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Template Synthess and UV-Vis Absorption Spectra
of the Nanowire Arrays of Cadmium Chal cogenides

XU Shi-min, XUE Kuan-hong* , KON GJing-lin,
SUN Dong-mei , FENG Yuying, LU Hai-yan
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The porous a umina membrane formed in the anodic oxidation of highly pure auminum foil
has attracted a great dea of attentionin recent years“]. It can be served as a dedred template to
prepare nanometer scale materias? due to its unique structure of discrete and cylindrical
nanopores, paraleed one another , with the homogeneous sze and distri bution'® . Chaoogenide
smiconductors have promis ng progect in the gpplications of pmtovoltaic[4] and photooonducting
devices® and have been extengvely exploited for many years. Olbright and his co-workers stud-
ied experimentally and theoretically the optica nonlinearties of CdSSe;. ,-doped glass'® ; Britt
and Ferekides reported that the converdon eficiency in a olar cdl of thinfilm CdS CdTe could
be as high as 15.8 %!, Here we report the fabrication and UV-Vis absorption spectra of CdS
CdSe and CdxZn; . xS nanowire arrays depodted into the template matrix of porous aumina. The
diameters of these nanowires were varied from 10 nm to 50 nm in our experiments.

Prior to anodization , a piece of highly pure (99.99 %) aluminum foil was degreased in ace-
tonefor two days and then eectrochemicaly polished in a mixture of perchloric acid (70 72
wt %) and anhydrous ethanol in the volume ratio of 1 5 under the DC voltage of 8V at tempera
ture 30  for 3 min to obtain a mirror surface. Aluminum anodization was conducted in 15 wt %
sulfuric acid and 0.3 mol/L or 0.03 mol/ L oxalic acid under DC voltagesof 10 to 50 V at differ-
ent temperaturesfor 30 min to produce varied diametersin the range from 7 nm to 50 nm.

Dgpostion of CdSwas carried out in a lution containing 0. 055 mol/ L CdCl, and 0. 19 mol/
L dement Sin dimethysulphoxide (DM SO) under AC voltage 30 V at 160  for 5 min[®!,
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We found that the depodtion of CdSe could d beformedin a Smilar way. The co-depostion of
CdyZn; . xSwas done in a ol ution containing 0. 055 mol/L CdCl; + ZnCl, with various Zn/ Cd ra-
tiosand 0. 19 mol/L eement Sin DMSO under AC voltage 50 V at 160  for 5 mint*®!. After
the depodtion, the sample was rinsed with successve acetone, ethanol and double digtilled water
thoroughly. The anodic oxide membrane deposted with the ssmiconductor nanowire arrays was
detached from the Al substrate by a treatment of saturated HgCl, lution. The thickness of the
membrane was ca. 10U m for the anodization in 15 wt % H,SO4 under DC 10 V at 25  for 30
min and ca. 200 min 0.3 mol/L H,;C,O4under DC25V a0 5  for 30 min.

Fig.1isa TEM (Transmisson Eectron Microscopy)
image of a cross section of Cdy s7ZN0.33S nanowire array in
the template matrix of dumina. To characterize the struc
ture and morphology of the chacogenide nanowires, the
deposited membrane was disolved in 10 wt % NaOH solu
tion and the nanowires were freed from the alumina ma

trix. After the complete remova of salts produced in the

previous procedures, the lution with the sugpendon of 200 nm

—_—

nanowires was dropped onto a carbon coated Cu grid for
TEM examination. Fg.2 and Fig. 3 are the TEM and gy 1 The cross section of Ccb. 6720, 5

SAED (Sdlected Area Hectron Diffraction) imagesof CdS S nanowire arrays deposited in
and CdSe nanowires freed from the adumina matrix, the matrix of amodic auminum
regectively. The SAED andyss as shown in Tab. 1 re oxide(AAO)

veded their wurtzite (hexagonal) sructure.

Fig.2 The TEM and SAED imagesof CdS nanowires Fg. 3 The TEM and SAED images of CdSe

with the diameter of 10 nm nanowires with the diameter of 40 nm
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Tab.1 Thed vauesin literature” and from the SAED imagesin our experiments

d
hkl Literature data Calculated results
101 3.16 3.16
CdS 002 3.36 3.36
(Hexagonal) 100 3.59 3.59
100 3.72 3.73
Cdse 002 3.51 3.50
(Hexagonal) 110 2.15 2.15

* Power diffraction standardsfile, inorganic and organic. Internationa centre for diffraction data. 1601 Par
lane, Swarthmore, Penngjlvania. 1991, CdS, set: 41-1409; CdSe, st : 8459

The UV-Vis absrption pectra of the semiconductor nanowire arrays electrochemicaly de-
posited in the porous a umina were recorded on the Hitachi U-3400 Sectrophotometer. Fig. 4 and
Fig. 5 are the aboorption gectraof CdSand CdSe nanowire arrayswith different diameters repec
tively. It shows that the absorption edges of the nanowire arrays shift towards higher energies
when the diameters are less than 25 nm, with regect to their bulk band gap (2.4 eV for CdS*™! |
1.7 eV for CdSe!™?! regectively. The data shown in Fig. 4 arein good agreement with the results
obtained from the reonance Raman gectroscopy measured by Hadett and his co-workers 31
Fig. 6 shows the absrption gectra of the Cdy 67Zng.33S nanowire arrays with different diameters
but the same composition. The content of elements Cd and Zn was determined by an ICP (in-
duced coupled plasma) measurement. In thisfigure, the absorption edge of the spectrum for the
array with the diameter of 10 nmisabout 50 nm less than the array with the diamter of 40 nmin
their wavelength. To clarify whether the blue shift occurred in the above experiments had osme
connections with the template matrix of alumina, the absorption gectra, one with a reference of
blank quartz plate and another with a reference of the quartz plate plus a membrane of blank au
mina , were compared as shownin Fig. 7. The two curvesin thefigure coincided very well , show-
ing that the free dumina matrix had no contribution to the blue shift in our experiments. It is
worthy to notice that the absrption edgesin UV-Vishle pectra of clustersof cadmium Chalco-
genide semiconductors show blue shift due to the quantum corfinement effects %! only when
the szeislessthan or at least around the regective Bohr radius®®! (2. 16 nm for CdS and 3. 23
nm for CdSe) , but the blue shift occurred for the nanowire arraysof Chacogenide semiconductors
in our experiments even when the diametersof nanowires were asgreat as25 nm. It isunder way
inour group to ascertain the reaoonsfor the phenomena.

In concluson, porous alumina can be used as a template to fabricate the Cadmium chalco-
genide arrays of nanowireswith the discrete and parallel arrangement and the homogeneous s ze of
diameter. The arrays possess many characterigtics, such as showing blue shifts of edgesin their
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aboorption gectra even when diameters are as high as 25 nm. The reaons for the results are

waiting to be revealed.
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The UV-Vis absomtion ectra of CdSe
nanowire arrays with the diameters of (a)
10 nm, (b) 25 nm, and (c) 50 nm, re-

Fg. 4 The UV-Vis abomtion gectra of CdS Fg. 5
nanowire arrays with the diametersof (g} 7
nm, (b) 25 nm, and (c) 40 nm, repec

tivey ectively
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FHg.7 The UV-Vis gectra of the same sanple of a
CdS nanowire array with different references,
one being blank quartz plate (a) and another
being the quartz plate plus a membrane of

blank aumina(b)

Fg.6 The UV-Visabormption gectraof Cdy 67ZNo. 33
S nanowire arrays with different diameters of
(a) 10 nm, (b) 40 nm



2 : . 155 .

Key words: Template synthess, Porous aumina, Semiconductor , Cadmium chalcogenide,
Nanowires

References:

[1]

(2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

Jesensky O, Mller F, Gosde U. Sdf-organized formation of hexagona pore arrays in anodic alumica[J].
Applied Physics L etters, 1998, 72(10) :1 173.
Al-mawdwi D, Liu C Z, Moskovits M. Nanowires formed in anodic oxide nanotenplates[J]. J. Mater,
Res. , 1994, 9(4) :1 014.

Masuda H, Hasegwa F, Ono S. Sdf-ordering of cel arrangement of anodic porous auminaformed in sulfuric
acid olution[J]. J. Hectrochem. Soc. , 1997, 144(5) :L 127.

WangB H, Wang D J, Cui Y, et d. Photodectrochemica investigations on Sze quantized particulate CdS
film electrodes[J]. Chemical Journal of Chinese Univerdties, 1995, 16(10) :1 610.

TorresJ, Gordillo G. Photoconductors based on ZnCd; - xS and CdSe; . ¢S, thin films fabricated with multi-
layer structure[J]. Thin Slid FIms, 1997, 310:310.

Olbright G R, Peyghambarian N, Koch SW, et d. Optica nonlinearities of glasses doped with semiconduc
tor microcrystallites[J]. Optics Letters, 1987, 12(6) :413.
Britt J, Ferekides S. Thinfilm CdS CdTe lar cel with 15. 8 % dficieng/[J]. Appl. Phys. Lett. , 1993,
62(22) :2 851.

Baranski A S, Fawcett W R. The Hectrodgosdtion of Meta Chalcogenides[J]. J. Hectrochem. Soc. ,
1980, 127(3) :766.

Routkevitch D, Bigioni T, Moskovits M , et d. Hectrochemica fabrication of CdS nanowire arraysin porous
anodic duminum oxide tenplates[J]. J. Phys. Chem. , 1996, 100:14 037.

Routkevitch D, Tager A A, HaruyamaJ, et a. Nonlithogrgohic nano-wire arrays: Fabrication, physcs,
and device gpplications[J]. |EEE Transactions on Hectron Devices, 43(10) :1 646.

Dhanabdan A, Kudrolli H, Mgor S S, et d. Structure of CdS nangparticles containing cadmium arachidate
LB filmg[J]. Solid Sate Communications, 1996 , 99(11) :859.

Alivisatows A P. Semiconductor clusters, nanocrystals, and quantum dots[J]. Science, 1996, 271:933.

Routkevitch D, Hadett TL , RyanL , et d. Synthedsand resonance Raman ectroscopy of CdS nano-wire
arrays[J]. Chemica Phydcs, 1996, 210:343.

Rama Krishna M V , Friesner R A. Quantum corfinement effectsin ssmiconductor clusters[J]. J. Chem.
Phys. , 1991, 95(11) :8 309.

BrusL E. Hectron-dectron and eectronhole interactions in smal ssmiconductor ciystdlites: The dze de-
pendence of the lowest excited eectronic state[J]. J. Chem. Phys. , 1984, 80(9) :4 403.

Alivisastos A P, Harris T D, Carroll PJ, et a. Hectronvibration copling in semiconductor clusters studied
by resonance Raman gectrosoopy[J]. J. Chem. Phys. , 1989, 90(7) :3 463.



- 156 -

2000

(DM S0)

’

CdS Cdse

)

0646, 0 649.4

CdcZn; - xS
25 nm

210097)

210093)

CdC'z anz S &



