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In Situ Study of Ultrathin Film Formation on Au(111) Surface
in Propylene Carbonate by Scanning Tunneling
Microscopy under Potential Control

Toshiya Saito and Kohei Uosaki*

Physical Chemistry Laboratory, Division of Chemistry, Graduate School of Science, Hokkaido University,
Sapporo 060-0810, Japan

In situ scanning tunneling microsco$TM) revealed the formation of an adsorbate layer oflAd) in propylene carbonatéC)

containing 0.1 M LiCIQ. The structure of the adsorbate layer was affected by the electrode potential. A comparison with the
differential capacitance measurement result suggests that the surface charge of the electrode played an important role. At potentials
more positive than the potential of the zero chafgec), the growth of the island-like structure on the(&ll) surface was

observed. As very similar STM images were obtained in neat PC, it was concluded that the adsorbate layer in this potential region
consisted of PC molecules. Both at the pzc and at potentials more negative than the pzc, a herringbone structure was observed
showing the reconstructed ALL1) surface. While the surface was uniform at the pzc, there were small holes on the terrace at the
latter potentials. The holes were considered to be a defect of a film covering th&lAsurface with a uniform thickness. The

possible adsorbate at the pzc and at potentials more negative than the pzc also consisted of PC molecules, although the adsorbate
structure was not clear.

© 2002 The Electrochemical Society.DOI: 10.1149/1.148891]7All rights reserved.
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The electrochemical deposition and dissolution of lithium in an various electrochemical processes including’ Bhd Pd*" depo-
aprotic solvent has attracted much attention because of the industrialition on Au(112 and Au(100)electrodes, Cu deposition on the
significance in its application to lithium secondary batteries. Al- GaAs(100)electrode'® and dissolution of A(111)* and Au(100Y¥°
though the lithium metal rechargeable battery is very attractive for The application of SPM for nonaqueous systems is still limited
the reduction of weight, and therefore, an energy/power density im'compared with that for aqueous systems. We have successfully
provement, the relatively low reversibility of the deposition and dis- o, hitoreq the self-assembly process of alkanethiols in heptane on
Egltl,:é'ron l(\j/lfalrlfhlgm d?qeestfﬂnlnmﬁt;th dee pgzﬁtig:r?launs de ((j)ifsér;?uh(')r?qﬁgegoldmz and the two-dimensional crystal formation of an alkane on

Y- Y P a gold surface in neat alkane by STM with molecular resolutiom.

been carried out to improve the reversibility and to prevent the ™ = | Nin Si d h
growth of dendrites under various conditions. Due to high activity of ' 1S Very natural to applyin situ SPM to study processes at the

lithium metal, the surface of lithium in an electrolyte solution is lithium electrode. Morphology changes in the lithium surface during
covered with a native oxide film or reduced products of the electro-the dissolution/deposition cycle under several conditions have been
lyte solution and/or impurities. The surface film thus formed is investigated byn situ electrochemical SPNE 2 Most of these stud-
believed to play important roles in the lithium deposition and disso-ies were, however, carried out within sploa resolution, which is
lution. The chemical composition and formation process of the sur-far from the atomic scale, and therefore, elucidation of the electro-
face film on lithium metal have been studied in various electrolyte chemical processes on an atomic level is not possible. There are
solution such as propylene carbonateC)? y-butyrolactoné,® several reasons why SPM studies for the processes in nonaqueous
and 1,3-dioxolarfeusing various techniques including electrochemi- solvents such as the Li deposition/dissolution are difficult. In many
cal methods, X-ray photoelectron spectroscopy, Fourier transformegases, a glove box is required to avoid the influence of water and

infrared spectroscopy. ; ;
oxygen because the redox potentials of the processes such as alkali
Alkyl carbonates, such as PC and ethylene carbofie3, react metal deposition/dissolution are more negative than those for the

with lithium and form a surface film consisting of ROGIO on the . :

Li metal surface Esters such a$-butyrolactong and et%ejrs such as reduction of.water and oxygen and, moreover, even the red.uctlon of
tetrahydrofuran react with lithium and form lithium carboxylate the Aslok:venthltself may tall<e pl?ce at SUC: a n;gagye pﬁt?ntlellfl' id
specie&® and lithium alkoxidé, respectively. Impurities, which are though many organic solvents such as PC, dimethy! sulioxide,
unavoidably contained in solvents, also react with lithium and maytetrahydrofuran, and dimethylformamide, have been used as a sol-
play important roles in the surface film formation. Water, which is Vent for electrochemical studies, PC is one of the best candidates to

always contained in a nonaqueous solvent, is dissociated and gendpe used as a solvent for a lithium metal secondary battery because of
ates hydrogen gas. The remaining hydroxide ion reacts and form#s wide temperature range as a liquitip —48.8°C, bp 242°C¥?
lithium hydroxide or oxide on the lithium surface. The reaction relatively high dielectric constar66.14)?° large dipole moment
products such as lithium hydroxide or lithium oxide precipitate on (4.94 D)3 and wide potential window, particularly in the negative
the Li surface®™”® HF, which is contained as an impurity in the potential regiori* Actually, several papers for the investigation of
electrolyte salts like LiPFand LiBF,, forms an LiF layer on the Li  the lithium deposition/dissolution processes in PC have been
metal” , . ~ published®?6:27:32-38|though noble metals are less reactive than
_Scanning probe microscopPM), such as scanning tunneling  5jkali metals the reduction of the solvent, anion, and water leading
microscopy (STM) and atomic force microscopfAFM), has be- 4 5 fiim formation may take place even on these electrodes in the

come a powerful method to investigate the fundamental processe\§ery negative potential regiofl. These processes on noble metal

on electrode surfaces with atomic/molecular resolution. Electro- . . )
chemical STM and AFM have been applied by many researchelectrodes can be considered as model reactions for the surface film

groups for many electrochemical systems mainly in aqueousformat'O,n on a lithium elegtrode. Here, we carried @Sltu elec-
solutions!?2 We have also employed STM and AFM to investigate trochemical STM observations of the ML) electrode in PC solu-
tion containing LiCIQ . The initial stage of the surface film forma-
tion is discussed based on the STM observations as well as the
* Electrochemical Society Active Member. results of an electrochemical study such as cyclic voltamn{€xr)
2 E-mail: uosaki@pcl.sci.hokudai.ac.jp and differential capacitance measurements.
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Experimental 50

A gold single crystal bead was prepared by Clavilier's metfiod
from a gold wire(Tanaka, 99.99% purijyand was cut in parallel to
the (112) facet. The(111) face was polished with a diamond slurry
down to 0.5um. The crystal was then annealed in an electric fur- 0
nace at 850°C for 12 h under an Ar atmosphere. Prior to each ex,
periment, the gold single crystal was annealed by a gas flame for ¢
few minutes and cooled under an Ar gas stream. To avoid the sur- ¢
face contamination, the annealed gold was put in a glass containe
which contained pure hexane. S50

Lithium wire (Johnson-Matthey, 99.9% purjtywas cut and
washed several times with hexane under an Ar environment before
use as the reference electrode. Platinum whianaka, 99.99% pu-
rity) was used as the counter electrode.

Both neat PC and a PC solution containing 0.1 M LiC\ere
purchased from Tomiyama Chemicdlshium battery grade). They
contained less than 20 ppm of water and were stored in an Ar filled
glove box(VAC, Nexus 2000 systejmto avoid the dissolution of
water and oxygen into the solutions and used without further puri- -150 1 A
fication. The PC solution containing the 1 mM LiCJ@sed for the 0 1 2 3
capacitance measurement was prepared by diluting the PC solutio
containing 0.1 M LiCIQ with the neat PC in the glove box. . oy ot

The STM measurements were carried out in the Ar filled glove Potential / V vs. Li/Li
box using a Nanoscope E control ufiidigital Instrument and a
PicoSPM scanning uniMolecular Imaging. The scanning unit and Figurg 1 Cyclic vc_)ltammogram of A(L1]) electrode in the PC_: solution
a homemade vibration isolator were placed in the glove box, but thefontaining 0.1 M LIiCIQ at 50 mV/s. The Au(11ielectrode was immersed
control unit was placed outside the glove box. The scanning unit®: 2'53 v alnd the rehs“ItS gf thel.'dn't'aét‘é"okcydf.’s v Tlhe first and
was electronically connected to the control unit through an airtightsecon cycles are shown by solid and broken lines, respectively.
connector on the side of the glove box. The STM tips were mechani-
cally cut 20% Ir-Pt wire ¢ = 0.3 mm). The tips for electrochemi-
cal capacitor-STM measurement were coated with Apiezon wax bu
the STM observation in neat PC was carried out using an uncoate
tip. The Ar gas in the glove box was circulated through catalysts, Results
which removed the oxygen and water. The oxygen concentration in
the glove box was kept below 1 ppm, typically 0.1-0.2 ppm. The
g]? \;V ﬁ;&?é:sg:gg ;éfugglgr:lvtielg(l)g\g Prﬁéﬁ?iilﬁ:islattki]g: E)Tgv\llc;\;v::]gml cycles gfter the Au_(l:l)lelectrode was imm(_ersed in a PC_ solution
a vacuum pump for controlling the inner pressure of the glove hoxcontaining 0.1 M LiCIQ at 2.50 V where neither a cathodic nor an

were stopped during the STM measurements. The oxygen concerﬁnOdiC current flowed. In the first cyclsolid line), a cath_odic cur-
tration in the glove box became a few parts per milligpm) at rent started to flow from around 1.8 V and a cathodic peak was

. : observed around 1.5 V. About 30-40A/cm? of cathodic current
most 5 ppm, even 12 h after the STM experiment without any Ar . A
circulation. The water concentration was still under the lower limit flowed between 1.1 and 0.8 V and then the cathodic current signifi-

of hvarometer after the STM observations cantly increased as the potential became more negative than 0.8 V.
Y9 X . : . An anodic current of a fewwA/cm? flowed in the positive scan
CV was carried out also in the glove box using a three-

compartment glass cell. The electrochemical potential was condireCtion and small positive peak was found around 1.1 V. In the
) : 'second cyclébroken line), the cathodic current started to flow again
trolled by a potentiostatHokuto Denko, HA-151 and the external ycle ) g

. ] : from around 1.8 V but no cathodic peak was observed and the lim-
potential was provided by a function generatidokuto Denko, HB- ~jing cyrrent was much less than that observed in the first cycle

111). The Au(11) electrode was contacted to the electrolyte solution (~10 pAlcm?). In the positive scan direction, small but a broad

under potential control and the potential scan was started within &nqdic current peak was observed at 1.2 V. Although Aurleac.
few min after the contact. reported that the reduction peaks of water and oxygen were ob-
A potentiostat(Toho Technology Research, model 2004 fre-  served at 1.2 and 2.0 V, respectively, in a PC solution containing 0.2
quency response analyzeiFRA, NF Electronic Instruments, \ |iasF, and these peaks became smaller in the second and sub-
S-5720B)and a personal computéNEC, PC-9801were used for  sequent cycles as a result of the formation of a surface film of a
the differential capacitance measurement. The measurement wagductive product of the electrolyte solutidhno faradaic current
carried out in a polyethylene bag, into which high purity Ar gas was yas observed at potentials more positive than 1.8 V in the present
blown for purging the air and maintaining the Ar atmosphere. Thestydy as shown in Fig. 1. This result confirms that oxygen was not
oxygen and water concentrations in the polyethylene bag were nogontained in the solution and the onset potential for water reduction
monitored. A sine wave (10 my,, 5~ 50 Hz) with a direct cur-  was about 1.8 V. The cathodic current observed between 1.5 and 1.0
rent (dc) offset was generated by the FRA controlled by the com-V and the one at potentials more negative than 1.0 V were consid-
puter via a GP-IB and was fed into the potentiostat. The electrolyteered to be due to the reduction of solvent and under potential depo-
solutions were prepared and stored in the glove box. They weresition of lithium, respectively, although the reduction of solvent
placed in a tightly capped glass container and transferred to thend/or anion are also contained in the current at potentials more
polyethylene bag. The annealed electrode was also transferred to theegative than 1.0 ¥ The small anodic peak at 1.1 V should be due
bag. Ar gas was blown into the for bag at least 30 min after theto desorption of lithiunt®
electrode transfer into the bag for minimizing the effect of oxygen  Figure 2 shows the potential dependence of the differential ca-
and water. Each capacitance measurement took about 10 min. Egacitance of the Au(1)Jelectrode in PC solutions containing 1 mMm
sentially the same CV as that in the glove box was obtained in thgsolid line) and 0.1 M(broken line)LiCIO, between 1.80 and 3.00
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olyethylene bag, showing the effects of oxygen and water were not
gerious for the measurements in the polyethylene bag.

Electrochemical characteristics-Figure 1 shows a cyclic
tvoltammogram of an A1l electrode for the first two potential
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Figure 2. Potential dependence of differential capacitance aflAl) in PC
solutions containing 1 mMsolid line) and 0.1 M(broken line)LiClO,.

V. Essentially, the same features were observed. The difference ce
pacitance increased as the potential became negative from 3.0 V anf™
reached a maximum at 2.7 and 2.5V in the 1 mM and 0.1 M LiCIO
PC solutions, respectively. The capacitance then decreased with pc
tential, reached a minimum at 2.09 V, increased again, and reache
maximum around 1.85 V in both solutions. The potential of the
minimum capacitance should correspond to the potential of zero
charge(pzc)™*

| 0.20m

. — Figure 3. STM images (150 150 nm) of Au(11} in a PC solution con-
Electrochemical STM measurement#\fter confirming that a taining 0.1 M LiCIO, solution at 2.50 Wa) 7 min, (b) 16 min, (c) 30 min, (d)

clean gold surface was exposed under the Ar atmosphere, the elegg min ande)90 min after the injection of the PC solution. Cross section of
trolyte solution was injected into the STM cell while keeping the (q) at a broken line is shown iff). The tip potential was 2.0 V and the
potential of the gold electrode at 2.50(Vs. Li/Li *). tunneling current was between 300 and 700 pA.

Figure 3 shows the sequentially obtained STM images of the
gold surface at 2.50 V. Although the wide flat terraces separated by
monoatomic(0.25 nm)height step were observed for the initial 7
min after the injection of the solutiofFig. 3a), the gold terrace ) o
became slightly rough 16 min after the injectiéfig. 3b). Small ringbone pattern. The herringbone structure is similar to the one
nuclei appeared randomly all over the terraces. These nuclei seeméserved at the reconstructed (All) surface,i.e., thev3 X 22
to be stretched in the horizontal directidfig. 3b). These nuclei ~ structure?®*3While the typical width of the paired stripe of th@
grew into island-like structures with time as observed in an imageX 22 structure observed on the reconstructedlAl) surface is 6.3
captured 30 min after the injectioffFig. 3c). A two-dimensional nm and a change in the direction of the rows takes place evet/
growth of these islands was further observed with time and theynm, the width of the paired row of the present result wasl0 nm
merged with each othe(Fig. 3d, e). The heights of these islands and the interval of the direction change was 50 nm,i.e., nearly
were ca. 0.17 nm with the distribution of 0.15-0.25 nffkig. 3f). twice the well-known v3 X 22 structure of the reconstructed
Uniform island-like structures were also observed on all the terracedAu(111). This structure was stable and remained for more than sev-
after the sequential observation of the STM images and no differ-eral hours at this potential.
ence in the density and dimensions of the island-like structures were Figure 5a shows an STM image captured at 1.90 V 30 min after
found whether the position was scanned with STM tip or not, show-the injection of the solution at this potential. The herringbone struc-
ing the no effect of the tip scanning on the image. Furthermore, nature was also found on the terrace at this potential, although it was
influence was observed when the tip potential was changed betweemore ambiguous than at the pzc. The dimensions of the herringbone
2.0 and 2.9 V after capturing Fig. 3f. were almost equal to that at the pzc. Some holes, which were not

Figure 4 shows an STM image of the @d1) surface captured at observed at the pzc, were found on the terraces at this potential.
2.09 V,i.e., pzc, 100 min after the injection of the solution at this They were always located on the wide dark stripe of the herringbone
potential. In contrast to the result at 2.50 V, where island-like struc-and their depth wasa. 0.1 nm as shown in the cross section of the
tures were observed in less than 30 min after the solution injectionSTM image(Fig. 5b). It should be noted that no hole was found on
no island-like structure was found on the (A1) surface at this  the terraces during the first STM scan. When a certain position was
potential even after 100 min. No nucleation was observed in thesequentially scanned, some holes were observed on the terraces
STM observation at-2.09 V. Winding paired stripes were found on from the second scan. Once the holes were formed during the sec-
the terrace of the Ad1l) surface and these stripes formed a her- ond scan, the hole density did not increase in the following scans.
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Figure 4. STM image (150 150 nm) of Au(11} in a PC solution con-
taining 0.1 M LiCIQ, solution at 2.09 V. The tip potential and tunneling
current were 2.0 V and 380 pA, respectively.

Figure 6 shows the time-dependent STM images of the gold
surface at almost the same position after the potential was stepped
from 2.50 V,i.e., more positive than the pzc, to 2.00i\é., more
negative than the pzc. The Alll) surface was initially covered
with the island-like structure, which was at 2.50 V as mentioned
before(Fig. 3). The potential was stepped to 2.00 V as indicated by & &
the broken line in Fig. 6a. The scan direction of Fig. 6a is upward
and there is no transition of the island-like structures just after therigure 5. STM images (120< 120 nm) of Au(111 in a PC solution con-
potential step(upper part of Fig. 6a The island-like structure re-  taining 0.1 M LiCIQ, solution at 1.90 V. The tip potential and tunneling
mained on the surface even 2 min after the potential §&p 6b) current were 2.0 V and 290 pA, respectively.
but parts of the island-like structure seemed to combine with each
other. The island-like structure became unclear 9 min after the po-
tential step(Fig. 6¢). It completely disappeared 16 min after the
potential step, leaving a smooth terraéég. 6d) as was observed
when PC was injected while keeping the potential more negative The time-dependent STM images observed at 2.50 V in a PC
than the pzdFig. 5). Figures 6¢c and d show that the disappearancesolution containing 0.1 M LiCIQ solution (Fig. 3) suggest the ex-
of the island-like structure seemed to be accompanied with the strucistence of an adsorbate layer. As the island-like structure of similar
tural change of the upper terrace. The sharp vertex at the corner alimensions and growth rate was also observed in neatFRLC 7),

Discussion

the triangular terrace in the lower right part of the STM ima(feg. where the possible adsorbate is only the PC molecule, the island-like
6a, b)became slightly roundFig. 6c)and then significantly round  structure observed both in the neat PC and in the electrolyte solution
(Fig. 6d)while the island-like structures were disappearing. should consist of PC molecules. Although an anion may adsorb on

STM observation in neat PC-After the flat terraces of the the electrode surface, the facts that Cl@es not adsorb on gold in

Au(111) were confirmed in the Ar atmospheiféig. 7a), neat PC was adueous solutidh and no specific adsorption of CJOon a Ag
injected into the STM cell and then, the STM images were obtainedelectrode in PC solution was obserf&duggest that CIp anion
sequentially(Fig. 7b-e). Several island-like nuclei were observed on does not adsorb on the gold surface in PC. This is in good agreement
the terrace 30 min after the injection of neat PC as shown in Fig. 7bwith the STM observations.

As time passed, the number of the island-like nuclei increased and The herringbone structure was observed for more than several
the nuclei grew and merged with each other. The terraces were cowhours at the pz¢€2.09 V, Fig. 4)as well at potentials more negative
ered with these island-like structures after several tens of minuteghan the pzqFig. 5). The existence of hole on the terra¢egy. 5)

(Fig. 7c-e). The heights of these structures on thé¢lAil) terrace and the deformation of the terra¢@ig. 6) at potentials more nega-
were distributed between 0.15 and 0.3 nm as shown in the crosgve than the pzc suggest that the gold surface is covered by an
section of Fig. 7dFig. 7f). No significant difference in the nucle- adsorbate layer in this potential region. Usually, the coverage of
ation density was observed between the step edge and terrace, angutral organic molecules on an electrode reaches a maximum at the
there was no specific direction for the growth of the island-like pzc, because the surface charge of the electrode disappears and the
nuclei. The features of the island-like nuclei in neat PC such as sizeglectrostatic interaction between ions and the electrode became
growth rate, and distribution on the terrace were similar to those ofminimal at the pzc. In the present case, the neutral organic molecule
the island-like nuclei in the PC solution containing 0.1 M LiGlax in the electrolyte solution is the solvent itself. We already reported
25 V. that a3 X 22 structure of reconstructed Alll) surface is ob-
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Figure 6. STM images (200x 200 nm) of Au(11} in a PC solution con-
taining 0.1 M LiCIQ, solution. The initial potential was 2.50 V and the
potential was stepped from 2.50 to 2.00 V at the broken lin@jmvhere the
scan direction was upwardb) 2 min, (c) 9 min, and(d) 16 min after the
potential step. The tip potential and tunneling current were 2.4 V and 400
pA, respectively.

| 0.20m

served by STM beneath the adsorbate layer of an alkane in neg
alkane. This result shows that reconstruction of A1) can be re- :
tained under the adsorption of an organic moleétile. the present
case, the width of the paired row of the reconstructed surface was

60% greater than that of the well-knowf8 X 22 structure. Expan-  Figure 7. STM images (200< 200 nm) of Au(11} (a) before and(b) 30

sion of the reconstruction structure of @11) caused by CO ad- min, (c) 45 min,(d) 60 min, and(e) 85 min after the injection of neat PC. A
sorption was observed by surface X-ray diffraction at 20°C or highercross section ofc) at a broken line is shown iff). The tip potential and
temperature in an Ar atmosphere with the CO pressure of severdtnneling current were 100-500 mV and 140-750 pA, respectively.

hundreds mbd® Thus, the adsorption of PC molecules seemed to

relax the surface stress and slightly expand the reconstruction struc-
ture in contrast to the adsorption of an alkane that did not change th&oles. Although the depth of holes does not fit to any dimensions of
dimensions of the reconstruction structure. This suggests that th®C molecule, a Z-scale of the STM image, however, reflects not
interaction between PC and gold surface is stronger than that besnly the geometrical depth but also the difference in electronic states
tween an alkane and the gold surface, although a more detailedf the PC molecule/gold surface.

investigation is required to understand the nature of the interaction No change in the step edge was observed in the STM observation
between PC and the gold surface. at a constant potential but when the electrode potential was stepped
The fact that holes were observed only at the wide dark stripe offfom 2.50 to 2.00 V(Fig. 6), the deformation of the step edge was

the herringbone patterns and only after the STM scans suggests thabserved while the island-like structures were disappearing. As the
the hole position reflected the difference in the adsorption strengthcoverage of the adsorbate decreased when the potential was stepped
Although it is impossible to specify the exact registry of the surface from 2.50 to 2.00 V, the excess adsorbed PC molecules should be
atom as the width of the double row observed here, 60% larger thawlissolved into the solution but some of them seemed to move from
that of the typical reconstruction pattern of @dJ), it is reasonable  the terrace to the step edge, resulting in the shape change in the step
to consider that the wide dark stripe corresponds to the face centereedge.
cubic (fcc) site based on the similarity to the well-knowyi3

X 22 reconstruction pattern. According to a surface state calcula-

tion using the Kronig-Penny potential and STS measurement of the An adsorbate layer on the AlL1) surface in a PC solution con-
Au(111) surface in ultrahigh vacuum, a surface state exists 0.5 eVtaining 0.1 M LiCIO, was found by STM observations. A structural
below the Fermi level at the hexagonal close packezp) site*® change in the adsorbate layer depending on the electrode potential
This means the electron densities at the hcp site are higher than thatas observed. An island-like structure was observed at potentials
at the fcc site. If this is also valid in the PC solution, the position of more positive than the pzc and it seemed to be same as the adsorbate
the holes agrees with the low electron density site of thelAl) layer observed in neat PC solution. The similarity in the STM im-
reconstructed surface. Thus, the nonuniform distribution of the elec-ages in both solutions suggests that these adsorbate layers have the
tron density on the A{111) surface seems to cause the difference in same composition and structure. At the pzc, a surface reconstruction
the adsorption strength and adsorbed molecule at the fcc site werstructure of the Au(1)1surface was observed and at potentials more
easily to be abstracted by the STM tip, resulting in the formation of negative than the pzc, small holes in the reconstruction pattern were
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observed. These results suggest the existence of a thin film of almogg-

uniform thickness, and this adsorbate was thought to be the PGg-

17.

molecule. The position of the holes at the more negative potentials1L
was thought to correspond to the position at which electron density

is lower than the other places. As described above, the adsorbate o
the gold surface was expected to be the PC molecule at any potentiab.
and the structural change was caused by an electrostatic interactico.

between the surface charge of the electrode and dipole moment of
the PC molecule. It has been speculated that the surface film on the
electrode plays important roles for the Li deposition, although the,;

details of the film are not known. In this paper, we showed how the,,

surface film is formed. We are now investigating how the surface»s.
film affects the lithium deposition/desorption processesirbgitu 24.
STM. 25
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