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Cl- bigger than Na*, by a factor of 2 sc (simple cubic) with two atom basis
Looks like close packing of bigger ions
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The lonic (electrovalent) bond is the result of electrostatic (Coulomb) attraction
between ions of opposite charge that are viewed as charged spheres.
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z, and z, are the electrical charges of the ions in units of elementary charge e. g, 1s a
dielectric permittivity of vacuum. R 1s the distance between the nuclei.
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The three components that constitute van der Waals Forces

Interaction Origin of Equation
Component Interactions
Keesom Dipole-dipole - usu; 1
3(4me g, )’ KT r°
Debye Dipole — induced _ U, 1
. W(r) T 2 6
dipole (4re e )" T
London Induced Dipole — 3ayo, L, 1

(Dispersion)

Induced Dipole

2 (4ne,)? (1, +1,) r°

The London component is the most dominant.
n = 6 indicates van der Waals forces are short range




Inert Gas Elements Inert Gas Elements
He, Ne,Ar, Kr, Xe He

FCC (CCP)
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Hexagonal Lattices

Face Centered Cubic Lattice |
http://www.ae.iitm.ac.in/~sriram/as40 | /materials



Van der Walls heterostructures




Atomic force microscopy




The case of the Gecko Walk!

Spatulae
1 billion of them, all

INn the van der Waals
domain

feet’s
microstructure

Feet microstructure enables the Gecko reach
van der Waals domalins of attraction, hence
they scale walls with ease!



Spiderman exists only in movies !

But Seriously, can we possibly make the
Spiderman costume?
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Each oxygen atom in ice is bonded by strong O-H o bonds with the two H
atoms in the H,0 molecule and by weaker H---O hydrogen bonds to two H
atoms in neighboring H,O molecules.

The strengths of the two
bonds in O-H---O bonding
units are quite different,with
the much stronger O-H
bond having an energy E
(O-H) =4.8 eV,while the
much weaker H---O
hydrogen bond has an
energy E(H--O) of only
about 0.4 eV.

Crystalline HCN

Crystal structure of ice (solid H,0) illustrating hydrogen bonding and
showing the disorder in the positions of the protons (H atoms).



ixcellent try, =y ded Witfom, but | |
corld wyor bring me 3 mirrar, old bey?
o/

T~

» Hydrogen bonds are responsible for:

— Protein Structure
» Protein folding is a consequence of H-bonding.
= DNA Transport of Genetic Information

DNA Double Helix-Held Together with
H-Bonds
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Bond Strength Directionality | Localization
Tonic + - +

Covalent + + +

Metallic + - -

Van der Waals - no N/A
Hydrogen - yes N/A

The final structure of solid is affected by strength, localization and
directionality of bonds.

Bonds in extended atomic solids form bands=molecular orbitals that
belong to the solid as a whole.

In extended atomic solids atoms may exhibit valences that do not
appear in molecules.
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C4, Bucky ball
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1985, Rice University
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J. G. Hou, etal., Nature, 409, (2001) 304
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51 B 7R 3% 15 p8l

BaEFLEN K F

A & NaCl NaBr Nal KCl ZnS

n 7.90 8.41 8.33 9.62 5.4

K (10'"'N/m?) 2.41 1.96 1.45 2.0 7.76

XTI EHEE A p55
U4, (10-18J/pair) U, (10-18J/pair)

NaCl -1.27 -1.25
NaBr -1.21 -1.18
KCI -1.15 -1.13
KBr -1.10 -1.08
RbCl -1.11 -1.10
RbBr -1.06 -1.05
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*TF-cubic crystal,
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200 6 J4 - y /[ =—3.000
210 24 J5 Zy g ="+10.730
211 24 J6 —Zy (5 =980
220 12 J8 —17 (=42
221 24 J9 Zy (g =8.000
222 8 \/1_7
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INEW (AL F ZnS) 1. 6381
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FETE

S TCER IR &

Usy:np (eV/atom) Uz, (€V/atom)

Ne 002  -0.027 (-0.019)
Ar 008  -0.089 (-0.080)
Kr 011  -0.120 (-0.113)
Xe 017 0172

it H 31 . H5p70



N e ESS SRR S RS SRR
TRRNZ, TETFZETIFMIR. L7108 & &
T REEEZ REE, EXDHRER FX &KL RENEE
MEHIZ G HE. mfdH 8L RS E AT ViP5, 5SLinss
RAFEHIRE . XL ARMEETATIREE A4 T
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LEL R ZaRE AR

HHE 3. 603A 7.58 eV/JEF 4. 33X 10" Pa

C LI AE 3.567A 7.37 eV/ET 4. 43X 10" Pa
YR 1% 3% —2%

iHEE 5.451A 4.67 eV/JETF 0. 98X 10" Pa

Si . 5. 429A 4.63 eV/JEF 0.99X 10" Pa
ViR 0.4% 1% —1%

HHE 5.655A 4.02 eV/JFF 0.73X10!! Pa

Ge LEH 5. 652A 3.85 eV/JEF 0. 77X 10" Pa
NiRE 0.2% 4% —5%
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. REEHMETRERE

oK it e/ (Ry/J#+F) AR i 2/ R A ARLPERL R /10 Pa
xR S By o xR o
Li 0.122 0.121 6. 60 6. 40 0.132 0.148
Be 0. 244 0. 294 6. 02 5.93 1. 15 1. 35
Na 0. 083 0. 081 7.98 7.69 0. 085 0. 090
Mg 0.112 0.121 8. 46 8.42 0. 369 0. 405
Al 0. 244 0. 282 4. 60 7.59 0.'880 0. 801
K 0. 069 0. 066 9. 90 9. 57 0. 040 0. 044
Ca 0.134 0. 164 10. 52 10.0 0.152 0. 167
Cu 0. 257 0. 309 6. 81 6. 79 1. 42 1. 58
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(2005) p50,52.
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The Pauling scale of electronegativity
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BHEFHESM TR O HAEE T

AP RS ALE T AP A R M N AL | Mk
R |15]2s 2p|3s 3p 3d| 7€V | /eV BT |1s|2s 2p|3s 3p 3d|4s 4p ad 4af| /eV | eV
1|H|1 13.6 | 2.1 [19|K|2]|2 6|2 6 1 4. 34 0.8
2 |He 2 24. 6 20(Cal 2|2 6/2 6 2 6.11 1.0
3{Li| 2|1 5.30 | 1.0 [[21|Sc|2|2 6|2 6 1|2 6. 54 1.3
4|Be| 2.2 9.32 | 1.5 [22|Til2|2 6|2 6 2|2 6. 82 1.6
5/Bl2(2 1 8.30 | 2.0 [[23|Vv|2|2 6|2 6 3|2 6.74 [1.9(5%)
6|{Cl2|2 2 11.3 | 2.5 [24|{Cr| 2|2 6|2 6 5|1 6.77 |2.2(47)
7IN[2|2 3 14.5 | 3.0 [25Mnf 22 6|2 6 5|2 7.43 |1.5(47)
810(2|12 4 13.6 3.5 [126|/Fel 2|2 6|2 6 6}2 7.87 |1.8(3")
9|F|{2|2 5 17.4 | 4.0 [[27|Col 2|2 6|2 6 7|2 7. 86 1.7
10|Ne| 2|2 6 21.6 28Ni{2]2 6|2 6 8|2 7. 64 1.8
11|Na| 2|2 6|1 5.14 | 0.9 f29|Cul 2|2 6|2 6 10|1 7.73 2.0(2)
12Mg 2|2 6|2 7.65 | 1.2 ||30|zn| 2|2 6|2 6 10|2 9. 39 1.5
13|Alj2|2 6{2 1 599 | 1.5 |I31|Gal 2|2 6|2 6 10[/2 1 6. 00 1.5
14|Si|2|2 6|2 2 8.15 | 1.8 |I32|Ge| 2|2 6|2 6 10|2 2 7. 90 1.8
15Pl22 6|2 3 10.5 | 2.1 {{33|As| 2|2 6|2 6 10/2 3 9. 81 2.0
16/S|2|2 6|2 4 10. 4 2.5“34Se2 2 62 6 10|2 4 9.75 2.4
17|Cl{ 2|2 6|2 5 13.0 | 3.0 ||35/Br|2|2 62 6 10{2 5 11. 8 2.8
18|Arl 212 6[2 6 15. 8 “36Kr226261026 14.0
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®2.6 B RFOETFER (%fl:A)
i Hr¥ie | EmM¥ER AR

H 0.37 - (-1)2.08

He - — -

Li 1.23 1.52 (+1)0.6

Be 0.89 1.12 (+2)0.31

B 0.80 ~ (+3)0.20

C 0.77 — (+4)0.15  (-4)2.60

N 0.74 - (+5)0.11 (-3)1.71

0 0.74 — (+6)0.09 (-2)1.40

F 0.72 - (+7)0.07 (-1)1.36

Ne pone — s

Na 1.57 1.86 (+1)0.95

Mg 1.36 1.60 (+2)0.65

Al 1.25 1.43 (+30.50

si 1.17 = (+4)0.41 (-4)2.71

P 1.10 - (+5)0.3¢ (-3)2.12

s 1.04 - (+6)0.29 (-2)1.84

a 0.99 - (+7)0.26 (-1)1.81

Af — e —

K 2.03 2.31 (+1)1.33 .
Ca 1.74 1.97 (+2)0.99 Jb::fé\ﬁ
S 1.44 1.60 (+3)0.81

Ti 1.32 1.46 (+4)0.68 (+2)0.90 (I ’fZthF@fE%&%%»
v 1.22 1.31 (+5)0.59  (+3)0.74

Cr 1.17 1.25 (+6)0.52 (+3)0.69 P74
Mn 1.17 1.29 (+7)0.46  (+2)0.80

Fe 1.16 1.26 (+2)0.76  (+3)0.64

Co 1.16 1.2 (+2)0.78  (+3)0.63




Table of atomic and ionic radii. As a general rule, the fewer the

number of electron the smaller the ionic radius. Also, group 1 elements
will generally be the largest and group VIl the smallest.
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1.25
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emistry and physics of metals and alloys, Wiley, 1972),

He
B C N (o) F Ne
0.23 0.15 1.71 1.40 1.36 1.58

0.98 0.92
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1.66 1.55 1.59
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X: Cin Ciz Cy 0 0 0
Y, Ci2 Cuhn Ciz O 0 0
Z. Ciz Ciz Cn O 0 0
Y. 0 0 0 Cia 0 0
Z 0 0 0 0 Cu 0

X, 0 0 0 0 0 Cu
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SRR TR SE I B 0 2 A I

12 2 11 2
- HE¥E/(10%dyne/cm? B 10!'N/m?)
Cu Ciz Cu

E2RA 10. 76 1. 25 5.76
Na 0.073 0. 062 0. 042
Li 0.135 0.114 0. 088
Ge 1. 285 0. 483 0. 680
Si 1. 66 0. 639 0. 796
GaShb 0. 885 0. 404 0. 433
InSb 0. 672 0. 367 0. 302
MgO 2. 86 0. 87 1. 48
NaCl - 0. 487 0.124 0.126
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TABLE 2-1 ELASTIC BULK MODULUS AND SPEED OF SOUND
FOR SOME TYPICAL SOLIDS®

Solid Structure Nearest- Density Elastic Bulk Calculated Observed
Type Neighbor p Modulus Wave Speed Speed of
Distance (kg/m?) B, Vo = (B, /p)'? Sound
ro(A) (10 N/m?) (m/s) (m/s)
Sodium B.C.C. 3.71 970 0.52 2320 2250
Copper F.CC. 2.55 8960 13.4 3880 3830
Zinc H.C.P. 2.66 7130 8.3 3400 3700
Aluminum F.C.C. 2.86 2700 7.35 5200 5110
Lead F.C.C. 3.49 11340 4.34 1960 1320
Nickel F.C.C. 2.49 8900 19.0 4650 4970
Germanium Diamond 2.44 5360 7.9 3830 5400
Silicon Diamond 2.35 2330 10.1 6600 9150
SiO, Hexagonal 1.84 2650 5.7 4650 5720
NaCl Rocksalt 2.82 2170 2.5 3400 4730
LiF Rocksalt 2.01 2600 6.7 5100 4950
CaF, Fluorite 2.36 3180 8.9 5300 5870

° Elastic data for the elements taken from K. A. Gschneidner, in Solid State Physics, Vol. 16,
(Academic Press, 1964). Other numerical values from American Institute of Physics Handbook
(McGraw-Hill, Third Edition, 1971). _
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