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IN1‘RODUCI‘ION 

ItI a prwiaus paper [l] we demonstrated the 
achievement of and problems with the qunlitativc 

analysis of multi-component mixtures for a com- 
plex hydrocarbon sample. We have shown the pos- 
sibilities of using single-column capillary GC (with 
a comn~ercially available. chemically bonded, non- 
polar silicone capiilary column) for the detailed 
analysis of aromatic hydrocarbons in a petroleum 
fraction with a boiling range of 1 SO-350°C. which is 
the raw material for the production of n-alkanes. 
The emphasis was placed on identification of aro- 
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mlttics with a boiling range of I!%--270°C. The con- 
centration of the aromatics was apptoximsltcly 
equal to that of the constituents of other hydrocar- 
bon groups (alkancs, naphthcncs). Single-column 
high-resolution capillary GC [2-4] and mutti-di- 
mcnsional GC systems f&l in the separation aro- 
matics from compounds of other hydrocarbon 
groups in complex mixtures with broad ranges of 
boiling points [S]. For highly complex samples, aro- 
matics wcrc analyscd in the conccntratc from a 
liquid chromatographic fraction. Capillary columns 
with non-polar silicone stationary phase wcrc cho- 
scn for their good selectivity towards alkyibcnzencs 
and good inter-laboratory reproducibility [6,7]. 

For better selectivity of non-polar silicones (com- 
pared with squalanc), donor-acceptor interactions 
of the free electron pairs of oxygen and a-electrons 
of the aromatic ring [S] should be rcsponsiblc. With 
squalanc there arc only dispersion forces. The char- 
acterization of individual aromatics (256) was based 
on a combination of isothermal retention data (on 
OV-lOI) and mass spectral data measured under 
optimized temperature-programmed (TPG) condi- 
tions using PONA fused-silica capillary columns, 
which arc special-purpose cross-linked methylsili- 
cone phase columns tailored for hydrocarbon anal- 
ysis (al kancs. alkcncs. naphthcncs, aromatics). 
Mass spectral data t’or aromatic compounds can be 
trnambiguously intcrprctcd [9-l I]. It was shown 
that a combination of GC- MS with clcctron impact 
(El) ionization (mass chromatography, mass fnrg- 
mcntography) is a great help in distinguishing vuri- 
ous groups of compounds cluting in one peak 
[1.12]. 

This part of the work was intended to show the 
possibilities and difficulties of the analysis of aro- 
matics in multi-component misturcs at tract con- 
centrations. During thu preparation of n-alkanes 
from the raw material (t], small amounts of nromat- 
its pass into the final product. As aromatics are po- 
tcntial carcinogens, the quality of a-alkancs, uti- 
lized as the raw materials in various other tcchnol- 
ogics. dcpcnds also on the composition rind content 
of aromatics. 

FOr trace analysis it was nccossary to take into 
consideration the nature and concentration of the 
compounds being analyscd and the nctturc qf the 
~umplc matris in deciding whether ;t prcscp;\ratioll 

mdJor prcconccntration step was needed and in 

choosing the correct system for sample introduc- 
tion, separation and dctcction [I 3-l 71. In this paper 
stress is laid on qualitative analysis. With respect to 
the appropriate sample amounts for GC (for idcnti- 
ficationpurposcs), coupling with mass spectrometry 
(GC-MS) is the best choice of coupled tcchniqucs. 

EXPERIMENTAt 

Gas chromatography was performed with a 
Model 5890A Series 11 gas chromatograph 
equipped with split-splitlcss injection, flame ioniza- 
tion detection (FID), a Model 3396A integrator and 
Vectm Mode1 ES/ 12 personal computer (Hewlctt- 
Packard, Avondale, PA, USA). The analysis wiis 
carried out on u PONA fused-silica capillary col- 
umn (Hcwlctt-PncLitrd) with 0.5-&m film thickness 
(50 m x 0.2 mm 1.D.). Hydrogen was used as carri- 
er gas at a linear velocity of 40 cm/s for TPG condi- 
tions adjusted to the initial tcmpcrature of the tcm- 
pcrnture programmc. In the split injection moclc 
( 1:70) the TPG conditions wcrc from 70 to 160°C at 
lS”C/min, then to 220°C at lS”C/min and held for 
15 min. With splitless injection the septum purge 
flow-rate was 2 mlimin and a Row of 49 tnlimin 
passed the split outlet; the split valve was closed for 
1 .O min during injection. Split&s injections (liner. 
7.8 cm x 2 mm I.D.) were pcrformc*d with the col-” 
umn at 35°C: this tctnpcraturc was held for I min. 
then increased at lO”C/ntin to 73”C, at 1 .S”Cimin to 
160°C and finally at lS”C/min to 220°C which was 
held for IS min. The injector i\nd detector tcmper- 
nturcs were 270 and 300°C respectively. 

GC-MS measurements with EI ionization (70 eV 
ionization cncrgy) wcrc pcrformcd on t\n HP Model 
5890A gas chromatogrnph cquippcd with a split- 
splitlcss injection system and a Model 5970B mass- 
sclectivc dctcctor (MSD) (Hewlett-Packard) with a 
direct interface. All cxperimcntal work was done on 
a !Y?NA column under the given TPG conditions 
with helium as the carrier gas at n linear velocity of 
38 cm/s at the initial tcmpcrature of the tcmper- 
uturc programmc. The other instrumental condi- 
tions wcrc as follows: in the total ion current (TIC) 
and SIM modes, dctccror temperature 275°C. elcc- 
tron multiplier voltag, 3’ 2200 V and trcshold 1000: in 
the TIC mode scan speed 1.4 scans’s; in the SIM 
mode, scan speed 2.8 scans/s and dwell time 100 tns. 

Tract aromatics wcrc i\nalyscd in a C, -CIJ II- 



nlkattc matrix with the followkg composition: Cu. 
0.004%; c I(), 15.541%: C$l, 32.720%: c, 3. 
30.195%; c 1~1 21.314%; and C,+ 0.031% (boiling 
range ISI-270°C). Aromatics wcrc isolated by col- 
umn liquid chromatography on silica gel and prc- 
conccntratcd in dichioromcthanc [lS]. lsolutcd are- 
matic fractions in dichtoromcthanc wcrc injcctcd ( 1 
pl) with a tO-jd Hamilton syringe with ;t O.S-jtl plug 
of solvent using the hot nccdlc injection tcchniquc. 
In direct injection of the final product of +i\lk:mcs. 
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0. IS-.-O.2 141 was injcotai with ;1 l-~1 Hamilton sy- 
ring tho analytical calurm was counccted with a 
retention gap (2 m x 0.53 mm I.D. fused-silica un- 
coated tubing) using a press-fit connector. 

Rl’.SULTS 

The study of the composition of trxa aromatics 

in it complcs walkunc matrix by direct mcasurc- 
ment of GC rctcnticjn data is impossibic. As an il- 
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tustrution. the gas chromntogrum of the light fruc- 
tion of tz-ulkuncs an u PONA column under TPG 
conditions with split it@ction ,is shown in Fig. 1, 

To follow thd’qua\itotiic di&ibgti,on.of aromul- 
its &dm the rirw:mnt$ri&t .(n pctrolettm &action) to 
the final product ofn-ulkancs, GC-EI-MS as a fun- 
damental method was utilized, Qualitutivc anulysis 
of tract aromatics was performed in two ways: after 
prcscpuration in the LC fraction, by W-MS col- 
lecting muss spectra and mass chromutograms, and 
by the dirccc injection of the sample (without prc- 
scpuration) by selected-ion monitoring (SIM). A 
sin@ high-resolution column with immobilized po- 

lydiln~thylsi~ic~nc was used. The cxpcrimcntal con- 
ditions (splitkss injection, TPG conditions) wcrc 
optimized using FIR. 

For the dctuilcd anutysis of individual aromatics, 
it was ncccssary to collect mass spectra. From Fig. 1 
it follows that owing to the ovcrwhclming conccn- 
tration of rr-aikancs (a matrix consisting of 99.8 I% 
Cp-C14 n-alkanes plus R small amount of isoul- 
kancs) thcrc is co-clution with scvcral nromutics, 
und with the USC of splitlcss injection the co-clution 
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TAHLE 1 

RESULTS OF ANAtYSlS OF TRACE AROMATICS IN eAtKANE MATRIX -_-___ 

PC& Compound” x (Io-*‘K)h R.S.D. (Vi) 

NO, -______ 

I 
8 
HU 

9 
IO 
II 
I4 
17 
I8 
I9 
20 
?I 
22 
23 
24 
25 
26 
27 
2x 
29 
30 
31 
3ln 
32 
33 
34 
35 
36 
37 
3x 
34, 
40 
43 
44 
45 
46 
47 
48 
49 
SO 
52 
53 
54 
55 
5% 
36 
57 
sx 
59 
hlf 
61 
62 

- .- 

Met) 
EtB 
1.3.DiMcB 
1 .bDiMcB 
C,W” (styxnc) 
1,2-DiMcb’ 
iFrB 
nPrB 
I-Et-3”ML!B 
1 .Et-CMcB 
I ,J,S-TriMcB 
I -Et-2-McB 
1,2,4-TriMcB 
tBuB 
SBUB 

t,2.3-TriMcB + I-Mc-3.iPrB 
I-Me-4.iPrB 
Indmc C, 
1 -Me2-i&B 
I -Me-3-nPrB 
I .3-DiEtB 
I-Mc-4-nPrB 
1,4-DiEtB 
nBuB 
I .3-DiMt-S-Et8 
I ,2-DiEtB 
I -Me-2-nPr3 
1 .IDiMc-2-&B 
1.3-DiMc-CEtB 
I ,2-DiMe-4-EtB + inditnc C, ,, 
1 -Et-PrB 
I .3-DiMe-2-EtB 
I -Et-3-iPrB 
I -MC-3-sBuB + 1 .l-DiMc-3-0 B 
I-Et-2.iFrB 
I -Me4-sBuB 
I .3-DiMc-S-iPrB 
I .2.4.S-TctraMcB + AB C, I 
1.2,3,5-TetraMcB 
iPcB 
I .4-DiMc-2-iPrB 
I -Et-3-nPrB 
1 .I?-DiMu-CiPrB 
1.3-DiMc-S-n&B 
Mc-indano 

! 
1.2.3,4-TWi\McB + RB C, , 
iA-DiEt-2-MeB + tctriilitl C,,, 
1.4.DiMo-2-ttPrB 
I-Me-2-nBuB 
I .3-DiEt-2-McB 
DiMc-nPrB + Nitph + AB C,, 
DiMc-indattc C, I + AB C,, 



63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7s 
76 
77 
7x 
79 
NO 
81 
8’ a. 
x3 
x4 
85 
Sh 
87 
xx 
x9 
90 
91 
92 
93 
94 
95 
96 
97 
9s 
09 

100 
101 
102 
103 
104 
10s 
106 
107 
IOS 
109 
110 
Ill 
II2 
II3 
114 
II5 
.- 

DiMc-in&m C, , I * 
DtMe-mdunc C,, 
f ,2=DiMc-3-nPrB f DiMc-indanc C, I 
DiMc-in&m C, , 
I AS-TriMd-Et i? + indunc C, a 
1.3.5.TrtMc-t-t% -( At3 C, 2 
I -Et4-s&& 

1 

htttne C, 1. 
DiMc-sBut3 

I 

I .2.3-TriMc-S-EIB 
Me-ktr&n C , I 
I,%DiMc-4-sBuB 
l-2.4-TriMc-3-Et8 
lnditnc C,, 
I,3-Di-nPrB 
AB c,, + indatc C,, 
1,2.3-TriMc-4-WB 
I .2,4-TriEtB 
l-Mc-J-t&B + indunc C,, 
1 -Et4-nBuB f indmc C, : 

I 

1.2.3-TriEtB + indanc C,, 
I-Mo2-nPc3 
ABC,, 
ABC,, + ABC,., 
ABC,, 
lndiuw C, , 
ABC,, 

r 

AB C,, + indate C,> 
ABC,, + ABC,, 
AB C,, + indanc C,, 
AB C,, + ittd;tW C, 2 

ABC,, 
A0 c,, 
Indanc C,, + hicNi\ph 

AB C,, + indane C,, 
AB C,, + ABC,, + ind~tttc C,z 

AB C, .s + ABC,, + i ttdauc C I : 
AH c,, + indnnc C, 2 
ABC,, + inditnuCt, 
lndanc C, z + McNaph 
AB C,, + indanc C,, 

I 

AB t-1 a 
lndanc C, z 
lndnnu C, z 
ABC,, + indi\tto C1z 
Indanc C, r 
lndcne C,, 

AB C,j 
ABC,, + ittdanc C,? + ind:meC,, 
ABC,> + indwtc C, I 
Indimc C, s + indanc Cs3 

AB C,s + indanc Ctz + indane C, 3 
Wattc C , 1 

.- _I.--__I__ 

7.14 
7.06 

Il.75 
9.13 

9.63 

2.51 3l.P 

3.26 
3.8X 

12.13 
149 
5:Ul 

1079 
9.14 
4,77 
I .70 

6.3 
5.3 
5.0 

10.4 
5.2 
4.9 
6.4 
h.4 
7.0 

11.88 4.5 

6.97 
2.48 
4.84 
1.53 
I .95 

4.5 
4.9 
5.0 
5.1 
3.8 

27.83 5.6 

9.5? 
1.36 
3.!84 
4.93 
5.73 
3.52 
3.61 

22.10 
3.29 
WI 
3.55 
2.72 

5.5 
9.9 
x.2 
7.0 
6.0 
9.4 
7.6 
5.4 
7.4 
6.0 

31.s’ 
s.0 

9.01 5.6 

0.83 9.J’ 
15.76 3.9 
9.s1 6.6 
7.24 7.6 
3.99 to.3 
I .22 i s.o* 
2.03 9.6 
I .‘3 13x 
6.80 S.6 
7.40 5.6* 
: 52 17.u” 

4.lO 
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_, .-_ 

T(IW’%)” R.&D. (%.) 

116 AB C,a 

J 
9.74 7.0 

I17 indunr C, 1 
IIH ABC,, 3.35 11.8” 

II9 ABC!,, + indano C,, 3.11 IS.45 

120 ABC,, 5.72 7.6 

121 AH C,, + biphcnyl 2.92 wi* 

I” a.- ABC,, -C induncc,, 4.80 IO.1 

t23 ABC,, + indunr!C,, 0.99 17.9” 

I24 lndunc C,,, f ABC,, + AD C,, I .4:! 74) WJ c I 
t95 ABC,, -C AB C,, + indnno C,, 3.49 20.7* 

126 ABC,, c indanc C,, I .cIo 23.8J 
127 Indanc C,, + Nuph Cl2 + MeAwn 2.66 11.7’ 

12x Indanc C, 2 -I- indanc C, A I .93 15.7’ 

129 AS3 C,, + AU C,, 0.69 3o.ov 

130 ABC,, + DiMcNirph 1.64 16.1” 

131 Nilph (281 1.01 l0.S 

I32 ABC,, + NaphC,, usxl 11.5’ 
133 Indmw C, 1 I- indane F, 3 + McAcen 0.38 11.x’ 

134 A0 C,, + indnns C,, 0.23 I’ 6’ _* 
I35 AR C,, 1.21 10.4 
126 Atf C,, 0.32 11.X‘ 
137 AB C, s + indunc C,, + M~AWII 0.43 11.‘)’ 
_“. .._.__ -.-____.._I_ ~_.____“_.“_ _~ 

“ Abbrwiations: ML’ = methyl; Et = ethyl: Pr Z= propyi: Bu = butgl: PC = pcntyl; B = ~WXW; AB = iklkylbctrzetle: N:tPh = 
n;iPhthiIlctlc: Acen ;f accuitphthcnc; n = narm;d: i = iw-: s = SW.-: t = ft’rf.-, 

h ,\; it%,) = mcitn \ziliuc of ;\romatics eontcttt Frczm tbur GC Jcbx~~Mntiotls (rt = 4) in Il’lilSS”,tl. 

’ Small peaks. 
’ POOFI~ r~Wl\Vd penks. 
* Piiir ol’wmpout~ds which in some‘ anulyses wc‘w intcgratcd us individual peaks and in ot ha itrtul~scs ww inbqrutcd :IS ow pc:tk. 

is touch more: apparent. Thoroforc, a prcscpuration 
step was used [IS]. Aromatics wcrc isolated from 
rho matrix by column LC on silica gel. The rccovcry 
of components across the complctc boiling point 
range was grcatcr if prcconccntration of the dichlo- 
romcthanc fraction was performed by distillation 
rather than vacuum evaporation. Recoveries for the 
whole procedure were thoroughly studied using a 
model mixture and were found to be 80.67% within 
the confrdencc interval Lt.2 (R) f 8.26% at a sig- 
nificance level of 95% (3! = 0.05). 

The TIC chromatogrum ot’ aromatics in conccn- 
tratcd form (LC fraction) is given in Fig. 2. idcntifi- 
cation using the combined technique ws based on 
information obtained from intcrprctation of the ac- 
quired mass spectra and mass chromatograms of 
selected ions of characteristic aromatic groups 
fouud in the mixture (alkylbcnzcncs, indancs/tctra- 
lins. indcncs. n:iphthAncs and acenaphthcncs/hi- 

phcnyls); cxamplcs for ulkylbcnzoncs, the most frc- 
qucntly occurring compounds in the multi-compo- 
nent mixture studied, are given in Figs. 3 and 4. 

The acquired mass spectra and MUSS chromato- 
grams of the molecular ions of trace aromatics 
made possible the determination of the molecular 
mass and carbon numbers of the individual compo- 
nents and/or the type and number of substitucnts. 
In many inslanca mixed mass sgztra were ob- 
tained and from the mass chrot;;:::oynlms of scfect- 
cd ions it was possible to confirm the number or the 
type of compounds clutcd in onf pcuk. The data 
obtained for trace arorutatics in the ,I-alkune matrix 
(Table I) wcrc compared with those published in 
Part 1 (aromatics in a petroleum fraction at pcrcent- 
t\gc concentrations) [I]. The concentration of indi- 
vidual aromatics in the light fraction of c.alkancs is 
included in Table I and was found to be in the rang 
10-3--iO-“‘%. which corresponds to IO-10-’ ppm. 
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We hslve discussed the reproducibility of the GC 
determination of individual trace aromatics and the 
overall aromatic content tincludin~ the isolation 
procedure) in a recent paper [18]. It can be conclud- 
ed that most aromatics (within the given boiling 
point range) passed from the raw material into the 
n-alkmc final product in about the same mutual 
relative abundance, 

To establish the distribution of aromatics from 
the raw material to the final product of n-alkancs, 
we tried to apply SIM for two reasons: aromatics in 
the raw material were known [I] and to overcome 
the tedious prcseparation step. The aim of SIM is 
not to obtain detailed data on the individual aro- 
matics, but rather group-type information, carbon 
number. After the direct injection of the sample 
with splitlcss injection we encountered chromato- 
graphic problems (peak broadening; peak splitting) 
and problems with intcrfcrenccs from ions from the 
matrix. 

TIC 

The first question to bc solved was peak broad- 
ening and peak splitting a&r direct sample injco 
tion. To improve the peak shape by utilizing the 
solvent Nect we injected the sample (with standard 
addition of tolucnc and ethylbenzene to follow the 
effect) with a solvent, By trial and error WC tested 
several solvents (dichloromcthane, pentanc, hcx- 
ant, chloroform, benzene), various solvent combi- 
nations and optimized parameters of splitlcss injcc- 
tion [19], but without succcs, On analysing aromat- 
ics in dichloromethanc after the prescparation step 
thcrc were no problems with peak shape when using 
splitlcss injection (Figs, 2-4). With direct injection 
the matrix of’ the sample (n-atkancs) gave problems 
in achieving good solvent ctl’tzzt for aromatic com- 
pounds. The best results were obtained with chloro- 
form; a gas chromatogram obtained with FID is 
shown in Fig. Sa, although also in this instance the 
results were not sufficient for further GC-MS mea- 
surements. From the results obtained it can be con- 
cluded that it was difficult to find a solvent that 
fulfils the demands concerning its boiling point and 
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its po  ,r.y , ta- 

in S p a ~  can Be s6~pr~:sed::by Stationary phase fo- 
cusing via a ' retenti0ngap [20'21]. All the solutes 
that are spread over the flooded zone are carried on 
to the stationary phase where they are retained. In 
our case, alter connection of the analytical column 
(using a press-fit connector) with a precolumn, all 
the problems were solved; good peaks shape were 
obtained with co-injection of the sample with any 
solvent (Fig. 5b) or without a solvent (Fig. 5c). 

The second problem we encountered with SIM 
was interferences from ions from the matrix. Al- 
though n-alkanes show completely different charac- 
teristic ions to aromatics, a thorough study of the 
mass spectra of compounds of the matrix showed 
that there are small ions which at very high concen- 
trations of matrix compounds are monitored in ad- 
dition to specific ions of aromatic compounds at 
trace concentrations (e.g., naphthalenes, indenes). 
Another problem was disturbances to the monitor- 
ing trace ions of aromatics during the elution of 
matrix compounds (alkylbenzenes, indanes/tetra- 
lins, acenaphthenes/biphenyls). Examples are given 
in Fig. 6. 

CONCLUSIONS 

In the analysis of multi-component organic mix- 
tures with components present in trace concentra- 
tions in a complex sample matrix, the application of 
a single-column separation system with splitless in- 
jection of trace components by capillary GC and 
GC-EI-MS was useful. A preseparation step was 
found to be necessary. 

For trace aromatics (in the range 10-3-10-6% 
by mass) in an n-alkane matrix (99.81% Cg-Ct.~) 
plus a small amount of isoalkanes, it was shown 
that the identification of individual aromatics is 
necessary after a preseparation step [18] for several 
reasons. Sevend aromatics are co-eluted with n-al- 
kanes. Although we used a very elticient system 

E. Matisovlt et uL/  d. (7~romatogr. 629 ¢ 1093) 309-320 

(PONA columns under optimized conditiOins),ilit :~ 
was insufficient to resolve complex mixtures. 
Group-type characterization according to classes of 
aromatic compounds (alkylbenzenes, indanes/tetra- 
lins, indenes, naphthalenes and acenaphthenes/bi- 
phenyls) by direct injection of the sample and SIM 
was not possible, although chromatographic prob- 
lems (peak splitting, peak broadening) were solved, 
as there were serious problems with interferences 
from ions from the matrix. 185 individual C.~-Cts 
aromatics were characterized (from mass spectra 
and mass chromatogram) in the concentrate from 
the LC fraction. 
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