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SUMMARY 

The data-predicting properties of a Rohrschneider-type scheme are reported 
for a series of 179 homologous esters on fourteen polysiloxane stationary phases: This 
consideration has previously been restricted to the introductory work of Rohrschneider, 
where thirty compounds selected to cover a wide range of functional classes were 
used. Other reports of prediction with various solute probes have been reported and 
these are briefly discussed. 

INTRODUCTION 

While the theoretical basis of the scheme proposed by Rohrschneider2 com- 
prising the additivity of various particular interactions has been shown to be an 
oversimplification3”, it is apparent that the scheme is the most satisfactory yet pro- 
posed for stationary phase classification and with the McReynolds modifications the 
solvent values would appear to be finding increasing acceptance and appearing in the 
annual catalogues of Supelco since 1970 and in the 1976 catalogue of Applied Science 
Labs. The solute or substance polarity factors have recently been described for satu- 
rated esters6 and certain trends relevant to structure are apparent. 

The use of the Rohrschneider scheme for retention prediction has been re- 
stricted, aithough varying numbers and types of solute probes have been reported. In 
the present work the solute probes of RohrschneiderjMcReynolds have been con- 
sidered for retention prediction of a series of 179 saturated and unsaturated esters on 
fourteen polysiloxane station&y phases of varying polar character. Squalane, the base 
stationary phase of Rohrschneider’ and McReynolds’, has been replaced with di- 

e For part DC, see ref. 1. 
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methyIpolysiIoxane, a material of considerably greater utility. The effect of varying 
the number of the solute probes is also considered in this work. 

Weiner et al. have proposed a scheme - * 11, based on factor analyses, which 
utilises eigen vectors to select physical and chemically significant parameters which 
best fit the problem to be analysed. In this manner eqn. 1 was established, i.e. 

where IoVa, represents the retention index of solute i on stationary phase a; i corre- 
sponds to~the n test factors; C&j represents the multiplicative constants associated 
with solvent a; and P<j_il represents the n test parameters evaluated for solvent, i. 

This equation is essentially the same as that devised by Rohrschneider’, the 
major difference being that Weiner et al. statistically determine their parameters, 
many of which are interrelated. Weiner et al. have produced entirely different param- 
eters which fit reasonably closely related sets of retention data. Rohrschneider adopted 
the more practical approach and assigned the retention behaviour of five classes of 
compounds as the parameters in his scheme and to date this has proved to be the more 
accurate method, i.e., Rohrschneider’s error is 4.1 index uuits2, while for a set of the 
results of Weiner and HoweryrO the average error was 8.4 units for a similar number 
of parameters but a different data set_ 

In Rohrschneider’s earlier worklz, three parameters were used to predict data, 
with an average error of 12.6 index units; the later inclusion of two additional param- 
eters* reduced the error to 4.1 index units. It has been suggested previously3*’ that the 
number n of these parameters can be readily varied, according to eqn. 2: 

dl=iLx (2) 
i=l 

A principal component analysis l3 of McReynolds’ data’ showed that to reproduce the 
data within about 30 index units three units have to be introduced. The work described 
the attributes of the components used, and while advantages of the scheme areclaimed, 
they are not readily apparent, as the precision indicated is unsatisfactory. 

The Rohrschneider approach for characterising stationary phases and the 
extension of the solubility parameter theory of Hildebrand and ScottI and Hildebrand 
et ~1.‘~ have recently been reviewed by Hartkorfle with the conclusion that three pre- 
dominant types of solute-solvent interactions exist, these being concerned with disper- 
sion, dipole interaction, and hydrogen bonding. 

Hartkorf et a1.l' then demonstrated the use of four functional probes to char- 
acterise liquid phases and demonstrated the conclusion with a four-term form of the 
Rohrschneider equation, which allowed prediction of dl values with the accuracy of 
the five-term equation, Le., 6 index units. 

Further consideration of the significance of various groups of probes is obvi- 
ously necessary as 313*16, 417, 9, 6’, 7, 8, or lOlo materials have been variously sug- 
gested with differing claims of precision. 
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EXPERIMENTAL 

The experimental conditions and retention data have been previously re- 
ported18*1g and were obtained using a modified F & M 8 lo/29 research chromatograph 
fitted with improved flow control and with flame ionisation detection at 150“. The 
stationary phases used were polysiloxane SE-30,OV-7, DC-7 lO, OV-25 polydiphenyl- 
siloxane, DC-230, DC-530, XE-60, XF-1150, SILAR 5CP, F-400, F-500 and QF-I, 
whose composition and polarity have been previously reported’*. 

RESULTS AND DISCUSSION 

The data were processed according to eqn. 2 and the average column errors are 
shown in TabIe I for 179 esters and standard substances with SE-30 as the base sta- 

tionary phase. Here the number of standard substances or parameters is varied be- 
tween two and six, ie., 11 = 2, _ _ _, 6, the parameters being represented -by: .y = 
benzene, y = butanol, z = 2-pentanone, u = nitropropane, s = pyridene, H = 2- 
methyl-Zpentanol, T = rert.-butyl acetate and B = butyl acetate. Corrections to the 
mathematics reported by Rohrschneider’ as suggested by Leary et aLZo and by Souter” 
were employed. 

In this manner all the possible combinations of the usual standard substance 
parameters (xyzus) were evaluated for five or less parameters in order to observe the 
effects on the prediction properties of these standard substances defined by 
Rohrschneider and later modified by McReynoIds. 

From Table I, it is evident that the data prediction properties were affected by 
the number of standard substances, n, included in eqn. 2, and to a lesser degree-by 
the nature of the standard substances. The errors of the prediction scheme were 
calculated in the form of the average RMS error, which gave an estimate of the 
average error for a set of parameters. Of the five classes of compounds chosen by 
Rohrschneider, the members of which were later modified by McReynolds, this 
combination of parameters resulted in an average RMS error of 6.72 index units; 
however, the inclusion of a sixth parameter, H, as also recommended by McReynolds, 
resulted in only a minor improvement with an average error of 6.32 index units. An 
additional two substances T and B were successively introduced in an attempt to 
improve branched-chain ester and n-ester predictions, respectively. The Tfactor proved 
to be of less value than JY, while the inclusion of a normal ester, B, improved the 
prediction properties by 1 unit to 5.76 index units. On this basis, there is apparently 
Iittle justification in increasing the number of parameters introduced by Rohrschneider, 
as the average prediction properties were not sufficiently improved. 

Predictably, the effect of reducing the number of standard substances was to 
increase the average co!umn error. With four standard substances the average error 
for all combinations of Rohrschneider/McReynolds’ five-standard substances was 
10.12 index unite, with combinations of three-standard substances the error was 15.57 
index units, and with two-standard substances the error was 22.7 index units. In 
Rohrschneider’s earlier scheme 12, the mean error employing three factors, xyz, was 
12.6 index units, which is in reasonable agreement with the value of 14.95 index units 
determined here for xyz, considering that Rohrschneider evaluated a range of com- 
pound classes, many of which were closely related to the standard substances and also 
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TABLE I 
EF’FECT OF THE NUMBER OF STANDARD SUBSTANCE PARAMETERS ON THE DATA 
PREDECTTON PROPERTIES OF A ROHRSCHNELDER TYPE SCHEME 

Number of Combination Average RMS Number of Combination Average RMS 
paramezers of parameters error parameters of parameters error 

6 xyzusH 6.32 
xy2tlsT 6.40 
xyzus% 5.76 

5 XYZll.7 
XJL?llH 
XYZSH 
xyusH 
XZUFH 
YZUSH 

5 . xyzuT 10.24 
xyzsT 9.46 
xyusT 10.07 
.xzusT 10.37 
YZUST 7.61 

xyzrrB 7.93 
xyzsB 6.00 
xynsB 6.12 
xzs% 6.08 
_ViUSB 6.91 

4 xyzu 
xy:s 
xyus 
XiUS 

Av. 6.16 

6.72 
9.73 
9.37 
9.28 

10.72 
7.36 

Av. 8.86 

Av. 8.86 

Av. 6.63 

10.39 
10.94 
10.40 

10.92 
7.93 

Av. IO.12 

3 XYZ 
XYU 
XYS 
xi!td 
xzs 
xus 

y=u 
zus 

2 -YY 
xz 
X.V 

XS 

YZ 
yu - 

YS 
ZU 

zs 

CIS 

x% 10.02 
Y% 10.57 
ZB 12.47 
UB 11.74 
SB 10.25 

14.95 
16.34 
17.85 
17.81 
14.13 
11.72 
14.87 
16.89 

Av. 15.57 

42.06 
23.46 
18.80 
19.14 
24.13 
17.75 
22.87 
19.76 
18.78 
17.90 

Av. 22.47 

Av. 10.61 

considered a much smaller data set_ The average errors determined when employing 
less than five standard substances as parameters in the system were quite remarkable, 
i.e., two factors gave an overall average error of 22.7 units, while with four parameters 
the minimum average error was obtained with xyzu, where the error was 6.72 units, 
but reached as high as 10.72 units depending on the combination of the four param- 
eters employed. The ease of employing a system containing less than five standard 
substances or parameters is obvious, and while the average error in many cases may 
be acceptable, the chance of predicting values that differ markedly from the experi- 
mental vahres is greatly increased. 

While the nature of the standard substance did not have as much effect on the 
errors as the number of standard substances, or parameters, included in the system, 
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some effect on the errors was apparent. When factors H and then T were included 
with the standard substances, and one of the’usual factors x to s successively climi- 
nated in order to obtain combinations of five factors, the average column error in- 
creased approximately 3 index units above the errors obtained when the usual _.~ZZLS 
terms were used in the system. This would support Rohrschneider’s original selection 
of types of standard substances, even for a set of esters that have little resemblance 
to the structures represented by these standard substances, with perhaps the exception 
of the ketone parameter “z”. Only when an n-alkyl ester, B, was included with various 
combinations of four of the usual parameters were the errors reduced below the error 
obtained with xyzus, although the results show only a minor improvement. For the 
usual five parameters in various combinations of between two and four parameters, 
the errors were very similar for a given number of parameters. Combinations of param- 
eters existed that exhibited significantly lower errors than the average for a set number 
of parameters, i.e., zuys and XUS, while another exhibited errors that were higher than 
the average, i.e., xy, although there is insufficient evidence to relate this behaviour to 
any specific types of parameters. 

With the use of two parameters the seIection is of major imponance as it is 
evident from Table I that while a combination of any two of the standard solutes 
provides an average error of 22.47 index units, the use of one of these factors and that 
of an n-alkyl ester shows an average error of 10.61 index units. 

REFERENCES 

1 J. R. Ashes and J. K. Haken, J. Chromarogr., 111 (1975) 171. 
2 L. Rohrschueider, J. Chromzrogr., 22 (1966) 6. 
3 J. Takzics. 2s. Szentirmai, E. B. Moln5r and D. Kt%lik, J. Cltromatogr., 65 (1972) 121. 
4 Zs. Szentirtnay, G. Taj5n and J. TakBcs, J. Takacs, J. Chromutogr., 73 (1972) 11. 
5 J. R. Ashes, J. K. Haken and P. Souter, J. Chromo!ogr., 92 (1974) 237. 
6 J. R, Ashes and J. K. Haken, J. Chrornarogr., 118 (1976) 183. 
7 W. 0. McReynolds, J. Chromatogr. Sci., 8 (1970) 685. 
8 P. II. Weiner, C. J. Dack and D. G. Howery, J. Chromatogr., 69 (1972) 249. 
9 P. H. Weiner and D. G. Howery, AIZQI. Gem., 44 (1972) 1189. 

10 P. H. Weiner and D. G. Howery, CQ~ ,‘. Chem., 50 (1972) 448. 
11 P. H. Weiner and J. F. Parcher, J. Chromorogr. Sci., 10 (1972) 612. 
12 L. Rohrschneider, J. Chromotogr., 17 (1965) 1. 
13 S. Wold and K. Andersson, J. Chromoiogr., 80 (1973) 43. 
14 J. H. Hildebrand and R. L. Scott, The SoIubi!ity of Non Electrolytes, Dover Publications, New 

York, 3rd ed., 1964. 
15 J. H. Hildebrand, J. M. Prausnitz and R. L. Scott, Regi&r and Related Solutions, Van Nostrand- 

Reinhold, New York, 1970. 
16 A. Harkorf, J_ Chromntogr. Sci., 12 (1974) 113. 
17 A_ Hartkorf, S. Grunfeld and R. Delumyea, J. Chromatogr. Sci., 12 (1974) 119. 
18 J. R. Ashes and J. K. Haken, J. Chromatogr., 101 (1974) 103. 
19 J. R. Ashes and J. K. Haken, J. Chromatogr., 111 (1975) 171. 
20 J. J. Scary, 3. B. Justice, S. Tsuge, S. R. Lowry and T. L. Isenhour, J. Chromotogr_ Sri., ll(lP73) 

201. 
21 P. Souter, .I. Chromotogr_, 92 (1974) 231. 


