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‘The Lorentz line shape formula Ja applied in the determination of half-width parsmatars

due to foreign broadening.
respectively. ﬁ?ﬁ

Varioua pressures of 80 and O are added to HC1 and O,
e (1-10} and {2-0) HCI bands, 3 well ag the (2-0r OO band, are investi-

gated, and there ig found to e o very defoite relationship bateeon the half-wideh and che

rotational quantum number, J.

Mo error of more than 5 pereent should be expseted

for

the values of +° presented.  Some pressure-shifts are ohaerved for 0L bt no quantitative

datermingtiops gre made,
1. Introeduction

In recent years an interest has devcloped n the
arca of pressure-brondening effects. Several studies
hava been made in the field {1, 2, 3],' & great number
of which have been restricted to the self-broadening
of ?sﬁ: Thera have also been some which have
dealt with the broadening effects inducad by the
addition of a foreizn gas to the sample undor inveati-
gations. Many of these experiments, including the
Ern-sant one, hava bean performed using highly polar

ydregen ehloride (see vefs, 1, 2), because of its
relative simplicity and freedom from Overlngping,
The proxiomty of the isotopic doyblet HCI*® and
HCP aleo allows one to establish a calibration
reference without resorting to extrinegic metlwods.

Several eimilar studies have also been made with
regard to carbon monosade (see tef, 3).  These have,
for the most part, been limited to relf-broadening.

The results of recent work on both HCl and C
have shown in general that the broadening effect
becoines greater 8s one goes from 5 higher to a
lower value of the rotational quantum number, J.
This holds true for both self-breadening and foreign
gas brondening.

The parameters of interest in such an investigation
pa thiz are the line strengths, shapes, and widthe.
From a knowledge of the line strength, S, informa-
tion ¢an be obtained r ding the quantum-mechan-
icgl transition probahality. The width and shape
of a line are directly ted to the specific inter-
molecular foreee involved in the broadening process.
The relationship hetween these parameters may
mgst casily be seen by referring to the well-known
Lorentz line shape formuls
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where % is the extinction eoefficient and ~+ is the
Lorentz half-widih.

The strengths of the individual lines of both H(Cl
and CQ bave heen messurad by several investigators

1 Figures in brsckets Indlesbs the: Hiarbors ralorsmeoa 38 ¢he aod of this paper.
SR —82——0
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(zee refs. 1, 2, 3). Emphasis in the present work,
therefore, ix placed on the evaluation of the hal-
width parmmcter, ¥, of lines brondened by the addi-
tion ufpgj foreipgn gas to the sample in question. A
norlinear molecular gas, namely sullur dioxide, is
added to HC1, while carbon dioxide is the forey
gas used in the CO broadening study. Both the
(1-0) and (2-0} bands of HCIl, as well as the (2-0}
band of CO, are extensively investigated. e
mensyrements of the (1-0) 0(1,; band are made to be
uscd 88 & comparison with the valucs obtained from
the harmonic band.

A major ditheylty cncountered m work of this
kind is the deviation of a spectral line from its true
shape eaused by instrumental distortion. Although
the reselving power of the instrument vsed in this
work is quite bigh, it is still naccssary to modify
the obzerved hall-width values hy the inclusion of
a zlit width correction. In certain cases, notahly
in the (20} hand of H{ these corrections bacome
sg large as 20 percent of the line half-width.

No attempt is mede here to determine tha abso-
lute itiona of the individual spectral lines, sinca
this has bheen done quite sccurately in the past

[4, 5, &].
2. Experiment

The spectrometer used in the present experiment
is the high resoclution grating spectrometer previ-
onualy described by Plyler and Blaine (7].  The instru-
mant was provided with double pass oplics and had
a total t.lin lemgth of approximately 13 m.

For the HCl study the source of radistion cmployed
for both the %l—l]} and the (2-0} bands was a 300 w
Sylvanie enclosed zircomimn are, while & Nernat
rlower wae used for the investigation of 'O broad-
ching in the fundamentsl band. A 10,000 lincsfin
Bausch and Lomb grating was cmployed in the first
order for the (1-0) HCl band and for the (20} C0
band, The second order of the grating was used
for the (2—0) hand of HCl, Suitable optical trans-
mission filters were inserted in the path of radiation
to msuts the purity of the desired grating order.
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The detector used in all cascs was a liquid-nitro

cooled lead sulfide photodetecting cell. A satisiac-

signal-to-noize ratio of about 50 was cbtained
with a spectral slit width of 0.04 ew™ in the HCI
fundsmental, 3.076 cm ! in the HC1 harmonie, and
0.05 in the (2-0) CO band.

Two 10-cm absorption cells, one monel and the
other glass, were employed. Both had sapphire win-
dows of aqual transmission. Both cclls were meaa-
ured empty before and after uae, in order to corrobo-
rata the assumption thas tho background contribution
waa negligible.

Meagured pressures of HCl and 30; wore aAdded
to the cells. The pressurez covered a range of from
0.2 to 20 em (He) of HCL, and from 35 to 132 em
{Hg) of 30;. These pressure combinations were then
mensured through both isotopes of each HCI1 line
at ropm temperature. While scanning a line the
grating waz rotated by epproximately 18 gee of
angle per minute of time, which pmvldeﬂ‘an wecurate
reproduction of speetral energy distribution.

ilizing the Bcn.nmrgomcthud described nbove,
a suitable spectrum of CO+CO; was then obtained
for various pressure combinations, ranging from 19
ts 45 ¢m (Hg) of CO, and from 42 to 158 cm {Hg)
of COn.

A mounti methed waa devised whereby an
80.-broadened HCI line covdd be mnl-_llpa.red with &
goli-broadened line at the same i presaure.
This syatem consisted of merely shifting the cells
alternately into and out of the radiation path while
the spectrometet was in continuous operation. This
method of rapid alternation was used to inveatigate
the pressure shift between the two lines. In this
ruse the result was, effectivaly, the superposition of
one line upon the other.

3. Results

Figure 1 shows a typical seli-broadened snd S0.-
brostﬁened HC1 isotopic doublet. The peak ex-
tinetion was measured on each HCI® line wherever
feazible. Whaere the obsarved absorption approachad
100 pereent, the HCI line was measured, and the
result multiplied by the chlorine izotopic abundanca

a5
ratio, (% :-:3.1]‘?): Lo detarmine the extinction coef-

ficient of the HOI* ling in question.  Thiz shundsnce
ratio was checked using doublats whora hath iaotopes
were well below 100 percent absorption, and seemed
ta be & good approximation,

The extinetion at severa] values of |v—w| was then
culculated from the Lorentz line shape formula
eq {13. This equation lLas bean shown by Benadiet,
Herman, Moore, and Silverman {see ref 1) to be
valid (ar enough from the resonant frequency to
render it =zerviceable in the presant work., It was
then possible to measure direetly on the trace the
half-width parsineter, ¥. This was donc at many
points on each line corresponding to different ex-
tinchion percentayes.

The avernga deviation of the several values of ¥
determined for each ling was found to be no mora
than 2 percent. It should be noted that measure-
ments in all pases were mads on both ihe P and the
R branches, The resulita were found to be well
within the same limits for both branches.

As has previously been mentioned, a correciion
for the sht width was determined using the eor-
rections given by Iezatt [8]. These vared from 0.5
percent to 20 percent, depending on the pressure
and on the spectral slit widih.
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Frause 1. The upper curve shown the HCL line B, of the 20 band with ¢ pressure of 77 om (He).

Thg lowar cores shown the sna ling of BCLas 11 40 () pretauee with 33 om (Ag) of B0 sldes).
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The values of the half-width parameter given b
Benedict ot al. {see rof 1) for self-broadened H
were then employed to determine the effect of S(k-
Lroadening on the HL line in question. The equa-
tion used was the following:

TEW]}PWU]]]=T?W P —Ytaen Pracn 2y

The eontribution of the self-broadening term can ha
seet in table 1. Tahbla 2 pives the average values of

“Ylaoy, where

0 ¥iwog
Yisop P (B {3}

The numbers in parentheses in table 2 denole the
total number ol mesazurcments averaged in each
cace, A graph of %o, versus |m| is glven in figure
2 for both the (1-0) and the (2 bands of HCL

Again using the Lorentz shape formula, the line
strengthe of several {10 HC] doublets were calen-
lated. When correctod for the slis wideh, these
were in general agreement with those publiai'lcd by
BEabrov et al. (8]

Obseroed halfacidih, v, ond kafforidife corrected
For self-froodening for several valter of |m|
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The method described aboave for HCl waea also
uged in the determination of 4leq., for several |ml
values of the (200 CO band. In this ealewlation
the ¥ijcay values employed were those published by
Benadict ot al. {zee vef 3).

The Lorentz shape formula waa sesn to he valid
for |v—1y) <74 em~L, and, as was the case for HCI, no
wing correction was included in the values of ¥,
listed in table 2. These “fgoy values wete obtained
through & method similar fo that amployed in tha
casa of HCL  The following equation applies:

{4)

whera the averaga deviation of tha v, ., waa found
to be of the same order as that reported for .y
in the HCI etudy (<2%).
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Frovre 3.  The half-uddiks, v*cog, of CO broedencd by Oy

ploted a3 a function of the rafafional lered, |m|.
Alan, salfbroadened CO corve, faken foom Beoadigt ob el (36¢ 1ed 5.
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The effect of sel-broadening introdueed by eq (4)
iz soinewhat larger for CO than it was in the casc of
H(7], a8 = evident from table 1.

The average valuea of +ig,, wre shown m fipure

3, along with the iy, self-broadening parameters
pub]]shed by Benedict et al. (see raf 3}, for ready
COpPRrison.

As has been moentioned, zome messgrements of
COs-broadened OO fundamental lines were mﬂde
These ed within 45 rc.eut. mt.h the +° sz
valugs obtained for tha 0| band. This is
well wwhm experimental error, sm-:;e the presence of
unidentifisd overlapping bands made the funda-
mental guite diffieylt to measure.

Throughout this work it has been assumed that the

broadening effect is linear with pressure. This was
found to the case, aa is illostrated in flgure 4.
4. Conclusiom
Ficurea 2 and 3 show a regular correspondeince

between the hall-width broadening parameter and
the rotationsl quantum number, J, s way to he
expected. This very definita ralatmnshlp hae been
explained by several investigators [10,11]. Thera
wag no appreciable difference demnonstrated between
the broadenmin eft'ecta on the fundamental and the
harmonic bands in either of the twe malecules under
investigation.
Since insufficient data were obtained regarding the
ressure shift effect induced on S{}rhr{:-adened 1
es, no conclusions regarding this aspect of the
present work will be drawn at this time. It may be
noted, however, that s red shlft was observad
{~0.01 cra “lfatm) in some of the lines of the (2-0)
HC band, as hus been reported by Hirshfeld, Jaffe,
and Kimel [12].

The suthors express their gratitude to W. 5
Benedict {or his many helpful comments and sug-

estions regarding this paper.
¢ ¢ fPaper 66A5-177)
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Fieuse 4. The reloiionakip between holfowidths and pressure.

Tha HCIHS= lina splrondor | m| =2, mnd Lhe CO4-C e Jineds glven b | m] =4
han‘umbersﬁ&fmulhmcsl bepbn whethes (e dags wara obtatned from the

20 or the
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