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A redetermination of 4-chloro-3-nitrobenzoic acid

In the title compound, C;H,CINO,, the molecules form
centrosymmetric dimers through O—H- - -O hydrogen bonds.
The dimers are connected by C—H. - -O hydrogen bonds to
form molecular tapes. Disorder of the H atom in the O—
H. . -O hydrogen bond is suggested.

Comment

The structure determination of the title compound, (I), was
originally undertaken by Ferguson & Sim (1959, 1962), using
oscillation and Weissenberg photographs, in a series of studies
of molecular overcrowding. We have redetermined the crystal
structure using diffractometer data, in order to analyze
hydrogen-bonding patterns and molecular packing in the
crystal structure and to compare the molecular structure with
that in the gas phase calculated by ab initio molecular-orbital
calculation.

OH

NO,

cl
(1)

In the crystal structure, two molecules, related by an
inversion center, form a dimeric unit via strong O—H---O
hydrogen ~ bonds [O2—H4=1.04(4) A, H4..-01'=
1.60 (4) A, 02---O1'= 2.624(2) A and O2—H4---01'=
169 (4)°; symmetry code: (i) 1 —x, —1 —y, 1 — z; Fig. 1].
Neighboring hydrogen-bonded dimers, related by translation
along the a axis, are connected by C—H- - -:O hydrogen bonds
[C5—H2=095(2) A, H2---021=254(2) A, C5.--02%=
3.406 (3) A and C5—H2- - -02 = 150.8 (18)°; symmetry code:
(i) —1 + x, y, z], forming molecular tapes running along the a
axis (Fig. 2). The tapes are stacked in columns along the b axis
to form molecular layers extending parallel to the ab plane
(Fig. 3).

Figure 1

ORTEP-3 (Farrugia, 1997) drawing of a hydrogen-bonded dimer of (I),
with the atom-labeling scheme. Displacement ellipsoids of non-H atoms
are drawn at the 50% probability level. O—H- - -O hydrogen bonds are
indicated by dashed lines. [Symmetry code: (i) 1 —x, =1 —y, 1 — z.]
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Figure 2

Packing diagram of hydrogen-bonded dimers, viewed along the b axis.
O—H:--O and C—H- - -O hydrogen bonds are indicated by dashed and
dotted lines, respectively
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Figure 3
Packing diagram of (I), showing molecular layers extending parallel to
the ab plane.

The angle between the planes of the benzene ring and the
carboxyl group is 7.23 (10)°, and that between the benzene
ring and the nitro group is 45.50 (10)°. The H atom of the

in which the H atom is located at the O1 site. This result is
consistent with the present crystallographic result. The
calculated angle between the planes of the benzene ring and
the carboxyl group is 0.64°, and that between the benzene ring
and the nitro group is 51.78°. The bond lengths [Cl—C4 =
1722 A, N—03=1230A, N—04=1229A, N—C3=
1468 A, C1—C2=1397 A, C1—C6=1401 A, C1—C7=
1493 A, C2—C3=1392 A, C3—C4=1400A, C4—C5=
1.401 A and C5—C6 = 1.392 A] are comparable to those given
in Table 1, but the calculated C—O bond lengths [C7—O1 =
1210 A and C7—02 =1.351 A] in the carboxyl group are
apparently shorter and longer, respectively, than the observed
bond lengths. This suggests that the H atom involved in the
O—H---O hydrogen bond is disordered in an asymmetric

double-well potential.

Experimental

Crystals of (I) were obtained from a benzene solution.

Crystal data

C,H,CINO,
M, = 201.57
Monoclinic, P2, /c
a=7404 (3) A

b =5.6695 (9) A
c=19.144 3) A
B =10042 (2)°

V =790.4 (4) A®
Z=4

Data collection

Rigaku AFC-5R diffractometer
@-26 scans
Absorption correction: ¥ scan
(North et al., 1968)
Tin = 0.839, Tryax = 0.914
2234 measured reflections
1815 independent reflections
1458 reflections with I > 20(1)

Refinement

Refinement on F>

R[F?* > 20(F?)] = 0.033
wR(F?) = 0.087

S =1.06

1815 reflections

135 parameters

All H-atom parameters refined

D, =1.694Mgm™

Mo Ko radiation

Cell parameters from 25
reflections

6 =11.8-12.4°

=046 mm™’

T=297K

Prism, colorless

0.50 x 0.45 x 0.20 mm

R = 0.011
Omax = 27.5°
h=-1-09
k=0—7
l=-24 24

3 standard reflections
every 97 reflections
intensity decay: 3.3%

w = 1/[o*(F,?) + (0.0175P)*
+ 0.37P]

where P = (F,” + 2F.%)/3
(A/0)max = 0.001
APmax =027 A7
APmin = —0.19¢ A7
Extinction correction: SHELXL97
Extinction coefficient: 0.022 (2)

carboxyl group is located at the O2 site;, with a large Table 1

displacement parameter [U, =0.163 (17) A*]. This large Selected geometric parameters (A, °).

ValluG can be attrlbuted. to the positive effectlye charge of the Cl_ca 17215 (18) 3 37 Q)

acid H atom (Tonogaki et al., 1993) and/or disorder of the H C7—01 1252 (2) C3_C4 1.391 (2)

atom in the hydrogen bond. Disorder of the H atom is also C7-02 1.274.(2) C4-—-C5 1.382 (3)

suggested by the fact that the C—O bond lengths in the E:gi gﬁ 8 gg:ﬁ? (l)ggg(g)

carboxyl group are almost the same [C7—O1=1252 (2) A N—C3 1.470 (2) C5—H2 0.95 (2)

and C7—02 =1.274 (2) A],. as mentioned below. o g:gé i;gg g; 86211;[12 (1):(9)?1 Ei;
The molecular structure in the gas phase was optimized by Cl—C7 1.482 (2)

ab initio molecular-orbital calculations at the MP2/6- 01—C7—02 123.54 (17) C2—C3—N 117.19 (15)

311G(d,p) level, using the computer program GAUSSIAN98 04—N—-03 124.85 (16) G-C4-cl 122.29 (14)

(Frisch et al., 1998; Mgller & Plesset, 1934). The molecule in S 120.37 (16)

which the H atom is located at the O2 site was shown to be

more stable by 0.65 kJ mol ™" in total energy than the molecule
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H atoms were found in a difference Fourier map and refined
isotropically [C—H = 0.93 (2)-0.95 (2) A and O—H = 1.04 (4) A].

Data collection and cell refinement: MSC/AFC Diffractometer
Control Software (Molecular Structure Corporation, 1990); data
reduction: TEXSAN (Molecular Structure Corporation, 1997-1999);
structure solution: STR92 (Altomare et al, 1994); structure refine-
ment: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3
(Farrugia, 1997); preparation of material for publication: TEXSAN.

X-ray measurements were made at the X-ray Laboratory of
Okayama University.

References

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C,,
Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.

Ferguson, G. & Sim, G. A. (1959). Acta Cryst. 12, 941.

Ferguson, G. & Sim, G. A. (1962). J. Chem. Soc. pp. 1767-1775.

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. et al. (1998). GAUSSIANYS. Revision A.7. Gaussian Inc.,
Pittsburgh, PA, USA.

Molecular Structure Corporation (1990). MSC/AFC Diffractometer Control
Software. MSC, 3200 Research Forest Drive, The Woodlands, TX 77381,
USA.

Molecular Structure Corporation (1997-1999). TEXSAN for Windows.
Version 1.06. MSC, 9009 New Trails Drive, The Woodlands, TX 77381, USA.

Mgller, C. & Plesset, M. S. (1934). Phys. Rev. 46, 618-622.

North, A. C. T,, Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351—
359.

Sheldrick, G. M. (1997). SHELXL97. University of Gottingen, Germany.

Tonogaki, M., Kawata, T., Ohba, S., Iwata, Y. & Shibuya, L. (1993). Acta Cryst.
B49, 1031-1039.

01986  1shida and Fukunaga + C;H,;CINO,

Acta Cryst. (2003). E59, 01984—01986



	mk1

