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Motivation 
 Drug administration is better in the amorphous state than in 

 the crystalline state. But shelf-life of the amorphous drugs are 

 low because there is a greater chance for crystallization due to  

 the molecular mobility present in the amorphous state.  

Aim 

Objective 

To investigate different relaxation processes (dielectric properties) 

present in glass-forming pharmaceuticals by BDS. 

To investigate different relaxation processes present in the 

amorphous pharmaceuticals  and their role in the crystallization of 

drugs.  Apply this  to design amorphous drugs having better 

solubility, bioavailability and longer  shelf-life.  
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API are classified accordingly 

Amorphous pharmaceuticals 

I 

 

II 

 

III 

 

IV 

 solubility 

 

high high low low 

permeability high low high low 

amorphous route can give improved solubility for water insoluble 

solid APIs  



mixing of solid API in the oral route 

Amorphous pharmaceuticals 

mixing – escape of individual molecule from the 

Madelung bond of crystalline API. Getting energy to 

overcome this barrier from thermal fluctuations is less 

probable. 

amorphous state –only very weak van der Waal’ s 

interaction. molecules are at higher free energy.   Hence 

can mix better and quicker 



Vitrification of  solid API 

cooling faster can bypass this ordering to 

retain disorder and reach glassy state 

glass 
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amorphous API can gradually transform to 

crystalline phase 

Vitrification of API – issues to be addressed 

 

100 s & above        100 s – 10-9                 10-9 and lower 

   Glass                  supercooled liquid           liquid 

    



amorphous API can gradually transform to 

crystalline phase 

Vitrification of API – issues to be addressed 

 

shelf-life needed is more than 2 years 

stability of API against degradation is yet to be 

systematically investigated. 

systematic investigation  is needed for taking this 

to application front.  
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Theory:  

The polarization studied by dielectric 

spectroscopy is the orientational 

polarizability which is due to dipole 

relaxation. The important  function that is 

measured from dielectric spectroscopy is the 

complex dielectric function ε*(ω)=ε′(ω)-

iε′′(ω) (ε′-real part, ε′′-imaginary  or loss 

part). 



Broadband dielectric spectrometer  Novocontrol (10-3 -107 Hz) 



                  Data analysis 

•The  analysis  time was  18 hours in BDS  

 

•Frequency range is between 10-2 to 107 Hz 

 

•Temperature range is from -150 to 100 degree 

 

•The spectra is analyzed by using Win-fit software 

 

•Frequency corresponding to maximum dielectric loss in alpha 

process can be represented in Arrhenius diagram 

 

•VFT Fit is done for alpha process to calculate Tg and 

fragility(m) and T0 

 

 



Ketoprofen 

Dielectric loss curves obtained for ketoprofen during heating 
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From 291.15 K (18degree) onwards the 
dielectric strength of α-process starts 
decreasing  shows tendency for 
crystallization of ketoprofen. 

(Orudis/Oruvail) 

O
CH3

O
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HN fitted curves  
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Fenofibrate 

Primary relaxation above Tg 

 Secondary relaxation below Tg. 
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HN fitted Spectra of Fenofibrate  
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Master plot of ketoprofen formed by shifting several spectra near Tg to 

overlap the spectrum at 273.15K 
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Tramadol monohydrate (Kaminski 2010)  

Glibenclamide (Wojnarowska 2010) 
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Relaxation map of ketoprofen 

T0  = 222K  (Hancock1997) 
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Yu et al., 2001, pointed out that if m < 45 they belong to strong and if 

m > 75 the liquids belongs to fragile group 
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Relaxation map of Fenofibrate 



                     Strong and fragile glasses 

Strong  systems: Strong resistance 

against  structural degradation 

 

  

Fragile systems: Shows large 

deviation from Arrhenius law 

 

 

 

                                      
 

 

VFT  equation 

R. Boehmer et al 1993 

<τ>  =τVF exp[B/(T—T0 )] 

m=16, 200 
Angell, C.A. 1991  
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Dielectric studies: Molecular mobility is found to be responsible 

for the crystallization of the APIs and JG relaxation is one of the 

main reasons for devitrification and found to universal. To prevent 

devitrification of the drugs we have to understand the complete 

factors responsible for devtrification so that the drugs can attain 

maximum  shelf-life in the amorphous form. 

 

Binary mixture of these APIs with different excipients can be done 

to check the miscibility of the drugs and thereby avoiding 

crystallization during processing, handling and storage in the 

amorphous phase for getting maximum shelf-life and stability. 
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