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Abstract A new hybrid phosphate, (CsHsNH;)[ZnCI(HPO»)],
has been synthesized and its structure characterized from
single-crystal X-ray diffraction. The title compound crys-
tallizes in the orthorhombic space group Pbca (n. 61) with the
unit-cell parameters: a = 9.8635(2) A, b = 9.4516(10) A,
¢ =2224304) A, Z=8 and V = 2,073.62(6) A’. The
final R factors were R/wR = 0.0361/0.0924. Its framework
might be described as a layered structure with two (010)-
parallel cationic and anionic layers. The IR spectrum of this
phase shows characteristic bands of phosphite and anilinium
groups.
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Introduction

The survey of the literature has shown that in recent years great

interest has been focused on the organically templated com-
pounds. In fact, these materials attracted considerably the
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attention of researchers due to especially their interesting
optical properties [1]. Moreover, these hybrid materials are
highly attractive for application to frequency doubling of the
light produced by semiconductor lasers [2]. They are also
interesting for their potential applications in different fields:
biology, catalytic, electrical conductivity, magnetism, photo-
chemistry and even as adsorbents and ions exchangers [3-7].

A large number of these hybrid phosphates have been
reported in the literature: (NCsH;,),Zn;(HPO;), [8], [HoN
(CH,)>NH;] 5:ZnHPO3 [9], [CH3;CH(NH3)CH,NH;3][Zn,
(HPO3);]-H>O and [H3N(CH»)¢NH3]-[Zn3(HPO3)4] [10],
Zn3(HPO;)4-Ni(en),(H;0), [11] (en for ethylenediamine),
(CoH1oN2)[Co3(HPO3)4] [12], (CoHioN)[Mn3(HPO;)4] [13]
and (C3H2N2)[Mnz(HPOs),4] [14].

We report in this work on a new layered Inorganic—
Organic Hybrid Anilinium Zinc(I) Chloride Phosphite
[(C¢Hs) NH5]" [ZnCI(HPO5)]~, with an elucidated crystal
structure and IR study.

Experimental

To prepare crystals of the title compound we proceeded as
follow: 5.0588 g (54 mmol) of aniline and 1.3628 g
(10 mmol) of ZnCl, were added to 10 ml of aqueous
H;PO; (1 M) solution. The mixture was stirred for 8 h and
then allowed to stand, at room temperature, for 2 weeks.
The colourless hexagonal shaped crystals were filtered off
and washed with an aqueous 80% ethanol solution.

Single Crystal Study

The X-ray diffraction data for a selected crystal were
collected with a Nonius Kappa CCD area detector
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diffractometer using a monochromatic MoK, radiation
(4 =0.71073 10\). Data were corrected for Lorentz and
polarization effect, and for adsorption effect [15].

The structure was solved by the Direct Methods proce-
dure of SIR97 [16], and refined by the full matrix least
square technique of SHELX-L 97 [17]. All the hydrogen
atoms were located from difference Fourier maps.

Experimental details and the crystallographic data are
reported in Table 1. Atomic coordinates of atoms in the
structure are reported in Table 2, while Table 3 reports
the most significant bond distances and angles. Supple-
mentary data, like full bond lengths and angles and aniso-
tropic displacement parameters, have been deposited at the
Cambridge.

Crystallographic Data Centre and allocated the deposition
number CCDC 289610 [The Cambridge Crystallographic
Data Centre, deposit@ccdc.cam.ac.uk http://www.ccdc.cam.
ac.uk/deposit. Telephone: (44) 01223 762910 Facsimile: (44)
01223 336033 Postal Address: CCDC, 12 Union Road,
CAMBRIDGE CB2 1EZ, UK].

Infrared Spectrum

Infrared spectrum of the title compound was recorded, as
suspension powder in KBr, on a Perkin-Elmer Spectrom-
eter 1750, in the range 4,000-400 cm~!. Table 5 reports
the band assignments for the IR spectrum.

Table 1 Crystal data and structure refinement for (CgHsNH;3)[ZnCl
(HPO3)]

Chemical formula
Formula weight
Temperature
Wavelength

Crystal system, S.G.

Unit cell dimensions

Volume, Z

Absorption coefficient
F(000)

Crystal sizes

O-range

Reciprocal space

Twmax.> Tmin.

Refinement method
Data/restraints/parameters
Final R indices [I > 20(])]

(C¢HsNH3)[ZnCI(HPO3)]
274.93 g mol™!

293(2) K

0.71073 A

Orthohrombic, Pbca

a = 9.8635(2) A

b = 9.45160(10) A

¢ =222430(4) A

2,073.62(6) A>, 8

2754 mm™!

1,104

0.71 x 0.50 x 0.43 mm
2.76-30.00 C

—13<h k<13, -30<1[<3l
0.3838, 0.2452

Full-matrix least-squares on F>
2993/0/154

R; = 0.0361, wR, = 0.0887

Table 2 Atomic coordinates and equivalent isotropic displacement
parameters for (C¢HsNH;3)[ZnCI(HPO3)]

Atoms X y z Uiso

Znl 0.69776 (2) 0.06884 (3) 0.507164 (13) 0.02769 (10)

Pl 0.57470(5) —0.21369(5)  0.45372(2)  0.02340(13)
Cll  0.75078(8)  0.00344(11) 0.60056(3)  0.0590(2)
o1 0.64526(16) —0.35356(17) 0.46498(9)  0.0357(4)
02  0.66995(18) —0.08954(17) 0.45257(9)  0.0380(4)
03 0.45793(16) —0.19367(18) 0.49803(8)  0.0327(4)
Cl 09131(2)  —0.17043)  0.34914(11)  0.0362(5)
2 0.8171(4)  —0.1025(4)  0.31484(17)  0.0602(9)
C3 0.7877(5)  —0.1529(6)  0.2583(2) 0.0853(14)
c4 0.8525(6)  —0.2692(6)  0.2368(2) 0.0868(15)
cs 0.9467(5)  —0.3380(6)  0.2712(2) 0.0908(15)
c6 0.9787(4)  —0.2893(4)  0.33001(18)  0.0659(9)
N1 0.9476(2)  —0.11333)  0.40829(10)  0.0373(5)
HI 0.522(3) —0.218(3) 0.4023(12)  0.032(7)

H20  0.775(6) —0.016(7) 0.325(3) 0.14(2)

H30  0.727(5) —0.109(5) 0.227(2) 0.100(16)
HA0  0.841(6) —0.286(6) 0.190(3) 0.120(18)
H50  0.989(6) —0.429(6) 0.262(3) 0.13(2)

H60  1.076(6) —0.341(6) 0.358(3) 0.130(19)
HI01  0.953(4) —0.180(4) 0.4406(18)  0.067(11)
HI02  1.0354) —0.077(4) 0.4063(16)  0.058(10)
HI103  0.908(5) —0.063(4) 0.420(2) 0.075(15)

Structure Description

The crystal structure of (C¢gHsNH3)[ZnCl(HPO3)] might be
described by double layers scheme. As can be evidenced
from Figs. 1 and 2, the framework of the title compound
can be regarded as a layered structure with two (010)-
parallel layers types: (1) the first layer (A) results from
edges and/or corners sharing of [ZnO3Cl] and [HPOs]
tetrahedra forming the unit [ZnCI(HPO;3)]™, this is an
anionic layer; (2) the second family of layers (C), is an
organic layer made exclusively of [(C¢HsNH;)]" cations.
Layers A and C are linked via H bonds interactions,
reported as dashed lines on Fig. 1.

In the anionic layer, Zn>" possesses a tetrahedral coor-
dination: three oxygen atoms, from three different phos-
phites groups, and a chlorine atom. Figure 3 depicts the
coordination around P and Zn, together with the conforma-
tion of C¢HsNHj;. Average distance d(Zn—0O) of 1.9467 Ais
similar to that observed in some other Zn-hybrid phos-
phates : (NCsH;,),Zn3(HPO3), [d(Zn-O) = 1.939(2) Al
[8], [HoN(CH,),NH, o 5-ZnHPO5 [d(Zn-0) = 1.934(1) A]
[9] and [CH;CH(NH3)CH,NH;3][Zn,(HPO3);5].H,O [d(Zn—
0) = 1.937(3) A][10]. And then d(Zn—Cl) = 2.2296(8) A,
a value to compare with 2,2649(5) Ain (NH,) 3[ZnCl14]NO;
[18] or 2,2619(5) A in K5[ZnCl,]NO5 [18].

@ Springer
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Table 3 Bond lengths (A) and angles (degrees) for (C¢HsNH3)[ZnCI(HPO;)]

Bonds

P-0O1 1.5149(16) C1-C6 1.364(4)
P-02 1.5034(17) Cl-C2 1.375(4)
P-03 1.5277(16) CI-N 1.462(3)
P-H1 1.26(3) C2-C1 1.375(4)
Zn-03* 1.9400(16) C2-H20 0.94(7)
Zn-02 1.9469(17) C3-C2 1.377(6)
Zn-01° 1.9534(16) C3-C4 1.358(7)
Zn—Cl 2.2296(8) C3-H30 1.01(5)
Angles

03*-Zn-02 108.60(8) 03-Zn-01° 111.75(7)
03*-Zn-Cl 114.19(6) 02-7Zn-01° 95.79(7)
02-Zn-0Cl 113.64(7) 01°-Zn-Cl 111.45(6
02-P-01 113.38(10) 02-P-03 112.66(10)
01-P-03 110.36(10) 02-P-H1 105.5(12)
O1-P-HI 108.2(12) 03-P-HlI 106.3(12)

C4-C5 1.368(7)
C4-C3 1.358(7)
C4-H40 1.07(6)
C5-C6 1.423(6)
C5-C4 1.368(7)
C5-H50 0.98(6)
C6-C5 1.423(6)

C6-Cl1
C6-H60
N-Cl1
N-H101
N-H102
N-H103

1.364(4)
1.25(6)
1.462(3)
0.96(4)
0.92(4)
0.67(4)

Symmetry codes * 1—x, —y, 1—z; b 1.5—x,05+y,z

Fig. 1 Crystal structure of (CgHsNH3)[ZnCI(HPO3)], projection
down a-axis (H-bonds as dashed lines)

The geometry of the hydrogenphosphite group (HPO;)
is unexceptlonal (Fig. 2). Average d1stances d,,(P-0) =
1.5153 (16) A and d,w(P-H) = 1.26 (3) A are in good
agreement with the values reported from other X-ray
studies of known phosphite salts [9 and 19]. The O-P-O
bond angles are in the range 107.4(9)-115.70(8)°, which
are typical values for this ion. The H atom bonded to
phosphorus is not involved in any hydrogen bonding. The
average values of H-P-O, O-P-O and Zn-O-P angle are,
respectively 106.6(12), 112.1(1) and 134.15(10)°. These
values are in similar to those reported [8 and 9]. The
[ZnO;Cl] and [HPOs] tetrahedrons share corners to delimit
two kinds of cavities: hexagonal and rectangular along the
direction [001] (see Fig. 4).

The intramolecular distances and angles of the anilinium
cation: C(1)-N (1.462(3) A), C-C (1.378(6) A), C-H
(1.05(6) A), N-H (0.85(4) A) and C(6)-C(1)-C(2) (122.5
(3)°) are in good agreement with those given in literature

@ Springer

Fig. 2 Projection down b-axis, a layered structure
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CEH5-NH3

HPO3

. ZnO3Cl

Fig. 3 Asymmetric unit of the title compound with completed P and
Zn coordination. Displacement ellipsoids are drawn at the 50%
probability level

[20-22]. As in some other anilinium based compounds, the
symmetry of the benzene ring is closer to C2v (mm) [23].
Both distances and angles are highly distorted in the ring. The
two aromatic C—C bonds involving the C atom ipso to the
substituent, C1-C2 and C1-C6, are somewhat shorter than
the central C—C bonds of the ring, C2-C3 and C5-C6. The
C1-N distance is close to the lower band of the range reported
for anilinium salts with an average of 1.462(3) A, close to the
value reported in (C6HSNH3)[H2PO3], 1.465(7) A [24].

The NH>" group is staggered with respect to the phenyl
ring. The aniline cations [(C6HSNH3)]" are positioned
between the layers to compensate the negative charges
(Fig. 1) with the hydrogen bond N-H102—Cl with the value
is 2.230(3) A.

An intricate hydrogen bonding scheme contributes to
build up the framework. The strongest Hydrogen bonds are
the ones donated by nitrogen atom toward the phosphate

Fig. 4 Projection of the structure of (C¢HsNH;)[ZnCI(HPO3)] down
c.: hexagonal and rectangular cavities

group oxygens, displaying the shortest Donor—Acceptor
distance of 2.772(3) A (N1-H101...03 *T1/2 —y=1/2 =71y
The eight strongest Hydrogen bonds are reported in
Table 4. Representative of each kind of these H-bond
interactions are reported on Fig. 1 as dashed lines.

Infra-Red Spectrum of [(C¢Hs)NH3]* [ZnCI(HPO3)]™

Figure 5 depicts the IR spectrum of the title compound,
while Table 5 summarises the attributions of the different
bands in this spectrum. The later shows the presence of
vibrational bands at 2,364, 2,388 and 2,416 cm ™! charac-
teristic for stretching vibration of P-H and bands at 1,150,
1,000 and 483 cm ™! that are assigned to the vibration for a
PO; group.

The asymmetric and symmetric stretching vibrations of
NH; group are observed at 3,541 and 3,220 cm_l, and the

Table 4 The eight strongest Hydrogen bonds in the framework of the title compound

Donor-H Donor---Acceptor H---Acceptor Donor-H::-Acceptor
N1-H103 0.669(.044) NI---02° 2.919(.003) H103---02° 2.471(.046) NI-H103---02°* 126.44(4.64)
C3-H30 1.012(.052) C3---CII° 3.801(.005) H30---C11° 2.983(.053) C3-H30---C11° 138.51(3.80)
C4-H40 1.067(.060) C4---CI1° 3.884(.005) H40---C11°¢ 2.990(.057) C4-H40---C11° 141.70(4.08)
N1-H101 0.957(.039) N1---01¢ 3.442(.003) H101--01¢ 2.846(.039) N1-H101---01¢ 121.29(2.84)
NI-H101 0.957(.039) N1---03¢ 2.772(.003) H101---03¢ 1.815(.039) N1-H101--03¢ 178.09(3.60)
C6-H60 1.249(.056) C6---CI19 3.699(.004) H60---C119 2.481(.056) C6-H60---Cl11¢ 164.23(3.82)
NI1-H102 0.925(.039) NI1---Cl1° 3.158(.003) H102---Cl1° 2.234(.039) NI1-H102---Cl1° 176.35(3.39)
N1-H103 0.669(.044) NI---O1' 2.908(.003) H103--01' 2.277(.043) NI1-H103---01' 157.69(4.69)

Equivalent positions: * x, y, z; ® 1.5 —x, —y, +z — 0.5; X, =y — 0.5, 4z — 05 9x + 05, -y — 05, =z + 1; * —=x + 2, —y, —z + 1;

f_x+05+ 1, +y + 0.5, +z

@ Springer
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Table 5 Band attributions in the IR spectrum of (CgHsNH;3)[ZnCl
(HPO3)]

Wavenumber (cm™!) Assignment

3,541-3,414 NH, stretches

3,220-3,048 C-H stretches

2,444-2,364 P-H stretches

1,636-1,619 Asymmetric deformation of NH,
1,576 Symmetric deformation of NHy
1,499 Deformation CH,

1,206 C-N stretching vibration
1,147-1,092 Regions of P-O stretches of PO3 groups
1,027-1,000 Bending P-H mode

833 C—C stretches

700-480 Deformation of PO3;, C-H and NH,

bands observed at 1,617 and 1,636 cm~! are due to the
asymmetric deformation of the group NH;. The symmetric
deformation of the NHj3 group contributes a very strong
absorption band at 1,573 cm™". The stretching vibration of
C-N is observed at 1,206-1,220 cm™! and at 559 cm™".

The CH stretching vibration is usually absorbing
between 3 and 120-3,000 cm™ !, In the present study, the
band at 3,048 cm ™' is assigned to the CH stretching and
the strong absorption band at 1,499 cm™' and the weak
component at 1,468 cm™' are due to the ring stretching
vibrations 13a(A1) and 13b(B2). The bonding vibrations of
CH in and out of plane are observed, respectively at 1,029—
619 cm™!. The bands at 749 cm™"' and at 1,147 cm™! are
assigned, respectively to the deformation vibration, in and
out, of the plan for CH.
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