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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
fcc with two atom basis
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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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E() = 0.726 eV

Energy of attraction
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10 % % Energy of repulsion
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Energy (eV) O}

z, and z, are the electrical charges of the ions 1n 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(4ne g, )’ K T r°
. . 2
Debye Dipole — induced w(r) = ——4"% : 16
dipole (4me e, )" 1
LLondon Induced Dipole — 3 au0, Ll 1

(Dispersion)

Induced Dipole

2 (4, )’ (1, +1,) 1

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



The case of the Gecko Walk!

C
Wym = T e
r
Spatulae
Check the Geck Seta 1 billion of them, all
feet’s in the van der Waals

microstructure domain

Feet microstructure enables the Gecko reach
van der Waals domains 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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Geim et al., Nature Mater. 2, 461(2003).
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h Spider man toy
15 cm high
40 g weight

Geim et al., Nature Mat. 2, 461(2003)
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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,0O 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).



« Hydrogen bonds are responsible for: s, ixcellont try, iy dod Witfom, bt ...

i A corld yor bring me 3 mirror, old bay?
— Protein Structure = /
*» Protein folding is a consequence of H-bonding.
« DNA Transport of Genetic Information

H-Bonds




Hydrogen-Bonding’s Role in DNA Structure
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HL PRI FEANRUR WL T BR85S, PR AR EA 2
DRI R AR, MREE LRI,

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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1985, Rice University
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J. G. Hou, etal., Nature, 409, (2001) 304
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51 H 75k 5815 p8l

BaEFRLEN K F

an & 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

RS HHEE T p55
U4, (10-18J/pair) U3, (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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FETE

SETCRIEIARSS &

Usynp (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
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N S iA N g B A G R THE I S T R RS S R TR
BHERNZ, HFEITZET MR EIHZT0EN R K&
T REE I R, AR BAR AR B SR R AR SR
MBI GHE a8 PR s T 7R, Sciags
RAFEHRE . XL RMEEIATIREE A4 T

R REESRENITESREXBAER

AR 3 %45k AR

HEE 3. 603A 7.58 eV/JEF 4.33X 10! Pa

C LIE 3.567A 7.37 eV/RF 4. 43X 10! Pa
YR 1% 3% —2%

HEE 5.451A 4.67 eV/JRF 0. 98X 10! Pa

Si LI fE 5. 429A 4.63 eV/JEF 0.99X 10! Pa
YR 0.4% 1% —1%

HEw 5. 655A 4.02 eV/JEF 0. 73X 10! Pa

Ge LA 5. 652A 3.85 eV/EF 0.77X 10" Pa
NiRE 0.2% 4% —5%




RYEERHE

PaN

BE. MEEHMEFENRE

|
— Ziahe/ (Ry/ R+ LR Y AR /10" Pa
% B B O’ xR B O® ol HO#®
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 1 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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2.2 TEERVL LWL & R

e EEAH T ZWEET 2577 (p71D)

OO I (i i |

R PR RE TR E
SRAAE: — ARV RS A L O R TR

O B

He B2

FERF+ (—e) — T R HEE
FE7r+ (—e) — AT HER

AR R LM T RS, B TR EE B IEIN R
Ak, F BRI T AR A AR I 1 B R 28 B A5 21 F - I RE ) —
—JF PRI T (electronegative), E e RS FRE R T

FRE TR E.




LFH (Mulliken) € X
JRFHEAME=0.18 (HEEE+BEFFEMEE)

HEER TR, — A EiEE e R R F— AR T
Eﬁ% HENEB AR , FRE LR, SOafzs
g

T HEREE0.18 1 2N TAHLI R AfATE AL, BAME AR
ENX, BRESDRERENS, EFMEAK (Pauling) FIFEF
v (Philips) 555 730 HEUEASAHIA .




The Pauling scale of electronegativity




SsEFHEMETEGRE o O AEE D

|| K M| wmee mm| K] & M N R | mmk
¥R | 15|25 2p|3s 3p 3d| 7€V | /eV [|B|F|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 201Cal 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/Vvi2|2 6|2 6 3|2 6.74 [1.9(51)
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 [25Mnf2]|2 6|2 6 5|2 7.43 |1.5(4%)
810[2|2 4 13.6 3.5 [|26|/Fel 2|2 6|2 6 6}2 7.87 |1.8(31")
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 28[Ni{2]2 6|2 6 8|2 7. 64 1.8
11|Na| 2|2 6|1 5.14 | 0.9 [|29|Cul 2|2 6|2 6 101 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(Alj{ 2|2 6|2 1 599 | 1.5 |131|Gal 2|2 6|2 6 10[2 1 6. 00 1.5
14|Si|2|2 62 2 8.15 | 1.8 |I32|Ge| 2|2 6|2 6 10|2 2 7. 90 1.8
15Pl2]2 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 2 612 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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MA R LU S — L8 SRR 45 5 A A

* BEE EAERAR, A REE T, ATLUENE)E .

* V=V R B Boar B A, EITRE 1 B[,
RS TR U WaE, e BAStheE, IVIRIoE e M R r L
frémfl, EA14%C,Si,Ge,Sn,Pbifiiy, MAAEARIRTE, &
WA R A E RO JEpr s, PhIgHE MRS, Caes
BeE A, HIE S, Ge s S A 3.

* B AW IR EACEZE AR, BT T —VIDT R 5
R T a, $anNacCl,CsCl 5.
* [EEIO—VI, H— VEoR G EEZER KRN, el
Z A E I & TS Vg i E 2 e &, B
LAAIP,GaAs, InSha5 AR H A7 R WA 5 M I N BE 454,
e PR B
* i EAHMHRBUE AR, AT LS L BT R

XN E BRI, HEFREM B %R 0a H




. BT 22 Kittel Tip54

fE AR A KA R SR, &% R E2EFRE RS 4
JRT, EERR T ANES B E RN, 0% RS T ]
R~Te BRE 7 (BE P 2 1TEENHE=E. o=
MR, BTFHRSEREREFR N, FmILEH— KRR 5
FBR#, FIABRERIMESRIN T AR PRI - 5] BE A 05 )

R REERRI TR e, HEFIEREE S,
HBTmomaaeAmET  BE RS, mHEF—EEA
[F] B AR AR A5 i Th A A E T =70 AT % Lt[ﬁ/':\lﬁ%ﬁ\%']éﬁﬂj{ﬁ
}%——"ﬁi’ /\’Dl ——"fl’ PLéJ%——"fI’ %DT@%%E}’J_\,E}T——‘{%

XS A 5wl DAAR WA R 00 H8 P A iR 1~ 2 TR R S (107°5)),
(HICEHE BN HR . &R Rn] LoE UM EE B 1
—¥ BT, Aﬁn%%— B— A, KA
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®2.6 B RFOETFER (Bfr:A)
i Hr¥ie | EmM¥ER BT¥e

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 — =

Na 1.57 1.86 (+1)0.95

Mg 1.36 1.60 (+2)0.65

Al 1.25 1.43 (+3)0.50

Si 1.17 - (+4)0.41 (-4)2.7

P 1.10 - (+5)0.34 (-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 J[_‘::?é\ﬁ
S 1.44 1.60 (+3)0.81

Ti 1.32 1.46 (+4)0.68 (+2)0.90 ik ’fZIKfF@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 1.25 (+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 VII the smallest.

14  _3A _3A __4A 2 SA 6A TA
e Q= @77 @75 [@73 [0
: % s feen: | B 0% F- g
SPLIT® (3L Betts _20B°7[15C o | 171 W) 140WF| 133\
Mg 143 118 110 103 |@99
Me QD+ (D= | @ (S J
99 65
N @ | Mg+ @ s0 AP+a [425* @ @ @ @i
@ @22 @2 Qs Dues (D4
K+ 99 1 ?
5@ Cca>* @ | 62 Ga’'@ 69 AsH @ @ @:
@ ® 00«00
T 113 3 2 3 '
5@ | @ 2wgpsgnny @) @
135 BQ '49© 132 PP o6 B>+ @ .
iB 4B 5B 6B 78 -~ 8B - IB 28
@ 0-0=20-0* @@ @@= @ =
5 @Cr** 64| » | @Fe' 67|@Co* 64/ @Cu?+72
| g -
83 s> @ |80 Ti*@| 72 v @lss 2@ MV @52 re2 @ (82 CoM@| 78 NI @) 96 Cu* @83 “n7 @

Units are picometers (1 pm = 10-2m). (1A =10-19m)



BT

0.62 122 1.17 1.98

Te Te-




x99 EFHEFHEE
(FP B R ERME, B 1A=10"m; JE#A C#kiHES W W. B. Pearson, Crystal chemistry and |

2.08

TE+ RS R T
K Ca Sc Ti \") Cr Mn Fe Co Ni Cu Zn

7238 | 198 | 164 | 146 | 135 | 128 | 126 | 127 | 125 | 125 | 128 | 139 |

182 181 | 1.80 | 180> | 1.80 | 1.78




emistry and physics of metals and alloys, Wiley, 1972),

He

— | 143 1.32

Cd In Sn Sb Te | Xe
0.81 0.71 2.45 2.21 2.16 2.17 ,

w
- 1
, ©

~

166 | 155 | 1.59

wr
-
(¢,
]

Z 2% HKittel F5p55

178 | 177 | 177 | 176 | 1.75 | 174
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2.1 UFRHPRFh—) 5 125 8] PR 2H B i — 2 S R 0 5 4 5 H 2
N:  g=2In2 HEL2. 15

2.2 A7 ek NaCl 19 &7 BT InfE, ) fmis s
B S5 G ae LSRR AR S R A2

e E HE R B ARFFAAE T 2.2
2.3 HMEFEPMHEAER R DR N T235 B2.38Z 0N
u(r) = —% +rﬁn

= B m=3,n=10, YW R+ A e o+ J5, FHAZIEEE
r,=3x101%m, Ef#GeN4eV .

Aokt o, WBUE: 412572 Jim JJ 244y
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2.4 2. VB —4EE i, Ml B2 M)A w5
1 UEAE TR B AT .

u(r,) __2Ne In2 (l——)
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Hrh oo (n—-1)e’In?2
rO

\l

Kittel 45>J @ 3.5

3| w



2.5 (1180 @5 F e o - S 2 R M S5 T R B F M B/ S, TR
ulr) = 45[ i 6]

KH e,0 RENE- TS, MRS FRERE O EW, T H Rt BRRKEAR R F
R EVER .

(1) #FHFEEHMEES S FRE B EERRREEREER;

(2) BHBEHESE KrGOREEEE O T4, ENE- TS c=0.014eV,
0=3.654 ,iX3K

(a) 1 BE/R Kr 7+ F Rk M4 S5 6 ;

(b) dbiAHY f s H 2L

(o) dRiRAIfRR IR,

(d) PLskampE .
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