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SUMMARY 

Capillary columns containing the thermostable stationary phases Dessil 300. 
OV-I and SE-30 were evaluated for the separation of high-boiling alkane mixtures. 
The best results were achieved with the Dessil 300 column. A highly efficient (IV = 
175 - IO3 effective plates for tridecane with k = 3.4 and TZ = 56 for C,,/C,,) and 
thermostable (up to 37O’C) glass capillary column was prepared and used for the 
separations of the alkane fraction of oil lubricants_ The individual components of the 
fractions were identified by means of gas chromatography-mass spectrometry. 

INTRODUCTION 

We ha\-e attempted to separate high-boiling oil fractions in order to relate their 
properties to the chemical structures of the compounds present in the mixtures. The 
structural analysis of high-boiling (4OO’C) oil fractions is very difficult. owing to the 
presence of a large number of isomers with a wide molecu!ar mass range. The most 
frequently used technique is the combination of a precise distillation with a chroma- 
tographic separation into fractions by elution with zz-pentane and then mixtures of zz- 

pentane with benzene’. The fractions are analysed by mass spectrometry with 
electron-impact (EI) ionization for group analysis. Owing to the nature of the elec- 
tron ionization phenomenon, the mass spectra obtained in this way, in spite of the use 

of ener_gy close to the ionization ener_q, constitute a very detailed record as a result of 
the presence of a molecular ion as well as of fragmentation ions. 

Although the results for aromatic compounds obtained by EI mass spectrome- 
try (MS) are satisfactory. one cannot apply this technique to saturated hydrocar- 
bon&3_ Field ionization (FI) gives better results~, and has proved useful both for 
aromatic compounds in the products of coal liquefaction” and for saturated hydr.o- 

l Presented at the 17th International S_mnposiutn on Advances in CJ~ronu~ogrupJ,,; Las Vega& Nlw, 
April 5-S. 19SZ. The majority of the papers presented at this symposium ha\+ been published in J_ 
Chromarogr.. Vol. 239 (1952). 
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carbon@. Hovvever. analysis by MS results in the common detection of all isomers 
that have the same molecular weight. 

Gas chromatography (GC) on packed and capillary columns has long been 
used for oil analysis_ Stationary phases with hi& temperature limits allow one to 
analyse oil fractions with boiling temperatures up to 53S’Cr. The efficiency of the 
packed column used, howe:er, did not allow the identification of the components 
except for n-alkanes. whose peaks dominated in the background of the “hump”_ 

The increasing risk of environmental pollution by oil and its products has led 
to the development of precise methods for the ?ingerprinting” and identification of 
oil sources-. and methods for identifying oil pollutants at trace concentrations have 
been devised. The main problem is the identification of oil pollutants in the presence 
of a background of hydrocarbons that exist naturally in the environmen?. 

The use of capillary columns greatly increases analytical capabilities_ Thus. 
GC-&lS lvith a crtpillary column has become a routine technique in the oil-refining 
industq_ The temperature limit however, is. 300-C. It was our aim to increase this 
limit to 360-370-C \vith retention of the efficiency of the columns. In this paper vve 
present the results of our esperiments on the application of capillary columns con- 
tsinins Dessil300 as the stationary phase to the analysis of Iz- and isoalkane fractions 
of petroleum with the use of GC-MS. 

EXPERIMEETAL 

The ssparation of the mixtures examined and the capillary column tests were 
carried out with a Varian Aerograph Model 1400 gas chromarograph, which had 
been modified to accept a glass capillary column_ An all-glass inlet system with split- 
ting ratio of 120 was used. The glass injector was filled with a small amount of GC 
packing in order to break the aerosol formed durin g the injection. which helped to 
avoid the injection discrimination of high-boiling compounds_ Helium was used as the 
carrier gas. The capillary column was joined to a tlame-ionization detector through a 
make-up system ivith an additional gas flow of 25 cm3imin. A Philips Pi&l 8220 
recorder wxs employed_ 

Coirnm preparurioil 
Soda-lime or borosilicdte glass capillaries were drawn from 1.2-m tubes using 

Hewlett-Packard glass-drd\ving and coiling apparatus_ The tubes to be drawn were 
prepared according to Novotn$ and Zlatkis’ by successive rinsing with acetone_ 
methylene chioride, 1 T, aqueous potassium hydroxide and methanol and dryinS 
under \-acuum. Capillary columns of 100 m x 0.03 cm I.D. were drawn. Smooth or 
roughened inner wall capillaries were used for coating following the deactivation step. 
The inner walls were modified by leaching with 20 y; hydrochloric acid at 15O’C for 
12 hr’. deposition of Silanos 101 particles by a dynamic method” or during the 
drawing procedure” or by deposition of barium carbonate13. The glass capillaries 
were deactivated according to one of the following treatments: with trimethylchloro- 
silane at ambient temperature14. with hesamethyldisilazane at 4OO’C’s or with Car- 
bowas 201&l at 300C’6. 

The coating with stationary phases was carried out by a dynamic or static 
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method (vacuum empIoyed at room temperature). The columns were tested before 
use for acid-base behaviour by means of the Grob test mixture”. 

Mass spectrometrj 
Direct MS analyses of alkane fractions were carried out with a Varian-MAT 

7 1 I double-focusing mass spectrometer. Electron-impact mass spectra of alkane mis- 
tures were recorded at ionization voltage 10 V, acceleration voltage S kV, trap 
current 100 PA and ion source temperature 26O’C. The samp!es were introduced into 
the ion source through a reference inlet system at ZOO’C. Field desorption (FD) 
fingerprintins was obtained with a combined FD-FI-EI source with an accelerating 
voltage of 8 kV and an additional potential of 3 kV_ The emitter was a IO-icrn 
tungsten wire activated in a Varian apparatus. 

GC-MS analyses were performed usin g an LKB 2091 mass spectrometer cou- 
pled with a Pye 104 gas chromatograph through a two-stage jet separator. The capil- 
lary column was connected to the injection port with a splitting ratio of 1 :lb and to a 
separator with an additional make-up flow of 30 cm3/min. The mass spectrometer 
was operated at a source temperature of 27O’C. molecular separator temperature 
25O’C. ionizing voltage 70 V. accelerating voltage 3.5 kV and trap current 50 !cA. An 
MS-computer system provided cq’clic scanning from m/e 10 to 650 in 2 sec. Gas 
chromatograms were obtained as the computer-reconstructed traces of ion currents. 
The decrease in capillary column efficiency in a CC-MS run did not esctyd 15 :‘, of 
that in GC. 

The alkane fractions involved in these experiments were prepared from 
vacuum-distilled oil lubricant fractions of crude oil by successive steps of refining and 
deep deparaffination. Then the use of’ vacuum at successively lower pressures and 
higher temperatures provided distillates havin, = boiling ranges of L’U. 390105, 405 
420. etc., up to 55O’C. The conditions of the distillation were such as to avoid any 
measurable sample decomposition. 

The nest step, liquid-solid chromatography on a column containing both silica 
gel and aIumina. separated the fractions into subfractions_ Elution with n-penlane 
provided II-. iso- and cycloalkane fractions. which were subjected to subsequent es- 
periments. 

RESULTS AND DtSCUSSION 

GC analyses of high-boiling crude oil alkane fractions require two main fea- 
tures of the columns employed. vi:., high thermal stability and a h&h efliciency at 
elevated temperatures. The latter demand stems from the fact that these mistures 
consist of a large number of II- and isoalkane isomers that usually elute in the same 
mass ranse. Thus in GC analysis they appear as unresolved humps characterizing 
crude oils. The procedure employed here for sample preparation enriched them in 
isoalkanes, which made their GC separation extremely difficult_ 

The thermostabie liquid stationary phases SE-30. OV-1 and Dessil 300 were 
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chosen for separation studies. Table i shows the methods of preparation of the col- 
umns_ Soda-lime and borosilicate (Pyrex) glasses were used for drawing capillaries. 
The glass tubes were deactivated by treatment with ttimethylchlorosilane (TMCS). 
Carbowds 20M or hesamethyldisilazane (HMDS) and dynamic or static methods of 
coating were employed (Table I). 

T-VALE I 

CHXRXCTERISTICS OF THE COLUMNS 
-_ ~- __~._ 

so. Gauss Syfacc treatment Deuctiration Storiomq Couting 
phase procedure 

_~____.____.__.___~ .__--___ 

1 P>rcx Sikinos lOl* TMCS SE-30 DM. 2:,** 
I Pyrex 20”; HCI-_ BaCO, Crubonllx 20M SE-30 SM. 0.2y; J 
3 Soda-lime Silanox 101 HMDS SE-30 D&f. Z “,;*’ 
-: Soda-lime 70”, HCI HMDS ov-I SM O.??;, i 
5 So&-lime 20”, HCI HMDS De.xsil 300 Sk 0.2 9; p 
6 Sotla-lime Silanos 10 1 ; : HMDS De.x.sil 300 .%I o.,y;s 
‘7 SodAims Silanox 101 a: HMDS Dessil 300 SM.i: 0.11 y&J 
-__ __~__-__ 

* Dynrtmic method of Silanos deposition. 1.6”, in cxbon rerrxhloride. 
* Dyn-namIc method. Z PA in isooctzme. 

l ** 70”, hyirochIoric acid Ietching. 
a Stxic method 0.1”- (or 0.11 o - 0 Y s indicxed) in jr-pentanr. 

! z Toriine and Schnautz method of Silmos deposition”. 

_-___-_-- 

Lettgth I.D. (mnr) 

(n1) 
-_ 

30 0.3 
‘0 0.23 
20 0.25 
30 0.17 
30 0.15 
A0 0.3 
35 0.23 

-- 

The performance of the columns (Table II) was described by the number of 
theoretical plates (IZ). the number of effective plates (N) and the separation number 
“Trennzahl~‘. (27)_ The separation number was calculated using the retention times 

TABLE II 

COLUMS PERE-ORXIXSCE 
Cxrier gzsr helium. r, = retention time: t& = adjusted retention time = fn - fM; tu = hold-up time: 
i~-~.~ = psrll; width at half hei@. 

_-- ~~--~- 

-_ -____--_. __._ ~~._.__ __.___ -____ 

I SE-30 750 ? 100 3.3 -IO 1.3 10 17 0.1 
2 SE-30 150 7.6 6i 3.2 ‘5 1.13 7 I3 
I5 SE-30 250 2.5 39 1.95 II 0.7 6 12 
1 OV-I Z-IO “7 -_ 66 2.1 26 0.9 S 17 0.13 
> De.xsil 300 250 1.7 115 3S 16 1.53 10.1 16 0.17 
6 Dexsil300 150 1s 77 1.9 32 0.8 9 17 0.15 
7 De.&1 300 230 L66 l-IO -I 51 1.13 12 16 0.11 
-__ -___ 

I 1, 2 
f n = 5.-s -- _ 

t > “eo.5 
I, 2 

*_v=3_% 3. _ 

t > ‘Lb.5 

- 
- Tz = rR(a) Ix(*) - 1. 

“‘0.5>i + “‘0.51B) 
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of two neighbouring n-alkane peaks in an isothermal run, and varied from 6 to 12 
(Table II)_ This value and the theoretical plate number indicated a preference for SE- 
SO (Nos. 1 and 2), OV-1 (No. 4) or Des&l 300 (HCl leach, No_ 5, or Silanox, No. 7) 
capillary columns for the separation of alkanes. 

Fig. 1 shows the separation between C 23 and GIL of misture I on 20-m SE-30, 
30-m OV-I and 30-m Dessil 300 capillary columns_ The separation on Dexsil 300 is 
much better than that on OV-1 or SE-30. For example, the separation of components 
D and E (Fig. 1) espressed as the ratio of the corrected retention times was found to 
be 1.0275, 1.0276 and 1.0376 for the SE-30,OV-1 and Dessil300 cohrmns, respective- 
ly. 

-1300 

0 

Al! C 

L 
D hk.- C 

w -1 

B JL . 

SE-30 

L 
A . 

A- 
Fig. 1. Comparison of separation of hydrocarbons on Dr.&l 3OO_OV-1 and SE-30 columns. 

The usefulness of these stationary phases for alkane separations is even more 
pronounced if one compares the efficiencies required for baseline separation (resolu- 
tion 1.5) of the critical peak pairs. The values of N,,, obtained lie in the range 30,000- 
140,000 plates; however, those for SE-30 and OV-1 are roughly double those for 
Dessil 300. 

For the Dessil300 column, a thermalstability test was run’*. the column being 
heated between 300 and 410°C for 0.5 h at 1OT intervals and cooled to 24O’C after 
each heating period for evaluation of the efficiency. No changes in the theoretical 
plate numbers were found, but small decreases in the capacity ratios (k values) were 
obtained (Fig. 2) However, deactivation disappeared entirely on exposure of the 
column to temperatures above 330°C. Nevertheless, the column was still of good 
quality and the GC peak profiles were unaffected. 



J. SZAFRANEK er at. 

: 
I 1 . 

3m 350 430 t-c 0 5 70 i5 4 

Fin ’ 
z- -- Capacity ratio of C2, a!kane standard at 240 C after successive heatins beween 300 and -100 C. 

Fig_ 3_ Effect of linear krlociry of carrier gas on separation nu.xxber. 

It nas concluded that the Dessil 300 column was the most suitable for the 
separation of high-boiling alkanes. 

Figs 3 shows the effect of the linear velocity of the carrier gas on the separation 
number for Jr-alkanes with a 50-m Dessil 300 column. The range of the velocity 
modification was restricted to 24 cm;sec because the longer columns show a sharp 
decrease in efficiency above 30 cm/set”. The maximum resolution curve for Czl/G1 
to C,,,JC,, alkane pairs was obtained for a linear velocity of 16 cm/xc. However. a 
velccity of 19 cm/xc, which results in the optimal efficiency and is the most practical 
gas velocity. was chosen for separation studies. 

The gas chromatograms of alkane fractions are shown in Figs. 4 and 5 and the 
retention indices of the most abundant peaks are listed in Tables III and IV. The 
common feature of the chromatograms is a pattern of elution which consists of II- 
alkane and branched-chain and cyclic saturated hydrocarbons. This is a typical fin- 
gerprint of the samples and the retention indices can be used for structural elucida- 
tion_ 

The preliminary low-voltage and FD direct IMS analysis of samples 1 and 2 
(Figs. 6-8) provided an important initial indication of types of compound structures 
and molecular weight distributions_ A comparison of the two ionization spectra of 

sample 1 indicates a preference for the ED rather than the EI technique because 
esclusitely molecular ions and their isotopic species are present in the FD spectra. 
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Fig. 3. Linear temperature-programmed separation of sample 1 on a 90-m Dexsil 300 column pro- 
grammed from 17O’C at l’C,min. For peak identification see Table III. 

Unfortunately, II- and isoalkancs are indistinguishable because of identical mass-to- 
charge ratios. The molecular weight distribution of sample 1 (Fig. 7) ranges from 296 
a-m-u. (C zI alkane) to 380 a-m-u_ (C,, alkane). In addition, some species with un- 
saturation sites are present in the sample- Those with one unsaturation site may 
represent cyclopentane and cyclohesane derivative homologous series_ A progressite 
increase in the ratio of their ion currents to alkane cm-rents with increase in molecular 

170 150 l20 so 64 
Tnne(n-ml 

Fig. 5. Linear temperature-pro_gammed separation of sample 2 on a 90-m Dexsil 300 column pro- 
grammed for IWC at O.S”C~min. For peak identification see Table IV. 
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COMPOUNDS IDENTIE-IED IN S.451PLE 1 AND THEIR KOV_kTS RETEI\;TION INDICES (0 ON 
DEXSIL 300 XT 210-C 
I could not Ix determined for compounds 1-t-W at tlO’C. 

Peak so. Com_pound I 
----- _ .__ 

1 
1 

I 
5 
6 
7 
S 
9 

IO 
II 
12 
13 
i-z 
15 
16 
I7 
I8 
19 
20 
11 
‘2 
23 

x-Hsneicosmc 
2-bfethylhendcosane 
3-blethylheneicosane 
n-Docosane 
-I-%fethyIdocosane 
tMethyIdoccsane 
3-Methyldocos..me 
Heptad~Ic~cIo~ntane 
n-Tricosane 
S-~ferhyItricosane 
I-hfethyltricosane 
‘-\f-*h\Itricosane _I &L _ 
3-Ethyidocosane 
3-Methyltricosane 
Cktadecykyciopentane 
n-Tetracosane 
5-Xfethy Itetrxosane 
-t-Xfethy Iretracosane 
7-\ferhyltetracosane __ 
3-Erhyltricosane 
3-MethyItetraeosane 
SonadecyIcyc!opentsne 
n-Pentacosane 

‘100 
3160.3 
2171.1 

1200 
7’54.6 -_ 
2159.2 
1769.2 
2X1.5 
2330 
127.S 
2355.9 
2360.7 
1366.2 
1371.6 
23S6.1 
‘-IO0 
2-Mi. 1 
1155.6 
2160.5 
2466.6 
24-27 I .4 
2-tS6.1 
2500 

Peak 

2-l 5-Methylpentacossne 
25 tXfethylpentscosane 
16 I-~fethylpentacosane 
27 3-Ethyltetracoske 
ZS ?-hlethylpentacosane 
29 EicosyIcycIopentdne 
30 n-Hesacosane 
31 Nonadeeylcyclohesanr 
32 5-Xlethylhexacosane 
33 -t-&ffrr~;lhe.xacosane 
3-x >-Methyihexacosane 
35 3-Ethylpentacosane 
36 3-Methylhexacosane 
37 Heneicosykyclopentane 
3s n-Heptacosane 
39 Eicosykyclohesane 
10 5-Methylheptacosane 
41 lMethyIheptacosane 
r2 I-Fkfethylhepracosane 
-%3 3-Erhylhenacosane 
-l-l 3-hlethylheptacosane 
J5 n-Octacosane 
ti Heneicosykyclohexane 

- 

COMPOUNDS IDENTIF-IED IN SX?vfPLE 1 AXD THEIR KOVATS RETENTION INDICES (f-l Ox DESSIL 
300 A-l- zzo-c 
I could not be determined for compounds I6 and Z-t-37 at 110-C. 

Peak So. Compound 

1 

z . 

z 
5 
6 
7 
S 
9 

10 
!I 
I1 
13 
ll 
IS 
16 
17 
IS 
19 

n-Tetracosane 
5-Xfethyitetracosane 
-I-i\fethyItetrdcosane 
Z-MethyItetracosane 
3-ErhyItricosane 
3-~ferhylrerncosane 
Sanadecvcvclopentane _ _ 
rr-Pentacosanc 
5-Meth~lpentacosane 
l~MethyIp2ntacosane 
l-Methyipentacosne 
3-Ethyttetracoune 
3-Meth~lpentacosane 
Eicosylcyciopentane 
n-Hexacosane 
Sonadec++ohe.xanr 
5-Methvihexacosane 
IMethylhe.xacosane 
2-hiethylhexacosane 

I 

I-too 

2-XS.1 
1155.7 
7+67 7 -Y -._ 
x67.s 
2GI.S 
2-tss.9 
2500 
2539.9 
1555.3 
1560.1 
2567.3 
2570.9 
1590.2 
‘600 

2637.6 
1655.2 
2659.5 

Peak _Vo. 

‘0 3-Eth$pentacosans 
21 3-.ClethyIhexacosane 
27 Heneicosylcyclopentane 
23 m-Heptacosane 
21 Eicosyicqclohexane 
15 5-&fethylheptacosane 
26 j_MethyIheptacosane 
17 Z-_MethyIheptacosane 
25 LEthyIhesacosane 
29 3-bfethylheptacosane 
30 Docosylcyclopentane 
31 n-Cktacosane 
31 Heneicosylcyclohesane 
33 n-Nonacosane 
33 Docos~lqclohexane 
35 n-Triacontane 
36 Tricosy Icyciohexane 
37 n-Hentriacontane 

2666.7 
2670.5 
1690.6 
1700 
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Fig 6. El mass spectrum (10 eV) of sample 1. 
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Fig_ 7. FD mass spectrum of sample 1. 

300 350 Loo w * 

Fig. 8. FD mass spectrum of sample 7. 

weight is observed, and was found to be 20 7: and 114 72 for Czl and G6, respectively. 
The mass spectrum of sample 2 (Fig. 8) features cyclopentane and cyclohexane 

species ranging from m/e 336 (G& to m/e 462 (C,,) as the most abundant ions. 
Moreover, some ions with two unsaturation sites are also present and may cor- 
respond to cycloalkanes with two condensed rings. 
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The results of direct MS group analysis were found to correlate with those of 
GC-MS studies (Tables III and IV). The mass spectra of the compounds Iabelled in 
Figs_ 4 and 5 were recorded by GC-MS. Co-injection of standards with samples 1 and 
2 Identified the rr-alkane peaks. which were confirmed by mass spectrometry also. All 
zz-alkane mass spectra showed a small but measurable molecular peak. the intensity of 
which \ aried from 1.6 7; for CZ1 to 0.5 y; for C?,. The other mass spectral features 
xvere typicai of unbranched alkanes’“. 

The mass spectra of some GC peaks appearing between n-alkane peaks (F-igs. 4 
and 5) revealed branched site features. These are seen to be described by the ions of 
M--X at higher mass ranges”. Thus prominent ions corresponding to M - 43 and IM 
- 15 suggest a 2-methylalkane, but the M - 29, M - 15 and M - 57 ions indicate a 
j-methyl isomer. In turn_ 4 and 5-methyl isomers could be fairly easily characterized 
b:: hl - 43 and M - 57 ions_ respectkely. The remaining branched isomer. which 
rexaled M - 29 and M - 71 ions. might be a 3-ethyl isomer. Cyclopentane and 
cyclohesane homologous alkanes pro\ ided mass spectra with significant molecular 
ions. The saturated ring in a hydrocarbon mass spectrum is demonstrated by the most 
abundant ions at zzzie 69 and zzz,:e SS for cyclopentyl and cyclohesyl structures, respec- 
tively (Tables III and IV). zz-Alkanes, isoalkanes and cycloalkanes constitute the only 
or dominating components of the samples studied. Their elution sequence as groups 
or indix idual isomers seems to be structure-dependent. Branched-chain hydrocarbons 
elute before zz-alkanes. but cycloalkanes elute after zz-alkanes according to the dif- 
ferences in their boiling temperatures. 

The relationship between the retention coefficients and the structures of the 
compounds studied will be the subject of a separate paper_ We also plan to synthesize 
model compounds_ which will be used for the verification of the proposed structures_ 
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