
SOLUBILITY PARAMETERS OF ALKYL DERIVATIVES OF PHENOL _4ND 
RESORCLNOL* 

SUMMARY 

On the basis of saturated ~apour pressure data, the values of soiubility param- 
eters and thek temperature dependence in the range 25-200°C for about 50 alkyd 
derivatives of phenol and resorcinol were calculated and a rough estimation of their 
dispersion, poizr snd hydrogen bond components wzs made. 

A comparison was made with the data obtaiued by using the distribution co- 
efficient of phenols in apoktr solvent-water systems and gzs chromatogrq&ic reten- 
tion data, the relationship with the phenol structure wzs investlgzted and czkukttion 
methods were carried out. 

IirldebrarxW sofubility parameter III terms of the cohesive ener,y density and 
its breakdown inio its vzious component9 offers a basis for the general treatment of 
chromato,gaphic retention”. However; IQ FiEiC&& the determrnation of so!ubihty 
paramefer values from the equilibrium data and I’& W-.SCZ is often diflkrrk This 
di%xlty is mused by the restrictrons of regular sot&on theory, whereas in real 
solutions forces other Ehan dispersion forces pfzq an important role (owing to the 
presence of polar groups and. exception&y, -CR,- c&ins &so. En the liquid phase. 
these difikrrfties hzve often been CircuMvented by the use of empirical sokbility 
parazleter values54, but in the gaseous phase they have mostly been ignored (by 
taking the compressibility factor as equal to unity). En phenols, the iatermolecufar 
interaction is complicated and these simplifications mzy be efktixe to different ex- 
tents. As soltzbfiity parameter data for pheno!s are scarce’*3*8-L@1 it was OZF aim to 

caIcukSe t&-m by making use of various methods and, by comparing all of the resxlts, 
to dr2w some conclusions about their general usefulness. 



where 
6 = solubrlity parameter, (cal/cmq+; 
E = energy of v2p5riz2tian, caljmafe; 
diY, = heat of vaporization, cz~fmale; 
V = molar vohmle, cm’; 

Z = compressibility factor (ttaken as unity); 
R = universal g2s canstint, cal/deg- mare: 
T = temperature, “K; 
k = molar distnbrrfian caeffcient ; 
t = gas chram2tagr2pbic retentian time. 
Subscripts T, d, p, h are rat21 vaiue 2nd its dispersion. 2nd polar 2nd hydrageen 

bonding components, respectively; x and SC = the F2rtitianed substinces ; r&f and S = 
mobile 2nd shatfanary phases, respectively; w 2nd c = water 2nd critic& respestively. 

Tize dispersion campanerrt was c&x&ted from a hamamarph plot far cycIa- 
par&En hydrocaFbonsxZ xnd that of the hydrogen bond from the value of bond ener,y 
of 4300 cal per band lz; the vdlues of 6, were found from the diffiirence. As error anal- 
ysis far eqns. I, 3 2nd 4 has shown, the relative erras in the values of E, f, and k, 
m2y eat exceed 2, 30 2nd Xl%, respectively, when czlcalating the values of 6 or S, 
wirb an_ absolute error of less t&n 0.1 rmi~ Et seems that ca~cuiatians from eqns 3 
and 4 are rzore precise. &I fstct, however, the latter relationships ue goad eoough 
only far reg&zr solutions. 

The heats of vapotiz~tlon give= ia Tabfe E were cai;culated from the E;tturated 
vapaur pressures”J’: bv usil;g the Douglas-Av2kyan differentiation method”. 

A!1 non-2vail2brk dErG values of pheoaIs that contain up ~5 24 carbon atoms 
per ma&tie were czfcd2ted in the temperature range 20-200°C by the methad of 
linear interpolation and extrapaf2tian (with it~l error of abaur f 500 c2f/malej). The 
muainder af the dab were abtzined from the fallowing reI2tranships. 

For &kylresarcinais (the data of Litlez” \%ere treated): vzo = 1.202M - 44.32, 
iti = 11%376, 2.~ = 0.70, li = 9; dpr,ldt = S-28 - Xl-~._&& - 0.0X& r = ZfXWC, 
2s = LE.2* IO-‘, n = 9. _4t 2%22°C: for 2-isomers, lag k = 0_~900-:7c - 0.8@.Xl, 2s = 
OA9; for 4-isomers, fag k = 0.6fZ3 -cc - P.5866, 2s = 0.15; far Gsameis, lag k = 
0.5007-n, - 1.2473, 2s = 0.12. Here, M = matecular weigh& k = v+eight distribrr- 
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l AIso for 2.5 isomer. 

tion coefficient for benzene-water, f = temperature f”C), i:,number of arbon atoms 
in the side-chain, s = standard error and r7 = number of data. 

For alkylphenols (caIcuIated from ref. 15): I+* = t.XB*&f - 37.36. M = 9P 
150, 2s = 6.8, in = 9; dv’/dt = 1.56 - IO-” - &f - 0.0777, r = 25--2GG”C, 2s = G.Gl32. 

In zdditioa, liter&we data for the gas chromatogra@ic relatiue retention times 
of srfkyIphenoIs OR 60 phases uere used: these data were partiafly summarized by 
Kharlamovich and ChurkitP. 

From the values of the solubility parameters calculated on the basis of heats 
ofvaporrzatisn (Tables 11 and EIf, the tendencies related ta the phenofic structure af 

the molecules civil be seen. 33e addition of a hydroxyl group to the moiecuie mcre2ses 
the ii, value, whizile the addition of a CK, group decreases it. Also, the influence of an 
a&4 chain in the arttzo position relative to the hydro.r_yl group Is considerably stronger 
than that of an alkyd chain in the rxiff orpar~ posirlon. Fur dibsic pheuols, an increase 
in temperature causes a greater decrease in the 6, value thin rhat for monobasic 
phenols. This effect is connected with the lower dHi/df value for the latter campounds. 

The ener_q density of intermolecular interactions caused by dispersion forces 
and hydrogen bonds shows a trend towards lower tafues as the length of the 2fkyI 

chain increases. At the same time. the energy density of polar interactions increases. 
These results are in accordance with the increase in moIecular poianzation 

caused by ER increase in the dkyi chain teen& in 2-aIk,vfresorcinaW0. Considering 
this effect, it is necessary to note that the equation of Bdttcher, derived for spherical 



12.0 12.6 <ref. S)*** El.3 8.7 2.7 6.8 
IL.1 Il.3 (rzf. EQ} xc.5 S-4 0.4 6.3 
LO.7 - IO.1 8.0 I.6 5.S 
IO.4 - 9.7 7.8 I.8 5-s 
102 - 9.4 7.6 2.1 5.1 

9.9 - 9.1 7.3 2.4 4.9 
9.7 

II.7 G.2 
S-9 7.1 2.7 4.6 

(ref. 8) 18.9 8; 3.3 6.3 
114 I I .3 (ref. 10) LO.6 S-1 3.5 5.8 
11.2 - IO.3 7.8 3.7 5.5 
iO.9 - 10.0 7.6 3.9 5.1 
10.7 - 9.s 7.5 4.0 4.9 
10.5 - 9.5 7.2 C.2 4.6 
10.7 - 10.1 8.1 1.4 5.8 
ll.O:*“c 11.2 (ref. 10) SO.1 S-1 1.4 5.8 
10.9 * 112 (ref. IQ) I0.I 8.1 x.4 5.8 
11.6c Il.3 (ref. IO) 10.6 8.1 3.5 5.8 
11.3f 11.3 (ref. 10) 10.6 X.1 3.4 5.8 

1.05 695 
L-Q2 593 
1.12 701 
L-20 7tn 
1.26 715 
1.31 724 

1.36 732 
E.22 7fQ/709 
1.35 711(718 
I.46 TI71723 
L.5.5 7321734 
1.62 742f743 
L -68 740/752 
r.12 7QS 
1.37 707 
f Al 7I7 
IAl 720 
1.0s 730 

l see text. 
l * III the absence of bcxling pot& data, the v&es of&,(CH3 for 2-R = I4 5= and for 3- and C 

R = tS.5” uere used. 
**= 21.4 zxcordmg to ref. 3. 

z ?Whout smoo*&mg of 4H, v&es over nc_ 
f o Also for the 2,5- isomer. 

mo’reccltes with 2 dfpo!e 21 the centre 2nd used by K2nsenz, when used with aIkyf- 
phenols &at have long akyl charns, gikes apparent E$ values that are up tQ tO times 
lower than the actrrzl v2Iues @akin, _ = into account the aceenrric focztion of the dipofe). 

The separation of 6: 2nd 6; is very 2pproxlmate and only 2 rough estimate 
can be mzde. Probably an examin2tion of the absorbances of associated hydroxyl 
groups in the 2.75-3.X pm runge in +&e m spectra would show the order of6z values 

2-~4-<5-alkylresorc~nol, irr accordance with t&r aciditiesI”_ 
The total so~ubiEty parameters c2Ictrlated from the molar distnbrrtion coefE- 

cients between an apofzr s&vent 2nd water (marked v&b asterisk in Tables E 2nd 

IEE) are in ftir agreemem WM.I those calculated from the heats of v2porization. fn 
previo** calculztions for monoba~ L- nhenofs, tired in T2bIe 11, the e_mpirical value 
4 = 19-G was mostly use@. The q&&c interactiorr of alkylresorcinols with water 

is stron~e:er thorn th2t of &ylphenofs 2nd therefore the 6;: values must be lower. In- 
deed, f& the fatter compounds in berdene-water, the value of dl, = 18.0 is suitable. 
From these data, one can conclude tbzt the degree of association of phelrols in the 
vapout phase is ~egE@le. 

The taL~f&ion ofd, v&ues for phenols by using eqn. 4 is impossible owir;g to 
the lack of Oat2 for most stationary phases. Sowever. in order to esfabEsb the pre- 
dicting power oft!& equation in this instance, by using the known 6, values for 2Hqf- 

phenols, we have c2lcufated the & values for 00 sta~ionaq phases. Sume of these re- 
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TABLE ILi 

SOEUBILfTY PAEb4METERS FOR ALKYLRESORCIKOLS. Ph-I,3_COK)Jt 

R 2o"c 80Cl 

&i &rt & 66 6, 4 

15.4 W.7’“’ 14-r: 4.0 
13.6 L3.8 IL7 8.6 
13.3 13.5 12.3 8.3 
13-a 13.2 II.9 8-L 
12.8 13.0 11.7 7.9 
12.6 f2.9 11.4 7.6 
12.5 12.8 L1 2 7.4 
If.4 12.6 Ii.1 7.2 
12.2 - Ii.0 7.0 
13.9’ E40 12.9 8.6 
13.5 13.6 i2.5 8.4 
13.2 13.3 12 2 8.1 
13.0 13.0 II.9 so 
12.8 12.8 El.7 7.S 
L2.6 12.6 II.6 7.5 
12.5 12.5 Il.4 7.3 
L2.4 II.3 7.1 
14,7s* Ed.2 13.6 8.8 
IL.2 X3.8 13.2 8.5 
13.9 13.5 $2.8 8.3 
13.6 13.2 L2.5 8.1 
E3.4 13-I 12.2 7.9 
13.2 11.9 E2.0 7.7 
t32 r2.e El.% 7.5 
129 - 11.7 7.3 

5.5 
2.5 
3.8 
4.0 
4.6 
4.9 
5.2 
56 
5.9 
3.6 
4.2 
4.8 
4.9 
c- 

;:; 
6.0 
63 
5.3 
5.8 
5.9 
6.1 
62 
6.4 
6.5 
6.8 

9-s 
5.9 
s-3 
77 
7.3 
6.9 
6.6 
6.4 
6.1 
8.9 
8.3 
7.7 
7.3 
69 
6.6 
6.4 
6.1 
8.9 
8.3 
7.7 
-.. 

::,’ 
66 
6.4 

6.1 

E.65 804 
1.55 775 
1.69 777 
1.m 779 
I.59 783 
1.97 7Sf 
2.04 792 
2 10 798 
2.15 804 
I.65 782 
1.68 756 
I.71 797 
1.73 7% 
I.75 SOS 
1.77 813 
I .78 st3 
1.79 830 
I.73 811 
1.81 822 
L.85 831 
1.32 837 
I.96 MS 
z.oa 8% 
z-33 570 
2.06 882 

.a! see text. 
*= In the absence of bodmg pomt data the vaiues ofdr,~CCHZ) for 2-R = t2’. Z-R = 14” and 5- 

R = 17” vsere used. 

Ip See $, for R = 2.5 - CC&, 5-G - 2-G rend 5-C! - t-C,, 13.3. 12.; z.nd 12.4, respectively 

s&s are shown in Table IV. On 59 phases ~sodium doc!ecyIbenzenesuIphonate being 
the oniy exception), the cakulated & vaIues Rere distributed into two gruups in ac- 
cordance with the structure of the phenol. The vakes, calcu!ated from rhe data for 
nz&a- and pczra-substituted a&$phenoIs, are as 3 rule higher than those calculated 

from the data for or&a-substituted alkyfphenots. For example, the ds values obtained 
for glycerine are 13.6 &- Cl.3 and 1 I.8 f 0.3. rezqzctively (at I60 “C). For rhis phase, 
some vapour pressure data are kn~rwrr”*~~ and from these data as values of 13.6-15.4 
Rere estimated at the same temperatare. 

For a&o-sabsrituted aIkyI&znoIs, the rcIative retention times 21-c higher than 
those calculated from the Rohrschneider equation (exceptionally, 2.6-dimethy& 
phenol often behaves in the same manner as rhe 3,4- and 3,5- isomers). Sometimes, 
the nlative retention is SO high thar eqn. 4 has an imaginary solution. partlcukidy 
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3-, d-, 3,4- and 3,3- 
substitute6 pheno!s 
(KJ Apiezon L (b&W) 11.05 IO@ 5.00&0.7 41 135-2&J 

Phthzlzttes II.18 * 0.4s 5 13 $0.4 39 iIS-I90 
Phosphates II 91 f I OS 5.30 5 0.4 45 Lla-200 
Sugars, alcohols 13.79 & 0.80 3 67 = I.0 47 MO-IX0 

O&o-substituted 
pheno!s (except -9 7 6- 
isomer :a;) Apmon L (M,W) 7.73 & I.34 236&1.1 40 I35200 

Phthrtlates s.50 & i.02 2I34fO.S 4a I IS-190 
Phosphates 947 * 1.32 2.46 & 0.6 48 I la-200 
su_gxs_ a!co!Io!s 12.07 f 0.90 I.?4 & 1.3 41 14%180 

- ___~- 

on apolar phases. Apparent!y, for o&o-stibsrituted alkylphenols, those factors which 

are critic21 for obeying to the Rohrsckneider equation (in particrrlar the distribution 

in tke ststionary phase 2nd the fug2city coeff;_cient) are di?ferent from those of tke 
standard compound (phenol). ProbebIy, with 2.6-dimethyIpheno1 mtrtu2l compensa- 
tlon of these f2ctors ~&es place. Et is noteworthy that such phenomena have 21~0 been 
notrced in extraction. For inst2nce, for the drstrrbution of 3metkytpkenol in an apolar 

solvent-water system, 2 value of 6, = 19.0 is appropriate, but for the Z-isomer 6, = 

18.0 is more suit2ble8. 
The interaction of sodrum dodecylbenzenesulpkon2te with pkenots is strong 

2nd the soiute emerges from the column at 2 temperature consIderably higker thtan 
its normal boil@ point (methyl- 2nd dimethylpkenofs at 260°C). 

Thus, wrth 2 suit2bIe standard substznce, the Rohrsckneider equ2tlon cza be 

used for the estimatiorr of the total solubdity parameters (Table V) 2nd also the he2ts 

OfV2pOti~?tiOn f3rcompouIIds with any p0I2riq. 

It may 2lso be possrbIe for gas ckromritography to be used for estimating the 

components of the total soiubility parameter. 

By means ofsaturated v2gtour pressure_T c distribution coe&ientS irr 2~ 2pOi2r 

soIvent-water system ad ~2s ckromatogrzpkic retention data, v&es of the total 
soiubrlity panmeters for phenols k2Ve bees obt2ined. Ho&ever, tke use of empirical 
solubi!ity parameter values for wat,, *f 2nd suitable standard s-ubsEances in these methods 
~2s necessary. The calculated values of the solubility parameters and their temper- 

ature dependante for 2bo~t 50 phenols woul d be useful in order to choose the op- 

trmal oper2ting conditions for their chrom2togi2pbic 2nd extrac&5 separation. 
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COMPARWON OF TOTAL SOLL%ILXY PARAMETER VALUES CALCLXATED FOR 
SOME ALKYLPEZENOLS BY USING EQNS. 1 AND i ON VARIOUS STATIONARY PHASES 

Statronary phases: A, Apiewn L, 6; = 12.07, &z = 8.90: B, Exythrit, (j; = 14.11. 6; = t2.6S; C. 
dimen+&yl phthaIate= 15; = 12.27. ~52 = 9.35: D, tr&?$-xyIenqI phosphate, S< = 15.03, S; = 1L.S;. 

R 

9.7 9.82 
f&l LO.07 
IO.1 10.07 

9.3 9.34 
9.3 9.29 
9.3 9.27 

9.3 9 25 
9.6 9.68 
9.6 9 63 

9.3 9.24 
9.6 9.63 

- - 
- 

9.78 9.9 9.95 
10.06 IO.2 10.22 
10-e 102 LO 20 

9.37 9.4 9.47 
9.28 9.4 9.40 
3.27 9.4 9.42 
9.10 9.4 9.x 
9 70 9-s 9.84 
9.63 9.8 9 81 
9.24 9.5 9.38 
9.62 9-g 9-80 
9.62 9.8 9.78 
9 26 - - 

10.1 10.1? 
10.4 f 0.42 
104 10.42 
9.6 9.61 
9.6 9.61 
9.6 9.6L 
9.6 9.58 

100 I0.W 
LOO 100-z 
- 
- 
- 
- 

- 
- 
- 
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