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SUMMARY 

The boiling points of all the eleven straight-chain dodecenes were calculated 
from the retention indices measured for the individual n-dodecenes. These indices 
were determined directly from a technical mixture of gz-dodecenes obtained by the 
catalytic dehydrogenation of qz-dodecane. 

A method based on the constants of the proportionality between boiling 
points and retention indices, as well as the dependence of the above constants on 
the number of carbon atoms, on the structure of the isomers under comparison, 
and ‘on ‘the column temperature, was employed for the calculation. The reproduci- 
bility of tlte boiling points calculated from different reference isomers or column 
temperatures was within =t o.I”. 

The cal,culated boiling points of the N-dodecenes were compared with those 
from a method of calculation depending on the boiling points of ?2-alkanes between 

: which the N-alkene is eluted (maximum deviation - 1 ,g 0) as well as from a calcula- 
tion according to the corrected index boiling points (maximum deviation -0.4 0). 

IiTROliUCTION 

The catalytic dehydrogenation of higher alkanes produces all the straight- 
chain alkenes theoretically possible corresponding to the number of carbon. atoms 
in ‘the &alkane. These _olefins. are important starting materials, for example, in 
t& : production of detergents ame,nable to biodegradation, synthetic alcohols, 
polymers and copolymers, etc. The identification, of the individual products of the 
dehydrogenation will,, indicate, on the one hand, the possibility of their isolation 
and,. on the other. hand, the possibility ,of their study, from the, viewpoint of further 
reactions. Boiling. points or vapour pressures are parameters which ,represent a 

” Dedicated to Professor Dr. SAMO STANICOVIANU* on the occakion of his Ggth birthday. 
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basic characteristic of substances, and the values of the 
various calculations, 

We have shown recently’-* that the individual 

A. SIMKOVICO~A, J. JAN& 

former are necessary for 

analysis of the higher 
straight-chain CO-C,, alkenes is feasible by gas chromatography (GC) on squalane 
when a high separation-efficiency capillary column is used. The boiling points of 
all the fourteen nonenes and decenes were obtained from the retention indices ,+, 
measured for the qz-alkenes. The boiling points of the gz-undecenes have been published & 
by ASINGER et al -6. In the case of the s-dodecenes, from among the eleven possible 
isomers, the boiling point of r-dodecene (2X3.353 ") and an approximate boiling 
point of 6-dodecene (213.7 “) are quoted in the literaturea. 

‘In the present paper, we have determined the boiling points of all the straight- 
chain dodecenes by virtue of the correlation of the retention indices and boiling 
points of the C,,-C,, n-alkenes. 

EXPERIMENTAL 

The measurements were carried out on a Chrom 3 gas chromatograph 
(Laboratory Instruments, N. E., Prague) with a flame ionization detector. A zoo-m 
long ‘stainless-steel capillary column of 0.2~m.m I.D., coated with squalane, was 
employed. The operation temperatures of the column were 86 O, IOO O, and IIS O. 

The inlet pressure of the carrier gas, (NJ was 4.0 kg/cm2, and the carrier gas flow- 
rate was 1.2 ml/~&h (at, a column temperature of 86 “). The sample size amounted 
to 0.3-1 ~1, at a split ‘ratio of I : 300. 

The boiling points of the ut-dodecenes were calculated from the values deter- 
mined from the chromatograms ,of the gz-dodecane-dehydrogenation products. 
The’retention,times of the, n-dodecenes were measured relative to the retention time 
of methane, and the data were expressed in the form of Kovats retention indices. 
The ‘,reproducibility, of the measurement of the retention indices, from at least 
three’ measurements at each temperature; was f 0.1 index unit. At 86 O, an effi- 
ciency of about 300,000 theoretical plates was found. This high efficiency made 
it, possible to resolve isomeric alkenes differing in their boiling points by only 0.1 O. 
The calculations were ‘carried out on, an, IBM 360/30 computer in the Research 
Institute of the Economics of Chemical Industry in Bratislava, 

*RESULTS AND DISCUSSION 

The preparation of the individual +dodecenes of a purity sufficient for the 
determination of their boiling points is laborious. GC permits the boiling points 
to be determined directly from a technical mixture of the isomers. 

:.” ‘,We have hinted <at the fact* that the precision of the boiling points of struc- 
turilljr ‘similar hydrocarbonti, calculated’ from a relationship based on the’ linear 
depenyenc.e: of the logarithm of absolute or relative retention’ characteristics on the 
boiling pomt$ of ,the sofutes’gs, is limited.,by ignoring the dependence of the vapour 
pressure” and ‘the ‘activity coefficients “on the temperature. These ‘dependences h 
markedly iiianifest themselves mainly. in ‘the, separation of the’ cis4yans isdr&rs of .8 
sdme~ ii-ilkene,s insuch :a’ ‘manner that ,an inverse sequence of elution’ was ‘obtained 
within’%iarkedly 5rarroti. ‘tetiperature limits (30 “) ‘in ‘their separation’ on a’ non: * 
sele@iy (squalane), liquid .phase., , . , i !. 
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More precise boiling points (reproducibility of 3r: 0.x”) have been obtained 
by us4 from the correlation of the structure of the individual types of +z-alkcne 
(such as tvans-2-, cis-z-, tmns-3-, . . . alkenes) with their retention indices, by 
virtue of the dependence of the proportionality constant kP on the number of carbon 

,,atoms in the molecule of the +alkene4. 

z.W,,,. As the results thus obtained for the C&-C,, &alkenes bear an interesting corre- 
lation to those from methods of calculation by means of the boiling points of the 
?z-alkanes as well as to the corrected. index boiling point@, results obtained by all the 
three methods are compared in the present work. 

. 
Calczclation by am3 of the j!w$ortio~zaZity constant 12, 

The proportionality constant kP (ref. 4) characterizes a difference between 
the retention indices of two isomers, U, when the difference between their boiling 
points, 6Tb, is r 0: 

(0 

We have found that the proportionality constant 12, of the boiling points 
and retention indices for CO-C,, w-alkenes is dependent on the structure of the 
pairs of isomers compared, the number of the carbon atoms in their molecules, 
and the column temperature. Irregular values of 12, were found when comparing 
isomers with very close boiling points. 

The above dependence of the values of 12, on the number of carbon atoms 
was confirmed for all the temperatures studied (S6 O, IOO O, and 515 "). From the 
regularity of these dependences, the values of 1~~ were extrapolated for the corre- 
sponding pairs of dodecenes (Table I). 

TABLE I 

EXTRAPOLATED VALUES OF TlIB PROPORTIONALLTY CONSTANT i?, FOR CORRELATED PAIRS OF 12-DODE- 

GENIES 

P&s of n-dodeccnes 
arndcr corqbvison 

Column Zcmpernlure ( “C) 

56 100 1x5 

. 

Ivans-2/ 1 -alkono 6.3 G.2 60 

tvam-3/r: -allteno. 4.3 
ois-2/r-nlkenc 5.5, ;:“9 

317 
G.0 

&-3/f dkenc 
cis-2/c&4 ::; 2:: 2:; 

Iva,w-2/lrnns-4 7.s. 7.7 7.7 
ttmzs-a/trans-g 6.9 a:; 6.0 

GiS-I/&-3 64 6.3 
cis-2praas-2 4.3 4.8 5.3 
tvaits-z/trams-g 8.0,’ - 

&-2/c&j 67 - 
cis-z/trnus-4 6.5 - 
tvaw-z/cis-4 

5:; 

- 

trms-zlcis-3 - 
cis-a/tm~zs-3 5.9 - 
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The boiling points of the +dodecenes were then calculated from eqn. I Arranged 
in the form: 

. _ 

T bx = Tb + @I/$,) 

where Tb is the boiling point of the reference m-dodecene. 
In this case the fact that the precise boiling point of +z-dodecene-r was known 

‘:I@.$ 
TM 

was utilized, and this substance served as a reference alkene. First, the boiling points 
were calculated for those isomers of s-dodecenes whose homologues displayed 
regular dependences of kg on the number of carbon atoms for the reference I-alkenes 
within the range of C,-CL1 ut-alkenes. In this way the boiling points of tows-2- 
dodecene, truuts+dodecene, cis-2-dodecene, and cis-3-dodecene were calculated. The 
boiling points of further qz-dodecenes were calculated by employing as reference 
alkenes those whose boiling points had already been calculated (tram-2-, Ira~+3-, 
. . . dodecenes). The boiling points of tram-6- and cis-G-dodecenes were’ calculated 
by virtue of their retention indices, carrying out the extrapolation from the 
boiling points and retention indices of those closest to them, viz., tmm-g- and cis-g- 
dodecenes; the corresponding isomers have very close temperature increments 
in the retention indices., 

’ .’ The reproducibility of the boiling points of the individual rt-dodecenes calculated 
from ‘different reference isomers or column temperatures was f 0.x O. The average 
values of the boiling points of ti-do’deceries calculated by means of eqn; 2 are quoted 
in Table II. 

,I ,.. : 

Calcdation &y aisb of the Boi&g $oints of ‘sc-alkanes 
By virtue ‘of the ‘rule of similarity. of ‘triangles, the following relation was 

derived for the boiling point, Tbz, of a gz-alkene, eluted between twoIt-alkanes with 
boiling points Tbr and Tbs and differing from each other by one carbon atom: 

‘(3) 

TABLE II 

COMPARISON OF BOILING POINTS (“c) CALCULATED BY MEANS OF THE PROPORTIONALITY CONSTANT 
hcp(A), BY MEANS OF THE BOILING POINTS OF 32-ALICA.NES (B), AND FROM THE CORR&CT~D INDEX 
BOILING POINTS AFTER MATUICUMA (C) 

Method A corresponds with eqn. 2, I3 with eqn. 3, and C with eqn. 5, 

n-Dodecens A I3 ATb (D-A) c ATI, (C-4 

cis-dDodeccne 
&is-g-Dodccone 
cis-4-Dodecene 
I-Dodecene 
tvans-6-Dodeceno 
bans-g-Dodocene 
tvans-4-Dodeceno 
tvatis-3-Dodekdne 
cis:3-Dodecene 
tvatm2-Dodecene 
cis-a~Dbd&m’c 

.‘. ,’ 

212.G 
212.7 
213.2 
213.4 
213’43 
213.4 
213.5 
214.0 
213.9 
215.6’ 
216.6 

210,s 
2x1,0 
211.7 
212.6 
21149 
212,I 
212,q. 
2~3.2 
212,s 
2156 
216~3 

-1,g 
-1.7 
--IS4 
-OS 
--I*4 
-1.3 
-I*1 
-0,s 
-I,1 

080 
-0.3 

212,2 
212~3 
212.7 

21313 
213.2 

21313 
21314 
~14~0 
2~3~6 
215,6 
216.4 

-0.4 
-0.4 
-0,4 
-.o.r 
-0,I 
-0.1 

-0,*x f 
0.0 : 

-0.3 1’: 
0.0 

-0,2 :. 
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where 81 is the difference between the retention index of the qz-alkene and that 
of the qz-alkane with the boiling point Z&. 

The boiling points calculated according to eqn. 3 are also listed in Table II. It 
can be seen from a comparison of the boiling points calculated from eqns. 2 and 3 
that the boiling points calculated by eqn. 3 can differ by as much as -1.9 O. 

: ;. 
“‘C%.,-J’ABLE 111 

VALUES OF DIPFEIZENCES (dTb) IN DOILING POINTS CALCULATED I3Y EQNS. 3 AND 2 BOR c,,-cl2 

WALKENES 

Ivans-A Ifze~rzes ATu - cis-Alhancs ATIJ z-Alkencs ATl.J 

Iram-a-Hescne -0.2 cis-2-hexcne 1.4 I -1icsenc -0.2 
Ivan+2-Hcptcnc 0.1 cis-o-hcptcne I.2 -0.3 
ivalzs-2-Octcne 

I -hcptenc 
0.0 &s-a-octenc 0.8 1-octcne -0.4 

tvans-2-Noncnc 0.0 cis-a-nonene 0.5 1 -nonenc -0.5 
Ivans-2-Dcccne 0.0 cis-2-clecane 0.2 1 -deccne -0.6 
Ivans-2-Undcconc 0.0 cis-2-undccene 0.0 1 -undeccnc 
bans-2-Dodoccne 

-0.7 
0.0 c,is-a-dodccenc -0.3 r-clodccene -0.8 

Irans-3-I-Icsenc -1.2 cis-3-hescne 0.0 

tvans-3-Ileptcnc -0.5) cis-3-lieptenc 0.2 
Ivans-3-Octcne -0.8 cis-3-octenc -0.1 

tvans-3-Nonene -0.8 cis-3-noncne. -0.4 
traw-3-Dcccnc -0.8 cds-3-deccnc -0.7 
Ivans-3-Unclccene -0.8 cis-3-undcccnc -0.9 
Ivam-3-Dodeccne -0.8 cis-3-dodeccne -1.1 

&am-4-Octcne 
tram-4-Nonenc 
tvam-4-Decene 
tmns-4-Undeccno 
tr*ans-4-Doclcccno 

cis-4-octenc -0.2 
cis-4-noncne -0.5 
cis-4-dcccne -0.8 
cis-4-undcccne -1.1 

cis-4-dodecene -1.4 

tvans-g-Decene 
tvans-g-Undeccnc 
tvans-5-Doclecene 

cis-g-decene - 0.9 
cis-5-undccenc -1.3 
cis-g-dodecene -1.7 

tram-G-Dodecenc 

-0.9 

-0.9 
-0.9 
-1.0 

-1.1 

-0.9 
-1.2 

-1.3 

-1.4 cis-G-dodccenc -1.9 

A comparison of the dTb values for the gz-alkenes C,,-Cl,, shows certain regu- 
larities (Table III). It is apparent that the drb values withiu the individual series 
of &zrts-alkenes are very close to each other whereas the dTb values for cis-alkenes 
as .well as I-alkenes are higher and decrease regularly with the number of carbon 
atoms’. 

Certain regularities in the deviations of dTb for positional and geometrical 
isomers of an equal. number of carbon atoms are evident from !Table IV. One can 
see that the behaviour of the positional 24somers is different fromthe other positional 
isomers; the deviations show both positive and negative values, so that simple 
correlations will not, render precise results. On t,he other hand, a knowledge of’ the 
deviations of A rd. ulith <respect, to the number of :carbon atoms. affords : a ., relatively 
precise. ,m,ethod of det,ermining the. boiling, points, ,of : higher v-alkenes such as : the 
dodecenes. The necessary SI values can be determined from the dependence of the 
structural increment Hs on the .number of carbon atoms for the individual .series 

J:‘ChVtWl2t.#OgV.,~ 71. (197i) 243ki4~ 
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TABLE IV , 
SUMMARY OF THE dTh VALUES 1/S. TIIE POSITION AND GlfOBIETRICAL ARRANGEMENT 01’ ~1.1~ 

DOUBLE BOND AND TI-II3 NUMBER OX’ CARBON ATOMS OF 72-ALICEN&S c,--cl, 

Naimbwqf Ivans-A Eheize A Tt, cis-Allzene A Tt, T-Alkem A TI, 
C atoms 

co tvans-z- 
Ivans-+ 

-0.2 

-1.2 
J *4 
0.0 

C? 

c, 

cll 

Cl0 

Cl1 

Cl, 

kans-2- 
tmns-3- 

tmns-z- 
tram-3- 
tvans-q- 

trans-z- 

trans-3- 

tram-4- 

trans-z- 

tram-3 - 

hlans-4- 

tmns-5 - 

tram-2 - 

trans-3 - 

transq.- 

. tram-g - 

tvans-2 - 

transg- 

trans-g.- 

tvans-g- 

tvans-G- 

0.1 

-0.9 

0.0 

-0.8 

-0.I) 

0.0 

-0.8 

-0.g 

0.0 

-0.s 

-0.9 

-0.9 

0.0 

-0.8 

-1.0 

-1.2 

0.0 

-0.8 

-1.1 

- r.3 
-1.4 

h-2- 

&-3- 

&s-2- 

&s-3- 

ds-2- 

&s-3- 
&s-4- 

h-z- 

cis-3- 

cis-4- 

cis-z- 

cis-3- 

f&-4- 
cis-g- 

c&-z- 

cis-3- 

cis-+ 

cis-g- 

cis-a- 

cis-3- 

cis-4- 

cis-J- 

CiS-6. 

I.2 

0.2 

0.s 

-0.1 

-0.2 

I- -0.2 d 

I- -0.3 

I- -0.4 

0.5 
-0.4 
-0.5 

0.2 

-0.7 

-0.8 

-0.g 

I- -0.5 

J- -0,(5 

0.0 

-0.9 

-1.1 

-1.3 

J- -0.7 

-0.3 
-1.1 
-1.4 
-1.7 
-J..9 

I- -0,s 

of ti-alkenesl-3. By introducing the respective correction (cf. Table III), it is possible 
to calculate a boiling point identical to that calculated by eqn. 2. 

CaZculaCion from corrected index Boiling $oints after MATUKUMA 

N~AT~CUMA introduced0 the following relation for calculating the index boiling 
point 1~3 : ‘.. ‘. 

which ,is calculated from the ,retention. index of the substance, 1~ (1~ = I), and 
from the known retention indices and boiling points of substances of the same 
structure but4having one carbonatom less in the molecule, and with the aid of the 
so&lled paraffinic concept’&+B(P). Eor instance, for cis-z-dodecene (c-z-Ci,) 

*here. AIJ&@ -‘(C,,)‘,=“(ln:dia.~l~~,n.c;s) is the difference between the retention 
fc is the correction fat-’ 

from’its retention index::. 
I 

i4c) 

,‘, ‘, 

., ‘. .: 
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Zru+zs-2-Hcptcne 0.2G cis-2-lleptcnc 0,O r-hcptcne -0.1 
tvn?zs-2-Octcne 0.0 cds-2-octenc -0.3 1 -octcnc a .; -0.1 

-a+.ll., Irans-z-Nonenc 0.0 &-2-noncnc -0.2 I -11011c11c -0.1 

irw.I7.s-2-lh?ccne 0.0 cis-2-tlcccnc -0.2 I -tlcccnc -0.1 
ira7zs-a-Unclcccnc 0.0 &-2-unclcccne - 0 , ‘2 I -unclcccllc -0.1 

Ivans-;r-Doclcccnc 0.0 cb-2-cloclcccnc -0.2 I -cloclcccllc -0.1 

Iruns-3-Ilcptcnc 0.1 c~is-3-hcptenc 0.2 
Ircws-3-Octcnc 0.1 cd+3-octcno -0.3 
Ivarzs-3-Nonenc 0.0 cis-3-noncne -0.3 
ttw4zs-3-ncccnc ---0.1 cis-3-cleccnc -0.3 
t~ans-3-Utlcleccllc 0.0 cis-;j-unclcccnc -0.2 
0ms-3-Doclcccnc 0.0 cis-3-doclccellc -0.3 

IJ’CWS-4-octc11c 0.0 cis-~-octcllc -0.3 
Irans-4-Noncnc 0.0 c’cs-4-11oncnc -0.3 
t,‘a?zs-4-l~eccnc ---0.1 cis-4-clcccnc -0.4 
imrts-4-Unclccenc 0,o cis-4-unclcccllc -0.4 
trlalss-,l-Docleccnc -0.1 cis+c10dccc11c -0.4 

ham-5-Dcconc -0.1 cis-5-dcccnc -0.4 
tmzs-5-Unclecenc -0.2 cis-5-unclcccnc -0.4 
tams-g-Doclcccnc -0.1 cis-g-cloclccellc -0.4 

tvnm-G-Docleccnc -0.1 c~is-cI-cloclccellc -0.4 

The above equations were used to calculate the In values for the individual 
gc-dodecenes, while the fc values were calculated from undecenes of equal structure. 
The calculated boiling points of ?z-dodecenes are summarized in Table II. 

It was also found from the results for the gz-dodecenes that the values of the 
factor fc are constant only for the calculation with ImTts-alkenes, whereas the boiling 
points calculated for cis- and I-alkenes are lower than the actual ones, since the 
fc values for these types of alkene rise with the number of carbon atoms. 

The deviations dTb of the boiling points calculated by eqns. 4 and z are 
quoted, for the groups of C&,, tram-, cis-, and I-alkenes, in Table V. One can 
see a very good agreement between the boiling points calculated by eqns. 2 and 4 
in the case ‘of tralzs-alkenes as well as regular deviations for cis- and I-alkenes. The 
maximum deviation is -0.4” with both methods. The values for tra~+G- and 
cis-6-dodecenes of fc cannot be directly calculated from eqn. 4 since these positional 
isomers do not exist with undecenes. Thef, valueswere therefore estimated by virtue 
of the regularity of the dependences of fc on the position of the double bond4. 
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