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Abstract: A new nano-composite carbon ink for the development of disposable dopamine (DA) biosensors

based on screen-printed carbon electrodes (SPCEs) is introduced. The method developed uses SPCEs coupled

with a tyrosinase modified nano-composite carbon ink. The ink was prepared by an “in-house” procedure with

reduced graphene oxide (rGO), Pt nanoparticles (PtNP), and carbon materials such as carbon black and graphite.

The rGO-PtNP carbon composite ink was used to print the working electrodes of the SPCEs and the reference

counter electrodes were printed by using a commercial Ag/AgCl ink. After the construction of nano-composite

SPCEs, tyrosinase was immobilized onto the working electrodes by using a biocompatible matrix, chitosan.

The composite of nano-materials was characterized by X-ray photoelectron spectroscopy (XPS) and the

performance characteristics of the sensors were evaluated by using voltammetric and amperometric techniques.

The cyclic voltammetry results indicated that the sensors prepared with the rGO-PtNP-carbon composite ink

revealed a significant improvement in electro-catalytic activity to DA compared with the results obtained from

bare or only PtNP embedded carbon inks. Optimum experimental parameters such as pH and operating potential

were evaluated and calibration curves for dopamine were constructed with the results obtained from a series

of amperometric detections at -0.1 V vs. Ag/AgCl. The limit of detection was found to be 14 nM in a linear

range of 10 nM to 100 µM of DA, and the sensor’s sensitivity was calculated to be 0.4 µAµM−1cm−2.
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1. Introduction

Dopamine (3,4-dihydroxyphenylethylamine, DA)

is a catecholamine neurotransmitter in mammalian

central nervous systems (CNS), plays significant role

to modulate the variety of brain circuitry and

hormonal systems. However, its abnormal level in CNS

stimulates numerous neurological disorders, especially

Parkinson’s disease and schizophrenia.1 Therefore,

various analytical techniques have been introduced

for the dopamine detection.2 Among them, chroma-

tographic techniques have been widely used such as

GC-MS,3 LC-MS,4 LC with fluorescence detection,5

LC with electrochemical (EC) detection6 and flow

injection analysis with chemiluminescence.7 Although

these methods achieved high sensitivity and selectivity,

they usually required expensive equipment, highly

trained technicians, slow turn-around time and

complicated sample pretreatment steps. In order to

overcome these problems, electrochemical techniques

could be suggested as a convenient technique for the

DA detection.8 

It is well known that DA can be easily oxidized

electrochemically at the surface of conventional

electrodes. Some modified electrodes can be employed

for in vitro or in vivo DA analysis.9 However, those

electrochemical approaches show some problems in

analyses of biological or clinical samples. The DA

concentration in the extracellular fluid of the caudate

nucleus from normal persons typically range from

10 nM to 1.0 µM and the DA level from Parkinson’s

disease patients is as low as just a few nanomolar

range,10 which sometimes caused a poor signal to

noise ratio (S/N) characteristics. In addition, the

concentration level of major interference in biological

or clinical samples including ascorbic acid (AA),

ranges from 100 µM to 500 µM and these interference

can be oxidized at nearly the same oxidizing potential

of DA, which resulting in overlapped voltammetric

responses.11 To overcome these problems, the working

electrodes in EC DA detection systems have been

carefully elaborated with new nano or functional

electrode materials such as graphite,12 boron-doped

diamond,13 carbon nanofibers,14 carbon nanotubes15

and graphene based materials.16 The different properties

of each type of electrodes bound its own advantages

and drawbacks. Therefore, it is still highly desired to

explore novel electrode for detection of DA in the

presence of AA. 

In recent years, newly developed nano or functional

materials have been applied to develop screen printed

carbon electrodes (SPCEs) for the detection of DA.17-19

Iridium oxide electrodeposited SPCE,20 carbon

nanotubes modified SPCE and graphene modified

SPCE.20 Among the carbon nanomaterials, graphene

has obtained great attention in recent days due to

their unique properties such as excellent electrical

conductivity, high stability and large specific surface

area. The selectivity enhancement of the SPCEs to

DA could be easily achieved by using an enzyme,

tyrosinase. In general, tyrosinase catalyzes the

hydroxylation of phenols to catechols by cresolate

activity and catechols to ortho-quinones by catecholase

activity in the presence of molecular oxygen.22 The

enzymatically produced ortho-quinone could be

reduced electrochemically to catechol at low potential

without any mediators.23 Following the same principle,

DA, a catechol-like phenolic compound, could be

detected by using tyrosinase based electrochemical

biosensors.24-26 A key technical issue for the tyrosinase

modified SPCEs is an effective immobilization of

tyrosinase onto the SPCE surface. Several immobiliza-

tion approaches have been reported by using hydrogel,27

sol-gel,28 glutaraldehyde29 and chitosan.33

In the present system, nano-composite carbon inks

incorporated with chemically reduced graphene

oxide (rGO) and platinum nanoparticles (PtNP) have

been prepared to print SPCEs. To immobilize tyrosinase

onto the SPCEs, a bio-polymer, chitosan, has been

chosen as an enzyme modifier because of the polymer’s

good biocompatibility, film-forming properties,

adhesion properties and robustness.33 It is, therefore,

suggested that the synergistic combination of the

nano-composite carbon inks and tyrosinase can

improve the sensor sensitivity and selectivity for the

DA detection.
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2. Experimental

2.1. Materials and Apparatus

Tyrosinase (E.C.1.14.18.1, from mushroom, 1000

U mg−1), 8 wt.% of chloroplatinic acid (H2PtCl6),

N,N-dimethyl formamide (DMF), chitosan, dopamine

hydrochloride (DA), potassium phosphate monobasic

(KH2PO4), sodium phosphate dibasic (Na2HPO4),

ascorbic acid (AA), uric acid (UA), epinephrine

(EP), norepinephrine hydrochloride (NorEP), serotonin

hydrochloride (SR), 3,4-dihydroxy-L-phenylalanine

(L-DOPA) and 3,4-dihydroxyphenyl acetic acid

(DOPAC) were purchased from Sigma-Aldrich (USA).

A commercial Ag/AgCl ink was from Gwent group

Ltd. (UK). Carbon black (CB), Polyvinyl chloride

(PVC) substrate, stencils, carbon ink, insulator ink

and a commercial resin (G-2S) were purchased from

Juju Chemical Co. Ltd. (Japan). All other chemicals

were analytical grade and were used as received. All

aqueous solutions were prepared in deionized water,

which was obtained from a Milli-Q water purifying

system (18 MΩ cm−1). X-ray photoelectron spectro-

scopy (XPS) (Thermo Fisher Scientific, U.K.) was

carried out at KBSI (Korea Basic Science Institute,

Busan, South Korea). An amperometric and voltam-

metric measurements were carried out with an

electrochemical workstation (Compactstat, Ivium Tech-

nologies, USA). Roller mixer was from Hwashin

Technology Co., South Korea. 

2.2. rGO and PtNP incorporated nano-com-

posite carbon ink

Graphene oxide (GO) was synthesized from

expanded graphite’s according to a modified Hummers

and Offeman method.30-31 For reduction process, 1 g

of the GO synthesized was sonicated in 1 L deionized

water for 2 hours. A 10 mL aliquot of 32 mM

hydrazine hydrate was added into the GO suspension

and the solution was heated at 100 °C for 24 hours.

After cooling, the suspension was filtered and washed

several times with 95 % ethanol solution. The

filtered platelets, chemically reduced GO (rGO),

were then dried in vacuum oven at 80 °C for 12 h

and re-suspended in DMF. To prepare the carbon

ink, 1 mL aliquots of rGO, H2PtCl6 and 0.5 g of

carbon black (CB) were dispersed into a 5.0 mL

aliquot of DMF. The mixture was ultrasonically

treated for several minutes and mixed for 24 h by a

roller mixer. Consequently, the mixture was

centrifuged at 2500 rpm for 5 min to remove the

supernatant and was dried in an oven at 60 °C for 12

h to obtain the rGO-PtNP-CB nano-composite. For the

comparison studies, only rGO-CB and only CB-PtNP

composites were also prepared by using the same

procedure. The dried nano-composite powders were

then mixed with a commercial resin to form an ink

with appropriate viscosity and stored at room

temperature prior to use. 

2.3. SPCE fabrication

Screen printed carbon electrodes (inset in Fig. 3)

were fabricated on the PVC substrates by using a

screen printer (BANDO industrial, model BS-450HT,

South Korea). Three patterned stencils were used to

make an Ag/AgCl conductive, a carbon layer and an

insulating layers. The structure of the SPCE is consisting

of a carbon ink printed electrode as a working

electrode, an Ag/AgCl printed electrodes which serves

as a reference and a counter electrode, respectively.

An insulating layer was printed to cover the

connection between the working electrode and the

silver conductive layer, given the definite shape to

the working electrode area (diameter: 3 mm). The

rGO-PtNP-CB nano-composite was printed on the

SPCEs to attain the rGO-PtNP-CB/SPCEs and CB/

SPCEs, rGO-CB/SPCEs, CB-PtNP/SPCEs were also

prepared. All SPCEs prepared were stored in the

dark at room temperature prior to use

2.4. Enzyme immobilization

To immobilize the enzyme, tyrosinase, 6.4 mg·mL−1

tyrosinase solution was prepared in 0.1 M PBS (pH

6.5) and a 5 mg·mL−1 chitosan solution was prepared

in 0.1 M acetic acid solution.26 Chitosan and tyrosinase

with a volume ratio of 1:2 were mixed thoroughly

and 10 µL aliquots of the mixture were drop coated

on the surface of working electrodes of rGO-PtNP-

CB/SPCE. Then, enzyme modified electrodes were
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allowed to dry at 4 °C for overnight and were gently

rinsed with 0.1 M PBS (pH 7.2). The enzyme

modified SPCEs were stored at 4 °C in the dark. 

2.5. Measurement procedures

In order to investigate electrochemical behavior of

DA, an electrochemical cell was set up using a 2

mL-volume disposable well with modified SPCEs

and cyclic voltammetric experiments have been

carried out. A 100 mL of 1 mM DA stock was prepared

in 0.1 M PBS (pH 7.2) just before the measurements

and the modified SPCEs were immersed in 1 mL

aliquots of diluted DA solutions. After the 3-min

incubation, cyclic voltammograms were obtained by

potential sweeping from -0.6 V to 0.1 V vs. Ag/AgCl

at a scan rate of 50 m·Vs−1. Amperometric measurements

have also been performed by using the modified

SPCEs. A modified SPCE was inserted into the

electrochemical cell and connected to a potentiostat.

A 900 µL aliquot of 0.1 M PBS was added to the

well and the electrode was polarized at a potential of

-0.1 V vs. Ag/AgCl. After achieving a stable baseline

response with PBS, 100 µL samples of DA were

added to the well and current responses as a function

of time, were recorded. The measurement was repeated

to construct calibration curves and each SPCE

characteristics was investigated using the above

procedure.

3. Results and Discussion

3.1. XPS analysis of nano-composite carbon

inks

Three different nano-composite modified SPCEs

were prepared by using the composite inks described

in the section 2.3. In order to analyze the elemental

composition of the elements that exist within the ink

materials, XPS spectra of an rGO-PtNP-CB coated

SPCE was constructed and was shown in Fig. 1. As

can be seen in Fig. 1(A), a C 1s peak (284.6 eV), an

O 1s peak (533.0) and a Pt 4f peak (72.5 eV) were

observed. These peaks, apparently, confirm that the

nano-composite carbon ink have carbon and Pt

materials. Furthermore, the chemical and electronic

states of the ink were evaluated by using the high

resolution spectra at C 1s and Pt 4f regions. Fig. 1(B)

shows the peaks at C 1s region and the peaks at

binding energies of 284.5 eV, 285.3 eV and 289.1

eV, are corresponding to graphitic sp2 (C=C),

graphitic sp3 (C-C) and hydroxyl (C-OH) groups,

respectively. These peaks are well-known peaks of

carbon materials, such as rGO and CB. The peak

intensity of graphitic sp2 higher than sp3 and hydroxyl

groups, and this confirms the maximum presence of

rGO. Pt 4f region (Fig. 1(C)) shows doublet peaks at

72.4 eV (Pt 4f7/2) and 75.0 eV (Pt 4f5/2) are

corresponding to metallic Pt0. It clearly indicates the

Pt nanoparticles presence in the nanocomposite and

they are zero valence state. Therefore, these results

confirm the successful reduction of H2PtCl6 to Pt0

particles. It is also found that the doublet peaks are

slightly shifted higher energy levels due to the

interaction of Pt nanoparticles and rGO.32 The XPS

spectra obtained summarized in Table 1. Table 1 also

Fig. 1. XPS survey spectrum of rGO-PtNP-CB/SPCE (A),
de-convoluted high resolution spectra of C 1s (B) and
Pt 4f regions of rGO-PtNP-CB/SPCE (C). spectra of C
1s (B) and Pt 4f regions of rGO-PtNP-CB/SPCE (C).
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shows an elemental composition of the nano-

composites and atomic ratio of C/O obtained by XPS

analysis. C/O ratio is important for improving nano-

composites electrocatalytic activity, oxygen functional

groups were significantly decreased and C-C

interactions were increased in rGO-PtNP-CB/SPCE

composite compared to other composites. It suggests

that rGO-PtNP-CB/SPCE have an enhanced electro-

catalytic activity. 

3.2. Electrochemical response of different

inks modified SPCE

Electrochemical performance characteristics of the

modified SPCEs printed by using four different

composite inks was investigated. Fig. 2(A) shows a

comparative cyclic voltammograms of 100 µM DA

in 0.1 M PBS (pH 7.2) on CB, CB-PtNP, rGO-CB

and rGO-PtNP-CB coated SPCEs. As expected, no

redox peaks are observed at these electrodes without

tyrosinase. These indicate that no redox activity for

DA in the selected potential range from -0.6 V to 0.1

V. However, in the case of tyrosinase modified

electrodes, clear reduction peaks were observed.

These peaks could explain that the direct reduction

of the enzymatically produced dopamine-o-quinone

to its original form, DA. As can be seen in Fig. 2(B),

the cyclic voltammograms of 100 µM DA at the CB/

Tyr did not show well defined redox peaks because

the bare CB did not have capability to reduce

dopamine-o-quinone at the potential range applied.

In the case of the CB-PtNP/Tyr electrode, however,

an increased redox peak was observed. These results

could explain that the Pt nanoparticles have significantly

improved the electron transfer rate at the surface of

the CB-PtNP/Tyr. Similar trend was observed at the

rGO-CB/Tyr. A redox peak was found and the reduction

peak was increased compared with the results of the

CB-PtNP/Tyr, which ascribed the presence of rGO

could enhance the electron transfer rate and a unique

electrical conductivity. However, in the case of rGO-

PtNP-CB/Tyr, the oxidation peak was slightly

decreased; the reduction peak current value was

increased compared with the results from rGO-CB/

Tyr and was sharply shifted to the positive potential

direction. These were obviously explained that the

rGO with PtNP played an important role to improve

the electron transfer between dopamine-o-quinone

and the electrode surface. The cathodic peak current

values (ipc) were calculated from the results in Fig. 2

and the rGO-PtNP-CB/Tyr composite shows appro-

ximately 4.5 times higher ipc values than CB/Tyr,

36 % points higher than PtNP-CB’s and 11 % points

higher than rGO-CB’s, respectively. These results

explain that the synergistic effect of the rGO-PtNP-

CB composite clearly revealed an enhanced electro-

catalytic activity of the composite as well as the high

surface area-to-volume ratio of the composite, which

could increase the amount of immobilized enzyme. 

Amperometric measurement were carried out and

the reduction current of enzymatically produced

ortho-quinone were clearly occurred at a low applied

potential of -0.1V vs. Ag/AgCl. A schematic repre-

sentation of the overall reaction and a photo of SPCE

is shown in Fig. 3. With immobilized tyrosinase, the

current responses of four different nano-composite

modified SPCEs to 100 µM DA were overlaid in

Table 1. Elemental content of nano-composites from XPS
spectra

Nano-

composites

Elements present

(Atomic percentage)
Atomic 

ratio 

(C/O)C 1s O 1s Pt 4f

CB 92.9 6.50 - 14.3

rGO-CB 89.1 9.50 - 9.40

CB-PtNP 88.1 9.50 0.20 9.30

rGO-CB-PtNP 94.6 4.10 0.20 23.1

Fig. 2. Cyclic voltammograms for nanocomposite modified
SPCEs without enzyme (A) and with immobilized
enzyme, tyrosinase (B) in 0.1 M PBS (pH 7.2)
containing 100 µM DA at a scan rate of 50 mVs−1.
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Fig. 4(A). The amperometric results show a similar

trend which was found in the cyclic voltammetric

experiments. As can be seen in Fig. 4(A), the rGO-

PtNP-CB/Tyr composite modified SPCEs shows the

highest response to DA compare with other three

SPCEs. This signal enhancement also explained the

synergistic effect of rGO, PtNP and CB as described

in the cyclic voltammetric studies. 

3.3. Optimization of experimental parameters

In order to obtain the optimal electrode performance,

experimental parameters such as pH and operation

potential, are optimized. Hydrodynamic voltammetric

measurements were carried out to determine the

optimum operation potential for the detection of DA.

Fig. 4(B) shows the amperometric response for 100

µM DA using an rGO-PtNP-CB/Tyr. SPCE with

applied potentials ranged from -0.6 V to 0.1 V vs.

Ag/AgCl. The maximum current response of the

electrode was obtained at the potential from 0 V to

-0.1 V. When the potential was further changed

negatively up to -0.6 V, the response current was

gradually decrease and the background current was

significantly increased due to the reduction of

dissolved oxygen. After this consideration, -0.1 V

was chosen as an operating potential and all further

experiments were performed at the same potential.

At this potential, in addition, the possible chemicals

presence in real samples such as AA, UA, NorEP,

EP, L-DOPA, SR and DOPAC could not interfere the

electrochemical reduction of DA. The effect of

operating pH was also investigated by using 100 µM

DA prepared in PBS with pH ranged from 6.0 to 7.4.

The current responses increase with increasing pH

up to 7.2 and then it decreases as pH increases

further. This could be caused by the decay of

enzyme activity in the alkaline pH.34 At pH 7.2, the

reproducibility of the SPCES to DA also shows the

maximum value. These results could demonstrate

that the immobilization procedure did not alter the

activity of enzyme. Consequently, the optimum

operating pH was chosen as pH 7.2 and all subsequent

experiments were carried out at this pH. 

3.4. Calibration curves of nano-composite

biosensor to DA

Fig. 5 shows representative calibration curves

Fig. 3. Schematic representation of electrochemical detection
of DA by using rGO-PtNP-CB/Tyr modified SPCEs.

Fig. 4. Amperometric response of nano-composite modified
SPCEs to 100 µM DA in 0.1 M PBS (pH 7.2) at
applied potential of -0.1 V vs. Ag/AgCl. (A) and
hydrodynamic voltammogram for DA detection using
rGO-PtNP-CB/Tyr SPCEs with 100 µM DA in 0.1
M PBS (pH 7.2).

Fig. 5. Calibration curves for DA using rGO-PtNP-CB/Tyr
SPCEs, experimental condition was same as described
in Fig. 4B.
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obtained from the results of amperometric measure-

ments of DA by using rGO-PtNP-CB/Tyr SPCEs

under the optimized experimental conditions. The

aliquots of DA samples were prepared in PBS and

the sample concentration was ranged from 10 nM to

300 µM. The inset in Fig. 5 shows a calibration plot

of DA and each error bar indicates a standard

deviation obtained from five measurements of each

point. In the plot constructed, a linear range was

found to be from 10 nM to 100 µM and current

varies as i (µA) = 0.025 (µA) DA concentration

(µM) + 0.005 (µA) with correlation coefficient (R2)

of 0.9601. The lower detection limit of rGO-PtNP-

CB/Tyr SPCEs was calculated as 14 nM from blank

tests. The sensitivity of rGO-PtNP-CB/Tyr SPCEs

was also calculated to be 0.4 µAµM−1cm−2 and the

sensor performance exhibits a good reproductively

with a relative standard deviation (RSD) of 8.7 %. 

3.5. Interference studies

Some chemicals are common in real biological

samples that could interfere electrochemical DA

detections such as AA, UA, NorEP, EP, L-DOPA,

SR and DOPAC. In order to evaluate the selectivity

of the rGO-PtNP-CB/Tyr SPCEs, a series of

amperometric measurements were carried out by

using the same procedure described in the Section

3.4. In Fig. 6, the amperometric results of the rGO-

PtNP-CB/Tyr SPCEs were shown with the consecutive

addition of 200 µM AA, 200 µM UA, 100 µM SR,

50 µM L-DOPA, 10 µM NorEP, 10 µM EP and

50 µM DOPAC. There were no detectable ampero-

metric responses of the rGO-PtNP-CB/Tyr SPCEs

were observed after the addition of AA, UA, SR,

NorEP or EP while the same sensor showed a well-

defined amperometric response to 5 µM DA (99.71

nAµM−1). Detectable current responses were observed

with of L-DOPA (17 nAµM−1) and DOPAC (7.3

nAµM−1). The current responses to the precursor of

DA (L-DOPA) and DA metabolite (DOPAC) could

be ascribed to their similar structure to DA and their

interference were a common problem in electrochemical

DA sensor systems.35 It is apparently noted that L-

DOPA and DOPAC could be interfere the sensor

performance. However, their much lower sensitivities to

the sensor and relatively lower concentration level in

real samples35 compared with the values of DA,

could overcome this interference related limitation. 

4. Conclusions

This study introduces the use of new nano-composite

carbon inks for the fabrication of disposable screen

printed dopamine sensors. The composition of nano-

composite ink was characterized by XPS and the

biocompatible matrix, chitosan, was successfully

integrated for the enzyme, tyrosinase, immobilization.

It is demonstrated that the synergetic effect of integrated

rGO and PtNP in the nano-composite, clearly enhances

electro-catalytic activity of the rGO-PtNP-CB/Tyr

SPCEs for the detection of DA. It is, however,

suggested that further optimization could be required

to eliminate the interference from L-DOPA and

DOPAC. The simple screen-printing technique and

the effective one step sensor modification procedure

using direct printing the nano composite on the

surface of the SPCEs allows inexpensive disposable

sensor manufacture which could be applied for

mass-production. Finally, the real-time detection of

DA in clinical or biological samples are currently

under investigation. 

Fig. 6. Amperometric responses (red line) showing the
selectivity of rGO-PtNP-CB/Tyr SPCEs to the addition
of 200 µM AA(a), 200 µM UA (b), 100 µM SR
(c), 50 µM L-DOPA (d), 10 µM NorEP (e), 10 µM
EP (f) and 5 µM DOPAC (g). Amperometric response
(black line) of rGO-PtNP-CB/Tyr SPCEs to the
additions of 5 µM dopamine. experimental condition
was same as described in Fig. 4B.
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