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COMl’ARISON 01’ ISOTHERMAL AND NON-LINEAR TERl’ERATURE 

PROGRAMMED GAS CHROMATOG’RAPHY 

THE TEMPERATURE DEPENDENCE OF THE RETENTION INDICES 

OX;‘ A NUMBER OF HYDROCARPJONS ON SQUALANE AND SE-30 

s u iv &I A RY 

The concept of an “average temperature of elution” of a con~youncl is proposed 
and used to show that a correlation may be made between retention indices determined 
under non-linear te:nperature programmed conditions and those found from plots 
of retention incles against column temperature. The plots of I VS. 1’ for a number of 
l~ydrocarbons on squalane ancl SE-30 are given. 

IN’rRODUCTION 

Little has so far been published about the use of retention indices1 with non- 
linear temperature progranlrning (NLTP) in. gas chromatography. The fact that the 
value of a retention index is clependent on the temperature at which it is determined 
was first mentioned by KOVATS~. ETTRII AND BILLI~U~ have produced plots of retention 

index VS. column temperature for a nw-her of con~pouncls on squalane and poly(ethyl- 

ene glyco1)4oo. %hese plots enable the retention incles of a compouncl to he determined 
at any column temperature. 

111 this work we have estendecl the data on temperature effects on retention 
inclices and attempted to demonstrate thst the results obtained uncler NLTP condi- 
tions may be correlated with those obtained ,from isothermal analysis by us.ing the \ 

concept of the “average temperature of elution”. This is the average temperature to J 
which a compound is subjected while in the GLC column ancl is calculated as follows, 

The non-linear temperature program is divided into isothermal steps and linear 
temperature progranlnled steps. For isothermal steps the time-temperature procluct 
is obtained by multiplying the temperature at which the step occurs by the time for 
which it lasts. For linear temperature programmed steps the time-temperature product 
is given by the product of the mean temperature for the step and tile time for which 
the step lasts. If elution occurs during a step then the time interval is terminatecl when 
the compound is elutecl and the mean temperature is adjusted accordingly. The total 
time-temperature product, summed over all steps until elution, of a product is divided 
by the total retention time for tllat procluct to give tlie average temperature of clution. 
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The colunms used were as follows. Squalane: A IO ft. x r/4 in. column con- 
taining 5 Oh squalane on 60/100 mesh Ernbacel of 2000 theoretical plates. SE-30: 
A zo.ft. x 3/S in. column containing 30 y. SE-30 on Chronl IV, having 2900 theoretical 
plates. 

Both colun~ns were operated under isothermal and non-linear temperature 
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T I ME (minutes 1 
Fig. T. Scllcn~ntic reprcscntation of the non-linear tcnlpcrnturc program usccl lvitll SIX-go as the 
stationnry pllasc. The positions of elution of some of the hyclrocnrbons arc inclicatccl. 
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programmed conditions. %he temperature programs used were iis follows. Squalane: 
5 mill at 25O, 5 min at 2O/min, 15 min at 4’/min, llolcl at 95”. W-30: I0 min at 50”, 
2 min at 2o”/min, G min at go’, G min at Io”/min, hold at Izoo. 

The program used with SE-30 is illustrated in Fig. I ancl the times at which 
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some of the compounds were eluted are indicated. The meaning of the symbols used 
in the figures is given in Table I. 

RESULTS AND DISCUSSION 

The plots of retention index against column temperature are given in Figs. 2 
and 3 for squalane and Figs. 4 and 5 for .SE-30. 

The average temperature of elution for each compound was determined and 
the estimated retention index was obtained from it using the appropriate plot, This 
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inc1c.x was compared wit11 tile value found under NLTP conditions and tile results 
are suxmnarised in Table II (for squalane) and Tz~ble II I (for S&30). 

Tlie ninjority of experirncntal results were sliglltly Iii&m- than the unglues cs- 
timated from retention indes Vs. column tenlperature plots. Some go y/o of the values 
for INLTP - Jest on squalane lie within n range of ro units and nearly So y/o of the 
values on SE-30 lie within the same range. Tllc accepted value for the reproducibility 
of retention indices is & 5 units. 

The agreement between estimated and observccl NL’I’P values, seen abo\*e, in- 
clicates that, when I am1 the average temperature of elution for l-~n unknown conl- 

pouncl are found under NLTP conditions the connpound may be identified by mm- 
paring INLTIB with isotliernial values using the averaffe temperature of elution and 
plots such as those in Figs. z-5. For instance, if a conipound was found to have a 
retention index of 665 ancl an nverage temperature of elution of So.S” on SE-30 it 
coulcl be identified, from Fig. 4, as benzene, z-methyll~esane or cycloliexanc. The 
same unknown, on squalane, 1~~1 a retention inde.x of 645 anil an average temper- 
ature of elution of 33.7’. Inspection of Fig. 2 (or Fig. 3, ref. 2) sl~ows the unl~iiown 
compound to be benzene. 


