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APPENDIX A

The Joint Committee for Powder Diffraction Standards (JCPDS) [109]

1. Cadmium sulfides (CdS)

Name and formula

Reference code:
Mineral name:
Common name:

PDF index name:

Empirical formula:

Chemical formula:

Crystallographic parameters

Crystal system:
Space group:

Space group number:
a(?):

b (?):

c(7):

Alpha (?):

Beta (?):

Gamma (?):

41-1049
Greenockite, syn
cadmium yellow

Cadmium Sulfide

CdS

CdS

Hexagonal
P63mc
186
4.1409
4.1409
6.7198
90.0000
90.0000

120.0000



Measured density:
Volume of cell:

Z:

RIR:

Subfiles and Quality

Subfiles:

Quality:

Comments
Color:

Optical data:

Additional pattern:

Primary reference:

Optical data:

165

4.82
99979

2.00

Inorganic

Mineral

Alloy, metal or intermetalic
Corrosion

Common Phase
Educational pattern
Forensic

Pigment/Dye

Star (S)

Yellow

B=2.506, Q=2.529, Sign=+

To replace 1-780 and 6-314.

See ICSD 31074 (PDF 75-1545); See ICSD 60629
(PDF 77-2306). References

Razik, N., J. Mater. Sci. Lett., 6, 1443, (1987)

Dana's System of Mineralogy, 7th Ed., 1, 228, (1944)



166

Peak list

No.h k 1 d[A] 1[%]

1 1T 0 0 3.58610 62.0

2 0 aril R335000F 91¢

31 0 1 3.16380 100.0

4 1 0 2 245190 29.0

51 1 0 207050 48.0

6 Wi 053 § 1.89980950.0

7 Z40#0 11879310 8.0

8 1K BJ 1Y@ 3%

9 2 0%d ™SLI3750%, 18

10 0 0 4 1.67990 5.0

11 2 0 2 158190 3.0

12 1 0 4 1.52130 ™5

132 0 3 139980 15.0

14 2 1 0 1.35540 5.0

15 2 1 1 132870 8.0

16 1 1 4 130450 4.0

17 1 0 5 125850 9.0

18 2 0 4 122590 2.0

19 3 0 0 1.19540 9.0

20 2 1 3 §1.15960%814.0

21 3 0 271.12620 ™ 7.0

22 2 0 5 1.07540 8.0



23

24

25

26

27

28

29

30

0 1.03520
2 0.98930
6 098510
4 0.97400
5 0.95430
7¥ #.92730
3 0.90900
0  0.89650

Stick Pattern

Intensity %]

100+

167

3.0

240

6.0

2.0

9.0

4.0

7.0

3.0

514

Rel Fattemn: cagmium vellow, £1-104%

me ;”“Tr-sta_

.................................................................................
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2. Bismuth sulfide (Bi,S3)

Name and formula

Reference code: 17-0320

Mineral name: Bismuthinite, syn

PDF index name: Bismuth Sulfide
Empirical formula: BiyS3
Chemical formula: BipSj3

Crystallographic parameters

Crystal system: Orthorhombic
Space group: Pbnm
Space group number: 62

a(?): 11.1490
b (?): 11.3040
@ (7): 3.9810
Alpha (?): 90.0000
Beta (?): 90.0000
Gamma (?): 90.0000
Calculated density: 6.81
Measured density: 6.78
Volume of cell: 50152

Y id 4.00
RIR: 2.10



Subfiles and Quality

Subfiles:

Quality:

Comments
Color:

General comments:

Sample source:

Additional pattern:

Temperature:

References
Primary reference:

Structure:

169

Inorganic

Mineral

Alloy, metal or intermetalic
Common Phase
Educational pattern
Forensic

NBS pattern

Indexed (I)

Dark gray

Measured density from Dana's System of Mineralogy,
7" Ed., 11 962.

Sample prepared by Glatz, A., Carrier Research and
Development Co.

Validated by calculated pattern 42-541.

See ICSD 201066 (PDF 84-279).

Pattern taken at 25 C.

Natl. Bur. Stand. (U.S.) Monogr.25, 5, 13, (1967)

Mumme, W., Watts, J., Can. Mineral., 14, 322, (1976)



Peak list
No.h k 1 d[A] [1[%]
1 1 1 @F7793600 2.0
2 0 2 0 560400 20.0
3 2 0 0 556600 6.0
4 1 2 0 5.04000 20.0
5 2 2 0 396700 40.0
6 1 0 1 3.74800 18.0
7 &Yy 0 N 35569088 100.0
8 31 [Ur 358000 60U
9 0 Ziw] "3:253008, 1670
10 2 1 3.11800  80.0
11 0 4 2.82400  14.0
12 2 2 2.81200  50.0
13 3 0 2.71700  30.0
14 4 1 2.70900 4.0
15 3 1 2.64100 18.0
16 2 4 2.52100  40.0
17 4 2 2.49900 12.0
18 2 3 2.45600  10.0
19 0 4 2.30500  20.0
20 1 4 2.25800 30.0
21 4 3 224100  12.0
22 5 1 2.18800 6.0

170
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Pesition {72 Theta]

23 2 4 1 2.13000 8.0
24 4 2 1 2.11800 10.0
25 2 50 2.09600 10.0
26 5 2 0 2.07500 10.0
27 0 0 2 1.99000 18.0
28 4 4 0 1.98500 16.0
29 4 3 1 1.95300 40.0
30 5 0 1 1.94500 30.0
31 W% 51 1.93700 16.0
Stick Pattern
!ﬂen:»ity’j?c'j
0 e Fatem Bemutilie syn, 770380
50
Ll ) | ‘ - ‘ L |,1,\Wﬁ|, I‘ I L I | Jh“h{]ﬁ
! “ T T Nkl B | | |
Pl £y 2 €0 &0 70
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3. Copper sulfide (CuS)

Name and formula

Reference code:

Mineral name:

06-0464

Covellite, syn

PDF index name: Copper Sulfide
Empirical formula: CuS
Chemical formula: CuS
Crystallographic parameters

Crystal system: Hexagonal
Space group: P63/mmc
Space group number: 194

a(?): 3.7920

b (2): 3.7920
c(?): 16.3440
Alpha (?): 90.0000
Beta (?): 90.0000
Gamma (?): 120.0000
Calculated density: 4.68
Measured density: 4.67
Volume of cell: 203.33

Z: 6.00

RIR:



Subfiles and Quality

Subfiles:

Quality:

Comments
Color:

General comments:

Sample source:

Sample preparation:
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Inorganic

Mineral

Alloy, metal or intermetalic
Corrosion

Common Phase
Educational pattern
Forensic

NBS pattern
Superconducting Material

Star (S)

Dark blue

Opaque mineral optical data on specimen from
unspecified locality: R1Ry=7.1, RRoRe=23.7,
Disp.=16, VHN((=128-138, Color Values=o0 .224,

226, 6.8, ¢ .283, .287,23.5, Ref.: IMA Commission
Ore Microscopy QDF.

Measured density and color from Dana's System of
Mineralogy, 7" Ed., 1.

Sample from Fisher Scientific Company.

Annealed at 400 °C for several hours in sulfur

atmosphere.
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Analysis: Spectroscopic analysis: <0.1% Si, Zn; <0.01% Ag, Al,
Ca, Fe, Mg, Ni; <0.001% B, Mn, Pb.

Optical data: B =145, Sign=+

Additional pattern: To replace 1-1281, 3-724 and 3-1090 and validated by
calculated pattern 24-60.
See ICSD 24586 and 36155 (PDF 76-1725); See ICSD

63327 (PDF 78-2121).

Temperature: Pattern taken at 26 C.

References

Primary reference: Natl. Bur. Stand. (U.S.), Circ. 539,1V, 13, (1955)
Peak list

No. h k 1 d[A] 1[%]

1 0 0 2 8.18000 8.0

2 1 0 0 328500 14.0
31 0 1 322000 30.0
4 1 0 2 3.04800 65.0
51 0 3 281300 100.0
6 0 0 6 272400 55.0
7 1 0 5 231700 10.0
8 1 0 6 209700 6.0

9 0 0 8 204300 8.0

10 1 0 #9sl.9020088 250

11 1 1 0 189600 75.0
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10

11

1.73500

1.63400

1.60900

1.57200

1.55600

1.46300

1.39000

1.35400

1.34300

1.28000

1.22700

1.21000

1.09980

1.09460

1.06070

1.01550

35.0

4.0

8.0

16.0

38.0

6.0

6.0

8.0

6.0

10.0

6.0

10.0

8.0

10.0

10.0

8.0
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Stick Pattern
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Ref Fatern: Covellite, sfn, O

Position [72Theta]




APPENDIX B

Camera constants used for the indexing of SAED pattern

Camera constants (LA) at 200 kV

(cm) D111Au (mm) | R111Au (mm) | D111Auv (A) | LA (mm.A)
40 8.70 4.35 2.36% 10.2442
60 13.2 6.60 2.383 15.5430
80 172 8.60 20> 2§.2530
100 21.2 10.60 2,355 24.9630
120 25.2 12.60 D ) 29.6730
150 8.1 15.75 2I35% 37.0912
200 41.5 20.75 2355 48.8662
250 51.8 25.90 2.355 60.9945




APPENDIX C

Properties and structures of polymers used in present research

1. Polyethylene glycol (PEG) [140]

PEG is a polyether compound with many applications from industrial
manufacturing to medicine. It has also been known as polyethylene oxide (PEO) or

polyoxyethylene (POE), depending on its molecular weight, and under the tradename

Carbowax.

Structure H O O/ H

n

Poly(oxyethylene) {structure-based}
IURAE e Poly(ethylene oxide) {source-based}

Carbowax, GoLYTELY, GlycoLax, Fortrans,
Other names | TriLyte, Colyte, Halflytely, Macrogol, MiraLAX,

MoviPrep
Molecular ConHins2O0s1
formular
Molar mass Variable

Flash point 182-287 °C
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2. Polyvinyl alcohol (PVA) [141]

PVA is a water-soluble synthetic polymer which has excellent film forming,
emulsifying and adhesive properties. It is also resistant to oil, grease and solvent. It is
odorless and nontoxic. It has high tensile strength and flexibility, as well as high
oxygen and aroma barrier properties. However these properties are dependent on
humidity, in other words, with higher humidity more water is absorbed. The water,
which acts as a plasticiser, will then reduce its tensile strength, but increase its
elongation and tear strength. PVA is fully degradable and dissolves quickly. PVA has
a melting point of 230°C and 180-190°C(356-374 degrees Fahrenheit) for the fully

hydrolysed and partially hydrolysed grades, respectively. It decomposes rapidly above

200°C as it can undergo pyrolysis at high temperatures.

Structure

n

OH

Other names

PVOH; Poly(Ethenol), Ethenol, homopolymer; PVA;
Polyviol; Vinol; Alvyl; Alkotex; Covol; Gelvatol; Lemol;

Mowiol
Molecular
formular (CHLO)x
Density 1.19-1.31 g/em’
Mg 230°C
point
Molar mass Variable
Flash point 79.44 °C
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3. Polyvinylpyrrolidone (PVP) [142]

PVP is soluble in water and other polar solvents. When dry it is a light flaky
powder, which readily absorbs up to 40% of its weight in atmospheric water. In
solution, it has excellent wetting properties and readily forms films. This makes it
good as a coating or an additive to coatings. PVP is a branched polymer, that is its
structure 1s more complicated than linear polymer but it too is in a two-dimensional
plane. The structure of a polymer greatly depends on its integrity and strength, formed
through cross-links and bonds. A single polymer molecule may consist of hundreds to
a million monomers and may have a linear, branched, or network structure. Covalent
bonds hold the atoms in the polymer molecules together and secondary bonds then
hold groups of polymer chains together to form the polymeric material. Copolymers

are polymers composed of two or more different types of monomers.

&O
Structure N
/M

IUPAC name Polyvinylpyrrolidone

PVP, Povidone, Polyvidone
Poly[1-(2-0x0-1-pyrrolidinyl)ethylen] 1-Ethenyl-
Other names 2-pyrrolidon homopolymer 1-Vinyl-2-
pyrrolidinon-Polymere Copovidone

Molecular formular (C6¢HoNO),
Density 1.2 g/lem’
Melting point 150-180 °C

Molar mass Variable
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4. Hydroxyethyl cellulose (HEC) [143]

HEC is a gelling and thickening agent derived from cellulose. It is widely used in
cosmetics, cleaning solutions, and other household products. Hydroxyethyl cellulose
and methyl cellulose are frequently used with hydrophobic drugs in capsule

formulations, to improve the drugs' dissolution in the gastrointestinal fluids.

Structure

R=H or CH2CH20H

Cellulose, hydroxyethyl ether;

Other names hydroxyethylcellulose; 2-hydroxyethyl cellulose

Molecular Variable
formular
Mel.tmg 140 °C
point

Molar mass Variable
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Solvothermal synthesis of CdS nanorods using hydroxyethyl! cellulose as a template
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Polymer-assisted hydrothermal synthesis of Bi;S; nanostructured flowers
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Microwave-assisted hydrothermal synthesis of Bi»S3 nanocrods in flower-shaped
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1 catalisc

noiuding its 3388V direor anargy gap were clearly
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Hydroxyethyl cellulose-assisted hydrothermal synthesis of Bi;S3 urchin-like
colonies
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ARTICLE INFT ABSTRACT

Srtborhambi 85, wath differert morphologies was seoreafely synthesiad By the acid=cataliyst
topdratbermal reactions of bismeih oitraie [BUND e and thiovres (NHaISNH) sohetions containing

wrant zmaents af hed roxpet flsfose (HEDS Phass, smwrphakgisd, snd opticsi properties vesrs
raeierized by Xerzy diffrzction, selacted srag siectran ddfreetion, scanning and fransmibsnn o aotrn
mizraszapy. and eiravio s —cisinie sprctroscupy. The products bydethermally spnihesioad in the
fraw 2 235 g HECwdde HECezdkded and 100 g HE wadded solotions, were regp iy provad ¢
srtharhambc B iy pzeorods complete vrcline ke columies of reguisr vavorods ncompiens
srobinel ke culonesof reguiar nanarods and highle orystadline regular nanorods growing shng the 10011
dirsction. Taer band gaps of the arthor Ss nanarsds synthesiond in the HEGTme 325 g ¥
=l and 100 5 HECedded s ere determined o be 300 173 and 18 80 regped
Pormation muchare e of onhorbombe B8 nanorads syrihesiond in tioe HETree 2ud HE-added
soitiorg wzs alss digcussed ot great detad

&,

o 2011 Thawvier TY. Al vighls reasresd

1. Introduction gnga crystaliineg nanowirss Loorchin-like structurs {110

cuwysanthamum-tike microorystals {120 manorods 423040 mat-
Ora-Zimensional (1D} Biz8: rancstructures soch as nanorods like architscrure {130 rancfiomars and nanocabbages 38 ang

and ranowires ars very interesting chalcogenide semicanducors. fiawer-like patterns with well-aligned ranorads {170
for both fundamental and rzchnological applizatizes. Tha 1D Bisss In the prasand ressarch, Bh¥s nancstrocrures with the shapes of
ransstructures axhibit not only nove aMc and optical prap- ireguiar nanorods, completa urchin-fke colond r2Eular nans-

ertigs - intrirgically associated with thair low Simensionality and w25, ans highly orystalline regular nanorods was synthesized inthe
suantr confinermant affact, but also the raprasantative of critical solutions containing ksruth nirrate thiowrsa and Sifferant amounts
cornponams in the potential nanoscale devica applications [1-4). of hydraxvathyl cstluiose (HEL) via an acid-catalyst hydrothermal
Intha past Zacadas. 1D Biz% nanostructurss hava baan synthasizad rgaction. Formation mechanism of orthorhombic Biz% nanorods,

and characterized by both wp-Zown and bonom-up approachas compiate and incompleta urchin-lika colonies, and highlvorstalling
1% jor chalianges, howaver ramain as full benefis of the 10 ranarads was also studiad HEC i3 an inaxparsive and aasily shiain-

rancstrustunas — the devaizproent of suitable chamical straregias abis rorionic pabyrmar which coneribotas to the sabilization of ion
f=r the rational syrehasis. and organization and intagration of thess concartration (181 11 has besn widely vsed in coamerics. aaning
nancszale building blocks. The architsctural control of Bif, salutions, and capsuls formulations. 1o the hest of owr knowledgs,
ranzstructurss with wall defired shaps and taxturz is the main thare are no BizSy products hava svar heen syrthasizad wsing KE  as
224l to obtaln the matardals with widely varying propartias (&, atamplate and capping agent via the hydrothenmal synthasis. The

Mot long age. Brdy with cifferemt morphoiogies wers success- succEss in synthesizing of these products may laad to commercial
fully swrthasizas by 3 hycrothermal procass: nancparticles. nans- scale production inthe near futune,
1

zgs. ranchelns, and rancfiowears (B ratworks of cross-linked

2 Experimental procedure

Ail chamicals usad in this experiment were analviical gmde and
wad without further purification The procedurs was I mix § mmal
of Mgrmurh ndomta (BEND {of thizursa (MH TN, )

3! z 2
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4 T hangam erad c Duren AgieT PRyl

in watar comtaining nilrk acid (HNOgL Subssgquently, diffsrent

i 050 and L0 g oof hwdmayethy! calluloss
HEC wers addad oo form minturgs, which wers followead by (3 min
STHTInG 3t room tampanature. Iha rracions procsedad in homae-
rada stainiass steslautaclaves atanying emperaturas and lengths
tha pracipitatzs were symthasized, ssparatzd by

smas, and driad at 80 for 24 b The firal products wera chame-
sarizad sing Xeray diffracticn (XRDY operating at 20 kv and 15 ma
with Ka line of 3 Cu otargal scanning slactmn micmscopy { SEM)
SpEraung at wisston electron micrscopy (TEMY
t f 5 wall as sslectad area elecoon
. wparating at 200 kv, For TEM and HKTEN
rasizad powdars wars disparssd inzthans!

ned froar their absorbance

corbination withthe

3 XKD spectra of the products synthesizad wsing
ors. Their & v paaks ware indaxad and
5 orthor ol Bip 83, with no datscrian of any impurities
ich 33 B0y and rmatallic blarnuth, Calulated latrice pammatars

TS A b e TLIT A 30D ¢ e 185 & which warsin good

WEIE & -
accordancawithishose of the JZPUS Sz noa?-0320 133 L In HEC-fres
oo

0.

St

oy

Fd

schutions, and at W0 Cand 10 *Cfor 2 b the diffraction paaks wara
ather broad, indizating that the products wars not good arystalline
with latrice atoms in discrdar arangamant By inZraasing only ths
mroperaturs to 200 0 or both the tsmparaturs 1o 200 °C and
tha tirng 1o 20 hothe spectra bezams rarowar and sharpar, and the
latrics atoirs hecame oo odered. Wohen Zifferant areourts of HEC
v alss 4tz tha solutions. and the hwdrothermal process was
T =L for 33 b the crstalling degree contirmously
incraased with an increase in the armourts of HEC adding. and the
/ t wara in batter arder. The spactrun was the sharpast
) for 100 g MEC-added solution At this stags, the product
wias the hast oratal and the lattica atoms wers ar tha most ordar

3Z BEM, YEN 3ud HRIEM

Hgs. 2 ani 3 show SEM. TEN and HRIEM imagss of Bié,
tdrmharceally syrehesizad in the aciZ-catalyst soluticns con-
aining 2iffzrant amounts of HEC at 200 50 for 20 ke In HEC-free
sziution (Figs. Jaand 3a—-ch a number of frregular nanorods with
dffzrare sizas and orizrtations clustarad wmpethar in group. Their
surfazas wars vary srosoth The (3171 crystaliographic planas tived
X an argis o the corresponcing axial nanorod. In 028 g
HEC-added solution Figs. 2b and 34— tha clusters bacama
fiicd {k2 shaps ans wars compossd of 2 numbar ofwall-alignad

corss and salf-crganized ints parfacr spherical-like colonizs. A
rebar of the 12200 crystalizgraphic planes wars detactad 1o be
parafial with their 007 praferential growth diraction in good
accordance with the previous reports [5-72131.24° These urchin-
iika cofonies will not be separated into discrela ranorods avan by
asonic vibratizn, indizating that thass architacturss wera
arpEstad and corebined togachar in groups. Whan HEC
vas incraxsed whe g urchin-liks colonizs [Hgs. dcand
3p—i ware not complate, and the ragular nancrods were partially
arirasd tothaircantars. The (330 2swearastillin paralisl with

Qo=

211

130

i =200 20h
~F1.00g HEC
o= ——

it |l 200°C 20h
. 0.5 Qg HEC

200°C 20h
0.25g HEC

2007 201

ipOf1

"y I

200°C 10k

Intensity (Asbitrary Umit)

1

200°C 2h

the HEn ) growwth direction 1n 100 g HEC-addss solution |
3j—15. the urchin strocturs was oo longer dstectad The produrt was
composad of ragular nanomds clustersd in groups. of which their
growth diractions remained inthe 0 direction = o paralisbwith
the {220 planes.

3.3 BAED and sinulation

The SAED pattzres of BizSs hydrothermally syothasized at
300 L far 20 hinthe solutiors containing Ziffarsnramounts ol HES
are shown in Kg 4a—-c Thev claarly Zemonsmazd that the
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5wl

o ’m surfacas. Manoe tha

ranzsusly. BEC malacuizs ads: wb&: =y Ahess'ﬁ R 'f sr:~ 2 bl
aystals, of which theirlatsral growth was mﬂ*‘u&::‘ IR BNIENT.

The tips ware

the most actve, and these 'zms:rys:za bacama
:-r: "'9"‘35- 1

Theair Bi-% inherant chain fype structurs
2 alzy promeoted the forreation of ranocrysiais
mowing from Thus Biz% ranorads with homoganeous
Zlamasr graw oul :f the active sitss on sphares, and urchin
like colmries of vagular rancrads wara fully syethasized Ind80 g

HEC-added snlution BEC inthe salution becama ancassive. Tha tin ry
spheres with active sites on surfazes and the growing nanorods out
zf cores ware inhibited — @ausing the prodult to be incomplets
urchin-lika ::!,m'as whan rors HEL was added wrall the salution
mptained 100 g HEC the axtant of inhibiting bé.,a*“ae T
powarful and the urchin-like colonizs were oot able o be

2

Nucication

@ —®

HEC

0.50g

HEL B35y maecdei

o BiyS;nucia

¢ HEC molecue

Fig. B Fime i
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:-n':zimtz.: In the prasent ressarch, ragular nano
colories wars synthesizad by the
% bisrsuth nitrata 'ﬁi’
jNH,‘.‘Sf\'Pv" in an acid-catalyst solu
Schematic ciagram for the Bromaton of
with Zifferenr morphologies wsing diffs
shoawn in Figo B The szability and raliabil ity of L»;m& poly

mEpates warg proved ‘Yi; oher experiments. as failow
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Tha Uv—vis abs
synrhasizes

the arthorhombic Biz%

srption spescta of ¢

in tha solutions cortaining cifferant amouns of HECat

33 L for 20 bara shown in Bg. 7. The abs an spactra of the
products synthesized under different conditions were wssd o

Jetarrning their enargy band gaps. corresponding tothe slectmnic
rargition banween conduction and walence bands. In the high
apargy region of the absorption edge, the absorpticn is *?,:n:::v-
nously incraased with the incraasing of photan enargy, represants
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cegras of sirw ’rms‘
with 178 2V
tEingass

fer-Zisordar In the presant mssarch Bl
2 18 aV bangd paps ars pr‘*ﬂ;iﬁg candidatas r’
siar energy comerting s

T

i
35

35 BGS; ayerhesized By ather ressarchers

t:8: rancstructures with different morpholegies wars alsz
synthiesizad by hydrothermal methed wsing Sifferent starting
rratarials and conditions, as wall as by other methods, shown in
‘fabie Litshowld ba noted that the morphologiss of the prasantand
us reports wars controlied by several parametars, such as Bi
and 8 sources, additives, pH valuss, solvants, teroperatunes, pras-
5. langehs of dime, and synchesis mathads.

4 LConclusions

Fit R HkL by the 200 *..EI‘.‘ y
the ineerpratad and simola
iots wiera srihorhorebic BiSa v %) :e{e..s:m u? ar:}-
irpuritizs. Those of a cluster of m»z..%ar nancrods, complete
wichin-like colonies of regular ranorads, and highiy orystaliine
egular nanorods ware hydrothermally synthasizsd in the HEC-
frag, 035 g HEC-added and 2 HEC-added solutions. with
thair 2irectallowad band gapsof 3.00. 175 and L8 & respactival

q. 4
‘:rm
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Synthesis of novel ZnS;/ZnAl;S4 core/shell nanocomposites using a facile
solvothermal route

Titipun Thongtem*=, Chalermchai Pilapong?, Somchai Thongtem*
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T Introduction

¥, nancoomposites have arracted roch atmEnton o
a rnurshar of matzrial scizntists and anginears, dus to their
rovei propenies. Thess wars causad by small size, largs sur-
ca araa ard cuamtum-dimansion which ara able to improve
thair physical and chamizal properias. Differene rarccomposines.
{ 2 LAg AU nanopartizias weral-semiconductar
Lr=grd core-shetiranchalsant ranctubas 3, C28 &n8 cora shail
ranccrystals 180 ron oxida palystyrene coreshell rancparticiss
14, and T10g:810; oreshell nanocable amays |8 wers suoosss-
3 sizzl o the bastofowr knowiadgs, theraara noraparts
thasis of binary semiconductor-tarrary semiconductor
ranscompraites, which hava promising propartizs for
oproaiaaronic and photocatalytic applications
S5 animmporiant 1-V1 samiconductor with unizus optical and

TR -

ntensity (a.u.)

7

dzzricyl propariss. &n8 with 3.7eV band gap st 300K has
shown a wide rangs of tachnzlogical applications in alectro-

harninsscent and non-linsar optical davices |5, and hasa mmatarial
for cathodzray tubss |7 dconduzting tarnary chalco-
ridas. AB~T. A=lu AR, 310 Beal, Ga,
12y oars alo vary atrac
and phozzatalytic propsr

which has Ziffsrar strucnw
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culatad lattice constanis (12
235 thamits JUPDS database |11
structura of Znak S along the c-axis.
FESEN and TEM imagss (Hg. 2} show morphologiss of
2r8 2nAalS, corsshell nanocampasites, composad of 3 numbar of
ranzreds with rough surfazss. aligning in differant orizntations.
raporod coras wars covarad withshelis of assemblias of ranopar-
scies. The Siffarence of crystal structuras of cubic 2n8 coras and
top wurtzita Znal; 8, shells—tha mismatche intarface wasabla to
g=narars defacts in tha compasitas. The dafacr gaperation in ather
products was also axplainec: En8-Zn0 harsragenacus microstric-
wrsd flowars by Nistal 14 Zn0-2408 ranocompasizes by L aral
187, ang Zni-2n8 cora-sheil microspindlss by Ueral (150 EDX
pactrum (Fig. 33 revealed presance of Zr Al and § comtain
thase ranccompasites (17 Cu and € belonging 13 & cop

tad. When noalll; wasad:

the shape of nanorods Junshown

Hstharan

LInpLsiiEs

nansrod cores. Tt
was dropped onacopper gric
armasphars. By using TEM. ananorad withit
the 001 diraction, and its nearby shell . Ad ware
dearly datacted Thisgroweh direationisin accordance with tharof
ZrSranorads synthasizsd byZhueral [ 18 Two SAED pattarns ata
ractangizanc haxagonofFig. dawereindaxsd |18 and interprated
as zinc blende ZnS core (Fig.dalinsat}) and wurtzits Znal & shell
JFR. A4 (1100t s worth noting that these intarpreted diffraction
Fattzrns are in good accordanca with thalr corresponding simula-
ticrs |20 (Fig. abanZ g1
By using a 300 nro axcitation waveaiangth at room @ mperanrs,
M emissions {Hg. 3b) of 2r8/Znnlg8, cora'shell manozompesi
and purs Zn8 ranorods were Zetermingd. There wers rwo dist
peaks at 387 and 418 nm for purs Zn8 ranorods,
saif-activatad cantars and Zafscrs. raspactivaly . PL amnission
of Zn5'Znal 8, oresshell nanccompeosites i at and 445 iy
which are rad-shift relative to thoss of pure Zn8 ranorods.
intznsity is obvicuslyanbancad Thasa facts wara causad by dafacts
i the ranocompositas | 14
To synthesize £n8:2nal;8s oorashall rarocomposites by the
solvathermal r2action of 2nND3  EHZD, AllE and thicursa in
wopylaneg glvcal at 2000 for 10h Ze8 began fo axist and greaw
© forr nanorods with different srisntations. 0% fons inthe soiu-
o bacamelasserwith the profonged tine. Subsaguently, Zosl 8,
tegantonuclaate onZns nancrods rough surfaces) Astime passad,
rore Inal S rancparticies ware synthesizes o form shells of
assarrbiias of nanopanicies around 208 nanorod cores | Kg. 320
Doly £r8 nanorods ware symthesizad in the ssfution with no Al

azdirg.

Bt

eurngt of Aoy ond

4. Conclusions

2r8iZnalz8s coreshell nanooomposies and ZnS nanorodswars
succassfullv synthesized by the saivothermal reactionsat 200 *Cfar
10 h The nanccomposites of zine blende Zn8 nanorod cores cow-
2d with wurtzits Znal 8 shalls. and barz #n8 nanorods wers

. Their PL amissiors wars ar approximataly 387 nm for
purs Zr8 nanorods, crginating from seif-acrivaced cantars, and
420 rum: Tor Zr8 ZnadaSs oreisheil nancoompasizes. Ths pras
of ZnalzSe shells coversd on Zn8 ranorads 5 able o ge
ata mors defeces In the compeositas, which can play the r
their aptical propertias. & formation mechanism of ZndiEnal

E
mreishell nanocompositas was also proposed for the pressnt
2s2arch.
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Abstract: {88, Cu,S fa=l, 2y and Ze8 with difforen
SUCH, OO 2, 0 (Ml (e and
24 b The product phases were dzectad using X
clactenn microscope (SEML The axistence of sili,
tran 11..‘ vintrarad (FTIRG spectrameter, Raran spectra of diffe
they are camposad of differont ww rr"i.zm.-- P’!\:Murus &
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1 Introduction

o0 o

(S ASH

Przsently,
and ZrS

irarganic sultides as CdS, Cul,
Cu.8 have high scientitic and technological
raerest as phat“)v';l«: crystals. Cd8
naterial havipg a dirmet-band

i5 a semiconducting
d gap of 242 2V, and is able
o apply for Iigm-:mimng diodes and nonlinzar optics! 1],
Cu,8 {x=t, 2y arc able 1o apply tfor solar cells, solar
absorbers, selective radiation tilters for architectoral
windows and clectroconductive filns on polymersi 2]
Their mixed phases are supposed 1 be the stoichiometric
compounds. In the case of Zn§, it has a wide hand gap of
66 oV oat 300 K oand shows ditterent luminescent

propanties, such  as lumineszence,  electro-
luminzscence,  mechanoluminescence  and  thermal

luminzszencef3). There are d

prociuce the sultides,

chermacal processi4), Cd% by mee suractant solbvothermal

syrthesisi 5], Cu, 8 2y by as;vrf:’:xrammamuls,:
trasomic spray pyrolwsisi2], nano- and ﬂ'rr:--mcd Cul

:nmali v cyclic microwave radiaton] ), Cu§ with

ditierent marphologizs by solw J'?";rmll microwave

derent procosses wsed o
as CdS nanoparticles by

L3 such

fx=i,

Corrasponding aithert Toons THONG TEM, T2 06, 00533020 Fax bt

processi 7], Cul ranopanicles by sonochomistryl &, Zn§
ranahalls, and hased by
z-assisted synthesis9-111, ZnS microsphers

1

naraparticles materials
HSTOW A,
and holloe nanospheres by hydrothermal sy nthasisf |
and el by
syrthesis] |

Rezently,

nanyparticles mechanoche mx:al

widde
used a5
the prococt morphologies] 141

there am 4
materials that have been

varisty of porous

tzmplates to model

the 12

Among them arg s
eroplates {surfactants) and hard templates {active carbon
4 silica gelif 14-13] There

limitation of using active carbon, which may be axidized

and  meststricturs s the

by the indiltrated or mewallic sahs] 4] Therefore, a more
inert hard tomplatr sweh as porous silica gcl i5

appropriate for assisting the formation of high-surface

arca {nanostruztirad) Inorganic materialst [4-131 Silica
g2l 15 also rmadily available, inexpassive and cas}' @ e
e

Co8-Cuas maxtwe ar

washed ot warer. {n the preseor ressarch, (a8,

Zo¥ with ditferent marphologies

were sebhvothermally produced with and withowr adding

alica gel. The affects of the tamplate on the peoducts
were also studied using ditferom reebnigues.

i &
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2 Experimental

Each 0005 mol of mewl acetates | C3 CHAO00R
1K, 0, CulCH;CO0HRZHQ, ZriCH;U00H )y IH ]
and NHUSNH; was separately dissolved in 33 mlL
hexane and mixad in Tatlon comainers with and without
0.25 g sihca gel as a hard templats. The reactions
solvothermally procesded at 250 %0 for 24 b The
precipitates were washed with distiled water and 984
sthanol, and drizd at 70 T tor 34 b The pradu
(Tablz 1y were intersively charastenized osing a X-ray
2r {(XRD) 200KV IR maA and
) Im: rom a Cu target, a scan

sscope {SEM opzratedat 1ISkVa F

operated at

U E G S H v S 1]

Tabde | Lt

OH i 2HAY, NH USNH: .
2 IHA, NHUSNH: =
N3 Zz:"(',‘Hn_L (i 2H 0, NHCUSNH, -

CHALO e 2H0, NHCSNH:  Sitics gal
CCHOOOH 2 2HAD, NH CSNH:
§3 A CHLOUH 0 2He O NHZC SN H:

S1 T4
Cu Silics el

Siica gal

{ny E

(381}

1] 20 30 40 6 60
207y

Fig.d XU spectra o diffarent prod

Titipus THONGTEM, 214l Trans . Nonfareous Mar 8o
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incrared (FTIR) spectrometer with KBr as .Al.z*m; agent
and operated in the range T3N—4 009 om, a2 Raman
speotrometer wing M omW Ar laser with A=813.5 nm,
and a photoluminescence (FLY spectrometer using 254,
220 and I3 onm excimtion wavelergbs at room
temperature ror Ud8, Col-Cm® miure and Zn§,
respectively.

3 Results and discussion

LIXRD analysis
"mll;ﬁg‘"apm nlane

The er 25 OF ‘(E([J speetm {Fig. !
o and
with
10792
Mol and
’I”?“ producis
:f&- ,wéﬁm far N1 :1.;,45‘ 3 pNtmee of
covellize {LA {hopy and Cugl {cubic) labeled with the
asterisks 4%) for N2 oand 82, and sphalerite Ze8 {oubig)
sor N3 and 83, XRD spectrum of'silica gel{Fig ) is also
shaman tor comparison. When silica gel was used, the
product speatra still correspond 1o the same phases as in
the templatz-tree solutions did. XRID intarsitizs hecome
higher, showing that silica gel functions as a wemplate to
madel atoms in more perfect arders. These reflect the
degree or extant of the erystals, A small amount of silica

b

(1

10 20 30 40 at 60
27Y
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by water. The calculated lattice parameter

2) are very close to those of the correspondin
CPDS software] 16].

Fig

particles

IIFTIR analvsis
The FTIR spectra of gel, 81, 8 533 {Fig.3

nee mode. Forsilica gel,

IS

=




s108 Titipun THONGTENY, 21 6l Trans Nanfe

¢l

Silica g

00 3500 200 »:M o 13N Lok
‘.‘..ﬁmmzrkwun !

el sihos gal,

ard a1 974 o come ap
I But tor 81
vibration peaks belongin
lorger exist. The stretching vibration of §i—{) still exiss
115 imensity becomes loewer, The analysis shows that
silica gel functions as g template which was subseguently
washed out by water. Only the residuss remain in the
products. The results are in accordancs with thosz of the
XRD analysis.

regpactively, The b
Si—OH stretching vibration

same of the

] §I|I:€l gcl o

3.4 Raman spectral analysis
Tre Raman spectra of N1 and 8 (Fig4a)) show
two main pzaks corresponding o the first and szcond
lorgitudingl opucal {LOY phonon modes, which are
polarized in the x-z face with strong coupling 1o the
axciton alorg caxisi L] The 1RO and ZLO corresponding
to the tundamental and overtone modesil, 9] are
band 399 om, respectively. Each ot the
brations is a1 the same wavenumbers although the
roducts areg synthesized with and withowt using silica
gal. They are inaccordance with other rasults] 200 in the
solution: comtaining silica gel, atorrs are w
perizet lattice and the intensi wer. But tor
those ot N2 and 82 {Fig4bi. the spactra are wery
rarrow. Their vibrations are inthe same wavenumbers at
474 o ..‘:;ﬁxr:smz ding tolattice vibrations. The present
results arz in accordance with those of Cul thin filmsl 21
The trtersity of the product syrthesized in the solation
cortaining silica gzl becomes higher as well, The Raman
aralysis o7 Zn8 dozs not show any prominem praks in
the spectra of both N3 and §2

3 . 1y
detected at 34

wodeled in

comies bl

3.&Photoluminescence { PL) analvsis

The PL spactra of U485, Cul-Cull mixture and Znd
1.3 were determuned atl ambiznt tmporaturs using
lzrigths,

28 nm, 220 nmoand 230 nmoexcitation wave
speativzly, The distingt PL znussic

=
£05 nm, 340 nm and 363 s, whichare very close o the

s 4r2

wa et Soo Chiss 192309
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l;
£i
-
g
A
[}
b
£,

D3 & R0 AN TON Rad

Wavenumber'om !

200 nk 00 LECI Tk BiH)
Wavenumsberiom™
Figd Raman spacisaof N1, 8IUN2 and 82

L Cusi23) and Zn
cots o Zr;?si_l?é is also dewecied at
sert analysis, photon enargies are lost

previous reports for CdRi4, 2
Emvission cavsed by date

23w, For the

he characterization and the
woavelengths are detected. Their i
by sxveral parameizrs such a8 shapes, sizzs, and
by the terplate. In
ution comtaining silica gzl, atoms are modeled in

eraissions of longer

crsities are influsnoed

crystalliities, which are controlled

parract lanices and higher intensitizs are clearly detacted
These results thos show that silica gel has the imtluene
an PL amisstons of the products,

4 Conclusions

Cas feuhicy, mixed p

and L..is {cubizd, and sphalerite Zo8 {cubic) with
rologizs were su privduced hy
le procoss with and without wsing silica

disteramd morp sceesstully

r;Z“'m'ﬂ:m Their Wx;‘é‘“"!‘zﬁh;h& changad from
the spherical particles o eloangated particles with clusters
of paroparticles ar their zi;n; tor {d8, ranoplates in
cluster s hexagoral partcles foe Cul-Cn 8 mixtore, and
3 bulk of nanoparticles to spherical paricles for 068 by

silica gel adding. A small amoant of silica gel was also
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