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Chapter 5  

 

Tripod anchoring of 

diarylethenes to a surface 

 
 

The synthesis and photochromic performance of a surface bound dithienylethene molecular 

switch is described in this chapter. The switch is functionalized with a tripodal base to 

ensure its stable and rigid anchoring to the surface. The three legs, containing thioacetate 

moieties as gold binding units restrict the conformational freedom of the bound molecule 

after attachment to the gold surface. Measurements in solution show that the new 

dithienylethene can be reversibly switched between its open and closed form several times, 

although it suffers from fatigue. The switch was successfully attached to 20 nm gold 

nanoparticles. The stability of the nanoparticles in solution was, however, affected by the 

bound molecules and their precipitation was a drawback for the detailed study of the 

photochemical performance of the attached switch. After attaching the switch to a 

semitransparent gold layer deposited on mica a monolayer of surface bound molecules is 

obtained that can be studied by UV-vis spectroscopy. Alternate irradiation of this 

monolayer of switch molecules with UV and visible light results in a reversible change in 

the optical properties which can be attributed to the switching of the bound dithienylethene.    
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5.1 Molecular assembly on surfaces 
 

The effort invested in the design and synthesis of molecular machines as 

components for the future nanodevices allowed scientists to build many functional 

prototypes of such devices
1
. Although most of these nanodevices were shown to perform 

the functions they were designed for, their capabilities were mostly demonstrated using a 

large ensemble of molecules in the solution. In order to apply those machines as a part of 

more complex structures and to combine them with current technology, it is necessary to 

incorporate and organise them in the solid phase to be able to control their position and 

function and allow communication with the outside world. The most effective way of 

achieving this is to attach these functional molecules to surfaces
2
. Many recent publications 

indicate that this approach is indeed successful
3
. It has been shown that several molecular 

systems can function not only in solution but also after assembly on a surface.  

Most frequently used for anchoring of organic molecules are gold surfaces. There 

are several reasons why gold surfaces have often been used. One of them is that gold can 

create atomically flat surfaces suitable for scanning probe microscopy techniques. 

Furthermore Au-particles of various sizes in the nanometer range can be readily prepared
4
. 

Another reason is that gold is a reasonably inert material and can be handled at ambient 

conditions while it can still be efficiently and selectively modified by thiols
5
. Most studies 

deal with molecules attached to the surface through one thiol group. Although this approach 

is efficient for molecules that form tightly packed monolayers, it is not convenient for the 

positioning and control of individual molecules. Using several anchor points for one 

molecule, not only increases the stability of its binding to the surface, but also restricts its 

tilting with respect to the surface. The minimal number of the points that would guarantee 

stable positioning of the molecule on the surface is three and they should not be in a line. 

The basic stand that fulfils this criterion is a tripod (Figure 5.1). 

S S

S
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legs with 
anchor groups

functionality

Au  

Figure 5.1 Schematic drawing of a molecule attached to the surface via a tripod. 

The shape of the tripod is quite common in chemistry. In fact the carbon atom itself 

with the tetrahedral arrangement of its four bonds can represent a tripod with the fourth 

bond positioned normal to the surface (Figure 5.2a). Since the purpose of this tripod is 

exact positioning of the molecule, the spacers (legs) between its tetrahedral core and the 

surface should be as rigid as possible. Therefore they usually consist of aromatic moieties, 

or phenyleneethylene segments if greater length is desired. Of course the crucial parts of the 

tripod are the actual anchoring groups, typically based on the thiols, but in the case of 
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surfaces other than gold different functionalities can be used as well (Figure 5.2b). Tripods 

without surface binding groups were often used as a stopper groups for rotaxanes
6
. 

Realizing the potential of the exact positioning of the molecule on the surface using a tripod, 

several groups have studied such molecules as a possible tip for scanning probe 

microscopy
7
, a crosslinker for the creation of an arrays of gold nanoparticles

8
, and to 

anchor complex ligands
9

, fullerenes
10

, rotaxanes
11

, pseudorotaxanes
12

 and potential 

motors
13

 to the surfaces. 
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Figure 5.2 The most common building blocks of tripods a) tetrahedral cores; b) legs with 

surface anchoring groups. 

Previous studies in our group have shown that the attachment of the diarylethene 

molecular switches to a gold surface can interfere with their photochemical performance
14

. 

The absence of a ring-closing photochromic reaction in some of the diarylethenes attached 

to the gold surface was attributed to the quenching of the excited state of the switches with 

gold
14a

. There might be several possible reasons for the quenching. A short linker might 

bring a switch very close to the gold surface. An extended conjugation of the π-electron 

system of the diarylethene to an aromatic linker can cause overlap of the orbitals of the 

switch with orbitals of the gold. Furthermore to much conformational freedom caused by 

only one anchor point allows the whole molecule to come much closer to the surface. To 

avoid these problems a switch attached to the surface via a tripod 5.1 (Scheme 5.1) was 

designed. The tripod secures the position of the switch with respect to the surface. The legs 

are long enough (1.2 nm)
15

 to keep the diarylethene rather far from the surface (the distance 

of the silicon atom from the surface is 0.6 nm)
15

 even in its opened form which is quite 

flexible, and they are not conjugated to the switching part to interfere with the 

photochemical ring-opening or ring-closure. The design is based on the convergent route 

pioneered by Tour
7b,13

, using the silicon based tetrahedral core 5.3 which is easy to 

synthesize. The legs 5.4 contain a protected thiol moiety in the meta position with respect 

to their attachment to the core, because their placement in the para position was shown to 

lead to inefficient attachment of the tripod to the surface
13

. The basic dithienylethene 

without any substituents is known to be a very inefficient switch
16

. Therefore its π-electron 
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system has to be extended through attachment of at least one aromatic moiety, in this case 

another thiophene to give building block 5.2. All the three fragments, the switching unit 5.2, 

the central tetrahedral core 5.3, and the leg with an anchor group 5.4 can be synthesized 

independently and then combined in the last steps of the synthesis, which makes this route 

convergent and, especially with respect to the high reactivity of the thioester group in 5.4, 

convenient. 
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Scheme 5.1 Retrosynthetic analysis of the tripod functionalized diarylethene 5.1. The 

molecule consist of the switching unit, tetrahedral silicon core and legs with a thioacetate as 

an anchor group, to assemble the whole system on Au. 

5.2 Synthesis 
 

The synthesis of the leg starts with the introduction to the aromatic group of the 

surface binding thiol moiety protected by the acetyl group (Scheme 5.2). One of the iodides 

of 1,3-diiodobenzene 5.5 undergoes halogen metal exchange with t-BuLi followed by the 

insertion of the sulphur and final quenching with acetyl chloride to give the thioacetate 5.6. 

The second iodide was then substituted with trimetylsilylacetylene under Sonogashira 

coupling conditions resulting in 5.7. The deprotection of 5.7 using tetrabutylammonium 

fluoride in the presence of acetic anhydride, to avoid deacetylation of the sulphur, yielded 

almost quantitatively the unprotected alkyne 5.4, which comprises the leg of the tripod. The 

central tetrahedral core 5.3 based on silicon was synthesized by the reaction of the 4-

iodophenyllithium, prepared from 1,4-diiodobenzene 5.8, with tetraethoxysilane. Due to 

steric hindrance around the silicon centre caused by the bulky phenyl groups, only small 

amount of the tetra(4-iodophenyl)silane as a byproduct was formed. 
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Scheme 5.2 Synthesis of the surface anchoring leg 5.4 and the tetrahedral core 5.3 

fragments. 
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Scheme 5.3 Synthesis of the switching fragment 5.2 and subsequent coupling with the 

tetrahedral core 5.3 and leg 5.4 fragments to give the final tripod functionalized 

dithienylethene 5.1. 
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The diarylethene switching part was synthesized from known precursor 5.9
16

. 

Extension of the conjugated aromatic system in order to improve its photochemical 

properties was achieved using a Suzuki coupling. One of the chlorine atoms in 5.9 was 

transformed into the boronic ester through halogen metal exchange followed by quenching 

with triethylborate. This ester was reacted without isolation with 2-bromo-5-

methylthiophene under basic conditions using Pd
0
 catalysis to afford the thiophene 

substituted switch 5.2. Substitution of the second chlorine atom for lithium and reaction 

with the tetrahedral core 5.3 resulted in 5.10 to which the legs 5.4 were attached using again 

a Sonogashira coupling reaction. The final tripod containing switch 5.1 was obtained in a 

fair yield as an oil. Signals of all the components, the switch, the central core as well as the 

thioacetate functionalized legs are present in the 
1
H NMR and 

13
C NMR spectra. The mass 

spectra obtained using the MALDI-TOF method showed a molecular peak with the mass of 

1136 which corresponds to the mass of the 5.1. 

 

5.3 Photochemical behaviour in solution 
 

The UV-vis spectrum of the switch 5.1 in toluene shows two maxima in the UV 

region at 296 nm and 315 nm and a shoulder at around 340 nm (Figure 5.3a). Irradiation of 

its colourless toluene solution with 313 nm UV light resulted in a change of the colour to 

blue as a result of the appearance of the new absorption band in the visible region with a 

maximum at 530 nm. The UV region of the spectrum changed only slightly. It is probably 

dominated by the absorption of the phenyleneethylene legs of the tripod. This 

photochemical ring-closing reaction proceeds to completion, as no traces of the open form 

could be observed in the 
1
H NMR spectrum after irradiation of the switch solution in 

deuterated toluene. The irradiation of this coloured solution with visible light (>420 nm) 

resulted in the photochemical ring-opening reaction. The absorption maximum in the 

visible region disappears, and the spectrum of the open form is restored.   

 

Figure 5.3 The photochemical behaviour of the switch 5.1 (1.27x10
-5

 mol/dm
3
 in toluene) 

a) UV-vis spectra of the open form (—) and the closed form at the photostationary state (---

); b) change in absorption monitoring at the 530 nm during 4 switching cycles. 

Although the spectrum of the open form after one switching cycle does not show 

any sign of decomposition of the switch upon irradiation, the subsequent ring-closing 

reaction changes the picture (Figure 5.3b). While the spectra of the open form of the switch 
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are almost identical after each switching cycle, the absorption maximum of the closed form 

in the visible region is decreasing by approximately 15% with each ring-closing reaction. 

Despite this quite high fatigue, switch 5.1 is still suitable for our purpose to study its 

switching upon binding to a surface. 

The presence of thioacetate groups allows the tripod functionalized switch to be 

bound to a gold surface. The acetate works as a thiol protecting group during the synthesis 

and is cleaved in situ upon binding to the gold
17

. Two surfaces with different properties 

were used to anchor the switch; i) gold nanoparticles and ii) semitransparent flat gold layer 

deposited on mica. (Figure 5.4). 
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Figure 5.4 Schematic representation of tripod functionalized diarylethene switch 5.1 on a) 

gold nanoparticles; b) flat gold surface. 

5.4 Photochemical behaviour on gold nanoparticles 
 

The study of switching molecules on surfaces has several specific challenges. One 

of them is that the methods commonly used to study the molecules in solution have limited 

application here. This is mainly due to much smaller number of the observable molecules 

comparing to those in the solution. One approach to overcome this difficulty is to use 

nanoparticles. 

Nanoparticles have a high surface to volume ratio, thus much more molecules can 

be attached to them than on a flat surface. Another advantage is that the nanoparticles can 

be studied in solution which allows to use the same techniques as employed for the study of 

free molecules
18,14c,3d

.  However, modified nanoparticles also have their specific issues. The 

most important for this study are their optical properties. The most obvious is their colour. 

Nanoparticles show strong absorbance in the visible region as a consequence of the surface 

plasmon excitation
19

. This might obscure the changes in the UV-vis spectra we use to 

observe the switching process. On the other hand, the exact position and intensity of the 

plasmon band is highly dependent on the size as well as the environment of the 

nanoparticle which might facilitate the observation of changes taking place directly on their 

surface
20

. 
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The preparation of nanoparticles is based on the reduction of HAuCl4 into Au(0) in 

the presence of ligands that bind to the surface of the particle and limit its growth and 

fusion with other particles. There are two most commonly used methods to achieve this. 

The so-called Brust-method
21

 is based on the reduction with NaBH4 in the presence of the 

tetra-n-octylammonium bromide and thiol molecules. This results in nanoparticles of 

diameters between 1.5 – 5.2 nm (the exact size depends on the ratio of the thiol to gold), 

with the thiol molecules attached to their surface. The other method is based on the use of 

sodium citrate as both reducing and stabilizing agent. In this case the size of the particles 

can be anything between 16 and 147 nm depending again on the ratio of the citrate to gold
22

.  

 

Figure 5.5 UV-vis spectra at various stages of nanoparticle modification. The nanoparticle 

solution in water:acetone / 1:1 (—); immediately after addition of switch 5.1 (- - -); after 

stirring for 15 min (
. . . .

); after stirring for 30 min (∙−∙−∙−). 

 Considering the size of the tripod, 20 nm gold nanoparticles were synthesized 

following the second procedure
22

. They were obtained as a deep red aqueous solution with 

a concentration of 1 mmol/dm
3
 of gold that shows no precipitation even after long (6 

months) storage in the refrigerator. This solution shows an intense plasmon resonance band 

with a maximum at 523 nm (Figure 5.5). After addition of the solution of the switch 5.1 

(0.1 mg in 0.2 ml of acetone) the intensity of the maximum increased, accompanied with 

the gradual shift to longer wavelengths as a result of the modification of nanoparticles. 

After stirring for 15 min at room temperature, the maximum shifted to 609 nm and the 

intensity started to decrease. This decrease was caused by the precipitation of the modified 

nanoparticles. The switch molecules attached to the surface are not able to prevent the 

cohesive forces between the nanoparticles which starts to aggregate.  

 To obtain the labelled nanoparticles without excess of the switch in the solution, 

nanoparticles were after 16h stirring with the solution of switch 5.1 isolated by precipitation 

and centrifugation. Then they were redissolved in toluene and the precipitation and 

centrifugation was repeated. After five reprecipitation and centrifugation cycles, the 

supernatant no longer contained any free switch molecules as determined by UV-vis 

spectroscopy. However, the nanoparticle solution was still unstable and always showed 

some degree of the aggregation. Experiments using different solvents, lower temperatures 

or addition of dodecanethiol to obtain a more stable organic shell around the nanoparticles 

did not improve the situation. Despite this drawback significant changes in the UV-vis 

spectra after irradiation with UV light could be observed (Figure 5.6). Irradiation with 313 

nm UV light caused an increase in the absorbance in the region between 400 nm and 500 

nm (Figure 5.6b) as well as the shift of the plasmon resonance band maximum from 672 
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nm to 683 nm. There is also a small decrease of the intensity in the UV region, but it is not 

clear if this is due to the switching process or due to the precipitation of the nanoparticles. 

Although this result was confirmed for three independent samples, irradiation with visible 

light to reverse the switching process was inconclusive since the decrease of the absorbance 

is difficult to distinguish from change in spectra due to the precipitation. 

 

Figure 5.6 UV-vis spectra related to the switching process of 5.1 on nanoparticles; a) the 

nanoparticle labeled with 5.1 in the toluene (—); after 1 min irradiation with 313 nm UV 

light (- - -); after 2 min irradiation with 313 nm UV light. (
. . . .

); b) detailed view on the 

region where the most pronounced light induced change can be observed. 

5.5 Photochemical behaviour on flat gold surface 

 
Since stabilization of the nanoparticles in the solution was not successful, a semitransparent 

gold film on a mica surface was used for the further experiments. Gold can be deposited on 

many surfaces to create layers of various thicknesses. Mica being transparent in the visible 

and partly transparent in the UV region is a suitable one. Gold is of course not a transparent 

material, however if the layer is sufficiently thin, around 20 nm, it is semi-transparent, 

allowing for the detection of the changes on its surface using UV-vis spectroscopy
14d

. This 

thin layer of gold was deposited on mica preheated to 375°C in vacuum (see experimental 

part). The substrate with the gold film was then immersed for 12h in the 1 mM solution of 

the switch 5.1 in ethanol to create a monolayer. 

Values of absorbance higher than 1 in the observed spectral region of UV-vis 

spectra of the prepared surface (Figure 5.7a) indicate that the surface absorbs and reflects 

more than 90% of the light and only remaining, less than 10% of the light, is reaching the 

detector of the UV-vis spectrometer. The plasmon resonance band can be observed at 672 

nm, which is the same wavelength as for the nanoparticles. Any change in the spectra 

caused by the photochromism of the switch 5.1 would be difficult to distinguish due to the 

small amount of the light passing through the layer. Moreover, the small number of 

molecules in the monolayer makes the observation of the process even more difficult. To 

partially compensate for the concentration of the molecules, every spectrum was 

accumulated ten times
14d

. To eliminate the high surface absorbance/reflectance, the spectra 

before and after irradiation were subtracted. The result can be seen in Figure 5.7b. For 

comparison, the result of subtraction of the UV-vis spectra before and after the irradiation 

of the 5.1 in solution is also included in Figure 5.7b. It is clear that irradiation with UV 
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light leads to increase of the absorbance in the region 350-560 nm, with distinct sharp 

increase at 360 nm and a less distinct increase at 530 nm. There is also decrease of the 

intensity at wavelengths between 560 and 690 nm and further increase beyond 690 nm (not 

shown due to the extremely noisy signal). The switching cycle can be repeated several 

times (Figure 5.7c), however due to photochemical decomposition of the switch, the signal 

is loosing its quality as a result of decrease of the signal to noise ratio. Switching was 

observed on the three independent samples and it is well reproducible. 

 

Figure 5.7 UV-vis spectra of a) 20 nm semi-transparent gold on mica substrate; b) 5.1 

attached to this surface. The spectra shown are the subtraction of the 10 accumulations of 

the spectra of the closed form and 10 accumulations of the spectra of the open form 

measured on the surface (—); subtraction of the spectra of the closed form and open form 

of 5.1 in the solution (- - -). c) reversibility of the switching of 5.1 on the gold surface. The 

more pronounced increase after second cycle is probably caused by a slight shift of the 

sample in the holder during the irradiation period. 

 Switching on the surface (Figure 5.7b) shows similar changes in the UV-vis 

spectra as the switching on the nanoparticles (Figure 5.6). In both cases there is increase in 

absorption in the region between 400 and 500 nm upon irradiation with UV light. In 

solution, however, the most pronounced increase, upon UV light induced ring-closure, is at 

530 nm (Figure 5.3 and Figure 5.7b). The reversible, light induced change in the UV-vis 

spectra of the surface modified with monolayer of 5.1 is clearly due to presence of 

photochromic switching moiety, because the control experiment using monolayer of 

dodecanethiol on the same surface (i.e. 20 nm gold on mica) showed no variation in the 

spectral features upon irradiation. However, there is a distinct difference between spectra of  

5.1 in solution and when assembled as a monolayer on gold. It is not clear, what is the 
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source of the change in the spectra between surfaces modified with a monolayer of open 

and closed form of the switch. If the change in the spectra reflects the change in the 

absorption properties of the switch molecules, then the electronic properties of the switch 

molecules are different in the solution and upon binding to surface. Recently, a theoretical 

study of the surface bound dithienylethenes supporting this view was published
23

, but all 

the examples in this study use short conjugated spacers to connect the switch to the surface. 

Therefore, this explanation might not be appropriate, since we anticipate that long legs in 

5.1 guarantee quite efficient isolation of the switch from the surface. Another possibility is 

that the observed change of the spectral features upon irradiation is not caused by the 

change of the absorption of the switch molecule, but rather by change in the optical 

properties of the surface (such as refractive index) caused by the different state of the 

switch. This principle was applied in a system where the change in surface plasmon 

resonance was used to detect the state of the switch
24

. 

5.6 Conclusion 
 

Placing the diarylethene photochromic switch on a tripod allows for its binding to a 

gold layer in a rigid manner that keeps the switch sufficiently isolated from the surface. 

This results in the photochemical switching in the both directions, ring-opening as well as 

the ring-closing which was reported before to be problematic
14a

. The ring-closing process 

was observed on gold nanoparticles. Nanoparticles sufficiently large to carry the tripod are, 

however, difficult to stabilize in the solution. Modified nanoparticles showed strong 

tendency to precipitate, thus making observation of the full switching cycle impossible. 

Switching of the diarylethene on the semi-transparent 20 nm gold on mica surface was 

reversible, and the switching cycle could be repeated several times. However, the reversible 

changes of spectral features observed during the switching on the surface do not correspond 

to changes observed when switching was performed in the solution. The conducted 

experiments are not sufficient to explain this difference and further investigation is 

necessary to clarify the nature of the observed changes in spectral features. For future 

experiments, it would be desirable to choose a more fatigue-resistant diarylethene moiety to 

avoid its decomposition during experiments. Incorporation of a chiral substituent might 

help to prove the presence of open and closed form using CD spectroscopy. 

5.7 Experimental section 
 

General information: 

 

For general information on synthesis, characterization and photochemical studies, see 

Chapter 2. 

 
S-3-Iodophenyl ethanethioate (5.6) 

To a solution of 1,3-diiodobenzene 5.5 (4.16 g, 12.5 mmol) in ether (20 

ml) at -78°C under nitrogen was dropwise added t-BuLi (17 ml of a 1.5 

M solution in pentane, 25.5 mmol). After stirring for 1h at the same 

temperature, sulfur powder (0.416 g, 13 mmol) dissolved in THF (60 ml) 

was added. The solution was allowed to reach room temperature over 1h. 

I

S

O



Chapter 5  

 118 

Subsequently it was cooled again to -78°C and acetyl chloride (1.4 ml, 1.54 g, 19.6 mmol) 

was added. After stirring at room temperature for 3h water (20 ml) was added, the organic 

layer separated, washed with brine (20 ml) and dried over Na2SO4. Evaporation of the 

solvent and purification by chromatography (silica gel, n-hexane:ether / 25:1) gave 2.71 g 

(78 %) of product 5.6 as a slightly yellow oil. 
1
H NMR (CDCl3, 400 MHz)  2.42 (s, 3H), 7.14 (t, J = 8 Hz, 1H), 7.38 (d, J =8 Hz, 1H), 

7.73 (d, J = 7.7 Hz, 1H), 7.76 (s, 1H); 
13

C NMR (CDCl3, 100.6 MHz)  30.29 (q), 94.35 (s), 129.92 (d), 130.63 (d), 133.64 (d), 

138.33 (s), 142.57 (d), 192.90 (s); 

MS (EI): 278 [M
+
]; HRMS calcd. for C8H7IOS: 277.9262. Found: 277.9246. 

Anal. calcd. for C8H7IOS: C, 34.55; H, 2.54; Found: C, 34.50; H, 2.59. 

 

S-3-(2-(Trimethylsilyl)ethynyl)phenyl ethanethioate (5.7) 

A mixture of iodide 5.6 (2.22 g, 8 mmol), 

trimethylsilylacetylene (1.6 ml 1.12 g, 11.4 mmol) and N,N-

diisopropylethylamine (2.2 ml, 1.66 g, 12.9 mmol)  in THF 

(20 ml) was stirred for 30 min at room temperature under 

nitrogen. Then a mixture of solid 

bis(triphenylphosphine)palladium(II)chloride (280 mg, 0.4 mmol)  and copper(I) iodide (76 

mg, 0.4 mmol), degassed in vacuum for 1h, was added. After stirring for 48 h at room 

temperature water (20 ml) and ether (20 ml) were added. The organic layer was separated 

and the aqueous layer was extracted with ether (20 ml). The combined organic extracts 

were washed with water (20 ml) and dried over Na2SO4. Evaporation of the solvent and 

purification by chromatography (silica gel, n-hexane:ether / 25:1) gave 1.31 g (66 %) of 

product 5.7 as an oil. 
1
H NMR (CDCl3, 400 MHz)  0.25 (s, 9H), 2.41 (s, 3H), 7.33-7.36 (m, 2H), 7.47-7.54 (m, 

2H); 
13

C NMR (CDCl3, 100.6 MHz)  -0.018 (q), 30.29 (q), 95.61 (s), 103.911 (s), 124.45 (s), 

128.20 (d), 129.06 (d), 132.85 (d), 134.50 (d), 137.78 (s), 193.44 (s); 

MS (EI): 248 [M
+
]; HRMS calcd. for C13H16OSSi: 248.0691 Found 248.0702. 

Anal. calcd. for C13H16OSSi: C, 62.85; H, 6.49; Found: C, 63.10; H, 6.43. 

  

S-3-Ethynylphenyl ethanethioate (5.4) 

To a solution of the 5.7 (1.24 g , 5 mmol) in THF (10 ml) at 0°C was 

added acetic anhydride (1.0 g,  10 mmol) and AcOH (0.6 g, 10 mmol) 

followed by tetrabutylammonium fluoride (6 ml of 1M solution of 

TBAF.3H2O, 6 mmol). The solution was allowed to warm to the 

room temperature over 1h and poured into water (50 ml). The 

mixture was extracted with ether (3 x 20 ml). The combined organic extracts were washed 

with water (20 ml) and dried over Na2SO4. Evaporation of the solvent gave 0.86 g (98 %) 

of product 5.4 as an oil that does not require further purification. 
1
H NMR (CDCl3, 400 MHz)  2.42 (s, 3H), 3.11 (s, 1H), 7.36-7.41 (m, 2H), 7.50-7.54 (m, 

2H); 
13

C NMR (CDCl3, 100.6 MHz)  28.7 (q), 76.9 (d), 81.0 (s), 121.8 (s), 126.7 (d), 127.5 (d), 

131.5 (d), 133.3 (d), 136.3 (s), 191.8 (s); 

MS (EI): 176 [M
+
]; HRMS calcd. for C10H8OS: 176.0296; Found 176.0302. 

Anal. calcd. for C10H8OS: C, 68.15; H, 4.58; Found: C, 68.00; H, 4.65. 

S

O

Me3Si

S

O
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Ethoxytris(4-iodophenyl)silane
13

 (5.3) 

To the suspension of 1,4-diiodobenzene 5.8 (6.6 g, 20 mmol) in 

ether (100 ml) cooled to -78°C was added n-BuLi (9.4 ml of 1.6M 

solution in n-hexane, 15 mmol) dropwise over 15 min. This mixture 

was stirred for 1h at the same temperature and then 

tetraethoxysilane (1.1 ml, 1.04 g, 5 mmol) was added at once. After 

stirring for 1h at -78°C and then for 4h at room temperature HCl  

(15 ml of an 1M aqueous solution) was added. The separated 

organic layer was washed with water (2 x 30 ml), dried over 

Na2SO4 and the solvent was evaporated. Purification of the residue 

by chromatography (silica gel, n-hexane:toluene / 9:1) gave 1.81 g 

(53 %) of product 5.3 as white solid. m.p. 173-175 °C (ref
13

. 174-

175 °C). 
1
H NMR (CDCl3, 400 MHz)  1.21 (t, J = 6.9 Hz, 3H), 3.81 (q, J = 6.9 Hz, 2H), 7.28 (d, J 

= 8.1 Hz, 6H), 7.75 (d, J = 8.1 Hz, 6H); 
13

C NMR (CDCl3, 100.6 MHz)  14.47 (q), 60.03 (t), 98.08 (s), 132.78 (d), 136.75 (s), 

137.29 (d); 

MS (EI): 682 [M
+
]; HRMS calcd. for C20H17I3OSi: 681.8183; Found: 681.8195; 

Anal. calcd. for C20H17I3OSi: C, 35.21; H, 2.50; Found: C, 35.40; H, 2.57. 

 

5-Chloro-2-methyl-3-(2-(2-methyl-5-(5-methylthiophen-2-yl)thiophen-3-yl)cyclopent-

1-enyl)thiophene (5.2) 

Dichloride 5.9 (6.59 g, 20 mmol) was dissolved in 

anhydrous THF (75 ml) under a nitrogen atmosphere, 

and n-BuLi (13.8 ml of 1.6M solution in n-hexane, 22 

mmol) was added slowly at 0°C. After the addition 

reaction the mixture was allowed to warm to r.t. and 

stirred for an additional 1 h. Then B(n-OBu)3 (8 ml, 6.9 

g, 30 mmol) was added, followed by the stirring for the next 1 h at r.t. Degassed aq. 

Na2CO3 (50 ml of 2M solution), Pd(PPh3)4 (578 mg, 0.5 mmol) and 2-bromo-5-

methylthiophene (3.9 g, 22 mmol) were added to the resulting solution and the mixture was 

heated at reflux for 3 h. Subsequently, water (200 ml) was added and the mixture was 

extracted with Et2O (3 x 100 ml). The combined extracts were dried over Na2SO4 and the 

solvents evaporated. Purification by chromatography on silica gel using n-hexane as an 

eluent gave 5.06 g (65%) of the product 5.2 as an oil.  
1
H NMR (CDCl3, 400 MHz)  1.91 (s, 3H), 1.96 (s, 3H), 2.00–2.10 (m, 2H), 2.48 (s, 3H), 

2.73-2.83 (m, 4H), 6.63-6.65 (m, 1H), 6.80 (s, 1H), 6.86 (d, J = 3.3 Hz, 1H); 
13

C NMR (CDCl3, 100.6 MHz)  14.34 (q), 15.44 (q), 22.98 (t), 38.47 (t), 38.55 (t), 122.89 

(d), 123.67 (d), 125.08 (s), 125.87 (d), 126.88 (d), 133.35 (s), 133.43 (s), 133.69 (s), 133.88 

(s), 135.16 (s), 135.40 (s), 136.00 (s), 138.59 (s); 

MS (EI): 390 [M
+
]; HRMS calcd. for C20H19ClS3: 390.0337; Found: 390.0343; 

Anal. calcd. for C20H19ClS3: C, 61.43; H, 4.90; Found: C, 61.40; H, 4.88; 

 

 

 

 

Si

I

I

I
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Tris(4-iodophenyl)(5-methyl-4-(2-(2-methyl-5-(5-methylthiophen-2-yl)thiophen-3-

yl)cyclopent-1-enyl)thiophen-2-yl)silane (5.10) 

Chloride 5.2 (1.17 g, 3 mmol) was 

dissolved in anhydrous ether (50 ml) under 

a nitrogen atmosphere, and t-BuLi (2 ml of 

1.5M solution in n-pentane, 3 mmol) was 

added slowly at 0°C. After the addition, the 

reaction mixture was allowed to warm to r.t. 

and stirred for additional 1 h. Then 5.3 

(2.05 g, 3 mmol) in THF (20 ml) was added, 

followed by stirring for 4 h at r.t. The 

solution was washed with water (2 x 50 ml) 

and the combined aqueous layers were extracted with ether (2 x 50 ml). The combined 

organic extracts were dried over Na2SO4, and the solvent evaporated. Purification by 

chromatography (silica gel, n-hexane:toluene / 19:1), gave 5.10 (2 g, 67%) as an colourless 

oil. The product was pure by NMR. 
1
H NMR (CDCl3, 400 MHz)  1.91 (s, 3H), 2.00–2.09 (m, 2H), 2.24 (s, 3H), 2.50 (d, J = 

0.7 Hz, 3H), 2.72-2.82 (m, 4H), 6.66 (dd, J =1.1, 3.7 Hz, 1H), 6.69 (s, 1H), 6.83 (s, 1H), 

6.84 (d, J = 3.7 Hz, 1H), 7.16 (dt, J =1.6, 8.1 Hz, 6H), 7.67 (dt, J =1.6, 8.1 Hz, 6H); 
13

C NMR (CDCl3, 100.6 MHz)  14.17 (q), 14.70 (q), 15.64 (q), 23.24 (t), 37.78 (t), 38.13 

(t), 97.85 (s), 122.87 (d), 123.88 (d), 126.04 (d), 126.96 (s), 132.61 (s), 133.20 (s), 133.57 

(s), 134.79 (s), 135.28 (s), 135.42 (s), 136.20 (s), 137.29 (d), 137.45 (d), 137.93 (s), 138.62 

(s), 141.11 (d), 143.28 (s); 

MS (MALDI-TOF): 992 [M+]  
 

Thioacetic acid S-{2-[4-(bis-[4-(3-acetylsulfanyl-phenylethynyl)-phenyl]-{4-[2-(5,5'-

dimethyl-[2,2']bithiophenyl-4-yl)-cyclopent-1-enyl]-5-methyl-thiophen-2-yl}-silanyl)-

phenylethynyl]-phenyl} ester (5.1) 

To a dry flask containing 

Pd(dba)2 (8.6 mg, 0.015 

mmol), Ph3P (13 mg, 0.05 

mmol) and CuI (3 mg, 0.015 

mmol) kept under a nitrogen 

atmosphere was added a 

solution of 5.10 (99 mg, 0.1 

mmol) in dry THF (3 ml), i-

PrNEt2 (2 ml) and alkyne 5.4 

(106 mg, 0.6 mmol) in dry 

THF (2 ml). The reaction 

mixture was stirred at r.t. for 

16 h, then poured into water 

(10 ml) followed by extraction 

with ethyl acetate (3x10 ml). 

The organic extracts were 

washed with water (10 ml), 

SS Si
S

I

I

I

SS Si
S

S

S

S
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dried over Na2SO4, and the solvent evaporated. Purification by chromatography (silica gel, 

n-hexane:ethylacetate / 4:1), gave 5.1 (75 mg, 66%) as a colourless oil. 
1
H NMR (CDCl3, 400 MHz)  1.92 (s, 3H), 2.00-2.09 (m, 2H), 2.20 (s, 3H), 2.42 (s, 3H), 

2.45 (s, 9H), 2.73-2.83 (m, 4H), 6.61 (dd, J = 1.1, 3.3 Hz, 1H), 6.71 (s, 1H), 6.84 (d, J = 3.3 

Hz, 1H), 6.93 (s, 1H), 7.39-7.42 (m, 6H), 7.49 (s, 12H), 7.55-7.59 (m, 3H), 7.60 (s, 3H), 
13

C NMR (CDCl3, 100.6 MHz)  14.24 (q), 14.69 (q), 15.48 (q), 23.22 (t), 30.41 (q), 38.01 

(t), 38.26 (t), 89.61 (s), 90.52 (s), 122.92 (d), 124.00 (d), 124.54 (s), 124.60 (s), 125.96 (d), 

127.72 (s), 128.42 (s), 129.28 (d), 131.12 (d), 132.68 (d), 133.29 (s), 133.58 (s), 134.29 (s), 

134.47 (d), 134.82 (s), 135.08 (s), 135.50 (s), 135.98 (d), 136.25 (s), 137.48 (d), 137.95 (s), 

138.59 (s), 140.86 (d), 143.16 (s), 193.62 (s) 

MS (MALDI-TOF): 1136 [M+]  

 

Preparation of the gold nanoparticles
22

: 

 

To a boiling solution of tetrachloroauric(III) acid (40 mg of the HAuCl4.xH2O 

containing >49% Au, 0.1 mmol Au) in water (100 ml) was added sodium citrate dihydrate 

(120 mg, 0.4 mmol) in water (5 ml). The solution was refluxed for 20 min until it reached a 

deep red colour. Then, the solution was cooled to room temperature and stored at the 4°C. 

The final concentration is 1 mmol/dm
3
 Au in the form of nanoparticles with a diameter of 

20 nm (according to the literature
22

). 

 

Functionalization of the gold nanoparticles: 

 

Switch 5.1 (0.5 mg) dissolved in acetone (6 ml) was added to the solution of the 

nanoparticles (5 ml of the solution described above). After stirring for 16 h at the room 

temperature, the precipitate was isolated by centrifugation (15 min at 6000 rpm). The 

obtained nanoparticles were purified repeating five times the precipitation process 

consisting of dissolution in toluene (1.5 ml), precipitation by the addition of methanol (7.5 

ml) and centrifugation (15 min at 6000 rpm). 

 

Preparation of the semi-transparent gold surface
25

: 

 

Mica sheets (supplied by Pelco) were heated at 375°C for 16 h in vacuum 3.3x10
-7

 mbar in 

a home-made vacuum deposition system. Gold was deposited on the hot substrate at a rate 

of 0.01 nm/s to form a semitransparent, 20 nm tick, Au(111) layer. The substrate was then 

kept at the same temperature for 1h and subsequently cooled to room temperature over 5h. 

 

Preparation of the monolayer
25

: 

 

The substrate was immersed in a solution of the switch 5.1 (1 mmol/l in ethanol) for 12h. 

The sample was then removed, washed 3 times with ethanol and dried under an argon flow. 
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