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The compound bis(methyltriphenylphosphonium) tetrabromozincate(Il), [Ci9HgP]2[ZnBr4],
M, = 939.640, has a monoclinic unit cell, space group P2;. The lattice parameters are a =
9 7693(4) A, b = 12.5508(4) A, ¢ = 16. 5372(6) A, a =90.00°, B =105.2670(11)°, y = 90.00°,

=1956.11(11) A3, Z=2,D,=1.595 mgm~ 3 at T = 298 K. The structure consists of one dis-
torted [ZnBrs]?~ tetrahedron and two [(CH3)(CgHs)3P]* cations. Differential scanning calorimetry
indicates a continuous second-order transition at (276 4= 2) K that may be classified as a commen-
surate to incommensurate transformation. A first-order transition to a higher symmetry is associated
with a four-fold rotation of the [ZnBr4]?>~ ion and a change of entropy AS = 22.92 J/(K-mol) at
T=(362+t3) K

Dilatometric measurements showed a decrease of the lattice parameters in the temperature range
230-260 K, confirmed the transition at (276 +2) K, and indicated the presence of a third transition

at 282 K.
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PACS numbers: 61.10.1, 64.70.Kb, 61.44.Fw.

1. Introduction

Many compounds in the AyBX,4 family, where A is
amonopositive cation and BX, a dinegative tetrahedral
anion, exhibit several structural transformations at low
and high temperatures with the highest temperature
phase having the 3-K;SO4 symmetry [1]. These mate-
rials are known to undergo several successive and inter-
esting phase changes, some of which are commensu-
rate (C) to incommensurate (IC) transitions [2—7]. The
[(CH3)4N]2[ZnBr4] salt is known to undergo a C to IC
transition at (286 + 1) K, while [(C,Hs)4N],[ZnBry]
undergoes a second-order transition at (2304 1) K [8].
This shows the importance of the role played by the
cation. Upon replacing the N by a P atom only one
second-order transition at 7' = 368.7 K was observed
n [(CH3)4P]»[ZnBry], where a structural transition
from monoclinic P2/c to high temperature orthorhom-
bic Pmcn symmetry took place, but no C-IC transition
was reported [9]. However a C-IC transition was
found in the corresponding copper salt [10, 11]. This
means that the phase behaviour must be sensitive to

changes of the cation and anion. Therefore preparation
of [(CH3)(CgHs)3P]»[ZnBry], its characterization and
structure determination as well as its phase behaviour
would help to understand the nature and mechanism
of phase transitions in these magnetic insulators.

2. Experimental
2.1. Sample Preparation

The sample was prepared by mixing an acidified al-
coholic solution of methyltriphenylphosphonium bro-
mide (MTPB) with an alcoholic solution of ZnBr; in
the ratio 2: 1. The solution was kept at 70 °C for 1 h.
Small transparent crystals were obtained upon grad-
ual cooling to room temperature. The product was
washed with a mixture of diethyl ether and ethanol, re-
dissolved in ethanol and kept at 32 °C for three weeks
to crystallize. The obtained crystals were washed, dried
and kept under vacuum.

The sample had a melting point of 170 °C. Chemical
analysis revealed the formation of a material with the
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Compound v13 v10 v15 v16 v17 vi8 Table 1. Observed absorption

[(CH3)sP.[MX4] 2986-2967 2914-2893 14351415 1308_1295 985-972 778—760 peaks (in cm~!) and their
8 m m m \& m assignment in the near IR

MTPZB 3481-3047 2900-2581 1583-1482 1324 1191 610 range for [(CH3)4P][MX4y]
m s Vs m S—Vs S and MTPZB.

formula [(CH3)(CgHs)3P]2[ZnBr4], henceforth named
MTPZB.

2.2. Infrared Spectroscopy

Infrared spectroscopy was performed using an
FTIR1650 Perkin-Elmer spectrometer in the frequency
range 200—4000 cm ™!

2.3. Differential Thermal Scanning Measurements

Differential thermal scanning (DSC) measurements
were carried out on a Shimadzu differential scanning
model DSC-50 analyzer. The analyzer was calibrated
with the melting transition of indium at 157 °C. Low
temperature measurements at 170 K and 400 K were
performed using liquid nitrogen as coolant. Crystal-
lized samples were ground, and thermographs were
obtained at a scanning rate of 5 °C/min for both the
low and high temperature measurements. Two samples
were measured, the transition temperatures of which
were within acceptable error limits.

2.4. X-Ray Diffractometry

X-Ray crystallographic data were collected on an
Enraf-Nonius 590 Kappa CCD single crystal diffrac-
tometer with a graphite monochromator using MoK
radiation (A = 0.71073 A). The intensities were col-
lected at room temperature using a ¢-@ scan mode.
The crystal to detector distance was 40 mm. The cell
refinement and data reduction were carried out us-
ing Denzo and Scalepak programs [12]. The crystal
structure was solved by the direct method using an
SIR92 program [13] which revealed the positions of
all non-hydrogen atoms, refined by the full matrix least
square refinement based on F2, using the maXus pack-
age [14]. Sort average multiscanning absorption cor-
rections were applied to all data using the program
SORTAV [15]. The temperature factors of all non-
hydrogen atoms were refined anisotropically, then hy-
drogen atoms were introduced as a riding model with
C-H = 0.96 A and refined isotropically. The Molec-
ular graphics were prepared using the ORTEP pro-
gram [16].

Table 2. Thermodynamic parameters as obtained from DSC
measuremens of MTPZB, [(C,H4)4N]>[ZnCly], [(CH3)4N]»
[ZnCly], [(C2H4)4N]2[ZnBry], and [(CH3)4N]2[ZnBry].

Sample Transition 1 Transition 2 Reference
T AS T AS

MTPZB 362+2 2292 2769 2.12  present work

[(C2H4)4N]2[ZHCI4] 227 38.9 [6]

[(CH3)4N]2[ZnCl4] 286 (8]

[(C2H4)4N]2[ZnBry] 230 [8]

[(CH3)4N]2[ZnBry] 368.7 9.15 [9]

3. Results and Discussion
3.1. Infrared Spectroscopy

Table 1 lists the observed absorption peaks and their
assignment in the near IR range according to [17, 18].
The far IR spectrum contains strong bands at 376, 301,
271.9 and 121 cm~! which are attributed to internal
vibrations of [ZnBr4]*>~ [19].

3.2. Thermal Analysis

Figure 1 shows the thermograph of MTPZB in
the temperature range 303 to 373 K. A small A-like
peak at 276.9 K with a long tail on the low temper-
ature side suggests a continuous second-order tran-
sition. Theoretically, the transition has zero entropy,
however the calculated value is 2.12 J/K - mol. A sec-
ond endothermic peak with a large enthalpy is initi-
ated at the temperature 7; = (362 + 3) K, the calcu-

1.2
0.8 -
0.4 -

3

=5

0 -

-0.4 -

-0.8 T T T T T |
150 200 250 300 350 400 450
T (K)
Fig. 1. Thermograph of MTPZB in the temperature range
303-373 K.
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Table 3. X-Ray data collection parameters and refinement of
MTPZB.

Chemical formula C3gH36BrsZnP,
Formula mass, g mol~! 939.640
Temperature, K 298

Wave length, A 0.71073

Space group monoclinic P2;
a, A 9.7693(4)

b, A 12.5508(4)

¢ A 16.5372(6)

B, deg. 105.2670(11)
Volume, A3 1956.11(11)

Z 2

Density, mg m~> 1.595
Measured reflections 5125
Independent reflections 3041

Observed reflections 2286

Rine 0.063

Index range 0<h<10,

0<k<13,

—-18<1<17

Full matrix least square on F?
R=0.159, ®Rr=0.105
0.041

0.73/—0.74

Refining method
R Indices (all data)
‘A/ c‘max

Apgn (max / min)

lated entropy is AS = 22.92 J/(K - mol). The value of a
simple rotation of the [MX4]*> tetrahedron about the
4-fold axis contributes 5.7 J/(K - mol), and a total dis-
order within the tetrahedral structure would contribute
RIn12 = 20.7 J/(K-mol) to the total entropy [20].
This is in reasonable agreement with the value AS =
22.92 J/(K-mol) obtained for the high temperature
transition. Table 2 lists the transition temperatures and
entropies of the presently investigated sample as well
as other closely related samples.

3.3. X-Ray Structure Description

The crystal structure data are summarized in Ta-
ble 3. Table 4 lists the atomic coordinates and equiva-
lent isotropic thermal parameters. Table 5 lists the bond
distances and bond angles. The unit cell of the inves-
tigated compound consists of two crystallographically
independent (MTP)™ cations and the [ZnBr4]?>~ anion,
where the (MTP)™" cations intercalate between the al-
ternating tetrahedral [ZnBrs]?~. The cations are com-
posed of three planar phenyl groups and one methyl
group around the central phosphorus atom in the form
of a distorted tetrahedron. The lengths and angles are
within the accepted range. The interplay between the
steric hinderance, a repulsive effect resulting from the
large size of the phenyl groups, and the Van-der-Waals
forces stabilizes the structure. The anions are arranged
to form a cavity. Figure 2a demonstrates the arrange-
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Table 4. Atomic coordinates (10%) and equivalent isotropic
thermal parameters U (iso) (A2) of MTPZB.

X y Z Ueq

Brl  0.78746(11)  0.75214(11)  —0.21732(8) 0.0629(7)
Br2  0.39908(13)  0.68087(11)  —0.35418(8) 0.0644(7)
Zn3  0.53966(12)  0.79980(10)  —0.24754(8) 0.0478(6)
Brd  0.45584(14)  0.77904(11)  —0.12444(8) 0.0754(8)
Br5  0.51415(17)  0.98306(11)  —0.29171(8) 0.0782(9)
P6 0.8613(3) 0.4700(2) 0.01655(19)  0.0492(16)
P7 1.0066(3) 0.4343(3) 0.43381(18)  0.0499(16)
C8 0.7894(11) 0.5838(9) 0.0570(7) 0.043(6)
c9 0.7443(11) 0.4262(10) —0.0805(7) 0.052(7)
C10  1.1592(11) 0.3594(9) 0.4876(7) 0.047(6)
Cl1  0.9091(12) 0.4735(11) 0.5071(7) 0.054(7)
C19  1.0279(11) 0.5056(10) —0.0025(9) 0.058(7)
C23  1.0632(11) 0.5533(10) 0.3883(7) 0.047(6)
C37  0.8902(13) 0.3641(11) 0.0924(8) 0.066(7)
C41  0.8994(14) 0.3525(12) 0.3524(9) 0.074(8)

Table 5. Selected bond lengths (A) and bond angles (°) with
e.s. d. in parentheses at 293 K of MTPZB.

Bond length Bond angle
Brl-Zn3 2.4150(7) Br1-Zn3-Br2 109.91(3)
Br2-Zn3 2.4427(8) Brl-Zn3-Br4 110.20(3)
Br3-Zn4 2.4007(7) Br1-Zn3-Br5 108.46(3)
Br3-Zn5 2.4101(8) Br2-Zn3-Br4 107.14(3)
P6-C8 1.801(4) Br2-Zn3-Br5 111.82(3)
P6-C9 1.783(5) Br4-Zn3-Br5 109.32(3)
P6-C10 1.791(5) C8-P6-C9 109.3(2)
P6-C23 1.793(5) C8-P6-C10 108.7(2)
P7-C12 1.803(5) C8-P6-C23 109.3(2)
P7-C14 1.796(5) C9-P6-C10 110.7(2)
P7-Cl16 1.826(5) C9-P6-C23 109.6(3)
P7-C18 1.758(6) C10-P6-C23 109.1(3)

ment of the cations and anions. The ORTEP view of
the atoms is given in Figure 2b. The crystal structure
describing the packing of the layers of cations indi-
cates that the crystal structure can be regarded as a
pseudo-layered structure with the two (MTP)™ ions
lying at nearly y/b = 0.4. The anion is significantly
disordered, as shown by the large halide atom ellip-
soids. The smaller ellipsoid of the central atom of the
anion implies that the disorder, if dynamic, is primar-
ily librational, involving rotation about the centres of
mass. The bond lengths and bond angles of the two
cations are slightly different, as seen in Table 5. The
tetrahedral anion has bond lengths in the range be-
tween 2.3536 and 2.4036 A and the bond angles range
between 106.29 and 112.85°, which reveals their dis-
tortion. This distortion may be attributed to the steric
hindrance induced by the surrounding cations.

The structure may also be compared with that of
[(CH3)4P]2[ZnBrs] [9], which has the same anion
[ZnBrs]?~ but a different cation, as follows:
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(a)

(b)

(i) MTPZB is
2 molecules per unit cell; [(CH3)4P]>[ZnBry] is
monoclinic (P2 /c¢) with 4 molecules per unit cell.

(ii)) The Zn-Br average bond distance in MTPZB
(2.401-2.443 A) is slightly longer than that in
[(CH3)4P2[ZnBr4] (2.395-2.416 A). The tetrahedral
bond angle is in the range 107.14(3)—110.20(3)° for

monoclinic  (P2;), having

[}

Br(S)

Fig. 2. (a) Structure view of
MTPZB; (b) ORTEP view of
the MTPZB atoms.

the presently studied sample compared to 107.89(8)—
112.38(8)° found in [(CH3)4P]2[ZnBry4] [9], suggest-
ing slightly less distortion of the [ZnBr4]>~ tetrahedron
in [(CH3)4P2[ZnBry].

(iii) The [(CH3)4P]™ cation is expected to have a
larger thermal ellipsoid compared to that of (MTP)*.
This is reflected in the larger isotropic displacement
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T (K)

parameters U (iso) of the [(CH3)4P]™" cation [U(iso) ~
150-10~3 A2] compared to ~ 70- 1073 A2 for (MTP) ™.

(iv) The [(CH3)4P]" ion has spherical geometry,
while the (MTP)* ion has not.

These differences are likely to affect the phase tran-
sitions and hence the electric and magnetic properties
of MTPZB.

3.4. Thermal Expansion

Generally the X-ray investigation of the anoma-
lies in the thermal expansion agrees with anomalies
in thermal analysis results. Variation of the lattice
parameters with the temperature are shown in Fig-
ure 3. The DSC results and preliminary polarization
measurements have indicated that there are no struc-
tural changes at temperatures below 230 K. Hence
the dilatometric measurements were carried out be-
tween 230 and 295 K. The measurements were started
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_ 16.50 - 1920 %
>
“ 16.40 | 1 1880
16.30 T 1840
100 200 300
105.30
0
2
& 105.25
z
(<o ¥
105.20 T
100 200 300 Fig. 3. Dependence of the lattice parame-

ters on temperature.

by cooling to 100 K, and one measurement was
recorded at that temperature. The sample was then
heated at a rate of 10 °C/min up to 230 K, and mea-
surements were recorded every 10 K up to 270 K (that
is the range of the low temperature tail observed by the
DSC thermograph). In the range 270 K < T < 294 K
the data were collected every 4 K. It is clear that all
lattice parameters are varying in the same manner, i. .
tending to an increase with increasing temperature ex-
cept for the appearance of the two minima at 260 K
and 276 K. The crystal volume also shows this be-
haviour. Although only one anomaly (at T = 276 K)
was observed in the DSC thermograph, yet, prelim-
inary measurements of the permittivity and polariza-
tion in our laboratory confirm the existence of the two
anomalies at 260 K and 276 K. Details of these mea-
surements will be published soon.

The presented DSC and X-ray investigations sug-
gest that the material undergoes at least three structural



554 M. F. Mostafa et al.

transitions, at 260 K, (276 +2) K and (362 + 3) K. In
analogy with previously studied A;BX,4 materials [2—
10] we expect that the phase change at T = (362+3) K
will undergo a transition from its room temperature
P2, phase to its high symmetry Pmcn phase. At low
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