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Summary 

The procedure for calculating linear temperature programmed 
indices as described in part 1 has been evaluated using five 
different nonpolar columns, with OV-1 as the stationary phase. 
For fourty-three different solutes covering five different classes 
of components, including n-alkanes and alkyl-aromatic 
compounds, both isothermal and temperature programmed 
indices were determined. The isothermal information was used 
to calculate temperature programmed indices. For several linear 
programmed conditions accuracies better than 0.5 IT-units were 
usually obtained. The results are compared with published 
procedures. 

It is demonstrated that isothermal retention information 
obtained on one column can be transferred to another column 
with thesame stationary phase but different column dimensions 
and/or phase ratio. The temperature programmed indices 
calculated in this way also have an accuracy better than 0.5 IT-u. 

The temperature accuracy and precision oft he GC-instrumenta- 
tion used was of the order of 0.1OC. All calculations can be run 
with a Basic-programmed microcomputer. 

1 Introduction 
In part 1 of this paper, a concept was presented enabling 
the calculation of linear temperature programmed 
retention indices from isothermal retention data, viz. 
retention indices, relative retention, etc. The numerical 
treatment uses isothermal retention factors determined 
within a specific temperature range and the temperature 
dependence of the column dead time. The concept 
accounts for all variables in temperature programmed gas 
chromatography: column length, inner diameter, phase 
ratio, carrier gas velocity, initial oven temperature, and 
programming rate. The temperature dependence of the 
distribution coefficients forms the basis of the concept pre- 
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The Netherlands. 

Presented at the 
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sented. Three possible procedures for calculation with 
respect to the manner in which the isothermal data are 
obtained are given in Tables 1 and 2 of part 1, illustrating the 
flexibility and general use of the concept. This part covers 
the initial results obtained. 

2 Experimental 
2.1 Equipment 

A model 5790 gas chromatograph (Hewlett Packard, Avon- 
dale, PA, USA) equipped with aHewlett Packard (HP) model 
7672 automatic liquid sampler, was used throughout this 
study. This instrument, together with an HP model 3388 
computing integrator was connected via a RS-232 
interface with a Nova 4/S minicomputer (Data General, 
Westboro, MA . USA) to allow completely automatic 
operation and the access to a large data-buffer. The GC- 
hardware provided two point temperature calibrations, at 
130 and 32OoC, assuring optimal precision in the oven 
temperature with temperature control of better than one 
tenth of a degree. An external, precision pressure-gauge 
was installed to allow an accuracy of pressure readings of 
0.001 bar. 

Five crosslinked methyl silicone columns, from the “Ultra 
Performance” series, were randomly selected over a 
period of six months from production runs at the Hewlett 
Packard facility at Avondale. The column characteristics 
are given in Table 1. The “Ultra Performance” series is 
specified to have column to column reproducibility within 
0.5 index units of the retention indices for dodecanol, 
methylcaprate, and acenaphthylene. The value of the 
retention factor of pentadecane is specified within 0.2 units 
for each phase ratio. 

Helium was used as the carrier gas. The average linear 
carrier gas velocity was set at 25 cm/s (measured at an 
oven temperature of 6OOC). The septum-flush flow was 3 
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Calculation of Temperature-Programmed Retention Indices: Results 

Table 1 

Column characteristics, measured pressure drop and the dead-time as a function of temperature for the five columns. 

Column L Inner Phase- P 
no. (m) diam. ratio (bar) 

(mm) 

to = A + 6.T (min) 
A 6 

1 50 0.2 150 2.220 exp: 
calc: 

2 50 0.2 150 1.950 exp: 
calc: 

3 50 0.2 1 50 2.384 exp: 
calc: 

4 50 0.2 150 2.305 exp: 
calc: 

5 50 0.31 450 0.91 7 exp: 

1.591 
1.247 

1.543 
1.406 

1.583 
1.169 

1.567 
1.205 

1.326 

0.00535 
0.00642 

0.00533 
0.00724 

0.00528 
0.00602 

0.00531 
0.00620 

0.00587 
calc: 1.189 0.0061 2 

mlimin; split was set to 1 :I 50 so that amounts of a few 
ng/component are transferred to the column. The injection 
port temperature was set to 250°C, the detector block 
temperature to 300OC. 

Table 2 

Temperature dependence of AH/R and a@ ; influence on the 
calculated retention temperatures. Calculated for n-dodecane. 
Column OV-1 (25 m X 0.3 mm). 

2.2 Procedure 

The applicability of the concept was evaluated using 
different samples which contained, in addition to n-alkanes, 
several alcohols, ketones, alkyl-benzenes, and alkenes. 
A total of 43 components was studied.Thesesamples were 
analyzed under isothermal conditions (50, 100, 150, and 
3OO0C, with a maximum analysis time of 75 minutes), and 
temperature programmed conditions (initial temperature 
5OoC, programming rate 2,4, and 8O/min, until elution was 
complete). The necessary calculations were run on an 
Apple Ile microcomputer. 

The enthalpy (AHIR) and entropy (a/P) terms as defined in 
part 1 were calculated from the two isothermal runs with 
the lowest temperatures in which the components elute 
within 75 minutes, according to Eq. (6) (part 1). The values 
obtained were inserted into Eq. (10) (part I ) ,  togetherwith 
the measured or calculated temperature dependence of 
the column dead time. Using Simpson’s rule, the retention 
temperature was calculated for the desired initial 
temperature and programming rate with a temperature 
resolution of 0.01 K. 

3 Results and Discussion 
3.1 Selection of the Temperature Range 

The accuracy of the concept and the considerations in 
choosing the initial oven temperature and programming 
rate are given by the temperature range enclosed by the 
temperatures at which the retention factors are 
determined. 

TR (calc) Tern pe ratu re A HIR a/ P 
range (K) (x 10-7) (K) 

373-378 
378-383 
383-388 
388-393 
393-398 
398-403 
403-408 
408-41 3 

5773 
5875 
5799 
5778 
5687 
5657 
5624 
551 7 

5.33 
4.07 
4.97 
5.24 
6.60 
7.12 
7.73 
9.99 

397.5 
397.6 
397.5 
397.4 
397.1 
397.0 
396.9 
396.3 

By definition, entropy and enthalpy terms depend both on 
temperature and on the type of stationary phase. For a 
given column and a given component, the entropy and 
enthalpy terms were calculated over a wide temperature 
range by considering consecutive sets of isothermal runs, 
which differ by 5OC. The results are given in Table 2. 
Between 100 and 14OOC the enthalpy term decreases 
about 4%, whereas the entropy term roughly increases 
90%. The entropy and enthalpy terms are interrelated 
through the free energy. The increase in the entropy term 
counterbalances the decrease in the enthalpy term. 
Therefore, these variations have no large effect on the 
calculated retention temperature (cf. Table 2). 

Although the variation in the calculated retention 
temperatures is small for different temperature ranges, 
there is an optimum range. The best fit between the actual 
and calculated retention temperature was obtained when 
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Table 3 

Selection of the optimum temperature range. Test component 
n-undecane. TR (exp) = 384.0. To = 333 K; r = 4 K/min; to(T) = 
75.0 + 0.3581 T. Column OV-1 (25 m X 0.3 mm). 

Temperature 
range 

343-353 
343-363 
343-373 
343-383 
343-393 
343-403 
343-41 3 
363-373 
363-383 
363-393 

AHIR 
(K) 

5741 
571 5 
5650 
5602 
5553 
5481 
5451 
551 1 
5476 
5429 

a1 P 
(x 10-7 

2.97 
3.21 

4.45 
5.1 4 
6.34 
6.90 
5.62 
6.19 
7.03 

3.87 

383.7 

383.9 
384.1 
384.2 

383.8 

384.4 
384.5 
383.7 
383.7 
383.7 

the entropy and enthalpy terms were estimated from a 
temperature range corresponding to the actual tempera- 
ture range in which the component eluted in the 
temperature programmed analysis.This is demonstrated in 
Table 3. For the temperature range between 343 (To) and 
383 K, the actual and experimental retention temperatures 
were almost identical. The determination of the entropy 
and enthalpy terms from two temperatures, one of which 
was close to To and the other close to TR than from two or 
more temperatures not very close toTR has to be preferred. 
However, in practice it is recommended to determine 
entropy and enthalpy terms from a temperature range 
about 100 to 50% below the boiling point of the com- 
ponent. These limits are not very critical, except for the 
lower limit, which is the initial temperature To. 

Furthermore, it is very important to note that in the 
calculation of the temperature programmed indices, the 
retention temperatures of the component and the adjacent 
n-alkanes, are calculated using entropy and enthalpy terms 
obtained from an identical temperature range. Deviations, 
due to systematic errors in the calculation, are thus 
avoided. 

The previous considerations concerning the three 
procedures as presented in Tables 1 and 2 of part 1 are 
summarized in Table 4. 

3.2 Accuracy and Reproducibility 

All analyses were run only once. Nevertheless, the repro- 
ducibility of retention times and retention temperatures 
could be established because all samples contained the 
normal alkanes C-6 to C-15. The reproducibility of the 
retention times in the isothermal analyses was found to 
correspond with an overall standard deviation of 0.05% 
while in the temperature programmed runs it was 0.04%. 
These standard deviations result in variations in the 
measured isothermal and programmed indices with a 
maximum of 0.2 index units (lu.). 

The column dead-time, determined using methane varied 
linearly with the column temperature (correlation 
coefficient: 0.997). The standard deviation of the individual 
measurements was 0.02%. The integral function was 
calculated using Simpson's rule. Calculation with a 
resolution of 0.1 or 0.01 K results in differences in the 
retention temperatures of 0.1 K or less. Considering other 
factors influencing TR, the calculations were sufficiently 
accurate. 

Introducing a deviation in the measured isothermal 
retention time of 0.1 Yo, twice the standard deviation, results 
in differences in the calculated retention temperature of 
about 0.05 K and the corresponding calculated temper- 
ature programmed index of 0.2 ITu. 

3.3 Column Dead Time as a Linear Function of 
Temperature 

After installation of the' columns the average linear gas 
velocity was set to 25 cm/s (at 6OoC), assuming the 
columns to be 50 meters long. The pressure drops required 
for the different columns are tabulated in Table 1. The low 
value for column number 2 is striking, indicating unknown 
irregularities in the column. However, the column dead- 

Table 4 

Practicle considerations concerning the choice of operating temperature programmed conditions and the temperature range. 
TBP= boiling point of the solute. 

~ 

T O  r Temperature range for the determination of 
AHIR and alp 
Alkanes Solutes 

<TBP Of  All compounds Preferred: 
first elute within between To and TR Same range 
solute linear 

program Practice: 
between TBp-100 and Same range 
TRP-50. These limits are not critical. 

With changing column phase ratio (P) the programming rate is preferably chosen proportional to p .  
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Table 5 

Measured indices, isothermal at 1 OOOC. 

Column Max. 

1 2 3 4 tion 5 
Component devia- Average 

2-Pentanone 668.32 667.88 668.04 
2,4,4-Trimethyl- 
1-pentene 71 7.39 7 17.21 717.16 
1 -Heptanol 951.15 950.98 951.1 5 
2-Octanone 970.84 970.71 970.91 
lsobutylbenzene 1002.66 10102.58 1002.61 
1,2-DiethyIbenzene 1052.32 1052.26 1052.28 
1 -Nonanol 1 154.00 1 153.84 1 154.01 
1 -Tridecene 1288.66 1288.64 1288.59 

Average maximum deviation for all 33 solutes studied: 0.16 lu. 

668.01 

717.36 
950.93 
970.76 

1002.58 
1052.26 
1 153.83 
1288.58 

0.44 

0.23 
0.23 
0.20 
0.08 
0.05 
0.17 
0.07 

668.06 

71 7.28 
951.05 
970.81 

1002.60 
1052.28 
1 153.92 
1288.62 

- 

71 7.52 
951.04 
970.81 

1002.31 
1052.05 
1 153.92 
1288.71 

Table 6 

Measured indices for column 3 under different temperature conditions. Initial temperature in programmed analysis: 5OOC. 

Component 
50 

Isothermal ("C) 
100 150 200 

Programmed (Olmin) 
2 4 8 

2-Pentanone 
2,4,4-Trimethyl- 
1-pentene 
1-Heptanol 
2-Octanone 
lsobutylbenzene 
1,2-DiethyIbenzene 
1 -Nonanol 
1 -Tridecene 

667.66 

711.10 
957.18 
969.54 
988.27 
- 
- 
- 

668.04 

717.16 
951.1 5 
970.91 

1002.61 
1052.28 
11 54.01 
1288.59 

- 

- 
950.24 
973.92 

101 8.47 
1068.98 
1 153.80 
1298.38 

time as a function of temperature is not significantly 
different from the other 0.2 mm i.d. columns. Both the 
measured and calculated to (T) are tabulated in Table 1. 
Calculated values were obtained using Eqn. (1 2) in part 1 
and the temperature dependence of the viscosity for 
helium as given by Ettre ([3] in part 1). 

Only small differences were observed in the coefficients 
from the experimental data. The coefficients after calcula- 
tion show larger differences and do not match with 
experiment. Calculation of to (T) is liable to error, because 
of uncertainty in column length and inner diameter. 
Experimental data are preferred. However, it will be shown 
that systematic errors in the calcullation of retention 
temperatures partly cancel out in the programmed index 
calculation. 

3.4 Comparison of Columns, Measured Indices 

Table 5 presents a selection of retention indices obtained 
isothermally at 1 OOOC. The average maximum absolute 
difference of the indices obtained with the 0.2 mm inner 
diameter columns is less than 0.2 Iu., which is of the same 
magnitude as the standard deviation within a single 

- 659.61 661.01 662.1 8 

- 709.1 5 71 0.36 71 1.77 
953.64 952.05 952.05 951.74 
978.89 968.61 969.92 971 .OO 

1036.20 995.69 - 1 004.1 2 

1051.31 1056.52 1086.98 1046.62 
1 157.28 1 154.88 11 54.75 1 154.78 
1290.37 1289.05 1289.32 1289.54 

- 
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column. There is no systematic error between the 0.2 mm 
and the 0.31 mm inner diameter columns. 

From the above results it can be concluded that with 
respect to retention, the columns are identical and fulfil the 
specifications. They also fulfil the requirements which have 
to be met in the transfer of temperature programmed 
retention data: reproducibility of retention characteristics; 
polarity of the stationary phase and column activity. 

Examining the measured indices of a single column, as 
given in Table 6, the dissimilarity of isothermal and 
temperature programmed indices becomes obvious. In all 
cases the temperature programmed indices are lower than 
expected from the isothermal values. The deviations 
cannot be explained by the temperature dependence of 
the isothermal indices. As discussed in part 1, there is no 
simple relation between isothermal and temperature 
programmed indices. 

3.5 Calculated Retention Temperatures and Indices 

In principle, as indicated in Table 4, every component has 
its optimum temperature range for calculating the 
retention factors. However, this would be very impractical. 
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Table 7 

Calculated entropy terms for the 0.22 mm columns. 

Component Column 
1 2 3 4 Average 
(x 10-7) 

n-Octane 80.2 
n-Dodecane 17.9 
Heptanol 20.4 
Decanol 12.7 
3-Pentanone 171.1 
3-Octanone 40.2 
2,4,4-Trimethyl- 
1-pentene 191.3 
1 -Tridecene 10.8 
Toluene 187.8 
1,2-DimethyIbenzene 96.4 
lsobutylbenzene 43.8 

91.9 
18.6 
22.7 
13.2 

194.0 
41.6 

206.7 
11.1 

201.2 
100.1 
44.8 

86.4 
18.4 
21.3 
13.1 

196.4 
42.2 

21 0.4 
11.0 

203.1 
101.3 
45.4 

86.1 86.2 
18.3 18.3 
22.8 21.8 
13.1 13.0 

195.3 189.2 
41.9 41.5 

208.1 204.1 
11.0 11.0 

202.5 198.6 
100.8 99.6 
45.1 44.8 

~ ~~ 

Mean RSD (YO) for all 43 components: 4.05%. 

Calculated enthalpy terms for the 0.2 mm columns. 

Component Column 
1 2 3 4 Average 

n-Octane 
n-Dodecane 
Heptanol 
Decanol 
3-Pentanone 
3-Octanone 
2,4,4-Trimethyl- 
1-pentene 
1 -Tridecene 
Toluene 
1 ,PDimethylbenzene 
lsobutylbenzene 

4200 
5723 
5079 
5979 
3609 
4764 

3669 
61 20 
3797 
4350 
491 7 

41 59 
571 5 
5046 
5971 
3576 
4759 

3651 
61 16 
3781 
4343 
491 6 

41 76 
5713 
5065 
5972 
3567 
4750 

3640 
6117 
3773 
4335 
4907 

41 79 
5719 
5042 
5972 
3573 
4755 

3647 
6117 
3777 
4340 
491 2 

41 79 
571 7 
5058 
5973 
3581 
4757 

3651 
6117 
3782 
4342 
4913 

Mean RSD (YO) for all 43 components: 0.29%. 

From the boiling points of n-hexane to n-pentadecane 
three different temperature ranges were chosen. For the 
components eluting between n-hexane and n-decane, 
isothermal runs were performed at 50 and lOOOC, the 
components eluting between n-decane and n-tridecane 
were run at 100 and 1 5OoC, and components eluting after 
n-tridecane at 150 and 200OC. Both n-decane and n-tri- 
decane belong to two different groups. 

The entropy and enthalpy terms were calculated (Eq. (6), 
part 1) using the retention factors obtained from the two 
isothermal runs. Some results are given in Table 7. With the 
0.2 mm inner diameter columns identical figures were 
obtained. The average relative standard deviation for the 
enthalpy term was 0.3%, for the enthalpy term 4%. Some 
representative measured and calculated retention 
temperatures and indices are summarized in Table 8. Very 
good agreement is observed. 

The average absolute differences between the measured 
and calculated data forthe different 0.2 mm inner diameter 
columns and the different temperature programmed 
conditions are given in Table 9. With these results an 
analysis of variance with 99% confidence is run. The 
columns are identical with respect to the differences in 
measured and calculated retention temperatures. 
Columns 1 and 3 show asignificant difference from 2 and 4 
with respect to measured and calculated indices. This is 
mainly caused by the lower ketones, which show large dif- 
ferences between measured and calculated programmed 
indices. 

The average absolute difference in the retention 
temperature of 0.8 K should yield a maximum deviation in 
the index of 8to 5ITu. (ATfor the subsequent n-alkanes be- 
tween 4 and 15 K). The calculation, however, resulted in an 
average absolute difference of 0.46 ITu. The largest 
difference between measured and calculated retention 
temperatures is found at the highest programming rate 
applied (8O/min). However, under these conditions the 
deviation between indices is smallest. If the difference 
between measured and calculated retention temperatures 
for a given component and the adjacent n-alkanes is of the 
same magnitude and in the same direction, an accurate 
index value will still be obtained.This holdsfor all the results. 
A systematic error in the calculated retention tempera- 
tures is cancelled out in the calculation of the programmed 
index. The same reason can be given for the observed 
minor differences in the calculated temperature pro- 
grammed indices between the use of the experimentally 
determined and calculated temperature dependance on 
the column dead-time. 

The calculation as presented above is carried out accord- 
ing to procedure 1 (Table 1 in part 1). The same results 
would be obtained if the measured isothermal indices or 
compilations of data with a comparable accuracy were 
used following procedure no. 2 (Table 1 in part 1). The 
match between calculated and measured temperature 
programmed indices is excellent, especially at higher 
programming rates. 

3.6 Transfer of Isothermal Data 

Compared to the 0.2 mm inner diameter columns, the 0.31 
mm inner diameter column has a different phase ratio, 450 
instead of 150, and a different column dead-time as a 
function of temperature. 

Theoretically the enthalpy term is the same. The entropy 
term must be corrected for the phase ratio (cf. Table 7 and 
10). For some components the comparison cannot be 
made, because the isothermal data are not obtained under 
identical temperature conditions. 

For this 0.31 rnm inner diameter column there are two ways 
of calculating the temperature programmed indices, one 
using the entropy and enthalpy terms from the column 
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Table 8 

Comparison between measured and calculated retention temperatures for column 2. 

Component Programming rate ("lmin): 
2 4 
meas. calc. diff. meas. calc. diff. 

8 
meas. calc. diff. 

___________ ~~~ 

n-Octane 
n-Dodecane 
Heptanol 
Decanol 
3-Pentanone 
3-Octanone 
2,4,4-Trimethyl-l -pentene 
1 -Tridecene 
Toluene 
1,2-Dimethylbenzene 
lsobutylbenzene 

345.13 
401.24 
363.90 
409.36 
336.24 
359.74 
338.18 
414.31 
341.29 
353.98 
370.10 

:345.12 
400.78 
:364.22 

:336.34 
:360.08 
:338.29 
414.04 
341.44 
:354.24 
:370.34 

409.04 

-0.1 1 
+0.46 
-0.33 
+0.32 
-0.1 1 
-0.34 
-0.1 2 
+0.27 
-0.16 
-0.26 
-0.25 

360.26 360.37 -0.12 
423.42 422.95 +0.46 
382.99 383.02 -0.04 
431.88 431.39 +0.49 
347.49 347.62 -0.13 
378.48 378.61 -0.13 
350.52 350.64 -0.12 
437.08 436.49 +0.59 
355.16 355.32 -0.16 
371.94 372.09 -0.16 
coincides with n-C-10 

364.08 
453.39 
410.13 
462.32 
367.48 
405.46 
371.78 
467.72 
378.04 
398.53 
419.52 

383.82 
452.1 1 
409.06 
460.69 
367.38 
404.68 
371.62 
465.91 
377.87 
397.98 
41 8.07 

+0.28 
4-1.28 
+1.06 
+1.63 
+0.10 
+0.78 
+O. 15 
+1.81 
4-0.1 7 
+0.54 
4-1.45 

Comparison between measured and calculated indices for column 2 
~~ 

Heptanol 
Decanol 
3-Pentanone 
3-Octanone 
2,4,4-Trimethyl-l -pentene 
1 -Tridecene 
Toluene 
1,2-TrimethyIbenzene 
lsobutylbenzene 

951.56 
1255.19 
670.49 
922.24 
709.05 

1288.85 
749.73 
877.1 9 
995.33 

952.07 
'1 255.40 
672.79 
923.06 
71 0.09 

'I 288.93 
750.84 
877.92 
994.95 

-0.51 
-0.21 
-2.30 
-0.82 
-1.04 
-0.08 
-1.12 
-0.73 
+0.37 

951.56 951.97 -0.42 
1255.32 1255.64 -0.32 
660.58 662.59 -2.01 
923.72 924.33 -0.61 
710.32 710.98 -0.66 

1289.31 1289.31 +0.05 
753.06 753.80 -0.74 
881.20 881.62 0.41 

coincides with n-C-10 

- 
- 

672.89 
925.57 
71 1.96 

1289.70 
756.98 
885.87 

1004.21 

- 
- 

673.41 
925.51 
71 1.61 

1289.81 
756.40 
885.60 

1003.88 

- 
- 

-0.52 
+0.06 
+0.35 
-0.1 1 
+0.38 
+0.27 
+0.33 

Table 9 

Mean absolute differences between measured and calculated 
retention temperatures for all 33 solutes and 10 n-alkanes 
studied. 

Rate Column 
1 2 3 4 Average 

~ 

2 0.67 0.62 0.65 0.66 0.65 
4 0.52 0.47 0.55 0.58 0.53 
8 1.25 0.97 1.28 1.28 1.20 

Average 0.81 0.69 0.83 0.84 0.80 

Mean absolute differences between measured and calculated 
temperature programmed indices for all 33 solutes studied. 

Rate Column 
1 2 3 4 Average 

2 0.34 0.74 0.39 0.78 0.56 
4 0.34 0.53 0.24 0.69 0.45 
8 0.21 0.28 0.26 13.54 0.32 

Average 0.30 0.52 0.30 0.67 0.44 

itself (procedure 1 in part l), the other incorporating the 
average values for the entropy and enthalpy terms of the 
0.2 mm inner diameter columns (procedure 3 in part 1). 

Table 10 

Entropy and enthalpy term values for column 5. 

Component AHIR a/p (x 
from exp. from 0.2 from exp. from 0.2 

mm mm 
columns columns 

Heptanol 4561 4550 6.9 7.3 
Nonanol 5481 5502 8.6 8.1 
2,4,4-Trimethyl- 
1 -pentene 3758 3800 57.0 49.7 
1 -Dodecene 5631 5650 7.1 6.8 
Toluene 3746 3782 74.3 66.2 
1,2-Dirnethyl- 
benzene 4325 4342 34.9 33.2 
lsobutylbenzene 4908 4913 15.1 14.9 

In both alternatives the temperature dependence of the 
column dead-time established for the 0.31 mm inner 
diameter column has to be inserted. The results of both 
calculations, presented in Table 11, are almost equally 
good. This means that the isothermal retention information 
(entropy and enthalpy term) can be transferred from one 
column to another column is calculating temperature 
programmed retention indices, under the condition of 
identical stationary phase type and column deactivation 
cf. Table 5). 

61 6 VOL. 8, SEPTEMBER 1985 Journal of High Resolution Chromatography & Chromatography Communications 



Calculation of Temperature-Programmed Retention Indices: Results 

Table 11 

Comparison of temperature programmed retention indices obtained for column 5. Programming rate 4O/min. 

Component Calculated procedure Calculated procedure Measured 
no. 1 no. 3 

Heptanol 
Nonanol 
2,4,4-Trimethyl-2-pentene 
1 -Dodecene 
Toluene 
1 ,PDimethylbenzene 
lsobutylbenzene 

Average absolute difference with 
measured indices for 22 components 

952.61 
1 153.92 
721.21 

1 188.36 
748.1 1 
875.90 
993.74 

0.8 

951.81 
1 153.73 
722.31 

1 188.40 
749.1 5 
875.03 
993.74 

0.5 IT-units 

951.47 
1 154.85 
722.1 7 

1188.51 
748.80 
875.73 
993.97 

Table 12 

Comparison of calculation procedures. Programming rate 4O/min. 

Component measured calculated calculated calculated 
on column acc. to acc. to acc. to 
no. 3 this ref. [6], ref. [7], 

article part 1 part 1 

1 -Heptanol 
1 -Nonanol 
1 -Hexanone 
2-Heptanone 
2-Octanone 
5-Nonanone 
Nonene 
Tridecene 
Toluene 
1,2-DimethyIbenzene 
tert-Butylbenzene 
1,2-DiethyIbenzene 
c-Hexylbenzene 

952.05 
11 54.75 
764.98 
851.99 
969.92 

1072.07 
887.62 

1289.32 
753.19 
881.45 
983.19 

1051.31 
131 3.41 

952.61 
11 54.56 
765.1 4 
852.1 6 
970.08 

1071.78 
887.74 

1289.39 
753.06 
881.20 
983.1 6 

1051.24 
1312.04 

953.73 
1 154.07 
769.27 
854.43 
970.38 

1071.1 6 
888.24 

1288.75 
758.14 
882.38 
982.25 

1048.86 
1299.43 

953.54 

769.30 
854.44 
970.37 

- 

- 
- 
- 

756.1 0 
882.28 
982.08 
- 
- 

4 Conclusions 
Table 12 shows some comparative results between the 
concept described and the results when using the 
equations given in [6] and [ A  in part 1. It is obvious that the 
temperature dependence of the isothermal index only is 
not sufficient to predict linear temperature programmed 
indices. Linear temperature programmed indices can be 
calculated from isothermally obtained data with an 
accuracy better than 0.5 index units. 

The entropy and enthalpy terms can be transferred from 
one column to anotherwith the same stationary phase, but 
with different column length, inner diameter, different 
phase ratios, and different chromatographic conditions 
(initial temperature and programming rate). Therefore, the 
concept can be incorporated into a larger system for table 
matching by means of temperature programmed gas 
chromatography without the necessity of standardizing 
chromatographic conditions. However, column character- 
istics must be reproducible. 

Either the experimentally determined or calculated 
temperature dependence of the column dead-time may be 
used. Systematic errors in the calculation of the retention 
temperatures cancel out in the retention index. Therefore, 
accurate values are obtained. Obviously, the column 
polarity must be reproducible and optimal temperature 
control of the oven is necessary. 

The results presented are only a small, but representative 
part of the results obtained during this study. A complete 
presentation of the results will be given in future 
publications [l]. 
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