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Abstract

The sto:.cmaretry and stability of the camplekes farmed' between
Co({II) or Co(III)} and mtrilotriacetlc acid (NTA) were spectrophato~
metrically investigated. The chelation of the hydrolysed state of
Co(III} with NTA was also studied, The behaviour of Co(II)-camlex on
irradiation with cobalt-50 ¥ -rays was followed spectrophotametrically.

Introduction:

The inté_xjaction beteen several polyaminconolycarbaxylic acics and
cabalt ions was extensively stidied. The aminopclycarboxylic acid,
nitrilotriacetic acid, NTA, was shown to form fairly stable camplexes
with divalent and tervalent cohalt Lons,'r? ‘To our knowledge, the:
study was carried cut only potentiametrically’ and withn certain concen—
tratian range of both the ‘acid and the métal ins. The present work is
concerned with the study of the interaction between cobalt and NIA
spectrophotametrically using different conceritration ranges. Radiolysis
of the formed equimolar Co{II}-NTA mlex was carried -cut using Co-60

. ¥ -rays. Accarding to the tesults obta.ined a rad.i.olytlc' mechanism was
suggested. Such stt.ﬂymavhemefulintheehluadon of NTa a5 a de- .
contaminating agent ,1.n case. of radicactive cobalt cantamination of the
envircmeent. . S

rimentals
21} the chemicals used were A.R. reagents. co?* caplexes. were pr-
pared by mixing the proper amount of ca:lz.snzo solution with that of
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the sodium salt of the acid. Co(III)-chelates were prepared from Co(I1)—
anes.? Aqueaus solutians were prepared in carbon dioxide-free double
distilled water. '

ihe chelation of the hydrolysed state of Co(II) with NTA was carried
out by preparing a series of 4 X 10”2 solutians of cobaltous chloride
adijusted at different pH values ard aged for various time pericds, followed
by the addition of equal volumes of 1.6 x 107M WIA solution, adiusted at
the same pH value. Optical densities were measured as a functian of pH and
standing time.

Spectrophotanetric measurements were carried out an Veh Carl Zelss
Jena, Specord W-Vis spectrophotameter, using 1 am quartz cells. pH-
adjustments were done vsing TOA, HW-7B pi-meter with a carbined glass=-
calarel electrode.

Trradiations were carried cut an 2 mi samples of mixtures of
1x 10 M co?t and 4 x 1074 NTA with b4 80co-radiation source at a dose
Cate of 1.66 x 10° Tad. /min. The dose rate was determined with the Pricke s
ferrous dosimeter. The radiolytic yields were determined spectophoto—
met:rically‘l in the UV reaion.

Resnlts and Discussion:

A. Chelstion of each of Co’' and Coo' with NIA:

The interaction between Coo and 0:>3+. with NTA was studied spectro-
photanetrzcally ky the centinous variatim,5'6 mole ratio-" and slope
ratic® methods. Tt was found that mixtures of NTA with either crbalt ions
cbey Beer's law and absorb in the ultraviclet as well as in the visible
regions. However, the examination of the sperctra in the visible regicn
is restricted only to concentrated solutians because the molar absorption
coefficlent 19 relacively low. An cbvicus shift in wave length due to
camplexation could be cbserved. These results are listed in table 1.
ColTT)-NTA mixtures having different mole ratios exhibit absorption
Maxima at A = 220 and 523 nm between pH 4.5 and 7.5, while Couiss,
camlexes show absorption maxima peaks at A = 250, 400 and 540 m
between pH 7.5 and 9.0. '

Applying the ‘continous variation mra':hon:l5 and its modification,

6
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the results indicated that the shape of a respective curve depends, within
certain concentration range, on the tokal concentration of Co(II)-Nra, For
a total concentratiom of 0.5 X 10 M, the representation curve has two
maxima at mole fractlons 0.5 and 0.66 corresponding to 1:1 and 2:1 camplexes,
respectively. At higher concentratiom, the curve has a maximum corresponding
te 1:1 camplex, This was confirmmed by the results cbtained by the mole
ratio and the slope ratlo methods. Guided by these results, the C03+
camplexes were studied using cancentrated sclutions (4 x lO_ZH) .

Calculation of the stability constants of both Co?' and Co' chelates
were carried cut using Job's em‘;uak.i.r::ns;.s'6 The values of log K are 10.8 + 0.1
and 14.6 + 0.2, respectively.

2

B. Chelation of the hydrolysed state of Co°' with NTA :

The chelation of the hydrolysed state was carried cut as a functian
of pH and standing time. The data cbtained are presented in Fig. {. 1t was
cbserved that on adjusting the ol of C02+ solution at 7, €, 9 and 10,
a blue precipitate of Co(CH) 2 is formed. For all time intervals, the
precipitate farmed at pH 7 and oH 8 dissolved campletely and instantanecusly |
in NTA giving clear pink and brosn solutions, respectively. At pH 9 and 10,
partial selubility cocurs. Far such samples separation of the precipitates
was carried out by centrifugation directly before recording the spectra,
It is to be noted that, all the spectra exhibit maximm absorption at A = 540 m.
Campared with the optical density-pH curve for fresh sclution mixture of
Co?* and NTA , it could be concluded that at 48 hours aging time, a remarkable
decrease in optical density occured at the pi range fram 3 to 7, after
vwihich an increase started and reached a maximm value at pH= 8.5, then a sharp
decrease ocoured ‘at pH 2 9. The general decrease in the optical density
could be due to the farmation of Co(II} hydraxide, hence lowering the
-extent of chelation with NTA. However, on increasing the pi from 7 to 8.5,
the cbserved increase in the optical density may be attributed tg the
axidation of Co{II) with the axygen of the air in alkaline medium to give
Co(III). These latter species would then Interact with NTA formirey Co{ITT)-NTA
chelate, as indicated by the maximm absorption at A= 540 mm-and at a relatively
igh gH value, On the other hand, the solutions aged for one, two and three
veeks show a gemeral and gradual increase in the optical density as a function
of pH and reached a maximm valus at 7.5. This may be explained on the basis,



that as the precipitate, Co(II)~hydrcxide is more aged, the process of
axidation of Co(II}) to Co{III) become more likely. Accordingly, the pH
at which the maxirmum absorbance occurs is shifted to lower valus (7.5)
than the case of 48 hours~age time. Fram figure 1, it is obvious taat
nearly a constant value of optical density was abtainad, in each case,
for the pH values 4, 5 and 6. This p ranoc i9 charactaristic, as re-
parted previcusly, for the stability of Co(II)-NTA carmplex. Accordingly,
it is supposed that the complete axidation of Co{IT) o Co(IIT} occurs
beyond this pH range. The decrease in the ootical density at higher mH
values {»8.5 in the case of 48 hrurs and } 7.5 in the other cases) may
be due to the incamplete solubilization of +he precipitate &s mentioned
before. For the hydrolysed state aged for 4 weeks, a slight dscrease in
the optical density, at pE valuss, than that aged three wesks could be
shown in fig. 1. This would mean that as the precipitate is agad longar,
sane of the hvdroxids may change to polymolecular hydrolysed stats,
which may chsorb at a different wave lenghts thus causes the cbserved
decrease in the Q.D.
C. Radioclysis of C02+-I-TA complex in aduacas and erated solution with
X ®co-radiation:

The irradiation was made on (C02+-Em1 nctursz, at diffarent g
values, namely 4.5 2nd 7.5. Plots of tie ontical density versus tie dose
absorked for mixturss of diffarenk nole ratios alk thes two considerzd oH
valueg are shown in Figurms: 2,

According to the experimortal results, it couid be pastulated that
at pH 4.5 decorposition of the oxmlax oocurred, while at of 7.5 da-
composition of the camplex occurred, while at pH 7.5 Fig, 2 axidation
of the chelate appears to be the proneble process tahing place.

The following mechaniam for brth degradation and cxidation is suggested,
vhich is identical to that discussed befare for other acbalt dlelates.lo'll

I, Degradation of the complex: 5 g

As the radiolysis is carried out in aered solutions, the reducing

species H and eaq will react with oxygen to qive Hzo ard 0;, re.spectively:u’ i

H+0? = 0
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, react with each cther in 2quecas solutions

The two radicals Hzo and Q
as follows:

W, + 0, —> HO, + 0, + O
Many published work! /15 nave reported that the aminocarbaxylic
acids were easily attacked via the OH radical, leading to the abstractiom
of a hydrogen atom from the carbon attached to the carboxylic ‘group.
2eoordingly, the following reaction may take place:

co*RIm 0T + = co’'rrHCD” 4+ H,0
(1)

where C02+RN.‘;HZCCD_ represents the Co(IT)-NTA camplex.
In presence of axygen, the species (I) may add 0, as follows:

cotmuioe” 4 0, = c°2+m~x:«:(02)oco'
{II)

The axygenated intcrmediate (IZ) is unstable and should stabilize itself
through the following reaction:

2+ 2

o _ + -
M(oz)mo + HZO = Co EXH + CHZO + 02 + ".Dz

The liberatcd fornaidshyds ves detected and determined experimentally,td
its G valuz vas found to be 0.5 + 0.1. For the l:1 (Co{II)-NIA) chelate,
the G value was @stapman=d from the slove of the stralght line 0.D.-Dose
ralationshin (Fig. 2). It was fourd to be equal to 3.55 + 0.2, _
Accaruirag o the zbove mechandsm, the radiolytic degradation of Co(IL)-
WA carplex —ay be due only to the OH radical. and thus GCo(II) should be
equivalent to Gy Bhctually, the experimemtal value is much higher than
that of (M radical. This could be interpreted as being due to oxidation
of the carplex via 1-[202 accampanying its degradation. In such a casz, the
cbserved G value should be equivalent to the sum of GOH ard Gﬂzoz, ‘hich
is quite fulfilled.

2. Oxidation of the aymolex:

The reaction betwsen H.0,, as an oxidizing agent, and Co{II)-NIA
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chelate during radiolysis, specially in neutral and alkaline redia, have
to be considerad. As a result, the divalent ccbalt chelate is ccnverted
the corresponding tervalent cabalt ane accordine to :
2+ = 3+ = -

Co R\CH2CCD + H202 = Co I&U{zm + OH + OH
It was found that oxidation varies linearly with the dose absorbed. The
G value of the formed Co{III) from thz 1:1 Co{II)—Complex was determined
fran the corresponding curve. It was found to be equal to 1.6 + 0.1,
Similar results were cbtained during the radtolysis of cther cabalt

10,11

chelates.
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Tanl2 1
Varisys valtes for the colar extinciilon coefficient,
2t wifferent 5z }s “TA end the Cer
t Ga r)\nax Tor Ga(II}, 4 en P
lex (CofIT)=HTA)

Species ?\max l& 7 pl~interval
(nm} M .cm

Co(II) 200, 500 25, 5

HeA 208 5.5 x 10° |

Co(I1)-NTA 220 and 1.9 x 10° 4e5 = Tu5
(1:1) 523 40 .l]

. . 2

Co{III} " ~rME, 570 1.4 x 107, 7

CofTTIVNTA. 750, HWLET x 102. 7 7.5 - g
(£:4) &) and 5470 125 J )




— 130 —

ULy FUTPY pue gd YITM EOIMAXTH

- s a4 RN &

(YIN-{1I)0D)

30 £47suUdq TeoT3d0 owt Jo UoTAETIOA :( L) P12
Z

Hd 6 g L

9

S

7 £

2N X W ueinios (I3 o~~~
’ y2am & w8
.xuo.? [ o-¢
1M 7 w9

Pam | =
_I:..oc gy x~x

2w)y #6v

<0

to

70

S0

30

ao

s




— lal —

D.D —

100
090

0.80
0.70
0.60

a.s0

0.30

0.20

0a0 |

0.60 e
15 30 4% 60 75 90 x M66% 10

DOsSE ABSORBED ( rad/ min)

Fig. (8 ): Gamna radiation induced degradation of 1:1,
1:2, 1:3 end 2:4 Co(II)-NTA nixtures at
pH 4.5 at ‘A = 205 nnm.




