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1. INTRODUCTION 

The early advent of LiFePO4 and FePO4 as phospho olivines [1-
3] to show reversible electrochemical lithium insertion/extraction  
behavior has opened up a newer gateway in the solid state electro-
chemistry , especially in the field of identifying advanced battery 
materials. Originally, the safety and capacity loss problems  that 
are encountered with the usage of lithium metal anode has made 
the ever first attempt of ambient temperature rechargeable cells 
with lithium anodes as a failure attempt [4]. Consequently,  the 
direction of research was oriented towards the identification of 
alternative anode materials with high reversible capacity, a lower 
capacity loss during the  first cycles and a good cycleability [5-7]. 
However,  it is very difficult to tailor make all the essential pa-
rameters together. Because, the carbonaceous compounds and 
multi metallic alloys, which are known for their high capacity 
values, especially at lower voltages are found to suffer from  larger 
irreversible capacity loss, and mechanical decriptation problems 
respectively [8-15]. Similarly, the moisture sensitive problems of 

nitrides [16] and the need for extra internal lithium  supply re-
quired by convertible oxides [17,18] have driven the  entry of 
other type of alternative anode materials. Such a focus on the 
search for alternative anodes gave birth to the identification of 
ternary vanadate category compounds, which are closely related to 
those of convertible oxides in general but with a different mecha-
nism of intercalation/deintercaaltion reaction with lithium. Among 
the three types of LiMVO4 (M= Ni,Co, Mn, Fe, Be, Cd, Mg and 
Zn) compounds with different structures such as  spinel, olivine 
and phenacite [19-23], LiNiVO4 is a compound of  interest, be-
cause of its dual  electrochemical capability as a high voltage cath-
ode and  [24,25] and as a high capacity anode[26,27]. The com-
pound is reported to exhibit a very high capacity of  ~ 1100mAh/g, 
between a voltage range of 3.0 and 0.2V [27], a value more than 
twice the  capacity of graphite anodes. 

However, the commercial exploitation of LiNiVO4 has been 
hampered  mainly due to the  unacceptable capacity fade problems, 
despite the ability to react reversibly with 7 lithium per formula 
unit[27]. Apart from the well discussed cathode performance be-
havior and the high voltage characteristics of  LiNiVO4 [28-30] 
needs to be studied in detail. Therefore, the present study aims to *To whom correspondence should be addressed: Email: kalakanth2@yahoo.com 
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focus an insight in to the electrochemical behavior of LiNiVO4 as 
a possible anode material from the synthesis as well as from the 
physical and electrochemical characterization points of view. In 
this context, the title compound  has been synthesized by adopting 
the newly emerging soft chemistry assisted combustion tech-
niques, mainly at two different temperatures, viz., 300 and 800ºC, 
using two different combustible fuels such as glycine and gelatin. 
The effect of synthesis methodology, usage of combustible com-
ponents, role of intermittent grinding and the correlation of  ob-
served  physical  properties with those of the electrochemical be-
havior are well discussed in this communication. An attempt made 
to understand the various possible changes in the oxidation states 
of vanadium, the key factor  responsible for the observed larger 
lithium uptake and / or removal is also presented. 

2. EXPERIMENTAL 

Stoichiometric amounts of  LiNO3 , Ni(NO3)2  and NH4VO3  
were dissolved in  water  to get a  homogenous solution. To this 
solution was added  a solution of  optimized amount  of (3g.) com-
bustible fuels dissolved in water[31]. Two  combustible fuels, viz., 
glycine and gelatin  were employed  in the  present study  to aid 
the  process of  combustion and  to reduce the  actual calcination 
temperature   required  to form  high pure  LiNiVO4 compound. 
The resultant  homogenous solution was  heated  initially to 80ºC 
in the hot plate  to ensure  complete dissolution and  intimate mix-
ing  of reactants with the  combustible  components added.  Then 
the solution was  oven dried (110ºC) to remove water  and to ob-
tain  the so-called precursor, which was  subsequently  subjected 
to  furnace heating  at 300ºC for about 24 h. Based on the previous 
attempt [31], the product thus obtained was taken out, ground well 
and reheated to 800ºC for 3h., to obtain the  final product  with 
better purity and crystallinity. Ultimately, the ultra fine powders 
obtained from the high calcination treatment  (800ºC) were  col-
lected from the furnace and subjected thereafter to  a series of 
physical and electrochemical characterization  studies.  It is im-
portant to note that  special care has  been taken  against various 
parameters such as selection of  combination of  suitable  precur-
sor and the  combustible fuel,  usage of  optimum amount of fuel, 

gradual and periodical  enhancement of calcination temperature  
inside the furnace, deployment of intermittent grinding , etc., with 
a view to obtain  phase pure and  better performing LiNiVO4 com-
pound  through  the present attempt. 

2.1. Instrumentation 
Phase characterization was done by powder X-ray diffraction 

technique using  Philips  1830   X-ray diffractometer using Ni 
filtered Cu-Ka radiation (l=1.5406Å) in the 2q range of 10-120o at 
a scan rate of 0.1o/sec.  Surface morphology of the particles was 
examined from the Scanning Electron Micrographs obtained from 
Jeol S-3000 H Scanning Electron Microscope.Electrochemical 
characterization studies were  carried out on an IM6 Electrochemi-
cal Impedance  Spectrometer (CV) and a  Bitrode charge-
discharge cycler (C-DC studies). 

2.2. Electrode Preparation 
The anode electrode was prepared  by coating a slurry that con-

tains a mixture of synthesized metal vanadate powder (80% by 
weight),  carbon (10%) and PVdF binder (10%) over a copper foil.  
The powders were mixed thoroughly  in the appropriate ratio,  
made as a slurry  using NMP as  solvent and coated over a   cop-
per current collector of  10µm  thickness. Then the  electrodes 
were hot roll pressed,  punched for  5’’ x 3’’ dimension and kept 
further in the dry room  at least for 24 hours   prior to  cell fabrica-
tion.  Further, the   electrodes  were  used against a lithium foil of 
thickness 120µm and an electrolyte of  1:1 v/V  EC:DEC dis-
solved in 1M LiPF6 . A  polypropylene  separator (Asahi) of  20 
µm thickness with  40% porosity was  used.  The  fabricated 
pouch cells  were kept in the dry room for one day (aging process) 
and were  subsequently subjected to C-DC  and CV analyses for 
the electrochemical  evaluation of synthesized  LiNiVO4 anode 
material. 

3. RESULTS AND DISCUSSION 

3.1. PXRD  analysis 
Fig.1 depicts the typical XRD profiles recorded for the  

LiNiVO4 sample synthesized at 300ºC using glycine/gelatin as 
fuel prior to intermittent grinding. It is very interesting to note that  

 
Figure 1. XRD pattern observed  for LiNiVO4 compound synthe-
sised at 300ºC (without grinding) 
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Figure 2. PXRD profiles exhibited by LiNiVO4 compound synthe-
sized at different temperatures 
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the low temperature calcination treatment has led to  the formation 
of  doublets in the bragg peaks positioned around 2q = 30, 38, 42, 
55, 58 & 64. The presence of such doublets have already been re-
ported by Fey et al.[24], wherein the precursor  without grinding 
has exhibited similar doublets, which were believed to be very 
much sensitive to  the changes in the crystal orientation. Accord-
ingly, such doublets were reported to form  singlets after subjecting 
the precursor to grinding process  and the same has been observed 
in the present study also (Fig.2). From the figure, it is evident that  
singlets are formed in the respective positions, along with the pres-
ence of additional peaks (Fig.2a). Generally, the presence of addi-
tional peaks arise either due to off-stoichiometry or due to over 
stoichiometry of the compound [29]. Also, the presence of  impuri-
ties  such as NiO,Li3VO4  may be attributed  to the formation of 
extra peaks. Consequently, literature is replete with  the recommen-
dation that 800ºC is the optimal preparation temperature as far as 
the phase purity of LiNiVO4 is concerned, because Li3VO4 impuri-
ties are formed between 600-700ºC and NiO impurities at a tem-
perature of more than 900ºC. Based on these reasons only, the 
LiNiVO4 compound obtained from the furnace at 300ºC  was sub-
jected to grinding  (to obtain perfect crystal orientation) and further 
to high temperature furnace heating at 800ºC (3h.). The final prod-
uct obtained  after high temperature calcinations treatment was 
found to yield LiNiVO4 with preferred  crystallinity and without  
the presence of undesirable impurities. (Fig.2b.). Interestingly, both 
the fuels, viz., glycine and gelatin , being the candidates of carbo-
nitrogenous  fuel category exhibited no obvious difference in the 
PXRD profiles of the product at every stage and so typical XRD 
pattern  (Figs.1&2) are displayed, which are the representative 
diffractograms obtained using the fuels in two different attempts. 

A striking similarity in the XRD pattern has been observed 
(Fig.2b)  for the LiNiVO4 compound synthesized in the present 
study with that of the standard JCPDS pattern. The possible co-
existence of negligible amounts of Li3VO4, Li2O or V2O3 has  suc-
cessfully been excluded  in the present attempt through the careful 
monitoring and the deployment of periodical and  intermittent 
grinding treatments. The sharp diffractograms  of intense peak 
nature (fig.2b) appeared at the characteristic positions are in favor 
of phase purity, crystallinity and the complete elimination of un-

wanted impurities from the LiNiVO4 material synthesized in the 
present case. All the XRD peaks were indexed for cubic structure 
which were found to show perfect fitting towards the same. Gener-
ally,  for an  inverse spinel structure, it is well known that the (220) 
peak is much  stronger than (111) peak and the increase in the in-
tensity of the (220) peak at the expense of (111) peak is attributed 
to the tetrahedral site occupation of vanadium atoms. Interestingly,  
in the PXRD profiles of the title compound also, such an enhanced  
intensity is observed for the (220) peak against the weak (111) 
peak, thus confirming the key factor responsible for the existence 
of inverse spinel structure [32]. Therefore, it is understood that V 
atoms occupy tetrahedral sites and the lithium and nickel to occupy  
octahedral 16d sites, so as  to have the  expected cationic arrange-
ment of (V)VI (LiNi)VIO4 , which is very much coinciding with 
those of the  reported results of  Fey et al.[29]. It is believed  that 
the presence of common impurities of already mentioned type have 
been  eliminated in the present attempt  by the application of opti-
mum heating temperature and the addition of select category fuels 
in appropriate amounts [33], as reported in our earlier work. Also, 
the complete elimination of NiO and Li3VO4 impurities are indica-
tive of the ideal stoichiometry of the compound [29] that has the a 
value ( 8.218ºA), closer to the reported values (a = 8.215ºA) [34]. 
Similarly,  the integrated intensity ratio of I(200) / I(311) ~ 0.5, corre-
sponds to the high crystallinity of the title compound [35]. 

It is reported that the stoichiometry problems of LiNiVO4 are  
very common when NH4VO3 is used as one of the reactants [24, 
28, 36]. But, it is obvious from the present study (XRD) that the  
synthesis of stoichiometrically perfect LiNiVO4 can be made possi-
ble and the same is practically viable, provided necessary care is 
taken to administer the aforesaid points instead of changing the 
precursor / optimizing the pH values. The same has been substanti-
ated through SEM studies also. 

3.2. Morphology studies 
SEM image of LiNiVO4, captured under a normal magnification 

of  X 3500  is displayed in Fig.3. The formation of mono dispersed  
spherical grains with clearly seen crystal boundaries are evident 
from the SEM picture. Unlike the earlier reports [37], wherin the 
grain size distribution of LiNiVO4, synthesized at 800ºC is reported 
to be in the 10-15µm range, the present study accounts to the possi-
bility of synthesizing LiNiVO4 with the preferred morphology of 
reduced grain size in the range of 5µm. because the possible ag-
glomeration of particles has already been controlled in the earlier 
stage of furnace heating of the precursor (300ºC) by way of slow 
heating of the homogenous solution. Also the particles obtained 
after 300ºC were subjected to grinding process to get 4 further pre-
ferred orientation and the uniform distribution of size reduced par-
ticles. The ultimate grain growth controlled particles of uniformly 
distributed pattern were found to maintain the same even at the 
high calcination temperature of 800ºC (Fig.3), which is the interest-
ing behavior and the beneficial effect due to the adoption of spe-
cific treatments. Also, the usage of fuels are reported to impart  
some preferred morphological characteristics [38], thereby leading 
/promoting the formation of LiNiVO4 ultimately, with particulate 
appearance containing definite grain boundaries. Hence, it is under-
stood that the inclusion of select category combustible fuels as 
additives in the normal combustion synthesis method along with 
the process of intermittent grinding and slow rate of heating may 

 
Figure 3. SEM image captured  for  LiNiVO4 compound  synthe-
sised  at  800ºC 
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have better influence over the physical characteristics not only on 
the title compound, but also over a wide variety of synthesized 
compounds, irrespective of the type and nature of the same [38]. 

3.3. Electrochemical characterization studies 
The charge-discharge behavior of  LiNiVO4 cycled at two differ-

ent rates (C/5 and C/10) are depicted in  Figs. 4a &5a respectively. 
To understand the  electrochemical behavior of LiNiVO4 in detail, a 
basic understanding of the structural aspects of LiNiVO4 is highly 
essential. Because the structural analysis of LiNiVO4 leads to argu-
able suggestions that involved the recommendation of spinel struc-
tures initially and an inverse spinel thereafter [23]. In an inverse 
spinel structure, the lithium and nickel atoms are reported to oc-
cupy the octahedrally coordinated interstices, leaving behind the  
tetrahedral sites for vanadium atoms, and the oxidation states of  
the individual atoms are Li+1, Ni+2 and V+5 respectively [39]. How-
ever, the intercalation that takes places within LiNiVO4 is accepted 
to be an unexpected type of intriguingly interesting category, as 
there are no obvious tunnels through which the mobile lithium 
atoms can move around. 

Despite the aforesaid fact, certain parameters as important pre-
requisites are reported  to have drastic influence on the cyclability 
of  LiNiVO4 electrodes, and are listed as follows: a) first discharge  
should be done at a very low rate, as it leads to irreversible trans-
formation of precursors that has a slower kinetics b) deeply trans-
formed amorphous  LiNiVO4  is highly essential, as the same alone 
can cycle in a better manner c) presence of uniformly distributed 

grains of independent nature are preferred and d) homogenous  
distribution of optimal amount of electrode material with a suitable  
binder and an additive material is to be coated over the current 
collector, etc., to have uniform electrode surface. Among the four 
requirements, the first two may be controlled only through electro-
chemical charge-discharge cycling process, whereas the last re-
quirement may have better control from the cell fabrication point of 
view, leaving behind the particle size factor, which is a function of  
synthesis methodology adopted and  the key factors controlling the 
synthesis methodology strategies. Therefore, when the morphology  
preference requirement is considered, the present study has already 
substantiated the presence of particles of preferred orientation,  
morphology, size and distribution (XRD and SEM). Also, with 
regard to the fabrication of pouch cells, care has been taken to real-
ize the homogenous distribution of electrode material. Therefore, 
the electro chemical performance of the title compound in the pre-
sent study depends and warrants ultimately upon two major factors, 
viz., deployment of slow first discharge rates and to the extent of 
formation / transformation of amorphous LiNiVO4 after the first 
discharge. Therefore, to have an idea about the extent of impact of 
first discharge rate over the cyclability, the pouch cells fabricated 
with LiNiVO4 synthesised at 800ºC were subjected intentionally to  
C/5 (Fig.4a) and C/10 rates (Fig.5a) individually. 

Obviously, the fast rate discharge  process (C/5) has been found 

 
Figure 4b. Correlation  between capacity, cyclability and  colum-
bic efficiency of LiNiVO4 (C/5 rate) 
 
 

 
Figure 5a. Charge-discharge behavior of LiNiVO4 compound cy-
cled at C/10 rate 
 

 
Figure 5b.Correlation between capacity, cyclability and columbic 
efficiency of LiNiVO4 (C/10 rate) 
 
 

 
Figure 4a. Charge-Discharge  profile exhibited  by  LiNiVO4 com-
pound cycled at C/5 rate 
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to be not successful in resuming the discharge capacity to a consid-
erable extent, even upon the subsequent (first)charging process, as 
evident from the larger irreversible capacity loss values ( ~75%), 
exhibited by the sample (Fig.4b). Originally, the first step of dis-
charge involves the reduction of V from +5 to +4 oxidation state, 
when the V atoms move from tetrahedral to octahedral sites. Simul-
taneously, the nickel atoms also undergo Ni-Ni pairing process to 
form metal clusters with a parallel reduction of Ni+2 to an unusual 
oxidation state of +1. This transformation is reported to be irre-
versible and the resultant phase formed is found to be amorphous. 
Therefore, the reversibility upon charging process is understood to 
involve only vanadium atoms, which act as redox centers and are 
moved from octahedral to tetrahedral once again. 

From the above discussion, it is clear that crystalline LiNiVO4 
must essentially be transformed largely to an amorphous product, 
before subsequent charging process takes place. Such a transforma-
tion needs to be carried out at a slower rate in order to ensure  
maximum possible transformation to occur. Also, the transforma-
tion is likely to take place, via., clusterisation  of nickel atoms with 
the +1 oxidation state that allows the formation of a frame work 
that reacts reversibly with a larger amounts of lithium. This is how 
the larger uptake of lithium is believed to take place in the case of  
LiNiVO4. Therefore, in order to have all the aforesaid factors to-
gether and in the mentioned manner, a slower rate of discharge is 
only preferred. Therefore, it was decided to cycle the LiNiVO4  
anode at C/10 rate basically, and further to have a better under-
standing of possible changes in the electrochemical behavior as a 
function of cycling rate, the same compound has been cycled at C/5 
rate also. 

Moreover, structural changes of preferred category to enhance 
the electrochemical activity of anodes are reported to be impossible  
when the high temperature procedures are used to synthesise 
LiNiVO4 compound [26], because the very first step of intercala-
tion is only felt to be extremely important and  solely responsible  
for realizing better cyclability of vanadates [40]. But in the present 
study, it is disproved that high temperature synthesized (800ºC) 
LiNiVO4 anode also can perform satisfactorily (Fig.5a), when nec-
essary modifications are  done both at the synthesis stage as well as 
at the initial charge-discharge  step. From Figs. 4a & 5a, it is clear 
that the first discharge (C/5 & C/10 rates) involves a drop in volt-
age from 2.8V to 1.5V, followed by a small plateau around 1.5-
1.1V region that corresponds to the amorphization process. In  
particular, the voltage drop is presumably due to the change of 
position of vanadium from tetrahedral to octahedral and the plateau 
at 1.1-1.5V is due to Ni-Ni pairing / formation of Li-M-O compos-
ite structure. The subsequent plateau below 0.5V is indicative of 
the decomposition of LiNiVO4 that involves further change of  
oxidation states of vanadium from +4. Basically, the Td --- Oh 
transformation of vanadium along with the Ni+1 cluster formation  
accelerates and accommodates in a reversible manner larger 
amounts of lithium at an average voltage of 0.4V (<1V). The amor-
phization process that involves reduction of vanadium, and the 
presence of Li-M-O composite material are reported by Poizot et 
al. also [40]. Particularly, the vanadium reduction (voltage drop 
region) is known to favor structural distortion and lead to the origin 
of biphasic  phase transformation of the following type 

As a result, a rock salt type phase is expected to form upon progres-
sive discharge that becomes amorphous ultimately (~0.1V). How-
ever, an initial discharge capacity of ~620 mAh/g has been ob-
served for LiNiVO4, when subjected to such a slower rate of dis-
charge, say at least to C/10 rate (Fig.5b). However, this sort of 
unusual lower voltage and the larger capacity values of LiNiVO4 is 
quite interesting, despite the fact that the lithium reversibility  
mechanism of LiNiVO4 still remains to be complex [39]. Also, the   
reported behavior of non-transparency of oxygen to the lithium 
mechanism [41,42] is not satisfactory. Despite these factors, the 
compound when subjected to slow discharge rates (C/10) is found 
to exhibit lesser irreversible capacity loss (~25%), against a larger 
capacity loss (75%) , observed with (Fig.4b) higher discharge rates 
(C/5). The cell even after 50 cycles exhibited a capacity of at least  
280 mAh/g, amounting to a capacity fade of 33% (Fig.5b), which is 
an encouraging result only compared to the previous reports [28]. 
More interestingly, the rate of capacity fade decreases upon pro-
gressive cycles, especially after 20 cycles, which may be attributed 
to a possible kind of electrochemical grinding of the material parti-
cles that leads to further smaller grain size to exhibit a more favor-
able overall kinetics.[43]. Because the starting compound is re-
ported to be not restored after one cycle (discharge-charge), but 
after one and a half cycle that involves discharge-charge-discharge 
series. Therefore, from the second cycle and especially after 30 
cycles, no visible capacity loss is observed, rather an enhanced 
capacity has been realized after 30 cycles. So, the LiNiVO4 com-
pound which is made to become amorphous through a slow cycling 
rate of C/10 has been found to ensure proper functioning of the 
electrode upon extended cycling[27]. On the contrary, an increas-
ing polarization, presumably due to the formation of passivating 
films due to the decomposition of active material in to a poorly 
conducting phase has been observed (Fig.4a) with the title com-
pound cycled at a slightly faster rate of C/5, especially on the first  
discharge step itself. Therefore, the larger capacity fade in capacity  
exhibited by the LiNiVO4 anode at C/5 rate may be understood as a 
result of polarization. 

3.4. CV studies 
According to the nature of the metal cation in the LiMVO4 com- Ni/V) (or) V Ni,  m 1;(yMOLi --------  LiNiVO y324 ==−  

 
Figure 6. CV pattern  recorded  for LiNiVO4 compound  synthe-
sised  at 800ºC (1mV/sec.) 
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pounds, either one or two or four electrochemical processes are 
possible [44]. In the case of LiNiVO4 anode, the observed CV pat-
tern (Fig.6) features a minimum of  at least one plateau followed by 
two humps centered around 0.7 and 0.4V. It is well known that 
amorphous LiNiVO4 compound reacts with 10.5 lithium upon re-
duction and 7.5 lithium can be removed upon recharge. On the 
other hand, crystalline LiNiVO4 takes 7 Li per formula unit with a 
smaller loss between the first discharge and charge process. The 
presence of water within  the amorphous phase could be the origin  
of the enhanced irreversible capacity loss of the compound. For 
these reasons only, crystalline LiNiVO4 has been synthesized and 
employed as anode material, despite the known fact that amorphi-
zation takes place during the very initial discharge itself. Interest-
ingly, quite similar to the earlier reports [27], a discharge plateau is 
observed in the present study along with the presence of two humps 
respectively due to the reduction of vanadium and further decom-
position of LiNiVO4 compound. Reduction of vanadium is reported  
to be possible up to even +2 state and in such case, a corresponding 
Li-M-O composite is formed, despite the unusual existence of 
nickel in the +1 oxidation state. Such a possible reduction allows 
further decomposition of LiNiVO4 compound up to a lower voltage 
of 0.2V, that may evolve due to the decomposition of SEI layer in 
certain cases. But in the present study, it is understood that vana-
dium changes from tetrahedral to octahedral sites in the plateau 
region, thus accelerating more possibilities to have Ni-Ni pair for-
mation / formation of Li-M-O composites, followed by a possible 
reduction of V+4–V+3(0.9V) and further to V+3–V+2 (0.4V) region. 
Subsequently, during charge, V+2–V+3(0.2V) and further to V+3–V+4 
(0.7V) may take place, as it involves only vanadium atoms and not 
the nickel atom to play any vital role. Therefore as suggested by 
Poizot et al. [40], it is believed that full amorphisation of LiNiVO4, 
change of vanadium oxidation state from +5 to +2 followed by a  
re-oxidation up to +4 state on subsequent charge and a possible  
ternary metal cation reduction  to metallic element/lowest possible 
+1 oxidation state are found to be responsible for the observed CV 
pattern of the present study also. 

4. CONCLUSION 

By adopting the solution assisted combustion method, crystalline 
LiNiVO4 compound has been synthesized using glycine and gelatin 
as combustible fuels. Interestingly, both the fuels exhibited no  
considerable changes in the physical characteristics of the synthe-
sized  LiNiVO4 anodes. The compound synthesized at 300ºC was 
found to contain impurities, whereas the same at 800ºC was found 
to be phase pure and exhibited better physical as well as electro-
chemical characteristics. LiNiVO4 anode synthesized at 800ºC, 
when cycled at C/10 exhibited better initial discharge capacity and 
a further steady reversible capacity upon progressive cycling.  
Also, the capacity fade was found to get modified, especially after 
20 cycles. On the other hand, LiNiVO4 anode, when cycled at C/5 
rate exhibited poor capacity retention throughout the process of 
charge and discharge. The role of vanadium as a possible red-ox 
centre is believed to be responsible for the excellent electrochemi-
cal cyclability and the observed high capacity of LiNiVO4 anodes. 
Hence, the present study recommends crystalline LiNiVO4 com-
pound as one of the practically viable and a potential high capacity 
anode for practical  applications. 
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