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The equilibria between molybdenum(VI) and tungsten(V'[) with nitri

d are studied in aqueous solution at

ic acid (NTA) and gh

25 °C and different ionic sumglhs nmgmg fmm 01w l 0) moi dm™* (NaCl0,). Srmch:ommy and stability of the complexes formed are

from a

Tungsten(V1) forms a monenuclear

complex with NTA of the type (WO;,L”) at pH=7.5. The
pH=6.0.

of (VD) with nitri

ic acid and glutamic acid occurs at.

By mﬂmducmg two empirical parameters € and D in these three complex formation reactions the dependence of the dissociation and stability
constants on ionic strength is described by a Debye~Huckel type equation. Finally a comparison has been made between the calculated and

experimental values of stability constants.
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1. Introduction

The biological importance of tungsten has been fully proved
in the last decade due to the isolation of a number of tungsten
ini enzymes from ‘,, h ilic archaea. Tungsten
was previ idered only as an ist of molybd:
num, became the replacement of molybdenum by Iungslen (due
to their chemical similarity) leads to inactivation of molybde-
num containing enzymes. In addition to the “true W enzymes”
in which tungsten can not be replaced by molybdenum, recently
some enzymes have been isolated which can use either
molybdenum or tungsten in the catalytic process.
Considerable studies have been performed on the stability
constants of metals with a-aminoacids and aminopolycar-
boxylic acids, but only little work has been reported on the
ionic strength dependence of stability constants of tungsten(VI)
and mol (VI) with nitril ic acid and glutamic
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acid [1-3). Marcu and Tomus [4] studied the radiochromato-
graphic and electroradiochromatographic of sodium tungstate
solutions under the action of NTA. Studies on the structural and
bonding characteristics of various Mo(VI)-aminopolycar-
boxylic acid complexes have led to the evaluation of stability
constants from proton nuclear magnetic resonance (NMR) data.
[5,6]. On the basis of these studies Kula and Rabenstein (7]
determined the stability constants of W(VI)-NTA complexes
by potentiometric technigues. Collin and Lagrange [8] reported
the stability constant of this system at 25 °C and at an ionic
strength of 0.5 mol dm™* NaClOy. Zare et al. [9] studied the
W(VID)-NTA and Mo(VI)-NTA systems and evaluated their
stability constants at 25 °C and at an ionic strength of 3 mol
dm™? NaClO, using the potentiometric technique. Chan et al.
[10] proved that stable one to one molybdenum chelate is
formed with NTA using the NMR technique. Raymond et al.
[11] confirmed the existence of a MoO; core for the
complexation of Mo(VI) with the tridentate ligand NTA.

Funahasln et al. [12] studncd the reaction of molybdate(VI)
with nif p P cally in aqueous solu-
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Table 1
Dissociation constants K, K3, and &y of NTA at different ionic strengths, /, of
NaClOy

Imol logks  logK:  logKy Experimental Ref
dm™? conditions

01 1982002 292:0.05 10.0020.02 ‘This work
03 1833004 2841003 9.85:0.01 This work
05 176001 2792002 95.70+0.03 This work
0.7 1632002 2612001 9.55£002 This work

10 1554002 2.59£0.04 9.2520.02 This work
9.8120.10 1=0.15 mol dm™>, [7)
25 *C

205£005 2.63£002 9.17£0.04 /=3 mol dm > 1

165 294 1033 1=20°C 29

tion of pH 6-8 at /=1.00 M (NaCIO,) and 25 °C. Tn a
P i ic study of molybd (VI) chelates with gluta-
mic acid, Rabenstein et al. [13] reported the stability constant at
25 °C and at ionic strength of 0.2 mol dm™> KNO;, Raymond
et al. [11] have synthesized and proved the composition of the
complex using the spectroscopic technique. Gharib et al. [14]
‘have proved the composition of glutamic acid complex and
reported its stability constant, using the polarimetric and
spectrophotometric techniques.
In this investigation we have calculated the stability
constants of tungsten(VI)-NTA, molybdenum(VI)-NTA and
d VI)-glutamic acid in an ionic
strength range of (0.1 to 1.0) mol dm™> sodium perchlorate

at 25 °C by introdu two empirical and using the
Debye—Huckel type equation.
2. Experimental
2.1. Materials
Sodium p hloric acid, sodium

sodium tungstate, sodium molybdate, nitrilotriacetic acid and

Table 2
Dissociation constants X and K, of L-ghutamic acid at different ionic strengths,
1, of NaClO4

Nmol logks Togky Experimental Ref
dm™3 conditions
ol 4242005 9.64£005 ‘This work
03 4032005 9272005 This work
0s 376:005  9.19£005 ‘This work
07 3742005 9041005 ‘This work
10 3604005 8982005 This work
418 9.49 1=0.15 mol dm~? 4]
NaClO,, =25 °C
421 9.54 1=0.1 mol dm™> (€]
NaNOy, 1=25 °C
405 9.46 1=0.1 mol dm~> B
NaClIO,, r=30 °C
415 9.61 1=0.1 mol dm™? B2}
KNOs, =25 °C
In 9.63 1=0.1 mol dm "> 33}

NaClO,, t=30 °C

Table 3

Continuous variations data for the W(VI+NTA sysiem at pH 7.5,
Mo(VI)+NTA system at pH 6, an ionic strength of 0.1 mol dm~> NaCIOg
and 265 nm

Mole fraction of metal A
WVD+NTA Mo(VT)+NTA

0.00 0.000 0.000
o.10 (A7) 0.207
020 0.200 0.283
030 02:2 0.343
040 0254 0365
050 0356 0398
0.60 0.292 0.364
080 0212 0.297
1.00 0.000 0.000

= The comected absorbance of [W(VD]+[NTA]=0.006 mol dm ~% the
corrected absorbance of [Mo(VD]+[NTA]=0.006 mol dm ~*.

glutamic acid were obtained from E. Merck as analytical reagent
grade materials and were used without further purification.
Dilute perchloric acid solution was standardized against
KHCOy. In all experiments double-distilled water with specific
conductance equal to (1.3+0.1) ps cm™ " has been used.

2.2. Methods

A Horiba pH-meter, D-14, was used for pH measurements.
The pH-meter has a sensitivity of 0.01 units. The hydrogen ion
concentration was measured with a Horiba combination
electrode, model $8720, A 0.01 mol dm~> perchloric acid
solution containing 0.09 mol dm™? sodium perchlorate (for
adjusting the ionic strength to 0.1 mol dm ™) was employed as
a standard solution of hydrogen ion concentration. The same
procedure was performed for the other ionic strengths [9]. The
calibration has been done for the whole pH (pH=—1log[H'])
range used. i were p d
on a UV-vis Shimadzu 2101 spectrophotometer with an Acer
Mate 486 SX/250 computer using thermostated, matched 10-
mm quartz cells. Polarimetri were d
with an Atago model Polax-D polarimeter equipped with a
sodium lamp A water-jacketed cell of 200 mm length and 20
cm?® total volume was used.

For each experiment two solutions of metal +ligand were
prepared with the same concentration, but the jonic strength of
the first was maintained with sodium perchlorate and that of the
second with sodium hydroxide or perchloric acid. The pH of

Table 4
Continuous variations data for the Mo{V1) +L-ghitamic acid sysicm at pH 6.0,
wavelength 265 nm, 4 ionic strength of 0.1 mol dm™> NaClO,

Mole fraction A Mole fraction 4
of Mo(V1) of Mo(VI)

0.00 0.000 0.60 0284
0.05 0.099 0.80 0213
0.10 0.121 0.90 ol
020 0.169 0.95 0.054
040 0.245 Lo 0.000
0.50 0.291

* The corected absarbancé of (Mo(VI)]* [L-glutamic acid]=0.02 mol dm =
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Fig. 1. Continuous variation plots of the absorbances of (A) MoOyNTA®, (B)
WO,NTA™, (C) MoO;Glu™™ Abs, versus the mole fractions of W(VI) and
MogVI), X, at 25 °C, an ionic strength of 0.1 mol dm > NaClO, and 265 nm.

the first solution was adjusted with the second one. The second
solution consists of metal+ligand+NaOH for increasing pH,
while for decreasing pH the second one consists of metal+li-
gand+HCIO,. The absorbance of the first solution was
‘measured after adjusting the pH.

In all cases, the procedure was repeated at least three times
and the resulting average values and corresponding standard
deviations are shown in the text and tables.

3. Results and discussion

The equilibria of nitri acid and
glutamic acid have been studied in different kinds of
background electrolytes but there are no reports about the
ionic strength dependence of the dissociation constants of NTA
and glutamic acid [1-3]. The following equilibria were
studied:

HLeHY + HoL™ Ky = [HYJ[HL")/[HsL) 1y
HL2H* +HL K = (HY][HL]/[HL7] (2
HL&HY +L K = [H][L)/[HL*] @)

Where L3~ represents the fully dissociated ligand anion.

The dissociation constants. K;. K, And K, have bem
i using

using a suitable computer program [15-18). For the glutamic

Table 6
Aveage values of logK, at pH 60 and diffecent jonic srengihs, fo the
of (V1) with NTA, (=25 °C

Jimo) dm™> _logK, Experimental conditions Ref

0.1 18.72£0.20 This work
03 19.36£0.10 This work
05 18.08£030 This work
07 18312020 This work
10 17.97£0.10 ‘This work

18.602020 I=3 mol dm"> NaClOy, =25 °C  [9]
18.0920.04 /=1 mol dm™> NaCl0,, 1=25 °C_ [12]

acid only X, and K; have been determined. These values are
listed in Tables 1 and 2 together with the values reported in
the literature, which are in good agreement with those
reported before.

3.1. Complexation of tungsten(VI) and molybdenum(Vl)
with NTA

3.1.1. Theory and calculation

Using the continuous variation method, we determined the
absorbances of solutions of complexes of W(VI) and Mo(VI)
with NTA of total concentration 0.006 mol dm™> in the UV
range (260 to 265 nm) at a constant pH of 7.5. When solutions
of tungstate are made into weak acid, polymeric anions are
formed, but for stronger acid solutions, substances often called
tungstic acid are obtained [19]. The behavior of the tungstate
systems is similar to that of the molybdate systems, Again the
degree of aggregation in solution increases as the pH is
lowered, and numerous tungstate have been crystallized from
the solutions at different pHs [19].

Using the potentiometric technique, resulis obtained for
simple one to one metal-ligand chelates are more precise than
for higher complexes, such as those formed with EDTA. In
fact, for the multicomplex systems the NMR data are probably
more reliable than the potentiometric data as indicated by the
range of calculated values for the EDTA systems [7]. A
compmson of the formation constants shows that within

I error there is ially no difference between
th: stabilities of the corresponding Mo(V1) and W(VI) chelates.
This does not seem too surprising in view of the similarities of
the two ions and their nearly equal ionic radii (7). However,
NMR studies show that tungsten chelates are significantly
more labile with respect to individual metal—ligand bonds than
are the molybdenum chelates (7).

Table 5

Aversge values of logk, at pH 7.5 and different ionic siengibs for the
of tungsten(VI) with NTA, £=25 °C Table 7

Todin? Yok, s 3 Aveae vies of fog, o g1 60 and ikt i sueghs, for e

o1 1900030 This w 2humt

03 19.37£0.10 Tt wor Imol 87 logk, __ Expeimenal sondtions L

0s 1965025 Thiswork 0.1 17.5420.30 “This work

07 20.10£0.10 Thiswok 03 16942040 This work

10 1940£020 Thiswork 0.5 169320.50 This work
18.86£005 1=0.15 mol dm~?, =25 °C ] 07 16842035 This work
19,0402 [=10-25 moldm™, (~35°C _ [7] 19 16.7620.40 This work
1275 1205 mol dm> NaClO,, (=25 °C (8] 1678 =02 mol dm™> NaCIOy, 1=25 °C  [13]
19038015 /=3 mol dm? NaClOy, (=25 °C__ (9] 1673 7=0.15 mol dm™> NaCiO,, =25 °C_(14]
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Table 8
Parameters for the dependence on the ionic strength of dissociation and stability
constants for the W(VI)+NTA and Mo(VI)+NTA systems at 25 °C

Species c D 7
K 1.057 ~0.864 6
K 0803 -0730 4
K 0210 -0.775 2
WO;NTA~ 8,099 6439 6
MoO;NTA™ 3225 329 6

For the NTA ligand system, NMR studies also indicate that
only one metal-ligand species exists above pH 6, MO;L* ™ [7].
Thus, W(VI) will bond with this tridentate ligand as a 1:1
complex:

WO,% +NTAY™ + 2H'2WO;NTA’™ + H,0 4)
with the stability constant, K, as:
K, = [WO;NTA*]/[WO, 2| [NTA> ] [H*. (5

The observed absorbances were corrected from Eq. (6) and
are summarized in Tables 3 and 4 for the W(VD)-NTA and
Mo(VI)-NTA systems and plotted in Fig. 1:

A = Aobs — &o[Metal]. 6)

Aq, Agvs, and g are the absorbance of the complex, the
observed and the molar ptivity of the metal,
respectively, €5 values were calculated at the mole fraction of
the metal equal to 1. In Fig. | a maximum ata mole fraction of
the metal equal to 0.5 was obtained, indicating a 1:1 complex.
The molar absorptivity of the complex, €, was calculated from
the linear part of the aforementioned plot at low mole fraction
of the metal, where essentially all the metal ions were in the
form of a complex. At the maximum point of the plot, the
concentration of the complex is:

[C] = A fe. @]

The following equations are valid for the total concentration
of the metal(Cyy) and the total concentration of the ligand (Cr)
at the maximum point on the plot of Fig. 1:

Cy = [Metal] + [C] @)

Co=[L]+[c]. 9)

The structures which were proposed for the Mo,-EDTA
chelate led to speculation concerning the possibility of forming
one to one Mo(VI) chelates with methyliminodiacetic acid

20,
a
19,8 / \
19,3
£ o
2 158
b
183
17.8
0 05 1 15
‘05

Fig. 2. Plot of logk, versus the square root of fonic strength for (3)
WO;NTA", (b) MoO;NTA>™.

178
175
174
17,3
172
71
17
169
16,8

167
0

logKs

05 1 15
15

Fig. 3. Plot of logK, versus the square root of onic strength for MoOGiu'~

(MIDA) and nitrilotriacetic acid (NTA) and proton NMR
studies of these chelates confirmed that the predominate EDTA
chelate does indeed contain two Mo ions and that stable one to
one molybdenum chelates are formed with MIDA and NTA
[S]. Thus, Mo(VI) will bond with this tridentate ligand (NTA)
as a 1:1 complex:

Mo0,?" + NTA®" + 2H"2MoO;NTA™" + H,0 (10)

with the stability constant, K, as:

K, = [MoOsNTA*]/[MoO,2~] [NTA™][H*]". (11)
By substituting Egs. (7) (8) and (9) in Eqgs. (5), (11) and (12)

we can calculate the values of K. We did not take into account
the hydrolysis constants of the metals. The values of logK( at

Table 10
Caleulated values of logk, at pH 7.5 and different ionic strengths for the

Table 9 of tungsten(V1) and molybdenum(VI) with NTA, £=25 °C
P"""“‘“’rf"‘ e depeiiieni o] tha ol issoct bility ol dm | W(VD+NTA Mo(VI)+NTA
constan +L-glutamic aci B

nsr ts: for the Mo(V1)+ L-glutamic acid system at 25 °C = o6 o7
Species c D 2 o 1951 1867
£ ~1392 0329 2 08 1978 18.56
& - 1401 1008 4 07 1982 18.36
Mo, Gl ~2.138 1.820 6 10 19.50 17.87
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different ionic strengths together with the values of literature
are shown in Tables 5 and 6.

3.2. Complexation of melybdenum(VI) with glutamic acid

The effect of pH on the optical activity of ghutamic acid and
its complex with molyt n(VI) shows the dif of
optical rotation for the ligand and the complex, This difference
reaches a maximum in the pH range 5.0~6.0,which means that
we have the largest amount of complex formation in this pH
range.

Using the continuous variation method, we determined the
absorbances of solutions of Mo(V1) and glutamic acid of total
concentration 0.02 mol dm™* in the UV range (260 to 265 nm)
at a constant pH of 6.0, In Fig. | a rather sharp maximum at a
‘mole fraction of Mo equal to 0.5 was obtained indicating a 1:1
complex.

Although Mo(VT) forms complexes with the same chelating
agents as most other metal ions, its chemistry is differentiated
from other transition ions by its strong association with
oxygen. Thus in most Mo(VI) complexes, MoO;2* or MoOs
is the central coordinating unit which with octahedral
geometry, severely limits the number of coordination sites
available to the ligands. For the glutamic acid the species is
Mo0;Glu?~ [3] with the stability constant as:

= [MoO;Glu"]/[Mo0, "] [Glu?~] [H*TF. (12)

The values of logK, for the glutamic acid complex together
with the values of the literature are shown in Table 7.

3.3. lonic strength dependence of dissociation and stability
constants

The dependence of the dissociation and stability constants
on the ionic strength can be described according to the previous

works [1,16—18,20-28]:
_ ]?.S
1+BI}*
+C(I-h)+D({" -1}%) (13)

where I and I; are the actual and reference ionic strengths,
respectively and according to Eq. (14):

3
logK, (1) = logK,()) — AZ* (‘H{‘W

(14)

Z*=pm?+qn®+r—(pm+gn+r), where m and n are the
charges on the metal ion and the ligand, respectively. Consid-
ering, A=0.5115 and B=1.489 Eq. (13) can be simplified:

PM™ g™ 4+ FHYE (M,LH, )"

" 'ﬂd ,tL!
logk, (/) = logk,(h) - Z' (W - ET'ﬁlrs)
+C(I = h)+D(I"* - 1}%) (15)

where C and D are empirical parameters and their values were
obtained by minimizing the error squares sum, (U), and the

Table 11
Caleulated values of logk, at pH 6.0 and different ionic swengths for the
of ) with glutamic acid, =25 °C

iimol dm > logk,
o1 1754
03 17.09
05 1687
01 1678
10 16.80

Gauss—Newton nonlinear least squares method in a suitable

computer program:

U=Y (@-b) (=123,.) (16)
T

where a is a quasi-experimental quantity and b, is a calculated

one. The values of C and D are shown in Tables 8 and 9.

4. Conclusions

According to Fig. 2 there are two maximums (/=0.3 and
1=0.7) in the Mo(VD)+NTA complex, but there is only one
maximum in the W(VI)+NTA complex. For the Mo(VI)+glu-
tamic acid system, at first we have a deep decrease and then
after J=0.5 this decrease continues with a milder slope, so we
can not detect any maximum. Anyway it seems that at the
minimum points attractive and repulsive forces are equal but
before the minimum points attractive forces are dominant and
after the minimum points repulsive forces are more important
(Fig. 3).

%imlly we can insert the obtained values of C and D in Eq.
(15) and then it is very easy to calculate the values of stability
constants in the desired range of the ionic strength without any
further experimental work (Tables 10 and 11). Comparison of
the experimental and calculated stability constants shows a
very good agreement.
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