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Reaction of a methyltriphenylphosphonium (TPP) ion with a
2-mercaptobenzothiazole (MBT) monolayer on polycrystalline
gold under electrochemical conditions leads to the chemical mod-
ification of the monolayer. Surface-enhanced Raman spectroscopy
(SERS) has been used to study the molecular nature of the trans-
formation. MBT, which adsorbs in the thione form on Au, gets
transformed to the thiolate form upon reaction. Thermal stability
of the modified monolayer is substantially lower than the corre-
sponding pure monolayers and complete desorption of the modi-
fied monolayer occurs below 473 K. Time, potential, and solvent
dependence of the reaction has been investigated. Electron trans-
fer from the monolayer to the approaching ion in solution is
suggested as the cause of the reaction. XPS investigation shows the
change in the valence states of the species concerned. While the
parent MBT gets oxidized, the TPP moiety gets reduced. The
results suggest that modified monolayers can be made by simple
electrochemical procedures and the processes are similar to the
corresponding gas-phase events (1994, R. G. Cooks, T. Ast, T.
Pradeep, and V. H. Wysocki, Acc. Chem. Res. 27, 316). © 1999
Academic Press
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INTRODUCTION

goals such as ion and molecule trapping in SAM matrices ("
8). Although electrochemical methods have been used for tl
preparation of modified monolayers (9) the subject has n
been approached from the perspective of ion/surface reactiol

In an ion/surface collision, the translational energy of the
incoming projectile is used to circumvent the activation barrie
of a given chemical process. Since the efficiency of energ
transfer is high, even endothermic processes occur with hig
probability (4). One of the important events when an ior
approaches a surface is electron transfer from the surfac
leading to an ionized surface species (2, 10). This is partici
larly the case for a molecular surface. Various low-energ
ion/surface collision experiments have been used to understs
the details of the interfacial ion processes (3—6). In an electr
chemical system, an ion approaching the electrode has litt
translational energy and the energy transfer induced by coll
sion cannot be a driving force in the chemical processe
Another important difference is ion solvation, which could leac
to reaction between the surface and the solvent molecul
instead of reaction with the ion. This would imply strong
dependence of the processes on the dielectric constant of
medium. The foregoing suggests that the ion/surface reacti
in electrolytic solutions would depend primarily on the differ-
ence in ionization potentials of the surface and the incomin
ion. A surface having a low ionization potential would lead tc

Chemical modifications of surfaces are important in sCieNggicient electron transfer (10). The ionic species so produce

and technology. Modification of ultrathin molecular surfacegt the surface could be excited and that itself could be a strol
leading to functionalized assemblies is one of the importa&ltiving force for a reaction

subject areas of chemical research today (1). MethOdmog'e“lqilectmn transfer at the interface could occur at a range «

for such mod|f|cat|.ons vary from simple exposure of momcu'?fi&tances and it is probable that within the lifetime of the ionic
surfaces to chemical reagents to more sophisticated methg gcies created at the surface. the incoming ion is in tf
such as low-energy ion collisions (2). Prototypical surfacd® ' 9

transformations (3) on self-assembled monolayers (SAM\é')Clnlty ofr:he Sl_Jrfa/ce.fThe same as the mechanlstr: propos
have been demonstrated with ion/surface reactions (4—6). THe 9as-phase ion/surface encounters, reaction between |
versatility of this methodology has prompted investigators {8MC surfaces and the neutralized projectile can be one of tl

probe a number of such related processes toward achiev‘i'f‘i@’ortam means of relaxation of the excited surface species (
4). This reaction could occur with high efficiency, the same a

similar gas-phase processes. Various aspects such as ther
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dynamic and entropic considerations (5) will be important ipared as per literature procedure (18) by reacting tri
determining the product. phenylphosphine (E. Merck) and methyl iodide (LHE.

An important aspect of these processes is the surface seMgrck) in hexane.
tivity of the method. The ions can only be sensitive to the very Raman measurements were carried out with a Bruker IF
top of the surfaces (to the top functionality in the case of @V FT-IR spectrometer with a FRA 106 FT-Raman attach
monolayer bearing a functional group), and therefore the tramsent. A Nd-YAG laser (1064 nm, 70 mW) was used for
formations are going to be limited in this region (11). Thiprimary excitation. Typically, 500 scans were necessary fc
makes the investigation of such modification extremely diffacceptable statistics. Monolayers were washed in absolute e
cult and reliable methods have to be used for the investigati@mol prior to the Raman measurement. For variable temper
Recently we have shown the utility of surface-enhanced Rare measurements, a home-built heater with a programmal
man spectroscopy (SERS) (12-14) and X-ray photoelectrtamperature controller was used.
spectroscopy (XPS) (15) in investigating SAM surfaces. The XPS measurements were conducted with a VG ESCALAL
development of methodologies to make SER active films (1B)k Il spectrometer with unmonochromatized Kg radiation.
has also helped us in undertaking this investigation. Samples were inserted into the UHV chamber soon after the

In the following, we present a combined SERS and XP8ere prepared. Measurements were done under a pressure
investigation of the chemical modification of 2-mercaptoberi:0~° Torr. No deterioration in the vacuum was observed durin:
zothiazole (MBT) monolayers in electrolytic solutions. Théhe measurement. To minimize the beam-induced damage, 1
studies conclusively establish that ions in electrolytic solutionéray flux was kept low (electron power of 70 W) during
could drive chemical reactions at monolayers, leading to chemeasurements. Due to poor signal quality, 20 scans of 2-m
ically transformed surfaces. Although the exact nature diiration were necessary to achieve acceptable statistics. A p
chemical binding requires further investigation, the preseabergy of 50 eV was used for carbon, oxygen, and golc
data definitively establish the presence of such modificationswihereas it was 100 eV for sulfur, phosphorus, and nitrogel
is also suggested that electron transfer drives the reaction &aVvere beam-induced damages were not observed in MBT &
simple exposure does not lead to any transformation. Kinetiegethyltriphenylphosphoniumiodide monolayers.
of such transformations is fast enough and the process isThe monolayers after characterization were subjected
complete within the first few minutes of the reaction. Thelectrochemical reaction. This was done in an electrochemic
importance of adsorbate geometry in the observed processeseisby keeping the monolayer as the cathode and a graphite r
underlined from the observed difference in reactivity betweers the anode. Monolayers grown on 1%ayold foil were used
the monolayers grown on Au and Ag. Thermal stability of théor this purpose. Solutions of 10 mM TPP in acetonitrile were
modified surfaces is significantly different from that of theised as the electrolyte. Electrochemical transformations we
parent surfaces. An XPS investigation substantiates the SE@R#e by passing a current of 1 mA at a potentiak@.67 V
data and provides further proof for the chemical state of theth reference to a silver quasi reference electrode (19) for
species involved. period of 2 min. Variable time and potential measurement

were conducted similarly. Monolayers after reaction wer
EXPERIMENTAL washed with acetonitrile and ethanol repeatedly and used f
spectral measurements immediately.

The monolayers were prepared by well-established methodll the Raman spectra are presented without manipulatir
reported in the literature (17). Briefly, 1 mM solution of thehe intensities for the sake of meaningful comparison. This |
respective surfactant in absolute ethanol was exposed to thepauticularly important for the temperature-dependent, time
film overnight. The preparation of SER active films has beatependent, and potential-dependent data.
discussed earlier (16). The methodology involves sputter coat-
ing Au of about 2000-A thickness on an oxidized aluminum RESULTS AND DISCUSSION
foil in an Edwards sputter coater. Aluminum foil of 20m
thickness was heated in air at 773 Krf6 h to make an MBT monolayers on Au and Ag have been the subject of a
adequately thick oxide layer. Scanning electron microscopgearlier report from this laboratory (14). Essential conclusion
(SEM) investigation of the evaporated films shows corrugaf this study were that MBT adsorbs in the thione form on At
tions of submicrometer dimensions and is shown to be excahd in the thiol form on Ag. This difference in adsorbate
lent substrates for SERS work (16). The films after withdrawafolecular structure also leads to variation in adsorption geor
from the solution were washed with ethanol repeatedly aetty. Whereas the molecule is adsorbed with its moleculz
used for subsequent transformations. Triphenylphosphipkne perpendicular to the surface on Au, the molecular plar
(PPh) was purchased from E. Merck. MBT {B:S,N) was is parallel to the surface on Ag. The changes in surface geor
purchased from Aldrich Chemical Co. Both the chemicals wesdry are manifested in SER spectra of the monolayers. Both tl
used as received. Freshly distilled solvents were used. Methenolayers are thermally stable beyond 473 K and spectr
yltriphenylphosphoniumiodide, [PBR@H,] |~ (TPP), was pre- changes are relatively few upon heating; however, due to tt
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B of desorption during reaction. There is a substantial shift ok
2 2 served in all the in-plane vibrations. Th€C ip modes at 1579
5 and 1451 cm' are shifted to 1574 and 1440 ci respec-
5 / Mo tively. Similar effects are also seen in the in-plane C—H benc
Q = \ ing region. This difference in the in-plane modes shows th
E - oSy change in the adsorbate geometry. Moreover, there is a r
iz AN el shift in the *CN mode at 1313 cnt. This, along with the
o increase in N(%) binding energy in the X-ray photoelectron
= spectrum of the reacted monolayer (see below), may be inte
3200 3000 2800 2600 preted in terms of a coordinate bond formed between tr
Wavenumber (cm'l) nitrogen of MBT and phosphorus of TPP. This is also sup
— | A s
R ¢ TABLE 1
5 gE SER Frequencies (in cm™) of MBT, TPP, and Reacted MBT
5 w Monolayers on Au
e
< wm . b
— g Assignment TPP on Au MBT on Au Reacted MBT on Au
z |, /\JMM vCH 3056 3061 3056
g |~ ] . vCH 2896 — 2898
g J Umw : 1CC, 1588 — 1586
: : i : : vCC, — 1579 1574
1500 1200 900 600 300 _ _ 1541 1538
Wavenumber (cm™) e - 1488 —
vCC, — 1451 1440
FIG. 1. SER spectra of (@) MBT and (b) TPP monolayers on Au and (&CC — 1408 1407
MBT monolayer upon reaction with TPP electrochemically. A and B represeHeN - 1313 1311
low- and high-frequency regions of the above, respectively. vCC — 1268 1263
»CC — 1240 1238
8CH;, — — 1189
coalescence of Au grains, the absolute Raman intensity PN — — 1160
creases with temperature. A comparable effect is seen in Rg™ - 1131 1129
h this is al ied b I ch n ad o 1107 1100 1103
owever, this is also accompanied by small changes in adsQf;,” - 1050 1047
bate geometry. scce 1028 — 1028
In Fig. 1 we show the SER spectra of MBT (a) and TPP (I®ing
monolayers on Au and that of the MBT monolayer upon deformation — 1008 —
reaction with TPP (c) in an electrochemical cell (condition§'"9 _
. deformation 997 — 997
—0.67 V, 1 mA, 2 min). A bare TPP monolayer has not beep.,, = 865 868
investigated before, and hence we present an assignment of its_ _ _ 849
SER spectrum in Table 1. The observed vibrations can beH,, — 753 753
understood on the basis of IR and Raman spectra of phosphifié — 706 713
systems (20, 21). Assignment of MBT bands is basedion "3 — 673 —
o2 . . vCP 660 — 660
initio molecular orbital calculations (14). SOH 609 _ 616
The principal change we observe upon reaction of the MBsgnH _ 563 _
monolayer with TPP in solution is the emergence of the phenyl — — — 550
v, mode at 997 ¢t which is absent in MBT (Fig. 1A). The NH — 522 —
two characteristic peaks seen in the reacted monolayer at 15gg - _ ‘E% _
and 1574 cm® are due to thev, modes of TPP and MBT, :;CCd 380 394 B
respectively. The intensities of these two features are similggcc 356 _ 356
As a consequence of the reaction with TPP, MBT features do — 258 — 258

not reduce in intensity. Although SERS intensities can not be

used for quantitative comparison, this observation may be useaip refers to the in-plane ang refers to the out-of-plane vibrations, respec-

. tively, 8-bending,¢-torsional, andv-stretching vibrations.
to argue that MBT has I’.lOt desorbed as a result of reaction. \i?Assignments of the benzene ring modes are as per classification of Ref.
also appears unlikely, since MBT monolayers are very stable p_ stretch is observed at 1160 for P=N (i-RRef. 20, p. 350).

on Au (14); however, thermal stability does not imply absence® Similar to the torsional bands observed in Ref. 35.
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ported by the presence of a weak feature at 1160" @trib-
utable to a P—N stretching mode (20).

The MBT structures were changed substantially in the 400-
to 600-cm™ region. The bands at 563 and 522 ¢mdue to ey

6CNH and 8NH, respectively, are absent in the modified :

monolayer. Again, the absence of the band corresponding to MWM

the vC—S of the thione form at 473 crh suggests the tau- c
/\MWM\P’LLW WU /

tomerization of MBT after the reaction. An altogether absence
of the MBT band at 1008 ci is observed along with the " ﬂ
| |
L W‘N/« bjw
f A j/

complete disappearance of the C—S band at 673 cindoes
J\Mﬁww“

not appear that the 1008-ciband is merged with the 997-
cm* band of TPP as there is no intensity at the high-frequency
side of this band. Also, the width of the 997-chiband appears
unaffected. These changes could be compared with those ob-

Intensity (Arb. Units)

served upon MBT adsorption on Ag (14), suggesting signifi- /
cant structural changes in the monolayer upon reaction. It is MWWL &»»N
important to note that the MBT monolayer on Ag does not k

exhibit any change upon the same electrochemical process. WUVU MJuMA/U

The spectrum in the C—H region also exhibits significant
changes. The broad band observed at 3061' émFig. 1B (a)
is attributed to the C—H stretches of MBT. In TPP, the aromatic Wavenumber (cm™)
C—H stretching mode appears as a much narrower peak at 3056IG 2. Variable temperature SER spectra of a modified MBT monolayer

1

e e e s 5.0 52,9366, 41 575 )3, (0423, 9 5 an ) 473K
spectrum in the C—H region resembles more to that of a TPP
monolayer than the pure MBT monolayer. We attribute th@4). Important changes occur in the spectra upon heating; tf
peak at 3056 cnt of the reacted monolayer as being due to thiecludes the emergence of a band at 1058 ‘cabove 348 K
aromatic C—H stretching modes of TPP. The width of the bamad the gradual increase in intensity of structures at 1450.cm
and the peak shape do not suggest it to be due to MBT. THise TPP structure at 356 cringradually broadens and multiple
again suggests changes in the adsorbate geometry of MBdaks occur. Along with these changes, thdand of TPP at
upon reaction. It may be mentioned that no C—H stretchirig86 cm* gradually reduces in intensity. All of these could be
mode was observed for MBT adsorbed on Ag (14) (in the thiaktributed to the gradual disappearance of TPP from the st
form, in which case the molecular plane is parallel to thiace. Prior to desorption, structural changes occur which a
surface). manifested as the disappearance of certain peaks and broac

A bare TPP monolayer exhibits only a few features typicéhg of certain others. Significant changes are not observed
of an aromatic molecule. All of these features are due to thiee C—H region (not shown) up to a temperature of 398 K
ring modes or the methyl group, which are not expected to shifeyond this temperature, black body radiation (21) masks t
as a result of reaction. Note that the reaction site is the phdsatures. The observed changes of reacted monolayers dif
phorus atom. The only exception is the band at 356'caf  from the behavior of the pure TPP monolayer itself (Fig. 3)
TPP, attributed toCCC, which shows substantial intensityThe band at 356 cit does not show any significant change or
enhancement. Although the origin of this is unclear, it is sedmoadening in contrast to the corresponding band of the mo
that in the bare TPP monolayer, this band is relatively legg&ed monolayer. No systematic changes are observed up
intense. The observed changes in the MBT structures and thereasing the temperature and the monolayer is stable up t
almost comparable intensity of the MBT and TPP structures temperature of 473 K.
the modified monolayer, particularly the ring deformation The foregoing suggests that the reacted monolayer is chel
modes around 1586 and 1574 Cimsuggest that a chemicalically different from those of the constituents. The data can nc
reaction has occurred at the surface. The data does not supperinterpreted in terms of physisorption of TPP on MBT or ir
co-adsorption, as will be shown below. The fact that a similéerms of TPP adsorption in possibly vacant MBT sites. Not
experiment with the MBT monolayer on Ag did not result ithat MBT monolayers on Au and Ag as well as the TPF
the appearance of TPP features also rule out co-adsorptiormonolayer on Au do not desorb even at 473 K. The MBT pat

To understand the changes in more detail, a variable teof-the spectrum in the reacted monolayer is substantially di
perature measurement was undertaken (Fig. 2). The modiffedent from the parent monolayer. Also, in a pure TPP monc
monolayer desorbs completely around 423 K, whereas MBdyer the band at 356 cmis relatively less intense, whereas it
monolayers on both Au and Ag are stable well beyond 473K a major feature in the spectrum of the reacted monolaye

1600 1400 1200 1000 800 600 400 200
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Thus, it is seen that the spectrum of the modified monolayer is
not the sum of the bare TPP and MBT spectra. There is a
possibility that the cause of the changes observed is due to the
changes in the microenvironment of the metal surface rather
than due to reaction; however, this is unlikely to lead to lasting
effects in the spectra as seen here. It may be added that we have
not found any change in the spectrum of the modified mono-
layer, even after several days.

To ascertain the fact that electron transfer is the reason for
the reaction, MBT monolayers upon direct immersion in TPP
solutions were subjected to Raman spectroscopic investiga-
tions. No observable changes were seen up to an exposure of
several hours to the solution. Overnight exposures, however,
resulted in the emergence of weak TPP features.

Several controlled experiments were performed to under-
stand various aspects of the reaction. In Fig. 4, we present the
time dependence data in which MBT monolayers were reacted
with TPP solutions under the same electrochemical conditions
for various times. It is to be noted that the MBT monolayer
used is different in each measurement and, therefore, a small
difference in MBT features is expected between the spectra.
Looking at the TPP features, one can see that the band at 997
cm™* is relatively constant in intensity, so also the peak at 660
cm™* due to TPP. Again, SERS intensities are not suggested
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here as a means of quantitation. Note that the spectral data are

presented in the same intensity scale. No manipulation has . .

FIG. 4. (A) Time-dependent SER spectra of modified MBT monolayer.
mes were (a) 2 min, (b) 4 min, (c) 6 min, and (d) 10 min. In all thes:

been dgne on the raw data except thatytlagis has been offset reactions, the potential was kept constant 8t67 V. (B) Corresponding C—H
for clarity. The absence of marked changes between specéions.

Intensity (Arb. Units)

il 1 1 sl Lo v Lo a g

FEFE N B I R A A A L
600 1400 1200 1000 800 600 400 200

Wavenumber (cm'l)

under identical conditions shows similarity of the transforma
tion. These results may be used to argue that the chemi
transformation is complete within the first few minutes of
reaction. In Fig. 4B, we show the corresponding C—H regior
An interesting aspect is the gradual increase in intensity of tt
aliphatic C—H modes as time increases. Correspondingly, tl
aromatic C—H peak decreases in intensity, suggesting mett
for phenyl substitution at the surface within TPP. This could b
due to the geometrical constraints, which lead to methyl fc
phenyl exchange. The data conclusively establishes that the
is no co-deposition or overlayer formation, which would have
resulted in an overall increase in TPP features with time.

In Fig. 5, we present the potential dependence of the reacti
keeping the ion concentration and reaction time the same.
gradual increase in the TPP features, particularly the peak
997 cm', is observed with the potential, whereas the MBT
features remain roughly the same in intensity. Note that ea
sample is different and SERS intensities do vary significantl
from sample to sample. Like in the earlier case, absolu
Raman intensities are presented here also. The obsen
changes could be understood if one assumes that electr

FIG. 3. Variable temperature SER spectra of TPP monolayer. (a), (b), (H,anSfe_r is the principal Cause_ O_f the rea_Ction- An increase |
(), (e), (), (g), and (h) represent 298, 323, 348, 373, 398, 423, 448, and 4r@tential leads to an increase in ion mobility and the number ¢

K, respectively.

electron transfer events increases in a given time. The C-
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(\ |
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Intensity (Arb. Units)

1600 1400 1200 1000 800 600 400 200
Wavenumber (cm’l)

FIG.5. The potential dependence of the reaction on the SER spectra of the

modified MBT monolayer. Potentials were (&)0.02 V, (b) —0.35 V, (c)

—0.67 V, and (d)-1.40 V. In all these reactions, the time duration was 2 min.

region shows corresponding change (not shown). Unlike in the
case of time dependence, methyl for phenyl exchange is not
manifested. This suggests that the exchange occurs at a longer
time scale than the surface reaction. There is, however, a
possibility of MBT desorption at higher potentials and those
sites may be occupied by TPP. The intensity of the 356*cm
band and the relatively intense MBT features seem to suggest

that this is rather negligible.

162-165-eV BE. The observation of a peak at 164 eV is i
accordance with the presence of the thione form (14). Afte
reaction, the peak shifts to a lower BE of 161 eV. However, th
structure is significantly broader than the unmodified monc
layer and there could be other species contributing to thp)S(2
intensity. It is known that thiol monolayers are susceptible fo
X-ray-induced damage leading to oxidized sulfur species (23
The major structure at 161-eV BE is attributed to the thiolat
sulfur of the thiol form of MBT. This large shift in BE is
important evidence supporting chemical modification. Th
broadening is attributed to the greater difference between tl
BEs of the two sulfur forms in the molecule. Significant
changes are seen in the PBJ§2photoelectron spectra of the
monolayers (not shown). Whereas the pure TPP monolay
shows a marginally high P@ BE of 133.3 eV, in the reacted
monolayer the structure is observed at 132 eV. It may b
mentioned that in triphenyl phosphineof phosphoniuin
monolayer, the P({2) peak is observed at 132.7-eV BE, close
to the value of the pure TPP monolayer. Although the differ
ence in BEs is not large, it may be suggested that, upc

Intensity (Arb. Units)

To understand the dependence of solvents on the reaction, 395 400 405 410

the modifications were carried out in three solvents: water,

methanol, and acetonitrile under the same conditions. In the
SER spectra (not shown) an increase in intensities of the peaks
corresponding to TPP is observed with a decrease in the

dielectric constant of the medium. Particularly, intensity of
peaks at 997 cnt increase as we go from water to acetonitrile.
The experimental results could be explained in terms of in-

creased solvation with an increase in the dielectric constant. As
the solvation shell surrounding the ion is large, the proximity
of the ion created at the surface to the solvent molecules
increases and consequently reaction between the surface and

the electrolyte becomes less probable within the lifetime of the
surface species.

The observed chemical transformations were investigated by

XPS. In Fig. 6A, we present the S§Pphotoelectron spectra of

MBT monolayers before and after the reaction. The spectrum

before reaction shows a single $jFeature at 164-eV binding

Intensity (Arb. Units)

FIG. 6.

155 1I60 1I65 1%0
BE (eV)

(A) S(2p) region of the XPS of the (a) unreacted MBT and (b)

energy (BE). This binding energy is slightly higher than the | .o\

BT monolayers. Note the shift in the peak positions. (B) $)(1

RS thiolate structure, which occurs at 162 eV (22). Bothegion of the XPS of the (a) unreacted MBT and (b) modified MBT mono-
thiolate and thiol forms of sulfur should occur in the range oéyers.
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reaction, the TPP moiety has undergone reduction, leading ttha adsorbed molecule could occur the same as that in g:
small shift in the BE. phase processes, leading to reaction. It is indeed probabile tl
The C(Is) features of all monolayers occur around 285-e¥lectron transfer occurs from the frontier metal states, and
BE (not shown). The N(9) region of unreacted and reactedact there is no thermodynamic reason why electron transf
MBT monolayers are shown in Fig. 6B. The Njlpeak of should occur from the deeper lying adsorbate states. Tt

MBT occurs at 400-eV BE, characteristic of adsorbed amimenphasizes the importance of concerted processes.
systems (24). Upon reaction, the peak shifts to a value of 406The dependence of the potential and dielectric constant |
eV, suggesting that the phosphine moiety binds to the nitrog¢ine medium on the proposed reaction support the electrc
Structurally, also, this is the most probable binding site. It isansfer mechanism. The fast kinetics observed also sugge
important to see that no other Nf)Lstructures are observed,such a process. The shift in the XPS BEs upon reaction are al
indicating that all the molecules on the surface have undergadndicative of the ion-induced reaction. It is clear from XPS tha
reaction. Note that there is no shift observed for tautomerizilse phosphonium ion is the cause for the reaction. The reacti
tion on the metal surface and in both the cases (MBT on Aloes not lead to simple deposition of the entire electrolyte
and Ag) the N(%) peak is observed at 400 eV (14). ToAlthough the chemical nature of the modified surface is a
ascertain the absence of electrolyte deposition in the modifiegen question, covalent interaction between the species
monolayer, the 1(8) region of the photoelectron spectrum wagstablished. Thermal stability data suggest that neither phy:
measured. Whereas an intensedl(8vas observed for the puresorption nor ion deposition is the cause of observed change
TPP monolayer, the peak was very weak for the reacted MBhe integrity of the monolayer, even after prolonged exposut
monolayer (figure not shown). Note that it is impossible to a laboratory atmosphere, also point to the chemical reacti
avoid contact with the electrolyte upon immersion and subsat occurred.
quent removal from the cell, prior to and after the reaction, In conclusion, ion/surface reactions in electrolytic solution:
respectively. The weak I@® in the spectrum of the reactedhave shown to result in chemically modified monolayers. Th
monolayer is attributed to this contact. Note that thed)(3 reaction does not lead to desorption of the monolayer nor do
cross section is much higher than those of B(S(2p), and it change the underlying substrate chemically. This prototyp
N(1s). The Au (4+,,) BE in both the parent and reacted MBTcal surface reaction could be explained as a result of electr
monolayers was 84.0 eV, indicating that the substrate wiansfer between the electrolyte and the monolayer. Extensi
unaffected during the modification. of such reactions to other systems could lead to molecul
The results presented above confirm the chemical changesfaces with novel properties.
occurring in the monolayer. They also establish that the elec-
tron transfer at the electrolyte—electrode interface is the driving ACKNOWLEDGMENTS
force for the reaction. Issues associated with electron transfer
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