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Experimental Evidences

a) The crystal growth presents temperature dependence
and is strongly influenced by the structure of the melt.

D) Configurations in the melt which are similar in
structure to those found in the crystal suggest that
growth may occur by the addition of atom groups.

C) Strong evidence of Is also found. The

activation energies of crystal growth and viscosity are
similar.
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Experimental: Basic Factors

The experimental rate of crystal growth depends basically
on three factors:

1) The undercooling, which is a measure of the driving
force for crystal growth;

1) The site factor, which is the fraction of sites on the

crystal face that can incorporate molecules from
melt;

1) The of the melt, which is a measure of the
resistance to molecular motion and rearrangement.
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A Micro & Opto-Electronics (PRT glasses...)

A Industrial Crystallization (from sugar to ail
guartz)

A Advanced Materials (alloys, glasses,
pharmaceuticals...)

A Geophysics (rain, fog, snow, magma...)
A Nanotechnology (Quantum dots, wires...)
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The controls
the existence of vitreous state

The development of
materials depend on controlled
crystallization of glasses
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1) The magnitude of the free energy difference melt/
crystal,

2) The suitable for molecular
attachment;

3) The rate at which growth units can be transported
across interface,

4) Possible orientation requirements at the melt/crystal
interface;

5) Availability of crystallizable species at interface;
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George H. Gilmer, American phys

i) SCREW DISLOCATIONS
Na,0QSiO,, Na,0@B,0, & Diorys'd‘eu'
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G. H. Gilmed. Crystal Growth2 (1977)
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crystal-liquid interface

Potential Kinetics
A Vel
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H. A. Wilsor?hil. Mag50 (1900)
Ya. FrenkeRhys. Z. Sowjetunidn(1932)

Fraction of prefered
growth sites

fO constant 1

Harold Albert Wilson Yakov Il'ich Frenkel
(18740 1964, English (18940 1952, Soviet
physicist physicist
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Main supposition interface between
growing crystal and the surrounding
medium displays a sufficient high
concentratiomf growthsitest.
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XX. On the Velocity of Solidification and Viscosity of Super
cooled Liguids. By Harorp A. WiLson, B.j. (Camb.)
D.Se. (Lond.), M.Se. (Vict.), 1851 Ewxhibition Scholas
Allen Scholar, Cambridge University*. o o

IN the following paper an account is given of o series o :
experiments, the object of which was to obtain infor
mation on the influence of the viscosity of a supercoole
liquid on its rate of solidification. When soliditication i
started in_a supercooled liquid, -rays of solid grow in th
liquid with » definite velocity ihe relation of which to th
initial supercooling has been determined t for o, number. o
substances, ¢, g. phosphorus and benzophenone. In consi
dering the nature of the ohserved relation between the velocity
and the supercooling, it is important to take into account the
production of heat which accompanies the solidification, anc
- which must raise the temperature of the surfuce at which th
solidification takes place; so that the observed relation may
differ greatly from the relation between the velocity and ihe
temperature of the solidifying surface. .

In a previous paper *On Velocity of Solidificution 1 |
bave shown that the generul character of the relation ob
served between the vaﬁ:city of solidification and the super.

. cooling of the liquid can be explained in detril by snpposing
the ‘solidification to be due to the difference between tht
internal pressures in the liquid and solid, and that the mole

_coles at the surface of separation between the solid anc
liquid are urged from the liquid inte the solid by this differ
ence in the internal pressures. Using the method giver
by Van’t Hoff for caloulating the osmotic pressure of a sal
in solution from the depression of the vapour-pressure, and
making cerfain assumptions described in detail in the pope
just teferred to, the following formula for the velocity wns
obtained :—

V= F -au_.ﬂ
A’ 7Y, 0

where v is the velocity of solidification, F the latent heat ol
fusion of one gram of the solid, A the force required to give
unit velocity to one gram of the liquid diffusing through
itself, a the thickness of the layer of molecules at the sur-

* Communicated by the Author.

- 1 Gernez, Journ. de Phys. |2] ii. é) 159. Friedlinder & G. Tammann,
) Zeitschr. f. Phys. Chem, xxiii. CS 826, and xxiv, p. 152,

- 1 Proc. Camb. FPhil, Boc. val. x. pt. 1.
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H. A. WilsorPhil. Mag50 (1900) 2250
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NOTE ON A RELATION BETWEEN THE SPEED
OF CRYSTALLIZATION AND VISCOSITY.

By J. Frenkel.
(Received April 27, 1932.)

_ It is pointed out, that the linear velocity of cristallisation must be
inversely proportional to the viscosity of the supercooled liquid.

Although the process of crystallization can begin at suffi-
clently low temperatures®only, yet its speed (linear velocity
with which the surface solid — liquid is moving in a narrow .
iube) is known to decrease with decrease of temperature. ¥ §
Thus, increasing the tendency of the liquid to crystallize,
the lowering of the temperature prevents at the same time
this tendency to actualize, causing under favourable conditions

* a solidification in the amorphous state. .

The influence of the temperature on the velocity of crystal- -
lisation is quite similar to its influence on the velocity of -
chemical reactions and can be readily accounted for in terms
of the classical activation theory if we assume that a transi-
tion of a particle frggn the liquid to the solid state proceeds
through an intermediary stage requiring an increase of energy-
by a certain amount U (activation heat). The energy set free
In a transition from this state to the solid one is equal to
the sum of U and of the latent heat of crystallization Q.
Under these conditions the velocity of crystallization must

14

be proportional to the expression ¢ *T,

The nature of the activation heat U can be easily under-
stood from the point of view of that picture of the heat
motion in liquid bodies which I proposed.a few years ago’-
According to this picture, the motion of the molecules —
or atoms—in the liquid state is very much the same 48’

! Z8. 1. Phys. 35, 652, 1926.

Ya. FrenkeRhys. Z. Sowjetunidn(1932) 490
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Surface is smooth but also imperfect at atomic

u(T) = fl véL exp%
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. f=1m) v="5- Fooipet
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Growth takes place at step sites provided by screw
dislocationgantersectingnterface

About f = f(T) @/ dislocation line
ke 1

e § 5
- | DG Tk o
By definition: T = oo pads

where |s =aDH /3N V2

David Turnbull (19158  William Hillig,
2007, Americanphysical ~American

uF[:I,};,., chemist physicist
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STRUCTURE OF THEIR SURFACES
By W. K. BURTON*, N. CABRERA anp F. C. FRANK . .
(Communicated by N. F. Mott, F.R.S.—Received 16 March 1950— eX p I al n e d I n C ryStaI S by
) Revised 25 July 1950—Read 2 November 1950)

THE GROWTH OF CRYSTALS AND THE EQUILIBRIUM m e Ch a n i Sm W a S
oS R Burton, Cabrera & Frank.

A THEORY OF GROWTH OF REAL Part III (cont.).
CRYSTALS 300 15-2. Activation energy for two-
PART I. MOVEMENT OF STEPS ON A CRYSTAL dimensional nucleation 332
SURFACE 300 16. Steps produced by dislocations 333
1. Introduction 300 .
2. Mobility of adsorbed molecules on a PART IV. STRUCTURE OF A CRYSTAL SURFACE
crystal surface 302 AS A CO-OPERATIVE PHENOMENON 334
3. Concentration of kinks in a step 303 17. Introduction 334
4. Rate of advance of a step : 304 i i
5. Paralld sequence of steps 208 18. G«}::t]t:;:uve phenomena in crystal 435 .
6. The rate 'of advance of small closed 19. Two-level model of a crystal surface 336
step-lines 308 90. Many-level model: Bethe’s approxi-
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SURFACE 310 20-1. Two-level problem 342
7. Introduction 310 20-2. Three-level problenr 343
8. The growth pyramid due to a single 20-3. Many-level problem 344
dislocation 311 .
9. The growth pyramids due to groups of APPENDICES 345
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9-1. Topological considerations 313 DISTANCE X, BETWEEN KINKS ON THE RATE
!1)?;2. General case 316 OF ADVANGE OF STEPS 345
10. Rate of growth from the vapour 317 Al Single step 345
11. Comparison with experiment 319
13, Gro\nlr:;h from solutioﬁ 329 A2. Parallel sequence of steps 347
. - AppENDIX B. THE MUTUAL INFLUENCE OF
EQUILIBRIUM STRUCTURE OF A PAIR OF GROWTH SPIRALS 347
CRYSTAL SURFACES 324 AppENDIX C. PROOF OF CERTAIN FORMULAE
ParT III. STEPS AND TWO-DIMENSIONAL IN THE STATISTICS OF KINKS ) 349
NUGLEL . 324 AppENDIX D. WULFF'Ss THEOREM 351
13. Introduction 324
b 14. Equilibrium structure of a step 325 AppmNDDX E. AN OUTLINEOF THE MATRIX
K ) 141, Equilibrium structure of a METHOD OF TREATING GO-OPERATIVE
straight step 327 FPROBLEMS _ 354 H 4
142, Free energy of steps 329 El The one-dimensional, two-level . . N I C O I aS C ab re r
15. The two-dimensional nucleus: activa- case . . 365 S I r F re d e rl C ar e S
tion energy for nucleation 330 E2. The two-dimensional, two-level

R Y R Frank (19115 1993, (1913 & 1989,

* Seconded from Imperial Chemical Industries Ltd., Butterwick Research Laboratories, The Frythe,
Welwyn, Herts, - .

e ) N British  theoretical Spanistphysicist
physicist
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Archimedesof Syracuse(c.287 BC 0o

c.212 BC), Greek mathematician

ArchimedesOn Spiralgc. 225) physicist, engineer, Iinventor and
astronomer

r=rq

I : radial distance

g : angular coordinate

)

*

I' : radius critical nucleus

GVme /DH DT

I.I-FL'*I-}-;
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Surfaceis smoothbut also imperfectat atomiclevel, but free of
intersectingscrewdislocations
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