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Infrared Spectrum of Acetylene’

Harry C. Allen, ., Eugene D. Tidwell, and Earle K. Flyler

The specirum of acelylene hag becn obaervad atd messured under high reacletion fram

1,0 to # 500 em=L.
ubtained for mand B — B

Many of the banda chaerved have been an
A good valuo of By (L.17654 + 0.6 has been obtained b

zed and precize valuea

combining the resulta of the present work with previous dals Dy the photographle (nfcared.

The vibrationalenergy problem iz disonrsed.

1. Introduction
The pholographic region of the infrared spectrum
of acctylenc was studied many years ago ji].* More

recently, high-resolution work has been reported [2]
for the region below 4,000 em™), &nd In & short note
(3] the band centers for many of the bands from 4,000
to B0 em™' have been reported. Many of the
lettar band centers were reported only to the nearest
wave number, and ho attempt wos made to evaluate
the constants in the vibrotwonal-cnergy expression.

Present spectrometers and measuring techniques
malke it poagible to get better date and hence more
precise band ceoters, The present investigetion

was undertaken in arder to obtain these more precise
bond centers and to sttempt to evaluste the con-
stants in the expression for the vibrational epercy
as a funetion of the vibrational quantum numbers.

2. Experimental Procedure

The bends in the spectrel region from 1,900 to
8,500 em™' were observed by the uss of two spectrom-
etera [4], one having a grating with 15,000 lines/in.
and & lead sulfide cell a3 the detector, and the other
instrument having o grating with 7,500 linesfin. and
a copled iead-telluride rcell a3 the detector. In the
region from 4,000 to 8,500 ¢m™ & resolution of aboul
N1 em™' was obtained, and from 1,800 to 3,500
em~' the rezolution was abouk 0.2 om—* when g call
of 1 m was used. With a 10-m mutiple-reflection
cell the regplution was reduced by a factor of two.
Thiz resolation wss ample to bring out ell the main
lines of tha band and in some cazes to resolve the
lines of overlepping Lot bends.

Examples of the apectra cbtained sre shown in
figures 1 and 2. The figurez are photographs of the
recorder paper, which were ohtained when the instru-
ment wae geatned over the band.  The wavelengtha
of the hnes were determined by making measurc-
ments from the superimposed fringe system and
standard atomic lines. These are not shown in the
figures, but details of the method of messurement
have been given in w previoys paper [5]. )

Figurc 1 reprezents the ahsorption spectra in the
region from 4,600 to 4,770 em~? of acetylene at a
prossure of 1 atm and with & 10-m cell. Two bands

I ' This work Al ted by the Alenbo Emesgy Commission,
L thur;n{n ﬁmmmﬂb&. litaratire refuronoee At the sod oF this popeer,

havo been analyzed from the rolaiienal structurs,
and the a=sipnments ¢f the linezs are shown helow the
sprotra. ¢ centers of tha two bands oceur at
467338 and 4722.72 em~". Figure 2 represents the
abaorption epectra in the region from 5,750 to 6,000
em™!.  Although the cell len was 10 m and the
pressure was 1 gtm, the hands are wank. Thera are
gevernl bands in this icn, but the rotationsl
structure was only of sufficient mtensity to wllow an
assignment of the rotational lines for two bands.
The centers of these two bands occur at 5,850.75 sud

5,944 40 e,
3. Analysia

The bands were annlyzed by the method of com-
binations and diferences, Values of », and B'— B*
for each band were obtained from the expression,

REJ+ 1)+ P(I) =20+ 2(B — B2,

As many combinations as possible were set up for
each band, and (he resulting equations were golved
by the method of least squares, ~ The results of these
caleulations for the various bands arc given in table 1,

Values for 2y and D, wore ohtained in the same
manner from the expression,

AF;=R{J—1)=P{J+1}=4R {7+ 1} -8D{J 1+ })%

The walne of By obtained m this manner vared
somewhat from kand to band because of the strong
overlapping of bands in all spectrai regioms. In
order to mimmize thiz effect, the AF; values for the
six best bands wera pveraged, omitting all differences
that depended on absorption pesks that were
obviously the blend of two or more transitions
The walue of By determined in this fnanner agrees
very well with the vajue obtained from photographic
infrared bande [6]. Because the earlier workers re-
duced their data graphically, their resulta were
reworked in the manper described above. The
uncertainty in ithe B, velue was further reduced by
averaging the AF; velues of Herzberg and Spinks
with the wvalues obtained in thizs work, These
three values are compared in table 2, The uncer-
tainties piven are one standard deviation. Because
of the large uncertainties and the fact that the velues
of J=25 ware not used in the ground-state calenla-
tions, very little significance can be attached to the
values of 3 given 1n table 2.
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TaprE 2,  Values of By oo Dy for acelyfene
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In additivn to the bends for which P and R
structure waz observed, several 9 branches were
observed without P and B struetore. These bande
are Ap mE)' tely marked in toble 1. For all
perpendionlar-type bands, the B°—58" values rofer
anly to the effective imertial constant from the P
and E hranches. No € branches were sufficiently
resolved to engble the other effective inertiel constant

to be determined for the state involved.,

4, Vibrational Energy

It is customary to express the vibrational cnergy
in terms of the vihrational quentum numbars as

Er" — En= ?ﬂ‘l_?X!kVi Vk+$¥§:d I 'El-

For the scetylene moleculs, if there sre no wibra-
tional interactions, there arc 22 constants to be
evalugied. Herzberg [1] has auggested that, as in
the water-vapor spectram, slztes described by the
quentum numbers (om0, 0508 {0 -2 e —2 0l
enter into a second-order Fermi resonance. This
hag been investigated [7] and showmn to exist. Suchs
regonance introduces another constant, v, io be
evaluated.

Attempts were made to evaluate these 23 con-
etnnts from the observed band centers. No set of 23
constants was found that would predict all the
observed bends precizely. This i2 not surprsio
beenuse in the ease of water vapor [8] it wes foun
that one constant, ¥, would not predict the eorrect
sp]ittini for all the resonating states, Lakewise it
seems likely that statea choaracterized by the quantum
'I'I'I.ZI.I]]]JE.J.'S, Iulr 'ﬂ?r s, i’ir ﬂ}] ﬂﬂd ['E'Iii _ﬂﬂl 5, Eﬂt—l—‘z}tr
{35277, also interact resonance-wise. ese
complications make it quite difficult to get & Unique
set of constants for the energy expression. The sct
given in table 3 predicts the bands Lelow 8,500 em™!
a8 shown in tnble 1. No claim iz made that these
are unique, for several other sets are nearly as good,
Thess conetants do not _:Fredict the photographic
bands nearly as wcll. The wvalues of of, X, gu

1[:1-3- not agree well with those found in the wlbravielet
o).
From the soveral difference bands chserved,
valuea of ol and #] have been obtained. Tha fre-
quency for »l4rl used to evaluate these constants
was obtained from reference [?] and the Raman
fraquencies from reference [17,

rause of the serious problem of overlspping
bands, one cannot place too much faith in the 8" — B~
values obtained from the analyses. As & result,
no o values are piven,

TasLE 3. Vitrolfonal contlants of deeiglene (om—k
W =350, 7R Xi= =308 | Xy=—16M | Xo=—H0 | Xu==188
wi=118174 Xo= —7.02 | Ku= — 146 | Xn= =685 | Xu= =086
u =3 02 Ao=—f | K= =006 | Nu= =67 Na=—LL
up= G Nu= =F| Keg==120 [ pu= 11D fu= 1
wi= 7RIS Xe= =207 | 4= 4

Savera] regions could not be investigated because
of atmospheric absorption.  Several important bands
could thus not be observed. It is felt that when
these bands are available somes improvement can
be mads in the vibrationsl constants,

The authors thank Joscph Cameron for carrying
out the least-squares reductions on SEAC.
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