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Fig. 1

The molecular structure of earing-porphyrin; (b): The molecular structure of trisulfo-phthalocyanine;

(¢) : The molecular structure of trisulfo-phthalocyanine Ni( [ )
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Table 1 The partial bond length and band angles of prophyrin-
ing for three types of propyrins derivatives
Molecules (a) (b) (o)
N(2)—C(D 1.385 1.385 1.392
Bond C(3)—C4) 1.402 1.415 1.411
Lengths N(5)—C(6) 1.382 1.384 1.375
C(7)—C(8) 1.409 1.413 1.407
C(1)—N@9—C(3) 125.1 124.7 110.5
Bond o

C(5)—N6)—C(7) 123.2 123.2 117.4

Angles
C(9)—N(10)—C(11) 124.9 125.2 129.1
Dihedral 1) N(3) - N(13) N(15)  174.9 176.4 1206

Angles

B9 —HE M~ NIN3NI3N15 3 174. 89°, #23F 180°, i B B H:
B 2R I obfe ) B8 L ] L TR O ER T DL S T A AE L B R E
M LS K o AR, 5K EZEOCHAGE BN . K% F 4T
(o) T 1 ~NIN3N13NI15 353 T 120°, £HI4JE Ni it fif5
a8 I N 7R TR~ £ BT 1D i % 1 2T 7 s e 1]
FTH PR T B R AR RO, AR T =B AR



%6

JEI RS . T TR R RS A AR RSO 3 B 8 R BRI 1771

MR .
2.2 MW AT &9 5 F R Y AR

— e IR A 3 0 1A 58 SRS 1 BE AT A R R L 23 2
Soret i Hl Q 4F o3& BUIX PI Bl 25 57 19 J5t P 7E Y PLaE FE
X P9 b RE A 7 5 S T UL O R A I WA R AN (R L AR R TR A 98¢
By Soret A . 2t UK BB w BE TR, SRR . BEOR

WOt R BSTE 107 g, (HAHEAR R 55— AP B dy A i
B sy mr DL By QAR . i SR — BRSBTS R . R
JRE R X 255 o AR T A ok A T M R O i = A B Y W
WO AT 7T R 2B T AT AR 1 AN LK
i SR ) A R AR RSB R 1 30

R2 BHEIMNE (a) R =TEFREREUAR AN (b) F0 (c) B8R /NI R 3R 2 REBUIR

Table 2 The smallest and the strongest excited energies of earing-porphyrin (a) and trisulfo-phthalocyanine (b) and (c¢)

Mole ElectAr(A)nic E/eV f Main configurations Cal. Amax/nm Expl Amax/nm
cules transitions
a Sy—S: 1.6218  0.2841 H>L (+88%), H>L+1(6%) 939. 14 1 1008
So—Ss0 2.128 8 1.019 3 H—14>L (51%), H—6>L+1(14%) 393 (Soret) 431 (Soret)8]
b So—S; 1.8939  0.2658 H>L (+97%) 657 61291
So— S 3.466 6 1.034 3 H—10>L+1(+62%) H=7>L+1(6%)
c So—S; 1.802 3 0.244 2 H>L (+96%) 712 693L10]
Sy— S 3.0741  1.186 8 H—12>L+1(+56%)
H—9>L+0(30%)
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Fig. 2 The absorption spectra of earing-porphyrin (a), trisulfo-

phthalocyanine (b) and trisulfo-phthalocyanine (c)
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Fig. 3 The frontier orbital populations of earing-porphyrin (a), trisulfo-phthalocyanine (b)

and trisulfo-phthalocyanine (c)
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DFT Calculation of Absorption Spectra for Planar Porphyrin Derivatives

ZHOU Cai-hua, DING Xiao
College of Chemistry and Chemical Engineering, Xianyang Normal University, Xianyang 712000, China

Abstract The photosensitizer was applied photodynamic therapy (PDT), a molecule that can absorb light with a certain
wavelength. And the photosensitizer can transfer excited energy to ground state oxygen. As a result, the ground state oxygen
gets the energy and becomes the singlet oxygen. Currently, those applied photosensitizers are almost planar molecules containing
porphyrin ring, and those planar molecules have a big delocalized = bonds. Simultaneously, there is a slight inter-system crossing
and a long triplet lifetime after the planar molecules are excited by light. So those planar molecules have a high yield of singlet
oxygen. However, the absorption bands of the applied photosensitizers always lie in the UV regions. which easily damage the
body issue. Due to the photo-damage character is not beneficial for the therapy, so the study on photosensitizers with Vis-IR
absorption bands were widely concerned. Based on the above reason, we investigate three photosensitizers (earing-porphyrin
(a), trisulfo-phthalocyanine (b) and trisulfo-phthalocyanine Ni( [ ) (¢)) using the DFT and TD-DFT. The optimized results
show that all atoms of (a) are in a plane. the radius of (a) is almost 7 A, and the cavity radius is 5 A. All atoms of (b) are also
in a plane, the radius of trisulfo-phthalocyanine is 8 A, and the radius of the cavity is 4 A. But (¢) is a distorted plane due to the
coordinated mode of Ni( ]l ). Therefore, the earing-porphyrin (a) in a big cave can capture more ground-state oxygen. The
orbital energies and populations show that the HOMO energy of (a) is the biggest among them. That is, the electrons of the
earing-porphyrin (a) were excited to higher energy levels easily. The energy gaps (Ejomeiumo) 0f three molecules are 0.072,
0.076 and 0.075 a. u. The earing-porphyrin (a) has the lowest energy gap. The orbital populations show that the atomic p
orbitals constitute the big delocalized bond, and the d orbitals of Ni also join in the delocalized bond in the molecule (¢). At last,
the absorption spectra of three molecules were simulated by TD-DFT/B3LYP/6-311G(d, p). For three planar molecules, there
are the Soret band and Q band in their spectra. The Q band lies at 450~900 nm for molecules (a) and (¢) and about 400~800
nm for molecule (b). In conclusion, this paper has calculated and discussed the structural optimization, the orbital energies, and
the absorption bands of three planar molecules. The investigated results will improve the discovery and development of
photosensitizers with near-infrared absorption bands, and it also will pro-vide the theoretical basis for the study of the

photosensitizer.
Keywords Photosensitizer; Porphyrins; Density functional; Absorption spectra
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