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61. Yoshihiro Maekawa : Studies on the Higher Derivative Automatic
Titration. IIY., Theoretical Considerations. (2).

(Osaka College of Pharmacy,* and The Institute for Chemical Research, University of Kyoto)

In the preceding paper,” it was shown that in ordinary potentiometric titrations,
it is the best to use the 3rd derivative voltage as the triggering signal for the auto-
matic titration. In this paper is presented the theory of the automatic titration in
which the input voltage changes as shown in Fig. -1 or -2, during titration.

(A) Automation of the titration with tifration curve as in Fig. m-1.

The titration curve is shown in bimetallic electrode titration, constant current
polarising titration, etc., and the end point matches the maximum point, and the titra-
tion curve is analogous to the 1st derivative voltage curve (Fig. I-5) of the ordinary
potentiometric titration (Fig. I-4).

In this paper, therefore, let e,(f) be the input voltage which represents the titration
curve as in Fig, II-1, and with &transform E(p).

E(p) =1 — €m0 2 b(p 4 1T et e et (m-1)
(cf equation (I-3))

7 in the above equation is not always equal to the T of the differentiation circuits
of the automatic titrator, but it will be assumed that these two T's are the same.
Even if two 7’s are not the same, it is easy to calculate the response.

Under these assumptions, it may be easily seen that nth derivative voltage of
e(t) by R-C differentiation networks is identical to the (w — 1)th derivative voltage
of e(t).

So, in the automation of this titration, the following will be expected :

1) 2nd differentiation is the best.

2) 1st differentiation is usable.

3) 3rd differentiation is not usable.

In these treatments, however, it will be noted that the theoretical end point of
the titration is the maximum point in Fig. I-5, and does not match the point T=1.
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Fig. II-1. Fig, -2, Fig. II-3. Input Voltage Curve (eq0)

(B) Automation of the titration which has the titration curve as in Fig. I-2,
It can be easily seen that the 1st derivative voltage curve of this titration curve
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will be the curve analogous to eo(t)P(Fig. I-4). So, in this section, let eqo(f) be the

input voltage representing the curve as in Fig. -2, with -transform E.(p) which
is the integral of Ey(p).

_ 1 ¢+joc (1 _— 8—h1’))281’)$

calt)= g Vo A (1r-3)

Let
1 ¢+ joe 2t

Falt)= g | DL e dbe e (11-4)
Then

earlt) = Fool)HE) — 2faolt — W)eHU — h) + Faolt — 20 HE —20) . ... ... (1r-5)

Fao®) = BIOR® . (11-6)

Equation (II-5) and (1I-6) give the input voltage eq(f), and are plotted in Fig.
-3, which is the same as the anticipated curve.

Now, let eqq(t) be the nth derivative voltage of eq(f) by R-C differentiation circuit
with ¥-transform E..(p). Then, from equation (I-3),

Eon(D) = D "Eao(D)(D + 1/T) ™ o e (IL-7)
m=212,............ n.)
Eo(p) = (1 — E 2R BP=(p + 1/TY" e (I-8)
Thus, eu(t), the response function that equals SILE,.(p)], is given by
1 c+joc 1 —_— e—-hm)zsmt
eant) = 1 | By Ty ABe (1-9)
Let
1 c+joc gt
Fanld) = g N ey Ty AP et (11-10) |
then,
Can(t) = fan(D)o H(t) — 2f an(t — hYsH(t — h) + Fan(t2h)eH (£2h) ... .... . ... . (I-11)
Calculated results of fu.(¢) for » =3 and # = 4 are as follows :
Jos@®) = T2 — E7T(2 + 28T + BTOH2RE. (Im-12)
Jad®) = BET IR B (m-13)

Simplifying by putting 7 = t/h, a = T/h, one gets ~
ean(T) = fan(T)'H(T) — 2f T — DeH(T — 1) +farn(T —2)eH(T — 2). .. (Ir-14)
JaT) = a®{2 — €192 + 2T/ + THa®)}2 . oo (I-15)
SfadT) = ToE~T18)s3
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Fig. IT-4. 3rd Derivative Voltage Curve of e, (eas)
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Fig. I1-5. 4th Derivative Voltage Curve of ¢q4 (eqa)

Equations (II-14) and (1-15), and (II-14) and (IL-16), give the responses of the 3rd
and 4th differentiation circuits which are plotted in Figs. II-4 and T-5, respectively.

From the comparison of Figs. II-4 and II-5, it will be expected that the 3rd
differentiation may be used but 4th differentiation may be more properly used for
this automatic titration.

The calculations are not presented here, but from the preceding paper and above
considerations, it will be easily seen that 1st, 2nd, and 5th differentiations may not
be used.

In the above discussion, how many order differentiation voltage, as the triggering
signal, should have been used for practicing the automatic titration with the least
titration errors, was considered only from the response of the differentiation circuits.
The following points should, however, be noted :

1) The R-C differentiation circuit will lose output voltage, so that more amplifica-
tion is needed for larger order of differentiation, and there will be inevitably found
the difficulty of making automatic titrator. A more insertion of vacuum tube ampli-
fiers give rise to the more amplifying gain and become sensitive to inducement of
alternative current (“hum’). To avoid the humming, a high-pass filter was inserted
at the top of the automatic titrator (this filter also acts to decrease the small change
of input voltage by stirring the titration liquid, etc., during the titration), and a nega-
tive feedback used which is effective in a high frequency range (the input voltage is
below few cycles, so the high frequency indicates above ca. 10 cycles).

2) In general the titration, with a titration curve as in Fig. 1[-2 and the end point
of which is obtained as the intersection of two straight lines, is useful in case the
measured values near the end point have little significance (e.g. in case solubility of the
product is not so great in the precipitation titration).

3) The inflection point of the lst derivative curve of these titration curves does
not always match the end point (intersection of two straight lines in the titration
curve).

Namely, these titrations may be stopped automatically near the end point by using
the 3rd or 4th derivative voltage as the triggering signal, but it has little significance,
and the titration error will be greater than that of the automatic titration of normal
potentiometric titration or the titration described in section (A).

If the electrodes are chosen properly, many titrations may be automatically stopped
by using 2nd or 3rd differentiation, and the above automatic titration is not necessary.
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In the above titration we get the output, generally, as current, conductivity, etc., so
we must change these output to voltage proportional to these output before the differ-
entiation, and these changes have many difficulties. So, the automation of the above
titration by higher differentiation is not considered a good method.

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

Summary

In the titration with a titration curve as in Fig. II-1, it is the best to use the 2nd
derivative voltage as the triggering signal and the 1st derivative voltage may be used,
too.

In the titration with a titration curve as in Fig. -2, the 3rd or the 4th derivative
voltages could be used for the automatic titration, but by the above reasons, it is not
a good method.

(Received February 11, 1956)
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62. Yoshihiro Maekawa : Studies on the Higher Derivative Automatic
Titration. III.» The 3rd Derivative Automatic Titrator,
AT-V, and Results of Titration with AT-V,

(Osaka College of Pharmacy,* and The Institute for Chemical Research, University of Kyolo)

In the preceding paper,? it was shown that in the normal potentiometric titration,
it is the best to use the 3rd derivative voltage as the triggering signal.

This paper deals with the 3rd derivertive automatic titrator, AT-V, and the results
obtained with it.

Figs. mM-1, -2, and 1-3 respectively show the electrical wiring diagram of AT-V,
the exterior view of AT-V, and mechanism of the magnetic cock used in AT-V.

The principle of AT-V is the same as that of the 2nd derivative automatic titrator,
AT-TI1.» The electromotive force, which is obtained from the titration vessel, is added
to the high-pass filter which is constructed with two resistors, 250 k& each, and a con-
denser, 2 wF. Then it is amplified and differentiated with R-C differentiation network.
The amplification and the differentiation are repeated three times, thus the 3rd deri-
vative voltage, is obtained. For the amplifiers, differential amplifiers are used to
decrease the hum and increase the gain in low frequency range. The negative feedback,
which is constructed with two 250 pF condensers, C,’s, and effective in high frequency
range, are also used to decrease the hum. The 3rd derivative output voltage is
amplified, then put on the cathode follower circuits for decreasing the direct current
level and impedance. The output voltage, adjustable by VR, and VR;, are used for
the triggering voltage of the thyratrons. The thyratrons, 66G-GT’s, are operated
by alternating current, though in the 2nd derivative automatic titrators, AT-I, -II,
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