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Surface Morphology of Pharmaceutical Solid Dosage Forms 
 by Utilizing Atomic Force Microscopy 

Relevant for: Pharmaceutical solid dosage forms, surface morphology, AFM 

Pharmaceutical solid dosage forms are usually coated to control drug release and protect active 
pharmaceutical ingredients (APIs) from degradation. Tosca 400 AFM enables unbeatably 

efficient quantitative surface roughness measurements. 

 

 
 
1 Tablet coating: Why analyze the surface? (1) 

Pharmaceutical solid dosage forms are usually coated 
to control drug release, to protect active 
pharmaceutical ingredients (APIs) from degradation in 
the stomach or in humid atmospheres, to provide a 
barrier to taste and smell, and for controlling 
dissolution (2). Atomic force microscopy is used to 
acquire topography information, where it has the 
advantage over SEM in that it can provide quantitative 
surface roughness and surface area measurements 

(3). Data on compositional distribution and porosity 
may also be discerned. 
The coating materials of tablets are also frequently 
studied as “free” thin films by utilizing AFM so that the 
effects of the tablet core can be eliminated.  

 
2 Experimental 

For these measurements, Tosca 400 AFM has been 
utilized. It has a large sample scan area of 
100 x 100 µm and is equipped with a side-view 
camera for safe engagement procedure. Tosca 400 
has high automation yielding short time-to-result for 
very efficient and highly precise measurements. 
 
Two types of granules, uncoated and PEG coated, 
were imaged with Tosca 400 using tapping mode at 
ambient conditions. For each type of granules a few 
images were recorded at randomly selected locations. 
All images of 2 x 2 µm with resolution 500 x 500 have 
been acquired using Arrow NCR tapping cantilever.      
 
A few granules were fixed on a piece of silicon wafer. 
The size of granules is over hundreds of micrometer 
which can be easily seen with overview camera 
Figure 1(a), side view camera Figure 1(b) and optical 
microscope Figure 1(c). The red square in Figure 1(c) 
shows the maximum possible AFM scan area, 
100 x 100 µm.   
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Figure 1: Optical view of granules with overview camera (a), side view camera (b) and optical microscope (c) 

 
3 Results and discussion 

Figure 2 and Figure 3 show the height images of PEG 
coated granules and uncoated granules acquired at 
three different locations, respectively. The uncoated 
granules have displayed large grains or possibly 
crystal structures on the surface. The PEG coated 
granules have shown a much smoother surface. 
Although at one location it has shown grain structure, 
the size of grains is much smaller. The surface  

 
 
roughness of both PEG coated and uncoated 
granules has been calculated following ISO 25178. 
The values are shown in Table 1. Both root-mean-
square and arithmetic mean height values are 
calculated. The PEG coated granules have a much 
lower surface roughness compared to the uncoated 
granules.         
 

 

   
Figure 2: Surface morphology of PEG coated granules at 3 different locations 

 

   
Figure 3: Surface morphology of uncoated granules at 3 different locations 
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PEG coated Uncoated 

Sq (nm) Sa (nm) Sq (nm) Sa (nm) 

16.1±5.6 12.1±4.1 116.7±19.4 87.7±15.8 

 

Table 1: Surface roughness of PEG coated and uncoated 
granules calculated at 3 different locations. Sq root-mean-square 
height, Sa arithmetic mean height.  

 
4 Summary 

The coated and uncoated pharmaceutical granules 
have been characterized by Tosca 400 atomic force 
microscope. Different surface morphology between 
two granules can be observed and the surface 
roughness according to following ISO 25178 was 
determined for both types of granules. The PEG 
coated granules were found to have a much lower 
surface roughness compared to the uncoated 
granules.  
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