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2
EXPERIMENTAL TECHNIQUES

This chapter is devoted to the description of the experimental procedures used for
obtaining the data discussed in the thesis. The preparation of substrates and samples is
detailed, and the instrumental conditions employed in X-ray photoelectron spectroscopy,
and contact angle measurements are explained.
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2. EXPERIMENTAL TECHNIQUES

2.1. SAMPLE PREPARATION

All samples are prepared in a clean room environment; unless specified otherwise,
all commercially available chemicals were purchased from Sigma Aldrich and used as
received. The molecules studied in the experiments described in Chapters 3-6 of this
dissertation were synthesized by Prof. Ben Feringa’s group; in detail these are:

Chapters 3, and 4- 6−nitro BIPS spiropyran (SP) modified with disulfide terminated
aliphatic chains; the synthesis of this molecule is described in the supporting
information of Ref.[1].

Chapter 5- (4S,5S)−1,2−dithiane-4,5-diol or cyclic-DTT (cyclic-DTT ) was prepared
as described in Appendix (7.1); (±)α-lipoic acid ((R)−5−(1,2−Dithiolan−3−yl)pentanoic
acid (C0) was purchased from sigma-aldrich (97%) ; additionally three other molecules
with different R groups at the end of the carboxylic acid chain were synthesized as
described in apendix(7.2) ,namely CH3 (‘C1’), C5H11 (‘C5’) and C9H19 (‘C9’).

Chapter 6- cucubit[8]uril (CB[8]); a trityl-protected azobenzene thread (E-2)
comprising a paraquat moiety and the same connected with tetraethylene glycol to a
thiol anchoring group for surface modification; these molecules were synthesized as
described in appendix(7.3).

Au (100 nm)

Si(100)
Glass Optical 

glue

UVAu (111)/ mica

RMS=0.2 nmRMS=0.6 nm

Template striped gold surfaceGold on mica

PVD

Figure 2.1 Scheme for preparing gold films by vacuum evaporation. Right: preparation of a template stripped
gold (AuTS) substrate. left: preparation of Au (111)/mica.
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2.1. SAMPLE PREPARATION

2.1.1. SUBSTRATE PREPARATION

Template stripped gold surface (AuTS): As sketched in Figure 2.1, smooth gold surfaces
(AuTS) were prepared by template stripping of a gold film sublimed onto a passivated Si
wafer.[2] First, 100 nm of 99.99% Au (Schön̈e Edelmetaal B.V.) were sublimed onto the
clean Si(100) wafer (Prime wafers) at 300 K in a custom-built high-vacuum evaporator
(base pressure 10−7 mbar). 1cm × 1cm glass microscope slides (Knittel Glass) were
cleaned by a so-called Piranha solution, a 3 : 1 mixture of concentrated sulfuric acid
(H2SO4) with hydrogen peroxide (H2O2), thoroughly rinsed with MilliQ water, dried and
then glued (Norland Optical Adhesive 61) onto a freshly-prepared Au/Si surface. The
glass/Au/Si sandwich was cured under a UV lamp for 5 min. A smooth Au surface was
prepared immediately before use by mechanically separating the glass/Au structures
from the Si to expose the buried interface. The AFM image of a template stripped gold
surface shows roughness (Rr ms ) of ≈ 0.2nm, as shown in Figure 2.1.

Gold film on mica sheet: Au(111) samples were prepared by subliming Au (99.99%,)
(Schön̈e Edelmetaal B.V.) onto mica (Ted Pella) sheets in a custom-built high-vacuum
evaporator (base pressure 10−7 mbar). The freshly cleaved mica sheets were degassed at
640 K for 2 h. Then 100 nm of gold were deposited at a rate of 0.2 nm/s onto the mica
substrate kept at 640 K. The gold film was annealed at 640 K for 2 h and finally cooled
down to room temperature. The Figure 2.1 shows the AFM image of the Au(111) surface
with roughness (Rr ms ) of ≈ 0.6nm.

2.1.2. PREPARATION OF SELF-ASSEMBLED MONOLAYERS

Spiropyran monolayers: Self-assembled monolayers of spiropyran (SP ) were prepared
by immersing freshly cleaved AuTS surfaces (Figure 2.2) in 1×10−5 M or 1×10−4 M

ethanolic solutions of SP at room temperature in the dark. The incubation time was
12 h. The substrates were rinsed with ethanol three times, thoroughly dried with dry Ar
and immediately introduced into the measuring system. Switching to the open form
was accomplished by exposing the SAMs to UV light for 20 min using a 365 nm (central
wavelength) Spectroline spectrometer (ENB280C/FE) lamp.

Mixed monolayers (Figure 2.2) of hexanethiol[3] and SP: these mixed SAMs were
prepared by immersing a freshly template-stripped AuTS substrate in a 1×10−4 M

solution of SP in ethanol for 20 min and then in a 1×10−2 M solution of hexanethiol
in ethanol for 24 h. Monolayer preparation was carried out under an inert atmosphere
in degassed solvents in the dark and at room temperature. These monolayers were
preserved in Ar atmosphere in the dark. The properties of these SAMs are described
in Chapters 3 and 4.

Host-guest complex on surface (E-2⊂CB[8]): The surface functionalization of
Au/mica with E-2 (azobenzene thread) was performed in a glove box. The solution
of E-2 was prepared in anhydrous methanol (98%, Sigma Aldrich) with a few drops of
tetrahydrofuran (anhydrous, ≤ 99.9%, sigma Aldrich), and stirred for 20 min. All glass
vials were degassed to remove water before preparing the E-2 solution. The Au/mica
substrate was immersed in the solution for 8 h in the dark. Then the samples were
washed three times with methanol, dried in an Ar-atmosphere and sealed in a glass
vial. Afterwards, an over-saturated aqueous solution of CB[8]as prepared with degassed
deionized (DI) water (resistivity >18MΩ∗ cm) by 20 min of sonication. The Au/mica
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2. EXPERIMENTAL TECHNIQUES

SP (Pure) Monolayer

RT
(12h)

Au

RT
(min)

SP solution

S-Au bond 

Organisation 

SP mixed monolayer

RT
(24h)

Hexanethiol
solution

SPH Mixed 
monolayer

SP SP pure monolayer

SPH SP with hexanethiol
(mixed monolayer)
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Hexanethiol

Figure 2.2 Schematic representation of the SAM of spiropyran switches of, left panel; pure monolayer, right
panel;mixed monolayer technique.

substrate functionalized with a E-2 monolayer was immersed in the aqueous solution
of CB[8]nd the vial was subjected to rotatory motion at 100 rmp for 5 min. Afterwards
samples were washed with DI water, dried in an Ar-atmosphere and stored in an inert
atmosphere. In Chapter 6, we study this monolayer in detail.

LOCKING/UNLOCKING OF SPIROPYRANS BY ACID/BASE TREATMENT
For the studies described in Chapter 4, the pure SP SAMs and mixed SAMs of SP and
hexanethiol were treated with acid to lock the switches in MCH+ form; in detail an
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2.2. FABRICATION OF NON VOLATILE MEMORY DEVICES

ethanolic solution of trifluoromethanesulfonic (tifrlic) acid was prepared by adding
22µL of pure triflic acid (98 %,Sigma) in ≤ 2mL of degassed ethanol. The freshly
prepared SP(pure) and SP(mixed) monolayers were immersed in this solution of acid
in quartz tubes (transparent to 365 nm UV light) and these tubes were degassed and
sealed under inert atmosphere. Each quartz tube was exposed to 365 nm UV light
for20 min, whereafter the sample was washed three times with pure ethanol and dried
under Ar gas in the dark. The freshly prepared samples were exposed to white light for
12 h, immediately prior to recording X-ray photoelectron spectroscopy (XPS) data or JV
curves in order to confirm that the locking was successful. In order to unlock again
these SAMs, they were immersed in an ethanolic solution of an organic base, prepared
by adding 100µL of neat triethylamine (TEA, 99 %, Sigma Aldrich) to 3µL of degassed
anhydrous ethanol (99.5 %, Sigma Aldrich). SAMs were immersed in the TEA solution
under white light (no UV radiation) for 2 h, then washed with pure ethanol three times,
dried with Ar gas and transported to the appropriate measurement set up in the dark.

2.2. FABRICATION OF NON VOLATILE MEMORY DEVICES

DEVICE CONCEPT

In the following we describe a "soft punch card device" which can store information
photochemically. The working principles are mentioned in Chapter 4. The key concept
of "soft punch card device" shares intrinsic similarities with its analogue “punched
cards storing method” used in early computing solutions (as for the case of ENIAC,
the Electronic Numerical Integrator and Computer)[4]. The schematic of this device is
illustrated in Figure 2.3. In this design, a patterned gold electrode represents the storing
medium. It was prepared by using a shadowing mask during a thermal deposition
step, in order to obtain an array of 6 × 8 dots, where each represents an encodable
bit. The proof of concept device further consists of taking advantage of a similarly,
soft-lithographically-patterned PDMS slab to create complementary microcavities able
to control the exposure of the SAM to external conditions. In fact, those microcavities,
carefully aligned to each one of the gold dots (Figure 2.3 (c)), were designed in such a way
that the cylindrically shaped microvoid is able to entirely cover and seal the area above
the gold dots (bits). In this way, a chamber is created, able to host a small (µl range)
amount of acid and its vapours. Additionally, the microcavity plays an important role
in preventing the PDMS to get in contact with the SAM. In this way, contamination and
damages to the SAMs are avoided.

To encode a certain matrix of bits, prior to the alignment of the PDMS slab on
the glass piece hosting TS-Au, we mechanically punched holes in correspondence of
some of the PDMS-microcavities. In particular, if the corresponding bit was assigned
to a “1" (in the experiment corresponding to the open configuration, with high current
densities), then a hole was punched above the set microcavity (Figure 2.3 b). In this way,
analogously to the historical punched cards reference, we created a physically stable
medium encoding the desired text. This card could then be stored and reapplied for
multiple writing procedures.

2
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2. EXPERIMENTAL TECHNIQUES

1 1 0

SAM/AuTSPDMS

(a)

(b)

(c)

Figure 2.3 a) Scheme of the gold array, patterned with shadow mask deposition. Each line corresponds to an
alphanumerical character (the binary code at the bottom corresponds to the character b (lowercase); b) Cross
section of the PDMS slab in correspondence of some microcavities. Holes are punched if a “1" bit is desired.
The acid and its vapours can then flow inside these cavities, changing the transport properties of the SAM; c)
photograph of microcavity alignment with gold dots.

FABRICATION-RELATED OPTIMIZATIONS

In the project detailed in chapter 4 we set out to make a “soft punch card device” To
achieve the working device, which will be discussed in detail in Chapter 4, multiple
optimizations and improvements to the initial concept design had to be adapted. When
trying to measure the transport properties of the SAM we noticed a high number of
non-contacts and shorts. The shorts were present due to the lack of proper control
of the amount of acid injected in the cavity (method shown in Figure 2.4 (a)), and
the consequent damage of the gold dots became clearly visible by optical microscopy
( Figure 2.4 (d)). Such damage can be ascribed to either the interaction of the acidic
solution with the PDMS, the epoxy glue or with some other contaminant present on the
surface. To solve this issue, we explored a different exposure method, shown in Figure 2.4
(b), where the acid droplet was deposited outside the punched hole, rather than injected
directly in the microcavity. In this way, capillarity automatically controlled the volume
of acidic solution that could enter each cavity, minimizing the internal pressure and

2

20



2.2. FABRICATION OF NON VOLATILE MEMORY DEVICES

EtOH TFMS

a b

A

250 μm

c d

B C

Figure 2.4 a) Scheme of the in-cavity direct injection (in blue is depicted the acidic solution), b) Improved
exposure methodology, with external deposition of the acid drop. c) Au electrode depiction, with the letters by
the contacts’ positions to determine RAB and RAC ; d) Example of mechanically damaged region of the pattern,
resulting in electrical insulation between the two areas.

leading to higher yields (60%) of working junctions. Afterwards as we started to measure
samples prepared with the new fabrication method as mentioned above, the number
of shorts decreased substantially, while the no-contact conditions were still frequent.
We also noted that the no-contact conditions occurred for dots further away from the
bottom contact ( point ’A’ in Figure 2.4 (c) rectangle in the design).

The influence of the measurement position was investigated with an amperometer,
measuring the resistance of the substrate for different positions of the electrodes. The
dimensions of the Au pattern (A ≈ 10−6m2, L ≈ 3×10−2 m) the characteristics measured
in different areas of the sample could be affected by the resistance of the gold, i.e.
following from Ohm’s law, R = ρL/A. We measured the resistance between different
spots (A, B and C in Figure 2.4 (c), obtaining for RAB =28Ω and RAC RAC =58Ω . To
decrease this asymmetry and the influence of the positions of the contacts on the total
resistance of the circuit, we increased the number of contacts using a silver paste. The
modified procedure (using silver paste) also helped in contacting some areas of the
sample that were isolated from the main external contact due to microcracks generated
during the template stripping and device fabrication steps (Figure 2.4 (d)).

2.2.1. PATTERNED GOLD ELECTRODE

Au (99.99 % pure) was thermally deposited (at the rate of 0.5 Å s−1 to 2 Å s−1) onto a clean
technical grade 3.5" silicon wafer (ePAK) covered by an adhesive mask (Revealalpha,
Nitto Denko) designed with Clewin and fabricated using a laser cutter. Before template
stripping, the wafers supporting the patterned Au electrodes were passivated by
treatment with trichloro(1H,1H,2H,2H-perfluorooctyl)silane (Sigma Aldrich) vapor for
30 min in a desiccator. For template stripping, glass substrates were cleaned with soap
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2. EXPERIMENTAL TECHNIQUES

(Multi Purpose Detergent, Teepol), acetone and ethanol in an ultrasonic bath for 10 min.
The substrates were dried with a N2 gun and a droplet of UV adhesive (Norland Optical
Adhesive 61) was placed on the center of the glass substrate. They were then placed
adhesive-side-down on the patterned metal surfaces before the entire wafer was exposed
to UV light for 300 s (IntelliRay 600) to activate the adhesive.

2.2.2. PDMS PUNCHCARD FABRICATION

In order to fabricate microfluidic cavities, 3.5" silicon wafers(Prime wafers) were cleaned
with acetone and isopropanol (IPA) (Sigma Aldrich) and dried with N2. Afterwards, a
negative photo-resist (SU-8 50, MicroChem) was spin-coated (500 rpm, 45 s, 1000 rpm/s;
2000 rpm, 30 s, Karl Suss RC 8). Then, it was pre-baked (65 ◦C for 5 minutes, heating
rate 1 ◦C min−1; 95 ◦C for 15 min, heating rate 1 ◦C min−1) on a programmable hotplate.
The sample was then exposed to UV light (300 W lamp, MA 1006, SUSS Microtech) for
34 s, using a transparency mask designed with Clewin and purchased from JD Photo
Data. After post-exposure bake (65 ◦C for 1 min, heating rate 1 ◦C min−1; 95 ◦C for 5
min, heating rate 1 ◦C min−1) the samples were developed for 5 min using the SU-8
developer (mr-Dev 600, Micro Resist Technology). The soft-lithographically patterned
PDMS slabs were obtained by pouring a 10:1 ml solution of vinyl-terminated dimethyl
siloxane prepolymer:crosslinker (Sylgard 184) onto the master and baking it for 2 h at
65 ◦C to cure the PDMS.

2.2.3. READ/WRITE/LOCK/UNLOCK PROCEDURES

To selectively expose the film to the acidic environment (WRITE), holes were punched to
the microcavities corresponding to a “1" bit using a hole puncher (Harris UniCore I.D.
1.2 mm purchased from Sigma Aldrich). The PDMS block was then plasma activated
with a 5 min air plasma exposure (Harrick Plasma) and additionally cleaned with scotch
tape to remove any contamination from the surface and favor the optical glue-PDMS
interaction. The PDMS piece was then carefully aligned on the TS-substrate in order
to superimpose the microcavities to the gold circles. The device was then exposed for
30 min to UV light (ENB280C/FE, Spectroline Spectrometer). Using the microscope and
a bent, blunt, stainless steel syringe needle, a small amount (∼0.5µL) of the ethanolic
solution of trifluoromethanesulfonic (tifrlic) acid prepared as described above in 2.1.3
was applied to the top of the PDMS slap bearing punched holes. During this preparation
step, the sample was brought back to standard lab lighting conditions. The sample
was then exposed to UV light for additional 45 min. Once the UV exposure step was
concluded, the sample was taken out of the chamber and, in normal lighting conditions,
the PDMS slab was removed and the sample was measured, without further cleaning
procedures. For the basic exposure step (ERASE), the sample, treated with acid as
previously described, was immersed in a 10 : 1 ml ethanolic solution of triethylamine
(TEA) and exposed to white light for 30 min. Prior to the electrical characterization silver
paste (type 3830, Holland Shielding Systems BV) was applied, using a sharp needle,
in different areas of the periphery of the substrate to ground the entire patterned Au
electrode.

2
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2.3. CHARACTERIZATION TECHNIQUES

Figure 2.5 Setup for EGaIn measurements in the group of the Stratingh Institute

2.3. CHARACTERIZATION TECHNIQUES

2.3.1. CONDUCTANCE MEASUREMENTS OF SAMS ON TEMPLATE-STRIPPED

AU SUBSTRATES

The EGaIn-setup illustrated in Figure 2.5 has a simple design. It consists of a
camera(Point Grey Flea) focused on the sample surface, a Z-axis micromanipulator
(Edmund optics) with a microsyringe (Hamilton 701N), and an XY- manipulator
(Edmund optics) as a sample holder. White light is used to either illuminate the sample
surface or the EGaIn tip during its formation. The bottom contact was formed by
pressing a metal clip. The J/V traces were collected using a standard EGaIn setup (Figure
2.5) placed inside a flow box[5] (N2 atmosphere of ¿5 % relative humidity and 1 % to
3 % O2) A crucial part is preparing the eutectic GaIn liquid tip. A 15µL microsyringe
was evacuated to prevent bubble formation (air trapped in EGaIn liquid) before loading
the liquid EGaIn slowly into the syringe. The needle of the syringe should be cleaned
properly before making EGaIn droplet. The microsyringe and hanging EGaIn drop were
moved in Z-direction with the help of a micromanipulator as to bring the drop in good
contact with the clean gold surface as illustrated in Figure 2.5. Then the syringe was
raised slowly such that the EGaIn is stretched between the syringe and drop stuck to the
surface (Figure 2.6), forming an hourglass shape. However, due to the shear-thinning
behaviour of EGaIn, the drop does not return to a spherical shape but forms a nice sharp
tip with a diameter of typically ranges from 500µm to several µm. Now this tip can be
lowered onto the SAM to form the EGaIn/Ga2O3//SAMs/Au junction and data collection
can take place soon after.

We used a homemade program written in LabView (National Instruments) to control
a subfemto amperometer (6430 SourceMeter, Keithley). Each measurement consisted
in reading out the current during five cycles starting and ending at 0 V and sweeping

2
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2. EXPERIMENTAL TECHNIQUES

Figure 2.6 Fabrication of the top electrode, a eutectic GaIn (EGaIn) tip (photograph procured by Davide
Fracasso).

from 1.0 V to −1.0 V. To characterize the switching process in SAMs on AuTS substrates,
at least 20 junctions were measured across three substrates for each experiment. In the
experiments for reading bits in the whole-matrix device where a “soft punch card device”
was used (refer to Chapter 4 for further experimental details), the EGaIn electrode was
brought into contact with the appropriate region of the patterned substrate and raised
to 1.0 V for 5 s before recording the current. This procedure was performed only once
per bit the details were describe in Chapter 4.

2.3.2. X-RAY PHOTOELECTRON SPECTROSCOPY
X-ray photoelectron spectroscopy (XPS) is a powerful spectroscopic tool that provides
elemental information on the surface. The technique is also known as electron
spectroscopy for chemical analysis (ESCA) and was invented by Steinhardt and Siegbahn
in the early 1950s[6] but it was Siegbahn’s group’s breakthrough in resolution [7] that
motivated the Nobel Prize for this invention. XPS is based on the photoelectric effect,
discovered by Heinrich Hertz in 1887. The mathematical description of photoelectric
effect was provided by Albert Einstein in 1905. In XPS, the surface is irradiated by
monochromatic X-rays and the number of electrons escaping from the sample are
detected.

In principle, the photoelectron process involves three steps: (1) The absorption of
X-rays by the sample generates the photoelectron (photoionization); (2) the generated
photoelectron moves through the sample and suffers elastic and inelastic scattering; (3)
if the photoelectron reaches the surface with a kinetic energy larger than the surface
potential barrier (workfunction of the sample), it is emitted into the vacuum and reaches
the detector. The spectrum is the plot of the number of electrons measured for each
kinetic energy (E ′

K ). Electrons that have not suffered inelastic scattering will appear
as narrow lines in the spectrum, while those which have lost energy become part of
the background. The corresponding energy diagram is shown in Figure 2.7: the X-ray
photon with energy ħν is absorbed by a core electron with binding energy EB , resulting
a photoelectron with kinetic energy EK in vacuum, which enters the analyzer and is
counted at a kinetic energy E ′

K . The electron binding energy can therefore be calculated
by

EK =ħν−EB −φsp (2.1)

The binding energy EB is characteristic of the core level of the element, from which
the photoelectron was emitted and depends on the chemical environment, oxidation
state, spin state of the atom. When photoelectrons are emitted, the sample remains
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2.3. CHARACTERIZATION TECHNIQUES

ℏν
ϕo

ϕsp

ϕsp - ϕo

EB

Ek

Eion

Ek’ Vacuum level

Fermi level

energy of photoelectron

SpectrometerSample

occupied level 

Figure 2.7 Schematic of energy levels involved in X-ray photoelectron spectroscopy when sample and
spectrometer are in electrical contact and hence their Fermi enrgy level diagram is aligned

positively charged and if its conductivity is not good enough, this charge cannot be
neutralized by connecting it to ground and the next photoelectrons, which are emitted
will be attracted by this positive charge as they fly towards the analyzer and therefore
have a lower kinetic energy (higher binding energy) than expected. To avoid this, a ’flood
gun’ providing low energy electrons is often employed when measuring non-conducting
samples to compensate the positive charge. Equation (2.1) is employed to plot an XPS
spectrum in its conventional fashion, i.e. giving the intensity of photoelectrons as a
function of binding energy EB . Its analysis gives the stoichiometry of the surface from
the intensity of photoemission signal at the binding energy of the specific elements
present. The only two element which cannot be detected are H and He because their
photoionization cross section is too small. For the projects described in this thesis
XPS was performed with a Surface Science SSX-100 ESCA instrument equipped with
a monochromatic Al Kα X-ray source (hν = 1486.6 eV) and the possibility to select
between different analysis spot sizes (µm): 150, 300, 600, 1000. Samples are introduced
via a load lock system into the spectrometer chamber, where the pressure was below
6×10−10mbar during data acquisition. The take-off angle of electrons with respect to
the surface normal was 37◦. The diameter of the analyzed area was 1000 µm, which
provided a total experimental energy resolution of 1.1 eV (or 1.67 eV for a broad survey
scan). XPS spectra were analyzed using the least-squares curve fitting program Winspec
developed at the University of Namur.

Deconvolution of the spectra included a Shirley baseline subtraction[8] and fitting
with a minimum number of peaks consistent with the structure of the molecules on
a surface, taking into account the experimental resolution. The profile of the peaks
was taken as a convolution of Gaussian and Lorentzian functions. Binding energies are
reported±0.1 eV and referenced to the Au 4 f7/2 photoemission peak originating from the
substrate, centered at a binding energy of 84 eV[9]. The uncertainty in the peak intensity
determination was 1 % to 2 % for carbon and sulfur, while it was 3 % for nitrogen. All

2
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2. EXPERIMENTAL TECHNIQUES

measurements were carried out on freshly prepared samples; on each surface 5 points
were measured to check for reproducibility.

2.3.3. CONTACT ANGLE MEASUREMENT
The properties of surface can be expressed by the surface energy, i.e. the "energy
required to create a surface". This surface energy is determined from the shape of test
liquid droplets on the surface. When the liquid is placed on the solid surface, it assumes
a very specific droplet shape on the substrate, which not only depends on the surface
properties but also on the surface properties of liquid (the surface tension of the liquid).
This characteristic droplet shape is caused by unbalanced intermolecular forces, like
the van der Waals force and hydrogen bonding; the molecules on the surface are pulled
towards the liquid due to these forces, while intermolecular forces are not balanced by
forces that pull the molecules towards the gas. So the surface tension can be described
as the force per unit length along the interface. Another way to formulate the surface
tension is in terms of surface energy, namely as the free energy per unit area. In this way
the concept of surface tension can be extended to other interfaces, including those with
solids. At the triple line, the line where gas, liquid and solid are in contact, the effect of
the surface tension becomes clear. There will be a certain angle between the liquid and
the solid, known as the contact angle. The British scientist Thomas Young[10] derived
a relation between the surface energy at the interface of a liquid and a gas γLG (often
just called γ), the surface energy at the interface of a solid and a liquid γSL , the surface
energy at the interface of a solid and a gas γSG and the equilibrium contact angle θe . This
relation is known as Young’s equation[10]:

γSG −γSL = γcosθe (2.2)

The contact angle measurement set up used in the projects described in this
dissertation and shown in the photograph in Figure 2.8 is a homemade set up. It consists
of four different parts mounted on metal stage with screws to level the system, namely
a camera with a resolution of 640 × 480 and a zoom varying from 0.75X up to 3X is

Figure 2.8 Contact angle measurement set-up: 1) Camera 2) Translational stage for focusing the camera 3)
manipulator table 4) Back light of 5 W

2
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2.3. CHARACTERIZATION TECHNIQUES

use for taking images of the droplet on desired spot; a translational stage for focusing
the camera; a sample stage on a manipulator table and a back light (LED) of 5 W. The
contact angle is measured by taking a b/w photograph of the profile of the drop against
the gray background. A homemade computer program (Angle Analyse ver. 1.0-USB2
by M. de Boer, Copyright University of Groningen) is used to fit the outline of the liquid
droplet on surface on the photograph and determine the contact angle at the solid-liquid
interface from that fitted outline.. A 300 W Xe-lamp (Newport 6258) Figure 2.9 was used
to illuminate the light-active samples with UV light. The IR part (< 800nm) of this lamp
spectrum was filtered out by a water-cooled IR filter (Newport 61945) and the visible
light (400-800 nm) was filtered out by Edmund filter (U-340 2”) so that only the part of
the spectrum from 290 nm to 390 nm remains. A condenser makes it possible to alter the
light intensity. The light is finally passed through a fiber bundle focus assembly (Newport
77776) before entering the optical fibre (Newport 77577) which guides it to illuminate the
desired area of sample surface.

Figure 2.9 UV lamp: 1) Housing of the 300 W Xe-lamp 2) Condenser 3) Water cooled IR-filter 4) Filter holder
with visible light filter 5) Fibre bundle focusing assembly 6) Optical fibre.

2
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