
IV-A NEW EQUATXON FOR THE CAPACTIY RATIO ZNVOLWNG TBE 
SOLU?-E-SQLVENT INiBAcfIoNS 

A new equation for the capacity ratio has been derived on the basis of 
Snyder’s assumption concemiug the additivity of the capacity ratio in liquid chrome- 
tography v&h muhicomponent mobile @se. This equation invoIves the hetem- 
geneity of inte~ons of t3I.l adsorbed mol~es with a~rbent sulf2ce (adsorbent 
heterogeneity) and sob&z-soIve~t interactions. The eEkcts of solnte+soIvent inter- 
actions have been included in t&e mod&d Snyder equation aaxxding to the Okik 
approach to liquid chromatography with muiticomponent mobile phase. 

Increasing interest In gradient iiquid chromatography (KC) as a rapid method 
OfanaIysisreQnires further theoretid studies on isocratic liquid adsorption cbroma- 
tography. These studies are necessary for exact description of the gradient e&ion 
chromatographyl. One of tie main quantities used in LC is the capacity ratio. The 
most important problem in LC with muiticomponent mobile phase is evaluation of 
the capacity ratio by xnxms of the cap&~ ratios characterizing the LC with pure 
soIvents. Many atEempts bzve been made to solve this problem, The most advanced 
investigations have been seported and compared in ref. 2 

Pn this paper we sbaB continue the theoretical cmsiderations presented in the 
previous parts of this seri+. The result of these conside~tions wiii be a new equa- 
tion for the capacity ratio taking into account the soiut.e-solvent interactions_ T&is 
equation will be derived by applying Snyder’s assumption comeming the additivity 
of the capzcity ratio in LC with m&icomponent mobile pba~G*~ and the O&Sk ex- 
pression de&z - _ g the contriiutioa of the soMe-solvent irHem%ions to the capacity 
ratio7. 



Lt has bee= shown in ref_ 4 that the capacity ratio k& for s-tb cbromzito_~hed 
soo!ate in nsf;mpocent mobile phase on heterogeneous solid surfaces of quasi-gans- 
Sian ezrgy distribdon may be expssed as fouo%: 

where k;- is the cqmity ratio for stfi soIute in the lttfi p*lre solvent, yf is the mole 
faction of the MI solvent in the adsorbed phace, q = (I&.-& is an n*donal 
v@or wed tG denote the capcity ratio for s-th soIute in ncomporimt mob&z phase, 
and m is tEx E&ero~tity paznxta d&ning the shape ofthe cyzasi~ussiul energy 

distribution_ The physical meaning of the parameter m is eq$a.ined in ref. 4. This 
parzaetlx ctidtrires mainly the system adsorben-solvent mixture; however, its 
depeudeace on the kind of sob&e may be neglected for many adsorption systems. 

For m = I, eqn_ X becomes the Snyder equation for homo,weous adsorb- 
el3tS=% 

For many expcrimenti systems, the theoretical nhxs of k;B, cal&ted according 
toeqn_:i diEa from the expeximental ones. For description of such systems, SnydcP 
intrcdnced the foiioGng.modi.Gcatiori of eqn. 2: 

where d is the parameter characterizkg the deviation of k& values, predicted by 
eqn. 5 from experimental ones. Comparizg eqn. 3 ;vitb %cik% relationship7~*, we 
can express d by the following equation: 

A= :g A&f - x3 (4) 

where x, is the mole fraction of the ith &vent in the mobiIe phase, and AI, is the 
con-ctant ckaxtetig the interaction of s&te “s” with tZx binary solvent mix- 
ture “i-n”. The physical meaning of *&is constant is more exactly explzi.ued in the 
pqxxs’*‘~. If eqn. 4 is added to eqn. 1, R have 

Eqn- 5 d&xs the capacity ratio for stb solute in n-component mobile phase by means 
of z.be czipacity ratios .G;,, the heterogeneity parameter nz, zuzd the parameters Al, 
determining ‘Lhe solntc’-soivent interactiocs. For m=l, eqn. 5 reduces ta -&at dc- 
scribing LC with homogeneous a&&bent. Eqn. 5 contains the mole fkactions of ail 



This eqn. wets derived in ref. 9 by applying the tkory of adsorption from liquid 
mixtmes OLP he*krogeneons solid surf&s. However, in ref. 4 this eqtzation has been 
applied to determine the capacity ratio for LC with multicomponent mobile phase. 

In practiccil applications, chromatograpbic systems witI5 Om-component 
mobile phases are of great i.n~poaan~e_ For such systems eqn. 5 assumes the folkw- 
ing form: 

where 

4-d = wl2 - 1) CB -I- --h2M-1 -I- 03 f A~-’ Xl (11) 

where 

and 

B = k&s - &as (13 

The pzuan&ers AU and K’ may be cakufati from the slope and ordinate of the 
tight line G(x3 vs. xl. 

FkIow, we shall examin e eqs. 9,6 and 11 by using TLC data obtained for 
CiifEmmt solutes. 



a, MY.. MRmEEc d a.L 

i%SWClS AND DfSINSSION 

Eq+ 6 is a simple sum of two folIowing expressions: 

&, = k&v?’ + &&- (14) 

and 

r;; = A&: - XJ WI 

T?le thoontfrat ctxmc& czhued aamdirlg to eqn, 14, were presented in ttf. 4. 
UsuaEy, they are decreixkg knctioons or show 2 minirnnm. The fmction IS is an 

e.xass adsorption isotherm for the first solvent muItipkd by the constant A=. For 
small vakcs of AI2 the cont&ction of the expression 15 in the capacity ratio (eqn. 6) 
is small Haa=ever, for higher vahxs cf AU the expression 15 strongly in&xences the 
shape of eqn_ 6. For many mobile plzascs often used in TLC and LC, the cmzss ad- 
stxption isotherm (yI - XJ shows a maximum (see rel’. IO, in which the basic types 
of &soxption isotherms from liquid mi&xes are presented). 

Form= 1 &eftm&n I4isadczxasin g one_ Itken, the function 6 can shows 
a~urnfcrA,<Oandam~~forA,>O. 

For m c I the fkxtioz 14 can shows a minimum4. Thus, this minimum will 
be greater for AU < 0 and smaller for A= > O_ S&e the mod&xi O&Sk equation* is 
formally zn&ogous to eqn- 6, +%I= sheoretical curves from eqn. 6 are similar to those 
presented in refs, 7, 8 and 1 I. 

For ikstrative purposes, the TLC data inv&gati experimentally by 
X6S_foE have been used for examin&ion of eqns_ 1, 6,9 and 11. 8?umerical caktda- 
GOSS have beea made for four soolntes: o-nitrophenol, quinoiine, 2-methylquino!ixxe 



and 4methy@noline in benzene-acetone (23) on silica gel at 25”. Qther details 
coixenxing the chromatographic measurements are given in zf. 12. 

E&s. L,6,9 and Ii 
of TLC data, the capacity 
ez.pressions: 

where Raaclk is the I& v&e for sth solute in the ith pure solvent, and RarcrzIS is the RM 
value for .&_I solute in the mobile phase “l-2”. 

First, we compared the chromatography parameters calcuMed b;y’means of 
eqns. 1, 6 and 9 for u-nitrophenol in benzene+cetone (2:l) on silica gel? Fig_ 1 
presents the curves RMcaW vs. x, plotted according to eqns. 9 (short dashes), 6 (solid 
line) and I flong dash=). ‘Fable I sunme the chromatogr~phic pzsmeters 
appearing in eqns. 1, 6 and 9. It follows from Table 1 that the standard deviation 
(SD.) is smallest for eqn. 6 and highest for eqn. 9. Eqn. 6 involves bo’J effects: ad- 
sorbent heterogeneity (the parameter m) and solute-solvent interzaions (the param- 
eter Aa. However, eqn, 9 invoIves the solute-solvent interactions only, whereas 
eqn. 1 includes the adsorbent heterogeneiw. Comparison of eqns. 1 znd 913 shows 
that the eS&cts of adsorbent heterogeneity are often greater than the e&cts of s&&e- 
solvent interactions. 

TABLE I 

PAReV an, A,2 AND K,: CALCULATED FOR FOUR SOLTJIES FN BENZJ34E- 
ACETONE (2:1) ON SILKA GEL 

sokcte em- m Al2 & R 3#U(9S R YQM S.D. 

dWropknoX 9 - -0.35 4.47 -0.33 0.06 0.054 
1 0x4 - 4.47 0.035 

-6 O-78 -0.37 4-47 0.03 
Ii - -0.43 4.88 0.052 

QxinfJb 11 - -1.37 78.0 -0.37 1.51 0.08 
2-h4e&y~tialinc 

1’: 
- -1.36 85.3 -0.50 269 0.09 

4MethykTpincllim - -0.87 81.7 -0.33 1.6s 60.04 
a 

Now we sItall discuss the constant Ku_ According to the theoretical cons&ra- 
tions, this constant characterizes ffie mobile phase only. Usually, it is evahxated by 
means of the following expnzs.siorx7~**u-14: 

de= acuLD = RMtlzr - Rs6c2Lr is the avcrage cliikcnce of Ralb and RM(zrs 
CaIcufated for a given mobile phase and different solutes_ The constants Ku and ALS 
may be &so evaluated by means of eqn. 11, which is the linear form of eqn. 9. In 
Table I the pxrametess K’, A= and S_ D., caIculated by means of eqn. 11, are summa- _ 
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