
262 

Capillary column gas 

Synthesis of selected 

i\lOTES 

chromatography of CL-C;I aromatic compounds 

isomers for identification purposes 

This work extends the gas chromatography of C,-C,,, alkylbenzenes to include C,, 
alkylbenzenes, styrenes, indene, indan, tetralin, and naphthalene. Previous studies of 
aromatic compounds include only the C,-C,, alkylbenzenesl-4. Capillary columns 
and temperature programming are used as these techniques are best for complex wide 
boiling range mixtures such as C,-C,, aromatics. Mixtures of selected C,, and C,, 
alkylbenzene isomers are synthesized and used for identification purposes, The initial 
identification of these isomer mixtures using mechanistic and kinetic considerations 
is described. 

Gas c?zromatogra$dzy. A 3oo-ft. by o.oz-in. I.D. Type 347 stainless steel column 
was coated by passing a LO O/J solution of Ucon Ll355oX dissolved in methylene 
chloride through the column with a pressure of 20 p.s.i.g. The column has been used 
for approximately two years without noticeable deterioration. All data were obtained 
with a Perkin-Elmer Model 800 gas chromatograph. The experimental conditions are: 

(I) Injector temperature 200’ minimum 
(2) Detector temperature 130~ minimum 
(3) Column temperature 6o--130~ at r”/min 
(4) Inlet pressure 20 p.s.i g 
(5) Sample size x-5 ~1 
(6) Split ratio determined by No. 25 syringe needle 
(7) Recorder speed 3 in./min (4 in./min for better accuracy on early peaks) 
(8) Electrometer attenuation +~OO depending on sensitivity required. 

Allzylbemerte sym%esis. Isomeric C,, and C,, alkylbenzenes were prepared for 
identification purposes by disproportionation of I-methyl-2-ethylbenzene (IMzEB). 
The IM~EB had a purity of 99.8 y0 according to gas chromatography. The dispropor- 
tionation was run in a 1/4 in. O.D. stainless steel tube containing 0.5 ml silica-alumina 
cracking catalyst containing IO O/O alumina. The catalyst mesh siie was 100/200. 
Experiments were made at atmospheric pressure and 400’. The reaction was run with 
hydrogen dilution using a mole ratio of hydrogen to methylethylbenzene of 3: I. 

Liquid feed rates were 4, 8 and 16 ml/h. The corresponding hydrogen flow rates were 
32, 64 and r28 STP ml/min. The reaction product was collected in an acetone-dry 
ice-cooled condenser. Reaction periods were 65 min. 

A chromatogram of a C,-C,, aromatic blend is illustrated in Fig. z. Peak iden- 
tifications are given in Table I. The small unidentified peaks between toluene and 
ethylbenzene are .paraf&ic compounds present as impurities. The unidentified peaks 
eluting at the end are C,, alkylbenzenes, styrene, indan and/or indene homologues. 
Four pairs are at least partially resolved: zM4EB and zM3EB; IMzEB and tBB; 
IMIJ+ZPB and 14DEB; zz34TeMB and rM2gDEB. The latter pair includes a C,, 
alkylbenzene and more overlap is expected as other C,, isomers are identified. 
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Fig. I. Cl1romatogram of c,-c,, aroma.tic blend. For sbbrcviations, see Table I. 
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Fig, 2. Retention data V~YSUS boiling point. For abbreviations, we Table I. 
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TABLE I 

SUMMARY OF RETENTION DATA 

_.F 

Compound 
name 

- 

. 

A Bbrcviation Boiling 
point 
r-7 

R&ention Adjusted Rctcntion 
time (mire) relative index 

vctcntio~a 3 
time 

Methane 
Benzene 
Toluene 
Ethylbenzene 
p-Xylcne 
nz-Xylene 
o-Xylene 
Isopropylbenzene 
Wyrenc 
n-Propylbcnzcne 
I -Met;hyl-4-ethylbenzene 
I -Methyl-3-ethylbenzene 
1,3,5-Trimethylbenzene 
I-Methyl-z-ethylbenzene 
tcrt.-Butylbenzenc 
IsobuLylbenzene 
sec.-Butylbenzene 
x,2,4-TrimeShylbenzene 
a-Met;hylslyrene 
I-Methyl-3-isopropylhenc 
I-Methyl-4-isopropylbenzene 
I-Methyl-2-isopropylbenzene 
1,2,3-Trimethylbenzene 
1,3-Diethylbe.nzene 
I-Methyl-3-n-propylbenc 
I-Methyl-4-W-propylbenzene 
I ,4-DieLhylbenzene 
n-Butylbenzene 
Indsn 
I ,2-Die~hylbenzene 
I, 3-Dimethyl-5-ethylbenzene 
I-Methyl-2-n-propylbenene 
1,4-Dimethyl-2-ethylbenzene 
1,3-Dimethyl-4~ethylbenzene 
Unknown 
I ,2-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-2-ethylbenzene 
Inclene 
1,2-Dimethyl-3-ethylbenzene 
Unknown 
I,2,4,5-Telramethylbenzene 
I;Methyl-3,3-cliethylbenzenc 
1,z,3,5-Tetramethylbcnzenzene 
Unknown 
Unknown 
I-Methyl-3,4-cliethylbenzene 
I-Methyl-z,4-clicthylbenzene 
Unknown 
I-Methyl-2,3-clielhylbenzene 
1,2,3,4-Tetramethylbenzene 
I-Methyl-2,pcliethylben2ene 
Unknown 

TB 
g? 
mX 
ox 
iPB 
=Y 
nl?B 
IM4EB 
IMQEB 
13sTMB 
IM~EB 
lBB 
iBB 
sBB 
124TMB 
aMSty 
rM3iPB 
IMqiPB 
rM2iPB 
I 23TMB 
IQDEB 
1M3nFB 
1M4?zl?B 
14DEB 
VZBB 
Ia. 
12DEB 
I~DMsEB 
IMZZPB 
14DMzEB 
13DM4El3 

80.100 

I IO.625 

13G. 18G 
138.351 
139.103 
144.411 
152.392 
145.14 
159.2 
161 .g8g 
1G1.305 
164.716 
165.153 
169.119 
172.759 
I73.305 
169.351 
165.5 
175.os 
177.10 
178.15 
176.084 
181.102 
181.98 
183.38 
183.752 
183.270 
177.82 
183.423 
183.58 
184.93 
186.83 
188.20 

r2DM4EB 189.48 
13DM2EB 1go.01, 
le 182.44 
12DM3EB 193.91 

1243TeMB IgG.80 
OI35DEB 200.70 
1235TeMB 198.00 

203.6 
205.0 

1Mz3DEl3 2oG.G 
1234.TeMB 205.04 
1MqjDEl3 207.1 

3.66 
6.12 
9.06 

13.89 
14.62 
14.92 
17.22 
18.27 
19.02 
21.29 

24.50 

( 
24.88 

26. IO 
26.46 
27.20 
27.48 
28.20 
28.62 
30.50 
31.25 
31.70 
32.25 

i 
32.70 

32.85 
33.15 
33.60 
34.25 
34.45 
36.40 
37.05 
37.65 
37.80 
38.60 
39.00 
41.20 
42.45 
43.75 
44.45 
44.65 
45.0.5 
45.80 
46.40 
47.20 
48.25 
48.40 

48.75 

0.100 

0.220 

0.417 
0.446 
0.458 
0.552 
0.595 
o.G25 
0.718 

0.770 
0.850 

a.8G5 

0.915 
0.929 
0.958 
0.978 
I .ooo 
1.017 
I.093 
1.122 
1.142 
1.164 

I.182 

1.188 
1.200 
1.220 
1.24G 
I -2.54 
I.333 
1.360 
I.383 
I.390 
I .422 
I.440 
I.530 
1.580 
I.633 
I.GG2 
1.670 
I.683 
1.718 
I.740 
I.773 
I.817 
1.821 

* -837 

I.857 

100 

753 
856 
948 
955 
959 
992 

1005 

1012 

1034 
1046 

1065 

1oGg 

1080 
1084 
1091 
IO95 
1100 
1104 
1118 

1123 
1127 
1131 

1135 
1136 
1138 
1142 
1147 
1148 
11G3 
11G8 
1172 
1174 
1180 
1183 
1202 
1211 
1220 
1225 
1227 
1229 
1235 
1239 
1245 
1253 
1253 
1256 

12Go 

(continuad on p. 265) 
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TABLE I (continued) 

265 

Compound 
nams 

Abbreviation Boiling 
point 
(“C) 

Retention A,djusted ReGention 
time (min) relatiw index 

retention 
limo 

I-Methyl-2,G-dicthylbenc IM~GDEB 208.8 49.40 I .870 1262 

Tetralin Tet 207.6 5s.00 I.927 1272 
Naphthalene Naph 218.0 57.40 2.194 13x9 

n-Heptane 
wOctane 
?z-Nonane 
n-Decane 
n-Undecanc 
wDodecane 
?t-Tridecane 
w-Tetradecanc 

nc, 
+I 
%I 
flCl0 
"Cl1 
Gz 
nC1, 
+G cl 

98.4 1.51 o.oG15 
x25.7 3.30 0.134 
150.8 7.09 0.288 
174.2 14.14 0.576 
195.9 24.49 0.998 
216.3 37.34 1.520 
235.5 51.34 2.085 
253.5 65.44 2.660 

700 
800 

IO00 
1100 
1200 
T 300 
1400 

TABLE II. 

DISPROPORTIONhTION OF I-METI-IYL-2-ETWYLBENZgNE OVER SILICA-ALUMINA CRACKING CATALYST 
AT 400° 

Bxperimemf m.wbev I 2 3 

L*iqtcid lcotcrly space velocity (h-1) 
Cahulatsd residence time (set) 
Product composition (mole y,) * 

UAreacted I-methyl-2-ethylbenzene 
I-Methyl 3- and 4-ethylbcnzencs 
Toluene 
Ethylbenzene 
Total dimethylelhylbenzencs 
Total metl~yldiell~ylbenzenes 
Other* * 
Total 

Isomw distvihtion (mole %) 

I ,2-Dimethyl-3-ethylbenzene 
I ,2-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-2-ethylbenzene 
I ,3-Dimethyl-4-ethylbenzene 
1,3-Dimethyl-5-ethylbenzene 
1,4-Dimethyl-2-ethylbenzene 

I-Methyl:2,4-diethylbenzcne 
I-Metl~~1-2,~-dietl~~lbenzene 

34.0 
37.3 

I-Methyl-3,4-diethylbenzene 8.3 
I-~Methyl-3,5-diethylbenzene 20.4 

32 IG 8 
0.07 0.14 0.29 

go.10 84. IO 69.31 
9.24 14.88 2g.oG 
0.40 o.G2 0.86 
0.02 0.03 0.07 
0.02 0.03 0.07 
0. I5 0.25 0.54 
0:07 0.08 0.09 

100.00 100.00 100.00 

4,*4 
5.4 
2.9 

34.3 
13.2 
39.9 

2.9 

;:; 
29.8 
18.2 
37.6 

2.9 
24.3 
11.8 

3.0 
25.4 
32.G 

30.8 25.7 
32.2 28.0 

9.4 10.5 
27.6 35.8 

. 

* Analysis of liquicl product collected during Gg-min experiments. 
* * Benzene, xylenes, diethylbenzcnes, and unidentified C,, and higher secondary reaction 

products. 
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A plot of retention time z~~sz~ boiling point is shown in Fig. 2. The alkylben- 
zenes group forms a single’curve along with tetralin and indan. Styrenes and indenes 
are retarded relative to the alkylbenzenes. More data are required to confirm this 
trend; but if it persists, it will aid in compound identification. The normal paraffin 
gives a similar correlation and is accelerated relative to aromatic compounds of corre- 
sponding volatility. The deviation from linearity in the lower part of the retention 
data plot is due to the fact that the conditions in this region are intermittent between 
isothermal and ideal temperature-programmed operation. The correlation of retention 
time and boiling point is nearly linear for the higher boiling compounds which do not 
migrate significantly at the initial temperature. 

Peak identifications were made using pure compounds when available,. Alkyl- 
benzenes in the C,-C,, range not available were identified using data from MCT~GGRRT 
AND MORTIMER~. Of the C,, alkylbenzenes, only IMQsDEB was available in pure form. 

Mixtures of additional isomers were synthesized by disproportionation of 
IM~EB over silica-alumina catalyst. Evidence for I, r-diphenylalkane intermediates 
in acid-catalyzed transalkylation was presented by STREITWLESER AND RELF~. Two 
types of disproportionation are possible with methylethylbenzenes : 

A. Methyl trscnsfer gives ethylbenzene and dimethylctl~ylbenzcncs. 

B. Ethyl transfer gives methyldicll~ylbenzenes and toluenc. 

Conversions were kept below I y0 disproportionation to avoid secondary reac- 
tions of the primary products, The only significant side reactions are isomerization of 
the rM2EB to the ,meta and$ara isomer, and deethylation giving toluene and ethylene. 

The results of the disproportionation reaction of rMzEl3 are summarized in 
Table II. All six dimethylethylbenzenes were observed and were identified using pure 
compounds and the data of MCTAGGART AND MO~TXMER~. The identifications agree 
with the above mechanism for disproportionation. The formation of two of the 
isomers (12DMqE13 and 13DMgEB) requires isomerization before or after the dis- 
proportionation step. Data in Table II show that the yield of these compounds is 
increased significantly as the space velocity is decreased. 

The data in’Table II were used to help identify methyldiethylbenzenes. Only 
four of the six possible methyldiethylbenzenes were obtained from the disproportio- 
nation reaction. The formation of xM34DEB and IMQsDEB require isomerization 
before or after the transalkylation step. The yield of these isomers increased uiith 
decreasing space velocity (Table II). 1M23DEl3 and 1M26DEB were not obtained 
because substitution of an ethyl group next to two other alkyl groups is sterically 
*hindered. The methyldiethylbenzenes that were obtained were identified assuming a 

boiling point correlation similar to the dimethylethylbenzenes (Fig. 3) combined with 
the knowledge that the yield of IM~~DEB and 1M35DEB are space velocity depen- 
dent. The identification of zM35DEB was confirmed by analyzing the pure material. 
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Fig. 3. Identification of mcthyldiethylbenzcnes in comparison with dimethylethylbenzcnes. For 
abbreviations, see Table I. 

This technique of making mixtures of select isomers is potentially a powerful 
tool for the identification of other alkylbenzene isomers. Alkylation and isomerization 
are other reactions that yield mixtures of alkylbenzene isomers otherwise difficult to 
obtain. Information about mechanisms and kinetics can be used to help identify 
synthesized isomers. 
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