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metal compleses by both chromatographic and static techniques (see. for instance, 
Marcus and Kertesj). 

(I) Mutual solubiliry ofthe two phases. For systems ofthe type binary solvent- 
~,sT.- C~~X+II~ i0 u rvr-I,dw-~~,n~ i rli_r,_httt\rl c=the--r_\ivit~r\ ths= hi,>-.v.r nbrcm r.,t,~r.xtrrrI pu‘%. _IL,L.LE.I \C._,., ~,~‘“‘_‘_.““‘ . Y. s. V..._.‘CC..~. ..LCLC.,. C1.k “L..Y’_v pL’L.aL _IUCU.~IL_u 

with water is virtua1Iy a ternary system. and althou& the solubility of water in the 
non-polar diluent is ne&ible. it increases with increase in the concentration of the 
p&r component: it should be pointed out that the mole fraction of‘ water, owing to 
its low molecular volume. is usually several times greater than the volume fraction and 
its poltirity and hydrogen bondin s ability an stron& influence the properties of the 
organic phase. Some solvents are also markedly soluble in aqueous solutions. especial- 
ly acidic solutionsG. 

(2) Variation of the propertics of the binary phase as an interaction medium 
(especially at higher concentrations of the additiue)‘:*J”_ leading to chnn~es in the inter- 
action constants (salvation. formation of donor-acceptor complexes)_ 

(3) Self-association of the additive_ leadin, ~1 to a decrfztsed ellktive concentra- 
tion’“JG- I>_ For instance. seli’-associntion ofalk~nols_ by bonding t!le active hydrogen 
atoms_ leads to a signiticrtnt decrease in their proton-donor ability so Ihat they behave 
as solvents ofclass B (& Part Vis_ Figs. 6a. 6b). Their relatively high solvent strength 
for solutes of class AB (notation according to Pimentel and McClclIanl~) can he es- 
plained by two molecular mechanisms; cncfosing the solute nioIecuic (a) into the 
linear ztssocia:ion clvain in any position’” or hydrogen b&dins to any of the free elec- 
tron pairs (b). as represented in the schematic diagram below (solute - phenol. 
ArOH :solvent --t&ztnol, ROH). Sotutes of class B can only be hydrogen bonded to 
the termin:: hydrox;yI group’” or interact by weak dipoIe-dipole orientation fkccs. 

(3) Variation of the viscosity with the composition 01‘ the binary solvent can 
influence the kinetics of the chromrttographic partition process. This eflicr. slthough 
more strongly pronounced with mixed stationary phases (tivailabilit_v of deeper pores). 
is usually neglected. 

(5) Variation ofotherrerention mechanisms with the composition of the binary 
solvent- In liquid-liquid partition cl~romt~to~raph_v_ the additional mechrtnisms are 
mostly adsorption on the Iiquid-liquid interihce and adsorption on the support from 
either the mobile phase (bare surface) or the stationary phase (covered surlke)‘.‘. For 
simp1e aqueous systems. the Iast contribution can be considered to be small and in 
most instances can be neglected, ~1s hydration of surface polar groups of the support 
virtually eliminates their interaction ability, even for such supports as cellulose (how- 
ever_ this is not true for certain specific groups, e_g__ -COOH)_ Expressing the contribu- 
tion of various sorption xiieclianis~iis~:i~*~ - in terms of the parameters used in paper and 
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thin-layer chromatography, we can write 

1 
RE- = I f K v,,/ v,*z f L- K&Ii!’ vi 

1 

and 

R,, == fog (KV&V,,, + L’ Kai ;ri:‘Vi) 
L 

where K is the partition coefficient (CsJC,,, in terms of- concentrations in moles per 
fitre). I.‘:, and V,,, are the volumes of-the t\\-o liquid phases and K3; are the adsorption 
coefficients relnrive to t!le volume of the bulk phase ( Viii) and surtkc artx (Ai)_ 

It is the fast aspect of solvent composition elkcts tflat is tfle subject of the 
present study. in order to estimate the etkcts ofadsorption phenomena. the chromato- 
2 cvaphic and static distributions ofseveral solutes were investigated for solvent systems 
o! t!1e type cycflof?e>:;me -2 nrllrlr c,>l\rr=nt--\\?lf~a- It ,.:a., hex l .-nc.rteA tl>-*t ths rr\ntt;hm._ 

_ *s.r .I.. _..I..LS.L ..LL.L._ s. L-8‘ “b b.\ycbLL” L‘IL‘L L.,L b-V.&L. ,“I&- 

tions ofadsorption pfienomcna in liquid chrc~mato~rr~pf~~ \voufd be much smaller than 
in gas-liquid partition chromato~raphyr on the other hand, the use of ;I series of 
binary solvents wit11 widely ditking polarities can be expected to result in ;f variation 
in adsorption on the liquid-ficfuid inter&e of some solutes_ especially tflose \vitfl 
marked sur!ke activity. These elfects sf~oufd be considered if cflrc~lll:ltoer~~pIl_v is to 
be used for tile investigation of thr moleculttr interactions involved. 

In the cf~roniatogrt~pf~ic system investigated. the molecular complexes are 
iiirnied by hydrogen ‘bonding_ investigations of this type of moiecuiar interaction by 
gas-liquid cf~romatography have been re!;tti\-efy ~c;trce~~-~~-~‘~-~~~-~:‘_ w1life even fess 

numerous have been static estraction studies (c-g__ refs. 6. 22 :tnd 23) and fiquid- 
liquid partition chromt~to~rttpflic ili\.estig;ltiOIls’~-~~-~~-~~_ 

ESPERlXIENT.L\L 

As in Parts IV”* and \‘I”_ Whatman No. 1 paper strips were impregnated \vith 
water. blotted bctwcen t\x-o shcsts oftiftcr paper, dried to SOP;, (~$v) f~umidit; content 
(controlled by wrigfiing) and tf~~rl transkrrcd in~n~ediatef~ into cfirc~mato~rt~phic 
tanks (1 ‘_’ 7 ‘_: 22 cm) for descending development_ The RF- values are siren in Table 
1. For the experimental tecfmic!ue used_ the volume ratio of the t\vo phases. V&I’;,. is 
cli. 2.0 (ref. 26) so that 

- R_,r = fog RF/( !-RF._) :- fog D -I- 0.3 

where D = C,,rgfC,,_ 
Static distribution coetlicients were determined by equilibration of equal vof- 

umes ot‘ aqueous solutions of tile solutes with the organic phase. The concentrations 
in the aqueous phase were determined bv means of an LP 60 polarograph (Labora- 
torni Piristroje. Prague. Czechosfouaki~~). the solutions being diluted with equal 
volumes of O-5 32 potassium hydroside solution- The distribution coetiicients \vere 
calculated from the heights of the pofarogrzphic wave before and after extraction. 
The concentration range in the static extraction experiments was comparable wiih 
concentraticms in tfle cfironistogrttpfiic systems (LX. 5 - lo-” Jl)_ 
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TABLE 1 

&. ... 100 VALUES OF PHENOLS FOR VARIOUS CONCEKTRA-I-IONS OF THREE POLAR 
SOLVEXTS IN CYCLOHEXAKE 

RESULTS AND DISCUSSIOS 

10 

76 
-Is 
6s 

Sl) 

The experimentat malts are presented as lop D u-rms log !.‘,, S plots (S polar 
component)_ as in typical estrtlctiotl dirrgrams 1-w slope anulysisGr the R.II axis is 
directed downwards so that the static (triangks) and chroi~lato~raphic (circles) rela- 
tionships are adjacent, the distance bemven them b&g 0.3 unit fix I;,,,J’~~~ 2.0 
when ;L purely estrxtiw chron~atog-apl~ic process is assurncd_ For practical reasons. 
the distribution cocfticicnt is esprcssed in terms of conccntratiorx in mules per litrc 

and the composition scak ot‘thc binary soI\-cnt as log y,, (vjv) S_ the ltrtter being anal- 

ogous to concentration scale in moles per litre of tlic polar solvent S (sliilied horizon- 
tally by in constant v:duc)_The simplilicd concentration scales do not cause any signit‘- 
icant distortions ol- the rskitionships o\\ing to tlic narrow composition rmigcs invtx- 

ri+ed (up to IO”.. S) and tilt comp;trablr molar volunm of cgclol~cs~u~c and the 
poiitr 5olwms (for a discus&n of the conccnIr;itim SGtlCs in invmnifutitms 01’ la@ II 
r~‘rsrc) composition relationships_ set‘ ret?. h_ 11 and 17). 

Comparison of the --&I itIld log D vrrluC3 l;llo~Ys that ttlc contribution oi‘ 
adsorption rlkts is small iiw lllderi~tc conccntratims (trbi>\c iw. _“I;,) ot‘ the pol:ir 
solvent: both lines are approsimatclv pxailt’l tend the distiluce bctw-ecn them is about 
0_2-0_3 urlit_ ifi a$eeizient <t;th thcori_tiil;ii i-,i&i~cti~jti_ so\\c-\-er, iijr mcjt;i- Jiiute Qjiu_ 

tions_ the two lines converge and even cross_ the R-11 Liuc beins then louver than the 

lo2 D wrms 10s ‘:, S plot. indicrtting a contribution of an additional retention mrcha- 
nism_ probably ttdsorption of the solutes on the liquid-liquid interhce (F@_ I-4). 

The contribution of adsorption etkcts should also depend on the structure of 
the po!ar solvent (S) and the molecular structure of the solutcr Ibr instance_ l-or the 
diisobutyl ketone systems_ the R_II line for 3-nitroaniline shmvs a less significant con- 
tribution of art alditional retection mechttnism (Fig_ 3) than in the case of ;I-nitro- 
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Fig. 3- As in Fig. 1. for 3-nirroaniline (I) and 4nitrwaniIine (71: S .- diisobutyl ketone. Dashed 
lines = theorerical log D-log iSI and - R,,-log [S] curvm whose asynptottuj cross at :L cornposirion 
corresponding to 5Gpb salvation of solute. 

simple 1 11 salvation compleses cm be expected. The theoretical 10s D r~v-s~~.s 10s ‘J;, S 
relationship of- the -‘hocke:i stick” type cafcufated by application of the Ittw of‘ mm. 

action to the formation of the salvation compleP is showy in Fig_ 3_ The hrizonttll 
position of the theoret,iwl curve is determined by the f~xmation constant of the sol\x- 
tion compfes and the vertizaI ptisition by the fo, a D ahe for rhe cycfohesane-\~~lter 
system. The esperimentai rehtionships are sometimes steeper for higher concentra- 

Fig. il. hS in Fig. 1, for 4-nitrophmof: S _ diisobury[ ketone. 
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tions of the polar solvent, which may be due to the interaction of the nitro group with 
the polar solvent- 

The experimental results indicate t!lat the discrepancies between the chromato- 
graphic and static liquid-liquid partition parameters for the moderately polar solutes, 
;o.,-.-+;“-.+aA ->.-a r;,V..;fi,...,+ A..l., r...- AiI..+z. .-fi1..t;,%.%r A&- .Y.l~rt.--~ ‘llur>ug~‘cu U,c; JI~UIIIC‘1IIL “.llJ I”, UI‘ULC A”ILIII”I,> “1 F1LCLLV.l Ullll”. A,T-,... so!.,.cnts_ for 

which additional static experiments should be carried out if salvation equilibria are 
investigated by chromatographic methods. 
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