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Why size and shape?
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~ Why size and shape?
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ScentiicSolutions Product performance requirements could include

* Ability to stay in suspension * Flowability (of a powder) (

* Dissolution rate e Viscosity (of a suspension) |

* Reaction Rate * Packing density mg
» Texture / Mouth feel . Color / Appearance A
* Content uniformity * Inhalation properties

e Surface Area

Embedded Chemical Composition
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During this lecture — size but also shape

Single particle Agglomerate Rough Smooth

Regular Elongated
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* Flowability

* Compacting

e Surface Area

* Dissolution rate
* Polymorphism

Why Size and Shape
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Very Angular Sub- Sub- Rounded Well
Angular Angular Rounded Rounded

High
Sphericity

Medium
Sphericity

Low
Sphericity
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What Do Size and Shape Mean?
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Particle size

What do they mean?

Equivalent Circular\Spherical Diameter — for size

Record no: 5 D[n,0.1] pm: 13.0 D[n,0.5]um: 15.4 D[n,0.9]pm; 25.9
Record no: & D[n,0.1] pm: 12.8 D[n,0.5]um: 14.8 D[n,0.9]um: 20.9
Record no: 7 D[n,0.1] pm: 12.0 D[n,0.5]um: 15.1 D[n,0.9]pm; 25.2

100 1000

CE Diameter (ym)
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What do they mean?

Shape parameters

L Xd

Particle shape

width
length

Aspect ratio =

width
length

Elongation = 1 —

Convexity

=)

Record no: 5 D[n,0.1] pm: 13.0 D[n,0.5]pm: 15.4 D[n,0.9]um: 25.9
Record no: 6 O[n,0.1] pm: 12.8 D[n,0.5]um: 14.5 D[n,0.9]um: 20.9
Record no: 7 D[n,0.1] pm: 12.0 D[n,0.5]um: 15.1 D[n,0.9]pm; 25.2

100 1000

CE Diameter (um)



Dr.Golik

/

. What do they mean?
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Median Mode

% Volume

Dv10 DI[3,2] Dv50D[4,3] Dv90  Diameter

X
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Number Distribution
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Scientific Solutions

Volume Distribution

Frequency (volume %)

1 2 3

Diameter
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What are my options?
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Scientific Solutions
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L aser Diffraction

* Size

* Range 10nm -3,500microns

* Wet suspension and dry powder

e Suspension and emulsions

* Very fast measurement

e Little sample preparation

e High statistics — millions of particles
* Per volume (can be converted)

Applications:

Almost any industry
or Academy which
uses particles

More than 150
systems in Israel

Mastersizer 3000
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5 microns 800 nanometres
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Laser Diffraction
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Mastersizer 3000
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Scientific Solutions

SCIENTIFIC Phenom Desktop SEM



Scanning Electron Microscopy

* Size and Shape Applications:
* Range 100nm -0.1mm Any industry or
* Dry and wet academy with
» Solid particles solid particles

e Sample preparation

e Can separate the distributions of two
components in formulation

* Elemental analysis
* 21CFR11 — for microscope

SCIENTIFIC Phenom Desktop SEM
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.

?::elr.EnNoTF stth Phenom Desktop SEM
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canning Electron Microscopy

Particles transparency

Acquisition

Load image from file

Acquire image from Phenom

Particle detection settings

Background contrast

Conductance

Process all images

Project name

New

es Il | | Finished particles search

Phenom Desktop SEM



Scanning Electron Microscopy
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New chart

Scatter Histogram by Count Histogram by Volume

X-axis -

Y-axis v

552 pm? Pixel count
Circle equivalent diameter 265 pm
Major axis 267 pm Circularity
Minor axis p y Grayscale
Circumference 2.2 ym Conve
Convex hull 82.2 ym Elongation 0.0162

Circumsci cle diameter 27.7 pm

Volume by area 9.77E+03 pm®

Gravity cen 1 mm

Gravity center Y 2.8 mm

?::elr.EnNoTF ,thIeCr Phenom Desktop SEM
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Weight concentration | Intensity

250 %

Mapping

Map resolution
Pixel time (ms)

Number of passes

Estimated map time:
Auto ID

Sm| Eu

Pu | Am

New | Load project

Import | Save project

-gl‘(lielnE‘nNo'll': stth Phenom Desktop SEM
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e Automated Light Microscopy

_ . Nasal
* Size and Shape o
* Topicals
J Range 500nm -1mm * Additive manufacturing
e D d t * Inhalers
FDA/CDER SBIA CHRONICLES Nt\‘. ry an We ’ POlymorphS
* Solid particles and emulsions * Metal powders
FDA Embraces Emerging Technology for . * Batteries
Loy AN Spers * Sample preparation . Forensic
el * Can separate the distributions of two
e s components in formulation
* Chemical Identification
 21CFR11
Ny
N\
Malvern
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raditional Methods

Manual Microscopy

Subjectivity of the method
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Sample preparation
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Malvern
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a spectris company

aporative dispersio

hin path
wet cell

Wet (slide and
coverslip

10pum 100pum

Particle size

Morphologi 4
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Automated Light Microscopy
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Scientific Solutions

. Automated Light Microscopy
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 Automated Light Microscopy
PSD of API in nasal spray
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10: 14831
CED: 100

L
Exposure (mg) 312

Acquisiion Time: 20 (s)
1D: 38975 . '
CED: 314 Low Power: B
10: 72111 | Seoe | |
CED: 885
A
il Save and close |
i "
Backgrounds (0) Reference Spectra (0)
"
New Spectrum 1 .
New Spectrum 3
' Load reference spectra
- — — — — — —
= S — — —
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Automated Light Microscopy
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 Automated Light Microscopy
PSD of API in nasal spray
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Dynamic Light Scattering and
Nanoparticle Tracking Analysits
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— Dynamic Light Scattering (DLS) <57 25—
.01 e Sjze Oo . °

* Range 0.3nm -10micron

’ We_t . _ Applications:
* Solid particles and emulsions Mos_tIYsubmicron
. particles. For example:
* Sample preparation * Inks and pigments
e Sjze " * Liposomes

 Biomolecular
research

e And much more

* Fluorescence Filter
e Concentration

* Zeta Potential | More than 70 systems
e 21CFR11 in Israel
4
@‘@ ' =
Malvern y

Panalytical Zetasizer

PECI:I'IS company
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Sample

Laser

Photon
counting
device

)

Intensity (kcps)

:

Time (s)

Correlate

Apply 12
Algorithm

Intensity (%)
m

10 100 1000 10000
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Zetasizer
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— N\ Nanoparticle Tracking Analysis (NTA) <5\ 2

* Size T,
* Range 10nm -1micron —
* Wet

. . , Applications:
* Solid particles, emulsions and nano bubbles \jostly submicron

e Sample preparation Pa[;;)coii)’mes

* Size * Exosomes

* Fluorescence Filters * Protein aggregation
) * VLP

* Increased resolution .

: Polymers and
* Concentration colloids

« 21CFR11 * And more..
\\\//

RN

Malvern
Panalytical Nanosight

PeCl:I’IS company
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; PPPT

Microscope

Particles to be viewed
are suspended in liquid

Laser beam
(approx 50um wide)
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Nanoparticle Tracking Analysis (NTA) %

Malvern
Panalytical
a spectrls compamy

Particles are too small to be
imaged with a microscope

Small particles are visualised as
point scatterers

Larger particles scatter

significantly more light

l'

Nanosight
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%* Minimum size limit

NTA

10 nm-40 nm

(Related to Wavelength and
power of illumination source)

Zetasizer

0.3 nm

\/

< Maximum Size limit;:

NTA
1000 - 2000 nm
(Related to Limited
Brownian motion and
Viscosity of solvent)

Zetasizer

10000-15000 nm

(Related to Zetasizer advance
model- detection angle of the
detector)

Concentration

o+ Zetasizer-

s+ Zetasizer-

3.8-10000 nm

108-10"2 particles / mL (

** NTA- Approx 10¢-10° particles / ml.

N
Malvern

Panalytical

a spectris company
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Scientific Solutions

S
Channel Top Separation Field E ®

©
e

\ @° 00 9 (%') .
I b e © "000 Parabolic Flow Profile -
e, 0009 0066 ) =)
° 9 0000 o 3
6 Diffusion 5
o

Channel Bottom . _ ‘_,

Elution Volume (ml)

- Fraction can be used for further analysis

) 4
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Which option is for me?

Laser
Diffraction (LD)

Dynamic Light
Scattering
(DLS)

Nanoparticle
Tracking
Analysis

SEM with
Particle Metric

Automated
Light
Microscopy

Mastersizer
3000

Zetasizer
Advanced
Series

Nanosight

Phenom
Desktop SEM

Morphologi 4

10nm-3,500
micron

0.3nm-
10micron

10nm-1micron

100nm-
0.1micron

500nm-
1,000micron

Wet and Dry

Wet

Wet

Wet and Dry

Wet and Dry

Size

Size,
Fluorescence

Size,
Fluorescence

Size, Shape,
Composition
Size, Shape,
Composition
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 Why size and shape?
—> many properties
— Adi Ben-Yaakov
* What do they mean?
—> how they are calculated
 What are my options?
—> many techniques
 Which option is for me?
— there is an optimal method for each application
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