Chinese Journal of Organic Chemistry

% 4”) {t % DOI: 10.6023/cjoc201902023

DECIRF 3D =K RITEMBIRBNE RS AL REMR

A&z warg RYK ERE
GRS B RS I S BT T 9% R 411105)

WE AR T =R LW ECIRR 3D =R ATAEY N A R BTG, KR Y SE AR T, R M (BT) BN R - —
M DFBT)E N 2R BTG MLk, REWEA T ARG 52 st JerHi R i e sE v g . bt
R RBARYERE IR, AR IR = 2R AT A 0 28 M s e A MLk A 8 s O BE R MR R 8, DL 3D = 2RI
(IDTTPA) AL A BTG I A HLY R LA B 58 RSO s it . 25 = A MLGYRHE SR B R BH B8 FELIh 73 A3k 3 T 5.27%,
4.22%F1 5.50% I REEEH AR, KA 1 mmoleL ' K& F S MHRR(CDCA)FLWR Fit 775 b dEAT AL S, = ekl () R 5
PR MR T3 5.46%, 4.98%A1 6.26%.

REEE SRR RRIEME M G HLYRL JetRiERe

Synthesis and Photovoltaic Properties of Organic Dyes Containing
Dendritic and 3D Triphenylamine Derivatives

Zhou, Xinyun' Xie, Lingchao' Wu, Kaile Tan, Songting™
ey Laboratory of Environmentally Friendly Chemistry and Applications of Ministry of Education,
Key Lab Ei lly Friendly Ch d Appl Mi Ed
College of Chemistry, Xiangtan University, Xiangtan 411105)

Abstract Three organic dyes with dendritic and 3D triphenylamine derivatives as the donor unit, benzoic acid as the acceptor
unit and benzothiadiazole (BT) or difluorobenzothiadiazole (DFBT) as the second acceptor were designed and synthesized.
The influences of different donors and second acceptors on the photophysical, electrochemical and photovoltaic properties of
dye-sensitizers were systematically investigated. The organic dye with dendritic triphenylamine derivative as a donor unit pos-
sesses a higher molar absorption coefficient, and the organic dye with 3D triphenylamine derivative (IDTTPA) as a donor unit
has a broader absorption spectrum. The dye-sensitized solar cells based on three organic dyes achieved power conversion effi-
ciencies of 5.27%, 4.22% and 5.50%, respectively. After optimizing the battery with 1 mmoleL ™' co-adsorbent chenodeoxy-
cholic acid (CDCA), the power conversion efficiencies of the organic dyes were increased to 5.46%, 4.98% and 6.26%, re-
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spectively.
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Figure 1 Chemical structures of organic dyes ZD1~ZD3
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Figure 2 UV-vis absorption spectra of organic dyes
(a) Dilute solutions of CHCl;; (b) TiO, films
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Regents and conditions: (a) THF, LDA, BuzSnCl, —78 C, 12 h. (b) toluene, Pd(PPh;),Cly, reflux, 12 h. (c) THF, Pd(PPhs)s, Cul, NEt;, TMSA,
reflux, 24 h. (d) THF, TBAF, r.t., 10 min. (e) THF, NEt;, Pd(PPhs)s, Cul, 60 C, 24 h. (f) THF, H,O, KOH, 80 °C, 4 h. (g) toluene, Pd(PPh)s,

reflux, 24 h.
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AR 1 AHLYER ZD1~ZD3 (14 k2
Scheme 1 Synthetic routes of organic dyes ZD1~ZD3

© 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2591



LI 5K
S 3.09X 10% 2.96 X 10* A1 1.94 X 10* Lemol 'ecm .
AN T4kl ZD1, 7655 AR b T AR T 1) 1.0+ oy
§ N e N —A— 7D3-UV
Yokl ZD2 BT T e J1n5E, 1 N AL R 0] v mipL

©7 ENeay

55, ICT WIS R B B /b, 549k ZD1 #1 ZD2 AH
bb, Jekl ZD3 [ K ICT WEZ0F% T 29150 nm, X EFIH
K T-7E ZD3 1 3D = RATAY) (IDTTPA)SA AR IGHE
B2 558 SRR K T —M(DFBT)ME, ICT fEHE
FAEPYT = AN YR IR B R TR S R B A ke e T ekt
N719 (1.4X10* Lemol'e  em™ )% K BE /R i 22 %k,
FHIX =N GURHEAA BT LRI RE ).
#F 1 AHLYk ZD1, ZD2 F1 ZD3 [t g
Table 1 Photophysical properties of organic dyes ZD1~ZD3

Japs/mm (e/10~* Lemol 'ecm™)

Dye o ICT Aaps(film)?/nm - A, S/nm
ZD1 308 (2.72) 403 (3.09) 401 488
ZD2 308 (2.51) 400 (2.96) 394 488
ZD3 379 (2.06) 550 (1.94) 544 709

¢ Maximum absorption in CHCl;;  Maximum absorption in TiO, films;
¢ Maximum emission peak in CHCI;.

£ TiO, IEWL PR AT, ZD1, ZD2 F1 ZD3 [k
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Figure 3 Absorption and emission spectra of organic dyes
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Figure 4 Cyclic voltammograms of organic dyes ZD1~ZD3

F£2 HHYE ZD1~ZD3 AL H ¢
Table 2  Electrochemical properties of organic dyes ZD1~ZD3

Eo/V Ewd/V EoafV
Dye Aw/nm  Eoo/eV 'NHE) (vs NHE) (vs.ngIHE)
ZD1 443 2.80 0.81 —1.99 1.49
ZD2 444 279 0.79 —2.00 150
ZD3 629 197 0.60 —1.37 0.87

© 2019 Chinese Chemical Society & SIOC, CAS

“Zint: A of the intersection between normalized absorption spectra and emission
spectra; Ey.o=1240/Ai. The value of the electrochemical band gap (Egyp) is
equal to the difference between the reduction potential of the dye and the TiO,
(—0.5 V vs. NHE) conduction band energy level.
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Figure 5 Calculated molecular coplanarity, molecule orbitals and energy levels and band gaps of the dyes
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Table 3 Photovoltaic performance of organic dyes ZD1~ZD3

Sample  J/(mAscm ?) V,/V PCE/% FF [/(molscm )
ZD1 10.58 0.69 527 0.73 3.3X107’
ZD1+CDCA 11.30 0.67 546 0.72 2.7X107
ZD2 8.24 0.69 422 074 9.8X10°¢
ZD2+CDCA 9.43 0.69 498 0.77 7.2%X10°8
ZD3 11.18 0.70 5.50 0.70 4.3X107’
ZD3+CDCA 12.33 0.69 626 0.74 1.8X10’

NT SR GRAE TiO, R Xt Yukl
JEARPERERIFZIA, 7E QSRR B TiO, 1) i #2 o 4331
B 1 mmoleL ™' CDCA. JLHE 5] CDCA 7E—EFEE L
Al DA Yo RHE TiO, AR LI IR, #i gurl 2
TARGREE, Wi g gur s R Rl 7en
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Figure 8 Nyquist plots of organic dyes ZD1~ZD3
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Figure 9 Bode plots of organic dyes ZD1~ZD3
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'H NMR (CDCl;, 400 MHz) J: 8.09 (d, J=8.4 Hz, 2H),
7.76 (d, J=8.4 Hz, 2H), 3.95 (s, 3H); MALDI-TOF MS
caled for C;¢H;BrF,N,0,S 407.9380, found 407.7667.
322 44-((1EVE)-Q-(Q-T AT A)AK)-5-(=F
Ak ) Tl A)-1,3- R ) (T H-2,1- = 2 )) L
((N,N-=3F 7 3K 3 ) F R 15 )(8) 89 & A%,

)R BRI A B ) 100 mL = X [REB Hh R 7k
TIANALEY) 7 (1.00 g, 1.14 mmol), 40 mL 57K PY &R
(THF), fhH7= 4 X, £ N, ZUHE TR Pd(PPhs),
(131 mg, 0.11 mmol)F1 Cul (21 mg, 0.11 mmol)LL & 10
mL =ZJ%, 50 CHEE 1 h. RIF N =3 2 bhdbrt
(560 mg, 5.7 mmol), Rk 24 h. fF B R
HE R, B RMBAEIN 100 mL 258K, #ikk 5 min,
SRJGF CHLCL, AHL(100 mL X 3), AL 57K BE4:(100
mL X 3), FHTEK MgSO, F15, FREIIE, 8T 2:BRi
A, A=A RE AT E AT B MR VOCa ) @ (&
Fli)=3: 1], 1 0.60 g #E@[Ek, =R A 59%. 'H
NMR (CDCls, 400 MHz) §: 7.62 (s, 2H), 7.35 (d, J=8.6
Hz, 4H), 7.27 (s, 1H), 7.23 (s, 1H), 7.09~6.98 (m, 22H),
3.70 (d, J=5.3 Hz, 2H), 2.32 (s, 12H), 1.75~1.73 (m,
1H), 1.67~1.62 (m, 2H), 1.42~1.29 (m, 6H), 0.96~0.82
(m, 6H), 0.27 (s, 9H); MALDI-TOF MS calcd for
Ce3HesN,0Si 896.5101, found 896.4069.

323 44-((1E,1'E)-Q-(Q-T kX e &) A H)-5-T b & -
1,3- 3R ) (T M -2,1- = F ) ((V,N- =3 F R )
R ) (9) 89 A Ak

7] 100 mL . C R FHE AR AL S92 8 (0.60
g, 0.67 mmol), 50 mL THF & U T 3£ L4 (TBAF) (1.3
mL, 1 mol/L in THF), Z & TR 10 min. KM
A 100 mL 7&K H, $#FE 5 min, 285 CH,CL A HL
(100 mLX3), YFIEERKPEE(100 mL X3), FFHIEK
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MgSO, T4, FEIIIE, I LBRIER, M= MAERER
HEEMTBERR: &P k), 45047 g st ik, 500
85%. '"H NMR (CDCls, 400 MHz) 6: 7.64 (s, 2H), 7.35 (d,
J=8.6 Hz, 4H), 7.27 (s, 1H), 7.23 (s, 1H), 7.09~6.98 (m,
22H), 3.70 (d, J=5.5 Hz, 2H), 3.05 (s, 1H), 2.32 (s, 12H),
1.75~1.73 (m, 1H), 1.49~1.25 (m, 8H), 0.96~0.80 (m,
6H); MALDI-TOF MS calcd for CgHgN,O 824.4706,
found 824.3765.

324 4-((7-((3.5-((E)-4-(=3 ¥ RERK)RCTH
H)-4-(2-T A T H) AR ) T )R IH[][1,2,5]
R o4 H) T )R P BR P BS(10) 89 4k

A7 AR I 50 mL P R JES e A Ak om o
&5 (45 mg, 0.12 mmol). L& 9 (100 mg, 0.12
mmol), 30 mL THF PLK 7 mL = Z %, FRE A &Rk
TR HAE, = 4 W, £ Ny 5B MK A
Pd(PPh;), (21 mg, 0.02 mmol)#1 Cul (3 mg, 0.02 mmol),
60 ‘CJ 24 h. 4 BEBFEIAN 100 mL Z& 18K, sk
5 min, )5 CH,CL A HU(100 mL X 3), HAI&h/K¥kE
(100 mL X 3), FEHTEK MgSO, T4, & ELIE, Wk
ZBREET, AR BT E AT BB VA )
V& H B =2 1], 5 75 mg B EEAE, =N 56%.
'H NMR (CDCl;, 400 MHz) §: 8.08 (d, J=8.2 Hz, 2H),
7.83 (d, J=9.3 Hz, 4H), 7.74 (d, J=8.5 Hz, 2H), 7.49~
7.29 (m, 6H), 7.22~6.85 (m, 22H), 3.95 (s, 3H), 3.76 (s,
2H), 2.33 (s, 12H), 1.82~1.75 (m, 1H), 1.31~1.25 (m,
8H), 0.96~0.83 (m, 6H); MALDI-TOF MS calcd for
C76HesN4O5S 1116.5012, found 1116.3001.

325 A4-((7-((3,5- 3 ((E)-4-(= 3 7 K A& R A)K T H
A)-4-(2-T AT H)AA)K L) T A)-5,6- = AR IH
[c][1,2,5]7 == -4-3) Tk ) 3K F 8L F BE(11) 69 4 A%,

WA 11 A BOS BB T A 10 K6 BOP IR,
RTAEY S B ED 6 (49 mg, 0.12 mmol)H
Al P2 57%. 'TH NMR (CDCls, 400 MHz) o: 8.11~
8.08 (m, 2H), 7.82 (s, 2H), 7.77 (d, J=8.4 Hz, 2H), 7.42~
7.28 (m, 6H), 7.18~6.90 (m, 22H), 3.96 (s, 3H), 3.75 (d,
J=5.3 Hz, 2H), 2.33 (s, 12H), 1.77 (s, 1H), 1.31~1.26
(m, 8H), 0.96~0.83 (m, 6H); MALDI-TOF MS calcd for
C6HeoFaN4O5S 1152.4824, found 1152.3013.

3.2.6  FAH ZD1 494 &

)2 AT VIR 1) 100 mL 75 11 B JEE B Ak Ui
1b&4110 (0.62 g, 0.55 mmol), THF/H,0 (40 mL, V : V=
1@ DAESEALER(0.25 g, 4.46 mmol), THE A4k, 7EN,
ST 80 CME 4 h. BRI 100 mL ZE 18K H,
Pkt 5 min, 28)5H CHCL 220 (100 mL X 3), MIFI£Eh
IKPEER(100 mL X 3), FHIEK MgSO, T/, & EidjE,

2596 http://sioc-journal.cn/
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PR L BRI, M= ARERAE ZE TR (=&
) @ V(FREE)=10 : 1], 1§ 044 g HEFEIE, mER
73%. m.p. 230~232 ‘C; '"H NMR (CDCl;, 400 MHz) ¢:
8.13 (d, J=8.3 Hz, 2H), 7.83 (d, J=12.0 Hz, 4H), 7.77 (d,
J=8.2 Hz, 2H), 7.38 (d, J=8.6 Hz, 4H), 7.29 (d, J=12.6
Hz, 2H), 7.19~6.93 (m, 22H), 3.75 (d, J=5.5 Hz, 2H),
2.33 (s, 12H), 1.81 (s, 1H), 1.31~1.25 (m, 8H), 0.96~
0.83 (m, 6H); >C NMR (CDCl;, 100 MHz) ¢: 166.46,
155.37, 154.38, 148.07, 145.06, 132.89, 132.30, 131.92,
130.50, 130.09, 129.63, 129.61, 128.20, 127.43, 127.22,
12491, 122.16, 119.98, 118.15, 98.32, 96.32, 88.11,
84.64 , 65.59, 41.01, 30.75, 29.74, 29.46, 23.92, 23.15,
20.87, 14.15, 11.47; MALDI-TOF MS calcd for CssHee-
N4O;S 1102.4856, found 1102.1807. Anal. calcd for
C;75sHgN405S: C 81.64, H 6.03, N 5.08; found C 81.55, H
6.09, N 5.06.

3.2.7 FH ZD2 ¢ 46%

JeRL ZD2 1)E TS ekl ZD1 1A RTT 2R,
ME— AR RS 10 LG4 11 (0.50 g, 0.43 mmol)
KRB, 1538 037 g mEMEME, F=FHN 76%. mp. 243~
244 °C; 'H NMR (CDCl;, 400 MHz) 6: 8.21~8.13 (m,
2H), 7.89~7.64 (m, 4H), 7.38 (d, J=7.4 Hz, 4H), 7.30 (d,
J=4.5 Hz, 2H), 7.19~6.94 (m, 22H), 3.75 (d, J=4.9 Hz,
2H), 2.32 (s, 12H), 1.77 (s, 1H), 1.30~1.25 (m, 8H),
0.96~0.83 (m, 6H); *C NMR (CDCl;, 100 MHz) o:
166.34, 155.72, 150.28, 148.08, 145.03, 133.74, 132.88,
132.40, 132.08, 130.68, 130.37, 129.98, 129.70, 128.27,
127.45, 126.49, 124.93, 122.10, 119.72, 117.67, 104.52,
102.02, 80.84, 70.61, 63.06, 41.01, 31.96, 30.73, 29.75,
29.47,23.88,23.17, 20.89, 14.17, 11.49; MALDI-TOF MS
caled for C;5sHgFoN4O3S 1138.4667, found 1137.5554.
Anal. caled for CosHgFaN,05S: C 79.06, H 5.66, N 4.92;
found C 79.19, H 5.74, N 4.87.

328 4-((7-(6-(=*F ¥ R K A H)-4,4- =3 F R -
AH-20 F[1,2-b]E " -2-%)-5,6- — AR H[c][1,2,5]%& =
w43 T )R F BR T BE(13) 89 6 A%

[ 5 A BRI VA R 1K) 100 mL 75 11 5 JES B Hh A vk
AL S 12 (0.30 g, 0.42 mmol). 6 (0.21 g, 0.51 mmol)
PAK 50 mL Jo/KHZR, #HE2E 4 IR, 75 Ny mE A
Pd(PPh;), (80 mg, 0.07 mmol), [FIEBEKN 1 d. FJx
MRAEIA 100 mL Z& 187K H, $i4E 5 min, 285 H CH.CL
FEL(100 mL X 3), MR EHKPES(100 mLX3), FiH
To/K MgSO, T, #EITIE, 8UE LRI, FrisE 4
SRERAEEATTEMR: VCRIEE) @ (LR LBR)=15 :
10, ML —E P/ R E L, 19020 g K
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[EfA, 773N 54%. "H NMR (CDCl;, 400 MHz) J: 8.30
(s, 1H), 8.08 (d, J=8.4 Hz, 2H), 7.75 (d, J=8.4 Hz, 2H),
7.37 (d, J=8.3 Hz, 1H), 7.18~6.89 (m, 18H), 3.95 (s,
3H), 2.31 (s, 12H). MALDI-TOF MS calcd for CssHzoF,-
N;0,S, 875.2452, found 875.1281.
32.9 #H ZD3 4945 &

ekl ZD3 1A T S ek ZD1 (G 753,
ME— AR LAY 10 FHALE97 13 (0.50 g, 0.57 mmol)
K. 155035 g LA, 72K 71%. m.p.>300 C;
'H NMR (CDCls, 400 MHz) 6: 8.30 (s, 1H), 8.13 (d, J=
8.0 Hz, 2H), 7.78 (d, J=8.3 Hz, 2H), 7.37 (s, 1H), 7.18~
6.89 (m, 18H), 2.31 (s, 12H); *C NMR (CDCl;, 100 MHz)
9: 170.21, 155.51, 155.09, 145.00, 141.63, 136.41, 132.83,
131.99, 130.17, 129.88, 129.05, 127.90, 124.73, 121.43,
120.71, 120.47, 100.11, 99.52, 63.15, 21.02, 20.87; MAL-
DI-TOF MS caled for CsyHs7F,N30,S, 861.2295, found
861.0813. Anal. caled for Cs4H;3,F,N30,S, C 75.24, H
4.33,N 4.87; found C 75.13, H 4.44, N 4.80.
3.3 FRHRMI=AIN =

Fef K i TiO, R A AR A HLALRL, SR 5K
FHRL TiO, 85 F B IR WL 7E £ B R 28 TR K IR AR B LG Ry
1.1/ NaOH /7518 /KiE#H (5 mL, 0.5 mol/L)it
ATIEIR B, 296 12 h J5, D043 M5 B ) 25 Ah— T DL
WO, FEE IR K TR BER R R 2. FRYE =
R EBIR o 35 R B )
3.4 PR KBARER M AIHIE AR MK

TiO, BRI 4% ) FTO T H BRI FALBE 2%
BRIEAT[23, 32].

¥ FTO JHN 40 mmolsL ™' ] TiCl, &, 70 ‘CIHIR
30 min, ffH-FHMMPTR—ZECER TiO, M. A
UFH TiO, AR S4BT TiO, R, (FIH/EEL
910 pm. RJE, BN, FHREF] 450 C, #ub
30 min. AR AR, B SRR, &5, WL
ROERAM TiO, s B BT /5 K/ . i i
T F R I AF I A RHA TR 1 (0.4 mmoleL ™', &
Fr), WeBft 10 h. DA 9BARK, DLEAGIEJE XA /1)
AN AR TN FE AT A2, ) A5 RS RHEL K B g
M, SR JE B R CSREAT EE, FExt HOB R Re AT M.

4 BIi#1# (Supporting Information) 1L&4 6, 8, 9, 10,
11, ZD1~ZD3 f] '"H NMR, *C NMR JJi it [, Xkt
REA] PL G 2 AT W93 (http://sioc-journal.cn/) & T %K.
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