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The Excited State of Phthalocyanines -
A Field of a Many Applications
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1. Introduction
Absorption at ~675 nm

What happens after absorption of light
From/by excited states of phthalocyanines??
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Phthalocyanines (Pc): A system with Broad Applications

Absorption at 660 – 730 nm

Applications
• Production per year more than 100.000 tons
• Broad use as pigments and dyes
• Ti(IV)(O) phthalocyanine as photoconductor

in laser printers and copy machines
• Active material in CD-R
• Cu(II)Pc in LC displays
• Co(II) phthalocyanines as catalyst for the 

petroleum sweetening (MEROX process)
• Al(III) and Zn(II) phthalocyanines as 
photosensitizers in the photodynamic cancer
therapy

• Photocatalyst (solar photochemistry)

Interest for applications
• Optical properties e.g. NLO
• Organic conductors
• Organic photovoltaic cells
• etc.

Much more applications
of phthalocyanines 
compared to 
porphyrins.

Phthalocyanines much 
less expensive then 
porphyrins
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Phthalocyanines (Pc): A system with great variability

Combination with inorganic and organic macromolecules
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Position of HOMO/LUMO energy positions
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2. Excited singlet state
Position of HOMO/LUMO and absorption of phthalocyanines,

Absorption of Zn(II) phthalocyanine at ~672 nm (E= 176 kJ mol-1, 1.84 eV).
Lifetime excited singlet state: ~3.8 ns.
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Visible light absorption in solution
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Novel NIR-Absorbing Annulated Multinuclear Phthalocyanines

D. Wöhrle, S. Makarov, Bremen; 2007/8

B. Roeder, C. Litwinski, E.A. Ermilov, Berlin

O.Suvorova, S. Makarov, Nizhnii Novgorod, Russia
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3. Fluorescence and intersystem crossing of phthalocyanines

Zn(II) phthalocyanine life time of excited singlet state: ~3.8 ns.

Quantum yield of intersystem crossing (ISC): ~0.65 (65%).

Florescence at ~679 nm. Fluorescence quantum yield: ~0.3 (30%).
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Long wavelength absorbing cationic Zn(II)-phthalocyanines
as fluorescent contrast agents for B16 pigmented Melanoma
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ΦF = 0.30

Absorption

Fluorescence

Absorption spectrum of ZnPcHe
in comparison to melanin, hemoglobin,
riboflavin, cytochrome C

27.2%

53.1%

21.2%

Uptake of ZnPcs in pigmented
melanoma tumour cells
measured 90 min 
after incubation of 2x10-9 mol/mL

V.Mantareva, M.Peeva, et al;; 2005
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In vivo fluorescence spectra of tumour and healthy tissue
B16 pigmented melanoma in mice, 
spectra recorded 24 after i.p. injection of ZnPcHe in DPPC liposomes, 0.3 mg/kg
Irradiation by optical fibre system

Excitation 660 nm

Excitation 633 nm

Tumor and surrounded normal skin

Clinically used ALA (aminolaevulinic
acid) has fluorescence intensity ratio
tumour : normal 2 times less

Fluorescence intensity ratio
Timour : normal skin = ~3
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Tautomers in metal-free binuclear H2Pc-H2Pc
at Room Temp. for the first time

Pc— Pc— parallel to bonding axis

PcI PcI perpendicular to bonding axis
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Potential application for 
molecular information storage

Up to now different tautomers of metal-free
porphyrins and phthalocyanines
were observed at T lower -180 oC
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4. Higher excited triplet state
Nonlinear optical property: Optical limiting by phthalocyanines
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Zn(II) phthalocyanine excited triplet state quantum yield
~0.65 (65%), life time ~1 ms.

Phosporescence at ~1100nm. Phophorescence
quantum yield ~10-5.
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Higher excited triplet state
Nonlinear optical property: Optical limiting by phthalocyanines
For use as filters (light protection)
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Saturable absorption

High transmittance
Low light intensity

Low transmittance 
High light intensity

A. Slodek, Bremen; 2006 
B. W. Blau et al., Dublin

Five-level scheme for excitation

Solids devices of phthalocyanines
by spin-coating

on glas or sapphire in 
poly(methylmethacrylate)

Absorption
530 nm
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5. Excited triplet state of phthalocyanines
Energy transfer to triplet oxygen

Zn(II) phthalocyanine excited triplet state quantum yield ~0.65 (65%),
life time ~1 ms.

Energy transfer to triplet oxygen under formation of singlet
Oxygen: Quantum yield ~0.55 (55%).

First:
Pc ─→ 1Pc* ─→ 3Pc*

Second:
3Pc* + 3O2 ─→ Pc + 1O2

Third:
1O2 +substrate ─→
oxidized substrate

O O

O O• •

N NN

N

NNN

N M



21

5a. Phthalocyanines and Naphthalocyanines
for photodynamic cancer therapy
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M. Shopova, V. Mantereva, 
M. Peeva, et al; 1993-2001
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Naphthalocyanines for photodynamic cancer therapy
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Porphyrins and porphyrazines for photodynamic cancer therapy

3

1
2

Comparison of pigmented melanoma growth rate in mice
• Application of 3 mg HpD and only 0.3 mg other photosensitizers per kg body weight
• Irradiation in the absorption of the PS with 370 mW cm-2 (360 J cm-2)

Δ : Control 1
● : Hematoporphyrin derivative (HpD)  2
○ : Zinc(II) phthalocyanine  3
□ : Tetra(acetamido)-substituted zin(II) naphthalocyanine 4

4
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I.p.in mice bearing
Lewis lung carcinoma.
After 24 irradiation:
fluence rate 380 mW/cm2,
Total fluence 360 J/cm2.

Mean tumour diameter
versus time after PDT.
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5b. Photoinactivation of microorganisms (PDI) 
by phthalocyanine zinc complexes

Bacterial suspension with cell densities of 106 till 109 cells/mL
↓
Incubation with 10-6 mol phthalocyanines for 10 min
↓
Irradiation for 2 till 10 min with light 675 nm
↓
Determination of survival fractions on agar plates

Photoinactivation of bacteria Staphylococcus aureus,
after irradiation with 100 mW/cm2 and 60 J/cm2
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V. Mantareva, et al; 
2006 up to now
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Photoinactivation (PDI) of microorganisms by phthalocyanine zinc complexes

Bacterial suspension with cell densities of 106 cells/mL
↓
Incubation with ~10-6 mol phthalocyanines for 10 min
↓
Irradiation for 2 till 10 min with light 635 nm (100 mW/cm2, 30 J/cm2

↓
Determination of survival fractions on agar plates

Photoinactivation of  Aeromonas hydrophila
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I�R=ZnPcMe,

No dark
toxicity

Total photo-
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Our interests in this topic

• Use of visible light or solar radiation: 1

• Reactions often in water: 1

• Use of oxygen (from air) for photooxidations: 1

-------------------------------------------------------------------------------

Number of so-called unlimited natural resources: 3

Investigated reaction:
• Photooxidations of toxic pollutants for waste water cleaning
• Photooxidations for synthesis of fine chemicals (rose oxide)

5c. Phthalocyanines as Photocatalysts
G. Schulz-Ekloff, R. Gerdes, G. Schneider, W. Spiller
Partly in collaboration with prosys company in Bremen
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Catalysts Photocatalysts

N NN

N

NNN

N M SO3H

SO3H

SO3H

HO3S

Open shell electron
configuration

Closed shell electron
configuration

M = Co(II), Fe(II),
V(IV)(O)

M = Zn(II), Al(III)OH
Si(IV)(OH)2

Interaction of the
metal ion with
substrate molecules

Under irradiation
excited state of 
phthalocyanines and 
interaction with oxygen

Example of a water soluble phthalocyanine

For detoxification of waste water from:
- sulfide
- organic sulfur compounds like thiols
- phenols, chlorinated phenols
- PAKs
photocatalytic oxidation are more effective than catalytic oxidations
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Phthalocyanines at macromolecules: Heterogeneous photocatalyst
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Loading: 4 – 10 μmol g-1

Polymer immobilized porphyrin derivatives
by ion exchange at ion exchangers.
One example given:

Advantages: 
- Easy separation

from reaction products
- Easy reuse
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Equipments

Loop reactor for application

Laboratory equipment

Solar
reactor
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Photooxidation of Phenols with Phthalocyaninetetrasulfonic Acids in Solution

C6H5O- + 3.5O2 + 4HO- CO3
2- +  H2O + HCOO- + -OOC-C=C-COO-

In aqueous alkaline solution; 0.36 mmol phenol, 0.25 µmol MPc
molar ratio sulfide: MPc = 1400;

Photooxidation of phenol
pH 10

Photooxidation of 2-chlorophenol
pH 10
• Irradiation with halogen lamp

180 mW cm-2, 1 AlPc, 3 ZnPc
• Irradiation solar light

1000 mW cm-2 2 AlPc, 4 ZnPc
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Degradation of industrial waste water
with polymer bound Si(X)2 phthalocyanine

Phenol containing waste water of the pharmaceutical industry
Before:                   After:                 Degradation:

Phenol index:                   2863 mg/l                      43 mg/l      98,5 %
COD  value:                   136.752 mg/l               53.900 mg/l      60,6 %
pH value:                            13,13                         11,54
Salt content:                                            40.000 mg/l

Polycyclic aromatic hydrocarbons (PAK) containing waste water
Before After             Degradation:

PAK amount:                    640 μg/l                        14 μg/l                97,8 %
COD value:                         83 mg/l                    < 15 mg/l  > 81,2 %
pH value 7,25                            7,05

D. Wöhrle

PAK: polycyclic aromatic compounds
CSB: sum of oxidizable compounds
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UV-Vis spectra (in water, 
SDS) 
of 1, 2, 3
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Photooxidation of 2-mercaptoethanol at 
pH 13 in water/SDS with 1, 2 ,3 
and a combination of all three dyes
2 R-S- + 3 O2 → 2 R-SO3

- + H2O
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OH

H CH3

1. O2, PS, hν

OH

H CH3

OH

H CH3

OOH
HOO+

H CH3

O

(S)-(-)-citronellol

H CH3

O
+

H H

(2S,4R)-(-)- (2R,4R)-(-)

rose oxide

Photooxidation of citronellol for production of rose oxide

10-3 citronellol, 10-6 mol Pc

S. Gorun, Newark USA

0%0.81ZnPcF64: R1= -C3F7,R2= -F

10%0.10ZnPcF16: R1,R2= -F

13%0.42ZnPc; R1,R2= -H

Decom-
position

Φ
1O2

Compound
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The Excited State of Phthalocyanines -
A Field of Many Applications

D. Wöhrle, Universität Bremen
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6. Summary
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The Excited State of Phthalocyanines -
A Field of a Many Applications

D. Wöhrle, Universität Bremen

University
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The Combination Phthalocyanines with Macromolecules
- The Way from Nature to New Synthetic Materials 

with Promising Properties

N N

NN

M
N N

NN

M

N N

NN

M
Si

O
O
O

Combination with 
organic polymers

Combination with
inorganic macromolecules,
surfaces 

Encapsulation in 
macromolecular 
molecular sieves

General Topic: MACROMOLECULAR METAL COMPLEXES
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Oxidation and Photooxidation of Sulfur Compounds and Phenols
Catalytic oxidations Photocatalytic oxidations

2R-S- + 0.5O2 + H2O

R-S-S-R + 2HO-

2H-S- + 2O2 

S2O3
2- + H2O

2H-S- + O2

O- +  O2

O +  HO-O

Mercaptan

S2 + 2HO-

Sulfid:

Phenol:

2R-S- + 3O2

2R-SO3
-

H-S- + 2O2 + HO-

SO4
2- + H2O

O- +  3.5O2+ 4 HO-

Mercaptan

Sulfid:

Phenol:

(SO4
2-)

CO3
2- + HCOO- + 3H2O

+ -OOC-CH=CH-COO-

O-
O2 +  HO-

Chlorophenols:

CO3
2-

Cl

+....+ Cl-

Photooxidation of toxic pollutants in waste water
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Commercial photoreactor with
fluorescence lamps

Fluorescence lamps with a highest emission in the absorption region of the photocatalyst
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Oxidations and Photooxidation of 2-Mercaptoethanol with
Co and  Zn Phthalocyaninetetrasulfonic Acid in Solution

Catalysis: 2R-S- +  0.5O2 +  H2O  R-S-S-R  +  2HO-

Photocatalysis: 2R-S- +  3O2 2R-SO3
- (SO4

2-)

In aqueous alkaline solution( pH 13); molar ratio sulfide: ZnPc = 1400;
illuminaton with 180 mW cm-2

Oxidation and photooxidation with low molecular
catalysts and photosensitizers

1 with CoPc(SO3
-)

4 dark and under illumin.

2 with CoPc(SO3
-)4 dark and under illumin.,

presence of detergent CTAC

3 with ZnPc(SO3
-)4 dark, presence of CTAC

4 with ZnPc(SO3
-)4 illumin, presence of CTAC

G. Schneider
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Photooxidation of Phenol with Phthalocyaninetetrasulfonic Acids
R.Gerdes, O. Bartels

C6H5O- + 3.5O2 + 4HO- CO3
2- +  H2O + HCOO- + -OOC-C=C-COO-

In aqueous alkaline solution; molar ratio sulfide: MPc = 1400 or 40 ;
Irradiation of a glass reactor with 180 mW cm-2 of a tungsten halogen lamp

Reuse of SiPc(SO3
-)4 on polymer
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