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SUMMARY. 

Commercial phenylalkanes with a linear alkyl chain (C&J,,) were analyzed 
by &as chromatography and mass spectrometry. For the group separation of phenyl- 
alkanes from dialkylindanes and dialkyltetralins, liquid chromatography on silica 
gel was applied. All isomeric phenylalkanes could be separated or distinguished by 
gas chromatography on a.capillary column coated with OV-101. The quantitative 
analysis of phenylalkanes was considerably infiuenced by dialkylindanes and dialkyl- 
tetralins present in the mixture being analyzed. The quantitative analysis of phenyl- 
alkanes, dialkylindanes and dia~&yltetrahns was verified by mass spectrometry using 
the molecular ion method. 

INTFCODUCTON 

Phenylalkanes with a linear alkyl chain (C&,,) (hereafter referred to as 
phenylalkanes) are important intermediates in the production of detergents, the bio- 
degradability and other important characteristics of which depend on the structures of 
the alkyl chair&. The quality of the final product may also depend on the content of 
.ddialkylindanes &d dialkyltetrahns in detergent alkylat&. 

Commercial phenylalkanes are most often analyzed by gas chromatography, 
(GC) but it has been found that the resolving power of packed columns3-‘-is in- 
suf5cient to separate all possible isomers. Difhculties have also been encountered on 
&pillary cohunns8-11 when 5- and 6-phenylalkanes had to be distinguished, and at 
present time Q and 7-phenyhrlkanes cannot be separated. The best results were ob- 
tained using the silicone phase DC-550 (ref. 11). Gel cbromatography12 has also been 
used fo.r the analysis of dialkylindanes and dialkyltetralins in detergent alkylates. 

The identification, fragmentation and quantitative analysis of phenylalkanes 
have been studied by mass spectrometry (MS)i3--10. Several commercial phenylalkanes 
have been analyzed by i)tvijs et at,8 vsing combined GC-MS. 

The_aim of this- work was to study the problems that occur in the analysis of 
commercial phenylalkanes that have.a high content of dialkylindanes and dialkyl- 
tetrah& by CiC-MS; 



Gas chdnatography 
The instrument used was a Fractovap Model 2300 gas chromatogratih ‘(Carlo 

Erba, Milan, Italy) equipped with a flame ionization detector (FID) and a stream 
splitter. Elution times and peak areas were measured with a digital Autolab integrator. 
The operating conditions are given in Table I. 

TABLE1 .. 

OPERATING CONDITIONS 

Co.n&tioonr Stotionury phase 

0 v-IO1 DEGS 

Columxl Glass capillary stainless steel 
Length (m) 50 90 
Int.sm2l d&mete* (mm) 025 OX 
column temperature (OK) 453 433 
Carrk gas flow-rate (ml/&j 0.50 0.45 

I&ctio~ block temperature (“K) 473 473 
Splitting ratio l/100 l/loo 
carriergas NZ NZ 
Attenuation (A) S-10-= S-lo-" 

The elution dead time was determined with methane. Phenylalkanes were 
analyzed using I-phenyitridecane as the internal standard. A capillary column coated 
with DEGS, was obtained from Perkin-Ehner (Norwalk, Corm., U.S.A.) (its efficiency 
for 2-phenyltridecane was 205,000 theoretical plates with a capacity ratio k = 6.70). 
A capillary column coated with OV-101 was obtained from the Institute of Analytical 
Chemistry, Czechoslovak Academy of Sciences, Brno, Czechoslovakia.(its efficiency 
for 2-phenyltridecane was 82,000 theoretical plates with a capacity ratio k = 3. IO). 

Liquid chromatography 
Liquid chromatography on silica gel was used for the separation of dialkyl- 

indanes and dialkyltetralins from phenylalkanes. The sample of the commercial 
mixture (10 g) was chromatographed on a column (110 x 2 cm I.D.) of 0.05-O. 1 mm 
silica gel PHH (Lachema, Bmo, Czechoslovakia) which was activated at 150°C. 
Elution was carried out successively with n-hexane (300 ml), benzene (50 ml) and 
ethanol (20 -ml). .Fractions (20 ml) were collected and analyzed by GC-MS, GC on a 
capillary column and separately by MS. Mixed fractions were -combined and re- 
chromatographed. Finally, a fraction (l+g))- of dialkylindanes and dialkyltetralins 
free of phenylalkanes was obtained. Fractions of phenylalkanes (7 g) contained 2-5 % 
of diallkylindanes and dialkyltetrahns. The content of dialkylindanes and dialkyl- 
tetralins in other fraction was more than 15%, as shown by MS. 

Gas-ii@2 chromtograph~mms spectrometiy 
The. presence of phenylalkanes and some .dialkylindanes in the commercial 

mixture of phenylalkanes was determined using a Varian-MAT I1 1 instrument 
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equippedwith a Stainless-steel-column (3 m x- 2 mm I.D.) packed with 3 % SE-30 on 
Chromosorb WHP (60-80 mesh), with temperature programming at 4°/min from 
383 to 483 ?K. Helium (15 ml/mm) was used as the carrier gas. The mass spectra 
were measured at 80 eV at an ionizing current of 270 ,uA with an ion source tempera- 
ture of 473 “M.- 

M~ssspecrrometry 

For the quantitative analysis of the commercial mixture of phenylalkanes, an 
MS 902 S instrument (AEI, Manchester, Great Britain) equipped with an all-glass 
heated inlet system (473 “K) was used. The spectra were recorded at 8 eV at a trap 
current of 10 ,uA with an ionizing chamber temperature of 423 “K. 

RESlJL-i% AND DISCUSSION 

@ditQfiVe QllQ~_VSiS 

Although GC-MS analysis was carried out using a packed column that was 
incapable of separating all of the isomeric phenylalkanes, the identification of these 
substances could be successfully accomplished by taking the mass spectra of over- 
lapping peaks. Phenylalkanes are known to give characteristic spectra from which 
their structures can he deducedl’. As examples, the spectra of 3-phenyldecane (Fig. I), 
2-phenylundecane (Fig. 2) and Cphenyldodecane (Fig. 3) are shown. 

The presence of all isomeric phenylalkanes (except the 1-phenylalkanes, which 
are not present in detergent alkylates)? was also determined by capillary GC. The 
separation of the commercial mixture of phenylalkanes at 453 “K on 2 capillary 
column coated with OV-101 is shown in Fig. 4. Although highefhcienc.y capillary 
chromatography was applied, some dif%cuities were encountered in the separation of 
5- and 6-phenylundecanes and 6- and 7-phenyltridecanes. The identification of the 
peaks was based on GC-MS analysis, the known21 elution indices and the recently 
published2’ results of the analysis of C,-C,, secondary alcohols_ The chromatogram 
of the fraction obtained by liquid chromatography (phenylalkanes containing 4 % of 
dialkylindanes and dialkyltetrahns) is shown in Fi g_ 5. A capihary column coated with 
OV-101 operating at 458 “K was used in this analysis_ The retention times, separation 
factors, Kovits retention indices for phenylalkanes under these conditions and the 
structural increments of the phenyl group are given in Table II. It follows from the- 
separation factors (a) that the separating power of packed columns is adequate for 
the separation of the isomeric 2-, 3- and 4phenylalkanes. In order to separate 4 and 
Iphenylalkanes, highly efficient packed columns are necessary. The isomeric 5- and 
Gphenylalkanes are virtually inseparable on packed columns. As the number of 
carbon atoms in the alkyl chain of S- and Bphenylafkanes increases, their separation 
improves (a: increases from 1 .UO5 for 5- and 6-phenylundecanes to 1.03 for 5- and 6- 
phenyltridecanes). In order to separate 6- and 7-phenylalkanes, an extremely efficient 
capillary column must be used. 

The Kovits retention indices were measured with a reprodicibility of i I 
index unit. The structural increments were calculated according to the equation 
ZZ = Z-ZH, where Z is the Kovats retention index of the phenylalkane and Zm is the 
Kovats retention index of the n-alkane that has the same number of carbon atoms as 
are present in the alkyl chain of the phenylalkane. The increment corresponding to the 
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Rl%TENTiOti TIMES ($), SEPARATXON FACXORS (cc}, KOV&IS RETENTION INDKCES 
(r, AND STRUCiVRAL iNCXEMENXS OF THE PEHNYL GROUP (H) FOUND FOR 
PVNES ON OV-101 AT 458 “K 
ti; = ia -_r,; o = rg,,/~& g = I - I; & = 1002, where I = Kov&s retention index, &, = 
,udvits retention index for the linear alkyd chain zrnd I = num’ber of csrbon atoms in .&e linear alkyl 
Chain. 

5-Phenyhomne 512 1437 
4 526 1.03 1443 

3- 566 1.08 2- 6+4 1.14 ;F2 

5-Phenyldecme 745 1528 
4 774 1 1:09 @$ 1538 
3- 841 1560 
2- 966 1.15 1595 

dPhenylundecane 
5- 
4 
3- 
2- 

1090 1.005 1625 525 
1094 1.05 1628 528 
1053 1.09 1638 538 
1251 
1449 

1.16 1659 559 
1696 596 

6-Phenyldodecane 1596 1718 518 
5- 1616 

1.01 

4 1699 
1.05 1722 522 

1734 534 
3- 1866 

1.10 

2- 2157 
1.16 1758 558 

1797 597 

‘I-Pbenyltridecane 2318 
1 m7 

1818 
6- 2336 

1.03 
1819 

5- 2403 1.05 1825 
4 2519 

1.10 
1838 

3- 2771 1866 2- 32a4 1.16 1~ 

537 
544 
560 
592 

528 
538 
560 
595 

518 
519 
525 
538 
566 

phenyl group and to its location in the a&y1 chain is given by H. The value of Ii de- 
cseases wjth the shift of the phenyl group to the middle of the alkyl chain and for a 
given location in the alkyl chain it increases as the number of carbon atoms increases. 
For ins--j H for the 2-phenylalkanes, from 2-phenylnonane to 2-phenyltridecane 
increases from 592 to 606. 

Although the use of capillary columns coated with polar stationary phases 
results in improved separations of 5- and 6-phenylalkanes, owing to solvent-solvent 
polar interactions, 2-phenylalhanes are eluted together with those w_hich have an 
a&y1 chain that is one carbon atom longer. An example is shown in Fig. 6, where the 
separation of a mixture of phenyl&kanes on a capillary column coated with DEGS at 
436 “K is ilhtstrated. It can be seen that 2-phenylalkanes are eluted close to the 4- 
phenylaknes that have an aikyl chti that is one carbon atom longer. 

The~dialkyhndanedialkyltetralin mixtures were analyzed by combined GC- 
.MS and c~piJ.iary chromatography. Interpretation of the spectra conhrmed the 
presence ~of I.-ethyl-S-pentyhndane, l-ethyl-3-hexylindane and tethyL3-heptyhndane 



-- ~.. 
..;. . . . 

=.. .~ . . 

I 
- t. t 

I- 



B- 

8 

Q 

8 

8 



Fig. 8. Separation of the dialkylindar?~ialkyRetmlin fraction at 473 “K on a qpillary colunximated 
with OV-101. Peaks: 1, l-ethyl-3-pentylindane; 2, l-ethyi-3-hexylindaneane; 3, l-ethyl-3-heptylimiane_ 

TABLE III 

QUANTITATZVE GC ANALYSIS OF PHENYLALKANES IN THE COMMERCIAL MIX- 
TURE OF DETERGENT ALKYLAm 

~com&mmi W(%) CO~pUKI!d w /%I 

S-Phenylnonue 0.32 6-Phenyldodeczne 5.16 
4- 0.33 5- 5.15 
3- 0-41 & 875 
2- 0.53 3- 520 

2- 8.15 

S-Phenyldecane 2.22 6- and 7-phenyltridecane 1.55 
J- 2-17 
3- 2-a. 

2 1.19 
132 

2_ 3.69 3- 1.00 
2- 1.65 

6-Phenyl~decane 3.55 
.5- 6.94 
c 6-46 
3- 7.48 Total 82.58 
2- 10.76 
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(Fig: 3). The diaIkylindant+dialkyhetraJin fraction is a complex mixture of substances 
(Fig. S), The work-on.& detailed analysis is in progress and will be published later. 

Qu~-t~&ztiV~ GIla~ysis 
~. The co&nercial mixture of phenylaikanes was quantitatively analyzed on a 

capillary cohunn using I-phenyltridecane as the internal standard and by MS. The 
results obtained are given in Tabie III. 

As su&iently pure isomeric standard materials, which are needed for the. 
calibration of the FID response factor, were not available, correction factors were 
determined, taking into account the number of effective carbon atoms in the phenyl- 
alkane moleeme. The quantitative an&& was elected according to the results of 
capiikry chromatography on GV-101 (Fig. 4) using the equation M/‘( %) = fAn,/Ap, 
-where W( 72 is the weight percentage, f = 19/z (z is the number of effective carbon 
atoms in a molecule of the phenylalkane), A is the area of the peak of the isomer, A, 
is the area of the peak of the internal standard (I-~henyltridecane), n is the weight of 
the commercial phenylalkane mixture and n, is the weight of the internal standard. 
The resuits given are mean values obtained from three consecutive analyses run, with 
a relative standard deviation of f 3 %. Owing to the considerabie amounts of dialkyl- 
indanes and dialkyltetralins present in the commercial mixture (Fig. 41, the results of 
the analysis with respect to the amount of phenylalkanes are distorted by the amount 
of substances eluted together with phenylalkanes. 

The results of the GC anaIysis (total content of phenylalkanes in the detergent 
a&dates) were checked by MS applying the molecular ion method. The relative 
abundances of the monoisotopic phenylalkane and dialkylindane-dialkyltetralin 
molecular ions, according to the number of carbon atoms, are given in Fig. 9. The 
calibration was carried out using the fractions of phenylalkanes and dialkyhndane- 
dialkyltetralins obtained by liquid adsorption chromatography. The analysis by MS 
showed that the commercial mixture contained 80% of phenylalkanes and 20 oA of 
dialkylindane-dialkyltetralins. The mean relative error of the measurement, found 
from the series of the measurements, was f 2.5 %. 

The fractions obtained by liquid chromatography were also analyzed quantita- 
tively by MS. The total content of phenylalkanes found in the mixture was 77.8 %, that 
of dialkyJ.indane-dialkyltetrahns was 20.2 Ok, and the losses amounted to 2 %. 
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Fig. 0. Relative abundances of the monoisotopic molecular ions of pbenylaikanes (0) and dialkyl- 
indane+dialkyftetralins (A) according to the nu&ber of cc&on atoms in the molecule. 
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