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Abstract

The sto:.chicrretry and stability of the camplekes farmed' betwesn
Co({II) or Co{III) and mtrilotria.cetlc acid {(NTR} were ‘spectroohato~
metrically investigated, The chelation of the hydmlysed state of
Co(IIT} with NTA was also studied, The behaviour of Co(IT)-camlex on
irradiation with cobalt-60 ¥ -rays was followed spectrophotametrically.
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Introduction:

The interacﬂon bet-.leen several polyarmn)olycarbmylic aclis and
cobalt iong was euctensively stidied. The aminopolycarboxylic azid,
nitrilotriacetic acid, NTA, was shown to form fairly stable camlexes
with divalent and tervalent cchalt Lons.l’® To our knowledge, the'
study was carried out only potentianetrically’ and witﬁn‘ ‘certain concen—
tration range of both the acid and the metal fns. The present work is
concerned with the study of the intetaction batween cobalt and NIA
spectmphotmetrically using i Ffefent canceritration ranges. Radiclysis
of the formed eq'uiItDlar Co'{II}-N'm ccrmlex was carried out using Co-60

- ¥ -rays. According to ‘the fesults, d:ita.'l.ned a radiélytic mechanism was
suggested. Such stLﬂymavbeusefulinmeeValuaticn of NTA as a-de- ‘
contaminating agent in case of radioactive cobalt cantaminatlon of the
envirameent. . - Coe

rimentals
All the chemicals used were A.R. reagents. C02+ carplexes. were pr-
pared by mixing the proper amount of CoC12.6H20 solution with that of
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the sodlum salt of the acid. Co(IlI)-chelates were mrepared fram Co(II)—
. anes.? Aquecus”solutimns vere prepazed in carbon dicxide—free double
distilled water. B : '

The 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
adjusted at different pH values and aged far various time periods, followed
by the addition of equal volumes of 1.6 X 16" NTA solution, adiusted at
the same pH value, Optical densities were measured as a function of pil and
standing time.

Spectrophotametric measurements were carried out on Veh Carl Zeiss
Jena, Specord UV-Vis spectrophotameter, using 1 on quartz cells. pH-
adjustments were done vsing TOA, 478 pi-meter with a catbined glass-
calarel electrode,

Trradiations were carried cut an 2 m} samples of mixtures of
1 x 1674 co? and 4 x 1071 NIA with ¥ FCo-radiation saurce at a dose
rate of 1.66 X ].03 rad./min. The dose rate was determined with the E‘rid-ce's
ferrous dosimeter. The radlolytic yields were determined spectophoto—
:r'et:rj.cellly‘1 {n the UV reqian.

Results and Discussion:
A. Chelation of each of Goot and Coor with NTA:

The interaction between Cc:2+ and Co3+, with NTA was studied spectro-
photaretrzcally by the continous variaticn,”’® mole ratio’ and slope
ratio® methods. Tt was found that mixtures of NTA with either crbalt ions
chey Beer's las and absorb in the ultraviolet as well as in the visible
reglons, However, the examination of the spectra in the visible regicn
45 restricted only to concentrated solutians because the molar absorption
coefficient 13 relatively low. An cbvicus shift in wave length due to
corplexation could be cbserved. These results are listed in table 1.
ColTT)-NTA mixtures having different mole raties exhibit absorpticen
maxima at A = 220 and 523 rm between pH 4.5 and 7.5, while Covisss
caplexes show absorption maxima peaks at . A = 250, 400 and 540 mm
between pi 7.5 and 9.0. '

Applying the continous variation r:'nrathonzl5 ard 1ts médificatieon,

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
precipltate farmed at g 7 and pH 8 dissolved completely and instantaneously
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 abserved increase in the optical density may be attributed to 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
ugh pH value. On the other hand, the sclutions aged for cne, 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, Col(Il)~hydraxide is more aged, the process of
oxidation of Co{II) to Co{TIT) become more likely. Accordingly, the pdl
at which the maximum absorbance occurs is chifted to lower value (7.5)
than the cese of 48 hours-age time. From fiqure 1, it 1s obvlous that
nearly a constant value of optical density was cbtainad, in each czse,
for the pH values 4, 5 and 6. This pH ranae is charactaristic, as re—
parted previously, for the stability of Co(IT)-NTA carplex. Accordingly,
it is supposed that the complete axidation of Co{IT) &0 Co!TIT} occurs
beyond this pH range. The decrease in the ootical density at higher o
values {»8.5 in the case of 48 hours and 3 7.5 in tha other cases) may
be due to th incooplete solubilization of +the precipitate as mentiorad
before. For the hydrolvsed state aged for 4 weeks, a slight dacresse in
the cotical density, at pH valuss, than that é.ged three wesks could be
sheem in Fig. 1. This would mean that as the precipitate is aged lomgar,
sane of the hydroxids may change to polymoiccular hydrolysed :51;—3‘;.-3,9
which may chsorb at a different wave lenonts thus causes the dbserved
decrease in the 0.D.
C. Radiclysis of C02+-NFA complex in gmuecas and zerated solutlon with
¥ ®co-radiation:

The irrzdiation was made on (C02+-:\Tm: micckure s, at diffarent pH
values, namely 4.5 and 7.5. Plots of the ootical density versus tie dosa
abzorked for mixtures of diffarenk nele ratiosg ab bthe two considerz=l of
valueg are shown in Figurm: 2,

According to tne experimertal resalts, it ocoulid be postulated that
at ©H 4.5 decorposition of the orwplsx oocurred, while an o 7.5 de-
compesition of the camplex occurred, while at pH 7.5 Fig, 2 oxidation
of the chelate appears to be the pronzble process taking place.

The following mechanizm for bnth degradation and cxidation is suggested,
which 1s identical to that discussed before for other ccbalt dielates.lo'll

I, Degradation of the corplex:

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

species H and eaq will react with oxygen to give 1-120 ardl 0;, rs.-.._t']_:'ect.i.vely':]'2"]'3l

H+O? = HD
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The two ragdicals H20 and 02

react with each cther in aguecus solutions
as follows: '

HO2+O

, —> HQg, + 0, + OH

272 2

Many published work 15 have reported that the aminocarbomylic

acids were easily attacked via the CH radiéal, leading to the abstraction
of a hydrogen atom from the carbon attached to the carbaxylic goroup.
Recordingly, the following reaction may take place:
coP'Rum 00T + o = ol RRHOOT  + H
(I

vhere C02+]:'N.‘:H2CEO_ rapresents the Co(II)-NIA camplex.
In presence of oXygen, the species (I) may add 0, as follows:

2+ - 2+ -
Co™ RNCHCCO + 02 = Co M(OleIJ

{11}

Tha oxygenated intcrmediate (II) is unstable and should stabilize itself
through the following reaction:
2

L2 ~ _ + -
CoRTHION00T + HO = CoCRNH + QLO + 0, + @,

The liberated formaldshyds wes detected and determined esperimentally ,14
irs G value wvas found to be 0.5 + C.1. For the 1l:1 (Co{IT}-NTA) chelate,
tho G value was detemmined from the slope of the stralght line 0.D.-Dose
ralationshin (Fig. 2). It was fourd to be equal to 3.55 + C.2. _
Accortiing to the sbove machanizm, the radiolytic degradation of Co{IT)~
WIA coamplex may be due only to the OH radical. amd thus GCo(II) should be
equivalent to Gp,. hctually, the émparimental value is much higher than
that of (M redical. This could be intarpreted as being dus to oxidation
of the carplex via H202 accampanying 1ts degradation. In such a casz, the
abserved G value should be aquivalent to the sum of GOH and GHZDZ' sfidch
is quite fulfilled.

2. Oxidation of the comolex:

The reaction between H,O0,, as an oxidizing agent, and Co{II)-NIA
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chelate during radiolysis, specially in neutral and alkaline medis, have
to be considared. As a result, the divalent ccbalt chelate is ccnverted
the corresponding tervalent cabalt ane according to :

2+ - 3+ - -
Co R.‘\I'.'HzCCO + H202 = Co mmzocn + OH + QH
It was found that oxidation varies linearly with the dose absorbed. The
G value cf the formed Co{III) from the l:1 Co{Il)-Comlex was determined
fran the corresponding curve. It was found to be equal to 1.6 + 0.1,
Similar results were cbtained during the radtolysis cof cther ccbalt

10,1t

chelates.
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Tanl2 1
Varigys values for the polar extinciion coefficient, &,
2t wifferent 5z }s “TA end the Cer
t Ga r)\nax Tor Ga(II}, 4 en P
lex (CofII)=NTA)

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} " I I S 1.4 x 107, 7

CofTTIVNTA. 253, HWLET x 102. 7 7.5 - g
(£:4) &) and 547 125 J )
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Gamna radiation induced degredation of 1:1,
1:2, 1:3 end 1:4 Co{II)-NTA mixtures st
pH 4.5 2t ‘A = 205 nm.




