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Dependence on Ionic Strength of Formation Constants, Protonation,
and Complexation of Nitrilotriacetic Acid with Tungsten(VI) in
Sodium Perchlorate Aqueous Solution
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By use of p

the of VI) with

ric and spectr

nlmlm.rlnneut acid (NTA) has been carried out in aqueous solution for pH = 7.5 at 25 °C and different
jonic strengths ranging from (0.1 to 1.0) mol dm=* (NaClIO,). The compasition of the complex was
determined by the continuous variations method. It was shown that tungsten(V]) forms a mononuclear
complex with NTA of the type (WOsL*") at pH = 7.5. The dependence of the protonation of the
aforementioned ligand and the stability constant of the complex on ionic strength is described by a Debye—
Huckel-type equation. Finally the results have been compared with the previously reported data.

Introduction

Dcsulhwbrm gigas formate dehydmgenase is the first
of a ing enzyme from a

mesuphile that has been structurally characterized.! It is
a heterodimer of 110 and 24 kDa subunits. The existence
of a universal pterin dithiolene cofactor ligand for the

ly and supports a
of the chemistry of
mono- and b of these el
Tungstm(\m also forms complexes with tryptophan’ and
By p g our study
ation of molybd (VI) with nit acid (’NTA)

we thought it interesting to investigate the protonation and
complexation of NTA with tungsten(VI) at different ionic

strengths of sodium perchlorate.
Considerable smdim have been performed on the ionic
strength d of the fc of some

weak complexes of alkall and alkaline earth metals with
some organic and inorganic ligands,*~'* and little work has
been carried for more stable complexes of a- amlno acids
with i etal ions,'~17 but
no work has been reported on the ionic strength depen-
dence of formation constants, protonation, and complex-
ation of tungsten(VI) with NTA,

Marcu'® studied the radiochromatographic and electro-

mol dm~3 NaCIO, using the potentiometric technique.
Anderegg? has made a critical survey of stability constants
of NTA complexes.

In the present work. we have studied the complexes of
W(VI) with NTA in an ionic strength range of (0.1 to 1.0)
mol dm~? sodium perchlorate at 25 °C. A simple Debye—
Huckel-type was hed for the
of formation fonic th. This i
makes it possible to wtinmc a stability constant at a fixed
ionic strength when its value is known at another ionic
media in the range (0.1 < I < 1.0) mol dm™3,

Experimental Section

Reagents. Sedium perchlorate. perchloric acid, sodium
hydroxide, sodium tungstate, and NTA were obtained from
E. Merck as analytical reagent grade materials and were
used without further purification. Dilute perchloric acid
solution was standardized against KHCOs. In all experi-
ments, double-distilled water with specific conductance
equal to (1.3 £ 0.1) Q! cm™! have been used.

Measurements

A Horiba pH meter, D-14, was used for pH measure-
ments. The pH meter has a sensitivity of 0.01 units. The
hydrog:n ion concentration was measured with a Horiba

aphic of sodium under
the action of NTA. Studies on the structural and bonding

model S8720. A 0.01 mol dm™?

f various Mo(VI) P lic acid
1 has led to the of stability

from proton nuclear magnetic resonance (NMR) data.1920
On the basis of these studies, Kula?! determined the
stability constants of W(VI)~NTA complexes by potentio-
metric techniques. Collin?? reported the stability constant
of this system at 25 °C and at an ionic strength of 0.5 mol
dm™ NaClO,. Zare® studied this system and evaluated
its stability constant at 25 *C and at an ionic strength of 3
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pen:hlm'i: aud soluﬂon containing 0.09 mol dm=3 sodium
(for lonic h ta 0.1 mol
¢m=3) was employed as a stand: snlutiono!', 2
ion concentration. The same procedure was performed for
the other ionic strengths.? The calibration has been done
for the whole pH (pH = —log[H*]) range used. Spectropho-
tometric measurements were performed on a UV-vis

Shimadzu 2101 sp with an Acer Mate 486
SX/250 using tl d. hed 10-mm
quartz cells.

For each experiment two solutions of W(VI) + NTA were
prepared with the same concentration, but the ionic
strength of the first was maintained with sodium perchlo-
rate and that of the second with sodium hydroxide or
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Table 1. Potentiometric Data for the Titration of NTA
w'::‘h Sodium Hydroxide at 7= 0.1 mol dm=? of NaCIO,
and 25 °C

VmL pH WVmL pH VmL pH VmlL pH
000 249 1.64 3.69 2.00 8.86 366 11.04

006 251 174 420 208 9.09 395 1132
009 252 175 4. 4 .

012 253 176 441 212 9.18 4.15 1145
016 254 177 451 215 9.25 425 11.49
020 255 .78 468 218 9.32 440 1057
030 2. 179 503 221 9.37 460 1165
040 262 180 544 225 945 480 ILTL
045 264 181 578 229 9.52 510 1L79
050 265 182 636 233 960 540 11.85
060 270 183 684 235 9.63 580 11.93
070 274 184 720 240 9.72 6.20 1199
080 279 185 766 245 9.81 6.70 1204
090 284 136 781 250 989 720 1209
100 29 187 79 310 1000 770 1214
LI0 296 188 810 316 1010 820 12.18
120 304 18 823 322 1022 9.00 1224
130 313 190 834 328 1032 1000 1231
135 318 191 837 334 1044 1100 1235
140 324 193 852 340 1055 1200 1244
145 3. 195 865 346 1066 1400 1250
150 338 196 870 352 1077 1600 1255
155 347 197 874 358 1087

160 357 198 880 364 1096

perchloric acid. The pH of 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 + ligand + 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
are shown in the text

ox P i
and Tables.

Results and Discussion

The dissociation equilibria of NTA have been studied in
different kinds of background electrolytes but there are no
reports about the ionic strength dependence of the dis-

of NTA.* The fol libria were

studied

HL=H"+H,L~ K, = H[HLMH,L (1)

HL =H"+HL" = (H]HL*VHL] @

HLZ = HY + L% Ky=[H*[L*YHLT] (3)
Where L*" represents the fully dissociated NTA anion.
Three titrations have been done for each lonic strength,
and 106 points have been used for calculations at each ionic
strength.The disseciation constants K;. Kz, and K3 have
been d using p h and

0 0.5 Xw 1
Figure 1. Continuous-variation plots of the absorbances of
WOsL?-, abs, vs the mole fraction of W(VI). X, at 25 °C, an lonic
strength of 0.1 mol dm™3 NaClQj, and different wavelengths: A.
260 nm; B, 265 nm; and C, 270 nm.

I using Mi Excel 2000 program.232 Poten-
tiometric data are listed in Table L. Dissociation constants
are given in Table 2 together with the values reported in
the literature. which are in good agreement with those
reported before.

‘Complexation of Tungsten(VI) with NTA

By use of the continuous variations method, the absor-
‘bances of solutions of W(VI) and NTA of total concentration
0.006 mol dm™3 in the UV range (260—270 nm) at a
constant pH of 7.5 were determined. When solutions of
tungstates are made weakly acidic, polymeric anions are
formed, but from more strongly acid solutions, substances
often called tungstic acid are obtained.?” The behavior of
the tungstate systems Is similar to that of the molybdate
systems. Again the degree of aggregation iIn solution
increases as the pH is lowered, and numerous tungstates
have been cry from the at
pHs.? Tungsten(V]) and the complex both have absor-
bances at the i so the absorb of
the tungsten should be eliminated from the total absor-
bance (Aqus). The cbserved absorbances were corrected
from eq 4 and are summarized in Table 3 and plotted in
Figure 1

A= Ay — W] @

Ac. Ass. and € are the absorbance of the complex, the
observed absorbance, and the molar absorptivity of W,

P ly. €g values were at the mole fraction
of W equal to 1 and are shown in Table 4. In Figure 1. a
maximum at a mole fraction of W equal to 0.5 was cbtained,
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 W, where
essentially all the metal ions were in the form of a complex,
and is listed in Table 4. At the maximum point of the plot,

Table 2. Dissociation Constants K3, Kz, and Kj of NTA at Different Ionic Strengths, I of NaClO4

Jfmol dm™3 log K3 log Kz log K; refl
0.1 1.98 £ 0.02 292 +005 10.00 £ 0.02 this work
03 1.83 +0.04 2.84 £ 003 9.85 £ 0.01 this work
0.5 1.76 £ 0.01 279 £ 0,02 9.70:£0.03 this work
07 1.63 £ 0.02 2.61 =001 9.55 + 0.02 this work
1.0 1.55 £ 0.02 259+ 004 9.25 + 0.02 this work

9.81 +0.10 I=0.15M,T=25"C 21
2,05 £0.05 2.63 £ 002 9.17 £ 0.04 I=3MNaCIO,. T=25°C 23
165 294 1033 T=20"C 29
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Table 3. Continuous-Variation Data for the W(VI) + NTA
System at pH 7.5, an lonic Strength of 0.1 M NaClO,, and
Different Wavelengths

Table 5. Average Values of fiz at pH 7.5 and Different
Tonic Strengths for the Complexation of Tungsten(VI)
with NTA, T=25 °C

fraction A

of WVD) 260 nm 265 nm 270 nm
000 0.000 0.000 0.000
0.10 0.120 0112 0.100
020 0.194 0.200 0.198
030 0200 0.230 0.240
040 o213 0.254 0.255
050 0.356 0.356
060 Pyt 0292 0.292
080 0.143 0212 0.182
1.00 0,000 0.000 0.000

2The corrected absarbance of [W(VI)] + [NTA] = 0.006 mol
dm™3,

Table 4. Molar Absorptivities of W(VI), € , and WO;L3"
€, atpH 7.5, Dm‘enm Wavelengths, and Various Ionic

13

€@ €@

Jimol
dm=3 log uz ref
01 1900030 this work
03 1937£0.10 this work
05 1965+0.25 this work
0.7 2010£0.10 this work
10 1940+0.20 this work
1886005 [=0.15M, T=25"C 21
1910202 [=10-25M,T=35"C 21

17.75 I=05MNaClO,, T=25°C 22
1903£0.15 [=3MNaClO. T=25°C 23

corresponding Mo(VI) and W(VI) chelates. This does not
seem too surprising in view of the similarities of the two
ions and their nearly equal xomc radii.2! However. NMR
studies show that lates ly more
Iabile with respect to indmdual metal-ligand bonds than
are the molybdenum chelates. The slowness with which pH

FUmoldm™ 260 nm 265nm 270 nm 260 nm 265nm 270 nm

0.1 660.8 4866 4866 11166 11166 11166
03 527.5 3650 2461 12216 12683 12500
05 505.8 3450 2458 15333 15833 17166
0.7 4783 3200 2241 716.6 7500 766.6
10 5225 3550 2516 23166 23500 23333

the concentration of the complex is
[Cl = AJe ®

It is now certain that the WO,?~ ion is tetrahedral in
aqueous solution.?” In the usual potentiometric method for
evaluating metal—ligand stability constants, the competi-
tion between the metal ion and the hydrogen ion for the
ligand is studied, and the pH region of interest is from
about 1 to 52! In the W(VD systems. however, the

of metal pols fon Is d in acidic

Because the p are not

well understood, this pH region is not useful for stability

determinations. In more alkaline solutions, on the other

hand, a pH-dependent process involving the competition

between tungstate formation and metal—ligand complex-

ation, i.e., a competition between OH™ and ligand for the

metal ion, can be utilized. This process was determined

from the NMR studies to be important from about pH 6 to
9 and can be represented by?!

MO,L* + OH™ =MO.2 +HL'"™ )

was attained in the NTA chelates may be
explained by the higher negative charge of this complex
compared to the other complexes and the subsequently
slower reaction with OH™

MO,NTA* + OH™— MO/~ + HNTA™ (1)
For the NTA ligand system, NMR studies also indicate
that only one metal—ligand species exists above pH 6.
MO;L*2 Thus, W(VI) will bond with this tridentate ligand
as a 1:1 complex
WO + L +2H* =WO,L> +H0 (8
‘with the stability constant, By, as
Buiz = (WOL™ WO L HY ©)
The following equations are valid for the total concentration
of tungsten (G and the total concentration of the ligand
(Ci) at the maximum point on the plot of Figure 1
Gu=I[WI+[C] (10)
G=[+[C] ()
[C] is the concentration of the complex. By substitution of

eqs 5, 10, and 11 in eq 9, we can calculate the values of
Bz according to reacﬁnn 8. Stahlllty constants have been
the

and
ic data. The values of Buz at different ionic

where M represents W and L rep: the

carboxylic acid ligand. In the pH region above 6, no
evidence was found for any Mo species containing fewer
than three oxygen atoms. e.g.. MoOz?*, as has been
propased for other systems.?® The molybdenum-coordinat-
ing species in all the aminopolycarboxylic acid systems
above pH 6 is MoO;. and by analogy. we have assumed

that the cor ing unit in the
systems is WO3.
By use of the p i ric results obtained

for simple one "to one melalfllgand cheiat&s 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 potentio-
metric data as indicated by the range of calcul. values

strengths together with the values of literature are shown
in Table 5.

The dependence of the dissociation and stability con-
stants on the ionic strength can be described according to
the previous works!=17.25

log B4z () =

! 1) - az(—L2 L
log By W_m)+
Qr-n)+ 1% - 1) (12)

where Jand J are the actual and reference ionic strengths,

F . and teql3

for the EDTA systems.2! A comparison of the
constants shows that within experimental error there is
essentially no difference between the stabilities of the

AM™ LT+ = MLHPT (13)
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Figure 2. Plot of log Ks for WO3L3- vs the square root of fonic
strength.
Table 6. Parameters for the Dependence on the Ionic
Strength of Dissociation and Stability Constants at 25 °C

species C D 2
K 1.057 —0.864 6
K 0.803 —0.730 4
K 0210 =0.775 2
WO,L3- 7130 =5.465 6
lml

Table 7. Calculated Stability Constants at pH 7.5
Different lonic Strengths for the Complexation
Tungsten(VI) with NTA, T= 25 °C

Jimol dm™? log Buz
0.1 18.94
03 19.38
05 19.65
07 19.72
1.0 19.51

Z* =pm? + qr* + r— (pm + qn + D% where mand n
are the charges on the metal ion and the ligand. respec-
tively. Considering A= 0.5115 and B = 1.489, eq 12 can
be simplified

ps 108
log By m=]“8f"uz"|)_z';_"§‘ﬁ§ 2+:”M

Qr-1) + D - 4 (14

where Cand D are empirical coefficients and their values
were obtained by minimizing the error squares sum, (U,
and the Gauss—Newton nonlinear least-squares method in
a suitable computer program

U= ); (a-b)? (i=1.23.) 15)

where a is a quasiexperimental quantity and & is a
calculated one. The values of Cand D are shown in Table

Literature Cited
(18] jmakers, H.; Macieira, S.: Dias, J. M. dezlnS Burasakov,
S.: Huber, R: Moura, J. mo. M. J. Gene

Ira.
mmlacmsmniwmunm
% ormat Dehy from Desulfovibrio gigas. Structure

2.10.]26]-127
+ Goddard, C. A.; Nord, E.; Holm, R. H.

(ZJLnrberCDona.mn i
lrﬂDmTﬂnsl'erRﬂuﬂv of Bis-

B e Y o S e

(3) Gielzak, K.; Wojciechowskl, W. Comy
Tryptophan. Pol.

lexes n{Tﬂrusun(Vfl with
J. Chem. lﬂl 559~ 5

 RitEily o s Unimal TungatntVh Farphyein Complos
leng.gls Oxom d Per “::g:m J. i n«ynm\Sac Chem.

(SJDlnhlAPG ng,lruC.SﬂﬂnummSlnnlcS(rel\@h

of Constants,
Organic and Inorganic An;lds Tslanra m: .m n-n
(6) De Stefano. C.: Foti, C.: t Effects on the
Protonation and on Alklli nm.l Ikaline Farlh Metal Complex
1.2.3 i 1122 in Aqueous Selution.

ano, C.; Sammartano, S.; Zelano, V.
of Formation c«mm XVl Tlu Hy-
Aqueous KNO;

St ndence
d:f:y;'lg‘nfm (1D in Solutions. Talanta 1994,
® Gl R: Corbillon. M. S Olazabal. M. A Madarlaga. J. M.
i l’tlldy e quit of Tris-
lydroxymethyl) Aminomethane in Aqueous umPeranm
Solutions at 25 C: Construction of » a Thermodynamic Model.
Talanta 1997, 44. Bl—m
(9) Daniele, P. c mpm S:mmmm. s. lonl: srrmgu-
al Complexes of

1.2.3-Triazole-4 5-dicarboxylic Acid in Aqueous Solution. J. Chem.
Res. 1995, 283-289.

{an DeRobeﬂ.ls.A..DeMun.C Sammartano, S.; Rigano, C. The

mm’mjmanmnumCmmnudekapln& y

Calculation Methods. Talanu 1987, JLSSS 938.
{12) De Stefano, C.; G Piazzese, D.; Sammartano, S.
Polyacryhlc Fromomaton 1 Varios Aqueuus Tonic Media at
fferent Temperatures and lonic Strengths. J. Chem. Eng. Data
zm 45. 876-881.
(13) Daniele. P. G.: De Roberus. A.: De Stefano. C.: Sammartane. S.:
C. On the Possibility of |
gﬁmerslorﬂ\el’mumn(w (‘ampl:mUslmlSlm‘ﬂe
Model for the Dependence on lonic Strength of Activil
Fictents: Nl’ K*MCaF’Coml.unnﬂ.annmr ‘aﬁ
!361 Solution. J. Chem. Soc., Dalton Trans. 1!

(19 Gh:ﬂb. F.: Nrm'h

{15) Mijhsl K. Zare, Kmmdmimsmmmm
QWWWMWMWM

Physical Seminar, F: of Sclence, Urmla Univer-
sity. Urmia, Iran 27-29. 2

1 Oh-rib.FbreltMlﬁlK!onuSmxm Dependence of

4 s xation of Molybdenum(VT) with
Ghmmlckdd.Jalan.Eu nmzmﬂ 45, 833-836.

(17) Gharib, F.; Zare.K Majlesi, K. IonI:Smnqv.h Dependence of

6. In this research. ais the experimental stability
and b, is the calculated one. We have used I; = 0.5 as the
reference ionic strength in order to obtain better consis-
tency between experimental and calculated stability con-
stants. The calculated stability constants are given in Table
1]

The dependence on ionic strength of log B4z is shown in
Table 4. which is in good agreement with the results
obtained in the previous papers.'*-1725 The dependence of
Buiz on the ionic strength is shown in Figure 2. This figure
shows that §,;, has one maximum at /= 0.7 similar to the
maximum for the Mo(V)—NTA system in our previous
paper.®

ufPhen

Tatanine i D
Chem. Res. 2000, 186-187.
08) Marcu. G Tomus, M. Radiochromatographic and Elecurorsdi
matographic Study of Behavior. e Fungacare Sotv.
Unns Under the Action of Nitrilotriacetic Acid. Ser. . 1968,
2 11-14.
(19) Kula, R. J. Solution Eclpllilhrln and Structures of Molybdenum-
Wi) Chcla(f_: N-Methyliminodiacetic Acid. Anal. Chem. 1966. 38.
138213
(20) Kula, R J ‘Solution Equilibria and Structures of Molybdenum-
WL Chelates. (Ethylnedinirilo) Tetraacetic Acd. Anal. Chem.
966, 38, 1581—

V) at Dnﬂeruu

@n Kuh R. J;
Stabillties of Mnlybdenum(\ll) :ndTqust!n(Vl) Cheraiea.Anal
Chem. 1966. 38, 1934-1936.




Journal of Chemical and Engineering Data. Vol. 49. No. 3. 2004 443

. P.: Lagrange. P Bull. Soc Chim. France. 1976. 9-10.

(23) Zare. K.: Lagrange. P.: Lagrange. J. Determination and Com-
p-umufsmwa,r' gk
lexes. .. Chem. Soc.,
Dalton ﬁm 1979, mz—mﬁ
(24) Anderegg, C. rmul Constants of NTA
z:pl Y1385, 34 290188
(25) Majlesl. K.: Zare, K ; Telmouri. F. Tonlc S o

nd C f Nitilo-
a@nMwmmlmmmwn J. Chem. Eng. Data 2003,

(26) Billo. Joseph, E. Excel for Chemists. 2nd ed.: John Wiley & Sons:

ew York. 2001,
@n Cuwm F. A; Wilkinson, G. Advanced Inorganic Chemistry. 3rd
ln(ersd:r-:e New York. 1972. 5

. Chem. us;. .:-a
(29) Dean. J. A:; Langes Ha: Chemistry. 14 + McGraw-
Hill: New Yulk I992

Received for review May 15, 2003. Accepted December 15, 2003.
JE034092U



