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In the title compound, C12H10O2S2, molecules are linked into

chains by two pairs of OÐH� � �O hydrogen bonds [H� � �O =

1.99 (2) AÊ , O� � �O = 2.759 (2) and 2.783 (2) AÊ and OÐH� � �O =

162 and 165 (2)�]. Four hydroxy groups are linked together via

hydrogen bonds to form a four-membered ring, which acts as a

supramolecular synthon in the construction of one-dimen-

sional chains of rings.

Comment

Hydrogen bonding, which is a powerful organizing force in

designing various supramolecules and solid-state architectures

(Subramanian & Zaworotko, 1994), is extensively used not

only for networking numerous organic and organometallic

compounds (Desiraju, 2000), but also for generating inter-

esting supramolecular properties, such as electrical, optical

and magnetic (LeÂ tard et al., 1998). The molecule of the title

compound, 4,40-dithiodiphenol, (I), with hydroxy groups and a

¯exible SÐS bond, easily affords hydrogen bonding (Sugiura

et al., 1992) in crystal engineering to generate a supramolec-

ular synthon or spacer.

In a previous paper (Wang et al., 1999), the compound bis(2-

hydroxyphenyl) disul®de or 2,20-dithiodiphenol, (II), which

was oxidized from 2-mercaptophenol, acts as a spacer to link

anions together to form one-dimensional chains through

hydrogen bonding. In order to explore extensively the

hydrogen-bond effect on the formation of three-dimensional

networks in the solid state and the in¯uence of these on the

properties of compounds, we prepared compound (I). As with

compound (II), (I) was oxidized in air from 4-mercaptophenol,

and was intended to act as a building block to construct a

three-dimensional organic±inorganic hybrid supramolecule

through hydrogen bonding. Unfortunately, only the organic

species (I) crystallized from the methanol solution.
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The structure of (I) (Fig. 1) is similar to that of (II) (Wang et

al., 1999). Selected bond lengths and angles are listed in

Table 1. The CÐS bonds [average 1.773 AÊ ], the SÐSÐC

angles [average 104.5�] and the torsion angle C1ÐS1ÐS2Ð

C11 [82.5 (1)�] in (I) are similar to corresponding values in

(II). However, the SÐS bond length [2.0524 (11) AÊ ] in (I) is

signi®cantly longer than the average SÐS bond length value

of 2.017 (6) AÊ in (II). According to Hordvik's (1996) obser-

vation (Desiraju, 2000), a relationship exists between the SÐS

bond length and the CÐSÐSÐC torsion angle in organic

disul®des, probably caused by lone-pair repulsion which will

be minimized when the dihedral angle is 90�. The greater

deviation of this angle [82.5 (1)� in (I) compared with 84.3� in

(II)] from the ideal value could be caused by the restriction of

the rotation of the SÐS bond by the hydrogen bonds, which

cannot release the molecular strain. The two benzene rings in

the title compound form a dihedral angle of 48.1 (2)�.
The hydroxy groups in the title compound form OÐH� � �O

hydrogen bonds which link molecules head-to-tail, forming

one-dimensional chains. In addition, adjacent one-dimen-

sional chains are linked together through further hydrogen

bonding to form a chain of rings (Fig. 2 and Table 2).

Experimental

To a solution (15 ml) of MeOH containing (Bu4N)4[Mo8O26] (0.55 g,

0.25 mmol), a solution of 4-mercaptophenol (0.252 g, 2.0 mmol) in

4 ml of MeOH was added with stirring at room temperature. The

solution turned yellow immediately. After stirring for 4 h, the reac-

tion solution was concentrated to 5 ml under reduced pressure.

Addition of diethyl ether gave yellow crystals which were suitable for

X-ray diffraction.

Crystal data

C12H10O2S2

Mr = 250.32
Monoclinic, C2=c
a = 20.886 (4) AÊ

b = 10.959 (2) AÊ

c = 11.263 (2) AÊ

� = 115.09 (3)�

V = 2334.7 (9) AÊ 3

Z = 8

Dx = 1.424 Mg mÿ3

Mo K� radiation
Cell parameters from 3841

re¯ections
� = 2.2±27.0�

� = 0.44 mmÿ1

T = 293 (2) K
Block, yellow
0.11 � 0.11 � 0.08 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Bruker, 1998)
Tmin = 0.953, Tmax = 0.966

6726 measured re¯ections

2547 independent re¯ections
2071 re¯ections with I > 2�(I)
Rint = 0.015
�max = 27.0�

h = ÿ26! 23
k = ÿ13! 11
l = ÿ14! 13

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.094
S = 1.05
2547 re¯ections
185 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.0496P)2

+ 0.722P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.014
��max = 0.24 e AÊ ÿ3

��min = ÿ0.19 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

S1ÐC1 1.7787 (17)
S1ÐS2 2.0524 (11)
S2ÐC11 1.7672 (17)

O1ÐC4 1.3738 (19)
O2ÐC8 1.377 (2)

C1ÐS1ÐS2 103.77 (6)
C11ÐS2ÐS1 105.17 (6)
C2ÐC1ÐS1 119.12 (14)

C6ÐC1ÐS1 121.49 (14)
C5ÐC4ÐO1 118.08 (15)
C9ÐC8ÐO2 121.94 (15)

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

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

O1ÐH1� � �O2i 0.79 (2) 1.99 (2) 2.759 (2) 162 (2)
O2ÐH11� � �O1ii 0.81 (2) 1.99 (2) 2.7829 (19) 165 (2)

Symmetry codes: (i) 1
2ÿ x;ÿ1

2ÿ y;ÿz; (ii) xÿ 1
2; yÿ 1

2; z.
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Figure 1
A view of the structure of (I), showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level and H
atoms are shown as small spheres of arbitrary radii.

Figure 2
A hydrogen-bonded chain of rings in (I). H atoms not involved in
hydrogen bonding have been omitted. Hydrogen bonds are indicated by
dashed lines.



All H atoms were located in a difference Fourier map and re®ned

independently with isotropic displacement parameters. The re®ned

OÐH distances are 0.79 (2) and 0.81 (2) AÊ , while the CÐH distances

are in the range 0.92 (2)±0.98 (2) AÊ .

Data collection: SMART (Bruker, 1998); cell re®nement: SAINT

(Bruker, 1998); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997a); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997a); molecular graphics:

SHELXTL (Sheldrick, 1997b); software used to prepare material for

publication: SHELXL97.

This work was sponsored by the Natural Science Founda-

tion of Guangxi Province.
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