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Abstract: Bulky inorganic polyhedral oligomeric silsesquioxanes (POSS) moieties were introduced onto the
porphyrin periphery in mixed (phthalocyaninato) (porphyrinato) terbium molecule, giving POSS-involved hybrid
triple-decker complex Th, (Pc) [T (OPOSS),PP], (1) [H,Pc =phthalocyanine; H,T (OPOSS),PP =5,10,15,20-tetra {[[/V-
[heptakis (isobutyl)propoxy|phenyl]octasiloxane|}porphyrin]. For com- parative study, triple-decker analogue Th,(Pc)
(TPP), (2) (H,TPP=5,10,15,20-tetraphenyporphyrin) was also prepared and structurally characterized. In particular,
Thy(Pc)[T(OPOSS),PP], (1) and Thy(Pc)(TPP), (2) were revealed to display intrinsic single molecule magnet (SMM)
and non-SMM (or field-induced) characteristic, respectively, at zero Oe (or a 3.0 Oe ac field), clearly indicating the
effect of the covalently linked, homogenously dispersed POSS moieties on effectively separating the magnetic cores

and improving the magnetic property of triple-decker compounds. CCDC: 989974, 2.

Key words: tetrapyrrole; sandwich POSS; molecular hybrid; single molecule magnet

WeHE B .2015-04-01, W& i H 1 .2015-05-22,,
FE & A RBF 5 4 (No.21290174) , 52 2 SRl 58 & BT 210973 1141)(No.2013CB933402 Fl No.2012CB224801),
FEIRIE R A . E-mail ; jianzhuang@ustb.edu.cn , jmdou@lcu.edu.cn



1762 Jd Hl fk

%31 4%

#o% 4R

0 Introduction

(SMMs) were first

noticed in early 1990s when a molecular metal

Single molecule magnets
coordination compound MnjAc was found to retain
magnetization for a long time without an external field
at liquid-helium temperature " In recent years, SMMs
have attracted increasing interest because of their
potential to develop new technological applications
including storage and process of digital information
with high density and unprecedented speed, the
molecular-scale spintronic  devices and quantum
computing at the molecular level™.

Investigations reveal that the energy barrier in
reversing magnetization for SMMs is mainly related
with the magnetic anisotropy projected on the ground
exchange and the multiplet projection of the total spin
addition, the

on the symmetry axis *L In

intermolecular magnetic  dipole-dipole interaction,
which may result in quantum tunneling of the
magnetization (QTM), can also influence the magnetic
properties of SMMs as exemplified by lowering of the
block temperature . To solve this problem, a physical
dilution method by means of the isostructural
diamagnetic analogues to dope the paramagnetic
SMMs is usually employed®. However, a large amount

of diamagnetic analogues is necessary for the purpose

Scheme 1

of effectively dispersing the diamagnetic counterparts
around the paramagnetic molecules to weaken the
intermolecular magnetic dipole-dipole interaction 9,
An alternative method of such a physical dilution way
appears to introduce bulky diamagnetic moieties
around the magnetic core by covalently linking. This,
however, has not been employed to diminish the
magnetic dipole-dipole interaction and in turn to
suppress the QTM effect in this field, to the best of
our knowledge.

In the present paper, we describe the design and
synthesis of the first POSS-involved hybrid triple-
decker complex Tb, (Pc) [T (OPOSS),PP], (1) [H.Pc =
phthalocyanine; H,T(OPOSS),PP=5,10,15,20-tetra {[[ V-
[heptakis(isobutyl)propoxy|-phenyl]octasiloxane|}porph-

of comparative studies,

Th,(Pc)(TPP),

(2) was also

yrin]. For the purpose

corresponding triple-decker analogue

(H,TPP=5,10,15,20-tetraphenyporphyrin)
prepared and structurally characterized. In particular,
comparative studies clearly reveal the effect of the
covalently linked, homogenously dispersed bulky
POSS moieties on effectively separating the magnetic
cores and improving the magnetic property of triple-
decker compounds as indicated by the intrinsic SMM
and non-SMM nature of Th,(Pc)[T(OPOSS),PP], (1) and

Thy(Pc)(TPP), (2), respectively, at zero Oe.

POSS

R=0-(CH,),-POSS

2

Schematic molecular structure of POSS-involved hybrid trilple-decker complex Thy(Pc)[T(OPOSS),PP] (1)
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1 Experimental

1.1 General Remarks

The trisilanollsobutyl POSS was purchased from
Hybrid (Hattiesburg, ~ MS,  USA).
Tetrahydrofuran (THF) was freshly distilled using Na
with  diphenyl nitrogen
N,N-dimethylformamide ~ (DMF) was
freshly distilled with CaH, under nitrogen atmosphere.
1,2,4-Trichlorobenzene  (TCB) was freshly distilled
with  CaH, nitrogen  atmosphere.
chromatography was carried out on silica gel (Merck,
Kieselgel 60, 63 pm~210 pm (70~230 mesh)) with

the indicated eluents. All other reagents and solvents

Plastics
ketone coloration under

atmosphere.

under Column

were used as received. The compounds of Y (acac); -
Th (acac); -nH,0, Li,Pc
(H,Pc=phthalocyanine), chloropropylisobutyl POSS, 5,
10,15,20-tetrakis(4-hydroxyphenyl)porphyrin and 5,10,
15,20-tetraphenyporphyrin, and Y,(Pc)(TPP), (H,TPP=
5,10,15,20-tetra-phenyporphyrin) were prepared accor-

nH,0 (acac=acetylacetone),

ding to the literature procedure!™.

The '"H NMR spectra were recorded on a Bruker
DPX 400 spectrometer in CDCI; with shifts referenced
to SiMe,
were tecorded on a Hitachi U-4100 spectrophoto-

(0.00 ppm). Electronic absorption spectra

meter. IR spectra were recorded in KBr pellets with 2
em ™ resolution using a Bruker Tensor 37 spectro-
meter. MALDI-TOF mass spectra were taken on a
Bruker BIFLEX III ultra-high resolution Fourier
(FT-ICR) mass

spectrometer with alpha-cyano-4-hydroxy cinnamic

transform ion cyclotron resonance

acid as the matrix. Elemental analyses were performed

on an Elementar Vavio El Il . Crystal data for

compound 2 were determined by X-ray diffraction
analysis at 150 K using Oxford Diffraction Gemini E
system with Cu Ko radiation A =0.154 18 nm, and
details of the structure refinement are given in Table
1. Magnetic measurements were performed on a
Quantum Design MPMS XL-5 SQUID magnetometer
on multicrystalline samples. Data were corrected for
using Pascal

the diamagnetism of the samples

constants and of the sample holder by measurement.
CCDC: 989974, 2.

1.2 Synthesis of 5, 10, 15, 20-tetra{[[N-[heptakis
(isobutyl)propoxy] phenyl] octa siloxane]}
porphyrin H,[T(OPOSS),PP]

The mixture of 5,10,15,20-tetrakis (4-hydroxy-
phenyl)porphyrin (34 mg, 0.050 mmol) and K,CO; (60
mg, 0.40 mmol) in dry DMF (200 mL) was refluxed
under ~3 c¢m?+min™ of N, stream at 80 °C for 1 h. To
which were added chloropropylisobutyl POSS (284 mg,
0.32 mmol) dissolved in dry THF (20 mL) and Nal (68
mg, 0.32 mmol). The resulting mixture was stirred at
80 °C for 24 h. After being cooled to room temperature,
the reaction mixture was extracted with chloroform
and then chromatographed on a silica gel column
using CHCI; as the eluent to give a violet band, which
was further purified using gel chromatography with
CHCIl; as eluent followed by recrystallization from
CHCI; and MeOH, providing a dark violet solid with
the yield of 19.1 mg (9% ). '"H NMR (400 MHz,
CDCly): 6 0.612~0.689(d, 56H, Bu-CH,), 0.965~0.981
(t, 8H, y propoxy-CH,), 1.000~1.017 (d, 168H, ‘Bu-
CH;), 1.868~1.973 (m, 28H, ‘Bu-CH), 2.067~2.124
(m, 8H, B propoxy-CH,), 4.216~4.249 (t, 8H, a propoxy
-CH,), 7.260~8.114 (d, 16H, Ph-H), 8.855 (d, 8H,

Table 1 Crystal data and structure refinements of compound 2

Compound 2

Formula C12sH7%ClN ¢ Thy
Formula weight 2 533.25
Crystal system Tetragonal
Space group 14/m

a/ nm 1.431 55(10)

b / nm 1.431 55(10)
¢/ nm 2.574 25(5)
V/cm?® 5.275 50(11)

A 2

6 range / (°) 3.43~63.81
D./ (grem?) 1.595

w/ mm™ 9.790
F(000) 2532

R\ (I>20(])) 0.067 0
wR> (I>20(1)) 0.183 5
wR, for all 0.191 4
GOF on F? 1.049
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pyrrole-H). MALDI-TOF MS:
peaking at m/z 4 110.77; Calcd. for CHaN4O5,Sis,,
4 108.38. Anal. Caled. (%) for CisHxNiO5Sis: C,
49.11; H, 7.41; N, 1.36; Found: C, 49.20; H, 7.04; N,
1.08

1.3 Synthesis of Thy(Pc)[T(OPOSS),PP], (1)

A mixture of H,[T(OPOSS),PP] (41 mg, 0.01
mmol) and [Tb (acac);]-nH,O0 (8 mg, 0.02 mmol) in
TCB (1.5 mL) was refluxed at 210 °C under ~3 cm?*:
min~' of N, stream for 4 h. The resulting dark cherry-

an isotopic cluster

red solution was cooled to room temperature, then
Li,Pc (2.6 mg, 0.005 mmol) was added. The mixture
was refluxed at 210C for a further 6 h, then the
solvent was removed under reduced pressure. The
reddish brown residue was applied on a silica gel
column with CHCly/hexane (2:1,V/V) as the eluent to
give a dark violet band, which was further purified
using gel chromatography with CHCIl; as eluent
followed by recrystallization from CHCI; and MeOH,
giving a dark green solid with the yield of 17.6 mg
(29%). '"H NMR (400 MHz, CDCl;): -92.658 (s, 8H,
Pc-aH), -90.178 (s, 8H, endo-ortho phenyl-H), -47.517
(s, 8H, Pc-BH), —42.527 (s, 16H, pyrrole-H), —31.500
(s, 8H, endo-meta phenyl-H), -5.886 and -5.657 (s,
48H, propoxy-H), -2.911 (s, 56H, ‘Bu-CH,), -2.339
(s, 168H, Bu-CHs), —1.605 (s, 28H, ‘Bu-CH), —1.424
(s, 56H, Bu-CH,), -0.741~-0.734 (d, 168H, Bu-CHj),
-0.258~-0.241 (d, 28H, Bu-CH), 12.771 (s, 8H, exo-
meta phenyl-H), 52.937 (s, 8H, exo-ortho phenyl-H).
MALDI-TOF MS: an isotopic cluster peaking at m/z
9 059.98; Caled. for CssHeisNi60104Si6Thy, 9 044.20.
Anal. Caled. (%) for CisHeisN16010:Si6Tha: C, 48.87; H,
6.87; N, 2.48; Found: C, 48.71; H, 6.72; N, 2.09.

1.4 Synthesis of Thy(Pc)(TPP), (2)

By means of the above-mentioned procedure
employed to prepare triple-decker 1 with a mixture of
H,(TPP) (6.1 mg, 0.01 mmol) instead of H,[T(OPOSS),
PP] as starting material, the target triple-decker
compound Th, (Pc) (TPP), (2) (5.0 mg, 39% ) was
obtained. Single crystals of 2 suitable for X-ray
diffraction analysis were grown from slow diffusion of
methanol into the CHCI; solution of this compound. 'H
NMR (400 MHz, CDCL): -94.308 (s, 8H, Pc-aH),

-92.655 (s, 8H, endo-ortho phenyl-H), -48.691 (s, 8H,
Pc-BH), -42.987 (s, 16H, pyrrole-H), =32.120 (s, 8H,
endo-meta phenyl-H), —-6.537 (s, 8H, para phenyl-H)
13.638 (s, 8H, exo-meta phenyl-H), 54.820(s, 8H, exo-
ortho phenyl-H). MALDI-TOF MS: an isotopic cluster
peaking at m/z 2 056.90; Caled. for CiuH7nNeThs,
2 055.81. Anal. Caled. (%) for CipH7NTh, - CHCI; -
2CH;0H: C, 65.97; H, 3.65; N, 10.00; Found: C,
65.78; H, 3.45; N, 9.65.

2 Results and discussion

2.1 Synthesis and Characterization
As a new class of condensed three-dimensional
compounds with cage

oligomeric  organosiliceous

framework, polyhedral oligomeric silsesquioxanes
(POSS) have attracted increasing interests in recent
years for the synthesis of organic-inorganic molecular
hybrid materials"”. However, despite the recent prep-
aration of quite a number of novel POSS-containing
molecular hybrid materials including MCM-POSS "',
Ce-POSS"™, and graphene-POSS!"", the POSS-contain-
ing molecular hybrid materials with porphyrin as
organic component still remain extremely rare, limited
to  Zn[T(POSS),PP] (5,10,15,20-tetrakis{[[/N-[heptakis
(isobutyl)propyl]
porphyrinato zinc) and Zn[M(POSS)PP] (5-{[[/V-heptakis

(isobutyl)propyl|benzamidato|phenyl}

benzamidatooctasiloxane|phenyl}

octasiloxane-10,
15, 20-tris(4-tert-butylphenyl)porphyrinato zinc)™, to
the best of our knowledge. In the present case, the metal
free 5,10,15,20- tetrakis(4-hydroxyphenyl)porphyrin H,
[T(OH)PP] was prepared according to published proce-
dures!™. Treatment of H,[T(OH)PP] with K,CO; followed
by reaction with chloropropylisobutyl POSS® affords the
porphyrin-POSS molecular hybrid, namely metal free 5,
10, 15, 20-tetra {[[ V-[heptakis (isobutyl)propoxy|phenyl|
H,|T(OPOSS),PP].
between H,[T(OPOSS),PP] and [Th(acac);]-nH,0 in situ
generates the monomeric intermediate Tb[T(OPOSS),
PP] (acac), which reacts with Li,Pc in 1,2,4-trichloro-

benzene

octasiloxane|}porphyrin Reaction

(TCB) to give mixed (phthalocyaninato)
(porphyrinato) triple-deckers Th,(Pc)[T(OPOSS),PP], (1)
in the yield of 39% (Scheme 1). For comparative study,
mixed (phthalocyaninato) (porphyrinato) triple-decker



ER

B LSRR SR IR 1 T 2 1 oAk = R AR B T A 1765

analogue Th, (Pc) (TPP), (2) (H,TPP =5,10,15,20-
tetraphenyporphyrin) was also prepared following the
same procedure. Satisfactory elemental analysis results
were obtained for these newly prepared triple-decker
compounds after repeatedly column chromatographic
purification followed by recrystallization (Table 2). The
MALDI-TOF mass spectra of these compounds clearly
show intense signals for the molecular ion [M]*. The
isotopic patterns closely resemble those of the simulated
ones given in Fig.1.
2.2 Structure of 2

Compound 2 crystallizes in the tetragonal system
with an /4/m space group with two triple-deckers per
unit cell. The crystal data are summarized in Table 1.

Fig.2 shows the molecular structure of 2 in two

different perspective views. In this triple-decker

the pyrrole and isoindole nitrogen atoms of an outer
TPP and the inner Pc rings, respectively, confirming
the ligand arrangement of [(TPP)Th(Pc)Th(TPP)] in the
triple-decker molecule. The two terbium centers are
identical in terms of their coordination geometry and
separation from the ligands. The twist angle, defined
as the rotation angle of one macrocycle away from the
eclipsed conformation of the two macrocycles, between
Pe ring and TPP ring is 3.59°. The Pc ring locates
exactly in the middle of the two terbium atoms with
the distance between the outer TPP and the inner Pc
rings of 0.310 2 nm. Both terbium centers lie closer to
the TPP ring due to its larger central cavity in
comparison with the Pc ligand, 0.123 9 vs. 0.186 3
nm, Table 3, with the intramolecular Th---Th distance

amounting to 0.373 6 nm, indicating the presence of

compound, each terbium center is octa-coordinated by significant intramolecular dipole-dipole interaction
Table 2 Mass spectroscopic and elemental analysis data for the compounds H,[T(OPOSS),PP],
Thy(Pc)[T(OPOSS),PP],, Thy(Pc)[TPP];*
Analysis / %"
Compound Molecular Formula Yield / % M* (m/z)"
C H N
H{T(OPOSS)PF] CHoNO-Si : 4110.77 49.20 7.04 1.08
R et (4 108.38) (49.11) (7.41) (1.36)
9 059.98 48.71 6.72 2.09
1 CesHo16N16010:S16: T, 39
(9 044.20) (48.87) (6.87) (2.48)
2 056.90 65.78 345 9.65
2 CioH7N T, 39
(2 055.81) (65.97) (3.65) (10.00)

* Calculated values given in parentheses. "By MALDI-TOF mass spectrometry. The value corresponds to the most abundant isotopic peak of the

protonated molecular ion

Table 3 Comparison of the structural data for 2

e
Th-N(TPP) bond distance / nm 0.240 2
Th-N(Pc) bond distance / nm 0.260 8
Th-N4(TPP) plane distance / nm 0.123 9
Th-N, Pc plane distance / nm 0.186 3
Interplanar distance / nm 0.310 2
Th,-Th, distance / nm 0.372 6
Dihedral angle between the N(TPP) and N,(Pc) planes / (°) 0
Dihedral angle ¢ for the TPP ring / (°)* 12.03
Dihedral angle ¢ for the Pc ring / (°)* 0
Average twist angle / (°) 3.59

“The average dihedral angle of the individual pyrrole or isoindole ring with respect to the corresponding NiTPP) or Ny(Pc) mean planes.

"Defined as the rotation angle of one macrocycle away from the eclipsed conformation of the two macrocycles.

“The data are mean value of those for compound 2
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(A) Experimental and (B) simulated isotopic pattern shown in the MALDI-TOF mass spectrum of H,T(OPOSS),PP], (C)

Experimental and (D) simulated isotopic pattern shown in the MALDI-TOF mass spectrum of Th,(Pc)[T(OPOSS),PP],

Fig.2  Molecular structure of 2 in side view and top view with hydrogen atoms omitted and the ellipsoids
drawn at the 30% probability levels (Th(l) green, C gray, N blue)

between the two Th atoms.

In the crystal of Th,(Pc)(TPP), (2), the adjacent
triple-decker molecules are connected by the solvent
CHCl; molecule to form a two dimensional (2D)
structure depending on the C-H --- Cl hydrogen
bonding interaction between the C-H bond of the
porphyrin phenyl group and the chlorine atom of
CHCIl;  with
distance of 1.431 6 nm, Fig.3. These 2D structures
(3D)

structure depending on Van der Waals interaction

the nearest intermolecular Tb --- Th

are further packed into three dimensional

(Fig.4), with the nearest inter-molecular Tbh --- Th

distance of 1.364 2 nm. These long intermolecular
terbium ionic distances seem to suggest the lack of
the intermolecular dipole-dipole interaction between
Tb ions. However, as detailed below, the non-SMM
nature revealed for this compound at zero Oe, in
combination with the typical SMM characteristic of
the same compound after dilution with the diamagnetic
Y,(Pc) (TPP),, clearly indicates the presence of inter-
molecular dipole-dipole interaction between Tb ions
and its effect on its magnetic properties. This appears
in line with the previous investigation results that the

dipole-dipole interaction between Tb ions with the
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Fig.3 Two dimensional packing plots of 2 in side view

distance of 1.16 nm still cannot be neglected ",

Repeated trials fail to afford single crystals of the
POSS-involved hybrid triple-decker complex Thy(Pc)[T
(OPOSS),PP], (1) suitable for X-ray diffraction analysis
despite the great efforts paid thus far.

As can be seen in Figs. 5 and 6, involvement of
two paramagnetic terbium ions in these compounds
induces observation of significantly broadened signals.
For the triple-decker compound 2 without the POSS
moieties, the signal observed at 6 =-94.308 and
-48.691 can be assigned to the non-peripheral and
peripheral protons of the Pc ring respectively, the
signal at 6 =—42.987 is attributed to the pyrrole
protons of the TPP ligand, while the signals at 6=
-92.655, -32.120, —-6.537, —13.638, and 54.820 are
due to the protons in the phenyl moieties of the
porphyrin ligand, Fig.5. This seems also true for the
triple-decker analogue 1 with POSS moieties attached
at the porphyrin ligand through the meso-phenyl

groups, Fig.6, with the signals of the Pc protons at
0 =-92.658 and -47.678, the signal of the pyrrole
protons of the porphyrin ligand observed at 6 =
-43.368, and the signals of the protons in the aryl
moieties of T(OPOSS),PP resonating at 6=-90.178,
-31.591, 12.775 and 53.302. Additional
observed at 6 =-2.911, -1.424, -2.339, -1.605,
-0.741~-0.734, and -0.258 ~—0.241 in the 'H NMR
spectrum of 1 are assigned to the protons in the
of POSS and the
appearing at 6=—5.891 and -5.660 to the protons in

signals

isobutyl  substituents signals
the propoxy linkers which connect the POSS and
porphyrin moieties.

The electronic absorption spectra of the two
complexes 1 and 2 recorded in CHCl; are shown in Fig.
7 and 8. Both triple-decker compounds 1 and 2 exhibit
typical feature of the electronic absorption spectra for
(phthalocyaninato)  (porphyrinato) rare earth

triple-decker complexes in the form of (TAP)M (Pc)M

mixed

/ 13642nm

Fig.4 Three dimensional packing plots of 2 in side view
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Fig.6 Part of '"H NMR spectra of compound 1 recorded in CDCl;

(TAP) (H,TAP=5,10,15,20-tetraarylporphyrin) with the
tetrapyrrole Soret bands appearing at 352 ~353 and
418~420 nm and Q bands at 492~493, 605~606, and
976~977 nm, respectively!

In the IR spectra of triple-decker compounds Th,
(Pc)[T (OPOSS),PP], (1) and Th,(Pc)(TPP),(2) (Fig.9),
the moderately strong band observed at 1 330~1 333
em™ is attributed to the characteristic IR band for Pe* 1,

In addition to the absorption bands contributed from

the central aromatic Pc and Por macrocycle (including

the wagging and torsion vibrations of C-H groups, and
the C =N aza group stretching vibrations that are
commonly appearing in the spectra of both compounds),
the strong absorptions observed at 1 102~1 109 c¢m™
for Th,(Pc)[T(OPOSS),PP], (1) are contributed by the
Si-0-Si stretching vibrations and the absorptions at
1 231~1 238 em™ by the symmetric C-O-C stretching
It that  both

absorptions could be observed in the IR spectrum of

Thy(Pc)(TPP), (2). This is also true for the most intense

vibrations. is worth noting these
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Fig.7 Electronic absorption spectrum of 1 in CHCI,
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Fig.8 Electronic absorption spectrum of 2 in CHC,

bands observed at 2 924~2 927 cm™" and 2 954~2 959
cm™ in the TR spectrum of 1 due to the antisymmetric
C-H stretching vibrations of the -CHy and -CH;
groups, respectively!®.
2.3 Magnetic Properties

The dc magnetic properties of triple-deckers 1
and 2 are shown in Fig.10 under a 1 000 Oe field in
the temperature range of 2 ~300 K. The effect of
covalently incorporated POSS moieties at the
porphyrin periphery on the magnetic behavior of the
terbium triple-decker complexes is shown in Fig.10 by
magnetic measurements over the sample of Th, (Pc)
(TPP), (2) diluted by Y,(Pc)(TPP), in the molar ratio of
1:9, isostructual to 2 according to XRD analysis (Fig.
11). The x.I' value for per mol Th, unit at 300 K is
23.68 cm®+K +mol™ for 1, 23.88 c¢m?-K -mol ! for 2,
and 23.81 cm®+K +mol™ for the diluted sample of 2,
respectively, which are all consistent with the
expected value of 23.62 em’®-K -mol ™ for two Th(Il)
ions ("Fy, S=3, L=3, g=3/2)". When the temperature is
lowered, the y.I' value of all the three samples

decreases slowly until about 20 K, resulting from the
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Fig.9 IR spectra of T(OPOSS),PP, 1 and 2

crystal-field effects such as thermal depopulation of
the lanthanide metal(l) Stark sublevels. Then the y,T
value increases quickly to reach a value of 22.04,
23.66, and 23.65 cm®+K +mol™ for 1, 2, and diluted
sample of 2 at 2 K, respectively, indicating the
presence of ferromagnetic interaction between two Th
(I) ions in the triple-decker molecules . However, at
low temperature, the curve of 1 increases more
quickly than that of 2, probably owing to the weak
antiferromagnetic interaction between the neighboring
triple-deckers in 2 caused by the intermolecular
dipole-dipole interaction. This is further verified by a
qualitative manner according to the Ay, T tendency by
subtracting the y, T of 1 from that of 2, Ay, T}, as well
as the Ay,I tendency by subtracting the y,,I" of diluted
sample of 2 from that of 2, Ay, T5. As shown in Fig.10,
as the temperature lowers, the y,T value increases
slowly until about 20 K, and then decreases quickly,
confirming the presence of antiferromagnetic interac-
tion between the neighboring triple-decker molecules
of 2. The change tendency of Ay,T; is much faster
than that of Ay,7T,, indicating that connecting bulky
inorganic POSS components at the porphyrin periphery
of triple-decker compound leads to more obviously
increase in the distance between neighboring triple-
decker molecules and results in a more significant
interaction

diminishment in the intermolecular
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Fig.10 Temperature (T) dependence of y,,I" for
compounds 1, 2, diluted 2, 2-1, and Fig.11  XRD patterns of 2 and diluted 2 together with
2-diluted 2 at 1000 Oe simulated pattern from single crystal XRD data of 2
between the triple-decker molecules than the physical -dependent character, revealing their SMM nature.
dilution method. Fig.12 displays the magnetization (M This, however, is not true for Thy(Pc)(TPP), (2).

vs H/T) curves for 1 and 2 at different temperatures (2,
3, 5 K), which shows a rapid increase tendency at low
field and eventually reach the maximum value of 8.93u;
for 1 and 6.09ug for 2 at 2 K, respectively, without
achieving the magnetization saturation in terms of the
expected saturation value of 18w for two Th(Ill) ions (Jus
for each Th(ll) ion), indicating the presence of magnetic
anisotropy and the crystal-field effect for the Th ()
ions.

Fig.13 shows temperature dependence of the in-
phase (x) and out-of-phase (x) ac susceptibility of Th,
(Pc)(TPP), (2) (A), diluted Th,(Pc)(TPP), (2) with Y,
(Pc)(TPP), at a molar ratio of 1:9 (B), and Th,(Pc)[T
(OPOSS),PP], (1) (C), respectively, under zero Oe dc
magnetic field in a 3.0 Oe ac field oscillating at 1.0~
870 Hz. The in-phase signal (yx) of both Th,(Pc)[T
(OPOSS),PP], (1) and diluted sample of Th,(Pc)(TPP),
(2) with diamagnetic Y,(Pc)(TPP), shows the frequency
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Obviously, introduction of the bulky POSS moieties
onto the porphyrin periphery in the triple-decker
compound 1 leads to the increase in the distance
between neighboring triple-decker molecules, inducing
a diminished intermolecular interactions between the
triple-decker molecules and therefore showing the
same effect over the magnetic behavior of triple-
decker compound as done by diluting method. This
result clearly indicates the advantage of connecting
bulky inorganic POSS components at the porphyrin
periphery of triple-decker compound in improving
their magnetic properties.

As expected, with the help of the external direct
current (dc) magnetic field, the frequency-dependent
character in the in-phase signal (x) and out-of-phase
signal ( x) becomes more obviously for both 1 and the
diluted sample of 2. Nevertheless, pure sample of

triple-decker compound 2 without slow relaxation
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Fig.12 M vs. H/T curves for 1 (A) and 2 (B) at different temperatures
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Fig.13  Temperature dependence of the in-phase (x') and out-of-phase (x”) ac susceptibility of Thy(Pc)(TPP), (2) (A), diluted
Thy(Pe)(TPP), (2) with Y,(Pc)(TPP), at a molar ratio of 1:9 (B), and Th,(Pc)[T(OPOSS),PP], (1) (C), respectively,

under zero Oe dc magnetic field

behavior under zero Oe dc magnetic field does show
the frequency-dependent character under the external
dc magnetic field, indicating its field-induced SMM

nature®™. On the basis of a thermally activated
mechanism, 7=7y exp[-U4/(kT)] and 7=1/(27v), the

Arrhenius law fitting for these picked peaks iny vs. T
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curves for compounds 1, 2, and diluted sample of 2
under 3 000 Oe dc magnetic field is shown in Fig.14.
A linear relationship exists between In (7) and 1/T for
1, 2, and diluted sample of 2, which in turn results in
similar  effective

the quite energy barrier of

magnetization relaxation Ug=14.4 cm™ (20.7 K), 13.4
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Fig.14 Temperature dependence of the in-phase (x') and out-of-phase (x") ac susceptibility of Thy(Pc)[T(OPOSS),PP], (1) (A, B),
Thy(Pc)(TPP), (2) (C, D) and diluted Thy(Pc)(TPP), (2) with Y,(Pc)(TPP), at a molar ratio of 1:9 (E, F), respectively,

under 3 000 Oe dc magnetic field
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em™ (19.3 K), and 13.9 em™ (20.0 K) for 1, 2, and the
diluted sample of 2 (but different relaxation time 7=
0.58, 82, and 53 w s) due to the effectively
suppressing of the QTM with external direct current
(dc) magnetic field in particular for the triple-decker
compound 2. This actually gives additional evidence
for the effect of the covalently connecting bulky
POSS porphyrin
periphery of triple-decker compound on separating the

inorganic components at the
magnetic cores and diminishing the intermolecular
interaction, which in turn improves the magnetic

properties of the triple-decker SMM.
3 Conclusions

Intrinsic and field-induced SMM nature were
revealed for the POSS-involved hybrid triple-decker
sandwich-type complex Th, (Pc) [T (OPOSS),PP], and
analogue Th, (Pc) (TPP),, respectively, indicating the
significant effect of covalently-linked, homogenously
dispersed POSS moieties around the triple-decker core
on improving the magnetic property of corresponding

compounds.
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