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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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Physical chemistry

» Physical (adjective)

» [1] material, material, material world,
natural

» [2] bodily, physical, physical, human

» [3] Desire for the other's body, lustful

» [4] physics, physics, physical

» [5] Natural science according to the
laws of nature
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What is physical chemistry?

» Chemistry that captures the
movement of materials

» Let’s go to the world of
equilibrium and kinetics!
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Equilibrium and Kinetics

» The equilibrium theory is, so called, the
story of the paradise utopia world. The
energy difference between this world
and the present is exactly the Gibbs free
energy change. The equilibrium theory is
a study that tries to define the most
energetically stable situation under
given conditions. The equilibrium theory
IS the numerical analysis of where we are
now between the ideal and reality.
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Equilibrium and Kinetics

» Kinetics expresses the degree of
effort to reach the paradise. More
details will be discussed later in the
lecture.

» In short,

» Physical chemistry is to formulate
and understand the movement of
materials.
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Invitation to
Colloidal Chemistry

MAFSEIEE  2023/4/25



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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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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Particle classification by particle size
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Colloid

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

Dispersion and Aggregation

The state of drifting is "dispersion”,
Addregation is unstable state and becomes

flocs.

COLLOIDS IN LIFE

Let's take a look at the colloids around us




Colloid Dispersion

Adggregation
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Let's take a look at the colloids around u

»Focus on colloidal dispersion and
aggregation!

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

> |f "dispersion" and "aggregation" can
be controlled, colloids can be
manipulated freely!
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Colloids around us
Hot spring
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Beppu Hell Tour [Blood Pond Jigokul
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» Amount of discharge: about 1,800 kl/day
» Spring quality: Acidic meridian spring

» = Acidic-Fe(ll)-sulfate spring

» Hot spring temperature: about 78 °C

The red color is caused by oxidation of ferrous ions
(Fe(ll)), hydrolysis, and then precipitation of solid-
phase iron hydroxide Fe(OH),; or hydrous iron oxide
FeOOH. Part of it is hematite Fe,O,.

They are particles of several microns to several
Ulimeters, and are dispersed.
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Beppu Sea Jigoku
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fhat is the cause of: this blue hot'spring?
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Beppu Sea Jigoku

(1997411 H4H8) (1997411 H6H) (1997E11H9H)

Kl (C) 756 421 435

» Conventionally, it was ARE L . R
considered to be the blue color ™ = = ™=
of ferrous sulfate (officially still) w207

» However, upon component R g

analysis, there are almost no van amsonens
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iron ion S . o slird D RIRIEZ - IS
» 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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The color of the stained glass is due to surface plasmon resonance of gold nanoparticles...
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Colored gold nanoparticles

Surface plasmon resonance il w,ﬁ,‘.}
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Color change due to change in morphology of gold nanoparticles

Wavelength (nm)
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Colloids around us

Milk
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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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water Salad oil




Water Soeap Salad oil







Without soap With soap




India ink is also an O/W emulsion
~ Glue is adsorbed and then dispersed ~




Colloids around us
Beer
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beer foam

Nagayama
Project Beer

Colloids that are transported from bottom to top by advective
accumulation to form a two-dimensional crystal structure. The
lower colloid is blurred because it is moving.
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How to pour beer properly

Pour slowly and gently without
a — foaming
Pure malt Open cun POUlmiistoRlpas
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Homogeneousinucleation:
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Heterogeneous nucleation:
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WHAT IS THE THEORY BEHIND ?

Essence of Particle Dispersion and Aggregation
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Let's take a look at the colloids around u

»Focus on colloidal dispersion and
aggregation!

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

»The keyword to controlling
"dispersion" and "aggregation” is the
zeta potential!
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R F & BB

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?




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
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S o: / o
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© Electrophoresis

=
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G

"Negative electrode =
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Particles with the same negative charge are
moving to the positive electrode.
+ + —
Electric field +
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+
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Zeta potential as a function of pH

60 - .
= L stebi

“ a
3
- 20 -
g |
g o Unstable
al | Stable
Rl . : . . = Zeta potential and dispersion
pH
Unstable = Stable
coagulation Dispersion
e €
%Q % e
R = @ e
e
Zeta potential = low high
@ Particle
@ Fixed layer
& Diffusion electric
double layer

MHAFERIEE  2023/4/25




. \
What can we learn from zeta pote

®

L= e
DNy DB Average
& W Zeta Potentia bt
Y e RO Shy (m¥) — : . f:r:;c'e S
° I o Y —= Q) - ® Zeta potential "
B i fores @ +40 1800
5 - 1600
(58 - |E) (FRE - )
The Iarﬂer the absolute value of the zeta potential, the +20 1400
better the dispersibility. However, if it is small, it is unstable
and tends to aggregate. 1200
[ ! 0 1000
The alumina particles in the right figure have a positive
charge on the acidic side. The isoelectric point is around S
pH 9. It has a negative charge on the alkaline side.
' p— a =20 600
R — : L 400
The average particle size is small in the pH region where the
absolute value of the zeta potential is large. In the vicinity of the .10 200
isoelectric point, they aggregate and have a large particle size. | A Apparent particle size: —
i ' IR T RN B T B R B |

he larger the absolute value of the zeta potential, the befter the (pH)
ispersibility. If it is small, it is unstable and tends to aggregate.
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Tea, black tea, and coffee are colloids.
Zeta potential of coffee bean particles
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Beans are stable and perfecfly dispersed.




(ZRIILIOA—SF—DLEE ]

X

padsd

T
2000

1000

100

50

30

500 6

SSERTE

57 AV

=

t }
ST
-

3

—

o -

 wm e

o~

o

I/){— (HePAR)

1,849 [ 7.2

' 8

J> kL YO X (Contrex)

EZER 1,468 ] 7.45

)

HoRLOU)
(334 674

G

-9‘4“/7—-» (vittel)
{1354 315 [slg) 7.0

6

slgll 7.8

PA4S5>RFU (Island Chill)

[ 117

7.5

D= RA3—

1,612 [33] 7.4

X
£ONS15914F—
e

1,302 3] 6.4

6

ARUXI (perrier)
(5954 417  [elgd 6.0

Ay
NEOLN

o2 IEF7> (evian)

f‘ } B304 BH 2

&

IAS—OA—H—
{5954 105 [elg] 7.0

W F & RAEF

m
f_’_.é

HBLLLVK RH

{5y 32

pH A

- 6
g BPIT ADERK

(’,c \ Bz Bl o

4

L W3R

f‘; EE127 Blso

2023/4/25

@é

3 RILEW T (Volvic)
4 EE3e [0

FROKIZLD

B3 346 72




Coffee
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S \
Comparison of particle size distribution of various milk
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a)
b)

Fresh regular milk

Milk left indoors was
changed as creaming.
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Zeta potential (mV)

50

40

30

20

10

o

|
o

|
=]
o

|
(oe]
o

|
=Y
o

-50

pH
| L~ \ X X A

|
pH titration of 10-fold diluted mi

Ik

pH dependence of the zeta potential of milk

—@— Milk (M) .( j.e.p ipH4.55)

—— Milk (Y) € i.e.p ipH4.46)

Qq\\ i.e.p = isoelectric point

. . . iy =~ wT
[Ri& . X100 %1000 Xx10000
3

4 5 6 7 8

o

M FAERIEE  2023/4/25



50

40

30

Zeta potential (mV)
3 o

I
w0

I
o] I"
i

|
I
i

=50

A

pH titration of oolong tea and lemonade

pH dependence of the zeta potential of oolong tea and lemonade
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Zeta potential of color ink fofpriter
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Zeta potential of color ink for rinter

@ Zzeta potential measurement of printer ink

TR

R L

Zeta potential measurement
of printer ink

1) Each color has a different zeta potential.

A

It is important to stabilize each color.

2)lt is important to keep the dispersion state.

\E

If it aggregates and hardens, it becomes impossible
to ink-jet. This leads to uneven coloring.

Zeta potential (mV)

Zeta potential of organic pigments

/=
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Go back to Beppu sea hell

- ”/n/ Was the silica colloid
~ responsibie for the biue colof,
malier than the wavelenginor;
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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Let's take a look at the colloids around u

»Focus on colloidal dispersion and
aggregation!

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

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

Ureshino specialty! Hot spring tofu
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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?

i
L -
1 '!:'t-.‘f. ¥

PR Rk
s 0 o P

AT & RIEE 2023/4/25



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.

AT & RIEE 2023/4/25



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.
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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, ©4 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 not 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.
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Let's take a look at the colloids around u

» Focus on colloidal dispersion and
aggregation!

»What is "dispersion"?

»What is "aggregation"?

» Whiskey is the next.

» It’s distilled, so it shouldn’t be a colloid! -

» But scattered! Why!
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Even green
tea is Tyndall
phenomenon
with green

w laser.

Same as this!

.1 f Tyndall effect with green laser
M’J& => Nanoparticles of about 100 to 300 nm and

Indicates the existence of something of that
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What is the cause of
"mellowness”?

We hypothesized that the increase in the
mellowness of whiskey over 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, we thought that the reason why
it takes time for aging is that it takes time
for the formed structure to stabilize.

This was elucidated at SPring-8
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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
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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
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= 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!"
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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
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=>Low molecular weight, about 1 nm Self-assembly
in water
%
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"?

»Let’s enter the world of theory of
"dispersion" and "aggregation”!
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