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FWEWY (yindadibenzothiophene, IDTT) . RIf
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X B 1 9 )2 X K B e B R B A R g R
ZH PR R R, - 0 Rl 2R 25 A AU S R D o, 1
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SIS YA E D18-Y6, Hgs iy PCE 1t
18%. Y6 1418 ' 35 Motk 85 T4 ML BH HL th( organic
solar cells, OSCs) )& JEPJEFE, A-DA’ D-A K/
oy T Z R IR A2 AR B MR 2 55

MsIE MK (quinoxaline, Qx) & D-A BIR G Y%
IR Rk E R sz R T, A RZ, G
Al By F4eal . WM A2, ARl RS i
PR PERESE O Zhou Z. C. 45 M e s bk
HIGCHI AT A2 0K, 1580 TR R L oot
/NG F AQx-1 Fil AQx-2, AQx-1 Fil AQx-2 7£ i fii
R IR AR AL T 900 nm, X A B 7843 )
FHARBAYG1E KeARAT35 o it HL 3t B T el 2k
L PBDB-TF R 45 /A b1 RE, 2EF AQx-1 1 AQx-2 [
B g YR 20 mA-em™, 5T AQx-1 IR IR
G 2E, s F L BT #4521 1) AQx-2 5 PBDB-
TF A 47 () RAR TS, 83U F 52 A,
J. M AT (fill factor, FF) f5LLETF, PCE M
13.31% #2731 16.00%.

Nt —IRAMIFE Qx FAITTERI PR L 32K iy
WL, ASSCHLRE RN 5 B v W bk 5 | A DAD HJC,
L 5,6- 38 -3-( EIE H AL ) R (2FIC) Sk,
145214 PhQx-2FIC, -1k PBDB-T R4k kL, 5
PhQx-2FIC AR il 25 AR A5 4

2 SLIf

2.1 ER5R

1) Jsrt

5,6- T -3-( IR L ) Beld (dral)
EEEFHME TARA A 2- SO RORE . RS R -E
Lt AR . AR TRITEE RIS A,
it & A2 MEE . EEEIR — OB, ABTEAR . W
AR A, TR . BT S KR
(tetrahydrofuran, THF ) | IFE T A8, wEmk, k.
B O, PR . 3- ey . AR
Brkortnat, gRREAEEOR ( Big) ARAE; AR
FRBR . mAesR . JOKBRREE . SAELEN. N, N- —H
FEH IR (N, N-dimethylformamide, DMF ) | SR .
WS Ry ot at, g 258 B # G A PR w5
AUk . &b, R, IEC kT BRIRET . UKESER .
Ay IR AT al, RKHHE A2 s A B

2wl

2) fUF%

g S I # B FE 8%, Heidolph-LQ1 B, i [
Heidolph 24 vl ; HLF 43 #T K°F-, ME-204E &, %1
Mettler-Toledo 7 wl; #4f/K AL, Milli-Q %Y, 3&[H
Millipore 23 3 #ZHE34E{Y, Bruker DMX-400 MHz
H | fEE Bruker 2 )3 EHE 7€ & (L, Hei—VAP Core
ML/G3 %!, #[%] Heidolph /3 ml; TL25 T4 , 876114,
KA IR TR A BRA w5 B A Al WOGIE L, Uv-
2600 8, HACRHA A HLAk2= TAES;, CHI6G60E !,
RIS A
2.2 PhQx-2FIC BJ& R

1A W 12,13- = (2- 2 32 )39 =+ —
P L -12,13- & -[1,2,5] BE Lk J3F [3,4-¢] 1E W 3
[2",3":4',5 WE Wy I [2',3":4,5] Atk 0% IF- [3,2-g] ME w3 IF:
[2',3":4,5] BEMY T [3,2-b] MW (10 7) G Y6 1Y
SRRl ARSE AR W RTHIFSTRR, A
GRALEY) 7, FELAVKEERR AN, TR A
IR I e A [ R ARTR e, R A G AR
SHRELl, ZEBUSTERRE IR 2E, H35 1,2-
W (5-(2- LTI )-4- FEWY -2- FE ) Z%¢ -1,2-
F AT S ERIAR IR A, B RO PRI, X
N 40%. HE TR T LA DMF FOWEESE, @R
P 5,6- 9 -3-( RS L) #Eld (2FIC) TR
SR RN, 153 PhQx-2FIC,

PhQx-2FIC M9& s aniE 1~3 prs, Hh Ak
LA 5E s a~d, 1~9.

OH OR  (1)Mg, 1, THF RO OR
F Br-R F (2)CuBr-2LiBr, THFF O O .
DMF (G el
Br Br o d %
a b

1 12-Z(4-(2-ZHECE) 8K )-3- AEH)
T35 -1,2- —EM &
Fig. 1 Synthetic of 1,2-bis(4-((2-ethylhexyl)oxo)
-3-fluorophenyl)ethane-1,2-dione

PN
S .S NN
N N
NN mBr Wi HNO,
— —<o5— Br Br
ON  NO,
c d

2 4,7- ZiR-5,6- ZEHEEIF [c][1,2,5] EZHE SR
Fig. 2 Synthetic of 4,7-dibromo-5,6-dinitrobenzo|[c]
[1,2,5]thiadiazole
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AICT, ufl C JH,OH C,Hy
[ R, ———-—————————->
I\ /I N\ cmn, (_Z_X\ —— / {
S CI CiHy S CO,C,H; COOH
hig o O/CH
(6]
1 2
7 S\
N N
\
C, H
Cu S TE g BuL1 Sn(n-Bu);  + B Pd(PPh,), >
unotine A/ \ \ /
quinoline Sn(n Bu),CI
S
4
/S
N N
\
S | / | S (1)P(OEY),, 0-DCB
\ A/ (2)DMF, K1, K,CO,, BrR
C, H O,N NO, C.Hy

117723 2

Zn, acetic acid
H,.C

23711

PhQx-2FIC CH,

CHCI,

THF
n- BllLl DMF

3 PhQx-2FIC M &R
Fig.3 Synthetic route of PhQx-2FIC

I BB 4- T -1-((2- ZFEC 3 ) 818 )-2- UK (a)
W 4- TR -2- KB (9.55 g, 50 mmol) . YR AL
5 %E (9.65 g, 50 mmol ) . Bk R & (8.28 g, 60
mmol )& F 250 mL (R TR, A 100 mL A N,
N- “HUEImEE, hEss, s, 155 CRO
12 he RN EILE, RHIEER, HoS8R 2R
I, KBk, MgSO, T4, WA, FIler78 KL
Bk AW LS a KLY, KL= P2 alifr ki
B, e, M, SR EmiREika (124 g, R
82% ) . 'HNMR (400 MHz, CDCL,) 6 7.50 (d, 1H), 6.68
(d, 2H), 3.89 (d, 1H), 1.67 (hept, 1H), 1.44~1.54 (m, 1H),
1.32~1.49 (m, 3H), 1.23~1.36 (m, 4H), 0.91 (q, 6H)-

2) B 1,2- = (4-((2- ZFEE 3 ) E AL )-3- T
HEHL) Zh5E -1,2- i (b)

FrEEE (1.8g, 75mmol ) | M (3K ) LT 100
mL = M. BUb&% a (7.56 g, 25 mmol ) JiX
T 60 mL fH iR e <. SRR 3 IR, FERAUR
1, HHH 40 mLTHF AR R s - kel
HE N/t a A THF ARSI, IR XL EARE
HREER, BIAN, FFARSEH I, o5 E R
FHE % 65 °C, KW 3 ho FHM—> 250 mL ) —
B, KA (3.6 g, 25 mmol ) | JRALAE (4.35 g,
50 mmol ) B TR, MR 3 W, ERIHEYT,
L 50 mL THF, JIAREEH, 0 C N4k 30 min,
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I 28 4 i s EF], T AR AR B A E R
FE R8I o I [ <= KB ST i ) L R s I ) |
BOJS, YKLEAE 0 CC RN 1 he BEJS, SBIEIH N5
A (156 g, 12 mmol) , JEINSEEESS, =i T 3
h, FVKOKEERIN, =AM 2R AER, T,
R, K2 =R / Ak (V gV
amee=1:2) 1HE, BET, T, S ENRE AL (3.76
g, 7% 30% ), '"H NMR (400 MHz, CDCL,) 6 7.38~8.23
(m, 4H), 6.93 (s, 2H), 3.92 (d, J=4.6 Hz, 4H), 1.64~1.83
(m, 2H), 1.18~1.49 (m, 18H), 0.71~0.96 (m, 12H).,

3) B 4,7- ZIRFIE [c][1, 2, S]HEZIE (¢ )

PR TIFE Ik (13.6 g, 100 mmol ) . EIRAR ( 100
mL ) T 500 mL — 4. fE KR I} 40 mL
SRR AR (154 mL, 300 mmol) . 60 C T J2
N 30 min, 2R T N ERER FROR (TR, B T
2100 C, SOWaI R FHmE A 500 mL 7K
AKH, IR HCLIE AT pH 2=k, fhig, 7Kk,
1FEH Y, OB, 13EER AR c (242
g, F7# 83%) . 'HNMR (400 MHz, CDCL,) 6 7.50 (d,
2H).

4) fbEW 4,7- W -5.6- A EEFEIE [e][1,2,5]
WE—ME (d)

A a W e (14.6 g, 50 mmol ) . — 5 H fi 1R
(50 mL) BT 500 mL = B8, KRR (4 g,
65 mmol ) B TEIETH W F, 0 C K+ 30 min J5,
TINE AR AR, FHEZE 50 C, RN . s R,
AHIZEZM, BHFERELA 500 mL JKKH KB,

FH NaOH /KiFM P AN R, fhiE, LB LM,
Rk EAE AR (12, 77K 63%) .

5) ARG 1-(3- TRABEWY -2- FE ) ke -1- 1 (1)

W 3- BRAIEWS (32.6 g, 200 mmol ) . J] RS (43.8
g. 200 mmol) . & H%E (200 mL) fn A 500 mL
SR, 0 CTHHE 0.5h, K =410 (26.6¢,
200 mmol ) ZHEINA, i TR 5 he RIVEHG,
B S8 EA 400 mL yjok R, F R B2
E, OKE, BET, 1531 HTY (633 g, UK
92%) o L&Y | R —8a, BEEAT T —
I HA Y .

6) b5 3- ki FmEm) [3,2-b] BEW) -2- FHR
Llig (2)

ik &5 1 (51.6 g, 150 mmol ) . K,CO; (412
g, 300 mmol ) . DMF (200 mL ) # F 500 mL f) —

R, 60 CRHEFE 0.5 he B, B iHIHMEAEL
PR ZME (16.5 mL, 150 mmol) , 2% 24 h. JZJii
Zidn, AR A R ER, SRR EER,
Kk, BT, SEMEEY 2 BRI (478 g, TR
87%) o tLEW 2 HEMT T —H i,

7) ALEWY) 3- +—BEREBEYIF [3,2-b] BEW) -2- FR
iz (3)

B A 2(47.5 g, 130 mmol ) ZUAALAN( 104 g,
260 mmol ) . 7K (100 mL ) . F{E (50 mL ) . THF
(50 mL ) & F 500 mL J I TRENH, 80 C R Mt
RN EER G, KPP A 1000 mL BEdRH, A
TE AR, VAT pH Bk, BERE 1 h, dhE,
R AR, AAmEBAARE, M3 a3,
HET

8) B 3- ke dLBEN; IF [3,2-b] HEWY (4)

B bEG3 (15g, 444mmol) . Culpy (15g) .
MEmbk (100 mL) BT 250 mL B LB, 270 CF
SN 3 h, RNZERE, BHIRER. HRREIA
500 mL AR, INAGE SR PR VW, AT Tk AR
W, e, Mgiaimbkdte, MEamiks (68g,
7 % 52%) . "H NMR (400 MHz, CDCL,) § 12.5 (br,
J=5.2 Hz, 1H), 7.59 (d, J=5.2 Hz, 1H), 7.29 (d, J=5.2 Hz,
1H), 3.15 (t, J=7.2 Hz, 2H), 1.69~1.76(t, J=7.4 Hz, 2H),
1.28~1.42 (br, 16H), 0.83~0.85 (t, J=6.8 Hz, 3H).

9) B = T3 (6- +—hELBEM I [3,2-b] BE
Wy -2- &) Bike (5)

Biba 4 (17.6 g, 60 mmol ) BT 250 mL — [
B, S FHE 100 mL THE BT = 58,
PRI W 2 A n-BuLi (264 mL, 2.5 mol/L) .
=78 C M+ 0.5 h, B Il n-BuLi, k24 +E 2 h )5,
—WHEIMA =T REME (254 g, 78 mmol ) , 4k
SEPEFE 0.5 h 5, FREZEME, BHhdr. LabE,
BIAGK R R, F Ak 2 kL, 2 MgSO,
Bk, e, Satkad s, kit s HERT R —
R

10) k&9 5,6- Ry 3E -4,7- — (6- +— kg FL e
WrIf [3,2-b] BEW -2- JE ) ZRIF [c][12,5] BEZME (6)

Btk &1 5(32.8 g, 56.3 mmol ) L& d(9.5 g,
25mmol ) . FIZE (130 mL ) | HEALFIAL ( =FRILHE )
TR (0.44 g, 1.25 mmol ) T 250 mL FL TR,
TR, 110 CRMIR . ZabRNE, VIR
PR ER, SRR WA, Kk, E2E.
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FAZSERLE / AMEE (Ve V e =1:3) o4E, T
e, LIk 6 (154 g, 7% 76% ) . 'HNMR (400
MHz, CDCL) 6 7.71 (s, 2H), 7.18 (s, 2H), 2.78 (t, J=7.6
Hz, 4H), 1.75~1.83 (m, 4H), 1.30 (d, J/=27.9 Hz, 32H),
0.88 (t, J=6.8 Hz, 6H).

1) fb&EW 12,13- — - 23 K#)-3,9- —+—
g JE -12,13- & [1,2,5] WE R I [3,4-e] WE Wy IF:
[2",3":4',5'] BE Wy FF [2',3"4,5] Ml 1% FF [3,2-g] W& w3 -
[2',3":4,5] BEW IF [3,2-b] M5|WE (7)

¥ bEam 6 (10g, 123 mmol ) . IEHER =21 (50
mL) , 4B &K (20 mL ) & 250 mL PRI, HS
B, 180 CCIUV 24 he LAV, VTREGYIEH)
BEWE, WRZEBREZRER . MR gksL
IIABACFEE (154 g, 80mmol ) | flfL4H (0.8 g, 4.9
mmol ) . EEALH (24 g, 43.1mmol) . —HIFAK (80
mL) , YR, 80 CHtHIw . Ll iR, &
MIRGPAHEE R, —EAR 2 RETGI,
o HEWEE /A VgV aum=1:9) TR
AR, HET, RRIZLETY) T (5.0 g, EE43%) .
'H NMR (400 MHz, CDCL,) 6 6.94 (s, 2H), 4.59-4.48
(m, 4H), 2.75 (t, J=7.6 Hz, 4H), 1.97 (d, J=5.9 Hz, 2H),
1.76~1.83 (m, 4H), 1.21~1.34 (m, 36H), 0.81~0.94 (m,
18H), 0.50~0.60 (m, 12H).

12) 4669 13,14- — (2- ZFEE 3 )H-6,7- — (4-((2-
LHRC R FAC)-3- AL )-3,10- —+—hedk -13,14-
TABEIT [2",3":4',5") BEW T [2',3":4,5] RS IT [3,2-1]
WEW IF [2",3":4',5"] MEW IF: [2',3":4,5] MLIK% IF- [2,3-h] s
Rk (8)

Btk a7 (2.8 g, 4mmol) | Bk (52¢, 80
mmol ) . VKESER (120 mL) F 250 mL 5 R, &
SAEPR, 140 CCJNE 0.5 he BEFHIR G E ST,
U KIETR RS B S — 250 mL = B, (bEPb(2
g, 4 mmol ) FIVKEEER (20 mL ) HCANE Hi i - o
AT, THEZE 60 °C, kW, S THEE
125 °C, 12 h JGZb R, RGP H 20,
A=A 2 W ZEI, 1 MgSO, T4, Jigzg. H—
A B AMBE (Vg V e =1:10) PEBEEHE,
EZE, BT, HRIZLEAREIKS (2.0 g, 7 36%) o
'H NMR (400 MHz, CDCL,) d 7.57 (d, J=12.2 Hz, 2H),
7.40 (d, J=8.2 Hz, 2H), 6.93 (s, 4H), 4.59 (t, J=8.5 Hz,
4), 3.92 (d, J=4.7 Hz, 4H), 2.78 (t, J=7.3 Hz, 4H), 2.03
(s, 2H), 1.78 (dd, J=15.6, 8.6 Hz, 6H), 1.39 (dd, J=39.6,

31.6 Hz, 36H), 0.85~1.22 (m, 48H), 0.79 (s, 12H).

13) fbEW 13,14- — (2- 23 HE)H-6,7- — (4-((2-
I L) SAC)-3- BRI )-3,10- - —kedk -13,14-
TEMEWY I 2,345 BEW I [2',34,5] NIERE I [3,2-1]
EWY I [2",3":4',5"] BEW I [2',3":4,5] ML 3F: [2,3-h]
MRk -2,11- —FEE (9)

P& 8 (1.4 g, 1 mmol) FA 100 mL Y=
PRI, ®RP T, BL40 mL THF B = FTBE
ALY, Bn-BuLi (1.4 mL, 1.6 mol/L) Jit A
PRI ;. -78 CF, 8 0.5 h 5, &M
n-BuLi, 4kZ:44) 2 he % nJo/k DMF (0.26 mL,
8 mmol ) , AL FE 0.5h, FiR FHFEL G,
A EW e 2 KA B MU, ez, H =& H b/
FMBE (Vi V pame=1:1) VEREIEAE, BEzg, 4t
T, BRLLE 9 (0.94 g, 7°F 64% ) . 'HNMR
(400 MHz, CDCL,) 6 10.15 (s, 2H), 7.65 (d, J=12.1 Hz,
2H), 7.44 (d, J=8.4 Hz, 2H), 7.01 (t, J=8.4 Hz, 2H), 4.69
(t, J=7.6 Hz, 4H), 4.00 (d, J=5.6 Hz, 4H), 3.24 (t, J=7.3
Hz, 4H), 2.08 (s, 2H), 1.82~1.99 (m, 6H), 1.33~1.65 (m,
36H), 1.25 (s, 46H), 0.85 (t, J=6.3 Hz, 12H).

14) f£44) PhQx-2FIC

Piba¥ 9 (022 g, 0.15 mmol) . 5,6- 9 -3-
( AR ) g (2FIC, 0.27 g, 1.2 mmol ) |
S5 (40mL) . MERE (1 mL) A 100 mL 8 FUBSHE,
T, RN 24 ho 4 IER VG, TREZKE R 2,
=PI 300 mL A HEE T, Jf4dE 1.5 ho FFREE .
Bk, ik, e tE s, 8k /
AMBE (Vg V e =2:1) PEBERIAE, SRR B
774 PhQx-2FIC (0.13 g, % 47% ) . 'H NMR (400
MHz, CDCl,) 6 9.17 (s, 2H), 8.56 (dd, J=9.8 Hz, 2H),
7.71 (t, J=7.5 Hz, 2H), 7.61 (d, J=12.2 Hz, 2H), 7.45 (d,
J=8.6 Hz, 2H), 7.04 (d, J=8.6 Hz, 2H), 4.81 (s, 4H), 4.01
(d, J=5.6 Hz, 4H), 3.28 (t, J=7.4 Hz, 4H), 2.15 (s, 4H),
1.86 (dd, J=18.0, 6.5 Hz, 4H), 1.68-1.11 (m, 66H), 1.05-
0.66 (m, 30H). "C NMR (101 MHz, CDCL,) J 188.65,
161.05, 153.58, 151.28, 149.07, 148.87, 148.14, 146.11,
140.11, 138.42, 136.93, 135.66, 135.28, 134.91, 134.19,
133.18, 132.87, 131.95, 129.82, 126.36, 125.19, 123.50,
120.52, 119.41, 117.83, 115.53, 115.10, 114.20, 71.96,
67.86, 55.52, 40.33, 39.45, 31.92, 31.46, 30.46, 30.32,
29.52,29.33, 29.12, 27.67, 23.82, 23.06, 22.68, 14.12,
13.81, 11.15, 10.33,,

-26 —



[” FrETS, &
EIRMSEE IR IE B 9105 IR B0 & B SR 1 A

PBDB-T Fl PhQx-2FIC {4325 Ui 4 i .

b ) PhQx-2FIC
4 PBDB-T # PhQx-2FIC M5 F4514
Fig. 4 The chemical structures of PBDB-T and
PhQx-2FIC

2.3 APAREH AR HI&
TEWE eI B & L (indium tin oxide, ITO)

PR ILE il PEDOT/PSS, MG P LT 5 AT
BRI BN Z A5 I A
L EVR 2 PEDOT/PSS -, MATHI il #8 AS [R) JE BE (1) 3
P2, Rz R 2EEZE L, BRE A
RPN B 4B R 28 B e &2 bm, BDASR
FHAE FL It 25 1

3 GRSIH®

31 AR

Hr e M4y 'TH NMR FILE B2 4 F 89 'H, “C NMR
{# 1% [ Bruker AM-400 BUAZ g3, LADY
FEerESE (tetramethylsilane, TMS ) fE NN AR, CDCl,
HVER . T PhQx-2FIC B, b rhiferE 9.17,
8.56 by A3 T4 F Wik 5, 6- R -3-( RIE I
FE ) HE R b RN, T s W RORH T 174 ot AR R
R 6 AR M AITE 7.71, 7.61, 7.45, W)
FL - 5 i 55 8 P A 1 4 1) S LA WA 7,040 fb
SN AE 4.81 Ab B S dod EUMNAE - 5 48U T AHE i —
CH,—M{5 504, 17 4.01 AbJ2 S LRE PR b U AH %
f—CH,— M5 S0, 3.28 kb2 5 88 my BRAH 14 (1 —
CH,—MIf5 5, mH AT WAZRELS i S5 A5 5 1ge 1y
H5OFa R SR TR EAAH—8, R T B0 745
FAYERS
3.2 REFMELFHY

PhQx-2FIC 7E 47 5 A RS T 1Y 5891 -
AL LSO GTE FH I HE UV-2600 EGIE O, HAkhmy
FeEEE U 1 R,

F1 PhQx-2FIC MRUFSHMAFSHR
Table 1 Electrochemical and optical properties of PhQx-2FIC

A% /nm
e AR e Foefmin EMV  EJEowV  (EoEaoleV EeV
PhQx-2FIC 744 825 876 1.42 1.16/-5.52 -0.63/-3.72 1.80
WIS AN TE 5a iz . FESADRA T, PhQx- E,™ =1240/ pger0 (1)

2FIC 7£ 300~800 nm PN A7 3 5 WL I, 5 R W WAL U 7
744 nm Kb, AL, PhQx-2FIC ZEFH AR il
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MORHE R RS B A i 1 SR A2 12, PhQx-2FIC 1)
T KRG (Ao ) M 876 nmo ARHEZL (1) 1]
B (E™) 290 1426V,

M PhQx-2FIC (1 H b4k BE 1 SR G A R %
%, PhQx-2FIC fHLZS L FRA#M: ( capacitance-voltage
characteristics, C-V) HARMHLILAHdR IR 1 R,
REZLEIANPE Sb TR, PhQx-2FIC AR LA E,,
FARJE L E,q 235102 1.16, —0.63 eV, @idat (2)
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Fig. 5 UV-vis absorption spectra of PhQx-2FIC in dilute
CHCI; solution and in the film, and diagram energy
level of PBDB-T and PhQx-2FIC
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Fig. 6 The electron mobilities and hole mobilities of PBDB-T:PhQx-2FIC,
and the relationship between V,;and J,,
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Fig.7 The J-V and EQE curves of the OSCs based on PBDB-T:PhQx-2FIC
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Table 2 Photovoltaic performance for inverted devices based on PBDB-T:PhQx-2FIC under
the illumination of AM 1.5 G, 100 mW-cm”

N 348 /% PR KL /°C
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Pk HT fitb)E Rt Abs R etk is ) R A=
0.87 0.84 15.52 15.13 51.68 60.96 6.98 7.74
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Fig. 8 The as cast and optimal device active layer
based on PBDB-T:PhQx-2FIC
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Synthesis and Photovoltaic Properties of Quinoxaline Non-Fullerene Acceptors

Containing Benzene Side Chain

WANG Xiaosha', WU Xiaobo’, JIANG Lihui', ZHAO Yingying', ZOU Yingping'

(1. College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;

2. College of Metallurgy and Material Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: A seven ring electron acceptor PhQx-2FIC was designed and synthesized by using quinoxaline (Qx)

containing fluorinated phenylalkoxy side chain as intermediate nucleus. The existence of multiple alkyl chains in the

molecule ensured that PhQx-2FIC exhibited good solubility in common organic solvents and had strong absorption in

the range of 300~800 nm. The energy conversion efficiency (PCE) of the device was 6.98% using PBDB-T as the donor
material. The efficiency of devices based on PBDB-T:PhQx-2FIC(w(PBDB-T):w(PhQx-2FIC)=1.0:1.2) reached 7.74%

after 0.5% 1-Chloronaphthalene(CN) and 110 °C annealing treatment due to the improvement in the exciton dissociation

and collection efficiency in the device..

Keywords: quinoxaline (Qx); fluorine atom; non-fullerene acceptor; side chain strategy
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