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Data acquisition system for chemical kinetic

studies
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A microcomputer-interfaced data acquisilion system for chemical
kinetics (interfacing with laboralory analogue instruments) has
been developed. Analogue signals_from insiruments used in kinetics
experiments are amplified by a wide-range adjustable high-gain
operational amplifier and smoothed by an op-based filter, and then
digitized at rates of up to 10¢ samples per channel by an ADC
0816 digitizer. The ADC data transfer and manipulation routine
was written in Assembler code and in high-level language; the
graphics package and data treatment package is in Basic. For the
various sampling speeds, all of the program can be written using
Basic-Assembler or completely in Assembler if a high sampling
rate is needed. Several numerical treatment methods for chemical
kinetics have been utilized to smooth the data from experiments.

The computer-interfaced system for second-order chemical kinetic
studies was applied to the delermination of the rate constant of the
saponification of ethyl acelale al 35°C. For this specific problem,
an averaging treatment was used which can be called an interval
method. The use of this method avoids the difficully of measuring
the starting time of the reaction. Two groups of experimental data
and results were used to evaluate the systems performance. All of the
results obtained are in agreement with the reference value.

Introduction

In recent years, work has continued in applying micro-
computers to chemical problems. Computers were ini-
tially used in chemistry for numerical manipulations in
chemical problems, but microcomputers arc now used for
data acquisition and control and for data processing
[1-3]. As the chemical problems may be complicated and
the interfaces may vary between different types of
microcomputers and instruments, work on microcom-
puter-based systems for particular chemical problems
and chemical transducer interfacing is very important. In
addition, in most laboratories it is necessary to interface
microcomputers with traditional analogue instruments to
create digital systems.

For the study of chemical kinetics, suitable instruments
are needed to monitor signals from the physical variables
in the reaction systems both rapidly and accurately. Any
quantity which can represent the physical parameters in
reaction and then be converted to a voltage can be
measured by a microcomputer which is suitably inter-
faced to a chemical sensor or chemical transducer (for
example, a pH meter, electrical conductivity meter,
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spectrophotometer or electrode). The advantages of
microcomputer-based systems are that manual effort is
reduced, the quality and amount of data obtained are
improved and it is possible to process large amounts of
data. It was these advantages that led the authors to
design a microcomputer-interfaced system to meet the
needs of data acquisition and numerical analysis in
chemical kinetic studies.

This paper describes an 8-bit microcomputer, based on a
Z-80 processor, which is interfaced to a laboratory-made
conductivity meter and to other instruments commonly
used for chemical kinetic studies. The system has been
used to determine the rate constant of the saponification
of ethyl acctate, with satisfactory results.

System overview

Hardware

Figure 1 shows a schematic diagram of the set-up; it
consists of a MIC-80 microcomputer with 48K of RAM
(which is compatible with a Radio Shack TRS-80), a
C-60 tape-recorder, a line-printer and an X-Y plotter,
interfaced to a conductivity meter (Model DDS-11A;
Shanghai No. 2 Analytic Instrument Manufactory,
Shanghai, China); a pH meter and other instruments can
also be connected. The DDS-11A electrical conductivity
meter is an analogue instrument that is still in routine use
in China. It generates an analogue voltage, as a function
of electrical conductance, which is indicated by a panel,
analogue meter. The analogue voltage signal is obtained
from an external socket in the range 0-10 mV full-scale.

The signal from the conductivity meter should be
pre-processed by an analogue device to allow maximum
resolution in the A/D converter and to remove high-
frequency noise. Figure 2 illustrates a three-stage anal-
ogue circuit that performs these functions. The first stage
acts as a simple high-gain inverting amplifier, which has
variable resistive elements in the feedback loops, so that
the amplification can be changed over a wide range to
adapt different A/D input ranges to the instruments. The
second stage provides an adjustable zero offset. Accord-
ing to accepted sampling theory, a signal must be
sampled at a rate greater than twice the maximum
frequency present, in order to avoid aliasing. It is also
necessary to filter the signal obtained. The third stage of
the circuit limits high frequencies via a low-pass filter. On
leaving the filter the voltage, which is in 0-5:12V
full-scale range, is employed for interfacing and data
logging by the MIC-80 through the A/D converter.
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Figure 2. Electrical circuit for analogue processing.

The A/D converter is a Model ADC 0816 device
(National Semiconductor, USA). It converts voltages
between 0 and 512V into an 8-bit binary number in
100 us. The device has a 16-channel input multiplexer
(which is excessive if the A/D converter is dedicated to
the conductivity meter). Figure 3 shows a schematic
diagram of the A/D converter; it clears on a high and
starts a conversion on the falling edge of a TTL signal
input to the START pin. Channel sclection is also
performed by the pulse to the ALE pin (see figure 3).
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When the computer enables OUT and sets the address of
the chip selection of the A/D converter and the channel
number on the data bus simultaneously, START and
ALE signals are generated and channel selection infor-
mation is strobed into the A/D converter. After a 100-ps
delay for its conversion, the EOC signal goes high, to
indicate that data transfer is permitted. This transfer
from the internal data latch of the A/D converter to the
microcomputer is accomplished by enabling IN. Assum-
ing that the address of the chip selection is 253 (FD in
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Figure 3. Flow diagram of A/ D converter
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Figure 4. Flowchart of sampling data.

binary), channel 1 is selected; to start the A/D converter
the following statements are used: OUT 253, 1, in
extended Basic or OUT (0FD), A in Assembler. To load
data, use X=INP(253) or IN A, (0FD).

1he maximum sampling frequency of the ADC 0816 is
up to 0625 kHz when all 16 channels are utilized. A
10-kHz sampling rate is obtainable when only one
channel is in use.

Sofiware

All real-time operations are directed by the MIC-80 via
software commands. The MIC-80 microcomputer can be
programmed both in Basic and in Assembler. However,
Basic has a USR functional statement which provides a
link to assembly language sub-routines. As many che-
mists have no experience in assembly language program-
ming, the most convenient tool for programming is
high-level languages such as Basic or PascarL. However,
in some instances a high speed in sampling data is
required, and using the Basic sub-routine to control the
A/D converter cannot meet this requirement. To solve
this problem, the Basic-Assembler method can be used.
Whenever required, the Assembler sub-routine is called
with a USR functional statement in Basic. An increase in
the data transfer rate to the MIC-80 is possible by using
this approach or the Assembler only method.

The software can be divided into several blocks according
to the functions:

(1) A main routine in Basic is responsible for the
management of all Assembler or Basic sub-routines,
programming for specific chemical problems, output
of results, display of data and interaction with
chemists.

An Assembler routine which controls the A/D
converter and provides high-speed transfer of the
binary data into the MIC-80. This sub-routine is also
written in Basic for slow reactions.

A routine in Basic and in Assembler that creates a
delay time by controlling the software. This functions
as a software timer.
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Figure 5. Flowchart of main program.

(4) A Basic routine library that can process the data
resulting from various numerical treatments, such as
smoothing, digital data filtering and least-squares
treatment.

(5) An output routine in Basic that drives the X-Y
plotter.

A flow chart of the software for controlling the A/D
converter and data is shown in figure 4.

In kinetic experiments it is difficult to achieve satisfactory
signal-to-noise ratios because analogue instruments are
highly sensitive, and smoothing and differentiating
experimental data are therefore very important. Methods
that the authors have used successfully include least-
squares polynomial filters and the signal moving-average
method [4]. In addition to other advantages, the least-
squares method does not require a regular interval
between the data collected, so it is useful for chemical
kinetic studies to smooth data. Another common method
for smoothing data is Fourier transformation [5] and the
microcomputer-interfaced system makes this method
easier for chemists to use.

Experimental

The experiment performed to evaluate the performance
characteristics of the system was the determination of the
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Table 1. Data of determination of rate constant of saponification
of ethyl acetate, where t'(j) = At;, g(i) = G. Parameters:
CH = 0-04385; OH = 0-01014; G, = 2-99; G¢c = 1-10331;
and 7= 35°C = 0-5°C.

Data set (a):

#(0)=0 £(0) = 2-46 Y(0)=173 K(@0)=0
#(1)=05  g(1)=219  ¥(1)=018 K(1)=10-68
£(2) = ¢2)=198  ¥(2)=037 K(2)=1098
F3)=15  g(3)=179  ¥(3)=059 K(3)=1167
£(4) =2 4) =168 Y(#)=074 K(4)=1098
£(5) =25 g(5) =158 Y(5)=092 K(5)=1092
#(6) =3 ¢(6)=146  ¥(6)=119 K(6)=1177
P(7)=5%5  g(7)=141  ¥Y(7)=134 K(7)=1136
£(8) =4 ¢8)=13¢ Y(8)=158 K(8)=1172
F9) =45 g9 =129  ¥(9)=181  K(9)=11:93
£(10)=5  g(10)=127 Y(10)=192 K(10)=11-39
F(11) =55 g(11)=122 ¥(11)=227 K(11)=1224
r(12)=6  g(12)=121 ¥(12)=236 K(12)=11-67
K=1144

Data set (b)
#(0)=0 g(0) =231 Y(0)=182 K(0)=0
£(1)=05  g(1)=208  Y(1)=018 K(1)= 1068
£(2) =1 ¢2)=187 ¥(2) =040 K(2)=1187
F(3)=15  g(3)=173  ¥(3) =058 K(3)=1147
£(4) =2 d4) =162  Y(#)=076 K(4)=1127
F(5)=25  g(5)=152  ¥(5)=096 K(5)=11-39
£(6) =3 g(6)=144 Y(6)=116 K(6)=1147
f(7)=3%5 ¢(7)=138  Y(7)=134 K(7)=1136
£(8) =4 ¢8)=131  ¥(8)=163 K(8)=1209
£'(9) =45 g(9) =129 Y9) =172 K(9)=1134
£(10)=5  g(10)=125 Y(10)=196 K(10)=11-63
fI1) =55 g(11)=122 ¥(11)=218 K(11)=1176
#(12)=6 g(12)=120 Y(12)=2-37 K(12)=11'72
K=1150

rate constant of the saponification of ethyl acectate by
electrical conductivity measurements [6].

All reagents were of analytical-reagent grade. The
solutions for the kinetic experiment were kept in tempera-
ture-controlled store. The conductivity of the reaction
system was measured with a DDS-11A meter connected
to the MIC-80. This reaction is briefly described as
follows:

CHgCOOCQH5 + OH- — CHgCOO_ + CQH5OH
t=0: CH OH 0

t=1t CH-x OH —«x X

where x is the number of moles per litre at time ¢, CH is
the initial molar concentration of CH3COOC,H; and
OH is that of OH~.

It has been found that the reaction follows second-order
kinetics, so we can obtain by integration of its velocity
equation:

| [(CH = %)OH
" [(OH —CH

]=K(CH—OH)1 (1)
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Figure 6. (a) Least-squares plot for data set (a) of table 1; (b)
least-squares plot for data set (b).

From the relationship between conductivity and OH-,
CH3COO~ and Na*, x is given by
GO - Gt

C Go—G,

Where G, is the conductance of the solution at time ¢, G,

that of the solution at time ¢ = % and Gy that at time
t = 0. By rearranging the above equations, we obtain

W [<Go — G)CH — (Gy = G»C]

(Go— G)OH — (Go = G)C
To calculate the value of K from the data collected, both
the least-squares and average methods can be used. The
average method is treated as follows: for n + 1 pairs of

X

(2)

B B CH
= K(CH OHﬂ+m<6ﬁ> (3)
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Figure 7. (a) Plot of average method for data set (a) of table I,
(b) plots of average method for data set (b).

data (tia Gti): i= O, 1, 2, R (N let A{/ =t; — bo. The value
of K can then be derived:
In (Go— G,)CH = (Go— G)C
(Go— G,)OH — (Go — G,)C
. [(Go— G)CH = (Go — G,0>C]
(Go = G,)OH — (Go — Gy))
J (CH — OH)y;

k=) K

j=1
where C = min(OH, CH).

(4)

The average method used here deals only with the time
interval and corresponding electrical conductivity in
order to avoid the difficulty of measuring the starting time
of the reaction exactly. The least-squares method is
treated by letting Y equal the left-hand side of equation
(3) through linear regression against variable ¢.
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Using the average method and least-squares treatment to
study the reaction, the experiment was performed several
times. The results show that the rate constant obtained is
in agreement with the results of previous studies [6].
Table 1 gives the two groups of experimental data.
Figures 6 and 7 include parts of the results given by the
X-Y plotter using the average method and least-squares
treatment.

Conclusion

This microcomputer-interfaced system could prove use-
ful in chemical kinetic studies as it can control several
commonly used chemical instruments. All processing
from data logging and storage to final data processing,
display and printing can now be performed automatically
in the laboratory. Data acquisition can be achieved at
higher rates and is more accurate than with traditional
methods.

Although the microcomputer used was a MIC-80, the
technique is equally applicable to other microcomputers.
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