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exposed is therefore very large. It is accepted that at very high relative
humidities, with water condensing on the crystals, the detector will not
work, although the exact upper limit of relative humidity which can be toler
ated has not yet been assessed.

The aim of continuous monitoring of the water vapour concentration is to
permit correction for humidity change to the response of the TDI detector
crystal. High sensitivity is therefore less important than a known and repro
ducible response to water vapour. PEG 400 (polyethylene glycol, molecular
weight 400) and PEG 1540 were used to model the system initially, as pre
vious work had given experience with PEG [4]. Cobalt(II) chloride was
chosen as a coating for humidity correction to be used with TOPO based on
work here and on experience elsewhere with hydrated metal salts [5].

Performance criteria
Janghorbani and Freund [6] described the response characteristics of a

liquid-coated quartz piezoelectric crystal in terms of a partition detector for
vapour dissolved in a gas stream. From this approach:

I1fy/Cg = I1fxKyx/np (1)

where I1fx is the incremental frequency on first coating the crystal with
material of density p. The term I1fy /eg can be termed the sensitivity of the
crystal, where I1fy is the frequency change observed on exposing the crystal
to a gas-phase concentration of y equal to Cg • This is a useful equation be
cause I1fx can be measured readily, and there is no term in the equation
relating I1f to a mass change 11m, so that inhomogeneities in sensitivity over
the crystal surface are hidden both for the coating and, since one assumes
that the analyte gas is adsorbed only onto the coating material, for the gas.
The term K yx is the ratio of the concentration of component y, in the liquid
phase of the coating (x), to the concentration in the gas phase.

Assuming no density change on adsorption, p can readily be measured for
liquids and possibly waxes. The value of n can be measured because in prac
tical terms it is the numerical ratio of the carrier gas flow rate to the cell
volume. Edmonds and West [7] derived similar equations to Eqn. 1, and to
those of Janghorbani and Freund [6]. They also measured a sensitivity (the
inverse of that described here), and commented on the usefulness of measuring
the frequency decrease on coating the crystal. They produced results for
chloroform on various substrates to support this theoretical approach.

The sensitivity of the crystal, i.e., the gradient of the response-concentra
tion graph, can therefore be directly related to an intrinsic property of the
coating, K yx and, when the respective gradients are compared, is a direct
measure of that parameter.

It should not be forgotten, however, that this theory is applicable only to
coatings where the 'dominant mechanism of solute pick-up is dissolution'
and not other mechanisms such as substrate adsorption [6] .

For TOPO, the coating eventually chosen for this work, it was found, as
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SUMMARY

A tetrachlorothallate(III)-selective electrode based on the tetradecylphosphonium
tetrachlorothallate(III) ion-pair complex in a PVC membrane is described. The mechanism
of the influence of the hydrochloric acid content of sample solutions is discussed in detail.
Electrode membranes made with and without dibutyl phthalate as plasticizer were investi
gated. The membranes without plasticizer are better with regard to selectivity and limit of
detection (2 x 10-7 moll-I).

Ion-selective electrodes based on extraction have been dealt with in many
papers. Quaternary salts have been suggested as electroactive material [2-5] ,
in the fonn of liquid-membrane or PVC-membrane electrodes. The electro
active material may, in some cases, serve as plasticizer as well, thus making
any other plasticizer such as dibutyl phthalate unnecessary. Investigations in
this field have led to the development of ion-selective electrodes which show
reasonable selectivity for chloro complexes of some metal ions [6, 7].

In an earlier paper [1] , a new electrode sensitive for trichloromercurate(II)
ion was described which has a better performance than other similar electrodes
described in the literature [5, 7]. This paper deals with a new ion-selective
electrode of the type described above, which is sensitive for tetrachloro
thallate(III) ion. The electroactive material is the tetradecylphosphonium
tetrachlorothallate( III) salt.

.EXPERIMENTAL

Reagents and membranes
Electroactiue material. The tetradecylphosphonium tetrachlorothallate

(III), (C lOH21 )4P [TICI4 ] , was prepared by a process analogous to that described

aFor Part 1, see ref. 1.
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