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Previously in ColloidsPhysChem...(T)

emulsion (general)

two-phase system where droplets of
one liquid are dispersed in another
immiscible liquid (continuous phase)

microemulsions

« thermodynamically stable dispersions
made of water, oil & surfactant(s)
with droplets of ~ 1 to 100 nm

macroemulsions

« order of magnitude larger drops
than in pemulsions, large dispersity

* lyophobic colloids,
thermodynamically unstable

oil-in-water (O/W) emulsions

(water-insoluble) organic droplets dispersed in water
Food Hydrocolloid 2012, 28, 344

wikipedia

formation O e O ,
——-
breakdown O OO O

buk —&—>
liquids

—E&—>  bulk
liquid:

emulsion emulsion

formation breakdown

water-in-oil (W/0) emulsions
aqueous phase dispersed in organic liquid

F
R o~

wikipedia | 2




Previously in ColloidsPhysChem...(IT)

emulsions are kinetically stable due to the presence of
an emulsifier @ the interface between the two liquids %%é

emulsifier :
.y - Surfactants
« asubstance that adsorbs @ the fluid interface & stabilizes
the dispersed liquid within the continuous phase
- different types: surfactants, polymers (proteins, starches, = A =Av i
cellulose-based, polyelectrolytes), particles, inorganic anions
* assist in emulsion formation by reducing interfacial tension Macromolecules
* mainly: preserve drops from coalescence by forming a
mechanical & interaction barrier between the two phases OONSOOKF
« better solvent for emulsifier - continuous phase (Bancroft rule)
interactions Fine particles
« electrostatic repulsion (e.g. ionic surfactant)
« steric repulsion (e.g. non-ionic surfactant or polymer) RStorative interfacial fOr°°

mechanical stability %H%%vé,—é—%é&

stabilization of thin film between adjacent - B

droplets that can otherwise become WM%W
unstable & rupture (Gibbs elasticity)

* polymer' or p(]r'TiCIZ stabilizers form Fig. 9-4: The mechanism of Gibbs elasticity stabilizing the film
inTer'fGCiGI 96'5 .rha.r STOP dr'ain(]ge between emulsion droplets,

3



Previously in ColloidsPhysChem...(IIT)

thermodynamic instability = emulsions tend
to reduce free energy by reducing total Q = 8 —

interfacial area (increase in drop diameter)

deSbe iIiZGinﬂ mechanisms Fig, 9-2: The breakdown of emulsions through flocculation and coalescence.
« same as for other lyophobic
colloids
« flocculation: reversible clustering chem.libretexts.org
of droplets
* coalescence: merging of droplets
into larger droplets (irreversible)

i. Coalescence \ ii. Flocculation

* macroscopic phase separation:
gravity-induced sedimentation or

creaming / \
« Ostwald ripening . Erﬁglz?on
Ostwald ripening

ili. Creaming iv. Breaking

* droplet proximity is not required
* mass transfer between drops of different curvature through the surrounding solvent
« mass transfer from small to large drops > latter grow @ the expense of former 4



Previously in ColloidsPhysChem..(IV)

foam (IUPAC)

+ dispersion in which a large proportion of gas (by volume)
in form of bubbles, is dispersed in a liquid, solid or gel

« bubble diameter usually > 1 ym, but thickness of lamellae
between bubbles often in colloidal range

similarities to emulsions

« foam breakdown depends on bubble approaching
followed by drainage of continuous phase from the film
between them & its rupture (= coalescence)

« foaming agent: required for a reasonable lifetime

froth S
differences with emulsions e S
* large bubble-solvent Ap > segregation by gravity > ?0, 0°.° “ o@ ¢
pressed bubbles form polyhedral structure slurried ore ‘o'éoq' ‘;°:° )
e e . . B A v ,oo B o € u_
- larger draininng films = complex hydrodynamics =0 a[5q2% in froth
«  bubble gases diffuse rapidly across thin films > — R WEES,

disproportionation important (larger P in small bubbles)

@ o
stages in a O
foam lifetime o O A )

youTube.co/ watch
?v=HPRGa3_Onés

(a) 5



Optical microscopy

Resolution

Optical microscopy (in its various forms) is a e @y T
direct method for examining interfaces & colloids - Sa ™ Airy
| ‘ ’ . . ' . Disks
-« morphology of surfaces . - ® 7/
. . . — . .
« information about size & shape of individual . ® 20
particles & structures of their assemblies . ail

Patterns —

point sources of light from points in object appear
as diffraction patterns: bright central region &
concentric rings of decreasing intensity (Airy disk)

3-Dimensional
Point Spread

resolution Function
« shortest distance (d) between two points that can be
distinguished by imaging system as separate entities Ojective—R Naznane)
« lower d = higher resolution 0611 0.61A1 Front Lens "“120;:(;)'.“%"
L1 d = - = 9;1}2 Angl:llarApenure
/‘L llght Wavelength 2nSln9 NA . Approximate Magnification
10
numerical aperture NA sgsctinas '

« key parameter for all imaging systems

* larger NA - better resolution (objective Objective— SNl NA=nsin@)
should have large max. entry angle)

« immersion oil (n,; > n,;,.) for increasing NA

NA = Numerical Aperture
8 (72.1°) n = Refractive Index

y =1.00 (Air)
6 = 1/2 Angular Aperture

optical microscopy limit (air): A # 0.5 ym, NA =1 > d,;,, # 0.5 ym e

Front Lens



Light path in an optical microscope

microscope = 2D magnified image that
can be focused axially in successive focal
planes (z) & can be moved laterally (x,y)

optical train: optical + mechanical
components of the microscope

light from a source driven onto
sample & after interacting with
it, collected by detector

* reflection microscopy

« transmission microscopy

* fluorescent microscopy
 dark-field (scattering)

light intensity & orientation controlled
with optical elements (diaphragms,
mirrors, prisms, beam splitters)

light-conditioning devices modify image
contrast as a function of frequency, phase,
polarization, absorption, fluorescence etc.

optical components (condenser, objective,
eypiece & camera elements) involved in
image formation > define quality

Eyelens-l '

Figure 1 - The Microscope Optical Train

DXM-1200 e Camera
Digital CameraJ ‘e — Circuitry
System
CcCD
Projection ° ._CCI\'Ilnp 4
Eyepiece Lens A:da?;tlenr
Trinocular Episcopic

Observation Illuminator
Reticule ¢

Beamsplitter
and Prisms _\‘

Analyzer’
Revolving Collector Tungsten
Nosepiece Lens alogen
"~ Lamp
Objective Diascopic

llluminator
360° Rotating wereeo
Circular Stage

Field
Diaphragm

Base —-'ﬁ

Tungsten
Halogen
Lamp

- Collector
Focus Filters | gne

Mirror Knob
images from: www.microscopyu.com
(great website for learning)

7



Bright-field microscopy

Field

Reflected light microscopy s A
* method of choice for imaging specimens G “ b
that remain opaque even when ground to a ESaikioss

thickness of 30 um '

Reflected Light

Aperture Lamp House

Diaphragm

v

Vemcal—"—-
: : r
+ light from source directed onto sample " Nosepiece =48
surface & returned to the objective by Objective V31] s
specular or diffuse reflection Mechanical g Girault
tage
« useful for examining surfaces of metals, Condenser
ceramics, semidconductors, wood, plastics -
Transmitted bright-field microscopy
* illumination is fransmitted white light, contrast ’
. . . Transmitted Light
caused by light attenuation in sample areas Figure 1 Lamp House
- dark sample on bright background Amplitude and Phase Specimens
« contrast: ability of an individual specimen ampiude OISR ynieuves
detail to be distinguished when compared to “_’WGA*
the background or other adjacent features ’ T
(b) =n Specimen

« properties producing changes in brightness or
color differ. arise from absorption, reflection, © 5N Shetmen
refr. index variation, scattering, diffraction \V A

. . . . >n 990" and Phase

- out-of-focus light originating from planes above & A ANA) .;' e Spesinen

below the focal plane obscure the image +l o ieter

Figure 3

i

W02 22U219521]-sndwA|o



Dark-field microscopy

popular method for rendering unstained & transparent specimens visible
invented by Richard A. Zsigmondy (Nobel in Chemistry 1925)
no direct observation, based light scattering from particles

daf'k - f |e|d || Iumination Darkfield Microscope Optical Configurations

advantages & drawbacks

req. blocking out of central rays along -
optical axis (norm. passing through sample) Diaphragm
Li ht

doing so, allows only oblique rays from large Uname g saves

to Enter

angles to strike the specimen e ‘ozfe%.“.‘fe'—\ f

— Specimen —
prslane

Objective

achieved using annular stop in condenser

(a)
result: particles scatter light to the w_ °°'“’”“"®

objective & thus appear bright, background
appears dark

_ —_— A — léltgoi;,t — S T e
Figure 8

http://zeiss-campus.magnet.fsu.edu

can be implemented in ordinary pscopes using an
appropriate condenser

specimens with very low contrast & outlines &
boundaries readily observable

particles down to 5 nm can be detected!
less useful for revealing internal details

60 nm Ag spheres 60 nm Au spheres 100 nm Au nanourchins

cytodiagnostics.com EET g



100 )

fluorescence R Alexa Fluor 555 .;'!;
. . . T 80 |- 4 E

* nearly simultaneous light absorption by h S
. S Absorpti Eviitedl <
specimen & subsequent re-radiation (delay < us) £ oo “spectral Spectral | 5

Z Profile Profile L4

° l | | l @ < p— - E
fluorescence emission always occurs Saof 4 :
longer A than that of excitation light o

- Overlap §

fluorescence microscopy 0 i

Fluorescence microscopy

400 450 500 550 600 650 700 750
. . . . e el -} e
sample irradiation with specific A band & then Havelength (Nanemeters)

separate & detect only emmited fluorescent light Digital 3,
Camera o
. . . 3
fluorfoph.oref‘. stains attaching c;ro sTrucTurgsl,dhlghly . EpFluorescence 3
amphnouse
specific in their targeting, good quantum yie e §
although it cannot provide resolution below S
diffraction limit, detection of fluorescing S
molecules below such limit readily achieved TITNY e
. . Filter — o3
multiple fluorescence labelling - several Turret
target molecules simultaneously identified L¥:Shigld ,
“=—Microscope
A G Fluorescence Emission
Antibodies (Blue)
ymphoma -y Barrier
Cole (Rec Condcrsercll =i Rersring

E. Coli.

Field
Diaphragm

Ring

(Green)

! Dichromatic X
(Beamsplitter) ~Incoming
Mirror Light Waves
100 um —— >
— Fil Optical Block
| (Filter Cube) Excitation Filter

1/81°9€8 "1102 'Wayp ‘|ouy




Confocal microscopy

Marvin Minsky

« widefield fluorescence pscopy suffers from
light emitted from out of focus regions
- resolution problems (esp. for thickness > 2 ym)

A— Photomultiplier
f Detector

In-Focus
s Emission

. Laser Light Ray
confocal microscopy Excitation

Source
* slight improvem. in axial & radial resolution L

Aperture

Out-of-Focus
Fluorescence
Emission
Light Ray

* main advantage: elimination of image

) ) i —Dichromatic
degradation by out of focus information

Mirror

Light Sourlce 7 [
« widefield yscopy: entire sample (or large Aperture ¢ —objeciive
part) illuminated by light from a source (lamp) Specimen DohRey
- confocal pscopy: a sharply focused laser Planes

beam is scanned (point by point) laterally
across the sample > optical section

Cover

Glass . y
—
} - /SpeCImenB //

Wo2'nAdooasoudiwu

confocal principle

Microscope — "
"\ Slide /
Widefield Scanning Point Scanning

lllumination

* laser passes through a 15t pinhole Beam
situated in a conjugate plane (confocal)
with scanning point on sample & a 2
pinhole positioned in front of detector

« fluorescence from above & below focal
plane not confocal with pinhole> most
of extraneous light not detected Phys. Rev. Lett. 2016, 116, 098302 11

butterfly pupal wing epithelium
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Mario is |ookinghat the
sky wonder'mg
"Why is it blue and why it
turns red during sunset?”

deviantart.com

Tiny gas molecules that make up
our Earth’s atmosphere scatter
the blue portion of sunlight in

all directions, creating an
effect that we see
as a blue sky.

L f‘u"u

When the sunlight travels a long
path through the atmosphere,
the blue light has been

mostly removed,

leaving mostly red

and yellow light.

fanpop.com



Atomic Force Microscopy (AFM)

Scanning Probe Microscopy (SPM)

“family” techniques in which a sharp tipped
probe is moved with atomic precision over/near

surface > topography &/or surface forces =
Atomic Force Microscopy (AFM)
 very-high-resolution type of SPM, with
resolution ~ fractions of a nm
* information by "feeling" or "TOUChingu the Fig. 4-93: Schematic of Atomic Force Microscopy (AFM), showing the beam
Sample Sur'face W”_h a Shar'p T|P GTTGChed 1_0 deflection system used for vertical motion detection.

a flexible cantilever > force measurement _ Chem. Commun. 2011, 47, 4974

* precise scanning achieved by piezoelectric
elements capable of accurate movements

Feedback
and
X,¥,Zscan

control

three types of measurements

* measurement of tip-sample forces vs. ,(@ng
separation = mechanical properties -

* imaging: 3D topography of surface @ high
resolution; scanning & recording tip height
corresp. to constant tip-sample interaction

* micromanipulation: forces used to change
sample properties controllably (lithography,
local stimulation)

>
Cad

als

cellulose nanocryst
L d

A WL e ST —

e 5 Y
NEMRELER R 10nm 13

Small 2014, 10, 3257




Electron microscopy basics

electrons have wave-like properties (de Broglie)
- a beam of accelerated electrons can be used for imaging

resolution of e~ uyscopy techniques > full range of interest for colloids & interfaces

h h: Planck’s constant m: electron mass
A=
2meV : : '
e: electron charge V' accelerating voltage emrf research. uiowa.edu
(relativistic effects) V = 200 keV > A= 2.51 pm Secirons —
L field
electron microscopy resolution ~ 0.1 nm s/

Focal point
Electron g

trajectory

e microscopes use electromagneftic lens systems;
analogous to glass lenses of light microscopes Coper -

Iron shroud

disadvantages

expensive to build & maintain; high resol. require stability & magnetic field cancelling

usually samples must be kept in vacuum because air molecules scatter e- (exceptions:
liquid-phase EM, environmental SEM)

usually samples must be conductive = non-conductive materials require conductive
coating (Au/Pd alloy, Os); imaging of non-conductive specimen is improving

hydrated materials (e.g. biological samples) require stabilization, cutting & staining 14



Transmission electron microscopy (TEM)

demonstrated in 1931 by Max Knoll & Ernst high voltage

Ruska (Nobel in Physics 1986)

an e” beam is transmitted through an \\ i
s

ultrathin sample to form an image which is first condenser lens

then magnified & focused onto a detector B T
Contrast generated by sample thickness Com(r::: kg;'::‘::-‘:x !:));:(l:c":z ::)Mbef / second condenser lens
beam e condenser aperture
scaﬁer'ed by e specimen holder and
surrounding the ﬁ air-lock
nucleus of atoms o] cio objective lenses
- e density <6 |- Section (ide view) |-~ IR0 and aperture
important OS2/ T electron beam
sample thickness é é é % ‘=~ fluorescent screen
. and camera
& atomic number G
define contrast commons.wikimedia.org
= ( view)

lind. micelles

samples must be fixed either by chemical x-
linking (= shrinkage, distortion,
aggregation...) or rapid freezing under high P

after fixation > embedding in plastic & cut i;
with diamond knife (thickness < 100 nm) advanced-micro

scopy.utahedu Polymers 2017, 9(10), 521 1D



advantages

limitations

Scanning Electron Microscopy (SEM)

a focused e beam is scanned across a solid
surface to generate a variety of signals due g SIecHan gL
to e - sample interactions @ various depths - — electron beam
various signals: secondary e, back-scattered o ; - anode
) ) / . . S
e”, X-rays, transmitted e-, luminescent light S o At e
information about external morphology, s /
. .y . - scanning coils
chemical composition, & crystalline structure £
& orientation § backscatter
areas ~ 5 ym - 1 cm can be scanned é electron detector
ion ~ B0 - £
usual resolution ~ 50 - 100 nm S seeondanyelechon
most often: secondary e- emitted from near the detector
surface are detected - information about Siple
surface features with resolution ~ 1 nm
| — stage

back-scattered e- come from deeper > lower
resolution; useful in analytical SEM (+ X-rays)

versatile imaging technique, easy to use

vacuum required (environmental SEM ©)
usually conductive coating is required




Light scattering basics

scattering from particles (general)

« particles of radius a are illuminated with
electromagnetic radiation of A comparable or
larger than a - portion of incident photons
are re-radiated (scattered) in all directions

 radiation may be light (A ~ 400 - 700 nm),
X-rays or neutrons (A ~ A)

light scattering from particles

« when light passes through a fransparent
medium, its oscillating electric field induces
synchronous oscillating dipoles in the
molecules > re-emission of radiation

* homogeneous medium > light refraction

 inhomogeneous medium due to refractive
index variations - light scattering from
inhomogeneities

* colloidal dispersions show significant light
scattering (Tyndall effect)

youtube.com/watch
?v=mkhxY0IGIN4

* light scattering from colloids depends on Ouzo eTf:c.:f fion &
particle size, shape, concentrations, ﬁmﬁ,rs;c'acﬁe'gi?‘
refractive indices & spatial arrangement J J

17




Static Light Scattering

Rayleigh scattering
« scattering from objects (e.g. nanoparticles) with radius a << than the wavelength A

« scatterers treated as small dipoles oscillating in uniform electric field - radiation

Static Light Scattering

* alaser beam illuminates the L
colloidal dispersion & detector —-— ‘
used to measure the scattering e ‘
intensity I, @ different proron <
scattering angles © -

« dipole (& field) induced in
particle by laser electric field
« particle polarizability

LS Trefruments Isinstruments.ch

* infensity of scattered light Rayleigh ratio

o« (induced field)? Io\r2  9n2pyv (m? —1\°
o . . Rg=|—|—= Z > (1 + cos? 8)
- basic info: v, if py is known Iy ) Vs 24 m# + 2
& vice-versa
Iy: incident intensity r: detector — scatterer distance

* in-situ technique contrarily to _
direct imaging (SEM, TEM) >  Vs: sample volume py: particle number density vy: particle volume

sample measured in its natural np

. m=— . ; i : . E
state (low concentrations) -~ n,: particle refr.index  n,,: medium refr.index 1

8



Dynamic

Dynamic Light Scattering

spectroscopy method to determine
size distribution of various objects
(polymers, micelles,proteins,
particles, emulsions...) in
solution/suspension down to 1 nm

similar setup as in DLS used

particles move randomly due to
Brownian motion; interparticle
distance affects interference of
scattered waves > scattering
intensity fluctuations vs. time

time scale of fluctuations related
to particle diffusion rate

T

autocorrelation function G(t) = lim =

T—-
of scattered intensity L Jo

T: time shift

G(t) = Ay + Aexp(—T1) I = Dg?

kpT

Stokes-Einstein- D=
6T Ry,

Sutherland

Isinstruments.ch

Lens

Photon
Derecror

chem.libretexts.org

Light Scattering
L Sinsfruments
am (g ©
o

3
H
2
3

z

It + 1)dt = (Is(t)I(t + 1))

Larger Particles

Soft Matter 2009, 5, 4256

T:integration time

s

41t

1=

~ 4.0x10

2

L 3.0x10

g .

= 2.0x10
1.0x10

'mol)

c/RVV (g/

H*

n: viscosity of sample

R, : particle hydrodynamic radius

t ()






