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Zn2+ and Co2+ metallated phthalocyanines having four calixpyrrole units have been prepared 

from a calixpyrrole phthalonitrile using Zn2+ or Co2+ salts as templates of phthalocyanine 

macrocycle. Host-guest complexes between the anions (Cl-, F- and H2PO4
-) and the 

calixpyrrole units are formed as evidenced by the shift in the reduction potential of the 

calixpyrrole units by cyclic voltammetry and by observation of two straight lines in the plot 

of the conductivity versus the amount of halide. While halides do not form complex with 

Zn2+ or Co2+ ions of phthalocyanine core in the ground state as evidenced by the lack of 

variation in the position of the Q-band in optical spectroscopy, upon 355 nm excitation, the 

apical metal-halide complex should be formed as a transient as evidenced by the comparison 

of the transient absorption spectra in the presence and absence of halides.  

 

Introduction 

Metal phthalocyanines are one important type of pigments that 

find many applications for the preparation of paints and in 

optoelectronic devices 1-3. The color of phthalocyanines is due 

to the presence of an intense absorption band in the visible 

region whose λmax depends on the medium, the state of 

aggregation and can be influenced by the interaction of the 

metal ion with different ligands 4. Metal phthalocyanines also 

exhibit interesting photophysical properties with intense 

emission and with the possibility to participate in photoinduced 

electron transfer processes with electron acceptor or donor 

quenchers 5. In fact, one possible use of metal phthalocyanines 

has been as light harvesters in dye synthesized solar cells 

(DSCCs) and in photoresponsive materials 6, 7.  

Due to the structural flexibility, there has been reported a 

number of dyads in which phthalocyanines have been 

covalently attached to fullerenes or other electron acceptor 

moieties or even triads in order to obtain photoresponsive 

materials 8, 9. Continuing with this line of research, one of the 

possibilities to alter and gain control on the physical and 

photophysical properties of metal phthalocyanines would be a 

peripheral functionalization with units that could interact with 

some chemical species by forming complexes. Formation of 

these complexes could be reflected in the properties of the 

metal phthalocyanine core and in this way the response of the 

phthalocyanine could be modulated by addition of the chemical 

species capable to interact with the peripheral side groups. 

These novel metal phthalocyanines may have application for 

sensing or extraction of anions due to their functionalization at 

the peripheral positions of the phthalocyanine core. In the 

present work, we report the synthesis and characterization of 

two novel metal phthalocyanines (Zn and Co) that have 

covalently attached four calixpyrrole units. One of the merits of 

the present work is the design and successful synthesis of the 

dyad having a phthalocyanbine core and the peripheral 

calixpyrrole. Calixpyrroles and other type of calixarenes are 

currently attracting considerable interest due to their ability to 

form complexes with anions or even to form an assembly with 

anion/cation pairs 10-12. We will show that while absorption 

spectroscopy does not allow assessing the interaction of the 

calixpyrrole armed phthalocyanine with halides, 

electrochemistry and photophysical measurements provide 

experimental support in favor of complexation of these 

calixpyrrole-substituted metal phthalocyanines with Cl- and F- 

with the calixpyrrole units. In contrast to the behavior in the 

ground state, the metal-to-ligand charge transfer excited state of 

these phthalocyanines form an apical metal-halide complex in 

the excited state as evidenced by submillisecond transient 

absorption spectroscopy. 

 

Results and Discussion 

Synthesis and Characterization 

The synthesis of metal phthalocyanines (M=Zn2+ 7, M=Co2+ 8) 

substituted with four calixpyrrole arms are indicated in Scheme 

1. As it can be there seen, we have used a convergent synthetic 

route in which the phthalocyanine macroring is obtained in the 



last step by metal ion templated cyclotetramerization of 

substituted o-dicyanobenzene compound 6 (see experimental 

section). The preparation of the starting material 6 was carried 

out by coupling under basic conditions of a phenol substituted 

calixpyrrole 4 with 4-nitrophthalonitrile 5 13. Calixpyrrole 4 

having the hydroxyphenyl substituent was obtained by random 

cyclotetramerization of pyrrole (1), acetone (2) and 4-

hydroxyacetophenone (3) in 4:3:1 molar ratio in methanol 

under acid catalysis 14. Flash column chromatography with 

proper eluents was used in the purification of the compound 4 

(see experimental section) and column chromatography was 

used for purification of compounds 7 and 8. Synthesized 

compounds were characterized by their spectroscopic data that 

were in agreement with the proposed structure. 

The IR spectrum of compound 4 indicates the presence of the 

hydroxyl groups by the broad-OH stretching band at 3322 cm-1 

and NH stretching peak at 3436 cm-1. In the 1H-NMR spectrum 

of compound 4, a sharp singlet at δ 1.49 ppm is assigned to the 

seven methyl groups, a doublet at δ 6.61 ppm to the eight 

pyrrole ring ẞ-protons and a broad peak at δ 5.70 ppm is 

assigned to the four NH protons. Also, the H is bonded –OH 

group in the phenol is seen at δ 9.28 ppm. 

Compound 6 exhibits in the IR spectrum the characteristic 

nitrile peak at 2231 cm-1 while the broad-OH stretching band 

present in compound 4 dissapeared. In 1H-NMR spectroscopy 

the peak associated to the phenolic hydrogen in compound 4 

disappeared and there is a triplet between δ 7.93 and δ 8.43 

ppm due to the hydrogen in the benzene ring near the nitrile 

moiety.  

In the IR spectra of both compound 7 and 8, the nitrile peak is 

absent. In the UV-Vis spectra of metal phthalocyanines the 

characteristic Q-band for compound 7 appears at 683 nm and 

for compound 8 at 676 nm. It is not possible to record the NMR 

spectrum of compound 8, due to the paramagnetic properties of 

Co+2. In contrast, complex 7 has NMR spectra. In the 1H-NMR 

spectrum of compound 7 the chemical shift for hydrogens in the 

benzenes in the phthalocyanine rings was 7.93 and 8.08 ppm. 

Also the pyrrole groups exhibit a peak at 7 ppm and aliphatic 

hydrogens appeared at 1.21 ppm. Note that in the synthesis of 7 

or 8 by cyclotetramerization of compound 6 by the templating 

effect of the metal ion up to 5 positional isomers can possibly 

form. 

 

Scheme 1. Synthetic route for the preparation of metal-phthalocyanines 7 and 8. 

 

 

Anion Bonding Properties 

As commented in the introduction the main purpose of this 

work was to determine the possibility of complex formation 

between calixpyrrole units and halides (Cl- and F-) and H2PO4
- 

and how the formation of these complexes at the periphery can 

influence some of the properties of the metal phthalocyanine 

core in the dyad. To address this issue, we performed 

spectroscopic measurements, as well as experiments of 

electrochemistry and conductivity. Addition of increasing 

amounts, in the range from 0 to 0.5 mM, of TBAX (TBA: 

tetrabutylammonium, X‒: halide) did not lead to detectable 

changes in UV-vis spectrum of DMSO solutions of 7 and 8. In 

the literature, there are precedents showing that complexation 

of nucleophiles such as pyridine or aniline to the metal ion in 

metal phthalocyanines can lead to a small, but significant, 

variation of the Q-band 15. Changes about 5 nm have been 

reported for the complex of ZnPc and pyridine 15, 16. Therefore, 

it should also be expected that in the present case, the 

interaction between the metal ions (Zn2+, Co2+) and X‒ should 

also have been detectable by some shift in the position of Q-

band. In contrast, if the complexes are formed between X‒ 

anions and calixpyrrole units, then, it is reasonable to assume 

that the Q-band located on the phthalocyanine core could 

probably be insensitive to this type of complexes. 

Emission spectroscopy has also frequently been used as a tool 

to detect the formation of complexes in metal phthalocyanines. 

The metal phthalocyanines exhibit a relatively intense emission 

that corresponds to the decay of their electronic singlet excited 

state 17, 18. The intensity of this emission has been reported to be 

quenched by the presence of nucleophiles and anions that form 

complexes with the central metal cation 19, 20. Also in the 

present case, the emission of compounds 7 and 8 was not 

sensitive to the presence of X‒ or H2PO4
- in the range of 

concentrations of a few mM or lower, but in excess with respect 

to the concentration of the metal phthalocyanines. In addition, 

the temporal profile of the signal also did not change in the 

absence or in the presence of X‒ or H2PO4
-. This indicates not 

only that no apical complex is formed between the 

phthalocyanine metal ion and the anion in the ground state 

(static quenching resulting less intense emission), but also that 

these anions do not interact with the metal ion in the lifetime of 

phthalocyanine singlet excited state in the ns time scale. Figure 

1 shows selected UV-Vis and emission spectra as well as 

temporal profiles of the photoluminescence in the absence and 

presence of anions to illustrate the previous points. 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (A) UV-Vis spectra of compound 7 (3.9x10
-5

 M) in DMSO in the 

absence and presence of different anions (a: no anion, b: 50 µL TBACl (2x10
-2

 

M), c: 50 µL H2PO4 (2x10
-2

 M), d: 50 µL NH4F (2x10
-2

 M)), (B) emission spectra 

of compound 7 (3.9x10
-5

 M) in the presence or absence of anions (a: H2PO4 (50 

µL, 2x10
-2

 M), b: NH4F (50 µL, 2x10
-2

 M), c: TBACl (50 µL, 2x10
-2

 M), d: no 

anion), (C) Temporal profile of the fluorescence of the compound 7 in the 

absence or presence of anions (a: lamp, b-f: with TBACl, H2PO4, NH4F, MeOH 

and only the compound, respectively at the concentrations indicated for (B)) in 

DMSO. 

In contrast to UV-Vis and emission spectroscopy, evidence in 

support of the complexation of calixpyrrole units 4 with H2PO4
- 

and F- in CDCl3 were obtained by 31P and 1H NMR 

spectroscopy. In 31P NMR spectroscopy there was a clear shift 

of the 31P peak from -19 to -70 ppm for H2PO4
- in the absence 

and in the presence of stoichiometric amounts of calixpyrrole 4, 

respectively. Similarly in 1H NMR spectroscopy, the singlet 

signal corresponding to the eight pyrrole protons of 4 shifts 

from 5.674 to 5.439 ppm in the absence or presence of an 

excess of F-, respectively.  

Electrochemical measurements by cyclic voltammetry are also 

in agreement with the formation of host-guest complexes with 

the calixpyrrole unit of dyads 7 and 8 and some anions. Initial 

electrochemical measurements were carried out in solution 

using DMSO as solvent, since compounds 7 and 8 are more 

soluble in DMSO than in DMF or other solvents. However, the 

electrochemical peaks could not be resolved, probably due to 

the insufficient concentration of phthalocyanines. For this 

reason, further electrochemical measurements were performed 

using films of phthalocyanines 7 and 8 supported on conductive 

FTO electrode. Preliminary controls show no electrochemical 

response for FTO in the potential window under study (see 

Figure 2 c, plot a). In contrast films of phthalocyanines showed 

higher current and were different for 7 and 8 (Figuure 2 c, plots 

b and c) In the latter case, the appearance of a reduction peak 

due to CoII/CoI electrochemical pair was observed (see Figure 2 

c, plot c). In contrast, dyads 7 and 8 did exhibit peaks in the 

oxidation redox of the voltammogram. 

It was observed that the reduction part of the cyclic 

voltammetry of the dyads in the absence and in the presence of 

anions exhibits significant shifts. Table 1 summarizes the 

reduction potential measured as the semi sum of the forward 

and backward reduction peaks. In order to provide some 

information about the electrochemical processes taking place in 

the reduction and the influence by the presence of halides, we 

also submitted to electrochemical studies calixpyrrole 6 that 

corresponds closely to the moiety present in the dyads 7 and 8. 

It was observed that also calixpyrrole 6 exhibits a quasi-

reversible reduction peak at similar potential values to those 

measured for dyads 7 and 8. Accordingly, we assume that the 

calixpyrrole unit should be the one responsible for the 

electrochemical response in compounds 7 and 8. Moreover, 

calixpyrrole 6 also behaves in the presence of X‒ and H2PO4
- 

similarly to phthalocyanine dyads 7 and 8, suggesting again that 

the influence of the halide on the electrochemistry is due to the 

interaction with these units. Concerning the values of the shifts 

in the reduction peak potentials as a function of the nature of 

the halide anion, it was observed it that follows the order Cl-<F-

. This order suggests that the binding constants of calixpyrrole 

and X‒ should follow the same trend. In fact, in the case of F-, 

the reduction peak is moved outside the electrochemical 

window available in the measurements with DMSO. To 

illustrate these points, Figure 2 shows selected voltammograms 

in the absence and in the presence of anions showing the 

influence of the presence of halides in the electrochemical 

response. 

 

Table 1. Reduction and oxidation potentials and HOMO-LUMO levels of 

compounds 7 and 8 in the presence of different anions (TBA: 

tetrabutylammonium) calculated by reduction-oxidation potential. 

SAMPLE 

REDUCTION 

POTENTIAL
[a]

 

(V) 

OXIDATION 

POTENTIAL
[a]

 

(V) 

HOMO 

ENERGY
[b]

 

(eV) 

LUMO 

ENERGY
[b]

 

(eV) 

7/TBAH2PO4 -0.41 ‒ 
5,77 

-4.03 

8/TBAH2PO4 -0.42 1.16 
5,71 

-4.03 

7/TBACl -0.6 ‒ 
5,72 

-3.98 

8/TBACl -0.61 ‒ 
5,64 

-3.96 

7/NH4F -0.47 1.12 
5,65 

-3.91 

8/NH4F -0.6 1.23 
5,48 

-3.8 

7/NaH2PO4 -0.31 0.81 
5,8 

-4.06 

8/NaH2PO4 -0.31 ‒ 
5,23 

-3.55 

[a] Reduction and oxidation peak potential versus Ag/AgCl in saturated KCl. 

[b] Energy levels referred to vacuum. The energy values were estimated using 

LUMO level =[Ered]
onset

 +4.4 and HOMO level = Eg – LUMO (Eg (optical band 

gap) of 7: 1.74 eV and 8: 1.68 eV). 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cyclic voltammetry (CV) of 8 (A) and 7 (B), and influence of the 

presence of different salts (a: TBAH2PO4 (50 µL, 2x10
-2

M), b: TBACl (50 µL, 

2x10
-2

M), c: NH4F (50 µL, 2x10
-2

M), (C) CV of: (a) bare FTO substrate; (b) 

compound 7, and (c) compound 8 in TBAPF6 0.1 M. (D) Photograph of 

phthalocyanine film electrodes on FTO used for the electrochemical 

measurements. 

 

 

Conductivity measurements also evidence the formation of 

complexes between X‒ and the dyads 7 and 8. Thus, the 

conductivity of a solution of phthalocyanines in DMSO was 

measured upon addition of increasing amounts of TBACl in the 

range from 0 to 10-4 M. It was observed that the addition of 

TBACl increases initially the conductivity of the solution with 

a slope that was smaller than the slope of the straight line 

beyond the equivalence point for the formation of a 1:1 Pc:Cl- 

complex. Figure 3 shows the concentration‒conductivity plot 

for these measurements. The point in which to two straight 

lines intercept should correspond to the titration point in which 

all the phthalocyanines form a 1:1 complex with Cl-. Further 

addition should result in the formation of a 1:2 complex (7-2Cl- 

or 8-2Cl-) and some free chloride in equilibrium. Up to 4 

chlorides could bind with a phthalocyanine molecule, but 

complete shift of the equilibrium towards the formation of 1:4 

complexes with phthalocyanine and chloride could require an 

excess of chloride that difficult the conductivity far from the 

available window measurement. Thus titration with 1:1 

phthalocyanine complex was more appropriate from the 

experimental point of view. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Conductivity of (a) compound 7 (2.89x10
-5

 M), (b) compound 8 

(2.89x10
-5

 M) as a function of the concentration of Cl
-
 ion in DMSO. 

All together, the characterization data presented above are 

consistent with X‒ and H2PO4
- forming complexes with the 

calixpyrrole unit of the dyads 7 and 8, but not with the metal of 

the phthalocyanine. Furthermore, complexation of calixpyrrole 

at the periphery of compounds 7 and 8 does not seem to alter 

those properties of the molecule that are localized on the 

phthalocyanine core such as light absorption and emission. 

Transient absorption spectroscopy is a powerful technique to 

detect species generated upon light absorption and to monitor 

their kinetics 21. Transient spectroscopy of phthalocyanines in 

particular can be sensitive to the presence of quenchers that can 

interact with the phthalocyanine chromophore. In the previous 

sections, we have commented that it has not been possible to 

detect any influence on phthalocyanine spectroscopic properties 

as consequence of the binding with anions. Therefore, we were 

interested in studying the transient absorption spectra of 

compounds 7 and 8 in the absence and in the presence of X‒ to 

detect possible transients that could provide evidence for these 

interactions occurring in the photogenerated transients in the 

submilliseconds time scale. 

For the transient spectroscopy study, the third harmonic of a 

Nd-YAG operating at 355 nm was used. Upon laser excitation 

of DMSO solutions of 8, no transients were observed in the 

submillisecond time scale. This failure to detect any transient 

for 8 is in accordance with the fact that metal complexes having 

metal ions with partially occupied d orbitals such as Co2+ 

undergo ultra-fast relaxation that would not be detectable in our 

nanosecond laser system. In contrast, laser flash photolysis of 7 

having a Zn+2 ion in d10 configuration exhibits upon laser 

excitation under Ar a transient signal. The transient signal 

monitored for 7 decays in hundreds of microseconds. The 

transient spectrum recorded at different delay times is shown in 

Figure 4. As it can be seen there, these transient spectra are 

characterized by a broad absorption band from 400 to 600 nm 

accompanied by negative signals below 400 nm and between 

600 and 700 nm. Considering the shape and the position of the 

negative signals, they have to be attributed to the bleaching of 

the phthalocyanine ground state. Analysis of the temporal 

profile at different wavelengths for the broad band from 400 to 

600 nm indicates that these wavelengths should correspond to 

the same species based on the coincidence of the signal decay. 

D C 



  

In addition, as it can be seen in the inset of Figure 4, the decay 

of the transient absorption monitored at 500 nm has the same 

profile as the bleaching recovery monitored at 680 nm. This 

coincidence in the decay and the recovery indicates also that the 

transient species relaxes to the ground state without the 

formation of any other intermediate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Transient absorption spectra recorded at 5 µs after 355 nm laser 

excitation of a N2-purged  DMSO solution of 7 (3.9x10
-5

 M) (a), after purging with 

N2O (b) and after adding 100 µL of MeOH (c). The insets show the temporal 

profiles monitored at 520 nm (left) and 680 nm (right) for a) N2 purged solution, 

b) an N2O purged solution and (c) after adding 100 µL of MeOH. 

 

In order to assign the absorption band, we studied the behaviour 

of the transient signal in the presence of quenchers that can 

accept (N2O) or that can give electrons (MeOH). Selection of 

these quenchers is based on the general known photochemical 

behavior of metal phthalocyanines and other metal complexes 

that upon photochemical excitation generate excited electronic 

states with charge transfer character due to the migration of 

electrons from the ligand to the metal (LMCT state) or from the 

metal to the ligand (MLCT state) 22. As it can be seen in Figure 

4 the transient signal decreases considerably in intensity either 

in the presence of N2O or upon addition of MeOH. These 

observations are in agreement with a charge transfer excited 

state upon excitation of 7. Thus, while emission spectroscopy 

follows the temporal profile of the singlet excited state of 7 that 

lives in the ns timescale; laser flash photolysis monitors the 

triplet excited states and allows us to follow the interaction of 

the excited state with anions in much longer time scale, 

reaching hundreds of microseconds. 

Once preliminary transient measurements have established the 

generation of transient species that can be monitored in the time 

window available to our nanosecond laser system for 7, we 

were interested in determining the influence that the presence 

of Cl- and F- can exert on this transient. Two types of effects 

were observed, both on the transient spectra recorded at delay 

times longer than 5 µs and on the temporal profile of the 

signals. Figure 5 presents the transient spectra monitored at 5 

µs after the laser flash in the presence and absence of anion, 

showing a significant shift in the position of the Q-band in the 

presence of 0.95 mM concentration of Cl-. As it can be seen in 

Figure 5, the presence of Cl- or F- alters the position of the 

negative band with respect to the Q band in the absence of these 

anions. This observation contrast with the fact that, as 

commented earlier, ground state UV-Vis spectroscopy is not 

affected by the presence of these anions. However, upon laser 

excitation, the position of the Q-band bleaching clearly changes 

when Cl- or F- are present about 10 nm red-shifted with respect 

to that in the absence of Cl- or F-. In other words, while in the 

absence of Cl- or F- the position of the Q-band, appearing as a 

negative signal in the transition spectra, coincides with that 

observed in steady-state UV-Vis spectroscopy, when Cl- or F- 

are present, a red-shift in the position of the Q- band is 

observed. As commented earlier when discussing the UV-Vis 

spectra in the absence and in the presence of X‒ and H2PO4
-, we 

were expecting a red-shift of the Q-band in the range of a few 

nm if complexation occurred at the central metal ion of the 

phthalocyanine core, but we were unable to observe this shift in 

the ground state. Now, in the transient spectra, we have 

monitored that this shift of the Q-band evolves upon generation 

of the excited state. 

Figure 5: Transient absorption spectra recorded at 5 µs after 355 nm laser 

excitation for compound 7 (3.9x10
-5

 M) in DMSO in the absence and in the 

presence of different anions (a: no anion, b: Cl
-
 (50 µL, 2x10

-2
M), c: F

-
 (50 µL, 

2x10
-2

M), d: H2PO4
-
 (50 µL, 2x10

-2
M)). Left inset: transient signal recorded for 

compound 7 (3.9x10
-5

 M) in DMSO monitored at 490 nm in the absence and in 

the presence of different anions (a: no anion, b: Cl
-
, c: F

-
 and d: H2PO4

-
, at the 

concentrations indicated above). Right inset: temporal profile of the signal 

recorded for compound 7 (3.9x10
-5

 M) in DMSO monitored at 680 nm upon 355 

nm excitation in the absence and in the presence of different anions (a: no 

anion, b: Cl
-
, c: F

-
, d: H2PO4

-
, at the concentrations indicated above). 

In agreement with the evolution of the Q-band in the transient 

spectra, the temporal profile of the transient signal monitored 

680 nm shows that the maximum ∆J/J0 value is reached not 

instantaneously after the laser pulse, but with a delay of a few 

µs, indicating that there is a process that is taking place in this 

timescale that finally is reflected in the shift in the position of 

the Q-band. In the literature there are precedents showing that 

complexation triggered by generation of excited states takes 

place in the µs time scale and this allows determining the rate 

constant of complex association 23. One of these examples was 

reported by Scaiano and co-workers who showed that while 

xanthone in the ground state forms an association complex with 
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γ-cyclodextrin 24, upon photon absorption and generation of the 

corresponding xanthone triplet excited state, the much polar 

nature of this excited state determines the dissociation of the 

host-guest complex based on hydrophobic interactions and the 

migration of xanthone from the cavity of cyclodextrin to water 
25. This process was accompanied, as in the case observed here, 

by a shift in the position of the λmax of the xanthone triplet that 

is sensitive to the polarity of the medium 26. 

Based on this precedent and also with the known shift in the Q-

band when the metal ion of the phthalocyanine interacts with 

nucleophiles 27, we propose that the observation of the shift in 

the position of the Q-band can be interpreted in a similar way. 

Thus, initially Cl- or F- would not form a complex with Zn+2 

ion, since otherwise a shift in the Q-band should have been 

observed by steady-state UV-vis spectroscopy. Complexation 

for the ground state occurs only on the calixpyrrole units. In 

contrast upon excitation of 7, and generation of the triplet 

excited state complexation between Zn+2 and Cl- and F- could 

occurs due to the different electronic density of this transient 

excited state.  Accordingly the complex will be formed in a few 

µs after the laser pulse leading to this shift in the Q band. 

Scheme 2 summarises our proposal to rationalize the data 

obtained by transient absorption spectroscopy. 

 

 

 Scheme 2. Proposal to rationalize the transient spectroscopy data explaining 
the red shift (+10 nm) in the position of the Q-band. The higher positive charge 
density on Zn

+2
 cation in the triplet excited state would favor apical complexation 

of X
-
 to this position. 

Conclusions 

In the present work we have synthesized tetracalixpyrrole-

armed phthalocyanines that can bind X‒ and H2PO4
- through the 

calixpyrrole units without influencing the spectroscopic 

properties intrinsic of the metal phthalocyanine core. Upon 

laser excitation, bleaching of the ground state and generation of 

triplet excited state takes place. The triplet excited state forms 

in tens of microseconds a new complex in which X‒ is bonded 

to the metal ion of the phthalocyanine that can be monitored by 

the 10 nm shifts of the Q-band. 

Experimental Section 

Materials 

All reagents and solvents were purchased from commercial suppliers. The 

solvents were dried using standard techniques. 4-Nitrophthalonitrile was 

synthesized as reported in the literature 13. The progress of the reactions 

were monitored by TLC (SiO2) and column chromatography was performed 

on silica-gel 60 (0.04-0.063 mm). IR spectra were recorded on a Perkin 

Elmer Spectrum One FT-IR spectrometer (ATR sampling accessory), UV–

Vis spectra were recorded on Scinco Neosys-2000 double-beam ultraviolet 

visible (UV–Vis) spectrophotometer using 1 cm path length cuvettes at 

room temperature.  1H NMR spectra were recorded on a Varian 500 MHz 

spectrometer using TMS as internal reference.  Elemental analyses were 

performed by the Instrumental Analysis Laboratory of the TUBITAK 

Marmara Research Center. Mass spectra were performed on Bruker Micro 

TOF-ESI/MS and Bruker microflex LT MALDI-TOF MS spectrometer. 

Fluorescence excitation and emission spectra were recorded by using 

Varian Cary Eclipse Fluorescence Spectrophotometer. 

Mono-meso-4-hydroxyphenyl-calix[4]pyrrole (4) 

Pyrrole (6 mL, 86.7 mmol) and 4-hydoxyacetophenone (2.95 g, 21.7 mmol) 

were dissolved in methanol (250 mL) at 0 °C under nitrogen for 10 

minutes. Acetone (4.78 mL, 65.1 mmole) was added in this mixture. After 

this addition, hydrochloric acid (1 mL) was added drop-wise. Then the 

mixture was stirred at 0 °C overnight. The white product was collected by 

filtration. Flash chromatographic purification (silica gel, DCM/hexane 4:1, 

DCM/MeOH 9:1) gave the compound as white solid. Yield: 20%; FT-IR 

νmax/cm-1; 3322 (phenol), 3109–2959 (Ar–H), 2880-2871 (aliphatic-H), 

1651(C=C), 1225(C=N); 1H-NMR (DMSO-d6) δ/ppm; 9.28 ppm (s, 1H, Ar-

OH), 6.61-6.62 (d, 4H, Ar-H), 5.70 (s, 4H, N-H), 5.66 (s, 8H, Ar-H), 2.49 (s, 

3H, CH3),1.49 (s, 18H, CH3). Anal. Calcd. for C33H38N4O; C 78.23, H 

7.56, N 11.06; Found: C 78.14, H 7.49, N 11.02. MS: m/z: Calcd: 506.30 

amu; Found: [M+H]+ 507.5 amu.  

Mono-meso-[3,4-dicyanophenoxy-4-phenyl]calix[4]pyrrole (6) 

4-Nitrophtalonitrile (0.088 g, 0.51 mmol), mono-meso-4-hydroxyphenyl-

calix[4]pyrrole (0.222 g, 0.44 mmole) and potassium carbonate (0.500 g, 

3.62 mmole) were dissolved in N,N’-dimethylformamide (5 mL) and the 

mixture heated to 50 °C for 5h and reflux. After stirring for 48 hours the 

mixture was cooled to room temperature. The mixture was then poured 

onto ice water and filtered. The solid was dried and crystalized in methyl 

alcohol. Yield: 60%; FT-IR νmax/cm-1; 3436(pyrrole-NH), 3092–2989(Ar–

H), 2968(aliphatic-H), 2231(C≡N), 1596(C=C), 1251(C=N); 1H-NMR 

(DMSO-d6) δ/ppm; 7.93-8.43 (t, 3H, Ar-H), 6.91 (t, 4H, Ar-H), 5.56-5.74 (t, 

8H, C-H), 1.70-1.75 (m, 21H, aliphatic-H). Anal. Calcd. for C41H40N6O; C 

77.82, H 6.37, N 13.28; Found: C 77.77, H 6.31, N 13.20. MS: m/z: Calcd: 

632.33 amu; Found: [M+H]+ 633.4 amu. 

Synthesis of metallophthalocyanines 7 and 8 

The mono-meso-[3,4-dicyanophenoxy-4-phenyl]calix[4]pyrrole (0.10 g, 

0.16 mmol), anhydrous metal salt (Zn(CH3COO)2 and Co(CH3COO)2 

0.375 g, 0.204 mmol) and DMF (0.5 mL) were mixed in a glass tube which 

was sealed under nitrogen. Then, a catalytic amount of DBU was added 

and heated to 150 °C and stirred for 1.5 h. The dark green mixture was 

cooled to room temperature and diluted with MeOH/water (1:2) and 
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washed with MeOH, toluene, n-hexane, and diethyl ether several times 

until crude green product precipitated. The dark green product was purified 

by column chromatography over silica gel using ethyl acetate/chloroform 

(1:1) for compound 7 and toluene/methanol (1:3) for compound 8. For 

compound 7: Yield: 17%; FT-IR νmax/cm-1; 2968 (C-H), 1596 (C=C); 1H-

NMR (DMSO-d6) δ/ppm; 7.93-8.08 (d, 12H, Ar-H), 7.01 (s, 16H, Ar-H), 

4.63 (s, 32H, C-H), 1.21 (s, 84H, aliphatic-H); UV/Vis λmax (nm) (log ε) in 

DMSO; 350 and 683 nm. Anal. Calcd. for C164H160N24O4Zn; C 75.86, H 

6.21, N 12.95; Found: C 75.79, H 6.18, N 12.90. MS: m/z: Calcd: 2593.23 

amu; Found: [M+H]+ 2594.5 amu. 

For compound 8: Yield: 21%; FT-IR νmax/cm-1; 2963 (C-H), 1590 (C=C); 

UV/Vis λmax (nm) (log ε) in DMSO; 330 and 676. Anal. Calcd. for 

C164H160N24O4Co; C 76.05, H 6.23, N 12.98; Found: C 76.02, H 6.19, N 

12.93. MS: m/z: Calcd: 2588.25 amu; Found: [M+H]+ 2589.5 amu. 

Electrochemical Measurements 

Cyclic voltammetry measurements were performed using a three electrode 

standard configuration with a platinum wire as counter electrode and 

Ag/AgCl in saturated KCl as reference electrode in a 0.05 M TBABF4 

(tetra-n-butylammonium tetrafluoroborate) acetonitrile solution as 

electrolyte. A FTO conducting glass substrate coated by a thin film of 

compound 7 or 8 in DMF (5 mg/mL) deposited by drop casting was used 

as a working electrode (estimated film thickness 1 µm). The thickness of 

the films was measured by a MicroXAM-100 3D surface profilometer. The 

solution was purged with N2 for at least 30 min before measurements. 

Scan rate of 50 mV/s. These electrodes were connected to an AMEL 7050 

potentiostate that allows scanning the voltage while measuring the current. 

Conductivity Measurements 

Conductivity experiments were carried out using a conductimeter Crison 

GLP31. 

Photoluminescence Measurements 

Steady-state photoluminescence measurements were recorded in a 

Photon Technology International (PTI) 220B spectrofluorimeter having a 

Xe arc lamp light excitation and Czerny-Turner monochromator, coupled to 

a photomultiplier. Time-resolved measurements were performed using a 

PTI Easylife with 375 nm diode. 

Optical Characterization 

Steady-state absorption spectra in the visible and near-IR regions were 

measured on a Shimadzu UV 3600 spectrometer. Steady-state 

fluorescence spectra were measured on a Shimadzu RF-5300PC 

spectrofluorophotometer. 

Laser flash photolysis spectroscopy (LFP) 

Laser flash photolysis experiments were carried out using the third (355 

nm) harmonic of a Q-switched Nd:YAG laser (Spectron Laser Systems, 

UK; pulse width ca. 9 ns and 35 mJ pulse−1). The signal from the 

monochromator/photomultiplier detection system was captured by a 

Tektronix TDS640A digitizer and transferred to a PC that controlled the 

experiment and provided suitable processing and data storage capabilities. 
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