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Ol 4 X| 2} 14! (Energy and Packing)

H|@ 2| D20l HiH
(Non dense, random packing)

Ao Z]
(Neighbor —9
bond energy

- U MY B
(Dense, ordered packing)

0000

&6 e
ol

(Neighbor
bond energy_H

U, HYAR 2 WP 22

L e (Zke) o R | 2
- X L = L = X O O AN
o{7tgio] 2 =Xtz FTHuj=E S AR S So{eLICt
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A =2 2! (Materials and Packing)

« 2474 A = (Crystalline materials)
« 1241 32 HiE S A= FAr
coiFEH==E -25

- &=L H=tE
- 22 AFA

AYY 42|t
(crystalline SiO2)

o Si e Oxygen

« H|H4A A= (Noncrystalline materials)
o 2|AQ 3ZE HIE = ZA| = EHAf
e oiTE = =4 - SUSH LR
- = (rapid cooling)
“H|"d4 (Amorphous)” H| & 21 Al] 7}
= H[Z74 (Noncrystalline) (noncrystalline Si02)

5{719)0| = QX2 0| Bt HiE Gl A2 S £3SHL|C
-I I-H* I = e I- ITI_AdaII!)ted f?gm FI-|g°31E1 CEa///S-!‘er&/!’ez‘fl;W/sch Ye.
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A A (Crystal Systems)
e 7 AAA (7 crystal systems)

Table 3.1 Lattice Parameter Relationships and Figures Showing Unit Cell Geometries for the
Seven Crystal Systems

Axial Unit
Crystal System Relationships Interaxial Angles Cell Geometry
U Cubic a=b=c a=B=y=0°
WileyPLUS: VMSE alg
Crystal Systems and a
Unit Cells for Metals

Hexagonal a=b#c a=pf=90"°1y=120° ¢

2

Tetragonal a=bhb#c a=pB=y=90

Rhombohedral a=h=c a=B=vy# 9% i
(Trigonal) g

2 ®
)
\

Orthorhombic a#b#c a=p=y=90 &
a
b
AT
Monoclinic a#=b#c a=vy=90°#8 b \
a

Triclinic a¥b¥c a ¥ B ¥y = 00

o718




ZAZ A (Crystal Systems)

e 14 A4 AXA} (14 bravais lattices)

simple cubic body-centered face-centered
cubic cubic

1 & rhombohedral hexagonal

1 |

* * ZKN7 B

# s
simple tetragonal body-centersd
tetragonal
sn‘nple base-centered triclinic
meneclinic meoneclinic

simple body-centered base-centered fa':E‘fE”tE'"E_'d
orthorhombic  orthorhembic  orthorhomeic  orthorhombic


https://www.researchgate.net/figure/The-14-Bravais-lattices-Source-A-Barron-and-C-Smith-Crystal-Structure-Connexions_fig7_305280077
https://www.researchgate.net/figure/The-14-Bravais-lattices-Source-A-Barron-and-C-Smith-Crystal-Structure-Connexions_fig7_305280077

= (Metallic Crystal Structures)

A
o

1gfLICt.



ST =X (Simple Cubic Structure :SC)

S HERERE 22| S (E25 (Po)d] 244 X)
Q1 X18FSF (Close-packed directions) SR ZL X (cube edges) 714,

o H{Q 4 (Coordination #)
2| UNEEA e =

i
g S
e

1 AT M E: 871 L Y2} x 1/8

- o E (o) C} iz Ol Loi=] ol oF
o'Iyl-H*OI — XI-E I _'_'— Hi x *I- %I %-I(%//I/Eler& Rethwisch %e.



. QUrO| [HZHM S 2t YAZIM 2 UHO US

e O|A|: Cr, W, Fe (a), Tantalum, Molybdenum
e {2 4 (Coordination #) = 8

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

2 YA/ M 17) ZAIRAF + 87 TA AL x 1/8



o AZFE0| MOl HZtM S 2} M2 OfZHoF Q1S

1 - = VN

o Of|A[: Al, Cu, Au, Pb, Ni, Pt, Ag

o H{¥ 4~ (Coordination #) =12

4 AT M E: 67 HAREA x 1/2 + 87 LA x 1/8

5{|719j0| & 2XIZ 0| BCl HYE Bl A2 2F|SHL|C
O-Iyl-u* l = T H l-E_I e HAi(lj%pﬁ'e:d frcl)-n?FE 3! ,2!)/)/-3ter|& ,-?'ethW/Lsch e.



O] 24 " & (Theoretical Density, p)

CEI M| Z LY | Z}9
u] —

== (0 ChO| N EO| £
n=H\AL/HYME

A= HAZF (g/mol)

Vo= T MEY 21 (= YFHA| 0| Hisl 2= Y3t

N, = Ot 7FE 2 4 (Avogadro’s number: 6.022 x 1023/mol)

of

AT _ _nA

I VeNa

4

« Of|A]: Cr (BCC)
A=52.00 g/mol
R=0.125 nm

n =2 atoms/unit cell
a=4RJ3=0.2887 nm

ptheoretical = 718 g/Cm3

7.19 g/cm?3
=o{rL|C|

Ioactual

.= _ . .  EtHIE S AR
Adapted from Fig.

o '

IS

1(@), Callister & Rethwisch Ye.

10



YRR (M)

M= 2AE s

=
—O|% EEE O7=|o|'_| A—IZIO |__|-E_|—I_H —}r\-%'\%.

= KA I =8k (electronegat|V|ty) Zl0|7F 242 % 0| RLEM
(% ionic character) 57t.

A 0
H ) He
21| NA CaFZ large A IVA VA vu\y]m .
Li | Be - B | N| O F |Ne
1.0| 1.5 SiC: small —— 500263135 |41] -
Na | Mg VIl Al 1”Si| P | S | Cl|Ar
1.0 1.3 IVB VB VIB VIIB, \IB IB|1.5[18]|21]24]29] -

K|1Ca|Sc| Ti | V|Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As | Se | Br| Kr
0911.1(12|13|15|16|16|1.7|1.718(1.8|1.7|1.8|20|22|25[28]| -

Rb|Sr| Y | Zr | Nb|Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te | | | Xe
09110(1.111.2]13(13|14]|14[|15|14(14]|15(15|1.7|1.8|20]|2.2]| -
Cs | Ba
0.910.9] 1.
Fr | Ra| A
0.9]10.9] 1.

1

a|Hf | Ta|W |Re|Os| Ir | Pt |[Au|Hg| Tl [ Pb| Bi | Po| At | Rn
1112141141515 [|16|15|14|15]|15[16|1.7[1.8[20| -
C
0

Lanthanides: 1.0-1.2
Actinides: 1.0-1.2

o71810] = =YXtz FTHHIE 3 ALE S =S ”ILICL.
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AYIZ AY AR

o O|Z29 44 37| (Relative sizes of ions)
- UL F 8, TR E HofE E O Reh 0| =2 +~ =hef

OF=q OF 24
- O - O

- M2 =851 0 (5d) ‘ =
- e Ca%* :
_ 3}5FAIO| M O] HIH CaF,' @ T anions
2 = —IO“ -l—‘l - O Cation
AmXP F-

=
' =
sfetor® 3 Rixizo| RohujE U AR S ESBLCE
Adapted from Fig. 4.4, Callister & Rethwisch %e. 12



ZHIE (H2H2))
H < 4= (Coordination Number)2} 0| 27{&] (Ionic Radii)

r .
e HIQ| A (Coordination Number) ~ —=21o0

ranion
o AHIAZFE S Holl FOo|=2= ST SO|= M+
- /NS
Lcation  Coord.  oyziyyoraz ' a (zinc blende)
Tanion Number ; Adapted from Fig. 4.7,
< 01 55 2 +__| 304 Callister & Rethwisch %e.
(linear)
0.155-0.225 3  ArZig NaCl
(triangular) 3 (sodium
0.225-0414 4 ZAHZA chloride)

Adapted from Fig. 4.5,

(tetrahedral) Callister & Rethwisch e,

0414-0.732 6 ZHATHZ| CsCl
(octahedral) (cesium
0.732-10 8 <oz chloride)

(cubic)
o5{7Igio] 2 =YXtz FCHH|xZ 3l AR S So{gL|CT.
Adapted from Fig. 4.6, Table 4.3, Callister & Rethwisch %e.
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ZH TR0 U2 £

ZH EO| E A
/1 O
=5/ S9A/M =R/ » =2/
« A 20| B g2 wey  ET g
30
A (MGtGlS) 20 ®Platinum
___L/\ AstOlRI AR :%rlwotlé\l/gm
(close packlng)
- Yt YKoz 2 0= 2§;V§|T e
— eels
b) M|2t2! (Ceramics) | —
_ :L_/.\_[HI:I| oixle e o Z_ eTitanium o\ oxide
- JHHS A FE} g 3 — $2imane
o < ® Aluminum glass —stoda oGlass fibers
C) _I_—|—ZI' (PolymerS) % 2 = ii%%rﬁ " ePTFE ;ggerEo*n fibers
®Magnesium o i *
-5 Zelﬂ EIEIE T Graphite eljcone lﬁEaErEig fibers
( B H|YA: amorphous) | _| e
7t 2 /A2 1A (CH,0) — “BP be
%ilﬂ (Composites) 05 — $wood
- = 04— p24> Mz > OnEa
0.3 —
o.|0 x o ﬂl:l. iz Ol o d E
O-I 7|- I I-E I HiDg’Fa onTTab le -ICﬂ/sz‘er ‘Rethwisch, e.




A ILZO| 2 EA

Et4 (Carbon)

. Cjojot2 =
a) 1=
- B2 JAIHA Ze
(tetrahedral bonding)
b) S
- =2 4L (hardness),

-0 =2 QA (thermal

conductivity)

- 2 & A (single crystals)

(Diamond)

I
| w -
c) %E “’!} # O h
e =C dpOp Q o V9
_E_IIE‘I-OIOI-I_— =1 le KQ 0/\
- 2U2 A, 72 W A8 8 AN
- Tt B3 38 83 228 7|7, P
HABE SOE A8 ®-
ol7taiol & o] RfL|C

AR FTHHIE 3 AMES

ig. 4

i)
1

?alllsz‘er & Rethwisch %e.
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28420 I 58

o 29 (graphite)

a) ==

- SAFLX (layered structure)

- EFAHE AL Hl F21H|E
(parallel hexagonal arrays)

b) EAd o . o,
)i_;r% OF5F HZ}712d , -“1 Carbon

- 31| ool EA{F4 (van der Waal's o~ 9o 0" o
forces)

- £7¢0| o45}7 0] 112{ AT

: 882 (lubricant) ¥ QI Z AL

U A8 EHBLIC
X A8 Sd 418, Tallistor & Rethwisch %e.
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28 +20 It 58

A (Polycrystals)

« 24 (polycrystals): CHEE2| 20| 3l

 Nb-Hf-W plate

Pl

SHF (Isotropic)

o« A= (grain): &Z4 (single crystal)

o ZF A EO| BRIy © 2 H|{E (random orientation)
B2 A A9 FA0| HIHIE A2 (not directional).

e Z24FE A7 1 nm~2cm (F 7H0A T HETEIH HALS).

“~ A = o O o HLx
o]7I8i0| 2 s=YXI=e| FTHHYE S A2 S =o{etL|LC}.
Fig. K, color inset pages of Callister 5e. (Courtesy of Paul E. Danielson, Teledyne Wah Chang Albany)
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HHMILZO0| 2 EXM

A (Single) vs 24 (Polycrystals)
o« XA (Single Crystals) F (diagonal) = 273 GPa
f Data from Table 3.3,
I:CIDI'éoFO-” [[l-al- = A‘l | %H ./. Callister & Rethwisch

9e. (Source of data is R.W.
Ol I:CIDI_* (a N |SOt|"Op|C) Hertzberg, Deformation and

Fracture Mechanics of

Engineering Materials, 3rd
Oﬂ *l BCC;}_ = _.I / | 7:" Z—_|| %*6' ed., John Wiley and Sons,

> HISFIHE A BEHd A4 ()Y ./0 1769
O| HFAd LY
‘&8 HHS E (edge) = 125 GPa
o LA (Polycrystals)

S440| Wraro| 2} a2 Lt
H:Iér o2 49U

- A 20| BZIO 2 HIYE AL
domly oriented): &4

Adapted from Fig.
6.19(b), Callister &

Rethwisch %e.

[Fig. 6.19(b) is courtesy of
L.C. Smith and C. Brady, the
National Bureau of
Standards, Washington, DC
(now the National Institute

e f Standards and
(Epoly Iron 21 0 GPa) _ '?'ech?\glséy,sGZri]thersburg,
- A o] 2 2H 7 Q(textured
@)

HFA anlsotro ic L
|2 ( pic) LtEfH 7@\ .

O-I7|'°'|0| o #ﬁxl'ﬂg-l ‘I?‘l_' [ ;é"“""'l é‘E = 1 =|LI I:I'-
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8 (B84

1) EA2| i+

o« A= A4 (crystalline) 2= H|AH A (amorphous) L2 2 HIE =,

2) 284

e A A2 £ H (points), BfSF (directions), ™ (planes)
7=|z-|71|_| HIFSE (7=|z-| HI—%F) O
= O O O =

O O =
) TEE4 a4
c 20| HYN:
- A A (single crystals) EE= CFEA (polycrystalline)

« = AFd1 =74
- 2|20 1 A v FOf| I O|"/d (directional,
anisotropic) LtEFH.
- A1 =9 %A—I i [Jr7=|7d-
HiE of| [}2 SHH4d (non-directional, isotropic) LIEFH.

A S A PR SRR Y £¥g 2 gL,

O (ZYE)S YA U A

19



33 (YR3)

P>
|Ih]

= g1z

o AUHPMH A& AKX FCC, BCC, and HCP.

- H{®4 4 ( Coordination number) & FHAHJE QI X} (atomic packing
factor) FCC2F HCP 24 20| &=

« =349 Tk (density) 05 HAIF (atomic weight), HAf BR[| &

(atomic radius) 42| 7|5+ & (crystal geometry)

-

2) M2ty AY7E

« Ml=f® FArF 22 O|2Z % (ionic bond) ¥ /&% (covalent bond).

- M= 284129 S8 4
- 245} (charge neutrality) 3|
- Y0| -2 (cation)-20|2 (anion)9| HIZ| & H| &

3) 24
e =27 (allotropy):
-YAaE 7D AY 1R = OE E2. (520]4, polymorphism)

o71810] = =YXtz FTHHIE 3 ALE S =S ”ILICL.
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