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P 12 (Simple Cubic Structure)
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Fig. 4.2, Callister & Rethwisch 9e.
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& X = &l = (Atomic Packing Factor)
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Adapted from Fig.'4.2 (@), Wl LEY
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Mo &2 24
(Body Centered Cubic Structure, BCC)
Ct.

. OHOIF fO (NS et AXS0l N2 BEctD U
--Note: 2= A= /80| M EX= 24 2422 FA=0 E=ot) UL

ex: Cr, W, Fe (), Tantalum, Molybdenum

. BISI% =8

Adapted from Fig. 4.1,
Callister & Rethwisch 9e.

| &= 1 center + 8 corners x 1/8
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2 SH=

(Atomic Packing Factor, BCC)

* APF for a body-centered cubic structure = 0.68

J3a

J2
x| S&EreF 2
Adapted from p length = 4R = (3 a
e N
atoms
4 volume
: ~ 5 S €-—
unit cell 2 3 r (13a/4) —
APF =
3 volume

a- =«
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(Face Centered Cubic Structure FCC)
RISl (AN M2 ARS0| M2 BH5HD AT,

--Note: 2= A= 1, B S42 e 2 2A2e EA=14 E=06t1
ULk

ex: Al, Cu, Au, Pb, Ni, Pt, Ag
e Coordination # =12

Adapted from Fig. 3.1, Callister & Rethwisch 9e.

4 atoms/unit cell; 6 face x 1/2 + 8 corners x 1/8
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& X = &l = (Atomic Packing Factor): FCC
. APF for FCC = 0.74

=3 packed directions):
(H2t&d =4R = |2 a

CHR| A LHe| & K2
ox1/2+8x1/8
= 4 atoms/unit cell

Adapted from
Fig. 3.1(a),

Callister & atO ms
Rethwisch 9e. 4 VO I ume
unitcell ™4 Eﬂ(ﬁa/4)3 T om
APF =
volume

aS < _
unit cell WILEY

Chapter4- 9



SYXY X
(Hexagonal Close-Packed Structure- HCP)
« M= =X : ABAB..

e 3D Projection e 2D Projection

A sites Top layer

B sites Middle layer

A sites

Adapted from Fig. 4.3(a),
Callister & Rethwisch 9e.

Bottom layer

e HIQIZ =12 6 & At/ E
« APF =0.74 ex: Cd, Mg, Ti, Zn
e c/la=1.633 WILEY
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Ol24& & T (Theoretical Density, p)
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bensity = p = “Cox mmo M=
_ N A
VC NA
where n=3 Xt / %’—I &
A=3&Xi &

Ve = & F ZSEI & =a3*(gah)
N,=O0t2JIE2 =+
= 6.022 x 10%% atoms/mol
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Ol 24& 2 & (Theoretical Density, p)

(Xl 4.4: Cu (FCC)
A = 63.5 g/mol
R =0.128 nm
n = 4 atoms/unit cell

a=4R/|2 =0.362 nm (/2 =1.414)

= 3.62x10% cm
atoms .
. ~ -
it el | mol |Ptheoreticar = 8.89 g/cm3
P = ]
a3 6.022x10% Pactual = 8.94 g/cm?
volume _» v atoms

unit cell mol WILEY
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« Ex: Cr(BCC)
A =52.00 g/mol
R =0.125 nm
n = 2 atoms/unit cell

-

Adapted from ‘

& / — —
Fig. 4.1(a), Callister & / a 4R/J§ 0.2887 nm

Rethwisch 9e.

atoms .
; ~~ <
unit cel 2| S MOl | Ptheoretical — 7.18 g/cm3
P = _
a3 6.022x10% Pacval = 119 glem”
volume _» ¥—_ atoms
unit cell mol WILEY
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Ti | V|Cr | Mn|Fe|[Co|Ni |Cu|Zn|Ga|Ge| As | Se | Br | Kr
1315|1616 |1.71.7]18|18|1.7]18|20|22|25]|28| -

Zr [INb|Mo| Tc |Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te| | | Xe
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Hf | Ta| W |Re|Os| Ir | Pt |Au|Hg| TI | Pb| Bi | Po | At | Rn
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Lanthanides: 1.0-1.2
Actinides: 1.0-1.2
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Mt 28 + 4
(Ceramic Crystal Structures)

Shets 24 (Oxide structures)
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NctE 28 442 dote K4

1. 8IIE SHEE 05
M2t el 2 olee a2t a
Motze HZJt Foor 8. |CaFo: ‘ca%on anions

ot A0 BFEE 010k .

H
JH

AmXp mp-®II= SHEIH YL
J Ex) AlLO; —(Al* )x2=6+
(0%) x3=6-

2. 0/2S0 KUHXEl 37| - OB REE Y4,

. Ol
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Adapted from Fig. 4.4,
Callister & Rethwisch 9e.

WILEY

Chapter 4 - 17




eI 2 0l P

- - O

(Coordination Number and lonic Radii)

r .
gl 4= 20I2/20/2 B O U0l Y&t S greCf, <AUon

anion
OtE =l A5 Sdot)| Rlol, 20[=2 1] =22 & JH2
=020l &Mot=It?
-l I
r . nS
cation ol A ¢ _
fanion bl | == (zinc blende)
] Adapted from Fig. 4.7,
< 0.155 2 linear Callister & Rethwisch 9e.
0.155-0.225 3 triangular NaCl
(sodium
0.225-0.414 4 tetrahedral Ada%QL?rgrgEg. is,
Callister & Rethwisch 9e.
0.414 -0.732 6 octahedral CsCl
(cesium
chloride)

0.732-1.0 8 cubic Adapted from Fig. 4.6,
Adapted from Table 4.3, Callister & Rethwisch 9e.

Callister & Rethwisch 9e. " Wl LEY
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20|/ =0|= 2H2] =[A BB H[ 2| Hl A
o QX 4.5 WHA2S (triangular) = A 0|2 BHX S H|2 2 &
(HH'C’Bl _)'\_: 3) rcation/ranion
?”c

Cation

T
A0 =141,
Anion _
AP cosa =3 _ 0 866
A0 2
A 0866 o 120866 455
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20|22/ =02 2t2| =4 BHEH[2

« 8 Xl (octahedral site) = A~ 0| Bt S HIS

(HH 92T 62 TH) i Ir

-2

anion

N V4
anion cation

a= 2ranion

2lanion + 2lzation = 2\/Eranion

I'anion 1 cation = \/Eranion lcation = (\/5 _1)ranion

I'cation _ JE_1 - 0414
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AXS Z2H1:
2A 14 (Rock Salt Structure)
1 2 Ol PX 2, 20|21 AOI24I} SUS X,
CHEAEQI THZ: &~ 2 NacCl (rock salt)

© Na+ 1., =0.102 nm

QW O - ry=0181nm
) |
I Q__-__ - e — d rNa/r0| - 0.564
| B <== 6 0] 1
} (Na™) &0l =

é‘ | 8™ Xl 1 &= (octahedral sites)

Gi;@“é}o

Adapted from Fig. 4.5,
Callister & Rethwisch 9e. Wl LEY
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J./@i. ) @ 07  1,=0.140 nm
! | |
A |
i | | ® Mg r,,=0072nm
' i,
e ——— - o
i AN -_uf__.j@’ _
A | | rve/fo = 0.514
& 'i' i L I Mg’ O
R | - BHSI4=0t 601 D 824 A
‘___J___i;'b_};__{_;_ - 7~ (octahedral sites)

Adapted from Fig. 4.5,
Callister & Rethwisch 9e.

0| =2 Mg2+ ([:l:L |:62+)_ 612 AFAR XD}
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AXd 28X 0= NaCl 0|2/ 0l &, CsCl &t &0te
282200 QUL

Cesium Chloride (CsCI &)

2H(ZnS)E 2

r
) p o 0170 ooo
X . r 0181
‘-.H_H‘ | \ Py Cl
SN

NN A Ot .« 0732<0939<1.0,
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RN . UUHTEE JIACH
2y \ S

s0l=20[= 2 A2 0

Fig. 4.6, Callister & Rethwisch 9e.
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Ml Nl4.6: FeO2| £2& +

e 0|2 BtES HIE 22, Fe02 28 L E W atol 2 A?

20| =

ve
[

?

(Cation) |onic radius (nm) * Answer:
A3t 0.053 r.... 0.077
Fe2* 0.077 ro. 0.140
Fes+ 0.069 _ 0550
Ca?t 0.100
o nlo 0 g DI%Q
S0I= - 1= 6 0ICH.
(Anion)
> 0.414 < 0.550 < 0.732
O 0.140

- 28 22X = NaClIO| L.
Cl- 0.181 ™ acloft
Data from Table 4.4,

F 0.133 Callister & Rethwisch 9e. Wl LEY
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S A (Fluorite)

AX, 2HPAX

of &

Q Calt O F-

Fig. 4.8, Callister & Rethwisch 9e.

« Calcium Fluorite (CaF,)
EHZA MEUHA ECLEEN AtEE,
deldl AZE AIS
o 20|=0] HR&A LH01| &= M
MgFZ,UO2 ThO,, ZrO,, CeO,=
= jHO| C|-O|I-| 8]HO| OII:II-X_“
o B ?l=: 20|==2 8, 50|22 4

rol

« & A (Antifluorite structure — A,X)
oNaZO, L|20 %%
S& X S0/2 20|22
F X JF or#
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ABX, Z2H X

e HEE AJI0|E (Perovskite) £ =
ofLt Ol &2 20|=2= Il &tet=

Ex: ElEH&HBES( BaTiOy)
62 HE &0l O~
2l H A& 0l Baz?
S M2l =& 0 it

Fig. 4.9, Callister &
Rethwisch 9e.
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WXl NaCl2| Ol=8 = AL

=0.102nm = 0.102x107em  co| 24 T} [} O] A2 (formula unit)Ql 2=

°CI— f; 0.181nm =0.181x10"cm \T)
- /
i , (ZA.+ZA))

e o
BT er T O () 22929 = (Nac)=
] | Na*:(FCC) 4 /I CI-: (FCC)4 M
&Q’aeéeio (2) 20|12 2 20|12 BN B
YA, = A, =22.99 g/mol
SA, = A, =35.42 g/mol

o
o -
:_- %@
o

(3) & & &2 A2
S Mel 26| (Ve=ad)
a=2r +2r, =2x(0.102+0.181)x107

(4) £ & AL

L. 4229943543 59/
(0.566x107J'(6.022x10%) cm’ ILEY
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191 (Silicate Ceramics)
A

240l JHS E’é()l Z=Mot= Si& 02 =822 0|FHE
ZEA N HZ2EE Crysalling Si0,
ua

°Si @0
www.nde-ed.org

U AEAH ALE JHE
©x]
o

(quartz), crystobalite,

C
SlO2 (S|I|ca)9| %é‘ Oléixﬂ( polymorphic): &
& tridymite
SO Z2g=2 240

|
points)0| O < =C}. (1710°C) WILEY
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Tt &EE (Silicates)

= SiIO* AIE M 2 A 2|0 &EMote &2 0l2== S7eflh.
= SR0ot= AFEAIL D=0 et Ct2ret 2201 2 & =L

4
Si04 c
SI 207 Adapted from Fig.
4.13, (_Zallister &
MgZS|O4 CaZMgSiZO7 Rethwisch 9e.
Ca?*, Mg?*, & AR S2| 20[=20| S AUl &Skl
1. &8I =455 Bt=ol)| 2ol

2. ARSI AEI|IKBOR AtS AsH
WILEY

Chapter 4 - 30



&l 2| It =2l (Glass Structure)

e J|= U Scle= gl Z23E A2 IH0ICH (amorphous).
A . NSOM EREE AT B, AT A0 S

= A O

Si04 tetrahedron « 28 A2/} (Fused silica)- 222 X

g4+ 2Bt Alg|IJl Rel= Nat, Ca?t, AR, B3 S2
| 2422 TE s,
‘ 02~ + A X (network structure)

network former- SiO, (SiO,*), B,O;, P,O, GeO,,
former(Ct& & Hl & [H)- ALO,(AIO,",AlL,0,%), V.0 S
network modifier- Ca2*, Mg?*, Na*, Al3*

5t

(soda glass)

Adapted from Fig. 4.12,
Callister & Rethwisch 9e.
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et~ 2 Lh

Diamond
— SP3 (tetrahedral bonding)

. %I'cﬁl' S T jad%l'

|0F>0
0
>

HU M
gl

10

2 00y rR2rmof
Ol

=M [0

=
oo Hu
02 > 1
T
Y
=
It
>

Carbon
atom
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=2l Z2& 4 (Crystallinity in Polymers

Fig. 4.19, Callister &
Rethwisch 9e.

= KA
MN=C
o L

20| RENOZ
| & AHEH € 0|

x
ROl AL}

AR REHO A R
E S

— Polyethylene2| Gt Al

Q=@ - 1
0 e
o-—&° 8

WILEY
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=& 0] &t (Polymorphism)
S22t UM 21 O|&S M ChE 28 A E
A= &4 (28 MU AM =2H (allotropy) )
Iron system
titanium iquid
a, f-Ti at 882 °C 1
—— 1538 °C
carbon BCC
diamond, graphite - 1394°C
ec
—— 912 °C
e
WILEY
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& XHBH & (atomic arrangement)

FCC2| (110) &

248 220 Wt
sZet AAH ZAlctE
AL AEEIFLUES

>
30
[w

A
il

.

ol
|O

1
uin

0%

FEl O M2

uor »Q
10

o o|n
0Ir 40 ¢

=

BCC2| (110) ™

(a) (b)
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82 & (Linear Density)
Ao %

248 W E Ol BHel 2 0]

ex: [110]01l A AlS]
Mol =n

=1 L_ -

*a = 0.405 nm

3.5 nm™

WILEY
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(100) lIron2| ™ 2 &= (Planar Density)

/2D
X X 43
0 ceee® "
00000 =
Fig. 4.2(c), Callister & Rethwisch 9e [from W. G. Moffatt, G. W. . ‘ ‘ ‘ ‘
Pearsall, and J. Wulff, The Structure and Properties of Materials, Vol. I,
ructure, p. 51. Copyri ohn Wile ons, New York. o —_
gtepritnted Eyi)lerﬁiss)?ogh;f?olhgn(s\‘;rvti)l)é;&hS(;/r\:sl, I):é‘.]s ew vork FeE' _":I Xl- tﬂ-joj 8 R - 01241 nm
22
2D & ™~ 9 . t t
aloms aloms
HlE = — = 7 =121—— =(1.2x 10 —
oo 4 43 nm m
282 KA TR
WILEY

Chapter 4 - 37



Amplitude —

Amplitude ——

Wave 1
e —

X& 3| & (X-Ray Diffraction)

Scattering
event

Wave 1’

AN
LAY

A —

l p——p
JA

AANEIVAANERY/AA
N4 N

0’

P

Wave 2

Wave 3

e —f

Position ——

Scattering
event

LA

(a)

Wave 3’

A —

/\

AN
W N

A

e —

/\

LW

AN

LW N W LW

e —]

Wave 4

Position ——

Wave 4'

(b)

2t 0] L& gl =z st
Ha=0l #xRl=x
BHEH U= I 0T
Stetlts2te| ?latdtHl=
322 xt= 2t=Lh
322 Xt =61
Fat Xt s & ot
22280l 0L
2| &0|2t) et
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A B2HE 0| €0l .
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« reflections must
¢V bein phase for

/ a detectable signal

E%‘?}” Adapted from Fig. 4.29,
T o 9 Callister & Rethwisch 9e.
Helol o—o
olol O
s=ol d o42lH2|
—@
DAL 6, S Xray A nA
= CID—| stoz2 o2t ]—| a| Intensity d=——
_'E — i, ; o (from 2 sin GC
Braggl| & & K > O

A =24dsin@ O WILEY
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Intensity (relative)

NS T W

X-Ray 3| ZIHE
Z

(200)

it Pl g

20

a0 a0 50 60 70 B0
Diffraction angle 20

g0 100

Diffraction pattern for polycrystalline a-iron (BCC)

Adapted from Fig. 3.22, Callister 8e.
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Summary

. YUl Z29] AHPEE FCC, BCC, HCP. FCC2 HCPO)
A2 W40 FA SNEE SAGICH,

o A XS (atomic weight), & At Bt X| E(atomic radius),
28 +X(e.g., FCC,BCC, HCP)E 0|0t 2&2] 0|2

UCE e+ AACH

o Nt 28 ?IOH CHoH A O*OPES& L.
HIIE Sd U Z0|=2-80122 BHAIS i

WILEY
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