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Linear and Nonlinear Optical Properties of meso-Tetra(4-
ferrocenylcarbonyloxyphenyl)porphyrin and
Its Zinc(ll) Complex
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Abstract meso-Tetra(4-ferrocenylcarbonyloxyphenyl)porphyrin and its zinc(II) complex were synthesized. Their linear and
nonlinear optical properties were investigated using UV-Vis absorption spectra, steady state and time-resolved fluorescence
spectra and open-aperture Z-scan measurements. The results indicated that the introduction of ferrocene to porphyrin had not
affected the absorption spectra of porphyrin, but quenched the fluorescence intensively and shortened the fluorescence life-
times of porphyrin, which indicated that there was almost no interaction between porphyrin and ferrocene in the ground state,
but a strong interaction in the excited state. The reverse saturable absorptions of meso-tetra(4-ferrocenylcarbonyloxyphenyl)-
porphyrin and its zinc(II) complex were weaker than those of the corresponding meso-tetra(4-benzoyloxyphenyl)porphyrin and
its zinc(II) complex, but were stronger than that of fullerene Cg, with excellent performance.

Keywords ferrocene; porphyrin; spectral property; Z-scan
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Figure 1 Structures of porphyrins 1~2
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Figure 2 UV-vis absorption spectra of 1~2 in CHCIy
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Table 1 Quenching ratio (Q), fluorescence quantum yields (®y)
and fluorescence lifetime (z7) of compounds 1~2

Compd. 0% b, 7¢/ns (fraction)
1a — 0.158 9.57 (100%)
1b 84.8 0.024 1.60 (100%)
2a — 0.091 1.71 (100%)
2b 88.7 0.010 0.86 (100%)

© 2014 Chinese Chemical Society & SIOC, CAS
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Figure 3 Fluorescence spectra of 1~2 in CHCIl; with normali-
zation of the absorbance of the excitation wavelength 426 nm to
the same value
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Figure 4 Time profiles of fluorescence lifetime measurement of
1b, 2b and 1a in CHCl;

Aex =426 nm, Ao, =650 nm (1a, 1b), 4., =642 nm (2b)

(11 EH IR 1a (25 9.57 ns, HAH N 14 m AT
NNIK 2a 92 e A 4655 42 1.71 ns; 1062 PO N FE (1a)
B o B (1b) fa, MR IR 2 Y 7 i B K K 4
PECEMIR LR, SJEEEE 2b XT3 e ARk
1b et — 4. X eegh Rt ERORE, b
Wb b5 0 4 e DA R R 2 TR) AR R 1Y) P B RE R
i,
1.3 JELLMAFEMR

KT Z-H5 0 T80 S 1~2 BAEZe PRI
AT TR, FES ARG e = L R I #0 Coo
AT IRES, SR WK 5. SLIREE KRR, G RER N
500 nJ 1, £ ISR AFIR L, RIZE Z=0 £ ik
BAB/NYH—EE 2. DIk 1a /1) Z-FH00kcs
iR, HACE S H—IEE 2R 67%, 1 HAHRN T

Chin. J. Org. Chem. 2014, 34, 371~375

© 2014 Chinese Chemical Society & SIOC, CAS

BN 2a (B RN 83%, W] H Hnhikk
FUA S 1 S AR SCRs M2, G R Zn(ID HLAT @'
AL, —MBALERM sp’ 20 DY TH A 2L, >
14515 V-1 DU 7 TR AORRAZ A N 2 H s9  BAE F, vh
oo B S B MY, SN T s IR R [
I, T A 2a 62 AR LR P RUNAH RS 1a 5 T AR,

— B R 5K 81% 55 89%, ARttt iy LA
IS R IAAE AT R FE NI 1a 55 2a 22 X ATREDN b R
S E YT R E T =Rk, R ALRHECR, S
FCL U Z I, DI T ILHERE /N T a &
S, BEAN, th T 05k S b TR A7 A T Bl
ATILAEH, NIRRT 0 A A2 T SO, T
W 1 IR P Sl G P, R ke, AR AR R ) 4% 1
N, BT RRMREE A IE L R LS IR Coo 7D, Coo 1
WA Bk, JLAE AR SRR — B F Ty 94%, 1]
WED 1~2 S AR RN T Coo. IXBIIEZ 5T
VAN T HOCB AR b, BAT IR BRI A R ]
JHR BRI I 2 55, ORI 53 G A A A S il 5l
A0 T LA H BT, PRy AATTROHR IS AR50
it

1.10
o 1.06] 5 500 nJ utl %o ]
g 10018 _
S ges] Vv T
b= .95 | /
5 ] LYk v
2 090 " W
S 0854 — = C
3 851 ‘ 7' 60
% 0.80 % y —e—
5 0754 Y ] —A—®
0.70 2 1a
] W —<4— 22
0.65-]
T T T T T T T
20 -10 0 10 20
Z/mm

BlS5  FESRAE AR T AL 2434 ih 22 &

Figure 5 Open-aperture Z-scan curves of the sample in toluene
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[FJAH 2% 306 T E(TCSPC) 7%, NF900 AT 1E ki,
MRRETAE R T2 T A 267 1 em A0t Rl A
MR 15 min; BT I8 0 B o A alialn), R+
P4 T AT JFAL Z-H RS R U Q fE A
Nd:YAG ZNFP 0L 8% (Continuum 23 &) 4 Y65, iyt
JPE K 532 nm. kPP RESE 5 nsy EAR AR 10 Hz (15
W, BRAEFEBIFEI Y 250 mm, Y HAE A AL R R
KZ14 25 pm, LA CS, #f 5t A ARER 5250, 75 2 mm
et b R, BT S A 1.5X 10 moleL ™' 1)
HH R
3.2 LWHE

KSR RNAED SR WE 1 FiR, K meso-
DUFRFE R IL NNk 2 IR SR [25 1718 i, La W 1a ) 2a
SR SCHR[26]1 7715 K.

meso-PY (4- %k TR A8 5 2K 6 ) MK (1) 1 2 1k
meso-PYFEFEZRFEL NN (40 mg, 0.059 mmol)#% 125 mL T
JE00 THE 1, W 0.5 mL TR = L8, RGN S
mL WA % IES09.9 mg, 0.35 mmol)i) THF ¥,
70 ‘CJMW 5 h J5 =il RV ISR, TLC Ml N EFE, vk
I %R ), iRk A, CHLCL, Ve, W s — i,
AA-HREE LG, 58] 16 mg H KA 1b, 7 18%.
UV-Vis (CHCL) Ay (Ig €): 426 (5.65), 520 (4.27), 557
(3.94), 595 (3.76), 653 (3.61) nm; Fluorescence (CHClI;,
Aex =423 nm) Aep: 650, 716 nm; '"H NMR (CDCl;, 500
MHz) : 8.96 (s, 8H, S-pyrrole-H), 8.29 (d, J=8.30 Hz,
8H, phenyl-H), 7.62 (d, J=8.30 Hz, 8H, phenyl-H), 5.15
(s, 8H, FcH), 4.62 (s, 8H, FcH), 4.45 (s, 20H, FcH),
—2.76 (s, 2H, pyrrole-NH); '*C NMR (CDCl;, 125 MHz)
d: 170.60, 150.90, 139.43, 135.42, 120.11, 119.38, 77.29,
77.03, 76.78, 72.61, 70.83, 70.13; IR (KBr) v: 3313, 3094,
2925, 2853, 1734, 1450, 1268, 1196, 1161, 1095, 796
em~'; HRMS caled for CpoHpeFesNsOg [M + H] "
1527.2004, found 1527.2053.

meso-PU (4- %8k F I AEU L R 28 ) BE (I NIk (2b) 1)
£ HE: WK 1b (40 mg, 0.032 mmol)¥A T~ 20 mL S,

B
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A 0.5 mL YANESFREE A IR, S0 5 h, UK
PEPUIR, To7K NapSO, T4, I Hs 28 BRy 1, kIR AT 24T
[VCAHhE) @ V(R CTR)=5 * 1]ZHrkii, 53] 46
mg KK 2b, 773 92%. UV-Vis (CHCls) Ama (g €):
426 (5.46), 554 (4.08), 592 (3.51) nm; Fluorescence
(CHCls, 2ex=423 nm) Aem: 595, 643 nm; 'H NMR (CDCl;,
500 MHz) ¢: 8.96 (s, 8H, S-pyrrole-H), 8.26 (d, J=28.28
Hz, 8H, phenyl-H), 7.57 (d, /=28.28 Hz, 8H, phenyl-H),
5.13 (s, 8H, FcH), 4.59 (s, 8H, FcH), 4.43 (s, 20H, FcH);
BC NMR (CDCls, 125 MHz) 6: 170.65, 150.49, 150.16,
140.83, 135.38, 131.82, 122.68, 119.77, 119.63, 77.28,
77.03, 76.77, 72.10, 70.81, 70.29, 70.11; IR (KBr) v: 3080,
2961, 2884, 1731, 1617, 1450, 1261, 1199, 1163, 1094,
798 cm'; HRMS caled for CipH 26FesNsOg [M+H]™
1589.1179, found 1589.1195.
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