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Figure S1. XPS spectra of (A) Ag NCs and (B) Au NCs along with the deconvolved peaks of neutral 

and oxidized metallic atoms. The ratios of Ag0/Ag+ and Au0/Au+ were determined to be 1.15 and 1.07, 

respectively. 

 

Table S1. PL lifetimes of as synthesized Au and Ag NCs.a     

a Lifetimes were calculated by fitting the PL decay traces to a tri-exponential function: 𝑦 = 𝑦0 +

𝐴1𝑒
−𝑥/𝜏1 + 𝐴2𝑒

−𝑥/𝜏2 + 𝐴3𝑒
−𝑥/𝜏3 .  

b The average lifetimes were calculated using the following equation: ∑Ai·τi
2 /∑Ai·τi. 
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(ns) A2 τ2 (ns) A3 τ3 (ns) τavg (ns)b 

Au NCs 0.58 2.14 0.27 35.19 0.15 346.00 292.57 

Ag NCs 0.45 3.04 0.42 25.99 0.12 190.17 131.55 
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Figure S2. Nyquist plots of (A,B) Au‒SSCs and (C,D) Ag‒SSCs at different bias voltages. (B) and 

(D) are the zoom-in of (A) and (B) to show linear transmission lines. 

 

 

Figure S3. Transmission line model, as implemented in Gamry Echem software, used for fitting the 

Nyquist plots.1 Rs is the series resistance, Rr (=rr ∙ L) and Cμ (=cμ ∙ L) are the recombination resistance 

and the chemical capacitance at the TiO2/NC/electrolyte interface, respectively. Herein, L is the 

thickness of the TiO2 film. Rtr (=rtr ∙ L) corresponds to the electron transport resistance through the 
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TiO2 film which was calculated from the linear portion connecting the two semicircles. Zd is the 

Warburg diffusion impedance of electrolyte, which is generally ignored during the fitting. RCE and 

CEC are the charge transfer resistance and the interfacial capacitance corresponding to the counter 

electrode/electrolyte interface. Copyright ©  2016, American Chemical Society. Reprinted with 

permission. 

 

 
 

Figure S4. (A) Chemical capacitance (Cμ), (B) electron conductivity (σn), and (C) electron diffusion 

coefficient (Dn) as a function of equivalent conduction band voltage (Vecb) for Au NC- and Ag NC-

sensitized solar cells. 
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Figure S5. Difference absorbance spectra of Au NCs on (A) ZrO2 and (B) TiO2 at various time delays 

at the excitation wavelength of 387 nm. Difference absorbance spectra of Ag NCs on (C) ZrO2 and 

(D) TiO2 at various time delays at the same excitation wavelength. 

 

Scheme S1. Photo-induced Electron Transfer from the LUMO Level of NC to the Conduction Bands 

of (A) ZrO2 and (B) TiO2. 

 

400 450 500 550 600 650 700

0.5

1.0

1.5

2.0

2.5

0
400 450 500 550 600 650 700

1

2

3

4

0

400 450 500 550 600 650 700

0.5

1.0

1.5

2.0

0
400 450 500 550 600 650 700

1

2

3

4

0

h

b

D
A

 (


1
0

-3
)

Wavelength (nm)

a  500 fs e  100 ps

b  1 ps    f  500 ps

c  5 ps    g  1000 ps

d  10 ps  h  1500 ps

a

(A) (B)

h

a

D
A

 (


1
0

-3
)

Wavelength (nm)

a  500 fs e  100 ps

b  1 ps    f  500 ps

c  5 ps    g  1000 ps

d  10 ps  h  1500 ps

(C)

h

a

D
A

 (


1
0

-3
)

Wavelength (nm)

a  500 fs e  100 ps

b  1 ps    f  500 ps

c  5 ps    g  1000 ps

d  10 ps  h  1500 ps

(D)

h

a

D
A

 (


1
0

-3
)

Wavelength (nm)

a  500 fs e  100 ps

b  1 ps    f  500 ps

c  5 ps    g  1000 ps

d  10 ps  h  1500 ps

TiO2

HOMO

LUMO

Ev

Ec

(B)

ZrO2

HOMO

LUMO

Ev

Ec(A)



S-6 
 

 

 

Figure S6. Time-resolved UV-vis absorption spectra of (A) Au NC- and (B) Ag NC-sensitized ZrO2 

films under continuous laser irradiation. The sample area was 0.4 cm2. The whole area was 

continuously exposed to continuous-wave laser radiation (405 nm) at a power of 182 mW∙cm-2 in 

ambient conditions. Changes in absorbance were measured every 20 s.  
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Figure S7. Transient absorption data maps and difference absorbance (ΔA) spectra of Au NCs 

adsorbed on TiO2 after (A,B) 0 min, (C,D) 5 min, (E,F) 10 min, (G,H) 15 min, and (I,J) 20 min under 

continuous laser irradiation (387 nm and 30 mW∙cm-2).  
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Figure S8. Transient absorption data maps and difference absorbance (ΔA) spectra (A-B, D-E, and 

G-H) and kinetics traces at 500 nm (C, F, and I) of Au NCs adsorbed on TiO2 after (A-C) 30 min, (D-

F) 60 min, and (G-I) 120 min continuous laser irradiation (387 nm and 30 mW∙cm-2). The solid lines 

in (C, F, I) are mono-exponential fits to the kinetic traces in the corresponding figures. The appearance 

of bleaching signal at ~500 nm gives a clear indication of the formation of plasmonic nanoparticles. 
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Figure S9. Transient absorption data maps and difference absorbance (ΔA) spectra (A-B, D-E, G-H, 

J-K) and kinetics traces at 605 nm (C) and 417 nm (F, I, L) of Ag NCs adsorbed on TiO2 after (A-C) 

0 min, (D-F) 5 min, (G-I) 10 min, and (J-L) 15 min of continuous laser exposure (387 nm and 30 

mW∙cm-2). The solid lines in (C, F, I, L) are mono-exponential fits to the kinetic traces in the 

corresponding figures. The appearance of bleaching signal at ~420 nm gives a clear indication of the 

formation of plasmonic nanoparticles. 
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Figure S10. Transient absorption data maps and difference absorbance (ΔA) spectra (A-B, D-E, G-

H, J-K) and kinetics traces at 417 nm (C, F, I, L) of Ag NCs adsorbed on TiO2 after (A-C) 20 min, 

(D-F) 30 min, (G-I) 60 min, and (J-L) 120 min of continuous laser exposure (387 nm and 30 mW∙cm-

2). The solid lines in (C, F, I, L) are mono-exponential fits to the kinetic traces in the corresponding 

figures. 
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