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© 26. Yuichi Kamura : High Frequency Titrations. XIILD Studies on
Concentration Curve by Capacitance-type Instrument.

(Pharmaceutical Institute, Medical Faculty, University of Tokyo*)

In high frequency titrations, various workers have pointed out the fact that the
sensitivity is influenced by concentrations of a test solution, the typical case of this fact
being shown in Fig. 1. With the addition of hydrochloric acid into water, the sensitivity
drops smoothly showing a minimum at a certain concentration of hydrochloric acid. This
fact proved a disadvantage for the use of high frequency titrations in that the restriction
does exist for choosing suitable concentrations under which titrations should be carried
out.
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Although various works?~® have been made to interprete the shape of concentration
curves, definite explanation has still remained unsolved. In many cases, the attention
has centered in clarifying only a part of the concentration. In the present report, an
attempt is given for the comprehensive clarification for the shape of concentration curves.

In the theory appearing so far, the following problems should be considered :

1) Since an oscillator has many non-linear factors, the use of an oscillator is not
suitable for the theoretical interpretation.

2) A comprehensive clarification for the concentration curve cannot be given by
detailed studies on a particular part of a whole circuit, such as the electrodes.

3) Doubt exists as to the derivation of formulae.

An equivalent circuit of electrodes was converted into parallel form and the change
in each R and C was followed. The calculated results only agreed with the experimental
results when the parallel circuit was used. In general cases of high frequency instruments,
the change is given as a total impedance which should be a sum of vectors C and R,
and, moreover, the tuned phenomena must be taken into consideration. Even if the cal-
culated results of parallel form showed a good agreement to the measured results in
which the change in R and C is followed by a bridge in parallel circuit, it should be
safe that the whole clarification is not given for the concentration curve of a tuned
plate-tuned grid®~® or a heterodyne-type™® instrument. In the latter case, the frequency
changes not only by C but also by R. '

The attempt which is discussed in the present paper is as follows :
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1) All the factors which can be considered in a given circuit, including electrodes,
are taken into calculation. Particularly L gives a great effect. ' ‘

2) In order to avoid factors which cause a non-linear characteristics such as by a
vacuum tube, the receiving-type titrimeter® in which each component is clearly defined
was chosen (see Fig. 2).

Osccllator Fig. 2.

Receiving-type Titrimeter
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Receiving Crreuit

In this type of instrument, the fact that L- and C-tuned circuit is independent of
the oscillator permits the supply of a constant frequency and power, beinig almost in-
dependent of the change in concentration. The change in L and C circuit can be cal-
culated and measured as a decrease in voltage, V. For the actual calculation, two parts
are mentioned.

A) Preliminary experiment

In order to demonstrate the fact that the curve is influenced by the way of measure-
ment and the suitability of the assumed equivalent circuit of the electrodes, the following
means are taken : .

As in the case of conductometric titration of a low frequency, the electrodes are
immersed in a solution with the supply of high frequency electricity. Both by experiment
and calculation, the studies are made for establishing a suitable equivalent circuit and
for a characteristic response. This method is called a ‘‘ direct method.”

Second method represents a general case of high freguency titration. The change in
solution is followed through the insulator, the beaker. The same studies as in the first
case are made. This is called an *‘ indirect method.”

B) Concentration curve

By using equivalent circuit which was established in the preliminary experiment, the
calculation is made for the series-tuned circuit. The concentration curve is obtained as
a decrease in voltage, which is plotted on a curve showing points, a, b, and ¢ in
Fig. 1. ‘ :

Experimental

1. Fundamental o v

A) Direct measurement—The equivalent circuit of Fig. 3a is replaced as is shown in Fig. 5,
then is converted into series and parallel forms, the change in each C and R being determined. The
changes in C and R measured by the bridge in Fig. 4 show a good agreement with those calculated,
indicating the suitability of the equivalent circuit. The curve shows a peak of loss in a- series form,
while no peak in parallel. It is interesting that different method in measurement causes such remarkable
difference for the same object. In Fig. 5, R,=resistance, in series to the electrede, R,=resistance in
solution, Cy=electric capacity, and e=dielectric constant of a solution.

: . Fig. 3.
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Fig. 5.
Equivalent circuit
of Fig. 3a
R
~
2 to Lell a | )
C=€Cp
If Z is the impedance between @ and b,
(Ri+Ry)+ jwCR R,
Z o= e O

l-f-]'wCRz ( 1 )

1) Series method :
Equation (1) is put in the series of Fig. 6a to obtain R; and C;, where

y —] Rl +R2+ w2C2R1R22 .................. ),
.‘Rs:,_ T WBCARE T (2)
1+ 2C2R2 :
Cs = W-H ............................................ (3)
1
Set R = f<~;é~)
Fig. 6.
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The theoretical curve for the change in (2) and (3) is shown in Fig. 7a.
Fig. 7a. Fig. 7b.
Theoretical Curve of Series (direct) Experimental Curve of Series (direct)
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The frequency of platinum electredes is f==3 m.c. for the dimensiqn of measurable specific resistance.

1
[ = -3 E T T T T T T T T T
o = 8.3x10%a (4)

‘(Dielectric constant of solution. Capacity of the electrides Cy=0.09 p.f., C=7.2 p.f. the loss reaches

1 . . .
maximum at the peint where R:ivﬁc'— showing a good agreement with the results obtained by Forman

and Crisp'® and by the direct measurement, with the fact that C, increases remarkably towards co
with the decrease in R. The observed curve is shown in Fig. 7b.
The resistance of low frequency at the maximum of loss is
R = 9x10%q
This value is in good agreement with the theoretical value (4) showing the same tendency in Cs;.
2) Parallel method :
As is shown in Fig. 6, the curve in parallel form is quite different, showing no minimum and

maximum in the loss.
(R );"}" Rg) 2+ w2C2R12R22

U CAS b ) M 3 e 6
Ry Ro+ Rot «2C2R, Ry (6)

10) J. Forman, T. Crisp: Trans. Faraday Soc., 42 A, 186(1946).
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Similar to the series method, both theoretical and observed values are shown in Figs. 8a and 8b.
Fig. 8a. Fig. 8b.
Theoretical Curve of Parallel (direct) Experimental Curve of Parallel (direct)
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From the above calculations and measurement, the following conclusion should be drawn :
1) The equivalent circuit of Fig. 5 is acceptable.

2) The factor causing a peak is not only due to the clectrode, but also the methoed of measurement
must be taken into consideration,

B) Indirect measurement—By the method which was established 3 ‘
by the direct measurement, the factor of which can be defined quite ¢
clearly, the assumption of an equivalent circuit is made (Fig. 9). o—i, ——0
This equivalent circuit has been used by many workers® and very a — b
common. The series and parallel forms® of this ‘equivalent circuit are _
. Co=EG
mentioned below.
1) Series methed : Fig. 9.
R .
-RS = °C12R2+1 .............................................. ( 8 )
w2C22R2+1
C. = Co o cennn. e e
T AC,(Cor Coy Rl Ot %)
st &= (L)
wi
Fig. 10a. Fig. 10nb.
Theoretical Curve of Series (indirect) Experimental Curve of Series (indirect)
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The theoretical and measured curves are shown in Figs. 10a and 10b. Both curves show similarity
(even if the specific resistance can be obtained, the quantitative comparzson can hardly be made because
of the difficulty of measuring R).

2) Parallel method :

The theoretical and observed curves are shown in Figs. 11a and 11b. The following conclusion
can be drawn by comparing these results of both direct and indirect methods.

1) The equivalent circuit of electredes is acceptable for practical use.

2) The difference can be observed between the curves by the series and parallel methods.

Although this difference is not remarkable in comparison to that observed in the direct method,
the suitable curve must be chosen by considering a way of measurment.

Since the principle of high frequency titrations is considered to be a factor in total impedance, it
is difficult to clarify the principle only by these curves.
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Eig. 11a. Fia. 11b.
Theoretical Curve of Parallel (indirect) Experimental Curve of Series (indirect)
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II. Concentration Curve : :

In order to explain the concentration curve of high frequency titration, the receiver-type circuit
(Fig. 2) was used. The equivalent circuit of this L Co
can be set as a result of preliminary experiment, as @ AT
. AR T o ’, ) |
is shown in Fig. 12, E=high frequency electromotive ,
force in the receiver coil, L=inductance of the coil, 73000 AW~ ”'_[«::_:‘ .
Ry=0hm resistance of the coil, V=voltage between =
both edges of the coil. )

Under the voltage which serves as an indicator ' et @'—
of titration, if the electric current caused by the £

change in a concentration is termed I, voltage, V, Fig. 12
should be Z = (jWL—i»RL)I

= --—( JWL+Rp), Zy = Total impedance

1
Zy = Ry+iwl+- S

. 1
JoCyt—y ] 1

- ;;Cl e A

1 .
T+J wCs

In the case of non-adjusting condenser, Cs, the calculation is simple. The C,;, Cy, and R; in the
equivalent circuit of the electrodes are transferred into the series form of preliminary expriment (8) and
(9), then series impedance can be calculated taking the factor of coil, L. In general, usual titrimeters
have an adjusting condenser, Cs, the calculation should be made as follows :

The electrode circuit should be converted into parallel according to Equations (10) and (12), then
after adding (or taking) Cs, it is converted into series form. After adding L on the vector, the total
impedance should be calculated. The calculation is made on the principle mentioned above. The
calculation is made on the following values which are close to the actual case:

Area of the electrode, F==1.5cm?, thickness of the beaker, 1 mm. (actually, both sides of the beaker
are counted and this should be 2 mm.).

DK of glass, e=8
Distance between electrodes, d = 2cm.

: ’ ' =5
The solution is, C,=5p.f., Cs =10 p.f. XE A d 23” G lpt
(the assumption is, f = 108>, L =1.10-3H, C = 20p.f.), 5k £ ﬁc'ji%-' f,‘f ;%"/0/'/
in the vicinity of balance when C; is used. W

o [=] 065 x

Taking R as a variable, the change in V on the meter G o [=/F5x «
of .the titrimeter is obtained as a, b, ¢, and d in Fig. 13, ° =N
which fully explain the concentration curve shown in ok
Fig. 1. This resembles the concentration curve by coil
electrode.’!~1  The curve by the condenser electrode is x5
caused by the condenser of tuned coil and it is shown 75 2300 (€} i

that the location of the peak is quite different from that

Simz )
. 11) M. Honda, Y. Yoshino, T. Abiko: J. Chem. Soc. (95 200 ‘(ﬁ,’l
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obtained by the following equations which have been used so far:

1 . 1
R = Co (series) , R T (Cib Gy A (parallel).

1) Peak on the concentration curve R =0.8x104 (Fig. 13, b, ¢, d)

2) Peak of loss in parallel form of electrode R ==1.0x10% (Fig. 13, ¢)
3) Whole circuit is converted into series form R =1.0x10% (Fig. 13, f)
The shape of curve is dependent on the C; and C;/Cs.

The example for this will be reported at a later date.

Conclusion

In order to interpret the concentration curve of high~frequency titrimeters, it is not
necessarily correct to calculate C and R of a series or parallel form of an equivalent
circuit without any suitable measurement. In many cases of high frequency titrimeter
the mechanism from which the concentration curves are drawn out is too complicated
to be interpreted by the calculation of C and R of series or parallel form.

By employing the receiving type titrimeter, however, the calculations of the concent-
ration curves have now been realized.
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Summary

Studies on the theory of high-frequency analysis are becoming numerous but some
of their reports contain doubtful points as to the formulation of such theories. The
present studies were made in order to examine the method of theoretical formulation
and it has become clear that different experimental results are obtained from identical
phenomena according to the method of measurements employed.

In formulating a theory in high-frequency analysis, the point to note is the actual
method of measurements. In other words, a theoretical formulae which agree with the
method of measurements must be obtained. The variations of electric current, electric
voltage, and cycles measured by oscillating or receiver type cannot be directly explained
by the results obtained through measurement by the bridge.

In order to explain theoretically the experimental results obtained by the analytical
apparatus currently used, high frequency wave was directly applied to solutions and the
nature of the changes were examined by the bridge. Correlation of such a change and
indirect measurement through the wall of the beaker was sought. Based on there results,
a theoretical formula which would support the method of measurements by the currently
used analytical apparatus was obtained. By making concrete calculations, uniform
explanations for concentration curves in general were made. Some improvements were
also made for drawing up theoretical curves for the existing indirect measurement.
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