
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 11:00
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Electroreduction of Polyparaphenylene in LiClO4-
Ethylene Carbonate Electrolyte
M. Dubois a , J. Ghanbaja a & D. Billaud a
a LCSM-URA CNRS N° 158, Université Henri Poincaré Nancy I, BP 239, 54506, Vandoeuvre-lès-
Nancy, France

Version of record first published: 04 Oct 2006

To cite this article: M. Dubois, J. Ghanbaja & D. Billaud (1998): Electroreduction of Polyparaphenylene in LiClO4-Ethylene
Carbonate Electrolyte, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 310:1, 347-352

To link to this article:  http://dx.doi.org/10.1080/10587259808045360

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808045360
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liy. C r y . .  1998, Vol. 310. pp. 347-352 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

under the Gordon and Breach dience 
Publishers imprint. 

Printed in India. 

Electroreduction of polyparaphenyiene in LiClOq-ethylene 
carbonate electrolyte 

M. D-OIS, J. GHANBAJA and D. BILLAUD 
LCSM - URA C N R S  No 158, Uniwrsit6 Henri Poincark Nancy I, BP 239, 54506 
Vandoeuvre-lt?s-Nancy, France 

Polyparaphenylene powders are electrochemically reduced in LiClOq-ethylene 
carbonate electrolyte. Intarahtion of Li+ ions occurs and leads to the formation 
of Ljo5(CgH4) compounds. Side reactions due to the electrolyte decomposition 
are responsible for the important irreversible electrochemical capacity observed 
during the first chargedischarge cycles. The &@tion products were analyzed 
by TEM and EELS between 2.85 and 0.75 V. 

Keywords: Polypmphenylene; lithium; elecmhemical intercalation 

INTRODUCTION 

Polyparaphenylene (PPP) is a conjugated polymer which can react with electron 
donating Species to give, in the intercalated state, compounds of high electrical 
conductivity. The intercalation of alkali metal can be achieved either by chemical 
or by electrochemical  ways"^]. Reviously, intercalation of lithium cations was 
carried out in complex electrolytes composed of ether solvents and of organic 
salts like lithium organoborah. In such media, Li' ions and solvent molecules 
are g e n d y  cointercalated[31. In this research, we used ethylene carbonate (EC) 
and lithium perchlorate as electrolytic solutions for unsolvated Li+ intercalation 
into PPP. 

EXPERIMENTAL 

Polypcuaphenylene was Prepared according to the method of KOVACIC[41. The 
brown insoluble powder was washed out with hot hydrochloric acid to remove 
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the catalyst residues and then beated at 400°C under vacuum for firrther 
purification. 
The PPP electrodes were composed of PPP (about 83 % by weight w/w), carbon 
black (CB, 8% w/w) and polyvinylidene &fluoride (PVDF, 9% w/w). This 
composite material was deposited on a titanium collector. The eledmchemical 
measurements were performed using a two-electrode test glass cell. Lithium metal 
was used both as a counterelectrode and a reference electrode. The elecaolyte 
was (1.5 mol.kg-1 Ec) in ethylene carbonate (EC).Ten discharge 
(&tioa)/charge (oxidation) cycles wese systematically perhmed at constant 

10.0 mV every 0.5 hour (cyclic voltammeby) using a computer controlled 
potmtiostat/galvanom Mac Pile (Biologic). The patentials refaTed to a Li+/Li 
electrode. 
EELS measumnents were conducted on a transmission e l m n  microscope 

electronenergy loss spectra (EELS) specbawerexemded in the difhaction mode 
couphg by means of a Gatan 666 parallel spectrometer. 

specific current (galvanostatic mode) or with potentials swBeping with step of +/- 

Philip cM2oopemting at 200 kev Witb an unsahaated LaJ3(j cathode. The 

RESULTS AND DISCUSSIONS 

Fig. 1 shows the voltage profiles of the first and m d  discharge4axge for 
the composite elecmde PPP/PVDF/CB (831918 % w/w) in Ec/LiClO4 at 2€l T 
between 2.85 and 0.05 V. A low specific current (5.6 PA/%) was chosen for a 

good obsavation of the potential slope changes : the opencircuit cell voltage 
initially drops rapidly until it reaches 0.9 V where kgins a plateau around 0.8 V. 
Below 0.8 V, a smooth potential decrease was observed between up to 0.3 V. 
Finally a second plateau, attributed to the intacalation of Li+ into PPP, takes 
place at potentials lower than 0.3 V. An important irreversible capacity (Ax-5.2) 
is consumed by sick reaeti6rls like p m p a l l y  the decomposition reactions of the 
electrolyd56l. Our PPP powder exhibits an appreciable internal pOr0s;ty (some 
tens %) and an important intemal surface, higher than 250 m2.g-l in agreement 
w ~ t h  p ~ a u s  datam. That cduld explain partly the cansidaable amount of 
irreversible capacity observed during the first reduction piocess[*l. Other 
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FIGURE 1 Chargedischarge culyes of the composite electrode PPP / 
PVDF/ CB (83/9/8 !% w/w) comespond to (a) the fint and second cycles (b) 
the fifth and tenth cycles and ECPS data of the fifth cycle in EC - LiC104 

(1.5 mol.kg-1 EC) with a specific current equal to 5.6 pA.mg-l(T = 20 "C) 

irreversible d o n s  could be considered like the reduction of the binder (PVDF) 
with probably formation of LiF cristallites, the reaction of lithium with active sites 
such as -C1, -OH, or carbon ndid which are present in the pristine polymer. 
Moreover, lithium pehchlorate is themodynamically unstable in the presence of 
carbon, and can be reduced to LiCl[561. During the second cycle, the irreversible 
capacity decreases drastically but remains still important (Ax-0.24). This 
decrease continued in the following cycles, but the plateau around 0.8 V is no 
more apparent. Then, up to the fifth cycle (fig. lb  displayed the fifth and tenth 
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cells exhibit a good reversibility. The reversible capacity is stable near 0.50, 
carresponding to the stoichiometry La.5 (CgH4). 
The curves exhibit potential slope changes which are attributed to a reordering of 
the polymer structure, like in other mdtiphase systems like polyacetyleneN The 
potential values of these transfcmnations can be observed clearly in the 
electrochemical potential spectroscopy (ECPS) data of the fifth cycle displayed in 
fig. lb : two peaks in the discharge process were present at 0.21 V and 0.06 V, 
associated with only one peak, at 0.32 V, in the charge process. That indicates 
that the second transformation of phase is only parbally reversible. Nearly the 
same transformation potentials were observed in the cyclic voltammetry 
experiments. Fig. 2 displays the first and second cyclic voltammograms between 
2.85 and 0.01 V of the PPP electrode. The irreversible decomposition of the 
electrolyte appears clearly in the first reduction wave with a strong peak centred at 
0.7 V which disappears in the second cycle. The irreversible capacities Ax, 
calculated from the cyclic voltammogramms, appeared to be Ax-4.51 and 
Ax-0.75 respectively for the first and second cycle. The sum of the Ax 

corresponding to the first and second cycle ate comparable whatever the 
techniques used, galvanostatic or voltammetric methods. The curves show two 
well-defined peaks at 0.20 and 0.02 V in the reduction process, which can be 
associated respectively with those appearing at 0.32 and 0.05 V in the oxidation 
process. 
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FIGURE 2 The first and second voltammograms of the composite 
electrode PPP / PVDF/ CB (83/9/8 % w/w) in EC - LiClOq (1.5 mol.kg- 1 EC) 

recorded with a 10.0 mV/0.5 h scan rate (T = 20 O C  ) 
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ELECTROREDUCTION OF POLYPARAPHENYLENE 35 1 

FIGURE 3 EELS spectrum (a) and ED dmgram (ti) of carbonates found 
on PPP electrode between 2.85 and 0.75 V 

Transmission electron microscope study of the composite electrode after 
complete first discharge-charge between 2.85 and 0.75 V in EcniClO4 reveals 
the existence of a spongy layer at the PPP surface. Analysis by EELS indicates 
that the layer is composed mainly of carbon, oxygen and lithium. To fully 
characterize this layer, we examined the fine structure of the threshold level of the 
carbon. The two peaks present at 288 and 298 eV are related to the electronic 
transitions of the (1s) atomic carbon orbitals towards the vacant antibonding 
molecular n* and Q* orbitals corresponding respectively to the C = 0 and C-0 
bonds (Fig. 3a). The atomic O/C ratio of 2.9 suggests that the layer which formed 
at potentials higher than 0.75 V consists of lithium carbonate As a matter of fact, 
a deeper analysis in the low enagy loss zone shows the presence of lithium. 
Moreover, the ED d q p m  of this layer (fig. 3b) formed during the first reduction 
process in the range of potentials 2.85-0.75 V displayed diffraction rings which 
aretypical of monoclinic Li2CO3. Then we attributed the voltage plateau around 
0.8 V observed in the electrcchemical curve to the reduction of ethylene Carbonafe 
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into Lj203. By analogy with the graphite and caxhns reduction in Ec/LiClO4 
elecwlYt$596], we believe that lithium alkylcarbonates and LiCl cristallites were 
formed below 0.75 V. As a matter of fact, in m a C l 0 4  electrolyte, during the 
fvst reduction of PPP, T.E.M. studies reveal that the el-lyte decomposition 
occufs with formation of Na2CV3 at potentials higher than 0.75 V and sodium 

expected with EC/LiClO4 electrolytes. 
alkylcarbonates at potentials lower than 0.75 v91. A simitar behavim be 

CONCLUSION 
The electrochemical intercalatioa of lithium ions into PPP using ethylene 
carbonate electrolytes allows the formation of oompounds of stoichiometry 
-.5(C@4). Such compositions are comparable to those related in ether 

solvents 1231, in solid state electrolyte using electrochemically synthetised PPHlOl 
and to those obtained by direct reaction of gaseous heavy metal with PPP[lll. In 
Ec-LiClO4 electrolyte, tlae c o i n d o n  of the solvent molecules is prevented by 
the formation of a passivafing kiym formed onto the polymer surface and resulting 
of the decomposition of the electrolyte A good electrochemical reversibility is 
observed after five chargedischarge cycles However, the excessive irreversible 
Capacities observed during the first cycles resbict the use of PPP as anodic 
material in secondary rocking chair batteries. Extra investigations are needed to 
reduced the effects of such side ineversible reactions 
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