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Nanosized magnets, including single molecule magnets (SM#/s) =

and single-chain magnets (SCMsgre remarkable compounds /‘\ 0OCIO; N /

which show unique physical properties never previously observed o« P N\:N-’ 2 O\\ O@ I/“_'\‘,,r—'O\Fe"/

in conventional permanent magnets. The attention of numerous /Fe{ l,,‘N—FéE"\TN -’iii.O.Fi'Lo——"N/ s O
nanoscientists is currently directed toward the construction and the o\ /s oclo, T N=

behavior of such nanomagnets. SMMs and SCMs have well-defined /N \ /

structures and exhibit well-characterized easy-axis magnetic ani-
sotropy D < 0), forming a “double-well potential” which prevents Figure 1. Structure of thq singl_e-chain magnletcon_structed with an
. . alternate arrangement of high-spin Fe(ll) and low spin Fe(lll).
reversal of the molecular magnetization. SCMs are strategically
constructed nanomagnets based on the alignment of spin-carrier
components possessing easy-axis anisotropy which exhibit Glauber's
dynamics® Recently, we reported a novel type of SCM using spin-
carrier components possessing hard-axis anisotropy (or easy-plane
anisotropyD > 0), catena[F€'(ClO,){ Fe" (bpca}} ]ClO, (1 shown
in Figure 1), which is formed by an alternate arrangement of high-
spin F¢ and low-spin F# in the chain complef. The SCM
character ofl is derived from a twisted arrangement of easy-planes
of Fé' along the chain axis which generates easy-axis anisotropy
along the chain axis. 005
We have reported short-range spin orderingloin a zero- t/usec
magnetic field, which was confirmed by temperature-dependent rigyre 2. Zero-field uSR time spectra of the complek at various
Mossbauer spectroscopfaroadening of the Mssbauer signals due  temperatures. The corrected asymmetry from the sample was normalized
to paramagnetic relaxatidmccurred belw 7 K and two sets of by the value obtained at 20 K. Sqlid lines are thg best fit _results using
sextet signals appeared at 3.7 K, where the spin reversal slows dowr?mgle— or double-exponential functions described in the main text.
below the M@sbauer time scale of 10s. Muon spin relaxation
(«SR) is a unique experimental method to sense the fluctuations
of weak magnetic fields formed within the characteristic time
window of 106-10"1% s, Since the muon has a half spin with a
large gyromagnetic ratig/f, = 27 x 13.55 MHz/kOe) which is 4
times larger than that of a protonSR is a highly sensitive and
powerful probe of solid-state magnetic materis.1° The growth
of spin ordering of Fe(ll) spins can be probed even in the zero-
field (ZF) condition by making use of the self-polarization of muon
spin. uSR was once employed for investigating ordinal SCM
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spin and LF direction. Muons injected into the sample lose their
energy and come to rest at the minimum of the Coulomb potential.
The stopped muons decay with a lifetime of 2«8 and emit
positrons preferentially along the spin direction. These positrons
are detected to obtain the asymmetry paramafer defined as
A(t) = [F(t) — aB@O)J[F(t) + aB(t)], with F(t) andB(t) denoting

the numbers of positrons counted by the forward and backward
counters at a timé Thea is a calibration factor reflecting relative
counting efficiencies of the forward and backward counters. Then,

teme and th It briefly di d. In thi A(t) describes the degree of polarization of the muon spin. The
systems, and the results were brietly discussed. In this paper, We ;.o otion of the initial muon-spin depolarization is along the beam

report details of the short-range spin orderind.af ZF by means line, and LF was applied parallel to this direction.
of uSR measurements as well as the character of the incoming static F,igure 2 shows the ZESR time spectra at various temperatures

interpal magpetic field from the results @&R dependence on the down to 0.3 K. The muon spin depolarizes monotonically with time
IonzgllztudlndaIL-'leelgéLF). ied he RIKEN at 20 K. The time spectrum changes with decreasing temperature
RAL ;VIan Fﬂ i meaﬁurSmKen;s wclaredcarrlg . out atft € " and shows exponential-type depolarization behavior down to about
b U.OE acllity In the f 2‘7 ,\[;I)u\ze positive dsu::ace-mduon d 10 K. A loss of the initial asymmetry &t= O starts to be observed
eam with a momentum o evic was used. Forward and o\ 10 K, suggesting the appearance of strong internal fields at
b_a ckvv_ard counters v_vere_located on the upstream an_d _d_ownstrean}he muon site, and the muon spin depolarizes fast by the strong
sides in the beam direction that was parallel to the initial muon- fields within the resolution time of the detection system. The muon-
spin polarization is almost lost at a longer time region than about

; pohoku University. 2 us. This depolarized time spectrum in the longer time region
8§ The University of Tokyo. partially recovers and becomes nearly flat below 2 K.
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Figure 3. Temperature dependence of the initial asymmetry of the slow
depolarizing componen#§) and the depolarization ratéof.
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Figure 4. Variation of LFuSR time spectra with the longitudinal field of
the complext at 0.3 K. Solid lines are the best-fit results using the single-
exponential function (see text).

The two-exponential functiody exp(—Aot) + Ar exp(—4it), was
simply used to describe time spectra, wh&seA; and o, 4; are
the initial asymmetries and depolarization rates of the slow and
fast depolarizing components, respectively. Figure 3 summarizes
the results of the analysi8y decreases with decreasing temperature

temperature range. Because of short-range ordering of Fe(ll) ions,
the muon-spin polarization decays owing to distributed precession
frequencies, and the amplitude of the asymmetry decreases with
time.

The initial asymmetry below 2.0 K is close to one-third the total
asymmetry at 20 K (Figure 2). The saturatégibelow 2.0 K is
regarded as the so-called one-third tail of the static Ktibayabe
function}!? and this proves that almost all Fe spins are statically
ordered, showing the full magnetic volume fraction. The averaged
internal field at the muon site was also estimated to be #06
30 Oe.

In conclusion, the growth of short-range spin ordering in Fe-
(1) —Fe(Ill) SCM 1 was observed bySR. The observed phenom-
ena are very close to those observed for spin-glasses, and a similar
analytical method can be applied to reveal the details of spin
ordering. The uniaxial anisotropy arising from the twisted arrange-
ment of easy-plane anisotropy resulted in a slow reversal of the
spin even in a zero-external field balo6 K within the uSR
characteristic time window.
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and reaches a minimum at 6 K, and then shows a constant valueReferences

below 2 K.4¢ is enhanced with decreasing temperature and exhibits
divergence at 6 K. This observation of the divergence of the muon-
spin depolarization rate means that the critical slowing-down
behavior of the internal field at the muon site appears around 6 K,
which is caused by Fe spins. Both the decrease in the initial
asymmetry and existence of the critical slowing-down behavior are
typical characteristics of the appearance of a static magnetically
ordered staté!

LF was applied to confirm whether the ground state of Fe spins
is dynamic or static at 0.3 K (Figure 4). The normalized asymmetry
recovered with increasing LF and the time spectrum was almost
quenched by an LF of 1000 Oe. In addition, the time spectrum in
LF of more than 100 Oe was nearly flat showing that there is almost
no muon-spin depolarization due to dynamically fluctuating internal
fields at the muon site. These results indicate that the Fe(ll)-spin
fluctuations are almost suppressed at 0.3 K. Taking into account
the results of ZR+SR, it is concluded that the observed magnetically
ordered state appearing bel6 K is static. Following the previous
way 2 the magnetic transition temperature was determined to be 6
K, which is consistent with that determined by "Ssbauer
spectroscopy.

When a muon is located in a uniform magnetic field, all muons
precess with the same Larmor precession frequency to give a
periodic precession of the asymmetry. The lack of coherent muon-
spin precession in the magnetically ordered state below 6 K
indicates that muons probably locate in a widely distributed
magnetic field. This result supports the picture of short-range
ordered Fe(ll) ions observed by Msbauer spectra in the same
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