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SUMMARY 
, 

In the present paper, we deal with ROHRSCHNEIDER’S concept and method. 
ROWRSCHNEIDER has given a simple interpretation to the interactions between a 
substance and the stationary phase. MCREYNOLDS~, in one of his latest papers, ‘re- 
commends for the characterization of the liquid phases the use of the retention index 
differences of ten standard substances. Without discussing this ,proposal in detail, 
some remarks must be made. Using ROWRSCHNEIDER’S concept we can follow the 
change in the interactions from stationary phase to stationary phase. 

INTRODUCTION 

Among the works’ dealing with this problem, the retention index system of 
I<OVATS3, further developed over the last few years, has great importance and it 
seems to be suitable as. a general method in gas chromatography. 

Although some researchers in this field, e.g., PIEROTTI ct ~1.4, TENNEY~;WEHRLI 
AND ROVATS~, CEIOVLN~ ~~~‘MARTIR@, obtained remarkable results, in our opinion it 
was ROWRSCHNEIDER~ who developed the general solution of the problem, giving a 
simple interpretation ‘to the interactions between a substance and’ the stationjry 
phase. 

In the work of ROHRSCHNEIDER, a distinction. must be made’between the 
theoretical part and its practical applications. .First, ROHRSCHNEIDER’S concept 
should be discussed. In distinguishing between the interactions ‘,between an ,in- 
vestigated material and the stationary phase from the point of view of polarity, the 
different pairs polar ,material/non-polar stationary phase and non-polar material/polar 
stationary phase must be distinguished, in’ addition’ to pairs with the same polarity, 
u&r. polar material/polar stationary phase and non-polar material/non-polar stationary 
phase. The interaction forces in &h coupling (dispersion or London forces, indudtivity, 
erientation and filling-transfer, forces, and hydrogen-bonds) can ‘be differentiated as 
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~zo~z-~oZar (dispersion) and polar (the others) forces. When investigating a non-polar 
molecule or using a non-polar stationary phase, the interactions are determined by the 

dispersion forces. 
ROHRSCHNEIDER stated that when measuring the retention index of the same 

substance on a non-polar stationary phase (squalane) and on a polar stationary phase 
and calculating the difference in the data obtained, the following relation can be 

written : 

AI=Ip--S= ax + by + cz + dzt + es (1) 
where 

rp = the retention index on a polar stationary phase; 1s = the retention index 
on the squalane stationary phase; x = AI (Benzene) :IOO; y = AI (Ethanol) : 

100; z = Al(Methy1 ethyl ketone) :IOO ; zc = AI (Nitromethane) :IOO; s = AI 
(Pyridine) :IOO and a, b, c, d and c are the ROHRSCNNISIDER constants. 

One of the components of the products to be added is characteristic for the 
substance to be examined; the other one is a polarity factor characterizing the sta- 
tionary phase, It is well known, as ROWRSCWNEIDER also showed, that all retention 

index values contain some measurement errors and these have an effect on the values 
for the substance obtained, i.e., stationary phase-polarity characteristics. To study 

the effect of these errors, calculations were made with a computer, using the measured 
data., e. / 

.; ,. Retention data were measured for eight different stationary phases. Feeding 
the, corresponding data into the computer, a program was developed making possible 
the determination of .the ROHRSCNNEIDER constants for a wide range of stationary 
phases (252 cases). 

The constants show a significant deviation, the cause of which is the variation 

in the size FJI the error made in the determination of the single index values. The 
deviation of the numerical values of the constants from the average was 3%. 

The historical development of ROWRSCI-INEIDER’S method (he first made calcula- 
tions using. three factors) poses the question as to whether the presently used five 
additive members are sufficient or not. 

MCREYNOLDS!, in one of his latest papers, recommends for the characterization 
of, the liquid phaSes the use of the retention index differences of ten standard sub- 
stances: benzene, .butanol, 2-pentanone, nitropropane, pyridine, 2-methyl-2-pentanol, 
I-iodo-butane; 2-octyne, r,+dioxan and, cis-hydrindane. 

Without discussing,his.proposal in detail, the following remarks must be made. 
There is a basic difference between ROHRSCWNEIDER’S method and MCREYNOLDS’S, 

which was developed after. the ROHRSCHNKIDER concept. While ROHRSCNNKIDER’S 
method is Suitable not only for the characterization of the stationary phase polarity 
but alSo ~.for,.~~.the p&-calculation of the corresponding retention,. the method of 

McREYNo,L?S;’ although it may possibly .be used for this pre-calculation, can be 
used., in ‘its :pr,esent. form ,only..for ,the characterization of the liquid phase. Also the 
system ,consisting of five additive members recommended .by’ :ROHRSCHNBIDER is 

enough ;,, to characterize. the, interaction relations formed, and to pre-calculate the 
reteution;;,.V :. ,:. ,.: ,, .’ ” 

,: :, $, Be&use ,of’ the possibihties ‘of the ROHRSCHNEIDKK concept,, we considered his 
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method in detail. During this work it was found that it is better to study the interac- 
tion relati.ons formed from the point of view .of the substance to be investigated, 
rather than,from the interaction forces. 

This study was based on the supposition that the retention index consists of the . 

following additive members”: 

where 

I = the retention index under isothermal coilclitions; I, = the atomic index 
contribution; II, = the bond ‘index contribution; 11 = the interaction index 
contribution. 
The interaction index contribution consists of two additive members: 

&a = the average interaction index contribution; Itc = the individual inter- 
action index contribution. 
The Ica average interaction index contribution is the sequence of the dispersion 

forces; the If8 individual interaction index contribution is the sequence of other inter- 
action forces. From the last statement, it follows that III is zero on a non-polar sta- 
tionary phase. 

Naturally, this does not mean that in the average interaction index contribu- 
tion there are no material (individual) characteristics, since the interaction is formed 
in all cases between the investigated substance and the stationary phase. 

The average interaction index contribution can be calculated from the following 
relation : 

Iia = o*7455 1 (4) 

Knowing that Iii = o for any substance on squalane as stationary phase, 1; 
can be calculated as follows: 

AZ = Ip - Is = 1; - zf = I,“, -I_ 1; - I& 
Expressing 1: from eqn. 5 and using eqn. 4: 

(5) . . . .a.. 

If; = AI + 16 - lz = AI - 0,7455A1= 0.2545AI (6) 
Thus, eqn. 6 means that if the value of AI is known, the individual interaction 

contributions can be determined. 
AZ can be calculated even with ROHRSCHNEIDER’S method. Therefore it can be 

written as: 

AZ = * 
i’; (‘1 

0.2545 
= ax $- by + cz + dzb -1_ OS 

: G(S) =, a ‘0.2545~ + b ~0.2545~ + c -0.25452 + d l 0.2545zc + e l 0.2545s 

where (S) = substance. 

(8) 
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And since: 

0.2545% = 
o.z~4yl.Z(Benzene) 

100 
= Ii(Benzene) 

o*2s45y = 
o.2~4~~l(Etlxm-A) 

Too 
= I~(Ethano1) 

(9) 

(10) 

o.254gil(Methyl ethyl ketone) 
0.25452 = --- 

100 
= IL (Methyl ethyl ketone) (II) 

0.25452~ = 
o.254@(Nitromethane) 

100 
= Ig(Nitromethane) (12) 

0.2545s = 
o,2545dI(Pyridine) --= 

'100 
I;( Pyridinc) 

eqn. 8 can be written as: 

I; (s) = --- 
n 9 I$ (Benzene)_ + _.!__I: (Ethanol) 

100 IO0 

(13) 

+ 

c * 1: (Methyl ethyl ketone) + __t,_:_.Jf;L(N_itromethane) + II. -__ _ __ ._-__._ .__. -.__ 
100 100 

e l Ii (Pyridine) -.._ - 
IO0 (14) 

This means finally that the ROHRSCHNEIDER concept makes the pre-calculation 
of retention data possible through the calculation of the individual interaction con- 
tributions using the individual interaction values of the five standard substances, 

As an example, the calculation of the individual interaction value and retention 
index of lert.-butanol is shown on DC-710 stationary phase using the data in Table 1. 

TABLE I 

THE DATA USED IN CALCutATING THE RETENTION INDEX 01' ~cYL-I~uTANoJ~ ON DC-710 
STATIONARY PHASE 

______~_____.______ 

Rohvschneidev cortsta~ls 
n c_,~” (s)__.-._‘_-.-_..-.__.._ ._..... _._ 

Iii 

S Value 
-- 

a== -11.42 Bonzcne 2672 
b = 7t5.51 Ethanol 38.17 
C= 33.75 Methyl ethyl ltctonc 40.97 
d f=‘_ X2.77 " : Nitromethsnc 63.88 
0= 0.21 Pyriclinc 48.36 

100&g DC-710 (tevt.-Butanol) 
.’ : , 
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Y 

= (-11.42 x 26.72) + (76.51 X 38.17) 

+ (33.75 X 4oe97) + (-I2*77 X 63-88) 

+ (a21 x 48.36) == 3Ig3.16. 
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From this : 
, 

Izc‘710 (A&.-13utanol) = s-t.93 = 0.2545AI 

~ZE~;%Llt*m - -- = 
151.80 

0.2545 
5g6,4 index units. 

3:ABLE II 

THE AVERAGE AND INDIVLUUAI. INTERACTION VAtUISS BOR J3ICNZENE ON DIFFERIZNT STATIONARY 

PHASES AT 100.0~ 
--.- .-... - _^.... _.__.. _-_- --- ..I.__ ----.______--_-_._-_ 

Stationary phase A vcvage Indivichrar! 
ilttcvaclion value interaction value 
(imtex awits) (index awits) 

I__--“_I-- . . - ._.- __-. .-_ --....-..- -. .-- -_---_---- -_ .--_-.-.... ---__.__~-.._____..--_ __... _-__- . . . - 
Squulanc 483.53 0.0 
DC-zoo 
Apiczon L 

495.91 3.82 

DC-710 
507~~9 8.1‘1 
$2.1 I 

Noopcntyl glycol succinatc 
26.72 

683.62 68.2r: 

Carbowax zoM 720~90 so.93 
Diethylcm glycol suocinatc 851.36 
r,z,3-tris(cyanoethosypropanc) 

125.47 
93J.13 152.70 

Tll~ measured value of l~$-~~~tanol is 594 ingex units. The deviation be- 
tween the measured and calculated detention index values is 2,4 index units, which is 
a fairly good result. Using RONRSCNNEIDER’S concept we can follow the change in the 
interactions from stationary phase to stationary phase. As an example, the results 
for benzene are shown in Table II. 

After our measurements and practical experience the error in calculating the 
index values (used in the ROWRSCHNEIDER equations) cannot be greater than one 
index unit, 

Finally, we should like to deal with the question as to whether the five standard 
substances are suitable from the point of view of material quality. In this question, 
the opinion of MCREYNOLDS coincides with practical experience, i.e., the quality of 
the five standards used until now is not the best, At the same time, we should like to 
emphasize that the number and,chemical quality of the standards is, in our opinion, 
optimal. The selection of the material quality of the five standard subStances can be 
the result only of widespread theoretical and practical cooperation, and in this field 
we should like very much to cooperate with our Czech and Slovak colleagues. 
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