Joumnal of Thermal Analysis, Vol. 45 (1995} 235-242

PHASE DIAGRAMS OF BINARY SYSTEMS OF
ALKYLAMMONIUM TETRACHLOROMETALLATES(II)

Deshui Ruan, Weiping Li, Luofu He and Qizhu Hu
Central China Normal University, Wuhan 430070, P. R. China

Abstract

The phase diagrams of four binary systems (CioH21NH3)2CoCli—~(Ci¢H33NH3)2CoCly,
(C12H25sNH3)2CoCli—(C16H33NH3)2CoCly, (C10H21NH1)>ZnCls~(C16H33NH3)2ZnCl4 and
(C12H2sNH3)2ZnCl,—(C16H33NH31)2ZnCly were investigated by means of DSC. These six com-
pounds and their binary mixtures can retain energies between 74 and 115 J/g during solid-state
transformations at temperatures between 70 and 105°C, and they are therefore being considered
for potential use in solar energy systems.
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Introduction

The bis(n-alkylammonium) tetrahalometallates(Il) (C,M) are organometallic
compounds of general formula (n-C,H3,+1NH3):MX4,where M is a divalent
metal atom, X is a halogen and n varies between 8 and 18. These compounds
are typical ‘sandwich’ systems, with structures resulting in a regular alternation
of thin inorganic and thick hydrocarbon regions, so that each inorganic layer is
sandwiched between two hydrocarbon layers and vice versa. They are charac-
terized by high-enthalpy, reversible solid—solid phase transitions between two
polymorphic forms in the temperature range 0-120°C {1, 2].

We are measuring the relevant thermal properties (temperature and enthalpy
of the solid—solid transformation) of selected C,M in order to evaluate their use-
fulness in thermal energy storage systems.

Experimental

Compounds of the type ((n-CyH2.+1NH3);MCls were obtained as platelets by
mixing hot ethanolic solutions of CoCl, (or ZnCl,), HCl and alkylamine in a
1:2:2 molar ratio. The resulting solutions were concentrated by boiling, then al-
lowed to cool to room temperature and filtered. The products were recrystal-
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lized twice from absolute ethanol. The results of elementary analysis of CuM
with a Perkin-Elmer 2400 Elemental Analyzer are given in Table 1.

Table 1 Elementary analyses (theoretical percentages in parentheses)

C% H% N%
C1oCo (46.45) 45.43 (9.29) 9.76 (5.42) 5.34
C12Co (50.29) 49.99 9.78)  10.14 (4.89) 4.31
C16Co (56.08) 55.88 (10.51) 11.12 (4.09) 3.87
CioZn (45.87) 45.67 (9.18) 9.64 (5.35) 5.24
Ci2Zn (49.72) 48.27 (9.67) 9.68 (4.83) 4.48
Ci6Zn (55.56) 55.25 (10.42) 10.36 (4.05) 4.13

Mixed materials of composition (Ci)«(C1s)2-xC0Cls were prepared by start-
ing from finely-powdered pure alkylammonium salts, thoroughly mixed in the
appropriate composition and heated to a temperature beyond the transition point
of the mixed salt.

Infrared spectra were registered with a Nicolet Magna IR 750 FT-IR spec-
trometer equipped with a variable-temperature sample cell. The powdered sam-
ples were mixed with KBr and pressed into pellets. DSC curves were registered
between 0 and 200°C in a flow of nitrogen on a Perkin-Elmer DSC-7 differen-
tial scanning calorimeter at a scanning rate of 5 deg-min”'. The temperature
scale was calibrated by means of measurements on pure reference compounds.
Transition enthalpies were obtained by using a sample of pure indium as refer-
ence standard [AH,=28.4 J/g] 3, 4].

Results
IR Spectra

Figures 1a and 2a depict the low-frequency region of the IR spectra of C0Zn
and Ci2Zn at room temperature {5, 6]. This is characterized by the 725 cm™
band (methylene rocking mode), which is a doublet, because there are two
chains in each crystallographic unit cell, and by the methylene twisting absorp-
tion, which is split into several peaks in the region 1200-1300 cm™’, due to the
regular interaction of the CH; groups of the same chain.

Figures 1b and 2b show the IR spectra of the high-temperature solid poly-
morphs of C19Zn and C;»Zn. The 725 cm ™' band in the case is broad, with no
obvious splitting observed. The methylene twisting absorption is very broad
and unsplit, because of the lack of regular interactions between the CH, groups
in the same chain.
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Fig. 1 1800-600 cm ™' region of the IR spectrum of CyoZn. a. Room-temperature ordered
phase; b. high-temperature disordered solid phase (¢=90°C)
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Fig. 2 1800-600 cm™' region of the IR spectrum of Cj2Zn. a. Room-temperature ordered
phase; b. high-temperature disordered solid phase (#=100°C)
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The IR spectra of the mixed materials were subjected to similar charac-
terizations.

DSC

Figure 3 displays some typical heating curves.
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Fig. 3 Heating curves of the some mixed materials of type C10Co~CisCo and of their pure
component salts

Transition temperatures and enthalpies measured from the DSC curves for
the mixed materials and their pure components are given in Table 2. Tempera-
tures refer to peak onset; for a peak with two or more unresolved maxima, the
temperature are reported as 71, 7». Heating enthalpies always refer to the overall
endotherm.

Figure 4 presents an approximate phase diagram derived from the data in Ta-
ble 2. Figures 5-7 depict phase diagrams of Cy0Zn—Ci6Zn, C12Co— C1sCo and
C]zZl’l—CmZn [1]

In our discussion, we shall use the phase diagram of the C,0Co—C;6Co sys-
tem as an example. For C;Co=57%, the product is the mixed compound (n-
C10H21NH3),CoCly—(n-C16H33NH3),CoCls.  The  crystallization  products
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Table 2 Solid-solid transition temperatures, enthalpies of the (Cig)x(Ci6)1xCo system

239

Ci6Co /wt% T/°C AHj-g™
0 82.00 165.00* 74.38
11.41 76.50, 89.50
30.00 77.55, 98.78 157.81* 78.17
40.00 80.32, 99.68 160.07* 86.62
50.00 77.34, 99.02 156.71% 76.34
56.95 79.52, 99.87 159.76* 82.35
62.95 81.80, 91.50
74.05 80.02, 99.41 156.57* 73.67
82.00 86.00, 99.80 '
90.00 88.95, 95.00
100 99.70 164.11%* 114.98
*Melting temperatures
Table 3 Solid—solid transition temperatures of the (Ci0)x(Ci6)1-xZn system
Ci¢Zn /wt% T/°C
0 80.14
10.45 78.00, 80.25
21.77 76.20, 80.60
25.00 81.19, 98.82
40.00 75.80, 90.00
62.50 88.40, 94.50
90.00 89.40, 96.00
100 91.13

obtained with C;¢Co<57% are crystal mixtures of this mixed salt and the pure
a-phase decylammonium salt, while the products obtained with C16C0>57% are
mixtures of the mixed salt and the pure a-phase hexadecylammonium salt. At
temperatures lower than the eutectic points, the system contains the pure decyl-
ammonium salt and the mixed salt in the a-phase. At temperatures intermediate
between the eutectic point and the transition point of the mixed salt, the system
contains a B-phase. At temperatures high than the transition point of the mixed
salt, the system contains two B-phases of different composition in the stable B-
phase region. At temperatures higher than the melting point of the mixed salt,
the system is in a liquid state.
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Fig. 4 Phase diagram of the system C;oCo~C6Co
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Fig. 5 Phase diagram of the system Cj0Zn—Cj¢Zn
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Fig. 7 Phase diagram of the system C12Zn-C,6Zn
Conclusions

By means of cooling curves and DSC methods, the phase diagram of the
solid—solid transition systems C10Co-C,sCo, C12C0o—C;6Co, C1oZn~CisZn and
C12Zn—C¢Zn have been determined. Their phase diagrams are very similar, be-
longing to the eutectic type. Compounds C,M and their binary mixtures have
solid—solid transition temperatures between 70 and 105°C, and the transition
enthalpies are in the region 74 to 115 J/g, and they are therefore potential ther-
mal energy storage materials.
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Zusammenfassung — Mittels DSC wurden die Phasendiagramme der vier biniren Systeme
(C10H21NH3)2CoCls~(C;6H33NH3)2CoCls, (C12H25NH3)2CoCL—~(C¢H33NH3)2CoCly,
(Ci10H21NH3)2ZnCL~(C;6H33NH3)2ZnCly und (C12H2sNH3)2ZnCl4—(C16H33NH3)2ZnCly
untersucht. Diese sechs Verbindungen und ihre biniren Gemische konnen bei Feststoffum-
wandlungen zwischen 70 und 105°C Energien zwischen 74 und 115 J/g zuriickhalten und werden
deshalb fiir einen potentiellen Einsatz als Sonnenenergiesysteme in Betracht gezogen.
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