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ABSTRACT: The crystals of the ionic complex containing fullerene C60
2- dianions and positively 

charged (MDABCO+)2
.MnIITPP assemblies: {(MDABCO+)2

.MnIITPP}.(C60
2-).(C6H4Cl2)4

.(CH3CN)2 
(1) were obtained for the first time (MDABCO+: the cation of N-methyldiazabicyclooctane; TPP: 
te tra phenylporphyrin). The C60

2- dianions are isolated in the complex with the shortest center-to-center 
distance of 13.228 Å. The MnII atoms are six-coordinated in the (MDABCO+)2

.MnIITPP units. The 
length of the Mn-N(TPP) equatorial bonds of 2.093-2.098(1) Å corresponds to the high-spin state of 
the MnII atoms (S = 5/2) which was confirmed by the magnetic measurements (µeff = 5.61 µB at 300 
K). The MnII a toms are located exactly in the porphyrin plane and this results in the radial expansion of 
the porphyrin core. The long (2.537(1)-2.545(1) Å) Mn-N(MDABCO+) axial bonds indicate essential 
destabilization of the six-coordinated (MDABCO+)2

.MnIITPP units due to the population of the d(z2) 
orbital in high-spin state. The contribution from the C60

2- dianions was not found in magnetic measure-
ments on the basis of the contribution from high-spin MnIITPP and most probably they are diamag-
netic in the 2-300 K range. Copyright © 2008 So ciety of Porphyrins & Phtha locyanines.

KEYWORDS: fullerene C60, manganese(II) tetraphenylporphyrin, donor-acceptor complexes, coor-
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INTRODUCTION
Fullerenes form a large variety of compounds with 

metalloporphyrins ranging from covalently and coor-
dinatively linked dyad and triad molecules [1-3] to 
molecular and ionic donor-acceptor complexes [4-9]. 
The ionicity of the complex is an important factor for 
the manifestation of conductivity and magnetism [10]. 
However, due to relatively weak acceptor properties, 
fullerenes generally form molecular complexes with 
metalloporphyrins [4-7]. Only strong donors such as 

CrIITPP and SnIITpTP (TpTP: tetra(p-tolyl)porphyrin) 
can can ionize fullerenes in solid state in the presen ce 
of strongly coordinating ligands [8, 9]. 

We have been developing a multi-component ap-
proach, which allows the preparation of ionic fulle re ne 
complexes as single crystals. In this approach, neu tral 
porphyrin molecules are involved in the ionic fulle-
rene complex (C+).(C60

•-) by using relatively weak 
coordination bonds between cations or C60

•- with me-
talloporphyrins (the N-M or M-C bonds, respective-
ly) to form (C+).(Porphyrin).(C60

•-) complexes [11-16]. 
For these purposes, only a limited number of ca tions 
which have a free nitrogen atom like MDABCO+ (the 
cation of N-methyl diaza bi cyclo octane) can be used. 
At such a coordination, positively charged coordi-
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na tion assemblies are formed which can even be 
co-crys tallized with negatively charged fulle renes. 
The MII atoms in these assemblies are six-coordina-
ted as in (MDABCO+)2

.MIITPP (M = Zn, Co, Mn 
and Fe) [11] or fi ve-coor di nated as in (MDABCO+).
CoIITMPP (TMPP: te tra (p-metho xy phenyl) porphy-
rin) [12] and (MDABCO+).CoIIOEP (OEP: octa ethyl-
por phyrin) [13]. In these com plexes, we observed 
the rever sible for mation of the Co-C(C60

-) coordina-
tion bonds with the transition of the complex from 
paramagnetic to dia magnetic state [13], the unusual 
(C60

-)2 dimers bon ded by two C-C bonds [12], and the 
diamagne tic (C70

-)2 d imers or anti ferro ma gne ti cally 
interacting chains from C60

•- [11]. Among different 
metallo por phy rins, only co balt(II) porphyrinates are 
able to bind to C60

•- for ming stable Co-C(C60
-) coor-

dination bonds of 2.25-2.31 Å length. In this case, 
non-coor di nated cations (C+) such as TMP+ (tetra me-
thyl phos pho nium) [13], MPy+ (N-me thyl pyri di nium) 
[14], (C6H6)2Cr•+ (bis (ben zene) chro mium) [15] and 
TDAE•+ (tetra kis (di me thyl amino) ethy lene) [16] were 
used in the synthe sis. The resulting {CoIIporphyrin.
(C60

-)} anions are dia magnetic [13-15]. 
All multi-component ionic complexes between 

me tallo porphyrins and fullerenes obtained thus far 
con tain only fullerenes in the -1 charged state. In 
this work, for the first time, we have obtained the 
com plex of metalloporphyrin with -2 charged C60. 
The syn thetic route for the preparation of the crys-
tals of {(MDABCO+)2

.MnIITPP}.(C60
2-).(C6H4Cl2)4

.
(CH3CN)2 (1) was developed. The crystal struc ture of 
1 was solved. The complex was characteri zed by the 
IR- and UV-visible-NIR spectra. Its mag netic proper-
ties were studied by the SQUID technique, which al-
lo wed us to determine the spin state of (MDABCO+)2

.
MnIITPP and C60

2-. The geometry of the (MDABCO+)2
.

MnIITPP units in 1 and in other fullerene complexes 
was discussed.

EXPERIMENTAL

Materials

Manganese(III) tetraphenylporphyrin chloride 
(MnIIITPPCl), NaBH4, diazabicyclooctane (DABCO), 
so dium ethanethiolate (CH3CH2SNa), methyl iodide 
(CH3I) were purchased from Aldrich. C60 of 99.98% 
purity was received from MTR Ltd. Solvents were 
purified in an argon atmosphere. o-dichlorobenzene 
(C6H4Cl2) was distilled over CaH2 under reduced pres-
sure, acetonitrile (CH3CN) was distilled over CaH2, 
P2O5 and K2CO3 and hexane was distilled over Na/
benzo phenone. The solvents were degassed and sto-
red in a glove box. All manipulations for the synthe sis 
of air-sensitive 1 were carried out in a MBraun 150B-G 

glove box with controlled atmosphere and the con-
tent of H2O and O2 less than 1 ppm. The crystals were 
stored in a glove box and sealed in ana ero bic con-
ditions in 2 mm quartz tubes for SQUID measu-
rements under 10-5 Torr. The KBr pellets for IR and  
UV-visible-NIR measurements were prepared in a 
glo ve box. 

Synthesis

N-methyldiazabicyclooctane iodide (MDABCO.I) 
and MnIITPP were obtained as described in the li-
terature [13, 11]. The crystals of 1 were obtained by 
the following procedure: C60 (25 mg, 0.035 mmol), 
a 10-fold molar excess of CH3CH2SNa (30 mg, 0.36 
mmol) and a 5-fold molar excess of MDABCO.I 
(44.5 mg, 0.175 mmol) were stirred in CH3CN (4 mL) 
for 2 h at 60 °C. During stirring, the color of the so-
lution changed from violet to red. The NIR spectrum 
was measured to indicate the selective reduction of 
fullerene to the -2 charged state. o-C6H4Cl2 (10 mL) 
was added and MnIITPP (∼24 mg, 0.035 mmol) was 
dissolved in the obtained solution. The mixture was 
cooled, filtered in a 50 mL glass tube of 1.8 cm dia-
meter with a ground glass plug, and hexane (26 mL) 
was layered over the solution. The diffusion was car-
ried out for 2 months to give crystals of 1 on the wall 
of the tube. The solvent was decanted from the crys-
tals, which were washed with hexane to give black 
prisms with a characteristic blue luster (up to 1 × 1 × 
0.5 mm3 in size) with 50% yield. The composition of 
the complex was determined by the X-ray dif fraction 
on a single crystal: {(MDABCO+)2

.MnIITPP}.(C60
2-).

(C6H4Cl2)4
.(CH3CN)2 (1). Several single crystals se-

lected from the synthesis have the same unit cell pa-
rameters. Due to high air-sensitivity of 1, rea sonable 
elemental analysis was not possible (even for one 
sample, the determined content of carbon differs by 
1-2% due to oxidation).

General

UV-visible-NIR spectra were measured in KBr 
pel lets on a Shimadzu-3100 spectrometer in the 240-
2600 nm range. FT-IR spectra were measured in KBr 
pellets with a Perkin-Elmer 1000 Series spectro photo-
me ter (400-7800 cm-1). A Quantum Design MPMS-
XL SQUID magnetometer was used to measure static 
sus ceptibilities of polycrystalline 1 between 300 and 
1.9 K at 100 mT static magnetic field. A sample hol-
der contribution and core-temperature-independent 
dia ma gnetic susceptibility (χ0) were subtracted from 
the experimental values. The values of Θ and χ0 were 
cal culated in a high-temperature range using the ap-
pro priate formula: χM = C/(T-Θ) + χ0 and the experi-
mental data in the 10-300 K range. 
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X-ray crystal structure determination

Crystal data of 1: C292H160Cl16Mn2N20, Mr = 4625.48 
g.mol-1, black prisms, triclinic, P1, a = 13.2880(10), 
b = 18.8610(10), c = 21.9240(10) Å, α = 89.640(10), 
β = 81.270(10), γ = 72.390(10)o, V = 5172.0(5) Å3, 
Z = 2, dcalc = 1.488 g.cm-3, µ = 0.402 mm-1, F(000) 
= 2378, T = 100 (2) K, max. 2θmax = 54.34o, reflec-
tions measured 73645, unique reflections 20868, Rint 
= 0.0285, reflections with I > 2σ(I) = 15490, parame-
ters refined 2081, restrains 4632, R1 = 0.0553, wR2 = 
0.1703, G.O.F. = 1.056.

The intensity data for the structural analysis were 
collected on a MAC Science DIP-2020K oscillator 
ty pe X-ray imaging plate diffractometer with gra phi-
te monochromated MoKα radiation at low tempera-
tures using an Oxford Cryostream cooling system. 
Raw data reduction to F2 was carried out using the 
DENZO program [35]. The structures were solved 
by direct method and refined by the full-matrix least-
squares method against F2 using SHELX-97 [36]. 
Non-hydrogen atoms were refined in the anisotropic 
ap pro ximation. The positions of hydrogen atoms were 
cal culated geometrically. Subsequently, the positions 
of H atoms were refined by the “riding” model with 
Uiso = 1.2Ueq of the connected non-hydrogen atom or 
as ideal CH3 groups with Uiso = 1.5Ueq. 

Crystallo graphic data have been deposited at the 
Cambridge Crystallo gra phic Data Cen ter under num-
ber 682288. These data can be obtained free of charge 
from the Direc tor, CCDC, 12 Union Road, Cambridge 
CB2 1EZ, UK (fax: +44 1223-336033; email: depo-
sit@ccdc.cam.ac.uk or www.ccdc.cam.ac.uk).

Molecule disorder in 1

The crystallographically independent part con-
tains two halves of the (MDABCO+)2

.MnIITPP, two 
halves of C60

2-, four C6H4Cl2 molecules and two 
CH3CN molecules. One of two phenyl substi tu ents of 
both crystallographically independent (MDABCO+)2

.
MnIITPP units are disordered bet ween two orienta-
tions with the 0.73/0.27 occupancies due to a slightly 
different position and rotation angle. One C60

2- dia-
nion is disordered between two orien tations with the 
0.84/0.16 occupancies. These orien tations are lin ked 
by the rotation of C60

2- around the six-fold axis pas-
sing through the two oppositely lo cated hexagons by 
60º. The second C60

2- dianion is disordered bet ween 
three orientations with the 0.49/0.0.34/0.17 occu-
pancies. All four C6H4Cl2 mole cules are disor dered. 
Two molecules are disorde red bet ween two orien-
tations (the 0.82/0.18 and 0.60/0.40 occu pan cies), 
one molecule is disordered bet ween four orien ta-
tions (the 0.60/0.17/0.13/0.10 occu pan cies), and one 
molecule is disordered between six orien tations (the 
0.59/0.29/0.05/0.05/0.04/0.04 occu pancies).

RESULTS AND DISCUSSION
Selective reduction of C60 by propanethiol in the 

presence of potassium carbonate was carried out in 
po lar DMSO and a DMSO/benzene mixture up to 
the -2 and -1 charged states [17]. Later, commercial ly 
avai lable CH3CH2SNa was used for selective prepa-
ration of C60

2- in acetonitrile [18]. We modified this 
reaction to prepare ionic C60

2- complexes with diffe-
rent organic cations. An excess of CH3CH2SNa and 
the salt of organic cation (we used MDABCO.I) and 
C60 were stirred in acetonitrile (CH3CN). The re duc-
tion occurred up to the -2 charged state (accor ding 
to the NIR spectra) and was accompanied by the 
ca tionic metathesis reaction. The addition of o-di-
chlo ro benzene (C6H4Cl2) and MnIITPP with further 
diffusion of hexane into the obtained solution yiel-
ded the crystals of {(MDABCO+)2

.MnIITPP}.(C60
2-).

(C6H4Cl2)4
.(CH3CN)2 (1). The composition of the 

com plex was determined by X-ray diffraction on a 
single crystal. Several single crystals selected from 
the synthesis had the same unit cell parameters.

There are two MDABCO+ cations per one C60. 
There fore, fullerene should have -2 charged state. 
The IR- and UV-visible-NIR spectra of 1 justify this 
fact. The IR-spectrum contains the absorption bands 
of C60 at 517, 572, and 1367 cm-1. F1u(4) mode of C60 
(positioned at 1429 cm-1 in neutral fullerene) is most 
sensitive to charge transfer [19]. The C60 radical an-
ion salts with -1 charged fullerenes have the posi tions 
of this mode at 1388-1395 cm-1 [19-22]. The posi tion 
of F1u(4) mode in the spectrum of 1 shifts essen tial ly 
stronger to smaller wave numbers (1367 cm-1) indi-
ca ting the formation of C60

2-. The close position of 
F1u(4) mode at 1369 cm-1 was found in the spectrum 
of (Cp*2Co+)2

.(C60
2-).(C6H4Cl2, C6H5CN)2, which in-

volves C60 in -2 charged state [23]. The NIR spectrum 
of 1 unambiguously indicates the formation of C60

2- 
due to the presence of characteristic absorption bands 
at 834, 945 and 1320 nm (Fig. 1, arrows) [20, 21].

Fig. 1. UV-visible-NIR spectrum of 1 in KBr pellet in the 
340-1600 nm range
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MnIITPP manifests absorption bands in the spec-
trum of 1 at 446 (the Soret band), 572 and 614 nm 
(the Q-bands). The starting porphyrin has the posi-
tion of these bands at 443, 572 and 611 nm (starting 
MnIITPP can contain coordinated EtOH used in the 
synthesis [24] and, correspondingly, the Soret band 
can even be shifted relative to pure MnIITPP). It is 
seen that the coordination of two MDABCO+ cations 
to MnIITPP shifts the Soret band by 3 nm to the red 
side. Similar shifts of the Soret band (by 6-10 nm) 
were found previously in the spectra of the comple-
xes containing similar (MDABCO+)2

.MnIITPP assem-
blies and -1 charged fullerenes C60 and C70 [11].

The crystal structure of 1 was solved at 100(2) K. 
It contains two crystallographically independent C60

2- 
and (MDABCO+)2

.MnIITPP species. There is a lar-
ge free space in the packing of porphyrins, fullere-
nes and cations, which allows the insertion of four 
C6H4Cl2 and two CH3CN molecules per formula unit. 
The C6H4Cl2 molecules are disordered, whereas both 
CH3CN mo lecules are ordered. The C60

2- dianions are 
disor de red. One dianion is disordered between two 

orienta tions with the 0.82/0.18 occupancies and the 
second dia nion is disordered between three orien ta-
tions with the 0.49/0.34/0.17 occupancies. The en-
vi ronment of two crystallographically independent 
C60

2- is very simi lar. Each C60
2- is surrounded by 

four MDABCO+ ca tions (Fig. 2). There are also two 
MnIITPP and several solvent molecules, which form 
van der Waals C…C and C… Cl contacts with C60

2- 
(not shown in Fig. 2). The C60

2- dianions are comple-
tely separated from each other. The shortest center-
to-center distance is 13.228 Å. The distance be tween 
two crystallographically independent C60

2- is 15.367 Å 
(this pair is shown in Fig. 2). This is not the case 
in the complexes contai ning (MDABCO+)2

.MnIITPP 
units and -1 charged ful le renes as more dense pa cking 
is realized as one-dimensional chains from C60

•- or 
la yers from the (C70

-)2 dimers [11].
Two MDABCO+ cations coordinate to MnIITPP. 

There fore, the MnII atoms are six-coordinated with 
dis torted octahedral surroundings (Fig. 3). This is a 
qui te rare coordination mode for MnIITPP since pre-
vious ly it was shown that even in a large excess of li-

Fig. 2. Fragment of the crystal structure of 1 showing the surroundings of two crystallographically independent C60
2- dianions. 

Only one major occupied orientation is shown for both C60
2-. Solvent molecules (except one C6H4Cl2 molecule in major occupied 

orientation) are omitted for clarity
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gands, only five-coordinated high-spin MnIITPP.L 
spe cies (L = Py, 1-MeIm, 2-MeIm) are formed [24]. 
The (MDABCO+)2

.MnIITPP units in 1 are most pro-
bably stabilized in the solid state due to the interac-
tion with the fullerene anions. We showed that such 
coordination units are also formed in the comple xes 
with -1 charged fullerenes [11].

The geometry of MnIITPP is defined to a great ex-
tent by the spin state of the MnII atoms. We analy-
zed the geometric parameters of the (MDABCO+)2

.
MnIITPP units in 1 (Fig. 3a) and other fullerene 
complexes [11] (Table 1). The Mn-N(TPP) bonds 
are long (2.081-2.110 (2) Å) and characteristic of 
high-spin MnIITPP (S = 5/2). High-spin four-coordi-
na ted MnIITPP.(C6H5CH3)2 units have similar bond 
lengths (2.082-2.085(2) Å [25]). The elongation of 
the Mn-N(TPP) bonds is associated with the singly 
oc cupied d(x2-y2) orbital in the high-spin state of 
MnIITPP, which is antibonding relative to the Mn-
N(TPP) bonds. This orbital is unoccupied in high-
spin MnIIITPP [26], low-spin (NO).MnTPP.(MPip) 
[27] and intermediate spin state (S = 3/2) MnIIPc (Pc: 
phthalocyanine) [28] that provides shorter equatorial 
Mn-N bonds (1.94-2.03 Å, Table 1).

The MII atoms in the high-spin state are large. 
They can displace out of the mean porphyrin pla ne 
oscillating between two positions or can be lo ca ted 
in the porphyrin plane. For both positions of the MII 

atoms, radial expansion of the porphyrin co re should 
occur. For example, the radial expansion of the por-
phyrin core was found in the high-spin FeIITPP.
(THF)2 when the iron(II) atoms are positioned in the 
porphyrin plane [29] (Table 1). In high-spin MnIITPP.
(C6H5CH3)2, the radial expansion of the porphyrin 
co re is accompanied by the displacement of the MnII 

atoms by ±0.177 Å out of the mean porphyrin plane 
[25].

The degree of radial distortion of the porphy rin co-
re can be estimated from the difference in the length 
of two Mn…C distances, and the perpendi cular dis-
placements of the atoms from the 24-atom porphy rin 
plane (Fig. 3b). The largest displacements were found 
for the nitrogen atoms of pyrrole rings (these va lues 
are listed in Table 1). The MnII atoms are positio-
ned exactly in the porphyrin plane in (MDABCO+)2

.
MnIITPP when it forms a complex with the (C70

-)2 di-
mers [11]. This results in the largest radial expan sion 
of the porphyrin core (Table 1). For the (MDABCO+)2

.
MnIITPP units in the previous ly described complex 
with C60

•-, the thermal parameter of the MnII atom, 
for the vibration perpendicular to the porphyrin plane 
is essentially higher than that of the N atoms, and the 
disorder model in which the MnII atom was distri bu-
ted between two symmetry-equivalent, out-of-plane 
positions with iso tropic temperature factors can be 
applied. However, the accuracy of the crystal struc-
ture determination does not allow the position of the 
MnII atoms with aniso tropic temperature factors, to 
be simulta ne ously refi ned because they show large 
correlations [11]. The out-of-plane displacement of 
the MnII atoms from the mean porphyrin plane esti-
mated using this model, was ±0.127 Å. In this case, 
mo derate radial expansion of the porphyrin core is 
rea lized (Table 1). Both crys tal lographically inde-
pendent (MDABCO+)2

.MnIITPP units in 1 have the 
MnII atoms exactly in the porphyrin plane since they 
are located in the centers of symmetry, whereas the 
radial expansion of the por phyrin core has modera-
te values (Table 1). Thus, all (MDABCO+)2

.MnIITPP 
units manifest radial ex pansion of the porphyrin core  

Fig. 3. Molecular structure of one of two (MDABCO+)2
.MnIITPP units in 1 (with the larger radial expansion) (a); the structure of 

the porphyrin core (b). Upper half shows the structurally independent bond lengths and lower half shows perpendicular displace-
ments of the atoms (in 0.01 Å units) from the mean 24-atom porphyrin plane
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whereas the MnII atoms can locate in the porphyrin 
plane or displace out of this plane. The transition of 
me tal lo porphyrin to the low-spin state decreases the 
length of the M-N(TPP) bonds (1.980-1.997(2) Å) 
and the radial expansion of the porphyrin core as in 
(MDABCO+)2

.CoIITPP, Table 1).
The Mn-N(MDABCO+) distances are long in the 

(MDABCO)2
.MnIITPP units (2.515-2.545(1) Å) sho-

wing their essential destabilization. That is the rea son 
why high-spin MnIITPP with two coordina ted li gands 
was not observed previously. MnIITPP in the high-
spin state occupied the d(z2) orbital and name ly an 
unpaired electron from this orbital is invol ved in the 
bonding with the ligands. The length of the M-N(L) 
bonds for low-spin FeIITPP.(Pip)2 [30] and (NO).
MnTPP.(MPip) [27] is essential ly smaller (Table 1). 
The exception is low-spin (MDABCO+)2

.CoIITPP, 
which has an occupied d(z2) orbital (the Co…N(L) 
dis tance is 2.478(2) Å) [11]. It was shown that the 
re mo val of one electron from the d(z2) orbital in 
CoIIITPP+ leads to a noticeable shortening of the Co-
N(L) bonds in (CoIIITPP+).(piperidine)2 (2.060(3) Å) 
[31], compared with the Co-N(L) bonds in CoIITPP.
(piperidine)2 (2.436(2) Å) [32]. The additional con-
tribution to the destabilization of the (MDABCO+)2

.
MnIITPP units can provide the re pulsion between po-

sitively charged MDABCO+ ca tions (the distance be-
tween charges is 10.18 Å).

Coordinated nitrogen atoms of the two ligands and 
the metal(II) atom of porphyrin lie along a straight 
line in the six-coordinated units. The angles bet ween 
the perpendicular to the mean porphyrin plane and this 
line is only 1º in CoIITPP.(piperidine)2 [32], and 2º 
in (MDABCO+)2

.CoIITPP and (MDABCO+)2
.MnIITPP 

in the complex with C60
•- [11]. The lar ge expansion 

of the porphyrin core is observed in (MDABCO+)2
.

MnIITPP in the complex with the (C70
-)2 dimers [11] 

and in FeIITPP.(THF)2 [29]. In this case, the angles 
are 5º and 8.3º, respectively. For the (MDABCO+)2

.
MnIITPP units in 1 the intermediate values of these 
angles were found (2.7º). 

Magnetic properties of 1 were studied by SQUID 
and EPR techniques in the 1.9-300 K range. The ma -
gnetic moment of the complex is equal to 5.61 µB 
at 300 K indicating the high-spin state of the 
(MDABCO+)2

.MnIITPP units (S = 5/2, µeff = 5.91 µB). 
Pre viously, it was shown that these coordi nation units 
also have a high-spin state (S = 5/2) in the com ple-
xes with -1 charged fullerenes [11]. The contri bu tion 
of the C60

2- dianions to magnetic suscepti bility of 1 
should be small. The C60

2- di anions are either dia mag-
netic from 4 K up to room tem pe rature (rt = 295 K) 

Table 1. Geometric parameters of the six-coordinated MIITPP units in high- and low-spin states

Complex M-N(TPP), Å M-N(L), Å M…C distances, 
difference, Å

Displacement of 
N atoms from the 

porphyrin plane, Å

{(MDABCO+)2
.MnIITPP}.(C60

•-)2
.solvent 

[high-spin, 11]

2.081(2), 2.110 (2) 
MnII dis pla ces out of 
plane by ± 0.127 Å

2.531(2) 3.456(2), 3.479(2) 
0.023 0.063, 0.122

{(MDABCO+)2
.MnIITPP}.(C70

-)4 
.(MDABCO+)2

.solvent [high-spin, 11]
2.097(2), 2.098(2) 
MnII in plane 2.515(2) 3.446(2), 3.486(2) 

0.040 0.117, 0.125

{(MDABCO+)2
.MnIITPP}.(C60

2-).solventa 
[this work]

2.093(1), 2.094(1) 
MnII in plane 2.545(1) 3.449(3), 3.469(3) 

0.020 0.104, 0.118

{(MDABCO+)2
.MnIITPP}.(C60

2-).solventa 
[this work]

2.095(1), 2.098(1) 
MnII in plane 2.537(1) 3.444(3), 3.477(3) 

0.033 0.076, 0.133

MnIITPP.(C6H5CH3)2 [high-spin, 25]
2.082(2), 2.085(2) 
MnII dis pla ces out of 
plane by ± 0.177 Å

- 3.466(3) 0.030, -0.140

(NO).MnTPP.(Mpip) [low-spin (S = 1/2), 27]
aver. 2.028(4) MnII 
displaces out of plane 
to NO by ∼0.1 Å

2.206(5) Mpip 
1.644(5) NO - -

{(MDABCO+)2
.CoIITPP}.(C60

•-)2
.solvent 

[low-spin, 11]
1.980(2), 1.997(2) 
CoII in plane 2.478(2) 3.432(2), 3.443(2) 

0.012 0.012, 0.062

FeIITPP.(THF)2 [high-spin (S = 2), 29] 2.054(2), 2.060(2) 
FeII in plane 2.351(3) 3.435(3), 3.466(3) 

0.031 0.100, 0.120

FeIITPP.(Pip)2 [low-spin (S = 0), 30] 2.000(3), 2.008(3) 
FeII in plane 2.127(3) 3.434(4), 3.449(4) 

0.015 0.007, 0.008

a Data for two crystallographically independent units in 1.
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[33] or they can be diamagne tic at low tempera tures 
but manifest the population of the excited triplet state 
at higher temperatures [23, 34]. Nevertheless, even at 
rt the population of the exci ted triplet state is small 
and does not exceed 6% [23]. Such a small contri-
bution cannot be revealed on the basis of high-spin 
MnIITPP. The Weiss tempe ra ture of -0.8 K (10-300 
K) shows only weak magnetic inter ac tion of spins. 
This can be explained by the large distan ces bet ween 
paramagne tic (MDABCO+)2

.MnIITPP units separa-
ted by the diamagnetic C60

2- di anions, which cannot 
effective ly transfer magnetic interaction. Previously, 
similar magnetic behavior was observed in the com-
plex containing the high-spin (MDABCO+)2

.MnIITPP 
units and the dia mag netic (C70

-)2 dimers (the Weiss 
temperature is close to zero) [11].

CONCLUSION
For the first time the multi-component ionic com-

plex 1 containing C60
2- dianions and positively char-

ged (MDABCO+)2
.MnIITPP assemblies was obtained 

as single crystals. The MnII atoms are six-coordi na ted 
in 1 and have high-spin state (S = 5/2). The long Mn-
N(TPP) (2.095-2.098(1) Å) and Mn-N(MDABCO+) 
bonds (2.537-2.545(1) Å) can be attributed to the p o-
pulation of the d(x2-y2) and d(z2) orbitals in the high-
spin MnIITPP. The MnII atoms position in the por-
phyrin plane and that results in the radial expan sion 
of the porphyrin core since they have large size in the 
high-spin state. The displacement of the MnII atoms 
from the 24-atom porphyrin plane was also found at 
the moderate radial expansion of the porphyrin core 
(as in the complex of (MDABCO+)2

.MnIITPP with 
C60

•-) [11]. Thus, for the (MDABCO+)2
.MnIITPP units, 

both in-plane and out-of-plane positions of the MnII 

atoms are possible. The contribution from the C60
2- di-

anions can not be revealed in SQUID mea surements 
on the basis of high-spin MnIITPP. The re fore, they 
are most probably diamagnetic in the 2-300 K range. 
Diamagnetism of the C60

2- dianions defines the ab-
sence of noticeable magnetic interactions in 1 since 
high-spin (MDABCO+)2

.MnIITPP units are magneti-
cally isolated by diamagnetic C60

2- dianions. 
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