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ABSTRACT :   

A new parameter, melting point has been advanced as an early predictor for the preliminary assessment of   

the  physical stability of the pharmaceutically relevant stoichiometric  hydrates .  The beauty of melting 

point  novel parameter is that it is readily available for the known hydrates  in the literature and in case it 

is unreported, it can be readily determined.   A general correlation has been observed  to exist between the 

hydration behavior and the melting points of a number of marketted  pharmaceutical hydrates of known 

stability profiles.  Higher melting points, in general, are a pointer to higher stability of the hydrates and 

lower melting points indicate lower physical stability .  This correlation is based on the fact that melting 

points are strong indicators of the robustness  of the intermolecular forces existing between the 

constituent molecules which bind them together in an orderly crystalline lattice.  On the basis of the 

analysis of m.p. of a large number of  pharmaceutical  important stoichiometric hydrates with known 

stability profiles, hydrates have been classified into  three types - hydrates with high stability having  high 

m.p.; hydrates  with medium stability having  medium m.p., and hydrates with low stability with low m.p.. 

The generated  dataset  of  a number of pharmaceutically important  hydrates with known stability 

profiles may serve as a reference set for comparison and rank-ordering of the stabilities of novel 

pharmaceutical  hydrates.. 
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INTRODUCTION  

 About one third of the APIs are able to exist as hydrates.  United States Pharmacopoeia  enlists  more 

than 90 hydrates.
1
 Hydrates  are classified as stoichiometric  and non-stoichiometric hydrates. The former  

type contain a fixed  molar amount of water of crystallization in their crystal lattice.  In contrast, the non-

stoichiometric  hydrates contain varying amount of water which alters reversibly with the partial pressure 

of the water in the surroundings and hence, these are not suitable for formulation development. The drug  

products containing crystalline API  hydrates are subject to exposure to a range of temperature and 

moisture  during the manufacturing  processes and subsequent storage.
2
 As a result of these process-

induced stresses,  the hydrates  have the propensity to undergo dehydration that can lead to their  

completely or partly disordered or chemically decomposed  forms.  Evidently, the dehydration of the API 
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hydrates  can result in significant changes in  their  physical properties and  pharmaceutical behavior such 

as dosage form appearance and integrity . 

 The dehydration of an API hydrate is dictated by the temperature and water vapor pressure of its 

surroundings.
2
  When the API is exposed  to higher temperature or to a dry atmosphere having low 

relative humidity (RH), it can undergo dehydration as the water vapor pressure outside is lower than the 

water vapor pressure inside the API.  The serious implication for the dehydration of stoichiometric 

hydrates is that the resultant dehydrated form has different physiochemical properties such as aqueous 

solubility, rate of dissolution and bioavailability compared  to its hydrate counterpart.
2
 Thus, if an API is 

selected for development in a solid dosage form, its physical stability acquires great significance for the 

reasons of its susceptibility to dehydration.  In fact, a change in hydration state is not only of relevance for 

the API but also for the drug product. When an API loses water of crystallization, the water released may 

also lead to the decomposition of the other components present in the drug product.  Consequently, great 

emphasis is laid upon by pharmaceutical scientists for evaluating  the physical and chemical stability of 

the various crystalline forms of an API including its hydrate forms such as monohydrate, dihydrate, 

trihydrate etc before selecting the most suitable form  for drug development .  

 EXPERIMENTAL  

The  melting points of the pharmaceutically important stoichiometric hydrates were taken from the 

literature sources such as the Chemical Abstract Service (CAS).   

RESULTS  AND  DISCUSSIONS 

Because of our interest in drug stability
4-6

, we became interested in  devising a novel convenient   

parameter  to predict the preliminary  physical stability of stoichiometric hydrates.  We were in search of 

a  physical parameter of direct relevance to the indication of the stoichiometric hydrate stability and  that 

was readily available in the literature or easily determinable, convenient and practical.  We envisaged 

melting point as a strong candidate for that purport.  A correlation was  envisioned  between  the 

hydration behavior of the pharmaceutical hydrates with their melting points as the latter are robust  

indicators of the strength of the intermolecular forces  existing  between  the  constituent molecules which 

bind them together in an orderely crystalline lattice.  We conceptualized  that  hydrates  with higher 

melting  points would exhibit a dehydration behavior different to those with lower melting points .  

Melting point is a fundamental physical property of  solid compounds , organic or inorganic, simple or 

complex, an API or an excipient, salts- organic or inorganic, a free acid or a free base, non-hydrate  or a 

hydrate- semihydrate or  monohydrate , dihydrate or  trihydrate that is used not only as a marker for 

chemical identification and as a criterion for judging purity but also for calculating vapor pressure and 

aqueous solubility.
16

 Melting point, a precise end-point, depends upon the molecular arrangement in the 

crystal lattice and hence is determined by the strength of the crystal lattice.  In general, greater the 

strength of a crystal lattice, higher the melting  point, medium the strength of the crystal lattice , medium 

the melting point, lower the strength of the crystal lattice, lower the melting point.  The robustness  of a 

crystal lattice is mainly dependent upon the intermolecular  forces , molecular symmetry and 

conformational degrees of freedom of a molecule.  The arrangement of packing of molecules in a 

molecular crystal is a function of the interplay of the affinity to close packing as well as the strength of 

the existing  intermolecular interactions.
7
 Higher melting point for  inorganic  compounds owe their origin 
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to the presence of the strong electrostatic forces which tightly bind the ions together as reflected by their 

high lattice energies.  Larger the lattice energy, the more stable the solid  as more strongly held are the 

ions, and  therefore, higher the melting point.  Lower the lattice energy, less stable the solid, as the less 

strongly  held are the ions, and  hence lower the melting point.  Ion-coordinated  water of crystallization 

can participate in an ion-water bond that is  generally much stronger than any hydrogen bond present in 

the lattice.  

 In case of organic compounds, the H-bonding plays a very important role in affecting the structure and 

consequently  the melting point. In effect, the compounds exhibiting  intramolecular hydrogen bonding 

have lower melting point compared to those involving intermolecular H-bonding.
7
  Hydrogen bonding 

interactions exist between the host and the other symmetrically independent water molecules  present in 

the crystal hydrates where water is situated in isolated sites as a component of the molecular network.
7
 

For instance, in the monoclinic  5-azauracil monohydrate, the water present as water of crystallization 

forms hydrogen bonding  with the host molecules and acts twice as a donor and once as an acceptor.
8-9

 

The next crystal plane in this monohydrate  is seen to be shifted  with the consequence that the water 

molecules  get  embedded in a matrix of the host molecules. Greater these interactions, strongly held is 

the water of crystallization so that its removal becomes difficult and often leads to the collapse of the 

crystal lattice; weaker these interactions, less tightly held the water of hydration so that its elimination is 

likely to pose  relatively less difficulty.  In short, melting point of a solid compound is the result of the 

molecular packing  which reflects the molecular shape , size, and symmetry and the H-bonding  

interactions including those between the water of crystallization and the API/Excipient molecules and 

forces such as charge transfer  and dipole-dipole interactions present in the solid. 

Thus, a melting point analysis of a number of pharmaceutically relevant hydrates  was carried out  very 

carefully and these have been collected  in Table 1. 

Table1 – Meling points of pharmaceutically relevant hydrates. 

Compound M.P (◦C) of compound 

Beclomethasone dipropionate monohydratea  

Cefadroxil monohydratea 197
10 

Citric acid monohydratea 100
11 

Indinavir monohydrate 150-153
12 

Lactose monohydratea 214
13 

Neotame monohydratea 83-85
14

 

Theophylline monohydrate 270-274
15 

ᵦ-Estradiol hemihydrate 178.5
16 

Dicalcium phosphate dihydratea 190
17 

Formoterol hemifumarate dihydratea 138-140
18 

Ampicillin trihydratea 198-200
19 

                                     aCrystal form in commercial products. 
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As can be seen from the table, of the listed  stoichiometric hydrates, theophylline monohydrate, beta-

estradiol  hemihydrate, lactose monohydrate, cefadroxil monohydrate, dicalcium phosphate dihydrate, 

beta-estradiol  hemihydrate cefadroxil monohydrate, and lactose monohydrate have m.p.  in the higher 

range 178-214
0
C. We would classify  these hydrates as highly stable hydrates with high m.p. 

 Of the remaining  hydrates, m. p. of one hydrate, beclomethasone dipropionate monohydrate is 

unreported hitherto.  However, its m.p. can be predicted to be below 117-120
0
C, which is the reported  

m.p. of anhydrous beclomethasone dipropionate .  That prediction is based on the fact that a hydrated 

form of a substance always has a lower m.p. point than the anhydrous  form of the substance itself.  So,  

four hydrates, indinavir monohydrate, formoterol hemifumarate dihydrate, beclomethasone dipropionate 

citric acid monohydrate, neotame monohydrate, have m.p. in the medium range of  83-150
0
C.  We would 

classify these hydrates as hydrates with medium stability with medium m.p. Therefore, it is obvious from 

the discussion that, in general, there exists an approximate relationship between m.p. and the  dehydration 

behaviour. We predict that stoichiometric hydrates with m.p. lower than the range expressed  for the 

second category of hydrates will have lower stability. However , it needs to be noted that the ranges 

expressed are only approximate and so a may vary a bit. 

  As crystalline form of the marketed  ampicillin trihydrate  has a high m.p. (198-200
0
C), hence, as 

anticipated,  it  can be predicted that its m.p.value is not giving a negative signal  for  its subsequent 

development.  Obviously, a simple look at the melting point of the hydrate can enable us to predict the 

stability of a hydrate without having to take recourse to the expensive  methods.  A higher melting point 

of the hydrate can act as an early indicator to predict its higher  physical stability  which can then be 

confirmed by doing  other  experiments   for  determining  its physical stability .   And the beauty of the 

melting point  indicator is that the melting point  of the hydrate  can be readily determined if that is not 

reported in the literature. 

CONCLUSION  

A new parameter, melting point has been advanced as an early indicator for assessing  the physical 

stability of pharmaceutically relevant hydrates .  Higher melting points, in general, are a pointer to higher 

stability of the hydrates  and lower m.p. point towards lower stability of the hydrates .  The beauty of this 

new  novel indicator is that melting point is readily available for the known hydrates  in the literature and 

in case it is unreported, it can be readily determined.   As all these hydrates discussed above are marketted 

and have known stability profiles, whether they belong  to the first category or the second category of the 

hydrate types  we have proposed  on the basis of the new novel  parameter of m.p., their dataset  can serve 

as a reference   for comparing and  feasibly rank-ordering  pharmaceutically relevant novel hydrates .  

The results presented  here  are preliminary and it is hoped that they will inspire further investigations into 

the melting point as an early predictor . 

ACKNOWLEDGEMENT 

We thank Dr Stephen Newlands,director, Edinburgh Pharmaceutical Processes Ltd (EPP Ltd ), UK for 

reading this article. 

 



International Journal of Pharmaceutical Science and Health Care                              Issue 4, Vol 2.March- April 2014 

Available online on http://www.rspublication.com/ijphc/index.html                                                 ISSN 2249 – 5738 

R S. Publication, rspublicationhouse@gmail.com Page 180 
 

REFERENCES 

1  The United States Pharmacopoeia. The National Formulary Rockville, M D : US Pharmacopeial 

Convention Inc; 1995:15-1647. 

2 Florence AT, Attwood D, 1998. Physiochemical principles of pharmacy, 3rd ed. Macmillan Press Ltd, 

London p 146-147.                                                             

3  Dewan SK, Perspectives and challenges in drug stability: Bringing chemists and pharmaceutical 

scientists together. Pharmaceutical chemistry invited lecture (PCIL-03), 31
st
 Annual Conference of the 

Indian council of chemists, Rajkot, Gujrat, India Dec 2012. 

4  Dewan SK. 2009. Pharmaceutical organic chemistry, 1st ed. Alpha science international ltd, Oxford. 

5  Dewan SK, Deepika, Organic Chemistry,2013. Intellectual Foundation,Delhi 

6 Deepika, Dewan SK 2013.Nanosuspensions: A Versatile Formulation Technique for Drugs with Poor 

Aqueous Solubility- A Review. International Journal of Pharmaceutical Science and Health Care 3:83-

92. 
7  Katrizky  AR, Jain  R, Lomka A,  Petrukhin R, Maran U, Karelson  M. 2001. Perspective on the 

relationship between melting points and chemical structure. CrystalGrowth & Design 1: 261-265. 

8 Fucke K and Steed  JW. 2010. X-ray and neutron diffraction  in the study of organic crystalline 

hydrates.  Water 2:333-350. 

9  Potter  BS, Palmer  RA, Withnall R, Chowdhry BZ. 1999. Aza analogs of nucleic acid bases: infrared 

and Raman spectra of 5-azauracil monohydrate.  New J Chem 23:117-122 

10 CAS 66592-87-8; WWW.drugbank.ca; www.chemreagents.com 

11 CAS 5949-29-1; Clark HT , Haynes B. 1975. A handbook of organic analysis,5
th
 edition. Edward 

Arnold publishers Ltd, London , 1975; We observed the m.p. to be 100
0
C in our lab. 

12 CAS 5534-09-8; pubchem.ncbi.nlm.nih.gov 

13 CAS 64044-51-5; www.sciencelab.com;  img.guidechem.com; We observed the m.p. to be 214
0
C in 

our lab. 

14 CAS 165450-17-9; www.chemicalbook.com; www.trc-canada.com 

15 CAS 5967-84-0; www.igert.neu.edu 

16 CAS 35380-71-3; pubchem.ncbi.nlm.nih.gov 

17 CAS 7789-77-7; www.sciencelab.com 

18 CAS 43229-80-7; www.chemicalbook.com 

19 CAS 7177-48-2; www.www.chemblink.com 

http://www.drugbank.ca/
http://www.chemreagents.com/
http://www.sciencelab.com/
http://www.chemicalbook.com/
http://www.trc-canada.com/
http://www.igert.neu.edu/
http://www.sciencelab.com/
http://www.chemicalbook.com/
http://www.www.chemblink.com/

