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The solubility properties of the Ьа(Ж)з)з—Phe—H2O (Phe = D,L-/3-phenyl-a-alanine) system at 
298.15 К in the whole concentration range have been investigated by the semimicrophase equilibrium 
method. The corresponding solubility diagram and refractive index diagram were constructed. The 
results indicated that there were two stoichiometric complexes formed in this system, namely: 
La(Phe)(NÜ3)3 -5H20 and Ьа(Рпе)2(ГТОз)з- 3H20. Both the complexes are incongruently soluble 
in water. Based on phase equilibrium data, two kinds of complexes were prepared. Their composition 
and properties were investigated by chemical amalysis, elemental analysis, IR spectra, and DTG-
TG. 

Lanthanide ions possess some special functions in 
biological body and they are often used as promoters 
in the textile dyeing industry, and diagnostic agents 
in clinical medicine [1—6]. Amino acids are the ba
sic units of proteins. It has become more important 
to understand the behaviour of lanthanide ions in bi
ological systems. Therefore, studies of the lanthanide 
complexes with amino acids are of interest. The inves
tigation on the interaction between lanthanide salts 
and amino acids in the whole concentration range by 
the phase equilibrium method can provide a thermo
dynamic basis of the preparation of complexes, and 
avoid blindness in the synthesis process. Study on co
ordination behaviour between rare earth nitrate and 
phenylalanine has not yet been reported in the litera
ture. 

In this work, the solubility properties of the 
L a ( N 0 3 ) 3 — P h e — H 2 0 system at 298.15 К in the 
whole concentration range have been investigated by 
the semimicrophase equilibrium method [7]. 

E X P E R I M E N T A L 

La(NC>3)3-6H20 was prepared according to Ref. 
[8] and its composition and purity were determined 
by EDTA titration and by measuring of the melting 
point. D,L-/3-Phenyl-a-alanine (Phe) was of a biochem
ical (chromatographic purity) and others of analytical 
purity. 

Thermostat, the temperature fluctuation ± 0.05 
K, was made by ourselves. WZS-1 type Abbe refrac-
tometer, ZD-2 type automatical potential titrator, Ш-
440 model infrared spectrophotometer, and PE-TGS-
7 thermogravimetric analyzer were used. The ther

mometer, weights, and all measuring vessels were cal
ibrated. 

The content of La34" was determined complexo-
metrically with EDTA. Phe was determined by the 
formalin method [9]. Before it was titrated, the La 3 + 

was screened by precipitating with K2C2O4- Water 
content was determined by the volatilization-mass 
loss method. Analytical results of the known samples, 
which were exactly prepared from Ьа(МОз)з -бгЬО, 
Phe, and H 2 0 (Table 1) indicated that analytical er
rors were ^ 0.2 % . 

Based on phase equilibrium data the points were 
selected in the two-phase regions, corresponding to 
complexes / and II, then the samples were pre
pared, sealed in polyvinyl tubes, fixed in turntable 
and turned until equilibrium. In order to achieve 
the highest possible removal of mother solution from 
wet residue, samples were separated by centrifuging, 
washed with ethanol and dried in different drying con
ditions until their mass became constant. 

R E S U L T S A N D D I S C U S S I O N 

There are two phase equilibrium methods com
monly used in thermodynamics, namely "Schreima-
ker's wet residue" and "synthetic complex" method. 
Consumption of system components is (20—30) g. 
Therefore, these two methods are hardly to be used 
in thermodynamic systems concerning rare precious 
substances and organic solvent. In order to improve 
these two methods, Jiang et al. [7] have designed a 
semimicro method for studying phase equilibrium, in 
which "wet residue" method and "synthetic complex" 
method were simultaneously applied. Consumption of 
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T a b l e 1. Analytical Results of Samples 
н2о 

Complex 

u7i(calc.)/% 
Wi (found) / % 

L a ( N 0 3 ) 3 
Phe H 2 0 

// 

57.75 
57.69 
53.67 
53.68 

29.40 
29.44 
33.33 
33.36 

12.85 
12.87 
13.00 
12.96 

system components is only one tenth of the above-
mentioned macro method or even less. 

The samples being used in the studied system 
were exactly prepared and sealed in the polyvinyl 
tubes. These tubes were fixed on the turntable and 
turned until equilibrium. We have investigated the 
ternary system Ь а ( Ш 3 ) з — P h e — H 2 0 at 298.15 К 
by the above-mentioned semimicro method. The re
sults showed that the equilibrium of this system was 
reached after stirring in the thermostat for 40 d. 

The solubility and refractive index data of the sys
tem La(N0 3 )3—Phe—H 2 0 at 298.15 К are presented 
in Table 2. Figs. 1 and 2 show the solubility diagram 
and refractive index curve of saturated solutions of 

La(N03)3 w(Phe)/% 

F i g . 1. Solubility diagram of the ternary system Ьа(ИОз)з— 

P h e — H 2 0 at 298.15 K. 

the ternary system L a ( N 0 3 ) 3 — P h e — H 2 0 at 298.15 
K, respectively. 

As shown in Figs. 1 and 2, the solubility curve 
and refractive index curve of saturated solutions of 

T a b l e 2. Solubility and Refractive Index Data of the System L a ( N 0 3 ) 3 — P h e — H 2 0 at 298.15 К 

tUi(Complex)/% 

L a ( N 0 3 ) 3 H 2 0 

— 
66.36 

— 
64.92 

— 
50.32 

— 
— 

40.14 
37.28 

— 
33.89 

— 
— 
— 
— 

25.21 

25.10 
24.31 

18.90 

16.00 

12.56 

8.95 
5.91 
4.04 

2.01 

— 

— 
32.43 

— 
32.12 

— 
35.27 

— 
— 

45.76 
46.48 

— 
52.10 

— 
— 
— 
— 

57.84 

62.90 
63.99 
66.72 

66.54 

72.92 

73.23 
74.45 
73.80 

75.43 

— 

w\ (Solutions) / % 

L a ( N 0 3 ) 3 - H 2 0 

59.89 
58.10 
57.25 
57.32 

54.36 
46.63 

42.51 
42.43 
39.32 
35.44 
35.00 
32.67 

31.50 

31.13 
28.23 
27.51 
27.09 

25.36 
24.53 
20.83 

18.28 
14.22 

10.33 
6.60 
4.96 

2.50 

— 

40.11 
39.83 
39.55 
39.49 
43.13 
48.99 
50.92 
50.97 

53.68 
56.31 
56.55 
58.32 

58.95 
59.04 
60.67 

60.78 
61.22 

63.42 
65.29 
70.76 

73.99 
80.26 

85.30 
89.95 
92.52 

95.48 

98.05 

w\( Residues) / % 

L a ( N 0 3 ) 3 - H 2 0 

— 
68.75 
62.68 
65.18 
55.09 

— 
47.05 
43.60 

41.14 
37.63 

39.05 
34.62 
35.49 

33.33 
33.05 
25.79 
18.00 
24.29 
20.41 

15.45 

14.36 

10.05 

7.61 
4.77 
3.53 

1.81 

— 

— 
29.96 
22.35 

31.59 
25.93 

— 
39.03 
44.17 

38.01 
44.20 
39.70 

49.93 
45.84 

51.33 

47.01 
•56.70 
42.25 
60.37 
56.21 
53.90 

60.68 
57.35 

62.47 

63.63 
65.55 

66.80 

— 

Equilibrium 
solid 
phase 

L a ( N 0 3 ) 3 - 6 H 2 0 
L a ( N 0 3 ) 3 6 H 2 0 

/ + L a ( N 0 3 ) 3 - 6 H 2 0 
/ + L a ( N 0 3 ) 3 6 H 2 0 

J 
I 
I 

I + II 
II 
II 
II 

II 
II 

II 
II 

Phe + // 
Phe 

Phe 
Phe 
Phe 

Phe 

Phe 

Phe 
Phe 
Phe 

Phe 

Phe 

^ ( Ь а ( Г Ю з ) з ) x 100 

Wi(La(N0 3)3) + tili (Phe) 

100.00 
99.56 
94.71 

94.73 
95.59 
91.41 

86.61 

86.54 

84.89 
81.12 

80.55 
78.38 
76.74 

76.00 
71.78 
70.14 
69.86 

69.33 
70.67 
71.24 

70.28 
72.04 
70.27 

65.67 
66.31 

54.70 
0.00 

Refractive 

index 
n D (25°C) 

1.4590 

1.4600 
1.4607 
1.4609 

1.4435 
1.4306 

1.4259 

1.4255 
1.4260 

— 
1.4251 
1.4208 

— 
1.4179 

— 
1.4025 
1.4000 

1.3960 
1.3922 
1.3815 

1.3745 
1.3645 
1.3564 

1.3489 
1.3451 

1.3410 

1.3358 
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1.3500 

1.3000 
50 

w(LaCN03)3y% 

.3000 

La(N0 3) 3 

Fig . 2. Refractive index curve of saturated solutions of the 

ternary system Ь а ( Ж ) 3 ) з — P h e — H 2 0 at 298.15 K. 

RE(N03)3 
w(Phe) Phe 

Fig . 3. Comparison of solubility diagrams of the RE(NC>3)3-

P h e — H 2 0 (RE = La, Yb) systems at 298.15 K. — 

L a ( N 0 3 ) 3 , Y b ( N 0 3 ) 3 . 

the system L a ( N 0 3 b — P h e — H 2 0 at 298.15 К were 
exactly correspondent. The solubility curve ABCDE 
of this system is made of four portions, correspond
ing to the solid phases: La(N0 3 ) 3 * 6H 2 0, complex J — 
La(Phe)(N0 3 ) 3 -5H 2 0, complex //—La(Phe) 2 (N0 3 ) 3 

• 3H 2 0, and phenylalanine, respectively; В is eutonic 
point to L a ( N 0 3 ) 3 6 H 2 0 with complex /; С is the 
complex J with complex 77; D is the complex II with 
Phe. This system is invariant at B, C, D, E points in 
the solubility diagram of the given system, there are 
no degrees of freedom, F = 0, by the phase rule, there
fore, these points are also invariant points; the phase 
region of L a ( N 0 3 ) 3 • 6 H 2 0 is quite small, therefore the 
curve AB is very short; there are two stoichiometric 
complexes formed in this system, their compositions 
are given in Table 3. Both complexes are incongru-
ently soluble in water. This may be an important rea
son why the solid complexes of rare earth nitrate with 
phenylalanine have not yet been reported in the liter
ature for a long time. 

The influence of lanthanide ions on complex for
mation has been studied. Comparing the L a ( N 0 3 ) 3 — 
P h e — H 2 0 system at 298.15 К with the Yb(N0 3 ) 3 — 
P h e — H 2 0 system at 298.15 К (Fig. 3) it is found 
that there are three kinds of complexes formed in 
the Y b ( N 0 3 ) 3 — P h e — H 2 0 system, while only two 
kinds of complexes, namely: La(Phe)(N0 3 ) 3 -5H 2 0 
and L a ( P h e ) 2 ( N 0 3 ) 3 - 3 H 2 0 are formed in the stud
ied system. The difference of cations of R E ( N 0 3 ) 3 

does affect the kind of complexes formed in these 
systems, as well as the size of the phase regions of 
RE(Phe)(N0 3 ) 3 n H 2 0 and RE(Phe) 2 (N0 3 ) 3 n H 2 0 . 
The phase regions of RE(Phe)(N0 3 ) 3 • n H 2 0 become 
larger when going from La to Yb, while the phase re
gions of RE(Phe) 2 (N0 3 ) 3 • n H 2 0 become smaller. 

Individual amino acids influenced the complex for
mation. Comparisons of some properties of amino 
acids (Am, R—CH(NH 2)—COOH: phenylalanine 
(Phe), glycine (Gly), glutamine (Glu)) and main re
sults of the L a ( N 0 3 ) 3 — A m — H 2 0 systems [10,11] are 
given in Table 4. 

The difference of amino acids does affect the kind 
and properties of complexes formed in these systems. 
The complexes formed in the studied system are in-
congruently soluble in water, while both complexes 
formed in the L a ( N 0 3 ) 3 — G l y — H 2 0 system are con-
gruently soluble in water. 

The analytical results of composition of the ob
tained complexes at different drying conditions are 
given in Table 5. 

The following conclusions can be drawn from 
IR spectra of complexes III, IV, and Phe: There 
exists a characteristic absorption of — N H j and 

T a b l e 3 . Chemical Composition and Mole Ratio of Components 

Complex 

/ 
II 

ti7i(in solubility diagram)/% 

L a ( N 0 3 ) 3 Phe H 2 0 

56.00 28.47 15.53 

45.81 46.57 7.62 

Mole ratio of components 

L a ( N 0 3 ) 3 Phe H 2 0 

1 1 5 

1 2 3 
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T a b l e 4. Properties of Amino Acids and Characterization of the Ьа(МОз)з—Am—H2O System 

Acid Properties Isoelectric point Solubility (25°C, 100 g H 2 0 ) / g n(La) : n(Am) Melting 

Phe C 6 H 5 C H 2 Nonpolarity 5.48 

Gly H Nonpolarity 5.97 

Glu H 0 2 C ( C H 2 ) 2 Acidity 3.22 

1.99 

24.99 

0.84 

1 : 1 
1 : 2 
1 : 2 
1 : 4 

Incongruently 

Incongruently 
Congruently 
Congruently 

T a b l e 5. Composition of the Obtained Complexes 

Complex Drying condition 

L a ( N 0 3 ) 3 Phe 

Wi/% 

H 

Formula 

/ 

// 

/ 

// 

Cone. H 2 S 0 4 

Cone. H 2 S 0 4 

60 % H 2 S 0 4 

60 % H 2 S 0 4 

63.85 

(63.94) 

48.31 

(48.26) 

59.60 

(59.71) 

45.85 
(45.81) 

31.56 
(31.51) 

49.12 
(49.07) 

30.41 
(30.36) 

46.61 
(46.57) 

21.36 
(21.27) 

32.34 
(32.11) 

19.93 

(19.86) 

30.65 

(30.48) 

2.65 
(2.58) 

3.52 
(3.59) 

3.23 

(3.15) 

3.91 

(3.98) 

11.18 
(11.07) 

10.58 

(10.40) 

10.41 

(10.34) 

10.05 
(9.92) 

L a ( P h e ) ( N 0 3 ) 3 H 2 0 (///) 

L a ( P h e ) 2 ( N 0 3 ) 3 - H 2 0 (IV) 

L a ( P h e ) ( N 0 3 ) 3 - 3 H 2 0 (V) 

L a ( P h e ) 2 ( N 0 3 ) 3 - 3 H 2 0 (VI) 

— C O O " for c o m p l e x e s r e v e a l i n g t h a t p h e n y l a l a n i n e 

sti l l k e e p s i t s z w i t t e r i o n s t r u c t u r e . V a r i o u s v i b r a t i o n s 

of — N H ^ ~ i n c o m p l e x e s III a n d IV d i d n o t shift c o m 

p a r e d w i t h t h o s e of free l i g a n d . T h e s e r e s u l t s i n d i c a t e 

t h a t t h e N a t o m of NH3" is n o t a c o o r d i n a t i n g o n e . 1/^ 

( — C O O " ) a n d i / s ( — C O O " ) of c o m p l e x III a r e 

shi f ted t o h i g h e r f requencies c o m p a r e d w i t h t h o s e of 

free l i g a n d b y 29 c m - 1 a n d 22 c m - 1 , r e s p e c t i v e l y ; 

s imilar ly, i / a s ( — C O O ~ ) a n d i/s(—COO") of c o m p l e x 

/ F a r e shi f ted b y 35 c m - 1 a n d 38 c m " 1 , respect ive ly . 

T h e s e r e s u l t s i n d i c a t e t h a t p h e n y l a l a n i n e c o o r d i n a t e s 

L a 3 + t h r o u g h О a t o m s of c a r b o x y l g r o u p in t h e s e c o m 

plexes . B r o a d b a n d s a p p e a r i n g a t 3350 c m " 1 p r o v i d e 

a n e v i d e n c e for t h e e x i s t e n c e of H 2 O m o l e c u l e s in t h e s e 

c o m p l e x e s . 

T h e r m o g r a v i m e t r i c a n a l y s i s h a s b e e n p e r f o r m e d of 

t w o c o m p l e x e s . T h e t h e r m a l d e c o m p o s i t i o n m e c h a 

n i s m of t h e s e c o m p l e x e s m a y b e d e t e r m i n e d a c c o r d i n g 

t o T G c u r v e s a s follows: C o m p a r i s o n of t h e f o u n d m a s s 

f r a c t i o n l o s s / % w i t h t h e c a l c u l a t e d o n e w a s d o n e . 

T / n u WAT^ л тт ^ (50.00-340.05) °C 
L a ( P h e ) ( N 0 3 ) 3 H 2 0 — - у 

3.89(3.55) 

T /nt_ \/TVT^ \ (340.05-564.02) °C 

L a ( P h e ) ( N 0 3 ) 3 — - • 

57.18(57.31) 

T л х т л (564.02-745.56) °C , , л т _ 

L a O N 0 3 — • l / 2 L a 2 0 3 

67.30(67.90) 
т / n u \ /ТУТ/Л \ тт ъ (50.00-235.65) °C 
L a ( P h e ) 2 ( N 0 3 ) 3 H 2 0 > 

2.78(2.68) 

T /r»u \ /хтгл \ (235.65-533.39) °C 

L a ( P h e ) 2 ( N 0 3 ) 3 > 
52.48(52.74) 

L a ( N 0 3 ) 3 

(533.39-742.28) °C 

73.80(75.81) 
+ l / 2 L a 2 0 3 

I n o r d e r t o e x a m i n e t h e d e c o m p o s i t i o n m e c h a n i s m 

m e n t i o n e d a b o v e , w e h a v e ident i f ied t h e i n t e r m e d i a t e s 

d u r i n g t h e t h e r m a l d e c o m p o s i t i o n s of c o m p l e x e s b y I R 

s p e c t r a . A s c a n b e s e e n f r o m e q u a t i o n s , o u r s u g g e s t i o n 

of d e c o m p o s i t i o n m e c h a n i s m of c o m p l e x e s c o n f o r m s t o 

rea l i ty . 
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