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Determination of precise retention indices of steroids using an all- 
glass solid injection system 
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1 In&u : 
(First rrreixed June I Ith. 19SI: revised manuscript received August 13th. 19Sl) 

Accurate and precise retention index data of steroids are required for their 
identification and the determination of physicochemical properties_ The experimental 
factors that affect the determination of precise retention are the accuracy of the 
carrier gas pressure_ column temperature and the method of “dead time” determi- 
nation. 

The use of a precise pressure controller has minimized the effect of pressure 
tiuctuations on retention’. and temperature variations have been decreased to 0.2’C 
bp placing the column inside an aluminium block’_ lMethods of “dead time” determi- 
nation have been summarized by Kaiser3 and Wainwright and Haken4_ Ezrets and 
Vigderga& estimated the error in the retention index dus to the solubility of gases 

used for measuring the “dead time”. 
Since the introduction of gaseous samples by all-glass solid injection systems is 

not possible. the “dead time“ has to be determined indirectly. The three equidistant II- 
alkanes method6 may result in considerable errors due to extrapolation through more 
than twenty carbon atoms xvhen steroid samples are used. The solvent front or II- 
pentane peak maxima, although used extensively. are limited to analyses at high 
column temperatures’-8_ 

The present paper describes the determination of precise retention indices of 
steroid derivatives_ directly by introducin, 0 methane through a solid injection system 
for --dead time” measurement_ and indirectly by converting arithmethic or linear 
retention indices. IA_ into retention indices. I, by the method developed in this labo- 
rzttory”. 

EXPERI.\IENTAL 

X Pyrex glass capiliary column (30 m x 0.25 mm) was deactivated with 1 “/, 
benzyltriphenylphosphonium chloride solution in methylene chloride and coated by 
The static procedure’ with 0.5 S; (w/w) SE-30 in n-hexane- 

A self assemhled gas chromatograph and a flame ionization detector with Lye11 
controlled pneumatics (Becker, Delft. The Netherlands) was fitted vertically with an 
all-&ss solid injector_ Shrinkable PTFE tubing was used to connect the glass capil- 
la9 column which was housed inside an aluminium block designed by Krupcik er 
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~1.‘. Temperature gradients of OS, 0.6 and 0.7”C inside and 6.57.0 and 75°C outside 
the aluminium block were observed, when the column oven was maintained at 221, 
231 and 241°C respectively. The inlet pressure of the nitrogen carrier gas was main- 
tained within 0.005 atm by usin g two fine pressure regulators in series- 

In order to introduce methane and other a-alkane (C,-C,) vapours directly, a 
Swagelok T-joint with a self sealing septum was connected to the carrier line prior to 
the solid injector. 

A misture of n-alkanes (Cll-C30) dissolved in rz-hexane and methoxime trimet- 
hylsilyl (MO-TMS) derivatives of steroids, prepared as described elsewhere’. were 
injected_ The retention data measured were averages from three injections. 

RESULTS AND DISCIJSSION 

Accurate retention indices of steroids can be determined either directly by 
using adjusted retentions from methane injection or indirectly by unadjusted reten- 
tions from an arithmetic index system’. 

Direct methane injection 
In order to determine the methane retention time using the solid injection 

system, a T-joint was attached as mentioned earlier. The vapours of lower n-alkanes 
(C,-C,) and methane were injected individually in the T-joint and the retention times 
of alkanes and methane (rcHi) were measured. Liquid n-alkanes (C,-C,) were injected 
using the solid needle after reduction in volume by evaporation. in order that the 
respective peaks fitted on the scale. The difference between the retention times of the 
vapour and liquid of each alkane was measured and found to be constant (say r,). 
Therefore. the column “dead time“ i.e., the retention time of methane injected using a 
solid needle, can be calculated: dead time = tCHt - t,. The “dead time“ determined in 
this way was found to be 165, 174 and 153 set at 22 1,23 1 and 241 :C respectively and 
the retention indices for some standard steroids derivatives are given in Table I. 

Indirect mithnletic- index 
It has been demonstrated’.” that linear or arithmetic retention indices can be 

measured more accurately than retention indices. The arithmetic retention indices for 
MO-TIMS derivatives of steroids were calculated using the non-adjusted retention 
times (see Table I). In order to determine the retention indices from arithmetic in- 
dices, the graphical and analytical method developed by Mitra’ has been utilized. The 
mathematical relation employed is 

IA - 100 II tU- loon) 100 -1 

100 = G- 1 

where 

G= fRn+L - tRn+l fRni-l - fRn 
= 

t Rn*l - tR, tR, - tR, - 1 

(1) 

Here tRn~zw tRnr It fRn and tRn_-l are the unadjusted retention times of the standard 
II-alkanes of carbon number. )I, between which the components are eluted. 
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The G values determined for all the sets of alkanes are generally found to be 
constant for a given stationary phase and column temperature. In this case, the 
average CJ values were found to be 1.349, I.325 and 1.304 at 221, 23 1 and 241 “C on 
SE-30, and have been used for the calculation of retention index values (see Table I). 

The retention index values determined by using the solvent front peak as “dead 
time” were comparable with those obtained by the direct and indirect methods as the 
column temperatures were quite high. 

In conclusion, the measurement of the arithmetic retention indices of steroid 
derivatives when working with a solid injection system and lower column temperature 
yields precise and reproducible results, and has the added advantage of giving ac- 
curate retention index values, indirectly, if needed. 
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