
RELATIQNSHLP BETWEEN THE RFTENTLGN LNDKES OF PHENOLS ON 
PO-M AND NON-POLAR STKL-IONARY PHASES 

SUMMARY 

Phenok compomds with oue hydroxyi group and one or more substituents 
in the benzene ring were investigated on two polar and one non-polar stationary 
phases. The Kovats retention indices were determined for 44 phenols on ekctron- 
donor (NGA) and electron-withdrawing (OV-225) stationary phases. 

High correlation co&cients indicate that the retention index of a phenol on a 
polar stationary phase consists of the retention index of the phenol on a non-polar 
stationary phase and the moIar refractivity of the whole molecule. 

The mechanism of the chromatographic separation of various compounds on 
non-polar stationary phases has ken satisfactorily elucidated_ Appropriate relation- 
ships indkate that the separation on these phases is affected mostly by the vapour 
pressure of the compounds being separated, this in turn being related to parameters 
such as mokcu!ar weight and polarity. RecentIy~ some workers have considered the 
problem of the elucidation of the mechanism of the separation of polar compounds on 
polar stationary phases. This problem is more complex, as t&e compounds can also 
interact directly with the stationary phase though functional groups or substituents 
The interactions are of the dipoltipole, dipole-ion or hydrogen bonding type and 
GUI result in charge displacement or charge transfer. Further, polar stationary 
phases provide favourable conditions for separation even with identical polarities 
owing to the vailability of ekctron-donating or electron-withdrawing substituents in 
their structure. 

We have previousiy considered the separation of phenols on non-polar and 
polar stationary phases ls2. Sign&ant correlations were obtained between the Kovats 
retention indices on these stationary phases and the chemical structures of com- 
pounds being separated_ 

Relationships between retention indices and chemical structure have been 
derived by many workers_ Cook and Ranshel~, for instance, reported retention in- 
dices for more than 30 benzene derivatives on three non-polar stationary phases. 
They found that the retention index of each compound was the sum of the retention 



indices of the benzene ring and the substituents. This enabled Kovz%s retention in- 
dices to be predicted for multi-substituted benzene derivatives for a particular tem- 
perature and stationary phase. West and Hall4 employed fen stationary phases with 
different McReynolds polarities to determine increments of retention indices for 
70 mono- and multi-substituted benzene derivatives. On this basis they were able to 
predict the retention index of any derivative. Qualitative gas-liquid chromatographic 
(GLC) analysis of phenols was reported by IZivn&k and Mac&k*, who determined 
relative retention times for ten alkylphenols on four stationary phases. Landau& and 
Guiochon6 determined Kov%s retention indices for 20 mono- and multi-substituted 
methylphenols in a capillary c&mm. 

In this work, more than 40 phenols which carried one hydroxyl group and 
one or more substituents in the benzene ring were studied. The substituents differed 
markedly in their electron acceptor-donor strengths. Typical electron-donating sub- 
stituents were -NH,, -CH,, -C&, -C(CH,), and -OCH,, and electron-withdrawing 
substituents -No,, -Cl, -Br and 4 

The phenols were separated on three stationary phases: non-polar SE-30 and 
polar OV-225 (3cyanopropyl methylpolysiloxane) and NGA (polyneopentyl glycol 
aclipate). 

EXPERIMENTAL 

Reagents 
The phenols were of spectroscopic, GLC or analytical-reagent grade from 

various manufacturers. Spectroscopic-grade n-alkanes, manufactured by Applied 
Science Labs. (State College, PA, U.S.A.), were used. 

A Pye-Unicam Series 104 gas chromatograph with a flame-ionization detector 
was used_ Microsyringes (5 and 10 ~1) were supplied by Scientific Glass Engineering 
(North Melbourne, Australia). Glass columns (2.9 m x 2.0 mm LD.) were packed 
with 3 % SE-3O,OV-225 or NGA coated on Chromosorb W HMDS (804JO mesh). 

Samples (0.1 g) of the phenols were dissolved in 5 ml of methanol and 0.6+1 
volumes were injected into the column. The solutions were injected successively in 
order of increasing boilingpoints of the phenols. Each solution was injectedthree times. 

FCESULTS AND DLSCUSSION 

NGA and OV-225 have almost identical McReynotds polzities’. The tootal 
values of the McReynolds constants of these stationary phases are 1849 and 1813, 
respectively. Their chemical structures suggest, however, that they should dXler con- 
siderably in their electron acceptor-donor properties. These properties were measured 
by the Brown methods. Ethanol was used as an electron acceptor and 2-butanone as 
an electron donor, with n-hexane as a non-polar standard. Anoffier group of test 
compounds included I-propanol, 3-pen-one and n-nonane. OV-225 wits found to 
exhibit electron-withdrawing properties, whereas NGA was an electron-do~or at 
equal polarity. 

The Kov&ts retention indices of the compounds on SE-30, NGA and OV-225 
are given in Table L 
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TABLE li 

MOLAR RE!TRAtXlXTES FOR PARTZULAR SUl3Sl??TJENTS AND THE WHOLE 
MOLECULES 

NO. M&’ MR; MR,’ ZMR’ 
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*M&, MR,,MR, =vdues ofthe moIar refractivity for the substituents imordzo,meraand 
garapositious, respectively; ZMR =vdues of the molarrefractivityforthe whole mokcde. 

consist of the retention index of the compound on a non-polar phase, which accounts 
for its volatility, and the molar refractivity, which accounts for electrostatic inter- 
actions of the compound with the stationary phase. 
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The regrssion anales of all of the phenols rcvcafed that they could be 
divided into two groups. One group includes compounds l-32, carrying inactive 
o&a-substituents, and compounds 3343, carrying -OCr;, and -NO2 substitucnts 
in the orakqosition, which are capable of hydrogen bond formation. 

Eqns_ I and 2 describe relationships between retention indices on NGA and 
OV-225, respecti~eIy, and retention indices on non-polar SE-30 and molar rcfkactivities 
of substituents of the Grst group of phenols. 

I PiC* = 2.15(fO.l8) z=_-$J - 23(f3) M& - 20(&6) 34Rm - 24(f6) MRp - 

367Uz209) (1) 

n = 32 s=48.3 R = 0.9830 

Zo,, = 2.20$$.;;~.&,, - 22&2) M& - 20(H) ML - 21(fS)MR,- 
(2) 

IL = 32 s=40.2 R = 0.9883 

where R is the number of pheaoIs, s is the standard deviation and R is the correla- 
tion caefficient. The values in parentheses indicate standard errors in the regression 
coefkients. 

Analogous relationships for the second group of phenols are given by eqns3 
and 4. 

z,, = ~;+;~y=_= - 15.2(f13.1)~~ - 20_a(ff6_~)hf~~ - 

L (3 

n= 11 s = 85.3 R = 0.9796 

zov_m = 2_1q~os5)z,,, - 13.5(-&15)M% - 19_7(&19)MR,., - 
680 (&620) (4) 

n= 11 s = 93.9 R = 0.9796 

It is remar’kzble that in eqns. 1 and 2, where the population of the compounds 
is relatively large, the reeression coefficients for the molar refractivity terms are 
identical, irrespective of & position of the substituents in the ring. Hence, it seemed 
worthwhile to replace the molar refractivities of the substituents in eqns. 14 by the 
molar refkactivities of the whole mokcuks. These mod&d relationships are given 
by eqns, 5-S. 

To demonstrate the presence or absexe of co-linearity between the variables 
in eqns_ 1-8 and Tables III-VI, squzed co~.&tion matrices were included, which 
represent squared correlation coe&knts between all variables occur&g in a par- 
tic&r regression equation- The h&a in Tables III and IV suggest that with reson- 
abIy high m~bers of data points (n) the molar rekxtivity is virtually independent 
of the retention index on non-polar SE-30. In this way, the possibilig of fortuitous 
correh~tions in eqns. 5 and 6 has been eliminated- Another conch&on is that there 
are no relationships in this instance betwea IWR and mokcuhx size, because if 
therewere,the rektionshipbetween MR andZ sa would have been much sounder. 

Z xG* = 2_12(&0_16)Z~~ - 24_7(&2_6)MR f 339_9(f 182) 
IL = 32 s=46.1 R = 0.9831 (5) 
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TABLE m 
SQUARED CORRELATIOEI MATRIX FOR EQN. 5 

h-30 

fNGA 1 0.5086 0.0911 
r 
i?i? 

1 0.0037 
1 

SQUARED CORRELATION MATRIX FOR EQN. 6 

Zov-225 &&M MR 

IGV-Z, 1 0.5918 0.0490 
&E-w) I 0.0037 
MR 1 

TABLE V 

SQUARED CDRRELATiON MATRIX FOR EQN. 7 

I NOA I SE-30 MR 

fN,A 1 0.8904 0.1964 
&-30 1 0.4948 
MR 1 

TABLE VI 

SQUARED CORRELA TION MATRIX FOR EQN. 8 

rev-z.5 &E-30 MR 

&WS 1 0.9105 0.2312 
Z SE-30 1 0.4948 
MR 1 

I O"_z?zj = 2.18(*0.17)&E_~, - 22S(f2_9)MR + 39.8(f 19.7) (6) 

n = 32 s = 50.1 R = 0.9803 

I NGA = 1.94&0.22)1,, - 20.9ff6.9)MR f 247.7(&243) (7) 

n=ll s = 45.9 R = 0.9931 

I&_,, = 2.08(f0.28)1&0 - 19.8(&9)MR - 61.4&30.8) (8) 

?l!= 11 s = 58.1 R = 0.9909 

High correlation coefficients in fqns. 1-S indicate that the retention index of 
2 phenol on a polar stationary phase consists of the retention index of the phenol 
on 2 non-polar stationary phase. and the molar refractivity of the whole molecule. 
Further, the regression equations imply that the retention index on a polar stationary 
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phases is equally aEecEed by ffie molar refractivity of particular substituents at the 
O&O, meta and ~QRZ positions (eqns. 14) and by that of the whole molecrile (eqns. 
583). Hence, in this instance the molar refractivity should be regarded as a measure 
of the poIarizab&ty of a molecule (eqns. W) rather than as a measure of the steric 
hindraQCeofthesu5sti~eQtiQ its interactiOQwi~thes~~oQaryp~(eqns_ L-4). 

The regression equations sugest that the larger the Ml2 due of a compound 
(Le., the larger its polarizability), the lower is the retention index. This can he 
explained in terms of the infiuence of the moiecular po.hxizability on the strength of 
hydrogen bonding between the phenolic hydroxyl group and a poIar stationary phase 

@f) a(-) 
Ar-o-E-i __._._____ 0 = C (NGA stationary phase) 

To polarize the hydrogen-bonded phenol molecule, energy is required_ This pokriza- 
tion will ahvays be opposed by the hydrogen bond sttength_ HeQCe, the hydrogen 
bonding of the phenolic hydroxyl group with the stationary phase will be weaker 
and, IxXkXqUentiy, the IX&k retCQtiOQ index Of the compound d he SQEk. 
Accordin~y, the dif5erences in the retention times of phenols on polar stationary 
pha.5~5 COmpared with thou on non-polar stationary phases should be interpreted 
in terms of the differences in the magnitude of the stationary phase-induced dipole 
moment. 
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