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What is particle?

Definition

In a continuous phase the particle is an (mostly in gaseous or liquid material) existing,
dispersed, interface separated (mostly liquid or solid material) smallest, yet
homogeneously structured, and consisted part.

A single unit of solid particle-set (aggregation) is defined as a particle.



Particle characterisation

Size/distribution
Shape

Surface

Mechanical properties
Charge

Microstructure



Significance of particles in pharmaceutical technology

Solution - dissolution rate (speed) depends on particle size and porosity

Suspension - settling speed

Ointment - particle size dispersion and its homogeneity in case of suspensional and
emulsional ointment

SUppOSitOl'y - settling, dispersion

MinOCapSUIe - spherical shape, drug delivery

Tablet - granulation, tablet disintegration to particles, dissolution

Aerosol - iocation of particle sedimentation



Particle deposition in airway system
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Effect of particle size/surface
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Biopharmaceutical Classification System
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Particle shape
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Particle shape

Acicular: similar width and thickness, thin, needle like particles,
Columnar: wider and thicker than the needle-shaped, long, thin
particles,

Flake: thin, flat particles, which have similar length and width,
Plate: thicker than flake particles, flat particles, whose length
and width, similar / same

Lath: long, thin, blade-like particle,

Equant: the same length, width and thickness of particles, can

be cube-shaped or spherical as well.



Particle shape
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Classification of particles

Lamellar (plate-like): stacked plates,

Aggregates (group): stacked particles,

Agglomerate: merged or cemented particles,
Conglomerate: the mix of two or more types of particles,
Spherolite: radial string,

Druse: small particles coated (bigger) particle.



Surface of particles

Fragmented: partially split, broken or cracked,

Smooth: free from irregularities, roughness, protruding,
Porous: contained openings, passageways (wells),
Coarse: bumpy, uneven, not smooth,

Hollow/pitted: small bashes covered.






Particle size

Particle size is usually defined as separated particles diameter.

The particles usually create heterodisperse systems, therefore
beside the average size the particle size distribution is also an

important the shape of particles.



Particle size

Average particle size (x):

_ X1 Tt Xp+ X3 ...T™ Xy ?=1 X
X = —
n n
X = average size

Xy, X5, X,,, = particle size (individual)
n = number (amount) of particles



Particle size

Standard deviation of particle size:

2 | i1 (X — X)?

n—1

X; = particle size
n =number of measured particles



Circumferential diameter
Projectional circle diameter
Feret diameter

Martin diameter

Equivalent spherical diameter

Stokes diameter

Particle size



Particle size

Feret diameter (D;)




Particle size

Martin diameter (D,,),

equal projection




Particle size

Projectional circle diameter (D,)




Particle size

Minimal (D,. ) and maximal (D, ) diameter

min
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Particle size

Equivalent spherical diameter
. volume

. surface




Particle size

Stokes diameter




Particle size distribution

Details of distribution

Mode: the most frequent value, most likely
the maximum (peak) of the curve

Median: the middle value can be determinde

by ordering data, at the value which take the
half of under the curva area.

average (50%)

Average: 50% particle size value




Particle size distribution
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Frequency

Particle distribution

Mode
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Particle size
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Normal distribution

Details of normal distribution function
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Particle size distribution
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Particle size distribution
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Methods of particle size determination

e Sieve analysis

* Methods based on sedimentation
* Optical methods

* Conductivity-based methods

* Laser light based methods

* Acoustic spectroscopy



Methods of particle size determination

Methods d (um)
Sieving 20-20000
Light microscope >1
Centrifugation analysis 0.01-40
Coulter counter mehtod 0.1-1000
Photon-correlational spectroscy (PCS) 0.001-1
Sedimetation X-ray analysis 0.1-300
Laser light diffraction 0.05-1000



Methods of particle size determination
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Particle size distribution

Illustration of distribution

The effect of fraction number of particles

n=4 n= n=15 n=100



Sieve analysis for examinatation of
particle size distribution

Photomicrographs of (a) Woven-wire screen and (b) micromesh screen

B3.m Electroformed Sieve  63um Wire woven sieve

< Well defined square .~
3 apertures p



Sieve analysis
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Sieve analysis for examinatation of
particle size distribution




Sieve analysis

Advantages

Possibility to examine
wide particle size
distribution

Simple examination
Sieves can be calibrated

Particle fractions can be
separated




Particle size

Distribution and frequency curves
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Particle size examination
Sedimentation analysis

According to the
measurement of mass
accumulated in the plate

Sedimentation scale



Particle size examination
Sedimentation analysis

Depending particle density 2 - 100 um large
particles can be measured with this method.

Andreasen apparatus for determining particle size
by the gravity sedimentation method

10




Andreasen apparatus

Different size particle settles different speed
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Wigner tube

h
Ah =—(ps —pL)

>h> H PL

) —
P 1 1 Ah

______________ | PL Ps

ps and p, = the density related to the liquid and solid material
P =the quantity of suspended material at height h
A = diameter of the settling tube




Sedimentation analysis

According to the Stokes rule, the device measures the
sedimentation and determine the particle size dispersion.

The conventional method lasts long, needs usually some
hours.

Measurement interval: 0.5um - 500pum
Maximal volume quantity: 0.5 - 3 ml
Time of analysis: 3 — 10 minutes

Sedimentograph






Determination of particle size of disperse system with
conventional light microscope

ocular micrometer

1. calibration

1.0 um
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Determination of particle size of disperse system with
conventional light microscope




Determination of particle size of disperse system with
conventional light microscope

Digital imaging

Eclipse EG00POL
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Determination of particle size of disperse system with
conventional light microscope

Imaged

Area

Circularity = 41 * -
Y Perimeter?

Major axis

Aspect ratio = - -
P Minor axis

Area

Roundness = 4 x - —
T * Major axis

Area

Solidity =
otaity Convex area



Microscopy

Advantages ~ Disadvantages

Direct examination

2D shape of particles can
be examined

Image analysing system
can be applied

Can be calibrated




Determination of particle size of disperse system with
scanning or transmission electron microscope

(SEM)

SCANNING ELECTRON MICROSCOPY
TRANSMISSION ELECTRON MICROSCOPY

PEG-G2-DCA-cisplatin
(SEM) (TEM)



Drosophilia eye

Hydrothermal worm

Ant head

Golgi apparatus

Mitochondrium

Liposomes
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SEM/TEM

Vesicles Wall of 1pm
forming parent cell

1
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Contractile ring of Daughter cells
microfilaments

Daughter cells
(a) Cleavage of an animal cell (SEM) (b) Cell plate formation in a plant cell (TEM)



AFM Canti lever

4 quadrant
photo detector

Cantilever
~ deflection
measurement

Z2Z2mm
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Optical particle size determination (summary)

Microscopes
Optical TEM SEM SPM
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Examined parameters
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Conductivity-based methods

Coulter Counter rﬂ H &
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Particle size determination of disperse system with
laser light scattering method

This method is based on light scattering and scattered light on
particles of disperse system, which is detected.

It is according to Mie theory, who has identified , that known size

spherical particle with particular reflection index scatter the light to
particular direction.

an o Mie parameter

a = r radius of particle
A A wavelength of scattered light



Particle size determination of disperse system with
laser light scattering method

4
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> Diffraction

Reflection

Deflection
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| Absorption |

Incident light
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Refraction



Rayleigh

scattering

A

Mie Scattering, 7
small particle

b‘/
Mie Scattering,

large particle




Particle size determination of disperse system with
laser light scattering method

Malvern Mastersizer




Laser diffraction

Dispersion Optical Detector

module
Beam

expander :.,
| @9 v I “

Laser light
source

Particle flow

; Measuring
zone

A Look at How Particles Scatter Light

Incident light
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Small angle scattering
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Incident light
C— Large angle scattering

800 nanometres



Malvern Mastersizer report

£, MASTERSILER <Zid»

Result Analysis Report

Ll

MASTERSIZER

Result Analysis Report

Sample Name: SOP Name: Measured:
Fly Ash-X00-20-15-1800-33 Malvem Insitic Calibration (Fly ash) 10 September 2012 13:21:40
Sample Source & type: Measured by: Analysed:

Lab1 10 September 2013 13:21:50
Sample bulk lot ref: Result Source:
1 Measurement
Particle Name: Name: Analysis model: Sensitivity:
Fly Ash Malvem Tnal Hydro 2000MU (A) General purpose Normal
Particle RI: Absorption: Size range: Obscuration:
1.680 0.01 0.020 to 2000000 um 1332 %
Dispersant Name: Dispersant Rl Weighted Residual: Result Emulation:
Water 1.330 0481 % Off
Concentration: Span : Uniformity: Result units:
0.0127 %\ol 2316 0.721 Volume
Specific Surface Area: Surface Weighted Mean D[3.2]: Vol. Weighted Mean D[4,3]:
0.825 mg 7.273 um 15.110 um

69



Malvern Mastersizer report

. MASTERSIZER <Zid»

Result Analysis Report
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Laser diffraction

In case of monodisperse systems a from

the specific diffraction result (picture)
the particle size can be determined.

In case of polidisperse systems the

diffraction picture has to be analyzed
with a special evaluating system.
From the intensity dispersion the
particle size dispersion can be

calculated. d=0.2, 1500 pum.

Concentration of suspension <1%
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Laser diffraction

Advantages

Disadvantages

Fast analysis
Accurate measurement
Well automated system

Small amount of sample
needed

The result, the dispersion
represents well the system

Can be evaluated statistically
Accepted

Cannot distinguish the
aggregated particles

Indirect method
Measures in liquid phase

The method of counting
affects the final result



Dynamic light scattering

Larger Particles
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Acoustic spectroscopy

Excitation laser: fixed frequency, f

Spatial light modulator:
_image pattern onto surface

< P
H
=

Line spacing is scanned at each
sample position:

SAW detection
system

x:
>
v=fl - Line spacing - % - -u

SAW amp

Best signal when
line spacing = SAW wavelength at frequency f
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Thank you
for your
attention!



