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4.  Future Work 

The future work will be discussed within two frames: 1) the continuation of the 

present study utilizing the obtained results and experiences as well as its extension to more 

complex adsorption systems, and 2) the utilization of other spectroscopic techniques, which 

were developed in the time course of this work. 

4.1 Adsorption of organic compound on the solid minerals 

The present study demonstrated the potential of combining linear and nonlinear 

techniques to investigate the interaction of simple organic compounds with a model mineral 

on the molecular level in an aquatic environment. The study focussed on the Sapphire 001 

surface cut while the preliminary results from the 110 cut (section  3.2.5) were used to support 

some interpretations. Most interestingly, the differences observed in the SFG spectra of the 

two cuts could be explained by the different OH densities on 110 and 001 surfaces, 

respectively. Therefore, proposed future work is to study the adsorption mechanism of the 

used organic compounds on the sapphire 110 surface and possibly other cuts with differing 

OH density or surface structure systematically. Longer chains and complex compounds with 

different cuts will be another step. Some other minerals (e.g. silica and titanium oxide) are of 

same interest as sapphire as model systems for natural minerals. In addition, the comparison 

of the adsorption mechanisms of the same contact medium from its gas phase and liquid 

phase, respectively, will provide more information to understand the interaction on the 

molecular level. 

As mentioned in section ( 3.2.1.2), the surface quality is a crucial parameter among the 

adsorption process. The effect of samples annealing and polishing can be studied in detail, in 

particular with respect to the influence of defects introduced by the process of polishing. Also, 

the dependence of surface quality on the annealing parameters can be studied. Finally, since 

the sapphire surface is a strongly hydrophilic surface, the desorption mechanism of water 

molecules from the surface can be analyzed with the same technique during sample heating. 

The surface coverage and molecular orientation can be investigated as a function of surface 

temperature and ambient humidity. 
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4.2 New techniques 

Two novel techniques were developed in the time course of this study. The future 

applications of these two techniques are wide and promising. Preliminary results will be 

presented here. These techniques were planed to serve in studying the adsorption of the Self 

Assembled Monolayers (SAMs) on metal surfaces and their potential application to 

chemically modified micro-fluidic channels [ 80]. 

4.2.1 SHG- Ellipsometry 

The adsorption of SAMs using SHG and Ellipsometry was extensively investigated in 

the last few decades. SHG is used to provide information about the surface coverage while 

Ellipsometry is used to specify the thickness of the SAM layer. In the case of coating micro-

fluidic channels with SAMs, the channels are often only accessible with SHG. Therefore a 

correlation between the surface coverage and the layer thickness was needed. The target was 

to understand the interactions between homogeneous and heterogeneous fluids and chemically 

modified micro-fluidic channels. The functionalization of the metal surfaces with alkanethiols 

was the system of interest. 

 For this purpose the setup shown in Figure  4-1 was constructed. Linear and nonlinear 

techniques (Ellipsometry and SHG, respectively) were combined to yield direct simultaneous 

information about the surface coverage and layer thickness in real time [ 81]. The performance 

of the setup was verified using some previously studied adsorption systems. Figure  4-2 shows 

a sample result of the adsorption of octadecanethiol on gold surface. This result provides two 

kinds of information; 1) the adsorption rate and 2) the coverage-thickness correlation. An 

example of the obtained correlation curves is shown in Figure  4-3. Figure  4-3a shows a 

comparison of the coverage-thickness dependence at different concentrations (0.2, 0.5 and 1.0 

µM) of a single chain length (octadecanethiol (C18)) adsorbed from ethanol bulk solution 

onto gold surface. Figure  4-3b shows a comparison of different chain lengths (C4, C12 and 

C18) at the same concentration. 

The proposed future work on such a system is to construct calibration curves for 

different molecules on different surfaces under different adsorption conditions. These 

calibration curves can be used to determine the SAM thickness inside the micro-fluidic 

channels (MF), in set  Figure  4-1, by measuring the SHG remotely.  
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Fi
lte

r 1
06

4n
m

PP

532nm Box

PMT

M1

M2

M3

Sample cell holder

Reference Gold 
wafer in ethanol

PP

Nd:YAG Laser

Diaphragm

Filter 532nm

J. Meter

M2

M1

M
on

oc
hr

o -
m

at
o r

PMT

Polariser

BS

Filters and 
attenuators

HWP
SP

Filter

Pol.

Filter 1064nm

Lens

Δt=40ps, PRT=10Hz, E/P=10-40mJ

Laser

SHG Elli. 
source

Elli. 
detector

Measuring cell

Gold

Setup Typical MF 
channels

 

Figure  4-1 SHG-Ellipsometry setup 
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Figure  4-2 A sample result of the adsorption of octadecanethiol on gold surface for two different concentrations 
(a) c=5µM, (b) c=2µM 

 

 

 
Figure  4-3 A sample of the obtained correlation curves, (a) shows a comparison of coverage-thickness 

dependence at different concentrations (0.2, 0.5 and 1.0 µM) of single chain length (octadecanthiol 
(C18)) adsorbed from ethanol bulk solution on gold surface, (b) shows a comparison of different 
chain lengths (C4, C12 and C18) at the same concentration (1µM). 

(a) (b) 
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4.2.2 Real time special and temporally resolved SFG [ 82] 

There are two commonly known principles in SFG measurements; 1) Scan SFG 

(SSFG) which was used so far in the present work. In SSFG the spectral range is scanned with 

given steps and the SFG signal is measured at each step, as discussed in the experimental 

section. 2) Broad-Band SFG (BBSFG) where a snapshot of certain spectral range is taken at 

once using an incident broad-band IR beam and the SFG signal is measured using a CCD 

camera which is calibrated to the selected scan range. Typically, there are some differences 

observable between the results of these two approaches. Obviously, the reason is that the 

molecular perturbation is different in SSFG from that induced by BBSFG. In SSFG, the 

resonances are excited one after the other, while in BBSFG all resonances that are located in 

the selected spectral range are excited altogether. This was the access key to the idea 

presented in the following, however, understanding the differences in the obtained spectra is 

not the only advantage of the developed technique. More interesting applications can be 

achieved using this technique as will be mentioned in the end of this section. The target was 

to resolve the broadband beam spatially into a number of channels travelling in space with 

resolved time differences. If the special and temporal dispersion could be separated, then the 

time delay can be an independent parameter. 

The principle of the system is illustrated in Figure  4-4. The spatial dispersion was 

achieved using the two gratings (G1 and G2). Due to the geometry, a small temporal 

dispersion accompanied the spatial dispersion. Larger time dispersion could be obtained by 

introducing a highly dispersive glass into the path of the broadband beam. Figure  4-5 shows 

the configuration of the beam-overlap in the SFG experiment. The broadband IR was 

focussed onto the surface using a suitable cylindrical lens and the defocused beam was 

collimated beyond the sample using another cylindrical lens. The collimated SFG was 

reflected to the CCD camera and detected as 2D image, which could be analyzed later into 3D 

information (wavelength, time delay, and intensity). A sample time-resolved-spatial-resolved 

SFG result is shown in Figure  4-6. 

 

131



 4. Future Work   

 

25 independent channels with temporal separation (resolution) of Δt = 4.0 ps

48 mm = 11.05 nm^

1.9 mm = 0.44 nm^

Δt
Dispersion: 9.1 ps/nm

Resolution of grating:

0.16 nm

1 : 5

1.9 mm

9.5 mm

1.9 mm

Highly dispersive glass

 

Figure  4-4 Pulse disperser 
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Figure  4-5 The configuration of the beam-overlap in the SFG experiment 
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Figure  4-6 A sample of the obtained time- – and spatially-resolved SFG spectra 
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   The features achieved in the preliminary tests can be summarized as follows: 

1. Up to 25 temporally independent channels were obtained 

2. The obtained spectral width/Pulse duration was ~15 cm-1/ps 

3. The obtained temporal dispersion was ~ 9.1 ps/nm 

4. The time resolution (i.e. minimum separation between subsequent pulses) was 4ps  

5. The spatial and temporal delays were separated processes and therefore changes in the 

time delay can be easily achieved. 

The proposed technical future work on improving this novel detection technique is to 

optimize the dispersion parameters (grating resolutions, sizes and distances) to increase the 

number of channels and to further reduce the minimum delay time. On the other hand, the 

proposed applications utilizing the advantages of this system are the study of the dynamics of 

surface vibrations, fluids, and surface plasmons. Vibrational energy transfer in SAM systems 

can be also studied. 
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Appendix 9 
(a) Principles of Contact Angle 

Geometrically, contact angle is defined as the angle formed by a liquid at the three phase boundary 

where a liquid (L), vapor (V) and solid (S) intersect. It is a quantitative measure of the wetting of a solid by a 

liquid (hydrophilicity / hydrophobicity), surface tension, adhesion, cleanliness, and biocompatibility. The 

shape of a liquid droplet on a flat horizontal sold surface is determined by the Young-Laplace equation: 
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where 

p∆ : The pressure difference across the interface 
 γ : The surface tension. 
n̂ : The unit vector normal to the surface. 
H : The mean curvature. 

21, RR : The radii of curvature of the two principle 
curvatures. 

 
 

N.B. 

In our case, we consider the drop as a part of a sphere, hence 21 RR = . 

At thermodynamic equilibrium between the three phases (L, V and S), the chemical potential in the 

three phases should be equal. The interfacial energies can be related to the contact angle through 

either, 

1. Young Equation: 

0cos =−− cLVSLSV θγγγ  

where; 

SVγ : The solid-vapor interfacial energy.  

SLγ : The solid-liquid interfacial energy.  

LVγ : The liquid-vapor energy (the surface 

tension)  

cθ   : The experimentally measured contact angle. 
 

 

or  
2. Young-DuprØ equation: 

SLVcLV W∆=+ )cos1( θγ  

where, 

SLVW∆  is the adhesion energy per unit area between the solid and liquid surfaces when in 

the vapor medium. 

cθ
SLγ

LVγ

SVγ

R1 R2 
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(b) Information to be extracted from contact angle ‡ 

Contact angle is rich of information depending on the given parameters of the sample under study. 
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