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In the present paper the infrared absorption spectra of hexafluoroethane and chloropenta

f1uoroethane have been studied. The spectra examined ranged from 2 to 40 microns, and 

for this purpose lithium fluoride, sodium chloride, potassi um bromide, and thallium bromide

iodide (KRS5) prisms were used. The substances studied were in the gaseous state. 

This· work was undertaken to compare the spectra of two molecules of the same type 

of structure but with much different propertie of symmetry. The pectrum of hexafluoro

ethane has been previou ly measured in the infrared to 22 microns, and only small differences 

are noted in t he pres en t work from the previous study. Tables are included, which classify 

the observed spectra of hexafluoroethane and chloropentafluoroethane as fundamental , 

combination, and overtone bands 

1. Introduction 

This paper presents the result obtained in the 
study of the infrared absorption spectra of two 
fluorocarbon, hexafluoroethane and cbloropenta
fluoroethane, from 2 J1- to 40 J1-. 

In spite of the interest in fluorocarbons , in view 
of their characteristics, no data were available on 
the infrared absorption spectrum of chloropenta
fluoroethane. The infrared absorptance of hexa
fluoroethane ha been studied by J . R. Nielsen, 
C. M. Richards, and H. L. McMurry [1],2 and the 
Raman shifts for thi. material in the liquid tate 
have been measured by D. H . Rank and E. L. 
Pace [2]. In the present work, the data obtained 
for hexafluoroethane are in good agreement in the 
position of the bands with those given by Nielsen, 
et al. [1]. The study of the infrared absorption 
spectrum of cbloropentafluoroethane in compari
son with that of hexafluoroethane, from which it 
differs only slightly chemically, is of interest be
cause, as a result of the symmetry of the latter, 
several of its fundamental vibrations are degen
erate. Because of the asymetry of the former, 
however, all of the eighteen fundamental fre
quencies of chloropentafluol'oethane are active in 

1 Guest worker at tbe National Bureau of Standards. 
I Figures in brackets indicate tbe literature references at tbe end of tbis 

paper. 

the infrared. Unfortunately, of the eighteen fre
quencies expected, seven were not observed, either 
because they were very low in inten ity or e}"'1sted 
in a region of long 'wavelengths not examined. A 
majority of the observed bands may be accounted 
for as combinations of the fundamental frequen
cies observed, although some difficulty in inter
pretation exists for three of those of lowest wave 
number. 

II. Experimental Method 

The materials used were of the group of "freoDs," 
supplied by duPont, and the spectra were obtained 
with these sub tances in the gaseous state. A gas 
cell of 5 cm in length with potassium bromide 
windows was used, except for the longest wave
lengths. The initial pressure of the gas in the 
cell was 500 mm of mercury, but as this was too 
high for the observation of some of the ab orption 
maxima, it was reduced in each ca e to the most 
suitable one. The pressure used is indicated on 
the curves. When measuring the long wavelength 
region with a thallium bromide-iodide prism, . a 
I-m cell with windows of polystyrene was used. 
On account of the lack of trength of the poly~ 
styrene windows, it "vas not possible to evacuate 
the cell . The cell was filled by allowing the gas 
to flow in slowly for several minutes. When the 
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bands were too intense for observing their struc
ture, some of the gas was r~moved by flowing air 
slowly through the cell. When the amount of 
gas in the cell was reduced to a level that gave a 
good contrast in the different parts of the band, 
no further removal of the gas was made. By this 
method of reducing the quantity of the gas, it was 
not possible to determine the partial pressure. 

The spectra of these two substances between 2 p, 

and 40 p, were recorded with Perkin-Elmer spec
trometers, models 12A and 12B, using lithium 
fluoride, sodium chloride, potassium bromide, 
and thallium bromide-iodide prisms. With both 
spectrometers scanning and slit drive were auto
matic. Separate motor drives were used, one for 
the wavelength drum and the other to open the 

III. Experimental Results 

In figures 1 and 2 are shown the plots of the per
centage transmission of hexafluoroethane and 
chloropentafluoroethane as function of the wave
length. Figure 1 shows the short wavelength 
region for the two substances, and figure 2 the 
long wavelength region. The dotted parts corre
spond to regions in which absorptions of water 
vapor and carbon dioxide appear in the back
ground energy, and the spectra in these regions 
have been established with the help of the record
ing spectrophotometer of Baird Associates, which 
cancels out the atmospheric bands. 

In table 1 are shown the results for hexafluoro
ethane, first in brackets the intensities, then the 
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FIGURE 1. I nfrared absorption spectra of hexafiuoroethane and chloropentafluoroethane in the gaseous state f rom 2 to 15 p.. 

slit continuously to achieve approximately con
stant background energy at different wavelengths. 
Further details of these devices can be found 
in a paper by E. K. Plyler, R. Stair, and C. J . 
Humphreys [3]. 

The detector used for the regions observed with 
the lithium fluoride, sodium chloride, and potas
sium bromide prisms was a vacuum thermocouple 
with potassium bromide windows. In order to 
detect the weak radiation in the thallium bromide
iodide region, a Golay detector was used with a 
window and a lens of thallium bromide-iodide to 
focus the energy on the receiver. In both cases 
the signal from the receiver was amplified and 
recorded automatically. 

For the recording of the absorption spectra in 
the region beyond 15 p, the technique described by 
Plyler [4, 5] was followed . 
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frequencies observed, and in the next column, the 
values for the P, Q, and R branches when ob
served. The intensity scale is represented by 
numbers that are proportional to loge l oll. The 
bands that show no transmission with a given 
quantity of gas are assigned the intensity 10, and 
the intensity number of the weaker bands are. 
relative to this band, except that (0,0) refers to 
bands that have between 2- and 5-percent absorp
tion and (0,0,0) to bands of 2 percent or less of 
absorption. 

The experimental results obtained by observing 
the infrared absorption spectra of hexafluoroethane 
in the present work show slight variations from 
those reported by Nielsen, et al. [1]. 

The intensities of the absorption bands depend 
on the cell length and the pressure of the gas. 
Except for small changes in the transmission pro-
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FIGURE 2. I nfrared absorption spectra oj hexajluoroethane and of chloropentajluoToethane in the gaseous state from 15 to 361-1. 

The chloropentafl uoroethane insert (a) at 32 p. was observed by use of a I-m cell with a partial pressure such that the transmittance was approximately 35 
percent. 

TABLE 1. Wave numbers and relative i ntensities of the 
observed bands of hexajlttoroethane 

o bserved bands o bserved bands 
Intensity Intensity 

Center Branches Celltm' Branches 

cm-l cm-I cm-l cm-l 

{ 
505 [IOJ 1,247 --------

[5J 518 518 [6J 1,324 -----._-
526 [3J (1,453) --------

{ 
707 [2J 1,595 --------

[8J 714 714 [3J 1, 626 --------
720 [3J 1,727 --------

[OJ 896 { 895 [2J 1,866 --------
903 [IJ 1,938 --------

[2J 1,025 -------- [3J 2,0 1l ------ --

[IJ 1, 065 { 1,063 [OOJ 2,115 --------
1,067 

[3J 2,483 { 2, 475 

[8J 1, 117 { 1, 11 2 2, 493 
1,121 [IJ 2,534 ------- -

[OOJ 1, 142 -------- [3J 2,667 --.-----
[6J 1, 203 --------

duced by pressure alone when the number of 
molecules in the path of the radiant energy is the 
same, the intensities of the bands are proportional 
to the total number of molecules in the path. In 
the work of Nielsen, et aI. , greater absorption was 
obtained in the bands because they used a larger 
quantity of gas in the absorption path for their 
measuremen ts. This may, in part, account for 
the differ ences in experimental results in the 
r egion from 10 to 13.5 p. between these two sets 
of data. In the present work only one band is 
observed in this r egion at 894 em-I, while several 

small bands ar e listed in the tables of ielsen, 
et al. with values between 750 and 1,000 em -I . 

A scanning of the region from 25 to 40 p. did no t 
r eveal any bands of sufficient in tensity for detec
tion. The absence in the 25- to 40-p. region of 
any bands of appreciable in tensity suppor ts t he 
assignmen t of Nielsen that /19 is less than 250 
em-I, the value 216 cm- I being used. 

The band at 518 cm-I appears to have P , Q, 
and R branches when it is observed at a pressure 
of 100 mm Hg ( ee fig. 2) . With larger amounts 
of gas the structure of the band is not observable, 
and the region of greatest absorp tion is at 522 
em - l. The experimen tal re ul ts for thi r egion 
ar e not shown by Nielsen , and it is not possible 
to determine the par t of the band that he u ed in 
determining the value of 522 cm - I . 

The combination band, /11+/15, was forecast by 
Nielsen , et al. but does not appear in his graph of 
the experimental resul ts . This band is of medium 
intensity and, as obser ved in this work, has a 
transmission of 40 percent a t its maximum when 
the gas is measm ed ,vith a pressm e of 500 mm 
Hg in the 5-cm cell. 

In general the two sets of data correspond 
closely, and in some bands the results of Nielsen, 
et al. show better detail. These slight differ ences 
in several parts of the spectrum are caused by 
observations being carried out with different 
amounts of hexafluoroethane in the cell. 
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In table 2 the values of the absorption maxima 
found for chloropentafluoroethane are given; the 
order of the wave numbers of the bands is thc 
same as in table 1. As this substance had not 

been previously measur ed, a comparison with other 
experimental results is not possible. Neither in 
table 1 nor in table 2 are given those lateral 
branches not completely resolved. 

TABLE 2. Wave numbers and relative intensities of the observed bands of chloropentafluoroethane 

Observed bands 
Intensity Intensity 

Oenter Branche. 
----

em-I cm-1 

[4] 314 ---- --- [6] 
[3] 452 ------ - [2] 
[5] 560 ------- [6] 
[3] 596 .-.---- [8] 
[8] 647 ------- [10] 
[2] 372 ------- [4] 

{ 
756 

[8] 762 762 [7] 
768 

[2] 
[00] 808 ------- [1] 

[0] 820 ------- [1] 

{ 
868 

[3] 876 8i6 
[4] 

884 
[00] 

[2] 922 --- ---- [2] 

IV. Discussion 

1. Hexafluoroethane 

The substances of this type admit two possible 
configurations, the alternate one with the sym
metry model Dad and the eclipsed one with the 
model D3h , Nielsen, et al. [1], after a detailed 
discussion, preferred the alternate form, which is 
in accordance with the hypothesis of D. T. Hamil
ton and F. F , Cleveland [6] for the case of hexa
fluoroethane. Their analysis was made from the 
study of the Raman spectra. 

Adopting this hypothesis, and taking into con
sideration the Raman data given by Rank and 
Pace [2], the fundamental vibrations will be those 
that are indicated in table 3, in which are shown 
the term, the wave number (em- I), the activity, 
and the group from which they originate. 

The values given, as far as the frequencies active 
in the infrared are concerned, differ only from those 
by Nielsen, et al. [1] by a very few units for the 
frequencies P7 and Pg. On the other hand the 
frequency Pg must be less than 250 cm-1• In 
Nielsen's work it is supposed to be 216 cm- 1, and 
with this value concordant, numbers for the com
bination bands can be obtained. The region of 
low frequencies was examined and no absorption 
maAimum was found, thus giving the impression 
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Observed bands 
I 

Intensity 'Y 
Oenter Branches 

cm-1 cm-1 cm-l 

982 - -- ---. [2] (1, 828) 
1, 044 ------- [1] (1,883) 
1,129 -- -- --- [2] 1,984 
1,182 - ----- - [00] 2,096 
1, 233 -----.- [000] 2, 151 
1,290 ------- [1] (2,212) 

1,346 ------- [1] 2,252 

1,414 ------- [2] 2,309 
(1, 453) ------. [2] 2,476 
1,473 ---- --- [1] 2,531 

1,553 { 1,536 [2] 2,591 
1,567 

(1, 709) ------- -------- -------
(1,776) ------. -------- -------

TABLE 3. Fundamental bands of hexafluoroethane with 
listing of band designation, activity, wave number, and type 
of vibration 

Activ· Type of Activ- Type of 
Term . ity vibra- Term • ity v ibra-

tion tion 
----------- ---------

em-l cm-1 

VI 1,420 R VCF V7 1, 247 I vcr 
v, 809 R vce •• 51~ I OFCF 

VI 349 R arc. '0 (216) I 6CCF 
VI ---- - Inacti ve Twist V" 1,237 R vCy v, 1, 117 I vcp VII 620 R lJyCp v, 714 I 6FC' VII 380 R 6cc. 

that any possible absorption band must be in a, 
region of an even lower frequency in accordance 
with the assumption by Nielsen, et al. 

Considering the data obtained here, the present 
interpretation of the nonfundamental frequencies 
as combination tones has been made following the 
indications of Nielsen, et al. [1], and the differences 
between the observed and calculated values are 
of the same order as those of the authors men
tioned, except in two cases where these values 
were a little larger. The combination tone corre
sponding to PI + P5, forecast but no t found by 
these authors, is observed with the lithium fluoride 
prism at 2,534 cm- I . These observed and calcu
lated frequencies are to be found in table 4. 
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TABLE 4. Observed and calculated wave numbers of the 
combination bands of hexajluoroethane 

• (ob- Term • (cal- v (ob- 'rerm • (cal-
served) culated) served) culated) 

---------
em-I cm- i cm-1 cm- 1 

S96 P1-"8 902 1, 727 Jl5+ VI I 1, 737 
1,025 P2+ V9 1,025 1, 866 V7+ "'JI 1.867 
1, 065 113+"'6 1, 063 1, 938 v,+ Jl S 1, 938 
1,142 VS+VIl 1, 138 2, 041 VZ+ V7 2,056 
1, 203 P, - vg 1, 204 2. Jl 5 v ,+vG 2. 134 
1,324 P:J+"f:S 1, 327 2, 483 "7+ "'10 2.484 
1, 453 V9+"1 0 1,453 2.531 Vl + VS 2.537 
1,595 V3 +V7 1,596 2, (\67 "'1 + "'7 2, 667 
1, 626 117+"'1 2 1,627 ----- ----- -----

2 . Chloropentafluoroethane 

The presence of t he chlorine atom destroys the 
symmetry, which permits the eighteen funda
mental modes of vibration, all active in the infra
red, to appear. Unfortunately, some frequencies 
are predicted to be so low that they are not in the 
region studied, which extends to 250 em- I, 
Others, which \vere supposed to be in the region 
of lowest frequencies studied, have not appeared 
as can be seen in the curve. The region from 25 
to 40 J1. shows only one absorption maXlIDum 
where five were supposed to b e. 

With the data obtained, 11 of the 18 funda
mental frequencies, which arc indicated in table 5, 
have been e tablished. To assign the funda
mental bands, the intensities and the r egions in 
which they appear were taken into consideration. 
To classify them, bringing them in relation with 
hexafiuol'O ethane, " prim e" frequ encies have b een 

TABLE 5. Fundamental bands of chloropentafluoroethane 
with listing of band designation, activity, wave number, and 
type of vibration 

I I Type o[ I T y pe o[ 
rrerm vi.bra- Term 11 vi~ra-

tlOn LIon 

-----~~- ------~~-

cm- 1 cm- 1 

' I 1, 346 vCF v, OC<';F 

V2 762 VCC p , aceel 

V3 3 1'1 OFCF ViO 1.182 vCF 

VI 'l'\\-ist ~' JO 647 vcel v, 932 vCF v~ 1 OFCCI 

V6 596 OFCF '" bOO OFCF v, 1, 129 PGF Vi ' DeCF 

p', 1, 233 J'C F ,, ' 12 OcCF 

" OFCCI 

p', 452 5FCF 

introduced where the double degenerates of hexa
fluoroethane give way to two different frequen cies 
in the chloropentafluoroethane. In table 5 the 
term, the value of the frequency if found, and 
the group from which it origin a tes, are indica ted. 

Although only a few of the fundamental fre
quencies arc known, the remaining bands can be 
explained as harmonic or combination tones, with 
the excep tion of the three with lowest wave num
bers. For these, surely the lowest fundamental 
frequencies, which have not been found, must be 
taken into consideration. These are given in 
table 6, 

T ABLE 6. Observed and calculated wave numbers of the 
combination and overtone bands of chloropentajluoToethane 

= 
v v 

I ' 
v 

(ob- T erm (cal- (ob- rr cnn (cal-
served) culated) served ) cula ted) 

cm- 1 cm- 1 

732 ------------ --------- 1, 776 V I~+"7 1, 776 
80S ---_.------- .. ------- 1, 828 )/1'0+"10 1, 829 

20 ------------ --------- 1, 883 " 2+ V7 1, 891 
876 V/l+Va 874 1, 984 112+"; 1, 995 
922 Jl6+ 1I3 910 2, 090 Jl2+"1 2. 10 

1, 044 1I~+~6 1, 048 2. 155 Jl6+ 111 0 2, 164 
1, 290 2VI0 1,294 2. 212 V6+V; 2,215 
J, 414 )11'0+"2 1, 409 2, 252 2'7 2, 258 
1, 453 V3+v7 1. 4'13 2, 309 1I7+VIQ 2,3 11 
1, 553 IIl'I+V5 1,542 2,476 V7+ v l 2, 475 
1, 709 Jl6+ V7 1, 725 2, 531 "10 + Vl 2,52S 

2, 591 V;+Vl 2, 579 

The advice and assistan ce given by E. K . 
Plyler in the course of this work are gratefully 
acknowledged. The uggestions of W. S. B ene
dict have been useful in the classification of the 
spectra. 
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