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We propose a model which could explain some of the unusual magnetic properties observed for the one-
dimensional helical spin system @dac),NITPhOMe. One of these properties is that the magnetization shows
some plateaus if a magnetic field is applied along the helical axis. The system consists of coh@hiohs
have easy axes which are tilted at an angjleith respect to the helical axisind organic radicals alternating
with each other. We consider a model in which the tilt andglesre allowed to vary with with period three.

Using the transfer matrix approach, we show that for certain patterfis tfe model exhibits the magnetiza-
tion plateaus mentioned above. At the ends of the plateaus, we find that the entropy is finite even at very low
temperatures, while the magnetic susceptibility and specific heat also show some interesting features.
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The last several years have withessed extensive studies ok identify thec axis with thez axis, the three components
one-dimensional systems and molecular clusters with a varef e are given by (sin @ cos 27(i—1)/3,sin6, sin 2x(i
ety of interesting magnetic properties, both static and-1)/3,cos#,). Due to the anisotropy, the cobalt spins can be
dynamic! Very recently, there have been some experimentajjescribed classically using Ising variables=+1. The or-
studies of a one-dimensional molecular  systemganic radicals are completely isotropic, and their spins have
Co(hfac),NITPhOMe (to be called CoPhOMe hencefojth 14 pe treated quantum mechanically. The earlier papers as-
which shows some unusual behavior in the presence of gumed the tilt angle®, to be the same for all the cobalts.
time-dependent magnetic field. The system has a helical However, we will consider a phenomenological model in
structure, in which cobalt iongwhich are effectively spin- \hich the 6, vary with i, but with a period of three keeping
1/2 due to their strong anisotropyand organic radicals the pitch of the helix the same as in the earlier models. For
(which are spin-1/2 and isotropi@lternate, with a repeat temperatures and magnetic fields which are much smaller
period of three cobalts for every turn of the helix; this is than the coupling between nearest-neighbor cobalts and radi-
shown in F|g 1. Below a certain temperature, the time Scal%ajs’ one can Compute the thermodynamic properties of the
aSSOCiated W|th the Variation Of the magnetization iS found tasystem using the transfer matrix approach_ We will ShOW that
become extremely londeading to a pronounced hystergsis certain patterns of thé, allow us to reproduce the observed
if the magnetic field is applied along the helical agslled magnetization plateaus.
thec axis), but not if the field is in the plane perpendicular to  |n theith cobalt-radical pair, let us denote the component
that a.Xi.S (Ca”ed thea-b planQ. It is a.l.SO found that the of the cobalt Spin a|0ng its easy axis by] and the spin
magnetization shows some plateawehich become more gperators of the radical by, (these are given by half the
pronounced at lower temperatuye$ the magnetic field payli matrices In the presence of a magnetic fieR] the

points along thee axis, but not if it is in thea-b plane. Hamiltonian for this system is given by
In this work, we will consider the second feature men-
tioned above, namely, the appearance of some plateaus with J 1
nontrivial magnetizations when the magnetic field is applied Hcr= 2 S0 “(Ti+Ti-) — uaB '(Egco'ie + gRTi>:|a

along thec axis; these plateaus are known to persist when the :

magnetic field is cycled, and hence have a static oAgin. (1)

Motivated by the magnetization data, we will present a phe-

nomenological model which can qualitatively explain this wherege andgg denote the gyromagnetic ratios of the cobalt

feature. Our model is a variation of the one considered in th@nd radical spins, respectively, angs=ef/(2mo is the

earlier studies of this systefn?for reasons explained below, Bohr magneton(We note thatug/ks=0.672 K/Tesla. Fits

the model presented in those papers is not able to explain tHe the magnetization data at different temperatures seem to

magnetization plateaus. lead to somewhat different values of the various parameters.
We begin by presenting the model introduced for this sysOne set of parameters which has been quoted in some of the

tem in the earlier papefs? The organic radicals carry spin- papers is as followsJ/kg~400 K (antiferromagnetic in

1/2. The cobalt ions are effectively spin-1/2 objects due tesign), gc=9, gr=2, and the tilt angle is in the vicinity of

their strong anisotropy; they have an easy axisvhich is  the angle §,=cos(1/\3)=54.74°34 this is called the

tilted by an angled, with respect to the axis. Further, the “magic angle” in the context of dipole-dipole interactions.

angle between the projections &f; ande, on thea-b plane  (Large values of the effectivg factor given byg,7 are

is given by 27/3. (We assume thag is a unit vectoy. If known to arise in high spin systems when a strong uniaxial
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anisotropy restricts the accessible spin stafedo +.7 at A
low temperature9) .
The data which indicates magnetization plateaus lies at a C — axXis
temperature of about 2 K and a magnetic field of up to 3
Tesla. Since these temperatures and magnetic fields are much
smaller than the value ai/kg and J/ ug, respectively, we
will begin by making the approximation that each radical
spin is aligned in a direction which is entirely dictated by the
directions of its two neighboring cobalt spins. Namely, we
will assume that the expectation valueTfis given by

1 i i+1%+
(Ty=-= 0i& t 011841 2)

2\2 + 20101118 - e|+1.

Upon substituting this in Eq(1), we obtain an effective
Hamiltonian defined purely in terms of the cobalt Ising vari-
ablesa;,

J |
Hic= 2>, {- ZVZ +20i0i118 " €11

‘@B'eﬂi<gc‘ ] 3
2 V2 + 20707116 - €41

BT )] @ § cobare |/ 6

V2 + 2070716 - €1

As mentioned above, the experimental data indicates that @ Radical
the tilt anglesé; are close to the anglé,. If all the 6, were
exactly equal to 6,, the easy axes of neighboring cobalts
would be perpendicular to each other, i.e., we would haveCO
e -e,1=0. Then the Hamiltonian in Eq3) would have no
interactions between neighboring cobalts, and tkab-
tracted two-spin correlations{(a;—{a;))(co;—(a}))), would
be strictly zero foii # j at any temperaturg¢This is called a
disorder point; it corresponds to the smaller eigenvalue of the N -
transfer matrix(discussed belopbeing equal to zer$?] e;=(V2/3,0,143),

Motivated by the ranges of the various experimental pa-
rameters, let us assume thdd, = 6,— 6, are small numbers 9 T N
(in radiang, so that &= (- 1/N6,1N2,1N3),

FIG. 1. (Color online The structure of the molecular chain
PhOMe. The cobalt spins are anisotropic with a local axis de-
noted bye; which is tilted by an angl#; with respect to the helical
axis c. The angle between the projectionse&f; and e on thea

-b plane is equal to 2/3. The organic radical spins are isotropic.

1 - — —
CRERESS ,—5(5@ + 66i41) (4) €= (- 1N6,- 1N2,1N3). (6)
N

is much less than 1 in magnitude. We also assume thakhe effective nearest neighbor Ising interactibp,, in Eq.
J(56,+86,.,) is of the same order gsr larger thanthan the (5 IS ferromagnetic or antiferromagnetic depending on

magnitude ofug|B|. Then Eq(3) can be approximately writ- Whetherse;+ 6., is neg?tive or positive.
ten, up to a constant, as In the earlier papers;* 8, had been assumed to take the

same valud for all i. Then the effective Ising interaction is
given by

MB
Hac= 2 | 341090141 = ?geffB o |,
J
Jijir1= 259- (7)

J
Jjr1= 5(5@ +66i41),
The thermodynamic properties of this model can be calcu-
lated easily using the transfer matrix methodgd§ >0, and
geﬁ:gc—\*’EgR, (5) the magnetic field is large compared 86 (but much
smaller thanl), then Eq.(5) implies that the magnetization
and per cobalt-radical pair will take a value given by
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P s 0 (corres_pon_ding to a state with_ repeatingas 1, 1, -1, i.e., a
Mg= ?geﬁZ B €, 17/ spin alignment However, it turns out tha#;, 6,, and 6,
i=1 need to satisfy some additional conditions as we will now
discuss.
~ B Since thed’s repeat with period three, the thermodynamic
B= E (®) properties of the system can again be found using the transfer

matrix method. If the number of cobalt-radical pairs is de-
We will henceforth refer tdVig as the saturation magnetiza- noted byN, and we use periodic boundary conditigteking
tion. [We should emphasize here that this only corresponds| to be a multiple of 3 then the partition function can be
to a partial(ferrimagneti¢ saturation of the magnetization, written as
since each radical points in the direction opposite to the sum N3
of its two neighboring cobalt spins. If the magnetic field Z=Tr(AAAS)™, (9)
becomes much larger thad/ug, i.e., about 600 Tesla, \yhere the matrix elements of thex2 matricesA; are given
then the original Hamiltonian in E@1) implies that the mag- |
netization will reach the final saturation value of

(,uB/G)(gCEi!B-ei(_’|+3gR) wh_ere_all the_radicals also_point in (A)11= exp[— B+ B“BgeﬁB (e + +1)]
the same direction. But this kind of field strength is not ex-

perimentally accessible at present; we will therefore not be

interested in this fully saturated stgte. _ ﬂMBgeff 0

Let us now consider the case of very low temperatures (A-)lz—exp[,&]- wt T, Be(e)- eﬂ)}
and a magnetic field applied along theaxis; then all the
cobalt spins experience the same magnetic field strength
B-e’=|B|/+3. The magnetization will show a plateau Mt (A)21= eXF{BJi,Hl"'
=0 |f the effective interaction in Eq.7) is positive(antifer-
romagnetig, but not if it is negative(ferromagnetiz For
large fields, the magnetization will saturate BWt=Mg (A)pp= exp[— B+ ﬂMBgeﬁB (-€0- +1)}’ (10)
—,uBgeff/(Z\B) We thus see that there is no magnetization 4
plateau at fractional values dg (such asM¢/3) regardless
of what the sign ofé6 in Eq. (7) is; namely, states with
magnetization equal tMg/ 3 are not the lowest energy states
for any value of the field. _ kT dZ

We therefore require a slightly different model in order to - Em 1D
obtain magnetization plateaus at bdfl=0 andM =Mg/3 as
the experimental data seems to suggaste considered sev- (We must eventually take the limN— c.)
eral possible variations of the basic model; these included ~ We should note here that when we actually do the transfer

(i) dipole-dipole interactions, both between two cobaltsmatrix calculationgon which Figs. 2—7 are basgdve have
and between two radical@ncluding interactions between not used the assumption made in E@®.and(5) that each
pairs of sites which are third neighbors, and therefore lie onéadical spin is aligned in a direction which is determined
above the other on two successive turns of the helix; th@nly by the neighboring cobalt spins. Rather, we solve for
dipole-dipole interaction between two third-neighbor cobaltsthe two eigenvalues of the Hamiltonian of each radical spin
vanishes because the orientation of their easy axes with réhich is interacting both with its neighboring cobalt spins
spect to thec axis corresponds to the “magic angleand and with the applied magnetic field. We then take only the

(i) transverse couplings between a cobalt and its neighlower eigenvalue into account when we integrate out that
boring radicals, i.e., couplings between the components of garticular radical spin; the justification for this is that the two
cobalt spin which are perpendicular to its easy axis and theigenvalues are separated by an energy of oddand the
corresponding components of its neighboring radicals. ~ temperatures of interest are much smaller tBékg.

Based on numerical Studie@xact diagona"za‘[ion of While considering the magnetization as a function of the
small systems with up to six cobalt and six radical spime  magnetic field, one can think of various possible patterns of
concluded that these two variants do not help to explain th&igns and magnitudes of the parametéég, 56,, and 56s.
experimentally observed magnetization plateaus. Finally, w&ne pattern which leads to magnetization plateaus at 0 and
discovered that the following variation works. We assumeMs/3, for a magnetic field applied along tieeaxis, is given
that all the cobalt spins in a single molecular chain do no®y the conditions
have the same angle of tilt with respect to thexis. We ;
further assume that the angléstake three different values (1) 06y + 56y, 06, + 665, 56, + 563> 0,
01, 6,, and 65 for three successive cobalts, and that they -
repeat periodically thereafte(This assumption is consistent (i) 66, = 60, 605 and 26, > 56, + 66;.  (12)
with the helical structure of the system which repeats afte{Condition(i) in Egs.(12) corresponds to antiferromagnetic
every three cobaltsThe periodicity of three makes it plau- interactionsJ, ;.; between neighboring cobalt spihét zero
sible that there could be a magnetization platealat3  temperature, we then find that there is a magnetization pla-

IBMngffB (- e +e|+1)]

with 8=1/(kgT). The magnetization per cobalt-radical pair is
then given by the derivative of @ with respect tgB|,
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Magnetization

FIG. 2. Magnetization(in units of ug) per
cobalt-radical pair versus the magnetic figid
Teslg applied along the axis, for various tem-
peratures. The crossing points I, 1l, and Il are
discussed in the text(We have takenJ/kg
=400 K, gczg, gR=2, 501=502=2.64°, and503
=-1.32°)

Magnetic field

teau atM=0 if the strength of the field lies in the range

0<B< B, where
_\356,+ 565 3
' 2 Geff ,U«B,

a plateau atM=Mg/3 if the field lies in the range
B, <B<B,, where

3256, + 56, + 560, 3
4 Oeff :UJB,
and a saturation plateau Bt=Mg if B>B,. [Note that the

(13)

B, (14)

In Fig. 2, we show the magnetization as a function of a
magnetic field applied along the axis, for one particular
choice of the paramete®; which satisfies the conditions in
Egs.(12), and different temperatures. For the various param-
eters given in the caption of Fig. 2 and using E@, (13),
and (14), we find thatB;=1.92 Tesla,B,=4.81 Tesla, and
Mo/ ug=1.78. The locations of the plateaus in Fig. 2 at the
lowest temperature of 0.5 K are consistent with these num-
bers. We have chosen the paramei#sin such a way that
the locations of the plateaus and their temperature depen-
dences are in rough agreement with the data presented in
Ref. 3; the agreement can be improved by changing the value

condition 256, > 66,+ 665 in Egs.(12) is needed in order to of g¢, but we will not do that here.

have B,>B,; otherwise the intermediate plateau &t

We observe three special points labeled I, I, and Il in

=Mg/3 will not exist] As we raise the temperature, the pla- Fig. 2 where the curves for different temperatures seem to

teaus will gradually disappear.

cross, particularly at low temperatures. In terms of the mag-

14 T T T T T T T

Magnetic Susceptibility

FIG. 3. Magnetic susceptibilitfin units of
ugl/ Teslg per cobalt-radical pair versus the mag-
netic field(in Teslg applied along the axis, for
various temperatureqJ/kg=400 K, gc=9, Or
=2, 60,=586,=2.64°, andd0;=-1.32°)

Magnetic field
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0.45 T T T T T T T
04 B

0.35

FIG. 4. Entropy(in units of kg) per cobalt-
radical pair versus the magnetic fielth Teslg
applied along the axis, for various temperatures.
(J/kg=400 K, gc=9, gr=2, 860,=6560,=2.64°,

0.15 and 663=-1.32°)

0.1

0.05

0 1 1 ) 1 ) 1
0 1 2 3 4 5 6 7 8

Magnetic field

netic field (in Teslg and magnetizatiofin units of ug), we 1 -

find numerically that these crossing points lie at | Nk, =3 In(yv2+1) for B=Bq,

=(1.94,0.44, 11=(3.38,0.62, and 111=(5.26,1.00. We will

now provide an analytical understanding of these points 1

based on the transfer matrix method in the limit of zero tem- =-In2 forB; <B<B,,

perature. 3
In the limit T— 0, we find that the matriXd; A,A; has, up

to some factors which do not affect the entropy, the eigen-

values *1 for B<B;, 1%#y2 for B=B;, 2 and 0 for

B;<B<B,, 3 and 0 forB=B,, and 1 and 0 forB>B,.

Hence, forB;<B=<B,, we find that there is an exponentially

1
=—In3 forB=B,,
3

T . =0 forB<B;andB> B,. (15
large number of degenerate ground states, giving rise to a
finite entropy per cobalt-radical pair &=0. In the limit N We should note here that the discussion in the previous
— oo, the zero temperature entro@dy units ofkg) per cobalt-  paragraph is valid only for our particular choice of the,
radical pair is given by with two of them being equdléé,=56,) and larger than the
03 ~ T T T T T T T
A — T=05K
s, ‘= T=1.0K
IR = = T=1.5K -
Y e, T=2.0K LEVERN

FIG. 5. Specific heafiin units of kg) per
cobalt-radical pair versus the magnetic fi¢id
Teslg applied along the axis, for various tem-
peratures(J/kg=400 K, gc=9, gr=2, 66,= 56,
=2.64°, and60;=-1.32°)

Specific heat

Magnetic field
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2 2 2
15 15 15
c
S
]
g 1 1 1
S
= = 0° = 30° 0
0.5 o= 05 o= 05 ¢=60 o
FIG. 6. Magnetizatioriin units
of ug) per cobalt-radical pair ver-
% 2 4 s 8 % 2 2 ¢ 3 % 2 1 s s sus the magnetic fieldin Teslg
applied along six different direc-
2 2 2 tions in thea-b plane, for a tem-
perature of 1 K. (J/kg=400 K,
1.5 15 15 0c=9, Or=2, 06,=06,=2.64°,
g and 86;=-1.329.
L 1 1
|7}
)
s 0 0 0
05 ¢=290 05 ¢=120 05 o= 150
0 0 0
0 2 4 & 8 0o 2 4 6 8 0 2 4 & 8
Magnetic field Magnetic field Magnetic field

third (863). If we had made a more general choice with

86,> 66,> 5605 [along with condition(i) in Egs. (12)], the
entropy at zero temperature would be finite only BxB;
andB=B,; we would then get

Let us now return to our model withé,=56,> 56,. For
B,<B=<B,, the magnetization ai=0 can be obtained by
averaging over all the degenerate ground states. The calcula-
tion is hardest foB=B;; we then find, up to some unimpor-
tant factors, that

11
ALAA = <2 1), (17)

whose eigenvalues are given by {2 as mentioned above.
In the thermodynamic limit, we find that the magnetization is

FIG. 7. Magnetization(in units of ug) per
cobalt-radical pair versus the magnetic fi¢id
Teslg averaged over the six different directions
shown in Fig. 2, for various temperaturgd/kg
=400 K, gc=9, gr=2, 66,=56,=2.64°, andsf;
=-1.32°)

SIS R
=—In or B=B;y,
Nks 3 2 !
1
=—In2 forB=B,,
3
=0 otherwise. (16) given by
2 T T T T T T T
18 B
16 Tt
141 oS g
s
s e I
= it
c 15
=3
< osf .
06 4
] — T=0.5K
‘! vem o T=1.0K
04F = T=1.5K -
1 ... T=2.0K
4
o2t ¥ |
)
‘ 1 1 1 1 1 1 1
00 1 2 3 4 5 6 7 8

Magnetic field
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Mg I 1 (1 1)”’3‘1<1 o) Mg see peaks at the ends of the magnetization plateaus, i.e., at
M=—7Im ————=Tr =—= _ _ s :
3 Nk (V24 )R 2 1 2 1) 73 B=B,; andB=B,. The peaks get washed out with increasing
temperature.
(18) In Fig. 4, we show the entropy versus the magnetic field

o . . for the same values of parameters and same temperatures as
We thus see that f@8=B,=1.92 TeslaM =0.42(in units of i, Fig. 2. We see that at the lowest temperature of 0.5 K, the
ug). These analyt|cr_:1I values agree vyell W|t_h the num_erlcalemropy has a substantial value in the raBgec B<B,, has
values of the location of the crossing point | mentionedyasks aB, andB,, and is quite small foB< B, andB> By;
above.(For B=B; andB,, we note that the_ excited states are ipe values of the entropy & andB, and on the plateau in
separated from the gr_ound states by f_|n|te gaps; hence th§ystween are in agreement with H45). As the temperature
do not affect the locations of the crossing points | and IlI atjg raised, the entropy increases in such a way as to wash out
very low temperatures. . these features; this is consistent with the disappearance of the

For B=B,=4.81 Tesla, the degeneracy dfBarises be- magnetization plateaus in Fig. 2.

cause the _Ismg spins in each group _of thr_ee successive €o- Figyre 5 shows the specific he@j=T(4S/dT)g as a func-
balt.s can independently take the orientatians, |11 Or  tjon of magnetic field at different temperatures. An interest-
[11; the average magnetization is therefore given by featyre to note is that at the lowest temperature of 0.5 K,
SMs/9=0.99 which agrees well with the location of the e ghecific heat vanishes with a parabolic shape at the ends
crossing point lll. However, the numerically obtained value magnetization plateaus shown in Fig. 2, i.e.BatB, and
of the magnetic field at this point does not agree so well Witth. This can be understood as folIows.At denotes the
the analytically obtained value. energy of a state with respect to the ground state, the contri-

leFor B, <B<B,, we can see why there is a degeneracy ofy, ;ion of that state to the specific heat is proportional to
2V In each group of three successive cobalts, the Ising

spins(o4,0,,03) can take the orientations| 1 or |17; dif- Cy AE
ferent groups of three cobalts can take either of these two w (ﬁ
orientations independently of each other. The magnetization B B

of all these states is given bWs/3=0.59; this roughly At the lowest temperature and BEB, andB,, it turns out
agrees with the location of the crossing point Il in Fig. 2. Weat a|| the states either hastE>kgT (hence their contri-
will now see why this crossing point occurs at @ magneticytions to the specific heat are exponentially small and can
field value of 3.36 Tesl&.Let us consider the lowest excita- be ignoregl, or AE<kgT. For the latter states, one can show
tions lying above the two degenerate configurations meng 4t AE vanishes neaB=B, and B, as (Msgeﬁ/ﬁ§)|B—Bl|

tioned above. There are two kinds of excitatiofiga cobalt and (gGer/ \s’§)|B—Bz|, respectively. From Eq21), we see

spin can flip from down to up, i.e., a group of three cobalts o e
can become(11, and (i) a cobalt spin labeledr; whose that the contributions of these states to the specific heat go as

. M ; . (B-B,)?/T? and(B-B,)?/T?, respectively. This explains the

neighbors are pointing up can flip from up to down, i.e., a . o T
. behavior of the specific heat in Fig. 5 ndd+B,; andB,.
group of six cobalts can change from{7/7to [T/1/7. The ) I .
4 ) o In Fig. 6, we show the magnetization versus the magnetic
first kind of excitation costs an energy , o . . S
field applied in thea-b plane for six possible directior(pa-
3 B rameterized by the angk with respect to the projection of
E,=—(86,+ 260, + 503) — upQeri = (199 e, on that plang for the same values of parameters used in
4 V3 Fig. 2, and a temperature of 1 K. The six directions were

2
) e_AE/kBT_ (21)

) L = chosen with equiangular spacing to cover the full range of
and increases the total magnetizationygeri/ V3. The sec-  ossible directions from 0° to 180°; we recall that the behav-

ond kind of excitation costs an energy ior of an Ising model does not change if the sign of the
magnetic field is reversed, i.e., ffi— ¢+180°.(The projec-
E =-— 2(501 + 50, + 2505 + MBgeﬁE/_y (20) fions of the easy axes of the three cobalts onateplane
4 N are given by 0°, 120°, and 240°. Since we have cha$n

_ =66,, we also have a symmetry undér— 120°—¢. This

and decreases the total magnetizatioruage/ 3. The en-  explains why the plots fosy=30° and 90° are identical, as
ergy costs of the two excitations are equal at a magnetic fieldre the plots fokp=0° and 1209.We see in Fig. 6 that there
given by By=(B,+B,)/2=3.36 Tesla, where we have used s a plateau at intermediate values of the magnetization only
Egs.(13) and(14). At this value of the magnetic field, and at for a magnetic field direction given by 60°; even that plateau
very low temperatures, the concentrations of the two kinds ofs much weaker than the plateau seen in Fig. 2 at the same
excitations will be small and equal; hence the magnetizationemperature.
will lie at its plateau value oMg/3. This explains why the Figure 7 shows the magnetization versus the magnetic
different plots in Fig. 2 cross at this value of the magneticfield applied in thea-b plane, averaged over the six direc-
field and magnetization. tions indicated in Fig. 6, for various temperatures. We see

In Fig. 3, we present the magnetic susceptibility that there is no discernible plateau at intermediate magneti-
=(dM/éB)t as a function of the magnetic field for different zation even at the lowest temperature of 0.5 K. This may
temperatures; these plots are just given by the derivatives axplain why no plateau is observed experimentally when a
the plots in Fig. 2. At the lowest temperature of 0.5 K, wemagnetic field is applied in tha-b plane. Since the system
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consists of several molecular chains, and these may happevith respect to thec axis vary with period three. We have
to be rotated with respect to each other by various amountshown that for certain patterns of these tilt angles, the mag-
in the a-b plane, it is possible that the behavior observednetization at low temperatures exhibits plateaus at nontrivial
experimentally is an average of the different directions of thevalues if a magnetic field is applied along thexis, but not
magnetic field in that plane. if it is applied in thea-b plane. It would be interesting to
Another pattern of signs and magnitudes of the paramstudy dynamical effectgarising from the time-dependence
etersédé,, 66,, and 563 which leads to magnetization plateaus of the magnetic fielgd for the magnetization; such effects
at 0 andM¢/ 3, for a magnetic field applied along tleeaxis,  have been discussed earlier for the model in which all the
is given by the conditions angleséei are equal and a magnetic field is applied along the
ic3,4
(i) 86, + 66,> 0, 66, + 863 <0, 86, + 563 <0, ¢ axis:
S.R. and D.S. thank R. Sessoli and A. Vindigni for intro-
(i) 56, = 56, and 86, + 456, + 3565 > 0. (22) d_ucing us to this system and for many s_timula’_ting discus-
sions. We also thank A. Vindigni for providing us in advance
We will not discuss the details of this case since the analysisith a preliminary version of Ref. 4. D.S. thanks R. Moess-
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