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The molecular structure and conformational composition of 1,1-dichloro-2-propanone (1,1-dichloroacetone)
have been investigated by gas-phase electron diffraction at 60°C. Results from ab initio molecular orbital
calculations were used as constraints in the analysis. The experimental data are consistent with a model
where the molecules exist predominantly with the hydrogen synperiplanar to the carbonyl group. Small amounts
(up to 15%) of a second anticlinal form (C-Cl eclipsing CdO) cannot be ruled out. Ab initio calculations
showed that both synperiplanar and anticlinal forms are stable conformers with the former conformer lower
in energy by 2.25 kcal mol-1 (MP2/6-311+G(d)). The geometrical parameters for the synperiplanar conformer
(rg and∠R) obtained from least squares analyses of the electron diffraction data, using results from the theoretical
calculations to provide some constraints in the model used, arer(C-H)av ) 1.093(14) Å (average value),
r(CdO) ) 1.196(6) Å,r(C1-C2) ) 1.524(4) Å,r(C2-C3) ) 1.496(4) Å,r(C1-Cl)av ) 1.775(2) Å,∠C3C2C1

) 115.2(5)°, ∠C1C2O ) 119.6(5)°, ∠C3C2O ) 125.2(5),∠C2C1Clav ) 110.6(5),φ(HC1C2O) ) 2(8)°, and
φ(HC3C2O) ) 25.6° (ab initio value).

Introduction

We have been interested in the structure and conformational
composition of molecules with a C(sp2)-C(sp3) bond for some
time, and we have found that the conformational composition
of molecules with the general formula XH2C-C(dO)Y depends
on the nature of the substituents X and Y. For example, when
X ) Cl, the antiperiplanar form (the reference is between the
CdO bond and the unique atom on the carbon atom. In
chloroacetalaldehyde, it is between the CdO bond and the C-Cl
bond, whereas in dichloroacetalaldehyde, it is between the Cd
O bond and the C-H bond) is favored for Y) H [chloro-
acetaldehyde]1, the synperiplanar form is favored when Y)
Cl or F [chloro- and fluoroacetyl chloride],2-5 and the anticlinal
form is favored when Y) CH3 [1-chloro-2-propanone].6

When chloro and dichloro compounds are compared, the
conformational populations and the deduced stabilities are as
follows: for chloroacetyl chloride2 (X ) Y ) Cl), the
synperiplanar form (C-Cl eclipsing the CdO bond) is 1.3 kcal
mol-1 lower in enthalpy than the anticlinal form (C-Cl
anticlinal to the CdO bond). For dichloroacetyl chloride7 (Cl2-
HC-C(dO)Cl), the amount of synperiplanar form present in
the gas phase was found to be 72(6)% at 293 K, indicating that
this form could perhaps be the low energy form. The population
of the synperiplanar form was, however, found to be not
sensitive to temperature variation, suggesting a small enthalpy
difference and a positive entropy difference between the
synperiplanar and anticlinal forms. A spectroscopy study,8

carried out on the same compound, concluded that the anticlinal
conformer was 0.38(9) kcal/mol lower in enthalpy than the
synperiplanar form (where C-H is eclipsing CdO). For

dichloroacetyl fluoride,9 the synperiplanar form was found to
be the most stable conformer. A total of 71(5)% of this form
was present in the gas phase at 293 K. This result is in agreement
with an earlier spectroscopy study.10

We were interested in studying the structure and conforma-
tional composition of 1,1-dichloro-2-propanone (1,1-dichloro-
acetone), Cl2HC-C(dO)CH3, and to compare the results for
this molecule with those mentioned above. An IR and Raman
spectroscopic study has been reported for 1,1-dichloroacetone.11

In the solid state only the anticlinal form (see Figure 1) was
observed. In the liquid state, both the anticlinal and the
synperiplanar forms were found to be present. In the vapor
phase, however, the synperiplanar form is, according to this
study, the dominant form with the anticlinal form in low
abundance.

Experimental Section

A commercial sample of 1,1-dichloro-2-propanone (98%) was
obtained from Aldrich Chemical Co. and was used without
further purification. Electron diffraction patterns were collected
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Figure 1. Molecular models of the synperiplanar and anticlinal
conformers of 1,1-dichloroacetone with atom numbering.
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on 5 × 4 in. Kodak Electron Image plates using the Colgate
apparatus. Nozzle-to-plate distances were 245 and 90 mm, and
the nozzle temperature was 60°C. An r3 sector was used
together with an electrically heated inlet, terminating in a nozzle
made from a 28 Ga. hypodermic needle. The nominal accelerat-
ing voltage used was 40 keV, and the background pressure in
the diffraction chamber was maintained at 1.0× 10-5 Torr
during exposures. Voltages were measured to five significant
digits using a Fluka model 190 digital voltmeter across a
calibrated precision resistor. Camera lengths were measured to
a precision of 0.02 mm using a Klinger Optical precision
cathetometer [see also Shen, Q.; Kapfer, C. A.; Boudjouk, P.;
Hilderbrant, R. L. J. Organomet. Chem.1979, 169, 147].
Exposure times for a 0.3µA beam current were 50 s for the
long distance plates and 150 s for the short distance plates.
Benzene (ra ) 1.397(4) Å)12 was used for the final wavelength
calibration, and the benzene data were collected immediately
after each experiment under identical conditions as the sample.
Four plates from each of the long and short camera distances
were selected for data analysis. The data were corrected in the
usual manner for emulsion saturation, plate flatness, and sector
imperfections after which they are interpolated at integral values
of q [q ) (40/λ) sin(θ/2)] for analysis. The data were analyzed
by using a least squares procedure outlined by Gundersen and
Hedberg13 with tabulated values for scattering and phase shift
factors.14

Theoretical Calculations

Ab initio molecular orbital calculations were carried out using
the Gaussian 94 program,15 for the synperiplanar [φ(HC1C2O)
≈ 0°, φ(HC3C2O) ≈ 0°] and anticlinal [φ(HC1C2O) ≈ 120°
andφ(HC3C2O) ≈ 0°] conformers. Optimized geometries were
obtained for both forms. The synperiplanar form was found to
be 2.07 kcal/mol (HF/6-31G(d)) and 1.82 kcal/mol (MP2/6-
31G(d)) lower in energy than the anticlinal form. To check the
basis set dependence of this energy difference, MP2 calculations
were also made using the 6-311+G(d) basis set. Here the energy
difference was found to be 2.25 kcal/mol. Values of zero-point
energies and the entropies of both forms were calculated together
with vibrational frequencies and Cartesian force constants. The
absence of imaginary frequencies confirmed that these two forms
are true minima on the potential energy surface. Theoretical
force fields were then scaled to the experimental vibrational

TABLE 1: Ab Initio (MP2/6-311 +G(d)) Calculated
Torsional Angles and Relative Energies for Conformers of
XH2C-C(dO)Y and X2HC-C(dO)Y Moleculesa

torsion angle/
molecule φ(X-C-C-Y) φ(H-C-C-Y)

relative
energies

ClH2C-C(dO)Cl 180.0 58.7 0.0
(X ) Cl, Y ) Cl) 66.7 185.6/-52.9 1.09
ClH2C-C(dO)CH3 171.4 -67.8/49.5 1.29
(X ) Cl, Y ) CH3) 39.2 160.5/-80.2 0.0
Cl2HC-C(dO)Cl -62.5/62.5 180.0 0.64
(X ) Cl, Y ) Cl) 153.5/-83.8 33.0 0.0
Cl2HC-C(dO)CH3 -71.5/51.9 171.1 0.0
(X ) Cl, Y ) CH3) 154.8/-82.1 33.6 2.25

a Torsion angles are in degrees, and energies are in kcal/mol.

Figure 2. Intensity curves (qIm(q)) for 1,1-dichloroacetone. The
experimental curve is the average of the curves from eight (four long
camera and four short camera) plates, and the theoretical curve was
calculated from the structural parameters in Table 2. The difference
curve is experimental minus theoretical curve.

Figure 3. Radial distribution curves for 1,1-dichloroacetone. The
experimental curve was calculated from the experimental intensity curve
in Figure 2 with theoretical data in the inner unobservable part. The
vertical bars indicate some of the most important interatomic distances,
and the length of the bars are proportional to the distance weights.

TABLE 2: Parameter Values (r in Angstroms; ∠ in
Degrees; andl in Angstroms) for 1,1-Dichloroacetone

GED
ab initio

(MP2/6-311+G(d))

synperiplanar synperiplanar anticlinal

rg/∠R l re/∠e re/∠e

r(C-H)av 1.093(14) 0.073(18) 1.091 1.092
r(CdO) 1.196(6) 0.039(6) 1.216 1.211
r(C-C1) 1.524(4)a 0.053(4) 1.533 1.542
r(C-C3) 1.496(4)a 0.053(4) 1.506 1.508
r(C-Cl) 1.776/1.773(2) 0.055(2) 1.776/1.772 1.784/1.756
∠C1C2O 119.6(5)b 118.1 121.7
∠C3C2O 125.2(5)b 123.7 124.0
∠HCCl 107.8(6) 108.6 107.6
∠C2C1Clav 110.6(5) 109.7 109.3
φ(H4C1C2O) 2(8) 8.4 146.4
φ(H8C3C2O) [25.6]c 25.6 13.6

Dependent Parameters
∠C3C2C1 115.2(5) 118.2 114.3
O‚‚‚C 2.376(5) 0.063(5) 2.384 2.408
Cl‚‚‚C2 2.713(8) 0.077(5) 2,708 2.704
Cl‚‚‚C3 3.178(20) 0.19(5) 3.250 3.362
Cl‚‚‚Cl 2.913(6) 0.077(3) 2.940 2.939
O‚‚‚Cl 3.585(5) [0.171]c 3.595 3.419

a Distances not refined independently.b Angle values not refined
independently.c Parameter value not refined.
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frequencies earlier determined, using the program ASYM40,16

and the resulting force fields were used to obtain values for
vibrational amplitudes (l) and perpendicular amplitude correc-
tions (K). Using five scale constants ranging from 0.84 to 0.97,
the experimental frequencies were fitted to within an average
deviation of(10 cm-1.

The conformational composition of 1,1-dichloroacetone can
be estimated from the theoretical electronic energy difference,
the calculated entropy difference, and the zero-point energy
differences between the synperiplanar and the anticlinal forms.
At the HF/6-31G(d) level of theory, the calculated value for
∆H° (corrected for differences in ZPE) is 1.98 kcal/mol. The
∆S° value (including theR ln 2 factor) is 1.43 cal/mol K. The
conformational composition predicted from these values is 9%
anticlinal and 91% synperiplanar for a nozzle temperature of
60 °C. At the MP2/6-31G(d) level, the corresponding∆H° and
∆S° values are 1.72 kcal/mol and 1.42 cal/mol K, respectively,
resulting in a conformational composition of 13% anticlinal and
87% synperiplanar conformers. Using MP2/6-311+G(d) calcu-
lations, the obtained values are 2.15 kcal/mol and 1.58 cal/mol
K, with a predicted conformer composition of 8% anticlinal and
92% synperiplanar as a result.

Theoretical calculations were also made for different con-
formers of molecules similar to 1,1-dichloroacetone. Some of
the results from these calculations are summarized in Table 1.

Electron Diffraction Analysis

A model with the C1-H bond synperiplanar to the CdO bond
was tested first. In this analysis, the geometrical parameters
chosen to define the model werer(C-H)av, r(CdO), r(C1-
C2), r(C2-C3), r(C-Cl)av, ∠C1C2O, ∠C1C2C3, ∠C2C1Cl,
∠HCCl, and torsion anglesφ(HCCO) for the CHCl2 and the
CH3 groups. It was not possible to refine all of the bond
distances and valence angles simultaneously. The difference
between the two carbon-carbon bonds,r(C1-C2) - r(C2-C3),
was kept constant at the MP2/6-311+G(d) value. All C-H
bonds are assumed identical; the difference between the two
C-Cl bonds was also assumed from theoretical values, andC3

symmetry was assumed for the methyl group. The amplitudes
of vibrations and perpendicular amplitude corrections were, as
mentioned above, calculated using ASYM40 and the scaled ab
initio force field for the synperiplanar conformer. This single
conformer model fits the experimental electron-diffraction data
very well (R ) 7.83%). The intensity and radial distribution
curves corresponding to this model are shown in Figures 2 and
3, respectively. The results from the final last least squares

refinement, using this single conformer model, are summarized
in Table 2 where also the corresponding parameter values from
the ab initio calculations are shown.

From the results of the theoretical energy calculations, the
presence of a small amount of an anticlinal form is judged to
be not unlikely. A two conformer model, with the presence of
both the synperiplanar and the anticlinal forms, was therefore
tested. In this model, the calculated geometrical differences
between the two forms were included as fixed constraints. Some
of the differences between parameters within each conformer
were also included as fixed constraints. For example, in the
anticlinal form, the C-Cl bond eclipsing the CdO bond is
calculated to be longer than the other C-Cl bond by 0.028 Å,
and the C1C2O and C3C2O valence angles have a difference of
2.3°. Refinements using this second model fit the data (R )
7.83%) as well as the one conformer model. The composition
parameter was refined to a value of 2% with an associated
uncertainty of 12% (2σ). No significant changes in the geo-
metrical parameters were observed between these two models.
The intensity and radial distribution curves from this second
model are indistinguishable from those showed in Figures 2
and 3. The correlation matrix for the final refinement is given
in Table 3.

Discussions

Our work has shown that almost all of the 1,1-dichloroacetone
molecules at 293 K have a conformation where the C-H bond
is eclipsing the carbonyl bond (synperiplanar form). The same
conclusion was also reported in the earlier spectroscopic study11

for the gas phase of this compound. These results are in
agreement with our ab initio calculations where the energy
differences between conformers was found to be 2.25 kcal/mol.
Our result for the conformation of 1,1-dichloroacetone may be
compared with the results of ED investigations on 1,1-
dichloroacetyl chloride, HCl2C-C(dO)Cl, and 1,1-dichloro-
acetyl fluoride, HCl2C-C(dO)F, molecules where the CH3

group in 1,1-dichloroacetone is replaced by a halogen atom.
For 1,1-dichloroacetyl chloride, the old GED study7 concluded
that both possible conformers (synperiplanar and anticlinal) had
about equal enthalpy, but there are other results in this study
that indicated that the synperiplanar form had the lowest
enthalpy. The spectroscopy study8 of 1,1-dichloroacetyl chloride,
however, concluded that the anticlinal conformer (C-H anti-
clinal to CdO) has the lowest enthalpy in the gas phase. We
have carried out ab initio calculations for this molecule at the
same level as for 1,1-dichloroacetone (MP2/6-311+G(d)) and

TABLE 3: Correlation Matrix for the Parameters of 1,1-Dichloroacetonea

σLS r1 r2 r3 ∠4 r5 ∠6 ∠7 l8 l9 l10 l11 l12 l13 l14 l15 φ

1. r(C1-C2) 0.0013 100
2. r(CdO) 0.0018 -2 100
3. r(C-H) 0.0047 -20 21 100
4. ∠CCCl 0.1507 -7 17 2 100
5. r(C-Cl) 0.0007 -6 19 11 -19 100
6. ∠C1CO 0.1559 -24 -53 -7 -25 -18 100
7. ∠HCCl 0.2091 -1 -16 0 -97 28 26 100
8. l(C-C) 0.0014 -3 39 4 9 14 -20 -9 100
9. l(CdO) 0.0020 -21 -44 33 -11 -4 32 12 -13 100
10. l(O‚‚‚C) 0.0017 -4 -12 3 -9 2 7 12 -13 12 100
11. l(C-H) 0.0058 -5 -71 2 -14 -13 43 13 -29 70 11 100
12. l(C-Cl) 0.0007 -7 -27 7 -8 -9 16 8 -42 25 10 27 100
13. l(ClC2) 0.0015 7 17 -2 29 5 -25 -34 13 -10 -15 -12 -10 100
14. l(Cl‚‚‚C3) 0.0181 12 14 -5 36 -1 -35 -31 6 -13 -6 -13 -6 6 100
15. l(Cl‚‚‚Cl) 0.0011 -12 -2 3 -38 3 14 37 -2 5 2 2 6 10 -27 100
16.φ 2.5033 -13 -9 8 -46 2 26 44 -4 12 10 10 4 -20 -77 43 100

a Distances are in angstroms and valence angles in degrees.σLS is the standard deviations from the least squares refinements.
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found the synperiplanar conformer to be 0.64 kcal/mol lower
in energy than the anticlinal conformer. This value is much
lower than the corresponding value found for 1,1-dichloro-
acetone (2.25 kcal/mol), but it certainly is in much better
agreement with the old ED work7 than with the later spectros-
copy results.8

For 1,1-dichloroacetyl fluoride, the synperiplanar conformer
was also found to be the most stable form. Here, the ED
investigation,9 the spectroscopy study,10 and the ab initio
calculations all were in agreement. A high level calculation9

(CCSD(T)/TZP//MP2/6-31+G** + 0.89ZPE(HF/6-31+G**)
gave the synperiplanar conformer as 0.79 kcal/mol lower in
energy than the anticlinal conformer. To make direct compari-
sons between the chloride and fluoride molecules, calculations
of relative energies of the synperiplanar and anticlinal conform-
ers of 1,1-dichloroacetyl fluoride at the MP2/6-311+G(d) level
were carried out. The synperiplanar conformer was found to be
0.63 kcal/mol more stable than the anticlinal form, a value
almost identical to the value calculated for 1,1-dichloroacetyl
chloride. This is a strong indication that the conformational
composition of the two 1,1-dichloroacetyl halides are quite
similar. The spectroscopy investigation of 1,1-dichloroacetyl
chloride therefore probably should be redone.

The calculated anticlinal/synperiplanar energy difference in
1,1-dichloroacetone (2.25 kcal/mol) is much larger than that in
dichloroacetyl chloride (0.64 kcal/mol). There are two Cl‚‚‚Me
anticlinal interactions in the synperiplanar form of dichloro-
acetone and only one such interaction in the anticlinal form. In
dichloroacetyl chloride there are two Cl‚‚‚Cl anticlinal inter-
actions in the synperiplanar form and only one such interaction
in the anticlinal form. It appears that the Cl‚‚‚Cl anticlinal
interaction is less favorable than the Cl‚‚‚Me anticlinal inter-
action. As a result, the anticlinal/synperiplanar energy difference
in dichloroacetyl chloride is reduced compared to that in 1,1-
dichloroaceton. This same effect can also be seen when
comparing the results for chloroacetone and chloroacetyl
chloride. In chloroacetone, the conformer with Me and Cl
anticlinal to each other is the low energy form,6 and in
chloroacetyl chloride, the conformer with Cl and Cl anticlinal
to each other is the high energy form2. Theoretical calculations
(MP2/6-311+G(d)) are in agreement with the experimental
results for these molecules. In chloroacetone, the conformer with
Me and Cl anticlinal to each other is calculated to be 1.29 kcal/
mol lower in energy, and in chloroacetyl chloride, the conformer
with Cl and Cl anticlinal to each other is 1.09 kcal/mol higher
in energy. The sizes of a methyl group and a chlorine atom are
almost the same. This difference in conformational behavior is
therefore clearly not a result of differences in steric strain and
is probably due to differences in dipole-dipole interactions.
The conformational composition of 1,1-dichloroacetone is
consistent with the results observed in similar molecules.

In Table 4, results for bond distances and valence angles
found in 1,1-dichloroacetone are compared with results observed
in some related molecules. Most of the parameter values for
1,1-dichloroacetone are as expected. The much longer C-C
bonds in hexachloroacetone17 compared with the other two
acetones are probably due to larger steric repulsion in the
hexasubstituted molecule.

Acknowledgment. This work has received support from the
Research Council of Norway (Program for Supercomputing)
through grants of computing time and from NATO through a
travel grant to Q.S. and K.H. Financial support from NSF-REU
to Colgate University for R.C. and M.M. is appreciated.

References and Notes

(1) Dyngeseth, S.; Schei, H.; Hagen, K.J. Mol. Struct.1983, 102, 45.
(2) Steinnes, O.; Shen, Q.; Hagen, K.J. Mol. Struct.1980, 64, 217.
(3) Elbindary, A. A.; Klæboe, P.; Nielsen, C. J.Acta Chem. Scand.

1991, 45, 877.
(4) Elbindary, A. A.; Horn, A.; Klæboe, P.; Nielsen, C. J.; Taha, F. I.

M. J. Mol. Struct.1992, 273, 27.
(5) Durig, J. R.; Phan, H. V.; Hardin, J. A.; Little, T. S.J. Chem. Phys.

1989, 90, 6840.
(6) Shen, Q.; Hagen, K.J. Mol. Struct.1991, 95, 7655.
(7) Shen, Q.; Hilderbrandt, R. L.; Hagen, K.J. Mol. Struct.1981, 71,

161.
(8) Durig, J. R.; Bergana, M. M.; Phan, H. V.J. Mol. Struct.1991,

242, 179.
(9) Brain, P. T.; Rankin, D. W. H.; Robertson, H. E.; Buhl, M.J. Mol.

Struct.1996, 376, 123.
(10) Durig, J. R.; Mamula Bergana, M.; Phan, H. V.J. Raman. Spectrosc.

1991, 22, 141.
(11) Durig, J. R.; Hardin, J. A.; Tolley, C. L.J. Mol. Struct.1990, 224,

323.
(12) Tamagawa, K.; Iijima, T.; Kimura, M.J. Mol. Struct.1976, 30,

243.
(13) Gundersen, G.; Hedberg, K.J. Chem. Phys.1969, 51, 2500.
(14) Ross, A. W.; Fink, M.; Hilderbrandt, R.International Tables of

Crystallography,Kluwer Academic Publishers: Dordrecht, 1992; Vol. 4,
p 245.

(15) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.
W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. A.Gaussian 98, revision D.4; Gaussian,
Inc.: Pittsburgh, PA, 1998.

(16) Hedberg, L.; Mills, I. M.J. Mol. Spectrosc.2000, 203, 82.
(17) Johansen, T.; Hagen, K.; Muren, S.J. Mol. Struct.2001, 567-

568, 113.

TABLE 4: Geometry Parameters Determined for 1,1-Dichloroacetone and Some Related Moleculesa

chloroacetone
ClH2C-C(dO)-CH3

1,1-dichloroacetone
Cl2HC-C(dO)-CH3

hexachloroacetone
Cl3C-C(dO)-CCl3

dichloroacetyl chloride
Cl2HC-C(dO)-Cl

dichloroacetyl fluoride
Cl2HC-C(dO)-F

r(CdO) 1.216(3) 1.196(6) 1.202(11) 1.189(3) 1.190(4)
r(C2-C1) 1.537(18) 1.524(4)b 1.590(10) 1.535(8) 1.534(8)
r(C2-C3) 1.507(16) 1.496(4)b 1.590(10)
r(C-Cl) 1.787(3) 1.776/1.773(2)c 1.764/1.775/1.777(3)c 1.771(4) 1.768(2)
∠C1C2O 121.5(16) 119.6(5) 118.2(5) 123.3(13) 126.4(12)
∠C3C2O 119.0(9) 125.2(5) 118.2(5)
ref 6 this work 17 7 9

a Distances (rg) are in angstroms, and angles (∠R) are in degrees. Values in parentheses are 2σ. b Differences between C-C distances kept
constant at the ab inito values.c Differences between C-Cl distances kept constant at the ab inito value.
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