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Troubles in crystallization process

Characteristics whose control are difficult.

Polymorphism

Crystallinity

Size & its
distribution

Questionnaire data (300 companies in 1998)
[courtesy of H. Qoshima]
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Why crystallization?
1
‘ Molecular Recognition >Self Assembly
Head groups




hat are crystals and how do we recognize them.

€ Solid defined by way of constituent packing

Crystalline materials...
e atoms pack in periodic, 3D arrays

e typical of: ol

-many ceramics
-some polymers

crystalline SiO2

_ _ *Si e Oxygen
Noncrystalline materials...
e atoms have no periodic packing
= occursfor:  _oomplex structures
-rapid cooling
“Amorphous" = Noncrystalline noncrystalline SiO2
Adapted from Fig. 3.18(b),

Callister 6e.
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ENERGY AND PACKING

on dense, random packing A Energy

typical neighbor
¢bond length

typical neighbor

bond energy = —pt —

- Dense, regular packing AEnergy

typical neighbor

typical neighbor
bond energy  —pm

#bond length
|
|
|

Dense, regular-packed structures tend to have lower energy.

e
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Crystal
€ Space group : six parameter to define ﬂ c
three dimensional space of unit cell
B//W“ [ b
= V
a

Crystal system (7 systems)

- Cubic (a=b=c) (a=p=y=90°) NaCl, KCI

- Hexagonal (a=b#c) (a=pB=y=90°) Agl, graphite, ice

- Tetragonal (a=b#c) (a=p=90°, y=120°) Alum, diamond, rutile
- Trigonal (a=b=c) (a=p=y0°) Ruby, spphire, NaNO3
- Orthorhombic (a£b#c) (a=p=y=90°) AgNO3, a-sulphur

- Monoclinic (a£b#c) (a=y=90°#B)  sucrose, B-sulphur

- Triclinic (a#b#c) (a=p=y#90°)  copper sulphate
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Tetrahedron {4} Octahedron (B} Cube {8)

L

Pentagonal Dodecahedron (20) Icosahedron {20}

The regular solid polvhedra

Truncated Truncated
Tetrahedron {12} Octahedron {24)

P
Trigonal prism {5} Squara Antiprism {8}

E% Archimedean semi—regular solid polyhedra

Cuboctahedron {12}




e

€ The fourteen Bravais lattices

Symmetry lattice crystal system

Cubic cube

body-centered cube

face-centered cube
Tetragonal square prism

body-centered square prism
Orthorhombic rectangular prism

regular

tetragonal

orthorhombic

body-centered rectangular prism

rhombic prism
body-centered rhombic prism
Monoclinic monoclinic parallelepiped
clinorhombic prism
Triclinic triclinic parallelepiped
Rhombohedral rhombohedron
Hexagonal hexagonal prism

230 combinations; 32 points groups

monoclinic

triclinic
trigonal
hexagonal




SIMPLE CUBIC STRUCTURE (SC)

= Rare due to poor packing (only Po has this structure)
= Close-packed directions are cube edges.

e Coordination #=6
(# nearest neighbors)

(Courtesy P.M. Anderson)
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ATOMIC PACKING FACTOR

Volume of atoms in unit cell*
Volume of unit cell

*assume hard spheres

= APF for a simple cubic structure = 0.52

volume
T atoms i g —
a unitcell ™9 — 1 (0.5a) 3
AL R=0.5a APF =

3
a° «_ volume
unit cell

close-packed directions

contains 8 x 1/8 =
1 atom/unit cell

E Adapted from Fig. 3.19,
E2 casterce amoI=alE AL




DY CENTERED CUBIC STRUCTURE (BCC)

= Close packed directions are cube diagonals.

-Note: All atoms are identical; the center atom is shaded
differently only for ease of viewing.

e Coordination #=8

Adapted from Fig. 3.2,
Callister 6e.
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. ATOMIC PACKING FACTOR: BCC

= APF for a body-centered cubic structure = 0.68

Close-packed directions:
length = 4R

:\/?’-)a

Unit cell ¢ ontains:
1+8x1/8
= 2 atoms/unit cell

atoms

Adapted from 4 VOlume
ig. 3. - Ty __ 3 €-—
= . unit cell 2 = (3a/4) 2tom
APF =
3 volume
av =«

= unit cell
G2 ™o |& Al




CE CENTERED CUBIC STRUCTURE (FCC)

| Close packed directions are face diagonals.

-Note: All atoms are identical; the face-centered atoms
are shaded differently only for ease of viewing.

e Coordination #=12

Adapted from Fig. 3.1(a),
Callister 6e.

(Courtesy P.M. Anderson)
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. ATOMIC PACKING FACTOR: FCC

- APF for a body-centered cubic structure = 0.74

Close-packed directions:
length = 4R

:\I_Z a

Unit cell ¢ ontains:
6x1/2+8x1/8
= 4 atoms/unit cell

Adapted from atoms 4 3 VOIUme
Fig. 3.1(a), . ' ‘-\
nglliste(r ()Se. Unlt Ce” T 4 — T ( 2a/4)
atom
APF =
3 volume
a“ «

i unit cell
G2 ™o G AIE
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IONIC BONDING

e QOccurs between + and - ions.
= Requires electron transfer.
= Large difference in electronegativity required.

« Example: NaCl

Na (metal) Q Cl (nonmetal)
unstable unstable

electron
Na (cation) — ¢— Cl (anion)
stable Coulombic stable
Attraction
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EXAMPLES: 10NIC BONDING

NaCl —_—

MgO

He
CaF 2 \ mA A s, Vi -
E 3 7 - =
. | O F Ne
CS CI \ 21 a5 | 2o | 3.5 4'0¢r -
—— 1= 1= 13 - =
wil Al T$\? Cl | Ar
i T I 15 e | z2 | 297]3.0 -
ar n = ) ) 3% ¥
L.; Ni By Zn A e AS Ca Br Kr
= | 1.8 x| 1.8 e | s |20 ] 22 |28 -
iE 3L = ) e = EL = I e
Fh Pd Az ¢ in tn Sh I €
53 & i i7 13 LE 1o =1 |25 -
2 5 = = Et ) Y] B "
. Ft Au Hi | Fo Ei pe | At | RN
EY- 2n 4 i L& L& 15 sn | 2.2 -
Fr Ra Ao
0.7 {09 |11-17

Give up electrons Acquire electrons
Adapted from Fig. 2.7, Callister 6e. (Fig. 2.7 is adapted from Linus Pauling, The Nature of the Chemical
Bond, 3rd edition, Copyright 1939 and 1940, 3rd edition. Copyright 1960 by Cornell
University.
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COVALENT BONDING

= Requires shared electrons

eshared electrons
from carbon atom

e Example: CHa

C: has 4 valence e,
needs 4 more

H: has 1 valence e,

N 1 mor
eeds ore eshared electrons

from hydrogen

Electronegativities atoms

are comparable.

Adapted from Fig. 2.10, Callister 6e.
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EXAMPLES: C(I_)IVOALENT BONDING
2

H S

" C(diamond) s
H %
2.1 (1) SlC wia u:g - /CIZ
Li | Be o) Ne
1.0 |15 20 |40 | A
Na | Mg i L Y
09 |12 | ue we v W& WiH = @ ue | 15 | 1.8 | 21 | 25 | 3.0 -
Kojca |8 [Ti|5 |cr |3 |Fe | Ni| S |2zn|Ga|Ge|As| 2 |Br|Kr
0.8 1.0 L5 15 15 | 1.6 s | 1.8 15 [ 1.8 1= | 1.8 [ 1.6 18 | 2.0 as | 2.8 -
o % W | 48 | &I e I | 43 E | oy i - Zz = s
oo oo | Lz = m|nlas o N R s
Cs |Ba |7"| & | © T E T 7 7 = [ &= [ 8 Npo/l = | = | At | R
07 |09 |vidd| o] in-loin | 2 | ax len ] a5 |ien] ] s 18 b5 | mn |22 -
I:I: FSF-JI E_10) \Y4

07 |09 -I'afrdgpted from Fig. 2.7, Callister 6e. (Fig. 2.7 is

' ' adapted from Linus Pauling, The Nature of the Chemical Bond, 3rd edition, Copyright 1939 and

1940, 3rd edition. Copyright 1960 by Cornell University.

« Molecules with nonmetals

« Molecules with metals and nonmetals

= Elemental solids (RHS of Periodic Table)

e Compound solids (about column IVA)
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METALLIC BONDING

(1, 2, or 3 from each atom).

® 9 9
» 9 9
® 9 9

e Arises from a sea of donated valence electrons

Adapted from Fig. 2.11
Callister 6e.

= Primary bond for metals and their alloys

e




SECONDARY BONDING
Ises from interaction between dipoles
= Fluctuating dipoles

asymmetric electron ex: liquidH 2
/clouds Ho » €« H?
bonding bonding

= Permanent dipoles-molecule induced

Adapted from Fig. 2.14,
- ner - second_ary Callister 6e.
generail case bondlng
secondar Adapted from Fig. 2.14,
-eX: ||C|UId HCI @@—} bondlng % Callister 6e.

Sec
-ex: polymer Ondary, bonging
oA IS AT
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