
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Synthesis of Nitrogen-doped Reduced Graphene Oxide Directly from 

Nitrogen-doped Graphene Oxide as High-performance Lithium Ion 

Battery Anodes 

 
Meng Du, Jing Sun*, Jie Chang, Fan Yang, Liangjing Shi and Lian Gao 5 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 

A new route has been developed to synthesize nitrogen-doped reduced graphene oxide (N-RGO) with excellent lithium storage property. 

Nitrogen-doped graphene oxide (N-GO) is firstly synthesized and then reduced to N-RGO. Nitrogen content of N-GO can reach up to 5.6 

wt %. After hydrothermal treatment, the nitrogen content of N-RGO still remains 2.0 wt %. Our N-RGO material reveals excellent 10 

reversible capacity of 600 mAh g-1 at a current density of 0.1C (1C=372 mA g-1) after 60 cycles, superior to that of pristine-RGO (350 

mAh g-1 at a current density of 0.1C). Our work opens up a new way to synthesize N-RGO, which is a promising candidate for lithium 

ion battery (LIB) anodes. In addition, the intermediate N-GO, with high activity, can combine with other materials for convenient 

application. In this work the Fe2O3/N-RGO composite is also prepared to show the outstanding properties of N-RGO. 

 15 

1. Introduction 

Rechargeable LIBs as an important kind of power source has 

been greatly used for popular consumer electronics. It is also 

considered as the most promising batteries for the hybrid electric 

vehicles.1-4 Carbon materials are widely used as commercial LIB 20 

anodes for their outstanding cycling stability. While the materials 

suffer from poor reversible capacity and new breakthroughs need 

to be pursued intensively in anode electrode materials to achieve 

higher capacity.5, 6 Graphene, due to its huge surface area, high 

thermal conductivity, fast charged carrier mobility and strong 25 

Young’s modulus, has attracted much interest in various 

applications.7, 8 Especially in LIBs, graphene combined with high 

lithium storage property materials, such as metal oxide,9 metal 

sulfide10-12 and so on,13-15 are well researched to improve the 

electrical performance. Graphene provides continuous conductive 30 

network and keep the stability of loaded materials, leading to 

enhanced reversible capacity and cycle performance. 

Currently, chemical doping of graphene, such as B,16 N,17 

gas,18 metal,19 or organic molecules,20 is an effective approach to 

tailor the electronic properties and chemical reactivity of 35 

graphene. Among them, N-doped graphene has attracted great 

attention. Compared with the pristine graphene, N-doped 

graphene has more activated regions, which facilitate lithium 

atoms to insert/extract in graphene materials.21 In LIBs, the RGO 

is the predominant matrix to hybrid with other material. The weak 40 

conductivity of RGO restricts its application as current collector. 

The above problem of RGO can be solved by doping with N 

atoms, which provide more electron cloud density and 

conductivity. Thermal treatment,22 plasma treatment23 and 

hydrothermal treatment24 are applied to dope N into RGO. By N 45 

doping, graphene reveals excellent performance as LIB anodes. 

For example, Wang et al.25 prepared nitrogen-doped graphene 

nanosheets by heat treatment of graphite oxide under an ammonia 

atmosphere at 800 oC for 2 h with a nitrogen doping level of ca. 

2%. The nitrogen-doped graphene nanosheets exhibited a high 50 

reversible capacity of 900 mAh g-1 at 42 mA g-1. Wu et al.26 

synthesized high performance N-doped graphene, which showed 

872 mAh g-1 after 30 cycles at a low current rate of 50 mA g-1. It 

is much higher than that of the pristine graphene (638 mAh g-1). 

Here we report a new route to synthesize N-GO and then 55 

reduce it to N-RGO by hydrothermal method. Different from the 

post-synthesis treatment mentioned above, we combine N doping 

and the synthesis of GO in one step. The N-RGO material shows 

excellent reversible capacity than that of pristine-RGO. Moreover, 

it is convenient to be synthesized by simple reduction of N-GO. 60 

Because of high chemical activity of N-GO, it is quite easy to 

combine N-GO with other materials. So, the application of N-

RGO can be enlarged. 

 

2. Experimental Section 65 

2.1 Preparation of N-GO 

N-GO in this work was synthesized by the modified Hummers 

method. 1 g natural flake graphite powder (325 mesh), 0.5 g 

sodium nitrate and 50 mL sulfuric acid (98 wt%) were mixed at 0 
oC in ice-water bath. 3 g potassium permanganate were added 70 

slowly into the solution every half an hour, three times in total. 

Then 1 g melamine was put into the suspended solution and the 

mixture was stirred continuously for 12 h at 30 oC. After that, 46 

mL hot deionized water was added into the suspension dropwise. 

In this step, the temperature was kept at 90 oC, and maintained for 75 

1 h. Subsequently, 20 mL of H2O2 (30%) was added into the 

suspension. And then, 30 min of ultrasonication was taken with 

the power of 200 W. We centrifuged the suspension to get mud-

like material. The material was washed with deionized water and 

ethanol for several times, respectively. At last, the material was 80 

put into oven at 40 oC and maintained for several days to get the 

dry N-GO material. GO with adding 0.5 g, 1 g or 2 g melamine 

was also prepared as control samples. The three kinds of N-GO 

materials are labeled as N-GO-0.5, N-GO-1.5 and N-GO-2, 

respectively according to the melamine quantities. Besides, GO 85 

without adding melamine was also synthesized. 

2.2 Preparation of N-RGO 

400 mg of the as prepared N-GO were dissolved into 80 mL 

deionized water. The solution was transferred into 100 mL 
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Teflon-lined autoclave and was treated by hydrothermal process 

at 180 oC for 6 h. And then, the product was washed with pure 

deionized water and ethanol for several times. After keeping dry 

at 60 oC overnight, N-RGO material was obtained. 

2.3 Preparation of Fe2O3/N-RGO 5 

200 mg of FeCl3 were dissolved into 80 mL N-GO solution which 

was 1 mg mL-1. The mixture was transferred into 100 mL Teflon-

lined autoclave and was treated by hydrothermal process at 180 
oC for 10 h. And then, the product was washed with deionized 

water and ethanol for several times. After keeping dry at 60 oC 10 

overnight, Fe2O3/N-RGO material was obtained. The Fe2O3/RGO 

composite was also prepared by changing N-GO with GO. 

2.4 Materials Characterization 

The phase identification of N-GO, N-RGO, GO and RGO were 

performed on the powder X-ray diffraction pattern (XRD with Cu 15 

Kα irradiation). Morphological observation was carried out on 

transmission electron microscope (TEM, JEM-2100F at 200 kV). 

The X-ray photoelectron spectroscopy (XPS) data were collected 

on a VG SCIENTIFIC 310F in the range of 0 - 1350 eV with Al 

target. The sample was prepared by tabletting. Raman spectra 20 

were recorded on Thermo in plus laser Raman spectrometer with 

a 532 nm laser (9 mW). The cyclic voltammetry (CV) data were 

collected on a PARSTAT 2273 electrochemical work station in 

the range of 3 - 0 eV. And Nyquist plots were collected on the 

same work station. 25 

2.5 Electrochemical Measurements 

The electrochemical experiments of N-RGO were performed 

using CR 2025 type coin cells. The electrodes were prepared by 

mixing the active materials, acetylene black, and polyvinylidene 

fluoride (PVDF) binder in weight ratio of 80:10:10. After that the 30 

mixtures were dissolved in N-methyl-2-pyrrolidone (NMP). The 

electrolyte used was 1 M LiPF6 in a 50:50 weight ratio ethylene 

carbonate (EC): dimethyl carbonate (DMC) solvent. The cells 

were assembled in an argon-filled glovebox and galvanostatically 

discharged and charged using a CT 2001 battery tester. 35 

 

3. Results and discussion 
The outline of the strategy to synthesize N-RGO material is 

shown in Figure 1. With the presence of H2SO4 and KMnO4, 

graphite is expanded and meanwhile H2SO4 molecule inserted 40 

into the interlamination of the graphite layers. The expanded 

interspace between graphite layers also can accommodates 

C3H6N6 molecule. After being oxidized by H2O and H2O2, 

graphite has been changed into GO, and N atoms also connected 

with GO by covalent binding in graphene layers. The 45 

hydrothermal procedure compels O atoms removed from GO, in 

the meanwhile, some N atoms connected with O atoms disappear 

as well in the process. 

 

Figure 1. Schematic diagram for the synthesis of N-RGO material. 50 

 

The XRD patterns of N-GO and N-RGO are shown in Figure 2a. 

And Figure Supplementary information 1 (S1) reveals the XRD 

patterns of GO and RGO. The content of N in N-GO and N-RGO 

is a small quantity, it is hard to tell the differences from N-GO to 55 

GO or N-RGO to RGO. The interlayer spacing of d002 in N-GO 

(0.884 nm) is far larger than that of N-RGO (0.357 nm). The 

large expansion of d002 is ascribed to the induced O and N 

containing groups, which are removed a lot in the hydrothermal 

process. Figure S2 shows the XRD patterns of N-GO-0.5, N-GO-60 

1.5 and N-GO-2. The peak around 10 o is the characteristic peak 

of GO, while peak at 26 o represents the existence of graphene or 

graphite. In preparation of N-GO-0.5, the peak in 10 o is quite 

sharp, which means that graphite in N-GO-0.5 transforms into 

GO completely. When the quantity of melamine is 1.5 g, besides 65 

peak around 10 ° there is also a significant one around 26 °. The 

N-GO-1.5 material has not only GO but also graphite. Too much 

melamine (1.5 g) in the solution could reduce the oxidation ability, 

resulting that graphite is hardly oxidated into GO. So, 1.5 g 

melamine in the experiment proves excess. The d002 distance in 70 

N-GO-2 even shifts to 0.828 nm, revealing that oxydic 

environment is weaker and more graphite remain unchanged.27 

The XRD patterns of Fe2O3/N-RGO and Fe2O3/RGO are shown 

in Figure 2b. The sharp peaks in the patterns indicate that the 

Fe2O3 particles are well crystallized (JCPDS 33-0664). The peak 75 

of N-RGO is covered by the intensive Fe2O3 peak around 25 °. 

Figure S3 indicates that a lattice spacing of 0.26 nm for the (110) 

planes clearly identifies the Fe2O3 particles. The digital 

photograph of four kinds of N-GO materials is shown in Figure 

S4. After keeping still for 12 h, left one exhibited light yellow, 80 

leading to the best oxide GO. Left two is brown yellow, which is 

quite common in GO aqueous. However, left three shows almost 

black with a lot of graphite left in it. The left four has more 

graphite, even reveals poor dispersibility. 

 85 

Figure 2. XRD patterns of (a) N-GO, N-RGO and (b) Fe2O3/N-

RGO, Fe2O3/RGO.  

 

The morphology of N-GO is directly observed in the TEM 

images of Figure 3. And the TEM images of GO are also shown 90 

in Figure S5. The surface morphology of N-GO and GO are the 

same by observation. And both of the two kinds of materials have 

wrinkled layers. It is proved that N-GO remained the 2D structure 

as GO.28  
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Figure 3. TEM images of N-GO at the measuring scale of (a) 100 

nm and (b) 200 nm. 

 

Nitrogen-doping can enhance the specific surface area of 5 

graphene. Figure 4 shows the Nitrogen adsorption and desorption 

isotherms of RGO and N-RGO (Insert: pore diameter distribution 

diagram). The specific surface area of N-RGO is 146.0 m2 g-1, 

which is much higher than that of RGO (62.4 m2 g-1). The area 

decreasing is because of more wrinkles and defects by Nitrogen-10 

doping. RGO and N-RGO both show IV type adsorption and 

desorption isotherms. It is the existence of mesopores in the 

materials. The hysteresis loops in them are both H2 type 

revealing the uniform defects in RGO and N-RGO. However, the 

defect size of N-RGO is 3.9 nm, a little bit larger than RGO (3.4 15 

nm). The nitrogen atoms have the effect of enlarging the defects. 

 

Figure 4. Nitrogen adsorption and desorption isotherms of (a) 

RGO and (b) N-RGO (Insert: pore diameter distribution diagram). 

 20 

To confirm N-doping of RGO, XPS studies are carried out. The 

survey scan spectrum from XPS analysis shows the presence of C, 

N and O (Figure 5a). And the XPS spectrum of N-GO is also 

shown in Figure S6. The O peak around 530 eV decreases 

obviously from N-RGO to N-GO. Table 1 supplies some element 25 

content data of N-GO, N-RGO, GO and N-GO-0.5. The O 

content data of N-RGO and N-GO also prove that after 

hydrothermal treatment, the O percentage decreased from 35.0 

wt % to 11.0 wt %. In the C 1s spectrum of N-RGO in Figure 5b, 

the sharp peak at around 286 eV can be spilt to three peaks, at 30 

285.0, 285.9, and 289.8 eV, which represent the C＝C bonds, C－

O bonds and C＝O bonds. Compared with C 1s XPS spectrum of 

N-GO which is shown in Figure S7, the peak of C－O bonds 

decreases apparently. It means that the hydrothermal treatment is 

effective in removing the C－O bonds.29 The N1s spectrum 35 

(Figure 5c) usually can be divided to several individual peaks that 

are assigned to pyridinic-like N (399.1 eV), pyrrolic-like N 

(400.2 eV) and graphitic-like N (401.3 eV).30, 31 The N content of 

N-GO reaches 5.6 wt %, which is much larger than that of GO 

(0.2 wt %) without N-doping. When using 0.5 g melamine in N-40 

GO-0.5 the N containing of 0.3 wt % is also quite low, which 

reveals that the quantity of 0.5 g melamine almost enhances no N 

atom doping in GO. When 1.0 g melamine used, the N content in 

N-GO and in N-RGO are 5.6 wt% and 2.0 wt %, respectively. We 

consider the N doping reaction as a concentration-dominated 45 

reaction. When added 0.5 g melamine in the solution, strong 

oxide environment inhibited the doping reaction, resulting rarely 

N doping. While 1 g melamine added, the concentration reached 

the necessary doping condition, leading to a high N doping 

content. Raman spectroscopy is another very useful method to 50 

characterize N-RGO. In Figure 5d, the D band at 1350 cm-1 

reveals the defects and heteroatoms, while the G band at 1580 

cm-1 represents the ordered degree in graphene. According to the 

strong intensity of D peaks, the N-GO we prepared is 

multilayered.32 The intensity ratio of D and G bands (ID/IG) is 55 

applied to describe the doping or defects phenomenon in 

graphene.33 The ratios from N-GO (1.62) to N-RGO (1.21) and 

GO (1.39) to RGO (1.03) decrease, which can be ascribe to the 

reducing of O-containing group from graphene. The N-doping 

also make the ID/IG ratio lessen, compared with N-GO and GO or 60 

N-RGO and RGO. The decreased ratios also confirm the 

existence of N atoms doped in the graphene.  

 

Figure 5. (a) XPS spectrum, (b) C 1s XPS spectrum and (c) N 1s 

XPS spectrum of N-RGO. The N 1s peak of N-RGO can be split 65 

to three Lorentzian peaks at 401.3, 400.2, and 399.1 eV, which 

represent the graphitic-like nitrogen, pyrrolic-like nitrogen and 

pyridinic-like nitrogen species. (d) Raman spectra of N-GO, GO, 

N-RGO and RGO.  

 70 

Table 1. Element content of C, O and N estimated from XPS data 

and the N/C atom ratios 

Samples C (wt %) O (wt %) N (wt %) 
N/C 

(at./at.) 

N-GO 59.4 35.0 5.6 0.094 

N-RGO 87.0 11.0 2.0 0.023 

GO 63.6 36.2 0.2 0.003 

N-GO-0.5 62.0 37.7 0.3 0.005 

 

N-RGO and RGO materials are assembled in LIBs to test their 

electrical performances. Figure 6 shows the Nyquist plots of the 75 

cells with N-RGO and RGO as anodes at a discharged potential 

of 0.1 V. It can be found clearly that the two Nyquist plots are 

composed of two parts, one semicircle and one straight line. The 

semicircle in the high frequency region is related to charge-

transfer process occurring at the electrode/electrolyte interface, 80 

the straight line in the low frequency region can be attributed to 

Warburg impedance.34 It is usually considered that the charge-
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transfer resistance can be signified by the semicircle in the 

medium-frequency region.35 Although the materials are combined 

with carbon black (as conductive additive), it is obviously that the 

existence of N atoms (20 Ω of N-RGO) improves the 

conductivity of RGO (40 Ω of RGO). The excellent conductivity 5 

of N-RGO can arouse long cycle lifetime in high rate current 

density. 

 

Figure 6. Nyquist plots of N-RGO and RGO at a discharged 

potential of 0.1 V (vs. Li/Li+) from 100 kHz to 10 mHz. 10 

 

The cyclic voltammetry (CV) curves of N-RGO are shown in 

Figure 7a. In the first cycle, the cathodic peak around 0.1 V 

represents the gradual insertion by lithium atoms into RGO. 

Meanwhile, the anodic peak presented at 0.3 V represents the 15 

extraction reaction of lithium.30 The anodic peak shifts to 0.1 V in 

the second cycle because of the irreversible phase transformation 

in the first cycle which was resulted from the decomposition of 

electrolyte and formation of solid electrolyte interface (SEI).36 

Such SEI layer usually happens in the LIB anodes in the first 20 

cycle.37 After the second cycle, the intensity of the cathodic and 

anodic peaks just decreases a little compared with the fifth cycle, 

indicating excellent cycling performance. The charge/discharge 

curves of N-RGO at a current density of 0.1C are revealed in 

Figure 7b. It is the voltage versus specific capacity plots 25 

conducted at 0.1C between 3 and 0 V versus Li/Li+. The first 

discharge curve at ~ 0.6 V can be attributed to the formation of 

SEI layers on the graphene surface. In the subsequent cycles, this 

discharge plateau disappeared. And the sloping charge/discharge 

curves at ~ 0.1 V can be attributed to the insertion of lithium 30 

between N-RGO layers. There is no obvious decrease after the 

tenth cycling curve, revealing improved cycling stability. Figure 

7c shows the coulombic efficiency of N-RGO and the cycling 

performance of N-RGO and RGO at a current density of 0.1C. 

The initial discharge and charge capacities of the composite are 35 

1765 and 912 mAh g-1, respectively, resulting in that the first 

coulombic efficiency is ~ 52%. N-RGO has higher chemical 

activity, leading to react with lithium ions more easily and 

sufficiently. Besides, there are more defects in N-RGO and 

lithium ions can be stored in such areas. The huge transferred 40 

lithium ions will arouse the extremely large 1st discharge capacity. 

The large irreversible capacity during the 1st discharge is caused 

by thick SEI layer. The SEI layer in N-RGO is thicker than any 

other materials. As a result, the irreversible capacity is larger. N-

RGO has high activity and in the surface, lithium ions can react 45 

with N-RGO easily to form the SEI layer. Additionally, more 

defects bring N-RGO more surface areas to expose in the 

electrolyte, which is also aggravating the formation of SEI 

layer.38 After the second cycle, the coulombic efficiency of N-

RGO remains above 95%. After 60 cycles, N-RGO can deliver a 50 

reversible capacity of 600 mAh g-1. While the RGO for 

comparison shows only 350 mAh g-1. The increased percentage 

of capacity reaches as high as 71.4 %.The rate performance of the 

N-RGO electrode is investigated in Figure 7d. At a current 

density of 2C, the discharge/charge capacity of N-RGO still 55 

remains ~ 200 mAh g-1, while that of RGO is only ~ 120 mAh g-1. 

The N-RGO exhibits higher reversible capacity both at low and 

high current densities. To better understand the advantage of 

Nitrogen-doping in RGO, the cycling performances of Fe2O3/N-

RGO and Fe2O3/RGO at a current density of 100 mAh g-1 were 60 

exhibited in Figure 8. After 50 times the revisable capacity of 

Fe2O3/N-RGO remains as high as ~ 1050 mAh g-1, which is 

higher than the ~ 700 mAh g-1 of Fe2O3/RGO. When Fe2O3 

loaded on the surface of N-RGO, the surface will be covered and 

electrolyte will not contact with N-RGO sufficiently in the first 65 

few cycles, and in long time cycling the advantages of N-RGO 

than RGO could be more obvious and hence initial capacity is 

close and several cycles later the capacities make obviously 

different. In the composite of Fe2O3/NRGO, Fe2O3 mainly store 

Lithium ions. When lithium ion batteries discharge, lithium ions 70 

will react with Fe2O3 and deliver the reversible capacity. N-RGO 

shows higher conductivity than RGO and lithium will travel 

faster in N-RGO than RGO, resulting higher capacity. The 

outstanding properties of N-RGO can also facilitate the 

composite which contain N-RGO. 75 

 

Figure 7. (a) Cyclic voltammograms of N-RGO for the first, 

second, and fifth cycles at a scan rate of 0.5 mV s-1 with a voltage 

window from 3 to 0 V. (b) Lithium insertion/extraction properties 

of N-RGO. (c) The coulombic efficiency of N-RGO and the 80 

cycling performance of N-RGO and RGO at a current density of 

0.1C. (d) The reversible capacity of N-RGO and RGO at various 

current rates. 
 

 85 

Figure 8. The cycling performances of Fe2O3/N-RGO and 

Fe2O3/RGO at a current density of 100 mAh g-1. 

 

4. Conclusions 
We invent a new method to synthesize nitrogen-doped reduced 90 

graphene oxide (N-RGO) with excellent lithium storage 

properties. N doping is concurrent in the formation of GO. We 

also have discussed the quantity of N-GO with different 

quantities of melamine. Nitrogen content of N-GO can reach up 
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to 5.6 wt %. After reduction, the nitrogen content of N-RGO still 

remains 2.0 wt %. The N-RGO material shows excellent 

reversible capacity of 600 mAh g-1 at a current density of 0.1C 

after 60 cycles, superior to that of pristine-RGO (350 mAh g-1). 

As it is known, the conductivity of anode materials plays an 5 

important role in electron transmission, especially in high rate 

current density. By doping N atoms, the charge-transfer 

impedance of N-RGO (20 Ω) decreases a half than that of RGO 

(40 Ω). In the charge process, lithium ions diffuse into the anode 

materials and the higher conductivity facilitate faster ions 10 

diffusion, leading to higher specific capacity. Besides, the defects 

and disordered surface morphology induced by doping, increase 

electrode/electrolyte wettability and improve electrochemical 

performance. Notably, N atoms play an effective role in lithium 

intercalation and extraction, making the process much easier. This 15 

work opens up a new way to synthesize N-RGO, which is a 

promising candidate for lithium ion battery (LIB) anodes whether 

be used alone or combined with other materials. 
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