Semiconductor Light Enutting Diodes

hv

p type n type
hop f eV ‘\[/
\ ¢ Y Electron

Y -

L
1]
Eee N - e(Vp- V) \
E "'“““""::‘“é;‘f;“““f“ pDSitiVe hiag
VB Y
positive bias Qn-type Silicon

@ e-type Silicon

ECB F . | Photons & ", -
e(Vy+ V)
EvB Ee\r ------ l-—— 0

negafive bias

SI000 Fow S0aT Worls



FF = IopVeplIscVoc
The energy conversion efficiency (Y%o) is given by

n% = (Output energy/Total incident energy) x 100%
= (IppVpp/Total Incident energy) x 100%o
= (IscVocFF/Total incident energy) x 100%

The quantum efficiency (Q) is given by
Number of photons effectively used

IPCE (incident photon conversion efficiency) Q =
=Q Number of photons absorbed

= Output energy/Absorbed energy
[1.24 x 10° x Photocurrent density (nA/cm?)]

[Wavelength (nm) x Photon flux (W/m?)]

Monochromatic light is used to determine Q, and tungsten,
tungsten halogen, or xenon lamps are used to determine n.

Q:
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Semiconductor in contact
with ‘wrong’ electrode: —
Charge leakage. Limits
voltage

Small or isolated domains:
Trapped charge recombine
Limits charge separation

Large domains:

Exciton decay before
reaching interface.

Limits charge separation

Disrupted molecular
packing . Poor charge
transport. Limits charge
collection and separation
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Immediately following the spin-coating, the films were
either kept in covered petri dish for slow growth or were
baked at 70 °C for ~30 s for fast growth.
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Dye-sensitized Heterojunction Solar Cell \
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Complex 3

K. Hara J. Am. Chem. Soc. 2006, 128, 14256
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N719 Photovoltage (V)

MPII

Liquid electrolytes A and B are composed of 0.5 M iodine and 0.45 M N-methyl-benzimidazole (NMBI) in
either pure MPII or a mixture of MPII and 3-methoxypropionitrile (volume ratio: 13:7), respectively.

7 (%) at
different light intensities Dggp (1077 £més)
electrolyte 0.1 sun 0.5 sLn 1.0 sun Eaq (MV) b -
liquid A . | 6.3 6.0 () | .58 3.07
liquid B 7.0 7.2 7.0 26 821 N
ael A (.3 6.4 6. ] () | R4 3.09
ael B (.5 7.1 7.0 20 821 3.9

apparent diffusion coefficient
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TiO:
band-gap Evn Eze Pzt
metal axide [=4] [V vs SCEF [V ws SCEP (pH units)

Aly 5104 g-89 +4.01 —4.48 21
% .’ Zrn 30 +3.73 -1 31
AlO4 g45-99 +3.83 —4.45 G2
Ty 30—33 +2.73 —0.42 35

B Current/Voltage Characteristics of Dye Sensitized Solar

e Cells Fabricated from Coated and Uncoated TiO, Films Sensitized
g with RuL,(NCS), and Obtained under AM1.5 Simulated Sunlight.

~, h (%)* Voc v Jsc maien?) (%)

AR oTi0s 3.7 735 9.1 55.1

AN %02 Ti0: 14 710 106 58.1

\w 2A1,03 10, 3.6 760 12.1 61.1

. 2cA1,05Ti0, 14 860 245 65.6

10¢ 10% 10+ 0% 107 107 2710, Ti0, 36 675 9.1 505

Time (s) “Ti0; 2.0 710 5 544

:SiO:TiO: 23 710 5.1 583

Transient absorption data monitorin ALO3TiO: 2.5 760 3 654

b g CZrO2TiO; 2.0 710 5.1 516

photoinduced absorption of the dye
cation following optical excitation of
the dye RuL,(NCS), adsorbed on
nanocrystalline TiO, films with (a) 0,
(b) 1, and (c) 2 Al,O4 overlayer coatings.
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p-type cells

tandem cells
Conducting Counter e
glass electrode
l TiO, Electrolyte NiO .
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_>
i dye
photocurrent NiO y Pt
1. panchromatic dyes 1. low V¢

2. VVoc =Vocl + Voc2

2. low dye loading
3. fast charge recombination
4. low hole conductivity

19



O. M. Baker Science 2015, 347, 519

Single crystal CH;NH;PbBr,

low trap density

carrier diffusion length ~17 um
electron/hole mobility ~115 cm?/V s

L. Wang J. Mater. Chem. A 2015, 3, 8970
CH;NH:Pbl; (s) < Pbl, (s) + CH;NH;I (aq)

CH:NH;I (aq) < CH;NH, (aq) + HI (aq)

4HI (aq) + O (g) < 21, (s) + 2H,0 (1)

2HI(aq) <= H> (g) + 15 (s)

H. J. Snaith Science 2013, 342, 341

CH3;NH;PbBr, Cl,

carrier diffusion length >1 um
CH;NH,PDl,

carrier diffusion length ~100 nm

(2a)
b
(2 ] (a) CH3iNH3Pbls (b)
(2¢) [Tight -
(2d)

AR > 3HI
' 2 ({973 5b2S: CH3NH:Pbl:

3CHaNHz
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Recent Advances in hybrid photocatalysts for solar fuel production
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