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Graphical size distribution is widely used in different fields of science and studies 
related to powders, droplets, bubbles, and pores. However, in some condition it may 
also be necessary to express the size distribution quantitatively. In spite of there being 
several suggested ways to quantify size distribution in the literature, some of these 
approaches are not applicable for many methods and the rest have other drawbacks. In 
this study, first, some quantitative size distribution methods (such as the polydispersity 
index) and their defects are concisely discussed. SPAN seems to be the most generally 
appropriate method, its parameters are determined from cumulative size distribution 
data. Nevertheless, some specific results imply that there are still some drawbacks in 
this method. Next, a new quantitative description of size distribution is presented which 
is applicable to many different techniques. In this method the characterization value is 
limited to 0 and 1, where 0 is related to completely polydispersed size distribution and 1 
denotes the completely monodispersed size distribution. 
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1. Introduction

Powders, pores, droplets, bubbles, and so on (in 
generally particles) are widely used in many different 
systems. Particle size distribution has a significant effect 
on the overall efficiency of the processes that deal with 
particles. Therefore, controlling the size of particles is the 
subject of various scientific investigations. There is a vast 
usage of graphical presentation of size distribution in the 
literature. Particle size distribution (PSD) graphs can give 
a clear view of the particles size dispersion of a sample. 
Nevertheless, comparison of the particle size of different 
samples is usually difficult when the difference between 
PSD curves is small. In this case, PSD is often presented 
quantitatively, especially when production of mono-
sized particles is the main aim of a study. Furthermore, 
PSD information could be presented more concisely 
using descriptive parameters of particle size distribution.

Different quantitative size distribution parameters are 
used by researchers are often referred to as polydispersity 
or monodispersity. It should be noted that in polymer 
science the term polydispersity, which is defined as 
the weight average divided by the number of average 
molecular weight (Mw/Mn) [1], is different from what is 
referred to in this paper. Mikuska et al. considered the 
geometric standard deviation as the monodispersity 
criterion of aerosol particles [2]. Lower values of 
geometric standard deviation are related to more uniform 
PSD (for monodisperse particles this factor is less than 
1.25) [3]. Gao et al. used the standard deviation of the 
particles diameter divided by the mean diameter as the 
monodispersity index. A sample is called monodispersed 
if the value of this index is less than 5% [4]. Yu et al. 
investigated the size distribution of produced polymer 
particles in the annealing process of polystyrene (PS)/
poly(methyl methacrylate) (PMMA) blends [5]. They 
reported that the final properties of  the product depended 
not only on the mean size of the polymer particles but 
also on its size distribution. They suggested the ratio 
of volume average diameter (dv) per number average 
diameter (dn) as the polydispersity index as shown in Eq. 
(1). 

(1)

where:

 (2)

 
(3)

In these relationships, di and vi are equivalent diameter 
and particle volume for each cut, respectively. For 
monodispersed particles, dn = dv, therefore, PI = 1. On 
the other hand, the polydispersity index is greater than 
one for non-monodispersed size distributions [5].

Coefficient of variation (Cv) of particles diameter as a 
criterion of monodispersity was used in the study of Ha 
et al. [6]. They determined the diameter of particles (of 
at least 100 individual particles) using SEM images and 
Cv was calculated using the Eq. (4).

Cv = 100 ×{(Σ(di - dn)2 / n)0.5 / dn}      (4)

They reported that highly monodisperse polystyrene 
particles have a coefficient of variation of about 1%.

Size and size distribution of nanopowders can 
be estimated using the dynamic light scattering 
(DLS) measurement system. In this technique, the 
polydispersity index is obtained according to photon 
correlation spectroscopic analysis. It is extrapolated 
from the autocorrelation function and varies between 
0.01 for mono dispersed particles up to 0.5-0.7 
for samples with broad size distribution [7-9]. The 
polydispersity index is calculated using a computer 
program in this technique. In the DLS technique a few 
large particles in a mixture (which scatter more light 
than smaller ones) can produce misleading results (such 
as underestimation of the amount of small particles) 
[10,11]. In addition, the DLS technique is applicable 
only for submicron size particles.

Size distribution has been investigated in a 
considerable number of studies using D10, D50, and D90. 
These parameters were obtained from cumulative size 
distribution. Also, the distribution ratio (D90/D10) has 
been used in the work of different researchers [12,13], 
where its higher value indicates a much broader PSD. In 
other surveys, the width of the particle size distribution 
(known as SPAN in the literature) has been used as 
a quantitative PSD criterion [14-16]. SPAN can be 
calculated using Eq. (5). A lower value of this parameter 
denotes a uniform PSD.

 
(5)
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2. Drawback of previous methods 

Quantifying of particle size distribution would lead to 
a more concise and precise comparison, especially when 
there is only a small difference between PSD curves. 
Although, there are several methods for expressing the 
particle size distribution quantitatively, some of these 
methods parameters cannot be determined or calculated 
(simply or straightly) for any sample. In other words, 
these methods are limited to some especial samples. In 
addition, the value of these criteria is borderless (e.g. 
are not limited to the values of zero and one). 

SPAN may be a suitable method, as it is easily 
applicable to any sample. It just uses D10, D50, and D90, 
which are simply determined from cumulative size 
distribution data. However, Torrecillas et al. showed 
that a significant error would be introduced if the PSD 
curves have different peaks on both sides of the mean 
diameter. In their experiment a sample with d10 = 92.27, 
d50 = 562.7, and d90 = 971.9 and another sample with d10 = 
143.5, d50 = 677.2, and d90 = 1218 have a SPAN of 1.563 
and 1.587, respectively [17]. According to their results, 
two different particle samples with completely different 
PSD have almost the same SPAN value.  In addition 
to the work of Torrecillas, it is possible that samples 
with different particle size distributions have the same 
SPAN, if their D10, D50, and D90 values are identical. 
Therefore, it seems that this is an unreliable definition in 
some conditions. Consider the typical differential size 
distribution of two different samples as shown in Fig 1. 

As seen in Fig. 1, the PSD of sample 2 is obviously 
broader than the PSD of sample 1. The cumulative 
under size distribution curves of these samples are 
presented in Fig. 2. Although the size distributions 
of these two samples are different, Fig. 2 reveals that 
the values of D10, D50, and D90 of the both samples are 
the same, leading to identical values for their SPAN. 

In general, the lower values of SPAN indicate more 
uniformity in the size distribution. Nevertheless, in 
some cases, it is probable that a powder with narrower 
PSD has a greater value of SPAN than a powder with 
broader particle size distribution. This situation is 
shown in Figs. 3 and 4, where a typical differential and 
cumulative PSD of two different samples are presented, 
respectively

It is clearly seen in Fig. 3, sample 3 has a narrower 
size distribution than sample 1. Nevertheless, the values 
of SPAN for these samples, obtained from the data of 

Fig. 4, represent the opposite result.  The values of D10, 
D50, and D90 and SPAN of each sample are reported in 
Table 1.

The results in Table 1 reveal that although sample 3 
has a narrower size distribution it has a greater value of 
SPAN. 

73

Fig. 2. Cumulative under size distribution curves of typical samples 
1 and 2.

Fig. 1. Typical differential size distribution histograms of two 
different samples. (a) Sample 1 with more uniform particle size 
distribution. (b) Sample 2 with broader particle size distribution.
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In addition to the mentioned drawbacks of SPAN, 
its value is not limited between zero and one. In other 
words, polydispersed powder may have a value of 
SPAN greater than one (SPAN of one is not related to 
the completely polydispersed powder). 

Therefore, it is necessary to define a new quantitative 
description of PSD, which will resolve the above 
mentioned problems. 

3. Mono-Size Distribution Index (MSDI)

In this paper, a new quantitative description of PSD 
is defined in such a way that its value was limited 
between zero and one. The value of zero represents the 
completely polydispersed sample (i.e. the same percent 
in each size interval), and the value of one shows the 

Table 1. Values of D10, D50, D90, and SPAN of typical samples 1 and 
3.

SPAND90D50D10Sample

0.6125100651

0.69512282653

Fig. 3. Typical differential size distribution histograms of two 
different samples. (a) Sample 1 with broader particle size distribution. 
(b) Sample 3 with narrower particle size distribution.

Fig. 4. Cumulative under size distribution curves of typical samples 
1 and 3.

completely monodispersed sample (i.e. particles place 
on one size interval). Generally, each size interval has a 
weight factor that depends on the fraction of particle on 
it. This fraction can be mass base, number base, etc. This 
new criterion is called the Mono-Size Distribution Index 
(MSDI), and is presented by Eq. (6) and complementary 
Eq. (7). 

             (6)

Si = 1 - mfi            (7)

where N, Si and mfi are the total number of size 
interval, weight factor, and fraction of ith size interval, 
respectively. According to Eq. (6) and data in Fig. 5, 
the MSDI of sample 1, sample 2, and sample 3 are 
calculated as 0.057, 0.037, and 0.176, respectively. 

Obtained results of this study show that MSDI 
correctly differs between sample 1 and sample 2. The 
value of MSDI for sample 2 is lower than sample 1, 
representing the broader size distribution of sample 2 
(whereas the SPAN of these samples are the same). In 
addition, the MSDI of sample 3 is greater than sample 
1, which indicates that sample 3 has a narrower size 
distribution of compared with sample 1 (whereas SPAN 
quantifies the PSD of these sample incorrectly).

4. Conclusion

There are different methods in the literature that 
quantify the particle size distribution of powders, pores, 
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(b)

75

droplets, bubble, and so on. However, some methods are 
limited to a specific size range. For example, although 
the polydispersity index can be easily determine using 
a computer program in the dynamic light scattering 
(DLS) measurement system, this technique is limited to 
the submicron particle size. In other methods, various 
statistical parameters (such as the geometric standard 
deviation, coefficient of variation, etc.) are suggested 
as monodispersity or polydispersity index. The fact that 
these indexes are not limited to two values is the biggest 
drawback of these methods. SPAN may be a suitable 
quantitative PSD criterion because it does not have the 
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Fig. 5. Fraction and weight factor of each size interval for different 
typical samples used in this study.
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mentioned drawbacks. However, as shown in this 
paper, SPAN also has its own defects. First, if different 
powders have the same D10, D50, and D90 they will have  
identical SPAN values. Second, greater SPAN values 
from narrower size distribution data (a contradictory 
result) may occur in some conditions. (In general, 
lower values of SPAN indicate more uniformity in size 
distribution). The Mono-size distribution index (MSDI), 
as a new criterion presented in this work, solved these 
deficiencies. The MSDI can be easily applicable for any 
particle sample. According to its mathematical formula 
(Eqs. (6) and (7)), it only needs  size distribution data. 
Its value is limited to zero and one. The value of zero 
represents a completely polydispersed sample and 
the value of one shows a completely monodispersed 
sample. In addition, MSDI quantify the PSD data of 
three typical samples presented in this paper correctly, 
where the SPAN presents illusory results.  
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