RERE: (L
SCIENTIA SINICA Chimica

W i

2025 F #HE55% F 2 #: 358 ~ 369 CPIERRE ) Zekal

SCIENCE CHINA PRESS

chemcn.scichina.com
CrossMark

& click for updates

AL RHAE AL it 1) R JORAEBI AR W 5T

> 1,2 . 2 2 . 2 2 2 RV 2%
e, B, BT, AR, TAE, AR, LZF AW
1. RIERHOR 24 2 TR S HOoR 27 58, RJEL 030000
2. PR PBL B L ST AR [ P A SO, i 200000
*WINE#, E-mail: yywangs@163.com; yangem@sari.ac.cn

SRR H : 2024-06-25; 252 H 11: 2024-07-24; MIZEHR K 2% H 1W: 2024-11-12
K B AR IG5 U1932118, 12175295)F1E K & s iF & 1R (%% 5 2021YFA1601000, 2020YFA0405800) % BliTi H

FEE 4 HLAPH#8 it (organic solar cells, OSCs)H H£ & A K E LR ENA T BAULE L EH B R A —TNEEW
FeREA. OSCSE BN AT E G E X T EHHENIMLS. Hit, AMMIRE T AL AT ETE
on BB G AL R e, iR OK(TA) AR K(SVA). Bl %. EEAMAIRENEEE ST HEFEE. TA
FSVAHE X BRI RATH B AR eg, B KRB I RS o FTRERS A, #HmAENEREHR‘TRMN.
MERBEKTENE, BREARBRKEGSEHREEAT Y2 TEHREEGER, FEABEGERBAEFER
EERBTEIART AR, KT, & TR B KX OSCsiE 14 B i 8w AL 4 75 1< B8 7, X #7467 SVAH % B
M, AXERETEMW ZNRANLMAAFERERAFRE, GFHZRKAAEPL) LI AR KL E
(UV-vis). NS AIXA & ¥ 4T (GIWAXS) A1 38 A\ AT/ M X AT & 8T (GISAXS) %, TR A Pl DLt iX — 42 A
AW T ASVAHI AR, NTA TR EMHEE. &5, BL TSVARMEE AEOSCs+ @ I #y k& fok & £
J 77 .

XHgE A, S E, KM, AR, EEE, B

1 515 TS R EE T, 3RAE T Z11% MRS G 0CR, MILTT
B T ALK AS H b AR, e g

R BATE BRI B R RR M A, ALK B g TR W By il BermEm

WA RAED Y. EERDO pmm TR
5, Tk AR A TENL A B B L ) A b 781,
A LK BH e HL it AT e A A o i R — AN R
mg! ALK P B R AR RN, R R/,
F—AHEH PG R 2 FKearns flCalvin7E 1958
TERIE Y, BT I A 2 B K, H K ) et
HA3 x 1072 W', 19864F, Tang! i 4% 1 —FixUZ F

HAHER. ST AR S, JFE KB R
RS R 7, E 5 RHGE K (TA)YFIE 7
BK(SVA)'Y, HA BRI &S T RIS EhRE ), s
o JEEAAR 20 25, (R DRSS I RR S I AR, Ak 28
G2 M NIk Y G Lk -

TA T8 Rl & 3G B — Gl N
90~160°C) T i — B iy [ (CBOF> 240055 8h), PR 22

Chim, 2025, 55: 358-369, doi: 10.1360/SSC-2024-0141

S| HaoJ, Feng Y, Ma Q, Hong C, Li X, Bian F, Wang Y, Yang C. Advances in solvent annealing characterization techniques for organic solar cells. Sci Sin

©2024 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2024-0141
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2024-0141&amp;domain=pdf&amp;date_stamp=2024-10-29

REFR: b 20254 H55F 0 H2 M

MV AN, AR KA — P O TR 1 2 2 HERRURT 6t R
g A o7k, BT HGB K A FE AT DLSE 4G &
. M B AR AN AR i, Qiugk! R B,
SM:Y 6L VR I AE 120°C R #GEB k10 min, 7] LA R
TUORAR 73 85, T 63 A A 52 A B 58 I 4%, SEI T
{10 = A S A LA AR . ATERE 1, OB K AL BESE
X ST SR b B A v T FATIE R, (HinE T
WAy T4 8 TR T ek B b g 1 20 SR
BINER R T T SRR EARYERE, NI E T
FRAEREPY . K, TAM R R A 2R R
S AR TECRELRE B R0 43 HE SR >R 8 3 0 v 2 1 4
1), B R s BRI B % (PCE) ™,
SVARDER G 1 )2 B F55 e A4, — 51, J8
o 2R RIE I 7 TR R A K, T iE 2
Hh A A B2 AR 40T 0 AR B 1 SRR s T P AR ) 4
R BCEEA SRR FHER I T, W
15N B RS A3 — Ak, 3R k3 #i
THIZh 12, T B R Y, S —Jr i, @R
T R A 43 B A5 A RN AL A0 45 R A ARk R 1
SRR SRR, WA e m e e vk
e AR E M, KangZ5P 70 Ak 38 4 ) PBDB-

(a

Injection

Spin-coater

PS2F SIT-4FiR A il % 7 AU N10.42% K24, FEH
F S VAL 3 4 AL VR G B 30 s N5 5], A gefF 1k fE
PTFEN13%. 4T SVARIE NI, Karim& ™ HFse 7
SVAKLFEEHE FSAANERIF 2R, ZHR, K, &
A EEVEIR, R BV SRR TR 78 SO AN 254 43 11
RN A P o 5 R P A B L IR R

ARSCEER T HFNE KRGS EFIZESRIB K
It BB G AR RAEB R FI2E B, H5| H T L8441
ok R S VAL 2 U 4] 52 1 J A B 2 LS TR 1)
TSR, a7 SVARMER AR AR LR, NLD
R HUKPHBE AR T 5

2 RIZGR R

TR IR K B AR 7y, AR
A AN F AR AE R, BRIEAN R 77 &
O J5 o A0 RN TR 20 2 1O AR R 9 7 1) AT TS R
A MAZSEAL RS ROV R
X ARt/ 52 A B AT SVA TR AR PERE R Wang
2 BOR I CRE O D18: Y6 R & A & #hid 324k =t
SR AT SVA 5 AL B R D 55 7 D18 AN 32 AAAE 1R

Controlled
atmosphere
(5% CO,, >
95% RH) | SZR)

- Petridish

MDCK cells
* TVA-mCherry
+ Control

Iaoth DIC
Objective « Cenfosal

B 1 (M%hEE) (a) %OGPLYEBERERE] (b) S0 WAt EEEUV-vis) Bk FBUR B &L (o) AT M X UM
(GIWAXS) I3 A /IS Fh1 X2 B (GISAXS )M i/ 2 ™ (d) JF ) M B (AFM) I A 25 1

Figure 1 (Color online) (a) Schematic diagram of PL equipment; (b) schematic diagram of ultraviolet-visible (UV-vis) principle; (c) grazing
incidence wide-angle X-ray scattering (GIWAXS) and grazing incidence small-angle X-ray scattering (GISAXS) test diagrams [29]; (d) atomic force

microscopy (AFM) test diagram.
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Table 1

Antoine coefficient, saturated vapor pressure and boiling point of different solvents

Y A B C RAGEE (C)  BEifE (C)  #&SUE (mmHg)/50C  Bhai(C)
CF 6.90328 1163.03 227.4 =30 150 513.65 61.2
FB 7.187 1381.83 235.57 =23 97 222.9 84.7
CB 6.9781 1431.05 217.56 47 147 42.6 131.7
BB 6.8606 1438.82 205.45 47 177 16.9 156.1
1B 7.0119 1640.13 208.78 17 197 4.7 188.6
THF 7.02120 1233.00 223.010 —18 107 319.80 66
CS, 6.85145 1122.5 236.46 -10 160 856.89 46.2
C;H0, 7.117 1176.6 223.4 =30 235 650.75 54.7
a) CF, &47j; FB, #K; CB, &K; BB, ¥R7K; IB, WUK; THF, PUSUKI; CS,, —Bifblk; C;HO,, HIR LMK
F 2 AR ZARMERE R IR
Table 2 Photovoltaic performance table of different donor/acceptor films
D:A bl Voc (V) Jec (mA em™) FF (%) PCE (%) Ref.
FB 0.834 25.72 14.8 24.50 [32]
CB 0.846 25.81 16.2 24.61 [32]
T6:N3
BB 0.836 25.82 153 24.68 [32]
1B 0.834 2591 15.2 24.70 [32]
As Cast 0.876 19.19 48.12 8.09 [42]
THF 0.838 23.86 70.68 14.13 [42]
BT-2F:N3
CS, 0.845 24.28 75.02 15.39 [42]
CF 0.839 23.29 74.00 14.46 [42]
As Cast 0.900 7.7 33.9 2.35 [48]
BSCLIDIC-4CI
THF 0.929 12.9 45.6 5.45 [48]
As Cast 0.80 14.8 60.8 7.1 [47]
PTB7-TH:ITIC
CS, 0.81 15.5 64.3 7.9 [47]
As Cast 0.807 14.94 37.54 4.54 [49]
T4:N3
CS, 0.747 25.14 67.24 12.61 [49]
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Figure 2 (Color online) (a) Microscopic photoluminescence spectrometer; (b) schematic diagram of the in situ UV-vis absorption measurement
system [43]; (c) schematic of the GIWAXS or GISAXS experimental setup [44]; (d) working schematic of AFM.
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Figure 3 (Color online) (a) Photoluminescence spectra of BT-2F films without annealing treatment [42]; (b) ultraviolet-visible light absorption
spectra of small molecules in solution and thin film [47]; (c) one-dimensional GISAXS profile; (d) corresponding cutting diagram of two-dimensional
(2D) GIWAXS; (e, f) 2D GIWAXS diagram of T4:N3 blend film after SVA treatment for 40 s [49]; (g, h) AFM diagram after TA and CS, processing

[50].
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Figure 4 (Color online) (a) Schematic of the in situ PL fluorescence device [76]; (b) schematic of the experimental equipment used for Raman and
fluorescence testing of the SVA process [67]; (c) schematic diagram of the VP-SVA device operation [77]; (d) diagram of the in situ SVA apparatus
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Figure 5 (Color online) (a) Plot of the results of DRCNST:PC blended membranes with SVA and TA treatment time [76]; (b) plot of Raman and
fluorescence test results of PZHT:PCBM blend membranes [67]; (c) absorption spectra of CB subjected to SVA treatment [32]; (d) plot of the results of

100 peak positions change with SVA treatment time [77].
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Figure 6 (Color online) GIWAXS patterns of films of ITIC, PBDB-T,
and active layer blends at representative times during the VP-SVA
process: (a) before annealing (# = 1 min), (b) during annealing (¢ =
11 min), and (c) after annealing (¢ = 21 min). Intensities are shown on a
log scale. ITIC and PBDB-T were annealed at a THF concentration of
P/pse (THF concentration as a percentage of the saturation vapor
pressure) = 95%. (d) Representative out-of-plane (—15° < y < 15°) line
cuts of the films before (#+ = 1 min), during (# = 11 min), and after
(¢ = 21 min) annealing [77].
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Abstract: Organic solar cells (OSCs) are considered to be the most promising green energy technology of the 21st
century due to their low cost and significant advantages such as their lightweight and tunability. The morphology
adjustment and crystallinity of OSCs active layer are related to the performance of the device. Therefore, various post-
treatment strategies to optimize morphology and adjust crystallinity have been proposed, such as hot annealing (TA),
solvent annealing (SVA), and additives. However, the poor compatibility of additives will affect the device performance.
TA and SVA are both popular post-treatment strategies. Thermal annealing is to optimize the surface morphology of the
active layer by heating the molecules to provide driving force. Unlike thermal annealing, solvent vapor annealing can
penetrate into the membrane to provide free volume for molecular movement, and its advantages such as simple
operation and flexible control methods have aroused people’s interest. However, the mechanism by which solvent vapor
affects the active layer of OSCs is not well understood, which inhibits the development of SVA. Therefore, we
summarize several popular dynamic characterization techniques and devices, including different test techniques such as
Raman fluorescence spectroscopy (PL), UV-visible absorption spectroscopy (UV-vis), grazing-incidence wide-angle X-
ray scattering (GIWAXS), and grazing-incidence small-angle X-ray scattering (GISAXS). This review allows
researchers to gain a comprehensive understanding of the dynamic processes of SVA, potentially improving device
performance. Finally, the challenges and future development of SVA characterization techniques in OSCs are briefly
reviewed.
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