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Viscosity:
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internal friction)
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Solid - Crystals Apatite:

Ca10(POa4)s(X)2

antin and bone:
0 nm x 6 nm crystals

1amel:
1000 nm x 30 nm crystals

Solid- amorphous

Liquid crystals

no exiting
exiting light light

Physical foundations of dental materials science
3.

Structure of matter
Interfacial phenomena

Phase diagram, phase transitions E-book
Highlights: chapters:
< surface tension 6,7
<+ adhesion — wetting
% phase — phase diagram Problems:
« phase transition Chapter1:

24, 25, 27, 28, 31
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Interfacial phenomena

1. Surface tension

molecule
gas on the
~molecule liquid surface
in the liquid
liquid
drop

Cohesi
.\adhesive force ohesion

Adhesion
2. Adhesion

solid surface %,Q

Temperature dependence - T
of surface tension: g e water —
2 .e.
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temperature, T (T)

Conseauences:

rge surface tension of water
can cause problems!

758759 mmHg

Surfactant coated —

respiratory distress syndrome

1. Surface tension
Surface tension or specific

surface energy (o): change in energy with the
increase of surface by AA

o (LY

anyag | o(J/m?

water 0,073
blood 0,06
saliva 0,05

paraffin 0,025
alcohol 0,023
dentin 0,092
enamel 0,087
mercury 0,484

*in air, 20°C
molecule
. as th
2. Adhesion molecule 9 quui%nsuffaoe
in the liquid
-
.\adhesive force
solid surface
Types:

® chemical (ionic, covalent, H-bond)

level
diffusive (materials diffuse into each other)

Diffusion

most frequent
and general

Substrate

e
® dispersive (van der Waals forces) molecular im \chemm\
g
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Further types: ~ ®

touching surfaces

mechanical

electrostatic (charged surfaces)

rmacroscopic level

of gecko

»Super adhesion”

change in energy associated with

Quantitative description of adhesion the increase of surface by AA

2 m

m

Specific interfacial energy, (o): AE ( J N)
o=—

increase in the
interfacial area

Adhesion in dentistry:

¢ Surface size — acid treatment

® Viscosity

* Wetting (adhesion between
solid and liquid)

Figure 1. Morphological aspect of the surfuce of enamel
for20s,

micropores with type I pattern of conditioning can be observed.
(Original magnification: op, 750X: bottom, 1500X)
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Wetting

(adhesion

between solid and §&

liquid)

solid surface

Young-equation:

good wetting

6: contact angle

cosfO =
0]

Os — Og1

0 liquid

solid surface

poor wetting

® s : solid body (-air)
® s, | : solid body - liquid
® | : liquid (-air)
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Derivation of Young’s equation:
air 7\, deformed drop (segment)
original drop (segment)
solid surface
equilibrium = energy mirimume=) small change in shape (surface) will not
cause any changes in energy
O-S - O-S 1 a,:solid — gas interface
CcOoS 0 = i ot solid — liquid interface
O-l 0;:liquid — gas interface 16
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g = Os,1 @ =90°

6 < 90"

Og = 0Og

.

6 = 180°

- Us,l

o’S
C0S 0 = mm—u
0y

Specific surface energy of some
dental materials:

material o (mJim?)
water 73 (25° C)
saliva 53 (37° C)
dentin 92
enamel 87
PMMA 37
paraffin 25
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Phase diagram
Examples:

H,O  pressure: 1 bar (100 kPa)
solid liquid gas

o’c 100°C

s
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0.000 By triple point

100
temperature, T (C)

You should know only water’s phase diagram for the exam.

Phase diagram: plotting the stable phases as
a function of different parameters (p, T, c, ...)
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Phase

States of matter:

Pl H:O i.e. S0z
solid gas solid
T 8 87(:)°c.§ 147:o°c§17 T
LI
1 1 5
L ) ) J
Y
phases

Phase: physically and chemically homogeneous state of a material
Stabile phase: The phase with the lowest Gibb’s free energy at given circumstances.

Gibb’s free energy (G): G = E +pV-TS

internal energy entropy
18
< 5000 C 1 salt+water
= i
5 liquid C gl ; I I
5 4000 e '
§ 62 S . 1 1
g 3 liquid solution
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2000 £ 7 N
diamond 10
1000
293
% 100 200 300 400 500
pressure, p (kbar)
o 10 ¢ f
= sugar+water 30
S g salt (NaCl) o 10 20 30
5w water 100 90 80 70
s
g concentration , ¢ (% m/m)
E
£ 60
liquid solution
40
20f----j-----b----
0
sugar 2 40 60 80 10
water 100 80 60 40 20 [}
concentration , ¢ (% m/n 20
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Gibb’s free energy, G

Phase transition

G=E +pV-TS % T
o %,
= .
i \s”o
72
c S, & >
€9 g %, {
$3 k) % P
T, 52 g B
25 £
82 -]
s 2

liquid i

§ c
/
-
"8, y

temperature, T

» Driving force: difference in free energy
= the smaller theT (< Tp,)),the greater the driving force

» Limiting factor: movement of atoms, molecules (diffusion)
= the smaller theT (< Tp,), the weaker the movements
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Order of phase transitions
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specific volume, v
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Summary:
FIRST-ORDER SECOND-ORDER
PHASE TRANSITION PHASE TRANSITION
> >
) d
5 5
S S
o discontinuous Q continuous i
& transition & transition /'
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a 2 ;
» & |
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T(ransnion
temperature, T

T

transition
temperature, T
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Diffusi

Brownian motion: N L Firid o
b N AR
i,:t » .~ ;;?&r
AR N YA N ¥

concentration difference
diffusion coefficient

,speed” of diffusion ~

Kinetics of phase transitions (i.e. crystallization)

Overcooling! T< T,

1. Nucleation

et 88 el ae

2. Growth

(seed) ﬁ °

Fick’s law: Einstein-Stokes equation:
Av Ac (for spherical particles)
S D-A— kT
At Ax D=
6znr
D: diffusion coefficient (mzls) _de
_ .o kT
Diffusing medium D (mels) Me;
molecule §
Oz air ~10-5 H
water ~10-¢ é
glass ~10-50 T0 30 M0 360 380
He glass ~10-18 temperature, T (K) 25
- ae ordered structure
1. Nucleation m 8 = decrease in energy
b: “ ~ volume)
02900 (~vo 3
*s8%ese ¢ !
T<T. & ‘Y'...Q’V._ interface = increase in energy
o & A\ ...l (~ surface)
200 = Za® o r?
L an *
unstable stable ~r

nucleus nucleus
—————
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<
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] » diffusion
E . "driving force" formation rate of the atoms
8 o energy barrier of the nuclei
o s
$
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critical AN
- \
size \ temperature, T(T)

* homogenous nucleation: inside the same material

* heterogeneous nucleation: on solid surfaces (i.e. wall of
container, impurity particles)

faster!

(= overcooling)
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Shape and size of grains =
2. Crystal growth properties!

Example:

diffusion speed

speed pf the atoms
of crystallization”
) s 4
: p i

formation

harder, stronger, less deformable

tempe-
rature,
T(C)
@od" IR\ (ZD
S S =
@ o'~
d o 19 T
' @ Sl
{ hSN
K

ANIHAA RN ESSST

T=690°C (T,=727°C)
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Single crystal:
uniterrupted atomic order homogeneous but microscopically
across the whole crystal. heterogeneous. Atomic order is order present. (It is like a
interrupted at grain boundaries. frozen liquid state)

e

Ay s ararayay

A A A A A
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P

Amorphous solid
Not periodic.

Single crystal Polycrystal

eriodic across the
whaole volume.

Periodic across
each grain.
Amorphous: Macroscopically

Polycristal: macroscopically
homogeneous, but no atomic

P
o
e

Single crystal Polycrystal

Crystalline
soli
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