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WE DSTRIER . SHEIEEIS. 8- FRILMEIbk . 4-AHFEA0 A — F I DU RS IR B 9 B JEURE, A8 T AR 2(3)-[ Ol il
FERHD E AR AE]-9(10),16(17),23(24)- = (8-MEMR ) BFERF (TQPe).  FHRAHL 2141 JU# A AT S53RAE TQPe BA KT IR AL
GWEER, TQPe TGS RILE T2 - BTG, FIHERIMDEERF T H NN-—F 3L H BEf (DMF) Al
CH,Cl, ¥R WO i PR, 45 SRR WILE DMF Hh 32 22 USRI TE A7 AR, IR AE 0.223X 10 °~2.587 X 10> mol/L i,
TQPc £ CH,ClL B A FAKIAAAE, S5 2145 %0k 0.24 X 10° L/mol. FAAEMAR 598 T TQPe AL
JBAT A, a2 IR 2 BER R T BEZ 45, LUMO (—1.04 V vs SCE) Al HOMO (0.78 V vs SCE) 54k TiO, Siifig
RULIC, TR bk BRARC L 1) FELr A A R E T S MR A K BH g it

KREEE PR, 8-FRALMEME, =K%, JGRALEL, IRk

Synthesis and Study of Properties for Asymmetric
Triphenylamine-Zinc Phthalocyanine

Mao, Lijun Tan, Qinglong Xin, Guanqgiong Han, Mingliang Zhang, Xuejun*
(Department of Chemistry, College of Science, North University of China, Taiyuan 030051)

Abstract Triphenylamine-zinc phthalocyanine (TQPc) that contains a bulky triphenylamine group and three 8-oxy-quinoline
groups has been found to exhibit preferable performance. The first example of TQPc has been synthesized. Its zinc complexes
of the well-known electron transport material displays enhanced electron-accepting ability relative to free- metallophthalocya-
nines, and can also be used as chemical sensors, liquid crystals, photodynamic therapy, data storage and non-linear optics. The
triphenylamine-zinc phthalocyanine is synthesized by statistical condensation. The main chemicals are aminophenol,
p-chloronitrobenzene, 8-hydroxyquinoline, 4-nitrophthalonitrile and zinc acetate. The fragment 4,4'-dinitro-4"-hydroxy-
triphenylamine is synthesized by the reacting from aminophenol with p-chloronitrobenzene at the catalysis of anhydrous po-
tassium carbonate. The gross yield is 27.5%, and its purity is 96.6%. In comparison with other methods, there are some advan-
tages in this method: the materials are cheap and easily available, and the product can be used as a substituent for phthalocya-
nine. All compounds are characterized by 'H NMR, IR spectra and elemental analysis. The electronic spectra of TQPc exhibits
an intense 7-7t* transition of triphenylamine unit identity together with characteristic B bands of the phthalocyanine core. En-
ergy transfer through oxy bridges has been confirmed by ultraviolet irradiation of triphenylamine. The aggregative behavior is
studied in DMF and CH,Cl,. The results indicate that it is not aggregative in DMF, whereas forms dimer in CH,Cl, at 0.223 X
107°~2.587X 10> mol/L. The equilibrium constant for the dimer is calculated at the same time, indicating that the less polar
solvent is unfavorable for the presence of the monomer. The redox behavior is studied by cyclic voltammetry. Its level struc-
ture of energy band is calculated by cyclic voltammetry combined with differential voltammograms, this molecule has been
found to have a low LUMO (—1.04 V vs SCE) and a deep HOMO (0.78 V vs SCE) energy level. The results indicate that it
matches with the energy level of the nanocrystalline of TiO,, and is thus very promising as an electron transport material for
dye-sensitized solar cells.
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(1) 2 Bl W) o3 S Ae A, 0 2 L = 2R R A A W) — (OO A
FERIL)Z LAWY (1), 135 4-WEFEARR — F I e b A5 2
IR T (2), AT = 2R i 2 [ 2 B K KA L.
WF 0 W) = 2R e Ik A1 B JEAT 2B 4 HAT AR B IR 45 v 7 i
71, 1 BALH 1 3 AR EA ISP R, o7 LA ik
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R iF J 23 J5 ) 2 R Ay (1) 1k IDOAR 432 38 K K34 |
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ST 8 FPAS [ 1Y) DMF, CH,ClL, %, ¥
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Wik, DL 1 AT 218 T Sk U ) RSV A R
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Figure 1 Absorption spectra of TQPc in DMF
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Figure 2 Absorption spectra of TQPc in CH,Cl,

&1 TQPc £ DMF AN L 4 it
Table 1 Spectral property of TQPc in DMF (4, =679 nm)

Entry  co/(moleL™") A go/(Lemol 'ecm™")
1 1.160X107° 1.578 1.36X10°
2 1.014%X107° 1.359 1.34X10°
3 0.861X107° 1.180 1.37X10°
4 0.706X107° 0.960 1.36X10°
5 0.492X107° 0.669 1.36X10°
6 0.370X10°° 0.499 1.35%10°
7 0.232X107° 0316 1.36X10°
8 0.132X107° 0.178 1.35X10°

© 2012 Chinese Chemical Society & SIOC, CAS
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Table 2 Spectral property of TQPc in CH,Cl, (A.x =683 nm)

_ / el
Ent /(molsL ! e L
niry - cy/(mo ) (Lemol 'ecm™!) (Lemol 'scm?)
1 2.587X107° 2509  0.970X10° 2.434X10°
2 1.644X107° 1.784  1.085X10° 1.935X 10°
3 1470X107° 1.634  1.112X10° 1.818X10°
4 1331X107° 1511 1.135%10° 1.715X 10°
5 1.110X107° 1307 1.177X10° 1.538 X 10°
6 0.743X107° 0936 1.260X10° 1.180 X 10°
7 0470X107° 0.630 1.342X10° 0.846 X 10°
8  0223X107° 0319 1.430X10° 0.456 X 10°

TR, M Eq. 1 1R EMPREE, RILY n=
2 RS R 3), Hknl ) TQPe fF CH,Cl,
HHI R AR, B 3 1 B AREE AR SR HY
PR R BE IR WO 228 e=1.48 X 10° Lemol 'scm ™' F1 2K
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Figure 3 Aggregitive equilibrium digram in CH,Cl,
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EATTHIHRFAE Q 43 HIAL T 679 A1 683 nm, AHX 5 TEEAR
& JEBKEEE 670 nm W] B2 AR, R TQPC K &2 —Ff
IR I EEGR). B A5 #8671 355 nm 22457, CHLCLy %
VIR Wi 417 A 5 DMF 45 4 nm (4045, W] g/ CH,Cl,
(A R B OB PE B /N T DMFPH i S50 TQPe Wil
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YERIE R, S5 RIBOERE a B siE IS, 5
T, Yokl J-AUR H-BL PR R AR AT M), TR R AEAT
HenBABNE, BHINE Kt H-BREISR
SN, HIEUE TQPe 4 CHLCL H 242 T J- B S8
4. tH TQPc MIWBOGIE Ry %1, HAE 355 nm 24
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mA/s, FIHETEE A —2~2 V. WIEFRR 22 K rba] 455
VB R iy RV LA o, o DA S BEI AR 0 FLAL 4, 1A HRLAT
P NI TLXF I TT ON, fhek B R YRR, BNt BRI
FLJAE 14 L R RN F A7 P 256 43 1) g 0,
i /i

pa pc

~1 @)

22RT 56 .
A(pzwpqa—gop&: e =7mV(25 C) 3)

Current/mA
=)
—

53
(=}
T

40 -

L L L L L PR L PR "
-2.5 -20 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 25

_60 I 1 1 1 Il Il

Potential/V

&l 4 TQPc 7E DMF " [FIfHFRMR 22 ith 2k

Figure 4 Cyclic voltammogram of TQPc in DMF
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LE A A6 L & PPC 1 QPC B 5 EAT mom* 324,
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T a5 F A A5 3812831, E1poo X VIR EBRF ) HOMO fig
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Figure 5 Cyclic (—) and differential pulse voltammograms
(---) of TQPc.
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ARENTEL JEAN, TQPe ff) HOMO Hi %y T4 A0 J5
HX) T /I;7 (0.2 V vs SCE), iXFEn] PA A2 5% i 711
TQPc' M I 2T F4E. K 10 /& TQPc MIBEL 2 i
K. A 6 i LUE L Tio, S e IULRe, nfE N
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Figure 6 Energy level diagram for TQPc
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HLAL2Z AT LK2005SA, REETT 22 ) B2 B 7k
RATIR AT LLAME AL FI-TR4800S, H A By HAfF 57
B, BT DZF-6020, ] F IR ST TAHEACEA TR
ST e 76k 2% RE-52C, g i il A4 8
AIRTHT AT, B B BAUE e 4 X4, Jbnide
FAXERAT B2 H.
3.3 ZBHE
33.1  “ArERSTHER T e9E R
ORISR I R () A S RAE: AE =
B IIASTIE RS AR 3 g, 0.019 mol), SR IEARI(1
g, 0.0095 g), BIRHN(3.5 g). HEREI 12 mL It
WK, 8 mL HIZE, IAF = IR, 2afri i,
PEREIAIR 14 b, ROVEE 176 °C, 153IBkM 5 52K
Ve BRVE. IR, TR B4, ftiRadsw . e
1.1 g, 7% 27.5%. m.p. 216 C; 'H NMR (DMSO-ds)
5: 8.190 (d, J=9.0 Hz, 4H, ArH), 7.493~7.532 (m, 2H,
ArH), 7.355~7.393 (m, 1H, ArH), 7.275 (d, J=8.0 Hz,
2H, ArH), 7.204 (d, J=9.0 Hz, 4H, ArH); IR (KBr) v:
3651 (O—H); 1513, 1348 (NO,), 1599, 1466, 1396 (C=
C), 1184 (C—N) cm ! Anal. caled for C;gH;3N;05: C
61.48, H 3.69, N 12.09; found C 61.50, H 3.70, N 12.06.
4-[ Z O R EE AL Z SRS L AR I IF ) A
WS R BALAEY 1 (0.8 )Ml 4-fFEARZE (0.4
QWAAE 20 mL — HIEL A+ (DMSO), st
LiOH*H,0 (0.8 g), 7£ 40 ‘C NHi+: 48 h. K ViR &
{8\ 200 mL VKK HHTHED0GE, HhiE, JEDFRHKVER,
MK CBEESS T 78 0.75 g, 7% 62.5%. m.p.
>200 ‘C;'H NMR (DMSO-d) J: 9.0 (d, J=8.0 Hz, 2H,
ArH), 8.65~8.18 (m, 5H, ArH) 7.0~6.62 (m, 8H, ArH);
IR (KBr) v: 2238 (C=N); 2361, 1240, 1082 (C—O—C),
1599, 1466, 1396 (C=C). Anal. calcd for C,sH;sNsOs: C
65.38, H 3.18, N 14.79; found C 65.40, H 3.20, N 14.80.
4-(8-FEIEMEIR) S8R I ) I S R AE: ¥ 4-
THFEAR A HI5(0.866 g, 5 mmol)Fl 8-FFHEMEMK(0.80 g,
5 mmol)%i#AE 10 mL DMF ', s fa, AT
/K K,CO5 (1.0 g, 7 mmol). FIZIHEFE, 2 h Ja4hin 0.5 g
KyCO;. JNAEZ RS T RIZHE 32 h, WA 60
C. WS K SN R S BN KoK, IFBERE 15
min, IETCIEY, R ZEMKIES. H G K I E 4G
i, R T B PR 143 g, PR 85.8%. kK (Bl 1A,
m.p. 212 °C; '"H NMR (DMSO-d;) 6: 7.19~8.35 (m, 7H,
ArH); IR (KBr) v: 3101, 3074, 3038 (H—Ar), 2259 (C=
N), 1587, (Ar—C=C); 1254 (Ar—O—Ar) cm '. Anal.
calcd for C17HgN;0O: C 75.26, H 3.35, N 15.48; found C
75.28, H 3.32, N 15.50.
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332 2-(=(AFAEA R BRI K AI)-9,16,23- = (8-
ok ) 4% BA A (TQPC)#9 & A 5 R AE

253313 MY E RS A 030 g,
0.51 g), MALREE(EI & EM ), Aot 720
WFANAE R A W AR A, BRSO B = 1 Beiil
o, N 30 mL e IE R, AR 6~10 ¥
DBU, &2 Tl ik, fFH 5 187 52 145
C, GREHEPE 8~12 h, RGAME M, AHGZE N
AN— B PR EE 15 min, HHIETTIE, FH PRI S
ek, 19 SRaR [k, BT TR T B4R
afi, ] 80~100 HEER, V(&) : (LR LTE)=10 @ 1
PR EE A A DU MM A R BE R R . 2 JE D VORI -
VLR OTE)=1 11 PR, BB TEE kit
ITRE M B dat, 1 80~100 HREMR, M W& M) :
VLR CTE)=1 1 2 Ve, WEEMANtay, L8 TG
3 3 P o €6 AT 1) SR 2 [ A, R RAEAFH, 26 A
J B, PR 0.19 g, PR 23.46%. SEEAE AR, m.p.
>200 °C; 'H NMR (DMSO-dg) : 8.85~8.62 (m, 4H,
ArH), 8.58~8.46 (m, 3H, ArH), 7.9~7.45 (m, 35H, ArH);
IR (KBr) v: 1482, 1666 (C=N), 2361, 1240, 1082 (C—
0—C), 1599, 1466, 1396 (C=C),1110 (C—N) cm "
Anal. calced for C;7H4oN1405Zn: C 68.20, H 3.10, N 14.47;
found C 67.93, H 3.27, N 14.43.

3.3.3 RG]

YERRR L — 5 B 110 2-( - CRH A 25 28 ) S L 2R 41
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