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substrate concentration. Even reactors operating in the Michaelis-Menten
region (So "'" K~PP» have disadvantages analytically because the output is
a non-linear function of the input (cf. the lower curve in Fig. Ie). The
linear range can be made to approach or even pass K~PP) if the fractional
conversion is made very high, K~PP) can be increased by making the mass
transfer resistance larger.

OPTIMIZATION

The inherent rate constant is a conditional constant and it can be increased
by increasing the loading of enzyme on the surface and by increasing the
surface area of the carrier. It is of interest to consider the magnitude of the
inherent rate constant for various enzymes if an optimal enzyme packing
is assumed. The intrinsic kinetic constants of an immobilized enzyme molecule
will be affected by a number of factors [31] . For the purpose of this discus
sion, it will nevertheless be assumed that the K M values of immobilized and
soluble enzymes are equal; other assumptions are that the available surface
area can be covered to 10% and that such a coverage can be 0 btained within
pores which are twice as large as the diameter of the enzyme molecules. The
specific activities (IU mg-I) were taken from catalogues of commercially
available chemicals and the purest product was selected. It was assumed
that the impurities have the same molecular weight as the enzyme and are
immobilized with the same probability. Table 2 shows the results of such
calculations made for some enzymes of interest for applications of f.i.a. As
a check the K value for peroxidase was also calculated for 72.9-nm pores,
and was found to be 300 S-I, which agrees fairly well with the value of
150 S-I found experimentally [21] for aged reactors.

The results in Table 2 are informative about several aspects. With larger
molecules, a larger pore size has to be selected which results in a smaller
surface area per gram of glass (d. Table 1). The result is that the supposed
loading becomes close to 18 mg of enzyme per gram of glass irrespective
of the molecular weight of the enzyme. The first-order rate constant equals
the ratio of Vmax and K M • Urease has a high activity per mg of enzyme but
its large K M value will force the first-order rate constant to become low.
Urease and glucose oxidase both have low rate constants but nevertheless
both have performed well in flow injection systems [42-44]. Because the
rate constants of most enzymes are larger than those mentioned, the pros
pects should be bright for making high-performance reactors for other
applications. All diagrams in this paper were calculated using a diffusion
coefficient of 0.7 X 10-5 cm2 S-I, which is an intermediate value for substrates
of the enzymes listed in Table 2.

The residence time is a function of K as well as of the particle size (Fig. 5).
The calculations were made for a reactor with a fractional conversion of
99.9%, a flow rate of 1 ml min-I and a diameter of 2.0 mm. The length
varies over several orders of magnitude; its size can be obtained from Eqn. (5)
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resulu; are given in Table 1. Magnesium did not interfere at least up to 24
ppm. Aluminum (~13 ppm) and iron (~28 ppm) did not interfere if the pH
of the sample solution was adjusted previously to 8 and the supernatant
liquid was injected. Copper(II), zinc and manganese(II) interfered seriously.
These interferences could be eliminated by prior extraction with 8-quino
linol, by adding to the sample solution (10 ml) 1 ml of 1 M perchloric acid
and 2 ml of 1% (wjv) 8-quinolinol solution in acetic acid, adjusting the pH to
8, and shaking with 10 ml of benzene. The aqueous phase was injected into
the flow injection system. When present in a solution of 1.0 X 10-4 M each
of Cu, Zn, Mn, Fe(III) and AI, 5.0 X 10-5 M and 12.0 X 10-5 M calcium gave
recoveries of 102 and 100%. Phosphate and sulfate (each 10-3 M) did not
interfere in the determination of 4-16 X 10-5 M calcium.

Determination of calcium in water
The flow injection method was applied to the analysis of water samples,

and the results were compared with those obtained by atomic absorption
spectrometry (a.a.s.). The water samples were diluted and the interfering
metals removed by extraction with 8-quinolinol if necessary. The results
given in Table 2 are in good agreement with those by a.a.s.

In flow injection analysis the optimum conditions are changed by the
manifold used. In the following section the results obtained with FICS is
described.

Results with the FICS analyzer
The FICS manifold is described in Fig. 2. A flow-through cuvette with a

10-mm light path and 8-/-LI volume is situated in the spectrophotometer D.

1.0 2.0 3.0 4.0 5.0 6.0 7.0

Ca (ppm)

Fig. 3. Calibration graphs for calcium using the FICS analyzer: (1) pH 7.5; (2) pH 8.5;
(3) pH 9.5. (8 x 10-5 M Zn-EGTA, 1% excess of Zn, 4.0 X 10-5 M PAR).
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