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A novel strategy for fabricating a Cu2+ sensor based on rhodamine B hydrazide (RBH)-immobilized 

graphene oxide (GO) was reported. The thiol-modified Au electrode was functionalized by carboxyl 

functionalized GO through intermolecular interaction, followed by the chemical bonding with RBH. The 

developed nanocomposite was used as an electrochemical sensor for detecting Cu2+ in aqueous solution 

using electrochemical impedance spectroscopy analysis with a detection limit of 0.061 nM within a 

range from 0.1 to 50 nM. Furthermore, the interference from potentially interfering ions such as Hg2+, 

Ag+, Cr2+, Fe2+, Pb2+, Ba2+, Mn2+, Co2+, and Ni2+ associated with Cu2+ analysis could be effectively 

inhibited. In addition, the developed Cu2+ sensor could be reproduced up to 10 cycles. For this approach, 

the fluorescent probe RBH can be replaced by another fluorescein derivatives which could identify 

corresponding ions, which makes the approach a widely applicable strategy for metal ion detection. 

 

 

1. Introduction 

In recent years, significant efforts have been dedicated to the 

detection of Cu2+ ions in environmental and biological systems 

owing to their possible toxic effect on human health. It has been 

evidenced that high level of Cu2+ can lead to the disturbance of 

cellular homeostasis. Thus far, various efficient and 

reproducible methods, such as atomic absorption spectrometry 
1, inductively coupled plasma mass spectroscopy (ICPMS) 2, 

and inductively coupled plasma atomic emission spectrometry 

(ICP-AES) 3-5, have been developed for the detection of heavy 

metal ions. However, those methods require expensive and 

sophisticated instruments that limit their extensive use. 

Moreover, considerable attention has been devoted to the 

design of efficient and selective colorimetric chemosensors for 

Cu2+ due to its simplicity as well as the quick and 

nondestructive advantages of the adsorption method. 
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As a result, increasing attention has recently been focused on the 

design of high sensitive sensors for heavy metal ions, including 

those based on organic fluorophores, quantum dots, peptides, and 

DNA. Among these, rhodamines comprise an important class of 

fluorogenic and chromogenic probes, which are the ideal platforms 

for the development of colorimetric chemosensors for specific heavy 

and transition metal ions. Utilization of rhodamine spirolactam ring-

opening process for the detection of metal ions has been well 

documented6-9. 

Particularly, sensors based on the chemical species induced 

changes in fluorescence appear to be particularly attractive due to the 

highly sensitive, quick, simple and real time monitoring of the 

fluorescence. A large number of rhodamine-based “turn-on” 

chemosensors and chemodosimeters for transition- or heavy-metal 

ions have been developed in recent years 9, 10. As the excellent 

structural and photophysical properties of rhodamine derivatives, the 

search for new rhodamine sensors with the characteristics of high 

selectivity and affinity, sensitive and reversible turn-on response to 

analytic species, as well as good water-solubility, and broad pH 

range has been the focus of extensive investigation 11. Rhodamine-

based derivative bearing a pyrene group as a chemosensor for Cu2+, 

in which the rhodamine ring-opening process was introduced to give 

a colorimetric change and “turn-on” fluorescence signal toward Cu2+ 

was reported 9, 12. 
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Compared with routine methods, electrochemical impedance 

spectroscopy (EIS) is a powerful method of analyzing the complex 

electrical resistance of a system and is sensitive to surface 

phenomena and changes of bulk properties 13. It has been intensively 

used, for example, for the elucidation of corrosion mechanisms 14, 

the characterization of charge transport across membranes and 

membrane/solution interfaces 15. and biomolecular detection of 

biosensors 16. In the field of sensors, it is particularly well-suited to 

the detection of binding events on the transducer surface, and it has 

shown high sensitivity 17, 18. However, the poor electrochemical 

performance of the rhodamine will reduce the sensitive of the 

electrochemical sensors. Based on this, we introduce nanomaterials 

with good electrochemical performances to construct 

electrochemical sensors.  

To the best of our knowledge, no report about rhodamine 

as electrochemical sensor for the metal ions detection has been 

published. Furthermore, graphene oxide (GO) has been studied in 

the context of many applications, such as field-effect transistors, 

composites, biosensors, due to its excellent electrical, mechanical, 

and thermal properties 19, 20. Chemically, GO has plenty of oxygen 

atoms on the graphitic backbone in the forms of epoxy, hydroxyl, 

and carboxyl groups 21. These oxygen groups can bind to metal ions, 

especially the multivalent metal ions for example, Ca2+, Mg2+, Co2+, 

Cd2+, through both electrostatic and coordinate approaches 22-26. 

However, GO also has bad selectivity to metal ions 23.Therefore, we 

designed a new kind of electrochemical sensor based on the complex 

of GO and rhodamine B hydrazide (RBH), which was used to detect 

Cu2+ in the aqueous solution. Here GO was selected to improve the 

electrochemical performance and adsorb Cu2+. GO contains a range 

of reactive oxygen functional groups, which renders it a good 

candidate for use in the aforementioned applications (among others) 

through chemical functionalization. Additionally, the alkane 

molecules with short alkyl chains, such as tridecane (C13H28), 

tetradecane (C14H30), and pentadecane (C15H32), can form lamellar 

structures on graphene 27. It demonstrates that GO could be attached 

to the electrode surface by this kind of the intermolecular interaction. 

We present a technique for the highly selective and sensitive detection of 

Cu2+ using rhodamine. The developed electrochemical sensor was used to 

detect Cu2+ and showed high sensitivity and selectivity toward other 

inference metal ions. 

2. Materials and Methods  

2.1 Reagents  
1-octadecanethiol (ODT), mercaptohexadecanoic acid (MHA), 

K3[Fe (CN)6], and K4[Fe (CN)6]·H2O were purchased from Alfa 

Aesar (Shanghai, China). Graphite micro-powder, N-

hydroxysulfosuccinimide (NHS), 1-ethyl-3-(3-dimethylaminoprop-

yl) carbodiimide hydrochloride (EDC), and Ethylene Diamine 

Tetraacetic Acid (EDTA) were purchased from Sinopharm Chemical 

Reagent Co., Ltd. (Shanghai, China). RBH and the other reagents, 

which were of analytical-reagent grade, were purchased from Sigma-

Aldrich (Shanghai, China) and used without further purification. 

Water was obtained from a Millipore water purification system 

(≥18.2 MΩ, Milli-Q, Millipore) and used in all runs.  

2.2 Preparation of phosphate buffer, and electrolyte solutions 

Phosphate buffer solution (PBS; pH 7.4) was prepared by mixing 

1/15 M Na2HPO4 and 1/15 M KH2PO4 in v(Na2HPO4): v(KH2PO4) = 

8:2. The electrolyte solution was immediately prepared before use by 

dissolving 1.65 g of K3[Fe(CN)6] and 2.11 g of K4[Fe(CN)6] in 1 L 

of PBS. 

 

 

Scheme 1 Schematic of the modified electrode and its putative interaction with metal ions. 
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2.3 Preparation of carboxyl functionalized GO (CGO) 

GO was prepared from a modified Hummers method and description 

in the Supporting Information 28. CGO was prepared according to 

the previous report 29. In brief, 0.1 g GO was dispersed in 100 mL 

alcohol solution and ultrasonic 1h. 50 mg ClCH2COONa was 

dissolved in 1 mL GO suspension (1 mg·mL-1), followed by 

ultrasonic for 2 h. Subsequently, the mixed solution was adjusted to 

neutral by adding hydrochloric acid. The solution was centrifuged 5 

times until the product is well-distributed in milli-Q water. Finally, 

the suspension was dialyzed with milli-Q water to remove impurity 

ions for 48 h, and dried in an oven at 60 ºC for 24 h. The powder of 

CGO was grinded before use.  

2.4 Stepwise preparation of RBH-CGO-modified Au electrode 

The pretreatment of the Au electrode was undertaken by following 

published procedures 30. The Au electrode was polished successively 

with 0.5 and 0.03 µm alumina slurries made from alumina powder 

and water on micro cloth pads. After removal of the alumina from 

the surface with copious amounts of water, it was briefly cleaned in 

an ultrasonic bath with ethanol and water between polishing steps. 

Subsequently, the Au electrode was cleaned in 0.5 M H2SO4 by 

cycling the electrodes between -0.3 and 1.5 V until a reproducible 

voltammogram was obtained. The Au electrode was washed off with 

milli-Q water and dried under a stream of nitrogen. 

The modification of Au electrode by CGO and RBH includes 

four steps (Scheme 1). i) When the pre-treated Au electrode was 

immersed in ethanol solution containing 0.01 M ODT for 0.5 h, the 

self-assembled monolayer (SAM) of ODT on the surface of Au 

electrode (Au-ODT) via the formation of the Au-S covalent bond 

between the thiol group of ODT and Au atom was formed; ii) Au-

ODT was immersed in ethanol solution containing 1 g·L-1 CGO for 

1 h to ensure that could be bonded with the alkyl chains of ODT by 

the intermolecular interaction, leading to a large number of -COOH 

remained on the surface of the Au electrodes modified with CGO 

(Au-ODT-CGO); iii) Au-ODT-CGO was put into 100  µL PBS 

solution containing 0.4 M EDC and 0.1 M NHS and incubated for 1 

h at room temperature in order to activate the -COOH of CGO 

through the formation of an NHS ester intermediate (Au-ODT-

ACGO) 21, 31; and iv) Au-ODT-ACGO was immersed in a ethanol 

solution containing 10 µM RBH to produce the RBH-modified 

electrode (Au-ODT-ACGO-RBH). 

2.5 Characterization studies 

X-ray photoelectron spectroscopy (XPS) was used to confirm the 

variation of the chemical structure of the modified Au electrode. The 

XPS-analysis was conducted using a VG Scientific ESCA 2000 

spectrometer with an Mg-Kα X-ray source set at 170 W (13 mA and 

13 kV). All spectra were referenced to the main C 1s peak, which 

was assigned a value of 284.6 eV. 

2.6 Electrochemical measurements 

All electrochemical measurements were performed with a 

conventional three-electrode cell with a CHI 660D electrochemical 

workstation (CHI Instruments, Shanghai, China). The modified Au 

electrode served as the working electrode. A platinum foil and an 

Ag/AgCl (saturated KCl solution) electrode were used as auxiliary 

electrode and reference electrode, respectively. Electrochemical 

impedance spectroscopy (EIS) data were obtained in the frequency 

range from 0.01 Hz to 100 kHz with alternating current amplitude of 

5 mV. The measurement was applied at the formal potential of 

Fe(CN)6
4-/3- in 5 mM Fe(CN)6

4- + Fe(CN)6
3- (1:1) solution in PBS 

(pH 7.4, containing 0.1 M KCl). The spectra were analyzed using 

Zview2 software, which uses a nonlinear least-squares fit to 

determine the parameters of the elements in the equivalent circuit. 

2.7 Metal ions sensing 

Copper dichloride (CuCl2) was used to supply Cu2+ ions for 

detection. 1.7g CuCl2 was resolved in 10 mL milli-Q water, a stock 

solution of CuCl2 (1 mM) was prepared. Various concentrations (0.1, 

0.5, 1, 5, 10, and 50 nM) were obtained by serial dilution of the 

stock solution. The limitation detection measurement was done by 

EIS when the modified Au electrode was immersed in 

K3[Fe(CN)6]/K4[Fe(CN)6] buffer solution with different 

concentrations of Cu2+ ions for at least 50 min, and washed with 

PBS solution (Scheme 1 v). Following metal ions were added as 

chlorides to evaluate the specificity of the probe: Hg2+, Ag+, Cr2+, 

Fe2+, Pb2+, Ba2+, Mn2+, Co2+, and Ni2+  with the concentration of 10 

µM. After the detection of Cu2+ ions, the modified electrode was 

placed in 0.1 M EDTA solution for regeneration (Scheme 1 v), then 

rinsed carefully. It was measured by EIS in a blank solution of PBS 

to ensure complete stripping of all ions.  

3 Results and discussion 

3.1 Chemical structure of samples at different stages 

XPS technique was used to characterize the variation of the 

surface chemical property 32 during the procedure of the sensing 

layer fabrication for Cu2+ ions detection. The fitted C 1s and N 1s 

core-level XPS spectra of samples at different stages, namely, (a) 

CGO, (b) activated CGO (ACGO), (c) RBH functionalized CGO 

(GO-RBH), and (d) GO-RBH-Cu2+ are summarized in Fig. 1. For 

CGO and ACGO samples, the same fitted peak is mainly at 

~284.6 eV, which assigns to C-C/C-H/C-S bonds. Three 

additional peaks were observed in C 1s of ACGO [Fig. 1 (b)] at 

higher binding energy, ~286, ~287.7, and ~288.8 eV, which are 

attributed to C-O (ether), C=O (carbonyl), and O-C=O (ester). 

Among the three peaks, ether and carbonyl groups may be from 

GO, whereas ester groups could have resulted from the 

transformation of carboxyl groups in GO activated by EDC/NHS. 

In the case of the sample of GO-RBH and GO-RBH-Cu2+, the 

peak at ~288.8 eV (ester group) disappeared, whereas a 

substantial N 1s signal was observed, as shown in Fig.1 (c) and 

(d). When RBH reacted with the activated surface containing 

esters, N-C=O groups (amide) could be produced between them, 

which maybe has been included in the peak at ~287.7 eV together 

with the carbonyl group. The small peaks at 285.2 eV correspond 

to C=N bonds.33 Additionally, C-N groups could be contained in 

the peak at ~286.2 eV with C-O bonds. Both -N-C=O (amine) 

and C-N (primary, secondary, or tertiary amine groups) groups 

were obtained by fitting the N 1s core-level XPS spectrum, which 

are at ~399.96 and 401.66 eV, respectively. Another peak at 

~399.5 eV in the N 1s spectrum was fitted out and could be 

contributed to C=N (imine) group, which could be the final 

product of the reaction of the amino groups in RBH and the ester 

groups on the sensor surface 34. The peak area ratio of peaks at 

~399.5 and ~399.96 eV in the fitted N 1s spectrum [Fig. 1 (c’)] is  
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Fig. 1 C 1s and N 1s core-level XPS spectra of samples at different steps: (a) 

CGO, (b) ACGO, (c) GO-RBH, and (d) GO-RBH-Cu2+ sensor, respectively. 

 

 
 

 

 

 

Fig. 2 (a) S 2p core-level XPS spectrum of all samples and (b) Cu 2p 

core-level XPS spectra of the GO-RBH-Cu2+ sample. 

Table 1 Atomic % of samples at different stages: a) CGO, b) ACGO, c) 

GO-RBH, and d) GO-RBH-Cu2+ 

Sample 
Atomic % 

C 1s O 1s  N 1s Cu 2p 

CGO 97.52 7.21 - - 

ACGO 70.73 24.87 - - 

GO-RBH 61.09 28.44 7.69 - 

GO-RBH-Cu2+ 58.77 27.22 7.82 0.96 

 

approximately 2.1. This suggests that approximately 2/3 amide 

groups in GO-RBH films were transferred to imine groups 35. 

Before RBH was bonded with ACGO, however, no peak in N1s 

core-level XPS spectrum is corresponding to N-C group (Fig. 

S1). 

Additionally, a signal of S 2p core-level XPS spectrum in all 

samples was observed (Fig. 2a), which is deduced from the thiol-

groups in ODT self-assembled onto the Au electrode surface. When 

the RBH-functionalized GO-RBH was used to detect Cu2+ ions, a 

clear signal of Cu 2p is determined by XPS (Fig. 2b), which has two 

peaks at ~931.9 and ~934.1 eV belong to the active Cu36. These 

results confirm that RBH could be bonded onto the functionalized 

surface and could be used as the sensing layer for Cu2+ detection. 

The atomic % of all samples at different stages is summarized 

in Table 1, which could reveal the variation of the elements in 

samples during the fabrication of the sensing surface based on GO-

RBH. The table shows that C % decreases from the range of 97.52% 

to 58.77% while the procedure was going on. The result could be 

explained by the participation of O and N together with the complex 

chemical structure. The oxygen content increased substantially from 

7.21% to 24.87% after CGO bonded with the alkyl-functionalized 

surface. The increase was mainly due to the presence of oxygen-

related groups in CGO, which could also be proved by C 1s XPS 

spectrum of CGO, as previously discussed. Afterward, O and N 

contents were kept constant in the samples of GO-RBH and GO-

RBH-Cu2+. Moreover, 0.96% Cu was detected by XPS when the 

GO-RBH layer was used to detect Cu2+. 

3.2 Electrochemical performances of Cu2+ sensor at different 

stages 

EIS measurements of the samples at the different stages were 

carried out to investigate the capability of electron transfer changes 

of different electrodes during the procedure of the sensing 

fabrication (Fig. 3).The EIS spectra of the electrodes are composed 

of a semicircle and a straight line featuring a diffusion-limiting step 

of the Fe(CN)6
4-/3- process. The spectra were simulated using the 

Randles equivalent circuit consisting of solution resistance (Rs), 

charge-transfer resistance (Rct), constant-phase element (CPE), and 

the Warburg impedance (W), as shown in the inset of Fig.3. 

Moreover, the calculated values for these elements are shown as 

Table S1 in Supporting Information. The result shows that the Rct of 

the bare Au electrode is only 94.2 ohm, an almost straight line which 

is characteristic of a diffusion limited electrochemical process 37. 

After the formation of Au-ODT, however, the Rct value increases to 

4.11 kohm. This could be explained by the coverage effect of the 

insulated organic molecules on the electrode surface, which further 

resists the electron transfer at the interface.38 Meanwhile, the 

addition of ODT would increase the film thickness, leading to a 

higher  Rct value39. When CGO bonded with alkyl groups of ODT by 

the intermolecular interaction onto the surface of Au electrode, the 

Rct value is 1.95 kohm. The relative low Rct of Au-ODT-CGO 

indicates the rapid electron transfer at the interface between the 

the modified electrode and the electrolyte solution. It is mainly 

attributed to excellent conductivity and good compatibility of 

graphene-related nanomaterials.40 When -COOH of CGO were 

activated through the formation of an NHS ester intermediate 31, 

EDC-NHS has a more complex crosslinking mechanism and 

acts like a catalyst: EDC first covalently attaches to the -COOH 

groups present on the surface of the modified electrode, which 

then reacts with NHS, substituting EDC, covalently attaching to 

the functionalised electrode surface whilst releasing 1-(3-

dimethylamino)propyl-3-ethylurea. EDC-NHS crosslinked 

CGO films the electron transfer is facilitated. 41 Consequently, 

the Rct value obviously decreased to 0.25 kohm 42. Successively,  

(b) Cu 2p 

175 170 165 160

Binding Energy / eV

S 2p1/2

S 2p3/2

(a) S 2p 
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(d) C 1s 

(c’) N 1s  

C=N 
C-O/C-N

N-C=O/C=O 

C-C/C-H

C-O

C=O

292 290 288 286 284 282 280

O-C=O

N-C=O

C=N

C-N/N-H

408 405 402 399 396 393

Binding Energy/eV

292 290 288 286 284 282 280

Binding energy/eV

Page 4 of 10New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 (a) Nyquist plot of EIS in K3[Fe(CN)6]/K4 (1:1) mixture and PBS (pH 

7.4, containing KCl) in the frequency range from 0.01 Hz to 100 kHz with 5 

mV amplitude: bare Au electrode, Au-ODT, Au-ODT-CGO, Au-ODT-

ACGO, Au-ODT-GO-RBH, and Au-ODT-GO-RBH-Cu2+. The inset is the 

equivalent circuit of the Nyquist plot, and the calculated values for these 

elements are shown in the Table S1 of the Supporting Information. 

 

such structures facilitate RBH reaction in which it substitutes 

NHS, in this way covalently “gluing” the electrode surface with 

RBH amino groups, releasing unchanged NHS. The Rct value 

increased to 1.42 kohm, which is mainly due to the insulation of the 

RBH molecules of the modified and thick layer 39, 43. After the 

addition of Cu2+ in the system of Au-ODT-CGO-RBH, it gave a 

slightly higher Rct with a value of 2.62 kohm.   

The adsorption mechanism of Cu2+ on RBH was shown as 

Fig. S4. Upon addition of Cu2+ to a solution of hydrazide 1 in 

acetonitrile, Cu(II) induces a 1 ⇋ 3 equilibrium in much the 

same way that the proton induces an analogous rhodamine B 

equilibrium in water. The reaction with Cu(II) in water (as 

compared to acetonitrile as described above) predictably 2 

effects a redox hydrolysis of 3 leading to rhodamine B (4) itself 

in a stoichiometric 3 process.44 As a result, negative charges 

were observed on 3 and 4. Negative charged electron at the Au-

ODT-ACGO-RBH interface would electro-statically repel 

negatively charged redox species in solution. This repulsion 

modulates the access of the redox species to the interface, 

hence leading to a decrease in the electrontransfer rate reflected 

by an enhanced charge transfer resistance, Rct, in the EIS.45 The 

data of Nyquist plots for EIS in the procedure of the Cu2+ detection 

were summarized in Fig. S2.  

Additionally, RBH was also functioned directly on MHA which 

was self-assembled onto the Au electrode without GO layer (Fig S2 

(a)). In order to compare the above results, the adsorption of Cu2+ 

onto the pristine GO was carried out (Fig S2 (b)). It demonstrates 

that the Rct values of the Au electrode modified by MHA-RBH were 

substantially higher than those of GO-RBH system, which could be 

due to the poor transfer activity of the electrons at the interface of 

the electrolytes solution and the modified electrode 46. Successively, 

it will restrict the application of this kind of electrochemical sensor 

in the detection of heavy metals. For the sensor based on the pristine 

GO layer, only a slight change of Rct value before and after Cu2+ 

detection was observed. It was found the change of Rct produced by 

Cu2+ adsorption on GO-RBH was higher than that of GO, indicating 

that the presence of GO could improve the electrochemical activity 

performance of the sensor. Furthermore, carboxyl functionalized 

carbon nanotube modified with RBH was used to detect Cu2+, which 

was determined by EIS and shown in Fig S3. It demonstrates that the 

difference of Rct before and after the addition of Cu2+ of 1.81 kohm 

was observed and smaller than that of the composite electrode 

modified with GO-RBH (Table S3). It also indicates the Cu2+ 

detection using GO-RBH exhibits relatively high efficiency. 

3.3 Detection dynamics of Cu2+ using the developed sensor 

It is advantageous to use EIS for ionic recognition in the case of 

the RBH-modified electrodes because this method is water 

compatible and allows for facile detection of target ion 47. Our 

preliminary EIS spectra showed that RBH sensor has a good 

selectivity to Cu2+ in milli-Q water. As shown in Fig. 4(a) are the 

EIS spectra of the modified electrodes during incubation with 10 

mL PBS solution containing 10 µM Cu2+.After immersing the 

RBH-modified Au electrode in a solution containing Cu2+, the Rct 

value increased remarkably to 3.84 kohm. With the incubation 

time going on, the diameter of the semi-circles in EIS decreased, 

indicating the increase the transfer activity of the electrons at the 

interface between the electrolytes solution and the modified 

electrode with GO-RBH. Actually, Cu2+ may be absorbed onto 

the layer of graphene layer not only coordinated with RBH 26. In 

consequence, more and more Cu2+ would approach to GO layer 

with the time going on due to the effect of the precipitation on the 

carbon layer leading to the decrease of the Rct value, as 

mentioned above 48. The Rct value in the equivalent circuit was 

obtained through Zview2 software and summarized in Fig. 4(b). 

The Rct value reaches to equilibrium after approximately 80 min. 

Thus, an incubation time of 80 min was used for all subsequent 

experiments. It should be noted that a longer incubation time was 

obtained in comparsion with that of UV-vis adsorption 

spectroscopy 49. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 (a) Nyquist plot of EIS in 5 mM K3[Fe(CN)6/K4[Fe(CN)6] (1:1) 

mixture and PBS (pH 7.4, containing 0.1 M KCl) in the frequency range from 

0.01 Hz to 100 kHz with 5 mV amplitude of the GO-RBH modified electrode 
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for the detection of Cu2+ ions (10 µM) during incubation. (b) Effect of the 

incubation time on the simulated Rct values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 (a) Nyquist plot for EIS in 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) 

mixture and PBS (pH 7.4, containing 0.1 M KCl) in the frequency range from 

0.01 Hz to 100 kHz with 5 mV amplitude of the GO-RBH modified electrode 

for the detection of Cu2+ ions at different concentrations of 0.1, 0.5, 1, 5, 10, 

and 50 nM. (b) Linear calibration curve for ∆Rct versus lgCCu
2+, where CCu

2+ 

is the concentration of Cu2+ ions. 

 

3.4 Sensitivity of the Cu2+ sensor determined by EIS 

The quantitative behavior of this new assay was assessed by 

determining the dependence of the Δ Rct of the modified Au 

electrode before and after Cu2+ detection on the amount of Cu2+ ions. 

After RBH reacted with the ACGO surface, Cu2+ with different 

concentrations was subsequently incubated into the system, followed 

by measurements by EIS (Fig. 5). The electron-transfer resistance 

increased with the increase of Cu2+ concentrations as shown in Fig. 

5. It may be due to more Cu2+ binding to the immobilized RBH in 

higher Cu2+ concentrations, which acts as a definite kinetic barrier 

for the electron transfer.50 The phenomenon was consistent with the 

previously described. The sensitivity of the developed Cu2+ sensor 

was deduced on the basis of the values obtained for detection and 

quantification limits. The limit of detection (LOD) could be 

calculated based on the parameters obtained from the regression 

curve. The linear curve fitted a regression equation ofΔRct = 3.1 + 

2.554 logCCu
2+ within a range from 0.1 nM to 50 nM with a 

correlation coefficient of R2 = 0.95359, where CCu
2+ is the 

concentration of Cu2+ ions. LOD was 0.061 nM at a signal-to-noise 

ratio of 6, which is comparable with those of most previous assay 

techniques (Table 2). The sensitivity also is significantly lower than 

the maximum level (~20 µM) of Cu2+ in drinking water permitted by 

the U.S. Environmental Protection Agency (EPA) 51. 

3.5 Selectivity of the Cu2+ sensor 

 

Table 2 Previous assay techniques for the detection of Cu2+ 

 

Sensitive layer Detection Technology 
Linear 

range 
LOD References 

Rhodamine 

pirolactam 

derivative 

Colorimetric 
0.8-10 

µM 

0.3 

µM 

52 

Rhodamine-

based Cu2+ 

sensors 

fluorescence 

spectroscopy 

50 nM-

8 µM 

30 

nM 

53 

Rhodamine dye 
UV-visible absorbance 

spectra 

0 nM-

0.01 M 

1.1 

nM 

54  

Graphitic 

Carbon Nitride 

Nanorods 

photoelectrochemical  
0.018-

55 µM 

6.2 

nM 

55  

Molecularly 

imprinted 

polymer 

QCM 
1 nM-

50 µM 

80 

nM 

56 

DNAzyme EIS 
6.5–40 

µM 

0.04 

µM 

57 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Selectivity of the Cu2+ sensing system. The concentration of 

Cu2+ or other metal ions is 10 µM. 

The selectivity of the sensor was studied by the system against other 

possible interfering ions in the real sample, e.g., Hg2+, Ag+, Cr2+, 

Fe2+, Pb2+, Ba2+, Mn2+, Co2+, and Ni2+. In this case, the comparison 

was performed by assaying 10 µM interfering materials with target 

Cu2+ ions by EIS. High signal ofΔRct in the detection of metal ions 

could be obtained toward target Cu2+ (Fig 6). The potentially 

interfering ions in water system showed no apparent interference in 

the detection of Cu2+. Therefore, the selectivity of the sensor was 

acceptable. 

3.6 Repeatability 

After each measurement, the regeneration of metal-free electrodes 

was achieved by soaking the used electrode in EDTA solution. 

Almost all Cu2+ ions were removed from the electrode by EDTA-

mediated regeneration process (Fig. 7). The procedure was repeated 

10 times continuously. The result suggests that the response signal to 

the same concentration of Cu2+ ions could be recovered. Each 

electrode could be used in the determination of metal ions over a 

couple of days without significant loss of sensitivity. It is also 

comparable with the electrochemical biosensor based on the 

DNAzyme for detecting heavy metal ions.58-60 

0 10 20 30

0

4

8

12

 

 

-Z
"

/k
o
h

m

Z'/kohm

(a) 

-1 0 1 2

0

2

4

6

8

(b) 

 

 

∆∆ ∆∆
R
c
t/

k
o

h
m

logCCu2+/ nM

ΔΔΔΔRct = 3.1 + 2.554logC
Cu

2+

0

1

2

3

 

 

 

ΔΔ ΔΔ
R

ct
/k

o
h

m

Hg
2+

Ag
2+

Cr
2+

Fe
2+

Pb
2+

Ba
2+

Mn
2+

Co
2+

Ni
2+

Cu
2+

Page 6 of 10New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Reusability of the RBH-based Cu2+ sensor challenged with 10 µM 

Cu2+ and washed with 0.1 M EDTA. 

4. Conclusions 

We reported a novel graphene oxide-modified Au modified with 

rhodamine B hydrazide using successive self-assembled monolayer 

of alkyl chains, graphene oxide containing carboxyl groups by the 

intermolecular interaction, and chemical bonding of RBH. The 

prepared electrode exhibited high detection sensitivity with the 

lowest detection limit of 0.061 nM for Cu2+ ions within the range 

from 0.1 to 50 nM. The developed new electrode showed good 

stability and reusability. Excellent selectivity toward interfering 

metal ions such as Hg2+, Ag+, Cr2+, Fe2+, Pb2+, Ba2+, Mn2+, Co2+, and 

Ni2+ can be achieved. For this approach, the fluorescent probe can be 

replaced by another, making this approach a widely applicable 

strategy for metal ion detection.  
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   A novel strategy for fabricating a Cu
2+
 sensor based on rhodamine B hydrazide 

(RBH)-immobilized graphene oxide (GO) was reported. The developed 

nanocomposite was used as an electrochemical sensor for Cu
2+
 detection in aqueous 

solution using electrochemical impedance spectroscopy analysis with a detection limit 

of 0.061 nM within a range from 0.1 to 50 nM.  
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