Propriedades elétricas

Topico importante mas complexo

Temas correlatos: eletrolitos (Fisico-Quimica de
Matéria Condensada), polieletrolitos (Fisico-
Quimica de Macromoléculas), interfaces e duplas
camadas eléetricas (Eletroquimica)

Particulas coloidais tém multiplas cargas, como
os polieletrolitos, estando imersas em solucdes
eletroliticas e sendo rodeadas por uma interface
carregada, como os eletrodos.

A Fisica basica de gue dependemos aqui é a
Eletrostatica, aplicada a sistemas formados por
muitas particulas carregadas.



The problem: electroneutrality
and charges In dielectrics

 Polymers, glasses and S e oL |
other insulators are R, TR TSR
usually considered as - g
electroneutral, at a
supramolecular scale...

 ...but they become
electrostatically charged
under various conditions.

« Which are the species
bearing charges in
charged insulators and
where are they
(microscopically)?



Do we understand contact charging
of insulators?

e ... 0ne of the earliest
manifestations of
electrical science.

e Yet reproducible
experiments remain a
challenge.

A generally agreed
upon theory of
Insulator-insulator
charging remains
elusive.

G.S.P. Castle, J. Electrostatics
1997

e “...the charging of insulators

comes from a transfer of
electrons, of ions, or of
both?”

Montgomery: always
electrons

Loeb: generally
electrons

Henry feels that the
guestion Is still an open
one.

| (Harper) am of the
opinion...that the carriers are
never electrons ... in an
iInsulator.”

Adrian G. Bailey, J. Electrostatics
2001



Electrostatic charging:
an old but still unsolved problem

“Surprisingly, although electrostatic
charging is well known, it remains among the
most poorly understood areas of solid-state
physics.”

“"Most researchers believe that insulator
charging is a surface phenomenon.”

Schein LB
Recent progress and continuing puzzles in electrostatics.
Science, 316, 1572-1573 (2007).




...Still unsolved problem

“Through the vyears many "models” or
correlations have been suggested for insulator
charging.

...correlations with dielectric constant,

...the basic and acidic nature of the materials,

...polymer “work function,”

...surface chemistry determined by measuring
the residence time of probe molecules using inverse
gas chromatography.

However, no reasonable explanation of the
effective electric field has yet emerged.”

Schein, Science 2007



Principle of Electroneutrality?

— One of the basic assumptions of chemical
thermodynamics is that bulk matter is electrically
neutral; abandoning that assumption allows us
to contemplate, for example, the free energy of
transferring a single ion from one phrase to
another.

— L.S.McCarty and G.M.Whitesides, Electrostatic Charging due to
Separation of lons at Interfaces: Contact Electrification of lonic
Electrets,

Angew. Chemie Int. Ed. 2008 , 47, 2188-2207



rMaxwellWagner effect
¢ Cost§ RibeirQ (thermodiglectric) effect

;‘ Chafje separation by elédtrosmosis,or
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The first dust explosion that was outlined in a world literature occurred in 14 December 1785 in
Italy. Turin Science Academy noticed that it was an explosion of flour dust in the centre of Turin.

According to literature all building was destroyed - reported by Rafal Porowski from HQ of SFS.
http://www.ppoz.pl/wwwold/current.htm



On electrets

* |n most cases the atomic/molecular-level nature
of electrets Is poorly understood (or, in fact, not
understood at all).

 Physics-based examination of solid electrets has
tended to stop at the observation and
characterization of the permanent (or long-
duration) electrostatic field.

http://www.electrets.org/html/overview.html (today)
Project from Harvard and Princeton



Current view: contact electrification

 Three different mechanisms

— Electron transfer for contact between metals or
semiconductors

— lon-transfer for contact involving materials that
contain mobile ions

— A new proposal: asymmetric partitioning of
hydroxide ions between adsorbed layers of
water for contact involving nonionic,

Insulating materials.

— L.S.McCarty and G.M.Whitesides, Electrostatic Charging due to Separation
of lons at Interfaces: Contact Electrification of lonic Electrets,

Angew. Chemie Int. Ed. 2008 , 47, 2188-2207
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Previous results from this
group

» Unsuspected and complex charge distribution
In any material examined by scanning electric

probe microscopies (EFM, KFM, SEPM)..

—A. Galembeck, C.A.R. Costa et al., Polymer, 42, 4845, 2001,
Galembeck F, Costa CAR, Galembeck A, Silva MCVM, An. Acad.
Bras. Cienc., 2001, 73, 495

* In latex, charge local excess derives from ion
local excess (K*, Na* and R-SO,), evidenced by

KFM and EELS-TEM
—A. H. Cardoso et al., Langmuir 14 (1998) 3187 and 15 (1999) 4447

* Electrical nanopatterns in silica, derived from

adsorbed water.

—Gouveia RF, Costa CAR, Galembeck F, J. Phys. Chem B, 2005,
109, 4631 and J. Phys. Chem. C 2008, 112, 17193.

» Paper (cellulose) acquires and dissipates
charges during water exchange with the

atmosphere.

—Soares LC, Bertazzo S, Burgo TAL, Baldim V, Galembeck F, J.
Braz. Chem. Soc., 2008, 19, 277.




Complex potential distribution patterns and large
electric potential gradients in every insulator
examined (A.Galembeck et al. Polymer, 2001)




Charge patterns of polystyrene and other “neutral”
polymers: PS-HEMA macrocrystal is actually a positive
mesh with negative particle cores

_-“' e

Langmuir 14 (1998

*-. —




Formacao de interfaces
eletricamente carregadas
Mecanismos
Diferenca nas funcoes de trabalho da fases
lonizacao de grupos superficiais
Adsorcao diferencial de ions
Dissolucao diferencial de ions



Eletricidade ao nosso redor

Estamos imersos em poderosos campos elétricos. Se e  stes
fossem visiveis, entdo mesmo a area mais desolada d a Terra
mostraria um aspecto impressionante.

Sentado no topo de um morro, vocé veria uma floresta de linhas
de forca brotando do chéo, e esticando-se até aionos  fera.

Vocé poderia observar estas linhas do campo varrendo 0
horizonte e juntando-se sob as tempestades.

O campo elétrico que rodeia a Terra € muito mais din  amico que 0s
campos magneético ou de gravidade. Vivemos sobre um oceano de
carga negativa que gera um campo elétrico de cerca de 100 volts
por metro de elevacdo. Debaixo de uma tempestade, e sse campo
pode subir a milhares de volts por metro.

As cargas que geram esse campo sao fixas, portanto nao geram
correntes elétricas. Estas surgem quando o ar (por exemplo) é
ionizado sob a acdo do campo elétrico. (Shawn Carls  on, Detecting
the Earth's Electricity, Scientific American 281 (J  ulho de 1999),

76.)



Origem da eletricidade do
ambiente

Em toda interface existe uma diferenca de potencial
elétrico, portanto ha uma separacao entre cargas
positivas e negativas, de um e de outro lados da
Interface.

Isso € demonstrado por uma das primeiras
experiéncias cientificas com que um estudante
entra em contato, que € a eletrizacdo de um pente,
de cabelos, tecidos ou outros materiais, pelo
atrito.

Por essa razao, as gotas da chuva descarregam
sobre a Terra uma enorme guantidade de carga
elétrica.



lonizacao de grupos superficiais

Na superficie de um latex que contenha p.ex.
carboxilas de poli(acido acrilico): a ionizac&o das
carboxilas libera grupos H * no meio, e deixa grupos
COO- na superficie.

O pK de grupos superficiais difere, frequentemente, do
PK do mesmo grupo em uma molécula pequena
dissolvida, devido ao efeito das demais cargas na
superficie.

No caso de carboxilas, o pK pode ser 7 em superfici es
de carga negativa elevada, ao invés de 4,5 ou 5,
COmo Nno acido aceético.



Adsorcao diferencial de ions

* A adsorcao pode ser tao intensa e especifica que
termina por vencer a contribuicéo eletrostatica:

— jons Ba 2* adsorvem em hematita, mesmo em um
pH tal que as particulas tenham carga positiva

— particulas de oleo (hidrocarboneto) em agua sao
negativas, porque a adsorcao de ions hidroxila é
mais acentuada que a adsorcéo de ions H *.

— borbulhando gases inertes em agua purissima,
em uma celula potenciométrica, observa-se uma
aparente mudanca de pH.



Dissolucao diferencial de
lons

Quando se dissolve iodeto de prata em agua até a

saturacao, as particulas de iodeto de prata
remanescentes apresentam carga negativa

Ha retencao de anions iodeto, mais que de cations
prata. O K s do Agl € 10 *°* mas as particulas sé sao
neutras quando pAg = 5,5 (e pl = 10,5), isto €,
guando ha um excesso de prata sobre iodeto, em
solucao.

Qual € a maneira correta de representar o equilibrio de
solubilidade do iodeto de prata?



Triboplasma

Formado nas operacdoes de cominuicdo ou moagem
na preparacao de coloides.

Altas densidades de energia em algumas regioes
provoca alteracOes quimicas locais importantes
formando um triboplasma.

A relaxacao termica do material leva a eliminacédo da s
espécies transientes muito reativas, mas deixa
espécies ainda ativas (por exemplo, perdxidos, em
matéria organica).

A moagem de quartzo provoca rupturas de cadeias
O-Si-O; metade dessas rupturas formam radicais
livres; a outra metade forma ions, que contribuem
para as cargas da superficie das particulas.



A equacao de Poisson-
Boltzmann

o Particula em meio liquido: positiva ou
negativa, em liquido com carga oposta
formando um sistema eletroneutro.

 Duas relacOoes fundamentais: a equacao
de Poisson, da Eletrostatica, e a equacao
de Boltzmann, da Mecanica Estatistica.



Poisson (Cont.)

* A divergéncia do vetor deslocamento
dieléetrico é igual a densidade local de
cargas .

dvD=dveE=p
Como E = - grad ¢, resulta
(T2/91%2 + 2/9y> + 712/12°) @ = - pl(gqEy).



Boltzmann Cont.

e A equacao de Boltzmann diz que a
concentracao de particulas em uma regiao
do liguido é funcdo do potencial eletrico
naquele ponto, com relacao ao seio do
liquido:

n,=nlexp (-w/kT) onde w,=zey



Cont.

 Aplicando-se a equacao de Boltzmann ao
calculo de potencial elétrico nas
vizinhancas de uma superficie dotada de
carga elétrica, obtemos a equacao de
Poisson-Boltzmann.  Esta é uma
equacao diferencial nao-linear, que nao
tem solucao analitica. Isto cria enormes
problemas, porgue nos obriga a fazermos
simplificacoes para tratarmos  de
problemas concretos.



A dupla camada elétrica

« Um modelo para a distribuicao de cargas
em uma particula.

e Particulas secas de um latex: ions sulfato
estao no interior da particula, contra-ions
de sodio ou potassio estao na superficie.

— Por outro lado, particulas em agua, migram
em direcao a um eletrodo positivo, isto €, elas
apresentam uma carga global negativa.



Dupla camada elétrica

Na superficie do latex (e de outras particulas coloi  dais):

uma parte dos contra-ions se encontra fortemente liga daa
superficie;

ha moléculas de agua imobilizadas junto a superficie, orientadas
segundo seus dipolos;

moléculas de outros solutos, ibnicos ou nao, podem e star também
fortemente adsorvidas, seja devido a interac6es dipol ares, seja
devido a ligacdes covalentes ou coordenativas;

a medida em que nos afastamos da superficie, encontra  mos agua
e ions mais livres. O excesso de concentracao de ions potassio,
no caso do latex, diminui a medida em que nos afasta  mos da
superficie, até atingir a concentracdo média no liquid 0.

A concentracdo de anions, como cloreto, € muito peque na junto a
superficie, aumentando gradativamente até atingir a co ncentracao
meédia.



Dupla @%1 de Stern ‘
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Superficie de cisalhamento

* Entre as partes fixa e difusa da dupla
camada elétrica ha uma regiao de separacao
como uma superficie de cisalhamento entre a
particula e o restante do liquido.

e Tudo que esta entre o interior da particula e
esta superficie move-se com a mesma
velocidade que a particula

e Tudo que estiver além da superficie de
cisalnamento move-se independentemente
da particula, exceto por estar sujeito ao
campo elétrico gerado por esta.



Potencial zeta

* Potencial elétrico na superficie de
cisalhamento determina a mobilidade das
particulas (sua velocidade em um campo
elétrico), obtida de medidas eletroforéticas.

e U = (2e(/3n) f(ka) € uma expressdo geral, devida a
Henry;

e U = €&(/n é a equacdo de Smoluchowski, valida
guando Kka é muito grande (forca idnica significativa e
particulas muito grandes); u ¢ = 2e(/3n é a equacao de
Hickel, valida quando ka é muito pegueno, isto €,
pequena forca idnica e particulas muito peguenas.
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http://www.cad-inst.com/images/new/zetaphorometer.jpg
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Eletroacustica

Measuring Zeta Potential
in Concenirated Colloids

The Colloidal Dynamics ZetaProbe



Zeta Potential of Concentrated

Colloids

Colloidal Dynamics ZetaProbe

ZetaProbe
Features & Benefits

No sample dilution
samples up to 60% volume

Patented, multi-frequency
Electroacoustic technology

Automatic titrations

Fast, accurate IEP
determinations

Rugged dip probe sensor
Easy to clean
Measures pastes & gels

Automatic correction for
particle size effects

Bottom axial stirring
handles high viscosities



Particle charge

* Colloidal particles are electrically charged

 The charge can be controlled by various
means, including pH adjustment

e Each particle Is surrounded by a diffuse
cloud of ions of opposite charge



The Zeta Potential

™

particle

@®/counter lon
@

( potential measured her

Decay of potential in the
diffuse double layer

Electricali |
Potential ;

. Distance >



Thickness of the diffuse layer

» Diffuse layer thickness « -1 given by

L 10
K  =—1Mm

Je

where c Is electrolyte concentration in mM

Thuskx-1=10 nm for 1mM salt, and 1nm for
100mM salt



The importance of ¢ potential

e Zeta potential affects
—rheology
— filtration/ dewatering
— shelf life
— colloid stability

—and zeta Is a measure of the surface
chemistry (eg the type of coating on the
particle)



Inter-particle force depends on (

Interparticle force

‘ Van der Waals attractiorjri

Total force]
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The importance of ¢ - cont’d

If ( too small(< 25mV), particles flocculate, and...



Zeta Potential (cont’d)

This affects:

eStorage properties

Low { open floc structure Moderate { dense structure
Easily redispersed Difficult to redisperse




Zeta potential- cont’d

* Rheology flowing suspension turns into a paste at
low zeta

e Particles form elastic networks



Zeta potential- cont’d

e The porosity and strength of floc affects
filtration and dewatering

Filter clothj
‘%L/




Controlling zeta potential

Zeta vs pH for AKP3 alumina in KCI
100 The “isoelectric pointlEP)

80 -

60 -

40 | ¢ 0.001M
in 200 = 0.01M
SRR ‘ 0.03M

-20 § 2 4 | 4 01M

-40 -

-60 -

-80

sk IEP =95

o Zeta depends on pH and electrolyte
concentration, surfactant, polyelectrolyte...



The Trouble with Dilution

 Most devices for measuring size and zeta
only work on very dilute colloids

e S0 most samples require a lot of dilution

e Dilution Is time consuming, and you can
easlly alter the zeta potential by the
dilution.



The problem with dilution

 Example: Alumina sample diluted with DI
water

30 I pH ,—li
20 - |
10

0

-10 )} Zeta 20 25

-20

| «

—=m—Zeta
¢ pH

mV

o N i o

Dilution changed zeta from -15 to +60 mV.



Why did dilution alter zeta?

Zeta vs pH for AKP3 alumina in KCI
¢ 0.01M
100
2 = 0.1M
60 C
40 - iluti
ﬁDllutlon path | .\,
> 20 — 7 \\ .
E 0 T T ‘!:\ _ N
20 4 6 8 = F—3 —x 1.0M
-40
g’ | e dilution
-80
pH

« Because both pH and ionic strength
changed.



Trouble with dilution- cont’d

 The very dilute samples are easily
contaminated by surface active materials

Effect of contamination on
zeta potential & IEP of Ceria Samples
120

1
—&— Cationic surface contamination
100 -

—m— Clean material

80 -
60
40
20

Zeta Potential (mV)

2
-20 -

-40 A
-60

pH




Medindo sem diluir

* A técnica eletroacustica permite
gue se meca potenciais zeta, sem
diluir.



Electroacoustic Measurement

Technigue
Acoustic D
delay line D B B ]
m‘@m  Applied voltage across
e colloid generates
LN soundwaves
(O )
S an e From soundwaves
e m! dynz_imlc mobllltyof
=l " particles is calculated
Piezoelectric 3 Dl B D

transducer

Colloidal Dynamics 51



Measuring ESA in the
ZetaProbe =

Electric field applied
across this gap

ESA measured on
internal transducer

 Probe sits in bottom-stirred
cell




Dynamic mobility

Np‘pmbdﬁeld E cos(ud) F
Mrticle velocityV cos@d-¢)
|

Dynamic mobility//is complex quantity
mag( )=V/E,arg )=




Getting dynamic mobility from
ESA

Instrument Particle vol
factor fraction
L5 4 "~ P

ESA= Aw) 7,

Z, T 7, P
Acoustic iglnveitm
impedance Particle Sity

factor density




Why Is ESA linked to zeta?

- -

>

Q@ Il
< >

The bigger the faster the particle moves, and so they emit
stronger sound waves




Why Is ESA linked to size?

I /

< > Bigger particle has lower velocity,
and it lags behind the field

ki

So the phase lag in the ESA
IS related to particle size




Typical mobility spectra

Mobility Spectrum of 300 nm silica slurry

Mean Mobility Spectrum

Mean Mobility Arg. [degrees|

Mobility Mag. [ m~2.vA-1.s"-1.10e-8]
w

0.0 5.0 10.0 15.0 20.0 25.0
Frequency [MHz]




Getting size and ¢ from mobility

4= | 4, (a,9) p(a) da

* Where k4, Is theoretical mobility, a known
function of size and (

e p(a) Is particle size distribution function.

 We adjust p(a) and ¢ to get best fit of
mobility spectrum



Mobility Spectra of several silica
slurries

Smoluchowski donductivity
Slurry Wt % solids Zeta Potential Zeta Potential Ka S/m pH
Nissan 0.3 micron 6.4 -94.3 -76.9 49.1 0.1177 10.23
Geltech 1.0 micron 5.7 -106.6 -66.9 77.7 0.0343 10.45
Klebesol 30N50 29.7 -69.8 -38.4 22.8 0.2888 11.31
Cabot SCE 17.6 -30.2 -16.9 2.8 0.0283 5.97
Mobility Magnitude Spectra Mobility Argument Spectra
Compare several silica slurries Compare several silica slurries
5
7
: 0 +—Mnnpo o —p & & -
é"! 6 '-..\_\‘\-\-\ ik
57 o |
?}) 5 .‘ - g -10
‘_.i \.\l\. ) -15 -
e 5, ‘\'\-\
o S 2] \\ —
E. 3 il < g ———=n
g 2 kS -30 e\’\
£ OOOO—O—0— 00— = -35 \‘\\‘\
3 14 I
(] -40 1
=
0 T T _45 ,
0.0 5.0 10.0 15.0 20.0 0.0 5.0 10.0 15.0 20.0
Frequency [MHz]
Frequency [MHz]
—a— Nissan 0.3 Micron —e— Cabot SCE —=— Nissan 0.3 Micron —e— Geltech 1.0 Micron
—e— Geltech 1.0 Micron Klebesol 30N50 —a— Cabot SCE Klebesol 30N50




Advantage #3 —particle size

« With the ZetaProbe you don’t need to enter particle
Size
* In most colloids Dynamic

4
Shalle
H= (a)

Inertia factor G(a)
depends on radiuws

 To getl from measured Dynamic Mobility, must know
Inertia factorG(a)

* Inthe ZetaProbe wmeasure G directly

 The other electroacoustic zeta potential deviegsire the
user to enter particle size



Measurements In
Concentrated Systems



Spectra for dilute and concentrated silica

Mobility Mag. [ m"2.vA-1.s"-1.10e-8]

Mobility Magnitude Spectra

~

i

/

S

N

|

[ay

o

0.0 5.0 10.0 15.0
Frequency [MHz]

‘+ 6.3 wt% silica —m— 39 wt% silica ‘

20.0

Mobility Arg. [degrees]

-15

-20

25 4

-30 -

Mobility Phase Angle Spectra

-10

~

0.0

10.0

Frequency [MHz]

‘+6.3 wt% silica —m— 39 wt% silica ‘

20.0

Dynamic Mobility in a concentrated slurry is nbetsame as a dilute slurry
Particle-Particle interactions lower particle v@tg and phase shift

Concentrated spectra look like smaller particlgatter mag spectra and less phase lag
O’Brien’s theory used in ZetaProbe corrects fas #ffect to give accurate zeta potentials




Experimental procedures

e To test the measurements, need to make
up samples in which zeta and size stay
constant as concentration Is varied.

« This involves diluting concentrated, thin
double-layer systems and keeping the
background electrolyte the same.



Supporting evidence- a careful

Dynamic mobility (IO8 X mz\/‘ls*l)

3

dilution

'I*ITI(p:O.O3|'|'I'_
f\ JOAEMHZ_

- AKP-30 ALO,

1 l '

| S T

4

5 6

sell & Scales

Dynamic mobility
drops due to particle
Interactions in conc
colloid, but...



Supporting evidence -cont’d

e Alumina study by Johnson, Russell & Scales- cont’'d

Electroacoustic potentials are

wop——————————  the same for these suspensions
o i from 3 to 30 volume%
60 7
. -; S
z  wf : Solid line is data from
S0 1 | DC electrophoresis data- usin
ot O’Brien & White mobility formul
-400
-60;‘ AKP-30 ALO,

gyt B LD B ROER L Note: suspensions were diluted
3 4 5 6 7 8 9 10 11 12 13 .

with true background
electrolyte - safdoesn’t change

pH



Shear Yield Stress (Pa)

Rheology depends on zeta

600

S00[

300
200[

100}

0

1

LB DL NN B NN RN EEE

AKP-30 ALO, 1

12

Alumina study by Johnson,
Russell & Scales- cont'd

*Max yield stress
Tymay at [EP

ymax

Shear stressry
Increases withg



Rheology vs zeta- cont’d

2 [ U R
AKP-30 ALO, { e Curves all collapse onto

straight line vg?

1.0
e 1 * So from AcoustoSizet

HE - 1 you can predict floc strength
L0 i
-  Also relevant for filtration

0.4 :

and dewatering
0.2 ]
0.0
0 S00 1000 1500 2000 2500

£* (mv?)



Concentrated emulsion example

o Zeta potential vs concentration
 Emulsion diluted with  true supernatant

-130

Zeta (mV) -110 -
\-90 .
-70 A
50 |
30 |
-10 A

50% 40% 30% 20% 10% 5% 2%
Volume fraction

Dilution of a 50 vol% sunflower emulsion (Kong et §



ZetaProbe Advantage:

automated titrations

e Fast and accurate titration
measurement

Zeta Potential [mV]

-20 -

40 -

-60

ZetaProbe Potentiometric Titration for Ceria

60

40

20

0

0 2




Optimizing Dispersant Dose

Zeta Potential vs polyelectrolyte
concentration for alumina slurry

Zeta Potential (mV)

-50

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

ml of Darvan C added




Optimizing additive dosages

« Addition of Darvan C
polyelectrolyte to Alumina
as function of pH

o Zeta depends on pH and
polyelectrolyte
concentration

« When zeta depends on
more than one parameter-
manual titration would be
very time consuming

* With the ZetaProbe,
complete surface
characterization can be
completely rapidly




Monitoring non-ionic polymer
adsorption

« Nonionic polymer on silica

e Zeta drops because hydrodynamic slipping plane moves
further from particle surface

Used to monitor
addition endpoint

0

-10

-20

-30

-40
-50
-60

-70

Zeta Potential [mY¥]

0 10 20 30 40 50
Total Titrant Added [mL]




Studying particle coatinas

_ o 2 _ \ Aluminium Chloride
Coating Titania with Alumina concentration (mM)
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lep changes with alumina coating; hence, iep
can be used to monitor surface coating



Summary

 The ZetaProbe is a fast and powerful tool
for zeta potential measurements and
surface chemistry characterization

 The abllity to measure directly In
concentrated samples ensures accurate
zeta potential values

e Automated titrations provide enormous
productivity advantage over traditional
optical methods that require dilution



Dieletroforese

 Descoberta por Pohl (1950). Reviveu 50 anos depois, pela sua
capacidade de manipular particulas e células.

* Movimento translacional da matéria neutra causado por efeitos de
polarizacao em um campo elétrico ndo-uniforme.

— SO0 é observado em campos nao uniformes.

— Nao depende da polaridade do campo: pode ser observada em
AC ou DC.

— As particulas sao atraidas para regides de campo mais intenso
guando sua permitividade € maior que a do meio em gue estao
suspensas. Quando a permitividade do meio excede a das
particulas, estas vao para regido de campo mais baixo.

— E mais facilmente observada em particulas com diametro entre
1 to 1000 ym. Acima de 1000 ym, predomina a gravidade;
abaixo de 1 ym, predomina o movimento Browniano.

« FendOmenos associados: eletrorota(;ao e onda V|ajante.



Separacao sem canal de bioparticulas em um chip
eletrbnico atraves de dieletroforese.

Classificacao:

C12N 13/00: Tratamento de microorganismos ou enzimas com energia
elétrica ou ondular, por ex., magnetismo, ondas sbnicas
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Nanomotor dielétrico
Concept for a nanomotor

270°
nanoparticle

nanotube

@_

o

Fig. 7. Concept for a dielectric nanomotor, The electrodes are the stator, the
nanoparticle in the center the rotor,

http://nano.ece.uci.edu/papers/singlemolecule.pdf



