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Lanivaasdinaziueiyas luaaaln
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(1) Square (2) Regtangular (3) Centered-regtangular
a=b; Y=90° a7b; Y=90° a7b; Y=90°
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b
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(4) Oblique (5) Hexagonal (Rhombic)

a7b; Y7#90° a=b; y=120°" ‘




Square =b Y = 90°

Rectangular a#b Y = 90°
Centered rectangular a #b Y = 90°
Oblique a#b Y # 90°

Hexagonal =b Y = 120°
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3D unit cell

Cubic

Tetragonal
Orthorhombic
Monoclinic

Triclinic

Rhombohedral (Trigonal)

Hexagonal
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Primitive (P) IUIUYALAANVIINNWIUA = 1

Body-centered (1) IUIUYALAANVIINNNA = 2
Face-centered (F) MUIUYALANNYTIUNINUA = 4
End-centered (C) UIUYALAANVIINNVUA = 2




waniivustIed (Bravais lattice) 19 14 ¥ia

Cubic
a=b=c

o= B =y=9
Tetragonal
a=b#c

(= I‘S — Y = ()00
Hexagonal
a=b#c¢

o= =90°
v=120°

Primitive

— -

Body-centered

Face-centered

End-centered




uaniivustIed (Bravais lattice) 19 14 v (619)

Primitive Body-centered Face-centered End-centered

Trigonal
(Rhombohedral)

a=b=c

120° > 0= =7+ 90°

Orthorhombic

azb#c
O:B:_'Y ()03

Monoclinic
a#b#c
o =vy=90°

B = 90°

Trichnic
azb+#c
a#Bzyz90°




v = <
2. N5ANLIERYUNIATUIATINANVD LTI

aulAoasALTY NuUernauviselossuy Neglnavaniusenaumnse
(coordination number) leppuiiiansanuniiae

(b) (c)

wiagladanuiAnad1edne (primitive/simple cubic cell, scc)
3) NMNINEILUUTBY 1 FUTBMNTINAY

b) UilsnelTadYes scc

c) N5UTIINTINAN 1 gnlumiieiead scc




wlrgwaawUUanuIAn (Cubic unit cells)

simple cubic cell Body-centered cubic cell Face-centered cubic cell
(scc) (bcc) (fcc)

CN = 6 CN =8 CN = 12 .




(a) (b) ()

1¥ARgNUIANNGN9HI (Body-centered cubic cell, bec)
a) MIWINEIUULTEY 1 FuvDmIINAY

b) wilanmiheladued be

c) NFUTIINTINAY 2 gnluniigias bee




N15WATAUTUIUgAanYly 1 widleiwad

Y-y 8 vihewad  waU-lTINiY 4 vilewad  au-lusiuiu 2 ihewes

1
Primitive unit cell = 1 [ 3 X 8]

1
Body-centered unit cell — 2 [ . X8] + 1

1 1
Face-centered unit cell — q [ g X8] + | E X 6 ]‘



AMUFUNUSTZII5ANDZADN (1) LasAIUg1INUVAU ()

“SCC” “bCC” “fCC”




UsANNINVD9N15U55 (Packing efficiency)

J3urnsvaansanannieluiwas
J3unsvasaa

UszandnneueIn1sussy = X 100 %

dl o) 4 o 1
e Yunsvewmsenay 1 gn = 3—7'Er3 war  USumsvesmiuad = a’

USunesvaansananniglueas

US2aNTNINVYDINITUIIIVDY scc = = . X 100 %
| UIUIHTVDILYAR

4/31(a/2)
- > X 100 %

Tt
= — X 100
6

= 52.4 %




ANFUNUSTULATIETI9YRIMEwARLUUANUIAN

Lattice per unit cell 1 2 4
Coordination number 6 8 12
Atomic radius a /3 a\/2
2
4 2
Occupied volume 52.4 % 68.0 % 74.0 %

*a = length of unit cell .




N153AL3LIAUVTANUNINYTEA (Closest Packing)

°i'?u1’7i 1 (A)

| . A

£ N .

hexagonal close-packed (hcp)
C.N. = 12 (3-6-3)

h A
ws*q; LA

X .’.

cubic close-packed (ccp)

Y ¥y vy CN. = 12 (3-6-3) .
ABC




=\ 1 1 dl =\ 49{ v
YRAYDIINMNAAVUNY TULATIES19

Sam=

YDIINNSUNFYUTNUN
(Tetrahedral hole)

TunAazFUNANIINDLADNITD LD IUNINUAIIUIUY
N 9N %1391999U TN LIALAA

- 499719AATLTNTOA = 2n YB3 .
PDIININTWHNAYULUANLN

(Octahedral hole)

- 98971999NAZTNTDA = n U




2 r+ Ip

YUIAVDIYDII1908NALTATDA INYININUD9T19ANTTNT08
- YUINVDIINWANTZINTDE = 0.225r
- YUINVDII10BNAZTNSIa = 0.414r
d' A v oA A o Y a . I
1319 r ADSANUDIDLADUNN IANATDIINS




N159A1589aUNIATUIATINANYBILANE  Crystal structure Element

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Hexagonal close-packed (hcp)  Be, Ca, Co, Mg, Ti, Zn

Cubic close-packed (ccp) Ag, Al, Au, Cd, Cu, Ni, Pb, Pt
Body-centred cubic (bcc) Ba, Cr, Fe, W, alkali metals
Primitive cubic (cubic-P) Po
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The structures of the metallic elements at room temperature. Elements with more complex structures are left blank. .




19819 1 Wannesendlaseasaduluu  face centered cubic  WAIUIUAINY

NUNLUUVDINDIA
(AUAlNDIAINSANUDDLADUYINAY 144 pm WazlIaeznauinnu 197.0 ¢/mol)

Aee14 2 lanzuuni@euilassasiaduuwuu hexagonal closed packing MfAY

NUILUY 1.74 ¢/cm?® asAuisalivasaznou Mg Tuniig pm
(Muualit Mg dxaezmauindu 24.31 ¢/mol)




3. WUSY I UYD I

YUAYDINAN  WIINEAIYNIA auUAnaly A9E19
loapu Ls9Rapatniafind  wia W yaveeNaIas NaCl, LiF, MgO
(lonic) nsihliiuazauseusn  CaCo,
lavausd  susslariaud LTI PANAOUMAIG C (wn9)
(Covalent) nsihliiuazauseusn  SiO, (Avend)
lana LSRN T 80U ANADUUAIG Ar, CO,, 1,, H,O
(Molecular) — wsslalwa-lalwa  nisihlvdiuaganuseusn  C H,0,,
Wuselalasiau (glasa)
lan Wusslans 90URITY eraRuaIiNge  lanennailn 1wy
(Metallic) a9 ftludazausounn  Na, Mg, Fe, Cu




nanlaaalin (lonic Crystals)

% Usznaumgaymavaslessuuinuazlossuauiiesiagiadusslau
< 3ALADA YANADULUAIGN

o ./q/’/o ARA
o e

%

CsCl Zns CaF,
= scc (Cs¥) = fcc (5%) = fcc (Ca®™)
= FeAlvaua = vigealm
(zincblende) (fluorite)
= CuCl, BesS, = SrF,,BaF,,

Cds, HgS BaCl,, PbF,




nanlaraaun (Covalent Crystals)

NS wn3lne
= sp’C = sp’C
< = A A& QY Yo oW
TSN I51e = 2p MwdaldEIewusEln
= YARABNLAAD 3550°C = bW ledaludienisivuiunuszuiuves C

r STUINNTUTANYUSILIULADINAdN DY
P A va ) =
= f§15uanau ldauds Kaurdln ‘




Nﬁﬂi&ltaqa (Molecular Crystals)

. a <
< gananiiwduluana
% wsahepaszudInslanaluksaunaag wse wusslalasau

%4 1

A20819 SO, —  usdlalwa-lalwa

HO  — Nuselalnsiau

l, Py S

< wssgamdelsznivlanaunswiunednad wie wustlalasiauniiaiios

L)

Warsuiuiuseleaatinuaziusslaraun HANTULANATILANKAZHENDDNIIN
AuladIan 3

< dulugiliganasuinann (< 100°C)

L)




wanlane (Metalic Crystals)

yauanfiguaznauvadlansulinfednu
NANNNLUUWUY bee fee %58 hep
daulugilinuvuiuuugs
Jugiarihanudeu waglwiaig

Ol-mercury Y-mercury

12 ® hep 13 1 “Polymorphism”

S m ccp
= bee — Polymorph (Qt, B, ¥....)

() O
" J\®) 3 4 5 6 7 8 9 10 M 12 __J

£ ‘][. C A Crystal structure Element

il ;]E oo nnm Hexagonal close-packed (hcp)  Be, Ca, Co, Mg, Ti, Zn
([ E]E |l ] : : ‘m|(m|(m]l [ ]  Cubicclosepacked (ccp) Ag, Al, Au, Cd, Cu, Ni, Pb, Pt
=n e :] A ) Body-centred cubic (bcc) Ba, Cr, Fe, W, alkali metals

o] el

L DL G | G | G | WD | G | G | S Primitive cubic (cubic-P) Po

10000080 000R0AN




2aaaen (Alloys)

“P1lanzUINadUNENN Y INUUN ALEURIaS”

7/

«»  Substitutional solid solutions

O O 1. Srilozmonvedlaveyianssnetulaiiu 15%
o 2. TaneThaanadeailassasmanmiiouty
O 3. electropositive characters votlaneiisaes
3 o odlndlAgaiu

A2DEY
Na tag K Cu tag Ni
»  guURPaNYiY = auUfnanuiu
»  Hlaseasraedanidu bee willauiuy «  Hlaseesraednidu foo witlpunu

= 1, =191A r =235A(19%)

N

= 1.25 A = 1.28 A (2.3%)




K/

% Interstitial solid solutions (Non-metal & Metal)

yumeznouTazladily
octahedral hole = 0.414r
tetrahedral hole = 0.215r

@ © ¢ ¢ o o @ ¢ ¢ ©© o o
@] O @ ¢ © o o

@ © ¢ ¢ o o @ ©¢ ¢ ¢ o o
o @ ¢ ¢ o o

@ © ¢ ¢ o o @ © ¢ © © o
O @ © ¢ o ©

@ & ©o ® @ o © @ ¢ ¢ © o o
@ © ¢ o ©

@ ¢ ¢ ¢ o o e e o o o e

“random” “order”
“solid solution” “compound”

113 b2
Fe3C
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4. 1A5963NANNEALY

lonic solid = Close packed structure of anions + Cations in T or O

% vauudilosatiniilignsatisite MX

NaCl Rock salt NaCl, KBr, Rbl, AgCl, AgBr, MO, Ca0,
(Sodium chloride) TiO, FeO, NiO, SnAs, UC, ScN

CsCl Cesium chloride CsCL, T, CsAu, CsCN, CuZn , NbO

ZnS Zinc blend (Sphalerite)  ZnS, CuCl, CdS, HgS, GaP, InAs
Wurtzite ZnS, ZnO, BeO, MnS, Agl, AN, SiC, NH, F

NiAs Nickel arsenide NiAs, NiS, FeS, PtSn, CoS




1. lassa¥rsuvulafsuaaslsansauuuSongaai

(Sodium chloride/Rock salt structure, NaCl)
Na*

— —--?

= fec o1 CU Ingdl Na® egflutsinseannydaseanntos
138 fcc 909 Na* loedl Cl ogluypiinaeannydnseanniad
= Na' gnaeuseumie CU 6 laoau way Cl gnaeusaunie Na* 6 lopay
»  avlpeeshiutuvedlasasiadu 6 : 6
(6,6)-coordination => 1% no. = C.N. of cation, 2" no. = C.N. of anion

= Z=4 (1 mhewausznauniy 4 nuegns)
Z = no. of formula unit in 1 unit cell ‘




2. lassas1asuuddisunanlsa (Caesium chloride, CsCl)

: p -

o .-._F__.-"'". .

ﬁ ;, & T; ,.

. . # O

CS - f;-""' rf_,f/f

_:“.I i ,q.#_-_.L\T“'

e —

e A 5

Cl A

Y
%

= 1AS9ETIUUGNUIANREN9I8Y8a CL (Primitive cubic) laedl Cl agiyus 8

YIMheas wazdl Cs* agnsanansiead
= avlpeeshuduradlasainudu 8 : 8
= Z =11 vihwausenaume 1 mhegns)




3. lAs9a319BUUTIAtusUALazIasnban (Zinc blend and Wurtzite structure, ZnS)

(s
® i
Zinc blend Wurtzite
= fcc 999 S7 uagdl Zn?* UsIRylu = hcp %89 S7 uagdl Zn?* UsIgeyly
ASINUIVDITDINUANTLTNTOR ASIVNIUBIUBIINUANTLINTDA
ca Y] [~ [~ = dl a dl a 1 a 4 6
»  13UlAReSALLTUY 4 : 4 « JJundnffieNeungliganindaniusus

= avlAnesAlLt ULy 4:4




4. lassad1rasuudniiaaseulus (Nickel arsenide, NiAs)

A5

= Distorted hcp 909 As” wagil Ni** uss9e8gludoiintesnnsansos
s avleeesAluturedlasEs 1l 6 : 6
= =2




A29819 3 ANY1IVUTDINUIBEEAS NaCl 1Ny 564 pm AMNBUILULYes NaCl

Duwle Tumiie ¢/cm?®
(MuUANIanEABUYDe Na Waz Cl = 22.99 uay 35.45 ¢/mol ANUa1IAU)




* 1 1

+ vaaudilosatiniilgnsagisite MX,

1. lasedsnauuunlgealsduasuauingaalsd (Fluorite and Antifluorite structures)

= 1AS9@ETNLUU fec 909 Ca?t lowdl F usseglu
YN YBIINUANTEENTORNN VDS

= avlAeeshiutuvediassasialu 8 : 4
Ca?* 1 leaau gnasusaune F 8 laaau uay

F 1 loeau gnaeuseusie Ca”* 4 loosu
" 7739879 LU BaF,, BaCl,

Antifluorite

= ifinnmsadusiuviavadlessuuiniazlessuauvedlasiasauuugealsd
L= Y] v [~
= 13UlARRSALLTUTRIlATIES1I L Tu 4« 8

= asusenaveanlasuavdalidvedavedanilal 1wy Li,O Na,O Li,S K S ‘




2. 1A596519uuU3na (Rutile structure)

TiO, (Rutile)

= 1 [~
. wmw&amﬂummﬂﬂuaa

hep vasloauau (0%) lnwillesauuin (Ti*) ussegludetiteeennyanseanimils
ca v % =
= avleeesAlutuvedlasaas iy 6 : 3

Ti** 1 leosu nnasusaume 0% 6 laesu uay OF 1 lesau anasusaunle Ti* 3 loaau
U U

= @glgvues TIO, Nweusiariuey ‘




3. Iassassnuutuninsalaualan (B-Cristobalite structure)

SiO, (B-Cristobalite )

Si dasaglusunruafdiu Zn wag S lu
1ATIES 1L UUTIALUTUA

usiazaves Si Meglndtu azgnivenleafiu
NIUDEADUUDY O
pulaeasAutuvedlasasiady 4 : 2
A39819 LYY BeF,
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1. IaseasrawuugaUuiua (Spinel structures, AB,O,)

B0 CA 8 Mg o
-'!_T-{T
A Site - Con proetal writh foudt J@ﬁi’.
reateil-nEIghie Gipfenk
ey @ Oxygen
& B-atoms
octahedral sites

@ A-atoms
N sitm - o~ meial Wik us I tetrahedral sites

nEaret-ar ghtar covgens \B, 0, spinel The red cubes are also contained in the
Be3zhadeal she back half of the unit call.

MgALO,
«  gnanlude AB,O, Tny A = lesauiiiseq +2

9

B = looauniiusyy +4
= NSIASEFIMUU cop VasanluAlanau kazdl A% uay BY ussyaglusiumiy
YBIINWANTEENTDR LAZEONALEATOR AINAINU

«  fheghatu MALO, 1ie M = Mg Fe Co Ni Mn Zn




2. 1pssasauuumnwasanslni (Perovskite structures, ABX,)

CaTiO,

= ansmilufe ABX, lnu A = leseulanzusyquanaesiiogiiuuiuunveshevad

Y 9

B = losaulansuszauindiiegnansmheiad
X = 98Ny NiuwisinaI i vehgwadneu

= Ca*" (A) gnaausaume Ti™ (B) 8 avneau wag O™ (X) 12 oxmay
= Ti* (B) gnaousauniy 07 (X) 6 agmay
= igladiaania (Piezoelectric) wWalasasnalasundsnudanaaziinlvleosu B

NANTFULaLURsUALIY danaliideAudnansauuInsuadlasease uastind?
19Ty




=\ v =R
N1SNAI5UTLASIES19NEN

& Salleasu
& 9ns1dIuv9sAlllesauuInsalonauau

Coordination no. Geometry Limiting radius ratio Possible structure
4 Tetrahedral 0.225-0.414 Wurtzite, Zinc blend
6 Octahedral 0.414-0.732 Rock salt, Rutile

8 Cubic 0.732-1 CsCl, Fluorite




Y = 2y Y a .
WAIIULATINGN %30 WAIIULanANY (Lattice energy)

“wasaunlylunisuennanvasasusenauloosiinluausuaudsdnuy 1 lua

sanulessulugauzuia”

4

WaIULan 7Y llaNsavinnsnnans lalaenss

4

AU “InInsuasu-a1Luas (Born-Haber cycle)”

)
WAIUNITHANGT (dissociation energy, AH_ )

NAIUN1TELHAR (sublimation energy, AH

sub

wasuloveluediy (ionization energy, I.E.)
dunssannaanaseu (electron affinity, E.A.)

AINTEUNTINBFA (heat of formation, AH)
WAIULaRNAY (lattice energy, L)




K*(g) + e (g) + Cl(g)

1 A29819 N15LAR KCL
122
K*(g) + e (g) -355 "
1 +%CI2(9) K (s) — K () AHsub = +89 kJ mol'l
Y
+ _
425 K™(g) + Cl(g) Ko > Kt e AHIE(D = +425 kJ mol
K(g) +3Cl,(g)
- ¢ L, — 20, AH,® = +244 k) mol”
89
A 1 X
Kis) +2 Cl,(g) Qly +e—>> o AH,®= 355K mol
438
+ - O
K'g + CUy => KCly  AH
KCl(s) v

Figure 3-44
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F.Shriver, P.W. Atkins, T.L.Overton, J. P.Rourke, M. T. Weller, and F. A. Armstrong

AH® - AH_® +AH Y + VAH P + AH P + AH®

b

-438 89 + 425 + 122 + (-355) + AH, ¥ kJ mol?

AH ®

-719 kJ mol*




A288149 N1SLAA LiF Li(s) + 5F,(g) — LiF(s)

Li(s) — Li(g)
'F>(g) — F(g)
Li(g) —> Li'(g) + ¢

F(g) +e —> F (g)

Li"(¢) + F (¢) —> LiF(s)

AHS
AHS
AHS

AH;

AHS

155.2 kJ/mol

75.3 kJ/mol

520 kJ/mol

—328 kJ/mol

?

Lattice energy: energy + LiF(s) — Li (g) + F (g9)




L. Li(s) — Li(g) AHS = 155.2 kJ/mol
2, JF,(g) — F(g) AHS = 75.3 kl/mol
3. Li(g) —> Li'(g) + e~ AHS = 520 kJ/mol
4. F(g) + e~ —> F (g) AHS = —328 kJ/mol
5. Li"(g) + F (g) — LiF(s) AHS = ?
Li(s) + 3F,(g) — LiF(s) AHS ooy = —594.1 kJ/mol

AHSee.an = AHS + AHS + AHS + AHS + AHS
—594.1 kJ/mol = 155.2 kJ/mol + 75.3 kJ/mol + 520 kJ/mol — 328 kJ/mol + AHS

AHS = —1017 kJ/mol

S NAIIUManNY = 1017 kJ/mol




19N5UBTU-81Uas (Born-Haber cycle) vasn1siingansusenau LiF

Li*(g) + F(g)

AHS =520 kJI |AH2 =3

Li(g) + F(g)

28 kJ

AHS =-1017K]

AHT =155.2 kJ| |AH§75.3 kJ

AH®, .= —594.1 k]

Li(s) + 1F5(g) - LiF(s)




A28819 4 ANNIUAMNSIURAATYIDINITAN MeBr, Ineldlayasalil

Sublimation of Mg +148  kJ mol™?
lonization of Mg(g) to Mg** © +2187  kJ mol™
Vaporization of Br, +31  kJ mol™
Dissociation of Br, +193  kJ mol™
Electron gain by Br 331 kJ mol?

Formation of MgBr, 524 kJ mol?




“URINULARTY VBNLEDETNINVDIUBILTIloaatin”

TABLE 9.1 Lattice Energies and Melting Points of Some Alkali Metal

and Alkaline Earth Metal Halides and Oxides

Compound Lattice Energy (kJ/mol) Melting Point (°C)
LiF 1017 845
LiCl 828 610
LiBr 787 550
Lil 732 450
NaCl 788 801
NaBr 736 750
Nal 686 662
KCl 699 712
KBr 689 735
KI 632 680
MeCl, 2527 714
Na,O 2570 Sub*
MgO 3890 2800

*Na,O sublimes at 1275°C.




5. d1582U1 N9NUN LazauIU

108 \ | = @15a2U1 (conductor) :  msilwAny
 ——_ | Metal A - X |
_ W R B anallogun)liasvu 1wy langsneg
= 104 Super- ™\ y
G conductor = #@190989U1 (semiconductor) 1 N1UN
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naufuway (Band Theory)
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T T I band gap
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Number of atoms, N

n35ufiuveteeslaeraoulusesivaaluiana W uiuosnouNLLIINTULTUAS
N38158MIN90ENBUNINTY
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41950211 NINUN LazaUIU

Some typical band gaps at 298 K

Material Ey/eV
Carbon (diamond) 5.47
® ® ® @& @ e .

Silicon carbide 3.00

Silicon 1.1

Germaniun 0.66

Gallium arsenide 1.35
AU f19n 9931 U Indium arsenide 0.36

6 %

N3NTEAUNANLYRILHareas VA luanasgdnfniulInauAn Tk UL

LU audsianaseuagenituauriaud (Valence band)
[

U a\ |

LOUVBIDDTUN AN I iaiﬁal,aﬂmauagﬁaﬂdﬂ wauin v (Conduction band)

nsunbihaziietuldsediedidnnsaugnnszauain Valence  band lUgs wauinlui

Conduction band

WHIUNLENTEWIN Valence band tag Conduction band 138171 Band gap energy iE )



d15N907U1 (Semiconductor)

< Intrinsic semiconductor (tinta9319lu Tu Valence band)
= E, 1A1e8 YNl e Tu Valence band @u1sataaaud by
9 Conduction band la

% Extrinsic semiconductor ({fuasduaslulunan)

:  ntype:  ozAaNYIANIANI AL NOUTL
DLAUTBLANATOUNINNTIBE 1 67 LU LAY P %50 As ad
lundnues Si- BedifnesouiinniuagiliAnuoulnd
38071 donor band aginituwauii

:  ptype:  oymRNvBIENIAIILhg AU AOUTL
DLAUGBLANATOUNBNTIIRE 1 A1 LU LN Al 938 Ga as
lundnues Si lnedldnnseuiltesasiainuaulmid
38071 acceptor band BseggeniuavlaLaus

s band
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6. AIUUNWIBILUNEAN (Defect)

1. Intrinsic point defects

“Schottky defect” “Frgékel dcelfect”
leosuuinuaglesauaunieliain leppudamsazaglusumisund  hly
RN unsneglu interstitial site yhlsiunfitu

Antaainetu




2. Extrinsic point defects “doping with an impurity atom”

Mineral or
gemstone

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Ruby
Emerald

Tourmaline

Garnet
Pendot
Sapphire

Diamond

Amethyst
Fluorite

Colour

CGreen

Green or pink

Red
Yellow-green

Blue

Colourless, pale
blue or yellow

Purple
Purple

Parent formula

Be Al (SI0,),

Na,Li Al (BO,),(Si0,).F,

Mg ]AIE{SiUd}E
Mg,Si0,
ALO,

Si0
CaF

Dopant or defect responsible
for the colour

Cr** replacing AI** in octahedral sites
Cr** replacing AlI** in octahedral sites

Cr** orMn** replacing Li* and AF* in
octahedral sites respectively

Fe’* replacing Mg** in 8-coordinate sites
Fe’* replacing Mg** in 6-coordinate sites

Electron transfer between Fe’* and Ti**
replacing AI** in adjacent
octahedral sites

Colour centres from N

Colour centre based on Fe** /Fe**

Colour centre based on
trapped electron




7. A15FULASIZH LLAZNISALATIZHUD I

N1589LATISH

= UfA3e199983u4 (Solid state reaction)

»  wiatalgaly/lalaswesuea (Solvo/Hydrothermal)
= AUAYDA-13a (Sol-gel)

= N13eNeENaU (Precipitation)

N133LATITH

= Physical Characteristics = Spectroscopic/Structural Methods
- @ - UV-Vis
- YUIR/ANYULDYNIA - IR / Raman

- 51909AUTENBY - X-Ray diffraction




UfA381u99989434 (Solid state reaction)

Oldest and most common
Direct reaction between solid precursors

Ready availability of solid precursors

(oxide, carbonates, nitrate)

Low cost for mass production
Inert container
High active surface area and intimate contact

Require high temperature




S 'V eighing

Processing of PZT ceramics

E 3R 3

Ball miﬂing |

r  Sieving (Dm — Twﬂc mma
- P [a.u milling 24 hours in ZrO=2 media J
ks

- —— (Drylﬂﬂmdnmlﬂbﬁnhr ]

( Dry, mum::mng J

(I-lﬂll'lulll; pnm lﬂﬂﬂh;."m@

(Hﬂ“ﬂ for Thr binder rmul)

Mﬂldmg J
I

4 _) . (lﬂﬂ“ﬂ for 2hrs sinmin:)
: e

Mounting (ma.u by 600 sand paper, add silver ﬂpﬂlr)

Pressing -




wmalalalaswmasuaa (Hydrothermal)

“nszuiun1sdansziansnielussuulandiundudinarsnaamnaligndn
9auYIiBe (>25 a9AYaLTYE) LazANNAUIUILBWIINANNAULlawile
d13aza18 e lvdSHARNMIANKHANBaNINETITATANElAEATY”

Spring

Pressure plate

Rupture disc Screw cap, brass

Corrosion disc

Bomb body,

. —
stainless

PTFE Cup with cover

Bottom disc




PHNO ),

Zr(NO ), 6H,0 or ZrQ(NO ), 6H,0
!

i, H,O

Addition of KOH with stirring |

'

Hudrothermal treatment Advantaces
180-200°C, 20-72 h " Simple one-pot synthesis
l B Cost-effective chemicals
Product recovery " Low processing temperature
l " Low energy consumption
Characterization " Environmentally benign

B Stoichiometric control etc.

Limitations

® High vapor pressures of organic solvent

® Dissolvable property of solvent



WwAdAYDa-19a (Sol-gel)

“a process to form materials via a sol, gelation of the sol, and finally

removal of the solvent” CH,COOH Pb (CH,C00)..3H.0

| '

HOCH,CH,OH —{

Stirring at room temperature

l-— Zr (OCH,CH,CH,),

Stirring at 70 C

Ti (OCH(CH,),), —4

Stirring at 70 C

Stop after 20 min
=TT Swartafter24h

Stirring 90-130 C

¥

Drying and Calcinations

y

PZT Powder




N15ANRMZNAU (Precipitation)

Preparation and analysis of tetraamminezinc(ll) complex — Exp 4

HO Conc. NH OH

2 \ \ 2M NH OH

/ZnS0O,.7H,0 1.35 ¢ NH,BF, 1.5 ¢

[Zn(NH,),I(BF,),




Comparisons between the hydrothermal technique and the other

preparative techniques

Comparative details  Solid state reaction Sol-gel Coprecipitation Hydrothermal
Cost Low-moderate High Moderate Moderate
Compositional control Poor Excellent Good Good-Excellent
Morphology control Poor Moderate Moderate Good
Powder reactivity Poor Good Good Good
Purity (%) <99.5 <99.9 >99.9 >99.9
Calcination step Yes Yes Yes No

Milling step Yes Yes Yes No




A15ALATIZHUD LY

NH; NH;
Cl NH; i NH;
NI N\
Co Co
N\ H3N/ AN

‘ NH;, ‘ Cl

Cis- trans-
NH; NH,
cis-[Co(N H3) 4Cl2] trans-[Co(N H3) 4Cl2]




Scanning electron microscopy (SEM)

“Particle shape & size”

by b

-

EMRSc CMU. 'SEl 150kV X5.000 Ium WD 14 7mm







Transmission electron microscopy (TEM)

“Particle shape & size”

AgNPs-1

Mic HV Camera Length Mag |
—20 yum—

JEM-2011200 kV 30000 x




Elemental analysis

Compounds Calculated Found
No. C% H% N% C% H% N%
y 63.560 7.630 16.880 63.601 7.528 16.747
la 85496 5.852 10687 85328 5648 10625  «CHN/S analysis”
2 78.175 7.840 4560 78.096 7.839 4.426
4 74534 5.832 8.695 74436 5823 8.657
5 69.613 6.077 15469 69.626 6.135 15.451
6 72483 7.382 9.395 72327 7.355 8.974
8 63.878 7.984 10969 63.903 7.792 10.958
9 78.931 7.189 9.150 78377 7.058 9.035
0.06 ~
0.05 - y = 0.0484x
R% = 0.9996

0.04
8 0.03
<

0.02

0.01

0

0 0.2 0.4 0.6 0.8

“Atomic Absorption Spectrometry (AAS) ” Conc. (ppm)




Energy-dispersive X-ray spectroscopy (EDS)

n Spectrum 1

TJA,‘!\B:I_L—__——:)\,__#:................----ﬁ-z-n#r----.----.

] 1 2 3 4 a G T a 9 10 1
Full Scale 1519 ct= Cur=sor: 0.000 ket

3um

Electron Image 1

Element | Weight%  Atomic%

OK 62.00 86.96
Zn K 38.00 13.04

Totals 100.00




Adsorbance

UV-visible spectroscopy

200

“Characteristic absorption”

extract

AgNPs

ZnONPs
""" Zn‘(NO3)2
—--=—- Extract
e A — =
L) Ll L) L
400 500 600 700 800
Wavelength (nm)
0.8
"]
c 0.6
©
&
o
v
0 04
<
0.2 I
0.0
200

300

400 500 600 700 800
Wavelength (nm) ‘



Infrared spectroscopy (IR)

“Functional group”

ZEL IS

/A

T T T T T T T
4000 3000 2000 1500 Lo 500

¥/ et

3zo4 21 a7 84 ga0 14

PdE2 10 | lE®2 =24 | 905 13 HO— MNe—C— C—=—MN——CH

2a64 13 1377 38 70 3o | ‘

1938 g1 ll44 55 477 B4 [::H3 CHB




X-Ray diffraction (XRD)

“Structural data”

b ) J\,}Uk L i k . Zn0O : Hexagonal wurtzite

Intensity (a.u.)

/Zn0O : JCPDS No. 36-1451

| | I ‘ “ Ll ||. .|I||I TN T TR T Zn3(PO4)2 - JCPDS No. 29-1390

l‘l L ‘ | Ll Il I N OO UL RS Zn,(PO,), : JCPDS No. 30-1490

20 30 40 50 60 70

20 (Degrees)



