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ABSTRACT 
Captopril, an orally active dipeptide analogue was introduced in 1977 and used for the treatment of hypertension and in 

patients having ischaemic heart disease. Since the bioavailability of the drug is low, an alternative method to increase its 

bioavailability and solubility is by changing the drug in to amorphous form. We used Differential Scanning Calorimetry 

(DSC) for studying the glass forming ability of the drug. The sample was found to be a very good glass former. Based on the 

DSC analysis we have used broadband dielectric spectroscopy (BDS) for studying the drug in the super cooled and glassy 

state. BDS is an effective tool to probe the molecular dynamics in the super cooled and glassy state. Molecular mobility is 
found to be present even in the glassy state of this active pharmaceutical ingredient (API) which is responsible for the 

instability. The sample is highly unstable in the amorphous state and our aim is to study the factors responsible for instability 

of this API. Our FTIR study showed that hydrogen bonding is stronger in the amorphous state than that of crystalline state of 

this API. 

Abbreviations. API Active pharmaceutical ingredient; BDS Broadband dielectric spectroscopy; ACE angiotensin-

converting enzyme; DSC Differential scanning calorimetry; FTIR fourier transform infrared spectroscopy;  VFTH  Vogel-

Fulcher-Tamman-Hesse. XRPD X-Ray Powder diffraction. 

Keywords. Amorphous state, Bioavailability, Broadband dielectric spectroscopy, Differential scanning calorimetry, 
Molecular dynamics 

1 INTRODUCTION 

Glass is familiar to mankind for years. But the theory behind glass formation is a crucial one to scientific community. 

Complete theory about glass formation is still unknown. Glass was considered as a transparent product which is formed due 

to the fusion of minerals. The important concepts involved in the glass formation were the composition of the glass material, 

method of formation and the metastability of the state with respect to the stable crystalline state. In olden days it was believed 

that glass was formed from inorganic substances. For scientific purposes many organic substances including synthetic 
polymers can be converted into glass. The idea that glass as a super cooled liquid was first given by Tamman [1]. In glassy 

state different relaxation phenomena can be observed due to molecular motions present. Occurrence of the relaxation in the 

super cooled region is due to the increase in viscosity when the temperature decreases. Out of the various relaxations 

phenomenon the slowest one is the primary relaxation or α-relaxation which is due to the cooperative rearrangement of 

molecules above the glass transition temperature [2]. Below the glass transition temperature, various other relaxations often 

called the secondary relaxations are observed. 

 

In 1971 Johari and Goldstein found that secondary relaxations are considered as the characteristic property of the 

liquids, and it is due to the motion of the entire molecule. This relaxation is known as J-G relaxation or β-relaxation and it is 

found to be universal [3].  Since glass transition is a kinetic phenomena on cooling a liquid, the relaxation times increases in a 

non Arrhenius manner. Another common feature of glass transition is a step like change in the specific heat. The magnitude 
of the step like change is connected to the departure from Arrhenius behavior, called the fragility. There are two types of 

glasses, “strong” and “fragile”. The strong systems show strong resistance against structural degradation and shows 

Arrhenius behavior, and fragile glassformers are having nondirectional interatomic or intermolecular bonds and shows 

deviation from Arrhenius behaviour [4]. Glass transition can be applied to determine the physical and chemical properties of 

many active pharmaceutical ingredients (APIs). The amorphous solids are very important in the pharmaceutical point of view 

because they have higher solubility, higher dissolution rate, and better compression characteristics than the corresponding 

crystalline counterpart. The physical instability of the amorphous form due to higher molecular mobility and free energy 

caused the system to revert to the more stable crystalline form which will result poor product performance [5-7]. Disordered 

amorphous material will dissolve faster and has a greater solubility and bioavailability than the corresponding ordered 

crystalline counterpart [8], [9]. Amorphous form of a drug often shows an improved therapeutic activity [10]. Preparation of 

the drug in the amorphous form can avoid the use of excipients, which is usually used to shape drugs in to tablets [11]. Even, 

in the case of highly soluble crystalline API, amorphous form is a good alternative. Recently Allie et al showed that 
crystallization can be determined by intramolecular motion involving the βa- relaxation mode and not by the molecular 

motion responsible for the αa- relaxation mode [12]. So it is important to study the molecular dynamics in the glassy state 

[13], [14]. Molecular mobility in the amorphous state is very important to predict the physical and chemical stability of the 

API [5]. The secondary relaxation present in the glassy state is very important to predict the stability of API [15]. Differential 

scanning calorimetry (DSC) can be used to study the thermal properties of several drugs in their crystalline and amorphous 

form [8]. Broadband dielectric spectroscopy is an effective tool to probe the molecular dynamics in the super cooled and 

glassy state of API and was recently employed in pharmaceutical research [16]. 
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Captopril is selected for the current study as a model drug. Captopril an orally active dipeptide analogue was 

introduced in 1977 and quickly gained wide usage. The pharmacology of Captoril is described as prototype, since most of its 

effects are class effects common to all angiotensin-converting enzyme (ACE) inhibitor. It lowers blood pressure. This can be 

safely used in patients with ischaemic heart diseases. Pharmacokinetics of Captopril is about 70% of orally administered 

Captopril is absorbed. Presence of food in the stomach reduces its bioavailability. Penetration in to brain is poor. It is 

partially excreted unchanged in the urine. The plasma t1/2 is ~2 hours, but action lasts for 6-12 hours [17]. So it is essential to 

increase the bioavailability of this novel drug. 

 

Our DSC study shows that Captopril is a non crystallizing compound.  Based on the result of DSC study, we 
explored the molecular dynamics of super cooled and the glassy state of this API with the help of BDS. From dielectric 

studies onset crystallization was observed at 343.15 K. Besides secondary processes the structural relaxation can also be 

responsible for the devitrification of this drug [18]. Molecular mobility is found to be present below glass transition 

temperature Tg. Fragility of this API is found to be 84 proving it is a fragile glass former often considered physically unstable 

[4]. Spectroscopic study was used to investigate the hydrogen-bonding interaction in the crystalline and amorphous state [19-

21], [16].  In Captopril the shifting of the carbonyl peak towards the lower frequency in the amorphous state shows stronger 

hydrogen bonding in the amorphous phase. 

 

2 MATERIALS AND METHODS 
2.1 Materials 

Captopril,CAS NO 6271-86-2 was purchased from Sigma Aldrich (purity≥ 98%) and molecular mass of MW =217.29  

g. mol-1.Captopril is (2S)-1-[(2s)-2-methyl- 3-sulfanyl propanoyl] pyrrolidine-2-carboxylic acid. Its empirical formula is 

C9H15NO3S. The chemical structure is presented in fig.1.The purchased material was used without further purification. 

 

 
Fig. 1. The chemical structure of Captopril. 

 

2.2  Assay 

 

Assay of Captopril is done by titration method and the value is obtained as 99.26 percent of C9H15NO3S . And it is found to 

be within the limits as specified in IP [22]. 

 

2.3  Differential Scanning Calorimetry (DSC) 

 

Calorimetric response of the sample was measured using a DSC instrument (821e  Metler-Toledo GmbH) operating with 

STARe software version 9.1 and equipped with an intra cooler. The instrument was calibrated by using indium. The samples 

(3-5mg) were analyzed under dry nitrogen purge (50ml/min) in a sealed and pinhole aluminum pan. The sample is heated 

from room temperature to 1220C and held for 5 minutes, then the sample is cooled to (-500C) and held for 15 minutes, then 
the sample is again heated to 1270C a constant heating and cooling rate of 100C/min is used.  

 

2.4  X-Ray Powder diffraction (XRPD) 

 

X-ray Powder diffraction measurements were used to confirm the crystalline nature of the sample. A XPERT-PRO 

diffractometer system with a rotating anode Cu Kα was used and scans were taken between  50 to 1000 2 . 
 

2.5 Fourier Transform Infrared (FTIR) Spectroscopy 

 

FTIR spectra were collected on a FTIR microscope (Perkin Elmer, Model: Synthesis Monitoring System) for amorphous 

system and FTIR (Nicolet instruments corporation USA Model MAGNA 550) for crystalline state. 

 

2.6 Broadband Dielectric Spectroscopy (BDS) measurements 

 

Dielectric measurements of Captopril at ambient pressure were carried out using Novo-Control GMBH alpha analyzer over a 

wide frequency range of 10-2 to 107Hz. The temperature was controlled using nitrogen gas cryostat with temperature stability 
better than 0.1K. The sample was placed between two stainless steel electrodes of the capacitor with a gap of 0.20 mm and 
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diameter 30 mm. Teflon is used as the spacer. Dielectric measurements of the sample were performed after its vitrification by 

fast cooling (10K/min) from few degrees above the melting point (Tm= 380K). The dielectric spectra of Captopril were 

collected in a  wide temperature range  from 123.15K to 373.15K in different steps: 123.15 to 263.15K in steps of 10 K, 

whereas in temperature range from 263.15K to 305.15K in steps of 2K, 305.15 to 333.15K in steps of 5K and from 343.15 

to373.15K in steps of 10K. 

 

3 RESULTS AND DISCUSSION  
3.1Thermal analysis  

From DSC study Tg has been reported as the onset value of the glass transition event. It was observed that the glass transition 

temperature of the amorphous sample was 273.91K. This is in close agreement with the value obtained for the DSC 

measurement of Pajula et al [23]. The sample did not crystallize at all during the cooling and heating treatment. Hence it is 

classified as a non- crystallizing compound.  Tm is the melting temperature and measured as 380.34K. 

 

3.2 Spectral Variations of Captopril in crystalline and amorphous systems.  

 

IR spectroscopy is used for investigating the nature of hydrogen bonding in crystalline and amorphous Captopril. Hydrogen 
bonding can occur in any system containing a proton donor group (X-H) and a proton acceptor(Y) if the s orbital of the 

proton can effectively overlap the por pi orbital of the acceptor group. The common proton donor groups in organic 

molecules are carbonyl, hydroxyl, amine, or amide groups. Common proton acceptor atoms are oxygen, nitrogen, and the 

halogens. Hydrogen bonding alters the force constants of both groups. When bonding occur the X-H stretching band moves 

to lower frequencies (longer wavelengths). The FTIR analysis of crystalline Captopril showed a C=O vibration at 1748cm-1. 

In Amorphous C=O band shifts down to lower wave number 1733cm-1. The hydrogen bond formation reduces the carbonyl 

peak position [20], [24].  So in the case of Captopril hydrogen bonding is stronger in the amorphous state than that of the 

crystalline state. 

 

 
                 Fig. 2. FTIR spectra in C=O stretching vibration region (a) crystalline Captopril (b) amorphous Captopril 

 

 

 3.3 XRPD Result 

 

 The sharp peaks in fig. 3 show the crystalline nature Captopril. 
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Fig. 3 X-Ray powder diffraction pattern of Crystalline Captopril 

 

 

3.4 Molecular Mobility-Relaxation Dynamics.  

 

Fig. 4 shows the dielectric loss spectra obtained during heating of amorphous Captopril from temperature123.15K to 

373.15K in different steps. To get the clear picture of the relaxation processes, the entire spectra is divided into two parts. 

Fig. 4a shows the relaxation above Tg, where structural (α) relaxation dominates and gives the changes in the structure of the 

investigated sample. The liquid–glass transition occurs at a relaxation time τα=100sec. As temperature increases α- processes 

peak moves towards higher frequencies indicating the increase of molecular mobility of the system (fig. 4a). At 343.15K the 

dielectric strength of α- process starts decreasing showing the indication of onset crystallization of the sample. It is concluded 

that structural relaxation is also responsible for devitrification of the drug other than secondary process [25] .Fig.4b shows the 
spectra collected below Tg that is in the glassy state of Captopril. Only secondary relaxations are seen in this region, because 

α-relaxation is too slow to be measured [18]. It is clear from fig. 4b, secondary relaxations moves towards lower frequencies 

with decreasing temperature.  This finding proves that molecular mobility is present even in the glassy state of this drug. 
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Fig. 4 Dielectric loss spectra of Captopril at different temperatures (a) above (b) below Tg 

 

 

 

The temperature dependence of the α-relaxation is often described by Vogel-Fulcher-Tamman-Hesse [VFTH] equation  

0/B T T

VFe 


                                     (1) 

 with τVF, B, and T0 as parameters. Using VFTH expression fragility (m) can be calculated as 

log

( / )g

d
m

d T T


 / gT T                            (2) 

 Fragility values normally lies between m=16 for strong systems and m=200 for fragile systems [4].  

And for Captopil it is estimated as 84, and classify it as a fragile glass former. A general means of classifying glasses in terms 

of temperature dependence of molecular motions would be of great use to pharmaceutical materials scientists.  

                    

4 CONCLUSIONS 
Calorimetric analysis proved the glass forming ability of Captopril. The existence of hydrogen bonding in the amorphous 

state is verified by IR spectroscopy and found to be stronger in the amorphous state than that of the crystalline state. Fragility 

is a key factor in determining the stability of a pharmaceutical drug and for Captopril it is found to be 84 and shows it is a 

fragile glass former. The dielectric study of Captopril in the amorphous state is done by BDS covering a broad frequency 
range. The spectra is found to be complex. Above the glass transition temperature along with α-process dc-conductivity 

associated with translation motion of ions is also present. Also the examined drug starts crystallizing at 343.15K showing the 

role of structural (α) relaxation in the devitrification process. Molecular mobility which is found to be present below glass 

transition temperature plays an important role in the devitrification of the drug. A better understanding of molecular 

dynamics in the glassy state of a pharmaceutical drug is very useful for the safety processing, and storage with predictable 

stability for a long period of time. Our observation might be useful for increasing the shelf life of this API in the amorphous 

form. 
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