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GELCHROMATOGRAPHlCBEHAVIOUROFMONONUCLEARAROMATIC 
HYDROCARBONS AND PHENOLS* 

Jtiii COUPEK, SVATOPLUK POKORNQ and JAN POSPiSlL 

The gel chromatogrtlphic behaviour of aromatic hydrocarbons and phenols 
during elution with tt--trtthydrofilr3n in columns packed with styrene-divinylbenzene 
copolymer \v;is investigated_ From the elution volumes of 27 aromatic hydrocarbons 
and SO phenols. conclusions were dra\vn about the ell‘ects of the types and positions 
of substituents and of the numbers and positions of phrnolk h~drosyl groups on the 
elution volumes of these compounds in the system under invcstgation. The effects of 
the size of the tllkyl substituents and of their positions with respect to the hydrosyl 
“roup of phenols \vere demonstrated. -_ and the partial contributions of the alkyl and 
hydroxyl groups to the elution volumes wwe calculated_ Chromatographic results 
were used for the characterization of the solvatability of phenolic molecules with 
tetrahydrofuran and tts the basis of a discussion of problems of the steric hindrnncc 

of hydrosyl groups due to neighbouring substituents. 

INTRODUCTION 

The determination of the character and content of nntiosidants in organic 
substrates is of concern in establishing their applicability under dilkent technical 
conditions. The knolvlcde of these data is particularly important for polymeric prod- 
ucts, especially \vith respect to their resistance to atmospheric rtgsin_g and osidativc 

degradation and to tosicolo$cal problems. In earlier p:yersx-h. gel permeation chro- 
matography \vas used. together with paper and thin-layer chromatogr:lph_v. for the 
analysis of phenolic antioxidants. investigation ofchanges in theirconcentration during 
the stabilization process and determination ofsome structural factors. These investiga- 

tions revealed the existence of structured factors that afkct the gel chromatography 
of phenols in tetrahydrofumn_ Solvatability of the hydrosyl yroup. discussed by 
Yoshikawa LJI uf.‘. was also considered among these factors. 

l Presented at the 1 ith IUPAC Microsymposium on Xlacromokcules. Xlcchanisms of Inhi- 
bition Processes in Polymers. Prague. September 117_ 1972: Paper E7_ 
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In order to cIucidate the overall influence of alkyl groups (their presence in the 
molecules of phenols is important from the viewpoint ofantiosidative properties) on 
the chromatographic behaviour of solvatable and non-solvatable mononuclear aro- 
matic compounds_ series of alkyfated aromatic hydrocarbons. isomeric mono-. di- 
and triafkylphenoIs_ and mono- and diafkylhydroquinones and pyrocatechols. using 
styrene-divinylbenzene copolymer as the gel chromtlto~raphic packing of the columns 
and tetrah_vdrc~Ii~r~ln as the cfuent. were investigated in this work_ 

EXPERIXlEETAL 

Pure mono- and dih_vdric phenols and aromtltic hydrocarbons obtained accord- 
ing to published methods or repuritied commercial samples \vere used_ 

The efution volumes wre determined on a gel cfiromr\tograpli ( fnstitutc of 
Rlacron~t~IecuIrtr Chemistry_ Czechoslovak Academy of Sciences_ Prague) using five 
1-Z m - S mm columns packed \vith S-seLS31 st_vrene-diviIl~Ibenzene copolyncr 
(Institute of I’vlacromolecular Chemistry. Czecfwsfoavk Academy of Sciences. Prague). 
Tetrtthydrofurz~n XLS used ;ts the eluent after remov:tI of the inhibitor_ drying it over 
sotid potassium hydroside and distilling it on ~1 pa&cd coIumn of20 thcorcticxl plates. 
A \Vaters &lode1 R-403 differential tfw~ refractometer \i’;ls used ~1s the detector_ The 
compounds were injected as I .5 ‘.‘; solutions in tetrahydrofurrtn in volrtmrs of al_ 0.2 
ml and characterized by the eiutian volumes i;, in vol.c_ (1 vof_c_ (\-ofun~e count) : 
1.7 ml) and bv the relative zone \-&city legal’, ( 1’; -:- void volunic .= 17.0 vo1.c.) 
while maintai& an elution rate of30 ml~h. In order to discuss the elfect ofthe alLyI 
and hydro.syI groups of the aromatic rin g on the chromattyraphic behaviour of the 
compounds_ we c:llculated the vtllues 1 k;_,,,,,,_ I Pi., o,,, and I j;;.,,, ~1s the diltb-tmx 
between the elution volumes of reference aromrttic hydrocarbons or phenols on the 
one hand_ and the elution volume of the compound under investigation dillking from 
the former by the presence ofan OH = ‘voup_ scvcral OH groups or an R group. on the 
other. 

RESULTS XXD DISCUSSIOX 

The linear dimensions of the compounds rtnaI;zcd_ their vt>Iun;es and their 
nitkxdar \veights must be considered in the separtltion of compounds by gel chroma- 
togr;iph;. SpeciticaIfy_ interactions Lvith the solvent and the gel :lre of import:rnce 
during transport through the coIumn_These factors aflkt the elution vofun~es pru-tic- 
uInrIy in the case of solvatabk aromatic compounds_ From the results of investiga- 
tions of the gel chromatographic behaviour of series of ttfkyfated mononuclear 
phenof~. the efution volumes of which. measured under the experimental conditions 
used. are summarized in Tables I-IV. some general conclusions were derived con- 
cerning the intluence of the alkyl groups in the aromatic ring. Fundamental data on 
aIk?I and hydrosyl groups lvere obtained bvesamining the behaviour of non-sof~atabfe 
alkylbenzenes. 
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TABLE I 

GEL CHROMATOGRAPHIC BEH_AVlOUR OF AROMATIC HYDROCARHONS AND CY- 
CLOHEXANE 
V, =: eiution VOilItli~ in vol. c.: L<,: V.. :- relative zone velocity: I<, :. 17.0 vol. c.: I vol. c. ~. 2.7 Ini. 

conIpotclrti r;.. r<, i I’ d C:lIllp~lMtf I’.. j:, If.. 

Cycioheunne 92.3 0.509 p-X)rirnc - 90.0 0.5’2 
Bcnzrnr 93.6 0.502 p-Cy11ene Sk!, 0.554 

Toluene 01.0 0.516 p-fc’l.f.-5ut_vltollIene S1.7 0.56s 

Ethylbenzene s9.s 0.523 Pseudocunirne SY.2 0.517 

4Propyibenzcne S6.3 o.?GJj Mesitylenc ss.s O.SZYa 
isopropylbenzene 57. I 0_540 Pentamrthvihenzellc _ SY.’ 0.5’7 

fcrf_-Butyibcnzenr $3.0 0.553 Hesnmethylbenzrne SY_O 0.57s 

rr-Anyibenzenc sz.-i 0.5io Hesac~hyih~nzenr 77.1 0.607 
,I-Heptyibrnzrnc 7Y.O 0.595 xnphrilaisnc Yi.5 0.5 I-4 
n-Decyibenzenc 74.4 0.637 cc-h!c~l~~lna~lltlltlt~Ilo Y0.U 0.572 
+Syienc YO.0 0.522 Diphcn~i $7.9. 0.525 
nf-Xyirne 90.0 0.5’2 fN-Terpi1cnJ4 S2.6 O.%lY 
3-Eth\-iroiucnc s7.s 0.535 p-Terphcn\-I S1.6 0.56’) 
ar-Diisoprclp~lb~ilzc‘i~e a_ I 0.571 

Phenol 
l-XIdl_vlphenoi 
2-Erhyipilmoi 
2-isoprop~ipilenoi 

2_fL.~-f.-Burviphcnoi 

~-frrf.-Ocrviphenol 
2-Phenyiphenoi 
3-XIrthylphsnoi 

~-f,~f~f_-5lIt~lph~Ilol 
-I-Xlrth~iphenoi 
J-Eth~lphrnol 
l-lsopropyipilrnui 
3-rr~c.-5ut~ipil~ll~~i 
$-rr.rf_-But~iphcnol 
I-fUf_-AIllyipilrnoi 
3-rc~~f_-Oct~rphtIl~ll 
4-C\~cioile.x~ipilrnol 
+Phen~iphenoi 
Z.3-Dimr~h_viphenol 
2,4-Dimrthyiphenoi 
7-~lcth~i-l-fc~~f_-but~ipi~mol 
‘-hlrth~i~-f~~f_-uc~~ip~~~~~~i 

I;, 1:;. I,, 

s3.0 0.566 
s7s 0.56S 
SO.7 O.ISZ 
75.6 0.59s 

76.6 0.6 13 

73.0 0.6-l-z 
7Y.5 O.~Y 1 
Sl_S 0.575 

76-S 0.6 12 
si.7 0.375 
SO.0 Ii.SSS 

77.-i 0.607 

76.2 0.6 i-l 
76.2 0.6 17 
75.7 0.615 
71.0 0.653 

77. I 0.610 

7s.z 0.60 I 
513 O-577 
Si.1 0.5so 
77.0 0.6 IO 
71.3 0.65’) 

1-f~~r-f.-Eur~i--i-n~~:rh~iph~nui 75.9 0.619 
‘-flv-f.-Oct\ 1--1-luc‘rII’Iph~noI 7i.Y O-6,11 
7,-l-Di-fo-f.-but~ipil~I~~l1 70.s 0.664 
7-fc~f-f.-Octvi-~-fI~~f.-b~I~~iphrnui 6S.Z 0.6SY 
2.~-Di-f~.rf.-ccr~Iphsnoi 65.5 0.71s 
‘_5-Din:eth~ipilfnoi si.3 0.57s 
I-f~~rf_-5ut~i-S-nr~t~~~ipil~~~‘li 75.5 0.6’3 
1.6-Dim~rh~Iphenol SI_7 0.575 

~-Xlrth~i-6-rc~~f_-b~I~~ipIle~~~~i 77.5 0.606 
2-.~i~rII~i-6-fpf~f~-~~~t~ipi~~n~~i 73.1 0.643 

7.6-Di-fP,-f.-hut~ip~~e~~~~I 75-O 0.677 

2.6-Di-rm-r.-octb iphcnul 67-Y 0.692 
7.~,6-Trimcr~~~iphe~~oi S0.S o.ssz 
~,J-Di~~?eth~i-6-rr,-r~-bII~~ip~~~~~~li 76. I 0.61s 
~.6-Dimerh_vi-;t-r~~~-f_-bur_vipi~enoi 75. I 0_626 
2,6-Di~~~eth~i--t-f~~f-r.-c~t~ipilenoI 70.9 0.663 

7-hl~~h~i-1_6-di-r~~f~f~-but~ip~~~n~~i 7 I .7 0.656 

7.6-Di-~~,f-r_-bur~l-~-~i;~~~~~ip~i~~i~~i 73.6 0.639 
2_1_6-Tri-fwf.-but~ipilcnoi 70-o 0.67 1 
I-Naphrhoi Y1.5 0.577 
2-Naphthoi s I .O 0.5SO 
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71.9 0.654 
69.1 0.6YO 

66.1 0.711 
762 0.617 
72.2 0.65 1 
6S.S 0.653 
71.3 0.650 
69.1 CL679 
64.2 0.732 

77.6 0.606 
73.0 0.6-U 
70.3 0.66Y 

is affccrcd by a single aliphatic substitusnt. ..I l’i.,K, varies in the range 1.6-19.2 vo1.c. 

(Treble VII). In the derivatives substirurcd \vith a normnl alk$; group.. I V,.,n, increaser 
with the number ofcmbon atoms in the chain_ A branched alkyl group has a smallsr 
ctkt on thr slution volurnr ofalkylbrnzcncs than ;I normal alkyl POLIO u ith the same 
number of carbon atoms (indicated by ;t comparison bctwern propylbenzenc and iso- 
propylbtnzcne)_ in accordance with the results obtained for alkylphcnols. the influcncc 
of the rrlkyl group on the clution volume is usually wduced if the vohum of the basic 
mo!ecular skrlrton increases. This can bs seen if the stfccts of the methyl group in the 
brnzene and naphthalene series ;LTL‘ compared: _ 1 l’l_,zlc, c:~lculrttcd from thr elution 
volume oftoluene is 2.6 while that calcultlted t-t-on1 c~-rn~tl~~ln:~pI~~l~~tl~~~~ is I .5 (Table 

l)- 
Further resuftr were obtained from an investigation of the clution volumes of 

hisher alkylbmzcnrs_ In thr srrirs of 1_4dialk_vl derivatives. the clution volun:c 
remains unaffected by the rnututll intcr;lction of both substituents. \Vith rhc csccption 
of a low value of . 1 FC,,,, crrlculrtted t-or substitution \vith LEX~ nwthyl groups [II- 
sylene). the other x&.~rs of. 1 VC,,,. including 1 F*~.,~,, cakulrmxd from various 1 .-Ldi- 

TABLE 1V 

GEL CHROM.~TOGRXPHIC BEHAVlOUR 
AND PYROGXLLOL 

Synbois as in TabIe 1. 

Hydroquinone 77.1 0.609 
2Akrhvlhydroquinone 

Zlsopr~pylhydroquinone 
76-4 0.615 

73-4 0.6-w 
2-rrrr_-BtxyIhydroquinone 71.1 0.651 
2,5-DimrrhyIh_droquinonc 75.7 0.621 
2-~Ierhvl-5-r~~f_-but~l- 

hydroquinonr 71.3 0.660 

OF _ALKYLHYDRO@UISOXES. RESORClNOL 

2.5-Di-rPrr.-burvlh~dr~qllinonr 67.5 0.693 

7.6.Dim~rh~lhydraquinonc 75.5 0.613 

~-~lcrh~I-6-r~~rr.-but~lI~~d~~~- 

yuinonr 71.1 0.651 

2,6-Di-rrrr_-bur_vih?‘droquinone 6Y.7 0.674 

Resorcinol 77.0 0.610 

Pyrc~galIol 74.3 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- 
alkylbenzsncs_ The additivity of the contributions of the individual substitucnts in the 
total change in the elution volume of bcnzenc is valid in this instance_ 

The conclusion concerning _-I V‘.,K, values calculated for the series of 1,4di- 
alkyibenzenes aIso holds for 1.3-dialkylbenzenes: .:I Ve.,,, values calculated for this 
srrics are given separately in Table VII. Although in this series of isomeric dialkyl- 
benzenes there is no important mutual steric influence between the substituents under 
investigation, the e!ution volume of derivatives that contain t\vo bulky substituents 
is reduced less than kvould correspond to the additivity of the individust substituents. 

This can be seen by comparing the _ 1 l’c.,i_,r, values calculated for cumene and nl-di- 
isopropylbenzene. 

Of the 1.2-dialk~lbenzenes. only o-sylsnc \vas chromtlto~ir:lphedr i 1 I’:.,,,,, is the 
same as for the other isomcric sylencs. The decrease in the elution volume ofall three 
isomrric sylenes compared with benzene is characterized by _ I lf~.cyx,e, =:z 3.6 ~01.c. 
The value of _ 1 P;.,x3,c, for isomeric trimethylbeuzen~s_ pentamethylbenzeIie and 
Iiesttillethylbc~izc~~c lies \vithin the range 4.~4-S vol.c_ In the \vhole series of methyl- 
benzenes under investigation_ the largest change in the clution volume compared \vitb 
benzene wts caused by the iirst methyl group. and the eKect of the introduction of 
further msthvl groups graduallv became less pronounced_ Hence, owing to the steric 
arrangement of the moIrcules ofpoI_vmethylbenzrnrs. the individual compounds csn- 
not be distinguished. even on highly rll-ective zel chromato~rapfiic columns. 

From the elution volumes of diphsnyl and the isomeric trrphrnyls. ;t value of 
_ 1 v =m- 5-3-5.7 vo1.c. \vas calculated. For terphenyls. this value is independent ‘*lphcll\!, 
of the mutual positions of the aryl ~ woups. The elution volume of napfithalcne (t\vo 
condensed xomatic rings) is reduced by 2.1 vo1.c. compared \vith benzene. that is. by 
3 v:Aw xhicli lies nithin the range of the I ‘iC_,,,C, values valid for the benzene and 
naphthalrnc series. 

The loss of aromaticity of the benzene ring as :I rcsuIt of hydrogenrttian is rc- 
tkctcd in g-et chromatogruphy in accordance \vith changes in the stcric requirement 
of the sis-membcrcd ring in a decrease in the elution volume. Compared \vith benzene. 
the V, value of c_vclohesanr is reduced by 1.3 vo1.c. Such ~1 diIt*erence in the elation 
volumes of these t\vo unsubstituted sis-membered rings is comparatively smaII_ AS :I 
consequence. no clear ditkencc betlvecn the _ I I’:.,,, values of radicals derived from 
thcsc molecules and bonded to the benzene ring can bc expected. For the sake of 
comparison, ti value of. 1 Vk.,C.C,uhC,\.,, = _ _ 5 9 volx. (calcul:lted from the elution volume 
of ~-cyclohesylphenol) can 6e given together Lvith the rtlrcady mentioned vaIues of 

- ’ ‘i&lhcItw- 

:\louoma-icat- plrtwoh 
The invcstignion of the behaviour of mononuclear phenols in geI chromato- 

graphy was carried out with 3 series of mononuclear mono-_ di- and trialkylphenols 
and dihydric mono- and dinlkylphenols_ The elution volumes are given in Table IL: 
they enabled us to calculate the chanpes in the elution volunws, .:I I,‘;.,,,,,. due to the 
presence of a solvatabk hydrosyl group comptlred with similarly alkylated benzencs 
and monohydric phenols. the overall eftkct of the hydrosyl groups in dihydric phenols 
.I C., Ol‘,, and also changes in the elution volumes of phenols, ::I Ve,,,, that arise because 
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of the presence of the alkyl groups (from a comparison with non-alkylated or less 
afkylated phenols). 

The steric elkt of afkyf groups in positions m-rho to the hydrosyf group de- 
creases the sofvatabifity of phenol*.‘-‘: the molar volume of phenol, according to 
Edwards and N$_ increases by 55-65 mf[moie o\ving to the sofvation of tetrahydro- 
furzrn. The above data were obtained from the results of chromatography of some 
monoh_vdric phenols- tinder the conditions examined_ it was found that the farscst 
chansc in the elution volume of non-afkylated benzene is caused by the introduction 

oftfre first hydrosyl group (Table V): the second hydrosyf group contributes consider- 
ably less (the Yv value ofdihydric phenols diflkrs from that of phenol by 5-O-6.0 vo1.c.. 
in contrast with 1 V,.,,,,, = 10.6 vo1.c. for phenol). Owin g to the partly reduced sof- 
vatability due to the presence of intramolecular hydrogen bonds. the efution volume 
of pyrocatechol is higher than that of its isomers hydroquinone and resorcinof. In ac- 
cordance with these results. it was found that the presence of three t-kid hydrosyf 
wo11ps reduces the elution volume by an amount that is fess than that lvhich corrc- 
Fponds to the sum of the contributions of the individual hydrosyl groups (compared 
with resorcinol. and pyrocatcchol_ 1,:. is changed by 2.7 or 3_7- vof.c.)_ This reduced 
solvatabifit~ gives_ ;LS ~1 consequence_ ;1 lower .-I I’>,,,,,, of I-ntipfithof (IO.0 v0f.c.) com- 
pared with 2-naphthol ( 10.5 vo1.c.). 

Thechange in the eiution volume,. I Ft.,o,,,. in the series of three isomcric mono- 
tifkyfphenoIs caused by the presence of the hydrosyf group. in contrast with afkyf- 
benzene. is largest for 4-afkylphenols. in \vhich the hydrosyi group remains stericafly 
unatTected by the alkyf group. The _ I IJr,ol,r values for 3-afkyI- and I-tlfkylphenofs are 
identical and lower than those for the G-isomers- For all three isomeric series. the 

- ’ “-%ml values lie Gthin a range of I vo1.c. However, not even for I-alkylphenofs is 

’ ‘,:>“,,. influenced by the volume of the C,-C, alkyf group present. compared with 
simrfarly substituted afkyfbenzenesr the same holds for.. 1 I’;.,,,,, values cAxfated for 
Z-phrnyfphenof_ This result indicates that a single afkyl group in a position orrlro to 
the hydrosyf group has a low steric efrect on the sofvatabifity of the hydrosyf group. _ 
A similar conclusion also follows from the results of the investigation of isomeric di- 
alkyfphenols that have one substituent in an O~Z/IO position (2,3-diafkyl-. 2.4dialkyf- 
and 2.5dialkylphenols)_ or with both orrlzo positions to the hydrosyl group alkyfated 
(2_6-diafkylphenofs)_ The same holds to a great extent for 2,3_6-trialkyfphenofs. How- 
ever, the conclusion drawn for higher alkyfphenofs flofds only for methyl derivatives_ 
i-c._ stericaffy unhindered (there being no corresponding di- or triafkyfbenzenes avail- 
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able for the calculation of the : 1 Vs.t,,,_ values of cryptophenofs or stericztlly hindered 

phenols)_ The examination of the series of mouohydric phenols sho\ved that the efu- 

tion volun~e of unsubstituted benzene or naphthafene is altered by 10.0-10.6 vof_c_ if 
a single hydrosyl group is introduced. The efution volume of sterically unhindered 

phenols compared with similarly afkylbcnzenes is reduced by S-O-9.8 I-01-c. 

By choosing suitably comparable compounds in the pyrocatechol series. it is 
possible to investigate the efi-ct of the presence of hydrosyf groups in position I or Z 

(comparison \vith the efution volumes of :~fkyfpf~rnofs) and the overall rtti-ct 01~ both 

hvdrosvf groups (comparison with 

- ~~~-t.,,,,, 

afkyfbenzenes). The I I’;.,, (,,,, _ I F,.,l_oI,, and 

values are fisted in Table VI. From tfic results obtained for 3-afkyfpyro- 

catechofs. it is evident that_ probably owin, c* to the presence of t:vo hydro.syf groups_ 

the ctkt on the. ! kl.,c ,,,, values of tfw alk_vf group in the position orrlro to the fi~dros~f 

‘voup is more pronounced than that for 2-afkvfphcnofs. Both the 1 z/L.,,_o,,, and 

.‘1 K-,2_c,,,) values art’ reduced as t!le n~~lecula~- volume of the alkvf group incrertses. For 

-I-~llk~lp~r~~ciltechols. 1 f/l.,,_ ‘,,,, is ~irtuitll~ independent of the volume of the alkyl 

group (coiiifxirison kvitli the efutioii \oliin;cs ot‘ 3-alkylplisnols): . 1 f~;.,2_o,,, is lo\\-cr t-or 
cwnpounds that contain bulky afkyl groups (compxison \vith I-afkyfphenols). The 

results calculated I-or both isonwric series ot‘ di~~fk~fp~!-~~c~~t~cho!s. espcciaffv tbr the 

compounds \vith it bulky afkyf group in position 3. a w-c in accordance with thr described 
trends of the influence at‘tlie \-ofunie of the :ili;yl group on I I;;.,c,,,, _ In gener:il_ the 

difl~renccs bct\vccn the efution volumes of afli~fp_vr~~c~ttecl~~~ls compm-ed \vith the 

cfution ~ofumes 01‘ rnonof~_vdric afk_vfphenofs c:lused by the presence of :L second hy- 

dras~f group are fess than the I i’~.,o,, , xxfues c~tfculatsd fi-om the elutic>n \ofumcs of 

nm~iofi~dric ~~fkyfpl~rnofs_ Tke total contribution of both hydroxyf gaL_,)s_ i.e._ 

1r-. ,,l’r,r,,_ in af~~lp_vr~~c~ttecf~ols compared \vith alkylbcnzcnes is smaller than the 

corresponding ~iluc tiw a non-alk~larcd pyrocatcchol. With respect to tflc c>\-CITllI 

steric rcquircnicnts of niofecufes_ the cf~ange in the wfun~c al-the n~ofecufe caused buy 

;i tiirtfier substitkxt is fess promunced fM bulkier niolecufes_ 

-I-.-\ B L f i \’ I 

vxLuEsoI-. I ‘~.,,,l,,xxD I 1.:.,._ _‘,,,, IN VOL.C-_ t-OR ~IONOSUCLE:\R DIH~DRICPHENOLS 

Compounds of the hydroquinonc series have two symn~etricaffy situated and 

mutually unatkted groups that ~111 be sofvttted-by the efuent. Alkylation of the ring 

has no important rffL_ct on 21 f,‘,.,xUl,r_ By using suitable isomeric monohydric pl~rnols. 

\ve calcuf:!ted the _ 1 P~.,~,,,, v:llurs Kor hydrosvl groups with both orflzo positions free 
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quiren:entr; of the molecules of phenols. it follows that a chanse in the elution voluxe 

due to the alkyl group in the position orrho to the solvated hydrosyl group will be 

less protwunccd than a change due to the presence of the sm-.e alLyI group in the IIZL’IU 
or IXZI-u position. Thz factors mentioned above also apply in this instauce: firstly the 

volume of the basic skeleton ofthc tyx ofcompourrds under investigation and. conse- 

qtxntly, the number and character of further substitucnts present in the compound. 

This can be seen for all ofthe types ofcompounds examined in this work. For instance. 

the presence ofa methyl group in the position orrlro to the hydrosyl group need not be 
reflected in a change in the elution volume (or may be refitcted in :L change only 
within the limits of cspzrimtntal error). if the phenol molecule contains another 
bulky substituent in the para position and especially in the second orrlzo position_ The 
same holds for the bulky rerr_-butyl groups in cryptaphrnols, and predominantly in 
sterically hindered phenols_ The alkyl groups in 3,&di31k_vlp~ro~techols and 26di- 
alk_vlh~droo,uinones :Mcct the clution \olunieS Iess than the alkyl groups in the orr/zo 
positions in other derivatives of pyrocn~+wl and hydroquinone. 

The additivity of the efl‘ect of the alkyl groups in polyalkyl derivatives was 
investigated by means of ?he eiution volumes determimd esperimentall_v and uf the 

. 1 l$.,,, values calculated from the individual ison:eric monotllk~lph~n~,Is. pyracate- 

chols and 2-ttlk~lh_vdroci,l~iI~~~I~es_ \vhich could be estimated for those series in which 
several compounds \vere investi=, cvted (Table VII). T hc ditfcrcncc bet~wen the G&XI- 

lated and esperin~.sntally determined values of _ 1 li,.,l.H, is very small in the series of 
monohydric phenols for Z-4-_ 25 and 26dialkylphenols and I_~.6-tritllkylpl~e~lols. in 

all instances \vith thr cscsption of derivatives substituted in both cw~lzo positions or 

each time in one orzlzo and one par0 position with two bulky :~lk:I groups. and of 
derivatiws containing three bulky alkyl y-oups. 111 such instances. the 1 k;.,,, values 
dstermir;ed esperimentall_v we ahvays lower than the caiculatcd \-alues. The same con- 

clusion is valid for the da-ivativcs of the py-ocatechol and h~droquinune series in- 
vestigated in tfris Lvork. 


