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Experimental: Setups, Synthesis and Sample Preparation 

 

Abstract 

 

In this thesis, several different techniques were used in order to characterize e.g. ground 

and excited state properties of various molecular and nano systems. In this chapter these 

methods are briefly discussed. The setup as well as the location is specified. Furthermore 

the synthesis of various molecules and nanoparticles that were used in other chapters are 

described here as well as general aspects of sample preparation for the different studies. 
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2A  

 

 

Experimental setups  

 

 

Experiments were mainly performed at the Universiteit van Amsterdam (Amsterdam) but 

also at the Westfälische-Wilhelms Universität Münster (Münster), at the Dublin City 

University (Dublin) and in the National Center for High Resolution Electron Microscopy 

(Delft). As such the location of the equipment is specified where needed. 

 

2A.1 Steady State Spectroscopy Measurements 

 

Steady State UV-VIS (Münster) 

 

Absorption spectra were measured on a Varian Cary 5000 double-beam UV-Vis-NIR 

spectrometer in quartz cuvettes (1 cm Hellma) and were baseline corrected.  

 

Integrating Sphere for Quantum Yield Determination (Münster) 

 

For quantum yields, a Hamamatsu Photonics C9920-02 Absolute PL Quantum Yield 

Measurement system was used. The system consists of an excitation light source (L9799-

01 CW Xenon 150 W excitation source), monochromator, integrating sphere, C7473 

multi-channel spectrometer and U6039-05 PLQY Measurement Software designed 

specifically for this equipment. Luminescence quantum yields (�em) were measured in 

optically dilute solutions (O.D. < 0.1 at excitation wavelength). 
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Figure 2A.1. Schematic representation of the Integrating Sphere setup used for the 

measurement of absolute quantum yield values. 

 

Steady State and Time-Resolved Luminescence: Fluorolog (Münster) 

 

Steady-state emission spectra were recorded on a HORIBA Jobin-Yvon IBH FL-322 

Fluorolog 3 spectrometer equipped with a 450 W xenon arc lamp, double grating 

excitation and emission monochromators (2.1 nm/mm dispersion; 1200 grooves/mm) and 

a TBX-4-X single-photon-counting detector.  Emission spectra were corrected for source 

intensity (lamp and grating) and emission spectral response (detector and grating) by 

standard correction curves. 

Time-resolved measurements up to ~5 μs were performed using the time-correlated 

single-photon counting (TCSPC) option on the Fluorolog 3. NanoLEDs (295 or 431 nm; 

FWHM < 750 ps) with repetition rates between 10 kHz and 1 MHz were used to excite 

the sample. The excitation sources were mounted directly on the sample chamber at 90° 

to a double grating emission monochromator (2.1 nm/mm dispersion; 1200 grooves/mm) 

and collected by a TBX-4-X single-photon-counting detector.  The photons collected at 

the detector are correlated by a time-to-amplitude converter (TAC) to the excitation 
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pulse. Signals were collected using an IBH DataStation Hub photon counting module and 

data analysis was performed using the commercially available DAS6 software (HORIBA 

Jobin Yvon IBH).  The goodness of fit was assessed by minimizing the reduced chi 

squared function (�
2
) and visual inspection of the weighted residuals. 

 

Steady State Absorption and Emission Measurements (Amsterdam) 

 

Electronic absorption spectra were recorded in a quartz cuvette (1 cm, Hellma) on 

Hewlett-Packard 8543 diode array spectrometer (range 190 nm-1100 nm). Steady state 

fluorescence spectra were recorded using a Spex 1681 fluorimeter, equipped with a Xe 

arc light source, a Hamamatsu R928 photomultiplier tube detector and double excitation 

and emission monochromator. Emission spectra were corrected for source intensity and 

detector response by standard correction curves, unless otherwise noted. Emission 

quantum yields
1
 are measured in optically dilute solutions, using the indicated reference 

solution in the individual chapters, according to the following: 

 

�u= [(Ar Iu nu

2
) / (Au Ir nr

2
)]�r 

 

where u and r are the unknown and the reference respectively, � is the luminescence 

quantum yield, A is the optical absorbance at the excitation wavelength (� 0.1), I is the 

integrated emission intensity and n is the refractive index of the solvents. 

 

2A.2 Time Resolved Spectroscopy Measurements 

 

Nanosecond Transient Absorption (Münster) 

 

For nanosecond transient absorption spectra, a sample with optical density of around 0.8 

at the excitation wavelength (500 nm) was excited with a laser pulse from a MOPO 

pumped by a Q-switched beam locked Nd:YAG laser with a 10 ns pulse width and 10 Hz 

repetition rate. The excited state absorption was probed using a Xe flash lamp with the 

same repetition rate. The pulse energy was 2 mJ/pulse. The signal was recorded with a 
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CCD camera as the detector. The excited state spectra were obtained by DA = log(I/I0). 

The spectra were processed on an in house Lab View program. 

 

Nanosecond time resolved luminescence spectroscopy – streak camera (Amsterdam) 

 

Lifetimes of excited states were determined using a coherent Infinity Nd:YAG-XPO laser 

(2 ns pulses fwhm) and a Hamamatsu C5680-21 streak camera equipped with 

Hamamatsu M5677 low speed  single sweep unit. Streak cameras are high-speed light 

detectors, which enable detection of the fluorescence as a function of the spectral and the 

time evolution simultaneously. 

 

Picosecond time resolved luminescence spectroscopy (Amsterdam) 

 

Time resolved fluorescence measurements were performed using a picosecond time-

correlated single photon counting (SPC). The complete set-up (Figure 1) has been 

described elsewhere.
2
 A mode-locked Argon-ion laser (Coherent 486 AS Mode Locker 

and Coherent Innova 200 laser) was used to pump DCM dye laser (Coherent model 700). 

The output frequency was doubled with a BBO crystal and the 323 nm pulse was used as 

excitation. A microchannel plate photomultiplier (Hamamatsu R3809) was used as the 

detector. The instrument response (fwhm= 17 ps) was recorded using the Raman band of 

a doubly deionized water sample. Time windows (4000 channels) of 5ns (1.25 

ps/channel) – 50 ns (12.5 ps/channel) could be used allowing a window for measurements 

going from 5 ps to 40 ns. The recorded decay traces were deconvoluted with the system 

response and fitted using the computer program FluoFit (PicoQuant).  
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Figure 2A.2. Schematic representation of picosecond single photon counting (SPC) 

setup: 1 mode locker, 2 Ar
+
-ion laser, 3 dye laser, 4 cavity dumper, 5 autocorrelator, 6 

photodiode, 7 sample, 8 monochromator, 9 photomultiplier, 10 photoncounting system 

and 11 computer. 

 

Transient absorption (TA) measurements represent a form of differential spectroscopy. It 

relies on recording electronic absorption spectra of transient species (excited molecules 

or photoproducts) at selected time delays after the excitation pulse. The transient 

absorption signal can either be recorded over an extended wavelength range (full 

spectrum) or at a single wavelength. 

 

Nanosecond transient absorption spectroscopy (Amsterdam) 

 

Nanosecond transient absorption spectra were obtained by irradiating the samples with 2 

ns pulses (fwhm) of a continuously tunable (420-710 nm) Coherent Infinity XPO laser. 

The output power of the laser was typically less than 5 mJ/pulse at a repetition rate of 10 

Hz. Samples in a 1 cm quartz cuvette with ca. 0.8 optical density at the excitation 

wavelength. The probe light from a low-pressure, high-power EG&G FX-504 Xe lamp 

passed through the sample cell and was dispersed by an Acton Spectra-Pro-150 
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spectrograph, equipped with 150 g/mm or 600 g/mm grating and a tunable slit (1-500 

μm) resulting in 6 or 1.2 nm maximum resolution, respectively. The data collection 

system consisted of a gated intensified CDD detector (Princeton Instruments ICCD-

576EMG/RB), a programmable pulse generator (PG-200), and an EG&G Princeton 

Applied Research Model 9650 digital delay generator. With OMA-4 setup (see Figure 

2A.2), I and I0 values are measured simultaneously, using a double kernel 200 μm optical 

fiber. 

 

1

2345

6 7

Mi rror

I

I
0

 

Figure 2A.3. Schematic representation of the nanosecond transient absorption setup: 1 

laser, 2 Xe lamp, 3 sample, 4 spectrograph, 5 CCD camera, 6 pulser and 7 computer.  

 

Sub-picosecond time scale transient absorption spectroscopy (Amsterdam) 

 

The setup used for the sub-picosecond transient absorption measurements is shown in 

Figure 2A.4. The laser system is based on a Spectra Physics Hurricane Ti-sapphire 

regenerative amplifier system. The optical bench assembly of the Hurricane includes a 

seeding pump laser (Mai Tai), a pulse stretcher, a Ti-sapphire regenerative amplifier, a Q-

switched pump laser (Evolution) and a pulse compressor. The output power of the laser is 

typically 1 mJ/pulse (130 fs fwhm) at a repetition rate of 1 kHz. The pump probe setup 

employed a full spectrum setup based on two optical parametric amplifiers (Spectra-

Physics OPA 800) as a pump (depending on the excitation wavelength) and a residual 

fundamental light (150 μJ/pulse) from the pump OPA was used for the generation of 

white light, which was detected with CCD spectrograph. The OPA was used to generate 
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excitation pulses from 280 – 600 nm (fourth harmonic signal of the OPA or idler). The 

white light generation was accomplished by focusing the fundamental (800 nm) into a 

stirred water cell equipped with barium bisfluoride or sapphire windows. The pump light 

was passed over a delay line (Physik Instrumente, M-531DD) that provided an 

experimental time window of 1.8 ns with the maxima resolution of 0.6 fs/step. The 

energy of the probe pulses was ca. 5 x 10
-3

 mJ/pulse. The angle between the pump and 

the probe beam was typically 7 - 10°. Samples were prepared in quartz cuvette (l = 0.1 

cm) to have an optical density of ca. 0.8 at the excitation wavelength. For the white 

light/CCD setup, the probe beam was coupled into a 400 μm optical fiber after passing 

through the sample, and detected by a CDD spectrometer (Ocean Optics, PC2000). The 

chopper (Roffin Ltd., f = 10 – 20 Hz), place in the excited state spectra were obtained by 

DA = log (I / I0). Typically, 2000 excitation pulses were averaged to obtain the transient 

at a particular time. Due to the lenses, a chirp of ca. 1 ps is observed between 460 – 650 

nm. 
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Figure 2A.4. Schematic representation of the sub-picosecond transient absorption setup: 

1 Hurricane Laser, 2 OPA-800, 3. delay line, 4 white line generator, 5 Berek polarizer, 6 

chopper, 7 sample and 8 CCD camera.  

 

 

2A.3. Other techniques employed 

 

High Resolution Transmission Electron Microscopy (HR-TEM)(TU Delft) 

 

TEM (Transmission Electron Microscopy) is a method of producing images of a sample 

by illuminating the sample with electrons with energy between roughly 100 and 300 keV 

(in vacuum), and detecting the electrons that are transmitted through the sample. 

In Figure 2A.5, the comparison of light and electron microscopes is made. In both 

instruments, illumination from the source (lamp, filament in the electron gun) is focused 

by the condenser lens onto the specimen. A first magnified image is formed by the 

objective lens. This image is further magnified by the projector lens onto a fluorescent 

screen, CCD camera or photographic plates (electrons) instead of a ground glass screen 

(light). 

HR-TEM, Cross sectional TEM electron micrographs have been taken with a Philips 

CM30T, and a CM300UT-FEG, both operating at 300 kV. A drop of a dilute suspension 

of particles was placed on a copper grid with a carbon foil and the solvent was, 

subsequently, evaporated at room temperature and atmospheric pressure. 



Chapter 2A 

 

 54 

C ondense r

    le ns

O bjec ti ve

    le ns

SA MP LE

F ila mentLa mp

Light  Mic rosc ope Ele c tron M icrosc ope

Inte rmedi ate  ima ge

S ourc e

view ing sc ree n

 

Figure 2A.5. Comparison of light and electron microscopes.  

 

Nuclear Magnetic Resonance (NMR, Amsterdam) 

 

1
H, 

13
C and 

19
F nuclear magnetic resonance (NMR) spectra were obtained using a Bruker 

ARX 400 (400 MHz), Bruker DRX 300 (300 MHz) or a Varian Inova (500 MHz). 

 

Mass spectra (Amsterdam) 

 

High-resolution electrospray ionization (ESI)  mass spectra were measured with a Bruker 

FTMS 4.7 T Bio APEXII spectrometer. Fast atom bombardment mass spectroscopy (MS-

FAB) was performed with a Vacuum Micromass VG 70/70E. 

 

Infrared Spectroscopy (Amsterdam) 

 

IR spectra were recorded on a Bruker Vertex 70 FTIR spectrometer. Samples were 

prepared in KBr pellets. 
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Raman Spectroscopy (Dublin) 

 

Raman spectra were recorded on an HORIBA Jobin-Yvon Labram HR 2000 confocal 

microscope using laser light excitation from a solid-state laser producing 4 mW of power 

at the sample. A 10x objective lens was used for SER spectra, and the spectra were 

acquired from accumulation of several spectra with a determined integration time each. 

The integration times varied depending on the nature of the molecules studied. 
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2B 

 

 

Synthesis and Sample Preparation 

 

2B.1 Materials 

 

K2PtCl4 (47% Nominal content, 99.9% purity) was purchased from H. Drijfhout & 

Zoon’s Edelmetaalbedrijven B.V., the gold acid HAuCl4xH2O (99.999% purity) was 

purchased from Aldrich. The rest of the chemicals were purchased from commercial 

sources and used without purification.  

The ruthenium compound Bpy2RuBpyPhBr (para-bromo) was synthesized according to 

literature procedures
3
. Perthiolated �-Cyclodextrin (TCD) was synthesized according to 

literature known procedures with slight variations using the per-6-iodo-�-cyclodextrin as 

intermediate.
4
 �-cyclodextrin was dried at 40

o
C for 24 hours under vacuum prior to use.  

All solvents were dried/distilled according to standard laboratory procedures. Thin layer 

chromatography was done on Merck silicagel plates 60 F254 or neutral alumina. Magic 

Mixture: 300 ml water, 300 ml methanol, 1200 ml acetonitrile, 32 g NaCl (1:1:4:0.1%). 

Glassware used in nano-particle synthesis was cleaned with aqua regia prior to use or in 

an Extran bath. Reactions carried out under inert gas atmosphere. 

 

2B.2 Synthesis of gold and platinum nanoparticles 

 

2B.2.1 Synthesis of the �-CD capped platinum nano-particles
5
 

 

90 mg of K2PtCl4 (0.220 mmol) were dissolved in 20 ml of DMF. 

The mixture was stirred until the platinum salt was completely 

dissolved. Then 30 mg of the stabilizing agent TCD (0.025 mmol) 

were added. Finally, 90 mg of sodium borohydride (2.4 mmol) were 

added at once. The reaction mixture was at room temperature for 48 hours. During the 
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last 12 hours the mixture became of a dark brown color, indicating the formation of Pt 

colloid. The crude product was separated into four portions and centrifuged precipitating 

a brown waxy substance. Each portion was re-suspended in 2.5 ml DMF and again 

centrifuged. This washing procedure was repeated 3 times to eliminate the excess of 

cyclodextrin stabilizer. The brown precipitate was then re-suspended in 10:1 

ethanol:water with 15 minutes ultrasonication and centrifuged again at 15000 rpm for 20 

minutes. The last procedure was repeated also 3 times to wash away the DMF. Finally the 

nanoparticles were transferred to a round bottom flask and dried under high vacuum for 

48 h at 40ºC. The nano-particles were characterized with IR spectroscopy 
1
H-NMR and 

HR-TEM (see Chapter 5). 

 

2B.2.2 Synthesis of the �-CD capped gold nano-particles
5
 

 

70 mg of HAuCl4 (0.21 mmol) were dissolved in 20 ml of DMF. The 

mixture was stirred until the gold salt was completely dissolved. Then 

30 mg of the stabilizing agent CD(SH)7 (0.025 mmol) were added. 

Finally, 90 mg of sodium borohydride (2.4 mmol) were added at 

once. The reaction mixture turned immediately dark red, and was 

allowed to stirr at room temperature for 24 hours, meanwhile the reaction mixture 

became dark purple. The crude product was separated into four portions and centrifuged 

at 5000 rpm for 10 minutes precipitating a dark purple waxy substance. The dark 

substance was re-suspended in 2.5 ml DMF and again centrifuged. This washing 

procedure was repeated 3 times to eliminate the excess of cyclodextrin stabilizer. The 

precipitate was then re-suspended in 10:1 ethanol:water with 15 minutes ultrasonication 

and centrifuged again at 5000 rpm for 10 minutes. The last procedure was repeated also 3 

times to wash away the DMF. Finally the nano-particles were transferred to a round 

bottom flask and dried under high vacuum for 12 h at 40ºC. The nano-particles were 

characterized with IR spectroscopy and HR-TEM (see Chapter 5). 
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2B.2.3 Synthesis of the citrate capped platinum nanoparticles
6
 

 

To an aged (7 d) aqueous solution of K2PtCl4 a sodium citrate 

solution in water was added to a final concentration of platinum 

salt of 4 mM and citrate 1.7 mM. Under efficient stirring the 

reaction mixture was heated to reflux. The reaction color 

changed from red-orange to brown once the oil bath reached 

70
o
C indicating the start of the formation of platinum colloid. 

The reaction was allowed to continue for 3 h during which the mixture turned dark brown 

and then allowed to cool down overnight while stirring under nitrogen. The nano-

particles were characterized with IR and HR-TEM and used without further purification 

(see Chapter 7). The particles could be isolated in solid state by removal of the solvent in 

vacuo and re-suspended without apparent decomposition. 

 

2B.3 Synthesis of Cyclodextrins 

2B.3.1 Synthesis of Per-6-iodo-�-cyclodextrin (1).
4
  

PPh3 (40 g, 150 mmol) was dissolved in 100 ml of dry DMF 

and then I2 (40 g, 160 mmol) slowly added to the solution with 

cooling in a water bath. To the resulting brown solution dry �-

cyclodextrin (11 g, 9.7 mmol) was added and the reaction 

temperature raised to 70
0
C for 22h. Heating was then 

discontinued and the solvent evaporated to approximately half 

the volume under a stream of nitrogen. A solution of sodium 

methoxide in methanol (3M, 60 ml) was then prepared by carefully dissolving Na (4.2 g) 

in methanol (60 ml) at 0
0
C. This solution was then slowly added to the reaction mixture 

with cooling and stirred for 40 minutes at 0
o
C. The mixture was poured onto 500 ml of 

ice to give a sticky brown precipitate. The precipitate was filtered off and Soxhlet 

extracted with methanol for 12 hours. The compound was removed from the Soxhlet 

extractor and allowed to air dry before being dried under high vacuum at 50
0
C. 

Compound 1 (3.4 g, 19%) was recovered as an off-white solid:  
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1
H-NMR (400 MHz) (DMSO-d

6
): 6.03 (7H, d , J = 6.7 Hz), 5.93 (7H, s), 4.99 (7H, d, J = 

3.5 Hz ), 3.82 (7H, d, J =9 Hz), 3.67-3.57 (14H, m), 3.27-3.47 (21H, m). 
13

C-NMR (75-

MHz) (DMSO-d
6
): 102.14, 85.95, 72.19, 71.94, 70.98, 9.78 

 

2B.3.2 Synthesis of Per-6-thiol-�-cyclodextrin (2) – TCD
4
. 

 

Compound 1 (1g, 0.52 mmol) was dissolved in 10 ml of dry 

DMF and thiourea was added (490 mg, 6 mmol). The reaction 

mixture was kept at 70
0
C for 24 h after which the solvent was 

removed in vacuo leaving a yellow oil. The oil was re-

dissolved in 50 ml of water and 300 mg of KOH were added. 

The mixture was heated to 100
0
C for 1 h without boiling and 

then allowed to cool to room temperature. The pH of the 

solution was set between 1-2 by addition of a saturated solution of KHSO4 with stirring 

during which a white precipitate formed. The precipitate was collected by centrifugation. 

To remove the last traces of DMF present the compound was suspended in water and 

solid KOH was added until the solution was clear. Then the solution was acidified to pH 

= 1-2 with a saturated aqueous solution of KHSO4 to form a white precipitate that was 

collected again by centrifugation (5-15 min at 5000 rpm). Compound 2 (623 mg, 95%) 

was recovered as an off white solid.  

1
H-NMR (400 MHz) (DMSO-d

6
): 5.89 (7H, d), 5.80 (7H, s), 4.87 (7H, d), 3.68 (7H, t), 

3.61 (7H, bt), 3.32-3.41 (14H, m), 3.16-3.22 (7H, m), 2.79-2.75 (7H, m), 2.14 (7H, t). 

13
C-NMR (75-MHz) (DMSO-d

6
): 102.54, 85.28, 72.83, 72.60, 72.32, 26.27 

For the characterization with FTIR and Raman spectroscopy see chapter 5. 

O

OH

HO

SH
O

O

HO

HO
SH

O

O

HO
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O

O

HO OH
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2B.4 Synthesis of Viologen derivatives 

 

2B.4.1 Synthesis of 1-(2,4-dinitrophenyl)-4,4'-bipyridin-1-ium chloride (3)
7
  

 

4,4'-bipyridin (6.0 g, 38 mmol) was dissolved in 15 ml of dry 

ethanol. To this solution 2,4-dinitrochlorobenzene (3.8 g, 20 

mmol) in 15 ml of dry ethanol was added dropwise and the 

mixture kept at 400C for 4 d. The mixture was allowed to cool to room temperature and 

50 ml of dry ether were added to precipitate a solid that was filtered and recrystallized 

twice from ethanol. Compound 3 (6.3g, 88%) was recovered as brown needles.  

 

FAB-MS calculated [M-Cl-+H+]: 324.0859, observed: 324.0861. 1
H-NMR (400 MHz) 

(DMSO-d
6
): 9.66 (2H, d, J = 6.7 Hz), 9.15 (1H, d, J = 2.3 Hz), 9.01 (3H, d, J = 6.6 Hz ), 

8.94 (2H, d, J =5.8 Hz), 8.52 (1H, d, J = 8.7 Hz), 8.23 (2H, d, J = 5.9 Hz). 
13

C-NMR (75-

MHz) (DMSO-d
6
): 155.31, 151.48, 149.42, 146.96, 143.41, 140.65, 138.77, 132.42, 

130.54, 125.47, 122.48, 121.71 

 

2B.4.2 Synthesis of 1-(adamantyl)-4,4'-bipyridin-1-ium hexafluorophosphate (4) 

 

Compound 3 (1 g, 3 mmol) was dissolved in 10 ml of dry 

methanol and 1-adamantylamine (0.63 g, 4.2 mmol) added in one 

portion. The mixture was heated to reflux for 12 h. The solution turned bright yellow and 

then darker. After evaporating the solvent under reduced pressure the dark residue was 

subjected to column chromatography on silica using magic mixture as eluent. The desired 

fraction was collected and concentrated under reduced pressure, dissolved in the 

minimum amount of water and the compound precipitated by the addition of a saturated 

solution of ammonium hexafluorophosphate in water. The precipitate was collected by 

centrifugation, washed with three small portions of water and dried under high vacuum to 

afford 4 (770 mg, 60%) as an off white solid.  

 

N N

O2N

NO2 Cl-

3

N N .PF6
-

4
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FAB-MS calculated [M-PF6+H
+
]: 292.1939, observed: 292.1944. 

1
H-NMR (400 MHz) 

(acetone-d
6
): 9.47 (2 H, dt, J = 2 and 7 Hz), 8.87 (2 H, dd, J = 1.7 and 7 Hz), 8.6 (2H, d, J 

= 7 Hz), 7.99 (2H, dd, J = 1.7 and 6.2 Hz), 2.55 (6H, d, J = 3.3 Hz), 2.44 (3H, bt), 1.89 

(6H, bs). 
13

C-NMR (75-MHz) (acetone-d
6
): 153.40, 151.08, 142.06, 140.98, 125.57, 

121.68, 70.40, 41.66, 34.80, 30.06 

 

2B.4.3 Synthesis of 1-(adamantyl)- 1'-methyl-4,4'-bipyridinium 

dihexafluorophosphate (5)
7
 

 

To a solution of compound 4 (300 mg, 1.0 mmol) in 10 ml 

dry ethanol methyl iodide (2.2 g, 15 mmol) was added in 

one portion and the mixture stirred at room temperature 

overnight. The solvent was removed in vacuo and the residue purified by column 

chromatography on silica using magic mixture as eluent. The desired fraction was 

collected and the solvents removed in vacuo, then dissolved in the minimum amount of 

water and the compound precipitated by the addition of a saturated solution of 

ammonium hexafluorophosphate in water. The precipitate was collected by 

centrifugation, washed with three small portions of water and dried under high vacuum to 

afford 5 (90 mg, 28%) as an off white solid.  

 

FAB-MS calculated [M-2PF6]: 306.2096, observed: 306.2097 
1
H-NMR (400 MHz) 

(acetone-d
6
): 9.65 (2 H, d, J = 7.2 Hz), 9.35 (2 H, d, J = 6.7 Hz), 8.81 (4H, m), 4.75 (3H, 

s), 2.59 (6H, d, J = 0.9 Hz), 2.46 (3H, bt), 1.90 (6H, t, J = 4.8 Hz). 
13

C-NMR (75-MHz) 

(acetone-d
6
): 150.58, 150.45, 147.78, 143.85, 143.76, 143.63, 127.80, 127.73, 71.89, 

49.36, 42.58, 35.57, 31.13 

N N .2 PF6
-

5,  ada-MV
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2B.4.5 Synthesis of 1,1’-(2,4-dinitrophenyl)-4,4'-bipyridinium 

dihexafluorophosphate (6)
8
  

 

4,4'-bipyridine (6.0 g, 38 mmol) was dissolved 

in 30 ml of dry acetonitrile. To this solution 

2,4-dinitrochlorobenzene (9.0 g, 44 mmol) was 

added at once and stirred at room temperature for 48 hours until complete conversion to 

the mono-substituted product was observed (monitored with TLC on silica and magic 

mixture as eluent). The reaction was then heated to a gentle reflux for another 48 hours 

during which a white precipitate formed. After cooling down to room temperature 20 ml 

of cold dry acetonitrile were added. The precipitate was filtered off and washed with cold 

acetonitrile (2x10ml) and then with cold ethanol (2x10ml). The solid was dried under 

high vacuum for 12 h to afford compound 6 as a yellow solid (4.5g, 90%).  

 
1
H-NMR (300 MHz) (D2O): 9.55-9.47 (6H, br-m), 9.02-8.99 (6H, br-m), 8.39 (2H, d, J = 

8.7 Hz) 

 

2B.5 Synthesis of novel organometallic complexes 

 

2B.5.1 Synthesis of ruthenium complex Ru-(bpy)2(bpy-bph)
2+

(PF6

-
)2 (7) 

 

Bpy2RuBpyPhBr (50 mg, 0.049 mmol), Ph-BOH2 (15 mg, 

0.123 mmol) and cesium carbonate (81 mg, 0.247mmol) 

were mixed in DMF (15mL) and the solution was 

degassed with three freeze-pump-thaw cycles. A catalytic 

amount of Pd(PPh3)4 was added (6 mg, 0.005 mmol). The reaction was heated during 20 

hours at 105°C. The DMF solution was poured in a solution of 

water/hexafluorophosphate. The precipitate was filtered over celite and washed with 

water (5ml) and ether (5ml) and then eluted using acetonitrile. After removal of the 

solvent in vacuo the isolated solid was purified by column chromatography on silica 

N N

NO2

O2N

O2N

NO2
.2PF6

-

6

NN

NN

N N

RuII 2 PF6

7, Ru-bph
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using magic mixture as an eluent. The organic solvents were evaporated in vacuo and the 

complex precipitated by addition of a saturated aqueous solution of NH4

+
PF6

-
. The 

precipitate was filtered off, washed with water and diethyl ether. Finally, the solid was 

dried under high vacuum for 24 h and recovered as an orange solid (48 mg, 94 %). 

 

FAB-MS calculated [M-2PF6+H]
+
: 723.1810, observed: 723.1822; 

1
H-NMR (300 MHz) 

(CD3CN) : 8.18 (1H, d), 8.72 (1H, d), 8.56-8.52 (4H , q), 8.16-8.06 (5H, m), 8.04-7.98 

(2H, m), 7.94-7.88 (2H, m), 7.84-7.70 (10H, m), 7.6-7.5 (2H, m), 7.5-7.4 (5H, m); 
13

C-

NMR (75 MHz) (CD3CN) : 158.42, 158.80, 158.51, 153.10, 153.05, 150.36, 144.40, 

140.89, 139.22, 135.93, 130.49, 129.63, 129.29, 129.01, 128.42, 126.04, 125.87, 125.68, 

123.09  

 

2B.5.2 Synthesis of ruthenium complex Ru-(bpy)2(bpy-bph-F)
2+

(PF6

-
)2 (8) 

 

Bpy2RuBpyPhBr (50 mg, 0.049 mmol), F-Ph-BOH2 

(17 mg, 0.123 mmol) and cesium carbonate (81 mg, 

0.247mmol) were mixed in DMF (15mL) and the 

solution was degassed. A catalytic amount of 

Pd(PPh3)4 was added (6 mg, 0.005 mmol). The 

reaction was heated during 20 hours at 105°C. The DMF solution was poured in a 

solution of NH4

+
PF6

-
 in water. The precipitate was filtered over celite then washed with 

water, ether and then the solid eluted using acetonitrile. After removal of the solvents in 

vacuo the isolated solid was purified by column chromatography on silica using magic 

mixture as an eluent. The organic solvents were evaporated and the complex precipitated 

by addition of a saturated aqueous solution of NH4

+
PF6

-
. The precipitate was filtered off, 

washed with water and diethyl ether. Finally, the solid was dried under high vacuum for 

24 h. The product was recovered as an orange solid (40 mg, 82%). 

 

FAB-MS calculated [M-2PF6+H]
+
: 740.1638, observed: 740.1649; 

1
H-NMR (300 MHz) 

(CD3CN) : 8.81 (1H, d, J=3Hz), 8.73 (1H, d, J=7.8Hz), 8.55-8.51 (4H , q, J=3.9Hz), 8.14-

8.06 (5H, m), 8.01-7.98 (2H, m), 7.88-7.70 (11H, m), 7.46-7.41 (5H, m), 7.31-7.25(2H, t, 

NN

NN

N N

RuII 2 PF6

8, Ru-bph-F

F
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J=9Hz); 
13

C-NMR (75 MHz) (CD3CN) : 158.31, 158.05, 158.01, 157.95, 152.64, 152.57, 

149.88, 143.91, 140.41, 138.75, 138.67, 135.44, 130.01, 129.17, 128.83, 128.81, 128.57, 

128.53, 128.50, 127.94, 125.57, 125.40, 125.26, 125.20,122.63; 
19

F-NMR (470.4 MHz) 

(CD3CN) : -71.81, -74.31 

 

2B.6 Synthesis of organometallic complexes as control compounds 

 

2B6.1 Synthesis of 4’-(4Methylphenyl)-2,2’:6’2”-terpyridine-ruthenium trichloride 

(9)
9
 

 

4’-(4Methylphenyl)-2,2’:6’2”-terpyridine (200 mg, 0.620 mmol) was 

treated with one equivalent of RuCl3

.
3H2O (160 mg, 0.620 mmol) in 

20 ml of dry ethanol and refluxed for 24 h. A brown solid formed in 

the solution that was filtered off after cooling to room temperature. 

The solid was washed once with ethanol (5 ml) and once with methanol (2ml). The 

product was recovered as a brown solid (213 mg, 74%) and used without further 

purification. 

 

2B.6.2 Synthesis of bis-4’-(4Methylphenyl)-2,2’:6’2”-terpyridine-ruthenium-bis-

hexachlorophosphate (10) 

 

Mono substituted compound 9 (200 mg, 0.376 

mmol) was dissolved in 40 ml of dry MeOH and 4’-

(4Methylphenyl)-2,2’:6’2”-terpyridine (130 mg, 

0.380 mmol) was added in one portion together with 

1 ml of N-ethylmorpholine. The reaction mixture was degassed with three freeze-pump-

thaw cycles and then allowed to reach room temperature before heating to reflux for  24 h 

during which the solution turned intense dark red in color. After cooling to room 

temperature the solution was filtered over a path of celite. The celite was washed with 

extra 2x5 ml portions of methanol. Addition of a saturated solution of NH4

+
PF6

-
 in 

methanol gave a red precipitate that was washed with cold methanol (2x5ml), ether 

N

N

N

Ru

Cl

Cl

Cl
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N

N

NN

N

N

Ru

2+

.2PF6-

10



Chapter 2B 

 66 

(2x5ml) and water (5ml). The isolated solid was subjected to chromatographic 

purification on silica using a mixture acetonitrile:magic mixture 1:1 as eluent. The 

organic solvents were removed in vacuo and a red precipitate formed by addition of a 

saturated solution of NH4

+
PF6

-
 in water. The solid was filtered off and dried under high 

vacuum for 12 h to afford compound 10 as a dark red solid (295 mg, 76%). 

 

1
H-NMR (300 MHz) (CD3CN) : 8.98 (4H, s), 8.64 (4H, d, J = 6Hz), 8.10 (4H, dd, J = 1.2 

and 3Hz), 7.94 (4H, dt, J = 1.2 and 6 Hz), 7.57 (4H, dd, J = 0.6 and 6.3 Hz), 7.42 (4H, 

dq, J = 0.6 and 2.4 Hz), 7.17 (4H, dt, J = 1.2 and 6 Hz), 2.74 (6H, s) 

 

2B.6.3 Synthesis of Ir(tpy)Cl3 (11)
10

 

 

2,2’:6’2”-terpyridine (tpy, 34 mg, 0.14 mmol) and IrCl3 (105 mg, 0.28 

mmol) were dissolved in 5 ml ethylene glycol and the reaction mixture 

degassed with 3 freeze-pump-thaw cycles. After allowing the mixture to 

warm up to room temperature it was heated up to 160
o
C in an oil bath in 

the dark. After 15 min reaction time the mixture was allowed to cool to 

room temperature. A red precipitate was filtered off, washed with water, ethanol and 

ether and dried overnight at high vacuum to afford compound 11 as a red solid (61 mg, 

40% yield). 

 

1
H-NMR (300 MHz) (DMSO-d

6
) : 9.20 (2H, d, J = 5.4 Hz), 8.76 (4H, dd, J = 8.1 and 4.2 

Hz), 8.28 (m, 3H), 7.97 (2H, t, J = 6Hz) 

 

2B.6.4 Synthesis of Ir(tpy)2(PF6)3 (12) 

 

Ir(tpy)Cl3 (61 mg, 0.11 mmol) was dissolved in 4.5 ml of 

ethylene glycol and tpy (35 mg, 0.15 mmol) added in one 

portion. The reaction mixture was degassed with three freeze-

pump-thaw cycles. After allowing it to reach room temperature 

it was refluxed in the dark for 20 minutes. The reaction was then cooled to room 

N
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temperature and the solvent evaporated under a stream of nitrogen overnight. After re-

dissolving in the minimum amount of water a saturated solution of NH4

+
PF6

-
 in water 

was added to precipitate a solid that was filtered off and washed with water 3 times. The 

solid was then adsorbed on a path of alumina and washed subsequently with acetone, 

then acetone water mixtures 5-10% and finally the product was eluted with a mixture of 

acetone:water:methanol 10:2:1. The solvents were removed in vacuo to afford compound 

12 as a light yellow solid (64.5 mg, 0.055 mmol, 50%). 

 

1
H-NMR (300 MHz) (acetone-d

6
) : 9.22 (4H, d, J = 8.4Hz), 8.94 (4H, d, J = 6.9Hz), 8.39 

(4H, dt, J = 1.5 and 6.6 Hz), 8.13 (4H, d, J = 3.6 Hz), 7.64 (4H, m) 

 

2B.7 Synthesis of 8-(phenanthren-9-yloxy)octanoic acid (13) 

 

Phenanthrol (500 mg, 2.6 mmol) was dissolved in 20 ml of dry 

DMF. The solution was cooled in an ice bath and then NaH was 

added in one portion (140 mg, 5.8 mmol). The solution turned 

immediately from red to dark brown. The mixture was allowed to reach room 

temperature and stirred for 1.5 h during which a precipitate formed. To the stirred 

mixture a solution of 8-bromooctanoic acid (670 mg, 3.0 mmol) in 5 ml dry DMF was 

added drop wise. During the addition the solution turned again red. The mixture was 

allowed to react overnight, during this time the reaction medium turned into a brown 

emulsion. After 9 d no further variation could be observed in the component ratios 

according to TLC control. Water was added slowly to quench the reaction mixture (25 

ml) and dichloromethane (20 ml) and the phases separated. The aqueous layer was 

acidulated by addition of 1N HCl and extracted twice with 20 ml of dichloromethane. 

The combined organic phases were washed once with brine and dried over MgSO4. The 

drying agent was filtered off and the solvent removed in vacuo yielding a mixture of an 

oil and a solid. The solid was recrystallized from ethylacetate:pentane twice, washed with 

pentane and dried under high vacuum yielding spectroscopically pure 13 as a light yellow 

solid (246 mg, 30%). 

 

O

O
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FAB-MS calculated [M+H]
+
: 337.1804, observed: 337.1804; 

1
H-NMR (300 MHz) 

(CD3OD) : 8.70 (1H, d, J = 7.8 Hz), 8.62 (1H, d, J = 7.5Hz), 8.34 (1H, dd, J = 1.2 and 6.6 

Hz), 7.80 (1H, d, J = 7.2 Hz), 7.69-7.57 (2H, m) 7.53 (2H, dq, J = 1.5, 1.8 and 2.4 Hz), 

7.06 (1H, s), 4.23 (2H, t, J = 6.5 Hz), 2.19 (2H, t, J = 7.4 Hz), 2.02 (2H, q, J = 7.1 Hz), 

1.70-1.39 (8H, m); 
13

C-NMR (75-MHz) (CD3OD) : 182.20, 153.08, 133.36, 127.413, 

127.13, 126.88, 126.19, 124.25, 122.57, 122.43, 102.55, 68.09, 38.30, 29.84, 29.48, 

29.39, 26.79, 26.48 

 

To increase the solubility of the compound in water the carboxylic acid was transformed 

into the carboxylate (sodium salt) by treatment with a quantitative amount of aqueous 

Na2CO3 with stirring until a completely transparent solution was obtained. The solution 

was filtered and the solvent removed in vacuo giving an off white solid as product. 

 

FAB-MS calculated [M+H]
+
: 359.1623, observed: 359.1623 

 

2B.8 Synthesis of the tripod complexes
11

 

 

2B.8.1 Synthesis of tert-Butyl(3-iodobenzyloxy)dimethylsilane (14)
11

 

 

To an efficiently stirred solution of 3-iodobenzyl alcohol (9.17 g, 39.2 

mmol) and imidazole (3.1 g, 47 mmol) in CH2Cl2 (200 ml), TBDMSCl 

(7.1g, 47 mmol) was added in one portion. The reaction medium turned 

white by the formation of a precipitate instantly. The reaction mixture was stirred at room 

temperature for 3 h and then 40 ml of water were added. The organic layer was separated 

and washed with water (3x40 ml) and dried over MgSO4. The drying agent was filtered 

off and the solvent removed in vacuo. The residue was filtered through a 3 cm path of 

silica gel. The silica path was washed with 2 portions of 20 ml of CH2Cl2. The solvent 

was removed in vacuo and the product isolated as a clear oil with a strong earthy odor 

(13.7 g, 100%).  
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1
H-NMR (300 MHz) (CDCl3): 7.67 (1H, s), 7.58 (1H, dd, J =0.6 and 7.2 Hz), 7.30 (1H, 

d,), 7.09 (1H, t, J = 7.8 Hz), 4.68 (2H, s), 0.94 (9H, s), 0.10 (6H, s) 

 

2B.8.2 1-(tert-Butyldimethylsilanyloxymethyl)-3-trimethylsilanylethynylbenzene (15) 

 

Compound 14 (8.89 g, 25.5 mmol), TMSA (4.4 ml, 31 mmol), 

Pd(PPh3)2Cl2 (0.181 g, 0.258 mmol), CuI (0.097 g, 0.51 mmol) 

were dissolved in NEt3 (20 mL) and THF (40 mL). The yellow 

solution was degassed with three-freeze-pump thaw cycles and 

allowed to react for 48h during which the reaction turned dark brown. The reaction was 

diluted with 100 ml water and the phases separated. The aqueous layer was extracted 

with 3x50 ml ethyl acetate. The solvent was removed in vacuo, the isolated oil re-

dissolved in the minimum amount of dichloromethane and then filtered over a path of 8 

cm of silica gel. The path was washed with several portions of dichloromethane:hexane 

1:5 (total volume 350 ml). The organic solvents were removed in vacuo to afford a 

yellow oil (7.5g, 92%).  

 

1
H-NMR (400 MHz) (CDCl3) : 7.38-7.22 (4H, m), 4.68 (2H, s), 0.92 (9H, s), 0.23 (9H,  

s), 0.08 (6H, s);  

 

2B.8.3 tert-Butyl(3-ethynylbenzyloxy)dimethylsilane (16) 

 

Compound 15 (22.1 g, 70.7 mmol) was dissolved in a 1:1 mixture of 

CH3OH and THF (400 ml) and then K2CO3 (4.81 g, 34.8 mmol) was 

added in one portion with efficient stirring at room temperature. The 

suspension was stirred overnight, filtered and the solvent removed in 

vacuo. The crude product was purified by chromatography on silica using 

dichloromethane:hexane 1:5 as eluant. The product was isolated as a colorless oil. (16.98 

g, 98%).  

 

 

15
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1
H-NMR (300 MHz) (CDCl3) : 7.39-7.20 (4H, m), 4.65 (2H, s), 3.00 (1H, s), 0.89 (9H, 

s), 0.04 (6H, s) 

 

2B.8.4 Ethoxytri(p-iodophenyl)silane (17) 

  

To a solution of p-diiodobenzene (13.2 g, 40.0 mmol) in ether (250 

mL) at -83.5 °C was added n-BuLi (19.25 mL, 31 mmol, 1.6 M in 

hexane) dropwise. After the addition, the pale yellow slurry was 

stirred for 1 h and added via cannula to a pre-cooled solution (-83.5 

°C) of tetraethyl orthosilicate (2.23 mL, 10.00 mmol) in ether (30 mL). The resulting 

clear solution was stirred for 30 min at -83.5 °C and then allowed to reach room 

temperature to continue stirring overnight. 1 M HCl (30 mL, 30 mmol) was added turning 

the solution turbid. The organic layer was separated and washed with water (2x30 ml) 

and brine (40 ml). The aqueous solution was extracted with ether (3x50 ml). The 

combined organic fractions were dried over magnesium sulfate and filtered. Removal of 

the solvent in vacuo gave a crystalline white solid. The solid was recrystallized three 

times from hexane to give 17 (3.6 g, 52%) as a white crystalline solid. 

 

 
1
H-NMR (CDCl3) (300 MHz) : 7.78 (6H, d, J = 6 Hz), 7.3 (6H, d, J = 6 Hz), 3.90 (2H, q, 

J = 6.9 Hz), 1.28 (3H, t, J = 7.0 Hz) 

 

2B.8.5 Tetrakis(4-iodophenyl)silane (18) 

 

p-diiodobenzene (17.6 g, 53.0 mmol) was dissolved in ether (250 mL) 

and cooled to -83.5 °C. n-BuLi (16.4 mL, 41 mmol, 2.5 M in hexane) 

was added dropwise over a period of 1 h. The yellow slurry was 

allowed to reach room temperature and stirred for another 2 h. The 

solution was cooled again to -83.5
o
C and tetraethyl orthosilicate (2.23 

mL, 10.00 mmol) dissolved in ether (30 mL) was added via syringe dropwise. The 

resulting clear solution was stirred for 30 min at -83.5 °C and then allowed to reach room 

temperature to continue stirring overnight. The reaction mixture was quenched by 

Si

OEt

I

II

17
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I

I

I

I
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addition of 1 M HCl (100 ml). The organic layer was then washed subsequently with 

saturated Na2S2O3 (100 ml), water (100 ml) and brine (100 ml). The organic phase was 

then dried over magnesium sulfate, filtered and the solvent removed in vacuo. The crude 

product was triturated twice with chloroform:ethanol and then subjected to flash 

chromatography on silica under inert gas atmosphere using hexane as eluent. The product 

18 was isolated as a white crystalline solid (4.05 g, 41%). 

 

1
H-NMR (CDCl3) (300 MHz) : 7.75 (8H, d, J = 6 Hz), 7.19 (8H, d, J = 6 Hz) 

 

2B.8.6 Ethoxytri{4-[3-(tert-butyldimethylsilanyloxymethyl)-

phenylethynyl]phenyl}silane (19) 

 

Copper iodide (26 mg, 0.13 mmol), 

triphenylphosphine (124 mg, 0.47 mmol) 

and Pd(dba)2 (81 mg, 0.140 mmol) were 

placed in a Schlenk, evacuated and back 

filled with nitrogen three times. Nitrogen 

flushed DIPEA was added to the solids 

(21.4 ml). A solution of alkyne 16 (1.37g, 

5.5 mmol) in THF and tri-substituted silicon 17 (0.655 g, 1 mmol) in THF were added via 

syringe to the previous solution (total volume of THF 65 ml). The reaction mixture 

turned from dark red to yellow by the in situ formation of the palladium catalyst 

Pd(PPh3)4. The solution was kept at 45
o
C for 5 days during which the color turned dark 

brown with the formation of a solid in suspension. The reaction mixture was poured into 

100 ml water in a separation funnel and the phases separated. The aqueous phase was 

extracted with ethylacetate (3x15ml). The combined organic phases were dried over 

MgSO4, the drying agent filtered off and the solvent removed in vacuo. The crude 

product was subjected to flash-chromatography under inert gas atmosphere on silica 

using hexane:dichloromethane 2:1 as eluent. The product was isolated as a light brown 

waxy solid (0.293 g, 28%):  

19

Si
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OTBDMSTBDMSO
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1
H-NMR (300 MHz) (CDCl3) 7.64 (6H, d, J = 9 Hz), 7.59 (6H, d, J = 9 Hz), 7.54 (3H, d, 

J = 1.4 Hz), 7.47 (3H, td, J = 4.5 Hz, 1.4 Hz), 7.36 (6H, m), 4.76 (6H, s), 3.95 (2H, q, J = 

7.5 Hz), 1.28 (3H, t, J = 15 Hz), 1.00 (27H, s), 0.14 (18H, s) 

 

2B.8.7 Tris{4-[3-(tert-butyldimethylsilanyloxymethyl)phenylethynyl]-phenyl}-4’-

iodophenylsilane (20) 

 

Copper iodide (11.4 mg, 0.06 mmol), 

triphenylphosphine (63 mg, 0.24 mmol) and 

Pd(dba)2 (55 mg, 0.06 mmol) were placed in a 

Schlenk, evacuated and back filled with nitrogen 

three times. Nitrogen flushed DIPEA was added to 

the solids (25 ml). Alkyne 16 (887 mg, 3.6 mmol) 

and tetra-substituted silicon 18 (1.0 g, 1.2 mmol) 

were added at once and the solution degassed with three freeze-pump-thaw cycles. After 

returning to room temperature 20 ml of THF were added to the reaction mixture to 

completely dissolve all reactants. The reaction mixture turned from dark red to yellow by 

the in situ formation of the palladium catalyst Pd(PPh3)4 while stirring at room 

temperature. The reaction was kept at room temperature for 5 days during which the 

solution turned dark brown. The mixture was poured into 100 ml of water and the phases 

separated. The aqueous phase was extracted with ethyl acetate (2x50 ml). The united 

organic phases were washed once with brine and dried with MgSO4, the drying agent 

filtered off and the solvent removed in vacuo. The crude product was subjected to flash-

chromatography on silica under inert gas atmosphere using hexane:dichloromethane 3:1 

as eluent. The product was isolated as a light brown sticky oil (170 mg, 15%). 

 

1
H-NMR (300 MHz) (CDCl3) : 7.79 (2H, d, J = 6 Hz), 7.59-7.51 (15H, m), 7.47 (3H, m), 

7.35 (6H, d, J = 3.0 Hz), 7.31 (2H, d, J = 6 Hz), 4.76 (6H, s), 0.97 (27H, s), 0.14 (18H, s) 

20
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2B.8.8 Synthesis of 1,10-phenanthroline-5,6-dione (21) 

 

1,10-phenanthroline (3.0 g, 17 mmol) and KBr (18 g, 150 mmol) were placed 

in a three necked round bottom flask in an ice bath. Concentrated H2SO4 (60 

ml) was added drop wise with efficient stirring. During the addition Br2 

developed giving a brown solution in the flask that was stirred for 1 h at 0
o
C. 

After this time concentrated HNO3 (30 ml) was added drop wise at 0
o
C and the mixture 

allowed to warm up to room temperature and stirred overnight. The solution was then 

heated to 80
o
C for 2 h and then allowed to cool down to room temperature. After 

neutralization of the remaining bromine the brown solution was poured into ice water 

(400 ml) and a saturated solution of sodium bicarbonate (100 ml) added slowly with 

cooling. Then solid sodium carbonate was added until the acid was neutralized (pH=8), at 

this point the solution color turned from brown to bright yellow. The aqueous solution 

was extracted with dichloromethane (6x75 ml) and then dried over MgSO4, filtered and 

the solvent removed in vacuo to afford the product as a bright yellow solid (1.59 g, 45%). 

 

1
H-NMR (300 MHz) (DMSO-d

6
) : 9.00 (2H, dd, J = 3 Hz), 8.40 (2H, dd, J = 3 Hz), 7.68 

(2H, dd, J = 3 Hz) 

 

2B.8.9 Synthesis of 2-(4-((trimethylsilyl)ethynyl)phenyl)-1H-imidazo[4,5-

f][1,10]phenanthroline TMS-EPIP (22) 

 

1,10-phenanthroline-5,6-dione 21 (1.6 g, 7.6 mmol), 4-

((trimethylsilyl)ethynyl)-benzaldehyde (2.14 g, 11 mmol) and 

ammonium acetate (11.7 g, 152 mmol) were suspended in 50 

ml glacial acetic acid and heated to reflux for 4 h. The reaction 

was cooled to room temperature and diluted with 50 ml water. Ammonia (37%) was 

added drop wise until pH=8. A dark green precipitate formed that was filtered off and 

washed with water. The solid was eluted with methanol and then re-crystallized twice 

from methanol:chloroform 1:4. 
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1
H-NMH (300 MHz) (DMSO-d

6
) : 13.88 (1H, bs), 9.10 (2H, q, J = 3 Hz), 8.93 (2H, dd, J 

= 3, J = 6 Hz), 8.31 (2H, d, J = 9Hz), 7.86(2H, bm), 7.72(2H, d, J = 9 Hz), 0.27 (9H, s) 

 

2B.9 Sample preparation 

 

Sample preparation for Raman measurements 

 

The Raman measurements on solid samples such as the per-thiolated cyclodextrin and the 

small nanoparticles were carried out as follows: the compound was finely powdered in an 

agath mortar and then placed on a silicon wafer that had previously been cleaned several 

times with acetone and distilled water mixtures. The confocal microscope was then 

focused on the solid placed on the silicon wafer. Solution samples for Raman 

measurements were prepared by drop-casting an aqueous solution of the corresponding 

compound or compounds in the assemblies on a silicon wafer. The confocal microscope 

was then focused on the drop of solution prior to measurement. In some cases a co-

solvent was used such as acetonitrile. 

 

Sample preparation for HRTEM measurements 

 

HRTEM images were recorded by dissolving an amount of nanoparticles in water (about 

1 mg/ml) and ultra-sonicating the suspension for 20 min. The brown solution was then 

drop-cast on a copper grid covered with carbon foil and allowed to air dry before 

measurement. In some cases a co-solvent was used to improve solubility such as 

methanol or acetonitrile.  

 

Sample preparation for assemblies in solution 

 

The samples for assemblies of metallocyclodextrin compounds in aqueous solution were 

prepared in doubly distilled water. In some cases a mixture of doubly distilled water : 

acetonitrile (10%) or methanol was used to favor solubility of the components. In some 
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prepared solutions turbidity was observed. This was taken as an indication of formation 

of insoluble aggregates. To eliminate this aggregated drop-wise addition of co-solvent 

was used until the solution was clear or filtering through a cotton plug or nylon syringe 

filter. 
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