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Abstract

A complex of holmium perchlorate coordinated witlylutamic acid, [He(L-Glu),(H20)g](ClO4)4-H,0, was prepared with a purity of 98.96%.
The compound was characterized by chemical, elemental and thermal analysis. Heat capacities of the compound were determined by autor
adiabatic calorimetry from 78 to 370 K. The dehydration temperature is 350 K. The dehydration enthalpy and entropy are 16:34kdmol
16.67 JK*mol, respectively. The standard enthalpy of formation-8474.6 k mot* from reaction calorimetry at 298.15K.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The mixed solution was stirred for 3 h at 313 to 323 K, concen-
trated by evaporation, cooled, and filtered. Crystals appeared

Rare earth complexes have been extensively investigated after a month of natural evaporation at room temperature. The
recent decade. However, basic thermochemistry data on raoeystals were dried till constant weiglif. The product [He(r-
earth complexes with amino acids were rarely reported. In thi§lu),(H20)s](ClO4)4-H20 was 5.5 g, with a purity of 98.96%.
work, crystals of [Ha(L-Glu)2(H20)g](ClO4)4-H20 have been
synthesized and characterized. The standard molar enthalpiesi?g. 2. HoCl;

; ) ; 2)

formation, AtHp, and reactionArH”, of the complexes have Ho,03 (2.103 g) was dissolved in HCI at the mole ratio 1:1.

been determined with reaction calorimetry. Molar heat capacitya e concentrating by evaporation, the rare-earth chloride was
Cpm, was measured with a high-precision automated, adiabaliereqd, crystallized, washed with alcohol, and re-crystallized.

calorimeter. Finally, the collected crystals were desiccated in a dryer until
the mass became const2it

2. Experimental Relative content of C, H, N in the complexes was determined
by elemental analysis and relative content of element Ho was

2.1. Synthesis and characterization of the complex determined by EDTA titration. Thermal analysis was done with
a TGA/SDTA85F (Mettler Toledo, Sweden) and a DTA-1700

2.1.1. [Ho>(L-Glu)>(H20)s](ClO4)4-H>0 (P.E. Perkia-Elmer, American). Melting point of the sample was

Twenty millimoles HpOs3 (99.95%) was dissolved in HCKO  obtained with binocular melting point stereometer (XT4, Taike,

(analytic grade), and distilled water was added to 100 mL. Theeijing). HoCk was also analyzed by thermogravimetry and dif-
L-glutamic acid (20 mmol) was added and stirred with pH = 3.5 ferential thermal analyzer. The rare-earth content was measured

with EDTA titration.
From the result of five groups data obtained by using EDTA
* Corresponding author. Tel.: +86 411 84379199; fax: +86 411 84691570, titration in the same condition, the purity was known as 98.96%.
E-mail address: tzc@dicp.ac.cn (Z.-C. Tan). The solid complex did not have a fixed melting point from room
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2HoCly-6H,0(s)+2Glu(s) + 6NaCI0sHx0(s) — [Hoa(Glu)(H20))(Cl04 ) HoO(s 1+ 6NaCl(s) + 9H,0(1) + 2HCIO4(1)

2 mol-L""HCl 2 mol-L™" HCL
A H, A H, A 4H A G

the same final state

Reactants dissolved in 100 mL 2 mol-L™' HCI Products dissolved in 100 mL 2 mol-L " HCI

Fig. 1. The thermochemical cycles for measuring the standard molar enthalpy of reagtbf)(A

temperature to 593 K. The color of the complex was brightter, the molar enthalpy of solution of KCI (Standard Reference
yellow at room temperature, but at the range of 533-553 K iMaterial 1655, the National Institute of Standard and Technol-
changed to be saffron and charred above 593 K. The constitutiomgy), in double-distilled water was measured at 298.15K. The
found was Ho (27.62%), C (10.16%), N (2.37%) and H (2.89%) uncertainty and inaccuracy were withi0.5%[3].

in agreement with theoretical calculated result, Ho (27.91%), C Reactants and products according to their ratio in the
(10.11%), N (2.89%) and H (2.92%). By TG and DTA, two chemical reaction equation, HofH,O: 0.0961¢,1L-Glu:
endothermal peaks at 341-372K (peak value at 357.7 K) and.0373 g, NaCIl@H>0: 0.106 g, NaCl: 0.0444 g and [H@-
383-473K (peak value at 441.7 K) and an exothermal one aBlu)2(H20)s](ClO4)4-H20: 0.15009g, were weighed and put
483-533K (peak value at 521.9 K) were observed with weightnto sample cell under normal pressure at 298.15K. The tem-
loss of 6.26, 7.83 and 42.89%, respectively. The total weighperature change was monitored with dc electronic bridge and
loss of the first two steps, 14.09%, corresponds with loss of nineecorder, energy equivalent was by electrical standardizgt]on
water molecules, four at first and five at second. The weight loss

in the third period was possibly the oxidationieglutamic acid 5 5 5. Cpm at 78-370K

by perchlorate. _ The low-temperature heat capacity of the complex was mea-
The synthesized Hoglwas analyzed by TG and chemical gyred with an adiabatic calorimeter, Dalian Institute of Chemical

analysis to give 27.8% water in the sample, i.e. HoEH2O. Physics, Chinese Academy of Sciences. The instrument has been
described in detail elsewhef®]. The working temperature was

2.2. Calorimetric methods 78-370 K. The reliability of the calorimeter was verified by mea-
suring the molar heat capacity @Al ,03. The deviation of the

2.2.1. ApH® at 298K calibration data from those of NIST was withi0.1%. The tem-

2.2.1.1. Thermodynamic cycle. ReactionschemefortheH®  perature increments of the experiment point were between 2 and
of [Hoz(L-Glu)2(H20)g](ClO4)4-H20 at 298.15K at atmo- 4K; the heating duration was 25 min and the temperature drift
spheric pressure was designed as follows: rates in an equilibrium period were within 1HK min—1[6].

2HoCk-6H,0(s) + 2I-Glu(s) + 6NaClQ;-H20(s)
— [Ho2(I-Glu)2(H20)8](ClO4)4-H20(s)
+6NaCl(s)+ 9H,O() 3.1. AjH® at 298K

3. Results and discussion

Itwas found thatthe reactants and products could be dissolvelli. . Enthalpy of dilution, AgH
in 2mol L~ HCI to give the same final state. If the disso- Dilution enthalpy of 0.0205g water added into
lution enthalpies of reactants and products were determined00mL 2mol L1 HCI (the mol concentration of mass is
ArH® andAtH® of [Hoo(L-Glu)a(H20)g](Cl04)4-H20 canbe  2.1573 mol kgt) was obtained fronfi7].
obtained by the chemical cycle Fig. 1. AgH2.1573 21568 AdH2.15730— AdH2.1568 0=

According to the Hess law: ((p|_(2.1573)— (PL(2.1568)) x 0.2x 4.184 :—(659.8585—659.7488)

o , % 0.2x 4.184x 10~3kJ=-0.092J.

AH® = AgH1— AsHo — AgH — AqH
whereAgH is enthalpy of dilution of 0.0205 g water added into 3.1.2. Enthalpy of dilution, AyzH'
100 mL 2 mol L1 HCI. A4H' is enthalpy of dilution of 0.0255 g The HCIQ; concentration is 0.00274molkg when
HCIO, added into the solution of 100 mL 2 mot® HCI and 0.0255g HCIQ was added into the solution of 100 mL

0.0205g HO. 2molL~1 HCIl and 0.0205g HO. According to [7],
@ =91.838Imot!, andAgHy = —@, =—91.838 Jmotl.
2.2.1.2. Enthalpies of solution, AgH;, AgsH,. A solution- AtHE HCIO4(l) = —40.585kImotl, AtHE HClO4(aq,

reaction isoperibol calorimeter constructed in the Thermochemo) = —129.327 kI mot?, and AH(l) [-129.327— (—40.585)
istry Lab. of Wuhan University was used to determine thex 10°]Jmol~!=—88.742x 10> Jmol, and  AgH'=
enthalpies of dissolution. To verify the reliability of the calorime- [(—88.742x 10° +91.838)x 0.0255/100.4586] J =22.503 J.
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Fig. 2. Experimental molar heat capacity plotted against temperature gfi[t#&iu),(H20)g](ClO4)4-H20.

3.1.3. Enthalpies of solution, AgHj, AgH>

Dissolution  enthalpies of the reactants,AsH,
HOC|3-6H20, L-Glu, NaC|Q1-H20 (nH0C|3-6H20 NGy -
NNaCIOH,0 =2:2:6); in 100mL, 2molt? HCI (298.15K,
R=1350.32, [71=9.997mA) were calculated to be

AsH1=(12.566+ 0.019)J from the average of five exper-

iments.

Dissolution enthalpies of the productssHo, [Ho2(L-Glu),
(H20)8](Cl04)4-H20,  NaCl(1Ho,(L-Glu),(H,0)g](ClO4) 4 H20 -
nNac=1:6) in 100mL, 2mol! HCI+0.0205g HO
(298.2K,R=1350.32,1=9.997 mA)AsH> =(3.773+0.014) J
from the average of five experiments.

ArH® = AgHq1 — AsHp — AgH — AqH'

[12.566—3.773 + 0.092 4+ 22.503]J
= 31.388J

If 0.1500 g [He(L-Glu)2(H20)8](Cl04)4-H20 was used in the
measurement, then, HS = 247.348 kJ mot*.

ArH:]) = Aer%) ([Ho2(L-Glu)2(H20)g](ClO4)4-H20, s,
298.15K)+6AHY (NaCl, s, 298.15K)+9AHS (H20,
|, 298.15K)+2AHS (HCIO4 |, 298.15K)—2A¢HE
(HoCl3-6H20, S, 298.15K)- ZAle%) (L-Glu, S,
298.15K)— 6AtHS (NaClOy-H0, s, 298.15K).

From [8], the values listed irTable 1, AfHS was deter-
mined to be Aer%) ([Ho2(L-Glu)2(H20)8](ClO4)4-H20, s,
298.15K) = (—6474.6: 6.4) kJmot L.

Table 1

ArHE (kI molt) of the pure substances at 298.15 K
NaCl (s) —411.12
H20 (1) —285.83
HCIO4 (1) —40.585
HoClz-6H20 (s) —2878.2
L-Glu (s) —1009.7
NaClOs-H20 (s) —677.77

3.2. Cpmat78-370K

A plot of experimentalCpm against temperature (7) is
shown in Fig. 2 and listed insupplementary data tables.
The curve was smooth and ascending over the tempera-
ture range from 78 to 344K, except where a structure
change occurred from 177 to185K. The endothermic peak
from 344 to 362K was caused by loss of four coordi-
nated water molecules from [H@.-Glu)2(H20)s](ClO4)4-H20
molecule.

Two polynomials equations were obtained from the molar
heat capacities by the least square fitting.

From 78to 177K

Com(JK T mol~1)=679.724 + 200.909x 10.083% +
40.0292 — 30.299¢, where x=(T'—128)/50, and relative
coefficientR =0.9994.

From 185to 344K

Cpm(IK 1 mol~t)=1362.083 +295.923%1.8507% +
23.5562 — 13.244#, where x=(T'—265)/79, and relative
coefficientR =0.9995.

The compound dehydration temperature was 350K, dehy-
dration enthalpy change and dehydration entropy change were
determined to be 16.34 kJ mdland 46.69 J molt K1, respec-
tively, by integrating the dehydration peak.

Thermodynamic functions [{i— H2gg.19 and [St — S29s.14
were calculated in the temperature range ffbm80 to 370K
with a temperature interval of 5K and listedsopplementary
data tables.
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