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We report effects induced by the partial substitution of the "Mnions by Cd™* ones in the
magnetic properties of the quasi-one-dimensional Heisenberg-like antiferromagnet compound
(CH3NHg)Mn, _,Cd,Cl;-2H,0 at very low fields. A three-dimension&BD) ordering of the linear chains
occurs atTy=4.12 K (x=0). Samples withx~0.01 were investigated. We observe the appearance of a
remanent magnetizatiotM) below Ty when the sample is cooled throug@k, in a small axial magnetic field
(as low as few mOkeapplied along the axis of antiferromagnetic alignment. The magnitudé,af of the
order of 1% of the sublattice magnetization of the antiferromagnet. Samples cooled in axial fields below 0.02
Oe may exhibit an inversion of the sign &, at a temperature beloW, . In this case the susceptibility
measurements show two strong singularities: orlgand the second at the temperature where the inversion
point occurs. It was found that this inversion is due to a polarization of the bulk of the sample by its surface
that orders affy=3.95 K and causes a demagnetization field in which the bulk polarizes at a lower tempera-
ture (T,=3.55K). These results are compared with those previously observed in some diluted three-
dimensional antiferromagnets and it is shown that for applied fields above 0.M Oeheys at temperatures
below T, the same universal behavior previously found Kby in other low anisotropy 3D systems.
[S0163-182698)09229-7

[. INTRODUCTION these compounds is that the temperature dependenkk of
below Ty seems to bex and compound independent. This
The introduction of disorder in a three-dimensional anti-universal-like behavior of M, has been discussed
ferromagnetic system by means of the substitution of magpreviously*=® The aim of this paper is to explore the extent
netic ions by nonmagnetic ones can change substantially itsf the referred magnetic behavior, to the case of a system
magnetic properties. When an antiferromagnet is cooled in aith marked one-dimensional character.
low magnetic field to a temperature below theeNeempera- Magnetic susceptibility and magnetic phase diagram stud-
ture Ty, No net magnetization is expected to be observed ifles in chainlike quasi-1D systems, with small interactions
the system. However, the substitution of magnetic ions in théetween the chains, show that the inclusion of impurities in
lattice by nonmagnetic onésdilution) can in principle intro-  low concentrations, of about 1%, can affect whole magnetic
duce mechanisms that may favor the appearance of a nptoperties.® This occurs because the introduction of impu-
magnetization. This occurs, for example, when some dilutedities limits the growth of the correlation length along the
three-dimensional(3D) antiferromagnets are cooled below chain, thus leading to drastic effects on the long-range mag-
Ty in an applied magnetic fieldFC). In this case the pres- netic ordering®
ence of random fields is at the origin of an excess magneti- The 1D compoundCH;NH3;)MnCl3-2H,0, (MMC), is a
zation (AM) that should be absent when the same sample isystem that in principle can be adequate for the comparative
cooled in zero applied fiel@ZFC).! The magnitude ofAM purpose of the work since the magnetic ion has the same
increases with a power of the applied fi¢ddand is relevant electronic structure of the 3D systems previously studied but
only at fields above some few kOe. Recently, the observatiom a lower dimensionality structure. From the behavior of the
of phenomena, consisting in the appearance bélquof a  susceptibility’*° and from the x-ray structurt, it is known
remanent magnetizatiddl, , has renewed interest on diluted that the Mn ions are arranged in chains alonghlitdirection
antiferromagnet$3 Such anomalou#/, is observed to ap- of the crystal, coupled with an intrachain antiferromagnetic
pear when the crystal is oriented parallel to the easy axis dhteraction of Jj./k=—3.01 K. The susceptibility and
antiferromagnetic alignment in fields as low as few mOe.specific-heat data at temperatures dowt K indicate that a
This M, has been observed in compounds of the serie8D long-range antiferromagnetic order occurs beldyy
A,Fe _,In,Cls-H,O whereA=K or Rb (we abbreviate these =4.12 K, the magnetic moments being aligned alongahe
systems in this paper as K-Fe/ln and Rb-Fe/lIn, respeciivelyaxis. This 3D order can be accounted for by an interchain
and Mn_,Zn,F, (abbreviated as Mn/Zn All of them are interactionJ’ that is of the order of 107 of Jjyy,.*° From
3D systems with low magnetic anisotropy. The magnetic iorthe magnetic phase diagr&han estimate of the ratio of the
is in an$S state with sping. One remarkable characteristic of anisotropy to the exchange field=H,/Hg=4x10°3 was
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found. Thus, this compound can be described as a low an- 120 N
isotropy 1D system. , '

Small amounts of Cd, in substitution of Mn, can be intro- | (CHNRgMIn, ,Ca,Cly 21,0 Qe
duced in the lattice. In this paper, the effect of such a dilution S 100} . Xx=0o008 IV
in the magnetic properties is investigated particularly when a E] I —+— 05
very small magnetic field is applied. It is shown that a 5 80f 1 4
remanent magnetization develops in samples of =z | i;l o Zo
(CH3NH3)Mn; _,Cd,Cl;-2H,0, (MMC/Cd), with small con- 8 60 :Xxgig{ —— 200
centrations of Cd. This is observed below theeNeempera- N *‘*xi:xf\\\ %
ture when samples are cooled in fields of few Oe. Prelimi- 5 a0l ok \\ i
nary data of magnetization in the low field of MMC diluted 5 ] * ]
with Cd and Cu has been published recefiigpecial atten- < 5 ARLE
tion is given here to magnetization experiments performed at - \\ i
fields of a few mOe, where a phenomenon related to an
inversion of the remanent magnetization was found. 01 — é AT

TEMPERATURE (K)

IIl. EXPERIMENTAL METHODS
] FIG. 1. Magnetization as a function of temperature for a sample

The diluted compoundgCH3NHz)Mn;_,Cd,Cl3-2H,0  of MMmC/Cd with x=0.008 and for different cooling axial fields
crystallize in the monoclini®2; /c structure™* The crystals  applied along the axis of antiferromagnetic alignment. These mea-
are prismatic in shape, elongated along bhaxis. The easy surements were made in a SQUID magnetometer.
axis of the antiferromagnetic phase is parallel to ghaxis.
Single crystals of MMC-Cd with a concentration arouxd result in differences between the two methods. As we will
=0.01 were used in the measurements. They were growsee, some of the effects reported in this paper occur for fields
from solutions containingCH;NH5)Cl; and MnCh-4H,0 in - below 0.02 Oe, thus this is an important issue that cannot be
the molar ratio of 2:3. Small amounts of Cd@H,O were ignored.
added to the solutions. The concentratiowas determined Unless otherwise noted, the typical dimension of the crys-
from the ordering temperatuiig(x) of each sample follow- tals used were 22X 3 mm. Since very small fields of the
ing a procedure previously established for this serieorder of a few mOe can be of importance, it is possible that
compound’ In order to identify the existence of concentra- the demagnetization factor play an important role in the ob-
tion gradients, measurements were made in several samplssrved effects. In some measurements, samples with differ-
cut from a unique crystal. ent demagnetization factors, cut from the same single crystal,

Magnetization measurements were made using a VSMvere also used in the experiments.
(vibrating sample magnetometeaind a SQUID(supercon-
ducting quantum interference devicdhe ac susceptibility lIl. EXPERIMENTAL RESULTS
was measured in the SQUID magnetometer with excitation
fields of 0.1 to 10 Oe at frequencies ranging from 0.1 to 1000 Figure 1 shows the measured magnetization as a function
Hz. of temperature for a sample of MMC/Cd witt=0.008. In

Fields above 80 Oe in the VSM and 10 Oe in the SQUIDthese data the sample was field cooled from the paramagnetic
were produced by means of a Superconducting magne[)_hase at fields ranging from 0.1 to 500 Oe. The field was
Lower fields were obtained by means of a small copper coippplied along the axis of antiferromagnetic alignment, and
mounted with its axis coaxial with the measuring pickupmagnetization was measured along this same direction. The
coils. The local axial field at the site of the sample, duemeasured magnetization M(T)=M(T)+ x,(T)H, where
basically to the axial component of the Earth’s magnetic fieldM(T) is the magnetization measured after the fidlis set
and to local environmental sources, was carefully compento zero (remanent magnetizatiprand x,(T) is the parallel
sated for by setting a very small current through the coppesusceptibility. This last term, x(H), is almost negligible
coil. Typically, this axial field is of the order of 0.1 Oe and when compared tM (T) for fields below 1 Oe. Even at the
can even change its sign depending on the position of nearbdyighest fields used00 Og, the M (T) term is still larger
equipment and dewars. The value of this residual field waghan y,H. In Fig. 2 the temperature dependenceMf(T)
repeatedly checked and compensated for during the runs fior another sample of the same batch at fields between 0.08
order to ensure the best possible reproducibility of the resultand 8 Oe is shown. The principal features of these data can
between different runs. The procedure used to set the field ke summarized as follows:(1) a remanent magnetization
described in Ref. 3. With this procedure the applied field carM, along the axis of easy magnetization is observed in di-
be set with a resolution of the order of 0.001 Oe in theluted samples for temperatures beloly. Independent
sample region when using the VSM setup. Here the amplichecks made in undiluted samples=0) with the VSM
tude of the vibrating movement is of the order of 1 mm. magnetometer revealed that, if a remanent magnetization ex-
Although with the SQUID the sensitivity is-100 times ists in this case, it is below the sensitivity of the instrument.
higher than that of the VSM at such low fields, in the procesdNo net magnetization was found in directions perpendicular
of the measurements the sample is subjected to a movemetat the easy axis of the sample in the diluted systef®sa
that can be of several centimeters. The homogeneity of thkink in the M, (T) curve is always present at a temperature
field in such a length may change by several mOe and cahy, slightly below Ty . For the samples shown in Figs. 1 and
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FIG. 4. M, vs T curves for very low applied cooling fields

FIG. 2. Remanent magnetizatiov, for an MMC/Cd sample (below 0.15 Og Note the inversion oM, for the lowest field

with x=0.008 measured with the VSM magnetometer. These datéo'007 0Oe.
are for fields below 8 Oe. The measurements were made after re-
moving the applied field below the transition temperaffige Note ~ Magnetization curves. The two peaks are observed in all the
the change oM, behavior with two different regimes of saturation. investigated diluted samples, indicating their intrinsic char-
Above 3.55 K, saturation occurs for cooling fields as low as 0.08acter. Variation of the Cd concentration only changes
Oe. slightly the value ofTy andT,.

The data shown in Figs. 1 and 2 are for cooling fields
2, Ty and T, are, respectively, 3.9 K and 3.55 K. For the above a tenth of 1 Oe. A closer look at the behavioivbf

undiluted systemx=0), Ty is 4.12 K: (3) this kink divides when the sample is cooled at lower fields revealed a striking
the saturation behavior oM, ¢ in two regimes: forT behavior. The kink observed af, becomes more pro-

<T,, M, has tendency to saturation for fields of the order Of?olténcebdtand chgrg)goe;s 'ntg ?) gga(k) as ths shown ln”Flg.f_4|;0r
few Oe. This is clear in Fig. 1. FaF,<T<Ty, M, saturates co> DEWeen 5,057 and ©.%o e AL even smarer TIelds

at fields two orders of magnitude smallé@elow 0.050 Og (less than 0.015 Qean iljversion of the magnet.ization oc-
This last feature is particularly evident in Fig. 2. curs whereM, changes sign at a temperature slightly below
The in-phasey’ and out-of-phase” components of the T, . Figure 5 shows a set of data obtained for magnetic fields
ac susceptibilityy were taken for several frequencies and'" the mtervallbetween% 0'00.7 af‘d‘ 0.007 O?' The tem-
applied fields. Data measured at a frequency of 1 Hz with gerature at Wh'Ch_ the magnetization reverses Its sign depends
modulation field of 0.2 Oe at the local axial field of the O the applied field; the smaller the field, the higher the

laboratory are shown in Fig. 3. Two peaks are observed ifemperature. Extrapolation of curves like those in Fig. 5 in-

', at 3.9'and 3.55 K. These peaks correspond to the onset §fcate that, in the limit of zero fieldM, reverses afm

the remanent magnetization and to the kink observed in the 3:2° K. the same value df,. The appearance of a mag-

netization antiparallel to the applied field below the charac-
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FIG. 3. ac magnetic susceptibility as a function of temperature FIG. 5. M, vs T for two values of the cooling field where
showing the two peaks &af,=3.55 K andTy=3.9 K that corre-  inversion inM, is observed. Note the symmetry bf; upon inver-
spond to the singularities in tHd, vs T curves. sion of the sign of the cooling field.
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FIG. 6. Remanent magnetization for two samples cut from the ) i
same crystal but with a demagnetization factor that varies by a G- 7- In curve (M) the sample was cooled in a field of 0.005

factor of 2.5. Open symbols refer to samples with higher demagne®®- Curve 2 #) is for a cooling field of 0.025 Oe. In curve 3 the

tization factor. The samples were cooled in a field of 0.41 Oe. Not&@MPple was initially cooled througFy, in the field of 0.005 O¢®)

that at low temperatures the remanent magnetization of bot@nd atT=3.6 K the applied field was switched to 0.025 (1®).

h ial diff j I . . . . .
:sramples agree but that a substantial difference occurs just be O\CI:VOO|Ing field was set atl,=0.025 Oe, a field in which no
N-

inversion is observed but where the distinctive peak
teristic temperaturel, found in MMC/Cd was carefully present. Finally, in a third run the sample was FC in the field
checked in several samples grown with different Cd concenH ;= +0.005 Oe down td = 3.5 K (®). Below this tempera-
trations k= 0.005 to 0.01% The typical dimensions of those ture the field was switched tbl,= +0.025 Oe, a field at
samples were 22X 3 mm. It is important to emphasize that which no inversion is observed in a FC run, and the sample
this behavior was observed in the measurements made withas further cooled down td=1.75 K (O). This third run
either the VSM or the SQUID magnetometers. In particularshows that a switching field of 0.025 Oe is unable to sup-
the data shown in Fig. 2 were taken in the VSM. Data inpress the inversion d¥1. The outcome of this experiment is
Figs. 1, 4, and 5 were obtained with the SQUID magnetomethat, once a value of the remanent magnetization is estab-
ter. Since the outcome of the measurements seems to be vdished for the axial cooling fieldH;=+0.005 Oe, the
sensitive to a very small local axial field at the sample siteswitching of this field toH,= +0.025 Oe does not lead to a
the demagnetization field of the sample should be of imporehange in the general behavior of the magnetization at lower
tance. To verify this assumption, we have performed meatemperatures but only to a slight modification bf(T).
surements in two samples wik+0.015 cut from the same However, we verified that switching to fields above 0.1 Oe
crystal. The samples were cylindrical with a diameter of 2.5does produce a change in the trend of MéT) curve and
mm, and with different lengths: one was 9 mm long while the inversion is suppressed. These results are important since
the other was 2.5 mm. Their demagnetization fa¢@M)  they help us to understand why, in spite of the very low field
are in the ratio of 1/(2.5). Figure 6 shows the results ob-4in which these effects are observed, the VSM and SQUID
tained for these two samples. The magnetization for bothesults are consistent with each other. As already pointed out,
samples is compared for the same cooling field of 0.41 Oein the measuring process at the SQUID system, the sample is
The sample with higher DM develops a remanent magnetisubject to a movement that extends over several centimeters.
zation at a slightly higher temperature than the sample witfCertainly the field homogeneity, although high, cannot be
the smaller DM(see the inset in Fig.)6As the temperature guaranteed within some few mOe. However, once the
decreases, the magnetization of both samples converge tsample is cooled belowy in a very low field(below 0.015
wards the same values. Oe for the sample whose data are in Figs. 4 ajhdoBly

In order to further explore the behavior of the remanentswitching fields above 0.1 Oe can change the sign of the
magnetization at such very low fields, some experimentsemanent moment.
were conducted in which a sample that shows the inversion Some considerations about the degree of orientation
of M, was initially cooled, starting from the paramagnetic needed to observe the mentioned inversion can be formu-
phase, in a field below the threshold field in whibh re-  lated. The local transversal Earth’'s magnetic field is of the
versal occurs. Then, at a temperature below the onset of theder of 0.5 Oe. Considering that an axial field of roughly
remanent magnetization, the field is switched to a higher-0.025 Oe is necessary to obtain a magnetization that is
value above this threshold. Figure 7 illustrates this kind ofalways positivgor negative, and since in our setup only the
experiment. The data are for a sample witk 0.007 and  axial field can be compensated, a small misalignment of the
were taken in the VSM setup where the position of theeasy axis of the sample with respect to the axial field can
sample oscillates within 1 mm in the measurement. Datgroduce a low field along the easy axis of the sample. Then,
were first taken by the process of FC at a fidly, a small misalignment of the crystal of the order 6f
=0.005 Oe (M). In this field the inversion inM occurs  =25/500 rad(3°) can prevent the inversion &fl. We have
aroundT=3.2 K for this sample. In a second r® ), the  checked this point by slightly tilting the crystal and also by
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150 — this temperature regionT(<T<Ty), the saturation is
L (CH,NH,)Mn,  Cd Cl, 2H,0 J achieved at very low field. For this experiment the sample
=100} x=0008 i was cooled in a field of 0.30 Oe. This field is already suffi-
Q - . . )
£ I s cient to saturate the remanent magnetization at this tempera-
g soL 725K | ture. However, the same field in the region bel®y does
< not saturateM, and leads to open loops in the hysteresis
5 0 cycle. The coercive field increases with decreasing the tem-
K ] perature, for this sample being of the order of 200 O& at
s =1.5K and of about 15 Oe &= 3.6 K. Saturation oM,
g -50 N after being reversed occurs for fields of the order of 1 kOe at
) T=2.5K and 75 Oe afT =3.6 K. It should be emphasized
=-100 - that, in the closed loops that are always obtained when the
: ] field is high enough to saturaté,, the magnetization is
-150 R S S TR reversible in the linear regions & (H).
-1.0 -0.5 0.0 0.5 1.0 In another set of experiments the magnetization of the
MAGNETIC FIELD (kOe) diluted samples was measured following ZF@Id heating

] ) ) after zero-field cooling and FC (field heating after field

FIG. 8. Hysteresis cycle obtained for a sample with0.008 at  ,5|ing procedures. The measurements were made in a di-
T=25K. The sample was cooled at a fieldrdf=4 Oe. The cycle o crystal withx=0.008 at applied fields in the range
starts atS. Arrows indicate the cycling direction of the applied field between 1—-1000 Oe. Figures(ap-10(c) show representa-
H. A full saturation ofM after inversion ofH is achieved only at tive curves Correspon.ding to fields of 1. 5. and fOO Oe. The
1 ~+ y 9 .
fields H~ 700 Oe. same experimental condition was applied for each measure-
. . i . ment. The sample was first cooled frof=15 K down to
mtroducmg a transverse field prowded'by a set of Helmholt'zl.s K at the local magnetic field of the laboratory once the
coils mounted externally to the experlmenta_\l setup. Ir_1 th'sremanence of the superconducting coil had been suppressed.
case we ob_serv_ed_that samples carefully onente_d,_ Wh'ch df?] these measurements no effort was made to compensate the
show inversion in fields below 0.025 Oe, had their inversion J . o vial field at the sample site, which is estimated to be of

suppressed by transverse fields above 2 Oe provided by ﬂé%out 0.1 Oe. Once the temperature of the sample was sta-
Helmholtz coils. This indicates that our alignment is of the ..o 0 2i7-1 8k the magnetic field was set to the experi-
order of one t_o two de_grees. . mental valug1, 5, or 100 Oe for the curves in Figs.)ldnd

The. behawc_)r e>.<h|b|ted b_y the diluted S‘?‘mp'es bert'qw_ measurements were then run uplte 7 K (ZFC procedurg
upon field cycling is shown in the hysteresis curves of F'gSFrom this temperature the sample was cooled dow to

ﬁggngfOf'g“Sr;f Iseh(\zvvi\'lc?xtfg g%zte{_erz]selssgumrvle obtan?:éck:j at _ 1.8 K with the applied field maintained at the experimental
Lo AMp s samplé was P& N5 e and measurements were then run ug to7 K (FC
the remanent field of the sgperco_n_ductmg coil. This field 'Sprocedurea As the experimental data represented in Figs. 10
?.f ltge order ?f ;eyv t?]e fir:d 'Saigg'ggeg( t%StaturfA?H The _ show, below a given temperatufg, the magnetic fields in
I€ld was cycled in the intervar D€ but only the cen- w0 7pc process cannot carry the remanent magnetization up
tral part of the_cycl_e IS ShOWF‘ in the f'gl.”e' At this teMPera-y, e value attained in the FC process. Abdveno differ-
ture the coercive flelql for this sample IS roughly.70 Oe. Aence is observed between the magnetization data taken with
hysteresis curve obtained @t 3.6 K is shown in Fig. 9. In the ZFC and FC processes.
The dc magnetic susceptibility for MMC and MMC/Cd
15 T T were measured using the SQUID with a field of 1000 Oe
[ (CH NH)Mn,,Cd,Cl, 2H,0 1 applied along the easy axis of antiferromagnetic alignment.
B ‘_/., e Results for the undiluted and for the dilutexd<0.008) are
x=0.008 U . shown in Fig. 11. The susceptibility has a broad maximum
H=0.30 Oe :‘: 4 aroundT=30 K, due to the development of the antiferro-
T=36K . ' ) magnetic correlations within the linear chains. At a lower
temperature Ty=4.12 K) three-dimensional long-range or-
. dering occurs between the antiferromagnetic linear chains. In
. / the diluted MMC/Cd sample the susceptibility showed simi-
v 1 lar temperature dependence as MMC down to the maximum
] of the susceptibility. Belowl = 30 K, the susceptibility starts
to increase as a consequence of magnetic moments that ap-
I pear due to the breaking of the chains by the impurities. The
-15 —_— L application of a magnetic field polarizes the magnetic mo-
-100 _IagGNETICOFIELD 050 100 ments coming from unpaired spins at the end of the chains.
(Oe) This is a well-established behavior that has been experimen-
FIG. 9. Hysteresis cycle obtained Bt=3.6 K. Starting point of  tally observed in other linear chain systefifs:*"**The dif-
the cycle and direction of cycling are indicated. The sample waderence between the dc susceptibility of the pure and the
cooled to 3.6 K in a field of 0.30 Oe. At this temperature saturationdiluted sampled A y= x(x) — x(0)] is also represented in
of M, is already obtained for this cooling field. the figure.
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FIG. 11. dc susceptibility up to 50 K for a sample of MMC/Cd
with x=0.008 (full circles) and for a sample of pure MMQopen
circles. The applied field was of 1000 Oe. Note thaf. for the
pure sample tends to zero beldvy;, while for the diluted sample
tends to diverge. The difference between the dc susceptibility of the
two samples\y is shown in the insert+). Note thatAy increases
below 30 K as the temperature decreases.

IV. DISCUSSION

Let us summarize the principal features observed in these
diluted samples: (a) below 30 K down to the ordering tem-
perature -4 K) the difference between the dc susceptibili-
ties of the diluted and the undiluted compound increases with
decreasingl. At the ordering temperature this susceptibility
difference tends to divergéb) At the ordering temperature
Ty a net magnetization starts to develop and it increasd@s as
decreasedc) In generalM vs T shows a characteristic kink
in the curve at a temperatuig, below Ty. In the region
T,<T<Ty, the saturation occurs at fields of the order of 50
mOe; at lower temperatures the saturation of this magnetiza-
tion occurs at higher fields, of the order of 1 Gd) This
characteristic kink in thé vs T curve is associated with the
inversion ofM at very low fields(below 0.025 Ok These
two characteristic temperaturdg and T, are accompanied
by marked sharp singularities in the ac susceptibiligy.If
samples cut from the same crystal but with very different
demagnetization factors are compared, it is observed that in
the sample with higher DM an enhancement of the magneti-
zation just below the ordering temperature occufs.The
field cycling experimentghysteresis cyclgsmade at fixed
temperatures beloW,, the field switching at very low fields
and the FC-ZFC temperature cycles indicate that the ob-
served remanent magnetization is accompanied by irrevers-
ibilities.

The observed remanent magnetization is a characteristic
feature of the MMC samples in which the manganese ion is
substituted by a different one. This magnetization appears
only along the direction parallel to the axis of antiferromag-
netic alignment. The effect does not occur only when the ion

=0.008.(a) 1 Oe;(b) 5 Oe, andc) 100 Oe. In the ZFC process the is substituted by a nonmagnetic one, but as already pointed
sample was initially cooled in zero applied field to the lowest tem-out, substitution by Cu also originates a net magnetization in
perature and measurements were made upon heating after the figlge sampleé?’ In the case of Cd substituted samples dis-
was applied at the lowest. The temperature where the irrevers- cyssed in this paper, the inclusion of only 1% of Cd gener-
ibility occurs decreases with increasing field.

ates a net magnetization that when saturated at the lowest
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temperatures, is of the order of 0.5%Mft,,. The sublattice T T

magnetization ¢, of the undiluted system is 13 900 emu/ 1000 - . ]

mol. This indicates that an uncompensated magnetic moment .

is generated by almost half of the nonmagnetic impurities. If 800 8

we assume that each diamagnetic ion causes a break in the k

magnetic chain, the remanent magnetization could be attrib- 8 s00}- i

uted to the contribution of the uncompensated moments at & .

the ends of the chains. Statistically, only half of the broken g 400k

chains will have an uncompensated moment. w 1
The analysis of the susceptibility differendgy between

the dc susceptibilities of the diluted and undiluted com- 200+ 1

pounds indicates that it follows a Curie-Weiss behavior 3

abowe 5 K and diverges at the ordering temperature. The ol v v T

differences in the susceptibilities start to appear around 30 K; 1.0 15 20 25 30 35 40

this is a temperature where the antiferromagnetic correlations TEMPERATURE (K)

in the chain start to be dominant. It seems clear that the _ o _

uncompensated moments in the magnetic chain segments areF!G- 12. Dependence of the “irreversibility poinfT's as a func-

responsible for the difference in the dc susceptibilities and©n Of thze, applied field. The broken line is a fit to a power law

for the remanent magnetization. An attempt toXjg to a o1~ H " With To=3.6 K ande~4.1.

Curie-Weiss law was made in the region above 5 K; the

obtained Curie constant is consistent with a content of 1% of his is illustrated in Fig. 12. The increase in the slope of the

Cd. Since this region is dominated by antiferromagnetic coreurve as the applied field increases illustrates how stiff the

relations within the chains, and since the interchain interacdomain walls become as the temperature decreases. The data

tions also start to play a relevant role that will lead ultimatelypoints can be fitted to a power lai,— T=H?%*, with

to the three-dimensional ordering of these chains, deviation$,=3.6 K ande~4.1. This value for the exponent indicates

of this behavior are expected, and the value of the fittedhat the stiffness of the domain walls in this compound in-

parameter should be viewed with caution. _creases very rapidly as the temperature decreases. The field
The remanent magnetization observed in this linear diswitching experiments shown in Fig. 7 and already described

luted compound resembles the general shape found in othgfs, support the stiffness of the domain walls.

3D diluted systems structure when a process of field cooling The 3p ordering temperature is related to the interchain

in low applied magnetic fields is undertaken. It was foundexchange that in this case is of the order 3@, .. Two

: 6
thaC} :{he Kﬁslet"zgﬂ rf v;)'l(’j_lcutrvde for :he K—If:e"/Ir'?, Rb'F‘?"”’ | facts should be explained by any model attempting to explain
and tor Mn/zh (Ret. nuted systems, follow a universal o appearance of the remanent magnetization in this system.
behavior. In the present case, however, some differences o : A
irst, the two distinctive peaks shown in the ac susceptibility

observed. In the MMC/Cd a remanent magnetization appears . . : .
first atTy=3.9 K, then a kink is found &F,= 3.55 K, while and the two different saturation regimes observed in the rem-

for the 3D compounds the curve is smooth in the entire rang nent m,ag_”e“za“"” CUIVes. The two peaks showp n the ac
of temperature. At very low applied fields, usually below susceptibility corresponding By and toT, could be indica-
0.025 Oe, an inversion ol is observed in MMC/Cd that is tiVe Of & transition occurring in two steps. We do not know
not observed in the 3D samples with comparable DM facWhat is the origin of this two-step process, but a simple pic-
tors. In addition, MMC/Cd shows two regimes of saturation.fure to explain it can be provided as follows: in a first step,
BetweenT, and Ty, M, saturates at fields dfi~0.08 Oe the onset of the magnetization starts to develop from the
while saturation belowT,, arises at a field ten times larger surface of the crystal; this would generate an internal local
(when completely saturated, the remanent magnetization ield that opposes the direction of the magnetization. Then, in
represented bil, o). In the previously mentioned 3D system & second step, the rest of the moments will align in this local
the saturation occurs at fields ranging from 1 to 5 Oe. field, generating an opposite magnetization. If the external
The remanent magnetization upon field and temperaturepplied field is higher than the local field generated by the
cycling, illustrated in Figs. 8 to 10, suggest that its behaviormagnetization in the first step, then it will dominate and all
is affected by a domain structure formed in the crystal. Thehe moments will orient in the external axial fieltH {.).
smooth process of the reversal of the magnetization in th&his simple argument can in principle explain the magneti-
hysteresis loops indicates a smooth rotation in the momentzation inversion, provided that the external field in which the
via wall movement. However, this is not always the caseinitial ordering occurs is kept below 0.050 Oe. Otherwise,
since the hysteresis cycle followed by crystals of K-Fe/lnthe uncompensated moments will align kfy,, at Ty and
present strong avalanchelike effetts. T,. The two regimes of saturation of the magnetization can
The magnetization curves in Fig. 10 show, for each apin this context be understood if we consider that the mo-
plied field, a temperatur€g below which the magnetization ments at the surface of the crystal should be more easily
measured with ZFC is lower than that measured with FC. Asaturated than those in the bulk. If this is so, the shape of the
temperatures below, the applied field cannot polarize the crystal should affect the outcome of the measurements in the
moments frozen through the ZFC process up to the exteregion neaiTy .8
reached in the presence of the fi¢kL). It is interesting to The experiments performed on samples cut from the same
represent the value @f; obtained for different applied fields. single crystal but with a different DM factofsee Fig. 6
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seem to support the above model. The sample with a smaller 20—
DM factor has a smaller contribution t9l, in the region I
“above” T,. It is noted in the insert of Fig. 6 that in this ° Mn.ZnF
particular crystal the magnetization at 3.6 K is three times (] * (CH;NH M, ,Cd,Cly 2H,0 _
larger than in the higher DM sample. This suggests that the To,
magnetization is strongly dependent on the number of mag- ]
netic moments at the crystal surface. At low temperatures, < 1.0} s -
when all the uncompensated moments in the crystal are ori-
ented by the cooling field of 0.41 Oe, the magnetization of [ %,

both samples are equal. An estimate of the demagnetization 0.5¢ " -
fa}ctor for the sample with the largest I_DM (lengtB.5 m_m). | H=0360e =

gives N/(47)~0.3. The corresponding demagnetization )

field Hy=NM=NpM, where M is the magnetization in 0.0 —
emu/cn? and p is the density, at 3.6 K iHy=0.3x47 T
X 1.83x0.02=0.134 Oe anH4=0.05 Oe at 3.8 K. The di- 00 02 04 06 08 10 12
rection of this field opposes the direction of the magnetiza- TIT
tion. Thus, for applied fields below 0.025 Oe, the field where

suppression of the inversion is observed, the negative de- FIG. 13. Reduced magnetization for MMC/Cd with=0.008
magnetization field will tend to set the overall magnetizationcompared with the corresponding magnetization observed in Mn/Zn
of the sample in the region belo®,, while for applied (x=0.25). The reduced temperature T/T. was used to scale both

fields higher than 0.025 Oe, it is the applied external field®urves in temperature. Apart from the region closeTjp, where
that will set the orientation of/. presumably the surface polarizing effects.are dominant, the overall
The behavior of the saturated remanent magnetizatioﬁgreement between the two sets of data is very good. The absolute
M. - belowT. seems to follow the same universal behaViorremanent magnetization of the Mn/Zn sample is two orders of mag-
r.s, v f p d for other 3D X In Eig. 13 the dat tnitude smaller than the MMC/Cd sample. The magnetization of
previously found for other Sys_ems' nrg. € dala Ol samples were normalized at the reduced temperttudes.
MMC/Cd at 0.041 Oe, wherd/, is already saturated, are
compared with the data obtained for the 3D diluted com-experimental features encountered. The hysteresis cycles and
pound Mn_,ZnF,, (x=0.25). The data is plotted in a re- the FC-ZFC behavior indicate that a structure of domains is
duced temperature scale= T/Ty and the magnetization of formed in the sample at the ordering temperature. The be-
all the systems was normalizedtat 0.5. The absolute rem- havior of the remanent magnetization at low temperatures is
anent magnetization of the Mn/Zn sample is two orders oftnalogous to that found in other low anisotropy 3D antifer-
magnitude smaller than the MMC/Cd sample. The similarityfomagnets, and th'? may be_an |nd|cat!on _Of a umv_ergal-hke
is striking and indicates that the temperature dependence S‘ﬁhaV!Of as th? origin of this magnetization. If .th|s is the
M, . has the same physical origin for all these system&aSe, it is possible that the remanent magnetization could be
whgse undiluted compounds have different crystals struclinked to an excess of magnetization in the walls of antifer-

tures and very different magnetic ordering properties. romagnetic domains. Until now, no theoretical treatments
have tried to explain the excess of magnetization found in all

these diluted low anisotropy antiferromagnets.

.5)

M/M(

V. CONCLUSIONS
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