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SUMMARY 

A method of choosing structural groups based on the types or “forms” of bonds 
present for calculation of Kovats retention indices using the additivity principle is 
given. The form of a chemical bond and its immediate surroundings reflects the 
valency state of all of the atoms included and is considered to introduce an independent 
contribution to the retention index. In accordance with this assumption, the com- 
bined treatment of the retention data of compounds of different classes is possible in 
order to calculate the partial contributions of several structural groups. The values 
obtained by combined processing of retention data for saturated hydrocarbons and 
aliphatic akohols were in satisfactory agreement with the results calculated by separate 
treatment of the retention data for hydrocarbons_ The mean-square error of the 
calculated values of retention indices with respect to the experimental values is 7 
retention index units. The accuracy achieved permits the use of this method in com- 
bined gas chromatographic-mass spectrometric identification. 

The possibility of calculating retention indices based on the structural formulae 
of compounds drastically reduces the number of possible structures suggested by 
IR~SS spectrometric data. The calculation method presented here is suitable for 
computer calculations. The accuracy of the calculation is sufficient for the required 
purpose. 

INTRODUCTION 

The combined gas chromatographic-mass spectrometric (GC-MS) technique 
is very useful for analysing and identifying small amounts of substances in complex 
mixtures of organic compounds. The last decade has seen the rapid development of 
useful computer techniques for unique compound identification’“. A number of 
methods for the computer treatment of mass spectrometric data have been used 
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successfully for the elucidation of the structural formulae of compounds that have 
been preliminarily resolved by GC. These methods include several computer-matching 
systems’, pattern recognition methods2s6 and many computer programs based on the 
structural generation technique3”. With a few exceptions’, none of these methods 
utilizes GC structural information, which can be obtained simultaneously in the 
same experiment. The GC behaviour of the compound of interest, however, can be 
used successfully for choosing the correct structural formma of a compound from 
alternative versions obtained from mass spectrometric analysis. 

Unfortunately, no generally satisfactory methods for predicting retention 
behaviour based on a knowledge of two-dimensional structural formulae have been 
derived from rigorous theories of GC. For this reason, many attempts have been made 
to correlate empirically retention data, especially Kovats retention indice9, wi h 

i molecular structuresg-r8. In particular, elution characteristics have been predict d 
based on the additive principleg*rO: 

log L = .zzi (1) 

where L is an elution characteristic of the compound (retention time, specific retention 
volume, retention index),‘a, is the partial contribution of the ith structural group to 
the total log L value and x, is number of ith structural groups in the compound deter- 
ruined from its structural formula. 

Recently, many studies have been devoted to the problem of establishing rela- 
tionships between the retention indices of compounds and their molecular structures. 
Extensive reviews on this problem have been published by Schomburg and Dielmannrg, 
Rohrschneiderzo, TakBcs*r and Haken 22. Some of the results published in these papers 
appear to be applicable for identification purposes. The most interesting results were 
fc And by Berezkin and co-workersg.lo, Takacs and co-workers1”*A5, Sanz et aLi6 and 
Caste110 et aLI’, in which the additive contribution principle of atoms, bonds or 
groups was utilized. Using this principle, only structural features of compounds need 
to be known for the calculation of their retention characteristics. 

In Berezkin and co-workers’ studiesg*rO, partial values of ai were determined 
by use of eqn. 1 for branched-chain alkanes with known retention times and structural 
formulae, and the values found were used for the prediction of retention times for 
other alkaues. Castkllo et a1.l’ described a method for the identification of branched- 
chain alkanes by calculation of their retention indices on the basis of molecular struc- 
ture and eqn. 1. Retention indices have been calculated for branched-chain alkanes 
heavier than nonane, formed by y-radiolysis 23, by using LL, terms calculated from 
experimental values for Iower alkanes on the same liquid phase”. SimiIar principies 
were used by Sanz et al. 16. The results obtained by Takacs and co-workers were 
discussed by Vanheertumz4. 

There are some problems in the application of the additive group contribution 
rules for predicting retention indices from molecular structures, including the accuracy 
that can be achieved by this technique and the universality of the a, terms for different 
classes of compounds. Both problems are caused by interactions that occur between 
the molecules and/or their fragments in dilute solutions_ 

In generaI, the additive principle is not completely theoreticalIy correct for the 
calculation of retention indices. The retention index is a linear function of the Gibbs’ 
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free energy of solution*5~*6 and can be represented as the sum of two values, namely, 
enthalpic and entropic terms, as follows: 

loo 1 
-[ AR T (AHso, .x - AK-,, .I - WL x - Ass,, d] + 100 n (2) 

where 

H sol X5 Hsor n = enthalpy of solution of a substance, and an n-alkane with 
n carbon atoms, respectively; 

s SO1 X9 &or n = entropy of solution of a substance, and an n-alkane with n 
carbon atoms, respectively; 

A = constant_ 
The entropy terms depend on the total configuration of the molecule and 

cannot be determined in terms cf additivity 27. However, the error introduced by the 
presence of non-additive terms should not be considerable when the entropy terms 
differ only slightly for a large number of investigated compounds. This is valid, for 
example, for slightly branched alkanes (with side-chains no larger than ethyl), for 
which the mean-square deviation of the entropy term is aboue0.57 (ref. 28) (Table I). 

Another source of inaccuracy is the lack of universality of the group contribu- 
tion terms ar for commonly considered atomic groups. The partial ener,v of interac- 
tion between the solvent molecules and a given structural group depends not only on 
its structural features but also on the elfect of surrounding atoms and atomic groups 
of this molecule. The interactions between a given structural group and non-bonded 

TABLE I 

THERMODYNAMIC CHARACTERISTICS OF BRANCHED-CHAIN ALKANES AT 100” 

Stationary phase: triacontane. Data from Parcher et dz8_ 

No. COmpOUtIff 

1 n-Per&me 
2 n-Hexane 
3 n-Heptane 
4 n-Octane 

5 ZMethylbutane 
6 tMethylpentane 
7 2-Methylhexane 
8 ZMethylheptane 
9 3-Methylpentane 

10 3-Methylhexane 
11 3-Methylheptane 
12 4-Metbylheptane 
13 2,2_Dimethylbutane 
14 2,3-Dimethylbutane 
15 2.2,3-Trimethylbutane 
16 2,,ZDimethylpentane 
17 2,3_Dimethylpentane 
18 3,3-Dimethylpentane 
19 2,2&Trimethylpent 

--dG”,,1 
(cal/mole) 

1814 
2398 
2964 
3527 

1671 
2225 
2775 
3330 
2318 
2837 
3378 
3343 
2054 
2229 
2662 
2554 
2827 
2769 
2931 

-AHost 
(Cal/mole) 

5830 
6910 
8010 
9080 

5440 
6610 
7590 
8640 
6650 
7660 
8680 
8670 
6040 
6380 
7070 
7010 
7530 
7300 
7670 

-ASold x *. f‘4S0JOI z 
-AS”,I n) 

10.77 - 
12.10 - 
13.53 - 
14.90 - 

10.10 0.67 
11.75 0.35 
12.90 0.63 
14.23 0.67 
11.61 0.49 
12.93 0.60 
14.21 0.69 
14.28 0.62 
10.70 1.40 
11.13 0.97 
11.82 1.71 ~ 
11.95 1.58 
12.60 0.93 
12.15 1.38 
12-70 220 
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surrounding atoms in the same molecule determine the conformational state of the 
solute molecules and therefore should influence the CZ~ value. A similar effect is caused 
by the available functional groups. This phenomenon prevents the use of the same Qi 
value for the calculation of retention indices of compounds of different classes. 

Fortunately, in most instances the influence of the surrounding atoms decreases 
with increase in the distance of the atoms from the structural groups and becomes 
negligible at some finite distance. 

In this paper, in attempt is made to choose structura1 groups by taking into 
consideration the above remarks. The values of ai for saturated hydrocarbons and 
aliphatic alcohols were determined by a combined treatment of experimental retention 
indices (with squalane as the stationary phase) by the least-squares technique for 32 
alcoholszg and 65 hydrocarbons30. 

The method has the following advantages: 
(1) We suggest a formalized (physically founded, however) procedure for the 

choice of structural groups involving forms of bonds. 
(2) The introduction of such a formalized procedure allows the suggested 

method to be applied to different classes of compounds. 
(3) The suggested procedure allows one to choose only such forms of bonds 

to which linear independent structural coordinates correspond, which allows us to 
conline ourselves to a small number of forms of bonds and a small number of experi- 
mental data for the determination of partial contributions_ 

(4) The accuracy of the method, despite the small number of structural groups, 
it is not worse than that of other methods. 

METHOD 

The forms of bonds in the molecules of the classes of compounds investigated 
were taken as structural groups each of which introduces a definite contribution to 
the retention index. The term “form of bond” represents the structural group formed 
by two bonded atomi and by atoms in its immediate surroundings31. 

We have not taken into account varieties of bonds determined by geometrical 
configurations, or the influence of the non-immediate surroundings of the bound 
atoms. If these varieties of the bonds are taken into account, it could considerably 
increase the number of structural groups and, consequently, the number of czi values 
to be determined. 

It is necessary to choose from all possible forms of bonds those structural 
groups which correspond to linear independent structural co-ordinates of all sets of 
compounds of the given classes. 

The af values determined in this way are assumed to be common for different 
classes of compounds (the non-additivity of entropy terms can be neglected). This as- 
sumption suggested a combined treatment of the experimental data for compounds 
of several classes for estimation of the (zi values. In this way, retention indices could 
be calculated and structural formulae could be elucidated by comparing the experi- 
mental value with those calculated for the proposed formulae. 

Forms of bonds of saturated hydrocarbons (Nos. l-3,6-8, 12, 13, 17,24-26) 
and aliphatic alcohols (Nos. l-28) are given in Table II. 

Only the bonds between the carbon atoms (Nos. I-20) are linearly independent. 
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NO. Fragment No. Fragment 

III 
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TABLE II 

2 

3 

4 H,C-&OH 

5 

6 

I 
HzC-C-C= 

I 
C 
III 

H 

c 
II! 

III 
c ’ 
I 

H&?-C-OH 
I 

HH 
I 1 

EC-C-C-e 
I I 

HH 

HH 
1 I 

7 ~-C-C-C= 
I i 

HC 

10 

11 

12 

13 

HH 
I I 

X-C-C-OH 
I I 

HH 

HH .- 

! I 
rc-c-C--Ori 

I I 
HC 

III 

III 
HC 
I I 

X-C-C-OH 
I I 

HC 
III - 

‘H H 
I I 

=-c--c-C-~ 
1 I 

Ill 
HC 

i 
ZSL-E 

Ah 
ill III 

HH 
I I 

14 GC-C-C-OH 
I I 
CH 
III 

(Continued on p. 6) 

Ill 
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TABLE II (cuntinued) 
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NC. 

15 

Fragment 

HH 
I I 

EC-C-C-OH 
I I 

cc 
111 III 

No. 

22 

Fragmnt 

H 
I 

=-C-OH 
I 

C 
Ill 

16 

17 

18 

19 

20 

Ill 
HC 
I I 

=C-C-C-OH 
I I 

cc 
Iii III 

Ill III 
cc 
I I 

~c-_c-c-_c= 

23 

Ill 
C 
I 

ZC-C-OH 

24 
! 

H-C-H 
I I I 

;z 
H 

Ill !II 
CH C 
I 1 

EC-C-C-OH 25 
I 

S-C-H 
I I I 

CH H 
Ill 

III 
CH. 

III 
C 

I I I 
=X-C-C-OH 26 EC-C-H 

I I 
A 
III 

Ill Ill 
c c 
I I 

S-C-C-OH 
I I 

cc 
Ill I!i 

H 

21 =&-OH 

iI 

27 

Ill 
C 
I 

H-C-H 
I 

OH 

III 
C 
I 

28 SC-C-H 
I 

OH 
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Other forms of bonds (C-H, C-OH) can be expressed linearly through C-C bonds 
by applying the following relationships: 

x21 = x9 + x14 -I- -'Cl8 

2x,=x4 + x10 + x15 + x19 

3x, = x5 + XlL i- X16 + x20 

X24 = 3.x1 + 3x2 t 3x, t 3x, + 3x, 

$5 = x1-k 2x5 +x7 + X8 -I- jcs + Xl0 + Xl1 

W6 = x2 f x7 + 2x,, + xlj f xl4 + xl5 + xl6 

X - 2-v9 + 2% f 2x1s 27 - (3) 

Then it is considered that a relationship of the form of eqn. 1 is available: 

I = 6, t .s, XI (4) 

where 
I = retention index; 
6, = partial contribution of the ith form of bonds to the retention index; 
6, = constant. 

Substituting eqns. 3 into eqn. 4, we obtain 

where 
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a9 = 69 + (41 + 825 + 2S2,) 

al4 = 4, -I- @21 + 3626 + 2627) 

(6) 

a --6 17 - 17 

al8 = h3 + Cd,, + 24,) 

al9 = 49 + W,, + 4S2d 

a20 = &O + WM 

The values of a, can be determined by solving eqn. 5 for compounds with 
known experimental retention indices. ai are not the partial contributions of the 
respective forms of bonds (with the exception of a 17 = 6,) to the retention index, but 
reflect both the intluence of the ith form of bonds and certain other bonds in accor- 
dance with eqn. 6. However, the knowledge of a, makes it possible to calculate the 
retention index of a compound from its structural formula by using eqn. 5. 

RESULTS AND DISCUSSION 
< 

Eqn. 5 for calculating al contained 97 separate equations (32 refer to aliphatic 
alcohols and 65 to saturated hydrocarbons) with 20 unknowns corresponding to 19 
independent structural co-ordinates and the constant term CQ,. The value.of ato could 
not be determined because of lack of experimental data. Retention indices for squalane 
at 100” were used. The values of retention indices for alcohols and hydrocarbons 
were taken from McXeynoldszp and TourreP, respectively. As the retention indices 
of hydrocarbons given by Tourres30 are presented only at 50” and 70”, linear extrap- 
olation32 was effected and the retention indices at 100” were calculated. As was 
shown earlieP-=, such an extrapolation is admissible_ The error did not exceed 1 
retention index unit. In this instance the error in ai will be less than unity. 
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TABLE III 

RESULTS OF COMBINED TREATMENT OF EXPERIMENTAL DATA FOR ALIPHATIC 
ALCOHOLS AND SATURATED HYDROCARBONS 

Standard (root-mean-square) deviation S = 6.88; Gxrelationcoef&-ient R = 0.998. Relative deviation 

A= - V 2IAZ 

z;r:,, 
= O.OO&Coefficients: q = 345.14, - q = -9.36; a= = 1217; 0, = 19.79: Q$ = 73.06; 

or, = 55.i4; ak = 94.49; a, = 120.66; erg = 146.63; q = 214.61; alo = 174.64; aI1 = 175.54; aIz = 
174.64; a= = 216.67; crX4 = 232.55; as = 215.06; aI6 = 235.25; a17 = 279.87; qs = 236.00; q9 = 
238.43. 

No. Compound Z cIl1.z 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

z 
42 
43 

l-Pentauol 731 739.28 -8.28 
2-Pentanol 670 677.97 -7.97 
3-Pentanol 673 675.70 -2.70 
2-Methyl-1-butanol 702 701.15 -0.85 
2-Methyl-2-butanol 622 621.59 -0.59 
3-Methyl-2-butanol 652 657.59 -5.59 
2,2-Dimethyl-1-propal 637 640.52 -3.52 
I-Hexanol 330 833.77 -3.77 
2-Hexanol 771 772.46 -1.46 

3-Hexanol 771 770.19 0.81 
2-Methyl-1-pentanol 797 795.63 1.35 
3-Methyl-1-pentanol 805 803.75 1.22 
4-Methyl-1-pentanol 798 799.14 -1.14 
2-Methyl-2-pentanol 714 716.09 -2.09 
3-Methyl-Zpentanol 772 756.73 15.27 
CMethyl-2-pentanol 732 737.83 -5.83 
2-Methyl-2-pentanol 752 7&‘.81 2.19 
3-Methyl-3-pentanol 738 732.64 5.36 
2-Ethyl-1-butanol 806 800.28 5.72 
2,2-Dimethyl-1-butanol 763 758.00 5.00 
3,3-Dimethyl-2-butanol 716 716.00 0 
1-Heptanol 935 928.27 6.73 
ZHeptanol 868 866.96 1.04 
3-Heptanol 868 864.68 3.32 
4-Heptanol 867 864.68 2.32 
2,2-Dimethyl-1-pent01 851 852-49 -1.49 
2,4-Dimethyl-3-pentanol 818 823.93 -5.93 
3-Ethyl-3-pentanol 841 843.68 -2.68 
I-octano1 1028 1022.76 5.24 
2-octano1 966 961.45 4.55 
2-Ethyl-l-hexanol 992 989.27 2.73 
2-Ethyl4methyk1-pentanol 944 954.64 - 10.64 
2,2-Dimethylbutane 541 541.78 -0.78 
2,3_Dimethylbutane 573 568.45 4.55 
2-Methylpentane 570 575.27 -5.27 
3-Methylpentane 587 579.91 7.09 
n-Hexane 600 609.90 -9.9 
2,2-Dimethylpentane 629 636.28 -7.28 
2+Dimethylpentane 631 635.13 -4.13 
2,2,3-Trimethylbut 648 645.52 2.48 
3,3-Dimethylpentane 666 659.26 6.74 
ZMethylhexane 667 669.76 -2.76 
2,3_Dimethylpentane 677 667.58 9.42 

(Continued on p. 10) 
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TABLE III (continued) 

No. Compound Z ClfoIc Difference 
(A = Zerp - Zc.3 

44 

z 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

ff 

84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9s 
96 

3-Methylhexane 
3-Ethylpentane 
n-Heptane 
2,2,4_Trimethylpentane 
2,2-Dimethylhexane 
2,2,3,3-Tetramethylbutane 
2,S-Dimethylhexane 
2&Dimethylhexane 
2,2,3-Trimethylpente 
2,3,dTrimethylpentane 
3,3-Dimethylhexane 
2,3,3-Trimethylpentane 
2,3_Dimethylhexane 
2-Methylheptane 
CMethylheptane 
3,4_Dimethylhexane 
3-Methylheptane 
3-Ethylhexane 
n-Octane 
2,2,4,4_Tetramethylpentane 
2,2,5-Trimethylhexane 
2,2,4_Trimethylhexane 
2,4&Trimethylhexane 
2,3,5-Trimethylhexane 
2,2,3&Tetramethylpentane 

2,2-Dimethylheptane 
Z+Dimethylheptane 
2,2,3_Trimethylhexane 
2-Methyl+thylhexane 
2,2-DimethyE3dhylpentane 
2,6_Dimethylheptane 
4&Dimethylheptane 
2,5-Dimethylheptane 
3,S-Dimethylheptane 
3,3_Dimethylheptane 
2,4-Dimetbyl-3etbylpentane 
2,3,3_Trimethylhexane 
2-MethyL3~thylhexane 
2,2,3,3-Tetiamethylpntane 

2,3&Trimethylhexane 
3,3&Trimethylhexane 
3-Methyl-kthylhexane 
3-Methyl-3ethyIhexane 
4-Ethylheptane 
2,3_Dimethylheptane 
2,3,3&Tetramethylpentane 
3+Dimethylheptane 
4-Methylwtans 
ZMethyloctane 
3-Ethylheptane 
3-Methyloctane 
2,3-Dimethyl-3ethylpentane 

* 3,3-Diethylpentane 
n-Nonane 97 

678 
689 
700 

j22 
739 
730 
735 

746 
760 
750 
771 
764 
766 
769 
777 
775 
77S 
800 
783 
780 
796 
816 
817 
831 
818 
823 
830 
827 
833 
828 
833 
834 
836 
842 
845 
849 
849 
266 
855 
864 
863 
862 
860 
858 
872 
863 
864 
865 
869 
872 
886 
892 
900 

674.40 
679.04 
704.39 
696.14 
730.77 
743.76 
729.62 
734.26 

744.65 
755.26 
753.75 
763 
762.08 
764.26 
768.89 
766.71 
768.89 
773.53 
798.89 
757.15 
790.63 
795.27 
813.62 
821.94 
832.33 
825.26 
828.76 
839.15 
833.39 
843.78 
824.12 
833 
828.76 
833.39 
848.25 
854.39 
857.49 
861.21 
861.24 
854.39 
862.13 
865.84 
871.23 
868.02 
856.57 
866.74 
861.21 
863.39 
858.75 
868.02 
863.39 
880.48 
894.21 
893.38 

3.6 
9.96 

-4.39 
-0.14 
-8.77 
-4.76 

0.38 
0.74 

1.35 
4.74 

-3.75 
8 
1.92 
1.74 
0.11 

10.29 
6.11 
1.47 
1.11 

25.85 
-10.63 

0.73 ~ 
2.38 

-4.94 
-1.33 
-7.26 
-5.76 
-9.15 
-6.39 

-10.78 
3.88 
0 
5.24 
2.61 

-6.25 
-9.39 
-8.49 

-12.21 
4.76 
0.61 
1.87 

-2.84 
-9.23 
-8.02 

1.43 
5.26 
1.79 
0.61 . 
6.25 
0.98 
8.61 
5.52 

-2-21 
6.62 
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Eqn. 5 was solved with a 220M cqmputer using the least-squares technique_ 
The results of calculations of the CQ values (i = 0, 1, 2, 3, . . . , 18, 19) are given-in 
Table III, together with a comparison of the calculated and experimental values of I 
(kc and I,,,). The mean-square deviation was 6.8 retention index units, which cor- 
responds approximately to the deviation quoted by Castello et aLL7 for a hydrocarbon 
system only. The deviation obtained was slightly greater than the 5.68 units achieved 
by Gassiot et al. i8 for sterol acetate on SE-30 using an empirical quantum chemical 
approach. 

The relative deviation (A) was calculated using the equation 

TABLE IV 

RESULTS OF TREATMENT OF EXPERIMENTAL DATA FOR ALIPHATIC ALCOHOLS 

S = 5.44; R = O.%G;il= O.OQS.a, = 330.93;al = 178.23;a, = 132.38; a, = 102.02;~ = 79.00; 
e = 59.66; a6 = 95.39; a, = 61.54; as = 46.10; % = 39.62; alo = -6.07; all = -7-28; a,* = 
-6.15; aI5 = -19.07. 

No. Compound Z .=ZP Z c&c A = Zw - &.,I, 

1 l-Per&m01 731 739.55 -8.55 
2 ZPentanol 670 677.47 -7.47 
3 3-Pentanol 673 675.25 -2.25 
4 EMethyl-1-butanol 702 696.92 5.08 
5 2-Methyl-2-butanol 621 621.19 -0.19 

6 3-Methyl-2-butanol 652 655.62 -3.62 
7 2,2-Dimethyl-1-propanol 637 637.00 0 
8 I-Hexanol 830 834.94 -4.94 
9 2-Hexanol 771 772.86 -1.86 

10 3-Hexanol 771 770.63 0.37 

11 2-Methyl-1-pentanol 797 792.3 1 4.69 
12 3-Methyl-1-pentanol 805 804.23 0.77 . 
13 4-Methyl-1-pentanol 79s 792.23 5.77 
I4 2-Methyl-2-pentanol 7f4 716.57 -2.57 

15 3-Methyl-2-pentanol 772 763.00 9.00 
16 CMethyl-2-pentanol 732 730.16 1.84 
17 2-MetbyE3-pentanol 752 748.77 3.23 
18 3-Methyl-3-pentanol 738 732.48 5.52 
19 2-Ethyl-1-butanol 806 804.31 1.69 
20 2,2-Dimethyl-1-butanol 763 759.3 1 3.69 
21 3,3-Dimethy!-2-butanol 716 716SIO 0 
22 I-Heptanol 935 930.33 4.67 
23 2-Heptanol 868 868.25 -0.25 
24 3-Heptanol 868 866.02 1.98 
25 CHeptanol 867 866.02 0.98 
26 2,2-Dimethyl-I-pentanol 851 854.69 -3.69 
27 2+DimethyI-3-pentaol 818 822.30 -4.30 
28 3-Ethyl-3-pentanol 841 843.76 -2.76 
29 l-Octanol 1028 1025.71 2.29 
30 2-Octano1 966 963.64 2.36 
31 2-Ethyl-1-hexanol 992 995.08 -3.08 
32 2-Ethyl4methyEl-pentanol 944 952.38 -8.38 

. . 
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and its value was 0.008. A correlation coefficient of the greatest significance was ob- 
tained (0.998). 

1 

One molecule (2,2,&l-tetramethylpentane) gave ‘a significant error. The exten- 
sive branching in this molecule caused considerable interactions of non-bonded atoms 1 
located further than a distance of two atoms, which are not taken into account in the 
method employed_ 

In addition to combined processing of the experimental data, separate data 
processing for alcohols and hydrocarbons was accomplished, and the result-s of the 
calculations are given in Tables IV and V. Good agreement was achieved for cr, values 
determined both by separate treatment of hydrocarbon data and by the combined 
treatment. Unsatisfactory agreement for ai values for alcohols was apparently caused 
by the smaller number of alcohol molecules (32, compared with 65 for hydrocarbons). 

The present method of choosing structural groups ensures a 1: 1 correspondence 
between the set of molecular structures and the corresponding sets of structural co- 
ordinates_ Therefore, no distinctions could be made between various structures with 
similar forms of bonds. For example, the same value of 1 was calculated for 3-methyl- 
heptane and Cmethylheptwe. This difficulty can be avoided by the introduction of 
additional independent stru’ctural co-ordinates. The influence of the additional factors 
of unknown nature was iricluded in the term a,, and this term was assumed to be con- 
stant for all compounds in a given sample. This assumption is not completely correct, 
but Table III shows that the error introduced by this approximation is of the order 
of only a few retention index units. 

In general, the agreement obtained between experimental and calculated values 
of I is not satisfactory for universal compound identification based on GC data only. 
The difference in Ivalues for some compounds may be smaller than the difference in 
the values obtained by calculation. Therefore, the additional independent method of 
structural elucidations is necessary. The mass spectrometric analysis may be valuable 
for the achievement of a unique result. I 

TABLE V 

RESULTS OF TREATMENT OF EXPERIMENTAL DATA FOR SATURATED HYDRO- 
CARBONS 

S= 7.!2; R = 0.997; i = 0.008. ~6 = 347.54; a1 = -9.29; az = 12.57; a, = 19.67; q = 93.6; 9 

a7 = 119.86; as = 145.81; aI2 = 172.76; aI3 = 215.03; a,, = 278.51. 

No. Compound I exn I cn,c A = I,,, - Z COIC 

1 2,2-Dimethylbutane 541 543.08 -2.08 
2 Z,3-Dimethylbutane 573 570.61 2.39 il 

, 
3 ZMethylpentane 570 576.92 -6.92 
4 3-Methylpentane 587 581.30 5.70 , 
5 n-Hexane 600 609.87 -9.87 
6 2,2_Dimethylpentane 629 636.71 -7.71 
7 Z&Dimethylpentane 631 637.60 -6.60 
8 2,2,3-Trimethylbutane 648 646.73 1.27 
9 3,3-Dimethylpentane 666 659.92 6.08 

10 ZMethylhexane 667 670.55 -3.55 
11 2,3_Dimethylpentane 677 668.63 8.37 
12 3-Methylhexane 678 674.94 3.06 
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TABLE V (conrkued) 

15 
16 
17 

:; 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

2 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

3-Ethylpentane 
n-Heptane 
2,2,4-Trimethyipentane 
2,ZDimethylhe~e 
2,2,3,3-Tetrangthyibutane 
2,5-Dimethylheke 
2,4_Dimethylhexane 
2,2,3-Trimethylpentane 
2,3+Trimethylpentane 
3,3-Dimethylhexane 
2,3.3-Trimethylpenta 
2,3_Dimethylhexane 
2-Methylheptane 
CMethylheptane 
3,PDimethylhexane 
3-Methylheptane 
3-Ethylhexane 
n-Octane 
2,2,4,4_Tetramethylpentane 
2,2,ETrimethylhexane 
2,2,4_Trimethylhexane 
2,4,4Trimethylhexane 
2,3,%Trimethylhexane 
2,2,3,4-Tetramethylpentane 
2,ZDimethylheptane 
2,4-Dimethylheptane 
2,2,3-Trimethylhex 
2-Methyl4ethylhexane 
2,2-Dimethyl-3ethylpentane 
2,dDimethylheptane 
4,eDimethylheptane 
2,5-Dimethylheptane 
3,5-Dimethylheptane 
3,3_Dimethylheptane 
2,4-Dimethyl-3-ethylpentane 
2,3,3_Trimethylhexane 
2-Methyl-3-ethylhexane 
2,2,3,3-Tetramethylpentane 
2,3&Trimethylhexane 
3,3+Trimethylhexane 
3-Methyl-Pethylhexane 
3-Methyl-3sthylhexane 
CEthylheptane 
2,3_Dimethylheptane 
2,3,3&Tetramethylpentane 
3,4-Dimethylheptane 
CMethyloctane 
2-Methyloctane 
3-Ethylheptane 
3-Methyloctane 
2,3-Dimethyl-3-ethylpentane 
3,3-Diethylpentane 
n-Nonane 

689 
700 
696 
722 
739 
730 
735 
746 
760 
750 
771 
764 
766 
769 
777 
775 
775 
800 
783 
780 
796 
816 
817 
831 
818 
823 
830 
827 
833 
828 
833 
834 
836 
842 
845 
849 
849 
866 
855 
fit: 
oiir 
863 
862 
860 
856 
872 
863 
864 
865 
869 
872 
886 
892 
900 

679.32 9.68 
703.51 -3.51 
697.39 _ -1.39 
730.34 -8.34 
744.08 -5.08 
731.24 -1.24 
735.62 -0.62 - 
744.75 1.25 
755.95 4.05 
753.56 -3.56 
763.58 7.42 
762.26 1.74 
764.19 1.81 
768.57 -0.43 
766.64 10.36 
768.57 6.43 
772.95 2.05 
797.14 2.86 

757.18 25.82 
791.02 -11.02 
795.41 0.59 
814.24 1.76 
822.94 -5.94 
832.07 -1.07 
832.98 -5.98 
829.25 -6.25 
838.38 -8.38 
833.64 -6.64 
842.77 -9.77 
824.87 3.13 
833.00 0 - 
829.25 4.75 

8?3.64 2.36 
847.19 -5.19 
853.96 -8.?E 
857.21 --P.ZI 
860.28 -_jl.lS 
860.92 5.OiJ 
853.86 1.14 
861.60 2.40 
864.66 -1.66 
870.41 -8.41 
866.59 -6.59 

855.89 2.11 
867.24 4.76 
860.28 2.72 

862.20 1.80 

857.82 7.18 ’ 
866.69 2.41 
862.20 9.80 
880.43 5.57 
893.62 -1.62 
890.77 9.23 
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Examples of the calculation of the retention indices of 2,3dimethyl-2-butanol, 
2-methyl-Sethylpentane and 3-methyl-3ethylpentane from their structural formulae 
are given below (for squalane at 100°). 

(1) 2,3-Dimethyl-2-butanol: 

OH 

CH3-CH-C-Cl-I, 
I I 
CHi CH, 

In this compound’there are C-C bonds of the following forms (see Table II): 
No. 2 -two bonds, x, = 2; 
No. 5 -two bonds, x5 = 2; 
No. 16 -one bond, xl6 = 1. 

According to Table III, we find the values of a,,, a2, a5 and a16 and determine the re- 
tention index of 2,3-dimeJhyl-2-butanol as I = a,, + a,x, $- a5x, f a,+xr6 = 345.14 f 
12.17-2 + 55.14-2 + 235.25 = 715.01. The experimental valu9 is 715. 

(2) 2-Methyl-3-ethylpentane : 

CH,-CHz-CH-CH-CH3 
I I 
CH, CHI 

CH, 

In this compound there are C-C bonds of the following forms (Table II): 
No. 1 -two bonds, xl = 2, 
No. 2 -two bonds, x, = 2, 
No. 7 -two bonds, x7 = 2, 
No. 12 -one bond, xl2 = I. 

Hence I = a0 + alxl + a2xz + *x7 + a12xlz = 345.14 - 9.36-2 + 12.17~2 + 
120.66-2 + 174.64 = 766.72. The experjmental value of the retention index at 100” 
was obtained by extrapolation of its values at 40”, 50” and 70°S and was found to be 
768. 

(3) 3-Methyl-3-cthylpentane : 

CH3 

I 

CH&H&-CH&H3 
I 
CHz 
I 

CH, 

In this compound there are C-C bonds of the following forms (Table III): 
No. 1 -three bonds, xl = 3, 
No. 3 -one bond, x3 = 1, 
No. 8 -three bonds, x, = 3. 

Hence I = a, + alxl + six, + a,x, = 345.14 - 9.36-3 + 19.79 + 146.63 -3 = 
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776.74. The experimental value of the retention index at 100” was obtained by extrap- 
olation of its values at 40”, 50” and 7!Y” and was found to be 784. 

CONCLUSiON 

The suggested method is characterized by universality and a clear physical 
meaning and can be used with a smaller number of experimental- data than other 
methods. The accuracy is acceptable for GLC-MS identification of compounds. 

< 
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