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crystalline substances are often less than 100 % crystalline. the crystallization process 
itself may already produce a fraction of amorphous solid, e.g. because insufficient 
time is given to the molecules to arrange themselves in perfect order. Furthermore, 
subsequent processing steps such as desolvation of a solvate or milling can intro-
duce disorder by destroying the original crystal structure.

amorphous impurities are usually undesired because they have very different 
 physicochemical properties than when in a crystalline state. Possible differences lie 
in faster chemical degradation, increased hygroscopicity, a different dissolution 
 profile and an inherent tendency to recrystallize over time because of its metastable, 
high-energy character. as a consequence, the solid-state form of the drug substance 
would be no longer well defined, its storage stability will be reduced, and the aggre-
gation behavior of a powder may be changed.

a control of the amorphous content of a drug product requires that appropriate 
 analytical techniques are available for quantitation. Indeed, a number of techniques 
are sensitive to the particular properties of amorphous materials and can be used for 
this purpose:

Quantitation of amorphous 
content
amorphous fractions can significantly change the physicochemical 
properties of active pharmaceutical ingredients and drug products. 
Solvias offers a variety of analytical methods to determine the amorphous 
content of your samples.
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The selection of the preferred method will mainly depend on the 
physicochemical properties of the substance under investigation 

and the required accuracy.
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one established method for the determination of amorphous content is based on 
x-ray diffraction. the periodic variation of the electron density of a crystalline solid 
leads to a selective diffraction of the x-ray radiation at specific angles. contrary to 
this, the random distribution of electron density in an amorphous material does not 
bring about such angle selectivity and a diffuse halo of diffracted radiation is ob-
served  instead (Figure 1). after appropriate calibration, the ratio of the sharp reflections 
to the diffuse background signal can be used to quantify the amorphous content. 
the  application of this method is very general and nondestructive. on the other 
hand, the sensitivity of the method is rather low because of the low intensity of the 
diffuse background signal from the amorphous fraction. Its accuracy may suffer 
from variations of the signal from the crystalline part, which serves as an internal 
reference. Such variations may be caused by differences in the size or orientation of 
crystals for example.

another common method relies on differential scanning calorimetry (DSc). It is 
 characteristic for amorphous substances to exhibit a glass transition step between 
the glassy and the rubbery (and finally liquid) state. this transition is characterized by 
an increase in heat capacity of the material as a result of the mobilization of  rotational 
and translational degrees of freedom. above the glass transition temperature, the 
amorphous material will possibly recrystallize and then melt at a still higher tempera-
ture. this recrystallization is kinetically driven and may not take place at all. an 
 evaluation of the amorphous content in mixtures can be based either on the height 
of the glass transition step or the size of the recrystallization and melting peaks, 
whereas the contribution of the crystalline fraction has to be taken into account as 
well. the method is obviously limited to substances that are chemically stable in the 

 Figure 1: Typical x-ray diffractograms of an amorphous sample (orange) and a crystalline sample (blue).  
A structureless halo is observed for the amorphous sample as opposed to a well-resolved diffraction pattern  
for the crystalline one.
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relevant temperature range. the sensitivity depends on the ability to determine the 
exact heat capacity change or the transition enthalpies. In particular, the glass transition 
step is a small signal (typically on the order of 0.5 J/(g K)) and may be spread out over 
a broad temperature range, which causes a significant uncertainty for quantitation. 

a method based on dynamic vapor sorption (DvS) takes advantage of the increased 
hygroscopicity that is frequently observed for amorphous samples as compared to 
crystalline ones (Figure 2). the amorphous content can be quantified when the 
 difference in water uptake between crystalline and amorphous material is known for 
a given relative humidity and scanning rate. the sensitivity of the method will change 
from substance to substance depending on its hygroscopicity. Furthermore, the 
 result may be affected by particle size and by the rate of recrystallization of the 
 humidified amorphous material, which is typically connected to a release of ab-
sorbed water.

the same property that underlies the application of DvS, i.e. the absorption of water 
or solvent vapor, is also utilized for the determination of amorphous content by 
microcalorimetry(μCal).However, it isnottheweightchangethat isdetected,but
rather the release of latent heat from solvent-induced recrystallization that is 
 observed in this case. the success of the method depends on the identification of 
suitable crystallization conditions, which can be very challenging. the recrystalliza-
tion process should be neither too fast (which would cause an overlap with the 
initial transient event) nor too slow (which would impede the detection of the re-
crystallization end point). Finding a suitable solvent to meet these criteria can be 
tedious or even impossible. on the other hand, the method is very sensitive when 
successfully implemented.

 Figure 2: Comparison of the water vapor sorption isotherms of an amorphous sample (orange) and a crystalline 
sample (blue) of the same substance. With increasing relative humidity, the weight of the amorphous sample 
increases due to water uptake before it suddenly drops as a result of recrystallization.
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Last but not least, the enthalpy difference between amorphous and crystalline material 
is also detectable by solution calorimetry. Instead of converting crystalline material 
into amorphous (DSc) or amorphous material into crystalline (microcalorimetry), 
both solid-state forms are transformed into a solution as a common reference state 
(Figure 3). the dissolution will release different amounts of latent heat depending on the 
energetic state of the starting material. this heat can be detected as a temperature 
change of the solution in the 10–100 mK range. the sensitivity of the method is high 
but depends to some extent on the selected solvent. Finding a suitable solvent for 
fast dissolution can be a problem. In addition, similar to DvS and microcalorimetry, 
the method is not specific for amorphous impurities. almost any chemical or physical 
impurity can provoke thermal effects, which may be misinterpreted as higher or 
 lower amorphous contents. It is therefore advisable to combine the method with 
complimentary techniques (e.g. HPLc and XrPD).

as briefly outlined above, each of the methods for the quantitation of amorphous 
content has its strengths and drawbacks. It is therefore helpful to have several methods 
to choose from. the selection of the preferred method will mainly depend on the 
physicochemical properties of the substance under investigation and the required 
accuracy. •

 Figure 3: Quantitation of the amorphous content with thermal methods.
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MetHOD aDVantages lIMItatIOns tyPICal lIMIt OF 
DeteCtIOn (lOD)

x-ray powder 
diffraction (XrPD)

• nondestructive
• fast
• specific
• universally applicable

•  requires internal 
referencing; no 
absolute values

• low sensitivity
•  adverse effect on 

accuracy by crystal  
size and orientation 
possible

10 %

Differential scanning 
calorimetry (DSc)

• fast
• specific
•  only small amount of 

substance required
• uncritical kinetics

•  limited to  
temperature-stable 
substances

• low sensitivity

10 %

Dynamic vapor  
sorption (DvS)

• sensitivity can be high
•  simple sample 

 preparation
•  relatively simple 

method setup

•  depends on hygro-
scopicity of the 
amorphous material 
and its tendency to 
recrystallize

<1%

Microcalorimetry  
(μCal)

• high sensitivity
•  simple sample 

preparation

•  requires suitable 
crystallization kinetics

<1%

Solution calorimetry 
(Solcal)

• high sensitivity •  requires rapid  
dissolution

<1%

coMParISoN oF cHaracterIStIc ProPertIeS oF SoMe MetHoDS For 
aMorPHoUS coNteNt DeterMINatIoN


