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ol INTRODUCT ION

ﬁg The cyanogen halides have long been a favorite exemplary

1

ﬁK\ system for those interested in photodissociation (1-3). The

:o:-g

hh, fragmentation patterns are simple, producing halogen atoms and CN
)

Hi radicals. Both of these species are relatively easy to detect.
'%%1 Quantum state distributions of ground state CN radicals can be
Ay measured by laser induced fluorescence (LIF) (4) and

o electronically excited radicals can be characterized by emission
33% spectroscopy (5). Halogen atoms can be monitored by time-of-

$f$ flight spectroscopy (6), or if they are excited, by their IR

L J

jﬁ emission (7). The earliest work was done on ICN (5-7), whose A
Ii; continuum has a maximum at 266 nm, the fourth harmonic of the Nd-
SN

AN YAG laser. With the introduction of excimer lasers and non-

‘F‘ linear frequency shifting methods, it has become possible to look
ffi at the nascent products of the photolysis of BrCN and CICN as

well (8). Several experiments have been done on the

photochemistry of BrCN following excitation of its A continuum at

;{ different wavelengths (9) and using pulsed seeded beams to cool
h; out any hot band contributions (10, 11),.

8,

;E; The original measurement of nascent CN fragment quantum
i:é state distributions from the photolysis of BrCN was done at 193
iif nm by Halpern and Jackson (8)., LIF spectra were measured at

?' pressures below a tenth of a millitorr and delays between

iﬁ photolysis and probing of less than 500 ns. Nascent CN quantum
& state distributions were shown to have less than 6% of the

}gf population in v" = 1 and higher vibrational levels. The
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rotational distribution in the v" = 0 level is shown in Figure
la. It is non-thermal, and peaked sharply at about N = 65, with

a cutoff at about N = 80.

It is important to find those conditions under which the
distributions are nascent. This is not trivial. Firstly, the CN
fragments travel ten times faster than at room temperature. For
example, at 193 nm, the slowest CN fragments have over 1.3 eV of
translational energy, and the fastest well over 2 eV, even taking
into account the possible electronic excitation of the bromine

atoms.

In addition, the cross-sections for rotational cooling, and
the conversion of translational to vibrational energy by
collision of CN fragments, are large. This was clear to us in
our original work, where even at pressures of 10-2 torr and
delays of 0.5 us one could see changes in the vibrational and

rotational distributions.

Recently Hay, Shokoohi, Callister and Wittig have studied
the energy transfer mechanism following collisions with foreign
gases (12). They showed that levels with N" > 70 were essentially
unrelaxed by collisions, while lower rotational levels relax on
one or two collisions, Of course, collisional relaxation is more
of a problem when the available energy is high than when it is

low.

We have been interested in vibrational energy transfer

following collisions of the CN fragments with BrCN (13). In this
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case the cross-section for collisional relaxation seems to be
very large. Especially at the shorter dissociation wavelengths
2 where the amount of energy available to be distributed among the
¢ fragment's modes of motion is high, extreme care must be taken to

v keep the pressure of BrCN low if nascent distributions are to be

a"-

ﬁ measured.

i

5& This is illustrated by the differences in measured

Foo vibrational partitioning in the 193 nm photolysis between the

ié work of Fisher et al. (9), where the percentage of v" = 1 was 16%
‘3 and that of Halpern and Jackson where it was well under 6% (8).
N The latter result was confirmed by Hay and co-workers (12).

:% Fisher et al. maintained pressures of BrCN of between 75 and 150
:;‘ mtorr and used a photolysis-probe delay of 80 - 40 ns for an

% average PT1 ratio of 8000 mtorr-ns., Halpern and Jackson used

'ﬁ; pressures of BrCN of less than 0.2 mtorr and delays of about 500
g' ns., The Pt ratio in the latter case is 100 mtorr-ns, which is a
o factor of 80 lower. At room temperature the conditions of

:g Reference 9 would correspond to about 0.08 collisions, but for

:% the fastest CN fragments from the dissociation of BrCN at 193 nm,
32 this would correspond to more than one half of a gas kinetic

éé collision. This accounts for the difference in vibrational

5 partitioning.

@

Fisher et al. note a decreasing trend in the occupation of

LT S

P
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vibrationally excited levels of nascent CN fragments, but this is

a gradual transition in their work, and is masked by the effects

of collision. We present evidence here that the transition is
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o much sharper, and associated with dissociation along a different

potential energy surface of the BrCN,
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EXPER IMENTAL

Figure 2 is a sketch of the experimental apparatus. Tunable
far UV light was generated by Raman shifting a doubled Nd-YAG
pumped dye laser system (Quantel 581C / TDL-50). Light at 193
and 248 nm was generated by a Questek model 2200 excimer laser.
The CN (Xzz+ —_——> 32£+) LIF spectrum was excited by a Molectron
UV-400 nitrogen pumped dye laser. The dye laser output was
attenuated so that the LIF signal was not saturated. The two
laser beams were counter-propagated through a small vacuum cell.

Fluorescence was observed at right angles through a 10 nm

bandpass dielectric filter by an EMI 9813 photomultiplier tube.

The experiment was controlled by an IBM-XT computer system
using an interface system constructed in our laboratory (14).
The LIF signal was captured by a PAR 164 gated integrator that
was operated in the linear mode, rather than the exponential mode
used in normal boxcar operation. An experimental sequence
consisted of firing the dissociating and probe lasers, and gating
the PAR 162 integrator. Digitization of the LIF signal on every
shot, together with active baseline correction and measurement of
the dye laser output energy, permitted accurate signal
normalization on a shot-to-shot basis. Photolysis laser
intensities were observed to remain constant over the course of
each run and were not corrected for. After a set number of
pulses a stepping motor attached to the dye laser sine drive was

advanced.
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i%{: BrCN was obtained from Fisher Scientific. It was placed in

a cold finger and pumped on for a few minutes before being used.
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RESULTS

Figure 1 shows the LIF spectra for photolysis at 193, 200,
220, 240, and 248 nm. Spectra characteristic of 266 nm can be
found in Reference 12, At 193 and 248 nm, the pressure of BrCN
was less than 1 mtorr. Otherwise the BrCN pressure was between
10 and 40 mtorr. The time between the photolysis and probe
lasers was 80 ns, with a maximum jitter of less than 10 ns. We
have also measured spectra following photolysis of BrCN at 230

nm, and at several wavelengths between 242 and 240 nm,

The spectra show that the CN is always formed rotationally
hot, but that there is significant vibrational excitation only
above 240 nm. The shapes of the distributions are also seen to

broaden in the 240 nm region.

To characterize these data, we plotted the most probable and
highest observed rotational state in each spectrum versus the
total available energy following photolysis in Figure 3. 1In
addition we included the results of Wittig's group at 266 nm
(11). Above 240 nm, the results fall on separate straight lines
for the mode and maximum of the distributions. Below 240 nm, the
results also fall on two lines but are displaced from the first
set. We can force all of the points to fall on the same line by
assuming that the photolysis above 240 nm results only in the

2

formation of Br ( P3/2) and that below only Br (2P1/2) is formed.

Below 240 nm the amount of available energy would decrease by

3668 cm L.




There are no published far-UV absorption spectra of BrCN.
King and Richardson display only a schematic representation of
the spectrum (15), Figure 4 shows the absorption spectrum of
BrCN measured in a Beckman DU-5 spectrophotometer. BrCN was
placed in a 1 cm cell and allowed to equilibrate. The gas

pressure was taken as the vapor pressure of BrCN (16).
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DISCUSS ION

The heats of formation of BrCN, CN (x22+) and Br (2P3/2) are

46.1 + 1.5, 101 £+ 1 and 28.18 £+ 0.02 kcal/mol respectively (3).

[ Thus the thermochemical limit for dissociation is 29,050 + 900
\ -t

- cm'1 or 344 + 10 nm., The Br atoms can also be produced in the
; 2p1/2 state, which lies 3678 cm"1 above the ground state. The

first three columns of Table I list photolysis wavelengths, and

.

- the amount of available energy associated with each of the low-

E lying Br atom states.

o

q Two recurring themes in research on the photolysis of

; cyanogen halides have been the determination of quantum yields of
- the 2P1/2 and 2P3/2 states, and the parsing of CN fragment

‘ quantum state distributions to separate the components associated
;E with each 2P state. We will attempt to treat both of these

8

.} matters by consideration of the measured CN fragment

i distributions.

; Most of the spectra in Fiqure 1l have similar shapes. We

; sought a scaling that would emphasize this. The best results

;g were obtained by plotting the rotational state distributions as
:; functions of the ratio of rotational energy to total available

’b energy, where the latter has been chosen on the criterion of best
g fit. We were guided in this choice by our interpretation of

- Figure 3. The fourth column of Table I lists the choice that

-; was made for the available energy at each wavelength. Figure 5

..............




shows the rotational distributions obtained after correction for

LIF probe laser intensity and rotational line strengths.

This figure lends credence to our assumption that only 2Pl/2

bromine atoms are produced at wavelengths below 240 nm. At 240
nm and above, the primary product dissociation channel seems to
produce 2P3/2 bromine atoms. Examination of Figure 5 shows that
there is a second hump on the CN state distributions at 248 and
242 nm, which corresponds to the production of the 2P1/2 state.
If one subtracts the scaled distribution at 193 nm, from those at
242 and 248 nm, and then shifts the remainder to account for the

3468 cm~ !

of electronic energy in excited bromine, one is left
with a second, overlaying rotational distribution corresponding
to the production of CN radicals and Br (2P1/2) atoms, In
addition, if one assumes that v"™ = 1 CN radicals produced at 248
and 242 nm are associated with the production of Br (2P3/2), then

the rotational distribution of the v" = 1 CN matches closely,

though not exactly those shown in Figure 5.

As was shown in Reference 8, such rotational distributions
are closely associated with the distribution of impact

parameters. Given the available energy, E and the rotational

avl’
energy, ER'

- _ 1/2
(1) b = [mey/Mg, _on) (L-Ep/Eayp) !’ “rg

where m, is the mass of x and Lo the separation between the Br
and CN. If the distribution of CN products as a function of the

ratio Er/Eavl is the same for all of the measured wavelengths,

''''''

-
s,
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% the distribution of impact parameters must also be the same.

y This implies that the Br and CN fragments are separating on the

; same surface at all wavelengths. The fragments are spinning

ﬁ apart with the same relative distance and orientation between the

t bromine atom and the CN fragment. In other words the potential

: eriergy surface upon which the dissociation takes place is the

\: same over this entire range of photolysis wavelengths, at least
as far as the angular motion is concerned.

é Rotational distributions from the photolysis of CICN and

E BrCN are peaked at high rotational states corresponding to about

f 40 $ of the available energy appearing in rotation. Photolysis

5 of ICN leaves most of the CN products in relatively low

1€ rotational levels. Waite, Heljavian, Dunlap and Baronavski

.f evaluated potential energy surfaces to explain the observed

é rotational distributions in the photolysis of cyanogen halides

3 (17). They found that the observed distributions from photolysis

& of ICN required a surface such as that shown in Figure 6a, while

S

the type of surface shown in Figure 6b resulted in distributions

typical of the photolysis of BrCN and C1CN. We suggested a

o

similar potential for the photolysis of BrCN and CICN in

-
LI i g

Reference 10, with the addition of a shallow valley.

n(:'-'

When a dissociating molecule moves on the potential energy
surface of Figure 6a the initial motion results in a rapid
. bending, which can be converted to rotation of the diatomic

fragment. However this motion is slowed as the fragment

encounters the second hill of the potential. This deceleration
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i
ﬁ{;ﬁ can also convert the motion into vibrational excitation of the
ii( diatomic fragment. The motion of the CN fragment on the simpler
igﬁf surface of Figure 6b, is just a rapid conversion of the bending
:£§3 motion into rotational excitation of the diatomic radical and

ISARN
L)\ orbital angular momentum of the separating fragments.

w .
'}ES Waite et al. showed by calculation that the results were not
:.:i much affected if one started with a 0 or 300 K distribution of
f:f parent molecules. This is in agreement with the results of
;§§§ Reference 11 on BrCN photolysis at 193 nm and those of Reference
i%ﬁf 17 on the photolysis of ICN at 266 nm. However, it is in
%t?; disagreement with the results of Reference 11 on the photolysis
éﬁi of BrCN at 266 nm. In the latter case, it was found that

ﬁ'i. photolysis of the cold BrCN produced only a small amount of CN in
:yn; a few low rotational states, while photolysis of the BrCN at room
'Eég temperature resulted in a much stronger signal with a

AN

i distribution similar to that observed in this work.

Consideration of these results and Figure 4 shows that the

~ absorption at 266 nm is vanishingly small, and probably dominated
A by absorption to the hot bands. As one moves further to the UV,
the role of hot bands in the absorption should decrease

drastically.

One is then left to consider the mechanism for production of
the different electronic states of bromine, and vibrationally
excited CN radicals. Fiqure 7a shows a simple, one-dimensional
surface. For such a potential, the absorption spectrum can be

obtained by the reflection principal as was done in Wilson's
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pioneering work on the photolysis of ICN. The shift from the
channel producing zPl/2 and 2P3/2 Bromine is controlled by the

Franck-Condon principal.

The strength of the CN bond is several times that of the Br-
C bond. Rather than viewing the vibration of BrCN in terms of a
normal mode picture, one may consider a local mode structure,
with the CN vibrational excitation isolated in the triatomic

molecule. Thus, the surface leading to v" = 1 CN and 2P

1

3/2 Br

lies parallel to and about 2000 cm - above the lowest
dissociation curve. If there is no production of 2P3/2 Br below
240 nm, then we can assume that none of the curves leading to
different electronic states cross, although they may not be
exactly parallel at all times. The curves producing different
vibrational levels of the CN fragment and the same electronic
state of the bromine atom are parallel to the extent that the
local mode picture obtains. Since the vibrational frequency of CN

1 1

is 2064 cm — and that of the v, mode of BrCN is 2000 cm —, they

1
are probably reasonably parallel.

Figure 7a seems to imply that at some intermediate
wavelength one should produce more v"™ = 1 CN product than v" = 0.
However, it does not take account of the Franck-Condon factors
involving the CN group in the BrCN molecule. All of the ground
state BrCN will have zero quanta in the CN stretch mode. 1In
comparison to CN electronic spectra, the Franck-Condon factor for
absorption to states where the CN is unexcited should be several

times greater than excitation to states where the CN stretch is

___________ R T o T T U T
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'{b For potentials like Figure 6a, where the fragments can chatter
-\ ‘-‘
e against each other, a great deal of vibrational excitation could
< be produced. Similarly, vibrational excitation can be produced
'53 in linear-to-linear excitations leading to dissociative states,
AL
.{; as the separating fragments can interact to activate vibrational
) modes of the fragments.
A ] :.j
b~ ) . .
o Figure 7b shows an alternative model of the electronic state
g
3}? potential energy surface. In this case the states leading to Br
AR (291/2) and Br (2P3/2) cross, with the latter rising sharply. At
‘ -‘_‘.q 2
K low energies only the lower curve leading to P3/2 atoms can be
:ﬁ; reached. At slightly higher energies one can excite both the
[
AP lower curve to the left of the crossing point and the upper curve
ffi to the right of the crossing. This will produce a mixture of
.'.\'_
i; both Br atom states. Finally at high photon energies only the
. upper electronic state can be populated, which leads to 2Pl/2
B
[r >
0 bromine atoms.
A5
o
> .-
C)" CONCLUSIONS
AN
jﬁj It has been shown that the nascent quantum state
i;:ﬁ distributions of CN fragments from the photolysis of BrCN between
T;; 193 and 248 nm can be scaled to each other. This scaling implies
Y
"
fﬁ a limit at about 235 nm for the production of Br (2P3/2), and
R
J{ that the dissociative potential energy surface has a particularly
gl ,
AK simple form.,
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FIGURE CAPTIONS

Figure 1l: Sketch of the experimental apparatus. Photolysis light
was generated either with an excimer laser using KrF
(248 nm) or ArF (193 nm), or doubled and anti~Stokes
Raman shifted light from a Nd-YAG pumped dye laser.
This UV light is sent into a small cell co-axially with
light from a Nitrogen laser pumped dye laser which
excited the LIF spectra of nascent CN fragments. The
lasers were fired by a computer controlled data
acquisition system which also monitored the LIF signal,

and the intensities of the two lasers.

Figure 2: Experimentally observed LIF spectra of nascent CN
radical fragments following the photolysis of BrCN at
several wavelengths. The R branch is shown only for

the 248 nm spectrum.

Figure 3: Rotational states of maximum probability and the last
observed state as functions of the total available
energy taken from Figure 2. The point for 266 nm is
taken from Reference 1ll. The bars represent estimates
of error from the data. The dots refer to the peaks of
the observed distribution and the crosses to the
highest observed rotational states in the v" = 0 level.

There is a discontinulty at about 230 nm. As discussed

in the text, the ;oints above 230 nm can be associated
with the production of Br(2P3/2) and those below 230 nm
. 2
with the production of Br( ?1/2).
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Figure 4:

Figure 5:

Figure 6:

Figure 7:

Absorption spectrum of BrCN at room temperature in a

1l cm cell as measured by a DU-4 spectrophotometer.

Scaled rotational distributions from Figure 2. The
scaling method is described in the discussion. Briefly
this involved decreasing the avaliable energy by the
electronic energy of Br(ZPl/z) where suggested by the

results of Figure 3.

Potential energy surfaces suggested by Waite, et al
(17) for the photolysis of ICN (6a) and CICN (6b). The
coordinate system is taken so the CN moity is oriented
as shown in the diagrams. The potential energy surface
on which the BrCN separates must be much like that in

Figure 6b.

Electronic potential energy surfaces for the production

2 2 " _
of Br P3/2 and Pl/2 and v" = 1 CN fragments. Sce

the text for a more complete discussion.

- v - PRI . M.t
LI AN AT R - S T A W) .

T N
.}',f'f',-.'):'}".
by L L

T T L LT L e TN T )

20




43 1ndwod = E— |
ﬁ H .\,P’V ¥3sSvT
] — N3OOH 1IN
m — 3OV - ¥3Sv1 340
“ Inr.ﬁ.mu._.z_
SNVA3 %
29l MVd [ —
5l i
300IQOL0Hd = .
¥
SNVAT |
1130
A\
d4371dN0Od NYINVYY
43SV
JINOX3I|_
RN Nﬁ\

[ 2an31yg

L N .
e
Lo S O T s

ot
NN NEN

,,‘\.{\ *a

AinT
FE Pt

'i’
L

- -,
2

Wi oh b iy






AR B B g b s B S B Gl S8 a-gt pe i B pies Bl a C i e vl st he i e A ar i it i i i ® e A b e A= st .r'.r‘*'.“!

Figure 3

cnf1
— 20,000

24 2 —
248 ~

Excess Energy

e PEA
x HIGHEST ROTAT'gméng

266—1 '

| !
5000 10000
Rotational Energy

......................

-~ - - - - “ »~ ~ - - o " a" . L L - r
A T e AT T T S s T e e T e e T T e T e
ot ‘»‘- ".. '.‘ ) _<f‘.._. e Tt N T T s e T I
A e A e e e e e e e et (e B S a e B e A A




AR e S i A Sl s Sl B et S e B e A i Bl Rt Arul s aitde midn et adelil M R A Rt e Baaal A Al Mo dibath st Sam iases -4

Figure 4

5 X109

BrCN

190 240 290

nanometers

AL o, N . " - T
U0 & N R L IR N N R
! N e T N e e N T N T T,
{ \4;:4' O BRI SN NPT GO o T SR P I JAP R I Y

LT LT T e . _‘..-I..".‘.' Te et .. S
R T A SV P D T R T
.'»'v"-‘~'.'\"-\'.‘~'-‘~‘- R Tt ow
AN, TP W . DY .S . TP, N N . . Y




aaa-s AR A Bk h Al s —aen - aies anad naar o o el s St M Ao g B gh Btde i B A nal S Sl ood Bak bl rT—T— TV Yo v ey

Figure 5

RELATIVE POPULATION

r L | i |
0 04 08

{
5 EROT/ EAVL

T M A PR AP AP T TR
2 (n )
()

......

r, -;.)-_ R P P T A N O T T e O . UV TN VIR T VTR U VS O,
/'." LY -, "y » '(' Lg Y‘
AahaSe " ! » ““"-. ;olht"‘ug't‘c ‘-' olc o c’t‘.um .t'h .o .'\‘. "




Calliy s Coaliiarodins T A Y"W"E"v"i"v‘u-u-w

Figure 6a

N-C 1

AT AT A
- -.')-- ')-;‘.--: oy

W A S N A A S S N R SN A T SR RN Y
AR S S S R S R R



2 B3 228 Axs ol o0 2l Al g I AN A bl

Figure 6b

N-C 1

,- / S, " M -.' LN LN ‘e . \ S oA PR
4 ‘. "> - " e J'_ -~ - B A
{ A)' 4-* .'. {bﬁ. 1-{\. ‘.._‘& -,‘_(.1_ ._-c.\ u&M\(‘h..hf‘ " NN WA L.‘A“; -_:"a'_’.\':')_.r_\ Aoaloa ?.A Y i il i

T N et
Q}--v




i mea aha am a-b 8 o n ot A A el Sl S indci W eIy e Y MiaC A I_'.","‘-"-'\i"T

¥ : Figure 7a

a3
s '
PR

»

k)
F

BAS

'y

fl .’A‘l ::’ ’.

X
AN

“ 2

POTENTIAL ENERGY

¥
l'."‘.“
e

(

]

[
1.

»
(RSN
a AL

5

'.1.{‘

O i ot @)
(S IS ]
» 2V a0
CAACE A

L]

Ak

P &8

: ) - . "R Y T N RTINS T S T, AN S S R N -y
WA AL AT AT (TR Rt by . ST R A g Uy o CRCRLRCE PN e e T LA AT e N

. Py M % e R b ' LA 7 ‘l
Sttt ottt b ale AN, ‘..‘\‘.!'u"-'b‘- O " A e S e A g X iy Xl YN .




TR TN

TON T

B Son dhd San Sad Aok Bau Sl Aot Ba® lins diat S M fect aad Aaf lat Sav ges

L8 0 g e e A o s s o S Segh Sait o g hais s

SHIGHEST

—— g e o aftman  —

Figure 7b

POTENTIAL ENERGY

L AR AR,
N e

R

NI I I TR R
ERSR R OUEN L, DEaN

.
-,
.
-

ol
2’
.-MA-
.~\¢
A
.\b\
7.
S
ol




£,
a

v
e
A 5,

‘—’"{

a0

'
AN

QJ' '

.___
2,
P =

|
7

-
1 ala

X
-

e
Wt
@,
PRIPR

¢ 0T
s

2 A

el

i
¢
“

,,,,,

TECHNICAL REPAORT OISTRIBUTICM LIST, GEN

0L/413/83/01
GEN/413-2

Office of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

Dr. Bernard Dauda

Maval Weapons Support Center
Code 5042

Crane, Indiana 47522

Commander, Maval Air Systems
Command

Attn: Code 310C (H. Rosenwasser)

Aashington, D0.C. 20360

Naval Civil Engineering Laboratorv
Attn: Or. R, W. Driske
Port Hueneme, California 93471

Defense Technical Information Zantar
Building £, Cameron Station
Alexandria, Yirginia 22314

0TNSRDC

Attr: Or, G. Sosmajiar
Applied Chemistry Divisicn
Annapolis, Maryland 213401

Or. William Talles
Superintendent

Cremistry Division, Ccde 5170
naval Research Laboratory
wasnington, D.C. 2037¢

No.

Copies

2

Cooies

Or. David Young

Code 334

NORDA

NSTL, Mississippi 39529

—

Naval w=3aoons Center

Attn: Cr. Ron Atkins
Chemissry Division

China Lzke, California Q35635

-

Scientific Advisor

Commardan< of the Marine Corpos
Code 239-1

Washingrcn, D.C. 20380

S. ir~v Research 0ffice X
tn: 13D-AA-TP

Ol 3o 12211

sea~ ~ “rmangle Park, NC 27772

Mr, 0~ Soyle

[X] . 1

dater- "¢ 3Irangn

Naviai ~1p E-~gineering Center
"hilis-"znva, Pennsvivania 137 ;

.....

Yaval Tzean Systams Lentar
i T varamee
Marieo Tocraerczg Diyigicn

[ N S Y S TIE SPPN

Jan Ty ifarniy 2



0L/413/83/01
051A/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 051A

Or. M. A. El-Sayed

Department of Chemistry
University of California

Los Angeles, Californfa 90024

Dr. E. R. Bernstein
Department of Chemistry
Colorado State University
Fort Collins, Colorado 80521

Dr. J. R. MacDonald
Chemistry Division

Naval Research Laboratory
Code 6110

Washington, D.C. 20375

Or. G. B. Schuster
Chemistry Department
University of I11inois
Urbana, I11inois 61801

Dr. J.B. Halpe

ngton, D.C. 20059

Dr. M. S. Wrighton

Department of Chemistry

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Or. A. Paul Schaap _
Department of Chemistry
Wayne State University
Detroit, Michigan 49207

Or. W.E. Moerner

1.8.M. Corporation

5600 Cottle Road

San Jose, California 95193

Dr. A.B.P. Lever
Department of Chemistry
York University
Downsview, Ontario
CANADA M3J1P3

Or. John Cooper

Code 6173

Naval Research Laboratory
Washington, D.C. 20375

Dr. George E. Wal
Department emistry
versity

ngton, D.C. 20059

Or. Joe Brandelik
AFWAL/AADO-1

Wright Patterson AFB
Fairborn, Ohio 45433

Or. Carmen Ortiz

Consejo Superior de
[nvestigaciones Clentificas

Serrano 121

Madrid 6, SPAIN

Or. John J. Wright
Physics Department
University of New Hampshire
Durham, New Hampshire 03824

Dr. Kent R. Wilson
Chemistry Department
University of California

La Jolla, California 92093

Or. G. A. Crosby

Chemistry Oepartment
Washington State University
Pullman, Washington 99164

Dr. Theodore Pavlopoulos
NOSC

Code 521

San Diego, California 91232




o

el L

Pl sl

“P

P 34 ¥4
:'-.','x\ J!“x!l‘o' A I‘!'#‘-.l 4‘2‘0’ +8 " $

J‘

-6

CND

-"E‘E-&";E EEE " .,'&q‘ -"'J' AN -\_ '{&Q‘

\.._,..q Iy
‘.J‘u,ﬁ—

.1’.\.1

Lal

LL




