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The 4-phenylpyridinium cation of the title compound,

C11H10N+�C4HO4
ÿ, exhibits an interplanar angle of 28.6 (1)�

and interacts with a neighbouring hydrogensquarate anion

through a single NÐH� � �O hydrogen bond [N� � �O =

2.697 (2) AÊ ]. Individual anions are linked into centrosym-

metric dimers by strong OÐH� � �O hydrogen bonds [H� � �O =

1.52 AÊ and O� � �O = 2.493 (2) AÊ ]. Alternating layers of

4-phenylpyridinium cations and hydrogensquarate anions

are stacked along the [001] axis.

Comment

The crystal structure of 4-phenylpyridinium hydrogen-

squarate, (I), was determined as part of our continuing spec-

troscopic and structural studies on organic compounds with

nonlinear optical, photorefractive and electro-optical proper-

ties (Chemla & Zyss, 1987; Nalwa et al., 1997; Wolff & Wort-

mann, 1999. A reversible single-crystal to single-crystal

polymorph transition (from the monoclinic to the triclinic

crystal system) of the hydrogen-bonded system has been

reported for the related 4,40-bipyridinium salt (Reetz et al.,

1994). Furthermore, 4-phenylpyridine has been found to

exhibit a remarkable inclusion ability, forming a novel host

complex with nickel(II) dibenzoylmethanate (Soldatov et al.,

2002). IR and Raman spectra of (I) indicate that the proto-

nated 4-phenylpyridinium N atom participates in an NÐ

H� � �O hydrogen bond to the hydrogensquarate anion, as

con®rmed by the crystal structure. In contrast with most

reported structures, in which hydrogensquarate anions are

linked into in®nite chains by OÐH� � �O interactions (Ange-

lova et al., 1996a), anion dimerization is observed for (I), as

previously found in the case of l-guanidinium hydro-

gensquarate (Angelova et al., 1996b).

Experimental

A water±ethanol (1:1) solution of 4-phenylpyridine was added to an

aqueous solution of an equimolar quantity of squaric acid and set

aside to crystallize. The product, (I), was puri®ed by multiple

recrystallization from distilled water and crystals suitable for X-ray

diffraction were grown by slow evaporation.
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Crystal data

C11H10N+�C4HO4
ÿ

Mr = 269.25
Monoclinic, P21=c
a = 11.781 (3) AÊ

b = 8.994 (2) AÊ

c = 12.988 (3) AÊ

� = 113.91 (2)�

V = 1258.0 (6) AÊ 3

Z = 4

Dx = 1.422 Mg mÿ3

Mo K� radiation
Cell parameters from 57

re¯ections
� = 7.7±14.6�

� = 0.11 mmÿ1

T = 293 (2) K
Prism, pale yellow
0.46 � 0.41 � 0.39 mm

Data collection

Siemens P4 four-circle
diffractometer

Pro®le ®tted ! scans
Absorption correction:  scan

(XPREP in SHELXTL;
Sheldrick, 1995)
Tmin = 0.933, Tmax = 0.963

2323 measured re¯ections
2211 independent re¯ections

1494 re¯ections with I > 2 s(I)
Rint = 0.036
�max = 25.0�

h = ÿ14! 0
k = ÿ10! 0
l = ÿ14! 15
3 standard re¯ections

every 100 re¯ections
intensity decay: 20%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.100
S = 1.03
2211 re¯ections
196 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0421P)2

+ 0.1558P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.13 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0040 (19)

Table 1
Hydrogen-bonding geometry (AÊ , �).

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

O30ÐH30� � �O20 i 1.01 (4) 1.52 (4) 2.493 (2) 161 (3)
N1ÐH1� � �O40 0.86 1.84 2.697 (3) 171

Symmetry code: (i) 1ÿ x; 1ÿ y; 1ÿ z.

H atoms of the 4-phenylpyridinum ion were visible in difference

maps and were subsequently treated as riding atoms, with distances

CÐH = 0.93 AÊ and NÐH = 0.86 AÊ , and with individual isotropic

displacement parameters. The hydrogensquarate atom H30 partici-

pates in a strong O30ÐH30� � �O20(1 ÿ x, 1 ÿ y, 1 ÿ z) hydrogen bond

and was therefore allowed to re®ne freely, to afford O30ÐH30 and

H30...O20 distances of 1.01 (4) and 1.50 (4) AÊ , respectively .

Data collection: R3m/V (Siemens, 1989); cell re®nement: R3m/V;

data reduction: R3m/V; program(s) used to solve structure:

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

SHELXL97 (Sheldrick, 1997); molecular graphics: SHELXTL

(Sheldrick, 1995); software used to prepare material for publication:

SHELXL97.
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Figure 2
Dimerization of hydrogensquarate anions through strong O30Ð
H30� � �O20i hydrogen bonds (dashed lines). Dispacement ellipsoids are
drawn at the 50% probability level. [Symmetry code as in Table 1.]

Figure 1
The 4-phenylpyridinum cation and hydrogensquarate anion of (I), with
the hydrogen bond shown as a dashed line. Displacement ellipsoids are
drawn at the 50% probability level
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