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Abstract—The dependence on ionic siength of p

of L-glut

dioxouranium(VT) are reported in sodium perchlorate solution as a background salt. Measurements have been
performed at 25 +0.1°C and various ionic strengths in the range 0.1 to 1.0 mol dm™, using a combination of
polenti fic and sp p ic i The overall analysis of the present and the previous data
dealing with the determination of stability constants at differcnt jonic strengths allowed us (o obtain 2 general
equation. by which a formation constant determined ata fixed ionic strength can be calculated, and with a good
approximation, at another ionic strength. if 0.1 < ionic strength < 1.0 moi dm™ sodium perchlorate.

INTRODUCTION

A considerable amount of work has been carried out
on some aminocarboxylic acid complexes with uranyl
ion using different i [1-7}. Many h
have claimed that amino acids are bidentated chelating
ligands towards uranyl ion, the chelation being effected
through carboxyl oxygen and amino nitwrogen [9-11].
These authors have alsc reperted data on uranyl ion
complexes on the above basis. However, some others
have reperted that the amino nitrogen is not involved in
coordination 6, 12}. The stability constant values of the
chelation that were reported by these authors vary con-
siderably. These values vary within the range of 2.4 (0
12.4 in log unit for the uranyl ion(VIi+glutamic acid
system. The differences are mostly due to the fact that
at pH > 3.5 uranyl ion undergoss hvdrolysis and the
constants calculated at pH > 3.5 do not represent the
true equilibrium of the metal ion with the ligands. Somz
of the differences are also due to the different jonic
strengths and various techniques that were employed.
In most cases measurements were performed at a fixed
ionic strength. and in some other cases no special
attempts were made to control the ionic soength. How-
ever, in all cases some uncertainties are still present.
This fact is mairly due to the uncertainties in the
nurnerical values of stability constants. For example,
when maintaining two different ionic strengths of 0.1
and 1.0 mol dm™ sodium perchlorate, we observed a
difference of about 1.1 log unit for the stability constant
of uraryl ion with glutamic acid.

The present work describes the complexation of ura-
nium(VI) ion with glutamic acid in an jonic strength
range of 0.1 1o 1.0 mei dm™ sodium perchlorate. The
parameters, which define the dependence on ionic
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Strength, were analyzed with the aim of obzaining fur-
ther information with regards to their variation as a
function of the charges involved in the complex reac-
tion. Morcover, a general equation was drawn for the
dependence of the formation constants on the ionic
strength. This equation allows the possibiliry of esd-
mating a stability constant at a fixed ionic swength
when its value is known in another ionic media. 0.1 £
J< 1.0 mol dm™3 sodium perchiorate and. therefore.
may make a significant contribution to soiving many
analytical and speciation problems.

EXPERIMENTAL

Chemicals, L-glutamic acid, glu, (Fluka. analytical
reagent grade) was recrysallized from hot water,
washed with ethanol., and dried over P-O;, and its con-
centration was determined by titration against standard
alkali. The NaOH solution was prepared from titrisol
solution (E. Merck) and its concentration was checked
by several titrations with standard HCL. Perchloric acid,
sodium perchlorate, and uranium(VI) acetate were sup-
plied from E. Merck as analytical reagent grade materi-
als and were used without further purification. Dilute
perchloric acid solution was standardized against stan-
dard NaOH solution. All dilute solutions were prepared
from double-distilled water with specific conductance
equal to 1.3 £ 0.1 L& cm!. The concentration of the
uranyl jon, UO;’ . in‘aqueous solution was determined
by pulse polarography using a standardized solution of
UO,(NO;), (a sample of the stock solution was diluted
in aqueous 0.5 mol dm™* hvdrochleric acid [13]).

Apparatus. An Eyela pH meter (PHM 2000) was
used for —log[ H*) measurements. A purified nirogen
atmosphere was maintained in the reaction vessel dur-
ing the tirations. The hydrogen ion concentration was

949



950

FARROKH GHARIB et al.

Tablv 1. Protenation constants of the first and second carboxylic, By and Boy;, and amino, Bg, ;. groups of glutamic acid at

25°C and different ionic strengths, [, of NaClO,

E uu\ld.im;] i I{gB;, log Bz logBoii Exchncnlal conditions ) Ref.
© o1 | 2214003 | 4242005 | 964008 T Thiswe
03 2154004 | 403+004 | 9272007 This work
us 2114004 | 3962006 | 9.10+010 This work
07 2102002 | 374£005 | 9044007 This work
0 2102003 | 3.60£004 | 8984006 | This work
415 949 . =015MNaCIO, T=25°C 16
421 954 | /=0.1MNaNO;, T=25°C 17
405 9.46 | I=0.1MNaClO, T=30°C 18
415 961 =01 MKNO,, T=25°C 19
37 9.63 [=0.1 MNaCIO,, T=30°C 1

measurer with an Ingold UO 3234 glass electrode and
an Ingold UO 3236 calomel electrode. Spectrophoto-
metric measurements were performed on a UV-vis Shi-
madzu 2100 spectrophotometer with 2 GDU-20 com-
puter using thermostated matched 10 mm quarntz cells.
‘The measurement cell was of the flow type. A Master-
fiex pump allowed circulation of the solution under
study from the potentiometer cell to the spectrophoto-
metric cell, so the absorbance and —log[H"] of the
solution could be measured simultaneously.

M All were carried our
at 25 +0.1°C. The ionic strength was maintained from
0.1 to 1.0 mol dm with sodium perchlorate. The pH
meter was calibrated for the relevant H* concentration
with a solution of 0.01 mol dm™ perchloric acid solu-
tion containing 0.09 mol dm™* sodium perchlorate (for
adjusting the ionic srength to 0.1 mol dm™), The same
procedure was performed for the other ionic strengths.
For these standard solutions, we set~log [ H*] =2.00 [4].
The junction potential corrections have been calculated
from Eq. 1

—log[H'ey = =108 [ H*Jescures + @ + BH Tnesaress (1)

a and b were determined by measuring the hydrogen
ion concentration of twe different solutions of HCIO,
with sufficient NaClO, to adjust the ionic media.

Procedure. A 25 cm?® acidic solution of UO3
(10 mol dm™) was titrated with an alkali solution
(0.1 mol dm= NaOH) of glutamic acid (containing a
large excess of the ligand. 0.01 mol dm™?), both having
the same ionic strength. The —logl H*} and absorbance
were measured after addition of a few drops of the
titrant, and this procedure was extended up tc the
required ~log[ H*]. In all cases, the procedure was
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repeated at least three times and the resulting average
values and corresponding standard deviations are
shown in the text and Tables.

RESULTS AND DISCUSSION

In order to avoid hydrolysis of oxometal ions, all the
measurements were performed at —log[ H*] <3.5. The
complex M;H,L{"™* """ formed is characterized by
its stoichiometry (x : y: 2). where M and L represent the
metal ion and the ligand, respectively. To determine the
suability constant of the compiexation or the protona-
tion, Eq. 2 is defined by B, (4. 14]

XM v+ ZLAMH, LT

Boe = IMELLY " YAMPFHPL . (3)

The protonation constant of glutamic acid has been
used: for computation of the stability constants f,. of
the metai-ligand. The protonation constants of the
ligand have been extensively studied n different kinds
of background electrolytes, and the results have been
reporied in the literawre. The prewonation constants
have been determined using potentiometric techaiqu:
and calculated using a computer program, which
employs a least-squares method [15]. These values are
listed in Table 1 together with the values reporied in the
literature. They are in good agresment with those
reported before [1, 16-19].

The method of determination of the stability con-
stant is based on the relation A = f([H*]). Absorbance A
and —log [ H*) were measured for a solution containing
VO3 with a large excess of the ligand, and the results

are listed in Table 2. Treatments of the spectrophoto-
metric data (each 5 nm) obtained during the titrations 2s

@)
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Table 2. Absorbance, A, of the system UO? + glutamic acid at 25°C and different ~log[H*], wavclengths, and ionic
strengths, /, of NaClO,

—_— A A -
—logH") | - — — T —og[H") |——— —
| 2600m | 265nm | 2700mm 275nnT| e o [ 265 [ 270nm | 275 nm
I=01moldm®

118 0155 | 0424 | 0100 | 0080 | 172 0.108 | 0.087 0.071 0.057
1.23 0.146 0.117 | 0.0% 0077 | 182 0.106 0.085 0.070 0.056
1.28 0.138 0.110 | 009 0072 | 19 0.105 0.085 0.070 0.056
1.33 0.131 0.105 | 0085 0.069 ‘ 2.16 0.105 0.085 0.070 0.057
139 ¢ 0125 o101 | 0082 0066 | 234 0.107 0.088 0.072 0.058
145 | 0120 0096 | 0079 0.063 ‘ 2.60 0.114 0.093 0.077 0.063
152 | 0116 0.094 | 0077 0.063 | 3.02 0.136 0.112 0.093 0077
161 o112 00% | 0074 0.059 337 0.170 0141 0.119 0,099
1=03 mol dm™~
112 0.160 0.129 0.106 0.087 1.83 0.112 0.091 0.075 0.063
121 0.145 0.117 0.096 0.079 2.24 0.112 0.092 0076 0.063
132 0.134 0.109 0.090 0.074 247 0.117 0.096 0.089 0.067
1.38 0.129 0.104 0.086 0.071 2.62 0.124 0.102 0.086 0,072
145 0.124 0.100 0.083 0.068 2.82 0.133 0.110 0.092 0038
1.54 0.119 0.096 0.080 0.066 3.09 0.148 0.123 0.104 0.088
163 0.117 0.095 0.079 0.065 3.24 0.162 0.135 0.114 0.097
175 0.114 0.093 0.077 0064 | 341 0.180 0.151 0.128 0.108

=05 mol dm™
117 058 | 0126 | 0104 | 0085 | 216 | 0109 | 0088 | 0073 | 006
121 0146 | 0117 | 009 | 0078 | 240 | 0114 | 0093 | 0077 | 0065
124 o139 | our | oo | oos | 257 | o120 | oo | oos2 | ooes
131 0126 | 0401 | 0082 | 0068 | 280 | 0132 | 0109 | 0091 | 0077
136 0120 | 0097 | 0079 | 0066 | 295 | 0143 | 011§ | 0099 | 0083
148 1 0012 | 009 | 0074 | 0061 au | oeasr | oase | ciee 0093
1 | oolos | 0087 | 0072 | 00 | 328 | o176 | 0147 0126 | 0i05
180 0.10s | 0085 | 0070 | 00s8 | 344 | 0199 | 0167 0142 | 0120

1=0.7 mol dm™*
106 | 0160 | 0.128 0.104 0.085 1.70

I : | oaie om0 | wma e
W9 | 012 | iz | 009 | 00m | 219 | 0116 | 0094 | 0078 | 0066
L6 | 0138 | 0au | 0081 | 0075 | 230 | 0125 | 0102 | ook | aom
10 | o2 | owe | ooss | con 275 1 oase | oils | 0095 | 0082
125 | 0i27 | 0102 | 0084 | 006 | 289 | 0150 | 012 | vi0s | ogss
130 | 0423 | 0098 | 0080 | 0067 | 307 | 0166 | 0138 | 016 | 0099
140 ! 0118 | 0095 | 0077 i 0064 | 324 | o1ss | o1s2 | 0129 ’ 0.109
6 | 013 | oom | oos | ooe | 41 | o208 | ai7s | orss | iz

7= 1.0mol dor™

L0 | 0J61 | 0136 | 0113 | 0093 | 197 | OAI3 | 0093 | 0078 | 006S
s oo | o2 | oo ‘ 0084 | 231 [ o120 | 009 | oo | om0
L2t 0.137 0.113 0.094 0.077 “ 2.48 0.126 | 0.104 0.088 0.074
125 | 01 | 0109 | 0091 l 0,076 \ 27 I 0138 | o115 | 0097 ‘ 0.081
120 | 028 | 005 | 0087 | oo73 | 285 | 0148 | 0125 | 0105 | 0088
137 | 0125 | 0103 | ooss | ocT2 | 381 | 0162 | 0136 | 0tis | 0097
146 | Cl6 | 0096 | 0079 | 0066 18 | 0181 | 014 | 0130 | €110
L6 | ooas | o009 | 0078 1 0.062 ! 0131
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Fig. . The equilibrium distribution of the species in the
UO3" + L-glutamic acid system as 2 function of =log [ H*]

at 25°C, 275 nm. and ionic strength 1.0 mol dm™ sodium
perchlorate.

a function of the H* concentation were conducted
using a computer program (15]. The program allows
calculation of stability constants for different stoichio-
metric models. The degree of refinement then guides
the choice between models. In aqueous solution,
glutamic acid exists in its anionic forms (HL- and L?"),
zwitterionic species (H,L), and cationic form (H,L*).
Considering the protonation constant of the amino acid,
in acidic pH the predominant species for complexauon
is H,L. Using the computer program, the following
compiexes were considered: MH,L. MHL, ML,
M(H,L),. M(HL),. ML, (the charges are omitted for
simplicity). Also using the computer program [15). the
data were fitted 10 estimate the forration constant of
Eq. 2. We used the Gauss-Newton nonlinear leasi-
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squares method in the computer program to refine the
absorbance by minimizing the error squares sum from
Eq. 4
U=X(a,~ b, “)
where g; is quasi-experimental and b, is calculated. As
was expected, all the proposed species were systemati-
cally rejected by the computer program except for
MHL and M(HL),. A value for the MH,L formation
constant was calculated by the program, but the species
was not considered further, because the estimated error
in its formation constant was unacceptable, and its
inclusion does not improve the goodness of the fit. The
model finally chosen, formed by UO,HL* and
UOL(HL),. resulted in a sausfactory numerical and
graphical fitting. The average values of B;,, and B, for
various wavelengths are listed in Table 3. In Figure |
the equilibrium distribution of various species for the
UOi' + glu system is shown as a function of —log[ H*}.
The calculations are based on the stability constants
given before. This figure shows when -log[H*]
approaches 1.82 and 3.36, the mole fractions of the pro-
posed complexes have the maximum values.
Comparison with the literature data. Some of the
stability constant values for uranyl ion complexes of
glutamic acid or its homologous aspartic acid found in
the literature have some differences with these deter-
mined in this work. This is certainly due to the different
stoichiometry model and the difference in the experi-
mental conditions. For uranyl ion complexes Shelke
and Jahagirdar (1] have, respectively, obtained
iogB o, =8.43 and 8.71 for glutamic and aspartic acids
by potentiometric tiwation mathod at 30°C. Petit—
Ramel and Mosoni {3] have found logP,,, = 12.4 and
logB,; = 8.25 for glutamic acid by spectrophotomet-
ric technique. They explained that both carboxvl
groups. as well as the amino group of glutamic acid, are

Table 3. Average values of logf);; and iog P,y of the system UOi' + glutamic acid for various wavelengths at 25°C and

different ionjc strengths of NaClO,

L. mol dm~} Toufyy | TlogBig | Ref

ol II8£G10 | 10944015 | "1 This work
03 255001 | 10512017 | “This work
05 205001 | 10102015 | This work
07 695000 | 9.79+012 ‘ | This work
10 6874008 | 9824001 | | This work

i L osa. 1201 MNaCIOy T=50°C | |

| | 8.25 | I=0.1 M NaCl0,. T=25°C | 3
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Fig 2. Plots of logf versus the square root of jonic srength
for protonation of L-glutamic acid and the stability con-
Lants.

probably involved in chelation, but binding by the
amino nitrogen is insignificant for a steric reason. By a
potentiometric titration method the values of logB,,, =
2.41 and logB,;; = 4.14 were obtained by Bismondo
and Rizzo [2] for aspartic acid in 1.0 mol dm~ sodium
perchlorate as the ionic swength. The authors have
described that the ligand binds to the oxometal ion
through one carboxylate group only, the one furthest
from the positive amino group, whereas the amipo
group, in the experimental conditions used, is proto-
nated and not involved in coordination.

Ionic strength dependence. The dependence of the
stability and protonation constants on ionic strength can
be described by a Debye~Hiickel type equation [20-27]

logB(/) = logB(i*)
~AZH[ 17K+ BI)y = %101 +B5*%))  (5)
+ C(I=1"y+ DY = 1'%y,
where 7 and /* are the acrual and reference fonic
Table 4. Parameters for the dependencs on ionic strngth of

the proionation of glutamic acid and the stability constants of
UO,HL" and UO,f (H:L)~

w0 |

°
24
oo

130 |
-1L.81

=372 73 |

ES

4
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strength, respectively, and according to equation 6,
PME + gL 4 rH (M LH P ®)
Z* = pmt+ qn’ + r—(pm + gn + 1), where mand n are
the charges on the metal ion and the ligand, respectively
[21]. Considering
A=0.5115+8.885 x 10%(T~-25)
+2.953 % 10°%(T - 25)%,
B=1.489+8.772x 10T-25)
+4.693 % 107%(T - 25)%,

where T is the temperature in °C, Eq. 5 can be simpli-
fied at T=25°C as
logB(/) = logB(I*)
—ZH P52+ 3055 — 1+°%1(2 4 31%%%))
+C(I=1%) § DI = 1),

(G

where Cand D are empirical coefficients whose values
were obtained by a regression method with a suitable
computer program [13] and are shown in Table 4.

The dependences on ionic strength of the logB val-
ues are shown in Tables 1 and 3 and Fig. 2, which are in
agreement with the results obtained for other complex
species in our previous studies [20-27].
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