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CHROM 7199 

INVESTIGATIONS ON THE RELATIONSHIP BETWEEN MOLECULAR 
STRUCTURE AND CHROMATOGRAPHIC PARAMETERS 

VII. PARTlTION OF PHENOLS IN SYSTEMS OF THE TYPE CYCLO- 
HE-KANE -i POLAR SOLVENT-FORMAMIDE 

Relationship?; bet\veen R_lt v:~lucs and the cot~ceiltr:ttion of polar solvents in 
the mobile phase \vere determined for a _ ~mxtp 01‘ llalo~etloplletlols_ svletiols and 
several other derivatives of phenol. Three a1coliols_ olcic acid and cl~lorofortii \vere 
wed as the polar component (S). It ux found that alcolials. in spite 01. their auto- 

association. have high estraction strengths relative to plwtx~ls_ 1 : I solution cotll- 
plats being easily Fortned. Hindered salvation due to internal hydrogen bonding or 
steric shielding of the hydro.syl grattp resttlted in less steep R-111 ret-stts 102 ‘,?i, S lines_ 

I XTRODUCTIOX 

The choice of solvents tbt- cl~romaro~rapl~~ is based on the eluotrapic series’ -‘: 
ad a quantitative measure of the solvent strength is possible’-y. Instead of ;I series 
of solvents_ tnistttres of tuu solvents \vitli JiKcricg polarities can be used. \vl-hich 
enables the solvent strength to be changed in ;t continuous manner (see. tbr instance_ 
Neher’s equieluotropic series*-“)_ As prxtical estttnples of the ltttter tneIhod of op- 
timization. Waldi‘s systems for the systematic analysis of alkaloids c:tn be cited (paper 
impregnated with formtitnide and developed \vith mixtures ofcvclol~eranc and chloro- 
t-ortii): systems of this type \vet-e also reconirne~ided by kktcek :tml Prockizka in 
their standard set of solvent system9 “J” Vttristion ol‘sol~cnt composition. in addition _ 
to giving an appropriate range of distribution costkients. cm also itnprave the 
selectivity i~fseparatiimll. particularly when the additive interacts selectively with some 
of the components to be separated_ 

The relationships bet\\een chromstogrvphic pttratnetcrs and the composition 
of tk mixed phase can often be described bv equations dcrivcd by application of the 
ktw of mass action to the formation of &iechr cotnpleres (x-bonding_ hvdrogen 
bonding. ionization. formation of ion pairs: tbr t-et>t-rnces. see Pzxt VI”). A &liculty 
in the intcrpretrxioti of solvent c0tllpositi0tl ell-ects is that the concentration of the 
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free additive is included in the sotvation constant; hence autoassociation of the 

additive should be taken into account IZsJ4_ As Littlewood and Willmott noted’“. the 
autoassociation of a polar additive (solvent) may have different effects on solutes 
with different molecular structures. Thus, the concentration of an alkanol in the 

stationary phase has a niuch greater effect on the retention of volatile alkanols 
(class AB) than on solutes of class B (notation of hydrogen bending ability after Pi- 
mentel and RIcCleIlan’5), which Littlewood and Willmott’” esplained by the dif- 
ferences in the molecular solvation mechanism: molecules of the lower alkanols can 
be incorporated into the association chain at any position, while electron donor so- 
lutes can only form hydrogen bonds with the terminal molecules of the solvent. 
Another esplanation is that proton donor solutes can be hydrogen bonded to the 
lone electron pairs that remain on each oxygen atom after the formation of the as- 
sociation chain”; (c-1, part VI*?, formula on p_ 156)_ Alkanols xc thus analogous to 
solvents of class B (& Part V Ii_ Fis_ 6x 6b). Analogous effects have also been ob- 
served in liquid-liquid chromntogrrtph~” using aqueous systems_ In the present study_ 
further phenols have been investipted usin, cy formamide as the stationary phase and 
solutions of n-hesanol. n-octanol, oleyl alcohol, oleic acid (associated solvents) and 

chloroform (class A) as the developing solsenr. 

ESPERlXIENTAL 

Wl~:~tman No. 41 paper strips were impregnated with ZOq,i (v/v) acetone SO- 

lutions of formamide and developed with cyclohesane solutions of whesanol. ii- 
octanol and olevl alcohol. oleic acid and chloroform of various concentrations_ The 
chromatograms weredetected by immersion in bis-diazotized benzidine re%gent’” after 
spraying with a saturated solution of sodium hvdrosen carbonate. The R, values 
are given in Table L 

The phenols are denoted here and in the figures by the folIo\ving abbreviations: 

P =: phenol: C - chloro; B = bromo; 1 = iodo: M = methyl: D - di: EU =; 

eugenol: 1EU =T: isotxqenol I TY =: thymol: GU == gusiacol (e_.rr._ K3MP ~2 -I- 
chloro-3-methylphenol)_ 

RESULTS AXD DISCUSSIOS 

The experimental results arc presented as R-11 I-CTms log ‘,!;, S pl& the scale 
being convenient for pracrical reasons (see the comments in Part Vl”): owing to the 
molar volumes of the polar solvents bein, 17 comparable with or higher than that of 

c~clohesane, the resulting deformations are insignitictmtll- On the other hand_ larger 
deviations from the theoretical R _,I I-crws composition curves CoLlld be caused by 
variations in the salvation constants with composition of the medium. autoassoci- 
ation of solvents of class AB (alcohols and oleic acid). and varying solubility of form- 
amide in the less polar phase: in order to reduce the last effect. solutions of the 
associated solvents of concentration not exceeding SO‘,!,:, (v/v) \vere used. 

In Figs. l-5. the results obtained for halogenophenols are presented. The 
sequence observed for all solvent systems is essentially the same. the RF values in- 
creasing in the order p-chlorophenol < rjz-chlorophenol ; p-bromophenol < /I- 

iodophenol < p-cbloro-wcresol x 3,5-dichlorophenol. 
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I . I+” 
Fig_ 6_ R, twms log “L S r&tiumhips fur syknuls. eugsnul. isoeugrnol. gurtillcul and tlIyn~ol. 
Pularsu!smt C3 == rr-hrsnnol_ I _ EU: 0. IEW I :-‘_ TY; v, ZhXlP: q , 75XlP: . _ XMP: ‘- _ 3-cMP: 
+. GUI A, 34MP_ 

Fig_ 7_ As in Fig. 6: S -.- rr-uctanui. 

amide phase_ ThyrnoL on the other hand. is less soluble in fornmnide owing to 
steric shielding of the hydrosyl croup by two I-~L.~~zcI/ alkyl groups. which. hwvever, 
do not prevent its solwtion by alcohol molecules. 50 that the R-11 wrsus composition 
lines for thymol are similar to those for the sylenok As in Figs. I-S_ the limiting 
slopes obtained for higher concentrations of the polar solvent (S) are close to unity or 
higher_ A theoretical curve with its asymptotes is compared Fith the experimental 
relationships in Fig. 10 (dashed line): the lines are approsimately prtrallel (txccpt at 
higher concentrations ofchloroform) which indicates that SO:!,,, salvation (except for 
2_6-dimethylphenol) occurs at CCL IO‘T~~ (v’v) concentration ofchloroform in the mobile 

Fig_ Y. As in Fig_ 6: S = oleyi akohol. 

Fig_ 9. AS in Fig_ 6: S -7 oleic acid. 
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The espcriniental results denionstrate that solutions of alkanols, in spite of 
their rtutotissocitition _ are sood estrxtants of phenols. the I :I salvation complex 
predominating down to 1 y,‘;;; solutions in cyciohesane (unless there is a parrillel de- 
pression ofxisorption on the f~mnamide surfker the conclusion should be confirmed 
by static esperiments. q/I Part VI’“_ Okic acid is a less etticrivs cstractant ofmphenols_ 
Hindered salvation of- the hydrosyl ~ ~voup (intermolecular hvdrogen bond_ steric 
shkfdin& is refected by less steep R-1, I’LY~~- composition lines. which is equival&t 
to ii shift to higher values of the concentration that corresponds to SO’,!,:, salvation 
(Fig. IO). 
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