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Application of Thermodynamics in Gas Chromatography

Abstract 189038

The retention time (7,) and peak width (w,) of a solute in a gas chromatogram are generally
used for identification and quantification of the compound. Peak width is also used for the
measurement of column efficiency or performance. The aim of this investigation is to correlate these
two most important parameters to their thermodynamic and physical constants such that they can be
accurately predicted without a sample injection,

The retention times of any homologous series can be related to their thermdynamic and

physical constants as shown in Eq.(1).

@ -t) c z
In—t—2-=qg+bz+—+d-— (1
a+ z+T+ T Eq.(1)

m

where g, b, ¢ and d are thermodynamically related constants, t,, is retention time of a non-retained
gas. T is absolute temperature and z is carbon number.

The ¢, and f, (1, - #,) which are widely uses as identification tools can be predicted at any
iso-temperatures or temperature programming conditions from the known carbon number (z) or the
derived retention index (/). On the other hand z of any peak in the chromatogram can be determined
by rearranging Eq.(1) and it is also used as an identification tool. However, z or equivalent chain
length (ECL) of a branched or unsaturated compound tends to shift with temperature. Thus,
equivalent temperature has been proposed to solve the ambiguity. Eq.(1) is then rearranged to
determine the isothermal temperature which is equivalent to temperature-programmed GC. For
column of different inside diameter or phase ratio, only the difference between the natural logarithm
of the original and the new column phase ratio (Alnf) is added to Eq.(1). The new equation (Eq.(2))

can readily be used for determination of retention time or carbon number.

(t —f) c 4
1 r__'m b d Al (2
n p =a+bz+—+ + n,B Eq.(2)

m

Eq.(1) covers compounds in any homologous series with only one hydrocarbon chain. For
compounds with two variable hydrocarbon chains, such as wax or esters of fatty acids and long chain

alcohols, Eq.(1) is expanded to Eq.(3).
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In

Where the subscripts i and j signify, respectively, the fatty acid and alcohol moieties, and a- h are
thermodynamically related constants.

Eq.(3) is good for predicting the retention times of synthetic and natural waxes. However, the
increment in free energies per carbon atom of the acid and alcohol are very close, therefore
differentiation of the carbon length between the acid and the alcohol is very difficult.

In determination of gas chromatographic peak width, an entirely different approach from the
classical method is proposed in this study.

Inw = Inb, +Ink Eq.(4)
w,and b, are defined as width factor and relative rate of band broadening of the solute with respect to
the non-retained gas, respectively. All the three variables (k, w, and b) of Eq.(4) are dimensionless
parameters. k is thermodynamically related constant, whereas b, is kinetic energy parameter. The fully
expanded form of Eq.(4) (Eq.(5)) can be used to predict peak with of a solute from its carbon number
at any temperatures and flow rate ( ch ).

C  DF,

Inw, =a+bz+%+gTi+A+BF°’”+F+T Eq.(5)

where A — D are kineticall related column constants.

Good agreements are found between the predicted and experimental peak widths of hydrocarbons and
fatty acid methyl esters. Similarly (to the retention time), to predict peak width of a solute eluted from
a column of different inside diameter only the difference between the natural logarithm of the original

and a new column phase ratios is required and added to Eq.(5).



