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Abstract 

In this study, two perfluoroalkyl azobenzene trichlorosilanes were synthesized and then 

characterized by Fourier Transform Infrared Spectroscopy (FT-IR), 
1
H NMR and 

19
F NMR. 

Subsequently, these fluorine containing trichlorosilanes were applied to form self-assembled 

monolayers (SAMs) on silicon substrates by the method of chemical deposition in liquid phase. 

The optothermal responsively isomerization of the azobenzene was achieved via UV irradiation 

and heat treatment. The surface structures of the SAMs were investigated by X-ray photoelectron 

spectroscopy (XPS), energy dispersive X-ray spectroscopy (EDS) and atomic force microscopy 

(AFM). The results showed that the thermal migration of the terminal fluoroalkyl groups 

promoted the isomerization of the azo-groups. Moreover, the reversible contact angles of the 

SAMs demonstrated a good reversibility of surface wettability, which was consistent with the 
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optothermal responsive isomerization of the azo-groups. 
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Introduction  

In the past decades “smart surfaces” have attracted more and more attention due to their 

controlled switchable functions in respond to even slight changes in stimuli of the surroundings, 

which can be temperature, pH, light, magnetic or electric field etc.
1-3

 Meanwhile these surfaces 

have many potential applications in various fields, such as biosensors, microfluidic devices and 

intelligent membranes.
4-6

 Photoresponsive smart surfaces have attracted great interest in recent 

years and have been applied in non-linear optics, microelectronics, photoresponsive materials 

and optical data storage.
7-9

 According to previous studies of photoresponsive surfaces, 

azobenzene and its derivatives are well known to show great changes in molecular configuration 

as a result of photoisomerization.
10

 As photoactive chemicals, they can experience transition 

from the trans isomer (which is stable under the environment conditions) to the cis isomer by 

UV irradiation.
7,11-15

 Moreover, the back cis-to-trans conversion can be achieved by two 

important ways: (i) irradiation by visible light with wavelength in the range of 400 - 500 nm and 

(ii) keeping in a dark place or thermal back relaxation.
16-17

 

 During the cis-to-trans isomerization of azobenzene the wettability of the azobenzene 

modified surfaces changed as the trans isomer with a small dipole moment has a low surface free 

energy, while the cis isomer with a larger dipole moment has a higher surface free energy.
18-19

 

Although the wettability of azobenzene has been extensively studied, most azobenzene modified 
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surfaces prepared on flat substrates exhibited only a minor change in CA, which was about 

10°,
18-23

 except studies, which were reported in recent years combining with some other 

properties or technologies, such as the roughness of substrates, nanotechnology and electrostatic 

technology, etc.
24-27

 The good reversible wettability of azobenzene and its derivative had been 

studied by many researchers.
28,29

  

 Due to the unique properties of C-F bonds including excellent chemical and thermal stability, 

low refractive index, predominant hydrophobicity and oleophobicity,
30,31

 perfluorinated 

compounds have been widely applied in a variety of fields.
32,33

 These fluorine containing 

materials possess low surface energy, because fluorine with its high electronegativity can reduce 

the internal van der Waals interactions. Even monolayers of perfluorinated compounds can 

provide extreme low surface energy. In the monolayer, the fluoroalkyl groups can migrate from 

the inner part of the films to the outermost surface, which is the so called “microphase 

separation”.
34

  

 In this study, perfluoroalkyl groups have been introduced to azobenzene and prepared to 

form SAMs on silicon substrates.
35-37

 The optothermal response of perfluoroalkyl azobenzene 

SAMs was studied by UV irradiation and heat treatment and the surface properties were 

characterized by Fourier transform infrared spectroscopy, UV-visible absorption spectra, contact 

angle measurement, energy dispersive X-ray spectroscopy and atomic force microscopy.  

Results and discussion 
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UV-visible absorption spectra of PFBTPA 

The UV-visible absorption spectra of PFBTPA were recorded in toluene solution before and after 

the solution of PFBTPA was irradiated by UV light for different time periods in the range of 0 - 8 

min, using a long wave-length UV lamp and are shown in Figure 1. Two absorption peaks were 

observed for each irradiation time period. One peak was at 360 nm, which can be assigned to the 

π-π* band of the trans isomer, showing an obvious decrease tendency with the increase of 

irradiation time. The other weaker peak was observed at 450 nm and can assigned to the π-π* 

band of the cis isomer, showing a clear increase tendency with the increase of irradiation time. 

As was reported,
2,43-46

 there was an observable change in the height of the trans isomer peak 

after irradiation by UV light. In addition, when the solution which had been irradiated by UV 

light, was warmed up to high temperatures, the UV-visible absorption spectra showed a reversion 

(Figure 2), which demonstrated that optothermal isomerization of the azobenzene occurred 

(Figure 3). 

X-Ray photoelectron spectroscopy 

The surface chemical composition of the SAMs was investigated by X-ray photoelectron 

spectroscopy (XPS). The wide scans spectra of PFBTPA SAMs before and after heat treatment 

were measured and are shown in Figure 4. Table 1 lists the chemical composition of PFBTPA 

SAMs before and after heat treatment. The mass concentration of fluorine on the surface of 

PFBTPA SAMs was 31.24 % after heat treatments, which is higher than the value of 28.26 % 
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before heat treatment. The apparent increase of fluoroalkyl groups content on the surface of the 

SAMs can be ascribe to the isomerization of the azobenzene during the heat treatment. 

Water contact angles  

The wettability can be affected by the chemical composition and roughness of the substrates.
10

 

The water contact angle is quite sensitive to a change in surface properties and it has been widely 

used for the investigation of the isomerization of azo groups on surfaces.  

 Figure 5 shows the contact angles of different SAMs. As shown, it can be found that the 

contact angles of PFHTPA SAMs were higher than those of PFBTPA SAMs because the former 

possesses a longer terminated fluorocarbon chain bonded to the azobenzene. As is shown, the 

water contact angles of PFBTPA SAMs and PFHTPA SAMs before heat treatment were 88.7 ± 

1.0° and 96.1 ± 1.2°, while those of PFBTPA SAMs and PFHTPA SAMs after heat treatment 

were 102.1 ± 1.4° and 111.4 ± 0.6° respectively, implying a more hydrophobic surface after 

heat treatment. This may be attributed to the inherent migration of fluoroalkyl chains under high 

temperature and it indicates that the cis configuration of the azo groups has changed into a trans 

configuration during the heat treatment.
47

  

On the contrary, the water contact angles of PFBTPA SAMs and PFHTPA SAMs decreased 

to 83.3 ± 2.4° and 89.1 ± 1.5°, respectively, after UV light irradiation. This result showed, that 

the differences between SAMs-heat and SAMs-UV were nearly 20°, which was much larger than 

the results reported in previous studies.
18-23

 This was due to the fact that thermal migration of 
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terminal fluoroalkyl groups can promote the isomerization of the azobenzene and further 

decrease the surface free energy simultaneously.  

Figure 6 shows the contact angles of SAMs under repeated UV irradiation and then heat 

treatment. The results clearly show, that the contact angles of SAMs irradiated by UV light 

almost completely recovered after heating treatment and decreased again when irradiated by UV 

light. As a result, a surface with good reversible wettability was observed. 

Energy dispersive X-ray spectroscopy 

The distribution of elements on the surface of PFBTPA SAMs was characterized by energy 

dispersive X-ray spectroscopy (EDS) and the results are shown in Figures 7a-d. As can be seen, 

C, O, Si and F were detected on PFBTPA SAMs surface. Figure 7e shows the distribution of F on 

the surface of heated PFBTPA SAM, which has been treated at 160 °C for 1 h before the 

measurement. Comparing Figures 7d and 7e, an obvious increse of the fluorine content on the 

surface of PFBTPA SAMs after heat treatment was found because of the migration of fluoroalkyl 

groups and cis to trans isomerization of azobenzene. However, the distribution of F on the SAM 

surface decreased after irradiation by UV light, implying that photoisomerization of azobenzene 

from trans to cis configuration occurred. 

Surface morphology and surface roughness  

The surface morphologies of the pure silicon substrate and PFBTPA SAMs on silicon were 

obtained by AFM. Compared with the flat surface of pure silicon substrate (Figures 8a and 8c), 

http://www.baidu.com/link?url=QO43znXp_vaBkPRUdEIRDK9juhxidEJ7MaHCkqfGEtqa5kiauTgscoWuiv4VTCKIWF3KQLkaXwMb6dmXz5dOB008Oe0UEgUW4UTw4LKHcCG&wd=&eqid=d7a4537c0003e2f700000003569deec0
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many highlight dots were found on the surface of PFBTPA SAM (Figure 8c). The AFM results 

demonstrated that some sharp peaks have been formed on the SAM (Figure 8d). These sharp 

peaks resulted in an increase of surface roughness, which made the surface become more 

sensitive to the slight change of surface tension. Thus, the slight change of configuration can lead 

to a measurable change of surface wettability.  

Table 2 shows the surface roughness of the bare silicon substrate and PFBTPA SAMs. Ra and Rq 

of silicon substrate surface before and after self-assemble were calculated by equations (1) and 

(2). The result showed that the values of Ra and Rq increased to 0.591 nm and 0.826 nm after 

PFBTPA self-assemble.  

 
0

1 l

aR z x dx
l

   (1) 

 2

0

1 l

qR z x dx
l

   (2) 

Ra is the arithmetical mean deviation of assessed profile, Ɩ is sampling length, and z(x) is the 

height of the assessed profile at any position x. Rq is the mean square deviation of the assessed 

profile.
48

  

Conclusions 

In summary, fluoroalkyl trichlorosilanes with different perfluoroalkyl carbon chain length 

bonded to azobenzene were synthesized and characterized by FT-IR, 
1
H NMR and 

19
F NMR. 

UV-visible absorption spectra showed a transition of trans to cis configuration of the fluoroalkyl 

trichlorosilanes when irradiated by UV light and a transition of cis to trans configuration of the 
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fluoroalkyl trichlorosilanes after heat treatment. Afterwards, self-assembled monolayers of 

PFBTPA and PFHTPA on silicon wafers were successfully prepared through the method of liquid 

phase deposition. Water contact angles of PFBTPA SAMs demonstrated a good reversibility of 

surface wettability, which was consistent with the optothermal responsive isomerization of the 

azo-groups. Meanwhile, because the thermal migration of terminal fluoroalkyl groups can 

promote the isomerization process, the observed change of contact angle was up to 20° before 

and after isomerization. Energy dispersive X-ray spectroscopy (EDS) revealed the distribution of 

the elements of the SAMs, which confirmed the thermal migration of the fluoroalkyl groups and 

the isomerization of the azobenzene. 

Experimental 

Materials 

4-Bromoanilines (purity ≥ 99.5 %) was supplied by Shanghai Macklin Biochemical Co., Ltd. 

Copper powder (max,106 μm, -140 mesh, purity ≥ 99.0 %) was obtained from ThermoFisher 

Scientific Co., Ltd. Perfluorobutyl iodide (C4F9I), perfluorohexyl iodide (C6F13I), trichlorosilane 

(purity ≥ 98 %), allyl bromide (purity ≥ 98 %), phenol (purity ≥ 99.0 %) and sodium nitrite 

(NaNO2, purity ≥ 99.0 %) were purchased from Shanghai J&K Scientific Ltd. Karstedt catalyst 

was supplied by Sinopharm Chemical Co., Ltd. One-side polished silicon wafers were purchased 

from Xinxing Braim Technology Co., Ltd. Hydrochloric acid (HCl, purity 36.0 % - 38.0 %), 

sodium hydroxide (NaOH, purity ≥ 96.0 %), dimethyl sulfoxide (DMSO, purity ≥ 99.0 %), 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 10 

tetrahydrofuran (THF, purity ≥ 99.0 %) and anhydrous diethyl ether (Et2O, purity ≥ 99.5 %) were 

obtained from Qiangsheng Functional Chemicals Co., Ltd. and used without any further 

purification. Toluene (purity ≥ 99.5 %) was purchased from Qiangsheng Functional Chemicals 

Co., Ltd. and purified by distillation (in order to remove water from it). The Supplemental 

Materials contains sample 
1
H and 

19
F NMR spectra of products 2 and 3 (Figures S 1 – S 8) 

Measurements 

Fourier transform infrared spectroscopy (FT-IR) spectra were measured using KBr pellets with a 

NICOLET 5700 spectrometer. 
1
H NMR spectra were recorded with an INOVA 400 MHz NMR 

spectrometer in deuterated chloroform (CDCl3) with TMS as internal standard. 
19

F NMR spectra 

were obtained with a Bruker DPX 300 spectrometer in deuterated chloroform (CDCl3) with 

CFCl3 as an internal reference. UV-visible absorption spectra were obtained with an UV-1800 

UV spectrophotometer (Shimadzu, Japan). The water contact angle (CA) θ (°) was measured 

with an OCA40 Micro at room temperature and ambient humidity. The volume of water droplet 

was 3 μL. Three separated substrates for each condition were measured repeatedly and each 

substrate was measured five separated times to avoid random error. 

X-ray photoelectron spectroscopy (XPS) analysis was carried out with a Kratos Axis Ultra 

HAS photoelectron spectrometer (Shimadzu, Japan), which was equipped with a monochromatic 

Al Kα X-ray source. The element distribution on the surface of SAMs was measured by energy 

dispersive X-ray spectroscopy (EDS), which was attached to a TM3030 table scanning electron 
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microscope. The surface morphology of SAMs was measured with Atomic Force Microscope 

(AFM) in standard tapping mode at room temperature. 

Syntheses and characterization 

The procedure for the synthesis of the perfluoroalkyl azobenzene trichlorosilanes is shown in 

Scheme 1. Using 4-bromoanilines and perfluoroalkyl iodide as raw materials, 

4-perfluoroalkyl-4’-aminobenzene was obtained by means of single electron transfer reaction 

using copper powder as catalyst. Subsequently, 4-perfluoroalkyl-4’-aminobenzene and phenol 

were coupled to give 4-perfluorobutyl-4’- hydroxyazobenzene at 0 - 10 °C. Then, allyl bromide 

was sequentially added, and 4-perfluorobutyl-4’-allyloxyazobenzene was obtained with sodium 

hydroxide as acid-binding agent. Finally, the trichlorosilane reacted with the terminal alkylidene 

group of 4-perfluorobutyl-4’-allyloxyazobenzene in a hydrosilylation reaction under vacuum 

conditions and the final product, the perfluoroalkyl azobenzene trichlorosilane was obtained. 

Synthesis of 4-perfluorobutyl-4’-aminobenzene (1a)  

To a 250 mL three-necked round bottle, 4-bromoaniline (3.44 g, 20 mmol), copper powder (5 g) 

and 100 mL of dimethyl sulfoxide (DMSO) were added together at room temperature. The 

mixture was stirred and heated to 60 °C, and then perfluorobutyl iodide (C4F9I, 9 g, 25 mmol) 

dissolved in 20 mL DMSO, was added dropwise. After the addition was complete the reaction 

was continued for 24 h at 120 °C. After cooling to room temperature, 100 mL of water, 200 mL 

of diethyl ether and the crude product were added into a 500 mL beaker and the mixture was 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 12 

filtered to remove the copper. The filtrate was added into a 500 mL separating funnel and the 

diethyl ether phase was extracted and washed 3 times with 30 mL water. Finally, the diethyl ether 

phase was dried over magnesium sulfate (MgSO4) and the pure product was obtained after 

evaporating the solvent under reduce pressure. Dark brown liquid, yield 3.39 g (54.5 %).
38

 FT-IR: 

3405.42, 3046.5, 1522.0, 1351.0, 1235.9, 1204.7, 1132.6, 1086.4 cm
-1

. 
1
H NMR (400 MHz, 

CDCl3): δ = 7.41 (d, J = 8.7 Hz, 1H), 6.71 (d, J = 8.5 Hz, 1H), 4.16 (d, J = 7.0 Hz, 1H) (Figure 

S1), 
19

F NMR (376 MHz, CDCl3): δ = -80.93 – -81.20 (m, 3F, CF3), -109.71 (td, J = 13.3, 2.6 Hz, 

2F, CF3CF2), -122.84 – -123.07 (m, 2F, CF3CF2CF2), -125.54 – -125.74 (m, 2F, CF3(CF2)2CF2) 

(Figure S2). 

Synthesis of 4-perfluorohexyl-4’-aminobenzene (1b)  

The synthetic procedure was the same as that used for the synthesis of 

4-perfluorobutyl-4’-aminobenzene (1a). Dark brown liquid, yield 4.32 g (52.6 %). FT-IR: 3405.2, 

3051.0, 1523.6, 1362.2, 1291.0, 1240.1, 1200.4, 1145.0, 1088.1 cm
-1

. 
1
H NMR (400 MHz, 

CDCl3): δ = 7.38 (d, J = 8.4 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 3.75 (s, 1H) (Figure S3), 
19

F 

NMR (376 MHz, CDCl3): δ = -80.97 – -81.26 (m, 3F, CF3), -116.08 – -116.52 (m, 2F, CF3CF2), 

-122.17 (d, J = 11.4 Hz, 2F, CF3CF2CF2), -123.11 (d, J = 2.9 Hz, m, 2F, CF3(CF2)2CF2), -123.40 

– -123.89 (m, 2F, CF3(CF2)3CF2), -126.22 – -126.58 (m, 2F, CF3(CF2)4CF2) (Figure S4). 

Synthesis of 4-perfluorobutyl-4’- hydroxyazobenzene (2a)  

To a 100 mL three-necked round bottle, 4-perfluorobutyl-4’-aminobenzene (0.93 g, 3 mmol) and 
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2 M aqueous hydrochloric acid (10 mL) were added. The mixture was stirred and heated to 

dissolve 4-perfluorobutyl-4’- hydroxyazobenzene. Subsequently the mixture was cooled to 10 °C 

and sodium nitrite (0.45 g, 4.5 mmol) dissolved in water (10 mL) was added dropwise. After 

stirring for 2 h at 10 °C the mixture turned yellow. A solution of phenol (0.42 g, 4.5 mmol) in 20 

mL of 1 M aqueous sodium hydroxide was then added dropwise to the mixture and the 

temperature was kept below 10 °C. The pH of the reaction mixture was adjusted to 6-7 with 

sodium bicarbonate. Finally, the crude product was obtained by filtration and was recrystallized 

from methanol/water (1:1) to yield the pure product. Orange red powder, yield 0.74 g 

(59.3 %).
38,39

 FT-IR: 3419.5, 1595.2, 1354.6, 1231.7, 1198.8, 1136.8, 1096.5 cm
-1

. 
1
H NMR (400 

MHz, CDCl3): δ = 7.96 (dd, J = 19.1, 8.6 Hz, 4H, m-protons from –OH, m-protons from –C4F9), 

7.74 (d, J = 8.4 Hz, 2H, o-protons from –C4F9), 6.99 (d, J = 8.7 Hz, 2H, o-protons from -OH), 

5.32 (s, 1H, -OH) (Figure S5). 

Synthesis of 4-perfluorohexyl-4’- hydroxyazobenzene (2b) 

The synthetic procedure was the same as that used for the synthesis of 

4-perfluorobutyl-4’-hydroxyazobenzene (2a). Dark brown liquid, yield 0.81 g (52.3 %). FT-IR: 

3448.0, 1596.6, 1391.68, 1248.1, 1205.0, 1143.8, 1104.7, 1010.0 cm
-1

. 
1
H NMR (400 MHz, 

CDCl3): δ = 7.88 (s, 2H, m-protons of –C6F13), 7.76 (s, 2H, m-protons of –OH), 7.64 (d, J = 7.3 

Hz, 2H, o-protons of –C6F13), 6.97 (s, 2H, o-protons of –OH), 5.36 (s, 1H, -OH) (Figure S6). 

Synthesis of 4-perfluorobutyl-4’-allyloxyazobenzene (3a) 
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To a 100 mL three-necked round bottle, 4-perfluorobutyl-4’-hydroxyazobenzene (1.66 g, 4 mmol) 

dissolved in of tetrahydrofuran (THF, 30 mL) and sodium hydroxide (0.32 g, 8 mmol) dissolved 

in H2O (10 mL) were added at room temperature. The mixture was stirred for 10 minutes and 

heated to 45 °C, then 3-bromopropene (1.07 g, 6 mmol) dissolved in of THF (20 mL) was added 

into the mixture dropwise for 1 h. After the addition was complete, the reaction was continued 

for 24 h at 45 °C. After cooling to room temperature, diethyl ether (80 mL) and the product were 

added into a 250 mL separating funnel; the diethyl ether phase was extracted and washed 3 times 

with of water (3x30 mL), then the diethyl ether phase was dried over magnesium sulfate (MgSO4) 

and the crude product was obtained after evaporating the solvent under reduced pressure. Finally, 

the pure product was isolated by column chromatography using petrol ether as eluent. Orange 

red solid, yield 1.70 g (93.2 %). FT-IR: 3124.58, 2928.49, 1689.85, 1352.53, 1235.02, 1204.06, 

1136.27, 1089.16 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δ = 8.00 – 7.87 (m, 4H, m-protons from 

–OH, m-protons from –C4F9), 7.73 (t, J = 10.5 Hz, 2H, o-protons from –C4F9), 7.04 (d, J = 7.8 

Hz, 2H, o-protons from –OH), 6.08 (dq, J = 9.7, 5.3 Hz, 1H, CH2=CH), 5.43 (t, J = 15.2 Hz, 1H, 

CHH=CH), 5.33 (d, J = 10.5 Hz, 1H, CHH=CH), 4.62 (dt, J = 28.6, 14.3 Hz, 2H, CH2=CH) 

(Figure S7). 

Synthesis of 4-perfluorohexyl-4’-allyloxyazobenzene (3b) 

The synthetic procedure was the same as that used for the synthesis of 

4-perfluorobutyl-4’-allyloxyazobenzene (3a). Orange red solid, yield 2.03 g (91.3 %). FT-IR: 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 15 

2962.6, 1602.9, 1581.9, 1419.5, 1311.0, 1261.5, 1195.0, 1145.0, 1089.1, 1019.1. 
1
H NMR (400 

MHz, CDCl3): δ = 7.90 (d, J = 8.8 Hz, 2H, m-protons from –C6F13), 7.73 (t, J = 10.3 Hz, 2H, 

m-protons from –OH), 7.61 (d, J = 8.5 Hz, 2H, o-protons from –C6F13), 7.07 – 6.97 (m, 2H, 

o-protons from –OH ), 6.06 (ddd, J = 16.0, 10.7, 5.2 Hz, 1H, CH2=CH), 5.44 (d, J = 17.2 Hz,1H, 

CHH=CH), 5.32 (d, J = 10.5 Hz, 1H, CHH=CH), 4.62 (d, J = 5.2 Hz, 2H, CH2=CH) (Figure 

S8). 

Synthesis of 4-perfluorobutyl-4’-(trichlorosilane)propoxyazobenzene (4a, PFBTPA) 

To a 50 mL three-necked round bottle, 4-perfluorobutyl-4’-allyloxyazobenzene (0.23 g, 0.5 

mmol), 0.05 mL of 2 % Pt (dvs) and 20 mL toluene purified by distillation were added together 

under N2 atmosphere. The mixture was stirred and heated to 70 °C, then trichlorosilane (0.15 g, 1 

mmol) dissolved in 10 mL of toluene purified by distillation was added dropwise and the 

temperature was kept at 70 °C for 4 h. Finally, the crude product was obtained after evaporating 

the solvent under reduce pressure. Dark yellow solid. It must be pointed out that it was difficult 

to purify the crude product to high purity, and although purification of PFBTPA was not 

attempted, we didn’t regard it as a drawback for formation of SAMs because of the start material 

is not a surface-active chemical.
40,41

  

Synthesis of 4-perfluorohexyl-4’-(trichlorosilane)propoxyazobenzene (4b, PFHTPA) 

The synthetic procedure was the same as that used for the synthesis of 

4-perfluorobutyl-4’-(trichlorosilane)propoxyazobenzene (4a). Dark yellow solid. 
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Preparation of PFBTPA and PFHTPA SAMs on silicon substrates and isomerization of SAMs 

The one-side polished silicon wafers were cut into several small rectangles (0.5 × 2 cm). These 

small rectangles were cleaned in acetone for 30 min by ultrasonic cleaner, and cleaned in ethanol 

for 10 min to remove organic impurities from the surfaces. Then, the cleaned silicon wafers were 

dried by N2 gas. Subsequently, the silicon wafers underwent oxygen plasma processing (power = 

100 W) for 10 min to obtain hydroxyl groups on the surface of silicon wafers. The hydroxylated 

silicon wafers were immediately put into a fresh solution of PFBTPA and PFHTPA about 1 % 

concentration (m/m, dissolved in toluene) for 30 min. Subsequently the silicon wafers were taken 

out of the solution, washed with toluene and dried in N2 gas.
35,40

  

The isomerization of the SAMs was achieved by UV irradiation and heat treatment (Figure 9). In 

order to obtain a transformation from trans isomer to cis isomer, we have put the SAMs into a 

long wave-length UV device (BZZ200G-T, 200-W) using light of 40 mW/cm
2
. Then, we heated 

the SAMs, which had been irradiated by UV light, to 160 °C to obtain back the trans isomer. 
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Table 1 Chemical composition of PFBTPA SAMs before and after heat treatment 

Peak Position (eV) 
Mass concentration (%) 

Before heat treatment After heat treatment 

C 282.5 46.13 43.76 

O 529.3 13.26 12.27 

Si 99.2 8.49 8.35 

N 391.1 3.85 4.38 

F 687.1 28.26 31.24 
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Table 2 Surface roughness of the silicon substrate and PFBTPA assembled on the silicon 

Samples Ra (nm) Rq (nm) 

Silicon substrate 0.255 0.322 

PFBTPA SAMs 0.591 0.826 
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Figure 1 UV-visible absorption spectra of PFBTPA monomers dissolved in toluene solution and 

irradiated with UV light for different time periods 
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Figure 2 UV-visible absorption spectra of PFBTPA monomers dissolved in toluene solution 

(which had been irradiated by UV light for 8 min) and after being heated to 80 °C for 1h 
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Figure 3 Change in conformation during the optothermal isomerization of PFBTPA 
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Figure 4 XPS of PFBTPA SAMS before (a) and after (b) heat treatment 
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SAMs-origin：without any treatment；SAMs-heat：treated with high temperature； 

SAMs-UV：irradiated by UV light for 10 minutes 

Figure 5 The contact angles of PFBTPA SAMs and PFHTPA SAMs undergoing different 

treatment 
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Figure 6 Reversible wettability of PFBTPA SAMs and PFHTPA SAMs on silicon substrates (UV: 

the SAMs on silicon substrate were irradiated by long-wave UV light for 10 min; Heat: the 

irradiated SAMs on silicon substrate were heated to 160 ºC in bake oven) 
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Figure 7 Element composition of PFBTPA SAMs after different treatments: without any 

treatment (a-C, b-O, c-Si, d-F); heated to 160 °C for 1 h (e-F); irradiated by UV light for 10 min 

(f-F) 
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Figure 8 2D and 3D AFM images of bare silicon substrate (a-2D, b-3D), and PFBTPA SAMs 

(c-2D, d-3D) 
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Figure 9 Preparation of SAMs on silicon substrates and isomerization of SAMs (n = 4 or 6) 
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Scheme 1 Synthesis of the perfluoroalkyl azobenzene trichlorosilane monomers 

 


