ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1of4ChemComm

o

&

o

Cite this: DOI: 10.1039/c0xx00000x

WWW.I'SC.Org/XXXXXX

ChemComm

Dynamic Article Links »

COMMUNICATION

A single chain magnet involving hexacyanoosmate

Eugenia V. Peresypkina,” Anna Majcher,” Michal Rams*”® and Kira E. Vostrikova**™$

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

The first single chain magnet (SCM) based on orbitally de-
generate hexacyanoosmate(Ill) was prepared. The high val-
ues of energy barriers for the [Mn(acacen)Os(CN)g]>” complex
of 81 and 48.4 K are the result of interplay of three axis aniso-
tropic coupling of [Os(CN)q]*~ with zero field splitted Mn**.

Low-dimensional molecular magnetic materials exhibiting slow
magnetic relaxation are important from the viewpoint of funda-
mental and applied science; since they may find applications in
such areas as information storage and quantum computing.' Their
magnetic behaviour is determined by an energy barrier U that has
to be surmounted to reverse the magnetization. The U value for a
single-molecule magnet (SMM) depends on the uniaxial anisot-
ropy energy of a molecule. For a 1D polymer appearance of slow
magnetization relaxation was predicted by Glauber.> Reported in
2001 Co"—radical complex was the first 1D compound displaying
slow magnetic relaxation®. The next experimentally studied
SCMs were a series of bimetallic coordination assemblies, in-
volving Fe"-CN-Co"-NC—** or Mn"" Schiff base (SB) complex
as anisotropic unit, [Mn,(SB),Ni(pao),]**,** one of which having
been the first SCMs described by the Glauber model. Since that
time SCMs study has become an especially active field of re-
search, disseminated by the efforts of chemists and physicists.
Contrary to SMMs, the energy barrier in SCMs depends not only
on the magnetic anisotropy strength but also on the magnitude
intrachain magnetic coupling.® Hence, it should be easier to

30 increase the U value for SCMs than for SMMs.

After the theoreticians' proposition to use the orbitally-
degenerate 4d/5d cyanometallates with strong spin-orbit coupling
as highly anisotropic synthons in the design of molecular nano-
magnets,” a variety of SMMs with such building blocks was ob-
35 tained,® as well as several SCMs.” However, to the best of our
knowledge, there are no reports of SCM based on anisotropic
[M(CN)¢]>, M = Ru and Os building units introducing non - Ising
type of spin coupling.

A recent report by Miyasaka et al. describing 1D polymers
based on paramagnetic [M>*%(CN)]* units and a Mn'" Schiff base
(SB) complex revealed a principal possibility of SCM behaviour
in alternating [-Mn"-NC-M"-CN-] systems.® In such chains,
where M™ signifies a 3d metal ion, the origin of the magnetic
anisotropy is zero-field splitting (ZFS) of the [Mn"™SB] complex
having an easy magnetization axis along the Jahn—Teller distor-
tion direction. It should be especially emphasized that in the case
of M™ = Ru or Os, there is an additional source of anisotropy
caused by spin-orbit coupling in [M(CN)s]*. The use of heavier
transition metal ions offers an extra benefit: presence of more
so diffuse 4(5)d-orbitals providing stronger exchange interactions.

b

=3

In this work we present the synthesis, crystal structure and
magnetic properties of the first chain heterobimetalic polymer
involving, together with [Mn"(SB)], hexacyanoosmate(III). The
choice of the paramagnetic constituents was driven by our prior
experience. The [0s(CN)g]* was selected due to the higher stabil-
ity of this complex in contrast with its Ru congener.”*Moreover,
the SB complex, [Mn(acacen)]’, acacen = N,N'-ethylenebis(ace-
tylacetonylideneaminato), in combination with cyanometallates is
able to form 1D structures as it was shown earlier,.”>*

Figure 1. The chain fragment in 1, H atoms are omitted for clarity.

Mixing of alcohol solutions of [Mn(acacen)(CH;OH),]|PF¢ (0.1
mmol, 1 mL) and (Ph4P);[Os(CN)g] (0.1 mmol, 2 mL) gave a
white precipitation of PhyPPF, that was discarded after centrifu-
gation. Diluting of the reaction mixture with i-propanol (3 mL)
led to a complex (Ph4P),[Mn(acacen)Os(CN)g](H,0), 5(CsH;0)q7
in the form of large prismatic brown crystals (1) after one week
storage in the dark. X-ray structural analysis revealed that 1 is a
1D polymer complex (Figure 1, Table S1 in ESI), containing one
Mn and two Os ions in the asymmetric unit. Both symmetrically
non-equivalent osmium centres have an almost non-distorted
octahedron coordination environment formed by six CN-groups
(Table S1). All Os—C bond distances vary within 0.01 A and all
bond angles NC-Os™-CN within 4.4° (Table S2). Apical sites of
the Mn"™ ion in the [Mn(acacen)]” moiety are occupied by cya-
nides in trans positions of [Os(CN)¢]*~ units, forming a zig-zag
chain. The donor atoms of acacen in the basal plane (20 and 2N)
are involved in shorter bonds of 1.90-1.98 A, and two nitrogen
atoms of trans-disposed CN ligands (x\eN-Mn—Ncy angle is
173.4°) form much longer (2.29-2.34 A) Mn—Ncy bonds (Table
S2). The Mn—N-C bond angles are much less than 180° and equal
142.2 and 146.1° alike to those in the cyanide bridged Mn'"-Fe
complexes.”

Similarly to compounds (Et;N),[Mn(acacen)Fe(CN)¢]* and
[Mn(SB)Fe(CN)¢]-4H,0,% in 1, the parallel chains form hexago-
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nal rod packing'® (Figure S3). The interstitial space is occupied
by Ph,P" and i-PrOH and H,O solvent molecules. The shortest
contacts Ncy...Hpy (2.695 and 3.053 A) in 1 are formed by the
same Ph,P" and [Os(CN)¢]>™ of adjacent chains. The hydrogen

s bonding (HB) network linking neighboring chains is absent. HB
details in 1 are presented in ESI (Figure S4). For further interpre-
tation of the magnetic properties of 1 it is important to note that
only one of two known to date compounds comprising
[Os(CN)¢]*” and Mn"(SB) complex,®®’ a trinuclear complex

10 [Mny(SB),(MeOH),0s(CN)s],* is very close by their geometric
parameters to the repeating unit of 1 (Figure S5).”
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Figure 2. Temperature dependence of x7 for 1 based on dc susceptibility
measured at 1 kOe (black points) and ac susceptibility at H,.=3 Oe, 10
15 Hz (red). Inset: hysteresis loops measured for a powder sample at differ-
ent temperatures and a constant sweep rate of the magnetic field.

The magnetic susceptibility of 1 is shown in Figure 2 as the y7
product. At 300 K the value of 3.4 is close to 3.30 cm’K/mol
expected for Mn'" spin S = 2 with g = 2.0 and Os" spin s = 1/2

2 with g = 1.8.% »T increases monotonously (without a minimum)
and reaches 160 cm®K/mol at low temperatures, pointing to pre-
dominant ferromagnetic interaction between the Mn and Os
spins. However, our attempt to describe the high temperature
xI(T) data using the Seiden model,'"" which is often used in the

2 case of alternating Heisenberg spin chains,®'> occurred to be
unsuccessful for 1. This may be related to a complicated interplay
between single-ion magnetic anisotropy of Mn"" and highly ani-
sotropic three axes exchange interaction between Os and Mn, as
observed previously for a chemically and structurally related tri-

3 nuclear complex® [Mny(SB),(MeOH),0s(CN),] (Figure S5) and
recently reported seven-nuclear Os(CN)s(Mn"™)s molecular clus-
ter.%

For 1D systems with an anisotropy, which produce a gap in the
energy spectrum, the low temperature divergence of susceptibility

35 should follow the relation 7" ~ exp(A#/kT), where A: is the do-
main wall formation energy.'® For 1 we estimated A:=384(4H) K
from the low field susceptibility data in the temperature range
10-20 K (Figure S6).

As shown in the inset of Figure 2, a hysteresis loop opens be-

40 low 2.8 K. The coercive field strongly depends on temperature
and the field sweep rate (Figure S7) and reaches 6 kOe at 1.8 K
for the sweep rate of 32 Oe/s. The ac susceptibility of 1 is pre-
sented in Figure 3. The maxima of the in-phase susceptibility y'

are accompanied by large peaks of the out-of-phase signal y". All

4s maxima shift to lower temperatures with ac frequency increasing.
The Mydosh parameter, defined as the temperature shift of y'
peak on a decade of frequency AT./[T,Alog(v)], equals 0.13,
which exceeds the value typical for spin-glasses.'
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so Figure 3. Temperature dependence of ac susceptibility for 1 measured at

H,. =3 Oe and different frequencies.
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Figure 4. Relaxation time of 1 derived from frequency dependent ac
susceptibility (black points) and time dependent dc magnetization (red
points). The solid line was fitted according to the Arrhenius model with
two relaxation processes.

55

For a quantitative study of the magnetic relaxation in 1 we
measured the ac susceptibility at fixed temperatures as a function
of frequency v in the range 0.01 to 1000 Hz (Figure S8). The x'(v)

s and y"(v) dependencies were fitted using the generalized Debye
model' to obtain the relaxation time 7 at each temperature. The
parameter a, describing a distribution of relaxation times, is in the
range 0.12-0.16 (Table S3, ESI). Such small values point to a
single relaxation process. This confirms good quality of the sam-

s ple and proves the SCM nature of observed relaxations. Below
2.8 K 7 is over 10 s, thus, dc magnetic measurements were used
to study the magnetization relaxation following switching off the
magnetic field from 10 kOe to 0 (Figure S9).

A stretched exponential decay model M(f)=Myexp(-(t/t)' ™) was

70 used to extract t from these data. The obtained values of n are
under 0.4. All measured relaxation times are shown in Figure 4.
A linear dependence of Int vs T"' denotes an Arrhenius activation
with an energy barrier, the slope changing at the crossover tem-
perature 7* = 3.5 K. This is a feature behaviour for experimental-

75 ly studied SCMs, for which a finite size of chains plays a role at
low temperatures.'® The energy barriers values, estimated by
fitting In(z) = -In(exp(-Az;/T)/zg; + exp(-At,/T)/7p;) to the Arrhe-
nius plot, were found to be A, = 81(4) K and A, = 48.4(9) K,
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above and below T*, respectively. These values are significantly
higher than the energy barriers reported for the chains composed
of hexacyanometallate, [M(CN)sJ*", and Mn®*", e. g. for M = Mn,
Fe, Cr, with A, values 25, 32, 48 K respectively.8 The difference
At;-At, = 33(5) K is close to the A; value, as expected. The ani-
sotropy barrier can be derived as A, = 2A7;-Ar, = 16(5) K.

The extrapolation of data measured for 1 at 1.8 K up to 50 kOe
gives the anisotropy field H, exceeding 200 kOe, which is much
higher than the values of about 100 kOe reported for Mn™ single-
ion anisotropy.® Since, in our case, the coordination environment
of the Mn ion is similar to those in Mn"(SB) complex,® the Mn™
anisotropy contribution should be alike. It is essential to underline
that the origin of magnetic behaviour of 1 as SCM is expected to
be very complicated due to unquenched orbital momentum of
[Os(CN)¢]*™ resulting in highly anisotropic Os-Mn spin coupling.
Importantly, the latter fact has been recently documented both
experimentally and theoretically for two related Os™-Mn™
SMMs.%" In a trinuclear Os™-Mn,™ compound,® the Os-Mn spin
coupling is described by an extremely anisotropic three-axis spin
Hamiltonian H = —J.8"06S" vin — 55 058 Mn — Jo870s8 Mn With oppo-
site signs of exchange parameters (J, =18, J, = +35 and J, = -33
em™).% Thus, in 1 we have a sophisticated situation coming from
a complicated combination of anisotropic Os-Mn exchange inter-
actions and single-ion magnetic anisotropy of Mn™ centres with
non-collinear orientations of the local magnetic axes x, y, and z.
To prove this fact, magnetic measurements on a single crystal
will be performed in near future. To the best of our knowledge,
such unusual and complicated case was not analysed before in the
literature for magnetically anisotropic SCM chains; some steps in
50 this direction are underway.

In summary, the first [Os(CN)]* -based single chain magnet
has been synthesized and fully characterized. The SCM character-
istics of 1 are the best in comparison to those of known to date
heterobimetallic 1D compounds consisting of [M(CN)s]*~ and
[Mn"'SB] units. These results represent a significant contribution
from the perspective of obtaining higher blocking temperature
cyanide based SCMs. Moreover, the appearance of a new com-
plicated system possessing slow magnetic dynamics is important
for the physicists to elaborate new theoretical SCM models.
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The first single chain magnet (SCM) based on the orbitally degenerate [OS(CN)6]3' anion were prepared. The high energy

barriers are a result of interplay of Mn3+ single-ion magnetic anisotropy and highly anisotropic three axes exchange inter-
actions between the paramagnetic centres.
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