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The 2nd derivative automatic titration is an entirely new automatic titration
which was designed by Prof. Seishi Takagi and the author,” and in this titration, the
electronically differentiated 2nd derivative voltage is used as the magnetic cock
operating a signal and the titration is stopped automatically at the end point.

In the present paper, the higher derivative automatic titration is presented
which is more general than the 2nd derivative automatic titration.

The electronic differentiation circuit, used in the 2nd derivative automatic titration,
was a simple resistance-capacitance network (Fig. I-1). However, it is known that e,
the output voltage of this circuit, is nearly equal to the st derivative of ey, the
input voltage, when the values of R and C are properly chosen. So, if several of
the properly chosen R-C differentiation networks are selected, required output nearly
equal to the higher derivative can be obtained.

In practice, however, we should insert a vacuum tube amplifier between the R-C
differentiation networks to decrease the mutual actions and cover the loss of the
network (Fig. 1-2). ,

As we previously reported, the insertion of a vacuum tube amplifier (Fig. I-3) is
simply equal to the change of the time constant of R-C differentiation network from
(R x C) to {R3*C/(R, + Ry}, as far as only the wave form and not the magnitude of
the output voltage is considered (where R, = plate resistance of vacuum tube, R; =
load resistance, Ry* = R,R; - R,R + R;R). So, in the present paper, insertions of
vacuum tube amplifiers and the mutual actions will be neglected, and it will be
assumed that all the time constants 7(= R x C) of R-C differentiation networks are
identical, because we can get the best results when all the time constants are iden-
tical.®

Now, let e,(¢) be the input voltage, with Laplace-transform Ey(p). (In the re-
mainder of this paper the Laplace-transform will be written ¥-transform.)
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* Kitayashita-mura, Minamikawachi-gun, Osaka-fu (Fi)lZE#).
1) S. Takagi, Y. Maekawa : Japan Analyst, 3, 478(1954).
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eo(t) has the wave form represented in Fig. I-4.
Let e,(f) be the output voltage of nth differentiation circuit, with S-transform

EW(D).
From Eu(p)= peEna(D) (D 4+ 1/T) D i e e e e e (I- 2)
=1 2,............m)
By a simple process of elimination, one gets
Eu(p) = DBy D) D 4 LT oo e e (I- 3)
= (1= R 2 D2 D 4 L T e (I- 4)
Thus, e.(t), the response function that equals LLE.(p)) is given by
1 €+joo 81"5 1 —_ E—hﬂ 2
en(t) = “ZT] Sc—joo ths__(_%(p ¥ 1/7_)).” dﬂ ................................ (I-‘ 5)
Let
1 ctjoo Sm
fn(t) = W Sc-_jw thg_n(p X 1/7_)"‘ d;b ................................ (I~ 6)\
Then
en(t) = fu)eHt) — 2f(t — B)s H(t — h) + folt — 2h)eHE —2h) ............(A=-7)
fa(t) can be calculated by the next equation
fu®) = 3] residue of pole of 7 ps_ﬂép FIJTYE s (I- 8)
The calculated results of f,(¢) for # from 1 to 4 are as follows :
i) = THET T T — D) % o (I- 9)
Fod) = 721 — EFITA A+ HTIHRE o (I-10)
Fid) = €T 2h2 (I-11)
Fi®) = BETE —HTYOR2 .o (I-12)
simplifying by putting T = {/h, a = T/h, one gets
e T) = fa( D)o H(T) — 2f T — VD)o H(T — 1) + f T — 2)e H(T — 2) ........ (I-13)
SUT) = @(E7T1% 4 T et — 1) oo e e e e (I-14)
ST = a1 — ETTIHL A+ T e oo e e e (I-15)
S = 2T e (I-16)
FAT) = T2E7TIB — TJO)[6 . . ..o e e e e e e e (I-17)

The equations (I-13) and (I-14), (I-13) and (I-15), (I-13) and (I-16), and (I-13) and (I-17),
give the response of the 1st, 2nd, 3rd, and 4th differentiation circuits, which are
plotted in Figs. I-5, -6, -7, and -8, respectively.

Some outstanding points of this higher derivative automatic titration are as

follows :
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1) The titration is stopped at the point which is indicated by the quick jump of
the higher derivative voltage to somewhat positive from negative (the points are
indicated by circles in Figs. I-6, -7, and -8).

2) The derivative voltage depends on the shape of the titration curve and not on

the magnitude of the input voltage.

for many different titrations.

Therefore, it is unnecessary to adjust the titrator

Fig, I-5.

1st Derivative Voltage Curve (¢;)
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Fig. 1-7. 3rd Derivative Voltage Curve (e3)
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Fig, I-8. 4th Derivative Voltage .Curve (€4)

Comparison of Figs. I-5, -6, -7, and -8, from these view points reveal the following:

1) The 1st derivative voltage may not be used for this automatic titration,
because it dose not change its polarity during titration.

2) The 2nd derivative voltage may be used, but, especially in the case of large
« value, it changes gradualy from negative to positive, and the positions of the
points, indicated by circles in Fig. I-6, differ from that of the theoretical end point,
T =1.

3) The 3rd derivative voltage may be more properly used, because it changes
very rapidly from negative to positive near the theoretical end point.

4) The 4th derivative voltage may not be used, because the points, indicated by

circles in Fig. I-8, largely change their positions with « value, and do not coincide
with the theoretical ent point, 7" = 1.

The author thanks Prof. Seishi Takagi of the University of Kyoto and Dr. Saburo Kakinuma,
President of the Osaka College of Pharmacy, for their interest and encouragement in this work

and to Assist. Prof. Bunji Kondo, Engineering Faculty, University of Kyoto, for kind suggestions
in this work.

Summary

Under the assumption that each of the time constants of R-C differentiation net-
works is identical in all higher derivative automatic titrations, it will be concluded theo-
retically that it is the best to use the 3rd derivative voltage as triggering signal of
the higher derivative automatic titration, in an ordinary potentiometric titration.
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