
Subsolidus binary phase diagram of (n-CnH2n+1NH3)2ZnCl4
(n 5 14, 16, 18)

Kezhong Wu • Jianjun Zhang

Received: 30 August 2009 / Accepted: 13 April 2010 / Published online: 6 May 2010
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Abstract The thermotropic phase solid–solid transitions

compound (n-CnH2n?1NH3)2ZnCl4 (n = 14, 16, 18) were

studied, and a series of their mixtures were prepared. These

laminar materials contain bilayers sandwiched between

metal halide layers. The low temperature crystal structures

of the pure salts are characteristic of the piling of sand-

wiches in which a two-dimensional macro-anion ZnCl4
2-

is sandwiched between two alkylammonium layers. These

layers become conformationally disordered in the high

temperature phases. The subsolidus binary phase dia-

grams of (n-C14H29NH3)2ZnCl4-(n-C18H37NH3)2ZnCl4 and

(n-C16H33NH3)2ZnCl4-(n-C18H37NH3)2ZnCl4 were estab-

lished by differential thermal analysis and X-ray diffrac-

tion. In each phase diagram, an intermediate compound

and two eutectoid invariants were observed. There are three

noticeable solid solution ranges (a, b, c) at the left

boundary, right boundary, and middle of the phase

diagram.
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Introduction

The investigation of perovskite type compounds with the

general formula (n-CnH2n?1NH3)2MCl4 (M=Cu, Mn, Cd,

Zn, Co, etc.) (short notation; CnM) has greatly contrib-

uted to our understanding of phase transitions in layer

structures [1, 2]. All the compounds show solid–solid

order–disorder phase transitions below 373 K. Layered

organic–inorganic hybrid compounds have been widely

studied, since they can, in principle, combine properties

of the inorganic and organic parts within a single system

[3]. The advances in synthesis along with the ease of

controlling various structural parameters (metal, halogen,

and number of carbon atoms in the alkylammonium ion)

have made them ideal objects for studies by spectros-

copy, calorimetry, diffraction, and a variety of other

techniques [4]. In the case of CnZn, parallel sheets of

corner-sharing ZnCl4
2- tetrahedra are held together by

the n-alkylammonium groups. The –NH3
? groups of the

chains occupy the cavities of the ZnCl4
2- layers and are

bonded by hydrogen bonds to the chlorine atoms [5].

Applications of such materials include the development

of functional magnetic, electronic, and optoelectronic

materials [6]. The physical properties and structures of

CnM [7–9] have been previously researched. The binary

subsolidus phase diagrams for C10Zn–C12Zn [10], C10Zn–

C16Zn [11, 12], C12Zn–C16Zn [11, 12], C12Zn–C18Zn [13],

C14Zn–C16Zn [14], C10Mn–C14Mn [15], and C12Mn–C16Mn

[16, 17] have been reported. Among them, C10Zn–C16Zn

[12] and C12Mn–C16Mn [16] show absolute immiscibility.

As we know, the binary phase diagrams of C14Zn–C18Zn and

C16Zn–C18Zn have not been studied, in this study we syn-

thesized three types of materials of [NR4]2ZnCl4 in bis

(n-alkylammonium) tetrachlorozincate (II) with the general

formula (n-C14H29NH3)2ZnCl4 (C14Zn), (n-C16H33NH3)2

ZnCl4(C16Zn), and (n-C18H37NH3)2ZnCl4(C18Zn). The

subsolidus phase diagrams of C14Zn–C18Zn and C16Zn–

C18Zn were established by differential thermal analysis

(DTA) and X-ray diffraction (XRD).
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Experimental procedure

ZnCl2, concentrated HCl, and absolute ethanol used were

analytical grade. Tetradecylamine was purchased from

Beijing Chemical Plant. Hexadecylamine (A.P.) was pur-

chased from ACROS ORGANICS (Germany) and Octa-

decylamine (C.P.) from Beijing Xudong Reagent Plant.

For the synthesis of CnZn, the hot absolute ethanol

solutions of ZnCl2, concentrated HCl, and the corre-

sponding alkylamine were mixed in a 1:2:2 M ratio. The

solutions were concentrated by boiling for 30 min and then

cooled to room temperature. After filtration, the products

were recrystallized twice from absolute ethanol. Finally,

they were placed in a vacuum desiccator for 8 h at about

353 K. C14Zn, C16Zn, and C18Zn were analyzed with an

MT-3 CHN elemental analyzer (Japan). Elemental analyses

calc.(%) for C14Zn: C 52.82, H 10.06, N 4.40, Cl 22.36;

Found: C 53.00, H 10.25, N 4.34, Cl 22.19. Anal. Calcd.

For C16Zn: C 55.53, H 10.49, N 4.05, Cl 20.49; Found: C

55.65, H 10.77, N 4.19, Cl 20.52. Anal. Calcd. For C18Zn:

C 57.79, H 10.78, N 3.75, Cl 19.01; Found: C 57.07, H

10.45, N 3.72, Cl 20.02. The CnZn were weighed exactly in

the desired proportions to prepare the mixed samples of

C14Zn–C18Zn and C16Zn–C18Zn. The two components

were dissolved in absolute ethanol and then the solvent was

evaporated. The samples were dried in a vacuum desicca-

tors for 8 h at a temperature of about 353 K. The con-

centrations of all materials in the binary system were

expressed as WC18Zn%.

The DTA curve was measured on a CDR-4P differential

scanning calorimeter (Shanghai Scale Instrument Plant) at

a scanning rate of 5 K/min in a static atmosphere. Samples

of about 4.5 mg were sealed in aluminum crucibles. XRD

patterns on compacted samples of the powders were taken

with a D/MAX-RA X-ray diffractometer (made in Japan)

using Cu Ka radiation (Ni filter) at a scanning rate of

2� min-1. The voltage and electric current were 40 kV and

100 mA, respectively.

Results and discussion

Thermal analysis

The C14Zn–C18Zn binary systems were examined in the

entire composition range and in a temperature range of 340

to 380 K. Figure 1 shows some typical DTA curves with

different WC18Zn%. The results of the DTA experiments

obtained using the ‘‘Shape factors method’’ [18] are listed

in Table 1. All the C14Zn–C18Zn binary systems show

solid–solid phase transitions in the temperature range of

340 to 380 K. The data in Table 1 show that the value of

the transition temperature decreases with increasing

WC18Zn% in the range from 0 to 42.62%. Then, the phase

transition temperature first rises with WC18Zn% from 42.62

to 57.19%. The first eutectoid temperature (about 349 K)

86.06%

100%
94.33%

T
/K

T/K

36.59%

26.34%

11.52%

5.89%

0%

333 343 353 363 373 383

77.10%
65.73%

53.19%Δ

Fig. 1 DTA curves of C14Zn–C18Zn with different WC18Zn%

Table 1 Solid–solid transition temperatures for the C14Zn–C18Zn

binary systems with different WC18Zn%

WC18Zn% Te1/K Te2/K Ts1/K Ts2/K

0(C14Zn) 369

2.31 363 368

5.89 359 367

11.52 353 365

16.00 349 364

20.88 348 361

26.34 348 359

31.33 349 357

33.28 348 356

36.59 349 354

40.76 349 350

44.59 349 351

49.81 349 353

53.19 351 354

57.19 351 355

61.14 343 354

65.73 342 353

69.34 342 349

74.49 342 352

77.10 343 355

80.58 342 356

86.06 346 358

89.85 349 359

94.33 353 361

100(C18Zn) 362

Te eutectoid invariant, Ts solid–solid transition temperature
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appears in the WC18Zn% range of 16.00 to 49.81%. The

phase transition temperature decreases again with WC18Zn%

from 57.19 to 71.43% and then rises with the increasing

WC18Zn%. The second eutectoid temperature at about 342 K

was found in the WC18Zn% range of 61.14 to 80.58%.

Table 1 reveals that the first eutectoid temperature is not

close to that pure C14Zn WC18Zn% ¼ 0, nor does the second

eutectoid temperature end near that of pure C18Zn

WC18Zn% ¼ 100%. The range of the first eutectoid tem-

perature does not end close to the beginning of the second

eutectoid temperature. It is clear that the phase transition

temperatures of the binary system C14Zn–C18Zn in solid–

solid phase transitions show a strong dependence on

WC18Zn%. The reason is that there are not only intermedi-

ates of the form (n-C14H29NH3)(n-C18H37NH3)ZnCl4
(short notation: C14C18Zn) but also three solid solution

ranges existing at the left boundary, right boundary and

middle of the phase diagram of C14Zn–C18Zn.

X-ray diffraction

Table 2 summarizes the d values of strong peaks with

bigger relative intensity at room temperature for pure

C14Zn, C18Zn, and their binary systems. It is find that d

values of sample from 5.89 to 11.52% are similar to that of

pure C14Zn, indicating a single-phase region. In this

concentration range from pure C14Zn WC18Zn% ¼
0� 16:00%, C14C18Zn dissolves in C14Zn to form a solid

solution a. Similarly, samples with WC18Zn% from 80.58%

to pure C18Zn WC18Zn% ¼ 100% have homologous pat-

terns, revealing that the C14C18Zn dissolves in C18Zn to

form a solid solution b. In the same way, C14Zn–C18Zn

samples with WC18Zn% from 49.81 to 61.14% have similar

diffraction patterns, showing that C14Zn or C18Zn dis-

solved in C14C18Zn forms a single-phase c. C14Zn–C18Zn

samples with WC18Zn% from 16.00 to 49.81% are in the

two-phase region, and their patterns are an overlap of a and

c. The XRD patterns of C14Zn–C18Zn samples with the

WC18Zn% range of 61.14 to 80.58% are an overlap of b and

c and thus in the two-phase region.

Establishment of phase diagram

The subsolidus binary phase diagram of C14Zn–C18Zn

(Fig. 2) was constructed according to the temperature–

composition relations from the DTA and XRD experi-

ments. The subsolidus curve in Fig. 2 indicates the

maximum temperature of 354 K at an equimass ratio of

(n-C14H29NH3)2ZnCl4 to (n-C18H37NH3)2ZnCl4 (40.36%

C14Zn, 59.64% C18Zn). This composition corresponds to

the stoichiometry of an intermediate compound (n-C14

H29NH3)(n-C18H37NH3)ZnCl4 which is formed between

two eutectoid invariants [19–21]. The low temperature

perovskite-layer structure of C14Zn, C18Zn, and their bin-

ary system are organized by neutralizing ZnCl4
2- with

alkylammonium ions. Alkylammonium chains lie parallel

to each other and are slightly tilted with respect to the

normal of the inorganic layers. The adjacent alkyl chains

interact with each other by van der Waals interactions and

are hydrogen bonded to ZnCl4
2-. When the temperature is

increased to 349 K, the first eutectoid invariant occurs with

WC18Zn% from 16.00 to 49.81%. C14Zn and C14C18Zn

Table 2 d values for C14Zn, C18Zn, and their binary systems with different WC18Zn% at room temperature

C14Zn 5.89% 11.52% 26.34% 36.59% 53.19% 65.73% 77.10% 86.06% 94.53% C18Zn

7.734 7.734 7.056 7.050 7.053 7.517 7.061 7.085 7.084 7.094 7.054

5.847 6.028 6.530 6.409 6.500 6.422 6.034 6.058 6.024 6.423 6.528

5.188 5.010 5.912 6.021 6.001 5.946 5.890 5.890 5.328 5.372 5.901

4.927 4.961 4.965 5.859 5.882 5.675 5.625 5.404 5.253 5.117 5.456

4.799 4.321 4.557 5.498 5.372 5.556 5.455 5.155 4.741 4.755 4.961

4.252 4.127 4.136 5.050 5.033 5.098 5.004 5.044 4.237 4.186 4.128

4.112 3.645 3.665 4.960 4.912 4.912 4.912 4.860 4.161 3.948 3.644

3.636 3.425 3.432 4.739 4.734 4.873 4.739 4.734 4.107 3.689 3.422

3.371 3.061 3.061 4.483 4.492 4.491 4.488 4.498 3.953 3.108 3.061

2.947 2.985 2.987 4.179 4.179 4.215 4.186 4.117 3.623 3.051 2.937

2.536 3.686 3.683 3.987 3.892 3.975 3.430 2.753 2.537

2.918 3.434 3.434 3.432 3.432 3.698 3.380 2.648 2.087

3.106 3.108 3.108 3.116 3.290 2.956

3.044 3.041 2.932 2.934 2.842 2.782

2.915 2.932 2.668 3.580

2.635 2.661 2.572 2.684

2.109 2.188

Subsolidus binary phase diagram of (n-CnH2n?1NH3)2ZnCl4 (n = 14, 16, 18) 915

123



undergo a reversible solid–solid phase transformation. In

this situation, the chains possess a large degree of motional

freedom and a disordered phase appears. At the same time,

the hydrogen bonds are weakened and even destroyed. The

second eutectoid invariant appears with WC18Zn% from

61.14 to 80.58% at 342 K. Similarly, C18Zn and C14C18Zn

undergo a reversible solid–solid phase transformation.

The subsolidus binary phase diagram of C16Zn–C18Zn

was obtained in the same way (see Fig. 3). The first

eutectoid temperature 353 K appears in the WC18Zn% range

from 22.39 to 47.51%. The second eutectoid temperature at

about 356 K was found in the WC18Zn% range from 74.37 to

91.20%. Simultaneously, an intermediate compound

(n-C16H33NH3)(n-C18H37NH3)ZnCl4 (C16C18Zn) and two

eutectoid invariants were observed. There are three

noticeable solid solution ranges (a, b, d) at the left bound-

ary, right boundary, and middle of the phase diagram. The

phase diagrams of C14Zn–C18Zn and C16Zn–C18Zn

obtained in this study are similar to that of C14Zn–C16Zn

which has been reported in our previous work [14]. For the

intermediate compound of these three binary systems, the

mass ratio between the two n-alkylammonium groups is

2:3. However, the phase diagrams of C14Zn–C18Zn and

C16Zn–C18Zn obtained in this study are different from

those of the other homologous systems of C10Zn–C16Zn

[12] and C12Mn–C16Mn [16]. Partial miscibility was

observed for the binary systems in this study, while the

latter two binary systems show absolute immiscibility. This

can be attributed to the difference in the molecular struc-

ture and size of the two compounds in the binary system,

i.e., the degree of the miscibility can be improved by the

reducing the differences in molecular structure and size.

Conclusions

The subsolidus binary phase diagrams of C14Zn–C18Zn and

C16Zn–C18Zn mixtures were established by DTA and XRD

in the temperature interval 340–370 K. The two eutectoid

occur in the C14Zn–C18Zn system: e1 at 349 ± 1 K for

WC18Zn% ¼ 42:78% and e2 at 342 K ± 1 K for WC18Zn%

¼ 71:43%, other two eutectoid occur in the C16Zn–C18Zn

system: e1 at 353 ± 1 K for WC18Zn% ¼ 35:76% and e2 at

356 ± 1 K for WC18Zn% ¼ 83:43%. Their phase diagrams

are very similar, belonging to a partially miscible system.

Intermediate compounds of (n-C14H29NH3)(n-C18H37NH3)

ZnCl4 and (n-C16H33NH3)(n-C18H37NH3)ZnCl4 (C16C18Zn)

were observed in C14Zn–C18Zn and C14Zn–C18Zn system,

respectively. There are three noticeable solid solution

ranges, at the left boundary, right boundary, and middle of

the phase diagram. It is revealed that the crystal structure

and the size of the molecule are the essential factors that

affect the miscibility of the binary systems.
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