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SUMMARY

The gel chromatographic behaviour of aromatic hydrocarbons and phenols
during clution with tetrahydrofuran in columns packed with styrene-divinylbenzene
copolymer was investigated. From the elution volumes of 27 aromatic hydrocarbons
and 80 phenols. conclusions were drawn about the eftects of the types and positions
of substituents and of the numbers and positions of phenolic hydroxyl groups on the
elution volumes of these compounds in the system under investigation. The effects of
the size of the alkyl substituents and of their positions with respect to the hydroxyl
group of phenols were demonstrated. and the partial contributions of the alkyl and
hydroxyl groups to the clution volumes were calculated. Chromatographic results
were used for the characterization of the solvatability of phenolic molecules with
tetrahydrofuran and as the basis of a discussion of problems of the steric hindrance
of hydroxyl groups due to neighbouring substituents.

INTRODUCTION

The determination of the character and content of antioxidants in organic
substrates 1s of concern in establishing their applicability under ditferent technical
conditions. The knowledge of these data is particularly important for polymeric prod-
ucts, especially with respect to their resistance to atmospheric ageing and oxidative
degradation and to toxicological problems. In earlier papers'~. gel permeation chro-
matography was used. together with paper and thin-layer chromatography. for the
analysis of phenolic antioxidants, investigation of changes in their concentration during
the stabilization process and determination of some structural factors. These investiga~
tions revealed the existence of structural factors that affect the eel chromatography
of phenols in tetrahydrofuran. Solvatability of the hydroxyl group. discussed by
Yoshikawa er al.”. was also considered among these factors.

“ Presented at the 11th HUPAC Microsvmposium on Macromolecules, Mechanisms of Inhi-
bition Processes in Polymers. Prague, September 4-7. 1972: Paper E2.
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In order to elucidate the overall influence of alkyl groups (their presence in the
meolecules of phenols is important from the viewpoint of antioxidative properties) on
the chromatographic behaviour of solvatable and non-solvatable mononuclear aro-
matic compounds. series of alkviated aromatic hydrocarbons. isomeric mono-, di-
and trialkylphenols. and mono- and dialkylhydroquinones and pyrocatechols. using
styrene-divinvlbenzene copolymer as the gel chromatographic packing of the columns
and tetrahydrofuran as the eluent. were investigated in this work.

EXPERIMENTAL

Chemicals
Pure mono- and dihydric phenols and aromatic hydrocarbons obtiained accord-

ing to published methods or repurified commercial samples were used.

Gel chromatography

The elution volumes were determined on a gel chromatograph (Institute of
Macromolecular Chemistry. Czechoslovak Academy of Sciences. Prague) using five
I.2m - 8Smm columns packed with S-gel-832 styrene-divinylbenzene copolymer
(Institute of Macromolecular Chemistry. Czechosloavk Academy of Sciences. Prague).
Tetrahydrofuran was used as the eluent after removal of the inhibitor. drving it over
solid potassium hydroxide and distilling it on a packed column of 20 theoretical plates.
A Waters Model R-103 dlfﬁ:remml flow refractometer was used as the detector. The
compounds were injected as 1.57, solutions in tetrahydrofuran in volumes of ca. 0.2
m! and characterized by the elution volumes I, in vol.c_ (1 vol.c. (volume count) -
2.7 ml) and by the relative zone velocity o/ V. (Fy ~= void volume := 47.0 vol.c.)
while maintaining an elution rate of 30 ml/h. In order to discuss the effect of the alkyl
and hydroxyl groups of the aromatic ring on the chromatographic behaviour of the
compounds. we calculated the values 1V, 1F e ony and 1V, as the difference

"t

between the elution volumes of rc.h.n.nc; aromatic h\drocurbom or phenols on the
one hand. and the elution volume of the compound under investigation differing from
the former by the presence of an OH group. several OH groups or an R group. on the
other.

RESULTS AND DISCUSSION

The lincar dimensions of the compounds analyzed. their volunies and their
molecular weights must be considered in the separation of compounds by gel chroma-
tography. Specifically. interactions with the solvent and the gel are of importance
during transport through the column. These factors affect the elution volumes partic-
ularly in the case of solvatable aromatic compounds. From the results of investiga-
tions of the gel chromatographic behaviour of series of alkylited mononuclear
phenols. the elution volumes of which, measured under the experimental conditions
used. are summarized in Tables -1V, some general conclusions were derived con-
cerning the influence of the alkyl groups in the aromatic ring. Fundamental data on
alkyland hydroxyl groups were obtained by examining the behaviour of non-solvatable
alkylbenzenes.
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TABLE 1
GEL CHROMATOGRAPHIC BEHAVIOUR OF AROMATIC HYDROCARBONS AND CY-
CLOHEXANE

V. = elution volume in vol. c.; ¥,/ . = relative zone velocitv: 1, = 470 vol.c.: 1 vol.c. - 2.7 ml
Compound V. Vil Campound V. Vo' Ve
Cyclohexane 923 0.509 p-Xyviene - 90.0 0.522
Benzene 93.6 0.502 p-Cvimene 34.9 0.354
Toluene 91.0 0.516 p-rere-Butvltoluene 8§2.7 0.568
Ethvibenzene 89.8 0.523 Pseudocumene 89.2 0.527
4-Propylbenzene 86.3 0.545. Mesitviene 88.8 0.529_
Isopropylbenzene 87.1 0.540 - Pentamethyvlbenzene 8§9.2 0.527
rerr-Butylbenzene 85.0 0.553 Hexamethylbenzene 89.0 0.538
n-Amylbenzene 824 0.570 Hexaethylbenzene 774 0.607
n-Heptylbenzene 79.0 0.595 Naphthalene 9135 0.514
n-Decvlibenzene 744 0.632 «e-Methyvinaphthalene 490.0 0.522
o-Xylene 90.0 0.522 Diphenyt S7.9° 0.535
m-Xylene 90.0 0.522 m-Terphenyl 82.6 0569
3-Ethyloluence S7.8 05335 p-Terphenyi 826 (1L.56Y

m-Diisopropylbenzene 821 0.572

Aromatic hivdrocarbons
The elution volumes. F,.. of  alkylbenzenes and of some polynuclear aromatic

hvdrocarbons are given in Table 1. In the series of monoalkyvlbenzenes (C,-C,, alkyl
groups). for which the difference in the elution volume compared with that of benzene

TABLE 11
GEL CHROMATOGRAPHIC BEHAVIOUR OF ;\IONQHYDRIC ALKYL PHENOLS

Svimbols as in Table [,

Compownd 1. 1,1 Compound 1. v, 1.
Phenol 83.0 0.366 2-terr.-Butvi-4-nrethviphenol 75.9 0.619
2-Methylphenol 828 0568 2-rerr -Qety l-4-niethyIphenol 719  0.631
2-Ethyiphenol ¥0.7 0582 2 3-Di-rere.-butylphernol 70.8 . 0.661
2-Isopropyiphenol 78.6  0.598 2-tert.-Qctyl-4-rerr.-butyiphenol  68.2  0.689
2_rerr.-Butyiphenol 76.6 0613 2.4-Di-rerr.-cctylphenot 63.5 0718
2-rerr.-Octyiphenol 3.0 0eéet 2.5-Dimethyiphenol 81.3 0.578
2-Phenyviphenol 79.5° 0.5391 dorerr.-Butyl-3-nrethyiphenol 75.5 0623
. 3-Methylphenol S1.8 0375 2.6-Dimethyiphenol 81.7 0575
3-rerr.-Butviphenol 76.8 0612 2-Methyl-6-rerr -butyvighenol 77.5  0.606
4-Methylphenol 81.7 0575 2-Methyl-6-rere.-cctylphenol 731 0.643
4-Ethviphenol 80.0  (0.388 2 6-Di-zerr.-butyviphenol 750 0.627
4-Isopropylphenol 774 0.607 2.6-Di-rerr.~octylphenol 679 0.692
4-sec.-Butylphenol 76.5 0.614 2.4.6-Trimethyiphenol 0.8 0.582
S-zerr.-Butylphenol 76.2  0.617 2 4-DimethyI-6-rerr.-butviphenol 76,1  0.618
-zerr.-Amyliphenol 75.2° 0.625 2.6-Dimethyl-3-rerr-butyviphenol 75,1 0.626
d-rere -Qctyviphenol 72.0 0653 2,6-Dimethyl-d-rerr.-cctylphenol 709 0.663
1-Cyclohexyiphenol 77.1  0.610 2-Methyi-4.6-di-rerr.-butviphenol 71. 0.656
4-Phenylphenol 78.2 - 0.601 2,.6-Di-rerr.-butyl-4-methyiphenol 73.6  0.639
2.3-Dimethyiphenol 8153 0577 2 4.6-Tri-rerr.-butvlphenol 700 0671
2.4 Dimethylphenol 81.1  0.580 1-Naphthol 81.5  0.577
2-Methyl-3-terr.-butviphenol  77.0  0.610 2-Naphthol 81.0 0.380

2-Methyl-4-zerr.-octyiphenol  71.3  0.659
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TABLE 111
GEL CHROMATOGRAPHIC BEHAVIOUR OF ALKYLPYROCATECHOLS
Symbols as in Table 1.

C eapoumd | 28 Vo' Ve Compounnd V. VoiV.

P_vromtcchc! 780 0.603 d-rerr.-Amylpyrocatechol 719 O. 634
2-MethylIpyrocatechol 77.3  0.608 d-rer1.-Octyipyrocatechol 69.1  0.680
3-Ethyipyrocatechol 758 0.620 4-rerr-Dodecylpyrocatechol 66.1 0711
3-Isopropyipyrocatechol 715 0.631 3.5-Dimethyvlpyrocatechol 76.2 0.617
3-sec-Burvipyrocatechol 73.8  0.637 3-Methyl-5-rerr-butvlpyrocatechol  72.2  0.651
3-rterr -Butylpyrocatechol 732 0.642 3-Methyl-3-rerr-octyvipyrocatechol  68.8  0.683
3-rert ~Octyipyrocatechol 6v.5 0.676 3-terr -Butyl-5-methylpyrocitechol  72.3 (0.650
4-Methylpyrocatechol 772 0609 3.5-Di-terr.-butylpyrocatechol 69.2 0.67Y
4-EthyiIpyrocatechol 753 0621 3.5-Di-tere.~octylpyrocatechol 612 0.732
1-Isopropyipyrocatechol 713 0.633 3.6-DimethyIpyrocatechol 77.6  0.606
4-n-Butylpyrocatechol 72.3  0.650 3-Methyl-6-rerr.-butylpyrocatechol  73.0 0.644
4-sec-Butylpyrocatechol 723 0.650 3.6-Di-rere-butylpyrocatechol 703 - 0.669

4-rerr -Butiyipyrocatechol 723 0630

is affected by a single aliphatic substituent. .1V, varies in the range 2.6-19.2 vol.c.
(Table VII). In the derivatives substituted with a normal alkyl group. . 1V, increases
with the number of carbon atoms in the chain. A branched dll\yl group has a smaller
cliect on the elution volume of alkylbenzenes than a normal alkyl group with the same
~number of carbon atoms (indicated by a comparison between propyvlbenzene and iso-
propylbenzene). In accordance with the results obtained tor alkylphenols. the influence
of the alkyl group on the clution volunie is usually reduced if the volume of the basic
molecular skeleton increases. This can be seen if the effects of the miethyl group in the
benzene and naphthalene series are compared: . 1V, calculated from the elution

Cente

volunte of toluene is 2.6 while that calculated from u—mv.thvhmphlh.ﬂuu. is 1.3 (Table
Iy

Further results were obtained from an investigation of the elution volumes of
higher alkylbenzenes. In the series of l.4-dialkyl derivatives. the eclution volume
remains unaffected by the mutual interaction of both substituents. With the exception
of a low value of .1¥,  calculated for substitution with two methyl groups (p-
xvlene). the other \.J[un_s of .1V, . including .1V, _  calculated from: various 1.4-di-

TABLE IV

GEL CHROMATOGRAPHIC BEHAVIOUR OF ALKYLHYDROQUINONES. RESORCI\OL
AND PYROGALLOL

Svmbols as in Table L.

Compound v, ViV, Compound V. Vol b,
Hydroguinone 772 0.609 2.5-Di-rerr.-butylhvdroguinone 67.8  0.693
2-Methylhydroquinone 764 0615 2.6-Dimethylhvdroguinone 75,5 0.623
2-Isopropylhydroquinone 734 0640 2-Methyl-6-rerr.-butylhvdro-

2-terr.-Butylhydroquinone 721 0652 quinone 72,1 0.652
2,5-Dimethylhydroquinone 75.7 0.621 2,6-Di-rerr-butyihvdroquinone  69.7  0.674
2-Methyl-5-rerr -butyl- Resorcinol 770 0610

hydroquinone 712 0.660 Pyrogallol 743 0.633
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alkylbenzenes containing a methyl group combined with another alkyl group or two
other alkyl groups, coincide with those obtained from the clution volumes of mono-
alkylbenzenes. The additivity of the contributions of the individual substituents in the
total change in the elution volume of benzene is valid in this instance.

The conclusion concerning -1V, = values calculated for the series of 1,4-di-
alkylbenzenes also holds for I.3-dialkylbenzenes: -V, = values calculated for this
serics are given separately in Table VI Although in this series of isomeric dialkyl-
benzenes there is no important mutual steric influence between the substituents under
investigation. the elution volume of derivatives-that contain two bulky substituents
is reduced less than would correspond to the additivity of the individual substituents.
This can be seen by comparing the .1V, = values calculated for cumene and m-di-
isopropvlbenzene. )

Of the 1.2-dialkylbenzenes. only o-xylene was chromatographed: .1V, s the
same as for the other isomeric xylenes. The decrease in the elution voiume of all three
isomeric xylenes compared with kenzene is characterized by .1V, e, = 36 volc.
The value of 1V, e, LOT isomeric  trimethylbenzenes. pcmumah_xlb;.nzenc and
hexamethylbenzene lies within the range 4.4-4.8 vol.c. In the whole series of methyl-
tenzenes under investigation. the largest change in the elution volume compared with
benzene was caused by the tirst methyl group. and the effect of the introduction of
further methyl groups gradually became less pronounced. Hence, owing to the steric
arrangement of the molecules of polymethylbenzenes. the individual compounds can-
not be distinguished. even on highly effective gel chromatographic columns.

From the elution volumes of diphenyl and the isomeric terphenyls. a value of

¥ Vo onemens - 2-3-3.7 vol.c. was calculated. For terphenyls. this value is independent
of the mutual positions of the arvl groups. The elution volume of naphthalene (two
condensed aromatic rings) 1s reduced by 2.1 vol.c. compared with benzene. that is. by
a value which lies within the range of the .1V, values valid for the benzene and
naphthalene series.

The loss of aromaticity of the benzene ring as o result of hydrogenation is re-
flected in gel chromatography in accordance with changes in the steric requirement
of the six-membered ring in a decrease in the elution volume. Compared with benzene,
the F, value of cyclohexine is reduced by 1.3 vol.c. Such a difference in the elution
volumes of these two unsubstituted six-membered rings is comparatively small. As a
consequence, no clear difference between the .1 Ve, Values of radicals derived from
these molecules and bonded to the benzene ring can be expected. For the sake of

comparison. a value ot .1V, Crestonessy 3.9 volc. (calculated trom the elution volume
of 4-cyclohexylphenol) can be given together with the already mentioned values of
A, .

tpheny 1)

Mononuclear phenols ]

The investigauion of the behaviour of mononuclear phenols in gel chromato-
graphy wus carried out with a series of mononuclear mono-. di- and trialkylphenols
and dihydric mono- and dialkylphenols. The elution volumes are given in Table I1:
they enabled us to calculate the changes in the elution volumes, .1V, o, due to the
presence of a solvatable hydroxy! group compared with similarly alkylated benzenes
and monohydric phenols, the overall effect of the hydroxyl groups in dihydric phenols
AV, . and also changes in the elution volumes of phenols, 1 Ve, that arise because

“u



108 J. COUPEK, S. POKORNY, J. POSPISIL

of the presence of the alkyl groups (from a comparison with non-alkylated or less
alkylated phenols).

The steric effect of alkyl groups in positions ortho to the hydroxyl group de-
creases the solvatability of phenol'-7-*: the molar volume of phenol. according to
Edwards and Ng°. increases by 35-65 ml/mole owing to the solvation of tetrahydro-
furan. The above data were obtained from the results of chromatography of some
monohydric phenoels. Under the conditions examined. it was found that the largest
change in the elution volume of non-alkylated benzene is caused by the introduction
of the first hvdroxyl group (Tuable V): the second hydroxyl group contributes consider-
ably less (the V, value of dihydric phenols ditfers from that of phenol by 5.0-6.0 vol.c..
in contrast with .1}, = 10.6 vol.c. for phenol). Owing to the partly reduced sol-
vatability due to the presence of intramolecular hvdrogen bonds. the elution volume
of pvyrocatechol is higher than that of its isomers hydroquinone and resorcinol. In ac-
cordance with these results. it was found that the presence of three vicinal! hydroxyl
groups reduces the elution volume by an amount that is less than that which corre-
sponds to the sum of  the contributions of the individual hydroxyl groups (compared
with resorcinol and pyrocatechol. F_ is changed by 2.7 or 3.7-vol.c.). This reduced
solvatability gives. as a consequence. a lower 1V, - of I-naphthol (10.0 vol.c.) com-
parced with 2-naphthol (10.5 vol.c.).

TABLE V

VALUES OF .1 ¥, IN VOL. C. FOR MONONUCLEAR MONOHYDRIC PHERNOLS
Compound A Vg Compound 1 Feom

Phenol 10.6 2 4 DialkylIphenol 89

2.AlkyvIphenot 3.2-9.1 2.5-Dialkviphenol 8.7

3-Alkyiphenol 8292 2.6-Dialkyiphenol 8.3

d-AlkyIphenol $.8-9.8 2.3.6-Trialkyviphenol 8.0

23-Dialkyiphenot 8.7 .

The change in the clution volume, . | Vl.‘um., in the series of three tsomeric mono-
alkvlphenols caused by the presence of the hvdroxyl group. in contrast with alkvl-
benzene. is largest for 4-alkylphenols, in which the hydroxyl group remains sterically
unatfected by the alkyl group. The .1V, values for 3-alkyl- and 2-alkylphenols are
identical and lower than those for the 4-isomers. For all three isomeric series. the
AV, ., values lie within a range of 1 vol.c. However, not even for 2-alkylphenols is
NV, Influenced by the volume of the C,-C; alkyl group present, compared with
similarly substituted alkylbenzenes: the same holds for .1V, = values calculated for
2-phenyiphenol. This result indicates that a single alkyl group in a position ortho to
the hydroxyl group has a low steric effect on the solvatability of the hydroxyl group.
A similar conclusion also follows from the results of the investigation of isomeric di-
alkylphenols that have one substituent in an orftho position (2.3-dialkyl-, 2, 4-dialkyl-
and 2.5-dialkylphenols). or with both ort/io positions to the hydroxyl group alkylated
(2.6-dialkylphenols). The same holds to a great extent for 2.4.6-trialkylphenols. How-
ever, the conclusion drawn for higher alkylphenols holds only for methyl derivatives.
i.e.. sterically unhindered (there being no corresponding di- or trialkylbenzenes avail-
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able for the calculation of the <1V, =~ values of cryptophenols or sterically hindered
phenols). The examination of the series of monohydric phenols showed that the elu-
tion volume of unsubstituted benzene or naphthalene is altered by 10.0-10.6 vol.c. if
a single hydroxyl group is introduced. The elution volume of sterically unhindered
phenols compared with similarly alkylbenzenes is reduced by $.0-9.8 vol.c.

By choosing suitably comparable compounds in the pyrocatechol series. it is
possible to investigate the effect of the presence of hydroexyl groups in position | or 2
(comparison with the elution volumes of alkylphenols) and the overall eflect of both
hydroxyl groups (comiparison with alkylbenzenes). The .1V, . .1 Veson, nd
AFe L.,  Vitlues are listed in Table VI. From the results obtained for 3-alkylpyro-
catechols. it is evident that. probably owing to the presence of two hydroxyl groups.
the cifecton the . 11, | values of the alkyl group in the position ort/io to the hydroxyl
group is more pronounced than that for Z-alkylphenols. Both the .1V, = and
VL, values are reduced as the molecular volume of the alkyl group increases. For
-alkylpyrocatechols. 1F, - is virtually independent of the volume of the alkyl
group (comparison with the elution volumes of 3-alkvlphenols): -1 Foson, 18 lower for
compounds that contain bulky alkyl groups (comparison with 4-alkviphenols). The
results calculated for both 1someric series of dialkylpyrocatechols. especially for the
compounds with a bulky alkyl group in position 3. are in accordance with the described
trends of the influence of the volume of the alkyl group on | Voo, - In generall the
differences between the clution volumes. of alkyvlpyrocatechols compared with the

"elution volumes of’ monohvdric alkviphenols caused by the presence of a second -hy-
droxy! group are less than the . ll"‘,“m' values calculated from the elution volumes of
monohydric alkyviphenols. The total contribution of both hydroxyl growps. i.e..
. ll"‘._:w_- in alkvlpyrocatechols compared with alkyvlbenzenes is smaller than the
corresponding value for a non-alkylated . pyrocatechol. With respect to the overall
steric requirements of molecules. the change in the volume of the molecule caused by
a further substituent is less pronounced for bulkier molecules.

TABLE VI .
VALUESOF. 1T, AND T, INVOL.C.FOR MONONUCLEAR DIHYDRIC PHENOLS
Compound P E o AV A Voo LI R, V
Pyrocatechol 3.0 15.6
3-AlkyIpyrocatechol 33-55 3.6-15 11.8-13.7
J-Alkvipyrocatechol 4546 29-17 12.7-14.5
3.5-DialkylIpyrocatechol 1.3-49 I3.8
3.6-DialkyIpyvrocatechol 235-37 124
Resorcinol 16.6
Hydroquinone 38
2-Alkylhydroguinone 1.7-54 4.5-64 129-1.1.6
2 5-Dialkyihydroquinone 4.3-3.6 14.3

5.3-6.2 1.5

2.6-Dialkyihydroquinone

Compounds of the hydroquinone series have two symmetrically situated and
mutually unattected groups that can be solvated by the eluent. Alkylation of the ring
has no important etfect on -1V, . By using suitable isomeric monohydric phenols.

we caleulated the -1V, values tor hydroxyl groups with both ortho positions free
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TABLE vl

VALUESOF 1 INVOL.C. FOR THE INDIVIDUAL SUBSTITUENTS R IN ALKYLBENZENES AND

R

PHENOLS

R Ll :'« R 1 "'( rarasi} (1 Crmera=iy

4 . E E )

2 2 = £ > g z %3
- = 2 = = < = %5
Xz = = S = E = <%
£2 g = g i = g4 &z
= “ < % A < v. 2 w7
gy - e e e -+ S i '

Nethyl 20267 20° 1.3 0.7-1.7 09 14 0.8 0.9 1.1-1.5

Find R 2 3.0 27

a-Propyi 7.3

sopropyvi 6.1.65 50 s.6 37

see.~Butyl 6.5 5.7

tert.-Bunyl 8.3-8.6 6.8 4.8 58 5.0 58 5.7 4.0-49 6.2

Al 1t.2

terd ~Amnd TN 0.1

Ovelohesyd S9

a-Hephyl 116

terr -0k 1® 1.0 7.5 10.5 108 N9 33NN

a-Degvl 19.2

tere -Dadecyl = 1Y

Phemyl 5.3.587 53 1.8

* For p-xyvlene or m-xalene 1.0,

*" Low values. if the other orthe substituent is bulky,

""" Low salues for eryptophenols or sterically hindered phenols.,
L3 3-Tetramethy bhut .

LR35 S Hesamethy Thewy L

(from the clution volumes of hydroguinone and 2-alkyl- and 2.6-dialkylhy droqui-
nones), for hydrosyl groups substituted in one ortfio position (from 2-alkyl- and 2.5-
duatkyvihydroguinones) and in both orthe positions (from 2,6-dialkylhydroguinones).

Allofthe 11, values thus caleulated lie within a narrow range from 4.3 o
6.4 vol.c. The presence of two sohvatable hydroxyl groups reduces the elution volume
compared with similarly alkylated benzenes in all mono- and dialkylhydroquinones.

The contributions of the alkyl groups. 1V, . were determined from the dif-
ferences between the elution volumes of mono- and dihydric phenols and those of
their alkyl derivatives. The values of | Vo paracty 02 PE e, Are characteristic of alkyl
groups unaffected by the substitution in adjacent orthe positions (Table VII). They
were calculated from five series of mono- and dialkyiphenols. As to the effect of the
character of the alkyl group. the decrease in V. corresponds to the presence of the alkyl
groups with increasing volume. The . | Ve parais values are lower than the 1V,  values
of the same alky! groups (or of the phenyl group) calcufated tor alkylbenzenes. For
a bulkier base for which the changes in the elution volumes caused by the alkyl group
have been calculated. the 1, values are lower. These values decrease in the indi-
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-1 V"(urun.-n)
- z = e E z

2 . = 3 = = =z

= Y z & = 3 =

€1 i i ct i o1 -~

0.2 —Q0.8-0.7 - 09-1.1 O3 0.5 0v-19 0.7 0.7-09

23 22

4.3 iS5 3R

6.4 S4-58 167753 6.3 0877733 438 3.1-49 2943 351 3.3-5.2
0.0 057728 8.3 19

33

vidual series in the order alkylbenzenes - alkviphenols - - alkvlpvrocatechols. The
change in the clution volume of both phenolic types due to a certain substituent is
always less pronounced for higher alkvlated compounds. particularly if there are bulky
alkyl groups present at the same time in positions orrhio to the hydroxyl group. As an
cxample, one may quote the values of .| Ve purais FOT the 113 3-tetramethylbutyl (ie..
rerr.~octyl) group. which vary for monoalkylphenols from 8.9 to 11.0 vol.c.. for di-
alkylphenols with combined methyl and rerr-octyl groups from 8.5 to 10.5 volc..
and for analogues combined with another tertiary alkyl group from 3.3 to 7.5 vol.c.
If. on the other hand. in 2. 4.6-trialkylphenols, for example. both orthe-alkyl groups
are small. then the change in the elution volume due to the para-alkyl group i1s com-
mensurate witli the change calculated from the values of an identically alkviated 4-
alkylphenol. For most individual R groups investigated. the .1V, values vary in
the phenol series considered here only within a very narrow range. and are theretore
well suited for the purposes of characterization.

From twelve different groups of alkylphenols, pyrocatechols and hydroqui-

nones. the -1V, values (Table VII) were calculated. From the total steric re-

torthu-R)
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quirements of the molecules of phenols. it follows that a change in the clution volume
due to the alkyl group in the position ortho to the solvated hydroxyl group will be
less prorounced than a change due to the presence of the sanie alkyl group in the mera
or para position. The factors mentiored above also apply in this instance: firstly the
volume of the basic skeleton of the type of compounds under investigation and. conse-
quently. the number and character of further substituents present in the compound.
This can be seen for all of the types of compounds examined in this work. For instance.
the presence of a methyl group in the position ertfio to the hydroxyl group need not be
reflected in a change in the clution volume (or may be refliected in a change only
within the himits of experimental error), if the phenol molecule contains another
bulky substituent in the para position and especially in the second ertho position. The
same holds for the bulky rerr.-butyl groups in cryptophenols, and predominantly in
sterically hindered phenols. The alkyl groups in 3.6-dialkylpyrocatechols and 2.6-di-
alkylhvdroguirones affect the clution volumes less than the alkyl groups in the ortho
positions in otker derivatives of pyrocatechol and hydroquinone.
The additivity of the effect of the alkyl groups in polyalkyl derivatives was
investigated by means of the elution volumes determined experimentally and of the
AV, values calculated from the individual isonteric monoalk\'lphumls p\mcutt.-
Ll*ols and 2-alkylhydroquinones. which could be estimated for those series in which
several compounds were ivestigated (Table V1), The difference between the caleu-
lated and experimentally determined values of .1V, . is very small in the series of
monohydric phenols for 2.4-_2_5- and 2.6-dialkylphenols and 2.4.6-trialkviphenols. in
all instances with the exception of derivatives substituted in both ertho positions or
cach time in one ertho and one pare position with two bulky alkyvl groups. and of
derivatives containing three bulky alkyl groups. In such instances. the 11, . values
determined experimentally are alwavs lower than the calculated values. The sane con-
cluston 15 valid for the derivatives ot the pyrocatechol and hyvdroquinone series in-

vestigated in this work.
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