
Using the equilibrium isometization of tr-alkanes in the presence of a~ alu- 
minium hafide, a standard mixture of isoalkanes consisting of a C,-C,, n-decane 
isomerizate was obtained. This isomerizate was anafyzed by gas chromatography in 
a copper capirlary column, 150 m Iong, filled with B&44 vacwm oil at 95°C. From 
the relationship between the retention characteristics and chemical structures, the 
boiling points of the Cl0 isoalkanes were determined directiy from artificial mixtures 
of isomers. CakuIatior~s were carried out by usin corrected boiling point indices ac- 
cording to Matitukuma. 

1~ gas chromatography, the retention Yalues are determined by the nature of 
the intermolecular interactions between an ana!yzect compound and the stiitionary 
phase. With afkanes, the o&x of retention times corresponds to that of their boilin_e 
points, as the polarity of the stationary phase has only 2 micor effect OEI retentioil 

tmie. 

To clarify the reIationship between the boiling points and retention values, 
Mztukumal proposed &e concept of the boiling point index, 1,. He also discussed the 
re’atiicr,z~hip between 1, and the RGt&S’ retention index’, 1,. 1, is cakulated from the 

tation 

zre Tb is tbe boiling point in “K at 760 mmffg. 
Sqrrafane and BM-4 vacuum oil were tested as stationary phases. Afthough 

TtIane is frequently used as a axnpletely non-polar stationary phase, it is itself 
af frOEl the point of Yiew of idea1 poja&y, as show by Sidorov alld fYanoYa3. 
f-4 vacuum oi1 appears ho be similar to squalfane in its sepxating pr5PetiieS, 21- 

W& it Surpasses it as smaller retention volumes are obta:ned, thus permitting 
.siderabfy shorter analysis times 2nd fewer pressures at the tioEum.~ in&- 
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hydrocarbons with a purity that is adequate to 
determine *&eir boiling points p-resents ce~?tain diEcu!ties. Gas chromzttogra@J- 
permits the determination of boiling points directly cm- a commercial mixture of iso- 
mers. For example, Soj&k and coworke&*’ determined the boiling points of Id 
nonenes and decenes and also Cl2 n-alkenes were determined from their gas ho- 
matographic reterxion indices. 

In the present work, we investigated the determination the boiling points 

of Cl0 isoalkanes in 8 standard mixture of Cs-CLO isomers, obtai by the equilibrium 
isomerization of alkznes in the presence of an afn&niuEn !xaEde6. 

~-Deane was isomertied at 300X in the liqtid phase using 10-20~~ (w/w) cl 
alumfnium bromide, the isomerizatioa time being 3-12 h. The catalyst was decom- 
posed by an agkafine solution, and the composition of the reaction products was 

analysed by ,aas chromztogrzphy. Considerable cracking of highly branched aEkanes 
was observed drzrir;g prolonged contact with farge amounts of catalyst. 

The xxoduct of n-decane isamerizztion was anafyzeci on a TSVET-I chtoma- 
togrzph eq&pped with a capillary column and a Aame ionizztiofi detector. A copper 
column, I50 m x 0.25 mm I.D., wzs used for the separation. The cofumn was fiIIed 
with vacuum oif by the dy&mic method- Measurements were made at 95”C, a carrier 
gas (nitrogen) pressure of 2.0 kg/cm’ and a carrier gas velocity of 1.2 mffmir,. The 
amormt of szm&e fed in was a maximum of I ml, and the spritting ratio wzs E :300. 

A chromatogram obtained is shown in Fig. I. 
The componerzts of the isometizxte of n-decane were identified by comparison 

with certain icdividua! hydrocarbons srvailabfe to the authors. Hydrocarbons that 
were Iackirrg were prepared by usin g the Wurtz reaction and methyfene insertion’. 
Esomerizates of n-octane, isooctzne, aild n-nonane we:e also used, as wel! as some 
data given by Mazynov ar,d Vidergalfzs. 

The reprodncibilfty of the retstive retention times was !ower than that attain- 
abIe with modern highly efficierrt capilfarj columns. The use of stzmdzrd calibration 
mixtures for idenri%&or; using data from the fiteratrrre on the r&t&e retention 
times of corresponding iscmeric hydrocarbons makes it possi& to ex&& tfEis @ye 
of error, as the coincidence of relative retention times of certain hydrocarbon ser& 
crnnot be random in nature. 

The retention times of the G and Clc alkancs in the n-dmne isomer&t: 
were detetined r&&e to n-pentine and the re&ts were expressed 51s KC&~; 
retention indices: 

where V,, Vtizjt Vfi<:s 0 are corrected retention values for the hydrocarbon mezsure6, 
an n-a&me with 5 ccfrbols atoms and one with zj-l C~F~ORS, respectively_ 

1~ Z&k I, the G and Cl0 aricanes in the n-decane isometizate we fisted i L 
order of increasing boiling points. Also given are the FE and 1, vafces found exper - 
me&&y at 45°C. 



Fig. I- Chomato~rm of n-decane isomer&t& on BM4 vacwm oil as stationary phase. ~ofumn 
Zengh, :50 m; ColUmn tempeature, 95% Peaks: I = methime; 2 = ethane; 3 = propane; _I = 
I-methylpropane; 5 = n-butane; 6 = 2-methylwntzne; 7 = n-pentzme: S = 2,2-dimethylbutane: 
9 = 2,3-dimethylbutzne t 2-methyiperit.zie; IO = 3-methyIpentane: 11 = n-hexane; 12 = 2,2- 
dinethyipeniane; 13 = 2,kiimeth~Ipentan~; 14 = 2,2,3&imethylbutane; 16 = 3,3&rnethyQen- 
tae; f7 = knethyihexzne; IS = 2.3-dimethy@ent~e; 19 = 3-methykexane; 20 = 3ethylpen- 
tane; 21 = rr-heptane; 23 = 2,kEmethyIhexane; 24 = 2,5dimethyihexane; 25 = 2,Cdimethyl- 
kcine; 26 = 2,2,3,3_tetra~ethylbcitane; 27 = 2,2,3_MrcethyI~entzne; 28 = 3.3.dimethylhexzne; 
29 = 2,3$-trimethylpentane; 31 = t&iinzethyIhexzne +- bmerhfiyiheptane; 32 = Imerhy!heptane; 
33 = 2,3,3-trimethyIpente f 7 ,-methykeptane; 34 = 2,2,%rimethylhexane; 35 = 7,2,&rimethyl- 
h%UX; 36 = n-octae; 37 = 2,3,5-trimethylhexa__~ T,; 3S = 2Jin;ethyiheptzne; 39 = 1,4_dime:h- 

s!heptane; @ = Z&2,3-trimethyihexane; 41 = 2,kfimethylhepta: 42 = 2,5-dimethykeprane: 
4: = 3,5_dimethyIheptane (CK) + 3,5+dimethylheotane (s): 44 = 3,3-dimethylheptzne; 45 = V,3- 
*,xethylhexane; 46 = 3,3,4-trim&ylhe~e; $7 = 2,3_dimethyiheptzne; $3 = 3-methyl-3-ethyG 
h- :a.ne: 49 = ktby&eptane -L 3&dfmethylheptane (0): 50 = 3,Q-dimethylheptane <a: 51 = 

.3,4_tetramethy@entane; 52 = 4-methyloctane; 53 = 2-methyIoctane; 54 = 3-ethylheptzne: 56 = 
Qtrimethylheptzne: 57 = 3-m&hyloctane; 58 = 2,2,4,5-~eetrrrmethyl,nentaoe; 59 = 2.2,4-trimeth- 
-‘przne; 60 = 2,2,Ef&imethylhepta; 61 = 3,3&etbylpenta_gc; 62 = 2,2,4_~tet~me~ylhes2ne: 
= 2,4,4-trimethylheptane: 64 = lr-nonzne; 65 = 2,2,3,&etrzmethylhesane (a); 69 = $-propyi- 
‘tane f 2-rnethyL-$_ethylheptzne f 3,3,Mrimethy:ythepta=e: 71 = 2.3,~~trimethq!heptane ((r) 7 
%rimethyfheptane (B); 72 = 2,4_dimethy&tane; 73 = CisoprapyLheptane: 74 = Z’i-dimethvt- 
ure i 3,G-dimetbyloctzne (a] f 3,6-dimethyIoG*e $): 75 = 2,~dimetkyloctzne: 76 = 2,3,3- 
Iethylheptane + 2,3,&rimethy&eptane (CE} + 2,3&rkmethylheptvlz ($1: 77 = 2,3,4&tetra- 
hy!he.xane f 3,3,&~~-ethy&ept~~e + 3,4-dimerhyloctane (rr -L 8): 79 = 4,5-dimethyfoctane 

4,kknethyfoctane @j; SO = 3 4 5+rimethylheptane (cc) T- 3hWrimethyihe?tane (&: S2 = 
k?ethyi-3-ethyIhexane; S4 = k;h&ctane; S5 = 2.3_dirLethy&tane; SB = 3-methyL3etW- ^^ 

he rQne; ST = 12 3 3 4_pentam&yipen&ne- SS = 3,3_diethy&exarre; S9 = 3-metkytionane; YfJ = 
4-- ethykmnan~~ 6; I 2-methyhonarz f j_ethy[ocae; 92 = ;&dimethy!-kthylhezne; 93 = 
2-y j-~rnethyl3_ethytp~t~~; 95 = QS = 3_methy!nonme; rr-&cane. yeah 15, 22, 30, 55, 6% 67, 

6S 7% 7% St, 83, 94, 96, 97 are unidentified compor;ents. 



2,2,5-Tkne~2#hexaze 
2,2,4_Trinethylhexane 
2_3,5-Tti&y&em 
2,2-Dimethylhepkzne 
2,4DbethyEhepmie 
i,2,3-Trimethylheane 
2&-Dimethylhep~e 
2+Dimethyikpcine 
CP + &3,5-Dimethy&eptzne 
3,3-D~kzdhyLhept 
2,3,3-Tr&ethy&eme 
3,3,4-?X~ethyihexme 
3-MethyKkthylfrexzne 
a-3,4-Dimeffiy~~t~e 
/%3,bDirzethyIheprz 
2.3-Dimethy&eptane 
4_Ethy&epEane 
2,3,3+TetrunerhynylpPntane 
4-Methybct2rte 
3-Ethykp+aoe 
2-Methyylectane 
3-Methyloctsne 
3,3-Diethyipixxime 
r-Nome 
2,4,6-Trimethylheptmc 
2,2,4,5-Tetrcmetby!penGsxe 
2,2,4_Trisethy~~eptxe 
2,&S-Trirne&yJ.heptme 
2,4,CTtiethy%.ep-tie 
2,2,4,4-Teoame*&vlexmie s I 
3,3,5-Trimethylkpptatle 
2,4-Dlm&ybctane 
2-Me+JyM-ethy!heprzne 
4-Ropyffieptzse 
2,6_DimethyEoctzne 
c+2J,3,&Tetrxz&hy&~~e 
4-IscmopyIh~ 31 ase 
2,7-tiiixithyic sl.we - 
c-2,3,4;Trizm:hy!k~pkne 
~--2,3&-T&lY_dlyBX~pk?XZ 
2,3,3-Trimethylhegzne 
o-~3,5-Trkethylhehept~~e 
p-2,3.5-T&nc&yJheplianc 
c-3,6-~&yf 
$-3,6-Dimethykkzme 
2,3,4$-Tetrzme~~flhemix 
3,3+TrkethyUseptme 
3,4-Dime&yL3-e~yl~~e 

124.054 124.12 
126.54 1X.48 
131.34 13f.3 
132.69 132.54 
132.89 132.8 
133.60 133.75 
135.21 135.25 
136.0 f 36.08 
f36.0 f 36.OS 
f37.01 137.1 
II;7.6S f 37.65 
I#.46 140.36 
r4G.6 140.6 
140.6 140.6 
fG.6 140.6 
T40.65 140.72 
I41 2 14E.31 
141.51 I 141.6 
142.42 f42.54 
143-c; 14x1 
LG.26 143.4 
I& 21 
i4i: ifiS 

144.26 
145.92 

150.795 L53.8 
147.6 147.42 
I47.88 174.8 
US.3 148.54 
f50.8 150.96 
t5f.O 15I.G 
i53.S 153.3 
f 55.6S 155.54 
155.9 155.95 
156.2 156.63 
157.5 157.8 
158-4 lSS.2 
r58.S 158.6S 
i5S.9 159.12 
PG.87 159.72 
E59.9 160.1 
X9.? IMr.1 
:6&2 I64l.33 
160.1 I&x.5 
I60.7 r60.5 
I60.8 161.2 
EG0.S 161.2 
161.6 _ 161.7 
161.9 161.7 
162.1 16xE 

796.4 796.6 
802.9 802.72 
821.6 m.4 
826.9 S26.5 
827.7 827.3 
830.5 830.9 
S36.S S36.4 
am.0 839-5 
Sm.0 839.5 
S43.9 S&f 
846.6 546.6 
857.7 857.06 
g5e.2 85S.2 
S58.2 858.2 
858.2 858.2 
858.4 859.3 
Ss3.3 S61.3 
861.9 862.5 
865.5 864s 
867.9 S6K5 
S63.9 a@?.7 
872.8 872.5 
SS0.7 S79.6 
9ecl 900 
886.6 SS5.5 
SS7.7 S87.3 
S89_5 590.2 
899.8 900.7 
901 .o 90f.5 
912.2 9f0.5 
920.L 9:7.9 
921 .o 920.7 
922.3 924.3 
927.8 928.6 
932.2 930.4 
933.3 932.2 
933.7 934.5 
937.8 936.3 
937.9 937.9 
937.9 938.5 
939.: 939.2 
941.4 9-m-7 
941.4 940.7 
941.8 943.5 
941.8 943.5 
945.2 946.3 
946.5 946.3 
947.3 948.5 

774.9 
788.8 
Sf1.7 
814.2 
822-I 
824.2 
826.8 
832.8 
83Z.I 
836.5 
840.7 
S54.4 
855.5 
857.6 
SS9.8 
854.8 
857.6 
S6u.9 
as3.f 
867.1 
864.3 
871-f 
SS5.8 
9m 
$69.8 
S73.I 
875.3 
877.6 
892.2 
888.8 
907.7 
915.5 
m7.7 
907.7 
930.8 
902.8 
922.2 
927.8 
933.7 
933.7 
933.7 
9E2.3 
5x2.3- 
?27.a . - 
927.8 
936.3 
936.3 
965.2 



f Fdracarban T&z 43 A? 
Ref. I ACCORl%Tg ReJ I Exp-i- 

ta eqn. 1 i7EfitaC 

c :,S-Dirnethylactane I62.I3 162.23 947.5 948.7 942.8 
; S,EDimethylocce 162.13 162.23 947.5 948.7 9c?.8 
c 3,&5-Trimethylheptane 162.5 162.72 949. I 950.3 945.2 
F Z&S-Trimetiylkptare 162.5 I62.72 949. I 955.3 9a.2 
c ;+Dimethybctanc 163-4 163.13 952.9 951 .i 936.3 
g s-DimethyIactane 163.4 163.13 952.9 95f.2 936.3 
d .Zthybctme 163.64 263.5 953.9 953.5 950.9 
3 Methyl-3dhyLheptane 163.8 163.84 954.6 954.5 952.6 
2,3-Dimethyi-3_ethyle_xane f63.9 z6-4 955.1 955.5 945.7 
X3-Dimethyloctane IS.31 I64.51 956-S 957.5 951.8 
54fethyInonzae 165.1 La.92 960.2 960.5 958.6 
4-&fethyInonane 165.7 165.87 962.8 963.5 960.5 
-,-3 3 , 3 I 4-Pentamethylpentane f 7 1666.05 166.0 964-4 9is.5 953.1 
3,3-DietDyIhexane 166.3 i66.13 965.5 963.8 957.2 
3-EthyIcctane tC5.5 ‘I66.75 966.3 967.5 964.7 
2-Methyhonane 167.0 l66.75 963.9 96i.5 964.7 
3-Methyhonane 167.6 168.0 972.0 971.7 972.2 
2,2,3-TrimethyL3-ethyipentane 169.5 t6S.9 979.4 977.9 9677.3 
n-Deane 173.123 174.11 999.8 999.5 loo0 

Column FE in Tabie I gives the boiling points at 760 mmHg caIcuIzted directly 
from the retentiori times on EM-4 vacuum oil using eqns. i-4. 

In order to sohe the problem of correcting the boiling points or’ some multi- 
branched alkanes, MatnkumaL Introduced the concept of precursor substances. One 

can accept tint I, - 1, = 41,_, for every precursor substance, and 1, for the alkane 
under study is I,. 

FOF instance, for 3-methyl-3-ethylheptane (3M3EC,) in the isomerigte ob- 

h-ned, only one precursor exists, v& 3-methyl-3-eth~llhexane (3M3EQ. Using the 
1, for 3M3EC,, T, for 3M3EC, can be crlculated in the followi@ way: 

IR(~M?EC~) - &,_,(3M3EC,) = 952.6 I f.S = 9544.4 

T, = I6XS4 

FCK aikanes, the acc~mcy of the boiling point corrections is about I “C. ?&w- 




