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The ssDNA could well-dispersed reduced graphene oxides (RGO) to form ssDNA-RGO composites, 

which could be used as superior support to expediently electrodeposit Pt to synthesize ssDNA-

RGO/cotton-flower-like-Pt nanocomposites (ssDNA-RGO/cf-Pt). The formation of cotton-flower-like-Pt 

clusters was due to the assist of nitrogen atoms and phosphate groups in ssDNA. The catalytic activity of 

ssDNA-RGO/cf-Pt for methanol oxidation was 2.5 fold of RGO/Pt and 3.8 fold of commercial Pt NPs. 

The outstanding catalytic activity of such novel catalyst was attributed to huge surface of higher 

conductive ssDNA-RGO and cotton-flower-like-Pt clusters with an open structure. The latter was 

beneficial to mass transfer. In addition, the excellent ability of ssDNA-RGO/cf-Pt against CO poison was 

found and anti-poison ratio (If /Ib) of ssDNA-RGO/cf-Pt was of 1.75 larger than RGO/Pt and 

commercial Pt NPs. The elevated oxidation of CO in adsorption state should be from ssDNA providing 

abundant oxygen groups as well as the residual oxygen species in RGO. The possible mechanism for 

improved catalytic activity and CO tolerance was deduced according to UV-visible, Raman, SEM, EDS, 

XPS and CV results. 
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Introduction 

The rapid increase of energy demand in people’s daily life and 

quick consume of fossil fuel reserves concerned us, which also 

make human to anxiously face with a variety of environmental 

concerns.1 Therefore, it is urgent to look for green and efficient 

energy sources to instead of fossil-based fuels. Nowadays, for the 

instance, proton exchange membrane fuel cells (PEMFCs), direct 

methanol fuel cells (DMFCs), and direct formic acid fuel cells 

(DFAFCs) have been extensively investigated for inspecting their 

possibility as the candidates of fossil fuel cell. 

All the fuel cells are expected to be in the common characters of 

high energy density and low environmental pollution as compared to 

traditional energy sources. Amongst, methanol is regarded as one of 

the most appropriate fuels for the direct alcohol fuel cells, thanking 

to its low molecular weight, simplest structure, and very high energy 

density as well as low-cost, 2 perfectly meeting the actual needs for 

new energy. For promoting the practical application of alcohol-based 

fuel cells, the key point for the technical development focused on the 

designing novel and superior anodic catalysis materials as well as 

optimizing synthesis process. 

 As the matter of fact, platinum (Pt) shows the highest 

electrocatalytic ability for electro-oxidation of methanol oxidation 

reaction (MOR) on the anode among the metal catalysts. However, 

there are still unsolved problems, which largely limit the application 

of Pt in fuel cells .One severe barrier is the poisoning of CO towards 

the Pt electrode during MOR, due to CO tightly occupying active 

sites on the surface of catalyst.3 

According to a previous research work,4 oxygen-containing 

surface species (e.g., OH) formed on adjacent bimetallic catalyst sites 

could improve the ability to remove the adsorbed CO (COad) from 

the catalyst surface. Based on this mechanism called bifunctional 

assay, a strategy is extended to synthesis alloy Pt with other 

oxophilic elements such as Pd5, Ru6, Sn7, Au8 and Fe9, which offer 

abundant active sites for the adsorption of methanol and formation of 

OH specie. Papakonstantinou etc., in the observation of oxide 

graphene (GO) /Pt-based MOR, found that the presence of many 

oxygen groups on the surface of graphene could accelerate the 

oxidation of COad at the active Pt sites.10 Due to GO not a conductive 

support, GO/Pt-based catalyst exhibited an advantage of anti-poison 

of CO but the catalytic activity was inhibited to great extent. 

Alternatively, reduced graphene (RGO) with the greater surface to 

volume ratio (theoretically 2600 m2g-1)11 and well conductive 

feature12could also be used as carbon support to electrodeposite Pt 

catalyst. Moreover, residual oxygen species in RGO provide 

nucleation centres or sites for loading the catalysts.13 In addition, lots 

of edges and defects on RGO assist in facilitating electron transport 

and accelerating mass transfer kinetics at the electrode surface to 

contribute to the high activity of Pt.14Furthermore, during the 

methanol oxidation process, RGO is simultaneously oxidized and the 

oxidation of the carbon supports is found to promote the Pt activity.  

In the present work, we firstly try effort to respectively 

electrodeposit Pt onto the surfaces of GO and RGO dispersed by 

single-stranded DNA (ssDNA) to explore an optimization method for 

elevating catalytic activity of Pt nanocatalyst. As well known, 

ssDNA has much greater affinity to bind the graphene than the 

double-stranded DNA.15 The possible reason is attributed to stronger 

interaction ssDNA with graphene basal plane through π−π stacking 

in its open structure.16 Astonishingly, we found that ssDNA provided 

abundant oxygen groups, which could enhance the resistance of CO 

poison to catalyst. In turn, the nucleobase containing multiple 

nitrogen atoms in exocyclic amino group and imino group functional 

groups served as favourably defined sites for facilitating the 

formation of uniform cotton-flower-like Pt (cf-Pt) nanoparticles 

(NPs),17 which eventually produced superior electrochemically active 

surface areas (ECSAs). Last but not least, while applied voltage 

range from −0.2∼1.2 V, irreversible oxidative damage of guanine and 

adenine in ssDNA will be induced,18 depleting oxygen produced in 

CH3OH electro-oxidation and restraining the conversion of Pt to PtO 

in such reaction system. As an interesting finding, this proposed 

novel ssDNA-RGO/cf-Pt anode showed not only high catalytic 

activity for methanol oxidation but also an excellent CO tolerance.  

Experimental  

Materials 

Hexachloroplatinic (IV) acid hexahydrate (H2PtCl6·6H2O), 

Trisodium citrate dihydrate (Na3C6H5O7, ≥99%), Graphite were 

purchased from Sinopharm Chemical Reagent (China).DNA. Fish 

Sperm DNA Sodium Salt (fsDNA) was purchased from Aladdin. Pt 

black were obtained from Sigma-Aldrich. Sodium chloride (NaCl, 

≥99.5%) purchased from Shanghai RichJoint Chemical Reagent 

(China) all the chemicals and reagents were used as received. 

Ultrapure water (18.2 MΩ cm) was used throughout the experiments 

Synthesis of DNA-modified RGO 

Graphene oxides (GO) were prepared from graphite powder by 

the modified Hummer’s method.19 First of all, natural fsDNA (4mg, 

5mg, 6mg or 7mg) was suspended in 10mL water and heated at 100 

°C for 2 h to obtain ssDNA. After GO dispersion (1mg/ml, 5ml) was 

mixed with ssDNA solution, this mixture was reduced by sodium 
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Scheme 1.Schematic Illustration of the procedure for preparing ssDNA-RGO/Pt Hybrid 

citrate (1wt%, 2ml) for 2h under 100 °C. And then, NaCl (0.4675g, 

50mM) was added in the suspension to remove the excess 

Na3C6H5O7 by several times centrifugation and double-distilled 

water rinsing. The resultant DNA-modified RGO solution 

(containing 0.5 mg/ml RGO) was shorted as ssDNA-RGO.  

Modification of the anode 

Before electrodeposition, the glassy carbon electrode (GCE) in 

diameter of 3 mm was polished by 0.3µm and 0.05 µm alumina 

powders followed by ultrasonicated sequentially in doubly distilled 

water, absolute ethanol and doubly distilled water for 3 min. Then, 

10 µl ssDNA-RGO with different quantities of DNA were dropped 

onto the surface of GC electrode and then dried under an infrared 

lamp. The 10 µl aqueous solution of GO (0.5 mg/ml), GO (0.5 

mg/mL) and ssDNA (6 mg/ml, 10 ml) were also immobilized onto 

the surface of GCE for control experiments. 

The electrodeposition process was conducted at an optimized 

constant potential of -0.2 V in a solution containing 19 mM H2PtCl6 

and 20 mM KCl and the deposited quantity of Pt ended at 5.052 µg 

through capacity evaluation. For a comparison, the commercial Pt-

black modified GCE was also made by directly casting 10.0 µl 

aqueous Pt-black (0.5 mg·mL-1) onto a cleaned electrode surface and 

the amount of Pt kept same as electrodeposition case. 

Electrochemical measurements 

The electrochemical experiments were performed using a 

CHI660D potentiostat (Shanghai Chenhua Instrumental Co., Ltd., 

China) under ambient temperature in a cell, consisting of a modified 

GCE as a working electrode, an Ag/AgCl (in 3 M KCl solution) as 

the reference electrode, and a Pt wire as a counter electrode. 

Methanol oxidation reaction was    

 Scanning electron microscopy (SEM) and energy dispersive 

spectrometer (EDS) were carried out using Hitachi S-4800 Scanning 

electron microscopy. UV–vis spectra were recorded using a 760-

CRT double beam ultraviolet-visible spectrophotometer (Shanghai 

Precision and Scientific Instrument Co., Ltd). Raman observation 

was done with a confocal microprobe Raman system (LabRam II, 

Dilor, France) and X-ray photoelectron spectroscopy (XPS; PHI 

5000 VersaProbe) was used to identify the chemical composition of 

the surface of the resultant anode material.  

Results and discussion  

The procedure for preparing ssDNA-RGO/cf-Pt hybrid is shown 

in Scheme. 1. First of all, natural dsDNA was heated to obtain 

ssDNA at 100 °C for 2 h. And then, keeping the temperature at 

100°C, GO dispersion was mixed with ssDNA and sodium citrate 

was injected to reduce GO into RGO for preparing ssDNA-RGO 

hybrid system. 

The preparation process of ssDNA-RGO hybrid system was mo-

nitored using UV-vis spectroscopy. As showed in Fig. 1(A), a strong 

UV-vis absorption band for GO at 236 nm refers to π→π* transitions

 of C=C and a weak band around 300 nm is from n→π* transitions of

 C=O.20After reduction reaction, the absorption red-shift peak of ssD

NA-RGO could be seen at 254 nm due to the restored electronic conj

ugation within graphene sheets. The digital photos of GO (pale brow

n), ssDNA-RGO (black), RGO (black) in water were also taken. Clea

rly in Fig. 1(B), ssDNA-RGO hybrid is dispersed in water in uniform

 way with long-term stability (> 3 months). Without ssDNA modifica

tion, pure RGO easily trends to aggregate and even precipitate after s

torage for one day. Similarly, the instable mixture of dsDNA-RGO al

so trends to agglomerate. 

Page 3 of 10 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

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

Fig. 1 (A) UV-vis absorption results of GO (a), ssDNA-RGO (b). 

(B)Optical photos of GO (a), ssDNA-RGO (b), RGO (c), ssDNA-

RGO after three months (d), dsDNA-RGO (e) 

Raman spectroscopy is considered a very efficient technique to 

certify structural changes of graphene.21 In Fig. 2, two typical 

peaks at 1334and 1598 cm−1 of GO are ascribed to the D and G 

bands. The D band results from defects in the curved graphene 

sheet as an indication of disorder structures of GO and the G band 

is from the vibration of sp2-bonded structures in a carbon 2D 

hexagonal lattice.22 The D band and G band located in 1334 and 

1598 cm−1 of RGO are same as both Raman bands of GO. The 

similar Raman results could also be observed in the electrochemical 

reduction of GO to form RGO 23 and the synthesis of RGO from GO 

by a chemical method using NaBH4.24The normal Raman spectrum 

of pure graphite shows a typically sharp peak at 1580 

cm−1.Interestingly, both D and G bands of ssDNA-RGO observed at 

1327 cm−1 and 1589 cm−1 are shifted, demonstrating that ssDNA-

RGO system is successful architected through π−π interactions 

between single-stranded DNA and graphene basal plane.25 The 

calculation of intensity ratio ID/IG can identify the degree of disorder 

of such carbon materials. The value of ID/IG (1.17) for ssDNA-RGO 

is larger than GO (1.01), RGO (1.07), which is attributable to the 

decrease in the average size of the sp2.26 Herein, ssDNA acts as an 

outstanding dispersant to improve the dispersion efficiency of RGO 

in water via π−π interactions.  

 

Fig. 2 Raman spectra of GO (a), RGO (b), ssDNA-RGO (c),Graphite 

(d). 

   

Fig. 3 SEM images of (A) ssDNA-RGO, (B-D) ssDNA-RGO/ct-Pt shown at different scales 
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Fig. 4 XPS spectra of (A) carbon 1s of GO, (B) carbon 1s of RGO, (C) carbon 1s of ssDNA-RGO/cf-Pt, (D) nitrogen 1s of ssDNA-RGO/cf-Pt, 

(E) phosphorus 2p of ssDNA-RGO/cf-Pt, (F) platinum 4f of ssDNA-RGO/cf-Pt. 

The electrodeposition of cf-Pt nanoparticles onto ssDNA-RGO 

modified GCE was investigated using SEM. The SEM image of 

ssDNA-RGO in Fig. 3(A) shows the typical lamellar structure of 

RGO with intrinsic rumples. Fig. 3(B) proves that the cf-Pt NPs are 

homogeneously deposited on the surface of RGO. The cf-Pt NPs in 

Fig. 3(C) could be ascribed to the favourable nucleation and defined 

electrodeposition sites along the DNA lattice provided by the 

exocyclic amino and imino groups in nucleobases. The clear image 

of cf-Pt NPs directly deposited on the crinkle of ssDNA-RGO in Fig. 

3(D) exhibits the tight interaction between ssDNA and cf-Pt NPs. As 

a comparison experiment, when Pt NPs was electrodeposited on the 

surface of the pure RGO and GO, the corresponding SEM and TEM 

images shown in Fig. S1 depict the severe aggregation of the 

spherical Pt NPs at their surfaces. According to size statistic graphs 

in Fig.S2, the sizes of ssDNA-RGO/cf-Pt, GO/ Pt and RGO/ Pt are 

mainly in the ranges of 200∼800 nm, 100∼255 nm and 10∼35 nm, 

respectively. Clearly, the cf-Pt clusters on ssDNA-RGO present the 

open structure, which could be expected to facilitate mass transfer 

process and elevate the active area of pt.  

 

Table 1 Elemental Atomic Concentration from XPS Consequence 

Sample 
atomic concentration% 

C O C/O N P Pt 

GO 

RGO 

ssDNA-RGO 

ssDNA-RGO/cf-Pt 

65.40  

73.31 

64.87 

62.30  

34.60  

26.69 

35.13 

33.74 

1.89 

2.74 

1.85 

1.85 

 

 

 

3.22 

 

 

 

0.74 

 

 

 

0.034 
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Fig. 5 (A) CVs of ssDNA –RGO/cf-Pt with 6mg DNA(a), 5mg DNA (b), 4mg DNA(c), 7mg DNA(d) in 0.5 M H2SO4 +1 M CH3OH at the scan 

rate of 50 mVs-1, (B) Chronoamperometry curves of ssDNA (6mg)-RGO/Pt(a), RGO/Pt (b),pure Pt (c) in 0.5 M H2SO4 +1 M CH3OH at 0.6 V.  

In Fig. 4(A), XPS analyze for the surface fictionalization of GO, 

RGO, and ssDNA-RGO, provides the composition information. For 

GO sheets, the fitted C1s peaks located at 284.7 eV, 285.6 eV and 

286.8 eV were corresponding to C=C/C-C bond, C−OH and C−O−C 

bond,27 respectively. While GO was reduced to RGO, with the loss of 

oxygen moieties it generated new sp2 C−C bond. Correspondingly in 

Fig. 4(B) for XPS of RGO, a peak from C−OH is disappeared and a 

new peak of C=O is observed. In turn, the increasing intensity of 

C=C/C−C can be easily found in the spectral range of 285.5 

eV−289.0 eV. After the formation of ssDNA-RGO, in Fig. 4(C), the 

novel peak at 286.2 eV is related to C−N of ssDNA.28 XPS data of 

Nitrogen 1s (400.2 eV) and phosphorus 2p (134.3 eV) in Figs. 4(D) 

and 4(E) also confirm the successful modification of ssDNA on the 

surface of RGO. In addition, O1s XPS peak of GO locates at 532.6 

eV and for RGO, O1s XPS peak red shifts to 532.8 eV as shown in 

Fig. S3 while two O1s XPS peaks of ssDNA-RGO present at 532.6 

eV and 535.9 eV. The latter peak located in 535.9 eV may be 

contributed to O elements in ssDNA. As shown in XPS spectrum of 

Pt in ssDNA-RGO/cf-Pt of Fig. 4(F), the positive shifts of both peaks 

referring to Pt 4f7/2 and Pt 4f5/2 happen to be seen at 72.8 and 76.1 

eV, comparing to the XPS bands of metallic Pt at 71.4 (Pt 4f7/2) and 

74.6 eV(Pt 4f5/2).
.29The possible reason is that the shifts of both 

binding energies of Pt might indicate the strong interaction of Pt with 

heteroatoms in ssDNA-RGO system especially nitrogen and 

phosphate moieties in ssDNA after carefully comparing with the 

XPS bands of nitrogen 1s at 400.5 eV and phosphorus 2p at 133.6 eV, 

given in literature.30 EDS results shown in Fig. S4 also marks the 

presence of N, Pt, O and C and further verifies successful formation 

of ssDNA-RGO/cf-Pt. 

 

Fig. 6 CVs of ssDNA (6mg)-RGO/cf-Pt (a), RGO/Pt (b), GO/Pt (c), pure Pt (d), ssDNA/P t (e) and ssDNA (6mg)-GO/Pt (f) in 0.5 M 

H2SO4 with scan rate of 50 mV s-1 . 
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Fig. 7 (A)CVs of ssDNA (6mg)-RGO/cf-Pt (a), RGO/Pt (b), GO/Pt (c), pure Pt (d), ssDNA/Pt (e) and ssDNA (6mg)-GO/Pt(f) in nitrogen 

saturated aqueous solution of 0.5M H2SO4, scan rate 100mVs-1. (B) Mass activity of different catalysts with the kinetic current density (jk) 

normalized referred to the loading amount of Pt. 

As showed in Fig. 5(A), through the observation of the change of 

CVs with the increase of amount of DNA from 4 mg to 7 mg, the 

superior catalytic activity of ssDNA-RGO/cf-Pt for methanol electro-

oxidation than the other could be found when 6 mg DNA is used. 

The durability and long–term activity of DNA-RGO/cf-Pt within 

2000 s shows better than commercial Pt NPs and RGO/Pt as shown 

in Fig. 5(B)  

The electrochemical behaviours of the resultant ssDNA–RGO/cf-

Pt, RGO and commercial Pt modified GCEs were observed using 

Cyclic voltammetry (CV) method in nitrogen saturated 0.5 M H2SO4 

aqueous solution at a potential scan rate of 100 mV s-1 (Fig. 6). 

ECSA (active surface area) can be calculated by measuring the 

columbic charge collected in hydrogen adsorption and desorption 

region between -0.2∼0.1 V. According the following equation, 31 

ECSAs=QH/m
.C (setting that 0.21 mC cm-2 charge is required to 

oxidize a monolayer of H2 on the surface of Pt, and m refers to the 

platinum loading), ECSAs of commercial DNA-GO/Pt, DNA/Pt, Pt 

NPs, RGO/Pt, GO/Pt and DNA-RGO/cf-Pt were 11.8 m2 g-1, 40.1 m2 

g-1,96.8 m2 g-1, 95.3 m2 g-1, 112.3 m2 g-1, and 234 m2 g-1, respectively. 

The greater ECSA shows the more catalytically active sites available 

for electrochemical reaction and simultaneously reflects the 

conductive pathway available at the surface of electrode for transfer 

electrons, which is contributed from the open structure of cotton-

flower Pt clusters formed by the aid of ssDNA and the huge surface 

area of RGO. Therefore, the existence of ssDNA in DNA-RGO/cf-Pt 

is also a key factor to improve the catalytic activity of Pt. 

 According to Fig. 7(A), the optimal ssDNA-RGO/cf-Pt modified 

GCE exhibits the highest current density (1.98 mA cm-2), which is 

2.5 fold of RGO/Pt and 3.8 fold of commercial Pt NPs. 

Corresponding to Fig. 7(B), mass activity of DNA-RGO/cf-Pt is 

391.9 mAmg-1, while commercial Pt NPs is only 99.6 mA mg-1, 

RGO/Pt is 154.1 mA mg-1, GO/Pt is 140.4 mA mg-1, ssDNA/Pt is 

154.1 mA mg-1 and ssDNA-GO/Pt is 28.5 mA mg-1.  

It should be mentioned that the optimal ssDNA-RGO/cf-Pt GCE 

possesses both the highest electrocatalytic activity and superior CO 

tolerance capability but the case of GO/Pt. The difference between 

GO and RGO lies in the amount of oxygen groups. As above 

described, GO sheets with abundant oxygen groups have better anti-

poison ability. The forward anodic peak around 0.7V marked as If 

refers to the oxidation of methanol and the backward anodic peak 

around 0.5V marked as Ib refers to the oxidation of COads-like 

species.32 The ratio of If/Ib represents the CO tolerance ability of 

catalysts. In Table 2, the If/Ib ratio of GO/Pt at 2.56 is larger than 

1.56 of RGO/Pt. Considering the atomic concentration in Table 1, the 

carbon/ oxygen ratio of GO is 1.89, which is smaller than 2.74 of 

RGO. Unfortunately, GO sheets are not good conductivity, hindering 

the electron transport rate as well as resulting in the decrease of its 

catalytic ability as shown in Fig. 7(B). The smallest carbon/oxygen 

ratio of ssDNA-RGO is evaluated about 1.85 on the basis of the XPS 

result tabulated in Table 1. However, the If/Ib of ssDNA-RGO/cf-Pt 

is 1.75, showing that the ability of ssDNA-RGO/cf-Pt against CO is 

not in the best position of Table 2. This phenomenon might be due to 

its excellent catalytic activity generating more CO species during 

methanol oxidation process to occupy the active sites of Pt 

Comparing with the case of RGO/Pt, nitrogen functional groups in 

ssDNA-RGO/cf-Pt from ssDNA play the role in not only producing 

cotton-flower-like Pt with an enhanced electroactivity but also in 

adsorbing water to produce OH adsorption onto ssDNA-RGO/cf-Pt  
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surface, which should greatly contribute to the resistance of CO-

poisoning. What’s more, OH groups in phosphate backbone of 

ssDNA as a Pt formation site (see Figure 7A) might also contribute 

improvement for the CO tolerance of DNA-RGO/cf-Pt. As above 

proposed, the CO tolerance of DNA-GO/Pt should be the best, but 

the If/Ib ratio of DNA-GO/Pt at 2.14 is smaller than that of GO/Pt. It 

is contributed to the DNA reduces the oxygen groups of GO in the 

snythesis process of DNA-GO hybrid.33 Obviously in Table 2, 

without RGO, ssDNA/Pt is poor catalytic ability due to its non-

conducting characteristic. The proposed mechanism is described in 

the following equations:  

RGO-ssDNA+H2O→RGO-ssDNA-(OH)ads+H++e- 

RGO-ssDNA-(OH)ads+cf-Pt/COads→CO2+RGO-ssDNA+H++e- 

Conclusion  

We successfully employed ssDNA to well disperse graphene 

oxides in water and then added reduction regent to synthesize 

ssDNA-RGO composites. The ssDNA-RGO modified CGE with 

huge surface area and nice conductivity, was easily deposited Pt 

nanoparitcles onto the surface. Due to the presence of nitrogen sites 

and phosphates moieties in ssDNA, the Pt nanoparitcles presented 

cotton-flower-like structure, exhibiting high catalytic activity for 

methanol oxidation. Oxygen residual species (e.g., OH) on the 

surface of RGO and OH species formed from water caught by 

nitrogen functional groups in ssDNA could accelerate the oxidation 

of COad, which are beneficial to improving CO ad removal. Therefore, 

ssDNA-RGO/cf-Pt catalyst showed an advantage of inhibition of CO 

poison to greater extent. We found the ssDNA played a vital role in 

not only well-dispersion of   RGO as the support for the formation of 

open structure of Pt with high activity, but also the enhancement of 

its CO tolerance.  
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The ssDNA-dispersed RGO offered large electrochemical active surface to from cotton-flower-like-Pt(cf-Pt).  ssDNA-RGO/cf-Pt showed 

highly catalytic activity due to Pt clusters with an open structure and promising ability against CO poison. The CO tolerance of such composites 

may be attributed to abundant OH induced by nitrogen atoms in ssDNA and oxygen species in ssDNA as well as the residual oxygen species in 

the surface of RGO.  
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