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SUMMARY 

In a previous paper, a method was described For calculating the retention 
indices of aliphatic hydrocarbons on the basis of their molecular structures, on 
squalane as stationary phase. This method was later extended to olefinic, alicyclic 
and aromatic l~ydrocarbons1~2. 

In the present paper, the widespread application of the method to different 
compounds (adamantanes, silanes, steroids, etc.) on different stationary phases is 
described. 

INTRODUCTION 

‘In the last few years, the examination of the relationship between retention 
indices and molecular structure has become important in gas chromatography. We 
have already described1q2 a method for calculating the rCetention indices of various 
hydrocarbons on the basis of their molecular structures, on squalane as stationary 
phase. The papers of Hively and Hinton 3, SingliarQ, T&h and Borsodi”, Golovnya 
and Ural&@, Schomburg’, Burkhard et a1.8, Garzci et a1.O and Brooks et al.1° have 
been most useful in our work. 

Although only the simplest questions involved in calculations on polar 
stationary phase have been answered (individual factors and members, their role, etc.), 
we have discussed our initial results for different groups of compounds (steroids, 
alcoho Is, etc.) as, because of the characteristics (chemical affinities, interaction forces 
and relationships, etc.) of these groups of compounds, variations in the individual 
properties can be neglected in the calculations. 
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THEORETICAL 

As shown in a previous paper2, the retention indices of some compounds can 
be calculated by means of simple relationships based on their molecular structures. 
As these equations are used in the calculations in this paper, they are repeated without 
any discussion : 

~~ta~lonary phoac (T) = I, _k & + qtiWmry ~Itarc (r) 
nubslance (I) 

L + 4J = J,,, (2) 

ptullonury vhorc (T) = 
subaInncc 

fY”- 
(3) 

where : 
1 = the retention index of the substance on the given stationary phase (st.ph.) 

an’d constant column temperature (index units, i.u.); 
1” = column temperature (“K or “C); 
L = atomic index contribution (i.u.); 
Ib = bond index contribution (i.u.); 
I[ = interaction index contribution (i.u.); 
ml = molecular index contribution (i.u.); 

+I = average interaction factor; 
II = individual interaction factor. 

It must be noted that ~~uatuna (T) = 0. 

As the method relates the properties of one member of a group of compounds 
to those of other members of the same group, it can be postulated that thef;,!*pt’* (T) 

values are constant for members of a particular group of compounds, especially for 
homologous series at a constant temperature and on the same stationary phase. For 
example : 

Of course, this supposition can give rise to some errors, but in most instances 
the error affects the results only slightly, so thatathey can be used satisfactorily in 
practical work. Further research will probably sooner or later enable the calculations 
to be made more exact, especially by taking into account the individual interaction 
values. 

EXPERIMENTAL 

Most of the data used in this work were taken from the specialized literature, 
and were completed with control measurements in only a few instances for com- 
pounds with very heterogenous characteristics -alcohols on squalane as stationary 
phase and amines on PEG-1500 as stationary phase, etc. 

The measurements were made on a Pye-Unicam, Model 104, and Carlo Erba 
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Fig. 1. Bond index contributions of some bond types in halogenatcd aliphatic hydrocarbons. The 
individual values arc not repeated when they occur again in compounds in the later figures, 

Fig. 2. Bond index values ofpyridinc. 
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Fig. 3. Bond index values of consecutive homologous kctoncs (methyl ,r-propyl ketone and methyl 
n-butyl kctonc). 
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Fig. 4. Bond index values of consecutive homologous esters (methyl pent-2-anoate and methyl hex-2- 
anoatc). 
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Fig. 5. Bond index values ofsomc adamantanes. 

Fig. 6. Bond index values of some amines. 

Fractovap, Models C and G, gas chromatographs. Thermal conductivity and flame 
ionization detectors, various types of columns (metallic and glass), different stationary 
phases, and Speedomax G and W recorders with. sensitivities of 1 .O and 2.5 mV full- 
scale and a chart speed of 1.27 cm/min, were used. Hydrogen and nitrogen were used 
as carrier gases and hydrogen, oxygen and air were used as. auxiliary gases. All exr 
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Fig. 7. Bond index values of some chlorosilancs. 
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Fig. 8. Bond index values of some pyrroles. 

Fig. 9. Bond index values of some tetrahydropyrroles. 
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Fig. IO. Bond index values of some dihydroindolcs and indolcs. 
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Fig. 11. Bond index values of some alcohols. 
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Fig. 12. Bond index values of some steroids. 

periments were carried out under isothermal conditions. A semi-automatic 
Hamilton syringes were used for the introduction of samples. 

device or 

Although we are developing a computer program for the investigation of the 
relationship between retention indices and molecular structure, in this work the 
computer was used only for making calculations (dependence of retention index on 
column temperature, calculation of substance-specific factors, etc.), as described in 
previous paperPJ2. 

Calculations of bond index contributions on squalane as stationary phase were 
made for halogen compounds, esters and alcohols, and the results are shown in 
Figs. I-12. The results of some control calculations of retention indices are given in 
Tables I-VI. 
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TABLE I 

COMPARISON OF MEASURED AND CALCULATED RETENTION INDICES OF ADA- 
MANTANES AT DIFFERENT TEMPERATURES ON SQUALANE AS STATIONARY 
PHASE 

JIO” 125” Devialion (IA.) 

tUca.srtrcde Caicula?ed Measrtreda Catcttlared lJOD 125” 
(i.rr.) (i.u.) (i.14.) I.& 

1,3&Trimethyl- 
adamantanc 1153.0 1147.4 1161.0 1158.5 -l-5.6 f2.5 

I .3,5,7-T&m- 
mcthylndnmantanc 1169.0 1164.7 1176.0 I 175.9 -l-4.3 -1-0.1 

TABLE It 

COMPARISON OF MEASURED AND CALCULATED RETENTION 1NDICES OF ESTERS 
AT 120” ON SQUALANE AS STATIONARY PHASE 

Relctrliott itrdcx (i.rt.) Dcvialiott (i.u.) 

Methyl hcptan-2.oatc 996.0 994.2 f1.8 
Methyl octan-2-ontc 1094.0 1093.0 +1.0 
Methyl nonan5-oatc 1192.0 1194.9 -2.9 

TABLE 111 

COMPARISON OF MEASURED AND CALCULATED RETENTION INDICES OF HALO- 
GEN COMPOUNDS AT 49” ON SQUALANE AS STATIONARY PHASE 

Cottlpoutld Retatttion ittdex (i.u.) DeviaUott (Lit.) 

Calcrtlared 

I -Chloropropanc 520.6 520.5 -i-O.1 
I -Bromopropaix 601.4 601.4 
I-Bromobutanc 703.8 703.4 

TABLE IV 

COMPARISON OF MEASURED AND CALCULATED RETENTION INDICES OF INDOLES 
AT 190” ON SE-30 AS STATIONARY PHASE 

Compound Retemiotr itrdcx (ht.) 

Measttred5 ’ Calcttla~ed 

Devialiott (i.tt.) 

Ind ok 
N-Mcthylindole 
N-Ethylindole 
N-tr-Propylindole 

1310.0 1312.1 -2.1 
1301.0 1300.9 i-o.1 
1356.0 1356.6 -0.G 
1445.0 1448.8 -3.8 

_- 
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TABLE V 

COMPARISON OF MEASURED AND CALCULATED RETENTION INDICES OF PYR- 
ROLES AT 1 IO” ON SE-30 AS STATIONARY PHASE 

Corrlpolrrrd Retentiort itrdex (i.rr.) Deviation (i.rr.) 

MeasurefP Calculated 

Tctrahydropyrrolc 688.0 687.7 -l-o.3 
N-Ethyltctrahydropyrrolc 774.0 771.9 i-2.1 
Pyrrolc 740.0 743.5 -3.5 
N-Mcthylpyrrolc 739.0 735.3 -l-3.7 
---~_-.- -__. -_------ 

TABLE VI 

COMPARISON OF MEASURED AND CALCULATED RETENTION INDCCESOFSTEROIDS 
AT 210” ON OV-17 AS STATlONARY PHASE 

Deviation (I.N.) 

MeasrtrefPQ Cafculatmi 

Estr-3-one-Sa-H-l7ct-H-l7~-ol 2790.0 2796.1 -6.1 
17a~Mcthy!cstr-3-on&~-H-17~-0l 2820.0 2819.0 -l-l.0 
1 7rc-EtI~ylestr-3-onc-Sa-H-17/%oI 2915.0 2911.9 f3.1 

The results obtained, which give only a limited demonstration of the method, 
indicate the great possibilities of the calculation procedure. 
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