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Determination of Melting Point 
 
 
The melting6 of a crystalline solid is a phase transition from the highly ordered 
arrangement of molecules in the solid to the random arrangement of molecules in 
the liquid. This phase transition occurs when sufficient thermal energy is supplied 
to overcome the forces holding together the molecules of the crystal lattice. 
 
Ionic compounds, as you know, are high-melting solids comprised of ions, and the 
interionic forces in such compounds are largely electrostatic. Most organic solids, 
however, are non-ionic compounds in which the bonds within the molecules are 
covalent, and the structural units in the crystal lattice are molecules, not ions. 
Melting an organic solid entails overcoming comparatively weak intermolecular 
forces. For example, the melting point of NaCl is 801°C, while that of the organic 
compound naphthalene7 is only 80°C, a difference of more than 720°C. 
 
For a pure solid, this transition occurs over a very narrow temperature range. The 
melting point of a solid ideally is the temperature at which the crystals liquefy. 
Because melting actually occurs over a temperature range rather than at a single 
temperature, what one observes is a melting range. 
 
Melting points are useful in two ways. (1) The range is a criterion of purity. 
Generally, pure organic solids melt within a range of 2°C. Thus, if your compound 
begins melting at 42°C and finishes at 95°C, it is probably impure. (2) Because 
melting point is a physical constant for every compound, determining melting point 
is a useful step in trying to identify an unknown solid. 
     
The melting point of a solid is usually the freezing point of the corresponding 
liquid. Either term is defined as the temperature at which the solid, liquid, and 
vapor phases are in equilibrium at a given pressure (Figure 8). Vapor pressure, as 
you know, is the pressure of a vapor in equilibrium with its liquid at a certain 
temperature. At any temperature, though, a solid also has a finite vapor pressure 
(during the winter, snow slowly disappears even during long periods of subfreezing 
temperatures).  
 

 
 

Figure 8. Vapor, liquid, and solid equilibria. 
 
                                            
6The word melt is derived from the Greek meldein, meaning to become liquefied by heat. 
7The bicyclic aromatic hydrocarbon naphthalene is used as a starting material in the synthesis of 
certain dyes, resins, and lubricants. It also functions as a moth repellent and an insecticide. 
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On the phase diagram shown below (Figure 9), the vapor pressure curves for the 
liquid and solid phases intersect at a single temperature, the melting point. As 
mentioned above, however, one observes melting not at a single temperature, but 
over a narrow range. This is true because one determines melting point by placing a 
few crystals of the solid in question onto the apparatus, slowly raising the 
temperature by 1-2 °C/min. The passing of heat through the crystals requires time, 
and during that time the temperature continues rising – hence, a melting range. 
Reference books commonly report either melting ranges or single temperatures that 
are averages of several reported. 
 

 
 

Figure 9. Phase diagram for a pure substance and a mixture. 
 
The presence of an impurity lowers the melting point of an organic solid. 
Rationalizing this phenomenon begins with the fact that a solute lowers the vapor 
pressure of the liquid in which it is dissolved; there are fewer molecules of the liquid 
in the vapor above the solution than there are in the vapor above the pure liquid. At 
the surface of the solution, after all, fewer molecules of liquid are present to escape 
into the vapor because solute molecules are also there. 
 
Figure 9 shows that decreasing the vapor pressure of the liquid phase lowers the 
temperature at which the curves intersect, i.e., the melting point. 
 
For example, if a small amount of solid naphthalene is added to an equilibrium 
mixture of solid and liquid camphor8 at 179°C, which is camphor's melting point, 
the naphthalene dissolves, lowering the vapor pressure of the liquid camphor. 
Although the naphthalene now exerts its own vapor pressure, the camphor's 
melting point is still that temperature at which the vapor pressures of solid and 
liquid camphor are equal (at a pressure of 1 atm). What determines the melting 
point, however, is not the total vapor pressure of the system (camphor + 
naphthalene), but the partial vapor pressure of camphor itself. Because the addition 
of naphthalene has lowered the liquid camphor's vapor pressure, the temperature to 
                                            
8Camphor occurs naturally in the wood of Cinnamomum camphora, a tree that grows in southeast Asia. 
Synthetic camphor is prepared from turpentine. Camphor is used as a rubefacient (it reddens the skin), 
an antipruritic (it relieves itching), and a mild antiseptic. 
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which one must heat the solid mixture to equalize the vapor pressures of solid and 
liquid camphor is also lower. Thus, as Figure 9 shows, the presence of naphthalene 
lowers the partial vapor pressure of liquid camphor across the entire temperature 
range. The vapor pressure of solid camphor consequently becomes equal to that of 
liquid camphor at a temperature below the melting point of pure camphor. 
 
Figure 10 is a temperature-composition diagram for the naphthalene-camphor 
system. It shows that although additional naphthalene further lowers the melting 
point, there is a limit below which not even impure liquid can exist. That 
temperature is the eutectic point, where the mixture is a saturated solution of 
naphthalene in liquid camphor (42 mole% naphthalene + 58 mole% camphor). 
Further cooling simply causes both components to solidify. 
 

 
 

Figure 10. Temperature composition diagram 
 
Theoretically, for any solid containing an impurity, melting begins at the eutectic 
point and is complete at some temperature below the actual melting point. If the 
impurity is present in only a small amount, the amount of liquid formed at the 
eutectic point is very small; that liquid is usually not visible until the temperature 
is well above the eutectic point. Thus, a virtually pure solid melts in a narrow range 
with an upper limit near the true melting point. A highly impure solid, however, 
melts in a broad range, with the upper limit well below the true melting point. 
 
The first step after purification of a solid is normally determination of its melting 
point. A sharp melting point that remains constant from one recrystallization (see 
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the section on recrystallization, p. 55) to another implies high purity.9 
 
Impurities, then, affect melting in two ways: (1) they lower the melting point, and 
(2) they broaden the range. One can exploit these effects in the laboratory to 
identify an unknown solid, using the method of mixture melting point. In this 
method, the unknown solid is mixed with a known solid that the unknown is 
suspected to be. If the melting point of the mixture melts at a temperature lower 
than that of the unknown, and over a broader range, the known acted as an 
impurity in the unknown; clearly, the unknown and the known are different 
compounds. If, however, the mixture melts at the same temperature as the 
unknown, and with the same range, the unknown and the known are probably the 
same. 
 
Occasionally, at certain percent compositions, a mixture of an unknown and a 
known solid melts at the same temperature as the unknown. Thus, if the first trial 
of a mixture melting point determination shows no change in the unknown's 
melting point, you should check the melting point of a second mixture with a 
different percent composition. 
 
Because they are labile to heat, many organic compounds decompose before melting. 
A darkening of the sample, or bubbling (loss of a gas), usually betrays 
decomposition as the temperature rises. For such compounds one notes a 
decomposition point, writing it with the letter "d" directly after the temperature 
(e.g., 182°C d). 
 
One usually determines a melting point by immersing a capillary tube containing a 
small sample of the solid in an oil bath fitted with a thermometer, then slowly 
heating the oil until the solid melts. The Thiele tube shown in Figure 11a is 
probably the most commonly used melting-point apparatus in undergraduate 
organic laboratories. Using a Thiele tube, however, is not always critical for 
determining melting points, and it can be messy to use. A simple heating block 
apparatus such as the MEL-TEMP pictured in Figure 11b is sufficient for most 
applications. 
 
 

                                            
9 The converse is not always true; changes in the melting point with recystallization may indicate 
increasing purity, or may indicate that a pure chemical compound is partially or completely 
decomposing during the recrystallization process. 
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Figure 11a. Thiele tube          Figure 11b. MEL-TEMP apparatus 
 
 
 
 
 

Problems 
 
1. Was your sample pure? How do you know? 
 
2. Describe the general relationship between the melting point of a compound and 
its chemical structure, referring to such properties as polarity and hydrogen-
bonding ability. 
 
3. What is the identity of your unknown?  Explain. 
 
4. Comment on the melting point ranges observed for your unknown mixtures. 
Mention whether the melting point increased or decreased, and whether the range 
narrowed or broadened. Explain these observations in terms of the chemical 
structures of the compounds you used, specifically polarity and hydrogen-bonding 
between non-identical molecules in the mixture. 
 
5. A student suspected that his unknown was undergoing a chemical change at its 
melting point. Suggest a simple method for testing his hypothesis. 
 
6. Why must a sample be dry (free of water) before the melting point is determined? 
 
7. Why is it sometimes necessary to obtain a mixture melting point using different 
ratios of the component compounds? 
 


