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Transition metal oxide nanocrystals have a wide range of

101
applications in magnetic data storage, battery materials, catalysts, (13%‘)]# )
sensors, and ferrofluids, mainly due to their chemical stability and e M\M%
magnetic propertiesDeveloping new methods for the preparation 3 [ A A A
of metal oxide nanocrystals with various sizes and shapes and »‘:: () A A A__A
investigating their properties are thus of considerable intérest. = (200)
particular, cobalt monoxide (CoO) nanocrystals are significant § | (11) (220)
owing to their potential applications based on magnetic, catalytic, £ [ a N B2z
and gas-sensing properti€$hus far, however, few methods have L(e) /.\ N A~
been reported for the synthesis of CoO nanocrystals exclusively f) A NN
with a cubic rock-salt structure. 20 30 40 50 60 70 80

Herein we report results of a reliable synthesis of CoO nano- 20 (deg)

crystals using a single precursor, Co(agé&@yac= acetylacetonate).  Figure 1. XRD patterns of (a) 1 40 nm rod-shaped and (b) 47 nm and
Remarkably, new wurtzite-type hexagonal CoO nanocrystals never (c) 83 nm hexagonal pyramid-shaped hexagonal CoO nanocrystals. XRD

observed in bulk CoO have been isolated along with the well-known Pattems of (d) 13 nm, (€) 24 nm, and (f) 33 nm cubic CoO nanocrystals.
cubic phase. ZnO is the only stable metal oxide previously
discovered to possess such a hexagonal structure.

Typical synthetic procedures are as follow&.green slurry of
cobalt precursor Co(acagh oleylamine was heated at 136 under
an Ar atmosphere. Immediately after dissolution, the reaction was
initiated by flash-heating to 20TC. After being annealed for 1 h,
the reaction mixture was cooled to room temperature, giving green
hexagonal CoO nanocrystals separated by centrifugation and puri-
fied by washing with ethanol. Cubic CoO nanocrystals were syn-
thesized under similar synthetic conditions using longer reaction
time at 135°C. The green reaction mixture was heated at 435
for 5 h under an Ar atmosphere, which slowly became red. This
solution was flash-heated to 20C and annealed for 3 h, giving
brown cubic CoO nanocrystals obtained by a similar workup
procedure.

EDX spectrometry and EEL*Sor both nanocrystals yielded an
average atomic ratio of 49:51 (Co/O), which can be considered to
have almost stoichiometric compositions. The XRD patterns of the Fioure 2 'TEM mic Saraphs of éxa onal Eoo nanocrystals: (a) TEM
CoO samples prOV'd_ed in Figure 1 Clequy ShPW pure nanocrystalllng im%ge, (i)) SAED patte?n, gnd (c) HRTI%M image of rod—shgped hanocrystals
hexagonal and cubic phases. The diffraction peaks of the cubic \_?_/Er':/lzia;/nearggs c\’/}/ﬁg; ;)éolngl é&iamdasnr?ag\égrﬁgﬁolgpygsttglgfw??hgse?gje side
phase (Figure 1¢f) are well matched with those of the corre- -
sponding bulk CoO congeneFifidm, a = 4.26 A), while peaks edge lengths of (d) 42 4.6 nm and (¢) 83 9'_2 nm-
are slightly broadened with decreasing nanocrystal size. As given Shaped CoO nanocrystals were formed. Figure 2a shows rod-shaped
in Figure la-c, the diffraction patterns from hexagonal CoO nanocrystals_wnh 1% 1.7 nmin width anq 4&_7.3_nm in length.
nanocrystals are in good agreement with those from hexagonal ZnOThe strong ring patterns from SAED given in Figure 2b can be
(P6sme a = 3.25 A andc = 5.21 A). The calculated lattice well indexed to the wurtzite structure. This is consistent with the

parameters o andc are 3.2518(2) and 5.1967(3) A, respectively, XRD data given in spectra-ec of Figure 1. The HRTEM image

which is quite close to those of ZnO. in Figure 2c reveals that nanorods are grown along the uréque
The low- and high-resolution TEM images of various hexagonal axis of the hexagonal structure, which coincides with narrow (002)

CoO nanocrystals are illustrated in Figure 2. When a solution of P&2k in XRD of Figure 18.The observed lattice spacing corre-

1:200 molar ratio of Co(acagind oleylamine was employed, rod-  SPonding to the (002) lattice plane is estimated to be 2.60 Al
Interestingly, size and shape of the CoO nanocrystals can be
T Korea Advanced Institute of Science and Technology.

+Korea Basic Science Institute. controlled by chapglng the precursor concentration. For exgmple,
§Korea Research Institute of Standards and Science. hexagonal pyramid-shaped CoO nanocrystals oft44.6 nm in
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The temperature-dependent magnetic properties of the hexagonal
and cubic CoO nanocrystals, measured in both field-cooled and
zero-field-cooled conditions by using SQUID were very sensitive
to the structural phase but appeared to be irrelevant to the size.
All the hexagonal samples showed paramagnetic behaviors, while
cubic CoO was antiferromagnetic. The most likely cause of their
different magnetic properties is that they have different structural
environments surrounding the magnetic Co ions. The cubic rock-
salt structure exhibits the 18@o—0O—Co superexchange interac-
tions, in which antiferromagnetic coupling is favoréddowever,
in the hexagonal phase, the exchange interaction between the Co
ions through oxygen is not effectively operative due to the tilted
Co—0—Co angle (ca. 119, resulting in the absence of magnetic
ordering.

In conclusion, we have prepared previously unknown hexagonal
Co0O nanocrystals by kinetically tuned thermal decomposition of a
: single molecular precursor Co(acat) oleylamine. The shape and

At size of CoO nanocr_ystals are well _controlled by changing the
Figure 3. TEM micrographs of cubic CoO nanocrystals: (a) TEM image. precursor concentration and the reaction temperature. A remarkaple
(b) SAED pattern, and (c) HRTEM image of 18 1.6 nm nanocrystals.  finding is that phase control between the hexagonal and cubic
TEM images of (d) 24+ 3.3 nm and (e) 33t 4.5 nm nanocrystals. nanocrystals can be achieved by simple manipulation of the
precursor formation kinetics. The successful growth of hexagonal
side edge length and 24 2.4 nm in basal edge length (Figure 2d) CoO nanocrystals may help to understand the Co-doped ZnO system
were obtained when a solution of 1:100 molar ratio of Co(acac) known as a diluted magnetic semiconductor. We are currently
and oleylamine was used. Similar shaped but larger nanocrystalsinvestigating the full mechanistic studies on the preparation and
of 83+ 9.2 nm in side edge length and 424.5 nm in basal edge ~ new physical properties for the hexagonal CoO nanocrystals.

length (Figure 1e) were grown from a 1:50 molar ratio solution.  Acknowledgment. This research at KAIST was supported by
The hexagonal pyramidal shape was confirmed by tilting the the NRL Program of the MOST of Korea. N.H.H. thanks the
hexagon or triangle TEM images, in which the basal plane of the Creative Research Initiative Program for support of this work. We
hexagonal pyramid is (002) and the direction from the base to the thank the staffs of KBSI and KAIST for TEM analyses.

top of.the hexagonal pyramid is [OO?]App_)arently hexagonal . Supporting Information Available: Synthetic procedures and
pyramid-shaped nanocrystals are predominant over nanorods incg spectra of CoO nanocrystals, tilted TEM and HRTEM images
bigger nanocrystals, which are favored by abrupt decomposition hexagonal pyramid-shaped CoO nanocrystals, and ZFC/FC magne-

in higher precursor concentration. _ ~tization curves of CoO nanocrystals. This material is available free of
Figure 3 shows TEM images of cubic nanocrystals with various charge via the Internet at http:/pubs.acs.org

sizes. They have a quasi-cubic shape regardless of size. As can be
seen in the SAED pattern of Figure 3b, pure cubic symmetry was References
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