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Figure 1 Naphthobisthiadiazole and its fused-ring derivative acceptor units
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Figure 2 Synthetic routes of NTz unit
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Figure 3 NTz based D-A copolymers containing bridged with thiophene
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B 7 LA BDT NDT K2Ryt NTz 28 D-A R GWAHN, J) — K5 T NTz &80 D-A 3
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Table 1 Photovoltaic parameters of the NTz based copolymers bridged with thiophene.
_ E./ Vee/ T/ FF/  PCE/
REWHIk ZMR D/A VTR /TR0 3R /R R ‘ SCHk
(eV) V. (mA<em 2) % %
PBDT-DTNT PCs1 BM 58 1: DCB/-/130°C 0. 80 10. 15 62.2 5.32 [13]
PBDT-DTNT PC; BM 58 1: DCB/-/130°C 0. 80 11. 71 61.0 6. 00 [13]
PBDT-DTNT PC;1 BM 58 1:1. DCB/-/110°C 0.75 17.4 61.0 8.4 [18]
PBDT-DTNT PC;1 BM .58 1: DCB/-/- 0. 82 11.47 62 5. 86 [16]
PBDT-DTNT PC;1 BM .58 1: o-xylene/1,2-DMN/- 0.79 11. 82 65 6. 10 [16]
PBDT-DTNT PC;1 BM .58 1: 1,2,4-TMB/1,2-DMN/- 0. 82 11.49 65 6.11 [16]
PBDT-DTNT PC;1 BM .58 1: DCB/CN/- 0. 80 9.26 63 6.57 [15]
PBDT-DTNT PCs BM .58 1: DCB/-/130°C 0.79 10. 61 62 5.13 [14]
PBDT-DTNT PC;1 BM .58 1: DCB/-/130°C 0.79 13.2 59 6. 14 [14]
PBDT-DTNT PC;1 BM 58 1: DCB/-/- 0. 74 15.99 64. 1 7.58 [19]
PBDT-DTNT PC; BM .58 1: DCB/DIO/- 0. 74 17.62 66. 1 8. 62 [19]
PBDT-DTNT N2200 .58 1: DCB/-/160-180°C 0.78 11.5 57 5.0 [23]
PBDT-DTNT PCs BM .58 1: CB/-/70°C 0. 81 10.9 65.3 5.8 [17]
PBDT-DTNT PCs1 BM 58 1: CB/DIO/70°C 0.74 12.2 67.2 6.1 [17]
PBDT-DTNT PC;1 BM 58 1: CB/-/70°C 0. 81 7.9 56. 2 3.6 [17]
PBDT-DTNT PC;1 BM 58 1: CB/DIO/70°C 0.74 13.2 66.0 6.4 [17]
PEH/dC10 PC; BM .65 1: CB/DIO/- 0. 81 3.959 54 1. 59 [25]
PEH/dC6 PC; BM .63 1: CB/DIO/- 0. 80 15.57 63 7.88 [25]
PBDT-DTNT PC;1 BM 58 1: CB/DIO/- 0.74 13.67 68 6. 89 [25]
PEH/BO PC7;1 BM .63 1: CB/DIO/- 0. 83 12. 22 55 5. 60 [25]
PC6/HD PC;1 BM . 60 1: CB/DIO/- 0.78 12. 22 64 6.12 [25]
PBDT-mP-NT PC;1 BM .64 1: DCB/DIO/- 0. 85 8. 65 37.8 2.78 [26]
PBDT-TS-DTNT-DT PCs BM .53 1: CB/DIO 0. 86 5.41 57.8 2.67 [27]
PBDT-TIPS-DTNT-DT PCs BM 72 1: CB/DIO 1. 05 0.97 62. 4 0. 64 [27]
PTB7 P-PDTz-TDT-NTz 73 1: CB/-/- 0. 80 1. 48 0.28 0.33 [28]
PNDT3NTz-DT PCs1 BM .6 1: DCB/-/- 0. 83 11.3 52 4.9 [29]
PNDT3NTz-DT PCs BM .64 1: DCB/-/- 0. 83 12.3 54 5.5 [30]
PNNT-12HD PCs BM .68 1: DCB/-/- 0. 83 14.7 61 7.5 [30]
PNNT-12HD PC;1 BM .68 1: DCB/-/- 0. 82 15. 6 64 8.2 [30]
PNNT-12DT PCs1 BM .69 1: DCB/-/- 0. 86 7.3 65 4.1 [30]
PoaNDTDTNT PC;1 BM .58 1: DCB/DPS/- 0. 80 15. 55 64. 6 9.01 [31]
PBNDTDTNT PC; BM .65 1: DCB/DPS/- 0. 80 8. 41 53.5 3. 60 [31]
PDTBDT-DTNT PC; BM .58 1: CB/DIO/- 0. 65 17.51 66.0 7.52 [32]
h-PPDTNTz PC;1 BM .51 118 CB/DPE 0. 70 13.4 49 4. 60 [33]
d-PPDTNTz PC;1 BM .62 1:1. CB/DPE 0.72 14.0 66 6. 66 [33]
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Figure 4 NTz based D-A copolymers containing bridged with bithiophene

Wi B 3 5, H HOMO REHK B3R, 5T PNTz4T i OFET 88T R ik 0. 56em?« V tes ! [
PBTz4T f— MG, PG H T 2 P A 8 2. 15 51 107, o PNTz4T il #5 il 28 SR e 1 22 1tk 4%
F, AT B KSR 3K 0. 16cm® Ve 100 24 5 PCyy BM LR AT, PNTzAT 7% 1 J2 £ 30 H W 2 (1 face-
on HEFH B3 R i PBTz4T 9 4. 4% $2E & 6.4% ., Vohra 25 23 5l i i} PCs, BM il PC;, BM 5
PNTz4T FLiH , i £ 10 3 B 25 PR RCR 3 T IR 3 8508, 43 B8 3 8. 92 %0 A 10. 156, B IR 396 1 2 158 J5E 3k 31
300nm Z- Ay, i E GIWAXD fiff 58 P Fh il & 2544 T BB S & 8L PNT24T 78 ZnO £ [ 7E PEDOT : PSS
RMEE L5 face-on HEF, B 22 . RE W L RIEE 5 IE AL face-on B 1AL K2 T 1H 245 5
i edge-on BAL XN IR AL 7 2UA R T 1 187 19 23 7% 338 R I 2 ST 04 LT 1 3 o DT R 5 O R B 8 A
. MJE A5 PCsy BMPC; BM A J 1Cs, BA 5 PNTz4T SEIR L BF 58 T AS [R) & 80 37 25 9 6 1%
WL 2 5 28 S DN A A3 A AT RS R AR S AL . PNTz4 T 1C, BA f TR 559 . 45
Al P 22 23 5 B T IR RS RS, DR T o 8 8 R RCR AR 2. 58 % . A PCyy BMPC; BM % {A& #F
BT 45 (1 SR SR MR TF R 7. 52 % F1 8.52% . Osaka 255 R A XA PNTzAT I o 560 4 1) 11 5
BT REY PNTzATi, 5 PNTzAT MHILZ RS W 58 K edge-on HEFL, 514 F T H iy 1Y 15 1] 4% % .
{H 52 46 19 OFET #84F . ih T PNT24Ti 19 o HE U B3 (3. TA) 5 T PNT24T (3. 5A) 0 T % 15 4
75 1l B PR B A AR OFET #8042 B A0, PNT24 T iE B R WALHK 0. 42cm” -V Tes™

o FRE A 1) R /N 23 5 ) 5R A5 00 1R A A R SR B M O, DT R ) e X AR PR R PR RE . BT AR R
JE I BEFEEE . A T PNTAT-20D, Aib 1738 12 45 Uk 19 7 28 48 V5 T A o B aed 722 v 110 38 4 i 356, LA Gk 3 4
fEiEPEJZIE SR B 1% ., PNT4T-20D . PC;, BM 2843k 453 T =535 10. 1 0 0% .
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Table 2 Photovoltaic parameters of the NTz based copolymers bridged with bithiophene.

E/ Voe/ T/ FF/ PCE/

REWHIE Z Ak D/A VA /RN 3R /R ) ik
(eV) V  (mAscm™2) % %

PNTz4T PCs1 BM 1.54 1:1.5 DCB/-/- 0.76 12.0 69 6.3 [34]
PNTz4T PCs1 BM 1.54 1:2 DCB/-/- 0.74 17.7 66. 7 8. 70 [36]
PNTz4T PCs1 BM 1.54 1:2 DCB/-/- 0.71 18.9 66. 2 8. 92 [36]
PNTz4T PC; BM 1.54 1:2 DCB/-/- 0.73 18.2 73.9 9. 80 [36]
PNTz4T PC; BM 1.54 1:2 DCB/-/- 0.71 19. 4 73.4 10.1 [36]
PNTz4T PCs1 BM 1. 54 1:2 DCB/-/- 0.76 15. 48 64. 2 7.52 [37]
PNTz4T PC;1 BM 1. 54 1:2 DCB/-/- 0.75 16. 98 66. 8 8.52 [36]
PNTz4T ICs BA 1.54 1:2 DCB/-/- 0. 96 5.97 45.2 2.58 [37]
PNT4T-20D PC;1 BM 1.53 1:1 CB/DCB/DIO 0.76 19.8 0.68 10.1 [38]
PNTz4T PC;1 BM 1.56 1:2 CB/1,2,4-TMB/- 0.71 19. 4 73 10. 1 [40]
PNTz4T2F PC; BM 1. 60 1:2 CB/1.,2.,4-TMB/- 0.82 19.3 67 10. 5 [40]
PNTz4T4F PC;1 BM 1.62 1:2 CB/1,2.,4-TMB/- 0.93 10.5 66 6.5 [40]
PNTz4T2F PC;1 BM 1. 60 1:2 CB/DIO/- 0.81 19. 4 66. 6 10. 6 [41]
NT1014 PC;1 BM 1.4 1:1.5 CB/DCB 0. 77 7.25 52.9 3.03 [42]
NT812 PC;1 BM 1.4 1:1.5 CB/DCB 0.72 18. 62 66. 7 9.21 [42]
NT812 PC;1 BM 1.4 1:1.5 CB/DCB/CN 0.72 19. 09 72.9 10. 33 [42]
NT812 PC;1 BM 1.4 1:1.5 CB/DCB/DPE 0.72 19. 91 67 10. 22 [42]
PIDT-EHNT PC; BM 1. 69 1:2 CB/-/- 0. 86 4.33 40 1. 49 [43]
PIDT-DTNT PC;1 BM 1. 65 1:2 CB/-/- 0. 80 8. 26 45 2.97 [43]
PIDT-C12NT PC; BM 1. 64 1:2 CB/-/- 0. 90 10. 21 45 5.05 [43]
PF-C12NT PC; BM 1.68  1:1.5 DCB/DIO/- 0.87 12.19 63. 4 6.51 [44]
PAF-CI12NT PCs1 BM 1.55  1:1.5 DCB/-/- 0. 69 8. 45 62.5 3. 64 [44]
PAF-C2INT PC;1 BM 1. 63 1:2 DCB/DIO/- 0.76 11. 31 56. 4 4. 85 [44]
PBDT-CI12NT PCs BM 1.51 1:2 DCB/DIO/- 0. 68 10. 74 68.5 5. 00 [44]
BTT-NTz PC;1 BM 1. 68 1:1 CB/DIO/- 0.755 5.98 60. 5 2.73 [45]
PTzNTzEHBO PC;1 BM 1.58  1:1.5 CB/DIO/- 0. 84 16.0 67 9.0 [46]
PTzNTzEHHD PC;1 BM 1.58  1:1.5 CB/DIO/- 0. 84 15. 6 67 8.8 [46]
PTzNTzBOBO PC;1 BM 1.57  1:1.5 CB/DIO/- 0. 84 16. 6 63 8.3 [46]
PTzNTzBOHD PC;1 BM 1.57  1:1.5 CB/-/- 0. 84 9.8 63 5.2 [46]
Poly(NTD-TPA) PC7; BM 2.03 1:4 DCB/-/110°C 0.79 6. 87 40 2.15 [49]
PFTPA-DTNT PC; BM 1.79 1:4 CB/-/- 0. 89 6.97 43 2.63 [50]
PCzTPA-DTNT PC;1 BM 1.79 1:4 CB/-/- 0.97 8. 49 48 3.52 [50]
PBDTT-TANT PC;1 BM 1.87 1:4 CB/DIO/- 0.95 13.06 65. 2 8. 04 [51]
PBDTT-TSNT PC; BM 1. 85 1:4 CB/DIO/- 0. 96 10. 25 60. 9 6. 00 [51]

B T EE TR LLAE SR AR LR 2L B S AR THO WA TSR E R D-A LB RS W)
JCARMRE . S B 5t L 9P 2 (A5 3R S WA B B HOMO BEZ AR LA 2 W1 B SO i B & Y a0l
Bt o [R] A SRS RN A 2 BT 7 BEL A B SRR AR T R 2B L Feee HLF e S Feee F AR SE A
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ALY 1L, TG IR LIRS L A7 B R 1. 68eV, #F AR A it 5 , PCE iy 2. 73 %6, Saito %M Mg e IF
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EHHD # PTzNTzBOBO 7EAE A s i . PCE HA 2% A 47 B & 38 i H DIO %3 , PCE ¥ g
EHEF) 8.8% . PTzNTzBOHD 5 PTzNTzEHBO A b HJ& ke S 8 & /£ 48 . PCE HI % F &
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BEAE , H A AR AN R S5 4 1 45 L2 IR S5/ ot 5 NTz JLRIRAS T — RIS 25 0 Rtk ge i Je 40
EE WAL B T A4 OFET 1 PSC AR . Heeney %17 F 3 —BEM I 351K 45 (CDTT) A 44
KBIE, 5 NTz LR G151 D-A LRY SRR E 1. 31eV., ZB AW B RESRM o HERL, 1826
#1 p- B OFET 284,25 5T B HGAF] 0. 15em? <V 'es !, Takimiya 255 B e i 1 (0 — 08wy I 25 — ik
W (NDTD 5 NTz L3R il 45 T - BUR S W6 R 78 OFET 8448, i FiE B % 53k 0. 2lem® -V ' e
s . Yasuda Z S OR M (TPA AR 00, 5 NTz JL R A T 584 R B AW poly(NTD-TPA),
JEEEAT BN 2. 03e V., BT il & 1 YR 38 A e dp sk 2. 16 %

NTz B T8 HEREGY B8-S0 B g 1 T 04 T DA gt B — 4k 2D) L4l 4% i) D-A
HHEREYIRR . X PP 4E 40 09 7 X2 3F R G W) 5 65 300 6E 19 7 8 A 5 8 L 48 B0 i
R R AR AR . BORAENY ) TPA RN 25 8RR N A W) EREE 4. TPA 5] A NTz fil
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Figure 5 Other D-A copolymers based on NTz
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Figure 6 Synthetic routes of NOz and NSz, and their corresponding D-A copolymers
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Figure 7 D-A copolymers based on TZNT, INDI and NQx
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Applications of Naphthobisthiadiazole and Its Fused-Ring Acceptor
Units in Polymer Solar Cells

XU Xiao-peng, LI Zuo-jia, ZHANG Guang-jun, Li Ying, PENG Qiang”
(Key Laboratory of Green Chemistry and Technology of Ministry of Education, College of Chemistry, and
State Key Laboratory of Polymer Materials Engineering , Sichuan University , Chengdu 610064, China)

Abstract: Polymer solar cells (PSCs) have attracted considerable attention due to their advantages of light-weight,
flexibility, solution-processibility to produce low-cost and large-area devices. At present, the PSCs are still at the research
stage in laboratory. The researches in this field still focus on further improving the performance and the stability.
Developing new and high-performance materials is one of the most important approaches to continually improve the device
performance of PSCs. Donor-Acceptor (D-A) copolymers have the merits of wide absorption range, tunable energy levels,
strong intramolecular charge transfer wia “push-pull” effect, which has become an important material design strategy in
PSCs. Tremendous electron-rich and electron-deficit skeletons have been employed as donor and acceptor units to build D-A
conjugated copolymers. Among them, naphthobisthiadiazole and its fused-ring acceptor units possess large rigid planar
conjugations and strong electron-withdrawing features, which have been used to develop highly efficient polymer donor
materials. In this review, we present an overall view of the recent progress of the naphthobisthiadiazole and its fused-ring
acceptor units-based conjugated copolymer materials and their applications in PSCs.

Key words: Naphthobisthiadiazole; D-A conjugated copolymers; Donor materials; Polymer solar cells; High efficiency
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