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Op ti cal and mag netic prop er ties have been in ves ti gated for the struc tur ally con fined amor phous mag -
neto-semiconductor, ter nary chalcogenide, within the nanochannels of the mesoporous host. The struc -
tural con fine ment in duced a weak crys tal lo graphic or der ing of the mag neto-semiconductor within the
nanochannels. Unique op ti cal prop er ties were ob served for this nanocomposite, which were pos si bly due
to the size and en ergy quantization of the con fined guest chalcogenide within the nanochannels. The struc -
tural con fine ment also in duced the sup pres sion of the phonon cou pling to the photoexcited car ri ers dur ing
the car ri ers’ re com bi na tion pro cess. The spin-glass freez ing tem per a ture (Tf = 4.2 K) which was the char -
ac ter is tic mag netic tran si tion tem per a ture for the amor phous bulk was shifted to 2.3 K for the con fined
sys tem, pos si bly due to the gen er a tion of the superparamagnetic do mains in duced by the quan tum con -
fine ment ef fect.

Key words:  Mag neto-semiconductor;  Chalcogenide;  Mesoporous;  Exciton re com bi na tion; 
Spin-glass.

IN TRO DUC TION

In the field of nano-science and tech nol ogy, the pre ci -
sion con trols of size and shape and the main te nance of the
nanostructure are im por tant re search sub jects for pro vid ing 
spe cific and sta ble nanoproperties. For these pur poses,
nanotemplating has been sug gested as one prom is ing
method.1-3 Re cently, var i ous mesoporous ma te ri als have
been uti lized as templating nanomolds for nanocomposites
and free-standing nanomaterials, which can pro vide sta ble
and highly-ordered nanostructures.4-10 To date, sev eral dif -
fer ent types of mesoporous ma te ri als have been fab ri cated
to have the var i ous po rous struc tures which have con trolled 
pore di am e ters,11,12 vari able com po si tions,13-17 and de -
signed morphologies.18-23 Such uti li za tion of mesoporous
tem plates have pro duced unique nanomaterials of semi -
con duc tors, met als, mag nets, and or ganic com pounds, and
which pres ent in ter est ing nano-chemical and phys i cal
prop er ties.23-31

As one of the quan tum con fined sys tems, the semi -
con duc tor quan tum dot has been in ves ti gated in ten sively
due to its tun able band-gap prop erty of quan tum size ef fect. 
How ever, the bare semi con duc tor quan tum dots typ i cally
have a wide range of emis sions which orig i nate from sev -
eral re com bi na tion path ways such as di rect band-to-band
re com bi na tion, shal low-trapped re com bi na tion, and deep-
 trapped re com bi na tion in sur face de fects, etc. Es pe cially,
the pre ci sion con trol of the emis sions orig i nat ing from the
sur face de fect states is some what dif fi cult due to the com -
plex bond ing na ture on the sur face of the quan tum dot. Re -
cently, mesoporous ma te ri als have been uti lized as tem -
plates for the emis sion con trol which is in duced by the
struc tural con fine ment of the semi con duc tor quan tum
dots.24,32,33 The pre vi ous stud ies sug gest that the sur face
state emis sion could be re moved by the se lec tive elim i na -
tion of the sur face de fect sites with the functionalized
mesoporous nanochannels, which pro vide the con trol la ble
di rect excitonic emis sion in duced by unique nanopatterned
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morphologies.32,33

Al though the var i ous fab ri ca tion meth od ol o gies have 
con tin u ously been de vel oped for struc tur ally con fined
nano composite sys tems, con trolled stud ies of the en er getic
prop er ties are lim ited to a few tri als for the nanocomposite
sys tems in clud ing the monofunctional ma te ri als such as
semi con duc tors24,32,33 and or ganic com pounds.29-31 Since
the mag neto-semiconductors show mul ti ple re sponses de -
pend ing on the ap plied op ti cal and/or mag netic fields,34,35

they can be uti lized to be po ten tial ma te ri als for multi -
functional nanodevices. There fore, in this study, the amor -
phous mag neto-semiconductor is in cor po rated into the
nanochannels of the mesoporous host tem plate in or der to
in ves ti gate the unique op ti cal and mag netic prop er ties
which are pos si bly in duced by the con fine ment within the
long-range or dered nanochannels. From the study, it is ob -
served that the struc tural nano-confinement ap pears to in -
duce unique phys i cal prop er ties such as en hanced crystal -
linity, sup pressed phonon cou pling, and super para mag -
netic cou pling in the con trolled nanodomain of the mag -
neto-semiconductor con fined within the mesoporous host
nanochannels.

EX PER I MEN TAL

Prep a ra tion
The mag neto-semiconductor of the ter nary chalco -

genide, Co3(SbTe3)2, was pre pared from the me tath e sis re -
ac tion be tween co balt(II) chlo ride and the Zintl phase pre -
cur sor of K3SbTe3 in po lar sol vent.35 The fast pre cip i ta tion
re ac tion re sulted in an amor phous struc ture which showed
the mag net i cally in ter est ing spin-glass be hav ior at the ex -
tremely low tem per a ture of 4.2 K.34,35

The brief in cor po ra tion strat egy of the guest Co3(SbTe3)2

into a mesoporous host was as fol lows: Ini tially, di va lent
co balt ions were de pos ited within the mesoporous nano -
channels through elec tro static in ter ac tions, and the sub se -
quent rapid pre cip i ta tion with the in jected K3SbTe3 pre cur -
sor pro duced ter nary chalcogenide within the nano chan -
nels. For the ef fi cient load ing of the guest chalcogenide
within the mesoporous host, the neg a tively charged alu mi -
no sili cate of AlMCM-41 (with MCM-41 struc ture; typ i cal
Si/Al ra tio was 7-144,27) was uti lized as the mesoporous
host tem plate due to the en hanced ion-exchange ca pac ity:
Since the alu mi num sub sti tuted sil ica frame work ex hib ited
a neg a tive charge, its ion-uptake ca pac ity was en hanced

com pared with the pure si li ceous MCM-41 of which the
nanochannel sur face was typ i cally cov ered with the hy -
droxyl groups.

In this study, the uti lized mesoporous host of the
AlMCM-41 was pre pared by fol low ing pre vi ous re ports.4,27

The Zintl phase pre cur sor of K3SbTe3 was syn the sized by
the solid state re ac tion of the re spec tive el e ments in a
sealed quartz tube at the tem per a ture of 550 °C.36 An hy -
drous co balt(II) chlo ride (98%, Aldrich) was used as re -
ceived.

As the fab ri cated host of the AlMCM-41 (0.2 g) was
mixed with 20 mL of 0.05 M co balt(II) chlo ride aque ous
so lu tion, the co balt(II) ions were pref er en tially ex changed
with the Na(I) ions which ini tially ex isted at the wall sur -
face of the host nanochannels. This ion ex change pro cess
was re peat edly ac com plished three times to have the in -
creased load ing amount of the co balt ions, sim i lar to the
meth ods of the metal load ing within the AlMCM-41.4,27,37

The re sult ing pale pink pow der of the Co(II) ion ex changed 
AlMCM-41 (Co2+-AlMCM-41) was sus pended in the pu ri -
fied deoxygenated wa ter for 1 hour in or der to re move the
co balt(II) ions ad sorbed on the ex ter nal sur face of the
mesoporous host microparticles.37 Af ter the evac u a tion of
wa ter from the Co2+-AlMCM-41, the ad di tion of 20 mL of
0.05 M K3SbTe3 aque ous so lu tion to the Co2+-AlMCM-41
re sulted, through in part the cap il lary ac tion and the pre cip -
i ta tion re ac tion within the nanochannels, in the gray col -
ored pow der of the nanocomposite: Co3(SbTe3)2 in cor po -
rated within the AlMCM-41. The re sid ual ionic spe cies
were re moved by re pet i tive wash ing with the pu ri fied
deoxygenated wa ter and sub se quently dried at 60 °C in an
oven over night. Due to the air sen si tiv ity of the guest ter -
nary chalcogenide, all chem i cal pro cesses were car ried out
in a glove box and the con ven tional Schlenk tubes filled
with ar gon gas. The fi nal pow der prod uct is here af ter de -
noted as CST@AlMCM.

Struc tural Char ac ter iza tion
Quan ti ta tive anal y sis for the CST@AlMCM nano -

composite was per formed by an atomic ab sorp tion spec tro -
scope (Perkin-Elmer AA100), which in di cated that the
con tents of the ter nary chalcogenide loaded within the nano -
channels of the AlMCM-41 host was 4.5 wt.-%. Since the
bulk chalcogenide was not de tected at the sur face of the
AlMCM-41 host from trans mis sion elec tron mi cro scope
(TEM) im ages, this load ing amount was as signed to the in -
cor po rated guest chalcogenide. For the struc tural in for ma -
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tion on the mesoporous host and the CST@AlMCM nano -
composite, pow der X-ray dif frac tion (XRD) data were col -
lected with a Philips X’Pert MPD sys tem with cop per ra di -
a tion (λ = 1.5418 Å), and TEM im ages were ob tained with
a Philips CM-20 sys tem op er ated at 200 kV for the sam ples
that were de pos ited on the car bon-coated cop per grids. Ni -
tro gen ad sorp tion mea sure ments were car ried out by us ing
an ad sorp tion an a lyzer (Micromeritics ASAP 2010). Be -
fore the mea sure ments, all sam ples were de gassed for 2
hours at 473 K un der the vac uum of  ~10-3 Torr.

Op ti cal and Mag netic Char ac ter iza tions
For the pow der-type bulk Co3(SbTe3)2 and the

CST@AlMCM nanocomposite, steady-state photo lumi -
nes cence (PL) and ex ci ta tion (PLE) spec tra were mea sured
with a fluorimeter (Hitachi F-4500). Low tem per a ture PL
mea sure ment at 77 K was con ducted in a Dewar ves sel cell
con tain ing liq uid ni tro gen. A pi co sec ond time-correlated
sin gle pho ton count ing (TCSPC) sys tem was em ployed for
the time-resolved PL de cay mea sure ments. De tails of the
la ser sys tem and the fit ting rou tine are de scribed in pre vi -
ous re ports.38,39 The PL, PLE, and PL life times were mea -
sured at the front face of the pow der sam ples in a sealed
quartz cuvette filled with ar gon gas. DC mag netic sus cep ti -
bil ity mea sure ments in both field-cooled (FC) and zero-
 field-cooled (ZFC) con di tions were per formed with a func -
tion of tem per a ture down to 2 K by uti liz ing a mag ne tom e -
ter (SQUID, Quan tum De sign MPMS-5S). The cal i bra tion
and mea sure ment pro ce dures have been de scribed in pre vi -
ous re ports.40

RE SULTS AND DIS CUS SION

Struc tural char ac ter is tics
Fig. 1 shows the pow der XRD pat terns for the meso -

porous AlMCM-41 host and the CST@AlMCM nano -
composite in the small- and the wide-angle re gions. For the
mesoporous host, three dif frac tion peaks are clearly ob -
served in the small-angle re gion, which can be as signed to
the (100), (110), and (200) planes of the hex ag o nal meso -
structure. For the CST@AlMCM nanocomposite, the char -
ac ter is tic dif frac tion peaks are shown to be de creased in
their in ten si ties and slightly shifted to the high-angle com -
pared with those of the empty host. It im plies that the guest
chalcogenide is in cor po rated within the nanochannels of
the mesoporous host: The in cor po rated guest of ten re duces

the diffractional con trast be tween the po rous chan nel and
the wall frame work of the mesoporous ma te ri als.5,6,33

More over, it is note wor thy that the in cor po rated guest
chalcogenide within the AlMCM-41 host pres ents weak
dif frac tion peaks at 17.7°, 27.5°, and 31.4° in 2θ (in di cated
by as ter isks) where the mesoporous host and the amor -
phous bulk guest show only broad dif frac tion pat terns in
this wide-angle re gion (in set of Fig. 1). There fore, such
newly ob served dif frac tions im ply that the guest chalco -
genide has an en hanced crys tal lo graphic or der ing within
the long-range or dered nanochannels of the AlMCM-41
host due to the nano-confinement ef fect.

For the AlMCM-41 host tem plate, the char ac ter is tic
hex ag o nal mesoporous struc ture and the long-range or -
dered nanochannel ar ray are shown well in the TEM im -
ages (Fig. 2a and b). Such mesoporous struc tures are also
well con served in the CST@AlMCM nanocomposite which
in cludes the guest chalcogenide, al though the im age con trast 
be tween the nanochannels and the wall frame work is some -
what re duced com pared with the empty host. Since the in -
cor po rated heavy metal com pounds can re duce the den sity
con trast be tween the pore and the wall of the mesoporous
struc ture, as men tioned in the ex per i men tal sec tion of the
XRD study, the re duced im age con trast in the CST@AlMCM
can be due to the fill ing ef fect of the heavy atomic guest
chalcogenide in side the mesoporous nanochannels (Fig. 2c
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Fig. 1. Pow der X-ray dif frac tions for the AlMCM-41
host and the CST@AlMCM nanocomposite in
the small-angle re gion. The in set is the X-ray
dif frac tions in the wide-angle re gion for the
bulk Co3(SbTe3)2, the host, and the nano com -
posite.



and d).
Fig. 3 shows the ni tro gen ad sorp tion-desorption iso -

therms for the empty mesoporous host and the CST@AlMCM
nanocomposite. The Brunauer-Emmett-Teller (BET) sur -
face area and the pore vol ume are es ti mated to be 636 m2/g
and 0.56 cm3/g for the empty host, re spec tively. For the
CST@AlMCM nanocomposite, the BET sur face area and

the pore vol ume are re duced to 444 m2/g and 0.28 cm3/g,
re spec tively. The re duc tion of the sur face area and the pore
vol ume in di cates that the guest chalcogenide is in cor po -
rated in side of the mesoporous AlMCM-41 nanochannels,
which is con sis tent with the re sults from the XRD and the
TEM stud ies.

Op ti cal prop erties
The amor phous bulk mag neto-semiconductor,

Co3(SbTe3)2, shows the ex ci ta tion on set at ~ 310 nm. The
emis sion spec trum for the amor phous bulk ex hib its the
broad spec tral range cen tered at ~ 450 nm at room tem per a -
ture (RT), which is largely Stokes-shifted from the ex ci ta -
tion on set (Fig. 4a). Such emis sion char ac ter is tics of the
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Fig. 2. TEM im ages for (a and b) the AlMCM-41 host
and (c and d) the CST@AlMCM nanocom -
posite at the par al lel (hex ag o nal) and the per -
pen dic u lar (lamellar) di rec tions to the pore
open ing.

Fig. 3. Ni tro gen ad sorp tion-desorption iso therms for
the AlMCM-41 host (closed cir cle) and the
CST@AlMCM nanocomposite (open cir cle).

Fig. 4. PL (solid line) and PLE (dot ted line) spec tra
for (a) the amor phous bulk Co3(SbTe3)2 and
(b) the CST@AlMCM nanocomposite at room 
tem per a ture. λex and λdet in di cate the ex ci ta -
tion wave length for the PL and the de tec tion
wave length for the PLE, re spec tively.



large Stokes-shift most prob a bly orig i nates from the small
polaron states ex ist ing in the amor phous struc ture of the
bulk chalcogenide: The ex is tence of the small polaron
states was sug gested for the amor phous lo cal struc tures of
which the ex cited states had a strong ten dency to lower
their po ten tial en er gies by de form ing the sur round ing net -
work41,42 and, there fore, gen er ated the deep-trapped po ten -
tial states be low the band-gap en ergy.38

The alu mi no sili cate mesoporous ma te rial (AlMCM-
 41) that is used as a host for the in cor po ra tion of the ter nary
chalcogenide may have sev eral de fect sites within its wall
frame work. Typically, these de fect sites in duce the weak
broad emis sion cen tered at 420 nm and ex tended to 600
nm.38 Since the AlMCM-41 uti lized in this study are ob -
tained from the same syn thetic batch which has been uti -
lized for the pre vi ous stud ies,38,44 the AlMCM-41 in this
study are ex pected to have sim i lar emis sion char ac ter is tics
with the pre vi ous stud ies which in di cate that the emis sion
in ten sity of the mesoporous host is not prom i nent at all.
There fore, based on the re ported emis sion in ten sity and
spec tral range of AlMCM-41,38 the ob served PL and PLE
spec tra (Fig. 4b, 5) are con sid ered to rep re sent the spec tral
prop er ties of the con fined guests in the nanocomposite sys -
tems.

For the CST@AlMCM nanocomposite, the ex ci ta -
tion spec trum is dom i nantly lo cated in the range shorter
than ~ 270 nm as shown in Fig. 4b. The ma jor ex ci ta tion
band for the nanocomposite, which is blue-shifted from the
ex ci ta tion on set of the amor phous bulk, pos si bly co mes
from the quan tum size ef fects of the con fined guest chalco -
genide within the nanochannels of the AlMCM-41 host.
More over, a weak elec tronic tran si tion is ad di tion ally ob -
served at ~ 320 nm be low the band-to-band tran si tion at ~
270 nm. Pre vi ously, an in di rect elec tronic ab sorp tion be -
low the interband tran si tion was also ob served in the small
semi con duc tor quan tum dot, which was as signed to the
elec tronic tran si tion in duced by the sur face states.43 Sim i -
larly, from our pre vi ous study for the con fined chalco genide
within a mesoporous host, it was also sug gested that the
newly ob served elec tronic tran si tions be low the bulk band-
 gap en ergy might be in duced by a strong cou pling be tween
the guest and the host wall frame work.44 There fore, it is
con sid ered that the weak ex ci ta tion band at ~ 320 nm in the
CST@AlMCM nanocomposite is pos si bly as cribed to the
in di rect elec tronic tran si tion in volv ing the po ten tial en ergy
state gen er ated by a strong cou pling in the in ter face re gion

be tween the con fined guest chalcogenide and the wall
frame work of the AlMCM-41 host.

As well as the changes of the ex ci ta tion spec trum, the
CST@AlMCM nanocomposite shows two dis tinc tive emis -
sion spec tral fea tures: The in tense emis sion peak is blue-
 shifted from ~ 450 nm to ~ 390 nm and nar rowed com pared
with the emis sion of the amor phous bulk. An other in ter est -
ing fea ture is that a weak band-edge emis sion is ad di tion -
ally ob served at ~ 290 nm (Fig. 4b). The blue-shifted and
nar rowed emis sion band is pos si bly due to the size and en -
ergy quantization of the con fined guest chalcogenide with -
in the nanochannels with a di am e ter of ~ 3.6 nm (es ti mated
from the BET and TEM mea sure ments). In or der to re veal
the or i gin of the newly ob served band-edge emis sion at ~
290 nm for the CST@AlMCM nanocomposite, the emis -
sion spec trum was mea sured at the low tem per a ture of 77 K 
(Fig. 5). In ter est ingly, the emis sion spec trum mea sured at
77 K shows that the band-edge emis sion is largely en -
hanced in its in ten sity and blue-shifted to 286 nm from the
band-edge emis sion (290 nm) mea sured at RT.

In gen eral, it is well known that the photoexcited car -
ri ers in con duc tion band or shal low-trapped states are rap -
idly trapped to the deep-trapped states through phonon cou -
pling.45 There fore, the phonon-mediated car ri ers’ re com bi -
na tion pro cess in the deep-trapped states can be the dom i -
nant re com bi na tion pro cess at high tem per a ture. On the
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Fig. 5. PL and PLE spec tra for the CST@AlMCM
nano composite at 77 K (solid lines). λex and λdet

in di cate the ex ci ta tion wave length for the PL
and the de tec tion wave length for the PLE, re -
spec tively. The PL and PLE spec tra mea sured
at room tem per a ture (dot ted lines) are also pre -
sented for the com par i son.



other hand, it is ex pected for the band-edge emis sion to in -
crease with the tem per a ture re duc tion since the ther mal en -
ergy (kBT) cou pling of the photoexcited car ri ers in the con -
duc tion band and/or shal low-trapped states is to be gen er -
ally re duced with de creas ing tem per a ture. In par tic u lar, it
was pre vi ously re ported that the photoexcited car ri ers’ re -
com bi na tion in the con fined semi con duc tors within the
nanospaces was ex per i men tally proven to be less sub jected
to the phonon cou pling than that in the bulk.38,44,46 Based
on these re com bi na tion dy nam ics, it is sug gested that the
newly ob served band-edge emis sion in the CST@AlMCM
nanocomposite oc curs due to the re duced ther mal ef fect
dur ing the re com bi na tion pro cesses, i.e., the sup pres sion of 
the phonon cou pling to the photoexcited car ri ers gen er ated
in the nanocomposite. Such sup pres sion of the phonon cou -
pling pos si bly re duces the trap ping of the photoexcited car -
ri ers from the con duc tion band and/or shal low trapped
states to the deep-trapped states. And, there fore, it in duces
the band-edge emis sion ap pear ing in the CST@AlMCM
nanocomposite. Such pos si ble me di a tion of the phonon
cou pling dur ing the re com bi na tion pro cess is also re flected
in the time-resolved emis sion de cay.

In or der to study the con fine ment ef fect dur ing the re -
com bi na tion pro cess, the time-resolved emis sion de cays
were mea sured for the amor phous bulk state of the guest chal -
cogenide and the in cor po rated form of the CST@AlMCM
nanocomposite (Fig. 6). Since the emis sion de cays con sist
of the mul ti ple life time com po nents due to the com pli cated
re lax ation pro cesses through the var i ous po ten tial trap
states ex ist ing in both the amor phous bulk and the nano -
composite, the life time is pre sented as a mean life time to
pro vide a sim pli fied view (Ta ble 1). Al though both the
mea sure ments were sim i larly con ducted at RT, the ob -
served wave length-dependent emis sion de cays showed at
least twice lon ger life times for the CST@AlMCM than
those for the amor phous bulk chalcogenide. These length -
ened life time com po nents of the con fined guest within the
mesoporous host im ply that the photoexcited car ri ers ex pe -
ri ence less op ti cal phonon cou pling than that in the amor -
phous bulk at RT. The re sults from the time-resolved emis -
sion de cays are well cor re lated with the ex pec ta tion of the
plau si ble sup pres sion of the phonon cou pling and the in -
duc tion of the band-edge emis sion, as sug gested from the
tem per a ture-dependent emis sion study.

As an other pos si ble rea son for the oc cur rence of the
band-edge emis sion in the CST@AlMCM, the quan tum
size ef fect of the con fined guest chalcogenide within the

mesoporous host can be sug gested. As the par ti cle size of
the semi con duc tor re duces to a few nanometers, the in ter -
ac tion prob a bil ity be tween the photoexcited elec trons and
holes is ex pected to in crease, which may re sult in the en -
hance ment of the di rect re com bi na tion be tween the photo -
excited charge car ri ers. In this case, the re com bi na tion rate
is typ i cally faster than the rate in the bulk.47,48 How ever, the 
ob served length ened emis sion life times in the CST@AlMCM
nanocomposite are con trary to the ex pec ta tion from the
quan tum size ef fect. There fore, the band-edge emis sion ob -
served in this nanocomposite is most prob a bly due to the
sup pres sion of phonon cou pling to the photoexcited car ri -
ers.
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Fig. 6. Time-resolved PL de cays for (a) the amor phous 
bulk Co3(SbTe3)2 and (b) the CST@AlMCM
nanocomposite at room tem per a ture. The ex ci -
ta tion wave length is 287 nm for both the sam -
ples and the de tec tion wave lengths are in di -
cated in the fig ures. The in stru men tal re sponse
func tion (IRF) with a full width at half max i -
mum of 67 ps is also pre sented.



Mag netic prop erties
It was pre vi ously re ported that the bulk ter nary chal -

co genide of Co3(SbTe3)2 showed the typ i cal spin-glass be -
hav ior with the freez ing tem per a ture of 4.2 K.34,35 In this
study, the amor phous bulk ter nary chalcogenide also shows 
the sim i lar freez ing tem per a ture of 4.5 K with the re ported
value (in set of Fig. 7). As the guest chalcogenide is in cor -
po rated within the host nanochannels, sev eral in ter est ing
mag netic prop er ties are ob served in the nanocomposite
sys tem as fol lows: The tran si tion tem per a ture for the con -
fined guest ap pears at the tem per a ture of 2.3 K which is
lower than the freez ing tem per a ture of 4.5 K for the bulk.
The mag netic hys ter esis loop with the co er cive force of 100 
Oe is newly ob served at 2 K. The ZFC and FC curves of the
CST@AlMCM nanocomposite do not con verge within the
ex per i men tal tem per a ture range of 15 K, while the ZFC and 
FC curves of the bulk chalcogenide over lap just above the
freez ing tem per a ture.

Among the changes in the mag netic prop er ties, it is
no tice able that the newly ob served mag netic hys ter esis
loop is not the char ac ter is tic of the spin-glass sys tem since
the spin-glass prop erty arises from a ran dom ex change
field that is ex pe ri enced by the neigh bor mag netic spins in
ran dom ori en ta tion.34 In ter est ingly, such a mag netic hys -
ter esis loop is a typ i cal pat tern of the superparamagnetic
prop erty which ap pears be low the char ac ter is tic block ing
tem per a ture.49,50 It should also be noted that both the spin-
 glass ma te ri als and the superparamagnetic sys tems can
pro vide the same type of tem per a ture de pend ence of the
mag netic sus cep ti bil ity which is char ac ter ized by the max i -

mum of the ZFC curve and the hy per bolic de cay at a higher
tem per a ture than freez ing (for the spin-glasses) or block ing 
(for the superparamagnets) tem per a tures.51,52 How ever, the 
ob served mag netic hys ter esis loop sug gests that the super -
paramagnetic do mains are newly gen er ated in the con fined
chalcogenides within the nanochannels of the host AlMCM-
 41. From the op ti cal stud ies, the unique con fine ment ef -
fects such as en hanced crystallinity, size and en ergy quan -
ti za tion, and re duced ther mal ef fect emerge in the con fined
chalcogenide sys tem. Al though it is still not well un der -
stood how the nano-confinement af fects such changes in
the mag netic prop er ties, the unique con fine ment ef fects
seem to be the con trib ut ing fac tors to the novel gen er a tion
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Table 1. Wavelength dependent PL lifetimes for the amorphous
bulk Co3(SbTe3)2 and the incorporated form of the
CST@AlMCM nanocomposite

Sample λdet (nm) Lifetime (ns, <τ >) χ2

400 0.9 1.5
450 1.2 1.1

bulk Co3(SbTe3)2

500 1.2 1.4
360 2.5 1.2
390 2.9 1.1

CST@AlMCM

420 3.1 1.2

I(t) = 1

1

/t
A e

τ−
+ 2

2

/t
A e

τ−
+ 3

3

/t
A e

τ−
+ ⋅⋅⋅; I(t) is the time-dependent

PL intensity, A is the amplitude, and τ is the lifetime. The mean

lifetimes are deduced as follows; 2
/

i i i i

i i

A Aτ τ τ< >= ∑ ∑ . The

excitation wavelength is 287 nm. λdet represents the detection
wavelengths.

Fig. 7. (a) Tem per a ture-dependent FC (closed cir cle)
and ZFC (open cir cle) DC mag netic sus cep ti -
bil i ties at the field of 1000 G and (b) hys ter esis
loop for the CST@AlMCM nanocomposite at 2
K. The in set is the tem per a ture-dependent FC
(closed cir cle) and ZFC (open cir cle) DC mag -
netic sus cep ti bil i ties for the amor phous bulk
Co3(SbTe3)2.



of the superparamagnetic do main (spin-ordered sys tem)
and the weak remanent mag ne ti za tion of the FC curve
which ex ists well above the block ing tem per a ture for the
con fined mag neto-semiconductor within the long-range
or dered nanochannels.

CON CLU SIONS

Op tically and mag net i cally in ter est ing ter nary
chalcogenide was in cor po rated within the mesoporous
AlMCM-41 nanochannels. The re sult ing nanocomposite
in clud ing the ter nary chalcogenide pre sented in creased
crys tal lo graphic or der ing within the long-range or dered
nanochannels. The ex ci ta tion and the emis sion spec tra
showed both the size and en ergy quantization ef fects for
the con fined chalcogenide within the nanochannels. More -
over, the spa tial con fine ment in duced the sup pres sion of
the op ti cal phonon cou pling to the photoexcited car ri ers,
which re sulted in the oc cur rence of the band-edge emis sion 
in the con fined chalcogenide sys tem. In ad di tion, as the
spin-glass chalcogenide is in cor po rated within the nano -
channels, the superparamagnetic phase is newly ob served.
Such or dered spin cou pling is pos si bly in duced by the con -
fine ment ef fects such as en hanced crystallinity, size and en -
ergy quantization, and re duced ther mal ef fect.
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