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S1. Synthesis of 1-Azo and 2-Azo 

S1.1. Synthesis of 1-Azo 

First, p-phenetidine and sodium nitrite (20 mmol each) were dissolved in a 40 mL solution of 

water and ethanol (20 mL each). Under continuous stirring in an ice bath, a mixture of HCl (4.2 mL) and 

cold water (20 mL) was slowly added. The resulting solution was stirred for 90 min and the pH was 

adjusted to 1 by adding more HCl. After stirring for another 30 min, the resulting precipitate was 

separated by suction filtration, washed with excess water, and dried to obtain 4-hydroxy-4’-

ethoxyazobenzene (Compound 2) with a yield of 81.5%. 

Compound 2 (16.3 mmol), 6-chlorohexan-1-ol (19.6 mmol), and a catalytic amount of KI were 

dissolved in dimethyl formamide (DMF) (100 mL) and stirred at 120 °C for 6 h. The resulting mixture was 

transferred into excess water (about 1000 mL) and the precipitate was extracted with ethyl acetate. The 

organic layer was dried with MgSO4 and the residual solvent was evaporated. Then, the precipitate was 

recrystallized with ethanol to obtain 4-(6-hydroxyhexyloxy)-4’-ethoxyazobenzene (Compound 3) with a 

yield of 69.3%. 

Compound 3 (11.36 mmol), triethylamine (31.8 mmol), and a catalytic amount of hydroquinone 

were dissolved in tetrahydrofuran (THF) (30 mL). After cooling the solution down to 0 °C, acryloyl 

chloride (2.77 mL) was added dropwise under a nitrogen atmosphere. The mixture was stirred for 26 h at 

room temperature. Then, a supersaturated solution of NaHCO3 was added and extracted with ethyl 



acetate. The organic layer was dried with MgSO4. After the solvent evaporation, the crude product was 

purified via column chromatography with chloroform to obtain 6-[4-(4-ethoxyphenylazo)phenoxy]hexyl 

acrylate (1-azo) with a yield of 73.0%. 

S1.2. Synthesis of 2-Azo 

First, 4,4’-dihydroxyazobenzene (10 mmol), K2CO3 (26 mmol), and a catalytic amount of KI were 

dissolved in DMF (15 mL). The solution was refluxed at 120 °C for 20 h. Then, excess water was added, 

and the precipitate was collected by suction filtration and dried. A solution of THF and chloroform (1:1 

volume ratio) was added to extract the product. The organic layer was dried with MgSO4 and the solvent 

was evaporated. The resulting precipitate was purified by recrystallization with a THF–chloroform 

solution to obtain 4,4’-bis(6-hydroxyhexyloxy)azobenzene (Compound 5) with a yield ratio of 53%. 

Compound 5 (5.3 mmol), trimethylamine (5.3 mmol), and a catalytic amount of hydroquinone 

were dissolved in dehydrated THF (30 mL). The resulting solution was stirred and cooled down to 0 °C 

under a nitrogen atmosphere. Acryloyl chloride (18.55 mmol) was slowly dissolved into the solution, 

which was stirred for 4 h in an ice bath. Then, the temperature was adjusted to room temperature and the 

solution was further stirred for other 24 h. Excess water was added, and the precipitate was extracted 

with chloroform and dried with MgSO4. The crude product was purified via column chromatography 

with a solution of ethyl acetate and chloroform (1:1 volume ratio). The resulting product was 

recrystallized with methanol to obtain 4,4’-di(6-acryloxy)hexyloxy azobenzene (2-azo) with a yield of 

56.4%. 

 



 

Figure S1. Confirmation of (a) 6-[4-(4-ethoxyphenlazo)phenoxy]hexyl acrylate (1-azo) and (b) 4,4’-di(6-

acryloxy)-hexyloxy azobenzene (2-azo) by proton nuclear magnetic resonance spectra. 

  



 

Figure S2. Polarized FTIR spectra of the surface in contact with the glass (black, solid line) and silicon (red, 

dashed line) substrate in the azobenzene actuator; the arrows indicate the peaks at 1597 and 1499 cm-1, 

respectively. 

 

 

 

Figure S3. Absorbance properties of azobenzene-based actuators with a thickness of 5 μm. 


