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Abstract

The standard molar reaction enthalpies of two reactions, £BE0(s)+ 3CCLCOOH(s)(or TCA)= Ce(TCA)-3H20(s)
+ 3HCI(g) + 4H,0O(l) and Ce(TCA}-3H20(s) + 2CH7NO(s) = Ce(TCA)(GHsNO)2(s) + 2CCECOOH(s)+ 3H0(l),
were studied by classical solution calorimetry at 298.15 K. The molar dissolution enthalpies of the reactants and the products
in certain solvent (the first reaction in 1 mol/Il HCI, the second in a mixed solution consisting of absolute ethyl alcohol, dimethyl
sulfoxide and 4 mol/l HCI) have been measured by using an isoperibolic calorimeter at 298.15 K. From the results and other
auxiliary quantities, the standard molar formation enthalpies of [Ce(3BA}O, s, 298.15 K] and [Ce(TCA)(EHsNO), s,
298.15 K] were determined to bt HY [Ce(TCA)-3H20, s, 298.15 K}z —3059.9 kd/mol and\; HY [Ce(TCA)(CGHgNO),,
s, 298.15K]= —1368.9 kJ/mol.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction trichloroacetic acid salts and 8-hydroxyquinoline.
Therefore, it is necessary to obtain their basic ther-
Both rare earth iongl] and 8-hydroxyquinoline ~ modynamic data. However, the thermodynamic prop-
are of antibacterial functiof2], and their complexes  erties of the complexes have not been reported. In
have more powerful disinfection effects. Their bi- this paper, using a new type of isoperibolic reac-
nary complexes were reported as early as 1963.tion calorimeter[7], we determined the dissolution
The research on their ternary complexes has in- enthalpies of CeGI7H;O(s), CChCOOH(s) and
creased in recent years in many fiel@s-6]. Dong Ce(TCA)-3H20(s) in 1 mol/l HCI. Using Hess’ law,
and Zhu reported the synthesis and characterizationwe obtained the reaction enthalpy of the reaction (1),
of the complexes of rare earth trichloroacetic acid
salts with 8-hydroxyquinoline[6]. Its applicaton ~ CeCk - 7H20(s)+ 3CCECOOH(s)(or TCA)

in leather mouldyproof showed that the complexes = CgTCA)3 - 3H,0(s)+ 3HCI(g) + 4H,O(1)
have powerful disinfection effects. Obviously, it is

very important to study the complexes of rare earth (1)
and estimated the standard formation enthalpy of
* Corresponding author. Ce(TCA)-3H,0(s). We also determined the dissolu-
E-mail address: ligiangguo@vip.163.com (L. Qiang-Guo). tion enthalpies of Ce(TCA)3H>0(s), GH7NO(s),
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Ce(TCA)(GHgNO)2(s) and CCICOOH(s) in a solu- reaction[7]. The volume of the reaction vessel was
tion of absolute ethyl alcohol, dimethyl sulfoxide and 100cn¥. The precision of temperature control and
4 mol/l HCI. The reaction enthalpy of the reactio)(1 = measurement werea-0.001 and+0.0001 K, respec-

tively.
CeTCA)3 - 3H0(s) + 2CeH7NO(s) The calorimeter was tested by measuring the dis-
= Ce(TCA)(CgHgNO)2(s) + 2CCLCOOH(s) solution enthalpies of KCI (calorimetric primary stan-
+3H,0(1) ) dard) in water at 298.15 K. The mean dissolution en-

thalpies was 1759F 17 J/mol, which is in agreement
was calculated and the standard formation enthalpy of with the reported data 17538 J/mol for KCI[9]. The
Ce(TCA)(GHeNO)2(s) was estimated. uncertainty are<0.4% that proves that the calorimeter
is reliable.

2. Experimental o ) ) )
2.4. Determination of dissolution enthalpies

2.1. Chemicals .
The method was the same as that for the calibra-
- tion of the calorimeter with KCI. All samples were
The chemicals Ce@l7H20(s), CCECOOH(s), ) . .
CoH7NO(s) and KCI used were of A. R. grade and dissolved in 100 cfh1 mol/l HCI solution.
obtained from Shanghai Reagent Company.

CeChk-7H20(s), with a purity >99%, was dried .
prior to use in a desiccator containing sulphuric acid CeCl-7H;0(s) was powdered in an agate bowl

of 60% [8] at room temperature to constant mass; and 0.372g CeGl7H,0(s) were put into the cell of

CClLCOOH(s) with a purity 99.5% was dried prior calorimeter. 100 cfhl mol/l HCl were put into the re-
to use in a vacuum desiccator containingdRo until action vessel. The calorimeter was brought to constant

constant mass; KCI (calorimetric primary standard) of :jer?pergtu;e,_r?]nd dtr;en t_he t_dlssolutlon en:hgl?y \;\_/as
purity >99.99%, was dried in a vacuum oven for 6 h at etermined. The determination was repeated for five

135°C prior to use: GH,NO(s)(8-hydroxyquinoline) times. The experimental results are showTatle 1.
with a purity >99.5% was used.

2.4.1. Determination of A;H? [CeClz-7H20(3)]

2.4.2. Determination of A;H?, [3CClI3COOH(s)]

The solution inSection 2.4..was kept in the reac-
tion vessel, then powdered 0.49 g GCOOH(s) were
put into calorimetric cell. The dissolution enthalpies
were determined for five times. Experimental results
are shown infable 1.

2.2. Preparations

Ce(TCA)-3H20(s) was prepared according to the
method given in[6]. Crystals were obtained by re-
peated crystallization in a mixed solution consisting of
;32H_50H and CH_C_i. Then the_product was put into a 2.4.3. Determination of A,H® [Ce(TCA)3-3H20(S)]

esiccator containing4®1o until the mass of the crys- Powdered Ce(TCA)3H 8 <) (0.680) were put
tal was constant. The chemical analysis proved that the . ( )3H20(s) (0.689) P

composition of the complex was Ce(TGA3H,O(s), into sampllng cell of ca_lorlmeter, 100 én mql/l HCI
. were put into the reaction vessel. The calorimeter was
the purity was >99.5%.

Ce(TCA)(GHsNO)(s), a yellow solid, was pre- brought to constant temperature. The determination

pared and analyzed according to the method given in was repeated for five times. The results are shown in
[6] Table 1.

2.3. Calorimeter and calibration 2.5. Determination of dissolution enthalpies of
materials in reaction (1)
The isoperibolic reaction calorimeter was con-
structed in this laboratory and was adapted to deter- The method of determination of dissolution en-
mine the enthalpies of solid—solid and liquid—liquid thalpies of the samples is the same as that for the
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Table 1
Dissolution enthalpies of [Ce@l7H,O(s)], [3CCECOOH(s)] and [Ce(TCA)-3H,0O(s)] in 1 mol/l HCI (at 298.15K,R = 1003.6Q2, I =
20.123mA)

System No. n (x10-3 mol) AEs (MV) AEe (MV) t/s Qs (9) AsH?, (kJ/mol)
A 1 1.0165 5.2037 5.2919 128.53 51.364 50.530
2 1.0205 5.2285 5.3113 129.00 51.609 50.572
3 1.0001 5.1356 5.3565 130.10 50.692 50.687
4 1.0085 5.1741 5.3627 130.25 51.072 50.641
5 1.0130 5.1973 5.3524 130.00 51.301 50.643
AsH (2) = AsH? [CeCh-TH,0, s, 298.15K]= 50.62+ 0.03 kJ/mol
B 1 1.0091 2.2758 2.4033 61.33 23.602 23.388
2 1.0129 2.2929 2.4483 62.50 23.788 23.484
3 1.0068 2.2757 2.2638 57.77 23.601 23.441
4 1.0018 2.2559 2.4727 63.10 23.395 23.352
5 1.0052 2.2769 2.4100 61.50 23.613 23.490
AsH’ (3) = AsH! [3CCICOOH, s, 298.15 K}= 23.43+ 0.03 kJ/mol
C 1 0.9976 9.3631 9.3421 230.67 93.955 94.181
2 1.0030 9.4187 9.3476 230.80 94.511 94.228
3 0.9985 9.3720 9.3555 231.00 94.044 94.185
4 1.0012 9.4004 9.3191 230.10 94.328 94.215
5 1.0022 9.4104 9.3373 230.55 94.429 94.222

AsHY (4) = AsHY

m

[Ce(TCA)-3H:0, s, 298.15K]= 94.21 + 0.01 kd/mol

n, mole of samplet, heating period of electrical calibratios, heat effect;AEs, the voltage change during the sample dissolutivgs,
the voltage change during the electrical calibratidgH? = (AES/AEg)I2Rt(1/n) whereR is the resistancd, the current; A, the solution
of CeCk-7H0(s) in 1 mol/l HCI; B, the solution of 3CQCOOH(s) in A; C, the solution of Ce(TCARBH,0O(s) in 1 mol/l HCI.

calibration of the calorimeter with KCI. All were  2.5.3. Determination of A;H? [2CoH7NO(S)]

dissolved in 100 crh mixed solution of dimethyl Powdered @H7NO(s) (0.29g) was put into the

sulfoxide and absolute ethyl alcohol and 4 mol/l HCI. sampling cell. Then the solution’ Af Section 2.5.2
was kept in the reaction vessel (Bpresented the so-

2.5.1. Choice of solvent lution). The determination of the dissolution enthalpy

Cerium trichloroacetic acid and 8-hydroxyquinoline was repeated for five times. Experimental results are

complex can not be dissoluted in a single solvent. shown inTable 2.

We examined many of common solvents and solvents

mixed in different proportion, and finally discovered 2.5.4. Determination of A;HY

that a mixture of dimethyl sulfoxide and absolute ethyl [Ce(TCA)(CgHgNO)2(9)]

alcohol and 4 mol/l HCI (Mc) : VetoH: Vomso =1 Powdered Ce(TCA)(6HsNO)(s) (0.59 g) was put
0.5 : 0.5) is the most appropriate solvent. The experi- into the sampling cell of the calorimeter. 100t wf
ment was done in it (Brepresented the solution). the solution B was put into the reaction vessel’(C
represented the solution). The calorimeter was brought
2.5.2. Determination of A;H? [Ce(TCA)3-3H20(3)] to constant temperature. The determination was re-

Ce(TCAx-3H20O(s) was powdered in an agate bowl. peated for five times. Experimental results are shown
0.68 g sample were put into sampling cell of calorime- in Table 2.
ter. 100 crd B* were put into the reaction vessel’(A
represented the solution). The calorimeter was brought 2.5.5. Determination of A;HY [2CClI3COOH(9)]
to constant temperature, and the determination was re- Powdered CGICOOH(s) (0.32 g) was put into the
peated for five times. Experimental results are shown sampling cell. The solution ‘Gof Section 2.5.4was
in Table 2. kept in the reaction vessel (Depresented the solu-
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Table 2
Dissolution enthalpies of [Ce(TCABH0(s)], [2GH7NO(s)], [Ce(TCA)(GHsNO),(s)] and 2CGCOOH(s)] in a mixed solvent B(at
298.15K, R = 1003.6%2, I = 20.123 mA)

System No. n (x10-3mol) AEs (mV) AEe (MV) t/s Qs (9) AsH?, (kJ/mol)
A’ 1 1.0022 8.5642 8.4929 132.50 54.300 54.181
2 1.0003 8.5381 8.3313 129.98 54.135 54.119
3 1.0025 8.5635 8.4608 132.00 54.296 54.161
4 0.9994 8.5436 8.3326 130.00 54.170 54.202
5 1.0028 8.5555 8.4993 132.60 54.245 54.094
AsH? (2) = AsH! [Ce(TCA)-3H0, s, 298.15K]= 54.15+ 0.02 kJ/mol
B’ 1 1.0068 4.3632 4.0024 62.60 27.734 27.547
2 1.0010 4.3419 3.9832 62.30 27.599 27.571
3 1.0030 4.3431 3.9967 62.51 27.606 27.523
4 0.9968 4.3076 3.9641 62.00 27.380 27.468
5 1.0030 4.3107 3.9960 62.50 27.400 27.318
AsH? (3) = AsHY [2CoH7NO, s, 298.15K]= 27.49+ 0.05 kd/mol
c 1 1.0015 11.8075 11.6511 259.08 106.703 106.543
2 0.9930 11.6973 11.7091 260.37 105.708 106.453
3 1.0001 11.7539 11.7581 261.46 106.219 103.208
4 0.9865 11.6208 11.6700 259.50 105.016 106.453
5 0.9970 11.8385 11.7158 260.52 106.984 106.303
(#) = AsH? [Ce(TCA)(GHeNO)y, s, 298.15K]= 106.39+ 0.06 kd/mol
D’ 1 1.0052 2.4522 2.3295 35.00 —14.973 —14.896
2 1.0006 2.4222 2.3043 34.65 —14.802 —14.793
3 1.0014 2.4514 2.3375 35.12 —14.968 —14.947
4 1.0019 2.4485 2.3429 35.20 —14.950 —14.922
5 1.0058 2.4558 2.3362 35.10 —14.995 —14.908

AsH! (5') = AsH)[2CCI3COOH, s, 298.15K}= —14.89+ 0.03 kJ/mol

tion). The determination was repeated for five times. According toTable 3,
E i I I h Table 2.
xperimental results are shown Table AHC (1) = 20428 kYmol

3. Results and discussion According to thermodynamics principle, we know that

_ ArHY (1) = ArHY [Ce(TCA)3 - 3H,0, 5,298.15K]
3.1. Reaction (1) +34¢HY[HC, g, 298.15 K]

6
3.1.1. Thermochemical cycle of the reaction (1) +4A¢H,,[H20,1,298.15K]

According to Hess' law, a thermochemical cycle — Ag Hff,[Cer - 7TH20, 5,298.15K]
was designed as shown Table 3. —3A¢ HZ[CC|3COOI—I, 5,298.15K]
3.1.2. Evaluation of the standard molar formation According to[11],

enthalpy of Ce(TCA)3-3H20(s)
According to the thermochemical cycle Table 3,
the standard reaction enthalpy is As H,‘j,[HZO, I, 298.15K]= —285.830 kJmol

AfHP[HCI, g,298.15K]= —92.307 kymol

AH (1) = AsHY (2) + AsH? (3) — AsHY (4) AtH? [CeCh - TH,0, s,298.15 K]=—3169.4 kjmol
— AsHY (5) — AsHY (6) As H[CCI3COOH, s,298.15 K] = —505.0 kymol
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Table 3
The reaction scheme for the standard molar reaction enthalpy of §G&G0O(s) + 3CCECOOH(s)] at 298.15K
Reactions AcH? (kd/mol)
@) CeCk - 7H,0(s) + 3CCLCOOH(S) = C&TCA)3 - 3H20(s) + 3HCI(g) + 4H0(1) 204.28
2) CeC} - 7TH20(s)+ SIn = CeCk - 7H2O(in SIn) 50.62
3) 3CCBLCOOH(s) + CeCk - 7H20 (in SIn) = 3CCKLCOOH- CeCk - 7H20 (in SIn) 23.43
4) CeTCA)3 - 3H20(s)+ SIln= Ce- 3TCA™ - 3H,0(in SIn) 94.21
(5) 3HCI(g) + Ce- 3TCA™ - 3H,0 (in SIn) = 3CCKCOOH- CeCk - 3H,0 (in SIn) —224.439
(6) 4H,0(l) + 3CCKLCOOH- CeCk - 3H20 (in SIn) = 3CCLCOOH- CeCk - 0

7H20 (in SIn)4H20(l) + 3CCRCOOH- CeCk - 3H,0 (in Sin) =
3CCRBLCOOH- CeChk x 7H20 (in SIn)

The solvent Sin was 1 mol/l HCI.

and the above-mentioned values ASH&(HCI, g,298.15K)
ArH? (1) = 20428 kmol = —17,888 cafmol = —74.843 kymol
so that According to the relationship between infinitely dilute

0 integral enthalpy of dilution with relatively apparent
At H, [Ce(TCA)3 - 3H20,s,298.15K] molar enthalpy12]
= —3059.9 kJmol

AdHZ%O =—-P12
3.1.3. Discussion

According to the data ifil1],
3.1.3.1. Determination of dissolution with Japanese
UV-160 UV spectrograph and WZS1 refractome-
ter. We determined the spectra and refractive in-
dexes of dissolution products of [CefIH,0(s) = —®L030 ~ [~ PL(.000]
+ 3CCLCOOH(s)] and [Ce(TCA)-30(s)+ 3HCI(g) =[-1.72— (-1.69)] kJmol = —0.03kJmol
+ 4H,0O()] in L mol/l HCI, and discovered that their
UV spectra are identical and that their refractive in- SO that
dexes are equal ¢g-c = 1.3431). It proves that both
dissolution products have the same thermodynamics ASHZ(m = 1.030 moJI)
i;artri;.nd thermochemical cycle of the reaction (1) is  _ ASHZ(m — 1.000 moyl) — AdH(61.030—>1.00()

0 0 0
AdH(1.030—>1.ooq = AdH(1‘030—>0) - AdH(l.OOO—»O)

= [-74.843—(—Q03)] k/mol = —74.813 k¥ mol

3.1.3.2. Treatmentof A;HY(5). According to the re-
lationship of integral enthalpies of dilution with inte-
gral enthalpies of two solutions with different concen- 0 0
tration before and after dilutiofi0], we obtain AsH,, (5) = 3 x AsH,, (m = 1 mol/l)

=3 x (—74.813kIJmol) = —224439 kymol

and

AgH? = AgH? (dilute) — AsH? (concentrated
m m m

so that 3.1.4. Treatment of A;HY (6)

) Because of the low concentration of CegGind
AsH,, (m = 1.030 mojl) 3CCKLCOOH in solution C, the dilution enthalpies of
= ASHZ (m = 1.000 moyI) CeChk and 3CC4COOH are small when “450" are

— AgH"(1.030— 1.000) added to the solution. The same is valid when 54

are added to 1 mol/l HCI. Therefore, these dilution en-
According to[11], thalpies can be neglected, so thatH’ (6) ~ 0.
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The reaction scheme for the standard molar reaction enthalpy of [CegT&RAD(s) +2CoH7NO(s)] at 298.15K

Reactions AsH? (k3/mol)
) Ce(TCA)3 - 3H0(S)+ 2CoH7NO(S) = CETCA)(CoHgNO),(S) + 2CCECOOH(S) + 3H,0(1) —9.86
@) [Ce(TCA)3 - 3H,0(s)]+ B* = [Ce- 3TCA - 3H,0](in B*) 54.15
@) 2CsH7NO(S)+ [Ce - 3TCA - 3H,0](in B*) = [Ce- 3TCA - 2CoHgNO - 3H,0](in B¥) 27.49
@) Ce(TCA)(CoHgNO), () + B* = [Ce - TCA - 2CoHgNO] (in B*) 106.39
) 2CCLCOOH(S) + [Ce- TCA - 2CoHgNO] (in B*) = [Ce - 3TCA - 2CoHgNO] (in B*) ~14.89
6) 3H,0(l) + [Ce - 3TCA - 2CsHgNO] (in B*) = [Ce - 3TCA - 2CoHgNO - 3H,0] (in B¥) 0

3.2. Reaction (1)

3.2.1. Thermochemical cycle of reaction (1)
According to Hess’ law, a thermochemical cycle
was designed as shown Trable 4.

3.2.2. Evaluation of the standard molar formation
enthalpy of Ce(TCA)(CgoHgNO)2(9)

According to the thermochemical cycle, the stan-
dard reaction enthalpy is

AcHS (1) = AsHY, (2) + AsHY, (3) — AsHS (4)
—AsH? (5) — AsHY (6') = —9.86 kymol
According to thermodynamics principle, we know that
AcHS (1)
= AtH' [Ce(TCA)(CgHeNO),, s,298.15K]
+ 2A¢ HY [CCI3COOH, s,298.15K]
+34¢HY[H20,1, 298.15K]
— AfH[Ce(TCA)3 - 3H20, s, 298.15K]
—2A¢HY[CoH7NO, s, 298.15K]

According to[13]
At H? [CoH7NO, s, 298.15 K] = —83.3 kymol
and with the above-mentioned values

At HY [CCI3COOH s, 298.15 K] = —505.0 kJmol

AfHY[Ce(TCA)3 - 3H20, s, 298.15K]
= —3059.9 kJmol

AfH[H,0,1, 298.15K]= —285.830 kjmol
ArHY (1) = —9.86 kYmol

so that

At HY [Ce(TCA)(CoHgNO)2, s, 298.15K]
= —1368.9kJmol

3.2.3. Discussion of the reaction (1)

3.2.3.1. Determination of dissolution products with
Japanese UV-160 UV spectrograph and WZS-1 re-
fractometer. We determined the spectra and refrac-
tion indexes of the dissolution products of [CeTGA)
3H20(s)+ 2CyH7NO(s)] and [Ce(TCA)(GHsNO)2(s)

+ 2CCBLCOOH(s)+ 3H20(1)] in solution Bf. Their
UV spectrums are identical and their refraction in-
dexes are equalnzse-c = 1.4000, therefore, both
dissolution products have the same thermodynamics
state and thermochemical cycle of the reactidi i€l
correct.

3232 Treatment of AgHY(6)). Because of
small concentration of Ce(TCA)@EIlgNO), and
CCI3COOH in the solutionD’ when “3H,0” is put

in, the dilution enthalpies can be neglected, so that
AsHY (6)) ~ 0.
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