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The retention model for reversed-phase high-performance liquid chromatography (RP-HPLC) 
based on interaction indices was applied to separation of the homologous series members. 
The validity of the equations describing relationship between retention (log k) and the number 
of methylene groups in alkyl chain (Cn) and composition of mobile phase (rp) by using statistical 
methods was verified. The regression coefficients of a quadratic term for relationship log k vs Cn 

and log k vs rp can be neglected. The regression coefficient of interaction term Cnrp is statistically 
significant. 

The possibility of predicting the retention of a solute in reversed-phase liquid 
chromatography has a great importance, as it enables the chromatographer to choose 
a suitable mobile phase composition for optimal separation. The capacity ratios 
of the homologous series members have often been used for studying the relationship 
between the retention of compounds and chromatographic conditions 1 - 8. 

According to the solvophobic theory9,1o the interaction between the solute with 
surrounding water molecules present in the mobile phase plays a dominant role. 
The interactions between the solute and the stationary phase are weak and non
selectivell . The log of capacity ratio (k) varies linearly with the surface area of 
hydrocarbon skeleton, and especially in homologous series, with the number of 
methylene groups in the linear alkyl chain9 ,11. This dependence has also been ob
served for series with other structural units than methylene groups12. In fact sta
tionary phase interactions also influence retention in many cases2 ,3, 13 - 15. 

The purpose of this study was to obtain equations that accurately correlate log k 
with both of the number of methylene groups and the composition of the mobile 
phase. 

THEORETICAL 

The retention model for reversed-phase liquid chromatography based in interaction 
.ndices16 was applied to the separation of the members of homologous series. Ac-
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cording to Jandera 7 the following expression for the log k values of the members 
of homologous series in the aliphatic saturated straight chain can be used as follows 

log k = A + B Cn + C C; • (1) 

where Cn is number of methylene groups, A, B, C are constants. According to 
Schoenmakers et a.1 7 the solute retention changes with the composition of mobile 
phase in a quadratic manner 

log k = ex - P!P + y!p2 , (2) 

where ex = log ko• ko is the capacity ratio for pure water, p, yare constants for 
a given system and !p is the volume fraction of the organic modifier in aqueous 
eluent. The validity of Eq. (2) is restricted to mobile phases in which !p(water) < 0·9 
(refP). The relationship between log k and !p at very high water concentrations is 
neither linear nor quadratic18. In the region of low water concentrations the dis
continuity of the retention mechanism has also been observed 11. A sufficient solva
tion of the bonded phase is achieved at !p values19.2o of 0,1-0,2. Therefore, it is 
necessary to measure the dependence of log k on !p over a organic modifier volume 
fraction range at most 0,1-0,9. According to authors7.21-23 the quadratic relation
ship can be expressed for practical purposes by a linear relationship. 

For the binary mobile phase composed of water and one organic solvent Eq. (1) 
can be expressed as follows 

+ (co - c1!p + C2!(2) C! (3) 
thus 

A = ao - a1!P + a2!p2 (3a) 

B = bo - b1!P + b2!p2 (3b) 

C = Co - c1!p + C2!p2 • (3c) 

If we consider that quadratic terms can be neglected the Eq. (3) is simplified to 

(4) 

The authors consider it useful to verify if the coefficient b1 of interaction term Cn!P 
can be neglected and so the Eq. (4) simplified to 

(5) 
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EXPERIMENTAL 

The values of the capacity ratios used in this study were taken from papers published 
earlier (Table W, (Table III)1, (Table I)24. The values of log k of fatty acids were 
taken from paper Koopmans and Rekker25 (Table I), which were derived from 
d' Amboise and Hanai's graphical representation of log k vs log KD (distribution 
constant determined in l-octanol-water system) - ref.26. The regression coeffi
cients of Eqs (l), (4) and (5) were tested on null hypothesis according to procedure 
presented by Eckschlager et a1.27. The coincidence of the coefficients B for different 
compounds in Table I were tested by procedure published by Rod and Vondnicek28. 
The precision of compared equations was tested by using Fischer-Snedecor criterion 
F (ref.27). 

RESULTS AND DISCUSSION 

The Dependence of Retention on the Number of Methylene Groups 

The relationship between log k and Cn' C~ terms (number of methylene groups) 
were calculated by using regression analyses. The results are given in Table I. The 
correlation coefficients were very high. There were not great difference in their 
absolute values. The regression coefficients C for C~ term were small, but in many 
cases statistically significant. By using F test, it was found out that the precision of 
calculated equations was influenced by C~ term mostly on phenyl-bonded silica gel 
packing. 

The differences from the behaviour expected according to the Eq. (l) in the reten
tion of the members of homologous series with Cn = 0 and Cn = 1 were observed. 
The difference in the retention of phtalimide was caused by the interaction of hydrogen 
in -NH- group with unreacted silanol groups13-1S. The behaviour ofN-substituted 
phtalimides with short alkyl chain is influenced by ineffective shielding of polar 
-CO-N-CO- groupS which can interact both with mobile and stationary phases. 
For Cn > 2, this influence is insignificant (refss.6). 

Because the slope of straight line was calculated for the increment of -CH2-

group, the deviation for C = 1 member is caused by hydrophobicity of the third 
hydrogen in CH3 - group. 

From Table II it follows that the elimination of Cn ~ 2 members from the tested 
set had not significant influence on the values of the coefficient B in Eq. (l). The con
stant B of the log k vs Cn equation does not depend on the type of the character 
of the organic solvent in the mobile phase. These results agree with conclusions 
published by Jandera 7. 
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The Dependence of Retention on the Composition of the Mobile Phase 

It is known from literature 7 ,17,18 that the depence log k on the concentration of the 
organic modifier in the mobile phase is aproximately linear for mobile phases com
posed of methanol-water and 1,4-dixane-water. Composition range, in which the 
simplified linear equation log k vs CfJ can be used, was discussed in Theoretical. 
The results evaluated according to Eqs (4) and (5) are given in Table III. The coeffi
cient b 1 of interaction term CnCfJ in Eq. (4) is in many cases significant and cannot 
be neglected. Its influence on precission of Eq. (4) is also in many cases important. 
The authors cannot explain the reason why coefficient b i can be neglected in the 
rest of equations. It may be noted that the model of interaction indices (Eq. (13) 
in refY) predicts that the term b 1 should diminish with increasing polarity and 
decreasing size of the molecular rest (end group) in a given homologous series. 
In agreement with this theory, the term b i is higher for the mobile phases containing 
dioxane than for those containing methanol or acetonitrile. Further, in aqueous
-methanolic mobile phases, alcohols show lower values of b i than other series tested 
here with bulkier and less-polar end groups. 
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