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INTRODUCTION: 
Calorimetry is the science of heat. It is concerned with how a given material responds to temperature 
changes on both the atomic and macroscopic level. This varies widely from substance to substance, and 
reveals important information about the arrangement and interaction of the atoms.  
 Calorimetry or Microcalorimetry is the measurement of the heat evolved or absorbed by a chemical or 
physical process. Since heat evolved or absorbed is directly proportional to the rate of the process, it serves 
to study rate & extent of reactions. 
Microcalorimetry is the Calorimetry of small samples, specifically microgram samples (or thereabouts). 
These are much more challenging to study than big mass of material because  
(1) The time scale for changing the temperature is much faster and  
(2) The probes you attach to the sample to measure it takes away a greater proportion of the heat involved.  
 
Therefore, MICROCALORIMETRY is an advanced form of Calorimetry. 
 Calorimetry of microgram of Sample. 
 Power detection limit for microcalorimeter approaches a few microwatts. 
 It is 10,000 times more sensitive than DSC. 
            
 
PRINCIPLE OF MICROCALORIMETRY: 
Microcalorimetry works on the principle that all physical and chemical processes are accompanied by a heat 
exchange with their surroundings. So when a reaction occurs a temperature gradient is formed between the 
sample and its surroundings. The resulting heat flow between the sample and its surroundings, is measured 
as a function of time. 
 

 When any reaction takes place, heat will be generated or absorbed by the molecules reacting. 

 In isothermal microcalorimetry heat input in sample cell adjusted to keep T constant. So, 
 Exothermic reaction will result in negative peaks (less heat is needed while   the reaction proceeds) 
 Endothermic reactions will result in positive peaks  (more heat is needed while the reaction proceeds) 
 

CALORIMETERS: A calorimeter is a device used for calorimetry, the science of measuring the heat 

of chemical reactions or physical changes as well as heat capacity. The word calorimeter is derived from the 
Latin word calor, meaning heat.  

Differential scanning calorimeters, isothermal microcalorimeters, titration calorimeters and accelerated rate 

calorimeters are among the most common types. 
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 A simple calorimeter just consists of a thermometer attached to a metal container full of water suspended 

above a combustion chamber. 

WORKING: 

To find the enthalpy change per mole of a substance A in a reaction between two substances A and B, the 

substances are added to a calorimeter and the initial and final temperatures(before the reaction started and 

after it has finished) are noted. Multiplying the temperature change by the mass and specific heat 

capacities of the substances gives a value for the energy given off or absorbed during the reaction. Dividing 

the energy change by how many moles of A were present gives its enthalpy change of reaction. 

This method does not account for the heat loss through the container or the heat capacity of the 

thermometer and container itself. In addition, the object placed inside the calorimeter show that the objects 

transferred their heat to the calorimeter and into the liquid, and the heat absorbed by the calorimeter and 

the liquid is equal to the heat given off by the metals. 

 

SCHEMATIC DIAGRAM OF MICROCALORIMETER 

In its most basic form a microcalorimeter consists of three parts: a thermal mass that absorbs the x-ray and 
converts the energy to heat, a thermometer to measure the temperature rise of the thermal mass, and a 
thermal link to a heat sink to allow the absorbed energy to escape from the thermal massThe energy 
resolution of a microcalorimeter is limited by fluctuations in its thermal energy content; a simple 
thermodynamic analysis gives the energy resolution as: 

dE = (kT2C)1/2 
where k is the Boltzmann constant, T is the heat sink temperature, and C is the heat capacity of the detector. 
In a more detailed analysis of a microcalorimeter with a resistive thermometer, the resolution given above is 
modified by a multiplicative factor of order one that depends primarily on the temperature sensitivity of the 
thermometer. Energy, E, are incident upon a thermal mass of heat capacity C. A thermometer measures the 
temperature rise of the thermal mass. A thermal link with conductance, G, connects the thermal mass to a 
heat sink allowing the absorbed energy to leak away with a time constant equal to C/G. 

TYPES OF CALORIMETERS: 
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    1.  ADIABATIC CALORIMETER 

No heat exchange takes place between the calorimetric vessel and its surroundings. The amount of heat that 

is evolved or absorbed in an ideal adiabatic calorimeter is equal to the product of the measured temperature 

change and the heat capacity of the vessel, including its content. No adiabatic calorimeter is truly adiabatic - 

some heat will be lost by the sample to the sample holder. Examples of adiabatic calorimeters are:- 

 THT EV-Accelerating Rate Calorimeter 

 HEL Phi-Tec 

 A simple Dewar flask 

 Systag FlexyTSC a successor of their SIKAREX unit - the electronics of which could be used to apply a 

feedback system to heat the sample holder to give a result closer to true adiabatic, however as the sample 

holder is an open ended glass tube, one soon loses the sample as a great deal of smoke. 

   2. REACTION CALORIMETERS 

A reaction calorimeter is a calorimeter in which a chemical reaction is initiated within a closed insulated 

container. Reaction heats are measured and the total heat is obtained by integrating heat flow versus time. 

This is the standard used in industry to measure heats since industrial processes are engineered to run at 

constant temperatures. Reaction calorimetry can also be used to determine maximum heat release rate for 

chemical process engineering and for tracking the global kinetics of reactions. There are four main methods 

for measuring the heat in reaction calorimeter: 

 

 a) Heat flow calorimetry: 

The cooling/heating jacket controls either the temperature of the process or the temperature of the jacket. 

Heat is measured by monitoring the temperature difference between heat transfer fluid and the process 

fluid. In addition fill volumes (i.e. wetted area), specific heat, heat transfer coefficient have to be determined 

to arrive at a correct value. It is possible with this type of calorimeter to do reactions at reflux, although the 

accuracy is not as good. 

 

b) Heat balance calorimetry 

The cooling/heating jacket controls the temperature of the process. Heat is measured by monitoring the 

heat gained or lost by the heat transfer fluid. 

 
c) Power compensation 
 The thermal power from an exothermic process is balanced by a known cooling power (usually Peltier effect 
cooling), alternatively by a decrease of heating power. Endothermic processes are balanced by a known 
thermal power released in a heater or by reversing the Peltier effect current.  
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Power compensation uses a heater placed within the vessel to maintain a constant temperature. The energy 

supplied to this heater can be varied as reactions require and the calorimetry signal is purely derived from 

this electrical power. 

d) Constant flux 

Constant flux calorimetry (or COFLUX as it is often termed) is derived from heat balance calorimetry and 

uses specialized control mechanisms to maintain a constant heat flow (or flux) across the vessel wall. 

 

3. BOMB CALORIMETERS: 

A bomb calorimeter is a type of constant-volume calorimeter used in measuring the heat of combustion of a 

particular reaction. Bomb calorimeters have to withstand the large pressure within the calorimeter as the 

reaction is being measured. Electrical energy is used to ignite the fuel; as the fuel is burning, it will heat up 

the surrounding air, which expands and escapes through a tube that leads the air out of the calorimeter. 

When the air is escaping through the copper tube it will also heat up the water outside the tube. The 

temperature of the water allows for calculating calorie content of the fuel. 

In more recent calorimeter designs, the whole bomb, pressurized with excess pure oxygen (typically at 

30atm) and containing a known mass of sample (typically 1-1.5 g) and a small fixed amount of water (to 

absorb produced acid gases), is submerged under a known volume of water (ca. 2000 ml) before the charge 

is (again electrically) ignited. The bomb, with sample and oxygen, form a closed system - no air escapes 

during the reaction. The energy released by the combustion raises the temperature of the steel bomb, its 

contents, and the surrounding water jacket. The temperature change in the water is then accurately 

measured. This temperature rise, along with a bomb factor (which is dependent on the heat capacity of the 

metal bomb parts) is used to calculate the energy given out by the sample burn. A small correction is made 

to account for the electrical energy input, the burning fuse, and acid production (by titration of the residual 

liquid). After the temperature rise has been measured, the excess pressure in the bomb is released. 

 

4. CONSTANT PRESSURE CALORIMETER 

A constant-pressure calorimeter measures the change in enthalpy of a reaction occurring in solution during 

which the atmospheric pressure remains constant. 

An example is a coffee-cup calorimeter, which is constructed from two nested Styrofoam cups having holes 

through which a thermometer and a stirring rod can be inserted. The inner cup holds the solution in which 

of the reaction occurs, and the outer cup provides insulation. Then 
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where 

Cp = Specific heat at constant pressure 

ΔH = Enthalpy of solution 

ΔT = Change in temperature 

W = mass of solute 

M = molecular mass of solute 

 

5. DIFFERENTIAL SCANNING CALORIMETER: 

In a differential scanning calorimeter (DSC), heat flow into a sample—usually contained in a small 

aluminium capsule or 'pan'—is measured differentially, i.e., by comparing it to the flow into an empty 

reference pan. 

In a heat flux DSC, both pans sit on a small slab of material with a known (calibrated) heat resistance K. The 

temperature of the calorimeter is raised linearly with time (scanned), i.e., the heating rate dT/dt = β is kept 

constant. This time linearity requires good design and good (computerized) temperature control. Of course, 

controlled cooling and isothermal experiments are also possible. 

Heat flows into the two pans by conduction. The flow of heat into the sample is larger because of its heat 

capacity Cp. The difference in flow dq/dt induces a small temperature difference ΔT across the slab. This 

temperature difference is measured using a thermocouple. 

A modulated temperature differential scanning calorimeter (MTDSC) is a type of DSC in which a small 

oscillation is imposed upon the otherwise linear heating rate. 

This has a number of advantages. It facilitates the direct measurement of the heat capacity in one 

measurement, even in (quasi-)isothermal conditions. It permits the simultaneous measurement of heat 

effects that are reversible and not reversible at the timescale of the oscillation (reversing and non-reversing 

heat flow, respectively). It increases the sensitivity of the heat capacity measurement, allowing for scans at a 

slow underlying heating rate. 

 

 6. ISOTHERMAL TITRATION MICROCALORIMETER 

In an isothermal titration calorimeter, the heat of reaction is used to follow a titration experiment. This 

permits determination of the mid point (N) of a reaction as well as its enthalpy (delta H), entropy (delta S) 

and of primary concern the binding affinity (Ka). The technique is gaining in importance particularly in the 

field of biochemistry, because it facilitates determination of substrate binding to enzymes. The technique is 

commonly used in the pharmaceutical industry to characterize potential drug candidates 
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 7. X-RAY MICROCALORIMETER 

In 1982, a new approach to non-dispersive X-ray spectroscopy, based on the measurement of heat rather 

than charge, was proposed by Moseley et al. (1984). The detector, and X-ray microcalorimeter, works by 

sensing the heat pulses generated by X-ray photons when they are absorbed and thermalized. The 

temperature increase is directly proportional to photon energy. This invention combines high detector 

efficiency with high energy resolution, mainly achievable because of the low temperature of operation. 

Microcalorimeters have a low-heat-capacity mass that absorbs incident X-ray (UV, visible, or near IR) 

photons, a weak link to a low-temperature heat sink which provides the thermal isolation needed for a 

temperature rise to occur, and a thermometer to measure change in temperature. Following these ideas, a 

large development effort started. The first astronomical spacecraft that was designed, built and launched 

with embarqued cryogenic microcalorimeters was Astro-E2. NASA as well as ESA have plans for future 

missions (e.g.,IXO) that will use some sort of micro-calorimeters. 

 

 8. HEAT LOSS CALORIMETER 

The heat developed inside the cell is collected by the inner copper cup. Then, it flows through the silicone-

rubber which serves as a thermal resistor and the outer copper cup, to the flowing water surrounding the 

outer copper cup. 

 

 9. HIGH ENERGY PARTICLE CALORIMETER 
 It is a component of a detector that measures the energy of entering particles. 
 

 
10. THERMAL MICROCALORIMETER 

A thermal detector in principle is a very sensitive calorimeter which measures the energy deposited by a 
single interacting particle through the corresponding temperature rise. For this mechanism to be really 
effective the detector must have a very small heat capacity: this is accomplished by using suitable materials 
(dielectrics, superconductors below the phase transition) and by running the detector at low temperatures 
(usually below 100 mK) in a refrigerator (we use dilution refrigerators). 
 
Precautions to be taken for efficient working: 
1. The materials used on the device must not react with each other.  
2. The membrane must be robust enough to survive deposition of thin films. 
3. The leads going off the membrane must be made of a material and be of a size which compromises 
between low electrical resistance and low thermal conductance (so they don't carry away too much heat), 
and the thermal conductivity should have a weak temperature dependence. 
4. Care should be taken when positioning features on the chip to avoid capacitance between elements of the 
circuit. 
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There are many commercial types of equipment available; few of them are as under 
1. TRONAC solution calorimeter 
2. LKB Thermal Activity Monitor 
3. Thermometric 2277 Thermal Activity Monitor 
 

Applications of Microcalorimetry 
Microcalorimetry is highly useful in following fields, 
1. Stability testing. 
2. Studies of powder wettability (by immersion and adsorption). 
3. Sorption reactions 
4. Crystal properties. 
5. Dissolution of tablets and powders. 
6. Excipient compatibility. 
7. Direct in vitro studies of biological response. 
8. To monitor rate and extent of physical and chemical processes. 
9. To study powder surface energetics. 

     10.  As a useful tool for solving shelf life problems in the food and pharmaceutical 
            Industry. 
     11. Rapid screening of excipients. 
     12. Microorganism – Drug interaction 
     13. Food – Drug interaction. 
     14. Lymphoma cell – drug interaction. 
     15. Cyclodextrin – drug interaction. 
     16. Water – Excipient interaction 
     17. Drug – Excipient interaction. 
     18. In identification of polymorphs. 

 
 

APPLICATIONS IN STABILITY STUDIES: 
 
CONVENTIONAL METHODS FOR STABILITY STUDY 
 At present, the standard method used for stability analysis of a solid state pharmaceutical product is 
HPLC. In summary, the concentration of parent compound and/or the concentration of any daughter 
compounds produced are determined as a function of storage time.  
The method has certain drawbacks. 

 Often not very sensitive to small changes in concentration. 

 It requires a certain degree of method development to establish a sample preparation and analysis 
protocol  

 It relies on the dissolution of the solid product.  
This last drawback can cause distortions in an assay as a result of rapid acceleration 
of decomposition when a compound is in a solvated state. 
 Because of the poor sensitivity of the technique, it is necessary to perform the experiment over an 
extended time frame to allow sufficient reaction to take place. Hence, samples are stored under elevated 
temperature and humidity after preparation to accelerate the potential decomposition. 



 

 The samples are then assayed over a period of time that can range from a few weeks to many months to 
give reaction snapshots along the decomposition profile.  
 For each storage condition, a rate constant, (k), is calculated. By plotting lnk against 1/T using the 
Arrhenius relationship, it is possible to extrapolate back to ambient temperature and hence determine the 
rate constant at that temperature. 

 
where k is the rate constant, A is the Arrhenius factor or pre-exponential constant, Ea is the activation 
energy, R is the gas constant, and T is the temperature. This technique for the determination of stability has 
been accepted as normal practice for many years.  
 
LIMITATIONS OF ARRHENIUS EQUATION 
 
 It does, however, rely on some assumptions that are not necessarily true in all cases. It is assumed that 
the Arrhenius plot gives a linear relationship. This may not be true for many reasons.  
 If there are two competing reactions occurring simultaneously, then they will both have an associated 
activation energy leading to an incorrect extrapolation & thus a major error in calculating the ambient rate 
constant.  
 Finally, if the reaction does not go by a first order reaction, it is necessary to determine a different rate 
equation that gives an improved understanding of the system under study. This is not always 
straightforward, and, for solid state reactions, can be very complex. 
 
The rate of decomposition at room temperature may be too slow to asses accurately the rate of 
disappearance of the drug substance or appearance of a decomposition product. A useful approach is often 
to study the rate of decomposition at higher temperature and to assume that the rate of decomposition at 
storage temperature may be extrapolated from the high-temperature data by using the Arrhenius equation.  
           The high-temperature stability testing may not be feasible each time and thus stability study at room 
temperature is must. 
           The rate of any decomposition reaction is very slow and difficult to measure so long term study is 
must. 
           Microcalorimetry can measure heat changes at microwatt levels and thus can be used for stability 
testing at room temperature. 
 
EXAMPLES: 

 Few drugs for which stability study can be performed using microcalorimetry are Aspirin, PAS, and 
some ß-lactam antibiotics  

 Microcalorimetry is applied to study the thermodynamic stability of Proteins present in the pool 
water of some reverse micelles (Lysozyme, Cytochrome-c and Ribonuclease). 

 By using Microcalorimetry, stability study of ampicillin in aqueous Solutions as a function of conc. of 
ampicillin, pH & temperature was carried out 

 Determination of decomposition mechanism of lovastatin by measuring rate of heat production at 
different temperature & time was carried out by microcalorimetry.                 

- Lovastatin degraded by an auto-catalytic mechanism in presence of oxygen.    



 

 Microcalorimetry is used to correlate the decomposition rate of several Cephalosporins in solids & 

aqueous solution states. 
               The activation energy, determined by Microcalorimetry & a degradation rate Determined at a single 
elevated temperature by HPLC. 
 
 Testing of physical stability of drug:- 
             Microcalorimetry has proved to be an effective analytical technique for characterizing micronised 
compounds. It can be used to detect the presence of metastable regions not detectable by X-ray diffraction. 
Furthermore, the kinetic of “recrystalisation” of these regions can be studied, making a prediction of 
physical stability possible. Thus the application of Microcalorimetry in the pharmaceutical development has 
a great potential. 
 
 Determination of amorphous contents or crystallinity of pharmaceutical drugs and excipients: 
 The amorphous regions can alter the physical properties of the material, which may have an impact 
on further pharmaceutical processes or the quality of the material. Microcalorimetry is a very sensitive way 
to measure amorphous contents well below 1%.  
 The heat of recrystallization of the amorphous parts can be measured and by a suitable calibration 
the amorphous content can be determined. Solution calorimetry is able to measure directly the heat change 
caused by the dissolution of a crystalline or partially crystalline powders. The observed heat of solution is a 
function of the variability in crystallinity displayed. The quantification of amorphous contents, however, 
requires the availability of pure amorphous and pure crystalline standards. 
 
Amorphous content of lactose (hydrophilic) and Erythromycin (lypophilic) was assessed by isothermal 
microcalorimetry. Temperature was fixed at 22°C and humidity at 40% RH 
 
Microcalorimetric spectra of Erythromycin in Chloroform 

 

 
 
Microcalorimetric spectra of Erythromycin in Benzene 
 
 



 

 
Amorphous-crystal transition behavior of erythromycin 
 
 

 

 

 

 

 Identification of Stable & Metastable forms: 

Example: Microcalorimetric specra of Tripalmitin 

         
In the case of Tripalmitin, the first heating run shows the sample as received is in the stable form.  On 
cooling, a metastable modification crystallizes out, whose melting point lies lower than that of the 
thermodynamically stable form.  In the second heating run, the metastable modification first melts and then 
immediately begins recrystallization into the stable modification, which melts again at the higher 
temperature.  The lower onset temperature and slightly lower heat of fusion observed for the stable form in 
the second heating experiment are caused by incomplete crystallization. 
 
 
 To study the thermal stability of antibodies:  
DSC was used to study the thermal stability of antibodies that were being engineered for improved potency. 
In this study, we demonstrated a correlation between decreased thermal stability based on DSC data, and 
greater aggregation formation during accelerated stability studies (at 60°C). The SEC-HPLC stability data 
agree quite well with the stability predicted by DSC, suggesting that the thermal stability data obtained from 
DSC correlates with protein stability. Information derived from DSC can indicate potential long-term stability 
issues, thus making the technique a useful tool in the screening and selection of engineered proteins. 



 

 Monitoring the stability of heat sensitive substances: 
Example: Vitamin A is very sensitive to chemical degradation caused by oxygen, light, heat, and other stress 
factors. If light and oxygen are excluded, the dominant degradation reaction for vitamin A derivatives is 
heat-induced formation of kitols, that is, dimers or higher oligomers. 

 The vitamin A stability of a given sample can easily be predicted from the initial heat flow in a simple 

microcalorimetry experiment. Compared to conventional stability tests, this offers savings of money and 

time. 

 Determination of product shelf-life:  

 A new technique Microcalorimetry has been developed to determine stability of low molecular 
weight materials in both aqueous and non-aqueous solvents. Its primary application areas include drug 
formulation and stability. Estimates of product stability are often made using accelerated thermal 
decomposition studies at high temperatures followed by extrapolation of the data to the temperature of 
interest.  

 When the temperature range under investigation is much higher than the temperature of interest, 
the extrapolation of results is less certain, since the mechanism of decomposition can be different at 
different temperatures. 

 Identifying optimal pH conditions to stabilize pharmaceutical proteins in solution formulations: 
The utility of microcalorimetry as a rapid screening tool for assessing the solution stability of high molecular 
weight pharmaceutical proteins was evaluated by using model recombinant antibodies, Protein I and Protein 
II. Changes in the transition midpoint, Tm, were monitored as a function of pH and/or in the presence of 
excipients, and results were compared with traditional accelerated stability data from samples that were 
analyzed by size exclusion chromatography (SEC). The data from microcalorimetry were well correlated with 
those from SEC for predicting both optimal solution pH as well as excipient effects on solution stability. 
 

 Identification of compatible exipient to stabilize drug molecule: 

 Microcalorimetry is a power full and easy to use tool for rapid screening of excipients for formulation 
development. If the sum of the heat out put of the compound and the excipient alone is not equal to the 
heat output of a binary blend then there is a potential compatibility issue. 
Example 1 
           Long-term stabilization potential of PVP for amorphous lactose in spray-dried composites. 
           Study was done to investigate the potential of PVP to inhibit the crystallization of amorphous lactose 
during storage of the composites up to 6 months.  Short-term stability was assessed by microcalorimetry 
over 10 days and long-term stability by storage in desiccators with different relative humidities for 3 and 6 
months.  
Example 2 
           Microcalorimetry was used to study the effect of menadione & prednisone on the stability of the 
microemulsions. The stability was not changed in the presence of drugs. 
Example 3 

           Chemical & physical processes accompanying Cyclodextrin-drug interactions are usually endothermic 

or exothermic in nature so they can be studied by microcalorimetry. 



 

 Determination of Biomaterials Stability: 

Used to study stability of implants. 

Stability of UHMWPE, CaSO4 bone void filler, and  buffered saline was studied using microcalorimeter. 
 One major finding was that radiation sterilization increases the oxidation rate of UHMWPE 
7X-10X compared to EtO, and the rate difference persists after 9 years of post-sterilization shelf storage 
and/or clinical TJA implantation. Oxidation embrittles UHMWPE. 

 Direct information on the stability and biological activity of immobilized proteins: 

Give insight on the thermodynamic consequences of the immobilization in most experimental conditions, 
ranging from multipoint covalent attachment to simple absorption.  
assess the effects of the immobilization, support environment, and the type of entrapment on the active site 
reflected as differences in the binding capacity of specific ligands.  
 
 Determination of Oxidation of Polymers:  
The deterioration of polymeric materials is often caused by oxidation and typically manifested 
by gradually increasing yellowing and embrittlement. This cause instability of polymers which can be 
efficiently detected by microcalorimeters. 
Example: study of oxidation of polyamide 6 film. 

 

 Measurement of the Kinetics of Slow Reactions: 

Processes degrading or otherwise changing the properties of materials often occur too slowly to be readily 
measured by conventional chemical analyses but can be measured in a relatively short period of time by 
heat conduction calorimetry.  
 
 Determination of critical moisture content in hygroscopic substances: 
Presence of moisture & amount of moicture determines the stability of the sample. 
Example: Two extremely water-soluble substances (flupentixol,2HCl and Lu 25–109, water solubility over 
1000 mg/ml) and a hydrophobic substance (sertindole, approximately 10 μg/ml) were examined for critical 
moisture content by microcalorimetry.  
The values determined by isothermal microcalorimetry showed results similar to various weighing methods. 
This is known as characterization of hygroscopic property of API. 
 
 Determination of surface energetic of crystal: 
Isothermal microcalorimetry gas flow vapour sorption experiments can be used to assess the surface 
energetics of crystals, the formation and/or loss of hydrates as a function of humidity and the onset of 
deliquescence, and to identify the presence of amorphous content in powders. 
This directly or indirectly gives idea about the stability of the crystal substance. 
 
 Characterisation of adsorption & absorption into powders: 
Adsorption of gases, liquids or solids onto solid surfaces can cause change in physical properties & can affect 
stability of the substance. This can be effectively determined by microcalorimetry as surface properties 
changes the heat properties. 



 

 
Example: Adsorption isotherms were constructed from the cumulative heat as a function of humidity using a 
perfusion microcalorimetry. It was possible to differentiate among different samples of .ALPHA.-lactose 
monohydrate. 
 
 Characterisation of browning reaction: 
An isothermal microcalorimeter can be utilized to characterize a model solid-state interaction.  
 
Example:The degradation of the HIV protease inhibitor, DMP 450, in a binary mixture with hydrous lactose 
was followed in the presence of 5% additional water. Heat produced in the microcalorimeter sample vessel 
from either chemical or physical change (Browning reaction) is channeled through extremely sensitive 
thermopile blankets and is measured as it flows into infinite heat sinks. 
 
 Identification of stable polymorph: 
 
The polymorphic behavior of organic substances is driven by thermodynamic and kinetic factors. Therefore 
several solid phases may coexist.  
Example:  Polymorphic behavior of Donepezil Hydrochloride 
Three polymorphs were identified (II, III and V) by DSC curves and thermodynamically stable form III was 
determined (the highest: melting point, enthalpy and true density). 
 

 
 

 
                     
                        
 
DSC curves of 
amorphous and 
polymorphic forms II, III 
and V. 
 
 
 
  
 
 

INTERPRETATION AND TREATMENT OF MICROCALORIMETRIC DATA 
 

 It is difficult to determine rate constants, order of reaction and enthalpy of reaction from the 
microcalorimetric output data. Recently Willson has described a general procedure for the determination of 
both thermodynamic and kinetic parameters from microcalorimetric output data.  

 The procedure takes a kinetic equation for a particular reaction, and modifies it such that it applies 
directly to microcalorimetric data. This is achieved by recognition of the fact that the total heat evolved 



 

during the course of a reaction (Q) is equal to the total number of moles of material reacted (Ao) multiplied 

by the change in molar enthalpy for that reaction (H). 

       Q = A0 H ……………..(1) 
 

 Similarly, the heat evolved at time t (q) is equal to the number of moles of material reacted (x) at time t 
multiplied by the change in molar enthalpy for that reaction. 

q = x H ………………(2) 
 

 Eq. (2) may be substituted into a general rate expression of the form dx/dt to give an expression of the 

form dq/dt (or power). For example, the general rate expression for a simple, first-order, AB process is 
given by Eq. (3). 
 

…………… (3) 
 
Substitution of Eq. (2) into Eq. (3) yields, 
  
 

………. (4) 
This modified rate expression may be used to fit power–time data recorded using the microcalorimeter. 
 
 
INNOVATIONS: 
o MULTI-CHANNEL "CHIP CALORIMETERS" that operate in the Nano range (watts, material 
concentration) with high throughput potential. Drug studied is Benzoyl Peroxide. 
 


