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The vvidespread use of flame ionization detectors has led to a lar_ge number of 
methods.of mathematically calculatin, m dead-times1-9. These methods are based on the 
linearity of the relationship between the logarithm of the net retention time and the 
number of carbon atoms for the homologous iz-alkanes. These methods differ only in 
the way in which the relationship fiven in eqn. I is treated. This relationship is 

log(t, - t,) = bZ f c (1) 

inhere t,, is the dead-time, t, is the uncorrected retention time of the rr-akane with 
carbon number Z, and b and C are the slope and intercept, respectively. 

In previous papersiO*“, the accuracy of many of these methods has been com- 
pared, and suggestions have been made for improving the accuracy of determining 
the dead-time mathematically. It was shown lo that fourkkanes k-e sufficient to provide 
an accurate estimate of dead-time if the uncorrected retention times are accurately 
measured_ 

The use of mathematical dead-times in the calculation of retention indices has 
resulted from the inability of the flame ionization detector to produce a signal with 
air and the doubt cast upon the accuracy of the methane retention as an estimate of 
dead time3*9*“. A recent paper by Sharpies and VernonI has re-opened the contro- 
versy surroundinS the comparative merits of methane injection and mathematical 
dead-time estimates. 

The present paper provides evidence to support the use of mathematical dead- 
time and highlights the inaccuracy of using methane retention times. 

EXPERIMENTAL 

The equipment used consisted of a Hewlett-Packard 5750 research chromato- 
gaph interfaced to a 16K P.D.P. I l/40 digital computer_ Interfacing was achieved 
by the use of an LPS 11 Laboratory Peripheral System comprisin,o a 12-bit analog-to- 
digital converter, a programmable real-time cIock with two Schmitt triggers and a dis- 
pIay controller with two 12-bit digital-to-analog converters. All on-line programming 
was written in CAPS II Basic faith LPS options. The sampIinS rate was 0.5 sec. 

Mixtures of methane and C5 to C, wa!kanes were produced in a gas mising 
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vessel and were diluted with high purity nitrogen_ Samples were removed from the 
vessel using a gas-tight syringe and were injected into the chromatograph, which con- 
tained two columns connected by a splitter_ 

The retention times measured for the C5 to C, alkanes were used to calculate 
the dead-times by the method of Grobler and Bali&; this method has been proven to 
be simple and accurate”. The dead-time, I,, the slope b, and intercept C were then 
used in eqn. 1 to estimate the uncorrected retention times, t,. of the alkanes and meth- 
ane. The experimental and calculated retention times are shown in Tables I and II for 
polar (OV-25) and non-polar (SE-30) columns; both columns were 10 ft. :< 0.25 in. 
O.D. and contained 10 % of the stationary phase supported on Chromosorb W (SO- 
100 mesh). 

RESULTS AND DISCUSSION 

From Tables I and II it can be seen that. over a range of temperatures and flow- 
rates, the methane retention is always greater than the mathematical dead-time_ 
Further, the measured and calculated retention times of the C5 to C, alkanes are 
almost identical, indicating the excellent linearity of the logarithmic relationship for 
those compounds. More important is the excellent agreement between the measured 
and calculated retention times of methane. 

The fact that the measured and calculated methane methane retention times 
are mutually consistent indicates that the logarithmic relationships is linear (at least 
for Ci to C9 alkanes) and is in agreement with the findings of Groenendijk and Van 
Kemenade” for higher alkanes. This relationship must hold for methane as well as 
for the higher alkanes in order that the Kovats index” method of correlating retention 
behaviour be valid. 

Sharples and Vernon i3 have criticized the use of the Peterson and Hirsch’ 
method of determining t,. However, their criticism is wrongly directed. Instead of 
discrediting the use of the alkane line, they should have pointed to the weakness of the 
Peterson and Hirsch method of evaluating t, from the line. The Peterson and Hirsch 
method, being the analysis of three equally spaced points, weights the centre point ex- 
cessively, and small errors in the retention time of the middle alkane lead to gross 
errors in I,. However, if the statistically sounder approach of Grobler and Baliz9 is 
used for four or five alkanes, the mathematical dead-time will be an accurate estimate 
of T”,, as shown previous!y. 

In their paper, Sharples and Vernoni also criticized the work of Guberska” 
:md Hansen and Andresen3, each of whom found that methane had retention times 
greater than those calculated from the alkane lines. The criticisms were directed at the 
‘:wthods of measuring the uncorrected retention times of the alkanes and the methods 
If calculation. Such arguments cannot be used to invalidate the results of this study, in 
.-hich a computer was used to measure the retention times and in which a proven 
lethod of statistical estimation of t,, has been employed. The consistently higher 
slue of the methane retention relative to the calculated value of t,,, cannot be 
,uestioned in this study. 

The results of this study are consistent with those of Garcia Dominguez-ct a!.9, 
1 ho found that methane was retained on various chromatographic columns of differ- 
nt polarityes for the temperature range lOO-150”. The results are also consistent 
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with those of an earlier studyI in which it was observed that the use of the methane 
retention times as an estimate of column dead-time produced curvature in the loga- 
rithmic pIot for the ,z-alkanes. The soIubiIity of methane in Iiquid phases has been 
shown elsewhereL6_ 

As an indication of the error introduced by using the methane retention as a 
method of estimating dead-time, we can see the curvature produced in Fig. 1, where 
the.straight lines represent the retention times of the alkanes corrected using the 
mathematical dead-time and the curved lines are the retention times corrected by as- 
suming no hold-up of methane in the columns. 

CARBON NUMBER 

Fig. 1. Graphs showing corrected retention times of n-alkanes using calculated dead-times and 
methane retention: A. Calculated dead-time (solid line) and methane retention (dotted line) each at 
110’: 0, calculated dead-time (solid line) and methane retention (dotted line) each at 130”. 

The experimental procedure of this investigation is far superior to that of any 
method reported for comparison of mathematical dead-time and methane retention. 
This has been achieved by injecting a gaseous mixture of methane and the conden- 
sable alkanes made up in nitrogen; injection of the higher alkanes as a gaseous mixture 
overcomes the criticism that retention data for the alkanes are subject to errors 
introduced by vaporization in the needle and associated problems. The method could 
find general use for obtaining the alkane line by using mixtures of alkanes in nitrogen 
that may be stored in cylinders. This would enable consistency of mathematical dead- 
time calculation in inter-Iaboratory studies. 
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APPENDIX A 

Comment by Dr. F. Vernon 
We have not criticized the concept of mathematical dead-time, nor the excellent 

method of Grobler and Balizs for its derivation. Our paper was not intended for the 
--select few” with interfaced computing facilities, but to draw to the attention of the 
many “stop-watch workers”, in gas chromatography the fact that the Peterson and 
Hirsch method introduces large errors and that the retention time of air for the dead- 
time may be derived from the retention of methane. 

In our comparison of air and methane retention, we have shown the times to 
be identical for polar and non-polar phases over a wide temperature range. Since the 
definition of t, is the retention or transit time of air (or other non-retained gas) 
methane must, by definition, give t,. If the definition of t, is at fault, we can hardly 
be blamed for that. 

If the air-methane results in our paper are accepted by Wainwright, Haken and 
Srisukh, together with their own methane-retention data, perhaps they would care to 
explain the logical conclusion. How does air become retained by the liquid phase to 
the same extent as methanes Our air-methane comparisons are not referred to in the 
above paper, and this is an unfortunate omission, which I would hope that the authors 
will correct. 

The most significant difference in experimental technique between the work of 
the authors and our own has not been mentioned in their paper. This is that we, like 
most other workers, used a liquid sample of alkanes for injection, whereas they used 
rapour samples. The importance of this is that the total retention time for an alkane 
as determined by us also includes a sample-volatilization time, which, being a func- 
tion of carbon number, will produce a different value for the slope, b. Finally, the lO- 
ft. columns and dead-times of around 100 set are not the norm in gas chromatogra-. 
phy. Wainwright, Haken and Srisukh have demonstrated an apparent methane hold- 
up of 2 to 3 set in a dead-time of 100 set, which would correspond to a l-set error on a 
dead-time around the 40-set region. This, we claim, is a vast improvement on dead- 
times that may be calculated by using the Peterson and Hirsch method. 

APPENDIX B 

Comments by the referees of the paper by Drs. Sharples and Vernon 
We would like to draw the authors’ attention to the paper by Sojhk et a!. 

[CIzro~ztatograpIzia, 7 (1974) 261, who found that plots of log t& 1Tersu.s carbon number 
for homologous n-alkanes are not strictly linear. This slight non-linearity can cause 
serious errors in the mathematically extrapolated dead-retention time. On the other 
hand, we agree that there are systems (column packings) in which the retention time 
.>,f methane is longer than that of air. The authors’ results are convincing, but equally 
zonvincing have been the results presented by Sharples and Vemon’3, who compared 
lirectly measured retention times of methane and air under identical conditions. In 
)ur opinion, the problem is still open, and any good arguments against or for using 
he mathematical dead-time is welcome. 
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