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Hydrogen and/or lithium insertion into hexagonal cesium tungsten brongeWCs, was studied
using voltammetric and a.c. admittance methods. The close values of stoichiometric coefficiel
hydrogen and/or lithium in coinsertion bronzes as well as the close values of diffusion coeffi
Dy and D,; are ascribed to a lattice distortion caused by large cesium species which influenc
equilibrium and the mobility of inserting species regardless of their different chemical nature.
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Hexagonal tungsten bronzes, a class of compounds of general forgnwita; Awhere
A is an electropositive metal, were reported by Magneli and Blomb&hgir hexago-
nal framework consists of layers of corner-sharing gg€tahedra and contains larg
hexagonal and smaller trigonal tunnels parallel to the [001] direction (Fig. 1). C
species A, with exception for hydrogen and lithium, occupy only hexagonal tun
and the maximum molar fraction of those inserted spegjeis, AWO; is 0.3. How-
ever, this limit, based on structural considerations, can be exceeded by insert
coinsertion of hydrogen and/or lithium having ionic diameters so small that they ¢
placed in trigonal tunnels of the host material. In this way, the coinsertion compc
A,Li\WO; (A = K, Na;x +y > 0.3) were preparéd.

Kinetics of hydrogen insertion from gaseous phase igtgMO; (A = K, NH, and Cs)
was studied in our previous wérkit was found that the reaction rate of hydrog
sorption as well as the maximum molar fraction of hydrogen depend on the size
guest species A.

This contribution deals with electrochemical insertion of hydrogen and/or lith
into hexagonal cesium tungsten bronze. The course of hydrogen insertion from ac
solution will be compared with hydrogen insertion in the absence of water.
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EXPERIMENTAL

Hexagonal cesium tungsten bronze was prepared by solid state reaction according to'.Meumne
chemical composition of the polycrystalline product was checked by chemical analysis, and its
gonal structure was verified by X-ray diffractforThe diameter of particles, 2.5 .#®n, was deter-
mined by sedimentometry.

Electrodes were prepared from a mixture of polycrystalline material and PTFE (3 wt.%) Vv
was pressed on platinum grids. The electrode area was.1 cm

The electrochemical behavior was studied in a three-electrode cell. Insertion of hydrogen w.
ried out in 1m aqueous solution of HCI with a platinum sheet as the counter electrode and a
rated calomel electrode (SCE) as the reference electrode. Insertion of lithium was accomplis
non-agueous electrolyte containinga1LiCIO, in dry propylene carbonate (PC), with lithium rolls ¢
both the reference and the counter electrodes. The content of water, checked by the Fischer f
was below 20 ppm.

Potentiostat (PAR Model 263, EG&G) with lock-in amplifier controlled by computer was use
carry out electrochemical measurements. Cyclic voltammetry, potentiostatic chronoamperome
a.c. admittance measurements were the main methods used. Hydrogen insertion was investi
the potential range from 0.5 to —0.3W SCE at a scan rate of 10 mV%sLithium insertion was
studied in the potential range 2.0-3.5v¥/Li/Li * at a scan rate of 1 mv'’s

The impedance spectra were measured i liClIO,/PC electrolyte within 2.24 and 2.56 %5
Li/Li* in 0.02 V steps. The spectra were generated over the frequency range 10 KiHz-by
superimposing a 5 mV amplitude of a.c. excitation on d.c. bias of potentiostat. At each pote
number of measured frequencies uniformly distributed across a log frequency decade was ¢
from high to low values. The Boukamp program EQUIVCRT (EG&G software equipment) was
for identification of the components of impedance spectrum.

All experiments were conducted at room temperature.

/ Fc. 1

I;'gﬁg;' Hexagonal Structure of hexagonal tungsten bronzg WO,

channel (A = K, Rb, Cs). Full circles: guest species A
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RESULTS AND DISCUSSION

Hydrogen Insertion

Electrochemical insertion of hydrogen into hexagonal cesium tungsten bronze
below 0.1 Vvs SCE, as it is shown on the voltammetric curve in Fig. 2. The cur
increases with decreasing potential in the cathodic sweep giving two cathodic pe
about 0.2 and —0.1 Vs SCE. Two peaks appear in the anodic sweep indicating ex
sion of hydrogen from the host structure. During the subsequent cycling betwee
and —0.3 Ws SCE, the hysteresis was not observed and the system displayed an
ordinary good reversibility typical of W{based electrochromical systems.

From the voltammogram, potentials —0.1 and —0.8s\6CE were chosen for chro
noamperometric measurements anddcurves were recorded to determine stoichion
tric coefficientsy and diffusion coefficients for hydroged, in Cs, H,WO; at stated
potentials.

An example ofi-t curve (measured at —0.3wg SCE) is shown in Fig. 3. The shar
corresponds to a diffusion process restricted by the dimension of the available
(e.g, by the spherical shape of particles) according to the theory of diffusion
cesse§

Constant potential —0.1 and —0.3Wg SCE was applied on electrodes for a tin
necessary to reach steady-state current. The values of final background current
then subtracted, the remainders were integrated and used for estimatyoimn o
Cg sHyWO;, 0.0002 and 0.0040, respectively.

T I
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/
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Fic. 2 -40 1
Cyclic voltammogram of a hexagonal GQ8/O5
electrode in v HCI. Scan rate 10 mV§ room oa olo 0'4
temperature; surface area of electrode £ cm ’ "E,VvsSCE
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Further, the transient was plotted again¥?, fitted by a linear equation in its inter
mediate part (see the inset in Fig. 3), and the Cottrell fofinula

i =F Aly Cy, (Dy/m)¥2 +i,, @

was used for evaluation of diffusion coefficient. In this formilmeans current den
sity, F is the Faraday constam,is surface area(;H0 is the concentration of availabl
sites,Ay is the change in stoichiometric coefficient for hydrogemeans time and,
is steady-state background current. Considering the density of tungsten tmm)de
7.0 g cm3(ref.®), the density of cesium bronzes wo, = Pwo, - Mcs, wo, ! Mwo, equal
to 8.2 g cm?, was calculated. Using this value pgso WO, the concentration of avail
able sites CH = 0.0301 mol cm?, and the surface area of spherical partickes;
3m/pC wo, ' (m is the mass of cesium bronze and the particle radius), were ob
talned “Then, diffusion coefficien®, = 1.6 . 16'%and 6.5 . 16®¥m?s*were evaluated
for hydrogen insertion at —0.1 and —0.3 V, respectively.

Hydrogen concentration in gsH,WO,, achieved after 1 h insertion at —0.3v¥
SCE in the aqueous electrolyter 0.004, is the same as hydrogen concentration &
1 h hydrogen sorption from gaseous phase in the absence of water (see inset in
The value of diffusion coefficierd,, 6.5 . 108 m? s, obtained for hydrogen insertiol
at —0.3 Vvs SCE, is in good agreement with the value of 8.5’ s%, determined
for hydrogen insertion in the absence of watelowever, a marked inhibition perio
appeared at the beginning of hydrogen sorption from gaseous phase (see inset in

0.16

i, mMAcm~

0.14
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Fic. 3
Chronoamperometric curve of a hexagonaj @¢0; electrode in v HCI. Potential —0.3 Ws SCE;
room temperature; surface area of electrode: 12 cimset: Evaluation of the slope
FAAyCH,O(D,J,/Tr)“2 from the Cottrell equationlj
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which was not observed when traces of water were present in the reaction‘$yaten
suppose that the accelerating role of water in hydrogen insertion consists in a faci
transport of hydrogen particles along solvated chains which is faster than a <
translation motion.

Lithium Insertion

The electrochemical behavior of the hexagong) J8&; during insertion of lithium
into this structure is displayed on the cyclic voltammograms in Fig. 5. The me
single wave, starting at about 2.8V Li/Li " in the cathodic sweep of the first voltan
metric curve (), indicates insertion of lithium. A single broad peak in the ano
sweep suggests the presence of a single insertion mechanism where lithium cont
function of potential. The shape of voltammetric curve is changed after 24 h a
treatment of an electrode at 3.5/¥Li/Li *. Then two broad peaks in the anodic swe
(Fig. 5, curve?) indicate two kinds of insertion mechanism occurring in slightly diff
ent potential ranges. Taking into account partial extrication of cesium guests fromn
agonal tunnels during the anodic delay, insertion of lithium species into both tri
and hexagonal tunnels should be expected.

Lithium insertion into hexagonal cesium tungsten bronze was carried out un
constant potential of 2.4 Vs Li/Li * which had been determined from the first voltar
metric curve (see Fig. 5, curv@). The value of stoichiometric coefficient i
Cs Li,WO3, y = 0.0036, was estimated in the same way as in the case of hydi
insertion. Then, the value of diffusion coefficient for lithiuby, = 1.6 . 16*'m? s,
was determined.
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Fc. 4
Hydrogen insertion into hexagonal 38/O; from gaseous phase in the absence of water. Hydro
spill-over technique, 4 wt.% Pt : W; room temperature. Inset: Induction period at the beginni
sorption
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Admittance Spectra

The electrode admittances were measured in the potential range close to 2.4 V
the insertion of lithium was expected according to voltammetric data. In Fig. 6
entire series of admittance spectra is shown in a three-dimensional representatio
the modulus of admittance on the vertical axis and the frequency on the horizont:
are plotted in a logarithmic scale for all potentials. A low-frequency component
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Fe. 5
Cyclic voltammograms of hexagonal G8/O5
electrode in 1m LiClO,—propylene carbonate.
Scan rate 1 mV $; room temperature; surface
area of electrode 1 dn1 First charge-discharge
curve, 2 voltammetric curve measured after 24
at 3.5 VvsLi/lLi

Fic. 6
Modulus of admittanceY (S) vs frequencyf (Hz)
in logarithmic scale. 11 LiCIO,—propylene carbo-
nate; potential range 2.24-2.56V¢ Li/Li *
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the properties of a constant phase element (c.p.e.) is apparent as a small ridge
vicinity of 2.4 V. This component of equivalent circuit is ascribed to the diffusior
lithium into the WQ matrix. Parallel to this element, double layer capacity and re
tive component were found; they were almost independent of the electrode poter

The values of constant phase elements of diffusional prodksgere obtained using
the EQUIVCRT program and found to be proportional to a general power of frequ
according to a relationvV=W, fP, whereW, was a c.p.e. value extrapolated to fr
quencyf = 1 Hz and an average experimental value of the expgneras equal to
0.73. The c.p.e. valued/,, plotted against potential, are shown in Fig. 7. This metl
allowed to improve the separation of the diffusion process from the background. |
way, the valueV,; = 0.0036 S over the background was found at frequércy Hz
for potential of 2.4 V. Then, the value of diffusion coefficiént = 7.8 . 10'®m? s
was calculated, assuming the Randles—Grahame formula for diffusional a
tancé?, which is in good agreement with the valDg obtained from potentiostatic
measurements.

The values of stoichiometric coefficients of hydrogen and/or lithium in coinsel
cesium tungsten bronzes as well as the values of diffusion coeffifigrandD,; are
fairly close. The rather low concentrations of inserted species can be ascribe
lattice distortion of W@ matrix caused by large cesium species which affects |
equilibrium and the mobility of inserting H and/or Li guests regardless of their diffe
chemical nature.

1.2 . .
Wi, s
11t 8
1.0 | ]
0.9 - .
08 ]
Fic. 7
Constant phase element of diffusional procégs 0.7 . ‘ ‘
vs potential. 1m LiCIO,—propylene carbonate; 22 23 24 25 26
extrapolation for the frequendy= 1 Hz E, V vs LilLi*
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