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BHULF SRR (-2 EEMN) K [6,6]-FE-C60 T B H A 7E
SR BRPRIZETR

b =
ZR&EC  wEM Z W IAeKC EKEEC
ERE T @

(TR Ve 2 S 1 TRE2ERE B9 453007)

CH GBI BEIE B S 453003)

WE  UIEG-C YY) P3HT) N L T4 1K, [6,6]-7K3£-C60 TR H ER(PCBM) N HL T 52 (A8 8], 145 T R R JE G )2
PRLPIHT:PCBM) R A9 K BH BE fit. @kt b it BE 24, S ERMIEI, Do T E8oRE R A HLE
SARRTRL o B, RIS T VR R A ORI AR (R, DL BCRE AR /NS B A T B IR e, 45 SRR,
W EARTE 4000 nm 2647 IR A IROR ELA, 09011 3R 5 ARl 5 S R s T (R A2 B S 5, IR PRI
I, W ORLAR SZ il B AR, AH S, X v JEE VAT TR TR TR R M A P 9/ B0 12,67 mg/mL I,
I EONCR BT, B BRI E T, WK 19.00 mg/mL I, BATHAL 5 I H R BE B R

KR REOW,; S8 KR AYUKFREHLIt; P3HT:PCBM

Research on Particle Size of Organic Semiconductor Materials
Poly(3-hexylthiophene) and [6,6]-Phenyl-C60-butyric Acid
Methyl Ester in Chlorobenzene Solution

Li, Chenxi’ Dong, Bingchao” Li, Meng* Wang, Jingmiao*
Cai, Wenjun  Niu, Heying  Ma, Heng™*
(“ College of Physics and Electronic Engineering, Henan Normal University, Xinxiang 453007)
(® Institute of Applied Physics, Xinxiang Medical University, Xinxiang 453007)

Abstract The mixture of organic semiconductor electron donor poly(3-hexylthiophene) (P3HT) and acceptor [6,6]-phenyl-
C60-butyric acid methyl ester (PCBM) is dissolved in chlorobenzene for measuring the solute particle diameter. By comparing
the performance of solar cells and the surface morphology of the active layer, the dispersion law of the mixed solutes in
chlorobenzene is analyzed. The influence of temperature and concentration on particle size, furthermore, the impact of particle
size on device performance are discussed. The results show that most of the particle sizes in the solution are populated at about
4000 nm, and both the concentration and the temperature of the solution have a significant effect on the particle size of the
solution. For low concentration solution, the particle sizes are greatly influenced by temperature. On the contrary, the effect of
temperature on the particle size in the solution concentration is less apparent when the concentration becomes higher. When
the solution concentration reaches 12.67 mg/mL, it has a preferably dispersion and optimal fill factor. When the concentration
reaches 19.00 mg/mL, the solar cell made by the solution shows a well property on power conversion efficiency and
short-circuits current.

Keywords polymer; chlorobenzene; particle size; organic solar cells; P3SHT:PCBM
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HLFIERE L B8 10 ' i o 7 31 B DA B R 1 B 85 e
PO 1005 38 P92 1 OG0, DRI 5 4 4 A WL A4 K B
HL L 28 AT RN 2 (R B 43t AR AR ST AN % e,
A HLABH RE FL 1) )6 F e B R A 31 T AR K IR v

BRATEL B RERESN, AR RS E A
BHO AT AP L 2SR B £, b Tk
SRS RS P 2 R RL RN 2 AR RS A, AL B
REAMA ST I B 1 I R P AN I R B 94 E TR0 L B
IR K AR B A AN D SCRRAEAT T HRIENT L R R S
FBBHI R AR AR AR 02N P3HT A1 PCBM JLIRYILE
VSR T B R AR K /N B o3 BOR Bt A 35 K AN Af 52 1
A VR I R R N, 2 w0 & b RS Bk T 5 i b
BE224TIR] M 70 o o TR 42 KN 23 SO (R 9 -
I Wb ).

S TR 5 A AL RS2 A R v R BT L R
ToF VR Hi B AR AR PR S ORI e L A3 A S AN [ vk 3
TR I-V i ER RS, 5286 HF) ] Zetasizer Nano ZS #0%
R, BeHE A T, % P3HT. PCBM 5 A4kl
(IR AT A, WS R A AE SRV ok
B W LRI 2 TIIDG R, IHOWAE 7~ i JE
FYRLRE X g8 AE PR RE S AOHLEE, I ELWFSY AN [V B 1
JEMELS gV th 8 DA S R THTESH I e, h o S2id P 2
KL P3HT:PCBM 145 & it 3 R e 45 1, DABR i dL
e HLFE .

2 3§
2.1 ##l

SO A T I 45 AR PIHT #0072 1.18 nm, 1%
WA 0.148 D, MUAERE KT 95%, 4 F&h 3 Jikiti, W
TIEFDCR MBI IRA R, 24 B PCBM 731K
J% 1.57 nm, 85 4.184 D, 111 2% Solenne A ), 4§
BERT 99%; AHLAFIAEK, A 1.307 D, 4344,
Tt B R 2 AF A\ T E 1R,
FL Yt B A A R 28 A 23 (ITO) 3 FE B B AR, P B
1G4 A4 R FH 58 [3,4- 2043 AR WE 6y )/ 58 X6 2 G Tl 1R
(PEDOT:PSS) (CLEVIOS™ P VP Al 4083), 1§ & ¥5HL
JRHE, BB RS, BARAE A2 D s A B
22 &%

SEUAE P [E 5 /R 323 5] I#) Zetasizer Nano ZS 30
BARA. %A F B2 6 U (DLS)BA M & AF i
WA EHIZ B, k] G s AR A RORLF 8 2)) R
Doz RN B e W VAL 4 e X5 VARt OF 1A
R ANRREAS 3 A T . Zetasizer Nano ZS WOGR AKX
B AT EET B B0 T G e, Ry DR S R
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Chlorobenzene

B 1 P3HT, PCBM LA 5y T4t
Figure 1 Molecular Structure of P3HT, PCBM and chloroben-
zene

236, Jiel4 PEDOT:PSS, P3HT:PCBM ¥ H 24 [H Laurell
SIIEHL. SRS FEARCR T S0 8 28 . )T ) A
LA Veeco NanoScope 3D Fiii A i 5k
HH Veeco Dektak #lli; J-V £l iAF H] Keithley 2400
unit, BHDEIE N AML.S, SEHIhE N 1000 W/m?,

23 HEFERNE

A S HL it 2% #F 45 8 4 ITO/PEDOT:PSS/P3HT:
PCBM/LiF/Al. ITO BEESIEDEALT 205 4 B (2 1K)~
LEEQ ) EETFKEAZ 10 min, FFHWT£&H.
PEDOT:PSS Ji£#(3000 rpm/1 min)Z J5, 140 ‘CiBk 30
min, JEJ¥ 40 nm /4. iE1E)E P3HT:PCBM JiEVR(600
r/min)Z Ji, 120 ‘CiBK 10 min, J5J& 580K A%,
£ 3.3 TS, AR AR ] LA 254, B
A3 AE 0.8 F1 80 nm A2 A7, HEL LRI G FEL IR 8 FE - L (J-V)
R T A KRB T e k.

SEE 56 ) 5 VR A A AN TR R P R R AN R L B R
IR KN BB R0 A fE B, B 10 mg P3HT A1 9 mg
PCBM 4 HI¥% T 0.5, 0.75, 1, 1.25 F1 1.5 mL S0UR% A,
KR B 23 9 A 12,67, 15.20, 19.00, 25.33 Al 38.00
mg/mL BV, T 25 O N 1misE 24 h, 12
R RS, 1920385 R .

P B I (R E N Zetasizer Nano ZS 30624
HHEATI . SR AR b THE A 40 C, AR5E S min Z 5
HEATIIE. ARJE R A 30, 20 AT 10 °C, HEATINE,
3 HAH Y. (R
3 H#REHE
3.1 RIERRRESEM

T JTURLARE DK 7N o) B SR8 00 P58 P05 8 D A 88 L s K.
UL AR AN A 43 T PAS B A 2 T IR A AR g, Sk
TAEAW PR 3 AT, 3 T 5 R T RRL AR K DN

K 2 NAFEEE N P3HT:PCBM RS WILEWKE N
12.67 mg/mL ¥ SR PRLAR BT A AR RR T 43 Le B
BB WNEF AT UG 20 CIRAWIRE
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7612 nm &b —A/NE(E, 1I§EZE PCBM 43141/
oy IR, VLR AR N PCBM 14 bR
Uf. 7€ 10 F130 CHf, RifRAE 478 F1 3219 nm Kb Hi B4
fH, VLRG3 AR 0 AR, 76 40 CHY,
AR HAR AT A#, SO sl 5 350 7 #az 3 n
A, AR PR A ) PCBM 43 E iz Bl ik Fi v iy A5 AN [+
P Ay (147 P A A E W B P LR 36K, B3 n T 4 7 SR 4k
AR AT RENE, [N, =R I i T i
(VLR E, T LARLEE O 5 e v i P A IR DR 35 A
RO B IORAR AT S g S SEUR R IR, APl A
B NRLAR(3219 nm) b #A HE m (IUR 43 A

35
1 —=—T=10°C
307 ——T1=20°C
254 ——T=30°C
X ] =40°
g 0. —v— T=40°C
g 4
E 15« Coanrpcam = 12.67 mg/mL
10+
] AW
5+ L\
- - ﬁ\zl
0+ sesssssade ' 's
o | o | Al
107 10° 10° 102 102 104

Particle size/nm

B2 AFRE(10, 20, 30, 40 C) R P3HT:PCBM JRA Y7Lk
B2 12.67 mg/mL W R AR ) Al
Figure 2 Distribution of P3HT:PCBM particle size in chloro-

benzene solvent with concentration of 12.67 mg/mL in different
temperatures (10, 20, 30, 40 C)

3 AARFRE N P3HT:PCBM RS IKRE N
15.20 mg/mL S P IRREAR T o5 AR B 43 LU iR
BRSO BT LU HAE 10 CHY, kifs
Sy A AR R, R AR BT R AR A T HRas Bl
72, PSR — il H o i AN 3857; 20 CHE, A
356~412 nm AN GR35 Ai, HEE I TORLAR 5y
AT, U T A 30 F1 40 CIN, RifR BRI Al
HAF, ME 2 ML, 3 &S 850 7 #as 3 n ),
fERR LR Y) PCBM 4317 #da gl B2 iy G AN A
A FRT P B EC W PR PR LR 3K, BTG N T 43 7 SR 4R 1
RN RENE, I, =R e B i /T i )
VRIS, BT DA 8 50 5 [ s A B AR IR R AN & 3
i) 1) HORE A28 0 A (R SE 86 45 . SEEG R IR, B 10 C AR,
IR A B K REAR (2780 nm) AT A 465 v P R B2 0 A

4 AR IRG PR R 19.00 mg/mL )
R /NG DL, W AT DU IR AT 20 CHY
FORLAE T 307 nm Ao AT —ANEAE, H &5 5.6%, 10
T B INRIAR 1. 30 AT 40 C HIH B0k A2
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35

—=— T=10°C
—e— T=20°C
254 ——T=30°C
—v— T=40°C

CPSHTIPCBM =15.20 g/L

30 1

20
154

Volume/%

104
5 -

04 sessssssse

10 100 10 102 10° 10

Particle size/nm

B3 R0, 20, 30,40 C)F P3HT:PCBM JRAI7EIK
B4 15.20 mg/mL ¥ Bk S3 AT
Figure 3 Distribution of P3HT:PCBM nparticle size in chloro-

benzene solvent with concentration of 15.20 mg/mL in different
temperatures (10, 20, 30,40 C)

B, VR TAEVR R 2 A A ) Ry T RIS B e
F, MR EIN, 4 TRISERIZL, SResn, 4114
TERE L0, WRE 4y TR EL IR BH R LRI K, B R
KSR RErER N, SEGRRS TRiAER. 5E 2
HRORE AR A0 A AR ), %l P A A KREAR(3219 i) Ak 45
1 IR BE 437

35

30 : T = 10 OC CP3HTZPCBM
] —e—T=20°C
254 ——T=30°C

o] —T T=40°C

=19 mg/mL

Volume/%

154
10 4
5 -

4

04 #essssssssns
L e L e L L e e R AL e A ARl

107 10° 10° 102 10° 104

Particle size/nm

B4 R0, 20, 30,40 C)F P3HT:PCBM JRAYI7EIK
JE£24 19.00 mg/mL ¥ W fREAR 23 A1
Figure 4 Distribution of P3HT:PCBM nparticle size in chloro-

benzene solvent with concentration of 19.00 mg/mL in different
temperatures (10, 20, 30,40 C)

5 AAFENLEE T P3HT:PCBM JRAYIEKE R
25.33 mg/mL [P R P IRORLAR BT o AR o LR
BRI ESL. NE ST LA B fERE R 10 CTt
FIE 30 CH, RARE/INEEAE AT RS U B sl 5 300 144
BB, AEARPER R ) PCBM 43 175 #uiz shid F by
7/ [R] H A 149 VR B EC R B R LR B OK, b BE n T
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BT REYE. (HIRJELE40 CH, %L 356
nm Y] IUEAR, B LR SR B, IR TR S
BN FHESE, TERVNRES T

35

30_: T=1OOC CPSHTZPCBM
]—e—T=20°C
254 —a—T=30°C

1—~—T=40C
20

=25.33 mg/mL
i

Volume/%

15 4
10 -
5 f'n'

04 seccccccananna

—

A - Al
10" 100 10! 10? 10° 10*
Particle size/nm

B 5 AFERGEE(10, 20, 30,40 'C) R P3HT:PCBM JRAY7EK
B4 25.33 mg/mL P RLAR 23 A
Figure 5 Distribution of P3HT:PCBM particle size in chloro-

benzene solvent with concentration of 25.33 mg/mL in different
temperatures (10, 20, 30, 40 C)

Kl 6 R ANl B R IR A AR FE R 38.00 mg/mL (1)
RGO INE ] UE s R RLARAE 10 CHY,
THRBIHARIZL, R2Z 0 FREA R B AR
M 2533 mg/mL MR, 2l TREW S 11
38.00 mg/mL ¥ AL P RORLAR AN W] RV G 0 93 -
BEWLIE T =1, B/NRAREEA RS, HITERT & E o b
W% XTI PCBM SE MR 4y 7, R 7IA
AR AR, T AlRe RN S Bus sim ek, B
T H S RE I IR = R IA B 2 A, WS
VTR AT BRI SV T B KRR, 0 TSR G4) P3HT,
WPk AR BN, HE RS TR IR A, A% S
SYEL. ATCUE Y, SR A B KON 2 A
3.2 RIERURESSIE

H T SRV R OB A (B4 1.307), PRI
WREEXTRLAR ) A AT A IR K 5. G 3 IR O FE e %
3 TR B B AL IIRLAR, 7EBEERI TE 38 5 e it R
JEE. T SER IS, SIRAE 20~30 C2 0, H 20 CIH
BONRAR AT L, BTLAEE 20 CHS IR L
B LR, B 7 Bron A PBHT:PCBM TR )% i
15 20 CHAMET, EARFWRESRERH . mT
SRR AR MR s ORLAR AT AT B K RE ), R ) A& ) T
P3HT K, G HRITIHZ D52 RIS HE 1 F Z25 m
BOK, 11135 PCBM 43 745411 P3HT MR G ot ki
AN, DR 1 2 S EUR SRR K NARTR. )
WRPEHH(19.00 mg/mL)¥ FAE 307 nm AL WE(E, 5K
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1—=*—T=10°C  Copyrpcam = 38 mg/mL
307 —e—T=20°C
254 —a— T=30°C
1 —v—T=40°C

Volume/%

RLALRRLLL | MR | AR | MR | T
107 10° 10° 102 10° 10

Particle size/nm

B 6 ARUREQ0,20,30,40 C)F P3HT:PCBM JRAHI7EIK
24 38.00 mg/mL % IFTRLAR 23 AT
Figure 6 Distribution of P3HT:PCBM nparticle size in chloro-

benzene solvent with concentration of 38.00 mg/mL in different
temperatures (10, 20, 30,40 C)

b, 150 nm ARG AR BUBURL H IR, LIS P3HT:
PCBM LR ] AR SR Y ORI NI 41, G
ARG R S8 10 95 VRV MR S R . R R AE IR Tl 12.67
mg/mL B, 76 12.18 nm AbA7 — MEIEEAE, 7] REZ
PCBM 73T it/ o+ A%, i SR 6 PCBM
(RS A dp

35
1~ Coaurpcam = 1267 g/L
%0 1 == Cogurpcan = 1520 9/L
257 —A— Cogrpcen = 1900 g/L
% 20 ¥ Cogrrpcem 25.33g/L
£ 1 —® Coaurpcem = 38.00 g/L
=} _ Y
5 15
> 1 z
10
R MM‘&”M
N "
ikl | ML L | TRy LRl | LA ALL
107 100 10 102 108 104

Particle size/nm

B 7 20 CF P3HT:PCBM 7EA[m]¥& BE I A W kAT 43
i

Figure 7 Distribution of P3HT: PCBM particle size in chloro-
benzene solvent with different concentration in 20 C

3.3 J-VHEEERENRK

AN L) P3HT:PCBM A5 it 45 K FH g FL i i)
J-V gkl 8 i, B I ML IR 845 R
HE. ot aE s B 1, bl s s n g,
MIRFE N 19.00 mg/mL i, 441 A ek feom,
N 2.52%, XTI R L FELR A 7.63 mA/em?®, T LK
9 0.54V, HmK TN 0.61.
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Table 1 The performance of BHJ solar cells with different concentrations of P3HT:PCBM
Device Jo/(mAscm™?) Vool V FF PCE/% R/(Qeem®)  Ry/(Qecm®)  Thickness,give jaye/NM
A (12.67 mg/mL) 6.59 0.55 0.62 2.24 16 498 ~115
B (15.20 mg/mL) 6.80 0.55 0.61 2.30 14 450 ~134
C (19.00 mg/mL) 7.63 0.54 0.61 2.52 13 440 ~166
D (25.33 mg/mL) 6.50 0.55 0.59 2.11 18 429 ~200
E (38.00 mg/mL) 5.96 0.54 0.58 1.86 19 378 ~236
0 PRI B ARG N, ANH) T 307 1 70 B A Ay RO AR H ik
—®— Cogrrpcem 12.67 g/l ﬂ%ﬁ iJI E‘J%‘{Fy‘j—: t%ﬁﬂ ﬂ“‘{ﬁ’@%%—ﬂﬁ;’ﬂ‘jﬁ ]$H j\lﬁ E@ﬁ%(
| T Coumecou = 19200 Rt T AT B A AT AR,
5 —A— Cogyrpcan = 1900 g/L Py \
“l v— ¢ =25.33¢g/L 34 BEFAH Efﬁ%ﬁ.(AFM)ﬁ] r

P3HT:PCBM

|~ Cogurpcen = 38-00 9/L

Current density/(mA- cm'z)

1 g &
6 m
e P3HTPCBM %
1 I E———
Glass

-8 — T r T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Voltage/V

B8 P3HT:PCBM #4545 AR BRI J-V Lk
Figure 8 J-V characteristics of BHJ solar cells with different
concentrations of P3HT:PCBM

AJ LUE H RO P N 3R AF(A, B, C, D, E)If
TR HLE Voo FEAANAR, B M2+ P3HT:PCBM 9K J¥
(118 N2 2 P e i PR S 38 o i oD, LA R ) SR
B R L E SRR R D RS R A
REMIRE I, V5 T 2R B AR 2R (A B3 )% KB G 1)
W 72, 3 SO B LRI, TR T RN (C AR
PRGBS 5 A R B 7%, AR T80 190 15
Rfet, Msgmy 7 Ak it . S 7
P S AT A AR S E R Rl DL K
FROFIBC FRL L s, B Vo M 2 R B (38 o, L A
el 2 Ti1) (A1 58 T B P FE R Rt R (R 18K, FRARG T 3%
PR TR B LA, SN T EF S 4, Ik AL
B. C [f3 7 KK AR,

[, R G B #S HRPEs14(A, B, C, D, E)1#
IE JEE 223 2002 115, 134, 166, 200, 236 nm. M 75
JE (R EHE T DA HE A ) A R A (] R B vt 2 2 A Rk
A E AL ) )R AT — e I s, IR EEAR(A 2RI,
T 1 2 TR AN T2 R0 e R, TV B (B
PR B, 3 2 TR JERHE A ™ 2R B T R B Bl
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AN [RIH B2 (95 PE 244 KL PAHT:PCBM {E% 71
FERS Lo 1 HEAT = FE AN IR R R i, DS A 3 e 2 R ot
IR IE A —EmER. B 9a~9% &AM
W P3HT:PCBM #JBL W 1 ) AR S, T
#8245 umX 5 um. 7a, 7b, 7¢, 7d, 7e 53 HE A, B, C, D, E
AR R ITES. M4 R R BT a~e #1F
A4 75 R B (root meam square, RMS)43-%] 4 1.31, 1.35,
1.53, 1.57, 1.65 nm. ML) RMS W LA R %
TR REL RS 52 Bt A 3 e 2O P P B g 16 K. J6 RMIS g4
RAE— 8 FE R b n] DA sy 8 1 v IS 5 A 2z ) F 422 fle
TR, T DA 2536 K #s FE 2 1, AR R R 5 KA
VE 2 53 e T I T 1) R AR e, 5 553 1) ) S 78 R B
%, [ 238 K e S AR B A, S i 7
JIR IS, TS e P R RO

4 i

T I SR T PIHT:PCBM VA 75 A Rk
P B AN IR BE T kLA, 193 T s A AT AL SR
B2 BOMAL. 45 ST, 001 AR R P AR A ] 5
TR T FREAR AT B RS RO B AR, ¥
FEARSZUR P MR, W R4 1 PSS R4y 1 1Rl
JIIE RN B T 45 B e DA IR (RO
AR, LRI R MR TS, S TORLAR T A
RN, KT PRI BREE T SUORE R, L, 20~
30 COMEL, WP R AN T2 L VR VAR A )
A%(12.67 mg/mL) I, H TR A hiR A 2 T 5
i, R R R AT R AP I AR TR . S e i R
FIEFEIN 7, WREZEE 19.00 mg/mL A'H, Hiia$Em)
BB GBS, E @i, nl LR AR %
VT, 71 A it vy 4 7 DR] L 2 T e 1 o I8 DA vy
RSO R i FELUAL 1) T T 2% A
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Figure 9 AFM images of P3HT: PCBM in chlorobenzene solvent with different concentration
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