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High Performance Hybrid Perovskite Solar Cells

Shaik M Zakeeruddin
LPI, EPFL, Switzerland

Mesoscopic photovoltaics have emerged as reliable challengers to conventional p-n junction
photovoltaics [1,2]. Separating light absorption from charge carrier transport,

Dye-sensitized solar cells (DSCs) were the first to use three-dimensional nanocrystalline junctions for
solar cells. Dye sensitized solar cells have initiated a new generation of photovoltaics based on ABX;
perovskites as impressive light harvesters [3-5] where A stands for methylammonium or
formamidinium or Cs cations, B for Pb(Il) and X for iodide or bromide. The remarkable increase in the
power conversion efficiency of perovskite solar cells from merely 3% to over 20% within only a few
years has astonished the photovoltaic community. CH3NH;3Pbl; and related lead pigments employing
mixed A-cations and mixed iodide bromide anions have emerged as powerful light harvesters.
Incorporation of rubidium cations into triple cation perovskite cells enhances the device performance

and stability [6].
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1  Multiple Exciton Generation (MEG)
2 Interaband Relaxation
3 Auger Recombination (AR)
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Nasim Mohammadian, Ahmad Moshaii, AmirHossein Alizadeh, Saba Gharibzadeh, and Raheleh
Mohammadpour, Influence of Perovskite Morphology on Slow and Fast Charge Transports and
Hysteresis in the Perovskite Solar Cells Doi: 10.1021/acs.jpclett.6b01909.the Journal of Physical
chemistry letters, 2016.
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Perovskite solar modules: Fabrication, efficiency and stability

Di Carlo, F. Matteocci, A. Agresti, S. Pescetelli, L. Vesce, N. Yaghoobiniya, A. L. Palma, B. Taheri, E.
Calabro

1C.H.0.S.E. Dept. Elect. Eng. University of Rome “Tor Vergata”, Rome, 00133, Italy
Email: aldo.dicarlo@uniroma?2.it

A new promising class of light harvesting materials, namely the hybrid organic halide based
perovskites, have been recently employed to realize high efficiency photovoltaic solar cells. This
kind of crystalline material shows broad absorption in the visible spectrum (direct energy gap
around 1.5 eV), good electron and hole conductivity, delivering also high open circuit voltages.
Small area Perovskite Solar Cells (PSCs) have now reached a certified record efficiency exceeding
22% [1]. In this work we present a large area perovskite modules fabricated by using solution
process depositions in air and room temperature conditions. Both spin and blade coating
techniques are exploited for device manufacture. The blade process has been optimized by using
an air-flow assisted [2] Pbl2 deposition in a two-step perovskite deposition procedure. Efficiency
exceeding 9% on 100 cm2 and 12.6% on 50cm2 has been achieved by using blade and spin
coatings, respectively. A proper encapsulation technique has been developed to prevent the
perovskite degradation, improving the module stability.[3-4] Moreover, the use of Graphene and
related 2D material for improving efficiency and stability properties of Perovskite modules will be
presented[5- 6]

Fig. 1 large area modules realized at CHOSE. (left) spin coated module with an active area of 50cm?.
(right) blade-coated module with an active area of 100 cm? (A. Agrest et al. submitted)

References:

[1] NREL, in, http://www.nrel.gov/ncpv/images/efficiency chart.jpg.

[2] S. Razza et al. Journal of Power Sources, vol. 277, p. 286291, 2015.

[3] F. Matteocci et al. NanoEnergy (2016) DOI: 10.1016/j.nanoen.2016.09.041
[4] G. Divitini et al. Nature Energy 15012, 1, 2016

[5] Agresti et al. Adv. Funct. Mater. 2016, DOI: 10.1002/adfm.201504949

[6] A. Agresti et al. ChemSusChem (2016) DOI: 10.1002/cssc.201600942
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[1] A. Dabirian, S. Martin de Nicolas, B. Niesen, A. Hessler-Wyser, S. De Wolf, M. Morales-Masis,
C. Ballif, Tuning the optoelectronic properties of ZnO:Al by addition of silica for light trapping in high-
efficiency crystalline Si solar cells, Advanced Materials Interfaces 3, 3 (2016)
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[1] W. Zhang, M. Saliba, S. D. Stranks, Y. Sun, X. Shi, U. Wiesner, and H. J. Snaith, “Enhancement of perovskite-based
solar cells employing core-shell metal nanoparticles.,” Nano Lett., vol. 13, pp. 4505-10, 2013.

[2] Z.Lu, X. Pan, Y. Ma, Y. Li, L. Zheng, D. Zhang, Q. Xu, Z. Chen, S. Wang, B. Qu, F. Liu, Y. Huang, L. Xiao, and
Q. Gong, “Plasmonic-Enhanced Perovskite Solar Cells Using Alloy Popcorn Nanoparticles RSC Advances,” RSC
Adv., vol. 5, pp. 11175-11179, 2015.

[3] E. S. Arinze, B. Qiu, G. Nyirjesy, and S. M. Thon, “Plasmonic Nanoparticle Enhancement of Solution- Processed
Solar Cells: Practical Limits and Opportunities,” ACS Photonics, vol. 3, pp. 158-173, 2016.

Core-Shell Nanoparticles,” Plasmonics, pp. 1-8, 2016.
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From inorganic to organic semiconductors and the emergence of
hybrid organic-inorganic perovskites

Dr. Ardalan Armin

University of Queensland, Australia

Inorganic semiconductors are the engines of modern electronics and optoelectronics. We have been
living in the so-called silicon-age for nearly 50 years. Inorganic semiconductors are typically robust and
stable, and have high charge carrier mobility, a parameter which quantifies how quickly free charges
can move through a conducting material. In the last two decades, a newer class of semiconductors
has emerged: disordered semiconductors including organic small molecules, dendrimers, oligomers,
polymers, nanocrystals and more recently organo-halide perovskites. Although exhibiting low charge
carrier mobility, they are thought to be potentially advantageous to their inorganic counterparts in
some aspects and applications. Disordered semiconductors are often solution processable, and
therefore suitable for low cost electronic device fabrication, and are available with wide absorption
spectral ranges from the ultra-violet (UV) to the near infrared (NIR). They can also be optimized for
high luminescence efficiency for applications such as organic light emitting diodes (OLEDs) and lasers.
In this presentation | will talk about charge transport and optical properties of photovoltaic-based light
sensitive organic/perovskite diodes including solar cells and photodiodes. Understanding how
electrical and optical physics comes together in thin disorder semiconductor devices leads to
significant advances in optoelectronic technology.
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Dye Solvent  Jo(mA/ecm?) VooV) FF(%) 1(%)
[Ru(DPC)(dcbpy):] Water 25 0.68 35 0.68
[Ru(DPC)(dcbpy):] Methanol 1.2 0.4 0.5 0.5

[Ru(DPC)(dcbpy)(SCN),] DMF 75 0.65 40 23

N3 DMF 11.2 0.8 45 4.0

[1]1 H. Zhu, J. Fan, B. Wang, X. Peng, Chem. Soc. Rev., 44 (2015) 4337-4366.
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5 0.56 8.42 0.25 1.18
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50 0.73 32.72 0.31 7.40
70 0.68 26.89 0.28 5.12
Conference on Nanostructured Solar Cells (NSSC95) Sl gb gl 95 slad e il S | WA

December 22" 2016, Sharif University of Technology iy b pmep NUEHIL LIPS



i S 56 gy 5 Sad gl il S | Ve 0 S

sl y dyapauigel Juio Joiligyain! Joloe cdile Jl (cuw)
0y ol JUl (ygu (S wg 1 (a9 sl Jgbw Sl ge

M el o abld o1 9T gy oles M i Sl

(e O fis ;)A n_iuyjﬁ 6....25); 05; O oSl
S ol 0,5 S5 005l oy S
S oot 09,5 o 00SLENS 53y olRzsls”

Sl e orl o b )55 Blabee lawgi 633ea Yo+ 4 Jloo 53 0L (sl ¢ 055 slasho ol o CulSing y losliu
Il 593! Jslome cilizee glo clalé jloyam oatms JUal a0 MAPDIs (08 sy (snisyss (slo Jobw (s5lwainge
5o 290 bl Slagn Sla st o s ooliis 1Syl g LA T (5 y9absé (slal o 99 (39 50 Saupseisel ke
aids p e Fore Cepn b LiS > ey b oSl goaiSaw Y (FTO @Y 5 saacs 5 235500 5l g 285 )18 anslie
e b sy Slasay e, b o S1ss paslbod &l ol 5l slau¥ o F il azj0 00 sleo jo ooy 5l s g glaiaY
Sy e ol ) al eols Coy ol 5 il 4z 0 000 Gleo Cov el SO Do 4y o g 00 Sl s By gy 00 Fee
Y ) o o Glisa¥ s > g, 4 PBla Joloe b ladiges locl TiO2 Jodseie saY (55, » CH3NH3Pbls las 4y
P AEBIY Do & g 5 Hodbooe 4880 0 Sk 4y Jeibgpanl jo Aﬁd{fﬁjﬁ"d@ 6.8, 10mg/ml) calises slacdale o
Sla siw Culys jo g ol Slasa¥ b L oS slaw | gy ar lio 09 Sl e .l o0l 130l F il a0 V-0 gleo
CalSasgyy Y waspssisel Jiie Jolme CAle ol L oS ans oo Gl (s il gl 0 (6 S ojlil o Jsls Sl gend
GRIB] g D 9958 (o JSs oS g 5555 Sl Sl STy (Sete & Jilote 05 losed oo 4 05 (Sloge 31D o
ar b oS 0l 1y o Shae o524 8ME/MI Cle L ol 45055 o canbive o Jshes (Sililgszé Elasuino 4 dzgi b al sl oo
el 4 il & s L 5 elo Uiy S b 5o 1aiSy ol 6aY JaSiis b b e LT lsi o ) US55 SEM pyslas

B30 )b sadel> (e S5k 5 sk Cuglie Shals

MAI Jgloe cdale Jsc(mA/cm?) Voc (V) FF (%) PCE (%)
6 (mg/ml) 6.69 0.81 56.5 3.04
8 (mg/ml) 8.67 0.83 52.5 3.79
10 (mg/ml) 4.17 0.82 43 1.48

dpgigal fte Jsilis sl Jole calisee slacbalé b colsiug gl ISEM pslas o) IS

Sl gl st 05 slad g il 28

iy o o505 Y40 6o ¥

"4 | Conference on Nanostructured Solar Cells (NSSC95)

December 22n 2016, Sharif University of Technology



Gl gl ghd ) 55 s s (6128 | DY suS> als | P.33

Sl | Joding o a¥ CotnS jo o 9 Liley posd Olasiio juudi' P11 o)y
Sy g3 o Sl gy Ay 00

"L (595 Lowi 3 " 015539 30 dabld (! )l 3lg 1 5L !

SMJJ*G(" GA—Q 0uSisls Eu«))u)uo w)) oKisle )
S 00SLiils i pb St olKiislo v

i (551 BB g 1yls e g adgi Sail anse g canlio 005b o 4 colug p game— JT O3> b o jo5 slo Jole
55 omb sbes )3 Jole o (s slo (B9, b Jliws )57 S5 (Bl 9 Dl i g Lo 9 58Ul (YL 395 Jobo § S o0 23l Y
sy 55999555 Sl ool b (gandyox sla Jgile slml carge « Sy ol il 42,5 )18 ax g5 590 43S slo JLu jo (V- - C
oas Jll o aY laie ay agil Yo NM Lo b LSkl &l)dgil 51 Jodsiagie (6 Y gy (i (6 059, 5o Ll ol o .ol oals
59 oolaiwl 5550 (5 odums Jl 5 Y (5 dige Cles il 48,5 18 ) 0550 ik oSl olBlws jl eolaiwl b g 2SIl (6
O cpl j0 s oo dll Jolaie jeb 4y i > glas aY sleslaiul b as col Yeonm JIYe e nmM osgas o e ok oyl
58 Sl olawd) Jip op Sl e Slasuine (izmeny ok Ul (559 2o y0 9 LS (S3900,0) LS jed Sladiin pois I
e oo Vere g Fee FBe Fee e B 5 Ll ¥ WE% L Llb e ol )y Ll (5 Y Culis (s ooy
Ol s s Slas ¥ Yo Ty VA T T (s amieiin b Ggbl slo o b g ad alo Jyiin 5, Pako il 5l Lils
Cizmads ol o 100 4 bgype Crliis o piin g ek ol 5 LGLLS lake 1V ¢ v @ bgye Calis o yieS a5 canl )] saimo
o G e e 1+ b 9 4 (syalls SIS, ey o LS e sy A 500 0 sl il o 5 o o
IS e 45 05 8 g Sy S gl 35 b 55 555 JLl o] s A5 o o5 iy g 208
s SIFESEM sglas .ol caws 4 ok L3151 LSS (5 0ol duo 0 FO« g ¥ e Lig Ve To VA T o 5l ooliiwl b (555058 ,50 5
35 L & e Syl ol B 5 A e FDe S een slaaos LT B @ oy 4 oad S5 sl sl aY ahiko

Sg o odalive 3 KD

Conference on Nanostructured Solar Cells (NSSC95) Gl gl gl ;s> slad s il aS | Ve

December 22" 2016, Sharif University of Technology iy b pmep NUEHIL LIPS



P34 | Sl 56 sty 55 slad gl st S | Yo 0l amliS

Sowi y93 Jokw (S wiSIl plgs 9 PbI; Joloxe j3 HCL 3429 yil dnfliae
6y oudd JUl ool yguu Sy Swg

"B e | (Slo poolsS

e Gt gois olRuiloe slge ple g owdigee 05;‘

Sypm oo s JUil asle sty gt st oo S50 olg s PIy gbne 3 HOL sy o llia ol o
S FTO w555t ol o g e 8 B ) oS 31l 0,5 o s )3 o il 515 .35 5 o 1
4l ¥ S 4 akBs 590 00 v Cepu b Sl TIO, Y5 40l Yo S 4y ks 5y j90 Yoo v Sy L o512 TIO,
4 0gd oo 00ld g 4l Fr ioe 4y g aiBs 5 00 Voo Sy LPBI Y LY culSug s Y slul gl o s !
B Jsloo s HCL o5 -+ YA s DMF o5 « A¥A (Pbly 4,5 - 51 0lio L HCL lls A Jyloeo a5 B 5 A Jslma ¥ jslato sl
909 Blad yiw slowl les JIHCL 0534 JJo 0 A Joloeo .0l 5w DMF o 5+ AFA 4 Pbly o5 ¥2) olie LHCL 500
pla 50 o e 4 051 00,5 Cgary o] 4o PbIy )3 g 09 ja8 i ) o B oo 095 00 J> 1 50 Sl Pbl, wl)d
abose CH3NH3T 1o asl Yo Soe ds Jsho 51 51 mg b Jlocl upms 5 Bl SelS s o5 5l o 5 28,5 )13 a0 Av oyl

:Miwoqﬁ.j@.uw)?juwmyﬁ;c@j&lfkjw\d)l}ﬁjlw5¢&”

PbI, Isc(™/.. ) Voc(mv)
A Jgloe AN £r-
B Jole B.YO 99.

oolial L 5 010 L5 (g 52aS 55 Lol sigr ol o33 HCL (6o a5 A Jslono 5l ool L e a5l _2olSg 0 Jploo o205 anlie
oolatl HCL jo Ol ogzg Judo a5l il Lol o 0,5 oy <l b > Lol o a8 5 (6 20 5y 00 HCL (905 a5 B Jgloxs |
A3l 0 A Jalxe ;0 0als

V\ | Conference on Nanostructured Solar Cells (NSSC95) Gl sl (gl 55 slad s il 1S

December 22"¢ 2016, Sharif University of Technology iy i oKl AFA0 (65 ¥



Gl gl ghd ) 55 s s (6128 | DY suS> als | P.35

oo LS Lo b S50 Y ganl a5 s Jokw 50 Colluwg p Y (g 5lwadny

Mol denn Mgy wles Mg (5 sz acbls

Fo5de o3l 09,5 S b 0aSitils w3y olSiils
o Sl 55 0 Sigigh (cdghy 09,5 w0y oKl v

5 Vb i o (g 9,00 cewlis (65,51 BB fogljls cde 4y colSug  lgie b Goe Gﬂ Gy 00l Yoo L 5l
saY 58 4 jaxis olgd 8,5 15 axgi 390 sl Gl o lo Jske )0 DOl laie 4 0yhm o 2SIl ek Jsbo
AKM.J )La..’>LM: )‘ ol 00 Q‘}A UJ‘ » ‘SAM Giug;&.”}l}l u‘ﬁé‘ 9 6M)5> LngJ}J..u ‘5>|)l5 Ogufn b yie as u.:liwj).a uél}
Jete Some = JT oS 5 csadsyon sl ol Jisle o osliiul 8550 CulSangy ool o Szl 08 oo Olis CulSug  slge Lol
Qb IS oy e aile Shglla lagygs i3 oo X o3l .l CH3NH3PDX3 oS 5 ol (olows Jg0,8 el adla (6 5 0 pgasgal
o 0l5 5 Jobo el 5,5m Sy s8g0me 4o Loy caiman 5 Loy S| iy s o Sl ol S5 ol 5, Slooyas
Y CoaS (SHE Y Sulugn gand e s Jole jo iyl SE Ay gla,lisle jo solaiul ol olge (1l S conl gxe (5l
sl g e 15 (Blo MalS colSug p a0 @ b, lislo opl o canlio oIS cpiils (gl sl S50l Joko oS 0 colSug

ABb oo s sl S S5l Y 5 4 S B0l hanne Y 15 (55 p e CuksS b ColSg 55l 0 el

e b S5E Y sudyes sladse o llge g0 Solite laghy, 4 Collugn ek wd, LGS cnl o
Soyp oy p Slis aY paSTay cans Collugp aig Y 4 ws,S 2w (ITO/PEDOT:PSS/Perovskite/PCBM/AI)
o 9 3 GlasaY i > Sl by, 4 PBI2 lanl Ghg) 4w pe 50 088 O jge by, 4w 4 PEDOTIPSS mhas 40Y 55
Lsabw uﬁ; )1)5 Pbl, S9y » wylaie slaclale b 6)54.]05.6 9 GRS Sy LsuLM..m\JY V9 dw b CHsNHsl “5” oole
Emg/ml JTosle Chle b g s 5absé by, 4 SalSmsyy sk 0y » (e slodshes sl 1y LS ey dodsbo ool 515 ol y>
ko P 5l Voo Jle oy 4ol osalie Jobo slayial)ly 5o (slalasdle LB jesd oSy ¥ CoieS 5enii b oo LS
Silsirsn L phite g ) slo sl «ulSKang oY 1 SEM ous aid S 1ol 0,5 yaeis &g oo Voo e gy e b g

a3 oo lid A b Gl 1) colesy

Y (Ll gl e Joke jlSle l Soleds JSKG 0V S0

woge b o ColSgy aY I SEM g S oogSae S 3L
Conference on Nanostructured Solar Cells (NSSC95) Gl gl gl 5> glad s Ll eS| VY

December 22" 2016, Sharif University of Technology iy b pmep NUEHIL LIPS



P.36 l ol sl gy 5 sl glu il i | OV 0lS amulS

W Oy pgnigel Jutol 2O (I e — JI odld colwg (LU dasiio g

"y s (s dox0 31910192 (g e €515 o po o0l paxe 3L 3

Slge (gudige (S ¢ swdige 0aS3ls (3l yl olEisls

b base 5 cenbin Ho5 > s 4 (CH3NH3PbI3) a0y ¢ p posisel e alox 5 sadle JTe- T slo culSus
@ o lk pae Gl oo Slge pl colae jlLasl a8 )3 )18 axg5 0,90 Gaudje5 slo Jolw o L3l Y lgie 4 )b slo Jul>
Ge% nl 5l Bas ol go 00l (LS (oS 5 e do 3929 5 S T et )0 Sge b Culgy sLilse 5l (o 0 U Ige Cush,
D> ColSwg )l 5 69 lsS o 9 (CH3)aND) poigal el 15 b (CHANHEY) pgiigel Juio (19515 (00,5 cn 5%l

_TB. .. . _ lratrxy oo - e .
w= E) K856 JlalisT 4 ( Tf - J2 g+ TX)))S*SL" olyels Sl calg p sl lslo a5 (6 pdy Sl (w0 sl ol

el sl 5y ol 3y (s A 5515 &y 5 S e sy |y BX6 JlyonliST LSt el 53556 Jl,unliST og o soli
0.76) lo colSsgn JSitd odgame 10 45 ool Cawdy V.o PY g ol ouds dlne o] ,55S18 il gl pas ColSugy JoSis i
SeSgilss Jite 65 50 OleSe (Jse S b o peisel el 5 s e iz Colugy ji sl il oo (- 1113
&l oyad Slas aY g, 4 odel Cawds Jole 3,55 (o o Lugeds 4> 0 A gled (o el £ s 4y 5 00l J> (DMSO)
oo Lt (1 JSK5) ST axdl 3y 6sSIl 05 o 001 &y yogmdos 40 A+ (glos ,0 digds Vv g 55 oo oilits adends (o,
8 aSs ool b JUsSTiSe & ppo 41 o ysls Lo (dICVOI06 (35 il 581 5 g 53l 51 onlicil b sl pa oole oS0t
ool 9 48,5 1Y% Cogh, (om0 50 59, FO ool jiiw solo ¢ g Il oy 2 (Sl ol 00s dnla €= 7.91°A §=9.77°A
oS Ay zagil Feom Aee 03l 1 oole Lyl iz e Cons] 00t oanlive (gl 4525 AisSomed sl o S5 ST axd]
2.47 500 5,5 o5lail Tauc Plot soliwl b osle ol (65,31 B .ol oas 5 5 o;l0il Ocean Optics-500 g5 g yimlgzs
el sole ol S (5l Ao sl saims las (Y JS5) (cdug, (59,55d] g8y See Lawgs ool Cod gl .ol o] sy €V
end g g5 Sl Jobo 3l 4 (gl ol a3z ol 551 B s 4 sy psisel el 25 4yl vgs
Sk g ond et b Joho sl oo st b (ulSing oS 5 8L @ sl 998 (oo el Cagh) 4 S 03l cnl (5l

Al Gl YL

oSy Y gy (95 DgSg S pgas — ¥ S (CH3)aNPbls colSug, (nS1 anil (31, o8l - ) IS

LS‘ a/Ja.é @L..,.: AJY 0335) A 0l ool Cgmy (CH3)4NPb|3 W) 6)‘)5 uw.).:‘
V¥ | Conference on Nanostructured Solar Cells (NSSC95) Gl sl (gl 55 slad s il 1S

December 22" 2016, Sharif University of Technology iy i oKl AFA0 (65 ¥



Gl gl ghd ) 55 s s (6128 | DY suS> als | P.37

Sy 95 S Jokw & ySlos p Cullwg p jLisLw 50 PbI2iPBCl: cuS 'y 51 (o y g

'yl cx g Tl e T L Loy vemxe ! Gl dgemxe Lol s ol pol
S 0aSlisle w i olBisls !
oo 00SLLls 0y ol5T oKzl Y

Computational Physics Department of Computer Science and Mathematics Nipissing®

woy )0 sole Syl 35 500 iien yola o j0 a5 i (g0l 93 sl sk Sl gnaz s (g (5908595 Sledgles
A 5T o a8 ols Lis AMXs Jse, b olyine IS o o 1) CalSang sl oid 35 ae bl (69 pyms o (gt y55 (sl koo
G 93 slo Jsbe 50 ColSw g olin a5 (oS5 g 3o (p ) Jgeme i n G5 X g (6318 (9 Mo JTe b JT 05lS
‘CH3NH3+ “"-‘-’)5 O X 9 M 5A wlLA‘JSJJ 6‘;’ 00— )SO ‘_,’JS JsA)ﬁ lJ C\_M»JLM )Q 45 d_..ul.l < CH3NH3Pb|3 Qa_w <* oéL&.'«'_wl
5 i 2 55,1 B IS 55,08 595 iz Sy s Jsb 4l y3 som s gane S udl ColSs gy as b e I g PD?
2 ollw g aY el gl al> e 90 anlyd 0 CH3NH3PbIz colKw g5 oole i 4 PBCl2 Jolos 040, adls | 31 allas ol o

el 00l 03l 75 ol gl 9 4S8 (g 2 3590 (g G y9> slo Jolow 0 Shos

(& (&

Pbl,:PbCl, Jolze (&« Pbl, Jsloee (1Y S5

o, Pbl,:PbCl; clale Ve FF Jse 033l
\ Vi INF +/OA A V.4
Y £ - IYY /0 v/o Y.y

Y oole i Glsim oolatwl Jl o uil aiS o &l gl Oglate Lyl wlalys PBI2:PBCLL 51 alisee slo oS 5 (pizron

Bl (oo ol

Conference on Nanostructured Solar Cells (NSSC95) Gl gl gl 5> glad s Ll e | VE

December 22" 2016, Sharif University of Technology iy b pmep NUEHIL LIPS



i S 56 gy 5 Sad gl il S | Ve 0 S

b g opio gomins JUEnl oslo (yaus (20 Kawg yp sl Logils (s yo5 Joloo Lo
o i (s mpmgils W15

Sy e g 00130l o B 50 (Sl a3 pild dos] S

3w = 5l sxis oRisls wlse wle g gwdige 09,5

S8 4 adizes [ 1 00 s ColSsg o (595 2 S5l cl Jlosl sl () yeiesd Gy izman 9 055 9 )b (00 oS
sl 5 0 Slapemsli 5l Giagh ol 55 il gy suedygE sk 5 W Slyis 4 Sl slge 5l eslizd
09y 5 eolaul b 0,85 slamu 53U jskaie (pl (gl il ool oolainl 005 (goasms Jlail osle (ygds oKy y ,LSLugil (gund 95
SB35l g oSl Jale Glyie 4 ey detgsh 5l sl gie Glyie & 0 Bl 5l gy cnl 5o dind jiw Jol b
59 oolaul (gl ool digy spawsil Gl U ol ploxl salizes glales ;o apwsil i (ol ool oolaiwl Lal Jole lgie o
Sloads ytiw o Kl az )0 18+ V00BN FO slales ;o bpuwgl 0,51 Caws 4 1, oSy y J3logl supd 95 slo sl
\ ua).c O 4.:5] uS.) 9 C‘ FTO ng L)M.a‘ lew ol 6‘)4 ] 00 o.))sy‘ J5A> L LQM}:L’ Lg‘)" 03 6),4.? o)Lbl R.S‘h as
Al ools &l ol Xl az 0 B0 0 gles [y el S Dae 4y ey g oL Kl az o Ve gled H0 ARE0 V¢ Dt ) Lo D
S el gy L TIO2 o510 saY (59, 2 4l £o Do a9 aiBo y j50 Fro v o pu b 3o TIO s0Y S o] 5l o
ool &l ol il az j0 Bv + gloo jo aiBo T o 4y g o Kl az 0 VY (glod )0 adBo Vo St 4y L o  Sliiagy
s Gy o5 sl S, b4l Fr ey g aiBs gy 50 Ve v e ey L PDI a¥so Ll culSisg s bl ol o
Yo gaise, PDIy a0y g9, p |, CH3NH3T s o 03ls &)l > ¥ yo o il azj0 Vo e los ;0 aids Vo S o e
o Kl az ;o Voo glod ;0 9 ARB0 B Side A Lo i DS Cyunol Al Ve Do 4y g dBo 5 je0 Feoe Cepu baw asl
a9y 2 J3B S Gk 5l 0395 58 Sl esliinl b g (A5 Joibl )3 oo jiiw slapewgil Cullug ol sl an ol osls &)l >

] o..\.c" Cowds ) J}‘A’ GLA.) odd aslu Lnglem o_;bw )| SeT) A5 ng.....:‘ u.’ls&)j].’

0,8 Sl eyl jiw slos Rsh(ﬂ/cmz) ISC(”‘A/CmZ) Voc(mV)
ol il 4,0 1V FO Yo CA Y A-
o il 4,0 10+ Yo « A Voo
ol il 4,0 VOO Y Y. YA~
o Kl a0V F e AN \-. .

i Gz 50 Oldgil sloul i v 0dld Fiiw G puwsil Job 1090 canlie cde @y ol Sl a0 VP 5 V00 (Y FO Lo o
Ol iy b aslie 10 )by ol lpuwgil jiw i (slod a5 ol Sl a0 VOO los ;o Jg sl (b odel sy (b >
i wlod 5 0,85 oaims JUiil ool dgu e ay wilgs o a5 il oo Joke ol oligS Jlasl Jbols 5Ly yogs by Lol cl 4Bl

V6 | Conference on Nanostructured Solar Cells (NSSC95) Gl sl (gl 55 slad s il 1S

December 22" 2016, Sharif University of Technology iy i oKl AFA0 (65 ¥



Gl gl ghd ) 55 s s (6128 | DY suS> als | P.39

o Bwg (o y95 B Jokw (SO Sl (g jlwand

) i yB y8loormo v ¢ BBl> 4l 3

&,]a ouSiiils ‘ul.wlf olKisls !

Sleslatul bl ooy alyf ol y o 1y cullugyn (gowd s sldohu ulul Slisgas a5 558 Ldoo Jow SO dlis ol o
Pl ¥ S ol (o5 Jsho S0yl sy |y (2l Jsh (o3l SRl (SisSz 5 (Kb sl Ol oo Joe
&1 slesg 2SIl o (P £9) 0,8 oxsmo Jlatil sa¥ G N g43) (9,iSN odims Jlal s SO (300 — 500nm)¢4~l&wm S
sy 9 Spiro — OMETAD s ji> oscas )il saY (CH3NH3PhI3 colSugy |, 515 Gl ¥ Jow opl 5o ol 3515
Pl gaY ) 0yh 5 05 P8Il (Sigey Yolae (0,5 Jo b i |y (el Joe 028 S i 10 T105 | o pSllosias Jla]

23,591 Cawdy
9%n(x) on(x)
D%+uE(x)%+G(x) —R() =0
pIP® —uE(x)a’;—Sc)+ G(x) — R(x) = 0

0x?
E(x) sz ojim 5 09550 s €3 G(X) 5 0300555 5 iy D oo jim 5 Ly oSl 8 i 4Py oS
2 SVsb iy b Judo a0l Casss fguly dolee J> b lg ce 4 sl L3l g jo 156 4 aialy (SGaSTl o

Jsho gl Lo 15 Sk 5l Shspeir b R(X) = 005 s o Gl (saY 50 oz S 53k 5 5l Ulsion SulSns
—-x

Gaasie slaiali Agpe 5 Geff 5o, G(x) = Geffe Mave Sz |y L3l gaY jo0yh> 5 g xSl ades 25 Glg o0

Jasl slaay 5 Q3 sa¥ 50 50 Slll Slaels (o oS Sk Sl 5 e lulpd (285 B 0 b asies oole

09 Sl (Kiwgr OY¥olas (10,5 Jo L ploniljs 0,57 o oo o 5 o yg iSIN (6l o |y (SKtwgy SY0lee ()lg5 o0 0,0 g (9 2SI (goasms

359] Sy (Bl s yo> sk ln 1 3 5 by Slasiie (g o oy 5 o

qu
Jaark = (af X]fo + ay X]bo) (e Jkr — 1)
]photo = quax(A —Be™)

]light = Jaark +]photo
D to
; ; ; . . . . ‘ ‘ ‘ el b ol = — = as
20 Joe oyl il .Bf(b) toXS £ () g m Aave

Jsbo S5 slozally 5l ool M5 A(B) By Qi)

Sfh) o e Doode 5 sl oo Jil slaary
Gmax 3 35d e 5 ool> mhaw 10 (b oS 53k Ce pu

J{mAdemz)

3eolaiul boads (gile and b,z 5Ly loges g, @ g, SO

200

ColSsg 3l Y Caslied g5l ads ) o sl e 5300 5

o e
0 01 02 03 04 05 06 07 08 09 1 s e
Vi Lol o 48,5 las 0 400 nm

Conference on Nanostructured Solar Cells (NSSC95) Gl gl gl s> slad s il eS| VA

December 22" 2016, Sharif University of Technology iy b pmep NUEHIL LIPS



P40 | Gl gl (g ) 55 (lad ghos il &S | YU 0SS

Y 3o o glads o s S e Sl Y Ce o LPBL JaIBL s

GOy 93 S Jolw o lwg g

‘.b)é Ol 9 J5 LS jo0o ""o.bl)"s..\.yc Oy “émﬁ daxo duew

Slge 5 (53,90lie (cwiigen 0aSzils ()l 5 oKl
yb Lf‘)ls L’ Q‘}" g"lc \-»-145 60‘5,4 9 Ls))}JL"Q (5“)&'&"’ o g . .l») EQ‘),Q; cli‘i‘.‘,]é v

Jsbo s )lons 5| (ool> 5 @ dgamma Sl JT (53 alle slacalSlusy aly » Ll 5l ot yon sladshe soins o Shos
Lo Jskos 51 4d ol 0,Ska s loxs £33 31 &5l ilosls (Lis 095 511 Lagd om0jl Slmis 5 Jkliie lo 55 o 40 5 Sgdsel
(sl Y Ui, Pbly _alBl  jige Jalge alen o)l sl s callih &g 4 ssile 36 PBly olime 4 (sasids Sy
$95 2 laS i ol G Y (e I slaculRusy plss ooy sshiie 4 alie (al jo aiilioe b ogsdl 5 Slse S
sl (sainge Sl (o p polaie &Sl 0ad el (o222 SlaS Y ) 5l eolitul b el apnST (g0 YRS JliSle
g plnil G 5 piite Co s ol aliSie sladalip b Collgp plid (slalo o iz Slits Y il JolS' (20 259 9 (599989
o9y (958U 9SS Lagi (59098590 (o2 (Sl $ 0 (P Bl Lawgi LSl el ()2 285 )15 adlllas 090
Pl S5m0y 5T a5l jloe 5Ll 5 0B JLal bz 5 835k ey 9 G20 ygle (i b Lot (558 55 (i
o S35t 50 ez el GLaS Y e g (I L Pl LAl St 20l e Sl $n Giln Osesl @l 085S
Celbrs Cullug Y aS 04 oo odalin glad> o iz Clle o cul alils (6Kl e Sl Y e 8L b 4y
ORI L ok (20l dguge i 10 5 CalSugny PlsS e 4 e @l (ul o) lal e SISl o 65 osllae

Dol sn 23z Slas aY anTi sleels slaw 5 SlasaY ce

wlS.w”., dAy SEM ).:9.«4’(b) su5l.°~c J?‘JA o‘wsgﬁc]wbo».\..u k.S"L“'“J 4.\}/ 6Lm 4.:9.4¢le Py U.J‘)J ‘_gji” (a)*\ Jiw
A28 50 100 B0 e Sy b gl Al e g0 00l Slid Y digel

VV | Conference on Nanostructured Solar Cells (NSSC95) Gl sl (gl 55 slad s il 1S

December 22"¢ 2016, Sharif University of Technology iy i oKl AFA0 (65 ¥



Gl gl ghd ) 55 s s (6128 | DY suS> als | P.41

S ySloc 3 Cul g Spiro-OMeTAD o yo> sbrowcars JWS| 13U gduw o

MAPDLCly g9 31 (o0 Swg y (gl 95 Jokw (o Ldggi g

o 0| S Ololw agaxo

dul.u f“?’l'c IR vy Som S oKiils

St o goams JUEl 5 ColSa 5 00250 cs0iins Jl o | 54 A 51 Jpams plor S 5 500 155 cslo ol
Jsl Y s Sl alie ool jo [1]ca! 138,56 Jlaw b Joko ollggigs Sliogas o ¥ ol 5l plaS 2 slge yois 45 wloods
Spiro- ¢ Cul (geols g5 5l g ouls w ,» MAPBI3XClx go5 5l ulu 55 sowd jo5 slaJsbe 2lgsied olos 500> (gosims
oy 4 TiO2 Jodsein sau¥ (59, p Collu gy pld a5 Cew | S 03 L Caoloads oolatn | 00> goasms Jlall )lsisy OMeTAD
el ol glas Y i Slas 4y

5083 o sl ]y 0y gosias Jlal £45 90 Loads aBle (gaud j95 sl Joku 083L o i bzl s Jloged Voo leds S
J9ozr Gilhs cesl oad 0351 0> goims Jiil g5 99 (sl ol csay 033l (e sl (W55 sl el )l 5o Voylod Jor
Cul (g0,8> (soaups Jliil 5l Voe Lol el iy «Cul 4y Coens ooy oslaswl Spiro 514’ 2Jl> 0 PCE ¢ FF | jsc uwlia \ o)les
3 e e gyl Hcoliow 9 St 550 50 0> JULT &5 003 g0 (La 5 (Wg959 sl il d lie ggazma jo lew | 5V
il bgy e il g0 cpl (Jlin )5 gaSiud gy Gadad 4 Wlg o0 £ad50 ol a5 sl Cul /g Sug 5y

boasasl a5, sbasb ossish slo i =) Jsoz

Spiro-OMeTAD g Cul (g0 8> (gosims Jlas!

HTM Voc(V) | Jse(mA/em2) | FF | PCE
Cul < IAS \YIAY JIFF | fIAP
Spiro-OMeTAD < IVY YY/YY <103 | a8y

Spiro-¢ Cul o> gesas JWnl 9o sl oyl =5ty Jloges =) JS...:
OMeTAD

ey

[1] Z. Yu and L. Sun, “Recent Progress on Hole-Transporting Materials for Emerging Organometal Halide Perovskite
Solar Cells,” Adv. Energy Mater., vol. 5, no. 12, 2015.
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Parameter PSC (Experimental) PSC (Simulation) QDSSC (Simulation)
Voc (V) 0.82 0.82 0.83
Jsc (mA/cm?) 8.2 8.46 10.96
FF (%) 77 70.4 68.7
n (%) 52 533 6.24
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Js(mA/ecm?) VoelV) Eff(%) FF(%)
m/TiO, 17.74 0.96 10.18 60.0
m/Sno, (1 layer) 10.80 0.87 4.73 50.1
m/Sno, (4 layers) 24.01 0.81 10.14 52.9
m/Sn0, (6 layers) 16.15 0.65 5.44 51.5
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Novel insight to investigate the visible-light-driven water oxidation reaction
at polarized liquid-liquid interfaces

Shokoufeh Rastgar, Gunther Wittstock

Carl von Ossietzky University of Oldenburg, School of Mathematics and Science, Department of Chemistry, D-
26111 Oldenburg, Germany

Photo-induced electron transfer across two immiscible electrolyte solutions (ITIES) interfaces, with a
photosensitizer and quencher located in different liquid phases has been proposed as a model system
for natural photosynthesis and heterogeneous photo-catalysis [1]. Overall water splitting by a
semiconductor photocatalyst has been studied as one of the chemical methods for photon energy
conversion and fuel production [2]. With the aim of developing new water splitting, i.e. artificial
photosynthetic, protocols, liquid/liquid interface represents defect free molecularly soft platform
suitable for assembling of nanostructured based semiconductor photocatalysts [3].

Our idea herein is the direct study of O, evolution by hyperbranched nanocrystaline BiVO, immobilized
at polarized water/organic solvent interface. [Co(bpy)s:](PFe)s is used as an electron-acceptor
compound in organic phase. The photo-electrochemical response of BiVO4 in the presence of
[Co(bpy)s]*®, is studied by Scanning Electrochemical Microscopy (SECM) technique, whereas an
ultramicroelectrode (UME) tip is placed in organic phase, several micrometer close to the interface
measuring the photocurrent transient responses based on electrochemical oxidation of [Co(bpy)s]*?
as a product of interfacial electron transfer process in the presence of light. By applying a step function
in the light flux through the optical fiber (off-on), the effects of key experimental variables on the
photocurrent magnitude are determined. Finally, the results proposed a promising strategy in
significant improvement of BiVO4 photoactvity for the O, evolution reaction. Furthermore, coupling
of Liquid/Liquid (L/L) Interface with Surface Interrogation-Scanning Electrochemical Microscopy (SI-
SECM) proposes novel insight to study the photo-induced water oxidation reactions mechanism on
BiVO, based material as visible light-responsive photocatalysts. Herein, SI-SECM is used for the
detection, quantification and evaluation of decay kinetics of adsorbed hydroxyl radical (OH®)
intermediates generated photochemically at the surface of nanocrystaline BiVO, substrate [4].

Fig. 1 (A) Schematic representation of the initial
composition of the aqueous and organic phases for
chemical polarization of the L/L interface used for the
study of BiVO, photoactivity. Magnified SEM image of
the hyperbranched structure of BiVOs (B) typical
photocurrent transient for the detection of [Co(bpy)s]**
recorded at a Au ME (rr = 12.5 pm, d = 20 um) with an
applied potential of Er 0.5 V (vs. Ag quasi-reference
electrode (AgQRE)). The butyronitrile phase contained
0.5 mM [Co(bpy)s](PFe)s and 0.05 M TBAPFs, and the
aqueous phase contained 0.1 M NaCl and 0.01 M TBACI.

[1] F. Li, P.R. Unwin, J. Phys. Chem. C 2015, 119, 4031-4043.

[2] Y. Sasaki, H. Kato, A. Kudo, J. Am. Chem. Soc. 2013, 135, 5441-5449.

[3] H.Jensen, D.J.Fermin, J.E.Moser, H.H.Girault, J.Phys.Chem.B, 2002, 106, 10908-10914.
[4] H. S. Park, K. C. Leonard, A. J. Bard, J. Phys. Chem. C 2013, 117, 12093-12102.
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16 —0— CuS
14 —8— Co-CuS

—&— Mn-CuS

Current density (mAcm? )
=

0 0.1 0.2 0.3 0.4 0.5

Voltage (V)
Counter Jse Voe FF n
electrode  [mA cm?] [V] [%]
CuS 12.37 0.44 0.27 1.5
Mn-CuS 16.30 0.45 0.30 2.2
Co-CuS 17.00 0.44 0.27 2.0
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