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Abstract : 

In nano-world one of the most challenging areas is the determination of the size of the object. The 
first question is “What size should be a particle to be classified in Nano field?” Next step is to find 
the most reliable method for measurement. Since most of the methods are based on the 
instrumentation, it is unlikely to be able to measure the accurate size. That makes everyone to be 
very cautious when reporting the particle size. 
 
The techniques can be divided to two main categories: Direct and indirect methods. The direct 
methods are based on microscopic methods (optical microscopy, SEM, TEM, AFM and etc) and the 
indirect methods are crystallite size from XRD line broadenings, calculation from surface area and 
density. 
 
Introduction : 

In 2007 a group of researchers from different fields like chemistry, physics and material science 
gave the first standard definition for nano materials (ASTM E2456-06).  The ASTM document 
itself puts it this way: As nanotechnology is a rapidly developing field, it will be necessary to 
continually reassess the terms and definitions contained in this standard, for purposes of revision 
when necessary. The intent of the terms and definitions in this standard is to describe materials 
containing features between approximately 1 and 100 nm and to differentiate those properties 
different from properties found in either molecules or the bulk (interior) of larger, micron-sized 
systems. The importance of nanotechnology lies in the fact that genuine nano-sized particles, of the 
order of 1-10nm, are comparable in size with individual molecules and their properties are highly 
dependent on quantum mechanics. Therefore, while many industries are getting into 
nanotechnology, virtually all reserve the term for particles and dimensions well below 100nm. 
Above that size, we’re looking at small grains, often with extremely useful properties, but not real 
nano materials [1]. 
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Therefore, the instruments will play an effective role to measure the accurate size and it can be 
classified to two major groups: direct and indirect methods.  
 
Most microscopic measurements are direct methods, since the measurements will be done directly 
from the image of particles, such as electron microscopy (SEM&TEM), atomic force microscopy 
and etc. However the resolution of the image can predict the accuracy of the method. Also, high 
magnification for seeing the nanoscale is necessary.  
 
Indirect methods usually use one of the physical properties to calculate the particle size. The 
methods include particle size analyzer (PSA), line broadening from XRD and from relation between 
surface area and density.  
 
However, some criticisms have been applied to all the above methods. In direct methods, since a 
small area of the sample will be investigated, therefore the existence of the coarser particles outside 
of the beam area is possible.  
 
Most of the indirect methods assume the particles with unique shape and size. Although, each 
method has its own criticism.  
 
The first commonly indirect methods used for nanomaterials are from line broadening of XRD, 
using the Scherrer equation; dc = Kλ/β cosθ, where β is the corrected peak width at half maximum, 
dc is the dimension of coherently reflecting domains in the (hkl) direction, and the constant K is 
taken as unity. The corrected value β should be distinguished from B, the measured angular width at 
half maximum. β may be obtained by using Warren’s formula for Gaussian type curves, β2 = B2 – 
b2, where b is the  measured angular width at half maximum, interpolated to the angle of interest of 
KBr or a similar material with particle dimensions of 300 nm [2]. Also the determination of the base 
line of the XRD pattern should be done carefully. Sometimes due to incomplete reaction the peaks 
in XRD patterns are overlapped, therefore these peaks should not be chosen for measuring the 
crystallite size [3]. 
 
Another useful indirect method is devoted to the relationship between the specific surface area and 
the density of particulate solids. Assuming non-porous particles, the apparent average equivalent 
spherical diameter, ds, was calculated from the specific surface area (Sg) by the relation, ds = 6/ ρSg, 
where ρ is apparent density [4, 5].  
 
Experimental, Results and Discussion : 

Different samples have been synthesized y different methods to produce nanomaterials. The first 
example is ZnO nanoparticles synthesised by mechanochemical processing [6]. The product is fully 
reacted, as can be seen from Fig. 1a and 1b. It can be observed that the particles are almost 20–30 
nm which is in good agreement with XRD crystal sizes. Although, the particle size calculated from 
BET surface area (23.28 m2/g) was about 50nm. This difference can be due to agglomeration of 
nanoparticles during drying. It can decrease the surface area by producing closed pores, resulting in 
coarser particles.  
 
At another research, nano alumina was synthesized by sol-gel method [7]. Fig. 2a and 2b shows the 
TEM image and related XRD pattern for the sample after calcination at 650°C. Fig. 3 is for the 
same sample after calcination at 900°C. Comparing the Figs. 2 and 3 shows the product has 
changed from amorphous to crystalline powder. However, there is still some amorphous material in 
the sample. As it was mentioned before, there is several baseline shown on the patterns (Figs. 2b 
and 3b). Whilst one moderate baseline parallel to the horizontal axis should be drawn. Some peaks 
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are overlapped due to incomplete reaction. And since KBr hasn’t been used as standard, the 
measurements can’t be accurate, and it just can use as a relative criteria. 
 
The most interesting product of the nanotechnology perhaps is Carbon Nano Tubes (CNT). The 
type of CNT, single- or multi-walled, predicts the properties and the applications. For now, 
HRTEM (direct method) is the only reliable method for recognition and characterization of CNTs. 
Fig. 4a shows the lower magnification and only the fibers can be seen in diameter in nano-scale, 
without any impression of being single or multi-walled. But, Fig. 5b, in higher magnification shows 
a multi-wall CNT with inner diameter of about 5 nm. And the thickness of the wall is about 10 nm. 
Fig. 5a shows the SEM micrograph of CNTs and Fig. 5b is the Raman spectroscopy (indirect 
method) of the same sample. The RBM peak shown in graph indicates the presence of SWCNTs, 
but TEM micrograph as shown in Fig. 6 shows the type, size of diameter and length of the tubes. 
 
Conclusions : 
 

As can be understand from the above results, for the nanomaterials preparation according to the 
ASTM definition, the accuracy of size measurements is essential. The best way is to use more than 
one method, especially when using indirect methods and then comparing the values, besides the 
analyzing the reasons of the differences, makes to be able to tailoring the nanomaterials for superior 
properties and special applications. 
 

                               
Fig. 1: a) A typical TEM micrograph of the ZnO 

powder heat treated (400°C)), b) XRD patterns of 
the same sample. 

                          
 
 
                   

                   (a)                                                     (b) 
 
Fig. 2: : a) TEM micrograph, b) XRD pattern of 
calcined powder at 650°C 
 

                              
 
 
              

                    (a)                                                     (b) 
 
                             
 Fig. 3: a) TEM micrograph, b) XRD 
 pattern of calcined powder at 900°C 
 
     

 

 
         (a)                                                             (b)   
 

                                                                                                                                                        
                                                                                    
 
                                                                                                                                                       
 
                                                                                                                                                        Fig. 4: TEM micrographs (a) lower  

                                                                                                                                                       magnification and (b) higher  magnification 

 
                (a)                                                               (b)                                  
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                                                   Fig. 5: (a) SEM micrograph of CNTs,  

                                      
                                                                       (b) Raman spectroscopyof CNTs 

 

 

 
              (a)                                                             (b) 

 

 
 

                                                                                                                                             Fig. 6: TEM micrographs of SWCNTs  

                                                                                                                                (a) and (b) high magnification 

 
 
 
 

               (a)                                                          (b) 
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