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What holds a crystal together?
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“Perhaps one of you gentlemen would mind telling me just
what it is outside the window that you find so attractive..?”

Cartoon courtesy of NearingZero.net



Basic types of binding
Crystals are classified with respect to their binding type
* Van der Waals
* |onic

e Covalent

e Metal

* Hydrogen



Van der Waals interaction
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Van der Waals bonds

Graphite structure
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Van der Waals bonds used Gecko’s




Repulsive interaction
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Lennard-Jones potential
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Equilibrium lattice constants
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lonic bonding
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Towvization energ\: Energy required to remove one electron from a neutral atom to create a positive ion

Ec = E(Na“-l— e-) — ECNa) > O
Electron af’*ﬁvﬂﬂ: Energy gain from creating a negative ion from a neutral atom by adding an electron

B = Beie-)— T~ < O

il 2 (3|14 (5|6 (7|89 ]|1]|1

y b L | O 0PI« T
H‘M‘Ke(\ 13:,‘:;"‘““";"3'“ ;.l : : ::‘:::E]*EE: [ - lAH =t 5 6 [7 ] 9 10
'\/ o Electron affinity + lonsization Energy ., G | T . o
— Sodium = I Subfur
Electrovegativity = N .

35
4K Ca ISc_ [Ti Vv Cr Mn Fe Co Ni Cu 2Zn Ga Ge As Se Br Kr
2 pon

Gaicium _|Scandium Tianium |\aracim | Comiam A iron [Gobai  Nickel  (Copper  Zic gganmm Gemarum Arsenic  Selenium  Bromine  [Krypton

40 41 42 43 144 45 146 a7 48 la9 |50 ils1., il52 - isa 54

a7
5Rb _iSr Y | Mo Tc  Ru R g | b Xe
Rubidium Strontium Yttrnum  Zirconium |Niobium N Rughenum [Rhodium  Palladium | Sy Cadmium |Indium in Tellunum
1 2 | a7 34 | I 24 335 2246 11357 (245
55 56 72 73 74 75 76 77 78 79 80 81 B2 (83 [a4 85 |86
6Cs Ba s7.71 [Hf Tl | At
L3 Caesium Barium Hafnium |Tantalum Tungsten Rhenium Osmium [Iidium Platinum | Gold Mefcury [Thallium Lead |Bismuth  |Polonium  Astatine Radon
1 2 4 5 46 4 4 34 24 3 12 .3 24 3 224 A1 @2
Q e— 'o 87 88 104 (1056 106 (107 108 108 110 |11 12 113 [114 |15 116 17 |18
Fr Ra Rf Db S Bh Hs Mt Ds R Ch Nh FI Mc Lv Ts O
W w e ‘ JU ‘ a ’ o 75 llllll ?Idmm 99103 ?ﬂmngubmum ?gnm?onmm ';asswm Memenum mRﬁww‘Nmmwm Flerovium Moscoum Lsermoaum  Tennessine ‘0&!\
0 ’ GUEG "M
Michael Dayah
P 60 61 62 63 64 65 b6 67 (68 69 70 71
o p . w Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
enius Raseadymy Neodymium Promethum Samaum  Europium Gaddinum  Terbium || Holmium Erbum  Thulium Ytterbum |Lutetium
heny e e e S e il e S
i [100

Common oxidation states are shown in bold beneath the element closeup.
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Madelung energy  (BRlectvostotics)
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Bonding in KCI From Urr, the bium
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NaCl Structure CsCI Structure
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Face Centered Cubic Bravais Lattice
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Favored for ionic crystals with large size difference
Close packed negative ions with small positive ions Favored for ionic crystals with small size difference
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Covalent bond
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Electron density distribution

Electron density contribution in the base
plane of NaCl, after x-ray measurements
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Metallic bonding




Metallic bonding
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Hydrogen bonds

Electron

Hydrogen
atom
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Types of Bonds
In Solids

Lecture Notes for Solid State Physics
Steven H. Simon
Oxford University

Type of Bonding

Description

Typical of which compounds

Typical Properties

Electron is transferred
from one atom to an-

Binary compounds made
of constituents with very

e Hard, Very DBrittle
e High Melting Temper-

Tonic ) different electronegativ- ature
other, and the resulting o - T - .
. : ity: Ex, group I-VII com- e Electrical Insulator
ions attract each other 0 ) - ‘
pounds such as NaClL o Water Soluble
Elect _ 1 ) Compounds  made of Verv Hard (Britt]
ectron is sharec X . - e Very Hard (Brittle
1 | ‘ constituents with similar i \1 \’[ ) _( T )
, 7 betwee VO N o Higl lting Temper-
equa }f e_t“een ] t“f electronegativities  (ex, igh Melting Temper
atoms forming a bond. ; e
Covalent : = II1-V compounds such as ature

Energy  lowered by
delocalization of wave-
function

GaAs). or solids made of
one clement only such as
diamond (C)

e Flectrical Insulators or
Semiconductors

Metallic Bonds

Electrons delocalized
throughout the solid
forming a glue between
positive ions.

Metals. Left and Middle
of Periodic Table.

e Ductile. Maleable
(due to non-directional
nature of bond. Can be
hardened hyv preventing
dislocation motion with
impurities)

e Lower Melting Tem-
perature

e Good clectrical and
thermal conductors.

Molecular

(van der Waals
or

Fluctuating
Dipole)

No transfer of electrons.
Dipole moments on con-
stituents align to cause
attraction. Bonding
strength increases with
size of molecule or polar-
ity of constituent.

Noble Gas Solids, Solids
made of Non-Polar (or
slightly polar) Molecules
Binding to Each Other
(Wax)

e Soft. Weak

e Low Melting Tempera-
ture

e Electrical Insulators

Hydrogen

Involves Hydrogen ion
bound to one atom but
still attracted to another.
Special case because H is
so small.

Important in organic and
biological materials

e Weak Bond (stronger
than VAW though)

e Important for main-
taining shape of DNA
and proteins




A summary about forces

interaction type range directional
charge — charge ~r - no
metal bond no
covalent very short yes
hydrogen bond  very short yes
dipole — dipole ~r -3 yes

van der Waals ~r -6 weakly

van der Waals bonds can sum up energies, and for large objects the van der Waals
forces can even become long range forces

energy
[kd / mol]

100 - 900
100 - 900
100 - 900
10 - 155
20
0,5-5

energy
[KgT]

40 - 360
40 - 360
40 - 360
4 -62
8
02-2
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Learning outcomes — Crystal Binding

> Be familiar with the characteristics of the different
type of bondings:

van der Waals
= Jonic

= Covalent

= Metallic

= Hydogen
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