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Layers of Q-state particles ( <50 A) were prepared by exposure of Langmuir-Blodgett (LB) films of cadmium arachidate to
H.S to yield cadmium sulfide particles in a lattice of arachidic acid. The onset of absorption of this layer is blue-shifted by 0.38
eV with respect to bulk CdS. The adherence to Beer’s law and insensitivity of the absorbance edge to the number of LB layers
deposited (up to seven) suggest no strong electronic interactions between successive layers. Ellipsometric measurements show
that exposure of the LB films of cadmium arachidic acid to H,S gas results in an increase in thickness of about 3 A per layer.

1. Introduction

The optical absorption edge of semiconductor par-
ticles shows a blue-shift as the particle dimensions
decrease. This change in the optical properties has
been attributed to the quantum size effect, a model
based on the “electron-hole”-in-a-box problem. With
this model, one might expect a shift on the order of
h?/8m*R? due to the kinetic energy of localiza-
tion in the small crystallite [1]. Such blue-shifts have
also been observed in planar semiconductor lattices,
with the absorption edge shifting to the blue with de-
creasing thickness. The equation governing the band
gap shift, AE,, in such anisotropic semiconductors
has the form [2-4]

AE, = (h?/2py) (27%/L3,) + (B*/2p:) (r?/L2)
(1)

where p., and u. are the reduced effective masses of
electron-hole pairs in the plane of the layers and per-
pendicular to the plane, respectively, and L, and L.
are the dimensions of the microcrystallite. For a thin
layer of semiconductor, L., is large and the pre-
dicted AE, involves only the second term in eq. (1).
The photophysics of these “Q-state” semiconduc-
tors, where a gradual transition from bulk semicon-
ductor to molecular material takes place, have been
widely studied [5-12]. Q-state semiconductors can

be prepared in a variety of media including micelle
microemulsions [13], zeolites [11], polymers [14],
solutions [5-10], and glasses [15]. These methods
produce isolated, small particles. We were interested
in investigating the possibility of producing thin lay-
ers of semiconductors, where there is significant lat-
eral interaction. Such layers are analogous to the
superlattices (e.g. of GaAs) produced by molecular
beam epitaxy [16].

Our method of preparation is based on the widely
used LB film method, as illustrated in fig. 1 and in-
volves preparation of a “Q-layer™ by depositing suc-
cessive monomolecular layers of cadmium arachidate
on a smooth substrate followed by exposure to H,S
gas. This produces Q-state particles in a lattice of
layered arachidic acid. A monomolecular cadmium
arachidate film was formed on water by the usual
technique of adding 35 pl of 10 mM arachidic acid
in chloroform to a clean surface of 0.3 mM cadmium
chloride in a Lauda preparative film balance, model
P (Brinkmann Instruments, Westbury, NY). The ar-
achidic acid spreads rapidly to form a mono-
molecular film. If the pH of the subphase is greater
than five, the carboxylate groups are complexed with
the cadmium ions [17]. The cadmium arachidate
film was transferred from water to glass by raising a
clean glass slide slowly out of the water on which the
film is spread while maintaining a constant surface
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Fig. 2. Absorption spectra of CdS Langmuir-Blodgett films. (1)
1 layer, (2) 2 layers, (3) 3 layers, (4) 7 layers. Bulk CdS shows
an absorption onset at 520 nm.

layers. Although the absorption edge is independent
of the number of layers, the absorbance at 380 nm
is directly proportional to the number of layers of Cd
arachidate originally deposited (fig. 3). Thus the
particle size is independent of number of layers. For
the multilayers with head to head surfaces, i.e. n=3,
7, one might have expected a red-shift in the ab-
sorption edge with larger particles being formed in
the Cd head to head regions. Similarly, one might
expect the growth of larger particles in the multilayer
system compared to the monolayer one.

An alternative to 50 A spherical particles are thin
disk-like plates of domains (d<50 A) of CdS. Fie.
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Fig. 3. Absorbance of CdS LB films at 380 versus number of layers.
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Fig. 4. Thickness of LB films versus number of layers before and
after exposure to H,S. Calculated line for thickness of cadmium
arachidate films from literature values {18]. (#) Thickness be-
fore exposure to H,S; (1) thickness after exposure to H S,

4 shows the results of the ellipsometric measure-
ments of the thickness of the LB films before and after
exposure to H,S versus the number of layers depos-
ited. The solid line represents literature values for
cadmium arachidate films [19]. The change in
thickness for 3, 5 and 7 layers were calculated to be
11, 14 and 19 A, respectively. Hence the average
change in thickness per layer after exposure to H,S
is about 3 A. Thus thin layers of platelets of CdS are
a possibility. However, the ellipsometric measure-
ment does not exclude the possibility of larger, more
spherical, particles embedded in the arachidic acid
matrix. The morphology that the CdS assumes is a
function of the driving forces to minimize surface
energy versus those involving movement of CdS
through the hydrophobic regions of arachidic acid.

3. Conclusion

Q-state particles can be prepared by exposure of
LB films of cadmium arachidate to H,S gas. The ab-
sorption onset of these Q-state particles is shifted
from the bulk value by 0.4 eV and is independent of
the number of layers deposited, indicating no strong
electronic interactions between the particles. Prep-
aration of semiconductor particles is especially in-
teresting, because it would allow precise spacing
between the layer distances controlled by the length
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Fig. 1. (A) Formation of monolayer Q-state particles by diffu-

sion of H-S into Cd-arachidate LB film. (B) Formation of mul-
tilayer Q-state particles.
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pressure of 30 dyne/cm. Successive layers can be
overlaid by then lowering and raising the slide in and
out of the aqueous subphase. Details of the above
procedure have been published [17]. The Lang-
muir-Blodgett (LB) films were exposed to an H,S
atmosphere to yield cadmium sulfide and proton-
ated acid.

Transmission electron microscopy (TEM) of the
LB films were obtained by depositing the LB film on
a 3 mm TEM disk consisting of a carbon film sup-
ported on a copper grid (Ernest F. Fullam Inc., Lat-
ham, NY, No. 10070). The disk was mounted on an
aluminum sample holder and the spectrum of the
supported LB film versus air was taken and stored
on an HP model 8450 UV/VIS spectrophotometer
(Hewlett-Packard, Palo Alto, CA). After exposure
to H,S the spectrum was taken again and the original
spectrum versus air was subtracted from the latter
spectrum yielding the spectrum of the CdS particles.
The absorption spectrum of a monolayer on the TEM
grid matched the features of the spectrum of the
monolayer on quartz, although the onset was blue-
shifted by 50 nm. The high magnification
(200000 % ) image of the holey carbon film show 50
A and smaller regions of higher apparent projected
potential. The energy dispersive X-ray spectroscopy
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(EDS) of these regions show Cd and sulfide in ap-
proximately equal atomic concentrations, so we be-
lieve these regions represent the CdS particles. A
strong peak due to the copper from the grid as well
as a weak peak indicating some residual chloride from
the LB trough was also present, as were Si and P,
which are normal contaminants in TEM holey car-
bon films. In addition to the small particle of CdS,
the TEM showed some sparsely distributed larger
particles (approximately 700 A across) which were
cubic in shape. When a small beam was directed onto
a single cube, the EDS showed a sulfur-rich region
and very little cadmium. The electron diffraction
pattern could not be indexed as CdS. The nature of
these larger particles will be the subject of another
study.

Thickness measurements of LB films of cadmium
arachidic acid on single-crystal Si were made before
and after exposure to H,S (at 60 PSI, for 20 min).
A Rudolph Research model 2437 ellipsometer (Ru-
dolph Research, Flander, NJ) equipped with a model
RR2000FT automatic rotating analyzer was used at
an angle of incidence of 69° and a wavelength of 6328
A. The & (6 and y are the conventional ellipsometric
parameters [ 18]) changes of samples before and after
H,S treatment were measured by fixing the sample
point using detachable sample mountings. Calcula-
tions were made with the assumption that the films
are isotropically stratified and the refractive index of
the film before and after the H,S treatment remains
almost constant. The change in thickness of the LB
layers were calculated from the change in J using the
value of 1.534—1(0.0) as the refractive index of the
film [19].

2. Results and discussion

Fig. 2 shows the absorption spectra of a monolayer
and several multilayers of CdS LB films. The ab-
sorption onset for 1, 2, 3 or 7 layers of CdS is about
450 nm (2.8 eV), which can be compared with the
bandgap of bulk CdS, 2.4 eV [20]. This shift in the
LB layer of CdS of 0.4 eV would correspond to
spherical particles with a 50 A diameter according to
eq. (1), if the bulk values are used for the effective
masses, i, =#.=0.154 [21]. Such spherical parti-
cles would almost span a depth of two arachidic acid
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of the organized assembly layers. By spacing the
semiconductor layers from electron-transfer cata-
lysts, details of electron transfer between these can
be probed, as has been done with particulate semi-
conductors [23].
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