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242372

msdanszidmingalld Bis) #illaseadnlusedumnTugiliuadioniv o
Heainam lumsamuazlansa (BiNO,),»5H,0) uazInlemlimiunles (NH,CSNHNH,)
Tuefiaulnanealasldlulasonfidds i 600 Sad suseudlallansi Jins1zd
Fugminvuaz Inssadnvewdnlaondesganssmisiinaseunuudensia  (SEM) uag
ndpsgansmidilnasounuudesi (TEM) wuhmsidumsaaussasiasiaislszquan
Pu-aiia InSaiiounnalsd  (N-cetylpyridinium chloride) NunumdngAsaNuMAL
vnaveaumanTu uazannmsanydlomaiinms@oiuuvesssiond (XRD) uaasldiiy
MdTmindalig  Bis) AiemnSgni  wems@eavuvesdiEnaseuuuuidenitui
(SAED) nunasianuaiiunaniaos :1nn153ins1e¥ 1ag UV-vis spectroscopy WUMe153)
FOITNNAINUVUIA 1.92 eV, 1.81 eV 1ag 1.62 eV AMAAY Photoluminescence spectra (PL)
ﬁqﬂuaﬁﬁmmunﬂﬁu 720 nm (1.72 €V), 750 nm (1.65 V) Uag 820 nm (1.51 V) tiioin3

a 44 3 o
1A N-cetylpyridinium chloride TuiSanamiaan 910 0 g i 0.5 g uaz 1.5g muday
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msdunseidanesimindalid (agis) #ilaseadluszdnTugisende
AonUIBNaTNEANNFaeT lumsa (AgNO,) uaziiminaaslsa (BiCl) Taell sulfer source
nnmsaeriiane Inleszwmlug (CHNS) uaznlogle (CHN,S) luehtulnanea
Tao1§ lu Tasosoudlatlasnnuseumenuuaziias Infheeny mm’faqamisémmwaa
$ofiond (XRD) HasKAMsAEAUNYBIBENATOUILILIABNTLT (SAED) Meldnadoandos
fudaidn1dSaneiinida dlinmuSgnivasdiundn@en mslnseidagnine
uazTﬂsaﬂ%'wumqﬁn?ﬁunﬁmqamsﬂﬁﬁxﬁﬂmammndmﬂsm (SEM) uazndvagansseni
Sidnasounuudesin (TEM) wunswdoumasdnyazdagmnnadwasnilu hexapods
domumaaihveslulason  uazasamumsiewasiinnwenady 435 wTuwas

[ ) A o 4
l'VI'\ﬂHINV]ﬂNﬂ‘LI1‘Uﬂ15ﬁ\ilﬂ§1$’ﬂ



Thesis Title Microwave-assisted Synthesis of Bismuth Sulfide and Silver Bismuth
Sulfide and Their Analyses
Author Mr. Jadesada Jaroenchaichana
Degree Master of Science (Physics)
Thesis Advisor ° | Professor Dr. Somchai Thongtem
Abstract

2429372

Nanostructured Bi,S, with the urchin like shapes was successfully produced from
bismuth nitrate (Bi(NO,),.5H,0) and thiosemicarbarzide (NH,CSNHNH,) in ethylene glycol, by a
cyclic microwave process. The phase was detected using X-ray diffraction (XRD). Scanning and
transmission electronmicroscopies (SEM and TEM) discovered N-cetylpyridinium chloride play
an important role to the length and diameter of nanorod. The UV—-vis absorbtion spectrum shows
that the optical band gap is about 1.92 eV, 1.81 eV and 1.62 eV. Their photoluminescence (PL)
emissions were detected at the wavelength of 720 nm (1.72 eV), 750 nm (1.65 eV) and 820 nm

(1.51 eV) due to the increasing amount of N-cetylpyridinium chloride.



242372

Nanostructured AgBiS, with the shapes of flowers and hexapods was successfully
produced from silver nitrate (AgNO,), bismuth chloride BiCl, and sulfur sources (thioacetamide
and thiourea) in ethylene glycol, by a cyclic microwave process. The phase was detected using X-
ray diffraction (XRD) and selected area electron diffraction (SAED). Their SAED patterns were
also in accordance with those of the simulations. Scanning and transmission electron
microscopies (SEM and TEM) revealed the gradual transformation of nanostructured flowers into
nanostructured hexapods, due to the microwave power increases. Their photoluminescence (PL)
emissions were detecte\d at the same wavelength of 435 nm, although they were produced under

different conditions
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3.2.1 msdunsz BiS, laomniialulasow
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3.2.2 MsdUAIIZA AgBiS, Taumaiin luTasiv
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3.3.1 Iinsiey Iassadnvesash lademaiinmsiaoauy
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YeIsITond (X-ray diffraction, XRD)
a d o 9 da o
3.3.2 'Jlﬂi'l%'ﬂﬁﬂ}lﬂlzﬁlﬂ\?ﬁ'ﬁIﬁﬂiﬁ’ﬂﬁﬂﬂﬂﬁﬂiiﬁuﬂmﬂﬂiﬂu
HUVEDINIIA field emission-scanning electron microscope (FE-SEM)
a d o g v da o
3.33 ’Jlﬂi'lz'ﬂﬁﬂﬂﬂlz‘“ﬂﬂﬁ'ﬁIﬁﬂ1‘]’ﬂﬁﬂ‘1‘l}ﬁﬂiiﬂuﬂlﬁﬂﬁiﬂu
{IUUEOINIY transmission electron microscope (TEM)
3.3.4 3INT1EY luminescence emission spectra

3.3.52A35 12H UV-Vis absorption spectrum
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4.1 WaM3INTIZHA BL,S, Nduns1zv 1as35ms microwave

4.1.1 HaNINAODY XRD
4.1.2 HaMINAa0Y SEM
4.1.3 HaMsnaaod TEM
4.1.4 HaN1INAOADY UV-Vis absorption

4.1.5 HON1INATDY photoluminescence
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4.2 HaNITANIITH AgBiS, fduns1zv 1auI5n15 microwave

4.2.1 HOMINADBY XRD
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3.1

3.2

4.1

4.2

4.3

anvunYnIITN

mswsouaslu Qeuludieq iledunsied Bis,
= A ¥ A o 4 L
msesonas lu Neuluanee iNedunsiev AgBis,
MIAMUIUIEUIY Numuyaly diffraction pattern Y89 AgBiS,
mda 180 W 52821901 45 cycle Taoll thicacetamide 11 sulfur source
MIMUIUTZUIY NunmugAalu diffraction pattern YB3 AgBiS,
faa I 600 W sz 45 cycle 1ol thicacetamide 1114 sulfur source
NMIUIUIZUIY ﬁnmuqaiu diffraction pattern Y93 AgBiS,

o w

Mas 1 600 W 528219 45 cycle 1Al thiourea 111 sulfur source

15

17

48

48

48



2.1
2.2
23
24
2.5
2.6
2.7
2.8
3.1
3.2
33
34
3.5
3.6
4.1

4.2

4.3

4.4

4.5

ATV IYNIN

HaTIRAYUIEIBAAY Microwave nﬂﬁ'au'?'whuﬁ%ﬂmwﬁmhm
HAAINITNYUYDI Dipole Tuamunu i
waasdulszneumelumeuluTasin
uarasdulsznpuvBIINiinIBY

uarasdnuae Inssadeves dafadialng

uarasdnyaz Ins9a319v09 AgBiS,

HaAIdIU52NBUYBY Surfactants

1aA931/319984 micelles HUVANE

iaRuRBUMIFUATIZN BLS,

HEATUROUNTI T ARSI AgBiS,

X-ray diffractometer

scanning electron microscope

transmission electron microscope

luminescence spectrometer

UeAIBanT M XRD 404 Bi,S, til0 13t surfactant
1erAsBans 1 XRD ¥84 Bi,S, i01AN N-cetylpyridinium chloride
0g, 0.5 guaz 1.5

HETAININEIDYB SEM ¥4 BiS, fithaa1nih 600 w
32EIMTUNTIN 6 cycle ifo Ay surfactant

AN MEIBYBS SEM ¥84 BiS, firaaInth 600 W szesiom
Funs1wH 6 cycle 1i01AY N-cetyl pyridinium chloride 0.5 g
HEAAININEIBYBI SEM ¥04 BiS, fit1aa I 600 W szuziom
Fun3z 6 cycle lﬂﬂlﬁﬂ N-cetyl pyridinium chloride 1.0 g
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4.9

4.10
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4.12

4.13

4.14

4.15

4.16
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4.18

MIVIYNIN(AB)

LErAINING1BYDS SEM ¥84 BiS, Hinaa I s0o W szozinm
Fun3124 6 cycle 1iioiAn N-cetyl pyridinium chloride 1.5 g
(M), (V) uaz (A) HAAININGIY TEM 84 Bi,S, (1) SAED patterns
(0 liiAw sirfactant
(M), (¥) Ha2 (A) HAAINING 1B TEM ¥04 Bi,S, (3) SAED patterns
(iieiAn N-cetyl pyridinium chloride 0.5 g
(M), (¥) uaL (A) HAAININGIY TEM Y83 BL,S, (1) SAED patterns
(io1AY N-cety! pyridinium chloride 1.5 g
UV-Vis absorption spectra %04 Bi,S, 110 11ii# surfactant
UV-Vis absorption spectra %04 Bi,S, ti{BiAy N-cetyl pyridinium chloride 0.5 g
UV-Vis absorption spectra %84 Bi,S, iii@ N-cetyl pyridinium chloride 1.5 g
ueraansANUANUTIEN I (ahv)” 102 hv ¥84 BLS, oAy surfactant
AN NANUFURUTIZH 1 (@hV)’ uag hv ¥84 BiS,
(ii01AN N-cetyl pyridinium chloride 0.5 g
uaaINs ANNAINTIZN 13 (ahv)’ 1B hy Y84 BiS,
(iie1An N-cety! pyridinium chloride 1.5 g
photoluminescence spectra Y94 Bi,S, lﬁﬂlﬁ).l N-cetylpyridinium chloride
TulSnaaeanu
uaman3 M XRD vo9 AgBiS, Himasinsiiualfssesnmdansier
@199 Taodl thioacetamide 1114 sulfur source
uamans M XRD ¥09 AgBiS, HFmdunszyinaiiualdmas Itheedu
Taoil thioacetamide 1114 sulfur source

26

28

29

30

32

33

33

34

34

35

36

37

38



4.19

4.20

421

422

4.23

4.24

4.25

4.26

4.27

4.28

4.29

TINYNN(AB)

uaAInNs W XRD w04 AgBiS, i lFamdunsizyinadi 45 cycle
ua 19189 I¥ha 199U 1ol thiourea i1y sulfur source
uanagl SEM ve4 AgBiS, fimda T 180 w szoznan 30 cycle
Taoil thiodcetamide ﬁ‘.lu sulfur source

L1erA3 SEM 484 AgBiS, Aitaa Wi 180 W szazinan 45 cycle
Taodl thioacetamide l‘ld.l'u sulfur source

1arAe SEM w04 AgBiS, firhds Infh 180 W szuzinan 60 cycle
Tauil thioacetamide 1111 sulfur source

LerAs SEM 484 AgBiS, firas i 300 W szezinan 45 cycle
Tawll thicacetamide ﬁ‘lu sulfur source

1erA3 SEM 903 AgBiS, firndaInfh 450 W szuzna 45 cycle
Taedl thioacetamide lﬂu sulfur source

1ERa SEM w09 AgBiS, Aitaa 1 600 W szeziaan 45 cycle
Aol thioacetamide n‘i'lu sulfur source

1erA3 SEM 183 AgBS, #inaa T 450 W szoziimn 45 cycle
Tauii thiourea RN sulfur source

1terAe SEM w9 AgBiS, fifda Inih 600 W szuziaan 45 cycle
TAgil thiourea ﬁlu sulfur source

erA SEM 984 AgBiS, firhaa T 600 W szeza 60 cycle
Taedl thiourea ﬁlu sulfur source

31 TEM (n) SAED patterns (¥) SAED patterns fisraestunnTisunsy
i zone axis [111] fda ¥ 180 W 3201381 45 cycle

Tasi) thioacetamide rﬂu sulfur source
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3 Hih
430 31l TEM (1) SAED patterns (%) SAED patterns Hi1a09tu91n Tlsunsy 46
i zone axis [331] fda IW#h 450 W 52821781 45 cycle
Taodl thioacetamide ity sulfur source
431 31 TEM () SAED patterns (V) SAED patterns fisravevuninTilsunsy 47
ﬁ zone axis [111] M1a3 ¥ 600 W szozam1 45 cycle
Taudl thiourea x‘ﬂu sulfur source

A o '
4.32 photoluminescence spectra Y93 AgBiS, nidoulumsdauns 1$ﬁﬁ1m 50





