachusetts, 02139.

PLEASE NOTE:

BOTH THE PLENARY SESSIONS ON IONDAY AND
WEDNESDAY MORNINGS (JUNE 13 AND 15) WILL
START AT 8:45 A.M.



MONDAY, JUNE 13, 1988 -- 1:30 P.M.

Room 11S3, Physics Laboratory

Chairman Before Intcrmissior: WAFAA FAWZY, Department of Chemistry, Emory
University, Atlanta, Georgia.

Chairman After Intermission: L. HALONEN. Department of Physical Chemistry,
University of Helsinki, Helsinki, Finland.

ME1. OPTICAl DESIGN OF EFFICIENT ABSORPTION SAMPLING SYSTEMS FOR FTIR SPECTROMETERS...10 min.(1:30)

KNM. B. OLSON, Molecular Spectroscopy Division, National Bureau of

Standards, Gaithersburg, Maryland, 20899.

ME2. ITTRA-HIGH RESOLUTION WITH A BOMEM SPECTROMETER ................................... 10 min.(1:41)

JI.W.C. JOHNS, Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario, Canada, KlA OR6.

ME3. SELECTIVE FOURIER TRANSFORM SPECTROSCOPY OF RADICALS .............................. 10 min.(l:52)

M. FLHANINE, R. FARRENQ, and G. GUELACHVILI, Laboratoire d'Infrarouge,
iniversite de Paris-Sud, 91405 Orsav, France.

ME3' HIGH PRECISION IR SPECTROSCOPY: THE STATE OF THE ART AND ITS
EXPECTED LIMITATIONS ............................................................. 10 mino(2:UW )

L. HENRY and A. VALENTIN, Laboratoire de Physique Moleculaire
et Atmospherique, C.N.R.S. et Universite Pierre and Marie Curie,
4 place Jussieu, Paris 75005, France.

ME.4. COMPUTATIONAL PROCEDURES IN INTERPRETING HIGH RESOLUTION SPECTRA
.............................. Invited Paper ...................................... 30 min.(2:14)

0. L. POLY.NSKY, ADlied Physics Institute. USSR Academy of
Sciences, Gorky, USSR 603600.

ME5. ANALYSIS OF FERII RESONANCES AND LOCAL MODES IN CH2CI2 AND CD2C 2 USING AN
INTERNAL COORDINATE HAMILTONIAN .................................................. IS min.(2:46)

L. HALONEN, Department of Physical Chemistry, University of Helsinki,
Meritullinkatu 1 C, SF-00170 Helsinki, Finland.

Intermission

M16. ROTATIONAL PARTITION FUNCTIONS FOR SYM1,ETRIC-TOP MOLECULES ....................... 15 min.(3:15)

ROBIN S. McDOWELL, University of California, Los Alamos National
Laboratory, Los Alamos, New Mexico, 87545.

ME7. CALCULATION OF THE VIBRATIONAL ENERGY LEVELS OF TRIATOMIC MOLECULES .............. 15 min.(3:31)

VIKTOR SZALAY, Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario, Canada, KlA OR6.

ME8. VARIATIONAL CALCULATIONS OF ROTATION-VIBRATION ENERGIES FOR TRIATOMIC
MOLECULES ........................................................................ 15 min.

PER JENSEN, Physikalisch-Chemisches Institut, Justus-Liebig-Universitat CANCELLED

Giessen, Heinrich-Buff-Ring 58, D-6300 Giessen, West Germany.

ME9. DEGENERATE AND STRONGLY INTERACTING VIBRATIONAL STATES OF POLYATOMIC MOLECULES:
THE PROBLEMS IN ROTATIONAL ANALYSIS AND DETERMINATION OF SPECTROSCOPIC
CONSTANTS ............................... Invited Paper .............................. 30 min{3:47)

Vl. G. TYUTEREV, Institute of Atmospheric Optics SB USSR Academy of

Sciences, 1, Akadeoicheskii Avenue, Tomsk, 634055, USSR.

MEIG. PERTURBATIONS M THE DOMINANT APPROXIMATION IN SPHERICAL-TOP MOLECULES ........... 15 min(4:19)

B. J. KROHN, University of California, Los Alamos National Laboratory,
Theoretical Division, Mail Stop J569, Los Alamos, New Mexico, 87545;
and J.K.G. WATSON, Herzberg Institute of Astrophysics. National Research
Council of Canada, Ottawa, Ontario, Canada, KlA OR6.

MElI. ROVIBRONIC ENERGY LEVELS AND INTENSITIES OF ROVIBRONIC TRANSITIONS OF
NONLINEAR TRIATOMIC OPEN-SHELL RARE GAS COMPLEXES ................................. 15 min.(

4
:35)

WAFAA FAWZY, Department of Chemistry, Emory University, Atlanta,
Georgia, 30322; and JON T. HOUGEN, Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg, Maryland, 20899.
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NIE12. RENNER-TELLER ROVIBRONIC SPECTRM' OF TIlE HCS RADICAL AND THE
ROViBRATIONAL SPECTRULN OF ICS-. .................................................... 10 min.(4:51)

P. ROSMUS, N. C. HANDY, University Chemical Laboratory, University of
Cambridge, United Kingdom; J. SENEKOWITSCH, S. CARTER, Department of
Chemistry, University of Frankfurt, Frankfurt, Germany; and
1.-J. WERNER, Department of Chemistry, University of Bielefeld,
Bielefeld, Cermany.

ME13. BOUND ROVIBRATIONAL STATES OF HeN ..................... 1r. (5:02)

S. MILLER, J. TENNYSON, Department of Physics, University College,
London, United Kingdom; B. FOLLhAEG, Department of Chemistry, University
of Frankfurt, Frankfurt, Germany, P. ROSMUS, University Chemical
!.aboratory, University of Cambridge, Cambridge, United Kingdom; and
H.-J. WERNER, Department of Chemistry, University of Bielefeld,
Bielefeld, Germany.

IMPORTANT--PLEASE ACT THANK YOU

RAO

It is gratifying to note that we have received an
excellent response for this Bright Wilson Symposium
on Molecular Spectroscopy. We need your help in the
smooth conduct of the various contributed paper sessions.
We have normally indicated a two-mi nite discussion
period for each of the contributed papers. This year
it became necessary to show only a one minute dis-
cussion time in some of the sessions to avoid having
to schedule papers on Fri day aft ernoon. We hope it
would be possible for the speakers of 15 minute papers
in these sessions to plan to talk for a minute or two
less. That should surely help remove the pressures
on everyone. The chairmen of these sessions will
surely not want to prolong them beyond the scheduled
periods. Thank you for your cooperation.



MONDA\Y, JUN11 13, 19S8 -- 1:30 P.M.

R0o1m 1009, Physics laboratory

Cha i-!lan: Befo re Iat era is; Ion: COLAN [INJON, Department of Physics, Un iv r5 ity o f
Net, Brunswick, Fredericton, New Brunswick, Canada.

Ch~ iiroan After I at ermi sson: 1'. K. BALASUBRAMAN IAN, Spect roscopy Division, Bhabha
Atomsic Research Centre, Modular laboratories , 1'rombay
Bombay , I ndia.

Mil I . SP'LCTROSCOPY AND) P11OTOPIIYSICS 01: REF:RACTORY MOILCUJLLS AT LOW TEMPERATURE.
lEi G RLLN S'tSTEMS OF: ZrS............................................................ 10 ain. : 3D)

B. SIMARlD, S. .A. MIT ChL. , and '. .A. 1HACKETT, Laser Chemistry G;roup,
IS i i ion of Chem I str ry Nat i oaaI Res earch CouncilI of Canada, Ot tawa,
Ontario, Canada, K IA OR),.

N1 : . NEW INFRARED lECTRONIC SPECTRA\ OF C,* AND SiC......................................1IS m i n.( 131)

M. DOUAY, LSM, Unitersite des Sciences et Techniques de Li lle,
30055 Villeneuve d'Ascq, France; R . A. NIETMANN, C. R. BRAZIER,
I . C. O'BRIEN, 1'. F. BERNATHI, Department of Chemistry, University
of Arizona, Tucson, Arizona, 85-21 , S. A. ROGERS, Dcpartment of

Chmistry, UniversitN of Colorado, Boulder, Colorado, 80309; and
A. D. MclEAN, IBEM Research Laboratory, San Jose, Cal ifornia, 951 20.

MIS . HIGHI RCSOLUT ION LASER 3PE'CiROSCOPY OF: Ol........................................... 13 min.( I m

I). J. RODGELRS and P1. J. SARRE, Department of Chamistry, University of
Nottingham, University Park, Nottingham, N);? 2RD, United Kingdom.

M F4. LElCTRONIC SPECTROSCOPIC STUIDIES AT B~iABIIA ATOMIC RESEARCH CENTRE
...................... ...... Specially Requested.............................. 15 min.(2:12)

T'. K. BALASUBR:,iMXNIA:N and S. L.N.G. KRISIINAMACIIARI, Spectroscopy
Division, Bhablia Atomic Research Centre, Modular Laboratories,
Trombay, Bombay-400 083-, India.

MF3. MAGNETIC DIPOLE TRANSITIONS IN DIATOMIIC MIOLECULES: SOME NEGLECTED ASPECTS...10 min.(2:2a )

T. K. BALASUBRAIANIAN and V. P. BEILARY, Spectroscopy Division,
Bhabha Atomic Research Centre, Modular Laboratories, Trombay,
Bombay-400 08S, India.

MEFG. ON HI~lE WIGNER - WITMER CORRELATION RULES IN DIATOMIC MOLECULES.................... 10 min.('-:31))

T. K. BALASIIBRAMAINIAN and V. P. BELIARY, Spectroscopy Division,
Bhabha Atomic Research Contra, Modular Laboratoires, Trombay,
Bombay-400 085, India.

Intermission

Ml:?. THlE ELECTRONIC SPECTRUM OF MANGANESE MONOIUYDRIDE................................... 15 min.Wi)

W. J. BALFOUR, Department of Chemistry, University of Victoria,
Victoria, British Columbia, Canada, V8W 2Y2; B. LINDGREN, Institute
of Physics, University of Stockholm, Vanadisv~gen 9, S-113 46 Srsuckholm,
Sweden; and S. O'CONNOR, Department of Physics, University College
OW 'in, Stillorgan Road, Belfield, Dublin, Eire.

MF8. VUV ABSOR,'TION SPECTROSCOPY OF SUPERSONIC JET-COOLED MOLECULES: THlE
SCHIt'ANN-RUNGE BANDS OF OXYGEN..................................................... 10 min.(3:IG)

K. YOSHINO, W. H. PARKINSON, D. E. FREEMAN, Harvard-Smithsonian Center
for Astrophysics, 60 Garden St., Cambridge, Massachusetts, 02138; and
A.S. -C. CHEUNG, Department of Chemistry, University of Hong Kong,
Hong Kong.

MF9. LEVEL SHIFTS IN THE B 3 Z STATE OF MOLECULAR OXYGEN................................. IS min.(3:27)

R. S. FRIEDMAN and A. DAI(CARNO, Harvard- Smithsonian Center for Astro-
physics, 60 Garden St., Cambridge, Massachusetts, 02138. Also for
FRIEDMAN: Department of Chemistry, Harvard University, Cambridge,
Massachusetts, 02138.

MFlO. BAND OSCILLATOR STRENGTIHS OF THlE SCHILI4ANN-RUNGE ABSORPTION BANDS OF MOLECULAR
OXYGEN.............................................................................. 15 min.(3:43)

R. S. FRIEDMAN, Harvard-Smithsonian Center for Astrophysics, 60 Garden
St., Cambridge, Massachusetts, 02138 and Department of Chemistry,
Harvard University, Cambridge, Massachusetts, 02138.



MI. ki xi IONAi. S i'RLJCI UFI 01: Ill. I O 1,i 1\C flI LCI RON IC S hAILS 0)1 SX\FARILIM
NkN L. ......) ...... \ ....... [ ...... IF......- ...... 1. . in 1

(Alot BWi[N ;md C . I [NION, Iepartinent of ' Ph\wes , Un jeersite , vo

New Brun.-wicr., P.O. Bo\ 4-F100, Frederijcton,* New Brun.wi i , Canazda

L3B 3.

\1IL1. LASER SP'I-CTROSCollY 01 1F1ILUL. 1M FONON [DI ...................... 15 mi l(45: 7

C. INTUN and L). N. ]ILLIFF , IDepartment of' Physics, Uiniversi ty of
NewBrrtw jek ' 3;Box 4401)~, Frvde r i ton , New BrunTSWICk, Canada

FOB .3.

N11I13. 10M; WAAVI.1fENtCTI VIBRONIC FRANSITIONS 01F 79 L -C AND S
1

BrCl .......................... 1 1j Ilil(4: 31)

B. Me FLA FIL'RS , L . HA-NKLA, G. P. PLRILANI, and L. A. DOliK , A1FW./ARB I,
Air Force Weapons Laborator e, K irtlIand Air Force Baswe, New Mexico,
8711I - (0o S.

%1 i .1 I I A N \1.YS, IS < l I. LL 1 1-1 1) 'NILLAI IONAL LLK\'IL STRI'('FLI)I. I N [XL-fI EEL
\IEK HCl i................. ic...................12['.............I P ~,. 4

\1. VAN t EI-SE RI D Pe p, rt -Wr nt I (Leit\ , otL tttiS 1Ab,'l:t1itriW.

T a7 , nIve r si L , ['t bu s 93'- , 2301)BA Leiden, Pich Nctlo-t LanI-
vid > 1).I iTHI-IIII) ILi Lehiw aul I lay FIWeIt I i wC 1L'e ChWrt I C

it t.L , Is clt s r asse 12, 1) 3(ti) Bmn I, Fedural1

1!; 1 r. FLI CURLF- I' I I AND BIALM-E-JOLNSON SYSTEMS OF L3 c 18, 0 . .. . . .. . .... . ... . I mi)l

S. I DD[ RE DDY and C.V .PR.-SAD, DepartmTeat o llSis,

.\Iemor i a I Unreerwjt ,f NewfoundIland, St. John's, Newf"tiadlord,

LII I PRESENTED ILLRE (C. LINTO)N)............................................. IC r'nl :t

THE RECENT DEMISE OF DR. M. R. ALIEV A DISTINGUISHED
THEORIST OF THE U.S.S.R. ACADEMY OF SCIENCES. DURING
A BRIEF SOJOURN IN CANADA IS DEEPLY REGRETTED.
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I. NN HI 't- N, P . ' !I I'l DE IIAAI;, and W . LFO MEERTS., F si sch
. .r ;" i "re. ! ,')',,I V"I']f1) Nj lnt'8tn , The N'-. her IaJl ds.

. V . [ N If I'H.AIENE A I R IATIONAL RESOLITION ..................... I m (n ( :(0)

[ H , , m I 1. 'I- [- R I S , Fm m , h s 1 s 1,ra t r I u m ,
, '- cmctm. The Nethtr lands.

THE FOLLOWING THREE CONFERENCES MAY BE OF INTEREST TO THE
MOLECULAR SYMPOSIUM PARTICIPANTS:

SEPTEMBER 5-9, 1988 FOR MORE INFORMATION CONTACT:

Xth International Conference Dr. Dusan Papousek
on High Resolut ion Infrared Czechoslovak Academy of Sciences
Spect roscopy Dol ej sova ul 3

182 23 Praha 8
Liblice near Prague Czechoslovakia

NOVEMBER 2-7, 1988

International Conference on Prof. S. B. Banerjee
Raman Spectroscopy and Raman Indian Associat ion for t he
Centenary Celebrat ion Cultivation of Science

Calcutta, India Calcutta 700 032, India

JUNE 19-23, 1989

7th International Conference Dr. Robert F. Cozzens
on Fourier Transform Spectroscopy George Mason Institute
George Mason University George Mason University

Fai rfax, Virginia Fairfax, VA. 22030-4444
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if1 IPII \LLY-REJ*TOD HIATRIXUTO ESOJAJO CI CTRA OF Cr(CNI)N 6 NDX .. . . . . . . . . . . . . . . . .. 13 min. (3:27)

VALER IE I . LANG, let Propul sion Labforat or)ies. 1 4-01.1800 Oak Grov
.3r 1 vy Pasadiena, Cal ifoem ua, 9110(i9; andi JOHN S . WINN, Department of
I hemsist rv, Dartmouth Col lege. Hlanover, New Hampshire, 03733.

JJI.THlL 0301311 OF HYDROGPF' BONDTNG ON THE VIBRATIONAL SPECTRUMl JOF t-HOCO
IFAPPED IN 1011.1 Ar .-'u CO....................................................... .. 15 min.(3:-33)

MAR~IN E. JACOX, Molec alar Spert roscopy Divisi on, Na i on,1 B Iureau of
Standfarids, (;iithersburg. Marylanid. 201899.

MIII1 I. INF-RARED SPECTRA OF II ,O AND 0 ,O ON SODII'M CHLORIDE FILMS.......................... 10 min.(4:09))

1. REYNOL.DS, K. PENSAK, L. A. BAJUMANN, Department of Chemistr -.v
l'nisscrsitv of Scranton, Scranton. Pennsylvania, J8510; ansI B. STONE,
Depart meet ot Chemistry. San Jose State U'ni vers it y, San Jose.
CalI forn ti , 93192.

M11J2. SPECTRA AND 1 OTHERMS OF NITROSCCTRIFLU'JROSIETHANE ICE, 3 N0) ON1 SODIJNM
CHLORIDE FILMS...................................................................... 15 min.(

1 .
s2C)

1. REYNOLDS. K. MILLER. K. PENSAK, and -C. A. BAUTMANN, Department of
Chemistry, U~niversity of Scranton. Scranton, Pennsylvania. 18510.

MHIJ3. INFRARED SPECTROSCOPY OFE CIO ON NaCI(100)........................................... 15 min.(1.:36)

H-C. CHANG, G. E. EWING, Department of Chemistry, Indiana University,
Bloomington, Indiana, 47405; and H. H. RTCHARDSON, Department of
Chemistry, Ohio University. Athens, (Ohin, 1.5701.



>flh1-, blItF SI.\ I( WODE.lIN(; OF- flEN AI)SOtRBI) ON Ni(' ( ()) .................. . .( : 2)

N. F .. 1E .1 emr Iri s (i i t rv . l I Iflu f v,- v. s lrn Iu HI m )

L.I I ' F' P R l'S E NT IT I 1 F R ' ( E C . A t. IT ) . . . . . . . .. .. I [I . ( n

TiI. '! : R FNIT P, HFRI {IR -CF ) ...................................... Io r ir,.(-: )

44TH MOLECULAR SPECTROSCOPY SYMPOSIUM
JUNE 12-16, 1989

SO FAR, THE FOLLOWING INVITED SPEAKERS HAVE ACCEPTED TO
PRESENT PAPERS:

PETER BERNATH. UNIVERSITY OF ARIZONA
WOLFGANG E. ERNST. FREIE UNIVERSITAT BERLIN
ROBERT W. FIELD, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PER JENSEN, UNIVERSITAT GIESSEN
ROGER E. MILLER, UNIVERSITY OF NORTH CAROLINA
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TUESDAY, JUNE 14. 19838 -- 8: 30 A.M.

Room 1153, Physics Laboratory

Chairman Before Intermission: C. .AMAT, Laboratoire de Physique Moleculaire et Atmospherique
Universite Pierre et Marie Curie et C.N.R.S.,

75252 Paris Cedex 05, France.

Chairman After Inteirmission: J. S. MUENTER, Department of Chemistry.
University of Rochester, Rochester, New York.

TA1 AN OVERVIE O1 (F CU'RRE.NT RESEARCH AT GORKY -RAD SPECTROMETER AND MOLECULAR
COMPLEXES.................. ............. INVITED PAPER.............................. 30 min.((3:30)

A. F. KRUPNOV and E. N. KARYAKIN, Applied Physics InstitUte-, USSR
A~ ademi of by iences, Gorky, USSR 603600.

-12. (PTOTLLER>AL-I NFRARED ANI) PULSED-NOZZLE FOUR I ER-TRANSFORM MICROWAVE
SPETRSCPYOF RARE (;AS-CO, COMPLEXES .......................................... 1 m in. (): 03)

GT. FRASER, .A. S. PINE, and R. 0. SUENRAM, Molecular Spectroscop%
Division. Na ,tional Bureau of Standards, Gaithersburg, Maryland. 20SCY).

,13. VIFBRATIONAL PREOISSOCIATION IN THE CO., DINER AND TRIMER AND RARE GAS-CO,5
COMPLEXES...........................................................................1I- min. (9:10)

A. S. PINE and G. T. FRASER, Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg, Maryland, 20899.

T.A4. VIBRATIONAL, ROTATIONAL, AND TUNNELING DEPENDENCE OF VIBRATIONAL
PREDISSOCIATION IN THE HF DIMER..................................................... ) mmn.(0):i )

A. S. PINE and C. T. FRASER, Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg, Maryland, 20899.

TAl;. OPTOTHERMAL SPECTROSCOPY OF HF COMPLEXES WITH CO-,, OCS, AND NO.................... 15 min.():-1I)

G. T. FRASER and A. S. PINE, Molecular Spectroscopy Division,

National Bureau of Standards, Gaithersburg, Maryland, 20899.

TAO. INFRARED AND MICROWAVE INVESTIGATIONS OF INTERCONVERSION TUNNELING
IN THIE ACETYLENE DIMER.............................................................. 20 min.(10:U7)

G. T. FRASER, 8. D. SUENRAM, F. J. LOVAS, A. S. PINE. J. T. HOUGEN,
W. J. LAFFERY, Molecular Spectroscopy Division, National Bureau of
Standards, Gatthersborg, Maryland, 20899; and J. S. MUENTER,
Department of Chemistry, University of Rochester, Rochester,
New York. 14627.

Intermission

TA7. LASER-INDUCED FlUORESCENCE MOLECULAR-BEAM OBSERVATIONS OF THE HYPERFINE
STRUCTURE IN THE NO2 SPECTRUM AT 593.5 nm AND 585.1 nm............................. 15 min.(lO:40)

A. G. ADAM, M.C.L. GERRY, A. J. MERER. D. M. STEUNENBERG, Devarrment of
Chemistry, University of British Columbia, Vancouver, British Columbia,
Canada, V6T 1Y6; and 1. OZIER, Department of Physics, University of
British Columbia, Vancouver, British Columbia, Canada, V6T 2A6.

TA8. MOLECULAR BEAM OBSERVATIONS OF HYPERFINE TRANSITIONS IN KOH....................... 10 min.( 10:56)

J. CEDERBERG, D. RIOUX, D. NITZ, and D. OLSON, Department of Physics,
St. Olaf College, NorThfield, Minnesota, 55057.

TA9. OBSERVATION OF (112 0)2 K=1 TRANSITIONS OF E SYMiMETRY AND DISCUSSION OF
NUCLEAR HYPERFINE SPLITINGS.......................................................I15 min.(11:07)

.A. HU and T. R. DYKE, Department of Chemistry, University of Oregon,

Eugene. Oregon, 97403.

TAD). ROTATIONAL SPECTRA OF CARBOXYLIC ACID DIMERS....................................... 15 min.(Il1: 23)

WKRESA and A. BAUDER, Lahoratorium fur Physikalische Chemie,
Fi dgeiiosi sche Technische llochschu Ic, CH-8092 Zur ich, Sw i tzer hind.

TAll. Z2 WILL BE PRESENTED HERE (0. DAYTON)............................................. 10 min.(1l:
3
9)

TAI2. Z3 WILL BE PRESENTED HERE (Z. S. HUVNG)........................................... 10 min.U 1:5)
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TUESDAY, JUNE 14, 1988 -- 8:30 A.M.

Room 1009, Physics Laboratory

Chairman Bet,)te Intermtssian: W. A. KREINER, Abteilung Physikalische Chemie,
University of lIm, llm, West Germany.

C(ha iman After Intermission: D. F. EGGERS, Department of Chemistry, University
of Washington, Seattle, Washington.

FBI. AN.\LYSIS OF THE v6 BAND IN CttDF, AND ASSIGNMENT OF SOME SMMW
LASER LINES ..................................................................... 15 min.(8:30)

D. F. EGGERS, Department of Chemistry BG-IO, University of Washington,
Seattle. Washington, 98195; W. LEWIS-BEVAN, M.C.L. GERRY, Department
ot Chemistry, University of British Columbia, Vancouver, British
Clumbia, Canada, VT6 lY6; M. S. TOBIN, and T. W. DALEY, U.S. Army
Electronics, Research and Development Command, Harry Diamond
Laboratories, 2800 Powder Mill Road, Adelphi, Maryland, 20783.

52. THE I NFPARED SPECTRUM OF AMINODIFLUOROBORIVNE, NI.,BF ,: PARTIAL SSIGNMENF
ol TIE FUNDAMENTALS AND ANALYSIS OF THE 2 0 BAND-NEAR 1608 CM . .................. 15 nra. (H:4t,

LEWIS-BEVAS, Department of Chemistry and Biochemistry, Southern
Illinois University, Carbondale, Illinois, 62901; H. M. JEMSON,
Sci-Med New Zealand Limited, 60-66 France Street, South Newton,
P.O. Box 68-232, Auckland, New Zealand; and M.C.L. GERRY, Department
of Chemistry, University of British Columbia, 2036 Main Mall,
Vancouver, British Columbia, Canada, V6T 1Y6.

TB3. HIGH RESOLUTION SPECTROSCOPIC STUDIES OF CH2E2 : THE v8 BAND AT 1435 CM
-1 

........ 15 min.(9:02)

R. D'CUNHA, P. K. WAHI, V. B. KARTHA, Spectroscopy Division, Bhabha
Atomic Research Centre, Trombav, Bombay 400 085, India; and A. WEBER,
Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland, 20899.

TB4. INFRARED-INFRARED FOUR-LEVEL DOUBLE RESONANCE IN NH3 ...... ..... ...... ..... ...... . 15 min.(9:18)

YUKARI MATSUO, R. H. SCHWENDEMAN, Department of Chemistry, Michigan
State University, East Lansing, Michigan, 48824; and SANG K. LEE,
Herzberg Institute of Astrophysics, National Research Council of
Canada, Ottawa, Ontario, Canada, KIA OR6.

TB5. LINEAR AND NONLINEAR SPECTROSCOPY BY USE OF MICROWNVE MODULATION SIDEBANDS
IN THE CO LASER REGION ........................................................... 15 min.(9:34)

SHIN-CHU HSU and R. H. SCHWENDEMAN, Department of Chemistry, Michigan
State University, East Lansing, Michigan, 48824.

Intermission

TB6. HIGH RESOLUTION INFRARED STUDY OF THE v2 BAND OF CD3I ............................. 15 min.(lO:O0)

HAN-G. CHO and R. H. SCHWENDEMAN, Department of Chemistry, Michigan
State University, East Lansing, Michigan, 48824.

TB7. STARK EFFECT OBSERVATIONS WITH IR LASER SIDEBANDS ................................. 15 min.(10:16)

W. A. KREINER, H. PRINZ, W. HOHE, Abteilung Physikalische Chemie,
University of Ulm, P.O.B. 4066, D-7900 Ulm, West Germany; and
G. MAGERL, Institut fur Nachrichtentechnik, Technische Universitat
Wien, Gusshausstr. 25, A-1040 Wien, Austria.

TB8. COLOR CENTER LASER SPECTROSCOPY OF C2H AND 132.H .................................. 15 min.(lO:32)

J. W. STEPHENS, M. L. RICHNOW, and R. F. CURL. Department of Chemistry,
Rice University, Houston, Texas, 77251.

TB9. INFRARED-RADIOFREQUENCY DOUBLE RESONANCE SPECTROSCOPY OF CH3F USING
A COLOR CENTER LASER ............................................................. 15 min.(lO:48)

C. J. PURSELL, W. C. HO, T. OKA, Department of Chemistry and Department
of Astronomy and Astrophysics, University of Chicago, Chicago, Illinois,
60637: and F. SCAPPINI, Istituto Di Spettroscopia Molecolare Del C.N.R.,
Via De' Castagnoli 1, 40126 Bologna, Italy.

TBIO. THE INFRARED SPECTRUM OF THE FOUR LOWEST FUNDAMENTAL BANDS OF NITRIC ACID ........ 15 min.(1l:04)

A. G. MAKI, WM. B. OLSON, Molecular Spectroscopy Division, National
Bureau of Standards, Gaithersburg, Maryland, 20899; R. ESCRIBANO,
Instituto de Estructura de la Materia, Serrano 119 - 28006 Madrid,
Spain; A. GOLDMAN, Department of Physics, University of Denver,
Denver, Colorado, 80208; J. BURKHOLDER, and C. H. HOWARD, NOAA
Aeronomy Laboratory, 325 Broadway, Boulder, Colorado, 80303.
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Inm a, h,', I llt I t t . JUStn U t 11 nt 1 14 i ['1 ta e , fl-i, jit (I eSVHi

12. TI [,OM-CT KFLFItAl. BLNIN( ; . .DFOf, 0I- IN MF (;A PHAS '1 .\S .. 1(1 ..... .i nit. (it: i)

U . flt'CtA, Depart mert (t Ph~sics. Duke Vnt tersi t v, tuint tm, Nonth
(aroiiii, 2770) 11. M UINNFt'ISSFR, B. P. t INNtWTSSEFR, PhvsiFat i sit-

i itht n It-tittt Jiust us Lichig Uni tersi~i , 1)()'3(l() GC~ s
t ,,,rm tn% ;a IC, .PW .\tE ,F B 1) , A norp4ai i sr itt Chem I L

a;-i" t h -eat tupi tt D~ti0O Wttupper tat I , WeIsL (Clr man% .

I .i t11-Nt a 31 ((l1)lt EOD, >1. HiERMAN, aitoraititc Lite Pitimic P'tvsitiue
t
tIeIj ttru - CP. 10H, t'ni~rsite Libroe Blruxelles, Faziitt6 Lies,

'a, tcnuea, -)0 av. F.D Rootsevelt, Bt-it05u Biruxelles, ttei itm;
M1. D3. MARSHA LL, DtPairtmeitt of Chemistrv, Amherst Cotllege, Amherst.
Massachusetts, 0t0i2; J.t$.C. -1tINS, aid A. R.W. MIcKELLAR, tter/herg
tInstitute of istrophvsics. National Research Council of Canada,
It taw'a, tintat it Canada, KiA (iRD.

FP t . M IUPPLAR BEM PP( TlP( O 'ItHiF PERrURRED U-ti STRE:TCHING REG IOtN O(IF EI (tRIIUORM........ in1- tt1t

A. S. PINE, G. F. FPRASER,. Mlecular Sttectriosctiv Division, Nat (onai
tinreati of Standat ds, Ca ithershtirg. Mart land. 20899; and J . t't.1VA,
tleptartmntn itt I hvics, Pennsv t ania StLate' Pit i Vers itt Un ivers it v
ParPitti t
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I ~N % I \II I\I! R-1 IO IND OP llINS Il 'N ,I B It, AND A- I-( ATESNI N
WlIlt NLPP 1N F I [VI INX 'ID O. E.SSO .1 .E(TRX ........... ........... .~ t.Vl .

%I. V \NX R I DXCI I DFra M. HERAN dvLpe rmt- r t, r( dn u Ch imoicuiare
Bd ~ ~ ~ ~ , Ittl II Ner v br t'(0 C02 L etiranne, Frde; andux I I ( 'FRs F

LaII ir At m Ct I -1 en ,-, CNRS LI , 1 RS sc France. tl(, ls

Bc '-. [ 1S; -1;T ,! SPECR .I 11 SI: . N(Eii et P >IOLCILA ON N IDIN I'lierECt

0X(F-0)N ECINAND POPL LAT.AIONS OF THEIFO ATE NDA I STATES.........................it.(:')

P. lll CNO [ET, I DdSO A F BEMISRASION OIE(- R.. an S .CHRAS. ............... I)mn(

D.(EN:a . ACSilbratuti-L LIC' ile pect-m6trie loniqut' eA Mo1 culaire,43O u1
4, BeIr I1 Nbre 19,8 IS,)()6 2 VIII ear banne, France;n . EGS

T ND P.(RORIET'ATIONS 1 IN T R 0 ACO TATE 41 .1.ROTATIONAL.LE.E..........................Itnli.(ttt)

S. HALLE, S. L. COY, R. J. SILBEY, R. W. FIELD. Department of Chemistry,
Massachusetts Institute of Technotlogy, Cambridge, Massachusetts, (02139;
anid J. L.. KFNSEY., Wiess School of Natural Sciences, Rice University',
Houston, Texas, 77251.

TC-s PRESSURE BROADENING OF THE ATOMIC IODINE 5 2P 11-5 2 / TRANSITION................. 10 mitn.(1O: 24)

D. CERNY, M. AUBERT-FRECON, R. DACIS, B. DUSSERY, Laboratoire de
Spectrom6trie lonique et Mol~euliiTe, 43 Bd du 11 Novembre 1918,
69622 Villearbanne, France; and J. VERGES, Laboratoire Aim6
Cotton, CNRS II, (W,05 Orsay, France.

Intermission

TC9. INTERMEDIATE CASE LEVEL STRUCTURE IN INFRARED SPECTRA; EVIDENCE FOR BOTH
ANHARMONIC AND CORIOLIS COUPLING IN THE C-H REGION OF I-BUTYNE ..................10 min.(1O:50)

A. M. DE SOUZA, DEVINDER KAUR, S. A. HAM'AD, G. A. BETHARDY,
atid DAVID S. PERRY, Department of Chemistry, University of Akron, Akron,
Ohio, 44325.

TC1O. A MODIFIED RRKM APPROACH TO THE VIBRATIONAL PREDISSOCIATION DYNAMICS
OF THE S, p-DIFLUOROBENZENE-Ar VAN DER WAALS COMPLEX .............................15 min.(11:02)

HYE-KEUN 0, MENG-CHIH SO, and C. S. PARMENTER, Department of Chemistry,
Indiana University, Bloomington, Indiana, 47405.

TCII. OBSERVATIONS OF ROTATIONALLY AND VIBRATIONALLY INELASTIC SCATTERING
FROM AN EXCITED STATE POLYATOMIC; S IGLYOXAL ...................................15 min.(31:19)

K. W. BUTZ, H. DU, C. S. PARMENTER, Department of Chemistry, Indiana
University, Bloomington, Indiana, 47405; and D. KRAJNOVICH, IBM
Almaden Research Center, 650 Harry Road, San Jose, California, 95120.
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TC'I2. ENERGY DEPENDENCE OF THEF.INELASTIC COLLISION CROSS SECTION OF
VIBRATIONALLY EXCITED I.,' (v =35, 15) WITH Hl...................................... I- min.(1I:36)

K. W. BUTZ, H. DU, C. S. PARMENTER, Department of Chemistry, Indiana

tIniersitv, Bloomington, Indiana, 47405; ano D. J. KRAJNOVICH, IBM
Almaden Research Center, 650 Harry Road, San jose, California, 95120.

TC13. NEAxSUREMENTS OF VIBRATIONAL DEPHASING OF CO ADSORBED ON NaCI(100)................. 15 min.(11:53)

HUGH H. RICHARDSON, Department of Chemistry, Ohio University, Athens,
Ohio, 45701; HUAN-CHENG CHANG, and GEORGE E. EWING, Department of
Chemistry, Indiana Universitv, Bloomington, Indiana, 47405.



TU-ESDAY, JUNE 14, 1988 -- 9:00 A.M.

Room 1008, Evans Chemical Laboratorv

Chairman: R'S-SELL H. BARNES, Battelle Memorial Institute, CoLumbus, Ohio.

TDI. HIGH RESOLUTION OPTICAL SPECTRA OF BENZOPHENONE UNDER HIGH PRESSURE............... 15 min.(9:OO)

1. Y. CHIAN and W. M. CHUNG, Department of Chemistry, Brandeis
University. Waltham, Massachusetts, 02254.

£2.OPTICALLY DETECTED MAGNETIC RESONANCE OF Mn(IV) HEXAFLUORIDE IN Cs 2GeF.
AND KGeFh.......................................15 min.(9:17)

F. LIFSHITZ and A. H. FRANCIS, Department of Chemistry, University of
Mlichigan, Ann Arbor, Michigan, 48109.

FD3. ANALYSIS OF THE MID-IR ELECTRONIC ABSORPTION SPECTRU'M OF Fe9)P9 S6AN D Co P S.................................................. 15 min.(9:34)

.N. NAGASUNDARAM and A. H. FRANCIS, Department of Chemistry, University
ot Michigan, Ann Arbor, Michigan, 48109.

TDHI. 2 14 WILL BE PRESENTED HERE (STELLA M. SUNG)...................................... 15 min.(lO:OO)

TD'-. -115 WILL BE PRESENTED HERE (M. SAWAMURA)......................................... 15 min.(1O:16)

TO'3. 2, 16 WILL BE PRESENTED HERE (R. B. ROSS).......................................... 15 min.(1O:32)

TD'4. !i7~ WILL BE PRESENTED HERE (J. M. POWERS)........................................ 15 min.(1O:48)

TD'5. 218 WILL BE PRESENTED HERE (SUSAN KRAFT).......................... .............. 15 min.(11:04)

TD'6. Ell9 WILL BE PRESENTED HERE (M. LARSSON).......................................... 10 min.(1I:15)

TD'7. 723 WILL BE PRESENTED HERE (MICHAEL A. KAHLOW)................................... 10 min.(11L26)

TD'S. 2,24 IWILL BE PRESENTED HERE (C. F. CRABALOWSKI)................................... 10 rnin.(11l:37)

TD'9. 11-25 WILL BE PRESENTED HERE (CARY F. CHABALOWSKI)................................. 10 min.(11:48)
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P! .I CiNT < FlI N HI(II~-RES iiT[ ! ON SPFCTROSCOI'Y OF ATMOSPHIERIC CASES
. .. .. .. ... .. .. .. ... .. .. .. * Itivited Paper ..... .................. . 1( m .i in.( 1 :30)

i .l , Tnsr Iote of Atmzospheric Ot i cs SB USSR Acaiiemv ofi
,-iiies, I1 Aidaenic hieski i AveUeIL. Tomsk , 0i34t55, U'SSR.
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, _______________ .t.Pj(tCl) i(tiFR<EPl .. 1;IOiii;IANNI, atid R. VISINONI.
Dipi ictiett Ii Ciic2i FisiCa, ('niveirnit:i di Venezia, 0.0. 2137,

%Et,*t H~i' 14Ri rnOITION* SPECTRA. OF 03 IN THlE 3-con REGION...............................13r miti.(2:22)

%!. C isi i . P'. RINSLAND, AtnisPheric Sc iences Dlivis ion,
M,11i St p -lANASA latig 1ev Research Center , Hampton, Virginia.

inn -22:;k. MALATIIY DEVI , Degatment of Physics, College of
Aill jam and Marv, Williamsburg, Virgitia 23185; a nd(

.T . SOLOMON, Fair icat i ott Div% is ion , Mai I Stop 390, NASA Laniglev
Rescj rch Center, iHampt ot, Virginia, 236b5-5225.

Cc. INE POSITIONS AND INTENSITIES OF THE 21 +) AND 21 BANDS OF 16 0......... .. min(i39)

C. P. RINSLAND, >I.A.l1. SMITHi, Atmiospheric Sciences Division, NASA
Langley Research Center, Mail Stop 4015, Hampton, Virginia, 23665-3225;
J.-XI. E LAUD, C. CAMY-PEYRET, Laboratucre d~e Physique Mol~culaire et
Atrnosphvrique. iniversite Pierre et Marie Curie et CNRS, 75252 Paris,
Francre; anil V. X1ALATHY DEVI, Department of Physics, College of
William and Mlary, Will iamsburg, Virginia, 23185.

7. IcINTENSITY AND COLLISION-BROADENED LINE WIDTH MEASUREMIENTS) 1N h
FUNLIAMENPAL O 14N,10 Al ATMOSPHERIC TEIMPERATURES .....................OF. .......... 15 min.( 2:46)

S. HUD.IANI and P. VARANASI, Laboratory for Planetary Atmospheres
.Research, State Ciiversit) of New York, Stony Brook, New York,
11794-2300.

TE6. LINEWIODTH NARROWING IN' THlE INFRARED BAND OF N2 0 PERTURBED BY N2'*.............10 min.( '3:1i3)

CAI PEIPEI, SHEN SHANXIONG, YU HAIPING, and I-SHAN CHENG, Department
itf Physics, East China Normal University, Shanghai, 200062,
People's Republic of Chins.

Intermission

T1,7. ABSOLCTE INTENSITIES IN THE v2 REGION OF CO, .................................... 15 min. (3: 30)

J.W.C. JOHNS, Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario, Canada, KlA 0R6.

TEBi. STUDIES CONCERNING THE OPTIMUM HAMILTONIAN FOR USE IN LARGE

AMPLITUDE, DIRECT NUMERICAL DIAGONALIZATION CALCULATIONS,.................... o.... 15 min.(3:47)

RICHARD B. WATTSON. Visidyne, Inc., 10 Corporate Place, S. Bedford St.
Burlington. Massachusetts, 01803.

TE9. CALCULATIONS OF ENERGIES AND INTENSITIES FOR T11Z ASY1 L'ETRIC SPECIES OF CO2 .-- 15 min.(4:04)

R. B. WATTSON, A. NEWBURGH, R. PAVELLE, Visidyne, Inc.,
10 Corporate Place, S. Bedford St., Burlington, Massachusetts,
01803; and L. S. ROTHMAN, Optics Division, Air Force Geophysics
Laboratory, Hanscom AFB, Massachusetts, 01731.

TEIOj. CO2 SPECTROSCOPIC CONSTANTS DETERMINED BY GLOBAL LEAST-SQUARES
FITTING AND DIRECT NUMERICAL DIAGONALIZATION ................................ ....15 min.C4:21)

ROBERT HAWKINS, LAURENCE S. ROTHMAN, Optics Division, Air Force
Geophysics Laboratory, Hanscom AFB, Massachusetts, 01731; and
RICHARD B. WATTSON, Visidyne, Inc., 10 Corporate Place, S. Bedford St.,
Burlington, Massachuisetts 01803.
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TUESDAY, JUNE 14, 1988 -- 1:30 P.M.

Room 1009, Physics Department

Chairmotr Befrqe Intermission: L. H. COUDERT. Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg, Maryland.

Chairman After Intermission: C. DEMUYNCK, Universite de Lille I, Laboratoire
de Spectroscopie 1"ertzienne, Villeneuve d'Ascq, France.

TFI. MEASUREMENT OF TILE STARK EFFECT IN A FLYGARE-BALLE MICROWAVE SPECTROMETER ........ 15 min.(i:30)

T. EMILSSON and H. S. GUTOWSKY, Noyes Chemical Laboratory,
University of Illinois, Urbana, Illinois, 61801.

TF2. NOZZLE DESIGN FOR A FLYGARE-BALLE MICROWAVE SPECTROMETER ......................... 15 min.(1:47)

T. D. KLOTS, T. EMILSSON, and H. S. GUTOWSKY, Noyes Chemical
Laboratory, University of Illinois, Urbana, Illinois, 61501.

TF3. CHARGE REARRANGEMENT IN (HCN)2 AND (HCN)3 ..... 15 min.(2:04)

R. S. RUOFF and H. S. GUTOWSKY, Noyes Chemical Laboratory,
University of Illinois, Urbana, Illinois, 61801.

TF:.. INDIVIDUAL HYDROGEN-bOND LENGTHS IN HYDROGEN-BONDED TRIMERS ...................... 15 min.(2:21)

R. S. RUOFF, T. D. KLOTS, C. CHUANG, T. EMILSSON, and H. S. GUTOWSKY,
Noves Chemical Laboratory, University of Illinois, Urbana, Illinois,
61801.

TF5. EMISSION FREQUENCY OF THE 496 um LINE IN 12CH F AS A FUNCTION OF PRESSURE
AND PUMP OFFSET BY INFRARED-SUBNLM DOUBLE RESORANCE TECHNIQUES .................... 15 min.(2:38)

R. L. CROWNOVER, F. C. DE LUCIA, Department of Physics, Duke
University, Durham, North Carolina, 27706; and D. D. SKATRUD,
Army Research Office, Research Triangle Park, North Carolina, 27709.

Intermission

TF6. A COLLISIONAL ENERGY TRANSFER MAP INCLUDING AK PROCESSES IN CH3F ................. 15 min.():05)

HENRY EVERITT and FRANK C. DE LUCIA, Department of Physics,
Duke University, Durham, North Carolina, 27706.

TF7. VERY LOW TEMPERATURE SPECTROSCOPY IN A COLLISIONALLY COOLED CELL:

PRESSURE FiROADENING STUDIES BETWEEN 4.2K AND 1.8K ................................ 15 min.(3:22)

D. R. WILLEY, R. L. CROWNOVER, D. N. BITTNER, and F. C. DE LUCIA,
Department of Physics, Duke University, Durham, North Carolina, 27706.

TF8. AN IaML FIT OF THE MICROWAVE SPECTRUM OF DIVINYL ETHER ............................ 15 min.(3:39)

L. H. COUDERT, Molecular Spectroscopy Division, National Bureau
of Standards, Gaithersburg, Maryland, 20899.

TF9. TO-DIMENSIONAL MICROWAVE FOURIER TRANSFORM SPECTROSCOPY ......................... 15 min.(3:56)

B. VOGELSANGER, M. ANDRIST, and A. BAUDER, Laboratorium ur
Physikaliache Chemie, Eidgenossische Technische Hochsch-le,
CH-8092 Zurich, Switzerland.

FFI(). ROTATIONAL SPECTRUM AND RING PUCKERING OF CYCLOBUTANE-l,I-d 2 .. .. .. .. ... .. .. .. ... 15 min.(4:13)

B. VOGELSANGER, R. MEYER, A. BAUDER, Laboratorium f~r Physikalische
Chemie, Eidgenossische Technische Hochschule, CH-8092 Zurich,
Switzerland; and W. CAMINATI, Dipartimento di Chimica Fisica ed
Inorganica, UniversitA di Bologna, Viale del Risorgimento 4,
1-40136 Bologna, Italy.

TFII. MICROWAVE SPECTRUM, CONFORMATIONAL ANALYSIS, AND BARRIERS TO INTERNAL
ROTATION OF CIS-1-FLUORO-2-BUTENE ................................................ 10 min.(4:30)

D. T. DURIG, Departments of Chemistry and Physics, University of
the South, Sewanee, Tennessee, 37375; HOWARD Z. QIU, T. S. LITTLE,
and J. R. DURIG, Department of Chemistry, University of South
Carolina, Columbia, South Carolina, 29208.

TFI2. MICROWAVE SPECTRUM, BARRIERS TO INTERNAL ROTATION AND STRUCTURE OF
METHYL FLUOROFORMATE ............................................................. 10 min.(4:42)

C. L. TOLLEY, T. S. LITTLE, and J. R. DURIG, Department of Chemistry,
University of South Carolina, Columbia, South Carolina, 29208.



19

TUESDAY, JUNE 14, 1988 -- 1:30 P.M.

Room 1005, Physics Laboratory

(hatrman: PRABHAKAR MISRA, Department of Chemistry, Ohio State University,

Columbus, Ohio.

FGi. THE A- BAND SYSTEM OF C2D2: IR CONSTANTS OF THE TRANSBENDING LEVELS ............ 10 min.(1:30)

T. R. HUET, and M. HERMAN, Laboratoire de Chimie Physique Mol~culaire -
CP. IbO, Universite Libre de Bruxelles, Facult6 des Sciences, 50,
av. F. D. Roosevelt, B-1050 Bruxelles, Belgium.

TG2. THE A- BAND SYSTEM OF C2D 2 : ROVIBRONIC INFORMATION ON THE A STATE ............. 10 min.(l:41)

T. R. HUET and M. HERMAN, Laboratoire de Chimie Physique Mol6culaire -
CP.160, Universit6 Libre de Bruxelles, Facult6 des Sciences, 50,
av. F. D. Roosevelt, B-1050 Bruxelles, Belgium.

TG3. HIGH RESOLUTION INVESTIGATION OF THE a3 A STATE OF GLYOXAL ....................... 10 min.(l:52)

F. VANHORENBEKE, J. VANDER AUWERA, M. HERMAN, Laboratoire de Chimie
Moleculair6 - CP. 160, Universit6 Libre Bruxelles, Facult6 des Sciences,
50, av. F. D. Roosevelt, B-1050 Bruxelles, Belgium; and M. VERVLOET,
Herzberg Institute of Astrophysics, National Research Council of Canada,
Ottawa, Ontario, Canada, KIA OR6.

TG4. ZEEYIAN STUDIES OF MICROWAVE-OPTICAL DOUBLE RESONANCE SIGNALS IN THE A 'A '- 1 A
SYSTEM OF THIOFORMALDEHYDE .............................................. 15 min.(2:03)

W. HUTTNER, Abteilung Chemische Physik, Universitat Ulm, D-7900 Ulm,
West Germany; J. C. PETERSEN, Department of Physics and nstronomy,
University of Alabama, Tuscaloosa, Alabama, 35486; and D. A. RAMSAY,
Herzberg Institute of Astrophysics, National Research Council of Canada,
Ottawa. Ontario, Canada, KlA OR6.

TGS. THE VIBRONIC SPECTRUM OF SELENOFORMALDEHYDE IN THE NEAR INFRARED ................. 10 min.(2:19)

R. H. JUDGE, Department of Chemistry, University of Wisconsin-Parkside,
Kenosha, Wisconsin. 53141; D. J. CLOUTHIER, Department of Chemistry,
University of Kentucky, Lexington, Kentucky, 40506; and D. C. MOULE,
Department of Chemistry, Brock University, St. Catharines, Ontario,
Canada, L2S 3AI.

TGO. THE INTERIAL ROTATION AND TNVERSION MOTIONS OF THIOACETALDEHYDE IN ITS FIRST
TRIPLET a A" ELECTRONIC SrlFE .................................................. 10 min (2:30)

D. C. MOULE, Department of Chemistry, Brock University, St. Catharines,
Ontario, Canada, L2S 3AI; Y. G. SMEYERS, and A. NINO, Instituto de
Estructura de la Materia, Consejo Superior de Investigaciones Cientificas,
c/Serrano, 119, 28006 Madrid, Spain.

TG7. ON THE ASSIGNMENT OF THE EXCITED SINGLET STATES IN THE CO. MOLECULE ............. 10 min.(2:41)

P. J. KNOWLES, P. ROSMUS, University Chemical Laboratory, University of
Cambridge, Cambridge, United Kingdom; and H. J. WERNER, Department of
Chemistry, University of Bielefeld, Bielefeld, Germany.

TG8. CHEMILUMINESCENCE SPECTRA OF SMALL MOLECULES CONTAINING SULFUR, SELENIUM,
AND TELLURIUM .................................................................... 15 min.(2:52)

R. J. GLINSKI, Department of Chemistry, Tennessee Technological
University, Cookeville, Tennessee, 38505.

Intermission

TG9. STEADY STATE PRODUCTION OF THE HNCN IN THE GAS PHASE BY HYDROGEN ABSTRACTION FROM
CYANAMIDE ........................................................................ 10 min.(3:20)

P. E. FLEMING, C. W. MATHEWS, Department of Chemistry, The Ohio State
University, Columbus, Ohio, 43210; and M. WINNEWISSER, Physikalisch-
Chemisches Institut der Justus-Liebig-Universitat Giessen, Heinrich-
Buff-Ring 58, D-6300 Giessen, Federal Republic of Germany.

TGIO. PICOSECOND ABSORPTION SPECTROSCOPY OF TRANSIENT CONDENSED PHASE RADICALS
IN THE SPECTRAL REGION OF 200nm - 300nm .......................................... 15 min.(3:31)

D. R. ANDERSON and J. B. HOPKINS, Department of Chemistry, Louisiana
State University, Baton Rouge, Louisiana, 708C3.

TGII. HIGH RESOLUTION LASER SPECTROSCOPY OF AROMATIC IONS AND FREE RADICALS ............ 15 min.(3:47)

JAMES M. WILLIAMSON, LIAN YU, TERRY A. MILLER, Laser Spectroscopy
Facility, Department of Chemistry, The Ohio State University, Columbus,
Ohio, 43210; and STEPHEN C. FOSTER, Department of Chemistry, Florida
State University, Tallahassee. Florida, 32306.
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I.-. COLEGROVE, J. C . WELLS, and J. LAANE. Department of Chemistry,
Texas A&M Unii'ers it Y, College Station, Texas, 77843.

FHI . P.fIIiD(RiiTN IONAI. POTENTIAL FUNCTIONS AND ENERG;Y LEVELS FOR SPIROI OtMP017NDS ........... mi n .(3:51)

>1. B. KELLY and I. LAANE, Department of Chemistry, Texas A&M

Knmiversitv, College Station, Texas, 77843.

11i1. INFEI-RNAXL ROTATION OF CYCLOPROPYLCERMANE AND CYCLOPROPYISI LANE-d 3... ... ... ... . .. 15 nn. (4:118)

MI. B3. KELLY, J. LAANE, Department of Chemistry, Texas A&M
I'niversity, College Station, Texas, 77843; and M. DAKKOURI,
Department of Chemistry, Universitat Ulm, Ulm, West G-rmany.

Fli I . AS'YMMEITRIC TOP CONTOUR SIM4ULATION AND VIBRATIONAL SPECTRA OF ISOPROPYL FORMATE .i.1 min.(4:25)

R. S. LEE, J. LAANE, Department of Chemistry, Texas A&M University,
College Station, Texas, 77840; and B. J. VAN DER VEKEN, Laboratiirium
.norganische Scheikunde, Universiteit Antwerpen, Rijksuniversitar

Centrum Antwerpen, Groenenborgerlaan 171, 2020 Antwerp.

Till12. APPLICATIONS OF MOLECULAR MECHANICS TO THE CONFORMATIONAL. ANALYSIS OF
RING MOLECULES......................................................................I15 min.(4:42)

R. S. LEE, C. COOPENR, and J1. LAANE, Department of Chemistry, Texas
A&M University, College Station, Texas, 77843.



Tfi3. VIBRATIONAL SPECTROSCOPY AND POTENTIAL ENERGY SURFACES FOR THE OUT-OF-PLANE
MOTIONS OF CYCLOHEXENE AND SOME ANALOGUES.......................................... 15 mn. (4: 59)

J. LAANE, M. M. TECKLENBURG, Department of Chemistry. Texas A&M

Universit ' , College Station, Texas, 77843; and V. E. RIVERA-GAINES,
Bristol-Mleyers USBNG, Evansville, Indiana 47721.



TUESDAY, JUNE 14, 1988 -- 1:30w P.M.

Room 2027, Robinson Laboratory

Chairman Before Intermission: D. J. NESBI IT, Joint Institute for Laboratory
Astrophysics, National Bureau of Standards
and University of Colorado, Boulder, Colorado.

Chairman After Intermission: T. C. STEIMLE, Department of Chemistry,
AXrizona State Unitersity, Tempe, Arizona.

TI 1. THE OVERTONE SPECTNOSCOPY OF 1INPECCE(;N PEROXIDE ON A >IOLECIILAR BE.AM1.............. mI n0(130)

C. DOUKETIS and J. P. RFILLY, Departme-nt of Chemistrv.
Indiana Untversitv. I~ntr.Indiana. 37405.

TI 2. THE FU\'P.XAFNI'AL AND P LE PON >iWi 30(3 Y CF I'YPOLF IN TI 1511 <i;%, A3
IN A MOLECtOPAR BEAS...............................................................1I- min.(1:47)

C. DOUKETIS ind 1. P. PEiLL'. Department of Chemistry,
Indiana 1mm verait', !l in (I I an*345

113. OBSERVATION OF A NEW RO-VIBRONIC BAND OF 0011 FREE RADICAL GENERATED
FE 71l H, , DFCOPCITIPn, ON GLASS .7tRFACES........................................ 15 min.(2:U4)

C. DOUKETIS inJ J.I P ELY epar[:nent oIf Chemstrv,
Indiana l'nirersi'v, ri .. iitoI Indliana, 3730n5.

T14. VELOCITY SLIP T LTP\ (',). I >IOILCLAR BF.\MS...................................... 15 mink2:211)

JAMES >1. NH \I\SO', CLAYTON F. (CIESE. 1011 N. RONALD GENTRY,
Chemical Dvr. ric Lab),rt -r,.c, "n 1versi vof 'linnesota.
207 PLeasant . .. peainI i. S Minnesota, 535

T A-DUBLING TRAINI
T

nOB OF BO\ lIc~ FS DY >TODR: C....................1-

T. C. STEI>ILE, N. -L. COSINO, . .r.,i D. F. SA1.C:lIAN1
Chemistry Denrtment, Arizona State Universitv, Tempe,
Arizona, 85.157.

Tlb. ELECTRONIC PROPERTIES OF GAS-PHAS COPPER MONOSULFIDE........................... 10 mini' 10)

T. C. STEIMILE, N.-L. CHANG, and 0. F. NACHMAN,
Chemistry Department, Arizona State University, Tempe,
Arizona. 85287.

intermission

T17. INFRARED SPECTROSCOPY IN SLIT SUPERSONIC EXPANSION .............................15 min.(3 :lS)

C. M. LOVEJOY, A. McILPOY. and 0. J. NESBITT,
Joint Institute for Laboratory Astrophvsics, National
Bureau of Standards and University (If Colorado, Boulder,
Colorado, 8033090440.

TI8. EXTENDED INFRARED STUDY OF ArHF.................................................. 15 min.( 3
:32)

C. M. LOVEJOY and D. J. NESBITT, Joint Institute for
Laboratory Astrophysics, National Bureau of Standards
and University of Colorado. Boulder, Colorado, 80309-04.40.

T19. J-DEPENDENT VIBRATIONAL PREDISSOCIATION IN NeHF ...............................15 min.(3:49)

C. M. LOVEJOY and D. J. NESBITT', Joint Institute for
Laboratory Astrophysics, National Bureau of Standards
and University of Colorado, Boulder, Colorado, 80309-044.

T110. THE ROTATIONAL RKR METHOD ..................................................... 15 min.(4:06)

DAVID J. NESBITT and MARK S. CHILD, Joint Institute for
Laboratory Astrophysics, National Bureau of Standards and
University of Colorado, Boulder, Colorado, 80309-0440.

Till. AN INTERMOLECULAR POTENTIAL SURFACE FOR Ar + HF(v=l) FROM HIGH
RESOLUTION INFRARED MEASUREMENTS .............................................. 15 min.(4 :23)

DAVID J. NESBITT, CHRISTOPHER M. LOVEJOY, and MARK S. CHILD,
Joint Institute for Laboratory Astrophysics, National Bureau
of Standards and University of Colorado, Boulder, Colorado,
80309-044.0.
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A.RAM 5:C1!tEFN!A DAVIOI. NELS.'ON, ind DAVID J. NESOiITT,
Depar tment of Che'mist r, mll Bit) hemistrv. Inivorsitv
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WEDNESDAY, JUNE 15, 1988 -- 8:45 A.M.

Auditorium, Independence Hall

Chairman: WILLIAM KLEMPERER, Department of Chemistry,
Harvard University, Cambridge, Massachusetts.

WAl . ELECTRONIC VIBRATIONS ............................. 35 min.

DUDLEY HERSCHBACH, Department of Chemistry,
Harvard University, Cambridge, Massachusetts,
02138.

WA2. SPECTRUM OF THE WATER DIMER: A GROUP THEORETICAL
AND MULTIDIMENSIONAL TUNNELING APPROACH TO THE
D A T A .. ..... ...... ....... ...... ...... ..... ..... ....3 5 m i n .

JON T. HOUGEN, Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg,
Maryland, 20899.

Intermission

WA3. THE VIBRATIONAL DEPENDENCE OF CENTRIFUGAL DISTORTION
CONSTANTS -- THE LIMIT OF USEFUL PERTURBATION
T H E O RY ? .... ...... ....... ....... ..... ...... ..... ...3 5 m in .

JAMES K. G. WATSON, Herzberg Institute of
Astrophysics, National Research Council of
Canada, Ottawa, Ontario, Canada, KlA OR6.

WA4. A NEW APPROACH FOR HIGH RESOLUTION VIBRATIONAL
SPECTROSCOPY ON SOLVATED IONIC SPECIES IN THE
GA S PHA S E .. ..... .. ..... . ..... . ..... . ..... .. ... ... .3 5 m in .

YUAN T. LEE, Department of Chemistry,
University of California, Berkeley,
California, 94720.
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WEDNESDAY, JUNE 15, 1988 -- 1:30 P.M.

Auditorium, Independence Hall

Chairperson: ROMOLA D'CUNHA, Bhabha Atomic Research Centre,
Trombay, Bombay, India 400 085.

WEI. C6 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 min.

R. E. SMALLEY, Department of Chemistry,
Rice University, Houston, Texas 77251.

WE2. THE SPECTRA OF KrH AND KrD ......................... 30 min.

G. HERZBERG, Herzberg Institute of Astro-
phys'.cs, National Research Council of
Canada, Ottawa, Ontario, Canada KlA OR6.

WE3. INFRARED SPECTROSCOPY OF RECENT COMETS ............ 30 min.

M. MUMMA, Planetary Systems Branch,
NASA Goddard Space Flight Center,
Greenbelt, Maryland 20771.

Intermission

WE4. STAR FORMATION SEEN WITH HIGH RESOLUTION INTER-
STELLAR SPECTROSCOPY ............................. 30 min.

GISBERT WINNEWISSER, I. Physikalisches
Institut, Universitat zu Koln, Koln,
West Germany.

WE5. DYNAMICAL MOLECULAR STRUCTURE STUDIED BY HIGH
RESOLUTION SPECTROSCOPY .......................... 30 min.

EIZI HIROTA, Institute for Molecular
Science, Myodiaji, Okazaki, Japan.

PLEASE NOTE:

This session will be held in Independence Hall Auditorium.
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THURSDAY, JUNE lb, 1988 -- 8:30 A.M.

Room 1153, Physics Laboratory

Chairman Befre Intermission: R. SOORYAKUMAR, Department of Physics, The Ohio
State University, Columbus, Ohio.

Chairman Atter Intermission: PETER M. FELKER, Department of Chemistry and
Biochemistry, University of California-
Los Angeles, Los Angeles, California.

RAl. I0 YEARS OF HIGH1 RESOLUTION NONLINEAR RAMAN SPECTROSCOPY ....... Invited Paper ...30 min.(8:30)

H. W. SCHROTTER, Sektion Physik. Ludwig-Maximilians-Universitat
Muncher, Munchen, West Germany.

R\2. FOURIER TRANSFORM (INTERFEROMETRIC) NONLINEAR SPECTROSCOPIES ..................... 15 min.(9:03)

PETER M. FELKER, Department of Chemistry and Biochemistry, University
of California-Los Angeles, Los Angeles, California, 90024-1569.

I. TIR STUDIES OF WOOD CHFMISTRY. ..................................................... 10 min.(9:19)

N. L. OWEN, Department of Chemistry, Brigham Young University, Provo,
Utah, 84602; W. B. BANKS, and H. WEST, Department of Wood Science,
University College of North Wales, Bangor, United Kingdom.

RA-. BFN' STRETCH INTERACTIONS IN THE CH OVERTONE SPECTRUM OF ACETYLENE ............... 15 min.(9:30)

BRIAN C. SMITH and JOHN S. WINN, Department of Chemistry, Dartmouth
Collee, Hanover, Nei,' Hampshire, 03755.

RA5. ANAlI)[S OF WEAKER BANDS OF ACETYLENE IN THE 1.1 wm REGION ......................... 5 min.(9:46)

NI. HERMAN, T. R. HUET, Laboratoire de Chimie Physique Mol6culaire -
CP.l60, Universit Libre de Bruxelles, Facult des Sciences, 50,
Av. F. D. Roosevelt, B-1050 Bruxelles, Belgium; and M. VERVLOET.
Herzberg Institute of Astrophysics, National Research Council of
Canada, Ottawa, Ontario, Canada, K1A OR6.

RAO. SPECTROSCOPIC CONSTANTS OF CS2 DERIVED FROM THE v 3 SPECTRAL REGION ............... 10 min.(9:52)

D. CHRIS BENNER, V. MALATHY DEVI, Department of Physics, College of
William and Mary, Williamsburg, Virginia, 23185; GUY GUELACHVILI,
Laboratoire d'Infrarouge, Universit de Paris-Sud, CNRS, Orsay,
France; and K. NARAHARI RAO, Department of Physics, The Ohio State
University, Columbus, Ohio, 43210.

RA7. INFRARED DIODE LASER SPECTROSCOPY OF NaCI.......................................... 10 min.(lO:03)

Il. UEHARA, K. HORIAI, K. NAKAGAWA, T. KONNO, Department of Chemistry,
Josai University, Keyakidai, Sakado, Saitama 350-02, Japan; and
T. FUJIMOTO, Research Institute for Catalysis, Hokkaido University,
Kita-Ku, Sapporo 060, Japan.

Intermission

RAS. INFRARED SPECTRUM OF THE v BAND OF C H2+ AND ISOTOPIC SPECIES .................... 15 min.(lO:30)32 2
M.-F. JAGOD, B. D. REHFUSS, T. OKA, Department of Chemistry and
Department of Astronomy and Astrophysics, University of Chicago,
Chicago, Illinois, 60637; M. W. CROFTON, Lawrence Livermore National
Laboratory, Livermore, California, 95440; and F. SCAPPINI, Istituto
di Spettroscopia Molecolare del C.N.R., Bologna, Italy.

*An elaborate celebration of the 100th Birth Centenary
which is also the Diamond Jubilee Year of the dis-
covery of Raman Effect is planned for November 1988
in Calcutta, India, where Professor Raman conducted
his origi nal research.



A,). ASI.l IETRIC STRETCHING BAND OF BRILX;FI PRCTCN ATED ACETYLENE ....................... 1 5 min.(10:46)

>1. lv. CROFTON, La renie .ivermore National Laboratory, Livermore,
Caliornia, 95-440: M.-F. JAGOD, B. D.REHFUSS, and T. OKA, Department
ot Chernitry and Department of Astronomy and Astrophysics, University
,f (ica! , C'hicag,. lllinos, 0037.

RKAG. OBSERVATION OF IlOT BANDS F H
+ 

USING AN EXTENDED DIFFERENCE FREQUENCY
SPEFCTRO{ETFR ....................................................................... .. 15 min.(11:02)

M. G. BAVELNDI, B. 1). REHFUSS, and T. O)KA, Department of Chemistry and
Department 4 Astronomv and Astrophysics, Universit% of Chicago, Chicago,
])Ino . 61(03.

PA.\ . I FliF DISSOCIAFIVE RECOMI)INAT[ON OF 1
+ 

REALLY SLllt,?
SNt., SPFt(ROSCOPIC >EASLRl-F>iNT O}F TIE RATE CONSTANT .............................. 15 min.(11:18)

* AMANO, Herzberg Institute of Astirophysics, National Research Council
,t Quota, Ottawa. (}ntarti,, Clada, KIA ORO.

RAt1. SE\RCH FOR TIlE C-H (BRID(;E) SfRETCH VIBRATION-ROTATION BAND OF C2H 10...........11 min.(11:34)

T. AMANO, N. MOAZZEN-AHMADI, and A.R.W. McK71LLAR, llerzberg Institute
of Astrophysics, National Research Council of Canada, Ottawa, Ontario,

Canada, KIA ORO.

PAl3.. FIR LASER SIDEBAND SPECTROSCOPY OF H 30............................................ 15 min.(1I:45)

P. VERItOEVE, J. J. TER MEULEN, A. DYMANUS, W. LEO MEERTS, Fysisch
Labaratorium, Toernooiveld, 6525 ED Nijmegen, The Netherlands; and
D. B. McLAY, Department of Physics, Queen's ni,'ersity, Kingston,

lanadrl.
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Room 1000. Physics Lahorator

C.l DOELN MA FILI . Depairtrment ot Chemi st I V. .h le Oh io State tUn ivers it v
Ohio

R +1\ 11 iN OF I1, IN A. F\A F BEAM: OPTICAI. TRAN-SIA IONAL SPECTROSCOPY ............ 10 mi n. (8: 30)

C.LAPERRIERE, N1 IAR/ 11LIRE,. J. FRFMBIA,J. P'. MOREAU. and
A.ALIRACE>:!, Depart ment de Phys i lue , CRAM-LEAN. L'iivers ite Laval,

),iietio . Quetc, C,ir,,d~i GIK 7P4; alIso for N1. EAR/ ILl FE -
Iiiori rde Spci trobetr ic jeonique et Moleculaire. CNRS,

iives e1c-I. (,')t)2 Vi I eiirbhaine, France.

Rl 1 F RA NSUFORN S PFCTROSCOPY ANA LYSEIS of: TIHE id-COMPLEX VLIS I BLE ENILI SS ION
SPE CTRA 01: HL FKLERIMEFNTAI. RE.SULTS AND THEORETICAL INTERPRETATION............... 10 sin. (8: A)

A. -01111, N. LAN ILLIRE, .1. TREMBLAY , and S. C. IAL'ERRI FRE,
it dtLIia Ph - ili11ie. CRAM-IPAM . Un i ersi te LavalI, Quebec,

Ouebtm* ( an:pa, GIK 7PA4; ailso for M. LARZI LLI ERE -Lahorato ire
de Spectronet rio Ionjiue et >Ioleco laire. CNRS, Lniversi to Lyon-I

li% 1i IL ('Ubanne, FrAniceV

!,if:NUMIER 01: QVI IOtND LEVELS DELI[ND A ROTAIONAL BARRIER....................... 10 min . I":52)

DAM .II I 
1 UESFI P15iCemica I Phvs lcS Laboro torl. R I I tetTiL iojI

Il- 1 P ir, k ,(', I I t orn a d, 9)4025

~ IXLAl N ~O XI ISTDY F REDSSCIAIO OFTIE 3 STATF (OF H .................... )MII. (9:03)

L. I. FNO, 0. L. ILLESTIS. H. LLFL)L, Molecolair Phvi cts Department,
- I I nt ciit: inalI , Mlenlo, Park, Cla IL tori la , 94012 _;N .LJERRE, and

P.KI D[ING, lunst i tutec of Phyvsic s. Un ive-rsit iiLvf X irhus,
P Urhino C. Denmark.

I' L\>ER>UEUTROS( 0!Ii. INVESTI';ATION OF THE VAN DEN WAAL'. MOLECULE Na~r............... 15 miii.I9:19)

.KAPET'ANAKIS -, V. SUDMATLOULL. F. /ANG;ER, and D. 71IIERMAN, Iast it ut
tn r St rob I in',s-iid Kernihys ik. TV BerlIin. flardcnbergst-r . 136,
D-I. i( Bel i n 12, Germaiv.

RPB,. OR.XNI[ BANDS OF CaODOODR SP'ECTROSCOP'Y AND ELECTRONIC STRUCTURE MODEL .............. 15 i.(:35

DAVID P. BALDWIN andL ROBERT V . FIELD, Department of Chemistry.
Missac nosectts Iest ituate iif TechLnoilogy, Cambridge, Massachuise ts,

LI.DYNAMICS OF C7V + PULSED OPTICAL-DOUBI.F RESONANCE EXCITATION OF THE E-Z -A ',?

lA.NSITION [N Cal-............................................................... L15 min.(9):5l)

I. E. 'Mt RPMY, 'I. U. McCARTILY, J. 1. BIERG, arnd R. W. FIELD), Department
of (he'M 3st rv, Fissachuiset ts InIsLt tte if Technol ou~y, (Cambridge,
1>IassaChosetts. 012139).

Intermiss ion

KR~i. H1101 RESOLUTION LASER SPECTROSCOPY OF NIOBIUM NITRIDE, 1HE ORANGE, YELLOV
AND NEAR INFRARED BANDS............................................................ 15 min.(lO:20)

Y. AZUMA, J. A. LBARRY, G;. HUANG, A. J. MERER, Department of Chemistry,
ULniversity of British Columbia, Vancouver, British Columbia, Canada.
V',OT I YIh: and J. 0. SCHODER. Iiistitut f~r MnIlekulphysik, Frele
iUniversitat Berlin, Arnimallee 12., 0-10001 Berlin 33. Germany.

RB0. HIt;I RESOLUTION LASER SPECTROSCOPY (IF MANGANESE OXIDE,, 1fnfL........................ 15 mn. (10:36)

Y. AZUMA, T. CILANDRAKUMAR, and A. J1. MERER, Department of Chemistry,
I'iversity oL Bintish Columbia, Vancouver, Brit ish Columbia, Canaili.
V6iT 1 Y6.

NB I,. Fj RST OBSERVATION OF' LOUND-(I(NTINI'UM TRANSITIONS IN THE LASER INDUCED
A 7+ - XLIZ FLUORESCENCE OF K....................................................... 10min.(10:52)

V. /AFIROFUIOS, .A. N1. LYYRA, W. C. SThALLEY, Iowa Laser Facility,
U'niversity of Iowa, Iiiwa City, Iowa, 52242-1294; and W. T. LOLL,
Department if Clhemistrv. Nat ionalI Kaiihsiung Normal Universi ty,
Kaohsiung 8102243, Taiwan. RepbLil of Chi na.

PRI I . POLARIZ.ATION OF ATOMIC POTASSIUM FLUORESCENCE EXCITED BY LASER
PIOTODISSOCIATION (OF K 2 -. .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. . .. .. 15 min.(ll:03)

V. ZAFIROPULOS, X. ZENG. A. M. LYYRA. 1'. KEFIBER. K. SANDO. and
V.7. STh'ALLEY , Ioiwa Loset Fac ility, En i vrs itv o f IoIwo, Iowa City,

[w.52242-I1294.



R512. LASER INDUCED FLUORESCENCE OF Cs, BY ARGON TON LASER LINES IN THE PRESENCE
OF NOBLE BUFFER GASES ........... (1...........................................1:..... 10 m n.(l : S)

J. J. 110. Department ot Chemistry, Tamking University, Tamsui, Taipei
Hsien, Taisan, 25137: CHONGYF WANG, and R. A. BERNIIEIM, 152 Davey
Laborat'rv, PennsvIvani a State Universitv, University Park, PeansyIvania,
165(12.

,B31i. mIlE ISOTOPIC BEHAVIOLR OF BORN-OPPENIEIMER BREAKDOWN EFFECTS:
;PPLI( ATION OF A LEAST-SQUARES PROCEDURE TO THE H(UI ISOTOPOMERS .................. 15 min.(11:30)

2. A. COXON and P. G. HAJIGEORGIOU, Department of Chemistry, Dalhousie
ni evrsitv, Halifax, Nova Scotia, Canada, B3H 4J3.

. ARITY SELECTED EXCITATION SPECTROSCOPY OF ArCI ................................. 15 min.(11:46)

K. C. JANDA, D. D. EVARD, and J. 1. CLINE, Department of Chemistry,
'niversitv of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

- L
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THURSDAY, JUNE 16, 1988 -- 8:30 A.M.

Room 1005, Physics Laboratory

Chairman: ROGER E. MILLER. Department of Chemistry, University of North Carolina,

Chapel Hill, North Carolina.

RC1. VIBRATION-ROTATION SPECTRUM OF CARBONYL SULFIDE DIMER ............................. 15 min.(8:30)

R. W. RANDALL, J. M. WILKIE, C. E. JAMES, B. J. HOWARD, Physical
Chemistry Laboratory, Oxford University, Oxford, OXI 3QZ, England;
and J. S. MUENTER, Department of Chemistry, University of Rochester,
Rochester, New York, 14627.

RC2. VIBRATION-ROTATION SPECTRUM OF CARBON DIOXIDE-ACETYLENE .......................... 15 min.(8:46)

DIANA G. PRICHARD, R. N. NANDI, J. S. MUENTER, Department of Chemistry,
University of Rochester, Rochester, New York, 14627; and B. J. HOWARD,
Physical Chemistry Laboratory, Oxford University, Oxford, OXI 3QZ,
England.

RC3. VIBRATION-ROTATION SPECTRUM OF ACETYLENE-NITROGEN ................................ 15 min.(9:02)

R. N. NANDI, DIANA G. PRICHARD, and J. S. MUENTER, Department of
Chemistry, University of Rochester, Rochester, New York, 14627.

RC4. VIBRATION ROTATION SPECTRUM OF ACETYLENE-CARBON MONOXIDE ......................... 15 min.(9:18)

MARK D. MARSHALL, Department of Chemistry, Amherst College, Amherst,
Massachusetts, 01002; DIANA G. PRICHARD, and J. S. MUENTER, Department
of Chemistry, University of Rochester, Rochester, New York, 14627.

RC5. STRUCTURAL STUDY OF THE H20-H20-CO2  TRIMER ....................................... 15 min.(9:34)

K. I. PETERSON, Department of Chemistry, University of Rhode Island,
Kingston, Rhode Island, 02881; R. D. SUENRAM, and F. J. LOVAS,
Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland, 20899.

Intermission

RC6. ROTATION SPECTRUM AND STRUCTURE OF C02-C0 2-H20 ................................... 15 min.(10: 00)

K. I. PETERSON, Department of Chemistry, University of Rhode Island,
Kingston, Rhode Island, 02881; R. D. SUENRAM, and F. J. LOVAS,
Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland, 20899.

RC7. HYPERFINE STRUCTURE AND TUNNELING MOTIONS IN HYDRAZINE ........................... 15 min.(1O: 16)

L. H. COUDERT and J. T. HOUGEN, Molecular Spectrosocpy Division,
National Bureau of Standards, Gaithersburg, Maryland, 20899.

RC8. QUADRUPOLE HYPERFINE SPLITTING IN THE J=l- 0 ROTATIONAL TRANSITION OF CCI3F ...... 15 min.(1O:
32
)

M. D. MARSHALL, Department of Chemistry, Amherst College, Amherst,
Massachusetts, 01002; H. 0. LEUNG, Department of Chemistry, Harvard

University, Cambridge, Massachusetts, 02138; and R. D. SUENRAM,
Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland, 20899.

RC9. MICROWAVE SPECTRUM OF THE OZONE-WATER COMPLEX .................................... 15 min.(10:
4
8)

R. D. SUENRAM, F. J. LOVAS, Molecular Spectroscopy Division, National
Bureau of Standards, Gaithersburg, Maryland, 20899; J. GILLIES, and

C. W. GILLIES, Department of Chemistry, Rensselaer Polytechnic
Institute, Troy, New York, 12181.

RCIO. ELECTRIC DIPOLE MOMENTS OF HCl- AND HCN-HYDROCARBON COMPLEXES .................... 15 min.(ll:04)

A. WEBER, G. T. FRASER, and R. D. SUENRAM, Molecular Spectroscopy
Division, National Bureau of Standards, Gaithersburg, Maryland, 20899.

RCII. DETERMINATION OF THE STRUCTURE OF H2CO CO 2 . .. .. ... .. .. ... .. .. .. .. ... .. .. .. . . .. . 15 min.(11:20)

T. A. BLAKE, S. E. NOVICK, Department of Chemistry, Wesleyan University,
Middletown, Connecticut, 06457; R. D. SUENRAM, and F. J. LOVAS,
Molecular Spectroscopy Division, National Bureau of Standards,

Gaithersburg, Maryland, 20899.

RC12. DETERMINATION OF THE STRUCTURE OF Ar H2CO ........................................ 15 min.(1l:
36
)

S. E. NOVICK, Department of Chemistry, Wesleyan University, Middletown,
Connecticut, 06457; R. D. SUENRAM, F. J. LOVAS, and G. T. FRASER,
Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland, 20899.

RCl3. Z6 WILL BE PRESENTED HERE (R. C. COHEN) ......................................... 10 min.(11:52)

RCL4. E7 WILL BE PRESENTED HERE (R. C. COHEN) ......................................... 10 min.(12:03)
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THURSDAY, JUNE 16, 1988 -- 8:30 A.M.

Room 1008, Evans Chemical Labaoratory

Chairman Before Intermission: MARLIN D. HARMONY, Department of Chemistry,
Universitv of Kansas, Lawrence, Kansas.

Chairman Alter IntermisL r: W. CAMINATI, Dipartimento di Chimica Fisica
ed Imorgan ica , Uniiversir (ii Bologna , Bologna.
It al1y.

RDI. A PROGRAM FOR FITTING SPECTRA WITH INTERACTING VIBRATIONS AND SPINS............... 10 min.(8:30)

H. M. PICKETT, Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, Cal iforn ia, 91109.

RD2. PYRROLE.Ar: ITS MICROWAVE SPECTRUM, STRUCTURE, DIPOLE MOMENT. 1 N QUADRUPOLE
COUPLING AND BINDING ENERGY......................................................... 15 min.(8:42l

ROBERT K. BOHN, Department of Chemistry, University of Connecticut,
Storrs, Connecticut, 06268: K. W. HILLIG, 11, and ROBERT L. KUCZKOWSKI.
Department of Chemistry, University of Michigan, Ann Arbor, Michigan,
481()9.

RLU . THE MICROWAVE SPECTRUM OF 13 C SUBSTITUTED METHYL CYANIDE FOR THlE FREQUENCY
RANGE 17-95 gIfz..................................................................... 10 min.(8:59)

J. A. ROBERTS rnd I1. TAM., Departrxent of Physics, North Texas State
University, Denton, Texas, 76203.

RD4. ROTATIONAL SPECTRUM OF I,3-BUTADIENE-I, l-d ......................................... If) min.(9: II)

W. CAMINATI , Di part imento di Chimica Fisica etl Inorgan ica. Universit
di Bologna, Via le del Risorgimento 4, 1-40136 Bologna, Italy;- and
A. BAUDER, Laboratorium fur Physikalische Chemie, Eidgenossische
Technische llochschule, CH-8092 Z urich, Switzerland.

RD5. TORSIONAL MOTIONS IN METHYLGLYCOLATE............................................... 10 min.(9:23)

W. CAMINATI, Dipartiment, di Chimica Fisica ed Inorganica, Universit-A
di Bologna. Viale del Risorgimeutto 4, 1-40136 Bologna, Italy;
H. HOLLENSTEIN, and R. MEYER, Laboratorium f'ur Physikalische Chemie
Eidgenossische Technische Hochschule, CH-8092 Zurich, Switzerland.

RD6. MOLECULAR STRUCTURE AND TAUTOMER EQUILIBRIUM OF GASEOUS I .2,3-TRIAZOLE
STUDIED BY MICROWAVE SPECTROSCOPY, ELECTRON DIFFRACTION AND AB INITID
CALCULATIONS........................................................................ 15 min.(9:35)

M. BECTRUP, Department of Organic Chemistry, Technical University
of Denmark, DK-2800 Lyngbv, Denmark; C. J. NIELSEN, C. E. SJOGREN,
Department of Chemistry, University of Oslo, P. 0. Box 1033, Blindern,
N-0315 Oslo 3, Norway; L. NYGAARD, G. 0. SORENSEN, Chemical Laboratory
V, Universityv of Copenhagen, The H. C. 0rsted Institute, DK-2100
Copenhagen, Denmark; and S. SAMDAL, Oslo College of Engineering,
Cort Adelers gate 30, N-0254 Oslo 2, Norway.

Intermission

RD7. STRUCTURAL, DETERMINATIONS USING SCALED MOMENTS OF INERTIA......................... 15 min.(lO:05)

RAJIV J. BERRY and MARLIN D. HARMONY, Department of Chemistry, University
of Kansas, Lawrence, Kansas, 66045.

RD8. ROTATIONAL SPECTRUM, RING PUCKERING, AND NH INVERSION OF 3-PYRROLINE.............. 15 min.(lO:22)

J. DOMIMEN, R. MEYER, A. BAUDER, Laboratorium fu r Physikalische Chemie,
Eidgenossische Technische Hochschule, CH-8092 Zurich, Switzerland; and
W. CAMINATI, Dipartimento di Chimica Fisica ed Inorganica, UniversitA
di Bologna, Viale del Risorgimento 4, 1-40136 Bologna, Italy.

RD9. TUNNELING MOTION IN ArH3. AND ISOTOPOMERS FROM THE ANALYSIS OF THEIR
ROTATIONAL SPECTRA...................... Late Paper.................................. 15 mmn.(10:39)

M. BOGEY, Hf. BOLVIN, C. DEMUYNCK, J. L. DESTOMBES, Laboratoire de
Spectroscopie Hertzienne, Universit6 des Sciences et Techniques do
Lille-Flandres-Artois, UFR de Physique, Villeneuve d'Ascq, France;
and B. P. VAN EIJCK, Department of Structural Chemistry, University

of Utrecht Padulaan i -3584 CH Utrecht, The Netherlands.

1 DIO. INFRARED DIODE LASER SPECTRA O)F MgD. Cali AND CaD (X 2 E+ )...Late Paper .........10 min.(lO:56)

B. LEMOINE, C. DEMUYNCK, and 3. L. DESTOMBES, Laboratoire do Spectroscopie
Hertzienne, Un~iversite des Sciences et Techniques (1e Iille-Flandres-
Artois, UFR de Physique, Villeneuve d'Ascq, France.



THURSDAY, JUNE Io, ]')IS -- I :30( P.M.

Room 1153, Ph's its Laborat orv

Chi h r -%in: MAR K 1). M.AR>GIALL. De pa r tmne t t Che(2m istry, mI \e rs t t' Ieeg Amhe r st
Mjissachusei ts.

R F I . >1 ICROWAAVE SPECTRUM OFE TOE N)-I H , C O M P L E X ..................... I5 nin( 1 31())

~~~t or Chenist-ry, Harvard t'niversi tv, Cambridge
'Iassac huset t s , 02 Il8; M1. 1). MARSHIALL., Departmenlot of Chemist-ry Amherst

,i p.Amhert , Massachuset t s, Oi 1)2; R. D. SI ENR\M, and F. J. LOVAS,
I1l Iecular Spec t rusctpv Div isijun, Nat ionalI Bureau of -Standards,
Caithershuro ., Maryland. 2o1899.

RL!. ROTATIoN.-\ SPECYRA AND S)TRVCTVRES OF THE H ,S-H ,D AND (11.,S)., COMPLEXES ....... I- mir.(I:40)

1-. J. LVAS , R. D. SUFEAM, and L. H1. COIDERT, MolIecu lat Spec troscoupy
Divt ion, National Bureau uf Standards. G~ai thersburg, M aryland, 201899.

R1 i. SPIDI ES OF ISOTOPI CALLY ENRI1CHED WATER DIMER SPECIES............................... 15 ml n.(:)

R . D .5 EUNRAM 1L. If. COI'DERT, F. J . LOVAS , and .J. T. HOUGEN , Mul ecu lar
Spectrusut Dy Dlvi siun, Natiunal Bureau uf Standards, Gai thersburg,
Mar viand .200

PU.VI BRATIOINAI PECT-ROSCOPY OF SOLIll-LIKE CLUSTERS GE HYDROGEN CYANID)E...............IS- min.( (21I

-1). S. ANEN and G. U. EWING, Department of Cheni st ry, Indiana Un iversitv,
Bloom ingtun , Indiana. 47495

F-.V (BRA I INAL PRFDISSOCI ATION STUDIES GE Cs+(MeOl)n AND Cs +( EtOHi),
S OIVATED ION CLUSTERS..............................................................1I5 ml n. (2: 14)

WEN-LONG 1,111 and JAMES M. LISY, School of Chemical Sciences. Uni versitv
4 Illinois. Urbana, Illinois, 61801.

RUG). SOLIVATION OE ALKALI IONS WITHI NON-POLAR SOLVENTS................................... 15 mn. (2:5)

JEFEEREY A1. DRAVES and JAMES M. LISY, School of Chemical Sciences,
University of Ill inois, Urbana, Ill inuis. 61801.

REP. IR-IR DOUBLE RESONANCE SPECTROSCOPY : A STUDY OE THE TORSIONAL VIBRATIONq
OII: CYCLIC (lIE) 35 '*'"'**'''''*** ...... ... . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . . 15 mini.(3:06)

KIRK D. KOLENBRANDER and JAMES M. LISY, School ol Chemical Sciences,
Universityv of Illinois, Urbana, Illinois, 61801.

Inter miss ion

RES . THE PHOTODETACOMENT SPECTRA OE NEGATIVE CLUSTER IONS OF WATER.....................I15 min.(3:35)

G. H. LEE, J. G. EATON, H. W. SARKAS, K. H. BOWEN, Department of
Chemistry, The Johns Hopkins University, Baltimore, Maryland0, 21218;
C. LUDEWICT, and H. HABERLAND, Department of Physics, Universitat
Ereiburg, Freiburg, Germanyv.

RE9. THE PHOTODETACHNENT SPECTRA OF HOMOGENEOUS ALKALI METAL CLUSTER ANIONS:

.an=2-5' K ,=2-8' R n=2-4' ADC n=2,3.......................................... f) min.(3:5l)

K. 11. McHUGH, J. G. EATON, H. W. SARKAS, L. H. KIDDER, G. H1. LEE,
J. T. SNODGRASS, M. R. MANAA, and K. H. BOWEN, Departimpnt of Chemistry,
The Johns Hopkins University, Baltimore, Maryland, 21218.

REIO. PHOTGDETACIIMENT STUDIES OF HETEROGENEOUS ALKALI METAL DIMER AND TRIMER ANIONS .. 15 min.(4:07)

D. PATEL-MISRA, J. G. EATON, H. W. SARKAS, G. Hf. LEE, S. T. ARNOLD,
and K. H. BT)WEN, Department (,f Chemistry, The Johns Hopkins University,
Baltimore, Maryland, 21218.

PEll. PRODUCTION AND PHOTODETACHMENT STUDIES OF Iil ................. 15 mini.(4:23)

If. W. SARKAS, S. T'. ARNOLD), K. M. McHUGI, D. PATEL-MISRA. J. G. EATON,
C. H. LEE, and K.H. BOWEN, Department of Chemistry, The Johns Hopkins
University. Baltimore, Maryland, 21218.

REI2. T*HE PIOTODETACHMENT SPECTROISCOPY OF HYDRATED AND DEUTERATED NITRIC OXIDE ANIONS. .15 min.(4:39)

S. T. ARNOLD, J. G. EATON, G,. H. LEE, D. PATEI-MISRA, and K. H1. BOWEN,
Department of Chemistry, The Johns Hopkins University, Baltimore,
Maryland. 21218.

REAiS. THE STRUCTURE AND DYNAMICS OIF Ne 2 C1 2*'* .. 1 min.(4:55)

C. R. BIELER. S. R. HAIR, K. C. JANDA, Department of Chemistry, University
of Pittsburgh. Pittsburgh, Pennsylvania, 1526); and J. L. CLINE, JILA,
On ivet sit y of Col Ioradlo, Boutder , Col Ioradlo, P0309-8440.

RUIS. T-5 WILJ. BF PRESENTED HERE ((0. A. BLAKE)...........................................10 mn(:1

REI15. Z8 WILL BE PRESENTED HERE (J. V. COE)............................................. 10 min.(5:22)



TI'L RSDAY , J'NE 16, 1 S -- 1: 1) P. 9.

Ra,,m 1o)9, Physics L.abhrato v

h lrman iBefore Int1rmissIin: I . WORMHO'DT, Center tor Chrm i aI and Fnv ironmental
Phvs ics, Aer odvne Research. B I Ier i(a Massac huset t S

(hairman After Intermission: R. H. TIPPING, Department ot Phvsis a and Astirnomvy
University of Alabama, Tuscaloosa, Alh..na.

. ) TRANSITIONS AND OVERLAP PARAMETERS FOR Il,-Ar MIXTURES .................. 5 mn.(1:30)

C.T.W. HSIEH and S. PADDI REDDY, Department of Physics, Memorial
University of Newfoundland, St. John's, Newfoundland, Canada, AIB 3X7.

RE2. INFRARED SPECTRUM OF SOLID HYDROGEN: THEORY OF THE INTEGRATED ABSORPTION
(OEFFICIENTS OF W(.1J=6) TRANSITIONS .............................................. 10 min.(l:46)

K. BALASUBRAMANIAN, R. D'SOUZA, Spectroscopy Division, Bhabha
Atomic Research Centre, Modular Laboratories, 'rombay, Bombay

T, (1h15, India; and K. NARAHARI RAO, Department of Physics, The
Ohia State University, Columbus, Ohio, 43210.

RF i. ABSOLUTE RO-VIBRATIONAL INTENSITIES FOR THE -v = I VIBRATIONAL, BANDS OF 3Z:.... 15 min.(1:57)

C. CHACKERIAN, NASA-Ames Research Center, Moffett Field, California,
94035: G. GUELACHVILI, Laboratoire d'Infrarouge, CNRS, Universit6
de Paris-Sud, 91405 Orsay, France; A. LOPEZ-PINEIRO, Departmento
de Quimica Fisica, Facultad de Ciencias, Universidad de Extremadura,
Badajoz, Spain; and R. H. TIPPING, Department of Physics and
Astronomy, University of Alabama, Tuscaloosa, Alabama, 35487.

RF4. TWO-TONE FREQUENCY-MODULATION SPECTROSCOPY: MEASUREMENT OF HIGH
OVERTONE INTENSITIES OF HBr ...................................................... 10 min.(2:13)

C. B. CARLISLE, SRI International, 333 Ravenswood Avenue, Menlo Park,
California, 94025; T. F. GALLAGHER, Department of Physics, University
of Virginia, Charlottesville, Virginia. 22901; and R. H. TIPPING,
Department of Physics and Astronomy, University of Alabama,
Tuscaloosa, Alabama, 35487.

RF5. HIGH RESOLUTION OBSERVATIONS OF STARS, PLANETS AND THE SUN USING AN
FTS/POSTDISPERSER ................................................................ 15 min.(2:24)

D. E. JENNINGS and G. R. WIEDEMANN, Planetary Systems Branch, Code 693,
Laboratory for Extraterrestrial Physics, NASA/Goddard Space Flight
Center, Greenbelt, Maryland, 20771.

KF6. DETERMINATION OF THE ORTHO-PARA RATIO AND NUCLEAR SPIN TEMPERATURE FROM
HIGH RESOLUTION WATER FLUORESCENCE SPECTRA OF COMETS HALLEY AND WILSON ........... 15 min.(2:40)

W. E. BLASS, Molecular Spectroscopy Laboratory, Department of Physics
and Astronomy, University of Tennessee, Knoxville, Tennessee, 37996-1200;
M. J. MUMMA, Planetary Systems Branch, NASA Goddard Space Flight Center,
Greenbelt, Maryland, 20771; H. A. WEAVER, Space Telescope Science Institute,
3700 San Martin Drive, Baltimore, Maryland, 21218; H. P. LARSON, Lunar and
Planetary Laboratory, University of Arizona, Tucson, Arizona, 85721;
and S. DRAPATZ, Max Planck Institute, Federal Republic of Germany.

RF7. AIR-BROADENED HALFWIDTHS AND PRESSURE SHIFTS IN THE v, BAND OF 
13
CH .............1 0 min.(2:56)

V. MALATHY DEVI, D. CHRIS BENNER, Department of Physics, College of
William and Mary, Williamsburg, Virginia, 23185; MARY ANN H. SMITH,
and CURTIS P. RINSLAND, Atmospheric Sciences Division, Mail Stop 401A,
NASA Langley Research Center, Hampton, Virginia, 23665-5225.

Intermission

RF8. AIR-BROADENED AND NITROGEN-BROADENED HALF1JDTH COEFFICIENTS AND PRESSURE
SHIFTS IN THE v3 BAND SPECTRAL REGION OF CH4. ... .. .. .. ... .. .. .. .. ... .. .. .. .. . 10 min.(3:20)

D. CHRIS BENNER, V. MALATHY DEVI, Department of Physics, College of
William and Mary, Williamsburg, Virginia, 23185; Mary Ann H. SMITH,
and C. P. RINSLAND, NASA Langley Research Center, Mail Stop 401A,
Hampton, Virginia, 23665.

RF9. TUNABLE DIODE LASER MEASUREMENTS OF INTENSITIH AND COLLISION-BROADENED
LINE WIDTHS IN THE v3 AND v6 FUNDAMENTALS OF CH3D AT LOW TEMPERATURES .......... 15 min.(3:31)

S. CHUDAMANI and P. VARANASI, Laboratory for Planetary Atmospheres
Research, State University of New York, Stony Brook, New York,
11794-2300.



35

. 1 N 'o IN rI !'if MEASL'REMENTS IN TIIE , 4 -FUNDAMENTAIL OF 13CH 4
I ' . EP P1FR T FRATURES ............................................... 10 min.(3:47)

. V 11\N. A I o '. CII'DA NAN I, Labor,i tor v tor Planetary Atmospheres
It: r sitv ot New York, Stony Brook, New York,

."T \-!FNV F INlINS IIES AND COLLISION-BROADENED LINE WIDTHS IN THE
F ICH AT LOW TE IPERATURES ........................................ 15 min.(3:58)

i. At N 1 1inl S. CHLDAMIANI, Laboratory for Planetary Atmospheres
.,c ' i : <t~it, IL i versitv of N.e. York, Stony Brook, New York,

..- - !EAS'RIENTS ON THE INFRARED LINES OF I2CH 13CH 12CH D
V , N I' \ R\','ND 7.- 3 'K -m SIN; A TUNABLE DIODE LASER .............................. 10 min.(4:14)

,,ANAI iid S. CHIDAMANI, Laboratory for Planetary Atmospheres
e tate Lniversitv of New York, Stony Brook, New York,

1K! 0. INF:IAFEjI DAND STRENGTH MEASUREMENTS OF CF., AND C13 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 min.(4:25)

;. 3,RHOUDT and K. McCURDY, Center for Chemical and Environmental
Physics, Aerodyne Research, 45 Manning Road, Billerica, Massachusetts,
(- I',1.

RF1.. fHEORETICAL PREDICTION OF FAR WING INFRARED LINESHAPES ............................ 15 min.(4:36)

R. C. BROWN' and J. WORIHOUDT, Center for Chemical and Environmental
Physics, Aerodyne Research, 45 Manning Road, Billerica, Massachusetts,
)I821.
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* . FIdP in i f. TELLNGHFlISEX. Department, t Cwmistrv, Vandierilt
Ii%,it N usi I , Tennessee, 37253.

\P N 0] 1 B Ti Xi IN IT Tilt EIORY OF' LAROE MOILECULAR X YSTEMS.........................mi n . (4:03)
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R ; .. ELECTRONIC SPECTROSCOPY (OF RARE GAS I 501ATED I AND IBr ......................... 10 min).(5:03)

I.A.P. MIACLER and M. C. HEAVEN, Deplr tLent ot Chemist r-, Emory [Univcrs ty,
At lanti, Georgia, 30322.

TO ALL THOSE PRESENTING PAPERS:

Please use 2" x 2" (5 cm x 5 cm) slides and give
them to the projectionist at the beginning of the
sessi on.

Overhead projectors are available in each of the
rooms where the sessions are held. If you plan
to use them, please advise your projectionist at
the start of the session so he or she can be ready
to have equipment moved around as needed.

Thank you.



THURSDAY, JUNE I. 198 i -- 1: 3U P.M.

Rtom I!O1), Evans Chemial I Laboratory

CThaitrman Before Inercission: 1. A. KEIDERLING, Department of Chemistry,
Universitv of Illinois it Chicago, Chicago,
Illinois.

ChairnaR After Intermission: PRASAD POLAVARAPU, Department of Chemistry,
Vanderbilt University, Nashville, Tennessee.

RHI. ON THE HARMONIC FORCE FIELD OF n-BUTANE .......................................... 10 min.(I:30)

W. F. .MURPHY, Division of Chemistry, National Research Council of
Canada, Ottawa, Ontario, Canada, KIA ORb.

RH2. ON THE LIMITS OF THE CONCEPT OF TRANSFERABILITY OF VIBRATIONAL PARAMETERS ........ 15 min.(l:42)

WILLIS B. PERSON and K. KUBULAT, Department of Chemistry, University
of Florida, Gainesville, Florida, 32611.

RH3. THE THEORY OF VIBRATIONAL CIRCULAR DICHROISM: ALTERNATIVE REPRESENTATIONS
OF ATOMIC POLAR AND AXIAL TENSORS ................................................ 15 min.(l:59)

P. J. STEPHENS, K. J. JALKANEN, Department of Chemistry, University of
Southern California, Los Angeles, California, 90089-0482; R. D. AMOS,
N. C. HANDY, Department of Theoretical Chemistry, Cambridge,
University, Cambridge, United Kingdom; P. LAZZERETTI and R. ZANASI,
Dipartimento di Chimica, Universita Di Modena, 41,100 Modena, Italy.

RH4. MEASUREMENT OF VIBRATIONAL CIRCULAR DICHROISM SPECTRA USING DISPERSIVE
INSTRUMENTATION .................................................................. 15 min(2:16)

F. DEVLIN and P. J. STEPHENS, Department of Chemistry, University of
Southe-rn California, Los Angeles, California, 90089-0482.

RHS. VIBRATIONAL CIRCULAR DICHROISM OF B-LACTONES ................................... 15 min.(2:33)

K. J. JALKANEN, F. DEVLIN, P. J. STEPHENS, Department of Chemistry,
University of Southern California, Los Angeles, California, 90089-0482;
T. POLONSKI, Department of Oraanic Chemistry, Technical University
80-952, Gdansk, Poland; R. D. AMOS, and N. C. HANDY, Department of
Theoretical Chemistry, Cambridge University, Cambridge, United Kingdom.

RH6. VIBRATIONAL CIRCULAR DICHROISM SPECTRA OF MOLECULES CONTAINING SECOND-ROW
ELEMENTS ......................................................................... 15 min.(2:50)

R. BURSI and P. J. STEPHENS, Department of Chemistry, University of
Southern California, Los Angeles, California, 90089-0482.

Intermission

RH7. VIBRATIONAL SPECTRA OF TETRAFLUOROOXIRANE- 160 AND -180 ........................... 15 min.(3:20)

NORMAN C. CRAIG, DIANE GESTY, and ALLEN G. KASTELLE, Department of
Chemistry, Oberlin College, Oberlin, Ohio, 44074.

RH8. VIBRATIONAL SPECTRA OF I-CHLOROCYCLOBUTENE ....................................... 10 min.(3:37)

NORMAN C. CRAIG and STEVEN S. BORICK, Department of Chemistry, Oberlin
College, Oberlin, Ohio, 44074.

RH9. VIBRONIC STATES OF PuF 6 IN THE NEAR IR AND VISIBLE SPECTRAL REGIONS .............. 15 min.(3:49)

S. J. DAVID and K. C. KIM, Los Alamos National Laboratory, Los Alamos,
New Mexico, 87545.

RHIO. INTEGRATED INTENSITIES OF CO2 AND SFq VIBRATIONAL BANDS FROM 1800 TO 5000 CM
-

AS A FUNCTION OF DENSITY AND TEMPERATURE ......................................... 15 min.(4:06)

MICHAEL E. THOMAS and MILTON J. LINEVSKY, Applied Physics Laboratory,
The Johns Hopkins University, Laurel, Maryland, 20770.

RHIl. STUDY OF ZEOLITE FRAMEWORK STRUCTURE AND ITS FORCE FIELD BY VIBRATIONAL

SPECTRA .......................................................................... 15 min.(4:23)

HU JIEHAN and NI JIANYI, Dalian Institute of Chemical Physics,
Dalian, Liaoning, People's Republic of China.



39

FRIDAY, JUNE 17, 1988 -- 8:30 A.M.

Room 1153, Physics Laboratory

hr mar: PAUL BALOG, Battelle Mer irial Institute, Columbus, Ohio.

EAl. FOURIER TRANSFORM INFRARED SPECTROSCOPY OF NITRIC OXIDE IN ELECTRIC AND
MICROWAVE DISCIHARGES ............................................................. 10 min.(8:30)

K. L. >IcNESBY and R. A. FIFER. US Army Ballistic Research Laboratory,
SI.CBR-IB-I, Aberdeen Pr-oving (,round, Maryland, 21005-5060.

FAd. FOU RIER TRANSFORM DETECTION OF THE \3 FUNDAMENTAL OF THE N3 RADICAL .............. 10 min.(8:41)

C. R. BRAZIER, P. F. BERNATH, Department of Chemistry, University of
Arizona, Tucson, Arizona, 85721; J. B. BURKHOLDER, and C. J. HOWARD,
NOAA Aeronomy Laboratory, R/E/AL2, 325 Broadway, Boulder, Colorado.
S0303, and Department of Chemistry and Biochemistry and CIRES,

University of Colorado, Boulder, Colorado, 80309.

FA3. DIODE LASER SPECTROSCOPY OF ALKALI HALIDES ........................................... 15 min.(8:52)

C. R. BRAZIER, >1. DOCAY, and P. F. BERNATH, Department of Chemistry,
'niversity of Arizona, Tucson, Arizona, 85721.

FA4. PROGRESS ON NH3 : MORE ROTATIONAL ASSIGNMENTS, A HAMILTONIAN FOR BAND ORIGINS,
AND MODELING OF N-H STRETCH INTRAMOLECULAR DYNAMICS ............................... 10 min.(9:08)

STEPHEN L. COY, Department of Chemistry, Harvard University, Cambridge,
Massachusetts, 02138; and KEVIN K. LEHMANN, Department of Chemistry,
Princeton University, Princeton, New Jersey, 08544.

FAS. INVESTIGATION OF HOT BAND TRANSITIONS OF NH3 IN THE 10 ium REGION ................. 15 min.(9:19)

R. D'CUNHA, K. SINGH, and V. B. KARTHA, Spectroscopy Division, Bhabha
Atomic Research Centre, Modular Laboratories, Trombay, Bombay-400 085,
India.

FAn. THE s2v 2 - av., HOT BAND IN 14NH3 AND 15NH. ....................................... 5 min.(9:35)

R. D'CUNHA and M. N. DEO, Spectroscopy Division, Bhabha Atomic Research
Centre, Modular Laboratories, Trombay, Bombay-400 085, India.

FA7. INTERPRETATION OF HIGH RESOLUTION FOURIER TRANSFORM SPECTRA OF 
1
4NH 3

AT 
2
-
3 

..m ......................................................................... 10 min.(9:41)

N. TU, K. NARAHARI RAO, Department of Physics, The Ohio State University,
Columbus, Ohio, 43210; S. URBAN, Czechoslovak Academy of Sciences,
J. Hevrovsky Institute of Physical Chemistry and Electrochemistry,
Dolejsova ul. 3 182 23 Praha 8, Czechoslovakia; and G. GUELACHVILI,
Laboratoire d'Infrarouge, CNRS, Universite Paris-Sud, 91405 Orsay, France.

Intermission

FA8. HIGH RESOLUTION SUPERSONIC BEAM INFRARED SPECTRA OF ACETYLENE TETRAMER ........... 15 min.(1O:05)

G. BRYANT, Australian National University, Canberra, Australia;
R. 0. WATTS, and D. F. EGGERS Department of Chemistry, University
of Washington, Seattle, Washington, 98195.

FA9. THE STRUCTURE AND TUNNELING MOTION OF ACETYLENE DIMER STUDIED BY FREE-JET
INFRARED ABSORPTION SPECTROSCOPY IN THE 14 Um REGION .............................. 15 min.(10:21)

YASUHIRO OHSHIMA, KOZO KUCHITSU, Department of Chemistry, Faculty of
Science, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan;
YOSHIYASU MATSUMOTO, and MICHIO TAKAMI, The Institute of Physical and
Chemical Research(RIKEN), Wako, Saitama, 351-01, Japan.

FAIO. INFRARED DIODE LASER SPECTROSCOPY OF THE BE3 VAN DER WAALS COMPLEXES WITH
RARE GASES ....................................................................... 15 min.(lO :37)

YOSHIYASU MATSUMOTO, MICHIO TAKAMI, The Institute of Physical and
Chemical Research(RIKEN), Wako, Saitama, 351-01, Japan:

YASUHIRO OHSHIMA and KOZO KUCHITSU, Department of Chemistry, Faculty
of Science, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan.

FAll. FAR-INFRARED SPECTRA OF HC1 - RARE GAS VAN DER WAALS MOLECULES .................... 5 min.(1O:53)

A.R.W. McKELLAR and J.W.C. JOHNS, Herzberg Institute of Astrophysics,
National Research Council of Canada, Ottawa. Ontario, Canada, KIA OR6.

FA12. INFRARED SPECTRA OF HYDROGEN - RARE GAS VAN DER WAALS MOLECULES .................. 15 min.(1O:59)

A.R.W. McKELLAR, Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario, Canada, KIA OR6.



PALL. INFRARED SPECTRA OF HYDROGEN DIMERS............................................... 15 min.(11:15)

A.R. . McKELLAR, Heorzberg Institute of Astrophvsics, National Research
Council of Canada, Ottawa, Ontario, Canada, KIA ORO.

FAl4. FAR-INFRARED 'SPECTRUM OF THE HCI DIMER............................................ 15 min.(ll:31)

M. MOAZZEN-AHMADI. J.W.C. JOHNS, and A.R.W. McKELLAR, Herzberg Institute
of Astrophysics, National Research Council of Canada, Ottawa, Ontario,
Canada, KIA ORO.

FAIL) CALCULATION OF THE TUNNELLING SPLITTING IN SEVERAL ROTATIONAL STATES FOR
(HF).................... ............................................................ 15 min.(11:47)

TUCKER CARRINGTON and PHILIP R. BUNKER, Herzberg Institute of
Astrophvsics, National Research Council of Canada, Ottawa, Ontario,
Canada. KIA ORO.

FPA16. El BFl. OPPRESENF'TED HERE (C. CIIAPADOS)...........................................6mn. (12:03)
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F-R [)FA, JINE IT7 1 .8 - 8:30 A.M.

Room 100), Physics Labr ZIt ory

Ch,'! 1 D\. P PI RRY , Depart ment )f Chemi st r 'ni versI tv o Akr ,i , Akrot

FiFl. Fil IICROWAVE SPECIRI'>! o[, DI FI ORO ETITAN IMIN ., CF,=Nt ............................ 1( mti.(8:30)

P. (,kNi-, H . \ \NAIE., A. I . DRIt;, Depairtment Ot CheITmistrv. 'niversit %
'ir' Iu~ 11'r)l i ~, C" I uni a. SJ, tm h ("Ir" Iiia l, iq 0 nti D). 1). DFSMAR:I'FiJ',

Depl i t'ii t (hi'::isn [ CI,(i1s"1 ULiverstt N , Clern s .r Sotlh ('rol i1a,

F1K. >1ICRtWAVE <PECFRU'M AND SIRUPTURE OF DI METtYLAM IN)DIFLt'OROPIIOSPtIINEE ......... ... nin.(8:42)

R..-. HARLAN, P. GRONER, aTd .. R. DURIG, Departrent of Chemistry,
L !Itl ttS oI t 11uth Carol ina. Co'lIumbia, South Carolina, 29208.

F .1 1K. 1 .IFFEP AND 5' BTIT LIIETFR SPECIROSCOPY OF SMALL INTERNAl ROTORS ............... .5 min.(:54)

S. L. SHOSfAK, T. ANDERSON. R. .. CROWNOVER, F. HIERBST, F. C. DE LUCIA,
Dtepatrtmnt it Physics, Duke itti versity, Durham, North Carolina, 27706,

,ind E. C. SUt ION, Department of Physics and Space Sciences Laoratory,
aniversitv )t California, Berkeley, California, 94721.

Fi-.. EFESSUR
i BROADENING OF MILLIMETER WAVE TRANSITIONS OF HN03, NO. , CF.CI., IID0-

AND 1001 BY NITROGEN AND OXYGEN ...................................................... mi n. (:11)

F. %1. GOYETTE W. L. EBENSTEIN, S. 1. SHOSTAK, F. C. DE LUCIA,
Department ot Physics, Duke University, D)urham, North Carolina, 27706;
uod P. HEIMINGIER, Department of Physics. Universitv o South Alabama,
Nl,)le', Alahama , 3068S.

FFE. [PTE NIE('ROWAVE SPECTRUM OF DIFLUOROMETHANTMINE, F. CNH ............................. 15 min.(9:28)

K. EOLLER, N. WINNEWISSER, Phvsikalisch-Chemischos Institut, Justus
.ielim Universit-t , D-6300 Giessen, West Germany; G. PAWELKE, and
H. B'R(;ER, FB ), Anorganische Chemie, Gesamthochscule Wuppertal,
D-5600 I Wupertal 1, lest Germanv.

FBO. '.ICRIIiAVE SPECTRUM OF 13CD 3 OH.....................................................15 min.(9:4 5 )

1. MUKHOPADHYAY, K.V.I,.N. SASTRY, and R. M. LEES, Department of
Physics, University of New Brunswick, Fredericton, New Brunswick,
C(anada, E3B 5A3.

Intermission

FP-. TIlE SUBMILLIMETER-WAVE SPECTRUM OF THE 1CH30 AND THE CH 0 RADICALS ........... 15 min.(lO:15)

TAKAMASA MOMOSE, IADAMASA SHIDA, Department of Chemistry, Faculty of
Science, Kvoto University, Kyoto 606, Japan; YASUKI ENDO, Department
of Pure and Applied Science, College of Arts and Science, University
of Tok yo, Tokyo, Japan; and EIZI ItIROTA, Institute for Molecular
Science, Okazaki 444, Japan.

FBD. MICROWAVE SPECTRUM AND STRUCTURE OF CYCLOBUTADIENE OZONIDE ...................... 10 min.(1O:32)

P. LORENCAK and R. L. KUCZKOWSKI, Department of Chemistry, University
of Michigan, Ann Arbor, Michigan, 48109-1055.

FB9. MILLIMETER WAVE ABSORPTION AND FAR INFRARED LASER MAGNETIC RESONANCE
SPECTROSCOPY OF FO2  ... 15 min.(10:44)

>1. BOGEY, C. DEMUYNCK, .. L. DESTOMBES, Universite de Lille I,
Laboratoire de Spectroscopie Hertzienne, CNRS, 59655 Villeneuve
dI'Ascj, France; P. B. DAVIES, Physical Chemistry Laboratory,
Lensfield Road, Cambridge, CB21EP England: and T. J. SEARS,
Department of Chemistry, Brookhaven National Laboratory, Upton,
New York, '1973.

FBI(). THE DETERMINATION OF TIE COMPLETE tHLORINE NUCLEAR OUADRUPOLE COUPLING
TENSOR IN CHLOROTRIFLUOROETHYLENE ............................................... 15 min.(11:Ol)

W. LEWIS-BEVAN, Department of Chemistry and Biochemistry, Southern
Illinois University, Carbondale, Illinois, 62901; M.C.L. GERRY,
Department of Chemistry, University of British Columbia, Vancouver,
British Columbia, Canada, V6T IY6; E. BITTNER, K. W. HILLIG, II, and
R. L. KUCZKOWSKI, Department of Chemistry, University of Michigan,
Ann Arbor, Michigan, 48109.



FBII. THE MICROWAVE SPECTRUM OF KR*PF...........................................15 min.(11:1
8 )

K. W. HILLIGII, M. S. LABARGE, E. BITI7NER, R. C. TAYLOR,
R. L. KUCZKOWSKI, Department of Chemistry, University of Michigan,
Ann Arbor, Michigan, 48109-1055; and R. BOHN, Department of
Chemistry, University of Connecticut, Storrs, Connecticut, 06268.

FB12. E4 WILL BE PRESENTED HERE (R. H. PETRMICHL) ................................... 15 min.(11:3
5 )



43

FRIDAY, JUNE 17, 1988 -- 8:30 A.M.

Room 1005, Physics Laboratory

Chairman: P. J. STEPHENS, Department of Chemistry, University of Southern
California, Los Angeles, California.

FC1. CONFORMATIONAL STUDY OF 1,2-AMINO ALCOHOLS BY VIBRATIONAL CIRCULAR DICHROISM.....15 min.(8:30)

N. RAGUNATHAN, L. A. NAFTE, and T. B. FREEDMAN, Department of Chemistry,
Syracuse University, Syracuse, New York, 13244-1200.

FC2. CIRCULAR DICHROISM IN THE FAR INFRARED AND MILLIMETER WAVELENGTH RANGE
NEW TECHNIQUES ................................................................... 15 min.(8:47)

P. L. POLAVARAPU, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee, 372.35.

. .. ..N... 1 1 1--E . 1. .- I . FANGE ................. 10 rn i. (' :O4

P. L. POLAVARAPU, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee. 37235.

FC4. NEW DEVELOPMENTS IN RAMAN OPTICAL ACTIVITY ....................................... 10 min.(9:16)

P. L. POLAVARAPU, Department of Chemistry, Vanderbilt University,
Nashville, Tennessee, 37235.

FC5. AB INITIO VIBRATIONAL PROPERTIES OF LARGE OPTICALLY ACTIVE MOLECULES:
GLUCOSE ET AI ..................................................................... 10 min.(9:28)

P. K. BOSE and P. L. POLAVARAPU, Department of Chemistry, Vanderbilt
University, Nashville, Tennessee, 37235.

FC6. RAMAN OPTICAL ACTIVITY SPECTROMETER .............................................. 10 min.(9:40)

M. VAVRA and T. KEIDERLING, Department of Chemistry, University of
Illinois at Chicago, Chicago, Illinois, 60680.

Intermission

FC7. VIBRATIONAL CIRCULAR DICHROISM OF S-2,2'-DIMETHYL-6,6'-DIAMINOBIPHENYL ........... 10 min.(lO:05)

C. N. SU, M.-C. TISSOT, and T. A. KEIDERLING, Department of Chemistry,
University of Illinois at Chicago, Chicago, Illinois, 60680.

FCS. VIBRATIONAL ANALYSIS AND VCD OF TRANS-1,2-DICYANOCYCLOPROPANE .................... 10 min.(10:17)

ADEL A. EL-AZHARY and TIMOTHY A. KEIDERLING, Department of Chemistry,
University of Illinois at Chicago, Chicago, Illinois, 60680.

FC9. VIBRATIONAL CIRCULAR DICHROISM OF 1,3-DIDEUTERIOALLENE, CALCULATIONAL RESULTS .... 15 min.(10:29)

A. ANNAMALAI, U. NARAYANAN, M.-C. TISSOT, T. A. KEIDERLING, Department
of Chemistry, University of Illinois at Chicago, Chicago, Illinois 60680;
K. J. JALKANEN. and P. J. STEPHENS, Department of Chemistry, University
of Southern California, Los Angeles, California, 90089.

FCIO. COLLECTION OF ROA SPECTRA USING LINEAR INCIDENT POLARIZATION ..................... 15 min.(1O:46)

K. M. SPENCER, T. B. FREEDMAN, and L- A. NAFIE, Department of Chemistry,
Syracuse University, Syracuse, New York, 13244-1200.

FCII. VIBRATIONAL CIRCULAR DICHROISM STUDIES OF EPHEDRINE AND RELATED MOLECULES ........ 15 min.(11:03)

T. B. FREEDMAN, N.-S. LEE, and L. A. NAFIE, Department of Chemistry,
Syracuse University, Syracuse, New York, 13244-1200.

FCI2. Z9 WILL BE PRESENTED HERE (G. M. ROBERTS) ...................................... 15 min.(11:20)

FCI3. ZIO WILL BE PRESENTED HERE (M. DIEM) ............................................ 15 min.(11:37)
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SE-Dull i E iR RO~lTl'TN INFRARED SPECTROSCOPY Gi WATER IM>ER .. .. .. .. .. .. .. .. .. .. ... It) min. (TAI 2)

fR S DENE; and R. E. MILLER, Department of Chemist rv, UniversitY
:,t North Carolinaj. Chapel Hll I, North Carolina, 27591).

THlE SIIC ROAVE SPECTRUMI OF SF .. . ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... ) min.(FBl2)

N. Hi. PETR>IlICIIL. K. A. PETERSON, and R. C. WOODS, Department ol
Chemistry, University of Wisconsin, Madison, Wisconsin. 53711.

* TE'NABLE FAR INFRARED LASER SPECTROSCOPY OF HYDROGEN BONDS; THlE K = 0 14ai upROTATION TUNNEL.ING SPECTRUM OF THE HCI DIMER............................... ....... I10 mitt. (REI4)

G. A. BLAKE, Division of Geological and Platnetary Sciences, California
Institute of Technology, Pasadena, California, 91125; K. L. BUSAROW.
N. C. COHEN, K. B. LAUGHLIN, Y. T. LEE, and R. J. SAYKALEY, Department
of Chemistry and Lawrence Berkeley Laboratories, University of
Califoria. Berkeley, California, 94720.

U:. TNABL.E FAN INFRARED LASER SPECTROSCOPY OF VAN DER WAALS AND HYDROGEN BONDED
CLUSTERS FORMED IN A PLANAR SUPERSONIC JET ...................................... 1() min. (RCl3)

K. BUSAROW, K. B. LAUGHLIN, R. C. COHEN, Y. T. LEE, R. J. SAYKALLY,
Department of Chemistry and Lawrence Berkeley Laboratories, University
ct California, Berkeley, California, 94720: and G. A. BLAKE, Division
of Geological and Planetary Sciences, California Institute of Technology,
Pasadena, California, 91125.

77. TUNABLE FAR INFRARED LASER SPECTROSCOPY OF VAN DER WAALS BONDS;
TUNNELING-ROTATIONAL AND VIBRATION-ROTATION SPECTRA OF Ar-H 2 ' 0...................1 lmin.(RC14)

R. C. COHEN, K. L. BUSAROW, K. B. LAUGHLIN, M. HAVENITH, Y. T. LEE,
R. J. SAYKALLY, Department of Chemistry and Lawrence Berkeley Laboratories,
University of California, Berkeley, California, 94720; and G. A. BLAKE,
Division of Geological and Planetary Sciences, California Institute of
Technology, Pasadena, California, 91125.

Z8. SUB-DOPPLER DIRECT ABSORPTION IN LASER SPECTROSCOPY IN FAST ION BEAMS ............ 10 mn. (RElS)

J. V. COE, J. C. OWRUTSKY, E. N. KEIM, N. V. AGMAN, and R. J. SAYKALLY,
Department of Chemistry, University of California, Berkeley, California,
94.720.

E9. VIBRATIONAL CIRCULAR DICHROISM OF SMALL PEPTIDES AND PEPTIDE MODELS IN
SOLUTIONS: EXPERIMENTAL DATA AND CALCULATIONS .................................. 15 min. (FC12)

G. M. ROBERTS, 0. LEE, and M. DIEM, Department of Chemistry, City
University of New York, Hunter College, New York, New York, 10021.

Z10. VIBRATIONAL CIRCULAR DICHROISM OF OLIGO-NiJCLEOTIDES: EXPERIMENTAL DATA
AND CALCULATIONS............................................................... 15 min. (FCl3)

M. GULOTTA and M. DIEM, Department of Chemistry, City University of
New York, Hunter College, New York, New York, 10021.



n1 SESSION

PIIA-SE NOTE: The following pa, cr-s irrived after the program was sent to the printers. The
sessions in Which they tc scheduled for tresentation are indicated in the
ri ghit-hand marin.

21 . 11!! oVERTiiNF SPECTROSCOPY OF HYDROGEN PEROX IDE ON A MOLECULAR 1CE''4 
............. .. .. m . Ill

C. DO'KETIS and J. P. REILLY, Department of Chemistry,
Indiaria University, Bloomington, Indiana, 47405.

till l-t'ND:\VI 'l C , AND OVERFONI SPECIROSCOPY OF PYRROLE IN THF RI '.K GA.S AND

IN A MOLECULAR BEAM ............................................................ 15 min.(TI2)

C. DOUKETIS and J. P. REILLY, Department of Chemistry,
Indiana Universitv, Bloomington, Indiana, 47405.

-3. OBSERVATION OF A NEW RO-VIBRONIC BAND OF 0011 FREE RADICAL GENERATED
FROM lit), DECOMPOSITION ON GLASS SURFACES ........................................ 15 min.(TI3)

C. DOUKETIS and J. P. REILLY, Department of Chemistry,
Indiana University, Bloomington, Indiana, 47405.

4. VELOCITY SLIP IN ULTRA-COLD MOLECULAR BEAMS...................................... 1 min.(T14)

JAMES M. WILKINSON, CLAYTON F. GIESE, and W. RONALD GENTRY,
Chemical Dynamics Laboratory, University of Minnesota,
207 Pleasant Street, S.E., Minneapolis, Minnesota, 55455.

. -DOUBLING TRANSITIONS OF METAL OXIDES MEASURED BY MODR: CuO .................. lri P l(l[

T. C. STEIMLE, W.-L. CHANG, and D. F. NACHMAN,
Chemistry Department, Arizona State University, Tempe,

Arizona, 852q7.

ELECTRONIC PROPERTIES OF GAS-PHASE COPPER MONOSULFIDE .......................... 10 min.(T16)

T. C. STEIMLE, W.-L. CHANG, and D. F. NACHMAN,
Chemistry Department, Arizona State Univo''itv. Tempe,
Arizona, 85287.

INFRARED SPECTROSCOPY IN SLIT SUPERSONIC EXPANSION .............................. 15 min.(T17)

C. M. LOVEJOY, A. >EILROY, and D. J. NESBITT,
Joint Institute for Laboratory Astrophysics, National
Bureau of Standards and University of Colorado, Boulder,

C ,,ri,, il ii9-0440.

.8. EXTENDED INFRARED STUDY OF ArHF ................................................ 15 min.(TI8)

C. M. LOVEJOY and D. J. NESBITT, Joint Institute for
Laboratory Astrophysics, National Bureau of Standards
and University of Colorado, Boulder, Colorado, 80309-0440.

2 9. J-DEPENDENT VIBRATIONAL PREDISSOCIATION IN NeHF ................................. 15 min.(T19)

C. M. LOVEJOY arid D. J. NESBITT, Joint Institute for
Laboratory Astrophysics, National Bureau of Standards
and University of Colorado, Boulder, Colorado, 80309-0440.

710. THE ROTATIONAL RKR METHOD ...................................................... 15 min.(TI1O)

DAVID J. NESBITT and MARK S. CHILD, Joint Institute for
Laboratory Astrophysics, National Bureau of Standards and
University of Colorado, Boulder, Colorado, 80309-0440.

211. AN INTERMOLECULAR POTENTIAL SURFACE FOR Ar + HF(v=l) FROM HIGH
RESOLUTION INFRARED MEASUREMENTS ............................................... 15 min.(TIII)

DAVID J. NESBITT, CHRISTOPHER M. LOVEJOY, and MARK S. CHILD,
Joint Institute for Laboratory Astrophysics, National Bureau
of Standards and University of Colorado, Boulder, Colorado,
80309-0440.

112. ABSOLUTE INFRARED ABSORPTION INTENSITIES FOR OH X
2
[(v=1-O) ..................... 15 min.(TI12)

ARAM SCHIFFIAN, DAVID D. NELSON, and DAVID J. NESBITT,
Department of Chemistry and Biochemistry, University
of Colorado, and Joint Institute for Laboratory Astro-
physics, National Bureau of Standards, Boulder, Colorado,

80309-0440.



.13. VIBRATIONAL MIXING :AT THE C-H STRETCH EXCITED LEVEL, IN
SMALL HYDROCARBONS ............................................................. 15 min.(TI13)

A. McILROY and D. J. NESBITT, Department of Chemistry and
Biochemistry, University of Colorado, and Joint Institute
for Laboratory Astrophysics, National Bureau of Standards,
Boulder, Colorado, 80309-0440.

214. RESTRICTED HARTREE-FOCK WAVEFUNCTIONS AND EXCITATION ENERGIES OF
ALKOXY RADICALS ................................................................ 15 min.(TD'1)

STELLA M. SUNG and RUSSELL M. PITZER, Department of Chemistry,
The Ohio State University, Columbus, Ohio, 43210.

.15. AN AB INITIO STUDY OF C(' AND H ADSORPTION ON Be METAL .......................... 15 min.(TD'2)

M. M. MARINO, M.SAWAMURA, and W. C. ERMLER, Stevens Institute

216. AB INITIO CALCULATIONS ON Ag.., Aug, and AgAu INCLUDING POLARIZATION
FUNCTIONS AND EXTENDED ELECT ON CORRELATION .................................... 15 min.(TD'3)

R. B. ROSS and W. C. ERMLER, Department of Chemistry and
Chemical Engineering, Stevens Institute of Technology,

Hoboken, Ne; Jersey, 07030.
217. AB INITIO CALCULATIONS OF POLARIZABILITIES INCLUDING RELATIVISTIC

EFFECTS FOR ELEMENTS OF GROUPS IA AND TB ....................................... 15 min.(TD'4)

J. M. POWERS, R. B. ROSS, ard W. C. ERMLER, Department of
Chemistry and Chemical Engineering, Stevens Institute of
Technology, Hoboken, New Jersey, 07030.

718. VIBRATIONAL-ROTATIONAL ANALYSIS OF THE HYDROGEN PEROXIDE CATION FROM
AB INITIO POTENTIAL ENERGY AND DIPOLE MOMENT SURFACES .......................... 15 rnin.(TD'5)

SUSAN KRAFT, Cirroil Aromatic, Inc., 320 Veterans Boulevard,
Carlstadt, Ne : Jersey, 07072; and HSIUCHIN C. HSIEH and
WALTER C. ERMLER, Stevens Institute of Technology, Hoboken,
;;cw jerqev. 07030.

219. EX ERIMENTA AND THEORETICAL 3 2 DOCUBLY CHARGED MOLECULAR IONS:

N2 + AND CO. .................................................................. 10 min.(TD'6)

G. KINDVALL, M. LARSSON, B. J. OLSSON, and P. SIGRAY,
Research Institute of Physics, Frescativ~gen 24, S-104 05,
Stockholm, Sweden.

E20. FOURIER TRANSFORM SPECTROSCOPY OF 7Li2 : THE 1
3
Z+-13E+ TRANSITION ............... 10 min.(MF16)g u

R. BACIS, F. MARTIN, Laboratoire de Spectrometrie Ionique
et Moleculaire, Universite Claude Bernard-Lyon I, 69622
Villeurbanne, France; C. LINTON, GUO BUJIN, C. H. CHENG,
and E. STAD, Physics Department, University of New
Brunswick, P.O. Box 4400, Fredericton, N.B., Canada E3B 5A3.

121. INFRARED SPECTRAL ANALYSIS OF THE PRODUCTS AND MECHANISM OF THE
LASER-INITIATED OXIDATION OF SIMPLE HYDROCARBONS ............................... 10 min.(MH15)

BRUCE S. AULT, Department of Chemistry, University of
Cincinnati, Cincinnati, Ohio, 45221.

1122. INFRARED MATRIX ISOLATION STUDIES OF THE 1:1 MOLECULAR COMPLEXES OF
THE HYDROGEN HALIDES, AND CIE WITH 18-CROWN-6 AND RELATED CYCLIC
POLYETHERS ..................................................................... 10 min.(MH16)

BRUCE S. AULT and HEBI BAI, Department of Chemistry,
University of Cincinnati, Cincinnati, Ohio, 45221.

R23. ULTRAFAST TRANSIENT SOLVATION OF POLAR DYE MOLECULES IN SIMPLE
POLAR SOLVENTS ................................................................. 10 min.(TD'7)

MICHAEL A. KAHLOW, TAI JONG KANG, WLODZIMEIRZ JARZEBA, and
PAUL F. BARBARA , Department of Chemistry, University of
Minnesota, Minneapolis, Minnesota, 55455.
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.4. AB INITIO CI STUDY OF THE MAGNETIC CIRCUJ 4R DICHROISM SPECTRUM OF
ACETYLENE FOR THE X 6 "k(Bu) AND X * C('fu) ELECTRONIC TRANSITIONS ........... 10 min.(TD'8)

C. F. CHABALOWSKI, U.S. Army Baliistic Research Laboratory,
SLCBR-IB-I, Aberdeen Proving Ground, Maryland, 21005-5066;
J. 0. JENSEN, Chemical Research, Development, and Engineering
Center, Aberdeen Proving Ground, Maryland, 21010-5423;
and D. R. YARKONY, Department of Chemistry, The Johns Hopkins
University, Baltimore, Maryland, 21218.

725. THEORETICAL STUDY OF HE RADIATIVE LIFETIME FOR THE SPIN-FORBIDDEN
TRANSITION X Z+ a Z

+ 
IN He2* USING AB INITIO STATE AVERAGED

MCSCF PLUS CI METHODS.......................................................... 10 min.(TD'9)

CARY F. CHABALOWSKI, U.S. Army Ballistic Research Laboratory,
SLCBR-IB-I. Aberdeen Proving Ground, Maryland, 21005-5066;
D. R. YARKONY. Department of Chemistry, The Johns HoDkins
University, Baltimore, Maryland, 21218; B. H. LENGSFIELD,
Lawrence Livermore National Laboratory, P.O. Box 803,
Livermore, California, 94550; and J. 0. JENSEN, Chemical
Research, Development, and Engineering Center, Aberdeen
Proving Ground, Maryland, 21010-5423.



PHASE-COHERENT MOLECULAR DYNAMICS AND PHASE-COHERENT CHEMISTRY

KEITH A. NELSON

Phase-coherent molecular motion is initiated whenever a sufficiently short (i.e.
femtosecond) laser pulse passes through most media. Optical absorption leads to coherent
wavepacket propagation on excited state surfaces, while impulsive stimulated scattering (ISS)
leads to coherent motion in electronic ground states. This motion can then be monitored (or
altered) with subsequent femtosecond pulses. Collective vibrational motion in solids and
liquids, local intermolecular vibrations, and even many intramolecular vibrations have been
time-resolved. If the motion under observation is involved in a chemical or structural

rearrangement, then the rearrangement process may be observed in real time.
1
,
2 

In crystalline
solids, structural phase transitions and oriented bimolecular reactions have been examined.
Molecular dynamics in simple liquids and structural relaxation in viscoelastic fluids have also
been characterized. Unimolecular dissociation in the liquid phase is under study.

In simple liquids, elementary molecular orientational and translational motions are
vibrational (not diffusional) in character. Through ISS, time-domain characterization of
librational frequencies and their inhomogeneities has been carried out in pure and mixed liquids
at various temperatures. As in any vibrational spectroscopy, the results yield information
about dynamics (in this case, molecular orientational dynamics) and also (effective) potentials.
Configuration-averaged intermolecular "force constants" are determined.

In excimer-forming molecular crystals, the process of excimer formation (an oriented
bimolecular reaction) can be initiated phase-coherently and then time resolved. Results in

pyrene and c-perylene crystals, in which the excited-state reaction path is closely related to a
single lattice phonon coordinate, will be presented.

IY.-X. Yan, L.-T. Cheng, and K.A. Nelson, in Advances in Nonlinear Spectroscopy, ed. by
R.J.H. Clark and R.E. wester, (Adv. in Spectrosc. vol. 15, Wiley, 1988).

2S. Ruhman, A.G. Joly, B. Kohler, L.R. Williams, and K.A. Nelson, Revue de Phys. Appl. 22,

1717 (1987).

Address: Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139



'I (I SAN P!.. II NN P 0>PEI.1 ;.: 9 2

First order optical design via ray transfer matrices can be combined with the first
order expression tor throughput or etendue, leading to a simple method of design of an
efficient optical system from beam splitter to detector.

Address of Olson: Molecular Spectroscopy Division, National Bureau of Standards,
ai th rsburg. Maryland 20899

,.,!. £.1:41 )

ULTRA-HIGH RESOLUTION WITH A BOMEM SPECTROMETER

J.W.C. JOHNS

A relatively simple modification to a Bomem DA3.002 FT spectrometer has increased the
maximum optical retardation to 4.54 m. The FlI-M of the instrument function has thus been
reduced to o.n014 cm

-I 
which allows the observation of Doppler limited spectra to about 10 wm.

The modification also changes the way in which the dynamic alignment has been implemented and
this results in some other improvements.

The performance of the instrument, which has now been in operation for about six months,
will be discussed.

Address: Herzberg Institute of Astrcphysics, National Research Council of "anada, Ottawa,
Ontario, Canada KIA OR6.

!E1. (1:52)

SELECTIVE FOURIER TRANSFORM SPECTROSCOPY OF RADICALS

M. Elhanine, R. Fareng and G. Guelachvili

Two types of selective detection of paramagnetic species, based on Zeeman effect,

have been examined with both Fourier transform and diode laser spectrometers.

A magnetic modulation requires both a constant and a periodic magnetic fields;

however a variation of the magnetic field in a plasma induces, in addition to Zeeman modulation, a

non selective modulation concentration.

This effect is avoided with a polarization modulation which needs a polarizing system

and a constant magnetic field only.

We present hcre experimental results obtained using these technics.

Laboratoire d'Infrarouge, Associd au C.N.R.S., Bit. 350, Universitd Paris XI, 91405
Orsay-Cedex, France.
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ROTATIONAL PARTITION FUNCTIONS FOR SYMMETRIC-TOP MOLECULES

IOBIN S. McDOWELL

It has recently been shown that improved closed-form expressions for the rotational
partition functions of linear' and spherical-top

2 
molecules allow one to obtain these with

high accuracy over a wide temperature range without having to calculate and sum explicitly
the rotational energy levels. This work has been extended to symmetric-top molecules, with
particular attention to (1) a new treatment of the quantization correction which converges
:-ore rapidly at all temperatures; (2) corrections for the effect of nuclear-spin statistics
it \ery low temperatures; and (3) corrections for centrifugal distortion of the rotating
molecules at high temperatures.

The derived form of the rotational partition function is
Q, c(mm)

2
exp[B(4-m)/12]B-

1
/[l + _(l-m)

2
/90 + 1"I(1+6)(1 + P0 + Pip

-i 
+ "")

'here ;3 hcB/kT; m m B/A for proiate tops or B/C for oblate tops; and for XY molecules a"
(21,+l)'/, where Iy is the nuclear spin of the Y nuclei and a is the classical symmetry

number. Here the first five factors are the high-temperature quantum-mechanical partition
function, with an improved series develcpment to account for quantization. The factor 1+6
accounts for nuclear-spin statistics, and is given by

6 - [2exp(-m
2
M/9,6)exp(ir

2
m
2
/54)/(2Iy+l)

2
]l1 + ?r

2
m
2
[7r

2
m
2 
+ 72(1-m)01/14580).

The final factor gives the centrifugal distortion correction in the form derived by
Wilson,

3 
where in terms of the usual spectroscopic distortion constants DJ, DK, DK' the

parameters are

= -[(8+2m-4m
2
+3m

3
)D, + m(2-2m+3m

2
)D, + 3m

3
DK]/12B,

p. (8+4m+3mz)Dj + m(2+3m)DJK + 3m'DK'/4B.

The accuracy of this expression will be demonstrated with calculations on NH3 , CHD, and
CHD'.

- R. S. McDowell, J. Chem. Phys. 88, 356 (1988).
2 R. S. McDowell, J. Quant. Spectrosc. Radiat. Transfer 38, 337 (1987).

3 E. B. Wilson, Jr., J. Chem. Phys. 4, 526 (1936).

Address: University of California, Los Alamos National Laboratory, Los Alamos, N.M. 87545.

>IE7. (3:31)

CALCULATION OF THE VIBRATIONAL ENERGY LEVELS OF TRIATOMIC MOLECULES

VIKTOR SZALAY

The vibrational energy levels of a number of triatomic molecules, HCN, HNC, C3, CH2, and

H 20 have been calculated from their ground electronic state potential energy surfaces. The

calculations were carried out with a new method developed for molecules with large-amplitude

internal motions in Ref.(1). This new method allowed us to use a wide variety of potential

surfaces, from the most complicated Sorbie-Murrell type surface of the HCN--HNC isomerization

reaction
2 

to the simple Hoy-Mills-Strey potential of H20! with minor changes in the computer

program. The results are discussed and compared to those of the variational and nonrigid-

bender
4 
calculations. The Schrodinger equation of the effective bending Hamiltonian of

triatomic molecules has been solved by combining the power and advantages of the variational

5
method and of the discrete variable representation

V. Szalay, J. Mol. Spectrosc. in press.

J. N. Murrell, S. Carter, and L. 0. Halonen, J. Mol. Spectrosc. 93, 307(1982).

3A. R. Hoy, I. M. Mills, and G. Strey, Mol. Phys. 24, 1265(1972).
4P. Jensen, Comp. Phys. Rep., 1, 1(1983),

P. Jensen and P. R. Bunker, J. Mol. Spectrosc. 118, 18(1986).

5J. C. Light, I. P. Hamilton, and J. V. Lill, J. Chem. Phys. 82, 1400(1985).

Address of Szalay: Herzberg Institute of Astrophysics, National Research Council of Canada,

Ottawa, Canada KIA OR6
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LEGENIRATE AND STRONGLY INTIRACTING VIBRATIONAL STATES OF POLYATOlIC

MOLI.CULES: THE PROBLIMS IN ROTATIONAL ANALYSIS AND DITENMINATION OF

SPECTROSCOPIC CONSTANTS

Vl.G. TYUTEREV

The problem of processing of experimental vibration-rotation spectra in

the case of strongly interacting vibrational states are discussed. Among them

two aspects of convergence problems are considered in more details: a) con-

vergence properties of expansions of effective Hamiltonians; b) convergence

properties of least square fits.

In order to improve convergence properties of a Hamiltonian more flexible

aevelopments may be applied. Nonpolynomial hamiltonians /1/ and interacting-

-state models are discussed in this context. A quality of a fit and extrapo-

lation properties are improved, however, in many cases correlations between

parameters and their ambiguities becomE more pronounced /2/ if interacting

bands are treated together.

The subject is to study the following question. How to obtain simultaneous-
ly good fit of experimental data and unambiguous physically meaningful values
of spectroscopic parameters?

1. Vl.G.Tyuterev, V.I.Starikov, V.I.Tolmachev, Dokl. Akad.Nauk, v.297,No.2,

p.345, 1987.

2. V1.G.Tyuterev, J.P.Champion, G.Pierre, V.I.Perevalov, J.?..S., 120, 49 (1986).

Institute of Atmospheric Optics SB USSR Acad.Sci., 1,Akademicheskii avenue,

Tomsk, 634055, USSR

1 E 1,). (4:19)

PERTURBATIONS OF THE DOMINANT APPROXIMATION IN SPHERICAL-TOP MOLECULES

B. J. KROHN AND J. K. G. WATSON

Observed systematic shifts of individual rotational lines within the fine-structure J-
manifolds of fundamental bands have prompted a detailed analysis of tensor interactions between
sublevels in the (v=l,J) excited state.' Perturbation theory through third order yields
algebraic expressions for transition wavenumbers. These formulas give wavenumbers in terms of
diagonal tensor functions (the F4- and F'- coefficients of Moret-Ballly2 and the !-coefficients
of Ozler3 ) and rational functions of J and R. In most cases the accuracy is sufficient to fit
diode spectra, and dlagonallzation of large matrices is thereby avoided.

Properties of clustered tensor functions lead to a qualitative description of the shifted
lines. Expansions of these functions in terms of "cluster" quantum numbers (RK)4a s have been
developed to give order-of-magnitude comparisons of contributions to the wavenumber shifts.

Fits of the formulas to the 3 and u4 spectra of SiF 4 are examined to test the accuracy,
reliability, and convergence of perturbation theory.

'B. J. Krohn and J. K. G. Watson, J. Mol. Spectrosc., in press (1988).
ZJ. Moret-Bailly. J. Mol. Spectrosc. 15. 344-354 (1965).

31. Ozier. J. Mol. Spectrosc. 53. 336-345 (1974).
4A. J. Dorney and J. K. G. Watson, J. Mol. Spectrosc. 12. 135-148 (1972).
5C W Patterson and W. G. Harter. J. Chem. Phys. 66. 4886-4892 (1977).

Address of B. J. Krohn: University of California, Los Alamos National Laboratory, Theoretical
Division. Mail Stop J569, Los Alamos. NM 87545
Address of J. K. G. Watson: Herzberg Institute of Astrophysics, National Research Council of
r'anada. Ottawa KIA OR6. Canada
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>lit I . (4: 35;

ROVIBRONIC ENERGY LEVELS AND INTENSITIFS OF ROVIBRONIC TRANSITIONS OF NONLINEAR TRIATOMIC
OPEN-SHELL RARE CAS COMPLEXES

W4AFAA FAWZY AYD JON T. HOUGEN

This paper is concerned with the rovibronic energy levels and intensities of rovibronic
4ransitiqns in complexes formed from a rare gas atom and an open-shell diatomic molecule in a
-7 or a -: electronic state. Previously, Mills et al. have discussed pure rotational spectra
of ArNO for the -7 case .

The model system used in this work is an ArOH Van der Waals complex, where the OH
internuclear axis can be at any angle (0) relative to the line connecting the r atom to t e
center of mass of the OH. The electronic states under consideration are the X E and the A E
states of the OH radical. Such a model can be represented as an asymmetric rotor possessing
electron-spin angular momentum and electronic orbital angular momentum.

The components of the rotational angular momentum are most naturally defined in the
principal axis system of the triatomic ArOH complex. On the other hand, the components of
the electronic orbital angular momentum are most naturally defined in the OH diatomic axis
system. The components of the electron-spin angular momentum can be defined either in the OH
axis system or in the principal axis system of ArOH.

We have derivel matrix elements of the total rovibronic Hamiltonian, taking into account,
as did Mills et al. , the spin-orbit coupling, the spin-rotation interaction, and a quenching
parameter, which allows the degeneracy of the 7 and IT orbitals existing in the diatomic
radical to be split upon complex formation. Wexhave Asso derived the electrogic dipoll 2
transition moment matrix 2elemen5 s for rovibronic transitions of the type '7- T and a i-2 z
respectively, where the .I and F labels describe electronic states in the diatomic radical.
Results of calculations show that the "goodness" of various quantum numbers and the type of
the rovibronic transitions (a,b or c-type) depend on the angle (B).
Both the theory and examples of calculated spectra with different values of the various
parameters will be presented.

iPaul D. Mills, Colin M. Western, and Brian J. Howard, J. Phys. Chem. 90, 3331 (1986).

Address of Fawzy: Department of Chemistry, Emory University, Atlanta, GA, 30322.
Address of Hougen: Molecular Spectroscopy Division, National Bureau of Standards, Gaithersburg,
MD, 20899.

ME12. (4:51)

RENNER-TELLER ROVIBRONIC SPECTRUM OF THE HCS RADICAL

AND THE ROVIBRATIONAL SPECTRUM OF HCS-

P.Rosmus J.Senekowitsch, S.Carter, H.-J.Werner and N.C.Handy

Using highly correlated electronic wavefunctions, the three-dimensional potential energy,
electric dipole and electronic transition moment functions have been calculated for the first two
electronic states of the HCS radical. Both states form a Renner-Teller pair, the lower has a bent
equilibrium structure, the upper is linear. The results of the electronic structure calculations
have been used in solutions of the nuclear motion problem. The standard perturbation theory
results for the rovibrational levels will be compared with the variational rovibrational and
rovibronic Renner-Teller results. In the calculation of the radiative transition probabilities
between the rovibronic states contributions from the electric dipole moment functions of both
electronic states as well as the ektronic transition moment function have been considered.
The rovibronic spectrum of the hitherto unkown HCS radical will be predicted. For the HCS-
ion the rovibrational terms and radiative transition probabilities will be predicted. In these
calculations the rotational-vibrational coupling has been fully accounted for.

P. Rosmus and N.C.Handy, University Chemical Laboratory, University of Cambridge, U.K.
J. Senekowitsch, S. Carter, Department of Chemistry, University of Frankfurt, Frankfurt,
Germany.
H.-J. Werner, Department of Chemistry, University of Bielefeld, Bielefeld, Germany.
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ME13. (5:02)

BOUND ROVIBRATIONAL STATES OF HeN 2
+

S.Miller, J.Tennyson, B.Follmeg, P.Rosmus and H.-J.Werner

The two-dimensional electronic ground state interaction potential of the He...N 2 + system
has been calculated from highly correlated electronic wavefunctions. The potential has a
minimum about 140 cm - t below the dissociation limit and is deep enough to give rise to
a cluster-like, bound structure with considerable number of rovibrational states. The well
depth is almost independent of the N 2+...He angle, which leads to large amplitude bending
motions. Rovibrational calculations have been performed for J=0, 1 and 2. Values for the
rotational constant B, the fundamental stretching frequency v, , and its first and second
overtone, the rotational constant C, in each nv, manifold, have been obtained from the energy
levels computed. It is found that B = 1.879 cm - 1, 1v, = 55.231 cm - ', 2v, = 83.404 cm - 1,
3v, = 92.491 cm - 1, C. = 0.477cm - ', C, = 0.370 cm - ', and C2 = 0.254 cm - '.

S.Miller, J.Tennyson : Department of Physics, University College London, U.K.
P.Rosmus, University Chemical Laboratory, University of Cambridge, Cambridge, U.K.
B.Follmeg : Department of Chemistry, University of Frankfurt, Frankfurt, Germany.
H.J.Werner : Department of Chemistry, University of Bielefeld, Bielefeld, Germany.
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MFL. (1: 30)

SPECTROCOPY AND PHOTOPHYSICS OF REFRACTORY MOLECULES AT LOW TEMPERATURE. THE GREEN

SYSTEMS OF ZrS

B. SIMARD, S.A. MITCHELL, AND P.A. HACKETT

The diatomic molecule ZrS has been observed by laser induced fluorescence in a
supersonic molecular beam following reaction of laser-vaporised zirconium atoms with
2% carbonyl sulfide (OCS) added into a flow of He carrier gas. Two band systems have

been observed in the 413-700 nm region. The R-heads of their band origins lie at
20218.9 and 20208.3 cm-'. The former is tentatively ascribed to the E'E+-X1 E+

transition; the latter remains unassigned but is shown to borrow all of its intensity
from the former through a simple intensity borrowing mechanism. A vibrational analysis
leads to the following molecular constants for the ground state: we = 548.4 cm

- ,
WeXe = 1.6 cm- '. Frank-Condon factors for several vibronic transitions are also
reported. Intrinsic radiative lifetimes of several vibrational levels of both upper
states have been measured, and confirm that the two states perturb each other. A
limited deperturbation analysis has been carried out. Vibrational constants, mixing
coefficients, interaction matrix elements and other spectroscopic parameters are
reported.

Laser Chemistry Group, Division of Chemistry, National Research Council of Canada,
Ottawa, Canada KIA OR6

MF2. (1:41)

NEW INFRARED ELECTRONIC SPECTRA OF C2 AND SiC

M. DOUAY, R. A. NIETMANN, S. A. ROGERS, C. R. BRAZIER, L. C. O'BRIEN,
A. D. McLEAN AND P, F. BERNATH

Two new low-lying electronic states of C2 , BIA, and B" , were discovered
by Fourier transform emission spectroscopy. The B'A.-Aflu and B'IZ+-Al8
transitions occur prominently in the infrared emission spectrum of C2 recorded

with the Fourier transform spectrometer associated with the National Solar
Observatory at Kitt Peak. The C2 spectra were excited in an electrodeless
microwave discharge of argon and allene.

The 0-0 band of the dlE+-b'I transition SiC was observed' near 6000 cm-1 by
Fourier transform emission spectroscopy. The d1E+-bI1 transition of SiC
corresponds to the B.1E+-AlIf transition of C2 . There are no previous

spectroscopic observations of the SiC molecule.

Ip. F. Bernath, S. A. Rogers, L. C. O'Brien, C.R. Brazier and A. D. McLean,

Phys. Rev. Lett. 60, 197 (1988).

Address of Douay: LSM, Universite des Sciences et Techniques de Lille, Bat. P5,
50655 Villeneuve d'Ascq Cedex, France.
Address of Nietmann. Brazier. O'Brien and Bernath: Department of Chemistry,
University of Arizona, Tucson, AZ 85721.
Address of Rogers: Department of Chemistry, University of Colorado, Boulder, CO
80309.
Address of McLean: IBM Research Laboratory, San Jose, CA 95120.
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,IFJ. (1:56)

HIGH RESOLUTION LASER SPECTROSCOPY OF OH*

D.J. RODGERS AND P.J. SARRE

The first observation of transitions in the cl-bl+ system of the OH+ molecule has

been achieved by fast-ion-beam laser photofragment spectroscopy. The spectrum was

recorded by monitoring 0+ photofragment ions which are produced by predissociation

of the cifl state by repulsive 5Z- and 3E- states.

Five vibrational bands have been recorded, with P, 0 and R branch structure and
molecular parameters have been determined. The rotational constant for the v=O level

of the b'Z
+ 

state agrees well with that obtained by Merer et. al. (i from an

analysis of perturbations in the A
3
fl-X

3
Z
- 

emission spectrum.

Molecular parameters for the b E
+ 

and c'I1 states are in good agreement with

those obtained from ab-initio calculations of the potential energy curves [2].

I. A.J. Merer, D.N. Maim, R.W. Martin, M. Horani and J. Rostas,
Can. J. Phys. 53 (1975) 251

2. D.M. Hirst and M.F. Guest, Molec. Phys. 49 (1983) 1461

Address of Rodgers and Sarre : Department of Chemistry, University of Nottingham
University Park, Nottingham, NG7 2RD, United Kingdom.

MF4. (2:12)

ELECTRONIC SPECTROSCOPIC STUDIES AT BHABHA ATOMIC RESEARCH CENTRE

T.K. BALASUBRAMANIAN AND S.L.N.G. KRISHNAMACHARI

At the Spectroscopy Division of Bhabha Atomic Research Centre, there is an ongoing programme

of research relating to the study of the electronic spectra of diatomic molecules and radicals.

A 10.6 m Ebert grating spectrograph set up some years ago in the laboratory and a few other

smaller grating and prism spectrographs are being used to carry out systematic investigations on

several molecules which include some hydrides and a host of heavier ones like AIO, NS, S2

to name a few. A flash photolysis set up coupled to a suitable spectrograph has helped to

obtain and identify new radicals like HCCS, HCCO etc. Identification of new electronic states

or new electronic transitions and the characterization of the new radicals are the main objecti-

ves of these studies.

The rotational intensity distribution in the spectra of some of the molecules have been

investigated from the theoretical and experimental standpoints. From this, important conclusions

could be drawn regarding the nature of the electronic states.

+

The fluorescence specta of 12 and Na 2 excited by Ar and He-Ne laser lines have been studied

leading to useful conclusions on the electronic transition moment functions in the related

transitions.

Results of these studies will be highlighted in the talk.

Address of Balasubramanian and Krishnamacharl: Spectroscopy Division, Bhabha Atomic Research

Centre, Modular Laboratories, Trombay, Bombav-400 085, India.
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lFl. (2:28)

1AGNETIC DIPOLE TRANSITIONS IN DIATOMIC MOLECULES: SOME NEGLECTED ASPECTS

T.K. BALAStUBRAMANIAN AND V.P. BELLARY

A diatomic molecule in the vibronic state I.ASZ;v> has a dominant magnetic moment given by

.' +2-) (eh/!4-mc) due to which weak rotational transitions within this state are possible. Magne-

tic dipole transitions of this kind are known
I 

in the X3 :- 
state of 0,. Extending the resultsg

to other electronic states, expressions for the intensity factors are derived for rotational
2 3,transitins in 'and states. A noteworthy feature is that both parallel and perpendicular

moments can contribute to the rotational intensities.

An allied aspect, perhaps more interesting, is that the magnetic moment ;n the state 11S-;r>

has no dependence on the internuclear distance. Thus in a given electronic state rotation-

vibration transitions of magnetic dipole origin seem forbidden notwithstanding the occurrence

of pure rotational transitions. Nevertheless one could invoke indirect mechanisms that can

impart non-zero intensities to to-vibrational transitions. In the simplest case of a IA (A f 0)

state centrifugal distortion is one such mechanism. In states of higher multiplicity other

mechanisms are conceivable.

Possible application of these results will be indicated.

IL.R. Zink and It. Mizushima, J.Mol. Spectrosc. 125, 154 (1987).

Address of Balasubramanian and Bellarv: Spectroscopy Division, Bhabha Atomic Research Centre,
Modular Laboratories, Trombay, Bombay-400 085, India.

MF6. (2:39)

ON THE , LGNEK - wiimE. uORKELATION RULES IN DIATOMIC MOLECULES

T.K. BALASUBRAMANIAN AND V.P. BELLARY

The rules for building the manifold of electronic states of a diatomic molecule from those
1 2

of the separated atoms were originally given by Wigner and Witmer . Most of these rules seem

intuitively plausible and their validity is readily demonstrated 
3
. An exception is the derivat-

ion of the terms for a homonuclear diatomic molecule from the separated atoms in identical

atomic states. Here the answer to the important question of the u or g character of the result-

ing molecular state is not so obvious. In the original paper this point has been settled by

resorting to group theoretical arguments.

We have been able to show that the same results could be obtained by invoking a simple
2

model which reduces the problem to one akin to the Heitler-London treatment of the H2 molecule
In the limit of strong spin-orbit coupling in the atoms, the model can be extended readily to

derive Hund's case (c) molecular states.

IE. Wigner and E.E. Witmer, Z. Physik 51, 859 (1928).

2G. Herzberg. Molecular Spectra and Molecular Structure Vol.1 (Spectra of Diatomic Molecules)
Van Nostrand, New York (1950).

3
L.D. Landau and E.M. Lifshitz, Quantum Mechanics , Pergamon Press, London (1965).

Address of Balasubramanian and Bellary : Spectroscopy Division, Bhabha Atomic Research Centre
Modular Laboratories, Trombay, Bombay-400 085, India.
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MF7. (3:00)

THE ELECTRONIC SPECTRUM OF MANGANESE MONOHYDRIDE

W.J.BALFOUR, B.LINDGREN AND S. O'CONNOR

The electronic spectrum of MnH has been examined in thermal emission from Mn/H. mixtures in

a King furnace using both photographic and Fourier transform techniques. Two systems have

been studied at high resolution: an infrared system centered near 847 nm and a visible

system in the blue near 480 nm. Rotational analysis of the 847 nm system shows it to be due

to a SI - 5Z transition. The 480 nm spectrum, which is extremely complex with dense

rotational structure, arises from a In - 51 transition. The two systems have the same lower
electronic state. While the MnH spectra appear relatively free of local perturbations the

corresponding MnD spectra show a number of branch irregularities. Branches in both systems
are broadened to differing extents through nuclear hyperfine coupling.

Address of Balfour: Department of Chemistry, University of Victoria, Victoria, British

Columbia, Canada V8W 2Y2.

Address of Lindgren: Institute of Physics, University of Stockholm, Vanadisvagen 9,

S-113 46 Stockholm, Sweden.
Address of O'Connor: Department of Physics, University College Dublin, Stillorgan Road,

Belfield, Dublin, Eire.

MFS. (3:16)

VU ABSORPTION SPECTROSCOPY OF SUPERSONIC JET-COOLED MOLECULES; THE SCHUMANN-RUNGE BANDS OF
OXYGEN

K. YOSHINO, A.S.-C. CHEUNG, W.H. PARKINSON and D.E. FREEMAN

We have developed instrumentation which uses the technique of supersonic jet expansion of
a gas through a small orifice to produce cold gas-phase molecules. The absorption spectrum of
oxygen in the wavelength region 170-180 nm has been investigated at very low temperature with a
6.65 m vacuum spectrograph/spectrometer with a resolution of 0.0006 nm. The supersonic jet
(SSJ) is crossed with a focused continuum uv radiation from a hydrogen discharge lamp. The
light transmitted through the molecular beam is refocused on the entrance slit of the 6.65 m
vacuum spectrograph. The cooling effects are easily demonstrated by intensity distribution of
rotational lines. The rotational intensity peak in the SSJ spectrum are lines with N=l or 3
which indicates the rotational temperature of the supersonic cooled gas is around 25K.

This work is supported by the Smithsonian Institution, SS52-2-85.

Address of Yoshino. Parkinson and Freeman: Harvard-Smithsonian Center for Astrophysics, 60
Garden St., Cambridge, MA 02138

Address of Cheung: Chemistry Department, University of Hong Kong, Hong Kong.
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11F0. (3:27)

LEVEL SHIFTS IN THE B3Eu STATE OF MOLECULAR OXYGEN

R.S. FRIEDMAN AND A. DALGARNO

The B
3
E state of molecular oxygen (the upper state of the Schumann-Runge band system) is

predissociated by several repulsive continuum states including the 111u, 3u, 511, and 2 E*
states. In an extension of the work of Julienne and Krauss', who first showed that the 

5
flu

state is the dominant perturbative state, we have determined an empirical representation for
the snu state which yields a smooth deperturbation in the second vibrational energy differences
of the three isotopic molecules 1602, 100180 and 1802. The 511u state is found to cross the B

3
EU

state at 1.880 A with a slope at the crossing point of 40000 cm
-1 A-' and the coupling strength

between th. S1Iu and B3E states is 65 cm
-
1.

This work is supported by NSF Grant ATM-87-13204 to Harvard University.

'P.S. Julienne and M. Krauss, J. Mol. Spectrosc. 56, 270 (1975).

Address of Friedman and Dalgarno: Harvard-Smithsonian Center for Astrophysics, 60 Garden St.,
Cambridge, MA 02138
Also for Friedman: Department of Chemistry, Harvard University, Cambridge, MA 02138.

MFI. (3:43)

BAND OSCILLATOR STRENGTHS OF THE SCHUMANN-RUNGE ABSORPTION BANDS OF MOLECULAR OXYGEN

R.S. FRIEDMAN

Band oscillator strengths of the Schumann-Runge (B
3
EU - X

3
E ) absorption bands of 1602, '802

and 160180 have been theoretically determined and are compared to the Harvard-Smithsonian
experimental values. A slight increase in the magnitude of the theoretical electronic
transition moment results in satisfactory agreement between theory and experiment for all three
species.

This work is supported by NSF Grant ATM-87-13204 to Harvard University.

Address: Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, Massachusetts,
02138 and Department of Chemistry, Harvard University, Cambridge, Massachusetts, 02138.

MFI1. (3:59)

ROTATIONAL STRUCTURE OF THE LOW LYING ELECTRONIC STATES OF SAMARIUM MONOXIDE

GUO BUJIN AND C. LINTON

High resolution laser excitation spectra have been obtained for several transitions
involving three of the lowest lying states of SmO. Very careful wavelength selected detection
enabled us to eliminate unwanted overlapping transitions and to obtain separate spectra for the
individual e,f parity components of an Q = 1-1 transition. The rotational structure has been
assigned for six isotopic species and the molecular constants computed using a simultaneous
least squares fit to all the transitions. Some parity and isotope dependent perturbations were
observed in the [16.9)1 state. The results of the analysis will be presented and the rotational
constants, 0-doubling, isotope effects and the interpretation of perturbations will all be
discussed.

Address: Department of Physics, University of New Brunswick, P.O. Box 4400, Fredericton, N.B.
Canada, E3B 5A3
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MF12. (4: LU)

LASER SPECTROSCOPY OF THULIUM MONOXIDE

C. LINTON AND D.N. HEUFF

High resolution excitation spectra have been obtained for six electronic transitions of
TmO. Analysis of resolved fluorescence and excitation spectra have enabled us to assign four
low lying electronic states and provide energy linkages between them. The excitation spectra
show well resolved rotational and hyperfine structure (1=0.5 for Tm) and some transitions show
large 0-doubling. Several transitions are complicated by perturbations.

The results of the preliminary analysis will be presented. The electronic state
assignments and energy linkages will be discussed and compared with predictions of Ligand Field
Theory calculations.

Address: Department of Physics, University of New Brunswick, P.O. Box 4400, Fredericton, N.B.,
Canada, E3B 5A3

MF13. (4:26)

LONG WAVELENGTH VIBRONIC TRANSITIONS OF 7 9 BrCl AND 81 BrCl

B. McFEETERS, L. HANKO, G.P. PERRAM, AND DRKO

A technique was developed by which the vibronic spectrum of bromine monochloride was observed
from laser induced fluorescence at long wavelengths. An RCA C31034 PMT was used to detect short
wavelength emissions (650-890nm) and an ADC cooled germanium infrared detector was used to detect
long wavelengths (809nm-1.1 i ). The vibrational band heads were spectrally resolved with a reso-
lution of O.2nm at 650-890nm and 1.Onm at 890nm-1.lu . This resolution allowed the separation
and characterization of the bandheads for the two bromine isotopes.

The signal from the ADC detector was passed through a lock-in amplifier. A computer
controlled data acquisition system allowed the signal from the lock-in to be averaged at each
spectral point for 100-400 signals. This technique increased signal to noise substantially and
allowed the observation of previously unreported transitions so that band heads could be readily
reported. These studies allowed the extension of the spectral observations of Coxon (1) on BrCl.
The newly observed transitions ranged from v'=3--v"=5 to v'=O- -v"=19. Molecular constants
were calculated from the values for the band head positions by means of a merging technique (2).
The calculated constants were compared with those reported by Coxon (1) for shorter wavelength
transitions. The correspondence between the constants will be discussed.

1. J.A. Coxon, J. Mole. Spectry., 50, 142-165 (1974).
2. D.L. Albritton, A.L. Schmeltekopf, and R.N. Zare, "An Introduction to the

Least-Squares Fitting of Spectroscopic Data," in Modern Spectroscopy, iodern Research
II, K.N. Rao, ed, Academic Press, NY, 1976.

Address: AFWL/ARBI, Air Force Weapons Laboratory, Kirtland AFB, NM 87117-6008
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M .F 4. (4:37)

AB INITIO ANALYSIS OF PERTURBED ROTATIONAL LEVEL STRUCTURE IN EXCITED

STATES OF HeD

M.C. VAN HEMERT AND S.D. PEYERIMHOFF

The bound excited states of the HeH molecule are known to have strong
interaction with the repulsive ground state through the radial component
of the nuclear kinetic energy operator. Apart from this interaction that
leads, as in the case of ArH(l), to predissociaton of the vibrational
levels, there is also interaction between the bound states, as was found
in recent emission spectroscopy experiments for HeD(2).

It will be demonstrated that also in the case of bound-bound inter-
action, radial coupling is the source of the perturbations. A two-states
coupled equations formalism, using matrix elements resulting from large
scale ab initio MRDCI calculations, is shown to give a quantitative
explanation of the perturbed level structure in the HeD C,D->A emission.

I. M.C. van Hemert, H. Dohmann and S.D. Peyerimhoff, Chem. Phys. 110,

55 (1986).
2. R.L. Brooks and B.G. Nickel, Chem. Phys. Lett. 139, 503 (1987).

Adress of van Hemert: Department of Chemistry, Gorlaeus Laboratories,
Leiden University, Postbus 9502, 2300RA Leiden, Netherlands.
Adress of Peyerimhoff: Lehrstuhl fuer Theoretische Chemie,
Universitaet Bonn, Wegelerstrasse 12, D 5300 Bonn 1, FRG.

>IF1 I . (4:48)

THE COMET-TAIL AND BALDET-JOHNSON SYSTEMS OF 
13C 180+

S. PADDI REDDY AND C. V. V. PRASAD

The emission spectra of the comet-tail (A 2i X 2 ) and the Baldet-Johnson (B
2
1
+

bands of the molecular ion 
1 3

C
18

0+, excited in the cathode glow of a hollow-cathode
discharge tube of special design, and occurring in the spectral regions 3700 - 4225 A and
3620 - 6165 A, respectively, were observed for the first time. The rotational structure of
seven bands of the A-X system involving v' = 0 to 5 and v" = 0 to 2 and that of three (1-0,
0-0, and i-0) bands of the B-X system were photographed in the 2nd and/or 3rd orders of 2 m
and 3.4 m grating spectrographs. All the twelve branches of each of the bands of both
systems (except only six branches for the 0-I and 0-2 bands of the A-X system arising from

.1/2 - X
2
Z+) were rotationally analyzed. The molecular constants obtained from the analysis

of the wavenumber data of the individual bands of both systems were merged together and a
unique set of constants for the X

2
1

+
, A

2
Ti and B21

+ 
states of 1

3
C
18
0+ was obtained.

IResearch supported in part by NSERC Grant No. A-2440.

Address of Reddy and Prasad: Department of Physics, Memorial University of Newfoundland,
St. John's, NF, AiB 3X7, Canada.
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MF16. (5:04)

FOURIER TRANSFORM SPECTROSCOPY OF 'Li2 : THE 1
3£'-i 3Z TRANSITION
g u

R. BACIS, F. MARTIN, C. LINTON, GUO BUJIN, C.H. CHENG AND E. STAD

Fluorescence resulting from excitation of 'Li 2 by the 476.5 nm line of
an Argon ion laser has been detected at very high resolution using a
Fourier Transform spectrometer at Orsay. A very rich, complex spectrum is
obtained in the 8000-10000 cm"1 region. By comparing results of a
preliminary rotational analysis with ab-initio calculations, the spectrum
has been assigned to the 13 ZE-13Z transition, and is the first triplet

g u
system of Li2 to be observed at high resolution. The results of a global
fit to the 31 analyzed bands will be presented and rotational constants,
dissociation energies, potential curves and Franck-Condon Factors will be
discussed and compared with ab-initio calculations.

Address of Bacis and Martin: Laboratoire de Spectrometrie Ionique et
Moleculaire, Universite Claude Bernard-Lyon I, 69622 Villeurbanne, France

Address of Linton, Guo, Cheng and Stad: Physics Department, University of
New Brunswicx, P.C. Box 4400, Fredericton, N.B., Canada, E3B 5A3

bI
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MGI. (1:30)

THE OBSERVATION OF CS: CONTINUUM-LIKE EMISSION IN A SUPERSONIC JET

D. GIBLIN, S. J. McNICHOL, AND S. J. SILVERS

When CS2 is excited in the 280 - 340 nm region, its dispersed fluorescence displays
both discrete and continuum-like components. Our bulb studies have shown that the continuum
is enhanced by collisions, but persists in the low pressure limit where collisions during the
excited state lifetime are unlikely.

This work in a supersonic jet confirms that continuum emission pergists under essentially
collision-free conditions. The continuum emission is identified both by dispersing the
fluorescence and by observing its long (relative to the discrete emission) lifetime. The
amount of continuum compared to discrete emission is monitored as the excitation wavelength
is scanned through the region of the T and V systems bands. Continuum emission is excited
almost everywhere; an apparent continuum in excitation corresponds to the one seen in emission.
In the region of excitation bands the discrete and continuum emissions do not track each other;
the continuum/discrete ratio varies with J.

The origin of CS? continuum-like emission is discussed using a model proposed by Hardwick
I

to explain similar emission for NO2 .

1J. L. Hardwick, J. Mol. Spectrosc. 109, 85 (1985).

Address of authors: Department of Chemistry, Virginia Commonwealth University,
Richmond, Virginia 23284 - 2006

MG2. (1:46)

PHOTO-ASSISTED FRAGMENTATION SPECTROSCOPY BY NEUTRALIZATION-REIONIZATION MASS

SPECTROSCOPY 1 SUSAN F. SELGREN AND GREGORY I. GELLENE

A new technique whereby the high resolution absorption spectrum of unusual

radicals in a high velocity beam can be obtaineu by monitoring photo-induced

changes in their neutralization-reionization mass spectra will be discribed.

Very recently obtained absorption spectra for the H3 radical will be presented

ag evidence of the feasibility of the technique. Application of this technique

toward the observation of the electronic spectra of the hypervalent radicals

NH4 , H30, and H2F will be discussed.

iThis work was supported by Finnigan MAT through the ASMS research award

program.

Address of Selgren and Gellene: Department of Chemistry, University of Notre

Dame, Notre Dame, IN 416556.
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%1613" (2:1'2)

EXCITATION AND DISPERSED FLUORESCENCE SPECTRA OF THE ETHOXY FREE RADICAL

STEPHEN C. FOSTER, PRABHAKAR MISRA, T.-Y. LIN, CRISTINO P. DAMO, CHRISTOPHER C.
CARTER, AND TERRY A. MILLER

Alkoxy free radicals are well known chemical intermediates in combustion
processes and atmospheric reactions. Our laboratory has studied a number of these
radicals: methoxy, ethoxy, iso-propoxy, and ethynyloxy. Typically, these are
produced in situ by excimer laser photolysis of the appropriate precursor in a
pulsed or cw supersonic free jet expansion. Ultra-high resolution spectra of the A

X transition of ethoxy, C2H.0, have been obtained with our argon-ion pumped ring
dye laser system with pulse amplification; rotational resolution is significantly
better than spectra obtained previously with our YAG-pumped dye laser. Wavelength-
resolved spectra have also been obtained using an excimer-pumped dye laser with an
optical multichannel analyzer. Details of the rotational and vibrational analyses
of the ethoxy free radical will be presented.

Address of Misra. Lin. Damo. Carter. and Miller: Laser Spectroscopy Facility,
Department of Chemistry, The Ohio State University, Columbus, OH 43210.
Address of Foster: Department of Chemistry, Florida State University, Tallahassee,
FL 32306.

!64'. (2:1 )

LASER EXCITATION AND DISPERSED FLUORESCENCE SPECTRA OF METHOXY PRODUCED BY
PHOTODISSOCIATION IN A PULSED SUPERSONIC JET EXPANSION

STEPHEN C. FOSTER, PRABHAKAR MISRA, T.-Y. LIN, CRISTINO P. DAMO, CHRISTOPHER C.
CARTER, AND TERRY A. MILLER

Mthoxy is a highly reactive organic free radical that is a key intermediate in
the combustion of hydrocarbon fuels and in atmospheric reactions. It has nominal

C3v ymmetry and an electronically degenerate 
2
E ground state and is therefore

subject to Jahn-Teller distortion and also split by a moderately large (-60 cm
-

)

spin-orbit coupling. The origin of the electronic transition A 
2
A, - X 

2
E of

methoxy in the ultraviolet has been reported in the literature to have several
different values over the years. Extensive laser-induced fluorescence excitation
spectra and wavelength resolved emission spectra have been recorded at low tem-
peratures for methoxy, CH$O, and its perdeutero analog, CDsO. A detailed analysis
of the vibronic spectrum of methoxy has yielded a new reliable value for the elec-
troniz origin and an essentially complete set of significantly revised vibrational
frequencies for both the X and A states. These results have been used to determine
the vibronic structure of the ground state and in the elucidation of several
ambiguous excited state vibronic assigrments.

Address of Misra. Lin, Damo. Carter and Miller: Laser Spectroscopy Facility,
Department of Chemistry, The Ohio State University, Columbus, OH 43210.
Address of Foster: Department of Chemistry, Florida State University, Tallahassee,
FL 32306.
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IONIC CLUSTERS [(NO)+Ar and (CF )+Rm
, 
R-He, Ne or Ar IN A SUPERSONIC JET

n y nm

C,-Y, KUNG, RICHARD A KENNEDY, DAVID A. DOLSON, AND TERRY A. MILLER

An apparatus which combines the ability to take laser induced fluorescence (LIF)
and time-of-flight (TOF) mass spectra has recently been put into operation in our
laboratory. We have performed initial experiments on cluster species invloving NO+
and COF,+.

Resonantly enhanced multiphoton ionization of NO produces cleanly NO
+ 

in a
supersonic jet expansion. Sampling of the expansion through a skimmer with a TOF
mass spectrometer reveals that cluster species containing as many as 15 NO's and 20
Ar's can be grown from the isolated NO+ seed.

For the van der Waals molecules (C F,) +R, the TOF mass spectrometry is combined
with laser induced fluorescence (LIF) measurements prior to skimming the expansion.
Features in the LIF spectra can thus be correlated to the species present in the jet
as determined directly by the TOF analysis

Address of Kung and Miller: Laber Spectroscopy Facility, Department of Chemistry,
The Ohio State University, Columbus, OH 43210.
Address of Kennedy: Department of Chemistry, The University of Birmingham, P. 0.
Box 363, Birmingham B15 2TT United Kingdom.
Address of Dolson: Department of Chemistry, Murray State University, Murray, KY
42701.

%'(,. (2: 51)

PHOTOPHYSICS OF AZULENE FROM S, MANIFOLD

SUDE{IR -, KULKARNI AND JONATHAN. E. KENNY

Absorption spectra of azulene from S, manifold are obtained in a vulsed planar

supersonic jet. Line profiles of single vibrational levels, starting from S, origin up

to 2417 cm
- 1 

excess et'rgy, are obtained and homogeneous linewidth contributions

are extracted using proper deconvolution procedures. Lifetimes as well as internal

conversion rates from single vibrational levels are calculated. Internal conversion

rates appear to increase as a function of excess energy. Internal conversion processes

from the S, and S. state are compared

Address of Kulkarni and Kenny: Department of Chemistry, Tufts University, Med-

ford , MA 02155.
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P RERESONANCE RAMAN INTERFERENCE IN LINEAR POLYENES

SZTANBUCH and 3. E. LERGI

In centrosymmetric chromophores, such as linear polyenes, approximately
half of the electronic excited state manifold is 4naccezsible from the ground
state by conventional absorption spectroscopy because of parity selection rules.
Howeve-, th:e presence of such "hidden" excited states can sometimes be inferred
from 'reresonance Raman excitation profiles. As the excitation radiation is
tuned through the appropriate energy range vibronic coupling between the state
of interest and nearby "allowed" electronic states will produce interference
effects in the ground state scattering intensity.

We have used this method in conJunction with two-photon excitation data 1
for a dipnenyldecapentaene (DPDP) to locate the lowest-lying ex×ited gerade
singlet state IA ) of DPDP. Excitation was supplied by an Ar pumped tunable
dye laser in the &avelength region covered by coumarin 480 and stilbene 420.
The excitation spectrum was determined point-by-point from thejatio of the
scattered intensity of the D

0
DP C;C _ymmetric stretch (1565 cm ) to that of a

cyclohexane solvent made at 1145 cm . The technique has been applied to other
polyenes, and -esults for all systems investigated to date will be described.

'R. R. Birge and H. L. Fang, private communication.

Address of Authors: Department of Chemistry, Michigan State University,
East Lansing, MI 48324

MGS. (3:30)

CHARACTERIZATION OF EXCITED ELECTRONIC STATES OF LIGAND-BRIDGED Ru(II)

BIMETALLIC COMPLEXES BY RESONANCE RAMAN SPECTROSCOPY

TURRO, P. J. WAGNER, and G. E. LEROI

Various polypyridyl organometallic complexes of Ru(II) and other d
6
-

transition metals have been subjects of recent study. Interest in these systems
stems from the possible application of their metal-to-ligand charge transfer
(MLCT) excited states In energy conversion processes.'

We have prepared and investigated spectroscopically (bp )2ru(II)(bpm),
(phen) 2Ru(II)(bpm), [(bpy),Ru(II)] 2 (bpm), and [(phen) 2Ru(II)J 2(bpm), where
bpy = 2,2'-bipyridine, phen - 1,10-phenanthroline, and bpm = 2,2'-bipyrimidine.
The monometallic complexes show Intense absorption in the blue region of the
spectrum, whereas the lowest energy MLCT absorption band of the bimetallic
complexes is red shifted. The bimetallic complexes have many MLCT transitions
in the visible region. Resonance Raman spectroscopy has been utilized to
characterize and assign these transitions.

ID. G. Whitten, Accts. Chem. Res. 13, 83 (1980).

Address of Authors: Department of Chemistry, Michigan State University,
East Lansing, Michigan 48824
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FLUORESCENCE EXCITATION SPECTROSCOPY OF p-C6 H4 C12 AND p-C6 D4Cl 2 IN A SUPERSONIC FREE JET

EXPANSION W. D. SANDS AND R. MOORE

The spectra of p-C6H4 Cl2 and p-C6 D4C12 have been assigned over the range of 0 - 2500 cm1.

The spectra are dominated by totally symmetric vibrations and vibronically allowed b3g vibra-

tions. Overtones of several out of plane bending modes are observed. The S1 frequencies are

markedly reduced from SO values, indicating that the molecules are significantly less rigid

in S . Isotopic frequency shift ratios due to chlorine and deuterium/hydrogen substitution

are in good agreement with those derived from ab initio calculations of vibrational frequencies

and normal modes.

Address of authors: Department of Chemistry, Virginia Commonwealth University, Richmond,

Virginia, 23284.

MG10. (4:C2)

ULTRA HIGH-RESOLUTION ELECTRONIC SPECTROSCOPY IN MOLECULAR BEAMS. THE SI-S O TRANSITION OF

1-FLUORONAPHTHALENE

D. F. PLUSQUELLIC. W. A. MAJEWSKI, AND D. W. PRATT*

The past few years have witnessed major advances in the resolution of spectroscopic
experiments carried out in UV, visible, and infrared regions of the electromagnetic
spectrum. In this report, we describe the first test of our new "laser spectrograph", con-
sisting of a tunable, s ingle-frequency dye laser operating in the UV, a molecular beam
machine, and a sophisticated data acquisition system. Linewidths of less than 5 MHz have
been achieved in the S.-S0 fluorescence excitation spectrum of 1-iluoronaphthalene, at ca.
310 nm, permitting tests of the instrumental bandwidth and sensitivity as well as a deter-
mination of the beam rotational temperature and velocity distribution. Complete resolution
of the rotational structure In different vibronic bands also makes possible measurements of
the inertial constants of both S1 and So states and the orientation of the optical tran-
sition moment relative to the inertial frame. Future applications or this instrument to
problems in chemical dynamics will be discussed.

*Work supported by NSF, WPATC, and the University of Pittsburgh.

Address of Plusquellic, MaJewski, and Pratt: Department of Chemistry, University of
Pittsburgh, Pittsburgh, PA 15260. U.S.A.



CONFORMATIONAL CHANGE ON ELECTRONIC EXCITATION. THE LOWEST EXCITED TRIPLET AND SINGLET
STATES OF ACETOPHENONE AND 2-METHYLPYRAZINE

.J. V TOMER, S. YAMAUCHI. AND D. W. PRATT*

Several recent studies have shown that the conformational preferences o1 methyl groups
adjacent to double bonds in the ground states of organic molecules are reversed on electronic
excitation.

1  
In this report, we describe the results o phosphorescence and fluorescence

excitation experiments in a supersonic jet that were designed to explore the origins of
these effects. SI acetophenone exhibits the expected change, with the methyl group being
staggered with respect to the carbonyl bond rather than eclipsed, as in the ground state.
But T1 acetophenone exhibits no such change. a fact that can be attributed to subtle dir
ferences in the orbital character ot the two excited states. In contrast, both S1 and T l
2 methylpyrazine have methyl group conformations that are identical to the ground state.
Analyses of these results, in terms of the usual potential functions for hindered methyl
rotors, provide considerable insight into the electronic tactors that are responsib)le 1,)r
these effects.

"Work supported by NSF.

1
For a review, see A. E. Dorigo, D. W. Pratt, and K. N. ttouk, J. Am. Chem. Soc. 109,
6591 (1987).

Address ot Tomer, Yamauchi and Pratt: Department of Chemistry. University of Pittsburgh.
Pittsburgh. PA 15260. U.S.A.

K( 12. (4: 14)

ROTATIONALLY RESOLVED PHOSPHORESCENCE EXCITATION SPECTRUM OF p-BENZOQUINONE IN A SUPERSONIC
JET. ORBITAL SYMMETRY OF THE LOWEST TRIPLET STATE

J. R. JOHNSON. S. YAMAUCHI, AND D. W. PRATT*

We report the first study ot the lowest triplet state of p-benzoquinone (pHQ) with both
vibrational and rotational resolution, using the technique of phosphorescence excitation
spectroscopy in a supersonic jet. The strongest band in the spectrum, at ca. 535 nm. has
previously been assigned as the origin of the 

3
Au - lAg electronic transition.

1  
The rota-

tional structure of this band will be presented and shown to be inconsistent with assignment
of Au orbital symmetry to the lowest triplet state. A resolution of this problem will be
proposed, leading to a mutually consistent interpretation of the properties of triplet pBQ
in the gas and condensed phase, and its geometry, vibrational frequencies. and electronic
character.

* Wor supported by NSF.

IHollas. J. M., Spectrochim. Acta 20. 1563 (1964).

Address of Johnson, Yamauchi, and Pratt: Depdrtment of Chemistry. University of Pittsburgh,
Pittsburgh, PA 15260. U.S.A.



69

>IG 13. (4:50)

HIGH RESOLUTION ABSORPTION SPECTRUM OF THE MOLECULAR EIGENSTATES OF PYRAZINE

W.M. VAN HERPEN, P.A.M. UIJT DE HAAG and W. LEO MEERTS

The pyrazine molecules serves as a prototype of an intermediate case molecule in the 'heory
of intramolecular radiationless transitions. The main attention is focused on the fluorescence
decay of the first excited singlet (

1
B3u) electronic state. For a recent review see li] and the

references therein.
The high resolution absorption spectrum of the P, Q and R. branches of the 0-0 electronic

transition of pyrazine was recorded with a bolometer in a supersonic molecular beam and a single
mode, frequency doubled ring dye laser. A residual Doppler linewidth of 50 MHz was achieved.
Simultaneously with the absorption spectrum the laser induced fluorescence spectrum was observed
A comp-rison is made between e.,cltatiun and .dsrpLion inasitics of thc molecular cigenstate
spectra. It is concluded that substantial differences exist between both spectra.

L J. Kommandeur, W.A. Majewski, W.L. Meerts and D.W. Pratt, Ann. Rev. Chem. Phys. 38 (1987)
433

Address of van Herpen, Uijt de Haag and Meerts: Fysisch Laboratorium, Toernooiveld,
6525 ED NIJMEGEN

>G14. (5:06)

INTERSYSTEM CROSSING IN NAPHTHALENE AT ROTATIONAL RESOLUTION

P. UIJT DE HAAG and W.LEO MEERTS

Due to intersystem crossing the S1 state of naphthalene is coupled to a manifold of
triplet states. Therefore part of the excited singlet state molecules will end in the triplet
state. We have measured simultaneously the laser induced fluorescence and phosphorescence
spectra of several vibronic bands of the S1<-S0 transition in naphthalene in a molecular beam.
The phosphorescence was detected by colliding the molecules after excitation on a cold copper
surface further downstream.

With this set-up, in combination with a single frequency laser rotational resolution was
achieved. The resulting spectra correspond to an asymmetric rotor, for which all lines could
be indentified. We found the intersystem crossing rate to be independent of the rotational
quantum numbers and depending on the vibrational state.

Address of Meerts and Uijt de Haag: Fysisch Laboratorium, Toernooiveld, 6525 ED Nijmegen,
The Netherlands
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INFRARED SPECTRUM AND STRUCTURE OF THE A1C 2H4 MOLECULE IN SOLID ARGON

Laurent Manceron and Lester Andrews

AlC 2H4 , aluminum monoethylene, has been synthesized by cocondensation of Al atoms and
ethylene molecules in solid argon. Analysis of the isotopic shifts (using C2H4, C2D4,13C2H4 and CH2CD2) for the 7 observed fundamentals, shows that the metal forms a
symmetrical rcomplex of C2v symmetry. A normal-coordinate analysis for the Al block
motions estimates the perturbations of the C=C and CH2 bending and stretching force con-
stants, and allows quantitative comparisons with other metal complexes of transition
metals and lithium with ethylene. If these complexes present structural similarities and
comparable perturbations of the C=C bond, AlC2H4 presents two noteworthy characteristics:
i) a relatively large Al-C force comstant and ii) the relative intensities of the
observed fundamentals are very different from otherrcomplexes. This second point is
analysed through estimates of some of the electro-optical parameters of AlC 2H4, linked
to the variation of charge flow between the metal center and the Tr bond through CC
distance or CH? bond angle variations. Comparison with the same parameters in LiC2H 4
reveals a significant difference. This fact might be more indicative of differences
in the nature of the bonding between the metals and the C=C double bond, than is a
simple comparison of the vibrational frequencies or even C=C force constant perturba-
tions.

Address of Manceron: Laboratoire de Spectrochimie Mol~culaire, (CNRS, UA508) -
Universite Pierre et Marie, Curie - 4 Place Jussieu - 75005 Paris.

Address of Andrews: Department of Chemistry, University of Virginia, Charlottesville,
Virginia 22901.

M112. (1:46)

MATRIX REACTIONS OF OXYGEN ATOMS WITH P4 , INFRARED SPECTRA OF P40, P20, PO and P02

Lester Andrews and Robert Withnall

Oxygen atoms (160 and 180) were reacted with P4 molecules using ozone photolysis
and discharge of oxygen as sources, and the products were trapped in solid argon at 12K.
The major product P40 exhibited a strong terminal P=O stretching mode at 1241 cm-l, a
P-P=O deformation mode at 243 cm-l, and four P-P stretching modes near P4 values, all
of which characterize a C3v species. Two new molecular species probably arise from
energized P40 before relaxation by the matrix: the first absorbed at 1197 cm-l,
photolysed with red light, and is probably P20; the second absorbed at 856 and
553 cm-l, increased with short wavelength radiation, and is most likely due to the
C2v bridge-bonded P40 structural isomer. Higher discharge power gave 0 atoms and
vacuum ultraviolet radiation; these conditions favored the bridge-bonded P40 species
and the simple oxides PO and PO?, which were observed at 1218 and 1319 cm-1 ,
respectively. The matrix efficiently quenched the large exothermicity (130 ± 10
kcal/mole) for the P4 + 0 reaction and allowed the lowest oxide of phosphorus P40 to
be trapped for the first time as a molecular species.

Address of Andrews and Withnall: Department of Chemistry, University of Virginia,
Charlottesville, Virginia 22901.
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INFRARED SPECTROSCOPY AND PHOTOCHEMISTRY ON SALT FILMS

0. BERG AND G.E. EWING

Sublimation as alkali metal halides in vacuo produces well-defined
crystals of colloidal scale. Such films have high specific surface areas
and are transparent from the infrared through the ultraviolet. Thus shly
are useful as substrates for the spectroscopic study of adsorbed species--.
We are currently exploring the photochemical behavior of small molecules
adsorbed on sodium chloride. Sub-monolayer coverages of carbon monoxide,
when irradiated with ultraviolet light, produce carbon dioxide and carbon
monoxide cation; in the presence of sulfur, carbonyl sulfide is formed. We
will discuss the role of the substrate in these reactions, and evaluate
sodium chloride as a medium for modifying and trapping surface reactants.
We will also make analogies between salt film and matrix isolation
spectroscopy for the study in small molecule photochemistry.

GR. Gevirzman, Y. Kozirovski, M. Folman, Trans. Faraday Soc., 65 (1969).

2H.H. Richardson, C. Baumann, and G.E. Ewing, Sur. Sci. 185, 15 (1987).

Address of Berg and Ewing: Department of Chemistry, Indiana University,
Bloomington, IN 47405

MH4. (2:18)

"ISOELECTRONIC" TRANSITION-METAL DIATOMIC MOLECULES: SCNi, ScPd, YNi, YPd

R. J. VAN ZEE AND W. WELTNER, JR.

ESR spectra of three of these molecules were observed in solid argon
matrices at 4 K; results on ScNi have been reported earlier.

1  
They were all

found to have 
2
ZE ground states, as the simplest theory predicts for molecules

having the same number of d + s valence electrons. g-tensors and hyperfine
coupling constants with 4 5Sc, 8 9 Y, and 10 5 Pd nuclei were determined. The 2E
ground state of YPd found here is among the three lowest states calculated by
Shim and Ginqerich.

2

1 R. J. Van Zee and W. Weltner, Jr., High Temperature Science 17, 181 (1984).
2 I. Shim and K. A. Gingerich, Chem. Phys. Lett. 101, 528 (1983).

Address of Van Zee and Weltner: Department of Chemistry, University of Florida,
Gainesville, FL 32611.

MH5. (2:29)

S = 4 and S = 5 SPIN STATES OF THE "ANTIFERROMAGNETIC" Mn 2 MOLECULE

M. CHEESEMAN, R. J. VAN ZEE AND W. WELTNER, JR.

Mn has been shown to be a van der Waals molecu e with the tw? Mn atoms
(d54s2 antiferromagnetically coupled (J = -10 cm-) to form a Zg lowest
state.1  Mn can be formed in solid methane or cyclopropane at 12 K without
reacting, and warming successively populates the higher S = 1, 2, 3, 4, 5 spin
states. These hydrocarbon matrices allowed higher temperatures to be reached
than in rare-gas matrices with still resolvable spectra so that ESR transitions
in S = 4 and S = 5 could be observed and analyzed. The derived g and D values
corroborate the earlier application of the Judd-Owen theory.

1C. A. Baumann, R. J. Van Zee, S. V. 8hat, and W. Weltner, Jr., J. Chem. Phys.
78, 190 (1983); J.-C. Rivoal, J. Shakhs-Emampour, K. J. Zeringue, and M. Vala
92, 313 (1982).

Address of Cheeseman, Van Zee, and Weltner: Department of Chemistry, University
of Florida, Gainesville, FL 32611.
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ESR OF TRANSITION METAL DIATOMIC IONS: Mn2

R. J. VAN ZEE, M. CHEESEMAN, AND W. WELTNER, JR.

The molecular cation 
5 5

Mn+ has been generated in an argon matrix at 4 K by
simultaneous laser vaporization of manganese metal and open tube argon discharge
photoionization.

1  
Its ESR spectrum contains many fine structure lines, each ap-

parently split by hyperfine interaction into 11 lines spaced 25 G apart, identi-
fying two equivalent 

5 5
Mn(I = 5/2) nuclei. Tentatively, it is a high-spin 12E

molecule with a zero-field splitting parameter, D, of about 0.06 cm
-1

. This
contrasts sharply with Mn 2 which ha% an "antiferromagnetic" 1E ground state,

2

but also a much weaker bond than Mn2 .

1 Similar to the procedure pioneered by L. B. Knight, Jr., Acc. Chem. Res. 19,

313 (1986).
2 R. J. Van Zee, C. A. Baumann, and W. Weltner, Jr., J. Chem. Phys. 78, 6977

(1981).
3 K. Ervin, S. K. Loh, N. Aristov, and P. B. Armentrout, J. Phys. Chem. 87, 3593

(1983).

Address of Van Zee, Cheeseman, and Weltner: Department of Chemistry, University
of Florida, Gainesville, FL 32611.

IMH7. (3:65)

FTIR ISOTOPIC STUDY OF THE C3H RADICAL IN AN ARGON MATRIX AT 9 K

JIUNWOEI HUANG and W.R.M. GRAHAM

The rotational spectrum of C 3 H observed in two astronomicaI sources and

in the laboratory showed that it has a linear structure with a IT ground

state. Ab initio calculations by Green' support this model. In a previous IR

study,
2 

bands at 1834 and 1826 cm
-1 

obtained by the vacuum uv photolysis of

methylacetylene and allene were assigned to an antisymmetric C-C stretch mode

of C 3H, and the same mode of C 3 D was also reported. In the present FTIR study

using the photolysis of methylacetylene and its deuterated counterparts,

vibrational frequencies in addition to those reported earlier by Jacox and

Milligan, have been observed. The analysis for C 3H and C3D will be reported.

1S. Green, Astrophys. J. 240, 962 (1980).

2M. E. Jacox and D. E. Milligan, Chem. Phys. 4, 45 (1974).

'Supported by the Welch Foundation

Address: Department of Physics, Texas Christian University, Fort Worth, TX

76129.
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HIGH RESOLUTION, HIGH DILUTION SPECTRA OF OCS IN Ar, N2, AND Xe

VALERIE I. LANG AND JOHN S. WINN

We have used high resolution (0.01 cm-1) FTIR spectroscopy to measure the spectrum of OCS isotopomers in

natural abundance in Ar, Xe, and N2 matrices at dilutions as high as 1:96,000 in the 2000 cm-1 region (the nominal CO

stretch region). Over the temperature range 10 - 30 K, we find very different behavior to the positions of the

absorptions and their widths. Most striking is a narrowing of widths with increasing temperature in Ar, but a

broadening in N2. At these dilutions, the true "matrix isolation limit" to the spectra can be attained: viz.single sharp

(FWHM -0.04 cn -1) features for each isotopomer. Annealing induces irreversible changes that are sensitive probes of

the solute-solvent interactions. A potential energy model for these interactions will be discussed that can rule out certain

assignments to new features and illuminate the origin of the shift in absorption frequency when OCS is taken from the

gas phase to the matrix phase. The model also allows identification of the origin of the two features seen in Xe spectra

as two readily identifiable matrix sites.

Address of Winn: Department of Chemistry. Dartmouth College, Hanover, NH 03755

Current Address of Lang: Jet Propulsion Labs, 183-301, 4800 Oak Grove Drive, Pasadena, CA 91109

MHO. (3: 37)

SPATIALLY-RESOLVED MATRIX ISOLATION ACTION SPECTRA OF Cr(CO)6

VALERIE I. LANG AND JOHN S. WINN

We have used the technique of spatially-resolved matrix isolation spectroscopy to illucidate the photochemical

action spectrum of the Cr(CO)6 - Cr(CO)5 - Cr(CO)4 photochemical system in an Ar matrix. In this technique, we

exploit the fact that each position on a matrix isolation sample is potentially the site of a different experiment Here, we

labeled each position parametrically with a unique photolysis wavelength prnduced by passing a continuum source

through a simple quartz prism. The dispersed lamp spectrum was splayed across the matrix, and a spatially uniform

probe beam at one wavelength imaged through the matrix onto a linear photodiode array detector allowed us to observe

the changes in species' concentrations at all photolysis wavelengths in a single experiment. In the Cr(CO)6 system, we

were able to illucidate the photodissociation and photoreversion spectra of the three principle species in spite of the fact

that the absorption spectra were highly overlapped. The low energy absorption band of Cr(CO) 4 was identified in this

way for the first time.

Address of Winn: Department of Chemistry, Dartmouth College, Hanover, NH 03755

Current Address of Lang: Jet Propulsion Labs, 183-301, 4800 Oak Grove Drive, Pasadena, CA 91109



74

MH10. (3:53)

THE EFFECT OF HYDROGEN BONDING ON THE VIBRATIONAL SPECTRUM OF t-HOCO TRAPPED IN SOLID Ar AND CO

MARILYN E. JACOX

The OH stretching, in-plane OH deformation, and torsional fundamentals of t-HOCO, pre-
viously reportedl in a study of the vacuum-ultraviolet photolysis of H20 in a CO matrix,
experience large shifts upon removal of the hydrogen-bonding perturbation by isolation of t-
HOCO in solid argon. Because of these large shifts, a Fermi resonance perturbation of the C=O
stretching fundamental is altered, resulting in a substantial matrix dependence for the iso-
topic shift in this fundamental of t-DOCO. t-HOCO affords an unusual opportunity to study the
effect of hydrogen bonding at either end of the molecule. Infrared spectral data for
OC .. H-O-C=O, isolated t-HOCO, and H-O-C=O ...HF will be compared.

1D. E. Milligan and M. E. Jacox, J. Chem. Phys. 54, 927 (1971).

Address: Molecular Spectroscopy Division, National Bureau of Standards, Gaithersburg, Maryland
20899.

MHII. (4:09)

INFRARED SPECTRA OF H 20 AND D 20 ON SODIUM CHLORIDE FILMS

J. Reynolds, K. Pensak, B. Stone, and C.A. Baumann

The infrared spectrum of water vapor adsorbed on sodium
chloride films at 77 and 89 K has been observed and
characterized. H 0 exhibits broad bands at 3300 cm and 1650
cm-l, which, upgn annealing, resolve into a quartet and a
doublet, respectively. The annealing process also resolves
structure on the wings of these bands, indicative of combinations
between the normal modes of the molecule with vibrations of the
molecule against the surface.

The infrared spectrum of D 0 consists of unstructured bands
at 2350 cm-l and 1165 cm-l, wih no apparent structure on the
wings.

*Supported by PRF

Address of Reynolds, Pensak, and Baumann: Department of
Chemistry, University of Scranton, Scranton, PA 18510.

Address of Stone: Department of Chemistry, San Jose State
University, San Jose, CA 95192.
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SPECTRA AND ISOTHERMS OF NITROSOTRIFLUOROMETHANE (CF3NO) ON
SODIUM CHLORIDE FILMS*

J. Reynolds, K. Miller, K. Pensak, and C. A. Baumann

The UV-visible and infrared spectra of CF3NO have been
obtained on sodium chloride films at 77 and 89 K. From band
shifts in the mid-IR, we have determined the mode of adsorption
to be one in which the C-N axis is normal to the (100) face
exposed at the surface, with the fluorines atop a sodium ion.
The spectroscopically obtained isotherms were used in the
calculation of thellow-coverage limit to the heat of adsorption
(q0  -18+2 kJ mol ).

At high coverages, multilayer adsorption was noted: spectral
features attributed1 to the 'glassy liquid' phase observed by
Gordon and coworkers were seen in the visible and infrared.

*Supported by PRF

1 R.D. Gordon, S. C. Dass, J. R. Robins, H. F. Shurvell, and R.

F. Whitlock, Can. J. Chem., 54 2658 (1976).

Address: Department of Chemistry, University of Scranton,
Scranton, PA 18510.

MHI3. (4:36)

INFRARED SPECTROSCOPY OF CO ON NaCI(OO)

H.-C. CHANG. H.H. RICHARDSON, AND C.E. EWING

Vibrational spectra of CO physisorbed on NaCl(100) single crystal
surfaces mounted in an ultrahigh vacuum chamber were obtained using a
Fourier transform infrarpd interferometer. Structures of CO from a
monolayer to thin slabs of multilayers have been explored. By probing with
polarized light, monolayer CO molecules are shown to be adsorbed
perpendicularly to the surface

1
. Polarized multilayer spectra show that CO

molecules stacked above the monolayer are also aligned but in arrangements
consistent with the bulk crystal structure of a-CO. This structure is a
consequence of the near perfect match of the a-CO lattice constant and that
of the NaCl(l0) substrate. Features of both longitudinal and transverse
modes of multilayer CO were observed and the results imply that these two
modes have different damping constants and consequently different
vibrational relaxation times. The dependence of absorption profiles on
sample thickness was also examined systematically. Theoretical formalism to
account for the frequency shift, band splitting and broadening will be
discussed.

IH.H. Richardson and G.E. Ewing, J. Phys. Chem., 91, 5833 (1987).

Address of Chang and Ewing: Department of Chemistry, Indiana University,
Bloomington, IN 47405

Address of Richardson: Department of Chemistry, Ohio University, Athens
nlH 45701
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MHI4. (4:52)

ELECTROSTATIC MODELING OF HCN ADSORBED ON NaCI(IO0)

D.S. Anex

The electrostatic contributions to molecular orientation, binding
energy, and vibrational frequency shift (C-H stretching motion) have been
calculated for HCN molecules adsorbed on the (100) face of NaCI. A large
set of ejectrostatic moments, polarizabilicies, and hyperpolarizabilities
were used with the model for the electrostatic potential above the surface
taking into account the continuous distribution of charge within the
crystal 2. The present results are compared t previous calculations and
experiments involving HCN adsorbed on NaCl films

IDykstra, C.E.; Liu, S.-Y.; Malik, D.J. Adv. Chem. Phys. in press.

2
Ben-Ephraim, A.; Folman, M. J. Chem, Soc., Faraday Trans. 2 1984, 80, 681.

3
Kozirovski, Y.; Folman, M. Trans. Faraday Soc. 1966, 62, 808.

Address: Dept. of Chemistry, Indiana University, Bloomington, IN 
4 7

405

"IHI 5. (5:08)

INFRARED SPECTRAL ANALYSIS OF THE PRODUCTS AND MECHANISM OF THE LASER-INITIATED
OXIDATION OF SIMPLE HYDROCARBONS, Bruce S. Ault

The matrix isolation technique has been coupled with excimer laser
technology for the identification and characterization of intermediates of the
reactions of oxygen atoms with acetylene and propyne. 193 nm laser irradiation
of argon matrices containing 02 leads to the production of 0 atoms, which
subsequently react with the trapped alkyne. Two sets of products are observed,
one coming from the reaction of a single 0 atom with the alkyne, and the second
set requiring two 0 atoms. Irradiation of matrices containing N20 as a "single
0 atom" photolytic source allow distinction between these two sets. Similar
results were obtained witi both in situ and in vivo irradiation. The results
for 0 + C3H4 are interpreted in terms of an undetected ethylidene intermediate.

Address of Ault: Department of Chemistry, University of Cincinnati, Cincinnati,
OH 45221

MHI6. (5:19)

INFRARED MATRIX ISOLATION STUDIES OF THE 1:1 MOLECULAR COMPLEXES OC THE HYDROGEN
HALIDES, AND ClF WITH 18-CROWN-6 AND RELATED CYCLIC POLYETHERS Bruce S. Ault
and Hebi Bai

Twin jet deposition has been employed with conventional matrix isolation
for the study of isolated complexes of crown ethers with small neutral guests.
For each system, from 1,4 dioxane to 18-crown-6, a single 1:1 complex was
isolated. The dominant spectral feature of the complex was the stretching mode
of the diatomic acid, shifted to lower energies from the parent psition. For
example, the complex of HF with 18-crown-6 absorbs at 3290 cm- , while the
complex of ClF with 18-crown-6 absorbs at about 665 cm- 1 . In addition,
considerable broadening of the absorption was noted, compared to complexes of
these acids with single-oxygen donors. The shifts observed here are quite
similar to those observed for single 0-atom donors, suggesting that the
cooperativity observed for crown ether complexes of metal cations is not
important for the current complexes.

Address of Ault and Bai: Department of Chemistry, University of Cincinnati,
Cincinnati, OH 45221
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TA2. (0: 03)

OPTOTHERMAL-INFRARED AND PULSED-NOZZLE FOURIER-TRANSF'RM MICROWAVE SPECTROSCOPY OF RARE
GAS-CO 2 COMPLEXES

C. T. FRASER, A. S. PINE, AND R. D. SUENRAM

Sub-Doppler infrared spectra of Ne-CO2 , Ar-CO 2 , and Kr-CO 2 have been recorded near
3613 and 3715 cm 1, in the region of the 2v2

0
+v3/vl+v3 Fermi diad of C02 , using an

optothermal molecular-beam color-center laser spectrometer. In addition, pulsed-nozzle
Fourier-transform microwave spectra are reported for the ground vibrational states of the
complexes. The infrared and microwave spectra are consistent with T-shaped complexes as

shown originally by Steed, Dixon, and Klemperer
I 

for Ar-CO 2. The infrared band origins for

the Ar and Kr comnlexes are red shifted, from that of free CO2 , by 1.09 and 0.95 cm
-
1 for

Ar-CO 2 and by 1.97 and 1.76 cm
-1 

for 
84
Kr-C0 2 . For Ne-CO 2 , blue shifts of 0.15 and 0.19

cm 
I 

are observed. The lower Fermi components are free of perturbations, whereas the upper
components of Ar-CO 2 and Kr-CO 2 are perturbed. For Ar-CO2 the perturbation is strong,
shifting the positions of the observed Q-branch lines of the Ka=1,0 subband by as much as

500 MHz

1
J. M. Steed, T. A. Dixon, and W. Klemperer, J. Chem. Phys. _Q, 4095 (1979).

Address of Fraser. Pine. and Suenram: Molecular Spectroscopy Division, National Bureau of

Standards, Gaithersburg, Maryland 20899.

TA3. 
(9:19)

VIBRATIONAL PREDISSOClATION IN THE CO2 DIMER AND TRIMER AND RARE GAS-CO2 COMPLEXES

A. S, PINE AND G. T. FRASER

Vibrational predissociation linewidtns for the CO2 dimer and trimer and the Ne-CO 2 and

Ar-CO2 complexes have been resolved using a bolometer-detected (optothermal) 
molecular-beam

color-center laser spectrometer. Observations were made on the pair of vibrations near

3715 and 3613 cm
-I 

corresponding to the vl1+v3/2y2 0 +v3 Fermi diad of CO2 . Homogeneous

linewidths of from -0.5 to -22 MHz (FWHM) were measured for these related complexes, with

Ne-CO2 exhibiting both the broadest and the sharpest lines for the upper and lower bands

respectively. Ar-CO2 and (CO2)2 showed mode-independent intermediate predissociation rates

while only the lower band of (CO2)3 could be found. The results indicate that V-V energy

transfer processes are the dominant predissociation channels with symmetry selection or

propensity rules and specific resonances playing a role.

Address of Pine and Fraser: Molecular Spectroscopy Division, National Bureau of Standards,

Gaithersburg, Maryland 20899.
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rA4. (): 35)

VIBRATIONAL, ROTATIONAL, AND TUNNELING DEPENDENCE OF VIBRATIONAL PREDISSOCIATION IN THE HF

D IMER

A. S. PINE AND G. T. FRASER

As observed previously1-3, there is a marked vibrational dependence to the vibrational
predisso-:iation rate in the HF dimer with the "free"-H stretching mode, L, much longer

lived than the "bound"-H stretching mode, v2 . Using an optothermal (bolometer-detected)
crossed molecular-beam color-center laser spectrometer, we have achieved sufficient
resolution to measure the narrow homogeneous linewidths for the vl band with high precision
(± 0.5 MHz). We observe a substantial K, but negligible J, dependence for the vI
predissociation linewidths, and a smaller, but statistically significant, dependence on the
tunneling state. For the symmetric lower tunneling level of V1, the K=l predissociation
linewidths are almost twice as broad as the K=O. The widths for the antisymmetric
tunneling level are roughly 50% greater than for the symmetric level for K=0 and about 20%
for K=I. We also report improved measurements of the broader P2 band predissociation
linewidths with reduced spectral congestion and blending

1 ,2 
afforded by the low effective

temperatures of the adiabatic expansion.

A. S. Pine and W. J. Lafferty, J. Chem. Phys. 8, 2154 (1983).
2 A. S. Pine, W. J. Lafferty, and B. J. Howard, J. Chem. Phys. 81, 2939 (1984).
3 Z. S. Huang, K. W. Jucks and R. E. Miller, J. Chem. Phys. 5, 3338 (1986).

Address of Pine and Fraser: Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland 20899.

TAS. (¢:51)

OPTOTHERIAL SPECTRO,)COPY OF HF COMPLEXES WITH CO2 , OCS, AND NO

G. T. FRASER AND A. S. PINE

The H-F stretching bands of the HF van der Waals complexes with C0 2 , CCS, and NO have
been recorded with an optothermal (bolometer-detected) molecular-beam color-center laser

spectrometer. As with the CO2 complex observed previously,
I 

the OCS species has a low
frequency mode associated with a large amolitude bending-rotation motion of a quasilinear
molecule. The H-F stretching bands are red shifted from the isolated monomer by 52.10 and
57.48 cm

-I 
for CO2 and OC

32
S respectively, while the low frequency mode "hot" bands are

further red shifted by 2.69 and 2.46 cm
- 

respectively. The spectrum of the NO complex is
complicated by the presence of the unpaired electron in the ground state and has not yet
been interpreted. Vibrational predissociation linewidths for the three species are in the
range of 100-200 MHz (FWHM).

1
C. M. Lovejoy, M. D. Schuder and D. J. Nesbitt, J. Chem. Phys. 86, 5337 (1987).

Address of Fraser and Pine: Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, Maryland 20899.
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I NFRARED \ N MIC:Rt4WAV!: INVESTIcATItN OF IN I'R'()NVERS ION TUNNLI. ;I ; IN ii: A'1'1'Y.NI : I)IMER

; ,ER, R. D. SUENRAM, F. J, I VAS, A. S. PINE, J. T. HtUCEN, W1 .1. IJFFERTY AND J.
S MLENTER

A sub-Doppler infrated spectrum of (MCC|0 2 has been obtained in the region of the
acetylene C-11 stretching fundament,,l using an optothe:-mal molecular-beam color-center laser
spectrometer. Microwave spectra were obtained for the ground vibrational state using a
pulsed-nozzle Fourier-transform microwave spectrometer. In the infrared spectrum both a
parallel and perpendicular band are observed with the parallel band being previously
assigned to a T-shaped complex by Prichard et al.l and the perpendicular band to a C2h
complex by Bryant et al.

2 
The parallel band exhibits three Ka=O and three asyimnetry-

doubled Ka=l series. The transitions show a clear intensity alternation with Kc, with two
of the Ka=O series missing every other line. In addition, the perpendicular band has the
same ground-state combination differences as the parallel band. To explain these anomalies
in the spectrum, we invoke a model consisting of a T-shaped equilibrium configuration with
interconversion tunneling between four isoenergetic hydrogen-bonde' ,inima. In this
picture, the parallel and perpendicular bands arise from excitation of the acetylene units
parallel and perpendicular to the hydrogen bond. The observation of rotation-inversion
transitions in the microwave spectrum, in addition to the pure rotation transitions of
Prichard et al.1, verifies the model. The measured microwave splittings yield a tunneling
frequency of 2.2 GHz for Ka=O which is consistent with a -33 cm

-1 
barrier separating the

four minima.

'D. C. Prichard, R. N. Nandi, and J. S. Muenter, J. Chem. Phys. (to be published).2
G. W. Bryant, D. F. Eggers, and R. 0. Watts, J. Chem. Soc. Farad. II, (to lie
published).

Address of Fraser Suenram, Lovas, Pine, Hougen. Lafferty: Molecular Spectroscopy
Division, National Bureau of Standards, Gaithersburg, Maryland 20899.
Address of Muenter: Department of Chemistry, University of Rochester, Rochester, New York,
14627.



lI):4(J)

LASE. -INDUCED FLUORESCENCE MOLECULAR-BEAM OBSERVATIONS OF THE HYPERFINE STRUCTURE
IN THE NO2 SPECTRUM AT 593.5 nm AND 585.1 nm

A.G.ADAM, M.C.L.GERRY, A.J.MERER, I.OZIER and D.M.STEUNENBERG

While testing a wavelength calbration system for molecular beam work in the
visible region we have measured the hyperfire structures of the K=O bands at 593.5
nm and 585.1 nm In the spectrum of jet-cooled NO2 (bands 99 and 115 of Smalley et
al.L). Linewidths of I0 MHz were obtained typically; for the strongest lines these
could be reduced to 2 MHz by a Lamb-dip technique to resolve closely spaced compon-
ents. The calibration system allowed the hyperfine splittings of a rotational line
to be measured to ±1 MHz, while giving agreement to ±10 MHz between 62F"(N)
combination differences measured from the optical spectrum and calculated from the
microwave spectrum. The N, J, and F assignments could then be made unambiguously
without the need for wavelength-resolved fluorescence.

Values for the electron spin-rotation, Fermi contact and (I,S) dipolar para-
meters were obtained for the 2B2 upper levels with N=1,3,..,9. Good agreement was
obtained with literature values

2 
where they exist. We find that the spectrum in this

region consists of individual subbands which can each be approximately described by
a single set of constants, though the density of local perturbations requires that
the structure of each N' level be treated separately. It seems that the apparently
contradicting descriptions of the spectrum given by Lehmann et al.

3 
and Demtroder

et al.
2 
are not inconsistent with each other, but represent different viewpoints of

the same perturbed system.

I R.Smalley, L.Wharton and O.Levy. J.Chem.Phys. 63, 4977(1975).
2 (a)T.Tanaka and D.Harris. J.Mol.Spectrosc. 59, 413(0976). (b)G.Persch, H.

Vedder and W.Demtroder. J.Mol.Spectrosc. 123, 356(1987).
3 S.Coy, K.Lehmann and F.DeLucia. J.Chem.Phys. 85, 4296(1986).

Address of Adam. Gerry. Merer and Steunenbera : Chem. Dept., 2036 Main Mall,
U.B.C., Vancouver, B.C., Canada VE IY6
Address of Ozier : Physics Dept., 6224 Agriculture Rd., U.B.C., Vancouver,
B.C., Canada V6T 2A6

MOLECULAR BEAM OBSERVATIONS OF HYPERFINE TRANSITIONS IN KOH
J. CEDERBERG, DIOU , D. NITZ, D. OLSON

We have used a molecular beam electric resonance spectrometer to measure
radio-frequency transitions in KO. Both pure hyperfine transitions (arising
primarily from the potassium nuclear quadrupole interaction) and tr-rsiti-rr
between the 1 doublet states have been observed. The spectrum indicates that
the hydrogen spin-rotation interaction is opposite in sign to that of fluorine
in KF, and smaller in magnitude by about a factor of ten. Further work is
continuing so that we can present a more detailed analysis of the spectrum.

Work supported by a Northwest Area Foundation Grant of the Research Corporation

and NSF RUI Grants # F"Y-8319293 and PHY-8617538.

Address: Physics Department, St. Olaf Collegp, Northfield MN 55057.
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1i,\. (11:07)

OBSERVATION OF (H20)2 K-i TRANSITIONS OF E SYMMETRY AND

DISCUSSION OF NUCLEAR HYPERFINE SPLITTINGS

A. Hu and T.R. Dyke

We have recently observed a-type microwave and radiofrequency spectra

from K-1 levels of E Tymmetry for (H20) 2 . As anticipated from group

theoretical arguments and similar to K-O E-type spectra which we observed

earlier, these transitions do not exhibit the tunneling doubling found in

the a-type spectra for nondegenerate tunneling levels.

Rotational constants and K-type doublings were de-srmined from several

trarsi.ions of low J, which were obtained by molecular beam electric

resonance spectroscopy. The relatively strong intensity of these lines

correlates with the K-O E states lower in energy with respect to the proton

acceptor 180 rotation tunneling motion. The large K-doubling, which is

259 92 MHz for the J-1 state, is also in reasonable agreement with a

prediction by L.H. Coudert and J.T. Hougen for these levels. Nuclear

hyperfine splitings were observed for these transitions, in addition to

those for the K=O states of E symmetry. These splittings will be discussed

in terms of the proton spin-spin interaction and the structure of the

dimer.

IT.R. Dyke, J. Chem. Phys. 66, 492 (1977).

Department of Chemistry, University of Oregon, Eugene, Oregon, 97403.

TAPI(. (11:23)

ROTATIO(lAL SPICM OF CARBOXYLIC ACID DINERS

W. KRESA AND A. BAUDER

Rotational transitions of the dimers H0D0H--CF3CDOH and CH3ClOH.CF3C(lO have been

observed in a pulsed molecular beam with a Fabry-Perot cavity spectrometer. The monomer units

are connected with two hydrogen bonds forming a planar eight-membered ring. Transitions with J

between 6 and 15 have been assigned over 8 - 12 GHz. The K structure of the nearly prolate

symmetric rotors was completely resolved. No splittings were found for hydrogen tunneling

between the equivalent positions in the two hydrogen bonds. The internal rotation splittings

of the CF3 groups were too smll to be observed. Only the internal rotation of the CH3 group

led to splittings of the order of 1 - 40 MHz.

Address of Kresa and Bauder: Laboratorium fUr Physikalische Chemie, Eidgenossische Technische

Hochschule, CH-8092 ZUrich, Switzerland.



T.ll. (11:39)

LOW FREQUENCY INTERMOLECULAR VIBRATIONS IN VARIOUS BINARY
COMPLEXES FROM NEAR INFRARED SPECTROSCOPY

D. Dayton, K.W. Jucks, and R.E. Miller

Fundamental intramolecular vibrational spectra have been
used in conjunction with combination and hot bands to obtain
intermolecular vibrational frequencies for (HCN) and HCN-HF in
both the ground and excited intramolecular vibrational states.
These spectra were recorded in the UNC-CH opto-thermal molecular
beam apparatus at sub-Doppler resolution. Comparisons are made
between these accurate values and those obtained from L-type
doubling. Recent ab-initio calculations are also available for

(HCN) 2 for comparison.

Address of Dayton, Jucks, and Miller: Department of Chemistry,
University of North Carolina, CB 3290, Chapel Hill, North

Carolina, 27599

A12. (11:50)

SUB-DOPPLER RESOLUTION INFRARED SPECTROSCOPY OF WATER DIMER

Z.S. Huang and R.E. Miller

The opto-thermal detection method has been used in
conjunction with an F-center laser to obtain rotationally
resolved infrared spectra of the water dimer under jet cooled
conditions. The most intense sub-band observed to date is K =04-1
which shows three strong Q branches associated with differen
tunneling states. Assignment and fitting of these spectra is
underway.

The observed transitions are broader than the instrumental
linewidth due to vibrational predissociation. Transitions
associated with the different tunneling states are found to have
different linewidths, indicating that vibrational symmetry may
play an important role in determining the rate of dissociation.

Address of Huang and Miller: Department of Chemistry, University
of North Carolina, CB 3290, Chapel Hill, North Carolina, 27599
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A\IYSIS 01F TIlE v, BANID IN CII,DF. AND ASSI(;NMENT OF SOME SNINMW LASER LINES

D F F -'' ., \V I is- Bevan, N C.L. GCerr. I.S. lobin and T.W Dalcv

A sample of CH.,DF wkas prepared in high isotopic purity and the IR spectrum was run on a Bomem

instrument at 0.05 cm I rcsolution. The v,) band has strong A-type transitions that could be

asstgned for J ;alues up to 31; for many lower J some K's up to 10 were also found. There are
numcrou, B-type transitions as well. though with lower intensity. The analysis was based on the

A-t.,pe transitions and gave a reasonable fit with inclusion of some sextic distortion constants.

There is a (K, K+2) Coriolis resonance of K, = 10 in this band with K. = 8 in the v5 band whose

center is sonic 117 cm I  hielher: the rotational levels cross at about J = 14. The molecular constants
i e conpared with those for the vnlo-trical isotopic molecules, with adjustment for isotopic

This sampte was also optically pumped with a CO 2 laser, and five SMMW laser lines were found. The
IR measurements permit assignment of two; however, the other three present more of a problem.

Ad'lre,,s of FL_'gers: Department of Chemistry BG-10, University of Washington.Seattle WA 98195

Addrss of Lewis-Bevan and Qerry: Department of Chemistry, University of British Columbia,

Vancouver, BC. V'T6 IY6. Canada

Address of Tobin and Dalcv U.S. Army Electroaics, Research and Develonpment Command, Harry
Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MfD 20783

S;"-. (9:46)

" NE [ AREr SPE.THUM OF AMINODIFLUOROBORANE, NH2 BF2 : PARTIAL ASSIGNMENT OF THE

FU'N:AMENTALS AND ANALYSIS OF THE 210 BAND NEAR 1608 cm
-t

5. LEW4S-BEVAN, H.M. JEMSON AND M.C.L. GERRY

The infrared spectrum of gas phase aminodifluoroborane, NH2BF2 , has been observed

for the first time. A partial assignment to the fundamental vibrations has been made.
Toe 21 band has been recorded at high resolution, and the rotational and centrifugal

distortion constants of NH2
11
BF2 have heen obtained in both the ground and 21 levels.

A small rotational perturbation in the 21 level has been attributed to a perpendicular

-orioiis interaction. Using a newly written least squares fitting program,

spectroscopic constants of the unseen level have been evaluated, including its band

origin, and the Coriolis coupling coefficient. Possible identities of the unseen

level are suggested.

Address of Lewis-Bevan: Department of Chemistry & Biochemistry, Southern Illinois
University, Carbondale, Illinois 62901.

Address of Jemson: Sci-Med New Zealand Limited 6o-66 France Street, South Newton,

P.O. Box 68-232, Auckland, New Zealand.
Address of Gerry: Department of Chemistry, University of British Columbra, 2036 Main

Mall, Vancouver B.C. V6T IY6 Canada.



HjIGjH kLSOIjt'T IN LlicRsj STUDI ES OF C112F2 : IIE v8 BAND AT 1435 cWn

R. D'ClNHA, P. K. I4AI V. B. KARTIIA, AND A. WEBER

Futr ier tiuisfcorm infrared spectra of inethylene fluoride were recorded with thle NBS
BUMEM LA3.002 spectrometer with an apodized resolution of 0.004 cm-1. Detailed assigninents
up to J11,,x 25 have bee iade for the vS' parallel A type hand centered at 1435 Din
Wa.tson' s A type reduced Hlamiltonian in the, lr representation was used to obtain uipper state
mol,-cular parameters. These reproduce the observed data to within the limits of the
,Nperimental accuracy. The details of the analysis will he presented.

Addre s of D'Curiha. Waii and Kartha: Spectroscopy Division, Bhahha Atomiic Research
Centre, rromhay, Bomhay 400 085, India.
ild'Ires' -of WIkber: Molecular Spectroscopy Division, National Bureau of Standards,
G.iithersburg, MD 20899.

EAE- FAHDFCCUR-L7VELDO'*_hLE RES;"NAN -t- :N NH

'j.ai ya tsar, Sang K. lop, 2n1 5. H. Schwende man

:nfrared'-infrarec four-leve:ldouble resonance has been observed in NH3 by Using
.aser as a pumping scairce and an infrared microwave sideband laser system as,

:cn;so~urce . Toe horizontally-polarized p umping beam is introduced into the
sipl _-ll thro-ugh Brewster angle windows while the vertically-polarized probirng

is t directed through thie cell and onto a detector by reflection off the same
4 o);.The probing beam is T-)() amplitude modulated and processed by phase-

s ,s11 ,d e tCc t io n. By us3ing a double-modulation scheme in which the pumping beam
I5 . ,ropped and the ouitput of tine 'noase-seositivQ detector is processed by a -second

sltlristrument, the effects of pumping can he separated from the linear

Trea 3sR'2,C) transition in the v, band of "NH3 has been pumped while
.rarsi aman in the v, = a - v,=is hot band have been probed. A general increase

;nntensity of dall of the hot band transitions is observed as a result of the
ar ing. In addition, a narrow transferred spike in the velocity distribution is

sevej in a AK=D four-level! double resonance, whereas a broader velocity-
'a ,serving effect is seen in a AK=3 four-le vel double resonance. In many other
rasallans there is no evidence of a transferred spike. The pressure and power
decendence of those observalions will be described and discussed.

'Ti research was supported by the U.S. National Science Foundation.

Address Of Mataun and Schwendeman: Department of Chemistry, Michigan State
iniversity, Eaut I-ansing, MI1 4824.
Present address of Lpe: HerzbErg institute of Astrophysics, National Research
7ouncil, ittawa, intario, Canada KlA CR6.
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E: Y US"' - I 2RcWAVE MuDULATION LOIUEBANDS IN THE C0

y'l irr'r-om; rowaivt si doband a sar spectra of the v)2 band of
om for w '." a pre! i mi nary report iar gi ven at this meeting la!st

-- , t : eemnairs improved moleculir constantsfr

stta Apprnxim.tely !.53 transitions have been fit to a set of constants
i, pe 'ct' .nsitions for J1 < 30 'and K, < 9 to an absolute accuracy of

To, tra. -nsitions fa)r K -11 snow evid~ence for a resonance.

An e ''i' ,freq-iency louble resonance effect h as been observed by
,T, -bn- -- i it :on in the t~ and of H230 witn the infrared microwave

a'' se-s' ace113ti i -ita fixel resonant frequenn y and recording tne
,n.r:~ 'n -i fnr ion of radio frequency. Double resonance effects

,Is-'v,-j .4ne- te P.F freauenoy coincidod witn, tne splittings of the conneotedl

-.-'s-rw' as Cujpn:Ite by tbe U..National S cience Founcaztion.

.Aclress *af Hsa .-nd Scowendgmain: Depirtment af Dohemistry, Michigan State University,
7ssr" Lansing, I32.

T~~h( 1:00)

-iS].HRESO3LUTION INFRARED STUDY OF THE v 2RAND OF CD 3I

-lan-C. .no and R. H. Schwendernan

The infrared spectrum of the v, band of CDI near 9)49 cm- has been studied
Dy means of an infrared micr'owave sideband laser spectrometer. Frequencies of
Lranisitians have been obtained by fitting the spectral lines to a Gaussian
lineshape. Quadrupole hyperfine spectra have been resolved for several
transitions even in the Doppler limit. New molecular constants and the results
of an analysis of the Coriolis interaction with the V5 state will be presented
and ormpared to previous results.

Tnis research was supported by the U.S. National Science Foundation.

Address of Cho and Schwendeman: Department of Chemistry, Michigan State
Iniversity, East La;nsi, mIl~da
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TB7. (10: 16)

STARK EFFECT OBSERVATIONS WITH IR LASER SIDEBANDS

W.A. Kreiner, G. Maqerl, H. Prinz, W. Hohe

Linear Stark effect has been resolved on several ro-vibrational

transitions in the v4 fundamental of 13CD Tunable sidebands of

a CO 2 laser were used to saturate sinqle m-components. The

vibration induced dipole moment P has been determined for

different values of the quantum number R: similar observations on

the silane isotopomer 
2 9

SiH 4 are presented.

Address of W.A. Kreiner, H. Prinz, and W. Hohe:

Abteilunq Physikalische Chemle, University of Ulm,

P.O.B. 4066, D-7900 Ulm, W.-Germanv

Address of G. Maqerl:

Institut fur Nachrichtentechnik, Technische Universitat Wien,

Gusshausstr. 25, A-1040 Wien, Austria

TBq (lJ: i2)

COLOR CENTER LASER SPECTROSCOPY OF C2H AND '3C2H

J. W. STEPHENS, M. L. R[CHNOW, AND R. F. CURL

Transient absorption spectra of C2H and 13C2H in the region 3250 to 3600 cm- 1

have been obtained using ArF excimer laser flash photolysis of acetylene and color
center laser probing 0.6 jpsec after the flash. The principal aim of the work was to
observe and identify the CH stretching fundamental. Therefore, approximately 20
Torr of H2 was added to provide efficient relaxation of the C2H produced to the
ground vibrational state. For the color center probe beam a 2 meter long multiple
reflection ("White") cell was configured so as to overlap the photolysis region of the
excimer. IR path lengths of 40 meters were typical.

Several new bands of C2H and 
13C2H have been observed and fitted. Bands

originating from both the ground state and excited vibrational states were observed
for both species. These include three C2H bands of 2E*-2Z" symmetry, three 13C 2H
bands of 2EZ-2Z" symmetry, and one 1JC2H band of 2rfl_ 2E- symmetry. Three of the
13C2H bands have been assigned as analogues of 

12C2H bands observed here and in
previous works. The assignment ot the CH stretch is still uncertain, however two of
the three 2E -2Z. ground state C2H bands are possible candidates.

Department of Chemistry, Rice University, P.O. Box 1892, Houston, TX, 77251.
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INFRARED-RADIOFRFQUENCY DOUBLE RESONANCE SPECTROSCOPY OF C113 F USING A COLOR CENTER
LASER

C J P'RSELL, W C 110, F. SCAPPINI, and T. OKA

The color center laser is continuously tunable between 2.3 - 3.3 pm with single mode power between I - 15 roW. This
relatively high power makes infrared-radior 'quency double resonance spectroscopy possible [I].

We have used this technique to study the A1 -A2 splitting of CII3 F in the v 4 ( J, K=I, 1=1 and J, K=2, 1=-l ) state.
I'his splitting can be represented by

Av J +K) !  q+qjJ(J+ l) +qjjJ 2
(J+ 1)2+

where the second and third terms are centrifugal distortion terms. We determined q=16.0-,1,66(53) Nltz. qj= 3
.5

2 3
(
2 9

) Kllz
and qjj=2.53(36) lIz for K=I, 1=1 ; and q=6.88835(72) KlIz, qj=4.6124(70) Ilz and qjj=2.44-I(16)x10-3 

llz for K=2.
I=- I

We also measured the electric dipole moment of CII3 F in the v4 state using this technique. By applying a Stark fild
perpendicular to the Rf radiation, we could observe the splitting between M-components in the ground and v 4 states Using
the ratio of this splitting (when J" = K" and J' = K') the dipole moment can be calculated according to

,, Av' (J'-i)
.v" (J"-+ 1)

which is independent of the Stark field. We determined it' =1.8332(23) D, which is calculated using the ground state dipole
moment, M"=1.8585(5) D, accurately determined by molecular beam electric resonance [21.

This stuuy was conducted as a preliminary experiment for the planned IR-RF and IR-MW double resonance spectroscopy
of molecular ions, which is in progress and will also be discussed.

1R. L. Deleon, P. H. Jones, and J. S. Muenter, App. Opt. U, 525(1981)

,)] S. C. Wofsy, J. S. Muenter, and W. Klemperer, J. Chem. Phys..5.5, 2014(1971)

Address of Pursell. Ho and Oka : Department of Chemistry and Department of Astronomy and Astrophysics, The University
of Chicago, Chicago , Illinois 60637
Address of Scappini : Istituto Di Spettroscopia Molecolare Del C. N. R., Via De' Castagnoli 1, 40126 Bologna, Italy

TB P). (11 :04)

THE INFRARED SPECTRUM OF THE FOUR LOWEST FUNDAMENTAL BANDS OF NITRIC ACID

A. G. MAKI, WM. B. OLSON, R. ESCRIBANO, A. GOLDMAN, J. B. BURKHOLDER, AND C. H. HOWARD

High resolution infrared spectra have been measured and analyzed for the four lowest
frequency fundamental bands of nitric acid (HNO3). The two in-plane vibrations, V6 at
646.83 cm

-1 
and v7 at 580.30 cm

-1
, are found to be nearly 100% A-type bands and the

intensity of v7 has been measured relative to that of v6. The two out-of-plane
fundamentals, v8 and v9, have band-centers at 763.15 cm

-1 
and 458.23 cm

-
1 respectively.

The R-branch of v8 is considerably stronger than the P-branch and appropriate Herman-
Wallis-like constants were determined in order to allow one to accurately calculate the
spectr,-a. All of the four lowest fundamental bands are easily fit with quartic centrifugal
distortion constants that are nearly the same as in the ground state, but the sextic
constants are in some cases quite different.

Address of Maki and Olson: Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, MD 20899.
Address of Escribano: Instituto de Estructura de la Materia, Serrano 119 - 2F006 Madrid,
Spain.
Address of Goldman: Department of Physics, University of Denver, Denver, CO, 80208.
Address of Burkholder and Howard: NOAA Aeronomy Laboratory, 325 Broadway, Boulder, CO,
80303.



A FB:DDEN BANI :11 THE FAR. IHFRAP.ED SPECZTRUM OF- H' 'CO

'.4THNEWI:SEF_ 3. WAGNE?. AN1D B. P. WINNEWISSEF.

Th,:m fir irnfrar,_i spEctru-, of HC?:O exhibits a widely spread set of
perrndi'-ular ttansit~ons in the mani1fold of the quasilinear bending mode, V
in t:E -orbirstion ranifold v-n,):, where \). is the skeletal bending irode.
4-!a-: analyzed the spectrum, of the IC-subsrituted species, and found aQ
brnhw thout any P or R branches and a P. R subband wi:ho..t any Q branch.

H -- th- f th-se feit jres areF observo-d in the spectrum of the parent species.
1-yhave been assigned to the vibrational transitions v~v-, = (02)0,- (11)01

ari - l~ respectively. These transitions are only allowed due to a
-C' li interaction between the leve;ls (C2U'1 and (10)1e. which was observed as

a re-larir:elv weak interictio)n in the parent species.

Ajiress: Phvsi',alisc:h-Chem'isches Institut. Justu IL Tiebig Universit~t, D-6300
''ssnWest GEr-anv.

(11: 36)

T E:-WEST SIIIELErAL PEND:7170 HODE OF 11 0- IN THE GAS PHASE

7 .M. WI:'NEWI-OSER. B. P. WINZ'EWI~SSER AND G. PAWELKE

Tn s~aich for the lowest bending rode of 1140- has been intensified due to
n-I tf-r ait-oschric nonitoring of all of the species involved in the

t-spl~cric nitr~aer. o:~ide chenistry. W, have succeeded in recording absorption
rhjs lowest -lode in the far infrared region. Both low resolution and

*r ~sclution spctra wiere recorde:d. So far only the low resolution data has
-ded us _ful inforrationm. The band is ext:,remely weak and very broad. and

invitablE decmposition. leads to strong absorption due to ITO which severely
1_- t t e possibility of locating rctationaL structure due to N2O0i However,

,he infcr-'ticn obtained about t:he shape and location of the band should allow
-~a~fmodels for the internal rot at ion/'bendi ng/end.-ove-r-end rotation

raisof N'O-

A' drts of F. DeLucia: Department of Physics. Duke University, Durha!Y NC 27706.
Ad3dress of M. Winn~rewi -sser -a -nd B. _ P. Winnewi -s ser: Physikalisch-Cherisches
no'lt. Justus Liebig 'Jniversitat, 06300 Giessen, West Gorrnany.

Azddress r G, Pawelke-: FB 9, Anorganische Cherie, Gesa3,rthcchscule Wuppertal,
D- W~irp~rtal - . West 3ernany.
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HIGH RESOLUTION INVESTIGATION OF CH3CHO IN THE INFRARED

I KLEINER. M GODEFROID, I"l HERMAN

M D MARSHALL, J W C JOHNS, A R W McKELLAR

The v4 infrared band of CH3CHO, C-O stretch centered around 1743 cm-I(1), is studied at high
resolution. Different experimental approaches were carried on at Ottawa, Including Fourier
Transform Spectroscopy, frequency modulation diode laser absorption in a supersonic jet, Stark
modulation diode laser absorption and CO laser Stark spectroscopy. These various complementary
experiments appear justified by the extreme line density encountered on the FT sDectrum. At the
same time, a computer program package is developped at Brussels, based on the internal axis
method (IAM) procedure described in (2,3) and used by Liang et al.(4) for the analysis of the
millimeter-wave spectrum of acetaldehyde. This program should solve properly the rotation-torsion
Hamiltonian and provide the eigenvalues needed for the spectral assignments. Preliminary results
will be presented

(1) H Hoi lenstein and Hs.H Gunthard, Spectrochim Acta vol27A, p.2027 (1971)
(2) E Herbst, J K.Messer, F.De Lucia and P. Helminger, J Mol. Spectrosc., 108., 42 (1984)
(3) K U L Sastry, E Herbst, R A Booker and F De Lucia, J Mol Spectrosc, 116. 120 (1986)
(4) W Liang, J.G Baker, E.Herbst, R.A.Booker and F.De Lucia, J. Mol. Spectrosc., i2,. 298 (1986).

Address of Herman. Godefroid and Kleiner Laboratoire de Chimie Physique Moleculaire - CP 160,
Universite Libre de Bruxelles, Faculte des Sciences, 50,av F D Roosevelt,
B- 050 Bruxelles, Belgium
Address of Marshall Amherst College, Department of Chemistry, Amherst, MA 01002, USA
Address of Johns and McKellar : Herzberg Institute of Astrophysics, National Research Council, KIA
OR6 Ottawa, Canada



MOLECULAR BEAM SPECTRUM OF THE PERTURBED C-H STRETCHING REGION OF FLUOROFORM
A. S. PINE, G. T. FRASER, AND J. PLIVA

The highly perturbed C-H stretching fundamental band vl of CHF3 has thus
far defied analysis even as its overtones received attention in studies of in-
tramolecular vibrational relaxation. The spectrum of the fundamental region
remains complex at Doppler-limited resolution, and we have obtained a Doppler-
free spectrum in an adiabatically cooled molecular beam at 4 K using a scan-
ning color center laser with bolometric detection of the optically excited mo-
lecules. This has enabled us to make definite assignments of the observed
lines. Under these conditions, the central 0-branch, which dominates the spec-
trum at room temperature, almost vanish9s, while the bulk of the intensity is
equally shared by two "sidebands" witi, Q-branches symmetricaily displaced by

5 cm-1 from the suppressed central Q-branch. This peculiar structur- is due
to a close anharmunic resonance between the fundamentai vj species AI ) and
the 7 mbinations v4l*v5 *v6l (A] A2) ioceted only 1.45 cm-1  above v], whose
origin is at 3033.52 cm-1. The coupling constant ot the resonance is k1456/22
- 3.67 cm- . Additional severe perturbations by the E components of V4-vs'v6
as well as by v2-v4 v6 have been identified in the spectrum.

Since the vI vibration is known to be in global Fermi resonance with the
overtone 2.40 , we have also recorded the 2680 - 2815 cm-1 region, containing
the 2v4O and 2v4 2 bands , under Doppler-limited conditions using a difference-
frequency laser spectrometer. This has yielded much improved spectroscopic
constants, in particular for the strongly perturbed 2v4 -2 state.

Address of Pine and Fraser: Molecular Spectroscopy Division , National Bueai
of Standards, Gaithersburg, Md. 20899.
Address of Pliva: Department of Physics, Pennsylvania State University
University Park, Pa. 16802.
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PHOTOFRAGMENIATION OF JET-COOLED ACETIC ACID

S. S. HUNNICUPI', L. D. WAITS, AND J. A. GUEST

Acetic acid cooled in a free jet expansion photodissociates following n -n* excitation at 218 nm. The
nascent internal energy distribution of the OH X 2H product is determined by laser fluorescence
excitation. These results will be used W gain insight into the photochemical details of this simple acid.
A comparison t related experiments on jet-cooled formic acid will also be presented.

Address: Department of Chemistry, University of Cincinnati, Cincinnati, OH 45221

F(2. (-:47)

PHOTOFRAGMENTATION OF KETENE AT THE SINGLET THRESHOLD

I-CHIA CHEN, WILLIAM H. GREEN, JR. and C. BRADLEY MOORE

Ketene (CH CO) in a supersonic free jet was photodissociated
by a tunable puised laser in the frequency range just ibove the
threshold for production of singlet methylene, CH 2 (a A ). CH
was detected by laser-induced fluorescence (LIF). The a~pearane
threshold and yield curve of individual CH rotational states
were obtained by scanning the photolysis laier frequency with a
fixed LIF probe laser frequency. The dissociation occurs on the
gLind electronic state potential energy surface. The t reshold
for CH CO - CH + CO is found to be 30 116.2 ± 0.4 cm . By
varyini the deliy beteen1the photolysis and probe pulses, a
lower bound of 7 x 10 s was set for the dissociation rate on
the. triplet surface at the singlet energy threshold. The yield
curves, or photofragment excitation (PHOFEX) spectra, exhibit
sharp szeps spaced by the CO rotational term values. The
experimcntal data provide a rigorous test of theoretical models
of photofragment dynamics. The data clearly show that nuclear
spin is conserved through the photodissociation. PHOFEX curves
calculated from Phase Space Theory (PST) are in excellent
agreement with the experiment and show that there is no barrier
along the reaction coordinate. The singlet/triplet branching
ratio as a function of photolysis laser frequency is inferred
from PST fits to the PHOFEX data. The data show that the only
dynamical constraints on product statb rotational energy
distributions are conservation of energy, angular momentum, and
nuclear spin.

Address: Department of Chemistry, University of
California,Berkeley, Berkeley, California, 94720.
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PICOSECOND RAMAN INVESTIGATIONS OF THE VIBRATIONAL ENERGY DEPENDENCE OF

INTER-LIGAND ELECTRON TRANSFER IN TRANSITION METAL COMPLEXES

L. K. Orman and J. B. Hopkins

Two color picosecond Raman spectroscopy has been utilized to measure the
vibrational energy dependence of electron transfer. Above the classical

barrier to inter-ligand electron transfer, vibrational relaxation completely
quenches electron transfer from the excited vibrational states. Below the

barrier the first direct measurements of inter-ligand electron hopping are

reported in the excited electronic state of D3 symmetry complexes of

polypyridyl Ru(TI). It was found that the rate of inter-ligand electron
transfer from the thermalized vibrational states varied between >10

11 
sec

-1

and < 107 sec -1 
depending on the chemical nature of the complex.

The observed kinetics are rationalized in terms of recent electron

transfer theory which describe the reaction dynamics through Franck-Condon
factors weighted by the density of product vibrational states. Results for
five complexes will be presented.

Address: Department of Chemistry, Louisiana State University,
Baton Rouge, LA 70803.
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INVESTIGATION OF THE RESPONSE OF THE NO/NO2/N204 SYSTEM TO AN INTENSE OPTICAL
PERTURBATION

MVAN ROOZENDAEL, Y.DE WILDE, P MILLER and M.HERMAN

An Argon ion laser is used to perturb the NO/NO2/N204 chemical system. The perturbation is
monitored, in different experiments, with the Laser Induced Fluorescence (I), the Infrared Optical

Double Resonance (2) and the OptoAcoustic experimental techniques. It appears that the absorption
of visible laser light in N02 Induces some non radiative processes, which in turn result into a

temperature increase. That variation has two main contributions to the evolution of the system :

through the 8oltzmann distribution of population and through the chemical equilibrium connecting
N02 and N204. Evidence for the first effect will be given and it is hoped that the occurrence of the

second - chemical - effect will also be demonstrated, either experimentally or through simulations.

(1 )M Carleer, M Herman, J Vander Auwera and M.Van Roozendael, Chem Phys. Letters 127, 13-18

(1986).

(2)J.Vander Auwera and M.Herman, J. PhotochEm., 38. 15-33 (1987).

Address of Van Rpozendael. De Wilde and Herman Laboratoire de Chimie Physique Moleculaire -
CP. 160, Unlversite Libre de Bruxelles, Faculte der Sciences, 50,av.F.D. Roosevelt, 6-1050 Bruxelles,
BelD um
Address of Mi Iler Department of Physics, Lowe]ll U , Lowe]ll MA 0 1854, USA
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HIGH RESOLUTION FOURIER TRANSFORM SPECTROSCOPY OF THE SINGLET
MOLECULAR OXYGEN-IODINE REACTION AND POPULATIONS OF THE B 0* AND
A lu STATES THROUGH NON LINEAR INVERSION OF EMISSION SPECTRA

D CERNY, R, BACIS. and J1. VERGES

The dissociation of molecular Iodine 12 by elstable oxygen 0 2 OA 1) Is
poorly understood It leads to the dissociation of 12 . Knowledge of this process Is
Important to assessing the ultimate efficiencies of high-power Chemical Oxym Iodine
Laser In our analysis 02 ('A .) is obtained from a mlcrowave discharge in oxygen The
flow of less than 10%of 02 (1A ) is mbed with pure Iodine. The reaction gives a flame
emitting from 3 700 cm -I to 20 000 cmn 1.We observe this flame along the axis with a
high resolution Fourier Transform spectrometer. The 10 000 - 20 000 cm1 enission is
due to the B O* - X 0' transition and allows to determine the populations of the B O
rovibrational levels. The Infra-Red region comes from A lu -- X 0* from which we
obtain the A lu populations. We have set a general program that gives from non linear
least squares fits the rovibratlonal populations and their statistical erors A lu serves as
a reservoir with a non Boltzmann vibrational distribution and B 0.* has a maxdmum
population around v = 30 - 35 The rotational distribution in A lu or B O, is Boltzmann
and corresponds to 370 ± 20 K. We will give our main results Our general fitting
method will be presented and statistical or systematic errors discussed

ddress of Cny and Bacis: Laboratolre de Spectron6trie lonique et Moi6culare,
43 Bd du 11 Novembre 1918, 69622 VILLEURBANNE& France
ad sofY j: Laboratoire Aim6 Cotton, CNRS I, batiment 505, 91405 Orsay, France

TC6. (9:50)

LASER EXCITED SPECTRA OF THE SINGLET MOLECULAR OXYGEN-!ODINE
REACTION AND POPULATIONS OF INTERMEDIATE STATES

P. CROZET, R.AC1S A. BOUVIER, A.J. BOUVIER and S. CHURASSY

As reported In the previous paper the mechanism of dissociation of 12 by
02 (16 ) is poorly kno It is a multi-step process. In order to find the intermediate
states of 12 involved we have systematically elored eoctation spectra of the flame
with a dye laser pumped by a copper vapour laser. Moreover some high resolution
spectra have been obtained in the 810 - 830 nm range with a styryi dye pumped by an
Ar laser. From inversion of the excitation spectra we have found that high vibrational
levels of the 12 ground state until v - 45 are Involved These vibrational populatons
vary with the region of the flame explored. With a frequency doubled dye laser we
succeeded to detect a relatively high population of the A 2u state through A2u -* D2g
exitation Unfrtunately the D'2g state is spectroscopicaBy too poorly kown to obtain
reliable invention of the spectra

o Laborat*e de Spectrombtie Ionkque et MoIculalre,
43 Bd du 11 Novembre 1918, 69622 VILLEURBANNF Prance
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J-REORIENTATION IN THE HCO A 'A2 41 10,1 ROTATIONAL LEVEL
S. HALLE, S.L. COY, J.L. KINSEY, R.J. SILBEY AND R,W.FIELD

We report measurements of the rate of depolarization of a single rotational level of

formaldehyde in the absence of an external field. The level in question is A 'A2 v,= 1, J= 1, K--0.

Previous rotational state-to-state measurements in the H2CO A state by Transient Gain and
Transient Polarization Spectroscopies suggested a remarkable resistance to depolarization, even

for AJ = +1, ± 2 rotationally inelastic processes, and a strong propensity for electric a-dipole
collision-induced inelastic transitions. At zero electric field, elastic depolarization within J=1 are

dipole forbidden; however, M-changing transitions could occur via two-step 1,--*(0,., or 2.)- 1
processes. The transient response within the 10., level is monitored by various PUMP and
PROBE polarization schemes. The transient gain data are fitted by various master equation
models which provide information about the direct vs. sequential nature of the depolarization
process.

Address of HALLE. COY. SILBEY AND FIELD: Department of Chemistry, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139.
Address of KINSEY: Wiess School of Natural Sciences, Rice University, P.O. Box 1892,
Houston, Texas 77251.

TC. 10: 24)

PRESSURE BROADENING OF THE ATOMIC IODINE 52P11 2 - 5 2 P312 TRANSITION

D. CERNY, M. AUBERT-FRECON, R. BAC IS B. BUSSERY and J. VERGES

The pressure broadening of the hyperfine lines of the 2 P11 2 -
2 P3 12 aton*

iodine transition is of importance in the chemidcally pumped iodine laser
The hyperfine lines are observed In emission with a high resolution Fourier

Transform spectrometer after dissodatlon of 12 by the 496.5 n m Ar* line. Pressur

broadening of 1.95 MHz/torr, 3.9 MHz/torr and 193 MHz/torr were observed by

colliion with Argon, OMMe and Iodine respectively
We have tried to calculate theoretically these enlargements by a semi-classical

method Relaxation cross-sections are calculated between hyperflne levels of the I atom,
i the first-order Bom approxmation. The interaction potential is a second order
long-range potential, described as a multpolar epansion betwen 02 , Ar or 12 and I

atom and calculated from molecular or atomic polarisabdlitles,

address of Can.. Aubert-Fren. Ba. ssy: Laboratolre de Spectrom6trie lonique
et Mo clair 43 Bd du 11 Novembre 1918, 69622 VILLEURBANN9 France

adrssofJo la: lAboratoire Ahn6 Cotton, CNRS 11, bitment 5O5n 91405 Orsay, France
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Infr-aredo sp.-t ra (,t ipt--Ioled :3 1%) I-hutyne were recorded by the direct.
:Ihs rptlI \~ e i .- shia m r, muIt iphe pass cellI was used to enhance

III,, sorpt ion of Ite V-enter laser beam.

I1th..I I.- -r -t'atioto-l Ie .(J',,3) I'' the a-type band niear 3333 cm'
1i -ret, to 'ito r- 'ire- -,I asigrod b compar ing ground state c-ombination
I I eferoens e, I - .it t. IIIi c~o-~ dat ai. WhilIe Ithe Ka ' =1 features appear

urt I -, I I h, k.' =0) t i 7te-m t ins are 51) it into molt iplets of at least 5
1 .o Th,-':, muoI t i dt 5  ii-' trotm st ronri interact ions of the zero-order

I I ,(-i st I-et -h Ii t h I hit-lath of bac-kground v\ibrat i ons . The measured
of F~ ~ 51 gIIsI it1 8 1, 1 -' 'm is (-onilarabl t Io thei appropriate

Atla 'kI It 'oI I of it'! At jontal stat es . For J 'O=-2, the matrix elements are
b -- c I-~iatto' oltai-m-li" in otIj'girl.

F-i J ' =:-7 ,h,' spe'-t ra I comp]I oxi ty increases rapidly3 i.i th J and ini % idual
I 1t1,tat "',"r -iti o le-u-tnil Because redundant information occurs in

IIIhe P and P li lsi t %wa. loss iF) i- to make, a quali itat i e separation of the
-!tt ri but1 ion of hI'z1 frotm K, '0,2. Thel, <jlt h of thre h,'=0 multi plets is
-ilppro'imatelr c(ttstarit for all J' at a value near 0.05 cm-I . Mixing of the Ka '=l
I,',eis titli t ho bath I-, tprnet f'or .3"1 and the mat rix elements, attributed to

' otciis 'opIir0,rc J.008 cm-

\,Iiir,-ss: Pepariilmort of t emist r. The tnri\e(rsitI of A\kron , Akron , OH 44325.

T(710. (11:02)

A MODIFIED RRI(M APPROACH TO THE VIBRATIONAL PREDISSOCIATION DYNAMICS
OF THE Sl p-DIFLIIOROBENZENE-Ar VAN DER WAALS COMPLEX

HYE-KEUN 0, MENG-CHII SU AND C.S. PARMENTER

The vibrational predissociation (VP) dynamics of the Sl pDFB-Ar

vdW complex have been characterized by an adaptation of RRKM theory.

Several calculations based on Fermi's Golden Rule have been used by

others to model the VP dynamics of diatomic-rare gas vdW complexes.

Those methods, however, have not been successful in fitting an

extensive set of VP data
1 

for the pDFB-Ar vdW complexes. Recently,

Kelley and Benti2applied RRKM theory with the assumption of an

energy gap law to VP in s-tetrazine-Ar. Although the method worked

well for that case, we find that it does not predict the results of

pDFB-Ar smtisfactory. With the assumption of a momentum gap law, we

have used an RRKM approach to model more successfully our

experimental VP data from 6 different initial Sl complex levels. In

agreement with the data, it predicts that VP is highly selective

among the possible final levels. The selectivity has several

characteristics: i) VP does not favor nearby resonant monomer

levels, ii) VP does favor small vibrational quantum number changes,

iii) the monomer 00 level is a common final state for VP from all

initial levels. It also predicts the intramolecular vibrational

relaxation (IVR) observed in our experiments.

1-K. 0, M. -C. Su and C.S. Parmenter (to be published)

2
D.F. Kelley and E.R. Bernstein, j. riys. Chem. 90 5164 (1986).

Address of 0. Su and Parmenter: Department of Chemistry, Indiana
University, Bloomington, IN 47405
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OBSERVATIONS OF ROTATIONALLY AND VIBRATIONALLY INELASTIC SCATTERING
FROM AN EXCITED STATE POLYATOMIC: SI CLYOXAL

K.U. BUTZ, H. DU, D. KRAJNOVICH AND C.S. PARMENTER

Crossed molecular supersonic beams have been used to study

rotat~onally and vibrationall inelastic scattering from the 7 and

the 0 vibrational levels of Au (SI) glyoxal in collision with H 2 .
Laser excitation was used to select each of the initial vibrational

levels with rotational states limited to J' - 0-10, K' - 0, ,nd

dispersed fluorescence was used to monitor quantitatively the final

rotational and vibrational SI glyoxal states. Although many final

vibrational levels are energetically accessible and in principle

observable, only those reached by ±1 quantum changes in the lowe~t
frequency mode, the torsion v 7 . are seen. From the initial level 7 ,

the cross sections for Av 7 = +1 and Av 7 - -1 are nearly identical,

mirroring the UP and DOWN symmetry recently observed in 12* + He

scattering. The totel cross section for pure rotationally inelastic
scattering from 0 is about 8 times larger than that for

rovibrationally inelastic s~attering whereas the two cross sections

are nearly equivalent for 7 . AK rotational state changes can also

be resolved for both rotationally and rovibrationally in-lastic

scattering from the 00 level. These rotational and rovibrational

cross sections obey the same AE exponential scaling law, and where

similar AE occurs, they are the same size. In contrast, the AK

state-resolved cross sections from 7 are quite different Some Av 7

- -1 cross sections with small AK changes are actually larger than

some pure rotational cross sections. These relationships are exactly

opposite to the conventional rule of thumb.

Address of Butz. Du and Parmenter: Department of Chemi~try, Indiana

University, Bloomington, IN 47405

Address of Krainovich: IBM Almaden Research Center, 650 Harry Road,

San Jose, CA 95120

TCI2. (11:36)

ENERGY DEPENDENCE OF THE INELASTIC COLLISION CROSS SECTION OF
VIBRATIONALLY EXCITED 12" (u' = 35, 15) WITH He.

K.W. BUTZ, H. DU, D. J. KRAJNOVICH, AND C.S. PARMENTER

Vibrationally inelastic cross sections have been measured
with a crossed beam apparatus at different well-defined
collision energies for the 12* + He system. By controlling the
temperature of the He target beam, we could vary the collision
energy from 40 mev to 190 mev. 12 molecules were initially
laser pumped to the level u' = 35 or 15 of the B Ou+ state.
Electronic fluorescence spectroscopy revealed the state-to-
state vibrational cross sections. At the higher collision
energies, the relative cross sections are very symmetric for
Av UP versus Av DOWN scattering. This symmetry is much reduced
when the collision energy more closely approaches the
vibrational quantum size. The higher collision energies also
create more rotational excitation and it is governed by angular
momentum kinematics. Classical trajectory calculations fit the
data by assuming a simple repulsive interaction between 12* and
He.

Address of Butz. Du and Parmenter: Department of Chemistry,
Indiana University, Bloomington, IPl 47405
Address of Krainovich: IBM Almaden Research Center, 690 Harrv
Road, San Jose, CA 95120
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TC13. (11:53)

MEASUREMENTS OF VIBRATIONAL DEPHASING (F CO ADSORBED ON NACL(1 00

RUGai .. fi-RIHAUSQ, HUAN-CHENG CHANG AND GEORGE E. EWING

The infrared spectrum of CO adsorbed on NACL(100) has been
obtained with a Fourier Transform Infrared Spectrometer (1I). The
apparent band width of the adsorbed CO decreased from -1 cm-

1 
at 60K

to 0 5 cm-1 at 40K. The instrument resolution is 0.5 cm-1 and the
CO bandwidth at 40K is limited by the spectrometer resolution. The
observed band shape is a convolution of the Instrument Line Shape
(ILS) and the tr'ue band shape. The true band shape was obtained by
deconvoluting the ILS from the observed band shape (2). The
temperacure dependent change in both the band width and frequency
shift is compared with predictions from existing theoretical models
fur band broadening mechanisms of adsorbed molecules on surfaces.

(1) H.H. Richardson and G.E. Ewing, J. Phys. Chem. 9I. 5833(1987).
(2) R.J Anderson and P.R. Griffiths, Anal. Chem. 4-7, 2339(19751.

Addierzs ol Sichax-dzon: Department of Chemistry. Ohio University,
Athens Ohio 45701

AddxrQa. Q-f Chag an d E wirF: Department of Chemistry. Indiana
University, Bloomington. IN 47405



HIGH RESOLUTION OPTICAL SPECTRA OF BENZOPHENONE UNDER HIGH PRESSURE

I Y. Chan. W. M. Chung

Laser excitation and phosphorescence spectra of benzophenone (BP) under high pressure

are investigated at 2°K using a diamond anvil cell. BP is doped in a 4,4'-dibromodiphenyl

ether (DDE) single crystal. Early high pressure spectral works of BP were performed at

room - or LN2 - temperature [l1. Our utilization of LHe has produced highly resolved

spectra, separating the intramolecular transitions with their phonon side-band. High

pressure does not degrade the known BP/DDE low temperature spectra.

We will report spectral investigation up to 40 kbar. Pressure dependence of the

iectronic (T1 ) origin, C - 0 stretch and other vibrational frequencies and the Debye-

Waller factor of BP/DDE will be presented. These results shed new light on our recent

magnetic resonance work on BP under pressure [2]. They also elucidate the modifications of

electron-phonon coupling of BP/DDE under compression.

[1] J.D. Simpson and H. W. Offen, J. Chem. Phys. 5, 1323 (1971) and earlier work cited
therein.

[21 C.J. Sandroff, I.Y. Chan and W.M. Chung, ibid, 84, 2424 (1987).

Address of Chan and Chung: Department of Chemistry, Brandeis University, Waltham, MA 02254

TD2. (9:17)

OPTICALLY DETECTED MAGNETIC RESONANCE OF Mn(IV) HEXAFLUORIDE IN Cs2GeF 6 AND K2GeF6

E. LIFSHITZ AND A. H. FRANCIS

The photoexcitation and luminescence spectra ( 2E ---> 4A2 ) of MnF6 2- diluted in Cs2GeF6
and K2 GeF6 host lattices have been reccorded at liquid helium temperature. The manganese

coordination geometry is Oh in Cs 2GeF 6 and D3d in K2GeF 6. Optically detected magnetic
resonance (ODMR) has been employed to determine the g-value of the 2E state in both

coordination geometries. The trigonal distortion has a pronounced effect on the g-values and
produces a measureable splitting in the optical spectrum, but Pxerts relatively little effect

on the radiative lifetime. In particular, the g-value in the Oh site (g( 2E)=2.0) is as
predicted theoretically; however, the value obtained for the D3d site is unexpectedly large
(g( 2E)=2.95). The data obtained is compared with theoretical predictions and the results of

similar studies of d
3 

ions in a variety of lattices. The differences are shown to arise, in
part, from the relative magnitude of the spin-orbit coupling and the trigonal field splitting

in the 2E state.

Department of Chemistry, University of Michigan, Ann Arbor, MI 48109
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TD3. (1): 34)

ANALYSIS OF THE MID-IR ELECTRONIC ABSORPTION SPECTRUM OF Fe2P2 S6 AND Co2P2S6

N. NAGASUNDARAN AND A. H. FRANCIS

Single crystal FTIR spectra of Fe2 P2S6 , C0 2P2S6 , Cd2P2S6 , and Mn2P2S6  were recorded at

room temperature. The Fe2P2S6 and C02P2S6 spectra exhibit bands which can be assigned to
electronic transitions between the trigonal field components of the ground electronic state. A
point-charge crystal-field model was used to relate the trigonal field splitting to crystal-
field parameters (Dq and Cp) and to determine the relative energy of the trigonal field
components. The FTIR spectrum of Fe2P2S6 intercalated with pyridine was analyzed in terms of
intercalation induced changes in the crystal-field parameters.

Department of Chemistry, University of Michigan, Ann Arbor, MI 48109

TD'I. (I0:00)

RESTRICTED HARTREE-FOCK WAVEFUNCTIONS AND EXCITATION ENERGIES OF ALKOXY RADICALS

Stella M. Sung and Russell M. Pitzer

Ab initio calculations have been performed that generate the restricted Hartree-Fock
wavefunctions and excitation energies for the ground state and lower excited states of the
hydroxy (OH.), methoxy (CH30,), ethoxy (C2 H50,), isopropoxy (C3H70.), and vinoxy (C2 H30. )
radicals. These theoretical results are compared to results obtained from laser-excitation
spectra that were recorded in a supersonic free-jet expansion at low temperature for these
radicals (Foster, Hsu, Liu, Kung, and Miller).

As anticipated, correlation-energy contributions to the excitation energies are small. The
calculations provide assignments of the ground-state symmetry and energy splittings of the ethoxy
and isopropoxy radicals. The resulting relative symmetries of the observed transitions are
opposite to those obtained from the spectroscopic band assignments for these radicals.

Address of Sung and Pitzer: Department of Chemistry, The Ohio State University, Columbus, OH
43210.
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TD'2. (Id: 16)

AN AB INITIO STUDY OF CS AND H ADSORPTION ON BE METAL

M.M MARINO, M. SAWAMURA, AND W.C. ERMLER

Atomic cesium and hydrogen adsorption on beryllium clusters containing 19

and 33 atoms are studied using restricted Hartree-Fock calculatio7ns and ab

initio relativistic effective core potentials. The clusters are taken as

cylindrical plugs from a Be metal wafer. Be-Cs and Be-H internuclear distances

are optimized, while Be-Be internuclear distances are frozen at the bulk metal

values. For each system, numerous low-lying electronic states are

investigated. The calculations are carried out to determine the effects of Cs

and of H adsorption on the electronic structure and work function of the

systems. The cluster wave functions are Fourier transformed to obtain periodic

wave functions and the relation between the finite cylinder and

two-dimensionally extended bulk systems is discussed. The calculated

ionization potentials for the cesiated systems are in agreement with the

experimentally measured work function. Hydrogen is not predicted to adsorb on
1

Be metal, which is consistent with recent experimental 
findings.

1
G.S. Tompa, M. Seidl, W.C. Ermler and W.E. Carr, Surf. Sci. 185 (1987) L453.

This work was supported by the Air Force Office of Scientific Research.

Address: Stevens Institute of Technology, Hoboken, New Jersey 07030.

TD'3. (10:32)

Ab Initio Calculations on Ag,, Au,, and AgAu Including Polarization Functions

and Extended Electron Correlation

R.B. Ross and W.C. Ermler

Multi-configuration self-consistent field and configuration interaction
calculations have been performed on Ag,, Au., and AgAu. Relativistic effective

core potentials (REP) and optimized valence basis sets of Slater-type
functions, including f-type polarization functions, have been employed.
multi-reference single and double excitation electron correlation studies are
reported. The effects of including f-type functions in the basis set and the

necessary levels of electron correlation are discussed. Calculated
spectroscopic constz ts are compared to experiment and to previous ab intio
all-electron and REP .tudies.

Address: Department of Chemistry and Chemical Engineering, Stevens Institute
of Technology, Hoboken, NJ 07030.
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YD'4. (10:48)

Ab Initio Calculations of Polarizabilities Including Relativistic Effects For
Elements of Groups IA and IB

J.M. Powers, R.B. Ross and W.C. Ermler

The effects of relativity and the concept of core-valence separation have
been examined with respect to polarizabilities for elements of groups IA and
IB. The coupled Hartree-Fock method for atomic polarizabilities has been
incorporated into an ab initio atomic self-consistent field program.
Relativistic effects havp been studied via ab initio calculations employing
relativistic (REP) and nonrelativistic effective core potentials (NEP). The
effects of re-definition of core and valence spaces have been studieA by
deriving REP's for heavy elements for a set of cases whereby fewer and fewer
electrons are "frozen" into the core. In addition, core-valence correlation
effects have been examined by calculating atomic polarizabilities via a
finite-field formalism and configuration interaction calculations. The
magnitudes of relativistic and core-valence correlation effects and the impact
of definition of core-valence space are compared. The impact of this work on
molecular studies employing effective potentials is discussed.

This work was supported through NSF Grant No. CHE-8712315

Address: Department of Chemistry and Chemical Engineering, Stevens Institute
of Technology, Hoboken, NJ 07030.

TD'5. (11:04)

VIBRATIONAL-ROTATIONAL ANALYSIS OF THE HYDROGEN PEROXIDE CATION FROM AB INITIO

POTENTIAL ENERGY AND DIPOLE MOMENT SURFACES

Susan Kraft, Hsiuchin C. Hsieh and Walter C. Ermler

Results of ab initio unresLricted Hartree-Fock self-consistent field and

Moller-Plesset perturbation theory calculations for the hydrogen peroxide

cation are reported. A 6-31G** basis set was employed to compute energies on

an extensive grid of nuclear configurations near the planar equilibrium

geometry (Roo=1.32 A, ROH=I.00 A, ZH00=104-). Analytical representations of

potential energy and dipole moment surfaces were derived from least squares

fits to the grid points and used to calculate spectroscopic constants, dipole

moment expectation values and transition moments. A power series expansion to

fourth degree in both normal and internal coordinates was used to obtain the

spectroscopic constants, expectation values and intensities.

Address of Kraft: Citroil Aromatic, Inc., 320 Veterans Boulevard, Carlstadt,

New Jersey 07072.

Address of Hsieh and Ermler: Stevens Institute of Technology, Hoboken,

New Jersey 07030.
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ULTRAFAST TRANSIENT SOLVATION OF POLAR DYE MOLECULES IN SIMPLE
POLAR SOLVENTS

Michael A. Kahlow, Tai Jong Kang, Wlodzimeirz Jarzeba. and Paul F. Barbara

Recently we constructed a time resolved fluorescence apparatus with a resolution of less than 30
femtosecondsi. We have used this instrument to measure the microscopic solvation dynamics of three
simple polar solvents (propylene carbonate. propiontrile. and methanol) by observing the time resolved
fluorescence from coumarin 152. The solvation rates are non-singly exponential. with components
both shorter and longer than the longitudinal relaxation times 7-1 of the solvents. Results will be
discussed in terms of several recent theoretical models2 3

IM.A. Kahlow, TiJ. Kang and P.F. Barbara, J. Chem. Phys. 88. 2372 (1988): M.A. Kahlow.
W. Jarzeba. T P. DuBruil and P.F. Barbara, Rev. Sci. Instrum. (in P -ass).

2 E.W. Castner, G.R. Fleming and B. Bagchi. Chem. Phys. Lett. (in press).
:1 P.G. Wolynes. J . Chem. Phys. 86, 5133 (1987).

Address of authors. Department of Chemistry, University of Minnesota. Minneapolis. MN
55455.
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Address of Chabalowski: US Army Ballistic Research Labotatory. SL.CBR-IB-I.
Aliertleen Proving Ground.- MD 21005-5066.
Address of Yarkony: Department of Chemistry, The Johns Hopkins University.
Baltimore, MD 21218
Address of Jensen: Chemical Research, Development, and Engineering Center.
Aberdeen Proving Ground. MD 21010-5423
Address of Letizsfield: Lawrence Li-vermnre National Laboratory, P.O. Box 803.
Livermore. CA 94550
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TEL. (1: ;0)

RECENT STUDIES IN HIGH-RESOLUTION SPECTROSCOPY OF ATMOSPFERIC GASES

V.E. ZUEV

The paper considers the problems of laser applications and laser

equipment developed to investigate the vibration-rotation absorption spectra

of atmospheric molecular gases as well as the measurements of their concen-

tration in the field conditions based on researches carried out at the Ins-

titute of Atmospheric Optics SB USSR Academy of Sciences.

High resolution laser spectrometers, including intracavity laser spec-

trometers, laser spectrophotometers, opto-acoustic laser spectrometcrs,

fluorescence laser spectrometer are described. Using these spectrometers,

some thousands of new absorption lines, tens of previously unknown H20,C0 2 ,

C2 H2 , N2 0, NH3, CH 4 , HBr molecular absorption bands and their isotopes

were recordered, assigned and analyzed, various molecular interactions were

studied. The quantitative spectroscopic data obtained were widely used for

laser gas analysis of the atmosphere, for determining concentrations of

different atmospheric gases and, especially, of water vapor and of atmos-

pheric pollutants. A new approach to the development of the differential

technique in the trace gas analyzers is discussed.

Institute of Atmospheric Optics SB USSR Academy of Sciences,

1, Akademicheskii avenue, Tomsk, 634055, U.S.S.R.
"6

TE2. (2:05)

DIODE LASER SPECTROSCOPY OF TRIFLUOROHALOMETHANES (CF 3X) IN THE 9-9.5 am REGION

A. BALDACCI, S. GIORGIANNI, R. VISINONI AND S. GHERSETTI

Diode laser spectra of CF X where X = Cl, Br and I, with natural isotop-c abundance, have
3

been measured in the 9-9.5 m region using the SP 5000 Tunable Laser Source Spectrimeter (from

Spectra Physics) set up in appropriate configuration at the University of Venice.

The frequency range considered mainly comprises the vI fundamental (CF symmetric stret-

ching and the 2v5 overtone; of the latter, only the parallel component (2v') has been observed.

The measurements were carried out at low temperature ( " 200 K) in order to simplify the com-

plex structure due to "hot" band congestion.

The rotational fine structure within the P(J) and R(J) manifolds as well as in the Q-branch

of the bands mentioned above has been resolved and a least-squares fit of the observed transi-

tions to the energy expression including the quartic centrifugal distortion coefficients was per-

formed. Some lines were found to be rotationally perturbed by 2v - and the different mechanisms

involving SZ = Ak = t2, ano Li = -2, Lk = :l interactions have been considered in the interpre-

tation. Accurate molecular parameters of v and 2vo bands of the two different isotopic species

of CF3 Cl and CF 3Br have been determined.

Work on the spectrum of CF 31 is also in progress; however its fine structure appears so

strongly perturbed that the rotational assignments are not quite easy in the scheme of isolated

vibro-rotational systems.

Interpretation, details of the spectra, and results obtained will be discussed.

Address: Dipartimento di Chimica Fisica, UniversitS di Venezia, D.D. 2137 30123 Venezia (Italy)
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NEW HIGH-RESOLUTION SPECTRA OF 0, IN THE 3-pm REGION

M. A. H. SMITH, V. MALATHY DEVI, C. P. RINSLAND, AND C. T. SOLOMON

We have recorded a series of high-resolution absorption spectra of ozone at room
temperature using the McMath Fourier transform spectrometer at the National oiar Observatory on
Kitt Peak. The spectra cover a wavenumber range from approximately 1900 cm- to 5400 cm-1 at a
resolution of 0.01 cm-1 . Improvements in the design of our ozone generating system have allowed
us to obtain several spectra of nearly pure ozone at high abundances (up to 3800 torr-cm), and
lines belonging to at least 16 transitions from the ground state can be observed in these
scans. Analysis is in progress to determine line positions, assignments, and intensities.

In the region from 2600 cm- ' to 3600 cm-1 , we have used the same experimental apparatus to
record a number of absorption spectra of ozone broadened by dry air, by N2 , and by 02, also at
room temperature. These spectra are being analyzed to determine pressure broadening and line
shift coefficients.

Address of Smith and Rinsland: Atmospheric Sciences Division, Mail Stop 401A, NASA Langley
Research Center, Hampton, Virginia, 23665-5225.
Address of Malathy Devi: Physics Department, College of William and Mary, Williamsburg,
Virginia, 23185.
Address of Solomon: Fabrication Division, Mail Stop 390, NASA Langley Research Center, Hampton,
Virginia, 23665-5225

VF . (2:

LINE POSITIONS AND INTENSITIES OF THE 2v,, v, + v, AND 2v, BANDS OF "0,

C. P. RINSLAND, M. A. H. SMITH, J.-M. FLAUD, C. CAMY-PEYRET, AND V. MALATHY DEVI

In the present work, we report the results of an analysis of the 2v,, v , + v., and 2v,
bands of 110, the strongest bands in the 4.8-pm spectral region. The laboratory spectra were
recorded at room temperature and 0.005 cm-' resolution using the Fourier transform spectrometer
located in the McMath solar telescope facility on Kitt Peak in Arizona. The uzone samples were
prepared from >99.98% pure "0, using the silent electric discharge technique. Initial
assignments were obtained from the results of an earlier study, and a first calculation was
performed with the aid of a Hamiltonian taking into account the interactions affecting the
rovibrational levels. The improved vibrational energies and the rotational and coupling
constants derived from this fit were used to calculate extrapolated levels. From these results
and subsequent iterations, assignments were obtained up to J=55, Ka=14 for the 2v3 , J=64,
Ka=1 7 for the v, + v,, and J=55, Ka=1 4 for the 2v, bands, significantly extending the set of
lines previously assigned.

Experimental rotational energy levels of the three interacting states (002), (101), and
(200) were obtained by adding the observed line positions to the known ground-state rotational
levels. These upper-state levels were then reproduced using a Hamiltonian which takes into
account the Coriolis-type interactions between the rotational levels of (002) and (101) and of
(101) and (200), as well as the Darling-Dennison interaction between the levels of (002) and
(200). The fit was satisfactory since a standard deviation of 0.00047 cm-1 was achieved, close
to the experimental uncertainty.

In addition, 416 relative line intensities were measured from the spectra. The intensities
were calibrated with respect to the intensities of lines in the 10-pm region which appear in the
same spectra and have been previously determined.' Precise transition moment constants for the
three bands under study have been deduced. A complete listing of line positions, intensities,
and lower state energies has also been generated.

'J. M. Flaud et al., J. Mol. Spectrosc. 124, 209-217 (1987).

Address of Rinsland and Smith: Atmospheric Sciences Division, NASA Langley Research Center,
Mail Stop 401A, Hampton, Virginia, 23665-5225.
Address of Flaud and Camy-Pevret: Laboratoire de Physique Mol~culaire et Atmosph~rique, Tour
13, Universit6 Pierre et Marie Curie et CNRS, 4 place Jussieu, 75252 Paris Cedex 05, France.
Address of Malathy Devi: Department of Physics, College of William and Mary, Williamsburg,
Virginia, 23185.
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LINE INTENSITY AND COLLISION-BROADENED LINE WIDTH
MEASUREMENTS IN THE vl-FUNDAMENTAL OF 14N20 AT
ATMOSPHERIC TEMPERATURESt

S. CHUDAMANI, and P. VARANASI

The need for data on the intensities and air-broadened half-widths of rotational lines in the

V- fundamental of 14NO and their temperature dependence at temperatures relevant to the
terrestrial atmosphere has prompted us to perform measurements on several lines between 1240
and 1280 cm - I using a tunable diode laser spectrometer. Line intensities are reported along with
N2_broadened, 02-broadened and air-broadened line width data at several temperatures between
150 and 296 K.

tSupported by the Upper Atmosphere Research Program of the Earth Sciences and Applications

Division of NASA under Grant-in-Aid No. NAGW-1238.

Address of the authors: Laboratory for Planetary Atmospheres Research, State University of
New York, Stony Brook, NY 11794-2300

TE6. (3: 13)

LINEWIDTH NARROWING IN THE INFRARED BANi OF N2 0 PERTURBED of N2

CAI PEIPEI , SHEN SHANXIONG , YU HAIPING AND I-SHAN CHENG

This preliminary work shows the feasibility of obtaining the pheno)menon of

collisional narrowing in the infrared vibration-rotation spectrum of N2 0

perturbed by N2.

Using R(16) line of a grating tunable N20 laser and a White type long cell

with variable lengths from 40 to 1000 m, the absorption spectrum of N 20 are

obtained. The pressure of N20 is varied from 10 to 20 Torr. The variation of
linewidths is to plot the peak height of absorption as a function of N, gas

pressure. The peak absorption constant increases with the N2 gas pressure,

reaches a maximum and then decreases. The maximum appears at the N2 gas

pressure of 300 Torr and 250 Torr when N20 pressures are 10 and 20 Torr,

respectively.
The conclution that I a collision partner with equal mass is most effective

in changing the velocity through collisions is not exactly obvious in our

case, since N20 and N2 have quite defferent masses.

1ii. Ramachandra Rao et al1 J.Mol.3pectros., 12216-27 (1987)

Address: Department of Physics, East China Normal University, Shanghai,200062,

People's Republic of China.
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S -. (3:30)

ABSOLUTE INTENSITIES IN THE v2 REGION OF CO2

J.W.C. JOHNS

Absohlte intensities and pressure broadening parameters have been measured in the region

of the ' 2 bending fundamental of CO 2.

The measurements were made with a modified Bomem spectrophotometer and the performance of

this instiament as well as the methods used for the data reduction will be briefly discussed.

Address: Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,

Ontario, Canada KIA OR6.

-i (3:47)

STUDIES CONCERNING THE OPTIMUM HAMILTONIAN FOR USE IN

LARGE AMPLITUTUDE, DIRECT NUMERICAL DIAGONALIZATION CALCULATIONS

RICHARD B. WATTSON

It would be desirable to extend the Direct Numerical Diagonalization
(DND) calculations' to handle the large amplitude vibrations that occur in
molecules at very high temperatures approaching disassociation. Many important
advances have occured recently in the formulation of the full rotation-vibra-
tion kinetic energy for the quantum mechanical Hamiltonian of a general poly-
atomic molecule. These new approaches generally utilize curvilinear internal
coordinates rather than the rectilinear internal coordinates associated with
the traditional form' of the kinetic energy. In applying a new technique
like DND, there are different requirements on the form of the Hamiltonian than
has been usual for perturbation approaches. These formulations are compared
with DND calculations in mind, and a valence coordinate Hamiltonian which
satisfies the Eckart conditions is derived for comparison. The balance between
the range of applicable domain and the minimization of off-diagonal matrix
elements will be discussed. Future DND calculations using the most promising
Hamiltonians should reveal the optimum approach for the calculation of the
large amplitude properties of triatomic molecules.

1. R.B. Wattson and L.S. Rothman, J. Mol. Spectrosc. 119, 83-100 (1986).
2. E.B. Wilson, Jr. J.C. Decius, and P.C. Cross, Molecular Vibrations

(McGraw-Hill, New York, 1955); J.K.G. Watson, Mol. Phys. 15, 479 (1968);
J.K.G. Watson, Mol. Phys. 19, 465 (1970).

Address of Wattson: visidyne, Inc., 10 Corporate Place, S. Bedford Street,
Burlington, MA 01803
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CALCULATIONS OF ENERGIES AND INTENSITIES FOR THE ASYMMETRIC SPECIES OF CO 2

R.B. WATTSON, L.S. ROTHMAN, A. NEWBURGH, and R. PAVELLE

The transformation of the potential function expressed in normal coordi-
nates from the principal isotopic species of carbon dioxide to other isotopic
species is shown. Required in the intermediary normal to valence coordinate
transformation was the use of the Eckart condition as a constraint along with
the use of the computer algebra system, MACSYMA. This tool was used in both
determining the coordinate transformation and its expansion in Taylor series
form. After expansion to seventh order in valence coordinates, the potential
function coefficients were calculated to seventh order in normal coordinates
via the method presented by Hoy et al.'

The transformed potential function surfaces were then used to calculate
the eigenstate energies for all relevant isotopic species of CO by the direct
numerical diagonalization method.2  Some kinetic energy terms hid to be gener-
alized for the asymmetric species. The dipole moment function was also trans-
formed from the principal isotopic normal coordinate form to the valence coor-
dinate form. This in turn was again transformed to the appropriate form for
the various isotopic species including the asymmetric ones; the transition
intensities were then calculated. Comparison with measured transitions of the
oxygen-18 enriched asymmetric isotope (628), which are forbidden in the prin-
cipal isotope, gives some indication of the errors inherent in the technique.

1. A.R. Hoy, I.M. Mills, and G. Strey, Mol. Phys. 24, 1265 (1972).
2. R.B. Wattson and L.S. Rothman, J. Mol. Spectrosc. 119, 83-100 (1986).

Address of Newburgh, Wattson, and Pavelle: Visidyne, Inc., 10 Corporate Place,
S. Bedford Street, Burlington, MA 01803

Address of Rothman: Optics Division, Air Force Geophysics Laboratory,
Hanscom AFB, MA 01731

FEIO. (4:21)

CO2 SPECTROSCOPIC CONSTANTS DETERMINED BY GLOBAL LEAST-SQUARES FITTING

AND DIRECT NUMERICAL DIAGONALIZATION

ROBERT HAWKINS, RICHARD B. WATTSON, and LAURENCE S. ROTHMAN

The 1 2C160 line positions in the AFGL HITRAN linelist are derived from a
database comprising 8,321 measured line positions, assigned to 105 vibration-
rotation bands and 63 vibrational levels. Some 285 spectroscopic constants of
these levels have been determined simultaneously in a linear least-squares fit,
using a Givens rotation algorithm. The resulting constants and calculated line
positions are only slightly different from those previously obtained with a
level-by-level method; however, the estimated standard deviations are much more
realistic, and the amount of work required is reduced.

These spectroscopic constants have been used to fit a new potential func-
tion using the Direct Numerical Diagonalization method while employing two
successive diagonalizations to obtain ro-vibrational spectroscopic parameters.
The parameters obtained for the principal isotope have been determined from
ro-vibrational energies evaluated at J - 0 and at J - 30. The results will be
shown as O-C plots calculated from the parameters derived from the potential
surface and all measured lines of the principal isotope (626) and the carbon-13
enriched isotope (636) (using a transformed potential). Systematic effects
will also be discussed.

Address of Hawkins and Rothman: Optics Division, Air Force Geophysics
Laboratory, Hanscom AFB, MA 01731

Address of Wattson: Visidyne, Inc., 10 Corporate Place, S. Bedford Street,
Burlington, MA 01803
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'FEll I

SIMPLIFIED EXPRESSION FOR THE TOTAL INTERNAL PARTITION SUM
AS A FUNCTION OF TEMPERATURE

ROBERT R. GAMACHE, ROBERT HAWKINS, and LAURENCE S. ROTHMAN

The total internal partition sums have been calculated for the
molecules and their isotopic variants on the HITRAN database. The
calculations employed near complete sets of energy levels for all
relevant rotation-vibration states generated from the molecular
constants. All degeneracies were accounted for in the calculations.
The calculations were performed over a temperature range of 75K to
400K. The accuracies of the resulting partition sums will be shown.
For generalized applications, the internal partition sums have been
fitted to the expression

Q(T) - a + b.T + c'T 2 + d.T',

where a, b, c and d are constants adjusted by means of a least-squares
minimax procedure. The maximum deviation of the fit is on the order
of a few tenths of a percent.

Address of Gamache: The Center for Atmospheric Research,
The University of Lowell, Lowell, MA 01854

Address of Hawkins and Rothman: Optics Division, Air Force Geophysics
Laboratory, Hanscom AFB, MA 01731

TEI2. (4:50)

TEMPERATURE DiPENDzNCE UF uINE BhUADENING OF CU 2 LASER BAND

CAI PEIPEI , SHEN 3HANXIUNG , XU JIjONG Ai) I-SHAN CHENG

The broadening of CO2 rotation-vibration lines are investigated in the 280-

470 K temperature range. The temperature exponent is showed to be independent

of the rotational quantum number for both self and nitrogen broadening.

A single-mode single-line CO2 laser is used as a source. The sample CO2 gas

is filled in a double-pass cell of 0.6 m base length, constructed of quartz

glass with ZnSe window. The pressure shifting of lines is assumed to remain of

negligible magnitude so that the emitted frequency coincides with the

absorption peak.

An useful computer programme for calculating temperature exponents with ATC

theory is designed. The theoretical results are compared with the measured

values with reasonable agreement.

Address ; Department of Physics, East China Normal University, S~anghai,200062,

People's Republic of China.
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A"'ASUREMENT DF FF1E 3,A11( EFFECT IN A FLYGARE-BALLE MICROWAVE SPECTROMETER*

T. FMILSSON AND H. S. GUTOWSKY

:n the Flygare-Balle Fourier transform spectrometer a microwave pulse is applied to
a Fabrv-Perot cavity, synchronized with an expanding jet of a gas mixture from a pulsed

supersonic nozzle.
1 

Measurement of the Stark effect in this type of spectrometer has

h-en hampered by the difficulty of producing an adequately homogeneous electric field

without degrading spectrometer performan,'e. The common approach to the production of a

homogeneous electric field is to use large, parallel metal plates, spaced as closely as

possible. This method works poorly in the present case because the plates disturb both

the microwave field and the gas expansion.

We have built a d~vice which generates a good electric field (line broadening <0.5%

of the Stark shift) over a volume of -8 x 9 x 10', but does not disturb the gas

expansion significantly. It consists of two square Plexiglass frames (13 x 13" o.d.,

11 x 11" i.d. and 1" thick), joined at the corners by four aluminum rods 2' long,

forming a structure similar to a box kite. Twelve 24 gauge wires are stretched 1" apart

along each of the four long faces. At one end, each pair of adjacent wires is connected

by a 5 Mohm resistor and the four corner wires to external terminals. The orientation

of the electric field is selected by the connections of the terminals to the HV power

supply. The microwave field is unaffected by tie assembly at frequencies above 10 GHz,

tolerable at 9 GHz, but unusable below 8 GHz. Examples of performance will be pre-

sented. Modifications to allow operation at lower frequencies are under consideration.

*Work supported by NSF and PRF.

T. J. Balle and W. H. Flygare, Rev. Sci. Inst. 52, 35 (1981).

Address: Noyes Chemical Laboratory, University of Illinois, Urbana, IL 61801.

TF2. (1:47)

N'7ZLE DESIGN FOR A FLYGARE-BALLE mICROWAVE SPECTROMETER*

T. D. KLOTS, T. EMILSSON, AND H. S. GUTOWSKY

We have been experimenting with nozzle design to extend the utility of the Flygare-

Balle spectrometer in observing rotational spectra of transient species. The spec-

trometer traditionally uses a single, pulsed nozzle from which a premixed gas expands

into the Fabry-Perot cavity. We have now tried several modifications in which gases
from two different sources are mixed in the expansion region, with a much shortened,

adjustable contact time. A coaxial source is useful in avoiding unwanted reactions.

It consists of a fine inner tube with a continuous (cw) flow of one gas (mixture) and an

outer tube generating a pulsed beam of another.

Mixing NH and HX gas ordinarily produces a cloud of solid NH4X particles. How-

ever, the rotational spectrum of vapor over hea~ed solid NH4C1 (450 K) has recently

shown it to be a hydrogen bonded NH -HCI dimer. We have observed rotational transi-

tions of the latter at much larger ;/N using a coaxial nozzle at ambient temperature

with 5% HCI/He in the cw inner tube and 0.3% NH 3/Ar in the pulsed outer tube. In addi-

tion, for the first time, the microwave spectrum of the hydrogen bonded, linear trimer,

NH3 -HCN-HF, has been observed. Preliminary results for B and D. are 1067.09 MHz and

-0.4 kHz. For it, 5% HF/He was used in the inner tube and 0.3% NH 3, 0.3% HCN/Ar in the
outer. Further extensions and applications are in progress.

*Work supported by NSF and PRF.
1
T. J. Balle, E. J. Campbell, M. R. Keenan, and W. H. Flygare, J. Chem. Phys. 72,

922 (1980).2
E. J. Goodwin, N. W. Howard, and A. C. Legon, Chem. Phys. Lett. 131, 319 (1986).

Address: Noyes Chemical Laboratory, University of Illinois, Urbana, IL 61801.
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CHARGE REARRANGEMENT IN \HCN) 2 AND (HCN)3*

R. S. RUOFF AND H. S. GUTOWSKY

Charge rearrangement during cluster formation may be determined from its effects
upon the dipole moments u and the electric field gradients Xo of the monomeric units,
provided that corrections can be made for their vibrational averaging. An isotopic

substitution method has enabled us to obtain vibrational amplitudes in the lnear dimer
and trimer.

2 
A dipole moment of 6.5 2(35) D has been reported for the dimer and we

have found 10.6(2) D for the trimer. These lead to induced dipole moments Ap of
0.70 3) D for the dimer and 1.75(10) D for the trimer. A similar analysis was made of
Axo( N).

A mutual polarization model was used to predict the induced dipole moments from the

four known electrical multipole moments of HCN and its bond polarizabilities. The
results are 0.703 D for the dimer and 1.68 D for the trimer. The calculations give
ratios of the dipoles induced in the C-N bonds which are essentially identical with the

ratios of the experimental AXo'S. Equations are derived for calculation of &P of an
infinite H-bonded chcin and are applied to HCN. The convergence of multipole expansions
for the electric fioid due to a molecular charge distribution will be discussed. The
mutual polarization model works so well on HCN dimer and trimer that any charge transfer
between the HCN monomers seems likely to be very small or negligible.

*Work supported by NSF and PRF.

IR. S. Ruoff, T. Emilsson, C. Chuang, T. D. Klots, and H. S. Gutowsky, Chem. Phys.

Letters 138, 553 (1987).
2R. S. Ruoff, T. Emilsson, T. D. Klots, C. Chuang, and H. S. Gutowsky, J. Chem.

Phys., submitted.
3
E. J. Campbell and S. G. Kukolich, Chem. Phys. 76, 225 (1983).

Address: Noyes Chemical Laboratory, University of Illinois, Urbana, IL 61801.

TF4. (2:21)

INDIVIDUAL HYDROGEN-BOND LENGTHS IN HYDROGEN-BONDED TRIMERS*

R. S. RUOFF, T. D. KLOTS, C. CHUANG, T. EMILSSON, AND H. S. GUTOWSKY

A linear trimer such as Y-(HCN) 2 may be viewed as a composite of the two dimers
Y-HCN and HCN-HCN. The trimer formation changes properties of the dimers such as
vibrational amplitudes and the center of mass (c.m.) separation r of adjacent monomers.
Accurate values for r, and r2 are difficult to obtain from the rotational constants of
the trimers

I 
because the c.m. of the middle monomer is close to the c.m. of the trimer.

However, an isotopic substitution method has given us good results in several cases.

In linear (HCN)3 , r, and r2 are close to equal, 4.389(10) and 4 401(0) A respec-
tively, both about 0.05 A shorter than the r for the dimer, 4.448 A. The overall
shrinkage in OC-HCN-HCN is a bit less, 0.083(3) versus 0.106(1) A, but it is highly
asymmetric, 0.07(1) A for r, and only 0.010(5) A for r2 . The figures for N2-HCN-HCN are
comparable, an overall shrinkage of 0.075(3) A with 0. 65(10) and 0.009(6) A for ri and
r2 respectively. The results for these and other hydrogen-bonded trimers will be pre-

sented and discussed.

*Work supported by NSF and PRF.

IR. S. Ruoff, T. D. Klots, C. Chuang, T. Emilsson, and H. S. Gutowsky, Abstract
MG14, 42nd Symposium on Molecular Spectroscopy, The Ohio State University, June
15-19, 1987, p. 69.

2
R. S. Ruoff, T. Emilsson, T. D. Klots, C. Chuang, and H. S. Gutowsky, J. Chem.

Phys., submitted.

Address: Noyes Chemical Laboratory, University of Illinois, Urbana, IL 61801.
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TF5. (2:31)

EMISSION FREQUENCY OF THE 496 jim LINE IN 12CH 3F AS A FUNCTION OF PRESSURE
AND PUMP OFFSET BY INFRARED-SUBMM DOUBLE RESONANCE TECHNIQUES

R. L. CROWNOVER, D. D. SKATRUD, and F. C. DE LUCIA

The frequency accuracy and reproducibility of OPFIR lasers is important to their application as
local oscillators in heterodyne systems and as primary frequency sources in spectroscopy. We have
employed an infrared-submm double resonance technique to investigate the gain frequency as a function
of both pressure and pump offset. The interpretation of our experiment is greatly simplified by the
absence of cavity pulling and other effects associated with an oscillating laser.

The submn probe was obtained from a harmonic multiplier driven by a phase locked klystron;
the pump beam was produced by a tunable waveguide CO2 laser. To first approximation the FIR gain
peak linearly tracks the IR pump offset; this is consistent with a theory in which the cross section for
state changing collisions greatly exceeds the cross section for velocity changing collisions.

We have previously reported pressure broadening parameters for a variety of transitions within
the V3 excited vibrational state of this species; the implications of those results to the question of
pressure shift will be discussed.

Address of Crownover and De Lucia: Department of Physics, Duke University, Durham, North Carolina
27706

Address of Skatrud: Army Research Office, Research Triangle Park, North Carolina, 27709

TF6. (3:0 ')

A COLLISIONAL ENERGY TRANSFER MAP INCLUDING AK PROCESSES IN CH3 F

HENRY EVERIT AND FRANK C. DE LUCIA

Time resolved millimeter/submillimeter wave - infrared double resonance techniques were used to
study rotational energy transfer in methyl fluoride. A Q-switched CO2 laser pumped molecules into
the J=5, K=3, V3 =1 state of 13CH F, and the time response of many absorption lines in the V3 =1
rotational manifold were monitored. An energy transfer map was obtained which includes
state-to-state rates for two processes that change K-quantum number in addition to previously
measured AJ rates and vibrational relaxation rates. The first AK process, a vibrational swapping
mechanism, effectively changes K in the V3 =1 vibrational state through collisions of nonthermal
molecules in V3 =1 with thermal molecules in the ground vibrational state. The second is a direct
collision induced transition and follows the selection rule AK=3n. We have also obtained preliminary
results on a similar study of 12CH 3F.

Address: Department of Physics, Duke University, Durham, NC 27706
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L1 7. (3: 22)

VERY LOW TEMPERATURE SPECTROSCOPY IN A COLLISIONALLY COOLED CELL:
PRESSURE BROADENING STUDIES BETWEEN 4.2 K AND 1.8 K

D. R. WILLEY, R. L. CROWNOVER, D. N. BITTNER, AND F. C. DE LUCIA

The results of a pressure broadening experiment in the CO - He system in the region between
1.8 - 4.2 K will be described. It was found that the pressure broadening parameters varied from 21.3
MHz/Torr to 40.0 MHz/Torr over this temperature region. Comparison with earlier theoretical
calculations showed excellent agreement near 4 K; however, at the lowest observed temperature the
theoretical value was about 20% greater than the measurement.

In addition, we have also observed 12CH 3F pressure broadened by He. As expected from its
larger dipole moment, very large signals are observed, confirming the expectation of the generality of
the collisional cooling technique. Because this species is a symmetric top, effects associated with the
K structure can be studied, including rotational cooling. Preliminary observations show a significant
variation in the pressure broadening parameter with quantum number at 4 K.

Address: Department of Physics, Duke University, Durham, NC 27706

T: 4. ( 3:3 " )

AN IAM FIT OF THE MICROWAVE SPECTRUM OF DIVINYL ETHER

L. H. COUDERT

Divinyl ether, C2 H3-O-C 2H3 , occurs in two conformations, the trans-trans and the cis-

trans. The microwave spectrum of this latter conformer has been thoroughly measured by Hirose
and coworkers -2

, 
and reflects the effects of a 27 MHz tunneling splitting which appears

especially for b and c type transitions. The tunneling motion responsible for the splitting
correspond to an antigeared rotation of each vinyl unit about axes coinciding with the
respective CO bonds. Because this problem is multidimensional, theory available at the time
Hirose and coworkers

1
-2 did their measurements was not adequaLe to obtain a satisfactory fit.

Our goal is to improve this fit using new t~chniques.
In this work we apply to the Lis-trans conformer the IAM-like treatment developed

3 
for

multidimensional tuniieling. The use of this method requires first the determination of the
various paths connecting the two nonsuperimposable frameworks of the molecule. If this
molecule goes through a planar configuration during the tunneling, we have one tunneling path.
However, if the intermediate configuration is not planar, two equivalent tunneling paths will
occur. The J and K dependence of the splittings in the case of a planar intermediate
configuration is quite different from the dependence in the case of a nonplanar intermediate
configuration. In our theory this dependence is characterized by three angles, vp, ip and (P

Using this IAM formalism the microwave transitions were fit with an RMS deviation of 0.T55
MHz and a determination of the value of the angles mentioned above was carried out. Even
though one of them turned out to be ill defined, the values obtained show that the cis-trans
conformer of divinyl ether displays two tunneling paths. Starting from ab-initio data

4 
and

guessing the equation of the tunneling path(s), a calculation of these angles was also
undertaken theoretically.

1
C. Hirose and R. F. Curl, Jr., J. of Mol. Spectrosc. 38, 358-366 (1971).2
C. Hirose and S. Maeda, J. of Mol. Spectrosc. 72, 62-85 (1978).

3j. T. Hougen, J. Mol Spectrosc. 114, 395-426 (1985).
4W. Pyckhout, C. Van Alsenoy, H. J. Geise, B. Van Der Veken and G. Pieters, J. of Mol.
Structure. 130, 335-353 (1985)

Address of Coudert: Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, MD 20899, USA.
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TW-DIME2SIfAL MICROWAVE FUURIER TYANSFORM SPRONSCOPY

B. VOGELSANGER. M. ANDRIST, AND A. BAUDER

Two-dimensional correlation experiments were applied to microwave Fourier transform

spectroscopy in order to probe connectivities between rotational transitions. A three-pulse

sequence supplied with a phase cycle acting as a double-quantum filter was developed in

analogy to NMR experiments. A two-pulse "OOSY" sequence was demonstrated to be useful to

correlate connectivities within quadrupole hyperfine multiplets.

Address of Vogelsanger, Andrist, and Bauder: Laboratorium fUr Physikalische Chemie.

Eidgendssische Technische Hochschule, CH-P92 ZUrich. Switzerland.

TF - . (4: 11)

ROTATIHAL SPCMRUM AND RING PIXERING OF CY{LBUTANE-l.-d 2

B. VOGELSANGER. W. CAMINATI. R. MEYER. AND A. BAUDER

The pure rotational spectrum of cyclobutane-ll-d2 has been measured between 12-40 GHz

with a pulsed microwave Fourier transform spectrometer. The assignment for transitions with

J 40 was confirmed by microwave-microwave double resonance with a continuous pump radiation.

All rotational transitions with J > 2 were split into a doublet due to the ring puckering

motion. A coupled Hamiltonian for the two lowest states has been used to fit six rotational

and five centrifugal distortion constants. The energy difference of 95.19 MHz between these

two states has been determined from the rotational constants of cyclobutane-l,l-d 2 and cyclo-

butane-d, and the vibrational transition frequencies of the ring puckering of the parent and

the ds species.

Address of Caminati: Dipartimento di Chimica Fisica ed Inorganica, UniversitA di Bologna,

Viale del Risorgimento 4, 1-40136 Bologna, Italy.

Address of Vogelsanger, Meyer and Bauder: Laboratorium fiir Physikalische Chemie.

Eidgenbssische Technische Hochschule, CH-8092 ZUrich, Switzerland.
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MICROWAVE SPECTRUM, CONFORMATIONAL ANALYSIS, AND BARRIERS TO INTERNAL ROTATION OF
CIS-1-FLUORO-2-BUTENE

D. T. DURIG, HOWARD Z. QIU, T. S. LITTLE, AND J. R. DURIG

The microwave spectrum of cis-1-fluoro-2-butene has been recorded in the region 12.0 to
39.0 GHz. A-type R-branches have been observed and assigned for the ground state for the
auche conformer. The determined rotational constants for this conformer were found to have

the following values: A = 12,681.38 ± 8.59, B = 2541.16 ± 0.05 and C = 2309.62 ± 0.04 MHz.
From the Stark effect the dipole moment components were determined to be lp aI = 1.91 ± 0.02,
1p I = 1.07 ± 0.01, p I = 0.31 + 0.01 and lp I = 2.21 ± 0.02. Barriers to rotation have been
determined as well as the conformational stability. These results will be compared to the
corresponding quantities obtained from ab initio calculations as well as those for trans-l-
fluoro-2-butene and methacryloyl fluoride.

Address of D. T. Durig: Departments of Chemistry and Physics, The University of the South,
Sewanee, Tennessee 37375.

Address of Qiu, Little and J. R. Durig: Department of Chemistry, University of South Carolina,
Columbia, South Carolina 29208.

TF12. (4:42)

MICROWAVE SPECTRUM, BARRIERS TO INTERNAL ROTATION AND STRUCTURE OF METHYL FLUOROFORMATE

C. L. TOLLEY, T. S. LITTLE AND J. R. DURIG

The microwave spectra of methyl fluoroformate-d 3, CD 3OC(O)F, and methylfluoroformate-d2 ,
CD2 HOC(O)F, have been recorded from 18.0 to 40.0 GHz. The rotational spectra have been
assigned and the rotational constants have been calculated. The determined structural
parameters are compared to those for methyl formate and methyl chloroformate. The barrier to
internal rotation of the methyl group has been caLcuLated from the A-E splitting observed in
the microwave spectrum. This value is compared to values obtained from the far infrared
spectrum of methyl fluoroformate in the gaseous state and ab initio calculations at the 6-31G*
level.

Address of Tolley, Little and Durig: Department of Chemistry, University of South Carolina,
Columbia, South Carolina 29208.
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THE A-X BAND SYSTEM OF C'D2
IR CONSTANTS OF THE TRANSBENDING LEVELS

T R HUET and M.HERMAN

The conventional rovibrational analysis of the A-X band system of acetylene, already performed on

C2H2 (1-4), is extended to otner isotopomers Results are presented in this first communication,
concerning the nv4 (n=O-4) ground levels of C2D2, involved on the absorption spectra. Improved and
new rovibrational constants are provided for 2v4 and 3v4 respectively. Perturbations encountered
on the spectrum, arising because of the proximity of w4 and 0 in C2D2, XIg, are briefly discussed.

(I )C K Ingold and GW King, J. Chem Soc. 2702-2755 (1953).

(2)K.K.Innes, J Chem Phys, 22, 863-876 (1954)
(3)J.K.G Watson, M.Herman, J C. Van Craen and R.Col in, J. Mol Spectrosc. 9. 101-132 (1982).

14)JCVanCraen, MHerman, R Coin andJKG Watson, J Mol Spectrosc 111, 185-197 (1985) and

119,137-143(1986)

Address . Laboratoire de Chimie Physique Moleculaire - CP 160, Universite Libre de Bruxelles,
Faculte des Sciences, 50,av F D Roosevelt, B-1050 Bruxelles, Belgium.

(1:41)

THE A-X BAND SYSTEM OF C2D2
ROVIBRONIC INFORMATION ON THEA STATE

T R HUET and M. HERMAN

The conventional rovibrational analysis of the A-X band system of acetylene, already performed on
C2H2 (1 -4), is extended to other isotopomers. This second communication concerns the information
derived on the A state of C2D2. Original rovibrational constants are presented and compared to
those of C2H2 (1-4)

(I )C.K.Ingold and G.W.King, J. Chem. Soc. 2702-2755 (1953)
(2)K K.Innes, J Chem Phys, 22, 863-876 (1954)
(3)JK.G. Watson, M.Herman, J.C.Van Craen and R.Colin, J. Mol. Spectrosc. a5 101-132 (1982)
(4)J.C.Van Craen, M.Herman, R.Colin and JKG.Watson, J. Mol. Spectrosc. 111. 185-197 (1985) and

119. 137-143(1986)

Address Laboratoire de Chimie Physique Moleculaire - CP. 160, Universite Libre de Bruxelles,
Faculte des Sciences, 50,av.F.D. Roosevelt, B-1050 Bruxelles, Belgium.
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HIGH RESOLUTION INVESTIGATION 01 THE a3 Au STATE OF GLYOXAL

F VANHORENBEKE, J VANDER AUWERA, M VERVLOET and M.HERMAN

The a3 Au- (Ag transition of C2H202, observed around 5200 A, was recorded with the help of a
Fourier Transform Spectrometer at Ottawa, with a resolution of 0.020 cm- 1. Doppler limited and

sub Doppler laser investigations are being undertaken at Brussels in order to allow the analysis of
this very dense spectrum They are based mainly on the infrared Optical Double Resonance
technique, after (I,2) and also on the Inter Modulated Phosphorescence, Laser Induced
Phosphorescence and Stark Modulation techniques Preliminary results will be presented

(I ),J Vander Auwera, M.Godefroid, M.Herman, T R Huet and J W C Johns, Can J Phys 66 (1988)
(2)J Vander Auwera and M Herman, Chem. Phys Letters, ill 432 (1987)

Address of Vanhorenbeke. Vander Auwera and Herman Laboratoire de Chimie Physique Moleculaire -
CP 160, Universite Libre de Bruxelles, Faculte des Sciences, 50,av.F.D Roosevelt, B-1050 Bruxelles,
Belgium
Aadress oQ VervQe Herzberg Institute of Astrophysics, National Research Council,
K 1 A OR6 Ottawa, Canada

TC;4 . (_: ) I

ZEEMAN STUDIES OF MICROWAVE-OPTICAL DOUBLE RESONANCE SIGNALS IN THE A 'A2 - X 'A,
SYSTEM OF THIOFORMALDEHYDE

W. HTTNER , J.C. PETERSEN AND D.A. RAMSAY

Zeeman studies have been carried out at fields between I and 7 kG on some
previously recorded microwave-optical double resonance signals of thloformaldehyde.
The microwave transitions originate in the I rotational levels of the 41 9 IA2
excited state and terminate in highly exciteg' ovibronic levels of the i 'A, ground
state. By observations in parallel (AMJ - 0) and perpendicular (Mi. ti)
polarizations, rotational g-factors for the two combining levels are determined. The
interpretation of the results is facilitated by carrying out the measurements with
both parallel and perpendicular polarizations of the microwave and optical fields.
The effective g-factors for the highly excited levels of the 1 1A, ground state
support the earlier proposition that K is not a good quantum number for these
levels.

Address of HOttner: Abteilung Chemische Physik, Universitit Ulm, D-7900 Ulm, West
Germany.
Address of Petersen: Department of Physics and Astronomy, University of Alabama,
Tuscaloosa AL 35r86, U.S.A.
Address of Ramsay: Herzberg Institute of Astrophysics, National Research Council of
Canada, Ottawa, Canada KIA 0R6.
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lIItl VI IIRONIC SPICItRUN ()F SI{.'N( )FORNAI.1)-IiI YDuI+ IN TIIF NEAR INFRARED

R, II. JUIl)GF, D. J. C(U,lIIIER, D.C. NIOULE

The polymers of0 C 2Se and CD2Se were pyrolyzid at 700lWC to yield monomeric selenoformaldehyde. Laser

excitation spectra of these molecules were recorded. The origin of the weak singlet-singlet AIA2 (-- IA1 system in
CD2Se was observed at 13631.5 cm-1 while that of CI lSe has been calculated to be at 13555 cm-1. The much more

extensive and intense sinlct-triplet T3A, <- XIAI systems of C!I2Se/CD2Se have origins at 12171.0/12262.7 cm 1 . A
double minimum potential energy function was used to fit the triplet state v4' inversion levels and was found to be similar
to that observed for thiofonaldchyde.

Addre,,s of Judge: Departmcnt of Chemistry. University of Wisconsin-Parkside. Kenosha, WI 53141

Address of Clouthier: Department of Chemistry, University of Kentucky. Lexington, KY 40506.

\ddre,,, of \IoulC: l)cpartncrnt of Chemistry, Brock University. St. Catharines, ONT L2S 3A I

I i,,. (2: 30)
THE INTERNAL ROTATION AND INVERSION MOTIONS OF THIOACEALDEHYDE IN ITS FIRST

TRIPLET A3A" ELECTRONIC STATE

D.C.MOULE, Y.G.SMEYERS, A. NINO

Thioacetaldehyde, CH 3CHS displays a banded absorption spactrum at 615 nm
which is attributed to the T-* -So,& 3A"*-X1 A' electronic transition which arises
through n-w*V* excitation.

The spectrum in the To region consists of a cluster of bands which was
assigned to the activity of the methyl torsional mode V 15- Substitution of
deuterium for the aldehyde hydrogen produces an isotope shift which demonstrates
that a strong coupling exists between the aldehyde wagging mode V14 and the
methyl torsion ]015"

Ab initio SCF methods were used to generate the potential surface defined
by 8(internal rotation) and a(hydrogen wagging) in both electronic states from
which the potential V(8,a) was derived as a Fourier expansion. The band
spectrum of CH 3 CHS was synthesized from the energy levels and Franck Condon
factors of a two-dimensional torsional-inversion Hamiltonian in which the
torsion and inversion motions were treated as C3 and C1 rotations respectively.

Address of Moule: Department of Chemistry, Brock University, St Catharines, Ont.
L2S3A1, CANADA

Address of Smeyers and Nino: Instituto de Estructura de la Materia, Consejo
Superior de Investigaciones Cientificas, C/ Serrano, 119, 28006 Madrid, SPAIN.
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ON THE ASSIGNMENT OF THE EXCITED SINGLET STATES

IN THE CO2 MOLECULE

P. J. Knowles, P. Rosmus and 11. J. Werner

High accuracy electronic structure calculations ( contracted MRCI wavefunctions with
the quality of several IOT uncontracted configurations ) for the energies of CO 2 in the low-
est states in each of 'E+, '1 9 , 'A and 'E- symmetries, as a function of the symmetric
stretching coordinate, will be reported. The positions of the electroniclly excited states
have been determined with an expected accuracy of about 0.05 eV. The geometries and
the harmonic force constants for the symmetric stretch modes at the barriers to linearity
for the 1 E'-, 'Au and 'H, states have been calculated. The results show that the electron-
ically excited states 'E- and 'zAu of linear CO 2 cross in the Franck-Condon region of the
absorption spectrum with the 'H 1 state. It has been found that the 'i.Astate is separated
by a barrier from the lowest dissociation asymptote and has a double minimum potential
energy function. Implications for the interpretation of the absorption spectrum and the
dynamics of the CO 2 photodissociation will be discussed.

P.J.Knowles and P.Rosmus: University Chemical Laboratory, University of Cambridge,
Cambridge, U.K.
H.J.Werner: Department of Chemistry, University of Bielefeld, Bielefeld, Germany.

P'- • (2: 52)

CHENILUMINESCENCE SPECTRA OF SMALL MOLECULES CONTAINING SULFUR, SELENIUM, AND TELLURIUM

R. J. GLINSKI

To help identify a novel emission feature extending from 550 nm to 880 nm produced in
the gas-phase reaction of F2 with CS2 , the reaction of F2 with CSe 2 has been studied. This
reaction yields a previously observed emission feature from SeF (A) extending from 500 nm
to 870 nm and a banded feature between 350 and 500 nm that resembles fluorescence from
Se2 (A) but requires further analysis. An apparently new, broad feature extending from 600
nm to the near IR appears by itself under certain reaction conditions. This broad feature
is unresolved at 0.1 nm resolution and is not very useful in understanding the F2/CS2
feature.

Reactions of F2 with CH3 X CH3 , where X = Se, Se 2. Te, and Te . are being studied as
sources for emission spectra of CH Se and CH2Te. Fruitful chemica? trends and analogies
are being exploited in effort to id4entify new spectra of hard-to-study small molecules in
chemiluminescence.

Address: Department of Chemistry, Tennessee Technological University, Cookeville, TN
38505.
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STEADY STATE PRODUCTION OF THE HNCN IN THE GAS PHASE BY HYDROGEN ABSTRACTION FROM
CYANAM IDE

P, E. FLEMING, C. W. MATHEWS, AND M. WINNEWISSER

The cyanamidyl radical HNCN was first observed and identified by Herzberg and
Warsop in 1963 in the flash photolysis of diazomethane. Spectroscopic studies of
this molecule have been limited to flash photolysis conditions. Using hydrogen
abstraction, HNCN is produced in the gas phase in steady state concentrations by the
mechanism

X + H 2NCN -> HX + HNCN

The efficiency of the mechanismois monitored by the intensity of the 0 - 0 band of
the A - X transition near 3440 A. The best results are obtained using discharges in
CF 4, SF6 or rC 2 F2 as hydrogen scavenger sources.

1G. Herzberg and P. A. Warsop, Can. J. Phys., 41, 286, (1963).

Address of Fleming and Mathews: Department of Chemistry, The Ohio State University,
Columbus, Ohio 43210

Address of Winnewisser: Physikalisch - Chemisches Institut der Justus-Liebig-
Universitat Giessen, Heinrich-Buff-Ring 58, D-6300 Giessen, Federal Republic of
Germany.

TGIO . (3:31)

PICOSECOND ABSORPTION SPECTROSCOPY OF TRANSIENT CONDENSED PHASE RADICALS

IN THE SPECTRAL REGION OF 200nm - 300nm.

D. R. Anderson and J. B. Hopkins

A new technique has been developed which makes it possible to obtain
picosecond transient absorption spectra in the 200nm - 800nm region of the
spectrum.

This method extends the previously useful wavelength range of 800 - 350nm
to much deeper ultraviolet wavelengths with an ultimate time resolution of
2ps. In addition, the experimental signal to noise ratio of the transient
spectrum has been greatly enhanced by using a 2 KHz regenerative picosecond
laser as the excitation source. This novel instrument is applied to study the
transient spectroscopy of photogenerated radicals in solution.

Address: Department of Chemistry, Louisiana State University,
Baton Rouge, LA 70803
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TG 1. (3:47)

HIGH RESOLUTION LASER SPECTROSCOPY OF AROMATIC IONS AND FREE RADICALS

JAMES M. WILLIAMSON, STEPHEN C. FOSTER, LIAN YU, AND TERRY A. MILLER

High resolution, laser-induced fluorescence spectra of a number of aromatic
chemical intermediates that are subject to Jahn-Teller distortion have been
recorded. The ions or radicals were prepared by the uv photolysis of precursors
seeded in a supersonic free-jet expansion. The hot ions or radicals were cooled in
the expansion and probed downstream with an argon-ion pumped cw ring dye laser
(I MHz FWHM linewidth, 100-400 mW output power) seeded into an excimer pumped pulse
amplifier (-100 MHz FWHM linewidth, 3-10 mJ/pulse output energy at 30 Hz rep. rate)
which is synchronized to the photolysis laser. Sub-doppler LIF spectra were
obtained by imaging the total fluorescence through optical slits which viewed a very
narrow, central portion of the jet expansion. The experimental arrangement will be
detailed and rotationally resolved spectra of C.F.

+
, CF 3 H3

+ 
and C6 H6 will be

presented.

Address of Williamson. Yu. and Miller: Laser Spectroscopy Facility, Department of
Chemistry, The Ohio State University, Columbus, OH 43210.
Address of Foster: Department of Chemistry, Florida State University, Tallahassee,
FL 32306.

TG12. (4:03)

ANALYSIS OF ROTATIONALLY RESOLVED SPECTRA OF THE 2A 2 " ' 
2E11 BAND OF CYCLOPENTA-

DIENYL RADICAL

LIANLYU, STEPHEN C. FOSTER, JAMES M. WILLIAMSON, AND TERRY A. MILLER

Rotationally resolved LIF spectra of the 2A 2 " -
2E,- band (Vo-29,572.166 cm-1 )

of cyclopentadienyl radical (C6H6 ) were taken in a supersonic free-jet expansion.
An effective Hamiltonian aparopriate for C6H6 in 2 E,- vibronic state is constructed.
A least square fit of the 00 band yields molecular constants for both lower and
upper states. Intensity distributions of the spectra at different degrees of
coldness are reproduced satisfactorily by an intensity simulation based on
transition moments, nuclear spin statistics and variable rotational temperatures
(0.6 - 10K). Strong (2,2) interactions observed in the vibrationless level of the2 E I state may indicate a large Jahn-Teller effect. The spin effects (spin-orbit
and spin-rotation interactions) in C5 H6 are also discussed.

Address of Yu. Williamson. and Miller: Laser Spectroscopy Facility, Department of
Chemistry, The Ohio State University, Columbus, OH 43210.
Address of Foster: Department of Chemistry, Florida State University, Tallahassee,
FL 32306.

TGI3. 
(4:19)

ROTATIONAL ANALYSIS OF THE A 2A X 2 E TRANSITION OF CH3O. AND CH3 S-

XIANMING LIU, PRABHAKAR MISRA, STEPHEN C. FOSTER, CRISTINO P. DAMO, T.-Y. LIN, AND
TERRY A. MILLER

Rotationally resolved spectra of both CH3O. and CH3 S. 
2A -

2E transition have
been obtained by both cw and pulseg supersonic free jet expansion and LIF
techniques. Rotational spectra of the 0 and 3 bands of CH$O. and 0 band of CH3 S.
are assigned. By joint nonlinear least-square 2itting of both microwave and optical
spectra, accurate 2 E state rotational constants are obtained. In addition, the
first accurate rotational constants for the excited A state are determined. A line
strength calculation and intensity simulation demonstrate that the rotational
spectra obtained with the pulsed jet can be approximately described by a Boltzmann
distribution with temperature T - 25 K.

Address of Liu. Misra. Damo. Lin. and Miller: Laser Spectroscopy Facility,
Department of Chemistry, The Ohio State University, Columbus, OH 43210.
Address of Foster: Department of Chemistry, Florida State University, Tallahassee,
FL 32306.
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rG 14. (4: 35)

Fast Ion Beam Laser Spectroscop"Io N2_Q :Ef f ec
of Orbital Angular Momentum and Vibrational
Anharmonicity
M.Larzilliere*,**and ChJungen**

Fast ion beam laser spectroscopy has been used to study the 42+- R
transition of N20+ under high resolution .Molecular constants are obtained
for several spin-vibronic states , including for the first time levels
associated with the 2 T v=2 manifold .These data are interpreted in
detail in terms of a large - amplitude bending Hamiltonian which allows
for the effects of orbital angular momentum , spin - orbit coupling and
vibrational anharmonicity.

*Universite Laval ,Departement de Physisque,CRAI1-LPAMI
Quebec, PQ,CANADA Gl1K 7134.

**CNRS FRANCE.

TG 15 (4:46)

LASER SPECTROSCOPY OF ALKALINE EARTH MONCCARBOXYLATES AND MONOFORMAIIDE

A.M.R.P. BOPEGEDERA, C.R. BRAZIER, S. KINSEY-NEILSEN, T.W.#4.L. FERNANDO,

L.C. O'9RIEN AND P.F. BERNATH

The alkaline earth monocarboxylates and monoformamide were synthesised by

the reaction of alkaline earth metal vapor with the corresponding carboxylic

acids and formamide,respectively, in a Broida type oven. The laser excitation

spectra and the resolved fluorescence spectra recorded at low resolution

indicate that the carboxylate and formamide anions behave as bidentate ligands

when bonding on to the metal ion. Therefore these metal containin% free

radicals can be represented by the structures M+--'C-R and M+'C-R (M - Ca,

Sr and R = H, CH3 ). The electronic and vibrational information extracted from

the spectra will be presented and discussed.

Address of Bopegedera, Brazier, Kinsey-Neilsen, Fernando, O'Brien and Bernath:

Department of Chemistry, University of Arizona, Tucson, AZ 85721.
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TG 16. (5:02)

THE ROTATIONAL ANALYSIS OF THE j2E-X2AI TRANSITION OF CALCIUM BOROHYDRIDE

(CaSH4 )

A.M.R.P. BOPEGEDERA, F.S. PIANALTO, P.C. KELLER and P.F. BERNATH

The calcium borohydride molecule was synthesised in the gas phase by the

reaction of calcium vapor with diborane (82H6 ). The low resolution analysis

performed in our laboratory suggests that CaBH4 molecule is a symmetric top

with C3v symmetry. The A2AI-X 2A1 and 82 E-X2A, transitions were observed and

some vibrational frequencies were obtained from these low resolution spectra.

A high resolution analysis of the 82 E-X2A, transition was undertaken with

the view of obtaining a better understanding of the geometry of CaSH 4 . Two

dye lasers were used to record these high resolution spectrat a broad band (1

cm- 1 ) dye laser to ercite the 3P1-
150 atomic line of caltum (at 6573 A) and a

computer controlled Coherent 699-29 ring dye laser to excite the 62 E-X2A1

electronic transition of CaBH4.

The excitation spectra of the 82EII 2 -X
2A, and 82E3/2-X

2 At spin components

were recorded by scanning the frequency of the ring laser over a wide region.

Several bandheads separated from each other by a few wave numbers were

observed in the excitation spectra of both spin components. The analysis of

these band heads however proved to be complicated. To date, four of the band

heads (three from the 2 EI/ 2 -
2A1  component and one from the 2E3/2-2A!

component) have been Investigated. The spectra resemble those of a symmetric

top molecule. However, our initial attempts to fit the rotational line

positions of the individual sub-bands to a 2 _-2 Z+ Hamiltonion were not

successful. These initial fits indicate that the electronic states of CaBH4

are strongly perturbed. The origin or the nature of these perturbations,

however, have not yet been ascertained. This project is under investigation

and the results will be presented at the conference.

Address of Bopegedera, Pianalto, Keller and Bernath: Department of Chemistry,

University of Arizona, Tucson, AZ 85721.
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TH ( 1:30)

STIMULATED EMISSION POLARIZATION SPECTROSCOPY

D. Frye, H. T. Liou and H. L. Dai

A polarization detection method was demonstrated for Stimulated Emission
Spectroscopy (SES) in the study of the vibration-rotation levels of XIAg
glyoxal. The polarization methods allowed detection of a stimulated emission
signal as small as 10-B of the stimulating laser intensity, while the laser
pulses had I0% fluctuation in intensity. Analysis of the intensity and the
polarization of the stimulating photons unambiguously showed that the
observed spectral lines resulted from a stimulated emission process.

The vibrational term value of the v2 = 2 CO stretch level was measured to
be 3473.220.2 cm-1, and the vibrational constants for the i/ mode were
determined as co = 1745.8(5) cm

-
1 and X 2 2 = -4.6(5) cm -

1. It was observed
that the Ka : 0 rotational levels are perturbed by an a-axis Coriolis coupling.
Only the B and C rotational constants are accurately determined as 0.1584(8)
and 0.1500(10) cm

-
1.

Address: Chemistry Department, University of Pennsylvania
Philadelnhia. PA l9104-6323.

lt12. 1:47)

VIBRATION-ROTATION SPECTROSCOPY BY STIMULATED EMISSION PUMPING IN A SUPERSONIC

BEAM: a-AXIS CORIOLIS COUPLED v,=l and v8 =1 LEVELS OF XRAg GLYOXAL

D. Frye, L. Lapierre, and H. L. Dai

Rotational cooling in a supersonic expansion combined with the
rotational-level selection in stimulated emission pumping allowed vibrational
levels of medium-size molecules to be studied with single rotational-level
resolution and selectivity. We have shown that the vibration-rotation spectra
of XIAg glyoxal can be obtained at sub-mTorr pressure and 0.04 cm'
resolution.

As a demonstration, the v 4 =1 C-C stretch and v.=l CH wag levels were
studied. The vibrational term values were determined as 1065.78 and 1048.08
cm -

1, respectively. The greatly reduced rotational congestion in the spectra
makes the assignment straightforward. In addition to the determination of
their rotational constants, it was found that the two vibrational levels are
strongly coupled to each other through an a-axis Coriolis coupling.

Address: Chemistry Department, University of Pennsylvania
Philadelphia, PA 19104-6323.

T113. (2:04)

SELECTIVE EXCITATION AND SPECTROSCOPY OF HIGH VIBRATIONAL LEVELS OF aA, CH2

BY STIMULATED EMISSION PUMPING

W. Xie, A. Ritter, and H. L. Dai

Using stimulated emission pumping with two laser pulses, we have shown
that high vibrational levels of a short-lived radical can be studied, and a
large population can be prepared at a single, selected, high vibration-rotation
level. The first demonstration was performed on the v 2 =3 level of a

1
A1 CH2 .

The methylene radical was produced by photolysis of the ketene molecule.
The pump laser pulse excites the b -- a 2o" transition and the dump laser
stimulates emission through the a 4- b, 24' transitions.

In addition to the determination of molecular constants, the
double-resonance technique will enable us to determine whether the
singlet-triplet coupling that prevails in the a -+ b transitions originates in
the i or b state. The double minima in the bending potential can also be
characterized.

Address: Chemistry Department, University of Pennsylvania
Philadelphia, PA 19104-6323.
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TH4. (2:21)

VAN DER WAALS VIBRATIONAL LEVELS OF THE GLYOXAL(X'Ag).Ar COMPLEX OBSERVED BY

STIMULATED EMISSION SPECTROSCOPY

D. Frye, P. Arias and H. L. Dai

Vibrational levels in the van der Waals intermolecular potential of the
glyoxal(XIAg)'Ar complex were directly observed by stimulated emission
spectroscopy. These van der Waals vibrational levels can be assigned to the
fundamental and overtone levels of the Ar-glyoxal stretching and the two
bending modes. These van der Waals vibrational levels will allow us to model
the intermolecular potential with previously unattainable accuracy.

The stimulated emission spectroscopy may also be used to study all the
vibrational levels in the X state with nonvanishing Franck-Condon factors from
the electronic excited state with 0.04 cm - 1 resolution. The width of single
rotational lines of three glyoxal vibrational levels were determined to be -0.2
cm ~1 for the 41 and 8, levels and (0.04 cm- ' for the 5, level. These widths
arise from vibrational predissociation of the complex.

Address: Chemistry Department, University of Pennsylvania
Philadelphia, PA 19104-6323.

Ti 5. (2:38)

VIBRATIONAL STUDIES OF ELECTRONICALLY EXCITED STATES BY FLUORESCENCE EXCITATION
IN A SUPERSONIC JET

M. HUANG, C. M. CHEATHAM, J. LAANE

A Nd:YAG laser is combined with a harmonic generator, pulsed dye laser and
wavelength extender to produce a tunable output beam from 217 to 690 nm. The
sample is passed through a pulsed valve into a vacuum chamber to form a
supersonic jet which intersects the laser. The emitted fluorescence is
collected using an ellipsoidal mirror and focused onto a photomultiplier tube.
A computer is used to control the stepping of the laser frequency and the data
collection from the boxcar which integrates the p,,lsed fluorescence signal.

In a supersonic jet, the excitation transitions originate almost
exclusively from the vibrational ground state, thus simplifying the analysis.
The high resolution of the laser allows us to tune through the rovibrational
states to determine the vibrational potential energy surface in the electronic
excited state. In preliminary work, we have recorded the fluorescence
excitation spectrum of iodine and found a vibrational temperature of less than
50 K. Current work is underway on molecules with conformationally significant
vibrations in the electronic excited state.

Address: Department of Chemistry, Texas A&M University, College Station, Texas
77843.
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I Ho. (3:05)

CJRVE FITTING MODEL FOR FOURIER TRANSFORM INFRARED SPECTROSCOPY

H.-H. NAM and G. E. LERCI

While dispersive infrared spectrophotometers are being replaced by more
powerful Fourier transform spectrometers, many methods of data manipulation
(e.g., derivative, area integration, curve fitting) and their interpretation are
L-ing accomplished without proper attention being paid to the attendant differ-
ences in data collection. Although it is well understood that the band shapes
of FTIR spectra are altered by the use of apodization functions, no quantitative
studies of these effects have been reported

We will discuss the alteration of the Lorentzian line shape when it is
convoluted with the widely-used instrumental line shape functions. Tt will be
shown that the experimental band shape depends on the resolution of a spectrum,
the half-width and the choice of apodization function. Quantitative criteria
for the curve fitting of Fourier transformed infrared spectra will be suggested,
based on an analytical formul , and demonstrated by synthetic and real spectra.
Thps guidelines at- prticularly important when curve fitting is to be used to
extract area ratios between overlapped peaks.

Address of Authors: Department of Chemistry, Michigan State University,
East Lansing, MI 48824

fh7. (3:22)

THE INERTIAL DEFECTS OF VIBRATIONALLY EXCITED ORTHO-RHOMBIC MOLECULES AS

SOURCE FOR INFORMATION ON HARMONIC FORCE FIELDS: CALCULATIONS ON 1,1 DI-

FLUOROETHYLENE

Dines CHRISTEN and Otto L. STIEFVATER

It is well known that the inertial defect of planar molecules is a (weak)
function of the harmonic force field only. For non planar molecules there
is no such relationship, but for ortho-rhombic molecules (planar or non
planar), the harmonic contribution to the inertial tensor of vibrational-
ly excited states are all diagonal, and the first inertial derivatives, ar
(proportional to the anharmonic contributions) only posses diagonal ele-
ments different from zero in the totally symmetric states (where all off
diagonal elements are zero) and at most one off diagonal contribution in
each non totally symmetric state (where diagonal contributions are zero).
Thus for vibrationally excited, non totally symmetric states, the diffe-
rence between the inertial defect in an excited and the ground state, is
purely harmonic.
The data from the rotational spectra of 18 different excited states of
1,1 Difluoroethylene will be used in a recalculation of the harmonic
force field.

Adress of Christen: Inst. fdr Physikalische & Theoretische Chemie, Univer-
sitdt Tfibingen, D-7400 Tbingen, B.R.D.

Adress of Stiefvater: Adran Cemeg, Univ. Coll. North Wales, Bangor, Wales
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U1. (3:39)

LOW FREQUENCY VIBRATIONAL SPECTRA AND TWO-DIMENSIONAL VIBRATIONAL POTENTIAL
ENERGY SURFACES OF SILACYCLOPENTANE AND 1,3-DISILACYCLOPENTANE

L. F. COLEGROVE J. C. WELLS, and J. LAANE

The far-infrared spectrum of silacyclopentane-l-dl, h.,-. been re-.rded and
used along with the infrared and Raman data for the do and d2 molecules to
determine the two-dimensional vibrational potential energy surface in terms of
the ring-bending and ring-twisting coordinates. Appropriate kinetic energy
expansions were calculated for each vibration and each isotopic species. 1,3-
Disilacyclopentane has been synthesized and its far-infrared -pectrum has been
recorded. The analysis of the data for this molecule and the 1,1,3,3-d 4
species in terms of a two-dimensional surface is underway.

Address of Authors: Department of Chemistry, Texas A&M University, College
Srarion, Texas 77843.

Ul'). (3:51)

PSEUDOROTATIONAL POTENTIAL FUNCTIONS AND ENERGY LEVELS FOR SPIRO COMPOUNDS

M. B. KELLY and J. LAANE

Spiro compounds containing two identical joined rings which can undergo
ring-puckering vibrations are expeected to have two-dimensional potential
energy surfaces of the form

V.- a(x' + X4) + b(X2 + X2) + CX2X2,

where x, and x2 represent the ring-puckering of the individual rings and where
a, b, and c are the potential constants. When the value of the interaction
constant c approaches twice the value of the quartic constant a, the potential
funciton and the energy levels approach those of a free pseudorotor. The
calculaitons are such systems will be discussed.

Address of Kelly and Laane: Department of Chemistry, Texas A&M University,
College Station, Tx 77843

THIO. (4:08)

INTERNAL ROTATION OF CYCLOPROPYLGERMANE AND CYCLOPROPYLSILANE-d 3

M. B. KELLY, M. DAKKOURI, and J. LAANE

The mid-infrared combination band spectra resulting form the internal
rotation of the GeH3 group of cyclopropylgermane and the SiD 3 group of
cyclopropylsilane-d 3 have been recorded in the Ge-H and Si-D stretchin
regions, respectively. The barrier to internal rotation of 650 cm
determined for the deuterated silane agrees well with the value for the
undeuterated species and is higher than might be expected based on data for
silylalkanes. This reflects an apparent interaction between the cylopropyl
ring and the silicon atom. The barrier of 455 cm

-
1 determined for the

cyclopropylgermane is similar to values previously determined for other
organogermanes.

iJ. Laane, E. M. Nour, and M. Dakkouri, J. Mol. Spectrosc. , 102, 38

(1983).

Address of Kelly and Laane: Department of Chemistry, Texas A&M University,
College Station, Tx 77843

Address of Dakkouri: Department of Chemistry, UniversitAt Ulm, West Germany



(IIIl. (4:25)

ASYMMIETRIC TOP CONTOUR SIMULATION AND VIBRATIONAL SPECTRA OF ISOPROPYL FORMATE

R. S LEE, J. LA'ANE, and B. J. VAN DER VEKEN

Isopropvl formate and four isotopically deuterated derivatives have been

svnth-sized. The vapor, liquid, and solid l(amorphous and crystalline)

infrared (25-IO.(O0 cm" ) and Raman (10-4000 cm ) spectra have been recorded

and interpreted for all five compounds with attention given to the presence of

one or more conformers. Low temperature mid-infrared polarization experiments

we.re used to facilitate assignments of various bonds. Previous investigations

have suggested that the dominant conformer has a structure in which the COCH

torsional angle is approximately 40'. Using asymmetric top theory, the vapor

phase contours for the carhonyl stretch of the d o compound and the isolated

isopropvl C-H stretch of the d 7 compound were simulated. These contours were

compared to experiment in order to determine the identity of the conformers

present in the vapor phase.

A.ddress of Lee and Lane: Department of Chemistry, Texas A&M University,

College Station. TX. 77840

Address of Van der Veken: Laboratorium Anorganische Scheikunde, Universiteit

Antwerpen, Rijksuniversitair Centrum Antwerpen, Groenenborgerlaan 171, 2020

Antwerp

FlI 1-. (4:42)

APPLICA.IONS OF MOLECULAR MECHANICS TO THE CONFORMATIONAL ANALYSIS OF RING

MOLECULES

R. S. LEE. C. COOPER, and J. LAANE

Molecular mechanics (IM2) methods have been used to predict the

structures and to calculate the barriers to planarity and pseudorotation for

twenty-three small ring molecules and eight bicyclic molecules. In the case

of four- and pseudo-four membered rings (five membered rings with a double

bond), molecular mechanics does reasonably well in predicting barriers to

planarity. For five-membered rings with pseudorotation, molecular mechanics

correctly predicts the preferred equilibrium conformation (C2 , C., or planar)

and also does reasonably well in predicting the barriers to planarity and

pseudorotation. Potential functions and geometries were also calculated for

the bicvclo[3.l.O]hexanes and bicyclo[3.2.0]hepta-6-enes as well as for indan

and phthalan.

Address of Lee, Cooper and Laane: Department of Chemistry, Texas A&M

University, College Station. TX 77843

III 13. (4:59)

VIBRATIONAL SPECTROSCOPY AND POTENTIAL ENERGY SURFACES FOR THE OUT-OF-PLANE

MOTIONS OF CYCLOHEXENE AND SOME ANALOGUES

J. LAANE, V. E. RIVERA-GAINES, and M.M. TECKLENBURG

Cyclohexene, three of its deuterated derivatives, silacyclohex-2-ene, and

5,6-dihydrothiopyran have been synthesized and the far-infrared and Raman

spectra hav? been recorded. A series of bands assigned as the ring-bendig

(90-180 cm ), ring-twisting (230-300 cm ), and combinations ( 80-120 cm-)

were observed for each molecule, Expressions for calculating the kinetic

energy :,pansions for the bending and twisting vibrations of the six-membered

rings were developed. Molecular mechanics calculations were used to make

initial estimates for the barriers to conformational interconversion. A two-
dimensional analysis for the ring-bending and ring-twisting modes was carried

out and the potential energy surface for each molecule was calculated. The

twisted (half-chair) conformation was found to be the loweyt in energy in each

case with a barrier to planarity of approximately 3000 cm-

Address of Laane and Teckienh,,r)L: Department of Chemistry, Texas A&M

University, College Station, TX 7 .3

Address of Rivera-Gaines: Bristol-Meyers USBNG, Evansville, IN 47721
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(1:30)

THE OVERTONE SPECTROSCOPY OF HYDROGEN PEROXIDE ON A MOLECULAR BEAM

C. DOUKETIS AND J.P. REILLY

The 4 - 0 stretching overtone region of H2 02 is investigated

via Doppler limited photoacoustic spectroscopy in the bulk gas

and also by high resolution (5 Mhz) molecular beam spectroscopy.

The latter is done using a frequency stabilized ring dye laser

that is injected into a high finesse Fabry-Perot cavity that

flanks the molecular beam. Vibrational excitation imparted to

the beam is detected with a liquid helium cooled bolometer. More

than 130 isolated transitions are observed on the molecular beam

leading to a full analysis of the overtone transition.

Address of Douketis and Reilly: Department of Chemistry, Indiana
University, Bloomington, IN 47405

(1:47)

THE FUNDAMENTAL AND OVERTONE SPECTROSCOPY OF PYRROLE IN THE BULK
GAS AND IN A MOLECULAR BEAM

C. DOUKETIS AND J.P. REILLY

The N-H stretching fundamental in the heterocyclic molecule

pyrrole (C4 H4 NH) is examined at high resolution (1 Mhz) on a

molecular beam. The molecular beam passes across a laser beam

from a single frequency color center laser and the vibrational

energy that is imparted is detected with a low temperature

bolometer. Fully resolved molecular beam spectra are compared

with Doppler limited room temperature results and with

theoretical simulations. Applications of this method to large

molecule infrared spectroscopy are discussed. In the bulk gas

the 4 - 0 overtone is observed but it has not been detected on

the molecular beam. Some reasons for this surprising result are

proposed.

Address of Douketis and Reilly: Department of Chemistry, Indiana
University, Bloomington, IN 47405
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T13. (2:04)

OBSERVATION OF A NEW RO-VIBRONIC BAND OF OOH FREE RADICAL
GENERATED FROM H2 02 DECOMPOSITION ON GLASS SURFACES

C. DOUKETIS AND J.P. REILLY

A new ro-vibronic band of OOH free radical near 760 nm has

been detected using intracavity photoacoustic spectroscopy. The

transition is believed to populate a highly vibrationally excited

level in the 2 A' electronic manifold. A computer simulation of

the rotational structure unambiguously assigns the spectrum.

Suggestions are made as to the way in which OOH is formed. It is

found that the free radical is completely absent in the presence

of oxygen in spite of the fact that a reaction between OOH and 02

is not known.

Address of Douketis and Reilly: Department of Chemistry, Indiana
University, Bloomington, IN 47405

T14. (2:21)

Velocity Slip in Ultra-cold Molecular Beams

James M. Wilkinson, Clayton F. Giese, and W. Ronald Gentry
(1)

Recent experiments performed in this laboratory have shown that submillikelvin
translational temperatures are accessible in a pure helium expansion. Since the
experimental apparatus is somewhat unique an overview of the apparatus will be presented
along with the results of an experiment to measure the velocity slip of noble gasses mixed
with helium. If the velocity slip goes to zero in the limit of infinitive dilution then a
method for testing the Wigner Threshold Laws

(2 ) 
might become available.

IJue Wang, Vasgen A. Shamamian, Bruce R. Thomas, James M. Wilkinson, Joelle Riley, Clayton
F. Giese, and W. Ronald Gentry, Phys. Rev. Lett. 60, 696(1988)
2 E. P. Wigner, Phys. Rev. 73, 1002(1948)

Address for Wilkinson, Giese, and Gentry: Chemical Dynamics Laboratory, University of
Minnesota, 207 Pleasant Street S.E., Minneapolis, Minnesota 55455
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rI*5 (2: 38)

A-DOUBLING TRANSITIONS OF METAL OXIDES MEASURED BY MODR: CUO

T.C. Steimle. W.-L. Chang and D.F. Nachman

The sensitivity of the microwave-optical double resonance (MODR) technique has made
it possible to record the spectra of transient chemical compounds in both their ground and
excited electronic states. Although the majority of the measured microwave(or rf) transitions
involve strong electric dipole allowed transitions between rotational levels, both magnetic
dipole allowed and weakly electric dipole allowed A-doubling transitions have been recorded.

A previous limitation in applying the technique to molecules produced in high
temperature environments has been designing an effective method of simultaneously
introducing the laser and low frequency microwave or rf radiation. This limitation precluded
measuring A-doubling transitions in many metal containing compounds.

Here we report on a method for measuring the low frequency transitions by MODR
using a tri-plate transmission line for the introduction of the rf radiation. The X2 l /;
(J = 1.5) A-doublet transition of gas-phase copper monoxide. CuO. has been recorded. The
measured tranlition frequencies were merged with previous rotational transition
measurements' and an improved set of spectroscopic parameters were obtained. The results
of these experiments will be discussed.

I M.C.L. Gerry, AJ. Merer, U. Sassenberg and T.C. Steimle. 86 4754 (1987).

Address: Chemistry Department, Arizona State University, Tempe, Arizona 85287

TI6. (2: 50)

ELECTRONIC PROPERTIES OF GAS-PHASE COPPER MONOSULFIDE

T.C. Steimle, W.-L. Chang and D.F. Nachman

Numerous branch features in the A2 Z(v=0) -X2 11(v=0. 1) band systems of gas-phase
copper monosulfide, CuS, have been investigated at sub-doppler resolution using the
technique of intermodulated fluorescence. A line width of < 50MHz (FWHM) has been
achieved and at thi;jesolution the magnetic hyperfine splittings of the optical branch features
resulting from the 0 -'Cu(I=3/2) nuclear spin are observed.

The high resolution spectra has been analyzed using an effective hamiltonian approach
and the magnetic hyperfne paraneters have been interpreted in terms of possible electronic
configurations for the ALE and X'n states. A comparison to the results of the sub-doppJer
measurements of the analogous states in CuO I and the doppler limited results for CuS 2 has
been gade. Attempts have been made to measure the permanent electric dipole moment of
the X In state. The results of these experiments will be discussed.

F Steimle and Y. Azuma, J. Mol. Spectrosc. 118, 237 (1986).
2 F. David, M. Douay and Y. Lefebvre, J. Mol. Spectrosc. 112, 115 (1985).

Address: Chemistry Department, Arizona State University, Tempe, Arizona 85287

TI7. (3:15)

INFRARED SPECTROSCOPY IN SLIT SUPERSONIC EXPANSIONS

C. M. LOVEJOY, A. MCILROY, AND D. J. NESBITT

A 50 cm absorption pathlength, 40 MHz sub-Doppler linewidths, 5 K rotational temperatures,

10
1

/cm
3 

number density, and detection limits of 5 x 10 molecules/cm
3
/quantum state for direct

absorption: these are the advantages of spectroscopy in a slit supersonic expansion. A system is

described which includes a 200-1000 psec duration, 60 Hz repetition rate pulsed valve with a 4 cm

long by 75 pm wide slit nozzle and multipass optics. Examples are presented from the near-IR
(2-4 pum) spectra of hydrocarbons and van der Waals complexes.

Address of Lovejov. Mcllroy. and Nesbitt: Joint Institute for Laboratory Astrophysics, National
Bureau of Standards and University of Colorado, Boulder, CO 80309-0440
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I..18. (3:32)

EXTENDED INFRARED STUDY OF ArOF

C. M. Lovejoy AND D. J. NESBITT

Recent improvements in sensitivity have permitted us to extend previous(1
,
2) infrared studies

of AiHF to encompass all of the low-frequency (- 75 cm
-

) bending and stretching vibrations of

the excited HF(v-1) potential surface. Accurate vibrational term values, and rotational and

centrifugal distortion constants are now known for the ground state (0000), the van der Waals

stretch (0001), the HF stretch (1
0
0), and combinations of the HF stretch with the van der Waals

stretch (1001), the Z bend (1200), the H bend (11
1
0), and the van der Waals stretch overtone

(1002), listed in order of increasing energy.

1C. M. Lovejoy, M. D. Schuder and D.J. Nesbitt, J. Chem. Phys. 85, 4890, (1986).
2
G. T. Fraser and A. S. Pine, J. Chem. Phys. 8 2502, (1986).

Address of Lovejoy and Nesbitt: Joint Institute for Laboratory Astrophysics, National Bureau of

Standards and University of Colorado, Boulder, CO 80309-0440

T 19. (3:49)

J-DEPENDENT VIBRATIONAL PREDISSOCIATION IN NeHF

C. M. LOVEJOY AND D. J. NESBITT

The weakly bound complex NeHF is observed for the first time. Infrared absorption spectra are
obtained and analyzed for the HF stretching fundamental and for the I1 bend combination band. The
combination band is approximately an order of magnitude more intense than the fundamental,
signalling nearly free internal rotation of the HF subunit within the complex. There are three
bending states which correlate with j-1 HF rotation in the free molecule limit; the three states
have widely different rotational predissociation rates. Predissociation of the Hf levels of the
perpendicular bend is symmetry forbidden at these vibrational energies, and indeed the Q branch
transitions which access those states exhibit lifetimes of 25 nsec, i.e. in excess of the
instrument resolution. In contrast, J-dependent lifetime broadening is observed for The P and R
branch transitions which access the He levels of the perpendicular bend; predissociation
lifetimes range from 2.7 nsec for J'-I to 0.3 nsec for J'-5. This is discussed in terms of
Coriolis mixing of the He levels with the Z bend, which is not directly observed but which is
inferred to have a predissociation lifetime of : 8 psec. Scattering calculations' on a recently
obtained ab initio potential energy surface

2 
predict the observed results nearly quantitatively.

ID. C. Clary, S. V. ONeil, C. M. Lovejoy, and D. J. Nesbitt, to be published.
2S. V. ONeil, H.-J. Werner, and P. Rosmus, J. Chem. Phys. (submitted).

Address of Loveioy and Nesbitt: Joint Institute for Laboratory Astrophys
4
cs, National Bureau of

Standards and University of Colorado, Boulder, CO 80309-0440



133

(4:06)

-'NPI I F1 A't) MARK: ilI:

In ie rapidly growin I ild ot hig h resolution infrared spectroscopy of van der Waads
leomplexes. one otten obtains a wealth of rotational information for a single vibrational state.

A now RKR based method' is described tot extracting one dimensional potentials via inversion of
hini precision data on rotational energy levels alone. This method proves remarkably successful
. quantitativelv reproducing intermolecular potentials from rotational data for i) weakly bound

n model van der Waals complexes) and ii) strongly bound (e.g. v-0 rotational levels of H2
>r iolecuLes.

IM. S. Child and D- J. Nesbitt, Chem. Phvs. Lett- (in press).

Aidress of Nesbitt and Child: Joint Institute for Laboratory Astrophysics, National Bureau of
Standards and University of Colorado, Boulder, CO 80309-0440

(4:23)

::.: M.I'O),:ULAPR POTENTIAL SURFACE FOR Ar + HF(v=l) FROM HIGH RESOLUTION INFRARED MEASUREMENTS

."!,IKIT, CtHRISTOPHER M. LOVEJOY AND MARK S. CHILD

High resolution infrared data obtained for three vibrational bands in ArHF complexes (the HF
Zundamental, and combinations with both parallel and perpendicular HF bends) provide detailed
rotational data for each of three different bending states of the internal HF(v-l) rotor. We
describe a straightforward and accurate extension of the rotational RKR method' to invert these
data and obtain the potential energy surface for Ar + HF(v-l) as a function of R (Ar-HF
internuclear separation) and 9 (HF bend angle). The accuracy of this surface is tested by full
close coupling calculations, and comparison with experimentally observed rovibrational
eigenvalues.

'M. S. Child and D. J. Nesbitt, Chem. Phys. Lett. (in press).

Address of Nesbitt. Lovejoy and Child: Joint Institute for Laboratory Astrophysics, National
Bureau of Standards and University of Colorado, Boulder, CO 80309-0440

11]2, (4:40)

ABSOLUTE INFRARED ABSORPTION INTENSITIES FOR OH X
2
H (v=1.O)

ARAM SCH!FFMAN, DAVID D. NELSON, AND DAVID J. NESBITT

The OH radical is of keen interest in many processes, including combustion, participation in
atmospheric chemistry, and contribution to the infrared night glow. Knowledge of infrared
transition moments allows the possibility of determining stratospheric OH concentrations from the
strong "Meinel bands" emitted by OH. We have measured integrated line strengths for rotational
lines in OH X n (v=1O) via infrared laser light absorption. The OH radicals were produced by
photolysis of HNO 3 with a 193 nm excimer laser; the transient species were probed with a single
frequency, continuously tunable, stabilized color center laser. The absorptions were monitored as
functions of time to determine peak cross sections, and of frequency to obtain the integrated
linestrengths.

Address of Snhiffman. Nelson, and Neshitt: Department of Chemistry and Biochemistry, University
of Colorado, and Joint Institute for Laboratory Astrophysics, National Bureau of Standards and
University of Colorado, Boulder, CO 80309-0o4



(4: 57)

VISBATIONAL MIXING AT THE C-H STRETCH EXCITED LEVEL IN SMALL HYDROCARBONS

A. ML1.QOY AND D. J. NESBITT

C-H stretch infrared spectra of selected hydrocarbons containing from one to six carbons have
been recorded in a slit supersonic expansion with a difference frequenec laser spectrometer.
Rotational temperatures of 5 K and sub-Doppler linewidths of 0.0013 cm-" were observed for small
hydrocarbons such as methane, ethane, and cyclopropane. For larger hydrocarbons, particularly
linear chains with low frequency bending and torsion modes, the spectra are qualitatively
different as a result of intramolecular coupling of rovibrational levels. Despite the extremely
low rotational and vibrational temperatures, excess spectral structure is observed as a function
of molecular complexity and state density that varies systematically from isolated perturbations
to complete loss of resolvable structure. Analysis of the spectra provides information on the
number of strongly mixed vibrational levels as well as estimates of the cel ing strengths.

Adaress of MeTlrny and Nesbitt: Department of Chemistry and Biochemistry, University of Colorado,
and Joint Institute for Laboratory Astrophysics, National Bureau of Standards and University of
Colorado. Boulder. CO 80309-0440
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(9:03)

FOURIER TRANSFORM (INTERFEROMETRIC) NONLINEAR SIECTROSCOPIES

PETER NI, FELKER

Results that demonstrate interferometric versions1 .2 of coherent Raman spectroscopy3 and
stimulated emission pumping spectroscopy 4 are presented.

The achievement of high spectral resolution in nonlinear spectroscopies can place stringent
demands oi- laser light sources. When spectral resolution in a nonlinear spectroscopic experiment
depends on excitation source bandwidths, one must have the capability of producing narrow
bandwidth light with sufficient intensity to drive the nonlinear process of interest. This can lead to
significant complexity in performing an experiment. Nonlinear interferometric techniques, analogs
to linear interferometric methods such as Fourier transform infrared absorption spectroscopy,
obviate the need for narrow bandwidth excitation light in high resolution experiments. Thus, the
techniques allow the use of relatively easy-to-use, "broad-band", high power lasers in such
exneriments.

This talk will encompass the following: (1) an outline of the principles of nonlinear
interferometric techniques, (2) a presentation of experimental results on jet-cooled and gaseous
samples that show the high resolution capabilities of such techniques, and (3) a discussion of the
advantageous features of the interferometric methods.

7G. V. Hartland and P. M. Felker, J. Phys. Chem. 91, 5527 (1987).

2P. M. Felker, B. F. Henson, T. C. Corcoran, L. L. Connell, and G. V. Hartland, Chem.
Phys. Lett. 142, 439 (1987).

3 See, for example, M. D. Levenson, Introduction to Nonlinear Laser Spectroscopy (Academic,
New York, 1982).

4 D. E. Reisner, P. H. Vaccaro, C. Kittrell, R. W. Field, J. L. Kinsey, and H.-L. Dai, J.
Chem. Phys. 77, 593 (1982).

Address of Felker: Department of Chemistry and Biochemistry, University of California, Los
Angeles, California 90024-1569.

RA ',. (9: 19)

FTIR Studies of Wood Chemistry

N.I.. Owen W.B. Banks and H. West

We are using FTIR methods to help distinguish between different types of
and to follow chemical changes that occur in the wood polymers.
Using diffuse reflectance techniques on solid wood samples. "hard" and

'r;oit" timbers may be distinguished quickly and conveniently. We have also
tLdied reactions of reagents such as alky! isocyanates which impart a

p -rmanentlv bonded hydrophobic layer onto the wood surface. From our FTIR
'-,r,,iies carried out on thin slivers of scots pine, we were able to deduce a
react ion profile for the scheme:

0

R-NCO + H-O-Wood - R-N-C-O-Wood

H

,nd consequently distinguish between surface and bulk reaction. The formation
,f an allophanate ',por cxtcnsive reaction of the isocyanate can also be
de.ected from the spectra. I.R. work on the powdered samples of isolated
ligrin and hole-cellulose show that the rate and extent of reaction with
istoc-,anate is different for the two components.

-'Atdress of Owen: Chemistry Department, Brigham Young University,

Provo, Utah 84602

Address of Banks & West Wood Science Department, University College of North
Wales, Bangor, U.K.
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R..4. (1): 10 )

BEND-STRETCH INTERACTIONS IN THE CH OVERTONE SPECTRUM OF ACETYLENE
BRIAN C. SMITH AND JOHN S. WINN

High resolution FTIR spectra of C2H2 have been obtained from 1800 to 12,000 cm -
. Over 1600

rovibrational transitions belonging to 30 vibrational bands were assigned and analyzed yielding band origins and
rotational constants. Band centers were used to calculate various stretch/stretch and bend/stretch anharmonic coupling

constants. Several resonances of the type between v3 and (v2 + V4 + v5)O were analyzed, and an unperturbed value of
v3 was determined. This was combined with other data to obtain cim, x,, and X in the local mode basis. X, k relations
were imposed to yield the normal mode constants for v, and v3. Treatment of Darling-Dennison resonances in the first
two overtone manifolds led to reassignments of previously reported spectra and to the discovery of a Fermi resonance

involving overtones of v3 and states containing v1, V2, and 2V4
0. Calculated rotational constants and intensity data

confirm the assignments and interactions treated in the vibrational analysis. Treatment of these resonances significantly
improves the agreement between calculated and observed transition wavenumbers, providing a coherent picture of

acetylene C-H stretch dynamics below 12 000 cm - .

Department of Chemistry, Dartmouth College, Hanover, NH 03755

RA5. (9:40b)

ANALYSIS OF WEAKER BANDS OF ACETYLENE IN THE I I rm REGION

M. HERMAN. T.R. HUET and M. VERVLOET

The absorption spectrum of C2H2 was recorded in the 1.1 lrm region with a Fourier Transform

Spectrometer at a resolution of 0.01 cm - 1 In addition to the bands already analyzed in the
literature(1), a few weaker bands are observed. Preliminary results concerning the rovibrational

analysis and intensity studies will be reported.

( I ) S.Ghersetti, J.E.Adams and K.N.Rao, J. Mol. Spectrosc. 64. 157-161 (1977).

Address of Herman and Huet : Laboratoire de Chimie Physique Moleculaire - CP. 160, Universite Libre
de Bruxelles, Faculte des Sciences, 50,av.F.D. Roosevelt, B-1050 Bruxelles, Belgium.
Address of Vervloet : Herzberg Institute of Astrophysics, National Research Council,
K I A OR6 Ottawa, Canada.

RA6. (9: 52)

SPECrOC.P....:f§ OCo:;ufG:T: OF ,7 DERIVEBD roo mo TH OPv AL~i
F: ,,, THE P"C'TRAL ES 9

D. CHRIS BENN7FF, V. MALATEY DEVI, GUY GUELACHVILI AE!D K. :;AEJPAAO! RAO

Spectroscoric constants for carbon iisolfiie have been derived from mole.-dor oconstonts
obtaine! from oar analysis of over 30 bands of C.2 in the 1500 cm-

I 
esera. reior.. -he

experimental data were obtained with both a hi', h information Fourier transform scectromoter
qnd a tunable diode laser spectrometer system. The tunable ieiode laser s50t-, in2lu.ceJ
several scans with a "O. enriched sample in aidition to those obtained withi a nataral
sample. The res.lts obtained will b compared with reviously pbli ishevi les.

Address of Benner and Malathy Devi: Physics Department, (:olleee of Willii.m .',r
Williw,sburg, VA 23195.
Address of Guelachvili: Laboratoire d'Infrarouie, Universit6 de Uaris-o , Asoi6 a,
Orsay Cedex, France.
Address of Narahari Rao: Derartment of Physicsr, Ohio -tate University, i. W. ith A.e, ..o.
Columbus, OH 43210.
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RA7. ( 10:03)

INFRARED DIODE LASER SPECTROSCOPY OF NaCl

H. UEHARA, K. HORIAI, K. NAKAGAWA, T. KONNO, AND T. FUJIMOTO

A heat-pipe high temperature cell was incorporated into an optical system
of a tunable diode laser spectrometer which covered an infrared range of 350-
800 cm - I . The heat-pipe cell was made of an alumina tube and was similar in
construction to that used by Maki et al. 1

Vibration-rotation spectrum of NaCl was observed in the gas phase under
temperatures of 1153-1223 K. The spectral lines in the region of 365-390 cff.- I

were measured. The analysis of the v=l-0, 2-1, 3-2, and 4-3 bands of Na 3 5 CI
has yielded accurate values of e, -eXe, and -eye, the former two of which are
in excellent agreement with those derived in a millimeter-wave molecular-beam
study.

2

Under the high temperature, a small amount of H2 0 which could not be
removed from the sample gas reacted wifh NaCl to have yielded the spectrum of
NaOH. Some results of the spectra of NaOH and a related molecule of LiOH will
be shown.

1G. Thompson, A. G. Maki, and A. Weber, J. Mol. Spectrosc. 118, 540 (1986).

2P. L. Clouser and W. Gordy, Phys. Rev. A 134, 863 (1964).

Address of Uehara, Horiai, Nakagawa, and Konno: Department of Chemistry,
Josai University, Keyakidai, Sakado, Saitama 350-02, Japan.
Address of Fujimoto: Research Institute for Catalysis, Hokkaido University,
Kita-Ku, Sapporo 060, Japan.

R A . (10:30)

INFRARED SPECTRUM OF THE 1'3 BAND OF CH+AND ISOTOPIC SPECIES

M.-F. JAGOD, B. D. REHFUSS. M. W. CROFTON. F. SCAPPINI, and T. OKA

We have extended up to J= 24 the assignment of the V/3 fundamental vibration-rotation band ofC 2H+( 2ll.)
reported last year. 1.2 Because the upper state is severely perturbed above J=10, the assignment was completed
by P-R combination-differences and chemical discrimination from other hydrocarbon species. We have also
assigned the v3 band of '3C2H+. These ions were observed using a difference frequency spectrometer and
detected by velocity modulation. Both ions were produced in a water-cooled AC glow discharge with a gas
mixture of He : H2 : C2H2/' 3 C2 H2 or in a liquid nitrogen-cooled discharge of He : H2 : CH 4 / '3CH4 (700:20:1)
with a total pressure of ; 6 torr. Our attempt to observe HCCD+ is in progress.

IM. W. Crofton, M-F. Jagod, B. D. Rehfuss, and T. Oka, J. Chem. Phys., 86, 3755(1987).
2M.-F. Jagod, M. W. Crofton, B. D. Rehfuss, and T. Oka, paper ME16, 42nd Symposium on Molecular
Spectroscopy, Columbus, Ohio.

Address of Jagod, Rehfuss, and Oka: Department of Chemistry and Department of Astronomy and Astro-

physics, The University of Chicago, Chicago, Illinois 60637.

Address of Crofton: Lawrence Livermore National Laboratory, Livermore, California 95440.

Address of Scappini: Istituto di Spettroscopia Molecolare del C.N.R., Bologna, Italy.
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RAI) (I(: 46)

ASYMMETRIC STRETCHING BAND OF BRIDGED PROTONATED ACETYLENE

M. W. CROFTON. M.-F. JAGOD. B. D. REHFUSS, and T. OKA

The study of the enigmatic infrared spectrum of protonated acetylene C2 H+ which has occupied us for the
last three years has come to a plateau and the results are summarized. About 80 R-branch and P-branch lines
have been assigned. The general asymmetric rotor pattern of a parallel band with intensity alternation for the
K=1 K-doublets shows that the spectrum is due to C2 H + with the non-classical bridged structure. The absence
of other C-H stretching vibrations also supports this conclusion. Combination differences for the ground state
fit well to the asymmetric rotor pattern with the standard deviation of 0.0084 cm - '. The following rotational
constants have been obtained: B = 1.1422(5) cm - , C = 1.0467(4) cm - 1 . These rotational constants agree
well with those predicted from ab initio calculations.' 2 3 The anomaly of the spectrum is in high J.K levels and
in the excited state. Attempts have been made to find out whether or not this anomaly is caused by proton
tunnelling via the non-classical structure. This tunnelling changes the two proton problem of the rigid model
to a three proton problem 4 and thus changes the spin statistical ratio of 3:1 to 4:2. These problems and our
study of the "3 C species will be discussed.

'T. J. Lee and H. F. Schaefer III, J. Chem. Phys., 85, 3437(1986).
2j. A. Pople, Chem. Phy,%. Lett.. 137. 10(19P7).
3R. Lindh, B. 0. Roos. and W. P. Kraemer, Chem. Phys. Lett., 139, 407(1987).
4 J. T. Hougen. J. Mol. Spectrosc., 123, 197. (1987).

Address of Crofton: Lawrence Livermore National Laboratory, Livermore, California 95440.
Address of Jagod, Rehfuss, and Oka: Department of Chemistry aid Department of Astronomy and Astro-
physics, The University of Chicago, Chicago, Illinois 60637.

RA10. (1l1:02)

OBSERVATION OF HOT BANDS OF H + USING AN EXTENDED DIFFERENCE FREQUENCY SPEC-
TROMETER

M. G. BAWENDI*, B. D. REHFUSS, and T. OKA

We have extended the range of our difference frequency spectrometer from the previous range of 4200 -
2300 cm -I to 5400 - 1850 cm - ' by using an angle-tuned LiIO 3 ' rather than the temperature-tuned LiNbO 3
as the non-linear optical mixing element. Although the infrared conversion efficiency is much lower for LiIO 3
than for LiNbO 3 , we have found this extended coverage to be useful in our search for the hot bands of H+ . We
have observed many transitions of H+ not assignable to the v2  - 0 fundamental band using a liquid nitrogen
cooled AC discharge with 600 mTorr H2 and 7 Torr He. Many of the lines have been assigned to the 2V2 , e=2

V2 , e=l band based on the recent calculation of Miller and Tennison2 . We expect most of the remaining
lines to belong to the 2V2 , v=0 - v2 , t=1 and v + v2 - v, hot I)ands.

'S. Yu.Volkov et al., Soy. J. Quantum Electron., 11, 135 (1981).

2 S. Miller and J. Tennison, J. Mol. Spect., 126, 183 (1987), and private communication.

*AT&T PhD. Scholar

Address of Bawendi, Rehfuss and Oka: Department of Chemistry and Department of Astronomy and Astro-
physics, The University of Chicago, Chicago, Illinois 60637.
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RAIl. ( 1 15

IS THE DISSOCIATIVE RECOMBINATION OF H3 REALLY SLOW?
A NEW SPECTROSCOPIC MEASUREMENT OF THE RATE CONSTANT

T. AMANO

The dissociative recombination rate constant of positive ions with electrons have been measured to be

of the order of 10 - 6 to 10-7 cm
3
s-1 for most positive molecular ions. These rates are important in model

calculations of the interstellar chemical evolution. H in particular occupies a key role. The dissociative

recombination rate constant of H4 was measured to be (2.910.3) x0 - 7 
c1i

3
s 

- I 
at 205 K by using the

stationary afterglow method'. Also the recombination cross sections were measured by using several other
techniques such as the inclined beam, the merged beam, aid the ion-trap techniques. All the cross sections
and the rate constants obtained by the various techniques referred to above are reasonably coiisistent.

Adams arid Smith on time other hand obtained a much smaller value for the rate constant(-10

cm
3 s - 1) by using the flowing afterglow/ Langiiuir prote(FALP) technique

2
. A theoretical calculation also

suggested a small rate constant
3

. Also very recently Hus et a1
4 

repeated the merged beam experiments
and obtained the smaller cross section by an order ofi magnitude than the previous values. These authors

attributed the faster rate constants previously obtained to vibrationally excited H4.
Considering the astrophysical impact of these low values, we have carried out direct measurements of

the decay of the infrared absorption signals of H , which can monitor the ion abundance in a particular
vibration-rotation state without ambiguity as a function of time. The decay curve was analyzed andh found to
fit very well to the form expected for a recombination decay. The signal decay is attributed to the dissociat ive

recombination with electrons and the rate constant was determinled to be (1.8±10.2)X10 
7 

cm
3

s ', which

disagrees with the recent values
2
'

4
.

I M.T.Leu,M.A.Biondi, and R.Johnsen,Phys.Rev.A. 8,413(1973).

2 N.G.Adams and D.Smith, in "Astrochemistry. IAU Symposium No.120"(1987) ed.M.S.Vardya aiid

S.P.Tarafdar(Reidel).
3 H.H.Michels and R.H.Hobbs, Ap.J.(Letters), 286,L27(1984).
4 H.Hus, F.YoussifA.Sen, and J.B.A.Mitchell,Phmys.Rev. to be published.

Address: Herzberg Institute of Astrophysics, National Research Council, Ottawa, Canada KIA 0R6.

RA12. (11:34)

A SEARCH FOR THE C-H (BRIDGE) STRETCH VIBRATION-ROTATION BAND OF C2 H 3
+

T. Amano, N. Moazzen-Ahmadi, and A. R. W. McKellar

Oka and coworkers have detected C2H3
+ 
by high-resolution infrared spectroscopy around 3 L";

their preliminary analysis suggested that the species detected is the non-classical(bridged)

form. We are endeavouring to observe the perpendicular C-H (bridge) stretch band (V 2 ) of non-

classical C2H3
+ 
around 5 pm.

An initial search was made in 2020-2080 cm
- 

region with diode lasers and a cooled hollow

cathode discharge in a mixture of C2 H2 and H2. Several series of lines were detected. Although

the assignment is not definitive, the species detected in this search is tentatively identified

as C2H3
+ 

on the basis of the observed chemistry and the line spacings.

1T. Oka, Phil. Trans. Roy. Soc. London, to be published.

Address: Herzberg Institute of Astrophysics, National Research Council, Ottawa, Canada KlA 9O.



(11.:45)

FIO LASER SIDEBANT) SPECTROSCOPY OF H30

P. VERHOEVE, D.B. MoLAY, J.J. TER MEULEN, A. DY4A-NUS, AND W. LEO MEERTS

Te tunable FIR-laser sideband system has been used to study the H3 0+ ion. Experiments
have been done near 30 cm

-1 
using a HCN laser and near 45 cm

- 1 
using an optical pumped laser.

The tunability is achieved by mixing the radiation of a klystron with that of one of the
lasers.

Rotational transitions were observed near 30 cm
-1

, while transitions have been found

near 45 cm
-
1 which we have preliminarily assigned to the inversion splittings in H30+

Address of Verhoeve, ter Meulen, Meerts and Dymanus: Fysisch Laboratorium, Toernooiveld,

6525 ED Nijmegen, The Netherlands
Address of McLay: Department of Physics, Queen's University, Kingston, Canada
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RBI. (8: 30)

Dissociation Of Ho In A Fast Beam

Optical Translational Spectroscopy

5 C Laperriere,M Larzi IIiere,J Tremblay,J.P.Moreau and A.A ikacem

An optical probing method has been used successfully to measure
the kinetic energy released onto fragments in dissociative charge
exchange of H2 ions with cesium. By monitoring the laser induced

fluorescence of the Balmer beta atomic line (n=2 to n=4), specific
molecular fragmentation to the H( Is) + H(21) or higher dissociation
limits was investigated. The spectrum exhibits several peaks and
a clear break at 1.9 eV Predissociation of n=3 Rydberg states is

invoked as the dominant contribution.

Address : Universite Laval,Departement de Physique,CRAM-LPAM
Quebec,PQ,CANADA G IK 7P4

Also for M.Larzilliere : Laboratoire de 5pectrometrie lonique et
MoleculaireAssocie au CNR5,Universite Lyon-I

69622 VillPurhanne rpdPX FPANrF

RB2. (8:41)

Fourier Transform Spectroscopy Analysis Of The

3d-Complex Visible Emission Spectra Of H2

Experimental Results And Theoretical Interpretation

A.Aiikacem,M.Larzilliere,J.Tremblay and S.C.Laperriere

An investigation of the triplet 3d-complex of H2 ,the g (3d) 3Zg+ ,i (3d) 3ng and j (3d) 3&g
and the nearby h (3s) 31g+ state, has been performed. 3s,3d <--- c (2p) 3TIu- visible
emission spectra have been obtained with a low pressure discharge lamp and recorded by
Fourier Transform Spectrometer Transition wavenumbers and rotational energy levels are
given for v=O-3 of the four states. The data are represented by an effective Hamiltonian which
accounts for the rotational breakdown of the Born-Oppenheimer approximation (L-uncoupling)
The eigenvectors obtained from this model provide considerable insight into the nature of the
3d-complex . It has been found necessary to include interactions with the h (3s) 31g+ state to
describe the complex for lower v values. Molecular constants are also given.

Address: Universite Laval ,Departement de physique,CRAM- LPAM ,Quebec,PQ,CANADA 0 1K 7P4.

Also for M.Larzilliere: Laboratoire de Spectrometrie Ionique et MoleculaireAsscie' au CNRS,
Universite' lyon- 1,69622 Villeurbanne Cedex, FRANCE.
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RBi. (i: 52)

THE NUMBER OF QUASIBOUND LEVELS BEHIND A ROTATIONAL BARRIER

DAVID L. HUESTIS

The number of quasibound or rotationally predissociating levels of diatomic molecules is

investigated using a long-range approximation to the difference between the JWKB estimates of

the vibrational quantum numbers at the maximum of the rotational barrier and at the dissocia-

tion limit. It is found that for a fixed J the expected number of quasibound levels is approx-

imately J/20, essentially independent of the magnitude and form of the potential and indepen-

dent of the mass of the nuclei. A similar result had been found previously for long range

potentials of the form R
4
, R

"6 , 
and R

"8
, under more restrictive assumptions. I Good agreement

is found with accuracte calculations of the quasibound levels for the various isotopomers of

H', H2, HeH
+
, CH

+ , 
and HgH.

This work was supported by the Office of Naval Research.

1A. S. Dickinson and R. B. Bernstein, Mol. Phys. 18, 305 (1970).

Address of Huestis: Chemical Physics Laboratory, SRI International, Menlo Park, CA 94025 USA

RB4. (9:03)

A DOUBLE-RESONANCE STUDY OF PREDISSOCIATION OF THE J
3 
Ag STATE OF H2

L. J. LEMBO, D. L. HUESTIS, N. BJERRE, S. R. KEIDING, and H. HELM

A fast-beam photoionization-photodissociation double-resonance technique has been employed
to excite transitions from selected rovibrational levels of the metastable c

3
11 state to the

rapidly predissociated j3A state of H2 . Vibrational levels v' - 7 - 14 and v" - 7 - 12 were

observed (with N' - 2, and for v' - 12, N' - 3,4 as well). The derived term energies in both

states are in good agreement with theory.
1 2

Predissociation of the J3A state arises from coriolis interaction with the vibrational

continuum of the iO g state. Tge photodissociation resonances are slightly asymmetric, and

have widths that decrease with increasing v' from 29 to 10 cm
"I

. Calculated predissociation

widths show the same vibrational trend, but are consistently 30% smaller.

Five narrow (1.7 - 4 cm
"1
) photodissociation resonances were also observed. We attribute

these to Q(l) and R(l) transitions to the n-4 3Hg state.

This work was supported by NSF and AFOSR.

1 W. Kolos and J. Rychhewski, J. Mol. Spec. 66, 428 (1977).
2 J. Rychlewski, J. Mol. Spec. 104, 253 (1984).

Address of Bierre and Keiding: Institute of Physics, University of Aarhus, 8000 Aarhus C,

Denmark

Address of Lembo, Huestis, and Helm: Molecular Physics Department, SRI International, Menlo

Park, CA 94025, USA
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B%. (9:19 )

LASERSPECTROSCOPIC INVESTIGATION OF THE VAN DER WAALS MOLECULE NaKr

I. Kapetanakis, V. Schmatloch, E. Zanger, D. Zimmermann

The absorption spectrum of NaKr due to the transition X I - A n has been
investigated in the wavelength region between 16790 and 16950 cm-1 with high
resolution by means of laserspectroscopy using a tunable cw dye laser and

producing the molecules by supersonic expansion of a mixture of sodium vapor
and krypton gas into a vacuum. In order to get an assignment of rotational

quantum nurbers to the numerous molecular absorption lines, despite of strong
overlapping of vibrational bands and despite of the presence of several Kr-
isotopes, the method of optical-optical double resonance has been applied. In

addition, the spectral intensity distribution of the fluorescence light has
been investigated, thus allowing an assignment of vibrational quantum numbers.

Up to now, the molecular parameters B, D, H of rotation, A, AD , Am of fine
structure splitting and p, pD of X-type doubling have been determined with
high precision for the vibrational states 8 s v' < 14 of the A f-state and
0 S v" S 2 for the X I -state together with the wavenumbers of the band
origins ' . The values of the fine structure splitting constants A, decreasing

from A = 939 GHz for v' = 8 to A = 661 GHz for v' = 13, are unexpectedly high
in comparison with the 3P-fine structure splitting of the sodium atom of
517 GHz. The X-doubling parameter p decreases with increasing v' and changes
sign near v' = 13. The interatomic potential of the A n- and of the X -state
have been deduced from our data and will be compared to the results of recent
model potential calculations.

1) Parts of these results have been submitted for publication: E.Zanger,
V.Schmatloch, D.Zimmermann, accepted by J.Chem.Phys., to appear in April 88

Institut far Strahlungs- und Kernphysik, TU Berlin,
Hardenbergstr. 36, D-1000 Berlin 12, Germany

RB6. (9:35)

ORANGE BANDS OF CaO: OODR SPECTROSCOPY AND ELECTRONIC STRUC-
TURE MODEL
DAVID P. BALDWIN, AND ROBERT W. FIELD

Although the electronic spectrum of CaO is extremely complex and congested ( >104lines
within 700 cm-' in the Orange Bands ), its electronic structure is so simple that it is likely to serve
as a zero-order, atomic-ion-in-molecule model for the electronic structure of the transition metal
monoxides. With the exception of the nominally Ca'*O2 

X's' state, the electronic structure of
CaO may be understood as a weakly interacting electron/hole pair, the electron localized on
C'a"( in Xa, A n, Bo orbitals borrowed from the corresponding X2y ', A2rl, B2' states of CaF ) and
the hole localized on 0- 2p-' (a -or t-' as for NaO ). We report here the previously unknown
CI" state, belonging to the Ann-' configuration. This completes the characterization of the CaO
Orange Bands which consist of transitions between all six Ann-' ( '3A, '3E*) upper states and the
two Xot-' (A"fl, a3Fl) lower states.1.2 Experimental knowledge of the four lowest rX states
(X'E* - Ca'*O2 - , A Z - Xco - ., C" " - Atr- , C'1  - Boo-' ) should provide stringent tests of ab
initio calculations as well as an opportunity to extract deperturbed, integer-valence,
Ca'O' -andCa*O '1" potential curves, energy separations, and intervalence interaction strengths.

A lower level linked OODR scheme has allowed unambiguous J, e/f, and electronic state
labelling of the C"V +- A'rl band system in the CaO Orange Bands. This same technique was
used to obtain sub-Doppler spectra from which accurate constants for both upper and lower
states have been derived. The 'VZ identity of the upper state in this transition was confirmed by
observation of resolved fluorescence spectra in the C'" - X'-V transition. The preliminary
molecular constants for the C" state T,, B., ct, and (o, are 24 635.546, 0.3456, 2.4xl0, and
549.64 respectively ( all in cm-').

'R.F.Marks, R.A.Gottscho, and R.W.Field, Physica Scripta 25, 312 (1982).
Z.B.Norman, K.Cross, H.Schweda, M.Polak, and R.W.Field; unpublished.

Address of Baldwin and Field: Department of Chemistry, Massachusetts Institute of Technology.
Cambridge, Massachusetts 02139.



(9: 51)

Dynamics of cw + pulsed optical-optical double resonance excitation of the E2 Y+-A 2 HII/ 2-X2 y + transition in CaF

J. E. Murphy. M. C. McCarthy, J. M. Berg and R. W. Field

We present preliminary results of the OODR excitation of the E21 + low-lying Rydberg state of CaF using one cw
and one pivlse-amplified single-mode dye laser. Dynamical information crucial to the study of higher-lying, as yet
unobserved Rydberg states in CaF and related molecules will be discussed.

Bernath has obtained and assigned rotationally resolved OODR spectra of the E-A-X excitation series using two
single-mode cw dye lasers.' The use of a pulsed laser for the second excitation step is preferred for the study of higher

energy states because of the ease with which it can be frequency doubled and because the Rydberg---A transition
moments are expected to be quite small. It is important to characterize this excitation scheme using a known transition
which can be studied by both pulsed and cw methods. We compare the efficiencies of cw/pulsed with cw/cw
fluorescence excitation of E-A-X. The density of molecules in our source and the transition moments for E-X and E-A
are determined using these data and emission rate measurements.

A first step towards the goal of characterizing the n=5- 10 Rydberg states with double resonance is to obtain

quantitative dynamical information on the A2 F I1/2 - X21 + initial excitation step. This data is vital for the optimization of
molecule source conditions and for determination of the best optical method (pulsed, cw or modulated cw) of exciting the
intermediate state. Using an acousto-optically modulated, single-mode cw dye laser with a risetime of -10 ns, we
observe an transient A-X fluorescence rate which is twice the steady-state value and which decays to the steady-state value
with a lifetime of- 160 ns. The effects of varying background Ar pressure on both the transient and steady state emission
rates were measured.

I P. F. Bernath and R. W. Field, J. Mol. Spec. 82, 339 (1980).

Address of Murphy, McCarthy, Berg and Field, Department of Chemistry, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139

(10:20)

HIGH RESOLUTION LASER SPECTROSCOPY OF NIOBIUM NITRIDE,
THE ORANGE, YELLOW AND NEAR INFRARED BANDS

Y.AZUMA, J.A.BARRY, G.HUANG, J.O.SCHRODER AND A.J.MERER

A hyperfine analysis of the sub-Doppler intermodulated fluorescence
spectrum of gaseous niobium nitride (NbN) from 5700 A to 6300 A has been
completed. Two triplet systems, the Sr 3t - ad X3A in the orange region and
the 6v 3nl - ad X3A in the yellow region have been studied. Both systems show
very impressive hyperfine splittings due to the interaction between the 1=9/2
nuclear spin of Nb and a metal centred unpaired electron.

Severe perturbations occur in the energies of the spin-orbit components.
It has been necessary to fit the ground state to a modified form of the
case (a ) Hamiltonian where the isotropic hyperfine parameters in the matrix
elementq off-diagonal in ( are treated as independent variables. The 311 state
could only be fitted using a case (c) model.

In addition, two new band systems near 8000 A, assigned as In 3Hl - 62 31"

and dr 3nl - ad 16, have been discovered by state-selected wavelength-resolved
fluorescence. PrelIminary analyses have been completed. Even though all the
triplet states known are in good case (a) coupling, it has been possible to
obtain their spin-orbit intervals through the observation of extremely weak
spin satellite branches recorded at low resolution by wavelength-resolved
fluorescence.

Address of Azuma, Barry, Huang and Merer: Department of Chemistry,
2036 Main Mail, University of British Columbia, Vancouver. B.C. V6T IY6,Canada
Address of Schr8der: Institut f3r Molekulphysik, Freie Universit}t Berlin,
ArnImallee 12, D-IO00 Berlin 33, Germany.
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RB0. (10:36)

HIGH RESOLUTION LASER SPECTROSCOPY OF MANGANESE OXIDE, MnO

Y.AZUMA, T.CHANDRAKUMAR AND A.J.MERER

The (0,0 band of A61
+ 

- X6Z
+ 

system of gaseous manganese oxide (MnO)
near 5600 1 has been recorded at sub-Doppler resolution by intermodulated
fluorescence. The spectrum shows impressive hyperfine structure due to the
interaction between the 1=5/2 nuclear spin of Mn and a metal-centred unpaired
electron. Particularly interesting are the pronounced internal hyperfine
perturbations between the middle two electron spin components of the ground
state which distort the hyperfine patterns severely.

The upper electronic state is very heavily perturbed and an avoided
crossing pattern with another close-lying electronic state has been found.
Numerous satellite branches induced by the perturbations, (some of them with
unusual selection rules such as 6N=5), complicate the spectrum massively.
However, they are valuable in that they provide direct spin and hyperfine
combination-differences within the ground state. The centre of the band is so
dense, even at sub-Doppler resolution, that it can only be analysed by a two-
dimensional technique, where the patterns of wavelength resolved fluorescence
are recorded at intervals of 0.05 cm-

1
, throughout the region.

Address of Azuma, Chandrakumar and Merer: Department of Chemistry,
2036 Main Mall, University of British Columbia, Vancouver, B.C. V6T IY6,
Canada.

RBI /. (10:52)

FIRST OBSERVATION OF BOUND-CONTINUUM TRANSITIONS IN THE LASER INDUCED A1.7, - Xlz+ FLUORES-
5

CENCE OF K2

V Zafiropulos, W. T. Luh, A. M. Lyyra, and W. C. Stwalley

We report an interesting spectrum of K2 excited by a narrow band ring-dye laser. The

laser wavelength used (7425.77 A) coincides with two A'27+ -Xlz transitions starting from

the levels v" - 13, J" - 36 and v" - 15, J" - 95.

The spectrum shows a long series of R-P doublets and a structured continuum with a

broad maximum at 1.05 pm. From the analysis we obtain a new value for the ground state dis-

sociation energy of K2 .

Address of V. Zafiropulos. A. M. Lyyra, and W. C. Stwalley: Iowa Laser Facility, University

of Iowa, Iowa City, Iowa 52242-1294

Address of W. T, Luh: Dept. of Chemistry, National Kaohsiung Normal Univeristy, Kaohsiung

802243, Taiwan, Republic of China



::OAT:N CF ATOMIC POTASSIUM FLUORESCENCE EXCITED BY LASER PHOTODISSOCIATION OF V2

XlulOl , N Zoe . A M Lvvra. i'. Kleiber, F. Sarlo and W C.. St ,wa 1 l1-v

A furatble dye laser was used to excite V- from the ground X 7, state into the .. +
B. B 11 state This results in dissociat ion of the molecule producin?, an .-- j:,d

-- ito om which fluoresces.

-2v Monitoring the atomic D') fluorescence under these molecular beam (coTl isioll-frce
we were able to measure the pure bound-free absorption profile. At the slitS

t t,iL polarization of the atomic fluorescence was measured for different laser exci'a-

" frequencies. We believe this to be the first observation of a large variation in the
* at uat son, ranging from 15 1 2t to -6 3 + 0.4% as a function of laser ex itation wav-

ihe rsults are explained a) using the theory of Van Brunt and Zare , which predicts a
La>:';'m poiariation of 14.3% (axal recoil) and a minimum of -I ' I.transverse recoil gl d

S i:e Rotating molecule theory
2 where the polarization is a function of the angle of rota-

- .n of a half collision.

:1assical, semiclassical and quantum-mechanical calculations in the K, case were also

*t.r:7ed and a comparison with the experimental results is given.

R. J. Van Brunt and R. N. Zare, J. Chem. Phys. 48, 4304 (1968).

2 . Vigue, J. A. Beswick and M. Broyer, J. de Physique 44, 1225 (1983).

T-ess of Zafiropulos, X. Zeng, A. M. Lyvra, P. Kleiher, K. Sando and W. C. Stwalley: Iowa
.. er Facility. University of Iowa, Iowa City, Iowa 52242-1294

:'F. _.(11:191

.ASiR INEU'C-Eb FL.tORLSCENC- F Cs, M ARGON ION LASER LINES IN PFtE PRESENCE OF NOBLE BUFFER GASES

j .io, Chonge gang, and R. A. Bernheim

The liser induced fluorescence of cesium dimers by the 476.5 nm radiation from an argon ion
uiser was examined at temperatures above 200

0
C in the presence of He, Ne, Ar and Kr. Besides

the ('sI fluorescence bands, Cs - noble gas eximer emission is observed in addition to sharp

satellite bands ,n the blue side of the Cs atom D2 fluorescence. These latter bands are due

to free-free transitions of the Cs - X systems, where X = He, Ne, Ar, Kr. The positions of the
sateLite bands are in agreement with predictions based upon the theoretical calculations of
i: - X potential curves for the electronic states corresponding to the transition.

Address of He: Department of Chemistry, Tamkang University, Tamsui, Taipei Hsien, Taiwan, 25137.

Address of Wang and Bernheim: 152 Davey Laboratory, The Pennsylvania State University,

Universit" ?,irk, PA 16802.
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RB 13.(l : )

THE ISOTOPIC BEHAVIOUR OF BORN-OPPENHEIMER BREAKDOWN EFFECTS: APPLICATION OF A LEAST-SQUARES

PROCEDURE TO THE HCl ISOTOPOMERS

J.A. COXON AND P.G. HAJIGEORGIOU

This work describes the application of a weighted least-squares procedure
I 

for the
reduction of spectroscopic line positions to effective radial Hamiltonian operators. The
method is applied to the XIE

+ 
and BIZ

+ 
states of H

35
CI, H

3 7
C1, D

35
C1, and D

7CI.

Extensive spectroscopic data are now available for all four isotopomers; these data have
been employed to determine an isotope independent rotationless potential, U(BO), and
isotopically invariant radial functions U(H) and U(Cl) which result in effective potential
functions U(eff) for each isotopomer according to Eq. (1).

U(eff) - U(BO) + U(H)/Ma + U(Cl)/Mb, (1)

where Ma and Mb are the atomic masses of H/D and 
35

CI/
37

CI, respectively. In addition, J-
dependent non-adiabatic effects are described in terms of a radial function q(R) containing
contributions from both atoms, that modifies the conventional rotational Hamiltonian, as in Eq.
(2),

H(rot) - (t2 /24R 2)[1 + q(R)][J(J+l)]. (2)

The effective rotaionless potential of each isotopomer in combination with the
appropriate rotational Hamiltonian, yields eigenvalues that reproduce spectroscopic line
positions within estimated experimental errors.

1
J.A. Coxon, J. Mol. Spectrosc. 117, 361-387 (1986).

Address of authors: Department of Chemistry, Dalhousie University, Halifax, Nova Scotia,
Canada B3H 4J3.

RB14. (11:/6)

PARITY SELECTED EXCITATION SPECTROSCOPY OF ArC12

K. C. Janda, D. D. Evard and J. I. Cline

Parity selected excitation spectra have been recorded of the B-X transition of
ArCl2 with 0.05 cm

-
1 resolution. The resolution is such that rotational structure is

clearly evident, but not cleanly resolved. Since simulated spectra using a
rigid-rotor model are able to fit the whole spectrum and the even and odd parity

selected spectra, we are confident that the spectrum is correctly assigned. ArC12 is
found to be a "T" shaped molecule with a 3.7 distance between the center of the Ar
atom and the center of mass of the Cl2 molecule. This compares to ArCIF which is a
linear molecule with only a 3.3 A Ar-Cl separation. By measuring the vibrational
predissociation threshold, the Ar-Cl2 bond energy was found to be 178 ± I cm

- I 
in the

B state and 188 ± I cm
-1 

in the X state.

Department of Chemistry, University of Pittsburgh, Pittsburgh, PA 15260
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RCI (8: 3)

;IbRAILN-RCA'-IjN SPEI",'M OF CARBUNYL SULFIDE DINER

R. vi. RANDALL, J. M. viLKiE, C. E. JAMES, B. J. HOWARD, AND J. S. MUENICH

.he infrar, d spectrum of c.rbony~ sulfiae dimer , '(jCS) h~s buen recorc- i! Dy coserving the
absorptioni of jiicde 1.ser r~jistion inl , pulsed moiec:ular been. The observ,, signals, in the
c~rbony! strttching region of the Infrared spectrum, are from .perpendicular band of i quit.,,
asymmetrlc prolate rotor. Energy leveis in tne ground state with udo K. v..lU's , missing,
wh 'n requires ,lCS) , o nave a _,enter of symmetry. The vibr~tion.- origin occurs at .U,,.Out
c m , .nd tne rotatibnal constants are A"=3075, B'=1-63, _"=694, A1=30o8, B'=I1e59, -ind C'=89-
MHz. _entrifugal dtstcrtion constants, constrained to be qudl for both vibr~tion~i st, t~s,
4-r'e -3so obtained in the data analysis. The vibrational origin is sniftG to hign.~r fre'qutnc:y
Dy I cm , relat:ve to the Isoa~ted monomer t.ransition. The r'otationa. constaints and missing
evels are Consistent with a geometry having parallel monomer axs and Oppusite monomer orien-

tati;on. The perpendicu-ar separaciOn Of the monomer axes is j.63o A, and the monomr' unters
of mass are nearly opposite one another. The hurizontal 3eparioin of the centers of inss is
- 6_94+ A.

A.ddress of Randall, Wil'Kie, James, and Howird, Physical Chemistry Laboratory, Cxfor'l
University, )xford, C-XI )QZ, England. hdorass of Mueni-r , Depar~ment of Chemistry, Uni v-rsity
of Rochester, Rochester, N.Y. 1L6_-"

RC2. (8: 4f)

V IRAT.JN -ROTATION SPECTRUM CF CARBC4 ~IO Xi DE -ACETYLENE

DIANA G. PRICHARD, R. N. NANDI, J. S. NUENTER, AND B. J. HOWARD

The infrared spectrum of carbon dioxide-acetylene has been recorded in the three micron
wavelength region by observing direct absorption of color center laser radiation by ai pulsed
molecular beam. The spectrum is that of a perpendicu1~r transition in a moderately asymmetric
prolate rotor. The vibrational origin is 3281.740 cm and the rotational constants are
A"=8876, B"=4 8 59, C"1=21 55, A1=8864, B'=d655, and C1=2154 MHz. The axes of the two monomer,
molecules are parallel and the complex has C symmetry. The separation of tne monomer units
is 3.285 A. This geometry is readily predicivd by considering the quadrupole- quadrupole inter-
action. Since the monomers have quadrupole moments of opposite sign, this configuration piues
positive regions of each monomer opposite negative regions of the other. A more detailed model
of electrostatic interactions between distributed multipole moments will also be discussed.

Address of Prichard, Nandi, and Nuenter, Department of Chemistry, University of Rochester,
Rochester, N.Y. 1 4 65 7. Address of Howard, Physical Chemistry Laboratory, Oxford University,
Oxford, OVi 3QZ, Englandl.

RC3. (9:02)

VIBRATiON-ROTATiON SPECTRUM OF ACETYLENE-NITROGEN

R. N. NANDI, DIANA G. PRICHARD, AND J. S. MUENTER

The structure of carbon dioxide-acetylene, discussed in the previous paper, was that predic-td
by the quadrupole-quadrupole interaction. Identical considerations apply to acetylene-
nitrogen, and the symmetric parallel geometry was anticipated. However, the observed infrared
spectrum is that of a linear molecule. Two hot bands are observed, along with the fundamental
transition. Numerous pertyirbdtions are also present. The vibrational origin of the furdamen-
tel occurs at 3283.093 cm , with B"-1502 MHz and 81=1 507( MHz. These rotational constants give'
a centers Of Mass separation for the monomers of 4.822 A and 4.815 A, respectively. Low
frequency bending vibrations wilt be discussed in terms of .distribut' d multipole potentia l
function.

Address of Nandi, Prichard, and Muente r, Department of Chemistry, University of Rochester,
Rochester, N.Y. 14627
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A~ A1>-N .P _ -' -iM F."E i EYLENE -ARbON !-ENajXIDE

D:. , ZA 6. PR-rIARID, ;,ND J. S. MUENTLR

.Dop sp,>Zram or acetylene-coron monoxide , obtained i n the three micron
r, rg'n :'0n pu PL. ms ecI beamn, indi~at~s that this is line~r va~n dr Waass

S ag atr'LM IS qait, SLMIl~r to that of .cetylene- nitrogen. Excited state pertur-
c :ns Duoa -cy-n-a.rbon monoxift coes niot exhibit the hot bands found in

nrto~ -NN 11 Or .gin i5 ~t 3~'.cm and the ground statt B value is 149Y MHz.
_s* rp on,13 to 3,p~r. on of D.011 A for the monomer centers of mass. Ine spectrum

:s-- gays Oet W n the HCCH-C.J and the HCCH-C.C configurations. Howver , the
e-- * -y ,.u:_',s a' vanor vvajls bond J. IA shorter than the sum of van der Waais

7' L .n4r- at uactare would d~~ bond ilongth 0.3 A longer, than the sum of van
0.:.~ia:~ibte0multiplo analysis alIso strongly favors the HCCH-CO configuration.

3f ars- ,p:. o)f nentyAmnerst Colleg-o, Amhtrst, Mass. 0100 . Address of
a.-~t-' .prtmr~of Jn~'m, st'y, iniv'~rs5 y )f od-sCrRc:nestvr , N.Y. 1 4ac

o~ (9:3-1)

STRUCTURAL ST JY OF THE H20-1420-C02 TRIMER

K. I. PETERSON, R. D. SUENRAM, AND F. J. LOVAS

The microwave spectrum of the trimeric species H20-H20-C0 2 has been studied in the 7-
18 GHz frequency range using a pulsed-molecular-beam Fabry-Perot Fourier transform
microwave spectrometer. Each transition is doubled because of energy level splitting due
to coupling of an internal rotation of one of the H420 subunits with the overall rotation of
the complex. Both states can be fit using a centrifugal distortion Hamiltonian. The
rotational constants and intertial defects are:

Lower State Upper State

A 6163.576(5) MHz 6164.068(7) MHz
B 2226.156(3) MHz 2226.677(3) MHz
C 1638.972(2) MHz 1638.839k3) MHz

A -0.66197 u.A
2  -0.57724 A

The electric dipole moment has also been measured yielding ma=
1
.
57

D, ib=O.
76
D and p <0.11).

Several isotopically substituted species have been studied including various 1
3
C, 0a and

deuteriumr substitutions. All except a singly deuterated species exhibit doubled spectra.
We conclude that the species has a nearly-planar triangular structure with dimer-type
structures evident within the trimer complex. The oxygen of one of the H420 subunits is
bonded to the C02 carbon with a bond length of 2.8A, within 0.1A of that found in the 1420-
C02 dimer. The other H420 has its oxygen bonded to one of the hydrogens of the first H420;
the bond distance is 2.0A, within alIA of that found in the 1420-1420 dimer. This second H420
is also hydrogen bonded to one of the oxygens in the C02 subunit with a bond distance of
2.OA which is what one would expect for a hydrogen bonded 1420-C02 dimer (this species has
not been observed). Evidence suggests that this H2 subunit is involved in the internal
rotation.

Address of Peterson: Chemistry Department, Pastore Hall, University of Rhode Island,
Kingston, Rhode Island 02881.
Address of Suenram and Lovas: Molecular Spectroscopy Division, National Bureau of
Standards. (aithersburg, Maryland 20899.
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ROTA\I ,; SP1F:R'.I M AND S)1ht'VP'RE: OF 0)., Co, 1120

K PETVRSN, .K ) SUEN-M . AND F. J . LOVAS

The microwave spectrum of the trimeric species CO2 -CO2 -H20 has been studied in the 7-
18 GHz frequency range using a pulsed-molecular-beam Fabry-Perot Fourier transform
microwave spectrometer. Only one set of b-type transitions are observed in contrast to the
doubled set observed for H20-H20-CO 2. Using a centrifugal distortion Hamiltonian, these
transitions can only be fit if the symmetric (ee-oo) and antisymmetric (eo-oe) set are
analyzed separately. The rotational constants are:

symmetric antisymmetric

A 3313.411(1) 3313.419(2)
B 1470.548(1) 1470.545(1)
C 1308.851(l) 1308.849(l)

The dipole moment for the complex is Pb=l.
98 9

(
2
)D. These observations imply that the

complex has a two-fold axis of symmetry with the H20 subunit oriented such that its C2v
axis is aligned with the b-axis of the complex. The magnitude of the rotational constants
along with information obtained from 

13
C substitution suggest that the CO2 subunits lie in

a plane perpendicular to the b-axis separated by a distance similar to that observed in the
C02 -CO2 dimer. It is expected that the oxygen of the H20 is oriented toward the plane of
the two CO2 subunits. The separation of the transitions into two sets suggests that each
rotational level is shifted because of an internal motion. The most likely motion is
interchange of the hydrogens in the H20 subunit. The levels are shifted rather than split
because of the involvement of the CO2 oxygens which have a spin quantum number of 0.

Address of Peterson: Chemistry Department, Pastore Hall, University of Rhode Island,
Kingston, Rhode Island 02881.
Address of Suenram and Lovas: Molecular Spectroscopy Division, National Bureau of
Standards, Gaithersburg, Maryland 20899.

RC7. (10:16)

HYPERFINE STRUCTURE AND TUNNELING MOTIONS IN HYDRAZINE

L. H. COUDERT and J. T. HOUGEN

For the past two decades, nuclear quadrupole hyperfine structure has been a powerful tool in
structural determinations of loosely bound complexes. In the present work, we attempt to
determine the limits of existing theory by describing hyperfine structure in a molecule which
exhibits significant tunneling splittings because of large amplitude inversion and internal
rotation motions, but which still has a well defined equilibrium configuration.

The approach involves setting up a complete quadrupole Hamiltonian for the two nitrogen atoms
in hydrazine (NH2-NH2 ), which is made dependent upon the three large amplitude coordinates
necessary to fully describe the various configurations of the molecule, and which contains all
five elements of the electric field gradient tensor (i.e., 

2
qaa-qbb-qcc , qbb-qcc. qab, qac, and

qbc) at one N atom when the molecule is in one of its equilibrium configurations. The mean
value of this quadrupole operator is calculated for each tunneling state. One interesting
result is that for doubly degenerate E-type levels the hyperfine pattern is expected to be
quite different from that for non-degenerate A or B-type levels, because of the influence of
the non-diagonal term qbc"

After the theoretical work, measurements of the hyperfine structure of selected transitions are
being carried out on the NBS Fourier transform microwave instrument, and a least square fit of
all available data will be performed. Transitions involving either non-degenerate or
degenerate levels will allow us to determine the two diagonal terms of the electric field
gradient tensor, which should be close to those reported for N2D4 by Harmony and Baron

1 . 
Only

transitions involving degenerate levels will allow us to determine the non-diagonal term qbc"
The quality of the overall hyperfine fit in a molecule like hydrazine, where vibrational
averaging should not lead to large differences between various expectation values of the form
<cosn8>l n, should be significantly better than the fits obtained for loosely bound complexes,
unless our understanding of the tunneling apects of this problem is seriously flawed.

IM. D. Harmony and P. A. Baron, J. Molecular Structure, 38, 1-8 (1977).

Address of Coudert and Hougen: Molecular Spectroscopy Division, National Bureau of Standards,
Gaithersburg, MD 208)9, USA.
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QUADRUPOLE HYPERFINE SPLITTING IN THE J = 1 - 0 ROTATIONAL TRANSITION OF CC13 F

MD. MARSHALL. H.O. LEUNG, AND R.D. SUENRAN1

The hyperfine structure of the .1 = 1 - 0 transition of CC13 F has been completely resolved for both K = 0
and K" = 1 lising a pulsed molecular bean Fabry-Perot cavity microwave spectrometer. Using previously
available rotational constants' for this molecule it is shown that the hyperfine splitting is qualitatively, but
iot quantitatively predicted using the classic method of Wolf, et. al.2 and the effective hyperfine constants,
tqQ-- = 29.047 MHz and cqQ, - (qQ,, = -110.95 MIHz. To adequately describe the nuclear quadrupole
coupling h3 -eraction in this hlavy, oblate symmetrical top molecule it is necessary to consider in addition to

those matrix elements off-diagonal in the quantum number J those off-diagonal in K. Such matrix elements
include not only additional ones arising from the (qQ,, - eqQvy term in the hyperfine Haniltonian. b:it also
those which find their origin in the usually ignored eqQ y term. The ability to measure this additional term
will place mnore stringent limits on the assumption of cylindrical symmetry about the C-Cl bond.

'J. H. Carpenter. P. J. Seo. and D. H. Whiffen, J. Mol. Spectrosc. 123, 187-196 (1987).
2 A. A. Wolf. Q. Williams. and T. L. Weatherly, J. Chem. Phys. 47, 5101-3109 (1967).

Address of Marshall: Department of Chemiqtry, Amherst College. Amherst, MA 01002
Address of Leong: Department of Chemistry. Harvard University, Cambridge. MA 02138
Address of Soerrani: Molecular Spectroscopy Division, National Bureau of Standards. Gaithersburg. MD 20899

R( '). (10:48)

MICROWAVE SPECTRUM OF THE OZONE-WATER COMPLEX

R. D. SUENRAM, F. J. LOVAS, J. CILLIES, AND C. W. GILLIES

The microwave spectrum of the ozone-water complex has been observed using a pulsed
molecular beam microwave spectrometer. The normal species, H2180, and one deuterated
species have been assigned. Both a- and c-type transitions have been observed and fit
using a centrifugal distortion Hamiltonian. For the 03 -H20 species the rotational
constants are A=11960.584(5), 8=4174.036(8) and C=3265.173(8) MHz. The measured dipole
m-ment components for the complex are Aa=

1
.
0 14

(
2
)D, Iub=OD, and c=0.5

2
(
3
)D which gives

pT=I.14(1)D. From the available data several structural conclusions can be made, but
details of the conformation are, at present, somewhat uncertain. The inertial defect

(A=Ic-Ib-Ia) is -8.55uA
2 
which indicates that the complex has a non-planar heavy atom

structure. From Ray's asymmetry parameter KE(2B-A-C)/(A-C) (m=-0.8) we conclude that the
observed conformation must have a sandwich (H20 and 03 monomer planes parallel) or T-shaped
(120 and 03 monomer planes perpendicular) as opposed to an elongated structure with water
bound to one end of the ozone molecule.

The dipole moment of the complex indicates that the two monomer subunits must be
arranged such that substantial :ancellation of the monomer dipoles occurs since jwater =
1.85D and pozone = 0.53D. This is also consistent with a sandwich or T-shaped structure.
Additional work is in progress involving the second deuterated isotope and H2170. It is
hoped that these additional isotopes will allow a more detailed determination of the
structure of the complex.

Address of Suenram and Lovas: Molecular Spectroscopy Division, National Bureau of
Standards, Gaithersburg, Maryland 20899.
Address of Gillies: Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New
York 12181.
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ELECTRIC DIPOLE MOMENTS OF HCI- AND HCN-HYDROCARBON COMPLEXES

A. WEBER, G.T. FRASER, AND R.D. SUENRAM

Electric dipole moments of several hydrocarbon-HCN and hydrocarbon-HCI complexes have
been measured using a pulsed-nozzle Fourier-transform microwave spectrometer. The dipole
moments (p) and complexation-induced dipole moments (Ap) are (in D):

HC1 HCN HF
1
,
2

A AAL A AA 4 tAp

Acetylene 1.6032(29) 0.57 3.4130(42) 0.50 2.3681(28) 0.65
Ethylene 1.6167(15) 0,58 3.4023(27) 0.49 2.3839(45) 0.67

Benzene 1.688(10) 0.67 2.244(4) 0.59
Cyclopropane 1.7405(16) 0.71 3.5875(41) 0.67 2.5084(28) 0.78

The dipole moments for the HF complexes have been measured previously
1
'
2 

using molecular-
beam electric-resonance spectroscopy. The HCl-benzene result is in good agreement with the
1.6(1) D moment determined by Gandhi et al.

3 
using electric deflection techniques. The

induced dipole moments show a number of interesting features. With the same acid binding

partner, the acetylene and ethylene complexes give similar induced moments while the
cyclopropane complexes give the largest induced moments. Except for the benzene complexes,
the induced dipole moments increase as: X-HCN < X-HCI < X-HF and do not follow the dipole
moments of the acid binding partners which are ordered: HCI < HF < HCN.

1. D.D. Nelson, Jr., G.T. Fraser, and W. Klemperer, J.Chem.Phys. 82, 4483 (1985).
2. F.A. Baiocchi, J.H. Williams, and W. Klemperer, J.Am.Chem.Soc. 87, 2079 (1983).
3. S. R. Gandhi and R.B. Bernstein, Chem.Phys.Lett. 143, 332 (1988).

Address of Weber, Fraser. and Suenram: Molecular Spectroscopy Division, National Bureau of
Standards, Gaithersburg, Maryland 20899.

RCI1. (11:20)

DETERMINATION OF THE STRUCTURE OF H2CO C02

T. A. BLAKE, S. E. NOVICK, R. D. SUENRAM, F. J. LOVAS

The rotational spectrum of the H2 CO CO 2 van der Waals complex has been measured using a
pulsed beam Fourier transform microwave spectrometer. Each rotational line is split into a "strong" and
"weak" intensity component due to the internal rotation of the formaldehyde moiety about its C2 axis. The
strong" transitions are assigned to a B symmetry internal rotor state with the rotational constants

A=10,399.1(2) MHz, B=2678.215(1) MHz, and C=2128.340(1) MHz. The "weak", or A state lines were
assigned with the rotational constants A=10,400.5(2) MHz, B=2678.271(1) MHz, and C=2128.312(1)
MHz.

The complex has a planar structure analogous to the "near slipped parallel" structures of
(002)2 and C02 0 C S , with the oxygen of H2CO Interacting with the carbon of C02. The structural
parameters and dipole moments of both the A and B states are the same within the stated uncertainties.
The C-0 (formaldehyde)-C (carbon dioxide) angle Is 102.90(5), the 0 (formaldehyde)-C-O (carbon
dioxide) angle Is 83.23(3)0, and the 0 (formaldehyde)-C (carbon dioxide) distance Is 2.980(1) A. The
measured dipole moments are Pa= t .661(2) D, and pb=

1 .671(2) D.

Address of Blake and Novick: Department of Chemistry, Wesleyan University.
Middletown, Connecticut 06457.

Address of Suenram and Lovas: Molecular Spectroscopy Division, National
Bureau of Standards. Gaithersburg, Maryland 20899.
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DETERMINATION OF THE STRULTURE OF Ar H 2CO

S.E. NOVICK, R.D. SUENRAM, F.J. LOVAS, and G.T. FRASER

The rotational spectrum of the weakly bound complex Ar H2CO has been measured
using a pulsed beam Fourier transform microwave spectrometer. The rotational
constants of the complex are A=40059.939, MHz B=2174.588 MHz, and C=2080.318
MHz. The argon atom sits almost directly above the carbon atom of the formalde-
hyde with an Ar--C distance of 3.66 A and an Ar--C-O angle of 860. It is likely
that the hydrogen atoms of the formaldehyde execute hindered internal rotation
about the C-C axis and thus their positions within the complex are not well
specified.

Address of Novick: Department of Chemistry, Wesleyan University, Middletown,
CT 06457

Address of Suenram, Lovas and Fraser: Molecular Spectroscopy Division,
National Bureau of Standards, Gaithersburg. MD 20899

RC13. (11:52)

TUNABLE FAR INFRARED LASER SPECTROSCOPY OF van der WAALS AND HYDROGEN BONDED CLUSTERS FORMED IN
A PLANAR SUPERSONIC JET

K. BUSAROW, G. A. BLAKE, K. B. LAUGHLIN, R. C. COHEN, Y. T. LEE, AND R. J. SAYKALLY

We have developed a technique in which we use a cw planar supersonic jet expansion and a
tunable far infrared (FIR) laser to investigate the low energy vibrations and tunneling motions
of weakly bound van der Waals molecules. The planar jet expansion provides a high density of
clusters as well as a relatively long pathlength (1.5 inches) for direct absorption spectro-
scopy. We also observed a factor of 5-10 reduction in the linewidth over a conventional
circular nozzle, resulting in an increase in resolution. The tunable far infrared radiation is
the product of non-linear mixing in a GaAs Schottky barrier diode of line tunable FIR radiation
and tunable (2-75 GHz) microwave radiation. This laser provices much broader tunability and a
simplified spectrum over more conventional Stark or Zeeman tuned FIR spectrometers. The first
system studied using this technique was the previously studied E bend of ArHCl. We greatly
extended the existing data set and improved both ground and excited state constants as wall as
adding higher order centrifugal distortion constants. We have also used this technique to study
more complicated dimers, including ArH 20 and (HCl) 2.

Address of Busarow, Cohen, Laughlin, Lee, and Saykally: Department of Chemistry and Lawrence
Berkeley Laboratories, University of California, Berkeley, CA 94720.
Address of Blake: Division of Geological and Planetary Sciences, California Institute of
Technology, Pasadena, CA 91125.

RC14. (12:u3)

TUNABLE FAR INFRARED LASER SPECTROSCOPY OF VAN DER WAALS BONDS: TUNNELING-ROTATIONAL AND
VIBRATION-ROTATION SPECTRA OF Ar-H 2,0

R. C. COHEN, K. L. BUSAROW, K. B. LAUGHLIN, G.A. BLAKE, M. HAVENITH, Y. T. LEE, AND R. J.
SAYKALLY

The upper component of the ground st te perpendicular tunneling-rotation spectrum of the

Ar-H20 dimer has been observed near 21cm- using a cw planar supersonic jet and a tunable far
infrared laser system. Analysis of this sub-band suggest an A rotational constant less than 17
cm

- 
and a tunneling splitting of 2-11 cm

-  
Observation of one sub-band of the out-of-plane

bending vibration, (1 K_=O - OK =I) near 21 cm
- 

goves a bending vibration near 40 cm
-

. TheS a a= a 4 m -h
data is used to suggest the structure of the intermolecular potential energy surface.

Address of Cohen, Busarow, Laughlin, Havenith, Lee, and Saykally: Department of Chemistry,
University of California, Berkeley, CA 94720
Address of Blake: Division of Geological and Planetary Science, California Institute of
Technology, Pasadena, CA 91125
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A PROGRAM FOR FITTING SPECTRA WITH INTERACTING VIBRATIONS AND SPINS
II. M. PICKETT

A program has been developed for fitting rotation-vibration spectra with interacting vibrations and
spins. Currently the program can handle up to 9 vibrational states and up to 4 spins with a variety of general
interaction terms. The structure of the input and output of the program will be described along with some
organizational details. Selection of algorithms for partioning the Iamiltonian and calculating the operators
required particular care so that the code was general yet testable. One problem which caused considerable
trouble was the selection of quantum number assignments for eigenvalues. Since quantum numbers for non-
conserved quantities are only approximate, there is always some ambiguity. Nonetheless, a choice has to be

made which is consistent with conventional use among spectroscopists. The difficulties with simple eigenvalue
or eigenvector assignment approaches will be outlined, along with the approach selected for the program.
This latter approach involves assignment to Wang blocks by 'least ambiguous projection', followed by energy
ordering within a Wang block. In some cases, higher K states must be forced to have monotonically increasing
first-order energy so that energy ordering will be correct.

Address of Pickett: Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109

RD2. ( : 42)

PYRROLE.Ar: MICROWAVE SPECTRUM, STRUCTURE, DIPOLE MOMENT, 14N QUADRUPOLE
COUPLING AND BINDING ENERGY

ROBERT K. BOHN, K. W. HILLIG, II, AND ROBERT L. KUCZKOWSKI

The 14N species has been assigned and the 14N quadrupole coupling analyzed.

The 15N species has also been assigned and its dipole moment determined. The Ar

atom is located 3.56 A from the pyrrole center of mass and the Ar-center of mass

line is tilted 5.8* from the normal to the pyrrole plane toward the N atom. The

dipole moment of the complex, 1.7074(11) D, is smaller than that of pyrrole,

1.7675(6) D. From a pseudodiatomic centrifugal distortion analysis, the binding
-1

energy is 261(2) cm

Address of Bohn: Department of Chemistry, University of Connecticut, Storrs,
Connecticut 06268.

Address of Hillig and Kuczkowski: Department of Chemistry, University of
Michigan, Ann Arbor, Michigan 48109-1055.
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RD3.
(8: 5)

THE MICROWAVE SPECTRUM OF 13C SUBSTITUTED METHYL CYANIDE FOR THE FREQUENCY RANGE 17-95 gHz

J. A. ROBERTS AND H. TAM
2

The microwave spectrum of 13C substituted methyl cyanide CH3 C1 4N was studied for the
v = , 2, for both single and double 13 C substitutions, vibrational states in the frequency
r~nge of 17 to 95 gHz.

The frequencies of the Is J 5 components were measured for each vibration and these fre-
quencies used to produce a constant set which can be used to predict overall frequencies of
spectral components in the ground, v8 

= 1, 2, up to an accuracy of 100 kHz.

Previously obtained experimental data, available from the literature for the naturally
occuring isotopes, and our own data for the ground will be presented and compared with the
frequencies obtained from a comprehensive equation derived from perturbation techniques.

Some weak interactions which have split the spectrum in the 13C species will be discuss-
ed.Systematic departures for the K! = 1, K = -1 and K = = +1 spectral components will
be discussed.

1. This work supported by Grant B-812 The Robert A. Welch Foundation, Houston, TX.
and the Faculty Research Committee of North Texas State University, Denton, TX.

2. Robert A. Welch Foundation Predoctoral Fellow.

Address of Authors: Dept. of Physics, North Texas State University, Denton, TX.76203, USA.

RD4. (9:11)

ROTATIONAL SPFFrRRU OF 1.3-BUTADIEEE-I.I-d 2

W. CAMINATI and A. BAUDER

The pure rotational spectrum of s-trans 1,3-butadiene-,1l-d 2 has been observed with a

pulsed microwave Fourier transform spectrometer between 12-18 GHz. Both 4a- and Ab-type

transitions with J between 2 and 41 have been assigned. Rotational constants and quartic

centrifugal distortion constants have been determined in a least squares fit from the measured

transition frequencies. Some transitions of a vibrationally excited state were also observed.

The molecule is planar as judged from the inertial defect. The molecular structure from ab

initio calculations has been adjusted slightly to the measured rotational constants. During

the search for rotational transitions of the s-trans conformer no indication was found for the

presence of a second higher energy conformer as in the isoelectronic molecules acrolein and

glyoxal. This failure to detect a second conformer was attributed to a small electric dipole

moment and a large energy difference to the s-trans conformer.

Address of Caminati: Dipartimento di Chimica Fisica ed Inorganica. Universit. di Bologna,

Viale del Risorgimento 4. 1-40136 Bologna, Italy.

Address of Bauder: Laboratorium fur Physikalische Chemie. Eidgenbssische Technische

Hochschule, CH-8092 ZUrich. Switzerland.
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TORSIONAL MOTIONS IN METHYLGLYCOLATE

W.CAMINATI, H.HOLLENSTEIN, and R.MEYER

A-E splittings due to the methyl group internal rotation have been measured

in several torsionally excited states of the methyl and two skeletal torsions

by microwave spectroscopy. The vibrational transitions of the two lowest

skeletal torsions have also been measured by Fourier transform far infrared

spectroscopy. The obtained data have been used within a two-dimensional

flexible model to determine the potential energy surfaces for the three

motions.

Address of Caminati: Dipartimento di Chimica Fisica e Inorganica dell'

Universita', Viale del Risorgimento 4, 40136 Bologna (Italy).

Address of Hollenstein and Meyer: Laboratorium fur Physikalische Chemie,

Eidgenossische Technische Hochschule, CH-8092, Zurich.

RD6. (9:35)

MOLECULAR STRUCTURE AND TAUTOMER EQUILIBRIUM OF GASEOUS 1,2,3-TRIAZOLE STUDIED BY MICROWAVE

SPECTROSCOPY, ELECTRON DIFFRACTION AND AB INITIO CALCULATIONS

M. BEGTRUP, C. J. NIELSEN, L. NYGAARD, S. SAMDAL, C. E. SJOGREN AND G. 0. SORENSEN

Microwave spectra of the parent and the 15N 3 species show the molecule to exist as a
mixture of two planar tautomers: a IH-form with C. symmetry and a 2H-form with C2v symmetry.

The dipole moments of the tautomers have been measured as UH = 4.38 0 and U2H = 0.218 0 in

the 15N species. The relative abundance, estimated from rough intensity measurements, is3

IH:2H '- 1:1000 at room temperature.

Fully optimized geometries have been calculated for the two tautomeric forms of 1,2,3-

triazole at the Hartree-Fock SCF level employing a basis set of double zeta quality. The cal-

culations show the 2H-form to be the more stable, with 6E = -14.7 kJ mol
- I

.-- IH - 2H4

Structural refinements of a planar C2v model of the 2H-tautomer was carried out based

on the electron diffraction data in combination with the measured rotational constants (cor-

rected to A , B and C ).z z z

Address of Begtrup: Department of Organic Chemistry, Technical University of Denmark,

OK-2800 Lyngby, Denmark.

Address of Nielsen and Sjogren: Department of Chemistry, University of Oslo, P.O. Box 1033

Blindern, N-0315 Oslo 3, Norway.

Address of Nygaard and Sorensen: Chemical Laboratory V, University of Copenhagen, The H. C.

Orsted Institute, OK-2100 Copenhagen, Denmark.

Address of Samdal: Oslo College of Engineering, Cort Adelers gate 30, N-0254 Oslo 2, Norway.
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RD7. (10:05)

STRUCTURAL DETERMINATIONS USING SCALED MOMENTS OF INERTIA

RAjTV J. BERRY AND MARLIN D. HARMONY

Recently published work has shown the usefulness of scaled ground-state
moments of inertia for structural determinations.1,

2  
Based on a

simplification of Watson's mass-dependence method
3
, the procedure has been

shown to yield structural parameters for small heavy-atom molecules that are

more reliable than r. parameters and are very near to re parameters.

Procedures for extending the method to molecules containing hydrogen atoms

will be described and evaluated for various small polyatomic molecules.,

Model force-field computations will be presented also to aid in understanding

the range of validity of the method and to provide a theoretical framework for

the empirical procedures.

IM.D. Harmony and W.H. Taylor, J. Mol. Spectrusc. 118, 163-173 (1986).
2
M.D. Harmony, R.J. Berry and W.H. Taylor, J. Mol. Spectrosc. (In press).

3
J.K.G. Watson, J. Mol. Spectrosc. 48, 479-502 (1973).
4
R.J. Berry and M.D. Harmony, J. Mol. Spectrosc. (In press).

Address ofBerry and Harmony: Department of Chemistry, The University of
Kansas, Lawrence, KS 66045.

RD, . (10:22)

ROTATIOKAL SPCI'RUM . RING U(XERING. AND NH INVERSION OF 3- I]RROLPNE

J. DOMMEN. W. CAMINATI, R. MEYER, AND A. BAUDER

The microwave spectra of the unsaturated five-membered ring molecule 3-pyrroline (C4HN)

and its N-deuterated species have been reinvestigated between 26.5-40 GHz. The spectra were

dominated by Pa-type transitions which showed small splittings due to the intramolecular

motion. A few c-type transitions with large splittings were located as well. For some of the

transitions the 14N quadrupole splittings were resolved. The ring puckering and the NH

inversion motion are strongly coupled. From a two-dimensional flexible model treatment of the

data, the potential surface was found to have saddle points at puckered ring configurations

separated by a maximum at the C2v-symmetric configuration of the molecule.

Address of Caminati: Dipartimento di Chimica Fisica ed Inorganica, UniversitA di Bologna.

Viale del Risorgimento 4. 1-40136 Bologna, Italy.

Address of Dommen. Meyer. and Bauder: Laboratorium fUr Physikalische Chemie, Eidgendssische

Technische Hochschule. CH-8092 ZUrich, Switzerland.



(10:39)

TUNNELING MOTION IN ArH 3 AND ISOTOPOMERS FROM THE ANALYSIS
OF THEIR ROTATIONAL SPECTRA

M. BOGEY, H. BOLVIN, C. DEMUYNCK, J.L. DESTOMBES and
B.P. VAN EIJCK

The millimeter and submillimeter wave spectra of
different H/D isotopomers of ArH3 were investigated. The ionic
clusters were produced inside a negative glow extended by a
magnetic field, in Ar/H 2 /Dlmixtures. Most of the observed
rotational lines were split by internal motion and spin

statistical weights as well as intensity ratios for the
components were determined from symmetry considerations. The

splittings were interpreted in terms of internal motion of the
H; triangle. In a first step, the usual rigid top-rigid frame
model was used to reproduce the order of magnitude of the

splittings. In a second step, a more refined model, which
accounts for the flexibility of the top and the frame, led to
a better calculation of the observed splittings in ArH, and
ArD.

Address of BOGEY, BOLVIN, DEMUYNCK and DESTOMBES : Laboratoire
de Spectroscopie Hertzienne, Universit6 des Sciences et
Techniques de Lille-Flandres-Artois., UFR de Physique,

Batiment P.5, 59655 -VILLENEUVE D'ASCO - FRANCE
Address of VAN EIJCK : Department of Structural Chemistry,
University of Utrecht Padulaan 8 -3584 CH UTRECHT The

R[)t ). (10:56)

INFRARED DIODE LASER SPECTRA OF MgH, MgD, CaH AND CaD(X '7' )

B. LEMOINE, C. DEMUYNCK and J.L. DESTOMBES

Rotation-vibration spectra of MgH, CaH and their
deuterated forms in the XMZ'state have been measured using
tunable infrared diode lasers. The hydrides were produced in a
D.C. discharge of H2 or DI over heated magnesium or calcium.
Transitions from the fundamental bands and from hot bands
(v=2rl- for MgH, and up to v=4f3 for CaH) were observed.
The spectra were analyzed to determine accurate set of
molecular parameters, either for each vibrational state or as
Dunham coefficients. The mass dependance of the molecular
parameters is examined in terms of possible breakdown of the
Born-Oppenheimer approximation.

Address : Laboratoire de Spectroscopie Hertzienne, Universit6

des Sciences et Techniques de Lille-Flandres-Artois, UFR de
Physique, B&timent P.5 59655 - VILLENEUVE D'ASCO - FRANCE
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(1:30)

MICROWAVE SPECTRUM OF THE N2-H2O COMPLEX

H. 0. LEUNG, K. D. MARSHALL, R. D. SUENRAM, AND F. J. LOVAS

The a-type K=O microwave spectrum of the N2 -H20 complex has been observed using a
pulsed molecular beam Fabry-Perot cavity microwave spectrometer. Seven isotopic species

have been studied in the range of 5-23 GHz. The N2 -H20 complex exhibits tunneling motions

similar to the I - 2 tunneling motion of the H20-DOD complex
I 
which gives r-se to four

components for each rotational transition. The molecular constants obtained for 1
4
N2 -HOH

are in A-z):

State BI  Al A, B2

(B + C) 2  2906.362(l) 2906.925(1) 2914.146(l) 2914.252(1)

D 0.04181(2) 0.04349(2) 0.04263(2) 0.04300(2)

eQq(i
1
N) -4.253(2) -4.227(3)

The structure has a nearly linear N-N-HO geometry with a N-H distance of 2.42(4)A and

an OHN angle of 168' (RON = 3.37(4)A). The electric dipole moment along the principal

axis was determined for the 15N 2 -H20 species with Pa=
0
.
8 33

(
3
) Debye.

IL. H. Coudert, F. J. Lovas, R. D. Suenram, and J. T. Hougen, J. Chem. Phys. 87, 6290

(1987).

Adocess of M. D. Marshall: Department of Chemistry, Amherst College, Amherst, MA, 01002.

Address of H.O. Leung: Department of Chemistry, Harvard University, Cambridge, MA, 02138.
Address of Suenram and Lovas: National Bureau of Standards, Molecular Spectroscopy

Division, Gaithersburg, MD 20899.

-:46)

ROTATIONAL SPECTRA AND STRUCTURES OF THE H2 S-H20 AND (H2S)2 COMPLEXES

F. J. LOVAS, R. D. SUENRAM, AIND L. H. COUDERT

A pulsed-beam Fabry-Perot cavity microwave spectrometer has been employed in the

measurement of rotational spectra of H2S-H 20 and (H2S)2. The a-type K=0 rotational

transitions of both species have been observed in the 6-21 GHz range. The spectrum of H2S-

H20 is expected to be analogous to that of H2180-H20 and 
1 5
N2 -H20 (described in the

previous papers) for which two tunneling motions,
1 

give rise to four components for each

transition. For H2S-H20 and its 34S and 180 isotopic forms, 3 of thc 4 components have

been resolved. The molecular parameters for H2S-H20 are:

State 1 2 3

(B+C)/ 2  (MHz) 3443.899(1) 3450.712(1) 3450.777(2)

D (kHz) 28.71(5) 21.20(4) 24.67(4)

(D) 0.551(3) 0.702(3) 0.697(6)

The energy levels of H2S dimer and its isotopic forms are expected to be similar to those

of water dimer.
1 

While hoping to observe a wider range of states than presentl known for

water dimer, at present only the K = 0 states for the E levels for (H2S)2, (H23 
S
) and

(D2 S)2, and the similar levels of the mixed isotopic forms have been observed. For (H2S)2

the rotational constants are: B (E*) = 1749.310(1) Mz and B (E-) = 1748.109(1).

The structures of both complexes will be presented based on 9 isotopic species of H2S-

H20 and 7 species of (H2S)2. Comparisons of the hyperfine structure, dipole moments and

structural implications will be presented.

IL. H. Coudert, F. J. Lovas. R. D. Suenrcm, ard J. T. Hougen J. Chem. Phys. 87, 6290

(1987).

Address of Lovas Suenram. and Coudert: Molecular Spectroscopy Division, National Bureau

of Standards. r;,ithersh .rg. MD 208Q0.



2 E 'SL .M . .1 '1DER . F, J IIVAS. AND . 'D . HutGE.

We have recn: Iv r-eporLt'd new measurements on the K=I states of (H20)2 arid K - 0
states ot several deuterated species.' We have now observed spectra for (HOD)2 , two singly
substituted 'U species, two singly substituted !0 species and the doubly substituted 1 0
spec 'es

For (HOD)), the unshifted E states of (H20)2 are absent, leaving only A and B states
present. The 1 0 and 2 1 K=O transitions have been observed for these levels. The
tunneling frequency corresponding to the HF dimer like motion (exchanging of D atoms in the
hvdrogen bond) for this species is 2643 MHz.

The nuclear quadrupole coupling constants for the 170 species have been determined
from measurements on the J = 1-0 transitions. The values determined are reported below.

Quadrupole Coupling Constants for 170 Water Dimer Species (in MHz)

Species H2O-H
1 7

OH H21 O-HOH (H2170-)2
State "\l A1  A) E

eq I 3.I-0i16) -5.171(25)

eQq2 1.942(8) -1.522(8) 1.954(44)

IL. H. Coudert, F. _. Lovas, R. D. Suen,-am, and J. T. Hougen. J. Chem.
Phvs.. 87 6290 (198,'1.

Address of Suenram Coudert, Lovas, and Hougen: Molecular Spectroscopy Division, National
Bureau of Standards. Gaithersburg, MD 20899.

:!a.(2: 13)

VIBRATIONAL SPECTROSCOPY OF SOLID-LIKE CLUSTERS OF HYDROGEN CYNANIDE

). S. ANEX AND G.E. EWING

As concentration and stagnation pressure increase in a supersonic
expansion of HCN in helium, a diffuse feature appears which has been
assigned to a solid-like cluster of HCN. Its central frequency corresponds
to- that of the low temperature phase of bulk solid HCN and its bandwidth

(A 11 2 - 10 cm
"I
) is substantially broader thin other features in the HCN

cluster spectrum. The appearance suggests a critical cluster size for its
growth and it,; subsequent disappearance with increasing concentration
suggests a phase transition (corresponding to the HCN(II) - HCN(I) phase
transition in solid HCN).

The appearance and disappear-ances of the solid-like feature and its
s 'nsitivity on expansion Conditions (concentration and pressure) will
discussed with respect to critical cluster size and phase transition,;

A dress nf Anex aid Ewirz: Department of Chemistry, Indiana Uni it .
P:',:,ington, IN ,7z'O9
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Tn.e =n naicn of a th'ynfonir, ion source and a supersonic noazit mclesuli!,r
can has been used to - roduce solvatedj ion clusters. The core ion M~ can h)e solvatecd
vn unber o' difernt solvents both polar and non-polar. For example, the

. :coate onhas the form X )nwhere '1-Cs' and S=C606 'benzene). The clusters are
Lirued wthin electrostatic lens system and resolved wi th a quadrupole mass filter.

* cc xoerimental technique is an extension of vibrational oredissociation
nlca beam snectroscory, as previously oarried out in our laboratory on neutrail

21-asters, to the Problem of solvated ions. The goal of this research is to obtain
Knc.wtadte of the solvation processes at the microscopic level as well as detailec
7nformatioDn concerning the structure of these solvated ions.

Thne tynami.cs of the dissociation process will also be discussed.

A'cdress.3conool of Themical Sciences, University of Illinois, 5C5 South Mathews
, .,-nue , 1,rbana, Ill1inoi s 6 1801 .
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RE7. (3:06)

IR-IR DOUBLE RESONANCE SPECTROSCOPY: A STUDY OF THE TORSIONAL
VIBRATIONS OF CYCLIC (HF)3

KIRK D. KOLENBRANDER AND JAMES M. LISY

We report the application of a two-laser IR-IR double resonance spectroscopic technique to

the study of both in-plane and out-of-plane torsional vibrations of cyclic (HF) 3 . Preliminary

results of this study were presented at the 1987 OSU Symposium on Molecular Spectroscopy,
and the results of a concerted theoretical and experimental investigation which employed this
spectroscopic technique have been recently published.' Using the double resonance technique.
two rovibrational transitions were observed in the 10.6 it band of the CO, laser. The transition
observed at P(24) (940.5 cm - 1 ) has been assigned to the first overtone of the doubly-degenerate
in-plane torsional vibration of (HF) 3 . The second transition, observed at P(8) (954.5 cm '1,
has been assigned to a combination mode of the singly-degenerate and doubly-degenerate out-of-
plane torsional fundamental vibrations. The linewidths which were observed for each of tile two
transitions show no evidence of homogeneous broadening. These 10-15 MHz FWHM instrument-
limited linewidths are three orders ( f more narrow than those previously observed for the H--F
stretching vibration of (HF) 3 centerd at 3712 cm-'. We present several possible explanations
for the significant differences in upp.r state lifetimes which these linewidths reflect.

'K.D. Kolenbrander. C.E. Dykstra, and J.M. Lisy. J. Chem. Phys. 88, ,cxxx (1988).

Address of Kolenbrander and Lisy: School of Chemical Sciences, University of Illinois at 'rbana-
Champaign, 505 S. Mathews Ave.. Urbana. IL 61801

RE8. (3:35)

THE PHOTODETACHMENT SPECTRA OF NEGATIVE CLUSTER IONS OF WATER

L, C. Ludewigt, J.G. Eaton, H.W. Sarkas, H. Haberland, and K.H. Bowen

We have recorded the photoelectron spectra of the water negative cluster icns;

(H20)-n=2,6,7,10_25,30,3 4,37,40, (D20)-n=2,6,7,11-23, Ar(H 20)-n=2 ,6 ,7 ,  and

Ar(D20)-n=2 ,6 ,7, using 2.409 eV photons. The vertical detachment energies of most of

these anions were found to increase smoothly with cluster size with their extrema

ranging from 0.040 eV for (H20)- 2 to 1.79 eV for (H20)- 40 . The case of the water

dimer anion is especially interesting. Its photoelectron spectrum consists of three

peaks, two of which are spaced to the low electron kinetic energy side of the largest,

origin-containing peak by energies which are characteristic of a water stretch and a

water bend. Photodetachment of the deuterated dimer anion confirms Lhis

interpretation. This implies that at least one water component within the water

dimer anion is structurally distorted.

Address of Lee. Eaton Sarkas. and Bowen: Dept. of Chemistry, The Johns

Hopkins University , Baltimore, MD 21218

Addr-es of Ludewiat. and Haherland: Dept. of Physics, Universitat Freiburg,

Freiburg, Germany
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RE)I. ( 3:31 )

PH3TODETACHMENT SPECTRA OF HOMOGENEOUS ALKALI METAL CLUSTER ANIONS: Na-n=2_,

Rb-n=2- 4, and CS-n=2, 3

.M. M:Hugh, J.G. Eaton, H.W. Sarkas, L.H. Kidder, G.H. Lee, J.T. Snodgrass, M.F.

3ni K.H. Bowen

The alkali metals are the simplest cf metals. We have re~zrded the phot.-:

spectra of Na-n2, K-n=2-8, Rb-n-2-4, and C3-n'2,3 using 2.540 eV photons. These

highly structured spectra chart both the electron affinities vs. cluster size fcr chzse

luster anions studied thus far and the electronic state splittings of their

=rresponding neutral clusters (at the geometry of their cluster anions) vs. cluster

sze. The dimer anion spectra have been completely assigned. These provide adiaba-i-

electron affinities, vertical detachment energies, dimer anion dissociation energies,

neutral dimer electronic state spacings, and bond lengths for the various excited

electronic states of the neutral dimers. Thus far, we have obtained our most coplete

set cf data on potassium cluster anions. Potassium is electronically analogous t

copper. A comparison of the electron affinity vs. cluster size trends for potassL=m

clusters with those for copper clusters (measured by Lineberger and by Smalley) of the

same size, shows quantitative differences yet strikingly similar ualitative trends.

Address: Dept. of Chemistry, The Johns Hopkins University, Baltimore, MD 21218

RE1O. (4 :07)

PHOTODETACHMENT STUDIES OF HETEROGENEOUS ALKALI METAL DIMER AND TRIMER ANIONS

D Patel-Misga, J.G. Eaton, H.W. Sarkas, G.H. Lee, S.T. Arnold, and K.H. Bowen

in our laboratory, we have generated several mixed alkali dimer and trimer

anions including: NaK-, KRb-, RbCs-, Na2 K-, and K2Na-. These were formed by injecting

relatively low energy electrons directly into an expanding jet of mixed alkali vapors

and argon in the presence of a weak magnetic field. We are presently conducting

visible photoelectron spectroscopic studies on several of these species in order to

determine their eleocron affinities, their anion dissociation energies, and the

electronic energy splittings of their corresponding neutral dimers and trimers.

Adress: Dept. of Chemistry, The Johns Hopkins University, Baltimore, MD 21218
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RE I . (4:23)

?RGCUCT N D PHLTODETACHMENT STUDIES OF ni 2 -

,W. Sarkas, S.T. Arnold, K.M. McHugh, D. Patel-Misra, J.G. Eaton, G.H. Lee,

and K.H. Bcwen

L-, 4s among the simplest and yet most elusive of molecular negative ions. To

produoe this anion, we have utilized a nigh temperature seeded nozzle expansion 100

source in which a mixture of sodium and lithium is vaporized and expanded with argon

as a carrier gas. Directly outside the nozzle a negatively biased filament injects

!low energy electrons into the expanding jet, inducing the formation of negative ions.

Recently, we have used this source to generate mass selected Li-2 ion currents of

.C-50 pamp. We have used a combination of sodium and lithium as a feedstock in the

source in order to take advantage of the positive deviations from ideality which

Dccur for lithium vapor in such mixtures. This substantially reduces the necessary

oerating temperature of the source. Progress in our efforts to record the negative

ion photoelectron spectrum of this anion will be discussed.

'"ess: Dept. of Chemistry, The Johns Hopkins University, Baltimore, MD 21218

I- i 2. (4:39)

-i Tc-.E.TA..CHENT SPECTROSCOPY OF HYDRATED AND DEUTERATED NITRIC OXIDE A.N:-NS

. .Ar,- -, . . Eaton, G.H. Lee, D. Patel-Misra, and K.H. Bowen

Hydrated nitric oxide anions may well play an important role in the ion-molecule

nemosty of the ionosphere. We have recently recorded the photoelectron

znh-adetachment) spectra of NO-(H20)n-I,2 and NO-(D20)n=I,2 using 2.540 eV photons.

*ei.tlve to the photoelectron spectrum of unclustered NO, these spectra are shifted to

_-er eectron kinetic energies and are heavily broadened. The solvation interaction in

,drated notric oxide anions will be discussed and compared with other anion-molecule

..-o.exes previously studied in our lab including several nitric oxide anion-containing

species such as NO-(Ar), NO-(Kr), NO-(Xe), and NO-(N 20)n=l,2.

a-dr ss: Dept. of Chemistry, The Johns Hopkins University, Baltimore, MD 21218.



165

(4:55)

THE STRUCTURE AND DYNAMICS OF Ne2CI 2

C. R. Bieler, S. R. Hair, J. 1. Cline, K. C. Janda

The structure, bond energy, and photodissociation dynamics of the NeC12 van der
Waals molecule are studied by a laser pump-probe technique. Analysis of excitation
spectra reveals the structure to be nearly tetrahedral. The Cl2 bond length is
assumed to be unchanged by formation of the van der Waals bonds. A Ne to Ne distance
of 3.13 1 and a Ne2 to C12 distance of 3.25 R are determined. The dissociation energy
is determined to be between 145.6 and 148.6 cm

-1
. The dissociation product state

distributions are modeled by suprisal analysis.

Address of Bieler, Hair, and Janda: Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA 15260
Address ofCline: JILA, University of Colorado, Boulder, CO 80309-8440.

(5:11)

TUNABLE FAR INFRARED LASER SPECTROSCOPY OF HYDROGEN BONDS: THE K. = Ou'1 g ROTATION TUNNELING

SPECTR'JM OF THE HC DIMER

3. A. BLAKE, K. L. BUSAROW, R. C. COHEN, K. B. LAUGHLIN, Y. T. LEE, AND R. J. SAYKALLY

The ground state Z=O =1 b-type sub-band of the rotational tunneling spectrum of the
syrmtric -CI- , ~ CI- and the mxed 35 C1- 37C1 hydrogen chloride dimers have been

recorded at sub-Doppler resolution in a two-dimensional supersonic jet with a tunable far-
infrared laser spectrometer. Quadrupole structure from the chlorine nuclei has been resolved
for the first time. From the fitted rotational constants a (H Cl), center-of-mass separation
of 3.8!i(1)A is derived for the upper tunneling state, while the quadrupole coupling constants
yield a vibrationally averaged angular structure of approximately 25 degrees for the hydrogen
banded proton and at least 70-75 degrees for the external. A geared internal rotational
tunneling motion has been found for the HF dimer also, but here the splittin is much greater.
The ground state tunneling splittings are estimated to lie between 15-20 cm

Address of Blake: Division of Geological and Planetary Sciences, California Institute of
Technology, Pasadena, CA 91125.
Address of Busarow, Cohen, Laughlin, Lee, and Saykally: Department of Chemistry and Lawrence
Berkeley Laboratories, University of California, Berkeley, CA 95720.

RE) B. (5:22)

SUB-DCPPLER DIRECT ABSORPTION IR LASER SPECTROSCOPY IN FACT TnN BEAMS

J. V. COE, J. C. OWRUTSKY, E. R. KEIM, N. V. AGMAN, AND R.J. SAYKALLY

We have recently succeeded in detecting, for the first time, direct absorption of radiatior,
by ions in. an ion beam. Direct absorption IR spectroscopy in ion beams offers a number of
attractive features: 1) the absolute number density of an ion can be determined from a
conventional mass spectrum and a measurement of the total ion current; 2) from the observation
of a single line, the charge-to-mass ratio of the absorbing species may be determined; 3) very
high resolution, ca. 30 MHz, is attained due to "acceleration cooling"; 4) the method is not
limited to systems which exhibit a process secondary to absorption; 5) a variety of ion sources
are available which produce clusters, open-shell species, nonclassical ions, and other species
of chemical interest; and 6) supersonic sources can produce very cold ions. It has generally
been thought that derlities in ion beams were prohibitively low for the detection of direct
absorption; an apparatus which surmounts this difficulty will be described. Preliminary
experiments on HN2 ' and H3O

+ will be discussed.

Address of Coe, Owrutsky, Keim, Agman, and Saykally: Department of Chemistry, University of
California, Berkeley CA 94720
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RFI (1:30)

'(J = +4) TRANSITIONS AND OVERLAP PARAMETERS FOR H2-Ar MIXTURES*

C. 1. W. HSIEH and S. PADDI REDDY

Collison-induced enhancement absorption spectra of the fundamental band of H2 in H2 - Ar
mixtures were recorded with a 2 m absorption cell for total gas densities up to 500 amagat at
room temperature and up to 160 amagat at 201 and 273 K. In the spectra obtained at room

temperature, the hexadecapole-induced transition Ul(I) corresponding to the rotational selec-
tion rule IJ = +4 has been observed. From the analysis

1 
of the observed experimental

profiles using appropriate line shapes functions and numerical values of the matrix elements
of the quadrupole moment of H2 , characteristic half-width parameters 

6
d and 6c of the short-

range overlap-induced transitions and Sq2 and 6q4 of the quadrupole-induced transitions have
been determined. The overlap parameters of the induced dipole moment of H2 - Ar pairs have
also been determined. The absorption coefficient of the Ul(1) transition is also estimated.

See, for example, Reddy, S. P. in "Phenomena Induced by Intermolecular Interactions" ed. G.
Birnbaum, Plenum Press, New York, 1985, pp. 129-167.

*Research supported in part by NSERC Grant No. A-2440.

Address: Department of Physics, Memorial University of Newfoundland, St. John's,
Newfoundland, Canada. AIB 3X7.

RF2. (1:46)

INFRARED SPECTRUM OF SOLID HYDROGEN: THEORY OF THE INTEGRATED ABSORPTION COEFFICIENTS OF

W(AJ=6) TRANSITIONS

T.K. BALASUBRAMANIAN, R.D'SOUZA and K. NARAHARI RAO

The present work has been motivated by the efforts
I 

to observe W(AJ=6) transitions in

fhT induced infra'ed spectrum of solid H2 . Transition with AJ=6 should occur due to the part

of the dipole moment induced by the 26 th electric multipole moment of H2 . Starting with the

expressions 2.3 for the dipole moment induced in a molecule by the 21th multipole moment of

its neighbour, expressions for the integrated absorption coefficients are derived for the

Wv-o(O) , WV-O(1) single transitions and the Wv-o(O)+Qv-o(O) double transition. On account of

the higher order multipolar induction mechanism, these transitions are expected to be

extremely weak. Their observation would provide the first experimental value for the 2 6th

moment of H2.

We have also calculated the possible satellite structure around the Wv.o(O) line when

the para-H 2 crystal contains traces of ortho impurity.

IK. Narahari Rao (private communication).
2C.G. Gray, J. Phys B J,1661 (1971).
3R.H Tipping and J.D. Poll, Molecular spectroscopy: Modern Research, Vol.lI (Editor, K.

Narahari Rao) Academic Press, N.Y., (1985).

Address of Balasubramanian and L'Souza: Spectroscopy Division, Bhabha Atomic Research

Centre, Modular Laboratories, Trombay, Bombay 400 085, India.

Address of Narahari Rao: Department of Physics, Ohio State University, 174 West, 18th

Avenue, Columbus, Ohio 43210.
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RV ~ 1: 57)

AEPSC!' 1TE PO-\.'IDPATIOINAL INTENSITIES FOR THE I VIBRATIONAL
SANDS OF 77 NH

C haerian xi .~ G ueacrn i. A Lopez-Firieiro arid P H Tipping

Oe 'fletrnir 3&O~ue ro-vibratoNl lie intensities fOr LAV = 1 (VzP14)
bratc'nal bandjs of the astroph'4ically im-portant species. NH. ideperitly

ct in' iniorrmati on or it; moleculr c:oncentrat ion Ti) this end we measure
reiatine 'ne inensities across AV& = I bands Tlhe effect of vibration
W-~ation interaction on the ine 'nterstes then allows a direct
1& err ati n f the dlen va tie of the eectrcipole fundamental band
W arn~i tiCi mmenit 1The results of trese excperimerits are then compared
to theoretical cal culations - otbtainred via high quality at liyt't
c'i'ations of the Ylec tric dipoe moment function

'I hac eian ir. .J C hemn F'h'4 85 ' '21096
2 C C1 aclern njr C: W* Eauschlic her. F'R Langhoff A Lopes-Fi neiro and
P H Tpinq (to be publi-shed)

AadreE ; of C hachIen an NAcA-Arne:. Research Ceter. lioffett Field C:A
94035T

Address oi Giueacnili Laboratoire d Infraroucge associe au MRPS,
Uov ;enit de Par--sud. Catimrent -350. 91i405 Orsay, France
Medlres :5oi Lopez-Finiro. ['eparinento de Guirnica Fisica, Facultad de
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Address of F' H Tiong Department Y Physics and Astronowmyg, Uimversity
of Alabania Ts:ao:a.Alabarna 3754,87



I ()S

Ri . (2:13)

TWO-TONE FREQUENCY-MODULATION SPECTROSCOPY: MEASUREMENT OF HIGH

OVERTONE INTENSITIES OF HBr

C. B. Carlisle, T. F. Gallagher, and R. H. Tipping

The technique of Two-Tone Frequency-Modulation Spectroscopy
(TTFMS) using a multimode CW dye laser was employed to study high
overtone bands of HBr. Individual vibration-rotational line
strengths and positions were measured. On the basis of these
measurements, rotationless dipole moment matrix elements and
Herman-Wallis coefficients were determined for the 6-0, 7-0, and
8-0 overtone bands. Using the rotationless dipole moment matrix
elements obtained previously by other workers for the pure
rotational, fundamental, and first four overtone bands, together
with the present results and numerical vibration-rotational
wavefunctions, we have derived a series expansion for the dipole
moment function. This function provides an excellent fit to all
existing Herman-Wallis coefficients, and thus represents one of
the best known dipole moment functions for any diatomic molecule.
The accuracy of the present data also confirms the importance and
utility of TTFMS when used for performing ultrasensitive
molecular spectroscopic measurements of weak overtone bands.

Address of Carlisle SRI International, 333 Ravenswood Ave., Menlo
Park, CA 94025.
Address of Gallagher : Department of Physics, University of Virginia,
Charlottesville, VA 22901.
Address of Tipping : Department of Physics and Astronomy,
University of Alabama, Tuscaloosa, AL 35487.
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HIGH RESOLUTION OBSERVATIONS OF STARS, PLANETS AND THE SUN USING AN
FTS/POSTDISPERSER

D. E. JENNINGS AND G. R. WIEDEMANN

Infrared spectrosocpy in astronomg at mid-infrared wavelengths often requires
resolving powers v/A as high as 10 . Molecular lines in stars, planets and
the sun can be very narrow, with widths produced by doppler broadening due to
the temperatures or velocities in the source. Completely resolved line
profiles can yield dynamics, composition, temperatures and magnetic fieldi in
atmospheres and circumstellar shells. Spectral rebolutions near 0.01 cm are
achievable using Fourier transform spectrometers. Until recently, however,
such high resolution has been impractical because of detector or background
noise.

A postdisperser has been developed at Goddard Space Flight Center to improve
the sensitivity of FTS's used for astronomy. This instrument, a cryogenic
grating monochromator, permits 0.01 cm- resolutioT on a variety of sources.
By narrowing the spectral bandwidth to 0.6 - 3 cm , the background noise is
greatly reduced. Examp}es will be shown of Mg liges in stars , C H and HCN in
circumstillar shells , CCH detected in Jupiter and Zeeman splitiing in
sunspots . Observations wert performed using the facility FTS's at the McMath
and Mayall telescopes at Kitt Peak.

1 D. E. Jennings, D. Deming, G. R. Wiedemann and J. J. Keady 1986, Ap. J.

(Letters), 310, L39.

2 R. J. Boyle, D. E. Jennings, G. R. Wiedemann and J. J. Keady, in

preparation.

G. L. Bjoraker, D. E. Jennings and G. R. Wiedemann, in preparation.

D. Deming, R. J. Boyle, D. E. Jennings and G. R. Wiedpmann 1988, Ap. J.,
submitted.

Address of Authors: Planetary Systems Branch, Code 693, Laboratory for
Extraterrestrial Physics, NASA/Goddard Space Flight Center, Greenbelt, MD
20771
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DETERMINATION OF THE ORTHO-PARA RATIO AND NUCLEAR SPIN TEMPERATURE FROM HIGH

RESOLUTION WATER FLUORESCENCE SPECTRA OF COMETS HALLEY AND WILSON

W.E. BLASS, M.J. MUMMA, H.A. WEAVER, H.P. LARSON, AND S. DRAPATZ

High resolution water fluorescence spectra in the v3 band has been observed
from comets Halley and Wilson. The observations were made aboard NASA's Kuiper
Airborne Observatory with the University of Arizona high resolution Fourier
transform spectrometer.t

Using a straight forward radiation transfer model of the cometary coma, we
have analyzed the v3 fluorescence data. A rotationally equilibrated, aperature-
averaged coma is assumed. An effective rotational temperature and ortho-para
ratio for water in the coma are determined.

Results for comets Halley and Wilson will be presented. The implications
of an ortho-para ratio significantly different from 3:1 will be discussed

'M.J. Mumma, H.A. Weaver, H.P. Larson, D.S. Davis, and M. Williams, Science
232, 1523-1528 (1986).

Address of Blass: Molecular Spectroscopy Laboratory, Department of Physics and
ASt rnT-, i-niversity of Tennessee, Knoxville, TN 37996-1200
Address of Mumma: Planetary Systems Branch, NASA Goddard Space Flight Center,

I----- 1T-,- DVD---2O 77 1

Address of Weaver: Space Telescope Science Institute, 3700 San Martin Drive,
BaItimor-, F--21218
Address of Larson: Lunar and Planetary Laboratory; The University of Arizona,

Addres-s of D rapat.z: Max Planck Institute, Federal Republic of Germany.
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TU NABLE DIODE LASER MEASUREMENTS OF INTENSITIES AND
COLLISION-BROADENED LINE WIDTHS IN THE v3 AND v6

FUNDAMENTALS OF 12CH3D AT LOW TEMPERATURESt

S. CHUDAMIANI, and P. VARANASI

For the determination of the D/H ratio in the atmospheres of of the major planets, the
Saturnian satellite Titan and Earth, intensities and half-width data are required at temperatures
between 90 and 288 K on the infrared lines of CH 3 broadened by 112, He, N. and air. Using a

tunable diode laser and the sweep integration technique, we have measured at several temperatures
between 100 and 296 K the intensities and half-widths of several multiplets in the v, and v,
fundamentals of '2 CH3D. 0 2 -broadening and Ar-br(,adening have also been considered in addition
to the broadening by the gases already mentioned.

tSupported by the Planetary Atmospheres Branch of the Solar System Exploration

Division of NASA under Grant-in-Aid No. NGR 33-015-139.

Address of the authors: Laboratory for Planetary Atmospheres Research, State University of

New York, Stony Brook, NY 11794-2300
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INTENSITY AND LINE WIDTH MEASUREMENTS IN THE
v4-FUNDAMENTAL OF 3 CH 4 AT PLANETARY ATMOSPHERIC
TEIMPERATURESt

P. VARANASI, and S. CHUDAMANI

Observation of the spectral lines belonging to 13 CH 4 and comparison of their intensities and
collision-broadened half-widths with those of 2 CH4 are not only relevant to studies of planetary
evolution and exploration but are also of sustained interest to researchers engaged in intensity
perturbation and collision-broadening studies of tetrahedral molecules. We present results ob-

tained at several temperatures between 100 and 295 K on P(4), P(5) and P(6) multiplets using
a tunable diode laser and H2, He, Ar, N 2, 02 and air as broadening gases. The difference in the

line widths of the three tetrahedral species of lines and their variation with temperature is also
presented.

tSupported by the Planetary Atmospheres Branch of the Solar System Exploration

Division of NASA under Grant-in-Aid No. NCR 33-015-139.

Address of the authors: Laboratory for Planetary Atmospheres Research, State University of
New York, Stony Brook, NY 11794-2300

F!I. (3:58)

MEASUREMENT OF INTENSITIES AND COLLISION-BROADENED
LINE WIDTHS IN THE V4-FUNDAMENTAL OF 12CH 4 AT LOW
TEMPERATURESt

P. VARANASI, and S. CHUDAMANI

In the analysis of the observed '2 CH 4 spectra of the atmospheres of the major planets, the
Saturnian satellite Titan and Earth, intensities and half-width data are required at temperatures
between 90 and 288 K on the v 4 lines broadened by H2, He, N2 and air. We have, therefore,
measured at several temperatures between 100 and 296 K the intensities and half-widths of P(5),
P(6), P(9) and P(10) multiplets located between 1240 and 1280 cm - 1 using a tunable diode laser.
In addition to the above mentioned broadeners we have also used 02 and Ar. The temperature
dependence and the relative magnitudes of the line widths of the A, E, F species of rotational
lines are examined for each of the broadening cases.

fSupported by the Planetary Atmospheres Branch of the Solar System Exploration
Division of NASA under Grant-in-Aid No. NGR 33-015-139
and by the Upper Atmosphere Research Program of thc Earth Sciences and Applications Division
of NASA under Grant-in-Aid No. NAGW-1238.

Address of the authors: Laboratory for Planetary Atmospheres Research, State University of

New York, Stony Brook, NY 11794-2300
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PRESSURE SHIFT MEASUREMENTS ON THE INFRARED INES OF
I CH 4, 13CH4, 12CH 3D AND 14N20 AROUND 7.85 pm USING A TUNABLE
DIODE LASERt

P. VARANASI, and S. CHUDAMANI

Unless very careful and skillful precautions are taken, measurement of collision-induced line
shifts using a tunable diode laser can be unreliable on account of the commonly encountered jitter
and instability in the laser signal. However, when lines belonging to different molecules appear
in the spectral scan as neighbors (reference lines) that do not interfere with the absorption of the
observed line, as in the case of the three methanes and N20, accurate line shift measurement is
feasible. Using separate absorption cells for the reference and sample gases and placing them in
series, we have been able to measure the pressure-induced shifts of the rotational lines of 1

2 CH 4,
1

3 CH 4 , 12 CH 3 D and 14NO located between 1265 and 1275 cm - 1. The temperature dependence
of the shifts is also pres. "ted for collisions of the absorbers with H2, He, Ar, N2 , 02 and air.

tSupported by the Planetary Atmospheres Branch of the Solar System Exploration
Division of NASA under Grant-in-Aid No. NGR 33-015-139
and by the Upper Atmosphere Research Program of the Earth Sciences and Applications Division
of NASA under Grant-in-Aid No. NAGW-1238.

Address of the authors: Laboratory for Planetary Atmospheres Research, State University of
Ne 7 York, Stony Brook, NY 11794-2300

RF13. (4:25)

INFRARED BAND STRENGTH MEASUREMENTS OF CF2 AND CH 3

J. WORMHOUDT and K. McCURDY

Infrared tunable diode laser absorption diagnostics of gas phase radical concentrations can
yield important information on chemical mechanisms in semiconductor processing systems. Absorp-
tion concentration measurements require knowledge of line and band strengths. We have been
using fast flow reactor techniques to study the CF2 radical, of interest in plasma etching
systems, and the CH3 radical, important in metalorganic and diamond chemical vapor deposition
systems. CF2 concentrations are determined by ultraviolet absorption of 248.4 nm radiation from
a KrF excimer laser. CH3 radicals are generated by reaction of CH4 with F atoms. They are
quantified using the known CH 3 recombination rate constant by observing their concentration
decay with residence time for varying initial concentrations. We will present infrared absorp-
tion strength measurements for these radicals and compare these results with recently reported

measurements. 1,2

1
C. Yamada and E. Hirota, J. Chem. Phys. 8, 669 (1983).2
j.j. Orlando, J. Reid, and D.R. Smith, Chem. Phys. Lett. 141, 423 (1987).

Work supported by AFOSR under Contract F49620-87-C-0052

Address: Center for Chemical and Environmental Physics, Aerodyne Research,
45 Manning Road, Billerica, KA 01821



TIEORETICAL PREDICTION OF FAR WING INFRARED LINESIIAPES

R.C. BROWN and j. WORMHOUDT

Far wing absorption is important in determining long path atmospheric absorption between
strong adsorption bands. Development of a detailed dynamical theory of wing lineshapes for
atmospheric molecules is a challenging task. A fully quantum mechanical, time dependent, pertur-
bative theory

1 
has been used to evaluate far wing absorption for the 404-515 self-broadened H20

rotational line. The predicted absorption coefficient increases with temperature, in contrast
to experimental observations of a strong negative temperature dependence. Replacement of an
Anderson-like ad hoc cutoff by a formal resummation of the perturbation series yielded no im-
provement. We conclude that perturbaLive methods using multipole expansions are not adequate
for this system. Preliminary calculations for an Ar-HCI test case using a non-perturbative
technique, the Recursive Residue Generation Method,

2 
will be presented.

IR.W. Davies, RH. Tipping and S.A. Clough, Phys. Rev. A 26, 3378 (1982).2
A. Nauts and R.E. Wyatt, Phys. Rev. A 30, 872 (1984).

Work supported by AFOSR under Contract F19628-85-C-0183

Address: Center for Chemical and Environmental Physics, Aerodyne Research,
45 Manning Road, Billerica, MA 01821
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Theoretical studies of the spectroscopy of first-row molecules

C, V. Bauschlicher. S. R. Langhoff. H. Partridge and P. R. Taylor

NASA Ames Research Center

Moffett Field. CA 94035

Abstract
The recent development of ab initio methods such as full configuration-

interaction calculations for the calibration of approximate methods of including
electron correlation and new methods of contracting large primitive Gaussian basis
sets. has substantially increased the accuracy of calculated spectroscopic constants.
For example, calculated dissociation energies of both the NH and CN molecules
are now more accurate than values deduced from either laboratory or astrophysical
sources. The C"5 fl. and A' 5 - potentials of N2 have been computed with suf-
ficient accuracy to unambiguously assign the transition between these two states
to the previously unidentified Hermann infrared system. The recent advances have
also made it possible to compute accurate electronic transition moments from which
accurate Einstein coefficients and radiative lifetimes can be derived. For example,
the radiative lifetime of the v=0 and v=I le% As of the A 2 E - state of OH can now
be computed with an uncertainty of only 2/. Other examples of theoretical calcula-
tions include the red and violet band systems of CN and the Meinel, first-negative.
and second-negative band systems of N2.

M(2: 3

REFLE'TION SYMMETRIES OF LINEAR-MOLECILE ROVIBRONIC LEVELS

JAMES K. G. WATSON

Coriolis forces break tile infinite-fold axis of symmetry of a linear molecule, but leave a residual planet
of symmetry. Thus the rovibronic (or spin-rovibronic) wavefunctions can be classified according to their
behavior under reflection of the vibronic (or spin-vibronic) variables in this plane. The orientation of the
plane depends on the coupling case. In Hund's case (a) or (c) the plane is through the molecular axis normal
to the perpendicular component of the angular momentum J. while in Hund's case (b) it is normal to the
perpendicular component of N. The former gives an exact symmetry classification equivalent to the r f
classification of Ref. 1. while the latter gives an approximate symmetry classification equivalent to tile .A' A"
classification proposed in Ref. 2. A simple prescription for the latter notation is given, namely

.4' levels have parity - ( -1) N,

A" levels have parity (-- 1) I

This gives a useful characterization even when N is not a perfect quantum number. The classificatioT ,f case
(d) rovibronic levels in terms of the symmetries of the levels of the core will also be cor~idered bri,.t.;

.J. M. Brown et 9 aL. .Mol. Spectrosr. 55. 500 503 (1975).
M. H. Alexander et 28 a/.. to be published.

Address: Herzberg Institute of Astrophysics. National Research Council of Canada. Ottawa. Ontario.
Canada K1A 0R6.



2:19)

oN THE ESR (IF SMALL. CARBON CL.USTERS

n. ' . E4ING

F ectron spin resonance (FSR) s iglals attributed to the linear C4 , C6 ,
(R, and Cp molecules in their lowest 3 i states, n.tesumahlv their
ztound states, have recently been observed in solid neon and arton matricies at
4K

1
. Hvperftne interaction in the 13 Cn molecules was small, indicattng

cumulene-ltne bonding with the unpaired spins in ptr orbitals. The zero field
-;plitting parameters, I ) 1, were found to he 0.236, ().363, n.783, and

.%qO .m - , resnectivel v, in solid neon.

Ab initio molecular orbital calculations have been performed to help
intepiet this data. The increase in I D I through Cg is attributed to a
otespondtnv variation in the spin-orbit coupling with low lying states,

prtinctpgllv the l<
+  as the chains lengthen. Cross orbital spin populations

and ! i B- N 4 energy differences were obtained from Hartree-Fock
,al~ulat tons in order to interpret the hfs and I ) I data, respectivelv. Por C4
and Cc electron correlatLon was included via second (MP2) and third (P3I)
order Moller-Plesset perturbation theory.

1R. J. Van Zee, R. F. Ferrante, K. J. Zeringue, W. Weltner, Jr., and

n. W. Ewing, .1. Chem. Phys., submitted.

Address of Ewing: Department of Chemistry, John Carroll University, Cleveland,

Ohto 44118.

(2:30)

Ab Initio Calculations on Ag2, Au., and AgAu Including Polarization Functions

and Extended Electron Correlation

R.B. Ross and W.C. Ermler

Multi-configuration self-consistent field and configuration interaction
calculations have been performed on Ag2 , Au,, and AgAu. Relativistic effective
core potentials (REP) and optimized valence basis sets of Slater-type
functions, including f-type polarization functions, have been employed.
Multi-reference single and double excitation electron correlation studies are
reported. The effects of including f-type functions in the basis set and the
necessary levels of electron correlation are discussed. Calculated
spectroscopic constants are compared to experiment and to previous ab intio
all-electron and REP studies.

Address: Department of Chemistry and Chemical Engineering, Stevens Institute
of Technology, Hoboken, NJ 07030.
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VIBRATIONAL-ROTATIONAL ANALYSIS OF THE HYDROGEN PEROXIDE CATION FROM AB INITIO

POTENTIAL ENERGY AND DIPOLE MOMENT SURFACES

Susan Kraft, Hsiuchin C. Hsieh and Walter C. Ermler

Results of ab initio unrestricted Hartree-Fock self-consistent field and

Moller-Plesset perturbation theory calculations for the hydrogen peroxide

cation are reported. A 6-31G** basis set was employed to compute energies on

an extensive grid of nuclear configurations near the planar equilibrium

geometry (R00-1.32 A, ROH=I.00 A, _HOO=I04). Analytical representations of

potential energy and dipole moment surfaces were derived from least squares

fits to the grid points and used to calculate spectroscopic constants, dipole

moment expectation values and transition moments. A power series expansion to

fourth degree in both normal and internal coordinates was used to obtain the

spectLoscopic constants, expectation values and intensities.

Address of Kraft: Citroil Aromatic, Inc., 320 Veterans Boulevard, Carlstadt,

New Jersey 07072.

Address of Hsieh and Ermler: Stevens Institute of Technology, Hoboken,

New Jersey 07030.

FG6. (3:15)

AN AB INITIO STUDY OF CS AND H ADSORPTION ON BE METAL

M.M MARINO, M. SAWAMURA, AND W.C. ERMLER

Atomic cesium and hydrogen adsorption on beryllium clusters containing 19

and 33 atoms are studied using restricted Hartree-Fock calculations and ab

initio relativistic effective core potentials. The clusters are taken as

cylindrical plugs from a Be metal wafer. Be-Cs and Be-H internuclear distances

are optimized, while Be-Be internuclear distances are frozen at the bulk metal

values. For each system, numerous low-lying electronic states are

investigated. The calculations are carried out to determine the effects of Cs

and of H adsorption on the electronic structure and work function of the

systems. The cluster wave functions are Fourier transformed to obtain periodic

wave functions and the relation between the finite cylinder and

two-dimensionally extended bulk systems is discussed. The calculated

ionization potentials for the cesiated systems are in agreement with the

experimentally measured work function. Hydrogen is not predicted to adsorb on

Be metal, which is consistent with recent experimental findings.
1

1G.S. Tampa, M. Seidl, W.C. Ermler and W.E. Carr, Surf. Sci. 185 (1987) L453.

This work was supported by the Air Force Office of Scientific Research.

Address: Stevens Institute of Technology, Hoboken, New Jersey 07030.
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Ab Initio Calculations of Polarizabilities Including Relativistic Effects For
Elements of Groups IA and IB

J.M. Powers, R.B. Ross and W.C. Ermler

The effects of relativity and the concept of core-valence separation have
been examined with respect to polarizabilities for elements of groups IA and
IB. The coupled Hartree-Fock method for atomic polarizabilities has been
incorporated into an ab initio atomic self-consistent field program.
Relativistic effects have been studied via ab initio calculations employing
relativistic (REP) and nonrelativistic effective core potentials (NEP). The
effects of re-definition of core and valence spaces have been studied by
deriving REP's for heavy elements for a set of cases whereby fewer and fewer
electrons are "frozen" into the core. In addition, core-valence correlation
effects have been examined by calculating atomic polarizabilities via a
finite-field formalism and configuration interaction calculations. The
magnitudes of relativistic and core-valence correlation effects and the impact
of definition of core-valence space are compared. The impact cf tbis work on
molecular studies employing effective potentials is discussed.

This work was supported through NSF Grant No. CHE-8712315

Address: Department of Chemistry and Chemical Engineering, Stevens Institute
of Technology, Hoboken, NJ 07030.

(3:47)

CHARGE STABILIZATION OF EXCITED ELECTRONIC STATES OF CN-

C. S. EW!G AND J. TELLINGHUISEN

On excitation with energetic particles or VUV radiation, alkali halide crystals doped with CN-
display an ultraviolet spectrum which has been attributedt to emission from an excited triplet state of
CN- to the IE ground state. This is despite the fact that there are expected to be no bound excited
electronic states of CN- in vacuo. Although this metastable (T - 100 ms.) species has previously been
labeled 3f in analogy with CO, there is some evidence it may be 3E+ as in N2.

We have computed the energies and spectroscopic properties of excited electronic states of
CN- stabilized by counterion lattices, employing an ab initio MCSCF approach. Results will be
presented both for the ground I E state and for the low-lying 3H and 3Z states. These may be
directly compared with experiment. We will also discuss the accuracies of differing countercharge
models for simulating the effects of the lattice.

Il. Mendenhall et al, Chem. Phys. Letters (submitted).

pry. (4:03)

AN APPPOXIMATE AC-INITIO THEORY OF LARGE MOLECULAR SYSTEMS, G.P. DAS

An approximate ab-initio method for treating molecular systems is

presented. Important simplifications both in the nature of the wavefunction

as well as the multicenter integrals makes the approach comparable in cost

to some of the existing semi-empirical schemes, while leading to a more

consistent and reliable characterization of properties of large systems

than the lxtter. The method is applied to clusters, complexes and polymers.

Address of DAS: Department of Chemistry, University of Cincinnati, OH 45221
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Electronic states of \a, and Va, : Calculated 1lE surfaces and molecular structures

6;. H1..,' .l. Broii'r. and P'. I.aha trn

All clectrnic states of Va' dissi ciat ing into 2Va 3.s) + Na'* and some Ihmest states
dl ss~cat ing Into A,1_.3+ A r 317 + Va" are calculated in full valence C1 using a flexible basis
set. 1), it the griund state A. \ith respect to ,a + ,a' is 1.376 eV. A strong Jahn-Teller
et ',ct ftir the first excited state - [' leads to a linear 1:, and an acute-angle .1 geometries. These
states are stable with respect to dissociation into ;a .V"Y + :Val. Other three states are
repulsive. Am m the molecular states which can he made from Va; 3 + .Va( 3p' + ,'a' , only the
.- state is quite stable ID = 0.95SN(' I I\ith respect to dissociatiiin into ,a a1l,, + Na'. The

tvo Jahn-lcllcr partner stales o(f 2. V-' are very weakly bound.
The li \est states if Xa, are alsii calculated in full VCI. The ground state (.B,) is stable by

0.29() eV with respect to diss ciatii into Na; .' YJ + Na; 3 ;. The -B. state is onlv 0.021 e\
h, wer than the -A state and the conic intersection (,F') lies 0.093 eV higher than the -B state
Vhe (dyvnamic) Jahn-Teller character of the hiwest states and their bonding nature are discussed.

Ibis wii\rk is expected to gi(e precise energetic characteristics and electronic structures for
the Ii(,\est states ()f .\a and Na. The spectroscopic implications of the calculated potential
ener.-y curves %kill be discussed in light (of recent experimental obscrvations.

* tihrIr' oI/Junn ."ahrit it' dv" (lJiniic tuaniquc L ijrit(; L. Pastcur. 4 rue B. Pa.cal. 6-000
.tr t,ia tr0,, ( 'x. Frato I '

olddrc, o/ Bro't-r antd lI.a/i tw Laboratoirc fit SI '(troni;tri( liniquc et Aio;culhire. L''ririirc;
do L1 .111 B1H;. 2(15 . 4-1 hd du I/ ./Vornihre 191S. 09622 1 7leurhannu' Cedex. France

14. (A: 30)

EMISSION SPECTRUM OF SUPERSONICALLY COOLED BENZYL RADICAL

P. G. CARRICK AND J. I. SELCO

The rotationally cooled gas phase electronic emission spectrum of the benzyl radical was produced with
a Corona Excited Supersonic Expansion (CESE). The cooled electronic emission spectrum of the toluene
precursor was also observed. Rotational temperatures were estimated to be about 15 K. This is the first
observation of emission from aromatic radicals in this source.

Most of the observed bands in both toluene (1B2 - 'A,) and the benzyl radical (2 A2 . 2B2) are the result of
emission from the lowest vibrational level in the electronic excited state. This suggests extensive vibrational
cooling of these relatively large molecules in the CESE source.

Transitions from the second electronic excited state (22B 2 - 12B 2 ) in benzyl radical were observed, although
greatly reduced in intensity compared to the (2 A2 -* 

2 B2 ) transition and previous gas phase emission spectra.
The high degree of mixing' between 2 2 Bj and vibronic states of 12A 2 introduces a mechanism that allows
collisional electronic quenching to occur during the expansion via removal of vibrational energy.

IC. Cowsart-Magos and S. Leach, J. Chem. Phys., 64, 4006 (1976).

Address of Carrick: Air Force Astronautics Laboratory/YSX, Edwards Air Force Base, CA 93523
Address of Selco: Department of Chemistry, University of Redlands, Box 3080, Redlands, CA 92373
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FLUORESCENCE SPECTROSCOPY OF PREDISSOCIATED LEVELS OF

ELECTRONICALLY EXCITED S2

Wafaa Fawzy and M. C. Heaven

We have re-examined the laser induced fluorescence spectrum of jet-cooled S2.
In the range of 31,000 to 35,500 cm-1 the spectrum shows intense bands of the well-
known B3 y u - X3yg system, and weaker features which belong to the B"37tu - X3g
transition. Predissociation to ground state atoms causes a "breaking off" of the
emissions from both bands at energies above 35,570 cm- 1. However, we have now
observed fluorescence from three fragmentary bands which lie at energies above the
predissociation limit. One of these features is readily identified as the B-X, 10-0
band. Rotational analysis yields the constants vo=3 5,702.34, X=1.3 and B10=0.133
cm- 1. The two other bands, which have ongins at 35,668.54 and 35,723.84 cm 1 are
not part of the B-X system. The former shows P,Q, and R branches, and rotational
perturbations which affect only the Q branch. The higher energy band has only P
and R branches. The analyses of these fragmentary structures will be discussed.

Address of Fawzy and Heaven: Department of Chemistry, Emory University, Atlanta,
GA 30322

Rg13. (4:52)

WAVELENGTH - RESOLVED FLUORESCENCE STUDIES OF THE COLLISION

DYNAMICS OF Br2 (B)

M. C. Heaven, E. A. Dorko, G. P. Perram, and L. Hanko

Continuous wave excitation and wavelength-resolved fluorescence techniques
have been used to study the self-quenching and energy transfer kinetics of Br2 (B).
A self-quenching rate of 4x1 0-10 cm 3 molecule- 1 s -1 was observed for the levels with
v>10, J>15, in excellent agreement with the results from pulsed measurements. 1

The rate constants for rotational energy transfer (summed over all final states) were
found to be around 6x10 -11 cm3 molecule-1 s-1. An upper bound of 5x1 0-12 cm3

molecule-1 s-1 was established for the vibrational energy transfer rate constant. The
c.w. measurements are at variance with the energy transfer rate constants obtained
from models of the time-resolved fluorescence decay kinetics.1 The reason for these
discrepancies will be discussed.

IL. J. van de Burgt and M. C. Heaven, Chem. Phys. 103, 407 (1986)

Address of Heaven: Department of Chemistry, Emory University, Atlanta, GA 30322
Address of Dorko. Perram. and Hanko: AFWL, Kirtland AFB, New Mexico 87117
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RGI4. (5:03)

ELECTRONIC SPECTROSCOPY OF RARE GAS ISOLATED 12 AND LBr

M A P MACLER and M.C. HEAVEN

The electronic spectroscopy of 12 and EBr, isolated in solid rare gas
matrices has been studied using time and wavelength resolved fluorescence
techniques.

Argon isolated 12, excited at a wavelength of 193 nm, showed a broad
feature at about 380 nm, that has a very short life-time (= 20 ns). This
transition has been tentatively assigned as the D'(3rI 2g)-A'(3 1-2u) system.

Ar, Kr and Xe isolated IMr, excited at a wavelength of 532 nrm,
exhibited both A 3

,)-X('E) and A'(3fI 2)-X(IE) systems. The 1iPt-times
of these transitions decrease with increasing atomic number of the host.

Spectral and temporal analyses will be discussed.

Work supported by AFOSR under grant 85-0210

Address of Macler and Heaven: Department of Chemistry, Emory
University, Atlanta, Georgia 30322.
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,N IH 5 LI'ltT7S DP -HP XNCEPT OF TRANSFERABILITY OF VIBRATIONAL PARAMETERS

WILII S S. PERS3L AND K. KUBULAT

Ab Initio mclecular orbital calculations nave been carried out to predict the infrared
spec-tra f'reojencies and intensities) of a number of ctzemically related molecules. These
incltue ' do different etnanethlo! conformers, diethylsulfide, and tneir cnlorinated
derivatives, a number of fluorinated and alkylated dezivatives of 13PO and H PUH,2 and several
cytosLie tautomers iand mettnylated and fluorinated derivatives . 3 Hence, we many examine tne
va lies -:a toulatedl for force constants and dipole moment derivatives for chemically simi lar bonds

(-!:--S, -Cl1, P-H, P-0, C-N, etc.) in these cnemically different, but related, molecules to
leter-nine mne litts that may be expected for tne concept of transferability of tnese
,arametors. Selected examples from these systems will be presented and discussed.

C.Sosa, R. j. Bartlett, K. EuBulat and W. B. Person, J. Cnem. Phys., submitted for
p lhic oaion.
W. .1. Person, J. S. Kwiatkowski, and R. J. Bartlett, J. Mol. Struct. 157, 237 (1987); C. S.
KwLa tk ows, a npublJ 'shed results.

3 . Szczesniak, J. S. Ewiatkowsk4, K. EuBulat, K. Szczepaniak and W. B. Person, J. Am. Cnem.
Soc., s-bmitted for publicationt A. Jaworski, unpublished results.

7dcress of Person and KuBulat: Department of Chemistry, University of Florida, Gainesville,
1L 32611.



THE THEORY OF VIBRATIONAL CIRCULAR DICHROISM : ALTERNATIVE REPR ETATIONS OF ATOMIC POLAR AND

AXIAL TENSORS

P.J. Stephens, K.J. Jalkanen, R.D. Amos, N.C. Handy, P. Lazzeretti and R. Zanasi

Prediction of vibrational rotational strengths and vibrational circular dichroism (VCD)

spectra requires the calculation of atomic polar tensors, Pp , and atomic axial tensors, M

"1,2]. Ab initio calculations of P', and MY tensors and, thence, of vibrational rotational

strengths using coupled Hartree-Fock (CHF) perturbation theory have recently been reported [3-
8]. In some cases [4,7,8], comparisons to experimental VCD spectra have been possible.

We discuss here the implementation at the ab initio level of alternative formalisms for
P 2 and M 2 tensors. We report a previously unnoted representation of Pk tensors, involving
the electronic momentum operator, and its implementation using CHF perturbation theory. Alter-
native representations of both Pr and M tensors in terms of nuclear electromagnetic shield-

ing tensors,-', and 9,101 are discussed.b exists in length, momentum and force represen-
tations; i exists in angular momentum and torque representations. The calculation ofb f and

have been implemented by means of the random phase approximation (RPA) [9]. Calculations on

simple molecules are presented in order to exhibit the relative accuracies of the various
formalisms now available for the calculations of P > and M, tensors. The implications for
the ab initio calculation of VCD spectra are discussed.

1. P.J. Stephens, J. Phys. Chem. 89, 748 (1985).
2. P.J. Stephens, J. Phys. Chem. 91, 1712 (1987).
3. R.D. Amos, N.C. Handy, K.J. Jalkanen, P.J. Stephens, Chem. Phys. L 133, 21 (1987).
4. K.J. Jalkanen, P.J. Stephens, R.D. Amos, N.C. Handy, J. Am. Chem. Soc. 109, 7193 (1987).
5. K.J. Jalkanen, R.D. Amos, N.C. Handy, Chem. Phys. L. 142, 153 (1987).
6. K.J. Jalkanen, P.J. Stephens, R.D. Amos, N.C. Handy, J. Phys. Chem. 1988 (in press).
7. K.J. Jalkanen, P.J. Stephens, R.D. Amos, N.C. Handy, J. Am. Chem. Soc. 1988 (in press).

8. R.W. Kawiecki, F. Devlin, P.J. Stephens, R.D. Amos, N.C. Handy, Chem. Phys. L 1988 (in press).
9. P. Lazzeretti, R. Zanasi, Phys. Rev. A 33, 3727 (1986).

10. P. Lazzeretti, R. Zanasi, P.J. Stephens, J. Phys. Chem. 90, 6761 (1986).

Address of Stephens & Jalkanen: Dept. of Chem., Univ. of So. Calif., Los Angeles, CA 90089-0482

Address of Amos & Handy: Dept. of Theoretical Chemistry, Cambridge University, Cambridge, U.K.

Address of Lazzeretti & Zanasi: Dipart. di Chim., Universita Di Modena, 41,100 Modena, Italy.

Rlf- . (2:16)

MEASUREMENT OF VIBRATIONAL CIRCULAR DICHROISM SPECTRA USING DISPERSIVE INSTRUMENTATION

F. Devlin and P.J. Stephens

We report improved dispersive instrumentation for the measurement of vibrational circular

dichroism (VCD) spectra. The lower frequency limit is currently - 650 cm
- 1 [1]. Measurements at

< 5 cm
- 1 

resolution are practicable over the entire spectral range. Performance is documented

using 3-methylcyclohexanone and a-pinene. New VCD spectra of several molecules will also be

reported.

1. F. Devlin and P.J. Stephens, Appl. Spectry. 41, 1142 (1987).

Address of Devlin and Stephens: Department of Chemistry, University of Southern California,
Los Angeles, CA 90089-0462
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R115. (2:31)

VIBRATIONAL CINCLAR DICHROISM OF f-LACTONE

K.J. Jalkanen, F. Devlin, P.J. Stephens, T. Polonski, R.D. Amos and N.C. Handy

The vibrational absorption and circular dichroism spectra of 3-methyl-2-oxetanone and 4-

methyl-2-oxetanone have been measured. Scaled quantum-mechanical (SQM) force fields for these
molecules have been obtained. Predictions of the absorption spectra and VCD spectra, using PX a
and MX tensors calculated ab initio at the SCF level, are compared to the experimental
spectra.

Address of Jalkanen, Devian and Stephens: Department of Chemistry, University of Southern
California, Los Angeles, CA 90089-0482

Address of Polonski: Department of Organic Chemistry, Technical University 80-952, Gdansk,
Poland

Address of Amos and Handy: Department of Theoretical Chemistry, Cambridge University, Cambridge,

United Kingdom

RHo. (2:50)

VIBRATIONAL CIRCULAR DICHROISM SPECTRA OF MOLECULES CONTAINING SECOND-ROW EMNT

R. Bursi and P.J. Stephens

The accuracy of ab initio predictions of vibrational circular dichroism (VCD) spectra of

molecules containing H, C, N, 0 and F is becoming increasingly well-defined. However, no

studies have been reported so far on molecules containing second-row atoms. We present

calcultions on several molecules containing second-row atoms. Scaled quantum-mechanical (SQM)

force fields have been obtained for the molecules studied. Predictions are compared with

existing experimental data.

Address of Bursi and Stephens: Department of Chemistry, University of Southern California, Los

Angeles, CA 90089-0482

RH7. (3:20)

VIBRATIONAL SPECTRA OF TETRAFLUOROOXIRANE-
1 6

0 AND -180

NORMAN C CRAIG DIANE GESTY, AND ALLEN G. KASTELLE

The Raman spectrum of tetrafluorooxirane- 1 6 0 (tetrafluoroethylene oxide-16: TFEO-16)
has been obtained at -800 C. From this spectrum and a previous infrared study1 we have
developed a complete assignment of the vibrational fundamentals. These fundamentals in cm

- 1

are: (al) 1610, 1161, 792, 502, 320; (a2) 12-40, 516, 234: (bl) 1128, 776, 696, 528; (b2) 1282,
558, 186. The newly available Raman spectrum led to revisions in the assignments for v7, v1 0 ,
vj 1, and v12 and the replacement of estimates for v6 and v8. 1 The assignments for v5, v8, and
v12 are supported by values of 306(17), 226(17 , and 182(23) cm - 1 , respectively, derived from
vibrational satellites in the microwave spectrum.

From the infrared and Raman spectra of TFEO-18 the fundamentals in cm- 1 are: (al) 1607,
1136, 789, 494, 321; (a2) 1240, 516, 234; (bj) 1127, 777, 679, 516; (b2) 1282, 539, 185.
Because vi shifts very little with 180 substitution, this mode is not "ring breathing"lbut is CC
stretching presumably raised in frequency by mixing with CF stretching and bond strengthening
due to the fluorine substituents. Other modes that depend significantly on 180 substitution are
v2 (sym CO stretching), vi 1 and v12 (asym CO stretching), and v 14 (COG flappping).

1 N. C. Craig, Spectrochim. Acta, 28A, 1195 (1972).

2 j. W. Agopovich, J. Alexander, C. W. Gillies, and T. T. Raw, J. Am. Chem. Soc., 106, 2250

(1984).

Address: Department of Chemistry, Oberlin College, Oberlin, OH 44074, U.S.A.
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RH8. (3:37)

VIBRATIONAL SPECTRA OF 1 -CHLOROCYCLOBUTENE

NORMAN C. CRAIG AND STEVEN S. BORICK

The gas-phase infrared spectrum and the liquid-phase Raman spectrum have been recorded
for 1-chlorocyclobutene, which is a newly prepared substance. Much evidence in the literature on
cyclobutenes indicates that the cyclobutene ring is essentially planar. The vibrational spectra for
1 -chlorocyclobutene are consistent with a planar ring structure and Cs symmetry. The axis of least
moment of inertia, [a, is essentially parallel to the CCI bond. In the gas-phase infrared spectrum
modes of a' symmetry have hybrid type-A/B band shapes, and modes of a" symmetry have type-C
band shapes. As a consequence of structural variety and some symmetry in this molecule, an
essentially complete assignment of vibrational fundamentals is possible. The fundamentals in cm
1 are: (a') 3090, 2947, 2940, 1594, 1452, 1434, 1250 (average of Fermi resonance doublet),
1192, 1164, 1120, 916, 890, 869, 493, 299; (a") 2980, 2966, 1070, 1016, 854, 751, (751), 395,
211 Of particular interest is the ring puckering frequency of 211 cm- 1 which compares with 325
cm 1 in cyclobutene itself,1 261 cm-lin 1-fluorocyclobutene,2 132 cm - 1 in 3,3,4.4-
tetrafluorocyclobutene, 2 and 98 cm 1 in perfluorocyclobutene.3

1V. T. Aleksanyan and 0. G. Garkusha, Izv. Akad. Nauk SSSR, Ser. Khim. 127, 2227.
2Unpublished results: N. C. Craig, S. S. Borick, H. Kim, J. R. Seidel, and T. R. Tucker.

3 P. Klaeboe, C. J. Nielsen, and D. L. Powell, Spectrochim. Acta, 43A, 893 (1987).

Address: Department of Chemistry, Oberlin College, Oberlin, OH 44074 U.S.A.

RHg. (3:4 9)

VIBRONIC STATES OF PuF6 IN THE NEAR IR AND VISIBLE SPECTRAL
REGIONS
S.J. David and K.C. Kim

The entire absorption spectrum of PuF in the near ir and
visible regions has been obtained by coupling a long path length
absorption cell with a BOMEM DA3.002 Fourier transform
spectrometer. This setup allows us to obtain spectra at very
high sensitivity and high resolution.

An analysis of the vibronic energy levels and spectroscopic
assignments of the observed transitions will be presented. The
energy levels obtained from those spectroscopic measurements of
the gas phase PuF6 molecule are the most accurate values
available. A comparison is shown of our assignments and results
with available theoretical studies and the matrix-isolation
results.

Address of Authors: Los Alamos National Laboratory, Los, Alamos,
New Mexico, 87545.



HI ,. (4:06)

INTEGRATED INTENSITIES OF CO 2 AND SF6 VIBRATIONAL BANDS FROM 1800 TO 5000
':M

-I 
AS A FUNCTION OF DENSITY AND TEMPERATURE

Michael F. Thomas and Milton J. Linevsky

The integrated intensities of selected vibrational bands of CO 2 and

SF 6 are measured as a function of density at various temperatures using a
BOMEM DA3.02 FTS. Densities from 4xlO

5 
to 2x1O

3 
mole/cc and temperatures

from 295K to 470K are examined. The spectral region covered is from

1800 cm
- I 

to 5000 cm
-1

.

Both allowed bands and collision-induced-bands of CO 2 are measured.

The integrated intensity for the allowed bands is linear in density and

i ndependent of temperature. The forbidden bands are due to collision-induced
absorption and the integrated intersity is parabolic in densit' again

shoiwing no observable temperature dependence.

Vibrational spectra of SF6 are +Iqo examined, All the observed bands
ire irifrored allowed. However, the integrated intensities ot selected bands
are quadratic in density, with the linear term dominating. The signiificance
of the densitv squared term is currently not understood.

Address of Authors: Johns Hopkins University/Applied Physics Laboratory,

Johns Hopkins Road, Laurel. MD 20770

[<tt II. (4:23)

STUDY OF ZEOLITE FRAMEWORK STRUCTURE AND ITS FORCE FIELD

BY VIBRATIONAL SPECTRA

HP JIEHAN AND NI JIANYI

Infrared spectroscopy has been widely used to study zeolites and vibrational bands have been
empirically assigned. We have chosen T 1o 1 2 (T=Si, Al) as a basic model of the D5R unit in ZSM-5
zeolite. and calculated it by four kinds of previous force fields, but none seems satisfactory.

This is because these previous force fields come from studies of silicates. So we have combined
Badgen's force field with Batsarov's. The results are in good agreement with the observed frequencies.

We have also used the normal coordinates to study the TO4 tetrahedron and its variation with
StAt ratio in X Y zeolites. We get the relationship between the bond length and Si/Al as well as
frequencies. By adjusting stretching, bending and interaction constants we obtain a linear relationship
between the T-O stretching constant and Si/At ratio:

FR = 2.595 -N4E; (N4E , NSI), t 5.5R7

-11c changcs ;" the bending constant are very small.
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(8: 30)

FOURIER TRANSFORM INFRARED SPECTROSCOPY OF NITRIC OXIDE IN

ELECTRIC AND MICROWAVE DISCHARGES

K.T-. McNesbv and R.A. Fifer

A multiple path length flow cell has been modified so that infrared
yoirier transform absorption spectra are obtained of gases in which an
electric discharge is occurring. Also, a microwave discharge flow cell has
been constructed such that infrared Fourier transform absorption spectra may
b5 obtained f vases undergoing exlcitation by the microwave radiation.

The work involved nitric )xide as the gas in which each type of discharge
)ccurs. NO is the only diatomic molecule which shows a Q branch in the
fundamental absorption spectrum in the infrared.1 The nitrosyl ion (NO+) is
isoelectronic with CO, which does not possess a Q branch in the fundamental
absorption soectrum. The effectsof pressure and intensity of discharge on
observed species in the discharge are discussed. Calculation of fundamental
infrared absorption frequencies for the nitrosyl ion are compared with those
observed experimentally.

*G. Herzber4, Molecular Spectra and Molecular Structure, D. Van Nostrand Co.,

Inc., Vol. 1, p. 121, 1950.

Address of McNes,. and Fifer: US Army Ballistic Research Laboratory,
SLCBR-IB-I, Aberdeen Proving Ground, MD 21005-5066

(8:41)

FOuRIER TRANSFORM DETEC1:r'4 0; THE v 3 FUNDAMENTAL OF THE N3 RADICAL

C. R. BRAZIER, P. . BERNATH, J. B. BURKHOLDER, AND C. J. HOWARD

We nave observed the v3 asymmetric stretching fundamental of the azide

radical. N3 was Droduced in a long pathlength absorption cell by the reaction

of HN3 with Cl atoms. The use of multipass mirrors gave an effective pathlength

of about 100 m and absorption of upto 10% was seen for the strongest lines. The

spectrum was recorded in 8 hours of averaging using a BOMEM Fourier transform

spectrometer at a resolution of 0.004 cm
-1
. The vibrational frequency was found

to be unusually low at 1645 cm
-1

, and lambda doubling was observed in both the

2rr/2 and 211/2 spin components.

The observed transitions and molecular constants will be presented.

Address of Brazier and Bernath: Department of Chemistry, University of Arizona,

Tucson AZ 85721.

Address of Burkholder and Howard: NOAA Aeronomy Laboratory, R/IE/AL2, 325

Broadway, Boulder CO 80303, and Department of Chemistry and Biochemistry and

CIRIS, University of Colorado, Boulder CO 80309.



(8: 52)

DIODE LASEQ SPClIROSCOPY OF ALKALI HALIDES

C. R_. BRAZIER, M. DOUAY, AND P. F. BERNA1H

The first overtone transitions of the alkali halides LiBr and NaF have been

ouserved in absorption using a diode laser spectrometer near 10 pm. Both

species were produced in the gas phase in a heat pipe oven at temperatures from

BOO 'C for LiBr to 1000 'C for NaF. Numerous hot bands were observed (upto 9-7)

DJe to the high temperature and the increase in the transition strength of the

overtones with increasing V.

Molecular constants and RKR curves for the XIz
+ 

states of LiBr and i4aF will

Ce presented.

Address of Brazier, Douay and Bernath: Department of Chemistry, Uriversity o

Arizona, Tucson AZ 85721.

(9:08)

Progress on NH3:
More rotational assignments, a Hamiltonian for band origins.

and modeling of N-H stretch intramolecular dynamics

Stephen L. Co"
and Kevin K. Lehmann

Our continuing application of microwave-detected microwave optical double resonance to rotational assignment
of NH, : vibrational overtones and combination bands from 6000 cm I to 18000 cm I has lead to the assignment
of several new bands. These include v. + v9 + v,2 at about 6050 cm 1, and 3vp, and 3vV2 

both near 10100 cm .
The hamiltonian being used to fit band origins in the N-H stretch overtone regions includes Darling-Dennison or
local mode coupling which mixes v and v3 , and the Fermi resonance between 2v4 , and the N-H stretches in an
essentially phenomenological way but also uses x-k relations to reduce the number of independent parameters.
With the assumption that all overtone intensity derives from the local mode state, this hamiltonian leads directly
to a time-dependent picture of delocalization of the initial local-mode state that would be created by a sub-
picosecond light pulse. The five quanta region is shown to be local mode in character, but lower regions rapidly
delocalize into normal mode components.

Address of Coy: Harvard Chemistry Department, 12 Oxford Street, Cambridge, MA 02138.

Address of Lehmann: Princeton Chemistry Department, Washington Road, Princeton, New Jersey 08544.

(9:19)

INVKETI..AFION og HOT BAND TRANSITTCNS OF NH IN THE 10 -.m REGION
3

R. 'LONHA, K. SINGH AND V. B. KARTHA

Int ositv measurements and N, pressure broadening studies have been carried out on
14severl vibritio n reitation transitions in the a2.--s, hot band of NH using a tunable

- - 3'
dio do, lisor svstom. The intensitv data have been used to obtain precise values for the

transition dipe, moment of the hot hand. Intensity measurements made by the direct and

-mq1ivalent width mith s -.,ill b,- compired. Results of optogalvanic studies in low pressure

D.C. discharges through ammonia, using "1 line tunable CO, laser will be presented and the

r.l-, of hit bands in the interpretation of thse signals will bc discussed.

Addres- ,f D'Cunha, Singh and Kartha : Spectroscopy Division, Vhablia Atomic Research

Cpntre, Modular Laboratories, Trombav, Bombav-400 085, India.
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FM). (9: 35)

THE a,,..i HOT BAND IN 14NH AND 15N11

K- AND 11.N. DEO

Numerous transititons have boon identified and assigned in the s2v 4--a'd hot band of

Nil 111 NH from the long-path Fourier transform spectra recorded with a White-type

multiplo reflection cell at the Kitt Peak National observatory. tntensity perturbations

in this 'hand arising from the strong Coriolis resonance of the s2,, levels with the

,:orrosoonding !,levels will be briefly discussed.

Address of DOCunh-i and Deo Spectroscopv Division, Bhabha Atomic Research Centre,

N1odular Laboratories,, Trombav, Bombav-400 085, India.

FAT. (9:41)

INTERPRETATION OF H1IGH RESOLUTION FTS SPECTRA OF 
14 NH 3 AT 2-3 Um

N. Tu. S. Urban. G. Guelachvili. and K. Narahari Rao

The Fourier transform spectya of ammonia, 
14 NH 3, have been measured in

the 2-3 -ni region w~ith 0.005 cm rcsolution. The v 1,I '3 2v 4,m +1 ± .
+ Lind v~, +4 2%), bands have been assigned and analyzed. Aong them the

+ bands~av teen assigned for the frttime. The band origins for the
+' sY meria and antisymmetrical paralell bands are 4115.62 cm and

4T73.25 c m respectivelY. These band origins differ from the calculated values (1).
The band origins for Ithe symmetrical ?nd antisYmmetrical perpendicular bands are also
found at 4135.94 cm- and 4193.14 cm- respectively.

(1)V. Spirko, J. Mol. Spectrosc. vol.101,30-47(19
8 3 ).

Address of Tu and Rao: Department of Physics, The Ohio State University,
Columbus, OH 43210.
Address of Urban: Czechoslovak Academy of Sciences, J. Hevrovsky Institute
of Physical Chemistry and Electrochemistry, Dolejsova ul. 3 182 23 PRAHA 8,
CZECHOSLOVAKIA.
Address of Guelachvi Ii: Laboratoire d'Infrarouge, Associe au CNRS, Bat.
350, Universite Paris XI, 91405 ORSAY-Cedex, France.
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Ii1,611 REISOL[IONr SU'P'ERSONIC BEAMl INFRARED SPECTRA OF ACETYLENE TETRAMER

( Ilrsant, R.0 \atts and D1. L-gers

.\A c.l lcno-helium wi sures n ere expandcd to provide supersonic beams that were collimated with
,kinim crs. Spectra s% cre obtained \kith a color center laser scanned under computer control;
ah,orption %%as detcted b. changes in beam energy deposition on a helium-cooled bolomneter. A
nTumer of different bands have been found in the CH stretching region that can he associated
ssltlh %.11OUs acet' lcne clusters. Those due to dimers and trimers have already been reported. 1.

2

1\,.o hand;s appear centered at 3201.3 and 3262.2 cm t
; these are assigned as perpendicular and

paral le tunda nital s. respectively, of a symmetric top molecule and arising from the monomer V 3

modc coupled in different ways in the cluster. The structure in the perpendicular band has been
a',igitd and fit as an oblate symmetric top. The rotational constants, combined with relative
intensitci s of the parallel and perpendicular bands, lead to a suggested structure that has the
nol0C.ules displaced from a symmctrical square planar arrangement. The molecular centers of
ma-, rc displaced abo e and below a referentc plane, and molecular axes are also tilted with
lespect to the plane.

: GW. Bryant, D.F. Eggers and R.O. Watts, J Chem. Soc, Faraday Trans. 2, 84,
MI l) 1 ).
-) H Pichard. J.S. %luenter and B.J. Howard, Chein Phys. Letters 135, 9 (1 9 87).

.\ddre'-, of Bryant: Australian National University, Canberra, Australia.

\,ldr,,-, t Watls and Eggcers: Department of Chemistry BG-10, University of Washington. Seattle

F2q. (10:21)

THE STRUCTURE AND TUNNELING MOTION OF ACETYLENE DIMER STUDIED BY

FREE-JET INFRARED ABSORPTION SPECTROSCOPY IN THE 14 um REGION

YASUHIRO OHSHIMA, YOSHIYASU MATSUMOTO, MICHIO TAKAMI, AND KOZO KUCHITSU

Several infrared bands of CH 2 dimer have been recorded in the monomer V5
band region by pulsed free-jet irect absorption spectroscopy with a ffequency
tunable diode laser. More than 100 transitions, located on the -9 cm
higher-frequency side of the monomer band origin, have been assigned to the a-
type qPn, qR0 , qPl, qQ 1 , and qR 1 transitions of a prolate asymmetric top.
Each transition splits into three tunneling components, an the splitting
between the lowest and highest components is 0.02-0.03 cm- . The distance
between the centers of mass of the monomer subunits is determined to be 4.4 A
from the B and C constants. This distance is too large for a slipped parallel

geometry of C2h symmetry but is consistent with a hydrogen-bonded T-shaped
geometry of C2v symmetry where the bonded H and the adjacent C atoms are close
to the van der Waals contact. The tunneling splittings and the intensity
alternation due to the nuclear spin statistics are well accounted for in terms

of the simultaneous internal rotation of two monomer subunits among four

equivalent equilibrium T-shaped .onfigurations.

Address of Ohshima and Kuchitsu: Department of Chemistry, Facul.;y of Science,

The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan.
Address of Matsumoto and Takami: RIKEN, The Institute of Physical and Chemical

Research, Wako, Saitama 351-01, Japan.
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FA 10. (10: 37)

INFRARED DIODE LASER SPECTROSCOPY OF THE 13F3 VAN DER WAALS
COMPLEXES WITH RARE GASES

YOSHIYASU MAE SVMOTO, YA; *IR li0oHSiI1 MA, MICli I) AKAM I,
AND) KOZO KUCIIITSt'

The high resolutr ion infrared absorption s pecr a of van der Waalsl vW
'orniplc xcs of B F A with rare gases hav e beenr measirrred rnear the B F tmoonmr

i/ band ( i/ o =1453.98 cm-, ). The vdW complexes of BF3 with N e,At-,.rand
Kr were effectiv.ely formed in a surpersonric free jet, anrd the sprectra were
recorded by observ.ing diirect absorption of a trinable iode laser. The
absorption lines of 'omrplexes were in the forest of the mnomrer brrrr
however, the spectrumr taken with the samrpie seeded in Hrte hel perd to identify
these lines otit of monomer lines-. The observerd iinowidtirs %,ere irr thre rarnge
of 70 - 120 MHz mrostly c~ontriburted try the instrumental and Doppler widthrs.
Thus tire lifetime of the %vibratioralw excited state is rrrrrh longer thiarr
l0-9 sec.

A prelimnrrary analysis of the observed spectra tras breen riorre by rrsinrg
a symmetric top rigid rotor HamriltLori ian. fre complex binrds are all1 red
shifted from the monomer band by -. 566, -1.767, and -2.57i cmr1 for the
comrplexes with Ne, Ar, and Kr, respectiv-ely. These shifts irr the hndr
origins show a good correlationr with the polarizability of the rare gases.

Address of Matsumoto arrd Takami: The Irrstitute of Physical arnd Chiemical
Researchi RIKENI, Wako, Saitama, 351-01, JAP 24
Address of Ohshima and Kuchitsrr: lDepartmn !4 of Chr'nistrv, Faciltyx of
Science, The University of Tokyo, Birnkyo-ku, Tokyo 113, JAPAN

FAII.(10: 5])

FAR-INFRARED SPECTRf( OF -iC? - RARE GAS VAN DER WAALS MOLECULES

A.R.W. MCKELLAR AND J.W.C. JOHNS

We have recorded spectra of the van der Waals molecules HCl-Ar and HCl-Xe in the far-
infrared (20-120 cm-1) using a Bomem spectrometer and a 20 mn absorption path at low
temperatures. This work extends to considerably higher resolution the earlier studies of
Boom and van der Elsken1 on the same systems.

Spectra of HCl-Ar show numerous partially resolved features in the 20-40 cm-1 region, and
it is interesting to speculate exactly how these relate to the now extensively studied
bands of this species as observed at very low temperatures in supersonic expansions by other
workers. HCl-Xe shows especially strong and detailed spectra in the 40-60 cm-l region, where
it almost apoears that we resolve individual rotational lines. However, it is not clear
whether the present spectra can be properly understood without significant assistance from
theory or from other experiments.

I E.W. Boom and 3. van der Elsken, J. Chem. Phys. 73, 15 (1930).

Address of McKellar and Johns: Herzberg Institute of Astrophysics, National Research
Council of Canada, Ottawa, Ontario KiA 0R6, Canada.
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~.F..E1SETPf HRE -SOS V.Th PEP iHOS IOLrC'!JS

Spec t r f r~'> - e v v3n der WaalIs mfl)ecjles are being studied using long
snor'-tIio n to h 1 11) -1) i t lo w t e ap e rot 11rfs i n(I 3ome-an DA3.02) s pec tromet e r. Among

toe intresting resuAlts -are:

1.Sew spectra )f +)-%e, obtained at about 25 K, are nuch cleaner and better resolved
thani oreviousl y )3ilibe results.

Soectra , 2 A ccominanying the )l (lI) transition are observed for the first time.

3.1 The first o)bserved ninifestat ion of the excited van der Wiaais stretching state (n~l)

in toiis class of molecules is noted in the 'QI(O) region of H.2-Ar.

I-<c2lent spectra of io?-Ar and ',2-"r in the SO(0) (350 cm-1) and SO( 1 (590) cm-1)
reqions nave been obtained.

i~~i~ nalisis of these results will result in improved 3-dimensionil potential
"1 3 v S 1rt C.s t in tie nydroljen-rare gas systems. Some new results on the H2q-%5 and

-- lerl' 1 ..;ill also ')e -resented.

lir-s Aerz,.er nttteo Astrophysics, 'Jational Research Council of Canada,

T A I1 t t a q , I n t r o r I O ', H , C a n a d a .

!NFRPED SP0%-TPA OF HYDROGEN O)1lERS

.2 .'CKELLAR

(H 2 )2 was one of the first van der Wails molecules to be studied soectroscopically.
r ower, since the pioneering work of 'iatanabe and Welsh1 in 1964, there have been only 2
furthier experiments: a detailed stuidy of the fundamental infrared spectrum,? and a study of
toe rf' hyperfine soertrum.1 The present results involve a refinement of the mid-infrared

TAIn) spectrum, '-which corresponds to the fundamental hydrogen stretching band, and an
extension to the far-infrared (15-30 um) region, which corresoonds to the H pure rotational
transitions. The exoeriments are performed with long absorption paths (',Cl0 m) of H2 or 02
at low,- temp9eratures (77 or <29 K) and noderate pressures (20-500) torr), using a Bomem
interferonetric spectrometer.

petaof (H2 ), in the far- nfrared at 77 K now provide experimfental verification of
the -assignment of Ryarogen dimers in Voyager spacecraft spectra of Jupiter and Saturn.
Precise high resolution spectra of (H2)? and (?2in the fundamental band regions show
details not previously detected: most interesting is (D2)-? in the S1(0) region (3160 r- 1 1,
where almost 30 distinct rotational lines *are resolved.

A Aatanabe and H.L. Aelsh, Phys. Rv et 3 1 16)

?'b 'IcKellar and lIL. Aelsh, Can. J. Phys. 52, 1082 (1974).

3J. Verberne and J. Reuss, Chem. Phys. 53), 137 (1990).
4 A.R.4. bcKellar, Astrophys. j. Lett., 'larch 1998,

Address: Hlerzberg Institute of Astroohysics, National Research Council of Canada,
Ottawa, Ontario KIA OR6, Canada.
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FA14. (11:31)

FAR-INFRARED SPECTRUM OF THE HCI DIMER

N. MOAZZEN- HNMAI, J.W.C. JOHNS, AND A.R.W. NCKELLAR

The two high frequency modes of the HCI dimer have been partially analyzed by Ohashi
and Pine.) In an effort to identify and analyze the remaining 4 low frequency modes, we
have recorded the spectra of HCl samples at low temperature (,140 K) with a long pathlength
(20 m) in the 20-200 cm-1 far-infrared region. The spectra were obtained with a Bomem
DA3.002 spectrometer at a resolution of 0.003 cm-1 which was chosen to match approximately
the expected dimer pressure broadening for the sample pressures used (5-3 torr).

In addition to the very strong pure rotational lines of the HCI monomer, rather weak
but very extensive and congested spectral features were observed over almost the entire
region studied; most if not all of these features are probably due to (HCl) 2 . So far, we
have tentatively assigned a band with an origin near 150 cm-1 that appears to be the
torsional fundamental of th dimer. It is analogous to the HF dimer band recently reported
b 5von Puttkamer and Quack. We plan to record the spectrum of an enriched sample of
H Cl, and anticipate that this will simplify and strengthen the spectrum sufficiently that
further analysis will be possible in the near future.

1N. Ohashi and A. Pine, J. Chem. Phys. 31, 73 (1984).
2K. von Puttkamer and M. Quack, %lol. Phys. 62, 1047 (1983).

Address of Moazzen-Ahmadi, Johns, and McKellar: Herzberg Institute of Astrophysics,

National Research Council of Canada, Ottawa, Ontario KIA OR6, Canada.

FAI5. (11:/7)

CALCULATION OF THE TUNNELLING SPLITTING IN SEVERAL ROTATIONAL STATES FOR (HF) 2

Tucker Carrington and Philip R. Bunker

Kofranek, Lischka and Karpfen have done extensive ab initio calculations on
(HF) 2. Their ab initlo points have been fitted to an analytic form. Using this

potential energy function tunnelling splittings have been calculated by using a
reaction path model. The reaction path, the steepest descent path in mass-weighted
Cartesian coordinates, has been found. If (HF) 2 is approximated as a symmetric top
(Kc-O.998 for (HF) 2 ), it is particularly easy to calculate rotational-vibrational

energy levels if the reaction coordinate is used as the large amplitude motion
coordinate, because the effective moment of inertia tensor takes a very simple form.

1M. Kofranek, H. Lischka and A. Karpfen, Chem. Phys., submitted for publication.

Herzberg Institute of Astrophysics, National Research Council of Canada, Ottawa,

Ontario, Canada KIA 0R6.

FA16. (12:03)

The 5 .m INFRARED SPECTRUM OF NH 3 COLLISION-BROADENED BY H2

C. CHAPADOS AND G. BIRNBAUM.

Measurements on mixtures of ammonia and hydrogen in the 5 om in region are reported.

These measurements are made in a window region of ammonia in order to understand the behavior

of the trough with increasing pressure of hydrogen. Using a 975 cm White cell, a series of

measurements were performed on pure hydrogen, on pure ammonia and on the mixtures of the two

in the pressure range from 35 to 120 psi at 36 
0
C. The density dependance of these results

and their significance will be discussed.

-------- -----------------------------------------------------------------------------

Address of Chapados: D~partement de chimie-biologie, Universitg du Quebec A Trois-Rivizres.

Trois-RiviZres, Quebec, Canada, G9A 5H7

Adress of Birnbaum: National Bureau of Standards, Washington, D.C. 20899
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FBI. (8: 30)

THE MICROWAVE SPECTRUM OF DIFLUOROMETHANIMINE, CF2 =NH

P. GRONER, H. NANAIE, J. R. DURIG AND D. D. DesMARTEAU

During our investigation of CF2=NCl and CF2=NBr, we noticed that these compounds decompose
in the Stark cell. The microwave spectrum of a common decomposition product has now been
assigned. The a.signmcnt was difficult because the predominant b-type spectrum has only five R
transitions between 12.4 and 40 GHz. With the correct assignment, three weak a-type R-transi-
tions and many a-type Q-transitions could be identified. Utilizing the rotational constants
A = 11464.042(7), B = 11151.888(7) and C = 5643.146(7) MHz, the decomposition product has been
identified as CF2=NH. Centrifugal distortion and nuclear quadrupole coupling constants have
also been obtained.

Address of Groner, Nanaie and Durig: Department of Chemistry, University of South Carolina,
Columbia, South Carolina 29208.
Address of DesMarteau: Department of Chemistry, Clemson University, Clemson, South Carolina,
29631.

FB2. (8:42)

MICROWAVE SPECTRUM AND STRUCTLURE OF DIMETHYLAMINODIFLUOROPHOSPHINE

R. J. HARLAN, P. GRONER AND J. R. DURIG

The microwave spectra of dimethylaminodifluorophosphine-do, (CH3)2NPF, and dimethylamino-
difluorophosphine-d3 have been recorded from 26.5 to 39.0 GHz. The rotational spectra of five
vibrational atellites iu the do compound and the ground states in the two d3 compounds have
been assigned and the rotational constants calculated. The determined structural parameters
show thit the molecule has a semiplanar configuration in which the phosphorus, nitrogen, and
two carbons lie on the symmttry plane of the molecule. Additionally, analyses of the relative
intensities of the series of excited states give a vibrational frequency of 35 ± 10 cm-

1 
which

is the NC 2 out-of-plane wag.

Address of Harlan, Groner and Durig: Department of Chemistry, University of South Carolina,
Columbia, South Carolina 29208.
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MILLIMETER AND SUBMILLIMETER SPECTROSCOPY OF SMALL INTERNAL ROTORS

S. L. SHOSTAK, T. ANDERSON, R. L. CROWNOVER, E. C. SU'TTON, E. HERBST, and
F.C. DE LUCIA

Small internal rotor molecules possess a complex rotational spectrum due to the interaction of
rotational and torsional degrees of freedom and to the existence of low-lying torsional excited states.
At the Duke Microwave Laboratory, we have in recent years studied the rotational spectra of a variety
of these species at frequencies up to I THz. We have also made corresponding advances in the
analysis of the rotational spectra of small internal rotors, chiefly by extending the classical PAM and
IAM techniques.

In the last year, we have started work on the spectrum of dimethyl ether and a novel method of
analysis in which van Vleck perturbation theory is used only when appropriate. We have also
continued work on the spectrum of HNO 3 v9 and of methanol and its isomers. For HNO 3 v9 , we
have extended our experimental studies of the torsional splittings to include states in which the sym-
metric top approximation to the splittings is invalid. We have analyzed all existing laboratory data for
12CH 3OH up to J = 22 on a supercomputer and have measured and assigned a large number of excited
torsional state transitions in 13CH3OH. In this talk, some of our recent progress will be discussed.

Address of Anderson, Crownover. Shostak, Herbst. and De Lucia: Department of Physics, Duke
University, Durham, North Carolina 27706

Address of Sutton: Department of Physics and Space Sciences Laboratory, University of
California, Berkeley, Caiifornia 94720

F B4 . (9:11)

PRESSURE BROADENING OF MILLIMETER WAVE TRANSITIONS OF HNO3, NO2 ,
CF 2CI 2, HDO, AND HOOH BY NITROGEN AND OXYGEN

T.M. GOYETTE, W.L. EBENSTEIN, S.L. SHOSTAK, F.C. DE LUCIA, and P. HELMINGER

Pressure broadening coefficients for nitric acid (HNO 3 ), nitrogen dioxide (NO 2), freon- 12
(CF 2 C12 ), partially deuterated water (HDO), and hydrogen peroxide (HOOH) interacting with 02
and N2 have been measured. The data were recorded using a broadband mm wave spectrometer
with pressures in the range of 0.1-1 torr. The sixteen nitric acid transitions represent a good
selection of strong lines in the rotational spectrum from 230-460 GHz and make possible a
systematic comparison with earlier theoretical calculations. Comparison shows larger pressure
broadening coefficients than predicted by theory, in addition to a larger state to state variation.
Two transitions from each of NO2 , CF2 CI2 , HDO, and HOOH near 230 GHz were studied.
Comparison among the results for all five molecules shows the expected qualitative relationship
between broadening parameters, molecule sizes, and dipole moments.

Address of Goyette. Ebenstein, Shostak, and De Lucia: Department of Physics, Duke University,
Durham, North Carolina 27706

Address of Helminger: Department of Physics, University of South Alabama, Mobile, Alabama
36688
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THE MICROWAVE SPECTRUM OF DIFLUOROMETHANIMINE, F.CNH

K. MOELLER, M. WIINEWISSER, G. PAWELKE and H. BORGER

The rotational spectrum of diflouromethaniminu, F CNH, has been observd

for the first time. In the region from 16 to 40 GHz 99 strong b-type transitions
belonging to the branches bR,., and bQ -, and 4 weak a-type transitions

belonging to the IQo., branch have been assigned. Most of the observed
rotational lines show the effects of the nuclear quadrupole interaction due to
the 'IN nucleus. All assigned 103 transitions could be fitted to Watson's
Hamiltonian with A-reduction in the I-axis representation. The preliminary
spectroscopic constants are: A = 11464.021 MHz, B = 11151.888 MHz, C = 5643.143
MHz, A, = 5.25 kHz, .,h = 0.184 kHz, Ah = 9.555 kHz, 6, = 2.175 kHz, and 6K =
5.087 kHz. These results confirm the assumption that F CNH is a planar oblate
asymmetric rotor molecule having C, symmetry with asymmetry parameters
K= 0.8927 and b. = -0.02756, respectively. Further measurements in the

millimeter wave region and the analysis of the nuclear quadrupole hyperfine
structure of the individual rotational lines for FCNH will be reported dt the
meeting.

Address of K. Moeller and M. Winnewisser: Physikalisch-Chemisches Institut,
Justus Liebig Universitit, D-6300 Giessen, West Germany.
Address of G. Pawelke and K. Birqer: FB 9, Anorganische Chemie, Gtsamthochschule
Wuppertal, D-5600 Wuppertal 1, West Germany.

(9:45)

MICROWAVE SPECTRUM OF 'CD3OH

I. MUKHOPADHYAY, K.V.L.N. SASTRY, AND R.M. LEES

In addition to contributing to the fundamental understanding of torsion-vibration
interactions in methanol and its isotopic species, a spectroscopic study of '

3
CD30H is

currently of interest in supporting identifications of optically-pumped far-infrared laser
lines in this species, particularly the strong and efficient 127 m FIR line reported not
long ago.'

In this work, the microwave absorption spectrum of 
1 3
CD30H has been investigated, and

the a-type R-branzh transitions have been measured for J=10 and J=2-1 for the lowest three
torsional states. The asymmetry splittings were observed for the K=1 A transitions. In

addition, frequencies have been measured for a substantial number of b-type transitions,
including the K=-0 E l, K=1.2 El and K=3-2 A Q branches. The frequencies are being fitted to a
semi-empirical torsion-rotation model, and the a-type and b-type parameters will be reported.

IM. Inguscio, K.M. Evenson, F.R. Petersen, F. Strumia and E.C.C. Vasconcellos,
Int. J. Infrared and Millimeter Waves 5, 1289-1296 (1984).

Address of authors: Department of Physics, University of New Brunswick, Fredericton, N.B.

Canada E3B 5A3.
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THE SUIIMIL1..1METER-WAVE SPECTRUM OF THE" ?Ci 0 AND) THE 1 CHI3 0 RAD)ICAL.S

TAKAMASA MOMOSE, YASLJKI ENDO, FIZI HIIROTA, AND TADAMASA SHII)A

rhe pure rotat1.i onal spect. rur of the iso top icall I 'substi tiuted mTethoxy
rad ic I tH 30 was observed in the milIli meter arid the submi IIi meter wave
regions.' The '2CI 0 rad i !a I was alIso studied iii the sailic wave I erigth
regions and the molIecu I ar parameters of the preyvio USWork

2 were reexam ined.

I t, was found nOcessa ry t~o add a few higher order IA rms for the
centr ifugalI distortions of the rotation and the sp inr rotation i iteractions
i order t~o anialIyse the spectrum i n the submi I I i meter-wave regi on.

Wi th reference to the rotat ional constants of Cl) 30, the rs s tructuire
was determined. Parameters of the structure a re r (CO) = 1 39264,
r(CH)=1.1178A, and <HCO=1l3.9.

The hyperf i ne coup I i ng constanits of the carbon niuclens were determ ined
for the first time. The Fermi interaction cons tant was found to b~e -43. 6Mhiz.
The negative value is compared favorably w ithl the resi t. of ab- iniiti 0

cal culIat ions.

I t is emphasized that we have improved the accuracy of ',he molIeculIa r
parameters by observilng the submilIIimeter-wave spectrum of relativyely low J1
valuaes alone, without having recource t~o the i nformat or from the far-
infrared LMR experiment as was done in our previous work.

IT. Momose. Y. Endo, E. H irota, and T'. Sh ida, J. Chem. Phys. , i n pr inrt.
2Y. Endo. S. Saito, and E. Hirota, J. Chem. Phys. 81, 122 (1984).

Address of Mornose and Shida: Department. of Chemistry, F'acul ty of Scieonce,
Kyoto University, Kyoto 606, Japan.
Address of Endo: Department of Pure and Appliled Science, Col lege of Arts
and Science, Th- University of Tokyo.
Address of Hirota: Institute for Molecular Science, Okazaki 444, ,Japan.

FB8.(1 )

MICROWAVE SPECTRUM AND STRUCTURE OF CYCLOBUTADIENE OZONIDE

P. LORENCAK AND R. L. KUCZKOWSKI

Six isotopic species of cyclobutadiene ozonide (2,3,7-trioxabicyclo[2.2.1J

hept-5-ene) containing D, 18 0 and 13 C enrichment were prepared by singlet oxygen

addition to furan. Rotational and centrifugal distortion constants were

determined for all six species and were sufficient to determine the complete

structure of the molecule. Perhaps the most interesting structural feature is

the non-planarity about the C=C bond, where tne hydiogen atoms are )nt 8.0*

towards the endo side.

Address of Lorencak and Kuczkowski: Department of Chemistry, University of
Michigan. Ann Arbor, Michigan 48109-1055.
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MILLIMETER WAVE ABSORPTION AND FAR INFRARED LASER MAGNETIC RESONANCE SPECTROSCOPY OF F02*
M. BOGEY, C. DEMUYNCK, J. L. DESTOMBES, P. B. DAVIES AND T. J. SEARS

We have recorded many absorptions due to the F02 radical at frequencies between 130 and
270 GHz. The spectra are all weak, however we have assigred them to fine and hyperfine

split components of a-dipole transitions between levels with 6<N<15 and O<K<7. Analysis
proved difficult because, in this species, the fine and hyperfine splittings are of the same

order of magnitude for many levels. The millimeter wave data were fit together with a set

of combination differences extracted from the infrared spectrum of the radical
1 

in order to

determine the molecular parameters. The main uncertainty remaining lies in the K-dependent
rotational parameters since no b dipole transitions have yet been assigned. We hope that

predictions based on the current parameters will allow their detection by FIR LMR and

progress will be reported at this meeting.

* Research performed in part under contract DE-AaJ2-76CHOO16 with the U.S.

Department of Energy.
1
A.R.W. McKellar, J.B. Burkholder, A. Sinha and C.J. Howard, J. Molec. Spectrosc. 125,

288 (1987).

Address of Bogey, Demuynck and Destombes: Universite de Lille 1, Laboratoire de
Spectroscopie Hertzienne du C.N.R.S., 59655 Villeneuve d' Asq Cedex, France.

Address of Davies: Physical Chemistry Laboratory, Lensfield Road, Cambridge, CB21EP

England.

Address of Sears: Chemistry Dept. Brookhaven National Laboratory, upton, NY, 11973.

l'l I' .

THE DETERMINATION OF THE COMPLETE CHLORINE NUCLEAR QUADRUPOLE COUPLING TENSOR IN
CHLOROTRIFLUOROETHYLENE

W. LEWIS-BEVAN, M. C. L. GERRY, E. BITTNER, K. W. HILLIG II, AND
R. L. KUCZKOWSKI

Two different rotational assignments have been reported for C2 F3 C]. The

spectrum has been reexamined using a FTMW spectrometer. 255 components from 51

transitions were measured to a precision of a few KHz. The quadrupole coupling

constants were evaluated by least squares fits using the exact quadrupole

Hamiltonian. The fitting program simultaneously determined the rotational and

-entrifugal distortion constants. The calculated rms deviation of the fit was

comparable to the measurement errors. It is noteworthy that the extensive and

precise data set leads to a determination of x ab even when transitions likely to

be perturbed by near degeneracies are left out of the fit. The results will be

compared .with the previous report-

Address of Lewis-Bevan: Department of Chemistry and Biochemistry, Southern
Illinois University, Carbondale, Illinois 62901.

Address of Gerry: Department of Chemistry, University of British Columbia,
Vancouver, British Columbia, Canada V6T IY6.

Address of Bittner, Hillig, and Kuczkowski: Department of Chemistry, University
of Michigan, Ann Arbor, Michigan 48109.



,HE M:(c: . AVE SPECTRUM OF KF.PF

K . HrLL', Il M. S LABARt;E. F. BITTNER. R. BOHN. R. C. TAYLOP. AND
P L. KUJCZKOWSKI

The rotational snectrum of the weak complex between krypton and phosphorus

trifl-ioride has been observed using a Fourier transform microwave spectrometer

with a pulsed supersonic nozzle molecular beam source. The complex is an

asymmetric too. The distance r between the krypton atom and the center of
cm

mass (if the PF 3 molecule is 4.072 A and the angle between the rCm vector and the

L axis or the PF 3 i. 68.252, The P4 centrifugal distortion constants, the

-iope moment and the H 3Kr axadrupole coopling constants have also been

dleterminpd. The results will be compared to those of Ar.PF 3 .

Address of LaBarge, Bittner, Taylor, Hillig and Kuczkowski Department of
Chemistrv. University of Michigan, Ann Arbor. Michigan 48109--1055.

Address of Bohn Lepartment of Chemistry, University of Connecticut, Storrs,
onnect i. ut o 6268 .
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CONFORMATIONAL STUDY OF 1,2-AMINO ALCOHOLS BY VIBRATIONAL CIRCULAR DICHROISM

N. RAGUNATHAN, L. A. NAFIE AND T. B. FREEDMAN

Vibrational circular dichroism spectra of (S)-(+)-1-amino-2-propanol and (S)-(+)-2-amino-I-propanol in
tetrachloroethylene solvent have been obtained in the OH- and NH-stretching regions. In dilute solution, absorption
bands corresponding to free OH and NH and to both OH--N and NH--O hydrogen-bonded species are observed. No
VCD intensity is observed for the "free" OH or NH stretches, Negative VCD bands for v(NH 2) syln and v(NH 2)' y l are
observed for NH--O conformations in both compounds. Only (S)-(+)-l-amino-2-propanol exhibits an intense negative
OH-stretching VCD band for the OH--N species; no VCD corresponding to v(OH) is observed for
(S)-(+)-2-amino- 1-propanol. An interpretation of the VCD spectra based on the ring current mechanism will be
presented that identifies the most abundant solution conformations in these amino alcohols.

Address of Ragunatan, Nafie and Freedman: Department of Chemistry, Syracuse University, Syracuse, New York
13244-1200.

CIRCULAR DICHROISM IN THE FAR INFRARED AND MILLIMETER WAVELENGTH RANGE: NEW

TECHNIQUES

P. L. POLAVARAPU

The measurement of circular dichroism in the long wave length range is of special interest. Such measurements
would permit the low frequency vibrations to be investigated as probes of molecular stereochemistry. Also the recent
theoretical predictions that the circular dichroism is supportea by the molecular rotational transitions of chiral molecules
can be verified. In the last three years we have been investigating the feasibility of such measurements and identified two
different procedures. In this presentation (1) A Martin-puplett interferometer operating in step-integrate mode and
incorporated with path difference modulation will be shown to give circular dichroism as Cosine Fourier transfomi; (2)
Tilt tunable waveplates (TDW) in combination with a rotating polarizer will serve as the sources for modulating circular
polarization states. Hence dispersive monochromator coupled to TIW can be used to measure circular dichroism in the
long wave length range. Necessary theoretical expressions for the above mentioned procedures are developed and will be
presented. Preliminary measurements in the 50-1 cm - 1 region have also been carried out, in collaboration with Dr. J. R.
Birch, at the National Physical Laboratory in December of 1987.

Address of Polavarapu: Department of Chemistry, Vanderbilt University, Nashville, TN 37235

FC3. (9:04)

ON THE CIRCULAR DICHROISM MEASUREMENTS IN THE 800-600 cm- 1 RANGE

P. L, POLAVARAPU

Circular dichroism measurements in the 800-600 cm-1 range were shown to be feasible about five years ago. 1

Some of these earlier results were 'misinterpreted' recently. 2 These differences will be clarified and new results will be
presented.

1P. L. Polavarapu, Appl. Spectrosc. 38, 26 (1984).
2 F. Devlin and P. J. Stephens, Appl. Spectrosc. 41, 1142 (1987).

Address of PolavaLu: Department of Chemistry, Vanderbilt University, Nashville, TN 37235
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Fr ,. (9: 16)

NEW DEVELOPMENTS IN RAMAN OPTICAL ACTIVITY

P. L. Polavarapu

Raman optical activity (ROA) is conventionaliy measured by modulating the incident
laser polarisation between right and left circular polarisation states and measurino
the difference in the scattered Raman intensities with a dispersive spectrograph. In
this presentation a new procedure for measuring RCA using a Fourier transform technique
based on Martin-Puplett interferometer will be explained. Two experimental quantities,
namely the Stokes parameters Sl and S3 can be simulataneously measured.

Address of Polavarapu: Department of Chemsitry, Vanderbilt University, Nashville, TN 3723'

FC. (9:28)

AB INITIO VIBRATIONAL PROPERTIES OF LARGE OPTICALLY ACTIVE MOLECULES: GLUCOSE ET AL.

P. K. BOSE AND P. L. POLAVARAPU

The availability of supercomputers and sophisticated ab initio programs now permit detailed and reliable estimates
of vibrational properties of large size molecules. In particular our efforts are concentrated on the ab initio vibrational
normal coordinates and Raman optical activity (ROA). We will present the details of ab initio ROA calculations and a
summary of other calculations we have carried our to date. a-D-glucose represents the largest system ever attempted for
ab initio vibrational properties.

Address of Bose and Polavarapu: Department of Chemistry, Vanderbilt University, Nashville, TN 37235

FC6. (9:40)

RAMAN OPTICAL ACTIVITY SPECTROMETER

M. VAVRA AND T. KEIDERLING

A Raman optical activity ROA spectrometer has been constructed from a commercially available
optical multichannel analyzer (OMA) and off the shelf optical and electro-optical components. A software
driven interface for controlling the electrooptic modulator from the OMA computer is described.
Acquisition, real time display, and storage of data are controlled by application programs written In the
vendor supplied language. Data for depolarized ROA of - a Pinene and R + Limonene will be presented.

ADDRESS OF VAVRA AND KEIDERLING: University of Illinois at Chicago, Department of Chemistry,
Box 4348, Chicago, IL 60680

FC7. (10:05)

VIBRATIONAL CIRCULAR DICHROISM OF S-2,2'-DIMETHYL-6,6'-DIAMINOBIPHENYL

C. N. SU, M.-C. TISSOT, T. A. KEIDERLING

We have measured the VCD spectra of the title compound in the near and mid-ir and
have compared the results to predictions of the coupled oscillator model. A consistent
interpretation was found for the sym NH stretch, C6 ring deformation and CN stretch

modes with the expected 60 degree tilt of the phenyl rings.

Adoress of authors: Department of Chemistry, University of Illinois at Chicago, Box
4. 3, Chicago, IL 60680
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VIBRATIONAL ANALYSIS AND VCD OF TRANS-I,2-DICYANOCYCLOPROPANE

Adel A. EI-Azharv and Timothy A. Keiderling

FT-IR and Raman spectra were measured for trans- ,2-dicvanocvclopropane
and its trans-l,2-d 2  isotope. Force fields from 6-31G* and 4-310 calculations
were scaled and optimized in a conventional manner. The resulted force fields
were used to perform FPC and LMO calculations on the above :wo isotopes.
FTIR-VCD were measured in the mid-IR region: dispersive VCD was measured
previously in the CH and CN stretch regions.1 Comparison was made between
the experimental and calculated results. The results show that these two methods
of calculation failed to reproduce the experimental results. A priori results by
Jalkanen et. al. 2 showed a better agreement.

1 V.J. Heint: and T.A. Keiderling, J. Am. Chem. Soc., 1981, 103,2395.

2 K.J. Jalkanen and P.i. Stephens, J. Am. Chem. Soc., 1987, 109,7193.

Address of A.A. EI-Azhary and T.A. Keiderling: Department of Chemistry,
University of Illinois at Chicago, Box 4348, Chicago, Illinois 60680

(0(: 2)

VIBRATIONAL CIRCULAR DICHROISM OF 1,3-DIDEUTERIOALLENE, CALCULATIONAL
RESULTS

A. ANNAMALAI, U. NARAYANAN, K. J. JALKANEN, M.-C. TISSOT, P. J. STEPHENS, T. A.
KEIDERLING

We have developed a refined force field for allene starting from an aniQ quantum
mechanical calculated force field and using vibrational data from five isotopomers.
VCD calculations were done at the coupled oscillator, FPC, LMO, APT and ar.d.oi levels.
The latter used three different basis sets and two gauge formulations. In terms of
dipole strengths, the higher !evel calculations did better with the LMO being off for the
C=C=C and the FPC being generally poor. In the absence of experimental VCD, the
calculations were all compared to triple zeta level results with the riori
calculation in the distributed origin gauge. In detail, the models showed extensive
disagreement, even for the CH stretches, However, the gross patterns were
qualitatively present in all the calculations with the restrictions that only large VCD
be considered and that only the net VCD over close lying bands be evaluated. While
there is no doubt that the FPC is quantitatively inadequate for both dipolar and
rotational strength analysis, these results imply that there may be a qualitative use
for these simpler models if the proper restrictions are taken into account.

Address of Annamalai. Narayanan. Tissot. Keiderlina: Department of Chemistry,
University of Illinois at Chicago, Box 4348, Chicago, IL 60680
Address of Jalkanen, Stephens: Department of Chemistry, University of Southern
California, Los Angeles, CA 90089
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((10:40)

COLLECTION OF ROA SPECTRA USING LINEAR INCIDENT POLARIZATION

K. M. Spencer, T'. B. Freedman, and L. A. Nafie

The symmetry involved in a Raman optical activity (ROA) experiment allows reversal of the traditional
experimental geometry. An ROA spectrum can be obtained by focusing linearly polarized incident radiation on the
sample and collecting the Raman scattered left and right circularly polarized light, rather than comparing the Raman
scattering intensities for left and right circularly polarized incident radiation.

A simple apparatus has been built at Syracuse University which allows collection of Raman scattered circularly
polarized light by means of a zero order quarter wave plate, a linear polarizer, a spectrograph and a multichannel
detector. Preliminary results for the depolarized ROA of (+)- and (-)-Q-pinene will be presented. Advantages of this
ROA apparatus, which include stability, throughput, and reproducibility, will be discussed. Problems encountered
with this system and efforts to overcome them will also be addressed.

Address of Spencer. Freedman and Nafie: Department of Chemistry, Syracuse University, Syracuse, New York,
13244-1200.

VIBRATIONAL CIRCULAR DICHROISM STUDIES OF EPHEDRINE AND RELATED MOLECULES

T. B. FREEDMAN, N.-S. LEE, AND L. A. NAFIE

Vibrational circular dichroism spectra of (IR,2S)-ephedrine, (IR,2S)-norephedrine, (IR,2R)-pseudoephedrine
and (IR,2R)-norpseudoephedrine in the CH-stretching region will be presented. The most abundant conformations of
these pharmacologically active molecules in CDC13 and in D20 solution at high and low pH can be deduced from the
sign and magnitude of the methine stretching VCD bands for chiral centers I and 2. The interpretation is based on
application of Rule I of the ring current mechanism, due to current in OH--N or NH--O intramolecularly
hydrogen-bonded rings. The VCD spectrum of norephedrine is consistent with only one of the two gauche
conformations indistinguishable by NMR. The trans conformer is preferred in norpseudoephedrine.

Address of Freedman, Lee and Nafie: Department of Chemistry, Syracuse University, Syracuse, New York
13244-1200.

12. (11:20)

A T 4 AL 2 AF DICHRI., M .,F SMALL FEFTIDES AND 'EFTIDE
M)DELS IN SoLUTI(ANS: EXFEFIMENTAL DATA AND CALCULATIONS

Lc B'E ', '. LEE and M. DIEM

i have 'jbserved VCD in the arnide I, II and III region of
p t des InI aqueous sc, lution (1250 - 1750 cr- 1), and for

erta in amino acids down to 90o cm-1 in heavy water. VCD of
pepti, : m<d-els was obtained from solutions in aqueous as well

S,rga. M -edia.
Str;.ng cotopiing of arnide I vibrations was observed even in

very a- all peptides in sclution. This coupling is interpreted
t-. ttrrlv of a stable s,it.on conformer. The couapled

.. lit r formalism is used to deduce the angles between the
int-ra.-ting transitions.

AddIs- Department of Chemistry, City University of New
., u,,,- C<liee. 6395 Park Ave, New York, NY 10021



FCIl. (11:37)
VIB5ATI(,NAL IRFCULAB DICHRoISM OF OLIGO-NUCLEOTIDES: EXFI-

MENTAL DATA AND CALCULATInNS

M. 'LOTTA and DIE

We have observed VUD in the base carbonyl stretching
reglun ( 1$50 - 1750 cm- 1) of model oligo-nucleotides in
tuffe red aqueous solution. Our experimental results agree
well with those reported by Keiderling [1]. We have initiated

etailed st..i.Jy %,f the VCD as a function of the nucleotide
ohain length, salt concentration and temperature. Methods to
reprdue the bserved VCD data via an extended "Coupled

scI Iatrr will be presented.

1. A. Annamalai and T. A. Keiderling, J. Amer. Chem. Soc. , '
109. 3125

Address: Department of Chemistry, City University of New
Y-r1k. Hunter College, 695 Park Ave, New York, NY 10021
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MAJEWSKI, W. A.--MG1O T113(In 13) REDDY, S. PADDI--RFl, MF15
MAKI, A. G.--TBIO NEWBURGH, A,--iE9 REILFUSS, B. D.--RAS, RA9, RAID
MANAA, M. R.--RE9 NIELSEN, C. J.--RD6 REILLY, J. P.--TII(l 1),
MANCERON, LAURENT--MH1 NIETN4ANN, R. A.--MF2 T127 2), T13(:,3)
MANTZ, A. W.--NAI NINO, A.--TG6 REYNOLDS, J.--NH11, MH12
MARINO, M. M.--RG6, NITZ, D.*--TA8 RICHARDSON, H. H.--MH13, TC13
TD 2 (! 15 ) NOVICK, S. E.--RC11, RC12 RICHNOW, N. L.--TB8

MARSHALL, MARK D.--TB13, RC4, NYGAARD, L.--RD6 RINSLAND, C. P.--TE3, TE4,

RC8, RE1, Presiding over 0 ROUX D -8
Session RE ROX .- A

MARTIN, F.--NFl6(r120) 0, HYE-KEUN--TC1O RITTER, A.--TH3
MATHP.WS, C. WELDON--TG9, O'BRIEN, L. C.--MF2, TG15 RIVERA-GAINES, V. E.*--TH13
Presiding over Session RB O'CONNOR, S.--MF7 ROBERTS, G. N.--FC12(E 9)

MATSUMOTO, YOSHIYASU--FA9, FA10 OHSHIMA, YASUHIRO--FA9, FAlO ROBERTS, J. A.--RD3
MATSUO, YUKARI--TB4 OKA, T.*--TB9, RA8, RA9, RAID RODGERS, D. J.--MF3
McCARTHY, N. C.--RB7 OLSON, D.--TA8 ROGERS, S. A.--MF2

McCURDY, K.--RF13 OLSON, WM. B.--MEl, TBIO ROSMUS, ?'.--fE12, ME13, TG7
McDOWELL, ROBIN S.--ME6 OLSSON, B. J.--TD'6(I 19) ROSS, R. B.--RG4, RG7,
McFEETERS, B.--MF13 ORMAN, L. K.--TC3 TD'3(fl 16), TD'4(I 17)
McHUGH, K. M.--REll OWEN, N. L.--RA3 ROTHNAN, L. S.*--TE9, TEl 0,
McILROY, N.--T17(I117), OWRUTSKY, J. C.--RE15(E8) TEll, Presiding over

TI 13 (17 13) OZIER, I.--TA7 Session TE

McKELLAR, A.R.W.--TB13, RA12, P, RUOFF, R. S.--TF3, TF4
FAll, FA12, FA13, FA14

McL.AY, D. B.- -RA13 PARKINSON, W. H.--MF8
McLEAN, A. D.--MF2 PARMENTER, C. S.--TClO, TC1l, SANDAL, S.--RD6
McNESBY, K.* L .--FAl TC12 SANDO, K.--RB1I
McNICHOL, S. J.--NG1 PARTRIDGE, H.--RGl SANDS, W. ID.--MG9
MEERTS, W. LEO--MG13, MG14, RA13 PATEL-MISRA, D.-RE1O, REll, SARKAS, H. W.--REB, RE9,
MERER, A. J.--TA7, RBB, RB9 RE12 REID, REll
MEYER, R.*--TF 10, RD5, RD8 PAVELLE, R.--TE9 SARRE, P. J.--MF3
MILLER, K.--MH12 PAWELKE, G.--TB12, FB5 SASTRY, K.V.L.N.--FB6
MILLER, P.--TC4 PEIPEI, CAI--TE6, TE12 SAWANURA, M.--RG6, TD'2(T 15)
MILLER, ROGER E.--Presiding PENSAK, K.--MHl1, MH12 SAYKALLY, R. J.--RE14(E5) ,

over Session RC, TA11(r2), PERRAM, G. P.--MF13, RG13 RC13(1:6), RC14(27),
TA12 (E 3) PERRY, DAVID S.--TC9, Presiding RE 15 (E8)

MILLER, S.--ME13 over Session FB SCAPPINI, F.--TB9, RA8
MILLER, TERRY A.--MG3, MG4, PERSON, WILLIS B.--RH2 SCHIFFNAN, ARAN--TII1(l 12)

MG5, TGll, TG12, TG13 PETERSEN, J. C.--TG4 SCHMATLOCH, V.--RB5
NISRA, PRABHAKAR--MG3, MG4, PETERSON, K. A.--FB12(E4) SCHROIDER, J. *O.--RB8

TGI3, Presiding over Session PETERSON, K. I.--RC5, PC6 SCHROTTER, H. W.--RAI
TG PETRMICHL, R. H.--FB12(E4) SORWENDEMAN, R. H.--TB4,

MITCHELL, S. A.--MFI PEYERIMHOFF, S. D.--MF14 TB5, TB6
M)AZZEN-AHNADI, N.--RA12, FA14 PIANALTO, F. S.--T016 SEARS, T. J.--FB9
MOELLER, K.--FB5 PICKETT, H, M.--RD1 SELCO, J. I.--RGl1
MOMOSE, TAKAMASA--FB7 PINE, A. S.--TA2, TA3, TA, SELGREN, SUSAN F.--MG2
MOORE, C. BRADLEY--TC2 TA5, TA6, TB14 SENEKOWITSCH, J.--ME12

MOORE, R.--M09 PITZER, RUSSELL M.--TD'1(I 14) , SHANXIONG, SHEN--TE6, TE12
MOREAU, J. P. --RBl Presiding over Session KG SHIDA, TADANASA--FB7
MOULE, D. C.--TG5, T06 PLIVA, J.--TB14 SHOSTAK, S. L.--FB3, FB4
MUENTER, J. S .--TA6, RCI, RC2, PLUSQUELLIC, D. F.--MG1O SIGRAY, P.--TD'6(T1 19)

RC3, RC4. Presiding over POLAVARAPU, PR.ASAD--FC2, FC3, SILBEY, K. J.--TC7
Session TA FC4, FC5, Presiding over SILVERS, S. J.--MO1

MUKHOPADHYAY, I.--FB6 Session RH SIMARD, B.--MFl
MUMMA, M.*--WE 3, RF6 POLONSKI, T.--RH5 SINGH, K.--FA5
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SJOGREN, C. E.--RD6 VARANASI, P.--TE5, RF9, REIG,

SKATRUD, D. D.--TF5 RFll, RF12

SMALLEY, R. E.--WE1 VAVRA, M.--FC6
SMEYERS, Y. G.--TG6 VERGES, J.--TC5, TCS
SMITH, BRIAN C.--RA4 VERMOEVE, P.--RAI3
SMITH, JOANNE H.-Presiding VERVLOET, M.--TG3, RAS

over Session WE VISINONI, R.--TE2
SMITH, MARY ANN H.-- TE3, VOGELSANGER 8.--TF9, TF1O

TE4, RF7, RF8
SNODGRASS, J. T.--RE9
SOLOMON, C. T.- TE3 WAGNER, G.--TGli
SOORYAKUMAR, R.--Prebi1ding WAGNER, P. J.--MGS

over Session RA WART, P. K,--TB3

SORENSEN, C. O.--RD6 WAITS, L. D.--TCI
SPENCER, K. M.--ECIO WANG, CHONGYE--REI2
STAD, E.--MFl6(720) WATSON, JAMES K.G.--WA3, REID,
qTEIMLE, T. C.--TISr), Rr?

T16 (7.6) WATTS, R. O.--EA8
STEPHENS, J. W.--TB8 WATTSON, RICHARD B.--TE8, TE9,
STEPHENS, P. J.--R13, P114, TE10

RH5S, RH6, Fcv, Presiding WEAVER, H. A.--REG
over Session PC WEBER, A.--T83, RCIO

STEUNENBERG, D. M.--TA7 WELLS, J.* C.*--THB

STIEEVATER, OTTO L.--TH? WELTNER, W., JR.--mH4, MH5, MH6
STONE, tB--MHll, Presiding WERNER, M.-J.--MEI2, MEU3, TG7

over Session MG WEST, H.--RA3
STWALLEY, W. C.--RBIO, RBIIl WIEDEMANN, G. R.--RE5
SU, C. N.--EC7 WILKIE, J. M.--RC1
SU, MENG-CHIH--TClO WILKINSON, JAMES M.--T14(114)
SUENRAM, R. D.--TA2, TAb, WILLEY, D. R.--TE7

RC5, RC6, RCB, RC9, RC1O, WILLIAMSON, JAMES M.--TGII, TG12

RC1I, RCl2, REI, RE2, RE3 WINN, JOHN S.--MHB, MH9, NA4,
SUNG, STELLA M.--TD1(t1114) Presiding over Session MH
SUTTON, E. C,.--EB3 WINNEWISSER, B. P.--TBll, TB1?

SZALAY, VIKTOR--ME7 WINNEWISSER, GISBERT--WE4

T WINNEWISSER, MANERED-MA3, TBll,
T TBl2, TG9, FBS

TAKAMI, MICHIO--EA9, PAlO WITHNALL, ROBERl--MN?
TAM, H.--ROJ WOODS, R. C.--FB12(t4)
TAYLOR, P. R.--RG1 WORMHOUDT, J.--RP13, RFl4,
TAYLOR, R. C.--PB.J Presiding over Session RE
TECKLENEURG, M. M.--TH13 x
TELLINGNUISEN, J.--RGB
TENNYSON, J.--ME13 XIE, W.--TH3

TER MEULEN, J. J.--RH1I Y
THOMAS, MICHAEL E.--RHIO
TIPPING, R. H.--RF3, RP4, YAMAUGMI, S.--MGll, MCI2

Presiding over Session RE YARKONY, D. R.--TD'8(l 24),
TISSOT, M.-C.--FC7, EC9 TD19 (11 25)
TOBIN, M. S.--TBI YOSHINO, K.--MF8
TOLLEY, C. L.--TE12 YU, LIAN--TGII, TG12

TOMER, J. L.--MG11l
TREMBLAY, J.--REI, RB22
TV, N.--PA7 ZAPIROPULOS, V.--RBlO, RB11
TURRO, C.--MGB ZANASI, R.--RH3
TYUTEREV, VL. G.--ME9 ZANGER, E.--RBS

U ZENG, X.--RE11
ZIMM-ERMANN, D. --RB5

UEHARA, H.--RA7 ZUEV, V. E.--TE1

UIST DE HAAG, P.A.M.--MGI3,
MG 14

URBAN, S.--FA7

V

VALENTIN, A.--ME3'
VANDER AUWERA, J.--TG3
VAN DER VEKEN, B.* J.*--THll
VAN EIJCK, B. P.--Rl9
VAN HENERT, M. C.--MF14
VAN HERPEN, W. M.--M613
VANHORENBEKE, F.--TG3
VAN ROOZENDAEL, H. -- TG4
VAN ZEE, R. J.--H4, MM5,

MH6
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