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ELECTROKINETIC DETECTION IN REVERSED PHASE HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY
PART I. QUATERNARY AMMONIUM ION-PAIRS
OF SOME VOLATILE FATTY ACIDS

Wiktor Kemula, Bronistaw K. Gtdd and Wtodzimierz Kutner
Institute of Physical Chemistry
Polish Academy of Sciences
Kasprzaka 44/52
01—224 Warszawa
Poland

ABSTRACT

The conditions of electrokinetic detection were elaborated for tetraethylammo-
nium, TEAT, ion-pairs of volatile fatty acids{acetic, propionic, isobutyric and va-
leric) in reversed phase high performane liquid chromatography, HPLC. To eliminate
the dependence of the retention volume Vg, on the concentration of acids found in
the first part of this work, TEA* was added to the non-buffered mobile phase. In
the presence of pairing TEAT ions, VR appeared to be invariant with the concentra-
tion of acids in the sample in a definite concentration range. The detectability of
the detector, with a polytetrafluoroethylene, PTFE, capillary as its working unit,
was of the order of 107 mole and the reproducibility was 5% (relative standard
deviation, R.S.D., for ten consecutive injections). The linear dynamic range exten-
ded over two orders of magnitude of the acid concentrations.

EXPERIMENTAL

The detector and chromatograph construction as well as the chromatographic
procedure have been described in part 1 of the present work [1]. As working units
of the detector PTFE, borosilicate glass {Jena, GDR) or 1TH18N9T stainless-steel
open tube capillaries of different diameter and lengh were used.
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The mobile phase solution was prepared using redistilled water and analytical
grade methanol (E. Merck, Darmstadt, FRG). Tetraethylammonium perchiorate,
TEACIO,, was prepared according to [2] by precipitation of the water insoluble
TEACIO, from the aqueous solution of analytical grade tetraethylammonium bro-
mide, TEABr, (Reahim, USSR) and HCIO, of the same grade (VEB Laborchemie—
—Apolda, GDR) at 60°C.

RESULTS AND DISCUSSION

In part 1 of the present work [1] the HPLC separation and electrokinetic detec-
tion conditions of volatile fatty acids (acetic, propionic, isobutyric and valeric) were
eleborated. The retention volumes of acids appeared, however to be strongly depen-
dent on their concentrations. That is why in the present paper attempts are made to
eliminate this effect by separating the acids in the ion-pair reversed phase HPLC
mode.

The electrokinetic measurements were carried out with dielectric, i.e. PTFE,
borosilicate glass or metal, i.e. stainless-steel, capillaries of different dimensions as

working units of the detector. The results, if not stated otherwise, have been obtained
with the PTFE capillary {20 x 0.4 mm |.D.).

The retention volumes of the studied acids in ion-pair reversed phase chromato-
graphy appeared to be independent of the concentration of acids in the injected
sample in a definite range of concentrations, depending on the concentration of
TEA™ in the mobile phase. Thus, the chromatogram obtained under these conditions
(Fig. 1) does not differ much from that obtained for acids in the absence of TEA*
{cf. Fig. 1 [1]). Also the dependence of changes of the streaming potential, A{Ay),
on the mobile phase flow rate, J, was analogous to that presented in Fig. 4 of ref.
[1]. The change of the sign of chromatographic peak heights (Figs. 1 a and 1 b) is
observed as previously for flow rates higher than some critical value, J°. When the
mobile phase of the same composition as previously {MeOH + H,0 (10 + 90} v/v)
contained additionally 10 M TEACIOQ, (this mobile phase was used in further
experiments), the retention volume is independent of concentration of acids in the
injected sample in the acid concentration range 107° —107 M (Fig. 2). Practically up
to the acid concentration of 5x10° M the changes of the retention volume are so
small that a change of the sequence of chromatographic peaks is not likely. In Fig. 2
the dependence of the retention volume on concentration of acids is shown as de-
terminated directly (dashed line) and by the ion-pair method (solid line) at 10™* M
TEACIO,. That figure shows that after addition of TEACIO, to the mobile phase
at a concentration not exceeding 107 M (without a buffer) the retention volume of
the studied acids is independent of the acid concentration in a wider range of their
concentrations than in the absence of the pairing counter jon (cf. Figs. 1 b, ¢c and
3 b, cin[1]). In Table 1 the influence is presented of TEAY concentration on the
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HPLC chromatogram of volatile fatty acids separated as ion-pairs on

stainless-steel column 150 x 4 mm 1.D., LiChrosorb RP-18, 10 um, recorded using
the electrokinetic detector with PTFE capillary {20 x 0.4 mm 1. D.}, sample size
5 ul; mobile phase 10®* M TEACIO, in MeOH + H, O (10 + 90) v/v; acids con-
centrations in M, and flow rates in ml min™:a — 10, 42; b - 102, 06; ¢ —
10™, 0.6. The peaks: 1 — acetic, 2 — propionic, 3 — isobutyric, and 4 — valeric

acid.

3 \ricm®

[8;]

10°¢

FIGURE 2. Dependence of retention volume on concentration of volatile fatty
acids {(dashed lines): acetic (O), propionic (A}, isobutiric (), and valeric { V) and
of their ion-pairs {solid lines). Flow rate 0.6 ml min™, other conditions as in Fig. 1.
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FIGURE 3. Dependence of height (a) and logarithm of height (b) of HPLC chro-
matographic peaks recorded using the electrokinetic detector with PTFE capillary
(20 x 0.4 mm |. D.) on concentration (a) and logarithm of concentration (b} of
propionic (A), isobutiric {O), and valeric (O), acids separated as jon-pairs in re-
versed phase HPLC; other conditions as in Fig. 2.

acids detectability, W, and on the maximum concentration of acids, ¢™M2X%, at which
the changes of Vg are so small that a change in the elution sequence of acids could
not occur. As it is seen, the increase of TEA' concentration in the mobile phase
causes a decrease of detectability but also a shift of the acid concentration range,
in which VR is independent of the concentration of acids, towards higher concen-
trations. When the concentration of TEAY increases by one order of magnitude, the
peak heights decrease several times. At the concentration of TEAY equal t0 107* M
the peak heights are about ten times smaller than in the absence of TEATY. Fig. 3
shows the dependence of the peak heights (3 a) and the logarithm of the peak heig-
his (3 b} on concentration {3 a) and the logarithm of concentration of acids {3 b)
determined as ion-pairs. From this figure it is seen that the linear dynamic range
extends to at least one order of magnitude, i.e. 2x10™° —7x10™ M or 2x10% —1x107*
M for the cases presented in Fig. 3 a nd 3 b, respectively. The slope of all curves in
Fig. 3 b, dlog[a{Ap))/dloge, is the same and equal to about unity. Within the linear
sections of the calibration curves the response of the detector may be described by
the known formula

Alag) = A{ap)° + k",

where: A(Ag)® is the residual signal of the changes of streaming potential, k the
sensitivity and n the detector response index.
Then for A{Ag)>A(Ap)° we have

logafay) = logk + nloge.



17: 33 24 January 2011

Downl oaded At:

ELECTROKINETIC DETECTION. II 1841

TABLE 1

Dependence of the Detectability of Propionic Acid, WeonscooH: and Its Maxi-
mum Concentration c(r:n;ﬁ5COOH, at which the Changes of Vg are so Small That

the Change in the Sequence of Peaks Could not Occur, on TEAY Concentration.

¢TEACIO, ] W, H,cooH M1 "'gj-)l(sCOOH ]
0 5x1077 bx107%
107 (2-5)x1077 8x107
10° (2-5)x107 Bx 107
10™ (2-5)x107 5x1073
107 5x 107
10° 5x10™ _

For the studied acids in the range of almost two orders of magnitudes of concentra-
tion n = 1, and the sensitivity of the detector for all acids is in the limits of {2—8)x
x10™* for concentrations of acids smaller than 7x10™ M, and for higher concen-
tration it is about half that value. In ion-pair HPLC of acids the reproducibility is
better than 5% (R.S.D. for ten consecutive injections), like in direct HPLC deter-
mination of acids. With the increase of flow rate in the ion-pair chromatography
method for J < 3.4 ml min™® a decrease of the peak heights was observed. For
J = 3.4 ml min™ the peaks disapear altogether in the chromatogram. For J > 3.4
mi min™ the peaks change their sign to negative and their absolute value increase.

In Fig. 4 the dependence of HPLC chromatographic peak heights of propionic
acid of different concentration {1x10™, 5x10™, 10x10™ M) on the flow rate is
presented. Analogous curves were obtained for other acids. As it is seen, the value of
the flow rate at which the relationship AlAg) = f{J) passes the zero point, JO, is
independent of the acid concentration. For the PTFE capillary {20 x 0.35 mm 1.D.)
this value is 1.65 ml min™, It should be noted that at higher flow rates, in this case
higher than 4.8 ml min™, we observe like in the direct method a decrease of the
absolute value of peak heights {i.e. atJ = 4.8 ml min™ the relationship A(Ag) = f/)
has a minimum),

With the increase of the PTFE capillary diameter, of 15 mm length, the peak heights
decrease (Fig. 5). At the same time the stability of the baseline potential is impro-
ved, Changes in the capillary diameter do not influence the relative reproducibility
of the detector. However, for capillaries of smaller diameters longer time was requi-
red for the baseline potential to stabilize. With the increase of the capillary length (Fig.
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FIGURE 4. Plot of chromatographic peak height, A{Ay), against flow rate, J, for
0.1 {v), 0.5{0O), and 1 mM (A} propionic acid, dashed line—the baseline poten-
tial; other conditions as in Fig. 2.
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£IGURE 5. Plot of chromatographic peak height, A(Ag), vs inner diameter, d,
of PTFE capillary 15 mm long for 1 mM propionic (O}, isobutric (A), valeric (O)
acids; other conditions as in Fig. 2.
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FIGURE 6. Plot of chromatographic peak height, A{Ay), vs length, /, of PTFE
capillary (0.2 mm 1.D.) for T mM propionic (A), isobutric (O}, valeric { ¥} acids;
dashed line—the baseline potential; other conditions as in Fig. 2.
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FIGURE 7. Dependence of height of HPLC chromatographic peak, A{Ag), on
flow rate, J, for 1 mM acetic (O), propionic (A), isobutyric {O), valeric (V) acids.
The detector working unit—borosilicate glass capillary (20 x 0.13 mm [.D.) other
conditions as in Fig. 2.
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FIGURE 8. Dependence of flow rate, J°, corresponding to the zero peoint of the
relationship A{Ay) on J, on diameter, d, of dielectric capillary 20 mm long; PTFE
(@), borosilicate glass (O); other conditions as in Fig. 2.

6) the peaks heights increased as well but at the same time the baseline potential
became less stable and shifted towards more negative values.

Substitution of the PTFE capillary {20 x 0.4 mm 1.D.} for the borosilicate glass one
{20 x 0.13 mm LD.) led to a fortyfold increase of the peak heights (Fig. 7).
However, the baseline potential was less stable, what was the reason why the rela-
tive reproducibility was only about 5% (R.S.D. for ten consecutive injections).
Hence, the general cenclusion can be made that the application of a capillary of a
smalier inner diameter leads to the increase of the absolute value of the baseline po-
tential (this was why the use of the borosilicate glass capillary at J > 1.2 mi min™
was impossible) and of the peak heights, and also makes A (V6) more sensitive to
changes of J. For the glass capillary J° = 0.21 ml min™ . Fig. 8 shows the dependen-
ce of JO on the diameter of the capillary made of a dielectric. As it is seen, JO increa-
ses with the increase of the capiliary diameter.

The chromatographic peaks obtained using a stainless-steel capillary (40 x 0.2
mm 1.D.) were about twice smaller than these obtained when using the PTFE one
(20 x 0.4 mm 1.D.); when a stainless-steel capillary (20 x 0.2 mm 1.D.) was used
the peaks were hardly distinquishable from noise. The reproducibility for the stain-
less-stee! capillary {40 x 0.2 mm 1.D.} was better than 30% {R.S.D. for ten consecu-
tive injections}. The nature of the recorded chromatograms was unaffected irrespec-
tive of whether streaming potential was measured against earth at the working (3}
or at draining {(6) capillary (see Fig. 1 in [1]). No change of sign was observed at the
dependence of peak heights on the flow rate in the accessible range of J, i.e. from
0.06 to 6.0 ml min™ for the stainless-steel capillary (40 x 0.2 mm 1.D.). Moreover,
in contrast to the working capillary made of a dielectric, only a minor increase of
heights of the chromatographic peaks with the increase of flow rate was observed.
This is why the stainless-steel capillary seems 1o be more useful for analytical pur-
poses.
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GENERAL DESCUSSION AND CONCLUSIONS
The electrokinetic detector is specific for ionic and universal for nonionic subs-

tances [3]. This may be explained by the Smoluchowski equation [4— 6],
which may be expressed in following forms

Agp = q8Ap/mk = eeoAp/4m7K = eeoflv/ZmuS,

were:

q — surface density of charge, C m™?,

5 — thickness of the mobile part of the electric double layer, m,
Ap — pressure difference at capillary ends, Pa,

n — dynamic viscosity coefficient, P,

k  — specific conductivity, @' m™,

€ — dielectric constant, n. dim.,

e, — dielectric constant of vacuum, 8.9x10™"* Fm™,
¢ — electrokinetic potential, V,

v — flow velocity of fluid, ms™,

r — radius of capillary, m.

After sample injection the value of ¢, k, ¢, and n of the mobile phase change. In di-
lute solutions the change of € and m are very small. If, in injected sample solution,
an jonic substance is present, x and ¢ also change markedly, due to the change of the
thickness of the electric double layer. For instance, for water of very high purity
at 20°C p = 1.002 cP and ¥k = 10®—107Q™ cm™, wheres for 20% acetic acid at
the same temperaturen = 1.41cPandx =1.61 Q7 cm™ {7].

The electrokinetic detector appeared to be very sensitive even to minor contami-
nations of the surface of the inner capillary wall. if the surface was “'poisoned’’ with
irreversibly adsorbed substances {e.g. quaternary ammonium ions, or higher fatty
acids of high concentration) two or even three peaks were observed. To avoid this
effect the detector had to be washed with 20 or even 200 cm?® of the mobile phase
which was pumped through it [8].

In the presented detector design the working capillary was connected directly
to the chromatographic column. Because of the very small dead volume of the de-
tector of ca. 2 ul the detector seems to be particularly suited for liquid capillary
chromatography [9, 10].

The detector model described here was used for measuring the potential. There-
fore it is particularly useful for reversed phase liquid chromatography in which the
electrokinetic conductivity of the mobile phase is usually higher than 107107
Q*em™,



17: 33 24 January 2011

Downl oaded At:

1846 KEMULA, GLOD, AND KUTINER

The construction of the presented model of the electrokinetic detector is very
simple. The detector may be made from materials available in any laboratory. The
peak heights measured are almost invariant with temperature, The detector is cheap
and easy to handle. However, its reproducibiity might be the object of improvement.
The detector can be used only to the limited number of separated systems. 1t is less
sensitive to non-polar substances and it is difficult to use when the mobile phase
contains buffers or substances which adsorb specifically on the inner surface of the
capillary wall. It cannot be used in LC with gradient elution or flow rate. The mobi-
le phase must be degassed before use because any bubble of gas when entering the
detector cuts the electric circuit and as a result a peak is formed on a chromatogram.

As it was shown, better detectability and reproducibility were obtained with the
dielectric capillary than with the metallic one. The detectability for acids determi-
ned with the use of the PTFE capiliary (20 x 0.4 mm 1.D.}'was of the order of 107*?
mole, and for non-ionic substances (e.g. ketones) of the order of 107'° mole [11].
The reproducibilty for this capillary was better than 5% (R.S.D. for ten consecutive
injections). The linear dynamic range of the detector extended to more than one
order of magnitude of concentration. Nearly the same linear dynamic range of fatty
acids was reported for the electrokinetic detector in which the streaming current was
measured [3] and for the UV (210 nm} detector [12]. But the detectability of the
former one was only 5x107° —1x107® g [3], and the lower limit of the linear dynamic
range of the latter was 2.5x1077 mole [12].

The presented detector model reveals a much smaller dependence of its baseline
on the flow rate as compared with the detector with which streaming current was
measured [3]. With the increase of J by 0.1 ml min™? in the range of 0.6—1.8 ml
min™, the baseline potential increased by only 35 mV for the mobile phase of the
composition MeOH + H, O (10 + 90) v/v or of 25 mV for 10™* M TEACIO, in
MeOH + H, O (10 + 90) v/v, respectively.

It has been shown that even at concentrations of the quaternary ammonium
cations without buffers as small as 10 —10™ M the determination of volatile fatty
acids was possible in the ion-pair chromatography system. The addition of quater-
nary ammonium pairing cations to the mobile phase made the retention volume
independent of acid concentration in the injected sample in a definite range of con-
centrations. However, in this case the reproducibilty of the detector was poorer (e.g.
107'° mole for L‘TEA+ = 107 M).

For capillaries made of a dielectric a pronounced dependence was observed of
chromatographic peak heights on the flow rate. The value of J© was independent of
the concentrations of acids, but it was the higher the greater was the diameter of
the capillary used. The longer was the capillary or the smaller was its diameter the
higher were the peaks observed, but the relative reproducibility for all of them was
unaffected.

The reproducibility and detectability of the detector equipped with the stain-
less-steel capillary was in fact poorer than that of the detector with the PTFE ca-
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pillary and equaled about 30% and 2.6x10™° M, respectively; however, the heights
of peaks in the former were less dependent on the flow rate, what might be advan-
tegeous in analytical practice.
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