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Abstract

To investigate the electrochemical performance of MO (M=Co, Fe, Ni) nanostructures on lithium 
insertion and extraction, size-controlled LiF-MO nanocomposite thin-film electrodes, consisting of 
metallic M and M oxide (MO) nanoparticles in an amorphous, inert LiF matrix, were designed and 
fabricated using a RF sputtering system with metallic M and LiF mixture targets. The structural and 
electrochemical properties of nanocomposite thin-film electrodes were characterized using TEM, 
SAED, XRD, XPS, and electrochemical measurements. The results showed that MO particles with 
average particle sizes of ca.10nm were well-dispersed in LiF matrix to form a kind of homogeneous LiF-
MO nanocomposite by the sputtering method. The inert medium of LiF provides an effective matrix to 
prevent the crystallization and agglomeration of MO during the deposition and electrochemical cycling 
of the thin film electrode, and then the well-formed nanophase structure in the nanocomposite thin-film 
electrodes leads to an excellent electrochemical cycling performance with the stable discharge specific 
capacity above 300mAh/g.

nanocomposite thin-film electrodes consisting of electrochemical 
active nano-sized particles embedded into an inactive “buffer matrix” 
undergo better capacity retention than single thin film during cycling 
[16,17]. 

It is well-known that LiF possesses chemical and electrochemical 
inertia, and may be used as a buffer matrix to compensate for the 
expansion and shrinkage of metal oxide during electrochemical 
cycling, thus preventing the aggregation of nanostructured metal oxide 
during charging/discharging. In this work, we have investigated the 
preparation and electrochemical properties of LiF-MO, a two-phase 
nanocomposite thin films electrode, i.e., MO nanodots embedded in 
a LiF matrix prepared by a sputtering system. It is shown that the 
addition of inert LiF matrix effectively reduce the particles size of MO 
and improves the cycling performance of lithium-ion batteries.

Experimental
Preparation of the nanocomposite thin films

 LiF-MO nanocomposite thin films were prepared on the stainless 
steel substrates by reactive RF magnetron sputtering. A sputtering 
chamber was evacuated below 5×10-4 Pa with a turbo-molecular 
pump and a mechanical pump. Composite targets consisting LiF and 
M ( M= Fe, Co, and Ni) were obtained as targets by cold pressing LiF 
power (99% Aldrich) and a high pure metal(99.99%) power with the 
molar ratio of 1:1. Before film deposition, the target was pre-sputtered 
for 30 minutes to remove the target surface contaminations. The 
gas mixtures, high purity O2 and Ar with the ratio of 1 to 5, were 
introduced into sputtering chamber by a mass flow controller. 
The gas flow was regulated to maintain the chamber pressure at 
approximately 1.0 Pa. The target-substrate distance was maintained 
at 60 mm. Sputtering was performed at the RF power of 25 W at room 
temperature.

Introduction
There has been intense interest in developing new anode materials 

that store higher densities of lithium for secondary lithium batteries. 
Rock salt structured MO-type (M = Cu, Fe, Co, Ni) transition metal 
oxides have been considered as a promising anode because of its 
high capacity (~700 mAh/g), and excellent recyclibility (up to 100 
cycles) toward lithium [1-6]. Recently, the introduction of nano-sized 
materials in battery systems has been suggested to be a possibility 
since the physical, electrical and chemical properties of nano-phases 
are very different from those of their bulk counterparts [7-9]. It is 
believed that the key to the successful application of nanostructured 
electrodes in batteries is a combination of a number of reaction sites, 
a short transport pathway for electrons and ions, and improving 
cycle performance of the battery. However, most studies reported 
previously have focused on bulk materials and few have dealt with 
the performance of these oxides in thin film electrodes. Thin-film 
electrodes are ideal models for understanding the relationship 
between electrode properties and electrochemical behavior because 
they do not usually contain a binder [10-12]. Moreover, thin-film 
electrodes can be applied directly into thin-film batteries. So far, 
we have designed and fabricated some kinds of thin-film lithium 
batteries with excellent electrochemical properties [13-15]. Currently, 
MO thin films are typically prepared by reactive sputtering or pulse 
laser deposition (PLD) using a single metal target [10,11]. The lack 
of uniformity over a large area is the major drawback for PLD [11]. 
Therefore, sputtering may be a suitable alternative process for making 
MO thin films. However, it is difficult to directly fabricated the 
nanostructured MO thin films with a particles size of less than several 
tens of nanometers by sputtering due to a plasma heating effect. 
Furthermore, it may be more important to keep the nanostructured 
stability to improve the electrode cycling performance during 
lithium insertion and extraction [1-3]. There are some evidences that 
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Assembly of the Li-ion cells
For the electrochemical measurements, the cells were constructed 

by using the as-deposited nanocomposites LiF-MO thin films as 
a working electrode and two lithium sheets as a counter electrode 
and a reference electrode, respectively. The electrolyte consisted of 
1 M LiPF6 in a nonaqueous solution of ethylene carbonate (EC) and 
dimethyl carbonate (DMC) with a volume ratio of 1:1 (Merck). The 
cells were assembled in an Ar filled glove box. Charge-discharge 
measurements were performed at room temperature with a Land BT 
1-40 battery test system. The cells were cycled between 0.01 and 3.5 V 
vs. Li/Li+ at a current density of 28 µA/cm2.

Characterisation
X-ray diffraction (XRD) patterns of the thin film electrodes were 

recorded by a Rigata/max-C diffractometer with Cu-Kα radiation. 
The weights of thin films were examined by electrobalance (BP 211D, 
Sartorius). X-ray photo-electron spectroscopy (XPS) measurements 
were performed on a Parkin Elmer PHI 6000C ECSA system with 
monochromatic Al Kα (1486.6 eV) irradiation. To correct possible 
charging of the films by X-ray irradiation, the binding energy was 
calibrated using the C1s (284.6 eV) spectrum of hydrocarbon that 

remained in the XPS analysis chamber as a contaminant. High 
resolution transmission electron microscopy (HR-TEM) and selected 
area electron diffraction (SAED) measurements were carried out by a 
200 KV side entry JEOL 2010 TEM.

Results and Discussion
A composition confirmation was carried out by the XPS 

measurements from as-deposited LiF-MO films. XPS spectra of F 
1s peaked at 683.6 eV and Li 1s peaked at 55.6 eV in Figure 1 can 
be assigned to LiF [18]. XPS signals from transition metals were 
also detected. Fe 3p, Co 3p and Ni 3p XPS spectra of as-deposited 
thin films were shown in Figure 2(a), (b) and (c), respectively. The 
FeO/LiF spectra contain elemental Fe 2p3/2 and 2p1/2 peaks at 
706.6 and 720.4 eV, respectively, close to their previously reported 
values [18,19]. The high-energy shoulder on the metallic Fe peak 
at 711 eV and the broad satellite peak centered at about 715 eV are 
characteristic of FeO. Based on the relative intensities of the Fe and 
FeO peaks, about 30% of the Fe XPS signal arises from metallic Fe, 
70% from FeO. For the CoO/LiF thin film, the XPS spectrum includes 
Co 2p3/2 and Co 2p1/2 binding energies of 778.5 eV and 794.4 eV, 
respectively, which can be assigned to metal Co. The high-energy 
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Figure 1: (a) F 1s and (b) Li 1s XPS spectra of the as-deposited nanocomposite LiF-MO thin film.
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Figure 2: The ex situ (a)Fe, (b) Co, (c) Ni 2p XPS spectra for the as-deposited LiF-MO thin films.
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shoulder on the metallic Co peak at 780.2 eV appears to be associated 
with a single Co oxide, namely CoO. The satellite peaksat 783.5 and 
801.9 eV confirm the presence of CoO [18]. About 35% of the XPS 
signal was due to metallic Co while 65% was associated with CoO. 
As was observed in the Fe- based and Co-based films, the metallic 
Ni 2p3/2 peaks appear close to the expected value of 852.3 eV. The 
presence of NiO is indicated by the high-energy shoulders on the 
metallic Ni line at energies of about 854.2 eV and 857.5 eV [18-20]. 
Metallic Ni accounted for about 40% of the XPS signal with about 
60% of the signal arising from NiO. From the above results, the MO/
LiF nanocomposites are mainly composed of metallic oxide, LiF and 
a quantity of metal. The existence of metal is helpful to increase the 
electric conduction of nanocomposites thin films, and then improve 
the electrochemical properties of thin film electrodes.

The morphology of the LiF-CoO thin film deposited on a Si 
substrate was characterized by SEM. The SEM image in Figure 3(a) 
exhibited a smooth surface and no particles on film surface were 
observed. As shown in Figure 3(b), the cross-section of the as-
deposited LiF-CoO thin film was compact and a uniform thickness of 
ca. 800nm was observed.

The formation and retention of LiF-MO nanocomposites 
were supported by ex situ high-resolution TEM images and SAED 
patterns. Taking the LiF-CoO nanocomposites thin film as example, 
Figure 4(a) show typical TEM image and SAED patterns shown in 

the inset for size-controlled LiF-CoO nanostructured electrodes 
fabricated using the sputtering system, in which the metallic Co and 
CoO nanoparticles (dark region) are embedded in an amorphous 
LiF matrix (bright region). The SAED pattern exhibited the clear 
rings, in which all d-spacing could be assigned to metallic Co and 
CoO, indicating that the as-deposited thin film mainly consisted of 
amorphous LiF as well as nanosized polycrystalline metallic Co and 
CoO. Well-dispersed metallic Co and CoO particles with an average 
particle size of ca.10 nm were surrounded by the amorphous LiF 
matrix to form the nanocomposites in the process of sputtering 
deposition. When thin film electrode was discharged/charged between 
0.01 and 3.5V for 10 cycles, the nanocomposites thin film electrodes 
still preserved the same nanostructure as the as-deposited thin films 
from the TEM picture shown in Figure 4(b). The nanostructured 
stability of nanocomposites thin film during the electrochemical 
cycling indicated that chemical and electrochemical inert LiF matrix 
can effectively prevent the nanosized CoO particles from agglomerate 
as we expected. 

XRD data were collected to further elucidate the structural 
properties of the LiF-MO nanostructured electrodes. The presence of 
polycrystalline Co nanoparticles and amorphous LiF was confirmed 
by XRD, as shown in Figure 5. Apart from the diffraction peak of 
2θ = 43.60 corresponding to the stainless-steel substrate, broad peaks 
of Co (111), Fe (110) and Ni (111) peaked at 44.60, 44.30 and 44.50 
was observed in Figure 4, respectively, indicating the existence of 

(a) (b)

500nm 1µm

Figure 3: SEM images of the as-deposited LiF-CoO thin film: (a) plane view and (b) corresponding cross-sectional view.

(a) (b)

5nm 5nm

Figure 4: Ex situ high resolution TEM image of (a) the as-deposited LiF-CoO thin film and (b) LiF-CoO thin film after 10 cycles and the corresponding SAED 
patterns (inset).
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metal in the as-deposited thin films [21]. However, the diffraction 
peaks from metallic oxide were absent, in disagreement with the 
result of SAED. This may be due to the small particle size of CoO. 
Moreover, no features of crystalline LiF were observed in the XRD 
and SAED patterns, confirming the formation of an amorphous 
phase. Therefore, the structural properties corresponding to both 
polycrystalline metallic Co and CoO, and amorphous LiF, confirm 
the existence of two phases within the thin film electrode layer. 

Half-cells were assembled by using LiF-MO nanocomposite 
thin films as positive electrodes and Li metal disk as the negative 
electrode. These cells were cycled through a Land automatic cycling/
data recording system at the current density of 28µA/cm2 between 
3.5V and 0.01V. The voltage profiles shown in Figure 6 exhibited 
different LiF-MO thin film electrode’s electrochemical properties. 
The discharge and charge curves were similar to those of the 
corresponding transition metal oxides [1-6]. The potential capacity 
curves of the LiF-MO cells showed some similarities. During the first 
discharging, the potential rapidly dropped to reach a plateau in the 

potential region of 0.51.0V, and then continuously decreased down 
to 0.01V. On the following charging, reversible capacities ranging 
from 300 to 500mAh/g of LiF-MO were achieved. The well-known 
mechanisms for these reactions are the reversible reaction of MO+Li 
→M+Li2O [1]. However, the second discharge curve still kept the 
same characteristics as the first, which was considerably different 
from the pure MO electrode reported previously [1-3], indicating 
that the appearance of LiF matrix in LiF-MO nanocomposites thin 
film can effectively restrain the structural or textural changes during 
lithium insertion and extraction. The second discharge capacities 
of three cells were more than 300 mAh/g, indicating highly active 
nanocomposites LiF-MO thin films with high specific capacities and 
good coulombic efficiency. These films were tested for the cycle life 
test up to 20 cycles as shown in Figure 7. The capacity of the LiF-MO 
cells on cycling showed the reversible capacity remained constant 
after the first several cycling. The existence of metal and the stability 
of nanocomposites in thin film electrode could be responsible for 
the improvement of thin film’s electrochemical properties. The 
results also show that LiF is suitable for becoming a buffer matrix 

36 38 40 42 44 46

In
te

ns
ity

 (a
rb

. u
ni

ts)

2θ (o)

LiF-CoO
LiF-FeO
LiF-NiO

Figure 5: The ex-situ XRD patterns recorded at slow scan speed of 5o/h for the as-deposited LiF-MO thin film (a) M= Fe, (b) M= Co, (c) M= Ni.
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Figure 6: Voltages composition profiles for the as-deposited LiF-MO nanocomposite thin film /LiPF6/Li cells. (a) M= Fe, (b) M= Co, (c) M= Ni.
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to compensate for the expansion and shrinkage of metal oxide 
during electrochemical cycling, thus preventing the aggregation of 
nanostructured metal oxide during charging/discharging.

Conclusion
In this review, we provide an overview to provide evidence 

on the emerging role of HBV pre-S2 deletion mutant protein in 
HBV tumorigenesis, although cohort studies and genetic studies 
are needed to clarify whether type II GGHs represent the pre-
neoplastic or adenomatous lesions and directly contribute to 
HCC development. The HBV pre-S2 deletion mutant proteins are 
retained in the ER and induce ER stress response. Series of ER stress-
dependent and -independent growth signals are then activated. 
Among the diverse pathways, mTOR-mediated signal cascade 
represent a major mechanism for the disturbed metabolism, genomic 
instability, and growth advantage, which can potentially drive the 
type II GGHs toward the pre-neoplastic and neoplastic lesions. To 
identify the patients at high risk for HCC development represents 
the major task in combating chronic HBV infection in the coming 
decades. The development of a DNA chip and ELISA kit for detecting 
pre-S2 deletion mutant will meet this demand. Chemopreventive 
or therapeutic agents can then be provided to these high risk HBV 
carriers to prevent from HCC development.
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