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The present work deals wi th t he broadening of ro tation al lines of t he carbo n m onox ide 
2- 0 b and by bo th ar gon and hydrogen ch loride. A high resolu t ion gra ting spectromete r 
wi th a spectral sli t wid th of 0.07 em - I was used , necess itating only a sma ll correction in 
obser ved h a lf-widt h va lues. Suffi cient ly small con tribu tions o f CO self-broadening ,,·e re 
obtained by using long path length cells of 12 meters for CO-argo n m ixture and 1 metl' !" for 
CO-HCI mi xture. H alf-wid t h r esul ts, whi ch a rc considcrcd accu rate to within ± 5 p erce nt , 
a re presented in the fo rm of a tab le a nd by a graph . .. 

J t is to b e hoped th a t t he tudy of wid ths, shapes, 
a nd shifts of lines in molecular absorp tion spee Lra 

~- will event ually lead to a wealth of inform ation about 
inLermolecular forces. While the resul ts ob tained 

• thu s far h ave not b een incorporated in to a more com­
plete kinetic theory, a considerable amount of infor­
maLion regarding molecular interactions has been 
obtained a t high pressures by Vod ar [IV H e has 

t 
I 

shown that dia tomic mol ecules at pressures greater 
t han 40 aL Il1 lose th eir indi vidual ro tational lines and 
develop a Q branch. At lower pressures the ro ta­
i,ionallines ar e broadened by an increase in pres ure. 

Several interes ting phenomena have b een observed. 
Most in ter es ting is the J-dependence of line width 
and shif t. Tha t is to say, in a given absorp tion b and, 
each individual line is broadened and shif ted differ­
en tly. The majOl"ity of the published work has been 
on H CI gas pressurized by itself and by a variety of 

;; foreign gases. H CI was an obvious firs t choice 
01 b ecause it has a simple spectrum wi th well repor ted 

.. and .fairly wide Jines. But in order to extend th e 
range of observations it is now desirable to mak e 
measurements on oth er molecules. 

SeH-broadening of carbon monoxide lines has b een 
measured l2 , 3, 4] and foreign gas broadening of CO 
clue to CO2 h as b een also r eported [5] . In this s tudy 
th e broadening of lines in the 2- 0 b and of CO due to 

~ argon and HCI was determined. These lines ar e 
narrow and a sp ectrometer of very high resolving 
power i required. Line width is proportional to th e 
pressure of the broad ening gas and b et ter accuracy is 
ob tained by using high pressures. In practice a 
compromise must be drawn between the advantages 
of broad lin es and the difficult ies of making r eliable 

'.. correc tions for the overlapping of adjacent lines . 

I T his work was supported in part by the Cambridge Air Force Research 
Center. 

2 OucsLworker from the vVeizmano Insti tute of SCience, Rchovoth, Israel. 
3 Figures in brackets ind icate Lhe literature references at t he end of this paper. 
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The peetrometer used was the gra ting instrllrn en t 
described by Plyler and Blaine [6], used double 
passed . In the reo-ion of th e b and under study 
the spectral sli t width ,vas 0.07 em- I. 

The half wid th "1 of a line is defin ed as half its 
wid th at half its maximum heigh t on the plo t of 
extinction coeffi cien t (in cm- I) versus frequency 
(in em- I). The half width of a lin e in the spectrum 
of a mixture of gases may be expressed as the sum 
or contributions from each component of the mi'{ture 

where "11 is Lhe broadening consta nt (in cm- I atm- I ) 

of the absorbing gas and 'Y~ the broadening constan t 
of the ith foreign gas. The hal[ wid ths of the lines 
actually observed were between 0.1 a nd 0.2 cm- I . 

The ra tio o.f sli t wid t h to line wid th was beLween 
0.3 and 0.1, and accordingly mall enough to make 
possible the accurate application of direct-instru­
m ental corrections after the m ann er of Kostkowski 
and Bass (7). The correction tables of Izatt (8) 
were used for the purpose, since these embrace a 
larger range of values than those presented by 
K os tkowski and Bass. The instrumen tal correction 
to the line half width amoun ted in most cases to 
bet·ween 1 and 5 percen t and the larges t correction 
was 8 percen t. 

It was decided no t to depend upon th e published 
values for the self-broadening constan t of CO and 
for this reason long absorbing paths wer e used so 
that the quantity of CO was negligible by compari­
son with the quantity of foreign o·aR broadener. 

The broadening constants lis tea in the table were 
calcula ted from the sp ectra of samples under the 
following conditions: 

3 mm CO + 4 a tm argon; pathlength 12 M 
20 mm CO +3 atm argon; pa thlength 12 M 
50 mm CO+ 2.22 a tm HCI; pathlength 1 M 



The unsl1loo thed results are shown in table 1. 
Each point in figure 1 r epresen ts the mean of th e 
values for corresponding lines in the P and R 
branches. 

B abrov, Ameer , and Benesch [9] have reported 
the widths of H CI lin es broadened by CO. This 
is the first available set of da ta on line wid ths with 
complemen tary p airs of gases. It is hoped that 
by using the combined data and by making plausible 
assump tions about the r elationship b etween th e 
par tial collision diameters in the two cases, direct 
information about in teraction energies will be for th­
coming. Calculations along these lines ar e in 
progr ess . 

TABLE 1. 'Y o (cm- 1 atm- 1) of CO lines due to broadening by 
HCI and by Ar 

Iml 
-y°Rel ')'0 Ar 

P-braneh R -braneh P-branch R-branch 

1 0.096 0.095 0.069 P 070 
2 .081 .090 . 064 .063 
3 .082 .081 .058 . 057 
4 .079 .078 . 056 . 051 
.5 073 073 . 052 .048 

6 .075 .078 . 049 . 048 
7 . 072 .075 . 045 .046 
8 .07, . 073 . 042 .043 
9 .075 . 070 .042 . 043 

10 . 079 .076 . r44 .041 

11 .076 .075 .043 .042 
12 .075 . 042 .041 
13 .071 .041 
14 .074 .073 .042 . 042 
15 . 073 .oas 

16 .072 . 042 
17 .073 .072 . 042 
18 .072 . 042 
19 .072 . 040 .035 
20 .039 . 038 

21 . 0:37 . 036 
22 .033 
23 . 036 

:\ OTE: While t he p resent work \\"as in pro cess of publica­
tion, valu e'S fo r t he half-wid th para met ers o f CO broadened 
by argo n we' re repm ted by Ran k a nd co-work ers. See 
D. H . R a nk, D . P. E astman, B . S. R ao, and T. A. Wiggins, 
J. Mol. Spec. 10, 34 (1 963). 

(Paper 67A2- 198) 
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Im l 
FI G lJ RE I.- A plot showing the broadening constants, 'Y o (cm-1 

atm- I ), f or CO lines of the 2- 0 band as a function of Iml· 
T he circles represe nt t he broaden ing Ilroduccd by ]-T e l and the t r iangles represen t 
the broadening produced by argon . 
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