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Analysis and/or Electrolysis-Induced Reduction of Vanadium(V)
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Summary

Attention has been paid to vanadium because of its antidiabetic action. There are a lot of natural water
products whose sales point is to contain vanadium. However, in most cases, existing form of vanadium is
not clear. There have been two methods developed for the differential determination of vanadium. One is
graphite-furnace atomic absorption spectrometry based on the extraction of vanadium(V) and
vanadium(IV) with different solvents. The other is the speciation method by using high performance liquid
chromatography and inductively coupled plasma mass spectrometry. The present study demonstrated that
an ion chromatography is very effective for the separation of vanadium(IV) and vanadium(V). If
vanadium(V) is existed in aqueous samples, it can be reduced by electrolysis, resulting in the appearance
of vanadium(IV). In addition, since electron spin resonance (ESR) spectrometry can be used to confirm the
existence of vanadium(IV) based on the spectrum with eight signals, ESR spectrometry can detect the
electrolysis-induced reduction of vanadium(V) to vanadium(IV). Therefore, we propose that the
combination of these three methods is very useful for the determination and speciation of vanadium in

water samples.
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Introduction

Vanadium is a group 5 transition metal, and
under standard physiological conditions (pH 3-7,
aerobic atmosphere, solution, ambient
the which

thermodynamically and kinetically possible

aqueous

temperature), oxidation states are

arc

trivalent (III), tetravalent (IV), and quinquevalent (V)"

Y. In some marine life forms such as ascidians,

vanadium(III) is concentrated in specialized
vanadocytes®).

Vanadium is suggested to be an essential trace

element for human body”, because it participates in
glucose and lipid metabolic pathways. There have
been many studies on the insulin-like and anti-diabetic
effects of vanadium®®, and some vanadium
compounds have been reported to be effective in
level’ '

peroxovanadium(V) has attracted pharmacologists’
14,15)

lowering blood glucose Furthermore,

attention in terms of its insulin mimetic functions

It was also reported that vanadium(V) exerts

insulin-mimetic activities in a synergistic manner with

16)

peroxide ™, and peroxovanadium(V) complexes such
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Determination of vanadium in water samples

as K;[VO(0,),(CsH4NCOO)] * 2H,0 are also effective
insulin mimics'”"'”. In addition to peroxovanadium(V)
complexes, vanadium(I'V) salts such as VOSO, were
clinically examined to ascertain their effectiveness on
diabetes in humans®” *". However, bioavailability of
these inorganic salts is generally very low. It was
also reported that vanadyl(IV) compounds are less
toxic of LDS50 wvalues than
vanadium(V)*? ¥,

vanadyl(IV) state in the vanadium(V) salt-treated
24)

in terms in rats

and vanadium exists in the
rats””. Indeed, more recently, it was reported that
oxovanadium(IV) complexes are effective as a potent
antidiabetic agent™.

In Japan, based on the beneficial aspects of
vanadium as described above, a lot of natural water
products whose sales point is to contain vanadium
have been launched on the market. However, only a
few studies have been conducted to analyze vanadium

26.2D) " and in most cases the existent

in natural water
form or state of vanadium is not clear. In the present
the

determination and speciation of vanadium(IV) and

study, we propose a useful method for

vanadium(V) in water sample.

Materials and Methods
Reagents, test materials, and electrolyzer

Reagents were purchased from the following
sources: Vanadium oxide (V,0s), and vanadyl sulfate
(VOSO,) from Wako Pure Chemicals (Osaka, Japan).
All other reagents used were of analytical grade. Test
water materials used were commercially available
natural water whose sales point was to contain
vanadium (henceforth described as natural water
throughout the paper), and ultrapure water. As an
electrolyzer, a diaphragm type electrolyzer in which
the electrode material is platinum coated titanium
plate and the interelectrode distance is 8 mm (Super
Water Mini, Artec Co., Ltd.,, Tokyo, Japan) was
upgraded to have an ability of varying freely electric
current and applied voltage, and used in the present
study (henceforth described as variable diaphragm
electrolyzer throughout the paper).

lon chromatography and ESR analyses for vanadium

Standard aqueous solution was prepared to
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contain V,0s (20 ng/ml) and VOSO, (20 ng/ml). The
standard solution, ultrapure water, and natural water
were subjected to ion chromatography analysis. As
needed, the natural water and V,Os solution were
electrolyzed with the variable diaphragm electrolyzer
at applied voltage of 12 or 15 V for 15 min. To
determine vanadium, a direct concentration method
was used in the ion chromatographic analysis with the
Dionex DX-500 high pressure liquid chromatography
CA).
Chromatographic separation was performed on IonPac
CS5A (Dionex

IonPacTCC-2 (Dionex Corp.) as a concentration

system (Dionex Corp., Sunnyvale,

Corp.) as a guard column,
column, and IonPac CGS5A (Dionex Corp.) as a
separation column at the flow rate of 1.0 ml/min at
30-35°C. As for elution, a mixture containing 0.5 M
oxalic acid, 75 mM sodium sulfate and 95 mM lithium
hydroxide was used.

The natural water, V,0s5 solution, and VOSO,
the

diaphragm electrolyzer at applied voltage of 12 or 15

solution were electrolyzed with variable
V for 5 tol5 min. Then, each test sample in a sample
tube (4 mm x 30 cm) was placed at 77 K in the ESR
spectrometer (JES-FA-100, JEOL, Tokyo, Japan). ESR
analysis was performed under the conditions as
field 322.861£100 mT; field

modulation frequency, 100 kHz; filed modulation

follows: sweep,
width, 2 mT; amplitude, 100; sweep time, 4 min; time
constant, 0.1 s; microwave frequency, 9.054 GHz;

microwave power, 8§ mW.

Results and Discussion

Representative chromatogram of V,0s and
VOSO, analyzed by ion chromatograph is shown in
Fig. 1, indicating that the peaks at 5-6 min and at
16-17 min corresponded to vanadium(IV) and
vanadium(V), respectively.  Figure 2 shows the
chromatograms of the natural water and the ultrapure
the

chromatogram of the ultrapure water, whilst a large

water. No clear peaks were observed in
peak with a shoulder was observed at 14-17 min of
retention time in the chromatogram of the natural
water. Since it was thought that the large peak was
derived from vanadium(V), the natural water was then

electrolyzed at applied voltage of 12 V for 15 min.
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Fig. 1 Representative ion chromatogram of V,0s

and VOSO, aqueous solution.

The peaks at 5-6 min and at 16-17 min corresponded to
vanadium(IV) and vanadium(V), respectively. The
peak corresponds to vanadium(IV) is presumably
derived from VO?', and that corresponds to
vanadium(V) presumably from VO,".

Figure 2 at the bottom shows the chromatogram of the
sample taken from the cathode. Since retention time of
the peak corresponded to that of VOSQ,, it was likely
derived from vanadium(IV), a reduced form of
vanadium(V). Electrolysis is a method applying the
passage of an electric current through an ionic
substance solution, which results in chemical reactions
at the electrodes. Thus, we assumed that the method
could be applied to reduce vanadium(V). To further
confirm this, 0.05 mM (9.1 pg/ml) V,0s aqueous
solution was electrolyzed at applied voltage of 12 V
for 15 min. Figure 3 shows the chromatogram of 0.05
mM V,0;s solution before and after electrolysis. A
half-broad peak derived from V,0s was observed
before electrolysis. After electrolysis a peak at around
5 min of retention time appeared, suggesting that
vanadium(V) was partially reduced to vanadium(IV).
In this paper, we showed the data obtained by using
the variable diaphragm electrolyzer at applied voltage
of 12 V for 15 min. We firstly tried to electrolyze
by applying a
available diaphragm type electrolyzer (Super Water

sample solutions commercially

Mini). However, clear reduction of vanadium(V) was

not observed. Thus, we changed -electrolysis

conditions and found that applied voltage of 12 V for

15 min could reduce vanadium(V) to vanadium(IV).
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Fig. 2 Representative ion chromatograms
ultrapure water and natural water before and

after electrolysis.

No clear peaks were observed in the chromatogram of
the ultrapure water, whilst a large peak with a shoulder
was observed at 14-17 min of retention time in the
chromatogram of the natural water before electrolysis.
After electrolysis at applied voltage of 12 V for 15 min,
a clear peak at around 6 min appeared.

ESR spectroscopy is a technique for studying

chemicals which possess one or more unpaired
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Fig. 3 Representative ion chromatograms of 0.05 mM V,0s solution before

and after electrolysis at applied voltage of 12 V for 15 min.

After electrolysis, a peak at around 5 min appeared.

electrons, so called free radicals, and inorganic
complexes which possess a transition metal ion.
Therefore, ESR analysis of the electrolyzed natural
water was conducted. However, no clear spectra were
observed, possibly because of the low sensitivity of
ESR to detect the vanadium. Indeed, according to the
ion chromatography analysis, the concentration of
vanadium(IV) in the electrolyzed natural water was
several dozen ppb (ng/ml). As a next step, 10 ug/ml of
V,0s aqueous solutions electrolyzed at applied voltage
12 or 15 V for 5 to 10 min were
subjected to the ESR analysis.
Representative ESR spectra are
shown in Fig. 4. When V,0s
aqueous solution was
electrolyzed at 12 V, the signal
intensity increased with
electrolysis time. Also the higher
the

higher the signal intensity was.

the applied voltage was,

To confirm if the signal was

derived from vanadium(IV),
aqueous solution of VOSO, (1
pg/ml) was subjected to the ESR

analysis. A representative ESR L

consists of eight signals because of the equation
2nI+1=8"Y. Thus, each ESR spectrum in Fig. 4 was
most likely derived from vanadium(IV). In addition,
we calculated the ESR parameters based on the
anisotropy of spectra, which is a characteristic feature
of vanadium(IV) complex **?”, as shown in Figs. 4
and 5. That is, g1 =1.99, g //=2.08, g, =2.02, AL
=92.0 x 10* em™, A //=190.3 x 10* em™, A=123.6 x
10* cm™ for VOSO, solution as shown in Fig. 5, and g
1=1.99, g /| =2.00, gy =1.99, A 1 =84.6 x 10 cm™, A

12 V for 10 min

12 V for 15 min

15 V for 5 min

| H

. . 222,861 mT
spectrum derived from VOSOQ, is
Since the

shown in Fig. 5.

322,861 mT

Fig. 4 Representative ESR spectra of V,0s aqueous solution electrolyzed

nuclear spin of vanadium(IV) is

at applied voltage 12 or 15 V for 5 to 10 min.

1=7/2, the spectrum of vanadium

The signal intensity increased dependently on electrolysis time and applied voltage.
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List of Abbreviations
tetravalent vanadium;
vanadium(I'V)
quinquevalent vanadium,;
vanadium(V)

electron spin resonance; ESR

2
2
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861 mT 322.861 mT

Fig. 5 Representative ESR spectrum of VOSO,.

Eight signals were observed as the spectrum of vanadium(IV).

J =184.9 x 10* cm’, A=118.0 x 10* cm™ for
electrolyzed V,0s solution as shown in Fig. 4. Since
the values of these parameters obtained from the
spectra in Figs. 4 and 5 are very close to each other,
each spectrum in Fig. 4 was surely derived from
vanadium(IV).

For analysis of vanadium in water samples by
graphite-furnace atomic absorption spectrometry, it
was reported that separation and preconcentration
method based the of
vanadium(V) with 1-butanol and vanadium(IV) with
differential

determination of vanadium(V) and vanadium(IV)*.

on solvent extraction

8-mercaptquinoline is effective for
More recently, it was reported that a simple and
sensitive method for the speciation of vanadium(III),
(IV), and (V) was

performance liquid chromatography and inductively
31)

developed by using high

coupled plasma mass spectrometry (HPLC-ICPMS)

The present study demonstrated that the ion
chromatography coupled with ESR analysis could be a
tool effective for detection and speciation of vanadium
in solutions. Even if the concentration of vanadium is
too low to detect by ESR spectroscopy, electrolysis
could reduce the

the

under the certain conditions

vanadium(V) to vanadium(IV), supporting

evidence for the existence of vanadium.
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BFRACRMNT, LA T VU LOBRRMEETEA LT 702 T T T 4 —D
FEFIC L BB O AT T L L AT VT LDFHIER

HREZ D, HmeE >, WEpEL Y, ER S Y

DAL KRR A e i 2e o & —
T 980-8579 ‘H IR LIl 1 5 4 KR EFH % 6-6-10
D7 Y b B LR AR TR B R A
T302-0106 IR T4 ik 1-1-21

BE

NFEUY AOHRERFERNER SNTEY AT VT LAEFEE— VAR b ET DR
KRZEIRTINTNDR, 2L DEENTFT VU LOFIEREIIAHTH S, ZHLETAT VY
LDGFREBEDIZDIZ DO FIERBE STV D, U L OHAM AN U0 A% B DERET
i U, B R TR TN 2 HIE LRI a~ 87T 7 4 — - FERER T T A~ E RO
HETHDAMETIFA A7~ NI T 7 4 =0l X O T2 T AONBEHCAZNTH
5 L ER Uiz, WICHA AT V0 AHKREHHICHFET 256 121%, KRBt 2 BRI 5 2
ETHMANT YT MMIRILTE D T L &R LT, RZIZ, EFACU BRI, Uy
U ACHET S 8 KDY S I ERIET S ZENTE D Z LD KOBLRS XD Tl T
VYLD AMENT T AASDBEBTCORBICAEZ THLZ L AR LT, LEXD, Fexld, 2hb
OO HEDOMERIT KRR EDKREFT DTV T LOSHIERICEFIETHDL Z &
R LT,

F—U—R: RNFIPUL B, AL ra~vw NS TT 40—, BFAL MG
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