JOURNAL OF APPLIED PHYSICS VOLUME 89, NUMBER 11 1 JUNE 2001

Localized spin flop transition in a ladder structure
with nonmagnetic impurities
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A classical two-leg spin ladder with an antiferromagnetic exchange interaction and easy axis
anisotropy in an external magnetic field exhibits a spin flop transition. A single nonmagnetic
impurity introduced into this system allows for the formation of a metastable localized spin flop
state at a field above the bulk spin flop field. This state will be symmetrically pinned to the impurity.
Two neighboring impurities on the same leg will also result in the stabilization of a localized state
pinned to the impurities, but in this case the state is not centered on the impuritie200©
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The antiferromagnet below the Neel temperature has dif“surfaces,” but the exchange bonds around the impurity will
ferent susceptibilities which depend on the direction of thebe eliminated or modified and the existence of a localized
applied magnetic field relative to the sublattice magnetizaspin flop state is an open question.
tion direction. An interesting consequence of this is the spin  In this work we consider the system between the chain
flop transition. This occurs when a magnetic field is initially structure and the two-dimensional lattice, namely the two-leg
along the sublattice magnetization direction and owing to théadder structure. For this particular structure the introduc-
nature of antiferromagnetic order there will be no net mag+ion of one nonmagnetic impurity will not produce a chain
netic moment; however, as the field strength is increasednd, however, it can significantly modify the effective ex-
there will be a transition to a state where the spins becomehange field around the impurity. The impurity effect is stud-
perpendicular to the field. This is because of the differencéed here by numerical minimization of the energy of a ladder
between the parallel and perpendicular susceptibilities whicktructure antiferromagnet to obtain the zero temperature spin
in turn affect the energy such that the total energy of thestructure. As for the case of the surface spin flop state, two
antiferromagnet can be lowered by spin canting in the exterstructures are noticed: There is a localized structure pinned
nal field. In a homogeneous system this transition occurgo the impurity which appears when the magnetic field is
throughout the spin system and it is referred to as a bulk spibelow the bulk spin flop magnetic field. For higher values of
flop transition, and the critical field associated with the bulkthe field the expected bulk spin flop transition is observed.
spin flop transition depends on the magnitudes of both thehere are also interesting differences in the symmetry of the
exchange interaction and anisotropy. localized state resulting from a single or a double impurity

Since the development of multilayers it has been posttwo neighboring impurities on a ladder edgblamely, the
sible to experimentally study the spin flop transition as wellsingle impurity ladder has a symmetric localized spin struc-
as surface effects. In particular, in semi-infinite systems iture centered on the impurity, whereas the double impurity is
has been found that there is a localized surface spin flogt the edge of the localized structure. It is also remarked that
transitior‘}’z that occurs at a lower field than the critical field the localized structure is metastable and it will persist well
for the bulk system and recent theoretical wbflhas inves-  pelow the critical field required for its formation.
tigated the nature of this localized state. In principle it should  This analysis is done for a classical spin system in order
also be possible to observe the surface spin flop transition iy simplify the numerical calculations; however, there are
quasi-one-dimensional magnetic compounds composed @fiso manganese halide compothdbat are quasi-one-
chain-like systems where the “surface” corresponds to thejimensional and two-dimensional antiferromagnets. Further-
chain end. In these compounds chain ends can easily be igore, these Meil) compounds have a spin of 5/2 so they are
troduced through nonmagnetic impurities in the compoundyiso nearly classical and they might be potential systems to
which result in finite chains of different sizes. If nonmag- yse for experimental tests of these results.
netic impurities are put into higher-dimensional lattices their  The basic ladder structure that is used here has the same
effect is less clear. In this case there will be no definitejsotropic exchange interaction everywhere within the ladder
structure as well as easy-axis anisotropy. For this case the
dElectronic mail: czaspel@wmc.edu uniform structure without impurities has the energy
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FIG. 3. Totalz component of the spin vs magnetic field for the ladder
structure with one nonmagnetic impurity. Circles indicate increasing mag-
netic field and squares indicate decreasing magnetic field.

FIG. 1. Ladder structure with two nonmagnetic impurities. For farthe
magnetic field is 0.98; and for part(b) the magnetic field is 0.89;. The
spins in the shaded ellipse have thetomponents parallel to the field.
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i shown in Fig. 1a). Here there is Neel-type order throughout

) the ladder except in the shaded ellipse wherezitempo-
whereJ, A, andH are the exchange and anisotropy constantSpans of the spins have the same direction, however, the lo-
and the magnetic field, respectively. In the following, all of .5ji;6 nonuniform nature of this state results in the jump in
th? parametgrs are positive and the Iength of the (?Iassmﬂl]e magnetization shown in Fig. 2. As the field is increased
Spin vecto_r Ebtaken t’_tlohbe Onﬁ' alsobthz first SUITn 'ShoveEhere is another jump at about 1H3 which is the transition
nearest neighbors W'.t t_“e exc a;ge Fpn 15 ashwe ;Zt € W8 the bulk spin flop state. Following the solid squares as the
nonmagnetic impurities Hlustrated in Fig. 1, where hei- o4 is gecreased it is noticed that the bulk spin flop state is
rection is defined by the magnetic field perpendicular to themetastable down tdH; where there appears a transition

Lﬁ(.jder p(;arlwe, e;]r?s.tthe Iidd”fr IS In ?:oellrctacnor.]t.. As eﬁperc]:ted again to the localized state. As the field is further decreased
IS model exnibits a bulk spin Tlop transition WNICh Was o |5 5lized state becomes metastable down to about

found by minimi;ation .Of the energy for increasingly.longer0_87Hsf The structure in this second metastable region is
ladders without impurities. This process wkh=0.2] gives shown if Fig. 1b) where it is noticed that the size of the

3155p2";]/ flop transition at the critical field ofHy localized region is smaller, but more interesting is the struc-
T 9t - ture in the immediate vicinity of the impurities. Here the

The two d|_ff¢re_nt Spin structures shown in F|_g. 1 Wereregion that does not have Neel-type order in the shaded area
obtained by minimization of the energy for both increasing, & i reased to three spins

and decreasing values of the magnetic field. The weaim- For the case of only one impurity the situation is simpler

pone_nt of the mag_netlzat}on as a func.tlon OT th_e magnet'%nd this case can be used to understand the asymmetry seen
field is plotted in Fig. 2 with the open circles indicating the in Fig. 1. For one impurity the component of the magneti-
increasing field data and the solid squares representing tr}%tion. vérsus the magnetic field is again seen in Fig. 3. In
decreasing field data. Notice that there are two separate hy. Jis case, however, there is only one hysteresis with tHe épin
teresis on this figure. The one that appears at lower values @ X !

. - ) op state appearing at abotty; as the field is increased.
the field (0.94514) originates from the formation of the lo- _Now as the field is decreased beléty there is also a local-

calized state pinned to the two impurities and its siructure '$2ed metastable state that appears which is similar to the state
shown in Fig. 1, but it is symmetric about the impurity. Fur-
thermore, this localized state only appears if a spin parallel to
the applied field is replaced by the nonmagnetic impurity.
This can be understood by considering the energy of the
ladder structure with a single impurity. When a spin parallel
to the field is replaced, the spin on the other end of this rung
has only two nearest neighbors, so it can be rotated with the
formation of two domain wall-like structures symmetric
about the impurity. In the other situation when an antiparallel
spin is replaced this type of structure appears to be unfavor-
able and the localized state is absent. These two situations
can be combined to understand why the localized state only
appears on one side of the two impurities, namely, the side
FIG. 2. Totalz component of the spin vs magnetic field for the ladder with the parallgl Spll"l replaceq will eXth”.: the nonuqurm
structure with two nonmagnetic impurities. Circles indicate increasing magState and the side with the anitparallel spin replaced will be
netic field and squares indicate decreasing magnetic field. uniform above the bulk spin flop transition.
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