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Abstract 

A reversed-phase high-performance liquid chromatography with series dual glassy carbon electrodes for the amperometric 
detection of water-soluble menadione is described. The complex post-column derivatization reaction and the high background 

currents were avoided. The menadione sodium bisulfite was reduced at -0.3 V vs. SCE at the upstream (generator) electrode 
and oxidized at +0.2 V vs. SCE at the downstream (collector) electrode. The mobile phase was 0.2 mol 1-l HAc-NaAc 
aqueous buffer (pH 5.50) and 40% (v/v) methanol. The linear response was in the range of 35 ng to 15 pg. with a detection 
limit of 15 ng (S/%3). The correlation coefficient was 0.9997 (n=6). The electrochemical detection with series dual electrodes 

has a higher selectivity for menadione (vitamin K1) compound than with UV detection. 

K~~~~~o&: Menadione sodium hisulfite; Vitamin K?; Liquid chromatography; Series dual-electrode amperometric detection 

1. Introduction 

Menadione (vitamin K3) plays an important role in 
blood coagulation as a clotting factor and in bone 

mineralization processes. It is a fat-soluble vitamin 
that has been detected in various materials [l-4] by 

high performance liquid chromatography (HPLC). 
But there are few data on the detection of the water- 
soluble form menadione (menadione sodium bisulfite 

(MSB), an artificial vitamin K3) by this technique [5]. 
MSB is an effective dose in vitamin K deficiency. 
Previously reported works usually applied ultraviolet 
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(UV) spectrophotometric detection 161 and fluores- 

cence detection [7], and both of them were performed 
by post-column reactions, which led to complicated 
operations and were time-consuming. 

Electrochemical detection (ECD) in combination 
with HPLC has been widely applied in many fields 
due to its sensitivity and selectivity. Due to the 

highly reducible property of MSB, there were some 
reports in reductive mode electrochemical detection 

[8,9]. However, in reductive mode, the reduction 
of dissolved oxygen, traces of metal ions and 
hydrogen ions would cause strong background 
currents. 

The introduction of dual-electrode detector al- 
lowed the analyst to convert compounds from one 
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chemical form to another, thus further enhancing 
the sensitivity and/or selectivity of detection [lo]. 

The series dual-electrode detector arrangement in 
a thin-layer transducer enhances the selectivity 

for the determination of electrochemically reversi- 
ble and quasi-reversible species as the system 
discriminates against chemically irreversible reac- 
tions. 

In this paper, a negative potential (-0.3OV vs. 
SCE) was applied at upstream electrode, which was 

sufficient to reduce MSB and oxygen, while down- 

stream electrode was given a positive potential 
(+0.2OV vs. SCE) to oxidize the reduced form of 

MSB but not for peroxide or water. Thus it was not 
necessary to remove oxygen from the system. 
Furthermore other water-soluble vitamins except 
vitamin B2 did not interfere with the detection of 

menadione sodium bisulfite. The method reported 
here for the determination of MSB is simple, fast and 
requires no complex derivatization reactions or 

specialized HPLC hardware. 

2. Experimental 

2.1. Apparatus 

Cyclic voltammetry was performed with a Model 

610 Voltammetric Analyzer (CH Instruments, USA) 
with a three-electrode cell consisting of a glassy 
carbon electrode as working electrode, an Ag/AgCl 

electrode (saturated with potassium chloride) as 
reference electrode and a platinum-wire as auxiliary 

electrode. 
The chromatographic separations were carried out 

with a Gilson Gradient HPLC System (Gilson, 

France), which consisted of a Model 306 pump, a 
Model 805 Manometric module, a Model 7125 
injection valve (10~1 loop) and a Supherisorb Cis 
(5 urn, 200x4 mm i.d.), packed at Dalian Institute of 
Chemical Physics (China). In order to protect the 
analytical column packing, a pre-column 
(50x4.6 mm i.d.) packed with silica gel (15-25 urn) 
was placed between the injection valve and the 
analytical column to saturate the silica with the 
mobile phase. The chromatographic operation and 
data processing were controlled by a Philips compu- 
ter configured as Gilson 715 HPLC System Con- 

troller Software. The electrochemical (EC) detector 
was Model 400 electrochemical detector (EG & G 

Princeton Applied Research) with a bipotentiostat. A 
Model TL-5A thin-layer electrochemical flow cell 
(Bioanalytical System) with dual glassy carbon 

electrodes (diameter, 3 mm) in series was employed. 
The distance between dual electrodes is 0.5 mm. The 
UV detector was a programmable, variable-wave- 
length UV- 117 detector. 

The chromatograms were obtained at ambient 
temperature (20f2”C) with the mobile phase flow- 
rate 1 ml mini I. 

2.2. Chemicals and mobile phase 

MSB (vitamin Ks), riboflavin (vitamin B2) and 
nicotinamide (PP) were of biochemical reagent 
grade. Ascorbic acid was of analytical reagent 
grade. Thiamine (vitamin B,) was of chemical 

reagent grade. All the above reagents were manu- 
factured in China, and were used without further 
purification. 

The tablets of vitamin K3 were purchased from the 
first Pharmaceutical Factories in Beijing and Shang- 
hai. 

2.3. Procedure 

The MSB stock solution was prepared as 

1 mg ml-’ solution in the 100ml volumetric flask 
and stored at 4°C in the dark. All other vitamin stock 
solutions used were prepared as MSB. Before use the 
stock solutions were diluted to appropriate concen- 
trations with the mobile phase. Doubly distilled water 

was used. 

The composition of the mobile phase was 
0.2 mol 1-l acetic acid-sodium acetate buffer solu- 
tion, pH 5.50, and 40% (v/v) methanol. Prior to 

the experiment, the mobile phase was filtered 
through a Type HA 0.45 urn filter membrane 
(Millipore) followed by 15-20 min sonication for 
degassing. 

Five tablets containing about 5 mg vitamin K3 
were ground to a fine powder. The powder was 
taken and dissolved with water and filtered through 
0.45 urn filter membrane. It was diluted to 25 ml 
with the mobile phase (0.2mgmll’ vitamin K3) 
before use. 
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3. Results and discussion 

3.1. Voltammetric behavior of MSB in 

stationary solutions 

The electrochemical behavior of 1 x lop3 mol 1-l 
MSB was given by cyclic voltammetry at a glassy 

carbon electrode in a cell described as above. Fig. 1 
shows that MSB yields a reduction wave at ca. 
- 114 mV vs. Ag/AgCl and an oxidation wave at ca. 

-85 mV vs. Ag/AgCl, and the half wave potential 
(El,*) is -1OOmV vs.Ag/AgCl. The ease of the two- 

electron reduction of MSB has been known earlier 
[ 111. For a Nernstian reaction, the difference between 

E,, and E,, (AE,) is always close to 2.3RT/nF (or 
59/n mV at 25”(Z), although AE, is slightly a function 
of switching potential [ 121. From MSB’s CV in Fig. 1 

(solid line), it is seen that AE,, to be 29mV is 
consistent with the theoretical value (29.5 mV), and 

the ratio of peak current (i,$i,,) is 0.93 to be close 
upon I regardless of scan rate. This demonstrates that 
the electrode process of MSB is reversible. To 
determine the influence of methanol in mobile phase 

on the electrochemical behavior of MBS, the MSB’s 

CV in acetate buffer added 40% methanol as shown 
in Fig. 1 (dash line). It can be seen that the addition of 
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Fig. 1. Cyclic voltammograms of MSB. [K~]=lxlO~‘mol1~‘. 

Scan rate 50 mV s- ‘, switching potentials+0.15 V and -0.35 V vs. 

Ag/AgCl. Solid line, MSB in acetate buffer (0.2moll-‘, pH=5.5); 

dash line, MSB in methanol+0.33moll-’ acetate buffer (40:60, 

v/v); dot line, 0.2 mall-’ acetate buffer. 
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Fig. 2. The pH dependence of peak potentials (A) and currents (B) 

of 1 x 10-3 mall- ’ MSB in 0.2 mall-’ acetate buffer (pH=5.5). 

Other parameters were the same as Fig. I. 

methanol made the peak potential shift a little more 
negative than that without methanol, and the peak 
current also changes slightly. So methanol in mobile 

phase cannot affect the electrochemical detection of 
MSB. 

The effect of pH on E, and i, in the CV of MSB 

was examined at various pH values from 3.60 to 5.60, 
as shown in Fig. 2. The change of peak current is 
not obvious with pH values (in Fig. 2(B)), but the 

anodic and cathodic peak potentials linearly shifted 
towrds 106 and 113 mV respectively in negative 
direction as the pH values (in Fig. 2(A)). The number 

of protons participated in this electrochemical reac- 
tion of MSB was calculated from the slope of E,-pH 
plot to be 2. 

Considering the reversible electrode process, two 
electrodes are arranged so that one is directly 
upstream of the other. At the upstream electrode as 
the generator electrode, a sufficiently negative 
potential is applied to reduce MSB, and the down- 
stream electrode as the collector electrode is set at a 
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positive potential to oxidize the generated donated 
quinone back to MSB. 

3.2, Selection of the optimum detection potential 

Hydrodynamic voltammetric experiments were 
performed with 0.2 mol 1-l HAc-NaAc aqueous 
buffer solution and 40% (v/v) methanol at pH 5.50 

as the mobile phase for selecting the operating 

reduction potential at the generator electrode and 
the oxidation potential at the collector electrode. The 

hydrodynamic voltammograms (HDVs) for repetitive 
10 ul of 12 ug ml-’ MSB solution were first obtained 
as the collector electrode potential was held constant 
at +0.15 V vs. SCE and the generator electrode 

potential was varied from -0.4OV vs. SCE to 
+O.OOV vs. SCE. The limiting current plateau was 
reached at -0.3OV vs. SCE. Modulation of the 
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Fig. 3. Hydrodynamic voltammograms for 12 ugml-’ MSB. 

Mobile phase, 0.2moll-’ HAc-NaAc (pH 5.50) - methanol 

(60+40, v/v); flow-rate 1 mlmin-‘. (a) Peak current responses at 

the collector electrode as a function of applied potential at the 

generator electrode, E2=+0.15 V vs. SCE. (b) Peak current 

responses at the collector electrode as a function of applied 
potential at the collector electrode, El=-0.30V vs. SCE. 

collector electrode potential between -0.30 V and 
+0.4OV vs. SCE with the generator potential set at 

-0.3OV vs. SCE led to the plateau at +0.2OV vs. 
SCE (see Fig. 3). As a result, the optimum condition 
chosen for the reduction and oxidation of MSB were 
-0.30 V and +0.20 V vs. SCE, respectively. 

Since MSB shows reversible electrochemical 
behavior, it can be seen that either the cathodic wave 

delivered by generator electrode or anodic wave by 
downstream electrode has a current plateau, the half 

wave potential is -1OOmV vs. SCE which agrees 
with that obtained in quiescent solutions. 

The flow-injection response was highly reproduci- 
ble. For 20 repetitive injections of 12ugmll’, the 

relative standard deviation of the peak currents was 
3.1%. 

3.3. Optimization of the mobile phase 

Figure 4 showed the effects of the pH (3.6-5.6) and 
the methanol content (lo-60%) of mobile phase on 
the capacity factor (k) and the column plate number 

(N) of MSB. It was found that the effect of pH on k 

and N was slight within the examined pH range. 
However, the influence of methanol content showed 

that higher the content of methanol possessed, the 
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Fig. 4. The effects of methanol content and pH values of the 

mobile phase on capacity factor (k) and plate number (N). 
0.1 mmoll-’ MSB, other parameters are the same as Fig. 3. 
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lower k and N of MSB was yielded for the methanol 
content <30%, when the methanol content >30%, k 

and N were changed a little. Considering the effective 
separation of MSB from the multivitamin mixture 
solution containing vitamins B,, B2, Bh, C, PP and 
Kj, pH 5.5 and 40% methanol in mobile phase were 
taken as the optimum composition of the mobile 
phase. 

3.4. Analytical performance and application 

According to the usual and hydrodynamic voham- 
mogram shown above, the series dual-electrode in 

liquid chromatography was held at -0.3 V and +0.2 V 
vs. SCE respectively (in the limiting diffusion current 
region). MSB is reduced at the -0.3 V electrode and 
its reduced form is oxidized at the +0.2V vs. SCE 
electrode. Thus the latter electrode functions as a 

collector electrode while the former as a generator 
electrode. Taking the reduction current and the 
oxidation current at the series dual-electrode as the 

vertical coordinates, respectively, the chromatograms 

of 24 ug ml-’ MSB at a flow rate of 1 .O ml min-‘, as 
shown in Fig. 5, indicated a high percent of reduced 
form of MSB generated at the generator electrode 
was collected at the collector electrode. The collec- 
tion efficiency (IJI,) is about 62.5%. 

Eight replicate injections of a stock solution 
containing 24 ug ml-r MSB were made to determine 

the precision of LC with dual-electrode detection. 

The relative standard deviation of the peak heights 

was I .56% for MSB. The calibration graph was linear 
over the range of 35 ng to 15 ctg for MSB with i, 
(nA)=-0.57+1.39C(ug ml-‘). The correlation coeffi- 

cients was 0.9997 (n=6). The detection limit was 
15 ng in terms of signal-noise ratio (S/N) of 3. 

Under the optimum chromatographic condition, 
MSB in the multivitamin tablets containing Vitamin 

B,, BZ, Be, K3, C and PP was chromatographically 
determined by using a UV detector followed by an 

Fig. S. Chromatograms of MSB at the generator electrode (A), 

El=-0.3 V. and the collector electrode (B). E2=+0.2V. Other 

parameters are the same as Fig. 3. 
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Fig. 6. Chromatogram of MSB in the multivitamin tablets 

containing VB,, VBZ, VBe, VC, PP and VK? with dual-electrode 

detection (A) and UV detection (B). Mobile phase: 0.2molI ’ 
HAc-NaAc buffer +40% (v/v) CH30H. pH=SS: Row-rate 

l.Oml mm’. El=-0.30V E2=+().2OV (vs. XX). Wavelength. 

254nm. Peak I. VB,+VB,+VC+VPP: peak II. VK,: peak III, VBa. 
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Table 1 
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Determination results of vitamin K3 in tablets 

Vitamin Ks 

Label Claim (mg) 

Found a (mg) 

Amount added (mg) 
Amount found a (mg) 

Recovery (%) 

EC Detection 

Sample 1 

1.0 

0.98f0.07 

1.0 
1.9410.06 

96 

Sample 2 

1.0 

0.9510.09 

I .o 
1.98f0.08 

103 

UV Detection 

Sample 1 

1.0 

0.9710.05 

1.0 

1.97f0.03 
100 

Sample 2 

1.0 

0.93*0.05 

1 .o 

1.9010.07 

97 

aMeanfstandard deviation of eight replicate sample treatments. 

All parameters were the same as those in Fig. 6. 

electrochemical detector, respectively. From the 

chromatograms of MSB shown in Fig. 6, it can be 
seen that the others except Vitamin K and B2 have 
low current responses and do not interfere with the 

detection of MSB at the detection potential 

(El=-0.3 V, EZ=0.2V vs. SCE), and the chromato- 
graphic peak of MSB was well-resolved from B2 

(Fig. 6(B)). Comparing with the UV detection, the 
electrochemical detection has higher selectivity for 

Vitamin K3 because only those substances that can be 
oxidized directly at +0.2 V or reduced at -0.3 V first, 
then oxidized at +0.2 V, can be detected, and there are 
very few such substances. 

The content and the recovery of MSB from the 
multivitamin tablets purchased from two different 

pharmaceutical factories were determined using the 

standard addition method and the results were given 
in Table 1. In the multivitamin tablets, the recovery of 

MSB was above 95%, and the results obtained by the 
proposed method agreed well with the label claim 
(1 mg per tablet) and that by UV detection. 

4. Conclusion 

A direct and simple method for the determination 

of MSB has been established by RP-HPLC coupled 
with series dual glassy carbon electrodes for 
amperometric detection at a considerably lower 
potential, where base line drift is not a problem and 
usable chromatograms are obtained. The electroche- 
mical detection with series dual electrodes has higher 

selectivity for Vitamin K3 compared with the UV 
detection. 
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