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CHROM. 4811

The effect of temperature on the interaction of phenols with'i' Sephadex gels

“In gel chromatogra hy mixtures o

their molecular sizes. The mi tu re is elute
the structure of the gel is a three-dimensional netwo
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largest size are eluted first, as they are least able to diffuse into the pores of the
Senaratlons of substances on this princinle would not be e '

on temperature, and, indeed, it has been convincingly shown t
are unaffected by changes of temperaturel.-

However, certain substances are strongly adsorbed by gels, and, m such
cases, it is probable that elution volumes will vary with temperature. Manv aromatic
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and heterocychc compounds are adsorbed by cross-hnked dextran? and other gels.
Mono-substituted phenols interact particularly strongly with Sephadex G-I0, a
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dextran gel which has a high degree of cross-hnkmg" The phenol is adsorbed onto
the glyceryl cross-links4, and it was suggested that the hydroxyl group of the phenol
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interacts with the cross-links through hydrogen bonds" The mteractlon can be
represented by the equilibrium shown in eqn. (1),
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where P is the substituted phenol, D is the dextran gel, and P-D the phenol—dextran
gel hydrogen-bonded complex. The equilibrium constant is obtained from eqn. (2),
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where V. is the elution volume of the phenol, Vd the void volume of the colurhn,v and
Vi the 1ntemal aqueous volume of the gel. For. normal gel filtration, K D hes between
o and 1. When a substance is adsorbed by the gel, Kp is greater than 1... .. .

Equlhbnum constants, and hence elution volumes, for reactions. of the type

shown in eqn. (x) usually depend on temperature. Consequently, the elution volumes
of a series of monosubstituted phenols from columns of Sephadex G-10 were measured
at various temperatures., In addition, an investigation of the temperature dependence
of Kp should lead to values for the free energy. (A G), enthalpy (A H ) and entropy
(4 S) by using eqns. (3), (4) and (5). : _
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as packed with Sephadex G-10 gel to:a
MANNL, The column ‘was surrounded by a
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s water-]acket -through: whxch water at constant temperature ‘was passed. The‘
‘ temperature of th column was. constant to .+ o0.1°C.

v * Sampl .5.ml.of ‘e uent contamlng I to's mg of the subst1tuted phenol “4nd
.0, I mg of Blue Dextran 2000 as internal standard ‘were introduced onto the column
.NW1th a‘hypodermic. syringe.: :The. eluent was acetate buffer.of pH 4.0. S

e The effluent from::the ‘column:was continuously momtored with' an. L K.B.
i Uv1cord 1. flow: analyser which measured absorbance at 254 nm. .The flow analyser
‘was : connected to' a Leeds'iand Northrup- “Speedomax H” stnp-chart recorder

: Elutlon volumes (Vg) were measured from: the recorder chart : C :

TABLE I

. THE VARIATION OF KD WITH TEMPERATURE OF SUBSTITUTED PHENOLS

. Bhenol:. CKpvalue: oo

FE 1; ‘5'06 Isro C 25°C 135“: C .v : ) ‘,‘,_ L
Phenoli 1 f’v-}x’b,‘f‘:?{ ciige i g By
m-Fluorophenol SRR £ S IREESRTRS 4. T, NETVEN & 5 LERNESEE & . RS
#-Chlorophenol = - 362 - 334 .- 303 , 267 .
'ﬁ-Eromophenol 3 550  49.9 . 45.3 ... 38.7

p-lodophenol- o 'Y01,.8 892 . - 75.6.. " 64.0:

p-tert -Butylphenol 23.9. ' 240 24.5 . 25.1 ;
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. The vanatlon of Kp w1th temperature of a series of substxtuted phenols is
shown in. Table 1. It was. assumed in the: calculation of K D that the 1nterna1 volume
of the gel (V4) was mdependent of temperature

As” expected ‘there ‘was a: large vanatmn of Kp w1th temperature ‘over the

range lnvestlgated partlcularly in"'the’ case “of the" halogen-substltuted ‘phenols.
I-Ience, temperature programmmg should prove to be useful for the separat1on of
mlxtures of phenols.’” &
’?However, gb-tert -butylphenol is d'notable" exceptlon Although it is strongly
adsorbed by the gel, Kp is virtually mdependent ‘of temperature Th1s 1mp11es that
the mechamsm ‘of adsorptlon “of " p-tert. -butylphenol is ‘different: from.the other
substituted: phenols “The’ adsorptmn ‘effect ‘cannot therefore be due to' hydrogen-
bondlng of the. phenohc hydroxyl group to the cross-lmkmg of the gel. Tt is possible
that .the interaction of p-fert.-butylphenol with the gel is caused by steric effects
a,ssomated with the p-tert. -butyl group. The side chain may be a particularly good
it in the _pores of the gel Alternatively, alkyl groups may have some specific inter-
lctmn W1th the gel, since MARSDEN® has shown that for a series of alcohols, Kp
ncreases with the length of the alkyl cham A similar effect ‘may be operating in the.
:ase of p~tert.-butylphenol.

A plot of log Kp for the substituted phenols against the rec1proca1 of absolute
emperature is shown in Fig. 1. The curves are approximately linear and the slopes
f the lines, calculated by a least-squares treatment, gave the enthalpies (4. H). for
he -reaction. between- the :substituted phenols and the: dextran gel (eqn. 1). The
hermodynanuc parameters at 25°C are shown in Table II. B
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Tig. 1. A plot of log Kp against the reciprocal of absolute temperature for a series of suhstttuted
phenols. W, phenol; 4, m-fluorophenol; @, p-tert. -butylphenol; .[J; p-chlorophenal -\, p-bromo-
phenol; O, p-iodophenol.

The value of 4 H should give some idea of the strength of the bond between
the phenol and the dextran gel. However, this will not be an exact measure of bond
dissociation energy of the complex as solvation effects cannot be taken:into account
since 4 H is the sum of all bonds formed and all bonds broken. In addition to the
formation of the bond of the phenol-dextran gel complex, bonds will be broken
between the phenol and its solvation sheath, and between the dextran gel and
solvent hydrogen-bonded to the cross-hnkmg

For phenol values of 4 H are in reasonable agreement with the suggestxon
that the phenol is hydrogen-bonded to the dextran gel. However, for the formation
of such a complex, 4 S would be expected to be large and negative. In fact, except .

TABLE g

THERMODYNAMIC PARAMETERS FOR THE ADSORPTION . OF A SERIES OF SUBSTITUTED PHENOLS oN
SEPNADEX G-10 AT 25° C ‘ . ‘

Phenol . : —-AG (kJmol-1) - »—AH.(kjma_l—l) A8 (Jmolr‘"deg—.l) T
Phenol ‘ 5.4 4 3 - .3.7. .
) m-Fluorophenol 6.6 4.9 5.8
#£-Chlorophenol 8.4 2.1 4.4
2-Bromophenol 9.4 - - 3.9
f-Iodophenol 10.7 111 . —1.3 .
7.9 ~1.2 309

p-tert.-Butylphenol
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;1"for 15-1odophenol and ﬁ-tert -butylphenol .4 S is small and posmve Th1s must be
'.due to desolvation. of the. phenoland. gel T Lo

' .. Again,. p-tert. -butylphenol is-an exceptlon The decrease in free energy is
. entirely. associated ‘with an increase. in entropy, which suggests that the adsorptlon
of p-tert -butylphenol is controlled by some steric: process . S

;,Mmzstry ofDefence (A D ), _ “ S o A J. W, Bnoox
. Chemical Defence.Establishment, - 1 Lo e KC M‘U,NDAY
:;Nancekuke, Redruth, Cornwall ( Great Bntam ) S ‘ o

1 H. DETERMANN, Gel Chromatography, Sprmger-Verlag, New York 1968.
2 B. GELOTTE, J. Chromatog., 3 (1960) 330.

.. 3 A.J. W. BROOK AND S. HOUSLEY, J. Chromatog., 41 (1969) 200. -

- 4 'H., DETERMANN AND 1. WALTER, Nature, 219 (1968) 6o4.

'.._5 N. V. B. MARSDEN, Ann N.Y. Acad. Scz o I25 (1965) 428,

‘ Recewed May 4th 1970
‘-.] Chromatog 50 (1970) 307—310

"CHROM 4818 .
. Iﬁ IR ‘q‘-'wﬂ' [ Sy ‘i;‘,l‘\':."v

,;_.‘Tetrazole analogues ‘'of amino aelds and peptldes

o] Il. Paper and thl”‘r-layer chromatography of tetrazole analogues of

Lt E (L); .tetrazole analogues of amino: acrds (II)1-3—-the compounds
vz_m whlch the carboxyl group is replaced by a 5-tetrazoly1 group——-exlst m a zw1ttenon
fo g frer e pra i St e _ . R i

A number of tetrazole analogues of amino ac1ds were prepared and charac—
"tensed in'the first paper?® of this series. As a further part of the study the chromato-
'fgraphlc ‘behaviour: of these’ compounds was' 1nvest1gated and the sens1t1v1ty of the
'.' reactlon with.hinhydrin was: determined.- ‘
g - The physrca.l and: chem1ca1 propertles of tetrazole analogues of amino ac1ds -are
-\:very ‘similarto: ‘the’ propertles of amino acids. They are soluble in water, alkalis,
aqueous: ac1ds, and: sparmgly soluble ‘or 1nsoluble in organic ‘solvents. All tetrazole
~'analogues of amino acids have high’ meltmg points, and all decompose at, the meltmg
‘temperatures. The dlssoc1atlon constants of the tetrazole analogues of'the’ ammo a.c1ds
arei-comparable to the’ respectlve constants for the amino acids." e |
& ‘3‘-"-.-_'sWe propose that the tetramle ana.logues of amino acids, as a group, should be
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