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Abstract

Using zero field (ZF) and longitudinal field (LF) pSR we study the magnetic properties of high spin molecules (HSM)
with spin § =%’ and . The LF-uSR at very low temperatures suggests that in both our samples dynamical field
fluctuations are responsible for the muon relaxation. The relaxation rate A increases as the temperature decreases and
then saturates below T < T, indicating that the dynamics is of quantum nature. The fluctuation rate at T — 0 of the
different samples is compared. © 2000 Elsevier Science B.V. All rights reserved.
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High spin molecules (HSM) consist of magnetic
ions coupled by ferromagnetic or antiferromagnetic
interactions. These molecules crystallize in a lattice
where neighboring molecules are magnetically sep-
arated, yielding, at low temperatures, noninteract-
ing giant spins §. Due to magneto-crystalline
anisotropy, the dominant part of the Hamiltonian
is an even function of § [1,2], and when the temper-
ature is much lower than some anisotropy barrier,
the only possible relaxation mechanism is of quan-
tum mechanical origins.

In this paper we report experiments on two
compounds  [Cr(CN)Ni(tetren)s ](C1O4)9  and
[Cr(CN)Mn(trispicmeen)s J(C1O4)s denoted here
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as CrNig and CrMng, respectively. The CrNig
magnetic cores are situated on an ordered lattice,
where the distance between the two neighboring
cores is 15.68 A, while the distance between a Cr ion
and a Niion in the same core is 5.28 A. The CrMng
structure is not fully known but seems to be
amorphous. The Hamiltonian of these systems at
temperatures high above the anisotropy energy was
found to agree with the form H = YyJe—mSerSm
(where M is either Ni or Mn). In CrNig [2], the
Cr** ion (S = 3) interacts ferromagnetically with
6 Ni*" ions (S = 1) and creates a ground state of
total spin S =2 [3,4]. Susceptibility measure-
ments show that Jo,_n; = — 24 K, and the block-
ing temperature is Ty = 4.1 K [2]. In CrMng the
interaction between the Cr*" ion (S=3) and
6 Mn** ions (S = 3) is antiferromagnetic [5,6], and
the total spin of the ground state is S = 2. Similar
susceptibility measurements [5,6] show J¢;—mn
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=11.5K and a blocking temperature of
Ty = 5.3 K. The different spin values of the sam-
ples allow us to investigate the effect of S on the
fluctuation rate which we have determined by uSR.

Our experiments at high temperatures (weak re-
laxation) were performed at ISIS, and at low tem-
perature (strong relaxation) at PSI. In Fig. 1(b) we
present the LF dependence of the asymmetry A(r)
in CrNig at base temperature (50 mK). As can be
seen the relaxation rate decreases as the field is
increased. Two aspects of the data indicate that the
muon polarization relaxes due to dynamical field
fluctuations; the first is that no recovery (lim, -, ., A(t)
=A,=0) is observed. Such recovery
(A, = A(0)/3) appears in cases where the muon
experiences a static local field and zero external
field [7]. The second is that the time scale of relax-
ation [1/A] in ZF is 1 ps; if this field were static it
would have been of the order of [B] =~ 10 G (using
[B] = [4]/y, where y, is the muon gyromagnetic
ratio). Such a field should have been completely
decoupled (lim,., ,, A(t) = A(0)) with ~100 G LF
or more [7]. However, even fields as high as
5000 G do not decouple the relaxation. Therefore,
we conclude that even at 50 mK the CrNig spins
are dynamically fluctuating. Similar experiments
and line of arguments indicate that CrMng spins
are also dynamically fluctuating at base temper-
ature.

The temperature dependence of the asymmetry
in CrNig is presented in Fig. 1(a). As the temper-
ature is decreased towards 6 K = TS™ the relax-
ation rate increases. However, below 6 K there is no
change in A(¢) indicating that the relaxation rate
reaches saturation at TS™. Such a saturation of the
relaxation rate suggests that the fluctuations below
TS™ is of quantum nature. Again the same temper-
ature dependence was observed in CrMng, but with
a saturation of the relaxation at 10 K = TS™n,

We fit the asymmetry in ZF or LF using the form
A(t) oc e~ where B varies between samples but is
a global parameter for a specific sample. In CrNig
and CrMng we find the best f to be 0.5 and 0.3,
respectively. In Fig. 2 the relaxation rate for both
CrNig and CrMng is plotted as a function of tem-
perature for different LF values. One can see that as
the temperature is decreased the relaxation rate is
increased, and reaches saturation at a T, which is
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Fig. 1. (a) The variation of the asymmetry in CrNig as the
temperature is changed. (b) The variation of the asymmetry in
CrNig as the field is changed.
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Fig. 2. The relaxation rate of the asymmetry as a function of
temperature for different magnetic fields. The relaxation rate
saturates at low temperatures.

different for different compounds. At high temper-
atures the relaxation is field independent, and be-
comes field dependent at lower temperatures.

The solid lines in Fig. 2 are fits of the relaxation
rate A to a function of the form

1
Q(Hy) + Cexp(—U/T)

AT, H) = (1)

where C and U are global parameters for all fields,
C=86+12, 15+04ps and U=63+2,
73 + 7K for CrNig and CrMnyg, respectively. This
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Fig. 3. The saturated relaxation time Q as a function of H? for
both CrMng and CrNig. The solid lines are linear fits of Q ver-
sus H7. The inset shows the low fields range.

shows that the inverse relaxation rate (relaxation
time) has a field-dependent part which is temper-
ature independent Q(H.), and a temperature-de-
pendent part which is field independent
Cexp(— U/T). The value of Q(H}) is the value of
the relaxation time at low temperatures (saturation
value). This parameter is found to be proportional
to the LF squared, Hf, as shown in Fig. 3.

The stretched exponential relaxation combined
with the fact that 2~ ! depends linearly on H? could
be explained by a single field-field correlation func-
tion [5], <B,(0)B,(t)> = (B?)e " where v is the
field—field correlation rate, and (B?> is the mean
squared field (at a given muon site), combined with
multiple muon occupation sites. The multiple sites
introduce a distribution of (B? ). For long times
vt > 1 (which is satisfied in our case) the relaxation
rate 2~ ! reduces to [8,9]

1 1 \
e 2va2H12“ + 292a%’ @
v n

where a represents the range of possible (B?>.
From Fig. 3 and Eq. (2), we find ay; =214 +4 G
and ay, = 389 £ 21 G for CrNig and CrMng,
respectively. The values of a in the two samples
cannot be directly compared since we have used
different [ values. However, it is encouraging
that the ratio ay;/am, differs from the ratio

of the expectation values of ./S% which is

VE G + 1)/E(F + 1), in the two compounds by
4% only. This suggests that the muons occupy
roughly the same sites in the two samples.

In addition, we calculated the fluctuations rates
11 =9/2=50+5MHz and 60 + 15 MHz for
CrNig and CrMng, respectively. Quantum tunnel-
ing theories predict a strong dependence of the
tunneling rate on the spin value, t !'=
DS?/nSh(H , S/DS*)*S [1,2,10-12] (H, is the trans-
verse part of the Hamiltonian which induces tun-
neling and Ty ~ DS?). However, according to this
calculation the fluctuation rate yields H, ~ 4.3 and
5.7 kG in CrNig and CrMnyg, respectively. These
fields are not consistent with the root mean squared
field experienced by the muon. We thus conclude
that the description of the quantum dynamics in
this system could not be mapped into the double
potential picture which is useful in other HSM such
as Mny, [13] and Feg [14]. However, the ratio
Jer—niScrSni/Jer—mnScrSmn Of the fluctuation rates
in both samples vy;/vma 18 equal to the coupling
energy between the ions.
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