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surface, interface and nano-structures

Local structure of NiTi nanocrystals
studied by EXAFS and XRD

Xin JU, Yixi SU

Institute of High Energy Physics, Chinese Academy of
Sciences, Befing 100038, P. A China, Email:
Jux@alpha02.ihep.ac.cn

A serics of NiTi nanocrysials with different annealing tempera-
tures, prepared by sputtering method, were investigaled by ex-
tended x-ray absorption fine structure (EXAFS) and x-ray dif-
fraction. It was found that the structure of nano-phase powder is
different from bulk NiTi alloy with bee struchurs as target materi-
als. When increasing the annealing temperature, 2 small fraction
of the (Ni,Ti} type nanocrystal with the hexaponal structure was
presented except target materials and Ni, and it is atomic occupa-
tion in random. Finally there were four Ti and two Ni atoms
around central Ni ators, and the bond tength of Ni-Ti and Ni-Ni
were 0.2402nm and 0.2585nm at 860°C annealed.

Keywords: NiTi nanocrystals, Phase transition

1.  Introduction
The NiTi shape memory alloy (SMA} with an approximately
cqual alontic ratio is a kind of novel functional materials which
has the ability to retwrn to a previousty defined shape and size
when subjected to the appropriate thermal procedure. These ma-
terials ean be plastically deformed at a relatively low temperature
. and will return to their shapes prior to the deformation during
exposure to a higher temperature. Actually the NiTi SMA is
unique memory alloy materials with extensive applications
(Hwang, C.M., et al,, 1983; Ling, H.C. et al., 1980, 198i; Nj-
shida, M, et al., 1986; Miyazaki, S., et al , 1988).

Until now, people have not known what the behavior of
NiTi alloy will be when decreasing the grain size to nanometer,
No reports have been published on the local structure of
nonoscale NiTi alloy. On the other hand, determination of the
atamic structure of nanoscale solids is very important for under-
standing the properties of nano-materials. In the past decades, a
huge number of investigations on the characteristic 2nd the mi:
crostructure of nano-materials have been presented using various
methods of structural analysis. Among them, extended x-ray ab-
sorption fine structure (EXAFS) is a powerful too} for identifying
the iocal structure around the absorbing atoms. In this paper, the
NiTi SMA was chogen as 4 target material to prepare the NiTi
munacrystal, then the Jocal structure around Ni atoms was studied
using the combination of CXAFS and XRD.

2. Experiments

The raw nano-NiTi powder, with a particle size of 7 am, was
synihesized using DC sputtering on a dedicated apparatus, which
was named as “glow discharge-condensation-in siu pressure™,
and sct up by Institule of Solid State Physics, Chinese Academy
of Sciences (Zhu, Y., 1994), then condensed, and {mally shaped
with a pressure of 1.5 GPa. The target materials is a bulk NiTi
SMA with bee structure. A series of samiples with differcut parti-
cle size were prepared by annealing the raw powder in vacuum at

404, 600 and 800°C respectively EXAFS measurements al the .
K-odge were performed in the transmission mode at the EXAFS
station on beamline 4W1B of the Beijing Synchratron Radiatia
Facility (13SRF). The storage ring operated at 2.2 GeV and 40-5(
A Data analysis was performed using the EXCURVIY o
gram. X-ray diffraction measuremenls were perfommed at beunn-
line 4B%A of BSRE. A x-ray diffractomator with the precision
0.00{ degree is the main equipment. The incident beam intensat:
was monitored with an ion chamber and the diffracted inteisat
was delected by Nal(T1} scintillation detector. There were 1
slits of 03 mm on the light path, one was sol at the entrunee
the beam and the other was at the froni of the detector. The we
dent focused and monochromatic x-ray beam was calibrated b
the Cu K-edge (1.34 A). The encigy resolution AE E was 3x10 .

3 Results and discussion

3.7 XRD

From transmission electron microscopy (TEM) experiments o
was found that the NiTi grains grow in size when the annealin:
temperature increases, and finally thewr panicle size increases 1
about 20 nm by raising the temperature to S00%C (X Ju ot
1993).

(N TR{111}

{N.TH) T
Nt} (2100 (211503000 aa4) (31010213
NiTH110) K200} ICERR]) N0}

NITY200

Fig. | Xeray diffraction pattemns of nana-NiTi samples. (n) NiTi alloy, rby
as-grownt Ni'li powder; {¢) anneating at 400°C {dy auncaling at 600-(

The as-grown NiTi powder was prepared by the TX spu
tering method using NiTi SMA target with the bee structure Fre
ure } shows the XRD) pattern of the target materisl Three shvon,
peaks are atiributed to (1100, (209) and (2111 as imdicated m [ 1
Ha). Fig. 1ib) shows lhe diffraction patter of the as-grama M T
powder. There is a broad peak correnponding w non-en st
materials Figares 1{c) and )y correspond 1o il o ERINI N
tained by anmealing at 300 an 6007 respevti. v The structu
these samples identfied frow the diffiac ven paticing is o 1
same as the bee strueture of the tuget matenal. A {isl oL eon b
extubited 4 group of stwong diffraciion peaks of b wily 1 nm
strugture. As indicated in Fig, I(ch ad (¢, 1he strongaeat pead,
at G722 2 tur (111}, the peaks at 823 6, 330wt 16,4
ara identified as the (2005, (2200 and 311y o Nt craalallme vt
4 cubic shucture Meanwhile, 1t should be pouted out T e
groups of weak peaks eaist and are correspondmg 1o targel 1 Ly
rial and the (NLT1) type alloy with hesavonal strocture, wlael |
atoae wreupation in random, As indieaied. the peak ar B304
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Cummercia] polyethylene-lerephthalate (PET) film frem Japan with a thickness of 16pm was irradiated at the tandem
a;,ce]erator of China Institute of Atomic Energy, Beijing, with suifur tons (4.1 MeV/amu) with a fluence of 3x10® sons

cm’. The ion imadiated PET film was UV irradiated for lrack sensitization. The film was then sensitized with am-
ponia water moreover. Etching was performed with a 0.5N NaOH aqueous solution at 73°C 10 produce membranes
4ith @ pore diameter of 0.2um. A 20nm gold layer was sputtered onto one side of the membrane serving as the working
f,]eCUUde' A 3um nickel film was then electroplated on the gold surface of the membrane so that the electrode com-
etely covered and sealed the pores of the mcmbral;le, Deposition of CdS into the pores of the membrane was carried
out galvanostaticalty (current density = 2.0 mA/em’, time = 40 mun) in a solution that contamned 0.055M CdCl, and
0.J9M elemental sulfur dissolved in DMSO at 110°C. The solution was surred with a magnetic stirrer during deposi-
ion A film of CdS was also deposited on Al subsirate under the samne condition in order to produce the sample 1 for
comparison Or} the other hand, the sarples 2, 3 were prepared at 125°C under different the current density, 3.0mA/cm’
ynd 5.0mAJcm’. respectively.

Tne scanning electron microscope (SEM; experniments for both nanowire array and films were carried out on Hitachi S-
450 instrurnent operated at 20 KV und cquipped with energy dispersive X-ray (EDX) fluorescence microanalysis in or-
ger to obtain morphological information and the atomic composition of the semiconductor samples. The sample of CdS
nanowire array for the SEM was prepared by dissolving the membrane in a solution composed of KOH, water and eth a-
nol at room temperature for a long time. The erystal structure of the samples was analyzed by a D/max-RB diffractome-
ter with Cu K, radiation.

The sample of CdS nanowire array for optical experiments was prepared by removing the metal layer from the mem-
brane by polishing. The samples of CdS films as contrast were removed from the Al substrate by attaching the exposed
face of the CdS films 1o a transparent adhesive tape and then dissolving the Al substrate in a NaOH aqueous solution
{6.8N). Absorption specira were taken using 2 Beckman BU-600 spectropholometer at room temperature. Photolumino-
scerice spectra were measured with a PERKIN ELMER L.S50B juminescence spectrometer.

3. RESULTS AND DISCUSSION
11. SEM and XRD '

The images of CdS nanowire array and films are shown i Fig.1. For the samples of CdS nanowire array, it is apparent
that the deposited semiconductor fills the pores uniformly and continuously. which means Ihe semiconductor faith fully
repraduce the shape of the pores Tt is also revealed that the nuclear track mfembrane suppresses the morphology with
significant cracking, typical of electrodeposited CdS in DMSO*. Thus template restriction of the growth dimensions can
improve the overall morphology of electrod=posited semiconductor materials, In addition.. the sample 1 consists of
granular suucture with erackles; the samples 2 and 3 are close (o the crystailites with holes. These indicate that the sum-
ples crystuatiize well ar bigher lemperature. The semiquaniitative analvsis of CdS nanowire array by EDX gives a com-
position of 304 at % Cd, 43.7 at'% Sand 4.2 at% Cl For a comparison. the atomic composition of the films is similar 1o
that of the nunowire arriay. Bul. the C'd corent of the siample 3 is steachiometnic excess, about 2%. meanw hile, there is a
trace of elementad Cl. <4<, \
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Fig 1. The SEM images of CdS nanowire array and films. {a) the nanowire arvay sumple, 110°C, 2.0mA,; (b) the film sample I,
lo°c, 2 Oma (c) the film sample 2. 125°C. 3 OmA: (d) the ilm sample 3, 125°C, 5.0mA
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Preparation and photoluminescence of nanowire array and films of cad-
mium sulfide by electrodepositing in organic solvent

X. Ju', L. Q. Peng

BSRF, Institute of High Energy Physics, CAS. Beijing 100039, P. R. China

ABSTRACT

Nanowire array and film of cadmium sulfide were prepared by electroplating inorganic solvent dimethyl suifoxide with
CdCl; and element sulfur under differeat temperature and current density. The UV-VIS absorption spectra show that
increasing the electroplating temperature is benefit to forming perfect crystallites and the absorption peak under high
electroplating temperature is ascribed to the excitonic ransition. The formula of energy shifi for the lowest several exgi-
tons is given and compared with the experiment. The photeluminescence spectrum consists of two parts: the first is pro-
duced by recombination of the defects and the second by recombination of excitons.

Keywords: CdS, nanowire array, electroplating

L. INTRODUCTION

The nature of semiconductor nanomaterizls is situated between that of the corresponding molecules and bulks. The
change of their physical and chemical properties is noticeable to follow their dimension'. Semiconductor cadmijum sul-
fide {Cd5) s of the remarkable etfect of quantum size. There are lots of experiments 1o 1nvesisgate the refationship be-
tween the opucal absorpuon. phutoluminescence and the micro-cryvstallnes size, {tindwcates that the features of the pho-
wluminescence spectroscopy for CdS nano-crystaflste. which grows in zeolite. polvmer and glass. depends on the
preparation of samples2 and reflects the information on the impurity, defect and surface state”. Since A. S. Baranski ete.
obtained the I-VI group semiconductor 1 organic solvents with the elecrodepositing method”, a series of investiga-
nons on their prepasation. behavior and applications such as solar cell have been carried vt °. Generally, the CdS nano-
crystalline preparing in chemrcal reaction at room temperature. sometimes with the annealing, 1s embraced by inen
surface or embedded in the wsolated materials. But 1t s different that the CdS nano-cryvstalhine is electroplated in
organic solvent at higher temperature, which is of the metal-hke muit-crystalhite structure without the impurines.

On the other hand. emplate synthests is an eleg ant chemical approach tor the tabrication of nunowires and has attrﬂclcg
more and more aitention. Arrayvs of metal™ ., semiconductor’. conducting polymer’ nanowires and carbon nanotubes
are obtained by electrodepositing or other methods in porous templates sudh as anodic alurnum oxide tilms and ov-
clear track membranes Apphcauons of these matenials mclude arravs of electron field eminers'’, nanoelectrodes fof
clectril)::hemicai experiments'™. magnehic sensors hased in e mant naenetio-ressiance effect’” and anisolropic opticat
filters™.

Although CdS nanowire wrayvs with diameter as smadi a6 9m have been fabocatad w anodre alumsmum oxide films
with the oxide barrier kayer separating the Al substrate and the porous luminunteade . there 15 4 mamn constraint i the
experiments such as absorption specta m order to separate CdS nunowire arravs from the Al subsirate. However. the
characterizauon of CdS panowire arrays can be studied thoroughiy 1f they are fabrcated i nuclear rack membranes: In
this paper. we report the fabnicanon and eptical charactenization of Cdy nunowies with a dumeter of 200nm in nuciear
track membranes and the corresponding fiims under the same or ditferent condiions by electroplating in organic sol-
vent dimethylsulfoxide (DMSO

2. EXPERIMEMTAL

"Correspondence jux@ihen ac en. Telephone $6-10-68233998: Fax: 86-10-68186229

dicromachiming and Microfabrication Process Technology and Dewvices, Norman C Ten, Qing-An Hua_"'gé
Edhtors, Proceedings of SPIE Vol 4601 {2001) © 2001 SPIE 0277-786X/01/$150



Connnercial polyethylene-terephthalate (PET) film from Japan with a thickness of 16um was irradiated at the tandem
gecelerator of China Institute of Atomic Energy, Beijing, with sulfur ions (4. 1MeV/amu) with a fluence of 3x10® ions

em”. The ion irradiated PET film was UV irradiated for track sensitization. The film was then sensitized with anm-
qonia Water moreover. Etching was performed with a 0.5N NaO1l aqueous solution at 73°C to produce membranes
«ith 2 pore diameter of 0.2pm A 20nm gold layer was sputtered onto one side of the membrane serving as the working
gectrode. A 3um nickel film was then electroplated on the gold surface of the membrane so that the electrode com-
letely covered and sealed the pores of the membrugc, Depasition of CdS into the pores of the membrane was carried
out gajvanostatically (current density = 2.0 mA/emy’, time = 40 nun) in a solution that contained 0.055M CdCl, and
0.19M elemental sulfur dissolved in DMSO at 110°C. The solution was stirred with a magnetic stisrer during deposi-
gon. A film of CdS was also deposued on Al substrate under the sume condition in order to produce the sample 1 for
companson. On the other hand, the samples 2, 3 were prepared at 125°C under different the current density. 3.0mA/cm’
and 5.0mA/cm”, respectively

The scanning electron microscope (SEM) experiments for both nanowire array and films were carried out on Hitachi §-
430 instrument operated at 20 kV and equipped with energy dispersive X-ray (EDX) fluorescence microanalysis in or-
der 1o obtain morphological mformation and the atomic composition of the semiconductor samples. The sample of CdS
nanowire astay for the SEM was prepared by dissolving the membrane in a solution composed of KOH, water and eth a-
a0l at room temperature for a jong time. The crystal structure of the samples was analyzed by a D/max-RB diffractome-
ter with Cu K, radiation.

The sample of CdS nanowire array for optical experiments was prepared by removing the metal layer fom the mem-
brane by polishing. The samples of CdS films as contrast were removed from the Al substrate by attaching the exposed
face of the CdS films to a transparent adhesive tape and then dissolving the Al substrate in a NaOH aqueous solution
{6.8N). Absorption spectra were taken using a Beckman BU-600 spectrophotometer at room ternperature. Photoluming-
scence specira were measured with a PERKIN ELMER [S50B iuminescence spectrometer.

3. RESULTS AND DISCUSSION
11. SEM and XRD '

The images of C'dS nanowire array and films are shown in Fig.1. For the samples of CdS nanowire array. it is apparent
that the deposited semicenductor fills the pores umiformly and continuously. which means the semiconductor faithfully
reproduce the shape of the pores It is also revealed that the nuclewr track membrane suppresses the morpholegy with
significant cracking. typical of elecirodeposited CdS in DMSO®. Thus template restriction of the growth dimensions can
improve the overall morphology of electrodeposited semiconductor materials. In addition.. the sample | consists of
granuiar structure with crackles, the sumples 2 and 3 are close 1o the crystallites with holes. These indicate that the sam-
ples crystalhize well at higher temperature The semiquantitative analvsis of CdS nanowire array by EDX gives a com-
position o 5G] at % Cd, 457 a1 Sand 4.2 w7 Cl. For 2 comparison, the atomic composiiion of the films is similar to
that of the nunowire arry But the Cd content of the sample 3 is sieichiometng excess, abowt 2%, meanwhile, there is a
trace of elemental Cl, <d9%. '

(3) b} (c) {d)

Fig 1. The SEM umages of CdS nanowire array and films. (a} the nanowire array sample, 110°C, 2 OmA; (b) the film sample 1,
HO°C, 2 0ma; (¢} the fitm sample 2, 125°C, 3 0mA: (d) Lhe film sample 3, 125°C, 5 OmA
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The x ray diffracoon peaks of the sample of CdS nanowire armay and films could be assigned to the hexy
greenockite phase CdS, N Au and nuclear track membrane, without any trace of elemental Cd or S, Addiu‘nna]]y in
the calculauon ot the ervstallite size, the effect of the non-uniform stress in CdS should be removed'”. Analysis Of‘lhf,
width of the peuks vsing the Debye-Scherrer formula indicates that the crystallite size of CdS in the nanowire amy
sample 1s on the order of 10-20nm when neglecting the stress effect, similar 10 those in CdS films'®. Here, as referen
the average crystalbite size of the sample 1 was estimated to be about 20 nm. Similarly, that of both the sample 2 and 3
15 about 10nm.

3.2, BV-VIS specira

The absorpuion spectrum of CdS naonowire array and films are shown in Fig.2. The optical band gap of all sarnples j
515 5nm 12 40eV) and corresponds well to that of CdS. All of this 1ogether with the available data on the electrodepos.
ing of (dS from DMSO' ' '® makes vs confident that the deposited material in nuclear track membrane is 1-Cdg
doped with {’d and C1. For CdS nanowire array, the most striking feature js that there is a well-developed maximum al
the wavelength of 690 nm. located in lower energy side of the onset of absorption. The onset of absorption shows gg
shift to that of the CdS fitms'®. On the other hand, the samples 2 and 3 are of distinguishing peak of exciton at higher
side of the onset of absorption”. The positions of the absorption of both samples are at 485.5nm with a FWHM of
(.35¢V and 489.7nm with a FWHM of 0.2¢V, resepctovely. Moreover, there is a shoulder at 459nm for the sample 3,
Compared to colloid CdS’, the crystaliite size of the samples 2 and 3 is about 10nm, and that of the sample 1 is litte
bigger and close to the estimated value by XRD,

1
L
¢ I
P, ~
e Y
b f/, \‘
S \\ {
’ .\I
pETY ] W avelenpth {am} B0 g [y -
(a} (b}
(01 W ricmgbh e+ 1 - EPE
(c) (d)

Fig.2. The absorpuon specira of sample of CdS nanowire amay and films. (a) the nanowire array sample; {b) the film sample }; {©
the fiim sampie 2, (d) the film sample 3

3.3. Photoluminescence spectra

The photoluminescence spectra of the CdS nanowire array and the film are shown in Fig.3, accompanying with the €5
citing spectrum. of the sample | since that of all samples 15 almos! identical. The spectrum of the CdS sample | shows
three broad emission bands that have three major peaks at 330, 390 and 660nm, respectively. For the band at 530nm, i
15 0 6eV below the onset of absorption and not occurred in CdS nano-crystallite prepared in chemical reaction. Const%”
ering the exisience of Cl ion in the electrodeposited CdS films, which acts as a shallow donor and contributes 10 the
very high electron density'”, 1t is asenibed to originate from the recombination of the energy level of the donof-

Proc. SPIE Vol. 4601



trum of the CdS nanowire array shows similar struciure except for indistinct peaks at 530mn and 590nm due to low
ional to noise ratio. Both the 590 and 660nm broad bands can be observed in photoluminescence spectra of CdS clus-
Igﬂanc! attnbuted 10 Cd atoms and sulfur vacancy, respeetivel y* . From the analysis of atomic composition, Cd atoms
tdj sutfur vacancy should also exist in the samples of CdS nanowire array and films. Thus we assign the 560mn and
fn‘wnm bands to Cd atoms and sulfur vacancy respectively. For sample 2 and 3, there are two namow bands at 486 and
460nm with 2 FWHM of 0.04eV, which corresponds to that of the absorption spectra and is from the recombination of
the bound-exciton.
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Fig.3. The photoluminescence spectra of the samples of CdS nanowire array and films. (a) the exciting spectrum of film sample |; (b)
the nanowire array sample and the film sample 1; (c) the film sample 1-3

Because of the size effect in nanocrystalline, the exciton is bound with higher energy and intensity, so the absorption of
exciton can be presented at room temperature. Under the approximation of effective mass. the relationship between en-
ergy shift of the lowest energy exciton, AE. and radius, R, is as follows:

Art 11 178662
=g l—+—1-

2R m,my, £-R

~0.248 £, ,

i which the first term is the kinetic energy of the minimum quantization in rectangular potential well; m, and my, is the
mass of electron and hole. respectively. The second term is the Coulomb potential between electron and hole. € 15 di-
electric constant. The third term is the correlation energy, and very small in common. Generally. there is a big differ-
ence between the formula and experiments when R is small, but the calculation is consistent with experiments in the
region of 3-4nm"™". Supposed that m=0.165m and my=0.98m (m: the mass of electron) and £=5.5%, the calculated ra-
dius with this formula is 4nm at the Jowest exciton energy, 498nm, and very close to results from XRD experiments.

Regarding the common expression of the quantization energy of particle in rectangular potential well®. AE can be
shown:

Wk, {_1_+_1_]_l.786e2

2
2R m, m,

~0.248 £, ,

i which the ki, is quantum number, as known, k;y=3.14, k, ;=4 49, k(2=5.76. The calculated second lowest energy of
exciton is 457nm with a radius of 4nm, and in accordance with our experimental value, 460nm.

There is no absorption of exciton for the sample 1. This is because its size is bigger and the intensity is weaker™® . On
the other hand, it may concern the imperfect growth of crystallites at bower temperature in electrodepositing process. In
0ur experiment, the onset of absorption of the CdS films, prepared the materials at 100°C under different current den-
§i(y. shifts blue 2.60eV without absorption of exciton, which indicates the electrodepositing temperature is of a great
mpact on the opticat properties of CdS nanomaterials. Additionally, when the amorphous CdS, electrodepositing at
T00m lemperature, is annealed at 600°C, the crystallization is stil} worse than that at 100°C, which means that the elec-
todepositing temperature is more important than the annealing one. Compared to results of reference 4, the photolum-
hescence of the samples 2 and 3 are suonger with the same crystallite size. It may attribute that different electrodeposit-
INE temperature results in different depree of crystallization. The photoluminescence of sample 2 is stronger than that of
Sample 3, which shows thal the crystallization of semiconductor is better when electrodepositing with a weaker current
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density at the same temperature™. Consequently. the change of photoluminescence 15 ulso refated to the perfection of
crystallite.

As described above, there are same native defects and impuruty defects in the sample of CdS nanowire array and Cgs
film sample, which eliminates the possibility that the absorption peak in Fig.2 15 ascribed to the defects. Additonaljy,
there is no sharp emission band with peak at 690nm in the photoluminescence spectrum of the sample of CdS nanowire
array, which eliminates the bound-exciton as the possible mechamsm for the absorpuion peak Considering that there age
a number of interface states between the CdS nanowire arrav and the membrane pores, we therefore assign ot 1o the jn.
terface states transition. This is also supported by the following facts the typical salue of sermconductor surface poten-
tial 0.5V is near the 0.6eV difference value between the absorption peak and the onset of absorpuion: the recombing.
tion by surface states is a radiationless relaxation process.

4. CONCLUSION

It can be concluded that (1} CdS nanowire array with 2 diameter of 200nm have been fabricated by electrochemical
deposition in nuclear track membrane. An intense absorption peak of the CdS nanowire array was observed and it coyld
be assigned to transition of the interface states; (2) increasing the electrodepositing temperature 1s favor to ow
nanocrystallites with perfect structure, and results in the absorpuion of exciton: (3) the formula for the secondary lowest
energy shift is given, and consistent with our experiments; (4) the spectra of photoluminescence is composed of bands
from the recombination of impurity, defect etc., in which the bands from the stronger recombination of exciton corre-
sponds to that of the bound-exciton. Finally, their intensity is related to the perfection of crystallite.
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Evidence for change of the interfacially local structure
of titanium oxide/bis[(4,4'-carboxy~2,2’-bipyridine)
(thiocyanato)] ruthenium nanocomposite*
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Titanium oxide/bis((4,4'-carboxy-2,2"-bipyridine)(thiocyanato)]ruthenium (cis-(NC5);Rul;) nanocompos-
ites were prepared by the self-assembly method. In this system, their interfacially local structures were
probed by x-ray absorption spectroscopy (XAS) and the Ti-O interatomic distance and the coordination
number of the O atoms around the Ti central atoms were extracted. Compared with TiQ, nanoparticies,
the Ti local structure in the nanocomposite was changed, which is responsible for binding cis-(NCS); Rul,
to the surface of 110, nanoparticles. Copyright © 2001 John Wiley & Sons, Ltd.

KEYWORDS: XAS; TiOq/cis-(NCS),Rul nanocomposite

INTRODUCTION

A new type of photovoltaic cell was reported recently
based on spectral semsitization of thin nanocrystalline
TiOg {anatase) films by ruthenium pelypyridine complex
chromophores.! Generally, interfacial electron transfer from
photoexcited states of the chromophore into the conduction
bands of the semiconductor depends on a number of factors.
The structural and electronic properties of the interface
are very important® but they are not completely clear
The techniques of x-ray absorption near-edge structure
(XANES) and extended x-ray absorption fine structure
(EXAFS)—together called x-ray absorption spectroscopy
(XASy—are atom specific and capable of probing the
short-to-medium range structure around an imbedded or
absorbing atom,! which can provide the structural crigin of
the unique photoelectronic property of the nanocompesite.
In this work, we prepare a TiO,/bis[{4,4'-carboxy-2,2"-
bipyridine)(thiccyanato}lruthenium (cis-{NCS),Rul;) nano-
composite by the self-assembled method, and present our
recent XAS study on the Ti K-edge on Ti{); nanoparticles of
10--20 nm without and with an assembly of ¢is-{NCS};Rul,;,
Surface distortion of the Ti in the TiQ, nanoparticles and the
interfacial interaction between TiCy and cis-(INCShRuL; are
discussed.

EXPERIMENTAL

The TiO; film was prepared by casting 11% Ti(k; nanoparti-
cles of size 10-20 nm on the glass substrate and heat treating

*Correspondence to: X. Ju, Institute of High Energy Physics,
Chinese Academy of Sciences, Beijing 100039, P.R. China,

E-mail: jux@alphaf2. ihep.ac.n

'Paper presented at APSIAC 2000: Asia-Pacific Surface and
Interface Analysis Conference, 23-26 Cictober 2000, Beijing, China.

DOL. 10.1002/5ia.1014

at 450°C for 30 min. The TiQ; /ris-(NCS),Rul,; nianocom-
posite was obtained by dipping the TiO, flm into the
cis-(NCS5)Rul,; ethanol solution for 24 h° and then drying
for 2 days. The XAS spectra at the Ti K-edge were measured
in transmission mode by using synchrotron radiation with
a Si(111) double-crystal monochromator on the EXAFS sta-
tion at the 4WIB beamline of Beijing Synchrotron Radiation
Facility (BSRF). The storage ring was operated at 2.2 GeV
with a beam current of ~80 mA. The energy resolution
was 1.5 eV for the near-edge structure and ~3.0 eV for the
EXAFS. Data analysis were performed in the EXCURVS8

program.

RESULTS

X-ray absorption near-edge structure

The XANES spectra at the Ti K-edge of bulk TiOk, Ti(,
nanoparticies and Ti0, /cis-(NCS) Rul.; nanocomposites are
shown in Fig, 1. As is known, the XANES spectrum contains
several well-defined pre-edge peaks that are related to the
local siructure surrounding Ti atoms. For bulk TiC); {anatase),
it exhibits three smail pre-edge peaks (A;, A;, As) that
are assigned respectively to transitions from the 1s core
level of Ti to 1ty 2izg and 3e;, molecular orbitalst On
the other hand, the intensities of these pre-edge features
are a strong function of the distortion of the oxygen
octahedron around the central absorbing Ti atem. For TiQ;
nanoparticles, an increase in the intensity of the A; peak
is observed, indicating an increasing distortion from the
oxygen octahedron that may result from the surface effect of
TiO, nanoparticles.* However, there is very little effect of the
cis-(NCS}Rul, assembly on the XANES spectrum for Ti0,
nanoparticles.

Copyright & 2001 John Wiley & Sons, Lid.
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Figure 1. The XANES spectra at the TiK edge of bulk TiOs, T¥Qa nanoparticles and TiOy/cis-(INCGS)Ruls nanccomposhas.

Extended x-ray absorption fine structure
The radial distribution functions (RDF) of TiO; nanoparticles
and the TiO;/cis-(NCS);,Rul; nanocomposite are shown in
Fig. 2. The fitting results are listed in Table 1, along with the
standard crystalline Ti), in anatase phase.

For all samples, the first-shell Ti~O peak in the Fourier
transform EXAFS spectra was fitted ot a two-subshell model.

The bond lengths r and r; of two Ti-O subshelis of TiO,
nanoparticles and TiCk /¢is-{NCS),Rul; nanocomposite are
different from that of the reference standard. It is well known
that the structure of nanomaterials is relaxed from the perfect
crystal structure to the local structure with amorphous
features. For most nanomaterials, the interatomic distance
become sharter as the particle size decreases, but the bond

Intensity {a.u.)

--------- TlOzl nanoparticlas
------ TiQ; /eis-{NCS)Rul,
.~ anatase TiD,

R
Figure 2. The EXAFS spectra of butk TiQz, TiO2 nanoparticles and TiOp/cis-(NCS)aRul; nanocomposites.

Tabie 1. Fitting of the EXAFS parameters with EXCURVES8

Sample Eqg 1 (num} ry{nm) My n ay a3
TiO; (anatase)* 8.479 1.906 1.936 40 20 — _
TiQ),; nanoparticles 12.87 1.880 1.909 4.0 1.6 0.02026 0.0i189
TiO, /cis-(NCS};Rul; 11.54 1857 1.901 . 27 12 0.01097 4.00972

* The structural data were extracted from the PDF cards.
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