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Synthesis and Characterization of Orange 3 Derivatives as Photoelectric Materials
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Shaanxi Normal University, Xi'an 710119)
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Abstract Due to poorly solubility of the fused ring compound 4,10-dibromoanthanthrone (VAT Orange 3) in common organic solvents,
its application as optoelectronic material was hindered. Here, the soluble compound 4,10-bis(4-hexyl-2-thienyl)-
6,12-bis(dicyanovinylene)dihydroanthanthrene (TCVA) was successfully synthesized by introducing alkyl-thiophenyl and cyano groups
into VAT Orange 3 compound by Still coupling and Knoevenagel reaction. The properties of TCVA were investigated. The UV-vis spec-
trum indicated that TCVA showed strong absorbance in the solar spectrum. The TCVA exhibited lower LUMO energy level (—4.42 eV),
which was comparable with fullerene acceptor material PCBM (—4.2 eV). The solar cell device ITO/ZnO/P3HT:TCVA/MoO;/Ag based
on TCVA as acceptor and P3HT as donor material was fabricated. The power conversion efficiency (PCE) of 0.3% was achieved for ac-
ceptor TCVA with open-circuit voltage (V) of 0.22 V, short circuit current (Ji.) of 3.61 mAscm 2 and fill factor (FF) of 37%. The solar
cell based on TCVA achieved lower efficiency, maybe due to the lower LUMO energy level of TCVA and small difference of energy
level (0.75 eV) between P3HT HOMO and TCVA LUMO. A lower LUMO energy level may lead to a lower open circuit voltage (V,.),
since V. is proportional to the energy level difference between the donor HOMO and acceptor LUMO. The donor polymer
ploy[4,10-bis(4-hexyl-5-bromine-2-thienyl)-6,12-bis(dicyanovinylene)dihydroanthanthrene]-alt-2,6-bis(trimethyltin)-4,4-bis(2-ethylhexyl)
two-thieno[3,2-b:2',3'-d[silole (PTCVADTS) with TCVA as the acceptor unit were synthesized and characterized. The polymer
PTCVADTS showed good light-absorption properties, thermal stability, deep HOMO level (—5.33 eV), and low band gap (0.94 eV).
Solar cell device ITO/PEDOT:PSS/ PTCVADTS:PC¢BM/Ca/Al based on PTCVADTS as donor achieved an open-circuit voltage of 0.31
V and PCE of 0.018%. Compared with the LUMO level of acceptor (—4.2 eV), the lower LUMO level of donor (—4.39 eV) hindered the
electron transport from donor to acceptor, which resulted in lower efficiency. Vat Orange 3 with large flat structure can expand conjugated
system, which broadens the absorption. Further reducing the number of cyano group or introducing of other weaker electron withdrawing
group may get results applauded.

Keywords orange 3 derivatives; acceptor; donor polymer; narrow band gap; photoelectric properties
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Figure 2 Cyclic voltammograms of TCVA films on platinum electrode
in 0.1 mol/L tetra-n-butylammonium hexafluorophosphate acetonitrile
solution
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. AHEKIREHA SRR, AYER S
KBE 3 IR, HTC/KEREREE T8, Wl ie T 7, idhEk
Fo(C & W e/ Al vV v=4 : AR OB IRE AL
A1 (404 mg, 68%). 'H NMR (400 MHz, CDCls) o:
8.67 (t, J=12.0 Hz, 20H), 8.47 (d, J=7.2 Hz, 20H), 8.22
(s, 19H), 7.75 (t, J=7.8 Hz, 20H), 7.46 (d, J=48.8 Hz,
3H), 7.26 (s, 18H), 7.19 (d, J=3.4 Hz, 21H), 6.96 (dd, J=
17.8, 5.9 Hz, 24H), 2.94 (t, J=7.7 Hz, 39H), 1.89~1.74
(m, 40H), 1.64~1.24 (m, 131H), 0.95 (t, J=7.0 Hz, 60H),
0.04~—0.04 (m, 30H); *C NMR (125 MHz, CDCL;) ¢:
181.41, 148.17, 137.45, 135.44, 133.69, 132.03, 130.22,
128.87, 128.40, 128.30, 128.09, 127.24, 125.64, 124.88,
124.78, 31.96, 31.87, 30.36, 29.48, 29.40, 29.37, 22.74,
14.18.

442 4,10-3(4-T A -2-E £)-6,12- (= REA L T
)= AE S E(TCVA)

FE—TIRI =3k, ERAAT, HiEaw 1
(404 mg, 0.633 mmol) AP (824 mg, 1.27 mmol)i& T
50 mL =& H ¥, S8l & ibik4.15 g, 2.4 mL,
21.9 mmol), R INMLNER.37 g, 2.4 mL, 29.9 mmol),
RAVIAZE 70 CHREERRER. N T HRRBLI7E5
HEAT, PRI [R5 DY SRR e, R 4k 252 3
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1712 h. BRAEPRINKKH, H & BRI =R,
AHERKECE EK e =k, HToKRIREE T4, W&
WETVR, SRR AR/ AmE, vV r=1:. )i
P&k M E K TCVA (271 mg, 58%). 'H NMR (400 MHz,
CDCl) o: 8.87 (d, J=7.5 Hz, 1H), 8.76 (d, J=8.4 Hz, 1H),
8.61 (s, 1H), 7.94~7.85 (m, 1H), 7.19 (s, 1H), 2.80~2.67
(m, 1H), 1.82~1.65 (m, 1H), 0.92 (t, J=7.0 Hz, 2H); "*C
NMR (100 MHz, CDCl;) : 161.38 (s), 145.44 (s), 139.63
(s), 137.15 (s), 134.10 (s), 132.99 (s), 131.90 (s), 131.40
(s), 129.79 (s), 129.18 (d, J=18.2 Hz), 126.99 (s), 125.98
(s), 125.33 (s), 123.88 (s), 115.90 (s), 115.56 (s), 82.56 (s),
32.51 (s), 31.34 (d, J=10.7 Hz), 29.90 (s), 23.47 (s), 14.94
().
443 4,10-(4-T H-5-18-2-Ew H)-6,12- (= RA L
UHER) AN EHFE

E—TFEr =3kei, fE& AT, ¥ TCVA
(133 mg, 0.181 mmol)i& T 50 mL =& F e rh, 7EREys
R, e NIRRT B (NBS) (64 mg, 0.362
mmol), SRJFKIRA VNG 35 CIR MR, ezl
R, IR R AWEE, VI r=111), R
VUSRI G B AL A Y 2 (67 mg, 41%). 'H
NMR (400 MHz, CDCl;) d: 8.90 (d, J=7.5 Hz, 74H), 8.72
(d, J=8.4 Hz, 75H), 8.59 (s, 70H), 7.96~7.87 (m, 76H),
7.52 (s, 14H), 7.26 (s, 149H), 7.14 (s, 74H), 7.00 (s, 19H),
530 (s, 55H), 2.73~2.63 (m, 148H), 1.80~1.58 (m,
172H), 1.55 (d, J=6.8 Hz, 15H), 1.50 (s, 44H), 1.47~
1.19 (m, 610H), 1.19~1.06 (m, 49H), 1.00~0.77 (m,
415H), 0.15 (s, 13H), 0.07 (s, 8H), 0.00 (d, J=3.2 Hz,
147H), —0.15 (s, 11H); “C NMR (125 MHz, CDCl;) §:
160.60, 149.78, 136.49, 136.32, 133.35, 132.06, 130.51,
129.68, 128.92, 128.33, 128.23, 125.96, 125.32, 124.86,
124.48, 115.13, 114.79, 81.51, 31.88, 31.71, 30.31, 29.35,
29.27,29.25,22.68, 14.13.
444 %44 PTCVADTS

E— TR =3haft, EaURT, BUEaY 2
(67 mg, 0.0753 mmol)! DTS (56 mg, 0.0753 mmol)i& T
30 mL TR HZRF, JREPIENRS 20 min, 2R5F
6 mg Pd(PPhy), & T FREHF KPR G+, RE
VI UGB G 15 min, SREMMAAE 75 CHidk24h #
REPIAAE=E, WA 150 mL HFEES, UEEDTE
Y, MR RS, IECkE. SUATER IRPEHLE Rk AT it
— Al S SO 2SR AR, TN BT
W, WCERDTUED, fE R T &, 49 21 J8 6 [ 44
PTCVADTS (77.8 mg, 90%). £ GPC Jl|5E, M, N 12500,
M, >N 21020, PDI /y 1.68.

BoA B S R R AR 55 B 6 1% A I
BEBN; SR R E X GK RG T 2R BT ORI
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