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Opening Address

By H. POWELL
(Chairman, Institute of Petroleum Hydrocarbon Research Group)

FirsT of all, I would like to welcome you to this conference, which we hope will
be both interesting and useful I am especially pleased to welcome the delegates
from overseas.

The conference has been arranged by the Hydrocarbon Research Group of
the Institute of Petroleum, a body which originated during the war years to give
financial support to academic research on topics of interest to its member
companies, It has for most of its time operated through three panels, the Spectro-
scopic, Mass Spectrometric, and Hydrocarbon Chemistry Panels. The panels
are made up of representatives of each of the member companies and members
of the universities receiving support from the Group. The technical interests of
the Group have expanded considerably during its life, but the strong links
between university and industry have been maintained and will, it is hoped,
continue into the future.

During recent years there has been growing interest among the members of
the Group in computers and computing techniques and their applications to
chemical research. The Group has arranged conferences on a wide range of
topics in the past, and the subject of “Applications of Computer Techniques
in Chemical Research” seemed to be one of wide interest which would provide
a useful and timely exchange of ideas between chemists with differing applica-
tions for computers.

Some aspects of the subject are quite controversial, and we are hoping that
there will be a lively exchange of views on these. I am referring particulatly to
the conflict of interest within a laboratory when computing requirements are
being assessed. Manufacturers have put considerable efforts into the production
of laboratory systems, but these have to be limited by cost considerations and
must inevitably involve compromises. Some users advocate the use of smail
dedicated computers rather than large central computers. .

The last ten years have seen the growth of computer applications in chemical
research. It stemmed from the chemigts’ realization that computers would be
necessary to handle the huge volume of experimental data and information
that modern techniques were beginning to generate. High-resolution mass
spectrometry was one of the first techniques to experience this need. Without
computers it would not have been possible to consider the combination of
Mgh-raoluuon mass spectrometry and gas chromatography. We are very fortu-
nate in having Professor Biemann of MIT, one of the first to make use of com-
puters in the field of mass spectrometry, as our opening invited lecturer.

Computers were also needéd for Fourier transform spectroscopy and we
welcome Professor Emnst of Zurich as our main speaker on this subject.

X-ray diffraction uséd computers initially for computation and then developed
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2 OPENING ADDRESS

towards computer-controlled data acquisitien. Other techniques involving a
large amount of data, such as gas chromatography, have not been slow to take
advantage of the development of computers for the acquisition and processing
of data.

Chemical information has been increasing exponentially in recent years, and
its storage and retrieval is a growing problem. Computer techniques are again
a necessity if we are to overcome this situation.

Interpretation of data is another area in which computers are playing an
increasing role. A new concept here is that of “training” the computer to make
the correlations on which predictions-are based. We very much look forward to
Professor Isenhour’s presentation on this topic. : :

Another topic we will be discussing is the use of computers for ab énitio
calculation of physical and chemical properties from basic molecular data.

In a recent survey of computer applications in the chemistry laboratory,
Perone, in a paper in Analytical Chemistry this year, classifies the applications
as passive or active according to whether or not the computer exercises some
significant measure of control over the experiment. Data acquisition and proces-
sing, file searching and pattern recognition, and display of data or results are
passive applications. Active applications include automation using computer

" control, real-time computer interaction with experiments, iterative optimization
of experiments, and computer-user interactive experimentation. The trend is
towards an increasing proportion and degree of active applications, This subject
will be discussed at tomorrow morning’s session.

Several of these potential applications may occur together as the requirements
of a particular laboratory and be linked to the general requirements for schedul-
ing work, allocating costs, atid reporting results. Laboratory computing systems
have been devised to meet such complex requirements; usually, so far, these
have been highly individual systems. Today, more and more computer manu-
facturers and software houses are developing packages which can be combined
to meet the specific requirements of individual laboratories; this is indeed a
welcome move which should help to keep down the cost of the final system.. We
will be hearing presentations describing the way in which different laboratories
have approached their requirements for a computer system and this will be
covered by the final session.

"Today’s chemist nceds to be able to use computers, as with their aid he can
do more, and do a better job than without. We must remember, however, that
the use of computers is a means to an end, not an end in itself.

We will be reviewing over the next few days the state of the art of computing
techniques applied to a wide range of aspects of modern chemistry. We will also
be assessing trends in both computer technology and its application to our fields
of interest. We hope also to have many contributions to the discussion from the
floor. These contributions will be published, together with the papers.

We also have a number of displays and demonstrations in the equipment’

jibition, and the manufacturers’ representatives are available to help us ss
~ well. We hope you will make full use of all these facilities.
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Data Acquisition in Mass Spectrometry

By K. BIEMANN

(Department of Chemistry, Massachusetts Institute of Technology,
Cembridge, Massachusetts 02139, U.S.A.)

Or the two modes of producing complete high-resolution mass spectra of o
organic compounds—scanning across a narrow slit in front of an electron multi-
plier or exposing an ion-sensitive photographic plate placed in the focal plane—
the latter is less direct. However, the signal produced by the electro-optical
scanning device is more suitable to on-line data processing, if accuracy, reliability,
sensitivity, and dynamic range are to be optimized. The second area of computer
application is the on-line data acquisition from a gas chromatograph-low resolu-
tion mass spectrometer system. It permits the continuous monitoring of the
effluent of the gas chromatograph and generates a three-dimensional set of data
which allows the application of novel interpretative techniques for the identi-
fication of the composition of even very complex mixtures.

‘The vast amount of data which a modern mass spectrometer can produce
within a short time has, over the past few years, forced the chemist to rely more
and more on computers to ensure the full and efficient exploitation of these
data. Thhe techniques fall into three general categories: the high speed by which
mass spectra are recorded in certain situations requires on-line data acquisition;
the large volume of raw data (mainly time-intensity pairs) requires fast and
efficient processing (to mass-intensity pairs and, in the case of high-resolution
data, further to elemental composition-abundance pairs); and, finally, inter-
pretative methods to identify the compound giving rise to the spectrum or to
aid the chemist in this interpretaion.

RECORDING OF HIGH-RESOLUTION MASS SPECTRA

Historically, the first instance of at least semi-automatic data acquisition and
full-scale processing of the resulting data on a large computer was triggered
by the desire to fully exploit the output of a high-resolution mass spectrometer
used in the determination of structures of complex organic molecules.! The
accurate measurement of the position of a few hundred lines representing a spec-
trum recorded on a photographic plate using a Mattauch-Herzog type double-
focusing mass spectrometer by far exceeded the patience of a densitometer
operator and led to the design of a semi-automated densitometer with punch-
card output. Further evolition went through the stages of digital tape record-
ing? and, finally, on-line operation of the densitometer.%: 4 Similar techniques
were developed for fast scanning spectrometers of the Nier-Johnson geometry,
which do not possess a focal plane. These instruments thus cannot meke use
of a photographic plate and must record on-line into the computer.5 6. The
primary data obtained in either case is a-parameter related to the mass of a
particular ion giving rise to the signal, as well as its abundance. This parameter

distance along the photoplate in one case and time during the scan of the

N
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6 K, BIEMANN

magnetic field in the other. Scheme 1 outlines the various steps involved in the
generation of a high-resolution mass spectrum in terms of the elemental composi-
tion of the ions.

The on-line approach is, of course, the most direct and certainly most fashion-
able technique, but it has a number of practical disadvantages. First, the data
acquisition system, which has to be a reasonably sophisticated one to be able to
handle a complete high-resolution spectrum of a compound of the size and
complexity normally encountered in natural products, must be available and
operated while the sample is introduced into the mass spectrometer under the
appropriate conditions. Secondly, it must have the wide dynamic range which
is required in a situation where one simultaneously records the mass spectra of
two substances, namely, the one under consideration and the mass standard,
both of which produce ions of widely varying abundance but equal significance.
Thirdly, ions of low abundance when recorded at the relatively high scan rates
and resolution practically necessary will give a signal that does not correspond to
a smooth Gaussian envelope but consists of a few spikes due to the occasional
arrival of an ibn while the very weak beam ia scanned across-the collector skit.
Nevertheless, both relatively simple as well as more elaborate on-line computer
systems have been developed® that deal with this situation adequately as long as
one is satisfied with a compromise in scan speed, accuracy, sensitivity, and
dynamic range optimized for the problem at hand.

SCHEME 1
High-resolution mass spectrometer
¢ .
Recording of resolved ion beams
1. Static conditions (M.H.) on I1. Dynamic conditions (N.).)
photographic plate (on mafnetic tape) l
Read density along plate in digital () analogue form (b digital form
form (on cards, tape or on-line) ¥
y digitize
density v. distance profile 4
v abundance v. time profile
abundmlce v. distance o
v v
establish mass scale
{using ions of known mass)
+
calculate elemental composition
4 {
print data store data for

(abundance v. elem. comp.) interrogation

For reasons that are mainly related to our need for obtaining reliable high-
resolution data over a wide dynamic range and a wide mass range on compounds
of which often very little is known and whose thermal behaviour and volatility
is not established prior to the experiment, we prefer photographic recordings of
the high-resolution mass spectrum and its later measurement using an automatic
densitometer, a technique which has been refined considerably in recent years.
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Its main practical advantage is, first, that the spectrum can be recorded without
paying any attention to the data system while the sample is vaporized into the
ion source. Secondly, since the spectrum is integrated during the entire exposure
time over the entire mass range, fluctuations in sample pressure are of no conse-
quence. Thirdly, the technique is independent of the statistical variation of the
number of ions arriving at a given time in the focal plane because of the integrat-
ing properties of the photographic system. Fourthly, additional smocthing of
the data results in the photometric system which employs a relatively long but
very narrow slit and a relatively slow scan rate compared with the scan rate
required for real-time recording of a mass spectrum.

Most important, by taking consecutive exposures during the vaporization of
the sample into the mass spectrometer, one obtains a series of line spectra on
the photographic plate which can be easily inspected using a low-power micro-
scope. This visual inspection permits one at a glance to select that spectrum
during which the compound in question vaporized at the most appropriate
conditions, to judge the quality of the spectrum, to deduce whether any fractiona-
tion from impurities took place or whether thermal decomposition occurred.
Thus the selection of the particular spectrum to be actually measured does not
involve any computer processing of the data. Most important is, however, the
smoothness of the signal produced when scanning the optical density profile
along the spectrum with the automatic densitometer, which thus makes the
processing of the data in terms of exact line centres of even weak ion signals,
as well as the further resolution of unresolved multiplets, a much simpler task.

A schematic block diagram of the densitometer operated on-line with the
computer is shown in Fig 1.3 In brief, the table, on which the photographic
plate containing up to 45 mass spectra rests, is driven by a motor and a precision
screw on the axis of which is mounted a pulse generator which produces 2000
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Fig 1. Schematic representation of an automatic densitometer




8 K. BIEMANN .

pulses per revolution, each pulse corresponding to a motion of the table by
o5 microns. Each pulse tnggcrs the computer to read and digitize the output
of the phototube, which is mounted behind the slit of the optical system. Fig 2
shows a plot of this signal in the molecular ion region of methyl myristate. The

-entire spectrum was recorded in the mass spectrometer from mass 20 to 600

by exposing that section of the plate for 3 sec and read by the densitometer in
5 minutes. Both the monoisotopic molecular ion at mase 242, as well as the isotope
peaks at 243 and 244, are clearly visible.

M region of umethyl myristate ws .
(165 ng/sec) ' ’
e
8 gy
242 23 Uk
(100238 of wie %) (16.8) .72

Fio 2.Plotofdenﬁtyoh3’-nec¢xpomreofmeﬂ:ylmyrimte(regionofmlc
:42-;44 only shown). Upper right: consecutive exposures (1, 2,3, 4, 5, and
. 6sec).

The profile of the signal at mass 243 and 244 is shown in Fig 3 in expanded
form, each x-mark corresponding to a data point read at 0-5 micron intervals.
Note the very smooth signal for the 13C isotope peak while the ion beam at mass
244 i8 partly resolved due to the opcurrence of molecular ions containing two
13C atoms or onhe 180, respectively. Because of the much lower density of the -
lmesatmaum,tbeyneplottedatmexpandedaede.mthetwohonmul
lines, the lower one corresponds to the background level which is computed
anew for each one-millimetre segment along the plate, while the upper line®
corresponds to the threshiold setting, wlnch is calculated by the computer on -
the basis of the staridard deviation of the data points in regiong free of peaks.
From the data shown in Fig 3 it is clear that unresolved multiplets of components
diﬂeringbyonlyafractionofalihewidﬂleaneuilybedeteetedwhenapplying
various simple parameters, such as monitoring of the line width at various
fractions of total peak height or the disagreement in line position applying
differing methods for its calculation such as centroid v, peak top.

Most important, however, is the wide dynamic range over which lines can be
detected and their position accurately determined. The data in Fig 2 show a
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10 K. BIEMANN

dynamic range of 1 in 1000 based on the peak due to the 180 isotope line of the
molecular ion v. the most abundant peak in the spectrum, mass 74. This dynamic
range becomes particularly important for mass measurement at high mass (mass
1000 and beyond) where the abundance of ions due to the mass standard are
sometimes extremely low.
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F16 4. Schematic of dual beam system for the minimization of optical
imperfections on photographic plates read on the automated comparator shown in
Fig 1.

In order to indeed utilize the wide dynamic range ind capability of measuring
very weak lines, as well as treating unresolved multiplets on the basis of their
unsymmetrical line shape, it became important to eliminate the influence of any
minor imperfection in the optical quality of the photographic plate which other-
wise would lead to spurious line centres and thus to incorrect elemental composi-
tions or unassignable lines. For this purpose, the light beam passing through the
projection slit is split into two components, one representing the upper half of
the line, the other the lower half. Both light beams are deflected on one of a pair
of matched photo-multiplier tubes, the signals amplified separately, and then
compared by an appropriate circuit (“‘minimizer””) which transmits only that
one which corresponds to the larger amount of light falling on the phototube
(Fig 4). Thus any imperfection, such as a dust corn or scratch that occurs only
in one half of the spectrum, will not be noticed (Fig 5). For a long scratch the
system will always read that side of the light beam which is not obscured,
assuming that the scratch is not exactly parallel to the lines of the spectrum,
a situation which is very rarely encountered. This technique permits one to

N
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Fic 5. Principle of the elimination of optical imperfection from the
output data (for details, sec text).

11



12 K. BIEMANN

select a threshold for processing of the data that lies very close to the background
level, and thus utilizes sufficient data points for accurate line centre calculation
even in the case of very weak lines.”?

It should be noted at this point that all the results described above were
obtained with evaporated silver bromide plates,® rather than with the silver
bromide emulsion plates (Ilford Q2) used in earlier work. The absence of a
gelatin emulsion increases the dimensional stability of the light-sensitive layer,
which is only a fraction of a micron thick, and vastly increases its sensitivity
towards ions of high mass, a problem, which previously presented a serious
handicap in the utilization of photographic plates for the mass spectrometry of
large molecules. Indeed, accurate mass measurements of jons covering a wide
dynamic range at mass 1640 to 1653 have been reported elsewhere, utilizing this
system.8

CONTINUOUSLY SCANNED LOW-RESOLUTION MASS
SPECTRA OF GAS CHROMATOGRAPHIC EFFLUENTS

A second area in which on-line data acquisition has become an important
technique is the recording of the output of a mass spectrometer that is directly
coupled to a gas chromatograph in order to identify the components of complex
mixtures. In this case, the vast majority of the problems do not require a high
resolytion mass spectrum, but rather a conventional one that is scanned suffici-
ently fast to produce a complete spectrum during a fraction of the time over
which the gas chromatographic fraction emerges. Unless capillary columns of
high resolving power are used, a scan time of 2 to 4 sec suffices. The data problem
- comes into play when one considers that a mixture of compounds isolated from
natural sources may easily contain 20, 50, or 200 components and that those will
not be equally well resolved and thus give rise to gas chromatographic peaks
which encompass not only one but a number of individual components. For this
reason, one generally wishes to scan the mass spectrometer very often during the
gas chromatogram. The general practice is to initiate the scan at the top of
each gas chromatographic peak in order to obtain a mass spectrum of maximum
intensity and to scan again at discernible shoulders in an effort to record also
unresolved components. This method requires considerable information con-
cerning the compounds present and prior knowledge of the retention times of
the fractions are of interest.

However, once one has succeeded in coupling the gas chromatograph toa
mass spectrometer, and th? latter i in turn to a computer, there is indeed no need
for human intervention for the purpose of scan selection. Obviously, one could
conceive of an algorithm or a hard-wired interface which would trigger the mass
spectrometer to scan whenever a gas chromatographic peak top or shoulder is
encountered, but it is much simpler to eliminate this human or electro-mechanical
decision-making process and simply record all the spectra produced by a continu-
ously scanning mass spectrometer. This is even more so because peak tops and
peak shoulders may not at all be the most appropriate portions of the gas chroma-
togram to be scanned if not all components are completely resolved from each
other. The peak top of the signal representing two fractions of equal abundance
but resolved by less than one peak width at half height, results in a mass spectrum
that corresponds to an equal mixture of the two components. On the other hand,
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