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Infrared Spectrum of Acetylene 
Harry C. Allen, Jr., Eugene D. Tidwell, and Earle K. Plyler 

The spect rum o f accly le ne has been obscrved a nd measured unde r h igh r esolutio n frOI1l 
1,!l00 to 8,500 em - I, M a ll Y o f Lhe ba nds obse rved have been analY)leci a ncl p rcc ise valli e'S 
obtaul cd fo r Po a ncl B - B". A good valu c of B o ( 1. .17684 ± 0.OOO L6) has bee n obLa in cd by 
;?ll1bl l.llng Lhe rcsulls of the prese nt .work "'I Lh prcvlO US data in Lile photograp hic illfrarccl . 
lhe vlbratlO nal-c llergy problem IS cltscussed. 

1. Introduction 

The pllO tographie r egion of the infrared spectr um 
of acetylcn e WftS studied many year s ago [1]. 2 :Mol'e 
I:ccently, h!gh-resolution work has been reported [2] 
lor the 1'cO' lon below 4,000 cm - I, and in a short note 
[3] th e ba nd cen ters fo1' many of the bands from 4, 000 
to 8,000 cm- 1 have been r eportcd. Man y of thc 
latter bftnd center s were r eported only to the n earest 
wave number , and no attemp t was made to evalua.te 
the constants in th e vibrational-energy exprcssion . 
Presen.t spe~trometers and measuring techniques 
make It pO SSIble to get better data and hence more 
precise band center s. The present inves tigation 
was undertaken in order to obtain these more precise 
band centers and to attempt to eva luate the con
stants in ~he expressi~n fo~' th e vibrational energy 
as a functiOn of the vlbratiOnal quantum numbers. 

2. Experimental Procedure 

The b ands in (,h e spert I'al r cgion r]'om ] 900 to 
8,500 cm- I we)'c observed by Lhc usc of two sp~ctroll1-
eters [4], on e having a g ra tin g with 15 000 lin es/ in . 
a nd a lead sulfide cell as the detec tor a'nd the other 
instrumen t havin g a grftt ing wi th 7,500 l ines/in. and 
a cooled lead-telluride ecll as the detec tor . In the 
r egion from 4,000 to 8,500 cm - I a resolution of abou t 
0.1 cm- I was obtained, and from 1,900 to 3 500 
cm- I the r esolution was about 0. 2 cm- I when a ' cell 
of 1 m was used. 'With a 10-m multiple-reflec tion 
cell the resolution was r educed by a factor of two . 
This r esolution was ample to bring out all the main 
lines of the band and in some cases to resolve the 
lines of overlapping hot bands. 

Examples of the spectra obtained are shown in 
figures 1 and 2. The figures are photographs of the 
r ecorder paper , which were obtained when the instru
m ent was scanned over the band. The wavelengths 
of the lines were determin ed by mak:ing measure
m en ts from th e superimposcd fringe system and 
standard atomic lin es. These are not shown in the 
figures, but details of the m ethod of measurem ent 
have been given in a previous paper [5]. 

Figure 1 r epresen ts th e absorption spectra in the 
r egion from 4,600 to 4,770 cm":' l of acetylene at a 
pressure of 1 atm and with a 10-m cell . Two bands 

1 T his work was supported by tho Atomic E nergy Com mission. 
, F igures in brackets indicate the literature references at the end of tbis paper. 

.h ave bee n analyzed from th e rota t ional s truC'tU I'C 
and the ass ig nments of th e l ines are showil below th ~ 
spectr a. The centers of th e two ba nds occ ur at 
4673.38 and 4722.72 cm - I. Figurc 2 r eprese ll ts L.iH' 
abso]'ption spec tra in the ],egion from 5 750 to 6000 
em - I. Although th e cell leng th was ]0 m and ' thc 
pressure was 1 atm, th e bands are weale There ar e 
several bands in tllis r egion , but th e rotational 
str~cture was only of suJueicn t in tensity to allow a n 
asslgnm en t of th e ro tatio nal lin es for two bands. 
T he ce nters of th ese two bands occur at 5,850.75 and 
5,944.40 cm- I . 

3. Analysis 

The bands were analyzed by th e method of com
binations and differences. V ftlu es of 110 and 13' - 13" 
foJ' each band were obtained from the exprcss ion , 

R (J + ]) + P (J )= 2vo + 2(E' - J3") J 2. 

As many combinations as poss ible WNC set up for 
each band, and th e resulting cquftt ions wcre solv('d 
by th e mctllOd of least squ ares . The rcsults of thes(' 
eaieulatiolls fo J' th c var ious bands are give n in table l. 

Valucs for Eo a nd Do we l'e obtft in cd in the same 
manncr from the exprcssion , 

The value of Eo obtained in this m a nner varied 
som ewhat from band to band because of the s tron O' 
overlapping of bands in all spectral r cgions. l~ 
order to minimize this effect, the t:,F2 valu es for th e 
six best bands were averaged, omitting all differences 
tha~ depended on absorption peaks that were 
obViOusly the .blend of two or more transitions. 
The value of Eo determined in tI-lis manner agrees 
:very well with the value obtained from photographic 
ll1frared bands [6). Because the earlicr workers r e
duced their data graphically, their r esults were 
reworked in the manner described above. The 
uncertainty in the Eo value was fur ther r educed b y 
a'.'eI·aging the t:, F2 values of H erzberg and Spinks 
WIth the values obtained in this work. These 
three values are compared in table 2. The uncer
tainties given are one standard deviation. B ecause 
of the large uncertainties and the fact that the values 
of J > 25 were not used in the ground-state calcula
tions, very little significance can be attached to the 
values of Do given in table 2. 
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FIG VRE 1. Acetylene absorption bands at 4673.38 and 1,722.72 cm- t. 

'rhe cell lengih was JO III and ihe gas prcssure was 1 aim. 
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F I GURE 2. A bsorption spectrum of acetylene in the region f" om 5,750 to 6,000 cm-t . 

The two bands witb t be most intense rotational stru ctures occur at 5850.75 a nd 5944.40 em-'. T he cell length was 10 m and the gas pressure was 1 atm. 

TARLE 1. Assignments of the observed bands of acetylene 

Observed Calcu lated D.D. Excitrd 

I 
·Lower 

I 
B' - B" 

Res1nancc IJi V2 V3 Vi v~ V, V2 V3 v' Vi , • , 
cm-1 em-I 

611. 58 ]1 

729.25 J ' 
1328. 18 • 1328.18 I ' l ' 
19<10.11 1940.07 2il I' - 0.00090 
1973.8 b 1973.8 1 
2169.24 2169.15 3' -. 00l7l 
2560.51 2560.52 3' I ' -.00892 

2644.58 2644.45 1 I ' -.011 34 
2670. 35 2670. 27 1 I ' - 00303 
2683.38 2683.42 1 I ' [I I' - 00003 
2690.78 2690.97 1 20 I' - 00329 
2702. 20 2702.20 1 [ ' - 00658 

3281. 85 3281. 93 1 - 00529 
3294.96 3294.98 1 I ' I ' - 00534 
3373.7 b 3373. 7 1 
4062. 00 4062. 1. 1 1 I ' ]1 I ' - . 00243 
4068.57 4069.93 1 2il I ' -.00194 

4080.3 4079.89 1 22 ]I -.0015 
4091. 20 4091. 20 1 I ' -.00704 
4.138.82 4138.81 1 3' 
4673.68 4673. 67 1 l' I ' - . 00372 
4722. i2 4719. 45 1 2il -.00154 

5772. 99 5783.23 5771. 61 2 I ' Qonly. 
5850.75 5850.64 1 1 I ' -. 01286 
5944.40 5945.06 1 1 I ' Q only. 
5979.37 5969.99 5981. 61 2 I ' Q on ly. 
6530. 00 6531. 10 1 1 I ' I ' - .01590 

6556.62 6556.62 1 1 -. 01286 
6623.33 6623.53 1 1 I ' I ' -. 00924 
7141. 22 7142.66 1 1 I ' -. 01072 
7217.6 7230.27 72 17.95 2 I ' Q on ly. 
7416.51 7404.99 7417. 31 2 I ' -. 01396 

8512.09 8512. 10 1 1 1 -.01872 

• From refcrence [2] . b Raman Jines from rcference 11]. 
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TABLE 2. 17alues of Eo and Do for acetylene 

130 Do 

cm- i 
T his work __________________________ 1. 1 7665± 0. 00024 2.J2± l.l X JO .... 
Herzberg and Spinks _______________ 1.17684± 0.00021 1. 75± 1. I 
Combination of both _______________ 1. 17684± 0. 00010 2. 19± 0. 85 

In addition to L1 w b ands for which P and R 
str ucture was obscl'ved, several Q branches were 
observed without P a nd R structure. These bands 
are appropriately marked in table 1. For all 
perpendicular-Lype bands, th e B' - B" values refer 
only to the eD'ecLi ve iner tial constant from the P 
and R branches. No Q branches were sufficien tly 
r esolved to enable Lhe oth er effective inertial constant 
to be determin ed for the state involved. 

4. Vibrational Energy 

It is customary to express the vibraLional energy 
in terms of th e vibrational q uan tum numbers as 

For th e acetylene m olecule, if there are no vibra
tional interactions, there ar c 22 constants to be 
evaluated. H erzberg [1] has suggested that, as in 
the water-vapor spectrum, states described by the 
quan tum numbers (V[,V2,V3,Vi,vD (V1+2,V2V3-2,V!V5) 
enter into a second-order Fermi resonance. This 
has b een investigated [7] and shown to exist. Such a 
r esonance introduces a nothcr constant, 1', to be 
evaluated. 

Attempts were made Lo evalu a le Lh ese 23 con
stants from the observed band cen ters. No set of 23 
constants was found that would predict all Lhe 
observed bands precisely. This is no t surprising 
b ecause in the case of water vapor [8] it was found 
that one constant, 'Y, would not predi ct th e correct 
splitting for all the resonating sLates. Likewise i t 
seems likely that states characterilled by the quan tum 
numbers, [V1' V2, V3, vi, v~] and [VI, V2, V3 , (v4+ 2) 1, 
(V5+2) I], also interact r esonance-wise. All th ese 
complications make it quite difficult to get a unique 
set of constan ts for the energy expression. The set 
given in table 3 predicts the bands below 8,500 cm- 1 

as shown in table 1. No elaim is made that these 
are unique, for several other sets are nearly as good. 
These constants do 110t predict the photographic 
bands n early as well. The values of wt X 44 , g 44 

do not agree well with those found in th e ulLravioleL 
[9] . 

From t.he several difference bands observed, 
valu es of 1'1 a nd 1'1 h ave been obtained. The fre
quency for 1'1 + 1'1 used to evaluate these constants 
was obtained from refer ence [2] and th e Ramall 
frequencies from reference [1]. 

B ecause of the serlolls problem of overlapping 
bands, one canno t place too mu ch fai th in th e B' - B" 
valu es obLained from Lh e analyses . As a resul L, 
no a valu es arc given. 

TAI3LE 3. Vibrational constants of acetylene (em- I) 

w1 =3397.78 XII =-24.08 X ,,=- 16.94 X'3=-99.01 X ,,=- 10.46 

w~ = J 98l.i2 }(zz= - 7.02 XZ~= - 1.38 .Y:H= - G.!.5 ~Y25= - 0.85 

w~= 3307.62 .. .\'33= - 25.60 "'\"34= - 9.06 "'Y3')= -5. 7:3 X,,=- 11.75 

w~= 007.28 _YH = 5.:~8 _Y~5=-12.(j5 g~l = 1.1 0 (1;'5= 2.49 

w~= i29.03 X 55= - 2.27 -y = 49 

Several regions could not be investigated because 
of atmosph eric absorption. Several important bands 
could thus not be observed. It is felt that when 
these bands are available orne improvement can 
be made in th e vibrational constants. 

The au thors th ank Joseph C:1me]'on for carrying 
out th e least-squares reductions on SEAC. 
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