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ABSTRACT

A selection of 135 solutes, chosen to represent most chemical families, were characterized by I/, the
retention index of the solute on a pure polar phase and on a pure non-polar phase. Apart from the analysis
of all the injected substances on the two pure extreme phases, a great number of the compounds were also
measured on phases of variable polarity by modifying the mixtures of the two stationary phases available
in well-defined proportions. Some correlations such as I as a function of the temperature and of the
composition of the stationary phase were established.

INTRODUCTION

Alkanes are recognized as non-polar stationary phases in gas chromatography
[1]. Their retention characteristics are the basis for the comparison of all other
stationary phases. In order to obtain a non-polar model stationary phase, a high-
molecular-weight branched hydrocarbon with very low polarity, C,gH; s, has already
been synthesized [2]. :

Modification of the polarity of the reference stationary phase, 19,24-dioctadecyl
dotetracontane (structure I), called hereafter “C,5”, is achieved by replacing a methyl
group with a unique hydroxyl group. This causes only a small change in the molecular
weight and the global volume of the molecule [3].

Thus, the effect on the solute molecules of a change in only the polarity of the
polar phase can be studied. The influence of molecular weight in the paraffin series of
1,1,6,6-tetraalkylhexane skeleton being already well documented [4], a single change in
the structure of a molecule from this series changes only its polar part. In other words,
having practically eliminated the effect of molecular weight, the effect of the polarity of
the phase due to the one and only hydroxyl group of 19-(17"-hydroxy heptadecyl)
24-octadecyl dotetracontane (structure II), “C,,-OH”, can be measured. Moreover,
this —~OH group, situated at the end of a chain, like a primary alcohol, is in an extremely
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isolated situation, facing the rest of the molecule, represented by an enormous
hydrocarbon ensemble.

H,Cis CiHsr HyCoo /C.,H,.’OH
Hc—(CH,).——cﬁ }c—(CH,).-—cQ

HwC|. CMHI7 H!7C|l c'lHﬂ

| ]
The retention index [5] of a solute (j) is defined as:

log X;— log X,

I; =100 -
! log X;+, —log X,

+ 100 z ey

where X represents any net retention value, j refers to the solute to be examined and X,
is the paraffin whose peak comes out before the solute and whose carbon atom number
is z. X,+ is the net retention value of the paraffin with z + 1 carbon atoms, which
comes out after the solute.

The value of the retention index is affected by: (i) the solute; (ii) the stationary
phase; and (iii) weakly by temperature.

EXPERIMENTAL

Materials

The solutes used for the chromatographic measurements were purchased either
from Fluka (Buchs, Switzerland) or from Aldrich-Chemie (Steinheim, Germany). The
compounds C,gH, 55 [2] and C,,H, 55-OH [3] were employed as stationary phases on
Chromosorb G-HP (high performance), acid-washed and treated with dimethyl-
chlorosilane, AW-DMCS, 80-100 mesh, from Supelco (Bellefonte, PA, USA). The
commercial support was passed through a sieve and the fraction with particle diameter
(d,) 150180 um (between filters DIN Nos. 30 and 50) was dried overnight in an oven at
100°C.

Column packings

The columns were 370 cm long circular Pyrex tubes with a spiral diameter of
16.0 cm and an internal diameter of 0.40 cm.

The columns were filled with a support impregnated with 5.00% (w/w) liquid
phase. This was measured by weighing both support and liquid phase with a precision
of +0.0001 g. (Preparation of the filling: the fine white crystals were dissolved in
distilled cyclohexane and the homogeneous solution was added to an exact quantity of
support. The solvent was evaporated under a slight vacuum in an argon stream at
about 180°C.)

The Pyrex glass columns, washed, dried and weighed with a precision of
+0.01 g, were filled using a water pump and vibrations. They were kept overnight
under argon.

The weight of packing in the column was measured as the difference between the
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TABLE 1
COLUMN PACKING CHARACTERISTICS

w s the ponderal fraction of C,,-OH in the stationary liquid, m, is the packing mass, Pe is the liquid internal
weight (%) and my = m, = Ps/100 is the stationary liquid mass in the column.

w m.(g) Py (%) my(g)

0.000 3206 4766 1.528
0.333  31.38 4767 1.496
0.667 30.17 4760 1436
1.000 30.16 4764 1.458

empty and packed columns (see Table I). The amount of liquid phase was calculated
from the total weight of the packing. Since the two stationary phases were pure C;g
and C,,-OH, two mixtures consisting of 33.3% and 66.7% C-,-OH could be precisely
measured, to pack two further columns.

Apparatus

A Packard-Becker (Delft, Netherlands) Model 419 gas chromatograph was used
for the retention data determination. This instrument was equipped with a platinum
resistance thermometer, a flowmeter and a precision manometer for more precise
measurements.

The flow-rate was measured and regulated with a thermal flowmeter from
Brooks (Veenendaal, Netherlands), composed of two essential units: a mass flow
sensor Type 5850 TR and a regulator Model 4251-IA2B1EQ. The flowmeter, originally
calibrated at 2 Bars (1500.12 mmHg) and 20°C, was adjusted to give digital display of
the volumic flow-rate of the carrier gas (helium) at 760 Torr and 0°C.

The column temperature was determined taking into account the temperature
gradient inside the chromatograph oven. To measure this gradient, a cube-shaped wire
skeleton was built smaller than the oven size. A chromel wire was fixed on the skeleton,
and an alumel wire was soldered at each of its corners. The temperature differences
between the corners of the cube were measured by means of a digital microvoltmeter,
Type Trendicator 400A (Doric, San Diego, CA, USA). The absolute temperature was
measured with a platinum resistance thermometer, which was calibrated by Dr. M.
Wittwer (Eidg. Amt fiir Mass und Gewichte, Wabern/Berne, Switzerland) between
0°C and 400°C with a precision of +0.1°C in absolute temperature. The column
temperature (T.) was calculated as described in ref. 6, taking the gradient in the oven
into consideration. A middle temperature value was calculated for the column centre,
located at 1/4 and 3/4 of the total distance between the cube front and back sides.

The inlet pressure of the chromatographic system, P; = AP’ + Py, was
measured via a Heise Type 710B digital manometer (Dresser Europe, Werk
Baesweiler, Germany), where

AP = AP + AP, + AP, Q)

was the pressure drop in the chromatographic system. The average pressure in the
column was calculated considering the inlet resistance at the capillary tubes’ injector
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(R;) and the outlet resistance at the detector (R,). The inlet resistance (R)) was
determined at different temperatures and flow-rates by measuring the flow-rate, V;,
after the injector and the pressure drop (4P;), in the absence of column (NTP =
normal temperature and pressure):

Ri = AP, i/ I./i (3)
Vi = (Vo/NTP) - (T./273.15)[760/(Puen + APy/2)] @)

where V, is the flow-rate in the column at NTP.

To measure the outlet resistance (R,), an empty column was placed in the
apparatus and the resistance was determined by measuring the carrier gas flow at the
detector outlet (V{,)

Ry = APV, ()

V) = (Vo/NTP) - (T./273.15) * [760/(Pym + AP./2)] Q)
and

AP, = AP' — P (7

Both resistances (R; and R,) were constant with temperature. A mean value was
therefore used [6].

The definition of the retention volume only becomes applicable if the flow at the
column outlet, V,, is replaced by the average gas flow along the column [7], which is
27 V,. The James and Martin factor (3J) [8], which depends on the inlet and the outlet
pressures of the column, respectively P; and P, is (p = P;/P,):

V=320 -1/(-1 @®

Practically, an average volumic flow of the carrier gas through the column,
taking the charge loss into account, is defined by:

Ve=3%"V, ©)

The gross retention time #; was determined with two HP 3390A integrators
(Hewlett-Packard) at a precision of +0.001 min. The various regression coefficients
listed in Table II were obtained by computer (Digital Equipment Corp., Maynard,
MA, USA; Model Pro. 380). The data evaluation system RS/1 was conceived by the
firm Bolt Beranek and Newmann (Cambridge, MA, USA). The tables were printed by
an LASO0 printer and the graphs traced with an LVP16 plotter (both Digital).

RESULTS

Using the retention time tz and the “retention time of a non-retained
compound” [7] such as neon, fg(Ne), we determined the net retention time, #n:

In = g — ;(Ne) (10)
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Considering eqn. 1, the retention index can then be calculated by:

log In — lOg tN(Z)

li = 100 G + 1) — log 1)

+ 100 - z (1D

The retention index 7 is determined at an experimental temperature, Ty,, Which
is near the column nominal temperature, i.e., 90.0°C, 110.0°C, 130.0°C, 150.0°C and
170.0°C. The I average and T, average were determined at each experimental
temperature. After regression of the experimental 7, the slope was adjusted for /
experimental to I at the nominal temperature.

The resulting general equation of the retention index as a function of the
temperature interval around 130°C, AT, and of the C,,-OH mass fraction, w, is
therefore:

I= 1130 + dTAT+ d-[TATz + dTTT'AT3 +
+dL'W+dLL'W2+dLT'W'AT+ (12)
+ dLLT. WZAT+ dLTT. WAT2 + dLLTT'Wz'ATz
where the coefficients for dx are expressed by T for the temperature and L for the
stationary phase composition, and where:
AT = {—40, —20, 0, +20, +40} (13)
and
w = {0, 1/3, 2/3, 1} (14)
The stationary phase consisting of only pure C,5 was taken as the reference, and
thus 7,40 is the index at 130°C on C;5 (w = 0).
An equation analogous to.eqn. 12 can be put for I by considering, this time, the
b, coefficients of the orthogonal polynomials in P:
I=b° + bT'PT +bTT'PTT + le'T'PTTT +
+bL.PL+bLL.PLL+bLT'PL'PT+ (15)
+ buer P Pr+ burr s Pu Prr + burr Pu Prr
Considering that a five-temperature (7 source) and four-phases composition (L

source) system is available, the coefficient values of the orthogonal polynomials are
defined [9] as follows:

AT

Pr == =1{-2 -1,0, +1, +2} (16)
20

Prp=P:—2={+2,—1,-2, —1, +2} (17)

6
PTTT=P%"—3'4PT=§{_13 +2,0, —'2, +1} (18)
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1 1

PL=3w—2)=x{=3 -1, +1, +3} (19)
2 2
5

PLL=Pﬁ—Z={+1,—1,—1,+1} (20

Substituting eqns. 16-20 into eqn. 15, and comparing with eqn. 12, we then
obtain the d, conversion coefficients, connected algebraically by the calculation
method of the orthogonal polynomials, to b,:

3
Iizo = by — 2 byr — EbL + b + 3 birr — 2 bt (21)
d —lb 1.7 b —éb +lb 22)
T =501 L0t = o + 5 bur
dr = b — Db+ Lb 23)
T = 3 010 = g Ourr + 4 Owerr
1
d'n"r = ngTT (24)
dL - 3 bL - 9 bLL i 6 bLTT + 18 bLLTT (25)
du, = 9 b — 18 buirr (26)
3 9
dir = 5 bir — 5 biir 27
9
dLLT = E bLLT (28)
3 9
durr = 2 burr — 2 biitr (29)
9
ditr = 2 brirr (30)

The treatment by orthogonal polynomials gives us a variance analysis. Each
coefficient of eqn. 12 is thus examined separately for the significance of its effect.
Although all the solutes are considered individually, the coefficients with a significant
effect are taken into consideration with regard to a global analysis at the chemical
family level. The coefficient is accepted as long as the significance level is within 5% of
the maximum for each source and for at least half the solutes of a single family. The
variance of each source is tested not against the total residue after the elimination of ten
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b, coefficients, but on the residual variance of the LT source havingstill8 = [(4 — 1) X
(5 — 1)] — 4 degrees of freedom. The test allows a b, effect to be retained when the F, g
is greater or equal to 5.

For the cases of the incompletely measured solutes, that is on only two phases
and at three temperatures (130.0-170.0°C) or four temperatures (110.0-170.0°C), only
the treatment on each of the two phases taken separately was considered. The variance
analysis considered only the T source effects. Consideration of the complete chemical
family assumes that the effects of the T and LT sources are the same for each of its
members. In this case, the coefficient diy = di(C77-OH) — d1(Cqg) and dprr =
dr1(C77-OH) — dr1(Cqg). Only the LL and LLT sources are not accessible for these
incomplete situations (Table IT).

DISCUSSION

From the measurements of the indices, some examples can be extracted. In
Fig. 1, the difference in behaviour of solutes on the two pure stationary phases is
compared. The retention index of l-cyanopropane, a rather non-polar solute,
increases linearly with temperature, whereas I values are higher on C5,-OH, because of
the interactions, as expected. For a polar solute like 1-butanol, /is similar to that of the
cyano compound on C,g, but on C;,-OH its behaviour is quite different, because
I decreases with temperature.

At a constant temperature such as T = 130°C, as shown in Fig. 2, I increases
going from a non-polar to a polar stationary phase. I of both of the two solutes
increases as the polar phase concentration increases.

The two graphs in Figs. 3 and 4 show that the solutes can have very different
behaviour when the phase composition is modified. If the solute is 1-cyanopropane
(Fig. 3), I increases linearly with the temperature whatever the stationary phase
composition w may be.

70073

650 } polar phase

650

600 7 :____:_____’_"__s_—gﬂ } non-polar phase 600

550 T T T —>» T[°C] 550+ T T —— W
90 110 130 150 . 170 0.0000 0.3333 0.6667 10000

Fig. 1. T values as a function of column temperature (90, 110, 130, 150 and 170°C) on the pure stationary
phases. Solutes: @ = 1-cyanopropane: x = 1-butanol.

Fig. 2. I values as a function of w = stationary phase composition, at constant temperature T = 130°C.
Solutes: @ = l-cyanopropane; x = l-butanol.
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Fig. 3. I'values as a function of column temperature (90, 110, 130, 150 and 170°C). w is the stationary phase
composition. Solute: 1-cyanopropane.

Fig. 4. I'values as a function of column temperature (90, 110, 130, 150 and 170°C). w is the stationary phase
composition. Solute: 1-butanol.

For 1-butanol as the solute (Fig. 4), I increases linearly with the temperature on
C,s but decreases as w increases, i.e., with increased polarity of the stationary phase.

In conclusion, we can say that the I values are well adapted for a comparison
between two stationary phases.

All the above data can also be compressed and reduced to an explicit
three-dimensional diagram [10] using /, T and w as coordinates.

CONCLUSIONS

It should be noted that the results of the investigation on column packings
prepared with two pure substances combined in different proportions allow the
characterization of these two phases.

Finally, the retention indices obtained in this study will allow the determination
of thermodynamic parameters useful for a further explanation of molecular interac-
tions in gas chromatography [11].
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