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INTRODUCTION

Complexes are compounds that result from donor—acceptor mechanisms between two or more chemical

species.

Complexes canbe  divided broadly into three classes depending the type of the acceptor
substance:

1. Metal ion complexes
2. Organic molecular complexes
3. Inclusion complexes

Intermolecular forces involved in the formation of complexes:
1. Vander Waals forces.

Hydrogen bonds (important in molecular complexes).

Coordinate covalence (important in metal complexes).

Charge transfer.

Hydrophobic interaction.

gL



Introduction

Types of Complexes
Metal Ion Complexes

Inorganic type
Chelates
Olefin type

. Aromatic type

ll. Organic Molecular Complexes
A. Quinhydrone type
B. Picric acid type
C. Caffeine and other drug complexes
D. Polymer type
lll. Inclusion Compounds
A. Channel lattice type
B. Layer type
C. Clathrates
D. Monomolecular type
E. Macromolecular type

o0

Metal ion complex (coordination complex) consists of a
transition-metal ion (e.g. cobalt, iron, copper, nickel and
zinc) linked or coordinated with one or more counter ions or
molecules to form a complex.

The ions or molecules (e.g. CI-, NH3, H,O, Br-, I, CN-, etc.)
directly bound with the metal are called ligands.

The interaction between the metal and the ligand represents a
Lewis acid-base reaction in which the metal ion (Lewis acid)
combines with a ligand (Lewis base) by accepting a pair of
electrons from the ligand to form the coordinate covalent or
electrostatic forces:

Co3* 4+ 6 (: NH3) < [Co(NH3)s]3+



Metal ion Complexes
Inorganic Complexes

The number of ligands bound to the metal ion is defined as
coordination number. — _

NH5 3+
The coordination number of cobalt is six, . “
. . . . S aw 3
since it complexed with six NH3 groups. /Co\
H;N NH,
Coordination number usually determine NH;
the geometry of the complex. - . -
L/,, ‘ ‘\\\L
L L L SE " Me
I—Me—L \Me/ NG i ‘ s
: /N, " S L

CN =2 (linear)  CN =4 (square planar) CN =4 (tetrahedral) CN = 6 (octahedral)




Compound (e.g. NH3) which has
a single pair of electrons for

bonding with the metal ion, is )
NH,

called unidentate ligand.

Ligands with two or three groups H HzN\)
are known as bidentate or H2N:/\/!\'I\V/\:‘NH2
tridentate respectively.

Ethylenediaminetetraacetic acid
(EDTA) has six points for
attachment (two nitrogen and
four oxygen donor groups)
and is called hexadentate.

Metal ion Complexes

Chelates

Chelation is the formation of two or ®)
more coordinate bonds between
a multidentate ligand (organic
compound called chelating
agent) and a single central atom.

The bonds in the chelate may be N.
jonic, primary covalent, or

coordinate type. N

’
’
%
~
-~

L

=

@) C)I

EDTA Complex



Organic Molecular Complexes

Organic molecular complexes are formed as a result of non-
covalent interactions between a ligand and a substrate.

The interactions can occur through van der waals forces,
charge transfer, hydrogen bonding or hydrophobic effects.

Many organic complexes are so weak that they cannot be
separated from their solutions as definite compounds, and
they are often difficult to detect by chemical and physical
means.

Organic Molecular Complexes

Complexation differs from the formation of organic compounds
in the forces between the constituents:

E.g. Dimethylaniline and 2,4,6-trinitroanisole react in the cold
to give a molecular complex. However at elevated
temperature, they react to yield a salt, in which the
molecules are held together by primary valence bonds.

O,N O.N
A CH.- = : CH;
7\ g W\ 7\ A
<{ ) x/ + HyCO- /N NO; — ’/ \\)—-\/ + HyCO / NO; —
\\——/7 \ - 7‘_-/ \:‘/ \(- fe—
(lll;‘; I"
0.N O,N
O.N | OuN
r oo b Y 7\ /(:u_, —x
' . " on NG { N 10— H-NoO,
»—N"—CH. 00— r—=NO, \ \
N—NZ-CH, o e _/
N o s | \ i/ CH, )
L = CH; | / O,N

O,N
Salt Complex



Organic Molecular Complexes

Charge transfer complex is an association of two or more
molecules in which a fraction of electronic charge is
transferred between the molecular entities.

The molecules from which the charge is transferred is called
the electron donor and the receiving species is called the
electron acceptor

Attraction in charge-transfer complexes is weaker than in
covalent forces.

Usually these complexes is formed by sharing of w-electrons

Organic Molecular Complexes

E.g. Complex between benzene and trinitro benzene (1:1
type). (polar nitro group of trinitro benzene induce a dipole
in the readily polarizable benzene molecules, resulting in
electrostatic attraction).

The difference between a donor— NO;
acceptor and a charge = st
transfer complex is that in the ----02N
latter type, resonance makes
the main contribution to NO,
complexation, whereas in the (Donor) (heception)

former, London dispersion : :

_ Electron drift or partial electron
forces contribute more to the transfer by polarization ( bonding)
stability of the complex.

—
>




Organic Molecular Complexes
Quinhydrone Complex
This molecular complex is formed by mixing equimolar
guantities of benzoquinone with hydroquinone.

Complex formation is due to overlapping of the w-framework of
the electron-defficient benzoquinone with the w-framework
of the electron-rich hydroquinone (charge transfer).

OH O OHO
T @ — P
O O OHO
Hydroquinone Benzoquinone Quinhydrone
(colorless) (yellow) (purple)

Organic Molecular Complexes
Picric Acid Complexes

Picric acid (2,4,6-trinitrophenol), is a strong acid that forms
complexes with many weak bases such as poly-nuclear
aromatic compounds.

An example is Butesin picrate (local anaesthetic) which is a
complex formed between two molecules of butyl p-
aminobenzoate with one molecule of picric acid.

7~ OO _~_CH\ OH
O,N NO,




Organic Molecular Complexes

Caffeine Complexes

Caffeine forms complexes with a number of drugs owing to the
following factors:

Hydrogen bonding between the polarizable carbonyl group of
caffeine and the hydrogen atom of the acidic drugs such as
p-amino benzoic acid and gentisic acid.

Dipole-dipole interaction between the electrophilic nitrogen of
caffeine and the carboxy oxygen of esters such as

benzocaine or procaine O O_E;,Cﬂg_
O OHEE—05- e ChHy
HC, N \EQ’C\QN N
v I
'e) ITI N =~ 0 lTl
NH, CHs NH, CHs

Organic Molecular Complexes
Caffeine Complexes

Caffeine forms water soluble complexes (more soluble than
caffeine itself) with organic acid anions, but the complexes
formed with organic acids, such as gentisic acid, are less
soluble than caffeine alone.

Such insoluble complexes provide caffeine in a form that
masks its normally bitter taste in chewable tablets.



Organic Molecular Complexes
Polymer Complexes

Polymeric materials such as eudragit, chitosan, polyethylene
glycols (PEG), polyvinylpyrrolidone (PVP) and sodium
carboxymethyl cellulose (CMC), which are usually present
in liquid, semisolid and solid dosage forms, can form
complexes with a large number of drugs.

Such interactions can result in precipitation, flocculation,
solubilization, alteration in bioavailability or other unwanted
physical, chemical, and pharmacological effects.

Organic Molecular Complexes
Polymer Complexes
Polymer—drug complexes however can also be used to modify

biopharmaceutical parameters of drugs.

Polymeric complex between naltrexone and eudragit improves
the dissolution rate of naltrexone.

Povidine-iodine is a stable complex of PVP and iodine, which
possess superior antibacterial activity.

°X|2




Inclusion Complexes

An inclusion compound is a complex in which one chemical
compound (the ‘host’) forms a cavity in which molecules of
a second compound (‘guest’) are entrapped.

These complexes generally do not have any adhesive forces
working between their molecules and are therefore also
known as no-bond complexes.

Inclusion Complexes
Channel Lattice Type

In this complex, the host component crystallizes to form
channel-like structure into which the guest molecule can fit.

The guest molecule must possess a geometry that can be
easily fit into the channel-like structure

Channel lattice complexes provides a mean of separation of
optical isomers.

The cholic acids (bile salt) is an example of this complex type.
The crystals of deoxycholic acid are arranged to form a
channel into which the complexing molecule can fit.

The well-known starch—-iodine complex is a channel-type
complex consisting of iodine molecules entrapped within
spirals of the glucose residues



Inclusion Complexes

Channel Lattice Type

0
:; :: o, M

H, H c C C—H

N /

¢ C/ \c/ \ﬁ/ \0/ \"

| H

§s—sS 2 2

(c)

CH,0H 0,

i °/%
on "0 R |
CH,0H
HOH,C HO,
Ho )
o
oM OH
o Ho ©
CH,OH
HOH,C Ha
9 O HO'

H oH
o o
(¢} CH,0H (d)

Inclusion Complexes

Layer Type

Layer type complex (or intercalation w
compound) is a type of inclusion \l
compound in which the guest molecule |
is diffused between the layers of .
carbon atom, to form alternate layers

of guest and host molecules.
Montmorillonite, the principal constituent

of bentonite, can trap hydrocarbons,
alcohols, and glycols between the
layers of their lattices.

Graphite can also intercalate compounds
between its layers.




Inclusion Complexes
Clathrates

The clathrates are compounds that crystallize in the form of a
cage-like lattice in which the coordinating compound is
entrapped.

One official drug, warfarin sodium, is in the form of crystalline
clathrate containing water and isopropyl alcohol.

Clathrates can be used to separate optical isomers.

Inclusion Complexes
Clathrates

Hydroquinone crystallizes in a e i
cage-like  hydrogen-bonded forming the cage
structure, in which small
molecules such as methyl
alcohol, CO,, and HCI may
be trapped in these cages.

Size of the guest molecule is
important for complex
formation.

If the size is too small, the guest
molecule will escape from
the cage of the host and if
the size is too big, it will not
be fit inside the cage. o i

prisoner molecule




Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

Monomolecular inclusion complex involves the entrapment of
guest molecules into the cage-like structure formed from a
single host molecule.

Cyclodextrins are a family of compounds made up of sugar
molecules bound together in a ring (cyclic oligosaccharides)

They consist of 6, 7, and 8 units of glucose referred to as a, p,
and ¢ cyclodextrins, respectively.

Cyclodextrin type GlllJJr?i(t)sse Jgﬁqrgtil . Aqueous solubility USP name
a-cyclodextrins 6 4.7-5.3 A 14.5 g/100 mL Alfadex
b-cyclodextrins 7 6.0-6.5 A 1.85 g/100 mL Betadex
¢-cyclodextrins 8 7.5-8.3A 23.2 g/100 mL Gammadex

Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

Cyclodextrons have truncated cone structure with a
hydrophobic interior cavity because of the CH, groups, and
a hydrophilic exterior due to the presence of hydroxyl group.

' ' ' HYdrophcblc
V- CD

Hydrophilic




Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

Molecules of appropriate size and stereochemistry get
entrapped in the cyclodextrin cavity by hydrophobic
interaction by squeezing out water from the cavity.

Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

Cyclodextrins can enhance the solubility and bioavailability of
hydrophobic compounds due to the large number of
hydroxyl groups on the CDs.

Cavity size is the major determinant as to which cyclodextrin is
used in complexation.

yclodextrins have small cavities that are not capable of
accepting many molecules. ¢-Cyclodextrins have much
larger cavities than many molecules to be incorporated.

The cavity diameter of p-cyclodextrins has been found to be
the most appropriate size for most drugs. For this reason, p-
cyclodextrin is most commonly used as a complexing agent



Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

Although p-CD contains a high number of hydroxyl groups, -
CD solubility is the lowest compared to the a-CD or ¢-CD.

This is due to the formation of an internal hydrogen bond
network between the secondary hydroxyl groups.

%0&3\
OH HOT o o
GO HO OH
HO
OOH HO o
OH HO -
o - OHon O
HO 5 o
HO

Monomolecular Inclusion Compounds: Cyclodextrins

Partial alkylation of some of the OH groups in CD reduces the
intermolecular hydrogen bonding, leaving some OH groups
free to interact with water, thus increasing the aqueous
solubility of CD.

OH 5 OH OMe
%Oﬁ %
HO MeO O
oH "9 5 Po OMe
o o) %\ MeO O

HO OH Ho 0L
O OH
O \-OH HO s MeO
HO /Dy b - g
5 HO He, OMe
OH HO gnﬁo o)
O JoH  OH_on £O e L0
)
0



Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins
In addition to hydrophilic derivatives, hydrophobic forms of p-
CD have been used as sustained release drug carriers.



Inclusion Complexes

Monomolecular Inclusion Compounds: Cyclodextrins

In addition to improving the solubility of compounds,
complexation with cyclodextrin has been used to improve
the stability of many drugs by inclusion of the compound
and protecting certain functional groups from degradation.

Complexation with cyclodextrins has also been used to mask
the bitter taste of certain drugs such as femoxetine.

Inclusion Complexes
Macromolecular Inclusion Compounds
Macromolecular inclusion compounds, (molecular sieves)

include substances such as zeolites, dextrins, and silica gel.

The atoms are arranged in three dimensions to produce cages
and channels in which the guest molecules are entrapped.

Synthetic zeolites can be made to a definite pore size to




Methods of Analysis

Method of Continuous Variation PH
Titration

Distribution Method Solubility
Method Spectroscopy

Methods of Analysis

A determination of the (1) stoichiometric ratio of ligand to

metal (or donor to acceptor) and the (2) stability constant
for complex formation are important in the study and
application of complexes.

Several methods for estimation of these parameters have
been developed:
1. Method of continuous variation

pH Titration method
Distribution Method
Solubility Method
Spectroscopy

a s WD



Method of Continuous Variation

be determined by three methods:
(A) Job's method (B) Mole ratio method (C) Slope ratio method

Job's Method

In Job’s method, a series of solution are prepared with
variable ratios of metal and ligand but with fixed total
concentrations (the total ligand + metal concentration are

the same for all solutions).
An additive property that is proportional to the concentration of

The stoichiometry of a metal-ligand complexation reaction can

the formed complex (e.g. absorbance) is measured and
plotted against the mole fraction from O to 1 for one of the
components of a mixture (e.g. Ligand).

Method of Continuous Variation
Job's Method

For a constant total

concentration of A and
B, the complex is at its
greatest concentration
at a point where the
species A and B are
combined in the ratio
in which they occur in
the complex.

The line therefore shows

a break or a change in
slope at the mole
fraction corresponding
to the complex.

absorbance

1.0+

0.8

o
(=2}
i

o
T

o
]

o
T

stoichiometric mixture \
1
I

=
4 06
XL

T T T
0.0 0.2 0. 0.8
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Method of Continuous Variation

Job's Method

E.g. the change in slope

H stoichiometric mixture
807cg.rs at a mole fraction of | Mole fraction = 0.75 S
o indicating a 3:1
X _ 075 _ 3 .l complex 3
XM 1—0.75 < %

absorbance

This indicate a complex &
formation of the 3:1 type

(ligand : metal). 021

The calibration curve flattens
out when there is no longer

0{2 0{8 1.0
enough ligand to react with , e
all of the metal ions. T T T T T |

Job’s method is restricted to

the formation of a single | h/§/‘f‘(b§MM )

complex

T T
0.4 0.6
XL

T
0.0

Method of Continuous Variation
Mole Ratio Method

In the mole ratio method, a series of solutions are prepared
with a fixed amount of the metal and a variable amount of
the ligand (or vice versa).

An additive property that is proportional to the concentration of
the formed complex (e.g. absorbance) is measured and
plotted against the mole ratio of the component with the
variable amounts (e.g. Ligand).

The formed complex is at its greatest concentration at a point
where the species A and M are combined in the ratio in
which they occur in the complex (indicated by a change in
the slope at the mole ratio that forms the complex).



Method of Continuous Variation

Mole Ratio Method

The change in slope (a) occurs at a mole ratio of 1 indicating a
complex of the 1:1 type, while the change in slope (b)
occurs at a ratio of 2 indicating a complex of the 2:1 type.

The calibration curve flattens out when there is no longer

enough ligand to react with all of the metal ions.
(b)

\ i ML, L’
/ \ //

absorbance
absorbance

increasing absorbance
due to excess ligand

<«———— initial absorbance of metal

I 1 | I
0 1 2 3 0 1 2
n./nm ny/nw

w—

Method of Continuous Variation
Mole Ratio Method

Unlike Job’s method, the mole-ratio method can be used to
investigate the formation of higher complexes in solution.

absorbance
\¥

n/nm



Method of Continuous Variation

Slope Ratio Method

In the slope-ratio method two sets of solutions are prepared:

The first set of solutions contains a large excess of metal and
a variable concentrations of ligand (all the ligand reacts in
forming the metal-ligand complex).

The absorbance of the formed complex is plotted against the
ligand concentration and the slope of the line is determined.

A second set of solutions is prepared with a large excess of
ligand and a variable concentration of metal (all the metal
reacts in forming the metal-ligand complex). .

The absorbance of the formed complex is plotted against the
metal concentration and the slope of the line is determined.

Method of Continuous Variation
Slope Ratio Method

The stoichiometric ratio of metal to ligand is inversely

proportional to the ratio of the slopes:
Slopem

Stoichiometricratio(L:M)=_______
SlopeL
E.g. The slope of the first line (variable metal) is 1.56x103

and the slope of the other line (variable ligand) is 5.3x10.

What is the stoichiometric ratio of this complex?

. . . . 1.56 x 10-3
Stoichiometricratio(L:M)= - =3
Slopewm 5.3 104

Slopey
Stoichiometric ratio (L:M)= 3:1 (L:M)
The slope-ratio method also is limited to systems in which only
a single complex is formed.



pH Titration Method

pH titration method can be used whenever the complexation is
accompanied by a change in pH.

E.g. The chelation of the cupric ion by glycine:
Cu”" + 2NH",CH,COO™ = Cu(NH,CH,COO),+2H"
Because 2 protons are formed in the reaction, the addition of glycine
to Cu”* solution should result in a decrease in pH.

Titration curves can be obtained by adding a strong base to a solution
of glycine alone and to another solution containing (glycine +
copper salt) and plotting the pH against the volume of base added.

pH Titration Method

The curve for the metal-glycine mixture is well below that for the glycine alone.

The difference in pH for a given quantity of base added indicates the occurrence of a complex.



Distribution Method

The method of distributing a solute between two immiscible solvents can be used to determine the
stability constant for certain complexes.

The complexation of by potassium iodide is an example to illustrate this Method.
I +1 <1 3
The distribution method iodine has been used to study caffeine and polymer complexes with a number
of acidic drugs such as benzoic acid, salicylic acid, and acetylsalicylic acid.

Note: This method is described in details in “lab. 2 Complexation”.

Solubility Method

Solubility method is the most widely used method is the study the inclusion complexation.

According to the solubility method, excess quantities of the drug are placed in well-stoppered

containers, with a solution of the complexing agent in various concentrations.

The bottles are agitated in a constant temp. bath until equilibrium is reached. Then, the supernatant

liquid are removed and analyzed to obtain the total drug concentration.

The concentration of the drug is plotted against the concentration of caffeine to obtain a curve that can

be used to calculate the stability constant.



This method is used for charge transfer complexes.

When lodine is analyzed with non-complexing solvent (e.g. CCly) a curve is obtain with a single peak
at about 520 nm.

A solution of iodine in benzene exhibits a maximum shift to 475 nm, and a new peak with higher
intensity at 300 nm.

A solution of iodine in diethyl ether shows a still greater shift to lower wavelength and the appearance of
anew maximum.

10000 1. CCig
2. C,H,
— 2 3. (CoH4)20
% 1000 2
=
sS00

1 L L = j
300 400 sS00
Wavelangth (nm)




SPECTROSCOPY

In benzene and ether, iodine is electron acceptor and the
organic solvent is donor, while in CCl;, no complex is
formed.

The shift towards the UV region becomes greater as the
electron donor solvent becomes a stronger electron-
releasing agent.
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Definition: ’
Micromeritics is the science and technology of small particles. K s
harmacy bec ;

ic prupcrllcs

size and the size range of particles are of significant importance in p '
and surface arca of a particle related to the physical, chemical and pharmaco og
at are administered orally.

drug.
The particle size of a drug can affect its release from dosage forms th
ial in achicving

parenterally, rectally and topically.
In the area of tablet and capsule manufacture, control of the particle size is essent

the necessary flow properties and proper mixing of granules and powders.

Applications:
Release and dissolution.

Absorption and drug action.

Physical stability,
Dose uniformity.,

Release and dissolution.

Particle size and surface area influence the release of a drug from a dosage form. Higher surface
area allows intimate contact of the drug with the dissolution fluids in vivo and increases the drug

solubility and dissolution.
Absorption and drug action.

Particle size and surface area influence the drug absorption and subsequently the therapeutic
action. Higher the dissolution, faster the absorption and hence quicker and greater the drug

action.
Physical stability _
The particle size in a formulation influences the physical stability of the suspensions and
emulsions. Smaller the size of the particle, better the physical stability of the dosage form.

Dose uniformity. .
Good flow properties of granules and powders are important in the manufacturing of tablets and

capsules.
Particle size and size Distribution: When a powder sample contains. of uniform size, it is said

to be monodisperse. In collection of particles of more than one size, it is said to be polydisperse.

The pharmaceutical powders are almost always be polydisperse and hence it is necessary to
charcterise particle size and their distribution. For characterisation two properties are important
i.e., (a) the shape and surface area of the individual particles, and (b) the size range and nprnber

or weight of particles present and hence, the total surface area. The size of a sphere can
completely be expressed in terms of its diameter. When particle is asymmetrical the diameter

which is related to an equivalent spherical diameter, which relates the size of the particles to the
diameter of a sphere having the same surface area, volume or diameter
The size of particles may be expressed as:
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(i) Surface diameter, ds : Is the diameter of a sphere having the same surface area as that of the

asymmetric particle.

(i) Volume diameter, dv : Is the diameter of of a sphere having same volume us that of the
asymmetric particle.

(iif) Projected diameter, dp : Is the diameter of sphere h
particle when viewed normal to its most stable plane.

(iv) Stokes'diameter, dst : Is the diameter of an equivalent sphere un
the same rate as the asymmetric particle.

(v) Sieve diameter, d sieve: Is the diameter of a sp
square or sieve aperture as the particle.

(vi) Volume-surface diameter; dvs : Is t
surface area ratio as the asymmetric particle.

Frequency distribution curve:
In this type, number or weight of particles lying within particular size range is plotted against the

mean particle size. In general the normal distribution curve is expected to be symmetrical (bell
shaped) around the mean, which is also the mode. In this type of distribution, the positive and
negative deviations from the mean are uniform and it is represented by standard deviation.
Larger particles obtained by granulation can be described by normal distribution. In this case,

arithmetic mean and standard deviation are considered.

aving the same observed area as the

dergoing sedimentation at
here that will just pass through the same

he diameter of a sphere that has the same volume to

——

¥

|

quency,

'Freq
A

\

:'_l' I 1 I 1 1 1
i|§=3¢ -2a-c O t7 +20 ¢3¢0

| CL Y I Sl I | lpslxl [ [ ) |
7 8°9 10 11 12 13 14 15 16 7

Particle size (log mean)

qurs 6:2! ) éﬁri)ﬁl disiribulion curve (bell shaped curve). The peak is the |
ode.. Distribution of deviations is uniform around the mean.

i;::f distribution is ‘fsufllly.lwt found. in gharmaceutical powders because of uneven size

o ::eirocess.dThe distribution of particles in a powder is termed as unsymmetric or skewed

i i kna:)r;t:lnas tszs;giz;n.klf frequency curve is elongated towards higher size range, thc::

pattem fh : skewness. Iii frequency curve is elongated towards lower size, the
wn as negative skewness. It is normally shows a long tail of larger particle size
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Log-normal distribution curve:
In this type, frequency on y axis is plotted against log mean particle size on x axis. Advantage of
this curve is that the distribution pattern is made symmetrical. When compared to normal
distribution curve. Powders obtained by crystallization and milling methods exhibit log-normal
distribution. Powder blend obtained from granulation may have different type of distribution.
Cumulative frequency distribution curve:

In this plot, cumulative percentage over size (or under size) is drawn against particle size. If
summation of frequencies is carried out from the bottom upward, the result expressed as the
percentage particle over size. Summation downwards gives percentage undersize. Data yield a
sigmoid curve with the mode, i.e. particle size at the greatest slope. The advantage of this plot is

that one can directly read the percentage within any given size range without any difficulty. The
disadvantage is that scattering of points cannot be identified.
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Log —Probability plot:

sf:;z:)iﬁwdr;:ﬁg l:)y t'dkln_g log p.article size on x axis and cumulative percent frequency of the
O n y axis. In this plot, the cumulative curve is converted into a straight line. A
St_l‘alght line is completely defined by one point and the slope. For the number distribution, slope
gives geometric standard deviation og. The reference point gives geometric mean diameter, dg,
which is equal to the median or the diameter at 50% on probability scale.

Probability plot is necessary when certain data points are not well defined. For example,
in the sieve analysis, how much material has passed through the top sieve is known. For this data
point, we have to identify the midpoint interval of the top, which is not known.

The advantages of probability graph are:
Error of data points are averages by taking a best fit line.
Linearity or lack of linearity can be identified.
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' Number distribution
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50% size
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'g er 16% " 16% undersize
5 undar size 12.58
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Figure 6-6. Log probability plot. Data in Tabl® é
X axis: co]urgn 2; y axis: columns 4 and 6.
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Particle size determination-Methods:

Many methods available for determining particle size such as optical microscopy, sieving,
sedimentation and particle volume measurement.

Optical microscopy (range: 0.2-100 pm).

Sieving (range: 40-9500 pm).

Sedimentation (range: 0.08-300 pm).

Particle volume measurement or conductivity method (range: 0.5-300 pm).

Optical microscopy:
The optical microscopy can be used to measure the particles size in the range of 0.2 pm to about

100 pm. In this method the size is expressed as dp projected diameter. By this method the

number distribution data can be obtained and it can be converted to weight distribution. The
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croscope or electron
mounted on a
called ocular

red to ultrami
ed or undiluted, is
h a micrometer, ‘
a stage micrometer. The slide
determined with the help of
cles are measured more

resolving power of optical microscope is less as compa
microscope. In this method, an emulsion or suspension, dilut :
slide or ruled cell. Eye-piece of the microscope is fitted Wit
micrometer. The eyepiece or ocular micrometer is calibrated using
or ruled cell is placed on a mechanical stage. The size of particle is detc
ocular micrometer. The field can be projected onto a screen where parti niermine
accuratly and photograph can be taken. The optical microscopy method can bf’ used to de 1
the particle size analysis in suspensions, in acrosols or in emulsion (droplet siz¢) In ofderto gc‘
statistically valid results the counting of particles should be in the range of 500 to 1000 particles
for every sample.

From the obtained data the size frequency distribution curves, cumulative frequency
curves are plotted. Other popular measurements includes - Feret diameter, the Marti diameter
and projected area diameter.

A

e

*—I —  Feret's diometer

Mortin's diameter
Projected areo diameter

Maximum horizontal intercept

&
%

Popular measurements:
Feret's Diameter— The distance between imaginary parallel lines tangent to a randomly

oriented particle and perpendicular to the ocular scale.
Martin's Diameter— The diameter of the particle at the point that divides a randomly oriented

particle into two equal projected areas.
Projected Area Diameter— The diameter of a circle that has the same projected area as the

particle.
Length— The longest dimension from edge to edge of a particle oriented parallel to the ocular

scale.
Width— The longest dimension of the particle measured at right angles to the length

Advantages
1. Microscopy method allows the direct observation (shape and size) of particles

2. The field can be projected and a photograph can be taken.
3. Aggregation of particles can be easily detected.
4. Provides accurate results and reproduciability.
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5. Simple and €conomic
6..Easy to handle, .
,Dtsadvantages
1. Diameter j
I 1S obtained i
from only two dimensions of the particle i.e., length and breadth. No

eStl‘ [ i e
mation Of depth (tthkrleSS) Of particl i 300
2. llle met.h()d iS 1 -
SIOW and [ed]OUS. because the number P icl ) (

500? to obtain a good estimation of the distribution.
3. Time consuming method.
4. Large sample is required.

2. Sieving method:
Particles having size range between 40 to 9500um are estimated by sieving method. In

this method, the size is expressed as dsieve, Which describes the diameter of a sphere that
passes through the sieve aperture as the asymmetric particle. This method directly gives
weight distribution. This method is also known as analytical sieving.
_ The sieving method finds application in dosage form development of tablet and capsules
Normally 15% of fine powder should be present in granulated mass to get as proper flow and
achieve good compaction in tabletting. Therefore, percent of coarse or fine powder can be
quickly estimated. In addition, sieving also separated the powder can be quickly estimated. In

addition, sieving also separates the powder into fractions of desired size.
are considered from wire cloth with square meshes,

Sieves for pharmaceutical testing
bronze, stainless steel or any other suitable material. Sieves should not

woven from wire of brass,
be coated or plated. There must be no reaction between the material of construction of the sieve

and the substance to be sieved.

Method:
Standard sieves of different mesh nunibers are available commercially as per the
th the coarsest at the top. A sample

SP. Sieves are arranges in a nest wi
he top sieve. This sieves set is placed in the mechanical shaker

od.df time. The powder retained on each sieve is weighed
mesh number of the screen through which it is passed or
of arithmetic or geometric mean of the two

lative percent frequency distribution and
t diameter and standard

specification of IP and U
of the powder is places on t
_apparatus and shaken for a certain peri

Frequently, the powder is assigned the
on which it is retained. It is expregsed in terms
sieves. Data are analyzed for norpial, log-normal, cumu
probability curves. T he relevanf diameter such as geometric mean weigh

deviation can be obtained.
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Advantages

1. It is simple for handling. - '

2. It is inexpensive and rapid.

3. Provides reproducible results. V
4. Specially useful for weight distribution.

3. It can be used for very small particles having particle diameter upto 5J.1m.
Disadvantages

L. It cannot used for very small particles is below 5J/m.

2. The powder sample should be dried every time, otherwise it may clog with particles, resulting
improper sieving.

3. During shaking, attrition of particles may cause reduction of particle size. This may leads to
errors in estimation.

4. Time consuming method.

5. Approximate results can be obtained.

3. Sedimentation method:

The sedimentation method can be used for formulation and evaluation of suspensions,
emulsions and determination of molecular weight of polymers. The particle size in the subsieve
range may be obtained by gravity sedimentation and is expressed as stokes' diameter, dst' in

Stokes' law.

e,

(Ps “pl)ﬁ

Where,

ds = Stokes diameter of the particle \
p= viscosity of the medium

h = height of fall in time

Ps = density of the particles \
Pl= density of the medium

g = acceleration due to gravity

t = time interval
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The appara
tus usug i
ground glass Stopper Whed':ltyh corrslsts (.)f 550ml vessel containing a 10ml pipette sealed into a
stfacactie iy € pipette is in place in the cylinder, its lower tip is 20cm below the
The procedure is as follows:

1 or 2% suspension of

powder in a suitabl ' 5 )
deﬂOCCUlating able medium firstly prepared and to that add suitable

" ;kg:?;. Tra‘nsfer th_is l-nixture (susptension)‘ into the Andreasen vessel. Place the

e vessel to distribute the particles uniformly throughout the suspension and
the apparatus is place in a constant temperature bath. Remove the stopper and attach two-way
stopcock. At various time intervals, 10ml samples are withdrawn and discharged by means of the
Iwo way stopcock. The samples are evaporated and weighed or analyzed by any method,
correcting for the deflocculating agent that has been added. The weight or the amount of particles

obtained in each time interval is referred to as weight undersize. The weights are converted into
cumulative weight undersize.

—— o e o ey
- 1 Suction to fil!
i N pipette to 10 m!
)-'\ mark
. Two way {-\ ) I
¢ stopcock for o 3
. draning 77 4430 |
sample J'%._- Ground-glass |
‘7*1_ joint
y —p b
g ﬁ.l‘..z,o
M=
3 E E = !
~ Pipette tube ———f-~ii- | Scale i
r iy
3 1= :
I
LodE 4
! i 1
: ! l - i
3 3 L-_Q n

1 :
L 2 7
- S e O

4. Particle volume measurement or conductivity method:

The popular instrument to measure the volume of particles is the coulter counter. This
method gives number distribution. Here the particle volume is measured and is converted into
particle diameter, and size is expressed as volume diameter dv. The method is useful in the study
of particle growth in suspension and solutions, useful in dissolution studies and to study the

effect of antibacterial agents on the growth of microorganisms. This method gives quick and
accurate results.

The working principle of coulter counter is that when a particle suspended in a liquid
containing electrolyte (sodium chloride) passed through a small orifice, and maintains contact
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with the external medijum. Generally, a known volume of a dilutc suspcnflon is pum[::iceil tﬂ';r‘i;’rﬁ:
the orifice. The Suspension is sufficiently diluted so that only one particle can paslhe current
through an orifice. A constant voltage is applied across the two electrodcs: Here lame of
Produces. When a suspended particle travels through the orifice, it displaces its own VOl
electrolyte. The resistance, between two clectrodes increases. The net result is a change 1n the
electrical resistance, which is related to the particle volume, causes a voltage pulse. .Thc voltage
pulse are amplified and fed to a pulse height analyzer calibrated in terms of particle size.

The pulses are electronically counted for a given threshold value. By adJUS'lmg fhe
threshold setting the number of particles of each size range is obtained. Thus the particle size
distribution can be obtained.,

The instrument is capable of counting particles at the rate of approximately 4000 per second. The
data may be converted from a volume distribution to a weight distribution.

Main Threshold Pulse
amphfier ) orcut [0 amplfier

Puise height
proportional to
particle volume

Counter
dnve

Dignal
ister |

Coulter counter apparatus

3

Onhca

~
e;
\Counler switch

Advantages
1. It gives very fast results [approximately 4000 particles per second].
2. Short period of time is required for size distribution analysis.

3. It provides accurate results.
4. It can be used to measure particulate contamination in parenteral solutions.
5. Submicron particle sizing instrument, the coulter Model N4 has been developed for analyzing

particles in the range of 0.003 to 0.3 pum. '
6. It is used in the study of the clustering process and the packing of the mineral components of

renal stones.
7. It is also useful in quality control of large volume parenteral [LVP] solutions.

Disadvantages
1. It is not suitable for polar and highly water soluble materials due to solvation.

2. It is expensive method.
Specific surface:
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Specific surface g defined as the surface are per unit weight (Sw) or unit volume (Sv) of the
material.

Determination of surface area:
The commonly used methods are:
I." Adsorption method
2. Air permeability method

Specific Surface

Surface area of particles
S, = Volume of particles

number of particles x Surface area of each particle
= number of particles x Volume of each particle

'q(hd2 - Q3
T]ﬂ.vdJ avd

Surface area Surface area
S = -

w Weight Density x Volume
s - Sv__madi
w P navdis xp
al
av dVS p above
When the particles are spherical, equation simplifies to
S = 6
W pdy
Since - T 6.0 for a sphere.
Lo B
Adsorption method:

Principle:

of surface area of powder. At high pressure, the adsorbed layer beco
completion of mono-molecular film can be identified using BET

mes multi-molecular. The
volume (ym) adsorbed PEr one gram can be obtained.

equation. At that stage, the
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Fig. 6-12 Adsorption isoth

gen gas absorbed on the P The first inflection point,
B, represents the completion of monomolecular layer ( Fm)-
Procedure : A known wei
Sample tube. The sample is
Temove gas. Then
mixture of helium

- adsorbs on the powder and helium does not adsorb (inert).  Vapour
*_ dosing options are available with the instrument. A mixture of gases 1s
| Passed through sample tube (containing powder) at a specific pressure
, 2nd temperature (thermostat facility). The amount of nitrogen  gas
| adsorbed and desorbed is measured us’ 1g a thermal conductivity _dc‘t‘t
| tor. The signal height is proportional to the rate f)f admrp.uon\t::
€sorption of nitrogen gas. The are: under th.c curve is pr')poﬂll'i::ﬂa

€ 8as adsorbed on the particles. The adsorption 1s measured, a

erm showing the volume

of nitro-
owder.

ght of powder is introduced
mounted to the Out-gassing station to
the sample tube is mounted to the analysis station. A
and nitrogen are used as adsorbate gas. Nitrogen gas

into the

Scanned with CamScanner



l\l"'

"'\'\\ 1T

L Y lh‘" l‘l'!- .
ttlll-llll‘l' I‘Il\l vian '“‘ “l\l'|'||“|| (;.[[l\'-l-‘ll ot

‘h“:‘\.‘d "Lt -
VUV E 16 "ll\l(\'g_i on a ‘-lﬂp k‘h;‘l‘ 'l‘\'l‘l\lg‘l‘

U sg ‘\‘?‘ldl?:::ﬁ:‘:[ :‘:\‘l‘lllll‘.l..\urh Is -\l..'l".h';l‘llt‘ i the sense that o p.'lunl.-- ”."
. OF 2ases (0o gas maxtures) over a range ol femperatres
{hatiows the evaluation of characteristics of porous material. In addition
1t can be used to measure true density of the powder, pore size and pre
volume distmbunion. These can be used for studying physisorption and
chemisorpuon. Tt as apphicable to a wide range of surface areas.

Air Permeability Method - Fisher-Subsieve Sizer

Aur permeability method is offical in 1P, This method also used to

estimate surface diameter., d,.

Principle : Powder is packed in the sample holder as a compact plug.
In this packing. surface-surface contacts between particles appear as a
series of capillanes. The surface of these capillaries is a function of the
surface area of the powder. When air is allowed to pass, air travel
through these capillaries and thus this method is related to surface area
of powder. When air is allowed to pass at a constant pressure, the bed
resists the flow of air. This results in a pressure drop. The greater the
surface area per gram of the powder, S, the greater the resistance (0
flow. The permeability of air for a given pressure drop is inversely
proportional to specific surface.

The Kozenv-Carman equation is used to estimate the surface area by
this method. This is based on the principle of Poiseulle’s equation.

A APt £ (19)

V= .

Copsl Kl (I-e)

where A = cross sectional area of the bed (pack), m->
AP = pressure difference of the plug, Pa (or mmHg)
t = time of flow, s
{ = length of the sample holder, m
£ = porosity of the powder
S, = surface area per gram of the powder, m*/g
h = viscosity of the air Pa.s
K = a constant (5.0+0.5) that accounts the irregular capillaries
V = volume of air flowing through the bed, m?

Poiseulle’s equation is same as that used 1n Ostwald’s viscometer,
the principle of flow of hiquids through the capillary tube. Fisher
subsieve sizer instrument 1s commercially available. :
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- If the powder has decreased porosity, the d,, also dccre‘use.s. Thcrf.t,-
fore, over a range of porosities, the minimum value of diameter 1

achieved.

welias e

£542

Nethod - . .
I DA ‘”Mm_“ ol the Appatatus s .khn\\'n m |'.'”."“. 613 I
CONSISIS O Q4 san - AL s 8
| i“ Wil tabe ontimg the packed powder sample with one
ST CONDected oy .
) ot pump through o constant pressure e ’
The other end . Hiached ' ) pressure regulator.

- oo cahibrated manometer containg o
able liquid ol fow e ‘ ler containing, a suit-

vosty and nepligible vapor pressure,

The air pum ,
. ‘.I‘ l‘ll]l(l\‘ l‘i‘ .l". WESY an .
! Y essure and 18 connecte % PRl
pressure repulator, e e “. i nnected to a constant
= . 8 opassed through the dryer 1o remove any

S £ i o N
of the Tuid i the s, m\ux ‘ll]o;l.‘illl't.‘(‘ by the manometer. The level
particles. The higher 1 ‘n%u_;.‘ 1;\ related to the average diameter of the
pimicin s [ hhl‘;h‘wt‘ hl;l ace area, the greater is the resistance, the
Srrm—_— smnda;-d:-‘ ‘ain( nu;no_mclcr level Llccrcus'cs. Commercial
EiiS mintih ! 't’u. o eliminate the mathematical computation.

s clameter can be read from the calculator charts sup-
plied with the equinment.

The porosityv of i , . )
arqre{)ro “19_ n the powder (€) and viscosity of air (1) are estimated
separately. A and / are constants represent sample holder. AP and V can

be obtame@ from the experiment and substituted in equation (19) in
order to estimate the surface area.

’ . o) Calibrating |
From air pump valves
— s - Porous L
7 plugs ( _ \ K
T |
b '__ S 7 -
=t f ~ 7
A 4 \\] Powder 4 Pressure
- _% /sample A v qﬁﬁs
Constant 1+ with
- pressure ™~|_| [o % ? particle
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| 15| Dryer / }
3\_}6 _ | Manometer /
= 4 ' Ty
| 5.

Fig. 6-13 The Fisher subsieve sizer.

S
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Advantages

Simple instrumentation and high speed, it is widely used pharmaceutically for specific

surface determinations.

2. Bephenium hydroxynaphthoate, official in the B.P.C., 1973 is standardized by air
permeability method.

3. Activity of some drugs is related to the specific surface. Ex: Anthelmintic drugs in
suspension dosage form must possess a surface area of not less than 7000 cm?/g. As the
specific surface of the material is reduced, the activity of the drug also falls.

4. Air permeability method, officially in U.S. pharmacopoeia used for determining the specific
surface area of griseofulvin.

5. This method is also used for measuring the fineness of Portland cement.

Derived properties of powders:

True density: it is the density of the material itself. It is defined as:

. eight of powder
True dens =—
e density, PP = 0o otume of powder

The density is dependent on the type of atoms in a molecule, arrangement of the atoms in
a molecule and the arrangement of molecules in the sample. Apart from true density, powder is

also characterized by granule density and bulk density.
Volume occupied by voids and intraparticle pores are not included in true density. The

most common methods used in the determination of the true density are gas (helium or nitrogen)
displacement, liquid displacement and flotation in a liquid. Helium and nitrogen gases obey the
ideal gas law at ambient temperatures and pressures. However, helium is preferred because of its

smaller size. Both gases do not adsorb on the material.
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POTes are not included in true density (Figure 6-15).  TH¢ Table ¢ -
of some pharmaceutically important powders are fiwed tn 11 ‘ .
¢ determination of the

liquid displacem
obey the ideal

~ The most common methods used in th
density are gas (helium or nitragen) displacement,
and flotation in a liquid. Helium and nitrogen gases |
law at ambicnt temperatures and pressures.  However, helium s g
ferred beeause of its smaller size. Both gases do not adsorb on (..
material.

Porous solids—Helium displacement method : Helium penctian

-

the smallest pores and crevices. Therefore, this method gives a valy
closer to its true density. This is a valuable tool to estimate the tru.
density, particularly for porous solids.

Method © The schematic representation of helium pycnometer 1
shown in Figore 6-16. 1t consists of a sample holder (A), which can b
sealed after placing the sample. The valve (B) is connected to the
sample holder. It has provisions for removing the air from the sampl
holder and introducing the helium gas. Helium gas is sclected as 1t does
not adsorb on the solid sample. A pressure detector (C) is included i
order to maintain preset constant pressure. [t has sealed bellows which
‘maintains the electric contact at a particular pressure. A piston (D) i
attached in order to read the comesponding pressure, which is alco

- related to the volume of the powder.

Hetiym
-1

i - Vacuum Electrical
r'_']“ - 7/ contact
sl
Rt
'.,‘:.t.o‘:-
AT
SRR
AR A
R .
() Pressue.
Fioo  detector -
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Indtally. the valume
present o the samiple hol. )
helinn g1as is pas s‘ul ”“Lh‘:‘““.' B '“ dgh the valve () | Tha
. PP lllfl“l} h the salve (14 The
pressufe is adjusted and set a particular value with the hedp of a peovable
{aston (D). A s position, the reading on the scale desustes €7, This
represents the volume ot empty cell L

Ly YW ik '
Py pvenommlted g JhdEiamed The  ailf

placiap o standard

In the neat step, pyonomaetes s calihratedt hy 7
he sampie ‘
4

vample o known trae viorlume (V) (stamless steel spheres) an o

nolder.  The sample holder as \r-\lml and mr s removed.  The tamne
amount (as uxed i the fimte stepy of the hehum pas s introduced }
oving the piston sutably. At

Prossure adjusted o preset value My
the scale reading s denoted by Us.
gives the volume occupred by the sphere

this stagc, The difference between
U, and U7
Ihe last step mmvolves the determinanon of volume of the sample.
ple powder  The ar

The stanless steel sphere s replaced by the test sam
in the pycnometer is replaced by hechium gas (same gui Nty as use d n
adiusted with the help ol piston At thas

carlier steps) The p,-cw‘m,, s 4
The ditference between U

staic. the f“i\h'"‘l read: ne is denoted )'n L,

and [/, paves the \nlunu occupred by the sample

The operating equation for the instrument 15

V, = oS (U7 -~ U (] JE2T)

where V, = true volume of the sample, cny’

True volume and weight of the sample ure substituted in equanion’

£20) gives the true density.

Liguid displacement method @ Lagu ids such as water and ethyl |

cohol cannot occupy the pores and Lyovices. If the powder is nonpo-
rous, this methed is used.  Scolgct a m_»l\sum in whuch the powder is.

nsoiuble and heavy. Narmally, the values obtained are g;,mne\,\:hm lower |
.!wn the helhium dibpiaccmam method. ‘ ol S

- Method Pyanamf.,u,,r or \pcc:m, ;,rawty hmﬂc n‘m}g b{: U‘it?d

1

1
Ry
o]

Wczpht of pycmmucr = Wy _ 2
o -'_:"WC‘ *81” ‘-’f PYCﬂmﬂeter + samplc (c)r glms hmdb) = w«,

Scanned with CamScanner



T d it w2-wl
rue density = ——— _ :
= et tablet using & punching

Compressed powders: The powder sample is compressed into &
machine with 1,00,000 1b/sqin. Now estimate the true density.

Weight of the tablet = w,

Volume of the tablet = V
1

True density = =
v d in the

Granule density: Granule density is determined for the granules that are employe

manufacture of tablet.

Granule density is defined as:
¢ Granule density
Granule dens
nsity, pg Granule volume

The volume of granules can be measured by mercury displacement method. Mercury is
suitable because it fills the voids, but fails to penetrate the internal pores of the particles. The use
of mercury is also based on its high contact angle of about 140° and its nonwetting

characteristics.
Bulk density: It is defined as:

' / d
Bulk density (Pv) = m‘:;s:t: v:zz:n“; (T/rb()W)

When particles are packed loosely, lots of gaps between particles are observed. Hence bulk
volume increases making the powder light. Based on bulk volume, powders are classified as

“light” and “heavy”. Light powders have high volume.
Tapped volume: The powder is passed through a standard sieve no. 20. The weighed powder

(100gm) is transferred into a 250ml measuring cylinder. The level of powder is made without
compacting. The unsettled apparent volume is measured (Vo) to the nearest graduated unit. The
cylinder is fixed on the bulk density apparatus and the timer knob is set for 100 tapping. The

cylinder is tapped and volume readings are taken until little further volume change is observed.
mass of a powder (m)

Tap P ed densny ~ volume of the powder bed at zero tapping (V0)

Applications:
1. Bulk density is used to check the uniformity of bulk chemicals.

2. The size of the capsule is mainly determined by bulk volume for a given dose of material.

The higher the bulk volume, lower will be bulk density and bigger the size of the capsule.
capsule fill weight of formulation

Capsule volume = tapped bulk density
3. It helps in selecting the proper size of a container, packing material, mixing apparatus in

the production of tablets and capsules. The capacity of a mixing bowl is usually
expressed in cubic feet or liter. Normally, the volume of formulation and an excess of
d for the selection of container for the mixing process.

10% of the volume is considere
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Bty Capacity of mixing bowl = %&—‘:ﬁ

True volume = Volume of the powder itself.

Granule volume = Volume of the powder itself + volume of interparticle spaces.

Bulk volume = Volume of the powder itself + volume of interparticle spaces + volume of inter-
particles spaces (voids)

if the powder is nonporous i.e. no internal pores or

true volume plus the volume of spaces between the particles, ie

Void volume = V= bulk volume - true volume or Vb —Vp

The porosity or solids, &, of the powder is defined as:
P o ., _ void volume
orosity or voids £ = -=r——rrrs
bulk volume — true volume _ Vb—-Vp

i bulk volume Vb
Porosity is frequently expressed in per cent.

capillary spaces, the bulk volume consists of
. void volume,

Vv
Percent,e = 1 — V—ZX 100
The above equation can also be expressed in terms of density values.

- pb
Percent, € = ﬂ’-’z”— X 100

Applications:
Certain powders contribute immensely to the porosity of the tablet. Porosity influences the rate

of disintegration and dissolution. The higher the porosity, the faster the rate of dissolution. Based
on porosity values, solids can be classified as porous and nonporous. Porosity is applied in the
studies on adsorption and diffusion of drug materials.

FLOW PROPERTIES:
Flowability is the ability of a powder to flow through reliably. Flow properties influence

mixing and de-mixing of powders. These also influence the design of formulation and selection

- of process equipment.

Angle of repose:
The flow characteristics are measured by angle of repose. Improper flow of powder is due to

frictional forces between the particles. These frictional forces are quantified by angle of repose.
Angle of repose is defined as the maximum angle possible between the surface of a pile of the
powder and the horizontal plane.
By definition
tan§ = =
T

6=tan—1 -

Where h = height of pile, cm
r = radius of the base of the pile, cm
6 = angle of repose.
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The lower the angle of repose, the better the flow property. Rough and irregular surface of
particles gives higher angle of repose.
Procedure: A glass funnel is held in place with a clamp on & ring support over a glass plate. The
glass plate is placed on a micro-lab jack. Approximately 100 gm of powder is transferred into the
funnel keeping the orifice of the funnel blocked by the thumb. As the thumb is removed, the lab-
jack is adjusted to lower the plate and maintain about 6.4 mm gap between the bottom of the
funnel stem and the top of the powder pile. When the powder is emptied from bl ftmisl; A8
angle of the heap to the horizontal plane is measured with a protractor.

The height of the pile (h) and the radius of the base (r) is measured with the ruler. The
angle of repose is this estimated. Cohesive powders yield better results if measurements are
carried out using a funnel with a 30 mm stem opening.

Scale of flowability
Angle of repose Flow property J
25-30 Excellent
31-35 Good
36-40 Fair, aid is not needed
41-45 Passable, may hang up
46-55 Poor, must agitate or vibrate
56-65 Very poor J
> 66 Very very poor J

ANGULAR TESTS: Angular tests are applicable to relatively free flowing powders containing
particles larger than 100 pm. such powders cannot be investigated satisfactory using shear cells
and tensile strength apparatus.
» If granulation is tested for flow, then flow meter is the method of choice.
» If known forces are utilized during the flow, shear cell is a method of choice.
These are strictly empirical between the degree of compaction and powder flow. Based on
experimental variables, one of the following can be used.
» Height of funnel is fixed, but the height of powder varies, as the pile is formed.
» Base diameter is fixed or diameter is fixed or diameter of powder cone may be allowed to
change, as the pile is formed.
Angular properties of powders also depend on the details of the measurement. Angle of
repose is not an intrinsic property of a powder and is primarily a function of surface roughness.

Angle of repose provides qualitative information.
» Rough and irregular surface of particles give higher angle of repose.
» Cohesive particles tend to form higher heaps, which cannot spread out. Angle of repose

of such powders will be higher or poor flow.
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Drained angle: It i )
bottomed C(:;l -lt s -lhc angle observed, when powder flows from a conical surface onto a flat
ntainer, if the powder is discharged through the orifice in the base. The drained

:J.nglc 1s affected by the degree of consolidation of the material in the hopper. Method — wise it is
like angle of repose.

Poured angle: The poured angle of repose can be measured, when the powder is allowed 10 pour

onto the flat surface. The angle is measured from the height of the heap. A protector is
commonly used for measurement. In this case, the word conical surface was not mentioned. For
the some powder, drained angle is larger than the poured angle. In case of poured angle, the
particles slide and roll down from the powder surface. In case of drained angle, convergence
occurs, i.e. particles get mixed up with the remaining pile and nesting in the container.
Dispersibility: Dispersibility of a powder is the ability of a material to flow or pour easily over a
plane. Dispersibility, dustiness and flow ability are inter-related terms.
Method: Weigh approximately 10 gm of the sample. The material is dropped enmasse from a
total weight on to a tarred watch glass through a hollow cylinder placed vertically 102 mm above
the watch glass. The cylinder is secured to a support stand by 102 mm diameter support rings
placed above and below the cylinder. The drop point is approximately |78 mm vertically above

the top of the cylinder. The material landing within the watch glass is weighed. Any loss of

powder during the fall is the result of dispersion. The percent Dispersibility is calculated using

the relationship.
weight of powder in watch glass X 100

DlsperSIblllty (%) = initial weight of the sample

Carr’s index: It is defined as:

Consolidated index = tapped density—[luff density X 100

tapped density
It is indirectly related to the relative flow rate,

fast and popular method of

This property is known as compressibility.
cohesiveness, particle size, shape and moisture content. It is simple,

predicting powder flow characteristics.
Fluff density is the ratio of mass of powder to the fluff volume. Fluff volume is the

volume occupied by a certain mass, when gently poured into a measuring cylinder. This is

known as aerated density.

Tapped density is the ratio of mass of powder to the tapped volume. Tapped volume is

the volume occupied by the same mass of powder after a standard tapping of a measure.
Compressibility index can be a measure of the potential strength that a powder could build up in
its arch in a hopper and the ease with which such an arch could be broken. It is a simple and fast
method.
Method: using a suitable adhesive, the base of a 10 ml. tarred measuring cylinder is fixed to the
standard rubber bung at the top of the 250 ml cylinder. A powder sample is transferred into the
tarred 10 ml cylinder with the help of a funnel. The 250 ml measuring cylinder is placed on the
tapping apparatus. The initial volume occupied by the powder is denoted as Vo.

The contents are tapped in the following order., 2,4,6.8, 10,20,30 and 50 taps. After

completing the tapping, the volume is denoted as V2, Vs ....Vs0.
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The powder is carefully collected from the cylinder and weighed (W).
Fluff density (pb, minimum) = % g/cm3

Tapped density (pb, maximum) = sz_o g/cm3
Hausner ratio: It is defined as:

Hausner ratio = Vo

Vi
Where Vo = volume of the powder bed at initial stage, ml

Vi = volume of the powder bed after tapping, ml

Hausner ratio is related to the morphological behavior. For example, flow properties

increasing sphericity. The Vi means repeated taps or as needed, until the difference between the
successive measurements is less than 2%.

Particle Number: The particle number is important in dose of drugs specially for potent drugs
or drugs having low dose. Knowledge of particle number is important in preparation of tablets
and capsules. The number of particles per unit weight, N, is expressed in terms of volume-

number mean diameter, dvn. Assuming that the particles are spheres, the volume of a single
. . mdvn®
particle 1s

. . md3vn
and the mass (volume x density) 18 ——

z - gram per particle. The number of
particles per gram may be obtained from following relationship.

1
Sﬂdvn3 yﬁg = —i'l
Particle
So, N= 6
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