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SUMMARY 

A correlation was made between the boiling points of fourteen non-branched 
nonenes and decenes and the retention indices, and also a comparison of the results 
obtained by known methods of calculation with the available tabulated data. : 

The gas chromatographic measurements were carried out on a zoo-m long 
capillary column (stainless steel) coated with squalane at 86, 100 and '115~ and per- 
mitted boiling points to be determined with a reproducibility of & .o.I? Substan- 
tial deviations were found from the ,KovA~s, rule 61 m kp BTc, for the behaviour 
of isbmeric hydrocarbons on a non-polar stationary phase:In the case of the olefins 
studied, the proportionality constant, for which a value of approximately 5 is 
stated in the literature, fell within the range z;8-13.g on squalane: The correction 
factor &- used for the calculation of .Tg by MATUKUMA is constant only in the case of 
bvczvts-alkenes, whereas for cis-alkenes and I-alkenes it is ,dependent on the number of 
carbon atoms in the olefin molecule. : 

INTRODUCTION rlAl 
,,’ 

One of the properties that substantially affects the position of a substance in a 
chromatogram is the vapour pressure of the substance, which is related to the boiling 
point. Correlations are made with the aid of linear relationships between the’loga- 
rithm of the ‘absolute or relative retention pa&rneters’and the ~boiling~points~~of the 
substancesl~s.~ While the relations between, the boiling points of polar-substarices and 
the retentioncharacteristics ,of. polar and :nonLpolar stationary phases:are acomplex 
function of, the structural properties G of the ; molecules, the 1 interactions ,of hydro- 
carbons on. ,hydrocarbon<,stationary phases :afford substantial. simplification& :Thus; 
by applying the theorem of corresponding .,states. to. his. retention-index i system; 
KOVATS~ has suggested'the relation 61 M 5 6Tb fortwoisomersse@artitedon'a'h@roi 
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carbon liquid phase, where 61 is the difference between the retention indices of the 
two isomers and ~TI, is the difference between their boiling points. 

ALTENBURG~ used, .for the calculation of boiling ‘points, the description of the 
molecular structure and defined the relation between the retention index and the 
boiling point by means of properties suck as the molecular diameter and the distance 
between the centres of atoms. 

MATUKUMA~ has introduced the concept of the boiling point index, IO, which is 
calculated by the equation : 

IB = ~0(0.0013402" !fb+2,GG2010) _ 440.5. (I) 

The value of 1~ is calculated from the retention index of the substance, 112 (1~ = 1)) 
and from the,known boiling points and retention indices of substances with. the same 
structure but with one carbon atom less, and employing the paraffinic concept 
A~R__B(P). Thus, for Cs alkenes: 

WG3) = In(&) - AIR-B(*) (c,) +.fc (2) 

where dIn-&‘) (C,) is the difference between the retention index and the boiling 
point index of n-octane, having the same skeleton as the gz-alkene, anclfc is the cor- 
rection factor for calculating the boiling point Tb from the retention index In: 

&= +TTB(p) (c,) - +-” (c,) (3) 

BAUMANN et aZi6 determined the boiling points of the secondary straight-chain 
C,,-C,,,alkylbenzene isomers from the correlation between the retention times and the 
known, boiling points of some isomers. They ascertained interactions between the 
non-polar stationary phase (Apiezon, SF-96) and the alkylbenzenes being separated 
and as’s result the calculated boiling points had to be corrected by 0.7-4.1”. The 
correction was a linear function of the difference between the boiling points of the 
originaland~ derived isomers and increased when the phenyl group was shifted to- 
wards the centre of the side chain; 

WILLIS’ used the temperature programming ,of capillary columns for the 
determination of. the boiling points of; the positional.isomers of linear C+CIB alkyl- 
benzenes. The boiling ‘points were read directly ,from the linear dependence of the 
retention time veystis the boiling points of C,-C,5 I-phenylalkanes. 

the 
The precision of the boiling points calculated by ,eqns. 1-3 is lirnited owing to 

neglect of the dependence of the vapour pressure and activity coefficients on 
the column temperature, which is closely dependent on the linearity of the function of 
the logarithm of retention parameters and the boiling points (log tr’ = a + bT e). 
After, correcting :the. values of 1~: by: the correction ,factor fa in, eqns. 2 and 3 for 
calculating the,boiling points of :the non-branched C7 alkenes, the deviation of the 
calculated, from the tabulated,values, ,zl rb, did .not exceed .0;8” (ref. 5). t 

:‘: ‘, ‘.’ Xn! a!pr,evious paper*, .we .have indicated certain relationships.between the reten- 
tion, .indices,.iand ), boiling.. points of .thes non-branched ’ C&-Cd alkenes. a’ In the present 
paper;~the.above.telationshipsare investigated for, the non-branched,C,&, ,alkenesin 
order to. .calculate the 1 boiling points of. rionLbrariched nonenes and decenes. Except 
for +al.kenes,% the Lab&e quantities; are .not, :precisely kriownVO for nonenes and dec- 
enes&though they are important, data for their isolation from the dehydrogenation 
produdts of+allcanes:.:~ . ., , ‘, .I I’ : 8’ ‘: ,‘, ::‘I “,. ./,N. ,,I ), , , ,.: 
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EXPERIMENTAL 

A Chrom 3 gas chromatograph with a flame-ionization detector was used. Th,e 
capillary column was of stainless steel, 200 m long and 0.2 mm I.D., and was coated 
with squalane by the dynamic method. The working temperatures of the column were 
86,. zoo and ILSO, the column inlet pressure of the carrier gas (nitrogen) was,4 kp/cm2, 
the flow rate was I .2 ml/min at 86”, and the sample size was 0.3-1 ,ul, the split ratio 
being I :300. 

For the identification and boiling point calculation, dehydrogenation pro- 
ducts of the individual CO-C,, alkanes werd .used which contained all the theoreti- 
cally possible non-branched alkenes BJ’, The retention indices were measured from the 
retention time of methane. The capillary column used was able to separate isomeric 
alkenes (with the same N/U’) differing from each other in their boiling points by as 
little as 0.1~. The reproducibility of measuring the retention indices was Ao.2 of a 
retention index unit (from four measurements). The calculation of the retention 
indices (1) and the boiling point indices (10) was carried out with the aid of an 
IBM 360/30 computer. 

RESULTS AND DISCUSSION 

Calcdution of the boilhag fioints ‘of n-alkanes 
The boiling points of non-branched alkenes were calculated preliminarily from 

the difference between the retention indices of the n-alkenes and rt-alkanes and from 
the knotin boiling points of the s-alkanes between which the ut-alkene’in question was 
eluted, applying the rule of similar triangles: 

UT&, - Tall 
Tbcz = Tbl + 

100 

where Tbs:i!3 the boiling point of the alkene, Tb2 and Tbl are the. boiling points of the 
n-alkanes differing by one carbon. atom, and 61 is the ‘difference between the retention 
indices of the alkene and’+alkane, with boiling point Tbl,. ‘, 

The applicability of the relatibn was checked in ,advance for all the, non- 
branched CO-C, alkenes ‘with known boiling, points. The boiling’points calculated by 
eqn. L$ for the non-branched, CO-C, allcenes are given, in Table I. It ctin be ‘seen on 
comparing the’ calculated boiling points with, the tabulated data that the calculated 
boiling points display ‘deviations (AT&) of up! to ,1,4”, witkcertain regularities. ‘The 
calculated boiling points of cis-alkenes are mostly higher and those of tram- and 
I-alkenes are lower than the tabulated values, -The, deviations (AT&) decreas& with 
increasing number of ‘carbon atoms in the’molecule eventualljr to negative iralues, 
which is evident in the Series ‘c&+2-; tnzns-34 and z-alkenes. ~Th&deviationsfor tvans-2- 
and &s-2- isomers differ substantially from the 6tkier tnzns- or&s- isomers. Qn shifting 
thti : position ‘of. the double bond Lb : the centre .of’ the’ molecule, A Td. ,dei=retises for 
cis-alkenes, while fqr $?a%+alkenes the opposite occur&,. : : : * : : . : : I !. 1 :‘.., I. 8 1 

iv f ,‘! ‘Similar dependences may; :be inferred: from : the boiling points. !published by 
MAT&uMAs. (proiiided Ii e: Is,,) ,foi tioxi-branchcdCb alken&;’ also Quoted in! Table 1; 
All the tboiling points bf the C, alkenes published: by. MATUKUMA. are ihigher than the 
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tabulated values since the respective retention indices are also higher compared with 
those published by other authors l”-14, This may be the explanation of the devia- 
tions (dTb) for the C8 alkenes (except 4-octenes), since correction factors fc (eqn. z) 
calculated from imprecise retention indices for the C, alkenes were used in calculating 
these values. 

Assuming IR = ,IS,,, we calculated the boiling points of the C,-Cs alkenes (by 
eqn. I). The deviations (dTe) obtained agree to within 0.1-0.2~ with the deviations 

TABLE I 

COMi’ARISON OP THE CALCULATED AND TABULATED BOILING POINTS OF NON-BRANCNED co-CR 
HYDROCARBONS 

Alkenc ’ Boiling point (“C) 

Ref. 15 Eqn. 4 ATt, Ref. 5 ATr, Eqn.. I ATI, 

I-Hcxene 63.49 
cis-3-Hcxone 66.44 
tmns-3-Hcxcne C7.08 
tvans-2-Hexenc 67.87 
cis-2-Hexenc G8.84 

I-Heptene 93.64 
tram-3-Heptcne 95467 
cis-3-Hcptenc 95.75 
tvczns-2-Hcptene 97.95 
cis-2-Heptcne 98.5 

I-Octene ’ II 121.28 
tvans-4-Octene : 122.25 
cis+Octene 122.54 
cis-3-Octene 122.9 
tvans-3-Octene 123.3 
tvans-2-Octene 125.0 
cis-2-Octene 125.64 

63.24 -0.25 63.44 - 0.05 63.49 0.00 
66.4” 0.02 66.59 0.15 6658 0~14 
65.93 -1.15 G6.28 -0.80 G6.07 - I.01 
67.65 -0.22 67.84 -0803 67.76 -0.11 
70.25 1.41 69.71 0.87 7Q27 1.43 
93.33 -0.31 94.19 0.55 93.58 - 0.06 

94.73 - 0.94 95.97 0.30 94.93 --*74 
95.97 0.22 96.68 0.93 96.15 0,40 
98.06 0.11 99.02 I .07 

1.82 
98,.x5 0.20 

99.72 I.22 100.32 99.77 1.27 

120.89 -0.39 120.G6 -0.G2 12I.‘Ib -0.18 
121.3G -0.89 121.69 - 0.56 121.59 -0.66 
122.35 -0.19 122.11 -0.43 122.56 0.02 
122.82 -0.08 123.og 0.19 122.98 0.08 
122.51 -0.79 123.30 0.00 122.Gg -o.Gr 
125.05 0.05 125.00 0.00 125.13 0.13 
126.45 0.81 124.88 -0.76 126.47 0.83 

calculated by eqn. 4. Nencc calculations made by eqns. I and 4 give almost the same 
results-since. both ,methods, are’ based, on calculating the boiling points’by means of 
n-alkanes. The deviations of,the, boiling points calculated for cis-; tram- and r-non- 
branched C;-Cs alkenes by eqn. ,4 can be related to the measured changes of the reten- 
tion indices .for non:branched, alkenes with. the’ column temperature, which decrease 
approximately in the sequenbe : cis- > ‘I- ,> &ass-alkenes. Wence, eqns. ,I and 4, do 
not: express .precisely. the differences in the activity coefficients and vapour pressures, 
or their .different temperature dependences for s-alkanes and alkenes. 
: ., > ; ;. :, !, :, : 
Cahu~ation oy cowectep boiling $oim!s hdices, 1~ ,, ‘. 
,. ‘, Weused.for. calculating ,boiling,.points eqns. 2 and 3;. which are based on the 1,s 
corrected. by: means,,. of. the correction,,factors _fc referred to the ,structure of the zor- 
responding N.-alkane.,and. the. double-bond :conformation. : > : t 
,:>.: ,,. As the ;fc,‘valueSicalculated for, the C+Cd alkenes displayed certain regularities; 
we arranged them for the individual series of the non-branched alkenes, *according to 
t,he ‘number;iof,,,car,bon:.atoms in the molecule, :in Table II:.Table II ,has been Supple- 
merited’‘‘’ the’values ofjc calculated earlier for the ,C1,,; C1l alkenes; ~The,increase. in .the 
fc:‘yalueg $t,b,,increaSe in the .number of carbon atoms ,is evident .for all the ‘cis-:: and 
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TABLE II 

DEPENDENCE 017 THE CORRECTION FACTORS fc ON THE &lBER OIr CARBON ATOMS FOR THE 

INDIVIDUAL SERIES OF NON-DRANCHED HYDROCARBONS 
_- ---_ ----. - 

N~u?nbsr of Athsnes 

tram-2- tram-3- trans-g- tvans-g- I- ds-2- cis-3- cis-q- &S-S- 

z 
9 

10 

II 

0.6 -0.3 
-0.1 

0.1 

0.2 

3.3 2.9 
2.6 
2.7 
3.1 

2,ga 

2.8 
;:: 

0.G 0.1 -4.2 -4.2 - -0.3 1.0 -I.O’b 

. 1.0 -2.9 0.0 0.2 
3.0a 1.6 -1.5 1.4 1.6 1.w 

w 3.6 I.9 -0.7 2.7 2.8 3.1 

----_-~.- 
----~-7----- 

-----_ --- 

a Estimntccl values of fc, 

r-alkenes. For the individual series of Iran+alkencs (considering jc = 0.4 N o.I~), 
.fc can be considered to be constant, 

In calculating I& the correction factors fc are used as calculated from the 
alkenes of the same structure, but having one carbon iess in the molecule. Therefore, 
eqns. 2 and 3 are accurate only for calculations for trans-‘alkenes. The calculated boiling 
points of & and I-alkenes will be lower than the actual ones since the respectivef, 
values increase with increase in the number of carbon atoms. 

Caldation qf the $ro$ortionality constant, kp 
We attempted to find more precise boiling points by correlating the structure 

of alkenes and their retention indices. By substituting into the KovA~s’relation~, we 
calculated, from the known boiling points of ,the non-branched C,-C, alkenes, 
~%alc; (&ah: = 5 STb). The differences between Blo&. and the measured’blmoee. for 
various’pairs of alkenes and different numbers of carbon atoms in :the molecule are 
given,in Table III. A relatively good, appljcability’ of the KOVATS relation has been 
proved only for comparison of geometric isomers, dram-tram and cis--cis. It can be 
seen that the deviations obtained are dependent on the number of carbon atoms, and 
decrease .with increasing number of carbon. atoms in the molecules of ,the ,non- 
branched alkenes being compared. , 

From a consideration, of the above results, we modified the KOVATS relation to: 

(5) 
wbcre kp is a proportionality constant characterizing the difference between the reten- 

,, ,’ 

‘I’ABLE III 
I, :. 

DIPFERENC’I3S c~~~~I~, - dlmons, FOR PAIRS OIr NON-BRANCHED c,-c, ALICLNES’ 
., 

Alkcncs Gl c7 C, 

bans-/I- 8.4-9e7 
&s-/I- 419-5*2 f’E’~ 

3.0-4.0 

‘cis-/tvans- 3.2-4.8 2171410 
0.2-1.3 
1.6-3.8 

tyans-/tvans- x.3 0,2 
&+-~$; ’ 0;3’ I;2 

0.3-r. I 

.o.q-I;1 
‘, I 

.\C,‘,_’ ‘_ ‘. :. ., : ,I,.‘,,, . :. 

J.~Clyomatogr., 65 j1972) 93-102 
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TABLE IV 

DEPENDENCE OF THE PROPORTIONALITY CONSTANT 12, ON THIS NUMBER 01’ CARBON ATOMS POR 

PAIRS OF ALICENES COMPARED AT TEMPERATURBS OP 86, 100 AND 115’ 

Number of 
carbon atoms 

tvaw+z-lr-allzene Evans-3-/r-allzene 

86” 100° 1rp 86” 100° IIy 

ciw+/z-allwac 

8G0 100° ITSO 

6 

z 
9 

IO 

II 

6 

g 

9 
10 , 
II ‘, 

3.1 2.9 2.9 2.3 2.0 1.8 
3.7 3.6 3.5 2.3 2.1 I.9 
4.1 410 3.9 3.0 2.8 2.G 

4.7 4.6 4.4 3.4 3.1 2.9 
5.1 5.0 

;:: 5.7 5.5 
3-7 3.3 3.1 
4.0 3.6 3.4 

cis-g-lr-allzcnc Ivans-2-/tra~zs-4- 
3.3 - - - 

;:; i:‘, 4.2 - - - 

4-4 $4 4.5 4.9 
“;‘Z 4*8 4.2 4.3 4.5 5.6 
613 

5.5 
412 4.5 

;:: 4.1 
6.3 6.3 

$6 7.1 7.0 7.r 

4.0 3-9 4-o 
4.5 4.5 4.5 
4.7 4.7 4.8 

5.0 5.1 

;:; 
. $2 ;:2 

cis-2-/&s-q- 

4.8 4.8 4.8 

5.2 
5.6 ;:; ;:: 
6.1 5.9 S-9 

tvans-2-/harts-p 
6.7 6.8 7.3 
+9 

;:; 
5;0 

ii:: 
2:; 

;:: 
6.2 6.2 
6.6 6.6 6.6 

cis-a-l&-3- . . 
4*! 4.8 4.9 

4.8 4.8 
;:;: 4.9 4.9 

5.3 5.3 
5.6 

2:: 
;:i 

6.0 . 

cis-2-Itvans-2- 
8.1 8.7 9.3 

12.2 13.0 13.9 
8.0. 8.9 9.8 

8.5 
Z::: Z::, 

5.0 5.5 2:: 

‘., , 

tion indices of two,alkenes when the difference between their boiling points is ,x0. ,The 
values of kp, for the pairs of hexenes, heptenes, octenes and undecenes have been 
calculated ,from ,the measured retention indice@’ and tabulated boiling point@-l@. 
The values of. k,, for nonenes and decenes have been calculated by graphical interpola- 
tion, from the dependence of .k, on the number of carbon ‘atoms in the molecules .of 
pairs ,of.alkenes being compared. The calculated, and interpolated values of kp (for 
temperatures’S6; roo,and ‘x15”) for .the pairs of non-branched alkenes compared are 
given in Table IV. ‘, “, ..‘, : ” 

” 11. It’ can be. seen from Table IV that the proportionality constant & in ,eqn. 5 
differs from the value of 5 suggested by I<OVATS. For the isomers of alkenes studied 
kj,‘is generally in the range r.S-9.8, depending on the pair of isomers’being compared 
and :the! iiumberof ,carbon atomsin the alkenes or, eventually, the column, tempera- 
ture. Extraordinarily high values, rz.z-rS,g, were found for the pair cis-2-/tmns-2-C,- 
alkenes.’ This’ deviation is not fortuitous but probably influenced by a special coqr? 
mation of the carbon chains having a length just sufficient to allow the formation of 
the cyclic configuration: " 

C 
'c--c 

=, 
= 

'c 
C CL 

or C c ,‘, ,. ,,,,’ 
.c-c’ ‘c-c’- _. ‘.” ” 

, 
“,. 

It is. significant, in this context that anomalous ‘cluomatographic behaviour’ was :ob;, 
served also with ,trauts-+undecene and trans-5-undeceneo, which are the only isomers 

,,. 
J; clrucmal~~~.;'iis,(*g12) g+roi 
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of all the straight-chain undecenes that can adopt a spatial arrangement similar to 
those above : 

% =v 
c- =\ C = 

c or 
=\ 

c-c' 
C C 
'c-c' 

It is also interesting to note the deviations of the retention indices of those members 
of the homologous series of tetrahydrofuran acetalsr’ which can adopt an annular 
configuration, even. when a silicone elastomer rather than squalane has been used ‘as 
stationary phase. 

In most cases, the & values rise with increase in the number of carbon atoms. 
Certain deviations in the regularities of the above dependences may be expected from 
the dependences of the structural increments, HS, on the number of carbon atoms of 
the non-branched C&,, alkenes (cf. refs. 8 and 9)‘. A decrease in lz, with the ‘number 
of carbon atoms was found for pairs of &+/tram-rz- and cis+/trans-3-alkenes. 

The boiling points of the nonenes and decenes were calculated by eqn. 5 rear- 
ranged to: 

5 X 
=T,+F 

a 
X6) 

. 

where Tr, is the boiling point of the reference alkene. The boiling points of tmns-20, 
c,is-27 tram-p and cis-3-nonenes and-decenes were calculated from the known 
boiling, points of I-nonene and I-decene and the proportionality, constants kp in 
Table IV. With respect to the small differences between the retention indices of .I- and 
4-alkenes, the ,boiling points of tracts-4-;and cis-4-nonenes ,and -decenes ,were calc,ulated 
by comparing the trans-q-/tmns+ and cis-s-/cis-4-alkenes from the already calculated 
boiling points of tram-z- and cis+nonenes and-, decenes. .The boiling p,oints of 
trans-g- and cis-g-decenes were calculated from the.‘values of, their retention indices 
by interpolation from the boiling points and retention indices of tyarts-3 ,-a,nd tram-4 
and of cis-3- and cis-4-decenes since the variations ofretention’indices with tempera- 
ture are very similar for the configurations tram-3-, -4-, -5- or &s-3-, -4-, -5- for 
alkenessqn. 

The boiling points of the nonenes and decenes calculated by eqns. 3,4 and 6 are 
given in Table V. Roiling points are given which are specified as’ approximate in’ the 
literature14JG. The boiling points calculated by eqn. 6 differ from the published 
(approximate) ones by as much as 3.7”. Since: the boiling points,of the C,, CT, C,: and 
Cl1 alkenes calculated by eqn. 6 are identical with the tabulated values, we have used 
in Table V the values of the boiling points of the Cg and Czb +.lkenes calculated by eqn., 
6 as the basis for comparing the methods employed. It is apparent that the deviations; 
ATb, for the nonenes and decenes calculated from eqns; 4 and: 6 agree with the devia- 
tions for the C&a alkenes. T&e values of ATE, for the’C&Crl alkenes in the individual 
series of the tram-2-, -3-, -4-alkenes are nearly constant while for the cis-Z-, ;3-, -4- 
alkenes and r-alkenes the Ll *f b values decrease regularly’ with the’mimber of carbon 
atoms (a decrease by 0.3 or 0.1~ ,for each carbon atom)‘. The‘deviations, ATb, calcu- 
lated by eqns. 3 and 6 are nearly constant for the groups of &a&-, cis- and I-alkenes. 
For the. cis-isomers and I-alkenes, average deviations, in’ both, .niethods amount ‘to .,. 
40.3 and - o.IO, respectively. These values correspond to the ascertained dependence 

3 
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TABLE V 

COMPARISON OP THE CALCULATED AND TABULATED UOILING POINTS OIr NON-BRANCHED c,-c,, 

ALKENES 

Al?&& Boiling point (“C) 
- - 
Ref. r4 Eqn. 6e Eqn. 4 ATa Bqn. I ’ ATr, 

tvay-4-Noneno (144) 
cis-4-Nonene 044) 
I-Nonenc 146.87 
cis-3-Nonenc (x47.9) 
tvans-3-Nonene (147.9) 
tvans-2-Nonene - 
cis-2-Nonene 148.5 
trqs-4-Dcconc (170.5) 
cis-4-Decene 
I-Dccerie 

(X70.5) 
~7O.S7 

tralzs-2-Decene 170.6b 
cis;z-Decene 170.6b 
ci.+g-Decene (170.7) 
Iran+5-Decene (171.3) 
cis-3-Decene (17393) 
tvans-3-Decene (x73*3) 

14717 146.8 -0.g 147-7 
147.5 147.0 -0.5 = 47.2 
146.9 146.4 -0.5 146.8 
148.0 147.6 -0.4 147.7 
148.2 147.4 -0, 8 148.2 
150.0 r50.0 0.0 150.0 
150.7 151.2 0.5 150.5 
170.9 170.0 -00.9 170.8 
170.8 170.0 -0. 8 170.4 
170.6 170.0 -0.6 =7o*5 
X73.4 173.4 0.0 X73.4 
=74*2 x74*4 0.2 174-O 
170.6 16ga7 - 0.g 170.2 
X71.3 x70*4 - 0.9 171.2 
171.4 170.7 -0.7 171.1 
171.5 170.7 -0.8 X71.4 

0.0 

-0.3 
-0.1 
-0.3 

0.0 
0.0 

-0.2 

-0.1 

-0.4 
-0.6 . 

0.0 
-0.2 

-0.4 . 
-0.1 
-0.3 
-0.1 

* Our measurement;. 
b Ref. 15. 

., : 
., 

:> 

?ffc on ‘the number of carbon atoms in the alkene molecule. For the cis-alkenes, fc 
rises ,by about x.3 for each carbon atom (Table III), which results in a boiling point 
loGei’ by 0.3” when using eqn. 3’ for calculations. Sirmlarly, for T-alkenes, the value 
cf’fc ‘increases by ‘about ij;4 per carbon atom, which corresponds to boiling point 0.1~ 
loivei’ ‘compared tiith,‘the boiling point ‘ctilculated by eqn. 6. The majority of the 
tv&s;alkenes show a perfect agreement of the boiling hoints calculated by both 
eqns. 3 arid 6, which is again in agreeme’& with fc being independent of the number 
of carbon atoms; as has been found experimentally for the Cs-C,, Irans-alkenes. ,.” ,) ‘_ 

TABLE VL ,, .l’ ,:, . . 
BOILING POINTS OF ,THF; 3-NONLNZS AND IXZCIZNES CALCULATED BY BJaN. 6 FROM DIIWERlZNT 
lZbZi&RENCE ~~~KENYJS 
. ‘, 

AIkene. , i . .’ qaivs cornpa@ hP Calculated boiling 
, ,/ , ,. . . ‘, point (“C) 

34 x48.2 
tvans~z:nonene/tuans-3-nonene 
cis~z~lioncli~/t~ans-3-nonene 
,c2s;3_noncnd/x~nonene I,;. .‘, ,., Ivan&-rionone/&-S_nonene 

tvansg;Dbceng 
Eis-2-ironeiie/cisl3-nonono 5,3 ‘,: .14&o 
tvanSt3-doceno/l-deceno 

’ ~i8-2:dc~b~e~t’ltv&trk-3-docone 2:: 
f7!*4 , 
171.6 

,‘.’ ;,, .,, 6.2 
cis-3-Decene’ , i 

tvdns;2;deceric/tuans=3=dece;ld X71.5 
cis-3-decond/,z-dacene, , 319 171.4 3 

.’ 
I :‘/ !, ,‘,a ,‘,I :,! ;’ ;, ,8, tvar24-i~dcconc/cts-3ydocene 

,cis:i-dcd~pis-3-doccne 
5*7 .171.4 

: 
,(‘.,‘A ..,, ,,.: 3 .,., I /.,,, (‘. ,,, ,,,,.. ,z,*7‘ 171.4 ‘, ; 

>I’ < -; 
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The reproducibility of the boiling points of the nonenea and dccenes calculated 
by eqn. 6 was tested in calculating the boiling points of the 3-nonenes and g-decenes. 
Different reference sub@ances, i.e,,.pairs with different ktp, were used in the calcula- 
tion. The boiling points so calculated are given in Table VI. It is apparent that the a 

choice of the reference alkene is not decisive, since the deviations in the boiling points 
calculated were. less than &-o. IO. The values quoted were calculated from the chro- 
matographic data obtained at a column temperature of 86”. The use of 12, determined 
for temperatures of 100~ and 1x5~ allows the calculation of the boiling points of the 
nonenes and decenes with almost the same result. 

CONCLUSIONS 

Relations based on data for ut-alkanes, M’ATUKUMA’S concept IS, and a method 
based on the proportionality constant kp (kp = B1/6Tb) were tested in calculating 
the boiling points of 14 non-branched nonenes and decenes. The boiling points of the 
non-branched alkenes calculated from the difference in the retention indices of 
pt-alkenes and ut-alkanes and the known boiling points of the sc-alkanes between which 
the alkene is eluted, Tb= = Tb, + 81(2”b, - Tel)/~oo, agreed with those calculated 
after MATUBU’MA, 1~ = I& to within 0.1-0.2~. For the CO-C, alkenes (at a. temperature 
of 86”), the above values differed from the tabulated ones by a maximum of 1.4~. 

Boiling points calculated by the use of 1~ corrected by the correction factor fc 
displayed maximum deviations of 0.4’. It was ascertained that the correction factor 
fc for tvans-alkenes is independent of, but for cis-alkenes and I-alkenes is dependent 
on, the number of carbon atoms in the molecule. Since the correction factors fc cal- 
culated from alkenes of the same structure but having one carbon atom less in the 
molecule are used in calculating In, the relation holds preciseiy only for tmrts-alkenes 
(for which fc does not’ vary with the number of carbon atoms), 

n’ore precise boiling points of the nonenes and decenes were found by cor- 
relating the structures of the alkenes with their boiling points. It was ascertained that 
the constant of the KOVATS relation t!U w 5 6Tr, does not have the value of 5 for 
hydrocarbons on a hydrocarbon stationary phase, but varies within the range x.8- 
13.9, depending on the pair of isomers being compared and on the number of carbon 
atoms in the molecu.le, or on the column temperature. The values’of kp for the 
corresponding pairs of nonenes and decenes were interpolated from the graphical 
dependence of kp on the number of carbon atoms. The above kp values, known 
boiling points and the measured retention indices of I-nonene and,x-decene were used 
in the calculation of the boiling points of the other nonenes and decenes from their 
respective retention indices. The boiling points so obtained differed from the litera- 
ture (approximate) values by a maximum of 3.7”. The reproducibility of the calculated 
boiling points was &o.l”. 
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