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The optimum volume ratio of Zn(AA)SO4。H20 crystallizing from mixed solvent of water with acetone has 

been determined，which are 1：3， 1：9， 1：10，and 1：30 of water：acetone，respectively．The crystal growth pro- 

cesses of the compounds at 298．15K are investigated by microcalorimetry．The experimental results show that the 

processes are in accord with the Burton-Cabrera—Frank dislocation theory． 

Keywords： amino·acid zinc complexes mixed solvent crystallization kinetics microcalorimetry 

Zinc is a necessary life element in human body． 

L． ．amino acid is the basic unit of protein related with 

life．L． ．Thr(Threonine)， L． ．Phe(Phenylalanine)， 

L． ．Val(Valine)and L． ．Met(Methionine)are in- 

dispensable to life which have to be absorbed from food 

because they can not be synthesized in human body． 

The complexes of zinc salts with ．amino acid as ad． 

ditive have a wide application in medicine， foodstuff 

and cosmeticst卜 3】．The synthesis methods of the com． 

plexes of zinc salts with ．amino acid have been re． 

viewedt · I．The solubilities of ZnSO4．Thr／Phe／Val／ 

Met-H20 system at 298．15K have been investigated by 

semimicro-phase equilibrium method【 ’引 ．The phase 

diagrams are simple systems， in which the phase re- 

gions of Zn(AA)SO4 H20 do not exist．The solid 

complexes of Zn(AA)SO4‘H20 have been prepared by 

adding acetone into the reaction solution of ZnSO4 and 

AA (Thr，Phe，Val，Met)in literatures【6-9 1．Obvi． 

ously，the investigation on crystal growth processes of 

the complexes will provide important parameters for an 

understanding of the reaction mechanism and technol- 

ogy of synthesis． 

In this paper， the kinetic equation of the crystal 

growth process is derived， and the optimum volume 
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ratlos of mixed solvent of water with acetone for 

Zn(AA)SO4。H20(AA=Thr，Phe，Val，Met)to crys． 

tallize from are determined． The total heat produced 

and the rate of heat production during the crystal growth 

process are measured using a RD496·-11I type mi．． 

crocalorimeter．The kinetic parameters are calculated． 

1 Derivation of the Kinetic Equation of the 

Crystal Growth Process 

In order to analyze the kinetics of the crystal 

growth process of the complexes of Zn with amino 

acid， the following general form of the crystal growth 

process is used 

A(Bq)一A(s)+heat 

t=0． Co 0 0 

t=t． C m Q 

t=∞． C— m— Q— 

where C is the solute concentration in the solution at 

time t： m is the mass of solid deposited during a cer- 

tain time t；Q is the heat produced during a certain 

time．When t=0， C=C。，m=0 and Q=0：when 

t=∞，C=C*，m=m*，and Q=Q ． 

The relationship between the energy change(i．e． 

the heat produced)of a reaction system and the extent 

(i．e．mass or concentration)of the reaction is given by 

．Q一： ： 二 
Q m Co—C 

and 

C 一C m 一m 
C 一Co m ：

Q=二Q 

Q 

From eqn．(1)，we have 

苗‘Q— 
and 

血 ：f 1 
dt 、Q ，dt 

From eqn．(2)，we obtain 

c以 =(c0一c*)(1一 ) 

(1) 

According to the Burton-Cabrera．Frank(BCF) 

dislocation theory【 引． for relatively high supersatura． 

tion，the rate of crystal growth at t time(d m／d t)may 

be expressed as 

dm
= k，m (C—C ) ’ 【 一 ∞J 

where 后1 is the rate constant of crystal growth
． 

The combination of eqns．(3)，(4)and(5)gives 

c0以 )(·一 ) 

(·一 ) 
where k2=kl Q (co—c ) 

When ( ) is plotted versus f1一 1 ＼ Q ／ by the 
least-squares method，giving the value of k2 (slope) 

and a(intercept)in the equation(7) 

警 c0以)(·一 )+口 

where 

(·一 ) +口 

As Co》 C 

．  k， 

Equ．(8)relates k1 to k2． 

The combination of eqns．(3)，(4)and(7)gives 

—

dm
： f 1 d

t 、p ，dt 

=箦 Q(Co )(·一 )+ 
= 后-Q*(c—c*)+口] 

= 后，m*(c—c*)+ am~ 

Similarly，eqn．(9)may be written as 

詈=后-m*(c—c )+6 
where b is the intercept of eqn．(10)． 

Comparing eqns． (9)and (10)， 

nhta nPr1 

h—．．．a．．．m．．．—~— 
一

一 Q 

(1O) 

eqn． (11)is 

(11) 

If the values of the constants a and b are so sma11 

as comparison with those of k2 (or k3)and k1，the 

kinetics of the crystal growth process can be expressed 

by eqns．(5)and(6)． 
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Equations(5)and (6)are known as the thermo— 

kinetic equations of the crystal growth process． 

2 Experimental 

2．1 M aterials 

ZnSO,·7H20， A．R． 

Company)；L—ol—Thr，￡一ol 

B．R．(Shanghai Kangda Co 

(made in Xi an Chemical 

— Phe， L—ol—Val， L—ol—Met， 

mpany)，purity>99．9％； 

acetone，A．R．(made in Xi an Chemical Company)， 

its density is 0．79g ‘cm ～ at 298．15K； the conduc— 

tivity of the deionized water is 5．48 x 10—0S ·cm ～． 

its density is 0．99705g。cm ～ at 298．1 5K；the others 

are A．R．grade． 

2．2 Analysis M ethod 

Zn is determined with EDTA by complexometric 

titration．Phe is analyzed by the formalin method， be— 

fore that the Zn is removed by precipitating with 

K2C204． SO, is determined by the BaSO,precipiti— 

metric method． 

2．3 Experimental M ethod  

The calorimetric experiment is perform ed using a 

RD496—11I type microcalorimeter ¨ at f298．15± 

0．005)K．The calorimetric constant is determ ined by 

Joule effect before experiment，which is (63．994± 

0．042) V ’mW～ at 298．15K．The enthalpies of 

solution in deionized water of KC1 (spectral purity)is 

measured to be(17．238±0．048)kJ·mol～，which is 

very close to(17．241±0．018)kJ·mol II2】．The ac． 

curacy is 0．02 ％ and the precision is 0．3％ ．which 

indicates that the calorimetric system is accurate and 

reliable．The reaction solution／solvent and the diluent 

are put into the stainless steel sample cell with a con— 

tainer of 1 5cm (rig．1)，separately．After equilibrium， 

the containers of sample and reference are pushed down 

simultaneously．As a result，the two liquids are mixed 

and the therm ogram is recorded． 

3 Result and Discussion 

3．1 Choice of the Volnine I tio of W ater to 

Acet0ne in M ixed Solvent 

Zn(AA) (aq)are produced from the reaction of 

ZnSO4 with AA in water (the values of lg K are 

Fig．1 Sketch used f0r【he study of the formation reaction 

1：calorimetric cell；2：solution of ZnSO4 with AA； 

3：acetone；4：silicone rubber cover；5：glass rod． 

4．43 ，4．47 引，4．44 引and 4．40 ，respectively) 

but the solubility is too large to obtain the solid com— 

plex． If adding acetone into the system to change the 

solvent and decrease the solubility of complex，the so- 

lution becomes a relatively high—supersaturated system． 

That is，for the phase diagram，the phase region of acid 

is reduced， which separates from the phase region of 

salt，and the phase region of complex is form ed．Based 

on the considerations，with the volume ratio of water： 

acetone of 1：3， 1：9， 1：10， 1：30，respectively，the 

white solid compound with the most yields are oh- 

tained．After suction filtration，followed by rinsing with 

a few of acetone and drying to constant weight． The 

yields of the compounds are 86％ ， 90％ ， 73％ and 

95％ ，respectively．The results of components analyses 

indicate that the product is identified as Zn(AA)SO4· 

H20 in comparison with literatures【 ． The experi— 

mental results of variable volume ratios of water to 

acetone are shown in Table 1． 

3．2 Dilution／Crystallization Kinetics 

Adding acetone into the reaction solution system of 

ZnSO4一AA．the crystallization processes begin． 

- - —  

ZnSO,‘7H20(s)+AA(aq) 

Zn(AA) (aq)+SO, 一(aq)+7H20(1) (12) 

Zn(AA) (aq)+SO, 一(aq)+H20(1) 

acetone Zn(AA)SO,·H20 (13) 

The typical schematic therm ograms during the di— 

lution and crystallization are depicted in Fig，2． The 

original data obtained from the therm okinetical curve 

are shown in Table 2． Using the above data， the ki— 

netic data during the dilution／crystallization process 
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Thr volume ratio l：l 

phenomena turbid 

yield／％ 

Phe volume ratio l：l 

phenomena turbid 

yield／％ 

Val volume ratio l：2 

phenomena turbid 

yield／％ 

Met volume ratio l：5 

phenomena turbid 

yield／％ 

1：2 

turbid 

l：3 

turbid 

l：4 

turbid 

l：l0 

tu南id 

l：3 l：4 

gelationus gelationus precipitate 

precipitate 

86 

l：5 

turbid 

1ncreaslng 

l：6 

precipitate 

formed 

l：l5 

turbid 

increasing 

86 

l：7 

precipitate formed 

l：8 

amount of precipitate 

Increasing 

6l 

l：20 

precipitate form ed 

62 

l：l0 l：20 l：30 

amount of precipitate decreasing gradually 

80 68 54 

l：9 

mass precipitate 

90 

l：l0 

mass precipitate 

73 

l：25 

amount of precipitate 

increasing 

90 

l：ll 

mass precipitate 

88 

l：l 3 

precipitate decleasing 

gradually 

86 

l：l2 l：l4 

amount of precipitate decreasing gradual1) 

l：30 

marls precipitate 

5l 

l：35 

amount of precipitate 

decreasing 

9l 

O．O 

— O_4 

一O．8 

，× 2O／s 

O 2O 40 6O 8O lOO 

，× 2O／s 

Fig．2 Typical thermokinetieal graph of the 

dilution／crystallization process 

a．Thr；b．Phe，Val and Met 

can be obtained from equations (7)， (8)and (11) 

(Table 3)． 

The experimental results in Table 3 are obtained 

based on the principle presented according to a block 

diagram in Fig．3．In Fig．3，(dQ／dt)lf is the rate of 

total heat production at time t，including(dQ／dt)2。， 

the rate of the heat production of mixing between sol- 

vent and diluent at time t，and(d Q／d t)3 ，the rate of 

solution ofZnS 

withAA 

(dQ／dt)．。-r(̂) 

口lJ 
(i I．2，⋯ 、oo) 匮 =墅  
Fig．3 Block diagram of the process of studying 

dilution／crystallization kinetics 

the heat Of crystallization of the crystal at time ￡：and 

Qt is the total heat produced during a certain time， 

including Q2 ，the heat of mixing produced between 

solvent and diluent during a certain time，and Q3 ，the 

heat of crystallization of the crystal during a certain 

time． The total heat produced during crystal growth 

process and the rate constant at 298．1 5 K are shown in 

Table 3． 

Because the values of the constants a and b are 

enough small in comparison with those of 2 and 后l， 

the kinetics of the crystal growth process of Zn(AA)SO, 
‘ H20 can be expressed by eqns．(5)and(6)，This 

fact indicates that the crystal growth processes of 

Zn(AA)SO4·H2O are in accord with the BCF dish)． 

cation theory mode1． 

>g ＼；0【J苗 II >g ＼；0【JIB II 
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Q-，total heat produced／(J‘g )；dQ／dt，rate of heat production at time t／(J‘s )； k2，rate constant of crystal growth／(J‘s )： 

Q，heat production at a certain time／J；a，constant ofBCF／(J‘S )；dm／dt，rate of crystal growth at time t／(g‘S )；kI．rate constant 

of crystal growth／s ；，total mass of solid deposited／g；C，solute concentration in the solution(g／lOOg solvent)：．equilibrium saturation 

concentration(g／lOOg solvent)；b，constant of BCF／(g‘s )． 
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