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THE ULTRAVIOLET SPECTROSCOPY OF NITROUS OXIDE (Nzo):
A TEMPERATURE-RESOLVED STUDY
Gary Stewart Selwyn
Materials and Molecular Research Division,
Lawrence Berkeley Laboratory

and Department of Chemistry, University of California
Berkeley, California 94720

ABSTRACT

15N jsotopes

The absorption spectra of nitrous oxide and its
have been studied from 172 to 330 nm. The long wavelength absorption
above 265 nm is shown to be almost entirely due to Rayleigh scattering,
contrary to previous accounts. This correspondingly reduces the calculated
rate of nitrous oxide photolysis in the troposphere to a very small
value. The temperature dependence ofvthe absorption from 173 to 240
nm has been measured for use in atmospheric modeling of the photolysis
of nitrous oxide. At shorter wavelengths, previous investigators
have noted the presence of very weak, diffuse banding of nitrous oxide
superimposed on its continuous absorption. Spectra obtained in this
study over the wavelength range 172 to 190 nm demonstrate that these
diffuse bands are in fact a separate pronounced absorption of nitrous
oxide which is stfang?y affected by temperature, This banding is
the result of transitions to discrete vibronic levels in an upper
electronic state. No rotational structure can be observed. From
the temperature dependence of the observed structure it is shown that
the transition resuits through vibronic coupling of the-vz bending
mode. The energy spacing of the upper state is measured to be
~ 480 em™d and this with the available knowledge of the vibrational

frequencies of the ground state, permits a partial assignment of the
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spectrum. Using the large temperature effect observed, the spectra
are deconvoluted into the individual absorption spectra of the (000)
and (010) vibrational modes of the ground electronic state. This
deconvolution reveals a (OOO) state absorption spectrum which is weakly
structured on toﬁ of a continuum and a (010) state absorption spectrum
which is strongly structured on top of an enhanced continuum. Using
this deCOﬁvo1ut§on it is then shown that the pronounced structure
at higher temperatures is primariiy due to the presence of vibration-
ally "hot" molecules. Substitution of isotopically labeled nitrous
oxide indicates a unique isotope shift for these vibronic features
which increases in the order: NNO - oo - o - 15N15N0, The
extent of the observed isotope shift is greatest at short wavelengths

and has been observed to be as large as 130 emL,

Using the results

of published theoretical studies of NZO, it is deduced that the structure
results from the transition 12 T« Xlz * while the continuous absorption
results from the transition ZA “ 1XZ ¥ Both of these are normally
forbidden transitions but are allowed by bending. It is further proposed
that in the bent equilibrium geometry, an avoided crossing results

1. -
1A“ components of *) = and 1A in C  symmetry.

from the perturbation of the
Evidence for this bent configuration of 12 " is offered and a mechanism
of predissociation is proposed. Finally an anomalous result is briefly
discussed. In one sample of isotopic nitrous oxide an extremely strong,
sharp absorption (FWHM = 0.2A) is observed which is presumably due

to an impurity. By IR, UV and mass spectrometry it was not pdssib?e

to assign this absorption to any 1%ke1y.mo?ecuiar or atomic species.
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I. INTRODUCTION

This work covers two aspects of study on nitrous oxide: its
role in atmospheric photochemistry and the basic ultraviolet spectro-
scopy of nitrous oxide which partially determines this photochemistry.
This work began as a short study to evaluate the rate of tropospheric
photolysis of nitrous oxide, but in the initial stages of this study
inconsistencies in the near ultraviolet absorption spectrum of nitrous
oxide became apparent. In the course of checking these inconsistencies
other inconsistencies were noted between the literature and the new
experimental evidence preseni%d in this study. Eventually, a different
absorption spectrum resulted along with a different theoretical inter-
pretation of the ultraviolet absorption processes of nitrous oxide.
The explanation of this absorption process offered here is consistent
with all experimental evidence on nitrous oxide to date.

This section, I, covers the background of the two areas of study
covered in this work. Sections II and III deal with the atmospheric
pﬁaia?ysis of nitrous oxide and Section IV covers the basié spectroscopy
of nitrous oxide.

A, History of Spectroscopic Studies of Nitrous Oxide in the
Near and Middle Ultraviolet

Leifson® in 1926, was the first to study the ultraviolet absorption
of nitrous oxide and reported a continuous absorption, from 200 to
168 nm, and a stronger continuum from 155 nm to shorter wavelengths.
Du%taz in 1932, showed that the first absorption of nitrous oxide
actually extended weakly to 275 nm and was uﬁabie to trace any banded

absorption between 210 and 275 nm. In a broad range study of the

nitrous oxide absorption spectrum from 220 to 85 nm, Duman4 discovered
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discrete structure near 155 nm with a vibrational spacing of 621 cmal

but found only continuous absorption elsewhere.

NO was detected as a product of UV photolysis by Wulf and Me1vin3

and SenaGthage Heﬂrye

noted these findings and tried to associate
them to dissociation products of N20°

In an effort to find the long wavelength 1imit of the dissociation
of nitrous oxide, Sponer and Banner7 in 1940 used a steel pipe 105
feet lTong as an absorption cell and filled it with nitrous oxide at
pressures up to five atmospheres. At this pressure, the absorption
extended weakly up to 1imit of observation, 306 nm, with two extremely
weak continua noted above 275 nm.

8 reported on

In that same year, a study by Nicolle and Vodar
the difference in the absorption spectrum at 293 K and 183 K and found
that at the lower temperature the absorption is uniformly decreased
over the wavelength range studied, 215 to 235 nm.

Romand and Mayenceg in 1949, also noted banding in the second
absorption at 145 nm, and reported a purely continuous absorption
in the region about 184 nm. A more detailed study, using photomultipliers

10

and with higher resolution, by Zelikoff, Watanabe and Inn*" in 1953,

studied the absorption of N,0 from 210 nm to the LiF cutoff at 108

2
nm. Above 138 nm they found strong vibrational structure in the second
absorption centered about 145 nm, as did Romand and Mayence, but unlike
the previous studies, they noted very weak, diffuse bulges on the

~ continuum centered at 180 nm. Because of the weak nature of these

bulges, they could not be measured accurately or further analyzed.

These bulges are a major concern of this work and are discussed in
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Section IV, Extending to longer wavelengths than the Zelikoff, Watanabe
and Inn study, the results of Thompson, Hartreck and Reevesll (1963)
agreed quantitatively with Zelikoff and workers but found only a continuous
absorption with no superimposed features between 150 and 239 nm.
In a study primarily concerning the atmospheric role of nitrous
oxide, Bates and Hayslz (1967) presented the NZO absorption spectrum
from 170 to 320 nm based upon unpublished sources. Their spectrum
shows a second absorption above 260 nm. More will be said about this
in Section II.
Studying the temperature dependence of the near UV absorption

13 reported

of nitrous oxide between 293 and 953 K, Holliday and Reuben
in 1968 a very large temperature effect, primarily affecting the longer
wavelengths although increasing temperature strengthened the absorption
over the entire continuum above 200 nm. More will be said of this
temperature dependence in Sections IIl and 1V,

A comprehensive review article on the electronic spectroscopy
of nitrous oxide and other molecules isoelectronic with it by Rabalais
and cowerkerslg presented new spectra of NZG from 110 to 215 nm.
Their spectrum of the first absorption of NZD showed only a purely
continuous absorption aithough they refer to the weak absorption bulges
of Zelikoff et al. They also presented a review of the theoretical
basis of this absorption of nitrous oxide and its related isoelectronic
molecules.

Most recently, Monahan and waikerlg

in 1975 compared the absorption
of gaseous %20 at 298 K with the absorption of a thin solid film of

%20 at 53 K. In the gas phase at 180 nm they also observed the very



-

weak, diffuse bands superimposed on the continuous absorption, but
1ike the Zelikoff study, were unable to analyze them or observe any

detailed structuring.
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B. Photochemical Processes of Nitrous Oxide
The following products of photolysis of NZO are energetically possible

in the near ultraviolet:

(1) N,0 + hy + Ny + 0 () x < 340.6 nm
(2) SNy + 0 (dsy < 211.6 nm
(3) SN0+ N (%D) A < 169.5 nm

~atong with the spin-forbidden product of photolysis:
(4) N0 +hy >Ny + 0 (°P) A < 742.4
(5) SN0+ N (tsy < 2s1ls
Originally, the NO produced in the early photochemical decompo-
sition studies of NZO in the near UV was thought to result from the
direct photolysis into NO + N. Studies by Doering and Mahan1§ indicated

that channel {(5) occurred in about 20% of the products, however more

1

definitive studies have since indicated that production of 0 (°D)

through (1) is the primary one ?eachedol7&21
NO s produced indirectly through the reaction sequence for the

shotolysis of pure nitrous oxide:

, +0 (')

P TN .

7) 5\32{:} ";”G ( EJ}M}NZ%OZ

(1) N0 + v = N

i

; + 2 NO

(o8]

(
ﬁaviésomzz has found that the rate constants for (7) and (8)

can be Tit by the eguation:

%7 _0.72 £ 0.11) + 21,6 + 7.0

kg T
170 < T < 434 K

(6
(9)

with other products constituting less than 4 per cent of the total

yieid.
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C. Atmospheric Nitrous Oxide
Since nitrous oxide was discovered as a trace gas in the atmosphere

by Ade?23 in 1938, its atmospheric concentration has been measured

by ground based mean523m299 and with air-borne methods to measure the variation

in concentration with aititude3053594la Current estimates indicate
a concentration of about 0.32 ppmv in the iropcsphere38“409
Atmospheric nitrous oxide is produced by bacterial action on

36-37

nitrogenous compounds during the nitrogen cycle , although a

42,43

small contribution from combustion has also been proposed. The

role of the ocean as a source or sink for nitrous oxide has also been
debateddg”gzg and fresh water bodies have also been proposed as -a
source of NZOQQ“QBE

While unreactive with atmospheric molecules in the lower atmosphere,
in the SiratOSQhere nitrous oxide is destroyed by photolysis, (1)

or may react with O (10) through (7) and (8). The NO produced by (8)

then influences stratospheric ozoneSBESS by the NOX catalytic oxidation
cycle:
NO + Oy~ NO, + 0y
NO, + 0~ NO + 0
(9) 2 2
net: 0 4+ 03%> 2 02

Recognizing that increased man-made fertilizer praduction'may

ultimately increase stratospheric nitrous oxide, Crutzen in 1974 estimated
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a four percent decrease in stratospheric ozone resulting from a twenty

percent increase in atmospheric NZD coﬂceﬁtrationGSS

Estimates by other workers have since proposed both Targer and

48,51,52,57-61

smaller effects on stratospheric ozone. Complicating

the situation further is evidence that bacterial action may also provide

62 and the possibility has also

63

an additional significant sink for NZO
been raised that non-homogeneous chemistry may be important.
Free radicals other than NQX vitally affect stratospheric oionea
such as C‘iOX and HOXQ64965 The degree and nature of the interactions
between the NGxg HGX and C'%Ox families of reactions are currently
under investigation and thus it is difficult at this time to predict

the effect of increasing NZO on stratospheric ozone.
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IT. Long Wavelength Absorption of Nitrous Oxide®’

Ae Introduction

1. The Bates and Hays Model

In an early review of atmospheric nitrous oxide, Bates and Hays12

preseﬂted the photodissociation cross sections of nitrous oxide from

170 to 320 nm. They reported a moderately strong absorption with

a maximum at about 180 nm, and a weak absorption at longer wavelengths
with maxima at 280 and 295 nm. This weak absorption extended slightly
beyond 320 ﬂm; which is above the ozone cut-off of sunlight, and so this
portion of the spectfum leads to a slow but significant rate of photo-
lysis of nitrous oxide in the troposphere. On the basis of the observed
mixing ratio of troposphere NZG§ the indicated absorption cross sections
for dissociation, and an estimated constant vertical exchange coefficient

1 1 12 calculated

(KZ) of 10° em™* sec™t in the stratosphere. Bates and Hays
the flux of nitrous oxide necessary to maintain the troposphere concentration
and corresponding 70 year average atmospheric residence time. The

error in this type of calculation is large, but should provide an

approximate result {~+50%). |

2. Experimental Indications

At the time of this experiment (1975), there were two arguments
that pointed to the belief that the atmosphere residence time was

66 studied the seasonal,

much Tess than 70 years: (1) Schutz et al.
geographical and vertical variati@ns in atmospheric nitrous oxide

over a two year period and concluded on the basis of their experimental
measurements that nitrous oxide is destroyed much faster than by the

rate of photolysis as given by Bates and Hayslzg (2) Junge and Hahn®8



49 estimated the source of nitrous oxide from bacterial reduction

and Hahn
of nitrates and nitrites in the ocean and from soils; although there

is a substantial uncertainty in extrapolating those observations to

the entire globe, the results strongly implied a source strength such

that the atmospheric residence time is about 12 years. Comparing

this short residence with the calculated Tifetime of 70 years based

on the Bates and Hayes model of photolysis in the atmosphere, Junge and
coworkers thus argued that there was a large unknown process that

removes or destroys NZO in the troposphere. By stretching every uncertainty
to its utmost Timit in the direction of minimizing the source's strength

of nitrous oxide (i.e. increasing its residence time), it could be

argued that such maximum “"experimental" lifetimes might be balanced

by the photolysis of nitrous oxide using the Bates and Hays cross

sections in their model.

The purpose of this experiment was to study the near ultraviolet
absorption of nitrous oxide at wavelengths above 260 nm in more depth,
50 that atmospheric models may more aSCU?ateiy assess the photolysis
rate of atmospheric nitrous oxide. The results of this study indicate
that this weak absorption does not exist, and so in its absence the
rate of photolysis of tropospheric nitrous oxide is negligibly small
and thus its atmospheric 1ifetime based upon photolysis and chemical

reaction must be increased more than the 70 years postulated by Bates

As stated in Section I, evidence compiled after the completion

of this experimental section indicates that other processes, possibly
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bacteriological in nature, may play an important role in the destruction
rates of-atmospheric nitrous oxide. This does not preclude the findings
offered here of a large discrepancy between the chemical and photochemical
rates of nitrous oxide destruction and the necessary rate to maintain
steady state coaceﬂtratiohg but instead these non-homogeneous mechanisms

may help explain the difference.
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B. Experimental

1. The Cary 118C Spectrometer

The Cary 118C spectrometer is manufactured by Varian Associates
and the model purchased is equipped with a photomultiplier suitable
for use down to 165 nm. It has‘a double prism monochromator which
provides greatest resolution at short wavelengths. A deuterium discharge
Tamp provides a continuous light supply free from strong emission
Tines from 480 to 160 nm. A tungsten lamp is also provided for wavelengths
greater than 350 nm. The instrument may be operated in the siﬁg1é
or double beam mode and provisions are made for purging all Tight
paths. Since the Tight is dispersed by the monochromator before passage
through the sample compartment, photolysis due to the beam‘is not
usuaily a problem.

2. Optics and the Quartz Cell

The spectra taken in this section used an existing optical system
and quartz cell built by my predecessors. The optical system, shown
in figure 1, consisted of a plane mirror located within the Cary sample
compartment which reflected the beam out through a tube into a double
sided trapezoidal mirror housing. In the housing the beam was collected
by a three inch concave mirror opposite the Cary and after reflection
by a second plane mirror, was sent down tﬁe long cell passing through
the two suprasil windows of the quartz cell. Beyond the cell, on an
thiﬁai rail a large concave mirror collected the beam and reflected
it back for a nearly identical return trip. Focal lengths of the
concave mirrors and their placement were chosen so that the beam was

focused at the end mirror.
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Only a very small percentage of the transmitted light was lost
due to overfilling of mirrors or wiﬁdoWs; typically the optical arrangement
passed 15% G? the light at 300 nm with the loss primarily due to inefficiency
of the mirrors at each of the seven reflections. To minimize photo-
metric errors arising from a "short-trip" of scattered light in the
entrance section being picked up by the mirrors in the exit section,
the mirror housing was painted black and the two sections were divided
with a partition. This was checked by blocking the beam at any point
past the housing; the transmitted light indicated was less than 0.02%.

The cell was constructed entirely of fused silica and had two
fused suprasil windows (1/4'' thick). With the double pass optics,

a path length of 252 cm resuited. For all experiments it was necessary
to blacken the length of the cell and darken the room to avoid light
leakage into the spectrometer.

Initial experiments indicated that with the evacuated cell, the
heam would be totally absorbed at wavelengths less than 260 nm. Upon
tracing the beam path, I soon discovered that one front surface plane
mirror had been mounied backwards by my predecessors so that the beam
would pass through the pyrex backing before réf?ectiﬂg of f the mirror
thus resulting in total absorption at the shorter wavelengths. The
problem was easily remedied and with proper alignment it was possible
to work down to 205 nm with 1% of the transmitted light.

3. m?raﬁedures

In all experiments of this section, the spectrometer was used

in the double beam mode with the reference path containing an unmodi-

fied 15 cm of air in the sample compartment. Due to distortions in
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the cell whéﬂ it was evacuated, there was a small systematic decrease
in absorption when the evacuated cell was filled with helium or nitro-
gen. For this reason, the cell was filled with helium or nitrogen

as a reference for N209 rather than the evacuated cell. This equal
pressure background spectrum was repeated before and after each ex-
periment and was subtracted from the observed spectra obtained with
nitrous oxide. Reversing the procedure and measgriﬁg the nitrous
oxide first and last and the reference s@ectrum second was occasionally
tested and yielded identical results.

Since the object of this study was to measure extremely small
absorptions, instrumental drift was an important factor. For this
reason, three or four runs over the wavelength interval were repeated
for both the reference and sample spectra to test for reproducibility.
If a small variation was noted, more runs were repeated until reliability
was insured. Occasionally a larger drift was found, and the entire
measurement was discarded. The procedure reference-nitrous oxide-
reference also served to check on instrumental drift.

Noise was another 1%miting probiem. The most that could be done
to improve signal/noise was using larger time constants and slower
scan speeds. Most experimentation was done at night when the house
current was cleaner. Especially bad results were had at 1-2 PM, 5
PM and 11 PM, the latter probably caused by switching of the compressors
at Gaique Laboratory. During this time the Cary also suffered from
an intermittent noise problem which was later traced to a faulty carbon
resistor in the photomultiplier socket. A 15 amp Sorenson voltage

regulator was used to drive the Cary when it was found that the house
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current'varied over the range 112 to 122 volts, a larger variation
than was recommended for the Cary by the manufacturer.

4, Data Collection

Data for this section were collected on chart paper. At maxi-
mum sensitivity, the Cary gives a full scale chart reading for ab-
sorbance (70910 IG/X) of 0.02. Under the'experimeﬂta1 conditions,
the vibration and irreproducibility of the baseline was about 3 per-
cent of full scale at this setting, limiting the sensitivity to about
2 X 10”25 cmz for NZO cross sections. Reproducibility from one day
to the hext was substantially Jess than this, indicating “low fre-
guency” errors associated with the total method. At the longer wave-
lengths, the results sometimes indicated a negative absorption relative
to the reference. These were calculated as negative cross sections
and plotted with the other data to show the scatter of experimental
data.

The nitrous oxide used was purified by vacuum distillation for
some runs. In an effort to identify the impurity responsible for
the Tong wavelength peak reported by Bates and Hays, we also used
unpurified N,0 from the commercial cylinder (Matheson). No difference
couid be detected in the spectra between the purified and unpurified
gas, and then most measurements (especially the long wavelength ones)
were carried out with unpurified tank nitrous oxide. Most experiments
were done at one atmosphere pressure and so the cell and vacuum lines
were filled siightly over atmospheric pressure, then the line and
cell were vented to the air and the atmospheric pressure was read

ofi a mercury barometer in the next room. For measurements at less
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than 1 atmosphere, a Wallace and Tierman dial pressure gauge was
used to measure pressure, which was later calibrated against a Baracel
electronic manometer. The resolution was about 1 nm and a scan speed

of 0.2 and 0.05 nm sec&’1 was used with 1 or 5 second time constant.

i
E
g
H
L




-17-

C. Results

1. Absorption Cross Sections, 240-330 nm

The apparent, observed NZO cross sections (Togé Io/i = oNL, cm2

moiecu1eﬁ1 were N is the number density and L is the path length in cm)

are given in figure 2 for the wavelength range 245 to 328 nm at temperature
294 + 2K. The solid curve represents the NZO cross sections read

from the first figure in the article by Bates and Hays. It can be

seen that the wavelength cross sections reported by Bates and Hays

are much higher than the results obtained here and are 10 times greater
than the range of experimenal error of these measurements. The dashed

Tine of figure 2 is an estimate of the Rayleigh scattering cross section

for nitrous oxide; the observed values for air (Leigh‘tons69 Forsythe7o)

were scaled by the index of refraction function (nml)Z for air and

NZOe The results scatter more or less equally about the Rayleigh
scattering 1ine above 270 nm, and thus they indicate no significant
absorption by nitrous oxide at room temperature in the troposphere.

Bates and Hays gave two references to the entire absorption spectrum
reported, 170 to 320 nm. The references are not broken down with
respect to wavelength and it is not stated whether these references
were reviews of the literature or new data. One reference is to an
unpublished British doctoral thesis and the other to a private communi-
- cation. Because of this, the experimental basis for the long wavelength
absorption is not clear. I have written to Bates and the stated addresses
of the references and no further details could be obtained.

Using a 33 m stainless steel cell filled with 5 atmospheres of

nitrous oxide, Sponer and BOnﬁer7 did report a long wavelength absorp-
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Table 1. Long Wavelength Absorption of N,0

Qaveiength, nm Cross Section x 1024 cm™?
330 0.1 £.3
320 0.2 +.3

- 310 0.2 +.3
300 0.3 .3
290 0.4 = .3
280 0.4 .3
270 0.5 =.3
265 0.6 .3
260 0.7 £.3
255 1.0 =.3
250 1.9 + .4
245 3.7 £ .4
240 9.6 = .4
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tion extending to 306 nm, but they used unpurified gas and stated

that impurities could be the source‘of this absorption. Their findings,
reproduced in figure 3, shows a microphotometer tracing of the absorption.
The long wavelength absorbance of 5 atmospheres of N209 t%ace C, is
clearly observed, but at 1.5 atmospheres, trace‘89 a proportional absor-
bance is not apparent relative to the vacuum trace A. The long wavelength
absorption may also be due to the absorption of a dimer of nitrous

2 pressure dependence, possibly éxp?aiﬁing

‘oxide. This would exhibit a P
the observation above. The nitrous oxide dimer produced in supersonic
expansion has been cbserved;71 but its ultraviolet spectrum has not
been studied.

Interestingly enough, for C02 a similar weak absorption at wave-
lengths Tonger than its first absorption feature at 147 nm, was ﬂgted72
only later to be proven iﬂccrrecte73 At longer wavelengths the absorption
approaches Rayleigh scattering, as was determined using a 250 m path
length at one atmosphere pressures73 |

With purified nitrous oxide and pressures less than one atmosphere,

the cross sections of N O are in reasonably good agreement with those

2
reported by Bates and Hays below 230 nm as shown in figure 4. These
results show that there is no major discrepancy with respect to the
absorption of nitrous oxide between 235-210 nm.

2. Atmospheric Implications

To estimate the atmospheric photochemical implications of these
new cross sections of the near ultraviolet absorption of nitrous oxide,
the program JVALVES was used. The program, developed by Whitten and

Johnston, calculates the photolytic rate constant, j, using the same
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where the cross section o is wavelenath depeﬂdeﬂt The attenuated light .

Zo I{y.z,2;)e(v,
intensity, I, is input as a function of wavelength and solar zenith
angle at the top of the stratosphere and is calculated below on the
basis of the column density of absorbing molecules. The quantum yield
of dissociation,®, has been taken as 1.0 over all wavelengths. J
is then calculated at each altitude up to 50 km in 1 km intervals
and is a function of latitude in intervals of 10 degrees.
The rate constant of photolysis will also vary with season, but
it is possible to make a temporal and latitudinal average. This average
result for the altitude dependent j is shown as the solid line in
figure 5. The dashed line in this figure is the temporal and latitudinal

12 Comparable values

average value for J given by Bates and Hays.
of j are obtained above 20 km since the bulk of photolysis at these
altitudes is due to the larger absorbance between 200 and 235 nm,
where our cross sections values agree with Bates and Hays. In the
troposphere, a difference in the two models is clearly apparent.
The Bates and Hays model predicts a small but finite j of 1039 sec
whereas in the absence of the long wavelength absorbance, our model
indicates a negligible rate of photolysis,

Multiplying the j value by the altitude dependent concentration

of nitrous oxide (Ehhalt gi,glél) gives the instantaneous rate of

photolysis, using the 12 hour average sun,
———a~ = J(N20) = rate of destruction= R.

Although the rate constant j is quite large at high altitudes,
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very little NZO is found at these altitudes and so R is small. At
altitudes below 20 km, (Nzo) is much larger and j is small, vut not
negligible for the Bates and Hays model. Integrating the product
j(NZO) over all altitudes and over the time period of a year gives
a net photolytic dissociation gquantity of 12.3 MT yral for our model.
Dividing the atmospheric inventory of N209 obtained by integrating
the concentration of NZO as a function of altitude over all altitudes
and surface of the earth, by the amount of destruction by photolysis
in one year gives 191 years as the lifetime of NZO based on photolysis.
The large difference of this, from the 70 years calculated by Bates
and Hays, results from the lack of photolysis in the troposphere.

The importance of the other major pathway of destruction of nitrous
oxide in the stratosphere, chemical reaction with O(J‘D)9 may be accessed

126)s

D) concentration

by a similar method using the chemical rate constant (Davidson
the concentration of nitrous oxide, and the calculated O(1
primarily arising from 03 photolysis.  Adding the yearly destruction
of nitrous oxide through chemical reaction, 1.6 MT yralsto the 10.9
MT yvni caiculated for photolysis alone, gives a cerreSponding lifetime
of 160 years based upon these two known means of destruction. Clearly
these results indicate a large discrepancy between the estimated atmospheric
tifetime of 10 years and the known destruction pathways, too large
to be accounted for by uncertainty in error.

In agreement with our prediction of a negiigibie rate of photolysis

75

in the troposphere, Stedman ™ has experimentally demonstrated the

lack of detectable photolysis in the troposphere, using a NO detector
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sensitive enough to detect the NO produced by the Bates and Hays model

and ambient sunlight.



P

I11I. Temperature Effect on The U.V. Absorption of NZO
A. Introduction

The previous section showed that at shorter wavelengths, between
210 and 235 nm there was general agreement on the absorption cross
section of nitrous oxide and so the atmospheric rate of photolysis
was also agreed upon. These absorption measurements have been made
at room temperature and thus do not necessarily reflect the properties
of stratospheric nitrous oxide, where the temperatures range from
200 to 300 Ke78 For accurate modeling of the photolysis of nitrous
oxide and temperature»dépeﬁdenﬁvcr@ss sections are required, assuming
of course that a noticeable temperature dependence of absorption is
noted within this temperature range.

Upon undertaking this project, there was substantial evidence
of a noticeable temperature effect, > but the quantitative informa-
tion was lacking. Nicoile and Vodarg obtained a constant ratio of
absorbance at 293 and 183 K at wavelengths above 200 nm, but did not
display their data or other more quantitative results. Holliday and
?@ubemlg found the ultraviolet absorption to increase rapidly with
increasing temperature from 293 to 953 K over the wavelength range
230 to 270 nm. The temperature effect was most pronounced at longer
wavelengths; only & small temperature variation was noted at their

9

shortest wavelength studied, 200 nm. Romand and Mayence” reported

on the quartz ultraviolet absorption as well as the more intense absorption
centered at 145 nm and 291 K. Hudson presented a plot of absorption
cross sections at 183, 293, and 373 K in the wavelength range 176

79

to 202 nm in a review article, ” but the experimental basis for his
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plot is unclear. He cites the Holliday and Reuben paper and the Romand
and Mayence paper as sources, but the former only studied two of the
temperatures plotted, and in fact did not study spectra at wavelengths
below 200 nm. Romand and Mayeﬂceg did study shorter Qave?engths,

but at 291 K only. Nicholle and Vodar did work at 183 K, but present | é
no graph or tables and they worked at wavelengths greater than 200 §
nm. Other papers by these authors did not deal with temperature dependent

15 have studied

measurements of nitrous oxide. Monahan and Walker
the absorption spectrum of NZO gas at 293 K and of the solid film
at 53 K over the wavelength range 100 to 200 nm.

The purpose of this study was to record the absorption spectrum
of nitrous oxide at five temperatures spanning 194 to 302 K and over
the wavelength range of 173 to 240 nm. These experimental conditions
cover the range of temperatures and solar radiation encountered by
N

20 in the stratosphere,

Previous studies have indicated that the épecirum of nitrous
oxide in the region of 180 nm may have some weak structure superimposed
on the continuum absorption. Zelikoff gg,gl‘lO and Monahan and Walkeri®
have found evidence of very weak diffuse bands by optical methods.
Lassettre et gl?g have observed diffuse banding by electron impact

106

spectra. Chutjian and Segal take note of this diffuse banding

in their theoretical study in which they note an experimental band , %

spacing of 488 + 30 en L,

Partly by accident, but mainly by pushing
the instrumentation to its limits, we have found a pronounced, relatively
strong, structured spectrum superimposed on the continuum in the wavelength

range 173 to 187 mm.
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B. Experimental

1. Quartz Cell Construction

Spectra were obtained with the Cary 118C spectrometer fitted
with either one of two thermostated cells. A small quartz cell mounted
in the nitrogen purged Cary sample compartment was used in the wavelength
range 173 to 210 nm. The optical pathlength was 6.5 cm and each end
was closed with a pair of suprasil windows (1/16" thick) with a vacuum
between them for insulation. Because the inside diameter of the cell
was sﬁaiier than the sample beam dimensions, it was necessary to block
out the excess portion of the beam by placing two blackened washers
with an inside diameter slightly Tess than the cell inside diameter,
at both ends of the cell. This increases the background absorbance
of the cell substantially but it was possible to subtract this background
effect out and this process was necessary to insure accurate results.

The cell was enclosed in an insulating jacket constructed of
1/2" closed cell sponge rubber and was cooled by a stream of nitrogen
boiled off from a liguid nitrogen dewar. An electric heater immersed
in the liquid nitrogen regulated the nitrogen Tlow rate, thereby regulating
the temperature in the cell. Temperature was measured by an iron-constant
thermocouple Tocated in the center of the cooling compartment of the
cell. Voltage from the thermocouple was referenced to an ice-water
bath, passed through a 1000x amplifier, and was measured with a digital
voltmeter,

2. Long Pass Stainless Steel Cell Construction

A Targe stainless steel cell, used over the wavelength range

200 to 240 nm, had a double pass optical pathlength of 296 cm and
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had a single optically flat, polished suprasiT window (1/4" thick).
The quartz was coated with 360 A of MgFZ on both sides to minimize
reflective loss around 210 nm., The same optical arrangement used
in Section II was employed here. In this cell, the mirror was mounted
at the same location as the end mirror in Section II, and had the
same focal Tength, but in this cell the mirror was contained inter-
nally. This was advantageous in that it resulted in a longer optical
path length and it required one less window eliminating further the
reflective losses.

A17 the mirrorsglinc1udﬁng the 3" diameter, 48" focal length
concave mirror inside the cell were reconditioned by stripping down
with acid, replating the front surface with aluminum and overcoating

with MgF To enhance reflection around 210 nm, all mirrors were

9°
applied a rapid vacuum coating of aluminum followed by a 500 A coating
of MgF, on all mirrors except the two 45° incident mirrors in the
sampie tompar%ment which had a 475 A coating of MgFZ on top of aluminum.
A review of the relevant literature is provided by references 81-90.
Greater reflectivity could be achieved by the use of a ThO or ThF’2
overcoating, but its radioactivity made this infeasibieegl
The stainless steel cell, 3 1/2" diameter and 1/8" thick was
welded to a second 5" diameter, 1/16" thick stainless steel tube which
served as a cooling jacket. Between the two tubes, 22 feet of 3/8"
copper tubing was wound into a spiral, encircling the narrower tube
containing the gas, The copper Spira? was suspended around the inner

tube by a few hundred 3/8" rubber o-rings to damp the transfer of vibration

from the cooling coils to the cell. A two stage Neslab model LT-9
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refrigerating bath thermostated the cell by flowing cold methanol
through the copper coils. This in turn cooled by conduction an ethanol
bath in the space between the two tubes and thus cooled the cell uni-
formly as a unit. The cell had an end-to-end temperature differential
of 0.5 K at 243 K and 1.5 K at 225 K.

Temperature was measured by placing two calibrated thermometers
at either end in contact with the ethanol bath. With the ethanol
bath drained, bake-out was possible up to 385 K by the’use of electrical
heating tape encircling the outer tubeﬁA Higher temperatures would
damage the sponge rubber jacket and o-ring spacers. After bake-out,
the cell could be pumped down to 2 x 18“5 torr with two small glass
diffusion pumps.

To avoid some of the pressure deformation effects noted in Section
IT and to enable the use of the cell at measures up to 170 psi, the
rear mirror was mounted on a center flange with holes drilled in it
to eguaiize pressure on both sides. Thus to adjust the rear mirror
it was necessary to remove an end flange in order to have access to
the adjusting screws. This was not inconvenient however, since no
cotical pressure effect was noted from O to 160 psi so the need for
resdjustment was infrequent. The front window flange was cut in the
shape of two semicircles with an 1/8" metal strip between them to
give added support to the window for use at higher pressures; this
did not interfere with passage of the beam.

When the cell was cooled, a stream of dry nitrogen was passed
across the window to prevent frost formation. At cooler temperaturesg

the flow was increased accordingly and, at temperatures below 245 K,
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this was supb?emented by placing a couple of trays containing PZO5

in the mirror housing below the path of the beam. To aid in this
‘purging efficiency, the mirror housing was sealed and the cell was
cemented to the mirror housing. Silicone cement worked best since
the cell would contract about 0.5 mm when cooled to its lowest temper-
ature. This purging procedure was efficient and the window could

be kept cempieteiy free of frost for up to 48 hours. A schematic

drawing of the cell is shown in figure 6.
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C. Experimental Procedures

1. Data Collection

The analog output of the spectrometer was collected and stored
by a Fabritek 1074 data collector with a 12 bit A/D converter and
4000 words of storage. Data points were taken on a time basis, usually
1 point every 2 seconds and a scan was initiated by means of a Schmidt
trigger located near the Cary. The Cary scan speed was 0.1 nm/sec
so data points were recorded every 0.2 nm, Timing mismatch between
the Cary and Fabritek did not prove to be a problem as evidenced by
the repfoducﬁbiiity of spectral features and the results obtained
with each run. A

Data collected by the Fabritek could be arithmetica17y manipu-
lated and was displayed on an oscilloscope screen. Through an inter-
face to a PDP 8L minicomputer (DEC) further data reduction could be
carried out using FOCAL programs. Control over the data collection
and minicomputer was through a teletype and the final form results
were stored on paper tape for further analysis. This method of data
collection was superior to that used in Section II since signal averaging
over several runs was possible.

A1l spectra were obtained in the double beam mode but were based
on the ratio of 10 through the evacuated cell and I through the same
cell containing NZO, For wavelengths greater than 187 nm, the resolution
was 0.7 nm. Typically four scans of the sample and background (evacuated
cell) were repeatedel Each completed scan was checked for drift or

error by comparison with other runs. The background scans were summed,



-35-

multiplied by 1/4 and subtracted from the result of the same procedure
for the sample runs.

For all high reso?ution experiments in this section, the slits
were set at 0.15 nm which gave an average resolution of 0.075 nm,

The time constant was 25 seconds, the scan rate was 0.005 nm sec&l
and data points were taken every 0.05 nm in this case. For these
runs, signal averaging was also carried out for four runs, both for
background and sample.

Nitrous oxide from a Matheson cylinder was purified by passing
through a 3A molecular sieve (Linde) to remove water and then by four
successive vacuum distillations with retention of the middle portion
of each. Prior usuage of a 4A molecular sieve indicated that the
molecular sieve adsorbed nitrous oxide and quickly became saturated.

Gas purity was tested by a variety Qf techniques. By ultraviolet
absorption studies, upper limits of NO and NOZ impurity were set at

< 1 ppn. By high resolution mass spectrometry, the upper limits of

et

the following were set: NZ < 0.1%, C02 < 0.01%, 02 < 0.05%. Mass
numbers from 12 to 800 were scanned and no other impurities were detected
with a sensitivity of about 0.05%. The infrared spectrum from 500
t0 5000 cn”d was studied on a Nicolet 7199 Fourier Transform Spectrometer
at 0.06 cm”l resolution and did not reveal any other noticeable impurities.
Gas pressure for these experiments was measured with a factory
calibrated Baracel electronic manometer.,
Wavelength calibrations were made by filling a 10 cm cell with
7.5 torr NO and observing the NO absorption doublet at 226 nm (Herzberggz)

and by observing the rotational structuring of the Schumann-Runge
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oxygen bands below 195 nm. (Knauss and Ba?]ardgsg Ackerman gglgl94)a
The nominal Cary wavelengths were accurate to 0.08 nm with a reproduci-
bility better than 0.02 nm. The wavelengths reported here are believed
to be accurate to 0.04 nm.

Since several scans in this section lasted four or five hours,
it was necessary to check for photolysis by the sample beam. The
absence of photolysis of NZO iﬁ‘these conditions was established by
the absence of any detectable NO produced during a special six hour
run.

2. Nitrogen Purging

The Cary spectrometer cannot be evacuated, so nitrogen purging
was required for wavelengths between 173 and 200 nm to reduce the
effect of the Schumann-Runge absorption of atmospheric oxygen. The
"house nitrogen” supply was used for purging. It is the boil-off of
the large liquid nitrogen dewar supplying the college of chemistry,
and so purity of the gas is good. Typically proper purging of the
spectromeﬁér required two days for the large monochromator chamber

at 50 ?ig hr“l and the lamp, photomultiplier and sample ccmpaftments

were fiushed clean in 1 1/2 hours at 10 £t3 hr-l.  When N, was used
to cool the cell, the cold gas was then warmed in a copper coil heat
exchanger and used to purge the spectrometer.

The major problem encountered during the purging procedure-was
at the tamp assembly. The seal required for purging thebiight path
was a Tlexible rubber gasket which would press against the flat face
of the lamp. In time, the heat and UV radiation of the lamp would

degrade the gasket, creating an air leak. This was further complicated
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because the lamp was air cooled so the fan would below air into the
leak. This part required frequent replacement.

The efficiency of purging could be estimated by monitoring the
relative transmittance of an evacuated cell in the single beam mode.

Generally, these procedures resulted in an oxygen free background
spectrum; at worst a very small background absorbance at 183 nm was
recorded, however this would appear in both background and sample
spectra so that this was subtracted off during the data reduction
phase at the Fabritek.

The rapidly decreasing transmittance of the light due to oxygen
at wavelengths below 177 nm was reduced further by the decreased
output of the ltamp in this region, and was noticeable by the increased
photomuitipiier gain the Cary uses to compensate for less light. This
of course, resuited in more noise and so data co?ieéticﬂ rapidly became

more difficult at wavelengths below 177 nm.
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D. Results

1. Reliability of Data

The absorption cross sections for nitrous oxide for radiation
between 173 and 240 nm and at five temperatures between 194 and 302 K
are entered in table 2. Data points were collected and analyzed
at every 0.2 nm over this range, but for the rate of changed notéds
a data point presented for every 1 nm is sufficient. The stimated
standard deviation of wavelength is = 0.04 nm and cross section is
2%. Because only the guartz cell could be cooled to 194 K, cross sections
for that temperatu%e were only measured between 210 and 173 nm.

As stated in the introduction of this section, during the course
of this study a pronounced structuring has been observed in the wave-

Tength range 173 to 187 nm. The cross sections listed in table 2

have been averaged over this wavelength range by low resolution (0.7 |

nm) for the purpose of atmospheric modeling. Spectra Obtained with
the stainless steel cell used from 240 to 205 nm agreed with spectra
obtained from the guartz cell, used from 173 to 210 nm, providing

a check on systematic optical or temperature measurement errors.

For the room temperature spectrum however, the stainless steel cell
was at room temperature, 296 K, but inside the Cary sample compartment

the "room temperature" measured was 302 K due to heat generated by o

the spectrometer. It proved infeasible to correct for this small
temperature difference, and so two slightly different temperatures

are indicated depending on the wavelength range.
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2. Continuous Absorption

The portion of the data centered at the stratospheric "window,"
the region betﬁeen the decreasing absorbance of the Hartley 0, band
and the increasing absorbance of the Schumann-Runge bands of O29 is
shown in figure 7. The triangles are the data points of Zelikoff,
Watanabe, and Inn., Excellent agreement between the room temperature
values is noted. Agreement at room temperature with the values in
Section II has also been noted. The region shown here, especially
from 205 to 225 nm, is important in stratospheric photolysis of NZO
as a result of Targer light flux in this "window" region. It is difficult
to see in this figure that the percentage change of absorbance with |
temperature is greatest at longer wavelengths. The ratio of the cross
sections between the room temperature value and the value obtained
at 225 K is about 2.9 at 240 nm, about 1.6 at 210 mm and about 1.15
at 190 nm. This is in qualitative agreement with the findings of Holliday
and Reuben at elevated temperatures.

Jim Podolske was able to fit the temperature deperidence at each
wavelength in the empirical formula:

2

R WE

4
4 +A5>\

2 3
1+82A+BBA +84;\)

The nine parameters were fit by a nonlinear, least-squares, minimization

ino (AT) = A, + An + A A

1 2
+ (T-300) exp(B

3

routine to give the coefficients for ) in nm,
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A, = 68.21023 B, = 123.4014
A, = -4.071805 B, = -2.116255

Ay = 4.301146 x 1072 By = 1.111522 x 1072
Ay = -1.777846 x 107 B, = -1.881058 x 107
A, = 2.520672 x 107/

with an estimated standard deviation of about 4 percent.

3. Structured Spectrum

While collecting low resolution data in the wavelength range 173
to 187 nm, it was noticed that small bulges in the continuum were
consistently reproduced. This was not thought too unusual since a
similar effect was noted by Zelikoff gg_gljla A spectrum taken from
their paper is shown as figure 8. However upon comparing spectra taken
at different temperatures in this wavelength range, it was also noticed
that the extent and intensity of the "bulges" varied strongly with
temperature. A spectrum taken under conditions of higher resolution
was remarkably different from that expected. Under the proper experimental
conditions and with é%gna? averaging, the spectrum shown in figure
9 was obtained.

The spectrum shows a number of vibrational envelopes of varying
shapes and intensities; some have bandheads and others appear as super-
positions of individual features. Generally, the structuring appears to
decrease in intensity towards longer wavelengths. Very weak features can
be observed up to 195 nm, but above 200 nm no hint of structuring
at all is detected, only a purely continuous spectrum is observed.

A simitar spectrum taken at 195 K shows the structuring to be

reduced substantially more than the underlying continuum was reduced.
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The possibility that the observed structuring was due to an impurity

also received careful considerati@ﬁe Confidence of the observed results
was achieved only after the following considerations of purity:

i) UV spectroscopy, mass spectrometry and IR absorption did
not reveal any observable impurities as mentioned previously
in this section,

2) A search of the ultraviolet absorption literature did not
reveal any spectra of other gases that closely fit the observed
banding pattern. |

3) The observed temperature effect was a function of temper-
ature over a broad temperature range. For a condensing vapor
of an impurity, one might expect a strong decrease in absorption
only below a given temperature, and less effect at elevated
temperatures. The temperature dependent survey is covered
in Section IV.

4} The observed spectra of the four nitrogen isotopes 14ﬁ14N09

. léﬁzgﬁﬁg and ZS%ESNG each show a similar spectrum but

with a unique wavelength shift of the features. The remote possi-

bility of a uniguely labeled impurity in each sample can be dismissed

in conjunction with No. 1, 2 and 3 of the above for each isotope.
A more intensive survey of this structuring, its temperature

dependence and theoretical basis is covered in the next section.
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1IV. Temperature Effect of Nitrous Oxide Vibronic Structuring
at 6.8 eV

A. Introduction

1. Previous Studies

As mentioned in Section III, previous investigators have noted
weak diffuse banding superimposed on the continuous absorption of NZO°
An example of this diffuse banding Tirst observed by Zelikoff et gllo

15 also observed these bands,

was shown as figure 8. Monahan and Walker
with somewhat more definition, but like previous studies were unable
to analyze the banding or identify individual features.

Non-optical methods such as the high resolution electron energy
loss spectra by Lassettree and coworkersgo have also been successful
in observing the diffuse banding of N209 although it was still too
weak and diffuse for analysis by these methods.

At Tow resolution our spectra appeared similar to the previous
studies, but at higher resolution a different spectrum resulted.
Sufficient tests of purity as mentioned in Section III uphold its
validity.

2. Definition of the Vibrational State Spectrum

It is the object of this study to quantify the effect of temperature

on the resolved spectrum. With improved definition of the structured
absorption and ité temperature dependence, it should be possible to
identify the active vibrations of NZO responsible for the observed
temperature effect and to analyze the energy spacing of the upper

electronic state.
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The initial assumption made in this study is that each vibrational
mode of the Tower electronic state will have a unique absorption spectrum
and that the observed absorption spectrum results from the convolution
of these vibrat%oma? state spectra which are individually weighted
by their respective equilibrium populations at a given temperature.

I other words, the observed ultraviolet spectrum, Y(T,X ), can be
expressed as the sum of individual state spactra,

Y(T,A ) = a(T)A(A) + b(T)B(A) + c(T)C(X) + ...
where a, b, and ¢ reflect the equilibrium macroscopic populations
of the pure A, B, and C vibrational state spectra. Implicit in this
expansion, is the further assumption that the vibrational state spectra,
A, B and C, are independent of temperature. In a rigorous definition,
the ultraviolet spectrum of a pure vibrational mode will have a temperature
dependence owing to the change in the thermal distribution of its
rotational members. For an ultraviolet spectrum consisting only of

iscrete band spectra, a change in the distribution of J" would be

xpected to alter the shape and intensity of the transition:

[a)

VK, dY) <« v ()
due to the quantum selection rules for J' - J'. However, within the
high temperature limit, the variation of the rotational distribution
changes only by a small amount. This is illustrated in figure 10
which shows the normalized probability of the rotational distribution
of %Zﬁ as a function of J for three different temperatures. It is clear
that between 300 and 500 K the change in the J distribution is minor
and so the temperature variation of the vibrational state spectra

will be small. At temperatures much below 300 K, as in the case at
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151 K, the rotational population is significantly altered. Fortunately,
in the case of NZOQ at these temperatures a continuous spectrum is
observed, and the discrete banding is very weak. The shape of a contin-
uous absorption is determined by the electronic and vibrational wave-
functicns of the two electronic staies.and the dependence on such
krotatiomai change should be minor term. For these reasons, the thermal
independence of the vibrational state spectra, especially in the case of
nitrous oxide, is caﬁs%dé%ed valid to a first approximation.

The equilibrium populations of the vibrationai modes, a,b,c ...,
will be a strong function of temperature over the range 150 to 500 K,
and will follow well known statistical relationships. These coef-
ficients can be determined precisely over a wide temperature range.

3. Statistical Popuiations of Normal Vibrational Modes

For a une dimensional harmonic oscillator the vibrational parti-

tion function, q, is given by95
~hv/2kT
e

’ N M URVVISE
v 5o Tmeahv/kT

where v is the energy of the vibrational mode with quantum number
roat temperature T,
Neglecting anharmonicity and coupliing of vibrations for a polyatomic

molecule, b -

q o
Vo

=)

Ty gmhv /KT

Here, the product of all independent normal vibration energies, Vj’
has been taken up to a, whereo = 3n-5 for a linear molecule. These

normal vibrational frequencies of nitrous oxide reknown from infra-
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red data:96a
vy = 1284.7 en”d
v,y = 588.8 cm”l (doubly degenerate)
vy = 2223.5 cn”)

The population of a given vibration irrespective of other normal

vibrations is given by

(n + 1/2)/KkT

o eahvj

9y
where w denotes the degeneracy of the nth level of vibration ng
For a triatomic of C_v symmetry, only the Vo vibration is degenerate

and the degeneracy of the ﬁth level is ﬂ+1:96b

w=(n+1) for vy

To describe the population of the vibrational levels in terms
of the four (two of which are degenerate) vibrations of nitrous oxide,
the product of the individual populations is taken:

NV e e@hvﬁ(i + 1/2)/k7(n + 1)e¢hvj(ﬂ + 1 )/kT eIy (m +1/2)/kT

Ny , Sy

Here, v, . will also be written as (2nm).

nm

The second factor is squared because it is doubly degenerate.
In this way, the populations of (000), (010), (006) or (113)

may be determined as a function of temperature. In fact, over the
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temperature range 150 to 485 K, only the populations of (000), (010),
(020), (030), and (100) will be significant.

A plot of the populations of several vibrational modes as function
of temperature is shown in figure 11. As in the case of the rotational
populations, the sum of all vibrational populations at any temperature
must equal 1. Also plotted in this figure, the sum of all vibrations
shown, is superimposed on the top margin (1.0000), indicating this

to be so.
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B. Theoretical Aspects of Electronic Spectrum of Polyatomic Molecules

1. Vibrational State Spectra

The observed spectrum, Y, has been described as the weighted
sum of individual vibrational state spectra, A, B, C . . ., which
have been assumed to be independent of temperature over the temperature
range studied. If the state spectra of the different vibrational
modes are not very much differenf9 or if the populations of the excited
vibrations are very small, then the observed spectrum does not vary
much with temperature over this range. The magnitude of the difference
in the absorption spectrum of the different vibrational modes will
reflect the difference in the overlap of the differing Franck-Condon
regions of the vibrational modes and the extent of vibronic interaction
involved, if any.

If, for reasons of symmetry or vibrational coupling to be discussed
later, the (010) state absorption is very much different than the
absorption spectrum of the (000) state and the populations of other
vibrations is negligible, the observed spectrum may be described simply
by

Y (Ton) = a(TIA(A) + b(T)IB(A)
where, for a designating the (000) population, will decrease with
temperature, and b, designating the (010) population, will increase
with temperature. At lower temperature, Y will most nearly resemble
Aand Y » A as a » 1.0, At higher temperatures, the spectrum will
involve increasingly more character of B. It is not possible to occupy
only B and so this state spectrum cannot be directly observed in thermal

equilibrium with its surroundings. In such a case, if it is the change
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in b(T) which is primarily responsible for a large temperature effect

in Y(T) over a given temperature range, then it is convenient to describe
B as the "active vibration" responsible for the observed temperature
dependence.

The popultations of all the vibrational modes will follow the
statistical weiaiions outlined previously and so it is possible to
deconvolute a series of temperature dependent absorption measurements
into the component state spectra. The reliability of this calculation
is greatly enhanced if the vibrational energies vi, Vs and v, are
well separated from each other and their combinations, and if there
is a reasonably large temperature effect on the observed abso%ption
spectrum.

For "allowed" electronic transitions there will often be an observable

difference in the vibrational state spectra due to differing regicﬁs
of Franck-Condon overlap. For "forbidden" transitions, the vibrational
state spectra may be even more markedly different if the transition

occurs through vibronic interaction.



-55-

2. Allowed Electronic Traﬂsitionsg7a

An electronic transition is designated as an "allowed" transition

if the transition moment, R, is different from zero,

(1) Résén gg@'*e M L!)“e dﬂ%# 0

here Rége" is the electronic transition moment of the lower electronic

state, y"e, and the complex conjugate of the upper electronic state,

Yi*e, and M is the electronic dipole operator with the components
le%i ey leiz

where e, are the charges or the on particles with coordinates Xy

Yy, and  zy. The integral will be unegual to zero only if the product

[ i
(2) v, My, |

has a totally symmetric character class for the symmetry of the involved
species. In Group Theory notation,

?{wééé X Téwé") X T(M) = totally symmetric

Impiicit in this selection rule is the use of the Born-Oppenheimer
approximation, separating the wavefunctions of nuclear and electronic
motion:

(3) gy = ¥ (0.0, (Q)

A more rigorous definition of the transition moment would be

I = ‘ b ] =%

(4) Roryiguyn j{wév MV gy digy 0

Neglecting Tor a moment the more rigorous definition of (4) and
continuing with {1) and assuming the Born-Oppenheimer approximation

holds, a similar resolution may be made for the electric dipole moment

into electronic and nuclear motion:
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(5) M= ﬁe + Mﬁ
then

(6) R Vogy ¥ MG dTg,

eﬂvﬁeﬂlvﬂ gj e
i % [ - b 1]
ng Mﬁw\! &vgwe Ve dTe
Standard analysis then assumes that for a valid Born-Oppenheimer
approximation the electronic components of the wavefunctions are orthogonal,
so that (6) reduces to
(7) Rgryiguyn = egﬁvl*wv“dTv jﬂwe°*ﬁwe"dre
where the second integral has been defined in equation (1),
= § i
(8) Ryuyignyn = Rorgn (@) [0, 0, "dr,
The transition moment is equal to the product of the electronic tran-
sition moment and the vibrational overlap integral.

R, n s different from zero and applies to all transitions between

e'e
the two electronic states. It is the second factor which is responsible
for the intensity structure (vibrational features) of the transition.
The overlap integral is the gquantum mechanical interpretation of the
Franck-Condon principle.

Applying a similar argument for electron spin it may be shown that,
as for diatomics,

AS =0
where S is the net electron spin of the wavefunction. Only states
of the same multiplicity may combine with each other. This rule applies

primarily to light molecules and tends to break down increasingly

with heavier molecular weights.
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3. Forbidden Traﬂsiti@nsg7b

Unlike diatomics, in which forbidden transitions are not usually
seen optically, in polyatomics, these transitions often occur weakly.

For a "forbidden" transition:

(1) Reaess :Jgﬁk‘)eg* Ml]}eu d"fe = 0

However, if the more rigorous form is not equal to zero,

(4) ﬁélveeievu gjkl’)evi* ﬁli) ey dTe\i # 0

then the transition will occur.

Even if {4) eguals zero, the transition may still occur if substi-
tution of the magnetic dipole operator or electric quadrupole operator
in (1) gives a nonvanishing result, although t%ege transitions are
much weaker than allowed electron dipole transitions, typically
1G$S and iﬁwg respectively of an allowed electric dipole traﬂsition,979

One way in which the transition is allowed in (4) and not in
(1) is through vibronic %ﬁierastieﬁe_ This implies that the separability
of the wavefunction as expressed in equation (6) is not valid and
correspondingly, {8) is also invalid.

A first approximation to the vibronic wavefunction, is obtained
from the direct product multiplication

{9) Voay "V XV,
and so it is immediately seen that if wv is the totally symmetric
species, (4) will give the same result as (1) and thus vibronic interaction

cannot be responsible for the transition. However if wv is an antisymmetric

or degenerate vibration, then wév may have a different symmetry then
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Yo and R « may be unequal to zero when equation (4) is applied.

+

e'viey

+
An example may be the 12 g « 12:@ transition for Q”h symmetry.

This transition is allowed only through the electronic quadrupole

. . + .
operator and thus is extremely weak. However coupling of 3‘;3 with

=

a ) u+ or-am vibration would not result in R =0, and so

e'v'ie"v"
electronic transitions due to vibronic interaction are specific for
the vibration involved. The degree of intensity of a vibronically
allowed transition depends on the strength of the vibronic interaction

and is directly proportional te (R “)23

e'viev
Figure 12 shows a relevant possibility of vibronic interaction

for the 12% and 12“ electronic states of NZO, (In this discussion,

+ and - of ') and ')+ refer to the symmetry or asymmetry of the

electronic wavefunction when reflected by the vertical plane of symmetry.)

The case without vibronic interaction has no transitions because

of the ++ - selection rule of electronic transitions. With vibronic

interaction, the - -+ - and + - + selection rule is still maintained,

as is the angular momentum selection rule, AL = 0, 1, except that

with vibronic mixing a number of transitions are now possible. Note

especially that the vy = 1, or 2 Tevels each have at least one trans-

ition to each v, vibrational level of the upper state. In contrast,

2
the vy = 0 level has a transition only to the w vibronic levels of the
upper state. Since the v, = 0 vibronic wavefunction has the same sym-
metry as the totally symmetric electronic state, this transition can be
attributed to the bending interaction of the upper state.

Figure 12 is useful for demonstrating the effect of vibronic

interaction on observed transitions but for studies here, it is more
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useful to compare just the differences of the vz,s 0 and vz s 1_vibr0ﬁic
levels of the ground electronic state with higher vibrational Tevels

of an upper lza electronic state. Figure 13 shows the vibronic species
of the upper levels of the Vo vibrational mode of 1299 The quantum
numbers 12, 13, 14 and 15 have been chosen arbitrarily only to demon-
strate that from vz“ = 0 the spectrum should show an energy spacing

of 2vy' whereas transitions originating from the vibrationally hot
Vo= 1’§eve? should show a consecutive spacing of V,'. This means
that at Tow temperatures when only the vz“ = {0 state is occupied, any
observed band spectra should have a spacing which is twice as large

as the spacing of hot bands originating from higher temperatures.

4. Rotational Structuring)’C

The only discussion of vrotational levels thus far has been the
population of the different J quantum numbers as a function of temper-
ature., For a linear triatomic of C“v symmetry, J is the only quantum
number appiicable to rotational structuring, and for this linear-linear
transition,

A =0, 21 (J=0+J=0)

with the usual selection rules for rotational gymmeirygg7c
i - b 4 Y
S S . aer a s a

here the + and - refer to the symmetry of the rotational level (to
be d%giéﬂguighed from *). These selection rules lead to
y - iz . no §, only P and R branch
(O lﬂg ia - 3A9 eoey weak G, P and R branch
1

1

1
i
i 1

Yo Tmy A= T, ..., strong Q, P and R branch
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Upon bending the molecule a second rotational quantum number
arises, K, which is strictly defined only for a symmetric top. For
pnitrous oxide, as it is bent increasingly, the molecule less and less
resembles a prolate symmetric top and becomes an asymmetric top molecule.
Table 3 shows the three rotational constants, A, B, and C, for ground
state NZG for several bond angles. Kappa would be 1,0000 for a prolate
symmetric top.

The rétationai structure of an electronic transition between an upper
electronic state which is bent in its equilibrium geometry and a lower
electronic state which is linear, is determined by the selection rules
for both the J and K quantum numbers. For the linear case, K represents
the contribution of electronic and vibrational angular momentum,

K= |n+ 1]
where ) is the electronic angular momentum and 1 is the vibrational
angular momentum. For the ground electronic state of NZOg Xl ) +9
A = 0 and so K* =|1]. For the case of an electronic state which
is slightly bent in its equilibrium geometry, K, the component of
angular momentum about the top axis (i.e., the A axis for a prolate
symmetric top), may also arise from the pure rotation of the molecule
about its top axis. In this case, for each value of K there are a
series of rotational levels with J =K, K+ 1, K+ 2, . . .

With K defined, the additional rotational selection rules for
a bent-linear electronic transition are:

AK =K' -« K" =0 for Mz (I band)

i

AK =K' =K' =11 for Mx9 My (L band)

plius the usual selection rules for J.
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Under the instrumental conditions in this study, the resolution
to reveal individual rotational features is not available. It is
also likely that the structuring observed is @fedisgociatéds so that
the fine structure may be émeared out and may not be observed, even
with much higher resolution.

These selection rules state that from v." =0, only K = 0 for

2
a | transition or K = 1 for a1 transition will be reached. That

is, from the (000) level, the fine structure will appear the same

as a linear-iinear transition with only apparent selection from the

J selection rules,

From v2” =1, for al transition K = 1 will be reached in the
upper state with fine structure arising from the J selection rules.
AL transition of this hot band will have two sub-bands, the K = 0,2
which will be separated by 4(A' - B'). As seen in table 3 for a
small bond angle, A' - B' is quite large and this separation may be
substartial., By observing this "coarse" structuring of the rotational
features 1t may be possible to determine whether the transition moment
is § or L.

It should also be noted that for @g symmetry a hybrid of I and 4
transitions are possible. In this case, the rotational structuring
would be the superposition of the two individual transitions with
the relative intensities of each component depending on the projection
of the transition moment on the principle axes. In this case, a more

complicated spectrum results.
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Table 3. NZO Bond Angles and Calculated Rotational Constants, crrf“1

for N-N 1.185A and N-0 1.125A,

NNO Rotational Constants, cm™t
A B C Kappa
180 * 0.4207 * *
175 696.2 0.4215 0.4212 1.0000
170 174.4 0.4239 0.4229 0.9999
165 77.75 0.4280 0.4256 0.9999
160 43.93 0.4337 0.4295 0.9998
155 28.27 0.4413 0.4345 0.9995
150 19.78 0.4508 0.4407 0.9989
145 14,65 0.4624 0.4482 0.9980
140 11.33 0.4762 0.4570 0.9965
135 9.049 0.4926 0.4672 0.9941
130 7.421 0.5118 0.4788 0.9905
125 6.218 0.5342 0.4919 0.9852
120 5.304 0.5603 0.5068 0.9777
115 4,594 0.5906 0.5233 0.9669
110 4,033 0.6259 0.5418 0.9518
105 3.582 0.6670 0.5623 0.9306
100 214 0.7150 0.5849 0.9010
95 2.912 0.7714 0.6098 0.8596
90 2.660 0.8378 0.6372 0.8016

Kappa indicates how closely the molecule approaches a prolate symmetric
ton.
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5. Change of Symmetry during Transitioﬂgg

Implicit in the foregoing discussion was the assumption that in
both upper énd Tower electronic states the symmetry class remains
the same. For ?inéar triatomics especially, this is often not the
case. COZS HCN, CSZ? and 0CS are all believed to change to bent symmetry
in their excited electronic gtate§§97 and the evidence is quite strong
for a similar change of symmetry for NZOQ For a change of bond angle,
the resulting symmetry class is

C or D, > Cy, (triatomics)

wv ” Cg
Evidence for such a symmetry change can be unambiguously obtained

from the rotational structuring of the transition. In the absence

of such rotational information, the vibrational progression pattern

may also provide evfdehce for such a symmetry change. If the allowed

electronic transition is between two different symmetry positions,

the vibrational selection rules are determined by the symmetry elements

common to both equilibrium positions. Thus, for an allowed va - CS

symmetry change the resulting vibrational selection rules are less

restrictive than in the linear to linear case, and the bending vibration,

D

ssymmetric for a Tinear molecule, is considered now a symmetric vibration
ir the common symmetry class.

Consider then the vibrational selection rules for a progression
in the bending mode of a ir%ai@m%c97hg Vo' if the transition is between
two linear species, the selection rule for such as asymmetri vibration
predicts Ay o = 0,2, . . . with the sz = 0 transition the most intense.

For a bent-linear transition, the selection rule for the symmetric

bending vibration predicts a consecutive progression, or
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bvo = 0, 1, 2? 3. .. For such a transition, the most intense peak
will not necessarily be Av = 0 (see below).

Note that in the case of the vibronically induced transition
as in the previous example of 12 B 12 +3 a consecutive progression
inv,' originating from vz“ =1 or v2“ = 2 results, but from
xé“ =0 (or from (OOO))g the selection ru?eg7d is Av o (v"z =0 only) =
1, 3, 5. . . Thus, the presence of a consecutive progression of
vz' in the hot bands (vz“ =1, 2 . . .) is predicted for both the
case of a bent-linear change of a symmetry, and for the case of the
vibronically induced transition, and on this basis alone it is not
possible to distinguish the two mechanisms unambiguously. However
 the progressions originating from vZ” =0 ( or (000)) in the vibroni-
cally induced case, predict a spacing of sz'g whereas for the case of
a change of symmetry, the symmetric Vo mode of the upper state would
show a consecutive spacing of v2‘9 as would the hot baﬁdse Other
symmetric vibrations for the bent-linear transition will also of course
shiow a consecutive spacing in v'.

The above discussion has dealt with the consideration of an allowed
bent-Tinear transition and of a vibronically induced transition with
no explicit mention of symmetry change. For the additional case of
a bent-linear transition which is only allowed in the bent case, a
slightly different situation arises. In this last case, although

the product resolution of R into R w 15 not strictly valid,

e'e'v'v
it is useful to a first approximation provided that Re‘e" is also
considered a function of nuclear coordinates. The usual interpretation

of the Franck-Condon principle in such a case would predict that the
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vertical transition to the central maximum of the upper state bending
potential would have the strongest intensity. For this resulting
upper state configuration of 180 degrees, the Re‘e“(q’Q> is small,
and so this vertical transition is actually weak?. Instead, Re.e“(an)
will be large for a significant change in bond angle, or a non-vertical
transition for which Rv‘v“ (g) will be small. Clearly, the maximum

of intensity of such a transition occurs at some point between the

high energy 1imit (vertical) and low energy limit (non vertical) since

for R X Rv'v“ the first product increases with bending angle

eIell
whereas the second product decreasesgid, Note however, that in a plot
of potential surfaces of another vibrational mode, as in the V1 stretch,
the usual principle of vertical transitions would still apply for

that dimension.

tSee figure 68 of Herzberg, Vol. III (Ref. 97)
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6. Intensities of Continuous Absarptﬁ0ﬁ597eggzb

For continuous transitions between tw@ electronic states, the
wavelength dependent intensity is given by

I.. (A) o v

Ueyy, Wb
abs v wv dTv

where v, the energy: is derived from the energy dependence of the
Einstein coefficient, B, and weights the overlap integral. For a
polyatomic molecule, the vibrational eigen functions of the upper
and Tower electronic states, are a function of all 3n-6(5) normal coor-
dinates. If wgu is a low energy vibration such a (000) or (010) the
wavefunction of these vibrations is easily obtained. For high energy
vibrations in wvﬁ however, a much more complicated expression results
and a delta function may be used to represent wve which is different
from zero only at the classical turning point. With this approximation,
1 (o v(y, ")’
This result predicts an intensity distribution of a continuous absorption
from v = 0 which appears as an energy weighted probability distribution |
of the v = 0 vibrational level.
For wv“ being the (000) state, this gives an energy weighted

Gaussian type curve for the continuum intensity distribution.
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7. Intersection of Potential Curvegg?f

For diatomics the "non~crossing rule” in which potential curves
of the same electronic species cannot cross, is well known and its

1273 In polyatomic molecules with additional

proof readily available
degrees of freedom, however, energy surfaces can intersect even if
they have the same symnetry and spin multiplicity. Herzberg and Longuet-
%%gg%nsgg have studied this gquestion for triatomics and have provided
an example of the resulting conical intersection of HNO potential
curves.

“In the example of HNO, & repuisive iw state is formed from the

1& state fTormed

ﬁ{zgﬁ and ﬁ@{zﬁ) components which may cross the bound
from ﬁ(ZS) and %G(ZA)Q Both these states are bent and since they
are degenerate in the linear case, they will both split into 1&“ and
1@“ components in ﬁg symmetry. Crossing of the two states must occur
because NG izﬁ) is higher in energy than NO {Zﬁ)g yet the HNO

A state has a minimum below the % state of HNO. This erossing can
oniy take place at the point of intersection of the Tinear species.

Lo 1A“ components

Unce bent, the components of the two species mix and the
wmay aiso mix,

It is for this reason that HNO may be formed adiabatically from
ground state NO {ZﬁE and H in all orientations except the linear approach.
in swmmary, for triatomics, %ﬂi%rgecii@ﬁ of two states of the same
synmetry may occur at a point, the vertex of the resulting double
conical intersection, but may not occur along a line.

A variation é? this @?%ﬂ@%??% which is applicable to nitrous

oxide will be presented in a later section.



~70-

C. Experimental

1. Instrumental Procedures

As before, spectra were obtained with the UV extended Cary 118C
spectrophotometer. To overcome some of the purging prbbiems noted
in the previous section, it was necessary to design purging modifica-
tions and construct a different quartz cell. The deuterium lamp was
rigidly mounted to the spectrometer and éea?ed with an o-ring to prevent
purge leakage. This avoided the major source of leakage in Section
111 and was not prone to rapid deterioration. The main chamber of
the monochromator was resealed by replacing the gasket material at
the metal joints and by taping over the seals with 2" black photo-
graphic tape. instead of purging the entire sample compartment, as
was done in Section II1I, nylon tubes with sponge rubber gaskets connected
the cell to the spectometer and provided a small, tight purge connection
for the light path. As before, complete purging required two days
prior initiation, but improvements from these modifications reduced
the level of noise significantly and permitted operation down to 171
nm.,

Several different instrumental parameters were tested; the best

1 and with

results were obtained with a scan speed of 0.0l nm sec”
the slits set at 0.06 mm to give an average spectral band width of

0.05 nm. Data points were taken every 0.02 nm over the range 190 E
to 172 nm. All data in this section was collected using a time constant

of 5 seconds and was stored on both chart paper and in the Fabritek.

Signal averaging was carried out over four runs for both background

and sample spectra for each temperature.
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2. Quartz Cell Design

A single quartz cell was used for the spectra obtained in this
section and it is shown schematically in figure 14. The cell consisted
of a 2.2 x 10 cm quartz cylinder with fused suprasil windows (1/16"
thick) which contained the gas. The cell could be used in a flow
or static manner but all spectra were collected in the static mode.

A quartz jacket fused to the inner cell was used for temperature control
and a second quartz jacket surrounding the entire assembly also with
1/16" thick suprasil windows was evacuated to 5 x 10“6 torr, sealed

in vacuum, and provided thermal insulation.

Platinum wire was spiraled about the inner cell and was fed
up the quartz tubing connected to the cooling jacket, past the quartz-
pyrex graded seal and was welded to two tungsten electrodes. These
electrodes, fused through the pyrex section with uranium seals, provided
electrical connection to the wires, which served as built-in heaters.
This was convenient for vacuum bake-out and for recording spectra
at elevated temperatures. Platinum was necessary to withstand the
neat generated in working the dquartz. A wire thickness of 0.01 inches
was chosen to increase the resistivity of the heaters, Smai3er diameter
proved impractical for glass blowing. The resistaﬂce of the built-
in heater was about 10 ohms and by simply using an ac rheostat it
was possible to control the temperature of the cell. The maximum
possible bake-temperature without damage to the cell or heaters was
about 660 K. The maximum practical temperature for recording spectra
was lower, about 520 K, owing to interference from black body radiation

generated by the wires.
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Fluid was contained in the inner jacket for temperature control.
For temperatures above 373 K, Dow Corning Silicone 0i1 was used and
was heated by the Pt wires. This provided more uniform temperature
control than heating an air space. For temperatures between 373 and
243 K, a Neslab model RTE - 9 thermostated circulating bath was used
to flow water or methanol through the jacket. For temperatures between
243 and 200 K a Neslab doubie stage refrigerating bath, model LT - 9,
was used to circulate methanol through the jacket. For temperatures
below 200 K, a stream of cold nitrogen gas from a liguid nitrogen
dewar was used to cool the cell, as in Section III. The lowest practical
temperature to record spectra of nitrous oxide was determined from
its equilibrium vapor pressure. To ensure enough optical density for
accurate measurements, this was at about 151 K which has a vapor pressure
of 28 torrelga

3. Temperature, Pressure and Wavelength Measurement

Pressure was measured by a 100 torr factory calibrated MKS Baraton
capacitance manometer with a stated accuracy of 0.05%. Pressures
used varied from 5 to 45 torr at the temperatures studied. Before
recording pressure of the gas, several minutes were allowed for tempera-
ture and pressure equilibrium to be reached. The nitrous oxide was
purified in the manner described in Section III and the tests of purity
performed in that section did not reveal any impurity in this case
as well.

Temperature was measured by two calibrated iron-constantan thermo-
couples in contact with the inner cell. The thermocouples were fed

through the same tubing as the Pt wires and so it was necessary to



~74-

insulate the Pt wires with a length of quartz capillary tubing. A
1000x amplifier with a digital voltmeter was used to measure the thermo-
couple output which was referenced to an ice-water bath. No significant

deviation from standard tables of thermocouple emf101

was noted over
the temperature range 78 to 490 K. Equilibrium vapor pressures of
nitrous oxide at temperatures below 183 K provided a convenient check
on both thermocouple and pressure measurement.

The uée of two thermocouples, one at the fluid entrance and one
at the fluid exit in the témperature control jacket, provided an estimate
of the temperature differential in the cell. The observed temperature
differential varied with the means of temperature contrbie When Tiquid
nitrogen was used, an average temperaturé differential of 5 K resulted.
The two thermostated circulating baths provided the best results with
a differential of less than 0.5 K. Heating the silicone 0il resulted
in a higher temperature differential of about 10 K.

~As in Section I1I, wavelength calibrations were checked by adding
Qz'to the cell and observing the rotational struciure of the Schumannm
Runge oxygen bandse94 Wavelength accuracy in this section is believed
to be 0.05 nm,

The data stored in the PDP 8L was output in the form of paper
tape and transferred to the Lawrence Berkeley Laboratory CDC-7600
computer. The most reliable means of transferring the data was by
running the paper tape through a hard wired teletype located in the
Vista Room. In this manner the data was converted into punch cards

and further processing, graphics and corrections were possible.
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4. Meter Vacuum Spectrometer

To check for the effect of lower pressuures and higher resolution,
the main chamber of a 3 m MacPherson monochromator, model 241, was
evacuated and filled with 50 - 250 microns of nitrous oxide.

The spectrometer was an Ebert mount type with an aluminum, 1200
lines mmmi concave grating, which was used in the first order to give

a dispersion of 2.7A —

The highest resolution used in these
experiments was 0.03A, or about 1 cm“i at 180 nm.

An air cooled deuterium discharge lamp provided a uniform continuous
Tight source at wavelengths above 150 nm, below this, intense line
spectra from the source made data collection impossible.

Plate exposures using Kodak SWR film were taken at intervals of
up to eight hours. Since this was a vacuum spectrograph, it was possible
to seal in the gas; only on one occasion was leakage a problem as
evidenced by the presence of the sharp Schumann-Runge lines of oxygen.
Densitometer tracings of the plates also revealed NZO banding, but
gid not show noticeably merevdetai1 than the room temperature results
cbtained with the Cary, this was probably because noise reduction

was not possible on the MacPherson spectrograph and the plates are

inherently less sensitive than a photomultiplier.
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D. Data Processing and Graphics
1. Techniques
‘The data collected on a time basis by the Fabritek corresponded
to a linear wavelength scale on the Cary, and was converted to a wavenumber

basis by use of the f@rmu?aglgz

v=10" ()t
Here, the index of refraction of nitrogen,n , was taken to be 1.00035,
and ) is the wavelength in nanometers. .

Gas concentration was calculated by using the ideal gas equation.

To avoid error in using this equation, experimental conditions near
critical points were not used. -

After signal averaging was completed for both the sample and
background spectra, and the normalized background spectrum was subtracted
from the norma?ized sample spectrum, a three point digital smooth of
the type

poY(I) + Y(I-1)/4 + Y(I)/2 + Y(I+1)/4
was applied to gae final result. Since the three data points covered
0.06 nm_and the resolution was 0.05 nm, it was not felt that information
would be Tost in this smoothing process. Comparison of the spectrum
before and after smoothing did not reveal any noticeable differences
except for reduction in the high frequency noise background.
2. Graphics

The quantitative data set at eleven different temperatures served
as the experimental basis for the analysis to be discussed in the
next subsection. In doing this programming analysis, it was of invaluable

aid to have a graphical display of the calculation results. This
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was made possible by the use of the graphics package available at
LBL. The graphics routine IDDS was used for drawing the figures and
slides along with on-line display units such as the Tektronics 4014
CRT display and with either calcomp or microfilm hard copy units,

The graphics program allows for variable séa?ing and size of
output, and either plots points using two dimensional variable arrays
- or connects the points to give lines. Because the data points are
close the plots appear smooth. For most spectra shown in this section,
computer-generated 35 mm frames were photographically enlarged to
give the figures, labels and plots.

A1l programming was done in Fortran IV with most programs run
as batch jobs, although for some uses interactive programming was
found to be more useful. In the appendix, two programs are Tisted;

3. Scale of Figures

It was found to be convenient to express the data in linear multiples

2 cross section. For this reason, all spectra in this

section express the cross section (CSN) in units of 1019 cm2

of 10712 e
in the

ordinate axis, and the abscissa axes of all figures have the same

1

Tinear range of wavenumbers, cm ~, corrected for vacuum. Care is

necessary in the examination of these figures since the scaling of

0“19 Z

the ordinate axis varies from 0 to 5 x 1 cm™ in one case to O

to 0.3 or 0.8 to 1.2 x 10“19 cmz in other cases, as is needed to show
the necessary detail.

The intensities of all data presented are quantitatively accurate
to about 4% in absolute absorption cross sections, and the relative

error of peak intensity is about 1%. For quantitative comparison
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‘of the difference spectra only the relative intensity of peak-trough

may be used.

It may be useful to compare the intensities given here with the

approximate spectral intensities of other molecular absorptioms:78a
02: maximum of Schumann-Runge continuum, 1.3 x 10517 cm2
Herzberg continuum at 230 nm, 2.3 xle“Z4
SchumannRunge band structure, max. 1 x 10719
03: maximum of Hartley band, V 1.1 x 1O®17
maximumbof Chappuis band, 5 X 10“21
H2: Lymann ~4 x 10“16
S0,: maximun at 285 nm, 1.0 x 10718
€0,: maximum at 147 nm, 7 x 10719
CCS: maximum at 223 nm (room temp), 3 x 10‘“19
N,: rayleigh scattering at 300 nm, 2 x 1072
To convert from absorbance coefficient, Cmgl to cross section,
cm2§ divide by 2.5 x 1019e
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E. Results

1. Temperature Effect on the Structured and Continuous Absorption

The composite profile of the absorption spectrum at eleven different
temperatures from 151 to 485 K is shown as figure 15. The cross sections
are believed accurate to 4%. At all temperatures a banding progression

is seen superimposed on a continuous background, although at higher
temperatures the banding is most pronounced. The increase in absorption
in intensity and to longer wavelengths with increasing temperture

has been observed by Holliday and ReubenlBQ

The temperature profile shows that many of the observed broad
peaks and shoulders are really composites of overlapping péaks which
are resolved at lower temperatures. The effect of temperature is
seen to be most pronounced on the peak structuring. The rate of temper-
ature dependent increase varies among different members of the banding.

1 at 485 K is seen to be composed of three

The feature at 53200 cm”
different peaks; at 151 K ihe‘high energy member is most intense,

but at increasing iemperaturgss the low energy member increases rapidly
and becomes predominant. The effect of temperature on the apparent

underlying continuum is most noticeable at longer wavelengths.

2. Ihree Meter Spectrograph

The room temperature spectrum taken on the 3 m vacuum spectrograph
is shown in figure 16. It is clear from this figure that the structuring
continues at wavelengths below the Timit of the Cary spectrometer.
Since plates were used, only approximate relative intensities can

be estimated.
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F. Discussion

1. Contribution of Cold and Hot Bands of X!J*

Using the fundamental vibrational frequencies of nitrous oxide
(1285, 589, 2224 cm“l)g it is possible to calculate the fractional
population of vibrational states in the ground electronic state for
any given temperaturegge Since at the lowest temperature studied,

151 K, only 0.7% of the molecules are in the (010) state, this spectrum
provides a good approximation to the spectrum of the “pure" {(000)

state. Weighting this spectrum by the fractional (000) population

for each of the five highest temperatures studied, and subtracting

the resultant spectral contribution of the (000) molecules from each

of these five highest temperatures, the differehce spectra obtained
represent the spectral contributions of all the vibrationally "hot"
molecules at these temperatures. It is possible to identify which
active vibration or vibrations are responsible for these difference
spectra by dividing the difference spectra by the fractional equilibrium

populations of (010), (020), (100), (110), (001) and so on. Only

1 are the

for the (010) state with its activation energy of 589 cm”
normalized "hot" spectra consistent and in agreement for all five
highest temperatures. Applying the same procedure but using an activa-
tion energy of ZNé or \i yields widely varying normalized results
for each of the five highest temperatures indicating these modes could
not be primarily responsible for the observed temperature effect.
Use of colder spectra for the derivation of the hot bands is less

reliable due to the large error incurred by dividing a smaller temperature

effect by a very small number.
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The proéess may be summarized by use of the simple formula:
YOO, T) - a(T)AQR)

B(x) = 10

where A and B are the spectra of the (000) and‘(OlO) statés respectively
for 100% occupancy, Y is the observed spectrum at temperature T, and

a and b are the fractional equilibrium populations of (000) and (010)

at T. The first iteration provides an approximation to the (010)

staie spectrum, which is then used to correct the 151 K spectrum for

the spectral contribution of the 0.7 per cent of (010) molecules present.
The process is then repeated through an iterative procedure and convergence
occurs quickly with the final result shown in figure 17.

The large affect of the bending vibration is very apparent in
figure 17. Most of the structuring is seen to result from the excitation
of the bending vibration although a small amount of structuring is
seen in the pure (000) spectrum. The observed continuum is also enhanced
and is red-shifted somewhat from the maximum.of the (000) spectrum.

The presence of a vibrational progression is noted in the {010) state
spectrum, but this will be addressed later,

The reverse procedure of weighting each state spectrum by the
fractional population of {000) and (010) for a given temperature and
convoluting, aliows a comparison of this composite spectrum with the
observed spectrum over a wide temperature range. For clarity, in
figure 18, the composite spectrum (solid lines) is compared with the
observed spectrum (data points shown) for every other temperature
studied. Figure 18 shows good agreement at some temperatures and fair
agreement at other temperatures. Of the eleven temperatures studied,

two were used to derive the state spectra and therefore are not independent
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comparisons by this method. Table 4 lists for every temperature studied

116 which measure shape similarity but

the correlation coefficients,

are insensitive to a constant displacement. In this table, the two

temperatures used in the derivation of the two state spectra will

necessarily yield a correlation coefficient of 1.0000, but the corre-

lation coefficients of the other nine temperatures demonstrate that

the convoluted spectrum closely approaches the actual absorption spectrum.
From figure 18, we see thatvthis method tends to underestimate

the absorption at the highest temperature, 485 K, because at this

temperature this method ignores the increasingly substantial population

and spectral contribution of higher vibrational species. Similarly,

in the derivation of the (010) state spectrum, this method unavoidably

includes the interfering contribution of the (020) state spectrum

present from the small equilibrium population of (020) at this tempera-

ture, and so at lower temperatures where there is essentially no (020)

population, this convolution tends slightly to overestimate the absorption.
The overall conclusion from the agreement shown in figure 18

and table 4 is to confirm the assignment of Vos the bending vibration,

as the "active" vibration which is responsible for the bulk of the

observed temperature dependence in figure 15. Had it been the small

population of another vibration, say (100) or (001) and their respective

energies of activation governing the rate of temperature dependent

increase of the spectrum, then this process would not converge for

this noticably different activation energy of the vibrational mode.

The further result that the two state spectra and their respective

activation energies may be used to predict the spectra at temperatures



-88-

other than was used in their derivation, supports the assignment of

these state spectra and their shape and intensities.
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2. Second Order Approximation to the Hot Bands

In the derivation of the (010) state spectrum it was assumed
that only two primary absorbing species were involved in the absorption
spectrum: the (000) vibrational mode and a single hot band. This
hot band was identified as the (010) vibrational mode because only
for this respective activation energy was convergence of the normalized
state spectrum achieved for sevéra? temperatures. It was also noted
in the preceding discussion that the derived (010) spectrum was 1ikely
to cohtaiﬂ some character of (020) because the iterative method used
could not separate three contributing species. The (020) interference
is probably not too great because the (020) population is about 1.5
percent compared to the 13.3 per cent population of (010) at 333 K.
Unlike (010), the (020) state will be split into one component
with two quanta of angular momentum, (0220)9 and one without net angular
momentum, (02°0). The Yoy of the (OZOG) state is 1Z +, and since it
nas not net angular momentum, it is Tikely that the spectrum of this
state will be weak, perhaps weaker than the (000) state spectrum.
Tnis is because its probability amplitude is shaped more sharply
about 180° than (000) and so for a bent-linear transition, the Re“e"(Q9Q)
factor of the transition moment will be smaller. (This is assuming
that the transition is forbidden in linear case, but is allowed in
a bent configuration. More evidence for this will be presented.)

The (0220) state with an Yoy of 1A§ has a net quantum of angular
momentum. It is then likely to resemble the (010) state spectrum
in intensity and may in fact be stronger due to its greater equilibrium

bond aﬂg?es The population of (OZZO) at 333 K is about 1 pervcent
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which makes for an expected relative error of about 7 - 20% in the
derived (010) spectrum depending on the extent of the (OZOD) contribution
and the wavelength examined.

By supplementing the previous method with an additional tier,
it is possible to partially correct the (OZO) state spectrum for the
interference of these higher order vibrations, particularly the bending
vibrations. The disadvantage of this second order approach is that
in solving for higher order vibrations which have very small populations
and Simi?ér spectra, as in the case of (020) and (030), the final,
normalized result of these spectra becomes increasingly unreliable
and noisier. Specifically, in this case we are'se1ving,for 3% of
the molecules at 485 K, so the degree of instrumental noise and the
accuracy of data becomes extremely critical to the final result.
It is unreasonable to expect then that the resulting normalized (020)
and (030) state spectrum to accurately reflect the actual spectra
of these higher order vibrations, but the use of this result in partially
correcting the (010) state spectrum for higher order contributions
is more reasonable. This is because the (010) spectrum derived previously
contains only a 1% contribution of the normalized state spectra of
these higher order vibrations,

Figure 19 shows the result of this second order iterative procedure.
In deriving this result, three temperatures were used, 151, 333, and
485 K, to derive the (000), (010) and ((020) + (030)) state spectra.
It is seen that the contribution of the higher grder‘vibratiOﬁs is
most noticeable at longer wavelengths. It is not known whether the

contribution of these higher order vibrations is negligible at short
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wavelengths, as this fesuit appears to show, or whether this result
indicates an intrinsic failure of the method. Only a small portion

of the higher vibratfcna? spectrum is seen; this may indicate a maximum
at much Tonger wavelengths (as demonstrated in Section II, the absorption
of nitrous oxide extends to about 260 nm) although this is not possible
to tell with the limited data base of this section. As expected,

the (000) state spectrum is unchanged by this second order appraaché

the population of (020) at 151 K is about 4 x 107 per cent. The

(010) state spectrum is unchanged at the short wavelengths, but at

longer wavelengths the overall absorption is noticeably reduced, resulting
in a sharper maximum than the overall appearance of ihe result which
indicated a slightly sloping, flat maximum. Convolution of the three
state spectra to give a composite spectrum gives an improved fit to

the observed spettras as indicated in figure 20 and table 4. Again,
since three temperatures in this case were used to derive the state
spectra, these are not independent measurements, but comparing the
correlation coefficients in table 4, the improved fit of the second

order approach can be seen for the other eight temperatures.

The logical process used to derive the three state spectra is
outlined on the following page.

Use of higher temperatures than 485 K to derive the state spectra
of higher order vibrations, was considered but rejected because the
(100) state would also become occupied at nearly the same rate, as
would (030) and so higher temperatures would only complicate the result
increasingly. A more reasonable approach might bebto cross the gas

sample with a tuned, high power IR laser to selectively excite normal
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Table 4, Comparison of the Correlation Coefficients of Convoluted

and Observed Spectra for Each Temperatureggga
First Order Second Order
Iteration Iteration
Temp., K o Correlation Coefficients
151 o : 1.0000 1.0000
182 0.9991 ' 0.9992
196 0.9926 0.9935
223 0.9571 999619
247 0.9954 0.9963
268 0.9797 | 0.9812
301 0.9911 0.9908
333 1.0000 1.0000
372 0.9963 : 0.9968
423 0.9773 0.9935
485 0.9593 | 0.9902
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First Order Iteration Sequence:

Y(T) = a(T)A + b(T)B + ¢(T)C

assumes a = 1.000, b = 0, ¢= 0

A= Y(T)

Br(A) = Y(T) - a(T)A"
b(T)

At(x) = Y(T) - b(T)B'
all)

Br(x) = Y(T) - a(T)A"
b(T)

repeat sequence until covergence for B and A

Second Order Iteration Sequence:

C() = Y(T) - a(T)A" - b(T)B"
c(T)

811!()\) - Y(T) - a(T)A“ = C(T)C'
b{T)

AIIS(A) o Y(T) - b(T)B“‘ - C(T)C'
al(Tl)

Cvoo(A) = Y(T) - a(T)A"'" - b(T)B""!
c(T)

repeat seguences until convergence for A, B and C

i1}

#

1

11
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1]

i

[

151 K

333 K
151 K

333 K

485 K
333 K
151 K

485 K
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vibrations and calculate the excited species population knowing the
absorbed IR power, the quenching rate, and the temperature. Most

likely this would involve excitation of selective rotational quanta
and then forming a Maxwell-Boltman average to simu1ate temperature

equilibrium.
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3. Energy Levels of the Upper Electronic State

In the preceding SUbsectiong the observed spectra of NZQ were
separated into the (000) and (010) state spectra. In figure 17, the
(010) is seen to be strongly structured and more intense than the>
(000) state spectrum. Also a progression is apparent, indicating
transition to discrete vibrational levels of the upper state. On
the scale of figure 17, however, it is not apparent that very weak
structuring can be observed in the (000) spectrum.

Figure 21 shows the (000) state spectrum on a different scale
plotted as solid lines, along with the 151 K spectrum shown as individual
data points. This shows that the effect of correcting the 151 K spectrum
for the 0.7% of hot molecules is primarily to reduce the intensity |
of the 151 K spectrum by a small amount and that the observed structuring
does not arise from this small fraction of hot molecules at that temperature.
A weak proéressioﬁ is now observable at this temperature.

Figure 21 also shows an energy weighted Gaussian superimposed
on the (000) state spectrum. The function shown is of the type:

Zabs(}\) = \)NSXD(ED'(\)&\)O)Z)
where D, N, and v, are constants. This is the equation of an energy
weighted Gaussian which is seen to agree with the expected intensity
distribution, as outlined in previous sections, by reaching the minima
between the peak features.

It is possible the observed spectrum results from a continuous
absorption, as the Gaussian curve shown in figure 21, superimposed

on a separate second transition to give discrete spectra, represented

by the difference between the (000) spectrum and the Gaussian curve.
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It is also possible that the intensity of the conjugate continuum
absorption results from a single, pressure dependent broadening of

the banding. The measurements using the 3 m monochromator as a long

path cell at pressures between 50 - 200 millitorr would appear to

support the former contention. Of course, any intermediate interpretation
of the two theories is also reasonable. Interestingly, in the analogous

103 reported that

absorption of carbonyl sulfide, Price and Simpson
at pressures less than 10 m, the continuous absorption of OCS with
superimposed diffuse bands, breaks down into a series of three broad

band structured features without a superimposed continuum.

In view of this unconfirmed result and the similar possibility
that at lower pressures the continuum may be reduced with a subsequent
increase in the apparent banding intensity, the Gaussian curve in
figure 21 has been only used as a means of removing the "background"
absorption of nitrous oxide.

By fitting a similar curve to the (010) state spectrum, it is
possible to remove the background absorption by subtracting a temperature
weighted composite of the two Gaussian curves based upon the fractional
(000) and (010) populations from the observed spectra. In the resulting
difference spectrum the structured épectrum may be studied without
the effect of superposition on a siope which tends to change the shape
and wavelength maximum of the peaks. Figure 22a shows this result
at 151 K, The structuring is quite weak although the progression
noted previously for this temperature is now more clearly seen with
a spacing of 970 cm“’1 and is noted by downward arrows. The peak positions

of the progression and their separations are noted in table 5. At
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Table 5. Vibrational Progression Members at 151 K

Peak No. v°19 cn~1 Av“19 em~!
1 53 595
983
2 54 578
989
3 55 567
96
4 : 56 534
916 (962)*
5 ' 57 450 :
average spacing: 964

*second figure from the 182 K difference spectrum
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this temperature the spectrum is least complicated by hot bands, but
the weak intensity of structuring makes analysis difficult. Besides

the features fit to the 970 cm”l

pr@gressiéﬂg there are a few other
features noted which do not appear to fit another progression.

Figures 22a to 22k show %he result of this correction process
at each temperature between 151 K and 485 K. Wih increasing tempera-
ture, the structuring increases in intensity and the presence of a
second, more intense progression with a spacing of about 480 cm’i
is becoming increasingly dominant with temperature. At 485 K only
this dominant progression is seen as major peak features, although
another minor progression is also seen as shoulders on the stronger
peaks. The wavenumbers and energy separations of the major features
in figure 22k are given in table 6. The slope of the difference spectra
at the higher temperatures arises from the contribution of higher-
order vibrations (note this is most pronounced at the longer wavelengths.)

It is useful to interpret the relative energy separations of
the peak features in these figures in relation to absolute energy
tevels of the upper electronic state and to see if similar results
ére present in the less obvious progressions at lower temperatures.

To do this, a program was developed to select the major peak
features using the same selection criteria for all temperatures studied.
To deal with the very weak, diffuse banding as in the colder temperatures
in the same objective way as the greater {ntensities as in figure 22k
it was necessary in the peak selection process to utilize width

and height criteria as well as an inflection in the first derivative

of the plot. HWithout such width and height criteria, a simple inflection
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Table 6.  Selected Vibrational Progression Members at 485 K

Peak

Number Energy, cm 1 Spacing, c:m“1

1 52 662
. 425

2 53 087
v 529

3 53 616
446

4 54 062
, 501

5 ' 54 563
456

7 , 55 019
439

8 55 458
484

9 55 942
403

11 56 890
450

13 57 340
531

14 | 57 871
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in slope would have indicated hundreds of peaks at the low temperatures
as in figuré 22a and thereby emphasize the weak low temperature spectra
much more than the stronger high temperature results. The width and
height criteria were both logical decisions using the Fortran .OR.
command and could be met by either large broad peaks or by smaller

but sharper features. (For details see Subroutine CHECK in Program
FINAL in the appendix.) Unavoidably, the program would occasionally
identify two nearby peaks on a feature with a slight double maximum
which a more subjective observer would place one peak, or a smaller
feature appearing on the shoulder of a more intense peak might be
~missed. The features at each temperature which are selected as peaks
by the program are indicated as solid lines in figures 22a to 22k.

The permutation of all energy separations between the selected
peaks for each temperature were measured and counted in bins of 20 cm“le
The grand summation of this energy separation count for all temperatures
is shown in figure 23 as a histogram of frequency of occurrence in

energy spacing between peaks vs. relative energy separation in cm” 15

The different shadings of the individual bars in the histogram represent
the portion contributed by each temperature. Use of a permutation

in counting all possible energy separations at a given temperature
avoids overcounting the same energy separation between two peaks,
although it iendé to emphasize the smaller energy separations. This

is seen by the decreasing intensity of the vibrational features in

the histogram with increasing energy of separation.

To check the effect of the peak selection parameters on the final

histogram result, the parameters were varied for ten different cases
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varying from very restrictive criteria, yielding very few peaks,

to a much less restrictive criteria, yielding many more peaks, especially
at the Tower temperatures. The final histogram derived from each

case varied in the relative height (or signal/noise ratio) of the

features seen in figure 23, but did not change the overall appearance

of the histogram or the energy spacing of the features in figure 23.

The sharp features of figure 23 indicate the approximate active vibrational
energy levels of the upper electronic state relative to a minimum

of potential energy.

The vibrational energy levels of figure 23 are listed in table 7.
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Table 7. Histogram Vibrational Features and Energy Levels

Vibrafiona]I 1

Level, n Energy, cm” E/n, cm‘”1
1 _ 500 500
2 980 490
3 1420 | 473
4 - 1880 : 470
5 ' 2340 : 468

6 ' 2840 473
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4., Vibrational Selection Pattern

From the progressions in figures 22a to 22k, and from the energy |

separations indicated in the histogram, it is seen that Vza ~ 480 cm™L,

Yet in the (000) state spectrum, the spacing of the progression noted

previously is 970 cm“le Since this value is very close to sz's it

appears that the (000) state follows the vibrational selection pattern:
Avy (vo" = 0) =1,3,5,7...

whereas the "hot" spectra and the spectrum of the (010) state indicate

that from vz“ = 1 or 2 consecutive values of'vz’ are selected. This

pattern becomes more evident when the weak structuring of the (000)

state spectrum is superimposed on the spectrum taken at 485 K. In

figure 24, the two spectra have had the under?yihg absorbance subtracted

out and they have been superimposed on the same scale. The advantage

of this method of forming difference spectra to study the energy positions

of the structuring is evident by allowing such a comparison. Each

of the five members of the progression in the (000) state spectrum

agrees well with an alternate feature of the high temperature spectrum.

As outiined in previous parts of this section, this vibrational
selection pattern is symét@méiie OfAOﬁ}y a vibronically allowed tran-
sition. This is to differentiated from the case of a bent-linear tran-
sition which would be rigorously forbidden in the linear-linear config-
uration. For such a case, as outlined previously, transitions from
VZH = 0 (i.e. the (000) state), as well as the hot bending vibrations,

would show consecutive values of v2°g Since the bending vibration
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would show consecutive values of VZQ since the bending vibration
is a symmetric motion in Cs symmetry and the selection rules for Sym-

97h

metric vibrations predict a conservatiive sequence in v2°e Yet

the alternate peaks at 53 100, 54 050 and 55 000 cmhl are noticeably
absent from the (000) state spectrum whereas they are strong in the
485 K spectrum {(and the (010) statevspectrum)a

It is also noted in the 151 K spectrum that weak, vibrational
peaks are observed at 55 950 and 56 850 cmglg which according to
the theory outlined previously, would be expected to be absent. Two
posibble explanations are offered here for fhe occurence of these
additional features. The two unexplained peaks may be members of
a different vibrational progression other than the Vo bending mode.
The other members of this second (or third) progression may be obscured
by their weak intensity in comparison with the observed Vo progression
features. Secondly, the intensity of these two features is seen from
figure 24 to be about 3 x 1072 en? (peak to trough). Accordingly,
the intensities of the two features are about 107 of a fully allowed
electric dipole transition. As stated previously, the intensity of
an allowed magnetic dipole transition is about 1()“5 of an allowed
electric dipole transition. 979 The ) ~Z+ transition is allowed
by the magnetic dipole opefator997g so it is reasonable to believe

that there may be a magnetic dipole contribution to the vibronic structure

since the intensities observed are on the order of magnitude of a

magnetic dipole transition. For an allowed magnetic dipole transition {

such as this (and for most allowed electric dipole transitions as ' F

well), the greatest intensity is expected for one or two progression
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members with optimal Franck-Condon overlap (vertical transitions)
and with the other members of th progression rapidTy decreasing in
intensity (nonvertical transitions). The two unexplained features
at 151 K may then arise from the contribution of a magnetic dipole
transition; which is non-negligible only in this limited short wave-
length range corresponding to a vertical transition.

In view of thié discussion, it is seen that the repeated absence
of vibrational features at 53 100, 54 050 and 55 OOO'cm”1 is more
informative than the occasional presence of an unexplained feature
in one region of the spectrum since these may be complications due
to additional proéressions or may be bands due to magnetic dipole trans-
itions.

Armed with this insight, it is possible to partially assign the
features in the observed spectrum. Each of the five members of the

progression in the (000) state represent the transitions:

w2’

wp *2
wp' t A <« v, (0)
wvg' + 6.
wop *+ 8

where w has been shown to be an odd integral quantum number.
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1 1

The energy of v, is approximately 480 em™, which is 100 cm~

1

less than the vz" of 589 cm = in the ground electronic state. Thereby

the transitions:
wvz' - 1

wv "+ 1
2
WY LY 3 < vzu (1)
2
ww P+ 5
2
wy b+ 7
2 -1
where (y is the same odd quantum number, will be located 100 cm = below

the peak positions of vz“ = 0., Midpoint between these hot bands will

be the remaining transitions of the type wvz’ + (2, 4, 6, 8...) < vz”(l)e
Similarly, hot band originating from v," (2) would be expected

to be 95 cm wi below the vz“ (1) levels and thus form a sequence in Voo
The resulting sequences in vy and its peak positions is shown

superimposed on the composite difference spectrum of figure 22K in

the next figure.
The assigned peak positions fit the observed spectrum and this

interpretation explains the different rates of activation energies

1

of the spectra. For example, the feature at 55 500 cm ~ at low temper-

atures has a predominate feature at its short wavelength end. At

higher temperatures, the absorption assigned to vz“ (1), located 100 cm“l
below the VZH (0) assignment rapidly increases and becomes more intense.
The Towest energy peak of this triplet structure may be the hot band
from y," (2), but there is no conclusive proof for this. Similarly,

1

the feature at 56 400 cm ~ at low temperatures the short wavelength

absorption assigned to vz" (0) is seen as predominant.
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At 485 K, the same feature is only seen as a éiopiﬂg shoulder on top
of the more intense hot bands located 100 cm°1 below the VZM (0) assign-
ment.

Although the vibrational pattern appears to support the contention
of transition through vibronic interaction, there is evidence also
for a change of symmetry between the two electronic states. For a
Tinear-linear transition, the intensity of the observed peaks are
typically most intense in one or two peaks with subsequent members
of that progression rapidly decreasing in'iﬁtehsity due to poor Franck-
Condon overlap. If there is a change of symmetry during transition,
and if the transition is forbidden in the Tinear-linear configuration,
then as previously demonstrated, there is a slow variation in the
“intensity of the progression members, with a maximum located some-
where between the Av= 0 and the high energy 1imit of the baﬁdsa This
is clearly the case of the observed struciuringsyso this may indicate
that the upper state is bent, as it has been calculated to be (references

14, 124, 106) with a bond angle of 130 degrees!®%,
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G. Photodynamics

1. Continuous Absorption

11% and Fortune and coworkers!04:P

1

Rabalais et have assigned

the continuous absorption at 6.8 eV to the "A state correlating with

Ny (1Zg+) and O (lDz)s This could explain the weak nature of the

absorbance (f~1.5 x 1072) since the transition 1Av+ 1Z+ is angular-

momentum forbidden. Chutjian and Sega11069 however assign the same

1

absorption to the “n state correlating to'the same asymptote as the

1y state. A more definitive theoretical result is required here to E

resolve this discrepancy.
Interestingly, in a recent electron impact study of the analogous

- absorption of 0CS, the assignment of 1A to the observed continuous

absorption was determined by measuring the angular dependence of

105

the electron scattering. A similar experimental study of this

type would be useful in confirming the calculations of Fortune and

coworkers and the Rabalais study.
I shall adopt here the 1a assignment on the basis of these more i
recent calculations and since the 1W assignment would be expected

to be more intense than the absorption is actually observed to be.




-127-

2. Structured Absorption

The Chutjian and Segal study106

has offered the most detailed
explanation of the vibronfc banding of nitrous oxide in this energy
range. They suggest that the banding results from vibrational resonance
between the strongly bound 1ZE state (the only state calculated to

be bound in this energy region -- agreed upon by all the theoretical
studies) and the repulsive lA state. Mixing of the two eigenfunctions
may occur by vibrenic coupling, even though the two states are separated
by 2.8 eV in the Franck-Condon region. They further explain "at certain

1ﬂ) will be in resonance

energies a band width of continuum levels (of
with a vibrational level of the 12” state, and electronic mixing via
the A" components of the two states will take place upon bending.
The resonances will occur at spacings corresponding to spacings of
- either the y, bending vibrations of the 12” state or to the very anharmonic
vy vibrations near the top of the 12“ well,"
The authors state that ordinarily such vibronic coupling would
be uniikely due to poor vibrational overlap, however because the minimum

1w repulsive

asymptote, therefore the "kinetic energy of translation in the Ly

A . . .
of the *37 state "accidentally" (their words) is near the

state and of vibrational motion in the 12“ state will be very nearly
the [ same so that] the wavelengths of the vibrational wavefunctions
of both states will not be very different."

In fact however, they calculate the minimum of the 12“ state

1

as 4.23 eV and the minimum of the %T and “p repulsive states is 3.64 eV.

The Chutjian and Segal study can not explain the temperature
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dependence noted by Holliday and Reuben, nor much of the new experi-
mental evidence offered in this study.

By carrying the original hypothesis of Chutjian and Segal one
step further, and discarding their theory of vibrational resonance,
another interpretation of the photodynamis arises, which is compatible
with the new experimental evidence of this study. In Tieu of furiher,

1

more definitive assignments, I have tentatively adopted the ~A state

assignment as the repulsive curve which was designated as lw by Chutjian
1

and Segal. It should be carefully noted that since both the "7 and

1A states are degenerate, what I apply to one may also apply to the
other; this interpretation does not critically depend on the species
assignment of the degenerate, repulsive potential curve. The Chutjian §
and Segal interpretation of vibrational resonance does cfiticai?y ;
depend on the state assignment of the repulsive curve because a L
state could not directly perturb a 12“ state since it vio?atés the
pérturbat%on selection rules with AA = 2392C |

Both the 12“ and the 1A states are calculated to be bent in Fortunes
study9 so that 12“ becomes A" in C, symmetry and 1a as well as ln
will Tose their degeneracy and will both split into lA‘ and 1A“ compo-

nents in CS symmetry. Figure 26 was taken from the Chutjian and Segal.

study except that the repulsive state has been tentatively relabeled
1

A. It is clear from this figure that the Franck-Condon region, indicated

by the two vertical lines, does not intersect a turning point of the

}Z“ state near the 6.8 eV energy at which structuring is observed.
Let us then assume that due to the bent geometry of both electronic ﬁ

states, the potential curves of figure 26 interact to yield an avoided
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crossing as indicated in figure 27. This is the hyper conical inter-

49 which results in an avoided crossing

section discussed by Herzberg
at all points except the point of linear intersection, which is allowed
to cross. Therefore, in a strict linear geometry of the upper states
no mixing can occur, and the interpretation of figure 26 is the correct
one. Only the 1A“ components interact, and the Franck-Condon region
now sees a turning point which would have vibrational overlap and

thus give risé to a structured spectrum. Unlike the HNO study of
Herzberg, the 1A‘ component originating from lA in this case, could
only remain unperturbed and give rise to a continuous absorption.

The resultant spectrum would consist of vibrational bands superimposed

on a continuous background, as is observed.
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3. Vibronic Enhancement of Transition

Account must also be taken of the Targe, fundamental differences
of the derived (000) and (010) state spectra, as shown in figure 17.

By thermal excitation of the ) mode in the ground electronic state,
the resulting Vay, is then 1ﬂ; In g>v symmetry all transitions are
allowed, however it is only through the excitation of the bending

mode that the molecule may be considered to some degree in (s symmetry.
Thus by excitation of the bending mode, the transition moments to

the continuous state as well as to the bound state are both enhanced,
as has been observed for the (010) state spectrum.

In the cold, vibrationless state, (000), there cannot be vibrational
interaction in the ground electronic state and so even though mixing
of the 1}f and 1A eigenfunctions in the upper electronic states OCcur
through their 1A” components, in no manner may the Xlz+ ground state
be considered in Cs symmetry. The transition moment for lzﬁ~% x! Z+
then remains strongly parity forbidden and Iy« Xlz + remains angular
momentum forbidden and very little structuring is observed on a weaker
continuum. Yet, a weak progression is noted with a spacing of 970 cmml

which is very close to ZVZ' for VZE = 480 cm”lg Figure 13 demonstrates

that for alternate, odd VZ' levels in 1zag the vibronic transition
1

1+
7« X} s allowed. This is interpreted as due to bending interaction
of the upper state and should have a spacing observed at low temperatures
of 2v2'9 as is observed. This proof of a vibronically-induced transition--

consecutive values of vz‘ in the hot bands and alternate values of

107

V2” = 0 =~ confirms the same conclusion reached by Innes, using conventional

Herzberg-Teller theory of vibronically induced transitionss103“112
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Lastly, the observed decrease in the fundamental frequency of
Vo in the upper electronic state relative to the ground electronic
state is reasonable since the transition involved has been interpreted

145 and in this context the presence of aw* electron would

as no
lessen the bond order, which will increase the internuclear separation
and cause a reduced fundamental frequency.

A further theoretical discussion of vibronically induced transitions

is provided by references 117 to 125.



~134-

H., Conclusions

1. Experimentally Deduced Conclusions

A series of measurements of the absorption spectrum of nitrous
oxide at 11 different temperatures indicates a pronounced effect of
temperature on the spectrum. The active vibration responsible for
this temperature effect has been shown to be Vo and using its infra-
red fundamental frequency, it is possible to deconvolute the spectrum
of nitrous oxide into the normalized contributions of two vibrational
modes of the ground electronic state. These may be used to predict
the spectrum over a wide temperature range, and their comparison points
to the role of vibronic interaction of the ground electronic state
and its bending vibration. In the (010) state spectrum both the contin-
vous and the structured absorption are seen to be markedly enhanced
relative to the spectrum of the (000) vibrational state.

Analysis of the observed banding incates that vz“ levels are selected
by the (000) state, this supports the theory of vibronically induced
transition along with the comparison of the (010) and (000) state
spectra. The peaks have been tentatively assigned; although the exact
quantum numbers of the upper state bending mode are not known, from
the presented theory of vibronically induced transitions, the assign-
ment of the alternate vzg levels selected by the (000) state should
be to an odd quantum number. On the basis of the large difference
petween the region of structuring and the calculated minimum of the
}Z* potential well, it is expected that these are transitions to high

vibrational quantum numbers of 1Z@§
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Fortunately, on the basis of theoretical calculations, the only
bound singlet state in this region is the 1Z“a Triplet states also
exist; however, transitions to these states wou?d require overcoming
an additional degree of a forbidden nature. Chutjian and Segal have
attempted to explain the transition to the 12“ through vibrational
resonance since the Franck-Condon overlap with this state is well
separated from a classical turning point of the potential curve and
is then expected to be quite poor. However, if the state is bent
in its equilibrium configuration, it has been suggested that the result-
ing double conical intersection of the lZ" with a repulsive, degenerate
state may occur through their Lo components in CS symmetry. This
would be expected to yield an avoided crossing in all orientations
except the colinear one, and the new resulting potential well would
then have a classical turning point within the Franck-Condon region
at 6.8 eV.

No rotational structuring can be definitely determined, even
with the high resolution of & three meter vacuum spectrometer. However,
from the intensity pattern of the observed vibrational features, there
is evidence that the upper electronic state is bent to a 1afge extent.
This is in agreement with theoretical calculations and the model pro-

vided by Walsh d%agram39149113
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2. A Proposed Mechanism of Predissociation

The Tack of rotational structuring, even the coarse rotational
structuring arisﬁng’from the K selection rules may be due to predissociation
of the molecule. The short lifetime of a predissociated state would
smear out fine structure due to uncertainty broadening. A mechanism
of predissociation may be proposed using the theory developed in this
study:

The double conical intersection of 125 and 1A would break down

in the linear configuration. If then, during the bending motion of

the excited states, the molecule passes through the linear configuration

and simultaneously the vy vibration is at its left hand turning point
as indicated in figure 26, then the molecule would be expected to

1 +) and 0 (1D) when these two combina-

fly apart into the fragments NZ (X
tions are simuitaneously met. This is because in the linear configuration
the avoided crossing would not occur and the left hand turning point

of 2 would be the repulsive 'A state correlating with NZ (iz g+) and

0 (1D)s In fact, it %s interesting that the photochemical studies

aiéla point to an excited étate of NZO with an estimated
Tifetime of 1098 second, although this unconfirmed Tifetime may also

of Bradley et

resuit from oi%er physical processes such as guenching or flu@r@SCEﬂcee
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Appendices

15

A. Results of N Substitution

1. Temperature Effect--Raw Data

To prove the reproducibility of the previous results and to demon-
strate the extent of the observed isotope shift on the structured
absorption, the 15N isotopes of nitrous oxide, NlSNOg 15NN09 15N15NQ
were purchased from Prochem (British Oxygen Co.) with a stated isotopic
purity of better than 99.0%.

Gas purity and isotopic labeling purity were further checked
by measuring the infrared frequencies of the varijous isotopes with
a Nicolet 7199 Fourier-Transform Spectrometer and comparing this result

128, 129 pn experimental procedures used

with Titerature values
were identical to the previous section, however a longer wavelength
range was covered, 197 to 172 nm for six temperatures using 1250 data
points for each spectrum.

Signal averaging was carried out for two runs on both background
and sampie spectra at slightly less resolution, to improve the signal/
noise ratio (0.7A). For optimal comparison with the unlabeled isotope,
regular NZG (Matheson) was also run in the same manner.

The result of the temperature dependent absorption of each isotope
is shown in figures 28 a-d for six temperatures from 197 to 172 nm.

As expected, isotopic substitution does not significant1y alter the
intensity of absorption at a given temperature. It is also clear

from these figures that even at high temperatures the observed struc-

turing is quite weak at longer wavelengths.
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2. Deconvolution and Isotope Shift

Using the unique iﬁfréred frequencies of each nitrous oxide isotope,
it is possible to deconvolute the raw data presented in figures 28 a-d
using the first order or second order iterative procedures outlined
in the last section. Figures 29 a-f show the result of a first order
deconvolution into the (000) and (010) state spectra. To demonstrate
the observed isotope shift, Figures 29 a-f are showh superimposed,
as a permutation of all possible isotope comparisons. In each case,
the extent of the isotope shift, as indicated by the displacement
of the structuredbspectra, is seen to increase at the shorter wavelengths.
At longer wavelengths, the isotope shift is minimal and the peaks
most nearly coincide. This is to be expected, since the extent of
isotope shift would be gréatest for high quantum vibrations, corre- =
sponding to the short wavelength transitions. It is also seen that
the extent of isotope shift is greatest for the most dissimilar iso-
topes, such as NNO énd 1SleNO whereas the isotope shift between more
nearly similar species, such as 15NlSNO and 15NN09'show the least
displacement. It is also seen that the observed isotope shift can

1 at the short wavelength end of the spectrum.

be so large as 125 cm~
In comparison with the isotope shift of less than 15 cm“1 for vz" =1
in the ground electronic state, this large isotope shift appears to
indicate transition to high gquantum vibrations in the upper electronic
state, in agreement with the theory discussed previously.

Using the second order deconvolution procedure to solve for the

(000), (010) and (020) state spectra is also revealing. With the

larger wavelength range of this study, the (020) state spectrum is
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is now more clearly defined. As seen in figures 30 a-d, the (020)

state spectrum is slightly more intense than the (010) state spectrum

and is noticeably red-shifted. Unlike the result in the previous

section, here the (020) state spectrum extends weakly to shorter wavelengths,
although to avoid the very large noise resulting from small equilibrium
populations of (020) and their minimal contribution at short wavelengths

it was necessary here to use a seven point dfgita? smooth and display

only the portion of the {(020) state spectrum above 175 nm.
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Appendix B: An Anomalous Result

15NNO purchased from

In one sample of isotopic nitrous oxide,
Prochem, an intensely strong and sharp absorption was noted. The
sample, batch number 19X95 was found to contain a large amount of
noncondensables in liquid nitrogen even though the flask was received
in good condition with the seal unbroken. The noncondensables were
pumped off and the remaining gas was purified by vacuum distillation.
A mass spectrum of the purified gas indicated 95% atom purity of lSNNOE
in agreement with the manufacturers specficiations, without other
noticeable impurities.

Unlike the other samples of isotopic nitrous oxide, including
a sample of 99% atom purity 15NNO, the samplie alone indicated a series
of sharp, featureless absorptions following an apparent progression.
Absorption spikes were noted at 201, 197, 183 and 179 nm in the intensity
pattern 3:1:3:1. By comparison with the second sample of 15NNO it |
was concluded that these absorptions were the result of an impurity

15NNO since this other sample of the

present in the 95% sampié of
same isotope did not show these features.

Spectra of this anomalous absorption were also recorded on the
3 m vacuum spectrograph. At 0.03 A resolution it was possible to
measure the sharpness of these features: the 201 nm absorption had
a full-width-half-maximum band width of 0.20 A while the 197 nm absorp-
‘tion had a FWHM of 0.39 A. Neither ébsorption exhibited any'additionaT
fine structure at this resolution.

Repeated exposure of the same sample to ultraviolet light weakened

the intensity of these absorptions, indicating that dissociative
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photolysis was resulting. This eliminated the possibility that the
absorptions were atomic in nature. Additionally, the wavelengths
noied did not match the absorption lines of any likely atomic species.
The temperature dependence of this unexplained absorption was
also measured. From room temperature down to 200 K no significant
change in absorption was noted. At temperatures below 200 K the impurity
froze out. At 150 K only a very weak absorption could be noted. The
201 nm and 197 nm absorption exhibited a gﬁiformity in their temperature
dependence as described above.
In a further effort to identify the purity responsible for these
sharp absorptions, the infrared spectrum of the contaminated sample

1ENNO was recorded on a Nicolet 7199 Fourier Transform Spectrometer.

of
Signal averaging was carried out for 2000 scans of sample and background

at 0.06 Cmml resoltuion. No impurities were identified by these techniques,
although the sensitivity of results was enough to detect the "hot"

15NNO in a 10 cm cell. At room temperature

(001) « (100) transition of
0.2% of nitrous oxide molecules are in the (100) vibrational mode.
It is possible that the impurity is not infrared active.
The impurity should not be a trace impurity because of the extremely
intense absorption noted %ﬁ the U.V. Knowing the total pressure of
a gas sample and the absorption of these "spikes" in that sample,
it is possible to estimate the concentration of the gas impurity
as > 0.1% since a smaller concentration would result in an absorption
16 c 2

cross section of greater than 10~ m<.

15

A mass spectrum of the contaminated sample of ““NNO indicated

the results shown in Table 8. Trichloroethylene was identified as
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15

Table 8. Mass Spectrum Results for "~“NNO Sample
Peak No. Mass % Rel. Area
2 16 1.78
6 28 2.56
7 29 2.69
8 30 12.17
9 31 1.11
10 44 3.22

1 45 100.00
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an impurity by this method, but this could not be responsible for
the observed spectrum in the U.V.

Further spectra were obtained in the U.V. using a double 5eam
technique in which the sample of 99% 15NN0 not exhibiting the spikes
was placed in the reference beam of the Cary spectrometer. Using
equal measures of the two samples, one in the reference beam and one
in the sample beam results in subtracting out the common absorption
of nitrous oxide, and leaving the spectrum of the impurities only.

The result of this technique is showa in figure 31 at a SBW of 0.3
Here, two of the spikes are noted at 201 and 197 nm and an additional
weak feature is found at 193 mm. It is also seen that the spikes

are not features superimpbsed on a weak absorption but instead the
background is flat. The increasing slope below 195 nm is due to oxygen
in the spectrometer (not purged for this run). The presence of some
weak "negative" absorptions at longer wavelengths in the 10X curve

is due to trace impurity of NO in the reference sample. In conclusion,
this spectrum is inexplicable since the absorption spikes do not fit

the absorption spectra of any likely molecular or atomic species.,



ABS

-160-

T 11T I'I'!'!'VT'I'I'l'i'l’}'!'!'1'1'1’1'1']'!']'!'Y’ITI'T‘T'I'I'I'I’IT*
|
230. 220. 210. 200. 190.

WAVELENGTH
XBL 793-8696

Figure 37



-161-

C. Computer Programs

1. Deconvolution and Comparison of Observed and Predicted Spectra
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PROGRAR FIRD 76007600 OPT=) FTN 4, 6452/034 06 FEB 79 22.56.51 BKY PAGE

PROGRAM FIMD( 18PUT,DUTPYT FILM, ASPEC, BSPEC, TAPES=DUTRUT,
& VAPET=ASPEC, TAPERLBSPEC)
COMFON/RRCY/TERP(11) OTERP(11), POPBI 11 ), POPC(11)
COmAON/ 165722771200 2/ R80/5PECT{ 900) |, X(500)
CORRDN/F1T/¥(11,900),Y000(960),Y010($00),Y65(900), GAYSA( 900)
DIREMSION v020¢ 6003
EXTERNAL FONTZ
DatTa (TERP(1) I=1,111/151.,162.,196.,223,,247,,268.,301.,
s 333.,372.,425.,4b5./

B 12 1=1,900
R(1)=170().000355(190.02-1/50. ))a1E~T)
¥020( 1 )=0.
12 CONTINUE

¢ sasssess GRAPHICS PARARETERS sesespsesses
caLL ﬁDBESG(Zés HHTEST)

CaLL SETSAG(Z,51,1.)
CaLL SETSMG(Z,93,000)
CaLL SETSMG(Z,105,-1.0)
CaLl. SETSMG(Z.102,-3.)
Call SETSAGLZ, 48,2.25) .
. sesvs USED T0 BRAW CIRCLES FOR DATA POINTSesssss
CALL SETSAG(Z,84,3Hs52)

CALL OBJCTE(Z,15.,15.,90.,95.)

c sss 900 DaTa POINTS ses
111=900
CaLL SUBJEG(Z,52600.,.8,56200.,1.9)
CaLy PIHTUR())

B0 15 M=l 11
B0 16 J=1,%00,10

=49
READ 100, (VUM K), K=d, 1)
100 FORMAT(1HF 7.4)

16 COWYINUE
80 9 1=1,900
SPECT(Y =¥ (o, 1)
9 CONTINUE

[ eszee PLOTS RAY SPECTRAL DATA sszees

£ sewss CALCULBTES (000), (010), (020 ¢ 630
¢ EousLiBRIURM POPULATIONS F0R EACH TERPERATURE ves
caLL SEY5MGLZ,45,.7)
CoLL POINTE(Z, 11T, X, SPECT)
CaLL SETSMG(Z,45,2.35)

CALL BYERP(RN)

i
!
{
i

i
i
i:

;.
i

i

[
{4
I
¥
i
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T600-7600 NPTz} ‘ FTN 4,6+4452/034 06 FEB 79 22.56.51 BKY PAGE
CONTINUE

INITIALIZE CALCULATION

CALL SETSMG(Z,84,3Hs5K)
D0 7 1=1,900
¥000( 1)=Y¢1, 1)

vG5( =y, 1)

CONTINUE

sasssen . NJJ IS COUNTER FOR Y020 ITERATIONswsssnsax

NJJ=0
CONTINUE

srsse JJJ 1S COUNTER FOR Y010 SUB- ITERATION wruszseas

5

o

w

20

2

30

23

41J=0

CONT INUE

80 5 1=1 900
YO101(y3=0,
CONT TRUE

#nze CALCULATES (0107 STATE SPECTRURM wess
#ees FOR FIRST-ORDER CALCULATION (020) IS SET T0 ( e=ze

00 20 1 = 1,900
VO}O(!):(V(&N,I)*YOOO(I)EGYEW?(HN}uYOZO(I)QPO?C(NN))/(PGPB(N%))
CONT I NUE

DO 23 KN = 1,11

50 21 1 = 1,600

SPECTE 1 1=v000( 1 3o0TEMP{ NN =Y010( 1 )2POPB{ MR sV 020( 1 YsPOPCL AN
COWTINUE

sassrsss CALCULATES CORRELATION COEFFICIENT sessssss
fz0. 5 C=0. saA=0. s CC=0. s$4&C=D.

R=0.

DO 30 I=1,900
BzBVINN 1)
AB=AAY( AN 1 )en2
CL=CC+SPECT( 1 eeg
+SPECT(1)
=ACaY( BN 1 MSPECT(T)
COMTINUE

Rz((1118AC)=AsC )/ (SAAT(IT15AA-A%AISSORT(T115CC-CoC))
GAITE (6,200) JJJ, TERPINN) A

200 FORMAT (1X »ITER. KD, =12,2 TEMP K &F 6,12 L[OR, COEFF. #F9.4)

CONTINUE
sses CORRECT 151 K SPECYAA FOR HOT CONTRIBUTION s»
Do 25 1 = 1,900
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7600=7600 OPT=1 EYH 4.6¢452/034

Egg$§l& 2(Y0), 1 )=Y010(1)sPOPB( 1 1=-¥020( 1 YePOPCL 1) /QTEMPL 1)
CONTINUE

JiJ=ddie
IF (JJJ LE 5) G0 70 §
ass FIRST-DADER RESULT OETAXHED FROM NJJ=0 ess

iF §?JJ LED. 0) GO YO 14

voos USE 423 K SPECTRA TD CéLCULﬁTE (020) soesw
=z 10 15 THE 823 K Dav

B0 77 i=i
vo20( 1)=( vinn, 115 VOXO(Z)a?cﬁg{ﬁ%)nvoOO(i)69?559(@&))/(?0?8(%%))
YBOINTZY020(1)
1F (YPOINT .LE. 0.) V020(1)=0.

CONTINUE -

CANESRNEY)
esavae CONVERGENCE 1S ﬁEaCﬂED BY g ITERATIONS sas
IF (NJJ .LE, 8) GO YO 5

COWTINUE
RCONT=1

CaLL SUBJEG(Z,52600.,0.,58200.,5.0)
caLL PIKTUR(D)

ssza DRAW SPECTRA OF (000), (010) AND (020) ssse

105
106

CaLL LINESG (2,111, x,vooo>
CALL LINESG (2.111.%¥010)
CaLL LINESG(Z ix; & 4020
IF (W) €0, 6) 66 fo 8

Call LEGRDGLZ, 54200.,2.0,8, @N(OZQ ¢ 1)
HFIIE (8, )OO) Y000

FORMAT ( sTHIS 15 (010) éPECTHUﬁﬂ )
FORMAT ( »THIS 1§ <ozg> SPECTAQMS )

CALL LEGNDGLZ,56200.,4.5,5,5H(010))
CaLL LEGNDG(Z.56200., iy ;% 675100001

CaLL SUBJEG(Z,52600.,.8,58200.,1.3)
CALL PIKYUR() 4
CaLL L!NESG(Z 111,%,Y000)

06 FEB 79 22.56.51

BKY PAGE
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PROGRAM FIND T600-7600 0PT=1 FTN 4.6+452/034 06 FEB 79 22.56.51 BHY PAGE

CALL POTNTG(Z,111,¥,¥65)

CALL SUBJEG(Z,52600.,.8,58200.,1.9)
175 13 CONTINUE

C wsessss CALCULATE CONVOLUYED SPECTRUM ssssasa

CALL PIRTUR(1)
180 DO 55 RA=NCONT, 11,2
B0 60 I=1,900

SPECT(1)2Y000( 1 )=QTEMPI AN I+Y0100 1 )5POPB( NN eV 0200 1 1sPOPC( AN
18% GAUSA( ] )=V (MN, 1)
60 CONTIRUE

C eessss PLOT COMVOLUTED aND DBSERVED SPECTRA sessrssssass

11, %,5PECT)
1

190 CaLL LINESG(Z,
1% Gausa)

I
CALL POINTG(Z, !
55 COWTINUE

! MCONT=RCONT+ 1
195 Wld =NJ) ¢}
IF (NCONT EQ@. 2) GD YO 13
IF (nJJ) EQ. 2) G0 7O 81
CaLy EXITHLZ)
E&D

SYRBOLIC REFERENCE #ap (Rz))
ERNTRY POINTS

5257 FIND
YRR ABLES SN TYPE RELOCATION
6262 A REAL 6264 AA REAL
6266 AC REAL 6263 C REAL
6265 CC AEAL 30470 GAUSA REAL SARAY FIT
5252 |1 INTEGER 6253 111 INYEGER
6256 14 IRTEGER 6255 4 INTEGER
6261 Jjlt IMTEGER 6257 K INTEGER
6271 NCONT IMTEGER 6260 NJJ INTEGER
6254 Ny IMTEGER 26 P0PB REAL anRRay RacCy
41 PORC REAL ARRAY RACY 13 QrEMP REAL ARRAY BACY
&267 R AEAL 0 SPECY REAL aRRAY RAD
O Tim® REAL &ARay RACY 1608 X REAL ARRAY
[ REAL aRRAY FI7 26664 Y65 REAL ARRAY FIT
627C  YPOINT HEAL 23254 Y000 REAL GARAY FIT
25060 Y010 RE&L anRAY Fi7 6272 Y020 REAL ARRAY
0 7 REAL RARAY 165211
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PROGRAM FIND 76007600 OPT=1 : FTN 4.6+452/034 06 FEB 79 22.56.51 BUY PAGE

FILE NAMES FMODE
3143 ASPEC 4204 BSPEC 2102 FILm 0 INPUT FrT
1041 DUTRYT 1041 TAPES F oy 3143 YAPET FrT 4204 TAPES FrT
EXTERNALS TYPE  ARGS
BYEMP 1 EXIT6 1
FONT2 0 LEGNDG 5
LINESG 4 FODESG 3
0BJCTG 8 PIKTUR 1
POINTG 4 SETSHG 3
SQRT REAL i LIBRARY SUBJEG 5
VECIG 3
STATEMENT LABELS
5 0 7 5621 8
[ 0 12 5650 13
5571 14 0 15 0 16
0 20 0 21 0 23
0 25 0 26 INACTIVE 0 30
5404 50 5403 51 ‘ o
0 60 o 77 6121 100 FT
&175 105 Fer 6201 106 FEAT 6131 200 FAT
LOOPS  LABEL TNDEX FROM-T0 LENGTH PROPERTIES
5263 12 1 1114 108 INSTACK
5323 15 a NN 36 58 468 EXT REFS DT I1MNER
5324 16 LN} 37 42 238 EXT REFS -NOT IMNER
5332 s K 40 40 118 . EXT REFS
5353 9 1 “y uy 38 INSTALK
5376 7 1 6y 67 38 INSTACK
5407 5 i 78 80 28 1NSTACK
5424 20 1 86 88 78 INSTACK
5435 23 » NN 89 110 668 EXT REFS HDT ImRER
suu4 21 1 90 92 78 1N5TACK
su6q 30 1 98 104 138 arT
5526 25 I 14 116 78 INSTACK
5554 77 i 129 133 118 185TACK
5654 55 » NN 180 .192 318 . EXY REFS NOT INNER
5665 60 1 181 186 108 TMSTACK
COmADN BLOCKS  LENGTH
RACY 4y
165227 200
R0 1800
FIT 13500
STATISTICS - .
PROGRAM LENGTH 26458 1445
BUFFER LENGTH 52458 2725

SCM | ABELED COMMON LENGTH 362708 15544
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SUBROUTINE PIKTUR  7600=7600 0PT=1 FTN 4.6+452/034 06 FEB 79 22.56.51 BHY PAGE 1

1 SUBROUTINE PIKTUR(W)
COMMON/ 165772/ 7 (200)
INTEGER 1
CALL PAGEG(Z, 0,1,1)
5 CALL GRID 6 (2,0]0,0,0)
Fl = 6.0
CALL LABEL G (Z,0,1000.,0,FFT)
CALL SETSAG(7Z,102 ~1. o>
caLL LABELGLZ 0 {00l 1,18 )
10 CaLL sz*rsmmz ioé,»a. )
FEYT = &,
I g0, 1) 60 TO 50
CALL LABELG(Z,1,1.,0,FRT)
CALL SETSMG(Z,178,17)
1% CaLL LABELG(Z,! 1,1H
CALL SETSMG(Z,178,00)
G0 10 70
50 CONTINUE

é,x
0’5,
8,0

RUR

CaLl LABELG(Z,1,.2,0, FrT)
20 caLL sew-smstz,ﬁs
CALL LABELG(Z,1 1, m )
CALL SE‘rsmsiz,x‘r
('RLL SLTSﬁG(Z 103 —1 O)
70 CONY
25 ggu, Tms G (7,10, 10HWAVENURBER, 3, JHCSN, 3, 3HN20)
TURN
SYMBOLIC REFERENCE MAP (R=z})
ENTRY POINTS
3 PIKTUR
VAR ABLES SN TVYPE RELOCAYION
210 Fmv REAL 0 W INTEGER F.p.
o 2 REAL fRRAaY 168272
EXTERNALS TYPE  8RGS
GRIDG 5 LABELG 5
PAGEG 4 SETSAG 3
TITLEG 7
STATEMENT LABELS
36 50 50 70
COMRON BLOCKS  LENGTH
165271 200
STATISTICS
PROGRAM LENGTH 2258 149

SCA LABELED COPRON LENGTH 3108, 200
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SUBROUTINE BYEM®  7600-7600 0PT=) FT8 4.6+452/034 06 FEB 79 22.56.51 BKY PAGE i

3 SUBRQUTINE BTERPINN)
COMMON/RACY/TEMP(11),QTEMP(11) POPBL1] },BOPCULL)
8B=( 1~-EYP(-589. /¢ TEMP (NN )=, 6952)))852 i
. BC=( 1-EXP(=1284. /( TEMP{NN)® 6952))) '
5 BO=( ). -EXP(-2223. /(TEMP(NNI® 6952)))
OTEMP(MN)=BBsBC=BD ' i
POPB NN y=28 (EXP( 589 /(TEMP{NN)»,6952)) ysQTEMPAN)

POPCLANI=3. #(EXP(-2.4585 /(TEMP(NN)®. 6952)) Y5 QTEMPNA) .
B ¢ 4 s{EXP(-3.#582./{ TEMP(NN)s 6952)) YeQTEMPCNN) -~
10 ggTUﬁN
D

SYMBOLIC REFERENCE ®aP (R=1)
ENTRY POINTS
3 BYEMP

VaRIABLES S TVPE RELOCATION
70 88 REAL 71 8C REAL |
72 8D REAL [ INTEGER F.P. i
26 POPB REAL ARRAY RACY 4y POPC REAL ARRAY aacy i
13 QTEMP REAL ARRAY Racy 0 YEMP REAL ARRAY aacy ;
EXTERNALS TYPE aRGS 1
© EXP REAL i LIBRARY s

COmMMON BLOCKS LENGTH
RACY 44

STATISTICS
PROGRAM LENGTH 738 59
SCM LABELED COMMON LENGTH 548 44
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2. Computation of Difference Spectra and Energy Levels in the Upper
Electronic State



e

15

s

30

3%

4%

50

%9

PROGRAR 1HSIEYT 7600-7600 OPY=i FT# 4.60952/03%

{ oosscesceoes AN PROGEET 1RSIEMT vovssvoneow
PROGRAA IS SHT( INPYT DUTRUT FILm TAPEG=0UTPUT)
CorFDN/BaCY/TER 11 17165272/ 81 2009
COmPDN/PE CRER/PERK{ 200 V/EASY/ ISUBRT( 20 )

COREDN/ GRAPHI DL 11, 15G)

DIFENS 10K 2(908), %1 9601, BAUSTE 908 ), DIF( 900
IWIEGER

EATERNRL FONT2

€ soss TEAPERATURES OF SPECTRA N DEGREES « seve

BATQ {TERPLLY D=1 10 3/150.,162.,196.,223.,293.,208.,301.,

o 333, ,372.,92%. 808 ./
€ se-v0e [RITIALIZE ARAAY ossse

B0 7 =i, 11

T

Y.

& Coutime
T COuY1aUE
svs COMVERT 1-0XIS 1% WAVELEMETH SCALE TO wh

80 12 1=1,969

101 4=1 /6§ 1. 6603590 190. 62-1/50. ) 191E-T)

12 COWT I

1112900

€ soveses GROPHICS PARAFETERS sssvssesse

CALL FODESELZ, 6, WWYEST )
ey oBJCTE(Y 15, 22.,99.,95.0
cort vECIGZ, FOwT2°0)

core sevsmsiz 33 §.9

cony Sevsmsiz, b5 & 91

€L SEVSHEL T, 102 ~2.5)

Corl SUBJEGIZ,52606. 0.,58200.,.3)
CRLL SETSAE(Z,93, 0089
€Ly SETSHS(Z, 183, 9.0

60 @3 m=y 11

et enioelz,0,0,0,00
FolT=6.0

CALL LBBELG(Z,0,1000.,0,5m )
FEv=zq,

CoLL LABELE(Z, ) @.@?,@svmn

Egﬂi fﬁ&%‘“@ﬁ §,§@3®%;D;”e »
L .
cace TITLES 7, 1b, soubabe:

€  oovs GTEMP CALCULATES STATISTICAL POP. seoe
CaLL BTERPL MM, OTERP POPB)
CaLL SETSMB(Z, 102,~5.5)
CALL SETSRE(Z.176.0.)

10, 1GUDIFFERENCE , 3, 30820 )

27 Joke 79 20.%90.07 BEY PAGE

Rli7A



60

[ 3

79

4]

8%

160

131

PROGRAR 1MSIGWT To00-7688 OPT=1 FIR @.600352/03% 27 Ja 79 20.90.07

£ =+oREAD RAW BATAsse

RERD 3
160 %@@m@r\g@@v a3y

€ ssesse  FORG COFPOSITE SOUSSIAN CURVE FOR 600 AKD 010 STATES vessce
m &g iz},900

bsiite

gmﬁiz 284§ beg Br5914¢. el E¥P( -Bol KU J-HCdo{ BT 1 -AC D) =QVER
=8,

D=2, %E-8

1C=53100.

S85% 2%0 § 1ol BIBRI 90, dof ERP( D¢ ¥{ § ¥-XC I NI )=-RT )} ) oPOPB

GAYSTL | I=BRAUSA-EAUSH

[ vescoss FORE DIFFERENCE SPECTRUM sosesees
BIFCE 1sVC 1 -GAUBTID )
67 COUTINE
PRIGT 121 TEAPLIR) BVTERP POPE
21 FOREATY wﬁ fo%, ovglp 15 5F5. 9,0 PEA FUNCT [5oF5.%,9010 1SeF%.9)
€ v ose PLOT QIFFERENCE SPECTRUS vssoses
Call LIWES®LZ, 08,0, 0IF)
FET =9
Coel mmgu §3860., .29 ,FAT VEMPIER))
CarL LEGMDELZ. 85000, .25,6,6k0E8. ©)
C soos]DENTIFY PEAR PESITIONSsovevsess
Ceal CMECE (X,883,DIF 4 PEAS)

€ cosses PRIGTOUT OF PERR SEPRRATICH PERMUTATIONS ovswesse

137 mmm 3@% SYDTAL ) OF PEAXS 1S =@
WRITE (6, 159)

139 m@mm« o,ﬁ SERERSY SPACING BYW PEARS TN WAVES
CaLL BRIWVER Qof,0@4)

€ soo QBYARBLE PAGE eos
CALL PRGES(Z,0,1,1)0

©3 CONTEMUE
€ ocoscese MAEES BAR GRAPH— NISTOERAM evssvss
€ soofs SEGEEMWTS Bt R OF EMERGY BINS coe
WS=31 o WB=15Q

coLe OBICTG(Z, 02, 09, 93, W )]
wu%suwmu a..6.,3600..

CaLt LABELB(Z,0,506.,0,F8T)

By PAGE
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115

PROGRAM INSIGHT 76007600 OPT=t

Calt OBICTGC

CaLL XWXBRG(
CAaLL EXITG(Z
END

7,7

CaLL SETSKG(Z.1
)
b

SYRBOLIC REFERENCE MAP (R=1)

100.,106.)
3

.14
1% 1
L85,

o8

A

ENTRY POINTS
3151 IWMSIGHT
YaRi ABLES S JYPE . RELOCATION
6 & REAL BRRKY GRAPN 9010 B
%011 0 REAL 11233 OIF
4005 F@ET REAL 4013 GAUSA
4019  GRUSH REAL 7427  GAUYST
w002 § INTEGER 4003 11
¢ ISUBRY INTEGER BRARAY Easy 5008 J
5000 ® INTEGER 9016 B
%008 - MK INTEGER 9015 M5
8 PEMK REAL ARRRY PICKER . 4007  POPB
5006 QTEMP RE AL 0 TEMP
3797 @ INTEGER 4017 X
«9i2 %C REAL 5623 ¥V
[ 4 REAL ARRAY 165212
FILE WANES FODE
2102 Fu\ 0 INPUT FEv 1041
EXTERNALS TYPE ARGS
STEMAP 3 CHECR
ERITG i Exp
FONT2 0 GR1DG
MK BRE 10 LABELE
LEGNDG 5 LINESE
FODESS 3 MUFBRG
0BJICTG 5 PAGEDG
PRINTER 2 SETSAG
SUBJEG 5 TITLEG
VECIG 3
STRATERENT. LABELS
e 7 6 8
0 67 o 83
Jes6 21 Fov 3672 137 FeT

FI®% 4.644952/03% 26 JAaN 79 15.31.16 BHY PAGE 3

REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL
BE &l
REAL
REAL

BUTPYT

REAL

, 10, 10KWRVENUFBER, 9, QHOCCURENCE, 1, 18 )

ARRAY
ARR AY

E7A%

RAR AY RaCY
ARRBY
ARRAY

Fov 1041 TAPES FT

LIBRARY

=t B R SRR e R

0 12
386 100 FoT
3702 139 Fev



L0gPS
3153
3160
3re
322w
3261

COMPFON

PROGRAR TNSIGHT

LBBEL
3

83 ®
=

BLOCKS
RaCyY
65187
PICRER
EAsSY
GRapu

STRYISTICS

PROGRAM LENGTH

BUFFER LENGTH

SCF LABELED COmMPDN LENGTH

ki
3
i
o]
i

TNDEY

LENGTH
11

200
200

20
1650

22
2%
26
10%
79

77208
31438
$04%18

76007600 0PT=]
FROA-TO

LENGTH
138

4048
1635
2081

FTN 4.6+%52/034

PROPERTIES
NOT TNNER
TusTaly

INSTARCK
EXT REFS RNOT IRWER
EXT REFS

27 JaN 79 20.40.07

BKY PAGE

4
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SUBRQUTINE BTEMP 76007600 OPT=1

SUBROUTINE BTEMP (WK, OTEMP POPB)

5 C sese CALCULATES VIBRATIONAL POPULATIONS
COmPON/RACY/TERP( 11 )
T=TEMP{ NN
BB=( 1-EXP(~589./(T».6952)))

10 QUEMP=BB=BB

C wzsss QUTEMP IS ( Q00 )IPOPULATION ssses
C vew=s POPB IS (010) POPULATION sswses

15 POPB=29(EXP({-589. /(T2 8952 )) )=QTEMP
TURN .

RETUR
END

SYPBOLIC REFERENCE maP (R=1)

ENTRY POINTS
3 BYEMP
YaR] ABLES SH  TYPE RELOCATION
27 8B REAL ; 0 wNu
0 POPE REAL F.P. 0 GTEMP
26 T RERL .- 0 TEMP
EXTERMALS ' TYPE  ARGS
ExP REAL 1 LIBRARY

ComFDl BLOCKS  LEWGTH
RALCY i1

STAVISVICS
PROGAAM LENGTH 308 248
SCA LABELED COMFDN LEMGTH 138 11

FIN 4.69452/034%

BRE BT

INTEGER
REAL
REAL

ARRAY

27 JaN 79 20.40.07 BRY PAGE
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YeR] el

STArisy
PROGRAM LEMGT
SCA LABELED |

SUBRQUTINE BaR

ENTRY POIETS

6007600 QPT=1

SUBROUTINE BAA( NN, JSUBRT )

g t se@ess GROUPS EWERAGY SEFARATIONS INTO BINS OF 20 CR-1 ssafe
COMPDR/GRAPH/ AL 11,1500
KSUBRT=JSUBRT/20
10 € sssese FORMS BAR GROPH ARRAYVS PIBBELD
B 808 RSUBRT 1=A( NN, KSUBRT Yo 1.
RETUAN sEWD
$ §1C MEFERENCE map (B=1)
Bagm
(39 Su TYPE RELOCATION
6 & REAL ARE RY GREPH 0 JSUBEY INTEGER
15 ®Syday INTEGER [ INTEGER
% BLOCES  LEMETH
GRAPY 1650
§1€Cs

168 13

% LERGTH 31628 1650

FTR &.46+452/03%

27 S8 79 20.%0.07 BXY PAGE

aNn
v

i
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SUBRDUTINE CHELK 76007600 OPT=1 FTH 9.6+452/034 27 J&N 79 20.490.07 BKY PAGE i

SUBRQUTING CHWECRL X, 111 TOP D,PEAK)
5 L osssese SELELTS PERKS sesszsosy
CoOMmN/I65122/7(200)

DIMEMSION TOP(II1) X(900) PEAX{200)
LOGICAL POINT, CWE&W& CM%CK@ CHECKC, CWECKD, POP

10 : INTEGER D
POP=, TRUE.
=% ¢ D=0
C ese SLOPE CRITERIA sve
15 10 POIGT=CCTOPIIY .GT. TOP (I-1)) .AND. (TOP(1) .GE. TOP(I1)))

)
CHECKB={ TOP( 121 .GE. TOP(] 2 1]
CMECKC=((TOPC(I) .GY. TOP(I-%)) .AMD. M?OW 1Y.6T.TOP(12%)})
CHRECHA=( (POINT .AND., CWECKE).AND.CHECKC
CHECHD={LTOP( 1) .BT.TOP(1-10)) .OR. HVOP( I).GT.T0PLI«1002D)
20 POINT=C( CHECKD .AND. CWECHA) .AND. POP)

C ose WIDTH CRITERIA esse
W=T0P( [-25) ¢ WP=TOP(1e25)
CHECRA=({ TOP( ] )-bM. GE. 0. 008 . RHD. CL(TOP(] -0 ).6E.0.008))

C sssase MPPLICABLE TO FIRST OR LAST 25 DATA POINTS OMLY sssses

IF (1 .LE. 2%} E%ﬁ%%"“'ﬂ'ﬂﬂﬁ)-mﬁ 67.0.015) .OR.
s ((TOPCII-UP) _GT. 0.015)
30 IF (1.BE.(111-25)) twmm:ummm-wm GY.0.024% .OR.
s {(TOP(1)-0P) .G¥. 0.02%)
IF (POIWY .aND. CHECE®) GO TO 50
ER=T0P( [-30) ¢ WP=TOP(1o10)
CHECRA=( ¢ TDP( T -609.GE.0.012 ). AND.
3% . @ (TOP(I3-4P.BE.0.012))
gFﬁ(MﬁWV.&W.CWm@) &0 T0 50
=fe}
IF €1 .LE. §10-%) GO ¥O 190
RETURK

2%

L)
$0 CONTIaUE
Xi=¥8¢1)
Yi=0. & Y2=VY0P(])

LE] €  esse DRAWS VERTICAL LINES FOR PEAKS POSIITION sssss
‘ CALL SEGRTB(Z,1,%1,¥1,48,Y2)
IFET

D=0l
50 PEAK(DI=HL T )
’ I=e2
IF (1 LE. 1011-4) GO YO 10
RETURN ¢ END

-9LL-



SUBRUUTINE CHECK T640--T600¢ 0PT=t

SYRBOLIC REFERENCE maP (R=l)

ERTRY POINTS
3 CnEl
VAR ABLES 58 TYPE RELOCATION
138 CwECKA LBGICAL 135 CHECKB
136 CwECRC LOGICAL 837 CwECKD
g B IWTEGER F.p. [
et et INTEGER ¢ Qi
0 PEAK REAL ARk &Y F.P. 133 POIWY
156 POP LOGICAL ¢ Tor
ixg oA REMAL 193 WP
0 % REAL 8RR EY F.P. 4% X1
i85 ¥i REAL 146 Y2
¢ 17 RERL AER QY 165212
ERTERBALS TYPE  ARGS
SEGHTE 6
STRATEMENT CABELS
16 16 76 50
Comrpn BLBCRS  LENGTH
ie5722 200
STAvTESTICS
PROGRAR LEGETH §508 109
SCM LABELED COmeDN LERGTH 3108 200

FIH 4.60452/034%

LOGICAL
LOGICAL
INTEGER
INTEGER
LOGICAL
REAL
RERL
REAL
RE&L

AR

&

ad

¥

27 oW 79 20.46.07 BxY PAGE
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SUBRDUTINE PRINTER 76007600 OPT=1 Fin &3,6“0‘52/03“"

SUBRDUTINE PRINTER (w, WN)
€ wsswse PRIFNTOUT PROGRA® vvszses

5 COMSDNS GRAPN/R( LT 150
CORFDM/P L CHER/PEAR( 200
COPPON/EASY/ISUBRTL 20
INTEGER W
IMTEGER R

19 Be 39 I=1,8

c crywss WMAKES AND LABELS COLUMNS FROM STRART TO START+ 20 wsses
Jzle19
]

D0 29 ®R=[,J
Fztied
ISUBRT( # )=H
29 COMNTIRUE
20 PRIMYT 119, ISUBAT
119 Foamat10% 20160
BO w0 &=i, b, 20
BR=Ke19
. IF (KR 6T, ®) RE=w
23 0=0
B0 %5 JK =1 20
1SuBRT( Ju ¥=h
45 COMT I MUE

30 f=fo §
C ovs TRUNCATES REMRINDER cwe :

ISUBAT( M)=18T( RBS{ PERRC | )-PEAK( I +.0000001 D)

JSUBRT=JSUBRT( M)

IF (CISUBRT.GE.20). AND.{ JSUBRT . LE.3019)) CALL BARUWN, JSUBRY )

COMT I BUE

PRINT 192, ([SUBRT{IN), [8=],20)
182 FORBAT( 108, 2616
a9 COmT I NUE
PRINT §a3
ag 193 FORMATC 1,7
39 COMTINUE
RETURM SEXD

15

35 a3

SYFBOLIC REFERENCE MAP (R=1)

EMTRY POINYS
3 PRIWTER
VeR] ABLES S0 TYPE RELOCATION
¢ & BEAL FRR &Y GRAPW 130 1 INTEGER
137 iwe INTEGER 0 ISUBRY IMTEGER ARR QY
i3t 3 INTEGER 13% Jx IMTEGER
136 Jsuemr IMTEGER 133 IMTEGER

27 JBN 79 20.40.07

Easy

BKY PAGE
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SUBRDUTINE PRINTER

YORTABLES SN TYPE
139 KK IMTEGER
G we INTEGER
127 R INTEGER
FILE NAMES FOBE
QuUTeYT Fmy
EXTERESLS TYeE
BaR

EWNLINE FUNCTIONS  TVPE
ags REAL

STATEMENT LABELS
g 2%

¢ 93
817 1a2 FHY

LOBPS Lg@@k MOER

17 3 ®

(2]
A ]
2
(=]
8

i
{
[
#®
J&
4

éz L3 @
ComeDy BLOCES LERGTH
GRAPH 1650

PICKER 200
Easy 20

STATISvYICsS
PROGRA® LEMETH

SCH LABELED COMPDN LENGTH

T600-F600 OPT=1
RELOCATION

F.e.
SURDEF
#RES
2
g FNTRIN
]
0
B2%
FRO®-TO LENGTH
10 &1 638
i6 19 28
22 38 438
26 28 28
29 35 208
1968 1¢2

35168 1870

32 W
g PEAK

¢ W

39
45

£43 FET

PROPERTIES
insTack
IRSTACK

EXT REFS
E¥T REFS
EXT REFS

FYR 4.6+452/034

IMVEGER
REAL BRRAY
IRTEGER

PICKER
F.p.

IRTEGER b INTRIN

HOT T MNER
HMOT 1HNER

FEv

27 Jam 79 29.90.07 SwY PAGE
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D. Listing of Data

1. Cross Sections from 190-172 nm for Eleven Temperatures



WAVE NUMDER WEVELERGTH CROSS SECTION ¥ E19 Cm-2 , TEMPERATURE DEG. %
. 47,

Crey [l i51. 1g2. 196, 223 268, 30%. 333. 3fz. 423. 485 .
A ED 190.00 LRpul L9010 AN L9540 1.0500  1.0925 §.1706 1.2475 1.3%500 1.5253 1.6200
B2E19. 183,98 L8657 .20z L9108 -9543  1.051F  :.095¢ 1.1750 1.2500 1.3550 1.5280 1.6263
5224, 189.9¢ L8634 Lggay L9112 -9545  1.0%31 t.1039 1.183% 1.2%561 1.3789 1.5308 1.6318
82630, 18%. 9% LBeug L9065 L9530 -9565  1.054¢  1.1062 1.1859 §.2598 1.3829 1.5348 1.8373
52635, 189 9z LBe5Y . 9082 L9144 L9585 1.0561  1.1090¢ 1.18689 §.2e%f 1.3861 1.5382 1.6925
5264y, 189.9¢ L8eT3 .9095 L9157 L9600 1.059%92 p.1iiR 1.1918 1.2682 1.389& 1.Sui9 i.64F2
G268 189,88 L8&T7 L3109 L9169 L9620 1.0612  1.1138 1.19%2 1.2718 1.3926 1.54%5% 1.8510
52652 189,88 LBETY L9121 L9182 L9643 1.0632  1.11853  1.19%6 1.2750 1.395C 1.5487 §.&5%0
GPE5R. 189. 8y LB69L .913% L9193 L9663 1.065%2  1.1168 1.1975 1.276% 1.397% 1.5513 1.65567
SEEET. [ R LBTOT AL L9198 L9682 1.06683 1.1191  1.19%94% 1.2786 1.3987 1.35%53% [.6587
S2e89. 189,80 L8T1G L9158 L9209 L9T00 1.0693  1.1209 1.1999 1.2798 1.4001 1.5542 1.6589
Se6TH 1&g, 7@ Q727 L9185 L9223 L9712 1.0688 1.121% 1.200% 1.2803 1.%009 1.5532 1.658«
52680, 189,78 L8738 L2117 L9232 LGTET O 1.0688 1.1219 1.2012 1.280% 1.4009 1.5508 1.6%5&7
524685, 189 Ty LBT48 .ores .9238 L9F2E 1.0688 1.1226 1.2018 1.2809 1.4001 1.549@7 1.65%3
B2E9Y. 189,72 L8759 L9191 L9245 L9721 1.0688  1.1232  1.2015  1.2803  1.3993 1.5469 1.8521
52696, 189.7¢ LBTH L9197 L9261 L9731 1,678 1.922% 1.2010 1.2800 1.3979 1.S5u61 1.4u9¢
52102 Y. 8 LBTTE L9267 L5277 L9753 1.072& 1.1226 1.2610 §.2808 1.3966 1.544@ 1.6u872
52707 189.66 L2786 .9211 L9281 L9769 1.0749  1.1237  1.2G15  1.2812  1.39%5@ §.543%  }.44%5
52713. 189, 6u L8800 L9223 L9295 L9785 1.0738 1.1247 §.202%1 1.2803 1.3961 1.5424 1.£430
52719, 189,62 L8802 L9235 .930% L9T90 10743 101297 12021 1.279%  1.3966 1.5419 1.6uuy
527124, 189.60 L8800 L92%% L9308 S$793  1.0738  1.12%2 1.2018 1.2793 1.398& (.54l 1.644%
52730 189.58 .8802 .g2ué L9315 -9807  1.07%3  1.1239  1.202%  1.2795 1.3964 1.5416  1.5%4%
52735. 189.5¢ -BEO% .§248 .8320 L9815 1.0749  §. 1292 1.2026 1.2803 1.396& 1.5406 1.6%eR
5274 . 189.5y .BBOw L9253 L9322 L9815 1.07%4 1.1249 1.2026 1.281 1.3966 1.5395 1.6417
52746 . 189.52 LBELE L9260 L9331 L9815 1.075%  t.1262 1.2029 1.2815 1.39&3 1.%392 1.64il
52752. 189.50 -8834 L9267 .9338 L8R 1.0PF9 11270 1.203% 1.2R17  1.3966 1.5398 1.6%17
52758, 189, ug 8852 L9281 L8342 L9813 10789 51282 1.204%2 1.28249 1.3977 1.5400 1.6420
52763. 189.46 L8873 -%30% .93%6 L9815 1.079%  1.1297 1.705@& 1.2844  }.3977 }.Su08 1.pu2S
52769. 189, uy .8868 L3327 L9374 L9826 10814 1.1312 1.2080 1.28%9 1.398% 1.5419 1.6930
LY RN 189 w2 L8911 L9348 L9389 S9Rsl 10835 1.1335 1.2096 1.2B8%3 1.3998 1.5%32 1.643¢
ST, 189, «d 8932 L9364 L9uBT L9858  1.083% 1.1398 1.2109 1.2870 t.afiw  §1.5432 1.pu3é
52785, 189,38 L8950 L9383 L9430 L9882 1.0870  1.1363 1.2826 1.2887 1.4022 1.5429 1.6%33
52791 . 189.36 L8968 L9394 .3us3 S9905  1.0880 1.1376 1.21%2 1.289% 1.4020 1.542% §.6%30
52797. 189, 34 L8979 .40y .F4L L9922 1.089% 1.1386 1.21%2 1.2902 1.401% 1.S%2%1 1.6%17
52802 . 169,32 L8991 .Fuly L9973 29937 1.0905  1.1391  £.2138  §.2910 1.%019  1.5%21  1.&403
SPR0R . 189,30 L9000 L9425 .9ug2 L9949 1.0911 1.1398 1.2163 1.2956 1.w022 1.54911 1.6392
52813, tpe . 2e L9002 -9434 L9593 S996¢ 10911 1.1%01  1.21863  1.291% 1.4020 1.54%00 1.&38%
52819, 189.26 LE997 .9ulé L9502 L9967 1.0980 1.1396 1.2161 1.2899 1.4009 1.5392 1.6359
52824 189,249 .9000 LGuy] L9504 L9970 1.0900 1.1389 1.2155 1.28%9 1.4009 1.S387 1.63u¢
S52830. 18922 L8013 7 .9yug L8511 L9976 1.09%)  1.1389 1.2152 1.2€92 1.9006 1.5382 1.6332
52836 189,20 .9022 L9452 L9518 L8977 1.0916  1.13%9%  §.295% 1.2@85 1.3998 1.5366 1.4313
S2dut. 89 18 L9022 L9462 L9525 S9971 1.0918 1.1401  1.2150 1.2877 1.3985 1.53°0 1.4299
SPauT. 189,16 L9023 . 9%k L9527 .9973  1.0931 L1917 1.2342 1.2877 1.3985 1.5340 1.6294
52857 . 189 14 .9050 .987) L9534 .$977  1.0936 1.1%32 1.21%7 1.2887 1.3987 1.5340 1.6291
52858, 189.12 L9068 .Guay L9540 -9987  1.094¢ 1.1%39 1.21%% 1.2092 1.3990 1.5345 {.¢288
S2R6%. 189,10 .9082 L9506 -9540  1.0007 1.Q971 1.1%42 1.2169 1.2899 1.%006 1.535& 1.6285
52RE9. 189,08 L8097 L9524 -9589  1.0017 1.0991 1.19%0 1.2193 1.2911 §.%022 1.5371 1.6299
520875, 189 . 06& L9111 . 9545 L9570 1.0030 1.1012 1.3967  1.221% 1.2933 1.4036 1.5377 1.6318
57880, 189 .04 -9131 L9566 L9592 1.0050 1.1012 1.1485 1.222& 1.2957 1.%04% 1.5377 }.£33%
S528fE 1R9. 02 L9193 L9575 -9e08° 1.0063 1.1022 1.1505 1.22%1 1.2972 }.%063 1.5390 1.6343
52897 1#9.00 L9156 .9sar S9622 10068 1.1062 1.1526 1.2260 1.2981 1.9065 1.540& 1. £346
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WAVERUMBER WAVELENGTH CROSS SECTIONM X E19 Cm-2 , TEMPERATURE DEG. X
247, 268.

-1 N 15%. ie2. 196. 223. 301. 333. 372. 4z3. 485 .
52892. 189 00 L9156 L9587 L9622 1.0068 1.1062 1.1526 1.2260 1.2981 1.9065 1.5406 ).634é
52897, 188,98 L9177 L9608 L9635 1.0076 1.1062 1.1538 1.2290 1.2991 1.%073 1.5413 1.6354
52903. (e, 96 .9260 .9624 S9649  1.0091 1.1078 1.1548 1.2306 1.3003 1.%092 1.5416 1.6367
52908, 1ae.94 L9213 .9638 .9658 1.0119 1.1083 1.1561 1.2311 1.3017 1.4lia }.5429 1.6376
52914, 188.92 .922% L9649 L9682 1.0152 1.1093 1.157% 1.2317 1.3029 1.49119 1.S%42 1.6381
52920. 188.90 L9236 L9668 L9707 1.0E70 1.1123  1.1591 1.2325 1.3039 1.4122 1.5%55 1.6392
52925 . 188.88 .9252 L9684 L9721 1.0076 1.1128 1.1607 1.2338 1.3056 1.4138 1.5471 1.6%03
52931. 188. 86 L9266 L9693 L9732 1.0187 1.1138 t.0él% 1.23%5% 1.3073 1.%154% §.5482 1.641%4
52936 . gg. aa .9284 L9696 L9748E 1.0203  b.1143 1.1619 9.2373 1.3087 1.416% 1.5492 1.64920
5¢9u2. ieg. gz .9293 L9707 -9757  1.021% 1.1379 1.1640 1.2389 1.3099 1.%181 1.5519 1.6430
52948, 18g. 80 L9302 L9719 L9770 1.022% 1.118% 1.1662 1.24906 1.31i% ].%202 1.5540 1.6452
52953 . 1eg. 78 L9302 .8733 L9786 1.0237 1.1209 1.1678 }.2422 1.3136 1.4224% 1.5555 1.6488
52959. 18R.76 L9311 974y L9797 1.02%1 1.1214 §.1688 1.2430 1.3157 1.4237 1.%5574 }.6&51%5
529649, 188.74 L9331 L9761 L9813 1.0263 1.1229 §.1700 1.2%%9 1.3177 1.4256 1.5595 1.6532
52970 188.72 L9350 L9781 L9827 1.0273  1.1245 1.17iR 1.2467 1.3198 1.4288 1.5613 1.6545
52976 188.70 L9363 . 9800 L9836 1.028% 1.1270 .74l 1.2486 1.3220 1.4310 1.5631 1.6565
52981 . 188.68 L9372 .9812 L9838 1.0299 1.1280 1.1771 1.2500 1.324% 1.%4339 1.5647 1.6589
52987 188. ¢ .9381 L9814y .9843  1.0318 1.1290 1.179% 1.2511 1.3263 1.4366 1.5671 1.66]11
52992 . 188,69 .9390 L9819 .9854  §.0334 1.1315 1.1802 1.2516 1.3273 1.4377 1.5679 1.6633
52998, 1eg. 62 L9406 .9826 -9872  1.0347 1.1310 1.1799 1.2519 1.3268& }.4371 1.5673 1.6630
53004, 1ee. 690 L9422 .98uy L9885 1.0360 1.1320 1.1797 1.2532 1.3266 1.4371 1.5676 1.662%
53009. ° 1eg. 58 L9431 .%858 -989%  1.0366 1.1331 1.1817 1.25%6 1.3278 1.4382 1.%5684 1.6628
$3015. 188.5¢6 L9436 L9870 -9908 1.0370 1.1351 1.i850 1.2564 1.3302 1.4401 1.5705 1.6652
53021 188.54 L9450 .9881 -9926  1.0378 1.1361 1.1870 1.2583 1.3326 1.4433 1.5750 1.6682
5302¢&. 1gg.s52 L8463 .9902 .9944  1.0390 1.1396 1.1863 1.261% 1.3358 }.4%73 1.5802 1.672¢
$3032. 188.50 L9877 L9921 L9960 1.0408 1.1%92 1.1903 1.2648 1.3396 1.4508 1.5841 1.6773
53037. 88, 4@ L9488 .9939 S9971 1.0%28 1.19%2 1.19349 [.2685 1.3432 1.4546 1.5876 1.6819
53043. 188, 6 L9495 L9953 .9989  1.0451 1.1452 1.1972 1.2720 1.3466 1.4597 1.5923 1.6866
53049, 188, ay L9513 L9972 1.0012 1.0%B0 1.1477 1.2007 §.2753 1.3507 1.4s48 1.5973 1.492¢
53054, 188. 42 .9%529 -9983  1,0023 1.0%503 1.1513 1.2030 1.2790 1.3551 1.969% 1.6025 1.6978
53060. 188, 40 L9543 .9997 1.0036 1.0%516 1.1533 1.2050 1.283% 1.3592 1.473} 1.6073 1.702%
53064, 188.38 -9552  1.0011 1.0057 1.0525 1.1563 1.2083 1.2069 1.3¢25 1.4763 [.6112 1.7060
53071. 188,36 29561 1.0025 1.0070 1.0540 1.1604 1.2114 1.2909 1.3669 1.%806 1.6159 1.7101
53077. 188,34 L9575 1.0041 1.008% 1.0560 1.162% 1.2139 1.2939 1.3710 1.4852 1.6212 1.7jue
53083, 188.32 -9595  1.0055 1.0104 1.0587 1.1639 1.2159 1.2955 1.3739 1.%881 1.6251 1.7i84
53088, 182.30 -9606  1.00749  1.Q127 1.Q67 (.1649 1.217% 1.2963 1.3756 1.4B892 1.6275 1.7192

s 5309% . 1gR._2@ 29615 1.0092 1.0140 1.063% 1.1670 1.2185 1.297% 1.3763 1.4906 1.6283 1.7194
$3099. 1eQ 26 -9622  1.0109 1.01368 1.0642 1.1690 1.2202 1.2982 1.3768 1.4914 1.6280 1.71i9%
53105. rae. 2y 9643 1.0108 1.00%2 1.0666 1.1705 1.2215 1.2990 1.3772 1.4919 1.6272 1.7194
53801, 188.22 L9659 1.001315 1.0158 1.0691 1.1695 1.2225 1.299%5 1.3777 1.4929 1.6272 1.7194
§3116. 188.20 -9670  1.0122 1.0181 1.0705 1.1700 1.2228 1.2990 1.3782 1.4932 1.6277 1.7iR9
53122. jee. 18 S9679  1.0134 1.0196 1.0712 1.01710 1.2233 1.2990 1.3789 1.4930 1.6280 1.718é
53128, 188.16 © L9686 1.00145 1.0208 1.0713 1.1720 1.2238 1.3000 1.3797 1.%932 1.6277 1.7197
53133. 188.14 9695 1.015% 1.0226 1.0708 1.1730 1.2251 1.3003 1.3806 1.4935 1.6280 1.7211°
53139, 188.12 L9709 1.00169 1.0235 1.0718 1.1725 1.2258 1.3001% }.3R1% 1.499% 1.6290 1.7216
S3fus. 188.10 L9731 1.0185 1.0233 1.0736 §.175F 1.2261 1.3025 1.3826 1.%951 1.6304 1.7216
53150. reg.ge L97aT  1.0206 §.0239 1.0752 1.17501 1.2268 1.30%1 1.3835 1.%949 1.6314 1.7211
53156. 1ag. g6 S9756  1.0222 1.024%8 1.0769 1.1761 1.227& 1.3060 1.3R40 1.4951 1.6319 1.72t¢
53162, 1ag. 04 -9763  1.0231 1.0260 1.0776¢ 1.1776 1.2291 1.3073 1.3850 1.496%5 §.6319 1.721é
53167, rea. 92 S9770 1.0240 1.06271 1.0770 1.1796 1.2299 1.3087 1.38%59 1.4983 1.6319 1.7222
53173, i8R, 00 -978% - 1.02495 1.028% ). 0Té% - }.180& 1.2309 1.3095 1.3@69 1.49949 1.6322 1.7233

A



WEYERURBER WEVELENGTH CRUSS SECTION ¥ €19 CM-2 | TEMPERATURE DEG. ¥
. 47.

(4L N 151. 182, 19¢6. 223 268. 301%. 333. re. 423. 485.
53173 ig8.00 -9781 1.0z4%  1.078% 1.0764 1.1806 1.2309 1.3095 1.3869 1.499% 1.6322 1.7233
53179, 187.98 -9793 1.02%2 1.030F 1.0774% }.§827 1.2329 1.309% .3876 1.5005 1.6330 1.7244
53184, 187.9¢ 9806 1.0262 1.0309 1.0789 1.1816 1.23u4 1.3103 1.3886 1.5018 §.6380 1.724}
$3190. 187, 94 -9618  1.0277  1.031) 1.0804 1.182Z 1.2357 1.311% 1.3898 1.%502% 1.63%6 1.7230
53196, 187.92 -9827  1.028% 1.0318 3.0817 1.1837 1.2367 1.3116 1.3908 1.5013 }.&3m@ 1.7227
53201 . §187.90 -9633 0 1.029%  1.0332 1.0828 1.18%2 1.2370 1.3122 1.3912 1.5000 1.6346 1.7230
53207 187.88 -9838  1.0298 1.03%3 1.06%1 1.18&7 §.2375 1.312% (.3915 1.4997 §.6343 §.7233
53283 187.86 .985%  1.0301 1.0357 1.0850 1.1882 1.23F7 1.3127 1.3915 1.5002 1.633% 1.7222
53218, §R87.8% -986%  1.0315  1.0368 1.0862 1.1877 1.237% 1.312% }.3903 1.5008 1.6325 1.7200
53224, 167.82 -9872  £.6331  1.0377 1.08TS  1.1677 1.2367 1.312% §.3895 1.5005 1.6309 1.7i73
53230. 187.80 -9877  1.03%0 1.0379 1.0675 1.1887 §.2370 1.312% }.3893 (.9989 1.6293 1.7148
53235. 187.78 -9€¥T 1.0342  1.0386 1.0875 1.1867 1.2377 1.3130 1.3886 1.49978 1.6290 1.7131
53241 . i87.7¢ -987%  1.0340 1.0393 1.0877 1.1877 1.237F 1.313% 1.38@1 1.49975 1.6288 1.711%
53247. 187. 7% L9874 10321 1.038% 1.CRFS 1.1872 1.2380 1.3135 1.3891 1.8973 1.6267 1.7093
532%52. 187.72 -9877  1.0328 1.0388 1.0881 1.1877 1.2380 1.3130 1.338% 1.9959 {.6241 1.7060
53258, 187,70 -9888  1.03%2 1.0397 1.0BYY 1.1877 1.2387 1.3130 1.3879 1.%951 §.6220 {.7044
53264, 187 g8 L990%  1.0359  1.0397 1.0898 1.1882 §.2390 1.3132 1.386% 1.4957 1.6212 1.70%}
53269, 187 .68 S9918  1.0361  1.039T7 1.0931 1.1897 1.2392 1.3132 1.38T9 1.4995% 1.6212 1.703¢
53275, 187,64 -9%31 1.0368 1.0406 1.0919 1.1908 1.2398 1.3132 0.3879 1.4935 1.620% 1.7011
53261, 187 62 9949 1.038%  1.04917 1.0917 1.1933 1.2903 1.3143 1.3871 1.%92Z 1.6191 1.6986
53286, $187.60 29963 1.0%03 1.0431  1.0918 1.1953 1.2%913 1.3149 3.387%1 1.4927 1.6178 1.4973
53292. 87 58 L9981 1.0821 1.04%2  1.0921 1.19%8 1.2%2% 1.3159 1.3881 1.%938 1.6178 1.697S
5329¢. 187 .56 S99%9  1.0437  1.0462 1.0929 1.1968 1.2%43 }§.3175 1.3898 1.4931 1.6188 1.6989
53303. 187.5% 1.0015  1.04%56 '§.0483 1.0930 1.1978 1.2458 1.3200 1.3917 1.4962 1.6201 1.7000
53309. 187.82 B.002% 1.0%65 §.6499% 1.09%2 1.1989 £.2471 1.3216 1.3927 1.4970 1.6212 1.7003
53315. 187.590 1.0033  1.0470 1.0301 1.096% 1.199% 1.2479 1.3216 1.3927 1.4978 1.6217 i.700@
$3320. a7, ug 1.0036 1.087% .05 P.I0GY §.199%  t.247) 1.3210 1.3929 1.498b 1.6237 1.7011
53326. 187 ug 1.6633 1.047% 1.0517 1.1016 1.199% 1.247% 1.3213 1.3934 1.5000 1.6222 §.7011Q
$3332. 187wy §.0031  1.0u8%  1.0%: P.E0LT  1.2009 1.299% 1.3229 1.39%1 1.5008 1.6222 1.7008
53337. 187,42 1.0033  1.0281 1.0526 1.1016 1.200% 1.2507 1.323% 1.3951 1.5010 1.422% 1.7003
53343, 187, 40 1.0038 1.0488 §.0537 1.1019 1.2009 1.2587 1.3240 1.3958 1.5016 1.6235 1.70%%
$3349. 187.38 1.0056 1.0505 1.0%%% 1.1018 1.2029 1.2529 1.32%5% 1.396! 1.5021 1.62%1 1.7022
53355. 187 .36 1.0077 £.03530 1.0550 1.1015 1.204%4 [.25%2 1.326% 1.3970 1.5032 1.62%54% 1.7022
53360. 187,34 £.6095  1.0553 1.0%555 1.102% 1.2059 1.2567 1.327%5 1.399% 1.5045 1.6269 i.7019
53365, 187,32 1.0113  1.0576 1.0S64% 1.1033 1.2075 1.2593 1.3291 1.80%% 1.505& 1.6277 1.7022
$3372. 187.30 1.0138 1.0588 1.0S82 1.1037 1.2095 1.2608 1.3307 1.4028 1.50469 1.627%5 1.7036
53377, &7, 28 [.0158 1.0593 1.0609 1.1061 1.2105 1.2621 1.332% 1.%D38 1.5083 1.6272 1.7636
53383. §87.2¢ £.0165 1.0600 1.0632 1.1095 1.2185 1.2626 1§.3326 1.%050 1.5091 1.6269 1.7022
53289, 187 24 §.0070 1.0609 1.0650 1.1169 1.2145 1.2623 §.3329 1.406% 1.509%1 1.6272 1.7008
5339, 1@v7.22 0172 1.0620 1.0663 1.1107 1.2356 1.2628 1.3339 1.4067 1.5096 1.6269 1.6997
53400, 187,20 1.0079 1.0632 1.067% }.1122 1.2156 1.263% 1.3337 1.%055 1.5102 1.626% 1.69%2
53%0¢. 187 8 L.0195 1.06%F 1.0688. 1.11%% §.2190 1.2626 1.33492 1.4095 1.5102 1.626% 1.6935
53412, 187 . {¢é 1.0206 1.0686 1.0692 1.1160 1.2145 1.2626 1.3388 1.40%% 1.5102 1.6269 1.6997
53017, 187 14 1.0218  1.06%9€ §.0699 1.115% 1.2076 1.2638 1.3356 1.4052 1.510% 1.6272 1.7006
53023 . 1R7 12 £.0229 1.0655 1.0713 §1.1157 1.2180 1.2659 1.3367 1.9062 1.S110 1.6275 1. 7014
53429, te7. 10 1.6240 1.0671 1.0717 1.1172 1.2i81 1.2674 §.3377 §.4062 1.5120 1.8277 1.7019
5343%, 8. o8 1.02%9 1.0e®8 1.0722 §.1196 1.219%F 1.2692 1.338% §.4076 1.5126& 1.6277 1.7022
534u0. 18706 P.6261  1.670% 1.0731 1.1208 1.2196 1.2702 1.33%9 1.4086 §.513%4 . &283 1. 7025
SIuag, 187,04 §.0272 1.0720 1.0735 1.1209 1.2221 1.2712 1.3%0% 1.4091 1.5192 1.6298 1.70w4
53u52, a8y, g2 1.0277  1.0725 1.0735 1.1208 1.2242 1.2719 1.3%12 1.%093 1.5150 1.£319 1.70&é
LALLM 187.00 1.O2&1  1.0727 1.074% 1. 1219 1.2257 1.2722 1.3426 1.4108 1.S5i61 1.6332 1.7082
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WAYENURMBER WAYEL ENGTH CROSS SECTION X E19 Cm-2 , TEMPERATURE DEG. ¥ '
82z. 223. 247. 268. 301, 333.

CR-1 Hm i5t. i 196. 372. 423. 485.
53457 187.00 L.0281 1.0727 ©1.07%% 1.121% §.2257 1.2722 1.3426 1.4108 §.5161 1.6332 1.7082
53463, 186.98 1.0290 1.0732 1.0758 1.123% 3.2257 1.2719 §.3931 1.%12% 1.5169 1.6335 1.7093
53469 186.9¢% 1.0299 1.074% 1.077% 1.1258 1.2237 1.2737 1.3%37 1.%139 §.517% 1.6338 1.710%
5347y, 186.94 1.0313  1.0743 1.077% 1.1261 1.2257 1.2757 1.3494% 1[1.%139 1.%168 1.6398 1.7115
53480 . 186.92 1.0322 1.0753 1.077% 1.12%3 1.2267 1.2768 1.3466 1.4139 1.5198 1.636% 1.7126
5348é. 186.90 1.0332 1.0769 1.0770L 1.12%% 1.2287 1.2775 1.3485 {.415% 1.35209 1.6398 1{.7148
53892 . 186.88 1.0345  1.0778 1.0776 1.1242 1.2292 1.2783 1.3496 1.8171 1.5228 1.6%2% }.7173
53497 . 186.86 1.035% §.0780 1.0792 1.1260 1.2328 1.2793 1.3509 1.4192 1.5252 §.6437 1.7189
53503. 18684 1.0363 1.0785 1.0805 1.1290 1.2348 1.2813 1.3517 1.4209 1.5276 1.6%40 1.7203
53509. 186.82 1.0372  1.0797 1.0819 1.1308 £.23493 1.284%%9 1.352%5 1.%228 1.5290 1.6461 1.7219
53514, 186.80 1.0367 1.0806 1.083% 1.1327 1.2333 1.2659 1.3%5%49 11,4238 1.5314 1.6487 1.7249
53520. 186.78 1.0367 1.0810 1.08%6 1.1332 1.2338 1.2851 1.3568 1.4255 1.5341 1.6519 1.7285
53526 . i18e.7¢ 1.0372 1.081C 1.0850 1.1336 1.2358 §.2849 1.3585 1.4274 1{.53%59 [.6553 1.731%
53532. i86.74 1.0374 1.0815 1.0850 1.1339 1.2368 1.2899 1.3601 1.4301 1.5375 1.6579 1.73%0
53537. 186.72 1.0381 1.0827 1.0857 1.1350 1.2373 1.2877 1.3612Z 1.4315 §.5400 1.6598 1.7359
53543, 186.70 1.0390 1.084%5 1.0870 1.1360 1.2373 1.2917 1.3625 1.4327 1.54921 1.6616 1.7383
535%9 . i186.68 1.0406 1.0871 1.0877 1.1371 1.2393 1.2992 1.3649 1.4349 1.54948 1.58650 1.7%19
53555 . i8e. 66 1.04920 1.0894 1.0886 1.1386 1.24%1% 1.2960 1.3690 1.8390 1.54988 1.6695 1.74963
53560. 186.64 L.0%4S  1.0922 1.0907 1.1392 1.2459 1.2993 1.3733 1.44%3% 1.5545 1.8745 1.7509
53566 . 186.62 1.6476 1.0961 1.0925 1.1390 1.2510 1.30%% 1.3773 1.%4467 1.5598 1.6797 1.755%
531572, 186.60 E.0515  1.1007  §.0952 1.1%07 1.2550 1.3107 1.3816 1.4503 1.56%5%5 1.6842 1.7608 3
53578, 186.58 1.0551  1.1056 1.0985 1.1443 (.2576 1.3153 1.3870 1.455% 1.5708 1.6900 §.7683 o
53583, 136.5¢ 1.0597  1.108% 1.1022 1.1486 §.2626 1.3188 1.392¢ 1.4619 1.5759 1.6963 1.7715 o
53589, 186.5% 1.0629 1.1098 1.1055 1.15349 1.2682 1.3216 1.3967 1.9668 1.580% 1.7023 1.7761 ﬁ”.
53598 . 186.52 E.0654 1. 0814 1.1096 1.1583 1.2697 1.32%% 1.4002- 1.%709 1.S8u@ 1.7073 1.780%
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55629. 17%.70 P10l 11,2391 1.2473 1.2898 1.3765 1.4200 1.459% 1.5090 1.5733 1.6133 1.6274
55635, E79.68 L1896 1.2373 1.24%1 1.2847 -1.3750 1.416% 1.4546 1.%0%6 1.5700 1.6080 1.6247
55&41 . 179 66 E.1912  1.2333 1.2%28 1.2816 1.3679 1.4l3% }.45i3 1.5025 1.5640 1.6054 1.621%
55687, 17964 P.1908  1.2305 1.2%01 1.2789 1.365% 1.411% 1.44992 §.4969% 1.5625 1.6015 1.6179
5565%. 179.62 §.1883 1.2289 1.2390 1.2750 1.365% 1.4108 1.%3989 1.4916 1.5606 1.5970 1.613%
55660. 179,60 i.0865 1.2282 1.238% 1.2713 1.3633 1.4096 1.4473 ].4887 1.5580 1.5933 1.6099
SSE6E. 179.58 P 1867 1.2275  1.2370 1.27i1  1.38623 1.4076 1.54%3 1.4863 1.55%5 1.5912 1.6083
55672 . 179.5¢% 1.1863  1.2266 1.236%5 1.2711 1.3618 1.%073 1.4%19 1.%851 1.5531 1.5902 1.46069
55678, 179.5% 1.1890 1.2259 1.23%58 1.26F72 1.3649 1.4085 §.%306 1.4851 1.5537 1.5899 1.6066
55685, 179.52 1.1883  1.2257 1.2338 1.2619 1.3674% 1. u0u8 }.e4ié 1.4829 1.5545 1.5891 1.6069
55691, 179.5¢ 1.1880 1.2273 1.2329 1.2587 1.3633 1.402% 1.4%25 1.4795 1.5537 1.5876 1.6058
SS5EGF. 179,48 §.18€0 1.2298 1.2390 1.259% 1.3608 1.4012 1.4%19 1.4781 1.5520 1.5852 1.6055
55703. 179. 96 f.I878  1.2301 1.23%%5 1.2639 1.3613 1.%010 1.44i1 1.¢788 1.5507 1.5831 |.606%
55739, 179, 8y E.R@FE 1.2271 1.23%0 1.2686 1.3628 1.4022 1.4406 1.4795 1.5%99 1.5823 1.6055
55716, 179,42 1.5865 1.2297 1.2329 1.2692 1.3649 1.4027 1.4906 1.479% 1.5499 1.5813 1.6094
55722 179. 50 1.1858 1.2250 1.2315 1.2665 1.3633 1.%020 1.%408 1.4774 1.5507 1.5805 1.6039
S5728. 179,38 B.1862 1.2250 1.2313 1.2647 1.3583 1.%035 1.%390 1.4752 1.5488 1.S79F 1.6022
55734, 179,38 T.1eg0  1.225% 1.2322 1.2624 1.3568 §.4035 1.43%% }.4725 1.5475 1.578%F 9.6011
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333.

L4793
L4783
L4go7
. 4836
L4861
Luery
. 4B%q
L4918
L4930
L4945
L5974
L4971
. 4959
L4998
.5029
L5020
.5032
L5061
L5073
.5092
L5116
.5123
L5140
.5155%
L5145
L5111
L5046
. 4998
L4996y
LB9L
.4@s1
L4807
L4762
L4718
L9680
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Lus a2
. qugr
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- 49250
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372.

.5588
L5614
L5647
5678
L5698
L5727
L5754
L5773
5792
L5813
L5813
.5802
5824
.5@859
L5880
.5910
L5947
L5963
L5963
.598%
. 6001
.5996
L5969
.5934
L5894
.5840
5776
5722
.565%
.5593
.5537
L5478
L5416
L5362
L5316
.526%
.5209
L5163
L5115
L5077
L5053
.5026
.49981
L4924
. 4881
L4855
. 9@47
.4@s2
. 4@ay
. 48209
L4785
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423.

.5928
5960
L5975
.5994
L6022
L6075
L6101
L6120
Lé1ud
6162
LE1T0
L6196
L6235
L0264
L6288
L6308
L6325
L6335
L6396
L6361
L6359
L6335
L6304
L6272
L6248
6196
L6125
L6052
L5981
.5920
L5847
5768
.570%
L5545
.5587
5526
L5469
L5411
.5361
L5319
.5282
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L5146
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WAVENUMBER WAVELENGTH CROSS SECTION ¥ 19 Cm-2 |, TEMPERATURE DEG. X
ist. 223. 2uv. 268.

Cm-y L ez, 196. 301. 333. 372. 423. 485,
56160, S 1TE.00 81453 11893 1.19%5 1.2203 1.31312 §.3556 1.3765 1.4127 1.4785 ,.989% 1.5113
56166, 177.98 P.3%5) 11884  1.1998 1.22%7 1.3132 1.35S58 1.3757 1.4081 }.4774 1. 4RE3 1.5108
S€373. 177.9¢ B.146S  1.1877 1. 1991 1.2228 1.3183 1.3353 1.3738 1.40%9 1.4769 1. 4886 1.5111
56179, 177.94 1.1478  1.1860 1.1975  1.2221 1.3117 §.3%%6  1.3741 1.408% ). 47%2 . 483 1.5089
56185, 177.92 E.1a76  1.18%% . 8971 1.2196 1.3087 %.3%563 1.375% 3.u0F2 }.8723 }.4870 1.507%
56192, 177.39¢Q 11469 1.18%6  1.1980 1.2190 1.3132 §1.35%51 1.3762 1.4052 }.4747 ], 4873 1.5089
56198, 177.88 L.1476  1.1853  1.1980 1.2193 1.3122 1.35%6 1.376% 1.4067 1.477% 1§, 4875 1.5097
S¢204. 177.86 P.1999 1.1872 1.1962 1.2211 1.3107 §.3566 1.3746 1.406% {.4779 [.4867 1.5130
56211, 177.849 1.1506  1.1872 1.19%1 1.2237 1.3148 §.3569 1.3725 1.40493 1.4809 1.486%5 1.5189
56217 §177.62 11506 1.18%6 1.1948 1.2219 1.3122 1.3622 1.3738 1.4057 |.4ga% 1.%901 1§.5228
56223 . 177.80 £.1512 1.1872 1.1966 1.2177 1.3132 1.3645 1.3792 1.407% |.4868 §.495%1 1.5253
56230 177.78 £.1519 1.190C 1.1962 1.2169 1.3137 1.3665 1.3857 1.4110 1.%892 1.5007 1.5291
56236, 177.76 §.1%517  1.1967 1.1957 1.2206 1.31u8 §.3721 1.3883 1.41%51 (.49i% 1.S0%6 1.5327
Se2ug. 177.749 1.1508 1.1911 1.1975 §.221% 1.3198 1.3738 1.388%1 1.4178 1.%9%6 1.5096 1.5379
56249, 177.72 11503 1.1918 1.20062 1.22%52 1.3158 §.3708 1.3908 1.4212 1.4973 1.5138 1.5428
5625%. 177.70 1.1582  1.1916 §.2013 1.2265 1.3183 1.3683 1.3937 1.4226 1.4965 1.5177 1.543)
56241 . 177.¢8 £.1517  1.1916 1.2016 1.2222 1.3173 1.3678 1.3927 1.4212 1.4962 1.5193 1.5417
56268 177.66 £.1555  1.1918 1.2011 1.2219 1.3168 :.3670 1.3881 1.4204 1.498% 1.5169 1.54928
56274, §i77.6% E.ISET  1.1900 £.2002 1.2288 1.3168 1.3680 1.3827 1.4190 1.503% 1.5156 1.5%69
56280. 177.62 1.1528 1.1877 1.2000 1.2329 1.322% 1.3693 1.3803 1.419% 1.5077 1.5172 1.5543
56287 $T7.60 1.15249 1.1860 1.200% 1.2324 1.32%9 1U1.3683 §.38493 1.42%5 1.5139 1.5211 1.5639
56293. 177.58 1.1510  §.1870 0.1986 1.2317 1.325% §.37313 1.3913 1.42B86 1.5217 1.5280 1.5724
56299. 177.56 §.1499 1.1907 1.197% 1.2289 1.32%9 1.3779 1.3975 1.4318 1.5276 1.5350 1.579@
56306 177.59 i.0492 1.1930 1.1986 1.2263 §.3279 1.3819 1.403% 3.4376 1.5333 1.5405 1.5872
56312, 177.52 b.iaf% 9.1930 1.2000 1.2268 1.3289 1.3852 1.4102 1.4%%8 1.5381 1.5474 1.5938
56318. 177.50 LoEaS8  1.1925 1.2009% 1.2282 1.3330 1.3896 §.%153 1.4996 1.5437 1.5576 1.5987
56325 . 7748 b.1e62 1.1932 1.2018 1§.2292 3.3350 1.3921 (.%182 1.9537 1.5507 1.56686 1.6036
56338 177,456 Pois¥s  §.8937  (.203% 1.2299 1.3355 1.3939 1.%201 1.9590 1.5561 1.5718 1.6080
56337, i77.49 P.1eTe  1.19%9 1.20%2 1.2317 1.3365 1.396% 1.4233 1.5626 1.5588 1.5778 1.612%
ELERLE L77. 42 P.ragz 1.19%t  1.2072 §.2326 1.3385 1.3982 1.4268 1.%641 1.5598 1.5839 1.6151
56350. §77. 40 1. 1865 §.1998 1.2095 1.2319 1.338%5 1.3982 1.4287 §.46%6 1.5596 {.5855 {.&15%
56356. §177.38 f.raefs  1.1958 1.2086 1.233% 1.3380 1.3982 1.%277 1.%47S 1.5596 1.584% 1.613%
56363, E77.36 b.gas%  §.194F 9.2077 1.2379 1.3370 1.39%56 1.%29% §.9701 1.5582 1.5823 1.6116
56369, 177.34 E.pa4%9 1.1930 §.2083 1.2923 1.3380 1.3928 1.822% 1.4869% 1.5550 1.578% 1.6105
56375, i77.32 f.i9% 1.1930 1.2077 §.2927 1.3%06 1.3908 1.9215 1.49677 1.5515 1.5744 1.6080
56382. 177.30 T.1a%y  § 1916 1.2058 1.239% 1.3355 1.3886 1.%196 1.%94680 1.54975 §.5705 1.6017
56388, 177.28 1.1%28 1.191% 1.2097 §.237% 3.3310 1.3880 1.%185 1.9648 1.5435 1.5666 1.5962
56395 177.26 £ 1917 2.1918 1.2043 1.2385 1.3320 1.3875 (.%180 1.4610 1.5%18 1.5639 1.5935
56401 . 177.2% 1.1%59  1.1897 1.2038 19.2398 1.33%0 1.3883 1.4163 1.4610 1.5397 1.5621 1.590%
564G7 ., 177.22 E.1426 0.9879 1.20%0 1.2380 1.3289 1.3896 1.91%5 1.4590 1.S367 1.5603 1.586%
5681%, 1r7.20 £.1%917 31.1865 1.2025 1.2345 §.3289 1.3685 1.%1%2 1.%9%37 1.5338 1.5576 1.5833
56420 . 177,18 1.9399 1.1863 1.2009 1.2320 1.327% 1.3850 {.%i26 1.%503 1.5306 1.5553 1.5828
56926 i177.16 .139% 1.1865 1.1998  1.2308 1.328% 1.3825 1.4099 1.4496 1.5287 1.5529 1.5806
S6%33. 177.19 §.0401 1.1867 0.2009 1.2287 1.327% 1.3797 1.4088 1.4%72 1.5265 1.5505 1.5762
56439. 177,42 1.0410 1.1863 1.2009 1.2242 1.3259 1.3787 1.%085 }.44%91 1.5236 1.5%84 1.5713
6846 . 177.10 f.1€80 1 1879 §.2016 1.2218 1.3259 1.3809 1.4091 1.%919 1.5214 §.5%61 1.5688
56452 177.08 P.8399  1.188% 1.2022 1.2272 1.3218 1.3830 1.4077 1.8397 1.5193 1.54927 1.5669
56458, 177.06 £.0392 1.1863 1.2018 1.23%5 1.3218 9.3812 §.3053 1.4380 1.5179 §.5903 1.5642
SEUES . 177.08 P.8399  1.18490 §.2007 1.2366 1.3229 1.37%1 §1.4061 1.%386 1.5196 1.5382 1.5645
S6uTl. 177.62 L.1=06 1.1826 1.2000 1.23%52 1.3198 1.3700 1.4075 1.4368 §.5182 1.5335 1.5650
S6uTT ., 177.00 1.1906 1.181% $.2000 1.2350 1.3163 1.37%9 1.9058 1.4%359 1.513} 1.5308 1.5428

~€6L-



LIBYENU'MBER WAVELENGTH CROSS SECTION X €19 Cm-2 | TEMPERATURE DEG. X

£y i 51, 182. 196. 223 247. 268, 301. 333. 372. 423, 485
56477, 177.00 L1806 1.18ts  1.2000 1.2350 1.3163 1.3749 1.40%8 1.4359 1.5131 1.5308 1{.5628
Seufe, 176.92 1.1408 1.1819 1.1993 1.2392 1.3168 1.3789 1.4023 1.4339 1.5091 1.531& 1.5598
56490, 176.96 P.i42@  1.1212 11968 1.2391 1.3173 1.3789 1.3988 1.4339 }.5067 1.5303 1.5573

~ 56897, 76,94 11960 1.1802 1.19%4  1.2307 1.3163 1.37949 1.3962 1.4335 1.5060 §.5266 1.5543
56503 . 176.92 P.1e74 3 1819 11953 1.2256 1.3168 1.3779 1.3953 1.4313 1.5026 1.5227 1.549%4
56509 176.90 Po1RE9  1TR60 1.1971  1.22491 1.3188 1.3751 1.3951 1.49279 1.5005 1.5209 1.54)2
56516, 17¢.88 T.1ues  1.1886 1.1966 §.2210 1.3183 1.3718 1.3951 1.4255 1.4975 1.5190 1.5338
56522 . 176 .86 [.1%69 1.1882 1.196% 1.2206 1.3143 1.3620 1.3927 1.4245 1.4932 1.5140 1.5280
56529. 176.84 o149 1o1@81 1.1984  §.2237 1.3132 1.3675 1.3862 1.%224 1.4871 1.5059 1.5220
56535 . 17¢.82 Loias2 11870 1.1998 1.2255 1.3127 1.36%52 1.3800 1.4183 1.480% 1.4978 1.5157
56541 . 176.80 Polusy 1 1849 11991 1.2238 1.3107 1.3614% 1.3762 1.9342 1.4747 §.4917 1.5100
56548, 17¢.78 §.1426  1.189% 1.1989 1.2239 1.3107 1.3591 1.3722 1.4101 1.4699 1.4859 1.5050
56554, 176.7¢ b.ru0e  1.1@8%9 1.1993  1.2281 1.3092 1.3574 1.3679 1.49038 }1.4%669 1. 4778 1.4985
56560 17¢.74 1.1390 1.1830 1.1982 1.2308 1.3067 1.3%38 1.3638 1.3975 1.4637 1.4710 1.4913
56567, 17¢.72 11369 1.1807 1.1955 1.2302 §.2981 1.3515 §.3590 1.3941 1.4583 ].4644 1.4853
56573 176.70 P 1380 1.9782 9.199%F 1.2256 1.2950 1.3503 1.3539 1.3905 1.4522 1.4584 1.4793
56580, 176.68 §.9315  1.1761  1.1932 1.2193 1.2950 1.3455 1.3507 1.3862 1.4%81 {.4542 1.4738
56586, 176.66 1.1312 1.1733 1.190% 1.2142 1.2935 1.3916 1.34988 1.3814 1.4455 §.449%5 1. 4686
56593, 176.64 L.129u  1.1719 1.1899 1.2119 1.2905 1.3911 1.3479 1.374% 1.4%20 1. %447 1.4642
56599, 176.62 t.1265 1.16%91 1.1885 §.2155 1.283% 1.339% 1.3458 1.3690 1.9401 1.4408 1.%626
56605 176.60 b.1249 1.16%2 1.1849 1.2177 1.284% 1.3356 1.3437 [.3686 1.4377 1.4366 1.4590
56612. 176.58 11235 1.1636 1.1799 1.210% 1.2803 1.3313 1.3909 1.3662 1.433% 1.4319 1.4538
SC6IR. 176.56 1.1206 1.1626 1.176%1 1.2006 1..753 1.3272 1.3377 1.3616 1.4288 1.4269 1.4483
56625. 176.54 Bo1t7%  1.1608 1.1750 1.196% 1.2738 1.3252 1.3350 1.3565 1.4248 1.4221 1.4%48
56631 . 176.52 T.l1ia9  1.1585 1.174% 1.1936 1.2753 1.3231 1.3313 1.353% 1.4213 1.4187 1.4456
58637, 17¢.50 T.1128 1.15%% 1.1727 1.1893 1.2692 1.322% 1.3275 1.353% 1.%197 1.4179 .44962
56644, 176.48 1.1099 1.1510 1.1700 §.1905 1.2672 1.322% 1.3237 1.3522 1.%181 1.4179 }.4426
56650 . 176.496 1.1078 1.1471 1.5666 1.195% 1.2667 1.32049 1.3208 1.34990 1.%159 1.49166 1.4396
56657 176. 44 P.1074 11459 1.1637 1.1969 1.2631 1.3166 1.3192 1.3973 §.4%124 1.4132 1.4390
56663, 176.42 1.1058 1.1%%3 §.1614 3.1969 1.2662 1.3017 1.3157 1.3966 1.%092 1.9085 1.%385
56670. 176. 40 11026 1.1422 1.1578 1.19495 1.2667 1.3095 1.3130 1.3430 1.4073 1. 4048 1.4382
56676, 176.38 1.0999 1.1%2¢ §.1538 1.1873 1.2636 1.3067 1.3127 1.338% 1.u060 1.40%3 1. 4382
56682, 176.36 1.0999 1.1920 1.1526 1.1788 1.2596 1.3029 1.31i6 1.3370 1.%052 1.%068 1.493%9
56689, 176.34 11006  §.1400 1.1535 1.1740 1.259% 1.3019 1.3095 1.3370 §.%033 1.%093 1.431%
56695, 176.32 1.0999 1.1388 1.1533 1.1756 1.255% 1.3031 1.3068 1.3355 1.%003 1.%i11 1.%297
56702. 176.30 [.0965 1.1376 3.1524 1.1786 1.2550 1.3049) 1.3052 1.33493 1.4012 1.%082 1.4303
56708, 176.28 1.0956 1.1369 1.1522 1.180% §.2581 1.305%i 1.3060 1.33%5 1.%033 1.40%6 1.4333
56715. 176.26 1.0969 1.1378 1.8153% 1.177% 1.2576 1.3062 1.3065 1.3336 1.49025 1.4030 1.4353
56721. 176.29 £.0978 1.1383 1.1538 1.173% 1.26101 1.3064 1.3068 1.3329 1.4014 1.4027 1.4377
56727. 176.22 £.0974  1.§371 1.153%5 1.170% 1.259% 1.305% 1.30%52 1.3331 1.%017 1.4038 1.49390
56734, 176.20 1.0978 1.1355 1.1506 1.1708 1.2545 1.30%4% 1.3041 1.3345 [.4036 1.4061 1.4%09
56740 176.18 £.0990 1.1339 1.1475 1.1736 §.2576 1.3062 1.3060 1.3362 1.%065 1.4069 1.49%20
56747, 176.16 1.099% 1.1327 }.145¢ 1.31762 1.2581 1.3120 1.3079 1.3367 1.4076 1.40%0 1.%459
56753. 176.19 1.0985 1.1391 §.1%9493 1.17% 1.2571 1.3193 1.3081 1.3360 1.4073 1.49027 1.%9483
56760. 176.12 1.0974 1.31357 1.3%95 (.17i% 1.2550 1.3089 1.3089 1.3355 1.u07& 1.4090 1|.%486
56766. 176.10 £.0972 1.1350 1.14%¢ 1.§721 0.2586 1.3041 1.3108 1.3365 {.4103 1.4088 1.%u4Ré
S6772. 176.08 1.0976 1.1350 1.1%66 2.1791 1.262) 1.3079 1.3130 1.3367 1.%135 1.49148 1.451%
56779, 176.06 1.1008 - 1.136% 1.1493 1.1759 1.2631 1.3198 1.3199 §.3379 1. w4159 1.4187 1.4552
56785, 176.04% 1.1063 1.1376 1.1506 1.1800 1.2616 1.3201 1.3167 1.339% 1.4213 1.49198 1.4593
56792, i7¢.02 P.1074%  §.1383  1.1533 1.1823 1.2611 1.318) 1.3178 1.3432 1.%26% 1.4211 1.4563%
56798, 176.00 P.1063 1.1392 .1578 1.1762 1.2652 1.3140 1.3197 1.3478 1.4275 1.4242 {.4&7S

“yo6l-



WAYENUMBER WAVFLENGTR CROSS SECYION ¥ E19 CM-2 | TEMPERATURE DEG. K
151, 182.

Cm-1 N 19¢. 223. 247, 26R. 301. 333. 3rz. 423. UG
56798, 176.00 1.1063  1.1392 1.157& 1.1762 1.2652 1.3140 1.3197 1.347R 1.9275 1.u24p | u&7s
SERDS . 175.98 1056 1. 1uGs 31596 3662 1.2591 1.3158& 1.32%54% 1.3505 1.4272 1.4300 1.a7ie
SEa1Y. 175.9¢ ToI0E9 11418 hOISET 1662 1.2581 1.3206 1.3297 1.3517 1.4307 t.4363 1. @7sn
SRR, 175.99 L3103 1.5429  1.1526 11797 1.2631 1.3216 1.3280 1.3548 1.4379 1.4382 1.u477}
56824, 17%.92 Poii2e  B.14sT 11522 §.1846 1.2707 1.3221 1.3270 1.3582 }.u9436 {.436& . 4R09
G631, 175%.90 FLIE35  1oisTe 11556 1.1908 [.2717  1.3231  1.3310 1.3608& 1.4457 1.4382 1. uRSe
S&R3T. 175 g8 Poiize  p.3wre 31892 1.393%1 1.2788  1.3239 1.3345 §.3623 1.4483 1.%u34 . 489)
SeRuY, 175. 26 U122 9. 0887 30605 1.1937  1.2717  1.3254  1.3361 1.3630 1.%497 {.4u7é 1.4919
56850 §75 .84 t.igez  1.1503  1.9157@ 1.1960 1.2768 1.3285 §.3380 1.3630 1.%538 1.4495 | w957
56856 175,42 EoTi12e  §.9517 1.1S72 0 101957 1.2753  1.3330 1.3388  1.3645 §.455)] {.452¢ 1.4987
S68E3. 175 .80 .1126  1.1515  1.159G 1.1928 1.2778& 1.3358 }.3383 1.3681 1.4554 |.4589 1.5012
56869, 175. 78 L1110 3.1492  1.1603 1.1893 1.2788  1.3356 1.3396 §.3703 1.%586 1.49615 1.5045
SERTE, 175,76 P.1090  5.1455 1.1635 1.1857 1.283% 1.3368 1.3%18 1.3712 1.4629 1.4607 1.5086
56882 175.74 11072 11432 1.16%8 1.184%0 1.2733 1.3394 1.34%5 §.3729 }.w642 §.u621 1.S5127
SEER9. 175.72 10w 1. 1e29 [ 1612 1.1B44 1.2728 1.3386 1.3963 1.37m4 1. 4637 . 4628 1.5135
56895, 175.70 L1019 1.3e3u L3572 11820 1.2692  1.3338  1.3458 1.374Q 1.4629 i 4644 ].5122
56902 . 175.68 1.0985  1.1425 1.155% 1.1768 1.2692 1.3285 1.3439 1.3760 1.4605 1.969% 1.5108
56908 . 175.66 1.096%5 1.1%0% 1.1360 1.1770 1.2672 1.3262 1.3388 1.3783 1.45&7 1.4699 1.5083
56915. 175 .64 §.0958 1.1385 1.1567 1.1832 1.2647 1.3229 1.3329 1.3789 1.4527 1.4626 1.5028
56921 . 175.62 1.0929 1.1369 1.15%2 1.1920 1.2596 1.3178@ 1.3272 §.3753 1.4%65 1.4552 {.4957
56928, 175.60 §.0872 1.13%a 1.8506 1.1975 1.2566 1.3188 1.3251 1.3705 1.4385 1.4510 1.48ee
569349, i75.58 1.0824  1.1320 1.1484% 1.1938 1.2%545 §.3226 1.3240 1.3647 1.4310 . %460 {.4793
56941, 175.5& £.0815  §.1297 ©1.146) 1.1890 1.2560 1.3196 1.3205 1.3563 1.4248 1.%395 1. 4675
56947 . 175.54 1.082¢ §.1258 4.0%%) 1.1892 1.2560 1.3140 1.3140 1.34988 1.%19% 1.4316 1.4568
56954, 175.852 L.OBLT 1. 1242 1.1409 1.31875 1.2520 1.3100 1.3065 1.3925 1.%143 §.4235 1.4508
569¢0. 175.50 0781 1.12%2 §.137%  1.18%6 1.247% §.3057 1.30%% 1.3382 1.49089 1.%4135 ].4953
56967 . 175. 18 P.0740  §.120% 1.1348 §.1826 1.2919 1.3024 1.29%9 1.3360 1.4036 1.4059 1.4366
56973, 175 . %8 1.0715  1.9%14% 39398 1.1820 1.2%84% §.298) 1.2877 1.330% 1.3990 1.4019 1.u30Q
56980, £75.89 1.0692 1.1119 2.1328 1.1806 1.2919 1§.2955 1.2863 1.323T7 1.3956 1.3980 1.4303
SE986. 175.82 10683 1.1130 1.1292 0.171% 1.2338 1.2932 1.2879 1.3198 1.3896 1.3920 1.4292
56993. 178, 60 1.0690 1.1121 1.1288 §.3575 1.23%3 1.2877 1.2887 1.31S5 1.3810 1.3880 1.423%
56999. 175.38 L0687 1.1065 1.129% 1.1522 1.2338 1.2811 1.287% 1.312% 1.3775 1.3843 1.4186
57006. 175.36 §.0708 1.102) 9.1265 1.1592 1.2297 1.2783 1.281S 1.30690 1.3767 1.3788 1.4103
§7012. 175 .39 §.072% 1.9303 1.1215 1.1437 1.2312 1.2788 1.273%1 1.3039 1.3743 1.3725 1.404S
57019. §175.32 1.0722 §.1000 3.1186 1.1593 1.2282 1.2783 1.2680 1.306) 1.3727 1.3670 1.4002
5702%. 175.30 1.0674 1.0996 1.1166 1.1602 1.2272 1.2770 1.2685 1.2993 1.3705 1.3628 1.3977
§7032. 175.28 $.0617 1.1003 1.1136 1.1639 1.2226 1.2780 1.2699 1.296% 1.3638%8 1.3623 1.3936
57038, 175.26 1.6588 1.100% 1.111€ 9.1617 1.2166 §.2757 1.2707 1.2892 1.3536 1.3628 1.366%
57045, 175.24 1.0579 1.0998 §.1127 0.1577 1§.2109 §.2681 1.2702 1.2853 1.3%45 1.3570 §.3791
57053 . 17%.22 1.0581 1.0980 1.1155 1.155@8 1.206% 3.26%3 1.2677 1.2849) 0.3%10 §.3471 1.3733
ST058. 175.20 £.0572 1.0938 1.1166 1.1532 1.2075 1.2656 1.2632 1.279% §.3%02 1.3921 1.363%
STQ6Y. 175,18 1.6550 1.0880 1.1150 1.1996 1.205% §.2636 1.2572 1.2740 1.3381 §.338% }.365%
STOTY. 875.16 1.053%  1.0827 §.1107 1.18477 1.2004 1.2567 1.2529 1.2728 1.335% 1.3334 1.3615
STQTT. §75.19 1.0513 1.0808 1.1080 1.1%4%5 1.200% 1.2486 1.2%8% 1.2728 1.3321 1.3276 1.3569
570849, 175.42 £.0500 1.0836 1.1069 1.1448 1.2009 1.2%33 1.2422 1.2706 1.3281 1§.3192 1.3536
57090. 175.10 1.0500 1.0861 1.1053 1.1%492 1.1968 1.2418 1.238] 1.2660 1.3262 1.3142 1.3511
57097. 175 .08 1.0990 1.0873 1.1037 §.1373 1.1928 §.2430 1.2371 1.2605 1.32%9 §.3137 1.3489
57103, 175.06 1.0479 1.0878 1.1037 0.13%1 §.1913 1.299% 1.23%% §.2547 }.3211 1i.3108 1.34948
57110, 175.04% 1.0988 1.0861 1.0990 1.1390 1.1913 §.24%8 1.2311 1.2506 1.3163 1.3066 1.3399
57116 §75.02 1.0897 §.084F 1.0970 1.1%60 1.1903 1.2418 1.2279 1.2508 1.3128 1.3037 1.3388
57123. 175.00 b.0472 1.0852 1.095¢ 1.1%66 1.1872 1.2362 1.2252 1.2504 1.3107 1.3006 1.3349
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WAVENUMRER WEVELENGTH CRO5S SECTION x €19 Cm-2 |, TEMPERATURE DEG. X
S1.

M-t N i 182. t9¢&. 223. 247. 268, 300, 333. 372. uy. EEL
57123 175.00 L.0%72  1.08%2 1.09%56 1. 1466 1. 1872 1.2362 1.2252 1.250% 1.3107 1.300& 1.33&9
57129. 17u 38 L.Ou&2  § 0857 1.0934 1.1370 1.1897 1.2319 1.2252 1.2475 1.3088 1, 29é6 1.332%
STi36. 174,96 1.0%38  1.083% 1.0922 1.1272 1.1@42 1.2294 1.2257 1.2436 }.3061 1.2922 1.3311
57142, 17%. 34 1.0436  1.0808 1.090% 1.1199 1.18%2 1.2319 1.2222 1.24912 1.3034 {.2892 [.3320
57149, 174.92 L.g4%2  1.0790 1.0882 1.1145 1.1€82 1.2339 1.2182 1.24l4 1.309& 1.2885 1.3361
STI56. 174.9¢ F.04s6 1. 0771 1.0879 10157 1.1771F 1.229% 1.2169 1.291% ].3072 1.2869 1.340%
5Tiec. 1749 82 1.0840 1.0760 1.088% 1.1352 1.1761 1.2296 1.2174 1.23R6 1.3069 1.2861 1.3429
57169, 174 _R& §.0408 1.0755 1.0891 1.1139 1.16811 §.2321 1.2196 1.2368 1.3091 1.2882 1.3440
57175, 17% . @4 L.0386  1.0757 1.089%%1 1.1161 1.1827 1.2281 1.2198 1.2412 1.3136 1.2911 1.3426
ST1R2. 174 82 1.0342  1.0748 1.0875 }.1201 §.1770 1.2240 1.2182 1.2453 §.317%1 1.2935 1.339%¢
CTIAR. §1749.80 §.0322 1.0711  1.0859 1.1227 1.1806 1.2268 1.2171 1.2436 1.3182 1.296% 1.3413
RRRER 17u. 7@ 1.0338 1.0660 1.0830 1.1189 1.1781 1.22R9 .2147 1.2407 1.3203 1.3019 1.3%92
£7201. 174.76 1.03%5  §.0637 1.0810 1.1§39 1.1751 1.2294 1.2120 §.2419 §.32%4 1.3069 1.3583
ST208. 174,74 1.03492 1.0655 1.0803 1.1115 1.1832 1.230%F 1.2115 1.2463 1.32499 1.3095 1.3632
57214, 178,72 1.0331 1.0653 1.0801 {.1078 1.1806 1.2268 1.213% 1.2499 1.3257 1.3137 1.3651
57221. 174.70 £.0311  1.0627 1.0780 1.1030 1.1771 }.2212 1.2150 1.2%16 1.3297 .1.3184 1.3689
5722@. 174,68 1.0283 1.0625 1.0769 1.1001 1.1776 §.2192 1.23131 1.25%99 1.3396 1.3253 1.377%
57239, t7u.6¢6 1.0270 1.0639 1.0776 1.099% 1.1781 °.2200 1.2109 1.257% 1.3364 1.3323 1.3826
57291, 174,69 1.0261 1.0653 1.077% 1.1011 1.18%%1 1.2197 1.213% 1.2578 1.3356 1.3339 1.3813
57247, 17%.62 §.0245  1.0627 1.0774 1.1057 1.17%6 1.2210 1.2193 1.2%5&1 1.336% 1.3342 1.3810
57254, 178 60 1.0238 1.0590 1.079% 1.1118 1.3700 1.2273 1.2291 1.2532 1.3426 1.3355 1.3887
57260, 1749.58 1.0249 [.0588 1.0778 1.1161 §.178&6 1.2337 1.2287 1.2545 1.3504 1.3373 1.3971
ST267. 17%.56 1.0258 " 1.0618 1.0715 1.11%3 [.1801 1.2352 1.2371 1.2612 1.3560 1.3400 1.402}
57273. 174%.54 1.0265 1.064%1 1.0686 1.1096 1.1791 1.23%4 1.2%49 1.26B7 1.3620 1.3952 1.4056
57280. 175%.52 1.0281 1.06%8 1.0729 1.1088 1.1811 1.2357 1.2473 1.2730 1.3649 1.35497 1.4122
57287, 17%.50 1.0295 1.0662 1.0767 1.1088 1.1892 [.2372 1.2499%9% 1.2742 1.3665 1.3628 1.4210
57293. 174.48 1.0279 1.0639 1.077¢ 1.1016 1.1953 1.2377 1.2546 1.2757 §.3711 1.3681 1.4284
57300. 179. %6 1.0256 1.0627 1.0762 1.0932 1.1989 1.2390 1.2%5% 1.2805 1.3770 1.3709 1.4338
57306. 17%. 49 §.02497  1.063% 1.07%9 1.0961 1.1989 1.2%33 1.2575 1.2870 1.3791 1.3741 1.%382
57313. 174,42 1.0222 1.0632 1.07%6 1.1052 1.1953 1.2491 1.2637 1.2926 1§.3781 1.3791 1.4388
57319. 17%. 40 1.0204 1.0618 1.0785 §.1147 1.18492 1.2507 1.2688 1.2976 1.3765 1.38% 1.4363
57326. 17%.38 1.0217 1.0627 1.0798 1.1262 1.1897 1.250% 1.2710 1.3013 1.3767 1.3885 1.432%
57333. 174.36 b.025% 1.06353 1.0792 1.1303 1.2019 1.2512 §.2707 1.3029 1.3767 1.3917 .43
57339, 174.3% 1.027% 1.0683 1.0807 1.122%5 1.203% 1.2%83 1.269%1 1.3005 1.3762 1.3935 1.4316
57346 174.32 §.0272 1.0697 1.081% 1.3132 1.1973 1.2930 §.2677 1.2974 1.3732 1.3912 1.4308
57352. §7%.30 £.0267 1.0690 1.0810 1.8118 1.1933 1.2491 1.2648 1.296% '1.3695 1.3859 1.4292
57359 179,28 1.0261 1.0690 1.0832 1.1172 1.3973 1.2495¢ 1.2626 1.2955 1.3679 1.3822 1.4270
57365, 174.26 1.02499 1.0692 1.08%5 1§.1190 1.1948 1.2%4% 1.2618 1.29%3 1.3687 1.3772 1§.42i5
57372. 179.24% [.0242 1.0683 1.0859 £.113% 1.2019 1.25i7 1.2589 1.29%0 1.3660 1.3715 1.4163
57379, 174.22 §.0249 1.0662 01.0861 1.1107 1.198% §.2565 1.2556 1.2923 1.3617 1.3715 b.%152
57385, 174.20 1.0267 1.0637 1.0855 1.1153 1.1918 1.2453 1.2551 1.2875 1.3601 1.374¢6 1.9136
57392. pra.18 1.0292 1.061% 1.0837 1.1236 1.1999 1.2392 1.255%9 1.2863 1.3582 1.3733 1.4075
57398. 178,16 1.0306 1.0609 1.083% 1.1288 1.1897 1.2385 1.2567 1.2865 1.3560 1.3686 1.%010
5T805. 179. 1% F.0297 1.062% 1.0859 1.1310 1.1892 1.2367 1.2578 1.2836 1.3531 1§.3657 1.3958
5T4)2. i17%.92 £.0292 1.0639 1.0884% 1.1284 1.1903 1.2337 1.2572 1.282% 1.3507 1.3662 1.3930
57418, 174.30 [.0292 1.06496 1.0893 1.1279 1.1923 1.2278 1.2572 1.2836 1.3512 1.3662 1.3900
57425 . §7%.08 1.0290 1.0669 1.0877 1.13768 1.1852 1.2299 1.2562 1.284%6 1.3991 1.3633 1.3873
57437 . 174.06 1.0309 1.0720 1.085% 1.1931 1.1892 1.2309 1.2492 1.2836 1.3937 1.3562 1.3862
57438, 17%.09 1.0333 1.0743 1.0850 1.1597 1.1867 1.2223 1.2927 1.2827 1.339% 1.34963 1.3848
ST445 174.02 1.0342 §.6715 1.0848 1.1771 1.1806 1.2190 1.2938 1.2810 1§.3367 1.3379 1.37°77
5Tus ] . 17500 1.0338 1.0681 1.083% . 1.1736 1.1903 1.2212 1.2498% 1.276% 1.3348 [.3350 1.3673

=961~



WAVENUMBER

C- 1

AR

XL LR
S5Tusl,

sSTa7y .
57478,

STu8u .

57498 .

S5T497.
57504,
57511.
STSET.
57526,
575318
5V537.
57544,
57550,
57857,
575&4 .
57570.
57577
57584,
575%0.
57597.

57603.

57610.
57687,

S7623.

57630.
5T637.
57643,
57650.
ST657.

57663.
57670,
ST&TT.
57683,

57690.
B5T&97.

57703.
57730.
SPrL7.
ST723.
57730.
STT37.
EXRAER
$775¢.
ST757.
57763
STTT0.
57777
57783,

WAVELERGTH

Ll

§7a,
173,
173,
173,
i73.
173,
173
173.
173,
173.

o=y
=4
e

G N S g S N S S md g g g N D g Y g g g g T T N Y g g g o Sa Y g g wg d wd g
Lo Cd b ed S b b d Gond € U o £ (nd Comd ol o B G €nd D ) b Gl U Kb K L) € b 0 15 Ld b (0 0D L3 L Ld b

o5 020 eop o pwn G0 G35 D 0D GO G GO w@H ead T S AT B LGS0 tSR LS b G D (o G 60 ME3 erm g B GNP R0 M v 60 beo GRS

Ca3ss SECTION ¥ E19

5.

L0338
.03y
L0267
L0233
L0213
LTy
L0136
.ot22
L0108
QU522
L9986
L9927
L8893
L9931
L9929
L9924
@927
9922
L9913
L9868
.9827
.9820
.9818
L9819
L9831
.982+
.97%¢
97Ty
L9783
.@7ay
972
L9745
9748
L9784
L9793
L9784
.975%
.9706
L9659
L9658
L9706
L9763
L9781
L9777
.9788
. 9804
L9781
.$73y
L9724
.§74s
.9Tyy

gz,

LG6E]
LGeug
L0602

B D e 0 e mo PES D B0 G2 D G GU0 G5 s bGP G IR KD (b po SRS G G O N5 EUO 6N GoD (D meS WD B SND S0 563 (R0 63D LS (S ea GAS WS OE5 W pma D £R3 Fxs G

196.

LG83%
.0gaz
.0837
LQELS
. 0803
L0828
L0819
L0769
L0733
L0697
L0856
L0632
L0586
L0517
L0523
L0501
L0456
. 0835
. 0420
0393
L0359
Q343
.G359
L0390
.gags
L0381
L03ul
L0298
LG268
L0265
.0257
02486
L0273
L0300
L0269
L0221
Q298
. 0259
.0187
L0187
.01%6
.g237
.01%0
L0118
.0120
-017s
L0156
L0106
RARE
L0140
L0160

Cr-2
223

s 9 cun GxD D RS Bx0 Sl A S M0 5 XD G GuS GED S5 SO G KR G2 (RO SISO b WS kYD WO LU txI b 9 mmb fwD G (93 G Gt G S Gwh b G BED (0 D (3 SGB S50 nad wnd mEs

L1738
L1560
L1309
L1338
L1395
L1405
L1390
L1265
L1129
L1074
R kid
L1231
L1281
L1312
1364

o em g2 b Gma GmS SN Gen D (Y T DD KO £uO red OSU Pnd RN GEO (mD b OND el L GO BN P GSO BB med w0 LED paS G50 KD GO (e B0 ©e D G 6 KD MmO B pn a3 0 e s R

247,

2 e e o e o S B G a2 29 63 DD e P WD G bR RS (i @) G0 o S G5B Fed B I 650 pon 66 eaR GuD 609 B9Y IS (e KSR M9 G s FD ISS G GVD owd Sme TSI ond fma WY

, TEMPERATURE DEG.

268.

2212
L2223
L2180
.2raz2
L2228
L2223
L2101

L1896
L1799
L1804
LETTY
RRRE
L1860
L1883
LIBET
L1766
L1685
L1597
L1499
.1348
L1277
L1282
L1224
L1168
L1191
L1219
L1237
L8333
L1483
L
L1736
LET61
Li7e3
L1508
L1265
L1232
L1348
L1371
L1310
.1338
L1374
L1280
Li1él
.1133
L1259
L1506
L1346
L1166
L1041

L1072
.1138

s o o S e God D GND (N0 D DUD USS G om e GRS G GRS bad hex Do GoO S KD KRR SIO G WD B (G G D R0 BTS 6D G0 (a9 me G D BRO KIS £UD LN tan pow G G99 G Y

3061,

L2484
L2478
L2422
L2397
L2400
L2371
L2290
L2139
L2010
L2012
.20%8%
L2015
L1988
L1934
L1873
- 1854
L1872
L1898
L1872
L17%)
L1595
L1630
L1768
L1633
L1520
L1455
RL
RE2S
L1877
-1566
-1552
L1571
.1520
BELLL
L1ais
REKL]
L1469
L1506
L1504
L1907
L1308
L1286
L1280
L1307
L1409
L1569
RELE
- 1501
1530
L1582
L1523

D e D b e 2 D GmO (D 0mS D B D D be B 60 G 0N G tno ) L fub D D B G (D G fen b D BN BIS FuD Gu Ged ot G GI9 63 [n3 U 1S YEdoeeD G a0 cen BES

333.

2Te%
271G

LE6CT
L2532

S235%
L2294

L2072
L2072

L2014
L2519
L1992
L1958
L1917
. 1850
L1826
L1850
L1830
L1799
L1773
L1765
L1758
L1173y
L1712
1707
LRT2T
L1758
L1780
L1782
L1768
Ay
L1662
L7185
. 1802
. 1806
L1780
L1768
.ir87
L1816
L1865
L1937
.2009

e pep o D D a5 D G0 UTO D9 (T (O BB md w0 LED WD G HIS G 6o BSS G0 D 0D SO G RO D79 tmd $ Ga Mz PR RID (2 (oW (NS (3 GID fon D S0 5D 032 b Seo red D s> CaD

372,

L3348
L3316
.3254
L3163
L3074
. 3050
L3048
L3002
L2935
.2868
L2782
L2701
L2640
L2621
L2621
L2575
.2527
.2529
.2508
L2457
L2u27
.2uiv
L2417
L2930
L2801
L2355
L2355
L2374
L2331
L2277
.2282
.2288
L2277
L2307
.2368
L2355
L2290
L2290
L2360
L2384
.2331
.2296
L2339
L2390
L2401
L2398
L2384
L2384
L2441}
. 2462
L2410y

5 s s g e D LD G D o) BD GuB f Gob (D G D B BN (D fme GSO b et HSP (55 G OIS S hed fR Geb bod G GO AN GUA G wh Gun m G O G0 e b o el ST Se3

423.

.3350
.33%2
L3318
L3242
L3184
L3137
L3077
2966
L2846
L2798
L2783
L2720
L2641
L2599
.2596
L2557
L2648l
L2326
L2305
.2307
.2300
L2284
L2255
L2194
L2158
L2176
L2173
L2118
L2053
L2034
.2029
.2008
L2021
L2066
L2071
L2050
.2084
.2126
L2113
L2068
L2053
L2113
L2184
L2200
L2200
L2210
L2160
.2045
.20u2
L2171
L2213

2 e e s G G D R (D GmD G5 G pOR fm (eD CRO (SR LB B9 GSD e GRD [ Bu3 DN End LSS Gep w0 s Ve e BN RS DD S G0N o) DS TS b OnG DNA 950 GeS e tub ted e o G

485,

L3673
L3563
.3487
.3892
.3509
L3476
. 3402
.3295%
L3229
.3188
.3092
.3008
L2966
.2898
.2832
.282%
L2819
L2769
L2750
L2747
.2684
L2602
L2567
L2567
L2556
L2498
L2452
L2482
L2518
L2506
L2526
.256%
L2561
L2528
.2471
L2476
.2520
L2468
. 2400
.2%00
L2389
.2388
L2%13
.2%35
L2990
.2547
L2567
L2610
L2654
L2635
L2630

AN



HAYERUFRBER WAYELEWGTH CROSS SECTION ¥ €19 Cm-2 , TEMPERATURE DEG. X
)

EM-1 ] 155, i82. 196, 223. 247. 268. 301. 333, 3re. 423. 483,
7783, 173.00 L9747 1.000% " 1.0160 1.0742 1.0865 1.1138 1.1%23 1.2609 1.291% 1.2213 1.2630
$T790. 172.98 L8749 S9985  1.0165 1.0787 1.0880 1.1333 1.1426 1.1999 1.2371 1.2184 1.26642
5Y797. 172.9¢ S9784 1.0013 1.01%0 1.103%5 1.0875 1.1178 1.136% 1.1995 1.2355 1.2210 1.2630
57803. 172.9% -9T38  1.003% 1.0118 1.1020 1.0860 1.1226 1.1%23 1.195¢ 1.2360 1.2278 1.2589
57816. ive.92 -8752  1.0062 1.01%0 1.0853 1.1803 1.1143 3.1471 1.1917 1.2%01 1.2357 1.2665
57817, 172.9¢ S278%  1.013% 1.6187 1.6797 1.0941 1.0995 1.1836 1.2033 1.2470 1.29%57 1.2769
57823, 172.88 -9806 1.015C¢ 1.0201 1.0756 §.0926 1.092% 1.1350 1.2188 1.2527 1.2515 1.2758
57830, 172.8¢6 -9843  1.008¢ 1.0192 1.0779 1.1052 1.10%5% 1.1%15 1.2173 1.2548 1.2468 1.2731
57837, 172.8% 9888 1.0013 1.018% 1.095%5 1.1067 10.1097 1.31881 1.206% 1.2554 1.2443 1.2742
57843, 172.82 -9872 1.001L 1.020% §.1211 1.1062 1.111% 1.2306 1.202% 1.2567 1.2520 1.2723
57850, i72.80 -9799  1.0064 1.0239 1.31371 1.1250 1.1310 1.2136 1.2083 1.2%83 1.2588 1.2714
57857, 172.78 -9747  1.0092 1.0246 1.122% 1.128% 1.1312 1.173%5 1.2036 1.262%7 1.2515 1.269%
57864, i72.76 .9702 - 1.6078 1.023% 1.110% 1.1159 1.8171 §.1512 1.1987 1.2613 1.2%05 1.2649
57870, 172.74 <9636 1.0029 1.0226 1.1307 1.1007 1.1171 1.1385 1.197%5 1.2562 1.2928 1.2668
STRYT. ire.72 -9606 -9983 1.0208 1.1385 §.09%% 1.0935 1.1210 1.2021 1.250% 1.2591 1.268%
5T86Y. 172.79 .959% -7921  1.015% L1.1%58 1.084% 1.0649 1.1148 1.20016 1.2411 1.2531 1.2635
57890, iv2.66 .9581 <9602 1.006% 1.1652 1.0951 1.06527 1.1218 1.1903 1.2307 1.2531 1.252%
57697. 172.66 .9%%52 29792 1.0032 - 1.1507 1.0911 1.0436 1.1159 1.1809 1.2269% 1.2431 1.2320
57904, 172,64 - 9490 C977% 1.60%% 1.112% 1.0789 1.0228 1.13173 1.1867 §.2266 1.2281 1.2112
57910, 172.62 .942% L9793 1.001% 1.0864% {.065T7 1.0276 1.138% 1.1676 1.2223 1.2160 1.209)
57817, 172.60 - 9409 9749 -9989 1.1031 1.0602 1.075% 1.1216 1.1676 $.2170 1.2071 1.208%
57929, i172.56 . 3429 .9682 <9937 1.156% §.077% 1.12001 1.1132 §.1877 1.2070 1.2076 1.2087
57931, 172.56 - %458 9591 -9845 1.1722 1.082% 1.1318 1.1316 1.168) 1.19%55 1.2116 1.2068
57937, i72.59 -9%a¢ L9561 -9786 1.1318 1.0%516 1.1199 1.1393 1.1693 1.1898 1.1977 1.2033
57944, i72.52 9377 . 9584 L9737 1.0673 §.0511 1.0987 1.31113 1.1599 1.1869 1.1777 1.188%
57951 . i172.8¢ $286 9531 -9680 1.08i% 1.0%49% 1.0768 1.0662 1.153% 1.1853 1.1772 1.1798
57957, 172.48 .8222 . 9858 -9701  1.0907 1.0468 1.091% 1.0933 1.15%1 1.1869 1.183%5 1.1709
57964, 172.46 9199 94953 -9707 1.0679 1.0420 1.103% 1.0897 1.1577 §1.1853 1.1879 1.1452
57971, iv2. a5 -9200 .9873 -9631 1.063% 1.0%90 1.1001 1.066% 1.1%93 1.179% 1.1900 1.1529
57978, i72.%2 .9252 -9%10 9597 1.1202 1.9%2% 1.0806 1.0736 1.132% 1.1776 1.1745 1.1362
57984, i72.40 .9302 L9584 9586 B.17%% 1.0955 1.0471 1.075% 1.126% 1.175F 1.1%93 1.1301
57991%. i72.38 .9327 9652 9572 1.1728% 1.0485 1.0377 1.0%65 1.13%8 1.1676 1.1362 1.1392
57998, 172.36 -9331 -963% <9581 1.1399 1.0389 1.06%5% 1.0085 §.1057 1.1641 1.1360 1.1%22
$800%. 172.39 .9331 9622 9592 1.09%1 1.0292 1.0613 -9899 1.1859 1.1681 1.1%25 1.123¢
58011. 172.32 9347 - 9649 9615 1.0%22 1.0323 1.0023 -9996 1.1%37 §.1711 1.1%12 1.1080
58018. 172.30 9311 . 9603 9604 1.0348 1.06389 29607 [.0085 1.1454 1.1686 1.1517 1.1063
58029 . 172.28 .9236 L9517 -957%  1.07286 1.0399 -9906 1.0053 1.1430 1.1600 1.1520 1.1036
58031. i72.26 .9229 9478 <9552 §.1093 1.0258  1.0507 1.0117 1.9379 1.1477 1.18567 1.0962
568038. 172.2% .9279 -9429 9529 1.0870 1.0131 1.06%9 1.6139 1.139% §.1388 1.1849 1.0825
58045, i1v2.22 . 9300 .9360 -9504 1.0936 1.04%% 1.0367 9899 1.139¢ 1.1388 1.1262 1.0606
58052, 172.29 .9311 .9491% -9516 1.1320 1.051% 1.0091 .972%  ¥.1317 1.1380 1.1241 1.0527
58058, i72.18 9327 -9550 9589 t.1140 1.0086 .9972 -9862 1.1237 1.1302 1.12%7 1.0735
58065, i72.16 .9322 . 9547 -9540 1.0889 -99648  1.0093 1.00802 1.1218 1.1335 1.1173 1.09%54
58072. 172.149 .929% .9803 9880 1.0883 1.0328 1.0157 -9829 1.1319 1.1%88 1.1136 1.0981
88079. i72.12 .9293 .9%547 -9%28 1.0608 1.0369 .9878 -989%  1.1348 1.1512 1.1186 1.0880
58085 . 172.19 -9286 -9508 -943%  1.0015 1.0222 -9609 1.0330 1.1206 1.1%31 1.1226 1.07S1
$8092. i172.08 .9256 L9422 . 9459 .9702 -98%3 -958% 1.0220 1.1155 1.1378 1.119% 1.0609
58099. 172.06 .9263 .9501 <9491  1.004l -9807 .9642 -9605 1.1273 §.1%45 1.1231 1.0546
58106. 172.0% -928% 9566 .9513 1.0%581 1.0136 .9521 L9781 1.1432 1.1541 1.1318 1.0652
58112, 172.02 .9263 .9478 9471 1.0726 1.0086 -9371 1.0090 1.1%%C 1.01%63 1.1283 1.0T10

~861 -
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2. Cross Sections of First Order and Second Order Deconvolutions,
190-172 nm,
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CROSS SECTION X E19, Cm-2

WAVENUMBER  WAVELENGTH  FIRST ORDER §ECOND DRDER

CM-1 N (000) (010) (000) (010) (020)
52619. 189.98 .B425 4. 0464 8452  3.6497  2.8067
52624. 189.96 8397  4.1100 TB423  3.7366  2.6419
52630. 189. 94 8410 4.1298 J8436  3.7562  2.6433
52635 . 189,92 8419 4.1564 JBH45  3.7RTT  2.6084
52641, 189.90 8431 4.1793 8457  3.8153 2.5761
52646, 189.88 8433 4.2051 TRHER  3.8483  2.5246
52652. 189. 86 8433 4.2290 8458  3.3802 2.4676
52658, 189. 84 8445 4.2359 L8470 3.8R62  2.4747
52663. 189.82 8461  4.2386 8486  3.8RTR  2.4818
52669, 189.80 TB4TO  4.2420 8494  3.R949  2.4556
52674. 189.78 8481 4.2385 8505  3.3929  2.4455
526R0. 189.76 8493 4.2327 8517  3.3906 2.4208
52685. 189. 74 8503 4.2260 8527  3.8887  2.3865
52691 . 189.72 8515 4.2170 8538 3.8826 2.3666
§2696. 189.70 L8525 4.2086 L8548  3.8779  2.3401
52702. 189.68 8532 4.2102 8554  3.3896  2.2683
- 52707. 189. 66 8543 4.2060 8565  3.8900 2.2355
52713. 189. 64 8558  4.18%4 8581  3.8662 2.2870
52719. 189. 62 B561 4.1818 8584  3.8554  2.3093
52724, 189.60 8559 #4.1815 8582  3.8546  2.3135
52730. 189.58 L8561 4.1818 8584  3.8563 2.3027
52735 . 189.56 8563 4.1867 8585  3.8694  2.2457
52741. 189. 54 8567 4.1939 8584  3.8850 2.1854
52746 . 189.52 5574 4.1881 8596 3.8796  2.1830
52752. 189.50 8593 4.1776 8615  3.8635  2.2227
52758, 189.48 8612 4.1710 (8634  3.8551  2.2357
52763, 169. 46 (8633 44,1727 8655  3.8608  2.2071
52769. 189. 44 CR649  4.1666 JBETL 3.8518  2.2269
52774, 189. 42 8673 4.1542 8695  3.8337  2.2681
52780. 189. 40 CRE9H  4.153E RTi16  3.8369  2.2404
52785 . 189,38 CRT12  4.1549 8734  3.8439  2.2003
52791 . 189.36 8731 4.1483 8752  3.8373  2.2000
52797, 189,34 g7HZ  H4.14T2 8763 3.8419  2.1602
52802. 189.32 CaTs4 4. 1462 Ca775  3.8472  2.116)
52806, 189.30 CRT63 M. 144) 8784  3.8489 - 2.0889
526813, 189.2¢ 8765 4.1388 @786  3.8437  2.0882
52819, 189.2¢ §761  4.1327 8781  3.8391 2.077¢
52824, 189.24 8TEH  4.1267 .a785  3.8336 2.0744
52830, 189.22 ‘@778 4.1164 . .8799  3.8230 2.6760
52836 . 189.20 8788 4.1048 8809 3.8110 2.0789
£2841, 189.18 8789 4.098a5 "6R09  3.8046 2.0797
52847 . 189.16 J8B01  4.0905 8822  3.7949  2.0914
52852, 189,14 TBRIR  4.0876 8838 3.7943  2.0754
52858 . 189.12 8836 H.0794 ‘8857  3.7850  2.0831
52864. 169.10 8851 #4.0755 8871 3.7822 2.0752
52869. 189.08 (8866 4.0749 ‘g8e7  3.7799 2.0871
52875, 189.06 8879 4.0829 18900  3.7906 2.0683
52880, 189.04 8899 4.0884 8919  3.798&  2.0485
§2886. 189.02 8911 4.0921 18931  3.8053  2.0294
52892. 189.00 @924 4.0905 (8944 3.8043  2.0250
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CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER

Cm-1 M (000> (0109 (000> (610 (0209
52897 . 1aga. .98 L8946 4.0843 LB966 3.7955 2.0429
52903. 188.9¢6 L8969 4.0783 .8990 3.7860 2.0678
52908. 188,94 .B982 4.0806 .9003 3.7899 2.0568
52914, 188.92 L8994 4.0820 . .9015 3.7933 2.0429
52920. 188.90 L9005 4.0825 L9026 3.7930 2.0484
52925. 188,88 L9021 4.08%51 L9041 3.7974 2.035¢6
52931. i88.86 L9035 4.0891 . 9085 3.8038 2.0190
5293¢. 188.84 L9053 4.0881 .9073 3.8039 2.0108
52942. 188.82 .9062 4.0915% .9082 3.8085 2.0024
52948. 188.80 L9071 4.0973 .9091 3.8134 2.0086
52953, 188.78 L9069 401147 .9089 3.8319 2.0009
52959, 18g.7¢6 L9078 4.1252 .8097 3.8433 1.9943
52964, 188.74 .90%8 4.127¢% L9117 3.8462 1.9905
52970, 188.72 L9117 8.13132 L9136 3.8827 1.9719
5297¢. 188.70 L9129 4.1400 L9148 3.8639 1.9534
52981 . 188.68 L9137 4.1529 .9156 3.8803 1.9282
52987. 188.66 L9146 M. 1618 L9165 3.8907 1.9185
52992, 188.64 L9185 4.1637 L9174 3.8888 1.9447
52998. 188.62 L9172 4.1489 L9191 3.8679 1.9884
53004, 188.¢0 L9189 4.136¢ . 9209 3.8517  2.0158
53009. 1gg.58 L9198  4.1400 L9217 3.8585%5 1.9918
53015. 188.56 L9201 4.18%5¢ L9221 3.8787 1.9590
53021. 188.54 L9215 4.1651 L9234 3.8886 1.9566
53026. 188.52 L9227 4.1817 L9246 3.9058 1.9516
§3332. 188.50 L9239 4.2022 .9258 3.9293 1.9313
53037. 188,48 L9247 8.2246 L9266 3.9551 1.9071
53043. 188. 46 L9254 4.2454 L9273 3.9778 1.8932
53049, 188. 44 L9271 4.2657 .9290 3.9975 1.8974
53054. 1868.42 L9285 4.2897 .9304 4.0257 1.8680
53060. 188.40 .9298 4.3126 .931¢6 4.0532 1.8357
52066, 188.38 .9305 4.3326 .9323 4.0784 1.7991
53071. 188.36 L9312 4.3613 L9329 4.1165% 1.7319
53077. 188.34 .9325 4.3843 L9342 4.144]1 1.699¢
53083, 188.32 L9344 §,3937 .9361 4.1531 1.7021
£3088. 188.30 .9355 4.3997 .937) 4.1633 1.6731
53094, 188.26 L9364 4.3992 .9380 4.1636 1.66¢68
53099, 188.2¢6 L9371 4.3984 .8387 4.1638 1.6602
53105. 168.24 .9393 4.387%5 L9410 4, 1494 1.6843
£3131. 1688.22 L9410 4.3807 L9426 4.1413 1.6948
53116. 188.20 L9421 4.3772 .9438 4.1391 1.6848
83122, 188.18 L9430 4.3767 L9447 4.1410 1.6673
53128, igg.1é L9437 4.3783 . 9454 4.1418 1.6732
53133. 168.14 L9446 4.3793 L9463 4.1411 1.685¢6
53139. 186.12 L9460 4.3762 9477 4,1372 1.6915
53145, 188.10 L9483 4.3709 .9500 4.1327 1.6856
53150, 188.08 L9499 &.3673 L9516 4.1314 1.669]
53166, 1868.06 .9508 4.3651 L9525 4,1281 1.6775
53162. 188.04 .9515 4.3683 .9532 4.1350 §.6510
83167. 168.02 L9522 4.3707 .§538 4.1387 f.6418
53173, 188.60 L9833 4.3712 .9550 4.1364 1.6473



WAVENUMBER
Cm=1

53179.
53184,
53190.
53196.
53201.
53207.
53213,
53218,
53224,
53230.
§323%.
53241.
53247,
53252.
53258,
53264.
53269.
53275,
53281.
53286.
§3292.
53298.
53303.
§3309.
53315.
53320.
53326€.
53332.
53337.
53343,
53349.
53355.
53360,
53366.
53372.
53377,
53383,
53389,
83394,
534500.
53406.
53412,
83417,
53473.
§3429.
53434.
53440,
53446,
534652,
53457,

WAVELENGTH

MM

187,
187.
187.
1a7.
187,
187.
187.
187,
187.
187.
187.
187,
187.
187.
187.
187.
187.
187.
187.
187.
187.
187,
.54
.52
.50
.48
LHE
LHY
.42
40
.38
.36
.34
.32
.30
.28
.26
.24
.22

e
w
g

i e B e e e e e e e e R e e e bl e e e

98
96
94
92
90
a8
8é
84
82
&0
78
76
74
72
70
&8
66
64
62
60
58
56
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CROSS SECTION X E19

FIRST ORDER
(010)

(500)

L9545
L9589
L9571
.9580
.958¢6
.9591
.9608
L9620
.9628

L9633

L9634
L9631
L9630
.9634
L9646
L9663
L9678
L9691
L9711
.9725
L9744
L9762
L9778
L9787
L9796
.9799
.979¢
.9793
L9795
.9800
.9818
L9840
.9858
L9875
.9901
.9922
.9928
.9933
.993%
.9943
.99¢60
L9972
.9981
.9995
. 0007
L0016
.0028
. 0039
. 0044
. 0048

F%‘;&#;&:ﬁ&:&;&;ﬁ:&&&&&&ﬁ‘E_‘EJ:.Etx:l:Jt-&&-&it&t&&.&‘.&&$£$&$&.&k£££&.&:£k

L3687
.3e78
.3692
L3711

L3702
.3692
.3584
L3416
.3329
.3256
.3201

.3181

L3260
L3216
.3032
L2845
.2830
.2782
.2598
.2504
24862
L2475
L2517
.2536
L2475
2871
.2530
L2599
L2664
L2686
.2589
.2519
2587
L2624
L2566
L2511
.2558
L2635
L2645

(000

L9562
L9575
L9586
L9595
.9601
L9606
L9623
19636
-96u43
-9649
-9649
-96ub
L9644
L9647
.96¢0
9678
19692
-9705
.9725
9739
L9758
9776
29791
.9800
29810
L9813
.9809
L9806
.9808
.9812
L9832
.9853
L9870
9888
.9914
-9934
-9940
.9944
S99u6
L9954
.9972
.9984
-9993
-0008
.0020
L0028
L0040
L0052
L0057
L0061

CM-2
SECOND

@#:ﬂ{:&;ﬁ;@:&:&?ﬁ:q&:&;&;&;&:&:&:&:&:&&&&&&kﬁtkﬁ&k&ﬁ&k&&-ﬂ’-ﬂ:t.&:k-&:.&:ﬁ-&‘.&:ﬁx
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(020)

L6667
L6450
L5956
L5662
L5684
L5726
L5786
.5688¢6
L5719
.5458
.5359
L5146
. 4258
.3702
L4114
L4751
. 4508
L4001
L4108
L4086
.4075
. 4051
.3843
.3683
L3966
L4010
.3753
L3369
.2898
.2892
L3360
. 3401
L2610
.2334
L2563
L2546
.1890
Jile
L0790
.1291
L2061
L2315
2408
L2454
2774
L2454
L2351
L2784
.3288
L3122
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CROSS SECTION ¥ Ei19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER

Cm-1 MM (000) (0109 (600) {(610) (0209
53463, 186.98 1.005¢6 4,2310 1.0069 4.0492 1.2860
53469. 186.96 1.0065 4.2360 1.0078 4.0562 1.2718
53474, 186.94 1.0080 4.2265 1.6093 4.0396 1.3229
53480. 186.92 1.0089 4.2205 1.0103 4.0276 1.3645
53486, 186.90 1.0100 4.2249 1.0114 4.0307 1.374¢6
3492, 186.88 1.0112  4.2303 1.0125% 4,.0345 1.3852
53497, 186.8¢6 1.0120 4.2408 1.0133 4. 0494 1.3542
53503. 186.84 1.0128 4.2482 1.0142 4.0595 1.3347
53509. 186.82 1.0137 4.2571 i.0150 4.0717 1.3117
53514, 186.80 1.0131 4.2684 1.0144 4.0806 1.3289
53520. 186.78 1.0130 4.2818 1.0143 4.0923 1.3412
5352¢. 186.76 1.0134 #4.2934 1.0148 4.1038 1.3416
53532. 186.74 1.0135 4.33i34 1.0148 4.1306 1.2933
53537. 186.72 1.0141 4.3198 1.0154 4.1370 1.2931
53543, 186.70 1.0150 4.3232 1.0163 4.1372 1.3157
83549, 186.68 1.0166 4.3298 1.0179 4.1406 1.3385
53558, 186.66 1.0178 4.3527 1.0191 4.1691 1.2995
53560, §186.64 1.0202 4.3707 1.021% 4.1906 1.2740
53566, 186.62 1.0233  4.3759 1.0246 4.1913 1.3060
53572, 186.40 1.0272  4.3781 1.0286 4.1869 1.3523
53878, 186.58 1.0307 4&.3941 1.0320 4.,2048 1.3399
§3583. 186.5¢6 1.0347 4.4179 1.035%9 4.2377 1.2744
53589, 186.54 1.0383 4.4317 1.0395 4.2547 1.2519
53595 . §86.52 1.0407 4.4472 1.0419 4.2728 1.2338
53601. 186.50 1.0409 4.4824 1.0420 4.3236 b 1234
5360¢. 186.48 1.0402 4.517% 1.0412 4.3760 1.0013
53612, 186.4¢6 1.039¢ 4.5343 1.0405 4.4012 L9418
53616, 186.44 1.0398 4.5345 1.0407 4.3995% L9554
53624, 186,42 1.0403 4.525¢6 1.0413 4,3844 .9995
53629, 186.40 1.0397 4.5224 £.0407 4.3790 1.0149
53638, 186.38 1.0362 4.5319 1.0391 4.3966 L9571
53647 . 186.36 1.0378 4.5345 1.0337 4.4029 L9317
53647, 186.34 1.0378 4.523% 1.0388 4.3883 L9564
53652, 186.32 1.0383 4.5113 1.0393 4.3762 L9563
53658, 186.30 1.0384 #.5018 §.0393 44,3709 L9264
53664, igé.28 1.0385 4.4939 1.0393 4.3731 .8552
£53670. 186.2¢6 1.0386 4.4766 1.03%4 4.3603 L8229
53675, 186.24 1.0393 4.4464 1.0402 4,.3234 L8702
5368]. 186.22 1.0400 4.4185% 1.0409 4.287) .9300
3687, 186.20 1.0415 4.3924 1.0425% 4,.2564 L9624
53693, 186.18 1.0421 4.3835 1.0430 4.2541 .9155
£3598. 186.1¢6 1.0421 4.3875 1.0429 4.2688 . 8400
E3704, 186,14 1.0425 4.3792 1.0433 4.2630 .8222
53710. §86.12 1.0433 4.3651 i.0442 §.244¢6 L8523
53716, 186.10 1.0445 4.3577 1.0453 4.2386 L8421
83722, 186.08 §.0452 4.3530 1.0460 4.2361 L8266
53727. 18€6.06 §.0469 4.33948 1.0478 4.,2230 L8268
83733, 186.04 §.0484 4.3288 §.0493 4.2090 LRu82
83739 186.02 {0884 4,3344 1.0492 4,2200 L8091
3745 186.00 1.0484 44,3383 I.0491 4,2337 L7403



=204~

CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER

CM-1 MM (000 (0l0) {000) (010) (020)

- 53750. 185.98 1.0492 4.3241 1.0499 4.2203 L7349
5375¢6. 185.9¢6 1.0504 4.3049 1.0512 4.1984 L7534
53762, 185.94 1.0514 4.2957 1.0522 4.1861 L7754
53768. 185.92 1.0519 4.2978 1.0526 4.1927 . 7437
53774, 185.90 1.0537 4.29¢6¢8 1.0544 4.1982 .6978
53779. 185.88 1.0565 4.2865 1.0572 4.1878 .6983
53785. 185.86 1.0593 4.2683 1.0601 4.1649 L7319
53791. 185.84 1.0620 4.2531 1.0627 4.1484 . 7405
53797. 185.82 1.0681 4.2408 1.0658 4.1372 . 7334
53802. 185.80 1.0677 #4.2319 1.0634 4.1250 L7279
53808. 185.78 1.0702 4.2246 1.0739 4.1233 L7166
53814, 185.7¢6 1.0720 4.2259 1.0727 4.1318 6653
53820. 185.74 1.0736  4.2317 1.0742 4.1436 L6232
53826. 185.72 1.0747  4.230¢ 1.0753 4.1431 .6190
53831. 185.70 1.0747 4.2306 1.0753 4.1456 .6012
53837. 185.68 1.0740 #4.2353 1.0745 4.1566 .55¢68
53843, 185.66 1.074G 4.2274 1.0746 4.1481 L5611
53849. 185.64 1.0751  4.2095 1.0757 4.1228 L6136
53855, 185.62 1.0764%  4.1920 1.0771 4.0981 L6643
53860. 185.60 1.0778 4.1872 1.0784 4.0898 L6891
53866. 185.58 1.0797 4.1839 1.0804 4.0831 L7131
53872. 185.56 1.0803 4.1917 1.0810 4.0918 L7069
53878. 185.54 1.0798 4.2038 1.0804 4.1083 6759
53884, 185.82 1.0795 4.2068 1.0802 4.1104 L6819
53889. 185.50 1.0802 4.2051 1.0808 4.1060 L7014
53892, ~185.48 1.0811 4.2110 1.0818 4.1157 L6THY
53901, 185,46 1.0817 4.2188 1.0823 4.1253 6616
53907. 185 . 44 1.0829 4.2123 1.083¢6 4.1098 .T254
53913. 185,42 1.0834 4.2080 i.084] 4.0980 L7788
53919. 185.40 1.0831 4.2149 1.0839 4.1059 L7715
53924. 185.38 1.0832 4.2254 1.0840 4.1193 L7511
£3930. 185,36 1.0844 4.2268 1.0852 4.11é4 L7816
53936, 185,34 1.0848 4.2336 1.085¢6 4.1219 .7903
53942, 185.32 1.0859 4.2445 1.0867 4.1381 . 7531
53948, 185.30 1.0873 4.2549 1.0880 4.1547 L7091
183953, 185.28 1.0892 4.24650 1.0899 4.1685 6831
53959, 185.2¢6 1.0894 4.2876 1.0900 4,2002 L6187
53965, 185.24 1.0891 4.3095 1.0896 §,2372 5112
£3971. 185.22 1.0898 4.3032 1.0903 4.2323 5014
53977, §185.20 1.0909 4.2821 1.0914 4.201¢6 L5699
53983, 185.18 1.0921 4.2653 1.0927 4.1731 6520
£3988. 185.16 1.0934 4.2588 §.0941 4.1586 L7091
83994, 185.14 1.0937 4.2640 1.0945% 4.1580 L7502
54000. 185.12 1. 0946 4.2745 1.0953 4.1650 L7747
54006. 185.10 1.09857 4.2878 1.0965 4,1758 . 7922
54012. 185.08 1.0963 4.3i9¢ 1.0971 4.2166 L7291
54018, 185.06 1.0967 4.3588 1.0974 4.2586 L6883
§4023. 185.04 1.0973° 4.3932 1.0980 4.2994 L6640
54029. 185.02 1.0967 4.4538 1.0972 4.3804 5190
54035. 185.060 1.0951 4.5180 . 1.0954° 4.4694 L3443



-205-

CROSS SECTION X E15, CM-2

WAVENUMBER WAVELENGTH FIRSY ORDER EECOND ORDER

Ch-1 MM (000 (010) {000 (0109
54041. 184.98 1.0934 4.5622 1.0936 4.5248
54047, 184.9¢6 1.0930 4.5785 1.0933 4.5380
54053, 184.94 1.0935% 4.5886 1.0938 4.5465
54059. 184.92 1.0938 4.5993 1.0941 4,.5598
54064, 184.90 1.0937 4.6072 1.0940 4.5717
54070. 184.88 1.0944 4.6057 1.0947 4.5756
S4076. 184.86 1.0949 4.46014 1.0951 4.5716
54082. 184.84 1.0957 4.5912 1.0959 4.855¢6
54088, 184.82 1.0969 4.5807 1.0972 4.5446
54094, 184.80 1.0983 4.5704 1.098¢6 4.5391
54099. 184.78 1.1006 4.5507 1.1008 4.5167
54105, 184.7¢6 1.1030 4.529¢6 1.1032 &.4930
54lll. 184,74 1.1047 4.5189 1.1049 4.4874
54117, 184.72 1.3061 4.813=% 1.1063 4.4888
54123, 184.70 1.1078 4.5011 1.1080 4.4770
54129. 184.68 1.1093 4.4789 1.1095 44,4511
54135, j8u. 66 1.8097  4.4674 1.1098 4 44]5
54140, 184.64 1.1090 4.4642 1.10918 4, 4440
Sulus. 184.62 1.1090 4.4587 1.1069] 4.4414
54152. 184.60 1.1094 4.4560 1.1095 4.4461
54158, 184.58 1.1102 4.4473 P.1102 4.4450
54164, 184.56 1.11101 4.4237 1.1112 4.4138%
54170. 184.54 1.1118 4.3990 1.1119 4.3810
54176, 164.52 1.1120 4.390% . 1.1121 4.3773
54182. 184.50 1.1128 4.3803 1.1129 4.3716
Bujar. 184.48 1.1131 4.3671 1.1132 4.3595
54193, 184.4 i.1141 4.3500 1.1142 84,3409
54199, 18y, 44 1.1149 4.3374 1.1150 4.3277
54205 . 184.42 1.1457  4.2272 1.118¢8 4.317¢6
Bu211. 184.40 1.1165 8.3146 1.11é¢6 4,3043
Eu2i7. 184,38 1.1168 4.3077 1.1168 4.2990
£4223. 184.36 1.1176  4.2974 1.117¢ 4.2898
54229 . 184,34 1.1182 4.2934 1.1182 4.2901
E4234. 184.32 1.1197 4.2816é 1.1197 4.,2773
5az40. 184.30 1.1212  4.2667 1.1213 4.2552
54246, 184.28 1.1222 4,2590 b.1223 4.2440
54252, 184.26 1.1216  4.2640 1.1217 4.2515%
54258 184.24 1.1206 4.2740 §.1207 4, 2680
E42be. i84.22 1.1202 4.2862 1.1202 4.2862
§4270. 184.20 1.1202 4.2822 1.1202 4.2822
E427¢6. 184,18 1.1208 «.2590 1.1208 4.2573
54282, 184.36 1.1215 4.2304 1.121¢ §.2121)
54288. 164.14 1.1221 4.2224 1.1222 4.1988
54293, 184.12 1.1228 4,227 1.323¢ 4.2050
54299, 184.10 1.1237 4,2250 1.123% 4,2007
54305, 184.08 1.1259 4.2133 1.1262 4.1806
54311, 184.06 1.1270 4.2193 1.1272 4.1907
54317, §184.04 §.1264 4, 2448] 1.126% 4.2289
54323, 184.02 1.125% 4,2685 1.125¢6 4.2634
54329. 184.060 1.1259 4.2785 1.1259 4.2744



-206-

CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER

CM-1 M £000) (0109 (000 (0109 (0200
54335, 183.98 1.1270 4.2838 1.127} 4.2801 L0265
54341. 183.96 1.1290 4.2878 1.1290 4.2847 .0213
S4347. 183.94 1.1313  4.2857 1.1314 4.2845 .0085
54352, 183.92 1.1337 4.2781 1.1338 4.2720 L0436
54358, 183.90 1.1367 #.2720 1.1368 4.2617 L0733
54364. 183.88 1.1392  4.2679 1.1393 4.2588 L0639
54370. 183.86 1.14064 4.271¢6 1.1404 84,2697 L0136
54376. 183.84 1.1413  4.2766 1.1413 4.2766 0.
54382. 183.62 1.1429 4.2817 b.1429 4.2817 0.
54388, 183.80 1.14482 4,2729 1.1442 4.2729 0.
54394. 183.78 1.1443 4.2690 1.1443 4.2690 0.
54400. 183.7¢6 1.1843  4.2611 1.1443 4.2611 0.
54406 183.74 1.1449 4 2538 1.1449 4.2507 .0220
54412, 183.72 S 1.1453 4.281) 1.14583 4.2453 .0407
54418, 183.70 1.1460 4%.2503 1.1460 4.2503 0.
54423, 183.68 1.1469 4.2498 1.1469 4.2498 0.
54429, 183.66 1.14870 4.2603 1.1470 4.2603 0.
54435, 183.64 1.1466 4.2669 1.1466 4.2669 0.
54u47 183.62 1.1468 4.2593 1.1468 4.2593 0.
54447, 183.60 1.1469 4.2482 1.1470 4.2409 .0514
54453, 183.5¢8 1.1458 4.2517 1.1459 4.2386 .0925
54459, 183.5¢6 1.1439 4.2677 1.1439 4.2607 L0494
54465, 183.54 1.1429 4.2817 1.1429 4.2809 L0057
54471, 183.52 1.1%18 4.2884 1.1418 4.2862 0156
54477, 183.50 1.1406 4.2974 1. 1407 4.2930 .0311
54483, 183. 48 1.1399 4.3037 1.1399 4.2957 .0%564
54489, 183.46 1.1389 #4.3121 1.1390 4.2985 .0962
54495, 183. 44 1.1375  4.3264 1.1376 4.3117 .1038
54501 . 183.42 1.1354 £.3510 1.13%4 4.3440 L0497
54507. 183.40 1.1343 4.3736 1.1343 4.3730 L0044
54512. 183.38 1.1338 4.3897 1.1338 4,.3888 L0067
54518. 183.36 1.1341  4.4005 1.1342 4.3951 L0377
54524, 183.34 1.1357  4.4086 1.1357 4.4037 L0347
54530. 183.32 1.13906 4.4l66 1.1390 4.4366 0.
54536. 183.30 1.1439 4.4111 1.1439 4.4089 L0156
54542, 183.28 1.1488 4.4017 1.1489  4.393% . 0581
54548, 183.26 1.1527  4.4007 1.1527 4.2953 .0381
54554, 163.24 1.1558 4.4091 1.1558 4.4091 0.
54560, 183.22 1.1592  4.4092 1.1592 4.4092 0.
54566, 183.20 1.1620 4.4044 1.1620 4,4044 0.
58572. 183.18 1.1643  4.4063 1.1643 4.4063 0.
54578, 183.1¢ 1.1659 4.4106 1.1659  4.4106 0.
54584, 183.14 1.1649 44229 1.1649  4.4229 0.
54590, 183.12 1.1630 4.431) 1.1630 4.4311 0.
54596, 183.10 1.1626 4.4155 1.1626 4.4155 0.
54602 . 183.08 1.1628 4.3926  1.1628 4,3926 0.
54608. 183.06  1.1616 4.3761 I.1616 4,376} 0.
B4614. 183,04 1.1538 4.3720 1.1588 4.3720 0.
54620. 183.02 1.1572 4.3733 f.1872 64,3733 0.
54626. 183.00 1.1568 4.3665 1.1568 4.3685 0.



~207~

CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER
Ci=1 M (000 (0109 (000 (010 {020
54632. 182.98 1.1563 4.3483 1.1563 4.3483 0.
54638, 182.96 1.1861  4.3147 1.1561 4.3147 0.
Saeun, 182.94 1.1581 4.2833 1.1551 4.2833 0.
54650, i82.92 1.1551 4.2562 1.155] 4.2562 0.
54656, 182.90 1.1887 4.2377 1.1857 4.2377 0.
54662, 182.88 1.1587 4.2283 11557 4.2283 0.
54668, 182.86 11,1851 4.2347 1.1551 4.2347 0.
55%673. 182.84 1.1856 4.2225 1.1556 4.2225 0.
54679. 182.82 1.1579 4.1965 1.1579 4.1965 0.
544685, 182.80 1.1593 4.1878 1.1593 4.1878 0.
Sue91. 182.78 1.1596  4.1842 1.159¢ 4.3842 0.
54697. 182.76 1.1599 &#.1710 1.1599 4.1710 0.
54703. 182.74 1.1601 4.1641 1.1601 4.164] 0.
54709. 18z.72 1.1607 4.1592 1.1607 4.1592 0.
E4718. 182.70 1.1607 4.1513 1.1607 4.1513 0.
54721, taz.e8 1.1605 4.1383 1.1605% 4.1383 0.
54727. 182. 66 1.1609 4.1268 1.1609 4.126¢8 0.
58733, 182.64 1.1610 4.1189 1.1610 4.1189 0.
54739, 182.¢62 1.1616 #4.1093 1.161¢ 4.1093 0.
54745, 182.60 1.1620 4.1050 1.1620 4.1050 0.
54751 . i82.58 1.1622  4.1020 1.1622 84,1020 0.
Eu787. 182.5¢ 1.1629 4.0797 1.1629 4,0797 0.
58763, 182.54 1.1635 4.0%518 1.1635 4.0518 0.
58769, 182.52 1.1626 #4.0%23 1.1626 4,0523 0.
54778, 182.50 1.1620 4.0541 1.1620 4.0541 g.
54781 . 182.48 1.1626 #4.0428 1.1626 4.0428 0.
54787, 182.46 1.1641 4.02949 1.16#41 4.0294 0.
54793. 182. 44 1.1653 4.0244 1.1653 4.0244 0.
54799, 182.42 i1.1669 4.0192 1.1669 4.0192 0.
54805 182.40 i.1676 4.022% 1.1676 4.0224 0.
54811, 182.38 1.1678 4.0242 i.1678 4.0242 6.
BBEYT. 182.36 1.1690 4.0191 1.1690 4.0191 0.
54823, §82.34 1.1696 4.0215 1.169¢ 4.0215 0.
54829 . 182.32 1.1696 4.0310 1.169¢ 4.0310 0.
54835, 182.30 1.1692 %.0321 1.1692 4.0321 0.
54841 . 1gz2.28 1.1705 4.0273 1.170% 4.0273 0.
E4847. 182.2¢ 1.1714 %4.0308 1.1714 4.0308 0.
S4R53, 182.24 1.1718 4.0384 1.1718 4.0384 0.
54860, 182.22 1.1720  4.0474 1.1720 4,0474 0.
B4866 . 182.20 1.1733 4.0529 §.1733 4.0529 0.
E4872. 182.18 1.1740 #.0617 i.1740 4.0617 0.
S4878. i82.16 b.1743 4.07060 1.1743 4,.06700 0.
54384, 182.14 1.1751  4.0653 1.1781 4.0653 0.
54890. 182.12 1.1783  4.0663 1.1753 4,0663 0.
54896, 182.10 P.3744 4.0861 §.1744 4.08¢41] 0.
B4902, 182.08 1.1736 #.1130 1.1736 4.1130 0.
54908, 182.06 i1.1728 &.1287 1.1728 4,1287 0.
54914, 182.04 §1.1708 4.1503 §.1708 4,1503 0.
54920, 182.02 1.1683 4.1737 §.1683 4,1737 0.
54926 . 182.00 1.1660 4.1973 1.1660 84,1973 0.



~208-

CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER §ECOND ORDER
Ci=-1 M (000 (010) (600) (0109 (020)
54932. 181.98 1.1647 4,2237 1.1647 4.,2237 0.
54938, 181.9¢6 1.1645 4.2329 1.1645 4,2329 0.
54944, 181.94 1.1640 4.2268 1.1640 4,2268 0.
54950, 181.92 1.1642 4,2055 1.1642 4.2055 G.
5495¢. 181.90 1.1655  4,1824 1.1655 4.1824 0.
54962, 181.88 1.1664 #4.1842 1.1664 4.1842 0.
54968, 181.8¢6 1.1667 4.2076 1.1667 4.2076 0.
54974, 181.84 1.1683 4.2087 1.1683 4.2087 0.
54980. i181.82 1.1714  4.1901 11714 4.1901 0.
5498¢. 181.80 1.1734  4.195¢6 1.1734 4.195¢6 0.
54992. 181.78 1.1744 4.2150 L. 1744 4.2150 0.
54998. 181.76 1.1747 4.2401 1.1747 4.2401 0.
55004, i81.74 1.1761 4.273% 1.1761 4.273% 0.
55010. 181.72 1.1776  4.3049 11776 4.3049 0.
55017. 181.70 1.1772 4.3370 1.1772 4.3370 0.
55023. 181.68 1.1756 4.3638 1.1756 4.3638 0.
55029. 181.66 1.1735 4.3788 1.1735 4.3788 0.
55035. 181.64 1.1718 4.393% §1.1718 4.3935 0.
55041. 181.62 1.1705 4.4055 1.1705 4.4055 0.
55047, 181.60 1.1688 4.419¢6 1.1688 4.4196 0.
55083. 181.58 1.1672 4.4185 1.1672 4.4185 0.
55059, 181.56 1.1678 4.3753 1.1678 4.3753 0.
55065 . 181.54 1.1697 4.3243 1.1697 4.3243 0.
55071. 181.52 1.1713 4.2926 11713 4.2926 0.
55077. 181.50 1.1718  4.2661 1.1718 4.2661 0.
55083, 181.48 1.1720 4.2393 §.1720 4.2393 0.
55089. 181.4¢6 1.1725  4.2258 1.172% 4.225%5 0.
55095. 181.44 1.1734  4.2171 1.1734 4.2171 0.
55101. 181.42 1.1743 4.1974 1.1743 4.1974 0.
55108. 181.40 1.1754 4.1724 1.1754 41724 0.
55114. 181.38 1.1767 4.1525 1.1767 4.1525 0.
55120. 181.36 F.E772  4.1443 1.1772 4.1443 0.
55126. 181.34 1.1763  4.1448 1.1763 4.1448 0.
553132. 181.32 1.175¢6 4.1416 1.1756 4.1416 0.
55138. §81.30 1.1757 4.1321 1.1757 4.1321 0.
55144, 181.28 1.1761 4.1096 1.1761 4,1096 0.
5£150. 181.2¢6 1.1760 4.0863 1.1760 4.0863 0.
55156, 181.24 1.1737  4.075¢6 1.1757 4.0756 0.
55162. 181.22 1.1753 4.0624 1.1753 4.0624 0.
55168, 181.20 1.1757 4.0397 b.1757 4.0397 0.
55174. 181.18 1.1763 4.0229 1.1763 4.0229 0.
55181 . 181.1¢6 1.1762 4.0093 §1.1762 4.0093 0.
55187. 1681.14 1.1754  3.9964 1.1754 3.9964 0.
55193. 181.12 1.1747  3.997% 1.1747 3.9971 0.
£§5199. 181.10 1.1751  3.986¢6 1.1751 3.9866 0.
55205. 181.08 1.1752 3.971¢6 1.1752 3.971é 0.
55211. 181.06 1.1753 3.9860 1.1753 3.9660 0.
55217, 181.04 1.1761 3.9574 1,176} 3.9574 0.
55223. 181.02 1.1763  3.9450 1.1763 3.9450 0.
55229. ‘181.60 §1.1760 3.9437 1.1760 3.9437 0.
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CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH FIRST ORDER SECOND ORDER
Cm-1 M (000) (010 (000 (910) (020)
55842, 179.98 1.1867 4.0001 1.1867 4.0001 0.
55548, 179.96 1.1892 4.0086 1.1892 4.0086 0.
55555, 179.94 1.1903 4.0155 1.1903 4.0155 0.
555¢61. 179.92 1.1913  4.0055 1.1913 4.0055 0.
555¢67. 179.90 1.1922  4.0073 1.1922 4.0073 0.
55573, 179.88 1.1914 4.0215 1.1914 4.0215 0.
55579. 179.86 1.1889 4.0225 1.1889 4.0225 0.
55586. 179.84 1.1862 4.5147 1.1862 4.0147 0.
55592. 179.82 1.1834 4.0122 I.1834 4.0122 0.
55598, 179.80 J.IBI0 3.9950 1.1810 3.9950 0.
55604. 179.78 1.1795  3.95%90 1.1795 3.9590 0.
55610. 179.76 1.1774  3.9319 11774 3.9319 0.
§5¢616. 179.74 1.1746 3.9302 1.1746 3.9302 0.
55623. 179.72 1.1724  3.9277 1.1724 3.9277 0.
55¢629. 179.70 1.1703 3.9092 1.1703 3.9092 0.
55635. 179.68 1.1699 3.8857 1.1699 3.8857 0.
55641, 179.¢66 t.1718  32.850% 1.1718 3.8505 0.
85647, 179.64 1.1717  3.8089 1.1717 3.8089 0.
55654, 179.62 1.1694 3.7839 i.1694 3.7839 0.
55660. 179.60 1.167¢6  3.7731 1.1676 3.7731 0.
5566¢. 179.58 1.1680 3.7528 1.1680 3.7528 0.
55672. 179.56 1.1697 3.7326 1.1697 3.732¢ 0.
55678. 179.54 1.1705 3.7279 1.1705 3.7279 0.
55685, 179.52 1.1699 3.7152 1.1699 3.7152 0.
55691 . 179.50 1.1697 3.6904 1.1697 3.6904 0.
55697. 179.48 1.1698 3.6793 1.1698 3.6793 0.
55703. 179.46 1.1696  3.6862 1.169¢6 3.6862 0.
5709. 179. 44 1.1688 3.6964 - 1.]688 3.6964 0.
5571¢. 179.42 1.1682 3.6973 1.1682 3.6973 0.
58722, 179.40 1.1675 3.688¢ 1.1675 3.688¢6 0.
5572¢. 179.38 1.1681 3.6685 1.1¢681 3.6685 0.
55734, 179.3¢ 1.1702 3.63%1 1.1702 3.6351 0.
55740. 179.3+ 1.1715  3.6176 1.1731% 3.617¢ 0.
55747, 179.32 1.1712 3.6268 1.1712 3.6268° 0.
55783, 179.30 1.1706 3.6381 1.1706 3.6381 0.
55759. 179.28 1.3701  3.644¢ 1.1701 3. 6446 0.
557¢5. 179.2¢6 1.1696 3.6512 1.1696 3.6512 0.
55772. 179.24 1.1708  3.6399 1.1708 3.6399 0.
85778. 179.22 1.1723  3.630% 1.1723 3.6305 0.
55784, 179.20 1.1717  3.6472 1.1747 3.6472 0.
§5780. 179.18 1.1711 3.64%57 11711 3. 6457 0.
85797, 179.16 1.1716  3.6320 1.171é6 3.6320 0.
55803, 179.14 §.1718  3.6307 1.1718 3.6307 0.
55809 . 179.12 1.1708 3.6422 1.1708 2.6422 0.
£5815. 179.10 1.1696 3.6552 1.1696 3.6852 0.
58821 . 179.08 1.1691 3.6570 1.1691 2.6570 0.
55828. 179.06 [.1684 3.6665 [.1684 5.6665 0.
55834, 179.04 1.1676 3.6862 1.167¢ 1.6862 0.
55840, 179.02 1.1662 3.7133 1.1662 2.7133 0.
55846, 179.00 1.1662 3.7117 1.1662 37117 0.
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CROSS SECTION X E19, CMm-2

WAVENUMBER WAVELENGTH FIRST ORDER EECOND ORDER
Ca-1 g {000 (0103 (0005 (010 pzo)
55853, 178.98 1.1679  3.6930 1.1679 3.6930 0.
55859. 178.9¢6 1.1683 3.708¢6 1.1683 3.7086 0.
55865. 178.94 1.1679 3.7328 1.1679 3.7328 8.
58871, 178.92 1.167 3.75%9 1.1673 3.758%9 0.
55878, 178.90 1.1669 3.7699 1.1669  3.7699 0.
55884, i76.88 i.1669 3.7833 1.1669 3.7833 0.
55890. 178.86 1.1669 3.8010 1.1669 3.8010 0.
55896. 178.84 1.0669 3.8104 1.1669 3.8104 0.
£5903. 178.82 1.1662 3.825¢ 1.1662 3.8256 0.
58909. 178.80 1.1640 3.8620 1.1640 3.8620 0.
55915. 178.78 1.1613  3.87648 1.1613 3.8764 0.
£8921. 178.76 1.1599 3.87¢64 1.1599 3.8764 0.
55928, 178.74 1.159% 3.9085 1.1595 2.9085 0.
55934, 178,72 1.1595 3.9317 1.1595 2.9317 0.
55940, 178.70 1.1586 3.9306 1.1586 2.930¢ 0.
55946, 178,68 1.1586  3.9401 1.1586 2.9401 0.
55983, 178.66 1.1603  3.9509 1.1603 3.9509 0.
58959, 178.64 1.1619  3.9496 1.1619 2.9496 0.
E5965, 178.62 1.1627 3.9%8% 1.1627 3.9585 0.
E5971, 178.60 1.1641  3.9681 1.1641] 3.9¢681 0.
58978, 178.58 1.166% 3.9581 1.1665 3.9581 0.
55984, 178.56 1.1681 3.9608 1.1681 3.9608 0.
55990. i78.54 1.1675  3.9760 1.1675 3.9760 0.
55997, 178.52 1.1661 3.9768 b.1661 3.9768 0.
56003. 178.50 1.1649 3.9554 1.1649 3.9594 0.
56009. 178.48 1.1626  3.9249 1.162¢ 3.9249 6.
56019. 178,46 1.1593 3.9099 1.1593 3.9099 0.
56022. 178. 44 1.1570 3.8985 1.1570 3.8985 6.
56028, 178.42 1.1554 3.8668 1.1554 3.3688 0.
56034. 178.40 1.1841 3.8321 3. 1541 3.8321 0.
56040, 178.38 1.1517  3.8142 1.1817 3.8142 0.
BaGu7Y. 178.36 1.1488 3.7989 I.1488 3.7989 0.
86053, 178.34 1.1460 3.7836 1.1460 3.7836 0.
56059. 178.32 1.1421 3.7799 1.1421 3.7799 0.
56066. 178.30 1.1395%5 3.7593 1.1395 3.7593 0.
56072. i78.28 1.1394 3.7257 §.1394 3.7257 0.
56078. 178.26 1.1406 3.6857 1.1406 2.6857 0.
56084, 178.24 1.14804 3.64%¢ 1.1404  3.645%¢ 0.
%éééﬁa 178.22 1.1390 3.6122 1.1390 3.6122 0.
é@@?, 178.20 1.1389 3.5961 1.1389 3.5961 0.
5 . 178.18 1.1392 3.5837 1.1392 3.5837 0.
178.16 1.1383 3.8588 1.3383 3.558R 0.
178.14 1.1367 3.5290 1.1367 3.5290 0.
178,12 1.1345 3.8161 E.ﬁB#% 3.5161 0.
178,10 1.1336 3.5103 §.133 3.8103 0.
178.08 1.1336 3.5032 EQESSé 3.5032 0.
178.06 1.133)  3.4771 1.1331 3.4771 0.
178.04 1.1319 3.4502 1.1319 3.4502 0.
178.02 1.1299 3.4558 1.1299 2. 4558 0.
§78.00 1.1285 3.4502 1.128% 3.4502 0.
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CROSS SECTION X E19, Cm-2
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Cr0SS SECTION X E19, CMm-2

WAVENUMBER WAVELENGTH FIRST ORDER §ECOND ORDER

Cm-1 W (000) (010) {000) (010) (020
56805. 175.98 1.0901 3.2261 1.0901 3.2261 0.
56811, 175.9¢6 1.0914 3.2268 1.0914  3.2268 0.
56818, 175.94 1.0949 3.2284 1.0949  3.2284 0.
56824. 175.92 1.0971 3.2398 1.0971 3.2398 0.
56831. 175.90 1.0979 3.2543 1.0979 3.2543 0.
56837. 175.88 1.0971 3.2708 1.0971 3.2708 0.
56844, 175.86 1.0964 3.2804 1.0964 3.2783 .0150
56850. 175.84 1.0964 3,280 1.0965 3.2664 .0994
56856 175.82 1.0967 3.289¢ 1.0968 3.2735 L1139
56863. 175.80 1.0965 2.3180 1.0965 3.3143 .0259
56869. 175.78 1.0947 3.346) 1.0947  3.3461 0.
56876. 1756.76 1.0925 3.3667 1.0925 3.3667 0.
56882. 175.74 1.0905 3.3922 1.0905 3.3922 0.
56889. 176.72 1.0880 3.4195 1.0880 3.4195 0.
56895. 175.70 1.0848 3.4429 i.0848 3.4429 0.
56902. 175 .68 1.0812  3.4752 1.0812 3.4752 0.
56908. 175.66 1.0789 3.5116 1.0789  3.85116 0.
56915. 175.64 1.0781 3.5163 1.07814 3.5163 0.
56921 . 175.62 1.0753 3.5074 1.0753 3.8074 0.
56928. 175.60 1.0695 3.5078 1.0695  3.5078 0.
56934. 175.58 1.0648 3.4942 1.0648  3.4943 0.
56941. 175.56 1.0643  3.434¢C 1.0643 3.4340 0.
56947, 175.54 1.0657 3.3687 1.0657 3.3687 0.
56954. 175.52 1.0653 3.3237 1.0653 3.3237 0.
56960. 175.50 1.0618 3.3140 1.0618  3.3140 0.
56967. 175.48 1.0576 3.3242 1.0576  3.3242 0.
56973. 175.46 1.0553 3.2968 1.0553 3.29¢8 0.
56980. 175,44 1.0532 3.2594 1.0532 3.2594 0.
56986 . T 1Ts.42 1.0525 3.2346 1.0525 3.234¢ 0.
56993. 175.40 1.0535 3.1960 1.0535 3.1960 0.
56999. 175.38 1.0544 3.1668 1.0544  3.1668 0.
57006. 175.36 1.0558 2.132% 1.0558  3.1325 0.
57012. 175.34 1.0578 3.08i5 1.0578 3.0815 0.
57019. 175.32 1.0578 3.0%828° ].0578 3.0528 0.
57025. 175.30 1.0527 3.0788 1.0527 3.0788 0.
57032. 176.28 1.0469 3.0942 1.0469  3.0942 0.
57038. 175.26 1.0442 3.0569 1.0442  3.0569 0.
57045, 175.24 1.0435 3.0322 1.0435% 3.0322 0.
E7051. 178.22 1.0438 3.0213 1.0438 3.02)3 0.
57058. 175.20 1.0431 2.9879 1.0431 2.9879 0.
57064. 175.18 1.0412 2.9612 1.0412 2.9618 0.
57071, 175.16 1.0396 2.963) 1.0396 2.9631 0.
57077. 175,14 §.0373 2.9779 1.0373 2.9779 0.
57084, 175,12 1.0361 2.9686 1.03¢61 2.9686 0.
57090. 175.10 1.0364 2.9322 1.0364  2.9322 0.
57097, 175.08 1.0355 2.89¢62 1.0355 2.8962 0.
57103, 175.06 1.0347 2.8578 1.0347 2.8578 0.
57110. §176.04 1.0359 2.8194 1.0359 2.8194 0.
57116. 175.02 1.0368 2.8149 1.0368 2.8149 0.
57123. 175.00 1.0342 2.823¢6 1.0342 2.828¢ 0.
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CROSS SECVION X E19, Cm-2

WAVENUMBER  WAVELENGTH  FIRST ORDER SECOND ORDER

Ci-1 N (000) (010) (000) (010 (020)
57129. 174.98 1.0312 2.8259 1.0312 2.8259 0.
57136. 174.96 1.0310 2.7978 1.0310 2.7978 0.
57142, 174.94 1.0309 2.7801 1.0310 2.7787 -0099
57149, 174.92 1.0316 2.7777 1.0317  2.7629 1045
57156, 174.90 1.0330 2.7683 1.0333  2.73F9 .2289
57162, 174.88 1.0315 2.7585 1.0319 2.7083 .3854
67169, 174.86 1.0282 2.7642 1.0286 2.7079 .3985
57176, 174 .84 1.0257 2.8138 1.0268 2.7926 L1501
57182. 174.82 1.0208 2.8758 1.0208 2.8758 0.
57188, 174 .80 1.0188 2.8758 1.0188 2.8758 0.
57195 . 174,78 1.0206 2.8421 1.0208 2.8103 2252
57201 . 174,76 1.0213 2.8469 1.0217 2.7914 .3929
57208. 17474 1.0207 2.8837 1.0210 2.8383 .3206
57214, 174,72 1.0194 2.918% 1.019¢  2.8847 2183
57221 . 174.70 1.0171  2.9464 1.0173  2.9214 1769
57228. 174,68 1.0140 2.9912 1.0142 2.9666 L1742
57234, 174.66 1.0125 3.0197 1.0126  2.9954 1719
57241, 174. 64 1.0115 3.0289 1.01'6  3.0134 1100
57247, 174,62 1.0099 3.0263 1.0100  3.0064 1406
57254, 17460 1.0093 3.008) 1.0097  2.9496 4139
57260, 174.58 1.0104 3.0110 1.0110 2.9305 5697
57267, 174.56 1.0110 3.0578 1.0114 2.9969 4308
57273. 174.64 1.0113 3.i12% 1.0115  3.0808 2230
57280. 174.52 1.0127 3.138% 1.0130  3.1032 2287
57287. 174.50 1.0141 3.1356 1.9145  3.0786 ~4031
§7293. 174,48 1.0124 3.1582 1.0128  3.0907 4772
L7300, 17446 1.0097 3.2115 1.0100  3.1604 .3620
57306 . 174,44 1.0083 3.2689 1.0085  3.2430 .1835
57313, 174 .42 1.0054 3.330) 1.0054 3.3300 0.
§7319. 174,40 1.0032 3.3B16 1.0032 3.381¢ 0.
57326, 174.38 1.0043 3.4020 1.0043 3.4020 0.
57333, 174.36 1.0081 3.3898 1.0081 3.3898 0.
57339 . 174 .34 1.0104 2.3574 1.0104 3.3578 0.
E7346. 174.32 1.0104 3.3342 1.0104 3.3342 0.
57352, 174 .30 1.0099 3.3297 1.0099 3.3297 0.
§7359. 17428 1.0093 3.3266 1.0093 3.3266 0.
57365 . 174.26 1.0081 3.3252 1.0081 3.3252 0.
§7372. 174.24 1.0074 3.3276 1.0074 3.3276 0.
57379, 174.22 1.0082 3.3079 1.0082 3.3079 0.
§7385. 174.20 1.0104 3.2594 1.0104 3.2594 0.
57392 . 174,18 1.0131  3.2331 1.0131  3.2331  O.
57398, 17416 1.0146 3.2253 1.0146 3.2253 0.
57405 . 174.14 1.0138 3.2084 1.0138 3.2084 0.
57412 . §74.12 1.0133 3.2022 1.0133  3.2023 0.
57418, 174.10 1.0133 3.2118 1.0133 3.2118 0.
574265 . 174 .08 1.0130 3.2211 1.0130  3.2211 O.
57431, 174,06 1.0145 3.2037 1.0145  3.2037 0.
57438, 174,04 1.0177 3.1771 1.0177  3.1771 0.
57445 . 174.02 1.0187 3.157¢ 1.0187 3.1576 0.
57451 . 174.00 1.0186 3.1240 1.0186 3.1240 0.
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CROSS SECTION X E19, Cm-2

WAVENUMBER WAVELENGTH  FIRST ORDER SECOND ORDER
Ca-1 M (600 (010 (000 (0109 (020)
57458. 173.98 1.0166 3.1002 1.0166 3.1002 0.
57464, 173.9¢6 1.0115 3.1149 1.0115 3.1149 0.
57473 . 173.94 1.0080 3.1204 1.0080 3.1204 0.
5T478. 173.92 1.0060 3.1149 1.0060 3.1149 0.
57464, 173.90 1.0025 3.1084 1.0025 3.1084 0.
57491 . 173.868 L9986 3.0767 .9986 3.0767 0.
57497. 173.86 L9977 3.0064 L9977 3.0064 0.
57504. 173.84 L9963 2.9658 L9963 2.9658 0.
57511. 173.82 .9906 3.0021 .9906 3.0021 0.
57517. 173.80 L9837 3.0371 .9837 3.0371 0.
57524, i73.78 L9778 3.0294 L9778 3.0294 0.
57531. 173.76 .9748  3.0027 L9748 3.6027 0.
57537. 173.74 L9769 2.9336 L9769  2.9336 0.
57544, 173.72 .9793 2.8583 L9793 2.8583 0.
57550, 173.70 .9788 2.8561 .9788 2.85¢61 0.
57557. §i73.68 .9791  2.8541 L9791 2.8541 0.
57564, 173.66 .9788 2.8306 .9788 2.830¢6 0.
57570. 173.64 L9778 2.8191 .9778  2.8191 0.
57577. 173.62 L9732 2.8480 .9732 2.8480 0.
57584. 173.60 L9690 2.8%582 L9690 2.8582 0.
57590. 173.58 .9685 2.8361 .9685  2.8361 0.
57597. 173.5¢ .9685 2.8050 .9685  2.8050 0.
57603. 173.54 L9686 2.7541 . 9686 2.7541 0.
57610. 173.52 L9704 2.7244 L9704 2.7244 0.
57617. 173.5¢0 L9696 2.7402 L9696  2.7402 0.
57623. 173.48 L9660 2.7552 L9660  2.7552 0.
57630. 173.46 L9645 2.7415 L9645  2.7415 0.
57637. 173,44 L9654 2.7162 L9659  2.7162 0.
57643. 173.42 L9619 2.7328 .9619 2.7328 0.
57650. 173.40 L9595 2.7427 .9595 2.7427 0.
57657, 173.38 L9618 2.7096 .9618 2.7096 0.
57663. 173.36 L9644 2.6768 L9644 2.6768 0.
57670. 173.34 L9661 Z2.6621 L9661 2.6621 0.
57677, 173.32 L9670 2.6718 L9670 2.6718 0.
57683, 173.30 .9658 2.70608 .9658 2.70608 0.
57690. 173.28 L9625 2.7399 L9625 2.7399 0.
57697, 173.2¢ L9575 2.7738 L9575 2.7738 0.
57703. 173.24 L9526 2.7943 L9526 2.7943 0.
ET710. 173.22 L9526 2.7521 L9526  2.7521 0.
57717. 173.20 .9581 2.6790 .9581 2.6790 0.
57723. 173.18 L9639 2.6825 L9639  2.6825 0.
87730. 173.16 L9653 2.739) L9653  2.739) 0.
57737, 173.14 L9648  2.7450 L9648 2.7450 0.
57743, 173.12 9661 2.7170 L9661 2.7T470 0.
57750. 173.10 L9679 2.6968 L9679  2.6968 0.
57757. 173.08 L9683 2.7273 9653 2.7273 0.
57763, 173.06 .9602 2.7818 L9602 2.7818 0.
57770. 173.04 .98590 2.8114 .9590 2.8114 0.
BY777. 173.02 L9607 2.8699 L9607 . 2.8699 0.
57783, 173.00 L9608 2.9254 . 9605 2.92%4 0.
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CROSS SECTION X E19, CMm-2

WAVENUMBER WAVELENGTH FIRST ORDER §ECOND ORDER
CM-1 M {000 (0103 (000) (0107 (0209
57790. 172.98 L9607 2.9162 L9607 2.9162 0.
57797. 172.96 .9613  2.9097 L9613 2.9097 0.
57803, 172.94 .9598 2.889¢6 .9598 2.8896 0.
57810. 172.92 9615 2.8494 L9615 2.8494 0.
57817. 172.90 L9642 2.9195 9642 2.9195 0.
576823. 172.88 L9687 3.0271 9657 3.0271% 0.
57830. i72.86 L9697 2.9903 L9697 2.9903 0.
57837. 172.84 L9751 2.8740 L9751 2.8740 0.
57843. 172.82 L9736 2.8508 L9736 2.8508 0.
57850. 372.80 L9658 2.9173 L9658  2.9173 0.
57857, 172.78 L9603 2.9448 .9603 2.9468 0.
57864, 172.76 .9558 2.9383 .9558 2.9383 0.
57870. 172.74 L9492 2.9719 L9492 2.9719 0.
57877. 172.72 .9455 3.0298 . 9455 3.0298 0.
57884, 172.70 .9%44  3.0332 L9444 3.0332 0.
57890. 172.68 .943%  2.9534 .9435% 2.9534 0.
57897. 172.66 L9410 2.8987 .94310  2.8987 0.
57904, 172.64 L9341 2.9862 L9341 2.9862 0.
57910, 172.62 .9272 3.0370 .9272 3.0370 0.
57917. 172.60 L9267 2.8899 .9267  2.8899 0.
57924. 172.58 .9294 2.7982 .9294  2.7982 0.
57931 . 172.56 .9310 2.8662 .9310  2.8662 0.
57937. 172.54 L9299 2.8824 .9299  2.8824 0.
57944, 172.52 .9237 2.850¢6 .9237 2.8506 0.
57951. 172.50 L9145 . 2.8605 .9145  2.8605 0.
57957, 172.48 L9077 2.9091 L9077 2.9091 0.
57964, 172.46 .9046  2.9557 .9046  2.9557 0.
57971. §172.44 L9057 2.88860 .9057  2.8860 0.
57978, 172.42 L9121 2.7175 L9121 2.7175 0.
57984, 172.40 L9178 2.6365 L9178  2.6365 0.
87991, £172.38 L9199 2.6860 .9199 2.6860 0.
57998. 172.3¢6 L9197 2.7694 L9197  2.7694 0.
58005, 172.34 L9187 2.7710 .9197 2.7710 0.
58011. 172.32 L9218 2.7429 L9215 2.7429 0.
58018. 172.30 L9176 2.780% .9176 2.7805%5 0.
58025. 172.28 .9098 2.8120 .9098 2.8120 0.
58031. 172.26 L9094 2.7764 L9094  2.TTéH 0.
58038, 172.24 9146 2.7547 L9186  2.7847 0.
58045. 172.22 L9168 2.7421 .9168  2.7421 0.
58052. 172.20 L9184 2.6723 .9184  2.6723 0.
£8058. §172.18 .920¢6 2.5984 .920¢6 2.5984 0.
58065, 172.16 L9201 2.58¢68 L9201 2.5868 0.
58072. 172,14 L9167  2.6847 L9167  2.6847 6.
58079. §172.12 L9163 2.7089 .9163 2.7089 0.
58085. 172.10 .9164 2.6015 L9164  2.6015 0.
58092. 172.08 .9135 2.5814 .9135 2.5814 0.
58099. 172.06 L9136 2.6699 L9136 2.6699 0.
£8106. 172.04 L9149 2.7613 .9149  2.7813 0.
£8112. 172.02 L9126 2.8017 .912é 2.8017 0.
190, .00 4,0381 .B435 3.6517  2.7340 52613.
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FIGURE CAPTIONS

Figure 1  Optical arrangement of spectrometer, mirror housing and

gas cell.

12

Figure 2 results of Bates and Hays
oooooo this study

»»»»»» approximate Rayleigh scattering of NZO

Figure 3  Result of Sponer and Bofner, microphotometer tracing; C, 5

atmospheres NZO; B, 1.5 atmospheres NZO; A, vacuum baseline.

Figure 4  Shorter wavelength absorption of N20°

oooo this study

Bates and Haysjz

Figure 5 Rate of NZO destruction, j, vs altitude, Km.

——— this study

~-== Bates and Hays12

Figure 6  Schematic drawing of the stainless steel cell.

21

Figure 7 Cross section, cm2 x 107" vs wavelength, nm, for five

temperatures,

——— this work, A data points of Zelikoff gg_gljoo

Note
the discontinuity at 210 nm due to two different "room
temperatures." The estimated standard deviation of wave-
Tength (+ 0.04 nm) and cross section (+ 2%) is indicated
by the cross on the 263 K curve. Resolution 0.7 nm.

10

Figure 8 Absorption spectrum of NZO from Zelikoff et al Note the

bulges superimposed on the absorption continuum.
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High resolution spectrum in the structured region. Cross
section, cm2 X 10199 vs wavelength, nm. Temperature = 302 K.
Pressure is 44 torr NZO° Resolution 0.075 nm. Compare the

structuring observed here with Figure 8.

Relative rotational populations vs J quantum number for

three different temperatures of NZOB

Relative vibrational state population vs temperature, K,

for NZOQ

In the vibronically induced case on the right, transitions

are allowed; otherwise all transitions are parity forbidden.

H

Vibronically induced transitions from Vo (0 or 1) in the
ground electronic state to upper level vibrations of v,

in the upper state.
Quartz cell design.

Absorption spectrum of NZO at 11 different temperatures.
Axes in this and all following figures are cross section
(CSN) x 1071% em? vs wavenumber, en” Temperatures are 151,

182, 196, 223, 243, 268, 301, 303, 372, 423 and 485 K.

Densitometer tracing of plate exposure on the 3m spectro-

graph, in the region of structuring of NZOG

Results of first order deconvolution into the (000) and (010)

state spectra. Axes are cross section (CSN) x 10“]9 c:m2 Vs

- :
wavenumbers, cm , corrected for vacuum,
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Figure 18 Comparison of observed spectra (data points) with convoluted

spectra (solid lines) for every other temperature studied.

Figure 19 Results of second order iteration: deconvolution into
(000), (010) corrected for higher order vibrations, and the

contribution of the higher order vibrations.

Figure 20a Comparison of observed spectra (data points) with the
20b
convoluted spectra using the results of Figure 19 (solid

lines) for each temperature.

Figure 21 Top curve, the absorption spectrum at 151 K; middle curve,

an energy-weighted Gaussian curve empirically fit to the data.

Figure 22 Difference spectrum at 151 K, formed by subtracting the
"background absorption" from the observed spectrum. Solid
vertical lines denote selected peaks. Downward arrows

1

indicate the progression of 970 cm™ . The difference

spectrum is shown at each temperature‘in Figures 22a-k.

Figure 23 Histogram of frequency of occurrence of energy spacings
between selected peaks vs energy in wavenumbers. Shadings
indicate contribution of individual temperatures. Energy

1

separations are in bins of 20 cm . See text for details.

Figure 24 Difference spectrum at 485 K superimposed on the difference
spectrum at 151 K. Note the presence of alternate features
in the cold spectrum and the presence of ccnsecuii?e fea-
tures in the hot spectrum. Scaling is the same for both

cases.
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29d
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Difference spectrum at 485 K with the calculated peak
positions and assignments of Vo "(0) and vZ" (1) super-

imposed. w, is presumed to be an odd integer.
2 g

Potential energy diagram in the Vg coordinate taken from
Figure 8 of reference 106. In this figure the repulsive
curve has been relabeled ]A in agreement with references

104a, b and 14,

Figure 26 has been altered to reflect the avoided crossing
proposed 1in CS symmetry. In parentheses the va states
are shown. Note that the 1A’state from }A is unperturbed. .

The Franck-Condon region is shown by the two vertical lines.

NTSNO at 148, 213, 301, 372, 442 and 503 K.

15

NNO at 148, 213, 301, 372, 442 and 503 K.
15,15

N'NO at 148, 213, 301, 372, 442 and 503 K.
NNO at 148, 213, 301, 372, 442 and 503 K.
Superposition of first order deconvolution, NNO/N?SNO
(red-shifted).

Superposition of first order deconvolution, NNO/jSNNO

(red-shifted).

15,15

Superposition of first order deconvolution, NNG/ "N “NO

(red-shifted).

Superposition of first order deconvolution, N1SNO/15NNO

(red-shifted).



Figure

Figure

Figure
Figure
Figure
Figure

Figure

72%e

29f

30a

30b

30c

30d

31
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Superposition of first order deconvolution, N15NO/35N15N0

(red-shifted).

Superposition of first order deconvolution, 15NNO/15N15N0

(red-shifted).

Result of Second Order Deconvolution for NTSNO,

Result of Second Order Deconvolution for ?SNNON

15,15
r

Result of Second Order Deconvolution fo N “NO.

Result of Second Order Deconvolution for Unlabeled NNO.

Ultraviolet Absorption Spectrum of Contaminated Sample of

95% TSNNO with Reference Beam Containing Equal Pressure of

99% Sample of }SNNoq
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Errata
Page No.
viii line 16 Ty e xty?
23 line 2 ji=z oi(xi)I(yszsxi)®(Ai)
i
57 Tast word than
60 4th 1ine from bottom to be distinguished from z+).
65 4th Tine from bottom asymmetric
66 ath 1ine 5« gt
76 Equation v Y(1) = £ Y(I-1)/4 + Y(1)/2 + Y(I+1)/4
I I
78 Tine 10 HZ: Lyman a,
78 Tine 13 0Cs

101 (Table 5) last column, Tine 3 967
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