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Study of structure and luminescence of CdSe Nanocrystals obtained
by ball milling
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28040 Madrid, Spain

(Received 15 March 2004; revised manuscript received 30 April 2004

The effect of mechanical milling on the structure and luminescent properties of CdSe powder has
been investigated by means of cathodoluminescéfitg in the scanning electron microscope,
transmission electron microscogf EM) and x-ray diffraction. The starting powders were ball

milled for times between 5 and 20h. TEM of the milled samples reveals the presence of nanocrystals
with a wide range of sizes including nanocrystals of 10 nm and smaller. The CL spectra of the
untreated samples show the characteristic band edge emission centered at 1.8 eV. In the milled
samples a band centered at about 2.5 eV is observed which appears to be associated to the presence
of nanocrystals. The evolution of defect structure with milling time has been monitored by recording
infrared cathodoluminescence spectra. A partial phase transformation from wurtzite to zinc blende
structure also has been observed2@4 American Institute of Physidg®OIl: 10.1063/1.17658598

I. INTRODUCTION diffraction (XRD) and transmission electron microscopy
gTEM) and the luminescence properties have been studied by
cathodoluminescenc€CL) in the scanning electron micro-
pe(SEM).

Bulk CdSe has been extensively investigated in the last
decades due to its application in photovoltaic cells, thin film
transistor, optical-data recording, and other optoelectroniécO
devices: Recently, semiconductor nanocrystals have at-
tracted attention due to their potential application in new!l. EXPERIMENTAL METHOD

optoelectronic devices such as light-emitting diotiasnlin- Commercially available CdSe powder with a nominal

ear optical device$,and fluorescent biological labélsin purity of 99.999% was used as starting material. Milling pro-

particular, nanocrystalline CdSe exhibits quantum Conf'nebesses were performed in a centrifugal ball nifetsch

ment effects which enables bandgap tuning from the neag,qq \yith 20 mm diameter agatha balls. Milling time was
infrared(1.8 eV) to the blue-green region, thus being a good, 4 iad from 5 to 20 h

candidate for the fabrication of a variety of hanodevices. Structural characterization of the samples was carried

In the recent years, nanocrystalline CdSe, as many othey s  y_ray diffraction (XRD) and transmission electron
nanocrystalline semlconC!uctors, hasf been obtalned_by Se¥iicroscopy(TEM). XRD measurements were performed in
eral m?thgds such as ion beam mplantaﬁochem!cal a Philips Difractometer working at 45 kV and 40 mA, using
deposition, dsol-gel lmethqd%, rﬁole_culiar beam depltaxy CuKa radiation. For the TEM measurements, a 300 kV Jeol
(MBE)" and meta -orgamc]i hC em|cah \(/japolz €POsItion 3400 TEM was used. Energy dispersive x-ray microanalysis
(MOCVD)' I—_|owever none o these met_ 0ds allows, In Prin-;, the TEM was also used for compositional examination of
ciple, to obtain large quantities of material. Alternative meth-the samples.
ods as mechanical milling ha§ been extensively applied 10 |, grger to obtain disk shaped samples for the scanning
prepare nanocrystalline metallic matert8land recently has electron microscopy experiments, the powders were com-

been also used to obtain semiconductor nanocrystals such BScted under a compressive load of 1 ton. Topography im-

211 11,12 13 4 : .
St _G_e_, Zn0,” or Ga_Sbl. This technique opens the ages were recorded in a Leica 440 SEM operating in emis-
possibility to produce relatively large amounts of nanocrys-

. . . : .~ 7%sive mode. CL measurements were performed at liquid
talline material at low cost avoiding chemical contammatlonmtrogen temperature in a Hitachi-2500 SEM with a beam
from the agents used in other synthesis methods. Howeveé’nergy ranging between 20 and 25 kV. Emission in the vis-
several problems related to mechanical damage and def

4 oxid ios f ion duri i h i and near-infrared ranges was detected with a
and oxide species formation during milling process have stily;, 5 ma1sy R928 photomultiplier and a cooled ADC Ge de-

tq be overcome, since theY can affect 'Ium'lnescence efflt'ector, respectively. CL spectra were recorded using an Oriel
ciency of the materials, which is of major importance 1078515 computer controlled monochromator or a CCD cam-

optoelec_tronic applications: era with a built-in spectrograptHamamatsu PMA-1)1
In this work, the formation of CdSe nanocrystals by ball

milling and the luminescence of the nanocrystals as a func-

tion of the mechanical treatment are investigated. The strud!l- RESULTS AND DISCUSSION

tural characterization has been performed by means of x-ray  xRD diffraction patterns of starting and milled samples
are shown in Fig 1. After the milling process two different
dElectronic mail: arana@fis.ucm.es effects can be observed. As the milling time increases, the
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FIG. 1. XRD patterns of milled and nonmilled powders.

intensity of the(100), (101), (102, and (103) diffraction ]
peaks associated to wurtzite phase, decreases, while peal;fimm
(002 and(110) still remain. The position of these last peaks

can be also associated(thl1) and(220) diffraction peaks of  FIG. 3. Topography images acquired by SEM(@ starting material(b)
zincblende phase. Therefore, this fact indicates that a stru&-n. (¢) 10 h, and(d) 20 h milled powders.

tural change from typical wurtzite to zincblende phase of

CdSe has taken place, resulting in a mixture of both phas . - . . )
in the 20 h milled sample. Such a kind of structural transfor(?ﬁa\/(3 been obtained after milling. Compositional analysis car

. : . died out by EDX on all the samples shows a nearly stoichio-
mation has been previously reported for ball milled CdS an metric fraction of Cd and Se in the nanocrystals as well as in
CdSe powder$>® On the other hand, a broadening of the Y

diffraction peaks is detected due to the milling induced re_:z;:(;artlng material, furthermore, no oxygen has been de-

duction of grain size. From Debye-Scherrer analysis, average : . : .
. ' . . . The evolution of the particle size and morphology with
crystallite sizes ranging between 40 nm in 5 h milled pow-__. . .
ders and 29 nm in the 20 h milled sample are obtained milling treatment. was observed. by SEM in thg secondary
" .electron mode(Fig. 3). In nonmilled powdergFig. 3a)]

The presence of nanocrystals in the milled samples iS . L .
. rains with sizes ranging from hundreds of nanometers to a
further assessed by TEM measurements which show that t . . . .
ew microns can be observed. During milling the particle

particles contain crystals with sizes of about 30—40 nm in

agreement with the XRD results as well as smaller nanocryss—Ize was found to decregse and to become more h°m°9€'
eous. In the samples milled for 5 and 10 h, small particles

tals of sizes down to 10 nm and smaller as Fig. 2 shows. ThE

existence of a wide crystallite size distribution has been pre9f about 300 nm coexist with larger grains with sizes of sev-

viously observed in other ball-milled semiconducttr$? It er_all I("jnl;:ror;so[Fr:gsl,:._ 3b) gnd ). Ho;/vevefr, n tr|1|e pOW(tj_elrs
appears then that XRD measurements represent the avera ed for [Fig. Ad)], aggregates of smaller particles

value of the size distribution, although smaller crystallitesser\?er;m and a more homogeneous size distribution are ob-

Normalized CL spectra of the samples in the visible
range are shown in Fig. 4. The spectra are corrected for the
system response. In the nonmilled samg@elid line), an
emission band centered at 1.8 eV is observed. Since the band
gap value of wurtzite CdSe is 1.84 eV at liquid nitrogen
temperature, this band can be associated to band-to-band and

TUNAL 75 shallow levels transitions in the material. In addition, as we

i 17 will discuss later, an increase of the CL intensity at lower
%q’ . LG, energies is detected due to the existence of deep levels. No
o ff’j ,{’,/', 1 // s 14 emission at energies above 1.9 eV is detected. After short

, L milling times (square symbg] band edge emission is still
observed and a new broad emission band in the range
2.0-3.0 eV arises. The relative intensity of this band as com-
pared with the band edge emission is observed to increase in
the spectra recorded from 10 and 20 h milled samdes-
ted and dashed line, respectivelin these cases the band is
centered at about 2.5 eV.

CdSe nanocrystals and quantum dots have been obtained
FIG. 2. TEM image showing a nanocrystal of about 6 nm size. previously by several methods. Photoluminesceiitg and
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FIG. 4. Normalized CL spectra in the visible range recorded at 20 kV andF|G. 5. Normalized CL spectra recorded at 20 kV and 85 K on nonmilled
85 K of nonmilled powdergsolid line), 5 h milled (square symbg) 10 h  (solid line), 5 h milled (dashed lingand 10 h milleddotted ling samples.
milled (dotted ling, and 20 h milleddashed ling samples.

CL investigations performed in these materials showed thgy XRD, thg forrlnad'uon o|f_|sma|| amqunt o;CﬂO ((jjunng TIC”:dO
appearance of luminescence bands at energies higher thal¥ cannot be rule 1OUt’ owever, smce_t € bandgap o
the bulk band gap. In particular, Yamakae®al® have re- 'S located at 2.3 eV: the existence of this compound would

ported a broad luminescence band centered at 2.49 eV jead to luminescence emissions at this and lower energies
CdSe quantum dots of 15—40 nm in size grown by MBE and therefore only the low energy part of the observed broad

and Litvinov et al!” have found similar bands peaked at Pand peaked at 2.5 eV would be influenced by the possible

2.6 eV in quantum dots grown by the same technique. Th@resence of oxide. .

emergence of these emissions in the visible range has been CL spectra in the near-infrared range also change from

explained by quantum confinement effects. In our case, XRIonmilled to milled powdergFig. 5. Spectrum of starting

and TEM measurements show the existence of nanocrystafgaterial(solid line) shows a broad deep level emission band

in the milled samples, therefore, the 2.5 eV CL band couldocated in the range 0.9 eV-1.5 eV. The asymmetric shape

be associated to these noncrystals. These effects have be@nthis emission suggests the existence of several compo-

also described in other ball milled semiconductors a&®f.  nents. Deconvolution of the spectrum in Gaussian peaks re-

3) and Ge(Ref. 4. veals at least three components centered at about 1.05, 1.33,
According to Brus® the size dependent band gap energyand 1.40 eV, respectively. Bragit al”” have observed in

in the quantum confinement regime can be calculated by polycrystalline CdSe films two PL bands peaked at 1.35 and
1.01 eV, close to the CL bands observed here, which are

2
E; =Eg+ ﬁ—ﬂi - ﬁzl associated to ¥, and Qs defects, respectively. In addition a
2uR ¢ R CL band centered at 1.40 eV observed in ion implanted
where is the reduced mass,is the dielectric constant, and CdS€ crystals, has been associated tardonor
eff

R the radius of the nanocrystals. Takingff, me" ande as complexe§.3 T_he infrared CL signal in milled samples de-_
0.11, 0.45, and 10.2, respectively, an approximate mean df'€ases drastically, probablly due to an increase of noprad|a—
ameter of 6—7 nm is obtained for a band gap of 2.5 ev!ive centers produced during the milling process. This as-
However, although crystallites of this dimension are ob-SUmption is supported by the fact that the intensity decreases
served by TEM in the milled samples, the very broad cLas the milling time increases. The CL signal in the 20 h
band centered at 2.5 eV cannot be explained by quantufiilled samples is too faint, which prevents the acquisition of
confinement in crystallites of 6—7 nm. As described above gPectra. The spectrum corresponding to 5 h millidgshed
wide range of grain sizes is present in the Samp|eS, WhiCHne) is rather similar to that recorded from the nonmilled
would contribute to the band broadening and on the othefample, only a decrease of the relative intensity in the region
side surface states in the crystallites influence the lumined?etween 1.3 and 1.5 eV can be observed. Changes in the
cence spectra. The effect of surface states on the nanocrystgectrum of the 10 h milled sampleotted ling are more
luminescence has been discussed for different materials, sp@portant showing the quenching of the 1.40 eV and
cially for the case of porous and other forms of nanocrystall.33 eV bands while the 1.05 eV emission still remains. The
line silicon and germanium. Adsorbed species and the presbserved behavior can be tentatively explained by a compe-
ence of oxides or amorphous material at the crystallitdition mechanism between both emissions. During the mill-
surface lead to luminescence emission which does not corrédg process, some of the oxygen of the atmosphere can in-
spond to that to be expected from a pure quantum confinesorporate to Se lattice positions leading to a decreasespf V
ment effect, e.g., Refs. 19 and 20. concentration and a subsequent decrease of the intensity of
Although EDX measurements do not reveal the presencthe Vg related 1.35 eV band. In addition it appears that me-
of oxygen in the milled samples and oxides are not detectedhanical milling causes the reduction of the CL related to
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