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SUMMARY

The linear dependences of log k' on the carbon chain length, on log(methanol
concentration) and on the reciprocal of absolute temperature in reversed-phase high-
performance liquid chromatography of homologous series have been used as a basis
for deriving equations for calculating the capacity factors of any member of a hom-
ologous series at any mobile phase composition and at any temperature. Good agree-
ment was observed between the published and re-calculated data.

INTRODUCTION

The prediction of the liquid chromatographic behaviour of a solute under vary-
ing chromatographic conditions is of a great importance, as it enables the chroma-
tographer to choose a suitable mobile phase composition and/or temperature for
achieving optimal separations according to calculated values without performing a
complicated optimization of the chromatographic process. The unique properties of
homologous series offer great advantages for studying the relationship between the
retention of a compound in the column and chromatographic conditions such as
temperature, mobile phase composition and structure of the molecules, especially the
carbon chain length.

Some dependences of log k' on carbon number!™#, temperature3—* and mobile
phase composition2-3.%7 in the reversed-phase liquid chromatography of various
homologous series have been published. Equations have also been proposed for cal-
culating the capacity factor of any homologue under identical chromatographic con-
ditions! or even at various mobile phase compositions?.

In this paper we discuss the above-mentioned dependences of log kK’ with the
aim of calculating the retention data of solutes, mostly members of homologous
series, at various mobile phase compositions and temperatures.

* For Part II, see ref. 2.
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EXPERIMENTAL

No experiments were carried out. All the data used in the calculations have
been published earlier!—.

DISCUSSION

In previous papers!-2 we described the linear dependences of log £’ on the alkyl
carbon number and on log(methanol concentration) in the mobile phase? for N-alkyl
phthalimides on both RP-8 and RP-18 columns. According to the data of Grushka
et al.3, log k' also depends linearly on the reciprocal of the absolute temperature for
different alkyl carbon numbers and for varying concentrations of methanol in the
mobile phase for alkylbenzenes on a Hypersil C-18 column. A similar dependence of
log k" on 1/T was observed by Vigh and Varga-Puchony* for n-alkanal and 2-alka-
none dinitrophenylhydrazones on MicroPak CH-10 and Nucleosil C-18 octadecyl
packings with aqueous methanol as the mobile phase.

The dependences of log k" on the alkyl carbon number n, 1/T and 10g ¢metnanol
are summarized in Fig. 1. The higher the value of the subscript, the higher is the
value of the variable.

The linear dependence of log &’ on n (Fig. 1A) was used as a basis for deriving
the equation for calculating the capacity factor of any homologue at constant tem-
perature and mobile phase composition?:

ny —m

log k,, = log kn, + log(kn,/kn,) 6

ny — Ny

where ny, n; and n; are carbon numbers; the values of the capacity factors &, and
k., have to be measured. The comparison of measured and calculated values of ca-
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Fig. 1. Dependences of log £’ on carbon number (A, D), on reciprocal of absolute temperature (B, E) and
on log(methanol concentration) (C, F) for various temperatures T, methanol concentrations cyeimanor in
the mobile phase and carbon chain number n.
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pacity factors for N-alkyl phthalimides?, n-alkanols* (see Table I) and alkylbenzenes?
was excellent; the error did not exceed 2% with the exception of the first non-linear
homologues.

Similarly, the linear dependence of log k' on log Cmetmanar (Fig. 1C) can be used
for deriving an equation for calculating the capacity factor of a given homologue at
any methanol concentration in the mobile phase:

log k:, — log k;, = constant(log c¢; — log ¢;)

and
log k¢, — log k:, = constant(log ¢; — log c3)
hence

log(cs/¢1)

log k.. = log k.. + log (k../k.) -
og k., = log k;, + log (k¢ /k:) log(ca/cy)

@

where ¢,, ¢; and c; indicate methanol concentrations in the mobile phase. For cal-
culating the capacity factor k¢, it is necessary to measure the capacity factors k;, and
k;, of the compound at methanol concentrations ¢; and c3, respectively. The impor-
tant feature of eqn. 2 is that it may be valid not only for members of a homologous
series but generally for all chromatographed compounds.

Eqn. 2 was based on the assumption of a linear dependence of log k£’ on log
(methanol concentration) in the mobile phase. It is probable that the concentration
of methanol is only an approximation of another thermodynamic quantity (polarity,
dielectric constant, etc.) describing the methanol-water system. Whatsoever this
quantity may be, its dependence on methanol concentration seems to be at least near
to logarithmic. Thus the approximation using concentration is fairly good, as follows
from Table II, in which the measured capacity factors of N-alkyl phthalimides on
LiChrosorb RP-8% are compared with those calculated according to eqn. 2.

A linear dependence of log k' on the reciprocal of absolute temperature (Fig.
1B or E) can be used analogously to obtain an equation for calculating the capacity
factor of a compound at the same mobile phase composition at any temperature,
kr,, assuming we have measured capacity factors k7, and k7, of the compound at
temperatures T; and T, respectively:

, , y /T — 1T
log k7, = log k7, + log (k7 ,/kT,) - ——I/Tz — l/Ti o
T, (T, — Ts)
= log k7, + 1 kr. k7)) —————
0og KT, og ( T2/ Tl) Ts (T, — TJ)

The error seldom exceeds 3%, which is the error of the chromatographic method
itself, as can be seen from Table I. Eqn. 3 is also not restricted to members of a
homologous series, but it is considered to be valid for all chromatographed com-
pounds.
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TABLE I

COMPARISON OF MEASURED CAPACITY FACTORS OF n-ALKANOLS ON MICROPAK CH-10* (k},)
WITH VALUES CALCULATED ACCORDING TO EQN. 1 (k;,), EQN. 3(k7,) AND EQN. 5(kn,7,)

n-Octanol and n-tetradecanol (#; = 8 and n, = 14) were used as reference compounds at temperatures T, =
308.15°K and T, = 323.15°K.

Carbon Temperature
number
30°C (303.15°K) 35°C (308.15°K) 40°C (313.15°K)
kn kay T3 kusts kK, kas kuyry ki ks T3 kayrs
6 091 0.96 0.93 1.00 0.87 0.93 0.93 0.78 0.83 0.82 0.87
7 1.47 1.48 1.45 1.53 1.34 1.41 1.41 1.26 1.25 1.24 1.30
8 229 2.29 2.35 235 214 - — 1.89 1.89 1.95 1.95
9 3.54 354 3.52 3.62 3.18 3.25 3.25 2.90 2.85 2.88 293
10 5.53 5.47 5.71 5.56 5.05 4.93 4.93 428 431 449 4.39
11 8.43 8.45 8.62 8.54 7.59 7.49 7.49 6.41 6.51 6.71 6.59
12 12.91 13.06 1313 1313 1094 1137 1137 9.62 9.82 9.89 9.89
13 19.9 20.19 2042 20.18 175 1726 17.26 142 1483 1507 14.83
14 31.2 31.20 3101 3101 262 - -~ 224 2240 2225 2225
15 48.8 48.22 49.64 4767 419 39.78 39.78 334 33.82 3556 33.38
16 74.3 7452 7390 73.26 61.2 6039 60.39 519 51.07 5099 50.08

We should emphasize the similarity of eqns. 1, 2 and 3, all of which consist of
two terms, the first always being the logarithm of one of the two measured capacity
factors with subscript n,, ¢; or T4, and the second describing the dependence on
either carbon number (n), log(methanol concentration (c) or the reciprocal of abso-
lute temperature (7). These terms are again formally analogous (see egns. 1-3).

By combining dependences of log k ' on the carbon number (Fig. 1A) and log
k' on log cmethanot (Fig. 1C), an equation for calculating the capacity factor k. ., of
a homologue containing n; carbon atoms at methanol concentration c¢3 has pre-
viously been derived?:

' ‘ ny — M Y log(ca/c1)
lOg kll3c3 = lOg k"l‘l + ;1—2—~n'—1 . IOg(k"zcx/k"x“l) + m .

[(nz —n3) log(ki,c,/kne) + (13 —~ 1) loglkn,cfkne) ]

ny, — Ny (4)
Its validity has been proved by comparing calculated and measured capacity factors
of N-alkyl phthalimides on LiChrosorb RP-82,

Analogously, an equation for calculating the capacity factor k;,r, of a hom-
ologue containing 73 carbon atoms at temperature T3 can be derived by combining
the dependences of log k' on the carbon number and log k' on 1/T (Figs. 1D and E).
According to eqn. 1:

1 d ' n ~ n
log k:l3T3 = log k"xT:a + IOg (kn2T3/kn17'3) . i:TI
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45°C (318.15°K) 50°C (323.15°K) 60°C (333.15°K)

ki kns T3 nT3 ko ks kiyry kn kuy T3 sty
0.74 0.79 0.77 0.81 0.72 0.76 0.76 0.61 0.65 0.64 0.68
1.15 1.18 1.15 1.21 1.07 1.12 1.12 0.95 0.94 093 0.97
1.75 1.75 1.79° 1.79 1.64 - - 1.36 1.36 1.39 1.39
2.60 2.60 2.62' 2.65 2.39 2.4 2.40 2.02 1.97 2.00 2.00
391 3.87 4.00 3.93 3.58 3.53 3.53 2.88 2.85 2.9 2.87
5.75 5.75 5.96 5.83 5.31 5.17 5.17 4.13 4.12 426 4.11
8.38 8.55 8.64 8.64 7.46 7.58 7.58 5.99 597 5.90 591

12.59 12.71 13.04 12.81 11.33 11.12 11.12 8.28 8.64 8.67 8.48

18.9 18.90 19.00 19.00 16.3 - - 12.50 12.50 12.16 12.16

28.8 28.10 30.33 28.17 26 23.90 23.90 17.6 18.09 19.37 17.46

42.5 41.78 42.73 41.78 36 35.05 35.05 26.6 26.18 25.95 25.06

TABLE II

COMPARISON OF MEASURED? AND CALCULATED (EQN. 2) CAPACITY FACTORS FOR
N-ALKYL PHTHALIMIDES ON LICHROSORB RP-8 WITH METHANOL-WATER AS THE MO-
BILE PHASE

Methanol-water ratio Phthalimide

N-Butyl N-Pentyl N-Hexyl N-Heptyl N-Octyl

k :neu k;ak k:nu: k;-lc k :nm ;alc k:vmu :nlc knlnm k:mlc

50:50 12.16 13.00 - - - - - - - -
55:45 694 755 1262 14.04 — - - - - -
60:40 446 459 762 7.88 13.00 1365 -— - - -
65:35 291* — 4.63* — 747" — 12.19* — 19.47% —
70:30 1.84 191 274 283 414 427 631 651 9.54 9.65
75:25 1.20 129 169 179 242 254 349 363 5.01 5.10
80:20 086 089 116 117 154 156 209 210 280 2.80
85:15 0.63* — 0.78* — 0.99* — 1.26* — 1.60* —
90:10 - - 056 053 065 064 080 078 096 094
95:5 - - 040 037 044 043 051 049 058 0.57
100:0 - - - - 032 029 035 032 038 036

* Used as reference data for k;, and k2 (see eqn. 2); ¢; = 65% and ¢, = 85% methanol.
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and using eqn. 3 for expressing k, r, and k,,r,,

' ’ ’ r Tz(Tl — Ts)
l0g kir, = log Kz, + 1oBeryfkiir) - 1o~
and
’ ’ ’ ’ TZ(TI — T_3)
log kn21'3 = 10g knle + log(kanz/knle) ' T3(T1 _ T2)
we obtain
’ . ’ n3 - nl ’ ’ TZ(TI - T3)
log kn3T3 = log k"1T1 + n; —m . log(knle/kanl) * T(T, — T») .

|:(n2 —n3) log(ky, r,/kn,7,) + (13 — ny) 10g(k;2T2/k:ule)iI )

n, — nm

Comparison of the capacity factors of n-alkanols on MicroPak CH-10 measured by
Vigh and Varga-Puchony* with those calculated according to eqn. S is given in Table
I '

The dependence of log k" on 1/T (Fig. 1B) and log k' on 10g cmethanat (Fig. 1F)
were used in the same manner to derive an equation for calculating the capacity
factor k;,r, of any compound assuming a knowledge of the four capacity factors
ki 1, ke,1,, ki, and ki, 1, at two different temperatures T and T, at two different
methanol concentrations ¢; and c,, respectively:

log(ca/cy) T(T, — T»)

log ki.r. = log kl. 1. + - log(ki,r, ki r,) + :
08 Kty = 1B KT, Sogtegfeny B ) T e, )

|:1°g(6‘2/03) - log(kt,r,/ki,r,) + log(csfey) - log(keyr,/ke;r.) ] ©
log(c;/cy1)

The agreement of the calculated data with those measured by Grushka et al.? for
alkylbenzenes is fairly good, as can be seen from Table III.

All three eqns. 4, 5 and 6 consist of three terms, the first always being a log-
arithm of the measured capacity factor with subscript 1. The other two terms describe
the dependence of the two variables on one another. These terms again exhibit strik-
ing similarity.

On combining all the dependences drawn in Fig. 1, we can derive a general
equation for calculating the capacity factor k,.,r, of a homologue containing n3
chain carbon atoms at methanol concentration ¢; and at temperature T5. According
to eqn. 4:

ny —m

, , ToT; — T)
 log(ky e r [Kne,r,) + L= Ty

log Ke,r, = log kje,r, + To(T, — T2)
Of Knye,T, O KnyeyT, n, — ny TS(TI - TZ)

[ (ny —n3) log(kh e,k cir) + (13 — n1) 10g(Kknc.r,lkne,r)) ]
Ry — Ny
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TABLE 111

COMPARISON OF MEASURED CAPACITY FACTORS OF n-ALKYLBENZENES? (k) WITH VALUES
CALCULATED FROM EQN. 6 (ks) AND EQN. 7 (k%) FOR cmethana = 90%

The reference data used were the measured capacity factors for hexyl- and decylbenzene (n, = 6, n, = 10) at ¢,
= 80% and c; = 100% methanol at T, = 313.35°K and T, = 324.15°K3.

Carbon  Temperature (*C)
number

29.2 35.0 40.8 46.0 50.0

knm ks k5 kn ks kb km k& Ky  km ks k5 km ke k45

040 046 046 037 037 038 033 032 034 034 028 030 034 025 027
058 062 060 048 0.50 0.50 046 042 044 044 036 039 042 032 035
066 075 078 0.64 0.63 066 061 056 0.58 0.57 049 051 055 045 046
091 099 1.02 085 083 086 082 074 075 076 065 0.66 073 059 0.60
122 123 133 112 107 112 106 097 099 099 088 087 094 081 079
1.60 173 1.73 149 146 146 139 129 129 129 114 114 122 103 1.03
216 225 226 197 190 191 184 168 169 170 148 149 149 135 136
288 295 295 261 251 249 244 223 221 219 198 195 204 181 178
382 389 385 345 329 326 314 291 288 285 257 255 264 234 233
10 509 5.02 502 462 425 425 408 377 377 3.69 334 334 341 305 3.05
11 675 674 6.54 596 S5.63 556 534 494 493 474 433 438 443 392 4.00
12 9.01 898 854 780 741 726 704 643 645 6.15 558 573 564 502 524

OO0~ N BN

and according to eqn. 2:

’ ’ ’ ! log(c /c )
log k"1‘3T1 = log k"lclT1 + 1Og(knlczT1/k"101T1) ’ m
’ l ' . log(c /C )
log knzc3T1 = log knzclTl + log(knzt‘le/k"z"'lTl) ) Gg—(c—:/_;i-)
’ , , , log(ca/c1)
log kn1C3T2 = log knlcsz + lOg(knlcsz/knnﬁTz) ' M
and
, , , ) log(ca/cy)
log knz€3T2 = log k"zcsz + IOg(k"zcsz/knzclrz) . m

and thus
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ny — ny

, , TNT, — T
log Kiyeyr, = 10g ki1, + - Ty - Ty)

Ty(T, — Tz).

- log(knye,r,/Knc,,) +

2 —

[mz—m)mamﬁnmggg+-ms—nomgmﬂnmgﬂg]+

n, — m

log(cs/cy) . {TZ(TI — T3)

log(cz/cy) \Ts(Ty — T2)

(na —13) log(kn,c;r,fkne,r) + (13 = o) loglhkneyrfhae,r) |
ny — n

T(T; — Ty)

Ty(Ty — Ty)

hy — my

[}m—mn%mﬁmmﬂm+0u—mn%wﬁumﬂm]}m

All the symbols are analogous to those used in the previous equations. Good agree-
ment was obtained between the data calculated according to eqn. 7 and those ob-
tained by Grushka et al.? for alkylbenzenes, as can be seen in Table III.

All the above equations are additive functions of log k', which is linearly de-
pendent either on the carbon chain number, the reciprocal of the absolute temper-
ature or log(methanol concentration), or their combination. These equations enable
the chromatographer to calculate the capacity factor of any member of a homologous
series at any mobile phase composition and/or at any temperature, and thus predict
the retention behaviour of a solute or, conversely, to calculate the chromatographic
conditions for a-desired retention time.

Whereas eqns. 1, 4, 5 and 7 are restricted to members of homologous series,
eqns. 2, 3 and 6 are general for any solute chromatographed at any mobile phase
composition and/or at any temperature. The acquisition of the data for calculation
is also very simple; for calculation according to eqns. 2 and 3 it is necessary to obtain
only two values of the capacity factors of a compound at two different methanol
concentrations ¢, and c,, or at two different temperatures T; and T, respectively,
which is a matter of making two injections. Only one injection of a mixture of two
homologues is required for calculating k;, according to eqn. 1.

Eqns. 4, 5 and 6, which contain two variables, require four values of measured
capacity factors, and for calculating k, .., (eqn. 7), where all the three parameters
are varied, eight values of capacity factors have to be obtained. In all instances it is
a matter of making up to four injections.

The error seldom exceeds the error of the chromatographic method itself (3%),
and the higher errors occur especially in the following instances: (1) calculations of
capacity factors of the first, non-linear members of a homologous series; and (2)
calculations including the percentage of methanol in the mobile phase, which has
been discussed above together with the derivation of eqn. 2. Even then the agreement
between the measured and the calculated data is fairly good, as shown in Tables I-
I1I.
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Fig. 2. Flow chart for caiculating eqns. 1-7.

Eqn. 7 can be simplified to eqn. 4 provided that the capacity factors are not
dependent on temperature, and hence capacity factors with subscripts T, are equal
to those with subscripts T, e.g., knc,r, = knye,7, and Ky c,r, = kp,c,1,. Hence, the
fourth term in eqn. 7 would be simplified to the third term in eqn. 4 and the third
term in eqn. 7 would be cancelled out. In other words, it occurs in the case when
Tii_r.nr1 (T, — Ty =0.

Similarly, when the capacity factors are assumed to be independent of the
methanol concentration, e.g., kn,.,7, = Kn,,r,, €qn. 5 is obtained, and non-depen-
dence on carbon number leads to eqn. 6. In an analogous way, eqn. 4 is reduced to
either eqn. 1 or 2, eqn. 5 is simplified to either eqn. 1 or 3 and eqn. 6 to eqn. 2 or 3.

Unfortunaly, eqn. 7 itself cannot be used as a universal equation for calculating
the capacity factors, even though it consists of all eqns. 1-6, but an appropriate
equation must be chosen according to the problem to be solved. Nevertheless, the
similarity of the equations aids in creating a programme for a calculator. For ex-
ample, the entire eqn. 1 is a part of eqn. 4, which is a part of eqn. 7; eqn. 2 is a part
of eqn. 6, etc. For the sake of clarity it is useful to supplement the missing subscripts
with index 1, e.g., ki, = k;, ., v, and k,. 7, = k;, ., 7,. The flow chart of the programme
used for all the calculations in this paper is shown in Fig, 2.
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