S0P Ch. 10. The Solid State

William Bradford Shockley
(1910-1989)

John Bardeen
(1908-1991)

Walter Houser Brattain
(1902-1987)

© 2005 Brooks/Cole - Thomson

P Center for Active Plasmonics
”-@@Seoul National University

Application Systems



e Boron atom

O Oxygen atom

(a) (b)

T3 101 B,0,° 28 E&. (a) HIZE B,0,= B2l HAS
C2{UC} (b) 28 B,O,= &2l AT 20l Sl 2oIECH

> Center for Active Plasmonics
ySeoul National University Application Systems




O O OO0 ONONONO®
O O O O O OO
O O O O OOOOO
O O O O O O OO0
(a) (b)
OO OO0 O00O0
O O OO O‘OOO
ONON HOENONONON®
ONONONOINONONON®
(¢) (d)

15 10.2 Z280A2 8 2. (a) BlAtd], (b) S MO
Z,(c) = ===, d) sMUl 2 ===.

Center for Active Plasmonics

b e : : .
i Seoul National University Application Systems







1™ 10.4 LIAFE O 2LtED|(screw dislocation).

Center for Active Plasmonics

Application Systems



o lonic Crystals
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o lonic Crystals

Cl~

7

S
—

\
/

N

Y

0.411 nm

1" 10.6 CsCl 2&2 Mg 4. 8i?l== 80|LCh

Center for Active Plasmonics

WA
@i Seoul National University Application Systems

M

\’
V
Y



Az M S0IEAN. 2 A0 2Mel 0 ZLEII0 2l ol

S35 7 g=20ALL

e Center for Active Plasmonics
e ;Q\éj

¥y Seoul National University Application Systems

L

N
[



2

e B
U total = - + n
Are,r T

Madelung constant

a .
L total -0
r=r,

1" 10.7 0l=2 Z2EU A2 0l=2 2t r0ll == 0l=2H el HEE 0l Al

2P Center for Active Plasmonics
23 Seoul National University

Application Systems



o Covalent Crystals
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Sy Covalent Crystals
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Fullerene
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Fullerene
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oy The Nobel Prize in Chemistry 1996

"for their discovery of fullerenes”

Robert F. Curl Jr.  Sir Harold W. Kroto Richard E. Smalley
(1933-) (1939-) (1943-2005)
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e Bucky Fuller

Richard Buckminster "Bucky” Fuller Montreal's Expo 67
(1895 - 1983) American pavilion at night
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b Hydrogen Bonds
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Metallic Bond

Metal 1on

Electron gas

® 2005 Brooks/Cole - Thomson

. Center for Active Plasmonics
i) Seoul National University Application Systems
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DHE O] /U Of= 2 d=5 HEHHH.
Type lonic Covalent Molecular Metallic
@@ o CHCNC
Y B = @ ® @ eulin
Negative ion —— Shared electrons
o Instantaneous charge
Positive ion . . . separation in molecule . . .—Electron gas
Bond Electric attraction Shared electrons Van der Waals forces Electron gas
Properties | Hard; high melting points; may be Veryhard; high melting points; Soft; low melting and boiling points; soluble Ductile; metallic luster; high electrical and
soluble in polar liquids such as insoluble in nearly all liquids; semi- in covalent liquids; electrical insulators thermal conductivity
water; electrical insulators (but conductors (except diamond,
conductors in solution) which is an insulator)
Example Sodium chloride, NaCl Diamond, C Methane, CH, Sodium, Na

Ecohesive = 3.28 eV/atom

Ecohesive = 7.4 €V/atom

Ecohesive = 0.1 eV/molecule

Eeohesive = 1.1 eV/atom
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Ohm’s Law
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Ohm’s Law
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Ohm’s Law
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oD Ohm’s Law

A
T =—
Ve

7 mean free time (collision time)
A mean free path
v. Fermi velocity
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oD Ohm’s Law
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