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Coordination complexes
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Crystalline coordination σ-

complexes of phthalocyanines 

haven’t been described yet 

[(η 6-cymene)Ru{η 5-Ni(OEP)}](BF4)2
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reduction

Synthesis

SnII(Pc2−)SnIVCl2(Pc2−)

{SnIVCl2Pc•3−}•− {SnIIPc•3−}•−

coorditanion

3 {cryptand(Na+)}{CpFe(CO)2[SnIIP4−]}−

4 {cryptand(Na+)}{Fe(CO)4[SnII(Pc•3−)]•−}

5 {cryptand(Na+)}{CpMo(CO)2[(SnIIPc)2]
•−}

6 {cryptand(Na+)}{Cp*RhCl2[SnII(Pc•3−)]•−}

7 [Ph5CpRu(CO)2SnII(Pc•3−)]0

8 {Cryptand(Na+)}{Ru3(CO)11·SnII(Pc•3−)}−

9 {Cryptand(M+)}2{Ru3(CO)10·[SnII(Pc•3−)]2}
2−

1 Cp*Mo(Br)0.83(CO)1.78[SnIIPc2−]

2 CpFe(CO)2[SnIIPc2−]

COMPLEXES WITH NEUTRAL 

MACROCYCLE

COMPLEXES WITH REDUCED 

MACROCYCLE





Magnetic properties
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 = - 27.6 K
 = - 7.7 K = - 18 K

S = 1/2 

 = - 28.1 K

[SnII(Pc•3−)]•−

[SnII(Pc•3−)]•−



Ph5CpRuII(CO)2[SnII(Pc •3−)] (7) 
- Cl-

Complex [Ph5CpRuII(CO)2SnII(Pc•3 −)]0 (7) 

[SnII(Pc•3−)]•− + Ph5CpRu(CO)2Cl

• The Heisenberg model for pairs of isolated 

antiferromagnetically coupled spins

• Qurie impurity (about 3 %)
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Temperature, K

Strong interaction between radical 

anions Pc•3− in dimers

J/kB = -183 K
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Multinuclear complexes 

10 (Cp*2Cr+){Ru3(CO)11·SnII(Pc•3−)}− СrIII(S=3/2) + Pc•3− (S=1/2)

11 (Cp*2Cr+){Os3(CO)10Cl·SnII(Pc•3−)}− СrIII(S=3/2) + Pc•3− (S=1/2)+OsI(S=1/2)

12 (Cp*2Cr+){Ir4(CO)11·SnII(Pc•3−)}2
− СrIII(S=3/2) + Pc•3− (S=1/2)

10, 11

12

Cp*2Cr

10:  = - 1.0 K

11: = - 5.2, OsI(S=1/2)

[SnII(Pc•3−)]•−

[SnII(Pc•3−)]•−

СrIII(S=3/2)

СrIII(S=3/2)



Ph5CpRuII(CO)2[SnII(Pc •3−)] (7) 

Perspective fields of research

Formally neutral closely packed 

complexes containing 

paramagnetic radical anions

Charge transfer from FeI to Pc2−

macrocycle with the formation of FeII 

and Pc4− macrocycle

[SnII(Pc4−)]2−

FeII

{cryptand(Na+)}{CpFe(CO)2[SnIIP4−]}− (3) 

ē





Nc•3−

Charge ransfer from FeI to Macrocycle2−

with the formation of diamagnetic FeII and paramagnetic Macrocycle•3−

Intramolecular charge transfer

FeII

Pc•3−

FeII

TPP•3−

FeII

ē ē



Porphyrin complex

Rare example of crystalline complex based 

on reduced porphyrin TPP•3−

CpFeII(CO)2 SnII(TPP•3−) (16)





Naphhalocyanine complex

{Cp*FeII(CO)2[SnII(Nc•3−)]} (14)

1D coupling in chains

Jintra/kB = -170 K

Jinter/kB = -40 K



1. Methods for the preparation of σ-bonded coordination complexes of
metal phthalocyanines have been developed;

2. A large series of crystalline complexes of tin(II) phthalocyanine in
different charge states with transition metals and clusters has been
obtained for the first time;

3. It has been shown that the reduced phthalocyanine macrocycle can act
as a paramagnetic ligand for transition metals;

4. A series of formally neutral paramagnetic complexes has been
obtained. Magnetic interactions are realized in dimers or chains in such
complexes. It has been shown that the optical and magnetic properties
of such systems can be "tuned" by using different macrocycles, as well
as compounds of various transition metals.

Conclusions


