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ABSTRACT: Potentiometric and UV spectroscopic measurements have been carried out to determine the stability constants for
the complexation of the MoO4

2� ion with D-(�)-quinic acid {(1R,3R,4S,5R)-(�)-1,3,4,5-tetrahydroxycyclohexane-1-carboxylic
acid} in sodium chloride aqueous solutions for ionic strengths between (0.10 to 1.00)mol 3 L

�1 of sodium chloride atT = 298 K. The
Job method of continuous variations was applied for the determination of the metal-to-ligand ratio which was 1:1 at pH = 6.50.
ExtendedDebye�H€uckel type (EDH), specific ion interaction theory (SIT), and parabolic equations were investigated to derive the
necessary ionic strength dependence parameters, and the results were justified.

’ INTRODUCTION

Molybdenum is required as a trace element by virtually all
forms of life and is unique in being the only 4d transition metal
utilized by biological systems.1 The high concentration of Mo in
seawater (10�5 g 3 dm

�3) makes this element readily available for
incorporation into biological systems, despite its relatively low
terrestrial abundance.1 Human metabolism involves several Mo
enzymes, making Mo an essential trace element in our diet.1

Because of the physiological relevance of molybdenum, its com-
plexation behavior with organic ligands is of great interest for a
better understanding of the interactions with biomolecules.

Quinic acid is an intermediate in the pathway of the synthesis
of aromatic amino acids in plants and plays an important role in
the regulation of energy metabolism in plants and belongs to the
class of cyclitol.2 Themost important feature of cyclitol is that it is
a chiral isomer, a key intermediate in the biosynthesis of aromatic
compounds in living metabolism.

Several papers have been published regarding the stability
constant determination for some transition metal complexes
of aminopolycarboxylic acids and amino acids at different ionic
strengths and in nonaqueous solutions in the past decade.3�9

Therefore in this article the stability constants have been deter-
mined for the molybdenum(VI) complex with D-(�)-quinic acid
at pH = 6.50, T = 298 K, and different ionic strengths of sodium
chloride bearing in mind that there are no data about the above-
mentioned stability constants.

’EXPERIMENTAL SECTION

Reagents. Double-distilled water with a specific conductance
equal to (1.3 ( 0.1) μS 3 cm

�1 was used to prepare the stock
solutions. Sodium chloride, hydrochloric acid, sodium hydroxide,
sodium molybdate, and sodium carbonate were purchased from
Merck and D-(�)-quinic acid (Scheme 1) from Fluka and were
used without further purification. All chemicals used were of
analytical reagent grade. The NaOH solutions were prepared
from titrisol solutions, and their concentration was determined
by several titrations with standard HCl. The HCl solution was
standardized with sodium carbonate solution.9

Measurements.All measurements were carried out atT = 298
K. A Metrohm pH meter, 827, was used for pH measurements.
The hydrogen ion concentration was measured with a Metrohm
combination electrode,model 6.0228.010. A 0.01mol 3L

�1 hydro-
chloric acid solution containing 0.09 mol 3 L

�1 sodium chloride
(for adjusting the ionic strength to 0.10 mol 3 L

�1) was used as a
standard solution of hydrogen ion concentration. The same pro-
cedure was repeated for the other ionic strengths.9 The calibra-
tion has been done for the whole pH (pH = �log[Hþ]) range
used. The change in liquid junction potential9 was calculated
from eq 1

pHðrealÞ ¼ pHðmeasuredÞ þ aþ b½Hþ�ðmeasuredÞ ð1Þ
a and b were determined by the measurement of the hydrogen
ion concentration for two different solutions of HCl with
sufficient NaCl to adjust the ionic media.9 Spectrophotometric
measurements were performed with a Varian Cary 300 UV�vis
spectrophotometer with a Pentium 4 computer between (245
and 280) nm in thermoregulated matched 10 mm quartz cells.
Themeasurement cell was of the flow type. The circulation of the
complex solution from the potentiometric cell to the spectro-
photometric cell was possible by using a Masterflux pump. There-
fore, the pH and absorbance of the solution could be measured
simultaneously.
Measurements have been done for different metal�ligand

concentrations and ligand�metal molar ratios, but the best results
have been obtained with CL = 0.01 and CM = 0.01 mol 3 L

�1. A
continuous variation method (Job method) has been used for
solutions at different ionic strengths. It means that at first 11
solutions have been made (consist of metal þ ligand þ sodium
chloride) for complex formation in which the mole fraction of
Mo(VI) starts from 0 in the first solution and ends to 1 in the last
solution. But all of these 11 solutions have the same ionic
strength (for example I = 0.1 mol 3 L

�1, the ionic strength of these
eleven solutions were maintained only with sodium chloride).
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The concentration of Mo(VI) is different in each of these 11
solutions. Of course the concentration of Mo(VI) stock solution
is constant in all of the experiments, and 11 solutions have been
made from only one Mo(VI) stock solution. Then this experi-
ment was repeated, but each time at different ionic strengths
(0.1, 0.3, 0.5, 0.7, 1.0). So we have a series of solutions with
different xmetal for each ionic strength. Also 11 other solutions
have been prepared for adjusting the pH of the first 11 solutions
which consist of metal þ ligand þ sodium hydroxide þ sodium
chloride, similar to the concentrations of the first 11 solutions.
The ionic strength was maintained with sodium hydroxide þ
sodium chloride in these second 11 solutions. The pH of the first
11 solutions was adjusted with the second 11 solutions to 6.50.
Using the continuous variations method, the corrected absor-
bances of the first 11 solutions of Mo(VI) þ D-(�)-quinic acid
complex at total concentration of 0.004mol 3 L

�1 in theUV range
(260 to 270) nm at a constant pH = 6.50, and different ionic
strengths have been calculated and gathered in Tables A1 to
A5 in the Appendix and the plot in Figure 1 (for example, at I =
0.1 mol 3 kg

�1). In all cases, the procedure was repeated at least
three times, and the resulting average values in the range of (260
to 265) nm and corresponding deviations from the average are
shown in the text and tables.

’RESULTS AND DISCUSSION

Dissociation Constants. One value of dissociation constant
of D-(�)-quinic acid has been used in this research according to

the following equilibrium

K ¼ ½Hþ�½L��
½HL� HL h Hþ þ L� ð2Þ

The values of the dissociation constants which were obtained by
using the potentiometric technique and theMicrosoft Excel 2000
program10 are gathered in Table 1 together with the literature
values. Three titrations have been done for each ionic strength,
and approximately 200 points have been used in the calculations
at each ionic strength.10

Data Analysis.The equilibria of molybdenum(VI) in aqueous
solution are complex, and various polynuclear species in addition
to the monomeric species MoO4

2�, HMoO4
�, and H2MoO4

may exist in acidified molybdate solutions. The change in coor-
dination number of molybdenum(VI) in monomeric molybdic
acid has been discussed. An increase in the coordination number
of Mo(VI) from 4 to 6 in the first step of the protonation of the
molybdate ion has been pointed out. This conclusion was based
on a slower recombination of Hþ with MoO4

2� than expected
for a diffusion-controlled reaction. On the other hand, from a
consideration of the thermodynamic parameters for the proton-
ation of molybdate, it has been suggested that only in the
presence of a second proton are six-coordinate molybdate species
to be expected. InmostMo(VI) complexes, MoO2

2þ orMoO3 is
the central coordinating unit, which with octahedral geometry,
severely limits the number of coordination sites available to
the ligands. The formation of a MoO3 core requires two hydro-
gen ions:

MoO4
2� þ 2Hþ h MoO3 þH2O ð3Þ

but formation of the MoO2
2þ core requires four hydrogen ions:

MoO4
2� þ 4Hþ h MoO2

2þ þ 2H2O ð4Þ
MoO4

2�will bind with D-(�)-quinic acid as a 1:1 complex on the
basis of the literature,2 and the results in Figure 1 in which we
have maximum absorbance at the 1:1 metal-to-ligand ratio:

pMoO4
2� þ qHþ þ rL� h MoO3L

ð � 2p þ q � rÞ þH2O ð5Þ

βpqr ¼
½MoO3Lð�2p þ q � rÞ�
½MoO4

2��p½Hþ�q½L��r ð6Þ

For this complex formation reaction: p = 1, q = 2, and r = 1.
Stability constants have been calculated at different ionic strengths
by combination of the following equations according to our

Scheme 1

Figure 1. Corrected absorbance data, Ac, for MoO3L
�, vs the mole

fraction of Mo(VI), x, at T = 298 K, an ionic strength of 0.1 mol 3 kg
�1

NaCl, and different wavelengths: solid line, 260 nm; long dashed line,
265 nm; and short dashed line, 270 nm. All of the lines have been
obtained on the basis of the best fit to corrected absorbance data.

Table 1. Dissociation Constants K of D-(�)-Quinic Acid at
Different Ionic Strengths, I, of NaCl and T = 298 K

I I

mol 3 L
�1 mol 3 kg

�1 log K (M) log K (m) ref

0.10 0.10 3.46( 0.03 3.47 this work

0.30 0.30 3.38( 0.04 3.40 this work

0.50 0.51 3.36( 0.01 3.39 this work

0.70 0.72 3.30( 0.04 3.35 this work

1.00 1.05 3.26( 0.01 3.33 this work

0.15 3.32 11a

3.57 30
aNaCl.
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previous work3,4,6

Ac ¼ Aobs � ε0½MoO4
2�� ð7Þ

½MoO3L
ð�2p þ q � rÞ� ¼ Ac

ε1
ð8Þ

CM ¼ ½MoO4
2�� þ ½MoO3L

ð � 2p þ q � rÞ� ð9Þ

CL ¼ ½ligand� þ ½MoO3L
ð � 2p þ q � rÞ� ð10Þ

Ac, Aobs, and ε0 are the corrected absorbance of the complex, the
observed absorbance, and the molar absorptivity of MoO4

2�,
respectively. ε0 values are calculated at xmetal = 1.0. The molar
absorptivity values of the complex, ε1, are calculated at a lowmole
fraction of the metal, where essentially all of the metal ions are
in the form of a complex and [MoO3L

(�2pþq�r)] is the con-
centration of the complex.3,4,6 [MoO3L

(�2pþq�r)] is calculated
at xmetal = 0.5 where the maximum absorbance has been ob-
served (for example at I = 0.1, Figure 1). Finally the values of
[MoO3L

(�2pþq�r)], [MoO4
2�] and [L�] will be inserted in eq 6,

and the stability constants are calculated; their values together
with the literature values are shown in Table 2.
Comparison with Literature Data. Griffith prepared and

characterized a 1:1 quinic acid compound with Mo(VI),
and its structure was established by X-ray crystallography and
13C- and 105Mo-NMR spectroscopy.2 There is an interaction
between quinic acid and the metal ions2,11 through the
R-hydroxyacid group in C-1 and some stability constants
are reported,2,11 but the authors are not aware of any value for
the stability constants of the complexation of the MoO4

2� ion
with D-(�)-quinic acid at different ionic strengths of sodium
chloride in the literature. Therefore it is not possible to compare
this work with the literature.

’ IONIC STRENGTH DEPENDENCE OF DISSOCIATION
AND STABILITY CONSTANTS ACCORDING TO THE SIT,
PARABOLIC, AND EDH MODELS

Many papers have been published in the literature about
applications of the specific ion interaction theory (SIT) model
for the ionic medium/ionic strength dependence of concentra-
tion equilibrium constants.12�21 Sammartano et al.20 proposed a
modified version of the SIT approach, in which the specific
coefficients are expressed as a function of I and formation of weak
ion pairs have been taken into account; therefore the results were
satisfactory in the whole range 0.1 < I/mol 3 kg

�1 < 6.22 Ciavatta23

also proposed another expression for the ionic strength depen-
dence of ε. Under our conditions (0.10 < I/mol 3 kg

�1 < 1.05)

only ion interaction coefficients between the participating ionic
species and the ionic medium ions have been included. In this
paper, the classic SIT model was used instead of the two para-
meter SIT model proposed in a previous paper by Sammartano
et al.,22 owing to the short ionic strength interval investigated
here.18 The activity coefficient γj of an ion j of charge zj in a
solution of ionic strength I may be described by the following
equation on the basis of the classic SIT model23,24

log γj ¼
�zj20:509

ffiffi
I

p

1þ 1:5
ffiffi
I

p þ ∑
k
εðj, k, IÞmk ð11Þ

The summation in eq 11 extends over all ions k present in
solution at the molalitymk. All of the thermodynamic properties
of an electrolyte solution can be calculated by establishing the
activity coefficients of the electrolyte and their dependence on
ionic medium, ionic strength, and temperature.22 Therefore,
the determination of the activity coefficients of aqueous elec-
trolyte solutions is very important.22 For correct application of
the SIT, concentrations should be reported in the molal
concentration scale. Molar ionic strengths have been converted
to the molal scale according to the literature.25 log β values were
converted to the molal concentration scale according to the
following equation8

log βðmÞ ¼ log βðMÞ þ∑ν logðm=MÞ ð12Þ
where m andM stand for molality and molarity, respectively. ∑ν
is the sum of stoichiometric coefficients of the reaction species.
Equation 11, which is the basis of the SIT, is a simplified version
of the Pitzer ion-interaction approach, neglecting triple interac-
tions which are important only in very concentrated solutions
and the interactions between ions of the same sign. The first term
in eq 11 shows the nonspecific long-range contribution of the
electrostatic region, and the second reflects the contribution due
to short-range ion�ion, ion�neutral, or neutral�neutral inter-
actions, in accordance with the Bronsted postulate that ε (j, k) =
0 if ions have the same charge sign. The rationale behind this is
that ε, which describes specific short-range interactions, must be
small for ions of the same charge since they are usually far from
one another due to electrostatic repulsion. This holds to a lesser
extent also for uncharged species.

The stability constant of MoO3L
(�2pþq�r), βpqr, determined

in an ionic medium (1:1 salt NaCl) of ionic strength I, is related
to the corresponding value at zero ionic strength, β0pqr, by eq 13

log βpqr �Δz2DH ¼ log β0pqr �ΔεI ð13Þ
where

Δz2 ¼ ð� 2pþ q� rÞ2 � ð4pþ qþ rÞ ð14Þ

DH ¼ 0:509
ffiffi
I

p

1þ 1:5
ffiffi
I

p ð15Þ

Δε ¼ εðMoO3L
ð � 2p þ q � rÞ, Naþ or Cl�Þ

� εðMoO4
2�, NaþÞ � qεðHþ, Cl�Þ � εðL�, NaþÞ

ð16Þ
Equilibria involving H2O(l) as a reactant or product require a
correction for the activity of water.24 In the presence of an ionic
medium NX in dominant concentration and by neglecting the

Table 2. Average Experimental and Calculated Values of log
β121 at pH = 6.50, 25 �C, and Different Ionic Strengths for the
Complexation of Molybdenum(VI) with D-(�)-Quinic Acid

I I log β121 (M) log β121 (m)

mol 3 L
�1 mol 3 kg

�1 exptl calcd exptl calcd

0.10 0.10 16.45 ( 0.02 16.45( 0.00 16.48 16.48( 0.00

0.3 0.3 16.43( 0.03 16.36( 0.44 16.47 16.41( 0.43

0.50 0.51 16.26( 0.02 16.39( 0.97 16.32 16.45( 0.94

0.70 0.72 16.53( 0.06 16.44( 1.55 16.62 16.52( 1.53

1.00 1.05 16.50( 0.04 16.52( 2.52 16.63 16.65( 2.52
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contributions of all minor species, that is, the reacting ions, it is
possible to calculate the activity of water for a 1:1 electrolyte of
ionic strength Im = mNX:

24

log aH2O ¼ �2mNXϕ

ðln 10Þ55:51 ð17Þ

ϕ is the osmotic coefficient of the mixture. Values of osmotic
coefficients for single electrolytes have been compiled by vari-
ous authors. In the presence of an ionic medium NνþXν�
of a concentration much larger than those of the reacting
ions, the osmotic coefficient can be calculated according to
eq 18:24

1� ϕ ¼ Aðln 10Þjzþz�j
ImðBajÞ3

1þ Baj
ffiffiffiffiffi
Im

p � 2 logð1þ Baj
ffiffiffiffiffi
Im

p Þ
h

� 1

1þ Baj
ffiffiffiffiffi
Im

p
�
� ðln 10ÞεðN, XÞmNX

νþν�
νþ þ ν�

� �
ð18Þ

where νþ and ν� are the number of cations and anions in the
salt formula (νþzþ = ν�z�). ε(N,X) = 0.03 ( 0.01 for NaCl;
A = 0.509 kg0.5 3mol�0.5; Baj = 1.5 kg

0.5

3mol�0.5.24 The
activities of water at different ionic strengths have been
obtained by inserting eq 18 into eq 17. The values of osmotic
coefficients together with water activities at different ionic
strengths have been gathered in Table 3. Therefore, according
to Table 3, we can justify the approximation that in experi-
mental studies of equilibria in dilute aqueous solutions, where
an ionic medium is used in large excess with respect to the
reactants, the activity of water is near constant and equal to
1.24 According to eq 14,Δz2 =�6 for the MoO3L

�complex.24

The linear regression (Figure 2) was done on the basis of
eq 13, and the value of Δε = �0.78 ( 0.43 has been obtained
for MoO3L

�. ε (Hþ, Cl�) = (0.12 ( 0.01) kg 3mol�1;24 thus,
the following equation is valid8

εðMoO3L
�, NaþÞ � εðMoO4

2�, NaþÞ¼ � 0:54 ( 0:43 ð19Þ
The value of log β0121 = 17.08( 0.27 has been obtained on the
basis of Figure 2.

The parabolic model has also been applied to the dependence
of metal complex formation and dissociation constants on ionic
strength3

log βpqr �Δz2DH ¼ log β0pqr �ΔεI �ΔδiI
2 ð20Þ

The parabolic model with two coefficients is satisfactory
for ionic strengths to I = 14 m.26 The parabolic model be-
cause of its advantages in mathematical simplicity and its

less-parametrized nature is comparable to the Pitzer model in
many cases.

The dependence of the dissociation and stability constants on
ionic strength according to the extended Debye�H€uckel-type
equation (EDH) can be described as follows27�29

log βðIÞ ¼ log βðI1Þ � Z� Ι0:5

1:955þ 2:91Ι0:5
� Ι1

0:5

1:955þ 2:91Ι1
0:5

 !

þ CðI � I1Þ þDðI1:5 � I1
1:5Þ ð21Þ

where I and I1 are the actual and reference ionic strengths,
respectively, and according to reaction 3, Z* = 4p þ q þ r �
(�2pþ q� r)2. The classical Debye�H€uckel model takes only
into account electrostatic interactions between ions of opposite
charge and is able to give a quantitative description of the
variation of log γ( versus I0.5, as the ionic strength approaches
zero. For I < 2 mol 3 L

�1 it was not necessary to include the EI2

quadratic term in eq 21. C and D are empirical coefficients, and
their values were obtained by minimizing the error squares sum
(U) using the Gauss�Newton nonlinear least-squares method in

Table 3. Values of Osmotic Coefficients, u, and Water
Activities, a, at Different Ionic Strengths

I I

mol 3 L
�1 mol 3 kg

�1 ϕ a

0.10 0.10 �0.59 1.00

0.30 0.30 0.14 1.00

0.50 0.51 0.37 0.99

0.70 0.72 0.48 0.99

1.00 1.05 0.60 0.98

Figure 2. Plot of log β121þ 6DH for MoO3L
� versus ionic strength on

the basis of the SIT model.

Table 4. Parameters for the Dependence on the Ionic
Strength of Dissociation and Stability Constants at 25 �C

C D

species kg 3mol�1 kg1.5 3mol�1.5 Z* ref

K 0.22( 0.11 �0.15( 0.11 2 this work

MoO3L
� 1.15( 1.27 �0.34( 1.25 6 this work

Table 5. Values of log β0121, Δε, Δδ, and R2 According to
Debye�H€uckel, SIT, and Parabolic Models

Δε Δδ

species model logβ0121 (m) kg 3mol�1 kg2 3mol
�2 R2

MoO3L
� Debye�H€uckel 16.50( 0.10 0.49

MoO3L
� SIT 17.08( 0.27 �0.78( 0.43 0.92

MoO3L
� parabolic 17.04( 0.19 �1.03 ( 0.30 0.21( 0.10 0.92
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the Excel 2000 program:

U ¼ ∑
i
ðai � biÞ2 ði ¼ 1, 2, 3, :::Þ ð22Þ

where ai is an empirical parameter and bi is a calculated one.
Sammartano et al. defined C as an empirical parameter that can
be expressed as a function of ionic strength.19 The values ofC and
D are shown in Table 4. The values ofC andD have been inserted
in eq 21, then the values of the calculated stability constants have
been determined according to EDH, and their values are
gathered in Table 2. We have used I1 = 0.1 as the reference ionic
strength to obtain better consistency between experimental and
calculated stability constants.

Values of log β0121, log K0, Δε, Δδ, and R2 on the basis of
EDH, SIT, and parabolic models for the MoO3L

� and the
dissociation constants are summarized in Tables 5 and 6.

’CONCLUSIONS

One chelate (five-member) exists for the complexation of
Mo(VI) with D-(�)-quinic acid according to the literature;2

therefore, it seems that the stability constant values obtained in
this work are reasonable. In our previous work on the complexa-
tion of Mo(VI) with methyliminodiacetic acid larger stability
constants were obtained regarding the fact that two chelates
(five-member) were formed.3 In this research the stability
constant values go through a minimum at I = 0.5, but we do
not have significant changes between I = 0.1 and I = 0.3 and also
between I = 0.7 and I = 1.0 mol 3 L

�1 of sodium chloride. EDH,
SIT, and parabolic models are the same expression of a more
general polynomial function of I0.5, where

log β�Δz2DH ¼ aþ bxþ cx1:5 þ dx2 a ¼ log β0

for EDH : b ¼ C, c ¼ D, and d ¼ E

for SIT : b ¼ Δε, c ¼ d ¼ 0

for parabolic : b ¼ Δε, d ¼ Δδ

So, in this work, considering D = 0 and refining E, EDHmodel is
equal to parabolic. Analogously, for D = E = 0, EDH is equal
to SIT.

In the light of the above considerations, EDH model gives, in
this case, better results considering refining E instead of D. The
medium dependence is described by ion-interaction coefficients
in the SIT model. Δε values on the basis of SIT and parabolic
models are more or less similar to each other. Values of C and D
show the extent of the interaction between complex or ligand
species and the other ions in the solution, mainly cations of the
background salt. According to Table 4, the ligand and MoO3L

�

have different interactions with the background salt ions.

’APPENDIX

Tables A1 to A5 are shown here.

Table 6. Values of log K0, Δε, Δδ, and R2 According to
Debye�H€uckel, SIT, and Parabolic Models

Δε Δδ

species model log K0 (m) kg 3mol
�1 kg2 3mol

�2 R2

K Debye�H€uckel 3.49( 0.01 0.98

K SIT 3.70( 0.04 �0.05( 0.06 0.72

K parabolic 3.68( 0.01 �0.15 ( 0.03 0.08( 0.04 0.90

Table A1. Corrected Absorbance, Ac, Data for the Mo(VI)þ
D-(�)-Quinic Acid System at T = 298 K, pH = 6.50, I = 0.10
mol 3 kg

�1, and Different Wavelengths

mole fraction of Mo(VI)

Ac

260 nm 260 nm 270 nm

0.00 0.0181 0.0172 0.0165

0.05 0.1027 0.0723 0.0515

0.10 0.1942 0.1338 0.0921

0.20 0.3722 0.2532 0.1706

0.40 0.5782 0.3850 0.2518

0.50 0.6676 0.4812 0.3500

0.60 0.6077 0.4586 0.3520

0.80 0.4327 0.3492 0.2874

0.90 0.2765 0.2308 0.1956

0.95 0.1721 0.1465 0.1256

1.00 0.0000 0.0000 0.0000

Table A2. Corrected Absorbance, Ac, Data for the Mo(VI)þ
D-(�)-Quinic Acid System at T = 298 K, pH = 6.50, I = 0.30
mol 3 kg

�1, and Different Wavelengths

mole fraction of Mo(VI)

Ac

260 nm 265 nm 270 nm

0.00 0.0133 0.0126 0.0114

0.05 0.0976 0.0686 0.0482

0.10 0.1838 0.1242 0.0837

0.20 0.3511 0.2339 0.1530

0.40 0.5331 0.3515 0.2264

0.50 0.6325 0.4519 0.3253

0.60 0.5700 0.4280 0.3269

0.80 0.3885 0.3132 0.2565

0.90 0.2634 0.2155 0.1794

0.95 0.1641 0.1384 0.1183

1.00 0.0000 0.0000 0.0000

Table A3. Corrected Absorbance, Ac, Data for the Mo(VI)þ
D-(�)-Quinic Acid System at T = 298 K, pH = 6.50, I = 0.51
mol 3 kg

�1, and Different Wavelengths

mole fraction of Mo(VI)

Ac

260 nm 265 nm 270 nm

0.00 0.0225 0.0220 0.0209

0.05 0.1142 0.0853 0.0651

0.10 0.1970 0.1380 0.0973

0.20 0.3517 0.2353 0.1551

0.40 0.5527 0.3679 0.2406

0.50 0.6873 0.5040 0.3748

0.60 0.6657 0.5186 0.4105

0.80 0.4828 0.4014 0.3371

0.90 0.3302 0.2813 0.2414

0.95 0.2045 0.1785 0.1556

1.00 0.0000 0.0000 0.0000
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