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Summary

A system has been developed for computer-controlled potentio-
metric acid-base titrations consisting of a HP 2114 B computer,
a DM 2022 S digital voltmeter and further peripheral devices.
Additions of acid and base were made with the aid of a coulo-
meter. The actual concentrations of hydrogen ions were meas-
ured using a hydrogen electrode. The equipment is parti-
cularly suited for investigations of equilibria involving proton
transfer reactions. Programs for titration control and real time
evaluation of data are outlined and typical applications are
briefly discussed.

Introduction

Apart from their wide analytical applications potentio-
metric acid-base titrations are frequently used in studies
of equilibria involving proton transfer reactions. As far
as aqueous systems are concerned the proton transfer is
very fast. It is remarkably often experienced, however,
that the electrode response is sluggish. Under unfavor-
able conditions, observation times of up to several hours
are required until stable readings of potential are ob-
tained. This is especially true for poorly buffered solu-
tions and for heterogeneous systems. It has also been ob-
served in the case of biopolymers, if the proton transfer
gives rise to changes in conformation. In such cases the
accomplishment of a complete titration curve exceeds
by far the normal laboratory period. According to our
experience it is difficult in the case of shift work to
retain a constant standard of both precision and relia-
bility. The availability of low cost laboratory computers
offers an interesting opportunity for eliminating these
problems.

On-line computers have already been used for auto-
mation of various analytical standard procedures!. The

* Received December 22, 1972.

present report describes a system particularly suited for
investigations of equilibria involving proton transfer
reactions. Programs including titration control and real-
time evaluation of the pertinent data are outlined.
Typical applications and preliminary results are dis-
cussed.

Titration equipment

A block diagram of our titration equipment is shown in Fig.1.
The individual parts have the following functions:

I : Standard Interface-
Cards

11: Time Base Generator If.
HP 12539 A

12: Relay Output Register If.
HP 12551 B

13: General Purpose Data
Source If.
HP 12604 B

TV: Titration vessel

Figure 1. Block diagram of the titration equipment
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Table 2. Survey of data

1. Problem: Kwin 1 M NaClO, (25°)
Program: TITAU, TITAS

Result:  log Kw = — 13.77 (£ 0.01)2
Literature
data3: log Kw = — 13.77, 1 M NaClO, (25°)

2. Problem: Ka of CH;,—COOH in 1 M NaClO, (25°)
Program: TITIT

Result: log Ka = — 4.58, (+0.00,)"

Literature

data3: log Ka = — 4.55 to —4.61,1 M NaClO, (20°)
log Ka = — 4.30, 1 M NaClO, (30°)

3. Problem: Ka of CH,Cl—CH,—COOH in 1 M NaClO, (25°)
Program: TITIT

Result:  log Ka = — 3.96, (+ 0.01,)P

Literature

datat: log Ka = — 3.99¢, I = 0.01 to 0.5 (25°)
log Ka = — 4.09,, I = 0 (18°)

4. Problem: Ka of H,Si0, in 1 M NaClO, (25°)
Program: TwEST

Result: log Ka = — 9.47, (40.004)2

Literature

data3: log Ka = — 9.46, 0.5 M NaClO, (25°)
log Ka = — 9.43, 3 M NaCl0, (25°)

a8 Determined by P.SaANTscHI
b Determined by K.SincE

TITAU is a control and evaluation program for titra-
tions of strong acids. The program demands the input
of both number and time of the alkalising steps to be
performed. As a result, H;, Kw, E® and P are obtained.
For statistical reasons an equipartition of data pairs in
the acid and alkaline range is desirable. TITAU is there-
fore only convenient in cases where H, is approximately

Chimia 27 (1973) Nr. 2 (Februar)

known. For systems with completely unknown H; a
modified version of TITAU, TITAS, was developped. Let
us assume that n data pairs are required; from the first
two points of the acid branch, H; is approximated in real
time. Subsequently the appropriate length of the follow-
ing alkalising steps is evaluated in such a way that n/2
points fall on both the acid and alkaline branch.

TITIT is a control and evaluation program for the
titration of weak acid (pKa <7) in the presence of
strong acid. The parameters of interest, H;, E% C and
Ka are calculated by iteration as shown in the previous
section. The simpler version TWEST applies for very
weak acids (pKa > 7).

First results obtained with our equipment are sum-
marized in Table 2. The examples were partially chosen
to test programs and equipment. Since both accuracy
and precision of the log Ka-values obtained is satis-
factory it can be expected that the method developed
is also adaptable to more complicated systems such as
those mentioned in the first section.
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Addendum : After completion of this manuscript a paper by
S.GoBoMm and J.Kovacs, Chem. Scripta 2 [1972] 103, appeared.
This deals with the on-line application of a digital computer
in studies of complex formation. The titration system is very
similar to that described in the present article.
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