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INTRODUCTION

Phthalocyanines (Pcs) have been the subject of much 
study over the years. These materials are important 
industrial dyes and pigments and commonly used as cata-
lysts [1–4]. More recently, they have been employed for 
advanced applications such as sensors and organic solar 
cells. In these future devices, Pcs are present often as thin 
fi lms [5–8]. Therefore, part of modern research has been 
devoted to developing chromophores containing anchors 
that could be attached to solid surfaces [9–13].

An evident advantage of covalent bonding is the sta-
bility of the formed layer [14]. The deposition of the 
molecules can be either one-step direct adsorption of the 
functional component that carries a surface-active group 
(e.g. thiol), or a two-step procedure where the functional 
components are bonded to preformed ω-functionalized 
(e.g. -COOH, -NH2) tails, which are in turn covalently 
bonded to a solid surface [15]. The molecular assemblies 
thus formed are usually called self-assembled monolay-
ers (SAMs). SAM is particularly attractive as a thin fi lm 

preparation technique because it is simple to fabricate 
and has high stability and reproducibility [16].

There are many examples of porphyrin monomolec-
ular layer assemblies used in solar cells, organic light-
emitting diodes (OLEDs) and sensors [17–20]. Examples 
of phthalocyanine monomolecular layer assemblies are 
rare, though the chromophores themselves are widely 
used in solar cells as evaporated and spin-coated layers 
[21–24]. Problems arise due to diffi culties with Pc func-
tionalization (chiefl y low solubility) and characterization 
(as they usually have a large number of regioisomers). 
However, compared to porphyrins, Pcs offer a much 
wider absorbance in the visible part of the solar spectrum, 
which makes them better candidates as light/energy har-
vesting materials. Porphyrins and phthalocyanines also 
have different photophysical and redox properties despite 
the structural similarities of the molecules [25].

In this paper we report the preparation of three basic 
phthalocyanine structures containing one, two, and four 
hydroxy groups, which are soluble in common organic 
solvents, are easy to synthesize and can be well-charac-
terized by 1H NMR, MS and UV-vis spectroscopies. The 
versatile building blocks are further used to add anchor 
groups, which gives Pcs the ability to self-assemble on 
various solid substrates. We have tested the attachment of 
our Pcs to gold, glass, and ITO, and we demonstrate that 
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the bonding densities are similar for different substrates 
yielding mean molecular areas in the range of 1–3 nm2.

RESULTS AND DISCUSSION

Synthesis

Preparation of hydroxy-substituted phthalocyanines. 
Mono-, bis-, and tetrahydroxy Pcs were synthesized using 
the well-known Li method. 3,6-dibutoxyphthalonitrile 
(1) and 4-[3-(hydroxymethyl)phenoxy]phthalonitrile (2) 
were used to prepare the monohydroxy phthalocyanine 3 
(Scheme 1). A fi ve-fold excess of the phthalonitrile 1 over 
compound 2 was loaded into the reaction to decrease the 
amount of other Pcs that form statistically as side prod-
ucts [26]. 1-butanol was chosen as solvent to keep the 
structure of phthalonitrile 1 intact because lithium alkox-
ide, which is formed in the reaction, can exchange the 
alkoxy substituent of phthalonitrile. The reaction mixture 
was heated at refl ux for 4 h under a drying tube, and after 
chromatographic purifi cation, the product 3 was obtained 
with a yield of 24%.

Synthesis of the bishydroxy phthalocyanine 6 was 
carried out using 3,6-di(hydroxypropyloxy)phthalo-
nitrile (4) and 4-tert-butylphthalonitrile (5) (Scheme 2) 
[27]. The compound 5 was used in six-fold excess, thus 
improving the formation of A3B type Pc. A 2.5 h reaction 
under argon atmosphere was most effi cient, producing a 

20% yield of Pc 6. When the reaction time was prolonged 
or the reaction was done in ambient air, the yield of the 
product 6 decreased signifi cantly.

3-[3-(hydroxymethyl)phenoxy]phthalonitrile (7) and 
lithium octoxide was used for the synthesis of tetrahy-
droxy phthalocyanine 8 (Scheme 3). The reaction mix-
ture was stirred at 80 °C under argon atmosphere for 3 
days. After work-up and purifi cation the yield of tetra-
substituted Pc 8 was 78%. The starting materials 1 and 
5 are commercially available, while the compounds 2, 4 
and 7 were prepared by known methods [27, 28]. Only 
one isomer is shown for clarity in Schemes 2 and 3.

Preparation of thioacetyl-substituted phthalocya-
nines. Synthesis of thioacetyl-substituted phthalocya-
nine includes two steps. Bromopropionic acid was fi rst 
attached to hydroxy Pc, and then the terminal bromine 
was exchanged to thioacetate group. 3-bromopropionyl 
chloride (9), which was used in acylation, was prepared 
by a known method just before use [29].

Hydroxy phthalocyanines 3 and 6 were dissolved in 
CH2Cl2 and a six-fold excess of bromopropionyl chlo-
ride per hydroxy group was added into the reaction. 
Tetrahydroxy Pc 8 should be fi rst dissolved in THF/
CH2Cl2 1:1 mixture and after that diluted with CH2Cl2. 
In this reaction the acid chloride 9 was used in 30-fold 
excess overall. Acylation of the bishydroxy Pc 6 and 
the tetrahydroxy Pc 8 requires stirring at room tem-
perature for three days. For the monohydroxy phtha-
locyanine 3, suffi cient reaction time was one day at 

room temperature, and during this time 
the color of the solution changed from 
dark green to dark purple due to the pro-
tonation of the macrocycle. Acylation 
cannot be promoted by adding organic 
base (e.g. triethylamine), as it leads 
immediately to dehydrobromination and 
formation of acrylic esters. Yields of the 
products 10, 11 and 12 after straightfor-
ward purifi cation were 77%, 55% and 
47%, respectively.

Exchange of terminal bromine to 
thioacetate was done in acetone using 
potassium thioacetate (KSAc). The 
monobromo Pc 10 was heated at refl ux 
under a drying tube for three days in 
acetone with fi ve-fold excess of KSAc. 
The monothioacetate product 13 was 
obtained as dark green solid with a 59% 
yield. Elevated temperature was required 
because of poor solubility of the prod-
uct 10 in acetone, thus full conversion of 
starting material cannot be achieved at 
room temperature. Thioacetate exchange 
effi ciency is strongly solvent dependent 
[30]. Similarly, in present case no reac-
tion was observed in DMF at 60 °C or 
with refl uxing THF.

Scheme 1. Synthetic route to monohydroxy phthalocyanine 3, and its 
derivatives. Reagents and conditions: (i) Li, 1-butanol, refl ux, 4 h; (ii) 3-bromo-
propionyl chloride, CH2Cl2, rt, 24 h; (iii) potassium thioacetate, acetone, refl ux, 
72 h; (iv) mono-tert-butyl succinate, DCC, DMAP, CH2Cl2, rt, 48 h; (v) TFA, 
dry CH2Cl2, rt, 3 h; (vi) pentafl uorophenol, DCC, EtOAc, rt, 120 h
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Preparation of bisthioacetyl Pc 14 is easier and can 
be done by stirring the Pc 11 and a four-fold excess of 
KSAc at room temperature for 4 days. Yield of the tar-
get product 14 was 70%. Besides the higher yield this 
reaction proceeds faster than monothioacetyl synthesis. 

In fact, after 16 h of stirring, the yield of 
bisthioacetate was as high as 67%.

Formation of tetrathioacetyl phthalocya-
nine 15 at room temperature is slower. Stirring 
the mixture of tetrabromo Pc 12 and a two-
fold excess of KSAc in acetone for one day 
showed that the reaction was not complete, 
and heating for one day at 60 °C did not pro-
mote the reaction any further. However, when 
double excess of KSAc was added again and 
the solution was stirred at 60 °C for two days 
overall, the tetrathioacetate 15 was obtained 
with 70% yield after purifi cation.

Preparation of pentafl uorophenyl ester-
substituted phthalocyanines. Synthesis of 
pentafl uorophenyl ester phthalocyanines 20–22 
includes three steps. At fi rst succinic acid was 
attached to hydroxy-substituted Pc (3, 6 and 
8), and the tert-butyl succinate thus formed 
was deprotected. In the last step the pentafl uo-
rophenyl ester group was added [31].

Monohydroxy Pc 3 and bishydroxy Pc 6 
were reacted with mono-tert-butyl succinate 
in CH2Cl2, using 1,3-dicyclohexylcarbodi-
imide (DCC) and 4-dimethylaminopyridine 
(DMAP) as a catalyst. Both reaction mixtures 
were stirred at room temperature for two days 
and after chromatographic purifi cations, the 
tert-butyl succinatoxy-substituted products 16 
and 17 were obtained with quantitative yields. 
In the synthesis of tetra-tert-butyl succina-
toxy-substituted Pc, tetrahydroxy phthalocya-
nine 8 was fi rst dissolved in THF. Compared 
to others, the reaction was slow – the reaction 
mixture was stirred at room temperature for 
seven days. The long reaction time is due to 
the poor solubility of the Pc 8. However, the 
intermediate product was obtained with quan-
titative yield.

The deprotection of phthalocyanines 16, 
17 and the intermediate product tetra-tert-
butyl succinatoxy were carried out by treat-
ment with trifl uoroacetic acid (TFA) in dry 
CH2Cl2 for 3–4 h. After solvent evaporation 
the yield of monosuccinate 18 was 93%, and 
the yields of bissuccinate 19 and tetrasuc-
cinate were quantitative. Pentafl uorophenyl 
esters 20 and 21 were prepared by dissolving 
the compounds 18 and 19 in ethyl acetate and 
adding DCC and pentafl uorophenol. Yield of 
the target monoester 20 was 55% after fi ve 
days of stirring at room temperature and fl ash 
chromatography. The synthesis of bisester 21 

was completed after 4 days of stirring at room temper-
ature. Phthalocyanine 21 was obtained as a dark green 
solid with a yield of 41%. Tetra(pentafl uorophenyl ester) 
22 was prepared by dissolving the intermediate product 

Scheme 2. Synthetic route to bishydroxy phthalocyanine 6, and its 
derivatives. Reagents and conditions: (i) Li, 1-pentanol, refl ux, Ar, 
2.5 h; (ii) 3-bromopropionyl chloride, CH2Cl2, rt, 72 h; (iii) potas-
sium thioacetate, acetone, rt, 96 h; (iv) mono-tert-butyl succi-
nate, DCC, DMAP, CH2Cl2, rt, 48 h; (v) TFA, dry CH2Cl2, rt, 4.5 h; 
(vi) pentafl uorophenol, DCC, EtOAc, rt, 96 h

Scheme 3. Synthetic route to tetrahydroxy phthalocyanine 8, and its deriva-
tives. Reagents and conditions: (i) lithium octoxide, THF, 80 °C, Ar, 72 h; 
(ii) 3-bromopropionyl chloride, THF/CH2Cl2, rt, 72 h; (iii) potassium thio-
acetate, acetone, rt 24 h, 60 °C 48 h; (iv) mono-tert-butyl succinate, DCC, 
DMAP, THF/CH2Cl2, rt, 168 h; (v) TFA, dry CH2Cl2, rt, 4.5 h; (vi) penta-
fl uorophenol, DCC, EtOAc, 0 °C 48 h, rt 24 h
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tetrasuccinate Pc in ethyl acetate on ultrasonic bath, and 
after that stirring the reaction mixture of phthalocyanine, 
DCC and pentafl uorophenol in cold for three days. After 
purifi cation by fl ash chromatography and preparative 
TLC plate, the product 22 was obtained as dark green 
solid with a 25% yield.

1H NMR spectra. The structural characterization of 
phthalocyanines has always been diffi cult since Pcs have 
usually poor solubility and a number of regioisomers. 
We designed our particular chromophores to have good 
solubility, easy NMR analysis, and a reduced number of 
regioisomers.

The 1H NMR spectra of the mono-functionalized com-
pounds 3, 13 and 20 are presented in Fig. 1. The spectra 
show clear aromatic regions where two doublets cor-
respond to the phthalo-protons 25 (δ = 9.30 ppm) and 
22 (δ = 8.90 ppm), and a doublet of doublets originates 
from the phthalo-proton 24 (δ = 7.83 ppm). The multi-
plet around 7.50 ppm consists of the signals of the rest 
of β-phthalo protons and the protons from the aryl ring. 
In the aliphatic region, the signals of alkoxy protons of 
the butoxy chains at the positions 1 and 18 are shifted 
upfi eld compared to other alkoxy protons due to the dif-
ferent environment. Eight alkoxy protons (OCH2C3H7) 
of the butoxy chains, at the positions 4, 8, 11, and 15, 
are visible as multiplet (δ = 4.91–4.81 ppm) whereas the 
signals of alkoxy protons at the positions 1 and 18 appear 
as two triplets at 4.70 ppm and 4.61 ppm, respectively. 
The spectrum of the hydroxy Pc 3 shows a broad singlet 
at 4.78 ppm, which corresponds to methylene protons 
between the aryl ring and hydroxy group. In the other 
spectra this signal is shifted to lower fi eld (δ = 5.21 ppm). 
The shift of this singlet is caused by the substitution with 

succinic residue, which deshields this CH2 group. The 
signals of succinic protons COCH2CH2Br and COCH2-

CH2Br in the 1H NMR spectrum of 10 appear as two 
multiplets at 3.01–2.83 ppm and 3.77–3.52 ppm, respec-
tively (see Supporting information). The same signals for 
the thioacetate 13 are visible as triplets; for the protons 
COCH2CH2S, the triplet is observed at 2.70 ppm and for 
the protons COCH2CH2S, it is located at 3.11 ppm. The 
signal of methyl protons SCOCH3 is found as a singlet 
(δ = 2.22 ppm) overlapping with a multiplet in the spec-
trum of 13. The signals of the protons COC2H4CO appear 
as a multiplet in the spectra of the tert-butylsuccinate 16 
and the succinate 18 (δ = 2.70–2.53 ppm) (see Support-
ing information). The shift of these signals to lower fi eld 
occurs in the spectrum of the pentafl uorophenyl ester 
20. For this the signals are divided into two multiplets at 
2.97–2.91 ppm and 2.84–2.78 ppm. Characteristic signal 
of the tert-butyl group in the spectrum of 16 is observed 
at 1.40 ppm, and this singlet disappears from the spec-
trum of the deprotected compound 18. The free-base Pcs 
include two protons in the central cavity and those NH-
protons are observed as a singlet around 0.10 ppm in each 
spectrum.

In the 1H NMR spectra of bishydroxy phthalocyanine 
6 and its derivatives (see Supporting information), sev-
eral multiplets are present due to constitutional isomers. 
In the aromatic region of the spectrum of 6, three multi-
plets are visible. Signals of the phthalo-protons 2 and 3 
are found as separate multiplets at 6.88–6.07 ppm. In the 
1H NMR spectra of bissucinate derivatives 17, 19 and 21, 
these signals are shifted to lower fi eld. In the aliphatic 
region of the spectrum of the bishydroxy compound 6, 
the signals of alkoxy protons OCH2CH2CH2OH of the 

Fig. 1. 1H NMR spectra of monohydroxy 3 (top), monothioacetate 13 (middle) and mono(pentafl uorophenyl ester) 20 (bottom) 
phthalocyanines; signals of residual solvents are marked with asterisk
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hydroxypropyloxy chains at the positions 1 and 4 are vis-
ible as broad multiplet (δ = 4.65–4.24 ppm). This multip-
let is shifted to lower fi eld in all other spectra. The same 
shift is visible when comparing the multiplet of methyl-
ene protons OCH2CH2CH2O, for example, the spectrum 
of bromopropionate 11 shows the multiplet at 2.71–2.41 
ppm, whereas the spectrum of 6 shows this multiplet at 
2.51–2.23 ppm. The signals of the protons COCH2CH2Br 
and COCH2CH2Br of 11 appear both as multiplets at 
3.03–2.76 ppm and 3.82–3.49 ppm, respectively. In the 
spectrum of thioacetate 14, these multiplets are shifted 
to higher fi eld. The multiplet at 2.76–2.54 ppm con-
tains also the signals of protons OCH2CH2CH2O, while 
the characteristic acetylic protons of 14 are visible as 
a group of singlets next to it (δ = 2.28–2.21 ppm). The 
signals of the three tert-butyl groups at the periphery of 
Pc are observed in the spectra of bishydroxy, bisbromo-
propionate, and bisthioacetate 6, 11, and 14 as a group 
of singlets at 1.91–1.68 ppm. Shifting of these signals is 
observed in 1H NMR spectra of bissuccinates 17, 19, and 
21 (δ = 1.89–1.76 ppm). The characteristic signal of tert-
butyl ester protons in 17 appears as singlet at 1.44 ppm, 
and this peak vanishes in the spectrum of the deprotected 
19. NH-protons of bishydroxy Pc 6 appear as a multiplet 
at -2.40–2.97 ppm. For bispropionate derivatives these 
signals are shifted to lower fi eld. Thus for the bisbromo-
propionate 11 the signals are found at -1.34–1.71 ppm, 
while for the Pc 14 this multiplet is visible at -1.03–1.34 
ppm. NH-protons signals are visible as multiplet at 
-0.80–1.07 ppm, -1.81–2.54 ppm and -1.18–1.49 ppm in 
the spectra of the bissuccinic derivatives 17, 19 and 21, 
respectively.

In the aromatic region of the 1H NMR spectrum of tet-
ra-substituted phthalocyanine 8 (see Supporting informa-
tion), the signals of 12 phthalo-protons on the Pc periphery 
are found as a multiplet (δ = 8.20–7.38 ppm). Another 
multiplet in higher fi eld consists of the signals of aryl pro-
tons. Similar but broader multiplets are found also in the 
spectra of tetrabromopropionic and tetrathioacetate Pcs 
12 and 15 (see Supporting information). The spectrum of 
tetra (pentafl uorophenyl ester) phthalocyanine 22 shows 
the most clear signals in the aromatic region (see Sup-
porting information). For example a triplet of β-phthalo-
protons is located at 7.81 ppm. A broad triplet at 5.19 ppm 
with the coupling constant 5.6 Hz corresponds to four 
hydroxy protons in the spectrum of the compound 8, and 
the signals of methylene protons are found as a multiplet 
at 4.57–4.39 ppm. The group of singlets from the methyl-
ene protons is found in much higher fi eld in the spectra of 
12, 15 and 22 (around δ = 5.30–5.00 ppm). The signals of 
protons COCH2CH2Br and COCH2CH2Br are observed 
as multiplets at 3.04–2.68 ppm and 3.80–3.36 ppm in the 
spectrum of 12, respectively. For tetrathioacetate Pc 15, 
these multiplets are shifted to higher fi eld; signals of pro-
tons COCH2CH2S appear at 2.74–2.51 ppm and signals 
of protons COCH2CH2S are found at 3.15–2.91 ppm. In 
the spectrum of 22, signals of these protons (COC2H4CO) 

overlap and as a result a multiplet is found at 2.99–2.55 
ppm. The signals of acetylic protons SCOCH3 for the 
compound 15 are visible at 2.33–2.15 ppm as multiplet. 
Weak signals with negative chemical shift correspond to 
the NH-protons, and in the spectra of 12, 15 and 22 these 
multiplets are found at -1.08–1.85 ppm, -1.40–2.31 ppm 
and -1.51–2.05 ppm, respectively. Shifting of these sig-
nals to lower fi eld is evident when comparing the posi-
tions in the spectrum of the Pc 8 (δ = -2.03–2.62 ppm).

Mass spectra. The structures of the synthesized com-
pounds were proved by high-resolution ESI-TOF mass 
spectrometry (see Supporting information). To obtain 
an accurate value of the mass, a solution of reference 
compound (Leucine Enkephaline) was infused simulta-
neously with analyte, and the experimental spectra were 
processed with peak centering and lock mass TOF cor-
rection. In the measurements the solvent was typically 
a mixture of CHCl3/MeOH 1:1, and positive mode was 
used.

For monohydroxy-substituted Pc 3 the [M + H]+ peak 
was observed at m/z 1069.5599 (accuracy 4 ppm), along 
with [M + Na]+ peak at m/z 1091.5768. Also, aggre-
gated [2M + H]+ and [2M + Na]+ peaks appeared at m/z 
2138.6091 and 2160.1042, respectively, and the [3M + 
2H]2+ peak was observed at m/z 1603.8296. Molecular 
ion peak [M + H]+ was observed at m/z 1203.4954 (accu-
racy 3 ppm) for the intermediate product 10. The [M + 
H]+ peak was found at m/z 1199.5671 (accuracy 2.6 ppm) 
for the compound 13 and the aggregated peaks [2M + 
H]+ and [3M + 2H]2+ were visible at m/z 2398.1262 
and 1798.8522, respectively. For phthalocyanine 16, 
the [M + H]+, [2M + H]+ and [3M + 2H]2+ peaks were 
observed at m/z 1225.6375 (accuracy 3 ppm), 2450.2856 
and 1837.9568, respectively. The [M + H]+ peak for 
18 was found at m/z 1169.5627 (accuracy 7 ppm), and 
aggregated [2M + H]+ and [3M + 2H]2+ peaks were vis-
ible at m/z 2338.0955 and 1753.8541, respectively. The 
[M + H]+ peak for the compound 20 was observed at m/z 
1335.5555 with high accuracy (0.075 ppm). Aggregated 
[3M + 2H]2+ peak was also found at m/z 2002.8867 for 
Pc 20.

The [3M + 2H]2+ peak was visible at m/z 1246.6472 
(accuracy 0.7 ppm) in the mass spectrum of bishydroxy 
phthalocyanine 6, and the [M + H]+ peak was observed 
at m/z 831.4359. Molecular ion peaks [M]+ and [M + 
Na]+ for the compound 11 were found at m/z 1098.3121 
(accuracy 10 ppm) and 1121.3079, respectively. In mass 
spectrum of Pc 14, the [M]+ peak was observed at m/z 
1090.4368 (accuracy 7 ppm). The [M + Na]+ and aggre-
gated [2M + H]+, [2M + Na]+ and [3M + 2H]2+ peaks 
were also visible in  the spectrum of 14 at m/z 1113.4219, 
2181.8730, 2203.8757, and 1636.6528, respectively. The 
spectrum of the compound 17 was measured in positive 
mode, and aggregated molecular ion peak [2M + H]+ 
was found at m/z 2286.1714 (accuracy 2 ppm). Also, 
the [M + H]+ and [3M + 2H]2+ peaks were observed at 
m/z 1143.5874 and 1714.8741, respectively. The mass 
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spectrum of 19 was measured in negative mode and the 
[M - H]- peak was visible at m/z 1029.4469 (accuracy 4 
ppm), and the [M + Cl]- peak was found next to it (m/z 
1065.4298). Aggregated [2M - H]- and [3M - 2H]2- peaks 
were observed at m/z 2059.9153 and 1544.6758, respec-
tively. The [M + Na]+ peak was visible at m/z 1385.4221 
(accuracy 3.7 ppm) in the measurement of the compound 
21. This spectrum also showed the [2M + Na]+ peak at 
m/z 2747.8450. When the mass measurement was carried 
out in negative mode for 21, the [M - H]- and [2M - H]- 
peaks were observed at m/z 1361.4127 and 2723.8403, 
respectively.

The mass measurement of the tetrahydroxy-sub-
stituted Pc 8 was carried out in positive mode using 
MeOH as the solvent. The [M + H]+ peak was observed 
at m/z 1003.3254 (accuracy 5 ppm), while aggregated 
or sodium adduct peaks were not visible. The [M + H]+ 
peak was observed at m/z 1539.0872 (accuracy 13 ppm) 
for the compound 12. The mass spectrum of phthalocya-
nine 15 showed the high accuracy [M + H]+ peak at m/z 
1523.3571 (accuracy 0.8 ppm). The structures of inter-
mediate products of compound 22 were proved with 
mass spectrometry (see Supporting information). Tetra-
tert-butylsuccinatoxy-substituted Pc was measured using 
negative mode, and the [M - H]- and [2M - H]- peaks 
were found at m/z 1625.6118 and 3252.2451 (accuracy 
0.4 ppm), respectively. The [M + H]+ peak was observed 
at m/z 1403.3928 (accuracy 6 ppm) for tetrasuccinate Pc. 
In the spectrum of the compound 22 the [M + H]+ peak 
at m/z 2067.3279 (accuracy 3 ppm) was visible. Also, the 
[3M + 2H]2+ peak was observed at m/z 3100.5364 in the 
spectrum of Pc 22.

Absorption and emission spectra.  In the absorption 
spectra of the monohydroxy phthalocyanine 3 (Fig. 2) 
and its derivatives, the Q and Soret bands are well visible. 
The Q band shows two maxima: one is located around 
760 nm and the other between 734–739 nm, depending 
on the compound (Table 1, 2). The spectra also show a 
shoulder between 650–700 nm. The molar absorptivity 

(ε) of the compound 13 (99600 M-1.cm-1) (Fig. 3a) is a bit 
higher than that of the molecule 3 (89350 M-1.cm-1). The 
highest ε value (154900 M-1.cm-1) is found for the Pc 20 
(Fig. 4a). The Soret band maximum is located between 
335–339 nm, depending on the compound. These wave-
lengths were used as an excitation wavelength in fl uores-
cence measurements. Emission maximum is situated at 
774 nm for Pcs 3 and 13, while for the compound 20 the 
maximum peak is shifted a little to shorter wavelength 
(see Supporting information). All these spectra were 
measured in CHCl3.

The absorption spectra of the bishydroxy Pc 6 (Fig. 2) 
and its derivatives show Q band, which consists of two 
intense peaks around 700 nm and two lower shoulders 
between 600–660 nm. The peak around 688 nm is more 
intense than other maxima at higher wavelength. For the 
phthalocyanine 6, these peaks are located at 693 nm and 
719 nm, respectively (Table 1). The molar absorptivity of 
the bisthioacetate Pc 14 (130800 M-1.cm-1) is the highest 
of all of these compounds (Fig. 3a). In the Soret band, all 
absorptions show one intense broad band as well as one 
less intense one at roughly 300 nm. The Soret band maxi-
mum is located at 340 nm for the compound 6, while 
for the molecules 14 and 21 (Fig. 4a) it is found at 343 
nm (Table 2). These wavelengths were used as an exci-
tation wavelength in emission measurements. Emission 
maximum is found at 730 nm for Pc 6 (see Supporting 
information). In other spectra the emission maximum 
is shifted by 3 nm to the red. Fluorescence spectra also 
show broad and weak emission around 810 nm for all the 
compounds.

Absorption spectra of the tetra-substituted Pcs 8 
(Fig. 2), 15 (Fig. 3a) and 22 (Fig. 4a) show two maxima 
in the Q bands around 685 nm and 710 nm (Table 1, 2). 
In the spectra of the tetrahydroxy compound 8 and the 

Fig. 2. Absorption spectra of monohydroxy 3, bishydroxy 6 and 
tetrahydroxy 8 phthalocyanines

Table 1. Absorption and emission maxima of hydroxy- 
substituted phthalocyanines 3, 6 and 8

Compound Absorption λmax, nm Emission λmax, nm

3 (CHCl3) 761, 739, 337 774

6 (CHCl3) 719, 693, 340 730, 810

8 (DMF) 711, 685, 331 722, 810

Table 2. Absorption and emission maxima of thioacetyl- 
substituted phthalocyanines 13–15, and pentafluorophenyl 
ester-substituted phthalocyanines 20–22

Compound Absorption λmax, nm Emission λmax, nm

13 (CHCl3) 761, 737, 339 774

14 (CHCl3) 715, 688, 344 727, 810

15 (DMF) 713, 688, 332 722, 810

20 (CHCl3) 760, 734, 335 772

21 (CHCl3) 713, 689, 343 727, 810

22 (CHCl3) 716, 684, 337 722, 810
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tetra(pentafl uorophenyl ester) phthalocyanine 22 the 
intensity of the latter peak is higher, but in the spectrum 
of 15 this ratio is opposite. In Q bands a shoulder is found 
between 600–660 nm, which is also seen in the absorp-
tion spectra of bis-functionalized Pcs. Molar absorptivity 
(ε) of the compound 8 is 155200 M-1.cm-1 and for the tet-
rathioacetate molecule 15 the ε value has reduced a little 
bit to 97500 M-1.cm-1. For tetra(pentafl uorophenyl ester) 
Pc 22 the value of ε is 102800 M-1.cm-1. The Soret band 
maximum is located around 330 nm in the spectra of the 
compounds 8, 15 and 22. The excitation wavelength of 
the emission measurements was the Soret band maxi-
mum for all compounds. The phthalocyanines 8, 15 and 
22 are emitting at roughly 722 nm; a weak emission band 
is visible at 810 nm (see Supporting information). The 
spectra of molecules 8 and 15 were measured in DMF, 
and measurements of Pc 22 were done in CHCl3.

Immobilization on substrates

SAM on gold. It is well-known that organosulfur com-
pounds can react with gold. In the case of thioacetyl, an 
oxidative addition of the S-Ac bond occurs on a gold 

surface, followed by a reductive elimination of acetyl 
group (Ac) [16]. For spectral measurements, a robust and 
optically transparent substrate is required, thus a titanium 
layer (2 nm) was thermally evaporated on cleaned glass 
plates fi rst, and on top of this adhesion layer a 3 nm thick 

Fig. 3. (a) Absorption spectra of monothioacetate 13, bisthioac-
etate 14 and tetrathioacetate 15 phthalocyanines, (b) absorption 
spectra of SAMs 13–15 on gold

Fig. 4. (a) Absorption spectra of mono(pentafl uorophenyl ester) 
20, bis(pentafl uorophenyl ester) 21 and tetra(pentafl uorophenyl 
ester) 22 phthalocyanines, (b) absorption spectra of SAMs 20 
and 21 on glass and ITO, (c) absorption spectra of SAM 22 on 
glass and ITO

00218.indd   40300218.indd   403 6/24/2010   1:58:22 PM6/24/2010   1:58:22 PM

J.
 P

or
ph

yr
in

s 
Ph

th
al

oc
ya

ni
ne

s 
20

10
.1

4:
39

7-
41

1.
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 U

N
IV

E
R

SI
T

Y
 O

F 
Q

U
E

E
N

SL
A

N
D

 o
n 

04
/2

6/
13

. F
or

 p
er

so
na

l u
se

 o
nl

y.



Copyright © 2010 World Scientific Publishing Company J. Porphyrins Phthalocyanines 2010; 14: 404–411

404 E. SARIOLA ET AL.

gold layer was evaporated. Absorption spectra of the 
substrates were recorded and used later to calculate the 
spectra of SAMs. Gold substrates were immersed into 
solutions of phthalocyanines 13, 14 and 15 in CH2Cl2, 
where concentration of each solution was 3 mM [32]. 
The plates were kept at room temperature for 30 min, 
and after that SAMs on gold surface were rinsed several 
times with CH2Cl2 and CHCl3 to remove unbound Pc 
molecules.

Absorption spectra of the SAMs 13–15 on gold 
surfaces show a band between 600–800 nm (Q band) 
(Fig. 3b). Compared to the spectra of solutions, the max-
ima of absorption spectra of SAM 13 and 14 are shifted 
to shorter wavelengths, even though defi ning the maxima 
of the spectra is diffi cult because of the low absorption of 
SAMs (Table 3). The shift of the band maxima of SAM 
14 on gold is around 40 nm. The spectrum of SAM 15 is 
red-shifted by 10 nm compared to the spectrum of 15 in 
DMF. Besides shifting, the Q bands of the SAM spectra 

are also broader. No detectable emission of phthalocya-
nines SAMs was observed.

The absorption maxima of the Q bands provide a 
possibility to estimate the mean molecular areas (mma) 
of phthalocyanines in the SAMs. The mma values cal-
culated assuming the same molar absorption of Pcs in 
solution and SAMs are presented in Table 3. Compar-
ing the molecular areas of phthalocyanines 13–15, the 
area increases towards larger chromophore as expected. 
However, differences in Pc bonding densities are small 
and the values are larger than what one could expect for 
tightly packed monolayers. This can be due to a gradual 
decrease of the molar absorption in SAMs compared to 
that in solution. Indeed, the Q bands are 2–3 times broader 
for fi lms, indicating that the molar absorption can be 2–3 
times lower for SAMs. The mean molecular area is better 
controlled when monolayers are prepared by Langmuir-
Blodgett (LB) or Langmuir-Schäfer (LS) methods. It has 
been shown previously that one LS-monolayer of bis-
hydroxy Pc 6 on quartz plate has an absorbance of ca. 
0.005, which corresponds to the molecular area of 0.62 
nm2 and can be achieved in the case of vertical orienta-
tion of macrocycles in respect to the substrate [33]. In the 
present case, optical density of one layer on gold is 0.007, 
but the mma value calculated based on solution molar 
absorption is 3 nm2. Therefore the mma values listed in 
Table 3 present the higher limits for actual mma values, 
but actual bonding densities of molecules are expected to 
be 2–3 times greater.

SAM on glass and ITO. Glass and ITO plates were 
cleaned by sonication in organic solvents before the 
preparation of SAMs (see Experimental section). SAMs 
were done with a two-step process: fi rst, the plates were 

Table 3. Absorption maxima and mean molecular areas (mmaa) 
of SAMs 13–15 and 20–22 on different substrates

Compound Absorption λmax, nm mma, nm2

13 (gold) 750 2.07

20 (glass) 740, 330 2.06

14 (gold) 650 3.10

21 (glass/ITO) 640, 330 1.61

15 (gold) 695 3.24

22 (glass/ITO) 695, 330 1.90/2.13

a mma = ε/(NAA), where ε is molar absorptivity, NA is Avogadro 
constant and A is absorbance of the layer.

Scheme 4. Covalent attachment of phthalocyanine 21 to activated surface
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activated with 3-aminopropyltrimethoxysilane in dry tol-
uene at 105 °C for 1 h. Phthalocyanines were then cova-
lently attached to the aminopropylsilylated surface by 
immersing the plates into a solution of compound 20, 21 
or 22 in dry toluene. This was done through amide bond 
formation between pentafl uorophenyl ester group on Pcs 
and amino group on silylated substrates (Scheme 4) [34]. 
This second step was completed in 2 h at 105 °C. Both 
steps were done under argon. To remove residual phy-
sisorbed Pc, the samples were sonicated in toluene and 
CH2Cl2 after the second step. After drying in argon, the 
UV-vis spectra of the plates with SAMs were measured.

In the absorption spectra of the monolayers on glass 
and ITO surfaces (Fig. 4b,c), one has to take into account 
that layers are formed on each side of the substrates. 
Therefore, comparing with absorbances of SAMs on 
gold surface (Fig. 3b), optical densities of SAMs on glass 
and ITO are roughly doubled. Absorption spectrum of the 
SAM 20 on glass substrate shows clear Q and Soret bands 
(Table 3). Both are shifted towards shorter wavelengths 
compared to absorption maxima of the Pc 20 in solution 
(Table 2). For unknown reasons, the absorption of SAM 
20 on ITO is fi ve times smaller than on glass. Results 
were also the same with an extended reaction time of both 
steps, so it seems that the molecules bond very weakly 
onto ITO. This kind of selectivity towards the substrate 
will be a subject of separate studies. However, the shapes 
of the absorption spectra of samples 20 on glass and on 
ITO are the same and very similar to the absorption in 
solution. In the absorption spectrum of SAM 21 on glass 
and ITO (Fig. 4b) the Q band is blue-shifted by almost 
50 nm in comparison to the absorption spectrum of 21 
in CHCl3 (Table 2). This huge shift is also seen in the 
spectrum of same molecule on gold. The absorptions of 
SAM 21 on glass and on ITO are perfectly same on both 
substrates. The absorption spectra of SAM 22 on glass 
and ITO (Fig. 4c) are also the same; the absorbance of 
SAM on ITO is a little smaller than on glass. The spectra 
show Q band maxima around 695 nm, which is between 
the two maxima in the absorption spectrum of compound 
22 in CHCl3 (Table 2, 3). Emissions of SAMs 20, 21 and 
22 on glass/ITO substrates were not detectable.

Mean molecular areas (mma) of SAM 20 on glass, 
21 and 22 on glass and ITO are very similar (Table 3). 
Sample 21 on both substrates gives a slightly smaller 
value than the mono-substituted Pc 20 on glass and the 
tetra-substituted Pc 22 on glass and on ITO. This differ-
ence could be because the molecule 20 has greater side 
substituents than the tert-butyl groups in molecule 21, 
while molecule 22 should have preferably fl at orientation 
on surface. Also, these results show high mma values and 
therefore presented results are the higher limits for actual 
mma values. Bonding density of the compound 20 on 
glass is the same as the value of SAM 13 on gold. On the 
other hand, comparing the molecular areas of SAM 14 on 
gold and SAMs 21 on glass and ITO, a difference of 1.5 
nm2 is noticed, which can be attributed to the different 

tilting angles of the molecules on different substrates. 
A smaller difference is observed when comparing the 
SAMs 15 (gold) and 22 (glass/ITO).

As can be seen, the arrangement of different Pcs on 
gold and on ITO/glass is similar and corresponds to the 
arrangement of chromophores in LB/LS fi lms. However, 
the organization of the layer does not depend solely on 
the number of anchor groups, but is infl uenced as well by 
the side substituents and by the interaction of the macro-
cycle with the substrate surface.

EXPERIMENTAL

Materials and instrumentations

The solvents of HPLC grade were purchased from 
Aldrich Chemical Company, Merck, and VWR Interna-
tional. Chemicals were purchased from Acros Organics, 
Aldrich Chemical Company, or Fluka Chemie. All the 
materials were used as received without further purifi -
cation. The monitoring of reactions was carried out by 
thin-layer chromatography (TLC), employing aluminum 
sheets precoated with Silica 60 F254 (Merck). The puri-
fi cation and isolation of the products was performed by 
column chromatography on Silica 60 (mesh size 40–63 
µm) or Silica 100 (mesh size 63–200 µm).

The 1H NMR spectra were measured on a Varian Mer-
cury 300 MHz spectrometer (Varian Inc.). All chemi-
cal shifts are given in ppm relative to TMS as internal 
standard. Mass spectra were recorded on ESI-TOF LCT 
Permier XE mass spectrometer (Waters Corp.). The sam-
ple of the analyte was dissolved in an appropriate solvent 
at concentration ca. 0.01 mg.mL-1 and infused at a rate of 
15 µL.min-1. The reference solution of Leucine Enkepha-
line (50 pg.mL-1) was infused simultaneously. Original 
spectra were centered, and lock mass TOF correction 
was applied. Absorption spectra were measured using a 
Shimadzu UV-2501PC UV-vis recording spectrometer, 
and emission spectra were recorded on a Fluorolog Yobin 
Yvon-SPEX spectrofl uorometer.

Synthesis

1,4,8,11,15,18-hexabutoxy-23-[3-(hydroxymethyl)
phenoxy]phthalocyanine (3). 3,6-dibutoxyphthalonitrile 
(1) (408 mg, 1.5 mmol), 4-[3-(hydroxymethyl)phenoxy]
phthalonitrile (2) (75 mg, 0.3 mmol) and lithium (40 mg, 
5.8 mmol) were suspended in 1-butanol (12 mL). The 
reaction mixture was heated at refl ux for 4 h under a dry-
ing tube. The dark green solution was cooled to room 
temperature and CHCl3 (20 mL) was added. The organic 
phase was washed with water (4 × 100 mL) and the sol-
vent was evaporated under reduced pressure (bath tem-
perature 80 °C). The mixture of the reaction products was 
purifi ed by column chromatography on Silica 100, elut-
ing with CHCl3. The product was obtained as the second 
fraction (Rf = 0.55 in CHCl3/EtOH 18:1). The product 
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was crystallized on a watch glass and washed with ace-
tonitrile. Second chromatographic purifi cation was done 
on Silica 60, eluting with CHCl3. The product 3 was 
obtained from the second fraction as a dark green solid 
(78 mg, 24%). UV-vis (CHCl3): λmax, nm (ε, M-1.cm-1) 
337 (39167), 739 (77105), 761 (89351). 1H NMR (300 
MHz; CDCl3; Me4Si): δH, ppm 9.30 (1H, d, J = 8.3 Hz, 
25-phthalo-H), 8.90 (1H, d, J = 2.1 Hz, 22-phthalo-H), 
7.83 (1H, dd, J1 = 8.3 Hz, J2 = 2.1 Hz, 24-phthalo-H), 
7.68–7.12 (10H, m, phthalo-H, Ar-H), 4.91–4.81 (8H, m, 
4,8,11,15-OCH2C3H7), 4.78 (2H, br s, ArCH2OH), 4.70 
(2H, t, J = 6.4 Hz, 1-OCH2C3H7), 4.61 (2H, t, J = 6.4 Hz, 
18-OCH2C3H7), 2.51–2.39 (2H, m, 1-OCH2CH2C2H5), 
2.30–2.16 (10H, m, 4,8,11,15,18-OCH2CH2C2H5), 
2.14–2.04 (2H, m, 1-OC2H4CH2CH3), 1.94–1.78 (2H, m, 
18-OC2H4CH2CH3), 1.72–1.61 (8H, m, 4,8,11,15-OC2-
H4CH2CH3), 1.28 (3H, t, J = 7.4 Hz, 1-OC3H6CH3), 
1.14–1.05 (15H, m, 4,8,11,15,18-OC3H6CH3), 0.10 (2H, 
s, NH), ArCH2OH was not resolved. MS (ESI-TOF; 
CH2Cl2/MeOH 1:1): m/z 1069.5599 [M + H]+ (calcd. for 
C63H72N8O8 1069.5552).

3-bromopropionyl chloride (9). Oxalyl chloride 
(0.36 mL, 4.25 mmol) and DMF (5 µL) were added to a 
solution of 3-bromopropionic acid (500 mg, 3.27 mmol) 
in CH2Cl2 (5 mL). The solution was stirred at room tem-
perature for 16 h. The solvent was evaporated under 
reduced pressure (bath temperature 40 °C) to yield quan-
titatively the compound 9. The residue was redissolved in 
CH2Cl2 (2 mL). Concentration: 1.64 M.

1,4,8,11,15,18-hexabutoxy-23-[3-(3-bromopro-
panoatemethyl)phenoxy]phthalocyanine (10). Phtha-
locyanine 3 (20 mg, 18.7 µmol) was dissolved in CH2Cl2 
(5 mL) and 3-bromopropionyl chloride (9) (1.64 M 
solution in CH2Cl2, 68 µL, 112.2 µmol) was added to 
the solution. The reaction mixture was stirred at room 
temperature for 1 day. A few milliliters of CHCl3 were 
added and the organic layer was washed with saturated 
NaHCO3 (aq) (13 × 50 mL) and water (2 × 50 mL). 
The solvent was evaporated under reduced pressure and 
the crude product was purifi ed three times by column 
chromatography on Silica 60, eluting with CHCl3. The 
product was collected as fi rst green fraction (Rf = 0.83 
in CHCl3/EtOH 18:1) and was crystallized on a watch 
glass and washed with n-pentane. The compound 10 was 
obtained as a dark green solid (17 mg, 77%). UV-vis 
(CHCl3): λmax, nm (abs.) 339 (0.04963), 735 (0.09788), 
761 (0.11309). 1H NMR (300 MHz; CDCl3; Me4Si): 
δH, ppm 9.31 (1H, d, J = 8.3 Hz, 25-phthalo-H), 8.91 
(1H, d, J = 2.0 Hz, 22-phthalo-H), 7.83 (1H, dd, J1 = 
8.3 Hz, J2 = 2.1 Hz, 24-phthalo-H), 7.69–7.12 (10H, 
m, phthalo-H, Ar-H), 5.24 (2H, s, ArCH2O), 4.91–4.82 
(8H, m, 4,8,11,15-OCH2C3H7), 4.70 (2H, t, J = 6.4 Hz, 
1-OCH2C3H7), 4.61 (2H, t, J = 6.4 Hz, 18-OCH2C3H7), 
3.77–3.52 (2H, m, COCH2CH2Br), 3.01–2.83 (2H, m, 
COCH2CH2Br), 2.51–2.39 (2H, m, 1-OCH2CH2C2H5), 
2.30–2.16 (10H, m, 4,8,11,15,18-OCH2CH2C2H5), 2.14–
2.03 (2H, m, 1-OC2H4CH2CH3), 1.95–1.82 (2H, m, 

18-OC2H4CH2CH3), 1.73–1.60 (8H, m, 4,8,11,15-OC2H4-
CH2CH3), 1.28 (3H, t, J = 7.4 Hz, 1-OC3H6CH3), 1.13–
1.05 (15H, m, 4,8,11,15,18-OC3H6CH3), 0.10 (2H, s, 
NH). MS (ESI-TOF; CH2Cl2/MeOH 1:1): m/z 1203.4954 
[M + H]+ (calcd. for C66H75N8O9Br 1203.4918).

1,4,8,11,15,18-hexabutoxy-23-[3-(3-acetylsulfonyl-
propanoatemethyl)phenoxy]phthalocyanine (13). The 
product 10 (17 mg, 14.1 µmol) was dissolved in acetone 
(25 mL) and KSAc (3.2 mg, 28.2 µmol) was added. The 
mixture was heated at refl ux under a drying tube for 
3 days. After 24 h and 48 h of refl uxing, more KSAc 
(2 mg) and acetone were added. Finally the green solu-
tion was cooled down to room temperature and the sol-
vent was evaporated under reduced pressure. The crude 
product was dissolved in CHCl3, the organic phase was 
washed with water (5 × 50 mL), and evaporated to dry-
ness under reduced pressure. The product was purifi ed 
twice by column chromatography on Silica 60, eluting 
with toluene/EtOAc 5:1, and the compound 13 was col-
lected as second green fraction (Rf = 0.50 in toluene/
EtOAc 5:1). The product 13 was obtained as a dark green 
solid (10 mg, 59%) after crystallizing on a watch glass 
and washing with n-pentane. UV-vis (CHCl3): λmax, nm 
(ε, M-1.cm-1) 339 (44056), 737 (88228), 761 (99622). 
1H NMR (300 MHz; CDCl3; Me4Si): δH, ppm 9.30 (1H, 
d, J = 8.3 Hz, 25-phthalo-H), 8.91 (1H, d, J = 2.1 Hz, 
22-phthalo-H), 7.83 (1H, dd, J1 = 8.3 Hz, J2 = 2.1 Hz, 
24-phthalo-H), 7.69–7.12 (10H, m, phthalo-H, Ar-H), 
5.21 (2H, s, ArCH2O), 4.91–4.82 (8H, m, 4,8,11,15-
OCH2C3H7), 4.70 (2H, t, J = 6.4 Hz, 1-OCH2C3H7), 4.61 
(2H, t, J = 6.4 Hz, 18-OCH2C3H7), 3.11 (2H, t, J = 7.0 Hz, 
COCH2CH2S), 2.70 (2H, t, J = 7.0 Hz, COCH2CH2S), 
2.51–2.39 (2H, m, 1-OCH2CH2C2H5), 2.30–2.23 (5H, m, 
OCH2CH2C2H5), 2.22 (3H, s, SCOCH3), 2.21–2.16 
(5H, m, OCH2CH2C2H5), 2.14–2.03 (2H, m, 1-OC2H4-

CH2CH3), 1.95–1.81 (2H, m, 18-OC2H4CH2CH3), 1.74–
1.60 (8H, m, 4,8,11,15-OC2H4CH2CH3), 1.28 (3H, t, J = 
7.4 Hz, 1-OC3H6CH3), 1.13–1.05 (15H, m, 4,8,11,15,18-
OC3H6CH3), 0.10 (2H, s, NH). MS (ESI-TOF; CHCl3/
MeOH 1:1): m/z 1199.5671 [M + H]+ (calcd. for 
C68H78N8O10S 1199.5640).

1,4,8,11,15,18-hexabutoxy-23-[3-(tert-butylsuc-
cinatoxymethyl)phenoxy]phthalocyanine (16). The 
compound 3 (50 mg, 46.8 µmol) was dissolved in CH2Cl2 
(20 mL) and DCC (14 mg, 70.2 µmol), DMAP (2 mg, 
14.0 µmol) and mono-tert-butyl succinate (12 mg, 70.2 
µmol) were added. The reaction mixture was stirred at 
room temperature for two days. DCC (14 mg) and mono-
tert-butyl succinate (12 mg) were added more after 
one day of stirring. The solvent was evaporated under 
reduced pressure, the product was redissolved in a few 
milliliters of CH2Cl2, and the solution was fi ltered twice 
through a cotton plug. Column chromatography was 
used for purifi cation of the product (Silica 60, eluting 
with CHCl3). The product was collected as fi rst green 
fraction (Rf = 0.85 in CHCl3/EtOH 18:1), crystallized 
on a watch glass, and washed with 2 mL of acetonitrile. 
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The product 16 was obtained as a dark green solid with 
quantitative yield (57 mg). 1H NMR (300 MHz; CDCl3; 
Me4Si): δH, ppm 9.30 (1H, d, J = 8.3 Hz, 25-phthalo-H), 
8.91 (1H, d, J = 2.1 Hz, 22-phthalo-H), 7.82 (1H, dd, 
J1 = 8.3 Hz, J2 = 2.1 Hz, 24-phthalo-H), 7.69–7.12 (10H, 
m, phthalo-H, Ar-H), 5.22 (2H, s, ArCH2O), 4.91–4.82 
(8H, m, 4,8,11,15-OCH2C3H7), 4.70 (2H, t, J = 6.4 Hz, 
1-OCH2C3H7), 4.61 (2H, t, J = 6.4 Hz, 18-OCH2C3H7), 
2.70–2.53 (4H, m, COC2H4CO), 2.51–2.40 (2H, m, 
1-OCH2CH2C2H5), 2.30–2.17 (10H, m, 4,8,11,15,18-
OCH2CH2C2H5), 2.15–2.03 (2H, m, 1-OC2H4CH2CH3), 
1.99–1.76 (2H, m, 18-OC2H4CH2CH3), 1.74–1.60 (8H, 
m, 4,8,11,15-OC2H4CH2CH3), 1.40 (9H, s, OC(CH3)3), 
1.28 (3H, t, J = 7.4 Hz, 1-OC3H6CH3), 1.14–1.05 (15H, 
m, 4,8,11,15,18-OC3H6CH3), 0.10 (2H, s, NH). MS (ESI-
TOF; CHCl3/MeOH 1:1): m/z 1225.6375 [M + H]+ (calcd. 
for C71H84N8O11 1225.6338).

1,4,8,11,15,18-hexabutoxy-23-[3-(succinatoxy-
methyl)phenoxy]phthalocyanine (18). The product 16 
(57 mg, 46.5 µmol) was dissolved in dry CH2Cl2 (2 mL), 
TFA (2 mL) was added, and the solution was stirred at 
room temperature for 3 h. More CH2Cl2 was added and 
the organic phase was washed with water (3 × 50 mL). 
After evaporating the solvent under reduced pressure, the 
product was crystallized on a watch glass and washed 
with n-pentane. The product 18 (Rf = 0.30 in CHCl3/EtOH 
9:1) was obtained as dark green solid (50 mg, 93%). 
UV-vis (CHCl3): λmax, nm (ε, M-1.cm-1) 335 (43472), 
734 (85217), 761 (98005). 1H NMR (300 MHz; CDCl3; 
Me4Si): δH, ppm 9.30 (1H, d, J = 8.3 Hz, 25-phthalo-H), 
8.85 (1H, d, J = 2.0 Hz, 22-phthalo-H), 7.84 (1H, dd, J1 
= 8.3 Hz, J2 = 2.1 Hz, 24-phthalo-H), 7.69–7.12 (10H, 
m, phthalo-H, Ar-H), 5.21 (2H, s, ArCH2O), 4.90–4.81 
(8H, m, 4,8,11,15-OCH2C3H7), 4.69 (2H, t, J = 6.4 Hz, 
1-OCH2C3H7), 4.59 (2H, t, J = 6.4 Hz, 18-OCH2C3H7), 
2.67–2.52 (4H, m, COC2H4CO), 2.50–2.39 (2H, m, 
1-OCH2CH2C2H5), 2.30–2.18 (10H, m, 4,8,11,15,18-
OCH2CH2C2H5), 2.16–2.03 (2H, m, 1-OC2H4CH2CH3), 
1.97–1.77 (2H, m, 18-OC2H4CH2CH3), 1.74–1.59 (8H, 
m, 4,8,11,15-OC2H4CH2CH3), 1.28 (3H, t, J = 7.4 Hz, 
1-OC3H6CH3), 1.12–1.05 (15H, m, 4,8,11,15,18-
OC3H6CH3), 0.09 (2H, s, NH), COOH was not resolved. 
MS (ESI-TOF; MeOH/CHCl3 10:1): m/z 1169.5627 [M 
+ H]+ (calcd. for C67H76N8O11 1169.5712).

1,4,8,11,15,18-hexabutoxy-23-[3-((pentafluoro-
phenoxy)succinatoxymethyl)phenoxy]phthalocya-
nine (20). DCC (14 mg, 68.4 µmol) and pentafl uorophenol 
(13 mg, 68.4 µmol) were added to a solution of the com-
pound 18 (40 mg, 34.2 µmol) in EtOAc (10 mL). The 
mixture of compounds was stirred at room temperature. 
After one day of stirring, DCC (14 mg) and pentafl uo-
rophenol (13 mg) were added more. After fi ve days the 
solvent was evaporated under reduced pressure and the 
product was dissolved in a few milliliters of CH2Cl2 
and fi ltered through a cotton plug. Purifi cation was car-
ried out twice by column chromatography on Silica 100 
and on Silica 60, eluting both times with CHCl3. The 

product 20 was collected as fi rst green fraction (Rf = 
0.85 in CHCl3/EtOH 18:1) and crystallized on a watch 
glass. After washing with n-pentane, the compound 20 
was obtained as a dark green solid (25 mg, 55%). UV-
vis (CHCl3): λmax, nm (ε, M-1.cm-1) 335 (73731), 734 
(136634), 760 (154889). 1H NMR (300 MHz; CDCl3; 
Me4Si): δH, ppm 9.30 (1H, d, J = 8.3 Hz, 25-phthalo-H), 
8.91 (1H, d, J = 2.1 Hz, 22-phthalo-H), 7.83 (1H, dd, 
J1 = 8.3 Hz, J2 = 2.1 Hz, 24-phthalo-H), 7.69–7.12 (10H, 
m, phthalo-H, Ar-H), 5.23 (2H, s, ArCH2O), 4.91–4.82 
(8H, m, 4,8,11,15-OCH2C3H7), 4.70 (2H, t, J = 6.4 Hz, 
1-OCH2C3H7), 4.61 (2H, t, J = 6.4 Hz, 18-OCH2C3H7), 
2.97–2.91 (2H, m, COC2H4CO), 2.84–2.78 (2H, m, 
COC2H4CO), 2.51–2.40 (2H, m, 1-OCH2CH2C2H5), 2.30–
2.18 (10H, m, 4,8,11,15,18-OCH2CH2C2H5), 2.15–2.03 
(2H, m, 1-OC2H4CH2CH3), 1.95–1.81 (2H, m, 18-OC2H4-
CH2CH3), 1.74–1.60 (8H, m, 4,8,11,15-OC2H4CH2CH3), 
1.29 (3H, t, J = 7.4 Hz, 1-OC3H6CH3), 1.12–1.05 (15H, 
m, 4,8,11,15,18-OC3H6CH3), 0.09 (2H, s, NH). MS (ESI-
TOF; MeOH/CHCl3 10:1): m/z 1335.5555 [M + H]+ 
(calcd. for C73H75N8O11F5 1335.5554).

1,4-di[hydroxypropyloxy]-9(10),16(17),23(24)-
tri[tert-butyl]phthalocyanine (6). Lithium (80 mg, 
12 mmol) was dissolved in 1-pentanol (40 mL) under 
argon atmosphere. 3,6-di(hydroxypropyloxy)phthalonit-
rile (4) (160 mg, 0.58 mmol) and 4-tert-butylphthalonitrile 
(5) (641 mg, 3.48 mmol) were added and the reaction 
mixture was heated at refl ux for 2.5 h under argon atmo-
sphere. The solution was cooled to room temperature 
and the solvent was evaporated under reduced pressure 
(bath temperature 80 °C). The product was dissolved in 
CHCl3, the organic layer was washed with water (2 × 100 
mL) and the solvent was evaporated under reduced pres-
sure. The crude product was purifi ed by column chro-
matography on Silica 100, eluting the fi rst fraction with 
CHCl3 and the second fraction with CHCl3/EtOH 20:1. 
The product 6 was obtained from the second fraction 
(Rf = 0.40 in CHCl3/EtOH 18:1). Second fraction was 
repurifi ed on Silica 60, eluting as before. The collected 
product 6 was crystallized on a watch glass, washed with 
acetonitrile, and obtained as a dark green powder (99 mg, 
20%) after drying. UV-vis (CHCl3/EtOH 1:1): λmax, nm 
(ε, M-1.cm-1) 340 (59122), 693 (89631), 719 (84165). 
1H NMR (300 MHz; CDCl3/CD3OD 10:1; Me4Si): δH, 
ppm 9.50–8.45 (6H, m, phthalo-H), 8.28–8.07 (3H, m, 
phthalo-H), 6.88–6.07 (2H, m, 2,3-phthalo-H), 4.65–4.24 
(8H, m, OCH2CH2CH2OH), 2.51–2.23 (4H, m, OCH2-

CH2CH2OH), 1.91–1.68 (27H, m, C(CH3)3), -2.40–2.97 
(2H, m, NH), CH2OH were not resolved. MS (ESI-TOF; 
CHCl3/MeOH 1:1): m/z 831.4359 [M + H]+ (calcd. for 
C50H54N8O4 831.4346).

1,4-di[(3-bromopropanoate)propyloxy]-9(10),-
16(17),23(24)-tri[tert-butyl]phthalocyanine (11). Phthalo-
cyanine 6 (20 mg, 24 µmol) was dissolved in CH2Cl2 
(5 mL) and 3-bromopropionyl chloride (9) (1.64 M solu-
tion in CH2Cl2, 0.176 mL, 288 µmol) was added to the 
sealed vial. The reaction mixture was stirred at room 
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temperature for three days. A little amount of CHCl3 
was added, the organic phase was washed with saturated 
NaHCO3 (aq) (9 × 50 mL) and water (1 × 50 mL), and the 
solvent was evaporated under reduced pressure. Column 
chromatography was used for purifi cation of the product 
(Silica 100, eluting with CHCl3). The target product was 
collected as fi rst green fraction (Rf = 0.94 in CHCl3/EtOH 
18:1). The product 11 was crystallized on a watch glass, 
washed with n-pentane and was obtained as a dark green 
solid (14 mg, 55%). UV-vis (CHCl3/EtOH 1:1): λmax, nm 
(ε, M-1.cm-1) 340 (62352), 689 (94878), 717 (91875). 1H 
NMR (300 MHz; CDCl3; Me4Si): δH, ppm 9.49–8.63 (6H, 
m, phthalo-H), 8.35–8.10 (3H, m, phthalo-H), 7.15–6.69 
(2H, m, 2,3-phthalo-H), 4.91–4.33 (8H, m, OCH2CH2-

CH2O), 3.82–3.49 (4H, m, COCH2CH2Br), 3.03–2.76 
(4H, m, COCH2CH2Br), 2.71–2.41 (4H, m, OCH2CH2-

CH2O), 1.90–1.76 (27H, m, C(CH3)3), -1.34–1.71 (2H, m, 
NH). MS (ESI-TOF; CHCl3/MeOH 1:1): m/z 1098.3121 
[M]+ (calcd. for C56H60N8O6Br2 1098.3003).

1,4-di[(3-acetylsulfonylpropanoate)propyloxy]-9-
(10),16(17),23(24)-tri[tert-butyl]phthalocyanine (14). 
The product 11 (19 mg, 17.3 µmol) was dissolved in 
acetone (7 mL). KSAc (7.9 mg, 69.2 µmol) was added 
and the reaction mixture was stirred at room temperature 
for four days. The solvent was evaporated under reduced 
pressure and the dry product was dissolved in CHCl3. 
The organic phase was washed with water (5 × 50 mL) 
and then evaporated to dryness under reduced pressure. 
Purifi cation of the crude product was performed by col-
umn chromatography on Silica 100, eluting with toluene/
EtOAc 5:1. The target product 14 was collected as sec-
ond fraction (Rf = 0.27 in toluene/EtOAc 5:1), crystal-
lized on a watch glass, and washed with n-pentane. The 
compound 14 was obtained as a dark blue-green powder 
(13 mg, 70%). UV-vis (CHCl3): λmax, nm (ε, M-1.cm-1) 
344 (77457), 688 (130813), 715 (129384). 1H NMR 
(300 MHz; CDCl3; Me4Si): δH, ppm 9.50–8.80 (6H, m, 
phthalo-H), 8.34–8.16 (3H, m, phthalo-H), 7.17–6.91 
(2H, m, 2,3-phthalo-H), 4.91–4.46 (8H, m, OCH2CH2-

CH2O), 3.18–3.04 (4H, m, COCH2CH2S), 2.76–2.54 
(8H, m, COCH2CH2S, OCH2CH2CH2O), 2.28–2.21 (6H, 
m, SCOCH3), 1.88–1.76 (27H, m, C(CH3)3), -1.03–1.34 
(2H, m, NH). MS (ESI-TOF; CHCl3/MeOH 1:1): m/z 
1090.4368 [M]+ (calcd. for C60H66N8O8S2 1090.4445).

1,4-di[tert-butylsuccinatoxypropyloxy]-9(10),-
16(17),23(24)-tri[tert-butyl]phthalocyanine (17). The 
compound 6 (50 mg, 60.2 µmol) was dissolved in CH2Cl2 
(20 mL). DCC (50 mg, 240.8 µmol), DMAP (6 mg, 
48.2 µmol) and mono-tert-butyl succinate (42 mg, 240.8 
µmol) were added to the solution and the mixture was 
stirred at room temperature for two days. After one 
day, more DCC (25 mg) and mono-tert-butyl succinate 
(21 mg) were added. The solvent was evaporated under 
reduced pressure. The crude product was dissolved in 
a few milliliters of CH2Cl2 and then fi ltered through a 
cotton plug. The product was purifi ed twice by column 
chromatography on Silica 60, eluting with CHCl3. The 

compound 17 was collected as fi rst fraction (Rf = 0.88 
in CHCl3/EtOH 18:1). The product 17 was obtained as 
a dark green solid with quantitative yield (68 mg). 1H 
NMR (300 MHz; CDCl3; Me4Si): δH, ppm 9.51–8.93 
(6H, m, phthalo-H), 8.33–8.21 (3H, m, phthalo-H), 
7.40–7.10 (2H, m, 2,3-phthalo-H), 4.92–4.54 (8H, m, 
OCH2CH2CH2O), 2.81–2.49 (12H, m, OCH2CH2CH2O, 
COC2H4CO), 1.87–1.76 (27H, m, C(CH3)3), 1.44 (18H, 
s, OC(CH3)3), -0.80–1.07 (2H, m, NH). MS (ESI-TOF; 
CHCl3/MeOH 1:1): m/z 2286.1714 [2M + H]+ (calcd. for 
C132H156N16O20 2286.1760).

1,4-di[succinatoxypropyloxy]-9(10),16(17),23(24)-
tri[tert-butyl]phthalocyanine (19). TFA (2 mL) was 
added to a solution of the product 17 (68 mg, 59.5 µmol) 
in dry CH2Cl2 (2 mL), and the reaction mixture was 
stirred at room temperature for 4.5 h. More CH2Cl2 was 
added, and the organic phase was washed with water (4 × 
50 mL). The solvent was evaporated under reduced pres-
sure and the compound 19 was crystallized on a watch 
glass and washed with n-pentane. The product 19 (Rf = 
0.44 in CHCl3/EtOH 9:1) was obtained as dark green 
solid with quantitative yield (61 mg). UV-vis (CHCl3): 
λmax, nm (ε, M-1.cm-1) 343 (45530), 688 (66999), 717 
(70093). 1H NMR (300 MHz; CDCl3; Me4Si): δH, 
ppm 9.46–7.85 (9H, m, phthalo-H), 7.21–6.80 (2H, m, 
2,3-phthalo-H), 4.91–4.15 (8H, m, OCH2CH2CH2O), 
2.80–2.42 (12H, m, OCH2CH2CH2O, COC2H4CO), 
1.89–1.74 (27H, m, C(CH3)3), -1.81–2.54 (2H, m, NH), 
COOH were not resolved. MS (ESI-TOF; CHCl3/MeOH 
1:1): m/z 1029.4469 [M - H]- (calcd. for C58H62N8O10 
1029.4510).

1,4-di[(pentafluorophenoxy)succinatoxy pro pyl-
oxy]-9(10),16(17),23(24)-tri[tert-butyl]phthalocyanine 
(21). The product 19 (50 mg, 48.5 µmol) was dissolved 
in EtOAc (10 mL), and DCC (20 mg, 97.0 µmol) and 
pentafl uorophenol (18 mg, 97.0 µmol) were added. The 
solution was stirred at room temperature for four days. 
DCC (40 mg) and pentafl uorophenol (36 mg) were 
added more after one day of stirring. The solvent was 
evaporated under reduced pressure and the dry product 
was dissolved in a few milliliters of CH2Cl2 and fi ltered 
through a cotton plug. Purifi cation of the crude product 
was performed twice by column chromatography; fi rst on 
Silica 100 and second on Silica 60, eluting both times 
with CHCl3. The product 21 was obtained from the fi rst 
green fraction (Rf = 0.90 in CHCl3/EtOAc 10:1) and crys-
tallized on a watch glass. After washing with n-pentane,
the product 21 was obtained as a dark green solid (27 mg, 
41%). UV-vis (CHCl3): λmax, nm (ε, M-1.cm-1) 343 
(56115), 689 (92162), 713 (89484). 1H NMR (300 MHz; 
CDCl3; Me4Si): δH, ppm 9.50–8.75 (6H, m, phthalo-H), 
8.34–8.14 (3H, m, phthalo-H), 7.22–6.80 (2H, m, 2,3-
phthalo-H), 4.93–4.40 (8H, m, OCH2CH2CH2O), 2.97–
2.48 (12H, m, OCH2CH2CH2O, COC2H4CO), 1.89–1.76 
(27H, m, C(CH3)3), -1.18–1.49 (2H, m, NH). MS (ESI-
TOF; CHCl3/MeOH 1:1): m/z 1385.4221 [M + Na]+ 
(calcd. for C70H60N8O10F10Na 1385.4170).
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1(4),8(11),15(18),22(25)-tetrakis[3-(hydroxy-
methyl)phenoxy]phthalocyanine (8). Lithium (200 mg, 
29 mmol) was dissolved in 1-octanol (20 mL) under 
argon atmosphere by heating the solution for 45 min. 
The lithium octoxide (20 mL) formed was added in the 
solution of 3-[3-(hydroxymethyl)phenoxy]phthalonitrile 
(7) (300 mg, 1.2 mmol) in THF (2 mL). The reaction 
mixture was stirred at 80 °C under argon atmosphere for 
three days. The dark green solution was cooled to room 
temperature, and MeOH/water 1:1 (100 mL) was added. 
The organic phase was separated and washed two times 
with water. First obtained water phase was washed with 
CHCl3, and organic layers were combined and solvents 
were evaporated. The crude product was poured into 
hexane (120 mL) and left to precipitate for one day. The 
precipitation was fi ltered and washed with hexane (2 × 
40 mL) and diethyl ether (4 × 40 mL). The product was 
dissolved in toluene/DMF 2:1 from the fi lter, and most 
of the solvent was evaporated under reduced pressure. 
The dark green product was purifi ed by column chroma-
tography on Silica 100, eluting with toluene/DMF 2:1. 
The target product was obtained from the fi rst blue-green 
fraction (Rf = 0.29 in toluene/DMF 4:1). The product was 
evaporated to dryness under reduced pressure (bath tem-
perature 70 °C), dissolved in MeOH and crystallized on a 
watch glass. After drying and washing twice with diethyl 
ether, the compound 8 was obtained as a dark green solid 
(235 mg, 78%). UV-vis (DMF): λmax, nm (ε, M-1.cm-1) 
331 (69011), 685 (146151), 711 (155172). 1H NMR (300 
MHz; (CD3)2SO; Me4Si): δH, ppm 8.20–7.38 (12H, m, 
phthalo-H), 7.35–6.91 (16H, m, Ar-H), 5.19 (4H, br t, 
J = 5.6 Hz, ArCH2OH), 4.57–4.39 (8H, m, ArCH2OH), 
-2.03–2.62 (2H, m, NH). MS (ESI-TOF; MeOH): m/z 
1003.3254 [M + H]+ (calcd. for C60H42N8O8 1003.3204).

1(4),8(11),15(18),22(25)-tetrakis[3-(3-bromo pro-
panoate methyl)phenoxy]phthalocyanine (12). The com-
pound 8 (100 mg, 0.1 mmol) was dissolved in THF/CH2Cl2 
1:1 (10 mL) and 3-bromopropionyl chloride (9) (1.64 M 
solution in CH2Cl2, 0.6 mL, 1.0 mmol) was added to the 
vial. The solution was diluted with CH2Cl2 (20 mL) and 
the reaction mixture was stirred at room temperature for 
three days. After 24 h and 48 h of stirring additionally 
0.6 mL of 9 was added. Water (3 mL) was added to the 
reaction mixture and stirring was continued for one day. 
The organic phase was separated, washed with water (6 × 
50 mL), and the solvent was evaporated under reduced 
pressure. The product was purifi ed by column chromatog-
raphy on Silica 60, eluting with CHCl3. The product 12 
was collected as fi rst fraction (Rf = 0.90 in CHCl3/EtOH 
18:1) and crystallized on a watch glass. After washing 
with n-pentane, the compound 12 was obtained as a dark 
green tar (73 mg, 47%). UV-vis (DMF): λmax, nm (ε, M-1.
cm-1) 330 (54185), 688 (104861), 714 (101833). 1H NMR 
(300 MHz; CDCl3; Me4Si): δH, ppm 8.90–7.75 (12H, br, 
phthalo-H), 7.69–7.03 (16H, m, Ar-H), 5.34–5.06 (8H, 
m, ArCH2O), 3.80–3.36 (8H, m, COCH2CH2Br), 3.04–
2.68 (8H, m, COCH2CH2Br), -1.08–1.85 (2H, m, NH). 

MS (ESI-TOF; CHCl3/MeOH 1:1): m/z 1539.0872 [M + 
H]+ (calcd. for C72H54N8O12Br4 1539.0673).

1(4),8(11),15(18),22(25)-tetrakis[3-(3-acetylsulfonyl-
propanoatemethyl)phenoxy]phthalocyanine (15). The 
product 12 (50 mg, 32.4 µmol) and KSAc (30 mg, 0.26 
mmol) were dissolved in acetone (32 mL). The reaction 
mixture was stirred at room temperature for one day and, 
after that, at 60 °C for one day more. More of KSAc 
(30 mg) was added, and stirring was continued at 60 °C 
of one day more. The solution was cooled and the sol-
vent was evaporated under reduced pressure. The crude 
product was taken into CHCl3 and the organic layer was 
washed with water (5 × 100 mL). The solvent was evapo-
rated to dryness under reduced pressure. Purifi cation was 
performed by column chromatography on Silica 60, elut-
ing with CHCl3. The product was collected as fi rst frac-
tion (Rf = 0.73 in CHCl3/EtOH 18:1), crystallized on a 
watch glass, and washed with n-pentane. The product 15 
was obtained as a dark green tar (35 mg, 70%). UV-vis 
(DMF): λmax, nm (ε, M-1.cm-1) 332 (49416), 688 (97500), 
713 (87202). 1H NMR (300 MHz; CDCl3; Me4Si): δH, 
ppm 8.83–7.73 (12H, br, phthalo-H), 7.67–7.03 (16H, m, 
Ar-H), 5.30–4.99 (8H, m, ArCH2O), 3.15–2.91 (8H, m, 
COCH2CH2S), 2.74–2.51 (8H, m, COCH2CH2S), 2.33–
2.15 (12H, m, SCOCH3), -1.40–2.31 (2H, m, NH). MS 
(ESI-TOF; CHCl3/MeOH 1:1): m/z 1523.3571 [M + H]+ 
(calcd. for C80H66N8O16S4 1523.3558).

1(4),8(11),15(18),22(25)-tetrakis[3-((pentafl uoro-
phenoxy)succinatoxymethyl)phenoxy]phthalo-
cyanine (22). The compound 8 (30 mg, 30 µmol) was 
dissolved in THF (5 mL). CH2Cl2 (10 mL), mono-tert-
butyl succinate (26 mg, 0.15 mmol), DCC (31 mg, 
0.15 mmol) and DMAP (catalytic amount) were added 
to the solution. The reaction mixture was stirred at room 
temperature overall for seven days. More DCC (30 mg) 
and mono-tert-butyl succinate (26 mg) were added after 
one, four and six days. The solvent was evaporated under 
reduced pressure, and the residue was dissolved in EtOAc 
(3 mL), fi ltered through a cotton plug and evaporated 
again. The crude product was purifi ed by column chro-
matography on Silica 60, eluting fi rst with CHCl3. The 
intermediate product, 1(4),8(11),15(18),22(25)-tetrakis-
 [3-(tert- butylsuccinatoxymethyl)phenoxy]phthalocya-
nine, was collected after changing the eluent to CHCl3/
EtOH 20:1 (Rf = 0.87 in CHCl3/EtOH 18:1). After crys-
tallizing the product on a watch glass, washing it with 
n- pentane and drying it in exsiccator for few days, the 
compound was obtained as green solid with quanti-
tative yield (48 mg). MS (ESI-TOF; CHCl3/MeOH 
1:1): m/z 3252.2451 [2M - H]- (calcd. for C92H90N8O20 
3252.2463).

The whole amount of 1(4),8(11),15(18),22(25)-
tetrakis[3-(tert-butylsuccinatoxymethyl)phenoxy]phtha-
locyanine was dissolved in dry CH2Cl2 (2 mL), and TFA 
(2 mL) was added. The solution was stirred at room tem-
perature for 4.5 h, and after that evaporated under reduced 
pressure. The residue was dried in exsiccator overnight. 
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The intermediate product, 1(4),8(11),15(18),22(25)-
tetrakis[3-(succinatoxymethyl)phenoxy]phthalocya-
nine, (Rf = 0.05 in CHCl3/EtOH 9:1) was obtained as 
dark green solid with quantitative yield (41 mg). MS 
(ESI-TOF; MeOH): m/z 1403.3928 [M + H]+ (calcd. for 
C76H58N8O20 1403.3845).

The product 1(4),8(11),15(18),22(25)-tetrakis [3-(succi-
natoxymethyl)phenoxy]phthalocyanine (41 mg, 30 µmol) 
was dissolved in EtOAc (15 mL) on ultrasonic bath. Pen-
tafl uorophenol (44 mg, 0.24 mmol) and DCC (49 mg, 
0.24 mmol) were added. The reaction mixture was stirred 
in ice bath for two days and at room temperature for one 
day. After one day of stirring in cold, more DCC (49 mg) 
and pentafl uorophenol (44 mg) were added. The solvent 
was evaporated under reduced pressure and the dry prod-
uct was dissolved in CH2Cl2 (3 mL) and fi ltered through 
a cotton plug. The crude product was purifi ed by column 
chromatography on Silica 60, eluting with CHCl3. The 
product 22 was obtained from the fi rst green fraction 
(Rf = 0.94 in CHCl3/EtOAc 18:1) and crystallized on a 
watch glass. The compound 22 was repurifi ed fi rst by fl ash 
chromatography (Silica 60, eluent CHCl3) and fi nally on 
preparative TLC plate (Silica gel 60 F254), eluent CHCl3. 
After solvent removal, the product 22 was crystallized on 
a watch glass, washed with n-pentane and obtained as a 
dark green solid (15 mg, 25%). UV-vis (CHCl3): λmax, nm 
(ε, M-1.cm-1) 337 (37420), 684 (89705), 716 (102761). 1H 
NMR (300 MHz; CDCl3; Me4Si): δH, ppm 8.79–8.21 (4H, 
m, α-phthalo-H), 7.81 (4H, t, J = 7.6 Hz, β-phthalo-H), 
7.57–7.38 (4H, m, β-phthalo-H), 7.38–7.02 (16H, m, 
Ar-H), 5.20–5.01 (8H, m, ArCH2O), 2.99–2.55 (16H, m, 
COC2H4CO), -1.51–2.05 (2H, m, NH). MS (ESI-TOF; 
CHCl3/MeOH 1:1): m/z 2067.3279 [M + H]+ (calcd. for 
C100H54N8O20F20 2067.3213).

Immobilization

Glass plates were cleaned fi rst manually with a cot-
ton stick and CHCl3, and then by sonication in CHCl3, 
acetone, chromosulfuric acid and NaOH (aq) (0.001 M), 
30 min in each solvent. After sonication in acetone, acid 
and NaOH, the plates were washed several times with 
MilliQ water. The cleaned glass plates were dried in oven 
at 150 °C. Glass plates with ITO layer on one side were 
cleaned by sonication in acetone/water 1:1, 2-propanol 
and CH2Cl2, 5 min in each solvent, and dried in oven at 
150 °C.

The gold substrates were prepared by thermal evap-
oration under vacuum of a layer of gold onto cleaned 
glass plates that had been precoated with a titanium 
adhesion layer. Titanium and gold layers were 2 nm and 
3 nm thick, respectively. Phthalocyanine SAMs were 
prepared by immersing the gold-coated glass plates in 
the Pc 13, 14 and 15 solutions in CH2Cl2 (3 mM) for 
30 min at room temperature [32]. After that, the plates 
were rinsed with CH2Cl2 and CHCl3, altogether ten 
times, and dried in air.

A reaction vessel, which was cooled after being in 
oven (150 °C), was charged with dry toluene (20 mL), 
isopropyl amine (0.4 mL) and 3-aminopropyltrimethoxy-
silane (2 mL) under argon fl ow [34]. The plates (glass and 
ITO) were immersed in the solution, the reaction vessel 
was fi lled with argon and heated at 105 °C for 1 h. The 
activated plates were cleaned right from the reactor by 
15 s sonication in toluene and toluene/acetone 1:1 mix-
ture. The plates were dried in argon fl ow (30 min), and 
used for further Pc immobilization immediately. Phtha-
locyanine (2 mg) was dissolved in dry toluene (20 mL) 
and loaded in the reaction vessel with argon. Concentra-
tion of 20 was 75 µM, concentration of 21 was 73 µM, 
and concentration of 22 was 48 µM. The dried activated 
plates were immersed in the solution, and reaction vessel 
was fi lled again with argon and heated at 105 °C. After 
2 h the plates were sonicated twice in toluene and once in 
CH2Cl2, 15 s in each solvent, and the samples were dried 
in argon fl ow (30 min).

CONCLUSION

We have developed a set of basic phthalocyanine struc-
tures, which can be easily fuctionalized to produce the 
monomolecular layers on gold, glass and ITO. We have 
demonstrated that the organization of the layer does not 
depend on the number of anchor groups only, but is infl u-
enced as well by the interaction of the macrocycle and 
the side substituents with the substrate surface. Research 
on the application of the synthesized Pcs in optical fi ber 
sensors, organic solar cells, and chromophore-function-
alized gold nanoparticles and SPR-sensors are under way 
and will be published in due time.
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