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Unit-4

Physical Pharmaceutics- 11

B.Pharma 4% Sem Notes

UNIT- 4

e Micromeretics: Particle size and distribution, mean particle size, number and weight
distribution, particle number, methods for determining particle size by different methods,
counting and separation method, particle shape, specific surface, methods for determining
surface area, permeability, adsorption, derived properties of powders, porosity, packing
arrangement, densities, bulkiness & flow properties.
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Micromeretics:

Micromeretics is a branch of science that deals with the study of small particles.

The term “Micromeritics” comes from the Greek words Mikro (micro) meaning
“small” and méros meaning “part”.

It focuses on the properties and behavior of particles that are in the microscopic scale,
including their size, shape, surface structure, porosity, density, and flow
characteristics.

These properties are important in a variety of fields, such as pharmaceuticals,
materials science, and geology, as they can significantly influence the performance
and functionality of materials or substances composed of these particles.

Particle Size:

e The term particle size is used to compare dimensions of different small material
objects. Larger objects are usually called stone, rock, a piece of something, etc.
The term particle indicates small size, usually less than centimeter. Particle might be
either solid, or liquid, or even gas.
The average particle size of powder may by calculated by:-
nd

A Particle Size = ——
verage Particle Size T

Particle Size Distribution (PSD):

e  When the number or weight of particles lying within a certain size range is plotted
against the size range or mean particle size a so called frequency distribution curve is
obtained.

This is important because it is possible to have two samples with the same average
diameter but different distributions.

Mean Particle Size:

e Mean value of particle size distribution. The value of each particle size should be
multiplied by the normalized particle amount (difference%) and the result should be
divided by the total normalized particle amount (100%).
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Particle Number:
The particle number is defined as the number of particles per unit weight of a powder.

It can be obtained by —
-_ 6
- mdyysp
Where,

dvx = mean diameter based on volume and number

p = density of particle

Particle Shape:

The shape affects the flow and packing properties of powder.

A spherical particle is fully characterized by its diameter.

As the particle becomes more asymmetrical it becomes increasingly difficult to assign
a diameter.

In micromeritics, particle shape can be classified into three categories: sphericity,
roundness, and roughness.

Methods for Determining Particle Size by Different Methods:

1. Optical Microscopy (Range: 0.2-100um)

2. Sieving method (Range: 40-9500um)

3. Sedimentation method (Range: 0.08-300um)
4. Conductivity Method (Range: 0.5-300um)
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1. Optical Microscopy:

e This method gives number distribution which can be converted to weight distribution
optical microscope lens has limited resolving power.
e Particle size in the range of 0.2 — 100pum can be measured.

Procedure:

i.  Eye piece of the microscope is fitted with a micrometer.
ii.  This eye- piece micrometer is calibrated using a standard stage micrometer.
iii.  The powder sample is dispersed in a suitable vehicle in which it does not dissolve and
its properties are not altered (Eg. Water, Paraffin oil.)
This sample is mounted on a slid and placed on the stage under the objective of
microscope.
v.  Around 635 particles are visualized their diameter is noted and mean is computed.

Application:
e Used in particle size analysis in suspensions, aerosols, globule size in emulsion.
Advantage:

e Any contamination and aggregates detected

e One can view particles

e Use of cover slip for arresting motion of particles.
e [Easy and simple method.

Disadvantages:

e Slow time consuming, inaccurate.
e Number of particles to be measured is more sample required.

2. Sieving method (Range: 40-9500pum)

e Sieving method is an ordinary and simple method. It is widely used as a method for
the particle size analysis.
Sieve analysis is usually carried out using dry powders.
Although for powders in liquid suspension or which agglomerate during dry sieving, a
process of wet sieving can be used.
Sieving method directly gives weight distribution. It find application in dosage form
development of tablets and capsules.
Normally 15% of fine powder should be present in granulated material to get proper
flow of material and achieve good compaction.
Thus percent of coarse moderate, fine powder is estimated by this method.
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Advantage:
e Simple and inexpensive method
Disadvantage:

e Particles below size of 50um difficult to measure.
e Chances of clogging of sieve.
e Need large Amount of powder.

3. Sedimentation method (Range: 0.08-300pum):

e Sedimentation method may be used over a size range of 1 to 200um.

e In this method size is expressed as stokes diameter, dst, which describes the diameter
of as equivalent sphere having the same rate of sedimentation as that of the
asymmetric principle.

e Sedimentation of particles may be evaluated by different methods.

e Some of these are Andresen pipette method, balance method and hydrometer method.

e Andresen pipette method is discussed here.

Sedimentation method finds applications in:

1. Formulation & evaluation of suspension
2. Formulation & evaluation of emulsions
3. Determination of molecular weight of polymers

Physical stability of a suspension depend on the rate of settling of particles in the dosage
forms. Similar arguments have been proposed for the evaluation of physical stability of
emulsions.

Principle:

e The rate of settling of particles in a suspension or emulsion may be obtained by
stokes' law. The equation is rearrange to get the stokes' diameter, dst, of particles.
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Equation holds good for spheres falling freely at a constant rate without hindrance.
However, equation can be extended to irregularly shaped particles of various sizes.
Here it is assumed that the rate of settling of the particles is same as the sphere &
therefore, size is expressed as of an equivalent sphere.

When the powder is suspended in a vehicle, initially the particles of larger diameter
settle due to heavy weight.

After sometime, particles of intermediate diameter will settle. Finally, the particles of
smaller size settle. Hence, the study involves the sampling during sedimentation at
different time intervals.

Diagram of Andreasen pipette
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Method:

The Andresen apparatus is usually consists of a 550ml cylindrical vessel containing a
10ml pipette sealed to a ground glass stopper.

When the pipette is placed in the cylinder, its lower tip is 20 cm below the surface of
the suspension.

Procedure:

Prepare 1 or 2% suspension of the powder in a suitable medium.

A deflocculating agent will help in uniform dispersion of the suspension.

Transfer the suspension in to the Andresen vessel.

Place the stopper & shake the vessel to distribute the suspension uniformly.
Remove the stopper & place the two-way pipette & securely suspend the vessel in a
constant temperature water bath.

At different time intervals, 10ml samples are withdrawn using two way stopcock &
collected in a watch-glass.

Samples are evaporated & weighed.

The weight or amount of particles obtained in each time interval is referred to as
weight undersize.
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e The weights are converted in to cumulative weight undersize.

e Particles diameter is calculated from stokes' law, with 'h' in equation being the height
of the liquid above the lower end of the pipette at the time of withdrawing the
samples.

Four curves are plotted & statistical diameters are calculated.

Specific Surface:

e The specific surface of a powder is defined as the surface area per unit volume and
may be derived from equation given below:

Method for Determining surface Area:
The commonly used methods are:

A. Absorption
B. Air permeability

A. Absorption method:

e Particles having large specific surfaces are good adsorbents of gases & solutes from
solution.
Amount of gas that is adsorbed to form a monomolecular layer on the adsorbent is a
function of surface area of the powder.
This principle is used to estimate the specific surface.
This method is also used to estimate surface diameter.

B. Air Permeability Method:

The instrumentation is simple & determination is quick.
This method also used to estimate surface diameter, ds.
This method is useful in controlling batch to batch variations in production of
powders.
It is official in I.P. Bephenium hydroxynaphthoate (an anthelminic) is administered as
a suspension.
The LP. prescribes the specific surface area limit of not less than 7000 cm?/g.
As the specific surface is reduced, the activity of the drug also falls.
According to L.P., griseofulvin, an antifungal antibiotic, should have the surface area
of not less than 13000 to 17000 cm?/g.
o Ifitisless, the absorption of the drug will fall.

Principle:

e Powder is packed in the sample holder as a compact plug.
e In this packing, surface - surface contacts between particles appear as a series of
capillaries.
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The surface of these capillaries is a function of the surface area of the powder.

The air, when allowed to pass, travel through these capillaries & thus this method is
related to surface area of powder.

When air is allowed to pass through the powder bed 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,
Sw, the greater the resistance to flow.

The permeability of air for a given pressure drop is inversely proportional to specific
surface.

Method:

Constant _— [&

pressure
regulator

This method is official in L.P. Fisher subsieve sizer instrument is commercially
available.

Assembling of the apparatus is shown in figure.

It consist of a sample tube containing the packed powder sample with one end
connected to an air pump through a constant pressure regulator.

The other end is attached to a calibrated manometer containing a suitable liquid of
low viscosity & negligible vapor pressure.

The air pump builds up air pressure & is connected to a constant pressure regulator.
Air is passed through the dryer to remove any moisture.

Air then allowed to flow through the packed powder in the sample tube.

Porous
plugs | [ g

Calibrating valves

Packed

powder
sample

G LA _
AT LA L NLTARMRLL ML

ill.

|
lll

The flow of air is measured by the manometer.

The level of the fluid in the manometer indicates the average diameter of the particles.
Commercial equipment is standardized to eliminate the mathematical computation.
Average particle diameter can be read from the calculator charts supplied with the
equipment.

The porosity of the powder (€) & viscosity (n) are estimated separately.
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Derived Properties of Powders:

e The fundamental properties of particles are discussed in earlier.

e Size or diameter is a fundamental property of a particle.

e Volume, density, porosity etc., are the properties derived from fundamental
properties.
For example, volume of the particle is calculated from the diameter of the particle.
However, derived properties can also be directly determined without the use of
fundamental properties.

e These derived properties are important in pharmacy.

A few application are given below:

Porosity: influence the dissolution of the drug.

Bulk density: help in selecting container for packaging a dosage form

Flow Properties: help in maintaining a uniform weight of tablets or capsules during
production.

Porosity of Powder:

Porosity is defined as the ratio of void value to bulk volume.

E =
Vb

Porosity is expressed as percentage:

Vv
% € = bep x 100

In a non-parous material the bulk value is equal to the true value.

Most of the solids are par out that they have internal pores hence the bulk volume is greater
than the true volume.

The volume of space is called the said volume given by

V="V-
Where,
Vb = Bulk Volume

Vp = True Volume
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Density:

¢ Density is define as mass per unit volume.
e There are 3 types of densities.

A.  True density

B. Bulk density

C. Granular density

A. True density:

It is defined as the ratio of the given mass of the powder and its volume.
It is the actual density of solid material devoid of free space.

Mass

True Density = —True Volume

The density is dependent on the type of atoms in a molecule, arrangement of the
atoms in a molecules in the sample.

Apart from true density, powder is also characterized by granule density and bulk
density.

True density can be determined by:

1. Gas- displacement method:
e In this method gas such as helium or hydrogen is used.
e Difference between volume of Helium filling in the empty apparatus and the
volume of presence of powder gives true volume of powder.
2. Liquid displacement method:
e True density is the ratio of weight of the material and weight of the liquid it
displaces.
A liquid in which the solid is in soluble is used.
Powder whose density is to be determined is added is to the flask of known
volume and weight determined.
The liquid fills up void spaces between the particles.

B. Bulk density:
It is defined as the ratio of the mass of the powder and its bulk volume.

Mass
Bulk Density =

Bulk volume

Bulk volume = m1r?h
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Where,
r = radius of measuring cylinder
h = height of powder

7t = Constant

C. Granular Density:

It is the ratio of mass of the granules and the volume of the granules and volume of the
granules.

Mass of Granules

Granular density = Granular Voluma

Granular density is determined by liquid displacement method by using mercury as liquid.

Bulkiness:

e Bulkiness in micromeritics is the reciprocal of bulk density, or specific bulk volume.

e Itisalso known as bulk. Bulkiness increases as particle size decreases. However, in a
mixture of materials with different sizes, the smaller particles can move between the
larger ones, which can reduce bulkiness.

Flow property of powder:

e Flow properties: powder may be free flowing or cohesive.

e Factors that affect the Flow properties are particle size , shape , surface texture,
porosity and density. Angle of repose (¢) have been used as indirect method for
quantifying powder flowability. ¢ =tan-1 (h/r) Here: h = height of pile r = radius of
pile.
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