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 In The Lab   

 What Matters?  
Know the factors influencing the accuracy of particle size 
measurements  
By Debra Sesholtz 

Particle size matters when it comes to pharmaceutical formulation 
and manufacturing. Particles play an important role in the 
pharmaceutical industry, affecting drug behavior/performance and 
drug manufacturing/reproducibility.  
 
When formulating a drug, it is important to carefully consider 
particle size and distribution of active pharmaceutical ingredients 
(API) as they can significantly impact bioavailability, dissolution 
and other product performance attributes. Particle size and 
distribution of the excipients can also have an effect on the drug 
release rate, product stability and shelf life of the drug.  
 
For example, characterization of particle size distribution may 
determine that a reduction in total particle size will increase 
bioavailability and dissolution rate of a poorly soluble drug by 
increasing the particle surface area. Consideration of particle size 
and distribution may also be required for the most efficient 
delivery of a drug. For instance, the performance of aerosol 
pulmonary drug products is particularly sensitive to particle size, 
as particle size must be selectively varied and reproducibly 
controlled for transfer of the drug into the lungs.  
 
Once a drug is formulated properly, changes in particle size and 
distribution are often used to monitor and optimize the drug 
manufacturing process, and particle size can affect batch-to-batch 
variability and product performance. 
 
What’s important to consider first is why size is important to your 
drug’s particular formulation and/or manufacturing process. 
Finding an accurate particle size measurement within very narrow 
tolerances may not be as critical as maintaining a highly consistent 
particle size distribution so the drug can be easily reproduced. 
Whatever your reason for measuring particle size is, it is important 
to understand the factors that can affect the accuracy of the 
measurements.  
 
Four key factors to consider carefully when measuring particle size 
include geometry of the particle, sampling process, sizing method 
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and data reporting. 

Geometry of Particles 
The shape of particles directly influences particle size and 
distribution measurements. Size determination for spherical 
particles is typically reported as the diameter of the sphere. For 
particles whose shape differs significantly from that of a sphere 
(i.e., needles, cylinders, discs, etc.), spherical diameters calculated 
using different algorithms could be vastly different from one 
another.  
 
For example, measuring the size of needle-shaped particles using 
spherical particle size standards will produce different results 
based on the technique used. Clearly, needles and spheres are 
morphologically different, and this makes comparing their particle 
size difficult.  
 
In the pharmaceutical industry, most particles are irregularly 
shaped, but most particle size standards used to determine size are 
spherical and not irregularly shaped.  
To describe an irregularly shaped particle by a single numerical 
value, size is typically derived based on the concept of equivalent 
spherical diameters (ESD)1. Relating size of irregular particles to 
the ESD requires measuring some other particle size-dependent 
property such as volume, mass or surface area.  
 
For example, the volumes of two particles may be equal; therefore, 
the diameter of a sphere that has this volume will be reported as 
the equivalent spherical volume diameter. In addition, statistical 
considerations for deviations in particle shape have to be factored 
into the development of protocols for analyzing particle size data.  

Sampling SOPs 
Taking samples—and the amount of sample needed for 
measurement—significantly affects both particle size 
determinations and the reproducibility of the data. Samples must 
be representative of the entire population; sample-to-sample 
variation in the particle size distribution usually reflects poor 
sampling. If sampling is done poorly, the results will be 
meaningless regardless of the method used to characterize particle 
size and distribution. 
To ensure proper sampling, standard operating procedures (SOPs) 
should be created and followed. A good SOP for any particle size 
analysis technique ensures that the results obtained for different 
sample batches are both accurate (close to the true particle size) 
and precise (grouped closely together).  
 
In order to achieve this, analysts must consider the sampling of the 
material under test and the dispersion of the material under test. 
 
Even with good SOPs, sampling may be difficult. It can be 
influenced by the size of the population and the type of material 
being sampled. First, the nature of the material must be 
understood. Second, the processes must be tightly controlled to 
prevent particle dissolution, swelling, agglomeration or breakage 
that may affect particle size and distribution. 
 
Monodisperse materials are much easier to sample than 
polydisperse materials. When a variety of different sized particles 
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are present in a powder sample, for example, size isolation is likely 
through mechanical vibrations during transport, storage and 
handling. This can cause bias in the sizing and distribution, as 
large particles tend to rise to the top.  
The population must be well mixed prior to sampling to prevent 
any such separation. For powders, it is best to take a sample from a 
powder in motion or split by a reliable technique such as spin 
riffling. The standard deviation between riffle split polydisperse 
samples can be as low as 0.146 percent, compared with 5.14 
percent for scoop sampling.2  
 
For suspensions or emulsions, ensuring the particles are moving is 
also required for good sampling. 

Sizing Method 
Different methods measure particle size and distribution in 
different ways and therefore provide different results, further 
complicating the particle size measurement process.  
Methods for measuring particle size and distribution include laser 
diffraction, sieving, sedimentation, electrical zone sensing analysis 
and microscopy. 
 
The method chosen to measure particle size must be appropriate 
for the type of particles being measured as well as the size range of 
the particles. For example, microscopy can provide particle size 
and morphology data simultaneously and is often useful in solid 
dosage development where packing and flow properties of 
powders can be related to differences in size and shape of particles. 
 
In this case, microscopy can yield information that may allow 
prediction of tablet compression and uniformity characteristics.3 
However, microscopy is a time-consuming method for routine 
process monitoring, where an in-line measurement system may be 
more appropriate. 
 
In choosing a method for assessing particle size and size 
distribution, first determine the type of information required. Do 
you need to know the average size of the particles or is the 
distribution more important? Is a single number value necessary 
for particle size or is it important to simply know that 90 percent of 
the particles are less than a particular value? 
 
When developing a particle sizing method, instrument variability, 
sample preparation, instrument precision and precision between 
multiple instruments and users need to be determined. Instrument 
variability can be determined by measuring a known sample or 
standard multiple times over a short time period (one or two days) 
by a single operator.  
Sample preparation and instrument precision are determined by 
measuring multiple samples over a one- or two-day period by a 
single operator. To determine true precision and inter-laboratory 
uniformity, multiple operators using multiple instruments should 
analyze multiple samples. 
 
The use of primary and secondary National Institute for Standards 
and Technology (NIST)4 traceable size standards assists in 
instrument calibration, validation and determination of unknown 
particle size and particle size distribution. Standards can be derived 
from specific products if the material is first characterized against 
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a primary or secondary traceable standard by the method chosen 
for future measurements.  

Data Reporting 
To compare particle sizing and distribution data, it is important to 
know the method used to obtain the data as well as how the data is 
reported – whether it is by number, diameter, volume or mass, or 
surface area. Each measurement technique will produce a different 
answer based on the property of the particle that is being 
measured. Generally, particle size and distribution data are 
considered “relative” measurements, especially when trying to 
assign a size to irregularly shaped particles by assigning an 
equivalent spherical diameter.  
 
It can be difficult to compare particle size and distribution 
measurements made by different methods on different instruments, 
even in different labs. Statistical variations and error between 
methods need to be taken into consideration.  
 
In conclusion, while particle size and distribution are important in 
monitoring pharmaceutical formulation and manufacture, there are 
many aspects to consider. The precision or reproducibility of the 
measurements can be particularly important when using changes in 
magnitude or direction of change in the size or distribution as a 
process control indicator. A change in size or distribution can 
indicate a change in the formulation or manufacturing process. 
Often users define acceptable limits for these fluctuations and 
monitor particle size and/or size distribution data to ensure they lie 
within these limits.  
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