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Abstract

Low-temperature heat capacities of the complex Zn(Thg)BegD (s) have been precisely measured with a small sample
adiabatic calorimeter over the temperature range from 78 to 373 K. The initial dehydration temperature of the complex
(Ty = 325.50K) has been obtained by analysis of the heat-capacity curve. The experimental values of molar heat capacities
have been fitted to a polynomial equation by least square method. The standard molar enthalpy of formation of the complex
has been determined from the enthalpies of dissoluthyAS) of [ZnSOy-7H,0 (s)+Thr (s)] and Zn(Thr)S@H,O (s) in
100 ml of 2mol dm® HCI solvent asAt Hyy 7 rhnso, .0 = —2111.7+ 3.4k moft. These experiments were made by

> 4112
using an isoperibol solution calorimeter at 298.15K.
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1. Introduction (s), by means of FTIR, X-ray diffraction analysis, TG
and DTA, and pointed out that the initial decompo-

Zinc is one of the trace elements necessary for the sition temperature of the solid complex is 323.20K.

human body, and--amino acids are the basic units For the purpose of the application of the compound,

which constitute the proteins demanded for the life ac- its low-temperature heat capacities over the temper-

tivity. The complexes of zinc withk-amino acid have  ature range from 78 to 373K have been measured

vast application prospects in medicines, foodstuffs and by adiabatic calorimetry. The standard molar enthalpy

cosmeticd1-3]. Gao et al[4] have studied the coor-  of formation of the complex has been determined by

dination behavior of zinc with-threonine through the  isoperibol solution calorimetry.

method of semi-micro phase equilibrium. They have

characterized the structure and other properties of the

complex of zinc withr-threonine, Zn(Thr)S@H,0 2. Experimental
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analytical grade and obtained from the Shanghai inner adiabatic shield and the sample cell was auto-
Reagent Factory, PR China. matically kept within 1 mK in order to obtain a satis-
Zn(Thr)SQ-H2,0 (s) forms white crystals. The factory adiabatic condition. The data of heat capacities
sample used for the measurements was prepared byand corresponding equilibrium temperatures were cor-
semi-micro phase equilibrium methd8]. The solid rected for heat exchange with the surroundif@®3].
complex obtained was put into a desiccator contain- The mass of the sample measured was 4.1302¢,
ing P4O10 until the weight of the complex became which was equivalent to 0.0139 mol based on its molar
constant. The results of chemical and elemental anal- mass of 296.6182 g mot.
ysis, IR spectra, TG-DTG and X-ray diffraction have The molar heat capacities afAl,O3 used as the
proved that the composition of the complex was standard substance were measured in the same tem-
Zn(Thr)SQ-H20 (s), as shown in the literaturd]. perature range as that of the sample measurement in
The purity of the complex determined by chemi- order to confirm the reliability of the calorimeter. The
cal and elementary analysis was higher than 99.9% sample mass used for the measurements was 1.8219 g,
(analytical error<0.2 mass%). which is equivalent to 0.0179 mol based on its molar
The heat-capacity measurements were made by anmass,M(Al,03) = 101.9613 gmot!. Deviations of
adiabatic calorimeter for small sample masses over thethe experimental results from those of the smoothed
temperature range from 78 to 373 K. The calorime- curve lie within£0.2%, while the inaccuracy is within
ter was established in thermochemistry laboratory +0.5%, as compared with those of the former National
of Dalian Institute of Chemical Physics, Chinese Bureau of Standardg] over the whole temperature
Academy of Sciences in PR China. The construction range.
of the calorimeter has been described earlier in detail The isoperibol reaction calorimeter used for this
in literature[6,7]. It briefly consists of a sample cell, study was constructed in thermochemistry laboratory
a thermometer, a heater, two (inner and outer) adia- of Wuhan University in PR China and has been used
batic shields, two sets of differential thermocouples, for measuring enthalpies of solid-liquid, liquid—liquid
a vacuum can and a Dewar vessel. Liquid nitrogen reactions[9,10]. The volume of the reaction vessel
was used as the cooling medium. The calorimeter is 100 cn?. The precisions of controlling and mea-
cell was made of 0.3mm thick gold-plated copper, suring the temperatures afe0.001 and+0.0001K,
20 mm long, 20 mm in diameter, with internal volume respectively.
of about 6 cri. When the temperature of the sample  The calorimeter was tested by measuring the dis-
cell increases due to heating, the differential thermo- solution enthalpies of THAM (NBS 742a, USA) in
couples measure the temperature differences. This0.1moll-1 HCI and the KCI (calorimetric primary
signal is used to control the heaters distributed on standard) in water at 298.15K. The mean dissolu-
the walls of the inner and outer shields, respectively. tion enthalpies are-29,776+ 16 Jmot! for THAM
Both shields were heated under the control of the sig- and 17597+ 17 Jmot ! for KCI, which are in con-
nal and kept at the same temperatures as that of theformity with the respective published dafal,12].
sample cell. At the same time, the vacuum can where Deviations of dissolution enthalpies of KCI in twice

the sample cell housed was evacuated to be’ Pa. distilled water and THAM in 0.1 moH! HCI ob-
In this way, the heat loss of the sample cell caused by tained by the homemade calorimeter from the cor-
the radiation and convection is greatly reduced. responding values of literaturfl1,12] are within

The sample was heated using the standard discrete0.30%.
heating method and the temperature of the sample cell In all dissolution experiments, 2moldrd HCI
was alternately measured. The energy introduced into was chosen as calorimetric solvent for measuring the
the sample cell was supplied by a dc voltage supplier dissolution enthalpies of Thr (s) and Zn$©0H,O
with a stability of 5ppm. The heating duration was (s) mixture and the complex Zn(Thr)Q®,0 (s),
10 min, and the temperature drift rates of the sample respectively.
cell measured in an equilibrium period were usually  The electrical current (1) was 10.269 mA, which was
within 0.1 mK minL. During the heat-capacity mea- controlled by a precision electric source with stepwise
surements, the temperature difference between theconstant currents, and the resistance of the electrical
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heater was 13508 during every electrical energy
calibration.

The solid ZnSQ-7H,0 (s) was ground into a fine
powder in an agate motar. The mixture of about
0.1440g Thr (s) and 0.06 g Zng@H,0 (s) at mole
ratio of n(ZnSQy-7H,0):n(Thr) = 1.1 was dissolved
in 100ml of 2moldm3 HCI at 298.15K. The final
solution obtained was named as Solution A.

The complex Zn(Thr)S@H,0 (s) was dried in a
vacuum desiccator in order to take off some addi-
tional adsorbing water. Then, it was ground into a
fine powder. Dissolution enthalpy of about 0.1490¢g
Zn(Thr)SQ-H,0 (s) in 100ml of 2moldm? hy-

drochloric acid was determined under the same con-

dition as the above. The final solution obtained was
named as Solution’A

Finally, UV-Vis spectroscopy and the data of the
refrangibility were applied to confirm whether So-
lution A was in the same thermodynamic state as
that of Solution A. These results have indicated that

chemical components and physical-chemistry prop-

Table 1

45

erties of Solution A were consistent with those of
Solution A.

3. Results and discussion
3.1. Low-temperature heat capacities

All experimental results, listed infable 1 and
plotted inFig. 1, showed that the structure of the co-
ordination compound was stable over the temperature
range from 78 to 325K: no phase change, associa-
tion nor thermal decomposition occurred. However,
at temperatures above 325K, the heat-capacity curve
steeply began to rise. The phenomenon was associated
with the dehydration or thermal decomposition of the
compound, as shown by TG analy§§. In addition,
the initial dehydration temperaturel) has been
obtained by means of the analysis of heat-capacity
curve. Two sections of the heat-capacity curves for
78-325 and 325-373 K were extrapolated linearly. The

The experimental molar heat capacities of the complex Zn(Thf}$£D (M = 296.6182 g mat)

T (K) Cpm (K tmol™?) T (K) Cp.m (K Tmol™?) T (K) Cp,m (IKtmol)
78.071 113.96 152.491 202.06 275.710 296.82
80.135 117.81 156.468 203.69 280.529 301.55
81.971 122.69 160.369 206.20 285.118 306.29
84.266 128.77 164.193 210.35 289.707 311.47
86.560 133.65 168.018 212.42 294.296 314.14
89.008 136.47 171.766 215.98 298.809 318.88
91.455 139.87 175.437 220.27 303.245 323.02
93.826 142.98 179.261 222.49 307.681 326.58
96.045 146.09 182.856 226.19 311.964 333.55
98.263 148.61 186.451 229.89 316.401 338.42

100.481 150.98 190.046 231.37 320.684 345.08

102.699 153.05 195.935 235.67 324.967 352.19

104.764 155.86 201.678 240.70 329.174 362.56

107.212 158.68 207.485 244.97 331.927 373.22

109.659 161.79 213.068 249.85 335.216 385.06

112.412 164.59 218.728 253.88 338.735 402.09

115.166 167.56 224.159 257.73 342.637 419.41

117.690 170.67 229.665 260.54 346.539 435.40

120.826 174.67 235.096 263.06 350.361 451.39

123.809 176.15 240.374 268.24 354.185 467.23

127.404 179.55 245.651 272.24 358.009 481.15

131.840 184.14 250.929 274.90 361.604 492.70

136.046 187.69 255.977 279.06 365.199 502.62

140.329 191.69 261.101 283.49 368.794 509.28

144.383 194.66 266.073 288.37 372.159 515.35

148.437 198.21 270.892 291.93
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Fig. 1. The curve of the experimental molar heat capacities of the complex Zn(ThH8Dvs. the temperature (T).

intersection point of these two straight lines is the ini- 3.2. The standard molar enthalpy of formation

tial decomposition temperatur@y = 325.50K (see of the complex Zn(Thr)S04-H20 ()

Fig. 1). TG analysis has given the initial dehydration

temperature (323.2K), the final dehydration tempera-  The coordination compound Zn(Thr)3®l,0 may
ture (417 K) of the compound and the loss-mass per- be seen to be formed in the following reaction:
centage (6.38%). The loss-mass percentage was iden-

tical with the percentage of the water molecule in the zns5Q, . 7H,0 (s) + Thr (s)

coordination compound, i.e. the theoretical loss-mass

percentage (6.10%). The initial dehydration tempera- Zn(ThnS0Q; - H20(s) + 6H,0 (1) @
ture obtained from TG analysis was in agreement with
that obtained from the heat-capacity curve.

Sixty-four experimental points in the region from
78 to 325K were fitted by means of the least square
method and a polynomial equation of experimental
molar heat-capacities () versus temperature (T)
has been obtained:

The enthalpy change of above reaction and standard
molar enthalpy of formation of Zn(Thr)S&H,0 were
determined through a Hess thermochemical cycle us-
ing experimental data of isoperibol solution calorime-
try and auxillary thermodynamic data.

If ‘s’ = calorimetric solvent, 2 mol dm? HCI, the
dissolution process of the mixture of reactants in the
Cpm KLmolY) reaction (1) was expressed into:

= 240255+ 93.399X— 16.512¢? + 2.312x3 {ZnSQ, - 7TH,O (s)and Thr(s)} + ‘s’ = Solution A
+37.309X + 22.380X° — 28.039X
The experimental results of the process were listed
whereX = (T — 201.5)/123.5. The standard devia- in Table 2.
tions of experimental molar heat-capacities from the  The dissolution process of product, Zn(Thr)8&@,0
smoothed heat-capacities calculated by the polynomial (s), in the reaction (1) may be expressed as follows:
equation were withint0.3% except for some points
around the lower and upper temperature limits. {Zn(ThnSQy - HoO(s)} + ‘s’ = Solution A
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Table 2
Dissolution enthalpy of [ZnS®7H,0 (s) and Thr (s)] mixture [N(ZnSH7H,0):n(Thr) = 1:1] in 100 ml of 2 mol dnt3 hydrochloric acid
at 298.15K

No. Wrir (9) Wznsay-7H,0 (9) AEe (MV) AEs (mV) t(s) Qs () AgHY ; (kImol ™)
1 0.1439 0.0599 1.220 1.562 190.29 34.710 69.420

2 0.1439 0.0599 1.200 1.600 190.94 36.259 72.518

3 0.1438 0.0599 1.300 1.575 205.27 35.419 70.838

4 0.1438 0.0596 1.375 1.625 218.12 36.713 73.426

5 0.1441 0.0598 1.312 1.625 208.58 36.779 73.558

Average 720+ 1.6

In which, W: mass of sampleAE.: the voltage change during the electrical calibratiats: the voltage change during the sample
dissolution; t: heating duration of electrical calibratio)s: heat effect of sample dissolutionyyH¢,: dissolution enthalpyAqHY, =
(AEe/AES)Ith(M/W), whereR is the electrical resistance of the heater in the reaction ve&set {3506 2); | is electrical current
through the heater (£ 10.269 mA) andM is molar mass of the sample.

The results of the dissolution experiments were auxiliary thermodynamic data, At HY[ZnSOy, -
shown inTable 3. 7H,0(s)] = —3077.75kImot?! [13,14], A HE [Thr
The dissolution enthalpy of 4D (I) as one of the (s)] = —693.6+ 2.9kImol ! [13,14] and A¢ HY[H2
products in the reaction (1) under the same condition O ()] = —285.83+ 0.04 kJ mof™ [13,14], to calcu-
was within the range of experimental error and may late the standard molar enthalpy of formation of the
be omitted because the amount ofH(l) was very complex Zn(Thr)S@H>O (s) as follows:
small according to the stoichiometric number oftH

(1) in the reaction (1). AfHE(Zn(ThnSOy - HoO (s))

The epthalpy change of the reaction (1) can be cal- = ArHp() + AfHﬁ,[ZnSOz; - TH0 (s)]
culated in accordance with a thermochemical cycle p p
and experimental results listed ables 2 and s +AtH[Thr (8)] — 6A¢ Hy[H20 (D]
follows: = AHy— AH>»+ AH3+ AHys — 6AHsg

— _ 1
ArHm() = AgHY, {ZNSQ, - TH;0 (s)and Thi(s)) = AHg = 2111.7+ 3.4k mol
AngLz{Zn(Thr)SQ; -H2O(s)} in which AH;~AHg are the molar enthalpy changes
. 1 of the corresponding reactions Table 4.
= 5514 1.8kJmor In this paper, all of the reactants and products of the
A reaction scheme used to derive the standard reaction (1) can be easily dissolved in the selected sol-
molar enthalpy of formation of the complex Zn(Thr) vent. The measured refrangibility values of solutions
SOy-H20 (s) is given inTable 4. The experimental A and A were 1.34940.0004 and 1.349% 0.0003,
values of the dissolution enthalpies of the reactants respectively. The results of UV-Vis spectroscopy were
and products in the reaction (1) were combined with shown inFig. 2. UV-Vis spectrum and the data of

Table 3

Dissolution enthalpy of Zn(Thr)SEH,0 (s) in 100 ml of 2 moldm?® hydrochloric acid at 298.15K

No. Wzn(ThnsoyH,0 (9) AEe (MV) AEs (mV) t(s) Qs (J) AdH.f]z (kJmol 1)
1 0.1488 0.5700 0.575 58.94 8.468 16.936

2 0.1489 0.6050 0.663 56.23 8.769 17.538

3 0.1495 0.5875 0.585 57.47 8.150 16.300

4 0.1492 0.6950 0.650 67.17 8.947 17.894

5 0.1496 0.5700 0.550 58.11 7.916 15.832

Average 16.9+ 0.8
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Table 4

Reaction scheme used to determine the standard molar formation enthalpy of the ZngTHg3@s) at 298.15K

No. Reaction scheme At HY or AgHY, + o (k3 mol ™)
1 {ZnSQy-7H,0 (s) and Thr (s)H ‘s’ = Solution A 72+ 1.6 (AH)

2 {Zn(Thr)SQ-H20 (s)} + ‘s’ = Solution A 16.9+ 0.8 (AHp)

3 Zn (s)+ S (8)+ 11/2Q% (g) + 7Hz (g) = ZnSQy-7TH0 (s) —3077.75 (AH)

4 4C (s)+ 1/2N; (g) + 3/20, (9) + 4H2 (g9) = Thr (I) —693.9+ 2.9 (AHy)

5 20 (9) + Hz (9) = H20 (1) —285.834 0.04 (AH)

6 Zn (S)+ S (s)+ 40, (9) + 4C (s)+ 5Hz (g) = Zn(Thr)SQ-H20 (s) —2111.9+ 3.4 (AHg)

In which ‘s’ is the calorimetric solvent, 2 moldm hydrochloric acidos = \/Zle(x,- —¥)2/n(n — 1) wheren is experimental number;
X; is a single value in a set of dissolution measurements;xaisdthe mean value of a set of measurement results.
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Fig. 2. UV-Vis spectrum of solutions A and’ Abtained from the dissolution of the reactants and products in the reaction (1) in 2 mbldm
HCI (diluted into 1:20).
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