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OBJECT OF THE WORK

For the present, and in all probability also ixn toe
& wire, therapy for radiocactive contamination require tre

wering of radiation exposure, by an increase of radio-

seent eutraction from the body ty using chelatlins agents.

Tre polyaminopolycarbonylic acids, irn parytieular., were

1 Lecontaninating agents auwe to thelr surseriority g
. atner cheliatinz agents This i& cased upon their nagh
sffinity for a large nuaber Of metal ions, tneir water So.iu-
: .=+ and irtveraetapolic benaviour. On the other 1and,
.5e irn the number of 4mine and carbooylilc ZroLis in the
enty of this orgmie fawlly increases the volue of tne 3ta-

~: ity conetant of the formed complex, thcrefore increase 1ts

~wey as iecOr taminating agernt.
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The aiz of this work is to study (IK VITRC) tie
ol

. ! . . - . .- N
- 'ioris tri- and tetravalent cerium with tetraetny ione—

.vtiiminehepta acetic acid | TPHA , to irvestigate the compo-
sitiar and the stability constant of the formed complex., an.
- sllustrite the reduclng power of  TPHA . TFurther nare,

++e ~relation of hylirolysis states of tri- and tetravalent

eriun by TPEA was investigated.
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Chapter (1)

INTRODUCTION

e ETAL CHELATE COMPOUNDS:

V' Definition of Terms:

Wren a metal ion combines with an electron donor, the
remilting substance is said to be a complex, or co—oridination

waveaonrd.  If the substance which combines with the zetal oin-

]

~adng tWO Or @0Ye Lonor groups SO that one Or more rings are
srael, the resulting structure 18 said to be 2 "chelate com-
_ouma", or metal chelate, and toe donor is said o te a

1. eiating agent". (fhe erectron-pair bonas formed rewwesn toe

¢ ¢itron-zaccepting metal and the electron-donating coapiexin

g

oy helating agent may be "essentially ionice™ or "ecrentially

covilent” depending on the ametale and donor atous involved.

Complexes and chelates are formed by nearly all the 2etals
the periodic system. Although the muaber of known chelating
ar: comzlexing agents is very large, the donor atoms which un-
Lepzo rozbination with the metal are restricted 0 the sironely
“onemetallic elements of Sroups 7 and VI. In recert years a
sirrer of new aminopolycarbvoxylic acids which nave tne special

sroperty of forming water-soluble chelates aave come into wl.de

zoread use.
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20 WEHNEH'SK') Co-ordination Theory:

Tr. 1851, WERNER proposed his co-ordination theory to
account £or the phenomenon by which apparently stable, satu-
»ateq molecules combine t0 give so-called "molecular conplexeat
te+ils were found to form compounds, often by the addition of
«.ite stable molecules which the metal displayed valency, whick
sreaner than its oxidation valency. For ex:ample, when ani1donia
i. 3112l to a solution of copper sulphate, the colour of the

siaticr. turns from a pale to an intense tlue. If by evapori-
+iorn and cryetallisation an attezpt to separate the copper
ii.ynate frot the water, it could obtain not CusU  tut Cufﬁﬁj}iedé
Tais hypothesis was bullt essentially around tie assuiap—
“iov +oat certairn atous may coabine with a definite zaxinux
rumrer of otner atoms, molecules, or radicals. Thais nuaber
2 _ied the co_ordiration number, was usually six, sozetime

¥our, and infregquently two or even eight, depending on tie

b

L

errral atom involved mainly.

The complex was considered 2e cozposed of a central posi-
+iwe ion which attracted ligands to itself by electrostatic
®.roes,  If the ligands were themsslves negative lons, the

attraiction was simply the attraction of the opposite charces.
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Tf the ligonds were such neutral aolecules is water or ammonia,
the attraction was ascribed to the dipole moment of such acle
~ules. "It is sometimes forgotten that gquantum mecnanics nas
vt introducted any type of forces. In the 20st sophisti-ated
27 toe gquantum mechanical treatments of sucn coaplexes, tue
far-es of a2ttraction responsible for coaplex formatior are

still electrostatic in natureh.

"3) Electronic Theory of Valence and Complex Formation:

WERNER's co-ordination theory displaced the structural
tnecry for inorganic substinces by explaining many progerties
af -ozpounds through the concept of coamplex formation., on thre
cther hand, the theory emphasized a false wistinction tetween
tre structures of organic and inorzanic coagounds, and 1t nad
ar. irherent weakness in that it pgostulated two different zinds
~alence Tor inorganic substances (primary and secondary
cilernce oonds) without any theoretical justification .Lor thelr
e, fGhe apparent conflict nas now veer reso.ved o7 tue
jevesopnent of the electronic theory of valence wihicrh not only
re. onniled covalence and electrovalence tut introduced a third
tvve of vond (the co—ordinate covalent bond) in which bothL

e.e-trons are supplied by the same atom.
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It is noteworthy that the formation of co-ordination coz-
-leves falls under the electronic theory of 2cids and bases

croypcsed by LEWIS. The reutralisation of an acid witn 3 base;
ar-oriine to the LEWIS concept, always involves the combina—
+iav of an acid (electron acceptor) with a base (electron
s ep) with tne formation of a co-oruinate tond.
The tendency for complex foruatioxn with donor wmulecuies
zay ce interpretea as the tendency for metal ions 10 fiil up

ur.._cupied orbitals and thereby approach the electronic col-

£i-uration of an inert gas.

The cyclic compounds, in which a metal ie jointed to two
s+ rzore ionor groups of a single molecule or ion, are partiocu.
larly important since they have exceptionally hisgh stability
and. in many cages, have remarkable and viluable properties.

< h st-uciures are complexes in the WERKER ocernse gince they

7]

v 32 no.ordiinate bonds. This type of ring formation was namned
srelation) by UHORGAN and OREW and the tern has been used to
~ever all types of ring systems with metils and with hyirogern,

gpitnout resgard to the nature of e cneawic 1 bond involved,

5180 the terms unidentate, bidentate, tridentate, guadridentate

Il atal
R

were proposed by 4URGAl to denote coaplexes formex witin
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ma.ecules or ions containing one, two, three, four, etc.,
jcrnor eroups respectively. Obviously, coamplexes with unider~

ta+e msubstinces would not involve chelation.

{4 Stability Constant of Chelate:

Iy the consideration of matters relating to chneliation,
i~ =8t have soze guantititive measure on which to judge the
fous materials. This is known as the s$ability consbauf,
wrisr is the logarithm of the formation comstant, or if pre-
“arred of the reciprocal of the dissociation constant of a
reversitle reaction. The chelate stability constant is gene.
ral.y taken as the eguilibrium constant for the reaction’
ir. wrich metal chelate is formed wihe hydratea zetal and the

zoet vasic (most nighly dissociated) foram of the chelating
arert.
4 A o liA
M + A Foo= WX
T_ 'L—-
(]
W ) i e wa
M e e i
IR
o D , . -4 , . = 7 indica
wnere i is the metal iom, X =~ is the ligand, ¢ | indicate
tie zolar concentration, and KMX is the constant applies toc a

specific temperature.
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Sipee the activation of ions in solution is strongly in-
fluenced by the total ionic concentration of tne solution, 1t
iz necessary to maintain o a constant electrolyte corcentra-
tis:, if the eguilibriua comstant given above is 1o be & true
- .rztant. Consequently, measurements of chelate forumation
ceretants are usually carried out at controlled concentrition

~+ 5y added inert electrolyte. It is seexn, therefore, that

tiess so—called "concentration constants®, which are chtained

-

¢. - atoichiometric measurements of the 2bove eguilibriuzn, 1y

ce ztrictly applied only at the specified temperature and

e z=ctrolyte concentration.

'5)  Chelation of Rare Earth Flements with Folyamiropoly-

carboxylice dcids:

Or. the basis of many well establisied instances of ionic

roarding in rare earth metal cOaplunLs, it nas Dbeen guite

sarerally concluded that tne stapilities of ccaplexes derived

Svosn toe tri-positive cations of these metals should increase

wi+r decreasing cation radius oOr increasing atoalc nuzber. an
exanination of stability comstant data for a rnuaber of col-
vaexing agents(3) reveals that in 211 instences there 1o @
arzer discontinuity at gadolinium than the correcponding dis-

(4)

ortinuity in radii , would susgegest 2nd that with some
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