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a b s t r a c t 

Monitoring of vitamin B 12 is important in the quality control of various pharmaceutical products. In this 

work, we design an ultrasensitive electrochemical sensor for the detection of vitamin B 12 employing 

Pt modified Cu(HBTC)(4,4 ′ -bipy) ·3DMF (Pt = Platinum; DMF = N,N 

′ -dimethylformamide; 4,4 ′ -bipy = 4,4 ′ - 
bipyridine; HBTC = 1,3,5-benzenetricarboxylic acid) electrode as an efficient electrocatalyst. The copper 

(Cu) complex nanorods were synthesised by solvothermal method and characterised by different surface 

analytical techniques. Cyclic voltammetric analysis reveals that the modified electrode shows excellent 

electrocatalytic redox reversibility towards Co 3 + /Co 2 + redox couple at −0.192 and -0.268 V ( vs. Ag/AgCl ) 

with a sensitivity of 0.104 μA μM 

−1 , a low detection limit of 50 nM, a signal-to-noise ratio of 3 and 

a wide linear range of 0.1–188.2 μM. The novelty of the system is that both oxidation and reduction 

currents Co 3 + /Co 2 + redox couple has been used for the calibration curve so that the analytical errors 

during the course of analysis would be minimised. The enhanced electrocatalytic ability of the material 

has enabled discrimination of vitamin B 12 from potential interfering species. The fabricated electrode 

was applied for the detection of vitamin B 12 in two commercial pharmaceutical tablets and the results 

were found to be satisfactory. 

© 2018 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

Cobalamin or cyanocobalamin (vitamin B 12 ), is an essential or-

anic compound having a complex structure with central Co(III)

tom co-ordinatively bound to nitrogen, where Co 3 + can be re-

uced to Co 2 + and subsequently to Co + [1–3] . Vitamin B 12 is one

f the most important nutrient for the maintenance of myelin

heath surrounding nerve cells and for numerous body processes

n humans [4–6] . It also plays a key role in the formation of red

lood cell, synthesis of Deoxyribo Nucleic Acid (DNA) during cell

ivision and production of enzymes [7,8] . In specific, vitamin B 12 

s important for the proper functioning of gastrointestinal, cardio-

ascular and central nervous system [9,10] . 
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In order to gain the health benefits of vitamin B 12 and to keep

lood cells as well as body nerve’s healthy, adults should consume

–2 μg of vitamin B 12 per day. However, the daily requirement of

itamin B 12 depends on human body weight, metabolic activity,

ex, age and physical activity [11,12] . Studies have shown that a

igh intake of foods that are rich in vitamin B 12 such as milk,

lams, fish, liver, eggs and meat may significantly lower a person’s

isk of developing neuropathy and pernicious anaemia [4,6,13,14] .

n the other hand, low levels or lack of vitamin B 12 in human

auses immune system disorders, pernicious anaemia, irreversible

eurological damage, apathy, difficulty breathing, excessive tired-

ess, atrophic gastritis and affects small intestine [2,7,8,11] . Hence,

t is essential to develop a highly sensitive and selective sensor

or the detection of vitamin B 12 in pharmaceutical tablets and

uman blood serum samples at low concentrations. Especially,

apid quantification of vitamin B in pharmaceutical tablets with
12 
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the aid of highly sensitive vitamin B 12 sensor can be a crucial part

for the investigation of quality of pharmaceutical tablets [1,3,4,6] . 

Fluorimetric assay, capillary electrophoresis, atomic absorp-

tion spectroscopy, time-of-flight mass spectrometry, chemilumi-

nescence and high performance liquid chromatography (HPLC) are

the analytical approaches commonly employed for the detection

of vitamin B 12 in pharmaceutical tablets [3,5,7,8] . However, these

methods require expensive instruments, trained personnel, cen-

tralized laboratories, complex sample preparation processes and

are time-consuming [1,6,9,11] . As an alternative, electrochemical

methods bear some advantages over other analytical methods that

include rapid analysis, selective determination and ease of use

[1,3,4,11] . As a result of this, electrochemical detection of vitamin

of B 12 has received considerable attention in past decades [7,9] .

Cyclic voltammetry (CV), amperometry, differential pulse voltam-

metry (DPV) and square wave voltammetry (SWV) are the widely

investigated electroanalytical techniques for the determination of

vitamin B 12 in various pharmaceutical products [2,4,5] . Using CV,

either reduced (vitamin B 12 r with Co 2 + ) or oxidised form (vita-

min B 12 O with Co 3 + ) of vitamin B 12 was studied [1,8] . Recently,

Stankovic et al. [1] has utilized boron-doped diamond (BDD) as a

platform to fabricate a highly sensitive working electrode for the

detection of vitamin B 12 in urine sample using the same technique.

The CV measurements at BDD electrode exhibited a cathodic peak

at around −0.8 V ( vs . Ag/AgCl) which belonged to the reduction

of Co 3 + (vitamin B 12 o ) to Co 2 + (vitamin B 12 r ). Since the reduction

peak was at very high negative potential, it suffered from the inter-

ference of other electroactive biomolecules present in the real sam-

ples [1] . Hence, it is essential to fabricate an ultrasensitive working

electrode for vitamin B 12 detection, which is free from the poten-

tial interfering species. 

From the literature, it is understandable that recent studies

have focussed on the synthesis of inorganic-organic complex for

biosensing and heterogenous catalysis application owing to their

porous and three-dimensionally linked coordination network struc-

ture [15] . For instance, our group developed an electrochemical

lactate sensor based on porous Ni(HBTC)(4,4 ′ -bipy) ·3DMF com-

plex (DMF = N,N 

′ -dimethylformamide; 4,4 ′ -bipy = 4,4 ′ -bipyridine;

HBTC = 1,3,5-benzenetricarboxylic acid) by employing 1,3,5-

benzenetricarboxylic acid, 4,4 ′ -bipyridine ligands and nickel metal

center in which the highly porous Ni(HBTC)(4,4 ′ -bipy) ·3DMF

complex was used as an electrocatalyst for the electrooxidation of

lactate to pyruvate [16] . Recently, copper-organic complex material

is gaining interest in the construction of highly sensitive electro-

chemical biosensor because of its enhanced electrocatalytic ability

and porous nature [15] . A non-enzymatic electrochemical sensor

for the voltammetric determination of dopamine was reported

[17] , where Cu 3 (HBTC) 2 complex was used as an catalyst to oxi-

dise dopamine to dopamine o-quinone. The Cu 3 (HBTC) 2 complex

modified glassy carbon electrode exhibits high sensitivity with

wide linear range due to its high pore volume and large surface

area. However, to the best of our knowledge, the application of

Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex for the electrochemical sensing

of vitamin B 12 has not been reported. 

In order to design tailored cavities for vitamin B 12 adsorption,

a metal organic framework based on Cu(HBTC)(4,4 ′ -bipy) ·3DMF

nanorods was synthesized using the solvothermal method in

which Cu 

2 + centers are coordinated by two bridging ligands

namely, HBTC and 4,4 ′ -bipyridine. Pt electrode decorated with Cu

complex has been used as the sensor material. The Cu complex

nanorod was synthesised and characterised by different surface

analytical techniques. The effect of scan rate and electrochemical

responses of vitamin B 12 at bare Pt and modified electrode are

investigated using CV. Further, interference studies involving five

potential interfering species are examined. Finally, the fabricated
Please cite this article as: P. Manivel, K. Madasamy and V. Suryanara
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lectrode was used for the detection of vitamin B 12 in commercial

itamin B complex tablets. 

. Materials and methods 

.1. Materials and reagents 

4,4 ′ -bipyridine, potassium chloride and 1,3,5-

enzenetricarboxylic acid were procured from Alfa Aesar, India.

thanol and DMF were obtained from Merck Chemicals, India.

opper(II) nitrate, acetaminophen, fructose, uric acid, sucrose,

scorbic acid and glucose were purchased from Sigma-Aldrich,

ndia. All the reagents were of analytical grade and employed as

eceived without further purification. The whole experimental

tudy was carried out using doubly-distilled water. Pt (CHI102,

 mm diameter) and Ag/AgCl reference electrode (CHI111, 0.5 mm

iameter) were obtained from CHI instruments, Inc. Vitamin B

omplex tablets (Beplex Forte Tablet, Anglo-French Drugs & In-

ustries Ltd and becosules capsule, Renata limited) were obtained

rom the nearby medical shop at Karaikudi, India. 

.2. Synthesis and characterization of Cu(HBTC)(4,4 ′ -bipy) ·3DMF 

omplex 

The method for the synthesis of the complex is based on previ-

us literature, where nickel nitrate was used as the salt [16,18] . In

he present work, 1 mM of copper(II) nitrate, 1 mM of 4,4 ′ - bipyri-

ine and 1 mM of 1,3,5-benzenetricarboxylic acid were dissolved

n 40 ml of DMF. Later, the reaction mixture was vigorously stirred

t 393 K for 4 h. After vigorous stirring, the mixture was allowed

o cool down to room temperature. Subsequently, the precipitated

owder was collected, filtered, washed with ethanol and DMF for

everal times and then dried at 333 K for 12 h. In the synthesis

f Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods, DMF was used as a polar

protic solvent to allow the motion of negatively charged HBTC lig-

nd and neutrally charged 4,4 ′ -bipyridine toward the reaction with

u cation which in-turn promotes the synthesis Cu(HBTC)(4,4 ′ -
ipy) ·3DMF with meaningful yield [19] . 

The morphology and elemental composition analysis of the as-

repared Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex were studied using

 field emission scanning electron microscopy equipped with en-

rgy dispersive x-ray spectrometer (FE-SEM equipped with EDX,

SM6701F, JEOL, Japan). The particle size distribution was com-

uted by Image J 1.48q software. High resolution transmission

lectron microscopy (HR-TEM) image of complex was obtained

sing a Tecnai G2 F20 S-TWIN HR-TEM with CCD imaging sys-

em which operates at a bias of 200 keV. The height informa-

ion and topographic images of complex by tapping mode were

nvestigated using an atomic force microscopy (AFM, 5500 Se-

ies, Agilent Technologies, USA). The structural characterization of

he as-synthesized Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods was inves-

igated using X-ray diffractometer (XRD, D8 Focus, Bruker, Ger-

any). The interaction of Cu 

2 + with 4,4 ′ - bipyridine and 1,3,5-

enzenetricarboxylic acid was investigated by a Fourier transform

nfrared spectrometer (Alpha T FT-IR spectrometer, Bruker, Ger-

any) in the spectral range of 40 0–40 0 0 cm 

−1 . X-ray photoelec-

ron spectroscopy (XPS) was recorded on a Theta Probe AR-XPS

ystem (Thermo Fisher Scientific, UK) using 300 W Al K α radiation.

.3. Fabrication of the sensor material 

Prior to the construction of the sensor, the platinum elec-

rode was well polished on a silky pad with the help of 0.05 μm

-alumina powder, rinsed with doubly-distilled water and dried

nder a stream of hot air provided by a hair-dryer. In the first
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 1. (a) and (b) FE-SEM micrographs of as-prepared Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex at 50 K magnification and (c and d) histograms of particle size distribution of 

Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex. 
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tep, 1 mg of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex was dispersed

n 100 μl of ethanol. Later, the resultant mixture was sonicated

t room temperature with the help of bath sonicator (Ultrasonic

leaner, Rivotek, Riviera Glass Pvt. Ltd. Mumbai, India). About 3 μl

f the mixture was taken and drop-casted onto the surface of bare

t electrode. Then, the modified Pt electrode was subsequently

llowed to dry for 30 min at room temperature. Finally, the fabri-

ated electrode was washed with 0.1 M KCl ten times for removing

ny unbounded chemicals. 

.4. Electrochemical analysis 

Electrochemical experiments were performed on an electro-

hemical workstation (Eco Chemie Autolab Potentiostat system)

ith a traditional three-electrode cell system comprised of a

g/AgCl saturated in 0.4 M KCl as the reference, a Pt wire as the

ounter and Pt modified with Cu(HBTC)(4,4 ′ -bipy) ·3DMF as the

orking electrode. In this work, CV was employed as an analyti-

al technique for the determination of wide range of vitamin B 12 .

ll electrochemical experiments were conducted in a Faraday cage

t an ambient temperature of 298 K. 

.5. Interference study 

To investigate the selectivity of the fabricated sensor mate-

ial, the influence of potentially interfering species such as ac-

taminophen, fructose, uric acid, sucrose, ascorbic acid and glucose

n the estimation of 0.1 μM vitamin B 12 under the optimal experi-

ental conditions was studied. The percentage inhibition or degree

f inhibition was calculated using Eq. (1) , 

 ( % ) = 

I o − I i 
I o 

× 100 (1) 
Please cite this article as: P. Manivel, K. Madasamy and V. Suryanara
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here I o and I i are the cyclic voltammetric current response of

itamin B 12 on Pt/ Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode in the ab-

ence and presence of interferents, respectively. 

. Results and discussion 

.1. Surface morphological characterization of 

u(HBTC)(4,4 ′ -bipy) ·3DMF complex 

Fig. 1 (a) and (b) shows the FE-SEM micrographs of the com-

lex material at 50 K magnification. As can be seen from Fig. 1 (a)

nd (b), the appearance of aggregated rod-like structures are noted.

urthermore, irregular short nanorods with distinct widespread

ores are observed on the FE-SEM images, which clearly manifest

ts large porous property. Fig. 1 (c) and (d) depicts the histograms

f particle size distribution of such complex. The width and length

f aggregated rod-like structures were determined from the his-

ograms and were found to be in the size ranges of 192–320 nm

nd 2.75–5.75 μm, respectively. Fig. 2 (a) shows the FESEM-EDX

pectrum of the material. The elemental analysis yields 81.46 wt%

f carbon, 9.22 wt% of oxygen and 9.32 wt% of copper with atomic

eight percentages of 90.37, 7.68 and 1.95 at.%, respectively. 

The topographies of two and three dimensional AFM images

25 μm × 25 μm in size) of thin film material and its spatial profile

re shown in Fig. 2 (b) and (c). The two dimensional AFM image of

he Cu complex shows the appearance of rod-like structure, which

as enrectangled by the dashed line in Fig. 2 (b). The length and

idth of the Cu complex were computed by image J 1.48q software

nd estimated as 246 ± 30 nm and 2.602 ± 0.276 μm, respectively.

he mean width and length of the nanorods obtained from AFM

nalysis are in good agreement with FE-SEM results. From the Fig.

 (c), the surface roughness of the thin film was measured in terms

f root mean square (R q ) deviation. The measured R q roughness

alue for the thin film is 53.3 nm, confirming it’s rough surface. As
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 2. (a) FESEM-EDX spectrum of as-prepared Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex, topographies of (b) two and (c) three dimensional AFM images of as-prepared 

Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex, (d) its spatial profile and (e) the (i) simulated (reproduced with permission from Li et al. [18] ) XRD pattern of M(HBTC)(4,4 ′ -bipy) ·3DMF 

and (ii) experimental XRD pattern of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex. 
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can be seen from the spatial profile ( Fig. 2 (d)), the thickness of the

thin film was determined to be 145 ± 44.7 nm. 

Fig. 2 (e) shows the (i) simulated and (ii) experimental XRD pat-

terns of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex. The XRD peaks ex-

hibited that the as-synthesized Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex

was highly polycrystalline in nature with a sharp and intense

peak observed at 24 °. In addition, other diffraction peaks posi-

tioned at 2 θ = 7.91, 10.85, 13.43, 16.01, 18.59, 21.54 and 22.52 °
were also observed. As can be seen in Fig. 2 (e), all the diffraction

peaks of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex were in good agree-

ment with that of the simulated XRD pattern of M(HBTC)(4,4 ′ -
bipy) ·3DMF complex (M = metal) by Li et al. [18] , manifesting that

the Cu 

2 + center and two bridging ligands (4,4 ′ -bipyridine and

1,3,5-benzenetricarboxylic acid) assemble to form copper-metal or-

ganic framework. 
Please cite this article as: P. Manivel, K. Madasamy and V. Suryanara
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A typical HR-TEM images of Cu complex nanorod immobilized

n the surface of Pt shows a width and length of 80 and 15 nm,

espectively ( Fig. 3 (a)). Similarly, some irregular short nanorods

bserved in the HR-TEM image corroborates with FE-SEM analy-

is ( Fig. 1 (b)). Fig. 3 (b) displays the XPS spectrum of C1s of as-

repared nanorods. As can be seen from Fig. 3 (b), the peaks ob-

erved at 283.8, 284.8, 285.5 and 288.27 eV correspond to the C 

–C,

 

–H, C 

–O and C 

= O bonds. Fig. 3 (c) exhibits the XPS spectrum of

u2p nanorods. The Cu2p 3/2 , shake-up satellite of Cu2p 3/2 , Cu2p 1/2 

s well as Cu2p 1/2 peaks are centred at 932, 940, 952 and 960 eV,

espectively, confirming the presence of Cu 

2 + on their surface of

he nanorods [20] . 

In the FTIR spectrum of Cu complex ( Fig. 3 (d)), the material

as two absorption bands at 1381.24 and 1436.33 cm 

−1 on ac-

ount of coordination of nitrogen (present in 4,4 ′ -bipyridine) with
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 3. (a) TEM image of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex, XPS spectra of (b) C1s and (c) Cu2p of the as-synthesized Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex and (d) the FTIR 

spectrum of Cu(HBTC)(4,4 ′ -bipy) ·3DMF complex. 
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2 + and the deformation of N 

–CH 3 in DMF [21] As we expected,

 new absorption band at 1652.28 cm 

−1 arises owing to the de-

rotonation of -COOH group in HBTC. The presence of HBTC is

onfirmed by the strong bands observed at 1299.71 (C 

–O stretch),

132.24 (C 

–O stretch), 643.45 (C 

–C stretch), 3340.22 (-OH stretch)

nd 2956.80 cm 

−1 (C 

–H stretch). Similarly, the presence of 4,4 ′ -
ipyridine ( Fig. 3 (d)) is confirmed by the absorption bands ob-

erved at 1132.24 (C 

–O stretch), 944.93 (ring breathing of C 

–C

tretch), 815.49 (aromatic sp 

2 C 

–H stretch) and 2901.71 cm 

−1 (C 

–H

tretch). 

.2. Electrochemical analysis of vitamin B 12 

In order to study the mechanism for electrocatalysis on the sur-

ace of Cu(HBTC)(4,4 ′ -bipy) ·3DMF to vitamin B 12 , cyclic voltammo-

rams of bare Pt and Pt modified with Cu complex in the absence

curve i and iii) and presence (curve ii & iv) of 0.1 μM vitamin B 12 

ere recorded ( Fig. 4 (a)). No oxidation and reduction peaks are

bserved for vitamin B 12 on bare Pt electrode. However, Pt elec-

rode modified with Cu complex exhibited oxidation and reduction

urrent at −0.071 and −0.153 V ( vs. Ag/AgCl ), respectively (see Fig.

 (a)) in the absence of 0.1 μM vitamin B 12 . The cathodic current is

riginated from the reduction of Cu 

2 + to Cu 

+ , whereas the anodic

urrent is associated with the oxidation of Cu 

+ to Cu 

2 + . 
After the addition of 0.1 μM vitamin B 12 , a well-defined re-

ox peak with a significant increment in the peak current was

bserved. The forward sweep of CV in Fig. 4 (a) represents the

athodic reduction of Co 3 + to Co 2 + ( −0.268 V vs. Ag/AgCl ) and
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u 

2 + to Cu 

+ , whereas, the reverse sweep is associated with the

nodic oxidation of Co 2 + to Co 3 + ( −0.192 V vs. Ag/AgCl ) and Cu 

+ to
u 

2 + ( Eqs. (2 ) and ( 3 )). 

Forward sweep: 

 u 

2+ + C o 3+ → C u 

+ + C o 2+ (2)

Reverse Sweep 

 u 

+ + C o 2+ → C u 

2+ + C o 3+ (3)

In this electrochemical process, the Cu 

2 + ions act as a catalyst

or the reduction and oxidation of Co 3 + /Co 2 + redox couple in vita-

in B 12 , whereas HBTC and 4,4 ′ -bipyridine bridging ligands form

 3D complex matrix and provide a well-organized framework of

ighly dense vitamin B 12 accessible active catalytic sites. These re-

ults indicate that the surface modification improves the electro-

atalytic activity towards Co 3 + /Co 2 + redox couple (see Fig. 4 (b)).

he redox peak current in the presence of 0.1 μM vitamin B 12 is

our times higher than its absence (see Fig. 4 (c)). The increase in

nodic and cathodic peak current values can be ascribed to the fast

lectron transfer rate and enhanced adsorption of vitamin B 12 on

he surface of the modified electrode. 

.3. Effect of scan rate 

The CVs of the modified electrode immersed in 0.1 M KCl (pH

) containing 0.1 μM vitamin B 12 at various scan rates ranging

rom 1–20 mV s −1 are shown in Fig. 5 (a). The cathodic and an-

dic peak currents increase gradually with the increase of scan
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 4. (a) Cyclic voltammograms of bare Pt in the (i) absence and (ii) presence of 0.1 μM vitamin B 12 and Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF in the (iii) absence and (iv) presence 

of 0.1 μM vitamin B 12. The results were obtained in 0.1 M KCl, pH 3, at the scan rate of 1 mVs −1 . (b) Scheme for mechanism of vitamin B 12 detection and (c) the redox peak 

current response at Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode in the absence and presence of 0.1 μM vitamin B 12 . 
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rate. Fig. 5 (b) and (c) exhibits the dependency of redox peak cur-

rents on the square root of applied scan rate. As can be observed

from the figure, the anodic and cathodic peak currents increase lin-

early ( I pa = 129.62 [ ν] 1/2 –2.16, R 2 = 0.99; I pc = −145.45 [ ν] 1/2 –0.15,

R 2 = 0.99) with the square root of applied scan rate revealing a dif-

fusion controlled process. 

3.4. Effect of pH 

The current responses of the developed electrode in 0.1 M KCl

containing 0.1 μM vitamin B 12 at five different pH values were

investigated and are shown in Fig. 5 (d). The cathodic peak cur-

rent increases with pH, attains maximum at pH 3 and decreases

further. At pH 3, the electrostatic force of attraction between

the negatively charged electrode surface and the protonated 5,6-

dimethylbenzimidazole group (Bzm) enhances the adsorption of

vitamin B 12 on the surface of the Cu complex [22] . As a result,

maximum current occurs at pH 3. However, at pH > 3, Bzm ring

is deprotonated which in-turn reduces the amount of adsorbed

vitamin B 12 and subsequently, results in a lower current response,

as evidenced from following reference [21] . Hence, pH 3 is se-

lected as an optimized pH for the detection of vitamin B 12 in

pharmaceutical tablets. 

3.5. Detection of vitamin B 12 on the modified electrode 

Cyclic voltammetric profiles of vitamin B 12 in the concen-

tration range of 0.05–188.2 μM in 0.1 M KCl (pH 3) using the
Please cite this article as: P. Manivel, K. Madasamy and V. Suryanara
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t/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode is shown in Fig. 6 (a). As

an be seen from the figure, the redox peak currents increase with

ncrease in the concentration. Fig. 6 (b) and (c) shows the calibra-

ion curves for the different concentrations of analyte obtained

rom anodic and cathodic peak currents respectively. The anodic

nd cathodic currents of Co 3 + /Co 2 + redox couple increase linearly

 I pa = 0.078 [vitamin B 12 ] + 15.82, R 2 = 0.99; I pc = −0.104 [vitamin

 12 ]–20.57, R 2 = 0.99) with the increase in the concentration of

itamin B 12 in the range of 0.1–188.2 μM. The modified elec-

rode shows excellent electrocatalytic redox reversibility towards

o 3 + /Co 2 + redox couple at −0.192 and −0.268 V ( vs. Ag/AgCl ) with

he sensitivities of 0.104 and 0.078 μA μM 

−1 , a low detection limit

f 50 nM at a signal-to-noise ratio of 3 and a wide linear range of

.1–188.2 μM. 

.6. Interference studies 

Quantification of vitamin B 12 in real samples could be in-

uenced by several common potential interfering biomolecules,

ncluding ascorbic acid, glucose, fructose, sucrose, uric acid and

norganic cations such as K 

+ , Na + , Mg 2 + and Ca 2 + . Hence, in order

o investigate the influence of potential interferences towards the

etermination of vitamin B 12, CVs of the modified electrode in

.1 M KCl (pH 3) with the addition of 0.1 mM of the above organic

nd inorganic interferences are presented in Fig. 6 (d). As can

e seen from Fig. 6 (d), those additions have a negligible effect

degree of inhibition ≤ 4.98%) on the quantification of vitamin B 
12 

yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 5. (a) Cyclic voltammetric responses of Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode in the presence of 0.1 μM vitamin B 12 in 0.1 M KCl (pH 3) at different scan rates (1–

20 mVs −1 ), the plots of (b) anodic peak current vs square root of scan rate (1–10 mVs −1 ), (c) cathodic peak current vs square root of scan rate (1–10 mVs −1 ) and (d) The 

effect of pH on the response of the Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode to 0.1 μM vitamin B 12 . 

Table 1 

Percentage inhibition of potentially interfering species. 

Interfering species Percentage inhibition 

(%) 

Ascorbic acid 0.73 

Sucrose 1.41 

Fructose 2.43 

Glucose 2.54 

Uric acid 3.14 

Ca 2 + 3.54 

Mg 2 + 3.73 

Na + 4.92 

K + 4.98 
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c  
see Table 1 ). This interference study clearly demonstrates that the

abricated electrode can be used for selective detection of vitamin

 12 in real samples. 

.7. Repeatability, reproducibility and stability studies 

The stability, repeatability and reproducibility of the developed

lectrode were studied in 0.1 M KCl (pH 3) containing 0.1 μM

itamin B 12 . The fabricated electrode retained 97% of its initial

urrent response, even after storing at 4 °C for two weeks. The

esults demonstrate that the modified electrode can be used as a

table sensor. With a series of 10 replicate measurements using

 different fabricated electrodes, repeatability and reproducibility
Please cite this article as: P. Manivel, K. Madasamy and V. Suryanara
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ere performed. The corresponding values of relative standard

eviation for the determination of 0.1 μM vitamin B 12 are 1.25 and

.32%, respectively. Thus, the modified electrode shows acceptable

epeatability and reproducibility. For comparison, the analytical

erformance of sensor material and other electrochemical vitamin

 12 biosensors reported in the literature have been listed in

able 2 . As observed from Table 2 , the proposed electrochemical

itamin B 12 biosensor based on Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF elec-

rode exhibits better repeatability and reproducibility with wide

inear range of detection compared to most other vitamin B 12 

iosensors. 

.8. Analytical application 

In order to study the practical application of the proposed an-

lytical sensor, the developed electrode was used for the detection

f vitamin B 12 in commercial vitamin B complex tablets. For direct

elective detection of vitamin B 12 in multivitamin tablet, two com-

ercial vitamin B complex tablets from two different pharmaceu-

ical companies were purchased from the local medical store. The

tock solution was prepared by dissolving each vitamin B complex

ablet in 20 ml of 0.1 M KCl (pH 3). Later, it was directly anal-

sed in an electrochemical cell by sweeping potential from −0.8 V

o + 0.2 V in the CV measurement. Fig. 6 (f) shows the cyclic voltam-

ograms obtained for the real sample analysis of vitamin B 12 in

ommercial vitamin B complex tablets using modified electrode.
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Fig. 6. (a) Cyclic voltammetric profiles of vitamin B 12 in the concentration range of 0.05–188.2 μM in 0.1 M KCl (pH 3) using the Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode, 

(b and c) calibration curves of Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode for the varying concentration of vitamin B 12 in 0.1 M KCl (pH 3), (d) cyclic voltammetric responses 

of Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode upon the addition of 0.1 mM uric acid, glucose, sucrose, fructose, ascorbic acid, K + , Na + , Mg 2 + and Ca 2 + ,in 0.1 mM KCl (pH 3) 

and (e) Cyclic voltammograms obtained under optimized experiment conditions for the real sample analysis of vitamin B 12 in commercial vitamin B complex tablets using 

Pt/Cu(HBTC)(4,4 ′ -bipy) ·3DMF electrode. 
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The calibrated linear regression equations from the anodic and

cathodic current response are given as follows ( Eq. (4 ) and ( 5 )), 

I pa = 0 . 078 [ vitamin B 12 ] + 15 . 82 , 

where 15 . 65 μA ≤ I pa ≤ 30 . 45 μA (4)

I pc = −0 . 104 [ vitamin B 12 ] − 20 . 57 , 

where − 20 . 58 μA ≤ I pc ≤ −40 . 19 μA (5)
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In the case of commercial vitamin B complex tablets 1 and

, the fabricated electrode exhibits excellent electrocatalytic re-

ox reversibility towards Co 3 + /Co 2 + redox couple at −0.147 and

0.253 V ( vs. Ag/AgCl ) with anodic and cathodic peak currents

f 15.84, 15.83 μA and −6.25, −5.85 μA, respectively. Since the

bserved cathodic peak current values did not fall within the limit

inearity of the calibration curve (see Fig. 6 (c)), cathodic peak

urrent values were omitted whereas, anodic peak current values

ere considered for vitamin B quantification as they fall within
yanan et al., Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods supported on 

vitamin B 12 detection, Journal of the Taiwan Institute of Chemical 
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Table 2 

Comparison of analytical performance of the developed electrode with other existing electrochemical vitamin B 12 biosensors. 

Electrode Modifier Technique LOD Sensitivity Range of detection Intra-assay Inter-assay Reference 

(nM) (μA μM 

−1 ) (nM) (%) (%) 

Carbon paste Polymer of 

[Mn(thiophenyl-2-carboxylic 

acid)2(triethylonamine)] 

Square wave 

voltammetry 

0.97 18.026 2.7–174 – 5.50 [8] 

Graphite Peptide nanotubes Square wave 

voltammetry 

93.0 0.8963 20 0–950 0 1.68 – [9] 

Carbon paste trans- 1,2-dibromocyclohexane Square wave 

voltammetry 

0.85 0.014 2–200 – 4 [10] 

Gold Mercaptoacetic acid Cyclic 

voltammetry 

1.0 12.0 4–40,0 0 0 – 2.7 [11] 

Glassy carbon Multi-wall carbon nanotubes Cyclic 

voltammetry 

1.5 2.885 10–400 – – [12] 

Gold Pyrrole/ ferromagnetic 

nanoparticles/triazine 

dendrimer 

Differential 

pulse 

voltammetry 

0.91 25.65 4–500 1.9 2.2 [13] 

Graphite Single walled carbon 

nanotube–chitosan 

Square wave 

voltammetry 

0.89 1.6 5–100 3.79 – [14] 

Platinum Cu(HBTC)(4,4 ′ -bipy) ·3DMF Cyclic 

voltammetry 

50 0.104 10 0– 188,20 0 1.25 1.32 Present work 
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he limit linearity of the calibration curve (see Fig. 6 (b)). Keeping

itamin B 12 concentration on the left side of the Eq. (6) , we get, 

 

V itamin B 12 ] ( μM ) = 

I ( μA ) − 15 . 82 μA 

0 . 078 μA μM 

−1 
(6) 

By substituting anodic peak current values in Eq. (6) , the

nknown concentrations of vitamin B 12 in commercial vitamin B

omplex tablets 1 and 2 were estimated as 0.256 and 0.128 μM, re-

pectively. The estimated amounts of vitamin B 12 (0.256, 0.128 μM)

n commercial vitamin B complex tablets 1 and 2 are in excellent

greement with the added vitamin B 12 (0.260, 0.130 μM) with a

ecovery of 98.46%. Furthermore, the observed formal potential

E o = −200 V) is in excellent agreement with the formal potential

alue of Co 3 + /Co 2 + redox couple (E o = −200 V) under optimized

xperiment conditions, which confirms the enhanced electrocat-

lytic ability of the electrode towards vitamin B 12 in commercial

itamin B complex tablets. All these results suggest that the

eveloped electrode can be applied for vitamin B 12 detection in

harmaceutical tablets. 

. Conclusions 

In summary, we have fabricated a novel electrochemical vita-

in B 12 biosensor based on Cu(HBTC)(4,4 ′ -bipy) ·3DMF nanorods

or sensitive and selective detection of vitamin B 12 at low concen-

rations in real samples, where both the anodic and cathodic peak

urrents are used for calibration purpose. The developed electrode

hows excellent sensitivity with a low detection limit owing to the

ombination of its electrocatalytic activity and high surface area. 

The electrocatalytic effect of Pt modified Cu complex on the re-

ox activity of vitamin B 12 was investigated. The enhanced electro-

atalytic ability of the nanorods towards the electro-reduction of

o 3 + to Co 2 + has enabled discrimination of vitamin B 12 from po-

ential interfering species. The proposed analytical method can be

seful for the detection and quantification of vitamin B 12 in biolog-

cal and pharmaceutical samples as well as continuous monitoring

f vitamin B 12 in human blood serum samples in the future. 
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