N

N

A Surface Enhanced Raman Spectroscopy study of
aminothiophenol and aminothiophenol-C60
self-assembled monolayers: evolution of Raman modes
with experimental parameters

Gregory Delafosse, Alexandre Merlen, Sylvain Clair, Lionel Patrone

» To cite this version:

Gregory Delafosse, Alexandre Merlen, Sylvain Clair, Lionel Patrone. A Surface Enhanced Raman
Spectroscopy study of aminothiophenol and aminothiophenol-C60 self-assembled monolayers: evo-
lution of Raman modes with experimental parameters. Journal of Chemical Physics, 2012, 136,
pp.194704. 10.1063/1.4717720 . hal-01007241

HAL Id: hal-01007241
https://hal.science/hal-01007241

Submitted on 17 Jun 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01007241
https://hal.archives-ouvertes.fr

J. Chem. Phys. 136, 194704 (2012); doi: 10.1063/1.4717720

A Surface Enhanced Raman Spectroscopy study ofcdinnophenol and
aminothiophenol-g self-assembled monolayers: evolution of Raman medth

experimental parameters

G. Delafosst®® A. Merled"™, S. ClaifS, L. Patroné&®®

2CNRS, IM2NP (UMR 7334)
® Université du Sud Toulon-Var, IM2NP, Batiment F2 B32, F-83957 La Garde Cedex, France

¢ Aix-Marseille Université, IM2NPCampus de Saint-Jérdbme — Case 142, F-13397 MaiGedex
20, France

9 Institut Supérieur de I'Electronique et du NuméggIM2NP, Maison des Technologies, Place
Georges Pompidou, F-83000 Toulon, France

* Electronic address: merlen@univ-tin.fr



ABSTRACT: P-aminothiophenol (PATP) is a well knowmlecule for the preparation of self-assembled
monolayers on gold via its thiol functional grouffter adsorption, it has been demonstrated that thi
molecule is anchored to gold through its thiol groand standing nearly upright at the surface whth
amino functional group on top. This molecule haerbextensively studied by Surface Enhanced Raman
Spectroscopy but its exact SERS spectrum remaiolkeam Here we demonstrate that it can be strongly
affected by at least two experimental parametasgripower and layer density. Those featuresiscessed

in terms of a dimerization of the PATP moleculebeTree amino group affords the adsorption of other
molecules, like &. In this case, a complex multilayer system is fdnand the question of its precise
characterisation remains a key point. In this katiove demonstrate that surface enhanced Raman
spectroscopy combined with X-Ray photoelectron gpscopy can bring very important information about
the organisation of such a self-assembled multilayegold. In our study, the strong evolution ofnfrkan
modes after € adsorption suggests a change in the organisatiamimothiophenol molecules duringC
adsorption. These changes, also observed whenntmthiophenol layer is annealed in toluene, do not

prevent the adsorption of£molecules.

Keywords: Self-assembled monolayers, surface emtbRaman spectroscopy, aminothiophenol, fullerene
Cso.



INTRODUCTION

The huge development of nanoelectronics leadset@lboration of more and more complex architesture
and to the subsequent difficult question of thdiygical and chemical characterisations. Among those
architectures, self-assembled monolayers (SAM) atalic nanostructures is an extremely promising
approach, with potential applications in photovicky molecular electroniés optics, and so on. Thiol
functionalized molecules are known to form wellemed, densely packed self-assembled monolayers on
metals like gold or silver. The P-AminoThioPhen®AT P) molecule appears as extremely promising due t
its combination of electron-donating and electrooegpting groups, which is commonly designed asualip
pull” molecule. In addition it is possible to elahte “sandwich” PATP SAMs between gold substraté an
another molecule using its respective two functigmaups, i.e., thiol and amino groups. For ins&gras for
silver® or gold' colloids, fullerene moleculgscan be in principle grafted on top of the termiaahine
moieties of PATP self-assembled on gold as a sta&&M. Indeed, fullerene & anchoring on amine
groups has been observed and shown in a previode . vikhis is particularly challenging for molecular
electronics since electronic properties of smetonjugated molecules enable their application arious
molecular devicds Among potential applications, such a bottom-ppraach with a two step grafting is
very attractive to build gg-based capacitive memory cells with improved cdnifothe density of active
storage sites compared to the more developed tap-dpproach Howeverthe experimental study of such
complex nanostructures is extremely difficult. ladeduring the formation of PATP SAMs some molesule
may be linked to gold via amine groups althougls liesourable than linking via the thiol functforand
further grafting process of fullerenes may modifg brganization of the pre-formed PATP SAM. Amolig a
characterisation tools, Surface Enhanced Ramanti®pecpy (SERS) is extremely interesting as it can
bring different information: metal-molecules intetian, charge transfer mechanism, electronic ptogser
molecule orientation, and so forth. This spectrpgcs based on the giant electromagnetism enhamdeme
observed in the near field of metallic nanopartgiieh as gold or silvérthrough a plasmonic mechanism. It
is generally admitted that an additional featusejally called the chemical enhancement, also durits to
the overall SERS signal. This last contributiorsugject of many debates in the SERS community &nd i
exact role remains unclear. In the case of P-amiophenol (PATP) SAM on gold or silver nanostruesr
SERS has been extensively uséd Due to the strong affinity of the thiol grouptbfs molecule for metals,
SERS measurements can be extremely easily perforAiegrevious studies have shown that a charge
transfer (CT) between this molecule and the meatalis: in the SERS spectrum this CT gives risdrtmg
evolution in the Raman modes, but the exact olgithis mechanism remains unclEait must also be said
that this molecule has been studied in complex IRRAZP-metal sandwich nanostructufessing SERS
too. In the case of g molecules, SERS studies are much less num&rabis molecule has no functional
group with a strong affinity for metals and it lus almost impossible to prepare a clean bundéethim
film of Cg like a SAM directly on the metal. A possible teifue is to use an intermediate molecule to
connect G to the metdl, as afore discussed with PATP. It must be nottbatlmost of g SERS studies



have been performed using 1064 nm excitation, whidjuite far from the plasmon absorption of gotd o
silver nanostructures. This might explain why tlemreecting molecule is usually not clearly obserired
such analyses. Thus, both PATP anglr@olecules have already been studied by SERS. Nwless, to our
knowledge, few SERS studies have been performed) usore complex SAM of stacked molecules. In this
study we focused on the SERS characterisation diHPand stacked PATPs,SAM prepared on gold. We
clearly observed that the SERS spectrum of PATéhgly depends on two experimental parameters: the
density of the layer and laser power. We observgdogressive but irreversible evolution of the n®de
under high power laser illumination. A possible gl change of the PATP molecule is discussed. For
PATP-G, SAM the SERS signal of both PATP and, @as measured. A clear evolution of the SERS
spectrum of PATP is observed, suggesting a chamghe organisation of the PATP layer during, C
grafting. The evolution of the Raman modes is camghavith X-ray photoelectron spectroscopy (XPS) of

the carbon and nitrogen core levels.

EXPERIMENTAL SECTION

Gold wire (99,99%) was obtained from Neyco. P-ariimphenol (PATP, 97%), and fullerenes,C
(sublimated, 99.9%) were purchased from Sigma-AldrAnhydrous toluene (synthesis grade) and ahesolut
ethanol (99.99%) were obtained from Fisher ChermicBbth molecules and solvents were used without

further purification.

The nanostructured surfaces are prepared by thigrreeaporating 15 nm of gold onto typical glass
microscope slides in a vacuum chamber. Depositianade at a rate of ~1 A.sinder a vacuum pressure
less than 5.10 mbar. Those nanostructured susbtrates are mageldfisland fims® and have a low
electrical conductivity. As a consequence for XP&gurements we used different gold substrates nagpa
with ~200 nm of gold Joule evaporated (~1A.en a thin chromium layer deposited on a silicohstrate.
Gold substrates are then soaked for 12 hours in Atebholic solution of PATP. Substrates are thesad
with pure ethanol to remove physisorbed moleculggare grafted on the top of PATP monolayer under
reflux conditions in toluene, at a temperature Id°C and under nitrogen flow. Afterward, PATRSAM

are sonicated in pure toluene to remove physisorbelgcules. PATP molecules should have an almost
standing up orientation with the thiol functional group linked the gold surface, andsgare adsorbed via
the amino group, forming a two layer self-assemisiedcture. Few SERS studies have been performed on
such nanostructures. It must be noticed that fquaet of our samples we have observed locally an
aggregation of gz molecules (confirmed by Raman measurements) whage gemains unclear. As a

consequence we performed measurements out of dlggsegation areas.

The XPS spectra were recorded in normal emissiomgéy with a 125 mm radius hemispherical analyzer

(with a pass energy of 20 eV) and a Ad K-ray source lfvy=1486.6eV) in ultrahigh vacuum (UHVJhe
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XPS spectra are referenced to the spectroscopiuoi Fevel, and no corrections have been made for any
surface charging. The area intensities were olddimléowing the spectral fitting and integrationtkvivVoigt-

like functions.

SERS measurements were performed using an Horiba Yyon HR800 spectrometer using 632.8 nm
excitation. The laser was focused on the sampla %@ x objective. Typical laser power on the sans
1.5 mW (D1 filter) or 15QuW (D2 filter). Those powers insure a rather highnal to noise ratio with a

reasonable acquisition time.

Il. RESULTS AND DISCUSSION

The SERS signal of PATP deposited on metallic nancsires has already been extensively studied. It
has now been clearly established that this spedsuifferent from the bulk one, in opposition wikhat is
commonly observed for dye molecules (methylene,blugdamine etc..). This feature has been intezgdret
as a sign of a charge transfer mechanism via anbideg Teller vibronic couplifg*®?° However the full
interpretation of the observed modes has led toyrdestussions in the literature and the exact origithe
enhancement is still under debate. In table onepierted the vibrational assignment of the obseRa&ahan

of PATP according to different studies. It can kEady seen that this attribution remains uncléar.

addition, a recent theoretical study has conclublatithe abnormal

Raman SERS modes SERS modes | SERS modes | SERS modes Vibrational Vibrational
modes of of ATP of ATP of ATP after of ATP and assignment2® | assignmentc
ATPa (high (low annealing in Ceo
concentration) | concentration) toluene
1093 cm-! 1075cm™ 1075 cm-! 1075 cm-! 1075 cm-! a; mode from ATP
ATP SC stretching
SC stretching
+ NH; rocking
1171 cm! 1140 cm’ 1140 cm-! Not observed | Notobserved | b, mode from ATP
(very weak or ATP CH bending
not observed) CH bending
1208 cm-1 1180 em™’ 1180 cm-! Not observed | Notobserved | CN stretching ATP
(very weak or +CHrocking | CH bending
not observed)
Not observed 1390 cm™" 1390 cm-! Not observed | Notobserved | b, mode from ATP
(very weak or ATP Phenylring
not observed) CC stretching | deformation +
+ NH; rocking NH, rocking
+ CH rocking
Not observed 1435cm 1435cm-1 1435cm-1 1435cm-1 b, mode from ATP
(very weak or ATP Phenylring
not observed) CC stretching | deformation +
+ NH; rocking | CN stretching
Not observed | Notobserved Not observed | Notobserved 1460 cm™ Mode from Mode from
CED CED
1596 cm-1 1575 cm-™ 1575 cm-! 1575 cm-! 1575 cm-! a, or b, mode ATP
fromATP CC stretching
CC stretching | inphenylring
+ NH, + NH,
bending bending

Table 1: list of most intense SERS and Raman modes of PATP SAM.

ais Ref [13], b Ref [19] and c Ref [20].




enhanced peaks observed in SERS did not originate PATP molecule itséff. As a consequence the
complete SERS analysis of PATP SAMs is still neagsdn figure 1 are shown SERS spectra for two
different densities of PATP molecules depositeshanostructured gold. The high density layer is ioleth
after 12h dipping in a 1mM PATP solution whereas|tw density layer is obtained after a one minute
dipping in a 16 mol/L solution. For both layers, two spectra wereasured: the first one with a 1.5 mwW
excitation, the second one with a Bf¥. According to classical Raman theory, the spactshould not
depend on the density of the PATP layer, excepitdaylobal intensity. Surprisingly it is hot what
observed in figure 1. Some Raman modes (1140, IIB¥) and 1435 cth mainlyb, modes according to
table 1) are clearly not observed or have a muakddntensity when the layer density is low. In &idd,

the intensity of some modes also depends on laseerpin particular for the high density layer.

1.5 mw

Low density layer

1

Intensity

High density layer

800 1000 1200 1400 1600 1800

Raman shift cm™)

1 150 uw
Low density layer

High density layer

Intensity

1

800 1000 1200 1400 1600 1800

Raman shift (cm™)

Figure 1: SERS spectra of low density layer (red) and high density layer (black) of PATP for two
laser excitations: top 1.5 mW, bottom 150 pW. Wavelength: 632.8 nm

It can immediately be remarked that Raman modds miteb, symmetry are most affected by the density
of the layer. According to spectra shown in figlirthese modes are also most affected by laser posea
first conclusion it appears clearly that the obedrmodes and their relative intensity in the SER&BuUmM
of PATP strongly depend on the experimental cood#ti According to our measurements at least two
factors can modify this spectrum: laser power amgkd density. To gain better understanding on the
influence of laser power we acquired short timecgpe(1s) of the high density layer under a 1.5 hagér

illumination. Two spectra are shown in figure 2eammediately after turning on the laser, and ttteio
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after 30s of illumination. It appears clearly tlaat evolution of the SERS spectrum occurs duringrlas
illumination. At the beginning the spectrum is damito what is observed with low density layer owl
power illumination. But after 30s the spectrumiifedent, and the intensity di, modes (1140, 1185, 1390
and 1435 ci) has considerably increased, giving rise to a tspecsimilar to that in figure 1. As a
consequence, it seems that SERS spectrum of PAdmybt depends on experimental conditions. It appea
clearly that with low power laser illuminatioly, modes are not enhanced, in accordance with rgcentl
published theoretical predictiofisThe question is why the PATP SERS spectrum igressively modified
when laser power is increased. This evolution offPAnodes with laser illumination has already been
reported by Kim et df* and interpreted as a consequence of thresholdyerierthe charge transfer
enhancement. This feature should occur whateveddhsity of the PATP layer: as can be seen in didyr
the low density layer has low, modes even if laser power is high. As this thrégshenergy should
reasonably not depend on the layer density thistmgsis cannot be considered for the observed gwolu

of Raman modes. Another possible explanation isogrpssive degradation or modification of the PATP
molecule induced by laser heating. Degradationsisally observed in Raman measurements when laser
power density is too high. In this case, new Ramaades are present and the characteristic moddseof t
molecules disappear. As can be seen in figure2ishnot what we observed: after a few secondsas#r|
illumination, the original modes of PATP are spitesent and their intensity has not decreased.sLigigests
that PATP is not totally damaged but it does nalede a partial modification of the molecule asclearly
observed an evolution of the relative intensitywssn the different Raman modes of PATP. In previous
studies the evolution of the, modes was interpreted as a sign of the chargefénanonce again this
mechanism should reasonably not depend on laseerpand layer density. We can also assume that a
change of the molecule orientation is induced Isgdaheating. This orientation change should mottigy
selection rules, lying to the observation of newdem SERS has already been used to determine the
orientation of G, molecules adsorbed on metals: phthal&jreenzoic acitf, thiophend®....In the case of
PATP, it has been demonstrated that this molesutgiented with the £axis almost normal to the surface.
With this standing up orientation, electromagnetithancement theory cannot explain all the observed
modes in the SERS spectrum of this molecule andchida enhancement is introduc¢&dTo explain the
observed evolution of SERS modes of PATP we sheufipose that under strong laser illumination this
orientation changes, giving rise to hew modes wiifferent selection rules. This hypothesis appesrs
highly improbable. As a first conclusion, the mosasonable hypothesis for the evolution of the PATP
modes with laser power and layer density is a cbalnmodification of the PATP molecules, excluding a
total degradation of the molecule, as only modpsnted in table 1 are observed. The dimerizatiddAT P
molecules has already been reported on gold ethtroia an electrochemical mecharffsnin addition,
some recent studi€shave suggested the production of dimercaptoazementDMAB) from PATP by
catalytic coupling reaction on silver nanoparticl€his hypothesis has been advanced by Husng. to
explain the evolution of PATP SERS motfethe supposell, modes being in fact modes of DMAB. As can

be seen in figures 1 and 2, we observed similaufes. As a consequence, we suggest that the eeport
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evolution of SERS modes during high power lasemilhation is induced by the transformation of PATP
into a different molecule, certainly DMAB. This damization is not observed with low density layesstas

reaction cannot occur if PATP molecules are tomfa from the others.

11.5 mwW

after 30s of laser
illumination

Intensity

860 10|00 12b0 14IOO 16b0 1800
Figure 2: SERS spectra of a high density layer of PATP under a 1.5 mW laser illumination. The
bottom spectrum is obtained immediately after the laser is turned on, the above spectrum is
obtained 30s later. Wavelength: 632.8 nm Acquisition time: 1s

As explained in the introduction, PATP SAM can bteiestingly used to graft fullerene molecules and
obtain stacked SAM. The latter should then allowobdain no more than one monolayer g, Gvith a
surface density that could be varied dependinghentargeted applications (e.g. isolateg Rundles for
memory cells). In figure 3 are shown the C1s and Bldre level XPS spectra for a PATP layer befoe an
after Go grafting. The effective grafting of the PATP layar the gold surface is demonstrated by the well-
resolved N1s peak corresponding to the amino gitimding energy of 399.2 eV, full width at half-
maximum (FWHM) of 2.1eV). Remarkably, no bindingeegy peak usually attributed to N atoms involved
in hydrogen bond$#is observed, thus suggesting a low order in tigamic layer or a good cleanliness of
the film. The C1s spectrum is mainly composed oinéense peak at 284.3eV binding energy correspondi
to C-C bonds and a minor peak around 286.3eV quoreng to carbon bonded to sulphur or nitrogen

atoms.
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Figure 3: XPS spectra of the (a) C 1s and (b) N 1s core levels for different sample preparations
(see text for details).

After Cgo deposition XPSpectra are slightly modified. While the C1s speuatremains nearly identical
that of PATPSAM, the nitrogen N1s peak is now centred at 399.&ed slightly broader (FWHN2.5eV).
Such feature can be induced by taaction 0lCs, molecules with the amino functional group or ardein
the organisation of the PATIRyer. No peak related to the formation of N bontteds, (binding energy
above 400 e¥) is observed, indicating relatively low efficiency of the § grafting. In addition th
guantitative analysis of the N/Au ratios indicatieat the nurber of PATPmolecules remained constant.
typical SERS spectrum aftergdCadsorption is shown in figure 4 (black spectrumhode spectra we
obtained using 1.5 mW excitation (for lower lasewpr, the intensity is too low for a quantitativealysis).
Comparing to spectra shown in figure 1, a globatese of signal intensity is obser?®. Since the amount
of PATP does not change aftegy@dsorption, this decrease cannot be induced bwerlamount oPATP
molecules. We cannot exclude that it of gold nanoparticles are desorbed durirgg grafting decreasing
the electromagnetic enhancement and the SERS signfihal only 3 Raman modes PATP are clearly
observed: 1075, 1435 (weak intensity) and 157, In addition a very broad band ween 1400 and 1600
cm’is superposed to those Raman modes, probably assheo impurities. Moreover a new Raman mq

with a rather weak intensity, is observed at 14@'. This mode is characteristic 0g, (as can be seen in



the green spectrum of figure 4) and clearly cordirthat G, molecules have been adsorbed on PATP
molecules. The weak intensity of this mode is natheprising since in previous studies from theréture
the intensity of G modes excited at 1064 nm was extremely intense.itBuust be noticed that this IR
excitation is quite far from plasmonic absorptidrgold or silver nanostructures. Further confiroatof the
presence of C60 molecules was also brought by Wikl& optical absorption (1-Transmission)

measurements

ATP after annealing

1435 cm™'

Intensity

Intensity
[P PO R U I U TP TP T S T PR A T I R .

M /hm
Low concentration ATP f <

1 T T T T T
1000 1200 1400 1600 1800 1400 1450 1500 1550 1600

=]
(=]
(=1

Raman shift (cm™) Raman shift (cm™')

Figure 4: Left: SERS signal of PATP+Cgq SAM (black), PATP after annealing in toluene (red) and low
concentration PATP SAM (10” mol/L, 1 minute dipping in blue). Right: an enlargement of black
and red spectra. The characteristic peak of C, at 1460 cm™ can be clearly observed. The bulk
spectrum of Cgoobtained with 514.5 nm excitation is shown in green. For all other spectra, the
wavelength excitation is 632.8 nm with a typical laser power of 1.5 mW.

The question is why the PATP SERS spectrum is rieatlifter Gy adsorption. Two hypotheses can be put
forward: those modifications are induced by, @dsorption itself or by the heating process operdab
promote the adsorption. This high temperature rimeat in toluene can induce a desorption and a
reorganisation of the PATP layer due to the labidgure of the thiol to gold bonding. However, XPS
measurements suggest that no PATP molecule desdubied) G, adsorption. To elucidate the effect of,C
grafting, we put an Au-PATP sample in a tolueneutoh heated at the temperature used in the ggaftin
process of & (~110°C) but without dissolvedsg£molecules. The XPS spectra of this sample careée &
figure 3. The spectra of the nitrogen and carbae t&vels are almost identical to the case of theg@fted
sample. This important result suggests that thad®oing of the nitrogen peak previously mentiored i
certainly induced by a change in the organisatibrthe PATP layer due to the annealing protess
Concerning the Cls peak, one can note a small lhigting energy shoulder at around 288 eV that is
slightly decreased aftergg&deposition. This peak may be induced by the C=@dbaf an amide formed by
reaction between amine and carbon dioXidend whose presence was detected in infrared spéfte

decrease of this signal afteg,Qleposition is consistent with the grafting of, @hat prevents from the
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formation of amide groups. The area of the carbeakgdor the G grafted sample has increased by a factor
of 1.7 as compared to the peak for the PATP SAMs Thearly indicates thatdg molecules have actually
been fixed on the PATP SAM. More surprisingly theensity of this same carbon peak is also highethie
sample after heating in toluene (by a factor ofdsZompared to the peak for the PATP SAM). Cdgtain
carbon impurities are deposited on the surfacendunieating in toluene. Comparing the intensity hef t
carbon peak between theg,@rafted sample and the PATP sample heated inrteluge can estimate the
amount of G molecules grafted if we consider that the sameuamof impurities was deposited. The
effective increase of the C/N ratio of 1.7-1.2=CAN corresponds to about 3 additional carbons émhe
PATP molecule, or oneggmolecule deposited every 20 PATP molecules orstinface. This corresponds
roughly to about half of the maximaldensity achievable on a/3x\V3)R30° PATP SAM, even if this
organisation has not been clearly confirmed for PAflolecules on gofél As a consequence the density of
Cso molecule is rather low, explaining why thg;®aman peak has a rather weak intensity. Thistratsd
explains why the peak corresponding to nitrogendednto G, was not observed in the XPS spectrum of
figure 3: its absolute intensity is very low ane signal is furthermore screened by the presentdlefene
molecules. The SERS spectrum of a PATP SAM aftatihg in toluene is shown in figure 4 (red specfrum
Except for the g peak at 1460 cih this spectrum is very similar to what we obserafidr G, adsorption.
This indicates that the evolution of Raman modeBATP is induced by the high temperature treatriment
toluene. We also performed a similar high tempeeatieatment without any solvent in an incubatat tre
spectrum was almost identical to the standard SERStrum of PATP, despite a slight decrease of
intensity”®. This indicates that it is not only temperaturattplays a role in the evolution of PATP Raman
modes, but also the presence of solvent. It musibieed that both SERS spectra @f Grafted sample and
of PATP SAM annealed in toluene are very similatii® SERS spectrum of the low density PATP SAM in
figure 1. The only difference is the 1435 tmode, whose intensity is very weak for the lowsignPATP
SAM. XPS measurements indicates that carbon imesriare adsorbed during the heating in toluene
(intensity increase of the carbon mode), whichoisficmed by the presence of a broad band betweéf 14
and 1600 cilin the SERS spectrufn

Different hypotheses may explain the evolution ATP modes in SERS spectra. The first one is a plessi
rearrangement of gold nanoparticles induced by tégtperature treatment. It is well known that atinga

of metallic nanoparticles can bring modificationstheir organisation (size, distribution, etc.) arash have
very important consequences for SERS measureffieWih thiol molecules it is possible to create dyol
nanoparticle superlattic¥s In the special case of PATP, this molecule casude the formation of
“sandwich” structures, that is to say interlinkezhaparticles via a PATP molecule. This has beearteg

in several studiééand can have dramatic effects in the SERS speatfithiis molecule. Nevertheless, the
formation of sandwich structures should preventatisorption of g in so far as both functional groups of
PATP molecules should be already linked to goldd &g explicitly mentioned above, XPS and SERS
measurements confirm the presence gf r@olecules. As a first conclusion we cannot totatkelude the

possible formation of sandwich structures made etiathic nanoparticles interlinked by PATP molecubes
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the presence of gmolecules rather suggests that most of PATP apdhGlecules are bound otherwisg, C
should have been washed off the surface duringitiseng step. To explain the observed modificatiohs
SERS spectra of PATP aftersgCadsorption or high temperature treatment, anoliygothesis can be
proposed: a strong reorganisation of the PATP SAM known that the stability under high temperatu
treatment of thiol SAM on gold (nanostructured ot)ris limited®. Disorder, reconstruction and desorption
can occur even at relatively moderate temperatusgscally around 100°C. In addition, this stalyilit
strongly depends on the chemical structure of tieo@ed molecule®’. The careful analysis of SERS
spectra can bring information about the evolutidntltose SAM. Spectra reported in figure 4 are
intermediate between the bulk and the SERS speaf®ATP. They clearly show strong similarity witie
low density modes, or the modes obtained with albser density. Once again only modes attributda) to
symmetry are affected. In previous SERS studieseithancement of those modes was attributed targech
transfer mechanism based on a Herzberg-Teller ibation™*“® that is to say a chemical enhancement.
More recently, Uetsuket al** have intercalated a thin spacer layer betweenntbtal and the PATP
molecules and have observed a strong decrease bof thodes intensity at 1141, 1390 and 1437 cWith
such sample, any possibility of chemical bondingvMeen Au atoms and PATP molecules is completely
eliminated and chemical enhancement is not expeetguaining the intensity decrease of those mobfes.
our experiments, we observed total disappearandd49 and 1390 cihnmodes and a clear decrease of the
1437 cnt mode, whose intensity is now clearly lower tham #575 crit mode. This is very similar to what
is reported by Uetsulet al. This could suggest that chemical enhancement P& also affected by the
annealing in toluene andigadsorption. But as previously explained it is 1ssegy to be very cautious with
the chemical enhancement hypothesis due to thegstewolution of PATP modes with experimental
parameters and the suggested dimerization of PAdIBaules. In any case the strong similarity betwiben
SERS spectrum of PATP annealed in toluene andthelénsity PATP layer suggests that this dimeosati
do not occurs for those samples. In addition, tteadening and the shift of the N1s peak observeXP8
indicate that the layer is probably less organigexia consequence we propose the following mechmanis
during G deposition: the annealing in toluene induces amghti®n of PATP molecules, decreasing the layer
density, and an introduction of carbon impuriti€he layer organisation is also strongly decreaseihd
this step. However no dimerization occurs ang r@olecules can be grafted on top of PATP molecutes.
appears that this grafting is not very efficientygsically one G is grafted every 20 PATP molecules. This
proposed mechanism is in accordance with all therted experimental features: the evolution of SRS
modes (decrease bf modes attributed to DMAB, appearance of broad mdtween 1400 cfrand 1600
cm®) and XPS spectra (broadening and shift of the geak

CONCLUSIONS
We studied the SERS signal from PATP and PATRPEAMs. We observed an evolution of the Raman
signal of PATP depending on two parameters: therldgnsity and the laser power. It appears clehatb,

modes of PATP are not enhanced if one or both eddtparameters is low, in accordance with theatetic

12



predictions. In opposition, if these parameters layth high, the intensity db, modes is enhanced. The
evolution of these modes is associated to a diat@is of PATP molecules into DMAB. For PATRLC
SAM we also observed strong evolution of the SER&cga:b, modes have their intensity considerably
decreased after g adsorption. Comparing SERS and XPS, we proposghféing reaction mechanism
during G deposition in toluene. Impurities and disorgamisabf the PATP layer are introduced, however
those features do not prevent the adsorptionspfh@lecules in a relatively low density, an issuat ttould

be beneficial to build isolated discrete molecudtwrage sites for molecular memory cells. Our work
demonstrates the capability of SERS for studyingmex self-assembled layers on metallic nanostrastu
Consequently, SERS could be envisaged as a chiateragd powerful technique that could help better

understanding electronic properties and processe$vied within molecular devices.
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