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Table S1: Hybrid materials studied in this work. Note that only the main components are 

given. For details of sample preparation and composition see experimental section below. 

 TS TS_Aux TPS TPS_Aux 

m (PEO780) (mg) 

m (PEO8300) (mg) 

- 

- 

- 

- 

200 

200 

200 

200 

m (Silk in silk solution) (mg) 800 800 400 400 

V (Ti(OiPr)4) (mL) 5.0 5.0 5.0 5.0 

m (HAuCl4·3H2O) (mg) - 

2.5 

5.6 

6.1 

- 

1.0 

2.5 

5.0 

10.7 

 

 

 

Figure S1: Digital microscopy images of TPS_Au2.5 and TS_Au2.5. Top surface of the material is 

on the left hand side of both images. 

 



 
 

S3 
 

 

Figure S2: TEM image of TPS with a larger pore of around 50 µm (bottom of image). 

 

 

Figure S3: Dark field STEM (DF-STEM) image of TS_Au5.0 and TPS_Au2.5. The light spots are 

the AuNP, the gray background is the titania/silk hybrid and black areas are holes or regions 

with very little material. 
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Figure S4: HRTEM images of TS_Au5.0 and TPS_Au2.5 along with the corresponding FFT 

images and EDX spectra. The copper signals stem from stray signals from the Cu-TEM grid. 

Carbon and oxygen signals may originate from TiO2, the surrounding silk, and/or embedding 

resin.  
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Table S2: Lattice spacings and corresponding hkl index assignments of the FFT evaluated 

using  PASAD [1]. 

measured 

TS_Au5.0 

anatase 

[ICDD 98-015-4602] 

brookite 

[ICDD 00-029-1360] 

Au 

[ICDD 00-004-0784] 

K [1/nm] d [nm] hkl d [nm] hkl d [nm] hkl d [nm] 

2.821 0.354 011 0.353 120 0.351   

3.501 0.286   121 0.290   

4.231 0.236 004 0.237 131 0.237 111 0.236 

5.238 0.191 020 0.190 231 0.189   

5.871 0.170 015 0.170 320 0.169   

4.179a 0.239     111 0.236 

4.937a 0.203     200 0.204 

     

measured 

TPS_Au2.5 

anatase 

[ICDD 98-015-4602] 

brookite 

[ICDD 00-029-1360] 

Au  

[ICDD 00-004-0784] 

K [1/nm] d [nm] hkl d [nm] hkl d [nm] hkl d [nm] 

2.868 0.349 011 0.353 120 0.351   

4.693 0.213   221 0.213   

5.162 0.194 020 0.190 032 0.197   

5.930 0.169 015 0.170 320 0.169   

4.166a 0.240     111 0.236 

4.937a 0.203     200 0.204 

aReflections measured directly on the particle. 



 
 

S6 
 

 

Figure S5: a) XRD pattern of TPS_Au5.0 highlighting the region between 35-47°. b) XRD 

patterns of a wet (red line) and dry (black line) TPS hybrid material. 
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Table S3: XPS binding energies, assignments to the respective binding partners, and atomic 

concentrations for the samples TS_Au2.5 and TPS_Au2.5. 

  TPS_Au2.5 [atom %] TS_Au2.5 [atom %]  

Peak Binding energy 

[eV]a 

Atomic 

Concentration [%] 

Atomic 

Concentration [%] 

Assignment 

Au 4f7/2 84.0 1.2 2.2 Au0 [2] 

C 1s 285.0 16.2 23.9 C-C/ C-H [3-6]  

 286.4 21.0 20.2 C-N/ C-O [3-7]  

 288.3 16.7 16.4 O=C-N/ O=C-OH [3-5,7]  

N 1s  400.1 16.8 16.4 C-N-H/ O=C-N [6-9]  

 402.0 0.5 0.6 C-N+Hx [3]  

Ti 2p3/2 459.0 2.1 0.2 TiO2 [10]  

Ti-O-C [11] 

O 1s 530.5 4.7 - TiO2 [10]  

 531.8 16.9 17.0 O=C-N/ O=C [3,6]  

Ti-OH [12] 

 533.3 3.5 3.2 C-O [3,6] 

Ti-OH [12] 

aThe binding energies are referenced to the C 1s = 285.0 eV energy of hydrocarbons. In consequence 

the uncertainty for weak peaks (even for Au 4f7/2) is ±0.2 eV. 
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Figure S6: XPS sputter depth profiles of the TPS_Au2.5 surface (top) and a zoom in (bottom). 

Note: as it was not possible to determine the sample thickness [13], the data are represented 

vs. sputter time. 

 

Table S4: Chemical composition of the hybrid materials obtained from EA. 

sample C ± 0.3 % H ± 0.3 % N ± 0.3 % total amount CHN 

TiO2
a 1.5 1.2 0 2.7 

silk 46.2 7.2 17.9 71.3 

TPS  9.5  2.4 3.4  15.2 

TPS_Au2.5 9.1  2.3 3.3  14.6 

TS 13.3 2.9 4.9  21.2 

TS_Au2.5 13.2 2.8 4.9  20.8 

aThe CHN amount in TiO2 comes from unreacted Ti(OiPr)4 and EtAcAc. 
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Figure S7: TGA curves of TiO2 (black line) TPS (red line), TPS_Au2.5 (light blue line), TS (violet 

line), TS_Au2.5 (green line) and B. mori silk (dark blue line).  

 

 

Figure S8: H2 production of TPS_Au5.8 using a sunlight simulator or a xenon lamp. 

 

A possible mechanism for water splitting in the presence of ethanol in shown in Equation S1–S5 

(adapted by Chen et al. [14]) 

TiO2 + hν  h+ + e-      (S1) 

H2O + h+  ·OH + H+      (S2) 

·OH + CH3CH2OH  CH3·CHOH + H2O     (S3) 

CH3·CHOH + ·OH  CH3CH(OH)2  CH3CHO + H2O   (S4) 

2 H+ + 2 e-  H2       (S5) 
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