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INTRODUCTION TO THE SERIES

In the past decade, computer technology and design (both analog and
digital) and the development of low cost linear and digital ""integrated cir-
cuitry'' have advanced at an almost unbelievable rate. Thus, computers
and quantitative electronic circuitry are now readily available to chemists,
physicists, and other scientific groups interested in instrument design. To
quote a recent statement of a colleague, ''the computer and integrated cir-
cuitry are revolutionizing measurement and instrumentation in science. "
In general, the chemist is just beginning to realize and understand the
potential of computer applications to chemical research and quantitative
measurement. The basic applications are in the areas of data acquisition
and reduction, simulation, and instrumentation  (on-line data processing
and experimental control in and/or optimization in real time),

At present, a serious time lag exists between the development of elec-
tronic computer technology and the practice or application in the physical
sciences. Thus, this series aims to bridge this communication gap by
presenting comprehensive and instructive chapters on various aspects of
the field written by outstanding researchers. By this means, the experi-
ence and expertise of these scientists are made available for study and
discussion.

It is intended that these volumes will contain articles covering a wide
variety of topics written for the nonspecialist but still retaining a scholarly
level of treatment. As the series was conceived it was hoped that each
volume (with the exception of Volume 1 which is an introductory discussion
of basic principles and applications) would be devoted to one subject; for
example, electrochemistry, spectroscopy, on-line analytical service sys-
tems. This format will be followed wherever possible. It soon became
evident, however, that to delay publication of completed manuscripts while
waiting to obtain a volume dealing with a single subject would be unfair to
not only the authors but, more important, the intended audience. Thus,
priority has been given to speed of publication lest the material become
dated while awaiting publication. Therefore, some volumes will contain
mixed topics.
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iv INTRODUCTION TO THE SERIES

The editors have also decided that submitted as well as the usual
invited contributions will be published in the series. Thus, scientists who
. have recent developments and advances of potential interest should submit

detailed outlines of their proposed contribution to one of the editors for

consideration concerning -suitability for publication. The articles should be
imaginative, critical, and comprehensive, survey topics in the field and/or
other fields, and which are written on a high level, that is, satisfying to
specialists and nonspecialists alike, Parts of programs can be used in the
text to illustrate special procedures and concepts, but, in general, we do
not plan to reproduce complete programs themselves, as much of this
material is either routine or represents the particular personality of either

the author or his computer.,

The Editors



PREFACE

This volume‘ contains sections on the application of computers to instru-
mentation, laboratory data acquisition and reduction problems, and various

applications in spectroscopy.

As mentioned in the preface to Volume 3, entitled " Spectroscopy and
Kinetics, '" the various applications of computers to the numerous types of
spectroscopic or optical methods for the study of atomic and molecular
structure, chemical reactions, chemical analysis, etc., are so large that
both complete volun®es and parts of volumes will be devoted to this subject.
Thus the second part of this volume, concerned with various applications
in spectroscopy, reptesents only a part of the material which will be dis-
cussed in this series.

Chapter 1 is concerned with the design of real time control and digital
data acquisition, both with and without a dedicated computer. Thus, this
chapter presents alternative approaches to digital data systems, and dis-
cusses the applicability and limitations of the different approaches. This
information will be particularly useful to research groups with either very
specialized problems and/or limited financial or hardware resources.

Chapter 2 is a comprehensive discussion of computer-controlled single-
crystal x-ray diffractometers. Although this is a highly specialized instru-
mental topic, the system illustrated and discussed in this chapter will be
of significant use to those interested in applying on-line computer control
to other instrumental systems.

Chapter 3 discussed methods of using the computer in the resolution of
xXx-ray powder patterns.

Chapter 4 discusses the applications in spectroelectrochemical
analysis. |

Chapter 5 is on the application of digital computers to color matching.
The applicability of this technique and its extension to other areas of
spectroscopy and chemical analysis could be quite important in the future.



vi PREFACE

Chapter 6 represents a very comprehensive and extensive presentation
on pattern analysis and recognition systems which are becoming more and
more important in the chemical analysis of complex systems such as are
found in environmental, biological, and toxicological studies.

James S. Mattson

Harry B. Mark, Jr.
Hubert C. MacDonald, Jr.

Cincinnati, Ohio
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I. INTRODUCTION

In recent years, progress in instrumentation has been tied to digital
data acquisition especially to minicomputer-based systems. The terms
"digital data acquisition systems' and '"computer-based laboratory systems"'
are almost synonymous. Yet, a fair number of noncomputerized devices
from which digital data acquisition systems can be constructed have been
developed concurrently with the minicomputer. The utility of these devices
has been frequently overlooked, perhaps because of the decreasing cost and
increasing versatility of the minicomputer now available. Nevertheless,
non-computer-based digital data acquisition does offer an alternate approach
to computer-based systems. To be sure, such devices do not and cannot
possess the wide aﬂpllcability and versatility of minicomputer-based sys-
tems. However, in individual cases, especially where a single type of
experiment is to be performed repeatedly, less intelligent devices may
suffice and offer a reduction in cost. |

If one adopts as the goal of his instrumentation the gathering of data in
digital form and if the inconveniences of handling intermediate storage media
are not of major concern, then digital acquisition systems design can be
quite flexible.

A. Control and Data Acquisition

Real time control and digital data acquisition normally bring to mind a
dedicated computer with associated peripherals including a real time clock,
AD converter, etc., with software programs controlling the start of the
experiment, the rate of data acquisition, and the amount of data to be taken.,
Immediately following or perhaps during the data acquisition, the computer
can be calculating and perhaps reducing data into a more useful format.

The limit to the data reduction lies in the programmer's ability to anticipate
the form and trends in the data taken. Obviously, such a system provides
almost the maximum of flexibility in experiment design requiring only dif-
ferent programs and perhaps a few different peripherals for any new experi-
ment.

- Of course, there are alternatives to this approach. These can be
deduced by considering the real goals of the system design and experiment
itself together with an examination of the essential role played by the com-

puter,

First, consider the role of the computer and the possibility that certain
of its functions can be performed by other and perhaps less intelligent
devices. Since timing and analog to digital conversion are performed by
external devices, the principal functions of the computer are sequencing of
operations, storage of data, manipulation of the stored data, control of 1/0
devices, and in some cases, decision making (i.e., changing the experiment
via programmed decisions),
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, Of these operations, sequencing and data storage can be performed by
other types of digital devices. Manipulation of data can be done in any
computer, not necessarily in the immediate locale, provided an intermediate
storage medium is provided and access to a computer is available. This
I€aves decision making and 1/0 device control as the functions unique to the
computer. Obviously, in experiments involving straight data acquisition on
a single channel where data strings of consistent character and length will
be obtained, the computer is not a necessity.

II. THE EXPERIMENT

The following discussion provides an example of how real time control
and digital data acquisition were implemented in this laboratory with and
without a dedicated computer. The experiments involved staircase voltam-
metry [1, 2, 3] with a varied current sampling time (SV) and stationary
electrode polarography (SEP).

The SV experiment is in many ways similar to ordinary linear ramp
SEP. In SV, the applied voltage is a stepwise increasing ''staircase' wave-
form characterized by a step time T, a step amplitude AE, and a number of
steps N. The current during each of the N steps is sampled at a present

i

- |
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Fig. 1. A portion of the staircase waveform: AE, voltage step
amplitude; T, the step time; t_ , the current sampling time,
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time ty, following the potential rise (Fig. 1). Unique voltammograms are
obtained for each set of AE, T, and ty, values. The ratio 7 /t;,, serves as.a
convenient means of defining t_ . and of organizing the data. Ordinarily,

AE and T are maintained constant for a series of experiments while t,
(T/t,,) is changed from one experiment to the next. The parameters of the
voltammogram are the peak potential Ep and the peak current ip.

Prior to the construction of the digital systems, SV experiments were
run using a hybrid analog digital system from which the data were taken as

photographs of an oscilloscope display.

To overcome the limitations of previous staircase instrumentation, to
reduce the tedium and error associated with mannally digitizing analog data,
and thereby increase the confidence associated with experimental SV
measurements, it was decided that Higital control of the staircase signal and
current sampling time would be used [2, 3]. One goal of the system design
was that digital data should be rendered in a format compatible with the
Wayne State University time-shared computer system (WSU MTS) so that
the full resources of that system could be used to process it.

Two SV systems have been assembled which satisfy the objectives set
forth for this project [3]. Digital techniques are used for the generation
of the applied staircase signal with an accuracy of better than 0.1% in both
step size and step time. Both systems use intermediate data storage on
perforated paper tape because of the low cost for implementation and its .
compatibility with a WSU MTS teletype terminal.

III. SYSTEM FOR CONTROL AND DIGITAL DATA ACQUISITION
WITHOUT A DEDICATED COMPUTER

A. Control Philosophy

The first digital data acquisition system for staircase voltammetry
utilized a transient recorder (TR) (Model 610, Biomation, Inc., Cupertino,
California). A somewhat unusual means of controlling the staircase signal
had to be used because thé TR allows control only of the rate of data acquisi-
tion, not the instant at which a datum is acquired. The most straightforward
method of control would be to apply a step and wait for a period of time (t,,)
before acquiring data (see Fig. 1). Such an approach could not work with a
free-running data recorder such as the TR. With a periodic signal, how-
ever, it makes no difference after the first event if the data acquisition
controls the step or the step controls the data acquisition. Reversing the
logic of control, one can just as easily acquire data and wait for a period
of time (T-t,,) before applying the next step. After the first step: step,
sample, step, sample, etc., is identical to: sample, step, sample, step,
etc. |
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B. The Transient Recorder

To assist in understanding the Bidmation System, the following brief
description of the Biomation itself is included (Fig. 2). A comprehensive
. description of its operation is available elsewhere. The TR acquires and
stores 128 6-bit binary words of data. Data are gathered in time at rates
from 50 msec to 100 msec per word as selected by a 1, 2, 5 time base.
Provisions are included for remote arming and triggering of the TR and a
record signal is turned on during the time data are actually being acquired.
Internally, a crystal-controlled 20 MHz master clock sequences the TRs
operation and generates the time base. Derived from the time base is a
signal called the Memory Buffer Clock which makes a logical 0-+1 transition
to trigger the acquisition of data. The TR was modified to bring this
Memory Buffer Clock and a 1 MHz submultiple of the master clock to con-
nectors on the back panel for use in controlling experiments.

Data gathered by the TR are available in either digital or analog form.
In analog form (automatic display mode), the data are presented recurrently
at 2 usec/word for display on an oscilloscope or at a slow rate (0.1 sec/
word) for plotting on a conventional x-t recorder. Digital data are available
in negative logic 6-bit parallel binary form at DTL-TTL compatible levels
and can be read in a synchronous manner at 2 usec/word or asynchronously
at a rate determined by a signal applied to the Word Command. For asyn-
chronous operation, the Word Command is held at a logical 0 until the next
word is desired. A logical 01 transition of the Word Command signals
the TR to present the next word at its output.. As the TR begins looking for
the next word, the Flag makes a logical 140 transition at which time the
Word Command must again become 0 to prevent the TR from going into the
synchronous output mode. The Flag then returns to a logical 1 level within
256 usec indicating that the next word is available. Data are available for
asynchronous output only immediately after acquisition. Once the auto-
matic display mode has been entered, it is impossible to return to the
asynchronous mode. While in the asynchronous mode, analog data for dis-
play are not available. The last (128th) Flag is at a logical 1 for only about
100 nsec, and the last word is available for only 2 usec at the digital output.
After the last word has been presentzd asynchronously, the TR internally
holds the Flag at a logical 0 level, and the Word Command has no further
control over the data since the TR has entered the automatic display mode.

C. Staircase Signal Generator

1. Delay Timer

To achieve digital control of the signal generation, two signals are used
to synchronise and control the delay between data acquisition and signal
application. The 1 MHz clock from the TR is first conditioned by the Divider
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