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SUMMA.RY 

In earher work, it was shown that gas chromatographic interactions can be 
characterized not only by the differences in retention indices, but also by quotients 
of the h&es. This paper shows the practical application of Rohrschneider’s concept 
based on quotients with the help of the _McReynotds system for mixed stationary 
phases. Examples are given of the pre-calculation of retention indices on mixed 
stationary phases. 

INSRODUCTION 

It is well.kno& that the prediction of retention data is of great importance in 
gas-liquid chromatography from. both theoretical and practical stand points, and 
many workers have dealt with various aspects of this problem, As the resultsthat have 
been achieved were~summarized recently’, we omit here any survey or evaluation of 
previous work Only one topic is dealt with, namely the prediction of interaction 
factors for mixed phases. 

-Extension of our equation for predicting retention indices with mixed station- 
ary phases is considered. The practical importance of mixed stationary phases is very 
great, as various worketi have made considerable efforts to produce standard apolar 
and poWstationary phases. In this field, Kovats et al.’ have obtained significant re- 
sults. 

& &&ii in a previous paper?, the following two relationships Can be w&ten : 
. . 
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Where 
1 = ret&ion index, in index~units:(i.u.);:~ .’ .’ ; 
*7z = .interaction factor; 
1, .= molecular index contribution (i.u.); 
x r symbol for unknown substance; 
a = serial number of standards; 

;I = polarity factor:- . . 

(3) 

5 

SL = substance-specific factor: Z s[ w 1.ooO. 
i=l 

From eqns. 1 and 2, we can write 

(4) 

where T = cohmm temperature (“C or “K; constant). 
Considering that si is, under isothermal conditions, independent of the sta- 

tionary phase and depends onIy on the quality of the substance examined and the 
standard substances used, eqn. 4 is suitable for the prediction of interaction factors 
on mixed stationary phases: 

(7’ =~ consmnt), where m represents the mixed stationary phase_ 
Rased on the p&pers by- Rohrschneidei’ .and McReynoldsS, the choice of the 

standard substances, the errors of the prediction calemations, etc., were examined by 
means of a computer:It. has been stated that an appro_ximate. calculation does not 
depend on the quality of the five standard substances chosen ~(thiS is: the optimum 
number of the. standard substances, although that for a rough approximation. three 
standards are satisfactory); the approximate calculation is dependent omy on the inag- 
nitude.of the errors-made when determining the retention data for- the standkis3. ..- 

It .has been proved that any phase can act asa standard stationary @as@. 
These relationships and s”mtements are also vabd for mixed stationary phases; for which -. 
excellent results were obtained.~ 

.-. ._:. . 

EtEsuLTs 
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As & &ample, the cakuktion of the ~&era&i& f&t& oftohrenc is.sho&i fooi 
-. 
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: 
Apiezon L~as~stati~nary~phase at tOO.O* using t&z original fi& standard substances of 
Rohrschneideti : 

rr, ~~~~,(100’0°) = &“&lo.00) - ‘5 &St = 4.00 [(LO49307 - 0.957878) f 
i=1 

+ (1.101563 * 0.313725) -+--(1.047081 - 0.173300) - (1.105033 - 0.361882) - 
- (1.079137 - 0.085840) = 4.16 (6) 

I, for-toiuene is 189.25 i-u., then 

I ~~~&,,(lOO.O”) = 4.16 * 189.25 = 787.3 i-u. (7) 

There was perfect agreement between the .calculated and measured values. 

VALUES OF POLARIn FACTORS AT 120.0” FOR FIVE STANDARD SUBSTANCES 

Standard substances: fI = pentanone; fi = nitropropane; f3 = pyridine; fa = kmethyI-2-pentanol; 
fs = I-iodobutane. 

McReyrzol’ds Stationary phase PolarzVy factor 
-code 
nwnb ff h h x h fs 

2226 Hexatriacontane 
2063 Nujol 
2298 Mineral oil 
2270 Liquid parafiin 
2277 Convoil-20 
2128 Apiezon M 
2127 Apiezon L 
2013 Apiezon L (treated) 
2Os2 Polybutene-32 
2033 Montan wax 
2O81 Polybutene-128 
Ml12 Apiezon L 
2318 DC-330 
2O66 SF-96 
2195 Apiezon J 
2O77 SE-30 
2101 DC-1 1 
2316 DC-510 
2078 SE-52 
2314 DC-556 
2186 Eutyl stearate 

ov-3 
2100 Beeswax 

2144 Fluorolube-HGlZOO 
2194 Apiezon H 
2171 F3utOxyeffiykteawte 
2OSO Hakcarbon wax 
2123 ov-7 
2120 DC-550 

-2323 Apiezon W 

0.99522 1.OOl53 
l.OO319 1 .OO920 
l.OO478 1.01074 
1.00319 1.01074 
1.01276 1.02607 
1.02392 1 .O%Ol 
1.02392 L.O49OS 
1 .O2552 1.04755 
1.03828 1 .O6442 
1.02233 I.03221 
1.03987 LO6288 
1.03030 1.05675 
I.06699 I.09356 
1.06699 1.09356 

I .O4306 1.07515 
1.07018 1.09816 
107656 1.10583 
1.09569 1.13650 
1.10367 1.15031 
1.12759 1.18O98 
1.10367 l.f7178 
1.12919 I.19018 
1 ,O97w 1.23497 
1.18182 1.22086 
1.12919 1.23359 
1.13238 1.20859 
1.18501 I.21933 
1.17703 1.26227 
1.1866Q 1.27301 
l.lS708 1.23773 

1.01574 l.ooooO 1.01223 
1.01574 l.OO29O 0.99578 
1.0186O l.OO435 1.01345 
1.0186O 1 .OO290 1.01467 
1.03OO4 1.01449 1.01834 
1.05722 1.01739 1.03912 
l.O6uO9 1.01884 l-01279 
1.06152 1.01884 1.03912 
1.05722 1.026ci9 I.02934 
I.06724 1.03O43 1.01956 
lsksOO9 1.02029 1.03545 
1.06724 1.02319 1.O44Ol 
0.40844 1 .O4493 l.OOOOO 
0.90987 1.o4.493 l.oaOoo 
1.08154 1.03333 1.05134 
1.05666 l&4493 1 JO367 
lB8011 1.05217 1.00367 
I.08154 I.06087 1.01956 
1.09385 1.06377 1.02812 
1.11302 1.07681 1.03912 
1.10157 1.12319 1.O4523 
1.12589 1.07971 1 .c@768 
1.17454 1.12464 1.05012 
1.16881 1 Xl9855 1.01467 
1.18455 LO6667 LO6479 
1.13877 I.14753 1.05990 
1.17597 I.10145 I.01956 
1.18312 1.11159 1.08313 
1.19313 1.11739 l.O9O46 
l.‘-u)31 1.13043 1.11369 
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A& a further &+unple, the_.caktilation &the retention &d&‘br $pr~papoi is 

shown for a wed statib%y phase consisting of 2% SE;30 -I- 6% PEG20M. The 
sL values of n-propknol, Using Rohrschneider’s original standard .substafices, tie as 
fellows: 

s, = 0.044869 
0.069656 s, = 

ss = 0.475062 
s, = 0.422686 
ss = -0.009240 

~- 

~Si = 1 BO3033 
I=1 

The closeness of the sum of the sz values to 1 .OOO indicates to the accuracy of the ap- 
proximation. The retention index of n-propanol at 100.0” for the +ed stationary 

TABLE II 

SUBSTANCE-SPECIFIC FACTORS OF DIFFERENT MODEL COMPOUNDS ACCORDING 
TO ROHRSCHNEIDER’ AT 100.O” FOR GAS CHROMATOGRAPHIC STATIONARY 
PHASE 

COlXpOUnd Substance-specijk factors 

sr s2 s3 

2J-Dimethylpentane 0.686587 -1.980136 1.375029 0.89268 1 0.026183 1 .WO344 
2-Ethyihexene-1 0.759267 - 1 .!?OO532 1.102218 0.996753 0.O41830 0.999926 
Cyclohexane 1.03O491 - lsO8764 0.583512 0.774533 0.124701 l-W73 
Toluene 0 957878 0.313725 0.173300 -0.36f882 -0.085840 0.997181 
Styrcne 1.020207 0.72+?O9 O.OOO569 -0.618494 -0.1296O9 0.997082 
Ptenylacetylene 0.945232 -0.447209 -0.014495 0.550535 -0.038894 +95169 
-4cetone -O.&J755 -0.O9Ol41 0.835675 0.275182 0_27899?.0.999959 
Propibnaldehyde 0.074208 0.261979 0.68O43f -0.O47713 0.024498 0393403 
Ctitonaldehyde 0.276623 0.445900 0.458587 -0.166OS8 -0.OO838ci l.OO6672 
fz-ButyI acetate 0.177331 -2.196349 1.330376 1.528989 0.1559O6 0.996253 
Acetonitrile 02w35 0.452159 -0.518815 Q7529il 0.119395 1.009685 
Nitroethane 0.073153 0.4783 15 .0_433OlO 0.100860 -0.Og2549 l.OO2789 
DiOXZl 0.334029 -0.161374 0.567546 0.146231 0.117415 1.003847 
Di-n-butyl ether 0.593533 -2.183045 1.233308 1.241994 0.1116$5 0.997435 
Thiophen 1 .O485.% 0.334112. -0.226222 -0.117673 -0.039992 0.998821 
Tiichloromethane 1.039087 0.343899 -0.344669 O.O62531 -0JO9O92 0.991756 
Tet@ckloromethane 1.081700 -0.941 l-70 0.216941 O.O63126 0.015411 l.OO4149 
Mzthyl iodide 1;34216O 1.041551 -0.714803 -0.613731 -0.051318 1.003859 
Ethyl bromide 0.913829 0_261395 .o.o39691: -0.154207 z-0.063369 0.997339 
Di~~oro.tetrachloroethane O-67696& -2J67883 0.989986 1.950613 0.149426 l.w4623 
n-Propanol Lc O&Z4867 -O-O69636 0.475O6.S 0.422702 -+OO924O l.oo303j 

_ Itipropanol .--0.132591 0.679591 0.659740 -0.132476 -0_073808 l.QOO$56. 
AlIyl a&oh01 0.1339Ol -0.412692 0.123288 _- .1;1396Ol 0.02O455 LO@+>53 
terMhanOi ?0.2O6$39 1.780854 I.023257 -1.319@3. ~0.288772 0.989297 
~~lopentanol 0.37564O -0.069293.: 0.42213_l$ 0.253892 0.024423 l,OO68aO 
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‘. a.i 0.$&36) f_ (s * O&068)- f (g - 0.422702) - 
( . 

_-: &3;7 : .. 

( 
695 o - O.O0924Q)] ‘= 873.7 i-u. (8) . 

The .m&sured value_ was 867.8 i.u., the difference being -5.9 i.u. 
The primary importance of predictions by using eqn. 5 is that a great amo-unt 

df the published data measured on hokogenok stationary phases can be used, thus 
facilikting $zw.&$ gas chromato,sraphy. We wish to study the temperature depen- 
dence of the sI values in order to extend the applicability of eqr.. 5. 

The .polarity factors necessary for the cakulatiotis are given in Table I. 

TABLE III 

COMPARISON OF MEASUREDS AND CALCULATED RETENTION INDICES FOR n- 
BUTANOL AT 12OmO” ON DIFFERENT STATIONARY PHASES 

McRizynol& Stationary phase I rn@Md - CatcilLred timu-) I 

co&luunber 

.2226 
2063 
2298 
2270 
2128 
2127 
2013 
xx32 
2081 
2012 
2318 

2195 
2077 
2316 
2078 
2314 
2204 
2100 
2144 
2171 
.2080 
2123 
2120 
2323 
2179 
2061 
2056 
2169 
2149 

2310 
2313 
2g50_- 
2170 
2024.. -~ 

Hex2triacontane 
Nujoi 
Miner2l oil 
Liauid parafk 
Apkzmn M 
Apiezm L 
Apiezm L (treated) 
Polybutene-32 
Polybutene-128 
Apiezon L 
DC-330 
SF-% 
Apiewn 3 
SE-30 
DC-510 
SE-52 
DG556 
ov-3 
l3tXSWZlZX 

Fluorolube HG-1200 
Butoxyetbyl stearate 
Halocarbon wax 
ov-7 
DC-550 
Apiezon W 
Dinonyl sebacate 
DC-703 
Diisodtxyf a&pate 
Ditrideql phtbalate 
Bis(2etbylhexyl)tetrs 

&@ophthal2te 
DEG stcarate 
Cktyl de& ad@&? 
Dilauryl phtlmlate 
Diisw1 adipate 
TMP tripelargoirate 

-4.9 
-3.7 
-4.4 
-2.5 
40.2 
-1.4 
+-OS 
-2.7 
i-l.8 
SO.5 
-1.1 
f0.7 
-0.5 
to.8 
-0.7 
f3.2 
-1.6 
i3.2 

-14.4 
-34.1 
-8.5 

-31.4 
+2.5 
fI.9 

-!-11.0 
-15.8 
+0.7 

-15.3 
- 10.0 

-16.8 
-11.7 
-15.2 
-12.2 
-17.8 
-118 

-- 
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Stibs&&e-spe&k facto* foi &&&t-m&~ c&..o~d.k &ording~~~ R&r: 
schqeiderj at 100.0” for statioq+y p&a-. a& ‘&kc& & ‘+blF Zi- -1 q :: 1 .’ 

IQ Table III, the- results predic&d by us+g varioirs combinatiok of McRey- 
nolds’ standards arc -compared with the measurql da& : -. -. 
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