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Abstract

The solid-state coordination reactions of lanthanum chloride with alanine and glycine, and lantha-
num nitrate with alanine have been studied by classical solution calorimetry. The molar dissolution
enthalpies of the reactants and the products in 2 mol L™ HCl solvent of these three solid—solid coor-
dination reactions have been measured using an isoperibol calorimeter. From the results and other
auxiliary quantities, the standard molar formation enthalpies have been determined to be
A H 2 [La(Ala);Cl;3H,0(s), 298.2 K]=-3716.3 kJ mol™, A,.H 2[La(Gly);CL3BH,0(s), 298.2 K=
—4223.0 kJ mol ! and A H 2 [La(Ala),(NO5);BLO(s), 298.2 K]=-3867.57 kJ mol !, respectively.

Keywords: alanine, glycine, lanthanum chloride, lanthanum nitrate, solid-state coordination, stan-
dard molar formation enthalpy

Introduction

Rare earth ions possess some special functions in biology, and amino acids are the ba-
sic units of protein. It was reported that La(Gly);Cl33H,0 has antitumor action [1].
Therefore, study of the complexes of rare earth with amino acids has significance.
During 1990-1994, the preparations of the new complexes La(Ala);Cl;3H,0 [2],
La(Gly);C158H,0 [3] and La(Ala)4(NO;);H,0 [4] have been reported. XRD, IR and
elemental analyses have been used to characterize the solid complexes. However, the
thermochemical properties of these three solid—solid reactions at ambient tempera-
ture have not been reported. The purpose of the present study is to determine the dis-
solution enthalpies of the reactants and the products by solution calorimetry, and ob-
tain the standard molar formation enthalpies of the three new complexes. The molar
reaction enthalpies of the three solid-state coordination reactions were derived from
the respective dissolution enthalpies, and from the results and other auxiliary quanti-
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ties, the standard molar enthalpies of formation of the complexes La(Ala);Cl;3H,0,
La(Gly);C153H,0 and La(Ala)4(NO3);H,0 were calculated.

Experimental
Chemicals

All the chemicals (including the Alanine, Glycine, La,0;, HCI, HNO; and KCI) used
are of A.R. grade and were obtained from the Shanghai Reagent Factory. 2 mol L™
HCI was chosen as the calorimetric solvent.

LaCl;[7H,0 [5] and La(NO;);6H,0 [6] were obtained by reacting La,O; with
HCI and with HNO;, respectively.

KCI (obtained from Shanghai Reagent Factory), with a purity greater than
99.99%, was dried in a vacuum oven for 6 h at 135°C prior to use.

Preparations

La(Ala);Cl;3H,0, La(Gly);CL303H,0 and La(Ala)4(NO3);H,0 are all white solids.
La(Ala);Cl;3H,0 was prepared and analyzed according to the method given in [2],
La(Gly);C15[3H,0 according to [3] and La(Ala)4(NOs);H,0 according to [4].

Calorimeter and calibration

The isoperibol reaction calorimeter used for this study was constructed in this labora-
tory and was adapted for measuring enthalpies of solid-liquid and liquid-liquid reac-
tions. The reactor was made of glass, and the volume of the reaction vessel is
100 cm’. The precision of temperature control and measurement are +0.001 and
0.0001 K, respectively. All calorimetric determinations were carried out in this
isoperibol calorimeter as described previously [7].

KCIl(s) and H,O(/) were weighed accurately for mole ratio n[KCl]:n[H,O]=1:1110.
The calorimetric system was tested by measuring the dissolution enthalpy of KCI(s) (ca-
lorimetric primary standard) in water at 298.2 K. The measured mean value was
1765121 J mol ™, which is in agreement with the corresponding published data [8].

Determination of the dissolution enthalpies

Determination of the dissolution enthalpies of the reactants in 2 mol L' HCI solvent

Using the symbol M for Cl and NOs;, and 4 for Ala and Gly, the three solid—solid co-
ordination reactions are abbreviated as:

LaM;H,O(s)+aA(s) - La(A),M3hH,O(s)+(x—m)H,O(/)

LaM;H,O(s) and aA(s) were weighed accurately for mole ratio
n[LaM;dH,0]:n[A]=1:a. The enthalpies of dissolution of [LaM;H,O(s)+aA(s)] (mole
ratio 1:a) in 100 mL 2 mol L™ HCI were measured, and are presented in Table 1.
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Table 1 Dissolution enthalpies of [LaCl;[TH,O(s)+4Ala(s)], [LaCl;[TH,O(s)+3Gly(s)] and
[La(NO;);BH,0(s)+4Ala(s)] in 2 mol L™" HCl solvent at 298.2 K

287

System No My a0/ MAL/g on k? Sé—ll(l)?i{l
1 0.1859 0.1339 3.130 6.251
2 0.1857 0.1337 3.122 6.243
LaCl3[7H,0(s)+3Ala(s) 3 0.1856 0.1335 3.169 6.342
4 0.1858 0.1340 3.152 6.295
5 0.1859 0.1338 3.187 6.367
A H °[LaCl3[7H,0(s)+3 Ala(s)]=6.300£0.024kJ mol '
1 0.1858 0.1132 5.394 10.762
2 0.1857 0.1123 5.439 10.888
LaCl;[7H,0(s)+3Gly(s) 3 0.1857 0.1125 5.414 10.831
4 0.1856 0.1130 5.426 10.841
5 0.1859 0.1130 5.401 10.780
A H 2 [LaClyTIH,0(s)+3Gly(s)]=10.820+0.023kJ mol '
1 0.2168 0.1785 15.382 30.713
2 0.2161 0.1779 15.334 30.718
La(NO;);[BH,O(s)+4Ala(s) 3 0.2162 0.1780 15.338 30.711
4 0.2165 0.1783 15.364 30.716
5 0.2164 0.1781 15.352 30.715

A H°[La(NO;3)s6H,0(s)+4Ala(s)]=30.715+0.001k]J mol '

note: m — mass of sample; O — heat effect; A _HS — molar dissolution enthalpy

Determination of the dissolution enthalpies of the products in 2 mol L' HCI solvent

Distilled water was weighed accurately for mole ratio n[H,O]:n[LaM;H,0]=
(x-m):1, and was added in 100 mL 2 mol L' HCI solution. La(A),M;HH,0(s) was
weighed accurately for mole number n[La(A),M;H,0]=n[LaM;&@H,0]. The
enthalpies of dissolution of La(A),M;[mH,O(s) in the HCl solvent diluted above were

measured, and the results are shown in Table 2.

Results

Evaluation of the standard molar formation enthalpy of La(Ala);Cl;-3H,0(s)

According to Hess’ law, a thermochemical cycle was designed as shown in Table 3.
UV spectroscopy and the optical refraction data confirmed that the final state 1
and state 3 are thermodynamically equivalent. So, the reaction enthalpy of:

LaCl;[7H,O(s)+3Ala(s) — La(Ala);Cl;3H,0(s)+4H,0(/)

(1
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can be calculated as A H 2(1)=AH4=AH17AH2—AH3=9.738 kJ mol ™.

The value of the standard molar formation enthalpy of La(Ala);CI;3H,0 has not
been reported. The above results and other auxiliary quantities, were used to calculate
a value.

Table 2 Dissolution enthalpies of La(Ala);C1;[(3H,0, La(Gly);Cl;[3H,0 and La(Ala)4(NOs);H,0
in (100 mL 2 mol L' HCl+(x—m) H,0) solvent at 298.2 K

System No. ml/g [0l k?f (5/,]
1 0.2832 1.740 —3.481
2 0.2834 1.737 —3.473
La(Ala);C133H,0 3 0.2834 1.692 -3.383
4 0.2832 1.701 -3.403
5 0.2833 1.723 —3.446
A HP[La(Ala);Cl33H,0(s) 298.2 K]=—3.437£0.019 kJ mol™
1 0.2810 7.611 15.182
2 0.2806 7.587 15.156
La(Gly);CI383H,0 3 0.2803 7.533 15.064
4 0.2805 7.564 15.116
5 0.2808 7.596 15.163
A H P [La(Gly)sCl3BH,0(s) 298.2 K]=15.136+0.021 kJ mol™
1 0.3472 4.698 9.462
2 0.3501 4.741 9.470
La(Ala);(NO;);H,0 3 0.3493 4.729 9.467
4 0.3497 4.729 9.457
5 0.3491 4.723 9.461
A H 2 [La(Ala),[INO);[H,0(s) 298.2 K]=9.463%0.023 kJ mol™

m — mass of samples

Table 3 Reaction scheme for the standard molar formation enthalpy of La(Ala);Cl;[3H,0 at

298.2 K
Reaction kJA;nHo:}’/l
1 [LaCl[@H,O(s)+3Ala(s)]+A=[LaCl;[3Ala[TH,0] (sln in 4) 6.300+0.024
2 4H,0(l)+A4=4H,0 (sln in 4) (according to [11]) —0.001
3 La(Ala);Cl33H,0(s)+4H,0 (sln in 4)=[LaCl;[(3Ala[7H,0] (sln in 4) -3.437+0.019
4  LaCL3IIH,0O(s)+3Ala(s)=La(Ala);Cl;3H,0(s)+4H,O(/) 9.738

The solvent A4 was 2 mol L™ HCI (aq); AH,=AH,~AH,~AH;
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According to thermodynamic principles, for the reaction (1):
A H2(1)=A H2[La(Ala);Cl,3H,0(s), 298.2 K]+4A . H [H,0(1), 298.2 K]-
~A H2[LaCl3[TH,0(s), 298.2 K]-3A . H 2 [Ala(s), 298.2 K]
according to [9]: AI‘HK?] [H,0(]), 298.2 K]=—-285.83 kJ mol
A, H°[LaCl;[7H,0(s), 298.2 K]= -3178.6 kJ mol

according to [10]:

A H°[Ala(s), 298.2 K]= —563.580 kJ mol '
so that A, H °[La(Ala);Cl;3H,0(s), 298.2 K]= -3716.3 kJ mol ™'

Evaluation of the standard molar formation enthalpy of La(Gly);Cl;-5H>0(s)

Using the same method as described above, the reaction cycle was used to derive a
value for the standard molar formation enthalpy of La(Gly);CI;[3H,0. The results are
presented in Table 4.

Table 4 Reaction scheme for the standard molar formation enthalpy of La(Gly);Cl;[3H,0 at 298.2 K

Reaction kJA;fo%’/l
1 [LaCl3[ZH,O(s)+3Gly(s)]+A=[LaCl;3Gly[7H,0](sln in 4) 10.820+0.023
2 2H,0(1)+A4=4H,0 (sln in 4) (according to [11]) —-0.0004
3 La(Gly);Cl3[3H,0(s)+2H,0 (sln in 4)=[LaCl;[3Gly[7H,0] (sln in 4) 15.136£0.021
4 LaCl[@H,0(s)+3Gly(s)=La(Gly);Cl;3H,0(s)+2H,0(/) -4.356

The solvent A4 was 2 mol L™ HCI (aq); AH=AH,—AH,~M\H;
States 1 and 3 are of thermodynamically equivalent, as confirmed by UV spec-
troscopy and refrangibility data. The enthalpy of the reaction:
LaCl;[7H,0(s)+3Gly(s) - La(Gly);Cl;3H,0(s)+2H,0(/) 2)
A H?(2) =AH=0H~AH,~AH3= — 4.356 kJ mol .

The standard molar formation enthalpy of La(Gly);Cl;[3H,0 has also not been
reported. In order to obtain this value, the same method described above was used.

A H?(2) =0 H?[La(Gly);Cl;BH,0(s), 298.2 K]+2A . H °[H,0(]), 298.2 K]-
—A H 2 [LaCl;[TH,0(s), 298.2 K]-3A . H °[Gly(s), 298.2 K]
according to [9]: Aleg [H,O( 7), 298.2 K]=—285.83 kJ mol
A H°[LaCl;[7H,0(s), 298.2 K]=—-3178.6 kJ mol ™
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according to [10]: A, H ® [Gly(s), 298.2 K]=—537.23 kJ mol '
then, A, H°[La(Gly):CLl;BH,0(s), 298.2 K]= —4223.0 kJ mol '

Evaluation of the standard molar formation enthalpy of La(Ala) (NO3)3-H>O(s)

Using the same method as described here, a thermochemical cycle was designed as
shown in Table 5.

Table 5 Reaction scheme for the standard molar formation enthalpy of La(Ala)4(NO3)3H,0 at

2982 K
. DH,/
Reaction 1J mol”!
[La(NO;)3[B8H,0(s)+4Ala(s)]+A4=[La(NOs);[4Alal6H,0] (sln in 4) 30.715+0.001
2 SH,0(/)+A4=5H,0 (sln in A) (according to [11] —0.001
3 La(Ala)4(NO3);H,0(s)+5H,0 (sln in A)= 9.463+0.0023

=[La(NOs);[4Alal6H,0] (sln in A)
4 La(NOs);[6H,0(s)+4Ala(s)=La(Ala)4(NO;);H,0(s)+5H,0(]) 21.253
The solvent 4 was 2 mol L™ HCI (aq); AH=AH,~AH,~AH;

States 1 and 3 are of thermodynamically equivalent, as confirmed by UV spec-
troscopy and refraction data. The enthalpy of the reaction:

La(NOs);[6H,0(s)+4Ala(s) — La(Ala)4(NOs); BLO(s)+5H,0(]) (3)
A H®(3) =AH,=0H,—AH,~AH;=21.253 kJ mol .
According to Hess’ law:
A H®(3)=A H°[La(Ala) 4(NOs);[H,0)(s), 298.2 K]+5A . H ° [H,0(/), 298.2 K]~
~A H°[La(NOs);[6H,0(s), 298.2 K] 4A . H ° [Ala(s), 298.2 K].

according to [9]: Afol [H,O()), 298.2 K]=-285.83 kJ mol .
according to [11]: Afo1 [La(NO;);BH,0(s), 298.2 K]=-3063.65 kJ mol .
according to [10]: Afo1 [Ala(s), 298.2 K]=—563.580 kJ mol .

then, A H® [La(Ala)4(NO3);[BLO(s), 298.2 K]=~3867.57 kJ mol .
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