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SUMMARY 

The gas chromatographic behaviour of the widely used “Apiezon” stationary 
phases was evaluated, taking into account several parameters. Paraffins and other 
homologous series were analysed at temperatures ranging from 50” to 3oo”, on 
Apiezon L, M and N, at liquid phase concentrations ranging from 2.5 to 20:/o, and 
a carrier gas flow rate from 20 to 40 ml/min. Linear retention plots were obtained, 
and characteristic parameters for all the homologous series, phase concentration and 
temperature were calculated. The use of these parameters will permit the identi- 
fication of many compounds without the use of standard samples. 

INTRODUCTION b 

From the early days of gas chromatography (GC), “Apiezon”* greases have 
been widely used as liquid phases for the separation of many classes of compounds. 
Literature reviews report over 300 papers where Apiezon greases have been used as the 
liquid phase. In spite of this, no systematic evaluation of the separation characteristics 
of the various types of Apiezon has been made with respect to analytical parameters, 
such as temperature and liquid phase concentration on the support. 

MATERIALS AND METHODS 

The analyses were accomplished by means of a Varian Aerograph Model A 350 
gas chromatograph, equipped with a thermal conductivity detector and linear 
temperature programmer. The temperature readout was made with a standard 
thermocouple pyrometer and with high precision thermometers installed in different 
positions in the column oven. The inlet pressure was measured directly at the injector 
septum by a Bourdon type pressure gauge connected by means of a hypodermic 
needle, Due to the large cliameter of the tub&g connecting the detector to the 
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l Apiczon is a rcgistercd traclo mark of Shell Chemicals. 
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atmosphere, the outlet of the column was practically at atmospheric pressure, which 
was frequently monitored with. a barometer, 

The flow of the carrier gas was measured with a bubble flow meter and corrected 
to standard pressure and temperature. 

cozatmas 
Copper tubing of & in. 0.P). was used for the preparation of columns. The wall 

thickness was 0.5 mm, and therefore the internal bore had a cross-section of about 
3.S mms. The tubing was thoroughly washed with Irexane, acetone and ethyl alcohol, 
and warmed under a flow of nitrogen to clean the inner surface. The columns were 
coiled in a helix, IO cm in diameter, and packed under vacuum by connecting one 
end to a rotary vacuum pump and gently tapping the coiled column while the station- 
ary phase was added from the other end by means of a funnel. rso-cm long columns 
were used. 

The support used was Chromosorb W (Johns-Mansville), acid washed, Go-80 
mesh. The product was screened before ancl after impregnation, in order to ensure 
constant mesh size. The true density of this support was 2.2 g/cm3, and the packed 
density was 0.24 g/cm3. Apiezon L, M and N were used as liquid phases. The physical 
characteristics of these three greases are given in Table I. The liquid phases were 
used without purification or previously purified by column chromatography on 
activated alumina. The e%Fect of purification will bc discussed later. 

TABLE I 
PROPERTIES OF h~Il3ZClN GREASES AND RISCOhlMlSNDl3D MASIMUM TEMPIZRA’I’URE FOR USE AS 

STATLONARY PHhSItS 

A jhzon 
grade 

L $7 10-11 at zo*c 325 
10-n at 3ooT 

M 44 10-n at 20% 275 
10-s at 2oo”c 

N 43 10-O at 2o”c 300 
10-a nt 250°C 

a From Shell Chemicals. 
b Prom Varian hcrograph. 

The support was impregnated using rnethylene chloride as solvent, and the 
slurries were dried at 70” in large beakers, with manual agitation, A rotary evaporator 
was not used in order to minimize the crushing of the support after impregnation. 
Liquid phase percentages of 20, IO, 5 and 2.5 in weight were used. The filled columns 
contained 0.226, 0.113, 0.056 and 0.028 g of liquid phase, respectively. 

Sanaj?des 
Pure paraffins were obtained from Chemical Samples Co. and from Fluka AG. 

Other products were obtained from Carlo Erba, Fluka and BDM. 

J. Chrom.atogv., 66 (1972) 213-228 



EVALUATION OF THE I'ROFl3RTIES OF r'fk~I@%ON" GREASES IN GLC 215 

The liquicl samples were injected directly by means of Hamilton microsyringes, 
and a synchronized signal was given to the recorder to mark the time of the injection 
exactly. Solid samples were dissolved in ethylbenzene. 

In order to compare the performances of different types of Apiezon greases, a 
comparison was made between the results of analyses of pc-paraffins at various 
temperatures. Naturally, due to the well known depenclence of retention time on 
column temperature, the analyses had to be accomplished with different blends of 
paraffins, in order to avoid too long an analysis time or too short a retention time, 
which are difficult to measure exactly. Table II gives the range of carbon numbers 
analysecl on each column at various temperatures. 

IUMUER OF CARUON ATOMS 01’ ?I.-PARAFFINS ANALYSIIJ~ AT VARIOUS CONCBNTRATIONS 017 LIQUID PI-IASE AND AT 

)IBPERENT TE~IPIZRATURES 
----- ---.----.... -.-..-.--.- . .-- .-.-... ..__--.-. .-- .---. .-- .~ .--.. __. . ._...._ -..-.-.. . ^ .._.. .--.-.- _--- .--.. . ---. ..-. ~--- 

Q$iczon Liquid plinsc Col2wan t~?~~~~jwrcctwc (“C) 
vadc concentration - - 

(%W) 50 75 roo r,“s I.50 175 200 22 5 a.50 27.5 300 
..--.--_.-- ..__..___ _.__._.~__.__ ._.... - _ ._ .-. _... _.. ..-_ ..-._ .._ ~. .._.___ -_.. __..... -.- .._.__....... 

a, lu, N 20 T-10 I-l I S-J;! 5-12 S-12 8-17 IO-19 IO-22 

4 X0 5-12 5-12 5-15 5-15 7-18 ro-rS 10-19 17-2s 
a 5 IO-ICJ IS-24 IS-ZS IS-32 

A 2. 5 I S-32 22-36 

I--- .-----.--..--. ---.-..- -._...-._-.... ..- _.... -. __ . __ .-- .__. -..- ..- _._...._...._. __. .._. _ .._.._. __.._ ..__ -___.- __.._ -_- ^.._ -__-- 

The analysis of heavy products has to be made at high temperatures on columns 
with a low percentage of stationary phase, and therefore pt-paraffins with IO to 36 
carbon atoms were analysed on columns with 2.5 to 10% of Apiezon L, at’temper- 
atures ranging from 175 to 300~. Only Apiezon L was used for low-concentration 
columns, clue to its lower vapour pressure, which makes this grease very useful for 
high-temperature analysis (see Table I). 

The results of the columns at 20% concentration can be easily extrapolated 
for Apiezon M and N columns at a lower concentration, by comparison with the 
properties of Apiezon L, 

Calculntions 
The calculations were performed on the IC 10070 computer installed,in the 

Centre for Automatic Calculation of the University of Genoa, using Fortran IV 
programsl. 

ESPERIMENTAL AND RESULTS 

The dependence of the flow of the carrier gas on column temperature and 
,,: >J. concentration of the stationary phase was examined. The inlet pressure necessary 
ss for a constant flow depends linearly on temperature, as can be seen from Fig. I, 

where the complete lines show the behaviour of ,the inlet pressure P at a concentration 
of ZOO/~ of stationary phase, and the dotted lines the behaviour at IoO/~. Black circles 
represent experimental values obtained at a zoo/, concentration of Apiezon. 
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P 
(centipoises) 

50 100 150 200 250 WC) 

-0 

-0 

-0 

.03 

1.025 

.02 

l?iF 1. Inlet pressure for three flow rntcs (outlct at atmospheric prcssurc) with IO”/ and 20% of 
Aplczon L, and absolute viscosity ,U (whito circles) as a function of nbsolutc ten~pcraturc. - - -, 
10%; -, 2oo/o. 

In Table III the coefficients are given of the equation: 

P = cg + c,T 

where 

P = inlet pressure of the column (absolute atm) and 
T= column temperature (“I<). 

TABLE III 

(1) 

COEIWICIENTS OF THE EQUATION P = C o -t_ C;f, WHICII SHOWS THE DRI’l~NDENCX OF THY3 INLRT 

PRESSURE OP THE CARRIER GAS ON THE TI3MPERhTWRE OP T1115 COLUMN, AT A CONCENTRATION OF 

10% AND 20% OF APIEZON L 

Hdium. flow vale cl ( x 103) Gl 
(nil/n&a) 

6 (20%) - co (row 
--- 

10% 20% 10% 20% 

20 3.94 3.93 0.861 0.895 0,034 
30 .1..88 4.85 o.g22 0.954 0.032 
40 5.20 5.19 1.202 I.239 0.037 

-_____--.___ 

Both cO and cl increase with the flow. c1 has the same value for columns containing 
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both I0 y0 and 20% of liquid phase (i.e., the pressure behaviour is parallel), while co 
shows a constant difference of about 0.03, because the lower concentration of station- 
ary phase causes a smaller lz&essure drop in the, column. 

The increase of P with temperature depends mainly on the increase of the 
viscosity of the carrier gas. Fig. I also indicates, with white circles, the values of ,U 
(absolute viscosity) in centipoises, and one can see that the behaviour of the inlet 
pressure closely follows the viscosity, This dependence of the column resistance on 
temperature makes careful control of the carrier gas flow rate necessary at every 
change in column temperature, in order that ‘the retention times for an analysis may 
be compared at different temperatures without errors due to flow variation. 

Scfxwution of j?xwa#ns 
A first evaluation of the separation properties of the different types of Apiezon 

was made by plotting the logarithm of the adjusted retention times t8 (given by total 
retention time minus the gas hold-up time tm)fJ as a function of the number of carbon 
atoms in the paraffin. This kind of representation gives a straight-line equation of 
the type: . 

log If8 = n, -I- al 32 (4 
where 

?% = number of carbon atoms and 
a, and a, = constants dependent on flow, temperature and concentration of 

stationary phase. 
The graphical representation of eqn. 2 give., c a series of straight lines with a 

decreasing slope when the column temperature increases. n, therefore depends on 
the temperature; this will be discussed later. 

It was observed that at the same temperature, flow and concentration, the 
three stationary phases tested (L, M and N) give very similar values of a, and til. 
The small variations are completely random and probably due to small differences 
in experimental conditions. The largest difference observed between the three 
Apiezons is of the same order of magnitude as that which would be given by a 
difference of temperature of 3-4”, or by a variation in the concentration of the 
stationary phase from 20% to ICJ~O/~, As these variations are normal between anal- 
yses made in different laboratories or at different periods of the column life, it can 
be deduced that the three Apiezons are completely interchangeable from the point 
of view of their separation properties. As Apiezon L has a lower vapour pressure and 
allows higher operating temperatures, it seems reasonable to employ mainly this 
type of grease. 

The majority of the published works that report separations on Apiezon greases , 

confirm that Apiezon L is the one most widely used. (In 280 papers examined, 213 
used Apiezon L, 33 Apiezon M, II Apiezon N, I each Apiezon C, H and Q. Other 
authors do not specify the grade of Apiezon used.) 

. ..I Eqn. 2 gives values of Ito and a, quite independent of the type of Apiezon, but 
the dependence on carrier gas flow rate and on the percentage of stationary phase 
still remains. Differences in flow and variation of the stationary phase concentration. 
cause a change in a,, i.c., a parallel shift of the plot, while variation in temperature 
produces a change in as. For example, Fig. 2 shows the plots of log te as a function 

l J. Chromntogr., 66 (1972) 213-22s 
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L _d-- 

9 10 11 12 13 14 n 

‘Fig, 2. Logaritl~m of ncljustccl rctcntiorl tinic of 12-paraffins verstrs the nunilxr of carlIon atoms, 
tcmpcraturc. carrkr gas flow rate and pcrccntsgc of Apiczon L. 

of PZ for zoo/ and x00/O concentrations of Apiezon L with three different flow rates 
at IOOO and 2oo°C. To deter-pine the dependence of retention time on temperature 
(without the influence of flow rate and concentrrztion), VII, the speciiic retention 
volume, was used instead of tR (ref. 3). The specific retention volume VU is given by 
the equation : 

where 
WL = grams of licluid phase; 
Ts - temperature of separation in “IL and 
Vp = retention volume corrected for temperature and pressure. 
Vezl can be calculated with the formula: 

PX 
Vr 

Ts 
= tr@pnqy- 

111 

where 
ts = adjusted retention time (see eqn. 2) ; 

(3) 

(4) 
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f = pressure correction factor; 
F m = linear gas flow rate, measurdd at T,,,, in ml/min; 
7-s = column temperature in “I< and r. I 711 = temperature of the flow meter in “I<, 

219 

The calculation of I/“, which is very clilkult fo achieve exactly, due to the 
high precision required for the measurement of the variables involved, gives interest- 
ing results. All the infinite parallel lines represented by eqn. 2 and dependent on the 
variation in flow rate and concentration are replaced by a single straight line of 
equation : 

log V/g = d” -t_ d, 72 (5) 

At constant _tcmpcrature, the largest difference in log Vg of a given substance is 
about 0.02 for a flow variation from zo to 30 or 40 ml/min, and about 0.04 for a 
decrease of concentration of stationary phase from 20% to 10%. 

All the analyses on clifferent columns at various temperatures can tliercforc 
be plotted as a series of straight lines of different slopes d, (see I<&. 3). It must be 
pointed out that the values of & are tile same as those previously calculated for LEE, 

1 

log ts 

?r-------- 10 n - 

1 

Fig. 3. Logaritlitn of specific rctctitioti volttnic Vu nnd of acljustccl rctcntion titnc t8 z1c’Yystw tlw 
number of carbon ntotna for tlw n-lxwaffins at: cliffcrcnt tcmpcraturcs (column, Apiezoti L 20$$ : 
flow rate, 40 ml/ttiiti). 

,I. Ciwonaalogv., GG (1972) 213-228 



220 G.CASTELLO 

and therefore the new lines representing eqn. 5 have, on the same scale, a behaviour 
parallel to the lines representing eqn. 2. Thus, it can be seen in Fig. 3 that both 
eyn. 2 and eqn. 5 can be represented by the same series of lines, simply by changing 
the ordinate. , 

a, and d, show small and irregular variations with temperature, which may 
be due to errors of extrapolation by the least squares method. 

It is interesting to observe that all the lines have a common point, with 
approximate coordinates log t8 = -1.9 at N = 0.8, and log V,, = -0.1 at n = 0.5. 
This behaviour of the plots indicates that methane is also retained on Apiczon 
columns, and if it were not retained on the stationary phase, VII = o would be 
obtained at all temperatures. On the other hand, log V/a for methane is inversely 
proportional to temperature (see Fig. 4). 

4 

log vs (CH4 1 

I.15 

0.l o- 

0.05. 

QOO- 

-aos- 

1 
0 100 200 300 r(t) 

Fig. 4. Logarithm of the specific retention volume of methane uerszis column temperature. 

Sometimes the retention time of methane is taken as a measure of the gas 
hold-up time t r,,, especially when a flame ionization detector, insensitive to air, is used. 
Measuring t m in this manner can produce errors that increase when the temperature 
of analysis decreases, due to the fact that V, for methane is not equal to zero. 

The dependence of the retention times on temperature can be expressed in 
terms of slope variation. Fig. 5 shows the values of slope d, (equai to al, as previously 
seen) as a function of column temperature. The coincidence between the values for 
columns with different concentrations of stationar?; phase is vev satisfactory. The 
dependence of 41~ and d, on absolute temperature T is given with good approximation 
by the following equation: 

d, = h, + b, f (6) 

J. CA~omalogr.. 66 (1972) 2x3--228 
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0.4 

a' 

0.2 

0.1 

I, 
0 SD 100 150 200 250 300 

Tea 

Fig. 5. Values of the slope & (equal to a,, see text) VCYSUS column 
ccntr,ztions of Rpiczon L. q , z‘s%,; 0, 5% ; A, ~0%; 0, ZOO/,. 

Journal of Chromatography, 
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tcApcraturc at cliffercnt con- 

Fig. G. Values of the slope d, and a, ns a function of the reciprocal of the absolute tcmpcraturc of 
the column. 
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d.~., the plot of 6z1 and d1 vs. the reciprocal of absolute temperature is linear (Kg. 6) 
Eqns. 2 and 5 can therefore be modified to: 

log t, = I+)??. -I- ZJ,, + + a, 

log V, = f&g?. -t_ lI+ + d” (8) 

The general equation proposed by A~nrzos~s cl al.” and P~JRNEIL~, allows the 
theoretical calculation of I/, : 

V _ 273 R 
w- 

Y fionfl 
(9) 

where 
273 I? = 1.7 X 10' if Ii (gas constant) = 6.3 x 10” ml. *mm - mok+ * &g-l; 

PO = saturation vapour pressure of the nnalysed substance (torr) at the 
temperature of analysis ; 

Ml = molecular weight of the analysed substance and 

Y = activity coefficient, 
From eqn. 9 tlic following can be deduced: 

As it is clifficult to know what the activity coeficient is, theoretical values of 
log V, can only be calculated from eqn. CJ if one assumes that tile solutions are ideal, 
that is y = I (ref. 5). The equation therefore becomes: 

log I/” = 
log 1.7x IO' 

a 
- 1wpo (11) 

t 
4- 

I 
n-undecanc 

‘\ n-octane 
h / 

3- a 

0 
0 

9 eJ 

if! 
2- 0 

0 

a 
n-butane 

r -- 
1 . 

0 1 

\ 

2 3 4 5 

&I PO 

Fig. 7. 1Sxporimontnl log V, as r7. function of log pO (siitinxtion vapour pressure) for n-paraffins 
at 50” and IOOYI. 0, 50%; 0, IooT. 
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This ideal solution equation is not fully verified by our experimental results, 
Although the plot of log T/, vs. log $, (Fig. 7) is linear and, for 92-par&Ens, the values 
at different temperatures lie practically on the same line, a difference (decreasing 
with the number of carbon atoms and temperature) was observed between the 
calculated (from ecln. II) and experimental values of log vg (see Table IV), The 
actual values of log V, are lower than those obtained from the “ideal solution 
ecluation”, and the ohserved differences may be attributed to the fact that the term 
i-log y differs from zero. It should 
coefficient y from these dif*erences, 
atures. 

therefore be possible to calculate the activity 
for the various compounds at different temper- 

LOGARI’K’I-IhI 01~ TIIIS SATURATION VAI’OUR 
_ _ 

l~S1’ISRIhll~N’l’AI. LOG I’, AN13 TIIOSIS CALCLlLA’l+lEI> \VITfI EQN. IO, AT 50” ANIl 100°C 
. -... .---...... --. -...-_.--..- .--- --..--- - . . .-- -.--..- - _......_.. .~ . ..-._. ..-.. -_----.--_ .._...^. - . ..-. -..--._ . . . . ..__ --- . . ..-... _ . . 

% (“C) *a-Pnrcl~i~It hJ&’ /Jo Log 1’ u 
_-_ IL 

og v, (cdc.) - 106,’ I’” (rxptl.) 

&Ill. Calc. 
- --...-- ._-----_--I-- --..--.-...-- - .-_. -.--- -.. . ___ ..------_ .-- ..__.. __. 

50 Ihltanc 3.58 1 * 4 3 I.SY 
Pcntanc 

0.45 
3.09 1.87 .2.28 

I-1 cx;Lnc! 
0.41 

2.61 2.31 2.68 

I-1 cptan c 
0.37 

2.17 2.75 3.06 0.31 

Octane 1.71 3.19 3.46 0.27 

I CC 13utanc 4007 1.02 - 1.39 0.37 
l.-‘(?nta.nc 3.60 I.35 1.78 
l-JCX~~tlC.! 

0.43 
3.29 1.G7 2.01 

I-lqe-lnc 
0.3-I 

z.E)I. I.99 2.32 0.33 
octnnc 2.5G 2.31 2.a 0.31 
Nonanc 2.20 2.03 2.91 0.28 

Dccanc 1.H7 2.96 3.21 0.25 
- ----.- ..--.._...-- ---._----.. ..--- _.._..____ ___._. _______ ____ - - 

The theoretical eqn. 11 is similar to the experimental eqn. S. The first term of 
eqn. II is in fact proportional to tile number of carbon atoms 18, as for the normal 
paraflins : 

1111 = 14.027 32 + 2.01G (12) 

The vapour pressure p,, (second term of ecln. II) is directly proportional to u and 
inversely proportional to the temperature. Tile third term (-log y) is similar to rE,. 
The average of the difference between log v/B (cnlc.) and log 1/g (exptl.) in Table IV is 
0.36 at 50°C and 0.33 at IOO”C, while the mean values of d,, taken from experimenta 
data at the corresponding temperatures are 0.37 and 0.32, respectively. 

Hy definition, &, is constant if the temperature of analysis is constant, but the 
last column of Table IV shows a decrease of the difference between log 1;/‘, (talc,) and 
log V/D (exptl.) with the increase of 32. It is not clear if this deviation is due to the fact 
that the values of $+, were calculated by interpolationU and have an increasing 

(.’ uncertainty when ?z decreases, or if the plots of log 1/11 vs. it (Fig. 3) are not perfectly 
linear. 

Tile former hypothesis seems to be the more reliable, as the logarithmic 
dependence of retention values on the number of carbon atoms of the molecule is 
one of the most verified correlations of GC”#“. 

J. Clwonrnlqy,, 66 (1972) 213-22s 
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The data reported. in Fig. 7 and in Table IV show that the slope of the plot 
log 1/11 ZIS. log PO is greater than I. This means” that the retentions of successive 
homologues are greater than would be expected on the basis of their vapour pressures. 
The separation of paraffins on Apiezon greases is thus a sort of “superdistillation”, 
i.e., the separation obtainable is better than ideal distillation. This fact is in agreement 
with the well known efficiency of Apiezon in separating hydrocarbons with the same 
boiling points. 

Analyses of other Izomologous series 
After the paraffins, several members of other homologous series were analysed 

with the same columns and under the same conditions as above. 
The compounds analysed were : pc-alkyl iodides, ~alkyl chlorides, ut-alcohols, 

methyl ketones and acetates of normal alcohols. 

VALUES 01’ d, FOR 1>11~‘1+‘ERENT SERIISS OX’ COMPOUNDS AT VARIOUS TEMPERATURES FOR TWO CON- 

CENTRATIONS OB STATIONARY PI-IASIE 
_--. -.---..---.-~ ---.--.-_-._---_---.-.-.-..- -.----_~ ._-.- 

IZornologo~ics series Xemnfieratzrre (“C) 10% A~&3~0~~1 L 20% Rpiczo~ra L 
- 

?I-Pnrnflins 50 -0.55” -0.398 
100 -0.43G -0.315 
150 -0.35 J - 0.290 

. n-Alkyl ioclicles 50 1.3I.g 1.4G3 

100 0.953 I.077 
150 “077’ o.8Hz 

It-Alc01101s 50 0.585 0.593 
100 0,289 0.346 
150 0.139 0.235 

hcctatcs 50 0.28g 0.365 
TOO 0.107 0.149 
150 0.027 0.027 

RlfAhyl 1cct011cs 50 0.273 0.215 
100 - o.oG8 

N-Alkyl chloriclcs 150 0.238 0.375 

Tables V and VI show the values of d1 (equal to n,, as shown) and of d,, respec- 
tively, for the series of compounds cited. From the reported data one can see that 
the slopes (d,) for any series are practically the same for the three flow rates and for 
the two concentrations tested. The differences are in the range of the experimental 
error. All the compounds show a regular variation of slope with the temperature, 
and every homologous series thus gives straight lines similar to those shown for 
the +paraffins in Fig. 3. 

.I. ‘I’he lines for the different series have a shift with respect to the qz-paraffins, 
as can be seen from the different values of do, but at every temperature they are 
parallel, with the exception of the methyl ketones, the slope of which is greater. 
Fig. 8 shows the lines for several series at 50°C and a flow rate of 20 ml/min of carrier 
gas, on a column of Apiezon L with 20% of stationary phase. 

J, Chrornatogr., GG (1972) 2x3-22s 
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COMPARISON 13lCTWUEN MOLECULAR WEIGIIT AND HOILING POINT OF TIIIS FIRST TERM 012 IEVERY 

MOMOLOGOUS SERIES AND ITS RIETIENTION TIME ON 20’5, hPIl3ZON ja (20 llll/IlliIl flow IXto) AT ‘I’I-IREE 

Tl~1:XII’ISRATURlbS (50°, IOOO, 150°C). 

Conlpolr~nd A!Il I3oiZillg poiwt (“C) Iictcntbn time, tR (,rtrilc) 

.;o”C TOOYZ 150°C 
------ -_ -- -_ ----- .._-. - 

&lCth~lllC! 16.04 -161.5 0.020 0.017 0.017 
mt11y1 alcollol 32.04 G4.6 0.18 o.oc_) o.oG 
Pvlcthyl cliloriclc 50.49 -24.2 - - 0.08 
13imcthyl lcctonc 5S.08 56.5 0.55 0,.22 - 

Blcthyl ncctntc 74.08 57.1 0.60 0.24 O.I2 

Methyl ioclitlc 141.95 42.5 l-23 0.48 0.28 

- 

The alkyl chlorides are not reported in this figure, as a minimum temperature 
of 150°C is necessary for the analysis, but Table V shows that their values of d, at 
this temperature are quite similar to those of 9z-paraffins and this means that chlorides 
also have parallel behaviour. 

The fact that both d, and dl decrease with temperature for all the series 
examined shows that the common point of all the lines (see Fig. 3) is below 12 = o. 
This means that in the range of temperatures normally used for GC, every member 
of these series can be separated from the others on Apiezon columns. 

The separation of compounds belonging to different series is always possible, 
not only between products with tile same number of carbon atoms gz (as demonstrated 
by the difference of d,) but also between compounds with different ~8, wllen the lines 
have, along the abscissa, distances different from multiples of $2 (see Fig. 8). An 
exception can be seen in Fig. 8, due to the different slopes for the acetates and methyl 
ketones, whose lines intersect at 7~ = 5. Propyl acetate has therefore tlic same 
retention time as methyl propyl ketone at this temperature and with this flow rate. 
Generally speaking, the differences between a, and L?,, although small, allow the sep- 
aration to be achieved by changing the temperature. 

When the shift between the parallel lines of Fig. 8 is large, an identification 
of the chemical species can be obtained on the basis of the value of &, because the 
distance between the members of different l~omologous series is much greater than 
the experimental variation due to column flow, temperature and concentration of 
the stationary phase. 

Similar plots, obtained with a different column of bigher polarity, can confirm 
the nature of the compounds wllen the distances between the plots in Fig* 8 on Apie- 
zon are insufficient to permit identification3 but, in the majority of cases, the careful 
control of tlie analytical parameters gives small experimental errors and allows one 
column only to be used for identification purposes, with consequent savings in time. 

The use of a computer program is now in progress to evaluate the analytical 
results and to allow automatic identification of the compounds analysed. 

The separation of different substances depends approximately on their molec- 
ular weights, as can be seen from Table VII and Kg. g, where the retention times for 
the first members of each homologous series are reported. On the other hand, the 
behaviour of the boiling points is very different from the retention times, due to the 
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Fig, 8. Jaog V, UCYSUS the nurnbcr of carlmn ato~ns in tliffwcnt l~on~ologous scrics. Column, 20% 
hpiczon L: tcrnpcrnturc, 50°C: flow rate, 20 tnl/min. 
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mol. wt. 

Fig’. 9. Atljustcd retention tinw of the first term of cacli ho~i~ologous scrics as a function of molcc- 
ular wciglit and tompcraturc. 
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influence of hydrogen bonds, This contirms that although hpiezon is an apolar phase 
the phrase sometimes found in GC manuals : “On apolar columns separation takes 
place according to the boiling points of the substances analysed” is not correct. In 
fact the retention time depends chiefly on molecular weight and not on the boiling 
point when different chemical groups are present in the molecule. 

When the Apiezon was used as received, with its characteristic yellow-brown 
colour and without purification, some effects due to a small degree of polarity were 
observed (tailing and non-linearity of retention plots), but after purification by column 
chromatography on alumina’ the colour disappeared and apolar behaviour was fully 
restored. It seems probable that the slight polarity is due to the presence of some 
imptiMes, as infrared spectroscopy of the original Apiezon has shown the presence 
of carbonyl and carboxylic compounds whose characteristic bands were completely 
absent from the spectra of the purified fractions. * 
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