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Abstract

In this work, we fabricated Metal-Organic Framework derived magnetic porous carbon 

(MPC) composite using a one-pot solid state template method, the synthesized composite were 

confirmed with various spectroscopic techniques and proved that composite having effectively  

quenching of ssDNA. This properties was essentially utilizes with specifically and efficient 

recognition harmful arsenate ions. The FAM-labeled single strand DNA (FAM-ssDNA) 

adsorbed on the surface of MPC composites and formation of immobilization ssDNA via π-π 

stacking interaction, which results the fluorescence emission intensity was quenched. The 

fluorescence quenching efficiency was achieved 96% due to huge surface area of MPC 

composites. Upon the addition of As (V) ions into our sensing system, its fluorescence emission 

dramatically increased appropriate strong affinity of As (V) on the surface of MPC composites. 

Consequently, the adsorbed FAM-ssDNA was spontaneously displaced from the surface of MPC 

composite, and then fluorescence intensity was retained. Based on this mechanism, the fabricated 

biosensor exhibited highly sensitive and  good fluorescence response to As (V) the detection 

limit as low  630 pM at the range from 0 to 15 nM. Furthermore, the sensing system suitable for 

diverse biological and environmental samples.

Keywords: MPC composites, Immobilization ssDNA, FRET, Arsenate ions

Page 2 of 25Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
st

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

M
ar

ch
 2

01
9.

 D
ow

nl
oa

de
d 

on
 3

/1
2/

20
19

 3
:3

0:
18

 A
M

. 

View Article Online
DOI: 10.1039/C9AN00139E

http://dx.doi.org/10.1039/c9an00139e


1. INTRODUCTION

Heavy metal contamination is a serious hazardous to human health and the environment. 

Among several heavy metal ions, including the inorganic form of arsenic was exceedingly 

contaminated to environmental soil and aquatic system, its cause numerous dangerous effects to 

human organs and eco-system. In common, arsenic was existed two different variable oxidation 

states, namely arsenite (III) & arsenate (IV). The As (III &V) exposure has serious health effects 

leads to cancer, heart disease, diabetes and even death [1-6]. Harmful nature of arsenite (III) and 

arsenate (IV) is essential for detoxification to allowed limits. World Health Organization (WHO) 

and U.S. Environmental Protection Agency (EPA) had predetermined that the maximum allowed 

concentration of arsenate from 10 to 50 nM [7, 8].  Up to date, most of the researchers have been 

focused on detection of As (V) and more challenge to detection of As (V) [9-12]. The defined 

methods are existed methods namely adsorption and oxidation. The adsorption methods existing 

for monitoring of As (III and V) ions such as atomic absorption and emission spectroscopy, 

inductively coupled plasma spectrometer, surface-enhanced Raman scattering, and oxidation As 

(III) to As (V) [13-17]. However, defined methods were limitation to apply, because of rigid 

sample preparation, pre-concentration procedures, time-consuming, sophisticated instruments 

and professional personnel. Currently, developed methods are colorimetric, fluorescence and 

electrochemical sensors for detection of As (V) [18-22]. Among them, fluorescence methods 

gain great attention for detection of As (V) due facile operating process, sensitive, selective and 

easily applicable for real sample analysis.

Owing to unique characteristics of nanomaterials have been attracted great attentions for 

biosensor applications due to the high surface area and high quenching efficiency. The Fe3O4 

nanoparticles with appropriate surface chemistry can be used for versatile applications such as 
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biosensor, drug delivery, and cell separation [23]. The Fe3O4 nanoparticles have been attracted 

tremendous attention for its magnetic and adsorption properties. DNA probes are highly 

adsorbed on the surface Fe3O4 NPs via phosphate backbone [24] and As (V) also high adsorption 

affinity of Fe3O4 NPs. The adsorption properties of Fe3O4 NPs were used for the detection of As 

(V) based on the displacement of adsorbed DNA probes [25,26]. Therefore, the Fe3O4 NPs was 

better candidate for detection of As (V) but limits by some drawbacks such as less surface areas, 

large grain boundaries, easy aggregation, and low stability. Overcome these drawbacks, Metal-

Organic frameworks gain considerable attention to scientific communities due to porous 

materials with attractive physiochemical properties such as high surface area, tunable 

architecture and tunable pore structure. MOFs with great potential applications in a versatile file 

such as gas separation and storage, adsorption, optical electronics materials, catalysis, drug 

delivery, photocatalysis sensor applications [27-29]. Interestingly, metal-organic frameworks 

template method facile to fabricated metal oxide with different shapes and fascinating properties. 

This method effectively prevented metal-oxide aggregation of Fe3O4 nanoparticles, suitable 

organic linker also act as reducing agent and further transform to porous into frameworks. These 

properties more effectively applicable for sensing application [30-35]. The MPC composites 

having fascinating properties such as quenching materials as well as adsorption and stability. Li 

Wang.et.al reported by metal oxides/carbon nanocomposites [36].

In this study, we successfully developed a fabricated Metal-Organic Framework derived 

magnetic porous carbon (MPC) composite for fluorescent biosensor using a one-spot solid-

template method. The functionalized material acts as high performance and a novel application 

of the fluorescent sensing platform for highly sensitive detection of arsenate ions. It was found 

that the MPC composites bind with FAM-ssDNA, which results the fluorescence intensity was 
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drastically quenched due to MPC/FAM-ssDNA complex. Subsequently, introduced of As (V) 

into sensing system the fluorescence intensity is enhanced. Because of the arsenate ions binding 

with a surface of MPC composites and immobilization DNA was displacement from the surface 

of the MPC composites. The result demonstrates that the proposed sensor can achieve highly 

sensitive and selective towards As(V), with a detection limit 3nm. In addition, the main 

advantage of our sensing system formation of MPC-As(V) is easily separated. Therefore, “turn-

off” and “on” fluorescence sensing scenario with highly efficient and effective detection of As 

(V) was successfully achieved.

2. Experimental section

2.1. Chemical and characterization

All chemical purchased from Sigma Aldrich, Avra and SRL chemicals in analytical 

grade, solvent were used without further any purification. Ferric nitrate (Fe(NO3)3.6H2O), 

fumaric acid, Dimethylformamide (DMF), methanol, mercury nitrate, cadmium chloride, Ferric 

chloride, magnesium chloride, silver chloride and other standard . All the reagents were prepared 

from Milli-Q water. The buffer prepared from 50 mM Tris-HCl buffer, NaCl (50 mM) and 

MgCl2 (5 mM) (pH= 7.4). The stock solution of DNAs was prepared by using a Tris-HCl buffer. 

The synthesized DNA were purchased from integrated DNA (IDT, Avantor, India) technologies 

DNA probe sequence: 5’-FAM-ATCCTCTCTCAAAAACAACACAACAAAC-3’ 

The Fluorescence spectra analysis on Jasco FP-8300 spectrofluorometer using cuvettes of 

1.0 cm path length with a xenon lamp excitation source with an excitation wavelength of 490 

nm. The morphology and crystalline structure information of MPC composites were evaluated 

using scanning electron microscopy (SEM, FEI Quanta FEG 200) and high-resolution 
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transmission electron microscopy (HRTEM, JEOL, JEM, Fb-2000) and. The X-ray diffraction 

spectrum is performed on the PAN analytical X’pert pro X-ray diffractometer with CuKα 

radiation. The bonding information studies were used Agilent Technologies FTIR spectrometer 

(USA) is used to record the Fourier transform infrared (FT-IR) spectra with the ATR mode. 

Raman spectra (HORIBA France, LABRAM HR Evolution) were recorded.

2.2. Synthesis of metal-Organic framework derived magnetic porous carbon (MPC) 

composites

The MPC composite was prepared according to the improved procedure [37]. In a typical 

synthesis, (1 mmol) FeCl3.6H2O, (1 mmol) fumaric acid were dissolved in 25 mL Mili-Q water 

and stirred for 30 mins to form a homogeneous solution. Subsequently, the above mixture was 

transferred into a 100 mL crow-capped tube and held to at 100oC for 4 h. The resulting product 

was washed with water and ethanol repeatedly, and drying in hot air oven at 60oC overnight. 

Finally, the brown colored product was collected MOF (Fe-MIL-88A) and direct pyrolysis at 

600oC under inert atmosphere condition for 4h then cooling to room temperature and finally 

collected black colored MPC composites.

2.3. Fluorescence detection experiments

In a typical fluorescence detection of As (V), 50 µL of 10 µM  FAM- ssDNA and 20 

µg/mL of MOF@ Fe3O4 composites suspension were mixed with  in a 50 mM Tris-HCl buffer 

solution (pH=7.4)  were sequentially after 1 min, the solution was transferred in to cuvette. 

Subsequently, the freshly prepared 10 µL As (V) ion stock solution was added different 

concentrations (0 to 15µM) and incubated for 1 min. The fluorescence intensity was measured by 

excitation at 490 nm and emission was observed at 520 nm respectively.
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3. Result and discussion

The structural morphologies of  the  synthesized MOF and MPC composite were 

characterized by SEM and TEM analysis and displyed in fig.1a-d. As shown in fig.1a , which 

clearly reveals that hexagonal micro-spindle rod shape with uniform particle distribustion.  In  

Fig.1b shows that, the Fe3O4 nanoparticles randomly dispered on the surface of MOF during the 

calcination at high temprature (600oC). moreover, the TEM images (Fig.1d) undoubtably 

indicates hexagonal rod like morphology.The magnified HR-TEM image shows Fe3O4 

nanoparticles appear over the surface of MOF (fig.2c). From this Fe3O4 nanoparticles was 

prepared by facile methods without aggreation using MOF tempate method.

Fig.1. Illustration of SEM images of Fe-MIL-88A (a) and MPC (b). (c & d) TEM images of MPC

The structural information and phase purity to examine the synthesized MOF and MOF@ Fe3O4 

composites by Powder X-ray diffraction shows in Fig.2. The XRD patterns of MOF features with 

characteristic diffraction peaks which are perfectly match with previously reported. All the 

diffraction peaks of MOF disappeared and a new peak appears for MPC composites. The 

diffraction peaks are 30.3o, 35.7o, 43.5o, 57.37o and 63o were indexed as the diffraction of the 
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crystalline planes is 220, 311, 400, 511, and 440. This observation, strong evidence for the 

formation of MOF derived magnetic porous carbon composites [32]. 

Fig.2 The XRD pattern of MOF and MPC composites

The FT-IR spectra of MOF, and MPC composites depicted in Figure.3a. The 

precursor fumaric acid and ferric nitrate having carbonyl and free hydroxyl groups are obtain 

corresponding band as 3510 and 1679 cm-1 respectively, which carbonyl group (C=O) shifted to 

lower band at 1600 cm-1 due to formation of MOF through coordination bond with inorganic 

node. This characteristic peak was confirming that formation MOF (Fe-MIL-88A). After 

performed in direct pyrolysis of MOF, that having  spinel ferrate eascily converted to MPC 

composite that assigned at 567cm-1 attribute to the iron-oxide (Fe-O) in the surface of MPC 

composites is displayed (Fig.3b).    
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Fig.3 (a) FT-IR spectra of formation of MOF and MPC composites. (b) Enlarged iron- oxide 

bonding in MPC composites.

In addition, the Raman scattering was performed for fabricated MPC composites were 

analyzed with excitation of 633nm was depicted in Figure.4. The synthesized MPC composites 

exhibited two major peaks at 1311cm-1 and 1606cm-1 and the charactertics peaks represented D 

and G band respectively. The major band emphasizes regarding deep interaction between MPC 

composite and ssDNA, which like the graphene-like composites. 
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Fig.4. Raman spectra of MPC composites.

Fig.5. N2 adsorption and desorption isotherms of Fe3O4 NPs and MPC composite.

The N2 adsorption–desorption studies shows the surface area of Fe3O4 NPs and MPC 

composites and results shown in fig.5. As shown in fig.8, the BET surface area and pore volume 

of pristine Fe3O4 NPs and MOF derived magnetic porous carbon (MPC)  is found to be 61.218 
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m2/g , 136.692 m2/g  and 0.108 cc/g, 0.379 cc/g, respectively. In this observation, MOF derived 

magnetic porous carbon (MPC) having high surface area and pore volume compared pristine 

Fe3O4 NPs. Which results, the MPC composites attained high adsorption ability of FAM-ssDNA 

due to high surface area.

Fig.6. Vibrating Sampling Magnetism analysis of Fe3O4 NPs and MOF derived magnetic porous 

carbon (MPC).

In this analysis, the pristine Fe3O4 NPs have high magnetism when compared to MOF derived 

magnetic porous carbons (MPC). Eventhough, the MPC have less magnetism it was easily 

separated by external magnet after the formation of MPC/As(V).  

The EDX data for MPC Composite before and after addition of arsenate and SEM mapping of 

MPC/As(V) displayed in Fig.(S1&S2). From the fig.S1a shows that MPC composite contains Fe, 

O and C elements. Further addition of arsenate into to MPC composite, the MPC composite 

having higher affinity towards the arsenate ions. Which results, provide evidence for elements 

Fe, O, C and As(V) presence in MPC/As(V) and results was displayed in Fig.S1b. Further SEM-
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Elements mapping analysis of MPC/As (V) was done to confirmed the presence of C, O, Fe and 

As(V) shown in fig.S2.

3.1 Interaction and quenching mechanism of MPC composites in FAM-ssDNA

The MPC composites have appreciably interacted with FAM attached ssDNA. The fig.5a 

explain systematically adsorption and desorption will be occurred FAM attached ssDNA with 

MPC composites. Initially, FAM attached ssDNA and MPC composites mixed well and both 

interact together with intermolecular force. Notably, MPC composites were behaving like 

graphene like composites (fig.4). However, two components were having negative surface 

backbone, which are capable to bind through electrostatic interaction, even not giving 

importance only negligible quantity. This sensing system giving superior priority to π-π stacking 

interaction. Moreover, may be hydrogen bonding also supports to increase the quenching effect.

The MPC composites show significantly effect on the fluorescence of FAM-ssDNA and 

fluorescence quenching mechanism were displayed in (fig.2b). In addition of MPC composites in 

to the solution of FAM-labeled single stand DNA, which results indicates fluorescence emission 

intensity was robustly quenched. While using FAM-ssDNA facile to monitored adsorption and 

recovery via fluorescence properties and high quenching efficiency compared other type of dye 

labeled ssDNA [38]. Remarkably, MPC composites showed broad absorption spectra at the 

range of 400-800 nm and the FAM-ssDNA appeared emission peaks at 525 nm in (fig.5b). The 

absorption and emission spectra overlapping were undoubtedly proved fluorescence resonance 

energy transfer (FRET) mechanism. On the other hand, quench the fluorophore with help of 

Photo Electron Transfer (PET) process by Fe3O4 NPs. This result reveals that our sensing system 

is applicable for FRET mechanism and may be PET mechanism [39-43]. The Quenching 
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efficiency was quantitatively measured this formula QE= (F0-F1/F0) ×100%, where F0 was the 

fluorescence intensity of FAM-ssDNA and F1 is the fluorescence intensity of attached with of 

MOF@ Fe3O4 composites with FAM-ssDNA. Quenching efficiency was achieved 96% due to 

energy transfer process respectively. 

Fig.7 (a) systematically explain adsorption-desorption mechanism between Dye-labeled single 

strand DNA and MPC composites. (b) Absorption spectra of MPC composites and Emission 

spectra of between Dye-labeled single strand DNA 

3.2 Sensing mechanism

The working principle of this proposed sensing system displayed the scheme.1. In this 

sensing system using single strand DNA with attached FAM. In the absence of As (V), the FAM 

labeled single strand DNA is binding with MPC composites via π-π stacking interaction between 

the surface of MPC composites and nucleobases in ssDNA and fluorescence intensity completely 

quenched. Upon the addition of As (V) in this sensing system, the As (V) is strongly binding 

with Fe3O4 nanoparticles on the surface of MPC composites. At the same time, FAM labeled 
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ssDNA is released from the surface of MPC composites, which results shows fluorescence 

intensity is enhanced. In addition, the main advantage of this sensing system the formation of 

MOF@Fe3O4/As (V) can separate by super magnet. The displacement of the FAM-ssDNA can 

undergo adsorbed with MPC composites to displace the FAM ssDNA and addition of As (V), 

consequently providing the significant fluorescence intensity. Therefore, this sensing system is 

detecting the very low concentration of As (V) with high sensitivity and selectivity

Scheme.1 Schematic representation of sensing mechanism using MPC composites and FAM-

ssDNA.

3.4 Detection feasibility 

The optical properties were studied by UV-Visible and fluorescence spectroscopy. The 

UV-Visible spectra of MPC composites showed broad absorption band at 400-700 nm and 

pristine FAM-ssDNA prominent adsorption peak appeared at 490nm (Figure.6a). Further mixed 
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with MPC composites, a FAM-ssDNA absorption peak 490nm was disappeared and   adsorption 

band intensity was drastically gone to hypochromic shift due to quenching of the FAM-ssDNA 

deeper interaction with MPC composites. Moreover, the addition of As(V) into MPC composites 

and FAM-ssDNA, as result of this sensing system prefer to bind with As(V) and adsorption band 

were retained to hyperchromic shift at the range of adsorption band is 490 nm. In addition 

fluorescence responses of this sensing system was investigated (Figure.6b). The free FAM-

ssDNA exhibits high fluorescence emission signal (in red line). After subsequent addition of 

MOF@ Fe3O4 composites in the solution containing FAM-ssDNA the fluorescence intensity was 

decreased due to immobilization of FAM-ssDNA with the surface of MPC composites (in black 

line). Furthermore, adding arsenate into sensing system the fluorescence intensity retained to 

original form (in blue line) because of arsenate more affinity to bind MPC composites becomes 

MPC/As(V) complex. The fluorescence quenching efficiency at optimum amount MPC 

composites was investigated (Fig.6c). The fluorescence emission intensities of FAM-ssDNA was 

measured toward the addition of various amount of MPC composites such as 0.1, 0.2, 0.3, 0.4 

and 0.5 µg with 20nm of FAM-ssDNA. The fluorescence intensity is decreased after increasing 

the amount of MPC composites. However, when the amount of MPC composites increasing up 

to 0.5 μg the fluorescence intensity gets saturated. Therefore, 0.5 μg of MPC composites is used 

for further experimental conditions. Moreover, to evaluate the quenching efficiency MPC 

composites and Fe3O4 NPs (Fig.6d) in presence of FAM-ssDNA. The fluorescence quenching 

and recovery efficiency of MPC composites were comparatively higher active than bare Fe3O4 

NPs. These results revealed that superior detection of As (V) using FAM-ssDNA with MPC 

composites.
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Fig.8.(a) UV-Visible spectra of MPC/FAM-ssDNA sense before and after addition As(V), (b) 

Fluorescence spectra of MPC/FAM-ssDNA explain quenching and recovery, (c) the optimization 

of different concentration of FAM-ssDNA into MPC composites, (d) comparison of Fe3O4 NPs 

and MPC composites.

3.4 Sensitivity and selectivity of arsenate (V)

The fluorescence responses of this sensing system to evaluate the various concentrations 

(0-15nm) of As (V) with addition of MPC composites and FAM-ssDNA. The mixing of MPC 

composites and FAM-ssDNA the formation of MPC / FAM-ssDNA showed at low fluorescence 

emission intensity. The fluorescence intensity dramatically enhanced with increasing the 

concentration of As (V) in the range from 0 to 15 nM. The relative fluorescence intensity and 
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concentration of arsenate (V) as displayed in Figure.5b. The linear relationship between the 

fluorescence intensity at 520 nm and the concentrations of As (V) in the range of 1-5 nM. The 

correlation coefficient value R2= 0.976 (Fig.6d) with a detection limit of 630 pM was calculated 

from according to the 3σ method. In this study, exhibits very high sensitive detection of arsenate 

compared to other type of arsenate detection sensing system (Table 1), this may be due to metal-

organic frameworks surface containing Fe3O4 NPs and carboxylic groups may be enhance the 

sensitivity of this sensing system. 

In order to evaluate the selectivity of this sensor, it was investigated in the presence of 

potentially interfering with various anions and cations. In Figure 6d shows that the response of a 

fluorescence spectra to different ions including silver, arsenite, cadmium, mercury, bromide, 

sulfate, fluoride, phosphate and arsenate ions. The arsenate has been showing high fluorescence 

enhancement due to high affinity to the surface MPC composites [33]. The result showed that 

arsenate is highly selective in this sensing system compared to other anions and cations except 

phosphate. Phosphate also showed significant fluorescence intensity of this sensing system but 

binding affinity is very less compared to arsenate. Therefore, the proposed our sensing system is 

highly selectively detected for arsenate and no interference with other anions and cations.
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Fig.9. (a) Estimation with different concentration (0-15nm) of As(V),(b) the relative fluorescence 

intensity detection of As(V)  based on MPC composites,(c) selectivity studies with other anions 

and cations,(d)  Sensitivity of arsenate detection by this arsenate de-adsorption method.
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Table.1 Comparison of detection of As (V) in another sensing system

Quenching Materials Method LOD Ref

Modified gold nanoparticles(Au NPs) Colorimetric 2.5 bbp 43

Gold nanoparticles(Au NPs) Colorimetric 1 bbp 44

Polyhedral silver nanoparticles Surface enhanced 

Raman scattering

1 bbp 45

Fe3O4 NPs Fluorescence 300 nM 24

CeO2 Fluorescence 29 nM 25

functionalized Merrifield polymer(APC) Fluorescence 0.001 mM 46

Ruthenium bipyridine – graphene oxide  

nanocomposites

Electrochemical 43 nM 47

MPC composites Fluorescence 630 pM This 

work
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4. CONCLUSION

In summary, a new As (V) probe was successfully designed, based on Metal-Organic framework 

derived magnetic porous carbon (MPC) composites. In this composites have been as superior 

quenching and magnetic properties owing to predominantly bind with FAM-ssDNA and As(V), 

especially in present sensing system working turn “off “ and “On” sensor  (adsorption and 

desorption) occurred in simultaneously. Under the optimized condition, the complex exhibit high 

selectivity and sensitivity for As (V) ion over other competitive metal ion. The detection limit of 

this sensor is as low as 630 pM, which so far below the maximum recommended limit in 

drinking water defined by the Environmental Protection Agency. Moreover, this sensing system 

compare to previous sensing assay to excellent selectivity and sensitivity of As (V) ion.  We 

anticipate that this report of a fluorescent based biosensor for simplicity, higher stability and 

excellent analytical performance. In addition, the proposed MPC biosensor might be potentially 

can be applicable other environmental samples and biological applications from the scientific 

community.
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