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5,10,15,20-P9-[4-(N-Hi) T fe S 2R BN B H 1 IS & R Bl 5 A9
BRREBRERIAR

I B ke EEZEC  FrxC  F @ JRREE
(EMORAE BT KAF 130021)
KB E R K2R 130032)

WE WM T R IRIER 5,10,15,20-DY-[4-(N-HE M) T e R 3L n bk (1) S Had i 4 B I & [M=Co (2), Ni (3), Cu
4), Zn (5)]. WA EHEILRERE . RA-TT WIS JTCRHT LLAMERE LU 2 i 6] i I 4 Jm MRS A kAT TR
fiE, FERFFE T MR 5 1K 5% 6k BRI R T 6 Fi R M. bk 1, 3, 5 BAT RN DO, HAhnhk 5 (P9 s R TR T
ZnTPP, IRIFE 2 Fl 4 RAEDGHEERK. TR 2~5 (R THDE RN 45 R0, SN0 s 5 e R A5 5 25 4 Lh s 1A 2
5.
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Synthesis and Photoelectrical Properties of 5,10,15,20-
Tetra{4-[(N-carbazyl)butyloxyphenyl]}porphyrin
and Its Transition Metal Complexes

Wang, Binbin“” Shan, Ning* Xia, Aiqing” Wang, Yunfang®
Yu, Miao® Shi, Tongshun™®*
(“ College of Chemistry, Jilin University, Changchun 130021)
(® College of Chemistry, Changchun Normal University, Changchun 130032)

Abstract A novel 5,10,15,20-tetra{4-[(N-carbazyl)butyloxyphenyl]}porphyrin and its transition metal complexes [M=Co
(2), Ni (3), Cu (4), Zn (5)] were prepared and characterized by UV-Vis, 'TH NMR, IR, Raman spectra and elemental analyses.
Compared with the porphyrin ligand, the number of the absorption bands of the metalloporphyrin complexes decrease, the
most remarkable difference was the absence of some Q bands. When the metal ions substituted the protons on the N atoms in
pyrrole rings, the symmetry of the molecule was changed from D, to Dy, therefore their absorption spectra were changed to
some extent. The IR bands at 3315 and 966 cm ™' in the free base porphyrin ligand are assigned to the N—H stretching and
bending vibration of the porphyrin core, respectively. The N—H stretching and bending vibration disappear in the metallpor-
phyrin complexes, since hydrogen atom in N—H bonding is replaced by transition metal ion. There were high fluorescence
intensity and fluorescence quantum yield of the porphyrin ligand and its zinc complex. Fluorescence quantum yield of porphy-
rin zinc complex was higher than that of ZnTPP. The fluorescence intensity of porphyrin nickel complex was quenched partly
but the fluorescence intensity of porphyrin cobalt complex and porphyrin copper complex were quenched completely. This
indicates fairly certainly that the spin forbidden process S;~—Tn is predominant for radiationless deactivation of S, in por-
phyrin compounds. Contrary to the results of the fluorescence intensity of porphyrin complexes, there were high surface
photovoltage of porphyrin cobalt complex and porphyrin copper complex without external field. Competition process was
showed between fluorescence intensity and surface photovoltage intensity. Positive external field could increase surface
photovoltage intensity of porphyrin complexes. Surface photovoltage spectra of porphyrin complexes were influence by the
property of external electric field which indicated that the porphyrin complexes were probably used for photovoltaic materials.
Keywords porphyrin; transition metal; complex; synthesis; fluorescence; surface photovoltage
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bk 3 B REER IR SL B g4y, Lo F i
) HOMO FeZ 1 LUMO ReZi 2 (Al Eeg 22/, vl LA
PR A AT e AL A L AL L, BT LARRIBR 2 1 H
FIHR IR EAL IR TR, ATE L& T £
Pl AT RUFIIPER . ALk BRI R bR B 4 S bk, FFH¢
FON AE S H g e, LR ks, 8
o3 E AR K BH e A VR 22 D T

HHT, PSR S A Rk T e 3 (AT 11 DY 4 5 bk e
GV BRI R A L5 R TR R SR, R A Sy
IhRE L AT LU 200 AT B ARG, — i eI
) & @ b ke & s A Sc AR T
5,10,15,20-PU-[4-(N- R ) T8 S A T bk S ok i 4
JEE A PIM=Co (2), Ni (3), Cu (4), Zn (5)]. Bl 44h-
AT A f2enE. U T DL BALRESL
PRV I I 4 B MR S AT T SRAE, AT T
RBBRAE it R 2 G P RIS T F s MR BT, Az &x g nt
IR AE ' HL A TR RIS 40, T (A FE.
1 ZRETE
1.1 RS- AREMT RS

BBk 1~5 [R5 A0 AT WG i 5 R oG 22 70 T £icdis 41
TR 1

HNBRRAL E 420 1FD 58 10— AT LIRS il A2 oy - A
So 73 M ERIT B A BRI A Sy F S, P2 AR, HL
T M Se—S; LET WX (500~700 nm);=4: 4 FGHITR
WU, FROM Q A7, So—Sy TEIT R AMX (380~450 nm) = A=
SRR IS, FROA Soret Y. HHFE 1 ATAN, FERMBRRECAA 1
MR Ah-1] BLGiE A, Soret 7 HHILAE 422 nm &b, Q H7dk
44, S RIHILAE 518, 554, 593 A1 650 nm Ab. ARk
BeARAILE, BCE4 2~5 1 Soret iy K4E T — M3,
H Q WML () Bk, e T 4 e B HE AR
WRER N 5 0 N BCAE, AF Doy 288 Day,, 31X FRAE
Wng, TR, ERCT BT R Rk, Q
K H g B R Ah =] UG 0 ] AR A ] 4 ) T
OSBRI, B T S En bR & 4. ik 1
HE vl 0L, nhk 1~5 TR R SR AR

4.
1.2 LI5Meit

NRIER 1~5 (LT AN GG AR 41 136 2, IMWRRC f4 1 76
3315 f11966 cm ™' AL R4 B I - S IR IR 0 N—H
PRI thiR 5, 48 B IR A NNBRER 5 99 A 0 7
2, X T RRRRAL 7 N—H 8 b AR T e
R, AT M—N B, IO BRI A ZE MRS S 1)
LUAMERE I BRSNS 1 R SRS
BUAE 997 em ™!, A IS A i s R v i 5O B HL G
5, K AL A2 MR A B IR A5 0 PR 2T A 1 1) 3
EHE. 3049, 2924, 2854 cm ™' FUL (AT Atk S I C—
H (H454R50, Hor 3049 em ™" 224 W ioig ly ZKFR ) C—H
P 1248 em™! fHE A C—O0—C RSN, 1599,
1464 cm ' BRI HEL T MEmE S IR 1 AR shige .
THEDN 4 M KBRS 4 NEFE, FrUAE 725
em ' RUEAE LR W ST YRR IR IR B, L0 AN IR
BT BT A AL B 45 4.
1.3 fBRiL

=D APy 0 N N Rt NIy AR T DA
AT R, RGN 7. B 1 45 T bk
BeAA 1 R A4 4 (b 26 . itk 1 &34 )8
Be & i B SR MA@ 5 T3 3. WK 3
A LAFE H NIRRT C 2 0 1 iz 2 0 4 I S AR TRD.
TR DK 514.5 nm, FOEARGIME Q IR
(7. 962 cm™ " JEIMIBREC A (RURF FE 0, th 2 ) A2 75 T 1
SERAWIIbRE. FARHIE 1551 em ™' (I E
Cr—CpMidR sl vy i, LA I AN G [n) iy 50 3
CEENNRBR AN, 32 T 9 4 5 n IR e & 4
G RNIR>TF-10 HR Day 28N Dy, 43 T HIRFRTE
Waw. XF oM iESE, BAWAE 1553, 1501,
1455, 1369, 1004 cm " BETIRBRER 1 f)-15 22 9 5 O
A Co® " >Ni2">Cu? >2zn*". XD Ay AT ] iy m bk
LR WIE R ST IE T T, MR AL AL 1) A s B
d HUBESH, 4 Zn® ' 1) de2 BUIE FIEFEH T I, bk
WL 4 DNRIETRHRER, fif SR !, Bl
751239 em ' (FIRBNIEVTE N C—Ph (IR, TE R &

R 1 NNR 1~5 FE SN WG RERITTER b Ed
Table 1 Data of UV-Vis spectra and elemental analysis of porphyrins 1~5

UV-Vis spectra, Ay, /nm (e X 1073 L-molfl-cmfl)

Elemental analysis”

Porphyrin

Soret band Q band C H N

1 422 (276.4) 518 (15.9) 554 (9.8) 593 (4.0) 650 (4.1) 82.90 (82.94) 5.85(5.80) 7.13 (7.16)
2 415 (222.0) 530 (25.6) 80.07 (80.03) 5.39(5.47) 6.88 (6.91)
3 423 (290.1) 541 (23.0) 80.00 (80.04) 5.52(5.47) 6.89 (6.91)
4 420 (316.4) 542 (25.0) 79.69 (79.80) 5.40 (5.46) 6.97 (6.89)
5 423 (264.0) 550 (19.8) 590 (6.3) 79.64 (79.71) 5.43 (5.45) 6.93 (6.89)

“ Theoretical values are given in parentheses.
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F 2 btk 1~5 B L0 KR (KBr, viem )
Table 2 Data of the partial infrared spectra of porphyrins 1~5
(KBr, v/iem™ 1)

1 2 3 4 Mode Assignment
number

3315 W VN—H(pyrrole)
3049 3050 3047 3045 3049 m VC—H(phenyl)
2924 2920 2922 2924 2924 s Ve—u
2854 2860 2850 2852 2850 S Ve—u
1599 1600 1602 1603 1601 m Ve Cp VCNs Ve=C
1464 1460 1460 1461 1464 m Ve=N
1329 1320 1327 1325 1325 m V(C—N)(pyrrole)
1248 1250 1246 1248 1246 m VAr—0—C
1174 1170 1170 1169 1168 s Ocpn

997 1005 1004 1005 1006 s T,

966 m 5N*H(pyrrolc)
802 806 804 806 810 m T,

721 725 725 723 725 m YCH—(CHy)4

porphyrin 4

porphyrin 1

I T T T T T T T T T T T T T T 1
200 400 600 800 1000 1200 1400 1600
Raman shift/cm™'

B 1 ke 1R 4 S ki
Figure 1 Raman spectra of porphyrins 1 and 4

# 3 nbuk 1~5 [h 2 S (em )
Table 3 Data of the Raman spectra (cm ') of porphyrins 1~5
1 2 3 4 5

Intensity Assignment

1551vs 1553vs 1553vs 1553vs 1540vs v, Ve ey
1492m 1501m 1501m 1500m 1484m ;s Phenyl
1453m 1455m 1455m 1453m 1452m v; Ve, ¢y

1361w 1369vs 1368vs 1360vs 1350vs vy VCa*N/vCa*Cﬂ

1239m 1239m 1239m 1235m 1240m v, U
1137w 1173w 1189w 1189w 1176w @5 ve, e
1079w 1074m 1073m 1071m 1080w vo vos
100lm 1004m 999m 999m 980m

vist®s Ve, cp/ve, N

962w Ve ﬂN*H(pyrrolc)
886w 886w 886w 886w v, Phenyl
331w 379w 379w 379w 379w g VN-M

Yla, W AR RS, WESIASEE T A, KR
FRBRER 7 A 7 L 3],
1.4 RAHIE

AR, DL, MEWREN 107°
molsL ™" ] 3 ANINWKIIZE e, I AT &S i
HHE K A IR (LA 2R IR SRR g b)) TR
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4 HpL RO BTG T ORI AL, nT LA B
HH(S,—So) BRI AN Q HH7(S;—So) IR, B s —
PR P R LA I ERAT, B S, ¥k, Q W IR
B A RIES T, BN S, %006, S, 708 AT AERIE
FIARAFE I T A R 2, BATRRIME S, %%, BT
Rk 2 AR 4 PGS, B2 4 H T nREC A 1
KMALHCAY) 3 R 5 56ROk K
420 nm). MGG E T WL, nbBREC A 1 ARG A 3 4 T
656 F1 657 nm AL U5 JE N> T3 — TR S, 2
B Sy MPOLRGE, ST RonE Qy0,0) 55T
BRIFR; BB 5 HATIRBR 5, 15 600 Fl 648 nm Ak
HILA S, 55 F RO IS T Qy(0,0)F Qy(1,0) 5
BIHR; BT 48 2 T X 58 62w 1R W 2 1), &
V)5 G RGBT, BlEW 3 9eiiyy, mE&Y 2 4
HIM A BN T2 R 6. IS Ny B I 5 R R
HL TR R IR 4 B 25 11 Co(I), Cu(ID)4x @ 4h 2 145 7y
1) d Bl RO IR, XA R S MR A
FRBC A ) AT AR SR L R 2R, nRIRRER (1)K o S fA
RIGHEOIR, R 4 Jm R A nen R RS
& a2 EA R AR BENATEAER, B
EAMZER, XWHREMN AEL EE R — 2
B, LR R A e R R O B SR VRERIT,
S BT R R AR i FLWRE TR A AR N T A
ZAHr i S AR AT AR 2 AN L )
7 AR IR (B RGN, X b 80 PRIt T 5 LT 1 R
A, AT FETT 1), A &R ) O A GO, BL RV
AR 22 3L [ 4 T A S AR Ok B A BRI L%
BEAIG, PeEueem Rkt
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g
>
-§ 100
Qo
£
50
0 S

F T T . T T T
500 550 600 650 700 750
Wavelength/nm

B2 nhibk1, 3 805 506K

Figure 2 Fluorescence spectra of porphyrins 1, 3 and 5

PLVYZE LN R (ZnTPP) A AR vED), — S FH e i v
@, 59 0.033, Aoy N 420 nm!"®. BT A
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Eample X AZnTPP X
¢ZnTY‘I’

EnTPP Asamp]e

Faample T Fzyrpp A FE 5 FIZ: L (ZnTPP) 1) 5 Y6 73
TR, Agample B Azarep AFEMFIZ HLIIBOCIE, Dgmple M
Dzaree (Dzarer=0.033)FF: it I 23 LEAEAH [RIOR I TR )
POCETRCR. R AGH TN 1, 3,5 I2OEHE TR,
NRIKRC AR 1 AL S 5 PO E TR EOR, T gknk
WREC 59 5 (26 E TR KT ZoTPP, Ui I ML [
HIG IR T2 1 RE R A% 3.

R4 UMK 1, 3RS (K2R KR
Table 4 Fluorescence spectra data of porphyrins 1, 3 and 5

¢sample =

Porphyrin Aem/IM D
1 656 0.020
3 657 0.008
5 600, 648 0.037

1.5 RELABEE

T L — R R Ol 350 T R AR [ A4 R T BT
FEAERGAE AR RN, B 3w L, ZEJCAMIn g
AT, RBRECAAR 1 B AR 2B 2 1 F R A S
BCA) 2 A4 OGRS 540510 14.4 F143.7 uv,
KFEAEY 3 (92 wV)FI 5 (740G H LS 5,
W LEIC A 2~5 9L, BLE 2 Fl 4 TR E
PNV K MR 1R RAHENE, AW 3 M5 198
e, DL g SR W R DG U 5 98 6 RS 8 T A LS
Gt B2, — P U R G AU, TR AR R R 3L
RS 5 AR IR Y. BLE 4 FLA RUFIetRm R,
7 300~380 nm i [l = AL FGAR M N R Py, S i bhEs
R RERIE = AR 10, o I R RO A& YRt 43 1 A L
B (NHOMO) i) Je A% 45 B (LUMO) [ BRIEN S, &1
I HL R G EEE A 400~ 600 nm 35 [ & mo* [ BT P A
NNIR ) m, o $U0E 5 AR R R 2R AL,

50
4
40 .‘“'.‘ — porphyrin 2
i C - - -- porphyrin 3
% 30 S porphyr.m 4
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i) .
© 204 .
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."":15 N
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Figure 3 Surface photovoltage spectra of porphyrins 2~5
without external field
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AT AT DAYE o AR R IR B g, SR S
Iz ght, SR TIUEN T Iz, AW 2~5 1
i o BRI AR RS N T P g i B, %280k
LY 4 SR A A I AR TH G F R G R R P A i Y 4 32
A

FEAMINEIAVERTT, NRRRE & 13775 5 R Ok
HEILE 4. EIESMEIBER TG Y 2~4 R TDEHE
55 EE L NHOMO [i] LUMO BRIE A (G AR i .
B 2 LEAN I 40.5 VAR R P A I 22 DG L s
FSH PR, &3 16.8 uv, fEAEILA—05 V I,
FMDG S5 KIERD, 08 3.0 uv. LAY 3 Fl 4
E+0.5 V I /E R B6ER A4 KA e pRm v,
LR EY) 3 MERIMDEH RIS IR 76.4 nv, HIL TH
G4 (76.0 uV), AT EEM P EGR I I RIEEEE
5 RSN —0.5 VI, BCE 3 R4 R DG HL
O3B/ F) 7.8 F127.0 pV. EIERIIERT, AAIT
B 2~4 AT 2, JLHRCEY) 3 1A il
& IbAh, WA 3 M a eI ER R, th NHOMO
Al LUMO BRIT ™ A= AR B K vk 59, B o BRI
FEAE AR W N A B . A S EAMEIS N 0.5 V
YER T A R G R A 5 35 K2 13.3 pv, {HJE7E
TEANY —0.5 VIR, LTGR04l s
BHAS THECAW S 90 F HAr 20 .

2 %t

ZE EPTIR, ARSCEBCT — S L ik &
HibJE 4 BR G [M=Co (2), Ni (3), Cu (4), Zn (5)].
SR AW G M HEAT T R AE, WF9T T H9e vk R &
JCHUR PR JEIE R B, IR A N R EE L )
B B AT R I 9 AR B 961805, IR IC &
WA IRE B Ok, H B AT REYER) Co(IID), Cu(Il)
RAEDO IR K. ARG H R RS R B, AR
SN S BLR, N Co ATHRI Cu FLAT 5 1 2 1
JEHLER, X4 R R R IR 5206 R E T
FHE el B AEAS IR ) A3 VR HTF, AL A
YRR ARG AR R, Ok A 53— PRk 31
TE G HL A7 T A Y FH B8 T JE A
3 B
31 E5IRF

Varian Unity2500 (300 MHz)A% I LHRBAEAL (SEH
Varian 24 7); Axima CFR MALDI-TOF K47 I} i) J5 i3 (35
Axima A F]); UV-240 BUEAM-10] Wor e H(H A
Shimadzu 73 #)); Perkin-Elemer 240C JG# 11X (3% [H
Perkin-Elmer /A 7); Nicolet SPC FT-IR £LAM i3 &
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Figure 4 Surface photovoltage spectra of porphyrins 2~5 under external fields (a, 0.5 V; b, —0.5 V)

(3% [ Nicolet 72 ], KBr Hs J1'); Renishawinvia $E 58 £ i 734
Fir &G (P [F Renishaw 24 7]); Shimadu RF-5301 ¢t
A (H A Shimadzu 22 w5 1 6 HHs PRI
a5

g (o prat, BiRE AT BR A A, (]
Y E 2508, At R34 A e pr 2. 5,10,15,20-
VY-(4-F2 FEIRFE ) NRIR K15 B S: WSTR[ 17].

3.2 ZWAHE

5,10,15,20-PU -[4-(N-F ) T8 58 R S T bk Je I 3k
P4 SR NN A PR & ik 26 W, Scheme 1.

3.2.1  N-(4-32 T H)eFek ag 4,

EZ U A 5.0 g (0.03 mol)HMEfT 2.0 g NaH
(0.05 mol)F1 120 mL DMF, 60 ‘C in# i 1 h, % 3.0 mL
(0.04 mol) 14- IR T HEZEMIMAR = fEH, 7560 C
INAGEFE 24 b S AR, R ER 2 AR, B
7% DMF, LL 200~300 H(WRERRFEZHT, LU kK
WRVEA, TERIMT T UWERSE =2 Has, W Ltk
sk, P7% 0k 38%. 'TH NMR (300 MHz, CDCls, 25 C,
TMS) ¢: 8.10 (d, J=7.5 Hz, 2H), 7.47 (t, J=8.0 Hz, 2H),
741 (t, J=8.0 Hz, 2H), 7.25 (t, J=7.5 Hz, 2H), 4.33 (t,
J=7.0 Hz, 2H), 3.36 (t, J=6.5 Hz, 2H), 1.78~1.93 (m,
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4H).
322 5,10,15,20-v9-[4-(N-"F o) T i &K
ERECDY

AE=TURF A 0.80 g (1 mmol) 5,10,15,20-VY-(4-
FRELIRFL)IME . 2.4 g (8 mmol) N-(4-1R T Fo)EME, 1.4 ¢
(10 mmol) K,CO5 #1 250 mL DMF, {E&S MY T, 80 C
INAGEERE 24 h, b PERR 2[R, 98K 252 DMF, L
200~300 HMRERKEZEHT, LA ok, Wtk
H— 2N, PEON R AR, 2R 25%. 'H NMR
(300 MHz, CDCl;, 25 ‘C, TMS) o: 8.84 (s, 8H), 8.43~
8.48 (m, 8H), 8.14~8.17 (m, 8 H), 8.07~8.10 (m, 8 H),
7.55 (d, J=8.0 Hz, 16H), 7.24 (t, J=7.5 Hz, 8H), 4.57 (1,
J=17.0 Hz, 8H), 4.24 (t, J=6.5 Hz, 8H), 2.26~2.31 (m,
8H), 2.03~2.07 (m, 8H), —2.79 (s, 2H); MS m/z: 1563.8
[M'].
323 5,10,15,20-m9 -[4-(N-"F ) T 52 &
e B B 64 B A,

=R IR A 0.03 g (0.02 mmol) 5,10,15,20-
PU-[4-(N-IHE ) T e S SR LTIk ) 20 mL DMF 11 20 mL
K[UTNRA W, WAE TR 30 min, A 0.04 ¢
(0.2 mmol) ZnCl,»4H,0, #iiHt, fEETIRY HINFA]R,

PR

R A epopkad
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DMF O
NH + Br(CH,)4Br =
O NaH

N(CHy)4Br

OH
CHaCH,COOH
ay @
N
H
CHO

a0
O‘PL

I/N

(CHp)4Br

DMF, K,CO;4

O

ol

Nﬂp Q O OHN — Nﬂ4

e s, )
- O H

Q)
A9
-0

1

.
g
foy
N

2:M=Co;3: M=Ni;4: M=Cu; 5: M=2Zn

Scheme 1

FHRAM GRS WS S N3RS, K 4 h RN SE4S, Ik
7#2: DMF, $=9)i T /b & it, LL 200~300 HIH
R [ e A, SR I, IR SR R O
HHAT ZURAEIENT, P R B L A 5, AR, 7
A 85%. 'H NMR (300 MHz, CDCls, 25°C, TMS) 6:
8.83 (s, 8H), 8.44~8.45 (m, 8H), 8.11~8.16 (m, 8H),
7.99~8.10 (m, 8H), 7.54 (d, J=8.0 Hz, 16H), 7.25 (t, J=
7.5 Hz, 8H), 4.57 (t, J=7.0 Hz, 8H), 4.24 (t, J=6.5 Hz,
8H), 2.87~2.95 (m, 8H), 2.05~2.06 (m, 8H).

BMMBRAC S 4 2. BRIREC S 3 RIS RRIEL A4
4 (M6 B 2 AL

i &4 2: "TH NMR (300 MHz, CDCls, 25 °C, TMS)
J: 8.82 (s, 8H), 8.39~8.44 (m, 8H), 8.11~8.16 (m, 8H),
8.06~8.10 (m, 8H), 7.89 (d, J=8.0 Hz, 16H), 7.26 (t, J=
7.5 Hz, 8H), 4.56 (t, J=7.0 Hz, 8H), 4.25 (t, J=6.5 Hz,
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8H), 2.87~2.95 (m, 8H), 2.04~2.06 (m, 8H).

B &4 3: "TH NMR (300 MHz, CDCls, 25 °C, TMS)
5: 8.83 (s, 8H), 8.42~8.47 (m, 8H), 8.15~8.16 (m, 8H),
8.06~8.09 (m, 8H), 7.55 (d, J=8.0 Hz, 16H), 7.26 (t, J=
7.5 Hz, 8H), 4.58 (t, J=7.0 Hz, 8H), 4.26 (t, J=6.5 Hz,
8H), 2.88~2.95 (m, 8H), 2.05~2.08 (m, 8H).

K& 4: Ca(IDFE g ST IR R 4 e 1251 2 )
By &, SRS T, BT DA 13 20 1
PRUEACT
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