
Solid active pharmaceutical 
ingredients (APIs) are best to be 
measured in their original dry 
state in order to receive a reliable 
characterisation of the particle 
size distribution. To achieve me-
aningful results from laser diffrac-
tion analysis, dosing and dispersi-
on of the sample is performed by 
the dry dispersion system RODOS 
& VIBRI. Dispersed particles are 
being fed to the measuring zone 
of the modular laser diffraction 
sensor HELOS as a free aerosol 
jet. The particle size spectrum 
is determined with the highest 
degree of accuracy, repeatability 
and reproducibility. 

Particle Size and Dispersity of  
APIs and Excipients

Different dosage forms have a 
variety of physical and chemical 
characteristics, depending on the 
composition and processing of 
their components. Particle size and 
dispersity of active pharmaceutical 
ingredients (APIs) and excipients 
play a major role for pharmaco-
kinetics (ingredient release and 
bioavailability) as well as for 
pharmaceutical-technological pro-
cessability. Appropriate application, 
dosing accuracy or dissolution 
rate are directly related to particle 
size, just as flowability and drying 
behavior, dispersibility and tableting 
properties. 

Particle Size Analysis with  
Laser Diffraction

Laser diffraction is the most fre-
quently used method for analysis 
of particle size and distribution 
in pharmaceutical research and 

industry. Being a fast and versatile 
analysing method, laser diffraction 
is applied for characterisation of 
solid, liquid and semi-solid disperse 
systems like powders, granules, 
pellets, suspensions, emulsions, 
creams and ointments. The disper-
sing performance of sprays, inhalers 
and nebulisers when producing 
clouds of droplets or aerosols may 
also be examined. Particles ranging 
from below 1 µm (submicron) up to 
several millimeters (megamicron) 
are reliably characterised by means 
of laser diffraction. 

Quality Control of 
N-(4-Hydroxyphenyl)Acetamide 
(Paracetamol)

In the following, the application of 
laser diffraction with dry dispersion 
for quality control of N-(4-hydroxy-
phenyl)acetamide (Paracetamol) is 
exemplified. Here again, the particle 
size distribution also determines 
bioavailability as well as phar-
maceutical-technological processa-
bility of the active ingredient.

Paracetamol is a white, crystalline 
solid, which can be produced using 
a variety of synthesis routes  (e.g., 
n-acetylation of p-aminophenol, 
acetylation of phenol with hydro-
fluoric acid in para substitution or 
reducing amidation of p-nitrophe-
nol).

Sampling
After cristallisation process and 
chemical cleaning, a sample is 
extracted from the reactor. To 
prevent segregation, the sample will 
be shaken thoroughly before the 
particle size determination.

Sample Feeding
Dosing and feeding of the sample 
into the dry dispersing system is 
performed with the precision-con-
trolled vibratory feeding unit VIBRI. 
An adjustable gap width between 
funnel and chute and a precisely in-
troduced vibration power guarantee 
for a constant sample mass-flow. 
In the present application, a sample 
amount of less than one gram is 
sufficient in order to achieve a 
product-oriented and reproducible 
dry dispersion with RODOS. 

Alternatively, small amounts of 
harmful active ingredients of less 
than one milligram up to one gram 
may be fed with the micro-dosing 
unit ASPIROS, which prevents 
product exposure to the environ-
ment. The encapsulated sample vial 
is prepared and filled with smallest 

amounts in a glove box or a fume 
cabinet. The sealed sample tube is 
inserted into ASPIROS and the bar 
code reader identifies the sample. 
Automatically, the desired disper-
sion settings are applied, the vial 
is decapsulated and the sample is 
aspirated by the RODOS injector for 
analysis.

Dry Dispersion
Due to synthesis, Paracetamol 
mostly exists in a strongly agglome-
rated state. Therefore, an efficient 
dispersion system is required. It is 
asked to break up agglomerates, 
but at the same time be gentle 
enough to prevent destruction of 
Paracetamol’s crystal structure. Dry 
dispersion unit RODOS  perfectly 
masters this challenge, being pre-
cisely adjusted by the control and 
evaluation software WINDOX.  
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Close control of the primary pres-
sure results in an optimal disper-
sion power. In this case, a primary 
pressure of 1 bar is enough in order 
to achieve a complete and gentle 
dispersion of Paracetamol’s primary 
crystals. RODOS produces a free  
aerosol jet, which feeds the sepa-
rated particles into the measuring 
zone of laser diffraction sensor 
HELOS. 

Laser Diffraction Analysis
Within the HELOS sensor, partic-
le size analysis is realised with a 
classic optical set-up deploying a 
parallel laser beam. This is of great 
interest, because particles inside 
the measuring zone always produce 
a specific diffraction pattern – in-
dependent of their position. Hence 
after exiting the injector nozzle, 
the dispersed particles may pass 

the measuring zone as an expanded 
spacial arrangement.1) Following 
the measurement, the aerosol will 
be extracted by an industrially 
configured vacuum, which matches 
pharmaceutical standards.

Inside the HELOS measuring zone, 
the expanded collective of perfectly 
dispersed particles and the red 
laser light waves interact. Each 
particle generates a characteristic 
diffraction pattern which contains 
all information about its particle 
size. Diffraction is more promi-
nent for smaller than for larger 
particles. The diffraction patterns 
are being projected to a multi-
element-detector (31 half circle 
segments, 3 central elements) by a 
system of lenses. High-performance 
algorithms determine the particle 
size distribution by analysing the 

diffraction information with highest 
resolution and accuracy. The Fraun-
hofer diffraction model deployed in 
this example works without limiting 
assumptions and constraints, in 
contrast to the alternatively usable 
Mie theory. The repeatability of dry 
measurement typically shows a 
mean relative standard deviation of 
below 0.3 % for the x50-value.

Quality Control of  
Physical Properties
A pharmaceutical solid with optimal 
flowability and a good processa-
bility is desired while ensuring a 
high bioavailability. Therefore a 
homogenously distributed, fine 
powder is aspired. Homogenously 
distributed matrices decrease the 
danger of segragation and ensure a 
good processability, e.g., for suppo-
sitories or tablets. Accordingly, the 
coarse fraction with particles larger 
than 200 µm should account for 
less than 1 % regarding the volume 
distribution Q3 of the batches under 
examination.

Configuration and Measurement
The applied system comprises 
laser diffraction sensor HELOS/BR, 
dry disperser RODOS and feeder 
VIBRI. Two different batches were 
measured with optics R4T and R5T, 

respectively. Three consecutive 
measurements each, with sample 
sizes below 1 gram and measuring 
times from 0.3 to 0.6 seconds provi-
de a sound basis for particle size 
analysis.

Results Batch 1
The samples of the first batch (red 
curve) cover a size range from 
0.5 µm to over 200 µm with a mean 
x50-value at around 19.3 µm, and 
particle size is distributed relatively 
narrow and homogenous. The three 
consecutive measurements show a 
mean relative standard deviation 
of 0.21 %. The volume distribution 
Q3 with regard to a particle size 
of 200 µm shows a mean value of 
about 99.9 %. Therefore, the desired 
degree of fineness of Paracetamol 
batch 1 is confirmed, showing a 
fraction of particles larger than 200 
µm of below 0.1 %. 

Results Batch 2 
The samples of the second batch 
(blue curve) span a size range from 
0.5 µm to over 400 µm with a mean 
x50-value of about 42.3 µm, while 
mean relative standard deviation 
for the consecutive measurements 
is 0.55 %. The particle size is more 
widely distributed and therefore 
less homogenous. Also, the volume 

System configuration HELOS & RODOS
Sensor
Measuring principle

Light source
Dispersing unit

Feeder 

Measuring ranges and
optics

Multi-element detector
Acquisition rate

Application software 
Evaluation modes
Compliance

modular laser diffraction sensor HELOS/BR
forward scattering in parallel beam
❱ classic optical Fourier set up (ISO 13320)
❱ open measuring zone w/ unique working distance
helium-neon laser λ=632.8 nm (red), Pout=5 mW 
RODOS | injection disperser for finest, even cohesive 
powders | < 0.1 µm - 3,500 µm
VIBRI | vibratory feeder for precise dosing and feeding 
of dry particulate systems | 1 mg - 1,000 g
alternatively
ASPIROS | micro dosing system for feeding of small 
amounts of dry substances in encapsulated sample 
vials | < 1 mg - 1 g 
measuring ranges with highest precision and resolution
❱ R4T (f=200 mm) | 0.50/1.80 µm - 350 µm
❱ R5T (f=500 mm) | 0.50/4.50 µm - 875 µm
31 semi-circular segments (180°) | 3 centre elements
❱ 2,000 diffraction patterns per second
❱ 31 intensities (observations) per measuring range
WINDOX 5 | control and evaluation software
FREE | Fraunhofer diffraction, parameter free
ISO 13320 | FDA 21 CFR Part 11

1) Laser diffraction systems with a convergent laser 

beam offer no room for manoeuvre due to their fixed 

working depth. Subsequently, the dispersed particles 

are fed through tubings into a narrow measurement 

cuvette. Along with this procedure of closed feeding 

comes the danger of reagglomeration and therefore 

incorrect measuring results. Another possible draw-

back is the contamination of the system by the fines 

content. 

RODOS | Free Aerosol Jet
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distribution Q3 with regard to a par-
ticle size of 200 µm shows a mean 
value of about 90.5 %.  Particles 
coarser than 200 µm account for 
almost 10 %. For the second batch 
of Paracetamol, the desired degree 
of fineness can not be confirmed. 
A corresponding post processing is 
necessary (e.g. milling, grading) in 
order to comply with the specifi-
cations.

Conclusions

The particle size analysis of fine, 
crystalline APIs with laser diffrac-
tion system HELOS and dry disper-
ser RODOS, delivers most accurate, 
reproducible and comparable results 
at shortest measuring times. The 
complete effort for each measu-
rement, including sample feeding 
and subsequent cleaning, typically 

takes less than 30 seconds. Thus, 
laser diffraction with dry dispersion 
is much less elaborate than wet 
measurement. And in comparison 
to traditional methods like sieve 
analysis, laser diffraction analysis 
is even more time saving while 
achieving better resolution and 
repeatability. 

The laser diffraction sensor HELOS 
is adjustable to a variety of diffe-
rent measurement tasks mastering 
a size range from below 0.1 µm 
to 8,750 µm. The modular sys-
tem design together with a great 
variety of dispersing and dosing 
units provides a flexible adaptati-
on to the most diverse industrial 
and research applications. HELOS 
offers a powerful technology for 
particle size distribution analysis 
of powders, granules, suspensions, 

emulsions, sprays and numerous 
other particulate systems. 
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