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In the crystal structure of the title compound, Cl3CCOOH or

C2HCl3O2, molecules form centrosymmetric pairs leading to

centrosymmetric dimers through strong OÐH� � �O hydrogen

bonds. In the absence of other strong intermolecular

interactions, the Cl� � �O [3.029 (1) AÊ ] and Cl� � �Cl

[3.612 (1) AÊ ] interactions presumably play an important role

in the stabilization of the crystal structure.

Comment

Carboxylic acids are believed to have existed in the prebiotic

earth (Miller & Orgel, 1974; Kvenvolden et al., 1971) and

exhibit characteristic intermolecular interactions and aggre-

gation patterns. The carboxyl groups are known to participate

strongly in the formation of hydrogen-bonding patterns,

especially dimers, as they contain a donor and an acceptor site.

Detailed analyses of molecular packing modes of carboxylic

acids and some of their primary stacking features have already

been made (Leiserowitz, 1976; Bernstein et al., 1994). The

concept of using carboxyl groups as primary building blocks in

the design of crystals (Desiraju, 1989; MacDonald & White-

sides, 1994) is an important step towards the prediction of

crystal structures; this is recognized to be a dif®cult problem,

similar to that of predicting protein folding. In this context, the

title compound, (I), represents a class of simple organic mol-

ecules of the type RÐCO2H (monocarboxylic acids) and

accurate X-ray crystallographic data on such molecules may

prove to be useful in the design of crystals, assuming a `direct'

relationship between the nature of R and the dif®culty of

design.

In our laboratory, we have been elucidating the crystal

structures of amino acid±trichloroacetic acid complexes with a

view to understanding the possible effects of halogen±halogen

interactions in biomolecular aggregation patterns. A search of

the Cambridge Structural Database (Version 5.21, April 2001;

Allen, 2002) revealed that no crystallographic data are avail-

able for (I) in its pure form, probably due to its highly deli-

quescent nature. However, a more detailed literature survey

points to an unpublished neutron diffraction study of (I)

(Verbist et al., 1972). This prompted us to obtain crystals of (I)

and elucidate its crystal structure.
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Fig. 1 shows the molecular structure of (I) and the atom-

numbering scheme. The bond lengths in the carboxylic acid

group, C1ÐO1(H) = 1.305 (1) AÊ and C1ÐO2 = 1.216 (1) AÊ ,

agree well with expected values. The packing of molecules of

(I), viewed down the a axis, is shown in Fig. 2. The molecules

form centrosymmetric pairs, leading to centrosymmetric

dimers through strong OÐH� � �O hydrogen bonds (Table 2),

in agreement with the results of previous proton magnetic

resonance studies (Goldman, 1958). In the absence of other

strong intermolecular interactions, the observed Cl� � �O short

contact [Cl2� � �O2 (x ÿ 1, y, z) = 3.029 (1) AÊ ] and the closest

Cl� � �Cl interaction [Cl3� � �Cl3(ÿx + 1, ÿy, ÿz) = 3.612 (1) AÊ ]

presumably play an important role in the stabilization of the

crystal structure.

Experimental

Crystals of (I) were obtained from Aldrich in a sealed bottle. The

bottle consisted of `wet' crystals and a few good specimens were put

in a dish along with some solid CO2. A crystal was swiftly mounted on

a goniometer head, where the temperature was maintained at 105 K.

The crystal remained intact throughout the data collection.

Crystal data

C2HCl3O2

Mr = 163.38
Monoclinic, P21=c
a = 6.126 (1) AÊ

b = 9.573 (1) AÊ

c = 11.243 (1) AÊ

� = 119.23 (2)�

V = 575.35 (16) AÊ 3

Z = 4

Dx = 1.886 Mg mÿ3

Mo K� radiation
Cell parameters from 1024

re¯ections
� = 1.7±27.5�

� = 1.48 mmÿ1

T = 105 (2) K
Needle, colourless
0.32 � 0.16 � 0.12 mm

Data collection

Bruker SMART diffractometer
! scans
Absorption correction: multi-scan

(SADABS; Bruker, 1998)
Tmin = 0.743, Tmax = 0.843

10 831 measured re¯ections
2969 independent re¯ections

2569 re¯ections with I > 2�(I)
Rint = 0.022
�max = 37.5�

h = ÿ10! 9
k = ÿ16! 16
l = ÿ19! 19

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.031
wR(F 2) = 0.081
S = 1.03
2969 re¯ections
68 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0393P)2

+ 0.2185P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.63 e AÊ ÿ3

��min = ÿ0.67 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

O1ÐC1 1.3049 (11)
O2ÐC1 1.2162 (11)

C1ÐC2 1.5518 (12)

O2ÐC1ÐO1 126.88 (8)
O2ÐC1ÐC2 121.25 (8)

O1ÐC1ÐC2 111.86 (8)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1ÐH1� � �O2i 0.77 (2) 1.89 (2) 2.6615 (10) 175 (2)

Symmetry code: (i) 1ÿ x; 1ÿ y;ÿz.

The H atom was located from a difference Fourier map and was

included in the re®nement with an isotropic displacement parameter.

Data collection: SMART-NT (Bruker, 1999); cell re®nement:

SAINT-NT (Bruker, 1999); data reduction: SAINT-NT; program(s)

used to solve structure: SHELXS97 (Sheldrick, 1990); program(s)

used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular

graphics: PLATON (Spek, 1999); software used to prepare material

for publication: SHELXL97.
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Figure 1
Molecular structure of (I), showing 50% probability displacement
ellipsoids and the atom-numbering scheme.

Figure 2
Packing of the molecules of (I), viewed down the a axis.
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