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Lecture Plan

April 11, Introduction and Physical chemistry

April 18, Nanoparticles and colloids in our daily experiences
April 25, Nanoparticles and colloids in our daily experiences
May 9, Dispersion and aggregation of particles

May 16, Dispersion and aggregation of particles

May 23, DLVO theory

May 30, DLVO theory

June 6, Theory of monodispersed particles synthesis

June 13, Liquid-phase synthesis of functional nanoparticles
June 20, Liquid-phase synthesis of functional nanoparticles
June 27, Environmental catalysts

July 4, Adsorption phenomena and catalytic reaction

July 11, Catalyst preparation methods

July 18, Catalyst preparation methods

July 25, Summary
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Basic Knowledges
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Invitation to
Colloidal Chemistry
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What is a Colloid?

» Colloid in physics and chemistry dictionary

» We can say, it is in a colloidal state when it is
dispersed as particles larger than atoms or small
molecules that cannot be seen by ordinary light
MICroscopy.

» Colloidal particles themselves are difficult to
define, and only when they are in a dispersed
state can be defined as a colloidal state.

» Then, what is different from the dissolution of
macromolecules?
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» Colloids exhibit properties common to dispersed systems.
For example, colloids develop colors and scatter light by the
Tyndall phenomenon.

» Especially when the dispersion medium is a liquid, it is also
called a colloidal solution. Specific examples include foams,
emulsions, gels, suspensions, and the like.

» Colloids formed from two permanent phases in this way are
also called phase colloids. It is used in contrast to molecular
colloids, in which the macromolecules themselves become
the dispersed phase and are permanently dispersed in the
dispersion medium of another phase.
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» Butter, milk, cream, fog, smog, smoke, asphalt, ink,
paint, glue and sea foam are colloids.

» The field was founded by Scottish chemist Thomas
Graham in 1861 and is called colloid chemistry. Today,
it is developed as surface chemistry.
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» In general, dispersoid colloidal particles universally possess
interparticle van der Waals attraction, which is the sum of
intermolecular forces, synonymous with surface tension.
On the other hand, a potential difference exists on the
surface of the dispersoid particles due to the difference in
composition and polarity of the solvent, and a diffused
electric double layer is formed by counterions having the
opposite sign to the surface potential. Particles of the same
type have the same type of counterion bilayer, so when the
particles approach each other, the bilayers overlap, and the
entropy effect derived from ion diffusion generates an

osmotic repulsive force, preventing particle aggregation

and stabilizing the dispersion system. (DLVO theory),
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» According to the DLVO theory, when an ionic substance is added
to the dispersion system, the ion concentration in the bulk
solvent increases, and the ion concentration in the electric
double layer decreases (closer to the bulk solvent), resulting in
an osmotic pressure ( repulsive force) is weakened, and the
cohesive force due to the van der Waals force between particles
IS predominantly expressed. The resulting aggregates are also
called coagulations. In general, the stability of colloidal
dispersions increases with increasing temperature. As is clear
from the definition of osmotic pressure, the higher the
temperature, the greater the molecular motion of ions and
solvents, and the greater the width of the electric double layer
and the greater the potential difference, resulting in an increase

in the repulsive force term.
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» Colloids that use water as a dispersion medium are
classified into hydrophobic colloids, which easily precipitate
when electrolyte is added, and hydrophilic colloids, which
do not easily precipitate. Hydrocolloids, like hydrophobic
colloids, have a surface charge and are coordinated by a
large number of water molecules due to hydration
(solvation). Some hydrocolloids surround hydrophobic
colloids to prevent coagulation, and such colloids are called
protective colloids. In some cases, the protective colloid is
stabilized by adsorption of protein or the like on the surface,
changing the surface potential.
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The concept of molecular colloid

» The concept of molecular colloids exists when macromolecules are
In solution.

» For example, aqueous solutions of salt (NaCl) and sugar (sucrose =
sucrose) both become homogeneous solutions and are not
molecular colloids at this point.

» When monosaccharides such as glucose undergo polymerization
and become macromolecules, they are no longer aqueous solutions
but molecular colloids.

» The boundary between the solution and the colloid disappears.
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Colloid

Molecules gather. together to form grains
that cannot be seen with an ordinary
microscope, and exist in a floating state.

Dispersion and Aggregation

The floating state is “dispersed’’, and the
unstable and clumped state is ‘‘aggregation’’.

COLLOIDS IN LIFE

Let's take a look at the colloids around us




Particle classification by particle size
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Tyndall effect, Tyndall scattering

» A phenomenon in which light is scattered mainly by
Mie scattering when it passes through a dispersion
system, and the path of the light appears to shine
even when viewed obliquely or sideways.

» It was discovered in the 19th century
physicist, John Tyndale

by British

» The intensity of Mie scattering is maximized when the

particle size and wavelength are near

» Since the intensity of Mie scattering ¢
particularly depend on the wavelengt
whitish in the case of sunlight.
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Let's take a look at the colloids around u

» Focus on colloidal dispersion and aggr
»What is "dispersion"?
»What is "aggregation”?

|

»The key to controlling "dispersion" and .
"aggregation" is zeta potential!
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There Is an electric charge of several tens of mV on
the surface of all “matters*
( "Surface potential” or "Zeta potential® )

It's on your face, on your desk, on your foam, on everything!

What is the theory behind this?

What is the essence of particle dispersion and aggregation behavior?




Zeta potential

» Zeta potential is a unique physical
character of each material.

» Zeta potential changes with pH of
aqueous solution.

» Zeta potential is a clue for
dispersion/aggregation.

» Low zeta potential usually results in
aggregation, called homocoagulation.
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Zeta potential

@ + ¢
0 Slip plain
A
S o: / o
Q2 © : :
0/°C 0 Zeta potential at slip plane
e B Zeta potential
Negative charge c_>u‘i . Diffuse layer : Diffuse layer
onthesurace  §——————=  Diffuselayer Particle surface, _ y >
e : .Surface potential : 8 .@ ‘\ © . @
' :‘Zeta otential . Q i 9 -
Potential p N C Q @ ®
0 - Q 9 ! . 9
Distance from the surface - @ B o ® .
@ * 9,
Slip plain ‘.0 @ ! - @
A

Fixed layer Sl plain

M FERIEE  2023/5/9




© Electrophoresis
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Zeta potential as a function of pH
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What can we learn from zeta pote
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Tea, black tea, and coffee are coII0|ds
Zeta potential of coffee bean particles
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Let's take a look at the colloids around u

» Focus on colloidal dispersion and aggr
»What is "dispersion"?
»What is "aggregation”?

|

»If "dispersion” and "aggregation” can be_
controlled, colloids can be manipulat
freely.
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Beppu Sea Jigoku
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fhat is the cause of: this blue hot'spring?
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» Conventionally, it was ARE L . R
considered to be the blue color ™ = = ™=
of ferrous sulfate (officially still) w7

» However, upon component R g

analysis, there are almost no van amsonens
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» why is it blue?

» In "Kanwaen" near Umi Jigoku,
color is paler.




Blue = Silica colloid

» This silica colloid was so small
that it looked like a solution.

»smaller than the wavelength of
light.

» Could it be explained by the
scattering phenomenon of light?
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TEM photo of the silica colloid




SiO,(silica) fine particles

» It was found by X-ray analysis that the
particles were amorphous.

» FT-IR analysis revealed that it had a SiO?2
(silica) composition.

» Since spherical silica particles are
synthesized by hydrolysis in a high alkali
region, it is presumed that they are
produced deep underground at high alkali
and high temperature.
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Why is it blue?

» It can be explained by the concept
of Rayleigh scattering.

» The smaller the particle size, the
easier it is to scatter short
wavelengths, namely blue.

» Blue light is scattered by silica of
several tens of nanometers or less
—Suspension turns blue
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Size parameter a is

td a < 1 Rayleigh scattering
2 a =1 Mie scattering

a > 1 geometric optics approximation

Rayleigh scattering coefficient kg

2775 (mz _ 1)2 d®
ks == TTL

m2+2/) 24

n:particle number, d:particle diameter,
m:reflection constant, A:wave length
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Silica colloids in Beppu sea hell

n -9 --

”/n/ was the silica colloia
~ responsible for the blue color
maller than the wavelenginsof;
light?
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Why were the silica particles smaller than the wavelength?
That's because it didn't aggregate and was stably dispersed in water!

Isoelectric point of oxides

depending on crystal plane, structure, etc.
The isoelectric point is the pH at which the
» SIO 5 2~3 zeta potential becomes 0 (zero).

» TIO,  6~8 PH 7

» Fe;O0; 6~8
» ZrO, /~9 /\\
» ALO;  7~9 s \ \ pH

» MgO O~11

Zeta potential (mV)
?

pH of Umi Jigoku hot spring water : 8~9
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Aggregation and precipitation
of silica colloid
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Milk

et NGERE.. .. A
Nutrient energy value Cow’s milk Human milk

Protein (% of energy) 3.25 1.42
Fat (% of energy) 3.61 3.64

fjges Lactose (% of energy) 4.88 6.71
BN Cascin (% of protein) 2.51 0.37
Whey (% of protein) 0.57 0.76
pr— Energy value (kcal/g) 674 677
Vitamin A (ug/100 ml) 35.2 60
Vitamin D (ug/100 ml) 0.29 0.01
Vitamin E (ug/100 ml) 113.5 0.35

Vitamin C (ug/100 ml) 1530 380

K (mg/l) 1204 491

Na (mg/1) 504 15

Ca (mg/l) 1287 35

P (mg/l) 996 15

Mg (mg/l) 134 2.8

VNN
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Milk is an O/W emulsion

oil
|HH| ‘ %ant
O/W emulsion W/O emulsion

P
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Zeta potential (mV)
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Comparison of particle size distribution of vari
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a)
b)

Fresh regular milk

Milk left indoors was
changed as creaming.
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water Salad oil




Water Soeap Salad oil







Without soap With soap




Let's take a look at the colloids around us

» Focus on colloidal dispersion and aggre
»What is "dispersion"?
»What is "aggregation”?

|

»Tofu is a prime example of a aggregt
product!
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IS8R RIBERESDWeb http://www.spa-u.net/shopping.html?cate=3

Ureshino specialty! Hot spring tofu

T
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The secret of Ureshino Onsen tofu

OThe relationship between Ureshino Onsen and

Why does boiled tofu dissolved in
Ureshino Onsen water?
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Tofu

The isoelectric point of normal soybean protein is
about 4.5 to 5.0.

0 Over pH 5: —
0 Below pH 4.5 : +

+
pH of household water
05.0~6.0 1
Homoaggregation near i
s_‘l,_l 5 pH
the isoelectric point

They disperse when the pH is raised.
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Tofu is a product of rapid aggregation.
-

The main ingredient of nigari, which is used to harden
tofu, is magnesium chloride with a small amount of
magnesium sulfate.

Magnesium and calcium dissolve as divalent cations.

The sulfate ion of magnesium sulfate is a divalent
anion.,

INn general, when substances aggregate, there is a
certain trigger. This is called rapid agegregation, and the
trigger is electrolyte ions, that is, salts.

When you make butter from milk, you use salt, and it's
the same.
R F & UL 2023/5/9



Tofu is a product of rapid aggregation.

e
In aggregative sedimentation, divalent and
trivalent ions are overwhelmingly more
advantageous than monovalent ions for
obtaining the same aggregates. The effect is
inversely proportional to the sixth power of the
ion valence.

In other words, magnesium ions have the power
to aggregate 6 times, that is, 64 times more
than sodium ions even at the same
concentration.
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Ingredients of Ureshino Onsen
I

Ureshino Onsen is a sodium-bicarbonate-chloride spring. It is a weakly
alkaline spring (pH7.5-8.5), and the sodium ion content is about 400-

500mg in 1kg of sample.

Since the amount of calcium and magnhesium that coagulates tofu is
small, the tofu is dispersed due to the pH effect.

This is nhot the decomposition of proteins, as is generally said, but a
physicochemical phenomenon called “dispersion”.
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Colloids in life

The concept of
colloidal surface
chemistry is also

included In
"Udon"!

The amount of salt used
for Sanuki udon is 3% or
more of the flour.

Udon
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Sanuki Udon
-
The fabric is stable and does not sag too
much.

Wheat flour can be kneaded in fresh water to
form gluten, but salt water produces stronger
gluten.

This is called the astringent effect of salt, and it
becomes the base of the udon noodles.

The salt helps keep the dough from getting mushy

if it's ripened for the right amount of time.
A FERIEE 2023/5/9



Let's take a look at the colloids around u

» Focus on colloidal dispersion and aggr
»What is "dispersion"?
»What is "aggregation"?

|
~Next is whiskey.
~It’s distilled, so it shouldn’t be a colloi
I..But scattered! Why!
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The Tyndall |

phenomenon .
also occurs P (
in green tea
with a green
v laser. Same
as this!
—
\
|

The o gurrence of the Tyndall
45 phenomenon with green fasers indicates

N the existence of nanoparticles of the order
2023/5/9 of 100-300'nm or something of that size.




What is the cause of "mellowness"?

We hypothesized that the increase in the mellowness of
whiskey with aging time might result in the masking of
ethanol due to the formation of a three-element structure
consisting of water, ethanol, and barrel-derived
components, thereby reducing alcohol stimulation.

In addition, it was thought that the reason why it takes
time for aging is that it takes time for the formed structure
to stabilize.

This was explicated at SPring-8

© PV —Fa—r\)A ) R—Yavty =) PR i1iEh, 2014A1522, BLA0B2



63

1 04 | (Structures over] spri“g's

100nm size J i Small-angle X-ray scattering

......... e measurement method(SAXS)
Before aging

L

Aging process:

N = Yamazaki 12years - Time elapsed = Ingredients
o : derived from barrels = Elution into
O Yamazaki 18years
1 03 ................... 5&%’ .................. years whiskey

- Ingredients derived from barrels
=Low molecular weight, about 1 nm

Yamazaki 25years

L IIIIIE

Micelle formation:
/ Some of the low molecular
10° componens

: AN = Forms micelles with the
hydrophobic portion on the inside and
the hydrophilic portion on the outside
>100 nm size
- Incorporation of many ethanol
molecules and hydrophobic

L

uollelpel U0J10JUdUAS 4O AllSuaiu|

= 1 111 ] P S N \I components
-1 0 1 nm = ltis possible to suppress
1 O 1 0 molecules stimulation as a taste
small angle scattering vector from barrels | "The cause of the mellowness!"

q (nm™)
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Micelle formation:
Some of the low molecular components

= Forms micelles with the hydrophobic portion on the inside and the hydrophilic portion on the outside

>100 nm size

- Incorporation of many ethanol molecules and hydrophobic components
= |t is possible to suppress stimulation as a taste

"The cause of the mellowness!"

Hydrophilic group

Ingredients derived from barrels
=> Elution into whiskey

{68 | . [dddd

A

E*EIL«’/

BELMEL BEHNEN

s EBRBEEACETTEEETS
20BHDhchtma s aEETS (LU

=>Low molecular weight, about 1 nm Self-assembly
in water
X
Hydrophobic group

Regarding the number of associations, there is no
particularly preferred value, which is determined by
the balance between hydrophobic and hydrophilic
groups.
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Let's take a look at the colloids around u

»Focus on colloidal dispersion and
agdregation!

»What is "dispersion"?
»What is "aggregation"?

»The keyword to controlling
"dispersion” and "aggregation" is the
zeta potential!

WHFERALE
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There is an electric charge on the
surface of all the materials.
(It is called "surface potential® or
"zeta potential”)

I+'s on your face, on yvour desk, on your
foam, on everything!

What is the theory behind this?

What is the essence of particle dispersion and aggregation behavior?




© Electrophoresis

=

=
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"Negative electrode =
7 2=

Particles with the same negative charge are
moving to the positive electrode.
+ + —
Electric field +
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+  Electrophoresis
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Zeta potential as a function of pH
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= L stebi
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Rl . : . . = Zeta potential and dispersion
pH
Unstable = Stable
coagulation Dispersion
e €
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e
Zeta potential = low high
@ Particle
@ Fixed layer
& Diffusion electric
double layer
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What is electrokinetic phenomenon?

A so-called electric double layer is formed at the phase interface
of substances in the liquid phase.

An electric double layer is approximately represented by two
electric layers with different signs, like a capacitor.

However, since one layer has the property of being diffusively
movable (diffusion layer), only one layer has the property of
deforming when subjected to external mechanical stimulation.
Due to this property, the motion of the electric double layer is
always accompanied by electrical strain. The phenomenon
caused by this electrical strain is the electrokinetic phenomenon
(Electrokinetic Phenomena).

The following electrokinetic phenomena are generally known.

Electrophoresis, electroosmosis, streaming potential, zeta potential
rorheological effect, oscillating potential

AL S b=
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Electrokinetic Phenomenon ~Electrophoresis~

» Suppose that a DC electric field E is applied from the outside
parallel to the solid-liquid interface with an electric double layer
on the solution side. Since the solid surface is stationary, a
laminar flow on the solution side causes a distribution of
velocities along the interface. Now, assuming a microcube in
the solution, the electric force and the viscous force acting on
the cube must balance in the steady state. If the average
charge density in the cube is p, the electric force is pE, which is
balanced with the viscous force (nd?u/dx?) in the steady state
(S| unit system) (equation 6).

Vi &y A =5 =4



Velocity HF:) When laminar flow occurs on the
0 l/k

& solution side, a velocity distribution
| occurs along the interface.
Now, assuming a microcube in the
/ solution, the electric force and the
viscous force acting on the cube
must balance in the steady state.

Particle

o

Potent}él ',V(Jf)

Mobilty {7, 1
0

Electrolyte solution [}
u(x)=-U(1-e*)

________________ dzu
I pE=n

2
Electric field E dx

Particle Electrolyte solution

surface
charge

YX)= Yo e™
density, p
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Electrokinetic Phenomenon ~Electrophoresis~

» Suppose that a DC electric field E is applied from the outside
parallel to the solid-liquid interface with an electric double layer
on the solution side. Since the solid surface is stationary, a
laminar flow on the solution side causes a distribution of
velocities along the interface. Now, assuming a microcube in
the solution, the electric force and the viscous force acting on
the cube must balance in the steady state. If the average
charge density in the cube is p, the electric force is pE, which is
balanced with the viscous force (nd?u/dx?) in the steady state
(S| unit system) (equation 6).
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Electrophoresis and zeta potential

» U (u=VI/E) is the relative velocity of the interface or particle and solution, i.e. the
electrophoretic mobility. After substituting Poisson's formula into this relation and
rearranging it, the following formula is obtained by integrating both sides twice.

The potential in the diffusion layer is obtained based on Poisson's equation.
2 2 2
0 0
oy + d + V__ P

ox*  dy’ 0z’ £.&,

Ay =div (grad ) =

&+ Dielectric constant of solution
&- Dielectric constant in vacuum

p- Charge density
iy oL s EXV3



Smoluchowski formula

» Electrophoretic mobility, 7 = V/ E is represented by

%=<808r/77>C .......................................... (8)

» Where n indicates viscosity. Also, in equation (8), the surface potential g,
Is replaced with the zeta potential . This equation is called the
Smoluchowski equation and is the most widely used electrophoretic
equation. Although this formula was derived for flat plates, it can be
applied to spherical particles where the particle radius (a) is larger than
the thickness of the electric double layer (1/k) (a>1/k, or ka>1). It can
also be used for cylindrical particles with large radii. Furthermore, it can

pe said that it is a very useful formula because it can be applied to large

particles of any shape.

» In particular, in water at 25°C (¢, = 78.5, n = 0.89mPa), it can be
ssed as follows. C=12.8 u(mV)

WAL F & S

2023/5/9



Hiickel formula

» The second method is to think of the external electric field as “acting on a
point charge”, which is the opposite limit of the Smoluchowski equation,
.e., the limit of small particle radius a or thick double layer (a K1), which
is called Huckel's formula.

» Like Smoluchowski's equation (8), Huckel's equation does not depend on
the particle radius, a, but differs in that it has a factor of 2/3.

Vi &y A =5 =4



Henry formula

» Henry thought about this contradiction as follows. The Smoluchowski
equation takes into account the distortion of the electric field due to the
presence of particles (the electric field acts parallel to the interface),
whereas the Huckel equation ignores the distortion of the external
electric field due to the presence of very small particles. . This distortion
of the electric field is strictly treated as a function of ka, and the effect
(retarding effect) due to the movement of counterions in the liquid flowing
in the opposite direction, rather than the particles migrating in the
stationary liquid, is also considered. and derived the following equation.

> = (808r/77>é:'f(lcd) ................................. (12)
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Henry coefficient

» The function f(ka) is called Henry's
coefficient and expresses the degree
of distortion of the external electric field
due to the presence of particles. Here, TEVKEBEEO N
when ka — 0, f=2/3 and the Henry

equation becomes the Huckel equation. . Gu

» Conversely, when ka —, f=1and [ e
the Smoluchowski equation is obtained, PR
and in this limit the external electric peliheg TTSTp—
field is completely distorted. The — |
intermediate values of ka are shown in T 23080

the figure on the next slide.
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Relaxation effect

» One problem still remains in the relationship between electrophoretic mobility
and { potential. It is a well-known relaxation effect in the theory of electrical
conduction in strong electrolytes. It is the effect that the opposite electric force
acts on the particles because the double layer is deformed by an external
electric field and becomes asymmetric.

» a) In colloidal electrophoresis with a  potential of 50 mV or less, the relaxation
effect is negligible.

» b) In colloida

effect is small.

» ¢) In colloida

systems satisfying ka > 1 or ka < 1, the effect of the relaxation

systems with 1 < ka < 100 and a ¢ potential of 75 mV or more, u

Is greatly affected by the relaxation effect, making it difficult to estimate the (

potential from the value of u.
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Electrophoresis measurement

» A major problem with performing electrophoretic measurements in thin glass
cells is the electroosmotic effect that occurs on the glass walls. Since the glass
wall is negatively charged with respect to the aqueous solution, the solution
flows due to the electroosmotic effect when an electric field is applied, and this
flow u,., is superimposed on the true electrophoretic mobility, u, of the colloidal
particles. That is, the apparent particle migration mobility, u, ., observed under a
microscope and u are related as follows.

uapp = 9 + gy ©* 00 (14)

» Uy, Varies parabolically with cell depth h and is given by the following equation
when k = (cell width/cell depth)>>1.

2
%osm:% <%_1> .................................. (15>

b : 1/2 of the cell thickness, uj is the electrophoretic mobility at the wall surface (h = =b)

app’
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Electroosmotic flow curve Negative charge inside the cell Electroosmotic flow
- Quartz cells are generally used as measurement cells.

The isoelectric point of quartz is 2 ~ 3, and the

2 a8 a
........................... i surface of the cell is usually negatively charged.
X N There are many ions.
Stationary level When a voltage is applied to the cell, the positive ions
................................... -./ . Positive near the cell wall are pu”ed toward the cathode and

electrode

move, creating a flow. Since the cell is normally a
closed system, the flow in the vicinity of the cell wall
is circulated, and the flow in the opposite direction
occurs in the vicinity of the cell center.

This flow inside the cell is called electroosmotic flow.
e e e ) e
P




Electrophoresis measurement

» A major problem with performing electrophoretic measurements in thin glass
cells is the electroosmotic effect that occurs on the glass walls. Since the glass
wall is negatively charged with respect to the aqueous solution, the solution
flows due to the electroosmotic effect when an electric field is applied, and this
flow u,., is superimposed on the true electrophoretic mobility, u, of the colloidal
particles. That is, the apparent particle migration mobility, u, ., observed under a
microscope and u are related as follows.

uapp = 9 + gy ©* 00 (14)

» Uy, Varies parabolically with cell depth h and is given by the following equation
when k = (cell width/cell depth)>>1.

2
%osm:% <%_1> .................................. (15>

b : 1/2 of the cell thickness, uj is the electrophoretic mobility at the wall surface (h = =b)

app’
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Electrophore5|s measurement

(@) A5 —JHE

RFR
app at |eve| hS’ glVIﬂg ;///////////////////é D S
Osm'O gives the true d Cod) L > X
electrophoretic mobility u. -
This h, Is called the o=y
stationary level and given
T X

by the following equation.

b
73

(b)

= +0.577b

M4 FEHFEBEIUKENAITERE (a) & I)LRDOFERD SR & EZDE Y 4 (b)
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Electrophoretic light scattering measurement method

» The electrophoretic light scattering measurement method is
also called the laser Doppler method. This is a method that
uses the “Doppler effect” to give the migration velocity of
particles. The Doppler effect is the phenomenon that when
light or sound waves strike a moving object and are reflected
or scattered, the frequency of the light or sound wave
changes in proportion to the speed of the object. When

electrophoretic particles are irradiated with laser light, the

scattered light from the particles undergoes a frequency shift
due to the Doppler effect. We can see the migration speed of
the particles.

Vi &y A =5 =4



Measuring cell

Pinhole
Pinhole

Detector ( Colloidal particles in Brownian motion )
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Electrophoretic light scattering measurement method

D
Half mirror 2/ Particles in electrophoresis
Laser . \‘\ . i@g .
& ) Scattering angle 6
= Half mirror

~ Scattered
light

Detector
photomultiplier tube

X -~

Reference beam Modulator
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Electrophoretic light scattering measurement method

» In general, particles migrate at a slow speed, so their Doppler
shift amount (~100 Hz) is significantly smaller than the frequency
of incident light (5 X 10 12 Hz). The Heterodyne method is a
technique for detecting such small frequency differences. It mixes
part of the incident light (reference light) and scattered light in the
optical system. Doppler-shifted scattered light from migrating
particles and reference light corresponding to non-migrating
particles are simultaneously observed. ). It is expressed as an
autocorrelation function of scattering intensity by a photon
correlator. Since the observed particles are in Brownian motion,
this autocorrelation function becomes a decaying cosine wave.

Ihat frequency corresponds to the amount of Doppler shift.




Electrophoretic light scattering measurement method

» By performing FFT analysis on the obtained autocorrelation function, the
distribution of frequency components can be obtained. Furthermore, the
distribution of electrophoretic mobility is required. Actually, a sample
dispersed in a solvent with a refractive index (n) is irradiated with a laser
beam of a wavelength (A), and the mobility (U) and the Doppler shift (Av)
when detected at the scattering angle (8) The relationship is expressed
by the following equation.

2V nsin(6/2)

Ay =

A

U=V E
Bk F & AR AL 2
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Streaming potential zeta potential measurement

Focus on the particles attached to the two walls of the Teflon cell. When the piston vibrates up and down, the particles attached to the wall do not
move, and the liquid around the particles moves up and down according to the movement of the piston. At this time, a potential difference is
generated in the solution between the bottom of the Teflon cell, which does not move vertically, and the top of the cell, which is close to the liquid

surface. This is called streaming potential. This streaming potential is measured with two electrodes. The relationship between the zeta potential, ,
and the streaming potential is given by the following equation.

>
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./"-‘f-‘r
.
- v T
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Streaming Potential= — — N (AL
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Dorn potential ( bubble zeta potential )

l =
Pressure
transducer
H
Amplifier Electro-
meter
Digital
recorder Recorder
L=480mm
H=660mm
Argon gcs-—/

Fig.6 Schematic drawing of apparatus for measuring the
Dorn effect of bubbles'® 1¢: 1) Pyrex glass tube; 2) gas
disperser; 3) 0.1 M KCl-agar bridge; 4) vinyl tube filled
with 0.1 M KCI solution; 3):saturated calomel electrode;
6) 0.1 M KCl solution.
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Dorn potential

B +
+ +
- +
% y
+
+ +

+++++

(A)

( bubble zeta potential )

A /7 dynamic
double layer

Fig.14 Schematic representation of the equilibrium (A) and

the dynamic double layer of a rising bubble (B) where D_ >
D.. Ep :diffusion potential.
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Dorn potential ( bubble zeta potential )
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Fig.11 Zeta potential of argon bubbles as a function of sodium
350 halide concentration. Ethanol: 4.2x10-2 M.



Dorn potential ( bubble zeta potential )
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Fig.12 Zeta potential of argon hubbles as a function of pH.
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Plane Interface Technique

Sapphire
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Fig. 5 Liquid flow velocity —depth profile in an
wzee - asymmetric cell in solutions*of various pH.
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Plane Interface Technique
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Plane Interface Technique ( gas-liquid interface )

R R

Fig.13 Side views of new open celis filled with
latex suspensions differingrin inside depth.



Plane Interface Technique ( gas-liquid interface )

gas-liquid interface
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solid-liquid interface  Liquid flow velocity (x10°¢m sec™/V cm™)

Fig.14 Liqud flow velocity —depth profile in the open cell,
SHS : 0.1m mole dm 3.
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surface tension (dyn-cm-1)
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Plane Interface Technique ( gas-liquid interface )
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Fig.15 Comparison between zeta potential obtained by
plane interface technique and the Stern potential calculated
from surface tention vs. concentration data.

Zeta & Stern potential (mV)



Isoelectric point, i.e.p.

» Normally, the isoelectric point is the pH at which the  potential becomes
zero under the condition where specific adsorption (chemisorption) does
not occur.

» In oxide particles, the isoelectric point is on the acidic side for acidic
oxides and on the alkaline side for basic oxides.

» When specific adsorption occurs, the isoelectric point changes even for
the same material.

» On the other hand, the pH at which the true surface potential becomes 0
is called the point of zero charge. When chemisorption of sign ions
occurs, the isoelectric point changes even though the surface potential is

Vi &y A =5 =4





