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Reaction of a methyltriphenylphosphonium (TPP) ion with a
-mercaptobenzothiazole (MBT) monolayer on polycrystalline
old under electrochemical conditions leads to the chemical mod-
fication of the monolayer. Surface-enhanced Raman spectroscopy
SERS) has been used to study the molecular nature of the trans-
ormation. MBT, which adsorbs in the thione form on Au, gets
ransformed to the thiolate form upon reaction. Thermal stability
f the modified monolayer is substantially lower than the corre-
ponding pure monolayers and complete desorption of the modi-
ed monolayer occurs below 473 K. Time, potential, and solvent
ependence of the reaction has been investigated. Electron trans-
er from the monolayer to the approaching ion in solution is
uggested as the cause of the reaction. XPS investigation shows the
hange in the valence states of the species concerned. While the
arent MBT gets oxidized, the TPP moiety gets reduced. The
esults suggest that modified monolayers can be made by simple
lectrochemical procedures and the processes are similar to the
orresponding gas-phase events (1994, R. G. Cooks, T. Ast, T.
radeep, and V. H. Wysocki, Acc. Chem. Res. 27, 316). © 1999

cademic Press

Key Words: self-assembled monolayers; chemical modification;
-mercaptobenzothiazole; surface-enhanced Raman spectroscopy;
-ray photoelectron spectroscopy.

INTRODUCTION

Chemical modifications of surfaces are important in scie
nd technology. Modification of ultrathin molecular surfa

eading to functionalized assemblies is one of the impo
ubject areas of chemical research today (1). Methodol
or such modifications vary from simple exposure of molec
urfaces to chemical reagents to more sophisticated me
uch as low-energy ion collisions (2). Prototypical surf
ransformations (3) on self-assembled monolayers (SA
ave been demonstrated with ion/surface reactions (4–6)
ersatility of this methodology has prompted investigator
robe a number of such related processes toward achi
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oals such as ion and molecule trapping in SAM matrice
). Although electrochemical methods have been used fo
reparation of modified monolayers (9) the subject has
een approached from the perspective of ion/surface reac
In an ion/surface collision, the translational energy of

ncoming projectile is used to circumvent the activation ba
f a given chemical process. Since the efficiency of en

ransfer is high, even endothermic processes occur with
robability (4). One of the important events when an
pproaches a surface is electron transfer from the su

eading to an ionized surface species (2, 10). This is par
arly the case for a molecular surface. Various low-ene
on/surface collision experiments have been used to under
he details of the interfacial ion processes (3–6). In an ele
hemical system, an ion approaching the electrode has
ranslational energy and the energy transfer induced by
ion cannot be a driving force in the chemical proces
nother important difference is ion solvation, which could l

o reaction between the surface and the solvent mole
nstead of reaction with the ion. This would imply stro
ependence of the processes on the dielectric constant
edium. The foregoing suggests that the ion/surface rea

n electrolytic solutions would depend primarily on the diff
nce in ionization potentials of the surface and the incom

on. A surface having a low ionization potential would lead
fficient electron transfer (10). The ionic species so prod
t the surface could be excited and that itself could be a s
riving force for a reaction.
Electron transfer at the interface could occur at a rang

istances and it is probable that within the lifetime of the io
pecies created at the surface, the incoming ion is in
icinity of the surface. The same as the mechanism prop
or gas-phase ion/surface encounters, reaction betwee
onic surfaces and the neutralized projectile can be one o
mportant means of relaxation of the excited surface specie
). This reaction could occur with high efficiency, the sam

imilar gas-phase processes. Various aspects such as thermo-
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177MODIFICATION OF MBT ON POLYCRYSTALLINE AU FILMS
ynamic and entropic considerations (5) will be importan
etermining the product.
An important aspect of these processes is the surface

ivity of the method. The ions can only be sensitive to the v
op of the surfaces (to the top functionality in the case
onolayer bearing a functional group), and therefore the t

ormations are going to be limited in this region (11). T
akes the investigation of such modification extremely d

ult and reliable methods have to be used for the investiga
ecently we have shown the utility of surface-enhanced
an spectroscopy (SERS) (12–14) and X-ray photoele

pectroscopy (XPS) (15) in investigating SAM surfaces.
evelopment of methodologies to make SER active films
as also helped us in undertaking this investigation.
In the following, we present a combined SERS and X

nvestigation of the chemical modification of 2-mercaptob
othiazole (MBT) monolayers in electrolytic solutions. T
tudies conclusively establish that ions in electrolytic solut
ould drive chemical reactions at monolayers, leading to ch
cally transformed surfaces. Although the exact nature
hemical binding requires further investigation, the pre
ata definitively establish the presence of such modificatio

s also suggested that electron transfer drives the reactio
imple exposure does not lead to any transformation. Kin
f such transformations is fast enough and the proce
omplete within the first few minutes of the reaction. T
mportance of adsorbate geometry in the observed proces
nderlined from the observed difference in reactivity betw

he monolayers grown on Au and Ag. Thermal stability of
odified surfaces is significantly different from that of
arent surfaces. An XPS investigation substantiates the S
ata and provides further proof for the chemical state o
pecies involved.

EXPERIMENTAL

The monolayers were prepared by well-established me
eported in the literature (17). Briefly, 1 mM solution of
espective surfactant in absolute ethanol was exposed to t
lm overnight. The preparation of SER active films has b
iscussed earlier (16). The methodology involves sputter

ng Au of about 2000-Å thickness on an oxidized alumin
oil in an Edwards sputter coater. Aluminum foil of 20-mm
hickness was heated in air at 773 K for 5 h to make an
dequately thick oxide layer. Scanning electron microsc
SEM) investigation of the evaporated films shows corru
ions of submicrometer dimensions and is shown to be e
ent substrates for SERS work (16). The films after withdra
rom the solution were washed with ethanol repeatedly
sed for subsequent transformations. Triphenylphosp
PPh3) was purchased from E. Merck. MBT (C7H5S2N) was
urchased from Aldrich Chemical Co. Both the chemicals w
sed as received. Freshly distilled solvents were used. M

1 2
ltriphenylphosphoniumiodide, [PPh3CH3] I (TPP), was pre- c
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ared as per literature procedure (18) by reacting
henylphosphine (E. Merck) and methyl iodide (CH3I, E.
erck) in hexane.
Raman measurements were carried out with a Bruker

6V FT-IR spectrometer with a FRA 106 FT-Raman atta
ent. A Nd-YAG laser (1064 nm, 70 mW) was used
rimary excitation. Typically, 500 scans were necessary
cceptable statistics. Monolayers were washed in absolut
nol prior to the Raman measurement. For variable tem

ure measurements, a home-built heater with a programm
emperature controller was used.

XPS measurements were conducted with a VG ESCA
k II spectrometer with unmonochromatized MgKa radiation.
amples were inserted into the UHV chamber soon after
ere prepared. Measurements were done under a press
028 Torr. No deterioration in the vacuum was observed du

he measurement. To minimize the beam-induced damag
-ray flux was kept low (electron power of 70 W) duri
easurements. Due to poor signal quality, 20 scans of 2
uration were necessary to achieve acceptable statistics. A
nergy of 50 eV was used for carbon, oxygen, and g
hereas it was 100 eV for sulfur, phosphorus, and nitro
evere beam-induced damages were not observed in MB
ethyltriphenylphosphoniumiodide monolayers.
The monolayers after characterization were subjecte

lectrochemical reaction. This was done in an electroche
ell by keeping the monolayer as the cathode and a graphi
s the anode. Monolayers grown on 1-cm2 gold foil were used

or this purpose. Solutions of 10 mM TPP in acetonitrile w
sed as the electrolyte. Electrochemical transformations
one by passing a current of 1 mA at a potential of20.67 V
ith reference to a silver quasi reference electrode (19)
eriod of 2 min. Variable time and potential measurem
ere conducted similarly. Monolayers after reaction w
ashed with acetonitrile and ethanol repeatedly and use
pectral measurements immediately.
All the Raman spectra are presented without manipula

he intensities for the sake of meaningful comparison. Th
articularly important for the temperature-dependent, t
ependent, and potential-dependent data.

RESULTS AND DISCUSSION

MBT monolayers on Au and Ag have been the subject o
arlier report from this laboratory (14). Essential conclus
f this study were that MBT adsorbs in the thione form on
nd in the thiol form on Ag. This difference in adsorb
olecular structure also leads to variation in adsorption ge
try. Whereas the molecule is adsorbed with its molec
lane perpendicular to the surface on Au, the molecular p

s parallel to the surface on Ag. The changes in surface g
try are manifested in SER spectra of the monolayers. Bot
onolayers are thermally stable beyond 473 K and spe
hanges are relatively few upon heating; however, due to the
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178 SANDHYARANI AND PRADEEP
oalescence of Au grains, the absolute Raman intensit
reases with temperature. A comparable effect is seen in
owever, this is also accompanied by small changes in a
ate geometry.
In Fig. 1 we show the SER spectra of MBT (a) and TPP
onolayers on Au and that of the MBT monolayer u

eaction with TPP (c) in an electrochemical cell (conditio
0.67 V, 1 mA, 2 min). A bare TPP monolayer has not b

nvestigated before, and hence we present an assignmen
ER spectrum in Table 1. The observed vibrations ca
nderstood on the basis of IR and Raman spectra of phos
ystems (20, 21). Assignment of MBT bands is based oab
nitio molecular orbital calculations (14).

The principal change we observe upon reaction of the M
onolayer with TPP in solution is the emergence of the ph

1 mode at 997 cm21 which is absent in MBT (Fig. 1A). Th
wo characteristic peaks seen in the reacted monolayer at
nd 1574 cm21 are due to then8 modes of TPP and MBT
espectively. The intensities of these two features are sim
s a consequence of the reaction with TPP, MBT feature
ot reduce in intensity. Although SERS intensities can no
sed for quantitative comparison, this observation may be

o argue that MBT has not desorbed as a result of reacti
lso appears unlikely, since MBT monolayers are very s

FIG. 1. SER spectra of (a) MBT and (b) TPP monolayers on Au an
BT monolayer upon reaction with TPP electrochemically. A and B repre

ow- and high-frequency regions of the above, respectively.
n Au (14); however, thermal stability does not imply absenc
n-
g;
or-
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f desorption during reaction. There is a substantial shift
erved in all the in-plane vibrations. ThenCC ip modes at 157
nd 1451 cm21 are shifted to 1574 and 1440 cm21, respec

ively. Similar effects are also seen in the in-plane C–H b
ng region. This difference in the in-plane modes shows
hange in the adsorbate geometry. Moreover, there is
hift in the nCN mode at 1313 cm21. This, along with the
ncrease in N(1s) binding energy in the X-ray photoelectr
pectrum of the reacted monolayer (see below), may be
reted in terms of a coordinate bond formed between
itrogen of MBT and phosphorus of TPP. This is also s

TABLE 1
SER Frequencies (in cm21) of MBT, TPP, and Reacted MBT

Monolayers on Au

Assignmenta,b TPP on Au MBT on Au Reacted MBT on A

CH 3056 3061 3056
CH 2896 — 2898
CCip 1588 — 1586
CCip — 1579 1574

— — 1541 1538
CC — 1488 —
CCip — 1451 1440
CC — 1408 1407
CN — 1313 1311
CC — 1268 1263
CC — 1240 1238
CHip — — 1189
PNc — — 1160
CH — 1131 1129
CHip 1107 1100 1103
CHip — 1050 1047
CCC 1028 — 1028
ing
deformation — 1008 —
ing
deformation 997 — 997

CHop — 865 868
— — — 849

CHop — 753 753
CS — 706 713
CS — 673 —
CP 660 — 660
CH 609 — 616
CNH — 563 —

— — — 550
NH — 522 —

— 499
CS — 473 —
CCd 380 394 —
CCC 356 — 356

— 258 — 258

a
ip refers to the in-plane andop refers to the out-of-plane vibrations, resp

ively, d-bending,f-torsional, andn-stretching vibrations.
b Assignments of the benzene ring modes are as per classification of R
c P–N stretch is observed at 1160 for P–N (i-Pr)2 (Ref. 20, p. 350).
d

)
nt
e Similar to the torsional bands observed in Ref. 35.
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179MODIFICATION OF MBT ON POLYCRYSTALLINE AU FILMS
orted by the presence of a weak feature at 1160 cm21 attrib-
table to a P–N stretching mode (20).
The MBT structures were changed substantially in the

o 600-cm21 region. The bands at 563 and 522 cm21, due to
CNH and dNH, respectively, are absent in the modifi
onolayer. Again, the absence of the band correspondi

he nC–S of the thione form at 473 cm21 suggests the ta
omerization of MBT after the reaction. An altogether abse
f the MBT band at 1008 cm21 is observed along with th
omplete disappearance of the C–S band at 673 cm21. It does
ot appear that the 1008-cm21 band is merged with the 99
m21 band of TPP as there is no intensity at the high-frequ
ide of this band. Also, the width of the 997-cm21 band appear
naffected. These changes could be compared with thos
erved upon MBT adsorption on Ag (14), suggesting sig
ant structural changes in the monolayer upon reaction.
mportant to note that the MBT monolayer on Ag does
xhibit any change upon the same electrochemical proce
The spectrum in the C–H region also exhibits signific

hanges. The broad band observed at 3061 cm21 in Fig. 1B (a)
s attributed to the C–H stretches of MBT. In TPP, the arom
–H stretching mode appears as a much narrower peak a
m21. The spectrum also shows a broad peak at 2896 c21,
hich is due to the methyl group. Upon reaction with TPP,
pectrum in the C–H region resembles more to that of a
onolayer than the pure MBT monolayer. We attribute
eak at 3056 cm21 of the reacted monolayer as being due to
romatic C–H stretching modes of TPP. The width of the b
nd the peak shape do not suggest it to be due to MBT.
gain suggests changes in the adsorbate geometry of
pon reaction. It may be mentioned that no C–H stretc
ode was observed for MBT adsorbed on Ag (14) (in the

orm, in which case the molecular plane is parallel to
urface).
A bare TPP monolayer exhibits only a few features typ

f an aromatic molecule. All of these features are due to
ing modes or the methyl group, which are not expected to
s a result of reaction. Note that the reaction site is the p
horus atom. The only exception is the band at 356 cm21 of
PP, attributed todCCC, which shows substantial intens
nhancement. Although the origin of this is unclear, it is s

hat in the bare TPP monolayer, this band is relatively
ntense. The observed changes in the MBT structures an
lmost comparable intensity of the MBT and TPP structure

he modified monolayer, particularly the ring deformat
odes around 1586 and 1574 cm21, suggest that a chemic

eaction has occurred at the surface. The data does not s
o-adsorption, as will be shown below. The fact that a sim
xperiment with the MBT monolayer on Ag did not resul

he appearance of TPP features also rule out co-adsorpt
To understand the changes in more detail, a variable

erature measurement was undertaken (Fig. 2). The mo
onolayer desorbs completely around 423 K, whereas

onolayers on both Au and Ag are stable well beyond 473 i
-
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14). Important changes occur in the spectra upon heating
ncludes the emergence of a band at 1058 cm21 above 348 K
nd the gradual increase in intensity of structures at 1450 c21.
he TPP structure at 356 cm21 gradually broadens and multip
eaks occur. Along with these changes, then8 band of TPP a
586 cm21 gradually reduces in intensity. All of these could
ttributed to the gradual disappearance of TPP from the

ace. Prior to desorption, structural changes occur which
anifested as the disappearance of certain peaks and bro

ng of certain others. Significant changes are not observ
he C–H region (not shown) up to a temperature of 398
eyond this temperature, black body radiation (21) mask

eatures. The observed changes of reacted monolayers
rom the behavior of the pure TPP monolayer itself (Fig.
he band at 356 cm21 does not show any significant change
roadening in contrast to the corresponding band of the

fied monolayer. No systematic changes are observed
ncreasing the temperature and the monolayer is stable u
emperature of 473 K.

The foregoing suggests that the reacted monolayer is c
cally different from those of the constituents. The data can
e interpreted in terms of physisorption of TPP on MBT o

erms of TPP adsorption in possibly vacant MBT sites. N
hat MBT monolayers on Au and Ag as well as the T
onolayer on Au do not desorb even at 473 K. The MBT
f the spectrum in the reacted monolayer is substantially

erent from the parent monolayer. Also, in a pure TPP m
ayer the band at 356 cm21 is relatively less intense, wherea

FIG. 2. Variable temperature SER spectra of a modified MBT monola
a) 298, (b) 323, (c) 348, (d) 373, (e) 398, (f) 423, (g) 448, and (h) 473
Ks a major feature in the spectrum of the reacted monolayer.
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180 SANDHYARANI AND PRADEEP
hus, it is seen that the spectrum of the modified monolay
ot the sum of the bare TPP and MBT spectra. There
ossibility that the cause of the changes observed is due
hanges in the microenvironment of the metal surface r
han due to reaction; however, this is unlikely to lead to las
ffects in the spectra as seen here. It may be added that w
ot found any change in the spectrum of the modified m

ayer, even after several days.
To ascertain the fact that electron transfer is the reaso

he reaction, MBT monolayers upon direct immersion in T
olutions were subjected to Raman spectroscopic inve
ions. No observable changes were seen up to an expos
everal hours to the solution. Overnight exposures, how
esulted in the emergence of weak TPP features.

Several controlled experiments were performed to un
tand various aspects of the reaction. In Fig. 4, we prese
ime dependence data in which MBT monolayers were rea
ith TPP solutions under the same electrochemical condi

or various times. It is to be noted that the MBT monola
sed is different in each measurement and, therefore, a
ifference in MBT features is expected between the spe
ooking at the TPP features, one can see that the band a
m21 is relatively constant in intensity, so also the peak at
m21 due to TPP. Again, SERS intensities are not sugge
ere as a means of quantitation. Note that the spectral da
resented in the same intensity scale. No manipulation
een done on the raw data except that they axis has been offs

or clarity. The absence of marked changes between sp

FIG. 3. Variable temperature SER spectra of TPP monolayer. (a), (b
d), (e), (f), (g), and (h) represent 298, 323, 348, 373, 398, 423, 448, an
e, respectively.
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nder identical conditions shows similarity of the transfor
ion. These results may be used to argue that the che
ransformation is complete within the first few minutes
eaction. In Fig. 4B, we show the corresponding C–H reg
n interesting aspect is the gradual increase in intensity o
liphatic C–H modes as time increases. Correspondingly
romatic C–H peak decreases in intensity, suggesting m

or phenyl substitution at the surface within TPP. This coul
ue to the geometrical constraints, which lead to methy
henyl exchange. The data conclusively establishes that

s no co-deposition or overlayer formation, which would h
esulted in an overall increase in TPP features with time.

In Fig. 5, we present the potential dependence of the rea
eeping the ion concentration and reaction time the sam
radual increase in the TPP features, particularly the pe
97 cm21, is observed with the potential, whereas the M

eatures remain roughly the same in intensity. Note that
ample is different and SERS intensities do vary significa
rom sample to sample. Like in the earlier case, abso
aman intensities are presented here also. The obs
hanges could be understood if one assumes that ele
ransfer is the principal cause of the reaction. An increas
otential leads to an increase in ion mobility and the numb

),
73

FIG. 4. (A) Time-dependent SER spectra of modified MBT monola
eaction times were (a) 2 min, (b) 4 min, (c) 6 min, and (d) 10 min. In all t

eactions, the potential was kept constant at20.67 V. (B) Corresponding C–
egions.
lectron transfer events increases in a given time. The C–H



r n th
c s n
m lon
t er,
p os
s m
b gge
t

cti
t ate
m th
S ea
c t
d o
p ile
T f in
c t.
t it
o ule
i e
t f th
s

d
X of
M tru
b g
e the
R oth
t

1 is in
a fter
r , the
s no-
l (2
i for
X (23).
T late
s is
i The
b n the
B ant
c he
m layer
s d
m be
m
m se
t fer-
e upon

(b)
m (1
r no-

of t
m
2 min

181MODIFICATION OF MBT ON POLYCRYSTALLINE AU FILMS
egion shows corresponding change (not shown). Unlike i
ase of time dependence, methyl for phenyl exchange i
anifested. This suggests that the exchange occurs at a

ime scale than the surface reaction. There is, howev
ossibility of MBT desorption at higher potentials and th
ites may be occupied by TPP. The intensity of the 356-c21

and and the relatively intense MBT features seem to su
hat this is rather negligible.

To understand the dependence of solvents on the rea
he modifications were carried out in three solvents: w
ethanol, and acetonitrile under the same conditions. In
ER spectra (not shown) an increase in intensities of the p
orresponding to TPP is observed with a decrease in
ielectric constant of the medium. Particularly, intensity
eaks at 997 cm21 increase as we go from water to acetonitr
he experimental results could be explained in terms o
reased solvation with an increase in the dielectric constan
he solvation shell surrounding the ion is large, the proxim
f the ion created at the surface to the solvent molec

ncreases and consequently reaction between the surfac
he electrolyte becomes less probable within the lifetime o
urface species.
The observed chemical transformations were investigate

PS. In Fig. 6A, we present the S(2p) photoelectron spectra
BT monolayers before and after the reaction. The spec
efore reaction shows a single S(2p) feature at 164-eV bindin
nergy (BE). This binding energy is slightly higher than
S2 thiolate structure, which occurs at 162 eV (22). B

FIG. 5. The potential dependence of the reaction on the SER spectra
odified MBT monolayer. Potentials were (a)20.02 V, (b) 20.35 V, (c)
0.67 V, and (d)21.40 V. In all these reactions, the time duration was 2
hiolate and thiol forms of sulfur should occur in the range ol
e
ot
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e
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62–165-eV BE. The observation of a peak at 164 eV
ccordance with the presence of the thione form (14). A
eaction, the peak shifts to a lower BE of 161 eV. However
tructure is significantly broader than the unmodified mo
ayer and there could be other species contributing to the Sp)
ntensity. It is known that thiol monolayers are susceptible
-ray-induced damage leading to oxidized sulfur species
he major structure at 161-eV BE is attributed to the thio
ulfur of the thiol form of MBT. This large shift in BE
mportant evidence supporting chemical modification.
roadening is attributed to the greater difference betwee
Es of the two sulfur forms in the molecule. Signific
hanges are seen in the P(2p) photoelectron spectra of t
onolayers (not shown). Whereas the pure TPP mono

hows a marginally high P(2p) BE of 133.3 eV, in the reacte
onolayer the structure is observed at 132 eV. It may
entioned that in triphenyl phosphine (not phosphonium)
onolayer, the P(2p) peak is observed at 132.7-eV BE, clo

o the value of the pure TPP monolayer. Although the dif
nce in BEs is not large, it may be suggested that,

FIG. 6. (A) S(2p) region of the XPS of the (a) unreacted MBT and
odified MBT monolayers. Note the shift in the peak positions. (B) Ns)

egion of the XPS of the (a) unreacted MBT and (b) modified MBT mo

he

.

fayers.
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eaction, the TPP moiety has undergone reduction, leadin
mall shift in the BE.
The C(1s) features of all monolayers occur around 285

E (not shown). The N(1s) region of unreacted and reac
BT monolayers are shown in Fig. 6B. The N(1s) peak of
BT occurs at 400-eV BE, characteristic of adsorbed am

ystems (24). Upon reaction, the peak shifts to a value o
V, suggesting that the phosphine moiety binds to the nitro
tructurally, also, this is the most probable binding site.

mportant to see that no other N(1s) structures are observe
ndicating that all the molecules on the surface have under
eaction. Note that there is no shift observed for tautome
ion on the metal surface and in both the cases (MBT on
nd Ag) the N(1s) peak is observed at 400 eV (14).
scertain the absence of electrolyte deposition in the mod
onolayer, the I(3d) region of the photoelectron spectrum w
easured. Whereas an intense I(3d) was observed for the pu
PP monolayer, the peak was very weak for the reacted
onolayer (figure not shown). Note that it is impossible
void contact with the electrolyte upon immersion and su
uent removal from the cell, prior to and after the react
espectively. The weak I(3d) in the spectrum of the react
onolayer is attributed to this contact. Note that the I(d)

ross section is much higher than those of P(2p), S(2p), and
(1s). The Au (4f 7/ 2) BE in both the parent and reacted M
onolayers was 84.0 eV, indicating that the substrate
naffected during the modification.
The results presented above confirm the chemical cha

ccurring in the monolayer. They also establish that the
ron transfer at the electrolyte–electrode interface is the dr
orce for the reaction. Issues associated with electron tra
t the monolayer–electrolyte interface has been the subje

ntense investigation (25–33). Electron tunneling from the
erlying substrate is suggested to be the most probable
ay, although the involvement of the adlayer has also
uggested. The reactions proposed to occur here might a
he result of electron transfer, as in the case of correspon
as-phase processes (2). Upon ion/surface encounter in t
hase between a polyatomic ion and the molecular surface
s a monolayer, electron transfer from the monolayer to
as-phase ion leads to the formation of an ionized su
pecies. Consequent to the momentum transfer associate
he ion/surface impact, the gas-phase ion and/or the mole
urface is subjected to dissociation. The activated surface
ies thus created can undergo reaction with the neutra
rojectile or its fragments, leading to chemically modifi
urfaces (6). Although this is the prominent mechanism
osed, there can be another concerted pathway for the rea
herein electron transfer and reaction occur simultaneo

5). The former mechanism can also occur without any dis
harge separation. Parallels can be drawn between ion/s
ncounter in solution and the corresponding gas-phase
esses. However, momentum-transfer-induced transform

s not important here; electron transfer from the valence state
a
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he adsorbed molecule could occur the same as that in
hase processes, leading to reaction. It is indeed probab
lectron transfer occurs from the frontier metal states, an

act there is no thermodynamic reason why electron tra
hould occur from the deeper lying adsorbate states.
mphasizes the importance of concerted processes.
The dependence of the potential and dielectric consta

he medium on the proposed reaction support the ele
ransfer mechanism. The fast kinetics observed also sug
uch a process. The shift in the XPS BEs upon reaction are
ndicative of the ion-induced reaction. It is clear from XPS
he phosphonium ion is the cause for the reaction. The rea
oes not lead to simple deposition of the entire electro
lthough the chemical nature of the modified surface is
pen question, covalent interaction between the speci
stablished. Thermal stability data suggest that neither p
orption nor ion deposition is the cause of observed cha
he integrity of the monolayer, even after prolonged expo

o a laboratory atmosphere, also point to the chemical rea
hat occurred.

In conclusion, ion/surface reactions in electrolytic soluti
ave shown to result in chemically modified monolayers.
eaction does not lead to desorption of the monolayer nor
t change the underlying substrate chemically. This proto
al surface reaction could be explained as a result of ele
ransfer between the electrolyte and the monolayer. Exte
f such reactions to other systems could lead to mole
urfaces with novel properties.
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