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Abstract  
  

This thesis reports on the syntheses, photophysicochemical properties and 

photodynamic therapy activities of symmetrical metallophthalocyanines (MPcs) when 

alone or when incorporated into Pluronic polymer micelles. The Pcs contain either zinc 

or indium as central metals and have phenyldiazenylphenoxy, pyridine-2-yloxy and 

benzo[d]thiazol-2-ylthio as ring substituents. Spectroscopic and microscopic 

techniques were used to confirm the formation MPcs with micelles. The photophysics 

and photochemistry of the Pcs were assessed when alone and with micelles. All the 

studied Pcs showed good photophysicochemical behavior with relatively high triplet 

and singlet oxygen quantum yields corresponding to their low fluorescence quantum 

yields. The Pcs with indium in their central cavity exhibited higher triplet and singlet 

oxygen quantum yields in comparison to their zinc counterparts due to the heavy atom 

effect obtained from the former.   

The in vitro dark cytotoxicity and photodynamic therapy of the Pc complexes and 

conjugates against MCF7 cells was tested. All studied Pc complexes alone and with 

micelles showed minimum dark toxicity making them applicable for PDT. All 
complexes displayed good phototoxicity < 50% cell viability (except for complex 2 >  

50% cell viability) at concentrations ≤100 µg/mL, however the conjugates showed <  

45% cell viability at concentrations ≤ 100 µg/mL, probably due to the small micellar 

size and EPR effect.   

The findings from this work show the importance of incorporating photosensitizers 

such as phthalocyanines into Pluronic polymers micelles and making them water 

soluble and ultimately improving their photodynamic effect.   
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Preface  
  

The thesis describes the synthesis of symmetrical phthalocyanines (Pcs) containing 

zinc and indium as central metals. The Pcs are physically entrapped into Pluronic 

micelles. The photophysical and photochemical properties of the Pcs and their 

conjugates are studied together with photodynamic therapy behavior against epithelial 

breast cancer cell lines (MCF7).    
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CHAPTER 1  
     INTRODUCTION   
  

This chapter highlights the basic structure of phthalocyanines (Pcs), their application 
and syntheses. Basic background on Pluronic micelles, their syntheses and 
applications are also presented.  
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1.1 Phthalocyanines (Pcs)   
  

1.1.1 Brief history and general applications   
  

Phthalocyanines (Pcs) are planar aromatic macrocycles consisting of an 18 π – 

electron conjugated ring with four isoindole units connected via nitrogen atoms [1, 2]. 
The Pc macrocycle can be substituted with different functional groups on the 
nonperipheral (α) and peripheral (β) positions (shown in Scheme 1.1, to be discussed 

later), to influence their physicochemical properties which are crucial for their 

applications.   

At the same time the central cavity of Pcs can coordinate different metals to form 

metallophthalocyanines (MPcs) and these metals are known to influence their 

photophysical behaviour.  

Pc derivatives have attracted attention as second generation photosensitizers (PS) for 
diverse applications such as photodynamic therapy (PDT) [3-5], photodynamic 

antimicrobial chemotherapy (PACT) [6-8], photodegradation of pollutants [9] and 

nonlinear optics [10] to mention but a few. Their applicability could be attributed to 

their ease of structural modifications, absorption in the infra-red region, good optical, 
chemical and thermal properties [11 – 15].  

1.1.2   Electronic Absorption spectral behaviour of MPcs   
  

The ground state electronic absorption spectra of MPcs are often influenced by factors 

such as nature of the central metal, ring substituents, the solvent used, point of 
substitution and ring expansion [16–19]. MPcs are characterised by two distinct 

absorption bands as shown in Figure 1.1.  
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Figure 1.1: Ground state electronic absorption spectrum for MPcs.  

The Q-band is the most intense peak found in the visible and near infra-red region 

depending on the structural properties of the MPcs, while the B-band, found between 

300–400 nm, consists of two less intense, overlapping peaks due to B1 and B2 hence 
it is broad [20].    

Using Gouterman’s four orbital model [21], the Q-band is assigned to the doubly 

degenerate π-π* transition between the ground state a1u of the highest occupied 

molecular orbital (HOMO) to the degenerate eg of the lowest unoccupied molecular 

orbital (LUMO), while the B-bands (B1 and B2)  correspond to the π-π* transitions from 

a2u and b2u of the HOMO to the eg of the LUMO, Figure 1.2 [20–23].  

300 400 500 600 700 800 

B band 

Wavelength  ( nm ) 

Q band  
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Figure 1.2:  Electronic transitions in metallated Pcs showing the origin of the  

Qo, B1 and B2 absorption bands  

1.1.3 Synthesis   
  

The synthesis of phthalocyanines can be achieved using different precursors such as: 

phthalimide, phthalic acid, phthalic anhydride, o-cyanobenzamide, odibromobenzene, 

diiminoisondole and phthalonitrile. The most commonly used precursor being the 

phthalonitriles because they produce higher yields of MPcs, and pure compounds 
compared to other precursors [24].  

For the synthesis of α and β substituted Pcs, 3-nitrophthalonitrile and 

4nitrophthalonitrile, respectively are used as precursors. The nitro groups of these 

phthalonitriles are modified to afford the desired substituted phthalonitriles for the 

synthesis of Pcs. Symmetrically tetra-substituted Pcs are synthesized by 
cyclocondensation of mono-substituted phthalonitriles as precursors [25-27], Scheme 
1.1  

Mono-substituted phthalonitriles always result in a mixture of four possible isomers of 

tetrasubstituted phthalocyanines with D2h, C4h, C2v and Cs symmetry as shown in 

  
a u 2 

b 2 u 

a u 2 

e g 

a u 1 

e g 

b 1 u 

b 2 u 

b u 3 

HOMO 

LUMO 

Q 0 

B 2 B 1 



6  
  

Figure 1.3 (using β substituted Pcs as examples). Similar isomers are obtained for the 

α substituted Pcs. Attempts have been made to isolate these isomers and a few have 

been isolated using column chromatography [28,29], however in most cases specially 

designed high-performance liquid chromatography (HPLC) columns are required and 

the yield is low. Isomeric mixtures have been shown to be suitable for many 

applications including PDT [30].    

 
 

Scheme 1.1: Synthetic route for tetrasubstituted MPcs (R represents the 
substituent).  

Statistical condensation of two differently substituted phthalonitriles is generally 

utilized for the synthesis of A3B-type asymmetrical Pcs, which are characterized by 
three identical (A) isoindole subunits and one different (B) subunit, Scheme 1.2. The 

phthalonitrile precursors are combined in mole ratios of 3:1 up to 9:1 (A: B) depending 
on the reactivity of the substituents [31-34]. A mixture of six products could be obtained 

as shown in Scheme 1.2 and these are separated chromatographically to isolate the 

desired Pc (A3B or AB3). Symmetrical Pcs are employed in this thesis.  
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Figure 1.3: Constitutional isomers of tetrasubstituted phthalocyanines (For each 
isomer symmetrically non-equivalent nitrogen atoms are shown in different 
colours and R represents different substituents).  
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Scheme 1.2:  Statistical   mixed condensation products of phthalonitriles A and 
B.   
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1.1.4. MPcs synthesized and studied in this work   
 

In this work symmetrical peripherally substituted MPcs are synthesized containing 

either indium or zinc as central metals and with benzo[d]thiazol-2-ylthio, 
phenyldiazenylphenoxy and pyridyloxy as ring substituents, Table 1.1, Complexes 4, 

5 and 6 have been reported before [35-37], however their photophysicochemical 

behaviour in the presence of Pluronic polymer micelles are explored for the first time 

in this work. Complexes 1, 2 and 3 are reported for the first time in this work.   

1.1.4.1 Choice of central metal   
  

Metal centres influence photophysical and photochemical properties of Pcs. In and Zn 

were chosen because they are diamagnetic hence, they have a closed shell structure 

which results in enhanced photophysical properties. Furthermore, as heavy atoms 

they promote intersystem crossing to populate the triplet state through the spin orbit 

coupling (SOC) also termed as heavy atom effect. SOC is most common in atoms 

whose nuclei are large and enhances the kinetics of both radiative and non-radiative 

transitions between states with different spin [38, 39].  

1.1.4.2 Choice of substituents  
  

Substituents greatly influence the behaviour of MPcs in particular their photophysical 
and photochemical properties together with their applications [40,41].   

i) The azo groups (in complexes 1 and 2) were chosen as a ring substituent 

due to the promising anticancer properties displayed by compounds 
containing azo groups [42].  

ii) The pyridyloxy substituents (in complexes 3 and 4) were chosen because 

of the reported anticancer potential for pyridine derivatives [43, 44]. Phenyl 

rings are reported to contribute to effective population of the triplet state [45] 
iii) The benzo[d]thiazol-2-ylthio substituents (in complexes 5 and 6) were 

chosen since benzothiazole derivatives have been found to have antitumor 

activities [46-48] which could be advantageous for PDT applications.  

Additionally, phenyl rings could be advantageous as mentioned before.  
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1.2 Photodynamic therapy (PDT) and Pluronic Micelles   
  

PDT is a clinically approved, minimally invasive cancer treatment modality which 

requires a photosensitizer (PS) and light of appropriate wavelength in the presence of 
ground state molecular oxygen to elicit selective destruction of the tumor cells [4]. The 

three components (a PS, visible light and molecular oxygen) are nontoxic when 
separate, however when the PS is activated by visible light, the excited PS reacts with 

molecular oxygen leading to the production of reactive oxygen species (ROS), capable 
of inducing stress on tumorigenic cells [4,49–51].  

PDT is useful for the treatment of early and localised tumours, due to the selective 
delivery of the PS to cancerous tissue [5, 52]. However, complete cure of metastatic 

tumours is more challenging since irradiation of the whole body is not possible [5, 53]. 
MPcs have proven to be an efficacious PS for PDT of cancer and some of them have 

been approved in countries such as Russia, United States of America and United 
Kingdom, for the treatment of cancer. Figure 1.4 shows the phthalocyanines that are 

in clinical trials [54, 55].  
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Figure 1.4. Some MPcs in clinical trials as PS for PDT   

  

1.2.1. PDT mechanisms when using MPcs as PSs.  
  

During photosensitisation as shown in Figure 1.5, the MPc (as a PS) is irradiated with 

light of a specific wavelength, usually between 600 – 800 nm [51]. The MPc in the 

ground state (S0) absorbs light, which provides energy for the MPc to reach an 

electronically excited singlet state (S1). The S1 state has an unstable and short half-

life (10-9 s) [53], leading to fast deactivation through either radiative (such as 

fluorescence) or non-radiative processes, like intersystem crossing (ISC). Ideal MPcs 

undergo deactivation through ISC to a triplet excited state (T1). The longer half-life (103 

s) of the T1 state [53] compared to S1, allows for enough time for photosensitisation 

by the excited MPc.  
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Figure 1.5: A modified Jablonski diagram showing the transitions between 
ground state (S0) and electronic excited states (S1 and T1).  S1= singlet excited 
state, T1= first triplet state, A= absorption, F= fluorescence, IC = internal 
conversion, ISC= intersystem crossing, P= phosphorescence, ET = energy 
transfer  

The excited MPc molecule in the triplet excited transfers its energy to ground state 

oxygen O2 (3∑g), generating excited state oxygen, O2 (1Δg), the main cytotoxic species, 

which subsequently oxidizes the substrate. This is the type II mechanism [51, 52, 56, 
57].   

Type I mechanism involves the interaction of the excited triplet state of the MPc with 

ground state molecular oxygen or substrate molecules generating superoxide and 

hydroperoxyl radicals, which subsequently afford oxidation of the substrate. It has 
been reported [51, 52, 56, 57] that the Type II mechanism is more common in 

photoinitiated oxidation reactions; hence the magnitude of the singlet oxygen quantum 

yield (ΦΔ), which expresses the amount of singlet oxygen generated per quanta of 

light, is often employed as the main criterion in choosing the photosensitizers to be 
used in photocatalytic reactions [52,53,58,59]. Even though phthalocyanines are well 

T 
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– known photosensitizers for PDT, their applications as photosensitizers in PDT are 

often hampered by their hydrophobicity, as this complicates their formulation and 

results in an unfavourable biodistribution. Hence the use of Pluronic polymer micelles.   

1.2.2. Pluronic micelles   
  

PluronicTM   block copolymers (also known as ‘poloxamers’) are non-ionic polymers 

comprised of two blocks of poly (ethylene oxide) (PEO) separated by a central block 

of poly (propylene oxide) (PPO) arranged in A-B-A triblock structure as illustrated (Fig.  
1.6).   

 
Figure 1.6: Schematic representation of the arrangement of Pluronic polymer.  

  

The PEO and PPO segments on the micelles act as hydrophilic corona and 

hydrophobic core, respectively [59-63]. PluronicTM block copolymers are appealing 

because their physicochemical properties are tuneable. The advantages of Pluronic 

block copolymers are that they are commercially available in very broad compositions 

and they are regarded as being cost effective.  A defining property of amphiphilic block 

copolymers is the ability of individual block copolymer termed ‘unimers’, to self-

assemble into micelles in aqueous solutions. The formed micelles can have an 

estimated diameter of 30–50 nm at concentrations equal to or above the critical micelle 

concentration (CMC) [64-66]. The CMC is very important because it determines the 

stability of micelles against possible dilution of the drug delivery system and specifies 

the maximal achievable concentration of Pluronic unimers to the targeted cells [65, 
67]. Micelles can be spherical, rod-like, or lamellar depending on the length of the 

ethylene oxide (EO) and propylene oxide (PO) blocks, concentration of the block 

copolymers, and the temperature [68]. Polymer micelles are fast becoming a powerful 
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nanomedicine platform for cancer therapeutic applications because of their 

biocompatibility and relatively small size, which help to prevent them from being 

recognized by proteins and macrophages therefore allowing a greater circulation time 

[69]. Polymer micelles also can solubilize water insoluble drugs [70]. Several Pluronics 

have been approved by Food and Drug Administration (FDA) for oral or intravenous 

administration because they are widely employed as solubilizers, emulsifiers or 

coating agents due to their biocompatibility and high drug loading ability [69, 71- 73].  

1.2.3. Incorporation of phthalocyanines into Pluronic polymers    
  

There are different methods that can be used to incorporate drugs into polymer 
micelles such as dialysis, emulsion and evaporation [74] under the evaporation 

methods there is solid dispersion and film formation [75]. Solid dispersion method 

involves solubilization of copolymer with the phthalocyanine/drug (Fig. 1.7), followed 

by rotative evaporation. The mixtures are then placed on a sonicator at room 
temperature and the solvent is removed [76]. The achieved solid products are left in a 

vacuum desiccator, followed by hydration and vigorous stirring. The solutions are 

transferred onto test tubes and left undisturbed for precipitation of drugs/Pcs which 
were not bound onto the polymer, which are then filtered [76,77]. This method was 

employed in this work.  
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 Figure 1.7: Schematic representation of incorporation of drugs into Pluronic 
polymers.  

  

Porphyrins and phthalocyanines that have been embedded into different Pluronic 

polymers micelles reported in literature [78-87], are shown in Table 1.2.   
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Table 1.2 Some Porphyrins and Phthalocyanines embedded in individual 
Pluronic micelles.  

Compound   Pluronic  
Polymer  

studies /PDT   Reference   

 

F108, F127, 

P85, P123,  

L61 and L64   

  

 Singlet Oxygen 
quantum yields 
and PDT   

 [78,79]  

 

F127, P108 
and L122  

Fluorescence 
quantum yields 
and  Singlet 
oxygen quantum 
yields  

 [80]  

 

F127   Singlet Oxygen 
quantum yields 
and PDT    

 [81]  
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M = H2             R= H   

  

  

  

  

M = H2             R= OH   

  

  

  

  

M = H2             R = N(CH3)+)  

                           = OH  

                           = SO3H  

                           = COOH  

                    

     

                     

M = H2  

  

  

  

  

  

  

  

  

  

F127   

  

  

  

F127, P108 
and L122  

  

  

  

F68, F127, 

P123 and  

L44  

  

  

  

  

  

  

  

  

  

  

  

  

Singlet Oxygen 
quantum yields   

  

  

Fluorescence 
quantum yields  

  

  

  

            

    PDT   

  

  

      

           

  

  

  

  

  

  

  

  

  

[78,82]  

  

  

  

[81]  

  

  

  

  

  

[83]  
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R =   

  

  

  

F127  

P123   

  

  

  

  

F127  
P123   

  

  

  

  

  

  

  

P123   

and  

and  

  

  

  

  

     -  

  

  

  

  

PDT and PACT   

  

  

  

  

           

         

  

Chemotherapy  
and PACT   

  

  

[84]  

  

  

  

  

  

   

[85,86]  

  

  

  

  

  

  

  

[87]  

 

  

  

  

                                 

  R   =     

       =     
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As shown in Table 1.2 Many porphyrins have been embedded in Pluronic polymer 

micelles and there are very few metallated and ring substituted phthalocyanines 

embedded into Pluronic polymer micelles and used as photosensitizers in PDT, hence 
complexes 1 – 6 were synthesized in this work. Ring substituted MPcs are preferable 

since solubility is improved and aggregation is reduced; hence bulky substituents are 

employed in this work. There are reports of unsubstituted 

chloroaluminumphthalocyanine embedded in Pluronic F-127 for use in PDT [85] and 

photoactivation of microorganisms [86]. A substituted zinc phthalocyanine has been 

cross- linked to Pluronics for chemotherapy but not for PDT [87]. The current work 

reports for the first time on the encapsulation (physically entrapped and not cross 

linked) of the ring substituted phthalocyanines into Pluronics and their use as 

photosensitizers. Physical entrapment in micelles releases dyes much faster than 
cross linking [88], hence the former is employed in this work rather than cross linking 

reported in literature [87]. Encapsulation of phthalocyanines into Pluronic polymer 

micelles results in water solubility of the phthalocyanines in micelles. Complexes 1-4, 
5 and 6 became water soluble upon encapsulation to Pluronic polymer micelles.  It has 

been demonstrated that binary mixture of Pluronics may compensate for drawbacks 

of a single Pluronic system. Binary mixtures also allow for higher loading capacity than 

mono systems [89]. Table 1.3 shows porpyrins that have been embedded into a binary 

mixture of micelles [90-93].   

Table 1.3 Porphyrins and Phthalocyanines embedded in individual Pluronic 
micelles.  

Compound   Pluronic  
Polymer   

 Studies/PDT   Reference   

 

  

  

 P123/F127  

  

  

  

  

  

Fluorescence 

quantum yields 

and Singlet  
quantum yields  

  

  

     

    [90,91]  
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Table 1.3 Shows that there are no phthalocyanines that have been embedded into 

binary mixtures hence reported for the first time in this work using complexes 5 and 6 
as examples. Pluronic F127 and L121 have similar length of hydrophobic block but 
different hydrophilic length [94]. It has been reported that mixed L121/F127 exhibit 

higher solubilization capacity compared to F127 micelles alone [95], hence the former 

is employed in this work (using complexes 5 and 6 as examples).   

  

  

  

 

 

  

  

M = H 2     
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1.3 Photophysical and Photochemical properties of Pcs   

  

Photophysico-chemical properties of MPcs are best described using the modified 
Jablonski diagram. Figure 1.5 discussed above.  

The photophysicochemical parameters of phthalocyanines are fluorescence quantum 

yield (   F) and lifetime (τF), triplet quantum yield (   T) and lifetime (τT) and the singlet 

oxygen quantum yield (   Δ). These are important in the determination of the suitability 

of the molecules as photosensitisers [96, 97].   

1.3.1. Fluorescence quantum yield (ΦF)   and lifetimes (τF)   
     

Fluorescence quantum yield is the ratio of absorbed photons to the emitted photons 

through fluorescence. Fluorescence quantum yields can be determined by 

comparative or absolute methods [98, 99]. The comparative method uses 

fluorescence quantum yields of a standard as a reference and was used in this work. 

The fluorescence quantum yields can be determined using equ.  (1.1)   

   

ΦF   = ΦF(STD) .
𝑭.  𝑨𝑺𝒕𝒅 . 𝒏𝟐  

𝑭𝑺𝒕𝒅 .  𝑨  . 𝒏𝟐
𝑺𝒕𝒅  

               (1.1)  

 
 
 Where F and FSTD are areas under fluorescence emission curves of the sample and 

the standard, respectively. A and ASTD   are the absorbances of the sample and 

standard at the excitation wavelength, respectively, n and nSTD  are refractive indices 

of solvents used for sample and standard, respectively. ZnPc in dimethyl sulfoxide 

(DMSO) was used as a standard,   F = 0.20 [41], in this work for MPcs. For the 

determination of fluorescence quantum yields, the sample and the standard are both 

excited at the same wavelength. Factors such as the nature of solvent used, pH, 

aggregation, temperature, nature of central metal, concentration, nature of 

substituents and point of substitution have been reported to influence the    F of MPcs. 

The fluorescence lifetime (τF), is the average time a molecule spends in its excited 

singlet state before reverting to the ground state through fluorescence. The Time 

Correlated Single-photon Counting (TCSPC) technique [100,101] was used to 

determine the τF values of all the MPcs alone and with micelles studied in this work.  
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1.3.2 Triplet quantum yields (ΦT) and lifetimes (τT)   
  

The triplet quantum yield (  T) is used to estimate the efficiency of the molecule to 

populate the triplet state. There are various methods of studying the properties of a 

molecule in its triplet state [102,103]. The laser flash photolysis technique was used 

in this thesis through comparative methods where ZnPc was used as a standard and 

calculations were done using equ. (1.2)   

 

  Φ𝑻 =   Φ𝑻
𝑺𝑻𝑫  ∆𝑨𝑻    .   Ɛ𝑻

𝑺𝑻𝑫

∆𝑨𝑻
𝑺𝑻𝑫  .Ɛ𝑻

             (1.2)                   

 

Where ∆𝐀𝑻  and and ∆𝐀𝑻
𝑺𝑻𝑫 are the changes in the triplet state absorbance of the 

sample and the standard, respectively. Ɛ𝑻  and Ɛ𝑻
𝑺𝑻𝑫  are the triplet state extinction 

coefficients for the sample and the standard, respectively. Φ𝑻
𝑺𝑻𝑫 is the triplet state 

quantum yield for the standard. Unsubstituted ZnPc in DMSO, Φ𝑻
𝑺𝑻𝑫 = 0.65 [102] was 

used as a standard.   Ɛ𝑻   and  Ɛ𝑻
𝑺𝑻𝑫  were calculated from the molar extinction 

coefficients of their respective ground singlet state  Ɛ𝐒, the changes in absorbances of 

the ground state (∆𝐀𝑺)  or the triplet state (∆𝐀𝑻) using equ. (1.3a) and (1.3b)  

ε𝑻 =    ε𝑺    .  
 ∆𝑨𝑻    

 ∆𝑨  𝑺  

                (1.3 a)      

 ε𝑻
𝑺𝑻𝑫

=   ε𝑺
𝑺𝑻𝑫 .   

∆𝑨𝑻
𝑺𝑻𝑫

∆𝑨𝑺
𝑺𝑻𝑫   

        (1.3 b)       

The triplet lifetimes are obtained from the triplet decay curve by fitting using   

Origin Pro 8 software.   

1.3.3. Singlet oxygen quantum yields ( Δ)     
  

Singlet oxygen (1O2) is a highly reactive oxygen species that is the primary cytotoxic 

agent in PDT [104]. It is formed through an energy transfer process between an 
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excited triplet state of the MPc and ground state molecular oxygen (3O2), Figure 1.5. 
The singlet oxygen generation may be experimentally determined by a chemical 

method that utilises singlet oxygen quenchers [105]. The singlet oxygen quenchers 

react with singlet oxygen (Scheme 1.3) as soon as it is produced in an oxygenated 

MPc solution. The depletion of the singlet oxygen quencher is spectroscopically 

monitored over predetermined time intervals to assess the singlet oxygen produced 

by the PS. Singlet oxygen quenchers such as 1,3 diphenylisobenzofuran (DPBF) or 

anthracene-9,10-bismethylmalonate (ADMA) (Scheme 1.3) can be used to quantify 

singlet oxygen production in organic solvents and aqueous solutions, respectively 

[106,107]. Both were employed in this work.   

 

Scheme 1.3: Reaction of singlet oxygen with DPBF and ADMA.  

Equ. (1.4) was then used to calculate singlet oxygen quantum yields:   

 

  Φ𝜟 =   Φ𝜟
𝑺𝑻𝑫

  
𝑹𝑺𝒂𝒎𝒑𝒍𝒆 .𝑰𝑨𝒃𝒔

𝑺𝑻𝑫

𝑹𝑺𝑻𝑫 .𝑰𝑨𝒃𝒔
𝑺𝒂𝒎𝒑𝒍𝒆        (1.4)       

Where   𝚽𝜟
𝑺𝑻𝑫

   is the singlet oxygen quantum yield for the standard (ZnPc, Φ𝜟= 0.67 

in DMSO) [107]. AlPcSmix (containing a mixture of sulfonated phthalocyanine 

derivatives) was employed as a standard in aqueous media (Φ∆
STD = 0.42) [108].  

RSample   and  RSTD are the DPBF and ADMA photobleaching rates in the presence of 

the sample under investigation and the standard, respectively. . 𝑰𝑨𝒃𝒔 
𝑺𝒂𝒎𝒑𝒍𝒆

      and 𝑰𝑨𝒃𝒔 
𝑺𝑻𝑫    
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are rates of light absorption by the sample and the standard, respectively and 

calculated using equ.  (1.5a) and (1.5b) [109].  

𝐈𝐀𝐛𝐬
𝐒𝐚𝐦𝐩𝐥𝐞

=   
𝛂.𝐀.𝐈

𝐍𝐀
           (1.5a)  

 

 𝐈𝐀𝐛𝐬
𝐒𝐓𝐃 =   

𝛂.𝐀.𝐈

𝐍𝐀
              (1.5b)  

Where α =1 − 10−(𝜆), A (λ) is the absorbance of the sensitizer at the irradiation 

wavelength, A is the irradiated area, I is the intensity of light expressed as photons 

(cm-2 s-1) and NA  is Avogadro’s constant [108 -110].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28  
  

 

1.4 Summary of aims    
  

The aims of this thesis include:     

• Synthesis and characterization of symmetrical, metallophthalocyanines with azo 

groups (phenyldiazenylphenoxy), pyridyloxy and benzo[d]thiazol-2-ylthio as 

substituents.   

• Synthesis of Pluronic Polymer micelles (F127 and F127/L121).   

• Encapsulation of metallophthalocyanines to F127 or F127/L121 composites.   

• Study the spectroscopic (ground state electronic absorption, excitation and emission) 

properties of the synthesized MPcs when alone and when embedded to F127 or 

F127/L121 composites.  

• Study the photophysical (fluorescence quantum yield and lifetime, triplet quantum 

yield and lifetime) and photochemical (singlet oxygen quantum yield) properties of 

the synthesized MPcs when alone and when embedded to F127 or F127/L121 

composites.  

• In vitro dark cytotoxicity and photodynamic therapy activities of selected MPcs and 

conjugates against MCF7 breast cancer cells.  
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CHAPTER 2  
         Experimental Section                     
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2. Experimental section   
  

This chapter assimilates the details of the materials, instrumentation and experimental 

procedures used for the synthesis and characterisation of the complexes and pluronic 

micelles, as well the complexes with micelles studied, together with in vitro dark 

cytotoxicity and PDT studies.  
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2.1 Equipment   
  

• Proton-nuclear magnetic resonance (1H NMR) spectra were recorded on a 

Bruker AVANCE II 600 MHz NMR spectrometer using tetramethylsilane (TMS) 

as an internal reference.    

• Elemental analyses of MPcs were carried out using a Vario Elementar 

Microcube ELIII CHNS instrument analyzer.    

• Mass spectra data were acquired on a Bruker AutoFLEX III Smartbeam  
TOF/TOF mass spectrometer using α-cyano-4-hydrocinnamic acid as the 

matrix.    

• Infrared spectra were acquired on a Bruker ALPHA FT–IR spectrometer with 

universal attenuated total reflectance (ATR) sampling accessory.   

• Ground state electronic absorption was measured using a Shimadzu UV-2550 

spectrophotometer.    

• Fluorescence excitation and emission spectra were measured on a Varian 

Eclipse spectrofluorimeter using a 360–1100 nm filter. Excitation spectra were 

recorded at the wavelength of the emission maxima.   

• Fluorescence lifetimes were measured using a time correlated single photon 

counting setup (TCSPC) (FluoTime 300, Picoquant GmbH) with a diode laser 

(LDH-P-670, Picoquant GmbH, 20 MHz repetition rate, 44 ps pulse width). 

Fluorescence was detected under the magic angle with a peltier cooled 

photomultiplier tube (PMT) (PMA-C 192-N-M, Picoquant GmbH) and integrated 

electronics (PicoHarp 300E, Picoquant GmbH).  A monochromator with a 

spectral width of about 4 nm was used to select the required emission 

wavelength. The response function of the system, which was measured with a 

scattering Ludox solution (DuPont), had a full width at half-maximum (FWHM) 

of about 300 ps. The ratio of stop to start pulses was kept low (~0.05) to ensure 

good statistics. All fluorescence decay curves were measured at the 

wavelength of emission maxima. The data were analysed with the FluoFit 

software (Picoquant®). The support plane approach was used to estimate the 
errors of the decay times [111]. The layout of the TCSPC is shown in Figure  
2.1.   
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Figure 2.1: Schematic representation of time correlated single photon counting 
(TCSPC) set–up. (MCP)–PMT = (Multichannel plate detector) Monochromator 
Photomultiplier Tube.  

• A laser flash photolysis system was used to determine the triplet quantum 

yields. The excitation pulses were produced using a tunable laser system 

consisting of an Nd: YAG laser (355 nm, 135 mJ/4–6 ns) pumping an optical 

parametric oscillator (OPO, 30 mJ/3–5 ns) with a wavelength range of 420– 

2300 nm (NT-342B, Ekspla). The signal from a PMT detector was recorded on 

an oscilloscope. A new system consisting a LP980 spectrometer  with a PMT-

LP detector, Tektronix digital storage oscilloscope and an ICCD camera (Andor 

DH320T-25F03) was also used. The absorbance of the sample solution and 

the standard were ~1.5 at the Q–band. The solution was introduced into a 1 cm 

path length quartz cell and deaerated using argon for 15 min. Thereafter the 

solution was sealed and illuminated using an appropriate excitation wavelength 

source (the crossover wavelength of the sample and the standard is utilized as 

the laser excitation source wavelength). The maximum triplet absorption 

detection wavelength was determined from the transient curve.  The triplet 

lifetimes were determined by exponential fitting of the kinetic curves using 

OriginPro® 8 software.  
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• Irradiation for singlet oxygen quantum yield was performed using a general 

electric quartz lamp (300 W) as irradiation source.  A 600 nm cut-off glass filter 

(Schott) for ultraviolet radiation and a water filter for infrared radiation were 

used. An interference filter, 670 nm with a band of 40 nm was additionally used 

before the sample chamber. Light intensity was measured with a POWER MAX 

5100 (Molelectron detector incorporated) power meter. Solutions of 

photosensitizer containing DPBF in DMSO or ADMA in aqueous media, were 

prepared in the dark and irradiated in the Q-band region. DPBF and ADMA 

degradation at 417 nm and 380 respectively, was monitored during irradiation 

to quantify the singlet oxygen quantum yield with reference to a standard. The 

layout of the photochemical set–up is shown in Figure 2.2.  

 

Figure 2.2. Schematic illustration of photochemical set–up.   
  

• Transmission electron microscope (TEM) images were obtained using a ZEISS 

LIBRA model 120 operated at 90 kV and iTEM software was used for TEM 

micrographs processing.   

• Dynamic light scattering (DLS) experiments were done on a Malvern     

Zetasizer nanoseries, Nano-ZS90.  

• Illumination for PDT studies of Pcs and conjugates were performed using a 

Modulight Medical Laser system (ML) 7710-680 channel Turnkey laser system 

coupled with 2 × 3W channels at 680 nm, cylindrical output channels, aiming 
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beam, integrated calibration module, foot/hand switch pedal, fibre sensors 

(subminiature version A) connectors and safety interlocks. The iIllumination kit 

for in vitro PDT studies with capacity to hold 127.76 × 85.48 mm 96 well tissue 

culture plate was used.   

• The MCF7 cells were cultured in a humidified atmosphere incubator with ~5% 

CO2 and temperature at 37 °C (Heal Force).    

• The cells were viewed under phase contrast using a Zeiss AxioVert.A1 

Fluorescence LED (FL-LED) inverted microscope.   

• The cell viability was measured with Synergy 2 multi-mode microplate reader 

(BioTek).   

2.2. Materials   
  

2.2.1 Solvents   
  

Dimethyl sulfoxide (DMSO, spectroscopy grade), 1–pentanol, 1–hexanol, deuterated 

(DMSO–d6, chloroform–d), and 25% ammonium hydroxide were obtained from Sigma 

Aldrich®. Absolute ethanol, methanol, dimethylformamide (DMF), cyclohexane, 

tetrahydrofuran (THF), nitric acid (55%), acetonitrile, acetone, octanol, chloroform and 

toluene were obtained from SAARCHEM®. Highly purified water was obtained through 

installed water purifying system from ELGA, Veolia water PURELAB, Flex system 

(Marlow, UK).  

  
2.2.2 Reagents   
  

 Zinc (II) acetate dihydrate, indium (III) chloride, 1,8-diazobicylo [5.4.0]undec-7-ene 

(DBU), unsubstituted zinc phthalocyanine (ZnPc),  1, 3 diphenylisobenzofuran 

(DPBF), silica gel, anthracene-9,10-bismethylmalonate (ADMA), 4-nitrophthalonitrile, 

potassium hydroxide pellets and poly(ethylene glycol)- block- poly(propylene 

glycol)block – poly(ethylene glycol) Pluronic® L-121 and F-127, 4-amino-2,5-di-

tertbutylphenol  were purchased from Sigma–Aldrich. E-4-(4-(phenyldiazenyl) 

phthalonitrile (a) [42], 4-(2-pyridyloxy) phthalonitrile (b) [35], and aluminium sulfonated 

phthalocyanine (AlPcSmix- mixture of sulfonated phthalocyanine derivatives) have 

been reported in literature [112].    

Cultures of epithelial breast cancer cells (MCF7 cells) were obtained from Cellonex. 

Trypsin ethylenediaminetetraacetic acid (EDTA), trypan blue, Dulbecco's 
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phosphatebuffered saline (DPBS) and Dulbecco's modified Eagle's medium (DMEM) 

were obtained from Sigma Aldrich, heat-inactivated fetal calf serum (FCS), neutral red 

cell proliferation reagent (WST-1), and 100 µg/mL penicillin-100 unit/mL-

streptomycinamphotericin B mixture were obtained from Lonza (Biowest).   

2.3 Synthesis   
  

Three MPcs are reported here for the first time and their synthetic details are provided 
in this section. (E)-4(-4(phenyldiazenyl)phthalonitrile [42], 4-(2-pyridyloxy) 

phthalonitrile [35], and MPcs zinc(II)-tetra{2-pyridyloxyphthalocyaninato}) 

phthalocyanine (4) [35] indium(III)tetrakis[(4-benzo[d]thiazol-2ylthio)phthalocyaninato] 

(5) [36,37] and zinc(II) tetrakis[(4-benzo[d]thiazol-2ylthio)phthalocyaninato] (6) [36,37] 
are known and were synthesized as reported in literature.    

2.3.1 Synthesis of indium(III) tris (3-((Z)- phenyldiazenyl) phenoxy) 
phthalocyanine (complex 1)  - Scheme 4.1.  

(E)-4(-4(phenyldiazenyl) phenoxy) phthalonitrile (a) (0.200 g, 0.62 mmol) and indium 

chloride (0.061 g, 3.09 mmol) were placed in a 100 mL beaker. Then DBU (0.50 ml, 

3.3 mmol) and 1–hexanol (4 mL) were added into the reaction mixture. The reaction 

mixture was irradiated in a microwave for 15 min. The obtained product was 

precipitated out of solution with 1:1 ratio of methanol and Millipore water and then 

centrifuged   and placed to dry in a fume hood overnight. Thereafter the crude product 

was washed successively with hot ethanol, THF, and chloroform under Soxhlet 

extraction. The resulting hygroscopic product was dried in the fume hood overnight.  

Yield: 74 %; UV/ Vis (DMSO): λmax/nm (log ε): 355 (2.94), 613 (3.36), 697 (5.23) IR 

(KBr,  cm -1) 1701(CO), 1605 (N=N), 1499, 1483, 1266, 1231, and 1091. 1H NMR (600, 

DMSO–d6) ppm: 8.03 (s, 2H, phenyldiazenyl), 8.01 (s, 2H,  Pc), 7.96  (s,  2H,  Pc), 

7.91 (s,  4H,  Pc),  7.90 (s, 4H, Pc),  7.62 – 7.61 (m, 16H, phenyldiazenyl), 7.60 – 7.59 

(m, 13H, phenyldiazenyl),  7.43 (s, H, phenyldiazenyl), 7.37 (s, 2H, phenyldiazenyl) 

7.36 (s, 2H, phenyldiazenyl),   Calc for C80H48InClN16O4: C, 68.04, H, 3.43,  N, 15.87. 

Found C: 68.18, H 3.48, N 15.48. MALDI TOF MS m/z: 1447.72 amu. Found: 1411.27  

[M- Cl]+.   
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2.3.2. Synthesis of zinc (II) tris(3-((Z)- phenyldiazenyl) phenoxy) phthalocyanine 
(Complex 2 ) – Scheme 4.1.  
  

The synthesis was as outlined  for complex 2 was as outlined for complex 1 except 

zinc acetate dihydrate (0.135 g, 0.62 mmol) was used instead of indium chloride, and 

the reaction time was 11 min instead of 15 min. All the other reagents, and the 

purification methods were as outlined above.   

Yield: 77%; UV/ Vis (DMSO): λmax/nm (log ε): 350 (3.75), 627 (4.43), 684 (5.21), IR 

(KBr, cm-1): 1643(CO), 1589(N=N), 1483, 1232 and 766. 1H NMR (600, CDCl3):  8.05 

– 8.04 (s, 3H, phenyldiazenyl),  8.02 – 7.90 (m,13H, phenyldiazenyl), 7.58 – 7.50 (m, 

16H, phenyldiazenyl), 7.48 – 7.46 (m, 4H, phenyldiazenyl),  7.11 (s, 7H, Pc),  6.98 (s, 

5H,  Pc). Calc for C80H48N16O4Zn: (C, 70.51, H 3.55, N 16.45)% Found (C: 70.08, H 

3.74, N 16.38)%  MALDI TOF MS m/z: Calcd: 1362.75 amu. Found: 1362.46 [M]+.  

2.3.3. Synthesis of  indium (III) tetra{2-pyridyloxyphthalocyaninato})  
(Complex 3)  - Scheme 4.2  
  

4-(2-Pyridyloxy) phthalonitrile (b) (0.200 g, 9.62 mmol) and indium chloride (1.98 g, 9 

mmol) was dissolved in 1–hexanol (4 mL) in a 100 mL beaker. Then DBU (0.50 mL) 

was added into the reaction mixture. The reaction mixture was irradiated in a 

microwave for 8 min. Thereafter the resulting green product was precipitated out with 

diethyl ether and washed successively with 1: 1 methanol and water and then placed 

under sonication and centrifuged with DMSO and thereafter left to dry overnight in the 

fumehood.   

Yield: 70 %; UV/ Vis (DMSO): λmax/nm (log ε): 365 (4.86), 664 (4.92), 688 (5.52). FTIR 

(KBr, cm-1) 3064 (C–H), 1722, 1634, 1554, 1480, 1344, 1255 (C–O–C) 1183, 1062 

and 1011. 1H NMR (600, DMSO–d6) ppm: 8.28 – 8.20 (m, 4H, Pc),  7.96 (s, 4H, Pc), 

7.89 – 7.73 (4H, Pc),   7.46 – 7.38  (s, 2H, Pyridyloxy), 7.26 (m, 2H, Pyridyloxy),  7.19 

(m, 2H, Pyridyloxy),  7.09 (m, 4H, Pyridyloxy),   6.83 – 6.75 (m, 2H, pyridyloxy),  6.60 

(m, 4H, Pyridyloxy).  Calc for C52H28InClN12O4: C, 60.34, H, 2.73, N, 16.24. Found C:  

60.28, H 2.71, N 16.28. MALDI TOF MS m/z: 1035.43 amu. Found: 1000.33 amu [M-  
Cl]+  
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2.3.4 Incorporation of phthalocyanines into  Pluronic micelles, Scheme 4.3  
 

A previously reported thin – film hydration method with some modifications was used 
for the incorporation of complexes 1, 2, 3, 4, 5  and 6 into Pluronic® F–127 [113]. Each 

Pc complex was co – solubilized with Pluronics (1/40: w/w) in THF (5 mL), and the 

solution was sonicated for 20 min. Then, the solvent was evaporated in vacuo for 1 h 

at 60 oC and the product was dried for 12 h in a desiccator. The solid obtained was 

hydrated with ELGA Type II  water (5 mL) and sonicated for 15 min then further stirred 

for 2 h. The solution was filtered through a 0.2 µm filter to remove the unloaded 

complexes. The filtrate was freeze-dried to obtain the solid form.  The phthalocyanines 
when loaded into Pluronic F127 are represented as 1–F127, 2–F127 etc. for all 

phthalocyanines (where F127 represents Pluronic F127). Complexes 5 and 6 were 

also embedded into F127/L127 (1/1: w/w) represented as 5–F127/L121 and 6– 

F127/L121  respectively.  

  
2.4 Cell Studies   

2.4.1. Culturing of MCF7 cells.   
  

The MCF7 cells were cultured using Dulbecco's modified Eagle's medium (DMEM) 

supplemented with 10% (v/v) heat inactivated fetal calf serum (FCS) and 100 unit/mL 

penicillin–100 µg/mL streptomycin–amphotericin B. The cells were cultured in T75 

flasks, incubated at 37 °C and 5% CO2 in a humidified atmosphere until a cell 

confluence of 80 % was achieved.  The cells were rinsed with Dulbecco's modified 

phosphate buffer saline (DPBS) before routine trypsinisation. The viable trypsinised 

cells were counted with the aid of a trypan blue dye exclusion assay (0.40% trypan 

blue solution) using a hemocytometer. The cells were seeded at a cell density of 

10,000 cells/well in supplemented DMEM containing phenol red in 96–well plates.  

They were further   incubated under similar conditions for 24 h to allow cell attachment 

to the wells. The attached cells were rinsed with 100 µL DPBS once, followed by 

administration of 100 µL supplemented DMEM containing gradient doses of the 

respective drugs (complexes and complexes with micelles). The stock drug 

concentrations were prepared in DMSO and made up to the desired volume with 

supplemented DMEM. Plates were re-incubated again at  37°C and 5% CO2 in the 

dark for 24 h. The effect of DMSO on the cells was investigated by the incubation of 
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cells with 1% (v/v) DMSO in supplemented DMEM which represents the highest 

percentage of DMSO in the drug gradient solutions. Control cells were given 

supplemented DMEM with phenol red without the drug. After 24 h, the cells were rinsed 

with 100 µL DPBS once and were ready for in vitro dark cytotoxicity.  

  

2.4.2. In vitro dark cytotoxicity and PDT activity.     
  

For in vitro dark toxicity,  supplemented DMEM with phenol red was added and the 

plates were re-incubated for 24 h.  For PDT studies, supplemented phenol red free 

DMEM was added and the plates were subsequently illuminated with fixed light 

dosimetry of 170 J/cm2  using a Modulight ML7200 series illumination set–up as a light 

source. After illumination, the supplemented phenol red free DMEM was replaced with 

supplemented DMEM with phenol red and the plates were re-incubated for 24 h.  For 

both in vitro dark cytotoxicity and PDT activity, each experiment was performed in 

triplicate replicate and surviving cells were quantified after re–incubation using WST1 

viability assay.   

2.4.3. Cell viability determination   
  

The WST–1 assay was used to assess the toxicity and cell proliferation in the 

monolayer of the cells treated with the drugs and the control, respectively. This was 

performed as specified in the manufacturer’s instruction and a Synergy 2 multi–mode 

microplate reader (BioTek) set at a wavelength of 450 nm was used to quantify the 

stained viable cells. The percent cell viability was determined using equation 2.1:  

Absorbance of sample at 450 nm 
% cell viability =  × 100       (2.1)  

Absorbance of control at 450 nm 

where the absorbance of sample is for cells containing drugs while absorbance of 

control is for control cells containing only supplemented DMEM with phenol red.  

2.4.4 Statistical analysis    
  

The data obtained from the experiments was statistically analysed. Each sample was 

run 3 times and each experiment was repeated three times. One–way analysis of 

variance (ANOVA) for the in vitro dark cytotoxicity and PDT data of the drugs against 

MCF7 cell was evaluated. A p–value < 0.05 was considered statistically significant.  
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2.4.5 Determination of partition coefficients (Kp)  
  

By monitoring spectral changes, it is possible to quantify the degree of drug/ micelle 

interaction, which is normally expressed as micelle / water partition coefficient Kp. The 

elucidation of these constants is key for the understanding of interactions with 
biomembranes [114] and estimating the distribution of drugs. The Kp values were 

determined in biphasic octanol and water system as previously reported [115]. 
Complexes 1 – F127, 2 – F127, 3 – F127, 4 – F127, 5 – F127, 5 – F127/L121, 6 – 

F127 and 6 – F127/L121  were added to a mixture of 50 % (v/v) octanol and water, 

which was vigorously stirred and left to rest in the dark for 48 h. The concentration of 

1 – F127, 2 – F127, 3 – F127, 4 – F127, 5 – F127, 5 – F127/L121, 6 –F127 and 6 – 

F127/L121 the aqueous [PS] water   and organic [PS] octanol    phases were determined 

using UV – Vis spectra and the data was fitted using Eq.  

(2.2) [84].  
                            Kp = [PS] octanol / [PS] water                                  (2.2)  

The values are estimates for comparison purposes only since the extinction 

coefficients used are that of the Pc complexes in DMSO.  
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3. Attempted synthesis    to see the effect of bulky substitution   
  

 

  

Scheme 3.1: Synthesis of A   

The synthesis of A (Scheme 3.1) was as follows (2.00 g, 1.55 mmol) of 4 

nitrophthalonitrile and 4-amino-2,5-di-tert-butylphenol (3.99 g, 1.55 mmol) were 

dissolved in 50 mL dry DMF and then 10 g of potassium carbonate was added into the 

reaction mixture. Thereafter the   reaction mixture was left to stir for 48 h in an argon 

environment. The resultant brown product was washed with a mixture of methanol and 

water (1:1) and left to dry in the fumehood.   

 

Scheme 3.2: Attempted synthesis of complexes 7 and 8.   

  

  

 

 

  

  

+   

A   
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3.1 Synthesis of complexes 7 and 8 (Scheme 3.2)    

The first attempt for the synthesis of complex 7 was as follows where (100 g, 2.90 

mmol) of 5-(4-amino-2,5-di-tert-butylphenoxy)-2-isocyanobenzonitrile (A) was 

dissolved in 1– pentanol (5 mL), then  indium chloride (0.64 g, 2.90 mmol) and DBU 

(0.3 mL, 1.98 mmol) were added. The reaction mixture was refluxed overnight at 160°C 

in the presence of argon flow. The reaction mixture was precipitated out using 1:1 (v/v) 
methanol and water which was supposedly meant to afford complex 7.  

A similar procedure was followed for the synthesis of complex 8 but zinc acetate 

dihydrate (0.63 g, 2.90 mmol) was used instead of indium chloride.   

The second attempt for the synthesis of complexes 7 and 8 was done following the 

same reaction conditions as the above, however 1-hexanol was used as a solvent 

instead 1-pentanol and the mixtures were irradiated in the microwave instead of 

refluxing overnight, but no identifiable product was formed.  

Rationale behind synthesis   
  

The rationale behind the synthesis of complexes 7 and 8 was to obtain tetrasubstituted 

substituted phthalocyanines for application in photodynamic therapy, moreover bulky 
substitution improves solubility [116] and reduces aggregation, hence bulky 

substituents were chosen.   
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4.1. Characterization of phthalocyanines alone   
   
Complexes 4, 5 and 6 have been reported before [35-37] and will not be discussed in 

the following subsections, their characterization is provided in Appendix A. Syntheses 

and characterisation of complexes 1, 2 and 3 are reported for the first time and will be 

discussed in the following subsections.   

Scheme 4.1 Illustrates the synthesis of symmetrically substituted complexes 1 and 2 
using cyclotetramerization of (E)-4(-4(phenyldiazenyl)phenoxy) phthalonitrile (a) in the 

presence of a catalytic amount of DBU, Zn (2) or indium (1) salts, and 1–hexanol. 

Good yields were obtained for this synthetic pathway due to a non-extensive 
purification procedure. A yield of 74% and 77% was obtained for complexes 1 and 2 
synthesized in this work. The synthesis of complex 3 (Scheme 4.2) was achieved by 

the cyclotetramerization of 4-(2-pyridyloxy) phthalonitrile (b) in the presence of a 

catalytic amount of DBU, indium salt, and 1–hexanol. Good yields were obtained for 

this synthetic pathway due to a non-extensive purification procedure. A yield of 70% 
was obtained for complex 3 synthesized in this work.   

 
Scheme 4.1: Synthetic pathway for complexes 1 and 2.   

Characterization of the Pc complexes 1, 2 and 3 was achieved using infrared, 

ultraviolet–visible, MALDI-TOF mass and 1H NMR spectroscopies, and elemental 

analyses.   
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Scheme 4.2: Synthetic pathway of Indium (III) tetra 
{2pyridyloxyphthalocyaninato} (Complex 3).  

  

The 1H NMR spectra of complexes 1, 2 and 3 (See Fig. A1, A2 and A3) shows 

aromatic ring proton peaks between 8.03 – 7.36 ppm, 8.05 – 6.98 and 8.28 – 6.60 

ppm, respectively. Peak integration gave the anticipated number of protons for all 

complexes, confirming their purity. The 1H NMR spectra for the known complexes 4– 

6 are shown in Figs. A4 – A6 together with the rest of the data.  
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Figure 4.1: The MS (Maldi-TOF) for complex 1.  

  

The mass spectrum of complex 1 (Fig. 4.1) showed the molecular ion peak at m/z: 1 
1411.27 [M- Cl] +, while that of 2 was found at m/z: 1362.46 [M]+ (Fig. A7)  and for 3 it 

was found at  m/z: 1000.33 amu [M- Cl] +  (Fig. A8) and mass spectra of complexes 4–

6 are shown in Figs. A9 – A11 . The obtained elemental analyses agreed with the 

calculated inferring the purity of the complexes. The electronic ground state absorption 

spectra provides no evidence of band broadening due aggregation and contain a 

single Q band at 697 nm, 684 nm and 689 (Table 4.1), for complexes 1, 2 and 3, 

respectively in DMSO (Fig. 4.2), which is what is typically observed for metallated 

phthalocyanine with degenerate D4h symmetry.   
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Figure 4.2: The ground state absorption spectra for complexes 1 and 2 in    
DMSO.   

The red shift in the Q band of complex 1 compared to 2, can be attributed to the effect 

of the central metal [117]. The non-planar effect of the indium (III) ion, with a relatively 

bigger atomic radius than the zinc (II) as the central metal ion in the Pc cavity results 
in red shifting of the Q band, the same applies to complexes 3 compared to 4, and 5 
compared to 6.  
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Table 4.1: Showing wavelength (λ), partition coefficient (Kp), DLS and TEM 

sizes for the complexes alone and with micelles.   
Complex   DMSO   

λQband (nm)  

Kp   DLS (nm)  TEM (nm)   

1   697   -    -  -  

1-F127   693  146  18.52  17.20   

2   684  -    -  -  

2-F127   683  114  18.25  17.90  

3   689  -    -  -  

3-F127    686  158  27.14  18.83  

4   680  -    -  -  

4-F127    675  102  21.23  16.91  

5   693  -    -  -  

5-F127    690  145  28.13  17.25  

5-F127/L121   716  143  36.03  30.74  

6   686  -    -    -  

6-F127    677  112  20.25  18.31  

6-F127/L121   672  128  37.81  31.87  
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4.2. Characterization of phthalocyanines in micelles   
  

4.2.1 Spectra  

Complexes 1–6 were further loaded into Pluronic F127 polymer micelles while 5 and 

6 were in addition loaded into F127/L121. The incorporation of all phthalocyanines into 

micelles was carried out using the thin film hydration method (Scheme 4.3) which has 

been described in literature as stated in chapter 2. The polymeric micelles of interest 

in this work are the Pluronic triblock copolymer which are composed of poly(ethylene 

oxide) (PEO) and poly(propylene oxide) (PPO) with a PEO-PPO-PEO structure 
(Scheme 4.3) [62]. The phthalocyanines become water-soluble after incorporation 

into Pluronic F127 and F127/L121 micelles, hence the studies following incorporation 

were done in water in this work. No comparison can be made between 

phthalocyanines alone dissolved in organic solvents and when they are embedded in 

micelles since different solvents are used.   

 
Scheme 4.3: Representation of the incorporation of phthalocyanine into Pluronic 
F127 micelles   
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The Q bands of complexes 1, 2, 3, 4, 5 and 6 in F127 and 5 and 6 in F127/L121  

micelles were observed at 693, 683, 686, 675, 690, 677, 716 and 672 nm in water, 
respectively, Table 4.1  and Fig. 4.3  (the latter using complexes 1 and 2 as examples). 

The Q bands are broadened for Pcs incorporated into micelles in water compared to 

Pcs alone in DMSO. The broadening in water could be due to aggregation.  

Aggregation (the so called “H” aggregates) in phthalocyanines is judged by broadening 

or splitting of the Q band, with the low energy band being due to the monomer and the 
high the energy band due to the aggregate [117]. The aggregation was also observed 

in mixed micelles, Fig. 4.4.  

 
Figure 4.3: Normalized electronic absorption spectra of complexes 1 and 2 (in 
DMSO) when loaded in Pluronic F127 in water.   
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Figure 4.4: Electronic absorption spectra of 5–F127/L121 and 6–F127/L121 in 

H2O.  

  

4.2.2 Partition coefficients (Kp)  
  

The Kp values were determined to be 146, 114, 158, 102, 145,143, 112 and 128 for 

complexes 1–F127, 2–F127, 3–F127, 4–F127, 5–F127, 5–F127/L121, 6–F127 and 6 

–F127/L121, respectively, (Table 4.1). The over expression of low-density lipoproteins 

(LDL) in cancer has been reported [118]. LDL have been shown to be the major 

localization target for hydrophobic drugs [118]. Thus, all the hydrophobic complexes 

1, 2, 3, 4, 5 and 6 with Pluronic micelles carrier employed in this work could be 

preferentially localized in the LDL, hence enhancing selectivity and targeting 
[118,119].  

As reported in literature [84], a high Kp value demonstrates a preferential partition for 

organic phase. 1–F127, 3–F127, 5–F127 and 5–F127/L121 have a larger Kp value 

compared to complexes 2–F127 and 4–F127, and 6–F127 and 6–F127/L121 

suggesting that the former is more likely to be taken up by cancer cells.   This shows 
that InPc complexes (1, 3 and 5) with axial ligands, are taken up by cells more readily 

than ZnPc complexes (2, 4 and 6).   

  

  

–     

–     
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4.2.3 Size determination by DLS   
  

In order to ascertain the sizes of the nanoconjugates, dynamic light scattering (DLS) 

measurements were carried out Fig. 4.5 As stated above, it has been reported that 

micelles should be small enough to evade detection and destruction by the reticular 

endothelial system therefore increasing the efficacy and circulation in the blood of the 

incorporated drug, hence the determination of micelle size is of crucial for this work 

[120]. The sizes of F127 alone were determined to be 14.10 nm. The sizes of the 

phthalocyanine contained in F127 micelles were determined to be 18.52 nm, 18.25 

nm, 27.14 nm, 21.23 nm, 28.13 nm and 20.25 nm for 1–F127, 2–F127, 3–F127, 4– 

F127, 5–F127 and 6–F127, respectively. The size of F127/L121 alone was determined 

to be 32.86 nm. The sizes determined for complexes 5 – F127/L121 and 6–F127/L121 

were determined to be 36.03 nm and 37.81 nm, respectively. The sizes of 5– 

F127/L121 and 6–F127/L121 are slightly larger than 5–F127 and 6–F127, respectively   

probably due to the micellization of the two polymers. The sizes of the micelles alone 

increased when they were physically entrapped with the complexes (Table 4.1), 
showing the formation of supramolecular assemblies of the complexes with micelles.  

It has been reported that micelles with diameters below 50 nm are able to deeply 
penetrate tumor tissue despite elevated interstitial pressure [95]. The micelle sizes 

obtained in this work are all below 50 nm.  
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Figure 4.5: Dynamic Light Scattering (DLS) for Pluronic F127 alone, 1–F127, 
F127/L121 alone and 5–F127/L121.   
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4.2.4. Transmission Electron Microscopy (TEM)  
  

Fig. 4.6 shows the micrographs of Pluronic® F–127 micelles alone (A) and F127/L121 

alone (B)  complex 5–F127 (C) and 5–F127/L121 (D) (as examples). The Pluronic® F–

127 micelles are relatively spherical with a size range of 12.7  – 14.6 nm while the 

conjugates afforded similar morphology with a size range of 16.91– 18.83 nm. 

Pluronic® F127/L121 are also relatively spherical with a size range of 27.74 nm – 29.08 

nm while the conjugates afforded a slightly aggregated morphology with a size range 

of 30.74 nm and 31.87 nm. There is an increase in micelle size after the encapsulation 

of   complexes 1, 2, 3, 4, 5 and 6 as observed with DLS sizes (Table 4.1). The sizes 

determined by DLS have been reported to be larger than those determined by other 
techniques since DLS results tend to be skewed toward larger particles [121], hence 

TEM values are lower than for DLS in Table 4.1.  

 
Figure 4.6: Tem micrographs for F127 alone (A), F127/L121 alone (B), 5–F127 (C) 
and 5–F127/L121 (as an example) (D). Solvent = water.   
  
  
 

  

  

  

A   B   

C   D   
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4.3 Conclusion   
  

Complexes 1–6 were successfully synthesized and characterized using   1H NMR, IR, 

and mass spectroscopies as well as elemental analysis. These complexes were 

embedded into Pluronic micelles and further characterized using UV/Vis, DLS and 

TEM etc. Complexes 5 and 6 were embedded into   binary mixture micelles of 

F127/L121. These results showed a promising trend to be potential drug candidates 

for PDT.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

  

  



58  
  

  

                                             

                                            

  

  

  

  

 

 

CHAPTER 5  
Photophysicochemical properties   
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5. Photophysical and Photochemical Properties   

The chapter discusses the photophysical and photochemical behaviour; fluorescence 

quantum yields and lifetimes, triplet quantum yields and lifetimes, and singlet oxygen 

quantum yields of phthalocyanines when alone and when incorporated into Pluronic 

micelles.  
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5.1 Fluorescence lifetimes (τF)  and quantum yields (ΦF)   
  

All samples and standards were excited at the same wavelength. The absorbances of 
the solutions at the excitation source were about 0.05 to avoid any filter effects. The 
fluorescence quantum yields   (ΦF) were determined by a comparative method [98, 
99] and calculated according to Equation 1.1, using unsubstituted ZnPc in DMSO (ΦF 

= 0.2)   [41] as a standard. The fluorescence lifetimes  (τF)  were obtained using the 
time correlated single photon counting (TCSPC) method.   

The fluorescence decay curve for complex 3 is shown as an example in Figure 5.1, 

and this is used as a representative for all the Pcs and their nanocomposites.    

  

 

Figure 5.1: Fluorescence decay (black), χ2 fitting (red) and IRF (Instrument 
Response Factor) (black) curves for complex 3 in DMSO.  

  

  

  

 

 

 
 
 
 
 
 

   
 

 

 

 
  

  



61  
  

  
Table 5.1: Physicochemical properties of complexes 1–6 and their conjugates in 
DMSO and water.  

Complex/  

Conjugate  

Solvent  ΦF          
(±0.01)  

τF  (ns)  

(±0.01)  

    ΦT    

(±0.01)  

τT  (μs)  

(±1)  

 Φ∆       

(±0.01)  

             

1  DMSO  < 0.01  0.59  0.92   222  0.47   

1-F127  Water     0.09  0.98   -  -  0.31  

2  DMSO  < 0.01  0.38   0.32  105  0.20  

2-F127  Water      0.07  0.31   -  -  0.09  

3  DMSO  < 0.01  0.52   0.82  245  0.76  

3-F127  Water     0.02  0.03  -  -  0.39  

4  DMSO     0.07  1.19  0.75  128  0.47  

4-F127  Water   0.018  0.02  -  -  0.23  

5  DMSO     0.03  0.75  0.79  202  0.68  

5-F127  Water  < 0.01  0.01  -  -  0.42  

5-F127/L121  Water      0.03  < 0.01  -  -  0.51  

6  DMSO  0.18a  1.92a  0.68a  148a  0.44b  

6-F127  Water  < 0.01  < 0.01  -  -  0.37  

6-F127/L121  Water     0.01  < 0.01  -  -  0.29  

a from reference [36]  
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The MPc complexes showed a mono exponential fluorescence decay as expected 
[122], while the corresponding MPcs in micelles displayed bi-exponential decays and 

hence there are two lifetime values for the MPcs in micelles. Only the average lifetimes 
are presented in Table 5.1   

The bi-exponential lifetimes observed when Pcs are in micelles, could be associated 

with the monomeric non-interacting MPc molecules, and the interaction between the 

MPc framework and the Pluronic polymer micelles resulting in unquenched and 
quenched photo-excited singlet states, respectively [122,123]. Different orientations 

of the phthalocyanines on the micelles could also be responsible for the two lifetimes 
[124]. Metal centres [38, 39], substituents [40, 41] and symmetry [125,126] of the Pcs 

together with the shape and size of the nanocomposites [127] influence the 

fluorescence/triplet lifetimes and quantum yields of the complexes. Table 5.1 shows 

the ΦF   and τF values of the complexes and their respective conjugates in DMSO and 

water.  

 i)  Effect of central metal  
  

Complexes 1 and 2, have a similar ring substituents but differ in the central metal and 
this is the same for complexes 3 and 4 as well as 5 and 6. Complexes 1 (ΦF = < 0.01), 
3 (ΦF = < 0.01) and 5 (ΦF = 0.03) containing indium as the central metal displayed 
lower fluorescence quantum yields than their zinc counterparts complexes 4 (ΦF = 
0.07)  and 6 (ΦF = 0.18) except for complex 2 (ΦF = < 0.01). This shows that indium 
quenches the fluorescence lifetime and lowers the fluorescence quantum yield of Pcs 
more than zinc, Table 5.1. This is because indium is a heavier atom than zinc. Heavy 
atoms are known to encourage intersystem crossing to the triplet state through spin 
orbit coupling. The ΦF  and τF  values for 1–F127, 2–F127, 3–F127, 4–F127, 5–F127, 
5–F127/L121, 6 –F127 and 6 – F127/L121 are also low and cannot  be compared to 
those for the Pc  complexes alone due to differences in solvents.   
 ii)  Effect of substituents   

  

Complexes 2, 4 and 6 have zinc as a central metal, however they differ in their 
substituents. Complex 2 (ΦF = < 0.01) has phenyldiazenyl group (azo group), complex 

4 (ΦF = 0.07) has a pyridyloxy group and complex 6 (ΦF = 0.18)     has a benzothiazol2-
ylthio group (Table 5.1).  The low ΦF for complex 2 suggest that the phenyldiazenyl 
group quenches fluorescence more than the pyridyloxy and benzothiazol-2-ylthio 
groups.   
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Complexes 1, 3 and 5 contain indium as a central metal in the cavity, however, these 

complexes have different ring substituents, but there were insignificant differences in   
ΦF values (< 0.01, < 0.01, 0.03). The low ΦF values are due to the heavy atom effect 

of indium as previously explained.   

5.2 Triplet quantum yields (ΦT ), lifetimes (τT ).  

Laser flash photolysis technique was employed to study the properties of complexes 
1, 2, 3, 4, 5 and 6 at the triplet excited state. The triplet state properties of a complex 

such as long triplet lifetime and high triplet quantum yield are key parameters that 
determine its functionality and efficacy in PDT. The triplet state quantum yield ΦT 

represents the fraction of molecules that undergoes intersystem crossing to the excited 

triplet state. A high triplet state quantum yield corresponds to low fluorescence 

quantum yield suggesting high efficiency of intersystem crossing, which is an attractive 

feature for MPcs intended for PDT as photosensitizers. A high triplet quantum yield is 

of great importance since it influences the singlet oxygen production.  The ΦT and τT 

values were measured by laser flash photolysis system in argon saturated solutions 

of the complexes or their conjugates in DMSO. The triplet quantum yield in aqueous 

media could not be obtained due to the plausible aggregation of Pcs, since 
aggregation is known to deactivate the photoactivity of molecules [128]. Figure 5.2 B 

shows the triplet decay curve of complex 2 in DMSO (as a representative) together 

with its transient curve (Figure 5.2 A). All the complexes decayed mono exponentially.  

The transient absorption spectrum shows a broad band between 400–600 nm with a 

maximum absorption at 500 nm, attributed to the excited triplet-triplet state absorption 

(T1→Tn). The negative peaks were also shown between 325 and 380 nm, and between 

600 and 700 nm. The negative signals can be attributed to the depletion or 
photobleaching of the phthalocyanine ground state [129].    

Fitting the decay curve at the absorption maximum produced the triplet lifetimes and 

the obtained values together with the triplet quantum yield are summarized in Table  
5.1.   
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Figure 5.2: (A) Transient curve and (B) Triplet absorption decay curve (black) 
and fitting (red) for complex 2 in DMSO.  

The Pc complexes displayed high triplet quantum yields (ΦT  = 0.92 for 1,  0.82 for 3,  

0.75 for 4,  0.79 for 5,  and  0.68 for 6), (Table 5.1) corresponding to their low ΦF , due 

to the presence of heavy atoms, Zn and In, as previously explained. The triplet 
quantum yields were higher for In Pcs due to heavier metal than Zn. 2 gave a very low 
value, the triplet lifetimes were longer for complexes 1, 3 and 5. Values in Pluronics 

could not be determined due to reasons explained above. There was no clear trend 
with substituents.   
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5.3 Singlet Oxygen quantum yield (Φ∆)    

Efficient interaction of the triplet state of the photosensitizer with the ground state 

molecular oxygen can result in generation of singlet oxygen due to energy transfer 

from the photosensitizer to the molecular oxygen. In order to determine the singlet 
oxygen quantum yield (Φ∆) the chemical photodegradation of the singlet oxygen 

quenchers: DPBF in DMSO and ADMA in water was monitored over a period as shown 
in Fig. 5.3. The experiments were conducted at room temperature using 1.5 mL of 

each MPc, MPc–F127 and MPc–F127/L121 mixed with equal volumes of ADMA or 
DPBF. Absorbance of the MPcs, MPc–F127 and MPc–F127/L121 was at 1.5 the Qband 

and for DPBF/ADMA absorbance was at 2. The absorbance profiles of DPBF and 
ADMA Fig. 5.3 (using 2 as an example). A gradual decrease in the absorbance of 

DPBF and ADMA was observed suggesting singlet oxygen was produced, Fig. 5.3. 
The was no decrease in the Q-band for the MPc, this therefore proves that the MPc 

was very stable during irradiation. It is expected that when ΦT values increase, Φ∆ 

values will also increase. Singlet oxygen quantum yield values are summarized in 
Table 5.1 Complex 1 had the largest triplet quantum yield, but complex 3 had the 

largest singlet oxygen quantum yield in DMSO this is probably due to inefficient energy 
transfer in complex 1.  
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Figure 5.3: DPBF (A) and ADMA (B) decay profile of complex 2 in DMSO and 2 
F127 in water.  
  

A larger Φ∆ was obtained for complexes 1, 3 and 5 in DMSO and in water in the 
presence of micelles (compared to complexes 2, 4 and 6), due to the larger central In 

metal which encourages intersystem crossing to the triplet state. Complex 5 in the 
presence of mixed micelles (F127/L121) gave larger Φ∆ value than for 5 with only 

F127.  However, this was not the case for complex 6. The low value for 6 in F127/L121 
could be related to the large DLS size (Table 4.1) of the micelles which could have 
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resulted in screening effect, which could have prevented the interaction of the excited 
triplet state of the nanoconjugates and the ground state molecular oxygen [130].  

5.4 Conclusions   
  

Physico-chemical properties of MPcs, MPc– F127 or MPc –F127/L121 conjugates are 

reported. An improvement in the photophysical properties of some MPcs following 

incorporation into Pluronic polymer micelles was observed. The singlet oxygen 

quantum yields generally higher for indium containing complexes compared to their 

zinc counterparts.   
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6. In-vitro dark cytotoxicity and photodynamic therapy of against epithelial   
breast cancer cell lines (MCF7).   

This chapter discusses the in-vitro dark cytotoxicity and photodynamic therapy activity 

of phthalocyanines when alone and when incorporated into Pluronic polymer micelles 

against epithelial breast cancer cell lines (MCF7).    
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6.1 Dark Toxicity   
  

Dark cytotoxicity studies were performed at 5, 10, 20, 40, 80 and 100 µg/ml, Fig. 6.1 
for all. At all concentrations studied the percentage cell viabilities were all above 80%.   

In vitro dark toxicity is undesirable for photosensitizers aimed for use in PDT. The dark 

toxicities of the photosensitizers were determined in DMSO (1% v/v); relative to the 

test concentrations the vehicle control, DMSO (1% v/v) had negligible effect on the 
cells shown here and as reported previously [131].  

Upon analysis of the triplicate replicate data of each concentration, no statistically 

significant difference was observed as the p-value was found to be greater than 0.05 
(Fig 6.1).  
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Fig 6.1: Dark toxicity plots for all complexes in 1% DMSO except where indicated.  
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6.2 Photodynamic therapy   

In PDT, an excited triplet state of the photosensitizer transfers its energy to the ground 

state molecular oxygen resulting in the production of singlet oxygen which is the main 

cytotoxic species in PDT. Thus, the PDT activity is expected to follow the same trend 

as the singlet oxygen quantum yields, as observed in this work. There were no 

changes in the spectra of the complexes following irradiation for PDT studies, thus 

confirming stability. The phototoxicity of the complexes increased from 0 µg/mL to 100 
µg/mL. When comparing 1 and 2, 3 and 4 as well as 5 and 6, InPc (1, 3 and 5) show 

the highest PDT activity corresponding to the high singlet oxygen quantum yield.   

The following conclusion can be drawn from Fig. 6.2, and Table 6.1  

(a) The effect of Pluronic F127 can be determined by comparing Pcs alone and Pcs 

with micelles, all in 1% (v/v) DMSO. In all cases the PDT activity is higher in the 
presence of micelles (Table 6.1). This could be attributed to the small micellar 

size (~ 10 -100 nm) which allows tumour accumulation after administration due to 
the enhanced permeation and retention (EPR) effect [131].  F127 alone (without 

1, 2, 3, 4, 5 and 6) and F127/L121 (without 5 and 6) had no PDT effect.  

(b) The effect of PBS only compared to 1% (v/v) DMSO, may be determined by 
comparing 1–F127 and 2–F127 in the different solvents -there is no significant 

difference.   

(c) Complex 5–F127/L121 showed a slightly better PDT activity than complex 5 

F127, the same trend was observed for complex 6–F127/L121 and 6–F127 this 

could be attributed to the higher solubilization capacity of mixed micelles in 
comparison to individual systems [95].   
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Fig 6.2: PDT Plots for all complexes in 1% DMSO except where indicated.   
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Table 6.1: Summary of PDT activities at 100 µg/mL of Pcs alone and Pcs with 
micelles on MCF7 in vitro in 1% DMSO.   

Complex   Cell viability (%)  

 1   32.04  

 1-F127  

1-F127 in DPBS   

23.26  

22.00  

 2  54.00  

 2-F127   

 2-F127 in DPBS   

35.06  

34.02   

 3  34.00  

 3-F127  28.14  

 4  47.30  

4-F127  41.30  

5  26.89  

5-F127  23.00  

5-F127/L121  15.58  

6  35.06  

6-F127   33.44  

6-F127/L121  24.02  
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6.3 Conclusions   

In vitro dark cytotoxicity and photodynamic therapy of complexes, 1, 2, 3, 4, 5, 6 and 

1–F127, 2–F127, 3–F127, 4–F127, 5–F127, 5–F127/L121, 6–F127 and 6–F127/L121   
against MCF7 cells were presented. The complexes were relatively non-toxic in the 

dark. The complexes displayed cell viability of 80% at the studied concentrations in 

the dark. The complexes in micelles showed an improved phototoxicity at 100 µg/mL. 

Complexes 1–F127, 3–F127 and 5–F127 showed 23%, 28% and 23% viable cell at 

100 µg/mL. The mixed micelles showed a slightly better phototoxicity compared to the 

individual micelles with 5–F127/L121 showed 15% viable cells. This makes the 

complexes good candidates for real life applications in PDT.   
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7.1 General conclusions   
  

This work presents the successful synthesis and characterization new symmetric 

MPcs. The MPcs were characterised using FTIR, UV-Vis, 1HNMR, MALDI-TOF mass 

spectroscopies and elemental analyses. The prepared Pcs were soluble in DMSO and 

exhibited monomeric behaviour. These were further physically entrapped into Pluronic 

polymer micelles. The MPcs became water soluble after incorporation into Pluronic 

polymer micelles. The effect of metal centres and substituents of MPcs physically 

entrapped to Pluronic polymer micelles on the photochemical and photophysical 

behaviour of MPcs was studied.   

Furthermore, in vitro dark cytotoxicity and photodynamic therapy of complexes 1, 2, 3,  
4, 5, 6 and 1–F127, 2–F127 3–F127, 4–F127, 5–F127, 5–F127/L121, 6–F127 and 6– 

F127/L121 against MCF7 cells was tested.  Complexes alone and with micelles 

showed minimum dark toxicity making them applicable for PDT. All complexes 
displayed good phototoxicity with < 50% cell viability (except for complex 2 > 50 %) at 

concentrations = 100 µg/mL, however complexes with micelles showed < 45% cell 

viability at concentrations = 100 µg/mL probably due to the small micellar size (~ 10 

100 nm) which allows tumour accumulation after administration due to the enhanced 

permeation and retention (EPR) effect. The complexes with micelles showed both 

minimum dark toxicity and better PDT activity than Pc complexes alone making them 

good candidates for real life PDT applications, however 5–F127/L121 displayed the 

best PDT activity of all complexes alone and with micelles studied.   

  

7.2 Future  
  

Physical entrapment of MPcs to Pluronic micelles has been proven to enhance 

physicochemical properties and photodynamic therapy activities of MPcs when 

incorporated into Pluronic micelles. It would be interesting to study the antimicrobial 

properties of these MPcs when incorporated into Pluronic micelles.   
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Appendix  

 

Fig A1: Fig A1: 1H-NMR spectrum of complex 1 at 600MHz in CDCl3.  

 

 Fig A2: 1H-NMR spectrum of complex 2 at 600MHz in CDCl3.  
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Fig A3: 1H-NMR spectrum of complex 3 at 600MHz in DMSO.  
 
 

 

Fig A4: 1H-NMR spectrum of complex 4 at 600MHz in DMSO.  
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(4) Yield: 73 %; UV/ Vis (DMSO): λmax/nm (log ε): 340 (4.48), 615 (4.29), 680 (5.34). 

FTIR (KBr, cm-1) 3040 (C–H), 1582, 1244, 1554 (C–O), 1135, 1093,  (C–O–C) 865, 

765 1H NMR (600, DMSO-d6) ppm:  9.15 – 8.94  (m, 4H, pyridyloxy),   8.77 (s, H, 

pyridyloxy), 8.71 (s, H, pyridyloxy), 8.55 (s, H, pyridyloxy),  8.44 (m, 2H, pyridyloxy),  

8.21 (m,10H, Pc),  7.96 (s, 2H, Pc),  7.79 (m, 7H, pyridyloxy),  Calc for 

C52H28N12O4Zn (%): C, 65.53, H, 2.97, N, 17.69;  Found C: 65.28, H 2.90, N 17.62. 

MALDI TOF MS m/z: 949.43 amu. Found: 948.34 amu [M - H]+.   

 

Fig A5: 1H-NMR spectrum of complex 5 at 600MHz in DMSO.   

(5) Yield: 68 %; UV/ Vis (DMSO): λmax/nm (log ε): 314 (4.48), 618 (4.39), 693 (5.11).  

FTIR (KBr, cm-1) 3071 (C-H), 1620 (C=N/C=C), 1634, 1554, 1480, 1344, 1255 (C–O– 

C) 1183, 1062 and 1011. 1H NMR (600, DMSO–d6) ppm: 8.94 (m, 4H, Pc), 8.32 (m, 

2H, Pc), 8.24 (m, 2H, Pc), 7.76 (s, 4H, Pc), 6.74 (s, 4H, benzo[d]thiazole-2-ylthio),  

6.59 (m, 8H, benzo[d]thiazole-2-ylthio), 6.46 (m, 4H, benzo[d]thiazole-2-ylthio), Calc  

(%) for C60H28InClS8N12O4: C, 58.24, H, 2.44, N, 8.49, S, 19.44 Found C: 57.99, H   

2.45, N 8.50 S, 19.37 MALDI TOF MS m/z: 1324.43 amu. Found: 1322.74 amu [M - 
2H]+  
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Fig A6: 1H-NMR spectrum of complex 6 at 600MHz in DMSO.  

(6) Yield: 75%; UV/ Vis (DMSO): λmax/nm (log ε): 365 (4.86), 664 (4.92), 689 (5.52). 

FTIR (KBr, cm-1) 3064 (C-H), 1622 (C=N/C=C) 1632,1550, 1469, 1343, 1252 (C-

O-C) 1180, 1061 and 1010. 1H NMR (600, DMSO-d6) ppm: 8.32  (s, 2H, 

benzo[d]thiazole2-ylthio), 8.19 (s, 4H, benzo[d]thiazole-2-ylthio), 7.96 (m,12H, Pc), 

7.91 (m, 3H, benzo[d]thiazole-2-yithio), 7.50 (s, 4H, benzo[d]thiazole-2-ylthio), 7.30 

(s, 3H, benzo[d]thiazole-2-ylthio), Calc (%) for C60H28N12S8O4: C, 58.17, H, 2.40, 

N, 13.24, S, 20.17. Found C: 58.14, H 2.36, N 13.18, S 20, 09.  MALDI TOF MS 

m/z: 1239.43 amu. Found: 1238.66 amu [M - H] +.   

  

  

  

  



92  
  

 

      Fig A7: The MS (Maldi-TOF) for 2  

  

       Fig A8: The MS (Maldi-TOF) for 3.   
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         Fig A9: The MS (Maldi-TOF) for 4  
 

 
  

        Fig A10: The MS (Maldi-TOF) for 5.  
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          Fig A11: The MS (Maldi-TOF) for 6.  
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