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A Study on Inclusion Complexes of Cyclodextrins with 5,10,15,20 -
Tetrakis(4 — propylpyridinium) porphyrin Bromide by
Spectral Analysis and Thermodynamics

YANG Pin”* FAN Xiao - Yi CHEN Shi - Rong HAN Gao - Yi
(Instisute of Molecular Science , Shanwi University, Taiyuan , 030006)

Abstract The inclusion complexes of cyclodextrins with 5, 10, 15, 20 — tetrakis (4 — propylpyridinium)
porphyrin bromide were confirmed by UV, fluorescence spectra and NMR, respectively. The molecular
modeling provided further evidence for the formation of the inclusion complexes. The effect of temperature on
the reaction was studied through thermodynamics. The changes of entropy, enthalpy and free energy of the
reaction were calculated and the entropy — enthalpy compensation plot of the inclusion complexes of porphyrin

and CyDs was then studied, which led to the conclusion that enthalpy is the main impetus for the inclusion
reaction.
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Fig.1 The structure of TPPyP
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2 TPPyP 5 Hp- - CyD BEWHTLLIE
Fig.2 Fluorescense specira of TPPyP
and Hp — 8- CyD mixtures
Ae =425 nm, [TPPYP] =8.0 x 10 ¢ mol*L~?,
pH=7.33, 16 [TPPyP]: [Hp - 8- CyD] = 1:0,1:30,1:50,
1:100,1:200,1:300
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Fig.3 UV absorption spectra of TPPyP and
Hp - - CyD mixtures
[TPPyP] = 1.2x 1075 mol/L, a—>g [TPPyP]:[Hp - - GyD]
=1:0,1:1,1:2,1:4,1:7,1:10,1:15
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Fig.4 Double reciprocal curves of 2:1 inclusion
complexes of TPPyP — CyD
A—3-CyD; @ —Hp-B-CyD
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Fig.5 Continuous variation plot
Amax =425 nm, [TPPyP] + [CyD] =2.0x 1075 mol/L
A—3- CyD; @—Hp -3~ CyD
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Table 1 Chemical shift 8 and AS of protons in
Hp - 3— CyD under the existence of TPPyP

2-H 3-H 4-H 5-H 6-H
3.5164 3.9059 3.4850 3.7047 3.7816
Swp-p-oo-mee  3.4754 3.7689 3.431 3.6067 3.7006
AS -0.041 -0.137 -0.054 -0.098 -0.08l

Ad = amp]ex— 6ﬁ.ee

a}lp—- B-CyD
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Table 2 Chemical shift & and Ad of protons in TPPyP
under the existence of Hp— 3— CyD

PhEYER WEREE:  HELEN FELY
5 tE TFEE FEE
Stemp 9.1162 4.8835 2.3491 1.1638
Sup-g-cp-mee  9.0252 47821 23092 1.1358
A8 -0.091 -0.1014 -0.0399 -0.028

A8 = 60‘,"‘,1&— Sfm
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ROESY &, % 7T DA #E 5t TPPYyP W &5 S 5 B -
CyDH3-H,5 - H&EBHMHRMEMR, BHE P ubg 3R,
MIER ER SRS 3-H,5- HK/ERBRHE.
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Chem3D Pro4.0 344, 83X T CyD 55 TPPyP Wy B Fh 42
1R, (I)TPPyP M CyD B9 R O3 A; (1)
TPPyP M CyD B9/ s Bk A Wi R AR SN A B A4k 48
RZERWE 7 i tHNMEBRERINEKR3. R3S

HEMEXMERBENT - GD 44518 249.8 5
272.9 kJ/mol; %tF Hp - f- CyD 41K 356.8 5
368.6 kJ/mol. & B TPPyP M\ CyD HyK H i i#F A TE B
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Fig.6 'H NMR spectra of TPPyP,
Hp - 8- CyD and TPPyP ~ Hp ~ 3~ CyD
a—TPPyP; b—Hp - B- CGyD; c—TPPyP-Hp-B3- GyD

®3 P-CyDF Hp-p-CyD 5 TPPyP R FBSHEXB R UHENBERLE R (K/mol)
Table 3 The energy (kJ/mol) results of conformation optimization for two kinds of CyD — TPPyP assemblies

8- CyD- TPPyP &Y

Hp - - CyD - TPPyP 4%

BRI BRI AT A
Stretch 19.062 7 19.636 4 22.922 2 24.824 6
Bend 152.845 1 146.323 1 158.895 6 171.084 9
Stretch — Band 9.2375 9.546 7 11.363 1 12.500 8
Torsion 50.208 8 70.808 6 60.9759 73.797 8
Non - 1,4 VDW —-220.682 1 -202.078 6 -223.0109 —-260.789 0
1,4 VDW 200.784 1 203.390 7 270.667 7 267.728 6
Charge/Charge 107.260 8 107.714 0 107.025 1 107.9255
Charge/Dipole -56.580 8 -71.739 5 -34.244 6 -8.938 1
Dipole/Dipole -12.2926 -10.744 9 -17.783 3 ~-19.537 4
Total energy 249.843 4 272.856 4 356.810 7 368.597 6
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(I ) from the secondary edge of Hp- B -CyD

CII" ) from the primary edge of Hp- B ~CyD

B 7 B-CyD, Hp- B~ CyD 55 TPPyP Fifi a4 #5204 4> T AL 1M B F
Fig.7 Molecular modeling plots of two kinds of inclusion models between 8- GyD, Hp - B~ CyD and TPPyP
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Fig.8 Effect of temperature on the equalization
constants of complexes of TPPyP ~ CyD
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B-CyD - TPPyP B &Y, K HIHF AN kK, =
5917.5 T ' - 4.456 8(r =0.981), 2t B &,
ASLC=-37.05]mol ! K. %t F Hp-B-CyD-
TPPyP 44, L EE A B R K, =6 401.7 T
-5.9549(r=0.9925), 2 BB AS,°= -49.51
Jrmol 1 K- BB H B AC,° = - RT InK;, TR\
AFRETH B BB . B ASS, AGCCRAT
B AHL=AGL+ TAS,, AIITEBARRET

BERRMKEE, HEERB-GD-TPHYP EER
IR 245 A5 A 49.19 KJ»mol ™!, Hp ~ B - CyD -
TPPyP & R I3 B F #4538 Ky 53.02 KJ*mol ™', 3K 4
BT B- CyD - TPPYP AWM & LR BIE .
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7v00° K

B9 TPPyP- CyD BAYH Ink, X 1/ T {EHE
Fig.9 The curves of InK; vs. 1/T of

complexes of TPPyP — CyD
A—3-CyD; @—Hp-5-CyD

%4 AFEET TPPyP-B-CyD BEWHHEBER K\ ASy A Gy B A H,®

Table 4 Effect of temperature on K;, A, S.°, AG.° and A H,,° of the inclusion complex of TPPyP — 8- CyD

T/K % x 10° BREE EHEEF r  Ky(Pmol ) AS./Jrmol K1) AGe/(kKImol™!)  AH/(kI-mol™")
293.5 0.746 5.4799 0.992 6 7.34 x 10° -37.05 -38.55 -49.42
298.5 0.801 3.8326 0.982 8 4.78 x 10° ~37.05 -38.14 -49.20
303.0 2.011 6.466 8 0.980 2 3.22x 10° -37.05 -37.74 -48.97
308.0 2.430 5.729 4 0.993 0 2.36 x 1¢° ~37.05 -37.57 -48.98
313.0 2.508 5.0075 0.994 7 2.00 x 10° -37.05 -37.76 ~49.36
318.0 4.431 6.1825 0.9979 1.39x 1¢° ~37.05 -37.41 -49.19
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Fig.10 The curves of InK; vs. 1/T
of complexes of PyPPE - CyD
A—3-CyD; @—Hp-B8-CyD
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Fig.11 The entropy — enthalpy compensation plot
of the inclusion complexes of porphyrin and CyDs
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