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The effects of different solvent ratios on the morphology and
performance of CH3NH3PbI3 based perovskite solar cells

E. Yazdi'?, A. Behjat'%, F. Valipour ", N. Torabi'*

! Photonics Research Group, Yazd University, Yazd, Iran
2 Atomic and Molecular Group, Faculty of Physics, Yazd University, Yazd

Abstract- To achieve a pinhole-free and perovskite film with high crystalline use the Lewis acid—base
adduct method is one of the viable way to regulate perovskite crystal growth. The solvents used to
make the solution of perovskite directly affect the morphology and efficiency of the perovskite solar
cells. In this study different ratio of DMSO-DMF were applied to fabricate solar cells. The suitable
ratio of DMSO/DMF is reported as 4. Contrary to previous reports, it was shown that the ratio of 1/9
for DMSO/DMF is more suitable base on the experimental data.

Keywords: perovskite, stability, solar cell, meso-porous, nano-structure

7Y

b o yiws BB WWW.OPSLIT ol j0 a5 el jLiel glls 590 50 allie ol


http://www.opsi.ir/
http://www.opsi.ir/article-1-1721-en.html

[ Downloaded from www.opsi.ir on 2025-05-28 |

Sl 3l oKy () Segis8 (6)5l8 5 (et S Gredil g Gl Sgisd 5 Sl (LS reaiyg e
WAV o V)= ol !

ol il gl gl o 5 Sl aY b, 5l ool
3 aslion (Gl Y Jolae sba ) 51 (S SelSawg
ol Sl gy el oy 508 g,y ol 5l eolaiwl &S i
sy 5 oDl (ot 538 L) o s s i
A,y g 6, ana b Slas 4 slas g IS Gaw ) 2o |
SN Al s Sialaz o o) oo Hlai 43,0 3925 5,
FSa5 5SS pld g 55, baails ol wly iy
S amts sl eyl b g sl Sals 3l eolaiwl ogi co
ook ol sl Fse g oad bt sla, 56l 5l (S e Lo oL
00,5 o bl w3Y 10l 1S ol (6l ol e alS g
2 (MAD w8 pssel oo g (Ph)ay oy o S
5 (DMF) awele )b Jess gl - (ohad sla D>
oole 11y o g Jolomo (DMSO) ardly s heioso
.[A]d}a)

g o (9 Sl i S sl (IRL Olsedr e S |
18] g g0 iy yo5 003,25 (9,580 i S

ol |y oSl 5 Sy, SolS 5wkt 54045 51
&yt e, 4 5l alls- DMSO L oo oobal (gl ol
solitul la gy cul 5 (5o vl Pl clin 5 @ o Bl
L o) Bis e g oobe i Jglme yo 500 P> S5 )
IS, il oo Slas Y gal> e o Eaglle ol 5l eolaiul
Glal o ST oy, 4 St Y ol g Sl o= ¥

CH,NH,I+Pbl,+DMSO
In DMF

an _>J—>_ -/

CH,NH,lsPbl,sDMSO
Adduct CH;NH,Pbl,

Anti-solvent

(@J1)
& .@ . . P
i 7
MAl @ m + MAI + DMSO TS
et
DMSO 4 “ Anti-solvent

)
et o .@

=2 4?4}
¢4

Pbl, in medium MAI-Pbl, DMSO intermediate M-‘\F’t}lJ perovskite
U] (i iy

()

s Y Sslips

Sl 00 00l UL“"’ ‘5....>)_>

¥ Planar

dodio—

Ol 4 CalSg e (Gono = I ol (B yme 5l g
G, ool el G0l 55 sla sk [0 L3l soole
g iS5l o yam goaums Jnl pois o V] Yea Jw o
&3> Juw s Spiro-OMeTAD  Sose sul> goole 45 le
Oloy e o 5 [V Y] 05 Joabs g2, sla sl
wliosib g ol ) liie 4z Gl b Censly (aligS
1Y 390> 5l s Jolw £55 ol (233L 45 (sl5eS & 3,91 ol o
Mewlos, YOV Jlo [0 78T 5 o4 Yeed o o
o Jolw o solaz—ul glp 1) slge ol a5 Lelge 51 ¥
—9 58I el 4 plgiee S lon S oolitn | LB (sard 555
Jsb st BB g pelii e oS0 i iulis (Sl
Blio S o,lal g olol ol anTd b sl fol> ol Jiso
s

PR o2 s9) 2 LAY 258 g9 g niy Wl 2
les ol lp iz glajbisle gurd Ho Jobo cSlo
LYNF Jlo o ohSen 5S4 sl ol sliog b Jolos
5k sl pl S Jsliegse slaylisle 5 » Gk
SeEle 90 398 sl lizle lee jo wioly ol ool Lwla>
5 tegs ol yo IVIs)ls s o gaojl il 5 Jelscieg e
VUSE 50 a5 o i gosims JUH g JdlSegpe LSl
65y 5 05 b Lelse 51l oats soliiwl coad ools olas
Y CudS (Slugpn 55 sla o 233k
la ol 5 (S plyie & Pl (o diger a2 oo ol g
by ColSngn Y cwlie oS 4 o) ¢l
AN sl a3 5 )15 ool 890 (6 lons (slaog S

CH;NH,Pbl,

> mp-TiO, layer

~ TiO, lays
> Fluorine: \I\ ped SnO,
» glass

moniws JEl ey Jodiagie (guud ye5 Joku LSl gles ) JSC&
08> (5

' Meso-peros
¥ Meso-Superstructured

b o yiws BB WWW.OPSLIT ol j0 a5 el jLiel glls 590 50 allie ol


http://www.opsi.ir/
http://www.opsi.ir/article-1-1721-en.html

[ Downloaded from www.opsi.ir on 2025-05-28 ]

Sl il oA (Gl S0 (6 )slid 5 (et (S el g Ol Sgsd g Sl S rezmiyg S
WAV o V)= ol !

123 (222), 52222, 59-2(222)

5181 aiges a5 Jb> o cwl mh w55, » 2o i

Ll 10595 50 (6 FES8SG (55519850

CalSs y elas I SEM gl oY sl
S2 (saigad o ullawgy ook yigw 65 S5y ogdle
SFSZsS g yeS b, 5182 (gaige o S3 4 o
G ST saigas a5 > j0 ol J0,65 0 S3 & o s
oo sladls an e b S slo sl 5 S 1St mlan

oW
Load aslw sbodiges )b o 5y S § S 3o
V Jgaz 5o Cpiored Cewl oals ool lis alite glacans
gl 1Y S povs jl bdigad (SSlgeigd Sla i »

voltage (V) 51
15 —n—53
E10 4 2
9
e
H
O n 1 1 1 1
0 0.2 0.4 0.6 0.8
ooz 3y e F S
"Sputtering

4 DMSO s DMF la > o ot b Gingy 0l 5o
Siodrge p b Pl iz b o —s b )y

el oals 4215y (30855 Jobo 25 5 ullus
295w 5,50 palas o (IV) (b o—5Ws 5JUT 5l ol b
DMF 41\ Cos a5 oo o olins (SEM) sy, (g 25!
Slidggish Slasine cuslio 535058550 » 0gdle DMSO 4,

318 5500 sladised 4 S (55
o bejl o9,

3 o8 ol (g (oo Jolo Sl ol
Vooel S g e Jslre 5 59, o bawss FTO saies
Lo 5 a0l (23581 (Gigad g I (55100 42Y Y ge
ey Jils gl o Jobl gl w0isins ol sle 5 o
Jole plal 5l am cd 5 )13 ' Sigul gl plas ,o aids 10
G o ool 41,8 1Y+ %C glos ;o aiB0 Ve o 4 gliiandds
sy b 225> he, 4 BITIO ey 09 Sas ks
Cot g 9 (bl Y Al Fe Do 4y 4z B 4y 40 Feoo
L TiO2 &3 6l yeas 3 s 28,5 13 8+ +°C glos
A ool Jodie Y lgie 4 egil Ve olal

A id ez Slas Y e, sl eslaul b culSng sy
shoshie cnl slp b Glis 4 lal> e S5 O je—0
DMF « DMSO VA 5 YA ¥V oz calizes glaco s
ool al oSy Jslmo (sjlmsoslel gz P lgie 4
sloosle iy 09,5 J> b ColSwg n Jsloe uizron 0l
Sigish 05,8 1o ed 51 (MAI) CHsNH;l; 4 Pbly
9 1Y ALY slaca w5 4 DMSO joly o] o5 o5l
i ol cuz Tedglle T 51 ol je s asle Vi)
20,5 ooliiwl oKy whd o slanT g

Voo %0 loo yo aiBo ¥e o 4 oo oolel (sl old
Sl Y (slp Tl 5 a8 by 5l sl o st el ey
20,5 eolanul Mo gl £+

i g oY

W] 1) O ygod 0ol ale sladiges [0 b P> cud
ol oo ools L s ¥ S i 40 lediges SEM y39las

' Ultrasonic
" Anti-solvent

b o yiws BB WWW.OPSLIT ol j0 a5 el jLiel glls 590 50 allie ol


http://www.opsi.ir/
http://www.opsi.ir/article-1-1721-en.html

[ Downloaded from www.opsi.ir on 2025-05-28 |

0]

(Y]

("]

[£]

(°]

(]

(V]

[A]

(%]

0]

Y]

Sl 3l oKy () Segis8 (6)5l8 5 (et S Gredil g Gl Sgisd 5 Sl (LS reaiyg e

WAV o V)= ol !

&=y

M. M. Lee, J. Teuscher, T. Miyasaka, T. N.
Murakami, and H. J. Snaith, "Efficient hybrid
solar cells based on meso-superstructured
organometal halide perovskites," Science, vol.
338, 2012.
M. M. Lee, J. Teuscher, T. Miyasaka, T. N.
Murakami, and H .J. Snaith, "Efficient Hybrid
Solar Cells Based on Meso-Superstructured
Organometal Halide Perovskites," Science, vol.
338, pp. 643-647, November 2, 2012 2012.
H. S. Kim, C. R. Lee, J. H. Im, K. B. Lee, T.
Moehl, A. Marchioro, et al., "Lead iodide
perovskite sensitized all-solid-state submicron
thin film mesoscopic solar cell with efficiency
exceeding 9%," Sci Rep, vol. 2, p. 591, 2012.
(Y YMhttps://www.nrel.gov/pv/. Available:
https://www.nrel.gov/pv/assets/images/efficien
cy-chart.jpg
W J. Yin, T. Shi, and Y. Yan, "Unique
properties of halide perovskites as possible
origins of the superior solar cell performance,"
Advanced Materials, vol. 26, pp. 4653-4658,
2014.
G. Xing, N. Mathews, S. Sun, S. S. Lim, Y. M.
Lam, M. Gritzel, et al",.Long-range balanced
electron-and hole-transport lengths in organic-
inorganic CH3NH3PbI3," Science, vol. 342, pp.
344-347, 2013.
H.-S. Kim, S. H. Im, and N.-G. Park,
"Organolead halide perovskite: new horizons in
solar cell research," The Journal of Physical
Chemistry C, vol. 118, pp. 5615-5625, 2014.
J. Wang, F. Di Giacomo, J. Briils, H. Gorter, 1.
Katsouras, P. Groen, et al., "Highly Efficient
Perovskite Solar Cells Using Non- Toxic
Industry Compatible Solvent System," Solar
RRL, vol. 1, p. 170009.Y+YV
D. Li, J. Shi, Y. Xu, Y. Luo, H. Wu, and Q.
Meng, "Inorganic—organic halide perovskites
for new photovoltaic technology," National
Science Review, 2017.
E. Yazdi, A. Behjat, F. Valipour, N. Torabi, and
A. Sani, "The effect of synthesis method of PbI2
on the hole-transport—free perovskite solar cell
performance," Iranian Conference on Optics
and Photonics and Iranian Conference on
Photonics Engineering and Technology, vol. 24,
pp. 13-16, 2018.
P. Zhao, B. J. Kim, X. Ren, D. G. Lee, G .J.
Bang, J. B. Jeon, et al., "Antisolvent with an
Ultrawide Processing Window for the One-
Step Fabrication of Efficient and Large- Area
Perovskite Solar Cells," Advanced Materials, p.
1802763, 2018.

\Al4

Slilygish s ) Jauer

0.83 16.50
0.70 10.06
0.37 3.7684

0.55
0.29
0.44

7.64
2.80

1
S2
3 1.44

5

Sy Sraglie 3925 0lsS Jlail (alals )3 Jloged cord S
ol Olg oo a5 ae s o L2583 982 o digai sl !,
boo > 3529 5 CalSimgn Y Ol CodeS 4 ) Cuglie
ol S v (59,

Oyg—e p Al e 3 (Sl Y lal> e ST ) 50
25 50

OBy 9wy RS9y » Jele (5 il asm ol sal> e 0
wodle Jol asl sz yo (it St Y olRiws (35
D gl T it plEin e 00,5 o i S|
MAI- & g0 @ She 588 G g o0l Bi> e ps 4 DMF
W ol B elie colys 40 0ed o JuSi s DMSO-PbI,
LS5 oy IS gy plid 5 00 s DMSO >
50 oy Y LSis anl g wasg b I \]oo)fsn
s o el 5 ol DMF Ll Bl cglals o S5 s,
5 DMSO Pl g 09800 (Pbl)* LSis 5 Wosle i
¥ S S o gl gl gy S plSin |, ala g
3o (LA 1) ey (al Sled

I Slee 56 Il DMSO (e G2li8 b oy o0 S5 2
cin lae 10 Wilg s MAT (14505 g oo 2,5 Jolws
Qls alpley 995 230l gimmys 4 (PDI) sla ez
ol e 1,83 582 o aigas )0 9290 slo o ji oy

Bl cs

& 325 ez ¥
4 DMSO s DMF Gilisee comi pois b Gialel ol o

5 alSmg i S39058)50 2 B> Blis Sl (s
polal 4 azgi Lol aBl, oal able sl Jolo o8
1 (DMSO
'5( DMF
EgiSs oo JuSid sl el cas (pl jo okl cus

b o yiws BB WWW.OPSLIT ol j0 a5 el jLiel glls 590 50 allie ol


http://www.opsi.ir/
https://www.nrel.gov/pv/
https://www.nrel.gov/pv/
https://www.nrel.gov/pv/assets/images/efficiency-chart.jpg
https://www.nrel.gov/pv/assets/images/efficiency-chart.jpg
http://www.opsi.ir/article-1-1721-en.html
http://www.tcpdf.org

