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Abstract

Copper phosphide (Cu3P) was produced as thick films over copper foils. The synthesis was performed by solid-state reaction at low
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emperature (400◦C). Similar attempts were carried out for other transition metals of the first series without success. Scanning
icroscopy (SEM) revealed the formation mechanism of the Cu3P thick films. First, phosphorus diffuses into the copper foil followed by

ubsequent formation of the binary compound. During this process, the Cu3P particles seem to dig the copper foil, producing holes, w
he Cu3P crystallites nucleate and growth. Then, the thick films are formed by the conjugation of several agglomerates and their m
s not homogeneous. Oxidation of Cu3P occurs to a small extend on the top surface of the films. The electrochemical behaviour of t
lm was compared with a standard Cu3P composite electrode, in which the active material is mixed with carbon and a binder. Althou
wo different electrodes presented some differences in their electrochemical behaviour, both electrodes showed promising qualitie
s anode materials in lithium ion batteries or hybrid devices.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Rechargeable Li ion batteries are key components for
any equipments required in today’s life. This kind of

ells deliver almost 4 V, they have specific energies close to
20 Wh/kg and they have long shelf life at room temperature

1,2]. Nowadays, the study of lithium ion batteries is essen-
ially divided into three fields, cathodes, anodes and elec-
rolytes. Since 1970, graphite is the most commonly studied
aterial as negative electrode and it is extensively used in

ommercial devices. Although in the last 10–15 years, several
aterials, such as metal oxides and intermetalics have been
roposed as possible anode materials[3–5], most of these
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alternative anode materials fail to combine a high spe
capacity, a low working potential and a high cyclability. T
main reason is that most of the materials studied up to k
lead to drastic structural changes when reacting with lith
and subsequently, fail to retain their pristine electrochem
properties during long term cycling. Then, intensive rese
is carried out in that field. Hence, “new” materials are
proposed as alternative negative electrodes for lithium
batteries.

Phosphorus forms solid compounds with nearly all th
ements in the periodic table, but the phosphides are n
well known as many others compounds[6]. Nevertheless
in the last 5 years, several phosphides have been pro
as alternative anodes for lithium ion batteries[7–17]. These
compounds seem to have high reversible capacities, and
of them good cyclability. The electrochemical reaction me

013-4686/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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anism, proposed for the metal phosphides versus lithium, de-
pends on many factor such as, the structure of the material,
the transition metal and the amount of lithium in the pristine
compound. For example, in some cases, the pristine structure
of the metal phosphide can be reversibly modified and recon-
structed upon electrochemical cycling[9,12]. On the other
hand, other phosphides are decomposed during the first cy-
cles, and lithium reversible reacts with phosphorus to form
Li3P [10,11].

Apparently, metal phosphides may be an option as anodic
materials. However, the synthesis of all these materials is
usually complicated and requires the use of special devices,
such as sealed tubes and they have to be handled and stored
under inert atmospheres. All these special conditions pre-
vent an easy industrial preparation. Copper phosphide (Cu3P)
presents good qualities as negative electrode. The gravimetric
capacity of Cu3P is close to that of graphite, but its volumet-
ric capacity is almost four times higher than that of graphite
[7,18]. This material is usually synthesized at high temper-
atures (800◦C). In a previous letter, we reported a new and
very simple method to produce Cu3P by solid-state reaction at
low temperatures that could be easily scaled industrially[7].
We have presented how a thick film of Cu3P can be produced
over a Cu foil, and how this compound reversibly reacted with
lithium. Then, the aim of the present work is to give more de-
tails about the synthesis of the CuP films produced by this
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Oxford Instrument). Finally, the X-ray photoelectron spectra
were recorded with a Leybold LHS12 system. The measure-
ments were preformed using a Mg K� anode (1253.6 eV) as
the X-ray source, with an input power of 144 W. This sys-
tem is equipped with a spherical capacitor analizer EEA 10
MCD, used in the fixed analysing mode and a twin channel
plate detector split into 18 channels. The pressure in the anal-
ysis chamber was maintained in the low 10−7 Pa range during
measurements. The pass energy was 50.4 eV. The elemental
percentage analysis was calculated using the area under the
XPS curves, divided by the atomic sensitivity factor for each
element. An ablation process was applied to the samples into
the XPS equipment. The conditions of the argon plasma for
the ionic ablation process were 8 mA and 2.5 keV under a
pressure of 3.5× 102 Pa.

Concerning the electrochemical analysis, samples were
tested in two different ways. Some samples were tested as
they were prepared, as a thick film of Cu3P over the cop-
per substrate. On the other hand, other electrochemical tests
were performed with Cu3P composite electrodes. The com-
posites were produced with Cu3P powder scratched mechan-
ically from the films. Afterwards, they were prepared as fol-
lows: Powder of Cu3P, black carbon and TEFLON® as binder,
were mixed in ethanol, using a molar ratio equal to 85:10:5,
respectively. The electrochemical response of all the sam-
ples was tested on a Mac-Pile equipment (BioLogic), using a
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his material can be produced in a very simple way. Fin
tandard composite electrodes, with binder and condu
dditives, were prepared with the powder produced by
u3P thick films and electrochemically compared the th
lms.

. Experimental section

Cu3P was synthesized by a new and very simple pro
nvolving a solid-state reaction at low temperature[7]. Red
hosphorous (99%, Aldrich) was suspended in ethanol. T

he suspension was sprayed on a copper foil (Goodfe
ambridge Limited) previously heated in air at 60–70◦C.
nce the ethanol was evaporated, a black–red brittle film
roduced over the Cu foil. A set of these samples was
t different temperatures for 8 h in flowing argon, produc

n all cases a black thick film.
Different techniques were used to characterize the C3P

amples. Thermogravimetric analysis (TGA) and differe
canning calorimetry (DSC) were performed in a TA Ins
ents equipment. The heating rate used, for both techni
as 5◦C/min from room temperature to 500◦C. All the
easurements were performed in flowing N2. X-ray diffrac-

ion (XRD) patterns were recorded with a Siemens D-5
iffractometer, using the Cu K�1 radiation. The particle siz
nd morphology of the films were studied with a scann
lectron microscope (SEM, LEO stereoscan 440) cou
ith an energy dispersive X-ray analyzer (EDS, Link I
wo-electrodes cell and metallic lithium as the counter e
rode. The electrolyte used was 1 M solution of LiPF6 in ethy-
ene carbonate:diethyl carbonate (Merck), with a molar
f 1:2.

. Results and discussion

.1. Synthesis and composition of the Cu3P thick films

Fig. 1A shows the TGA/DSC curves recorded for the C
oil before any heat treatment. While the sample lost we
etween room temperature and 200◦C, the sample present
n endothermic process in the same range of temperatu

his range of temperatures, the weight loss of the sample
ot higher than 2%. This process is associated to evapo
f ethanol and possible dehydration of the red phosph
recursor. This is in good agreement with the two diffe
lopes observed on the endothermic part of the DSC c
etween 25 and 160◦C and between 170 and 230◦C. Each
art of this endothermic process was attributed to the org
ecomposition of the ethanol, and the dehydration, res

ively. From 240 to 500◦C, the sample did not present a
ignificant change of weight. However, the DSC curve sh
wo small endothermic peaks at 320 and 465◦C. The firs
eak, at 320◦C, can be due to the first stage of atomic mo
ents and Cu3P formation. On the opposite way, the sec
eak must be associated with an oxidation process o
u3P. As we will demonstrate later in this paper, the C3P

hick film suffers oxidation over the top surface.
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Fig. 1. (A) TGA/DSC curves for the Cu–P foil, straight line corresponds to
TGA analysis and the dotted line corresponds to DSC analysis. (B) TGA
curve for the Cu–P foil, keeping the temperature at 400◦C for 8 h. Both
samples were analysed before any thermal treatment.

A second sample was heat treated at 400◦C for 8 h in the
TGA analyser (Fig. 1B). As in the first sample, there was an
insignificant weight loss, <1%, between room temperature
and 400◦C. After that, when the sample was kept at 400◦C
for 8 h, the sample increased its weight only by 1% approxi-
mately. This effect might be attributed to oxidation, due to the
presence of small quantities of oxygen into the TGA cham-
ber. The XRD analysis of the sample did not show any other
compounds, than Cu3P.

Fig. 2shows the different XRD patterns obtained for the
Cu–P foils without annealing and heat treated between 200
and 400◦C for 8 h. The maximum temperature was 400◦C
because phosphorus sublimates at 416◦C in these condi-
tions [19]. The samples without annealing and heat treated
at 100◦C only showed the peaks of metallic copper (JCPDS
file 85-1326)[20]. Phosphorus was not detected due to its
weak diffraction coefficient. Small amounts of Cu3P could
be detected on the sample fired at 200◦C (JCPDS file 71-
2261) [21], and XRD patterns of the samples fired at 300
and 400◦C presented the typical diffraction pattern of Cu3P.
At 300◦C, the main phase was Cu3P and still small quanti-
ties of metallic copper were detected from the Cu foil. On
the other hand, Cu3P was the only phase detected by XRD
for the sample heat treated at 400◦C. In this study, the XRD
analysis did not allow to quantify the volumetric percentages
of the compounds produced in the samples due to the lack

Fig. 2. X-ray diffraction patterns of the Cu–P samples heat treated for 8 h at
different temperatures.

of signal for the phosphorus and the excess of copper from
the Cu foil. However, it is clear that the synthesis of Cu3P is
strongly favoured at 400◦C.

The synthesis of several metal phosphides has been re-
ported in the literature[6,9–18]. However, all of them are
produced at high temperatures. Hence, we attempted the same
kind of synthesis used to yield Cu3P, using foils of several
other transition metals. The metals tested were Ti, Cr, Ni, Fe,
Mn and Zn, all of them are transition metal of the first series
like Cu. Although binary phosphide compounds are reported
with all these metals, none of them produced the metal phos-
phide when the samples were fired under the same conditions
as copper (400◦C for 8 h, in flowing Ar). Some of the tran-
sition metals produced their corresponding metal phosphide
when the samples were fired at higher temperatures,≥700◦C.
However, these experiments had to be done in sealed quartz
tubes, due to the sublimation point of phosphorus, 416◦C, and
subsequently, these synthesis are far more difficult to scale
up for the production of large amount of powder compared
to the simple low cost synthesis of Cu3P.

Copper was the only transition metal of the first series that
produced a phosphide at low temperatures by direct reaction
between the metal and phosphorus. The enthalpies of forma-
tion at 298.15◦C for different metal phosphides have been
reported previously and are presented inTable 1; [6]. The
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nthalpies of formation of different metal phosphides

etal phosphide (kJ/mol) �H◦
f

at 298.15◦C (kJ/mol)

r3P −163.05
n3P −179.80
e3P −142.84
e2P −130.82
i3P −187.00
u3P −166.10
n3P2 −147.02
nP2 −71.33

ata reproduced from Schlesinger[6].
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enthalpy values for the different transition metal phosphides
do not show any kind of trend. Furthermore, no values are
reported for heat capacities (�Cp), or kinetic data like activa-
tion energy. These data could help to estimate the enthalpies
at the reaction temperatures. For these reasons, it is not easy
to explain the observed behaviour. One possible explanation
could be that all the elements of the first transition series have
partially filled 3d shells, except copper and zinc. Neverthe-
less, only the copper has a complete 3d shell, and a single 4s
electron outside the 3d shell[22]. Then, copper is the only el-
ement in the series to have a M+1 state. This unique electronic
configuration may facilitate the solid-state reaction between
copper and phosphorus (reaction(1)). Further and more spe-
cific experiments have to be performed to probe completely
this hypothesis.

3Cu + P → Cu3P (1)

3.2. Morphology and surface analysis of the Cu3P thick
films

The morphology of the Cu3P film produced over the Cu
foil at 400◦C is shown inFig. 3. In general, the Cu3P films
presented an inhomogeneous and porous structure, produced
by agglomerates with a particle size ranging between 5 and
40�m. A closer examination of these agglomerates showed
t
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Fig. 4. SEM micrographs of the Cu–P foil before the thermal treatment (A)
and the samples heat treated at 200◦C (B) and 300◦C (C) for 8 h. The arrow
in the small picture of theFig. 3A corresponds to 10�m.

phosphorus particles was up to 15 and 25% of oxygen and
carbon, respectively. The presence of these elements must be
due to the solvent and water still present in the phosphorus
particles. These results are in agreement with the TGA/DSC
results.

When the sample was fired at 200◦C, the production of
Cu3P was evidenced by XRD (Fig. 2). SEM observations al-
lowed to detect Cu3P particles over the Cu substrate (Fig. 4B),
and these particles seem to dig the copper foil. Apparently,
phosphorus is diffusing and reacting into the copper structure.
As a consequence, the Cu foil presents holes where the Cu3P
particles are held. The EDS analysis indicated the follow-
ing composition: P = 23 at.% and Cu = 77 at.%, thus confirm-
hat they were made of tiny particles smaller than 1�m. The
orphology observed, for the Cu3P thick films, is very con

enient and useful to allow the electrolyte impregnation
good reactivity during the electrochemical test (see Se
.3).

In order to better understand the formation mechanism
orphology of the Cu3P films, samples heat treated at 2
nd 300◦C were analysed by SEM. The micrographs of th
amples are shown inFig. 4. Sample without any therm
reatment clearly shows how the particles of phosphoru
erely deposited over the Cu foil (Fig. 4A). The size of thes
rains ranges from 2 to 30�m. Furthermore, EDS analys
howed the presence of oxygen and carbon in the phosp
articles. The concentration of these elements detected

ig. 3. SEM micrograph of the Cu3P film produced over the Cu foil at 400◦C
or 8 h. The arrow in the small picture corresponds to 1�m.
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Fig. 5. SEM micrograph of the Cu foil, where just the middle of the foil was
sprayed with phosphorus and fired at 400◦C for 8 h.

ing a Cu/P molar ratio close to 3. The sample heat treated
at 300◦C presented the same behaviour as the sample an-
nealed at 200◦C. However, in this sample, the population of
Cu3P particles was much higher (Fig. 4C). It is clear that
by increasing the temperature, the concentration of Cu3P in-
creases, covering the Cu foil. To confirm that the change in
surface morphology of the Cu foil seen inFigs. 3 and 4arose
from the formation of Cu3P as a result of the phosphorus
diffusion into the copper foil,Fig. 5 shows a sample where
only the middle of the Cu foil was sprayed with phosphorus
and then fired at 400◦C for 8 h. Indeed, in the area that was
spayed with phosphorus, the Cu3P particles are held into the
holes produced on the Cu foil. On the other hand, the area of
the Cu foil that was not sprayed did not present any change.
This micrograph confirms that phosphorus is diffusing and
reacting into the Cu foil, producing these holes in the Cu foil.

Fig. 6 shows the cross section of the Cu3P–Cu foil. This
figure confirms the presence of two different phases in the sur-
face region. The difference in contrast seen in the backscat-
tered electron image (BSEI) ofFig. 6A arises from the dif-
ferences in the mean atomic number,Z̄, of Cu (Z̄ = 29) and
Cu3P (Z̄ = 25.5) [23]. Furthermore, EDS analyses were in
excellent agreement with the BSEI image. On the other hand,
the Cu/P ratio was close to 3 for the darkest phase. This com-
position agrees with the Cu3P stoichiometry. On the other
hand, the brighter phase almost did not contain any phospho-
r t of
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Fig. 6. BSEI (A) and SEI (B) micrographs of the cross section of the
Cu3P–Cu foil heat treated at 400◦C for 8 h. EDS analyses: surface phase
Cu = 79 at.% and P = 21 at.%; bulk phase Cu = 97 at.% andP = 3 at.%.

The Cu3P film was analysed by XPS, where the binding
energy bands studied were Cu (2p3/2), O (1s) and P (2s). The
percentage of the three elements are indicated inTable 2.
The presence of oxygen in the sample could be attributed to
the formation of a thin oxide layer over the surface of the
Cu3P thick film. A close examination of the XPS spectra
in the phosphorus region showed a double peak. The binding
energies for these two peaks were 134.6 and 129.5 eV (Fig. 7).
The binding energy peak at 134.6 eV corresponds to a P-
bonded oxygen, in the form of phosphate[24]. This peak
corresponds to the phosphorus present on the oxide surface
layer. On the other hand, the second peak appeared at lower
binding energies, 129.5 eV. There is not any reference for a P-
bonded copper binding energy and there are just a few binding
energies reported for P-bonded metallic elements[24]. All
of them present lower energies than the red phosphorus at
130.2 eV. Hence, the binding energy band at 129.5 eV should
correspond to the P-bonded copper in the Cu3P.

The presence of an oxidized surface must modified the
electrochemical behaviour of the material. Actually, the ox-
ide phase present on the Cu3P surface produced some irre-

Table 2
XPS elemental percentage analysis

Element Before ablation After ablation

C
P
O

us, only 3 at.%, meaning that there is just a little amoun
hosphorus in the Cu phase, due to the diffusion process
alue is in good agreement with the solubility of phospho
n copper at 400◦C, which is around 1.5–2.0 at.%. Furth

ore, inFig. 6A, it is possible to see some small Cu partic
hat were removed and surrounded by Cu3P, during the syn
hesis. Finally, the cross section shows an inhomogen
u3P thick film. The thickness of the Cu3P ranged from 3

o 100�m (Fig. 6B). The thickness and depth of the Cu3P
hase, into the Cu foil, must be correlated to the quanti
hosphorus deposited in each part of the Cu surface d

he spray process. This suggests a need for a better con
he phosphorus deposition process.
f
u 38.4 50.4

26.3 28.2
35.3 21.4
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Fig. 7. XPS spectra of the binding energy band (2s) for phosphorus, before
and after 10 min of ablation.

versible capacity during the first cycles of charge/discharge
(see Section3.3).

Finally, as can be seen inFig. 7, the intensity of the P-
bonded oxygen peak decreased as a function of the ablation
process. Meanwhile, the intensity of the P-bonded copper
peak increased. This change in the concentration of the two
different kinds of phosphorus at the surface is in agreement
with the proposition of a thin oxide layer on the surface, which
is disappearing due to the ablation process. In fact, the oxygen
quantity decreased from 35.3 to 21.4 at.% after the ablation
process. Furthermore, this agrees with the small increment
of the weight observed during the TGA analysis (Fig. 1),
where there was an increment of about 2% of the weight,
and it was attributed to an oxidation process of the surface.
The detection of this oxidized layer is very important, since
it may have a huge impact on the electrochemical behaviour
of the material.

3.3. Electrochemical comparison between Cu3P thick
films and composite electrodes

Since no Li–Cu binary compounds have been reported in
the literature, the reaction in which the maximum lithium
uptake is admitted could be:

Cu3P + 3Li → 3Cu + Li3P (2)

F or
2
n i-
o with
L
t sively
e ium.
T tered
u r on
t grea

Fig. 8. First cyclic voltamograms of the thick film and composite electrodes
of Cu3P vs. Li at 10 mV/min.

interest since it suggests a strong reversibility of reaction(2)
and subsequently a high long term cycling ability.

Some electrochemical characterizations of the Cu3P as
anode material for lithium ion batteries have already been
reported[7,18,25,26]. However, here is presented a compari-
son of the electrochemical behaviour between the Cu3P thick
film without any further treatment, and a standard composite
electrode.Fig. 8 shows the first voltamograms of the Cu3P
thick film and the Cu3P composite electrodes, respectively.
The composite electrode presents a well defined reduction
peak at 1 V versus Li/Li+. On the other hand, the peak of the
thick film, for the same reduction reaction, is shifted toward
lower potentials, 0.6 V versus Li/Li+. The difference between
these two reduction peaks must be attributed to the presence
of the carbon conductive additive in the composite electrode,
which produce a lower polarization of the pristine material.
Although the potential, for the reduction reactions, is dif-
ferent for the two electrodes, the oxidation reactions did not
present any significant difference. The charge processes were
performed between 0.9 and 1.5 V. The same observations are
made on the galvanostatic cycles (Fig. 9). Moreover, the open
circuit voltage (OCV) of both electrodes lies at around 3.1 V
versus Li+/Li. The galvanostatic plots did not show signifi-
cant reductions between the OCV and 1.5 V. Afterwards, a
pseudo plato, with slight slopes, can be observed at lower
voltages than 1.5 V. The pseudo platos, of the thick films
a than
t ready
e e.

ea-
s ity of
3 site
e ther
r in
c
s ch as
C bina-
t are
t te
rom this reaction, a reversible capacity of 377 mAh/g
778 Ah/L can be envisioned. Practically, reaction(2) does
ot truly reflect what occurs to Cu3P upon reduction. Prev
us studies have shown that several steps are involved
i2CuP as an intermediate compound[7,18,25,26], leading

o a true displacement reaction, where copper is progres
xtruded from the pristine structure and replaced by lith
he similarities between the different structures encoun
pon reduction facilitate to re-incorporation of the coppe

he subsequent oxidation. Such a mechanism could be of
 t

t the different rates, were observed at lower voltages
hose observed for the composite electrodes. It was al
xplained by the presence of carbon conductive additiv

The capacities obtained from the galvanostatic m
urements at C/20 rate, exceed the theoretical capac
63 mAh/g. Both samples, the thick film and the compo
lectrode, produced capacities higher than 600 mAh/g. O
eported results[7,18,25,26]indicate an excess capacity
omparison with the theoretical value expected for Cu3P. The
ame feature has already been observed for oxides su
uO, where the excess capacity is explained by a com

ion of lithium insertion and the fact that extra reactions
ake place. In the case of Cu3P, the unoptimised electroly



H. Pfeiffer et al. / Electrochimica Acta 50 (2005) 4763–4770 4769

Fig. 9. Galvanostatic cycles of the thick film (A) and composite (B) electrodes of Cu3P vs. Li at different rates.

should be involved in this reactions, as suggested by Crosnier
et al.[25]. Additionally, the presence of oxidized species on
the surface of the material was evidenced by XPS analysis.
These oxidized compounds could bring some extra capacity
during the reduction step. Such capacity would be mostly
irreversible.

However, the charge capacities of the first cycles for the
thick film and composite were only 360 and 275 mAh/g, re-
spectively. These values are consistent with the involvement
of three lithium atoms per Cu3P, as expected from reaction
(2). This corroborates the fact that the electrolyte as well as
the oxidized layer are involved in irreversible reactions dur-
ing the reduction process. Since the capacities of both sam-
ples also exceed 377 mAh/g during the second reduction, it
is probable that the electrolyte is also consumed during the
following cycles (Fig. 10).

Both samples, the thick film and the composite electrodes,
present comparable capacity fade upon cycling. After only
10 cycles at C/20 rate a stable capacity around 200 mAh/g
seems to be reached (Fig. 10). Thick film sample shows lit-
tle advantage versus composite electrode. Nevertheless, the
composite electrode can stand higher cycling rate with only a
small capacity loss than that of the thick film, which exhibits a
severe drop in capacity at C/10. At this rate, the composite sta-
bilises at around 200 mAh/g, while the thick film drop down
to 150 mAh/g. Finally, at a rate of C/5, the same behaviour
i er ca-

F osite
e

pacities than the thick film, 150 and 110 mAh/g, respectively.
These performances can be attributed to the presence of a
binder and a conductive material in the composite electrode.
Pfeiffer et al.[7] reported that Cu3P expands and contracts
during the charge/discharge processes. Hence, the presence of
these additives optimise the contact of the Cu3P particles with
the current collector, and increased the electronic conductiv-
ity, thus leading to an enhanced electrochemical behaviour at
fast cycling rates.

4. Conclusions

Cu3P was prepared by solid-state reaction at low temper-
ature, 400◦C. This new and very simple method of synthesis
may allow an industrial production due to its straightforward
procedure, in comparison to the normal methods of synthesis
reported for metal phosphides so far. The synthesis of oth-
ers phosphides, using different transition metals of the first
series, was unsuccessful using the same low temperature pro-
cedure. Although the thermodynamic data reported for these
compounds are not sufficient to explain this behaviour, it is
possible that the special electronic configuration of copper is
causing the differences with the other transition metals of the
first series.

Temperature was found to be an important factor in the re-
a m-
p
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t rma-
t s of
1 zed
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sent
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e lace,
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s pos-
i that
o tro-
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a ycle
c ing
p Cu
s observed. The composite electrode stabilises at high

ig. 10. Capacities as a function of the cyclability for the film and comp
lectrodes of Cu3P, at different rates.
ction mechanism of the Cu3P synthesis. The optimum te
erature for the synthesis was 400◦C. According with SEM
bservations, Cu3P is produced by phosphorus diffusion i

he Cu foil and its subsequent reaction, leading to the fo
ion of agglomerates which are formed by tiny particle
�m diameter approximately. Furthermore, a thin oxidi

ayer was produced over the surface of the Cu3P thick film.
Cu3P thick film and composite electrodes, both pre

xcess capacity during the first reduction step. This ca
xplained by the fact that extra reactions are taking p
robably involving the electrolyte. Both kinds of samp
howed a good cycling behaviour at C/20 rate. The com
te electrodes exhibited a better cycling behaviour than
f the thick films at faster cycling rates. However, the elec
hemical behaviour of Cu3P resembles the one of previo
lternative materials to graphite, with an interesting first c
apacity, but a quick fade upon cycling and a high work
otential compared with graphite. For these reasons,3P
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cannot compete with graphite in standard lithium ion batter-
ies. However, it may present interest in alternative devices as
anode materials for lithium ion batteries, where special issues
are required, for example safety.
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