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ABSTRACT 
PSD is one of the important parameters in APIS, because after API, the next step will be formulation. It is not a 
matter of sterile dosage but the oral dosage form PSD parameter that is the main concern. So, purity and all 
other things are under the same limits, exclusive of PSD. It will have an effect on dosage uniformity, dissolution 
rates, and bioavailability. So, PSD is a link between API and formulation. If the thing is higher than the limits, it 
is easy to take by material milling followed by passing through different meshes, but if the thing is lower than 
the limits, bringing it to the limits is difficult. As a result, lower limits on the material must be processed for 
enhancement. Lower PSD limits are taken to limits mainly by slow distillation, re-crystallisation, anti-solvent, 
and polymorphism with minimum yield loss by commercially viable methods. 
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INTRODUCTION 
To introduce the concept of "particle size distribution", "particle size" must first be defined. The shape of 
almost all particles cannot be simply and quantitatively expressed as "spheres" or "cubes." Particles are 
complex and irregular shapes, and their particle size cannot be directly defined. This is why the indirect 
definition "sphere-equivalent diameter" is used. Under this definition, when a certain particle is measured 
based on a certain principle of measurement, the particle size of the measured particle is expressed by the 
diameter of a spherical body that displays the same result (i.e. measurement quantity or pattern). For 
example, with the "precipitation method," the particle size of the particle to be measured having the same 
precipitation velocity as a sphere of diameter 1 µm of the same substance as the particle to be measured is 
assumed to be 1 µm. However, with the "laser diffraction/scattering method," the particle size to be measured 
shows the same diffracted/scattered light pattern as a 1 µm-diameter sphere is 1 µm regardless of the shape 
of the particle. 
METHODS OF PARTICLE SIZE DISTRIBUTION ENHANCEMENT  
1. Low RPM Distillation:  

Take any material with small particles and completely dissolve it in any suitable solvent at different 
temperatures and distil with low RPM to get a higher range of PSD. For example, in Malvern particle size 
analysis, the material of small PSD where the D90 value is 20 to 30 µ in size is considered. First, it is 
supposed to dissolve in methanol at any temperature, and then it is distilled at a very low RPM (70/min) at 
any temperature to get a higher PSD. Assume that the PSD of the one distilled at 60 ºC increases by 20 to 
90 µ, that distilled at 40 ºC increases by 20 to 270 µ, and that distilled at 35 ºC increases by 20 to 430 µ. So 
this method easily achieves PSD enhancement as well as no loss of material and solvent on a commercial 
scale. 

2. Anti-Solvent or Polymorphism 
This method achieves enhancement of PSD and purity as well. Take any small size particle material and 
dissolve it completely in any solvent in reflux temperature and add anti-solvent very slowly at low RPM, 
for example, to such a material dissolved in Chloroform solvent after heating to 60 ºC add anti-solvent of 
Acetonitrile, drop by drop, at 60 ºC at low RPM followed by gradually cooling it to 0-30 ºC, and then 
filtered (do not crush).  

3. Semi-Dry 
Take any small size particle material and make it semi-dry material. This means the use of suitable solvent 
to spray on the material to make little wet. Then sieve through mesh depending on size requirements like 
20, 40, 60…..430, etc., and thereafter the sieved material is dried under vacuum. This achieves easy 
recovery of solvent and PSD enhancement without loss. 

4. Re-crystallisation  
Take any small-particle material and dissolve completely in any suitable solvent at reflux temperature 
then re-precipitate at slow RPM and slow cooling followed by filtration and then dry. 

5. High Vacuum Distillation 
This is only applicable for low melting materials. Take the material and perform HVD (high vacuum 
distillation). This Means material is distilled to its boiling point by using a vacuum and then collected. It 
gives highly pure and valued material with high PSD. 

Experiment Report of Different PSD Values: 
Silica is prepared from 40% sodium silicate and sulphuric acid combination in water, then part isolated through 
distillation at different temperatures to get a different grade or size of silica.  
Table-1: Table of approximate PSD values  

Sl. No. Distillation Temperature PSD (D90) value   

1 95°C-100°C 270µ 

2 85°C-90°C 330µ 

3 75°C-80°C 420µ 

4 65°C-70°C 820µ 

5 55°C-60°C Immeasurable  

6 45°C-50°C Immeasurable 

7 35°C-40°C Like stone  

PSD Importance of API and Formulations: 
New drug development is a long and arduous process - many complicated steps are involved in identifying, 
developing and incorporating a new active pharmaceutical ingredient (API) into a suitable dosage form. Among 
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other factors, certain physical characteristics of APIs determine their relevant properties. Particle size is 
arguably the most important of these variables. 
Particle Size Matters in API 
Adjustments in particle size may alter related properties, such as shape, surface area and porosity. This, in 
turn, can affect everything from bio-availability to shelf stability. Given the increasingly potent APIs being 
developed, smaller particle sizes are typically more desirable in today’s pharmaceutical marketplace. Not 
surprisingly, then, particle size is the property most frequently monitored during the pharmaceutical 
development and manufacturing process. 
Properties such as particle size distribution curves, particle shape and particle surface characteristics also 
influence the behaviour and suitability of a drug formulation. Surface characteristics, will influence flowability, 
compact ability and hygroscopicity. These properties are of great interest to process engineers, as they may 
significantly affect pharmaceutical manufacturing processes, such as milling, wet granulation and 
encapsulation. 
Particle Size Matters in Formulations 
Tightly controlled particle size distributions are highly important for pharmaceutical drug development. 
Powder particle size distribution is a valuable indicator of quality and performance. After all the hard work is 
done to research and develop a new pharmaceutical drug, the next step towards manufacturing is to identify 
the best way to get the new active pharmaceutical ingredient (API) into a suitable dosage form. 
The flowability and ease of handling of the API and excipients (fillers and lubricants) are key requirements for 
the drug formulation. Dissolution rates, uniformity and consistency of the drug content are the most important 
parameters for drug effectiveness, quality, and most importantly, bioavailability. Bioavailability is a term used 
in pharmacology, referring to the degree and rate at which an administered drug is absorbed by the body’s 
circulatory system. 
The impact that pharmaceutical particles and powders have on bioavailability and performance is tested and 
evaluated at multiple different phases during the development of all drugs. Once the impact has been 
analysed during the final development phase, target particle size distribution specifications are determined to 
control manufacturing consistency and drug product quality. 
Formulations are a very important aspect of creating medicines since they are essential in ensuring that the 
active part of the drug is delivered to the correct part of the body, in the right concentration, and at the 
correct rate (not too fast or too slow). 
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Table-2 Particle Size Conversion Table 

 
 
Methods in Measurement Techniques 
1. Sieve analysis 
2. Air elutriation analysis 
3. Photo-analysis 
4. Optical counting methods 
5. Electrical resistance counting methods 
6. Sedimentation techniques 
7. Laser diffraction methods 
8. Laser Obscuration Time (LOT) &/or Time of Transition (TOT) analysis 
9. Acoustic Spectroscopy or Ultrasound Attenuation Spectroscopy 
10. Air pollution emissions measurements and Malvern particle size analysis 
Common Industry method of Malvern particle size analysis for measurement of D10, D50, and D90: 
There is a range of sizes present, which is mathematically described by a distribution. 
There are different ways to represent this distribution in terms of: 
1.  Intensity – How much light comes from the different components? 
2.  Volume or mass – How much volume is present in the different components? 
3.  Number – How many particles are present in the different components?  
This often causes confusion, and the intensity volume number issue is one of the most popular blogs. 
Intuitively, the easiest to understand is the volume distribution: we have so many cups, mL or μL of 
component A and so many of component B.  If there is a range of components, i.e. sizes, then one simple way 
to explain a distribution is by specifying how much material is present up to a certain size. 
The parameter D90 should more correctly be labelled as Dv(90). It signifies the point in the size distribution, up 
to and including which, 90% of the total volume of material in the sample is ‘contained’.  For example, if the 
D90 is 844nm, this means that 90% of the sample has a size of 844nm or smaller.  The definition for D50 or 
Dv(50 is then the size point below which 50% of the material is contained.  Similarly, the D10 or Dv(10) is that 
size below which 10% of the material is contained. This description has long been used in size distribution 
measurements by laser diffraction. 
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An additional parameter to show the width of the size distribution is the span. The span of a volume-based size 
distribution is defined as Span = (D90 – D10)/D50 and gives an indication of how far the 10 percent and 90 
percent points are apart, normalized with the midpoint. 
RESULT AND CONCLUSION  
Do not take this small parameter lightly; it is a link between API and formulation. Higher size is not a problem 
because it is obtained through milling, but lower size is extremely difficult to make higher. Following the 
different methods to get the perfect result is important. So this work is useful for PSD enhancement. 
 
Figure - 1: Malvern particle size Analyzed Chromatogram 

 
  



A R T I C L E S 

IDC International Journal                 May   July 2022                   Volume: 9; Issue: 3      .                  ISSN: 2395 3365 (ONLINE) 
 

 

 

 

P
ag

e3
3

 

REFERENCE 
1. Egil Ronaes, Hundvag (NO); Michael A. Freeman, Kingwood, TX (US), Method and Apparatus for Measuring 

Particle Size Distribution in Drilling Fluid, US 2011/0192595 A1, United States Patent Application 
Publication,  Aug. 11, 2011. 

2. Matthias Schumann, Brennerstrasse 1, 0-5300 Weimar, Fed. Rep. of Germany, Procedure for the 
determination of Particle Size Distribution in Particle Mixtures, 5,309,215, USOO53092.15A, United States 
Patent, May 3, 1994. 

3. David F. Driscoll, Bridgewater, MA (US); David F. Nicoli, Goleta, CA (US), Particle Size Distribution Profiles 
and use thereof to adjust a Dispersion Characteristic, US 9,714,893 B2, United States Patent, Jul. 25, 2017. 

4. J Am Soc Mass Spectrom 2004, 15, 4, 523–535 :https://doi.org/10.1016/j.jasms.2003.12.004 
5.  Jillavenkatesa A, Dapkunas S J, Lin-Sien H. Lum, Particle Size Characterization, NIST Special Publication 

960-1, 2001 
6. Environ. Sci. Technol. 1981, 15, 9, 1000–1005 : https://doi.org/10.1021/es00091a610 
7. J. Med. Chem. 2015, 58, 3, 1575–1580 : https://doi.org/10.1021/jm501755d 
8. Jillavenkatesa A, Dapkunas S J, Lin-Sien H. Lum, Particle Size Characterization, NIST Special Publication 960-

1, 2001 
9. Valsangkar, A. J. Principles, Methods and Applications of Particle Size Analysis. Canadian Geotech. J. 29, 

1006 (1992). 
10.  Stetefeld, J., McKenna, S. A. & Patel, T. R., Dynamic Light Scattering: A Practical Guide and Applications in 

Biomedical Sciences. Biophysical Rev. 8, 409–427 (2016). 
11.  Jump up to:a b c Terence Allen, ed. (2003). Powder Sampling and Particle Size Determination (1st Ed.). 

Amsterdam: Elsevier. ISBN 978-0-444-51564-3. Retrieved 22 August 2011. 
12. Forrester, D. M.; et al. (2016). "Experimental Verification of Nanofluid Shear-Wave Reconversion in 

Ultrasonic Fields". Nanoscale. 8 (10):5497–5506. Bibcode:2016Nanos..8.5497F. doi:10.1039/C5NR07396K.  
PMID 26763173. 

13. State of California Air Resources Board: Method 501 – Determination of Size Distribution of Particulate 
Matter from Stationary Sources. (Pdf) . Retrieved on 2011-11-18. 

 
 

 


