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The conductivity detector?-* and the potential gradient detector>:* have recently
attracted attention as universal detectors for isotachophoresis. The former was found
to have the disadvantages that it is necessary to change the operating conditions each
time an electrolyte of different concentration is used, and that the resulis are influenced
by the resistance of the sencing electrodes®. The latter, in ccatrast, has no such dis-
advantages and in fact has the advantage that identification of compounds can be
easily accomplished from the ratio of potential gradients®®. Neither of these two
detectors presently available, however, ensures satisfactory sensitivity for practical
application to analyses of trace components in biological samples.

With the intention of exploring the possibility of increasing the sensitivity, we
have performed a series of experiments with the potential gradient detector in order to
clarify the current-density dependence of bubble generation and the influence of the
inner diameter of the sensing cell, the inner diameter of the capillary tube and the
temperature and concentration of the electrolyte on the sensitivity.

EXPERIMENTAL

. The equipment used was a Shimadzu IP-1 isotachophoretic analyzer>.

Fig. 1 shows the sensing cell of the potential gradient detector. A PTFE disc
insulator is sandwiched between two sensing electrodes (platinum discs). The sensing
tube and the spacer tube have the same inner diameter, and the length of the spacer
tube is about 100 times the gap (thickness of the PTFE insulator) between the elec-
trodes, so that the diffusion of the samples into dead spaces existing at the joints is
rmmrmzed

RESULTS AND DISCUSSION |

Generation of bubbles and current density 7
Fig. 2 shows the relationship between the current demnsity and the. time neces-
sary for bubbles to be generated electrochemically on the sensing electrodes for differ-
“ent contact surface areas. The capillary tube and the sensing cell were filled with 0.01 M

glutamic acid solution. :
As the time necessary for bubbles to be generated is detenmned by the current
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Fig. 1. Sensing cell for potential gradient detector. 1,2 = Cell body (PTFE);3 = spacer tube (PTFE);
4 = fitting guide (PTFE), 5 = fitting plug; 6, 7 = slip ring; 8 = PTFE sealing tape; 9 = PTFE-
sléeved leadwn-e 10 = capillary tube: 1t = PTFE dlsc msulator 12= sensmg electrods (platmum
dxscs) . ,
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Fig. 2. Bubble generation time as a function of current density and the surface area of the sensmg
clecirodes coming mto conw.ct wnh the electrolyte. - -

: densxty and the contact surface area, the sensnmty can be enhanced or the analysxs
time can be reduced only to a certain extent by decreasing the inner diameter of the:
“sensing cell. The smallest possﬂ)Ie thickness of the platinum discs that could be used
in ‘our experiments was 0.01 mm and the smallest possxble inner dlameter of the v
sensing cell was 0.2 mm. o
~ When these platmum discs and sensnng cell were used the greatest measurable
mxgratlon cun'ent was. 25—30 LA oo

Sensitivity of sensmg ceII ’ T . T
. Table I shows the’ mﬁuence on the sensmvxty of the mner d‘ameter of the-,
capillarv tube and the gap between the snnsmg electrodes. It shows that the minimum -
,detectable amount is “determined by the inner diameter of the sensing cell and the .
gap between the spnsmg electrodes, and that it is not mﬁuenced by the mne:: dxameter;_’,
: of the capx!la.ry tube, Mth-n the rang% studxed m cur expenments. . ' .
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’TABLE i

MENIMUN' DETECF ABLE AMOUNT OF ADIPIC ACID
) Lmdmg electrolyte 0.0! M histidme—o 01 M histidine- HCI Terminal ele.:trolytc. 0.01 M gluta.rmc
. acid: .

- Inner diameter of - - Inner @'iametef of ' Gap between sensing’ . Mininuan detectable

" sensing cell (mm) - capillary tube (mm) electrades {mm) amount of adipic acid
BT T ; ) " (g-equiv.)
02 - 025 005 . ' 1-10-%
02 . . 05 0,05 : “1-107%
05 - ) 0.25 0.65 5-10"1°
05 : 0.5 v 005 5-10-10
0.5 0.5 ‘ 0.5 ' ©1-107°
0.5 - 05 - 01 8-10-1
5x100g-equiv  2x10"0g-equiv  1x107%g-equiv
L . L Temperature 23° Temparature 5°
«—12gec—> <12 sec—> “—l2sec— 12sec . 12sec

Fig. 3. Isotachopherograrms of trace amounts of adipic acid. Leading electrolyte: 0.01 A histidine—
0.01 Af histidine- HCL. Terminal electrolyte: 0.01 M glutamic acid. Sensing celi: 0.2-mm L.D. Capillary
tube: 0.25-mm LD. Interval of sensing electrodes: 0.05 mm. Migration current: 25 xA. Thermostat

temperature: 23°.

Fig. 4. Influence of thermostat temperature. Leadmg electrolyte: 0.01 Af histidine-0.01 M histidine-
HCL Teimminal electrolyte: 0.01 A glutamlc acid. Sample: 1-107'° gequiv. adipic acid. Migration
.»;current 25 pA.

Fig. 3 shows an example of the detection of a trace amount of adlplc acid. The
detection limit under-the conditions used was 1-10-1° g-equiv.
When the thermostat temperature was set at 5°, using the same sensing cell, the
. potent;al gradxent was increased 1.5-fold compared thh that at 23°, and the peaks were
- higher, as shown in Flg. 4, but there was no distingnishable difference in the minimum
detectable zamount. -

, Fxg 5 shows the detectlon limit when 0.001 M leadmg and termmal electro-
lytes were used. Tt was found that addition of 0.05% of Triton X-100 (ref. 7) to.the
. leading electrolyte makes it “possible to detect 5-10~ g-equiv. of adipic acid as two

_peaks. From these experimeénts, it can be concluded that the enhancement of the
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Adiic Acid 3 S x 10"~ equiv

Potential Gradient 7

Dafferenhai of

Potantial Gredient [ ’

«i2sec> ’ - -<l2 sec>
without Triten X~i0O with 0,05% Tnion X- IOO .

Fig. 5. Detection limit of sensing cell. Leading electrolyte: 0.001 A hlstxdme—o 001 M histidine- HCI
Terminal electrolyte 0.001 A glutamic acxd.‘Mlgrauon current 2.5 A, e

sensitivity by use of a low-concentration electrolyte cannot be recommended because
it would decrease the sharpness of the zone boundaries.

It is expected that it will become possible to reduce the inner diameter of the
sensing cell by minimizing the contact surface area of the sensing electrodes, and then
to enhance the sensitivity further. : :
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