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Local magnetic properties of Co grains in bulk Ag and Cu: A first-principles study
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Here we use the real space—linear muffin-tin orbital—atomic sphere approximation method to perform a
systematic study of the site and grain size dependence of local magnetic moments and hyperfine fields at Co
grains(up to 135 atompsin fcc Ag and Cu hosts. We found a very stable value for the local moment at Co
atoms in Ag hosts, whereas the average local moment for Co grains in Cu tends to be slightly larger for larger
grains. We show that free and embedded Co clusters have very different magnetic behavior. The Co hyperfine
fields present similar values in both matrices and exhibit a systematic site dependence.
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The discovery of giant magnetoresistan@MR) in  been shown to make the RS-LMTO-ASA one of the most
granular materials’ generated a great interest in the study ofwell suited approaches to treat metallic systems with lack of
these systems. Special attention has been devoted to (@eriodicity.
grains inside Cu and Ag mediums. As the transport proper- Finally we note that the evaluation of the numerical un-
ties are closely related to structural characteristics, an accgertainty on the self-consistent LSDA calculation of measur-
rate description is required in order to understand the GMFable quantities is a difficult task and can be misleading. Two
behavior in these materials. To estimate the size of the grairfdistinct aspects must be considered in this case. When com-
it is a common practice to assume that all Co atoms have theared d|rec_tly to the experimental results_, the uncertainty on
same local magnetic moment and that the grains are suf24' theoretical values can be roughly estimated t9 be qround
posed to be noninteracting. However, this simple model had-1 #s for local magnetic moments drd T for HF’s. This
been shown to be not well suited to this characterization; &> been sho_vvn by previous experience W'th dilute transition
mainly for Co-Cu systems. Many recent works have dis-f.mEtal alloys in standard s_|tuat|c_>r(when orbital contnt_)u-
cussed this problem studying the possible interactions b fions can be neglect&dand is mainly due to the approxima-

. S Sions inherent to the implementation of the LSDA. Neverthe-
tween the Co particleSHyperfine field(HF) measurements less one should keep in mind that, contrary to what is usually

using different .te_chniques have also been used t(.) s_tudy St.ﬂ.’8bserved when energy related quantities and insulators or
tural charac_tenstlcs of thgse_systems. Because it is sensitiv& miconductors are consideretypically, gap energidsthe
to local environments, this kind of approach has the advangge of different parametrizations or charge density gradient
tage of being able to distinguish very small particles andcorrections for the exchange and correlation term has no
differentiate bulk from interface atoms. We must note thatgreat impact on local magnetic properties of transition metal
interface features are crucial because, as has been indicatgbys ( as local magnetic moment<On the other hand, the
in Refs. 1 and 2 and confirmed in Ref. 4, interface Scattering;omparison of local magnetic properties at sites in different
is the main mechanism that generates the GMR. We musipatial configurations, within the framework of the RS-
note that the lack of symmetry involved in these systemg MTO-ASA approach when performed under the same nu-
makes them very difficult to be studied by theoretical elec-merical conditions and always involving the same atomic
tronic structure methods. species, leads to a natural and systematic error cancellation.
Here, we study the local magnetic properties of Co graind herefore, in the comparative analysis of local magnetic mo-
in fcc Ag and Cu hosts. We use the real space—linear muffinments obtained at sites with different neighboring configura-
tin orbital in the atomic sphere approximatiéRS-LMTO-  tions, clear and regular trends can be inferred, even when
ASA) method to calculate local magnetic mometits’s) ~ much smaller differences(up to 1 order of mag-
and the Ferr_ni contact _con_tribution to the_HF’s. This is the TABLE I. Average magnetization per Co atom, in unitsyaf
usually dominant coptrlbgtlon t.o t_he HF in these systemsfor different grain sizes in Ag and Cu hosts. The grains are labeled
The RS—LMTO—ASA is a f|rsF-pr|nC|pIes rea! space approac_hby the number of Co atoms in the grains.
based on the density functional theory with the local spin

density approximatioriLSDA) for the exchange correlation Ag Cu
term. This approach has already been used with success in

the study of different transition metal systems with local de- 13 1.83 1.54
fects such as substitutional or interstitial impurities and sets 19 1.84 1.56
of substitutional impuritieS~’ A detailed description of the 43 1.77 1.57
general procedure and the calculation of HFs can be found 55 1.84 1.56
elsewherd=1° We should note that large clusters of a few 79 1.83 1.59
thousand atoms in a fcc arrangement with the host lattice 87 1.83 1.59
parameter are used. We call attention to this point because it 135 1.82 161

is the proper description of the solid embedding what has
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TABLE Il. Local magnetic moments, in units @fg, for each
nonequivalent Co site at a single impurity and,89 systems K
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TABLE Ill. Same caption as Table II, but for GGu systems.

=13, 19, 43, 55, 79, 87, and 1B5The single impurity and the 1 13 19 43 55 79 87 135

central atoms of each grain are denoted as Co0 and the atoms in tite

nth neighborhood of the central sites are denoted as Co Co0 107 155 165 169 170 168 168 1.66
Col 154 158 164 163 167 168 1.68

1 13 19 43 55 79 87 135 Co2 149 155 162 164 164 1.65

Co3 154 155 160 161 1.65

Co0 166 192 193 189 188 186 1.86 1.87 Co4 149 154 158 1.61

Col 182 18 189 189 189 188 1.87 Co5 154 156 1.63

Co2 180 186 182 191 190 1.88 Co6 159 1.58

Co3 168 184 182 188 1.89 Co7 1.58

Co4 1.80 1.82 183 1091

Co5 181 179 171

Cob6 1.67 185 interface have LM's slightly smaller than those placed in

Co7 1.78  innermost positions. This indicates that the vicinity of Ag

atoms instead of Co attenuates the magnetic moments. Such
tendency, as we see from Tables Il and I, is also observed
nitude smaller, which is the usual convergence criterium foffor Cu hosts but with a stronger intensity and the influence of
orbital occupationsare involved. the Cu atoms seems to have a longer range than Ag. This
Here we present local and average magnetic moments dfifference in behavior is due to the relative position of the
the grains studied and the HF'’s for each nonequivalent Campurities and host density of states. The relative position of
atom of the grains. The grains are built from a set of substiCo and Cud bands are much closer than the relative position
tutional Co impurities in the hosts, consisting of a centralof Co and Ag. Therefore, the hibridization between Co and
atom and its successive neighboring shells. We neglect recu is larger than Co and Ag.
laxation effects as it has been shown that they give a small From Tables Il and 1l we see that there are some fluctua-
contributior? and therefore they should not affect the generalions of the LM’s depending on the position with respect to
trends. We considered grains with up to 135 Co atoms in Aghe central atom. However, we note thatsalp, andd partial
and Cu hosts, which will be labeled by the number of Cocontributions to the Co LM’gnot shown at the tablebe-
atoms they contain. From the results presented in Table I, weome less intense as we get near the surface of the grain. As
see that the average LM’s for different Co grains in Ag arethe s and p moments are aligned antiparallel to tdemo-
very similar, with a small fluctuation around the value 1.83ments, sometimes the change of thand p moments may
mg . This value is very close to the LM 1.86; we found for  lead to a weak increase in the LM’s of Co atoms that are
pure fcc Co calculated with the lattice parameter of Ag. Thisplaced nearest to the interface. We should note that, although
observation confirms the tendency we have suggested in taese fluctuations are small, this behavior might be related to
previous work for smaller clustePsHowever, the average the oscillations in the moments observed for free
moments of Co atoms in Cu hosts present a small but cleaslusters'~*® but as a much weaker effect. The results we
increase in magnitude for larger grains. We note that albbtained here show a different behavior than reported in Ref.
these values are smaller than the value Ju§8ve obtained 14, where Co clusters with 13, 19, and 43 atoms in Cu are
for pure fcc Co with the lattice parameter of Cu. From Tablecalculated using the discrete variational method with local
II, we see that the invariance of the average LM’s of Cospin density. They have found a similar behavior for the
grains in Ag reflects the fact that the individual LM’s are embedded and free clusters, both presenting a decrease in the
also similar. Nevertheless, the isolated impurity has a smallamoments at inner positions. Moreover, their values for the
moment than Co atoms in the grains and Co atoms near thetal moments for the embedded clusters are 20% larger than

TABLE 1IV. Hyperfine fields(T) for each nonequivalent Co site at a single impurity angAgpsystems
(n=13, 19, 43, 55, 79, 87, and 189 he single impurity and the central atoms of each grain are denoted as
Co0 and the atoms in theth neighborhood of the central sites are denoted as Co

1 13 19 43 55 79 87 135
Co0 —6.6 —22.4 —21.2 —22.7 —25.6 —26.6 —27.0 —25.7
Col —14.2 —18.3 -21.7 —24.0 —23.7 —24.0 —25.4
Co2 —151 -20.3 —18.7 -23.1 —23.8 —25.7
Co3 —14.6 -17.9 —21.6 —22.9 —24.1
Co4 —16.0 —19.4 —18.3 —22.4
Co5 —-17.6 —-17.3 —18.3
Cob6 —-11.2 —20.2
Co7 —16.4
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TABLE V. Same caption as Table IV, but for QOu systems.

1 13 19 43 55 79 87 135
Co0 —-54 —20.6 —20.0 —-25.7 —28.3 —26.6 —27.6 —27.9
Col —14.0 —16.0 —22.0 —23.6 —24.8 —25.6 —26.8
Co2 —15.3 —19.7 —20.2 —22.9 —243 —26.0
Co3 —15.2 —181 —221 —23.6 —24.7
Co4 —16.4 —20.3 —19.6 —24.5
Co5 —18.2 —18.0 —19.4
Cob6 —-13.1 —-21.0
Co7 —-17.6

ours. The results recently presented in Ref. 15 for Co clusters The HF's for Co grain atoms present a clear systematic
in Cu are also larger than ours in a similar way. However, therend in both hosts. These results are shown in Tables IV and
values they obtained for Co clusters in Ag are closer to the/. In all cases we see that the intensity of the HF tends to
ones we obtained, being less than 10% smaller. Now, if welecrease as we go toward the interface. The most external
compare our results with those calculated for free Co clustergtoms in each grain have values arountl5 T in all cases,
with the same numbers of atoms and symmé&r¥,**we  and inner atoms tend to stabilize their HF's aroun@6 T.

see that the average LM's we obtain are always smaller thafihe values for internal atoms are similar to those for pure Co
the ones obtained for free clusters. However, more imporg,|cylated with the lattice parameter of Ag25.9 T) and Cu
tantly, we note that the tendency of the moments at the inr_57 1 1) The similarity of these values indicate that, al-
terface atoms to decrease is opposite to what has been lough the magnetic behavior of Co grains in Ag and Cu

zixﬁgr ];ngfgeteo ;Irlljz[r?gng\(lahn?;it tgfthsemggzrn;t(i)coﬁglr?g%%eems to be different, the hyperfine behavior is very similar,
The values we obtained for the LM’s of Co grains in Cu are Ot only presenting the same trends but also the same mag-

fitudes. These results are in good agreement with those in-

in a better agreement with the results for planar interface rred from measurements. The nuclear magnetic resonance
Co/Cu?® However, grains present a more intense influenc ' g

of the host in Co LM’s and in a broader range. This must pesPectra of Co-Ag multilayef5and Co/Cu granular systefis

due to the fact that in grains the interface atoms have morBresent a distribution with two peaks: the first one lies
host neighbors than in flat interfaces. a_1round—17 T and is related to Co_atoms at interface posi-
In Ref. 18, Co clusters with 13 atoms surrounded by up tdions; the other onéaround—22 T) is close to the HF for
15 neighboring Cu or Ag shells were calculated. The author§ure fcc Co and is related to atoms in internal positions of
reported that induced moments at the host atoms at the vihe grains. Our results present an even stronger difference
cinity of the grains were small but did not decrease with thebetween inner and interfacial HF's than suggested by the
distance to the cluster, and it was suggested that this shougkperiments, but they reinforce the assumption that with the
also represent the behavior for granular systems. We notéght shed by theoretical calculations, HF measurements may
that we have not found this behavior, as the induced mobe a powerful tool for the characterization of these grains.
ments we found become smaller than 0.Q05 after a few  They can clearly distinguish between atoms at interface and
neighborhoods and tend to almost disappear. The differencésner positions.
we found from our results to those obtained in Refs. 14, 15, To summarize, using a well established approach to deal
and 18 discussed above seem to indicate that the study of th@th local magnetic properties of bulk systems, we have
magnetic behavior of granular systems requires a very acCypund that the LM'’s for Co atoms in small grains in Ag are
rate description of the correct embedding of the grains in thgjmjlar. However, for Co grains in Cu there is a small in-
hosts. _ crease in the average moments as the grains become larger.
Finally, we note that the behavior we observed for CoThe HF's we obtained for Co grains in Cu and Ag exhibit a
magnetic moments in Ag agrees with the assumption vergimilar behavior. We also showed that the magnetic behavior

often used to analyze measured results of magnetization aRg the Co grains in these matrices are definitely different than
to estimate the size of the grains, which considers all Cqgy free clusters.

atoms as possessing a LM of 1.7i.%° The values we

found are a little larger than the value for pure fcc Co. This

may be due to the fact that we are not considering relaxation ACKNOWLEDGMENTS
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