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Synthesis of the photosensitive silanes: The synthetic procedures start from the corresponding 

alkenyl amine, -alcohol or -carboxylic acid. The Nvoc protecting group was introduced to the 

primary amine by reaction of allylamine with the Nvoc-chloroformate under Schotten-Baumann 

conditions to yield the carbamate. Allylalcohol was protected in a one-pot synthetic procedure by 

reaction with 2-nitroveratryl alcohol in the presence of carbonyldiimidazole (CDI). Protection of the 

carboxylic acid group was achieved by reaction with 2-nitroveratryl alcohol with 3-butenic acid 

under Mitsunobu conditions. 

 

The benzoin-protected carboxylic acid was prepared by esterification of 3',5'-dimethoxybenzoin 

with 3-butenic acid in the presence of diisopropylcarbodiimide (DIC) and N,N-

dimethylaminopyridine (DMAP). The 3',5'-dimethoxybenzoin was prepared according to the 

literature (M. H. B. Stowell, G. Wang, M. W. Day, S. I. Chan, J. Am. Chem. Soc. 1998, 120, 1657-

1664). 

 

Hydrosilylation of the unsaturated precursors with triethoxysilane and H2PtCl6 as catalyst afforded 

the protected triethoxysilanes. 

 

NH-Nvoc 1: Allylamine and 4,5-dimethoxy-2-nitrobenzyloxycarbonylchloride was reacted as 

equimolar mixture in water/THF with NaHCO3 as base. The product (95% yield) was isolated by 
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column chromatography and hydrosilylated with a 10-fold excess of triethoxysilane and H2PtCl6 as 

catalyst (4 h, 80°C) yielding 70% (column chromatography) of NH-Nvoc 1. 1H-NMR in d-THF: δ 

0.62-0.70 (m, 2H, CH2Si); 1.25 (t, 9H, CH3); 1.58-1.72 (m, 2H, CH2CH2CH2); 3.13-3.23 (m, 

CH2NH); 3.86 (q, CH2CH3); 3.96, 4.00 (2s, 6H, OCH3); 5.48 (s, CH2OCO); 7.24 (s, CHar); 7.79 (s, 

CHar). 

 

O-Nvoc 2: Allylalcohol in THF was reacted with 1,1-carbonyldiimidazole followed by addition of 

4,5-dimethoxy-2-nitrobenzylalcohol (all equimolar ratio), the isolated product (chromatography) 

was further subjected to a hydrosilylation reaction (see NH-Nvoc above) to yield 62% of O-Nvoc 2. 
1H-NMR in d-THF: δ 0.68-0.75 (m, 2H, CH2Si); 1.25 (t, 9H, CH3); 1.68-1.76 (m, 2H, 

CH2CH2CH2); 2.52 (t, 2H, CH2COO); 3.86 (q, 6H, CH2CH3); 3.97, 4.00 (2s, 6H, OCH3); 5.50 (s, 

2H, CH2OCO); 7.21 (s, 1H, CHar); 7.79 (s, 1H, CHar). 

 

CO-Nvoc 3: To a solution of triphenylphosphine, vinylacetic acid and 4,5-dimethoxy-2-

nitrobenzylalcohol (all equimolar ratio) diethyl azodicarboxylate was added to yield 80% of the 

allyl ester (chromatography) which was further subjected to standard hydrosilylation (CO-Nvoc 3, 

yield 70%). 1H-NMR in d-THF: δ 0.64-0.74 (m, 2H, CH2Si); 1.25 (t, 9H, CH3); 1.76-1.88 (m, 2H, 

CH2CH2CH2); 3.87 (q, 6H, CH2CH3); 3.97, 4.00 (2s, 6H, OCH3); 4.19 (t, 2H, CH2OCOO); 5.56 (s, 

2H, CH2OCO); 7.23 (s, 1H, CHar); 7.81 (s, 1H, CHar). 

 

CO-Bzn 4: The benzoin-protected carboxylic acid was prepared by esterification of 3',5'-

dimethoxybenzoin with 3-butenic acid in the presence of diisopropylcarbodiimide (DIC) and N,N-

dimethylaminopyridine (DMAP) followed by hydrosilylation (yield 33%). The 3',5'-

dimethoxybenzoin was prepared according to the literature (M. H. B. Stowell, G. Wang, M. W. 

Day, S. I. Chan, J. Am. Chem. Soc. 1998, 120, 1657-1664). 1H-NMR in d-THF δ 0.51-0.61 (m, 2H, 

CH2Si), 1.06 (t, 9H, CH3CH2O), 1.6-1.7 (m, 2H, CH2CH2CH2), 2.28-2.38 (m, 2H, CH2COO), 3.60 

(s, 6H, CH3O), 3.68 (q, 6H, CH3CH2O), 6.27-6.32 (m, 1H, Har), 6,53, 6.54 (2s, 2H, Har), 6.72 (s, 

1H, CH), 7.23-7.45 (m, 3H, Har), 7.84-7.93 (m, 2H, Har). 

 

Further detailed synthetic procedures and characterization results are published in a separate full 

paper. 

 

 

Substrate Preparation: Microscopy glass slides (26 mm x 10 mm x 1 mm), quartz slides (26 mm x 

10 mm x 1 mm), and silicon wafers (26 mm x 10 mm) were cleaned by soaking in Piranha solution 

(a mixture of conc. H2SO4 / 30% H2O2, 7:3 v/v, CAUTON! May cause explosion in contact with 
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organic materials!) over night, rinsing with deionized water and drying in vacuum at 80°C for one 

hour. This procedure generates surface hydroxyl groups (SiOH) on the native SiO2 layer. 

 

 

Surface Modification: The surface modification process for the photoprotected silanes was 

optimized in order to obtain smooth monolayers. Experiments with various water concentrations, 

acid or base catalyst concentrations and different organic solvents were performed and the resulting 

monolayers were characterized by ellpisometry and AFM. The results reported in the manuscript 

correspond to the optimized substrates with an average roughness well below the size of the 

corresponding silane molecule and with no signs of 3D aggregates visible in the AFM (compare for 

example:.U. Jonas, A. del Campo, C. Krüger, G. Glasser, D. Boos, Proc. Natl. Acad. Sci. USA 2002, 99, 

5034-5039). In an optimized procedure, a 1% solution of the corresponding silane in THF with 

traces of NaOH (50 mg 1N aqu. NaOH in 25 ml THF) was prehydrolyzed for 20h and filtered (0.2 

µm PTFE filter) before the clean substrates were immersed for 12h. Afterwards, the substrates were 

washed with THF and Milli-Q-water, baked at 95°C in vacuum for 1 h, sonicated in THF (3 times 2 

minutes), washed with Milli-Q-water and dried with a N2 stream. 

 

 

Light Sources and Photodeprotection: For the irradiation experiments with the silanized substrates 

(quartz and silicon wafers) under ambient laboratory conditions the following light sources were 

used: 

254 nm: 1) UV hand lamp with 0.6 mW cm-2, UV crosslinker (40 W electrical power) with 3 mW 

cm-2, Titanium:Sapphire laser (fundamental lines in the range of 720-920 nm, frequency tripled by 

3rd hamonic generation via frequency mixing with two beta-barium-borate BBO crystals) with 5 

mW cm-2 

365 nm: 1) UV hand lamp with 0.4 mW cm-2, UV crosslinker (40 W electrical power) with 2.8 mW 

cm-2, Argon laser (368 nm) with 300 mW cm-2 

411 nm: Titanium:Sapphire laser (frequency doubled with BBO crystal) with 200 mW cm-2 

 

Kinetics of the photolysis reactions: The kinetics of the light-induced deprotection was monitored 

by the decay of the chromophore in the UV-vis spectra for the different silane layers on quartz 

substrates at different wavelengths and intensities. The change of absorbance is measured as the 

difference before and after irradiation (and rinsing of the substrates) and given as relative 

chromophore intensity (in %) in Figure S1. The light sources used in these experiments are 

specified above. As expected, the deprotection rates accelerate with stronger light intensity and 

yields increase with prolonged exposure time. While almost quantitative deprotections yields for 



 - 4 - 

compounds 2 (O-Nvoc, no kinetic data shown), 3 (CO-Nvoc) and 4 (CO-Bzn) can be reached at 

sufficient irradiation times and intensities, the relative chromophore absorbance for derivative 1 

(NH-Nvoc) always remains around 40-50 %, even at extensive exposure times (which might be 

explained by side reactions of the photoproducts, see main text and Scheme 2). 

 

 
Figure S1: Selected kinetic data for the photolysis of the Nvoc- and Bzn protecting group in the 

silane layers at various irradiation conditions (varying wavelength and intensity). The error of each 

data point is around 5 %. 

 

Fluorescence Labeling of Photopatterned Silane Layers: After irradiation of the silane layers (NH-

Nvoc 1 and CO-Bzn 4) the liberated functional groups were stained with the corresponding Alexa 

Fluor fluorescence dyes (AF 488 for coupling with COOH-groups and AF 546 for NH2-groups) 

according to the procedures provided by the manufacturer (Molecular Probes). 

 

AF 488             AF 546  
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Figure S2: Fluorescence microscopy images of photopatterned silane layers of a) CO-Bzn 4 stained 
with AF 488 (coupling with COOH-groups) and b) NH-Nvoc 1 stained with AF 546 (coupling with 
NH2-groups). 
 

 

Colloid adsorption: A patterned substrate (approx. 1x1 cm2 pattern area) was placed horizontally, 

covered with a droplet of latex suspension (COOH-modified PBMA particles, solid content 0.2 

wt%, 183 nm diameter, one COOH group per 51 square-Angstroms, SSC buffer, pH 7), and 

incubated at room temperature for about 1 h. The suspension droplet was then carefully removed by 

suction with a pipette, washed with water and dried in a gentle N2 stream. 

The latex particles were synthesized by emulsion polymerization, as specified in C. Krüger, U. 

Jonas, J. Colloid Interf. Sci. 2002, 252, 331–338. 
 

particle density / particles µm-2 (error +/- 0.5) silane layer type 

irradiated region non-irradiated region 

1 NH-Nvoc / -NH2 3.5 <0.003 

2 O-Nvoc / -OH 1.7 1.3 

3 CO-Nvoc / -COOH 4.1 1.4 

4 CO-Bzn / -COOH 8.5 1.2 

 


