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ABSTRACT

All of the nzo bands expected to absorb significantly between 4000 and

6700 cm-l have been listed, and the strengths of several of the stronger
bands have been determined. Spectral curves are shown for samples at low
pressure so that the line structure remains and for samples at approximately
15 atm with the structure esmoothed out. The amount of absorption between
6600 and 6650 cm.l on the high wavenumber side of the head of the 00°3

band indicates that the extreme wings of the lines absorb less than Lorentz-

shaped lines with the same strengths and widths,
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INTRODUCTION AND SUMMARY

As part of a large program to tabulate the parameters of all the signifi-

cant absorption lines of atmospheric gases, we have recently analyzed some

NZO data in the 4000-6700 c:m.1 region obtained a few years ago on a different
project, The bands in this region are generally much weaker than the funda=-
mental bands and many of the combination bands that occur at lower wavenumbers,
It seems unlikely that a band with strength less than 10.21 molecules-]'cmzc:m-1
would absorb significantly over any usable atmospheric path, therefore, we
have restricted the careful analysis to the bands above this "cut-off"

value., Approximate strengtins and upper limits have also been determined

for several of the weaker bands, but further study would be required to

determine their strengths accurately.

Druglas and Moller1 and Plyler, Tidwell and Allen2 have identified several
of the NZO bands in the region of interest and have published data on the
line positions., These workers did not include information on the strengths

3,4

of lines or bands, Pliva has accumulated previous data on N,O energy

levels and has tabulated many of the energy levels and constantg from which
line positions can be determined accurately., In a previous reports, we
listed the strengths of a few of the bands contained in this study; however,
the previous report did not include the detailed curves and tables shown

below,



From data on the absorption on the high wavenumber side of the head of the
00°3 band, we have found that the extreme wings of Nzo lines are quite sub-

Lorentzian; 1i.e., they absorb less than Lorentz-shaped lires with the same
strengths and widths,



EXPERIMENTAL PROCEDURES AND DATA ANALYSIS

The spectral curves were scanned with a grating spectrometer and strip-
chart recorder with the spectral resolution varying from approximately 0.2
to 0.9 cm-l. Several of the curves were digitized, and a computer was
used to calculate the transmittance T, absorptance A, (-l/u).[a1; and
(-l/u)fAT dv., Samples were contained in a multiple-pass absorption cell
with path lengths, L, up to 3290 cm. Since the cell had been cooled to
196 K for a different project, a few transmittance curves were obtained
for samples at this temperature, These curves are valuable in identifying
the temperature-sensitive difference bands which result from transitions
from an excited vibrational level, Samples at pressures less than 1 atm
were employed to study the line structure within the bands. In order to
obtain information about band strengths, we used N20 + N2 samples at
approximately 15 atm so that the structure was smoothed out, Under this
condition, the observed transmittance is very nearly equal to the actual
transmittance that would be observed with infinite rcsolving power. The
quantity (-l/uxéﬁT is then equal to the absorption coefficient, and the
integral of this quantity over a spectral interval is the sum of the
strengths of the bands within the interval. The absorber thickness u is
expressed in molecules of N20/cm2. The quantity (-l/u)jng'is essentially
independent of pressure for a wide range of pressures greater than about
10 atm, which is required to smooth out the line structure, Data from

references 1, 2, and 4 were used to identify the absorption bands and to
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determine line ﬁositions. . Pliva's article is more recent than the other

.two and incorporates the results of several previous articles. Therefore,
Ty i

'Pliva's values for energy leévels were used in preference to others whén

they were available.
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| SPECTRAL DATA AND BAND STRENGTHS

Figqreﬂ 1-15 show spectral curves for the regions containing the stronger
bands between 4000 and 6700 cm-l. Two curves are shown for most of the
regions. -The first is a curve of absorptance for samples with line struc-
ture, and the second is of - l/u)IZZT for higher-pressure samples. Band

identifications and comments on the curves appear in Table 1.

The three fumdamentdl bands Vis Vo and v3 are at 1284,907, 588,767, and
2223, 756 cm 1, reapectively. Note that v3 1 = sz. The quantity N

: defined - as 2v1 + vy + 4 \ZY, where the v's are the vibrational quantum num-

befs, is convenient in specifying energy levels and in estimating band
positions, Bgcause of the approximate relationship between vy Voo and 2T
levels having the aame N are approximately equal. It follows that bands

larising from transitions from the 00°0 level to different levels having

the 'same N occur near each other. All of the important N_O bands between

4000 and 6700 cm.1 éesulting from transitions from the 00 0 state have

upperflebela with N between 7 and 12.

Table 1 lists all of the bands with the 00°0 lower level and upper levels
fromN = 7 to N = 12, Values of the band centers followed by P and PTA
are from Plivaa and Plyler, Tidwell and Allenz, respectively. The centers

~of several of the bands with N of 10, 11, or 12, are not given by either

of tﬁese;authors,and:have not been calculated since they are too weak to be



of interest in atmospheric transmission problems., We note that for N = 7,
8, and 9, the band at the lowest wavenumber in each group has the largest
) and smallest vye As expected, the highest wavenumber band has the
smallest V3 and largest vye Also included in Table 1 are the numbers of
the figures in which spectral curves of the bands can be seen. The remarks
column contains additional information about the observance of the bands.

2cm.l) can be seen in

All of the stronger bands (Sv >1 E-21 molecules-lcm
the figures. A few very weak bands were observed in spectral regions be-
tween those covered by the figures. The raw data for these very weak bands

vere not analyzed.

The strengths of several of the bands were determined by integrating

(-1/u)m T over the spectral interval including the band. As discussed
previously, the curves of (-l/u),&;T were based on samples at high enough
pressure for the structure to be smoothed out. The interval integrated

over for a particular band also contains associated difference bands arising
from transitions from excited vibrational states with the same changes in
vibrational quantum numbers as the band of primary interest. The difference
bands are weaker because of the lower population of the excited states,
Strengths listed in Table 1 include the difference bands associated with

the fundamental or combination band. In a few cases, it was necessary to
account for overlapping by other bands. Care was exercised in measuring

the bands stronger than 10.21 moleculel-lcmzcm-l. With the exception of

the 2310 band at 4335.798 cm

reasonable accuracy. More spectral data with good resolution are required

, these stronger bands were measured with

in order to account for the overlapping of this band with neighboring ones.
Upper limits and approximate strengths were determined for some of the
weaker bands, Those indicated with an approximate sign ¢-) may be in error

by as much as a factor of 2 or 3,

Additional information about the relative strengths of lines within the
bands and of the different branches can be obtained from Table 2 which
lists the cumulative integral of (-l/uljz T. Values are tabulated each



5 cm-l and near the centers of most of the strong bands. The value of
the integral between any two wavenumbers listed can be determined by sub-
tracting the corresponding values of the cumulative integral. Spectral

regions containing only very weak bands are not included in the table.



LINE SHAPE

A few years ago, we6 investigated the absorption on the high-wavenumber

side of the head of the 00°3 band of CO2 near 7000 cm-l. From the absorp-

tion data and previous knowledge of the strengths and widths of the lines,
we were able to infer the shapes of the extreme wings of the lines centered
on the low wavenumber side of the band head. We found that self-broadened
CO2 lines absorbed less beyond ahout 5 cm-1 from the line centers than
Lorentz-shaped lines with the same widths and strengths. Lines broadened

by N2 deviated even further from the Lorentz shape.

A similar study has been made near 6600 <:m-1 on the high wavenumber side
of the head of the 00°3 N,0 band shown in Figs. 14 and 15. Between 6600
and 6650 cm-l, most of the absorption by samples at pressures greater than

a few atm is due to the extreme wings of the lines centered between 6500
and 6600 cm ®. The shapes of the N,0 lines inferred from these data are

surprisingly similar to those found earlier for 002 lines. The difference

between the results from self broadening is less than the experimental un-

certainty. The same is also true for Nz-broadened lines,



*paA13sqo 10N -3 > d 06°CZLS|0 11 ¥
*p2A13sqo 10N -3 > d S8°LT195|0 £ €
*poAl1asqo joN -4 > d %L°68%S]|0 {5 C
°po2A13sqo 10N ¢¢-3 > d TS°8€€S|0 L 1
*11 °214 uyr moys Lew youeiq d 11 d [Z°8915|0 ¢6 O
6 =N
°¢ *814 ur saeadde osye pueq 3°Ud133II(q %01+ 0C-3 6°9 € d 6Le°LTv%|C 0O
%201+ 07-3 %°% 9 d 878°0EL%IT 0 C
%01+ 12-3 8°9 S d 791°0€9%|1 2 1
‘BIBp MB1 Ul P3AIISQO -3 T~ d 17 T16%%|1 % O
NQ~M 1¢-3 6°¢ 01 d §9°S015|0 0 %
*pueq 7,10 sde1aaaQ %L1+ 7¢-3 6°C 6 d %£°920S|0 T ¢
%01+ -3 6°9 | 8 d 90°116%|0 ¥ T
*paAIasqo 3oN 1¢-31 > d €1°L9L%]0 91
‘pueq 121 £q pajseu L1qyssod 1¢-3 1> d 08°109%|0 8 O
8 = N
*1 °314 uy 1eadde osye spueq 32U31333IQ %UT 1Z-F OT° 1| 1 d 6L6°T90%T {1 1
*elBP MB1 UT PIAIIBqQ Zt-3 1~ d 8SC°TE6E|T £ O
‘elep MmR1 U] paAIISqo Youeaq d -1 1> d 6LE°9%Y%[0 {1 €
*€ °814 uUT ydoueiq Y jo dwo§ °BIEPP MBI UT PIAIISqO 1¢-3 T~ € d 86L°GEEY|0 (€ C
*poAa13asqo JON €¢-4 > d 096°L6T%|0 S 1
*Pueq 111 4£q pajseu L1qyssod °1 °8y4 ur 3udiedde JoN €2-31 ¢> d €1°LE0% 0 L O
L =N
(1-=)
Hnauwauaummasoo.noav T hmﬁ-uo
s)aeway yisuaaag *314 pueg pueg

SHIONTYLS QNV SNOILVOIJAILNAJI QNvd

T 379Vl




0 ﬁa <

0,6 ¢

0,5 €

*ZZ-3 77 °3e syj8uaais 0., ¢

agayl . _wd Q00L Pu® (0Z9 UdIMIaq IndI0 03 pajdadxa aae 0.6 1

s123uad vamnﬁo:h *poAl28qO0 213m [ = N I10J Spueq 3yl JO SUON 0 .I10
IT =N

12-3 1 ¢l |VId 6S°9v9s| T 0 1

*poAIasqo0 3JON 2,2 0

12-3 1 €1 [VId %L°9L6S| 1 0 €

*®IVP MBI UJ PIAIISqQ 7z-3 9~ VId 66°.88S| 1 2 ¢

‘PaA128qo JoN te-a To7 1

‘paAaasqo JoN r4Ad O d 1,9 O

‘PaAl13sqo JON raAd W/ d 0,0 ¢

‘elep mea uy paAiasqQ 22-3 g~ VId 90°S629| 0 T ¥

‘PaA1asqo JON -3 0.7 ¢

*paAl1asqo 3ION tc-a 7 0,9 ¢

‘PaAxasqo JON te-a 7 0.8 1

‘paAlasqo 3JON tc-a 0,010
0T = N

‘puRq 0,7¢ sde11ang “3juaujmoad sy youwiaq 22-3 G~ 6 d S69°LL6Y| T a~ 0

*paAlasqo 3JON -3 d SLT1°61eS| T 4

*PaA198q0 3JON tc-a d 08L°002S| T ;¢ 1

*spueq 0, 0% Pue 0 Z¢ £q pajyswu L1q1880d Z¢ec-a 1> d 286°€SOS| T .S O
(*P3uo)) 6 = N

(1-m0)
auﬁOuEanuuﬁzoo~osv o wuuﬂou
s)yaeway yasuaaag 814 pueg pueg

(panutjuo)) 1 TIEAVL

10



%9 ¥ 12-3 TS°'1

*pagpnis uoy3ax ay3 3o Iywyl aaddn ayy
‘L _Wd 00L9 dA0qe paidjuad L1qeqoiad aae S13aY3o Iyl JO ISOK
.vowuom..._o sem JBY3 ZI = N 103 pueq A[uo 3yl sy pueq €,00 24l

W =N

71

Vid €8°08%9] €

o
o
o

NN
o O
T NO

(-]

o O

(<}
OmeamMm-g O™~

v el -y
0 0 O o (<]
[ -Y-2C- =)

o_O
v -
CmMaNONITNY

CO0CO0CO0COO
o d
NOWWWOwITNO

(°p3uo)) 11 = N

NN
- -
NN = e
Cmom O m

o N ]
L

.—uaouao.— ..ww.—:ow.—oav
s)aeway yal3uaals

.oz
‘814

(;.m2)
uwunoo
pueq puey

(ponuyiuo)) 1 FHEVL

11



*pusq A1swjad au3 Jo I3IUED JUI IWIU ST A IV SOIEITPUT STNL

— 9°€SST 920§
v°SEST  ST0S
19462 0Z0S ‘Y869 09%Yy
9°611Z ST10S “TT869 <SSy
8°901L 081s | 0°c¥81 0108 *€6L69 0SYY
LWL SLTS || 6°565T €00S “YEL69 SYYY
6°101L o0L15 | 0°LO%T 0005 “LSI89 OYYY
0°660L S91S | L°SSTT <66Y ‘gS629 SEYY
L°€60L 091S | T1°091T 066% “ZSYES  OEYY
6°9L0L SSTS || 6°LS0T <96Y “65SY% STyy
8°w90L 0STS | €°S00T 086y *Z8S6€  OTYY
€°600L SY1S | s°498 <i6Yv *06€8€ LTy
9°€L69 0vIS § S°Z8L  OL6Y “RE9LE STvYy
1001 S9s |l 9°€s69 <els § €°cvL <96 ‘9Z8€E 019y
‘05T $099 *900T 0¢96 [| €°9889 ofis | 6°c1L 096vy] °‘s86EY oOLLY ‘TQLLT SOYY $°L0TT 001Y
*02ST 0099 9°9L6 <995 || Z°5599 SZIS ] S°S69 SS6Y) °S96Ev <oy || v 68L9 S99% | °<8ZIZ OOYY €°L01T S60%
*ZET <659 €628 0995 || 0°¢929 o0Z1S J 9°9.9 0s6v] °cz6cv 09y || £°9899 099y | “6695T S6EY 6°Z01T 0607
*1¢01 06s9 | °svo1 o109 6'999 <<9S [{ so9v8s <TIS § L°t%9 <969 v19ev sSiv [ 6°%699 SS9v I ‘Ze9ll 06€Y €°9901 S80%
0°098 €869 701 <009 8°1LS 0596 |l s°2LSs ovIS | 6°229 o096y ‘socov oSty | €°1909 0597 | v 188 Secy 1°T1901  080Y
£°908 1969 | °SEOT 0009 9°97S 51995 || v 08¥s 5901S | L-ves  Scey] vtcee <oy | v'sees Sv9v § 179859  08cy S°SL6  SLOY
o't oes9 | v°666  Se6s 1°s€Ss  $99s || o°v9vs sors || s-zes  ofev] -08€LZ owy || 0°c0sy ov9y J e-zzLy  Siev 6°%06  0OLOY
6°S9L Si$59 J 1°29%8  066S v ety o0y9s || 6°czes 001S fl vov9y  szev] ‘esezT seey || L°vs8e Se9v | 9cecee  oley L°LE8  S90%
S°tv9 o059 | 0°S89  $86S t°6gc  Se9s |1 8°8605 605 ] 8°16€  o0Z6v] -1LzTZ HTELy || vo90s€ j069% | LozS€T  S9ev 0°90L aZ90Y
veotS  <9g9 | L°8SS  086S 8°00t 0695 || v°es8% 0605 | s-vee  Su6v] -zeolz ocLy | 9°0cic SZ9% § €°9691  09tY $°Z95 090
Z'16Y 0959 [ 67969  5SL6€ 8'szz  sz9s |l €-se9y <pos || 6-zoc HTT6v] -wv061 sZiv || 0-6%sz oZ9v J ZUsvTl  Ssev S°S0v  SSOY
9w  ccs9 | S°9%Y  0L6S 0°9TT  0Z9s || 8°99v% o0e0s || 6°zoc o16v] °Y¥ST OILY || 676661 S19% | »°816  0SEY z°L6T  0S0Y
€°€%C  0sc9 f| 6°48€  S96S 8 L1t su9s || 1°Lvey <eos || 8°69Z  <o6v] cezetl Sty f| 9'0z9t oO19v § L7999  SvEy 8°8ZZ SY0Y
L°89T1 S9s9 [| 8°20¢  096S 8°08  O19% |l 9°89Z% 0r0s || 9°€zZ 006%] L°L9t8 o1Ly § €°186 S09v J €799y  ovEY S°Z91 0%
9°9Z1 099 | 8°1ZZ  SS6¢ 8°% 09 J1S°617% <905 §S'0oL1 <S68v] €°919s Sory  €°059 009y § 6°61¢  SEEY 111 Scov
9'96 cgs9 | LoesT Toses 8°se 0095 || 87481y 0905 § €°811 o068vf 8°L1%¢ o0L% | €017 Sesy | 9°czz  otev || o06°cL.  ocov
0°LL ofs9 J 6°TOT  S¥ES 1z s6ss || T'Tviy ssos § 1c9or  sesvl c°sczz se9y | 6°0sz  oesy | 1 oc1  szev || 688y szov
95 <9 |6 o%6s €T 065S [} y°700% 0505 § €°S%  089%) 0°61€T 069% § Z°9%1 S8sy §S'8Z1 02y [l 6°0c  oOZov
v°6¢ 029 J1°6¢ SE6S 99 cgss |l cvote sv0s Jo°sz  seev)6zie  se9y | ver oesy § To68 StEy || ecc61  STOY
L°9z  sis9 je-zz 0£6s v°s o8ss Jlzeseze ovos § v°Z1  oev]ievy 089y J 0c0v  susy f L9 otey | %211 olov
(vt orse J ot ST6S z°¢ sess || v 68z scos s sogvl 8°evz  SL9v § 691  ousy | e-1c soty | 16°S S00Y
z°s cos9 S oz6s €1 ouss ff v zoz ocos | 6°1 0989) 8°50T  0L9% § 0°S sosy | oc1 ooty | oc°z 000y
(1.%) (1.%) (;_ ™) (1-™) (1-=) (7. %) (;.™) (;. ™) (7.w0)
1 A 1 A 1 A ! A E A 1 A 1 A 1 A 1 A
0059 = .A S° 916§ = A §956 = .4 _83 =, 0589 = \A S99 = A 09y = .4 0627 = A 066€ = A
(,z.01 £ sonywp T7® £1d1aTni)
A.—llu NIO .—ln.dﬂuo.—ozv

WA
o N
>vh¢\\>sﬂ-|

Z amvi

12



“1-"° $Z°0 = WIPTAITTS Twaidedg
‘w 062¢ = T fwmw zgyog ='d {7.% sendetom ozaET =
uolu 060 pPu® 0Zoy USSAIeq souwidiosqe JO 3AINd ymazdedg °1 °914d

(;-) wonKIAVA 0zoY




(™ ToeT0m)L ’(h/t-)

*pesn 8q 03 STEIS SIFPUTPIO SYI IIWOTPUF

SA03I® Y] ° W (Z°0 = WIPTMITTS dluuuM._u OM 9%Z = @
*mye {i LreIvwrxoadde 3w sydwes ‘y 4 o°g us 103

1-™ 00Ty Pu® 000Y USeAIsq LUy (n/1-) Jo Pam> Texiseds °Z oL

ooty 050y (;-=) mounmava

o I- | | | _ | | | T 0
-
- :
N
5l
V=B P €Z=1S -u..
g
m.-
- — e
- :
,
vz-201 L | ] ] _ 1 | 1 1 cz-201

14



émo
*sydmes z

°.® €€°0 = 43
928 =1 me £960%0 = 4 ‘mi $6£0°0 = d
R+ 0°N uw 203 1= SY7% PUR ogcy USSAjeq @

00YY

PIAITYS TPaIdedg °y oc- < ¢
2. senoetom oz3 go'y - o
Sur3idiosqe Jo saInd ywayded: °t *914

(;-=) EsnmAv

m

RN+ 0N

05°0

FVNVLINOSAY

15



(10,50 Toe oMY (/1-)

€2-202

*pesn 3q 03 YIS IIPUTPIO YITYA PIWOFPUT SAOLI® 4L ° - gg°0

b1 ] o.—'.. N. + .ONI uw 303

1

= YIPTAITIS TeaIdedg °Y 962 = 9 °my® ¢ Lye3

= S9YY PUR 062y WeAISq Lug(n/1-) 3O sAm3 Texideds °y DL

T (%) wamnmava - = N -

€Z-301

0SEY
I -

tT-301

zz-30¢

(;=0, _9oTnoeTpu) 14 (n/1-)

16



°1-"° 0%°0 = YIp¥AIjTs TeaIceds
z ¥ 96T =06 Im 06zc =T fmw zgr0 =d £, wo semoetom ozEcOY =
‘e1dues o°N @and ¥ 103 d”...-_u S99%7 PU® 08y UIIMIIq @duwidiosqe Jo PAIND Twx3dedg ¢ °913

0S9y A.?..uv YIGHNNAAVM

!

=
—
— oy
e
=

nE (ﬁ ?ﬁéié

0

0s°0

dONVILHOSHY

17



*;_WD 0%°0 = YIPTMITIS TeI1I@ds °) 957 = @
{2 928 3 T (WP £960°0 = d fuls cec0%0 = d ¢, wo seynsetom 0zago"8 = N
*o1dues “N + O N U® 103 .-..lo 09.% pu® G99y UIIAIAq annmu.—ho-nn Jo dAaNd Yea3dedsg °9 °914

oSLY A.T.av WATRNNAAVM 0oLy

_Jhm..

(il O EMAEAR L |
R
§ Al -

00°1

18

JONVLII¥OSEY



‘1IN 0w L 2 (n /1)

"P38n 23q 03 aywae 23%UTpI0 343 _21wd1puy smoazw 3 L w onmoﬂ_.u_-«:u:- Tea330dg  °y 967 = ¢
‘me ¢1 L193vwyxoadds e ua!vwl + oun ur 303 A

.—..lu 0LLY Pu® 09Cy wsenjaq h.“‘?\nov 3o 3and texiseds oy 9y

(, =) wanamava
0s¢Ly 0oLy 059y e

€2-3¢

3
£
——

f

e

1442 1

zz-301

1142 14

(zno,l_u(naqo-)u?’(n/'(-)

19



°2. 50 SE°0 &
HIPTAIFT® Teaydads °y 96T = o fm opzg = 1 uﬂau Ze1°0 = d
{0 sandatom gzEEYT = n *a1dmes o°N 9and e 303

ausu 0S6% PuU® G/gH uaamjaq ?ouwidaosqe jo aaind Teaydadg °g °o13

056 : (1) wasnsmAYA 006
| W ©

- —10s°0

O'N

00°1

JONVINOSHV

20



*1™ L£°0 B WIPIMITTS
Teaicedg °y 961 = 0 W 062¢ = 1 fmvw Zg1®o = d §, w0 ‘seynoeyem oZACIY = "

*a1dues o~l ?and » 303 . = 0905 PU® 056y UIeAIeq 9ousidiosqe JO sAand Tex39edg °¢ °*91d

050¢ T T T 000S 1= 056y 0

FDNVLIMOSAY

21



;. W0 BE®O m‘

UIPTMITTS TeaIDAdg )Y 96T = 6 WO 06Z€ = 1T uluu ZE1°0 =

1

§,_u seyndetom (OZIACYY = n °“oyduws o«z ?and v 103
w ¢cIS pue GGOS UsImIaq @duwidiosqe Jo IAIND TexIdadg QT °IH1d

001S ({.5°) WATARIAVA 090¢

T

.....

30

05°0

00°T

FONVIII0STV

22



( 2WO |-S3INdspw) luq.?-

ve-36

v2-30I

*pasn 3q 03 7S

23°UTPIO Y3 IIWIFPUT SMOIIV Y] ‘. WD (09°0 =,
YIPTMITTS TeaIdads °Y 962 = 6 -ule S1 L193vw
-1x0adde v a1dwes “N + o~z u® l03 . W 08TS
pu® G8Y uIIMIaq .HGVA:\.TV JO 2AIND Twajdadg

(-wd) HIGANNIAVYM

*11 °91a

000S

—w L] v L] v

\ ] L}

€2-36

€2-30l

(U9 (-S3|N23|OW) lun“-

23



(-1/u) 41 (molecules lca?)
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FIG.

12,

VAVENRMBER (cx”l) 5650

Spectral curve of (-1/u)_ T between 5580 and
5680 cm~! for an N O + N, sample at approxi-
mately 15 atm, Spéctral“slitwidth =0.80 cm”
9 = 296 Ko )
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