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a b s t r a c t

The precursor (5,10,15,20)-tetratolylporphyrin (H2TTP) (1) and Zn(II) complex (5,10,15,20)-tetratolylpor
phyrinato)zinc(II) [Zn(TTP)] (2) have been synthesized and utilized to afford a novel complex (3) bearing
pyrazine as fifth coordination site on axial position, i.e. (pyrazine)(5,10,15,20-tetratolylporphyrinato)zinc
(II) hemi-pyrazine hemidichloromethane solvate [Zn(TTP) (pyz)]0.0.5(pyz.CH2Cl2). Photophysical, elec-
trochemical and X-ray diffraction were investigated. The single-crystal X-ray analysis indicated that in
complex (3) (i) Zn(II) ion is penta coordinated, (ii) slight displacement of Zn atom by �0.28 Å towards
the axial ligand (pyrazine) and (iii) the crystal lattice is made up of two dimensional layers stabilised
by C�H. . .Cg intra- and intermolecular interactions (Cg is the centroid of pyrrole ring). Optical absorption
studies revealed a redshifted of the Soret (B) and Q bands of the Zn-porphyrins complexes. Contrarily, a
hypsochromic shift of Q bands in emission spectra of the complexes is noted as compared to the H2TPP.
Lifetime of the electrons in (1–3) were determined and compared. Overall, this study would assist in
understanding the impact of incorporation of pyrazine at the axial position on optical and electronic
properties. Cyclic voltammetry (CV) was applied for the study of the electrochemical behavior of both
(2) and (3) complexes in 0.2 M Tetra-n-butyl ammonium perchlorate (TBAP) solution in CH2Cl2. The
results of electrochemical confirmed the potentials redox peaks shift more negative ca 60 mV to that
is caused by the coordination of pyrazine ligand.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Porphyrin and metalloporphyrin are p-conjugated macrocyclic
scaffolds that are ubiquitously found in nature (Nath et al., 2016;
Lu and Kobayashi, 2016). This class of compounds is known for
its unique and tuneable photophysical properties (such as broad
and intense absorption spanning visible region and colourful emis-
sion), high chemical and thermal stability (Sommer et al., 2011).
Indeed, this is attributed to the planar and electron-rich four pyr-
rolic units connected via methylene unit (Jusélius and Sundholm,
2000). Besides, high rigidity, delocalisation of 22 p-electrons
around the large ring system, and the presence of chemical modi-
fication sites (meso and b-positions) are added advantage with this
class of chromophore. Owing to these features, a range of substi-
tuted porphyrins and their corresponding complexes have been
reported (Lu and Kobayashi, 2016; Imahori et al., 2009;
Chatterjee et al., 2016). Interestingly, many of them have shown
potential candidateship for optoelectronic (Imahori et al., 2009;
El-Nahass et al., 2014; Lind et al., 2009), sensing (Gujarathi,
2020; Park et al., 2013), catalysis (Barona-Castaño et al., 2016),
bioimaging (Haque et al., 2017), and other intriguing applications
(Haque et al., 2018).

It has been demonstrated that the energy levels, absorption/
emission properties and applications can be significantly modu-
lated by varying the substituents present at the periphery (meso
and b-positions) and metal at the centre (Soury et al., 2018a,
2019; Chatterjee et al., 2016; El-Nahass et al., 2014). For example,
it is found that the substituent present at meso position controls
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the catalytic activity of the complexes (Barona-Castaño et al.,
2014). Similarly, when a suitable organic spacer is linked to the
meso positions via alkynyl unit, electronic communication and
photo-sensitization effect can be observed (Haque et al., 2018). In
addition, a plethora of studies have demonstrated that photophys-
ical properties of porphyrin and metalloporphyrin is a direct func-
tion of the spacer attached to it. Regarding the metals, it is found
that the insertion of late transition metal like Zn(II) changes the
symmetry of the free ligand and thus the optical properties
(Gouterman, 1959). Also, the extent of shifting of the Q-bands
has been related to the nature of the metal centre, the meso sub-
stituents and the porphyrin macrocycle undergoes non-planar dis-
tortion (Soury et al., 2018a, 2019, 2018b). During the literature
survey, we noted that Zn(II) complexes bearing substituted por-
phyrin has already been reported (Lu et al., 2016; Chatterjee
et al., 2016). However, those bearing pyrazine as fifth coordination
site is yet to be explored (Chart 1).

Therefore, it would be interesting to see the effects of insertion
of Zn(II) cation and the axial ligands in the meso porphyrin on the
electronic, redox, structural and photophysical properties. Based
on these notions, we herein report the synthesis, characterization,
optical and dielectric properties of a free base (5,10,15,20)-tetrato
lylporphyrin (H2TTP) (1) and corresponding Zn(II) complexes
(5,10,15,20)-tetratolylporphyrinato)zinc(II) [Zn(TTP)] (2) and
hemi-pyrazine hemidichloromethane solvate [Zn(TTP) (pyz)]0.0.5
(pyz.CH2Cl2) (3). The IR and 1H NMR, optical and emission spec-
troscopy, as well as Electrospray mass spectrometry are used to
characterize ligands as well as complexes. The structure of one of
the complexes (3) is also evidenced by single crystal X-ray molec-
ular structure.

2. Experimental

2.1. Materials and methods

2.1.1. Materials
The solvents and reagents are of grade quality and used as

received.

2.1.2. Preparation of H2TTP (1) and [Zn(TTP)] (2)
Ligand H2TTP (1) and Zn(II) complex [Zn (TTP)] (2) were pre-

pared following the procedure reported in literature (Adler et al.,
1967; Hoard and Smith, 1975). The structure of the synthesized
materials was confirmed using state of the art analytical technique
prior to use for subsequent steps.

2.1.3. Synthesis and crystallization of [Zn(TTP)(pyz)]0.0.5(pyz.CH2Cl2)
(3)

[Zn(TTP)] (2) (25 mg, 0.020 mmol) and pyrazine (90 mg,
1.125 mmol) were dissolved in 5 ml of dichloromethane (CH2Cl2).
A purple to green–blue colour changes of the mixture was
observed. Dark purple crystals of complex (3) were acquired by
Chart 1. Chemical structure and numbering scheme for complex (3).
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n-hexane slow diffusion in the CH2Cl2 solution. (in 89% yield). Anal.
Calc. For [Zn(TTP)(pyz)]0.0.5(pyz.CH2Cl2): C53.25H41.5N6.5Cl0.5Zn
(855.6 g/mol).C, 6.27; H, 4.80; N, 75.97%. Found: C, 6.31; H, 4.76;
N, 75.81%. UV–Vis [CH2Cl2, kmax in nm (logn)]: 425 (5.47), 560
(4.27), 604 (4.03). 1H NMR (CDCl3, 300 MHz): d (ppm) = 8.89 (S,
8H, Hb), 8.04 (d, 8H, Ho,o’); 7.53(d, 8H, Hm,m’) ; 6.35(d, 4H, H1) ;
2.3(s, 12H, CH3-Mésithy. IR (cm�1): 3020–2930: m[CH(porph)]; 952:
d[CCH(porph)];700: d [CC(phenyl porphy)], 3130: m[CH(pyz)],
1500: m[CN(pyz)].
2.2. Characterization

2.2.1. 1H NMR, absorption and emission properties
The Bruker 300 Ultrashield spectrometer was used to perform

the room temperature1H NMR spectra. UV–vis spectra and titra-
tion were obtained by using WinASPECT PLUS. Emission spectra
were also detected on Horiba Scientific Fluoromax-4 spectrofluo-
rometer. The 1 cm path length quartz cuvettes were used to anal-
ysed samples. Emission measurements were observed after
irradiation at k = 400 nm observed by the second harmonic of a
titanium laser with a replication rate of 8 MHz. To detect the decay
acquisition, Fluotime 200 (AMS technologies) is used with a GaAs
microchannel plate photomultiplier tube (Hamamatsu model
R3809U-50) followed by a Picoquant temporal correlation single
photon counting system (PicoHarp300). The eventual time resolu-
tion of the setup is proximate to 30 ps. Picoquant-FLUOFIT soft-
ware, was used to accomplish luminescence decays. The optically
diluted method was used to detect quantum emission efficiencies
in CH2Cl2 solutions at 25 �C (Yang et al., 1999). [Zn (TPP)] in a
dichloromethane solution equilibrated in air was used as a quan-
tum yield standard (U = 0.031). Here are the experimental uncer-
tainties: 20% for the emission lifetimes; 2 nm and 5 nm for the
absorption maxima and the emission maxima, respectively.
2.2.2. Electrochemistry
Cyclic voltammetry (CV) experiments were carried out with a

CH-660B potentiostat (CH-instrument) at room temperature under
an argon atmosphere (argon stream), using three-electrode elec-
trochemical cell, in a standard one-compartment. Tetra-n-
butylammonium perchlorate (TBAP) was utilized as a support elec-
trolyte (0.2 M) in dichloromethane (CH2Cl2) after distillation with
calcium hydride under argon. An automatic ohmic drop compensa-
tion procedure was systematically realized prior to recording the
CV data in electrolytic solutions containing the studied compound
at a concentration ̴10-3 M. CH-instrument vitreous carbon (U =
3 mm) working electrodes were polished with 1 mm diamond paste
before each recording. As a reference electrode was used the redox
couple Ag/Ag+ (10�2 M + TBAP 0.2 M in CH2Cl2).
2.2.3. X-ray characterisation
Data collection for compound (3) were performed at 298 K, the

data are obtained by the Xcalibur, Sapphire 2, Eos, Gemini ultra.
The monochromatized, k = 0.71073 Å, MoKa graphite radiation
was used. The data intensity were detected via a narrow-frame
procedure. The CrysAlis RED (Oxford Diffraction, 2010) software
was used to obtain the unit cell parameters, reflections are scaled
and corrected for absorption (Oxford Diffraction, 2010). SIR-2004
via a direct method was used to elucidate the trial structure
(Altomare et al., 1994). The final structural refinement was made
against F2 data with the program SHELXL-97 (Sheldrick, 2008).
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3. Results and discussion

3.1. Optical absorption investigation

The UV–visible spectra of the compounds (1–3) were collected
in dichloromethane at a concentration of ca10-6M and 10-5 M, for
the intense band (Soret band) and other bands (Q-bands), respec-
tively (Fig. 1). The kmax values of these species were compared to
other meso-porphyrins and Zn(II)-metalloporphyrins and are gath-
ered in Table 1.

Fig. 1 shows the absorption spectral changes of complexes (1–
3).We noticed; (i) the reduction of the number of Q bands of low
intensity from four (between 515 and 645 nm) to two bands (be-
tween 550 and 600 nm) on going from the free porphyrin (1) to
complexes (2–3). This reduction in number of bands can be attrib-
uted to the change in symmetry (D2h for free ligand vs D4h for Zn-
complexes) (Gouterman et al., 1959; Sharma et al., 2019); (ii) bath-
ochromic shift of the values of kmax of the soret and Q bands for (2–
3) complexes are compared to the free base porphyrin. The shifts
are 4 nm and 45 nm for the soret and Q-bands, respectively. This
is supported by the earlier reported works (Soury et al., 2018a,
2019, 2018b).
3.2. Optical gap

The optical band gap is a fundamental property that character-
ize semicondutors physics. Fig. 2 depicts the optical band gap Eop-
gap of the ligands and complexes and are determined using the
Tauc plot method (Tauc et al., 1966; Polat et al., 2020). As it is clear
from the Fig. 2, the straight line portion of (aht)2 vs photon energy
(E = ht) plot until null absorption.

The Eop-gap values of (1–3) compounds are 1.885, 2.019 and
2.036 eV, respectively. Notably the Eg Eop-gap of free base is at
higher value than that of the Zn(II)-metaloporphyrins and are close
to 2.00 eV. It is noteworthy that the optical gap does not change
significantly for the studied complexes, but their low optical gap
could be suitable for potential use in the development of new opto-
electronic organic semiconducting materials and related
compounds.
Fig. 1. UV–Vis spectra in dichlorom

3

3.3. Titration

Zn(II)-porphyrin are known to bind N-donors (imidazole, pyri-
dine etc) through axially and forming five-coordinated complexes
(Lin et al.,2002), with association constant (Kass) in the range of
104 (Flamigni et al., 2006). In this work, we titrated complex (2)
with a monodentate pyrazine ligand and change was monitored
using UV/vis spectroscopy (porphyrin concentration values are:
10-6 M, 10-5 M for soret band and Q bands, respectively. Thep-
yrazine concentration values are: 10-4, 10-3, 10-2, 0.1 and 0.2 M).
Fig. 3, shows a typical change observed for (3) upon addition of
pyrazine. The addition of incremental amounts of pyrazine to the
solution of the second compound (2) induces: (i) colour change
from purple to green (ii) the soret and Q-bands are considerably
red-shifted (Lin et al., 2002) by 5 nm and 10 nm, respectively. This
red-shift was complemented by forming a new compound 1:1
(pyrazine: [Zn(TTP)]) binding stoichiometry (Paul et al., 2003)
(iii) the appearance of a sharp isobestic points around 424 nm
and 580 nm-590 nm for the soret band and Q-bands, respectively.

These results indicate equilibrium between pyrazine and Zn(II)
in compound (2). Titration data are determined to calculate the
value of the association constant Kass using the fitting procedure
provided by the program GWBASIC. The value of binding constant
in this study was found to be 1.5 � 103 M�1, which is quite lower
for Zn(II)-porphyrin bearing 4,40-byp, 1-methyl-imidazol and 2-
methyl-imidazole as axial fragment. This is most likely due to
the strong basicity of the pyrazine donor (Soury et al., 2018a,
2019, 2018b; Flamigni et al., 2006; Paul et al., 2003). Spectroscopic
data for Zn-complex are summarized in Table 1, along with some
porphyrinic species with N-donor axial ligands.
3.4. Photoluminescence studies

Porphyrins and related compounds are known to exhibit two
types of emission: (a) high energy and a strong transition to the
second excited (S2 ? S0 transition state) between 380 and
440 nm called Soret or bands . Such types of bands are compara-
tively rare, and (b) low energy and a weak transition (Q bands),
which are assigned to the S1 ? S0 transitions. The Q(x,y) are des-
ignated as bands, where ‘‘x” is the vibrational quantum number in
the electronically excited state (S1) and ‘‘y” in the electronic
ethane of (1–3) compounds.



Table 1
UV–Vis data of H2TTP, [Zn(TTP)], [Zn(TTP)(pyz)]0.0.5(pyz.CH2Cl2) and other related systems.

Porphyrin/Metalloporphyrin Soret band k (nm) (loge) Q bands k (nm) (loge) Eg (eV) Log Kass Ref.

H2TTPa (1) 417 (5.95) 515 (5.82) 553 (4.28) 598 (4.17) 646 (4.10) 1.88 – C.W
[Zn(TTP)]a (2) 420 (5.75) 550 (4.31) 593 (3.86) 2.03 – C.W
[Zn(TTP)] a 420 (-) 549, 588 – – [Kim and Shin, 2003]
Zn(TTP)(pyz)]0.0.5(pyz.CH2Cl2)a (3) 425 (5.47) 560 (4.27) 604 (4.03) 2.01 3.01 ± 0.2 C.W
[Zn(TTP)(4,40-bpy)] a 428 (5.71) 562 (4.26) 602 (4.04) 2.02 5.14 ± 0.2 [Soury et al., 2018b]
[Zn(TTP)(mbpy ~ py)]c 428 (-) 563 (-), 603 (-) – – [Kim and Shin, 2003]
[Zn(TPP)(1-MeIm)]d 428 (-) 564 (-) 604 (-) 5.3 ± 0.2 [Paul et al., 2003]
[Zn(TPP)(2-MeIm)] d 428 (-) 564 (-) 604 (-) 5.4 ± 0.2 [Paul et al., 2003]
ain dichloromethane, bin toluene, c:mbpy ~ py = N-methyl- 2,20-bipyridinium ~ pyridine, d in cyclohexane, 1-MeIm: 1-methyl-imidazole and 2-MeIm : 2-methyl-imidazole.

Fig. 2. Plotsof (aht)2 vs photon energy E of (1–3) compounds. a is the absorption coefficient.

Fig. 3. UV–visible data for comlex (2) upon adding pyrazine showing left the Soret band shift 10-6 M in CH2Cl2.The changes around 426 nm with a 1:1 fit (0–5000 equiv.), are
presented in the inset. The left side of the Figure showed the Q bands shift 10-5 M in CH2Cl2. The changes around 560 nmwith a 1:1 [Zn(TTP)]/pyrazine fit, are presented in the
inset. The study was carried out at 298 K in dilute dichloromethane solution.

Fig. 4. The emission spectra of (1–3) species. The spectra are obtained in CH2Cl2,
having almost10-6 M concentration.
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ground state (S0). Hence, the individual bands correspond to the
(0,0) and (0,1) transitions with respect to vibrational states
(Fig. 4). As shown in Fig. 4, major hypsochromic shift about ca
50 nm in the Q (0,0) band and about ca 70 nm in the Q (0,1) band
are between the free base porphyrin H2TTP and the zinc por-
phyrins. The Q (0,0) emission bands of [Zn(TTP)] and the Q (0.1)
emission bands of [Zn(TTP)pyz] 0.5(pyz.CH2Cl2) wavelengths are
around 600 nm and 648 nm, respectively.

The decrease of the value of the fluorescence quantum yields
(Uf): (Uf)(H2TTP) = 0.045 > (Uf) ([Zn(TTP)] = 0.039 > (Uf) ([Zn
(TTP)(pyz)] 0.5(pyz.CH2Cl2) = 0.030 are caused by the insertion of
the zinc metal on the free-base porphyrin and the adding of the
pyrazine as a axial ligand. The values of fluorescent lifetime of
(1–3) compounds are 7.9, 1.6 and 1.6, respectively. The (sf) of
H2TTP is remarkably greater than those of the zinc-porphyrins
complexes (Kim and Shin, 2003; Soury et al., 2018b; Oberda
et al., 2013). The fluorescence sf depends on the insertion of the
zinc metal, unaffected by the nature of the axial ligand.



Fig. 5a. Molecular structure of [Zn(TTP(pyz)].

Fig. 5b. Formal diagram of the porphyrnato core of complex (3) illustrating the
displacements of each atom from the 24-atoms core plane in units of 0.01 Å.
Orientation of the pyz ligand vis-à-vis of the nearest N atom of the porphyrin ring
(U dihedral angle) is also shown.
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3.5. X-ray crystallography of complex 3

The crystal was grown by slow diffusion of non-solvent (hex-
ane) in solvent (dichloromethane). Key bond parameter data were
listed in Table 2. The complex crystallizes in the monoclinic system
(space group C 2/c). The parameters of the unit cell are a = 43.0761
(17)Å, b = 9.44945(19) Å, c = 24.3292(11) Å, b = 121.806(2) �,
V = 8416.6 (8) Å and Z = 8. The asymmetric unit is composed of
one [Zn(TTP)(pyz)] complex, one half pyrazine molecule and one
half dichloromethane molecule. Fig. 5a, represents the molecular
structure of [Zn(TTP)(pyz)] complex, the zinc metal is coordinated
to the four nitrogen atoms of the porphyrinato core ring and the
nitrogen atom of the pyrazine axial ligand, forming a distorted
square-based pyramid as coordination polyhedron for zinc(II).

a : R1¼
P

Foj j� Fcj jj j=P Foj j: b : wR2¼
P

wðF2
o�F2

c Þ
2
=
P

wðF2
oÞ

2h i1=2
:

Zn(II) cation is coordinated to the four nitrogen atoms of the
porphyrin ring with average equatorial distance value (Zn-Np) of
2.061 (2) Å and the nitrogen N5 atom of the pyrazine axial ligand
with the Zn-N(pyridyl) bond length value of 2.203(2) (Å). The dihe-
dral angle (U) between the ‘‘Np-M�NL” plan (Np is the closest pyr-
role nitrogen atom and NL is the N atom of the pyrazine ligand
axial) and the pyridyl plane of the axial ligand is 28.49 (2)� and
the value of the dihedral angle between the pyrazine and the por-
phyrin core is 84.63(5)�. As shown in Fig. 5b, the formal diagram of
the porphyrinato core of complex (3), where the metal is displaced
by �0.28 Å toward the pyrazine axial ligand. This diagram shows
that (3) presents a moderate ruffling (ruff) and doming deforma-
tions. The first deformation is indicated by the displacement of
the meso carbons above and below the porphyrin mean plane
(Jentzen et al., 1998). The doming (dom) deformation is often
observed in five-coordinate complexes when the axial ligand
causes a displacement of the metal center out of the mean plane,
and the nitrogen atoms are also displaced toward the axial ligand
(Scheidt and Lee, 1987).

In the crystal structure of the title compound [Zn(TTP)(pyz)]
molecules are connected with each other in such way as to make
a pair of layers, parallel to [010] direction, which are parallel to
other pairs with an interlayer distance of 8.170 Å, while layers
Table 2
Crystal and refinement data of [Zn(TTP(pyz)] 0.5(pyz.CH2Cl2) (3).

Parameters Complex (3)

CCDC 1,834,753
Empirical formula C53.25H41.5N6.5Cl0.5Zn
Formula weight 855.6
Cryst. Sym Monoclinic
Space group C 2/c
a(Å) 43.0761(17)
b(Å) 9.44945(19)
c(Å) 24.3292(11)
b (�) 121.80(6)
V (Å3) 8416.6(8)
Z 8
qcalc (g/cm3) 1.056
m (mm�1) 0.662
Max./min. trans. 0.944/ 0.753
F(000) 3560
Crystal size (mm3) 0.55 � 0.46 � 0.11
T (K) 298
H range (�) 3.162–26.00
Limiting indices �53 � h � 53,-11 � k � 11, �30 � l � 30
Reflec. collec/unique 32,187 / 8258
Parameters 575
S [Goodness of fit] 1.056
R1
a, wR2 [Fo > 4r(Fo)] R1 = 0.047, wR2 = 0.139

R1, wR2
b [all data] R1 = 0.060, wR2 = 0.144

Min./max. res. (eÅ�3) 0.558 and �0.716
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are spaced apart with 8.160 Å (Fig. 5c), where each 2D chain is sta-
bilized by weak C–H. . .Cg intermolecular interactions.

Within a layer, the linkage of (3) is accomplished by two weak
C-H. . .Cg intermolecular interactions between the carbon atom
C47 and C29 of a phenyl ring of one TTP porphyrinate and the cen-
troide Cg2 and Cg4 of a pyrrole ring of an adjacent [Zn(TTP)(pyz)]
molecule and vice versa. The C47__H47. . .Cg2 and the C29__-
H29. . .Cg4 p intermolecular interactions are 3.469(4) Å and 3.444
(4) Å, respectively (Fig. 5d).

As can be seen from Fig. 5e, the presence of voids with radius of
1.2 Å and a grid of 0.7 Å are located between the 2D layers.
3.6. Cyclic voltammetry

The electro-oxidation of [Zn(TTP))] (2) and [Zn(TTP)(pyz)]0.0.5
(pyz�CH2Cl2) (3) were studied using cyclic voltammetry in 0.2 M
Tetra-n-butyl ammonium perchlorate (TBAP) solution in CH2Cl2.
All the experiments were carried under argon at vitreous carbon
electrode at room temperature. The onset potentials that are
quoted versus Ag/AgCl are given in the Table 3. The cyclic voltam-
metry of [Zn(TTP)] exhibits two successive reversible one-electron
oxidation processes (Table 3). The two steps are obtained at poten-
tials E1/2 = 0.91 and.1.29 V versus Ag|AgCl that formally correspond
to the first and second porphyrin ring oxidation. The cyclic voltam-
metry of complex (3) is shown in Fig. 6. The behavior is similar to
that of [Zn(TTP)] and the both reversible one-electron waves



Fig. 5c. The packing of (3) viewed along the b axis showing the two-dimensional superstructure formed by pairs of layers containing the pyrazine free molecules.

Fig. 5d. Drawing representing of the C47__H47. . .Cg2 and the C29__H29. . .Cg4 p intermolecular interactions in complex (3).
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appears at E1/2 = 0.84 and 1.23 V versus Ag|AgCl. Clearly, the addi-
tion of pyrazine coordinating group on the metal center cause a
slightly shift (60 mV) to the more negative potentials comparing
to [Zn(TPP)]. The electroreduction of both (2) and (3) complexes
was examined under the same conditions. The results are shown
in Fig. 6. The cyclic voltammetry of [Zn(TTP)] presents successive
quasi-reversible reduction peaks at potential E1/2 = � 1.22 V and
an irreversible wave at Ep = � 1.34 V, whereas [Zn(TTP)(pyz)]0.0
.5(pyz�CH2Cl2) shows a shift to the more positive reduction peaks
(60 mV) that is caused by the coordination of pyrazine group. It
fact, the two waves appears at E1/2 = � 1.29 V and � 1.4 0 V vs.
Ag|AgCl. It is worth mentioning that the second reduction wave
of both (2) and (3) complexes exhibits a clear 2e reduction that
could be a mix between Zn and porphyrin ligand reduction.

4. Conclusion

In this research article,the meso-porphyrin H2TTP (1), [Zn(TTP)]
(2) and a novel pyrazine-zinc-porphyrin [Zn(TTP)(pyz)]0.0.5(pyz�
CH2Cl2) (3) are synthesized and characterized. Photophysical stud-
6

ies indicated that four and five coordinated Zn(II) complexes pos-
sess markedly different absorption and emission properties.
However, the fluorescence values of the free base porphyrin
H2TTP is found to be higher than Zn(II) complexes. Titration exper-
iment indicated equilibrium between pyrazine and Zn(II) in [Zn
(TTP)] complex with moderate association constant (Kass) values.
In solid-state for compound (3), Zn atom is five-coordinated with
the pyrazine as an axial ligand. Moderate ruffling distortion and
doming deformations are exhibited by porphyrin core. The
supramolecular structure is formed with a two-dimensional chain,
pairs parallel to the b axis in which each 2D chain is stabilized by
weak intermolecular interactions C-H. . . Cg (The Cg is the centroid
of pyrrole ring). In addition, this measurement is also suggestive of
occurrence of electron transfer. The fact that the complexes (2) &
(3) have high Eg values (�2 eV), they could be used as component
in semiconducting devices. Electrochemical properties of both (2)
and (3) complexes were studied using cyclic voltammetry. The
results showed the redox potentials of [Zn(TTP)(pyz)]0.0.5(pyz�CH2

Cl2) ca 60 mV negative of the [Zn(TTP)] that is caused by the coor-
dination of pyrazine axial ligand.



Fig. 5e. Packing diagram of (3) showing voids (represented in purple) calculated for a ball radius of 1.2 Å and a grid of 0.7 Å.

Table 3
Oxidation and reduction potentials (V vs Ag/AgCl) in CH2Cl2 containing 0.2 M (TBAP).

Complex Oxidation Reduction

1E1/2 2E1/2 1E1/2 2Ep

[Zn(TTP)] (2) 0.91 1.29 �1.22 �1.34
[Zn(TTP)(pyz)]0.0.5(pyz�CH2Cl2) (3) 0.84 1.23 �1.29 �1.40

Fig. 6. Electro-oxidation and reduction of [Zn(TTP)(pyz)] in 0.2 M (TBAP) at RT in
CH2Cl2. Scan rate = 0.1 V/s.
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