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The complex of Zn(AcO),*2H,0 and threonine was prepared in the mixture solvent of water-acetone, the com-
position of which was identified as Zn(Thr)(AcO),*2H,0 by chemical and elemental analyses. The complex was
investigated by XRD, IR, TG-DTG and DSC methods. The result of TG-DTG shows that the therma decomposi-
tion processes of the complex can be divided into three stages, which were dehydration (1), partial decomposition (I1)
and complete decomposition into ZnO (111). Dehydration enthalpy was 126.89 kJmoal *, decomposition enthalpy of
the stage (I1) was 79.50 kJ»mol . The study of non-isothermal kinetics shows that the mechanism of the dehydra-
tion stage was Maple Power of n=3/2, the apparent activation energy E was 145.32 kJmol ' and the
pre-exponential factor A was 1.4125X 10" s %, and that of ligand-losting process was nucleation and growth
mechanism (Avrami-Erofeev equation n=1/2), its E was 189.33 kJemol *, and A was 3.4674X 10" s’ The
empirical kinetics model equations of the investigated processes were proposed.
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Introduction

a-Amino acids as additive have a wide application in
medicines, foodstuff and cosmetics’® The synthetic
methods of amino acid have been reviewed.*® The solu-
bility property of Zn(AcO),-Thr-H,O (Thr=Threonine)
system at 298.15 K has been investigated by the
semimicro-phase equilibrium method, in which the
phase region of the complex did not exist.® The prepara-
tion of Zn(Thr)SO4H,O was reported in Ref. 7 . 3
times volume of acetone relative to that of water was
added into the reaction solution with the molar ratio of
ZnSO, - L-o-Thr of 1 : 1, and the solid complex was
obtained. The solubility of the product was too big to
crystallize in the ZnSO,-Thr-H,O system, however by
adding the amount of acetone into the system, the solu-
bility of the product in the mixed solution decreased and
the product was precipitated out. In the phase diagram,
the phase region of the acid was reduced and separated
from the phase region of salt, and then the phase region
of complex was formed.

In this paper, the solid complex of Zn(Thr)(AcO),*
2H,0 was prepared in the mixture solvent of water-
acetone (the optimum volume ratio of 1 : 9). This com-
pound was characterized by chemical and elementa
andyses, IR, XRD, TG-DTG, DSC and the
non-isothermal kinetic parameters and the mechanism
of the former two processes were obtained.
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Experimental

Materials

Zn(Ac0)*2H,0, A.R. (made in Xi'an Chemica
Reagent Company); L-a-Thr, B.R. (Shanghai Kangda
Reagent Company), purity>>99.9%; acetone (CsHgO),
A.R. (made in Xi'an Chemical Reagent Company) with
its density 0.79 gecm 2 at 298.15 K;; the conductivity of
the deionized water is 5.48< 10 sscm™ ! with its den-
sity 0.99705 gecm 2 at 298.15 K and the others are of
A.R. grade.

Analytical methods

The Zn*" was determined complexometrically with
EDTA. Thr was analyzed by the formalin method, and
the Zn?" was removed by precipitating it with K,C,04
before it was titrated. The blank titration was performed
for comparison. Carbon, hydrogen, and nitrogen analy-
ses were carried out on a 2400-type (P. E. Ltd.) elemen-
tal analyzer.

Equipments

The TG-DTG and DSC analyses for the title com-
pound were conducted on a P. E. 2100 Company ther-
mal analyzer in a 60 mLemin * N, atmosphere, the
heating rate of TG-DTG was 10 “Cemin * and that of
DSC was 5.0, 10.0, 20.0 and 40.0 ‘Cemin ' The
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weight of the sample was about 1 mg. The a-Al,O3 was
used as reference material in the DSC measurements.
The IR analysis was conducted on a BEQ, UZNDX-550
spectrometer (KBr discs). An X-ray powder diffractme-
ter typed in D/max-I11 with Cu Ko radiation was used.

Preparation of the complex

Zn(Ac0),*2H,0 and L-o-Thr (in amole ratio of 1 :

1) were dissolved in the deionized water. This solution
was allowed to stand for 8 h at 60—70 ‘C and cooled
to room temperature. Zn(Thr)** (ag.) was produced
from the reaction of Zn(AcO),with Thr in water (IgK is
4.43%). The white solid compound was obtained when
adding nine times volume of acetone relative to that of
water to the reaction system. After suction filtration,
followed by washing with small amounts of acetone and
drying to constant weight in vacuum, the white powder
was obtained. The experimental results of water and
acetone with the different volume ratios are given in
Table 1. XRD indicates that the distance between faces
of the strong diffraction rays was respectively d=
0.6835 (72), 0.6641 (100), 0.3893 (75), 0.3423 (54),
0.3129 (49), 0.3033 (56), 0.2563 (91), and d=5.0692
(100), 4.7872 (28), 4.7263 (32), 4.3806 (40), 4.3000
(48), 4.0922 (58), 3.8504 (38) and 3.7112 (74) nm, and
the diffraction peak graph of the complex was different
from either that of Thr or that of Zn(AcO),*2H,0,
showing that the new phase was formed.

Results and discussion

Composition

The results of the chemical and elemental analyses
of the complex are listed as Zn 19.09%, Thr 35.08%, C
28.24%, H 5.56%, N 4.36% compared with the calcula-
tion value: Zn 19.31%, Thr 35.18%, C 28.38%, H
5.66%, N 4.14%, which shows that the composition of
the compound is Zn(Thr)(AcO)2*2H,0.

IR spectrum

IR absorption data for the main groups of the com-
plex and the ligand are summarized in Table 2. The
non-existence of the characteristic absorption bands of
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group —COOH at 1700—1750 cm * for the complex
reveals that Thr still keeps its zwitterion structure.” and
the wide shifts of v, (—NH,) and vas(COO—g for the
complex in contrast with ligand show that Zn“" binds
to the oxygen atom on carboxylic group and the nitro-
gen aom in amino group of Thr. v(OH) of acoholic
hydroxyl in the complex appears unchanged compared
to that of ligand, indicating that the oxygen atom in the
—C—OH group does not coordinate to Zn**.° The wide
characteristic absorption band of v,(OH ) at 3440.7 cm
! revedls that the complex contains H,O molecules.
The characteristic absorption of v(ZnO) at 364 cm ‘is
not present,’® which indicates that the role of water is
crystal water.

Thermal behavior and decomposition mechanism

The curves of TG-DTG and DSC of Zn(Thr)(AcO),e
2H,0 are shown in Figures 1 and 2.

Concerning the TG-DTG curve, it displays four
peaks during the thermal decomposition.

Obviously, the former two processes are dis-
criminable and identified as dehydration and decompo-
sition processes but for the latter two processes, it can
be regarded as one integral process because its indis-
cernibility. So the decomposition processes of the com-
pound Zn(Thr)(AcO),*2H,0 can be divided into three
stages. dehydration (1), partial decompositio (II) and
complete decomposition into ZnO (l11). The decomposi-
tion-interruption tests for identifying the intermediates
were carried out by IR method. In the first stage from 75
to 129 ‘C, amass loss of 10.02% was observed, corre-
sponding to the loss of two molecules of water
10.99%. The IR spectra of the products show that the
wide characteristic absorption peaks for water mole-
cules have disappeared. In the second stage, the com-
plex is decomposed from 129 to 224 °C. The character-
istic absorption peaks for the complex and Zn(AcO),
appear in the spectra of the decomposition products,
indicating that certain amounts of Zn(Thr)(AcO), have
been transformed into Zn(AcO),. The mass loss corre-
sponding to the formation of Zn(Thr)(AcO),*Zn(AcO),
from Zn(Thr)(AcO),is 11.38%. The experimental mass

Tablel Experimental results of water and acetone with the different volume ratios

Volume ratio 1:3 1:5 1:8 1:9 1:13 1:17
) ) o o precipitate decreasing
Phenomenon turbid turbid precipitate precipitate
gradually
Yield/% — — 18 34 21 19
Table2 Dataof IR absorption for main groups of ligand and complex (cm %)
as S as S

Sample VNH3 VNH; ONH3 ONH Vésoo— V(S:O(} VoH Ve-oH
Ligand 3133.1 2050.9 1627.1 1479.2 1550.0 1416.9 — 1107.4
Complex 3219.7 2109.3 1644.5 1405.0 1614.5 1375.5 3440.7 1108.6
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Figure1 TG-DTG curve of Zn(Thr)(AcO),*2H,0 (8=10.0Ce
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Figure2 DSC curve of the complex (4=10.0 ‘Cemin™%).

loss is 12.93%. In the third stage, the IR spectrum of the
final decomposition products coincides with the stan-
dard IR spectrum of ZnO, indicating that the intermedi-
ates are further decomposed to ZnO from 224 to 773 C.
The formation of ZnO from the original complex should
be accomplished with the experimental mass loss of
52.94%. Thisvaue isapproximately in agreement with
the experimental value of 53.60%. On the basis of
above-mentioned results, the thermal decomposition
mechanism of Zn(Thr)(AcO),*2H,0 was postulated to
be as Scheme 1. In order to understand the former two
decomposition processes of the title compound, DSC
experiments were conducted. The DSC curves consisted
also of the former two processes. Compared with TG-

JAOet al.
Scheme 1
A R °C
Zn(Thr)(AcO),+2H,0 /5101129

10.02% (10.99%)

12.93% (11.38%)

224—509—773 C
2Zn(Thr)(AcO),+ Zn(AcO), 52.94% (53.60%) ZnoO

DTG curve, the two steps can be regarded as wa
ter-losting and ligand-losting processes and the entha py
changeis 126.89, 79.50 kJ*mol %, respectively.

Non-isothermal decomposition kinetics

In order to obtain the most probable mechanism
function and the corresponding kinetic parameters for
the former two decomposition processes of the complex
from the DSC curves, the following six integral meth-
ods and two differential methods were employed.

In Table 3, a is the fractional decomposition, T the
temperature ('C) at time t, Ty the initial temperature at
which DSC curve deviates from the baseline, R the gas
constant, A the pre-exponential factor, E the apparent
activation energy, f the heating rate, f(a) and G(a) are
the differential and integra mechanism functions,
respectively, T, is the peak temperature of DSC curve.
The data needed for the equations of the integral and
differential methods g, To, T;, a;, (dH/dt);, i=1, 2, 3---n,
were obtained from the DSC curves and summarized in
Tables 4 and 5. After substituting all the mechanism
function forms™ of f(«) and G(a) and the original data
in Tables 4 and 5 into Egs. (1)—(8), the values of A and
E can be calculated at various heating rates of 5.0, 10.0,
20.0, and 40.0 °Cemin*, and the variance Q was got by
the linear least-squares method on the computer. All the
calculated results from the eight methods for the wa-
ter-losting and ligand-losting processes at 5.0, 10.0, 20.0,
and 40.0 ‘Cemin * are shown in Tables 6 and 7.

Table3 Thekinetic analysis methods

Method Equation

Ordinary-integral™*

In[G(a)/ T4 =In[(AE/AR)(1— 2RT/E)] — E/RT o)

Universal-integral *#*3 IN[G(a)/(T —To)]=InA/g —E/RT 2)
Mac Callum-Tanner'* Ig[G(0)]=Ig(AE/BR) —0.4828E%4%5"—(0.449-+ 0.217E)/0.001T (3)
Satava-Sestak™® IgG(a)) =Ig(AE/BR) —2.315—0.4567E/RT (4)
Agrawal*® IN[G(a)/ T =In{ (AR/SR)[1— 2RT/E]/[1—5(RT/E)]|} —E/RT (5)
Starink’ In[B/IT® =C,—E/RT (6)
Ozawa-Doyle'® IgB =Ig[AE/RG(a)] —2.315—0.4567(E/RT,) (7
Kissinger™ In[A/T?5] =IN[AR/E] —E/RT,; (8)
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Table4 Datafor the decomposition process of Zn(Thr)(AcO)*2H,0 in stage | at different heating rates

5(°‘CeminY 10 ("Comin™Y) 20 ("Cemin™h 40 (‘Cemin™Y)

T/ (dH/dt)/ T (dH/dty/ T/ (dH/dt)/ T (dH/dt)/
T (mdks b “ C (mdes Y ! T (mls Y “ C (mdes Y “
90 1.2896 0.1030 102 2.1502 0.2167 115 9.2814 0.3677 119 12.4432 0.2870
91 1.2594 0.1192 103 2.0875 0.2370 116 9.0148 0.3925 120 11.9350 0.3101
92 1.2310 0.1363 104 2.0224 0.2591 117 8.6800 0.4202 121 11.1573 0.3376
93 1.2058 0.1558 105 1.9580 0.2826 118 8.2584 0.4510 122 10.0485 0.3709
94 1.1806 0.1762 106 1.8848 0.3079 119 7.6880 0.4864 123 8.5778 0.4130
95 1.1548 0.1974 107 1.8104 0.3353 120 6.8944 0.5281 124 6.4719 0.4668
96 1.1233 0.2201 108 1.7341 0.3648 121 5.3934 0.5817 125 3.6637 0.5395
97 1.0868 0.2450 109 1.6517 0.3959 122 1.9573 0.6663 126 2.3909 0.6200
98 1.0452 0.2718 110 1.5692 0.4293 123 1.5698 0.7590 127 3.0608 0.6933
99 0.9979 0.3008 m 14775 0.4657 124 3.5786 0.8301 128 47163 0.75%4
100 0.9469 0.3315 112 1.3882 0.5043 125 5.8776 0.8830 129 6.6305 0.8075
101 0.8952 0.3637 113 1.2970 0.5447 126 7.5640 0.9223 130 8.4084 0.8504
102 0.8442 0.3991 114 1.2096 0.5867 127 8.9218 0.9511 131 10.0023 0.8856
103 0.7925 0.4369 115 1.1129 0.6316 128 10.0874 0.9708 132 11.4037 0.9133
104 0.7396 0.4764 116 1.0236 0.6808 129 10.9244 0.9831 133 125741 0.9350
105 0.6892 0.5196 117 0.9536 0.7311 134 13.5058 0.9516
106 0.6451 0.5652 118 0.9108 0.7823 135 14.2142 0.9640
107 0.6066 0.6188 119 0.9325 0.8336
108 0.5746 0.6678 120 1.0658 0.8824
109 0.5519 0.7191 121 1.3435 0.9260
110 0.5485 0.7702 122 1.7819 0.9599
111 0.5653 0.8213 123 2.2928 0.9811
112 0.6101 0.8690 124 2.6424 0.9917
113 0.7088 0.9145 125 2.8012 0.9964
114 0.8908 0.9534
115 1.1768 0.9801
116 1.4446 0.9936
117 1.5750 0.9982

To=51.08 C To=58.70 C To=60.88 C To=70.12 C

T,=109.96 C T,=117.62 C T,=12252 C T,=126.22 C

Hp=250.299 mJ Hp=232.314 mJ Hp=354.082 mJ Hp=263.571 mJ

Table5 Datafor the decomposition process of Zn(Thr)(AcO),*2H,0 in stagell at different heating rates
5(Cemin"Y) 10 ("Cemin™Y) 20 ("Cemin’?%) 40 ("Comin’Y)

T/ (dH/dt)/ T/ (dH/dt)/ T/ (dH/dt)/ T/ (dH/dt)/

T (mksh “ C (ms Y | C (mks) ! C (mks) |
193 1.3780 0.2099 197 2.8100 0.2046 204 9.0150 0.2074 213 12.004 0.2125
194 1.3230 0.2318 198 2.7310 0.2257 205 8.7920 0.2243 214 11.565 0.2375
195 1.2490 0.2584 199 2.6240 0.2504 206 8.5060 0.2443 215 1.0500 0.2666
196 1.1560 0.2934 200 2.4890 0.2794 207 8.1590 0.2679 216 10.387 0.3012
197 1.0210 0.334 201 2.3000 0.3149 208 7.7130 0.2963 217 9.5400 0.3423
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Continued
5("Cemin™Y) 10 ("Cemin™h) 20 ("Cemin™h) 40 (*Cemin™})
T/ (dH/db)/ T/ (dH/dt)/ T/ (dHidby/ T/ (dH/dY/
C (mks Y “ e (mds Y “ C (mks ) “ c (mrsy
198 0.8610 0.3835 202 2.0680 0.3588 209 7.1360 0.3310 218 8.4780 0.3917
199 0.6570 0.4469 203 1.7700 0.4129 210 6.3800 0.3744 219 7.2040 0.4523
200 0.4370 0.5228 204 1.4050 0.4811 211 5.4260 0.4285 220 5.9140 0.5240
201 0.2470 0.6135 205 1.0180 0.5638 212 4.2900 0.4960 221 45770 0.6070
202 0.0960 0.7153 206 0.6610 0.6597 213 3.2230 0.5783 222 3.9950 0.6969
203 0.0304 0.8142 207 0.4260 0.7720 214 1.6870 0.6760 223 4.7810 0.7804
204 0.7920 0.8865 208 1.1490 0.8676 215 1.3810 0.7839 224 6.6370 0.8480
205 1.1900 0.9299 209 2.0890 0.9293 216 3.1330 0.8721 225 8.7550 0.8993
206 1.4100 0.9537 210 2.6900 0.9626 217 5.9700 0.9317 226 10.626 0.9367
207 1.5130 0.9637 211 2.9980 0.9796 218 7.8240 0.9674 227 12.051 0.9620
208 1.5650 0.9762 212 3.1450 0.9884 219 9.1570 0.9864 228 13.059 0.9787
T,=154 °C To=160 C T,=162 °C To=175 °C
T,=202.1 C T,=206.69 C T,=214.54 C T,=221.9 C
Ho=148.176 mJ Ho=155.434 mJ Ho=255.02 mJ Hy=181.04 mJ

Table6 Kinetic parameters obtained for the dehydration process of Zn(Thr)(AcO),*2H,0 in stage | at different heating rates

Method BI(CeminY)  E/(kImol ™) IgA/(Ains? r Q de10° Function
5 146.16 17.7336 0.9895 0.6016 6.338 26
10 124.99 14.7291 0.9919 0.1914 1554 26
Ordinary-integral
20 148.09 17.8887 0.9848 0.1130 1712 26
40 160.16 19.5013 0.9719 0.3465 9.737 26
5 148.79 16.4748 0.9898 0.6000 6.085 26
) ) 10 127.63 13.5443 0.9922 0.1908 1.482 26
Universal-integral
20 150.78 16.6428 0.9854 0.1129 16.50 26
40 162.78 18.2260 0.9728 0.3462 94.23 26
5 144.84 17.5103 0.9904 0.1129 10.89 26
Mac 10 123.70 14.5109 0.9927 0.0381 4.200 26
Collum-Tanner 20 147.11 17.7095 0.9861 0.0213 2.958 26
40 159.34 19.3463 0.9740 0.0652 16.93 26
5 144.94 17.5633 0.9904 0.1129 10.88 26
. L 10 124.97 14.7100 0.9927 0.0359 2.624 26
Satava-Sestak
20 147.08 17.7475 0.9861 0.0213 2.958 26
40 158.62 19.3056 0.9740 0.0653 16.93 26
5 146.16 17.7326 0.9895 0.6017 63.38 26
10 124.99 14.7276 0.9919 0.1914 15.54 26
Agrawal
20 148.09 17.8876 0.9848 0.1130 17.12 26
40 160.16 19.5004 0.9719 0.3465 97.37 26
Starink 152.35 0.9830 0.0751
mean 145.32 17.15
Kissinger 152.8 18.8 0.9829
Ozawa 151.4 0.9842
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Table7 Kinetic parameters obtained for the decomposition process of Zn(Thr)(AcO),*2H,0 in stage || at different heating rates

Method AICComin™Yy  El(kdmol ) IgA/(Ains™) r Q de10* Function
5 182.95 18.09 0.9930 0.0464 3.253 13
i i 10 194.90 19.54 0.9890 0.0802 8.811 13
Ordinary-integral
20 188.19 18.75 0.9807 0.1255 24.20 13
40 190.11 18.91 0.9963 0.0223 0.829 13
5 184.97 16.80 0.9931 0.0464 3.253 13
) ] 10 196.87 18.22 0.9892 0.0831 8.682 13
Universal-integral
20 190.20 17.46 0.9811 0.1256 23.77 13
40 191.96 17.61 0.9964 0.0022 0.816 13
5 183.53 18.11 0.9935 0.0088 0.566 13
Mac 10 195.63 19.58 0.9898 0.0151 1.542 13
Collum-Tanner 20 188.99 18.80 0.9822 0.0237 4.242 13
40 191.08 18.98 0.9966 0.0042 0.145 13
5 181.46 17.92 0.9935 0.0088 0.566 13
- - 10 192.89 19.33 0.9898 0.0152 1.542 13
Satava-Sestak
20 186.62 18.58 0.9822 0.0237 4.224 13
40 188.59 18.74 0.9966 0.0042 0.145 13
5 182.95 18.09 0.9930 0.0464 3.253 13
10 194.90 19.54 0.9890 0.0802 8.811 13
Agrawal
20 188.19 18.75 0.9807 0.1255 24.21 13
40 190.11 18.91 0.9963 0.0230 0.089 13
Starink 190.93 0.9947 0.0240
Mean 189.33 18.54
Kissinger 191.40 19.01
Ozawa 189.70

E, A r, and Q obtained by the above methods are the
reference foundation to choose the most probable
mechanism function. Based on the following four con-
ditions:®®# (1) the values of E and Ig A selected are in
the ordinary range of the thermal decomposition kinetic
parameters for solid materials (E=80—250 kJmol *
and Ilg A=7—30 s %), (2) the liner correlation coeffi-
cient r is greater than 0.98, (3) the values of E and A
obtained with the integral and differential methods are
approximately the same, (4) the mechanism function
selected must be in agreement with the tested sample
state. The results of satisfying the above-mentioned
conditions at the same time are the final ones aslisted in
Tables 6 and 7, and the relevant function is the reaction
mechanism one of the water-losting and ligand-losting
processes of Zn(Thr)(AcO)222H,0.

The datain Table 6 indicates that the values of E and
A from mechanism function No. 26° by Egs. (1)—(6)
are in good agreement with the calculated values ob-
tained by Kissinger's method and Ozawa's Method, i.e.,
the corresponding Mampel Power Law (n=3/2) will
control the water-losting process. Substituting f(a«) with
2/30" "2, E with 145.32 kJmol * (average value), Ig A

(Ains %) with 17.15 in the following equation:

da A E
—=—[F (a) [exp(——
ar B (o) Cexp( RT)

the kinetics equation of the water-losting process of
Zn(Thr)(AcO),*2H,0 was obtained:

da  9.417X 10"
dT B

5 174790

or < [exp(

)

Similarly, from Table 7 it can be concluded that for
the ligand-losting process the most probable mechanism
function is No. 13:?° nucleation and growth mechanism
(Avrami-Erofeev equation), E is 189.33 kJmol *, Ig A
(Ain s is 1854, f(a) is 2(1—a)[—In(1—a)]"?, and
the kinetics equation is

1

18
d_azm [Q]_—a)[(—ln(l—a)]i g

dar B

227724
exp(———)



1108 Chin. J. Chem., 2004, Vol. 22, No. 10

Conclusions

Solid complex Zn(Thr)(AcO),*2H,0O was prepared
in a water-acetone system. The non-isothermal kinetics
and the decomposition mechanism of Zn(Thr)(AcO),e
2H,0 were studied by means of TG-DTG, DSC and IR
spectrometry. The thermal decomposition processes of
the complex can be divided into three stages. In the first
stage, the complex dehydrates from 75 to 129 ‘C and
Zn(Thr)(AcO), is formed. In the second stage, anhy-
drous Zn(Thr)(AcO), is decomposed into Zn(Thr)-
(AcO)z*Zn(AcO), and finally Zn(Thr)(AcO),*Zn(AcO),
is decomposed completely into ZnO at 773 “C. The
non-isothermal decomposition mechanism and the ki-
netic parameters of the water-losting and ligand-losting
processes were obtained from the analysis of DSC
curves at various heating rate of 5.0, 10.0, 20.0, and
40.0 ‘Cemin~ ' by six integral and two differential
methods. The results show that for the first stage the
Mampel Power Law (n=3/2) controls the water-losting
process and the corresponding activation energy is
145.32 kJmol %, the pre-exponential factor Ig A (A in
s 1) is 17.15, and for the ligand-losting process nuclea-
tion and growth mechanism (Avrami-Erofeev equation n
=1/2) is the most probable mechanism function, the
corresponding activation energy is 189.33 kJmol *and
the pre-exponential factor Ig A (Ains %) is 18.54.
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