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Two series of novel meso-substituted porphyrins, namely 5,10,15,20-tetra[4-(3-phenoxy)-propox-
ylphenyl porphyrin, the structural analogue 5,10,15,20-tetra[2-(3-phenoxy)-propoxy]phenyl porphyrin
and their Co(II) Cu(Il) and Zn(II) complexes were synthesized. The compounds were characterized using
various spectroscopic techniques and their molecular structure was proposed based on density func-
tional theory calculations. The diverse properties of the porphyrin derivatives result from the different
stereochemistry of the particular substituents at the meso site on the macrocycle and are controlled also
by the coordinated metal. The 'H NMR spectrum of the free-base porphyrin showed a complicated spin-
splitting. The photocatalytic activities in degradation of 4-nitrophenol were investigated using poly-
crystalline TiO, impregnated with the porphyrins and metalloporphyrins. The Cu(Il) porphyrin was
Photodegradation a more effective sensitizer than other metal containing compounds (M = Co, Zn) as well as the free-base.
DFT calculations Photocatalytic activity was also influenced by spatial positions of the substitutions on the porphyrin
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TiO; molecules.
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1. Introduction

For the last half century, porphyrins (Pps) have been widely
investigated for their activity toward natural proteins and in
enzyme catalysis [1-3]. Owing to the very important role in
biological systems, these compounds have been considered very
attractive materials for diverse technical and commercial reasons.
Synthetic porphyrins in principle preserve the aromatic character
of the heterocyclic core formed by the conjugated m-bonding
system. However, the overall molecular set-up may be rearranged
by either introducing axial ligands and/or other substituents
attached to the carbon bridges (meso position) or replacing the
hydrogens of the pyrrole units. Such modified porphyrin systems
have shown a range of interesting physicochemical features,
including photoactivity, optoelectronic and electrochemical prop-
erties, and hence they are supposed to find application in hi-tech
materials [4-11], medical treatment [12-17], molecular recognition
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[18,19], photosensitizers and photocatalysts [20-26] as well as in
different areas of modern technology.

From among the recently developed composite catalysts, poly-
crystalline TiO, impregnated with porphyrin sensitizers proved
a very promising alternative to other similar materials explored so
far. The porphyrin component enhances the visible light-sensibility
of the TiO, matrix thus increasing its photocatalytic activity
[21,27-29]. Diverse functional groups anchored to the macrocycle
were reported to influence the efficiency of TiO,-Pp systems,
depending on the position of the substituent and spacer length
[30], occurrence of strong polar groups (e.g. -OH, -SO3, RCOO-)
[31-35] and also highly electronegative atoms, e.g. O or Cl,
combined with the pyrrole units [36,37]. In this context, the
importance of the coordinated metal is emphasized, as well [38,39].

This paper reports the synthesis of two novel porphyrin series
including the free-base compounds 1a and 1b (Fig. 1) and their
complexes of Co(II), Cu(Il) and Zn(II) which were used as sensitizers.
The main difference between them is the position of the 3-phenoxy-
propoxy group within the meso-substituted spacer, which is
supposed to affect strongly the porphyrin’s stereochemistry. In such
cases, the contribution of the entropic factor to the system'’s reac-
tivity usually proves pronounced. Hence, it seemed obvious that both
the series would display diverse catalytic activity. Therefore, we felt
reasonable to apply the novel products to impregnate polycrystalline
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Fig. 1. Chemical structure of the novel free-base porphyrins (H,Pp) 1a and 1b.

TiO, (anatase) and thus evaluate their effectiveness in photo-
degradation of 4-nitrophenol in water, in a process sensitized by
visible light. To assess the structural effects, we have optimized the
molecular structure of both the porphyrin isomers by means of
density functional theoretical (DFT) calculations.

2. Experimental
2.1. Materials and methods

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (Aldrich)
and other reagents (Beijing Chemical Reagents Company) were
used without further purification, except pyrrole, which was
distilled before use. Impregnated TiO, - anatase (Ti oxide
Huntsman), BET specific surface area 8 m?/g, was used in prepa-
ration of loaded samples applied as photocatalysts in photo-
reactivity experiments.

Cu(ll) 5,10,15,20-tetrakis(4-tert-butylphenyl) porphyrin, for
brevity denoted CuPp(c), was synthesized according to the proce-
dure reported in the literature [25], and the Cu(ll) tetraphe-
nylporphyrin, for brevity denoted CuPp(d), was synthesized
according to the usual methods.

Elemental analysis (C, H, N) was performed by a Vario EL-III
CHNOS instrument. FT-IR spectra were registered in KBr using
a BEQ UZNDX-550. UV-vis spectra were recorded by a Shimadzu
UV2550 spectrophotometer. '"H NMR spectra were recorded at
room temperature using a Bruker AC-400 apparatus and tetra-
methyl silane (TMS) for reference.

Mass spectrometry (MS) analyses were carried out on a matrix
assisted laser desorption/ionization time of flight mass spectrom-
eter (MALDI-TOF MS, Krato Analytical Company of Shimadzu
Biotech) using a standard procedure involving 1 pL of the sample
solution. Specific surface area was measured by the single point BET
method using a jw-05 apparatus (Beijing, China). Total organic
carbon (TOC) was measured using TOC Analytical (Ol Analytical
Company, USA).

2.2. Synthesis of porphyrins 1a, 1b and metalloporphyrins
2.2.1. Preparation of 2

3-Phenoxypropyl bromide (2) was synthesized according to
Ref. [40] (Scheme 1). Phenol (28.0 g, 0.3 mol) and 37.7 mL (0.37 mol)

of 1,3-dibromopropane in 150 mL of H,O were heated under stirring
at100 °Cinan oil bath; at the same time a solution 0of 11.3 g (0.28 mol)
NaOH in 40 mL of water was dropwise added into the reaction system
within 30 min. The mixture was refluxed for 4 h, then the water layer
was separated off and the remaining oil layer was distilled under
vacuum. After the unreacted 1,3-dibromopropane was distilled off,
the 3-phenoxypropyl bromide (2) was successively collected as
a colorless oil liquid. Yield: 85%; Mp: 10-11 °C; nBp: 1.5460. Anal.
Calcd. for CgH11BrO, %: C, 50.30; H, 5.09. Found C, 50.26; H, 5.15.

2.2.2. Preparation of 3a and 3b

4-Hydroxybenzaldehyde (10.0 g, 0.082 mol) and 3-phenoxy-
propyl bromide (2) (12.5 mL, 0.08 mol) in 100 mL of CH3CH,OH
were heated under stirring at 80 °C in a water bath, then 3.2 g
(0.08 mol) of NaOH dissolved in 50 mL CH3CH,OH was dropped
into the reaction system within 1 h and the mixture was refluxed
for 6 h. After cooling, the mixture was washed with distilled water
for several times and next the solvent was removed under vacuum.
The remaining oily liquid was dissolved in ethanol. Colorless
crystals of 4-(3-phenoxy) propoxybenzaldehyde (3a) were
obtained from the solution. The same procedure was used for the
synthesis of 2-(3-phenoxy)propoxybenzaldehyde (3b) from 2 and
2-hydroxybenzaldehyde.

Yield (3a): 38%. Mp: 60-61 °C; Anal. Calcd. for C1gH1603, %: C,
75.32; H, 6.32. Found C, 74.98; H, 6.29. FT-IR: », cm~! 2952, 2836,
2749, 1698, 1602, 1502, 1464, 1384, 1160, 1060, 830, 754. TH NMR
(CDCl3, 300 MHz): 6, ppm 7.82 (d, J=8.43 Hz, 2H, Ar), 7.28 (t,
J=7.88 Hz, 2H, Ar), 7.05-6.85 (m, 5H, Ar), 4.26 (t, ] = 6.02 Hz, 2H,
OCHy), 4.17 (t, ] = 5.84 Hz, 2H, OCH,), 2.30 (quintuplet, ] = 5.62 Hz,
2H, CHy).

Yield (3b): 35%. Mp: 53-54 °C. Anal. Calcd. for C1gH1603, %: C,
75.30; H, 6.35. Found C, 74.98; H, 6.29. FT-IR: », cm~! 2932, 2873,
2768, 1685, 1600, 1487, 1458, 1386, 1187, 1058, 808, 760. 'H NMR
(CDCl3, 300 MHz): 6, ppm 7.84 (t, J=6.27 Hz, 1H, Ar), 7.53 (t,
J=6.81Hz, 1H, Ar), 7.28 (t, J]=7.50 Hz, 2H, Ar), 7.10-6.85 (m, 5H,
Ar), 4.30 (t, J=6.02 Hz, 2H, OCHy), 4.19 (t, J=5.91 Hz, 2H, OCHy),
2.38-2.32 (m, 2H, CHy).

2.2.3. Synthesis of the free-base porphyrins 1a and 1b (HzPps)
4-(3-Phenoxy)propoxybenzaldehyde (3a) (2.13 g, 8.3 mmol)

and pyrrole (0.56 mL, 8.3 mmol) in 200 mL of chloroform were first

stirred at room temperature for 10 min under nitrogen atmosphere.
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Scheme 1. Synthesis of porphyrins 1a, 1b and metalloporphyrins.

Then 0.13 mL (2.8 mmol) of BF;-OEt; in 5 mL of CHCl3 was added.
The reaction mixture was stirred at room temperature for 40 h and
successively for another 50 h after addition of 1.4 g (6.16 mmol) of
DDQ. The solvent was removed under vacuum and the crude
product, 1a, was purified by chromatography on a silica gel column
with CH;Cly/ethanol (35/1 vv) as eluant. The synthesis of 1b was
carried out in a similar way starting with 3b.

2.2.3.1. 5,10,15,20-Tetra[4-(3-phenoxy)-propoxy]phenyl porphyrin
(1a). Yield: 15%. Mp: >250 °C, Anal. Calcd. for CgoH79N4Os, %: C,
79.11; H, 5.68; N, 4.58. Found C, 79.10; H, 5.80; N, 4.61. FT-IR: », cm™"
3315.77,3060.12, 2924.96, 2361.51, 1595.37, 1493.20, 1287.02, 1241.83,
1052.85, 964.01, 751.63. "TH NMR (CDCl3, 400 MHz): 6, ppm 8.83 (s,
8H, P position of the pyrrole moiety), 8.09 (d, ] = 8.6 Hz, 8H, Ar), 7.40-
7.22 (m, 16H, Ar), 7.03-6.95 (m, 12H, Ar), 445 (t, ] = 6.0 Hz, 8H, OCH,),
4.33 (t, J=6.0 Hz, 8H, OCH>), 2.43 (quintuplet, = 6.0 Hz, 8H, CH>),
—2.78 (br s, 2H, NH). MS and UV-vis (CHCl3) data: see Table 1.

2.2.3.2. 5,10,15,20-Tetra[2-(3-phenoxy)-propoxy]phenyl  porphyrin
(1b). Yield: 10%. Mp: >250 °C, Anal. Calcd. for CgoH79N4Og, %: C,
79.14; H, 5.733; N, 4.62. Found C, 79.10; H, 5.805; N, 4.61. 'H NMR

(CDCl3, 400 MHz): 6, ppm 8.70-8.64 (m, 8H, B position of the
pyrrole moiety), 7.97-7.84 (m, 4H, Ar), 7.78-7.72 (m, 4H, Ar),
7.39-7.27 (m, 8H, Ar), 6.76-6.60 (m, 6H, Ar), 6.59-6.47 (m, 6H, Ar),
6.19-5.90 (m, 8H, Ar), 4.14-3.96 (m, 8H, OCHy), 2.98-2.78 (m, 8H,
OCH3), 1.48-1.20 (m, 8H, CHy), —2.63 (br s, 2H, NH). MS and UV-vis
(CHCl3) data: see Table 1.

Table 1

Mass and UV-vis spectral data of the synthesized porphyrins

Compounds M m/z (amu) Amax (nm)

1a H 1214.4 423 519 556 593 649
1b H 1214.2 419 514 548 589 644
4a Co 12733 412 529

4b Co 1273.6 410 530

5a Cu 1277.9 419 541 579

5b Cu 1277.6 417 540 575

6a Zn 1279.8 422 549 584

6b Zn 1279.2 423 550 588

CuPp(c) Cu 417 540 576

CuPp(d) Cu 411 538 574
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Fig. 2. The UV-vis spectra of H,Pp (1a) and MPps (4a-6a).

2.2.4. Synthesis of the metalloporphyrins 4a, 5a, 6a and 4b, 5b and 6b
CuCl, (27.0 mg, 0.15 mmol) was added to 1a or 1b (60.8 mg,
0.05 mmol) dissolved in 20 mL of CHCl3 and 3 mL of ethanol. The
mixture was stirred for 24 h at room temperature and monitored by
TLC until the complete disappearance of the starting material (1a or
1b). The unreacted solid salt was filtered off and the solvent was
removed under vacuum. The crude product, 5a or 5b, respectively,
was purified by chromatography on a silica gel column with CH,Cl,
as eluant. Both the CoPp compounds, 4a and 4b, were obtained
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Fig. 3. The UV-vis spectra of H,Pp (1b) and MPps (4b-6b).

using Co(OAc), and 1a or 1b, respectively, according to the same
method as described above. Both the ZnPp complexes, 6a and 6b,
were prepared from Zn(OAc); and 1a or 1b, respectively, following
the same procedure.

2.2.4.1. Co(Il) 5,10,15,20-tetral4-(3-phenoxy )-propoxy [phenyl porphyrin
(4a). Yield: 88%. Mp >250 °C, Anal. Calcd. for CoCgoHggN4Os, %: C,
75.42; H, 5.10; N, 4.57. Found C, 75.55; H, 5.40; N, 4.41. MS and UV-vis
(CHCl3) data: see Table 1.
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Fig. 4. "H NMR spectra of 1a (top) and 1b (bottom).
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Fig. 5. The anisotropic effect of the porphyrin ring.

2.2.4.2. Co(II)5,10,15,20-tetra[2-(3-phenoxy )-propoxy [phenyl porphyrin
(4b). Yield: 90%. Mp >250°C, Anal. Calcd. for CoCgoHgsN4Os, %: C,
75.36; H, 5.28; N, 4.52. Found C, 75.55; H, 5.40; N, 4.41. MS and UV-vis
(CHClI3) data: see Table 1.

2.2.4.3. Cu(ll)5,10,15,20-tetral4-(3-phenoxy )-propoxy [phenyl porphyrin
(5a). Yield: 92%. Mp: >250 °C, Anal. Calcd. for CuCgoHggN4Os, %: C,
75.08; H, 5.54; N, 4.19. Found C, 75.24; H, 5.38; N, 4.39. MS and UV-vis
(CHCl3) data: see Table 1.

2.2.4.4. Cu(ll)5,10,15,20-tetra[2-(3-phenoxy )-propoxyJphenyl porphyrin
(5b). Yield: 90%. Mp >250 °C, Anal. Calcd. for CuCggHggN4Osg, %: C,
75.13; H, 5.64; N, 4.47. Found C, 75.24; H, 5.37; N, 4.39. MS and UV-vis
(CHCl3) data: see Table 1.

2.2.4.5. Zn(II) 5,10,15,20-tetra[4-(3-phenoxy )-propoxy [phenyl porphyrin
(6a). Yield: 90%. Mp >250 °C, Anal. Calcd. for ZnCggHggN4Os, %: C,
75.40; H, 5.66; N, 4.43. Found C, 75.17; H, 5.37; N, 4.38. MS and UV-vis
(CHClI3) data: see Table 1.

2.2.4.6. Zn(1l) 5,10,15,20-tetra[2-(3-phenoxy )-propoxy [phenyl porphyrin
(6b). Yield: 90%. Mp >250 °C, Anal. Calcd. for ZnCgoHggN4Os, %: C,
75.35; H, 5.67; N, 4.42. Found C, 75.17; H, 5.37; N, 4.38. MS and UV-vis
(CHCI3) data: see Table 1.

2.3. Preparation of the photocatalysts

All porphyrins and metalloporphyrins were used to prepare the
TiOy composites. Compound 1b (or 4b-6b, 5a) (6 umol) was

‘HN'
¢ J-&%’ﬁ
WU’“ ol 5-"""4""!':(} % [
> },_‘L,:'—‘v .:?"'*‘\,«. &°
g

dissolved in 30 mL of CHCl3 and 1 g finely ground TiO, was added to
this solution. The resulting suspension was stirred for 4-5 h and
then the photocatalyst was separated from the solution by centri-
fugation. These photocatalysts were marked as HyPp(1b)-TiO,,
CoPp(4b)-TiO,, CuPp(5b)-TiO;, ZnPp(6b)-TiO,, CuPp(5a)-TiO,,
respectively. The previously synthesized Cu(Il) 4-tert-butylphenyl
porphyrin CuPp(c) and Cu(ll) tetraphenyl porphyrin CuPp(d) were
also used to impregnate TiO,, marked as CuPp(c)-TiO,, CuPp(d)-
TiO,, and they served for comparative reasons.

2.4. Photodegradation experiments

The experimental set-up and the applied procedures have been
described in detail in the literature [41].

2.5. Theoretical calculations and structure optimization

Density functional theory (DFT) method was applied to calculate
the molecular structures of 1a, 1b and of their Cu-complexes (5a
and 5b). The Becke three-parameter exchange functional (B3) [42]
and the Lee-Yang-Parr correlation functional (LYP) [43] were used
along with the GAUSSIAN 03 package [44]. Geometry optimization
and vibrational analysis of the studied compounds were performed
without constraints on isolated molecules with the LANL2DZ basis
set [45]. All normal frequencies at the optimized geometry are real,
showing that it is indeed a stable minimum.

3. Results and discussion
3.1. Synthesis and compounds’ characterization

The synthetic route has been illustrated in Scheme 1. The
precursors (2, 3a and 3b) were easily prepared and purified.
However, the Lindsay method [46], applied to obtain the free-base
porphyrins (1a and 1b) provided rather low yields (15 and 10%,
respectively). Nevertheless, the metalloporphyrins were all
synthesized with yields around 90%.

The data collected in Table 1 are well consistent with the
molecular structure of the synthesized porphyrins. Mass spec-
troscopy data perfectly correspond to the expected m/z values for
the individual products. UV-vis spectra show features typical for
this class of compounds and the influence of the meso substituent
upon the position of absorption bands has proved insignificant

S U o

N — \ A~

~ 5b

Fig. 6. Molecular structure of the novel [(3-phenoxy)-propoxy|phenyl porphyrins: H,Pp (1a, 1b) and CuPp (5a, 5b).
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(Figs. 2 and 3). In fact, one may note some slight spectral shifts by
comparing the corresponding “a” and “b” isomers, especially for
both the HyPp species (1a and 1b). The HyPp (1a) shows a band
centered at A =423 (Soret band), and the Q bands absorptions,
respectively, at 519, 556, 593 and 649 nm which has the weak
einstein shift compared with the HPp (1b) UV-vis spectrum of
consists of a Soret band at 419 nm, and Q bands at 514, 548, 589,
644 nm. Since the metal derivatives produce a more rigid electronic
structure of the porphyrin core, therefore spacer-related spectral
effects are much less pronounced, The Q band peaks number
decrease from four to two (CuPp, ZnPp) or one (CoPp), and a violet
shift were also observed in metalloporphyrins, as shown in Table 1.

FT-IR and 'H NMR spectra were also consistent with the struc-
ture of the synthesized compounds. Particularly the 'H NMR
spectra have appeared very interesting (Fig. 4). Due to the
porphyrin ring anisotropic effect, resulting from circulation of
electrons making up the conjugated m-bonding system, two shiel-
ded zones are formed, over and under the macrocycle plane (Fig. 5).
The chemical shift assigned to protons falling within the conical
areas are shielded, and those falling outside the conical areas are
deshielded. In this way it was possible to justify the chemical shifts
measured in the case of 1b which are shielded for 0.1-1.2 ppm
relatively to 1a. Indeed, the optimized molecular structures pre-
sented in Fig. 6 and Table 2 indicate that in 1b the 3-phenoxy-
propoxy spacers evidently lie within the range of the shielded zone,
whereas in 1a they do not. For the same reason the spectrum of 1b
has shown a more complex spin-splitting pattern than that of 1a.
Note especially the characteristic splitting of the H-Ar peaks, which
in 1b consists of six multiplets within the range from 7.97 to
5.9 ppm, whereas in 1a only three such groups have been featured,
8.09 (d, J=8.6 Hz, 8H), 7.40-7.22 (m, 16H) and 7.03-6.95 (q, 12H).

3.2. Molecular structure

Theoretical calculations allowed estimating the structural
parameters of both the synthesized isomers of the free-base
porphyrin (H,Pp) and their copper complexes (CuPp). Some results
have been collected in Table 2 and the appropriate structures are
depicted in Fig. 6.

It is obvious the structure of 1b is more stressed than in the case
of 1a, which follows from evidently stronger steric interactions
between the cis meso-substituents in 1b, separated from each other
at the peripheral phenyls by a distance less than the size of the
porphyrin core. The same conclusions apply also to both the copper
complexes, 5a and 5b. In all presented cases, the macrocycles were
found somewhat wrinkled and the deviation from perfect planarity
seems to be the strongest for 5b. There are apparent differences in
torsion angles between the plane determined by the four pyrrole N
atoms and the plane of the meso-substituted phenyls. Interestingly,

Table 2
Structural parameters and size of the H,Pp and CuPp molecules
Distance (A) H,Pp CuPp

1a 1b 5a 5b
N-N? 4.162 4152 4.060 4.050
c-cb 6.996 6.972 6.970 6.940
Phen-phen® cis 34.044 cis 4.182 cis 34.868 cis 4.110

trans 23.118 trans 23.021

Torsion angle (°)
p-phen-Pc? 62.7-117.1 83.1-95.0 64.6-120.0 81.7-100.0
C-0-p-phen® 0 0.3-2.9 0 0.2-2.7

4 Opposite atoms (mean value).

Opposite meso-C atoms (mean value).

Longest and/or shortest distance between the peripheral phenyls.
The meso-phenyl plane vs. Pc plane.

Measured about the O-phen bond.
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Fig. 7. 4-NP concentration vs. irradiation time using different MPp photocatalysts.

the meso-phenyls are considerably inclined in the case of 1a and 5a,
whereas for 1b and 5b they are almost perpendicular to the
porphyrin plane. Moreover, in 1b and 5b the spacers are also
twisted to some extent about the O-C (phen) bond axis (0.2-2.9°)
so that both the terminal-phenyls are not coplanar, as they do
appear in 1a and 5a.

3.3. Photoreactivity experiments

The photocatalytic activities for the degradation of 4-nitrophenol
(4-NP) in water under visible light irradiation using prepared
photocatalysts were tested. As expected, the Cu(Il) porphyrin (5b)
definitely proved more effective sensitizers in photodegradation of
4-nitrophenol than other MPp’s (M = Co, Zn) as well as the free-base
HoPp (Fig. 7). The Co(ll), Zn(ll) porphyrins (4b, 6b) have slight
beneficial effect, and there is no remarkable effect on the free-base
porphyrin (1b) compared with bare TiO-, these results are similar to
our previous studies [47].

The photocatalytic activities are also influenced by the substi-
tutions and the spatial positions of the substitutions of porphyrins.
As shown in Fig. 8, all the Cu(Il) porphyrins including the novel Cu-
porhyrins (5a, 5b) revealed better photocatalytic activity under
visible light irradiation for the degradation of 4-nitrophenol (4-NP)
in water. The efficiency of the catalyst was found to decrease in the
following order.

1.0 4
0.8 -
F._I .
5 —m— CuPp(5b)-TiO,
£%° — e CuPp(5a)-TiO,
o CuPP(c)-TiO,
e
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¥ 0.2
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Fig. 8. 4-NP concentration vs. irradiation time using different CuPp photocatalysts.
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Table 3
The initial photoreaction rates and the conversion (%) of 4-NP after 250 and 500 min of irradiation time
Samples 1o x 10% (mol L~'s71) o’ x 10° (molL~'s~'m™2?) 4-NP (%) converted, 250 min 4-NP (%) converted, TOC (%), TOC (%),

500 min 250 min 500 min

TiO, 0.16 1 51 10.7 0 0
H,Pp(1a)-TiO, 0.16 1 45 9.9 0 0
HoPp(1b)-TiO, 0.25 1.56 71 121 0 1
ZnPp(6a)-TiO, 0.40 2.50 76 145 0 2
ZnPp(6b)-TiO, 0.55 3.44 10.2 20.5 1 2
CoPp(4a)-TiO, 0.57 3.564 10.2 20.4 1 2
CoPp(4b)-TiO, 0.87 5.44 18.0 36.4 2 3
CuPp(d)-TiO, 7.87 49.19 82.9 99.4 17 53
CuPp(c)-TiO, 8.30 51.88 90.6 99.6 24 62
CuPp(5a)-TiO, 9.67 60.44 91.9 99.8 29 70
CuPp(5b)-TiO, 10.80 67.50 95.1 99.9 34 76

To: the initial photoreaction rates per used mass.

ro’: the initial photoreaction rates per used mass and per unit surface area of the catalysts.

CuPp(5b)-TiO; > CuPp(5a)-TiO; > CuPp(c)-TiO, > CuPp(d)-
TiO, > TiO; (bare).

The initial zeroth order reaction rates [22] for 4-NP disappear-
ance per used mass of the catalysts (rp), per square meter of powder
(ro’), the conversion percentage of 4-NP after 250 and 500 min and
the decreasing total organic carbon measurements (TOC) are
reported in Table 3. The data displayed the difference of the
photocatalytic activity obviously.

The process on CuPp-TiO, photocatalyst is generally accepted to
proceed according to the scheme:

TiO, [CuPp] Lt TiO, [CuPp] : +4-NP(H,0,0,) — oxidation products

as proved by the analysis of total organic carbon (TOC). After 250
and 500 min from the start of the photosensitized reaction the
corresponding TOCs (%) determined in the studied samples were
amounted to 34 and 76 (5b), 29 and 70 (5a), 24 and 62 (CuPp(c))
and 17 and 53 (CuPp(d)). These results indicate distinctly for the
most efficient production of reactive oxidants (e.g. 05, OH’, H,0; or
10,, [25]) by the composite including 5b. Presumably, in the case of
5b the transfer of electrons from the excited porphyrin into the TiO,
matrix is more effective in comparison with the other compounds
used.

The influence of the kind of the meso substituent and thus the
molecular structure of the porphyrin component upon the system’s
reactivity is obvious. Long and flexible spacers of 5a and 5b may
prevent these porphyrins from intermolecular ©-7 interactions
and the consequent decreasement of aggregation if compared with
CuPp(c). This particularly occurs for the 5b complex representing
a stereochemically more complicated molecular structure having
a lower symmetry and a more stressed bonding system. Such
features are considered crucial to assure higher activity of the
composite catalyst. Hence, one may expect 5b to manifest
enhanced ability to trap molecular oxygen and in consequence to
increase the amount of reactive oxidants, necessary for the degra-
dation of 4-NP in water. Moreover, the way the porphyrins are
distributed over the TiO, surface and fixed to the matrix is also very
important as far as the intermolecular electron transfer is
concerned. It follows from our study, that also in this case the
molecular system of 5b is favored over the other ones.

4. Conclusion

The novel [(3-phenoxy)-propoxy]|phenyl porphyrins represent
two completely diverse molecular systems and thus different
physicochemical properties. All of them bear evidence for some
stress within the bonding set-up of the porphyrin core, most
pronounced in the case of molecules containing the o-substituted

spacers, i.e. [2-(3-phenoxy)-propoxy|phenyl substituents. Results
of theoretical calculations (DFT) and 'H NMR spectroscopy indicate
for the importance of the stereochemical factor in reactivity
development in porphyrin derivatives. As for the photocatalytic
activities, firstly, the more important part is that the excited
Cu(I)Pp potential match better with TiO, conduction band poten-
tial than Co(Il)Pp and Zn(II)Pp. secondly, the long and flexible
substitution can be impregnated onto the surface of the TiO, more
effectively than short ones. Thirdly, the spatial positions of the
substitutions also influence the impregnated effect of the photo-
sensitizer with the TiO,. All the factors lead to the following result:
Photocatalytic activities of the CuPp-TiO, composites proved to
rely evidently on structural features of the porphyrin as reflected
by the Cu(ll) 5,10,15,20-tetra[2-(3-phenoxy)-propoxy|phenyl
porphyrin (5b), which appeared the most efficient sensitizer.
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