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» The term ‘powder’ when used to describe a dosage form

describes a formulation in which a drug powder has been

mixed with other powdered excipients to produce the final

product.

« The function of the added excipients depends upon the
intended use of the product (ex. Colors, flavors, sweetening
agents may be added to powders for oral use).

+ Granules which are used as a dosage form consist of powder
particles that have been aggregated to form a Iarge particle,

- which is usuall.‘n m in diameter.
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Powders and granules

» Powders and granulated dosage forms
are traditionally dispensed as:
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Powders and granules
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Disadvantages of powders and granules

1. They are less convenient to carry than a small container of
capsules and tablets (except laminated sachets). —
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Powders and granules

Dispensed preparations: ~p ,_)_)DI Jlsa]
=\ P «—Bulk powders

5 ),_,g « The mixed ingredients are packed into a
- suitable bulk container, such as wide-
mouthed glass jar. —> &tk 2\a ;30
» The constituents are usually relatively non-
toxic edlcamen s with a large dose.
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Powders and granules
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+ These are granulated products in which amount sufficient for one dose is
individually wrapped.
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+ EfferveScent granules can be presented in this manner
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Effervescent granules

« Effervescent pharmaceutical preparations generally contain
acid substances and a source of CO, (carbonates or
bicarbonates salts of sodium, potassium and calcium).
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 Traditional acid materials are the citric and tartaric acid.
However, ascorbic acid, fumaric acid and acetylsalicylic
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Dusting powders ¢ ) ;
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It Powders and granules

‘I‘nsufflatlons-—.:, BETN S | 5 a5 A
« Insufflations are medicated powders which are blown into
regions such as the ear, nose and throat using an
insufflator.
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Powders and granules
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« The use of dry-powder systems for pulmonary drug
delivery is now extensive—> 2 dos

» This dosage form has developed into one of the most
effective methods of delivering active ingredients to
the lung for the treatment of asthma and chronic
obstructive pulmonary disease.
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Oral antibiofic s SYrups oxdm mlgﬁ'\"a\(b) V<GP0 1= agaies

 For patients who have difficulty in takmg capsules and tablets, e.g.
young children, a liquid preparation of a drug offers a suitable
alternative.

» However many drugs, e.g. antibiotics, are physically or chemically
> 9 o~ ¢ —unstable when formulated as_a solution or suspension.

%u ,\,Sl » The method used to overcome this instability problem is to
' manufacture the dry mgredlents of the intended liquid preparation

in a suitable container in the form of § powder or granules. |, .
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Powders and granules
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drug concentration.
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Particle size analysis

Dr. Isra Dmour

Credit: Prof. Nizar Al-Zoubi



Particle size and the lifetime of a drug
Particle size influence ~x ("-’[S‘C‘O_s%ea,.nl\
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Particle size and the lifetime of a drug

Particle size influence
» The properties and behavior of various
dosage forms: s )3
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Effect of particle size on dissolution rate
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 When determining the size of large solid usually we M\ Wt
need to measure at least three dimensions. —p

» When determining the size of regular particles like - P _95
spheres or cubes, it is possible to describe the size ““?’“
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Particle size

« However powders generally are composed of
particles that are:

P 7 — irregular in shape —> < 2 NS
owoe! \0-\5\ —| - with different sizes —> a&MIa, o=\
- Are very small in size to allow measuring of dimensions
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_Particle size
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=%\ Equivalent diameters

Volume diameter (d,) — > s LY

« The diameter of a sphere that o= ‘-o Gy
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passes through a square aperture
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Description of particle size
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Mean particle size —> E‘“’-’b\f- 2 @é W, k]

» The mean particle size of an analyzed sample can be
considered as a rough description for the size of
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Presentation of size distribution

> 2) Cumulative frequency distribution data—s

They are either under size or oversize
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Presentatlon of size distribution
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Description of particle size

—Types of distributions

V.~ Normal distribution: The mode separates the curve
J':—"'"_) into two symmetrical halves.
T
» 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)

Y

V1



Nca\"mq\ Q"ibj)(QwQa Q;ﬁ:s o&\_q_,___;,bl@

-GE_ \F"Hr cent frequency

E o~

Pusiﬁvel}' sleewed
) -
Gei |

o~
Q
’ -
>
v
=
Par cent frequency

H _6_;...3
b.:_lv
Sy~ Gl
Yy J

\

. ,.;'C;

DY bt Siery Gk SR E gy =2
TRoee Cs 00 Tk, S W o :
— S8 . Pﬁ};(‘{'re .Jl (.--Sf U_S'ﬂ

Presentation of size distribution

Evaluation of deqgree of skewness

(WA The degree of skewness can be estimated by determining % O\ o
4 2 aoterquartild coefficient of skewness (IQCS) — = c)‘;» ; AL\ AL
100 h. 2 —~ )S IQQ w;b 0
IQCS = (D75 — Dso) — (Dso — D25)

. MeRc 75
2 \éj\ (Dys — Dgy) + (Dgy — D)
TR 8
\oN &) 21 %0 Cumulative frequency distribution
E curves.

Point D, corresponds to the median

Cumulative percent frequency

diameter; Is the lower quartile
point and D is the upper quartile
0 5D b75 point. (—-—-"é— \W‘.S.'_;Kl:ﬂ
article diameter 5 ; -
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Presentation of size distribution 1)
Evaluation of distribution width e an

« The size distribution width can be estimated by determining Span —%*

(@ N

Span_D D, oV =\
Aol s Do o\
_ NGS5 o len
- By vio Yow -
£ ‘;e_ < il

Eu\.rtt:’% O\f-np
G e 375
Dy Dsp  Dao Cr) (_,‘\ ,,\d)
Particle diameter - a\l‘
* Note: Dgy,, D5, Dy, are values corresponding to 90, 5p
and 10% in the cumulative undersize curve.

(undersize)

umulative percent frequency
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Particle size analysis methds

Microscope methods (_3ive<£)
. (““’)\;’f Qs -
Equivalent diameters - -~ D>~ Qs
d, dy, de aln_d dy, can be determined
acluwal) c)m,”_, gedeay & (s U
Range of analvs"'s' =
+ Light microscope (1 - 1000 um)

 Scanning electron microscope ( 0.05 - 1000 pm)
+ Transmission electron microscope ( 0.001 - 0.05 pum)
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Particle size analysis methods

- \Pdass 14
M ICFOSCOpe methOdS areas of the grid where WBC are counted 9-&»‘:_ f
Sample preparation

Techniques
* manu

L4 Se?;s:iﬁzrgoa:]lga}ﬁﬁ):é\% ’s-'ﬂi“ aﬂqh;g.;dwh ere RBC are counted
_ ~> 1 Teyscy V| G,
& rT')" 2> Loal 2 St

— Image shearing eyepiece (double prlsm arrangement

« Automatic—> e’ (g )

— A video camera is used to transform the image to a
microprocessor where manipulations and calculations are

done. 3 a5 agonias 5 PorCicles 3l —n
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Figure 10 4. Typical image processing system.
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YParticIe size analysis methods

Sieve methods
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Range of analysis
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Particle size analysis methods
Sieve methods
I g L
'*-‘r'&-‘;"g $1) Vibrated sieving:

POV’C
éb\m_‘%,y « Uses a sieve stack (usually 6 -8__ Lk _
S\ S sieves) HFY et " Size

OW\s3 ),.Ss\ « The Particles are retained on sieve
&_,,Mc-u"“ mesh corresponding to the sieve
{ o diameter. r-bt-—“-” s\oD s

e )_.sn s 2) Air-jet sieving: S st
Uses individual sieves starting from
that of smallest aperture. —>

» Vacuum is applied to encourage AN N

particles to pass through sieves. — B ) TR e

\o
= Q‘J\‘-'d-’“\ﬂ_))e._,i u‘;[, g‘L\; AL c.r\:\%»o_ﬁsh.ﬂ. c}.,;“cljl,&)[p) L@
(B e\ P oo w?ﬁ S - L S \Te

Air-jet sieving:

Vibrated sieving:
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Standards for powders based on sieving

« Standards for pharmaceutical powders are provided in
pharmacopoeiae, which indicate the degree of coarseness or fineness
depending on percentage passing or not passing through certain

sieves.
Table 12.1 Powder grades specified in British Cobd Pawd \
v s
+ eg.BP Pharmacopoeia j X - ,_7i
) ] - o ' S(eU{ W =)
Description of Coarsest  Sieve diameter through RO
grade of powder sieve which no more than (s V
diameter  40% of powder must T - .
(um) pass (um) A/ e _.3§ (S
GJ \;: Coarse 1700 355 ' p &/ LQ_/JWP_,
A Moderately coarse 710 250 Lo
= Moderately fi 355 180 Cog o' sDLsS
t))_‘b rately fine qr.si
- ’ Fine 180 — - 66 .
Very fine 125 — b @_" U | —/J

Standards for powders based on sieving

« Some Pharmacopoeia define another size fraction,
known as ‘ultrafine powder’.

e In this case it is required that the maximum
diameter of at least 90% of the particles must be no
greater than 5 um and that none of the particles
should have diameters greater than 50 um.
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Particle size analysis methods

Electric stream sensing zone method (Coulter counter)

Equivalent diameter: = O

Volume diameter (d,) |

N J‘ |
—\Q\Iectrol te solutior

O __—Particle in orifice ! l \

&JZ\J ufou‘JeJUD)

s e aas, & 1y

_— Orifice tube wall

Fig. 10.13 Particle passing through the measuring aperture of é& \
an electrical stream sensing zone apparatus. Q\Q cé ro con & U ‘ ob

\],Pu—‘u Gb\j\uv_,,;w

v

m:‘ea

Particle size analysis methods

Electric stream sensing zone method (Coulter counter)
Principle of measurement | 2S5t 8(€ 4 |

- Powder samples are, dispersed\in an electrolyte solutlon to form a
very dilute suspension. 04*5 \J

» The particle suspension is drawn through an @ where
electrodes are situated on either side and surrounded by electrolyte
solution.

* As the particle travels through the orifice, it displaces its own
volume of electrolyte solution.

« The change in electrical resistance between the electrodes is
proportional to the volume of the particle (volume of electrolyte
displaced)

£A



r To vacuum pump
|

Threshold

settmg

i control
! 5_“ Main ) @ Pulse
amplificr \_/ amplhfier

Glassware unit

|
|
|
; .
Bleicuiy I Oz cilloscope
-
manometer %— Electrodes =
|
Ef/ Sapphme — thmshold
Stop Start wmdow
\ ‘ Counter
{ driver
k Counting
| orffice
|
ttal
Electrolyte I]::s r
P Counter
} ! On/off ercuit

Elcctronic counter

Diagram of electrical sensing zone apparatus

Particle size analysis methods

A8\ QN Gl 39N AT

2
~ Sedimentation methods ¥ ___ =~ 9 C .);-)’)

=

Range of analysis
« for gravitational ~ 5 - 1000 p
« for centrifugal ~ 0.5 - 50 um
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Particle size analysis methods

Sedimentation methods DM (D o

Equivalent diamete?: Stokes diameter (dy) —7F
« Stokes equation: B \/ 187h
st T

- t
«d, = Stokes diameter, (ps—pri)g

« n = viscosity of fluid, o8

*h = height or sedimentation distance, 00

* p, = density of solid,

*p; = density of fluid,

g = the acceleration due to gravity,
ot = time

Particle size analysis methods

Sedimentation methods

Principles of measurement

« Particle size distribution can be determined by
examining the powder as it sediments out.

e The powder is dispersed uniformly or
introduced as a thin layer in a fluid.

« Techniques can be divided into two main
categories.

v1



Sedimentation methods

Pipette method (Andreasen pipette)

In this method known volumes of the suspension are
withdrawn, at various time intervals, from bottom (lower
set limit).

The amount of solid is determined in each volume.

The particle diameter corresponding to each time period is
calculated from Stokes’ law.

The amount of solid determined for each time interval is
the weight fraction having particles of sizes more than the
size obtained by the Stokes’ law for that time period.

)\ 3)" :-J\) 333 3 <5linder AU s g JS_,)I
\4D5 [2"_)-’ e Pléc[{)\)@:—“““—’ ;__,SJ{-—IJ(J

Suction to fill

pipet to
ﬁ)& 10 ml mark
Two-way stopcock

for draining ———H
sample

Ground-glass
joint

o8

Pipet tube

Scale

RN NRUNNE - NN
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A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water
was prepared containing 2.75 g sodium citrate as deflocculating
agent was transferred to Andreasen pipette (h = 20 em) and volume
made up to 550 ml using distilled water. The suspension was shaken
and allowed to settle under the acceleration of gravity, 981 cm/sec?,
at 25°C. the density of the medium is 1.01 g/cm?, and its viscosity is
1 centipoise = 0.01 poise or 0.01 g/cm sec.

st T
(ps—pe)ot
wt of  ——
Particle Size Mean of | sample Cumulati Cumulative —
Time size range [size range| collected wt ugdersize msize .'
(sec) (um) (um) (um) @) ) T’ %
600 11.54 >11.54 0.7 14 86 14
1200 8.16 |8.16-11.54] 9.85 0.9 18 68 32 h
1800 6.66 6.66-8.16 741 15 30 38 62
2400 5.77 5.77-6.66 6.22 0.8 16 22 78
3000 5.16 5.16-5.77 5.47 0.6 12 10 90
3600 4.71 4.71-5.16 4.94 0.5 10 0 100
D=5 —

A suspension of 5 g of ZnO,, density 5.60 g/cm?, in 50 ml of water was prepared
containing 2.75 g sodium citrate as deflocculating agent was transferred to
Andreasen pipette ( h = 20 cm) and volume made up to 550 ml using distilled
water. The suspension was shaken and allowed to settle under the acceleration of
gravity, 981 cm/sec?, at 25-C. the density of the medium is 1.01 g/cm3, and its
viscosity is 1 centipoise = 0.01 poise or 0.01 g/cm sec.

wt of
Particle Size Mean of | sample Cumulative |Cumulative
Time size range |size range| collected wt undersize Oversize
(sec) (um) (um) (um) @) ()] %) ()]
600 1154 | >1154 0.7 14 86 14 =
1200 | 816 |8.16-1154] 9385 0.9 18 68 32 . &
1800 6.66 | 6.66-8.16 7.41 15 30 38 62
2400 5.77 | 5.77-6.66 6.22 0.8 16 22 78
3000 5.16 |5.16-5.77 5.47 0.6 12 10 90
3600 4.71 |4.71-5.16 4.94 0.5 10 0 100
DED

—e—Oversize —@—Undersize —@— Frequency distribution
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Sedimentation methods
Pl A ) - & ~
Balance method ~§“”“ a3U Yo
The increase in weight of sedimented particles falling

onto a balance pan suspended in the fluid is recorded
with time B S (5

N
wi s V2

| L serenicn ‘ HEIGHT
; Halsnce pan I

PFigure § 3. Sedimentation balance

TIME

Sedimentation methods

Alternative techniquec_/jr(_r-)\ s\l

« It is the application of centrifugal sedimentation to

make guicker the sedimentation of small particles.
R CIVIRFSRN B eV

D.

A B. C

2
00

oAes
O

D000 0, 0" N0y
% SO0 L
SRV
o.ob‘a-é?.b.

PO0OWA T o
Bl

<4— Centrifugal Force —
O 0,
g
Yerleicial
ORODES Tt
(.%d:-. e, . ® _.-o-
&
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%
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Centrifugation Time ——p
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Particle size analysis methods
Laser light scattering methods — > qyu-o-s_\;‘u—ulo Goes)

g@yg__Equwalent diameters: Area diameter, d, volume [._. | _J_yo(
&/ diameter, d,. Reacbios s

Principle of measurement. of laser light

with particles | Y}
1) Fraunhofer diffraction

« This is based on forward scatter (small angle
change) of laser light by particles, which is detected,
amplified and analyzed by microprocessor.

SCATTERING DIFFRACTION

» Range of analysis = 0.5 - 1000 nm
« Sample is Iqu|d orair- susPendedd
_""' \ Ay LS §‘

Laser light scattering
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Particle size analysis methods

Laser light scattering methods

2) Photon correlation spectroscopy (PCS)
« It is termed also Dynamic light scattering (DLS)

« This is based on the Brownian movement (random motion of small
particles or macromolecules caused by the collisions with the
smaller molecules of the suspending fluids)

« Range of analysis ~0.001 - 1 um

« PCS analyses the constantly changing patterns of laser light
scattered or diffracted by particles in Brownian movement and
monitors the rate

« Calculation of size is based on Stokes-Einstein equation:

Scatfleving

25
1 38X10_12T 2 1 d ﬂ
3 m-s _;-5 * (o, —pr)t
. f‘v\. wis T 5 VS a5 Y

» T =absolute temperature, d = diameter, n= V|S(:05|tyofI|qU|d
- D= IBrownlan diffusion|

%L\,:zé\ & o~

Selection of particle size analysis method

Factors to be taken into consideration:
1. Size range of powder

2. Amount of sample

If sample is very small we can use microscopy but we can not use
sieving g e éka\\

s By e ST
Speed of analysis :"’yjij
Accuracy of results
Cost

Physical nature of material (like Agglomeration and
cohesiveness)
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SPheve dalanes] L

Influence of particle shape
Pa\\'(*-(cLQ -i\'."hi?_(_’:"

Fibrous \ Circumscribed
particle circle, d:

<

~ Inscribed
circle, d

Fig. 10.6 A simple shape factor is shown which can be used to
quantify circularity. The ratio of two different diameters (d/d.)is
unity for a circle and falls for acicular particles.
(Z b 5 | L& \ \ = [.AS
Clrcularlty— dide =3 \GHBes VMo
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—

Particle shape descrlE)tors

L;Lg(on
: s Lo ol
Aspect ratio > > - La_,_Sl

e The ratio of the minimum to the maximum
Feret diameter is another measure for the

particle shape.
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Particle shape descriptors
V. EN4,5
Shape Spherecity

Tetrahedror
S.-.'-.:p v

Sphericity

e The sphericity S is
the ratio of the
surface area of a
sphere (with the

0.671

Cube 0.806
same volume as the
given particle) to

Dodeca- 0.910
the sun_‘ace area of E. 12 Elay
the particle: Foces

Particle shape descriptors

Convexity and fullness ratio
c_.._).j S\ QS 1a o= U
. . area ““'DM‘ 7 g ; Convex
convexity ratio = ——— . = A
convex area !)—"7 5 projection of particle
. area f:’ :
fullness ratio = /| ———8
L convex area N = 7 ~—ciroumscribed
| e
=2 (s ‘\:-_-:-\-L\G*Kﬁ-’d-t oL oS

\2‘"’ Asxample: - =

Bydly ratio =42=2
ESS ratio= V4/2=1414
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