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Abstract

Physical characterization techniques assess critical solid
pharmaceutical properties that directly impact drug
performance. Particle size analysis uses laser diffraction,
dynamic light scattering, microscopy, and sieving to measure
size distributions that influence bioavailability, stability, and
manufacturing processes. Surface area determination
through gas adsorption and BET theory quantifies available
surface area, predicting dissolution rates and quality
attributes across various dosage forms. Powder X-ray
diffraction identifies crystalline structures, distinguishes
polymorphs, and monitors solid-state stability through
diffraction pattern analysis. Microscopy techniques including
optical, electron, and atomic force methods visualize
morphology, surface features, and particle characteristics at
increasing magnification levels. These complementary
techniques create comprehensive understanding of
pharmaceutical materials by measuring fundamental
physical properties. Results directly correlate with critical
quality attributes including bioavailability, stability, and
manufacturability.
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Learning Objectives

After completion of the chapter, the learners should be
able to:

e Explain principles of particle size, surface area,
and XRD analysis

e Correlate physical properties with product
performance

e Select appropriate characterization techniques

e Interpret data for structure-property
relationships

e Evaluate  impact on  manufacturing
considerations

e Design integrated characterization strategies

INTRODUCTION

hysical characterization methods serve as

cornerstone analytical tools in modern
pharmaceutical ~ development. = These

sophisticated techniques provide researchers and
formulators with essential information about the
fundamental properties of drug substances and their
formulations. The data obtained through physical
characterization directly influences critical decisions
throughout the drug development process, from early-
stage formulation design to final product manufacturing.
The importance of physical characterization
extends beyond mere analytical interest; these methods
provide crucial insights that directly impact drug
performance, manufacturing efficiency, and ultimate
product quality. Understanding the physical properties of
pharmaceutical materials enables scientists to predict and
control their behavior during processing, storage, and
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administration. This knowledge forms the foundation for
rational drug design and development, ensuring
consistent product quality and optimal therapeutic
outcomes

PARTICLE SIZE ANALYSIS

article size analysis encompasses a complex

array of analytical techniques that measure

various dimensional aspects of pharmaceutical
materials. The concept of particle size, while seemingly
straightforward, becomes more nuanced when
considering ~ non-spherical ~ particles =~ commonly
encountered in pharmaceutical systems. The equivalent
spherical diameter represents a fundamental approach to
standardizing size measurements, allowing for
meaningful comparisons between different materials and
methods.

The distribution of particle sizes can be expressed in
several ways, each providing unique insights into
material properties. Volume distribution measurements
offer practical relevance for bulk material handling and
processing, while number distribution provides critical
information for processes where individual particle
counts are significant. Surface area distribution proves
particularly valuable when studying dissolution
properties or surface-dependent phenomena.

Analytical Techniques

Laser Diffraction represents one of the most widely
employed techniques in modern pharmaceutical analysis.
This method operates on the principle of light scattering,
where particles interact with a laser beam to produce
characteristic diffraction patterns. The technique offers
exceptional versatility, covering a measurement range
from 0.1 to 3000 micrometers. The theoretical foundation
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rests on both Mie and Fraunhofer theories, with selection
depending on particle size range and optical properties.
The method accommodates both dry powders and liquid
suspensions, making it adaptable to various
pharmaceutical materials.

Laser Diffraction Dynamic Light Scattering (DLS)
@ oz
sample Particies in

Brownian Motion

Principle: Mie Theory

Angular pattem of scattered light depends on
particle size (larger angle = smaller particle)

Size Range Capabilities
Laser Diffraction: 0.1 - 3000 ym
DLS: 0.001 - 10 pm

Figure 7.1 Particle Size Analysis Techniques
Table 7.1: Comparison of Particle Size Analysis

Techniques
Technique | Measurem | Size | Advantage | Limitations
ent Rang | s
Principle e
Sieving Mechanical | 20 Simple, Time-
separation | um- | inexpensiv | consuming,
125 e, well- limited
mm established | resolution,
potential
aggregation
Optical Direct 0.8 Direct Sample
Microscopy | observation | um - | visualizati | preparation
150 on, shape bias,
um informatio | limited
n statistics
Laser Light 0.01 | Wide Assumes
Diffraction | scattering um - | range, spherical
pattern 3.5 rapid, particles,
mm | reproducib | requires
le proper
dispersion
Dynamic Brownian 0.001 | Submicron | Limited for
Light motion um - | capability, | polydispers
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Technique | Measurem | Size | Advantage | Limitations
ent Rang | s
Principle e
Scattering analysis 10 small e samples,
pm sample concentrati
on
dependent
Image Digital 0.5 Shape Sample
Analysis image um - | informatio | preparation
processing | 1000 | n, direct , statistical
+um | measurem | representati
ent on
Sedimentati | Settling 0.1 Detailed Time-
on rate um - | distributio | consuming,
(Stokes' 100 n, density | requires
Law) um informatio | density
n data
Coulter Electrical 0.4 Absolute Requires
Counter impedance | pm- | sizing, electrolyte,
1200 | concentrati | pore
um on data blockage
risk
Cascade Inertial 0.5 Size- Complex
Impaction separation um - | specific operation,
30 deposition, | time-
um in-use consuming
testing
Acoustic Ultrasound | 0.01 | High Complex
Spectroscop | attenuation | um- | concentrati | interpretati
y 1000 | on on,
um capability, | specialized
minimal equipment
dilution
Air Flow 0.5 Measures Empirical
Permeabilit | resistance um - | effective correlations
y 50 surface , not
um area particle-
specific
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Dynamic Light Scattering has emerged as an
invaluable tool for characterizing nanoscale particles and
colloids. The technique analyzes Brownian motion of
suspended particles to determine their size, typically
ranging from 1 nanometer to 1 micrometer. Temperature
control plays a crucial role in measurement accuracy, as
molecular motion is temperature-dependent. This
method  proves particularly valuable in the
characterization of nanoparticle drug delivery systems
and protein formulations.

Sieve Analysis, despite its traditional nature, continues
to serve as a reliable and practical method for particle size
determination. The technique operates over a size range
from 38 micrometers to 125 millimeters, making it suitable
for larger particles and granules. While simple in
principle, the method requires careful attention to
standard operating procedures and faces certain
limitations regarding resolution and analysis time.

Image Analysis, based on microscopic examination,
provides unique insights into particle morphology
beyond simple size measurements. Modern digital
imaging systems, coupled with sophisticated software
algorithms, enable automated analysis of large particle
populations. This technique yields valuable information
about particle shape, size distribution, and surface
characteristics, contributing to a more complete
understanding of material properties.

Method Selection

The selection of appropriate particle size analysis
techniques requires careful consideration of multiple
factors. Sample properties, including physical state,
stability, and optical characteristics, play a crucial role in
method selection. The required size range and resolution
must align with the chosen technique's capabilities.
Environmental conditions during analysis, such as
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temperature and humidity, can significantly impact
results and must be carefully controlled.

SURFACE AREA DETERMINATION
Gas Adsorption Methods

ET Theory represents a fundamental approach

to surface area determination in pharmaceutical

materials. The theory, named after Brunauer,
Emmett, and Teller, describes the physical adsorption of
gas molecules on solid surfaces through multiple
molecular layers. This sophisticated theoretical
framework enables the calculation of specific surface area
by analyzing the relationship between gas pressure and
adsorbed gas volume under controlled conditions.

Pressure Sensor|

Temperature Control

Figure 7.2 Schematic of BET instrument

The underlying principles of BET analysis extend
beyond simple surface area measurements to provide
comprehensive information about material porosity and
surface characteristics. Through careful analysis of
adsorption and desorption isotherms, scientists can
determine pore size distributions, pore volumes, and
surface energetics. These parameters prove invaluable in
understanding material behavior during processing and
in final dosage forms.
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Table 7.2: Surface Area Measurement Methods and
Pharmaceutical Applications

Method Measure | Typical Advantages | Limitati
ment Range ons
Principl
e
Gas Physical | 0.01-2000 | Gold Time-
Adsorptio | adsorpti | m?/g standard, consumi
n (BET) on of gas comprehens | ng,
molecule ive data specializ
s ed
equipme
nt
Mercury Intrusion | 0.003-1000 | Pore size Mercury
Porosimetr | of um (pore distribution, | hazards,
y mercury | size) total high
under porosity pressure
pressure s
Gas Flow Relative Rapid, Empirica
Permeabili | resistanc | surface simple 1
ty e area equipment correlati
through ons only
powder
bed
Water Water Hygrosco | Real-world | Nota
Vapor uptake picity, behavior, direct
Sorption at surface hygroscopic | surface
controlle | energy ity data measure
d
humidit
y
Dye Uptake 0.1-50 Simple Limited
Adsorptio | of m?/g equipment,s | accuracy
n specific pecific , dye-
dye interactions | specific
solutions
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Method Measure | Typical Advantages | Limitati
ment Range ons
Principl
e
Inverse Retentio | Surface Surface Complex
Gas n of energy energy interpret
Chromatog | probe mapping | distribution, | ation
raphy molecule heterogenei
s ty
Atomic 3D Nanoscale | Nanoscale Very
Force topograp | roughness | resolution, small
Microscop | hic 3D sample
y imaging mapping area,
preparat
ion
challeng
es
Small- X-ray 1-100nm | Non- Complex
Angle X- scatterin | structures | destructive, | data
ray g atlow minimal interpret
Scattering | angles preparation | ation

The instrumentation required for gas adsorption
analysis comprises several sophisticated components
working in concert. Modern gas adsorption apparatus
utilizes precise temperature control systems, typically
maintaining samples at liquid nitrogen temperature (77K)
during nitrogen adsorption measurements. Vacuum
systems play a crucial role in sample preparation and
analysis, removing previously adsorbed gases and
contaminants from material surfaces. Advanced data
acquisition systems enable continuous monitoring of the
adsorption process and automatic calculation of relevant
parameters.
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Applications

In pharmaceutical materials analysis, surface area
determination finds extensive application across various
stages of drug development and manufacturing. Active
pharmaceutical ingredients (APIs) require careful surface
area characterization, as this parameter often influences
dissolution rates and bioavailability. Excipients,
particularly those used in solid dosage forms, demand
similar attention to ensure consistent performance in final
formulations. Finished products undergo surface area
analysis as part of their physical characterization,
providing critical information about manufacturing
process effects and potential stability issues.

Process optimization benefits significantly from

surface area analysis. Manufacturing steps such as
milling, granulation, and compression can dramatically
affect surface area, necessitating careful monitoring and
control. The relationship between surface area and
processing parameters enables rational process design
and optimization, leading to more robust manufacturing
procedures.
Quality control applications of surface area determination
extend throughout pharmaceutical manufacturing. Batch-
to-batch consistency assessment relies heavily on surface
area measurements as a critical quality attribute. Process
monitoring utilizes surface area analysis to detect
deviations and ensure process control. Stability
assessment  programs incorporate surface area
measurements to track potential changes during storage
and distribution. Comparative studies, particularly
important for generic drug development, often include
surface area analysis as a key parameter in establishing
pharmaceutical equivalence.
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