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Abstract: The thermotropic phase transitions layer compound in the perovskite type ( n-CioH21NH3) 2ZnCly and ( n-Cjs
H37NH3) 2ZnCly were synthesized and, at the same time, a series of mixtures C19Zn/ Ci3Zn were prepared. The experr

mental binary phase diagram of Cj9Zn/ Ci3Zn was established by means of differential scanning calorimetry (DSC) and X-

ray diffraction. In the phase diagram, compound ( n-CioH21NH3) ( n-C2;H37NH3) ZnCls and two eutectoid invariants were

observed; two eutectoid temperatures are about 53 ‘C and 58 ‘C. Contrasting with other similar systems, there are three

noticeable solid solution ranges at the left and right boundary and middle of the phase diagram.
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1 INTRODUCTION

A,BX4 or ABX3 type compounds (A represents
metal, and X halogen or oxygen) have attracted con-
siderable attention because of their physical proper
ties, including ferro-, piezo- or pyroelectricity, fer-
rr, antiferro- or piezomagnetism and non-linear opti-
cal effects, and their technical applications to electro-

(121 Similar physical

or magneto-optical devices
properties and structures are observed when metal A
is substituted by an [ NR4]" ion (R represents H,

[3°61 " In order to search for new mate-

alkyl, or aryl)
rials with electro-optic effects, we have synthesized
two materials which belong to [ NR4] 2ZnCly in bis( n-
alkylammonium) tetrachlorozincates ( Il ) with the
general formula ( n-CioH21-NH3) 2ZnCl4 ( short nota
tion: C;oM) and ( n-Cis-H37NH3) 2ZnCls(short nota
tion: CigsM). Two compounds are known to crystal-
lize in a bidimensional structure of perovskite. The
bidimensional macroanions of MCl;~ are sandwiched
between double layers of n-alkylammonium cations.
The layers were bound by van der Waals forces be-
tween CH3 groups and by long-range Coulomb forces.
The cavities in the tetrahedral were occupied by the
— NH3 polar head of the n-alkylammonium cations
which form weak N —H ...Cl hydrogen bonds with
the halogens. The physical properties and structure of

]

C,M have been previously investigated ®"*!. Busico

et al''¥ studied binary C,Zn systems. The binary

phase diagram for C,M is reported elsewhere! !, ex-

cept for Ci9Zn/ CigZn. In this paper the subsolidus b
nary phase diagram of Cy0Zn/ Ci3Zn is obtained by us-
ing DSC and X-ray diffraction. The phase diagram of
Ci10Zn/ Ci3Zn is different from that of similar system

in the literature.
2 EXPERIMENTAL

7ZnCl,, concentrated HCl and absolute ethanol

used were analytical grade.
chased from Beijing Xudong Chemical Plant, China,

Decylamine was pur-

octadecylamine from Development Center of Special
Reagent of North China.
Ci10Zn and Ci3Zn were prepared according to pre-

vious report' ' and analyzed with an MT-3 CHN ele-
mental analyzer ( Japan). The results of elemental
analysis in mass fraction (%) are, CioZn: C 45. 68
(45.861),H 9.27(9.24), N 5.27(5.35); CisZn: C
58.26 (57.79), H 10.26(10.78), N 4.26(3.74)
(note: experimental value ( calculated value)). The
products, CioZn and CisZn, were weighed exactly in
desired proportions to prepare different mixed sam-
ples. The two components were dissolved in absolute
ethanol, and then part of the solvent was evaporated.
Airdried samples were put into a vacuum desiccator
at about 80 C for 8 h.

The thermal behavior of the samples was deter
mined with a CDR-1 differential scanning calorimeter
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(DSC; Shanghai Scale Instrument Plant, China) at a
scanning rate of 5 ‘C/min in a steady atmosphere.
Samples weighing about 5 mg were sealed in alu-
minum crucibles.

X-ray diffraction patterns on compacted power
samples of the powders were taken by D/ MAX-RA
X-ray diffractometer( made in Japan), under the con-
ditions of Cu  K,, Ni filter, scanning rate of 2(°)/
min, voltage 40 kV and electric current 100 mA.

3 EXPERIMENTAL RESULTS

3.1 Thermal analysis
The experimental results of DSC after treatment

with “Shape factors method”!'® were listed in Table

1. Fig. 1 shows the DSC curves of the Ciy-Zn, Ci3Zn
and their mixtures. Data show that with increasing
w (C10Zn), the transition temperature of the system
decreases. The first eutectoid temperature at about 53
‘C appears in the range of 14. 75%~ 28. 40% CioZn.
The transition temperature firstly rises, then drops.
The second eutectoid temperature at about 58 C is
found from 46. 81% to 86.71% CioZn. With w
(Ci0Zn) increasing gradually, the phase transforma
tion temperature rises again. Table 1 reveals that the
first eutectoid temperature is not observed close to w
(C12Zn) = 0, nor does the second end near w ( C10Zn)
= 100% . The range of the first eutectoid tempera
ture does not end close to the beginning of the second
one. These observations indicate miscibility region at
the left and right boundary and middle of the phase
diagram.

Table 1 Solid-solid transition temperature of
CioZn-CigZn system

w(Ci0Zn)/ % tal T tal C t/ C i/ C
0(CysZn) 89
8. 66 68 85
14.75 52 79
19. 12 53 70
28. 40 53 77
37.83 68 79
40. 07 77 80
46. 81 59 77
55.79 58 77
61.55 58 78
67.90 59 68
79.20 58 77
86.71 57 78
92.75 67 79
100( C10Zn) 81

t, —eutectoid invariant; t, —onset temperature;

t¢ —finish temperature
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Fig. 1 DSC curves of binary systems of
CloZn-Cngn
1 —CioZn; 2—55.17% Ci9Zn; 3 —67.90% C10Zn;
4—74.10% C1oZn; 5—83.63% C19Zn; 6 —C3Zn

3.2 Xray diffraction

X-ray diffraction patterns are convenient for
phase analysis, because the interplanar spacing d and
relative intensity [/ are intrinsic properties of

substances. Fig.2 and Fig.3 show the X-ray dif-

fraction patterns of CioZn and CisZn. Table 2
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Fig.2 XRD pattern of CioZn
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Fig. 3 XRD pattern of CigZn
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Table 2 d values at room temperature
w ( Cl()Zn)
Ci1gZn Ci10Zn
8. 66% 14.75%  28.40% 40.07%  46.81% 61.55% 79.20% 86.71%  92.75%
7. 054 7.054 7.056 7.045 6. 267 6.879 6. 888 6.911 6.931 6.949 6.915
6.528 6. 638 6.612 6. 640 5.569 6.251 6.249 6.216 6. 231 6.258 6.227
5.901 6.016 6.016 6.016 4.516 5.571 5.570 5. 547 5.562 5. 996 5.971
5. 456 5.838 5.838 5.823 4.175 5.369 5.331 5.327 5.327 5.572 5.549
4.961 5.544 5.544 5.537 3.674 4.484 4.884 4.971 4.976 5.361 5.349
4.128 5. 056 5.037 5.029 3.412 4.506 4.510 4. 845 4. 850 4.876 5.206
3. 644 4.790 4. 804 4.518 3.116 3.764 3.757 4.497 4.521 4. 688 4.967
3.422 4.178 4.518 4.178 2.680 3.648 3.670 4.234 4.213 4.518 4.678
3. 061 3.679 4.183 3.679 2.629 3.541 3.524 4.149 4.151 4.268 4.502
2.937 3.420 3.680 3.100 2.444 3.490 3.412 3.740 3.740 4. 164 4.262
2.537 3.090 3.420 2.628 2.020 3.410 3.102 3. 657 3.652 3.753 4.150
2.087 2.559 3.095 2.558 3.112 2. 664 3.518 3.512 3.673 3.741
2.628 2.393 2. 665 2.515 3.408 3.401 3.529 3.660
2.391 2.203 2.510 2.208 3.206 3.214 3.418 3.522
2.200 2.068 3.112 3.112 3.217 3.403
1.817 1. 866 2.978 2. 879 3.122 3.210
2.769 2.562 2.988 3.116
2.583 2.416 2.783 2.983

summarizes the d values of strong peaks with bigger 100

relative intensity at room temperature for pure CioZn, 9

Cis~Zn and their mixtures. We find d values of sam-

ples with composition from 8. 66% to 14.75 % Cjo 80

Zn are similar to those of pure CigZn. This shows 70

that they are in a single-phase region. That is to say, &)

in this content range, CioCisZn dissolves in CisZn to = 60

form a solid solution ( a). Similarly, samples with

composition from 92. 75% to 100% CioZn have ho- 30

mologous patterns showing that Ci9CisZn dissolves in 40

C10Zn to form a solid solution( B). In the same way,

samples with composition from > 28. 40% to 40. 300 0.2 0.4 0.6 0.8 1.0

07% CioZn are in a single-phase( ¥), which is CioZn CisZn CioZn

x(CyoZn)

or CisZn dissolved in C19CigZn. Samples with compo-
sition from 14. 75% to 28.40% Ci9Zn are in the two-
phase region, and their patterns are the overlap of a
and Y. The patterns of 46. 81% to 86.71% CioZn
are the overlap of B and Y in the two-phase region.
These facts indicate that the Ci0Zn-Ci3Zn phase dia-
gram has partial miscibility regions.

4 DISCUSSION

Fig. 4 indicates an intermediate ( CioHz; NH3)-
(CisH37NH3) ZnCly is formed , because there is a top

Fig. 4 Binary phase diagram of Ci0Zn/ Ci3Zn

L7 At

room temperature, the pure salts and their mixtures

temperature between two eutectoid invariants

are ordered. Alkylammonium chains are parallel to
each other and slightly tilted with respect to the nor
mal to the inorganic layers, and the chains are hydro-
gen bonded to ZnCLi™ .

up, the first eutectoid invariant occurs at 53 C from

14.757% to 28.40% CioZn. CioZn and Ci,CigZn

When the temperature goes
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undergo a reversible solid-solid phase transformation.
In this situation, the chains are in a large degree of
motional freedom and a disordered phase appears. At
the same time, the hydrogen bonds are weakened and
even destroyed. When the temperature continues to
increase, the second eutectoid invariant at 58 C ap-
pears from 46. 81% to 86.71% CioZn. Similarly C;g
Zn and Cjp Ci3 Zn undergo a reversible solidsolid
phase transformation.

A binary phase diagram for a homologous system
was reported ™', and the shape is similar to ours.
The largest difference is that their diagram shows ab-
solute immiscibility, but ours, partial miscibility. Bi-
nary system phase diagrams are determined by the
difference of two components. If their structure and
size have little difference, they often dissolve each
other and form miscible system. Conversely, when
they have much difference, the degree of miscibility is
limited. C19CigZn can be looked as Ci9Zn and CisZn
with one chain exchanged, so their structure and
molecular size have little difference, which results in
their partial miscibility.
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