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Hexadecanethiol monolayers were self-assembled onto nanostructured gold layers (10-20 nm) deposited onto glass by 
using an intermediate polystyrene layers (50 nm). We found that these glass plates with an intermediate PS layer do not 
peel under overnight immersing in ethanol solution of hexadecanethiol. The thiol and gold layers were characterized by 
several methods such as X-ray diffraction, X-ray photoelectron spectroscopy, spectroellipsometry (SE) and Raman 
spectroscopy. The thickness of the thiol layer was estimated from SE measurements to be ca 1 nm, meaning less than the 
length of the molecule; it was then inferred that the molecule is tilted onto gold, as expected from the behavior of other self 
assembled monolayers (SAMs) obtained under similar conditions. It is noteworthy that the alignment of a nematic liquid 
crystal in a cell having the plates deposited with the hexadecanethiol SAMs is still uniform, despite the multilayer structure of 
the substrate on the glass plates.  
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1. Introduction 
 
Recently it was shown that self-assembled 

monolayers (SAMs) can be formed from alkanethiols on 
the surface of gold, either as single crystals or as thin films 
[1-6] these monolayers can further specifically bind 
proteins. If these bonds are formed in the presence of 
aligned liquid crystal (LC) molecules, the alignment is 
disturbed and thus reports the presence of the proteins [5-
11].  

In the first paper of the series [12] we have 
established the experimental conditions for the deposition 
of nanostructured gold layers on the surface of glass plates 
by vaporization at small incidence angle (large angle with 
the normal direction) leading to nanostructured columnar 
semi-transparent layers. Then the layers were 
characterized by complementary methods; additional 
support was given by observing the molecular alignment 
present in the liquid crystal cells obtained with these gold 
layers.  

However, the nanostructured gold layers obtained 
directly onto the glass support have a rather short life 
especially when they work in watery solutions. Instead of 
improving the gold adherence by deposition of certain 
substrates [13-15] which may lead to decreasing the 
optical transmission of the functionalized liquid crystal 
cells made with these deposited plates, we have used 
polystyrene (PS) layers [16] containing benzene rings that 
might interact with gold atoms [17]. A rather strong 
interaction of gold atoms with the substrate molecules was 
found indeed on the basis of the X-ray diffraction (XRD) 
and spectroellipsometry (SE) measurements [16]. 

In this paper the results obtained in functionalization 
of the nanostructured gold layers deposited onto a PS 
substrate by self-assembling of hexadecanethiol are 
presented. We found that functionalization with this long 
chain alkanethiol offers consistent alignment properties in 
a displaying cell with nematic liquid crystal.  

 
 
2. Experimental 
 
Glass plates of float soda-lime type were 

commercially available and cut at the size 32x23x3 mm. 
Before use these plates were very carefully cleaned [12].  

Polystyrene layers were deposited onto glass plates by 
spin coating with a solution of atactic polystyrene 1.5 wt% 
in toluene, at 3000 rpm [18,19]. The plates were slowly 
dried in the laminar hood; afterwards they were heated at 
1000C for ½ h.  

Gold vapor deposition at oblique incidence was 
performed (onto the glass plates) with the Hochvakuum 
B30.2 equipment (Dresden, Germany) as previously 
described [12]. The thickness of the deposited layer was 
estimated by using oscillating quartz monitor. The 
deposition was performed onto an intermediate 
polystyrene (PS) film at angles resulted from the found 
nomograms. Details (the incidence angle of gold 
deposition θ  and the thickness T of the gold layer) are 
given in Table 1. Because adventitious adsorbates collect 
on the gold, the plates were kept under protective 
atmosphere and used further as quickly as possibly (ages 
measured from the time of removal from the evaporator 
were mostly under 2 h but till 2 weeks when intended).  
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Table 1. Parameters of the gold deposition. 
 

Sample 
batch 

θ 
/degree 

T* 
/nm 

P(1) 40 20 
P(2) 80 12 
P(3) 80 10 
P(4) 60 10 
P(6) 60 20 

*estimated from the quartz monitor indications. 
 

Functionalization of the gold with alkanethiol was 
achieved by immersing the gold deposited glass plates in a 
solution 0.00246 wt% of hexadecanethiol (Aldrich) (here 
abbreviated C16SH) in absolute ethanol (Merck) for ~16 h 
at room temperature. The glass plates were thus arranged 
inside the Petri vessels to prevent their overlapping; in 
addition, the vessels were kept sealed off to avoid solvent 
evaporation. After the period of the formation of the thiol 
layers, the plates were thoroughly rinsed with ethanol and 
dried under a stream of nitrogen gas. These plates were 
kept (in shadow) in a special box with dry atmosphere and 
further used as soon as possibly.  

To characterize the structure and the thickness of the 
deposited layers, several methods were applied. Thus, X-
ray diffraction (XRD) measurements were done with an 
equipment D8 Advance (Bruker-AXS) at a grazing 
incidence angle. The equipment for spectroellipsometric 
investigations was a DUV-VIS-XNIR Variable Angle 
Spectroscopic Ellipsometer (Woollam); the spectral 
domain spreads between 193 and 2200 nm while three 
incidence angles (65°, 70°, 75°) were set to measure the 
ellipsometric angles ψ and Δ. Cauchy model with optical 
constant variation was then applied to interpret the SE 
data. X-ray photoelectron spectroscopy (XPS) studies 
were done with an updated spectrophotometer VG ESCA 
MKII, with Al source (Kα=1486.6 eV), at a take-off angle 
of 55° [20], using SDP 32 and S-PROBE software. Peak 
positions were assigned by referencing the Au(4f7/2) peak 
to a binding energy of 83.95 eV and linearly shifting all 
other XPS peaks by an equal amount, as it is customary. 
Raman spectroscopy (RS) measurements were performed 
with a FT Raman Bruker RFS 100/S  and a Jobin Yvon 
T64000 Raman spectrophotometer at excitation 
wavelengths of 1064 and 514 nm. Raman spectra were 
recorded at room temperature in a backscattering geometry 
with a resolution of 4 cm-1.  

Liquid crystals symmetric cells with gold layer 
similarly deposited onto both cell plates and directed 
toward the cell inside were then obtained [12,16] from the 
deposited glass plates. The two glass plates were arranged 
so that the evaporation/deposition direction was anti-
parallel (see Figure 1): Main evaporation direction and 
possible orientational directions of the LC molecules (A, 
B, H and P) are there shown. A, B and H are in the 
evaporation plane while P is perpendicular onto this plane. 
The cell thickness was 15μm (by Mylar spacer). For all 
samples, the plates were held together, especially during 
the handling of the cells, at two opposed ends using binder 
buldog clips. The liquid crystal was 4-n-pentyl-4’-

cianobiphenyl (5CB) (Merck), having transition 
temperature 35.4ºC. It was introduced into the cell in the 
isotropic state (at 40ºC) by capillary action. The cell was 
then cooled to room temperature. During the cooling 
process, 5CB changed from its isotropic state to its 
nematic state.  

LC cells were optically examined under crossed 
polarizers by direct visualization or in transmission mode 
on a polarized light microscope (Leitz Orthoplan) with a 
digital camera (Panasonic DMC-FZ8). Consistent settings 
of both the microscope light source (numerical aperture 
0.6) and the digital camera allowed for the direct 
comparison of images taken for different samples. In-plane 
birefringence was determined orthoscopically by rotating 
the stage by 45° and observing the extent of modulation in 
the intensity of transmitted light. Conoscopy technique (in 
a convergent light beam) was used to confirm the 
homeotropic alignment of the liquid crystal.  

 
 

E

E

AB H

P θ

 
 

Fig. 1. Two (gold) deposited glass plates assembled in a 
liquid crystal cell. E is the main evaporation direction of 
the gold and A, B, H and P are the possible orientational 
directions of the LC molecules. E, A, B and H are in the 
evaporation  plane  while  P  is  perpendicular   onto  this  
                                          plane. 

 
 

3. Results and discussion 
 
The results were obtained in the bottom up technique 

and were presented as follows.  
Polystyrene and gold layers were successively 

deposited onto glass support. Planar or respectively 
controlled topography deposition were thus realized and 
the layer features were found as described previously 
[12,16]. Obliquely deposited gold films were prepared by 
using a fixed angle of incidence of the metals and 
stationary substrates. The angle of incidence used in this 
study was 40, 60 or 80°, measured from the normal of the 
substrate. Gold nanoparticles have the face-centered cubic 
structure, most of them offer the face (111) as the lowest 
energy surface. PS layers have a thickness of ca. 50 nm 
while gold layers have a thickness of 10 or 20 nm and a 
columnar structure. A rather strong interaction between 
gold atoms and the polystyrene molecules in the substrate 
was put in evidence. These findings are not further 
discussed.  

Hexadecanethiol layers were then self assembled onto 
the gold substrates. The formation of an initial lying-down 
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phase, the development of a standing-up phase and the 
structure of self assembled monolayers (SAMs) formed on 
Au(111) from solutions of long chain alkanethiols 
[CH3(CH2)nSH, n > 9] has been extensively studied. As it 
was reviewed in (e.g. in Ref. [21], sulfur atoms form a 
commensurate ( ) °× R3033  structure with a nearest 
sulfur-sulfur spacing of 4.97 Å, while the alkyl chains also 
form a hexagonal lattices with a unit mesh constant of ~5 
Å, which is consistent with the structure of sulfur atoms. 
Some unit cells might contain more than one chain. The 
alkyl chains tilt by ~30° from the surface normal and 
rotated around the chain axis by an angle (twist angle) of 
~52°, to maximize their van der Waals interactions. The 
formation of close-packed, crystalline-like monolayers 
with a nearly all-trans configuration was inferred. The 
chains on the Au(110) surface tilt more from the surface 
normal (~37°) than on the Au(111) surface, while on 
Au(100), the interchain spacing is too small, to 
accommodate longer chains with an extended all-trans 
conformation: the packing is then more dense on Au(100) 
than on Au(111) and (110) surfaces. Therefore, in our case 
of the given chain length (of the alkanethiol) and of the 
applied preparing procedure we supposed that a self 
assembling process took place with a rather high degree of 
order [22].  

The SAMs formed in our samples were characterized 
in the first part of this work, where the results obtained by 
X-ray photoelectron spectroscopy, spectroellipsometry and 
Raman spectroscopy measurements are presented.  

The second part of the work describes the effect of the 
functionalization of the nanostructured gold layers (in our 
case particularly deposited onto PS substrate) on the LC 
alignment in a LC cell as followed up by simple 
visualization or by optical microscopy.  

 
3.1. SAM formation onto nanostructured gold  
        layers 
 
3.1.1. XPS studies 
 
A representative survey spectrum is presented in 

Figure 2 togheter with the expected positions of the main 
lines. Such survey XP spectra either of a nanostructured 
gold layer on glass substrate or of a nanostructured gold 
layer on PS substrate, the latter after immersing overnight 
in a C16SH solution show only the peaks due to C, O, Au, 
S, namely those peaks of the expected elements. A 
common feature in these spectra is the presence of (carbon 
and) oxygen. The high-resolution elemental narrow scans 

of C(1s), S(2p), Au(4f) and O(1s) regions on two samples 
containing SAMs onto nanostructured gold layers 
deposited over PS substrate are illustrated in Figure 3, 
together with their signal analysis.  

Carbon peak of ca. 284.6 eV binding energy (BE) is 
the highest among the components of the C(1s) peaks. The 
signal analysis indicates also the presence of a lower 
intensity C(1s) states at 282.1 - 282.5 eV and 280.8 - 281.1 
eV (Figure 2). The asymmetry toward higher BEs can be 
solved by introducing the forth C(1s) low intensity peak 
(not shown in Figure 2) toward 287 eV. The peak at ca. 
284.6 corresponds mostly to carbon of thiol methylene 
groups but also to an adventitious carbon on surface both 
present in the substrates and due to atmospheric 
contamination; these contributions to the main signal thus 
explain its high intensity. The other C(1s) states appearing 
with lower intensity peaks at 282.1-282.5 eV and 280.8-
281.1 eV, might be attributed at first glance to aromatic 
type carbon atoms belonging to the gold interfaces with 
the organic layers. To identify the carbon species bound to 
the surface, we remember that, in the organic molecules, 
the carbon atoms directly bound/close to oxygen atoms are 
shifted to a relatively high binding energy of 287.3 eV 
[23-26]; no such carbon seems to be present on our 
samples. Instead, methylene (from thiol, in our case) and 
benzene (e.g. from polystyrene) units were usually found 
at 284.2 eV and 284.7 eV, respectively [27]. Another 
interpretation of the carbon peaks at 282.1 - 282.5 eV and 
280.8 - 281.1 eV might be related to the surface 
inhomogeneity and charging, while the additional peak at 
287 eV (correlated to the B peak of the oxygen, see below) 
might be due to carbonyl groups by partial oxidation of the 
surface carbon atoms.  

Oxygen is present in two (1s) states: one at ca. 531 eV 
binding energy and another one at lower BE value. One 
may suppose that the first peak is given by the surface 
oxygen and the second, by the oxygen at the interface 
gold-thiol. 

The XPS data suggest that the major sulfur species 
present is a thiolate: the S(2p) core levels are shifted by 
over 1 eV to lower binding energy from the position 
expected for a thiol (with the S-H bond intact). The 
binding energies measured for the S(2p3) core level(s) on 
gold are all well within the range expected for the surface 
thiolate (RS-M or RS-M+) species [28,29]. The values 
would then implicate a dissociative adsorption of the S-H 
bond on the metal atoms of the substrate:  
RSH + M  RS-M + ½ H2 
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Fig. 2. Survey XP spectrum of C16SH-P(3) sample in an extended abscissa; the vertical lines show the position of the most 
expected binding energies. 

 
 

In fact, each S(2p) core level can be decomposed into 
two spin-orbit components of equal width (1.0 - 1.2 eV) 
whose integrated areas are in the ratio 2J+1 (i.e., 1:2; J = 
1/2, 3/2) [30,31]. These components are  shown in Figure 
3. 

The XPS data also suggest that the bonding at the 
surface can be heterogeneous (a broad S(2p) envelope is 
seen). This heterogeneity cannot be attributable to different 
metal bonding sites since the Au(111) is prevalent [12,16], 
but is due to different sulfur valence states. Conveniently 
identifying the doublets with the energy of their 2p3/2 
component, the lower BE doublet (SA species) occurs at 
~162 eV and the higher BE doublet (SB species) is found at 
~165 eV. A sulfur signal at 162 eV has been reported in a 
numerous series of papers on organosulfur SAMs on gold 
and has been assigned to a thiolate species. Literature 
investigations (cited by Zhang [27]) allow inferring that if 
two such samples have different binding energies, they 
may have different coverages: This might be also the case 
of our samples. The assignment of the SB species is less 
straightforward. Thus, S(2p) signals in the 163.2 – 163.6 
BE range have been observed in pristine SAM samples and 
assigned to unbound molecules on poorly rinsed long chain 
alkanethiol SAMs or to second layer molecules hydrogen-
bonded to the first layer molecules in short chain SAMs 
[32]: these are not met in our samples. Another possible 
assignment of the SB species takes into account the 
occurrence of X-ray- or light-induced molecular damage 
[33]. We might also suppose that this peak is due to the 
degradation of the SAMs by formation of sulfonates or 
disulfide bridges: For a sulfur bound to oxygen, the peak 
position is at a BE higher than 166 eV [22,32,33]: 

However, this bonding is not clearly seen in the oxygen 
states. Anyhow, the intensity of this latter peak is rather 
low and this fact introduces more uncertainty in discussing 
its attribution.  

The adsorption of a thiol SAM on the gold surface 
does not seem to result in a significant perturbation of the 
Au(4f) core level spectrum determined by XPS: The 
intense and well shaped peaks were easily fitted. Moreover, 
the 4f spin-orbit splitting was ca. 3.7 eV in satisfactory 
agreement with other results [34,35] in the metallic gold. 
Careful examination of the spectra in Figure 2 shows that 
the full width at half-maximum are a little larger than in the 
absence of the SAM, especially for the sample C16SH-
P(3). Besides, especially the core level Au(4f7/2) 
(referenced at 83.95 eV) has an asymmetric tail of the peak 
in the region toward the small BEs in the presence of the 
organic overlayer. Its presence can be explained knowing 
[36] that the formation of electron-hole pair in metals leads 
to a tail toward smaller kinetic energy (higher binding 
energy) due to the electron excitation from the valence 
band in the cuasi continuum conduction band. No clear 
indication in the gold spectrum can be related to the gold-
sulfur bonding under the given experimental conditions.  

The acquired XP spectra allow calculating the atomic 
composition of the SAMs. Atomic concentrations were 
determined by numerical integration of the relative peak 
areas in the detailed element scans using the literature 
sensitivity factors [37,38]. Table 2 shows the atomic 
compositions thus derived. The absolute compositions 
derived from XPS should be interpreted with caution, since 
photoelectrons from the subsurface atoms are attenuated  
by  the  overlying  material  [31].  The  
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Fig. 3. High-resolution elemental XP spectra of (A) C16SH-P(3) sample; (B) C16SH-P(4) sample (viewed in colors 
in the online issue). The components and the best fit are overlaped on the data. From up to down the spectra belong 

to Au(4f), C(1s), O(1s) and S(2p) core level. 
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observed and calculated compositions agree reasonably 
well with each other, taking take-off angle, photoelectron 
attenuation, and possible variations in coverage into 
account 
. 

Table 2. Composition of the SAM layers. 
 

Composition 
wt% 

Sample 

O C Au S 
C16SH-P(3) 2.9 74 22 (95.1)* 1.1 (4.9)*
C16SH-P(4) 4 72.3 21.7 (91.4)* 2 (8.6)* 

*composition of the thiol substrate. 
 

Table 2 shows that sulfur exhibits higher atomic 
concentration in the SAM of the sample C16SH-P(4) than 
in the SAM of the sample C16SH-P(3).  

 
3.1.2. SE studies 
 
Ellipsometry is an invaluable technique for measuring  

film  thickness  of  the  (alkane)thiols adsorbed on gold 
[10,39-41].  

The SE results are conventionally presented reporting 
the value of the Δ and Ψ ellipsometric angles as a function 
of the wavelength [42]. Δ and Ψ are defined through the 
relation  

)iexp(tanR/R sp ΔΨρ ==  

 
where Rp and Rs are the complex reflection coefficients for 
s- and p-polarized light [37], respectively. The parameter 
Δ carries most of the information on the overlayer 
thickness, while Ψ is mainly related to the near-surface 
gold electronic structure [43,44] and is affected by the 
organic overlayer to a lesser extent. 

Representative SE spectra obtained at 70o of incidence 
on thiol-covered samples are shown in Figure 4 together 
with spectra collected on corresponding bare substrates. 
The data taken on a single sample were characterized by a 
good repeatability. 

Fig. 4 indicates a change of Δ after the layer 
deposition: firstly of Au, then of thiol. For a quantitative 
data analysis we simulated the spectra by using a Cauchy 
model, we obtained a layer thickness (Table 3) that, by 
comparison with the estimated length of the molecule in 
all trans methylene conformation (about 2.2 nm), can be 
interpreted as the formation of a molecular layer of 
possibly tilted molecules, with coverage less than 1.  
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Fig. 4. Ellipsometric angles vs. wavelength for the 
sample P(4) in different steps of layer deposition as 
follows: empty circles – polystyrene, empty up triangles – 
Au, empty stars – C16SH. The solid line (viewed in red in 
the online issue) is the model fit. The incidence angle of  
                                   the light was 70º. 

 
 

The ellipsometric thicknesses of our SAMs indicate a 
SAM layer thicker on sample C16SH-P(4) than on 
C16SH-P(3) in agreement with the XPS measurements. At 
the same time, this thickness is a little less than that found 
by Shah et al. [45] for their SAMs of hexadecanethiol. 
 

Table 3. Layer thickness (in nm) from SE data 
 

Layer\Sample C16SH-P(3)  C16SH-P(4)  

Polystyrene 51.3 51.0 

Gold 7.3 9.1 

SAM 0.8 1.2 
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3.1.3. Raman spectroscopy studies 
 
The importance of RS measurements comes from the 

obtaining of the vibrational spectrum, which displays 
fingerprinting information of the chemical composition of 
the layers. The layers onto our samples were suitable to be 
studied by RS because of the presence of the metal 
surface’s roughness features, which increase the signal, 
and of the changes in the adsorbate electronic states due to 
chemisorption of the analyte. In fact we expected a 
selectivity of surface signal resulting from the presence of 
surface enhancement mechanisms [46].  
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Fig. 5. Raman spectrum of C16SH in solid state recorded 
with λexc = 1064 nm. The inset enlarges the CH stretching 

region and gives a possible decomposition into 
Gaussians. 
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Fig. 6. SERS spectrum of the SAM deposited onto Au 

substrate (sample C16SH-P(1))  Spectrum is recorded 
with λexc = 514 nm. 

 
Fig. 5 presents the Raman spectrum obtained for 

hexadecanethiol in solid state. The most important 
expected peaks are present. A possible deconvolution in 
the region 2800-3000 cm-1 into Gaussian components is 
shown in the same figure. Unfortunately, large and broad 
fluorescence present in the spectra (at the same excitation 
wavelength) of the samples corresponding to different 

steps in layer deposition process hinder observing the 
peaks of interest and therefore such spectra were not 
illustrated here. Instead, another excitation wavelength 
allows obtaining better spectra. A representative such 
SERS spectrum is shown in Figure 6. The latter spectrum 
is dominated by two peaks with high surface enhancement, 
at ca. 1000 and 3080 cm-1; that is why it was almost 
impossible to perform a good deconvolution for the peaks 
of interest.  

On the basis of the previously proposed band 
assignments in RS and surface enhanced Raman spectra of 
related compounds (see Refs. [47-49], one may deduce the 
assignment of the most bands in the spectra of deposited 
thiol layer in our samples. The bands at 2800-3000cm-1 
should be assigned to the ν(C–H) vibrations [48]. In our 
SERS spectrum as well as in the spectra of many 
compounds containing an aromatic ring, the band due to 
the ‘‘breathing vibration’’ of the ring (at ca. 1000 cm-1) is 
often very strong [49]. The same seems to be the case of 
the CH stretching peaks of the aromatic part. Both peaks 
probably appear from the polystyrene substrate.  

An analysis of monolayer spectra on the basis of 
SERS selection rules [50-52] would conclusively establish 
a near-perpendicular molecular geometry. Unfortunately, 
the C-S stretching peak located at around 700 cm-1 cannot 
be distinguished from the noise in our samples and no 
normalization of the experimental data to an internal 
standard could be done to avoid differences among the 
different spectra obtained [53].  

It is well known that SERS spectra of alkanethiol 
SAMs on top of a silver surface possess some peculiar 
characteristics different from the bulk which testify to both 
the chemisorption and self-assembling into an ordered 
molecular array [54]. Indeed, the most valuable signals 
due to CH2/CH3 groups are given in the region of CH 
stretching between 2800 and 3100 cm-1. Chemisorption of 
the alkanethiols can be generally observed because of the 
lack of the SH stretching peak at 2575cm-1; this seems to 
be the case of our samples too. Moreover, to be sure that 
the chemisorption really took place, we prepared samples 
having higher concentration of the species. No peak 
appeared indeed at the mentioned position.  

 
Table 4. Assignment of some Raman peaks in the 

alkanethiol (position in cm-1). 
 

Vibration mode Position  
CH2 symmetric stretch 2850 
CH2 symmetric stretch 2861 
CH3 symmetric stretch 2875 
CH2 asymmetric stretch 2900 
CH3 symmetric stretch FR* 2935 
CH3 asymmetric stretch 2965 

* FR denotes Fermi resonance.  
 
 
 In Table 4 we give the vibrational frequencies (and 

their assignment according to literature [53]) which were 
involved in the region plotted in the inset of Fig. 5. 
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3.2. Orientation of 5CB molecules by the  
       functionalized gold layers 
 
The orientation of liquid crystal produced by different 

layers was analyzed between crossed polarizers in a 
parallel light beam (orthoscopic technique) or in a 
convergent light beam (conoscopic technique). The former 
technique is suitable to put in evidence the uniformity of 
the orientation of the liquid crystal molecules inside the 
cells. The latter technique allows to observe the tilted 
textures and to assign the tilt sense like the A, H, B in the 
Fig. 1.  

The present images were taken for the cells situated 
on the microscope stage with the orientation as in Figure 
1. The polarizer is oriented along the projection of the 
evaporation direction onto the glass plate.  

The conoscopic technique was already used in the 
literature to follow up the effect of the organic layers on 
the LC alignment (e.g. see [55,56]). 

In the conoscopic technique applied in the present 
work, a tilted orientation direction is given by the position 
(central or smore or less shifted) of the symmetry center of 
the observed interference figure. In the case of a tangential 
orientation, the orientation direction might be in the 
evaporation plane or perpendicular on it. To determine this 
orientation direction asks for properly using a 
compensator. In our case, one has to take into 
consideration that 5CB has a positive optical anisotropy. 

The LC orientation in the cells with nanostructurated 
gold layer (without SAM layer) deposited under our 
experimental conditions was previously analyzed in ref. 
[12,16]. It was shown that the orientation is in the 
incidence plan of the gold vapors but with a tilt angle 
depending on the incidence angle and on the thickness of 
the gold layer, being either perfect homeotropic (H 
direction in Figure 1) or with an orientation in incidence 
plane between a weak tilt type A or strong tilt type B (A 
and B directions in Figure 1). Our initial observations were 
made within a few min of filling the optical cells with 
liquid crystal. 

Functionalization of nanostructured gold layer by 
hexadecanethiol SAMs changes the orientation of the LC 
molecules, depending on the thicknesses and/or deposition 
angles. Thus, in the cells with °= 80θ  deposition angle, 
without SAM (see Figure 7a), the orientation was in the 
incidence plane, tilted in the evaporation direction as 
shown by B direction in Figure 1. The SAM layer added 
on this gold layer leads to an orientation in the incidence 
plane, tilted in the direction opposite to the evaporation 
one as shown by A direction in Fig. 1. 
 

 

 
a 

 
b 

 
Fig. 7. Conoscopic images (between crossed polarizers) 
(viewed in colors in the online issue) of 5CB orientation 
in the cells with gold layer deposited at 800 without and 
with SAM overlayer: (a) cell with P(2) plates; (b) cell  
                            with C16SH-P(2) plates. 

 
 

  
Among the cell studied, the most important change 

has been produced for deposition of gold layer at 600 and 
thickness of 20 nm. When the cells without SAM were 
filled with liquid crystal, the orientation was homeotropic 
(Figure 8a). In the cells with SAM containing plates the 
orientation is tangential in the direction perpendicular to 
the evaporation plane; the anchoring is weak. Because the 
cells with such P orientation lead to black conoscopic 
images, in Figure 8b the orientation is shown orthoscopic 
(in parallel light beam) only. The presence of orientation 
defects and discontinuities in the optical texture shows a 
weak anchoring strength. It has been mentioned in the 
literature (cited in [57]) that planar anchoring of 5CB is 
observed on a variety of closely packed SAMs on gold that 
have different degrees of molecular tilt (0° to 30°). 
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(a)

 

 
(b) 

Fig. 8. (a) Conoscopic image (between crossed 
polarizers)  of 5CB orientation in the cell with P(6) 
plates. (b) Orthoscopic image (between crossed 
polarizers) of the LC orientation in the cell with SAM 
functionalized   P(6)  plates.  (The  images  are  viewed  
in  
                      colors in the online issue). 

 
 

4. Conclusions 
 
Self-assembling of hexadecanethiol monolayers onto 

nanostructured gold layers deposited at small incidence 
angle upon polystyrene layers was achieved first time.  

We found that the glass plates based on gold 
deposition onto an intermediate PS layer do not peel under 
overnight immersing in ethanol solution of 
hexadecanethiol.  

The thiol and gold layers were characterized by 
complementary methods. The thickness of the thiol layer 
was deduced from SE measurements to be ca. 1 nm, 
meaning less than the length of the molecule; it was then 
inferred that the molecule is tilted onto gold, as expected 
from the behavior of other self assembled monolayers 
(SAMs) obtained under similar conditions. In fact, the 
hexadecanethiol molecule is bonded to the gold atoms as 
thiolate species, as shown by the XPS and Raman 
spectroscopy measurements.  

The ellipsometric thickness of our SAMs indicates a 
SAM thicker on sample C16SH-P(4) than on C16SH-P(3) 
in agreement with the XPS measurements.  

The alignment of a nematic liquid crystal was used to 
probe the structure of organic surface. The cells having 
both plates deposited with the hexadecanethiol SAMs are 
still uniform, despite the multilayer structure of the 
substrate on the glass plates.  
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