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Metal-organic  frameworks  (MOFs)  are  microporous  materials  that  consist  of metal  ions or  clusters  and
organic  ligands.  Their  luminescence  activities  can  be  improved  by functionalization,  and  the  present  work
describes  the  synthesis  of  a luminescence-functionalized  MOF  in  which  tris(2,2′-bipyridyl)  dichlororuthe-
nium(II)  hexahydrate  (Ru(bpy)3

2+)  was  introduced  into  the  MOF.  The  synthesized  RuMOF  was  then
fabricated  as  an  ECL  sensor  that  can  be  used  for the  rapid  and  sensitive  detection  of  melamine  in
dairy  products.  The  optimum  detection  conditions  were  established  by single-factor  analysis  and  surface
lectrochemiluminescence sensor
elamine
etal-organic frameworks

ris(2,2′-bipyridyl) dichlororuthenium(II)

response  multivariate  optimization.  Under  optimum  conditions,  the  ECL  intensity  was  proportional  to
log(melamine)  concentration  in the range  10−10–10−4 M  with  a  detection  limit  of  about  3.8  ×  10−11 M
(signal/noise  =  3).  In an  application  to the  detection  of  melamine  in milk  and  infant  formula  powder,
recoveries  in  the  range  98–104%  and  95–103%,  respectively  were  obtained  from  spiked  samples.  Thus

esent
exahydrate this  novel  ECL  sensor  repr

. Introduction

Metal-organic frameworks (MOFs) are novel microporous mate-
ials that consist of a combination of metal ions or clusters with
rganic ligands, and which possess unique chemical and physi-
al properties, such as large surface areas, regular pore sizes and
hapes, large and permanent internal porosity, high thermal and
hemical stability, and easy modification [1–3]. They have been
eported to have excellent potential applications in gas storage
4,5], sensing [6–8], separation [9,10], and catalysis [11,12].

Electrochemiluminescence (ECL) involves the generation of
hemical species at the surface of an electrode that then undergo
lectron-transfer reactions to form excited states that emit light
t specific wavelengths. ECL has attracted much attention as an
nalytical tool, because of its high sensitivity, rapid response, wide

inear range, good controllability, low background, and low detec-
ion limits [13]. However, up to now there have been few reports of
he use of MOFs in ECL systems, because small organic molecules
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E-mail addresses: eveyeyu@163.com (Y. Wu), gxunxctan@126.com (X. Tan).
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s  a potentially  valuable  product  for the analysis  of  melamine  food  samples.
© 2018  Elsevier  B.V.  All  rights  reserved.

that are traditional ligands in MOFs often lack some of the prop-
erties that are necessary for ECL, especially redox activity and
luminescence [14–17]. Thus, the synthesis of MOFs that incorpo-
rate compounds with high luminescence, whilst maintaining the
original structures and properties of the host, is an obvious strategy
for improving both the selectivity and sensitivity of sensors. Also,
functionalization may  endow MOFs with high electron-transfer
capacities, satisfactory charge selectivity, and good electrochemical
stability.

Tris(2,2′-bipyridyl) dichlororuthenium(II) hexahydrate
(Ru(bpy)3

2+) is a complex with high ECL efficiency, good
electrochemical stability, and a wide linear response range.
However, because of problems associated with the consumption of
Ru(bpy)3

2+ in solution-phase of ECL sensors, considerable efforts
have been made to produce immobilized Ru(bpy)3

2+ on electrode
surfaces in order to reduce losses of this expensive reagent and to
simplify sensor design, whilst enhancing the ECL signal [18,19].
MOFs provide a platform for loading and concentrating Ru(bpy)3

2+

2+
to produce higher ECL intensity than other RuMOFs, Ru(bpy)3
solutions, or other immobilized Ru(bpy)3

2+ materials [18,20,21],
and MOFs doped with Ru(bpy)3

2+ represent novel low cost and
stable solid-state ECL sensors.

https://doi.org/10.1016/j.snb.2018.03.046
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Melamine is widely used in the production of fertilizers, plas-
ic, coatings, commercial filters, and various other products. It is
lso formed naturally during the roasting of various food products.
owever, because of its high nitrogen content (66%), melamine has
een illegally used to increase the nitrogen content of foods, and
hus produce “higher protein values” in analyses based on nitrogen
ontents [22,23]. A particular problem has been found with milk
roducts, in which contamination with melamine can lead to repro-
uctive and urinary system damage, urinary calculi, acute renal
ailure, bladder cancer, and infant death. As a result, both the United
tates and China have set a threshold of 1 part per million (ppm) for
he melamine content of infant formula powder [24,25]. Various

ethods, such as capillary electrophoresis [26], fluorimetry [27],
PLC-UV [28], electroanalytical techniques [29], and colorimetry

30] have been applied to melamine analysis, but each has some
isadvantage either in the form of expensive instrumentation,
r time-consuming, tedious analyses. Therefore, the development
f reliable, sensitive, simple and convenient melamine detection
ethodology is very important for product quality control and the

nforcement of safety legislation.
In the present work, we describe the synthesis, properties,

nd ECL sensing applications of RuMOFs in which the main
keleton is the anionic bio-MOFs-1 [Zn8(ad)4(BPDC)6O·2Me2NH2,
DMF, 11H2O] (ad = adeninate; BPDC = biphenyldicarboxylate;
MF  = dimethylformamide), which consists of infinite zinc-
deninate columnar secondary building units composed of
pex-sharing zinc-adeninate octahedral cages, whilst the lumines-
ent cationic Ru(bpy)3

2+ could be doped into the MOF  framework
displacing some biphenyl-4,4′-dicarboxylic acid BPDC) or held
ithin pores by strong electrostatic interaction [31,32]. Ru(bpy)3

2+

s strongly immobilized in these RuMOFs, but its original electro-
hemical and luminescent properties are preserved [33,34]. Since
u(bpy)3

2+ can react with amides, melamine (1,3,5-triazine-2,4,6-
riamine), which has attracted attention as a potentially toxic
dditive to milk products, was used to demonstrate a potential
pplication of the synthesized RuMOFs. The present paper reports
he design of a RuMOF ECL sensor for the fast, simple, sensitive, and
onvenient determination of melamine over a wide concentration
ange with linear response and low detection limit. Its successful
se for the detection of melamine in dairy products is then demon-
trated.

. Materials and methods

.1. Materials and reagents

Tris(2,2′-bipyridyl) dichlororuthenium(II) hexahydrate
Ru(bpy)3Cl2·6H2O, >99.95%) and nafion (5 wt%) were pur-
hased from Sigma-Ardrich (Madrid, Spain). Adenine (>98%), zinc
cetate (>99.99%), melamine (>99.9%), cyanuric acid (>99.0%),
nhydrous phloroglucinol (>99.0%), and ascorbic acid (>99.9%)
ere purchased from Aladdin (Shanghai, China). Biphenyl-4,4′-
icarboxylic acid (PBDC, >97%) was obtained from Accela ChemBio
o. (Shanghai, China). N,N-dimethylformamide (DMF) of analytical
urity was purchased from Tianjin Fuyu Fine Chemical Co. (Tianjin,
hina). Milk and infant formula powder were bought from a
upermarket. The water used for all experiments was purified by a
illi-Q Water Purification System (Millipore, America).

.2. Apparatus
ECL emission and cyclic voltammetry were monitored with a
lectrochemiliuminescence analyzer (model MPI-B Xi’an Remax
lectronic Science & Technology Co., Ltd., China) with a voltage
f 800 V provided by a photomultiplier tube (PMT), and a poten-
ors B 265 (2018) 378–386 379

tial scanning range from 0.2 to 1.25 V. All the experiments were
carried out by a three-electrode system, which included a glassy
carbon electrode (GCE, 3.0 mm in diameter) as working electrode,
an Ag/AgCl (3 M KCl) reference electrode, and a platinum pole
counter-electrode. UV–vis spectra were measured with a UV–vis
spectrophotometer (Agilent Cary 60, Agilent Technology, America),
and fluorescence spectra with a fluorescence spectrophotometer
(F-4600, Hitachi, Japan). A scanning electron microscope (SEM)
(SUPPRA 55 Sapphire, Carl Zeiss, Germany) was  used to investi-
gate sample morphology and to generate energy dispersive X-ray
(EDX) spectra. X-ray powder diffraction patterns were collected
using a Rigaku Ultima IV X-ray diffractometer operating at 40 kV,
40 mA  for Cu K� (� = 1.5406 Å) with a scan speed of 0.1 s/step and a
step size of 0.02◦. Specific surface areas of the products were mea-
sured by the Brunauer-Emmett-Teller (BET) method using nitrogen
gas adsorption/desorption at 77 K, and the Density Functional The-
ory (DFT) method was  used to calculate the pore size distribution
(Autosorb-IQ, Quantachrome, America). ICP-AES (iCAP 6000 Series,
Thermo Fisher Scientific, America) was used to determine the Ru
concentrations of the RuMOFs.

2.3. Synthesis of bio-MOF-1 and RuMOFs

Bio-MOF-1 and RuMOFs were synthesized according to
reported methods [3,34]. For the preparation of RuMOF,
adenine (0.125 mmol), BPDC (0.25 mmol), Ru(bpy)3Cl2.6H2O
(0.00725 mmol), zinc acetate (0.375mmol), nitric acid (1 mmol),
DMF (13.5 mL), and water (1 mL)  were added to a 20.0 mL  vial,
which was then capped and heated to 130 ◦C for 24 h. Rod-shaped
crystals were produced, washed with DMF  three times, then dried
at 70 ◦C for 24 h in a vacuum oven. Bio-MOF-1 was  prepared by the
same procedures but without the addition of Ru(bpy)3Cl2·6H2O.

2.4. Preparation of the modified electrode

Prior to modification, each GCE (diameter = 3 mm)  was polished
successively with 1.0 �m,  0.3 �m and 0.05 �m alumina powder,
and rinsed with water. The electrodes were then successively son-
icated in 1:1 nitric acid, ethanol and water, and finally dried at
room temperature. RuMOFs (6 mg)  was  dispersed in 1 mL  0.2%
nafion/ethanol solution to obtain a homogeneous suspension, and
then 3–7 �L of this suspension was dropped onto the surface of the
pretreated GCE to complete the fabrication (Scheme 1). When not
in use, the modified electrodes were stored in the dry state at room
temperature.

2.5. Sample preparation

Melamine was  dissolved in water to produce a 1 × 10−5 M stock
solution. The standard addition method was used for melamine
analysis in the milk and infant formula powder samples.

For the milk sample preparation, 4 mL  20% trichloroacetic acid
was added to 20 mL  milk in 50 mL  centrifuge tubes, which were
shaken for 10 min  to promote protein coagulation. Samples were
then mixed with 10 mL  ethanol and acetonitrile (V:V = 1:1), vor-
texed for 10 min, then centrifuged at 12000 rpm for 15 min, and
heated at 70 ◦C for 3 min  to inactivate endogenous substances.
The residue was  further extracted with ethanol/acetonitrile solvent
(8 mL  × 2), the extract mixed with the supernatant, filtered through
a 0.22 �m PTFE membrane, transferred to a volumetric flask, and
finally diluted to 50 mL  with ethanol/acetonitrile solvent [35].

The infant formula powder sample was  prepared according to

the literature methodology [36]. 2.00 g infant formula powder,
15 mL  1% trichloroacetic acid and 10 mL  acetonitrile were added
to a 50 mL centrifuge tube, ultrasonicated for 15 min, then heated
for 10 min  at 100 ◦C in a water bath to ensure protein coagulation.
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Scheme 1. Schematic representation

his mixture was centrifuged at 4000 rpm for 5 min, and filtered
hrough a 0.22 �m PTFE membrane. The filtrate was collected in a
50 mL  round-bottom flask, evaporated under vacuum at 40 ◦C to a
mall volume, and the remaining solvent then removed by a rotary
vaporator. The residue was dissolved with 0.1 M PBS (pH 7.0) for
nalysis.

. Results and discussion

.1. Characterization of RuMOFs

The bio-MOFs-1 and RuMOFs were characterized by their XRD
atterns, EDX spectra, and N2 adsorption-desorption measure-
ents (Fig. 1). As shown in Fig. 1A, the crystallographic planes

f the synthesized bio-MOF-1 and RuMOFs basically correspond
ith those in the simulation, although the peak form RuMOFs at

bout 4◦ 2� is slightly smaller than in the simulation, but it does
ot obviously alter the MOF  crystal structure. The EDX spectrum
Fig. 1B), confirms that the RuMOFs actually contained Ru. The bio-

OFs-1 had a BET surface area of 705.6 m2 g−1 with a pore volume
f 0.32 cm3 g−1 (Fig. 1C), whereas the RuMOFs had a BET surface
rea of 346.1 m2 g−1 with a pore volume of 0.20 cm3 g−1 (Fig. 1D).
FT calculations indicated a maximum pore diameter of 1.3 nm for

he bio-MOFs-1 (Fig. 1C) and 1.1 nm for the RuMOFs (Fig. 1D). A
u content of 2.01 wt% was obtained for the RuMOFs by ICP-AES
fter digestion by refluxing in 0.5 M HNO3 for 1 day. Additionally,
he external morphology of the RuMOFs was investigated by SEM,
hich showed rod-shaped porous crystals with length <100 �m

nd diameter <20 �m (Fig. S1).
Both RuMOFs and Ru(bpy)3Cl2.6H2O had an absorption peak
t 460 nm (Fig. 2A). The fluorescence spectra of bio-MOFs-1 and
u(bpy)3Cl2·6H2O showed respectively excitation peaks at 235 nm
nd 476 nm,  and emission peaks at 385 nm and 610 nm (Fig. 2B, C).
hen Ru(bpy)3

2+ was doped into bio-MOFs-1, the RuMOFs showed
 ECL sensor for melamine detection.

two excitations and emissions (Fig. 2D). As a result of interaction
between the conjugated � bond of Ru(bpy)3

2+ and the bio-MOFs-1
framework, the excitation at 235 nm red shifted to 275 nm, and the
excitation at 476 nm blue shifted to 455 nm.

3.2. Electrochemical and ECL responses of the modified electrode

The electrochemical behavior of GCE modified with RuMOFs in
the absence and presence of 1.0 × 10−7 M melamine at pH 7.0 (0.1 M
PBS) were investigated by cyclic voltammetry (Fig. 3A), which
showed that melamine significantly increased the oxidation and
reduction currents. The intensity of the ECL response was  increased
by about 3.5-times by 1.0 × 10−7 M melamine (Fig. 3B), thus indi-
cating that the RuMOFs-modified sensor could be used for the ECL
detection of melamine.

3.3. Optimization of experimental parameters

3.3.1. Single-factor analysis
Some key factors that influence the ECL response was  also stud-

ied, specifically the pH, the concentration of RuMOFs, the amount
of RuMOFs, and the scan rate.

As shown in Fig. 4A, the ECL intensity increased as the concentra-
tion of RuMOFs was increased from 3 to 6 mg  mL−1, but decreased
at higher concentration. This is probably because of the limited
amount of RuMOFs that can be carried by the nafion without rup-
turing the RuMOFs/nafion membrane. Consequently, 6 mg mL−1

was chosen as the optimal concentration of the RuMOFs suspen-
sion at pH 7.0 PBS; the amount of RuMOFs was  7.0 �L and the scan
rate was 100 mV  s−1.
The relationship between the amount of RuMOFs and ECL
intensity is shown in Fig. 4B. The ECL intensity increased with
increasing amount of RuMOFs, up to 5.0 �L, but decreased with
larger amounts. This suggests that at low amounts of RuMOFs the
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ig. 1. (A) XRD patterns of simulated bio-MOF-1, synthesized RuMOFs and bio-MO
ize  distribution (inset) of the synthesized bio-MOFs-1; (D) N2 adsorption-desorpti

umber of luminophors immobilized on the surface of electrode
ncreases with increasing RuMOFs and results in an increasing ECL
esponse [37], but at higher amounts of RuMOFs the ECL emis-
ion may  be absorbed or scattered, and the thick film tends to
creen melamine from reaction with the RuMOFs. Therefore, 5.0 �L
uMOFs was chosen for sensor preparation at pH 7.0 PBS; the con-
entration of RuMOFs was 6 mg  mL−1 and scan rate was 100 mV  s−1.

As shown in Fig. 4C, the ECL intensity increased as the pH was
ncreased from 5.0 to 7.0, but decreased at higher pH. Thus, fur-
her experiments were conducted at pH 7.0 using 5.0 �L RuMOFs,

 mg  mL−1 RuMOFs, and a scan rate of 100 mV s−1. This pH effect
ight be caused by reduced availability of Ru(bpy)3

3+ due to the
ompetitive reaction with the OH− ion, the concentration of which
ncreases progressively with increasing pH [38]. The scan rate can
ffect the ECL over a wide range, since the ECL efficiency depends
ignificantly on the rate of generation/annihilation of the excited
tate [Ru(bpy)3

2+]* [39]. In the present work, the highest ECL inten-
ity was obtained with a scan rate of 100 mV  s−1 (Fig. 4D), and this
as then chosen for subsequent experiments.

In summary, the optimal experimental conditions were pH 7.0,
 mg  mL−1 RuMOFs, 5.0 �L RuMOFs solution, and 100 mV  s−1 scan
ate.

.3.2. Optimizing experimental conditions by response surface

nalysis

The optimum experimental conditions were determined by
sing the statistics software package Design-Expert 8.0.6 to con-
truct a regression model through response surface analysis. The
) EDX spectrum of RuMOFs; (C) N2 adsorption-desorption isotherms and the pore
therms and the pore size distribution (inset) of the synthesized RuMOFs.

Box-Behnken model proved to be reliable (significant F-value, P
< 0.05), and Table S1 lists the ECL responses for different experimen-
tal schemes tested. 2D contour plots and 3D response surfaces are
graphical representations of the regression function which reflects
the influence of variables on the ECL intensity and the interplay
between variables (Fig. S2). By using response surface optimiza-
tion, the optimum conditions were obtained as follows: pH 7.0;
RuMOFs concentration 6.0 mg  mL−1; scan rate 100 mV s−1; amount
of RuMOFs solution 5.0 �L; thus this result matches that from the
single-factor analysis. A follow-up test using these modified con-
ditions showed no significant difference between the ECL intensity
(I = 5479) of the actual experiment under optimum conditions and
the ECL intensity (I = 5523) predicted by the software. Hence, the
modified conditions are viable and reliable. According to the signif-
icance analysis (Table S2), the primary and secondary factors that
affect the experimental results are in the order: RuMOFs amount >
pH > scan rate > RuMOFs concentration.

3.4. Mechanism for the ECL response in the RuMOFs − ECL system

This is an “oxidative-reductive” system [13,40,41] involving
RuMOFs and melamine, in which ECL is generated from redox reac-
tions of RuMOFs during the oxidation of melamine (Fig. 5). The
putative reactions are described below in Eqs. (1)–(5), and lumi-
nescence is produced by [Ru(bpy) 2+]* as it decays to its ground
3
state. Thus this mechanism is similar to that proposed by Richter
for the Ru(bpy)3

2+/tri-n-propylamine (TPrA) ECL system [13].

Ru(bpy)3
2+ → Ru(bpy)3

3+ + e− (1)
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Fig. 2. (A) UV-vis spectrum of bio-MOFs-1, Ru(bpy)3Cl2.6H2O and RuMOFs; fluoresence excitation (—) and emission (—) spectra of (B) bio-MOFs-1, (C) Ru(bpy)3Cl2.6H2O
and  (D) RuMOFs.
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ig. 3. (A) Cyclic voltammetry and (B) ECL-time curve for GCE modified with RuMO

elamine → Melamine+· + e− (2)

elamine+· → Melamine· + H+ (3)

elamine· + Ru(bpy)3
3+ → [Ru(bpy)3

2+]∗ + products (4)

Ru(bpy)3
2+]∗ → Ru(bpy)3

2+ + h� (5)

.5. Performance data for the ECL sensor

The ECL sensor was applied to the determination of melamine
sing the experimental conditions described above. The rel-
tive ECL intensity (�I) exhibited a linear response to the

ogarithmic melamine concentration in the range 10−10–10−4 M
Fig. 6A); the correlation coefficient was 0.9918, the calibration
urve �I  = 933lg melamine + 9091; the detection limit is 3.8 × 10−11 M
etermined by the standard Method II of Loock [42]. Fig. 6B shows
the absence (—) and presence (—) of 1.0 × 10−7 M melamine at pH 7.0 (0.1 M PBS).

the ECL emission of different concentrations of melamine on a
RuMOFs modified GCE.

Next we investigated the stability of RuMOFs and the repro-
ducibility of their use for determination of melamine, since these
are important characteristics of a sensor. The relative standard
deviation (RSD) for eight different electrodes constructed by the
same procedure was 2.91%, and the RSD for ten successive mea-
surements with the same sensor was 1.18% (Fig. 7), thus indicating
good reproducibility. Additionally, sensor stability was  assessed
by determining melamine solutions after 7 days. The ECL intensity
remained at 94.3-97.5% of its original response, thus showing good
stability for this sensor for detecting melamine.
Selectivity experiments were also investigated with cyanuric
acid and anhydrous phloroglucinol, which are structural analogs of
melamine. These had little effect at a concentration of 1.0 × 10−5 M,
and just resulted in an ECL intensity change of ±5% (Fig. 8).
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Fig. 4. Effects of (A) the concentration of RuMOFs, (B) the amount of RuMOFs, (C) pH and (D) scan rate on the ECL intensity for 1.0 × 10−5 M melamine in the potential
scanning range from 0.2 to 1.25 V.

Table 1
Comparison of the methodology in the current paper with published electrochemical and electrochemiluminescence methods for the determination of melamine.

Method Modified Linear range (M) Detection limit (M)  Reference

Electrochemiluminescence mSiO2/Ru(bpy)3
2+/Nafion 7.8 × 10−9 ∼ 5.0 × 10−6 2.6 × 10−9 [22]

Electrochemical MOFs@XC-72-Nafion 3.2 × 10−7 ∼ 7.9 × 10−5 4.0 × 10−8 [43]
Electrochemical p-Mel-Glu/EPPG 5.0
Electrochemical ZnO/AChE/Chitosan 1.0
Electrochemiluminescence RuMOFs/nafion 1.0

Fig. 5. Proposed chemical mechanism for reactions in the RuMOFs/melamine ECL
system.
 × 10−7 ∼ 1.5 × 10−5 1.0 × 10−9 [44]
 × 10−9 ∼ 2.0 × 10−8 3.0 × 10−12 [45]
 × 10−10 ∼ 1.0 × 10−4 3.8 × 10−11 This work

Some ions can increase the diffusibility and rate of oxidation of
Ru(bpy)3

2+ on the electrode leading to enhanced ECL intensity,
whereas other ions could be involved in redox reactions at the
electrode and reduce the efficiency of Ru(bpy)3

2+. Tolerable con-
centration ratios for interference at the 5% level were 1000 fold
(10−2 M)  for Na+, K+, Cl−, NH4

+, 500 fold (5.0 × 10−2 M)  for Ca2+,
Mg2+, CO3

2−, SO4
2−, and 100 fold (10−3 M)  for ascorbic acid. Thus

the Ru(bpy)3
2+ − modified GCE electrode has practical applications

for detecting melamine in food samples.

3.6. Comparison with other methods and modified electrodes for
the determination of melamine

The analytical performance of this ECL sensor for detection of
melamine was compared with that from other recent studies using
electrochemical and electrochemiluminescence methods (Table 1).
The ECL sensor in the present work exhibited a wider linear range
and lower detection limit than was seen with other methods.
RuMOFs are based on the anionic bio-MOFs-1 structure doped with
the luminescent cationic Ru(bpy)3

2+, which could be doped into

the MOF  framework or held within pores by strong electrostatic
interaction. It high capacity of RuMOFs for Ru(bpy)3

2+ provides
high sensitivity, whilst the large surface area facilitates the reaction
between Ru(bpy)3

2+ and melamine.
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Fig. 6. (A) Calibration curve of ECL intensity versus logarithmic melamine concentration and (B) the ECL emission of different concentrations of melamine on a RuMOFs
modified GCE at pH 7.0 (0.1 M PBS), the potential scanned from 0.2 to 1.25 V and scan rate was 100 mV s−1.

Table 2
Analytical results obtained for the detection of melamine in food samples.

Sample Added (M)  Detected (M)  Recovery (%) RSD (%)

Milk 1.00 × 10−6 (1.01 ± 0.03) × 10−6 101 ± 3 3.01
1.00  × 10−7 (1.02 ± 0.01) × 10−7 102 ± 1 1.14
1.00  × 10−8 (0.99 ± 0.02) × 10−8 99 ± 12 1.54

Infant  formula powder 1.00 × 10−6 (0.99 

1.00  × 10−7 (1.02 

1.00  × 10−8 (1.00 

F
(

3
m

a

F
f

ig. 7. ECL emission for 10 continuous cycles for 1.0 × 10−7 M melamine at pH 7.0
0.1  M PBS); the potential scanned from 0.2 to 1.25 V and scan rate was  100 mV s−1.
.7. Application of the RuMOFs-based ECL sensor for determining
elamine in food samples

In order to test the practicality of using the ECL sensor with
ctual food products, its application to the determination of

ig. 8. (A) Selective tests for the ECL response of RuMOFs modified GCE to melamine (a
rom  various ions in the potential scanning ranged from 0.2 to 1.25 V and scan rate was 1
± 0.03) × 10−6 99 ± 3 2.67
± 0.02) × 10−7 102 ± 2 1.50
± 0.02) × 10−8 100 ± 2 2.07

melamine in milk and infant formula powder was  investigated.
Using the sample pretreatment methods described in Section 2.5,
the recoveries of melamine from spiked milk samples were in the
range 98–104%, and 95–103% for infant formula powder (Table 2).
The good recoveries from these samples demonstrate the broader
potential applicability of this RuMOFs ECL sensor for the determi-
nation of melamine in food samples.

4. Conclusions

We  have constructed a sensitive and convenient electrochemi-
luminescence sensor based on RuMOFs for determination of
melamine by immobilizing Ru(bpy)3

2+ in the bio-MOF-1 frame-
work. This sensor was  stable to leaching, and its response to
melamine was  linear over a wide range of concentrations; it also
had a low detection limit, and exhibited good reproducibility. The
practical application of this ECL sensor was demonstrated by its

successful use to determine melamine in milk and infant for-
mula powder. This represents the first report of the fabrication of
RuMOFs as an ECL sensor for the determination of an amide, and its
excellent properties suggest the development of more applications.

), cyanuric acid (b) and anhydrous phloroglucinol (c), and (B) test for interference
00 mV s−1, the pH of all solutions were 7.0 (0.1 M PBS).
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