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Abstract: Voltammetric behaviour of hydroxocobalamin (OH-CBL) was firstly studied employing 11 

bare boron-doped diamond electrode as a working electrode. It was found that OH-CBL provided 12 

four anodic signals on BDDE in acidic supporting electrolytes and one cathodic signal. The anodic 13 

peak situated at +412 mV (vs. Ag|AgCl|KCl (sat.) recorded in 0.1 mol/L H2SO4) was found suitable 14 

for analytical purposes due to its position and shape. A novel voltammetric approach based on 15 

differential pulse voltammetry was developed and it was found as a sensitive analytical tool, with 16 

low limit of detection (LD = 13.2 nmol/L), applicable in analysis of vitamin preparations.  17 
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 20 

1. Introduction 21 

Hydroxocobalamin (OH-CBL) is one of the natural forms of water-soluble vitamin 22 

B12. It can be also synthetized and employed as an efficient anti-anemic tool with a more 23 

prolonged effect than commonly used synthetic derivative cyanocobalamin (CN-CBL). 24 

Moreover, OH-CBL is employed as a very efficient and non-toxic antidote in case of cy- 25 

anide poisoning [1,2].  26 

Some studies were interested in cobalamins’ electrochemistry, particularly on mer- 27 

cury electrodes, e.g. [3,4], or concerning a voltammetric behaviour and determination of 28 

CN-CBL, e.g. [5,6]. Also, two papers dealt with a voltammetric determination of CN-CBL 29 

on a boron-doped diamond electrode (BDDE) [7,8], which was utilized as a sensor in the 30 

present work as well. Possibilities of voltammetric determination of other forms of co- 31 

balamins was only poorly studied. Our research group focused on a voltammetric be- 32 

havior of OH-CBL previously and proposed a sensitive voltammetric method based on 33 

its reduction on silver solid amalgam working electrodes [9]. The aim of the present work 34 

was to expand the range of known information about electrochemical behaviour of co- 35 

balamins specifically OH-CBL and to propose simple voltammetric approach for its de- 36 

termination. BDDE was chosen as a working electrode due to its unique electrochemical 37 

properties like a wide potential window, stability, or low and stable background [10]. 38 

2. Experimental 39 

2.1. Chemicals 40 

Solutions of the required concentration of the analyte were prepared fresh daily 41 
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from 0.1 mol/L solution OH-CBL, which was retrieved dissolving of a solid chemical 1 

(purity ≥ 96%, originated from Sigma Aldrich, Prague, Czech Republic) in deionized 2 

water. Various supporting electrolytes were used during the first set of experiments, 3 

which consisted in determining the effect of the supporting electrolyte's pH on the ana- 4 

lyte's electrochemical behaviour. Specifically, the following solutions were employed: 5 

Britton-Robinson buffer (BRB) of pH 2-12, borate buffer (BB) of pH 10, ammonium buffer 6 

(AB) of pH 9 or nitric (0.1 mol/L), and sulphuric acid (0.1 and 0.5 mol/L, respectively), as 7 

well. BRB was prepared by mixing of the acidic component (consisting of 0.04 mol/L so- 8 

lution of H3PO4, H3BO3, and CH3COOH) and the alkaline component (0.2 mol/L solution 9 

of NaOH). The solutions were prepared by diluting stock solutions of concentrated acids 10 

(85% H3PO4 and 99% CH3COOH) or by dissolving a particular amount of a solid chemi- 11 

cal (NaOH, H3BO3). BB consisted of a mixture of 0.05 mol/L Na2B4O7×10H2O and 12 

0.1 mol/L NaOH. The solutions were prepared by dissolving a particular amount of solid 13 

chemicals in deionized water. AB was a mixture of NH3 and NH4Cl. The solutions were 14 

again prepared by dissolving a particular amount of solid chemical (NH4Cl) or diluting 15 

the stock solution (NH3). Used solutions of inorganic acids were prepared by diluting a 16 

particular stock solution of concentrated acids (65% HNO3 and 96% H2SO4, respectively). 17 

All of the above-mentioned chemicals were of p.a. purity and originated from Pen- 18 

ta-Švec, Prague, Czech Republic.  19 

2.2. Instrumentation 20 

Eco-Tribo Polarograph PC ETP (EcoTrend Plus s.r.o., Prague, Czech Republic) 21 

combined with software Polar 5.1 was employed for all of the voltammetric experiments. 22 

The three-electrode set-up consisted of BDDE with working surface of 7.07 mm2 (Wind- 23 

sor Scientific Ltd., Slough, United Kingdom) as a working electrode, saturated 24 

Ag|AgCl|KCl electrode as a reference, and platinum wire as a counter electrode (both 25 

electrodes from Monokrystaly s.r.o., Turnov, Czech Republic). A pH meter Fisher Scien- 26 

tific Accumet AB 150 (Fisher Scientific s.r.o., Pardubice, Czech Republic) was used for the 27 

preparation of the buffers. Analytical balances KERN ALS 120-4N (Kern & Sohn GmbH, 28 

Balingen, Germany) were used for weighing solid chemicals. An ultrasonic bath Bandelin 29 

Sonorex (BANDELIN electronic GmbH & Co. KG, Berlin, Germany) was applied in the 30 

preparation of samples improving their dissolution.   31 

2.3. Procedures 32 

2.3.1. Voltammetric measurements 33 

Cyclic voltammetry (CV) was employed for two sets of experiments: a study of the 34 

influence of supporting electrolyte`s pH on OH-CBL voltammetric behaviour (pH study) 35 

and an examination of the influence of scan rate on OH-CBL current response (scan rate 36 

study), respectively. The pH study was realized with a constant scan rate (v = 100 mV/s) 37 

but the initial (Ein), final (Efin), and switching (Eswitch) potential varied due to changes in 38 

the used supporting electrolyte, particularly its pH value. The scan rate study was real- 39 

ized under the following conditions: 0.1 mol/L H2SO4 as a supporting electrolyte, Ein = Efin 40 

= −1200 mV, Eswitch = +2200 mV, and v = 10-500 mV/s. 41 

Differential pulse voltammetry (DPV) was chosen as a sensitive tool for the deter- 42 

mination of the analyte and thus, its parameters were optimized. The obtained values are 43 

summarized in Table 1 for both of the investigated electrochemical processes.  44 

Table 1. Chosen parameters of DPV for voltammetric determination of OH-CBL on BDDE. 45 

 
Ein  

[mV] 

Efin  

[mV] 

ν  

[mV/s] 

Pulse height 

[mV] 

Pulse width 

[ms] 

oxidation −400 +2300 30 65 20 

reduction +2000 −1500 80 −65 40 

    46 
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 1 

2.3.2. Preparation of real samples for analysis 2 

Two vitamin preparations containing OH-CBL were analyzed. “Vitamin B12 (hy- 3 

droxocobalamin)” was in a liquid form and the content of OH-CBL was declared by the 4 

producer Metabolics Ltd. (Eastcott, United Kingdom) as 98 μg of OH-CBL per 1 drop 5 

(calculated as 0.983×10−3 mol/L). This sample was analyzed only after simple dilution. 6 

Preparation “Vitamin B12 as hydroxocobalamin 1 mg – sub-lingual” was produced by 7 

Cytoplan Ltd. (Worchester, United Kingdom). 10 tablets of the preparation were ground 8 

in a grinding mortar and the powder was quantitatively transferred into a 100 mL vol- 9 

umetric flask. It was sonicated for 25 minutes and the undissolved residue was removed 10 

by filtration through a folded paper filter. Finally, the flask was filled up to the mark and 11 

the obtained solution of the calculated concentration of 7.43×10−5 mol/L was analyzed. 12 

The content of OH-CBL was determined in both cases by a standard addition method 13 

when at least 2 additions were added. The analysis was 5times repeated and particular 14 

statistical parameters were calculated. 15 

3. Results and discussion 16 

3.1. Influence of pH of supporting electrolyte on voltammetric behaviour of OH-CBL 17 

A choice of a supporting electrolyte play a crucial role in the optimization process of 18 

the voltammetric approaches. The nature of the ongoing electrochemical processes is of- 19 

ten strongly dependent on the features of the used electrolyte. Thus, an effect of various 20 

buffers (BRB (pH 2-12), BB (pH 10), AB (pH 9)) and two acids of various concentrations 21 

(0.1 mol/L HNO3, 0.1 mol/L H2SO4, and 0.5 mol/L H2SO4) was examined employing CV. 22 

Four anodic signals (labeled from the most negative as “1” to the most positive as “4”, 23 

Fig. 1A) were recorded in media of pH ≤ 3. A decreasing number of anodic signals was 24 

recorded with increasing pH value and only one signal (peak 3, Fig. 1B) could be detected 25 

in electrolytes of pH 8-11. Moreover, one reduction signal (RED) could be measured in 26 

the whole tested pH range. It was obvious that signals 2-4 recorded in acidic media were 27 

ill-developed and their proper evaluation was very difficult. This was caused by the 28 

presence of the other responses and by the onset of the decomposition of a supporting 29 

electrolyte. On the other hand, the shape of signal 1 (Fig. 1C) was not influenced by the 30 

presence of any other responses and by the decomposition of the supporting electrolyte 31 

solution as well. It was well-developed and easily evaluable. Its highest response was 32 

recorded in 0.1 mol/L H2SO4, which was used for all further experiments as a supporting 33 

electrolyte. 34 

-10000

-6000

-2000

2000

6000

10000

14000

-1000 -500 0 500 1000 1500 2000 2500

I p
[n

A
]

Ep [mV]
RED

1
2
3

4

A

C

-15000

-10000

-5000

0

5000

10000

15000

-1400 -600 200 1000 1800

I p
[n

A
]

Ep [mV]RED

3
B

 35 

Figure 1. Cyclic voltammograms recorded on BDDE in the absence (dotted line) and presence 36 
(solid line) of 5×10−5 mol/L OH-CBL in acidic (A) and alkaline (B) supporting electrolytes. Inset C: 37 
Detail of the area of signal 1 in an acidic medium.  Parameters: supporting electrolyte: 0.1 mol/L 38 
H2SO4 (A, C) and BRB (pH 10) (B), Ein = Efin = −1000 mV (A, C) and −1500 mV (B), Eswicth = +2200 mV 39 
(A) and +1800 mV (B), v = 100 mV/s (A-C).  40 

3.2. Influence of scan rate 41 
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The effect of scan rate was examined employing 5×10−5 mol/L OH-CBL in a range of v 1 

from 10 to 500 mV/s. The current response 1 and RED, as well, grew with increasing of the 2 

following parameter, but the growth was non-linear. Conversely, a linear course of the 3 

dependence was obtained between the peak height (Ip) and the square root of the scan 4 

rate (v1/2). This dependence could be described by equation (1) for anodic signal 1 and (2) 5 

for the cathodic response RED. Diffusion-controlled electrode reaction could be assumed 6 

for both of the following responses. This result was partially confirmed by logarithmic 7 

analysis and obtained linear dependencies (log(Ip)-log(v)) could be described by equa- 8 

tions (3) for anodic signal 1 and (4) for the cathodic response, respectively. The value of 9 

the slope of equation (4) is close to the theoretical one of 0.5, which is typical for diffu- 10 

sion-controlled reactions. This type of ongoing electrode reaction is characteristic of 11 

working surfaces of boron-doped diamond. On the other hand, the value of the slope of 12 

equation (3) is lower than 0.5. Thus, it could be assumed that the anodic process 1 is more 13 

complicated and it was influenced by diffusion and kinetics of the electrode reaction as 14 

well.  15 

 16 

Ip [nA] = (9.085±0.280) (v [mV/s])1/2 + (29.182±3.299), R2 = 0.9929   (1) 17 

Ip [nA] = (−754.856±6.679) (v [mV/s])1/2 + (−471.011±91.377), R2 = 0.9991 (2) 18 

log (Ip [nA]) = (0.384±0.012) log (v [mV/s]) + (1.316±0.024), R2 = 0.9932  (3) 19 

log (Ip [nA]) = (0.453±0.008) log (v [mV/s]) + (3.004±0.016), R2 = 0.9991  (4)  20 

3.3. Optimization of differential pulse voltammetric parameters and analysis of model samples 21 

Pretreatment of the working surface of BDDE is often applied to increase the sensi- 22 

tivity or repeatability of analyses. Anodic (30 s at +2000 mV) and cathodic (30 s at 23 

−2000 mV) pretreatment procedure was tested for anodic signal 1. Worse repeatability 24 

and a signal decrease were recorded under the stated pretreatment procedures. Thus, 25 

any of the pretreatment of the working surface was not employed and good stability and 26 

reproducibility of the signal was confirmed by repeated measurements with excellent 27 

results. The relative standard deviation of 11 repeated measurements (RSDM(11) equaled 28 

to 1.26%.  Different results were obtained in the case of the cathodic response. The 29 

omission of the pretreatment step, as in the previous case, led to a substantial decrease in 30 

the peak height. Therefore, the anodic and cathodic pretreatments were tested. In the case 31 

of anodic procedure, the substantial decrease of the cathodic response as in the case of 32 

none pretreatment was recorded. Inserting cathodic potential before every scan caused a 33 

rapid signal drop (about 50%) and the stability of the response was also very poor. 34 

Therefore, a combination of anodic and cathodic pretreatment (20 “potential jumps” 35 

between +2000 mV and −1500 mV) was examined as the last option. A stable and 36 

well-developed reduction signal was recorded, which could be confirmed by repeated 37 

measurements and obtained statistical parameter RSDM(11) = 1.45%. 38 

  The next steps were to find optimal values of the following parameters of DPV: Ein, 39 

v, and height and width of a pulse. For the whole optimization process, 2.5×10−6 (peak 1) 40 

and 1×10−5 mol/L (peak RED), respectively, OH-CBL was used. An example of the ob- 41 

tained voltammetric curves recorded on BDDE at various scan rates could be found in 42 

Figure 2. Obtained optimal values of particular parameters are summarized in Table 1. 43 
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Figure 2. Anodic (A) and cathodic (C), respectively, DP voltammograms recorded on BDDE in the 2 
presence of OH-CBL at various scan rates. Insets B and D Dependence of the peak height (peak 1 3 
(B) and RED (D), respectively) on a scan rate.  Parameters: supporting electrolyte: 0.1 mol/L H2SO4 4 
(A-D), pretreatment (20 “potential jumps” between +2000 mV and −1500 mV) (C, D), Ein = −400 mV 5 
(A, B) and +2000 mV (C, D), Efin = +2300 mV (A, B) and −1500 mV (C, D), v = 10-70 mV/s (A, B) and 6 
10-100 mV/s (C, D), pulse height of 50 mV (A, B) and −65 mV (C, D), pulse width of 80 ms (A, B) 7 
and 20 ms (C, D). 8 

The applicability of the proposed DPV method was first tested on model solutions 9 

containing known amounts of OH-CBL. First, the concentration dependence for the two 10 

monitored peaks under the selected analysis conditions was recorded. For the monitored 11 

signals, the concentration range was repeatedly measured over at least 1 concentration 12 

order from the lowest concentration value at which the signal could be reliably evaluated 13 

to a concentration at which a noticeable increase in the monitored peak was observed. In 14 

the case of the anodic peak, this was a range from 2×10-8 to 1×10-6 mol/L, and in the case of 15 

the RED peak, a range from 2×10-7 to 6.5×10-6 mol/L was measured. The dependence of Ip 16 

on OH-CBL concentration was linear for the oxidation peak over almost the entire stud- 17 

ied range (particularly from 2.00×10-8 to 8.25 × 10-7 mol/L), which represents the linear 18 

dynamic range (LDR) and is described by equation (5). Using the values of the slope and 19 

standard deviation intercept of this dependence, the values of a limit of detection and 20 

quantification as well were calculated and are as follows LD = 1.32×10-8 mol/L and LQ = 21 

4.39×10-8 mol/L. In the case of the reduction peak, the obtained dependence of Ip on 22 

OH-CBL concentration did not show a linear but polynomial character. Characterization 23 

of the dependence in the concentration range from 1.99×10-7 to 2.91×10-6 mol/L brings the 24 

equation (6). Based on these results, the anodic signal 1 was chosen for further examina- 25 

tion. Repeated analyte determinations were carried out for two model samples with 26 

known concentrations of OH-CBL. Obtained results are summarized in Table 2. It is ob- 27 

vious, that obtained results are correct and precious. 28 

Ip [nA] = (15.09±0.1480) (c [μmol/L]) + (0.142±0.066), R2 = 0.9982   (5) 29 

Ip [nA] = (193.56±21.49) (c [μmol/L])2 − (1447.1±68.3) (c [μmol/L]) + (94.86±44.86),  30 

R2 = 0.9966            (6) 31 

Table 2. Results of repeated determination of model samples.. 32 

Added c 

[mol/L] 

Determined c 

[mol/L] 

RSD5 

[%] 

Recovery 

[%] 

5.000×10−8 (5.026 ± 0.044) ×10−8 1,33 99.64-101.4 

1.000×10−7 (1.015 ± 0.015) ×10−7 2,21 100.0-103.0 

3.5. Analysis of real samples 33 

The applicability of the proposed method employing the anodic peak 1 was finally 34 

verified by an analysis of vitamin preparation containing OH-CBL. Preparation for 35 

analysis is described in section 2.3.2. A standard addition method, when at least two 36 
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standard addition were added, was utilized. Obtained results are summarized in Table 3. 1 

In the case of liquid preparation, the determined amount is in good agreement with the 2 

declared amount of the vitamin. On the other hand, slightly higher amounts (from 2.6 to 3 

9.8%) of OH-CBL than declared by the producer were determined in the second analyzed 4 

product. The result could be caused by higher content than declared, which should be 5 

verified by different analytical techniques in future work, or by the complicated matrix of 6 

the sample.     7 

Table 3. Results of repeated determination of real samples. 8 

 Declared c  

[μg/1 drop] 

Determined c 

[μg/1 drop] 

RSD5  

[%] 

Recovery  

[%] 

Liquid 

preparation 

98.00 101.95±4.09 6.05 99.9-108.2 

 Declared c  

[μg/1 tablet] 

Determined c 

[μg/1 tablet] 

RSD5  

[%] 

Recovery  

[%] 

Tablets 1000 1062.29±36.00 5.13 102.6-109.8 

4. Conclusion 9 

Voltammetric behaviour of hydroxocobalamin, a member of vitamin B12 group, was 10 

investigated utilizing boron-doped diamond as a sensor. It was proved that the proposed 11 

voltammetric approach based on differential pulse voltammetry represented a rapid and 12 

effective tool for monitoring this analyte in vitamin preparation.    13 
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