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Rapid Progress of PSC on 2012-2022
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Wonrld Record Efficiency for Perovskite Solar Cells

Perovskite solar cells with atomically
coherentinterlayersonSnO,electrodes

. Nature 2021, 598, 444-450. ! New world record of PCE 25.8% for a FAPDbI; PSC
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From DSSC to PSC
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Major Problems for PSC:

1. Lead Issue
2. Stability Issue



Our Recent Research

Tin-based Perovskite Solar Cells (PSC)
Perovskite Nanocrystals for Optoelectronics
Photocatalytic CO, Reduction

Mechanistic Understanding of Principles




Perovskite Nanocrystals for Optoelectronics

Synthetic Methods: Ultra-sonication (Top-Down) and Hot-addition (Bottom-Up)

Ultra-sonication

o &

A. Solar Concentrator B. LED / Display C. CO, Reduction

Methane

Water




Why Tin Perovskite Solar Cells?

Shockley-Queisser Theoretically PCE Limit
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MASNI;’'s Bandgap
~1.24 eV
Max PCE~-33%

Maximum PCE for a single
junction solar cell ~33%

rregponding to bandgap = 1.2-1.4 eV

MAPDI;’s Bandgap
~1.55 eV
Max PCE ~

N

— -
Bandgap (eV)

3



Efficiency/ %

Progress of TPSC during 2014-2019
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Recent Progress of TPSC
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Strategies for Tin-based PSC:
1. FA-based Perovskites
2. Inverted Structure
3. SnF, and EDAI,
4. Mixed Cations
5. Quasi-2D and 2D/3D Structure

6. Surface Passivation



Pure Tin Perovskite Solar Cells
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Inverted Planar Device : Effect of EDAI,
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Slow Passivation and Crystal Relaxation
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Design of Mixed Organic Cation Tin Perovskites
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Hybrid Organic Cations: The Effect of GA*/FA*
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The Issue of Stability
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Other Potential Organ'v’c Cations/co-cations
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Absorbance

Normalized PL Intensity

Design of Mixed Tri-halide Tin Perovskites
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A Two-step Approach for Pb PSC

LETTER

doi:10.1038/nature12340

-

Sequential deposition as a route to high-performance

perovskite-sensitized solar cells
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A Two-Step Deposition Appmach

OH Zhu et al. Adv. Mater. 2018, 30, 1703800
)\ PCE=42%? )\CH
FsC~ CF; '\ g 3
Snl,/SnF,in DMSO FAI in HFP/IPA/CB IPA IPA/HFP/CB

Tin lodide Layer
PEDOT PSS

|
’ ITO /olass

Perovskite Film



Enhanced Device Performance and Stability
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The 3D/2D Structure via Two-Step Approach
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Photovoltaic Properties and Stability
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Surface Passivation via
Phenylhydrazinium Thiocyanide (PHSCN)
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Inverted Hysteresis and Device Performance
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The Device Structure of Tin Perovskite Solar Cells

Hole-Blocking layer

Electron-Transport layer

Light-Harvesting layer

Hole-Transport layer

1. Almost all high-performance TPSC use PEDOT:PSS as HTL.
2. Only one-step fabrication method was applied.
3. Only Inverted device configuration was considered.




Why only PEDOT:PSS was used as HTL for TPSC?

1. The reaction between Snl, and FAl is very rapid.

2. DMSO was used as the solvent to form adducts with Snl, to retard
the crystal growth rate.

3. PEDOT:PSS was selected as HTL due to its hydrophilic nature.

4. The polar precursor/DMSO solution can be evenly spread on the

surface of PEDOT:PSS to enhance the rate of nucleation.

Stability Issue

PEDOT:PSS is hygroscopic so it is easy to adsorb water from the

environment to degrade the device stability of a TPSC.

Solution

1. Looking for other hydrophobic HTL like PTAA as a substitute.

2. Atwo-step fabrication method should be applied to solve the problem.




Using PTAA for Tin Perovskite Solar Cells

FA™  Snl,

PEAT N PTAA/@

1. PTAA s a hydrophobic polymer so that a uniform TPSK film cannot be formed.
2. The PTAA surface should be modified with a suitable ligand like PEAI.

3. The n—r interaction between PTAA and PEAI plays an important role.




The Evidence of 7—x Interaction — Raman Spectra

Raman spectra
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Surface Modification of PTAA with PEAI
With PEAI

40.90

(nm]

AFM images
of PTAA film

0.00

Angle = 42.42 degrees Angle = 5.97 degrees
Base Width = 4.1034mm Base Width = 5.9175mm

Contact angles
of precursor
Solution on PTAA

—————————————————————————

________________________



Surface Morphology of TPSK Made on PTAA

Without PEAI With PEAI

-

¢
. T e One-step fabrication

;-One step w/o PEAI ¥ One step with PEAL Photo images of
TPSK

Two-step fabrication

Two steps w/o PEAI Two steps with PEAI

SEM images of
TPSK made on
PTAA via a two-
step approach

100nm JEOL 10/7/2021 —-— 100nm JEOL 9/16/2021
SEM WD 10.0mm 14:37:56 x50,000 5.0kV LED SEM WD 10.0mm 15:32:04




Surface Morphology of TPSK Made on PTAA

Without PEAI (roughness ~45 nm) With PEAI (roughness ~33 nm)

AFM images of
TPSK made on
PTAA via a two-
step approach

SEM side-view
images of TPSK
made on PTAA
via a two-step
approach




Using PTAA for Tin Perovskite Solar Cells
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New Thiophene-based Polymers as HTM for Tin PSC
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New Thiophene-based Polymers as HTM for Tin PSC
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New Thiophene-based Polymers as HTM for Tin PSC

s/ —SCy4Ho
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poly-TBD
poly-TBD 19.79 0.48 49.5 4.7



Application of SAM for Tin Perovskite Solar Cells
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New Examples of SAM for Tin PSC
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New Examples of SAM for Tin PSC
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Photocatalytic CO, Reduction

" Chemical Energy
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Water-Free Self-Photocatalytic CO, Splitting
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10 20 30

Morphology and Crystallinity
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PeNC+CO, after irradiation for 12 h

Particle size: 8 nm — >15 nm
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World-Record CO Production Yield (Rate)
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Redox Potentials for CO, Reduction

Overall Reaction

C0, > CO+ -0,  AG®=257.2kJ mol™
EY=-1335V
Half Reactions in the presence of water

Reduction: CO, + 2H* +2e~ - CO+ H,0 E°,=-0.106V

Oxidation: H,0 - -0, + 2H* + 2e EO, =—1.229V

Half Reactions in the absence of water

Reduction: CO, + H* +2e~ - CO + OH~ E) =1277?
Oxidation: OH™— =0, +H* + 2e” EO, =777
H,0 - H* + OH™ H* + OH™ - H,0

Reduction: CO, + H,0 + 2e™ —» CO + 20H™ E)., =—0934V

1
Oxidation: 20H™ - EOZ + H,0 + 2e” EY. = —0.401V




DRIFT Spectra and Reaction Mechanism

Oxidation pathway
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Our Breakthrough Results

ne first example of using hydrophobic PTAA for
PSC.

ne first example of using SAM for TPSC.

. Our two-step approach can be broadly applied

for other SAM and HTM systems.

. The first example of self-photocatalysis for CO,

reduction.

. The first CO, splitting using PeNC In the

absence of water.

. World record on CO production yield at gas-solid

Interface.
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