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STANDARD MOLAR ENTHALPIES OF FORMATION OF
[RE(Gly)4(Im)(H,0)](C104); (RE=Eu, Sm)

Y. R. Zhao" 2, J X Dongz, Y. Liv’" and S. S. Qu2

'Department of Chemistry, Xuchang College, Xuchang 461000, P. R. China
’Department of Chemistry, Wuhan University, Wuhan 430072, P. R. China

The two complexes, [RE(Gly)4(Im)(H,0)](ClO4);(s)(RE = Eu, Sm), have been synthesized and characterized. The standard molar
enthalpies of reaction for the following reactions, RECIl;-6H,0(s)+4Gly(s)+Im(s)+3NaClOy4(s) =

= [RE(Gly)4(Im)(H,0)](ClO4)5(s)+3NaCl(s)+5H,O(l), were determined by solution-reaction calorimetry. The standard molar
enthalpies of formation of the two complexes at 7= 298.15 K were derived as A H 2 {Eu(Gly),(Im)(H,0)} (ClO4)5(s)} =
=—(3396.6+2.3) kJ mol ' and A H & {Sm(Gly),(Im)(H,0)}(ClO4)5(s)} =—(3472.7+2.3) kJ mol ™, respectively.
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Introduction

A lot of binary complexes of rare earth with amino
acids have been investigated in recent years [1-5].
However, little research on the ternary complexes of
rare earth with amino acids and imidazole has been
carried out. Some research work showed that some
complexes of rare earth with amino acids possess
functions of disinfection, elimination of inflammation,
decline the level of blood sugar and anti-cruor, etc.
Imidazole is a wreath compound, which presents unique
biological activities. Some work showed that ternary
complexes of rare earth with amino acids and imidazole
have more powerful disinfection [6-8]. They will be
widely used in agriculture, medicine, food and many
other fields. In order to make a deep research into the
complexes and provide a theory support for their
bioactivity mechanisms, it is necessary to study their
basic thermodynamics properties.

Two complexes, [RE(Gly)s(Im)(H,0)](ClO4);(s)
(RE = Eu, Sm), were synthesized in this paper. With
a solution-reaction isoperibol calorimeter, the
standard molar enthalpies of reaction for the
following two reactions,

EuCl;-6H,0(s)+4Gly(s)+Im(s)+3NaClOy4(s) =
= [Eu(Gly)s(Im)(H,0)](ClO4)5(s)+
+3NaCl(s)+5H,0(1) (1)
SmCl;-6H,0(s)+4Gly(s)+Im(s)+3NaClOy(s) =
= [Sm(Gly)s(Im)(H,0)(ClO4)3(s)+
+3NaCl(s) +5H,O(1) 2)
were determined and the standard molar enthalpies of
the two complexes were derived.

Experimental
Materials

Chemicals

RE,Oj; (with purities higher than 99.9%), EuCl;-6H,0,
SmCl;-6H,0, HCIO,, glycine (abbreviated as Gly),
and imidazole (abbreviated as Im) were of A. R. grade
and obtained from Shanghai Chemical Reagent Co.,
Shanghai, P. R. China. KCI, with purity higher than
99.99%, was purchased from Shanghai No. 1 Reagent
Factory, Shanghai, P. R. China. It was dried in a vacuum
oven at 500 K for 6 h prior to use. Double-distilled
water was used to prepare 2.0 mol dm L HCl(aq).

Sample preparation

RE,O; was dissolved into HC1O,4 with the molar ratio
1:6 at room temperature. Then the solutions were
filtered, and the concentrations of rare earths in the
filtrates were titrated by EDTA. The synthesis and
purification of the complexes were carried out as
described in literature [9-12]. RE(ClOy);, Gly and Im
reacted in water according to the molar ratio in a water
bath at 7=360 K for 7-8 h. The mixtures were
concentrated by evaporation, and then be subsequently
cooled and filtered. The colatures were placed into a
desiccator with 98% sulfuric acid until crystalline
products appeared from the solutions. The crystals
were filtered out and washed with absolute alcohol
for three times. Finally, the products were recrystal-
lized from methanol, and the collected crystals were
desiccated in a desiccator with P;O;o until their
masses became constant.
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Methods detailed procedure of the calorimeter can be found in

details [15-17].

Instrumental methods

The FT-IR spectra of the two crystals in the
range of 4000-400 cm ' were obtained from KBr pel-
lets using FT-IR spectrophotometer (Model Avatar
360, Thermo Nicolet, USA). The infrared data for lig-
ands and the complexes were listed in Table 1.
The contents of rare earths in the two complexes were
determined by EDTA titration. The two complexes
were checked by an Elemental Analyzer (Model
1106, Carlo Erba Strumentazione, Italy). The elemen-
tal analysis data were presented in Table 2.

The TG-DTA test was performed in a Thermal
Analyzer (Model DT-20B) in nitrogen atmosphere
with a heating rate of 4 K min ' [13, 14]. Satisfactory
results of thermal analysis were obtained. The chemi-

and

In order to verify the reliability of the calorimeter,

the molar enthalpy of solution of KCI (Standard Refer-
ence Material 1655, the National Institute of Standards

Technology) in double-distilled water was mea-

sured. The molar enthalpy of solution of KCl in dou-
ble-distilled water was (17560+21) J mol" at
7=298.15 K, which was in good agreement with the
published values in literatures [18, 19]. The uncer-
tainty and the inaccuracy of the experimental results
were within +£0.3% compared with the recommended
reference data.

Determination of the final states

UV-Vis spectrums and refractive indexes of dis-

solution products of Solution B, and Solution C; (or
Solution B, and Solution C;) were determined. We
discovered the repeatability of UV-Vis spectrums and
the equal refractive indexes (Masec = 1.3510, Reac-

cal formula of the complexes were determined as
[RE(Gly)4(Im)(H,0)](CIOy);.

Solution-reaction calorimetry

The solution-reaction isoperibol calorimeter used for
this study was constructed in the laboratory and was
adapted to determine the enthalpies of solid-liquid
and liquid-liquid interactions. The volume of the
reaction vessel was 100 cm’. The water thermostat
was maintained at 7=(298.15+0.001) K, and the
resolution of temperature measurement was
+0.0001 K. More comprehensive descriptions and

tion (1) and mpsec = 1.3521, Reaction (2)). Thus, we
believed that the values of A . H determined by solu-
tion-reaction calorimetry were reliable.

Determination of the enthalpies of dissolution

According to Hess’s Law, the thermochemical cycles
of the two reactions were described in Fig. 1.

The chosen solvent (2.0 mol dm™ HCI (aq)) can

dissolve all the samples completely and rapidly. All

Table 1 Infrared data for [RE(Gly)4(Im)(H,0)](ClO4);, Gly and Im (cm™)

Compound V(HO-)  vi(COO)  vi(NH™)  v(COO)  v(NH™)  v(-NH)  v(C-N)  v(C=C)

Gly 1590 3130 1403 1505

Im 3115 1669 1542

Eu compound 3415 1629 3156 1411 1488 3156 1630-1620  1490-1450

Sm compound 3410 1624 3150 1411 1488 3150 1630-1620  1490-1450
Table 2 Experimental and calculated (calc.) values of elemental analysis for the two complexes

Sample RE/% C/% N/% H/%

[Eu(Gly)4(Im)(H,0)](Cl104); 17.91 (18.16) 15.46 (15.78) 9.64 (10.04) 3.08 (3.11)

[Sm(Gly)s(Im)(H,0)](C104); 17.64 (18.00) 15.95 (15.81) 9.59 (10.06) 3.02 (3.11)

RECI,-6H.0(s)+Im(s)+4Gly(S)+3NaCl0,(4) —AHLRE)

[RE(Gly)(Im)(HO)|(CIO,),(s)+3NaCl(s)+5H.0(1)

AHL(3) AHL(4)

r

AH(5) AHL(6)

The same final state

Fig. 1 Thermochemical cycles for measuring the molar enthalpies of reaction for Reaction (1) and (2)
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Table 3 The calorimetric results of reactions (3) to (5) at 7= 298.15 K*

Reagents Solvent Solution A H /K mol™!
4Gly(s)+3NaClOq(s) 2.0 mol dm™ HCl(aq) Ay 81.32142.021
EuCl;-6H,0(s)+Im(s) Ay B, —54.155+1.336
Eu compound(s)+3NaCl(s) 2.0 mol dm ™ HCl(aq) C 87.759+1.122
4Gly(s)+3NaClOy(s) 2.0 mol dm HCl(aq) A, 81.776+1.701
SmCl;-6H,0(s)+Im(s) A, B, —54.158+1.703
Sm cocmpound(s)+3NaCl(s) 2.0 mol dm HCl(aq) C, 79.028+1.206

A H?: the molar enthalpy of dissolution, and the uncertainty quoted for A H ¢ corresponded to the standard deviation

the reactions were carried out at 7=298.15 K.
The calorimetric results were listed in Table 3, respect-
ively.The detail method was as the following steps:
1.9129 mmol Gly(s) and 1.4341 mmol NaClOy(s)
were dissolved in 100.0 cm’® 2.0 mol dm ™ HCl(aq)

4Gly(s)+3NaClOy4(s)+2.0 mol dm HCl(aq)—>
—solution A, 3)

0.4780 mmol EuCl;-6H,0(s) and 0.4774 mmol
Im(s) were dissolved in solution A,

EuCl;-6H,0(s)+Im(s)+Solution A|—
—solution B, 4)
0.4781 mmol [Eu(Gly)4(Im)(H,0)](ClO4);(s) and
1.4343 mmol NaCl(s) were dissolved in 100.0 cm’
2.0 mol dm ™ HCl(aq)
[Eu(Gly)4(Im)(H,0)](ClO4)s(s)+
+3NaCl(s)+2.0 mol dm HCl(aq)—>
—solution C; 5)
Calorimetric resultes of reactions (3), (4) and (5)
were listed in Table 3.
Standard enthalpy of reaction of the Sm complex

was determined by the same method, and the
calorimetric results were listed in Table 3.

Results and discussion

The standard atomic masses recommended by the
IUPAC Commission in 2001 [18] were used in the
calculation of all molar quantities.

Calculation of the standard molar enthalpy of reaction

The molar enthalpy of dissolution of 2.3944 and
2.3889 mmol H,O(l) in 100.0 cm’ 2.0 mol dm > HCl(aq)
at 7=298.15 K is too small and can be neglected.
A H?(6)~0
A HP (RE)=A HS 3)+A HY (4)-
~AH(5)-AH (6)

J. Therm. Anal. Cal., 90, 2007

Table 4 Standard enthalpies of reaction at 7= 298.15 K®

Reaction AH 2 (RE)/k] mol™

—(60.593+1.541)
—(51.410+1.554)

Eu Complex
Sm Complex

A, H 8(RE) was standard molar enthalpies of reaction

Table 5 Ancillary data”

Compound A.H 8 /kJ mol™ Reference
H,O(1) —285.830£0.042 [20, 24]
EuCl;-6H,0(s) —2784.9£0.1 [20]
SmCl;-6H,O(s) —2870.240.1 [20]
Glycine(s) —528.5+0.4 [21]
Imidazole(s) 49.8+0.6 [22]
NaClO4(s) -383.30 [20, 23]
NaCl(s) —411.153 [20, 23]

°A,HE was the standard molar enthalpy of formation,
and the uncertainty quoted for A /12 corresponded to
the standard deviation

Results of standard enthalpies of reaction were
summarized in Table 4.

Derivation of the standard molar enthalpy of formation

The standard molar enthalpies of formation of the two
complexes were calculated from the standard molar
enthalpies of reaction and various ancillary data were
listed in Table 5.
A H ) {[Eu(Gly)4(Im)(H,0)](C1O4)s(s)} =
= A, H?2(Bu)+A  H?(EuCly6H,0, s)+
+4A  H 2 (Gly, s)y*A  HS (Im, s)+
+3A HY (NaClOy, s)-3A . HY (NaCl, s)-
—5A H 2 (H,0, 1) = —60.593+(-2784.9)+
+4(— 528.4)+49.8+3(-383.30-3(-411.153)—
—5(-285.830) = —3396.6+2.3 kJ mol '
A H .2 {Sm(Gly)s(Im)(H20)](C104)s(s)} =
=A H?(Sm)+A  H (SmCly-6H,0, s)+
+4A  H, (Gly, s)+A  H ] (Im, s)+
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+3A H?(NaClOy, s)-3A , HY (NaCl, s)-
—5A H°(H,0, I)=-51.410+(- 2870.2)+
+4(—528.4)+49.8+3(— 383.30)-3(— 411.153)—
—5(— 285.830) = —3472.7+2.3 kJ mol ™’

As the author of literature discussed, we found
the same phenomena in the experiments that
glycine and NaC10O, dissolved in solvent S; was en-
dothermic, but imidazole and RECI15-6H,O
(RE = Sm, Eu) dissolved in solvent S was exothermic,
and the difference of absolute quantities of endother-
mic and exothermic effects is relatively small. So, the
value of the signal is relatively small if all four kinds
of reactants were dissolved in solvent S; at the same
time, and the experimental errors are relatively large.
In order to reduce the errors, the enthalpies of dissolu-
tion of reactants had to be determined in two groups,
respectively.

The final results were summarized in Table 6 for
comparison. Compared with the standard molar
enthalpies of formation of
A . H?[RE(Ala),(Im)(H,0)](C104)3(s) (Ala=alanine,
RE=Sm, Eu) in literature [25], the difference between
the standard molar enthalpies of formation of
[RE(Gly)4(Im)(H,0)](ClO4);(s) may be attributed to
lanthanide contraction (ionic radius: 62, Sm’"
95.8 pm; 63, Eu’* 94.7 pm, the data from the litera-
ture [26]) which caused the difference among the
standard molar enthalpies of formation of
RECI;-6H,0(s), [RE(Gly)s(Im)(H,0)](ClO4);(s) and
[RE(Ala),(Im)(H,0)](ClO4)5(s), which can be seen
from Table 5 to Table 6 too.

Table 6 the standard molar enthalpies of formation of
[RE(Gly)4(Im)(H20)](ClO4)s(s) and
[RE(Ala),(Im)(H,0)](C104)s(s) [25]

Compound AH2/kJ mol !
[Eu(Gly)4(Im)(H,0)](Cl04)s(s) ~3396.612.3
[Sm(Gly)4(Im)(H,0)](C104)5(s) —3472.742.3
[Eu(Ala),(Im)(H,0)](Cl04)s(s) —2360.3+3.3
[Sm(Ala)y(Tm)(H,0)](ClO,)s(s) —2448.143.3
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