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GEL CHROMATOGRAPHIC BEI-IAVIOUR 01’ BISPHl3NOI,S’ 

SUMMARY 

The gel permeation chromatographic behaviour of fifty-one bisphenols was 
investigated with tetrahyclrofuran as the clucnt. In both isomeric series of compounds 
under investigation, the nature of the substitution of the aromatic ring has a greater 
influence than the volume ancl shape of the alkyliclene bridge on the elution volume. 
The final effect also clcpends on the steric influence of substituents on the carbon 
atom that connects the phenolic rings and on the possibility of solvation of the 
phenolic groups which, in the series of z,z’-bisphenols, is limitecl by the formation 
of intramolecular hydrogen bonds. 

INTRODUCTION 

Gel chromatography of low-molecular-weight compounds is becoming an 
important analytical method for the study of systems in which very mild conditions 
must be used, and in which other separation and analytical procedures are of limited 
applicability or have considerably lower accuracies. This method can be used advan- 
tageously in the quantitative analysts of stabilizing systems in polymers. 

It follows from systematic investigations carriccl out so far on many structurally 
related compounds that the elution volume of a compound is in all cases inversely 
proportional to the size of the molecule. The more accurately defined the size of 
the molecule, the more correct is the predicted elution volume. However, the presence 
of an aromatic ring in the molecule and its substitution with solvatable groups 
rcndcr correlations much more difficult, 

For polyolcfin stabilization, comples mixtures of low-molecular-weight anti- 
oxidants, light stabilizers and synergists are frequently used. Most of the components 
of the stabilizing mixture arc aromatic, and phenolic compounds are of great 
importance. For the separation and cluantitative determination of the most important 
types, a gel chromatographic proccclure has been suggested1 which permitted the 
analysis of the estracts of isotactic polypropylene, . 

The present lcnowleclge of the structural clcpendences that exist in the gel 
chromatography of low-molecular-wcigllt phenolic compounds does not enable the 
conclusions of a general character to be drawn that are needed for the universal 
application and specific use of gel permeation chromatography (GPC) in the deter- 

* Prcsentad nt the Congress of The Czcc~~oslovnlc Chctnicnl Society, Vysoltd T:ttry, ,,Octok?r 
qth-dth, 1971. 
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mination of the structures of some of the components of mixtures of structurally 
related compounds, Some data have been obtained on the effect of the solvation 
of the pheno1i.c groups in tetraliyclrofuran on the elution volumes of phenols in 
GPCs93. Some conclusions about the effect of the alkyl group were drawn in our 
previous work on substituted mononuclear phenols and 4,4’-isopropylidenehisphenols~. 

In the systematic investigation of the properties of binuclear phenolic anti- 
osidants, we prepared a number of compounds that differed in the character 
and position of the connecting bond between dialkylated phcnolic rings. Exception- 
ally, non-alkylated derivatives or derivatives that contained only one alkyl group 
on each ring were also used. The molecules were in all cases symmetrical. The com- 
pounds investigated were phenolic compounds with the structure of z,z’- and 4,4’- 
bipllenyldiols (types I and II), and alkylidenebispllenols and thiobisphenols (types 
III and IV). The relationships between their structures and antioxidative activities 
were discussed in detail on the basis of results obtained in the oxidation of tetralin5q” 
(60 “) and isotactic polypropylener (ISO “), IR spectra of bisphenols with bridges 
bonded at the position z,z’- to the hydrosyl groups were investigated*. This paper 
reports the results of the gel chromatographic study. 

EXPERIMENTAL 

2,2’- and ++‘-Biphenyldiols (I, II), alkylidenebisphenols (III,, IV; X =I 
methylene, ethylidene, butylidene, benzylidene, isopropylidene, cyclohexylidene) 
and thiobisphenols (III, IV; X = monothio, dithio, trithio) were prepared by 
procedures described in the literature or by analogous methods. All the samples 
prepared were free from phenolic impurities, according to the TLC data. Only 
esceptionally were some trace amounts of other impurities revealed by the GPC 
analysis. 

Chrornatographic measurements were performed on a gel cluomatograph 
constructed in the Institute of Macromolecular Chemistry, Czechoslovak Academy 
of Sciences, Pragu&, with tetrahydrofuran as the eluent, The stainless-steel 
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colurn~s, 5 x 1200 mm in size, were packed with the styrene-divinylbenzcne 
copolymer S-GEL-832 (Institute of Macromolecular Chemistry, Czechoslovak 
Academy of Sciences, Prague). The separation elticiency of the five-column system 
was 7000 theoretical plates per meter. The inlet pressure was IO ntm gauge and 
the flow-rate was 40 ml/h. Table I gives tire clution volumes, Tfc, of the compounds 
uuder investigation in volume counts (I volume count = 2.72 ml; v’. = 47.2 
volume counts). 

The dipole moments were calculated after GUCGENHEJMO from the dielectric 
constants measured at 25 o in benzene solutions with a DMOI dipolemeter (Wissen- 
schaftlich-technische WcrkstUzten GmbH, Weilheim, G.F.R.) and from refractive 
indexes measured with an immersed refractometer produced by C. Zeiss, Jena. 
The dipole momcuts are given in Table II. 

BLUTION VOLUMES, v., OP RII’HENYLDIOLS (I, -fI) AND ALICYLIDENEUISPIIENOLS AND THIOL3ISPHBNOLS 

(III, IV). 
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8 - = Position of bridge connection; / = methyl; + - led,-butyl, 



RESULTS AND DISCUSSION 

The precisely symmetrical slx~pc of tile clwomatograpl~ic peaks of all the 
bisphcnols invcstigntecl ancl their identical widths permit tltc assumptiw~ that 
adsorption effects cluring gel chromatograpl~y can be neglected, TIE elution volumes 
of the individual compounds are then determined by tile size of tile n~A~ules nncl 

by their shape in solution. The polarity of the xnolccules is also important. especially 
cluring tile formation of solvatcd conlplescs~ and of intrantolccular hyclrogcn 
bonclse, which cm marlccdly affect the elution volume. Owing to tllis fact, and also 
to the complications involved in the dctennination of the cffectivc dimensions 
of binuclear pllcnolic molcculcs, tile increments in elution volun~e for a given 
substitucnt on the ring and the position of tlte latter cm as yet only bc estinlnted, 

In the series of bisphcnols that always have the same bonds at the 4,4’- 
position, the volume of the molecule incrcascs from tllc unsubstitutcd to the disub- 
stituted nucleus, in accordance wit11 the assumecl influence of alkylation of the 
phenolic ring on tile clution volutnc in GPC, This dependence 011 the increase in 
the volu~rtc of the allcyl groups is also obscrvccl, irrespcctivc of the fact that 
YOSHIKAWA L$ nZq3 concludccl that a major distortion of tllc results could bc espectecl 
owing to solvation, especially if the 2,G-di-l&,-butyl clerivative is compared wit11 
tlie other members of tlic series uncler invcstigntion, The effective volume of tile 
molecule increases in the series: 

For bisphcnols wit11 bridges at the 2,2’- positions, the characteristic effect of substi- 
tution at tllc positions orlho ancl +nw to tllc llyclrosyl group that had been observed 
earlier with mononuclear phenols4 1~s been confirmed. The position of the allcyl 
group on the ring plays the decisive role in influencing tlw clution volume, A more 
important role is played by the substituent in tile finrn position, as ltas been clcmon- 
strated by comparing compounds substituted on each ring by a combination of the 
methyl and A&.-butyl groups. According to the V/c values, all bisphenols derived 
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from z-tcrt.-butyl-4-methylphenol have a smaller effective molecular volume than 
the condensation products of 2-methyl-4-te~t.-butyl~~llenol. 

I” This_ fact probably reflects the steric effects due to an interaction between 
the phenofic hydroxyl group, the bridge, the alkyl group in the ovtlco position and 
the aromatic rings, The effective volumes of bisphenol molecules with bridges at 
the z&-positions are in almost all instances smaller in GPC analysis than those of 
,+,4’-bisphenols similarly substituted on the ring. The influence on the effective 
volume of solvation of the bydroxyl groups at the 4,4’-positions is more distinct. 
There is an csception for tetra-tevt.-butylated compounds derived from both isomeric 
di-Wt.-butylphenols for which the dependence is not so obvious, 

OH OH 

The steric requirements of bisphenol molecules in a tetrahydrofuran solution 
also depend on the shape of the bridge. Prom a comparison of members of a large 
series of 4,4’-bisphenols comprising ~,~‘-dimetl~yl-~,~‘-di-tavt.-butyl-~,~’-bipl~enyldiol, 
4,4’-alkylidenebis- and 4,4’-thiobis (z-methyl-G-Wt.-butylphenols), some conclusions 
can be drawn that have also been confirmed by investigating compounds belonging 
to other scrics of 4,+bisphenols with fewer members. Replacement of one or both 
hydrogen atoms of the mcthylene bridge with alkyl groups, which leads to an increase 
in the volume of the bridge, is reflected in the GPC measurements by the Fact that the 
presence of one or two mctbyl groups on the bridge does not result in an increase 
in the total effective volume of the molecule. It is only the presence of one more 
bulky alkyl group (butylidene, cyclohexylidene or benzylidene bridge) or a com- 
bination of the nllcyl group with a larger one (sec.-butylidenc bridge) that makes 
the volume of the molecule larger. The effective volume of 4,4’-thiobisphcnols is 
virtually identical with similarly substitucd 4,4’-methylenebisphcnols. An increasing 
number of sulphur atoms in the bridge has no important influence, 

’ A series of cffectivc volumes of molecules, depending on the changing effect 
of the bridge for z,z’-bisphenols derived from 2-lcrt.-butyl-rt_metl~ylphenol, has been 
determined in a similar way. It appears that compared with z,z’-methylenebis- 
phenol (used as a basis for discussing the effect of an increase in the bridge volume 
of all<ylidenebisF?leno!s by 7 substitution of the hydrogen atoms of the methylene 
group), the increase in the volume of the whole bisphenol molecule caused by replace- 
ment of the one hydrogen atom with a methyl group (ethylidene bridge) will be 
insignificant. An increase in the effective volume of the molecule due to the presence 
of propyl and phenyl groups (butylidene and benzylidene bridge) is pronounced. 



However, not only 2,2’-dil~yclrosyl~il~l~e~~yl; but also alkylidencbisphcnols in which 
the’phenolic rings arc connected by a quaternary carbon atom, have smaller effective 
volumes than that of 2,2’-methylencbispl~cno10 In this case, solvation of the hydrosyl 
group” also plays an important role, along with tlic volume of the suhstituents on the 
bridge, This salvation is negligible for the compounds ha!-ing a cluatcrnary carbon 
atom connecting both rings (according to 113 mcasurcmcats, all OH groups present 
in their molecules are bonded by the -OH.. .O or -OH.. .x bridges), while the 
n~olcculc of u~.ctlrylencbisphenol contains, bcsidcs bonded hydrosyl groul~s, also free 
and readily solvated hydrosyl groups in a considerable concentration, TIE molecule 
of 2,2’~thiobispllenol has a somewhat larger elution volume than that of z,2’-metllyl- 
enebispllenol substituted on the ring in a similar way: an increase in the number 
of of sulphur atoms in the bridge does not have any effect in this case tither. 

It can be espected that the polarity of the molecule Will also affect the 
final valu,e of the elution volume. So far, it has not been possible to determine 
unambiguously the influence of the dipole character of the molecule on the confor- 
mation of the molecule in solution from the esperimental values of the dielectric 
constant, It is clear, however, that with the esception of 4,4’-thiobisphenol with 
its high dipole moment, higher dipole moments are found in both isomeric bisphenol 
series for compounds that eshibit a smaller elution volume in tetrahydrofuran. 

For both isomeric bisphenol series, a change in the character of the bridge 
between the phenolic rings generally has a less pronounced effect 011 the GPC 
behaviour tllan substitution of the rings themselves. While the differences observed 
for the Tie values of tctraalkylatcd bisphenols and caused by,, fhc character of 
the bridge varying within a broad range, are 3.5 volume counts for 4,q’-bisphenols 
and 4,5 volume counts for 2,2’-bisphenols, the differences between the values of 
variously tetrasubstituted 4,4’-bisphenols with the same bridge are 8.5 volume 
counts, and for tetrasubstituted 2,2’-bisphcnols even about 12 volume counts, 
However, 4,4’-bisphenols had in most instances smaller elution volumes than those 
of similarly alkylated 2,2’-bisphenols, 

hCI<NOWLEDGEMENTS 

We wish to thank Mrs. H. JANDOVA for technical assistance in the GPC analysis 
and Mrs. M. I<REMLI&~OVA for measurements of the dielectric constants. 


