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Solid state

» Solid particles are made up of molecules, atoms or ions that

are held in close proximity to each other.
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Solids are unique because their physical form (the packing
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Solid state

* Crystalline materials are those in which the units (i.e. molecules, ions
or atom) are packed in a defined order, and this same order repeats
over and over again throughout the particle.

* The forces of interaction between units include:
— metallic bonds (néfal i a3 )
covalent bonds (e.g. Diamond)
ionic bonds (between ions in salts such as NaCl crystals)
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hydrogen bonds (between molecules%,) o / 2l

van der Waal’s forces
gy%den Jmtoé@;\o;sug\,@;wﬂ

ol g

[0 Upitstecss]

Ionic bonds
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.. Space lattice of sodium chloride crystal. Each sodium ion is
Z)CUJZMQ) &c_tahedrally surrounded by six chloride ions and each
chloride ion is octahedrally surrounded by six sodium ions.




Metallic bonds

Metal Cations

Electrons are not bonded to any particular atom and are free to
move about in the solid LBy J)é%—)ﬁ
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Covalent bonds
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Hydrogen and Van der Waals bonds
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Solid state

* Crystalline solids have a melting point which is the
temperature at which crystal lattice breaks down.
* Crystals with forces holding the molecules

together will have low melting points, whereas crystals
with (strong) attractive forces will have high meltin

point. | substance Bonding MP  _oa i ost London b
4 CHy4 van der Waal's -182 %%ul ! (Nl-"‘{')
"M_le" Ej‘;ﬂ;};’f L CH4F dipole-dipole 141°C
CH30H hydrogen bonds -93°C
Al metallic 660°C a;t
P AIFg ionic 1291°C k)(‘y
Cwf feans C covalent 3550°C
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Crystallization

* Crystals are produced by inducing a change from the liquid or gas
Py
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* Cooling of a molten sample to below its melting point.
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state to the solid state by either:

L Crystallization from melt

Crystallization from solution
Cu/gfcéylbb:ﬂ X
» To make a supersaturated solution by:
1— Removing the liquid by evaporation
2 — Cooling the solution, as most materials become less soluble as temperature is
decreased ety epbNle Cooligy o rerkics e @b

L — 3 — Adding antisolvent (another liquid which will mix with the solution, but in
which the solute has low solubility)

Crystallization from vapor o e
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o= Crystallization

The processes by which a crystal forms are called
D R z
nucleation and growth.

Nucleation is the formation of a small mass on to which a
crystal can grow. crysals ) ghe 5 Gl Gbom 7S 55

Growth is the addition of more solute molecules to the
nucleation site.

In order to achieve nucleation and growth it is necessary to
have a supersaturated solution.
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Polymorphism .

sren\sal SsWl=w S|« The ability of material to exist in more than one packing pattern
S o 5ST| (leading to crystals with different internal structure = different crystal
Shides Gt weiless | Jattice) is termed polymorphism

* Number of polymorphs > 2

« If the crystallization conditions are changed, it is possible that the
molecules may start to form crystals with a different packing pattern
from that which occurred with the original conditions.

* The change in condition could be :

phycph iy pr e Said I AT G A different solvent _ ~
e PSR MY R P
Tl iy i shodt 052 e % Change in the stirring = ¢ Srsah

bt e e sianet | «— — Different cooling conditions

(imoryanic)
515 fovake) @lon C1g, Al sl s . I L .
?’('jv“?"“; T - ("'ﬁ 1‘::’,’;” — Different impurities in the crystallization liquid NaCl
Btz Vo J Ot o (@ DT
soSeazan W;wdq&hww ) F by rnbwﬂpk)lald?” &8> 8T oo imporibies am‘\:t{:\ cu_.,s} yee <Ol 3 ’LDS @M S\ c,—m]\, *
RSB NREE AP Fbas S aCl esj ipioo o Siaapliiasmsa GsSils s Mges AE ~ ~a
s el e e ppnse NoCh )\ 0.5 6 o Co355e ) i i piasle (35} (0AF S
ol)ea s Slasc SsinIers & 2525 RSMUVPY Vs Soluand <vls |-
PP I 35 oy St Jemperstore f"fj;i'\ . qjsk”izn!-im)) Sl Gle DL 6N ¢ 315 o Licsslohsh @ B by lsps o= Pobmqp}\ IsM .)‘ §/°\P
QW

36



37

polymorph 1 '\ /' polymorph 2
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Molecule, atom or ion
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A representation of two polymorphic forms of a crystal Wf&j‘éﬂlduw-

consisting of a molecule shown as a ‘hockey <T
stick’ shape.
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Polymorphism
Many drugs and excipients exhibit polymorphism.

Different polymorphs have different physcial properties such as: true|
density, melting point, apparent solublity, dissolution rate, hardness,
hygroscopicity ....
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For a compound that exhibits polymorphism, only one of the forms
will be the most thermodynamically favorable (stable) at room

temperature and the other(s) is/are termed metastable -
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Transformation of the metastable polymorph(s) to the stable one@
occur and may be catalyzed by: 5y B

— Energy (heating, milling) i kg
— Presence of solveﬁt/\/s/“/
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Physical properties of pharmaceutical significance
that may be affected by polymorphism

Physical property

Examples on pharmaceutical
importance

Melting point

Suppository base (Theobroma oil)

Apparent solubility

Poorly soluble drugs

Dissolution rate

Poorly soluble drugs

Hardness  »-

T Tt ROl 9

Milling, Tableting (paracetamol)

Hygroscopicity

Chemical stability

Rates of solid state
reactions

Chemical stability

Habit (i.e., shape)

Powder flow, mixing
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e BsUCs NS < The stable form has the highest melting point — slowest dissolution.
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Polymorphism

* In general there will be the following correlation between the melting

point of different polymorphs and their dissolution rate:
A L

High melting point = strong lattice = hard to remove molecules = low

dissolution rate (and vice versa)

amount of material in solution than|the saturated solution| These
supersaturated solutions will eventually return to the equilibrium

solubility due to the precipitation of stable crystal form.
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