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Solvothermal Synthesis of SnO, Nanorods and Their
Application in Perovskite Solar Cells
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Abstract: Using stannic chloride pentahydrate (SnCly5H,0) and sodium hydroxide (NaOH) as
raw materials, the rutile SnO, nanorods with average lengths of 59.2 and 81.7 nm were solvothermal
synthesized, respectively, in the mixed solution of water and n-hexane (C¢H,4). The SnO, nanorods
were fabricated as the mesoporous layers in perovskite solar cells (PSCs). The surface morphology,
phase composition, electron transport of SnO, and photovoltaic properties of the PSCs were
measured by field-emission scanning electron microscopy, X-ray diffractometer, UV-vis
spectrophotometer, transient optical spectrometer and photocurrent density-voltage curves.
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According to the experiment results, the cross arrangement of nanorods contributes to the penetration
and crystallization of perovskite, and the one dimensional structure of nanorods could accelerate
electron transport. PSCs based on SnO, nanorods with the average length of 59.2 nm could achieve
efficiency of 12.33%, which was higher than the one based on SnO, nanorods of 81.7 nm(11.14%).
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Figure 1 SEM images of (a, b) S-1 and (c, d) S-2 nanorods
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Figure 2 Size distribution histograms and the corresponding normal distribution curves of
(a) S-1 and (2) S-2 nanorods
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Figure 3 TEM images of (a,b) S-1 and (c,d) S-2 nanorods
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Figure 4 XRD patterns of S-1 and S-2 nanorods
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Figure 5 UV-vis transmittance spectra of bare FTO,
S-1/FTO and S-2/FTO
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Figure6 Steady-state photoluminescence (PL) spectra
of perovskite/FTO, perovskite/S-1/SnO,/FTO and
perovskite/S-2/SnO,/FTO respectively
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Figure 7 (a) SEM image of cross-section of S-2 nanorods perovskite solar cell and (b)Top-view SEM image of
a perovskite film coated on S-2 layer



$272- KB F, EMHHKE B R R PR & PR e 455K 5 K [ AE B o o B A %39 %

1 BRY BB CREKTFHE

Table 1 Average photovoltaic parameters of perovskite solar cells

Sample N
V,./mV mA-cm™ FF /% n/!%
S-1 881 21.5 64.7 12.33
S-2 878 20.2 62.3 11.14
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Figure 8 (a) Vo, (b) Jg, (c) FF and (d) PCE of the perovskite solar cells based on S-1 and S-2 nanorods

3% %

ARSI I X S A BT (7K — 11 O e TR VA ) A B B ) 8 H P B BE 70 00 59.2 nm & 81.7 nm
1B 20 A A B AR o 5 X S A B A KR 7 ) e A S AL B U = _EAE NS ERN L g 1 5L
2, Bl & A ERE F I AR I 3RAT 12.33% AT 11.14% FOBHFEHRSERE .. FIKE 59.2 nm 19K
PRAE A LR IS BT I AR B - BEE KPR LGN, AR AT P RS, IR K
AN AL R T R R T 2 SRR /D, RS AR HB B 4 W A fE T AR R . DRI, B4R
AR A N B3 T 1) 2 A5 BT F I A AL SRR

53 X #k

[1] KOJIMA T, AKIHIRO T, SHIRAI K, et al. Organometal halide perovskites as visible-light sensitizers for
photovoltaic cella [J]. Journal of the American Chemical Society, 2009, 131: 6050-6051.

[2] IM NG, LEE JH, Lee CR, et al. 6.5% efficient perovskite quantum-dot-sensitized solar cell [J]. Nanoscale,
2011, 3: 4088—4093.

[3] KIM JH, LEE HS, CHANG RI, et al. Lead iodide perovskite sensitized all-solid-state submicron thin film



%4 2 (AR AME) Advanced Ceramics, 2018, 39 (4): 266-273 273 -

(4]

[17]

(18]

mesoscopic solar cell with efficiency exceeding 9% [J]. Science Reports, 2012, 2: 591-598.

LIU M, JOHNSTON MB, SNAITH HJ. Efficient planar heterojunction perovskite solar cells by vapour
deposition [J]. Nature, 2013, 501: 395-398.

WANG JTW, BALL JM, BAREA EM, et al. Low-temperature processed electron collection layers of
graphene/TiO, nanocomposites in thin film perovskite solar cells [J]. Nano Letters, 2013, 14: 724-730.
LIU D, KELLY TL. Perovskite solar cells with a planar heterojunction structure prepared using room-
temperature solution processing techniques [J]. Nature Photonics, 2014, 8: 133—138.

WOIJCIECHOWSKI K, SALIBA M, LEIJTENS T, et al. Sub 150°C processed meso-superstructured
perovskite solar cells with enhanced efficiency [J]. Energy & Environmental Science, 2014, 7: 1142-1147.
BI D, TRESS W, DAR MI, et al. Efficient luminescent solar cells based on tailored mixed-cation
perovskites [J]. Science Advances, 2016, 2: 1-7.

ZHENG L, ZHANG D, MA' Y, et al. Morphology control of the perovskite films for efficient solar cells [J].
Dalton Transactions, 2015, 44: 10582—-10593.

LEE JW, LEE TY, YOO PJ, et al. Rutile TiO,-based perovskite solar cells [J]. Journal of Materials
Chemistry A, 2014, 2: 9251-9259.

GUBBALA S, CHAKRAPANI V, KUMAR V, et al. Band-edge engineered hybrid structures for dye-
sensitized solar cells based on SnO, nanowires [J]. Advanced Functional Materials, 2008, 18: 2411-2418.
ZHANG Q, DANDENEAU CS, ZHOU X, et al. ZnO nanostructures for dye-sensitized solar cells [J].
Advanced Materials, 2009, 21: 4087—4108.

DONG X, HU H, LIN B, et al. The effect of ALD-ZnO layers on the formation of CH3NH3Pbl; with
different perovskite precursors and sintering temperatures [J]. Chemical Communications, 2014, 50:
14405-14408.

KIM HS, LEE JW, YANTARA N, et al. High efficiency solid-state sensitized solar cell-based on
submicrometer rutile TiO, nanorod and CH3;NH3Pbl3 perovskite sensitizer [J]. Nano Letters, 2013, 13:
2412-2417.

RAO CNR, KALYANIKUTTY KP. The liquid-liquid interface as a medium to generate nanocrystalline
films of inorganic materials [J]. Accounts of Chemical Research, 2008, 39: 515-525.

SONG JM, ZHU JH, YU SH. Crystallization and shape evolution of single crystalline selenium nanorods
at liquid-liquid interface: from monodisperse amorphous Se nanospheres toward Se nanorods [J]. Journal
of Physical Chemistry B, 2006, 110: 23790-23795.

DONG Q, SHI'Y, WANG K. Insight into perovskite solar cells based on SnO,, compact electron-selective
layer [J]. Journal of Physical Chemistry C, 2015, 119: 10212-10217.

XIONG L, QIN M, YANG G, et al. Performance enhancement of high temperature SnO,-based planar
perovskite solar cells: electrical characterization and understanding of the mechanism [J]. Journal of
Material Chemistry A, 2016,4: 8374-8383.



