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Organic materials are of interest as ion battetpade materials because they offer advantages over
inorganic cathodes such as abundant resources lamdexological footprint. However, they suffer fino
slow kinetics and a comparatively low potential. this paper, we have investigated alkali induced

10 changes in the electronic structure of tetracyammglimethane (TCNQ) to be used as cathode material
in Li-ion batteries. Lithium was inserted stepwisto TCNQ thin films by exposure to lithium vapour
and analysis by photoemission (PES) was perforfikd. evolution of core levels, electronic structure
and Fermi-level with increasing lithium insertiontac TCNQ was monitored. The results show that
lithium insertion takes place under integer chargasfer and polaron formation. We find no indioati

15 of deterioration of the material. The consequenak®volution of electronic structure and polaron
formation for electrode potential and kinetic prdjes of the material are discussed.

1. Introduction of related Fermi level shifts shed light on theueabf cell voltage
and specifically on the shape of (equilibrium) geadischarge
curves. Also, kinetic and stability aspects maybdressed.

In the past, the electronic structure and electr@moperties of
so conducting organic materials and their interfaceseh been
explored mainly in the context of organic light &mnpg diodes
(OLEDs), organic field-effect transistors (OFET®), similar
devices (see e.g"*3. The consequences of polaron formation for
the electrode potential and interface resistance oafanic
ss materials as Li-ion battery electrodes have notnbegdely
discussed, however.
Photoemission (PES) is a well known surface amalyesthnique
which gives access to Fermi level and electromniacsiire of a
material. Investigations using thin films allow deated analysis

0 Of bulk, surface and interface properties usingasear science
methodology**3 In the field of ion batteries, surface science
methodology has already been used to investigate tk
intercalation of alkali into inorganic host strues’**®*and more
recently to investigate electrode-electrolyte ifstees *® In a

es typical insertion experiment, the host structureeigposed to
alkali vapour and the electronic structure of thsulting alkali-
containing material is analyzed with PES. Such erpents are
typically performed stepwise in order to track gradchanges
occurring upon alkali insertion.

70 In this contribution, we investigate the insertiohlithium into
TCNQ and its effect on the electronic structure ans of such
a surface science insertion experiment. We expd€&dQ thin
films step-by-step to increasing amounts of lithivepour and
monitored changes of composition and the electrsimiccture by

75 X-ray photoelectron spectroscopy (XPS) and ultdetiphoto
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Organic materials have been investigated for some tegarding
their application in lithium batteries They are transition-metal
2 free and offer the advantage of abundant resouaces low
ecological footprint>3, but suffer from slow kinetics and a
comparatively low potential. Investigations havemgerformed
on various organic lithium insertion cathode malsrti such as
polypyrole and tetracyanoquinodimethane (TCN®9> some of
s them with very promising results. With a TCNQ comipos
electrode a specific capacity of 263 mAR/gould be reached
with flat shaped charge-discharge curtés
During intercalation of lithium into a host materithium ions
are incorporated at suitable locations in the host electrons fill
30 unoccupied electronic states of the host. Uporrdatation, i.e.
as a result of the intercalation reaction, thetedeic structure of
the host undergoes changes, with consequencestiential and
stability of the material. For inorganic materittiese changes are
generally moderate over quite a wide compositiomead’, while
35 for organic materials more pronounced changespdae due to
polaron formation upon the accommodation of exedsstrons’.
The potential of an insertion electrode dependghenelectron
chemical potential (Fermi level) of the electrodatenial as well
as the electric potential drop at the electrodeteigste interface,
4o related to the chemical potential of guest ionthim electrode. It
is generally accepted that the position of the Fdewel is the
dominating factor’® (see also®) and consequently electrode
potentials (and cell voltages) reflect in firsttarsce the position
of the Fermi level(s) in the electrode(s). Therefonvestigations
45 of electronic structure evolution with the degréensertion and




Journal Nam Physical Chemistry Chemical Physics Dynamic Article Links page 2 of 8

Cite this: DOI: 10.1039/cOxx00000x

WWW.FSC.OI’g/XXXXXX ARTICLE TYPE

—H A |Ni1s B |C1s C |Li1s
1
_ ' ,
W m 16 min
_W m 8 min
— . | ! 4 min
= 4 mip I\ !
S, =2 min \ M.\ﬁr 2 min
% 1 mi 1 \f/‘““\w 1 min
é —30 sep ! W‘/M :152 sec
= 14 ses | JW'W:#ﬂM sec
_l6se 5 N‘“‘WM 6 sec
Li: 2 sec
2s : W
- ~25eV : ' TCNG
TCNQ ‘ , asis
\__/ ! VA

Binding energy [eV]

Fig. 1 XP spectra of N1s (A), Cls (B) and Lils (C) during stepwise lithium intercalation. The bottom line represents pure TCNQ. The lines above are
marked with the deposition time of lithium. The new N1s peak maximum is approximately 0.93 eV shifted to lower binding energies. Compared to N1s
and C1s the Lils peak does not shift during longer deposition times. Zero binding energy is referred to the Fermi level of a cleaned silver foil.

s electron spectroscopy (UPS). We present the ewolutf used. The hemispherical photoelectron analyzer egerated
molecular structure, electronic structure and Fdew@l shifts 2s with constant analyzer energy of 50 eV pass enégysurvey
with increasing lithium insertion into TCNQ and diss the  spectra and 10 eV pass energy for detailed speittiean energy

results with respect to use as insertion electrode. resolution of about 400 meV. The spectrometer vedibrated to
the Fermi edge and the core level lines of spulteopper, silver
2. Experimental and gold foils. Valence spectra have been measwitrd UPS

30 Using an excitation energy of He | (21.2 eV). Tharkvfunction
was determined by the secondary electron cut-@if.ffing the
spectra Voigt functions and Shirley background vegrglied.

10 A TCNQ thin film (thickness ca. 20nm) was preparedooan
indium tin oxide substrate by evaporation of 7 3-8CNQ (98%,
Sigma Aldrich Chemical) from an alumina crucible teeato
140°C. Subsequently, the film was stepwise exposelithium 3. Results
from a dispenser (SAES getters, current 7.5 A)eAétach step, )

isthe film was transferred back to the analysis cheminder 3.1 XPS measurements
vacuum conditions and analyzed by XPS and UPS.pFéssure
during lithium exposure was of 8-fambar and no indication
were found that any oxide was formed.

The experiment was performed in an integrated -hiigh

20 vacuum (UHV) system (DArmstadter Integrated SYstéan
SOLar cells, DAISY-SOL, base pressure L Iibar), which is
equipped with a VG Escalab 250 photoelectron spewiter. For
XPS measurements a monochromatized AKray source was

3s The C1s, N1s and Lils XPS spectra of the exposupgesee are
shown in Fig. 1. With increasing exposure time, itoial
components at lower binding energy both in the @arland
nitrogen XPS spectra are observed, indicating fiseof lithium
and consecutive electron transfer to TCNQ molecules.

40 In case of the N1s spectrum the TCNQ film beforeodémn
shows a single main component and a satellite \2.Bigher in
binding energy. The single main component refldutssingle

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 2
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Fig. 2 Structure of TCNQ with four carbon atoms in different chemical
environments.
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5 Fig. 3 XP spectra of N1s and Cls of negative charged component of
TCNQ  during stepwise lithium intercalation. The bottom line
representing pure TCNQ from Fig. 1 is not shown. The lines above are
marked with the deposition time of lithium. The new N1s and Cls peak
maxima both do not shift with continuing intercalation of lithium into
TCNQ. The spectra are obtained by graphical subtraction of the pure
from the intercalated TCNQ spectra in Fig. 1.

nitrogen component in the TCNQ molecule (see stradrmula
in Fig. 2) and the shake-up satellite electron taticin across the

band gap inthe semiconducting TCNQ. In the C1s spectrum, a

double peak and a shake-up satellite is observedielv of the

four different carbon environments in the TCNQ malec(see
Fig. 2) four components can be expected. A fittafggthe Cls
peak is proposed in Fig. 10. In agreement to the $ppectrum the
satellite line due to bandgap excitation is foundaadistance
AEg ~2.5eV.

The Lils signal increases with exposure time arah@&acterized
by a broad signal (in Fig. 1, C) at ca. 55.4 eV higdenergy
which is attributed to the formation of ‘Laccording to literature
values ' The formation of oxidic components could be
excluded due to absence of O1s emission line.

Upon exposure a single new main component appe@8s €/

lower in binding energy for the N1s spectrum. Isecaf the Cls
spectrum multiple components appear at lower bmdinergy.
By graphically subtracting the spectra of pure TCM@n the

spectra of lithiated TCNQ we obtain the N1s and Giecisa of
negatively charged TCNQ formed by electron trandfem

lithium (see Fig. 3), which can be unambiguouslstidguished
from the spectra of TCNQ.

In the following, we denote these components touced

“TCNQ™. The actual unit exists as a biradical dimer [TGNQ
(see discussion for more details). Clearly, the arhofl TCNQ

increases with exposure time. The Cls and N1s speftthe
exposure sequence look like a superposition of p@&Q and
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40 Fig. 4 N1s spectra of XPS measurements as superposition of neutral and

negative charged TCNQ components for films of TCNQ without lithium
and after intermediate and long exposure time. The shake-up peaks are
devided into two peaks only due to easy fitting.
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45 Fig. 5 Amount of Li and TCNQ' in the layer calculated by N1s seems to

saturate at ca. 83%, i.e. approximately 17% of the TCNQ stays neutral.
Calculations of Lils/TCNQ(all) and TCNQ'/TCNQ(all) result in similar
values, indicating that one lithium atom leads to the formation of one
TCNQ molecule.

s0 TCNQ'. No significant variation in binding energy or plais

recognized for the TCNQ and TCN@pectra (i.e. signatures)

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 Ratio of Lils with respect to the negatively charged component of 10 100 1000

N1s in TCNQ. Grey: for short lithiation times the intensity of N1s(TCNQ") ' H
and especially the Lils peak were too low to calculate reasonable Li/N Deposrtlon tlme [SeC]

5 ratios (see Fig. 1, C and Fig. 3). Fig. 7 Ratio of N1s/C1s for TCNQ(all) (=TCNQ° + TCNQ") and negatively
charged TCNQ™ component.
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10 Fig. 8 UPS (Hel) measurements during deposition of Li on TCNQ. The bottom line represents pure TCNQ. The lines above match to the deposition times
from XPS measurements. Left side: normalized secondary electron edge: the work function changes a little from 5.24 eV to 5.35 eV. Right side: valence
spectra with values related to the Fermi energy at 0 eV: during intercalation the valence band (VB) on-set is decreased from 2.77 eV to 0.2 eV, due to
the formation of two new valence band states in the original gap region.
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with exposure time. Notably, however, the shapdfO@NQ in 2 means of the Lils signal (Fig. 1, C). The given galare only
15 the C1s spectra significantly differs from TCNQ, wetthis is not  valid for the near-surface region, since photoedect
the case in the N1s spectra. The additional madiio of the  spectroscopy is a surface sensitive technique. We a
spectra at higher binding energy is related to fireations of the  continuous increase and saturation at ca. 83%.
satellite emissions. The evolution of the ratio of lithium to TCN@ shown in Fig. 6.
In order to quantify the amount of TCNQ and TCN@ith 30 After a continuous decrease of the ratio we fintbading of
20 exposure time, N1s peak fits were performed. Figshéws ca. 0.25 electrons per nitrogen atom with TCNs@nature for
exemplarily such fits for the TCNQ film without litm, and long exposure times, according to one excess elear one
after intermediate and long exposure time. lithium ion per molecule. The initially high ratiwe attribute to
Fig. 5 presents the evolution of the lithium and TCNraction low intensities of the N1s(TCNQand especially the Lils peak
with exposure time. The amount of lithium was qifeett by ss which does not allow to calculate reasonable vases Fig. 1, C

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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In addition to XPS measurements ultra violet phietcteon
spectroscopy (UPS) has been performed.

20 The UPS measurements provide information abouettezgetic
position of occupied electronic states (e.g. HOM®el, defect
states), referenced to the Fermi level as wellaasivm level (by
means of work function). Fig. 8 shows UPS measun¢mef
TCNQ and Li-TCNQ, as obtained by the experiment.

25 For pure TCNQ the work function (left figure in Fig§) was
determined to be 5.24 eV. The valence band (VB) etnis
2.77 eV from the Fermi energy (right figure in F&). The work
function remains almost constant during the expemnitn with
increasing exposure time first a slight decreasevark function

30 is observed, followed by an increase to 5.35 e\e hanges in
the valence band, also visible in Fig. 11, are pumted. Upon
lithium exposure, new states appear in the gaptl@dignature
of the original HOMO states changes.

The results of the UPS measurements for pure anthsh step of

35 intercalation of lithium into TCNQ are summarizedig. 9.

4. Discussion
4.1 Insertion reaction

The spectra clearly show that upon exposure oT €@6Q film to
lithium, lithium is inserted into the film and etemns are
s transferred to TCNQ molecules. We find no indicatioh a
surface layer, such as metallic lithium or lithiueoxide.
Spontaneous insertion of alkali is a common phemamg
because of the very negative electrochemical pialeot alkali
metals, which favours electron transfer to the TChG the

Binding energy [eV]

Fig. 10 C1s fit for TCNQ? (at the top, lowest C1s spectrum from Fig. 1)

and TCNQ (at the bottom, topmost Cls spectrum from Fig. 3) without
50 the shake-up structure. The allocation of the carbon peaks fits to

calculations by Miller et al. . For TCNQ° the shake-up peaks are 2.6 eV

separated from the photoemission there for they do not matter in the

left picture. For TCNQ this distance decreases so that we added a shake-

up peak below peak 4 in the lower picture.

ss previously for lithium into TCNd.
In the XPS spectra of the exposure sequence twiinctise
signatures are present, which were denoted to TCHM@
TCNQ'. Literature indicates that the negatively charg&@NQ"
is present as biradical dimers [TC)® %! and we presume that
e0 this is also the case for our experiment. The feéionaof dimers
involves a splitting of the bandéup to approximately 100 meV.
In consideration of the energetic resolution of tosed
photoelectron spectrometer we are not able to ndigish
between monomers and dimers. Therefore we keepenatidg
ss the different spectral features TCRIGand TCNQ in the
following discussion. We conclude that both TCNQ ecoles
and dimers are simultaneously present in the find that excess
electrons are well localized on [TCN® dimers. This is in line
with the formation of a small polaron usually obyvset for excess
70 electrons on organic moleculés
In Fig. 10 a fitting of the C1s peak for TCR@nd TCNQ is
proposed. The allocation of the peaks to certaibarapositions
is based on calculations by Miller et &. The intensity ratio of
the fits amounts 2:1:1:2 for TCNG@nd TCNQ both. This ratio
75 conforms to theoretical expectations from the s$tmec of the
TCNQ molecule.

s small dimensions of Lj which favours diffusion of the formed There are only a few calculations for the chargesilg of the

Li* into the TCNQ layer. This already has been observed

different carbon atoms in TCNQ with unfortunatelgansistent

This journal is © The Royal Society of Chemistry [year]
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Fig. 11 Valence band structure from Hel survey spectrum. To clarify the
changes in the valence band region only four steps are shown. The
development of the valence bands during insertion of lithium into TCNQ
5 is similar to the evolution reported by Lin and Spicer *: The two highest
occupied molecular orbitals (HOMOs) of TCNQ (on the bottom side) shift
upwards while their distance from each other increases a little from
1.5eV to 1.9 eV. The peak at the lowest binding energy results from
polaronic states. The numbers 1 to 4 in brackets mark the carbon atoms
10 which contribute to a certain valence orbital **’.

results 22 Miller et al. and Jonkman et al. have consistent

calculations for the relative position of peak dahon the left
side of the binding energy scale. So peak 2 andfé&8 some
uncertainty in the calculation of their binding eme For TCNJ
15 also other fits are suggested with accordance pétik 3. In
TCNQ peak 1 and 2 shift to the right side until theg aearly
overlapping. The binding energy of the Cls peakstha
proposed fits of TCN&and TCNQ are shown in Table 1.

Table 1Binding energies of C1s peak in TCRighd TCNQ. G; is typed
20 italic due to inconsistent calculations.

TCNQ’[eV] TCNQ [eV]  Shift [eV]
(o} 286.4 ~284.7 -1.7
G, 286.0 ~284.7 -1.3
Cs 285.2 284.0 -1.2
C, 286.6 285.7 -0.9

In spite of partly inconsistent calculations theX@easurements

indicate that the additional charge from the vadeetectron of
2s the added lithium atoms are localized att€ G; and less at £
which is showing the smallest shift towards lowending

energies. Although the calculations of the newtral the reduced

form of TCNQ have only 50 % compliance the Cls fitstch
well to the experimental XPS detail spectra.

30 The UPS measurements of the valence band regiseciion 3.2
reveal that the valence electron of lithium is sfemred to the

alternative

Fig. 12 Comparison of the work functions of pure and lithium
intercalated TCNQ, lithium and LiCoO, for approximation of electrode
35 potentials. Surface potentials of the different materials are not
considered in this procedure. The work function of metallic lithium is
2.9eV *. Orbital structure of LiCoO, extracted of % and distance

between Fermi level and valence band for LiCoO, from 3,
organics forming a small polaron. This results istéft of the
s original LUMO downwards below the Fermi level. Due
electron-electron repulsion the HOMO at 3.2 eV &mal 1.5 eV
separated state (in Fig. 11) shift upwatds According to results
of Lin et al. their distance increases slightlyité eV.
The new features continuously evolve during theseirgent. The
45 presence of a gap state and related changes aritfieal HOMO
level were reported befofd The gap states are attributed to the
two highest singly- and doubly-occupiedorbitals of negative
charged TCNQ The new highest occupied molecular orbital
(HOMO) has the maximum intensity at 0.83 eV and dheset
so lies at 0.2 eV.
Just like the fitting of the C1ls emission line th@ence band
region in Fig. 11 should give evidence to the dstion of
additional valence electrons on the TCNQ molecuiaces all
carbon atoms (marked Fig. 11 with numbers 1 to Brackets)
ss contribute to nearly every valence band peak tiseribdution of
the electron over different carbon atoms in TCN@n hardly be
distinguished. For the carbon atom e find both for the core
level line and the valence peak at 4.8 eV a shi#tpproximately
0.9 eV towards lower binding energies. As well thasibility to
0 determine the position of the lithium cation in #mevironment of
the TCNQ molecule seems not to be possible. Ingedfoonly
electrons into TCNG@® or lithium atoms results in similar spectra
for XPS and UPS so that it is questionable if pagition related
effect of the lithium cation is detectable usingoflectron
65 Spectroscopy at all.
Calculating the ratio between the lithium and theeogien signal
intensity we find an average of one electron pen foitrogen
atoms associated with negatively charged TCNRis indicates
that the excess charge is delocalized over theeeminlecule (or
70 dimer, respectively), in agreement with numeri¢aisations®.
Notably the change of shape of the Cls signal upectren
uptake indicates that delocalization is not fullgnrfogeneous,
however.
The carbon and nitrogen stoichiometry is not attdye lithiation
7s and we observe no indication of a decompositiontiea
The maximum loading in the experiment was oneuithiatom
per TCNQ molecule. Hanyu et liransferred two electrons per
TCNQ molecule electrochemically. We attribute thevdo level
of lithiation to continuous diffusion of lithium tthe volume of
g0 the film beyond the range of the detection limisafface

6 | Journal Name, [year], [vol], 00—00
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Fig. 13 Bi-directional electron transport at the interface between current
collector and TCNQ. Work function of Au adopted from *. Braun et al.
reported about the integer charge transfer at organic/metal interfaces 2.

s sensitive XPS.
4.2 Electrode potential

The electrode potential of a lithium insertion campd is
determined by the lithium chemical potential. Usyalfor
inorganic compounds, the contributions of electrand ions to
wthe lithium chemical potential may be separated good

level structure of TCNQ, the excess electrons wqadgulate
states at the LUMO-energy, corresponding to n-dppiith a
significant shift of Fermi-level upwards.
The electrode potential of lithium insertion compds depends
so often on the degree of lithiatiofd®® The electrode potential of
the insertion compound then becomes more negatiith w
increasing lithium content. This evolution of thdeatrode
potential is usually dominated by electronic efecti.e.
population of electronic states and changes in dlgetronic
ss structure. In the case of TCNQ no upward shift ef Bermi level
is observed with lithiation due to polaron formatioThis
behavior is in line with a plateau in the chargs¢tiarge curve.

4.3 Kinetic aspects

For the operation of an insertion electrode bo#ittedbn and Li-
s0 ion conductivity in the insertion compound are imrtpat, as well
as electron and Li-ion transfer resistances atitierfaces to
current collector and electrolyte. In contrast faplacations of
semiconducting organic compounds in electronicslitaictional
flow of electrons has to be considered: dependimgperation
es (Charge or discharge), electrons are inserted wa@®rd via the
interface to the current collector while ions aransferred
through the electrode electrolyte interface. In fbidowing, we
briefly discuss electron conduction effects on $asf the

approximationt®, and the electronic contribution, i.e. the elettro presented results and the known phenomena retaisshtiucting

chemical potential, dominates the electrode paikbly far (see
e.g. 9. Approximation of the electron chemical potentizin
proceed via the work function upon disregard of auyface
15 potential. In the following, we briefly discuss thelation of the
work function to electrode potential for TCNQ as ad lithium

70 Organic compounds.
During intercalation of lithium into the TCNQ lay#ére valence
electron of lithium is transferred to the organfieeming a small
polaron. The typical charge-carrier localizatiomei is several
orders of magnitude greater than the relaxatioe fion electronic

cobalt oxide (LiCo®) and lithium, as has been done before fog polarization of the surrounding lattice molecuf&swith regard

inorganic lithium intercalation thin film electrosi&.
The work function of both the pure and lithiated T@NIm is

20 close to 5.3 eV (see Fig. 12). This value is quiieparable to

the work function of a LiCo®thin film, for which we also find

to electron conduction inside a TCNQ electrode puiaransfer
via a hopping mechanism has to be considered. Méw@ssitates
the electrons to overcome at least half of the rpalebinding
energy”®, corresponding to an activation energy of ca.e¥&or

ca. 5.3 eV*% For the fully lithiated LiCo@ a value of 3 V vs. g electron conduction in the present case.

Li/Li * is typically quoted as electrode potentfalOn basis of the

work function difference, i.e. neglecting any diffaces in
25 lithium ion chemical potential or surface potentakimilar value
is expected for the TCNQ electrode.

Electron transport over the interface with the entrcollector
strongly depends on how interface formation prosegeick.
whether the formation takes place under chargesfeanand

Indeed, the evalu interfacial dipole formation, or not. Usually, @ger) charge is

corresponds reasonably well to the value repordedife second g transferred at such weakly interacting metal-organierfaces if
discharge plateau (2.4-2.6 V) by Tobishima etzd.pbtained for  the work function of the metal is smaller than fvacuum-
a battery containing TCNQ and acetylene black asocat and  referenced) energy of the negatively charged polastate,

w lithium as anodé. Notably, application of this simple procedure resulting in an alignment of metal Fermi-level apdlaron
to evaluate the electrode potential of TCNQ direutith respect  energy-level®?. In this case, electron transfer resistance is low
to lithium (work function 2.5-2.9 eV**) yields a potential of & (usually ohmic), presumably also for transfer framganic to

2.8-2.4 V vs. Li/LT which fits quite well both for LiCo@and
TCNQ.

35 In inorganic intercalation compounds like ,CoO, charge
compensation is mostly sustained by localized, hitalr derived
states of the transition metal. Nevertheless, tlgreb of

metal (see Fig. 13). Notably, in the case thatriate formation
takes place without such charge separation, imndgton of a
dipole layer, electron transfer resistance depemndthe direction
of transfer and strongly on the type of metal.

lithiation, i.e. the population of electronic stt@nd ionic states, . 5. Conclusion

has some influence on the band structure, demdingtréhat
40 charge compensation is a solid-state phenomenagseTéffects
remain small, however, compared to polaronic efféctorganic

materials. The formation of polarons in the pressse, and for

organic materials in general, significantly shiftee electrode
potential to a more positive value (i.e. shifts #ermi energy
4s downwards). Without polaron formation, i.e. withigid energy-

Lithium was gradually inserted into a TCNQ thin fifitom the
gas phase. The charge compensation was monitor&eray and
ultra-violet photoelectron spectroscopy. For thestfitime we
report measurements of the work function and sh®#& Xpectra

100 Of all involved core emission lines N1s, Cls, Liksveell as the

valence band for the different contents of lithitmTCNQ.

This journal is © The Royal Society of Chemistry [year]
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The results confirm that the insertion of lithiuakés place under 14

polaron formation. There is no change in compasitad the
TCNQ, we thus find no indication of a degradationT&NQ
upon lithium insertion within the limits of the espmental
s technique. During the intercalation experiment tstepwise
formation of the charged TCN@omponent could be observed. 16
The results demonstrate that the excess electroaswall 7
localized on TCNQ species, presumably forming [TGNQ o
dimers, and are consequently in line with an integearge
10 transfer.
In addition to the insertion reaction, electrodeteptial and
kinetic aspects relevant for application in baéerare discussed.
The polaron formation affects the electrode pogieneficially.
During the intercalation of lithium into TCNQ, theefifni level
15 remains nearly constant, i.e. the work function trelelectrode
potential hardly change, explaining the plateau time
charge/discharge curve. However the binding enefgypolaron
is expected to have adverse effects on the electsoduction of
the material.
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