Morfologia, crescimentoehabito
das particulas



Nucleacao

* Formaruma nova fase no interior de
outrarequer a criacao de uma interface...

e ...quecontribuiparaaumentar a energialivre do
sistema.

* N3o se forma uma nova interface no interior
de outra, quando as condicdes do
sistemasaoexatamente as
guepermitemequilibrio entre as duasfases.



A equacao de Young-Laplace

 Diferenca de pressao entre as duas fases
separadas por uma superficie com raios de
curvatura R, e R,:

Ap=Y(1/R;+1/R,)
* no caso de calota esférica: Ap =y (2/R),
e a pressao é maior do lado do centro de

curvatura:
> P,



Consequéncias de Young-Laplace

e a pressdo de vapor de um liquido muda, se a sua
superficie for curva (equac¢ao de Kelvin).

e taxas de nucleacdo de vapor sao nulas, no interior de
um liquido na sua temperatura de equilibrio L-V.

e as taxas de nucleag¢do de liquido sao nulas, no interior
de um vapor na sua temperatura de equilibrio L-V.

e a solubilidade um solido aumenta, se a sua superficie
for curva (o potencial quimico aumenta).

e taxas de nucleag¢do de cristais sao nulas, no interior de
uma solug¢ao na sua temperatura de equilibrio L-S.



Formacao de bolha

 No interior de liguidonatemperatura de
equilibrio L-V, a formacao de
nucleosnaoocorreporquesignificaformar vapor
empressaomaisaltaque a do liquido.

e SO se iniciaounucleia a formacao de
bolhasemtemperaturamaiselevadaque a de
equilibrio.

— A formacao de vapor exigesuper-aquecimento.



Borbulhadores

 Criam interfaces L-V de raiogrande, reduzindo
a necessidade de superaguecimentopara a
formacao de bolhas.
— Produzemebulicaomais suave euniforme.

— Solidosporosos, tubos com gas sob
pressaopositiva.



NucleacaoHomogénea

AG, oo™ ATTYPR? — 4T1/3 [AG,, o] Vam R3

nucleo nucleo

e O tempo exigidopara a
nucleacaohomogéneaéo
tempo
necessarioparagueocorra
umaflutuacao de
composicaocriticaquepro ag=o
duza um nucleo de
tamanhocritico.

e Essetempo
aumentaexponencialmen
te coma

R (nucleus size)

altu radabﬁf,ﬁzelilfﬂa.mit.edu/3.00/Lecture 32 web/node4.html

http://pruffle.mit.edu/~ccarter/3.21/Lecture_24/



Nucleacao de uma nova fasesélida

A new mechanism for nuclei formation in suspension cristallizers:
the role of interparticle forces. R-Y Qian and G. D. Botsaris, Chem.
Eng. Sci. 52(1997)34209.

A+A=A,; A,L+A=A;; ... ;Ag_1+ A= Ag.
A distribuicao de clusters moleculares no estadoestacionariopode
ser calculadausandoargumentostermodinamicos:

n,=n, exp(-AG,/kT) parag=2, 3.....8, g,
ondeAG (4rt)1/g30 (3gV_)¥3-kT[In (1+S)]g

AG,¢ a energia de formagao do g-mero, n,e n, sdo as concentragdes de g-
merose de mondmero.

ké a constante de Boltzmann, T a temperatura, Vo volume molecular, o a
tensdo interfacial do cristal, S € a supersaturagaoeg._eonumero de
monomerosem um cluster critico.



Taxa de nucleacao

e B°=K, exp[-(g./2) In (1+S)]

e K;=10* cm3st

— Qutrasreferéncias:

— M. Giulietti et al.,
http://www.scielo.br/scielo.php?pid=s0104-
66322001000400007&script=sci arttext

— http://www.collectionscanada.gc.ca/obij/s4/f2/dsk2/f
tp01/MQ29792.pd (Tese de Mestrado, McGill)




Nucleacaoheterogénea

* Predomina, napratica.

 Nucleadoresheterogéneospermitem a
acomodacao de
moléculasemarranjossemelhantesaos dos

proprioscristais.

 Muitassubstanciasnucleiam a cristalizacao de
aguasupersaturada.

— Mecanismo:
ordenamentodaaguaadsorvidanasuperficie do
solido.



Nucleacao de chuva

e Emtemperaturasbaixas, paraformargelo:
onucleadoréoiodeto de prata.

— Macas de Santa Catarina

e Emtemperaturasaltas, usa-se
salmouraousimplesmenteaguaborrifadanaatm

osferaumida.
— O sistemaCantareira, SP



Crescimento de cristais

Qual face predominaem um cristal?

R.: A de menortensao interfacial no meio de
formacao.

Consequéncia: épossivelobter um
mesmosolidoemmuitasformasgeomeétricasdife
rentes, dependendo do
meioemauecresceram.

Habitosmudam, porrecristalizacao.



Piritaemcarvao:
crescimentoemambienteconfinado




lamellar, foliated,
micaceous, as in mica bladed, as in actinolite

W\

acicular (needlelike), radiating and globular,
fibrous, as in asbestos radiating, as in millerite as in wavellite

- mammillated, collofarm, stalactitic,
dendritic, as in pyrolusite  botryoidal, as in hematite as in cave deposits

Gy ey

large crystals

chalcedony

guartz and
hematite cement

Jeode odlitic, as in odlitic limestone

211993 Encyclopaedia Britannica, Inc.



Esferulitose "shish kebab"

http://www3.interscience.wil
ey.com/journal/122581893/is
sue

www.ictp.cnr.it/ raimo%20sample.html




Formandoesferas com planos
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Planos com indices de Miller elevados
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http://www.lps.u-psud.fr/Collectif/gr_15/Soft_Crystals.htm



indices de Miller no sistemacubico
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Crescimento de monocristais de silicio:
método de Czochralski
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http://content.answers.com/main/content/img/McGrawHill/Encyclopedia/images
/CE171500FG0020.gif



Efeitos do habito

 Capacidade de adsorcao
— Hidroxiapatita
* Velocidade de solubilizacao

— Importanteemfarmacotécnica, construcao civil...



Review - Nature Reviews Drug Discovery3, 42-57 (January 2004) |
doi:10.1038/nrd1280

Crystal structures of drugs: advances in determination, prediction
and engineering

SharmisthaDatta& David J. W. Grant

Most marketed pharmaceuticals consist of molecular crystals. The
arrangement of the molecules in a crystal determines its physical
properties and, in certain cases, its chemical properties, and so
greatly influences the processing and formulation of solid
pharmaceuticals, as well as key drug properties such as
dissolution rate and stability. A thorough understanding of the
relationships between physical structures and the properties of
pharmaceutical solids is therefore important in selecting the most
suitable form of an active pharmaceutical ingredient for
development into a drug product. In this article, we review the
different crystal forms of pharmaceuticals, the challenges that
they present and recent advances in crystal structure
determination. We then discuss computational approaches for
predicting crystal properties. Finally, we review the analysis of
crystal structures in furthering crystal engineering to design novel
pharmaceutical compounds with desired physical and mechanical
properties.
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The Effect of Additives on Glycine Crystal Growth Kinetics

Li Li, David Lechuga-Ballesteros, Beth A. Szkudlarek and NairRodriguez-Hornedo
College of Pharmacy, The University of Michigan, Ann Arbor, Michigan 48109

Abstract

The effect of d-amino acids ("tailor-made" additives) on the morphology and
nucleation of glycine crystals was studied in batch experiments, and the effect of L-
leucine on glycine crystal growth kinetics was investigated in flow cell experiments
at constant supersaturation. From dissolution and growth experiments in a flow cell
system, L-leucine was found to adsorb onto the (0 -1 0) face of glycine crystals and
to inhibit the growth of that face, modifying the crystal habit. At high L-leucine
concentrations (>8 mg/ml), the growth rate of the (010), (011), and (01-1 ) faces
was faster than that in the absence of additive. This may be the result of the effect
L-leucine has on the crystal/solution interfacial tension and on the aggregation of
glycine in solution. Oriented nucleation and growth of glycine crystals on the (0 -1
0) face were observed. This may be a consequence of multilayer L-leucine
adsorption onto the (0 -1 0) face, which provides a template for nucleation and
growth of glycine twinned crystals about the (0 -1 0) basal plane.

Journal of Colloid and Interface Science
Volume 168, Issue 1, November 1994, Pages 8-14




Efeitos de concentracao

Embaixaconcentracao de leucina (<8 mg/mL), adsorcao
de leucina impede ocrescimentoda face (0 -1 0) de
cristais de glicina.

Morfologiamuda de bipiramidal (naauséncia de
leucina) parapiramidal.

Emconcentracdes de leucinamaisaltas, a dimerizacao
de glicinaemsolucaoaumentaepromoveocrescimento
dasfases(010),(011)e(01-1).

Adsorcao de multiplascamadas de leucinaem (0 -1 0)
produz um template para a
nucleacaoorientadaecrescimento de cristaisgeminados
de glicina.



Metodologia

e Cinética de crescimento de cristais,
emsupersaturacaocontrolada
(emfluxoeembatelada). Observacao do
crescimento de
cristaisemmicroscopioinvertido.

* Incorporacao de
leucinafoimedidaemexperimentos de
dissolucaofeitos com leucinatritiada.



DOI: 10.1306/212F8D69-2B24-11D7-8648000102C1865D

Gypsum Nucleation and Crystal Morphology in Analog Saline Terrestrial
Environments

R. D. Cody, A. M. Cody
Journal of Sedimentary Research, Volume 58 (1988)

Gypsum crystals were grown in experimental conditions analogous to saline
terrestrial environments within bentonite clay gels by diffusion control at
three different temperatures, four brine salinities, and four tannic acid (a
model terrestrial humic substance) concentrations. The resulting crystals
correspond to natural gypsum formed in terrestrial environments.
Prismatic gypsum typically grew at both high and low temperatures in the
absence of the organic additive. With increasing organic acid
concentrations, the prismatic crystals progressively became flattened
perpendicular to [001], and two temperature-dependent trends
developed. At low temperatures, a hemi-bipyramidalhabit dominated by
111 faces developed, whereas the lenticular 103 dominated habit formed
at higher temperatures. With progressively greater concentrations of
organic material (100) penetration twinning developed, secondary
complex nucleation occurred near the twin interfaces, and finally, rosette
and rosette-like aggregates formed. Higher temperatures generally
favored better-formed and larger rosettes. The presence of 5% and 15%
NaCl greatly decreased nucleation density and resulted in larger single
crystals and crystal aggregates. The (100) penetration twins appear to be
diagnostic of gypsum growth in natural terrestrial sediments at a pH
greater than 7.5.



Coccolito, de coccolitophora

http://homepages.see.leeds.ac.uk/~earssh/research.shtml



Decomposicaoespinodal

e http://pruffle.mit.edu/3.00/Lecture_32_ web/
node3.html



Emregidesconcavas,
a formacap de
duasfasesemequilibr

Separacaoespinodal ioimplicaemaument
odaenergialivre.

Nucleacaoecrescimento

Emregidoesconvexa
S,
implicaemdiminui
cao.




Svmplectite Formation: Morphologies
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e Spinodal Decomposition in a Model Colloid-Polymer
Mixture in Microgravity

 A.E. Bailey et al, Physical Review Letters 99, 205701
(2007)We study phase separation in a deeply
quenched colloid-polymer mixture in microgravity on
the International Space Station using small-angle
light scattering and direct imaging. We observe a
clear crossover from early-stage spinodal
decomposition to late-stage, interfacial-tension-
driven coarsening. Data acquired over 5 orders of
magnitude in time show more than 3 orders of
magnitude increase in domain size, following nearly
the same evolution as that in binary liquid mixtures.
The late-stage growth approaches the expected linear
growth rate quite slowly.






