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A Vibrational Analysis of Trichloroiodomethane

RricuarRD H. MaxN AND PErer M. Manist

Department of Chemistry, Boston University, Boston, Massachusells (12213

The infrared and Raman spectra of CCl;l have been recorded. Band assignments have
been made on the basis of the infrared results, and the Raman spectrum has been inter-
preted in terms of the fundamentals of CClsl, with additional bands being assigned to
decomposition products of CCLI. A Urey--Bradley force constant calculation has been
made, transferring results from the earlier work of Ngai and Mann.

INTRODUCTION

A recent study of tetrahalomethanes in this laboratory (/) vielded a transferable
Urey-Bradley force field (UBFF) for eighteen tetrahalomethanes. Tt was found that
agreement between calculated and observed frequencies was poorest for iodine-con-
taining members of the series, there being three which were included in the calculations:
CL, CFsI, and CF,l,. It was hoped that vibrational data could be obtained for other
iodotetrahalomethanes and then that these molecules be included in the normal co-
ordinate calculations.

As it turns out, most iodotetrahalomethanes are rather unstable molecules, being
casily photodecomposed as well us being air and heat sensitive. Herein is reported for
the first time the vibrational spectra and band assignments of trichloroiodomethane,
perhaps the least unstable of those iodotetrahalomethanes which have not been studied
to date.

PREPARATION OF (ClLiI

The synthesis of CCl;1 was performed following Pullman and West (2). Identification
of the CCl:I was established by its boiling point of 142°C and by its absorption in the
ultraviolet at 324 nm as reported by Hazeldine (3). A mass spectrum using a Hitachi
RMU-6L. spectrometer showed major peaks corresponding to the fragments CCl, CCla,
CCl, 1, CoCly and CuCl;, the latter two indicating some contamination of CClgin the
sample. The gas chromatogram of CCl;l showed, in addition to the main peak, trace
amounts of €Sy, CCly, Iy and CCls, the latter two being decomposition products.
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RECORDING O)" SPECTRA

The mid-infrared spectrum (2000-350 cm™!) was recorded on a Perkin-Elmer Model
521 grating spectrometer, using a KBr cell with a 0.5 mm spacer. The spectrum was
traced several times in succession, and very little evidence was found of decomposition
due either to heating in the beam or to contact with air during the recording of the
spectra, The far- infrared measurements were made with a Perkin-Elmer Model 301
grating spectrometer in the region 500-120 cm™!, using a globar source and Golay
detector. The sample was contained in 0.1 mm polyethylene cells, and some decom-
position of the sample was noted over the period of time needed to record the spectrum.

The Raman spectrum was recorded on a Jarrell-Ash Model 25-300 spectrometer,
with a Spectra-Physics Model 125 He-Ne laser used for the exciting ratiation. The
samples were enclosed in quartz capillaries, and extensive decomposition of the CClsl
was noted such that a new sample was required after approximately 10 min of irradia-
tion. The spectra obtained were thus rich in bands of the major decomposition products
C.Clg and 1., as well as CCl;1.

OBSERVED SPECTRA AND DISCUSSION OF ASSIGNMENTS

Because of the excessive decomposition of the CClsI during the Raman measurements,
these results are not considered to be useful in assigning the fundamental frequencies.
Upon analysis of the infrared spectrum, however, values have been obtained for the
CCl5I fundamentals, and the observed Raman spectrum has been interpreted in terms
of the infrared results for CCl;I and also the reported Raman spectra of the two major
decomposition products C.,Clg and I, and of a secondary contaminent CCl,.

In order to aid in the assignment of the infrared frequencies, use was made of the

TT'DE‘IT (1Y ahtained fram the totrabhalamiothanoas O the qoven e <
r (/) opotainea irom tne tetranaiometnanes. Ul tie seven UBFF {force constants

for CCLI, four (K o1, Kce, Heiccr and Feici) were transferred from the other molecules.
The remaining three were estimated by taking combinations of related force constants:

Hicer = $(Hrer + 3Heico),
Fict = $(Fi1 + 3F cicr), 1
poctg = 1(per, + 3pcay,),

where the force constants on the r.h.s. are also transferred from the earlier work. The
frequencies predicted for this set of force constants are given in Table I. These can be
compared with the observed infrared bands displayed in Table IL It is clear that the
symmetric and antisymmetric stretches »1 and »4 are to be found in the strong absorption
between 825 and 650 cm™!, From the spectrum of a thin film of the CCI:I the frequencies
of 755 cm~ for vy and 687 cm™! for v, were obtained.

It seems likely that either the 390- or the 358-cm™ band corresponds to »s, if one is to
accept the calculated predictions. Further, it would appear that the band at 284 cm™!
corresponds to »;, with either 224 or 205 cm™ being »;, and one of the pair of bands at
188 and 171 cm™! corresponding to vs.

An analysis of the spectra of the two major decomposition products is useful in
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TABLLE 1
I"UNDAMENTAL FREQUENCIES AND FORCE CONSTANTS FOR CClyl

Calculated fre-

I'requency and Predicted from® Assignment with* Assignment with®  quencies® using
s) mmetry (Ngai-Mann) 390 and 224(I) 358 and 205(IT assignment |
VL(U]] 079 084 684 O7TR
vala, 392 300 358 206
u:;((l; ! 223 224 205 225
vyle) 770 753 755 768
vi(e) 261 284 284 267
vele) 186 188 188 191
Average error 10.0 147 9,9
Ky Kear Hesee e ey Fier »
Starting force constants 1.309 2.017 0.089 0.082 0.652 0.569 —0.273
Final force constants! (1.309) (2.017) (0.089) 0.064 (0.651) 0.552 —0.215
Errors in calculated
force constants® 0.059 0.086 —0.16Y

* [orce constants used were either transferred from Ref. (/) or estimated hy means of k. (1)
b The average error is the average difference between the assigned and the predicted values using the
slarting force constants.
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Vaiues aner re-
finement of the three unique force constants Hrecr, Fier and p.
4 The values in parenthesis were not allowed in the force constant refinement.

ors estimated as in Ref. (1),

at 1()0 em! (4}, and this would suggest that the 171 cm! band be assigned to CuCl,

s and at 188 eI to be assienced to ve of CCLT
MU i v 104 v woe aabls IUUL LU ¥ UL weiagl,

[ he strong band at 205 cm™! is proposed to be due to the Is formed by decomposition,
with the stretching vibration becoming active duc to formation of a donor—acceptor
complex with the undecomposed CClsI. The appearance of an infrared vibrational
band at ~200 cm™ is a common phenomena for I, dissolved in polar or highly polariz-
able organic solvents (5). This assignment would then leave the band at 224 cm™! to
be vy, this band being supperimposed on the decomposition band due to vy of CaClg,
reported at 223 cm~!, An alternative assignment would be to have the band at 205 cm™!
to be vy plus the Is band, with the 224 cmi! vibration being due en o CuCls. The
decision on the assignment in favor of »; being found at 224 em™1 made on the basis
that it vields better agreement in the assignment of the overtones and combinations.
IFor example, no assignment with v; at 205 em™! could explain the band at 513 cm™,
whereas with »; equal to 224 cmi™! this band is readily assigned to »s + »;5. In addition,
the absorption at 1597 em~! can only be cxplained by 2y 4 »: when »; is equal to
224 em™.
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TABLE 1I

OBSERVED INFRARED I'REQUENCIES AND ASSIGNMENTS FOR CCl;l

CzCls(ObSd)“

1209
1128

1017, 1117
1000

678-804

373

278
223

169

s Reference (4).

CCll
assignments with
390 and 223

[C:Cls]
1698 2v4 + vs
1592 2!/1 + Vs
1510 2v,4
1439 v, + v,

?
1368 2»,

1252 v, + 20,
1227 Va + Vs + Ve
[C:Cle]
1156 vy + v, + v
[C:Cle]

1060 Vi + 2V6

[CCle]

968 V1 + Vv

921 vo + vy — vy
908 v, + v,

872 vy + Vs

854 3v;

862 v, + v + Ve

Vi, ¥y

600 2!/6 + vy
531 Vy — V3
508 vy + »;
472 Vs + Ve

390 v

365 vy — vy
284 v,

224 V3

205 [1.]
188 s

169 [Cl.Cle]

CClsI(obsd)b-e

~

825-

1752 vw sh
1697 s
1597 w
1510 s
1441 g
1379 vvw
1358 w
1261 s
1223 m
1207 vw
1156 m,sh
1129 m
1073 vs,br
992 w
965 m
926 m
909 w
884 wsh

854 s

0650 vvs
609 s
535 m
513 vw
480 m

390 m
358 w
284 w
224 w
205 s

188 m
171 m

CClLl
assignments with

358 and 205

same'!
same
vy + v
same
same
same
same

1573

same
same
same
same
same
same
same
same
2vs + v2
2vy + e
v + V3

31‘;, 854

926
904
889

same
2vs + ve

va + ve
?

598
546
same

V3 + Ve 393
vy

same

[C:Cls]

141 205
same

same

b The upper bands were observed on the PE 521, the lower bands on the PE 301.
© The notation is as follows: v, very; s, strong; m, medium; w, weak, br, broad; sh, shoulder.
4 “Same” indicates that the assignments are identical for both sets of fundamentals.

It can be seen from Table 1I that all of the major infrared bands with the exception
of a very weak feature at 1379 cm™! have been assigned to the CClsI molecule or to
C:Cls and I,. All of the major ir bands of C.Cls are in fact observed at least weakly
(with the possible exception of the 373 cm™ band, which may be lost in the envelope of

the 390 cm™! CCLT band) indicating that some decomposition was present.
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TABLE III

I'UNDAMENTAL FREQUENCIES 0F CCl3l AND POTENTIAL ENERGY DISTRIBUTION

I'requency  Symmetry Urey-Bradley potential energy

Band {cm™) (Cse) distribution (7.)®

vi 084 ay CI1(38), CCl1(32)

Ve 390 ay 1C1(40), CC126), C1CI(16), CT(12)

v 224 "y CICL(56), ICI(t6), CT(13)

vy 755 e CCL(80)

v, 284 e [C143), CICH27), 1CCL10)

g 188 e CICIH46), TCH3N. €

1CCI(15), ICCI(10)

* Notation is the same as in Ref. (/).

One may use the fundamentals of CCl;l (Table 111) obtained from the infrared to
help explain the observed Raman spectrum. It can be seen in Table IV that the observed
bands apparently are due to CCl;l, and its decomposition products C:Clg, I» and CCl..
It can be seen that most of the major Raman bands of C.Clg are observed with the
polarized band at 434 ¢cm~! most assuredly being »2 (a1g), the strongest Raman band
in C,Cls. The polarized band observed at 405 cm™! apparently is the first overtone of
the /. vibration appearing via the Resonance Raman effect (7), although it may be that
s of CClI (which should be polarized) is contributing to this band. The depolarized

TABLE 1V

OBSERVED RAMAN FREQUENCIES AND ASSIGNMENTS VOR (CCl3l, CoClg, CCly AND 1,

CCLI (obsd) Assignment for CCl;I# CoClg?

(?le Izd
()76(3)}) Vl(lllg)
~825(vvw)e [v7 CoCls]? 838(16)dp w»:le,)
687 (w,br)p vi(ay)
458(w) [», CCl,] 458(vs)p vi(ay)
434 (w)p {v2 CoClg] 431(100)p »2(ay )
405 (wip va(ar), [2v 1.] 420(s)p 2v
340(56)dp ws(e,)
31d(vw) [y CCL,] 314(s)dp v4(ds)
288(w)dp va(e)
224(w) valay), [ve C2Clg], [v2 CCL]  223(42)dp wsle,) 218(s)dp »a(e)
202(m)p [v I:] 211(s)p v
~170(m,br) vele)?
137(1’1’1) [V[ — V4 CC14]?
113(w) 2vy — vs?
83(s)

[llz -— v CzClﬁ] 90(m)dp vy — Vg(eg)

= Decomposition bands are designated by brackets.

b Reference (4 ; the figures in parentheses give relative intensities.

¢ Reference (6).

4 Reference (7).

¢ The notation is as follows: v, very; s, strong; m, medium; w, weak ; br, broad; p, polarized; and dp,
lepolarized.
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band observed at 288 cm ! is unequivocally v, of CClil, since no decomposition product
has a band close to this frequency.

FORCE CONSTANT CALCULATIONS

ecin‘nmpnf for ﬂnp F Aqmnnfq
ssignment Ior s neita,

calculatlo made for CClsI to determine the values of the three unique force con-
stants for CCl:;I. Hiccy, Frer and pecir. As can be seen in Table I, the final values
obtained for F1c1 and p are quite close to those predicted by Eq. (1). The value for Hyco
is much lower than predicted, but the calculated error is very large. This large uncer-
tainty is due in part to the fact that the Jacobian matrix element for all six frequencies
is very large for this term. The obtained potential energy distribution (Table III) is
similar to that found for the other tetrahalomethanes, Wlth nonbonding (/) contribu-

tiong generally beine nredominant wit
Liui1o 6 Lquuu_y U\allls Pl\'uullllllull\« A9

tension (p) contributions.

One other calculation was made in which the iodine related force constants (K,
Hyer, Hier, Fiy, Fiv, perg,, porgt and per,) from the three molecules (CFolz, CF;l,
and CI,) in the previous study and the three unique force constants of CClyI were
adjusted. In this calculation, the remaining force constants (Kcvw, Kcct, Hrer, Heice,
Fyy, and Feicr) were transferred from Ngai and Mann. As it turned out, there was
almost no change in the calculated frequencies and force constants from those obtained

in tha anwliae g de-
Il i€ €ariner swuay.

CONCLUSIONS
Acknowledging the problems encountered with decomposition of the compound, it
nevertheless appears that a reasonable assignment of the fundamental vibrations of
CCl;I has been obtained. As with the other iodotetrahalomethanes, the transferability

of Urey-Bradley force constants is less successful than with the tetrahalomethane
compounds containing only ¥, Cl, and Br. While it may be possible to obtain the

vibrational spectra for other i1odine rnn‘rmnma tpfmhﬂ]nmpfhnnpq similar nrnh]Pm: of

instability are sure to be encountered.
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