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Copper selenide as multifunctional non-enzymatic 

glucose and dopamine sensor
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1 Department of Chemistry, Missouri University of Science & Technology, Rolla, MO 65409, USA
a) Address all correspondence to this author. e-mail: nathm@mst.edu
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Cu2Se, synthesized through one-pot hydrothermal synthesis, was identi�ed as highly e�cient 

bifunctional sensor for co-detection of glucose and dopamine with high selectivity. As-synthesized 

copper selenide could electro-oxidize glucose and dopamine at di�erent applied potentials. Glucose 

oxidation was observed at 0.35 V while dopamine oxidized at 0.2 V. This copper selenide-based non-

enzymatic sensor showed high sensitivity for both glucose (15.341 mA  mM−1  cm−2) and dopamine 

(12.43 μA μM−1  cm−2) with low limit of detection (0.26 μM and 84 nM). Such high sensitivity and low LOD 

makes this sensor attractive for possible detection of glucose/dopamine in physiological body �uids 

which have low concentration of these biomolecules. Extremely low applied potential for detection also 

makes it ideal for integrating into wearable continuous monitoring devices with low operational power 

requirement. This sensor showed high reproducibility, reusability and long-term operational stability 

along with high degree of selectivity for dopamine and glucose sensing in presence of other interferents.

Introduction

Diabetes and neurodegenerative diseases have continued to be 

one of the major causes of death a�ecting millions of people 

globally. One of the major treatment modules for these diseases 

is to keep progression of the disease under check by monitor-

ing the respective biomarkers for each. While glucose (Glu) has 

been a well-recognized biomarker for diabetes, neurochemicals 

such as dopamine (DA) has been recognized as e�ective bio-

marker related to several neurodegenerative diseases such as 

post-traumatic stress disorder (PTSD), Parkinson’s and chronic 

depression. Accordingly, these common diseases such as type II 

diabetes, Parkinson’s, schizophrenia, and Alzheimer’s can now 

be detected based on the levels of biomarkers, such as glucose, 

and dopamine, respectively.

Glucose is a vital biomolecule present in the body which 

helps in production of energy molecule adenosine triphosphate 

(ATP) through physiological processes. Typically, glucose is 

accumulated in the body from external sources including diet 

which is dependent on individual’s habit and lifestyle. While 

considered an essential biomolecule, high levels of glucose can 

lead to several metabolic disorders such as diabetes mellitus 

as well as catastrophic failure including death. Currently glu-

cose is detected by its presence in the bloodstream through the 

use of enzymatic glucose sensors that rely on glucose-oxidase 

to estimate glucose concentration through indirect oxidation. 

Although amount of glucose present is blood is maximum, other 

physiological �uids such as urine  [1], sweat  [2], saliva  [3], tears  

[4], and exhaled air can also be ideally used if the sensitivity 

of the device can be increased to be compatible with the low 

levels of glucose present in these other body �uids. Although 

enzyme-based glucose sensing strips are readily available to the 

consumers, there are several disadvantages for these sensors, 

including: non-reusability, instability due to rapid enzyme deg-

radation, low sensitivity, as well as cost associated with enzyme 

isolation and stabilization. Non-enzymatic sensors that work 

on the principle of direct detection method can overcome some 

of these drawbacks. With good thermal and chemical stability, 

simple fabrication process, low costs, and good reproducibility, 

non-enzymatic sensors are more conducive to technological 

improvements and large-scale production [5, 6]. In that respect, 

electrochemical glucose sensors that can detect glucose through 

direct electro-oxidation has been at the center of attraction for 

the last few years. Recent e�orts have led to breakthroughs in 

the development of non-enzymatic glucose sensors based on 

earth-abundant transition metal chalcogenides (TMCs) [7–9], 

transition metal phosphides (TMPs) [10, 11], transition metal 
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nitrides (TMNs) [12, 13], transition metal oxides [14, 15], tran-

sition metal hydroxides [16, 17], transition metal phosphates 

[18, 19] etc.

Dopamine (DA) is an organic chemical in the family of 

catecholamine and phenethylamine that is involved in neuro-

transmission and has been known to be responsible for sev-

eral neurodegenerative disorders including Parkinson’s dis-

ease and onset/progression of post-traumatic stress disorder 

(PTSD)  [20, 21]. Current techniques for dopamine detection 

relies on analytical methods like colorimetry, fluorescence, 

and liquid chromatography  [22–24]. These analytical tech-

niques are time consuming and includes costly and specialized 

equipment in a laboratory setup. For dopamine, developing 

a method for continuous detection is also required since it 

has been proposed from several studies that the fluctuating 

dopamine concentration characteristic of an individual can be 

indicative of development of PTSD and related disorders. The 

common analytical techniques are not readily integrable into 

the continuous monitoring/detecting strips. However, since 

chemical composition of DA contains phenolic –OH groups, it 

can be electrochemically oxidized  [25]. Electrochemical oxi-

dation of dopamine can proceed through one or two electron 

pathways producing semi-quinone or quinone forms (Fig. 1). 

Hence, direct electro-oxidation of dopamine can be conceptu-

ally used for measuring levels of DA in various analytes  [26]. 

Several electrochemical methods for detection of dopamine 

has been reported over the last few years  [27–30]. Electro-

chemical methods are generally simple techniques, sensitive, 

and selective to specific analyte depending on their chemi-

cal composition, making them more efficient among all the 

available approaches. In addition, direct electrochemical sens-

ing also provides opportunity for point-of-care (POC) testing 

that has the potential to improve management of infectious 

diseases, especially in resource-limited settings where health 

care infrastructure is weak, and access to quality and timely 

medical care is a challenge. Direct electrochemical detection 

has several other advantages including rapid sampling rates, 

possibility of developing a flexible wearable sensor, and high 

biocompatibility of the electrode material  [29, 31].

Both dopamine and glucose can be described as molecules 

with -OH functional groups, where oxidation leads to conver-

sion of these –OH functional groups to ketonic (= O) groups and 

formation of dopamine-quinone or gluconolactone, respectively 

as shown schematically in Fig. 1. �ese electrochemical sensing 

methods typically use electrocatalyst-modi�ed electrodes, where 

the role of electrocatalyst is to aid in oxidation of these biomol-

ecules and enhance charge transfer between electrode to ana-

lyte (dopamine/glucose). In some cases, the analyte (dopamine/

glucose) can attach to the surface of the electrocatalyst which 

facilitates charge transfer  [9, 30]. Hence the chemical composi-

tion of the electrocatalyst plays an intriguing role in de�ning 

e�ciency and selectivity of such sensors. Recently, transition 

metal dichalcogenide materials have attracted great attention 

as electrocatalysts in various electrochemical conversion reac-

tions including photocatalysis  [32], supercapacitor  [33], oxygen 

reduction  [34, 35],  CO2 reduction  [36,  37], and water splitting  

[38,  39]. Several transition metal chalcogenides have been also 

been used for dopamine as well as glucose sensing including 

nickel telluride,  (Ni3Te2)  [7], bismuth selenide,  (Bi2Se3)  [40], 

tin selenide, (SnSe)  [41] etc.

Figure 1:  Scheme of (a) dopamine electro-oxidation and (b) glucose electro-oxidation on  Cu2Se electrode.



© The Author(s), under exclusive licence to The Materials Research Society 2021 

 
 

Jo
u

rn
al

 o
f 

M
at

er
ia

ls
 R

es
ea

rc
h

 
 

2
0

2
1

 
 

w
w

w
.m

rs
.o

rg
/j

m
r

3

Invited Paper

Numerous materials have been investigated for glucose 

and dopamine sensor applications, with particular emphasis 

on gold due to its biocompatibility, high stability, and con-

ductivity  [42–45]. The high cost of gold, however, makes 

biomolecules sensing applications economically prohibitive. 

Therefore TMCs has become a promising alternative can-

didate for different non-enzymatic biosensors. The transi-

tion metal chalcogenides are characterized by their unique 

electronic properties and tunable electrochemical behavior 

which leads to possibilities of faster charge transfer kinetics. 

The availability of partially filled d-orbitals makes it possi-

ble for the transition metal chalcogenides (TMCs) to adopt 

diverse structures and compositions, with varying stoichio-

metries. Copper selenide is one of the metal chalcogenides 

that has gained considerable attention in recent years due to 

interesting electrocatalytic property  [30, 38]. Copper selenide 

has various stoichiometric and non-stoichiometric composi-

tions including CuSe,  Cu2Se,  Cu3Se2,  Cu7Se4,  Cu5Se4,  Cu2Se, 

 Cu2−xSe. These different compositions of copper selenide vary 

in their electronic properties, thermal stability, and bandgap  

[46–49]. In this article we have explored multifunctional 

electrocatalytic activity of  Cu2Se for selective oxidation of 

glucose and dopamine. The  Cu2Se was synthesized as nano-

structured powder through one-pot hydrothermal technique. 

The  Cu2Se-modified electrodes showed high sensitivity for 

detection of glucose (15.341 mA  mM−1  cm−2) and dopamine 

(12.43 μA μM−1  cm−2) at different applied potentials of 0.35 

and 0.2 V vs Ag|AgCl, respectively. The sensitivity obtained 

from dopamine detection is among the highest reported 

for non-enzymatic dopamine sensors. Interestingly, it was 

observed that  Cu2Se modified electrode shows high selectiv-

ity for dopamine and glucose even in the presence of other 

interferents (e.g. ascorbic acid, uric acid, potassium chloride, 

sodium chloride, lactose, sucrose etc.) commonly found in 

physiological fluids. The sensor also shows high selectivity for 

detecting only dopamine and/or glucose from a mixture of the 

two analytes depending on the applied potential.

Results and discussion

The as-synthesized  Cu2Se was characterized using various 

techniques to determine its structural and morphological com-

position. Figure 2a shows the crystalline PXRD pattern of the 

hydrothermally synthesized product, which is well matched with 

the  Cu2Se standard di�raction pattern (PDF No. 00–006-0680) 

indicating that the product was pure copper selenide. �e strong 

and sharp di�raction peaks suggest that the as-synthesized com-

pound has high degree of crystallinity. �e typical �eld emission 

SEM (FESEM) image in Fig. 2b clearly shows a large quantity of 

randomly oriented granular nanoparticles with sizes in range 

of 60–80 nm. Such nanostructured geometry can be very ben-

e�cial for electrocatalytic activity since it enhances contact area 

between electrocatalyst and analyte.

�e valence state of the constituent elements and the chemi-

cal composition of the catalyst were further investigated by XPS. 

Figure 2c shows the XPS peaks that can be attributed to Cu  2p3/2, 

Cu  2p1/2 while the inset shows XPS signals for Se  3d5/2, and Se 

 3d3/2. �e deconvoluted Cu 2p spectra shows peaks at 932.4 and 

952.6 eV corresponding to  Cu1+ and 934.4 and 954.7 eV for  Cu2+ 

indicating presence of mixed oxidation states for Cu. Presence of 

such mixed oxidation states in  Cu2Se has been reported previ-

ously  [38,  50]. �e Se XPS spectra on the other hand, shows 

peaks at 55.4 eV (Se  3d3/2) and 54.1 eV (Se  3d5/2) corresponding 

to the presence of Se [2, 38, 51].

Electrochemical oxidation of dopamine

Di�erent techniques of voltammetry are extremely useful in the 

analysis of various biological and chemical substances. Among 

these, square wave voltammetry (SWV) was chosen for the 

determination of DA in this research project, as it is the most 

advanced and sophisticated technique of pulse voltammetry. 

Dopamine detection was carried out in 0.1 M PBS (pH 7.0) elec-

trolyte containing a known concentration of DA (1–640 μM). 

The electrochemical measurements were performed with 

SWV in the potential range from − 0.1 to 0.5 V. First, the SWV 

Figure 2:  (a) PXRD pattern and (b) SEM image of hydrothermally synthesized  Cu2Se. (c) XPS spectra of  Cu2Se showing Cu 2p peaks while inset shows Se 

3d peak.
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parameters were optimized for improving this DA measur-

ing system. �e e�ects of frequency change on peak current 

was studied, showing that frequencies up to 50 Hz result in an 

increase in peak current. However, at higher frequencies the cur-

rent decreases considerably. �erefore, the frequency of 50 Hz 

was used as our optimum frequency value. Also, an increase in 

peak current was observed by increasing pulse heights to up to 

40 mV. For SWV, higher pulse heights (> 40 mV) cause broaden-

ing of the spectra and decrease the intensity of the analyte peak 

current. Figure 3a shows the SWV curves for di�erent concen-

tration of DA and it can be observed from the curves that the 

oxidation potential of DA was at 0.2 V vs Ag/AgCl. A calibration 

curve was constructed by plotting the anodic peak current as a 

function of DA concentration. �e calibration plot shows two 

linear regions, 1–30 μM and 100–640 μM as shown in Fig. 3b 

and Figure S1, respectively.

Cyclic voltammetry was also used to investigate electro-

chemical oxidation of dopamine in a 0.1 M PBS electrolyte solu-

tion at a scan rate of 10 mV/s. (Fig. 4). As shown in Fig. 4a, the 

 Cu2Se-modi�ed electrode exhibits no obvious oxidation current 

across the potential range, when measured in a PBS solution 

without DA. However, a�er adding 10 μM DA, there was a sig-

ni�cant increase in the oxidation peak at 0.2 V indicating oxida-

tion of dopamine. Chronoamperometric studies were utilized to 

investigation dopamine oxidation on  Cu2Se-modi�ed electrode 

further, where di�erent concentrations of dopamine were added 

to the electrolyte while maintaining a constant applied potential 

(0.2 V) and increase in oxidation current was measured. In CV 

and SWV measurements, the oxidation peak at 0.2 V increased 

remarkably with the increase in DA concentration. Hence, 0.2 V 

was used as a working electrode potential for all chronoamper-

ometric experiments. �e representative chronoamperometric 

current (I) vs time (t) curve showing  Cu2Se response to succes-

sive addition of di�erent DA concentrations is shown in Fig. 4b. 

�e chronoamperometry plot further show that the increase in 

oxidation current is proportional to the increase in DA con-

centration. A calibration plot was constructed by plotting the 

anodic peak current as a function of dopamine concentration 

as shown in Fig. 4c. �e calibration plot shows a linear region in 

the low concentration range. Sensitivity of the electrode could 

Figure 3:  (a) SWV plots of  Cu2Se in 0.1 M PBS bu�er in the presence of increasing concentrations of DA. (b) Corresponding calibration curve showing 

linear �t in the concentration range of 1–30 μM [Ip = anodic peak current]. Inset shows peak current vs concentration of DA at low and high DA 

concentration.

Figure 4:  (a) CV of  Cu2Se catalyst with 10 μM of DA and without DA. (b) Chronoamperometric measurements of  Cu2Se catalyst at 0.2 V potential vs Ag/

AgCl. (c) Peak current vs concentration of DA at low and high DA concentration. Inset shows the linear range from 2 nM to 30 μM.
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be estimated as 12.43 μA μM−1  cm−2 from slope of the linear 

region in the low concentration range of 2 nM to 30 μM (inset 

of Fig. 4c). �e limit of detection (LOD) of the DA sensor could 

be calculated from the equation:

Here S is the standard deviation obtained from the blank signals 

(measured in electrolyte devoid of added DA), and m is the slope 

value extracted from the calibration plot. Using this equation 

LOD is estimated to be 84 nM. �is low value of LOD and high 

sensitivity for DA detection makes this catalyst most e�cient. 

�e second linear region from the higher concentration range of 

80 μM to 640 μM showed the sensitivity of 1.34 μA μM−1  cm−2 

as shown in Figure S2.

Electrochemical oxidation of glucose

Electrochemical oxidation of glucose on  Cu2Se modi�ed carbon 

cloth electrodes was investigated by cyclic voltammetry (CV) at 

a scan rate of 10 mV  s−1 in 0.1 M NaOH electrolyte. In Fig. 5a, 

the glucose oxidation potential of the  Cu2Se-modi�ed electrode 

was initially measured by collecting CV plots in absence and 

presence of glucose in the electrolyte. It was observed that while 

there was no oxidation current in absence of glucose, the oxida-

tion current increased with increasing glucose concentration 

from 0.25 mM to 1 mM and the oxidation potential was obtained 

at 0.35 V (onset potential). Hence, for further chronoamperom-

etry measurements, applied potential was chosen to be 0.35 V 

(vs. Ag/AgCl). Figure 5b shows chronoamperometric measure-

ments of the  Cu2Se-modi�ed working electrode as a function 

of successive addition of di�erent concentration of glucose 

in the range of 0.25 μM − 8 mM. �e e�ect of addition of low 

concentration of glucose has been shown much clearly in inset 

of Fig. 5b which shows the chronoamperometric curve when 

concentrations of glucose are in the range of 0.25 μM−1 μM. 

Figure 5c shows the calibration curve constructed by plotting 

(1)LOD =

3S

m

anodic peak current vs glucose concentration from the chrono-

amperometric experiment. It was observed that there were two 

linear ranges in the calibration plot, 0.25 μM-40 μM and 80 μM 

to 8 mM. �e sensitivity of the sensor was estimated from the 

linear region in the lower concentration range which showed 

a value of 15.341 mA  mM−1  cm−2. �e LOD was calculated to 

be 0.26 μM. Figure S3 shows the calibration curve in higher 

concentration range (80 μM to 8 mM) from which sensitivity 

was also estimated as 1.89 mA  mM−1  cm−2. Such high sensitiv-

ity suggests high e�ciency of  Cu2Se for non-enzymatic glucose 

detection.

Advantages of chalcogenide matrices 

for electrocatalysis

Transition metal chalcogenides, as has been mentioned before, 

provides signi�cant enhancements for electrochemical reactions 

on its surface owing to several factors. Firstly, the lower electron-

egativity of the chalcogenide anions leads to increased covalency 

in the lattice which in turn facilitates charge transfer across the 

chalcogenide matrix by reducing bandgap as well as increasing 

electronic conductivity. Secondly, the lower electronegativity 

of chalcogenide anion increases electron density around the 

catalytically active transition metal center, which in turn, tunes 

the electrochemical activation steps. As shown in Fig. 1, both 

dopamine and glucose oxidation converts the –OH functional 

groups to ketonic (=O) functional group. Typically, these analyte 

(dopamine and glucose) molecules anchor on the catalytically 

active site through attachment of the -OH functional group to 

the transition metal site through coordination bond, leading 

to catalyst activation. Such –OH adsorption on the transition 

metal site is facilitated by local site oxidation of the active site. 

Previously it had been observed that local site oxidation of these 

transition metal chalcogenide-based electrocatalysts could be 

enhanced as a function of decreasing anion electronegativity 

leading to lower catalyst activation potential for selenides and 

tellurides  [52, 53]. Hence, it can be expected that for this copper 

Figure 5:  (a) CV plots of  Cu2Se catalyst with 0.25 mM, 0.5 mM and 1 mM of glucose and without glucose. Chronoamperometric measurements of  Cu2Se 

catalyst at 0.35 V potential vs Ag/AgCl. Peak current vs concentration of glucose at low and high glucose concentration. Inset shows the linear range 

from 0.25 to 1 μM.
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selenide-based electrocatalysts, the analyte adsorption on the 

active site can occur at lower applied potential owing to the fac-

ile local site oxidation of Cu  [9,  30]. �e enhanced electron 

density around catalytically active site further leads to increased 

charge transfer and higher oxidation current, resulting in higher 

sensitivity for dopamine and glucose sensing.

Effect of interference

Another signi�cant factor and challenge for electrochemical 

sensors in practical applications is the selectivity for DA and/

or glucose detection, in the presence of other interferents com-

monly present in bodily �uids. Hence, the interference study 

was performed by investigating e�cacy of dopamine detec-

tion in the presence of di�erent interferents such as ascorbic 

acid (AA), glucose (GLU), uric acid (UA), KCl, and NaCl. A 

chronoamperometric experiment was performed where the 

 Cu2Se-modi�ed electrode was maintained at a constant applied 

potential of + 0.2 V vs Ag|AgCl in 0.1 M PBS electrolyte, while 

known concentrations (0.1 mM) of DA and other interfering 

compounds were added successively to the same electrolyte, as 

shown in Fig. 6a. Sharp current responses were observed for the 

additions of 0.1 mM DA, while addition of other interferents did 

not show any signi�cant current responses. Furthermore, same 

concentration of DA was added at the end of chronoamperom-

etry experiment to check the reproducibility of electrode a�er 

exposing through other chemical compounds, which showed 

same current response as the initial DA addition indicating high 

reproducibility of the electrode. Hence it was con�rmed that the 

 Cu2Se catalyst showed negligible interference from other ana-

lytes commonly found in physiological �uids and was selective 

towards only DA oxidation at 0.2 V vs Ag|AgCl.

Selectivity for glucose sensing at 0.35  V vs Ag|AgCl in 

presence of other interferents was also investigated in a simi-

lar chronoamperometric measurement performed at 0.35 V vs 

Ag|AgCl in 0.1 M NaOH where the glucose and other interfer-

ing compounds were added successively to the same electro-

lyte. In order to con�rm the selectivity of the glucose, di�erent 

concentration of interferents such as dopamine (DA), ascorbic 

acid (AA), Uric Acid (UA), potassium chloride (KCl), sodium 

chloride (NaCl), lactose(LA) and sucrose (SU) were injected 

along with the glucose solution (0.1 mM). Figure 6b shows the 

chronoamperometry plot where it can be seen that only addition 

of glucose produces an increase in the oxidation current at an 

applied potential of 0.35 V, while the other interferents do not 

show any change. Hence it was con�rmed that  Cu2Se was also 

selective towards glucose oxidation at 0.35 V vs Ag|AgCl.

�e reproducibility of the  Cu2Se electrode toward dopamine 

and glucose oxidation was also investigated by adding 0.1 mM of 

glucose and DA in 0.1 M NaOH and 0.1 M PBS, respectively under 

constant stirring. Chronoamperometry tests as shown in Fig. 7a 

and b investigated the long-term stability of the electrode for DA 

and glucose detection, respectively. In Fig. 7a, as 0.1 mM of glu-

cose was added to the electrolyte at a constant applied potential 

of + 0.35 V vs Ag|AgCl, there was sharp increase in oxidation cur-

rent which decreases gradually over time as the added glucose in 

the electrolyte was oxidized. �en a�er 10,000 s, same amount of 

fresh glucose solution was added to the solution, which imme-

diately showed almost same increase in oxidation current. Such 

study con�rmed reproducibility and reusability of the electrode 

for glucose oxidation. Similarly, long-term stability and reproduc-

ibility for DA oxidation was checked from chronoamperometry 

studies at an applied potential of + 0.2 V vs Ag|AgCl (Fig. 7b). As 

it can be observed from Fig. 7b, successive additions of dopamine 

Figure 6:  (a) The chronoamperometric response of DA oxidation on  Cu2Se electrode in 0.1 M PBS electrolyte with successive additions of 0.1 mM 

dopamine and other common interferents (AA (0.5 mM), GLU (0.5 mM), UA (0.5 mM), KCl (0.5 mM) and NaCl (0.5 mM)). (b) The chronoamperometric 

response of glucose oxidation on the  Cu2Se electrode in 0.1 M NaOH electrolyte with the successive additions of 0.1 mM glucose and other common 

interferents DA (0.5 mM), AA (0.5 mM), UA(0.5 mM), KCl (0.5 mM), NaCl (0.5 mM), LA(0.1 mM) and SU (0.1 mM)).
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(0.1 mM) a�er a long-time gap retains almost same peak current, 

indicating reproducibility of the electrode. �ese chronoamper-

ometry studies also illustrates long-term functional stability of 

this  Cu2Se-modi�ed electrode towards DA and glucose sensing. 

�e long-term stability of the glucose and dopamine sensor was 

also tested by measuring glucose and dopamine oxidation currents 

repeatably from standard solution with the same electrode stored 

under ambient condition for a period of 15 days. A�er 15 days, the 

glucose sensor reached almost ~ 91% of its original response and 

DA sensor retained 94.5% current response indicating excellent 

stability of  Cu2Se electrode for both dopamine and glucose sens-

ing. �e compositional stability of the  Cu2Se-modi�ed electrodes 

a�er dopamine and glucose sensing activity as analyzed through 

XPS. The XPS spectra of  Cu2Se after electrochemical activity 

showed almost no change compared to as-synthesized  Cu2Se 

(Figure S4) con�rming that the electrode was indeed stable under 

operational conditions for DA and GLU sensing.

Further, the excellent bifunctional electrocatalytic activity 

of  Cu2Se nanostructure towards oxidation of two separate bio-

molecules was also investigated by a CV experiment (Fig. 8a) 

conducted in 0.1  M PBS (pH 7.0) electrolyte containing a 

mixture of DA and glucose with same concentration of each 

(10 μM). Firstly, a CV experiment was performed measuring the 

current with  Cu2Se-modi�ed electrode in 0.1 M PBS electrolyte 

to check for possible oxidation peaks from the electrode and/

or electrolyte itself. As shown in Fig. 8a, no current response 

was detected in PBS in absence of dopamine or glucose in the 

potential range of −0.2 to 0.55 V vs Ag|AgCl. On the contrary, 

when equal amounts of DA and glucose were mixed in the 0.1 M 

PBS solution, two well-de�ned oxidation peaks with large peak 

separations were observed in the CV experiment, corresponding 

to oxidation of DA (~ 0.2 V) and glucose (~ 0.35 V). 10 μM of 

DA solution and 10 μM of glucose solution added to 0.1 M PBS 

separately showed similar oxidation peaks as has been depicted 

with dashed lines in the CV plot shown in Fig. 8a, con�rming 

that there was minimal shi� of the individual oxidation peaks 

in mixture of dopamine and glucose. Speci�cally, dopamine 

oxidation peak showed a slight shi� of ~ 50 mV in the mixture 

compared to dopamine by itself. Such slight shi� can be possi-

bly explained by the change in ionic concentration around the 

active site in presence of another analyte (glucose)  [54]. Nev-

ertheless, this CV experiment showing signi�cant separation 

between oxidation peak positions further con�rmed that  Cu2Se 

nanostructure can indeed be used to fabricate an electrochemi-

cal sensor for simultaneous detection of dopamine and glucose 

in a mixture with high selectivity for each. �e analyte selectivity 

Figure 7:  (a) The chronoamperometric response at applied potential of 0.35 V in 0.1 M NaOH for long-term stability and reproducibility of glucose sensor. 

(b) The chronoamperometric response at applied potential of 0.20 V in 0.1 M PBS for long-term stability and reproducibility of DA sensor. (c) Stability of the 

glucose and (d) DA sensors for 15 days showing reproducible current signal upon daily addition of 0.1 mM glucose and 0.1 mM DA, respectively.
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in this case depends on the applied potential for measurement. 

Such bifunctional activity was also investigated from multistep 

chronoamperometry experiment where the current response as 

a function of successive glucose and dopamine additions to the 

same electrolyte (0.1 M PBS) was investigated at two applied 

potentials (0.25 V and 0.4 V vs Ag|AgCl) as shown in Fig. 8b. 

It was observed that at 0.25 V the  Cu2Se-modi�ed electrode 

showed oxidation current only upon addition of dopamine 

(0.1 mM) to the electrolyte, while addition of PBS (100 μL of 

0.1 M solution) as well as glucose (0.1 mM) did not result in 

any increase of the oxidation current. On the other hand, at 

applied potential of 0.4 V, addition of only glucose produced 

signi�cant change in oxidation current, while dopamine and 

PBS addition failed to produce any current response. 100 μL 

of 0.1 M PBS solution was added at each potential step in the 

beginning as control experiment to check for any instantane-

ous current response resulting from electrolyte perturbation. As 

can be seen from Fig. 8b, instantaneous current response from 

such perturbations were negligible. �is chronoamperometry 

experiment further con�rmed that high degree of sensitivity 

and selectivity can be achieved with  Cu2Se-modi�ed electrode 

for individual or simultaneous detection of these biomolecules, 

glucose and dopamine.

Determination of glucose in human blood samples

�e non-enzymatic glucose sensor was tested by measurement 

of glucose in human blood samples using a standard process  

[55, 56] and compared with reading from commercially avail-

able enzymatic glucometer (ReliOn). �e chronoamperom-

etry studies were performed to detect glucose levels in whole 

blood samples at applied potential of 0.35 V (vs Ag|AgCl). In 

this experiment, 1 mM of standard glucose solution (100 μL) 

was added twice to 0.1 M NaOH electrolyte and then 100 μL 

of blood sample injected to the electrolyte. 1 mM of standard 

glucose solution was injected again two times to record the 

current response from the electrode. A calibration curve was 

constructed by plotting the current response as a function of 

standard glucose additions, which showed a linear response as 

expected. Figure 9 shows such linear plot of the glucose sen-

sor for two di�erent experiments. Concentration of glucose in 

blood sample was detected by mapping the current response 

obtained from blood sample in this calibration plot and estimat-

ing the corresponding concentration. �e standard deviation 

was obtained by performing each addition experiment 3 times. 

Table S1 shows the glucose concentration values obtained from 

glucometer as well as from the  Cu2Se-based electrode for glu-

cose sensor. It was observed that the glucose level detected from 

this sensor was very close to that obtained from glucometer fur-

ther con�rming reliability of these readings.

Determination of dopamine level in human blood 

samples

�e fabricated  Cu2Se-based electrode was also used to determine 

dopamine concentration in human blood samples without pre-

treatment. �e chronoamperometry experiment was performed 

in a similar way as explained above using an applied potential 

of 0.2 V (vs Ag|AgCl). A standard dopamine solution of known 

concentration (5 nM) was added 2 times before and a�er addi-

tion of blood sample to 0.1 M PBS solution. A calibration plot 

was constructed by plotting the current response as a function 

of dopamine concentration of the standard additions, which 

showed a linear response as shown in Fig. 10. �e dopamine 

level in added blood samples was estimated by mapping the cor-

responding current density in this calibration plot as shown in 

Figure 8:  (a) CV response of  Cu2Se-modi�ed electrode with the addition of 10 μM DA and 10 μM of glucose in PBS (pH ~ 7) solution. (b) Multistep-

chronoamperometry by successive addition of 0.1 mM DA and 0.1 mM glucose as well 0.1 M of PBS solution at 0.25 V and 0.4 V of applied potential 

illustrating analyte selectivity at di�erent applied potentials.
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the �gure. �e DA concentration in 2 di�erent blood samples 

were determined as 9 nM and 11.5 nM which is similar to typi-

cal dopamine concentration detected in physiological samples.

Conclusion

Hydrothermally synthesized copper selenide has been identi-

�ed as highly e�cient bifunctional electrochemical sensor for 

non-enzymatic detection of biomolecules glucose and dopamine 

which are considered biomarkers for various diseases. �is 

 Cu2Se modi�ed electrode can oxidize dopamine and glucose 

at low applied potential (0.2 V and 0.35 V vs Ag|AgCl, respec-

tively) with high sensitivity for detection. A comparison of this 

 Cu2Se-based sensor with other Cu-based sensors for dopamine 

and glucose detection (Tables S2 and S3 in supporting informa-

tion) showed that the bifunctional  Cu2Se-based sensor reported 

in this article shows one of the highest sensitivities and lowest 

applied potential for both glucose and dopamine sensing. Such 

enhancement of sensor performance can be attributed to the 

increased covalency around the catalytically active center that 

facilitates catalyst activation step as well as charge transfer across 

the matrix. �is copper selenide-based sensor also exhibits high 

selectivity towards glucose and dopamine detection in presence 

of other interferents. It also exhibits high speci�city for dopa-

mine and glucose detection dependent on the applied potential 

where only one analyte is detected at a certain applied potential. 

�ese sensors also showed high reproducibility where the same 

sensing strip could be reused repeatably for over couple of weeks 

and produced similar reading for same concentration of glucose 

and/or dopamine in the analyte. Such high degree of reproduc-

ibility, selectivity and speci�city along with high sensitivity 

makes this bifunctional sensor attractive for integrating into 

Figure 9:  Glucose measurement of collected in (a) Blood sample 1 (b) Blood sample 2. Plot represents the �tted linear plot of current response vs 

glucose concentration.

Figure 10:  Measurement of dopamine amount in (a) Blood sample 1, and (b) Blood sample 2. Plot represents the �tted linear plot of current response vs 

dopamine concentration.
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continuous monitoring devices that can ideally use other body 

�uids to sense these important biomarkers and o�er proper 

point-of-care diagnosis and preventative care.

Experimental

All the reagents were of analytical grade and were used as 

received. Dextrose, dopamine (DA), ascorbic acid, sodium 

chloride, potassium chloride, uric acid, sucrose and lactose 

were obtained from Fisher Scienti�c, and fructose from Sigma-

Aldrich. Copper oxide  (Cu2O), Selenium (Se) and hydrazine 

hydrate  (N2H4·H2O) were purchased from Acros Organics.

Synthesis of  Cu2Se: Copper selenide was synthesized by an 

improved hydrothermal process based on the synthesis method 

reported in our previous publication [38]. In a typical synthesis 

method, equal molar ratio of copper oxide  (Cu2O) and Selenium 

(Se) powder was taken. �e original molar ratio between  Cu2O 

and Se was selected to be 1:1. Firstly,  Cu2O (0.001 M) was put 

into a Te�on-liner of 23 mL capacity acid digestion bomb and 

dissolved in 8 ml of deionized water. A�er mixing for 20 min 

under vigorous stirring, Se (0.001 M) was added to the mixture. 

Finally,  N2H4·H2O (3 ml) were added to the mixture, and the 

mixture was stirred continuously for another 20 min. �e �nal 

mixture was sealed and heated at 185 °C for 24 h in Te�on-

lined stainless-steel autoclave. �e autoclave was then allowed 

to cool down naturally. �e �nal product was then centrifuged 

and washed several times with a mixture of ethanol and deion-

ized water. Finally, the product obtained was dried at 60 °C in 

a vacuum oven.

Electrode preparation

To analyze the activity of hydrothermally synthesized  Cu2Se, 

a homogeneous catalyst ink was prepared by adding 4 mg of 

catalyst powder in 300 μL of ethanol mixed with Na�on (0.8 

μL 5 wt %). �is mixture was ultra-sonicated for about 1 h to 

prepare a homogeneous ink. 40 μL of the ink was drop casted 

onto carbon cloth (geometric area of 0.08  cm−2), leading to the 

catalyst loading ∼0.53 mg.cm−2.

Characterization

Powder X-ray di�raction (PXRD) patterns were recorded using 

Philip X-Pert powder X-Ray di�ractometer using Ni-�ltered 

Cu-Kα radiation of 1.5406 Å, within the 2θ range between 

20° and 90° with the step of 0.025°. �e morphology of the as-

synthesized sample was analyzed using the FEI Helios Nanolab 

600 scanning electron microscope with an acceleration voltage 

of 10 kV and a working distance of 5 mm. In addition, X-ray 

Photoelectron Spectroscopy (XPS) was performed using a KRA-

TOS AXIS 165 spectrometer with an Al X-ray source to analyze 

the surface chemical composition. All XPS data were collected 

without sputtering to analyze the true surface chemistry. All 

electrochemical tests were performed using an IviumStat poten-

tiostat. �e electrochemical measurements were performed in 

three-electrode cell system with a graphite rod as the counter 

electrode, Ag|AgCl (KCl-saturated) as the reference electrode 

and carbon cloth as working electrode.
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