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surements and instruments:

The electronic structures of NGRs were confirmed by PHI Quantera XPS. Morphological study of NGR has been performed w
L JSM-6500 field emission scanning electron microscopy and a JEOL JEM-3000F high-resolution transmission elec
oscopy. The excitation source of Raman spectroscopy is a 532 nm laser beam (2.33 eV) with a power below 1 mW to a
-induced heating. Optical reflectance spectroscopy was measured for wavelength region between 400 and 1100 nm und
vis-NIR spectrometer (JASCO ARN-733). IPCE measurement has also been carried out with a spectral response system (
nology Co., Ltd. R3011) for wavelength range from 400 to 850 nm. The Surface of the DSSC was covered by a mask w
-illuminated area of 0.16 cm” and then illuminated under 1 sun intensity (AM1.5G). Incident light intensity (100 mW cm™)
rated with a standard Si Cell (Hong-Ming tech. Co., Ltd.). Photocurrent-voltage curves of the DSSCs were obtained with a di

ce meter (2400, Keithley).
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Figure S1 The J-V curves of DSSCs with CEs using GR and NGR.
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e S1 Photovoltaic parameters of DSSCs with CEs using GR and NGR alone, measured under 100 mW-cm™ of AM 1.5G

1ination.

CEs Voc (mV)  Jsc (mA-cm ?) FF 7 (%)
GR/FTO 710 13.24 031  2.94
NGR/FTO 718 13.26 061  5.84

S4



p—
Q
qifln
;

%)
«
C.

T == T =1 == T = [ T
l
:
2

E

.J ‘.nn?

[0
|
o]
M
¥
il

lll zlnl

al
!

3
[
".

P I T isJFii

=be= absorptance(A) of FTO/TiO

=

/dye

’)

!

I

}

T
I'IW
|

otal T, R and A |
0

Ju—
t C

p—

O

o

cm :II_
||||||*||||||ﬂllll

4]
o

—
» g g

et Total R of NGR/Pt/FTO
wm_ = Total T of PUFTO

i m— ==__=Total T of NGR/PUFTO
i ol emliedem 1 of DYETO
. - _— sEEEEEE =

1
I

X
o
.
1

f

% _ |m=iie=A of NGRIPYFTO

N
o
| ]

Total T, Rand A (%)
=) &

400 500 600 700 800

Wavelength (nm)

re S2 (a) Total reflectance (R), total transmittance (T) and absorptance (A) spectra of FTO/TiO,/dye electrodes. (b) Total R, to

A spectra of Pt/FTO and NGR/Pt/FTO CEs.
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re S3. The enhancement of total R spectrum. The inset is the photoimage of Pt/FTO and NGR/Pt/FTO CEs.
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re S4. (a) The SEM image of Pt/NGR/FTO and (b) the J-V curve of the DSSC with Pt/NGR/FTO CEs.

In the case of the DSSC with CE using a reverse bi-layer structure, Pt/NGR/FTO, shows a 5 of 6.81%, and its Jsc, Voc, anc

es are 14.92 mA-cm, 745 mV, and 0.61, respectively
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According to reported literatures, the conduction band minimum (CBM, -4.4 ¢V)*' and Fermi level (Er, -5.1 eV)* of TiOs f
round/excited state oxidation potentials (GSOP/ESOP, -0.6/1.12 V vs. NHE)of N719 dye®, the redox potential of I;/I" (0.5 \
!, and the Er of FTO (-4.9 €V)** and Pt (-4.95 e¢V)** in the dark without Er alignment have been schematically shown in Fi
n Figure S5, the VBM of TiO; is not shown because it is much deeper than GSOP of dye and thus it does not participate in p
ing.>> Obviously, the Er of Pt (0.45 V vs.NHE) is slightly higher than the redox potential of I;/I (0.5 V vs. NHE)*' under
ition before Er alignment.

While the DSSC is illuminated by solar light, the band diagram would be changed as shown in Figure S6. Under illumination
1 of TiO, film (-4.0 eV)®, the GSOP/ESOP (-0.6/1.12 V, vs. NHE)*® of N719 dye, the redox potential of I;/I" (0.5 V vs. NH
- schematically shown in Figure S6. Note that, under illumination, the Er alignment of FTO, TiO, and Pt is achieved du
ocarrier injection, and thus the Er is called quasi-Fermi level (quasi-Er).>>’ Zhang et al. have been reported the quasi-Ey of
measuring the potential difference between the Ti electrode on the top of TiO, and the redox potential of I3 /I" u
rination.”®* The minimum of quasi-Er is higher than the redox potential of I5 /I at short-circuit (without applying voltage) by
he quasi-Er will be raised by applying voltage to measure the J-¥ curves of DSSCs.***° While the measured photocurrent is
er open-circuit condition), the potential difference of quasi-Er and redox potential of I;/I" is open-circuit voltage.>*>® Thus, u

1ination, the Er of Pt is much higher than the redox potential of Is/T.

S8



E E
{evi {Vvs. NHE} FIC Ti0,  dye Pt FiO
_anl ar [R——
CBM
—
45+ 0
E; E E.
5.0+ 0.5 ) P
L= ig,’:i,
il Bl —_— === &'==-:

re S5. Schematics of the energy diagram of a DSSC with Pt/FTO CE in the dark before Er alignment.
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re S6. Schematics of the energy diagram of a DSSC with Pt/FTO CEs under light illumination.

Song et al. have reported that the work function of graphene can be determined by the work function of the contact n
trates.>' In addition, Rani ef al. have been reported that the bandgap of NGR is ca. 0.38 eV.°"' Thus, we can estimate that the \
(GR should be located between the redox potential of I3 /I' and the Er of Pt/FTO CEs. The energy diagram of a DSSC

/Pt/FTO CE under light illumination is shown in Figure S7. Therefore, in our work, the mechanism of cascade-hole tra

een electrolyte and NGR/Pt/FTO CEs is confirmed.
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re S7. Schematics of the energy diagram of a DSSC with NGR/Pt/FTO CE under light illumination.
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