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Chapter	5	
Control	over	Surface	Wettability	by	
Surface‐Immobilised	1st	Generation	
Molecular	Motors	

 

 

 

 

 

 

 

 

 

 

To harness work from nanoscale molecular systems, it is essential to overcome thermal motion that 
the molecules experience in solution by means of immobilization without impartment of the 
molecular function. One of the strategies to achieve such immobilization is attachment to a surface. 
Here, we present surface bound first-generation overcrowded-alkene based molecular motors 
displaying a degree of light-controlled wetting properties. Two functionalised motors were 
successfully synthesized and their photochemical and thermal isomerization steps characterised by 
using 1H-NMR and UV/Vis absorption spectroscopy. Mixed self-assembled monolayers of 
alkanethiols and motors equipped with a functional group, either a hydrophobic fluoroalkyl moiety or 
an alkyl chain bearing a hydrophilic carboxylic acid functionality, were prepared. Water contact angle 
(WCA) measurements of the functionalised surfaces were used to assess their wettability. Except for 
a system employing a surface-immobilized carboxylate motor, no significant changes in WCA upon 
expected formation of the mixed monolayers. The reversible variations in wetting properties upon 
alternating irradiation observed for the carboxylate motor immobilized in mixed monolayer may 
indicate an isomerization of molecular motor mounted on the surface. Nonetheless, more experiments 
are required to establish a more pronounced photo-control over the surface wettability. 
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Chapter 5  

5.1 Introduction	

Development of synthetic molecular machines and switches allow to achieve 
control over nanoscale molecular motion in man-made systems with a precision 
approaching that shown by their biological counterparts.1–3 Inspired by the wealth 
and abundance of molecular machines found in nature,4,5 synthetic analogues 
responsive to pH,6–9 chemicals,10–12 electrical fields13,14 or light,15–18 have been 
constructed. While Brownian motion is dominant over any directional motion in 
liquids proper surface attachment would allow for harnessing work from such 
systems.19–22 Thus surfaces, functionalized with responsive molecules that can 
undergo defined changes as a consequence of various types of external stimuli, are 
of great interest due to their potential applications as sensors,23–26 lubricants27–29 
coatings30–32 or electronic devices.33–36 Among different stimuli, light is non-
invasive, waste-free and offers highest degree of spatiotemporal control in addition 
to fast response times.37–39 For this reason, organization of the photoresponsive 
molecules on surfaces in form of self-assembled monolayers (SAMs) is one of the 
most promising strategies to fabricate functional interfaces which is illustrated by 
numerous examples of dynamic and responsive systems with features ranging from 
tuneable wettability40,41 to modified conductance42,43 and optical properties.44,45 
Furthermore, this strategy has enabled fabrication of functional surfaces that are 
able to convert light energy into macroscopic work manifested by directional 
motion of the organic liquids.46,47 Despite this remarkable progress, light-induced 
water contact angle (WCA) changes on flat non-patterned surfaces functionalized 
with azobenzenes,48–50 spiropyrans,51–53 dithienylethenes,54 rotaxanes,47 catenanes55 
or fulgides44,56 are moderate, amounting up to ΔWCA ~ 15° difference between 
irradiated and non-irradiated surfaces. Therefore, the development of new 
molecular systems that would display higher photomodulation of WCA and thus 
better photocontrol over surface wettability represents a key challenge of 
fundamental implications. 

Overcrowded-alkene based molecular motors comprise a distinctive class of 
molecular machines owing to their stereochemically controlled unidirectional 
rotary motion.15,57 The full rotary cycle of these molecules comprises of two 
successive sequences of photochemical E/Z isomerization, in which a metastable 
form is generated, followed by a thermal isomerization in which the build-up strain 
is released and the stable isomer is generated.58 Compared to other photoswitches 
these molecules show a large structural change associated with photochemical E/Z 
isomerization, which can be explored for fine-tuning of surface properties such as 
wettability or surface energy by exerting a large amplitude motion of functional 
groups connected to the surface-bound photoresponsive core of the molecule.54,59 
Thus, despite usually showing only minor changes in the polarity during the 
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photochemical isomerization these compounds are expected to constitute an 
attractive alternative molecular system to other commonly used photoswitches for 
surface functionalization.60 Initial studies on overcrowded alkenes oriented in 
altitudinal and azimuthal fashion relative to the surface, showed a significant 
impairment of the photochemical and thermal isomerizations due to the 
intermolecular interactions in the densely packed monolayers resulting in 
negligible changes in wettability upon irradiation.61–65 To overcome this limitation, 
a bulky tripodal surface-anchoring group was developed which facilitated 
unhindered molecular motion and consequently led to a large variations in the 
surface wettability ΔWCA = 16° achieved upon photochemical E/Z isomerization 
of the tripodal molecular motors confined in the monolayer. However, a major 
drawback of this system was poor reversibility, originating from low thermal 
stability of the metastable isomer, which led to equal population of both E/Z 
diastereoisomers over two irradiations cycles.54  

In contrast to second-generation molecular motors, previously used for surface 
modification, their first-generation counterparts show superior photostationary state 
ratios and quantum yields of photoisomerization.58 Besides advantageous 
photochemical properties, high thermal stability of the metastable isomer at room 
offers opportunities to exploit these molecules as multistate switches.66,67 Herein 
we demonstrate a photomodulation of surface wettability with first-generation 
molecular motor based on minimalistic design. Key points in this design are the 
first-generation p-xylene based motor scaffold with a hydrophilic or hydrophobic 
substituent and a sufficiently long linker separating motor core from surface 
anchoring group. Two different substituents with contrasting polarity, either 
a hydrophobic fluoroalkyl moiety or an alkyl chain bearing hydrophilic carboxylic 
acid functionality were attached to the photoswitchable unit via ether linkage 
(Figure 5.1). For gold surface functionalization, mixed monolayers with aliphatic 
alkylthiols, bearing various chain lengths, were used to achieve sufficient spatial 
separation of the surface-bound motors. However, only the carboxylate system 
seemed to show a photomodulation the surface wettability in a reversible manner 
upon sequential photoisomerizations. Nevertheless, further experiments are needed 
to ascertain the reproducibility of this system. 
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Figure 5.1 Molecular structures of fluorinated motors E/Z-1 and carboxylic acid 
motors E/Z-2.  

5.2 Synthesis	

The functionalised motors E/Z-1 and E/Z-2 were based on the same  
p-xylene based first-generation molecular motor motif (Figure 5.1). The p-xylene 
derived motor core was chosen for its synthetic accessibility, ease of 
functionalization, and the suitable stability of the photogenerated metastable 
isomers which, in practice, allows to use this scaffold as a multi-state photoswitch. 
The corresponding diol overcrowded alkenes (E/Z-5) were synthesized according 
to the established literature procedure: indanone synthesis, followed by McMurry 
coupling and finally deprotection in neat MeMgI at 160 °C.68  

A series of substitution reactions were used to introduce the designed functional 
groups to this functional overcrowded alkene (Scheme 5.1, Scheme 5.2). First, the 
diol motor E/Z-5 was coupled with ethyl 4-bromobutryrate in the presence of base 
to prepare monosubstituted Z-6a in a good yield (44%) easily separable from other 
side product and starting material by column chromatography. Conversely, E-6a 
could not be separated from the starting diol motor, therefore, the resulting mixture 
was directly used in the subsequent synthesis steps. Attachment of the second 
substituent, for both E/Z diastereoisomers, was performed under similar conditions, 
however, an excess of dibromododecane was required to achieve desirable 
conversion. Both products were isolated as an inseparable mixture of terminal 
bromide/iodide and used as mixtures in the subsequent step. The terminal primary 
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halogen was then converted to the corresponding thioacetate, yielding E/Z-7a, 
which were used for the further photochemical studies in solution. For surface 
functionalization both ester and thioacetate moieties were deprotected under basic 
conditions, affording E/Z-2 in moderate yields (Scheme 5.1). The respective E/Z 
diastereoisomers were identified based on the literature data on the characteristic 
chemical shift of the 1H NMR resonances characteristic of the methyl groups 
connected to the hydroxyphenyl rings and adjacent to the olefinic bond, which for 
Z-isomer are shielded by the aromatic ring.68 For surface functionalization, the 
targeted molecular motors E/Z-2 were stored under N2 in glove box.  

 

Scheme 5.1 Synthesis of carboxylate molecular motors E-2 and Z-2 

Starting from diol motors E/Z-5 a similar approach was used to generate the 
fluorinated motors, that is first attachment of the fluorinated alkane (head group), 
followed by introduction of the alkyl linker and finally converted to the 
corresponding thioacetates (E/Z-1). Similar yields to those obtained for the 
corresponding steps in the synthesis of the ester analogue were achieved (Scheme 
5.2). The target thioacetate motors E/Z-1 were used for the photochemical studies 
in solution and for surface functionalization as the thiol moiety can be liberated in 
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situ during the attachment to the surface.54 The respective E/Z diastereoisomers 
were identified based on the literature data on the characteristic chemical shift of 
the 1H NMR resonances characteristic of the methyl groups connected to the 
hydroxyphenyl rings and adjacent to the olefinic bond, which for Z-isomer are 
shielded by the aromatic ring.68 

 

Scheme 5.2 Synthesis of fluorinated molecular motors E-1 and Z-1 

5.3 Photochemical	and	thermal	isomerization	in	solution	

With the desired compounds in hand, the photoswitching behaviour of the motors 
E/Z-1 and E/Z-7a in solution was investigated with UV/Vis absorption and 1H 
NMR spectroscopies. First generation overcrowded-alkenes based molecular 
motors have four different diastereoisomers that can be accessed using light and 
heat stimuli. However, in case of the p-xylene based motor core, at room 
temperature only three states are accessible as the rate of the thermal helix 
inversion of the metastable-E isomer is expected to be high (t1/2 ~4.6 s for the 
structurally related diol motor at 20 ºC, Figure 5.2a).68 Therefore, starting from 
either the stable-E or stable-Z isomers, upon irradiation at 300 nm the same 
photostationary states (PSS) mixtures can be generated consisting of metastable-E 
and stable-Z isomers. The metastable-E isomer can be subsequently converted 
either photochemically into stable-Z isomer or thermally into stable-Z. To 
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summarise, the three main processes are: (i) reaching the PSS and (ii) subsequent 
THI to the stable-Z isomer or (iii) switching back to the stable-E isomer upon 
irradiation at higher wavelength. Hence, under ambient conditions these molecular 
motors can be used as multi state and multi stimuli responsive switches (Figure 
5.2b). 

 

Figure 5.2 (a) Representation of light and heat driven unidirectional rotary cycle 
of molecular motors E/Z-7a and E/Z-1. (b) Representation of isomerization 
pathways and accessible isomers of molecular motors E/Z-7a and E/Z-1 at room 
temperature used as multi-stimuli responsive multi-state switches. 

UV/Vis absorption spectroscopy was used to analyse the different photochemical 
and thermal isomerization steps. Upon irradiation at 300 nm of either Z-7a or E-7a 
THF solution a bathochromic shift in the absorption maximum was observed, 
leading to spectra with features characteristic of the twisted metastable-Z isomer 
(Figure 5.3a,b, respectively red spectra).69 Starting from the E-7a isomer a clear 
isosbestic point at 331 nm was maintained throughout the photochemical 
isomerization indicating unimolecular isomerization (Figure 5.3b, top inset). 
Conversely, for Z-7a no isosbestic point was observed in line with the stepwise 
formation of metastable Z-7a proceeding via intermediate metastable Z-7a and 
stable Z-7a (Figure 5.3a, top inset, see Figure 5.2a). Subsequent irradiation at 
longer wavelengths (λmax = 395 nm) led to the formation of the stable E-7a isomer 
accompanied by a characteristic hypsochromic shift of the absorption maxima 
(Figure 5.3a,b, blue spectra). In both cases, clear isosbestic points were maintained 
at 331 nm indicating unimolecular process (Figure 5.3a,b, bottom insets).  
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Figure 5.3 (a) Changes in the UV/Vis absorption spectrum of Z-7a (black 
spectrum), upon irradiation at 300 nm (PSS300, red spectrum) followed by 
irradiation at 395 nm (PSS395, black spectrum). (b) Changes in the UV/Vis 
absorption spectrum of E-7a (black spectrum), upon irradiation at 300 nm (PSS300, 
red spectrum) followed by irradiation at 395 nm (PSS395, black spectrum). Insets 
show expansion of the spectra around 331 nm with grey lines representing 
intermediate spectra.  

In the 1H NMR spectroscopy, irradiation of E-7a (Figure 5.4a, black spectrum) at 
300 nm in d8-THF led to a formation of the metastable Z-7a isomer with 
a photostationary state ratio of 70:30 of metastable Z-7a: stable E-7a. Large upfield 
shifts of resonances ascribed to protons of the methyl groups attached to the 
aromatic rings (Me3, Figure 5.4a, red spectrum) were observed due to the shielding 
by aromatic rings in Z isomer.68 Simultaneously, a downfield shift of the 
resonances ascribed to methyl protons connected to the stereogenic centres (Me1, 
Figure 5.4a, red spectrum) was observed, characteristic of the formation of the 
metastable Z-7a, in which Me1 adopts pseudoequatorial conformation (Figure 5.4a, 
red spectrum).69 The photogenerated metastable Z-7a isomer was quantitatively 
converted to the corresponding stable Z-7a isomer by heating at 40 °C for 15 h 
(Figure 5.4a, blue spectrum). Irradiation of Z-7a (Figure 5.4b, black spectrum) at 
300 nm in d8-THF at room temperature led to the formation of stable E-7a and 
metastable Z-7a giving rise to the same photostationary state mixture (70:30 of 
metastable Z-7a: stable E-7a) as for E-7a (Figure 5.4b, red spectrum, dashed lines 
lead to resonances corresponding to both isomers and resonances characteristic of 
stable E-7a are additionally labelled). Irradiation of this mixture at 395 nm led to 
quantitative isomerization of metastable Z-7a to stable E-7a, evident from large 
downfield shifts of the resonances ascribed to protons Me3 and upfield shift of 
resonances associated with protons Me1 (Figure 5.4b, blue spectrum).68 Hence, in 
solution, molecular motors E/Z-7a can be used as multistate switches undergoing 
large geometrical changes in response to two different stimuli (Figure 5.3b) 
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Figure 5.4 (a) 1H-NMR spectra (400 MHz, d8-THF, 20 C) of stable E-7a (black 
spectrum), photostationary state mixture of metastable Z-7a and stable E-7a 
generated upon irradiation of E-7a at 300 nm at room temperature (red spectrum), 

and after subsequent heating (40 C, 15 h) to induce thermal helix inversion of 
metastable Z-7a to stable Z-7a (blue spectrum). (b) 1H-NMR spectra (400 MHz,  

d8-THF, 20 C) of stable Z-7a (black spectrum), photostationary state mixture of 
metastable Z-7a and stable E-7a (red spectrum) generated upon irradiation of Z-
7a at 300 nm at room temperature, and E-7a generated upon subsequent 
irradiation at 395 nm (blue spectrum). The composition of the photostationary 
state mixtures 70:30 of metastable Z-7a to stable E-7a was determined by 
integration of the resonances corresponding to the respective isomers.  
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Analogous switching sequence for perfluorinated motors E/Z-1 was followed with 
UV/Vis absorption and 1H NMR spectroscopies. Similar to motors E/Z-7a, 
irradiation of either E-1 or Z-1 (Figure 5.5a,b, respectively, black spectra) at  
300 nm in THF led to a bathochromic shift of the absorption maximum, and 
absorption spectra at the photostationary state consistent with the formation of the 
metastable-Z isomer (Figure 5.5a,b for E-1 and Z-1 respectively, red spectra).69 
Accordingly, subsequent irradiation at 395 nm resulted in hypsochromic shift 
absorption maxima, leading to an absorption spectra indicative for the formation of 
the stable E-1 isomer (Figure 5.5a,b red spectra). The isosbestic point at 331 nm 
was maintained throughout all the photoisomerizations except stable  
Z-1→metastable Z-1 process, proceeding through intermediate, that is metastable 
E-1 and stable E-1 (Figure 5.5a,b insets).  

 

Figure 5.5 (a) Changes in the UV/Vis absorption spectrum of Z-1 (black 
spectrum), upon irradiation at 300 nm (PSS300, red spectrum) followed by 
irradiation at 395 nm (PSS395, black spectrum). (b) Changes in the UV/Vis 
absorption spectrum of E-1 (black spectrum), upon irradiation at 300 nm (PSS300, 
red spectrum) followed by irradiation at 395 nm (PSS395, black spectrum). Insets 
show expansion of the spectra around 331 nm with grey lines representing 
intermediate spectra. 

In the 1H NMR spectroscopy the respective stable and metastable isomers were 
identified based on the characteristic shifts of the resonances ascribed to Me3 and 
Me1 methyl protons (Figure 5.6a,b). Irradiation at 312 nm of both E-1 and Z-1 led 
to the same photostationary state mixture comprising of 76% of metastable Z-1 and 
26% of stable E-1 isomers, as determined by integration of the signals 
corresponding to the individual isomers (Figure 5.6a,b, red spectra). The 
photogenerated metastable Z-1 could be quantitatively converted thermally into 
stable Z-1 by heating at 40 °C for 15 h (Figure 5.6a, blue spectrum) or 
photochemically into stable E-1 by irradiation at 395 nm (Figure 5.6b, blue 
spectrum). Thus, both functional motors showed the same isomerization behaviour. 
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Figure 5.6 (a) 1H-NMR spectra (400 MHz, d8-THF, 20 C) of stable E-1 (black 
spectrum), photostationary state mixture of metastable Z-1 and stable E-1 
generated upon irradiation of E-1 at 300 nm at room temperature (red spectrum), 

and after subsequent heating (40 C, 15 h) to induce thermal helix inversion of 
metastable Z-1 to stable Z-1 (blue spectrum). (b) 1H-NMR spectra (400 MHz,  

d8-THF, 20 C) of stable Z-1 (black spectrum), photostationary state mixture of 
metastable Z-1 and stable E-1 (red spectrum) generated upon irradiation of Z-1 at 
300 nm at room temperature, and E-1 generated upon subsequent irradiation at 
395 nm (blue spectrum). The composition of the photostationary state mixtures 
76:24 of metastable Z-1 to stable E-1 was determined by integration of the 
resonances corresponding to the respective isomers. 
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The kinetics and the barrier of the thermal helix inversion of the isomerization of 
metastable-Z to stable-Z isomers was determined by Eyring plot analysis. The 
changes in absorption at 355 nm were followed over time in range of temperatures 

(50.0–60.0 C, every 2.5 C) and the determined temperature dependence of the 
rate constant for these processes was used to extrapolate the Gibbs free energy of 
activation (Δ‡G) to room temperature. In the case of the “ester” motor 7a a value of 

Δ‡G(20 C) = 101.6±1.9 kJ·mol-1 (t1/2 ~41 h) was found, while the “fluorinated” 
motor 7b showed a comparable barrier of 100.4±0.4 kJ mol-1 (t1/2 ~24 h) for this 
thermal isomerization, thus illustrating high thermal stability of the metastable-Z 
isomers of both 7a and 1 at room temperature (see experimental section). These 
values are similar to that obtained for the structurally related diol motor 5  

(Δ‡G(20 C) = 100±0.4 kJ mol-1),68 thus demonstrating that functionalization used 
in this study have minor influence on the thermal isomerization of this 
overcrowded alkene scaffold. In conclusion, the determined barriers for the thermal 
helix inversion are sufficiently high to allow for three-state switching at room 
temperature.  

5.4 Surface	functionalization	

Mixed monolayers containing motor were created by immersing a gold substrate in 
a solution of either 1-hexanethiol or 1-decanethiol in THF, followed by exchange 
of the self-assembled system with a solution containing either stable-Z/E-1 or  
Z/E-2. This way, in principle first a densely packed self-assembled (SAM) of 
alkanethiols is formed after which incorporation of the bulky functionalised motors 
takes place. Besides providing spatial separation between the motor units on the 
surface, we envisioned that this approach would favour the desired altitudinal 
orientation and formation of the ”standing-up” phase.33,70  

For the surface-immobilisation of molecular motors E/Z-1, no deprotecting reagent 
such as hydrazine was used, as in situ deprotection should occur by thiol-
thioacetate metathesis during monolayer formation.71 First, mixed monolayers of 
hexanethiol and E-1 were prepared. Upon thiol exchange in 6-SAM with the E-1 
no significant changes in the WCA were observed (Table 1) whereas an increase in 
WCA, that is a more hydrophobic interface, was expected. Similarly, upon thiol 
exchange in 6-SAM with the molecular motor Z-1 or thiol exchange in SAMs of 1-
dodecanethiol (10-SAM) with E-1 no significant changes in wettability of the 
surface were observed (Table 1). These observations might be due to the following 
reasons: (i) first, little or no E-1 molecular motors were incorporated in the 6-SAM 
with the employed fabrication procedure; (ii) secondly, the flexibility of the alkyl 
chains at the motor core may lie on top of the 6-SAM with the functional group 
pointing in a random direction, instead of adopting the desired “standing-up” 
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phase; (iii) finally, the underlying gold substrate may have very poor quality and 
large variation of the WCA originating from the substrate defects diminish subtle 
changes of the WCA upon inclusion of the molecular motor. Furthermore, for all 
SAMs irradiation of the surfaces at 300 nm resulted in a significant decrease of 
WCA. This observation can be attributed to the decomposition of SAMs upon 
exposure to hard UV light.  

Table 1 Water Contact Angle for Mixed SAMs containing stable-E or stable-Z 7b 
before and after irradiation with UV and visible light. 

  contact angle (deg) 

mixed before irradiation after irradiation (300 nm) 

6-SAM 

- 99.4 ± 2.5 

E-7b 96.9 ± 2.3 90.4 ± 3.3 

Z-7b 97.3 ± 5.1 94.2 ± 3.6 

10-SAM 

- 103.8 ± 1.2 

E-7b 
105.4 ± 2.7 99.6 ± 3.3 

101.6 ± 1.5a 98.0 ± 2.1a 

The average WCA and error margins are set as a variance over at least three 
samples and five measurements per sample, adifferent sample preparation: 
exchange in new solution of E-7b (0.5 mM) in THF instead of a mixture of  
1-decanethiol (0.25 mM) and E-7b (0.25 mM) in THF. Results of one sample only.  

For the “carboxylic” acid motor, first the functionalisation of the 10-SAM surface 
with the E-2 isomer was studied. As the functional group of carboxylic acid motor 
1 is considerably smaller than that of the perfluorinated analogue 7b, in this case 
mixed monolayers with the longer 1-decanethiols were expected to provide the 
motor with more space to rotate. In principle such a system would combine the 
advantages of the more ordered 1-decanethiol SAM72 while at the same time offer 
the possibility to switch the surface-bound motors. The large experimental error 
margins associated with the WCAs of the 10-SAM with E-2 complicated the 
interpretation of the data. Nevertheless, upon an exchange of the thiols in 10-SAM 
with E-2 a small but significant decrease in WCA was observed, in line with the 
expected change in the wettability of the surface (Table 2). Upon irradiation of the 
sample at 300 nm light, no significant change in wettability of the surface was 
observed (Table 2). Therefore, to induce a larger change in surface wettability, the 
corresponding carboxylate functionalised surface was created using droplets of an 
aqueous saturated K2CO3 solution. However, changing the water to basic pH not 
only deprotonates the motors but also introduces more variables to the system as 
a whole, for example additional impurities. Moreover, in the case of the motor 
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lying on top of the surface, the favourable interaction could orient them in a more 
upward fashion, which would have a significant impact on the system and should 
therefore be carefully taken into account in future studies. Nevertheless, upon 
irradiation of the E-2 functionalised 10-SAM surface at 300 nm an expected 
increase in the aqueous K2CO3 solution droplet contact angle was observed  
(82.2° → 92.5°) and a decrease (92.5° → 83.6°) after subsequent irradiation at 395 
nm (Table 2, Figure 5.7).  

Table 2 Water Contact Angle for Mixed SAMs containing protonated or 
deprotonated stable-E 1 before and after irradiation with UV and visible light. 

   contact angle (deg) 

 
pH of 
water 

mixed 
before 

irradiation 
after irradiation 

(300 nm) 
after irradiation 

(395 nm) 

10-
SAM 

7 
- 103.8±1.2  

E-2 95.1±4.8 91.8±3.8  

10-
SAM 

12 
- 99.9±4.4 98.6±2.3  

E-2a 82.2±5.6 91.5±3.5 83.6±2.6 

The average WCA and error margins are set as a variance of multiple 
measurements, aresults based on one sample 

This is consistent with the motor first burying the hydrophilic functional group in 
the SAM and then exposing it towards the interface. While the second change 
could again be due to degradation of the sample, the initial increase in WCA 
clearly indicated the involvement of some other process consistent with the 
anticipated sequence of photochemical E/Z isomerisations. In a control experiment, 
no change in WCA was achieved after irradiation of the pure alkanethiol 10-SAM 
(Table 2). Nevertheless, further studies are required to confirm and quantify the 
functionalization of the gold surface with E-2, and further optimization of the 
fabrication procedure is required to possibly improve the photocontrol over the 
surface wettability. Additionally, in the future a higher quality gold substrates e.g. 
ultra-smooth template-stripped gold73 should be used to minimize the influence of 
underlying defects on the WCA. Alternatively, patterned or microstructured 
substrates may be used to maximize the observed, modest changes in wettability.74  
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Figure 5.7 Water (pH = 12) droplet on E-2 10-SAM upon irradiation of the 
surface. 

5.5 Conclusions	

To conclude, first-generation motors bearing a hydrophobic perfluorinated or 
hydrophilic carboxylic acid functional group and a flexible linker were designed. 
The two types of functionalised motors were successfully synthesized in both  
E- and Z- isomers. The photochemical isomerizaitons steps and thermal helix 
inversion of these motors were studied in solution with UV/Vis absorption and  
1H-NMR spectroscopy. Upon irradiation with UV light (λmax = 300 nm) comparable 
photostationary state ratios (comprising of ca. 70% of metastable-Z and 30% of 
stable-E isomers) were achieved for both motors in solution. Furthermore, 
switching back to the stable-E isomers upon irradiation at 395 nm and thermal 
helix inversion to the stable-Z isomers were demonstrated. The barriers of this 
thermal process were determined by Eyring analysis and found to be similar (< 100 
kJ mol-1) and comparable to those of the structurally related diol motor. For 
molecular motors bearing fluorinated alkyl chain head group no significant change 
in water contact angle was observed upon anticipated incorporation of the motor in 
the monolayer and most probably degradation upon exposure to 300 nm UV light. 
In the case of molecular motor bearing carboxylic acid head group, small but 
significant changes were observed in WCA of the saturated aqueous K2CO3 droplet 
upon sequence of the consecutive irradiation of the substrate. Nevertheless, further 
experiments, especially XPS spectroscopy data, are needed to establish the 
reproducibility of the system, and to confirm and quantify functionalization of the 
surface. Furthermore, in the future high-quality gold substrates should be used to 
minimize the variance of the WCA of one substrate and between the samples. 
Although, the performance of the designed molecular machines was rather modest, 
the molecular motor bearing carboxylic acid head group showed potential and 
hence can function as the basis for further development of this approach to control 
surface wettability. 
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5.7 Experimental	Data	

General Considerations For general comments on synthesis, see Chapter 2. 
Compound 568 was synthesized according to the literature procedure. 

Preparation of gold substrate and the formation of SAMs. The gold on mica 
samples were prepared by vacuum deposition of a 400 nm thick layer of Au in 
a custom-built high-vacuum evaporator (base pressure 10-8 to 10-7 mbar). To 
remove impurities the mica sheets were freshly cleaved and annealed at 375 °C for 
16 h before vapour deposition. These gold substrates were prepared by G. H. 
Heideman. The substrates were stored under a vacuum atmosphere and all SAMs 
were prepared in a glovebox. Step 1 - SAM of alkanethiols: The substrate was 
immersed in a 7 mL solution of 1 mM of 1-hexanethiol or 1-decanethiol in dry 
THF for 5 h. Subsequently, either the substrate preparation was continued with step 
2 or the substrate was removed from the solution, washed with THF three times 
and dried under a stream of argon. Step 2 - Exchange with motor: In case of 
preparing mixed monolayer, two different motor concentrations were used for the 
exchange process. Solution A: First 5.25 mL of the 1 mM alkanethiol solution was 
removed after which 1.75 mL of 1 mM of motor E-1, E-7b or Z-7b and 3.5 mL of 
dry THF were added. Solution B: The substrate was placed in a new solution of 
motor E-7b (0.5 mM). In either case the substrates were immersed for 16 h before 
being taken out of the solution. Then the substrates were washed with THF three 
times and dried under a stream of argon. 

Contact Angle Measurements. Contact Angles (CA) were measured under 
ambient conditions and analysed with Angle analyse software (version 1.0-USB2). 
Equilibrium contact angles were obtained by manually depositing 1 µL water 
droplets using a micro syringe. At least five measurements on different locations 
on each surface were taken and unless mentioned otherwise three distinct samples 
were used. The resulting contact angles were averaged. The irradiation experiments 
were performed in two ways: Method 1 - Under ambient conditions the sample 
was irradiated along the edges with 300 nm light using an Ø200 μm core 
multimode fiber patch cable connected to a Thorlabs LED M300F2 (I = 0.35 A) for 
30 min. unless stated differently. Method 2 - Under an argon atmosphere the 
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substrates were irradiated with UV light (Thorlabs LED M300F2) at a distance of 
2.5 cm for 45 min. After irradiating the substrate, the CA was directly measured. 
Several samples were subsequently also irradiated with visible light (Thorlabs LED 
M395F3) in a similar manner. Again, CA measurements were performed 
immediately after irradiation of the sample. For the measurements with water of 
basic pH, first a saturated solution of K2CO3 in double distilled water was prepared, 
filtered and subsequently used for CA measurements.  

Ethyl (Z)-4-((6'-hydroxy-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-tetrahydro-[1,1'-
biindenylidene]-6yl)oxy)butanoate (Z-6a) 

A mixture of Z-5 (1.0 equiv., 1.00 g, 2.87 mmol), ethyl-4-
bromobutyrate (1.0 equiv., 561 mg, 2.87 mmol), K2CO3 
(3.0 equiv., 1.19 g, 8.61 mmol), tetrabutylammonium iodide 
(4.0 equiv., 4.25 g, 11.5 mmol) and acetonitrile (60 mL) 
was stirred for 20 h at 70 °C. The reaction mixture was 
quenched with 10% aqueous HCl solution. After extraction 
with EtOAc (3 x 100 mL), the organic layer was washed 
with a saturated aqueous NaHCO3 solution (2 x 25 mL), and 
brine (2 x 75 mL) and dried over anhydrous MgSO4. The crude product was 
concentrated in vacuo and purified by column chromatography (SiO2, 
pentane:Et2O, 100:0 to 85:15) to yield Z-6a as a yellow solid (520 mg, 1.12 mmol, 
39%). Z-6a: 1H NMR (400 MHz, CDCl3) δ 6.54 (s, 1H), 6.53 (s, 1H), 4.78 (s, OH), 
4.12 (q, J = 7.1 Hz, 2H), 3.99-4.04 (m, 1H), 3.90-3.95 (m, 1H), 3.33 (p, J = 6.5 Hz, 
2H), 3.03 (dd, J = 14.5, 6.2, 2H), 2.41-2.57 (m, 2H), 2.37 (dd, J = 14.5, 2.5 Hz, 
2H), 2.24 (s, 3H), 2.21 (s, 3H), 2.07 (p, J = 6.8, 6.2 Hz, 2H), 1.40 (s, 3H), 1.39 (s, 
3H), 1.24 (t, J = 7.1 Hz, 3H), 1.06-1.09 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 
176.2, 158.2, 155.0, 144.8, 144.7, 143.6, 143.4, 139.1, 138.9, 134.0, 133.3, 125.1, 
121.5, 117.5, 114.7, 70.2, 63.1, 44.4, 44.3, 40.8, 40.7, 33.8, 27.6, 23.1, 23.1, 21.4, 
21.1, 17.0, 16.9, 16.5. HMRS (ESI-) calcd for C40H37O4 [M-H]- 462.2686, found 
462.2691. 

Ethyl (Z)-4-((2,2',4,4',7,7'-hexamethyl-6'-((12-(methylsulfinyl)dodecyl)oxy)-
2,2',3,3'-tetrahydro -[1,1'-biindenylidene]-6-yl)oxy)butanoate (Z-7a) 

A solution of Z-6a (1.0 equiv., 450 mg, 0.97 mmol),  
1,2-dibromododecane (2.5 equiv., 798 mg, 2.34 mmol), 
tetrabutylammonium iodide (3.0 equiv., 1.08 g,  
2.92 mmol) and K2CO3 (2.0 equiv., 269 mg, 1.95 mmol) 
in 20 mL acetonitrile was heated at 70 °C for 19 h. The 
reaction mixture was quenched with an 10% aqueous HCl 
solution (20 mL) and extracted with EtOAc (3 x 75 mL). 
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The organic layer was washed with a saturated aqueous NaHCO3 solution (2 x 50 
mL) and brine (2 x 75 mL). After drying over anhydrous MgSO4 and evaporation 
of the solvent under reduced pressure, the crude product was purified by column 
chromatography (SiO2, pentane:Et2O, 100:0 to 50:50). The alkylated intermediate 
was obtained as a yellow oil (489 mg) and directly used in the next step. A solution 
of the alkylated intermediate product (489 mg, 0.69 mmol, 1.0 equiv.), potassium 
thioacetate (157 mg, 1.38 mmol, 2.0 equiv.) and tetrabutylammonium iodide (51 
mg, 0.14 mmol, 0.2 equiv.) in acetone (20 mL) was stirred for 20 h at room 
temperature under an argon atmosphere. Subsequently EtOAc (75 mL) was added 
to the reaction mixture. The organic layer was washed with brine (3 x 70 mL) and 
dried over anhydrous MgSO4. The reaction mixture was concentrated in vacuo and 
purified by column chromatography (SiO2, pentane:Et2O, 100:0 to 80:20) yielding 
Z-7a as a yellow solid (398 mg, 0.564 mmol, 48% over two steps). Z-7a: 1H NMR 
(400 MHz, CDCl3) δ 6.53 (s, 1H), 6.51 (s, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.95-4.05 
(m, 2H), 3.80-3.91 (m, 2H), 3.32 (p, J = 6.5 Hz, 2H), 3.03 (dd, J = 14.6, 6.3, 2H) 
2.87 (t, J = 7.3 Hz, 2H), 2.49 (t, J = 7.8 Hz, 2H), 2.37 (d, J = 14.4 Hz, 2H), 2.32 (s, 
3H), 2.24 (br, 6H), 2.07 (p, J = 7.6, 7.1 Hz, 2H), 1.69-1.80 (m, 2H), 1.51-1.58 (m, 
3H), 1.21-1.46 (m, 24H), 1.06 (d, J = 6.7, 6H); 13C NMR (100 MHz, CDCl3) δ 
198.9, 176.1, 158.5, 158.2, 144.8, 144.7, 143.7, 143.4, 138.8, 138.5, 133.0, 133.0, 
125.1, 125.1, 114.4, 114.2, 71.4, 70.0, 67.3, 63.0, 44.3, 40.7, 33.7, 32.3, 32.2, 32.2, 
32.2, 32.2, 32.1, 32.1, 32.1, 32.1, 31.9, 31.8, 31.5, 31.3, 28.8, 28.6, 27.7, 23.1, 21.5, 
21.4, 16.9, 16.9; HMRS (ESI+) calcd for C44H65O5S1 [M+H]+ 705.4547, found 
705.4485.  

Ethyl (E)-4-((2,2',4,4',7,7'-hexamethyl-6'-((12-(methylsulfinyl)dodecyl)oxy)-
2,2',3,3'-tetrahydro -[1,1'-biindenylidene]-6-yl)oxy)butanoate (E-7a) 

 

A mixture of E-5 (1.0 equiv., 450 mg, 1.29 mmol), ethyl-4-bromobutyrate (1.0 
equiv., 252 mg, 1.29 mmol), K2CO3 (3.0 equiv., 1.19 g, 5.35 mmol), 
tetrabutylammonium iodide (4.0 equiv., 1.91 g, 5.17 mmol) and acetonitrile (30 
mL) was stirred for 20 h at 70 °C. The reaction mixture was quenched with 10% 
aqueous HCl solution and extracted with EtOAc (3 x 50 mL). The organic layer 
was washed with a saturated aqueous NaHCO3 solution (2 x 20 mL) and brine (2 x 
50 mL), dried over anhydrous MgSO4 and concentrated in vacuo. The crude 
intermediate was purified by column chromatography (SiO2, pentane:EtOAc, 100:0 
to 70:30). The desired product E-6a could not be isolated from E-5 and therefore 
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the obtained brown oil (352 mg) was used in the next step without further 
purification. A solution of this oil (1.0 equiv., 350 mg, 0.76 mmol), 1,2-
dibromododecane (5.0 equiv., 1.24 mg, 3.78 mmol), tetrabutylammonium iodide 
(3.0 equiv., 838 mg, 2.27 mmol) and K2CO3 (2.0 equiv., 209 mg, 1.51 mmol) in 15 
mL acetonitrile was heated at 70 °C for 26 h. The reaction mixture was cooled 
down to room temperature, quenched with an 10% aqueous HCl solution (10 mL) 
and extracted with EtOAc (3 x 75 mL). The organic layer was washed with 
a saturated aqueous NaHCO3 solution (2 x 50 mL) and brine (2 x 75 mL). After 
drying over anhydrous MgSO4 and evaporation of the solvent under reduced 
pressure, purification by column chromatography (SiO2, pentane: Et2O, 100:0 to 
50:50) resulted in a yellow solid (247 mg). This second intermediate product was 
directly used in the next step. A solution of the alkylated intermediate product (1.0 
equiv., 247 mg, 0.35 mmol), potassium thioacetate (2.0 equiv., 80 mg, 70 μmol) 
and tetrabutylammonium iodide (0.2 equiv., 26 mg, 0.07 mmol) in acetone (15 mL) 
was stirred for 6 h at room temperature under an argon atmosphere. EtOAc (75 
mL) was added to the reaction mixture and the organic layer was washed with 
brine (3 x 50 mL), dried over anhydrous MgSO4 and concentrated in vacuo. 
Purification by column chromatography (SiO2, pentane:Et2O, 100:0 to 80:20) 
afforded E-7a as a yellow oil (174 mg, 0.247 mmol, 17% over three steps). E-7a: 
1H NMR (400 MHz, CDCl3) δ 6.54 (s, 1H), 6.53 (s, 1H), 4.17 (q, J = 7.1 Hz, 2H), 
3.90-4.07 (m, 4H), 2.85-2.93 (m, 4H), 2.61-2.57 (m, 4H), 2.32 (s, 3H), 2.30 (s, 
3H), 2.29 (s, 3H), 2.20-2.12 (m, 10H), 1.79-1.86 (m, 2H), 1.48-1.60 (m, 4H), 1.24-
1.46 (m, 17H), 1.09 (d,  J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 198.7, 
176.1, 171.5, 159.0, 158.6, 145.1, 145.0, 144.4, 144.2, 136.7, 136.4, 133.9, 133.8, 
123.1, 123.1, 113.5, 113.4, 71.1, 69.7, 63.1, 44.8, 41.0, 33.7, 33.3, 32.3, 32.3, 32.3, 
32.2, 32.2, 32.2, 32.1, 32.1, 31.8, 31.8, 31.5, 28.9, 27.7, 21.9, 21.9, 21.3, 21.3, 18.9, 
18.8, 16.9; HMRS (ESI+) calcd for C44H65O5S1 [M+H]+ 705.4547, found 705.4545.  

(E/Z)-4-((6'-((12-mercaptododecyl)oxy)-2,2',4,4',7,7'-hexamethyl-2,2',3,3'-
tetrahydro-[1,1'-biindenylidene]-6-yl)oxy)butanoic acid (1-E/Z) 

An aqueous solution of LiOH (1.0 M, 1.2 mL) was added to 
mixture of Z-7a (1.0 equiv., 100 mg, 0.142 mmol) in THF 
(3.3 mL) and MeOH (3.3 mL). After degassing by purging 

with Ar for 10 min, the reaction mixture was heated at 40 C 
for 1 h under an argon atmosphere. Subsequently the 
mixture was concentrated in vacuo, dissolved in water and 
quenched with aqueous HCl (1 M, 1.2 mL). Rapidly the 
solution was extracted with EtOAc (2 x 10 mL) and the 
organic layer was washed with water (5 x 15 mL) and brine (3 x 15 mL), dried over 
MgSO4 and subsequently the solvent was removed under reduced pressure. The 
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crude product was purified by column chromatography (SiO2, pentane:EtOAc, 
100:0 to 80:20) to afford Z-1 as a yellow oil (49 mg, 0.77 mmol, 42%). Repeating 
the same procedure with E-7a (174 mg, 0.247 mmol) with a shorter reaction time 
of 30 min. yielded E-1 as a yellow oil (110 mg, 0.27 mmol, 64%).Z-1: 1H NMR 
(400 MHz, CDCl3) δ 6.55 (s, 1H), 6.51 (s, 1H), 3.93-4.05 (m, 3H), 3.80-3.86 (m, 
1H), 3.32 (p, J = 6.6 Hz, 2H), 3.04 (dd, J = 14.6, 6.3, 2H), 2.47-2.62 (m, 4H), 2.37 
(d, J = 14.5 Hz, 2H), 2.24 (br, 6H), 2.06-2.14 (m, 2H), 1.72-1.80 (m, 2H), 1.39-
1.47 (m, 3H), 1.36 (s, 6H), 1.25-1.35 (m, 16H), 1.07 (d,  J = 6.7 Hz, 6H); 13C NMR 
(100 MHz, CDCl3) δ 178.9, 158.5, 158.2, 144.8, 144.8, 143.6, 143.5, 138.8, 138.8, 
133.1, 133.1, 125.1, 125.1, 114.8, 114.4, 105.0, 71.7, 70.0, 44.3, 40.7, 36.7, 33.1, 
32.2, 32.2, 32.2, 32.1, 32.0, 31.7, 31.0, 31.3, 28.8, 27.4,, 27.3, 23.1, 21.4, 21.4, 
17.0, 16.9; HMRS (ESI-) calcd for C40H57O4S [M-H]- 633.3972, found 633.3974. 
E-1: 1H NMR (400 MHz, CDCl3) δ 6.54 (s, 1H), 6.53 (s, 1H), 3.90-4.10 (m, 4H), 
2.89 (sext, J = 6.4 Hz, 2H), 2.67 (t, J = 7.3 Hz, 2H), 2.59 (dd, J = 14.1, 5.6 Hz, 
2H), 2.52 (q, J = 7.5 Hz, 2H), 2.30 (s, 3H), 2.29 (s, 3H), 2.12-2.20 (m, 10H), 1.79-
1.86 (m, 3H), 1.57-1.65 (m, 3H), 1.48-1.55 (m, 2H), 1.24-1.43 (m, 17H), 1.09 (d,  J 
= 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 197.1, 177.9, 177.1, 159.0, 158.5, 
145.2, 145.0, 144.5, 144.1, 136.8, 136.4, 133.9, 133.8, 123.2, 123.1, 113.5, 105.0, 
71.1, 69.5, 44.8, 41.0, 36.7, 33.0, 32.3, 32.2, 32.2, 32.1, 31.7, 31.0, 28.9, 27.4, 21.9, 
21.9, 21.3, 21.3, 18.9, 18.8; HMRS (ESI-) calcd for C40H57O4S [M-H]- 633.3972, 
found 633.3972.  

4,4,5,5,6,6,7,7,7-nonafluoroheptyl 4-methylbenzenesulfonate (8) 

A solution of p-toluene sulfonyl chloride (3.0 equiv., 
6.20 g, 32.4 mmol) in dichloromethane (10 mL) was 
added dropwise to a mixture of 4,4,5,5,6,6,7,7,7-
nonafluoroheptan-1-ol (1.0 equiv., 3.00 g, 10.8 mmol), pyridine (3.6 equiv., 3.07 g, 
3.1 mL, 38.8 mmol) and dichloromethane (12 mL) at 0 ºC. The ice bath was 
removed after mixing for 30 min. and the clear reaction mixture was stirred for 3.5 
h. The reaction mixture was washed with water (2 x 50 mL) and brine (2 x 75 mL), 
dried over anhydrous MgSO4 and concentrated in vacuo. Purification by column 
chromatography (SiO2, pentane:CH2Cl2 100:0 to 60:40) yielded the product as 
a colourless oil (3.06 g, 7.07 mmol, 66%). 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J 
= 8.3 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 4.11 (t, J = 6.0 Hz, 2H), 2.46 (s, 3H), 2.06-
2.19 (m, 2H), 1.93-2.00 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 147.8, 135.4, 
132.6, 130.5, 71.3, 29.9, 24.3, 23.0; 19F NMR (377 MHz, CDCl3) δ -81.1 (3F), -
114.7 (2F), -124.5 (2F), -126.1 (2F); HMRS (ESI+) calcd for C14H14F9O3S [M+H]+ 
433.05145, found 433.05155.  
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(E/Z)-2,2',4,4',7,7'-hexamethyl-6'-((4,4,5,5,6,6,7,7,7-nonafluoroheptyl)oxy)-
2,2',3,3'-tetrahydro-[1,1'-biindenylidene]-6-ol (E/Z-6b). 

Z-5 (1.0 equiv., 700 mg, 2.01 mmol), 7 (1.0 equiv., 869 
mg, 2.01 mmol), K2CO3 (3.0 equiv., 834 mg, 6.03 
mmol), tetrabutylammonium iodide (4.0 equiv., 2.97 g, 
8.04 mmol) and acetonitrile (45 mL) were added to 
a three-necked 100 mL round bottom flask. The 
reaction mixture was heated at 70 °C for 19 h. The 
reaction was quenched with an aqueous solution of 
HCl (10%, 20 mL) and the reaction mixture was 
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with 
a saturated NaHCO3 solution (2 x 25 mL) and brine (2 x 75 mL), dried over 
anhydrous MgSO4, concentrated in vacuo. The crude product was purified by 
column chromatography (SiO2, pentane:EtOAc, 100:0 to 85:15) yielding the 
product as a brown oil (407 mg, 0.669 mmol, 33%). The same procedure with E-5 
(1.0 equiv., 199 mg, 0.57 mmol) resulted in a light brown solid (115 mg, 0.189 
mmol 33%). Z-6b 1H NMR (400 MHz, CDCl3) δ 6.52 (s, 1H), 6.51 (s, 1H), 4.43 (s, 
OH), 4.06-4.11 (m, 1H), 3.88-3.93 (m, 1H), 3.33 (p, J = 6.6 Hz, 2H), 3.00-3.07 (m, 
2H), 2.38 (dd, J = 14.6, 4.4 Hz, 2H), 2.27-2.35 (m, 2H), 2.25 (s, 3H), 2.21 (s, 3H), 
2.01-2.15 (m, 2H), 1.40 (d, J = 3.2 Hz, 6H), 1.05-1.09 (m, 6H); 13C NMR (100 
MHz, CDCl3) δ 158.0, 154.8, 144.9, 144.8, 143.7, 143.4, 139.1, 139.1, 134.1, 
133.3, 124.8, 121.2, 117.2, 114.1, 69.5, 44.5, 44.4, 40.8, 40.7, 30.6, 23.5, 23.1, 
23.0, 21.4, 21.1, 16.8, 16.3; 19F NMR (400 MHz, CDCl3) δ -81.1 (3F), -114.6 (2F), 
-124.5 (2F), -126.1 (2F). HMRS (ESI-) calcd for C31H32F9O2 [M-H]- 607.2253, 
found 607.2252. E-6b 1H NMR (400 MHz, CDCl3) δ 6.53 (s, 2H),  4.55 (s, OH), 
4.07-4.14 (m, 1H), 4.00-4.05 (m, 1H), 2.85-2.92 (m, 2H), 2.56-2.63 (m, 2H), 2.36-
2.46 (m, 2H), 2.33 (s, 3H), 2.29 (s, 3H), 2.19 (s, 3H), 2.13-2.17 (m, 2H), 2.14 (s, 
3H), 1.09-1.11 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 158.4, 155.3, 145.3, 145.2, 
144.4, 144.1, 137.1, 137.0, 134.0, 134.0, 123.1, 120.0, 117.0, 113.5, 69.3, 44.9, 
44.8, 41.0, 41.0 30.7, 23.6, 21.9, 21.8, 21.3, 20.9, 18.7, 18.2; 19F NMR (377 MHz, 
CDCl3) δ -81.0 (3F), -114.5 (2F), -124.4 (2F), -126.0 (2F). HMRS (ESI-) calcd for 
C31H32F9O2 [M-H]- 607.2253, found 607.2255. 
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(E/Z)-S-(12-((2,2',4,4',7,7'-hexamethyl-6'-((4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-
oxy)-2,2',3,3'-tetrahydro-[1,1'-biindenylidene]-6-yl)oxy)dodecyl)ethanethioate 
(E/Z-7b).  

A solution of Z-6b (1.0 equiv., 373 mg, 0.54 mmol), 
1,2-dibromododecane (2.5 equiv., 441 mg, 1.35 
mmol), tetrabutylammonium iodide (3.0 equiv., 597 
mg, 1.62 mmol) and K2CO3 (2.0 equiv., 149 mg, 1.08 

mmol) in 15 mL acetonitrile was heated at 70 C for 
21 h. The reaction mixture was quenched by adding an 
10% aqueous HCl solution (20 mL) and extracted with 
EtOAc (3 x 50 mL). The organic layer was washed 
with a saturated aqueous NaHCO3 solution (2 x 25 
mL) and brine (2 x 75 mL). After drying over anhydrous MgSO4 and evaporation 
of the solvent under reduced pressure, column chromatography (SiO2, 
pentane:CH2Cl2, 100:0 to 95:5) was used to purify the crude product. The alkylated 
intermediate was obtained as a colourless liquid (262 mg). Repeating the same 
procedure with E-6b (1.0 equiv., 278 mg, 0.46 mmol) yielded a colourless liquid 
(236 mg). A solution of the alkylated intermediate (1.0 equiv., 262 mg, 0.31 
mmol), potassium thioacetate (2.0 equiv., 87 mg, 0.76 mmol) and 
tetrabutylammonium iodide (0.2 equiv., 28 mg, 0.08 mmol) in acetone (20 mL) 
was stirred for 20 h at room temperature under a nitrogen atmosphere. 
Subsequently EtOAc (200 mL) was added to the reaction mixture. The organic 
layer was washed with brine (3 x 75 mL and 2 x 50 mL) and dried over anhydrous 
MgSO4. The reaction mixture was concentrated in vacuo and purified by column 
chromatography (SiO2, pentane:CH2Cl2, 100:0 to 85:15). Z-7b was obtained as 
a yellow solid (182 mg, 0.214 mmol, 40%). Repeating the same procedure with E-
6b (1.0 equiv., 236 mg, 0.28 mmol), potassium thioacetate (6.0 equiv., 188 mg, 
1.64 mmol) and tetrabutylammonium iodide (0.2 equiv., 28 mg, 80 μmol) in 
acetone (20 mL) yielded E-7b as a yellow liquid (186 mg, 0.218 mmol, 48%). Z-
7b: 1H NMR (400 MHz, CDCl3) δ 6.54 (s, 1H), 6.50 (s, 1H), 4.04-4.09 (m, 1H), 
3.88-4.00 (m, 2H), 3.80-3.86 (m, 1H), 3.29-3.36 (m, 2H), 3.04 (dd, J = 14.5, 6.3 
Hz, 2H), 2.86 (t, J = 7.4 Hz, 3H), 2.38 (d, J = 14.5 Hz, 2H), 2.32 (s, 3H), 2.25 (s, 
3H), 2.00-2.13 (m, 2H), 1.66-1.80 (m, 2H), 1.51-1.59 (m, 3H), 1.38 (s, 6H), 1.21-
1.46 (m, 15H), 1.07 (d, J = 6.7 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 198.7, 
158.6, 157.9, 145.0, 144.6, 143.9, 143.3, 139.1, 138.6, 133.1, 133.1, 125.1, 125.0, 
114.5, 114.2, 71.4, 69.6, 44.5, 44.5, 40.7, 33.3, 32.2, 32.2, 32.2, 32.1, 32.1, 32.0, 
31.8, 31.8, 31.5, 30.6, 28.8, 23.5, 23.1, 23.1, 21.5, 21.4, 16.9, 16.8; 19F NMR (377 
MHz, CDCl3) δ -81.0 (3F), -114.5 (2F), -124.4 (2F), -126.0 (2F); HMRS (ESI+) 
calcd for C45H60F9O3S [M+H]+ 851.41140, found 851.41045. E-7b: 1H NMR (400 
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MHz, CDCl3) δ 6.54 (s, 1H), 6.52 (s, 1H), 4.07-4.12 (m, 1H), 3.97-4.05 (m, 2H), 
3.90-3.96 (m, 1H), 2.85-2.94  (m, 4H), 2.59 (dd, J = 14.1, 5.5 Hz, 2H), 2.35-2.2.48 
(m, 2H), 2.32 (s, 3H), 2.30 (s, 3H), 2.29 (s, 3H), 2.18 (s, 6H), 2.11-2.17 (m, 3H), 
1.79-1.86 (m, 2H), 1.48-1.60 (m, 4H), 1.27-1.42 (m, 15H), 1.09 (m, 6H); 13C NMR 
(100 MHz, CDCl3) δ 198.7, 159.0, 158.3, 145.3, 144.9, 144.6, 144.0, 137.1, 136.4, 
134.0, 133.8, 123.2, 123.1, 113.6, 71.1, 69.3, 44.8, 44.8, 41.0, 41.0, 32.3, 32.3, 
32.2, 32.2, 32.2, 32.1, 32.1, 31.8, 31.8, 31.5, 28.9, 23.6, 21.9, 21.8, 21.3, 21.3, 18.9, 
18.7; 19F NMR (377 MHz, CDCl3) δ -81.0 (3F), -114.5 (2F), -124.4 (2F), -126.0 
(2F); HMRS (ESI+) calcd for C45H60F9O3S [M+H]+ 851.41140, found 851.41084. 

 

Figure 5.8 (a) Eyring plot for metastable Z-1 to stable Z-1 thermal isomerization. 
(b) Eyring plot for metastable Z-7a to stable Z-7a thermal isomerization 
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