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Abstract

Temperature programmed indices are calculated from isothermal indices. The slope b of the n-alkane log plot is used to
avoid the need for retention times of the n-alkanes. Retention temperatures are obtained similarly.

Keywords: Retention indices; Programmed-temperature retention indices; Retention temperatures

1. Introduction

When a substance is to be identified from pro-
grammed-temperature retention data and the only
published data are isothermal indices, one must be
transformed to the other.

2. Retention temperatures

The increase in temperature during the program is
the integral of the temperature increases experienced
by the substance as it moves through each increment
of column length. That is

T,=T,+ [ar M

It is shown in Appendix A that d7 is given by

r{1 + (1/8)expl(AH° — TAS®)/RT1}
7= ﬁ p 2 1/2dz (2)
uaverage,To(nTo/T’)/j“ + (P - 1)(1 - Z/L)]

The mobile phase in this paper is helium; ’770/ 7 is
calculated using Hawkes’ algorithm [1].

B changes slightly with temperature as the station-
ary phase expands: using the coefficient of expansion
[2] gives

B = By, /{1 +0.000925(T - T,)} (3)

The temperature dependence of the slope b was
calculated from the enthalpy and entropy data [3] for
2,4, 4-trimethylpentene, 1-heptanol, isobutylbenzene
and 1-tridecene in Curvers’ table 7 and from their
isothermal retention indices, using Eq. (5) below.
This produced the equation:

b= —0337+220/T 4)

For other situations, equations for » have been
reviewed by Takacs’ group [4].

AH® and AS°® are related [5] to the two isothermal
indices /, and 7, at T, and T, by the equation'

"The derivation of Eq. (5) requires [4] the assumption that the free

energy of partition of the n-alkane C H, ., is n times the free
energy of partition of a methylene group AGY,,,. This approxi-
mation is justified by the accuracy of the predicted retention
temperatures. When calculating /7 it is almost cancelled by the
same assumption for the reference hydrocarbons.
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AG®° = AH® — TAS® = IbRT(In10)/ 100 9

Entering two retention indices /, and I, and the
slopes of the log plot b, and b, at two temperatures
T, and T, into Eq. (5) and then solving the two
simultaneous equations that result, yields

(b, = Lb,)RIn10

AR = = 00(1/T, — 1/T5) ©)
oo ~DBRINIO Ane

100 1, @

If /, is close to I, the calculated values of AH® and
AS° will be imprecise but by fortunate coincidence
this is exactly the case where the extrapolation is
short and precision is unimportant.

Eq. (2) is then substituted into Eq. (1) and
integrated by summation using the trapezoidal rule
[6]. The step length was L/10 000. It was found only
100 steps were necessary to get constant values of /
within 0.01 unit, but 6000 were necessary to get
retention temperatures that did not change by 0.1 K
with still more steps.

All the values of T; in Curvers’ table 8 were
recalculated using this integration. They differed
from Curvers’ experimental values in that table, by
an average of 0.6 K with a standard deviation 0.4 K
and a maximum deviation 3.0 K (for both 2-penta-
none and 2.4.4-trimethylpentene-1, the two least
retained substances in the collection). All of Curvers’
values were used except those at 200°C which were
outside the temperature program in all cases.

It is fair to omit a temperature outside the range of
the program knowing [3] that AH and AS are slightly
temperature dependent, but in a practical situation an
analyst may not have that luxury. So it is also fair to
report that if the 200°C data is included the mean
error is slightly less at 0.4 K but with a higher
standard deviation 0.6 K and the same maximum
error 3.0 K (for the same substances).

3. Extrapolating from isothermal retention
indices to programmed-temperature retention
indices

The programmed retention index /' is usually
defined by

100(Ty — Ty,y)

T _
1 —IOOn+TR T

u+y - dre

T, for the hydrocarbons is obtained using Eq. (1) as
before but replacing AH°—TAS® in Eq. (2) with
IbRT (In 10)/100 from Eq. (5) and putting /=100n.
So

r{1 + (1/B8)exp(nblnl0)} .
s Z
Uguie /My VI + (P = 1)(1 = 2/1)]'"*
9)

The values of T for the sample and the reference
hydrocarbons were obtained as before from the
isothermal indices of Curvers et al and used to
calculate the programmed retention index I". The
mean deviation from all the experimental values in
Curvers’ table 8 (I, —1.,.) was 0.4 unit with a
standard deviation 0.6 and a maximum deviation 3.9
(for diethylbenzene, extrapolating to the highest
program rate used, 8 K/min).

As before, the data for 200°C were omitted
because this temperature was outside the range of the
program. Again it is fair to report that if these data
are included then the mean deviation increases to 0.8
with standard deviation 1.4 and maximum deviation
7.8 (again for diethylbenzene at 8 K/min). Evidently
it is best to use isothermal values as close to the
actual program as possible.

d7., =

4. Use with published indices

The routine described here could be hard-wired
into the data control system of a gas chromatograph
to provide direct comparison of experimental pro-
grammed indices with Sadtler’s index [7] or other
collections such as the ASTM collection [8] or
McReynolds data [9].

Another interesting use would be as an internal
check of consistency. The Sadtler index could be
checked completely in a few minutes of computer
time to detect inconsistency between the isothermal
and programmed data. This would warn users to be
wary of the few data found inconsistent in this way.
Alternatively if such suspect data are found to be
correct, there would be opportunity for research to
explain the inconsistency.
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5. Alternative method

A less successful approach is reported only to
prevent others following the less successful road.
Like the method described above it uses the slope of
the log plot ‘b to circumvent the need for ex-
perimental data on the n-alkanes that is required by
most other methods. The programmed index " is the
length-averaged value of the isothermal index and is
therefore given by

L
"= 1 Id
=1 /1 (10)
0

Substituting for / from reference [5] yields

bRTInI0 9% (1)

L

T if 100(AH® — TAS®)
L

0
When this is integrated ignoring data at 200°C, the
mean error is 0.2 unit, standard deviation 1.0 unit
and maximum error 8.0 units. When the 200° data is
included, the mean error rises to 2.4 units, standard
deviation 2.6 units and maximum error 8.7 units.

6. Symbols

b slope of the n-alkane log plot, & (log
corrected retention time)/8(carbon number)

dz distance travelled by zone during the tem-

perature interval dT
isothermal retention index
programmed temperature retention index
James-Martin compressibility factor,
3(P*-1)/2(P*-1)
column length
carbon number
the ratio (inlet pressure/outlet pressure)
heating rate
gas constant
hold-up time = isothermal retention time of
uretained substance
absolute temperature
initial temperature
final (‘retention’) temperature
R(n) Ty for C,H,, .,
linear gas velocity

SORY TR NSNS

<

N NSNS

B

Uyerage  Average linear gas velocity =L/ry

z distance traversed by zone from 7, to 7
(=27 dz)

B volume of mobile phase/volume of
stationary phase

] viscosity of gas

Tho viscosity of gas at T

7. Appendix
7.1. Derivation of Eq. (2)

The time &t to traverse the length 9z is

1+k ‘
ot = oz (12)
ulocal
But r=48T/6t so
(1 +k)
8T = —"82 (13)
uloca]

This must be expanded to show the temperature
dependence of £ and v.

k=KIB = (1/8)expl(AH® — TAS®)/RT (14)

where K is the partition coefficient

The velocity at any distance along the column is
given by the textbook equation (see for example [10]
Littlewood, equation 2.28)

Uiocal _ 1
Uouieo 1+ (P2 = 1)(1 —z/L))""?

(15)

The data of Curvers et al gives the dead time ¢,, from
which the average velocity u =L/ty can be
obtained. This is related to u by the James-—
Martin [11] correction factor j

average

outlet

Uyperage = Joutiet (16)
J=3P D@ -1 (17)
so that combining Eqgs. (15-17) yields

Uyperage
o T P = (1 =2/ o
But
Uyperage = Waverage T, ! M (19)
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Combining Eqgs. (18) and (19) gives

uauerage,TOnT')/n
Uiocal = 7 P 172 (20)
JIL+ @ — 1)1 —2z/L)]

Combining Eqgs. (20,13,14) gives Eq. (2) as required.

A similar argument is used by Snijders et al [12],
but is not correlated into a summary equation similar
to Eq. (2).
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