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Abstract

This research project is along-term one integrating both fundamental and applied

aspects of lanthanide coordination chemistry (1995-2000+). The primary objective of the

proposed research isto develop fundamental understanding of the key thermodynamic,

kinetic, and structural factors that influence the desired physico-chemical properties of

lanthanide complexes of macrocyclic and linear polyaminocarboxylate ligands (e.g. complex

formation stability and selectivity, reaction kinetics, NMR relaxation, luminescence, and

structure) for applications in magnetic resonance imaging (MRI), luminescence labeling for

biomolecules and catalysis for DNA and RNA phosphate diester bond cleavage. The research

results include the following:
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A. Introduction

Thisisaresearch program that has been performed for more than five years (from
February 1, 1995 to December 31, 2000). Because the Institute of Biologica Science and
Technology of National Chiao Tung University is anew research institute, we spent most

of the first year to establish our laboratories. Thisincludes renovating laboratory,

recruiting postdoctoral research fellows (Dr. Liu, Yuh-Liang, ; Dr. Chen, Chang-
Y uh, ; Dr. Huang, Chiung-Hua, ), research assistants and graduate
students (

), purchasing chemicals and research equipment
(automatic titroprocessor, stopped-flow uv-vis spectrophotometer, diode-array uv-vis
spectrophotometer, PCR, capillary and gel electrophoresis apparatus), and setting up
softwares and hardwares. On the other hand, we have made considerable research progress
asoriginaly proposed. The progress in terms of ligand/complex synthesis, physica
characterizations, thermodynamics, kinetics, and molecular mechanics cal cul ations shall
be briefly discussed as follows:

B. Ligand/Complex Synthesis and Physical Characterizations, Thermodynamics,

Kinetics, and Molecular M echanics Calculations

We have synthesized the 12-membered and 14-membered tetraaza macrocycles,
cyclen and cyclam - the precursors of DOTA and TETA, according to published methods.
Carboxymethylation reactions have been carried out with the tetraaza macrocycles and the
resulting DOTA and TETA compounds were purified and recrystallized. DOTA and
Cube-like TETA crystals have been obtained. The rates of formation and dissociation
reactions of Ce(DOTA)- and Ce(TETA)- have been repeatedly determined at various
temperatures and pH. The detailed analysis of these rate data has been completed. The
ligand, K21DA, has also been synthesized according to published method.



Theligand, 1,7-dicarboxymethyl-1,4,7,10-tetraazacyclododecane (DO2A), has been
synthesized and the macrocycle ring protonation sites have been determined by NMR
techniques to be the secondary amine nitrogen atoms. The protonation constants (log K:
10.48, 10.01, 3.85, 2.55) and the stability constants of trivalent lanthanide (Ln*") metal
complexes of DO2A (log KML: 10.94-13.31) were determined by the potentiometric pH
titration and capillary electrophoresis methods, respectively. In general, the stabilities of
the Ln(DO2A)* complexes increase with increasing atomic number for the lighter
lanthanides (La>* - Sm**) and remain relatively unchanged for the heavier lanthanides
(Eu® - Lu®"). Laser-excited spectroscopy of the ’F, -> °D, transition of Eu** is used to
study the agueous Eu®* - DO2A complex system. At low pH (e.g. pH 5 ~ 6), Eu* forms a
1:1 species with the ligand DO2A, presumably Eu(DO2A)(H,0)q", where g is the number
of inner-sphere coordinated water molecules. As the solution pH increases, the hydrolysis
product, Eu(DO2A)(OH)(H20)g-1, is formed. Lifetime measurements of each speciesin
H>0 and D0 alow the determination of the corresponding number of the inner-sphere
coordinated water molecules to be 2.96 and 2.64, consistent with the proposed structures
(i.e. q=3). The hydrolysis constant (pKp) is estimated to be 8.1+0.3. These results were

reproducibly obtained by different researchers.

The use of Eu(DO2A)" and Eu(K21DA)* complexes to catalyze the hydrolysis of
phosphate ester bond has been tested. Initial results indicated that both complexes are

activein thisregard. Detailed studies are underway.

The determination of ligand protonation constants and stability constants of metal
complexes of several linear polyamine ligands has been of interest because of the
continued desire of making metal-sel ective reagents and use of data as referenceto
understand the thermodynamic origin of “macrocyclic effect”. A number of terminal N-
alkylated linear tetraaza and pentaaza ligands have been prepared, e.g. (2,2,2), (2,3,2),

(3,2,3), etc. Their ligand protonation constants and some transition and post-transition



metal (Ni%*, Cu?*, Zn*, and Cd*") complex stability constants have been determined by
potentiometric titration methods. In general, methylation and ethylation at the terminal
nitrogen atoms cause the corresponding ligand nitrogen basicity to increase; however, the
corresponding metal complex stabilities are decreased as compared to the non-alkylated
structura analogs, presumably due to the steric effect.

The linear polyamines, the precursors for the 15-membered pentaaza macrocycles,
1,4,7,10,13-pentaazapentadecane (2.2.2.2) and its structural analogue (2.2.3.2.) have been
synthesized according to methods established by Dr. Liu, Yuh-Liang. The two linear
polyamines will be used to carry out cyclization and carboxymethylation reactions as

proposed.

To design ligands with fast complex formation rates for a number of applications
such as solvent extraction and diagnostic imaging agent manufacturing, we have decided
to synthesize linear aminopolycarboxylate ligands selective toward lanthanide metalsions.
Thus, polyamines (2.2.2.), (2.3.2.), (3.2.3.), (3.3.3.), (2.2.2.2.) and (2.2.3.2) with different
cumulative backbone ring strain have been prepared with methylation or ethylation to
replace one proton of each terminal amine functional group. We are currently carrying out
the carboxymethylation reactions to prepare the corresponding aminopolycarboxylic acids.
(PI Note: Due to the unexpected resignation of my postdoctoral fellows, Dr. Chin,
and Dr. Huang, Chiung-Hua, , the synthetic and other characterization work has
been delayed.) For comparison purpose, 4,8-dicarboxymethyl-1,4,8,11-tetraazaundecane
has al so been prepared.

The molecular mechanics and dynamics calculations, kinetics, and laser-excited
luminescence studies were carried out for trivalent lanthanide (L") complexes of
macrocyclic polyaminopolycarboxylate ligands TETA and DOTA (where TETA is
1,4,8,11-tetraazacyclotetradecane-1,4,8,11-tetraacetic acid and DOTA is 1,4,7,10-

tetraazacyclododecane-1,4, 7,10-tetraacetic acid) to further understand the observed



thermodynamic, kinetic and structural properties and to examine how ligand
preorganization affects metal ion complexation. Excitation spectroscopy (emission
monitored at 614.0 nm) of the Fy ® °D, transition of EL’* was used to study the aqueous
properties of the ELP* - TETA system. A stopped-flow spectrophotometric method was used
to study the formation kinetics of the aqueous Ce’* - TETA/DOTA systems in the pH range
6.1 — 6.7. Molecular mechanics calculation results are consistent with the proposed
mechanism of Ln(DOTA) formation, i.e. formation of a carboxylate O-bonded precursor,
followed by metal ion moving into the pre-formed macrocyclic cavity. For Ln(TETA)
formation, at least two carboxylate O-bonded intermediates have been predicted and L
ion assisted reorganization of the TETA ligand is present. The cal culated bond-distances
and overall structures of Ln(DOTA) and Ln(TETA)" were in agreement with the single
crystal and solution NMR structural data. The origin of the difference in thermodynamic
stability of Ln(DOTA) and Ln(TETA) complexes and the corresponding formation
intermediates is mainly due to the differences in water-occupancy energy (i.e. whether
there is an apical coordinated water molecule), the ligand strain enerqy and the cation-
ligand interaction energy. Kinetic studies revealed that the formation rates of the
Ce(TETA) complex are smaller at lower pH and temperature but become greater at
higher pH and temperature, as compared to those of the Ce(DOTA) complex. Thisis
attributed to the lanthanide ion and both mono- and di-hydroxide ion assisted TETA
conformational reorganization and higher kinetic activation parameters. The presence of
di-hydroxide ion assisted intermediate rearrangement pathway could make Ce(TETA)
complex formation rate to be faster at higher pH and the higher activation barrier makes
Ce(TETA) complex formation rate slower at lower pH, as compared to those of the
Ce(DOTA) complex.

The acid-catalyzed dissociation rate constants of the cerium(111) complexes of
1,4,8,11-tetraazacyclotetradecane-1,4,8,11-tetraacetic acid (TETA) and 1,4, 7,10-
tetraazacyclododecane-1,4, 7,10-tetraacetic acid (DOTA) have been determined at four
different temperatures (i.e. 25.0° C, 32.0° C, 39.0° C, 45.0° C) in aqueous media (m=



0.10 M, HC1/KCl) to obtain additional kinetic data and to evaluate possible effects of
ligand pre-organization for metal ion complexation. The rates are much faster for
Ce(TETA) than for Ce(DOTA), indicating the lower thermodynamic stability of the
former. In the presence of excess strong acid, 0.1 - 1.0 M HCI, the dissociation
reactions follow the rate law: -dfML] T/dt = (kg + kuy[H'])[ML] r and -df ML] T/dt =
(k[ H'] + kuol H' JP)[ML] 1, respectively, where ky is acid-independent dissociation
reaction rate constant and ky and ky are the respective dissociation rate constants for
the pathways involving monoprotonated and diprotonated species. The rate activation
parameters, DH”, DS’ and DG”, for each dissociation pathway have been obtained and
their values are consistent with the proposed mechanisms. In particular, the rate
difference between Ce(TETA) and Ce(DOTA) for the monoprotonated complex
dissociation pathway is mainly due to difference in DHy". It has been concluded that
ligand pre-organization results in more stable complexes and slower complex

dissociation rates.

A new method for the determination of stability constants by capillary electrophoresis
has been developed, particularly for kinetically inert metal complexes. Different approaches,
i.e., direct formation, ligand exchange, metal exchange and metal-ligand double exchange
were studied. Stability constants of lanthanide (La**, Ce**, Eu®" and Yb*") and transition
metal (Ni%*, Cu?* and Zn®") ions with DO2A (1,7-dicarboxymethyl-1,4,7,10-
tetraazacyclododecane) were measured under direct complex formation. In ligand exchange
approach, stability constants were measured by complex formation of Ni?* with DO2A and
Et,-2,3,2-tet (3,6,10,13-tetraazaundecane). Stability constants of DO2A with Cu®* and zn?*
complexes were measured in metal exchange approach. Complex formation competitions of
Ni?* and Cu** between DO2A and Et,-2,3,2-tet were studied in metal-ligand double

exchange.

To verify the capillary electrophoresis method, we have aso determined the stability
constant of aknown metal complex system, i.e. Cu**/zn** - EDTA/HEDTA (N-
hydroxyethyl-ethylenediaminetriacetic acid), using the metal-ligand double exchange



approach. Assuming that the stability constants of CUEDTA?, ZnEDTA?%, and ZnHEDTA"
are known, the stability constant of CUHEDTA" has been redetermined to be logKf = 17.47
+ 0.20, consistent with the literature reported value 17.50. The criteriafor proper selection
of this metal-ligand double exchange approach and experimental conditions as well asthe

feasibility for future applications of this method are noted.

The dissociation kinetics of the complexes of nickel(I1), zinc(11), and cadmium(ll) of
1,7-diaza-4,10,13-trioxacyclopentadecane-N,N’ -diacetic acid (K21DA) and
1,10-diaza-4,7,13,16-tetraoxacyclooctadecane-N,N’ -diacetic Acid (K22DA) were studied in
constant ionic strength agueous medium with various [H*]-range, i.e., (0.88-53.9) x 10°M
and (0.5-7.5) x 10 M. Copper(I1) was used as the scavenger of free ligand and the rates of
dissociation of these complexes have been found to be independent of [Cu®]. All the
complexes exhibit acid-independent and acid-dependent pathways. For NiK21DA,

CdK 21DA and CdK22DA complexes, the acid-dependent rates are linear functions of [H].
For NiK22DA and ZnK 21DA complexes, a saturation kineticsis observed, i.e., [H']
dependence at low [H*] and [H*]-independent at high [H]. The rationalization of such
different observations is proposed to be due to difference in complex solution structures
rather than the thermodynamic stabilities. Influence of acetate content in the buffer,
temperature, and total electrolyte concentration on the rate of dissociation has also been
investigated and discussed. For detailed description of each paper and new research

progress, please see the presentations listed below.

Preliminary studies using lanthanide DOZ2A complexes for the hydrolytic cleavage of
phosphor diester bonds, DNA, and RNA molecules have also been performed. We have
found that our systems are more éeffective artificial nucleases than all other reported

systems. Detailed results will be reported when reoroduction of the data is completed.

Additional studies have been on the following topics which are related to biological

chemistry, molecular biology and biotechnology: (1) The Preparation and Applications of



Porcine C1qg and the C1g-like Peptides, (2) Study of the Differential Gene Expression in

Human Gastric Cells Infected with Helicobacter pylori, (3) Study of Genes Expressionin
Colorectal Adenocarcinomaby DDRT-PCR Method, (4) The Use of Piezoelectric Crystal

Sensor for the Diagnosis of Human Helicobacter Pylori, and (5) Purification and

Characterization of Neutral Sphingomyelinase from Helicobacter pylori. A total of fifteen

master theses have aso been completed. Papers related to the above studies are now been

written for publication.

C. Thesis Supervised
1 1996.06
M.S The Stability Constants Studies of Metal lon Complexes of
Polyamines & Polyamino Polycarboxylates
2 Clq 1996.06
M.S The Purification and Characterization of Complement Clq
From Swine
3 1997.06
M.S
Study of the Differential Gene Expression in Human Gastric
Cells Infected with Helicobacter pylori
4. Clq peptide 1997.06
M.S The Preparation and Applications of Porcine C1q and The
C1g-like Peptide
5. 1997.06
M.S Study of Genes Expression in Colorectal Adenocarcinoma
by DDRT-PCR Method
6. 1998.06
M.S
7. 1998.06
M.S The Application of Piezoelectric Crystal Immunosensor in

Clinical Diagnosis




8. 1998.06
M.S Study of the /in situ recovery of lysostaphin by immobilized
recombinant cells
9 1998.06
M.S
Kinetic & Catalytic Activity Study of Lanthanide Complex
of DO2A & K21DA in Phosphate Diester & DNA
Hydrolysis
10. 1998.06
M.S
11 The expression of human placental lactogen by E. coli |1999.06
M.S eXpression system
12 1999.06
M.S Study of the bio-molecular markersin colorectal camcers
13, Purification and Characterization of the Sphingomyelinase [1999.06
M.S of Helicobacter pylori
14. DNA/RNA 2000.07
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M.S
16. — N/A
PhD
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Annual Conference of Biomedical Sciences, Taipei, Taiwan, April 19-20, 1997.
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L. Wan, M.-Y. Lue, C.A. Chang, Y .-L. Lin, and E.-C. Chan. “ Helicobacter
Pylori Induced Genes Expression in Human Gastric Cells Identified by mRNA
Differential Display.” The Twelfth Joint Annual Conference of Biomedical
Siences, Taipei, Taiwan, April 19-20, 1997.

C.A. Chang. “Capillary Electrophoresis and Laser-Excitation Fluorescence
Studies of Lanthanide Complex Equilibria’. 6th International Seminars on
Electroanalytical Chemistry (6th ISEC), Changchun, China, Oct. 10-12, 1997
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C.A. Chang.” The Physicoanalytical Chemistry of Lanthanide and Transition
Metal Magnetic Resonance Imaging Contrast Agents’. 7th International Beijing
Conference and Exhibition on Instrumental Analysis (7th BCEIA), Shanghai,
China, Oct. 14-17, 1997 (invited speaker).

Y.M.Wangand C.A. Chang. "Meta Chelate Nuclear Medicine and Magnetic
Resonance Imaging Contrast Agents®, 1997 Research Conference, Atomic
Energy Council, R.O.C., Lung-Tan, Taiwan, November 26-27, 1997.

S.-P. Cheng, E.-C. Chan and C.A. Chang. “The Use of Piezoelectric Crystal
Sensor for the Diagnosis of Human Helicobacter Pylori”. 1997 Annual Meeting
of the Chinese Chemical Society (Taipel), Hsinchu, Taiwan, December 5-7, 1997.
M.-R. Pan, Y .-B. Kuo, C.-H. Lin, E.-C. Chan and C.A. Chang. “Isolation of
Porcine Complement C1q and the Development of a C1g-like Peptide for
Immunoassay”.. 1997 Annual Meeting of the Chinese Chemical Society (Taipe),
Hsinchu, Taiwan, December 5-7, 1997

Chang-Y uh Chen and C.A. Chang. “ Determination of Stability Constants of
Metal lon Complexes by Capillary Electrophoresis. I1I. The Method of Metal-
Ligand Double Exchange.” 1997 Annual Meeting of the Chinese Chemical
Society (Taipei), Hsinchu, Taiwan, December 5-7, 1997.

S.-P. Cheng, E.-C. Chan and C.A. Chang. “Development of a Piezoelectric
Immunosensor for the Detection of Anti-Helicobacter Pylori Antibodies”. 1998
The Thirteenth Joint Annual Conference of Biomedical Sciences, Taipei, Taiwan,
April 18-19, 1998.
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Systems”. 1998 Annual Meeting of the Chinese Chemical Society (Taipe), Chia-
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D.-L. Shi, E.-C. Chan and C.A. Chang. “Expression of the Matrix Gla Protein in
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Y .-L. Yen, C.-C. Chiou, C.A. Chang, and E.-C. Chan. “The Study of Melanoma
Antigen Gene Expression in Colorectal Cancer by RT-PCR”. 1999 The
Fourteenth Joint Annual Conference of Biomedical Sciences, Taipei, Taiwan,
April 10-11, 1999.

C.A. Chang. “Biotechnology in Taiwan”. Taiwan-Australia Collaboration
Research Symposium, Taipei, Taiwan, April 8-9, 1999.
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Technology Association, St. Louis, MO, U.S.A. June 11-13, 1999.

C.A. Chang. “Metal Complexes as Magnetic Resonance Imaging Contrast
Agents and DNA/RNA Cleavage Agents’, Annual Conference of Midwest
Chinese American Science & Technology Association, St. Louis, MO, U.S.A.
June 11-13, 1999.

D.L. Sheu, C.A. Chang, and E.-C. Chan. “Expression of Cell Cycle Regulator
Genes CDC25, WeelHU, and Proto-Oncogen C-MY C in Human Colonrectal
Cancer”. 2000 The Fifthteenth Joint Annual Conference of Biomedical Sciences,
Taipei, Taiwan, March 25-26, 2000.

K.-T. Chen, C.A. Chang, and E.-C. Chan. “Quantitative Monitoring of Gene
Expression Patterns with a Complementary DNA Array in Metastatic and Human
Thyroid Follicular Tissues’. 2000 The Fifthteenth Joint Annual Conference of
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Biomedical Sciences, Taipel, Taiwan, March 25-26, 2000.

K.-T. Chen, J.D. Lin, M.J. Liou, C.A. Chang, C.C. Chiou, and E.-C. Chan.
“Detection of Distinctive Gene Expression in Thyroid Follicular Carcinoma Cell
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JW. Hsieh, J.D. Lin, M.J. Liou, C.A. Chang, and E.-C. Chan. “A Rapid Modified
Method of Polymerase Chain Reaction for Detection of Point Mutated-lodide
Transport Gene”.  The Steenth Joint Annual Conference of Biomedical Sciences,
Taipei, Taiwan, March 24-25, 2001.

Conference/Symposium Or ganized

The 3" International Symposium of Worldwide Chinese Scholar on Analytical

Chemistry ( ). Hong Kong, December 16-
19, 1998.
Taiwan-Australia Collaboration Research Symposium ( ).

Bio-Medica Technologies Session, Taipei, Taiwan, April 8-9, 1999.
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1999.

In addition to the above mentioned publications, abstracts and meetings, the Pl has
been invited by various institutions to present seminars for more than 70 times for

the last 5 years.
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Lanthanum(l11) nitrate hydrate, Cerium(lll) nitrate hydrate, Praseodymium(lll)
nitrate hydrate, Neodymium(lIl) nitrate hydrate, Europium(lil) nitrate hydrate,

Gadolinium(l1l) nitrate hydrate Aldrich G.R Disodium
Ethylenediamine Tetraacetic Acid (NaoH,EDTA)  Merck G.R Calcium
Carbonate (CaCO,) Merck G.R NHs-NH,Cl pH9.5-10 Merck G.R
Lithium perchlorate Aldrich A.C.S Perchloric acid
Riedel-deHaen A.C.S Cresol red Merck G.R Xylenol orange
Tetrasodium Salt  Merck G.R CH3;COOH-NaOH Merck G.R
Eriochrome Black T  Merck G.R Tris(hydroxymethyl)aminomethane
(THAM) Merck G.R DO2A UV-Visible
(HP 8453 ) FIRSTEK SCIENTIFIC B403
G-2

G-2-1 Na;H,EDTA

100 2-3 CaCO; 1.01g 100ml
HCI(12N) CaCOs CO,
100ml 0.1M  CaCOs
50ml 0.IM  NaH,EDTA Stock solution 2-3ml
Eriochrome Black T 1-2 10-15ml

CaCO;



G-2-2

50ml 0.01M Ln*" Stock solution 2-3m
Xylenol orange 1-2 10-15ml
NaH,EDTA
G-2-3
50ml 0.05M (perchloric acid)
2-3ml Bromothymol blue 1-2 10-15ml
primary standard 0.1IM  THAM
G-3
1 101
pH pH 6-7 0.1M
LiClO,4 24

G-4



ARBLE® P

Rate = -d[A]/dt = HA]

Anayte Reagent

Order
psuedo-first order

1 mol A 1mol B

A+ B3RB4® P

-d[A]/dt = KA][B]

[B] >> [A] B
KBl= =K



-d[A]/dt = KA]

G-5
31 37 45 250nm
(kobs)
A=A +(A- A)expl- Kyt)
G-6
(H") (ML)
(n=1~4)

ML+nH* ¥%.%® M?* +H ["9*

( kobs)

scheme 1

pseudo-first order

25
UV-visible

scavenger

(Table)



Ln+ L-%% Lol %%® [LnHL %%%® Ln+ HL

+
+2H klim

LnH,L [LnHL] % %® Ln+ HL

kHZ
Ln+H,L

Scheme 1

-d[ML]+/dt = (kg + ki H'] + kudH'T)IML]+

Kops DO2A
kobs H

Kobs = kg + ki{H']

ky  acid-independent rate constant

self-dissociation Ky
(acid-catalyzed rate constant)

ki K kq
Ky

G-7 Activated Parameter

DO2A



Activated parameter

G-6 Ky,
(Eyring equation)
_ _ DH" D

info)= g0 (o1 )+(os

R 1.98716 ca molK? kg (Boltzmann's
constant, 1.381x 102 JK™) A (Planck’s constant, 6.626x 10" J

S) In(k/T) LT (-A H'IR) (A SIR +

In(ks/h)) (activation enthalpy)A H’ (entropy) A S

DG =DH" - TDS

25 AG
G-8
1. (Ln(DO2A)") Kops
(first-
order) Ln(DO2A)" (LnHDO2A)
2. DO2A (Kore)

La(DO2A)*  Ce(DO2A)*



Pr(DO2A)*  Nd(DO2A)*  Sm(DO2A)"  Eu(DO2A)"  Gd(DO2A)*
Lu(DO2A)*

(ionic size) (charge density)
(Ka) (k)
Ln(DO2A)"
Ln(DO2A)"
Ln(DO2A)"
(activated parameter) Ln(DO2A)*
(activation enthalpy A H) Lu(DO2A)" Gd(DO2A)*

Eu(DO2A)"  Sm(DO2A)"  Nd(DO2A)*  Pr(DO2A)*  Ce(DO2A)*
La(DO2A)"

Ln(DOTA) Ln(DO3A) Ln(DO2A)*

12 15 18
Ln(DO2A)" Ln(K22DA)" Ln(K21DA)" K22DA  K21DA
12 DO2A more flexible DO2A

Ln(DO2A)*
Ln(DOTA)  Ln(DO3A)  Ln(DO2A)*  Ln(K22DA)*
Ln(K21DA)*



Tablel. Kinetic Data (kops S*) for the H'-catalyzed Dissociation of Lanthanide DO2A
Complexes.

109[H"] (M)

Metal T( )
0.5769 1.1538 2.3077 3.4615 4.6152

La 25 0.00503 0.00840 0.00802  0.01370
31 0.00694 0.01100 0.01760  0.02650
37 0.00802 0.01740 0.02990  0.04480
45 0.01370  0.02480 0.04810  0.06830
Ce 25 0.00448 0.00800 0.01370  0.02200
31 0.00692  0.01400 0.02330  0.03860
37 0.01070  0.02230  0.03400  0.05510
45 0.01340 0.03020 0.04530  0.07060

Pr 25 0.00672  0.00970 0.01670  0.02400
31 0.00840 0.01440 0.02550  0.03270
37 0.01360 0.02420 0.03980  0.05890
45 0.02400 0.04350 0.06800  0.09130
Nd 25 0.004566 0.00553  0.00664  0.07762
31 0.006588 0.00811  0.01010  0.01240
37 0.007394 0.01030 0.01380 0.01720
45 0.008040 0.01410 0.01840  0.02280
Sm 25 0.000394 0.00044  0.00055  0.00084
31 0.000485 0.00088  0.00209  0.00282
37 0.000751 0.00144  0.00283  0.00436
45 0.00151 0.00348 0.00608  0.00910
Eu 25 0.00004 0.00017  0.00044  0.00060

31 0.00038 0.00104 0.00197  0.00288
37 0.00072  0.00146  0.00375  0.00570
45 0.00106  0.00436  0.00748  0.01030
Gd 25 0.00002  0.00033 0.00047  0.00061
31 0.00032  0.00057  0.00096  0.00156
37 0.00041 0.00076  0.00174  0.00254
45 0.00115 0.00236  0.00479  0.00713
Lu 25 0.00008 0.00015 0.00021  0.00027
31 0.00010 0.00034  0.00053  0.00088




37 0.00024 0.00044 0.00079  0.00120
45 0.00039  0.00109 0.00232  0.00378

[LaDO2A]=[CeDO2A]=[EuDO2A]=[GIDO2A]=0.538462 x 10°M
[PrDO2A]=[NdDO2A]=[SMDO2A]=1.07692 x 10°M  m=0.10M(LiClOy)

Table2
T( ) K
LaDO2A 25 0.5872 ( £ 0.0271)
31 0.7520 ( = 0.0160)
37 1.3735 ( + 0.0388)
45 1.9738 ( = 0.0741)
CeDO2A 25 0.6133 ( = 0.0543)
31 1.0641 ( + 0.0730)
37 1.5488 ( = 0.1080)
45 2.0517 ( = 0.1078)
PrDO2A 25 0.4975 ( + 0.0534)
31 0.7068 ( + 0.0579)
37 1.2042 ( + 0.0620)
45 1.9650 ( = 0.0645)
NdDO2A 25 0.4566 ( + 0.0023)
31 0.7744 ( + 0.0104)
37 1.3049 ( + 0.0081)
45 1.8220 ( £ 0.0124)
SmDO2A 25 0.0181 ( + 0.0035)
31 0.0572 ( = 0.0092)
37 0.0854 ( = 0.0120)
45 0.1823 ( + 0.0145)
EuDO2A 25 0.0176 ( = 0.0014)
31 0.0840 ( + 0.0042)
37 0.1606 ( + 0.0069)
45 0.3694 ( = 0.0137)
GdDO2A 25 0.0128 ( + 0.0005)




LuDO2A

31
37
45
25
31
37
45

0.0446 ( + 0.0028)
0.0734 ( + 0.0027)
0.2662 ( + 0.0012)
0.0062 ( + 0.0009)
0.0249 ( + 0.0012)
0.0348 ( + 0.0008)
0.1165 ( + 0.0013)

Table 3.

A H' (kcal/mol)

A S(eu.)

A G’ (kcal/mol)

LaDO2A

CeDO2A

PrDO2A

NdDO2A

SmDO2A

EuDO2A

GdDO2A

LuDO2A

10.2340 (+ 0.129)
11.5722 (+ 0.151)
13.2942 (+ 0.642)
15.4574 (+ 0.373)
20.1876 (+ 0.306)
27.0747 (+ 0.455)
28.0271 (+ 0.338)

28.1734 (+ 0.555)

-21.3270 (+ 0.388)
-20.5909 (+ 0.392)
-15.4699 (+ 0.108)
-8.2263 (+ 0.321)
1.6122 (+ 0.033)
24,8598 (+ 0.511)
26.8541 (+ 0.453)

25.7963 (+ 0.637)

16.5890 (+ 0.302)
17.7080 (+ 0.338)
17.9032 (+ 0.178)
17.9088 (+ 0.699)
19.0718 (+ 0.391)
19.6666 (+ 0.404)
20.0246 (+ 0.297)

20.4861 (+ 0.506)
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