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SUMMARY 

A procedure is presented which extends Rohrschneider’s classification scheme 
and permits the use of any stationary phase as a reference in calculating differences of 
retention index. By avoiding the use of squalane as reference phase, data obtained at 
higher temperatures can be analysed. The work shows that Rohrschneider-type 
schemes are based on the difference in intermolecular interactions between a substance 
and each of two stationary phases, rather than on polar interactions alone as originally 
postulated. 

.--- -.- -.----- - ---._... -.. ..- --.-_-. -. -.- .._. _._-. . ..___. _.-._ _ . _. _. .-_ ._._.._-_ -._ .--._- .._._... _ .._...._._ -- 

INTRODUCTION 

Rohrschneider’ has proposed a scheme in which the retention index of a com- 
pound is expressed as the sum of a number of product terms, these terms containing 
factors characteristic of both the solute and the solvent under consideration. While 
this scheme and the essentially identical but somewhat more readily applicable scheme 
of McReynoldsZ have found. some acceptance in the classification or comparison of 
stationary phases, the more important area of retention prediction has been consid- 
ered by Takacs and his co-workers 3--5 but has otherwise been largely neglected. 

In considering intermolecular interaction forces, Rohrschneider assumed dis- 
persion or London forces to be non-polar, and induction, orientation, charge transfer 
and hydrogen bonding forces to be polar. He then found it possible to eliminate a 
large portion of the non-polar forces by focussing attention on the difference in reten- 
tion between a polar and a non-polar (squalane) column: 

AIA = ZPA - ZsaA 
where 

AP = increased retention or index difference due to the polar interacting forces 
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ID” and Is/’ = retention indices of substance A on a polar and non-polar 
(squalane) column, respectively. 

The index difference dl defined in this way was then assumed to be produced 
additively from portions of the several interactions occurring. Following studies by 
Pullen and Werner6*‘. it was further assumed that for each type of polar intermolecular 
attraction, the interaction energy is proportional to a value a characteristic of each 
solute, and to a value x characteristic of each stationary phase. The index difference 
Alis thus the summation of product terms shown in eqn. 1: 

AJrA = as + by + cz + rhr + es (1) 

where X, J, Z, II, and s are dI/lOO values for five selected solutes -benzene, ethanol, 
methyl ethyl ketone, nitromethane and pyridine, respectively- on stationary phase 
P and Q, 6, c, (I, and e are constants characteristic of substance A. 
Thus 

/j&,“=~“---J A= P SCl 

CALCULATIONS BASED ON 

f&)[U(l,” - Isqx) + b(lpy - Isq”) + c(&= - Isq”) + 
+ c/(1,,” - &“) + 41,s - Is,“)] (2) 

RETENTION DIFFERENCE OF ANY TWO PHASES 

Because of its volatility, squalane sometimes gives rise to experimental diffi- 
culties when used as a stationary phase. In any case, squalane is a material of limited 
gem@ utility. For these reasons it is desirable to avoid the use of squalane in the 
classification scheme; this has important potential advantages in the further develop- 
ment of Rohrschneider’s method since it permits the inclusion of data covering a 
wide temperature range. We have already reported8 on the influence of temperature 
on the polarity of a stationary phase as shown by the variation of the constants X, 
. . ., s on several polysiloxane phases of varying polar character; on the other hand, 
the temperature dependence of the solute-specific factors a, . . . , c does not yet appear 
to have been studied4. 

Based on eqn. 2, and considering two distinct stationary phases, 1 and 2, it is 
possible to eliminate squalane entirely as follows: 

where II* and IzA are the retention indices for compound A determined on the two 
stationary phases 1 and 2, and II”, . . . , IIs and IZ”, . . . , Izs are the retention indices of 
the five standard substances on columns 1 and 2, respectively. 

Eqn. 3 shows that it is possible to determine the substance-specific factors Q, 
. . ., e from measurements carried out on any two phases. Alternatively, any other 

phase can be used as a reference phase instead of squalane. Rohrschneider’s original 
choice of a non-polar solvent for the reference column is seen to have been unneces- 
sarily restrictive. 

An approach to the same problem which is similar in some respects to the 
present work has been investigated by Takacs and his co-workerS4v5. These authors 
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consider Rohrschneider’s original scheme to have been theoretically faultless but 
“unsuitable for following some of the more complicated processes because of the pos- 
sibility of error compensation”. They therefore did not base their treatment on 
Rohrschneider’s scheme but chose to use a method which involves the ratios of reten- 
tion indices, rather than their differences, as shown in eqn. 4 (which applies for con- 
stant temperature). 

(4) 

wherefI is the i-th polarity factor for the stationary phase, given byj; = I,,‘/&,‘, i is 
the serial number of the standard solute, and sI is the i-th solute-specific factor 
characterising the molecular structure of solute A. 

Takacs further showed that a similar equation could be derived for any two 
stationary phases : 

41” - 
LA 

.5 F‘.S, 
I=1 

(5) 

where Fl is the i-th polarity factor for any two stationary phases, I and 2, i.e., Fl = 
Iplf/lplf for a system not based on squalane, and S1 is the i-th solute-specific constant 
for the same system. 

If eqn. 4 is to be compatible with eqn. 2, the solute-specific factors are related 
by 

This relationship appears to hold to within I or 2 %, indicating that the representation 
embodied in eqn. 4 is reasonable, although for accurate work a variation of this 
magnitude could be quite significant. Insufficient information has been published to 
allow a choice between the two representations. However, it should be noted that the 
calculation of the retention of isopropanol on PEG-400 (ref. 4) (giving 915.4 index 
units compared with a measured value of 916.0) is not a reasonable test of the method, 
since the s-values were obtained from only five stationary phases and least-squares 
procedures were not used. 

It is considered that the approach presented in the present work is to be 
preferred to that of Takacs at this stage, since it continues to use the well-established 
concept of retention index differences rather than retention index ratios, and since it 
incorporates the well-established x, . . . , s values and leads to a, . . . , e values similar 
to those of Rohrschneider, rather than introducing two completely new and different 
sets of values for what are essentially similar quantities. A decision between the two 
representations based on their individual accuracies may eventually be possible when 
further details of Takacs’ results are available. 

EXPERIMENTAL 

The work described here relates specifically to the useful data set provided by 
Rohrschneider’. These data have been re-evaluated using a calculation procedure de- 
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scribed elsewhere9**o. Briefly, the program used permits the choice of any stationary 
phase as the base phase (equivalent to squalane in.the Rohrschneider and McReynolds 
classification systems). Using the chosen base phase, retention index differences are 
calculated for all the observations. Column polarity factors x, . . . , s are then assigned 
in terms of the column behaviour for benzene, ethanol, methyl ethyl ketone, nitro- 
methane and pyridine, the same five standard substances used by Rohrschneider. 

The substance-specific factors, a, . . . , e, are calculated using a standard least- 
squares criterion which minimises the sum of the squared errors, applied to all 
stationary solvent phases for each substance separately. The values of Q, . . , , e ob- 
tained in this way, using squalane as the base column, differ slightly from those ob- 
tained by Rohrschneider, whose method of calculation used a different criterion. The 
relative merits of these two approaches are discussed elsewherelO. 

To permit a comparison of results using different stationary phases, the dif- 
ferences between the calculated and observed values were used to calculate both the 
root mean square error and the average absolute error for each substance, for each 
column, and for the complete data set. 

RESULTS AND DISCUSSION 

Substance-specific factors a, . . . , e have been calculated for the 30 substance 
23 column data set of Rohrschneider, using each of the 23 columns as the base 
stationary phase. Table I lists a representative sample of the results obtained; it in- 
cludes values for three non-polar phases (squalane, DC-200, and Apiezon E), three 
medium polarity phases (DC-710, polyphenyl ether and polypropylene sebacate) and 
three highly polar phases (Carbowax 20M, diethylene glycol succinate and 1,2,3-tris- 
(cyanoethoxy)propane (TCEP)). 

It will be seen that the values based on squalane vary slightly from the values 
originally calculated by Rohrschneider I. They agree with the values calculated by 
Leary et a/.g using a standard least-squares criterion. 

The substance-specific factors calculated in this way agree with each other 
surprisingly well. No particular trends were observed for any of the base stationary 
phases. It is apparent that it is possible to develop a Rohrschneider-type characterisa- 
tion scheme by considering the difference in iptermolecular interactions between any 
two phases, as has been implied by Takacs and his co-workers“. 

Table II shows the prediction capabilities of the method when the base or com- 
parative stationary phase is varied. Total differences between the observed and cal- 
culated results for the complete data set are presented as the average absolute error, 
and the root mean square error. Again, no systematic trends were evident with any 
particular type of stationary phase. The values of error with squalane (the conven- 
tionally used material) as base, while low, were slightly higher than those with TCEP, 
the most polar phase included in the study. This indicates that the predictive behaviour 
of the method is not affected by changing the base column. 

While in this work we have used the available data of Rohrschneider to 
facilitate our comparisons, it is evident that many of the phases he employed were 
commercial materials of unspecified composition which have not found subsequent 
acceptance and for some of which the stability is unknown. From work’ in this 
laboratory it has been noted that the Rohrschneider constants for XF-1150 vary 
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TABLE II 

ERRORS IN THE CHANGE OF BASE CALCULATIONS 
.___.__..._ _.._ ____-. . . . _ . 
Stationary phase Error 

(calcrrfatcd- ohserwtf) 
_.--_ _ ..___. - . .-._. . _ . . . 
A vcragc RMS 
d~SOll4?C 

_~...-.-..~.. .-.-. ---... - ..---. .-. -- -.-. - - 
Squalanc 
DC-200 
Apiczon L 
Diethyl hexyl sebacate 
Celancse ester No. 9 
Diisodecyl phthalatc 
DC-710 
QF-1 
Ucon LB-550X 
Acetyl tributyl citrate 
Tricresyl phosphate 
Polyphcnyl ether 
Marlophen 87 
Polypropylene sebacatc 
Marlophen 814 
Neopentyl glycol succinatc 
XF-1150 
Carbowax 20M 
Carbowax 4000 
Reoplex 400 
Diethylene glycol sebacate 
Ethylene glycol bis(cyanoethyl) ether 
Tris(cyanoethoxy)propane 

3.25 
3.73 
3.39 1 
3.52 
3.77 I 
3.75 
3.55 
3.22 
3.35 
3.94 
4.09 
3.67 
3.47 
3.88 
3.40 
3.27 
3.77 
3.26 
3.23 
3.42 
3.28 
3.35 
3.20 

_ ~. . _ 
4.97 
5.72 

* 5.33 
5.60 
5.9s 
5.66 
5.32 
4.97 
5.12 
6.21 
6.11 
5.56 
5.46 
5.96 
5.10 
5.08 
6.17 
4.96 
4.90 
5.17 
5.08 
5.16 
4.90 

-- 
Average 3.5 I 5.37 

_.___ ..__ _____ .--_. __. ~_ 

continuously with use; with this phase higher errors were obtained in ‘the present 
calculations. With the other commercial ester materials it is similarly suggested that 
the high errors might be attributed to variation in composition with use as has been 
reported with various polyesters”. 

The work reported here suggests that Rohrschneider’s scheme can be readily 
extended to include a wider temperature range. Because of the volatility of squalane, 
operating temperature has been restricted to a maximum of between 100 and 120”. A 
higher operating temperature is possible if a suitable base stationary phase is chosen; 
this needs not necessarily be non-polar in character, but should be non-volatile, stable 
in composition and capable of giving accurate and reproducible results. This will 
allow the accepted classification schemes of Rohrschneider and later of McReynolds 
to be retained with minimum alteration. 

Table 111 lists the stationary phase polarity constants based on the most polar 
phase, TCEP, which is also the phase giving the most accurate prediction of retention 
indices. This table shows that while the individual column polarities appear to be 
considerably different to those based on squalane, this difference is more apparent 
than real since each x , ***, s value for a particular column is equal to its value based 
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on squalane, minus a constant. The same numerical differences still exist between 
polar and non-polar phases, thus allowing easy column selection -an important fea- 
ture of Rohrschneider’s original scheme. 
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