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Semiconductor nanoparticles suggest exciting possibilities for ~ Films built up from a total of nine layers of per-deuterated
electronic applicatiorisbecause of the tunability of their electrical cadmium arachidate and one layer of per-protonated cadmium
and optical properties, which can be controlled by changing the arachidate on hydrophobic per-deuterated octadecanethiol (d-ODT)
size and shape of the particksConsequently, much effort has  covered gold substrates were prepared by LB deposition of a
been directed toward precise control of these parameters. A angmuir monolayer of arachidic acid (30 mNi20°C) ona 5
promising synthetic approach for the-V/I semiconductor particles mM CdCh and 0.5 mM NaHC@aqueous subphase. At a pH of
is to react metal ions (Cd, Zn, Pb) immobilized in a fatty acid 6.5 this results in an exclusively Y-type deposition, i.e., head-to-
Langmuir-Blodgett (LB) film with a chalcogenide gas such asSH ~ head and tail-to-tail. Four samples were prepared containing a single
or H,Se? The fatty acid film serves as a restraining matrix that per-protonated cadmium arachidate layer, namely layers 1, 2, 5,
limits the size of the nanoparticle. By combining different surfac-  anq 10, respectively, counting from the lowermost layer to the
tants, it is possible to control the size, shape, and nucleation sitesgiface layer. The CdS-arachidic acid films were formed by reacting

of the particles;® making these composite films potentially suitable the parent cadmium arachidate films withS4gas for 4 h. CdS
for molecular electronics. Furthermore, the use of LB films allows nanoparticle formation was confirmed by U¥is spectroscopy

the th";knTSSfOf the f'IT] tﬁ be fvarled (\leth mﬁlecfular pr_emsm;n.c,gs showing an onset of absorbance around 450 nm, indicative of
great et'al 0 r_(:s_eafrctt a_sd f?lcuse 'tt?rt]ht € i)rmz_atlo_tn Of " significant quantum confinement with a diameter of 3 Hm.
nanoparticies within fatly acid fims, wi € vast majority of the Furthermore, AFM images showed the formation of particulate
emphasis placed on the properties of the resultant nanoparticles . S . . .
features of approximately 3 nm in size, consistent with the diameter

Little work has focused on the effect of nanoparticle formation on . " I
. . ) o of CdS nanoparticles formed under these conditions, and significant
the organic matrix. Here we report the first application of the !
deformation of the surface not present on the surface of the

nonlinear optical technique of sum frequency generation (5FG . ; )
P 9 q y g ( ) unreacted film. Previous XRD experimektshowed a severe

vibrational spectroscopy as a tool for investigating the order of the i i £ the fil ith the hvd b hains tilt
fatty acid molecules in the composite nanoparticle fatty acid Isruption ot the Tifm, wi € hydrocarbon chains tilting away

multilayer structure. from the surface normal, and uniform disklike nanoparticle forma-

SFG does not arise from molecular groups in a centrosymmetric tion. ) ) )
environment. This makes it a surface-specific technique as no SFG _SFG spectra were recorded in the B stretching region (2800
occurs in isotropic media. It also means that SFG is very sensitive 3000 ¢nT) using a broadband femtosecond laser sytavith a
to the local symmetry of a particular molecular group. If hydro- CO-Propagating beam geometry. The SFG spectra of the unreacted
carbons in a monolayer are in an all-trans configuration, the films are shown in the left-hand panel of Figure 1. The most striking
methylene groups reside in a locally centrosymmetric environment feature is that the resonances of layers 2 and 10 occur as dips,
and are consequently not observed in the SFG spedmhile while those of layers 1 and 5 occur as peaks. This is due to
the observation of methylene modes reveals the presence of gauchéterference between the SFG signals from the gold substrate and
defects within the layer. On the other hand, the methyl groups residethe SFG active (per-protonated) arachidate layer and indicates that
at an interface and consequently are always observed, but theirthe methyl groups of layers 2 and 10 point away from the surface
intensity depends on the ordering of the methyl groups. Second, while the methyl groups of layers 1 and 5 point toward the sufface,
on a substrate that itself has a large nonlinear polarizability, it is as would be expected from Y-type deposition. This is a clear
possible to determine the polar orientation of a molecule, i.e., example of one of the unique properties of SFG. The three strong
whether it is pointing away from or toward the surf&cé/hile resonances arise from methyl groups, while a weak methylene
SFG is mainly used as a surface-specific technique, it can also beresonance around 2860 ctincan be observed for layer 1. This
used to study the “bulk” of a film. If a multilayer structure is created implies that the hydrocarbon chains are in an all-trans configuration,
with a per-protonated layer within an otherwise per-deuterated film, but some gauche defects do occur for layer 1. The resonances of
Scanning the IR wavenumber over the @ stretching range allows the surface |ayer are b|ue_shifte§5 Cn‘rl) compared to the ones

for the exclusive detection of the per-protonated Idference, buried within the film because of the different local environment
preparing films with the per-protonated layer at different locations of the methyl groups (air versus an organic filt).
within the film allows for the determination of a “bulk” view of Figure 1 (right-hand panel) shows the SFG spectra of layers 1,
the film. 5, 2, and 10, respectively, after reaction. It can be seen that the
: — intensity of the SFG signal from the lowermost layer has been
Iﬂokka'd.o University. reduced significantly, less so for layers 2 and 5 and not at all for
niversity of Cambridge. .
§ University of Maine. layer 10. Furthermore, relatively strong methylene resonances can
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d+ r+ Tegt I d+ r+ Ter* I A possible explanation is the difference in freedom of movement
I [ . | | between the lowermost, bulk, and surface layers. Upon nanoparticle
A formation the surface layer can move freely in a direction
perpendicular to the surface, but the movement of the buried layers
and lowermost layer is severely limited. For the lowermost layer
the movement would be even more restricted because of the rigid
VAR )\ d-ODT layer on gold. This is potentially different from the bulk of
Layi 57\~ the film where the deformation of one layer conveys freedom of
- movement to the surrounding layers.
The stability of the surface layer is also surprising because one
of the key stabilizing forces, electrostatic complexation, is largely

SFG Intensity/arb

Layer 2

Layer 10 L& removed after the reaction with,8. The highly ordered structure
o of the unreacted film is due to the electrostatic interaction of the
S : , . carboxylate groups mediated through the cadmium ions and the
2800 3000 2800 3000 van der Waals interaction between the long hydrocarbon chains in
Wavenumber/cm” which the former has been claimed to be the strongest f&ttor.

Figure 1. SFG spectra of a single per-protonated cadmium arachidate layer However, after reaction with 45 most of the cadmium ions are

in an otherwise fully per-deuterated 10-layer film deposited onto d-ODT gnverted to uncharged CdS nanoparticles and the carboxylate

gold before (left) and after (right) reaction withb$l The spectra correspond . .
from top to bottom to layers 1, 5, 2, and 10, respectively. The symbols headgrgup 1S reprot.qn.atéti,leavmg On,ly the van der Waals
refer to the symmetric methylene stretching mode)(dhe symmetric interaction as a stabilizing factor. As this does not seem to affect

methyl stretching mode ), its Fermi resonance(gr), and the asymmetric the order of the surface layer, it appears that the van der Waals
stretching mode (). Post-reaction spectra have been rescaled as indicated interaction in these films is more important than previously assumed.
Egntqgep’:;ﬂgg‘é%g?{‘ factors. The nonresonant background remained the |, g ;mmary, we have demonstrated the applicability of SFG to
studying these important multilayer films and the unique informa-
tion that can be obtained. There is a clear distinction in ordering
between the surface layer and the bulk of the film after the
incorporation of CdS nanoparticles. The retention of order appears
to show the importance of the van der Waals interaction in
stabilizing these films and the flexibility of the fatty acid molecules.

now be observed for the buried layers (1, 2, and 5). For layer 10
no distinct CH resonance can be observed.

The concurrent loss of methyl resonance intensity and the
introduction of methylene resonances into the spectra of the fatty
acid layers within the film are consistent with spectral changes
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