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Infrared Absorption Spectra of Five Halomethanes

Earle K. Plyler and Nicole Acquista

Tha
dibremodiflysrometha e

infrered mbsorption spectra of fve halomethanes,
,  bromochlorodiluorormethans,

bromodiflueromethaure
bromeiritlueromethane, and

iedotrifuoromethere have been studied from 2 to 38 mictons.  Fundamental, combination,

avertone, A difference bands hava béen idantifed.

Many unotserved fundamentals have

besn predicted by comparisons with related moleonles and #jth Raman spectra. The funds-
mntals have been claesiiied a8 to the type of motion and the privcipal atom invelved.  Four
tables sre Ineluded to show the relationships among the fundameniais of the molecules

compared,
1. Introduction

The infrared spectra of bromodifluoromethana,
dibromadifluoromethane, bromechloredifworometh-
ane, bromotrifluoromethane, and iodetriflvorometh-
ane have been messured from 2 to 38 4. The
Purpme ol the measurements was to identily the
undamentals and to classify them as to their modes
of vibration, The resulting claseification allows a
comparison of the vibrations of these molecules with
other refated substituted methanes studied by other
investigators [1].! Recently Deciug subjected many
methana derivatives to a normal inate treat-
ment and quantitatively verified the experimentsl
assignmeants [2]. Flyler and Benedict extended the
ealeulations of Decive and were able to check some
of the nssignments of the molecules they studied [3].
In addition, the Eaman specira of the molecules
have been investigated [4].

2. Inghrumentation

A double-beam Perkin-Elmer model 21 speetro-
photometer measured the compounds from 2 to 15 ¢,
and 8 single-bearn Perkin-Elmer spectrometer ex-
tended the measurements from 15 to0 38 oo A KBr

risi was used from 15 to 23u and a TIBr-I prism

m 23 to 38 «.

For most of the measurements from 2 to 23 u, &
S-cm gas cell with pressures of 1 atm or less was
uszed. [In order to deteet some of the weak absorp-
tion bands, two cells of 40- and 130-cm lengths were
employed. Tlese two cells could not be evacuated.
Thaﬁ wara fijfled by fowing gases through them.

The five compouads were supplied by R. C.
MceHarness of the Jackson Lahoratories, Tests
mgde by the Bureau's Msss Spectrometry Section
indicated minute traces of foreign halogenated-
methanea in four of the compounds. Only CBrF,
had imgurities in slight exces= of 3 ot. Theze
impurities were not cbasrved in the CBroF, spectrum,
probably hecause they were masked by the strong
absorption bands of the molecule.

3. Resulis

Fi 1 shows the absorption spretra of CHBrF;,
CBrFs, and Br(l1F; in the region from 2 to 15 .
The cell length was 6 cm for all measurements. The

! Flpores i braskeds indicate the jlieniam ooforences st the endfof this paper,

pressure used is indieatad on the lg_iraph, It is Bean
that pressures as low as 0.01 em of Hg were necessar
ta resovlve the structurcs of the strongest bands. In
some cases, it s ihle to tell {from the graph
whether the bands have P, Q, and R, or only P and
E branches.

Fi 2 gshowe the ahosorption spectre of CBrE,
and CIF; from 2 to 15 p.  The pressures of the puses
are indicated next to the respective traces. The
cell lenrth employed was also 5 em. The curves in
figures 1 and 2 are traces from the origing! record
ohtained from the double-beamn spectrophotometer.
These graphs have not been corrected for surface
reflection of the cells or for atray radiation in the
instrument. However, & reflection filtar was used
beyond 9.2 &, and as a consequence, the stray radia-
tion did not exceed 5 percent at any wavelength,

Fi 3 shows the infrared absorption spectra of
tho five compounds in the region from 14 to 26 g,
These measurements were extended to 38 w4, but no
bands were observed heyond 36 p. These com-
pounds were mensured in the paseous state, using
cells of 5, 40, and 130 cm in length. The pressures,
where measureshle, are indicated on the graph.
Ajstempts were made to examine the spectrs of these
malecules a6 & liquid because many of the funda-
mentals did nob appear in the gaseous state. How-
ever, due to the ngh volatility of all the compounds
atroom temperature, only CBcF: could be measured
in this manner. A liquid eell with & thickness 1.5
mm waa usad for these messurelnenta, The portion
of the curves drawn in broken lines indicates that
wenk absorption bands could not be observed because
of stmospheric baods. Tabla 1 gives & list of wave-
lengths of &1l the bands that appear in the infrared.
In addition, there are listed bands that do not appenr
either because their intensity is too weak or hecause
they fall outside the' wavelength region studied.
These frequencies are taken either from the Raman
spectra or from overtone and combination bands.
Some of these frequencies bave also been predicted
by commparison with analopous halomethanes. When
& band has been sufficiently resolved by the prism
apectrometers, the P, {), and R, or P and R branches
have been listed separutely. The intensities are
indicated ndjacent to the respective band, and these
are dencted by abbreviations of very weak, wealk,
medivm, strong, and very strong. The funde-
mentals have been designated by the numbering
system propoeed by Plyler and Benedict [3].  Using
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this notation, it is possible to see the regulariiies
that exist T related tr.m:ilenuiea ufhdiiffferﬁnt
symmelTy. not way of demoting the funda-
mentals, which was also used, is fo characterize
them by the molecultr motion involved. In this
system, v, represonts the stretching vibration be-
tween the cen carbon and the X atoms, nod &,
ignifies the bending of the X atom against the rest
Bnlft.he molacule,

{ cules CBrF; and CIF,

The number of fundamenisls expected in these
molecules can be predicted, as is well known, from
symmetry considerations. The five compounds can
be put into three point groups. CBr(ClF; and
CHBrF. have only one plane of B‘Iﬂm&tl‘g (the
CBrC] apd CHDBr plane, respectively),” and thus
belong to the point group C, whercas CBr,F; has
two aymmetry planes, placing it in Cp.  Tha moles

Elﬁ'ﬂ  threefold axis of sym-
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Tagre I, C'fﬂangimli-aﬁ of the infrared bonds of bromodi- | TaplE 1, Clocyification of tha infrared bomds of bromodi-
fuorgmethane, dremochlarodifiuoromisthane, diftomodifuoro- Ruaramethane, bromochloradifunromethane, dibromadifnoro=
wiethare, bromolrifuoromethone, and fodedriffioremethan s methaie, bromalrifuoromelhane, ond dodoivifivoromelhone—
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TS St of e gt b o St | S mbiods wer usd o entty ad sy o
, v onteLhone, | * | fundamecntel vibrations of the five halomethanes, as
Eﬂ'ﬁ:ﬂﬁm mairifuoremetiane, and fodctrifucrometiane— | foq . {1) compsrison with available Baman
spectrs; (2) comparison with the caloulated values of
b r v Asslgnments Btepanov [5]; (3) comparison with similar molacules,
I that i, isotope effect; (4} calculation baged on over-
CFl~Contiuwed tone and combination bands; (5) intensity considera-
6.3 an0s W | wdom twons; and (6} considerstion of band envelopes.
he R | W | B In table 2 are shown the nine infreved fundsmental
by 14 M| et frequencies of CHBrF;, These are compared with
b R wal | o fid the caleulated values of St oy and with the
pisg | | M ede asaigned fundsmentals of CHCIF,. Of eight funda-
i DS | YW | oo enn | | mentals found in the infrared, seven give rise to
12 BT | vw | strong bands. Stepanor estimates that his calen-
e b A e lated valoes ere aceurate to within 3¢ to 50 cm™t
. Six of the nine fundamentals fall within this securacy,
+ Preditted fromm oam Miatlan abd dweclome binds. The classification of CHBrF;, as to the modes of
ey T mation snd the main atom involved, is based on the
assignments of the related molecule CHCIF:, Six
metry and three planes of & etry. Therefore | of ihe fundamentals should have almost the same
they belong to the point group Cy.  Molecules in the | valua for the iwo molecules, es they involve pri-
point group O hawe six different sctive fonde- | marily the motions of the same atoms, The o
mentals, whereas those in Cg, and C, have nine, one | three vibhrations, »g. g and dg., should all oceur nt
of which o, is theoreticelly mactive in the infrared, | smaller wave oumbers than the correapand.in% vibra-
but which is sctuallr found in this type of | tion »o, 8w, “nd & This is the caze for the
molecule,
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Froore 2. dbsorplion gpectra of bromotriffuoromtethone and foderiffusromethane from £ o 15 u.
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Fravae 3, [fnafrared ﬁbmrgﬂmﬂ apectre of bromodifveronmisthone, bromochloredifusromethane, dibromodifusramethane,
romodrifluoromelhane, and fodotri Auoremelhane from 14 lo 39 u,

assignments in table 2. The frequency, 240 em™,
which wes cutside the TIBr-T region, was determined
from the eombinstion bands, e valae 240 cm™?
for «w seems more probehle for the bending vibration
of bromina than the calenlated value of the 320 am—!
when related molectules sre considersad.

Tavre 2. Infraved fendamantols :‘f bramodifuoromethane
compared wsth the Fundomendols of shlorodifuoromathane and
wilh the eleulaled pafuce of Slepaner

Clugzlfies. | CHCIF,, ine | CHINFy, I | OHErF,

iLlon Teavad pax, v | Irareqd pma » | oklovlated -
om| £l emeL
wy 3, e S0, vy i kil
o LT, i 134, Iq 1350
] 1311, &m 17, dn i) ]
w1 1174, rmy T35, oy 111D
1 A, G 576, dra L]
T Sk, ol T wor B
"9 118, wpa 1108, =ka T
wr 3E, Epe FEL, Frue ik
w1 | L0, Far Fr

& Prodictsd il 0T bEindd b AN OPerntome: bimla.

Tha six fundamentals of CBrF, and CFyl have
been asccounted for by a comparison with the cal-
enlated valuea of CBrF; of Stepanov and with the
fundamental frequencirs of the relnted symmetric
tap molecule CCLF; previously studied. Five of the
fundamentals of CBrFy; aod CF,I fall within the
spectral region measured. The sixth fundamentsl,
wys, Was determined from the caleviated velue for
UﬂrF., and for CF it was delermined from the
combination hands. The v, vy, and . vibrations
of the three moleculrs have simost the same fre-
quencies, It is somewhat upusval that the vibra-
tons roy, kg 80Ul ¥ are almost equal. This effect
may he produced by the smell C-F distances in these
moleculee. The intensities of @, and wy, the & for
Loth, compounds, are very weak. This appoars to
be typical of this vibration and is found to cceur in
gimilar fluosromothanes. The selection of these two
frequencies as fundamentals ezems justifisble on the
basis of the overtone and combination hands. Table
3 also shows that the effect of replacing & chlorine by




TapLx 3. Comparinoh of the fundamendaiz of bromodrifuoro-
methane and iodoirfuerometions with the frared fundo-

mendals of chioralriffusrometfiome and with the o néed
fundamendals of Sleponoey,
: COLF CBthy, in- | OBeFy
Clasalt- A ObtFa | CRl, Intrarod
eatdon w TAp, £ lated, r EBE, ¥
e e e wm
o | e | @ | R | g
L4 ¥ Fl
iy ETeh EC 70 i
S| B | Bk | 8 | &
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s e » 10, by 10 . 180

» Predicted frotg soaiblmaisn i differetcs bande,

b Cxbratod Twhac of Etepstior,
& bromine or iodine is to shift the correspondiog
vibrationa to longer wavelehpths, Except for e
and &, there is little doubt in the assignmentz of the
tundsmentals of these bwe molecules.

Some dificulty was experienced in the asaiglment
of the fundamentals of the molecule CBr:H; and
CBrCIF,. Five fundamentals appear st wave num-
bers less than 440 ¢m~'. The intensitiea of theas
hands are low. Furthermore, three of the bands,
wy, @, B0cd we, overlap and could not be resolved.
Neverthelegs, provisional assignmentz have been
made for OBF, and CBrCIF;, based on a cormperi-
pon with the Faman spectra of Glocker and Leader [6],
the calenlated values, and alao the indrared values
of the related halomethana CCLF.. The rclation-
ghips among the three molecules e¢an be seen from
t.nh]i’a 4. Five infrered fundamentals for CBrF,
wers found, and there check weoll with the Raman
spectra. The bands at 1088, 1150, 320, and 621
em~! 2re all very atrong, but the bapd at 331 ecm™
mensyred in the liquid staie is very wealk. The five
frequencies nre sll smaller in wave number than the
five currespondmﬁ' fraquencies of CCL¥F., a3 would
be axpected. The remaining frequoncies o, w,,
wy, and oy were too weak io be determined ip the in-
frared, and cotsequently the Kaman values have
been acrepted and classified. Agr the fundamentals
wy, oy, and wy overlap, the assignments of these
hands are doobtful.

CBri1¥, can be considered an isotopic moleculs
of aither CBr,F. or CCLF.. Its {undamentals
should he intermediate in wvalue, Thia is seen to be
the case for the four strong infrared bands at 1102,

Tapm 4, Compariaon of the infrarved fundamentols of dibro-
modifivoromeifane and bromochlorodifuorpmetfiang with the
infrared saluen of dichlorodifiuoromethane, the Romon saluer
dibromodifusromattone, and e calenlated vatues af bro-

moehiovodifuoromethone,

CEneFy, [ CErCIF, [T BT IF,,
Claaa ifi- | CEnyFy, o= ! " i OO Fy, -
oallen | Irard gaa, r Im 1“{“'_:"?1 Inuhgfr frared Fas, -
fo e ¢m-1 om el
w 1IN, vra w0 | A0, 0 110, rrs
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N T T 140, Irce 40 470, By
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& Predlveted frow eombination and overtona banda and rebated oolamales.
L Famomt Values. = Liqumd.

Q
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1150, 872, and F48 em~L The frequencies wy, o,
g, And ;. wore determined frotn the rombination
bande, from the caleulated frequencies of Stepanov,
and from the related molecules OB F, and CUCLF,.
. An examination of the band shapes 1 the cages of
the two symmetric tops, CBrF, and CF,I, further
confirms the sssipnments for these molecules. Tn
both caszes the ﬁbﬁmﬁmd wy, e, Afvd én, are of
Bymmetry speciea A,, and ww, wy, end oy are
of epecies E.  Bpecies A, should show a sirong central
meximuim, the transition moment being parallel
to the top axis. Species E should lack such a
feature and lead to dicalar hands. A few
band= in the spectra of ﬁme molecules have enve-
lopes that clm possess or do nol possess a zero
branch. In cese this ia comsistent with the
nsaiﬁnmeut.s made. For example, in the case of
CFil, w, at 13.5 &, and w at 9.32 4 chould and do
have central maxima; wy at $.44 x should not and does
not have the characteristic P, Q, and B structure,

For the asymmetric tops, this method is not quite
&3 rewsrding. For tho=e molecules of point group
C,, CHBrF; and CBrClF;, symumetry considerstions -
show that of the nine fundamental vibrations, three
will be of type U (tran=itien moment lying along the
axis of greateat moment of inertia}, and the remaining
gix will be hybrids (transition moment having com-
ponente along the other principal axes of moment
of inertiz}. The type banda should poseess
strong central maxime, and the hybrid bande, central
maxima of varying prominence. Dhuc to the mability
te distingquizh the type of band unambiguously,
it wag felt that considaration of the band envelopes
would contribute little.

The remaining molecule, CBrF., ia of point
Cy,. For this point group, there sre three types of
bands, A, B, and C, with w: and «y being of the first
type, oy, wy, @y, and o, of the second, sand wy and wr
of the Inat. Type A and C bands can be expected
to show astrong central mexima; type B should
exhibit central minima. It was pomble to check
several bande of this molecule, and in every case
but one the assignmenis and hand shapes are
consistent. Some doubt, however, existz sz to the
band at 11.43 u, classified a5 wa—ar. This 5 a
type C band, bul the separation between the P and

branches is great enough to indicste a type A
band. If this be a type A band, a ible axplana-
tion lies in the epectrum of Cﬁrﬂ] 5. In this
apectrum, & very strong bend of the same shape
cccurs at the same wavelength, CBrF,, the least
pure of the five molecules, may contain (Br{iF,

HE BO Impurity.
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