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Experimental Section

Materials and synthesis. Bismuth oxide (BiO;, 99.999%), tellurium dioxide (TeQ
99.995%) and selenium dioxide (S£09.995%) were purchased from Alfa Aesar. Ethylene
glycol (EG), isopropanol (IPA), glycerol, sodium dmgxide (NaOH), and
polyvinylpyrrolidone (PVP, molecular weight 55008re purchased from Sigma-Aldrich.
Highly conductive PEDOT:PSS (Clevios PH1000) wascpased from Heraeus Precious
Metals GmbH & Co. KG, in which the PEDOT:PSS weigdtio is 1 : 2.5 and the specific
conductivity is 850 S/cm. All the chemicals werealgtical grade and directly used as
received without further purification.

In a typical process of synthesizing,B&; nanoplates, 0.4 g PVP was dissolved in ethylene
glycol (18 mL) to form a clear solution, followed bhe addition of BiO; (0.2298 g, 0.5
mmol), TeQ (0.2394 g, 1.5 mmol) and 2 mL of NaOH solutionn@®l/L). The resulting
precursor suspension was stirred vigorously fom80, and then sealed in the autoclave,
which was then heated to 220 °C, maintaining fdr. 4’he products were washed several
times with distilled water and absolute ethanold &dmen collected by centrifugation. The
final product with uniform morphology was collectby centrifuging at 1000 rpm for 5min.
To synthesize the Se doped samples, certain anoduBeQ was added to replace TeO2,

while the other parameters were kept the same.

Characterizations. The synthesized samples were characterized witiM A@Bruher
Dimension FastScan), SEM (JEOL 6701 FESEM), TEMOUEIEM-3010) and Raman
(Alpha 300 R). UV-Vis spectra were collected bypéising samples in IPA. Single patrticle
dark field scattering spectra were collected bypdoasting BiTe; nanoplates on glass
substrates, and used the same instrument configuratth previous studyEELS were

performed in STEM mode of FEI Titan TEM, with thense parameters used as our previous



study’? The BiTe; samples used for EELS measurements were drop ceseca 30 nm

silicon nitride membrane.

Preparation of silicon substrates. The n-type Si (100) wafer (300 um, resistivitysa®/cm)
was sequentially cleaned in acetone, ethanol aiwthided (DI) water for 20 minutes at room
temperature, this is followed by cleaning in thextonie of concentrated 430, and HO, for

1 hour at 110°C. The chemical passivation of silicon substrate wasgied out in the
following ways. First, the substrate was chloridag immersing it in an aqueous solution of
HF (4.8 M) for 30 minutes at room temperature drehtdipped into the saturated solution of
PCk in chlorobenzene (CB) at 120 under inert atmosphere for 1 h, after which theHSi
bond became Si-Cl bond. The substrate was theredrirsequentially with CB and
tetrahydrofuran (THF). Second, the substrate wasdamsed in the solution of GMIgCI (1 M)

in THF for at least 5 h at 8 to complete methylation process, then rinsed Witt.
Finally, the substrate was immersed into dilutedrbghloric acid for 1 h and rinsed with DI
water. To enhance the charge carrier separatienni8i substrate is pre-treated to form a
surface passivation layer by methyl terminatione Thvalent bonding between methyl group
and silicon means the dangling bonds on the surfdcglicon are dramatically reduced,

resulting in efficient suppressing of the surfabarge recombinatiofi:¥

Device fabrication and characterizations. PEDOT:PSS solution was filtered through a 0.45
um PVDF filter, and then mixed with a certain amiooh Bi,Te; nanoplates as well as a
wetting agent of 1wt% Trion X-100 and 5 wt% DMSQhieh help to decrease the surface
energy of hydrophilic PEDOT:PSS on hydrophobiccsiii substrate and increase the
conductivity of the film. After stirring at room ngperature and under inert atmosphere for
half an hour, the Bires/PEDOT:PSS blend film (80 nm) was deposited on alasilicon

substrate by spin-coating process with a spin spédd00 rpm per minute. The substrate



was annealed at 16 for 15 minutes in ambient atmosphere. 200-nm-tisibker top grid
contacts were deposited by electron beam evapordilee metal covered part consists of 10%
of the whole area of top surface. Aluminum backciet@le was deposited by thermal
evaporation.

The characterizations of the devices were performeimbient atmosphere. Simulated solar
spectrum irradiation source was generated by Nevgidk60 solar simulator with a 300 W
Xenon lamp and an air mass (AM) 1.5 filter. Thadiiation intensity was 100 mW/émrand
calibrated by a Newport standard Si solar cell @11&cident photon to charge carrier
efficiency (IPCE) measurements were performed bywpégt monochromator 74125 and

power meter 1918 with Si detector 918D. The dateewecorded by Keithley 2612.

PL measurements. Dispersed BiTe; nanoplates were drop-casted onto a quartz substnat
top of which a thin AIO; film was deposited by atomic layer deposition wAthrious
thicknesses as the spacing layer. CdSe/ZnS QDsstieassembled on the surface to form a
uniform monolayer. Photoluminescence of quantuns datpported by individual Bie;
nanoplates with an excitation source of 410 nmrlagsas measured. All spectra were
normalised to the reference sample. Time-resol\lede®ay spectra were collected and fitted

to the bi-exponential function to derive the Plefime!®
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Figure S1. (a), (c), (e) TEM images and (b) (d) (f) EDX spactf the doped samples with

the ratio indicated in EDX.
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Figure S2. Raman spectra of as-synthesized nanoplates wittraift Se doping level.
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Figure S3. Dark field scattering spectra of other two typiBalTe; nanoplates.

Figure 4. FFT TEM images of (a) right amorphous corner anddt crystal corner of the

nanoplate shown in Figure 2c. (c) TEM image oflyyfamorphous BiTe; nanoplate.

Schottky barrier

height. The barrier height of Schottky junction is detered using the

following equatioff’
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Where A is the contact ared’ is the effective Richardson constant (252 A%d&¥ for n-

Si) , eis the electronic charge, n is the diode ideddittor, @, is the barrier heigh¥/ is the
applied potential), is the reverse leakage current densitis the current density. Figure
S4a shows the energy diagram of Schottky junctoméd between interface of metal and n-
type semiconductor. The,, of reference solar cell and Bie;enhanced solar cell was

calculated as 0.79 eV and 0.85 eV, respectivelgetearmined from the dark current-voltage

characteristics shown in Fig. S4b.
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Figure $4. (a) Energy diagram of Schottky junction formedwsstn interface of metal and
n-type semiconductor. (b) Dark current-voltage ahteristics of reference cell and solar cell

with Bi,Te; nanoplates incorporated.
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