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Synthesis, Characterization and Thermodynamic Properties of
meso-Tetrakis-(para-alkoxyphenyl) Zinc Porphyrins

WANG Wei-Ling LU Yan-Lian HUANG Ke-Long*
(College of Chemistry & Chemical Engineering, Central South University, Changsha 410083)

Abstract: meso-Tetrakis(para-alkoxyphenyl) porphyrins and their corresponding zinc complexes were synthesized
as crystals. Molecular structures of all the synthesized compounds were confirmed by 'H NMR, UV-Vis and
elemental analysis. Themodynamic properties of the axial coordination between metallo porphyrins and indole
were investigated by UV-Vis method. The coordination number is 1. The binding constants of different hosts are

related to electron and space of the molecules. The binding constant reduced when the temperature increased.

S) ©
The standard molar enthalpy A H , standard molar entropy A S~ and Gibbs free energy were obtained by the

binding constant. It is found that the reaction is exothermic and the A S is reductive.
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Fig.1 Synthesis procedure of meso-tetrakis-(para-alkoxyphenyl) zinc porphyrins
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Table 1 UV-Vis, 'H NMR and elemental analysis data of compounds
UV-Vis, Elemental analysis, found (Caled.) / %
Compd. 'H NMR (CDCl;, 400 MHz)

A/ nm (CHCIy) C H N

422%,519,557, ~2.78(s,2H, NH), 3.19(t, 12H, CH,), 4.29(t, 8H, OCH,), 7.39(d, 8H, Ar-2-H), 8.10(d,
1b 79.41(78.96) 6.73(5.86) 7.24(7.08)

594,650 8H, Ar-3-H), 8.84(s, 8H,8H)

422%,519,557, -2.79(s,2H, NH), 1.11(t, 12H, CH3), 1.89(m, 8H, CH,), 4.30(t, 8H, OCH),, 7.49(d,
Ic 79.82(79.40) 5.97(6.43) 6.73(6.61)

593,650 8H, Ar-2-H),8.09(d, 8H, Ar-3-H), 8.83(s, 8H.8H)

421%,519,557, -2.77(s,2H,NH), 1.10(t, 12H, CH3), 1.69(m, 8H, CH,), 2.01(m, 8H, CH,), 4.32(t, 8H,
1d 79.68(79.79) 6.30(6.92) 6.85(6.20)

593,650 OCH,),7.52(d, 8H, Ar-2-H),8.11(d, 8H, Ar-3-H), 8.89(s, SH, 8H)
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422* 519,557, ~2.78(s, 2H, NH), 1.13(t, 12H, CHy), 1.43~1.59(m, 16H, (CH.),), 1.98(m, 8H, CH,),
le 81.03(80.13) 6.84(7.36) 5.96(5.84)
594,650 4.29(t,8H,0CH,),7.28(d, 8H, Ar-2-H), 8.08(d, 8H, Ar-3-H), 8.83(s, 8H.8H)
421*,519,557, ~2.76(s,2H,NH),0.99 (1, 12H,CH,),1.35 ~1.48 (m, 16H, (CH,),),1.69 (m,8H.CH,),2.00 (m,
1f 81.01(80.44) 5.73(5.52) 6.51(6.30)
594,650 8H.CH,).4.34(t, 8H,0CH,).7.51(d, 8H, Ar-2-H),8.11(d, 8H, Ar-3-H),8.82(s, SH.B8H)
421*,519,557, ~2.78(s,2H,NH),0.98 (t, 12H,CH3),1.30~1.47(m,24H,(CH,),),1.69 (m,81,CH2),1.99(m,
1g 81.12(80.71) 7.98(8.09) 5.34(5.23)
593,650 8H.CH,).4.28(t,.8H,0CH,).7.30(d,8H, Ar-2-H),8.09(d, 8, Ar-3-H), 8.80(s,8H,8H)
422*,519,557, ~2.77(s,2H,NH),0.98(t, 12H,CH,), 1.28~1.45(m,32H,(CH),), 1.66(m, SH, CHL,), 2.02(m,
1h 80.52(80.95) 8.01(8.40) 5.15(4.97)
599,650 8H, CH,),4.30(t, 8H, OCH,), 7.39(d, 8H, Ar-2-H), 8.20(d, 8H, Ar-3-H), 8.41(s, 8H,8H)
3.20(t, 12H, CH3),4.30(t, 8H, OCH,), 7.39(d, 8H, Ar-2-H), 8.11(d, 8H, Ar-3-1),8.91
2b  417%,553,597 72.82(73.11) 5.67(5.19) 6.64(6.56)
(s,8H,8H)
1.11(t, 12H, CH), 1.90(m, 8H, CH,), 4.29(t, 8, OCH,), 7.45(d, 8H, Ar-2-H), 8.15(d,
2¢c  417%,555,597 73.06(73.88) 5.83(5.76) 6.41(6.15)
8H, Ar-3-1),8.95(s, $1.8H)
1.10(t, 12H, CHy), 1.63(m, 8H, CH,), 1.98(m, 8H, CH2), 4.29(t, 81, OCH.,), 7.50(d,
24 417% 554,599 73.63(74.56) 6.77(6.26) 5.69(5.80)
8H, Ar-2-H),8.08(d, 8H, Ar-3-H), 8.95(s, 8H,8H)
1.05(t, 12H, CHy), 1.40~1.59(m, 16H, (CH,),), 2.00(m, 8H, CH,), 4.31(t, 8H, OCH,),
2e  419%,553,599  74.57(75.17) 6.81(6.70) 5.64(5.48)
7.41(d,8H, Ar-2-H), 8.10(d, 8H, Ar-3-H),8.97(s, 8H,8H)
0.99(t, 12H, CHy), 1.29~1.48 (m, 16H, (CH,),), 1.67(m, 8H, CH,), 1.9 (m, 8H, CIH,),
2f  418%,553,598  75.61(75.71) 7.26(7.10) 5.97(5.19)
4.30(t, 8H, OCH,), 7.46(d, 8H, Ar-2-H), 8.09(d, 8H, Ar-3-H), 8.90(s, 811, BH)
0.99(t, 12H, CHy), 1.28~1.46(m, 24H, (CH,),), 1.65(m, 8H, CH,), 1.98 (m, 8H, CH),
2g  419%,554,599  76.78(76.20) 7.34(7.46) 5.01(4.94)
4.31(t,8H,0CH,), 7.44(d, 8H, Ar-2-H), 8.1 (d, 8H, Ar-3-H), 8.98(s, 81, 8H)
0.98(t, 12H, CHy), 1.29~1.45(m, 32H, (CH,),), 1.64(m, 8H, CH,), 1.98 (m, 8H, CH),
2h  417%,555,598  76.55(76.65) 7.73(1.79) 5.15(4.70) N

4.29(1,8H,0CH,),7.39(d, 8H, Ar-2-H),8.12(d, 8H, Ar-3-H),8.99(s, 8H , 8H)

*represents Soret band; others represent Q bands.
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Table 2 Coordination numbers n of the conjugate

reactions at various temperatures

Host 15 C 20 C 25 C 30 C Taye
ZnTPP 1.104 1.093 1.005 1.054 1.064
2b 1.012 1.004 1.024 1.006 1.115
2¢ 1.053 1.038 1.012 1.016 1.030
2d 1.102 1.091 0.987 0.957 1.006
2e 1.039 1.014 1.005 0.989 1.011
2f 1.041 1.025 0.996 1.015 1.019
2¢g 1.105 1.009 0.879 0.924 0.979
2h 1.063 1.016 0.966 0.892 0.984
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Table 3 Binding constants between hosts and guest

at various temperatures

Ke
Host
15 C 20 C 25 C 30 C

7ZnTPP 5.1x10* 3.8x10* 3.1x10* 2.4x10*
2b 2.9x10* 2.3x10* 1.9x10* 1.5x10*
2¢ 1.9x10* 1.4x10* 1.0x10* 7.6x10°
2d 1.0x10* 8.6x10° 6.9x10° 6.0x10°
2e 9.7x10° 6.9x10° 5.0x10° 3.5x10°
2f 8.5x10° 6.7x10° 5.0x10° 3.7x10°
2g 7.3x10° 5.7x10° 4.8x10° 3.8x10°
2h 5.6x10° 4.9%x10° 3.8x10° 3.1x10°
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Table 4 Thermodynamic functions of the

coordination reation

How AHD T -ASTT -AG )
(kJ-mol™)  (J-K'-mol™)  (kJ-mol™)
ZnTPP 34.54 30.12 25.95 0.996
2b 30.54 20.73 24.57 0.999
2¢ 46.73 79.83 23.62 0.999
2d 25.11 10.48 22.08 0.996
2e 4971 96.11 22.07 0.998
2f 39.04 60.33 21.66 0.998
2 3291 4024 2130 0.997
2h 31.82 38.24 20.67 0.991

r is the correlation coefficient of InK® vs 1/T.
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