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The infrared gas phase spectra (4000—50 cm™) of
acetyliodide (Acl), Acl-d;, Acl-d, and Acl-d;
are reported. A complete vibrational assignment
is given, together with a valence force field
calculation. The quality of the frequency refine-
ment is shown to be sensitive to the methyl group
structure. Minor corrections to the earlier methyl
group structure are suggested.

The occurrence of acetyliodide (Acl) in the
spectroscopic literature is rather sparse. A Ra-
man mvestlgatlon on liquid Acl was reported in
1948,! and an infrared investigation on 11qu1d and
gaseous AcI was reported in 1968.2 Recently
McKean?® has reported the CH-stretching fre-
quencies for Acl and Acl-d,. In the latter work
the deviation from C;, symmetry of the methyl
group is discussed. The structure of gaseous Acl
was determined from microwave spectra* and
from electron diffraction,’ the latter reporting a
tilt of the methyl group of 1.7+5.4°. In the
present work the infrared gas spectra of Acl,
Acl-d,, Acl-d, and AcI-d3 are reported in the
region 4000-50 cm™. A complete vibrational
assignment is given, which is in part based on a
valence force field calculation. The symmetry
co-ordinates used in the calculation allow devia-
tion from C;, symmetry for the methyl group.
The frequency fit appeared to be sensitive to the
methyl group structure, and a slightly revised
methyl group structure is suggested.

EXPERIMENTAL

Acl was synthesized from ketene and HI.
Ketene was prepared by pyrolysis of acetic acid
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anhydride (600 °C).% HI was prepared by adding
H,0O to PI;. Deuterated ketene and DI were
made by a similar procedure using deuterated
compounds. The isotopic purity (atomic percent)
of ketene-d, was 99 % and of DI ca. 90 %.
Acl-d;, Acl-d, and Acl-d, were prepared from
ketene-d, and DI, ketene-d, and HI, and from
ketene and DI respectively, the obtained isotopic
purity being 90, 99 and 90 %. The syntheses were
carried out in a glass system under high vacuum.
Excess of ketene or HI was removed by distilla-
tion. All contact with water from walls etc. must
be avoided due to the rapid hydrolysis of Acl to
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Fig. 1. Acetyliodide in the principal inertial axis
system.
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acetic acid. Due to their variable relative intensi-
ty it was also possible to identify some weak lines
in the IR-spectra caused by an unknown impurity
(see Fig. 2).

Infrared gas spectra in the region 4000—-350
cm™! were recorded, using a 10 cm gas cell with
KBr windows, on a Perkin-Elmer Model 580.
The spectra were automatically stored in digital-
ized form in a medium size computer (RC 4000).
This allowed computational removal of spectral
interference from Acl in AcI-d;, and from Acl-d,
in Acl-d,.

In the FIR-region 500—50 cm™ a Michelson
interferometer (RIIC, FS-520), equigped with a
4.6 m gas cell of the light pipe type,’ was used.

For all the reported spectra a spectral resolu-
tion of ca. 2 cm™! was used.

RESULTS AND VIBRATIONAL
ASSIGNMENT

Acetyliodide is an asymmetric top molecule
with a mirror plane as the only symmetry element
(point group C;). In Fig. 1 Acl is shown in the
principal axis system for the moments of inertia.
The structure used is from Ref. 5. (See also Table
9.)

From symmetry arguments® all fundamental
frequencies can be expected to appear in the IR
spectra, with ten bands of A’'-symmetry (A/B-
hybrids) and five bands of A”-symmetry (C-type
bands). According to Ref. 9 the C-type bands will
show a dominant Q-branch, the B-type bands a
band minimum and the A-type bands a distinct
but weak Q-branch. The P, R-separation is calcu-

lated ' to be 12.6 and 10.5 cm™ for the A- and
B-type bands, respectively. The changes in mo-
ments of inertia due to isotopic substitution are
small and have no significant influence on calcu-
lated band contours. The experimental band
contours are in good agreement with the calcu-
lated values.

For Acl-d, and Acl-d, two rotamers exist. One
of C, symmetry and two equivalent forms with no
symmetry (C;). The species of C; symmetry is
expected to be twice as abundant as the species of
C, symmetry. In general all absorption bands of
the C, species will be A/B/C-hybrids.

In Tables 1—-4 the observed band center
frequencies are given together with relative
intensities, band contours and vibrational assign-
ment. In general the vibrational assignment for
the parent molecule and the ds-species is based
on group frequencies and band contours.

CH- and CD-stretching frequencies. In Fig. 2
the infrared spectrum of saturated vapours of Acl
in a 10 cm cell is shown. The most striking feature
is the relatively low intensity of the CH-stretching
bands near 3000 cm™. The relative intensity of
the CH-stretching modes for the isotopic com-
pounds are qualitatively as seen in Fig. 2. The
CD-stretching bands near 2100-2300 cm™,
which theoretically have half the intensity of the
CH-stretching bands, mix with several weak
overtone bands in this region, preventing a
rigorous assignment of the CD-stretching fun-
damentals. A tentative assignment is given in
Tables 2—4.
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Fig. 2. Survey gas spectrum of acetyliodide (saturated vapours in a 10 cm cell). The bands marked with

a cross are due to an unidentified impurity.
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Table 1. Tables 1—-4 give the observed infrared
gas phase data for Acl, Acl-d;, Acl-d; and
Acl-d,. Given for each band is the observed
frequency, the band contour, the relative intensi-
ty and a vibrational assignment.

For the A- and the C-type bands the frequency
corresponds to the value of the Q-branch max-
imum, and for the B-type bands to the central
band minimum. In the spectrum of Acl-d, it can
be seen that a band frequently has two closely
separated Q-branches of nearly equal intensity.
Such Q-branches are marked C’' and C". In the
calculations the average frequency is used. The
relative intensities are given by: s=strong,
m=medium, w=weak, vs=very strong etc. F,
Fermi resonance; sh, shoulder; *, diffuse band
contour; +, overlapping bands.

Infrared gas phase data and vibrational assign-
ment for acetyliodide.

Frequency Band Inten- Assign-
(cm™) contour sity  ment
3595 B vw 2v; (3634)
3014 A w Vi
2937 A \A v,
2814 * vw 2v, (2842)
2117 B vw va+ v, (2745)
ca. 2360 * vw v+ vg (2368)
ca. 2290 B vw vs+ vy (2281)
2104 * vw vs+ vy (2108)
+ {2000 B VW ve+ v (2020)
1993 B vw V6+2V14 (1993)
1860 B s 2w, (1856) } F
1811 B vs V3
+ {1646 * W vs+ vy (1644)
1624 A vw Vet Vg (1630)
1429 C m Vi2
+ 41421 A/B m Vs
1408 C w vo+ vy, (1403)
1353 B m Vs
+ {1079 A vs Ve
1074 C w-m Vi3
941 A s v } F
914> A s 2vi4 (924)
581 * vw 2vg (582)
565 A/B s Vo+vyg (562) } F
545 B vs Vg
462° C vw Via
+ { 291 A w Vo
271 A w Vio

¢ The band from the C,-rotamer is supposed to be
hidden in the band from the C;-rotamer. ® The most
intense of several Q-branches.
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Table 2. Infrared gas phase data and vibrational
assignment for acetyliodide-d;. For symbols used
see legend to Table 1. For footnotes see Table 1.

Frecuency Band Inten- Assign-
(cm™) contour sity  ment
3604 * w 2v; (3634)
2746 A/B vw v3+ v, (2755)
2616 A/B vw v3+vg (2616)
2265 A W v
2104 A/B vw vs+ vy (2105)
2034 A/B vw vs+ v (2046)
1903 B vw vs+vg (1907)
1873 A/B m 2v; (1876)
1817 B Vs 12}
1300 C vw vo+vy3 (1325)
1108° A vs Vs
1052 A/B w Vs
+41037 C w Viz F
1020 A/B w Ve+Vio (1039)
935 A/B vs vy
799 A w Ve
529 * w vo+Vyo (528)
500 A/B vs Vg
414 b C vw Via
288 A w Vo
240 A/B w V10

Fig. 3 shows the CH-stretching region for the
Acl, Acl-d; and Acl-d,. All the spectra are of
saturated vapours recorded at room temperature
in a 10 cm cell, and are presented in transmission.
For the parent molecule three bands (two A/B-
hybrids and one C-type band) would be
expected.'>!* Only two bands, of pronounced
A-type, are observed at 3014 cm™ and at 2937
cm™, and they are assigned to the asymmetric
and symmetric CH-stretching modes, respective-
ly (v and v, A").? The missing C-type band (v,
asymmetric stretch, A”) might be weak and/or
coincident with the Q-branch in v;. In the
C;,-case these two bands (v; and vy;) are de-
generate.

In the dj-species a total of four bands are
expected in the CH-stretching region; an A/B-
and a C-type band from the C; rotamer and two
A/B/C-hybrid bands from the C; rotamer. Only
two pronounced A-type bands of nearly equal
intensity are observed, as shown in Fig. 3c.

For the d,-species one A/B-band and one
A/B/C-band from the C; and the C; rotamer
respectively, would be expected. But in fact only
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Table 3. Infrared gas phase data and vibrational assignment for acetyliodide-d,. For symbols used see

legend to Table 1. For footnotes see Table 1.

Frequency Band Inten- Assignment
cm™ contour sity C, C
3600 B vw 2v; (3626) 2v, (3626)
3007 A vw i
+ {2958 A vw vy
2953 * vVw
+ {2769 B VW vs+ v, (2775) vat+ vy (2775)
2754 B VVW v3+vy; (2768)
2640 B vw va+ vs (2658) Va+ vy (2640)
ca. 2223 * vWw v,
v+ vy (2228)
2100 * VW va+vg (2103) 2vg (2104)
va+vy3 (2103)
Ve+ vyo (2101)
1922 A/B w 2vy (1924) 2vg (1924)
+ J1eor® A m va+vg (1913)
1880 B m v+ vy (1879)
1858 A m ve+v7 (1873) F
1813 B vs V4
ca. 1655 * VW va+vyo (1670) 2vy (1654)
ca. 1590 * VW vg+ vy (1597)
1429 B w v+ vg (1415) } F
+ 11398 A w Vs
1412 C w Vs
ca. 1300 * vw vio+vy3 (1305) vg+vys (1312)
1274 A m Ve
+ 1266 C m Vi
1260 A m Vs
1249 B m Vy
1079 C w 2v11 (1090)
1071 C w vio+vi4 (1086)
{1052 Al/BIC vs§ Vg
1045 C Vs Vi3
962 A/B vs vy
911 A w Vs
827 A w Vio
552 A/B S V3t vy (549) } F
540 A A& Vi1
504° A s V8
290 A w v@ Vi3
+ { 261 A w Vio
259 A w Vi4

a single pronounced A-type band is observed.
The absence of bands might be explained by
assuming exact or nearly exact coincidence be-
tween bands from the two rotamers. This means
that the methyl group has C;, or very near C;,
symmetry. However, a very small deviation from
Cs, symmetry should cause a frequency differ-
ence of a few wave numbers, which should be

observable. Another explanation of the missing
bands, including the absence of the A" CH-
stretching mode in Acl may be as follows.
First the overall weak intensity of the CH-
stretching bands must be caused by a small value
of the dipole moment derivative (Si’/6r)y, where
ris the CH distance. Secondly, excluding that the
low intensity of the A” CH-stretching mode is
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Table 4. Infrared gas phase data and vibrational assignment for acetyliodide-d,. For symbols used see

legend to Table 1. For footnotes see Table 1.

Frequency Band Inten- Assignment
(ecm™) contour sity C, C
3613 B w 2v; (3634) 2v4 (3634)
2984 A vw v
ca. 2761 * vw vat+vg (2770)
vtV (2766)
2640 B vw 3+ vy (2667)
2264 AlC VW v
2187 A vvw V3
2165 C VW vs+vo (2196)
2106° A W v+ vy (2106) vat+vi3 (2106)
2081 * \AAS Vet Vi (2074)
2018 A vw vo+vg (2025)
+ {1906 B w-m 2vg (1906)
1883 A/B w Vit vg (1884)
1817 A/B Vs A V4
1272 C m Vs
+ {1269 (o4 m Vi2
1253 A/B m Vi Vs
1079 A vs V4
+ {1074 C Vs } "
1070 (o vs 7
1002° A m vy
953 A Vs Vg
929 C m } F
922 (o4 m Vo
+ { 906 A m viit+vi
903 A w-m Vi3
866 A/BIC vw 2vyy
823 A/B w Vio
+ 4 809 A/BIC’ w
805 A/BIC" w Ve
+ 546 A s Vs } F
532 A/B m vo+vyg (539)
502 A/B vs Vi1
289 A w "Q Vi3
+ { 253 A w Via
250 A w Vio

accidental, (6fr’/6r), must be significantly larger
for the CH-bond in the plane defined by the
heavy atoms than for the two other (equivalent)
CH-bonds. As a consequence, only vibrations
involving the “in plane” CH-bond would be
expected to give rise to observable bands, which
is in accordance with the number of observed
bands. Moreover, because the dipole moment
change will be mainly along the “in plane”
CH-bond, which is parallel with the a-axis (Fig.
1) all bands will appear as A-type as is in fact
observed. Finally the theory qualitatively pre-
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dicts the relative intensities of the observed
bands. The assignment according to this explana-
tion is given in Tables 1—4.

CH/CD-bendings and skeletal vibrations. Acl
and Acl-d;. The remaining assignment of the
parent species requires only a few comments.
The assignment is given in Table 1. However,
several Fermi resonances occur, and corrections
are necessary in order to get the “correct”
fundamental frequencies. In Fig. 4a, ¢ and d
these Fermi resonances are shown. The correc-
tions are carried out after the method described
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Fig. 3. Infrared gas spectra of the CH stretching region for a. Acl, b. Acl-d, and c. AcI-d; (saturated

vapours in a 10 cm cell).

in Ref. 14 and by using intensity data from
spectra recorded in absorbance. The corrected
values are given in Table 7. The Fermi resonance
near 950 cm™ shown in Fig. 4c is assigned to two
fundamentals of A’- and A”-symmetry, respec-
tively in Ref. 2, probably because of spectra of
poorer quality. Fig. 4c shows clearly that two
A-type bands are present, and only a Fermi
resonance can explain this. The A"-fundamental
(v13, CHj-rock), assigned to one of the Fermi
doublets in Ref. 2, appears as a weak C-type
band at 1074 cm™ overlapping the A’-fun-
damental (vs, CHs-rock) at 1079 cm™ (Fig. 4b).
The two modes (v and v;3) are degenerate in the
C;,~case and are supposed to be close in frequen-
cy. In the far-IR two slightly separated A-type
bands are observed, Fig. 5a. They cannot be
explained as a Fermi resonance, and must there-
fore be attributed to two skeletal bending modes.

This assignment is confirmed from the deuterated
species. The high frequency band, v, is nearly
insensitive to deuteration in contrast to the low
frequency band, v, (Fig. 5a and b). This
indicates that the CH;-group participates in the
vio mode and not in the vy mode.

For the dj-species the remaining assignment is
also rather straightforward. The assignment is
given in Table 2. It is worth mentioning that the
CD;-rock vibration of A”-symmetry (v;3) is total-
ly absent. The C-type band at 414 cm™ is
assigned to the out of plane skeletal deformation,
vi4. This band is very weak. In the parent species
the corresponding band is observed at 462 cm™,
but it is not as sharp and distinct as in Acl-d;. The
corresponding bands are not observed in the
spectra of Acl-d; and Acl-d, due to insufficient
intensity.

Acl-d; and Acl-d;. In contrast to the parent-

Acta Chem. Scand. A 38 (1984) No. 6




Infrared Spectra of Acetyliodide 459
100 T ] T T | T 100 I T L l
%T %T
1860
65— — 775 —
107
a 079 b
30 | Ll 55 1 L I |
1860 1800 cm’ 1090 1060 cm?!
m T T I m T T T I T T l T 1
581
r)
914 c d
941 545
60 | 1 1 | 1 [<70) (N I W U S Y WO N
960 900 cm! 590 S50 520 cm’'

Fig. 4. Details of the infrared gas spectra of acetyliodide. a., c. and d., important Fermi resonance. b.

The near degenerate modes v and vy3.

and the dj-species the assignment of the d;- and
the d,-species is quite difficult. The presence of
two rotamers doubles the number of bands and
gives rise to many overlapping bands. Further-
more, due to the low symmetry of the C; rotamer
the band contours are of less help in the
assignment. A reasonable assignment based on
the present experimental material can, in our
opinion only be carried out after good estimates
of fundamental bands for the involved species
have been made. The assignment of the d;- and
the ds-species and of the CH-stretching frequen-
cies for the dy- and the d,-species is used to
establish a simple valence force field for acetyl-
iodide (see below), and from this the fun-
damental frequencies for the d;- and dy-species
are calculated. The assignment obtained in this
way is given in Tables 3 and 4. A detailed
discussion will not be given here, but in Figs. 6
and 7 details are shown of the more complicated
regions, where the assignment is less certain.

Acta Chem. Scand. A 38 (1984) No. 6

In cases, where bands from the C; and the C;
rotamer are calculated as being only slightly
separated, and only one band is observed, this
band is assigned to the C; rotamer. The band
from the C; rotamer, which is believed to have
approximately half the intensity of the C; rotam-
er, is in such cases assumed to be hidden in the C;
band, and the frequency for the C; band is
estimated to be near the C; value.

Force field calculations. Coordinates. The force
field calculations are carried out after the GF-
method.® Conventional internal valence coordi-
nates are used with the exception that the H;CH;
angles are replaced by the corresponding dihe-
dral angles, d;;, between the planes defined by
the two carbon atoms and H; and H;, respective-
ly. The coordinates are named t; after:

n=dy Tn=d;3z n=dp

The advantage of these coordinates is discus-
sed in Ref. 15. The torsion of the methyl group is
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Fig. 5. The far infrared gas spectra of acetyl-
iodide and acetyliodide-d; at two different pres-
sures (ca. 2 and ca. 13 mmHg in a 4.6 meter cell).

described by the torsions of the individual
H;CCO-systems:

t;=tors(H,CCO) i=1,2,3

The out of plane skeletal deformation, 7, is
defined as the angle between the CO-bond and
the plane defined by CCI. The definition of the
remaining coordinates is given in Fig. 1 and Table
9. The symmetry coordinates used (C;) are given
in Table 5.

Calculations. A least squares method was
applied in adjusting the force constants using a
program developed at Chemical Laboratory V,
University of Copenhagen. The program is based
on well known principles already described in
several papers,'®718 and in particular we would
draw attention to the papers by Aldous and
Mills,'®'7 since they include a fairly comprehen-
sive discussion on the problem of error analysis.

The force constants are adjusted to fit the
observed frequencies. The estimated probable
error, o;, in the i’th observed frequency, a;, is
taken to be proportional to @; and is set to
0;=0.01w;.

A general force field has 55 independent force
constants in the A’-class and 15 in the A"-class,
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Fig. 6. Details of the infrared gas spectra of acetyliodide-d; where the assignment is uncertain.
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Fig. 7. Details of the infrared gas spectra of acetyliodide-d, where the assignment is uncertain.

and it is necessary to fix many of these to zero or
literature values. The initial force field values are
taken from the standard methyl §roup of
Duncan,? HCOC1,?® and CH;CHO,?! and are

Table 5. Symmetry coordinates for acetyl iodide.

A’ S1=6_% (2Ar1—Ar2—Ar3)
S2=6_% (2AT1—ATZ—AT3)
S3=6" (2AB,—AB,—ABs)
S4=3_V‘ (Ar1+Ar2+Ar3)
§s=3'” (AB1+AB;+ABs)

6=
S7=Au
Ss=AW
So=2"% (Ac—AB)
S10=6"% (2A0—Ac—Ad)

A" S11=2_V‘ (Arz—Ar3)
S12=T% gAfz—Afg)
S13=2""% (AB,—Aps)
S1=Ay
S15=3—1 (At1+At2+At3)

Acta Chem. Scand. A 38 (1984) No. 6

given in Table 6. The methyl group values given
by Duncan!? are converted to the coordinates
used here (7's). The constants not shown in Table
6 are set to zero.

On the asymmetry of the methyl group. The
symmetry coordinates used for the methyl group
(Table 5) transform according to C;, symmetry,
and (Sl,Su), (SZrSIZ) and (53,513) transform as
degenerate sets of E-species. However, it is well
documented that the methyl group in acetyl
halides deviate from local Cjs,-symmetry.?
McKean has derived the force constants for the
individual CH stretching modes (trans and
gauche to the halogen) from observed isolated
CH-stretching frequencies in dj-acetyl halides.
The asymmetry is shown to decrease, from being
significant in AcF to nearly non-existent in Acl.
From the extended material presented in this
work, we wished to confirm the methyl group
geometry.

The asymmetry of the methyl group force field
is most clearly described when using internal
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Table 6. Initial and final force constants for Acl. I
and II represent a severely restricted force field
and a minimum restricted force field, respective-
ly. For details see text.

Force

constant *° Initial I I

Fy, 4.82°¢ 4.862(36) 4.857(21)

F1,2=F11'12 -0.10¢ -0.10 -0.10

F1,3=F11,13 0.05¢ 0.05 0.05

Fi4 0 0 -0.006(7)

F, 0.37¢ 0.354(3) 0.352(4)

F; 0.23¢ 0.221(5) 0.218(7)

F3 0.81¢ 0.775(16)  0.769(35)

Fs5 0 0 —-0.010(11)

F 0 —-0.105(14) -0.083(21)

Fs10 0 0.105(14)  0.128(53)

Fuq 4.95¢ 4.988(44) 4.984(19)

Fys 0.04¢ 0.04 0.04

Fis 0.13¢ 0.13 0.13

Fss 1.18¢ 1.111(14)  1.109(33)

Fs¢ 0.52¢ 0.427(25)  0.411(30)

Fe¢ 4.45°¢ 4.894(109) 4.821(151)

F7 0.45° 0.450 0.45

Fss 0.68°¢ 0.68 0.68

Fso 0.24°¢ 0.546(79)  0.506(87)

Fe.10 0.10°¢ 0.318(58)  0.369(43)

Fr5 1.868 1.591(78) 1.677(24)

Frg 0.55¢ 0.55 0.55

Frg -0.29¢ -0.546(79) —0.29

F3 10 0.19°¢ 0.318(58)  0.369(43)

Fgs 13.20°¢ 13.300(100) 13.334(93)

Fgo 0.02°¢ 0 0

Fg 10 -0.27¢ -0.27 -0.27

Fyo 0.79¢ 1.080(66)  0.875(24)

Fo 10 0.16¢ 0 0

Fio,10 0.68° 0.764(14)  0.786(50)
111 4.82¢ 4.862}36) 4.868(12)
12,12 0.37¢ 0.354(3) 0.363(3)
12.13 0.23¢ 0.221(5) 0.209(5)
13,13 0.81¢ 0.775(16)  0.783(19)
13,14 0 —0.146(14) —0.101(20)

Fia14 0.37f 0.474(19)  0.442(20)

Fis15 0.037/ 0.037 0.037

* Units. stretch/stretch: mdyn/A=aJ A-2; bend/bend:
mdynA=aJ; stretch/bend: mdyn=al A-1. > When no
uncertainty is given the value has been fixed. ¢ Ref. 12.
4 Ref. 22.”° Ref. 19. f Ref. 21. & Assumed.

coordinates. For Acl the first part of the general
harmonic potential function involving the CH-
stretching coordinates is:

2V = f;Ar+f(Ars+AR)+
2f wAryArs+2f 3 Ary(Ary+ Ar3)+
2f,3 Ar ABy+2f,5(Ar, AR+ ArsABs) +
2f 3Ar(ABy+ ABs) +2f,5(Ar,ABs+ ArsAB) + . .

The force constants connected to the internal
coordinates involving the “in plane” hydrogen
atom are marked with an asterisk.

In the case of local Cs,-symmetry f7=f;, fi=fu
etc. It is seen that in the general case, the part of
the potential function shown above contains eight
different force constants instead of four different
force constants in the C;,-case. The potential
function must therefore be simplified before it
can be used in force field refinement.

A useful approximation is obtained if one
assumes that the asymmetry appears only in the
quadratic terms (Ar? etc.) and not in the mixed
terms (AriAr, etc.). This means that f}<f,, but
[=fm frs=frs and f,5=f;5. For the total potential
function it means that the deviation from local
C;,-symmetry is described by adding only three
extra force constants (f7, f§ and f7).

The influence of this approximation on the
symmetry force constants is given below for the
coordinates involving the CH-stretchings:

Fii(Fa, Fs 3)=f,~f+ 2413 (1)
Fou(Fs $)=f,+2f,+ Af3 @
Fu(Fuzi2, Fis 13)=f,~fr 3)
Fy (F3.5)=2f/3 4)
Af=f~f, ®)

Corresponding formulae are obtained for the
symmetry coordinates involving the 7’s and the
B’s. The corresponding symmetry force constants
are given in parenthesis in the formulae above.

It appears that in this approximation the
symmetry force constants are correlated:

F1,1‘F11,11=2Afr/3=2%F1.4 (6)

F33—F, 13.13=24fp/3=25F3,5 )
Acta Chem. Scand. A 38 (1984) No. 6
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Table 7. Fundamental frequencies for Acl, Acl-d3, Acl-d; and Acl-d,, and the deviation between
observed and calculated values for various refinements (I-IV, see text). If Obs.-Calc. is in parenthesis
the frequency has not been used in the refinement.

Obs. Obs.—Calc. Obs. Obs.—Calc.

cm! I II I IV cm™ B | II I v

Acetyliodide Acetyliodide-d;
v 3014 3 5 6 3 2265 27) (28) (30) (25
V2 2937 1 2 1 0 2109¢
V3 1817¢ -2 -2 -2 -2 1817 2 2 2 1
V4 1421 -7 -1 -3 -5 1037¢ 7 Q2 (11) (10)
Vs 1353 -2 -2 —4 -4 1108 1 =2 -2 -1
Ve 1079 -3 -1 -2 -4 799 1 2 2 1
vy 928¢ -1 -2 -3 -4 935 -2 1 -1 0
Ve 5514 3 3 3 3 500 -1 -1 -1 -1
Vo 291 0 0 0 0 288 0 0 0 0
Vio 271 1 0 1 1 240 0 -1 -1 -1
i 3011°¢ 2236°
Vi2 1429 =3 =7 -8 -8 1037 7 2 1 -1
Vis 1074 2 0 -2 -1 882° (14) 2 3 D
Via 462 -2 3 2 1 414 1 -2 -1 -1
Vis 134¢ 96°¢

Acetyliodide-d;, C; symmetry Acetyliodide-d;, C; symmetry
v 2964° 3007 -3 -4 -2
1 2191°¢ 2958 -4 -1 0
V3 1818¢ 2192°¢
Vs 1409 (1) 4 3 3 1818°
Vs 1260 (-4) -8 =7 -8 1412 -1 6 10
Ve 911 -1 7 5 5 1274 7 7 8
vy 962 (13) 10 8 8 1249 -3 -1 -1
Vg 504 -1 1 0 0 1052 0 5 6
Vo 290 (2; 0 0 0 987°¢
Vio 261 © -1 0 0 827 -6 -5 -5
Vil 3011°¢ 545¢ 0 0 0
Vi2 1266 (-1) 5 4 4 436°¢
Vi3 1045 (19) 10 8 7 290 0 0 0
Vis 458¢ 259 -1 -2 -2
Vis 116¢ 117¢

Acetyliodide-d,, C; symmetry Acetyliodide-d,, C; symmetry
v 2984 -4 -1 -1 -1 2989¢
vy 2151¢ 2264 2n @7 (28
V3 1817 1) 1 1 0 2187 (38) (40) (41)
Vs 1079 (—4) -6 -6 -7 1817 0 0 1
Vs 1249°¢ 1272 8 6 6
Ve 805 (-4) 3 3 3 1253 (10) 1) )
vy 1002 -1 1 0 2 1072 9 9 10
Vs 540° 0) -2 -1 -1 953 -10 -6 -5
Vo 289 (-2) 0 0 0 925 -7 -6 -6
Vio 250 3) 2 2 3 823 -5 -4 -2
Vi1 2236¢ 502 0 0 0
Vi2 1269 @) -5 -6 -6 434¢
Vi3 903 2 @1 (@6) (13 289 0 0 0
Vis 418° 253 1 1 0
Vis 106¢ 104¢

¢ Corrected for Fermi resonance. ® Calculated from the product rule. € Calculated in iteration sequence II.
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The calculations described below are all car-
ried out in such a way that this correlation is
fulfilled.

Iteration procedure. The fundamental frequen-
cies calculated from the initial force field were in
near agreement with the assignment of the parent
and the dj-species, and it was suitable as a
starting point for further refinements.

Iteration sequence I. In this first iteration
sequence severe constraints were used. The
methyl group force field was constrained to C;,
symmetry. According to eqn. 1-7, with Af=0,
this yields

F1,1=F11,11 F2,2=F12,12 F3,3=F13,13

F2,3=F12,13 F1,4=F3,5=0

The stretch/bend and bend/bend interaction con-
stants of the skeleton were constrained to C,,
symmetry with the CO bond as the C,-axis:

Fso=—F;9 Fs10=F710 Fy10=0

Moreover some force constants were fixed on
initial values, or if they turned out to be small and
uncertain, to zero. In order to obtain converg-
ence it proved to be necessary to introduce
interaction terms between the methyl deforma-
tion mode S; and the skeleton bendings Sy and
S10- Because they appeared with different sign
they were constrained to F3 9=—Fj 4.

Only frequencies where the assignment is
unequivocal were used in this iteration; i.e. all
assigned frequencies- from the dy- and the dj-

Table 8. Calculated internal force constants for the methyl group deformations for various
refinements. II, III, and IV only differ in the methyl group structure.

Force Iteration sequence (see text)
constants®

I’ i’ I° v4
f 4.904(51) 4.908(9) 4.902(9) 4.895(8)
frr 0.042(27) 0.041(3) 0.034(3) 0.035(2)
Af, 0 -0.016(14) —0.006(14) —0.004(12)
fi 0.887(21) 0.894(13) 0.892(12) 0.890(10)
fos 0.112(10) 0.111(6) 0.112(6) 0.114(5)
Af; 0 -0.021(24) -0.013(22) —0.001(19)
Af, 0 -0.011(7) -0.011(6) —0.004(6)

“ For units see Table 6. ® f=108.1°, a=110.8. ¢ f=a=109.47°. ¢ p=110.1°, @,=a;=110.34°.

Table 9. Structure for Acl used in the force field refinements I-IV.

Bond or Value*

angle Symbol LII? I v
CH1 (in plane) n 1.101 - -
CHZ/CJ’I3 1'2/1'3 1.101 - —05 84
HZCH3 ay 105.
HICHYHICH3  aya, 110.81 109.47 110,34
HICC B:

PCSHACC B 108.10 109.47 110.10
cC R 1.492 - -

Co w 1.198 - -

CI u 2217 - -
CCo e 128.8 - -

CCI 9 1117 - -
oCI 5 119.5 - -

“ Bond lengths in A and angles in degrees. ® Ref. 5.
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species, vg from the d,-species (C;), and v; and v,
from the dj-species (C;). The result is shown in
Tables 6 and 7, column 1.

Iteration sequence II. From the force field
obtained above the frequencies were calculated
for the d, and the d, species (C; and C; rotamers)
and the complete assignment given in the Tables
3 and 4 was carried out.

The new assigned frequencies were then intro-
duced in a new iteration sequence. Some of the
constraints could be lifted, and the results are
shown in Tables 6 and 7, column II. In this
calculation the estimated error, o;, on the CH
stretching frequencies were lowered from 0.01e;
to 0.001w;.

In general all values seem “reasonable” and
the deviation from the initial force field is not
large. It appears, that the force field of the CH;
group is very close to Cs, symmetry. The values
of Af, and Afg (Table 8) are, if real, opposite in
sign relative to the values for other acetyl
halides.?

In the case of Acl it seems that the CH
stretching region is fairly free of Fermi resonance
(FR), probably because of the unusually low
frequencies of the methyl bending modes. The
most favourable case for FR in Acl is between v,
at 2937 cm™ and a combination band at 2814
cm™, more than 100 cm™ from the fundamental
frequency. FR cannot be excluded. However, if
v, is significantly affected by FR it should result
in a poor refinement for especially that fun-
damental. From Table 7 is seen that this is not the
case. If FR is of minor importance a better
refinement might be obtained by changing the
methyl group structure.

Iteration sequence III and IV. A series of
iterations were carried out with small changes in
the methyl group structure. It turned out that f,,,
4Af, and Afg were sensitive to the value of the
HCC angle (). In Table 8 column III the results
are shown from an iteration similar to that in
column II, but with regular tetrahedral structure
of the methyl group. It appears that Af, and Afg
goes towards zero, and f,=0.034, a value
McKean? suggests as preferable. However, the
iteration does not yield a better fit of the CH
stretching frequencies. Tilting of the methyl
group has no influence either. However, intro-
duction of a difference in the HCH angles (the
a’s) has a striking effect. This has recently been
reported by McKean for a far more constrained

Acta Chem. Scand. A 38 (1984) No. 6
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system.> The fit of the CH stretching frequencies
was improved if a;,=a,3 were increased and a3
correspondingly decreased. However, the value
of f,, then increased. The frequency data avail-
able are not sufficient to give a unique determina-
tion of the methyl structure, but the data suggest
that corrections to the methyl group structure will
have to be made. In Table 8 column IV a
calculation is shown which yields both a reason-
able value of f,, and an improved fit of the CH
stretching frequencies. However, the result is far
from unquestionable.

For clearness the different structures used in
the refinements are collected in Table 9.

CONCLUSIONS AND DISCUSSION

So far a detailed force field has not been made
for other acetyl halides, which precludes any
direct comparison with the present study.
However, the proximity of the initial and the
final force field indicates that acetyliodide be-
haves roughly as expected. The assignment and
calculations presented confirm that the force field
of the methyl group in Acl has very nearly C;,
symmetry. The calculations also confirm that the
fit of the CH stretching and bending modes are
very sensitive to the methyl group structure. Our
calculations suggest that the (average) CCH
angles are larger than the previously published
value of 108.1°. The data suggest a value close to
the regular tetrahedral angle (109.47°). This is in
accordance with the empirical correspondence
between the CCH angle and the isolated CH
stretching frequency given by McKean.? How-
ever, the data also suggest that the methyl group
structure deviates from C;, symmetry, because
the o’s (and perhaps also the fs) are different.

The asymmetry in the methyl group structure
may seem in conflict with the near C;, symmetry
of the force field. Our explanation is that in the
case of Acl the asymmetry of the methyl group is
mainly due to different sterical interactions be-
tween the individual CH bonds and the COI
moiety. The methyl group compensates for this
asymmetric interaction by changing the angular
symmetry slightly away from C;, symmetry,
without perturbing the force ficld significantly.
Significant changes in the symmetry of both the
structure (including the bond lengths) and the
force field, as observed in AcF,>** must be
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caused by a covalent or “through bond” interac-
tion between the unequivalent CH bonds and the
skeleton. Because the final methyl group struc-
ture is the resultant of two effects, which may be
opposite in direction, there is not necessarily a
correlation between the asymmetry in the CH
bond lengths (or the CH stretching force con-
stants) and the angular symmetry of the methyl
group. This conclusion is supported by the
experimental data of McKean 3 and that obtained
from ab initio calculations given by Boggs et al.
Further work on AcF and AcCN is in progress in
our laboratory.
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