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INTRODUCTION

LANGER ¢f al.! have described the use of tetrachlorophthalate esters as station-
nary phases in gas-liquid chromatography (GLC), for the separation of aromatic
compounds. They attribute the selectivity of these esters in the retention of such
compounds in part to the formation of charge transfer (CT) complexes, following
earlier work in which complexes of hexamethylbenzene with these esters were iso-
lated and coloured solutions formed on adding electron donors?, among them N,N-
dimethylaniline®. The chromatographic experiments* showed the emergence of -
xylene after m-xylene, in the reverse order of volatility but also in the reverse order
of donor strength.

Investigations of other CT acceptors as stationary phases have been reported5¢
correlating retention data with CT association constants determined spectrophoto-
metrically. This correlation was examined for substituted anilines, aromatic hydro-
carbons and heterocyclic compounds which are stronger donors than those employ-
ed by LANGER ef al.! in the chromatographic studles of the ‘retra.halophthala.te
esters.

Retention data have now been obtained for these stronger donors chromato-
graphed on di-»n-nonyl tetrachlorophthalate (NTCP). Di-n-nonyl phthalate has been
used extensively as a stationary phase in GLC? and it was found that the tetrachloro-
. compound also has the low volatility required for use at these temperatures. The
esters used by LANGER et al.l are too volatile to be used as stationary phases at
temperatures in the region of ~ 200°, these temperatures being desirable for the
study of methylated naphthalenes and quinolines. The results are compared with the
corresponding values for elution from 2,4,7-trinitrofluorenone (TNF)3, a stronger
acceptor than the ester, and with retention data8:? for non-complexing polar station-
ary phases. Such a comparison supports the contention that CT association contri-

butes to the retention of the donors chromatographed on NTCP columns, but 1mp11es
that NTCP is a very weak electron acceptor.
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GLC STUDIES OF ELECTRON DONOR ACCEPTOR SYSTEMS. 1V. 3

EXPERIMENTAL

The apparatus and technique for measuring specific retention data have been
described elsewhereb. Two-metre glass columns of 4 mm I.D. were packed with hexa-
methyldisilazane-treated Celite (44—52 mesh) coated with 10-15 9% w/w di-n-nonyl
tetrachlorophthalate.

Retention measurements were made relative to 1,2,3,5-tetramethylbenzene or
naphthalene. The fall in retention time for these reference compounds was used to
monitor the loss of stationary phase and a column rejected if this loss exceeded 10 %
of the weight of stationary phases.

Materials

Di-n-nonyl tetvachlovophihalate. This compound was prepared by the method
used by NORLANDER AND Cass!® for the corresponding octyl and decyl compounds.
After distilling excess alcohol from the reaction mixture the product was fractionally
distilled at reduced pressure. Di-n-nonyl tetrachlorophthalate had a b.p. of 260-2%0°
at 1—-2 mm; n¥ = 1.5155. (Found: C, 535.2; H, 6.6. Calc. for Cy3¢H,,0,Cl,: C, 56.1;
H, 6.9 %.)

The presence of anhydride in the stationary phase markedly increases the reten-
tion of these donors. Extreme care was taken to exclude it from the ester in these
experiments.

In addition to the diester a decarboxylation product, n-nonyl tetrachloro-
benzoate, was produced. This had a b.p. of 2r10-215° at 2 mm; m.p. 33—-35°. (Found:
C, 50.8; H, 3.5. Calc. for C,4H,,0,Cl,: C, 49.8; H, 5.2 %.)

Awnilines. All samples used were purified in accordance with the literature,
redistilled and collected at their recorded boiling points.

Hydrocavbons and hetevocycles. Chromatographically pure commercial samples
were used.

RESULTS AND DISCUSSION

Anilines

In contrast to the elution of aromatic amines from TNF, where there is a
major change in the elution order from that found with silicone oil, the selectivity
of NTCP is far weaker with only one instance of a change in elution order, N,N-
dimethylaniline emerging after N,N-dimethyl-2,6-xylidine. In spite of the absence
of large changes in retention order, the influence of CT interactions can be seen in
the data of Table I. .

In Table I are shown values for the specific retention volumes V', at 180 and 195°
and the calculated?® activity coefficients y, at infinite dilution and 180°, in NTCP
for a series of aromatic amines. Also included are the specific retention volumes in
silicone oil Vy(so) and Ryrcp = Vowrer)/Vgso), at 180°. We have calculated
the excess partial molar free energy of solution 4G,° at 180° together with the corres-
ponding excess enthalpy 4H,.° and entropy 4S.° as in previous workS5. The solution
process is endothermic and the excess entropy of solution positive; therefore any
contribution from CT complexing must be very weak. The values of 4H.° are
similar to those found for the weaker complexes between TNF and N,N-dimethyl-o-
toluidine or N,N-dimethyl-2,6-xylidine.
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GLC STUDIES OF ELECTRON DONOR ACCEPTOR SYSTEMS. IV. 5

The weaker selectivity of NTCP compared with TNF can be seen in the smaller
range of activity coefficients for these solutes in NTCP. Stronger interaction between
solute and TNF is reflected by y < 1 for compounds z, 2, 3, 4, 5, 6, 7, 8 and 11 whereas
in NTCP y < 1 is found only for compounds 5, 6, 8 and xr. The tertiary amines 8 and
Ix are the strongest donors of the series as also are 5 and 6 in the primary amine
series but in addition the latter are likely to form a hydrogen bond with the acceptor.
In view ‘of the paucity of vapour pressure data for many organic donors solute-
solvent interaction is discussed in the light of retention parameters alone.

The last column of Table I illustrates the relative selectivity of these stationary
phases. Although both solvents are capable of acting as acceptors in hydrogen
bonding, the donor hydrogen bonding solutes are held more strongly on TNF. The
ratio Rpnp/Rnreop for compounds 1, 2, 3, 4 and 6 is roughly constant suggesting
that this type of association is a constant factor in each solvent. p-Ethylaniline
with a larger substituent and N-methylaniline with only one free N-I fall a little
way out of this class as they did in the plot of Rynp vs. Ky (vef. 5), where Ky is the
CT association constant. Compounds 8 and 11, which are the most strongly complexed
on TNF, are also the most strongly selected by NTCP relative to other N,N-dimethyl-
ated compounds, though the interaction is weaker than on TNF. The more heavily
substituted compounds 0, 10, 12, 13 and 14 are favoured by NTCP. It may be that
the single aromatic ring and allphatlc side chain are sterically more fa.voura.ble
than TNF. - : : :

Ry7ep follows the pattern of RTN]", i.e. increasing alkyl substitution increases
R, the behaviour associated with CT complexing. This is contrary to the effect
obtained using the non-complexing stationary phases HCEM and diglycerol®. The
pattern is repeated exactly for the compounds 1'to 6, the values for the three to
luidines being greater than that for p-ethylaniline, which is greater than Ryrcp for
aniline. Ethyl substitution adjacent to the amino group, as in 2-ethylaniline, increases
Ryrcp whereas the opposite behaviour is observed with TNF. Possibly the ‘steric
hindrance is greater in this latter case. This might also explain why 2,6-diethyl-
aniline shows only a small reduction in Ryzcp relative to aniline whereas in TNTF
the effect is considerable.

Aromatic hydvocarbons and helevocyles

The specific retention volumes at 180° and Ryrcp values for these compounds
are shown, together with previously determined Rpny values®, in Table II. The
range of Ryrcop values (1.72—4.77 excluding the H-bonding indole) is much less than
that for Rynp (0.21-13.92), showing TNF to be a much more selective solvent. The
low values for Ronp for compounds in Table IT up to pentamethylbenzene relative
to Rnrop, excluding indene, show poor solvent qualities for TNF towards molecules
with some aliphatic character. This is most marked with the decalins. The stronger
donor hexamethylbenzene would appear to be a clear example of CT interaction
exerting considerable influence in spite of aliphatic TNF repulsions. In the series
of substituted benzenes the order of Ryrcp values is the same as the order of Rponp
values. These same substitution effects suggest that CT interactions do contribute
to retention on NTCP but to a smaller extent than on TNF.

The compounds following pentamethylbenzene in Table IT are all more strongly
retained by TNF, the stronger CT acceptor. Dibenzofuran, the most soluble substance
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in TNF, is still the most soluble in NTCP, though its ‘“escaping tendency’’ is much
higher than for TNF. The Ryrcopr and Rynp values both suggest an order of decrea-
sing CT complexing given by indole > benzo[b]thiophene > benzofuran, which was
the order found spectroscopically with tetracyanoethylene as acceptoril,

The Ryrecp and Rpnp figures for the methyl-substituted naphthalenes show
the same order of solubility in both solvents, with the stronger complexing dimethyl
derivatives showing the greater solubility.

The Ryrcp values for the quinoline series parallel the Rynp values with one
exception, the R values for quinoline and 3-methylisoquinoline, which lie close to-
gether in both solvents, are reversed. 2,4-Dimethylquinoline and 2,6-dimethyl-
quinoline, which we were unable to elute satisfactorily from TNF, have Ryzcp
values that are slightly larger than the monomethylquinolines (complexing effect).
These disubstituted quinolines are both substituted in an unfavourable position (2-)
for strong complexing and because of this the Ryrcp values are not greatly increased
over their corresponding monosubstituted compounds, 4-methylquinoline and 6-
methylquinoline, respectively. As expected the effect of the position of methyl
groups on Ryrpcp is in accord with 4-methyl > 6-methyl.
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SUMMARY

Di-n-nonyl! tetrachlorophthalate has been found to be a good selective sta-
tionary phase for the separation of aromatic compounds. It acts as a weak electron
acceptor, but comparison of elution data with those obtained for other stationary
phases implies that charge-transfer associations do contribute to the retention of the
aromatic donors.
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