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51971 
CAPILLARY GAS CHROMATOGRAPHY OF THE PRODUCTS OF CATALYTIC 

DEHYDROGENIZATION OF N-TRIDECANE AND N-TETRADECANE 

L. Sojak, J. Hrivnak, P. Skalak 

Catalytic dehydrogenation of n-alkanes produces 

all theoretically possible straight chain alkenes having 

the same number of carbon atoms in the molecule as the 

n-alkane, and aside from small amounts of other components, 

alkylbenzenes. Gas chromatographic analysis of these com-

plex higher molecular mixtures, particularly group sepa-

ration of hydrocarbons (alkanes, alkenes, semisaturated 

compounds), is performed using selective stationary phases. 

Using this method DCring et al. (1) analyzed dehydroge- 

nation products of n-tetradecane in a 120 m capillary column 

coated with Carbowax 20M by programming the column tempe-

rature from 100 to 200°C. They obtained separation of 

grouped n-tetradecenes from n-tetradecane, and individual 

separation of alkylbenzenes. Lebedev et al. (2) were 

separating dehydrocracking products of n-tetradecane in 

a 7 m packed column using polyphenylether as the stationary 

phase; separation of n-tetradecenes from n-tetradecane was 

only partial. 

The location of the double bond of n-alkenes does 

not have to be important in their further technological 

processing. However in certain reactions, individual 

isomers of n-alkenes do not give various valuable end 
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products with equal ease (3). Hence the knowledge of indi-

vidual composition of n-alkenes in reaction products is 

useful. In previous papers (4-6) we studied products of 

catalytic dehydrogenation of n-alkanes 06_0 12. 12' Using high 

efficiency capillary gas chromatography on squalane as 

the stationary phase, individual separation was obtained, 

and the main components of the dehydrogenation products 

were identified. The individual components were charac- 

terized through gas chromatography using retention indexes 

and their temperature increments. Unknown boiling points 

were calculated. The subject of this paper is the appli-

cation of the above procedures to the products of catalytic 

dehydrogenation of n-tridecane and n-tetradecane. 

EXPERIMENTAL SETUP 

Carlo Erb GI 450 gas chromatography instrument 

with a flame ionization detector was used for analysis 

of the condensation products of dehydrogenation. A 200 m 

stainless steel capillary column of 0.2 mm inner diameter, 

impregnated with squalane as the stationary phase, was 

used. Working temperatures of the column were 86, 100, 

and 130°C. The inlet pressure of the hydrogen carrier gas 

was 3.0 kg/cm2 . Sample size was 0.2 to 0.5 pl diluted to 

1 per cent concentration. Efficiency of the column, cal-

culated for a chromatographic peak of trans-2-tridecene, 

was 350000 plates. Available standards were only n-alkanes 
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and 1-alkenes. For qualitative reasons, concentration 

of n-alkenes and alkylbenzenes in the samples of conden-

sate was increased using a silica gel column. 

Obr. L Chromatogram delenia hlavnych zloiiek produktu katalytickej dehydrogen"- 
zà.cie.  n-tridekénu, teplota squalemovej kolény 130  O.  1-cis-6-tridecén, 2- cis-5-tridecén, 

' 3- trans-6-tridec6u, 4- trans-5-tridecén, 5- trans-4-tridecén, 6- cis-4-tridecén, 7- 1-tride-
cén, 8- trans-3-tridec6n, 9- cis-3-tridecén,10- 1-n-propy1-2-n-butylbenzén, 11- trans-2- 
-tridecén, 12- n-tridekén, 13- cis-2-tridecén, 14- 1-ety1-2-n-pentylbenzén, 15- n-heptyl-
benzén, 16- 1-mety1-2-n-hexy-1benzén 

Figure 1. Chromatogram showing the separation of the main 
components of n-tridecane catalytic dehydrogenation prod-
uct; column temperature 130°C. 1- cis-6-tridecene, 2- cis-
-5-tridecene, 3- trans-6-tridecene, 4- trans-5-tridecene, 
5- trans-4-tridecene, 6- cis-4-tridecene, 7- 1-tridecene, 
8- trans-3-tridecene, 9- cis-3-tridecene, 10- 1-n-propyl-
-2-n-butylbenzene, 11- trans-2-tridecene, 12- n-tridecane, 
13- cis-2-tridecene, 14- 1-ethy1-2-n-pentylbenzene, 
15- n-heptylbenzene, 16- 1-methy1-2-n-hexylbenzene 

Obr. 2. Chromatogram delenia hlaynch z1oiek produktu katalytickej dehydrogenizà-
cie n-tetradektinu, teplota squalénovej kolény 130  C.  1- cis-7-tet1adecén, 2- cis-6-tetra.- 
decén, 3- cis-5-tetradecén, 4- trans-7-tetradecén, 5- trans-6-tetradecén, 6- cis-4-tetracle-
cén, 7- trans-5-tetradecén, 8- trans-4-tetradecén, 9- 1-tetradecén, 10- trans-3- tetradecén,. 
11- cis-3-tetradecén, 12- 1,2-di-n-buty1benzén, 13- 1-n-propy1-2-n-pentylbenzén, 14- trans-
-2-tetradecén, 15- n-tetradekén, 16- cis-2-tetradecén, 17- 1-ety1-2-n-he1ben7é1l, 18- 
n-oktylbenzén, 19- 1-rnety1-2-n-heptylbenzén 

Figure 2. Chromatogram showing the separation of the main 
components of n-tetradecane catalytic dehydrogenation prod-
uct; column temperature 130°C. 1- cis-7-tetradecene, 
2- cis-6-tetradecene, 3- cis-5-tetradecene, 4- trans-7- 
-tetradecene, 5- trans-6-tetradecene, 6- cis-4-tetradecene, 
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7- trans-5-tetradecene, 8- trans-4-tetradecene, 9- 1-tetra-
decene, 10- trans-3-tetradecene, 11- cis-3-tetradecene, 
12- 1,2-di-n-butylbenzene, 13- 1-n-propy1-2-n-pentylbenzene, 
14- trans-2-tetradecene, 15- n-tetradecane, 16- cis-2- 
-tetradecene, 17- 1-ethy1-2-n-hexylbenzene, 18- n-octyl-
benzene, 19- 1-methy1-2-n-heptylbenzene 

RESULTS AND DISCUSSION 

As the carbon chain length increases, so do the 

difficulties in separation of a growing number of posi-

tional and configurational isomers (7). This problem of 

separation is further complicated by the presence of other 

components of dehydrogenation reaction product. High ef-

ficiency capillary gas chromatography is the most suitable 

way of individual analysis of the dehydrogenation products. 

High efficiency, which refers to the capillary column 

length, however contributes to longer analysis times. 

Chromatogram showing the separation of the main 

components of n-tridecane catalytic dehydrogenation product, 

at 130°C in the squalane impregnated column, is in figure 1. 

Chromatogram showing the separation of the main components 

of n-tetradecane dehydrogenation product, analyzed under 

the same conditions, is in figure 2. As can be seen from 

the figures, by separation of the dehydrogenation products 

at 130°C, separation of n-alkenes from n-alkanes and alkyl-

benzenes was obtained. Among individual n-alkenes, from 

11 possible n-tridecenes only cis-4- 4. trans-4- 	trans-5- 

-tridecene did not separate, and from 13 possible n-tetra- 

decenes cis-4- 	trans-5-tetradecene did not separate. 
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In previous papers (4-7) we studied temperature 

dependence of retention data of n-alkenes and alkylben-

zenes on squalane. We found that the temperature increment 

of retention indexes dI/dT of alkylbenzenes on squalane 

is 0.2 to 0.3 index units  (Lu.) per 1°C, for n-alkenes 

dI/dT 4 0.1 i.u./*C, and for corresponding cis-trans iso-

mers the temperature increment is by 0.03  Lu.  higher for 

the cis-isomer. Different temperature dependence of the 

retention indexes can be used in separation of the com-

ponents of the product. Chromatogram showing the separa-

tion of the critical pairs of n-tridecenes is in figure 3. 

Icomparison of figures 1 and 3  shows, that by change of 

the column temperature, separation of not separated or 

partially separated n-tridecenes was obtained. Separation 

of cis-4- and trans-5-tridecene at 100°C is in figure 4. 

Obr. 3. Delenie kritic1c1i dvojic n-tridecénov pri teplote 86 'C. 3- trans-6-tridecén, 4- 
trans-5-tridecén, 5- trans-4-tridecén, 6- cis-4-tridec6n, 7- 1-tridecén, 8- trans-3-tridecén, 
9- cis-3-tridecén 

Figure 3. Separation the critical pairs of n-tridecenes at 
86°C. 3- trans-6-tridecene, 4- trans-5-tridecene, 5- trans-
-4-tridecene, 6- cis-4-tridecene, 7- 1-tridecene, 8- trans-
-3-tridecene, 9- cis-3-tridecene 
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Obi.  4. Delenie cis-4-tetradec4nu (6), trans-5-tetradecénu (7) a trans-4-tetradecénu (S) 
pri teplote 100 °C. 

Figure 4. Separation of cis-4-tetradecene (6), trans-5- 
tetradecene (7), and trans-4-tetradecene at 100°C. 

Individual n-alkenes were identified on the basis 

of a comparison of the measured and the published reten- 

tion indexes ISQ (7). Retention indexes of n-tridecenes 

and n-tetradecenes were measured on the same squalane column 

as the tabulated retention data (7), however with an ap-

proximately one year time lapse (the column was used). 

A comparison of the two sets of measurements shows a certain 

systematic deviation. The presently measured retention 

index values of n-alkenes are by 0.6  Lu.  higher on the aver-

age than the previously published values. The measured and 

the published retention index values of n-tridecenes on 

SQ squalane at 130 0 C I 130  are presented in table 1. Other 

SQ columns of the table contain a comparison of the I 	(7) 

with data obtained recently abroad (8). Good agreement of 



TSQ  t. Dona 
SQ  

(7) 

bod varu, 	b. v. 
2. 00 
	3 (8)  

ipo  
(8) 	 (7) 

1270,2 
1273,7 
1277,0 
1277,3 
1279,2 
1280,1 
1282,2 
1283,8 
1284,5 
1296,1 
1300.0 
1300,6 

240,4 
249,6 
250,0 
250,2 
250,4 
250,5 
250,8 
250,9 
251,1 
251,3 
251,4 
253,0 
252,6 
253,9 
257,5 
257,7 
260,9 
264,4 
265,0 

nma 
nms 
1374,3 
1378,8 
1377,8  
1380,3 
nsm 
1380,8  
1384,3  
1385,2. 
1385.4  
1397,5: 
lamm. 
1403,6.  

1383.6  
umr 
1444,3 , 
uea 

1369,5 
1371,3 
1374,6 
1376.4 
1377,5 
1379,9 
1379,9 
1380,4 
1384,0 • 
1385,0 
1384,9 
1397,0 
1400,0 
1402,8 
1381.7 
1383,7 
1409,9 
1439,9 
1443,0 

e.% leo 
(7) 

bod yarn, 2. - 	oc 1. 	mono. 

Table 1 

Retention indexes and boiling points of components identi-
fied in n-tridecane catalytic dehydrogenation products 

Tabutka 1 

Elen.é indexy a body varu zIoiek identifikovanSrch  y  produktoch katalytickej dehy-
drogenizelcie n-tridekeinu 

4 cis-6-tridecén 
cls-5-tridecén 

•c  chs-4-tridecén 
atrans-a-tridecén 

,etrans-5-triclecén 
trans-4-tridecén 

91-triclecén 
cis-3-tridecén 

I  trans-3-tridecén 
trans-2-tridecén 

'n-tridekén 
Icis-2-trldecén 

mil-11-propy1-2-n-buty1-
benzén 

o 1-ety1-2-n-penty1benzén 

çi
n-heptylbenzén 
1-me ty1-2-n-hexylbenzén  

231,7 	231,9 	1270,2 
231,9 	232,1 	1272,8 
232,3 	232,3 	1277,7 
232,4 	232,3 	1276,7 
232,6 	232,4 	1279,0 
232,8 	232,7 	1979,6 
232,8 	232,8 	1282,8 
233,2 	233,4 	1283,7 
233,3 	233,3 	1284,9 
234,8 	234,8 	1296,9 
235,4 	- 	1300,0 
235,9 	235,7 	1301,0 

239,9 	- 	 - 
242,7 	- 	 - 
246,0 	- 	 - 
246,7 	- 	 - 

1273,4 	1274,1 
1275,9 	j 	1276,6 
1280,7 	1281,0 
1278,7 	1279,1 
1280,7 	• • 1281,0 
1280,7 	I 	1281,0 
1283,8 	1284,5 
1285,6 	1286,3 
1285,1 	1285,5  
1296,9 	1297,5. 
1300,0 	1300,0. 
1302,7 	1303,7 

1202,3 	1296,6 
1313,8 	1319,5 
1340,2 	1345,2 
1344,8 	1340,8 

1. component, 2. boiling point, 3. b.p. 
a- cis-6-tridecene, b- cis-5-tridecene, c- cis-4-tridecene, 
d- trans-6-tridecene, e- trans-5-tridecene, f- trans-4-tri-
decene, g- 1-tridecene, h- cis-3-tridecene, i- trans-3- 
-tridecene, j- trans-2-tridecene, k- n-tridecane, 1- cis-2- 
-tridecene, m- 1-n-propy1-2-n-butylbenzene, n- 1-ethy1-2-n- 
-pentylbenzene, o- n-heptylbenzenee-1-methy1-2-n-hexylbenzene 

Table 2 

Retention indexes and boiling points of components identi-
fied in n-tetradecane catalytic dehydrogenation products. 

Tabulica 2 

Eluë.né indexy a body varu z1oie1e identifikovan;■"ich  y  produktoch katalytickej dehyclro-
genizàcie n-tetradekànu 

« cis-7-t et radecén 
1,,cis-6-tetradecéu 
C. cis-5-tetradecén a trans-7-tetradecén 
e trans-6-tetradecén 

1  cis-4-tetradecén 
trans-5-tetradecén 

, trans-4-tetradecén 
t.  1-te tradecén 
J etc-3-te  tradecén 
le trans-3-tetradecén 
I  trans-2-tetradecé1I 

(Atn-tetradekén 
• in cls-2-tetradecén 

0 1,2-dl-n-butylbenzén 
el-n-propy1-2.-n-pentylbenzén, 
11-ety1-2-n-hexylbenzén 
rn-oktylbenzén 
£ 1-metyl-2-n-heptylbenzén 

1. component, 2. boiling point 
a- cis-7-tetradecene, b- cis-6-tetradecene, c- cis-5-tetra-
decene, d- trans-7-tetradecene, e- trans-6-tetradecene, f- cis-
-4-tetradecene, g- trans-5-tetradecene, h- trans-4-tetradecene, 

1-tetradecene, j- cis-3-tetradecene, k- trans-3-tetradecene, 
1- trans-2-tetradecene, m- n-tetradecane, n- cis-2-tetradecene, 
o- 1,2-di-n-butylbenzene, p- 1-n-propy1-2-n-pentylbenzene, q-1-ethyl-
-2-n-hexylbenzene 1  r- n-oktylbenzene, s- 1-methy1-2-n-heptyIbenzene 
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the data, on the average within 0.5  Lu.,  confirms the iden-

tification of n-tridecenes. The measured and the published 

(7) retention indexes of n-tetradecenes on squalane at 130°C 

are presented in table 2. 

The boiling points of n-tridecenes and n-tetra-

decenes were calculated from their retention indexes within 

a ±1°C repeatability (7). The method is based on associa-

tion constants of boiling points and retention indexes k 

(k = dI/dTb'  ) and the dependence of these constants on 

the number of carbon atoms, the isomer structure, and the 

column temperature (9). Tables 1 and 2 contain the calcu-

lated boiling points (only the boiling points of 1-alkenes 

were known from literature). The boiling points of n-tri- 

decenes (tab. 1) are compared with values obtained recently 

by claseical methods. The agreement, on the average within 

0.1° C, is very good and validates the proposed gas chromato-

graphy method of boiling point calculation for n-alkenes. 

The distribution of aromatics in dehydrogenation 

products of n-alkanes C 6-C 12  (4-6) was used in identifica-

tion of aromatic hydrocarbons in dehydrogenation products 

of n-alkanes C 13-C. 

-2-n-butylbenzene, 1-ethy1-2-n-pentylbenzene, 1-methy1-2-n- 

-hexylbenzene and n-heptylbenzene in n-tridecane dehydro-

genation, and 1,2-di-n-butylbenzene, 1-n-propyl -2-n-pentyl-

benzene, 1-ethy1-2-n-hexylbenzene, 1-methy1-2-n-heptylben-

zene and n-octylbenzene in n-tetradecane dehydrogenation 

The process of creation of 1-n-propyl- 
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corresponds to the known process of creation of aromatic 

hydrocarbons. Identification of alkylbenzenes was con- 

firmed on the basis of the dependence of methylene group 

contribution to the retention index ISQ on the number of CH2 
carbon atoms within a homologous series - n-alkyl-, 1-methyl- 

-2-n-alkyl-, 1-ethy1-2-n-alkylbenzenes, 1-n-propy1-2-n-alkyl-, 

1-n-buty1-2-n-alkylbenzenes (5). 

A comparison of the measured retention indexes 

SQ of alkylbenzenes C 13 -C1i+ h 1 130  with values measured previ-

ously (unpublished results) shows a considerably higher 

systematic deviation than for n-alkenes. The values are 

approximately by 5  Lu.  higher. The data are presented in 

tables 1 and 2. The characteristic changes in the reten-

tion indexes of alkylbenzenes and n-alkenes on the column, 

in the course of its use, can be explained by changes in 

activity coefficients, as a consequence of changes in the 

squalane stationary phase structure (an increase in pola-

rity of the phase). These results also point to problems 

in the use of published retention data as identification 

devices. They emphasize the need to standardize gas chro-

matography retention data. 

Only the boiling points of n-heptylbenzene 246.0 

and n-octylbenzene 264.4 ° C are known from among the iden-

tified alkylbenzenes. The boiling points of all alkylben-

zenes among the products studied were calculated from the 

measured retention indexes of C13-C14 alkylbenzenes, using 

retention indexes and boiling points of C6 - 0 12  alkylbenzenes, 
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on the basis of correlations resulting from free enthal-

pies (5). These boiling points are presented in tables 

1 and 2. 

We referred to a change in selectivity of the squa-

lane column during its long term use at raised temperatures, 

and the related problems in qualitative characterization 

of alkylbenzenes and n-alkenes. In unconcentrated samples 

of the dehydrogenation products (with high n-alkane con-

tents) we found another qualitative effect. A linear rela-

tionship holds between the peak width w and reduced reten-

tion time tR w = a b tR . Appropriate measurements taken 

during the separation of n-tridecane dehydrogenation products 

Obi.  5. ZáviIosi Irky e1ue'n3'reh vin od eluêného ë,asu  pie  zlolky elnujtice pred n-tri-
dekànom. Rozdeiovanie zmesi zleiek, 1- s vysok- m obsahom n-tridekj.nu, 2- rovnalch 
koneentrileii 

Figure 5. The dependence of peak widths on retention times 
for components eluting before n-tridecane. 
1- high n-tridecane concentration, 2- equal concentration 
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showed considerable widening of trans-2-tridecene peak 

eluting closely preceeding n-tridecane (the concentration 

ratio of these components was approximately 1:50). Figure 

5 shows the dependence of peak widths on retention times 

for components eluting before n-tridecane. Irispite of an 

approximately equal concentration of these components, 

a nonlinear change in width of the last trans-2-tridecene 

peak can be seen (almost double). It seemed that more 

components elute under this peak. On the other side, the 

width of the cis-2-tridecene peak eluting closely following 

the n-tridecane peak became narrower. Similar events were 

described by Berezkin et al. (10) in a qualitative study 

of microadditives in packed columns, and their mechanism 

was explained by Deans (11). Capillary columns in comparison 

with packed columns have relatively low sample capacity, 

and this is probably the reason for the appearance of these 

effects already under the given concentration ratios. 

Catalytic dehydrogenation of n-tridecane produces 

mainly n-alkenes with a double inner bond. The ratio of 

positional isomer quantities 1-:2- is approximately 1:4. 

The ratio of quantities of individual inner positional isomers 

is approximately the same (increases slightly as the double 

bond is shifted towards the end of the molecule). For the 

n-tetradecenes the ratio of quantities of positional isomers 

7-:6- is 1:2. The ratio for the geometric cis-:trans- isomers 

positionally corresponding to the double bond is approxima-

tely 1:2. 
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CONCLUSION 

Using high efficiency capillary gas chromatography 

on squalane in an analysis in 86 to 130°C temperature range, 

individual separation of the main components of n-tridecane 

and n-tetradecane catalytic dehydrogenation products - all 

straight chain alkenes, the characteristic alkylbenzenes, 

and the n-alkanes - was obtained. Identification of the 

product components was made using gas chromatography methods. 

Individual components were characterized by retention indexes 

and their calculated boiling points. Accompanying quali-

tative effects were briefly discussed - a change in squalane 

column selectivity and a nonlinearity between peak width and 

retention time. 
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