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Abstract
The authors demonstrate the exploitation of reduced graphene oxide (RGO) as a template for immobilizing zeolitic imidazolate
framework-8 (ZIF-8) crystals loaded with the electrochemical probeMethylene Blue (MB). The framework was deposited on the
surface of RGO in a one-pot process. Transmission electron microscopy, scanning electron microscopy and X-ray diffraction
were employed to characterize the nanocomposite. The electrochemical behavior of rutin at a glassy carbon electrode (GCE)
modified with the nanocomposite was investigated by cyclic voltammetry and differential pulse voltammetry. The modified GCE
displays high electrocatalytic activity toward rutin oxidation at a relatively low working potential (0.4 V vs. Ag/AgCl). Under the
optimal conditions, the sensor has an amperometric response that is linear in the 0.1 to 100 μM rutin concentration range, with a
20 nM detection limit (at an S/N ratio of 3). The method was successfully applied to the determination of rutin in tablets and urine
samples.
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Introduction

Rutin (3′,4′,5,7-tetrahydroxyflavone 3β-D-rutinoside) is a kind
of commonly found flavonoid glycosides, which is also called
vitamin P. Rutin has anti-inflammatory, anti-bacterial, anti-
tumoral and anti-oxidative properties. It has been widely used
as a therapeutic medicine, which can lower blood pressure, re-
duce capillary permeability and dilute the blood [1]. Therefore,
the rapid, accurate and sensitive determination of rutin is

important in clinical and pharmaceutical analysis. Up to date,
some analytical methods have been established for this purpose,
including high-performance liquid chromatography (HPLC)
[2], UV-vis spectrophotometry [3], reversed-phase liquid chro-
matography (RPLC) [4], flow injection analysis (FIA) [5], se-
quential injection analysis [6] and electrochemical methods [7].
Among these methods, the electroanalytical method exhibits
many advantages, such as convenient procedure, low cost, short
analysis time and high sensitivity. For example, Zhou et al. have
prepared a modified electrode by using multi-walled carbon
nanotubes and gold nanoparticle as the modifier and investigat-
ed the electrochemical behavior of rutin on this electrode by
cyclic voltammetry [8]. Wu et al. have prepared a Fe2O3/RGO
hybrid film modified electrode and applied the electrode to am-
perometric sensing of rutin [9]. In spite of several modified
electrodes have been reported for detection of rutin, it is also
important to fabricate new modified electrode with great perfor-
mances for rutin.

Metal-organic frameworks (MOFs) consist of inorganic
metal ions and organic linker molecules. Owing to their large
surface areas, high porosity, ordered crystalline structures, ex-
cellent mechanical stability and structural tunability (pore sizes,
pore shape, surface area) [10], MOFs have been applied in
various field including gas storage and separation [11], catalysis
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[12], energy storage [13] and chemical sensing [14]. Therefore,
there have been increasing concerns about the application of
MOFs in the electrochemical field [15, 16]. Zeolitic imidazolate
frameworks (ZIFs) is an attractive subclass of MOFs due to the
ease of synthesis, the great thermal, hydrothermal and chemical
stabilities [17]. Among the ZIFs, ZIF-8 have attracted much
interest, which is a kind of ZIFs built from zinc ions and 2-
methylimidazolate. However, most of the MOFs are insulators
and the direct application of singleMOFs in electrochemistry is
limited by their poor conductivity and weak electrocatalytic
abilities [18]. In order to solve this problem, it was proposed
to introduce the highly electroconductive and electroactive ma-
terials into MOFs. Among the electroconductive materials,
graphene has received extensive attention for electrochemical
analysis owing to its extraordinary electrical conductivity, ex-
ceptional electron transfer rate and high mechanical strength
[19–21]. For example, Yu et al. have prepared a novel MOFs/
graphene nanocomposite through the in-situ synthesis method
and used as a novel electrochemical sensor for ultrasensitive
detection of dopamine [15]. The fabricated electrode showed
great potential applications in the detection of DAwith remark-
able enhanced effect on voltammetric response of DA. Wang
et al. have prepared Cu(tpa)-GO nanocomposites for the deter-
mination of acetaminophen (ACOP) and dopamine(DA) [22].
Due to the synergistic effect of graphene and Cu(tpa) crystals,
the composites possessed the higher accessible surface area and
conductivity, which improved the electrochemical detection
sensitivity. In order to further improve the electrochemical per-
formances of theMOFs/graphene nanocomposite, the introduc-
tion of another component with electroconductivity and
electroactivity maybe an effective strategy.

In this work, the cationic dye methylene blue (MB),
which is an electron transfer mediator, was loaded in
ZIF-8 crystals as another component for MOFs/graphene
nanocomposite. Incorporation of dye MB molecules inside
the ZIF-8 matrix can protect the dye from affecting by the
s u r r o u n d i n g e n v i r o nm e n t a n d e n h a n c e t h e

electroconductivity and electroactivity of the MOFs mate-
rial. And the MB loaded ZIF-8 (MB@ZIF-8) was decorat-
ed on the surface of reduced graphene oxide (RGO) in one-
pot process by using RGO as template for immobilizing
MB@ZIF-8. The MB@ZIF-8/RGO nanohybrid was de-
posited on the surface of a glassy carbon electrode (GCE)
to construct electrochemical sensor for rutin. The high sur-
face area, electroconductivity and electroactivity of the
MB@ZIF-8/RGO nanohybrid allowed the efficient oxida-
tion of rutin. And the MB@ZIF-8/RGO nanohybrid mod-
ified electrode exhibited low detection limit, high sensitiv-
ity and a wide linear range for electrochemical detection of
rutin. The schematic diagram for the fabrication of the
modified electrode and the detection of rutin is shown in
Scheme 1.This method was applied to the detection of tab-
let samples, and the results were satisfactory.

Experimental

Reagents

Graphite was provided by Qingdao Fujin Graphite Co., Ltd.
(Qingdao, China). Zn(NO3)2·6H2O and 2-methylimidazole
(2-MIM) were obtained from Aladdin Reagent Co., Ltd.
(Shanghai, China. www.aladdin-e.com/). Methylene blue
were obtained from Shanghai Reagent Factory (Shanghai
China). Rutin and quercetin were obtained from Sigma-
Aldrich (St. Louis, MO, USA)). HCl, NaOH and ethanol were
obtained from Tianjin Regent Co., Ltd. (Tianjin, China).
Phosphate buffer with different pH values (from 6.0 to 8.0)
were prepared by mixing 0.02 M NaCl, NaH2PO4·2H2O and
Na2HPO4·12H2O and adjusting the pH with HCl or NaOH.
All chemicals were of analytical grade and used without fur-
ther purification. Doubly distilled water (DDW) was used
throughout the experiments, and the experiments were per-
formed at room temperature.

RGO
Zn2+ 2-Mim

Drop  
Casting

Rutin

MB

MB@ZIF-8/RGO modified GCE

MB@ZIF-8/RGO

I

E

Scheme 1 Schematic diagram for
the fabrication of the modified
electrode and the detection of
rutin
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Apparatus

Transmission electron microscope (TEM) images were ob-
tained by JEOL JEM-2100 (Japan). Scanning electronmicros-
copy (SEM) images were obtained by JEOL JSM-7001F
(Japan). X-ray diffraction (XRD) was operated on a Rigaku
Ultima IV diffractometer (Japan). Cyclic voltammetry (CV)
and differential pulse voltammetry (DPV) were performed on
CHI-660C electrochemical workstation (Shanghai Chenhua
Instrument Co., Ltd., China) with a conventional three-
electrode system: an Ag/AgCl electrode (Ag/AgCl) was used
as the reference electrode, a platinum wire was used as the
auxiliary electrode, and the bare or modified glassy carbon
electrode was used as the working electrode.

Preparation of ZIF-8, MB@ZIF-8 and MB@ZIF-8/RGO
nanocomposites

ZIF-8 was synthesized in an aqueous system according to the
previous literature [15]. The synthesis of ZIF-8 crystals load-
ing methylene blue (MB@ZIF-8) was performed in previous
way [23]. GO was synthesized from graphite powder by
employing a modified Hummers’method, and RGO was pre-
pared by reducing the synthesized GO with hydrazine [19].
MB@ZIF-8/RGO nanocomposites were synthesized by the
RGO-templated growth of ZIF-8 loaded methylene blue in a
one-pot process [24]. The detailed synthesis procedures were
shown in Electronic Supporting Material.

Preparation of MB@ZIF-8/RGO modified electrode

Prior to modification, the bare GCE was sequentially polished
with 0.3 μm and 0.05 μm alumina slurry on a polishing cloth.
Then the GCE was rinsed ultrasonically in ethanol and DDW
for 2 mins and dried by N2 for further use. 2 mg prepared
MB@ZIF-8/RGO was ultrasonic dispersed in 2 mL of
DDW to obtain the 1.0 mg mL−1 homogeneous dispersion.
Then 6 μL of RGO/ZIF-8 dispersion was dropped on the
electrode surface and dried under the room temperature to
obtain the MB@ZIF-8/RGO modified GCE (MB@ZIF-8/
RGO/GCE). For comparison, the ZIF-8 modified GCE (ZIF-
8/GCE), RGO modified GCE (RGO/GCE) and MB@ZIF-8
modified GCE (MB@ZIF-8/GCE) were prepared only by re-
placing the MB@ZIF-8/RGO dispersion with ZIF-8, RGO or
MB@ZIF-8 solutions.

Electrochemical measurement

0.10 M phosphate buffer was employed as the supporting
electrolyte. All electrochemical experiments were imple-
mented at room temperature by using an electrochemical
cell (10 mL) with a standard three-electrode system. The
bare or modified glassy carbon electrode was used as the

working electrode. Electrochemical studies on the deter-
mination of rutin were performed by using CV and DPV
in phosphate buffer (pH 7.0) with following parameters:
pulse amplitude of 50 mV, increment potential of 4 mV,
pulse width of 0.2 s and pulse period of 0.5 s. The poten-
tial ranges were from −0.4 to 1.0 V, and the scanning rate
was 100 mV·s−1.

Results and discussion

Characterization of ZIF-8, RGO, MB@ZIF-8
and MB@ZIF-8/RGO

Figure 1 displays the SEM images of the synthesized
RGO, ZIF-8, MB@ZIF-8 and MB@ZIF-8/RGO. As can
be seen from the image of RGO (Fig. 1a), a large amount
of thin and crumpled sheets form a disordered structure
containing crack-shaped large pores. The SEM images of
ZIF-8 (Fig. 1b) exhibit hexagonal morphology ZIF-8
nanoparticles and reveal that ZIF-8 consists of isolated
distributed nanoparticles with diameter 100–300 nm.
From Fig. 1c, we observe that MB@ZIF-8 shows isolated
particles distribution and hexagonal morphology in accor-
dance with the ZIF-8 nanoparticles. From the SEM image
of MB@ZIF-8/RGO nanocomposite (Fig. 1d), it can be
seen that isolated MB@ZIF-8 particles with diameter 70–
100 nm are anchored on both internal and external sur-
faces of RGO. RGO are not only coated on the surface of
MB@ZIF-8 particles but also interconnected isolated
MB@ZIF-8 crystals. The TEM analysis has the similar
results (in the Electronic Supplementary Material).

The XRD analysis of GO, RGO, ZIF-8, MB@/ZIF-8
and MB@ZIF-8/RGO are shown in Fig. 2a. The GO
sheets reveal a strong peak at 2θ = 11.3°, corresponding
to the (001) reflection. A broad peak with 2θ values of
23.5° (002) is the characteristic diffraction peak of RGO,
which is resulted from the reduction of GO. The obvious
changes indicate that RGO is successfully obtained from
GO. All diffraction peaks of ZIF-8 can be attributed to
typical crystal structure of ZIF-8, indicating successful
synthesis of pure-phase ZIF-8 material [25]. The diffrac-
tion patterns of MB@ZIF-8 and MB@ZIF-8/RGO parti-
cles are consistent with that of ZIF-8, which demonstrates
that the presence of MB and RGO sheets did not break the
formation of the ZIF-8 crystal structure. Compared with
ZIF-8, the peak intensity at the low angles decreases for
MB@ZIF-8, which is due to the presence of MB mole-
cules in the pores of ZIF-8 crystals [23]. What is more,
the ZIF-8 particles are white particles and the color of
MB@ZIF-8 becomes blue (Fig. 2b), which indicates that
the MB molecules have been successfully loaded into the
ZIF-8 crystals.
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Electrochemical behaviors of modified electrodes

CVof the ferricyanide system is a useful tool to character-
ize the electrochemical behaviors of the electroactive spe-
cies on the modified electrode surface. Figure 3 shows a
comparison of the electroactivity among different modified
electrodes investigated by CV in 0.1 M KCl solution con-
taining 5 mM K3Fe(CN)6. For bare GCE (curve a), a cou-
ple of well-defined redox peaks are observed with pea-to-
peak separation (ΔEp) of 145 mV. For ZIF-8/GCE (curve
b), though the ZIF-8 has high specific surface area and

porosity, the peak currents of redox peaks have no obvious
changes and the ΔEp value increases, which is due to the
poor conductivity and slow electron transfer of ZIF-8
nanopart icle. When the electrode is coated with
MB@ZIF-8 (curve c) and RGO/ZIF-8, (curve d), the peak
currents of redox peaks increase obviously. When the elec-
trode is coated with MB@ZIF-8/RGO (curve e), the redox
peak currents increase significantly and the ΔEp value de-
creases to 96 mV, which can be attributed to the synergistic
effects from highly electrical conductivity of RGO, high
electroactivity of MB and porosity of ZIF-8.

Fig. 1 SEM images of RGO (a),
ZIF-8 (b), MB@ZIF-8 (c) and
MB@ZIF-8/RGO (d)

Fig. 2 XRD patterns of RGO,
GO, ZIF-8, MB@/ZIF-8 and
MB@ZIF-8/RGO (a); and
photographs of ZIF-8 and
MB@ZIF-8 particles (b)
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Electrochemical parameters of rutin at RGO/ZIF-8/GCE

The influence of supporting electrolyte pH on the peak poten-
tials (Ep) and peak currents (I) of the electrochemical detec-
tion of rutin at MB@ZIF-8/RGO/GCE was investigated by
CVs in a pH range of 6.0–8.0. In Fig. S2 (in Electronic
Supporting Material), the maximum of redox current emerges
at the pH 7.0, which is chosen as the optimal working pH in
the following investigation for sensitivities. From the inset, it
is clear that the oxidation peak potentials of the rutin shift to
negative values with the increase of pH. The linear regression
equation of the oxidation peak can be expressed as Epa (V) =
0.739–0.0614 pH, R2 = 0.996. The slope value of 61.4 mV·
pH −1 is close to the theoretical value of 59 mV·pH −1, indi-
cating that the same amounts of electrons and protons take

part in the electrode reaction. The redox mechanism of rutin
at theMB@ZIF-8/RGO/GCE is illustrated in Fig. 4, and it can
be seen that two electrons and two protons are involved in the
reaction [9].

The effect of scan rate on the electrocatalytic activity was
also observed by CV tests in phosphate buffer (pH 7.0) con-
taining 0.10 mM rutin (Fig. S3 in Electronic Supporting
Material). As the scan rate increasing from 10 to 600 mV·
s−1, the redox peak currents increase gradually. A good linear
relationship between the peak current (Ip) and the scan rate (v)
is plotted (Inset of Fig. S2) with the linear regression equation
as ipa (μA) = 2.3538 + 0.1376 v (mV·s−1) (R2 = 0.999) and ipc
(μA) = −9.3364-0.1011v (mV·s−1) (R2 = 0.999), respectively,
suggesting that the electrode reaction of rutin is a predomi-
nantly adsorption-controlled process. Moreover, with the in-
crease of scan rate, the anodic peak potential shifts toward a
more positive value and the cathodic peak potential shifts
toward a more negative value, and the peak-to-peak separation
(ΔEp) increases. According to Laviron’s equation [26], the
electron transfer number (n) was calculated to be two. So,
there are two electrons involved in the electrode reaction
which was in agreement with the previous works [27].

Determination of rutin

The loading amount of MB@ZIF-8/RGO has a profound influ-
ence on the electrochemical response. In order to study the
optimal loading of modifier on GCE, a series of modified elec-
trodes are fabricated with different amounts of MB@ZIF-8/
RGO and their electrochemical responses to rutin are investigat-
ed by DPV (Fig. S4 in Electronic Supporting Material). The

Fig. 3 CV curves of bare GCE (a), ZIF-8/GCE (b), MB@ZIF-8/GCE (c),
RGO/ZIF-8/GCE (d) and MB@ZIF-8/RGO(e) in 0.1 M KCl solution
containing 5 mM K3Fe(CN)6. Scan rate = 100 mV s−1

Fig. 4 Electrochemical reaction mechanism of rutin
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anodic peak currents increase rapidly upon increasing the load-
ing amount of modifier from 2 to 6 μL. However, the anodic
peak currents tend to decrease from 6 to 10 μL, which results in
a decreased electrochemical response. Therefore, the 6 μL
amount of modifier is chosen for subsequent studies.

Under the optimal conditions, DPV was used to determine
the rutin with different concentrations at the MB@ZIF-8/RGO/
GCE (Fig. 5). In the inset of Fig. 5, the oxidation peak current of
rutin (Ip, μA) is linear with its concentrations (C, μM) in the
range of 0.1 μM to 100 μM. The relationships can be described
as follows: ip (μA) = 12.1566 + 0.3446 c (μM) with a linear
correlation coefficient of 0.997. Based on the signal-to-noise
ratio of 3 (S/N = 3), the detection limit is calculated to be
20 nM. Table 1 summarizes the comparison of the analytical

performances of the MB@ZIF-8/RGOGCE with other reported
electrochemical methods for rutin determination. As well seen,
the fabricated modified electrode showa a reasonable linear
range and the detection limit was lower than or equal to most
of the previous reports, which can be attributed to the synergistic
effect of the MB@ZIF-8/RGO nanocomposite with high sur-
face area and excellent electro-conductivity.

Selectivity studies

Considering the practical application of the prepared sensor,
selectivity study was performed by introducing other species
while the rutin concentration was fixed to 10 μM. The limit of
potential interfering substances was defined as ±5% relative

Fig. 5 DPV curves for different
concentrations of rutin (from
bottom to top: 0.1, 1, 5, 10, 20,
30, 40, 50, 60, 70, 80,90,
100 μM) at the MB@ZIF-8/
RGO/GCE in 0.1 M phosphate
buffer of pH 7.0 (scan rate:
100 mV s-1). Inset: The linear
calibration plots of the peak
currents (Ip) versus rutin
concentrations

Table 1 Comparison of
analytical performance of rutin at
different modified electrodes

Modified materials Methods Linear ranges

(μM)

Detection limits

(μM)

Reference

IL-CPEa CV 0.5–100.0 0.358 [28]

IL-CCEb DPV 0.3–100.0 0.09 [29]

CeO2/GCE DPV 0.5–500.0 0.2 [30]

SWCNTsc/CILEd DPV 0.1–800.0 0.07 [31]

Nafion-GOe-IL/CILE DPV 0.08–100.0 0.016 [32]

PtNPsf/RGO/GCE DPV 0.057–102.59 0.02 [33]

PAMAMg/Graphene/GCE DPV 0.001–2.0 0.0006 [34]

CCBh/Graphene/GCE DPV 0.001–1000.0 0.00033 [35]

C-Ni/GCE DPV 0.21–1.72 0.000602 [36]

MBi@ZIF-8j/RGO/GCE DPV 0.1–100.0 0.02 This work

a IL-CPE: ionic liquid modified carbon paste electrode; b IL-CCE: ionic liquid modified carbon ceramic
electrode; c SWCNTs: single-walled carbon nanotubes; d CILE: carbon ionic liquid electrode; e GO: graphene
oxide; f PtNPs: Pt nanoparticles; g PAMAM: poly(amidoamine) dendrimers; h CCB: conductive carbon black; i

MB: methylene blue; j ZIF-8: Zeolitic imidazolate frameworks-8

279 Page 6 of 8 Microchim Acta (2018) 185: 279



error in the determination of rutin. It showed that 500 fold of
K+, Na+, Mg2+, Ca2+, Cu2+, Fe3+; and 100-fold ratio of glu-
cose, oxalic acid, glycine; 50-fold ratio of ascorbic acid, l-
cysteine, and l-phenylalanine hardly influenced the accurate
determination of rutin (signal change <5%) in Table S1 (in
Electronic Supporting Material). Moreover, rutin often coex-
ists with other flavonoids with similar structure. Therefore, the
influence of some common flavonoids, quercetin, puerarin,
apigenin, naringenin were also investigated (Fig. S5 in
Electronic Supporting Material). The weak response currents
for puerarin, apigenin and naringenin are investigated, indicat-
ing that these flavonoids cannot interfere the determination of
rutin. For quercetin, although it has a significant electrochem-
ical response in this case, its oxidation potential is distin-
guished from rutin. Such results indicated that the analytical
method had good selectivity.

Reproducibility and stability of the modified
electrode

The reproducibility and stability of the MB@ZIF-8/RGO/
GCE were investigated by the measurement of the response
to the 100 μM rutin. The relative standard deviation (RSD) of
the oxidation peak current for 11 times successive measure-
ments was calculate to be 1.6%. During the period of 21 days,
the modified electrode was stored at 4 °C and intermittently
measured the response current of 100 μM rutin every 3 days.
As a result, the peak currents remained about 96.7% of their
initial values, reflecting the good stability of the modified
electrode.

Real sample determination

In order to examine the method in practical application, the
compound rutin tablet samples were analyzed by using the
experimental procedure. Prior to analysis, the tablets were
ground into fine powder, and then accurately weighed and
dissolved in ethanol to obtain a stock solution. Then the stock
solution was diluted with 0.1 M phosphate buffer (pH 7.0) for
analysis. Table S2 (in Electronic Supporting Material) shows
the determination results with three parallel measurements and
the recovery is calculated using the standard addition method.
As can be seen, the recoveries of rutin are in the range of
96.33–103.50%, which indicates that the electrode is suitable
for the detection of rutin in the drug samples. The proposed
method was further applied to the biological samples urine to
prove the practical applications. The results were shown in
Table S3 (in Electronic Supporting Material). The samples
were diluted with the buffer solution and the standard rutin
solution was added to calculate the recovery. As can be seen,
the recovery of rutin was in the range of 97.5–99.5%, which
indicated that the proposed electrode was suitable for the de-
tection of rutin in the biological samples.

Conclusions

In summary, an electrochemical sensor based on MB@ZIF-8/
RGO composite is successfully fabricated for the sensitive
detection of rutin. The sensor exhibits excellent electrocatalyt-
ic for the sensitive detection of rutin due to the synergetic
effects of MB and RGO (excellent electric conductivity and
strong electrocatalytic) and large surface area of ZIF-8. The
method has wide linear range, high sensitivity, good stability,
and acceptable reproducibility. The modified electrode is fur-
ther used to analyze rutin in tablet and urine samples with
satisfactory results. These results indicate that the MB@ZIF-
8/RGO sensor may have great potential applications in elec-
trochemical sensing.
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