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A. Synthesis of poly(dopamine acrylamide)-co-poly(N-2-hydroxypropyl)acrylamide):

Figure S1. Synthetic pathway to the catechol-based polymeric binder. Free radical polymerization of pentafluorophenyl acrylate is 
followed by substitution of the activated ester groups with catechol moieties for adhesion and hydroxypropyl acrylamide groups for water 
solubility. 

Pentafluorophenyl acrylate, PFPA (2.4 g, 0.010 mol, 1.0 eq) and recrystallized azobisisobutyronitrile (AIBN) (15.7 mg, 0.096 
mmol, 0.01 eq) were added to a 50 mL Schlenk flask. Dry acetonitrile (12 mL) was added and the mixture was subjected to three 
freeze-pump-thaw cycles. The flask was sealed under argon and the mixture was stirred for 7 hrs at 80 °C. Then, 5 mL THF was 
added to the solution and the polymer was precipitated into 200mL of chilled methanol. Filtration and drying of the white powder 
gave 2.08 g of poly(pentafluorophenyl acrylate) (yield: 87.5%) with Mn estimated by GPC: 24.5 kDa, pdi: 2.05.

Following a previously reported post-polymerization functionalization procedure,28 poly(pentafluorophenyl acrylate) (1.86 g, 7.79 
mmol repeat units, 1 eq) and dopamine hydrochloride (0.23 g, 1.20 mmol, 0.15 eq) were dissolved in 25 mL dry DMF. 
Triethylamine (0.19 mL, 1.32 mmol, 0.17 eq) was added to the solution, and the mixture was stirred at 50 °C for 4 h under an 
argon atmosphere. Next, amino-2-propanol (0.97 mL, 11.67 mmol, 1.50 eq) and triethylamine (1.8 mL, 13.91 mmol, 1.70 eq) were 
added in excess to displace the remaining activated ester groups. The reaction was allowed to stir overnight under argon at 50 °C. 
The solution was concentrated and then purified via dialysis (MWCO: 3 kDa) using MiliQ water sparged with argon. Freeze 
drying gave the desired product as a white solid. The percent incorporation of catechol was determined via 1H-NMR by calculating 
the integral ratio of the aromatic peaks to the multiplet at 3.5–3.7 ppm corresponding to the (H-(C-CH3)-OH) protons in the 
aminopropanol group.

1H-NMR of poly(dopamine acrylamide)-co-poly(N-2-hydroxypropyl)acrylamide) (500 MHz, DMSO): 
δH: 0.95 (s, 3H, aminopropanol), 1.18–3.16 (polyacrylamide backbone), 3.66 (s, 1H, aminopropanol), 6.30–6.49 (s, 1H, Ar H 
catechol), 6.51–6.72 (m, 2H, Ar-H catechol), 7.06-7.98(br s, 2H, N-H amide), 8.50-8.83 (d, 2H, O-H catechol)  ppm. 
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B. Catechol-based layer-by-layer assembly of composite coatings:  

Substrate preparation: Silicon wafers (with 100 nm thermal oxide surface layer) and glass slides were cleaned by immersion into a freshly 
prepared piranha solution [consisting of 3:1 vol/vol ratio of H2SO4 (98%) to H2O2 (30%)] for 1 hr at 90 °C. This was followed by rinsing 
under sonication with MiliQ water, then methanol and finally dried with air.  

Dip coating:   

Figure S2. a) Schematic representation of one dip coating cycle. Sequential adsorption of polymer and nanoparticles onto substrate is 
accompanied by respective rinsing steps. b) SiO2-composite coatings on Si wafers remain “active” for further deposition up to 
three weeks later.  Two film samples were dried and left on the bench top for three weeks. Both were resubjected to 6 additional cycles 
of dip coating and display a linear increase in thickness.

C. Physical characterization of composite films:

Film thickness and refractive index were characterized using a Filmetrics F20 spectroscopic reflectometer equipped with the standard SS-3 
stage. The base line was obtained against a native oxide silicon reference wafer and spectral data was acquired over the wavelength range of 
380 – 1050nm. Each measurement was done in triplicate and the average thickness reported. Coated PVC tube samples were investigated by 
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X-ray photoelectron spectroscopy (XPS) using a Kratos Axis Ultra XPS system with a monochromated aluminium X-ray source for 
elemental analysis. The films on the inner surface of the tube were visualized by field-emission scanning electron microscopy, using an FEI 
XL40 Sirion microscope operating with an accelerating voltage of 3 kV. Composite film surfaces were also investigated by Atomic force 
microscopy (AFM) on Dimension 3100 Nanoscope IV from Digital Instruments Inc. 

Figure S3. AFM of composite film bilayer surface.  Minor surface roughness due to particle aggregation, but no macroscopic clusters 
present. The coating of a top layer of TiO2 -composite film (4 cycles, 70 nm thickness) deposited onto a SiO2 -composite film (4 cycles, 
110 nm thickness) on top of a wafer substrate (Si with 100 nm SiO2 surface layer). 

Figure S4. SEM of TiO2-composite films on different substrates.  Comparison of the surface of TiO2 -composite film (5 cycles, 90 
nm thickness) deposited onto a) a wafer substrate versus b) a PVC tube (6 cycles, thickness not measured) by scanning electron 
microscopy. While the films on the planar wafer appear smooth and continuous, cracks in the tube coating may be due to sample 
deformation while dissecting and mounting the sample after the coating process.



 

Figure S5. SEM of SiO2-composite films on different substrates.  SiO2 -composite films were deposited onto a wafer and SEM 
investigations were performed on a) the surface of SiO2 -composite film (4 cycles, 110 nm thickness) and b) the cross section of a SiO2 -
composite film (20 cycles, 500 nm thickness) which shows a close-packed film with nanoparticles distributed homogeneously 
throughout.  c) SiO2 -composite film on a planar hydrophobic surface. Polystyrene was spin-coated onto a wafer (80 nm), and this 
surface was coated with the SiO2 -composite film (16 cycles, 480 nm thickness). The coating appears continuous with some small 
aggregates. All Si wafer substrates used contained a thermally annealed 100 nm SiO2 surface layer. 

Figure S6. Film resistance to toluene and acidic aqueous buffers. TiO2-composite films remain stable with a constant thickness for 
up to 5 days immersed in toluene, while SiO2-composite films under the same conditions swell slightly. SiO2 -composite films are 
resistant to solutions buffered to pH 2, and in contrast, TiO2 –composite films undergo marginal reduction in film thickness which may 
be due to disruption of the metal charge transfer complex at the surface layers under acidic conditions.



D. Characterization of photonic coatings:

Experimental results are compared to an optical model of the reflectance spectrum from an ideal Bragg stack constructed from 5 
bilayers of SiO2-composite/ TiO2-composite coatings.

Figure S7. Progression of layer thickness with dipping cycles for the build-up of multi-layered Bragg stacks. Shown are the 
thicknesses of the composite multilayers where the legend denotes the respective top layer. 

Figure S8. Comparison of reflectance spectra for experimental and modelled reflectance of five bilayers of SiO2-composite/ 
TiO2-composite coatings on glass substrate.  The shape of the measured reflectance curve shows good agreement with the reflectance 
spectra. The reduction in peak intensity may be due to scattering at rough interfaces or interpenetration between the different composite 
layers. The measured refractive indices of individual layers at 600 nm are nsilica-comp=1.47 and ntitania-comp=1.63, by ellipsometry. The 
simulated peak corresponds to thicknesses of the SiO2- and TiO2-composite layers of 100 nm and 90 nm, respectively.  


