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Potassium trihydrogen 1,2,4,5-benzene-

tetracarboxylate trihydrate

Colourless crystal of the title compound, K*-C;,HsO5™-3H,0,
were isolated under hydrothermal conditions (423 K, 72 h).
The structure consists of trihydrogen 1,2,4,5-benzenetetra-
carboxylate (Hsbtec™) anions, potassium cations and water of
crystallization. Each K" cation is seven-coordinated by four
carboxylate O atoms and three water O atoms. In turn, each
Hsbtec™ anion connects to four K* cations and so an
undulating layer forms. Adjacent layers are held together by
hydrogen bonds to form a three-dimensional network. A short
intramolecular hydrogen bond is found to exist in the Hybtec™
anions.

Comment

Considerable attention has been paid to the investigation of
the structures and properties of complexes or salts containing
benzenepolycarboxylate ligands due to their potential tech-
nological importance. In the case of 1,2.4,5-benzenetetra-
carboxylate (btec), the coordination chemistry is well
represented, although there are not as many structures as have
been reported for 1,3,5-benzenetricarboxylate. In the long list
of compounds containing btec reported so far, most are
complexes of transition metal ions, examples being manganese
(Rochon & Massarweh, 2000; Hu et al., 2001), iron (Chu et al.,
2001), cobalt (Murugavel et al., 2002; Kumagai et al., 2002;
Poleti & Karanovic, 1989; Cheng et al., 2002), nickel (Muru-
gavel et al., 2002; Rochon & Massarweh, 2000; Poleti et al.,
1988), copper (Zou et al., 1998; Cheng et al., 2001; Cao, Shi et
al., 2002), silver (Jaber et al, 1997) and zinc (Robl, 1987,
Rochon & Massarweh, 2000). However, examples of
compounds with main group metals, such as calcium (Robl,
1988) and thallium (Day & Luehrs, 1988), also exist. Recently,
compounds of the rare earths were reported (Cao, Sun et al.,
2002; Daiguebonne et al., 2003). Salts of group 1 metals with
1,2,4,5-benzenetetracarboxylate are rare.
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In the title compound, (I), the 1,2,4,5-benzenctetra-
carboxylate ligand exists as the Hibtec™ anion, i.e. with one
CO,~ and three CO,H groups. In the anion, a short intra-
molecular hydrogen bond forms between a pair of adjacent
CO,™ and CO,H groups (O2—H2---04, Table 2). Owing to
the small difference in bond lengths of O2—H2 and O4—H2,
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Figure 1
A segment of a layer in the title compound, showing atom labels and 50%
probability displacement ellipsoids.

Figure 2
Packing of the structure, viewed along the c axis.

it is better to describe the pair of CO,  and CO,H groups as
two CO, groups trapping one H atom between them. Each
Hsbtec™ anion connects to four K* cations (Fig. 1), with
different carboxylate-metal coordination modes. The C7/01/
02 carboxylic acid group is uncoordinated and the C8/03/04
carboxylate group is linked to two K' cations (Table 1).

Groups C9/05/06 and C10/07/0O8 are carboxylic acid groups,
with atoms OS5 and O8 being the OH groups. Both are linked
to one K* cation in a monodentate fashion. In turn, each K*
cation is coordinated by four carboxylate O atoms and three
water O atoms in an irregular geometry (Fig. 1). The distances
of the K" cation to water O atoms 09, 010 and O11 are longer
than those from the K* cation to carboxylate O atoms (Table
1). The connectivity mentioned above results in a polymerized
structure. The polymers extend parallel to the bc plane in a
wave-like double-layer fashion (Fig. 2). There are numerous
intra- and interlayer hydrogen bonds between water—water,
water—carboxyl and carboxyl-carboxyl in the structure. These
contribute to the stabilization of the structure. Adjacent layers
are held together by hydrogen bonds to form a three-dimen-
sional network.

Experimental

The title compound was prepared hydrothermally. A mixture of
1,2,4,5-benzenetetracarboxylic ~ anhydride (1.0 mmol), KOH
(5.0 mmol) and water (5 ml) was stirred with a magnetic bar for 1 h,
then the pH value was adjusted to 1.5 with HNO;. The mixture was
transferred to a sealed stainless-steel Teflon-lined autoclave and
heated at 423 K for 3 d, then slowly cooled to room temperature.
Colourless crystals of (I) were obtained in about 80% yield.

Crystal data

K*-C;oHsO05 ™ -3H,0 D,=1712Mgm™>

M, = 346.29
Monoclinic, P2,/c

Mo Ko radiation
Cell parameters from 5478

a=75703(3) A reflections
b=195133(13) A 6 = 3.0-27.5°
c=9.7623 (7) A i =0.46 mm™"
B =111.273 (4)° T=293(2)K

V = 1343.84 (14) A®
Z=4

Data collection
Rigaku R-AXIS RAPID

Parallelepiped, colourless
0.40 x 0.40 x 0.30 mm

3079 independent reflections

diffractometer 2495 reflections with 1 > 20(1)
w26 scans Rin = 0.027
Absorption correction: multi-scan Omax = 27.5°

(RAPID-AUTO; Rigaku, 1998) h=-9—9

Tmin = 0.834, Tpa = 0.872 k=-25—25
5932 measured reflections I=-12 - 12

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.032
wR(F?) = 0.084

§=1.02

3079 reflections

243 parameters

All H-atom parameters refined

w = 1/[0*(F,%) + (0.0443P)*
+0.3628P]
where P = (F,> + 2F.2)/3
(AJ0)max = 0.001
ApPmax =037 e A3
Apmin = —025¢ A3

Table 1 .

Selected geometric parameters (A).

K1-06' 2.6953 (12) 02—-C7 1.2763 (18)
K1—07" 2.7174 (13) 03-C8 1.2396 (18)
K1—04 2.8313 (12) 04—C8 1.2770 (18)
K1-03 2.8717 (13) 05—C9 1.3059 (18)
K1-011 2.8789 (16) 06—C9 1.2032 (19)
K1-010 2.9067 (17) 07—Cl10 1.2045 (19)
K1-09 2.9241 (16) 08—Cl10 13129 (19)
01-C7 1.2347 (18)

Symmetry codes: (i) —x, 1 —y, 1 —z; (ii) —x, 1 +y, 3 — 2z (ii)) x,3 -y, + z.
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Table 2 .

Hydrogen-bonding geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
011—H11B- - -010 0.85 (3) 1.83 (3) 2.684 (2) 176 (3)
09—H9A. - .03 0.85 (3) 2.02 (3) 2.8662 (18) 172 (2)
08—HS.--011' 0.85 (3) 1.77 3) 2.6088 (19) 168 (2)
Ol11—H11A4.--03" 0.77 (3) 213 (3) 2.890 (2) 170 (3)
05—H5.--01" 0.89 (3) 1.74 (3) 2.6368 (16) 176 (3)
010—H104- - -09% 0.83 (3) 2.01 (3) 2.831 (2) 167 (3)
09—H9B-. --02" 0.86 (3) 2.16 (3) 2.9893 (17) 161 (3)
010—H10B- - -O1'" 0.80 (3) 215 (3) 2.935 (2) 170 (3)
02—H2.--04 1.15 (3) 125 (3) 2.3898 (16) 172 (3)

Symmetry codes: (i) —x,1—y,1—z; (i) x,2—y,i42z (v) 1+x3—-yi+z (v)
x,y, 14z (vi) 1 +x,y,z; (vil)) —x,1 —y, —z.

All H atoms were found in difference Fourier maps and refined.

Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement:
RAPID-AUTO; data reduction: RAPID-AUTO; program(s) used to
solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to
refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
SHELXTL/PC (Sheldrick, 1993); software used to prepare material
for publication: SHELXL97-2 (Sheldrick, 1997).

We gratefully thank Mrs Hua Yin for collecting the crys-
tallographic data. The work was financially supported by the
Student Research Training Program (SRTP) and the Found-
ation of Science and Technology of Fuzhou University (grant
No. XKJ-QD-00-06).

References

Cao, R., Shi, Q., Sun, D., Hong, M., Bi, W. & Zhao, Y. (2002). Inorg. Chem. 41,
6161-6168.

Cao, R., Sun, D, Liang, Y., Hong, M., Tatsumi, K. & Shi, Q. (2002). Inorg.
Chem. 41, 2087-2094.

Cheng, D., Feng, C., Hu, M., Zheng, Y., Xu, D. & Xu, Y. (2001). J. Coord.
Chem. 52, 245-251.

Cheng, D., Khan, M. A. & Houser, R. P. (2002). Cryst. Growth Des. 2, 415-
420.

Chu, D., Xu, J., Duan, L., Wang, T., Tang, A. & Ye, L. (2001). Eur. J. Inorg.
Chem. pp. 1135-1137.

Daiguebonne, C., Deluzet, A., Camara, M., Boubekeur, K. Audebrand, N.,
Gérault, Y., Baux C. & Guillou, O. (2003). Cryst. Growth Des. 3, 1015-
1020.

Day, C. S. & Luehrs, D. C. (1988). Inorg. Chim. Acta, 142, 201-202.

Hu, M., Cheng, D., Liu, J. & Xu, D. (2001). Coord. Chem. 53, 7-13.

Jaber, F,, Charbonnier, F. & Faure, R. (1997).J. Chem. Crystallogr. 27, 397-400.

Kumagai, H., Kepert, C. J. & Kurmoo, M. (2002). Inorg. Chem. 41, 3410-3422.

Murugavel, R., Krishnamurthy, D. & Sathiyendiran, M. (2002). J. Chem. Soc.
Dalton Trans. pp. 34-39.

Poleti, D. & Karanovic, L. (1989). Acta Cryst. C45, 1716-1718.

Poleti, D., Stojakovic, D. R., Prelesnik, B. V. & Herak, R. M. (1988). Acta Cryst.
C44, 242-245.

Rigaku (1998). RAPID-AUTO. PC version. Rigaku Corporation, Tokyo,
Japan.

Robl, C. (1987). Z. Anorg. Allg. Chem. 554, 79-86.

Robl, C. (1988). Z. Naturforsch. Teil B, 43, 993-997.

Rochon, F. D. & Massarweh, G. (2000). Inorg. Chim. Acta, 304, 190-198.

Sheldrick, G. M. (1993). SHELXTL/PC. Siemens Analytical X-ray Instru-
ments Inc., Madison, Wisconsin,USA.

Sheldrick, G. M. (1997). SHELXL97, SHELXS97 and SHELXL97-2.
University of Gottingen, Germany.

Zou, J., Liu, Q., Xu, Z., You, X. & Huang, X. (1998). Polyhedron, 17, 1863—
1869.

Acta Cryst. (2004). E60, m641-m643

Chunrong Wang et al. + K*C;oHs05™-3H,0 mM643



	mk1

