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Conformers, Vibrational Spectra and Laser-induced Rotamerization

of CH,CICOOH
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Ab initio molecular orbital (MO) calculations with a 6-31G* basis set have been carried out for CH,CICOOH.
Structures and energies of relevant conformations have been determined by gradient geometry refinement and
some conformationally dependent geometry trends discussed. The results agree with reported experimental
data and provide a good insight for the intramolecular interactions which determine the relative stability of the
various conformers. The normal mode analysis based on the 6-31G* harmonic force field is used to review
previous assignments of the vibrational spectra of the various conformers and to interpret previous experimen-
tal findings (A. Kulbida and A. Nosov, J. Mo/. Struct., 1992, 265, 17) on the laser-induced rotamerization of the
chloroacetic acid monomer trapped in an argon matrix.

The rotamerization of chloroacetic acid monomer has been
studied experimentally by electron diffraction and microwave
spectroscopy in the mid-seventies!'? and quite recently by
vibrational spectroscopy (IR; argon matrix).> An ab initio
SCF-MO study carried out with the STO-3G minimum basis
set* and a molecular mechanics study® have also been under-
taken, focusing on the conformational preferences of this
molecule. While these studies have understood a number of
relevant questions, some important points remain to be
understood, in particular:

(i) The precise characterization of the three experimentally
observed conformers (Fig. 1).

(ii) The nature of the main intramolecular effects which
determine their relative energies.
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Fig. 1 Relevant conformations of chloroacetic acid. Forms (a) and
(b) correspond to the two most stable forms in both gaseous and
argon-matrix-isolated phases.!®> A third conformer was found to be
present in significant amounts in the conformational equilibrium,
though its precise characterization has been a source of controversy:
ref. 1 and 2 suggest it corresponds to form (c); ref. 3-5 assume it is
either (d) or (f). Form (e) has been suggested as a high-energy con-
former, despite the fact that it has never been found experimentally.

(iii) The detailed description of the vibrational normal
modes and their vibrational coupling.

(iv) The interpretation of the changes observed in the
vibrational spectra of CH,CICOOH trapped in an argon
matrix when the sample is irradiated with a CO laser in the
WC=0) region.?

The ab initio results and the normal mode analysis pre-
sented here for the CH,CICOOH monomer aim at a better
understanding of these structural and spectroscopic prob-
lems.

Computational Methods

The ab initio MO calculations were done in a VAX 8530
computer using the GAUSSIAN 92 program system® and the
3-21G, 3-21G* [¢4(Cl) = 0.75] and 6-31G* basis sets.”®

The equilibrium molecular geometries were obtained by
the gradient relaxation method of Pulay® using Berny’s
algorithm'® which evaluates the gradient analytically. The
maximum residual internal coordinate forces are always less
than 3 x 10°* E, a, (1 E,=26255001 kJ mol™!; 1
bohr ~ 5.29177 x 107! m) or E, rad!. Under these condi-
tions, the absolute errors in bond lengths and bond errors
with respect to the true equilibrium geometrical parameters
are less than 1 pm and 0.1°, respectively. The stopping cri-
terion for the SCF iterative process required a density matrix
convergence of less than 1075

The 6-31G* cartesian harmonic force constants were calcu-
lated for all the studied conformations and converted to
internal coordinates using the program TRANSFORMER.!!
This program also prepared the input data for the normal
coordinate analysis programs used in this study (BUILD-G
and VIBRAT!?). As usual, vibrational frequencies calculated
using the 6-31G* basis set were higher than the experimental
values. The force-field scaling procedure adopted here to
improve the frequency fit was that of ref. 13 and 14: the force
constants were grouped according to the type of the associ-
ated coordinates (coupling constants, in a single group), a
separate scaling factor was ascribed to each group and the
complete set of scaling factors was adjusted, by least-squares
minimization, to reproduce the experimental frequencies. The
FG cigenvalues, 4, = 4n2v2, were weighted by 1/i2(obs.) in all
refinements. The scaling factors evaluated using the experi-
mental information obtained for the most stable form of the
chloroacetic acid monomer are listed in Table 1. These
factors were also used to scale the force constants of the less
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Table 1 6-31G* scaling factors®
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|
Qon

0.944

0.745

0.657

—H 0.777
H

O(POG

I
Q

1 0.795
0.821
0.718
0.804
0.832
0913
0.794
0.860
0.687
0.796

goaTaacnnn
b087497¢
00900:00
4z

“ For the scaling procedure and assumed transferability of scaling
factors between conformers see Computational Methods. The scaling
factor for the interaction force constants is 0.742.

stable isomers, thus assuming full transferability of the scaling
factors between rotational isomers.

Results and Discussion
Geometries and Energies

The ab initio calculations account for four different stable
conformations of the chloroacetic acid monomer molecule
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(Fig. 1) and indicate that the first and the second more stable
forms correspond to an s-cis O=C—O—H axis. These are
the syn/s-cis (SC) and skew/s-cis (SKC) conformers, respect-
ively (Table 2), in consonance with previous studies.'~>

While the agreement between experimental?® and calculated
geometries is generally good (Table 3), the following specific
comments should now be made:

(i) The inclusion of d orbitals on the chlorine atom
improves considerably on the C—C! bond length and
Cl—C—C angle, thus stressing the relevance of polarization
orbitals in MO calculations of geometries of a-
chlorosubstituted carbonyl compounds.

(i) As usual,’® at the 6-31G* level of calculation, the
C—O and C—Cl bond lengths are too short, but the
C—C=0, C—C—0 and C—O—H angles show a much
better agreement with experiment.

(iii) The calculated value of the ClI—C—C=0 dihedral
angle for the SC conformer (0°) deviates appreciably from the
experimental refined value (10°, ref. 2). This deviation may be
due to a large amplitude torsional motion about the C,—C
bond, as the empirical value results from statistically aver-
aged displacements from the energy minimum (see also foot-
note of Table 3). In consonance with this large amplitude
motion, the diagonal force constant for the CI—C—C=0
dihedral angle has a comparatively low value (0.201, scaled
value).

(iv) A similar reasoning applies to the deviations found for
the SKC form between the calculated values of the
Cl—C—C=0 dihedral angle and its measured value.’

Table 2 Calculated and experimental conformational energy differences (kJ mol =)

321G MP2/3-21G 3-21G* MP2/3-21G* 6-31G* MP2/6-31G* exp.t
AEgecsc 1.69 361 492 6.10 1.49 2.52 485
AE st 25.48 24.68 28.37 25.75 18.17 16.09 7.66
AEgr.gc 4122 37.55 40.77 37.57 35.20 32.70 24.84¢
AEge.ske 9.20 7.38 590 493 243 2.20 —
AEger—sxr 0.88 0.13 0.44 0.06 - — —

“ Second-order Moller—Plesset energies (MP2) were obtained using the corresponding SCF optimized geometries. ® Ref. 2.¢ AE,; o for 6-31G*
calculations; AEgy 1 gc for 3-21G and 3-21G* calculations (see text). ¢ Calculated value (molecular mechanics; PF1 force field®).

Table 3 Calculated (6-31G*) and experimental geometries®

SC
SKC ST AT
parameter’ calc. exp.‘ calc. calc. calc.
Cc—C 151.3 150.8 151.2 152.2 152.6
C=0 118.0 122.3 118.5 1174 118.1
CcC—0 133.0 135.2 1322 133.6 131.7
O—H 95.0 97.0 95.2 94.8 95.0
C—Cl 176.6 177.8 178.2 176.3 178.7
C—H(1) 108.0 109.0 107.6 108.2 107.8
C—H(2) 108.0 109.0 107.9 108.2 107.8
C—C=0 1274 126.1 1235 125.7 118.1
0=C—0 123.7 1233 123.8 1214 1224
C—C—0 108.9 110.6 112.6 1129 119.5
C—0O—H 108.5 105.8 108.6 1133 1129
ClI—C—C 1133 112.5 111.9 1135 1159
H(1)—C—C 108.8 109.5 108.7 109.2 108.1
H(2)—C—C 108.8 109.5 109.8 109.2 108.1
C—C(=0)0 180.0 180.0 182.2 180.0 180.0
O=C—0—H 0.0 0.0 -22 180.0 180.0
Cl—C—C—0 0.0 10.0¢ 120.0¢ 0.0 180.0
H(1)—C—C=0 121.2 120.0 0.5 120.8 589
H(2)—C—C=0 —121.2 —120.0 —120.6 —120.8 —58.9

2 Bond lengths in pm; angles in degrees. ® See Fig. 1 for atom numbering. © Ref. 2. In this experimental study, all geometric parameters except
the CI—C—C—O dihedral angle were assumed to be equal in the various conformers. ¢ This value corresponds to a statistical average of the
dihedral angle varying during the large amplitude torsional motion about the C,—C bond. ¢ The experimentally determined value is 131, ref. 2.
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However, in this case, the torsional motion about the C,—C
bond is not symmetrical with respect to the equilibrium
Cl—C—C=0 dihedral angle. The MO results point to a
larger increase in energy when the chlorine atom moves
towards the hydroxy-group oxygen.

At the 3-21G level, the third and fourth conformers corre-
spond to the skew/s-trans (SKT) and syn/s-trans (ST) forms
[Fig. 1(d) and (e)], and the gauche/s-cis (GC) and anti-trans
(AT) forms [Fig. 1(c) and (f)], previously proposed as poss-
ible conformers,>~* correspond to first-order saddle points in
the potential-energy surface, i.e. to conformational transition
states. The larger 6-31G* basis set yields minima at the ST
and AT geometries (Table 2).

The ST form does not deserve much attention here, as it
corresponds to a high-energy form not yet observed experi-
mentally and has never been studied theoretically in detail, its
existence as a high-energy form being never questioned. In
contrast, the AT form has been the subject of considerable
controversy and is spectroscopically detectable,>* thus jus-
tifying particular attention.

In consonance with present calculations, previous theoreti-
cal and molecular mechanics studies*® strongly suggest that
the third more stable form should not be the GC form (see
Fig. 1) proposed in the electron diffraction study.? The ques-
tion is whether the third more stable form corresponds to the
symmetric AT form or to the SKT form. On one hand, AT
represents a better candidate, considering similar o-
fluorosubstituted carbonyl compounds whose structures are
well characterized and usually have a fluorine atom in the
anti position.'®!”  On the other hand, for an
R,R,R,;C,C(=0)X fragment, carbonyl eclipsed structures are
generally favoured relatively to carbonyl staggered structures,
due to group orbital interactions.!® On the whole, the SKT
form appears to be the best candidate. However, the 6-31G*
potential energy profile for the internal rotation about the
C,—C bond for a fixed s-trans O=C—O—H axis has
minima for two planar structures (ST and AT). While the
3-21G and 3-21G* calculations yield minima at the two
equivalent-by-symmetry SKT forms (Cl—C—C=0 dihedral
angle is ca. 150°), the calculated energy barrier separating
these forms (<1 kJ mol~'; see Table 2) is below the zeroth
vibrational level for the C,—C torsion, making the distinc-
tion irrelevant in practical terms.

Comparison of the calculated geometries of the various
conformers leads to the following conclusions:

(i) The much higher energies of the s-trans conformers
suggest that the most unfavourable intramolecular inter-
actions should be the H...H(O) non-bonding interactions.
They should also be mainly responsible for the increase of
energy in going from the AT (or SKT) to the ST form (see
Fig. 1 and Table 1). In fact, in the latter two short distances
H.. . H(O) occur, while in the SKT form only one is present
and in the AT conformer none. Moreover, the single short
H...H(O) distance present in the SKT form is longer than the
H...H(O) distances in the ST form [note that longer
H...H(O) distances correlate with smaller H—C—C=0
dihedral angles]. The relative importance of the H...H(O)
repulsive interactions in the various conformers correlate
with their C—C bond lengths and H—C—C, C—C—0 and
C—O—H angles. In fact, the calculated values for these
structural parameters in all but the AT (SKT) form follow the
order: SC < SKC < ST.

In the AT form, the larger chlorine atom leads to the
highest values calculated for the above-mentioned geometri-
cal parameters, as the CI—C—C—O—H fragment lies in the
same plane. However, the Cl.. . H(O) interactions do not seem
to be so important in energy terms as they are in geometric
terms. This is easily understood considering that this inter-
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action has two main contributions with opposite signs: an
attractive and essentially dipolar interaction, and a repulsive
and steric one.

(i) Other unfavourable intramolecular interactions with
important geometric implications are the CL..O= and
ClL...—O— repulsive interactions. Both of these are also
dipolar and steric in nature. However, the quantification of
their relative importance is neither simple nor relevant.

The Cl...O interactions reflect mainly in the relative values
of the CI—C—C, C—C=0 and C—C—0 angles in the two
s-cis forms, when both the H...H(O) and Cl...H(O) inter-
actions are not present. Considering the internal rotation
about the C,—C bond for a fixed s-cis O=C—O—H axis,
the calculations show that the C—C=0O and C—C—O
angles attain their maximum values for the SC and anti/s-cis
(AC) conformations, respectively. As is easily anticipated, the
calculated values for the SKC conformer are in between
those of the SC and AC forms. These results indicate a rela-
tively more important Cl...O= interaction in the SC form
and a comparatively more important Cl...—O— interaction
in the AC form. Considering that an ester oxygen is usually
more negative and sterically more important than a carbonyl
oxygen,'%-2% the presence of a stronger Cl...—O— repulsive
interaction in the SKC conformer can justify its higher
energy when compared with the SC form, in spite of an extra
stabilizing interaction which will be referred to in (iii).

(ii)) It is well known that the mesomerism within the
C(=0)O fragment in carboxylic acids and esters (Fig. 2) is
very sensitive to the substituent and to its relative position
with respect to the carbonyl group, usually contributing in a
significant way to the stabilization of the molecule. Consider-
ing the relative values of the C=0 and C—O bond lengths
in the various conformers of chloroacetic acid (Table 3), it
can be concluded that the contribution of the canonical form
IT (Fig. 2) is less important when the chlorine atom is syn
with respect to the carbonyl oxygen atom, ie. when the
Cl—C and C=O bond dipole moments are parallel. This
dipolar repulsion causes relevant changes in the vibrational
properties, as will be pointed out later.

In summary, the main intramolecular interactions which
determine the relative stability of the different conformers of
chloroacetic acid are H...H(O) and CL...O (both O= and
—O~) repulsive (steric and dipolar) interactions, and the
mesomerism within the carboxylic group. The high energy of
the s-trans forms is mainly determined by the H...H(O) inter-
actions, while the balance between the Cl...O repulsions and
the mesomerism within the C(=0)O group determines the
relative stability of the two s-cis forms, leading to a more
stable SC form.

Vibrational Frequencies

Vibrational spectra of chloroacetic acid in the liquid and
solid phases, where dimeric structures dominate, were studied
previously in great detail.>2!"23 In contrast, the vibrational
spectrum of the monomer has not received much attention.
Though previous infrared (IR) spectroscopic® and molecular

(0] o
/4 /
CH.CI—C, -— CH,CI—C
\ N+
OH OH

I 1

Fig. 2 Canonical forms of chloroacetic acid showing the mesomer-
ism within the carboxylic group


http://dx.doi.org/10.1039/ft9938903235

Downloaded by Universidade de Coimbra on 06 December 2011
Published on 01 January 1993 on http://pubs.rsc.org | doi:10.1039/FT9938903235

3238

mechanics* studies clarified important points, a detailed
vibrational analysis of this molecule has not yet been carried
out, hence the relevance of the present study.

In consonance with earlier electron diffraction results?
three conformers were found to contribute to the IR spec-
trum of monomeric chloroacetic acid.® Considering the
results now obtained, these forms should be the s-cis con-
formers (SC and SKC) plus the AT form, the latter being
present in a very small amount at low temperatures.

As the SC, AT and ST configurations belong to the C,
point group, their 18 normal modes span the irreducible rep-
resentations, 12A’ + 6A”. The remaining forms are non-
symmetric (C, point group). Table 4 shows the local C,
symmetry coordinates used for all conformers.

The calculated ab initio frequencies and potential-energy
distribution (PED) for the various studied conformers are
shown in Table 5. This table includes the IR* or molecular
mechanics* frequencies and those now obtained with the
scaled force fields. The latter show a general agreement with
the experimental values to within 2-3% for all conformers.

1

Region below 1000 cm ™~

The lowest normal mode corresponds to the 1(C—C) torsion,
its calculated frequency in the SC form fitting perfectly the
experimental value of ref. 1 (62 cm™'). In this conformer,
there is a significant contribution from the y(C=0) out-of-
plane coordinate. In the SKC form, the ©(C—C) torsion
mixes with the §(C—C—CIl) coordinate. The AT form is
essentially pure (Table 5).

As the )(C—C—Cl) and 4(C—C=0) modes have not been
observed  experimentally, the molecular mechanics
frequencies® were used in the scaling of the ab initio force
field. These vibrations are less delocalized in the SKC form
than in the symmetric conformers, SC and AT (Table 5). In
these forms, the PED contributions from the w(C—Cl)
stretching in the 3(C—C=0) mode are 24 and 31%, respect-
ively.

The mixture of t(C—O) with C=0) and y(CH,) (these
coordinates are A” in the C, forms) is appreciably dependent
on the conformation. In particular, the y(CH,) mode has
similar PED values (62 and 64% of this coordinate) in the SC
and AT forms, with additional important terms from y(C=0)
(29 and 19%, respectively). In the SKC form, a dominant
contribution of y(CH,) (72%) mixes with §(O—C=0) (the
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scaled ab initio frequency of this mode, which is not observed
experimentally,? is 927 cm ™ 1).

In the SC form, the y(C=0) coordinate mixes with y(CH,)
(26%) and 7(C—O) (16%). In the AT form, a single additional
term from y(CH,) (34%) adds in, and in the SKC form, a
contribution from WC—Cl), equally important as yC=0),
occurs.

The 1(C—O) vibration is essentially pure in the AT form,
and well localized in the SC conformer, with additional con-
tributions from p(C=0) (35%) and y(CH,) (15%). On the
other hand, in the SKC form, a completely delocalized vibra-
tion assigned to this mode occurs at 511 cm ™!, mixing with
almost similar amounts from $(C=0), §O—C=0),
wC—Cl), and (C—C).

In conclusion, in the SC and AT forms, y(CH,) and
#C=0) mix appreciably, but, in the AT form, none of these
coordinates mix with either 1{(C—C) or 1(C—O). In contrast,
in the SC form, t(C—0) and 7(C—C) mix appreciably with
YWC=0), and 1(C—O) has an additional important contribu-
tion from y(CH,). In the SKC form, the %(CH,) does not mix
with y(C=0) or with any of the torsions. However, as the
chlorine atom no longer lies in the O=C—0O plane, a contri-
bution from w(C—Cl) arises in the y(C=0) mode. As will be
pointed out later, these findings are relevant to the under-
standing of the rotamerization of the chloroacetic acid
monomer trapped in an argon matrix.?

The ab initio results also suggest that the frequencies pre-
viously assigned to the 1(C—O) and 6(O=C—O0) vibrations
in the SC form (at 605 and 611 cm ™!, respectively®) should
now be interchanged. Also, the IR bands of the SKC form at
509 and 585 cm ™', previously ascribed to the y(C=0) and
7(C—O) modes,> are now assigned to (C—O) and
HO=C—0). In addition, the band of the AT form observed
at 526 cm~! is now associated with the y(C=O0) mode
instead of §(O=C—0).3 In turn, the latter vibration is calcu-
lated at 610 cm ™! and ascribed to the 596 cm~! IR band?
which was previously assigned to the ©(C—O) torsion whose
calculated value, 452 cm™?, indicates a much lower fre-
quency.

For the SC and AT conformers, the present calculations
confirm previous assignments of the v(C—C) stretching mode
to the IR bands appearing at 892 and 852 cm ™!, respectively®
(calculated values: 894 and 862 cm™!), as well as of the
WC—Cl) stretching mode to the IR bands at 793 and 771

Table 4 Local C, symmetry coordinates®

coordinate symmetry composition®
S, wWO—H) A’ A(O—H)
S, WCH,), as A" A[C—H(1)] — A{C—H(2)]
S, WCH,), s A A[C—H(1)] + A[C—H(2)]
S, wC=0) A A(C=0)
Ss vC—O0) A A(C—O)
Se wC—C) A A(C—C)
S, wWC—Cl A ANC—CI)
Sg 6(CH,) A’ SA(HCH) — A[H(1)CCl1]) — A[H(2)CCl] — A[H(1)CC] — A[H(2)CC] — A(CCI)
S, o(CH,) A A[H(1)CCI1] + A[H(2)CCl] — A[H(1)CC] — A[H(2)CC]
Sio t(CH,) A" A[H(1)CCI1] — A[H(2)CCI1] — A[H(1)CC] + A[H(2)CC]
S HWCH,) A" A[H(1)CCI] — A[H(2)CC1] + A[H(1)CC] — A[H(2)CC]
S, HC—C—CQ)) A 4A(CCCl) — A[H(1)CCI] — A[H(2)CCl] — A[H(1)CC] — A[H(2)CC]
S5 C—O—H) A A(COH)
Sia HO=C—0) A 2A(0CO) — A(CC=0) — A(CCO)
Sis HC—C=0) A ACC=0) — A(CCO)
Sie WC=0) A" A(C=0) out of the C—C—O plane
S (C—0) A" A(O=C—0O—H)
S.s (C—C) A" A(C1—C—C=0)

“ See Fig. 1 for atom numbering; v, stretching; 8, bending; o, wagging; t, twisting; y, rocking; 7, torsion. > Normalizing factors are not presented
in the table.
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em™! 3 (calculated values: 794 and 758 cm ™ '). In contrast,
the w(C—Cl) vibration of the SKC form, previously associ-
ated with the 585 cm™~! IR band,? is now ascribed to the IR
band at 651 cm™*. ? In turn, the §O=C—O) mode corre-
sponds to the 585 cm™* IR band [the calculated frequencies
of WC—Cl) and 5(O=C—O0) are 668 and 570 cm ™", respec-
tively; Table 5].

One important consequence of the assignments now made
is that the frequencies of the WC—CIl) vibrations correlate
well with the inverse of the corresponding C—Cl bond
lengths (Fig. 3). In particular, the two syn forms (SC and ST)
which possess the shortest C—Cl bond lengths originate the
highest v(C—Cl) frequencies. These are a direct result of
stronger C—Cl bonds which, in turn, are due to reduced
polarizations of these bonds caused by parallel alignment of
the C—Cl and C=0 bond dipole moments in these forms.
As we shall see, a similar correlation holds also for (C=0).

1000-1800 cm ™! Region

This spectral region includes the CO stretching modes
[(C=0) and wWC—O)], the CH, bending vibrations
[scissoring, (CH,); wagging, o(CH,); twisting t(CH,)] and
the §(C—O—H) in-plane bending mode.

The calculations showed that WC=0) and 6(CH,) are pure
modes in all conformers (Table 5). As for W(C—CI), the calcu-
lated relative W(C=0) frequencies correlate well with the
inverse of the corresponding C=O bond lengths (Fig. 3), a
result which can be explained in a similar way. In addition,
t(CH,) in the C, conformers (SC, AT and ST), and »(CH,) in
the SKC and AT forms correspond also to pure modes. The
t(CH,) mode in the SKC form and the w(CH,) vibration in
the two syn forms (SC and ST) mix mainly with v(C—Q),

(a)
1840 4
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1800 o

1790 1

1780 —T T T T
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Fig. 3 Correlation of (a) (C=0) with 1/R(C==0), and (b) W(C—Cl)
with 1/R(C—CI). The point that that does not fit in the straight line
in (b) corresponds to the AT form. This apparent anomaly is in con-
sonance with the occurrence of a hydrogen bond involving the chlo-
rine atom, as suggested in the text.
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4(C—O—H), and WC—C). In turn, §(C—O—H) and W(C—0)
mix appreciably in all forms. In the syn forms, the lower fre-
quency mode is ascribed to W(C—O), and in the SKC and AT
forms, the WC—O) coordinate contributes mainly to the
higher frequency mode.

In consonance with the present results, a revision of pre-
vious assignments® is now proposed (Table 5). The main
changes are:

(i) In the SC form, the IR band at 111t ¢cm™ !, previously
assigned to the §(C—O—H) mode,® is now ascribed to
WC—0), this assignment being consistent with the high
intensity of the IR band.> The §(C—O—H) vibration
(calculated value: 1352 ¢cm™?) is now ascribed to the 1354
cm~ ' IR band that was previously assigned to w(CH,) (the
calculated frequency for the latter mode, probably not
observed, is 1278 cm ™). These two coordinates, (C—O—H)
and «(CH,), mix appreciably in the SC form. In addition, the
8(CH,) mode (calculated value: 1429 cm™!) is now ascribed
to the 1428 cm™' band, earlier assumed to be due to
WC—0).3

(ii) The assignments previously made for the SKC form are
essentially confirmed by the calculations, the exception being
8(CH,) which should not correspond to the 1366 cm™! IR
band, but to a higher frequency (the calculated value 1425
cm ™! agrees quite well with the molecular mechanics result®).
The 1366 cm ™! band is now reassigned to the C—O) vibra-
tion (calculated value 1360 cm 1)

(i) For the AT form, the calculations confirm the assign-
ments of the 1790 cm™! IR band to WC=0)> (calculated
value: 1798 cm ™), and of the intense IR band at 1334 cm ~*
to WC—O). In addition, the calculations show that the
0(CH,) vibration should correspond to a band near 1400
cm™! (not observed). Thus, the IR band at 1288 cm™?, pre-
viously assigned to that mode, is now ascribed to w(CH,)
(calculated value 1278 cm™1).

2800-3600 cm ! Region

This spectral region includes the WO—H) and WCH,) vibra-
tions. The v(CH,) modes (symmetric and antisymmetric) have
not been assigned in the previous IR study.? The present cal-
culations predict that the frequencies of these modes are
larger for the SKC form and have their lowest values for the
ST conformer. In addition, the order of the calculated
v(O—H) frequencies in the various experimentally observed
conformers is AT > SKC > SC.

In the AT and SKT forms, the proximity of the chlorine
and of the hydroxy-group hydrogen atoms closing the five-
membered ring Cl—C~C—O—H leads to weak intra-
molecular hydrogen bonding interactions, thus contributing
to lower the v(O—H) frequencies in these forms. On the con-
trary, the anti-parallel alignment of the C=0 and OH bond
dipole moments in the s-cis forms polarizes the O—H bonds,
thus reducing their force constants and lowering their fre-
quencies. In order to predict the relative order of the O—H)
frequencies in the various conformers, the basis set should
correctly reproduce the balance between these subtle inter-
actions. While the 6-31G* calculations improve significantly
over the smaller basis sets by doubling the 3-21G and 3-21G*
overlap populations, they still yield a smali CI.. . H(O) overlap
population for the AT form (0.0148 ¢). Larger basis sets with
diffuse orbitals should be considered before an assessment of
the basis set effect on these interactions, hydrogen bonding
and bond dipole interactions, is definitely made.

Rotamerization of Chloroacetic Acid trapped in an Argon
Matrix upon Irradiation in the v(C=0) Region

The results of a recent study on the rotamerization of chlo-
roacetic acid trapped in an argon matrix, upon irradiation in
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the C=0) region with the 1805 cm~! CO laser line,* can
be summarized as follows:

(i) Irradiation of the sample deposited in an argon matrix
at 13 K leads to both SC= SKC and SC = AT rotameriza-
tions.

(i) Irradiation of the annealed sample, ie. after the
SC = SKC rotamerization, does not produce any change.

(iii) Irradiation during sample deposition leads mainly to
SC = SKC conversion.

(iv) No evidence was found for the SC = ST rotameriza-
tion.

From these results, the following main conclusions were
drawn:?

(i) Only the SC form converts to other forms by irradia-
tion in the C=0) region.

(ii) Restricted-free-volume conditions make the SC=> AT
rotamerization more important. Unlike the non-symmetric
SKC conformer, the AT form can be embedded in the pri-
marily occupied volume. In less restricted-free-volume situ-
ations, eg. during sample deposition, the SC=-SKC
rotamerization dominates.

As suggested previously,? the WC=0) mode of the SC con-
former of chloroacetic acid interacts with the first overtone of
y(CH,) (a'), through a Fermi resonance mechanism. The cal-
culations presented herein confirm that the best candidate for
this interaction with the WC=0) mode is, in fact, the first
overtone of y(CH,) [compare the frequencies of 2y(CH,) and
wC=0), Table 5]. Thus, by irradiating the sample at 1805
cm ™', energy is transferred not only to the C=0 stretching,
but also to the y(CH,) mode through its first overtone. Then,
as the y(CH,) fundamental belongs to the same symmetry
species (a”) as the t{(C—C) and 1(C—O) torsions, irradiation
in the WC=0) region is effective in promoting rotameriza-
tion. A different mechanism of direct energy transfer from
wC=0) to the torsions, involving high-order overtones of
these vibrations should not be definitively excluded, as the
interactions with the matrix cage may reduce the symmetry
of the molecule, thus destroying the symmetry constraint for
intermolecular vibrational energy transfer. However, the pro-
posed mechanism appears more attractive as it does not
require an additional hypothesis (interaction with matrix
cage) and is suggested strongly by the calculations. Moreover,
this mechanism also explains why only the SC conformer
rotamerizes. In fact, in this form, y(CH,) is considerably
mixed with y(C=0), and this mode with 1(C—O). In turn,
7(C—C) has a significant contribution from (C=0) (see
Table 5). Hence, the overall result of this sequence of pro-
cesses is the transfer of energy from the first overtone of the
p(CH,) mode [in Fermi resonance with C=0)] to the tor-
sions which promote the rotamerizations [7(C—C) and
1(C—O)]. In contrast, in the SKC form, y(CH,) does not mix
appreciably with any relevant cocordinate (see Table 5), thus
the rotamerization cannot occur. As symmetry restrictions do
not apply to this form (note that all modes are totally
symmetric), potential-energy distribution between internal
coordinates is not constrained by symmetry to the relevant
modes of rotamerization, thus enabling us to understand the
different PED behaviour of the SC and SKC forms. Finally,
in the AT form, while y(CH,) and p(C=0) mix with each
other, these two coordinates do not mix with torsions, which,
interestingly enough, are pure vibrations in this conforma-
tion. Hence, also for this form, rotamerization should not be
induced by laser irradiation in the C=0) region.

The results now presented seem to confirm a previous
hypothesis which states that a concerted rotation about the
C,—C and C—O bonds should be involved in the SC = AT
rotamerization,® in opposition to a multi-step process involv-
ing separate C,—C and C—O rotamerizations corresponding
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to S—>(SK)— A and C— T individual processes, one at a
time. In fact, as was shown above, the AT form cannot be
obtained from the SKC form upon laser irradiation in the
v(C=0) region, following the SC -+ SKC — AT mechanism.
In turn, the alternative way of obtaining the SKT form from
the SC conformer is via the ST form (SC —» ST — SKT — AT),
but the first step of this reaction does not occur as the CO
laser photon energy (ca. 22 kJ mol~!) is not high enough to
promote the SC = ST transformation.
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