JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Metal-Semiconductor Hybrid Nanostructure Ag-ZnCoO:
Synthesis and Room-Temperature Ferromagnetism
Xiaoging Qiu, Liping Li, Changlin Tang, and Guangshe Li
J. Am. Chem. Soc., 2007, 129 (39), 11908-11909+ DOI: 10.1021/ja074630d « Publication Date (Web): 11 September 2007
Downloaded from http://pubs.acs.org on February 14, 2009

0.50
50
0.25 i
3 300 K
E, E 0.00 A
&
- =
;e 20.25]
Ag  Zny4Coq 0 R - 0 5 10

H (KOe)

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 4 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja074630d

JIAIC[S

COMMUNICATIONS

Published on Web 09/11/2007

Metal —Semiconductor Hybrid Nanostructure Ag  —Zng9C0010: Synthesis and
Room-Temperature Ferromagnetism

Xiaoging Qiu, Liping Li, Changlin Tang, and Guangshe Li*

State Key Lab of Structural Chemistry, Fujian Institute of Research on the Structure of Matter and Graduate School
of Chinese Academy of Sciences, Fuzhou 350002, People’s Republic of China

Received June 25, 2007; E-mail: guangshe@fjirsm.ac.cn

Preparation of ZnO-based semiconductors of various crystalline reported in the literatutée can be dismissed from the effects to
forms has been extensively studied with a goal of achieving room- the robust FM in Ag-Zny ¢Cay 1O hybrid nanostructure as described
temperature ferromagnetism (FM) for applications in spintrohics. later.

However, the reproducibility of FM is very poor, and the nature of ~ TEM images indicated that all samples were composed of
FM is not clearic Free carriers have been reported in the literature Nanorods with their wall or top being attached by nanocrystals
as one of the causes for ferromagnetic ofdemich are always  (Figure 1 and Figure S3). EDX analysis (Figure S4) confirmed that
metastable and strongly disturbed by experimental conditions. As these nanocrystals and nanorods were silver angl(m 0,

a consequence, it is very difficult to obtain stable and reproducible r€SPECtively. These results indicated the formation of a metal
room-temperature FM using the conventional methodologies. ~ Semiconductor hybrid nanostructure. Many more TEM images of

Metal—semiconductor hybrid nanostructure provides a unique Mdividual hybrid nanostructure are clearly seen in Figure S3. A
opportunity to stably achieve room-temperature FM since metallic high-resolution TEM image of individual hybrid nanostructure

decoration may tune the Fermi leedbf semiconductors and showed _that_the regular Sp"%d”g of Iattic_e planes for the Ag
promote the electron transfer to induce ferromagnetic ordéring. nanoparticle is 0.236 nm, which is compatible with that of Ag-

L . (111) planes, while the interplanar spacing of 400, ;0 nanorods
Eel;/g(;theless,tlt |stst|II a;challeng? to prepflre m;?;mtlﬁ_onductor was 0.285 nm, much closer to that between two adjacent (100)
y r! r.lanos rup _ure or room- empgra ure N IS com- planes of ZnO. Further, EDX line scanning analysis along nanorods
munication, we initiated the preparation of hybrid nanostructure

: ) o “ indicated a homogeneous distribution of Co and Zn (Figure S4).
Ag—Zno C0.10 based on the following considerations: (1p4n Electronic structure of AgZn ¢C0:O hybrid nanostructure was

C.10 nanorods have a polar surface structure, and thus itis highly examined by diffusion reflection spectroscopy. As illustrated in
possible to attach small Ag nanocrystals on the “activated centers” Figure 2a, besides the intrinsic exciton band at 368 nm for pure
of the top or the wall of the nanorods. The surface energy of the znO nanorods, Ag(4%)Zne¢Co.1O hybrid nanostructure showed
negatively charged plane of?Oions for nanorods is higher than  two additional absorption bands in the ranges of-5800 and 706-
that of the nonpolar planéand, therefore, is energetically favored 500 nm in comparison with pure ZnO nanorods. The first band is
by attaching exotic species to form a heterostructuhe stacking ascribed to the silver plasma bahd@o uncover the nature of the
faults of Zny ¢Cop 1O parallel to the [0001] direction could act as  second one, the absorptions observed in the wavelength range from
the activated centers for promoting massive surface reconstrutions. 720 to 500 nm for hybrid nanostructure are enlarged (Figure 2b).
(2) Most importantly, C&" doping in ZnO nanorods can produce The absorptions for pure ZnO andZ oy ;0 nanorods were also
a significant red shift in band gap enetgjin favor of the electron ~ given for comparison. Three absorption peaks were observed at
transfer from Ag nanocrystals to tune the Fermi level of ZnO. We about 660, 566, and 609 nm for both AZne¢C0o..O hybrid
prepared Ag-ZnodCo:O hybrid nanostructure via a solution nanostructure and 2rCay 10 nanorods, which are characteristic
chemistry and discovered an abnormally large room-temperature©f the transitions of*Ay(F)—2E(G), “Ao(F)-“Ty(P), and *Ay(F)—
FM which shows a promising application as a novel diluted “A1(G), respectively, for high-spin Co (3d) in a tetrahedral
magnetic semiconductor. Details of the sample preparations andceordination:2<Strikingly, the presence of Ag nanocrystals in the
characterizations are given in Supporting Information. hybrid nanostructure redu_ced thezﬁidlg_and-fleld a_bsorpance to _

X-ray diffraction (Figure S1) indicated that the majority phase show an_appar.ent bI_eachlng effect (F"-?l“re 2b), just like what is
of as-prepared samples is a hexagonal lattice. When Ag Speciesreported in C&":ZnO film after treatment in Zn vapéP.Therefo_re,

art of the electrons that transfer from Ag nanocrystals might be

were involved in the reaction systems, no Co clusters were observe . .
. . introduced and accumulated in Zg€0p 1O nanorod¥:-cto interact
but a secondary phase of silver was observed. All lattice parameters

- : strongly with C8" ions. The subsequent electron delocalization
of the majority phase were slightly smaller than those of pure ZnO, gy q

indicating the f . ¢ lid soluti . among Cé" ions may favor to the generation of FM.
|n. icating the ormfmon otasolid so u'qon Z_-5‘:_00-10 (Figure Sl)_' Ag—2Zny oC0y 10 hybrid nanostructure showed room-temperature
Since XRD technique has a detection limit of 5% and minor

ke - ’ 3 ~ FM, as indicated by the well-defined hysteresis loops (Figure 3a).
magnetic impurities can yield a huge impact on the total magnetic e coercivities are 0.49 KOe for 1% Ag and 0.31 KOe for 4%
properties, we did a parallel experiment under the identical ag which are all several times larger than those reported for
conditions with no Z#*. We found that the products consisted of  zn, .Co,0 nanostructures of film,nanoparticleds and nanorod¥.

B-Co(OH), and Ag in the presence of a minor phase 0bQp No saturation magnetization was reached even under an external
Since ethanol solvent at 12€ has a very low reduction activity,  magnetic field of 8 T, which indicates the presence of a ferromag-
Co ions are difficult to reduce to metallic clustétsOur X-ray netic component superimposed with a paramagnetic one. Paramag-

photoelectron spectroscopy confirmed the absence of metallic Conetic and ferromagnetic components were distinguished using the
in our samples (Figure S2). Therefore, Co clusters as previously modified Langevin function for initial magnetization curves (Figure
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ones are partially filled. The Fermi level lies in a gap between the
crystal field split (Figure S7). Because the direction of electron
transfer between metal and semiconductor is determined by the
relative work function, here we compared the work functions of
Ag nanocrystals and zRC0oy 10 nanorods. The work function is a
sum of electron affinity E,, and one-half of band gafk,. As a
first approximation, the electron affinity of 48Caoy ;O nanorods
is assumed to be 4.5 eV as for bulk Z&OTherefore, the work
function of Zny «Cy 10 nanorods is larger than that of 4.2 eV for
4 It metal Ag?? On the basis of the difference in work function, we

= R e proposed that Ag nanoparticles donated electrons which transfer
Figure 1. (a) TEM image of 4% AgZno¢Coy 1O hybrid nanostructure {5 and accumulate in semiconductor,Z8ay, ;O nanorods, most
and (b) high-resolution TEM image of individual hybrid nanostructure. likely shifting the Fermi level to the down-spin states and slightly
overlapping with the conduction band at the edge (Figure S7). This
explanation is indirectly verified by Coey et al. who concluded that
ZnO-based diluted semiconductors exhibit ferromagnetic behavior
when 3d states of the transition element hybridize with the spin-
split impurity-band states of carriers at the Fermi leelhe
magnetic interactions between the localized spins in the hybrid
nanostructure were probably enhanced by such an electron transfer.
R .. S Similar mechanism has also been proposed for carbon nanospheres
Wavelength (nm) encapsulating silver nanocrystafs.
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