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Industrial Pharmacy 1
Introduction
Particle size analysis

Dr. Isra Dmour
Credit: Prof. Nizar Al-Zoubi

Introduction

Categories of dosage forms

1. Solids: Powder, granulates, tablets, capsules
*Ex%k Powder, granules

1. Liquids: solutions, Suspensions, emulsions, etc
2. Semisolids: creams, ointments, etc.

3. Gaseous **
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Particle size and the lifetime of a drug

Particle size influence

* mixing (content uniformity for potent drugs, segregatiﬂl)
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» The properties and behavior of various|dosage forms:
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- o)l irrtalcas inhalation aerosols: The position and retention of particles in
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— topical formulation: gritdtijess (powder must be impalpable)
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Effect of particle size on dissolution rate

Noyes & Whitney equation: 2ol — l@

2 88 ma \elist|  dM_Ds -0
dM/dt: rate of dissolution dc h 7
(Change of the dissolved amount with time)
Cq is the solubility of solute - .
C is the concentration of solute at time, t c | <f)"/ '

Cs-C =concentration gradient \ '\
D is the diffusion coefficient of the solute in solution,

Diffusion layer
@s the surface area of the exposed solid = inversely proportional
to particle size

h is the thickness of the diffusion layer.

Particle size

* When determining the size of large solid usually we need to measure
at least three dimensions.

ca i When determining the size of regular particles like spheres or cubes,

b bl it is possible to describe the size using one dimension (diameter or
Purkicel IS oo ength). . .
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* If the particles are mono-sized (have the same size) then it is possibleE /
to describe the particle size by measuring one particle. <izp M (@1 st L)
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Particle size

* However powders generally are composed of particles that are:
— 1rregular in shape
— with different sizes
ey

— Are very small in size to allow measuring of dimensions c...\ oy S

* In order to give good representation the size of relatively large
number of particles should be determined.
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Particle size
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* For these reasons it is impractical to measure more than one
dimension. -

» For this reason, solids are considered to approximate to a sphere,
which can then be characterized by determining its diameter.

« This is an approximate representation of the particle size and is
referred to as equivalent diameteﬁof the particle.
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Equivalent diameters
Projected perimeter diameter (d,)

» The diameter of a circle that has the 3
same perimeter as the prOJected image ; &5 221 -
- Perimeter - CQy-~
of the particle. & olum @i\ 550, /ég dameter,d,  Packices L
Peflice) |
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Projected area diameter (d,)
» The diameter of a circle that has the 3
same area as the projected image of Projectedarea o1 ,_,
the particle. a.y,, VYT dametetdy o . ¢ \pusslode
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Feret's diameter (d 1 Mean S
F 2
Reorientation

Equivalent diameters

* The mean distance between two
<——leo ¢ parallel tangents to the projected
=y 5 ; .

particle perimeter

-

Martins diameter (d,,)

* The mean length of the chord

separating the projected particle Fig. 103 Influence of particle orientation on statistical
into two equal areas. diameters. The change in Feret's diameter is shown by the

distances, oF; Martins diameter dy, corresponds to the dotted
lines in the midpart of each image.
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Equivalent diameters
Volume diameter (d,)

* The diameter of a sphere that has the same
volume as the particle.

Stokes diameter (d,)

» The diameter of a sphere that has the same
sedimentation rate as the particles

Sieve diameter (d,)— Nasde \=)

» The particle dimension that passes through a
square aperture

ds

d.

Fig. 10.7 Sieve diameter d, for various shaped particles
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D > @ Description of particle size

@Mean particle size

» The mean particle size of an analyzed sample can
be considered as a rough description for the size of
sample. Mosls ed-“/M PSR Pou/o/ar Mewn (:5'\‘;:&_,&&;
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* The distribution of particles into different size
ranges can be plotted in the form of histogram.

A histogram presentation allows different particle
size distributions to be compared.

 The value of the peak is the mode (highest

frequency) . \%? :’! N)i?zj &
EecA .

Presentation of size distribution

1) Frequency distribution data
2) Cumulative frequency distribution data

They are either under size or oversize

30
20

58.440
Cumulative particle size distribution
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1) Frequency distribution data 2) Cumulative frequency distribution data 14
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Number and weight distributions

* Frequently, we are interested in obtaining data based on a
weight, rather than a number distribution.

* This can be obtained directly by methods such as sieving
and sedimentation.

 Number
distributions and vice versa.

distribution

can be

converted

to weight
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% FREQUENCY DISTRIBUTION CURVE

% CUMULATIVE UNDERSIZE

@) 8) 9) (10)
(3) Number Cumulative |Cumulative |Cumulative |Cumulative
of particles percent percent percent percent
(2) Meanof | ineach (6) Percent | frequency | frequency | frequency | frequency
(1) size |size range, |size range, ((4) Percent nd3 undersize | undersize | oversize oversize
range d (um) n n (5) nd3 (Weight) | (Number) | (Weight) | (Number) [ (Weight)
2.0-4.0 3 2 1 54 0.03 1 0.03 100 100
4.0-6.0 5 32 16 4000 2.31 17 2.34 99 99.97
6.0-8.0 7 64 32 21952 12.65 49 14.99 83 97.66
8.0-10.0 9 48 24 34992 20.16 73 35.15 51 85.01
10.0-12.0 11 30 15 39930 23.01 88 58.16 27 64.85
12.0-14.0 13 14 7 30758 17.72 95 75.88 12 41.84
14.0-16.0 15 6 3 20250 11.67 98 87.55 5 24.12
16.0-18.0 17 3 1.5 14739 8.49 99.5 96.04 2 12.45
18.0-20.0 19 1 0.5 6859 3.95 100 99.99 0.5 3.96
2 n =200 100 173534 99.99

% CUMULATIVE OVERSIZE



@ (8) @) (19)
(3) Number Cumulative |Cumulative [Cumulative (Cumulative
of particles percent | percent | percent | percent
(2) Meanof | ineach |(6) Percent | frequency | frequency | frequency | frequency
(1) size  |size range, |size range, |(4) Percent nd3 undersize | undersize | oversize | oversize
range d (um) n n (5)nd3 | (Weight) | (Number) | (Weight) | (Number) | (Weight)
2.04.0 3 2 1 54 0.03 1 0.03 100 100
4.06.0 5 32 16 4000 2.3 17 2.34 9 99.97
6.08.0 7 64 32 21952 12,65 49 14.99 83 97.66
8.0-10.0 9 48 24 34992 20.16 73 35.15 51 85.01
10.0-12.0 1 30 15 39930 23.01 88 58.16 21 64.85
12.0-14.0 13 14 7 30758 17.72 95 75.88 12 41.84
14.0-16.0 15 6 3 20250 11.67 98 87.55 5 24.12
16.0-18.0 17 3 1.5 14739 8.49 99.5 96.04 2 12.45
18.0-20.0 19 1 0.5 6859 3.95 100 99.99 0.5 3.96
In=200| 100 173534 99.99

i '1,@ =)
- Egaveant  olime for T axy doll _walpy, Parkicel sive fangc,iuj—%d S
"k Smgss e
3 =6 = 2234 Who j_ )3—6\—\?5() P\qmj D mean 31 T s
5 :2 1o __%- Htd

2 2

O Br\{gg_/ Ses L’d\
_);';_’\__9 ()\——QX\'S U™ & ce~to Jos) l/on an_cﬁ )[, 53my) Packicel )V > < c\:__"\g & ;_ >~
Vi o Perhice 3V IS s o deoxs end Gz soeled) ) say DePig )l o) gon) 2 o

200 glby Yl

—

R >/ e
[2@6 3 leéwl@f[&‘u-;lgfz l}u-a}s )%LSMLQ‘/“—&\&M U_‘)(—:U c/
V6 = 300)(5_‘1%/1 r}OaX_L dm—o

2oo
-{:Zl' r{;j ) j"O-\A

crle colebailp st @ Plotboaytly { adslic A oy Cumulabive mdersmhPercent feguency Y o) c__us,Lé

_\\&-\Mj %Z)Xb(aé}.ﬁu-n;u a_\p,x__)_:,)i_é}_a_a‘._)l/_@ bj\l)[e.\fb cga loxan)s b Ny o) covares

J—oﬁl\\-_\_o LH%}%*DJ‘J_'P—.'?JJ 6 31



A

Sy
Ue ) AT 00 AU 2) Cumilabie sz Merent fguency D) cunt e Lol
Core ez —ton (1)l o S @ U ea s U sz g (00ops YU yo e

\iheo 82 =16 v.qaq e 16 N, 3@0 b yem D
é\/umbe(‘ } Fff’?/enij D Cun (Purkee) size Neas R \w OVos OS5 ©Q clpx

AP D F Ao d 25 e Gl Qb oo < 98 s (o UMb )po U

0 585 § & sl s ot oy

uSu ({O/ _\_9—0(5

EY =(2%2 e (J= 5 0=2) 20s-btodMchl Wb, #osts oy b ST 2
B D, ssels

5 yole ¢po @) 5T 2y G Fosels (i)

ot & ool s

Sasele o £BBT 2 Cw 9 251 Qi

% FREQUENCY DISTRIBUTION CURVE

CUMULATIVE UNDERSIZE (L‘vhfuvuo‘.vfnn qu( &3 Lb CQYVIUIICLL:!/C j\ #

Pegby > V' 20T >

MIULE;]\.@f&E



% CUMULATIVE UNDERSIZE
% FREQUENCY DISTRIBUTION CURVE
=—4—Number =——@—Weight
—¢—Number —@—Weight
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Description of particle size

Types of distributions

* Normal distribution: The mode separates the curve into two
symmetrical halves.

* Positively skewed: A frequency curve with an elongated tail towards
the higher size range.

* Negatively skewed: A frequency curve with an elongated tail towards
the lower size range.

* Bimodal: The frequency curve containing two peaks (two modes)



Per cent frequency

Per cent frequency

Noimal

Particle diam.
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Presentation of size distribution

Evaluation of degree of skewness

» The degree of skewness can be estimated by determining interquartile coefficient of
skewness (IQCS)
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Cumulative percent frequency
(undersize)
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Cumulative frequency distribution curves.

Point Djs, corresponds to the median
diameter; D,; is the lower quartile point and
D is the upper quartile point.
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Presentation of size distribution
Evaluation of distribution width

 The size distribution width can be estimated by determining Span
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Particle diameter

* Note: Dy, Dy,, D, are values corresponding to 90, 50 and 10% in the cumulative
21

undersize curve.

Particle size analysis methods

Microscope methods

Equivalent diameters
d,, d,, dp and d,, can be determined

Range of analysis

» Light microscope (1 - 1000 pm)

* Scanning electron microscope ( 0.05 - 1000 um)

* Transmission electron microscope ( 0.001 - 0.05 um)
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