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Theoretical predictions of possible ferromagnetism in Pd have [ B~
stimulated much interest in experimental studies of thin Pd films
with heterostructures as well as nanometer-scale Pd materials. The
free Pd atom with an electronic configuration of [Krl4ds not »
magnetic on the basis of Hund'’s rule. According to recent theoretical

r, r hr- " r f’ o
so the condition for ferromagnetism based on the Stoner criterion Q:_ = f ; OO
lies close to the threshold of ferromagnetic (FM) instabflity. X
Spontaneous FM order in bulk Pd, however, has not yet been Figure 1. Left panel: SEM image of the same Pd/LCSMO sample showing
observed experimentally. On the other hand, in free-standing Pdthe Pd phase adhered to the LCSMO skeleton. Right panel: TEM image of
nanoclusters with an average diameter of 2.4 nm, the presence of* D(ffﬁtwil::.atgtljg?:?r magtnlgcatlc;rr: confllrlm(llng tftle)pErelsenCt:,‘j of Pd nan?circ:ts
. . and uitratnin IIm coated on the wall. (Insets, nlarged images o e
possible ferromagnetism was reporfadowever, the observed Pd Pd nanodot and PA/LCSMO interface.
moment was so small (about 10ug per atom) that only a small
fractlon_of surface a?g:f held all pe_:jman]?n;r_naglnetlﬁ_mgr(;l/?:nt. Tzemetal films grown epitaxially. In Pd/Ni or Pd/Fe films, however,
Ln(;i/g’]\lr)ef.tllc momenF (I)I wasga SE identl 1edn u trz?]t ('jn h € E;]n it was not possible to directly distinguish the induced Pd moment
Hfilms epitaxially grown by the sputtering method, where the ¢, yhe hybrid film because the overall magnetic property was

Pd film cqnsisted of a few atomic layers a_nd was magnetized by always measured. It is worth mentioning that the Pd moment of
contact with the FM substraté§.These studies demonstrated that our Pd/LCSMO sample was quantitatively analyzed since the Pd

the magnetic properties of Pd are strongly affected by the material content can be precisely determined by inductively coupled plasma/

\'IA\V:tE WhLChhit s in <|:ontac|i as well as %y(:educecé d;meﬂsionalit_)t/).l mass spectroscopy (ICP/MS). More importantly, the induced
though these early works have provided grounds for the possible 1, iy ym pd moment was about O per atom, which is

ferromaglneélsm Of. r.1anohs cale P.d mFal\t/lerla(;s, '.[hePrE r_}is pelen “tlﬂecomparable with the theoretical value of Q4 per Pd atom
success in determining the genuine order in Pd. This is largely .. \iated from the Pd/Fe filif.

due tc_) tlhe d(ljffIC|U|ty fOf reprodu0|t;:y_mak|ng r_1anometer-9zed_Po|| Since all the LCSMO samples with different cation ratios yielded
materials an aso o meas_urlngt eir magnetic moments precise y'virtually identical nanohybrid materials, the data presented below
Recently, using a colloidal template method, a macroporous concern thex = 0.1 composition of Lg:Cays »SEMNOs unless
EEI’OVSkIte n;]?g;r\‘/'lte baC ﬁ‘"?ﬁ"srlenOT (LCSMO), V_Vh:;h IS stated otherwise. The general procedure used to fabricate the Pd/
nown to exhibit as well as colossal magneto resistaneas LCSMO hybrid material is described in Supporting Information.

madter.] Thg p(f)'|r|e?j Of_i‘hCSMg] are thtreg-?ln_sﬁpslonallly tordered anr:j In a similar manner, Pd adhered to carbon (Pd/C) was also prepared
can thus be Tifled with another materal. This tempiate approac using a macroporous carbon replica, to examine whether non-

affords a controlled growth of nanodots or ultrathin films on the magnetic carbon can also induce a magnetic moment in nanosized

walls of the LCSMO framework, yielding bifunctional hybrid Pd materials. Evidence for the Pd content was provided by elemental

tmhatenaltss Thls tefci;r;;ql_ug,svl\\//llgl shllgbhydmodl?catllons,owas_used tfort analysis using ICP/MS. The wt % of Pd gradually increased with
€ Synthesis o ybrid mateniais. ©ne importan increasing dipping time. A dilute Pd precursor solution was used

advantage of this method was that various shapes of materials sucqo prepare nanodots or ultrathin films, which were expected to be

as thin films and dots can be fabricated simply by varying the very susceptible to the magnetic field induced by LCSMO. An SEM

concentration of the precursor solution and the dipping time. This image of the hybrid Pd/LCSMO material prepared by dipping the
enabled fabrication of nanometer-scale Pd materials adhered to theprecursor solution once shows that approximately uniform nano-

LC'I'Sh,\ii?:(;Sri?rﬁt:iZétion rovides direct evidence for ferromagnetism pores formed a well-ordered, close-packed array. Due to the very
P 9 low Pd content, however, the presence of the Pd phase was not

Olf1 Pd. m?hgnggzed by i‘SSMO gmd gebrvtehs as thhe first e;(ampée easily distinguished by SEM alone. Nevertheless, the SEM image
showing the Fd moment being Induced by the rough Magnetic oxXide ¢ 54, csvo - exhibits a very slight dilation of the LCSMO

surface. Thus far, the induced Pd moment has been found in hybrIOIskeleton compared with the pristine LCSMO structure. TEM was

* Center for CMR Materials. thus used to image the Pd phase in the LCSMO framework. As
* Division of Electromagnetic Metrology. illustrated in Figure 1, Pd nanodots are seen along with the LCSMO
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4 that were in direct contact with the LCSMO surfaces. It is desirable
n=4,0,3,1,2 to compare this result with the Pd moment (Q:4) in Pd/Fe
1 multilayers epitaxially grown in the (001) directiéi.he maximum
number of Pd layers in which an FM moment is sustained
throughout the whole layer is four atomic layers, which is about
1.08 nm of thickness. One additional Pd layer destroyed the
ferromagnetism of the whole Pd layer, indicating that thick Pd layers
b do not possess magnetic moments. In view of the magnetization
of Pd in contact with the FM material, this agrees qualitatively
with the result presented in this communication. However, the
thickness dependency of the Pd magnetization appears to be
dependent on the magnetic moment of the contact material. The
magnetic coupling caused by an exchange interaction mechanism
in the Pd/LCSMO interface might be stronger than in the Pd/Ni
T " film.6 Another point to note is that lattice effects might play a
significant role in determining the induced moment of the Pd/Ni
film but be negligible in the Pd/LCSMO sample due to the rough
Figure 2. Temperature-dependent magnetization curves of hybrid Pd/ gxide surface of LCSMO.
'(‘rf):?g"')?ezgmﬂﬁfp;’r‘]’ghﬁg:gzre_mepﬂ g;”;ﬁgﬁsr?ﬁgsc‘ga‘;:;g; L‘e ;‘gr':jgircse In conclusion, Pd/LCSMO hybrid materials with very low Pd

. content were fabricated through a template method. It was found

of the magnetic moment calculated per Pd atom. Solid lines are guides to : .
the eye. that the Pd moment was even induced by the rough LCSMO oxide

framework. In addition, ultrathin films coated on the oxide replica ntérface, this being the first time that such a phenomenon has been

are also visible in the TEM image. This indicated that Pd materials "ePorted. These experiments demonstrate that nanosized Pd dots

showed a tendency to adhere strongly to the LCSMO framework. ¢@n also be magnetized by a FM oxide. Accordingly, the general
Pd in the hybrid Pd/C sample formed spherical nanodots on the view that the induced Pd moment can be observed only in ultrathin

interior void surface of the carbon skeleton. The spherical shape is Multilayer films containing an FM layer is not extendable to other

clearly identified in the TEM image (Supporting Information). The material systems. Alternative theoretical investigations should

difference between the LCSMO and carbon replicas as temmatesinstead be considered, in which the induced moment is primarily a

to Support Pd is Striking in terms Of the Shape Of the Pd phase, I’esult Of eXChange interactions betWeen the 3d bands of the FM

Wh|Ch appears to depend heavily on the Oxophobic and oxophinc material and the 4d electrons of Pd although lattice eXpanSiOn that

natures of carbon and LCSMO, respectivEifthe PdO material induces a narrowing of the 4d band also plays a role in the creation

that forms at the initial stage of annealing was not strongly adhered of the magnetic moment.

to the surfaces of the oxophobic carbon, which eventually led to .

the creation of spherical Pd nanodots with small contact areas. It Acknowledgment. The authors are grateful to the Creative
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were not uniformly distributed through the whole LCSMO network.

A(ijqordlr;gLy, gelther tlr(;ebthlckness IOf (;he f"ms Sor lthe a"erage perimental procedure, SEM micrographs, XRD data, TEM images, and
rg lus of the qts could be ac_cura'Fe y determined. Close eXam'na'magnetic data (PDF). This material is available free of charge via the
tion of the TEM images of the first dipped sample, however, showed | tarnet at http://pubs.acs.org.

that the Pd clusters were less than approximately 14 nm in diameter.
As anticipated, the thickness of the LCSMO skeleton gradually
increased with dipping time.

As shown in Figure 2, magnetic moments of the Pd/LCSMO (1) Delin, A.; Tosatti, E.; Weht, RPhys. Re. Lett. 2004 92, 057201.
samples were noticeably enhanced in comparison with that of the (2) Blugel, S.Phys. Re. Lett. 1992, 68, 851.
pristine LCSMO sample. Apparently, the nanosized Pd materials (3) Jiles, D.Introduction to Magnetism and Magnetic Materialsst ed.;
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