MASS SPECTRAL STUDIES OF ORGANIC IONS
IN THE GAS TPHASE

A thesis presented for the degree of

DOCTOR OF PHILOSOFHY

to
The University of Glasgow

by

MARIA EUGENIA SANTOS FRONTEIRA E SILVA

The Chemistry Department .= == .. . - June, 1973.



ProQuest Number: 11017944

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 11017944

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



ACKNOWLEDGEMENTS .

The author wishes to thank her supervisor, Dr. R.I. Reed, for his
constant advice and encouragement during this work.

She acknowledges the collaboration of the workshops of the Chemis-
try Department in particular of Mr. A. Harvey for the care put in the
mechanical work and Mr. A. Anderson for building and setting the elec-
tronic circuits. The collaboration of Mr., J. Hardy on setting the
instrument is also appreciated.

She is grateful to Mrs. S. Farbman of the Computer Service for
the assistance and Mr. A. Jardine for writing the basic programme
that was used for Chapter 5.

Thanks are due to her laboratory colleagues, D.H. Robertsc;n,

I. Jardine, J. Halket and M.E, Jardim for helpful discussions, to Mrs.
E. Olsen and Mr. A. McLean for the technical assistance, to Mrs. J.
Rodgers for the help with the diagrams and Mrs. J.E. Rae for typing
the manuscript.

The author is indebted to the Mass Spectrometry Data Centre,
Aldermeston, Berkshire, England, in particular to Drs. N.R. Daly,

D. Maxwell and R.G. Ridley for the provision of the data files and the
interest taken in that part of the work.

The financial support of the Comissao de Estudos de Energia
Nuclear and Instituto de Alta Cultura in Lisbon, Portugal is acknow-
ledged. The author is also most grateful to Prof. M.J. Abreu Faro,
Prof. M.A. Almoster-Ferreira and Prof. M.F. Laranjeira of Lisbon for

the interest taken in her work.



1.

Mass Spestral Studies of Organic Ions in the Gas Phase.
Thesis presented for the degree of Dostor of Philosophy in the
University of Glesgow by Maria Eugénia Santos Fronteira e Silva.

Summary.

. A single focusing mass spectrometer (Metropélitaﬁ Vickers MS2) was
adapted to energy studies by adding an electrostatic sector.
| The slectrostatic sector, spherioal and symmetric was caloulated
fé aliow feoaaing of the ion beanm received at the end of the magnetic
sector and taking into consideration the limited space available in the
‘mstz\m.xen‘b. Diaphragms to correct for the fringing field were introduced.
A plate aonmested to an electrometer monitored the beam between the two
sectors while a channel electron multiplier was used as the final collector.
211 the circuits were new and the potentials and currents obtained
were stable at least within 0.1%. The resolution obtained was better than
1 Volt in 1000 Volts.
The performance of the instrument was studied, in particular the
mass diserimination effect against the lower masses noticed when using
tha chammel electron multiplier in the continuous current mode.
Nitrogen, methane and methanol were studied.
The shapes of the peaks were obtained by plotting the intensity as
obtained in the "channeltron" versus the energy determined from the
value of the potential applied to the electrostatic sector plates. The
following mrgetic ions were detectedse
1) two groups of energetic ions for peak m/e = 14 from nitrogen;
11) a partioular shape for peak m/e = 14 from methans which could be
caused by an energetic ion, or by the presence of some nitrogen

nixed with the methane;
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1ii) a group of energetic ions for pesk m/e = 17 from methanol.

All these results are in very good agreement with others previously
reported in the literature, obtained using different techniques.

The following metastable transitions, occurring between the monitor
and the eleotrostatic sestor, were detected!

i) for Nitrogen N;.—-ﬁ "+ §*
44)  for Methane an' — cng +H°

+e .- .
01-14 — GH2 + A

Gﬁg — G}I;' + g*

CH}* —> oH" + H*

i11) for Methancl cH, "t —> on, o’ + H

CHy

cnam*'-—-» cE o' + 2u°

o — cm, 0" + B’

OH, of* = ¢ o' + 1

Theae transitions Agree with published results obtained with
different instruments.

Por methane one metastable peak was obtained that was attributed to
a transition occurring in the first field free region.

An attempt was made to obtain information about the kinetic energy

released in the metastable transition.

A oriterion, based on information theory, was developed for the
matohing of an unknown mass spectrum with that in a computer data bank.
The use of the principle of minimum divergence proved adequate in the
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majority of cases., However, when the same compcund is run in various
mass spectrometers the divergence between the different spectra of the
same compound can be greater than between different compounds on the
same inatrument.,

It was also shown that this criterion, deduced theoretically,
approached some of the simpler criterions in use, if the spectra were
normalized by making the sum of the ion abundances equal to a fixed value
ingtead of, 83 is a common practice, making the most intense peak equa.l.
to one hundred.

To test the criterion the files were reorganized, to speed the
search, and in one case the file on tape was transferred on to a disc.

The programmes used are included in an Appendix.

A method was devised to deduce the molecular weight of a compound
when the molecular ion does not appear in the spectrume It is based
on the combination of the probabilities of occurrence of the fragment
ions and does not involve an g priori knowledge of the compound, except
for an estimate of the range of masses that should include the molecular

weight.
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Chapter 1.

Introduction.

The beginning of Mass Spectrometry can be traced to Goldstein1
who, in 1886, was the first to observe rays of positively charged
electrical particles and to Wien2 who later showed that these rays were
deflected by a magnetic field.

The first mass spectrograph was built by J.J. 'I‘homson3

who pro-
duced ions using a high voltage discharge tube and deflected the beam of
ions by means of a combined electrostatic and magnetic field., The ions
emerging from this field were detected on a photographic plate where
they impressed a series of parabolas. All ions with the same mass to
charge ratio fell on the same parabola and the position of an ion in a
parabola depended on its momentum. With his mass spectrograph J.J.
Thomson proved the existence of stable isotopes. The instrument had no
focusing so it was impossible to increase sensitivity* or resolving

*%
power .

* Sensitivity4 measures the response of an instrument to ions of

é. particulaxr component at an arbitrary mass over charge ratio. The
response is measured by charge received in a measuring device or black-
ening of a photographic plate.

*¥*  Resolving Power4 or Resolution is usually defined as the largest
mass at which two adjacent peaks of equal height, differing by one unit
of mass exhibit a valley not greater than a certain percentage (usually

10%) of the peak height.
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Aston5 in 1919, using an electric and a magnetic field in

succession built the first mass spectrograph with velocity focusing.
Collection was made on a photographic plate placed in the focal plane,
that is, the plane where faster ions intersected slower ions for the
same mass over charge ratio. Ions with a different mass over charge
ratio fell in different lines in the same plane and the masses were
determined by comparing with plates from reference compounds.

At about the same time ])em.paate::'6 built the first mass spectrometer
which may be considered the predecessor of modern mass spectrometers,
the difference in name coming from the methods of collection. Dempster's
instrument was based on the principle discovered by Classen7 that
charged particles of a given mass and energy diverging from a slit in a
magnetic field were focused after deflection through 180°.  This was
then the first machine with direction focusing. Ions were collected,
one species at a time, in a Faraday cups.

After Barber9 and Stephens10 showed that the focusing was a property
of any wedged shaped magnetic field, a variety of sector angles11 have
been used. In modern instruments a better design, a decrease in the
beam width compensated by the use of more sensitive collecting devices,
using secondary electron emission (electron multipliera12) and much
more stable electronics permitted one to improve the resolution from
100 on Dempster's instrument to 1000013.

Combining the two principles, velocity and direction focusing,
Herzog14 developed the theory of double focusing instruments. The
instruments in use nowadays are of two main designs.

In the M’atta.uch-?He:czog'15 geometry the ions are deflected in
opposite directions by consecutive electrostatic and magnetic fields,

all the ions coming to a focus in the same plane where they are collected
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generally on a photographic plate.

In the Nier-Johnson16 design the consecutive electrostatic and
magnetic fields deflect the beam in fhe same direction and the ions are
focused at the intersection of the velocity focusing curve with the
direction focusing curve. Each mass over charge ratio is focused for
a certain value of the magnetic field and the collection is usually
made electrically.

By the use of very narrow slits and correction of second16’17’18
order image aberrations the resolution of the double focusing instru-
ments can increase tremendously though at the expense of sensitivity. An
instrument with a resolution of 1,000,000 has been bui1t18’19.

Various methods are used to produce the ions, The commonest is
electron bombardment generally using sources of the Nier20 type. For
all cases where the sample is in the gas or vapour form this type of
source produces a beam with a small spread in energy, thus enabling its
use with single focusing instruments while its efficiency permits the
collection by means of simpler detectors such as the Faraday cup.

Sources using photon impact21, field ionizationzz, high voltage

spark23 24

and chemical ionization™  are also currently employed. Some
of their applications will be referred to later on.

Other instruments have been developed based on different principles.
One of the most common is the time of flight mass spectrometer25 which
uses the different flight times of a pulse of ions of various masses
with the same initial kinetic energy travelling along a field free tube.

26 and Redhead27 types radiofrequency potentials are

In the Bennett
applied to a series of grids to achieve mass separation. The quad-
rupole mass spectrometer28 uses a radiofrequency field in conjunction

with a static field. All these instruments by suppressing the magnetic
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field are less bulky and able to give a faster response. However,
the resolution attained is lower and the electronics required is more
sophisticated.

Machines using combinations of radiofrequency fields with magnetic

29

fields, such as the omegatron™”, the mass synchrometer3o and the ion

31

cyclotron resonance” mass spectrometer are also used. Of these the
last mentioned is the more important by the amount of information pro-
vided on ion-molecule reactions.

Initially both mass spectrographs and mass spectrometers could only
be used whenever a rather low resolution was needed and the unreliability
of electronics made it inadeguate for routine analytical purposes. It
was after the electronic advances of World War II that it became widely
used in industry. Its first analytical application was to the study
of hydrocarbon mixtures in the petroleum industry.

The method used in this case32’33

requires: -

(i) the mass spectrum of a given compound to be reproducible under the
same conditions of operation;

(ii) the mass spectrum of a mixture to be a linear superposition of the
mass spectra of its components, and

(iii) the intensity of a reference peak from one component to be directly
proportional to the partial pressure of that component in the
mixture.
The sample in this type §f analysis was initially always gaseous.

The use of liquid samples of very low vapour pressure became possible

34,35

with the development of heated inlet systems However, many com-
pounds were too involatile or thermally unstable to be introduced in this
way. This difficulty was overcome with the development36 of methods for

the direct insertion of the sample in the ionization chamber. Using
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vacuum locks it is now possible to put the sample in a probe and insert
it in the ionization source without breaking the vacuum of the mass
spectrometer. With this method the amount of sample required can be
as small as & nanogram (10"9 grams).

A method37 is being developed which will permit the identification
of the components of a mixture when it is not possible to separate them.
Whenever possible the combination of gas-liquid chromatography with mass

38

spectrometry~ has been widely applied with very good results. This
method requires the use of fast scanning mass spectrometers.

| Once a spectrum of a pure compound is obtained it can be compared
with files of thousands of compounds previously recorded. Computers
are quite frequently used to process the data either on or off line39.
Computer methods of matching the spectrum of an unknown against those of
known compounds in a reference file are also currently employed and will
be dealt with in the fourth chapter of this work.

When the spectrum does not compare satisfactorily with any pre-
viously recorded, a more detailed analysis is necessary. The‘same
kind of study is also frequently made to determine the structure of
known molecules.

It is useful whenever possible to try to recognise the parent
ion4o before comparing the mass spectrum with others of known compounds
with similar fragmentation patterns. Empirical rules such as those

41

based on the fragmentation of the isomers of octane®™ have proved to be

of very wide application. Specific rules have also been established
for the fragmentation of a great number of classes of compounds42.
This information is in some cases stored so that it can be made access-

ible by programmes, the more advanced system being, at present, the

Dendral?3 program used by the group at Stanford University. Alternatively



the "learning machine" theox‘yA‘4 in which the computer generates all the
correlations from a file of reference spectra has been applied. Pro-
grammes have also been made to take advantage of information from other
analytical methods such as nuclear magnetic resona.nce45.

With high resolution mass spectrometry46 the precise mass measure-
ment permits the use of the differences in the nuclear packing fraction47
of the elements to determine the elemental composition of an ion.

Precise mass determination is made in the Mattauch-Herzog geometry
by measuring with a travelling microscope the distances between the
different lines in the photographic plate and relating the masses with
those of the reference compound. The process, for a great number of
peaks, is very laborious and in general it is impractical to determine
every precise mass manuglly. ]3:i.ema:nn48 introduced a system in which
the measurements are made automatically and the results processed by a
computer. The data is presented in the form of an "element map" using
separate columns for different heteroatom content.

The precise mass measurement with a Nier-Johnson instrument is

50

made usually by peak matching49 but methods” have been devised in which
the time interval between the ions is related to their mass difference
and & computer can then make the whole "element map". By averaging

39 a)

the results of various scans it is possible to produce this map
with an improvement on the basic instrument resolution and the mass
measurement accuracy.

51

The interpretation of high resolution data” , again requires the
consideration of fragmentation patterns. P::og:':a.mrness52 have been made
incorporating all the possible steps a human interpreter would follow

to identify a mass spectrum.

One of the remarkable successes of computer aided interpretation
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of high resolution mass spectra has been in the analysis of peptidess1’53.

This is due meinly to its regular cleavage at the amide bonds.

To rationalize the mass spectral data, a theoretical approach to
the reactions occurring in the mass spectrometer was advanced. The
Quesi-Bguilibrium Theory initially developed by Rosenmstock, Wallenstein,
. Wahrahafting and Eyring54 assumes that:-

i) The process of ionization of a molecule by electron impact is a
Franck-Condon transition.

ii) Thg time of residence of the molecular ion in the source is
sufficient to permit any excess electronic energy to be randomly
distributed over the molecular ion.

iii) Owing to the energies normally used in an electron impact source
the ions formed are distributed over a very large number of
electronically excited states.

iv) Ions with sufficient energy will decompose unimolecularly and if
the internal energy is sufficient to allow n decomposition path-
ways these will usually occur as competing unimolecular decompo-
sitions.

The rate constant for each of these pathways can be calculated pro-
vided the detailed knowledge of the energetic states of the ion is
possible to deteimine. In spite of the number of approximations that
it was necessary to make, quite a good agreement with experimental data
was obtained for some small molecules54 b); for larger molecules the
method proved too complex.

Recently the theory has been used with success to explain qualita-
tively spectral features and review critically the methods that have been
applied to determine ion structure355’56.

The calculation of heats of formation of organic ions from ionizatiom
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and appearance potentials57 has been used as a method to provide evidence
for the identity or non-identity of ion structures. The Quasi-
Equilibrium Theory permits one to estimate the errors involved in the
assumptions normally made that the ionization or appearance potentials
determined correspond to the minimum value and much more attention is
being paid to the fact that the released fragments may have excess
energyss.

Metastable ions have become increasingly important because they are
a means of determining reaction pathways and also owing to the amount of
thermodynamic information they have been shown to provide. MbLafferty59
and co-workers have used metastable ions extensively for the deduction
of ion structures, while Beynon and associates6o have applied metastable
data for a variety of kinetic energy studies.

61,62,63

Systems have been devised which permit the detection of

metastable peaks with great sensitivity and independently of the normal
ions. In the technique63 originated by Barber, Elliot and Major the
Jon Kinetic Energy Spectrum obtained displays all the metastable peaks.
To identify the metastable transitions the Ion Kinetic Energy Spectrum
must be mass analysed which requires the setting of the electroetatié
and magnetic fields at values related both to the mass of the parent and
of the fragment ions. To obtain data for a great number of ions
MbLafferty64 used a computer controlled scan and a computer programme
to process the data.

More recently the study of the metastable decompositions after the
magnetic sector, that is, after mass analysis has been made either

65 2) or an electrostatic sector and this

using a scintillation collector
later technique 65 b)(das applied in this work.

Another kinetic approach has been the study of substituent effects.



In some cases good correlations were found between changes in ion
abundance ratios and the Hammet constant o for the substituenth. A
paper by Chin and Harrison67 confirmed that no direct information on
the rate of a specific fragmentation could be obtained in this way.
The explanation for the good agreement obtained in many cases seems to
be connected with the lowering of the ionization potentials as the sub-
stituent becomes more electron-donating68.

One of the more freguently adopted methods for the study of mass
spectrometric reactions has been the use of isotopic labelling., Hydrogen
has been replaced by deuterium atoms and carbon -13, nitrogen =15 and
oxygen =18 among others have also been employed. The results though of
great value should be dealt with with care since scrambling56 of the
labelling isotope is common. When deuterium is used an isotope effect
favouring the loss of hydrogen atoms over the loss of deuterium atoms
has been reported69.

Scrambling is explained by means of intermediate isomers resulting
from rearrangements. An important proportion of the ions produced in
a mass spectrometer involve rearrangements. The interpretation of mass
spectrometric reactions using Quasi-Equilibrium Theory56’7o has led to
the conclusion that rearrangement processes will be more frequent in
slow reactions (as in low voltage spectra and metastable transitions)
than in fast reactions (daughter ions formed in the source, in 70 ev
electron impact spectra and especially in field ionization spectra).
Scrambling is also minimised in fast reactions and so they permit a more
accurate determination of structures.

Though, at present, it is difficult to apply the Quasi-Equilibrium
Theory to predict spectra, owing to the number of unknown parameters

involved, some semiquantitative prediction is already possible for aliphatic
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chains71 and monosubstituted benzenes72.
The earlier concept of positive charge localization at favoured
sites triggering particular decomposition reactions was developed and

widely used both by MbLafferty73 and co-workers and Djerassi74 and co-
75

workers. As a consequence of their success some authors'” applied the

Molecular Orbital Theory to the prediction of mass spectra. As with
Quasi-Equilibrium Theory too little is known about the structures and
energy states of organic ions produced by electron or photon impact and
some authors76 doubt of the applicability of Molecular Orbital Theory to
mass spectrometry at the present time. Meanwhile the experimentgl re-

sults which were once interpreted using the charge localization concept

are being looked at more critically67’73.

Ion structures are also being currently studied using ion-molecule

17

reactions. Either medium and high pressure sources'’' or Ion Cyclotron

8

Resonance'  are employed. As a particular case of high pressure source

24

Chemical Ionization ', in which a different substance is used as re-
actant, provides spectr; much simpler than those from electron impact
andeue to the source conditions the reactions occurring can be treated
in a way similar to solution chemistry, employing Arrhenius equation and

the Hammett correlations.
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Chapter 2,

Method and Apparatus.

1. Introduction - Various methods have been used to study the

kinetic energy of the ions formed by electron impact in a mass spectro-

meter, ITons with high kinetic energy were first detected1 by changing

to negative the potential of the ion repeller in the source. Methods,

not requiring mechanical modifications in the mass spectrometer include:

i)

ii)

iii)

iv)

v)

deflected the beam in a direction parallel

the study of the peak shape2’4 or of the change3

in relative ion
intensities with the variation of the accelerating voltage;

the study of the beam width at the collector for wvarious acceler-
ation voltagess; .

the change in relative ion intensities with the voltage in the ion
repeller6;

the comparison of the shapes and positions of peaks with and with-
out kinetic energy, selected with the acceleration voltage and
swept with an suxiliary magnetic field';

the study of the variation in beam intensity with the potential
applied to a plate (metastable supressor) placed between the magnet
and the collector"™ 2,

Other authors used plates placed immediately after the source which

113,14 4, the magnetic field

and studied the variation of the beam intensity while changing the

potential in these plates,

before

Electrostatic sectors which allowed an energy analysis of the beam

15

or after16 mass analysis have also been employed.

The kinetic energy of the ions has also been studied using in-

struments based on other principles as the trochoidal path mass spec-

trometer

. 1
7. the coincidence time of flight'® and the time of flight .

After Beynon'320 group studied the relation between the width of
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the metastable peak and the kinetic energy of the fragment ion this
method has been widely applied21. In this case the excess kinetic
energy measured corresponds to metastable transitions and as expected22
the excess kinetic energy is smaller than for ions formed inside the ion
source,

In the present work an instrument was built with the electrostatic
sector following the magnetic sector, to permit the determination of
the kinetic energy of the ions after mass analysis and also to study
the metastable transitions corresponding to each ion of a known mass to
charge ratio.

Instruments with this geometry had previously been built to study
ion molecule reactions16 and to improve the resolving power of a mass
spectrometer23 by reducing the number of scattered particles arriving at
the collector.

While this work was proceeding three paper324’25’26

were published
reporting results obtained with instruments having the electrostatic
after the magnetic sector.

2. 2. [The M52 - The basic instrument to which the electrostatic
Bector was to be attached was an MS2 (Metropolitan Vickers No. 11),
single focusing, 90° magnetic sector mass spectrometer,

The sector instrument was first described by Niex.'27 a) and de-
scriptions of 90° sector-type instruments had already been published28’29
when Blears and Mettrick3o made a detailed study of the resolution and
accuracy of the MS2. The source was an electron impact modified Nier
type :aou:mez7 b) and the collector a Faraday cup31.

In this type of instrument the ions formed in the source are

accelerated by 2000 V and focused at the defining slit of the collector.

The position of this slit inside the tube was taken as the source of ions
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proceeding to the electrostatic sector.

None of the original electronics of the MS2 was used.
2. 3. Electrogtatic Sector - To choose the dimensions of the
electrostatic sector, the calculations made by H. Ewald and H, Liebl32,
33’34’35, for a toroidal sector, were followed. By choosing a
toroidal sector, as opposed to a cylindrical one, focusing is obtained
in both radial and axial direction.

As represented in the Figure 2.1°2 the two plates forming the
toroidal sector are assumed to have a common rotation axis z (1n a
r, ¢ , z system of cylindrical coordinates) and a common plane of
symmetry z = O,

The radial and axial focusing conditions are calculated by means

of the two lens equations:

' -g) (A, - &) =2 —memmmeme —C)
Q' -g) () -g) =2 aemmeen cmemen (2)

where the subscripts r and z stand for radial and axial respectively

and as represented in Figure 2.1
1

1

1]
1r - distance from the exit plane of the sector to the radial foocusing

distance from the source to the entrance plane of the sector.

plane,

l" - distance from the exit plane of the sector to the axial focusing
plane.

The focal distances & &, and the focal lengths fi and fz are given by

a -

€r ”ji? °°t:(43 e "Sf?EEEi§;
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where ae - radius of the sector in the radial direction
Re - radius of the sector in the axisl direction

?e - angle of deflection of the beam

While satisfying the conditions (1), (2) for the first order focusing
the sector should also have a high velocity dispersion coefficient to
permit better energy resolution.

The velocity dispersion factor is given by

N +1;;-g_,;)
= X2 E1 t, %

It was decided to study first the case of a 60° sector with a 6

inches (152.4 mm) radius a,. To solve simultaneously equations (1),
(2) and calculate K: from (3) a programme (PROGRAM? 1) was written in
FORTRAN IV and run on the KDF9 Computer.
The programme conditions were the following:
i) 1; should be larger than the distance of the MS2 collector slit
to the collector flange - 3.2 inches (81.3 mm) ~ and less than
12,0 inches (304.8 mm) because of the amount of space available to
place the sector and associated pumping system; as a starting value,
4.644 inches (71.52 mm) calculated for a cylindrical sector, was

chosen.

The American spelling is used when naming the programmes while the

English spelling is used in the text.



FORTRAN IV G LEVEL 18 MAIN DATE = 720749

C**PROGRAM TO GALCULATE SECTORwx

pant IFI=60

wepe A=6,000

poB3 FI=1,0472

noed Bl.=4,519

puas DO 17 J=1,60

Bevs BL=BL+2,128

0on7 X=3,000

noos DO 17 L=1,135

0ane X=X+0,.,01

wo1o RzA/(2,8=X%*X)

bl GR=A#COS(X%*F1)/ (X*SIN(X*F1))

paiz2 . FR=A/ (X*SIN(X*FI))

ko1 ' GZ=(A*R) %% 5*COS((A/R)*x*D,B%FI)/SIN((A/R)*%0,56%F])
po14 FZma(AXRI**DWB/8INC(A/R)**0 ,5%F )

pe1Ls IF((BL"GR) LT&R.0001)G0 TO 47

16 , RL=GR+FR*FR/ (BL=GR) ‘
©woiv7 IF((BL=GZ) LT .0.0001)G0 TO 17 ' .
o418 : ZLaGZ+FZxFZ/(BL=GZ)

po1e TFCCRLGLTwG4) s ORa(RLGTL15,4))60 TO 17
paza TFCCZLLTa040) o OR, (ZL.6GT,20,8))60 TO 17
pa2i RK=2,0%A/ (XxX)*x (1,04 (RL=GR)/FR)

pwipae WRITE(6,100)1IFT,BL,A,R,RL,ZL/RK

PR23 100 FORMATCLX, VANGLE=! T2, 01X, L' yF643)1Xp A=, FE, 31X,

, XIRZV FOa37iXy VLRV FE,3,1X,) TLZST)F643,1 Xy 'KR=V,F6,2)
paz4 17 CONTINUE
pa2s CALL EXIT
pu26 END

PROGRAM1 8 et s
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ii) 1. should be positive and less than 15.0 inches (381.0 mm).

"
iii) 1 , Should be positive and less than 20.0 inches (508.0 mm).
iv) X should vary between 0,0 (a.e = 2Re) and 1.35 (Re much larger

then a 3 for R, —> OO the toroid becomes a eylinder).

In Table 2,1 are indicated the names in the programme corresponding

to the variables in the equations,

Programme Equations
IFT ¢ . (in degrees)
A a8y
FI ‘Pe (in radians)

1
BL 1 -
X X
R R
e
GR gr
G2 gz
FR fr
¥z fz
f
RL 11-
"
ZL 1l z
L1}
RK Kr
Table 2.1

From the results represented in Figure 2.2 and Figure 2.3 it was
concluded that for the same radius 8y and angle ¢ e and for a fixed value

' -
of 11, the velocity dispersion factor decreases with increasing R e and is
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directly proportional to 1;. The first condition Re small proves

the advantage of a toroidal sector over a cylindrical one. The smaller
values of Re correspond to the larger values of 1; but they also
correspond to the smaller values of 1;. For the maximum value of

1" 11
r and lz is rather large.

K: the difference between 1
It was finslly decided to choose 1: = 1;, that is the case of
the spherical sector which for the central point of the beam (focused
after the magnetic field) provides first order focusing, after the
electrostatic sector, both in the radial and axial directions.

For a spherical sector R_ = a =g, f =f and X=1 80

o' &

that there is only one lens equation:

(1. -g) (1, -g) =1

a
e
where g = a_ cot (’)evand £, = o <Pe
"
n lr - gr)
The velocity dispersion factor K, = 2a_ (1 + --—f—-g is again
r

n
proportional to lr'
The displacement of the image both in the radial and axial direction

is given by "

: -8
be= =P Tf
r "
t 1r - S&
where be is the displacement at the entrance slit. -5 = G is
' r
35

the amplification factor”’” and was made equal to 1 as by increasing the
amplification the image aberrations are also increased and there is no
real gain in resolution.
The condition G = 1 corresponds to a symmetric sector, that is,
L] ]
with lr = lr’

The velocity dispersion factor is proportional to the radius of
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the sector but for a symmetrical spherical sector 6 inches (152.40 mm)
was the maximum radius possible for the sector to be placed in the
space available; for the same radius the velocity dispersion does not
depend on the angle,

However, the angle affects the transmission as smaller sector
angles correspond to a longer path hetween the origin and electrostatic
sector and electrostatic sector and final collector. This means that
the solid angle o(, with origin in the source and defined by the gap
between the two plates forming the electrostatic sector, is larger for
larger sector angles36. To reduce second order aberrations34 this
angle c(iis kept deliberately small by placing a limiting slit immediately
before the sector plates.

When these calculations were made the instruments previously re-
ported with an electrostatic sector féllowing the magnetic sector used
in one case16 a 90O cylindrical sector and in the other23 a 60° spherical
sector,

The sector that was built later on had the following characteris-
tics:

60°

-
()
fl

1, = 1, = 10.394 inches (264.01 mm)

11 1" n

1, =1, =1 = 10.391 inches (263.93 mm)
a, = R = 6.000 inches (152.40 mm)
K; = 24.000 inches (609.60 mm)

2. 4. Distance between the plates - Once the radius ay is fixed the
two plates will be spherical sectors, one convex and the other concave,
separated by a distance 2b and having radii respectively ag + b and

ae-bo
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An ion entering the sector in the medium plane and describing an
34

orbit of radius a, is submitted to a centripetal force”  given by:
2
MB Vo = - eE
8¢

Where MB is the mass of the ion, ?L its velocity, e its electrical
charge and Eo is the intensity of the radial electrostatic field, between
the plates, for a radius a8, The intensity of the field is given by
E° = -_g%% where AV is the potential difference between the plates.

The velocity ;L of the ions is calculated considering that the ions are

accelerated in the electrostatic field following the source by a poten-

tial difference of 2000 Volts.
-12-Mv = eE and E = 2000 V

The digtance 2b between the plates was made equal to 0.9 inches

(22.86 mm).

2 av = 2B
2b

The value obtained for AV is 600 Volts and the potential applied
to each plate will be \P1 = + 300 V for the concave plate and sz =-300V
for the convex plate.

The value of the gap was determined essentially by the accuracy
which was to be required in the construction. As it was desired to
obtain a resolution of better than 2V in 2000 V a precision of 1 in 1000
was required. For a gap of 0.9 inches it corresponds to a precision of
0.9 thousandth of an inch (0.023 mm) in the machining and assembling of
the plates. It was thought to be difficult to obtain the same pre-
cision for a smaller gap. This also led to the requirement of a

stability of 1 in 1000 for the electric circuits.
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The sector was machined* according to Figure 2.4 in non magnetic
stainless steel,
2. 5. Fringing field - The field applied to the plates of the sector
does not finish abruptly at the end of the plates. The effect of this
fringing field is to lengthen the plates so that the analyser would
function as though the angle was greater than 60° 36.

The distance,at which the electrostatic field‘would become equal
to zero was fifst calculated*ih the absence of intérmediate slits,

considering the origin of the beam as a thin slit and using the ex-

"préssion deduéedhby Herzog37 for a parallel plate ééndenser.

The distance between the real field boundary and the ends of the

spherical condenser would be approximately:‘

" 1 2

N = 2 —= arc tan 27 - 2 1 —T§4h~75
i T 17+

= -5-—%5-6- 10.39 arc tan 0.0433 - 0.1432 1n 0.0074

= 0.99 inches (25.15 mm)
_Aé is common practice grounded thin slits were used to compress
this regibn. It was intended to make the real field approximately
N .

. *
~ zero outside the condenser and equal to E = = > inside it so that 17
38

would be made equal to zero” . To use Figure 2.538 the values of

% where 8 is half the slit width were calculated for the slits to be
used at the entrance (0?030 = 0.76 mm) and exit of the sector

(0.060 = 1.52 mm); in both cases they were closer to‘ﬂ'z-ero than to
five tenths so that the curve having:%'= o was chosen. On this curve
 the value ¢ff equﬁl to zero corresponds to approximately 0.52 for-%

by Carrick Precision Tools, Stewarton.
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where 4 is the distance from the grounded thin slit to the entrance
or exit of the sector. This gives 4 equal to 0.23 inches (5.8 mm) .
Owing to an error in the positioning the real distances used were 0.15
inches (3.8 mm) for the entrance and 0.25 inches (6.4 mm) for the exit
which, on the entrance side, makes the real field equal to zero still
inside the sector. However, the value of ?7* was determined for a
straight electrode boundary; the correction for a circular shaped
boundary would have to beAdetermined experimentally in an electrolytic
tank and the value used was only an approximation.

The best focusing position was determined experimentally by moving
the two bellows situated respectively between the magnetic and electro-
static field and the electrostatic field and final collector. As the
fringing field's main effect is the shift of the focusing point it was
worth calculating the second order aberrations of the image neglecting
the fringing field.

2. 6. Image error and theoretical resolution - The error introduced

by second order effects and also the theoretical resolution can be
deduced from the expression of the path of the beam after the electro-

static sector,
For a toroidal electrostatic sector this expression was determined

by Ewald and Lieb134. It is usual to introduce two systems of rect-

1 1

t 1 t 1" 1
angular coordinates, x , y , 2 and x, y , 2 with origins respectively

at the entrance and exit points, for a beam entering the sector perpen-
dicular to the boundary in the spherical surface equidistant from the two

1 i
plates, and where x and x are respectively the normal to the entrance

t "
and exit points, y and y are the axes in the radial direction contained
. t "
in the plane of gymmetry of the sector (Fig. 2.1) and z and z are

perpendicular to this plane and thus parallel to the axis z referred to
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in paragraph 2.3.

In this system at the origin of the beam x' is equal to l'e, y'
can have the maximum value a'eeo’ where a.eeo is half the width of the
slit after the magnetic field in the y' direction, and z' can have the
maximum value 8, to where a, Z’o is the half width of the same slit in
the z' direction; at the entrance point x| equal to O while y' and z'
have the maximum values a, (91 and aef1 corresponding to the half width
of the limiting slit in the directions respectively of y' and z' .

The maximum angle a beam can make with the normal is then given by:

O(' - a'e (()1 - PO)

t ]
in the x , ¥y plane

r
@ -T,)
(e ' '
and O = -2 L o inthex, z plane.
1
e

In general the ions will have velocities with values between v, and
v + @v where @ is much less than 1.
o-1o

On the exit side of the sector the width of the image in the

"
direction y is given by:

"

' 12 2 12
y o= &, (K1o<r+K2(3+ K4p°+K11o(r + Xy B +K33o(z
+ K () +K55C + K, o(@+K o<(9+K24r3(0 +K505 T) +
+ x (L1O(L+ L, (3+ L4 ()0+ L”od;z +L,, 92_‘. L330€.;2 + LM()?)-'-
+L5'C + Ly, (3+L ot(>+L24(3()+L o<‘(f)

where K1, K 4, K 11? K 207 K33, K44, Kss, K12, K14, K24, K35, L1, L2,

L4, L”, L22, L33, L44, L55, L12, L14, L24, L35, are numerical coeffi-
cients related to the geometrical constants of the electrostatic sector.
The first order focusing condition in the radial direction (Equa.-

" 1
tion 1) is obtained by making y independent of o o that is by making
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equal to zero the coefficient of the terms in 0(;. The focusing
condition in the axial direction (Equation 2) is obtained in the same
way by making equal to zero the terms in o(; in a similar expression
giving the width of the beam in the z" direction.
The first order focusing conditions for the symmetrical sector
" "

] 1
built are obtained for x = 1 =1 andy at the distance 1_ from
the exit of the sector is equal to:

"e(ak,+1L)B+(ak, +11L) (a K 'L,.) ot 2
y = (agky + 1gLy) B+ (o, + 1.L,) P + (akyy + 1.Lyq) ol
+(ak, +1L.)p2+ (aK,, +1L )o('+(aK +1'1,,)
koo * leloo/ o533 * L33/ % 44 Po *

! 2 1 t t
+ (%K55 + 1@1,55)*5o + (a Ky, + 161412)013c B+ (a K, 4+ el 4)o(r ()o +

+ (aeK24 + leL24) (37,’0 + (aeK3 +1 L35) o{z‘(j

where
X, =i§ (1-0093(4)9)
K = cos:((# - 1'32 BinJK(b
4 1 Xt ° 12
1 e (22 1 1 (1 20) 11e (1 A
Ky =5 — =5 = X +l—x )} - ~-= + =(lcos X +
11 BXae.Exz gem ¢, [3)82 2 73 i 2 ng ¢,
1'2) 1'2‘
1. (2, A"e 2 1 (2 e A
s — X — e - X +
+3x2§ * ai ) & ¢e+3g ai +X4; cos e
' 1o
12 a) . 1% (4 1) 1_ . a¥
“3)(?;:'2 -—5§smzx¢e+-§:§-—%- g”3)g+3)é
1 1 28 16A 2 (1 1
K22--)—C-2-§ +3x2+-;;é—; cos X ¢, -ig +)—(—§+)-ng4>8sz¢6+
44 ;.2 8 . 2 164 . 20 1
+37(6sz4>9+ fcosx(]b +3)é+3)é+)(_2
1 12
1e B le
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3¢ 3X 3
_22‘+)1C-2-+7%%§¢ecosxe
Lss'[éggé%éﬁg‘ig”alc*ﬂ%’ﬂj o1 X Qg *
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x sin2 X4
1
1
1e (B3 =2 2¢ B BYe
L35 =X ae{ 5¢ -~ 2 ] smx¢e+5c-2°°fxcpef'50-2 x
.
]'e B K
x;:smzﬁtPe-sc_zcosch—(j)e
and
2 ]
A =[30-3-_(2;"(1+Re)]
B =[c+c2(1+R;)}
ith o = 22 and R = (3R ) R being the axial
with ¢ = R, and Ro= (/4.9 p. a7 =0 eing axia

radius of curvature of an equipotential surface adjacent to the zero
potential surface in the z = O plane; f = = aeﬁ/AoC where Ao is the
change on the angle of admittance ol caused by the fringing field so
that in the apparatus built f — oo

The numerical values obtained for this auxiliary variables were
c=1,R;=1,A=-1andB=3.

From the dimensions of the slits used it was obtained

a0, = 0.004 (0.10 m) af = 0.015 (0.38 m)
8, T, = 0.05 (1.27 mn) 2 T, = 0.19 (4.83 m)

The term in?o is equal to - a’e()o’ as expected, since the ampli-
fication was chosen to be 1 which mekes the image of the entrance slit
the same size as the slit itself,

The term in(?, representing the dispersion due to the different
velocifiea in the ions entering the sector is equal to 49,8{5 .

The numerical value of the second order aberrations is indicated
in Table 2.2 except for those including (3 since this value is still to

be determined.
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Type Index | K L Numerical value (mm)
ol | 11| -2 23 -1.26 x 1073
p‘ 22 | -1/2 | J3/2 -304.8 x (2
o2 | 33 | 34 | 33/ 5.84 x 1072
(:;’ 44 | -3/8 | 3/ -9.84 x 107
T | 55 1/8 0 1,32 x 10°3

oLe | 12 | NT 8 3.36x (3

Lyfo| 1 | -NF2 | -5/2 7.3 x 107

(3(7° 24 3 23 0.0 x (3

LT | B | V2 | 4.1 x 10"
Table 2.2

Since the size of the image, without considering the second order
aberrations, is equal to O.1 mm, from the calculated terms, the ones in-
cluding 04; together are of the same order of magnitude as the image.
This is owing to the fact that instead of a small circular hole, a rect-
angular slit is used and the focusing properties of the sector are only
for the centre point of the slit. The wider slit was employed because
it made it easier to detect the beam as it did not require such a high
precision in the initial setting. As no adjustable slits were available
to decrease the size in the z direction it would be necessary to open the
machine and replace the plates with the slits. This was not attempted

because, at present, it is quite difficult to reassemble the apparatus
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and obtain the same relative positions of all slits.

Two groups of ions entering the sector with different velocities
will be distinguishable if the images they form can be separated, that is
the term 4ae(3 has to be bigger than the sum of the image with aberrations
plus half the width (0.02 mm) of the collector slit since the collection

is made electrically30.

4ay B > 0.10 m + 0.02 mm + [ 0.10 + 4.26 f - 304.8 (SZJmm

which gives @)0.000A,

Since @ = 'Q#! =-%'£%§ the energy resolution is of the order
o .

of 8 in 10000 which is still better than the limit set by the precision

in the construction.

2. 7. Assembling of the sector -~ The two spherical plates were
supported in position using pyrophyllite parts which were machined to
size and according to the manufacturer's instructions heated up to
1000°C to gain mechanical strength., After the heat treatment it was
noted that there had been no deformation and though they had contracted
slightly it did not affect the spacing of the sector.

As shown in the Figures 2.6 a) and 2.6 b) the bottom plate (concave)
of the sector was screwed to two pyrophyllite parts and the top plate
to the other two. The two pyrophyllite pieces attached to the bottom
plate are kept in position inside a brass box by means of small brass bars
screwed to the box and insulate electrically the stainless steel plate from
the brass box. The distance between the two plates is maintained
using small brass cylinders inserted between the bottom and top pieces of
pyrophyllite. The spacing between the two plates was measured with a sur-
face micrometer and the error was less than 0,001 inches (0.025»mm).

To the entrance and exit sides of the box are attached metal bellows.
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The bellows* were intended to adjust the focusing position and were
chosen with the maximum length advised by the msnufscturer, that is, a
iength equal to the diameter (2 inches = 50.8 mm).

Another bellows was placed between the first collector and the
rigid tube to facilitate the comnection of the electrostatic to the
magnetic sector. Each bellows, as shown in Figure 2.7, had attached
to one of the flanges a long screw of short thread which went through
the other flange. By adjusting the nut outside this flange, small
angular movements were obtained. The lengthening and shortening of the
bellows was made by moving the whole assembly relatively to the handy
angle structure on which it was mounted.

The bellows were measured under vacuum to determine the length
of the rigid parts.

The conductors (nickel wire gage 0'.'001) supplying the voltage to
the plates are introduced in the box through a ceramic to metal seal**
to which they are welded.

Figure 2.8 shows the box containing the sector; with mechanical
connections. The base of the box mskes an angle of 15° with the
horizontal to permit the connection of the whole assembly to the old MS2.
2. 8. Yacuum system - Three independent vacuum systems were used all
employing A.E.I. "Metrovac" pumps and traps.

G e - T > o G o - S W B T e o O T e > T = G G G P (O P 0 G 0 U iy . G O A U et B W 4 S

*  Supplied by: United Flexible Metallic Tubing Co. Ltd.,
South Street, Ponders End,
Enfield, Middlesex.

** Supplied by: 20th Century Electronics Ltd.,
. King Henry's Drive,

New Addington,

Croydon,

Surrey.
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. The two main ones were formed by a liquid nitrogen trap (MARK III)
sitting over a diffusion pump (033C - 130 1/s) backed by a Rotary Pump
(GDR1 - 0.72 1/8). The tube of the original MS2, that is, the tube
passing inside the magnetic field rested on one of the cold traps while
the box containing the electrostatic sector plates sat on the other

The third system which was part of the sample introduction system
was formed by a Diffusion Pump (022A - 35 1/8) backed by a GDR1 Rotary
Pump.

The vacuum seals used between metal parts were O-rings or rubber
cord. The original MS2 tube had heating resistances and the electro-
static sector was surrounded by heating tape. The whole system was
usually baked overnight but the baking temperature’bf the sector waa
kept under 70°C because of the final collector.

The pressure was measured on the backing lines of the two main
systems and on the third one by means of Pirani Gauge Heads (Edwards).
At the base of the M52 tube near to the connection of the sector there
was a Pemning Gauge Head (Edwards) and on the cover of the box an
Ionization Gauge Head (VC20 AE1).

The pressure in the tube and sector varied between 2 x 10"6 torr %o
up to 10-5 torr during some experiments. In the sample introduction

4

system it was lower than 10 torr in the absence of a sample.

2. 9. Sample introduction system -~ As the sample introduction system

of the original MS2 had been dismantled a new single inlet aystem was
constructed, similar to the one in the MS9 double focusing mass spectro-
meter,

The gas or vapour admitted through a small doser40 was expanded in

- - -~ - " - S - . S o . -

* -
1 torr = 1.333 x 102 Nm 2 (S.I. units).
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a 2 litre reservoir and admitted to the source through a capillary
tube and sintered disc to ensure molecular flow and allow a steady
pressure in the source for up to 5 minutes. To keep the pressure con-
stant for a longer time it would be necessary to use a sinter of smaller
pores or a leak valve. A constant pressure in the source was not im-
portant for the experiment using the background and in the others
lasting for up to three hours the pressure variation was corrected as
will be described in the next chapter.

2. 10. Source ~ As mentioned before the source used was of the

modified Nier typaz7 b), controlled by three electronic units:

1) The first was a stablised power supply for 2000 Volts. For most
of the work, to obtain a stebility of 0.1 Volts in 2000 Volts, an
CLTRONIX regulasted high voltage power supply* was used.

ii) An electron besm control unit allows the control of the filament
current keeping constant the amount of electrons emitted by it.
Tae cage potential was kept constant at 2000 Volts relative to
earth which corresponded to + 70 V relative to the filament.

The trap current and potential were also supplied by this unit.
i1i) A potentisl divider unit supplied the voltage to the ion repeller,
the first slit plate and the two sets of "D" plates according to
the practice of the MS2.
The spread in the energy of the ion beam for parent iens can be as

¥, , :
low as 0.05 &V 41» However this involves using a very low ion repeller

o s i e . e e W e R o T o S (o’ U T S - W Y S 4 o o

*  CLERONIX 4 2.5k - 1GER ebtained on Iean from the University of
St. indress.

w1 W = 1,602 % 167 § (5.1, Tnits)
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field and space and surface charge decrease the stability and linearity
of the source.

According to Blears and Mettrick>C, the thermal energy of the
molecules being negligible the main cause of spread in the beam energy
is the point of the electron beam where the ion is formed. The width
of the electron beam being approximately 0.2 mm and the distance between
the ion repeller and the cage @ = 4 mm the spread in energy is given by
AV .Y x 0.2 where V is the voltage difference between ion repeller
and ca.ge %9 Volts). A V should be of the order of 0.5 Volts.

2. 11. Mggmetic Field Control Unit - The magnetic power supply pro-
vided a current variable between O and 350 mA. Since the two coils

of the electromagnet were connected in parallel this corresponds to
values of mass over charge up to 800. The higher values were never
used as the mass resolution of the magnetic sector was much smaller than
that.

The stability of this power supply was better than 1 in 1000.

The unit included facilities for scanning the megnetic field either
mannally or automatically, with three speeds.

2. 12. PFirst collector ~ The first collector was placed relative to

the electrostatic sector as indicated in Figure 2.8 so that when the
electrostatic sector is comnected to the magnetic sector it occupies
the same position as the Faraday Cup in the MS2. The distancesbetween
the supporting flange and the defining slit are the same in this collector
and in the Faraday Cup.

The top plate at =72 Volts and with a slit of 0?040 (1.02 mm) wide
limited the beam to be received in the first collector and set the re-

solution obtained here at a very low value, and simultaneously repelled

secondary electrons produced at the surface of the slit, preventing
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them from reaching the collector.

The next plate with a slit 0'.'008 (0.20 mm) wide defines the beam
that is going to emter the electrostatio sector. All the ions passing
through the O'.'040 8lit and not through the 0'.'008 are collected on this
plate which is comnected through a ceramic leadthrough seal to the
electrometer amplifier of the old Faraday Cup placed outside the vacuum
line.

The resolution & (mv ), that is, the momentum resolution obtained
mv

in the first collector is smaller than the resolution in the beam
entering into the electrostatic sector.

The signal from the electrometer amplifier is detected in a volt-
meter and can be recorded.

As the spherical sector only gives focusing for the central point
of the beam, after the beam was first detected in the final collector a
new plate with .a hole of 0':1 (2.54 mm) diameter was introduced after
the O‘:OOS s8lit plate and insulated from it. This plate reduced the
dimension of the beam in the z direction, as a first step to the re-
placement of the plates with slits by plates with circular holes. The
values calculated in 2.6 refer to the ae"C'o obtained this way.
2.13. Electrostatic sector control unit - A power supply unit provides
+300 Volts to the lower plate and -300 Volts to the upper plate of the
electrostatic sector. There is provision for a small adjustment
voltage to be added or subtracted from these potentials. The voltage
was stable up to 0.25 Volts and the difference between the absolute
value of the potential in the plates was never larger than this. The
trimming controls were used as focusing controls to get the highest
beam intemsity.

The ¥ 300 Volts can be scanned simultaneously changing the voltage
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in both plates by the same amount but in opposite directions. The

range of the scan can be changed from zero (fixed voltage) to three hundred
Volts. The scan can be made automatically though for wide ranges it

was always made manually because the speed of scan arailable was too

high. Values of voltage respectively greater than +310 Volts and less
than =310 Volts though obtainable were not used in the experiment.

2.14. Final collector ~ A channel electron multiplier (type B419 AL

No. 456 from Mullard) was used as the final collector.

A channel electron multiplier42 ig formed by a small curved glass
tube, the inside wall of which is coated with a resistive material.

When a potential is applied between the ends of the tube, the resistive
surface works like a continuous dynode in a way analogous to the separate
dynodes of a photon or electron multiplier, together with the chain of
resistances used to establish the dynode potentials,

An ion entering the negative potential end of the channel multiplier
generates secondary electrons when striking the walls of the tube.

These are accelerated along the tube until they strike the wall again
generating further secondary electrons. When operating on the current
amplification mode, as was the case in this work, an open output
multiplier is used, with a separate collector electrode(trap)

The "channeltron" assembly is represented in Figure 2.9. Once
this agsembly is attached to the rest of the system the top plate is
situated at the imsge forming distance (1; ) from the electrostatic
sector plates. The "channeltron" itself was fixed with the cone at
about 1 mm from the plate. The "channeltron" is supported and simultan-

eously insulated from the two brass pillars by means of two teflon
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pieces screwed together forming a band behind the cone of the channeltron.
In front of the opening of the positive end a small trap shaped as in-
dicated in the diagram was also set in position by means of two teflon
pieces.

The two brass pillars were screwed to a hollow brass flange which
attached to the tube leading to the electrostatic sector. The electrical
connections to the exterior of the vacuum system were mede by means of a
flange with three electrical feedthroughs* which was attached to the
hollow brass flange as indicated in Figure 2.9. The three conductors
passing through the hole in the brass flange connect respectively to
the entrance and exit of the channeltron and to the small trap.

Electronic units supplied the high voltage variable between -~500 Volts
and -2,500 Volts and the positive potential (relative to the output end
of the channeltron) to the trap. This potential difference, variable
between zero and two hundred and fifty Volts was set at the value for
which an increase in the potential difference did not correspond, any
more, to an increase in the signal. This value was +50 Volts. The
signal after a@plification was read on a meter and, or recorded.

The whole instrument with electronic circuits is schematically re-
presented in Figure 2.10.

2. 15, Measurement of voltages - The acceleration voltage (+2000 Volts

relative to earth) was measured, using a SOLARTRON digital voltmeter.
The range of this instrument is 1000 Volts. A series of resistances was
used to cause a potential drop of 1000 Volts and permit the use of

the voltmeter. The value of the resistances changed quickly whenever

——— D W T > B D B = S S S — T A - W - > S e W e S A S S G T G T e S S W o S G D b T A S P e S

EFT3 from Vacuum Generators Limited
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the circuit was connected and there was also a long time variation. The
values measured were for that reason only relative. The instrument
allows a precision of 0.25 Volts in 1000 Volts, that is 0.5 Volts in
2000 Volts.

The same digital voltmeter was also used to measure the voltage in
one of the plates of the sector. The precision obtained of 0.25 Volts in
300 Volts corresponds however to 1,67 Volts in 2000 Volts and was rather
less than required.

Since to change the 2000 Volts involves changes in the source
focusing conditions and in the magnetic field, for most applications it
is the t300 Volts supplies that are changed and need to be measured.

For further applications it will be necessary to introduce a more
sensitive form of voltage measurement.

In the final part of the work, the meter was accidentally broken
and a DANA 3800A digital multimeter was used instead. This type of in-
strument only gave a precision of 1 Volt in 300 Volts and having a
lower internal impedance also gave a systematically lower reading.

2. 16. Recording of signals - The signals from the two collectors
could be transferred either to a TEKTRONIX TYPE 564 STORAGE OSCILLOSCOPE
or to a WATANABE MULTIRECORDER TYPE MC611.

The signals in the oscilloscope were photographically recorded

using a TELFORD TYPE P photographic camera.
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Chapter 3,

Performance of the Apparatus and Results.

3 1e¢ Resolution.

3« 1.1%* Mass Resolution - The resolution of the original MS2, before
connecting the electrostatic sector, was determined using a 0.002 inches
(0.05 mm) slit in the source and a 0,0065 inches (0,17 mm) in the
Faraday Cup. Figure 3*1 shows the group of peaks 139 - 142 from a
spectrum of iodomethane taken in these conditions. The resolution ob-
tained was of the order of 150,

After the introduction of the sector, using the same source slit
and a slit 0.008 inches (0.21 mm) wide in the entrance of the electros-
tatic sector, the resolution was obtained from a spectrum of 2 Benzyl
Benzoic acid (Figure 3*3) and is of the order of 250. The peaks of 2
Benzyl Benzoic acid were identified by comparison with the spectrum of
the same compound run in the MS9 (Figure 3*2).

3, 1, 2. Energy resolution - The resolution in energy was determined
by changing the acceleration voltage (2000 Volts) without changing the
potentials of the plates of the electrostatic sector. The peaks ob-

tained were recorded in the oscilloscope and photographed (Figure 3*4).

Fig. 3.4*
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The two peaks in the upper part of the photo differ by 2 Volts while
the ones on the lower part differ by 1 Volt. The resolution was better
than 1 Volt in 1000 Volts.

After this photo was taken the resolution was marginally improved
by using a pen recorder which permitted a thinner trace and a more con-
venient scale.

Since the exit slit of the electrostatic sector is less wide than
the entrance one, to deduce‘l the intemsity of the ionic beam per unit
energy interval, the peak height will have to be divided by the mean
value of the energy in the interval. For ions of energy 2000':2 Volts
. when calculating relative intensities the correcting factor is of the order
of 0.1%.

Once the electronic instabilities were solved the main limitation
in resolution is coming from the spread in energy of the ionic beam.
The change of the plates with slits to ones with holes may improve the
resolution. A similar effect may also be obtained by a better aligne-
ment of the magnetic sector. Further improvement will have to come
from modifications in the source or the use of a source of different
design.

3. 2. Ion Repeller characteristic - The curves corresponding to the
variation of peak height with the ion repeller voltage (relative to the
ionization chamber) were obtained both for the first collector and the
channel electron multiplier. The curves represented in Figure 3.5 were
obtained with the focusing controls of the source set to give the
maximum value of the ion current on the second maximum of the ion re-
peller (~ + 9V).

In the case of the "channeltron" for each setting of the ion re-

peller voltage, the potential in the plates of the electrostatic sector
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was also changed to give a maximum value of the ion current. The re-
lation between the variation in the ion repeller voltage and plate poten-~
tial (calibrated in ion energy) is indicated in Figure 3.6 and, as ex-
pected, is linear.

The first maximum2 corresponds to a more nearly monoenergetic
" beam since practically all the ions formed with velocity components in
the opposite direction of the electrostatic field are not going to
leave the ionizgtion chamber; all the ions with velocity components
in the direction of the acceleration field would still be transmitted.
However, owing to the instability over the first meximum the second one
was chosen.

The curves were obtained using peak 28 from the background.

3+ 3. Performence of the channel electron multiplier - The channel

electron multiplier was used in the continuous current mode,

The initial amplification was not measured as there were no means
of comparing the signal with and without passing through the "channel-
tron". The "chamneltron" suffered a rather rough treatment since it
was used during the whole positioning and focusing of the instrument
often with rather intense signals,

No appreciable change in amplification, with time, was noted
during the first part of the work, during which the ion repeller
characteristic was determined and curves of intensity versus energy
were drawn for background, methane and methanol.

According to the manufacturer's insﬁ:mc’c:v’.ons3

to obtain some pro-
portionality between input and output a gain of less than 107 should
be used. This corresponded to an applied voltage of less than 1.7 kV.
In this part of the work the applied voltage was 1.25 kV except to

determine the energy curves of peaks 14 to 18 in the background in which
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case 1.5 kV were used to obtain the necessary amplification. In this
last case instability in the form of afterpulses superimposed to the
basic current was observed, in a way similar to the one described by
D.S. Evans4.

The power supply for the electrostatic sector, employed during
this part, made use of batteries which discharged slowly requiring
frequent replacement or the introduction of new batteries to readjust
the potentials of the plates,

When the new stabilized power supply was introduced and methane
and methanol were run again in the apparatus it was noticed that the
gain of the multiplier was much lower and it continued to decrease
steadily with time. Short lived improvement was obtained by switching
off or simply decreasing to a minimum the applied voltage. Baking in
vacuum overnight had a slightly longer lasting effect. Degradation of

the gain with use in the pulse counting 22

mode had previously been
observed.

To increase the gain a higher potential difference was applied.
For voltages over 1.6 kV saturation effects due to field distortion were
observed. In this case owing to wall charging4 or positively charged
pa.::‘t;:i.cles6 the multiplication process stops. After a "dead time" the
current is restored. When operating in this mode the signal was ob-
served as pulses, that lasted long enough to be detected in the oscil-
loscope but not in the pen recorder.

As some of the samples took about three hours to run it was necessary
to correct for pressure variation. From the manufacturer's instructions3
and from Figure 3.7, it was assumed that the variation with pressure as

measured by the intensity of the signal in the first collector, was

linear.
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As previously noted5 in the pulse counting mode, there was a strong
mass discrimination effect against ions of lower mass. To study the
change in amplification with the mass of the ion it was however, necessary
to consider the variation in peak height of different masses m, m, with
energies between E and E + 4E,

Considering the energy distribution to be Maxwellian7

the number
of molecules with the velocity component in the x direction, having a
value between vy and Vo + dv is given by8

=N ( g (exp = gg%_g av_

(em kT ( oKT

Since the component of energy being measured is also in the x
direction reference to the direction will bhe omitted from here on.
The energy of the ions is given by

2 2
E_1m1v1 -~-_1é_m2v2

where o, Myy Vis V, are the masses and velocities of the ions

of species 1 and 2,

dE = m1v1dv1 = mzvzdv2

The number of ioms in a certain energy interval is given by

i
dN1 = N ( )2 (exp -_E_) aE

! (T g kT)
and is therefore independent of the mass, depending only on the total
number of ions of species 1, N1, present,
The value N1 was taken to be proportional to the height of peaks
as obtained from the intermediate collector, It was assumed that a
fraction, always the same (for the same speed of scan), of the ions
impinging on the collector plate went through the slit, into the elec-

trostatic sector,
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From these ions, those with energy in the interval 4E were collected
at the "channeltron" and the current produced was amplified by a factor

X1. The value measured after the "channeltron" was taken as equal to

X,dN,. X, dN, is a funotion of the energy but the ratio X, N, / X, N,
¥, , ¥,

should be independent of energy in the interval where the scan is being
ma.d,e1 and if different from 1, the difference should be due to mass dis-
crimination.

The ratios obtained are indicated in the Tables.

Table 3;1. - Background

n/e 14 18 28 29 32

Ratios™ 0 0 1.0 3‘-‘1") 1.6%0.2%)

a) the ratios indicated are relative to m/e = 28,
b) the error indicated results from the estimated maximum values of
the error in measuring peak heights; 29 is very small in the inter-

mediate collector.

Table 3.1 refers to the complete spectra of the background repre-
sented in Figure 3.8. The ratios were calculated using the heights of
the peaks. Another set of peaks run at a lower speed was used to com-
pare the ratios obtained by measuring either the heights or the areas of
the peaks and the results compared well considering the experimental
error in the measurement.

No ratios were determined for the background peaks 14 and 18 for
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even increasing the signal in the "chammeltron" (by increasing the
applied voltage) they would still be affected by a very big error as
the height of the peaks as measured in the intermediate collector was
very small. An error would also be introduced on considering peak 14,
since, as will be seen further on, it is not a Gaussian peak and so the
dependence on energy is different from that of peak 18.

The mass discrimination effect was then studied with the samples
of methane and methanol.

The results obtained for methane are indicated in ‘I‘abie 3.2. The
values referred are mean values obtained for various energy intervals
(dE), chosen in the medium part of the Gaussian curve, as the error in
the measurement of the height is smaller in this part than on the sides
of the curve. Values obtained in one energy interval only, showed the

same average but smaller dispersion of results.

Table 3.2 =~ Methane a)

n/e 13 14 15 16 17 18
+ + + ¥ +
1st run 0.05-0.(2 0.38—0.09 0051"0.09 1 .00 0020-0.02 0.28-0003
o ¥ ¥ ¥ ¥
2116. run 0007-0003 0.41-0014 0050"0.02 1.00 1031 "0.08 1038-0010

a) ratios relative to m/e = 16.

Both runs of methane (Table 3.2) were made with no noticeable change
of gain in the multiplier. A strong discrimination effect against the
water peaks 17, 18 was observed for the first run.

For methanol the spectrum had to be divided in two parts that were
studied with different amplifications. The results are indicated in

Tables 3.3 a) and 3.3 b). From Table 3.3 a) it can be concluded that
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in this range 28 -~ 32 the mass discrimination effect is much less im-
portant than for lower masses which is in agreement with previous re-
sults5 « The difference in the ratio for peaks 29,30 obtained between
the first and second run, is not due only to experimental error but no

suitable explanation for it has been found so far.

Table 3.3 a)

Methanol - Higher masses a)

n/e 28 29 30 31 32
¥ ¥ ¥ F
1st run 0089-0003 0.90—0.04 1 032"0022 1.00 0099"0003
2nd run 0.83%0.09 | 0.72%0.06 | 0.89%0.13 1.00 1,06%0.10

a) ratios relative to m/e = 31.

Table 3.3 b)

Methanol - Lower masses b)
n/e 14 15 17 18
0.56%0.10 1.00 0.64%0.17 | 2.10%0.62

b) ratios relative to m/e = 15.

For lower masses the ratio recorded for peak 17 is lower than should
be expected but, as will be seen later, peak 17 has a non-Gaussian dis-
tribution and the value of the ratio will therefore be a function of the
energy interval.

3. 4. Study of the peak shapes - To detect the presence of ions with
kinetic energy it was first tried to scan automatically the electrostatic

field but the method had to be abandoned due to instability in the
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initial circuits which could mislead in the interpretation of the curves.

The method used consisted in setting the potentials of the elec-
trostatic plates manually, by means of a calibrated potentiometer and
scanning the magnetic field. Plots of intensity versus ion energy, as
obtained from the settings of the potentiometer, were made for a group
of peaks. The shapes couid then be compared since, in general, in-
stability would affect more than one peak in one getting and could there-
fore be distinguished from differences in peak shape.

Molecular ions are expected to give rise to Gaussian curves

7

characteristic of Maxwell-Boltzman distributions’, at the ion source

temperature. For this type of function, the distribution obtained for

9

the ions received at the collector” is equal to the component in the x
direction of the initial distribution.

Peaks corresponding to groups of ions of higher kinetic energy
will appear either superimposed on, or as satellites to the one with
thermal or quasithermal energy9’1o’11.

For ions coming from secondary reactions between ions and molecules
the kinetic energy distribution is connected with the reaction mecha-
nism12.

Though the absolute value of the energy of the ions could not be
measured with a precision better than that indicated in the previous
chapter, energy differences could be determined to about one tenth of
an electron Volt by calibrating the scale of the potentiometer in
electron Volts of ion energy.

The relation between the voltage on a plate of the sector (V1)

and the energy of the ions is given by

33271 = 2E as indicated in the previous chapter.
2b
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A small variation of the energy of the ions 3E will correspond

to a change §V1 with

9V, - »_9E and 2b_ = 0.15
ae ae

and 1 Volt variation in the energy of the ions will correspond to 0.15
Volts of change ( with different signals) to each plate.

The first part of the work was done using batteries to supply the
stabilized z 300 Volts and the potentiometer permitted a change of
2 Volts using the 10 turns, so that 0.75 divisions in the potentiometer
corresponded to 1 eV of difference of energy in the ionic beam.

The final circuits which included a stablized power supply had the
potentiometer set for 3 Volts corresponding to 10 turns. In this case
0.5 divisions corresponded to 1 eV.

3. 5. Detection of metastables - The new power supply for the elec-

trostatic plates had associated a circuit which permitted the scanning
manually or automatically in a variable range of voltages. This
facility was used to detect metastable transitions'o.

Once a peak of a determined m/e = m, is focused using ¥ 300 Volts
in the plates, these voltages are changed by the same amount but in
opposite directions, decreasing the potential difference, while keep-
ing all the other conditions constant. Such a technique was previously
described14 and is called direct analysis of daughter ions (DADI)15.

If the ions of mass m, decompose between the magnetic and electrostatic
field, the new species of m/e = o, will be detected for new potentials
in the plates of value & V, and the mass m, will be given by m, = m; X

x o/,

If the ions m, are not stable enough it may happen that no ions are

detected for = 300 V in which case the magnetic field will be set
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precisely at the value corresponding to mass n, and the daughter ioms
will be searched for in the same way. For all the metastable transi-
tions detected in this work there was a very abundant ion of m/e = my.
The time taken by an ion from its formation in the source until it
crosses the first collector is equal to the time spent in the source
plus the time taken along the path in the magnetic sector. '
The time spent in the source was determined, using J.A. HJ‘.pple'sf!6
calculations, and is given by t1 + t2 where t1 is thg time spent inside
the ionization chamber and t2, the time spent between the first slit and

the final source slit.

ty, = (vp - v) /oy + %y

®, = E, ¢/300m

«£ = E, e/300m

v, = (20(1 8, )%
v, = (200, 1, + 2%, 51)%
where E1 is the intensity of the field between the ion repeller and
the first slit (volts/cm)
E2 - intensity of field between first slit and exit plate of
source (volts/cm)

e ~ charge of the ion in e.s.u.

m - mass of the ion in grams

1, (cm) - distance between ion repeller and cage (0.3 cm)

1, (cm) - distance between cage and exit plate of ion gun (2.1 cm)
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84 (cm) - distance between middle plane of the electron beam and

cage (0.07 cm).

The values obtained for t1 and t2 were respectively t1 =7.0xVvm
x 107 and t, = 1.36 x VI x 107's where m is the mass of the ion in
atomic mass uni’t;s.

The ions that decompose after the first collector and before the
electrostatic sector travel, after the ion gun, a distance between
53.6 cm and 80,0 cm with an energ;; of 2000 eV, This corresponds to a
travelling time between 8.6 x V& x 10”15 and 1.2 x 10—6ﬁ s where m
has the same meaning as before. |

The total life-time in this instrument of the metastable ions
‘detected by this method (DADI) is between 1.1 x vox 10-68 and
14 x Vo x 10'65.

3. 6. Background.

3. 6. 1., Results - The background spectrum was taken simultaneously
on the first collector and "chamneltron" at a pressure of approximately
2x 10"6 torr (Figure 3.8.) The potential difference between the
entrance and exit of the "channeltron" was 1.25 kV.

The largest peak present was peak 28 and the second largest 32.
Two small peaks corresponding to mass over charge 14 and 18 were recor-
ded on the first collector only. The two peaks appearing before 32,
in the first collector, are metastables to which were assigned the
apparent masses 31.1 and 31.7. They were attributed to the decompo-
sition of ions of higher masses coming from the cracking of the pump
oil. The low resolution obtained in the first collector did not per-
mit their identification.

Since the amplification obtained for the group of peaks 14 - 18

was much lower than that for peak 28 and 32 the two groups were studied



gseparately using different gains of the “channeltron'.

The plots on Figure 3.9 were obtained for a wvoltage of 1.25 kV
between the terminals of the "channeltron". The plots of intensity
versus kinetic energy give, as expected, curves very near Gaussian both
for m/e = 28 and m/e ~ 32. A slight asymmetry was attributed to an
error in mechanically setting the focusing position, either in the
magnetic or electrostatic field.

For peaks 14 and 18 curves of energy distribution were also ob-
tained (Figure 3.10). In this case the voltage applied to the
"channeltron" was 1.5 kV. For this potential the instability was
noticeable. The dispersion of points relative to the curves drawn is
greater than for the case of peaks 28 and 32, No attempt was made to
draw the curves corresponding to peaks 15, 16 and 17 since the uncer-
tainty was about the same size as the signal.

From the curves drawn simultaneously for mass 18 and 14 while
m/e = 18 presents a Gaussian distribution, for m/e = 14 a small high
energy peak (about 3.3 eV) was detected while the existence of another
(ai about 1 eV), not completely resolved from the thermal one was sus-
pected. A curve similar to the one for peak 14 in Fig. 3.9 was ob-
tained when running methanol which, since such a feature is not a pro=-
perty of peak 14 in methanol'!, was attributed to the background. A
sample of nitrogen obtained from the chemistry store and with no further
purification, was run at the end of the experimental work. The
"channeltron'" had by then lost most of its gain and it was necessary
to apply a potential voltage of 1.5 kV to obtain a small signal. 1In
spite of the instability it was possible to confirm the presence of two
not completely resolved peaks.

At the end of the life of the "channeltron" using the circuits to
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detect metastable transitions peak 28 was scanned. While the main

*
peak was obtained with £ 298 Volts on the plates? another peak was
obtained for the potential - 150 Volts.This corresponds to the tran-

sition of the parent ion twenty-eight to adaughter ion ofmass

150 28, i.e. 141 -0.5.
298.

The signal was obtained with field saturation of the "channeltron’l,

Figure 3.11. shows the photograph of the signal (thrice) obtained from

Fig. 3.11.
the oscilloscope. The whole energy scale was scanned and for no other
energy could any signal be observed. In saturation conditions the

*  This value was obtained with the DMA digital voltmeter and corres-
ponded to a reading of 300 Volts on the solartron meter. The syste-
matic error due to the low impedance of the DANA meter does not affect
the ratios of the potentials. The absolute error committed in the read'

ings using this voltmeter was - 1.
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pulse height is not proportional to the input signal3.

A metastable transition for peak twenty-eight corresponds to a
lifetime of the ion between 5.8 x 10-63 and T.4 x 10-69.
3¢ 6. 2. Discussion - The presence of ions with excess kinetic energy
for mass fourteen, when nitrogen is bombarded with electrons of over
50 eV was first reported by Vaughan2o and studied by Tate and Lozier18.

Table 3.4 - Energetic
ions for m/e = 14.

1st peak | 2nd peak | 3rd peak | References
1a2eV |2-TeV|4-8eV]| a)
0 ~ 143 ~ 3.2 b)
0 1 4 c) d) e)
0 ~ A~ 3.3 This work

a) J.T. Tate and W. W. Lozier, Phys. Rev., (1932) 39, 254.
b) 0. Osberghaus and R. Taubert, Angew Chem. (1951) 63, 287
also referred by
J. Durup and F. Heitz, J. Chim. Phys. (1964) 61, 470.

¢) P.M. Hierl and J.L. Franklin, J. Chem. Phys. (1967) 41,
3154.

d) 1st and 2nd peak
L.J. Kieffer and R.J. Van Brunt, J. Chem. Phys. (1967)
46, 2728.

e) 1st and 3rd peak
J.W. McGowan, L. Kerwin, Proc. Phys. Soc. (1963) 82, 357.

This, with other results of previous observations are indicated in the
Table 3.4. The results reported for this work correspond to the medium

points of the satellite peaks. There seems to be good agreement between
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the results in this work and those reported in the literature.
In this work the peak with thermal eﬁergy only, corresponds sim-

ultaneously to ions coming from the dissociation of N; giving N*, to

++ .
N2 and since the work was done with the background spectrum possibly

to ions CO++. Since no cott ions with excess energy have been reported
it was assumed they contribute only to the thermal energy peak.

The knowledge of the translational energy permitted19, by using

+ 21,22

the potential energy curves for the various states of the N2 ion to

determine the probable processes originating the first and second peaks:
Process 1 N; (Dzﬂ'g)'m-n9 N(4S°) + N+(3P)

Process 2 N; (CZZ;:) a— N(ZDO) + N+(3P)

The group of ions with higher kinetic energy is attributed by the same

19

authors “, to Process 3 i.e.

N22+ (13Tg) —> 2 ¥ (3p)

in which case the kinetic energy is due to the coulombic repulsion of
the two ions, and was calculated19 to be at least 4 eV. This value

which agrees with the experimental results obtained by Hierl and Frank-

19

1lin 7 is however higher than the one obtained in this work and also by

0. Osberghaus and R. Taubert23. McCulloh and Rosenstock24

25

decomposition of N2++ from a lower lying state™~.

suggest the

The metagtable dissociation of N; giving N has previously been
reported both as a collision induced26 and a unimolecular27 process,
Since the transition was detected on saturation conditions no attempt
was made to study the variation of intensity with pressure. A

"chanmeltron" during its "higher gain" period or alternatively working

on a pulse counting mode would permit one to decide on the contribu-



tions of each of the two processes. The transition was detected as

a pulse so no peak shape could be determined, and the pulse was assu-
med to correspond to the medium of a possible peak. The pulse was
detected at 150 V and not at 149 V, as would be expected. This could
be due to an excess kinetic energy, but the difference 1 Volt is of
the order of the error in the measurement of the voltage and quanti-
tative values, determined from it would be meaningless.

3. 7 Methane¢

3. 7. 1. Results - Methane obtained from the Chemistry Store and
with no further purification was run using 1.25 potential difference in
the fichanneltronH. The spectra recorded simultaneously in the first
collector and the "channeltron" are represented in the photo (Figure

3.12).

Fig. 3. 12.

The study of the variation of intensity of peaks In the "channel-
tron" with the energy was again made. The background was not accoun-
ted for since it was extremely small in the first collector and as had
been seen previously in these conditions it was not recorded in the
"channeltron”.

The presence of a small percentage of water mixed with methane,
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was noted in the spectra. To calculate the effect of water on peak
sixteen it would be necessary to run a sample of water and plot peak
sixteen coming from water versus energy. This was not attempted. It
was assumed that peak sixteen from methane, corresponding to a molecu-
lar ion should have a Gaussian distribution. If the fragment ion
sixteen (coming from water) also had a similar distribution the result-
ing curve would also have the same shape while any features of the
curve for the fragment ion would appear superimposed on the Gaussian
shape. The curves obtained for masses sixteen, fifteen and fourteen
are represented in Figure 3.13. Both masses sixteen and fifteen show
Gaussian distributions while mass fourteen is asymmetric with an in-
creased number of ions on the high kinetic energy side. The heights
of the ions of mass thirteen and twelve were too small to allow the

plotting of meaningful curves,

Table 3.5. - Metastables from methane.

MAIN PEAK METASTABLES Transition

E.S. Voltage | Mass | E.S. Voltage | Mass
298 16 | 275 - 281 ® | 14.9 [E:HA]‘*———-—» E)H;1+ +H 1)

256 ®) | 13.7 (o, [*—>[on, )"+ " 2)
298 15 | 218 - 280 #) | 14.0 [en,J* —> [er, |+ 5" 3)
298 14 279 13.1 | [oB,)"— [cr)" +8° 4)

* E,S. voltage indicates half the potential difference between the plates.
é) Pulses were detected over a wide range of voltages. See Discussion.

b) Much less intense than the others.

With the "channeltron" working in saturation conditions and the
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peaks showing up as pulses, the metastable transitions indiecated in
Table 3.5 were detected. While scanning peak fifteen s smaller
satellite peak appeared for p 296 V in the plates of the electrostatic
sector. This peak was big enough (about 1% of the main peak) to be
possible to detect with the pen recorder after lowering the gain in
the "channeltron" and is represented in Figure 3.14. The difference
of 2 Volts relative to the main pesk, in the potential applied to the
plates, corresponds* to a difference in mass of 0.1 a.m.u. or to a
difference in energy of 13 eV relative to the main beam. Since the
0.1 a.m.ﬁ. may be affected by up to 50% of error it is possible that
it is a group of ions, part of the main beam and not resolved by the
magnetic sector or otherwise a metastable transition occurring in the
field free region between the magnetic and electrostatic sector.

3. T« 2. Discussion - The excess kinetic energy of methane ions as

determined by Morrison and Sta,rn;on10 could not be detected in this work

A S v > o S A T T D (. G Y WS S S P S G A 20 S S SR " D W G " T S A Gt G S G G S M WD W S e S e e e

* mv =k where k is a constant for the ions entering the electro-
static sector

lm‘vzaE
2

k" =2m E
2ANE + 2nAE = 0
om_ _ALF

m E
Av, = 0,154 E

0-153.n_1.=,_-’->_‘.r.1
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as half the beam width due only to thermal energy is greater than the
maximum value of kinetic energy they recorded. The particular shape
of the energy distribution curve for mass fourteen could be due to the
presence of some air mixed with methanezs, though peak fourteen coming
from air shows an energetic peak at about 1 eV which seems higher than
the possible centre of an energetic peak causing the bump on the curve
The peculiar shape of the energy curve for mass fourteen was noticed
previously by R. Fuchs and R, Taubertzg.

The satellite of peak fifteen showing up for pa 296 Volts in the
electrostatic sector plates was not included in the table since it was
considered very unlikely that its formation should be due to a loss of
kinetic energy without loss of mass from the ion m/e = 15. Such a
process could be caused by collision with the slits in which case it
should be observed for other ions.

Another origin could involve its formation in the first field-
free region of the mass spectrometer in which case it would be a
metastable of nominal mass approximately 15.1. The transitions
+ +

+ +o . 13 . 13
C — CH
CHS'“~? CH4 + H*y or H4 3

of mass 15.06. The first reaction has been observed at higher pressures

+ H® would originate metastables
30
and for both of them the resulting metastables would be much smaller
than 1% of peak fifteen. Various metastable transitions from the ions
coming from oil could be responsible. In this case, the real mass
of the fragment ion being higher thap‘fifteen would justify the higher
relative intensity of the peak due to the discrimination effect of the
"channeltron”.

Collision induced metastable transitions in normal methane have
been lnown31?32 for & long time while in 1965, Ottinger>> followed by

other authors34’35 confirmed the existence of unimolecular processes.
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No study of variation of intensity with pressure was made hut since
Process 2) in Table 3*5 was considered by L.P. Hills st al ~ as being
exclusively collision induced, all the other transitions are assumed to
be the result at least in part of collision induced processes.

For processes 1) and 3) pulses could be detected over a wide range
of energies. It was impossible to distinguish between one wide peak
and various single peaks. The possible meaning of a wide peak in
energetic terms was studied in more detail for methanol.

3. 8. Methanol.
3. 8. 1. Results - Two spectra of methanol (BDH Analar) are shown in

Figures 3*"5 and 3*16.

Fig. 3*15*
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Figure 3.15 shows the relation in intensity between n/e = 15 on the
left side of the photo and the group of peaks around m/e = 32 that are
off scale. Figure 3.16 shows the region around m/e = 15 in a different
scale. The first photo was obtained using 1.25kV on the "chz;,nneltron”
while for the second one the applied voltage was 1.5 kV.

As for nitrogen and methane the shapes of the peaks were studied.
The curves corresponding to m/e = 28, m/e = 29, m/e = 31 and m/e = 32
were Gaussian.

For m/e = 17 the ratio between the heights of the peak in the
"channeltron" and first collector, necessary to correct for pressure
variation, could not be determined as the peak was too small in the
first collector. The height of peak fifteen (in the first collector)
was used instead assuming that the ratio between the heights (in the
first collector) of peaks seventeen and fifteen was constant., The
curves for m/e = 15 and m/e = 17 are represented in Fig. 3.17. For
m/e = 17 two peaks were recorded with a distance of about 1.9 eV be-
tween the central parts. The dispersion of the points between about
2.5 eV and 4 eV was attributed to the instability of the "channeltron".
The same was considered as the explanation for the peak on the lower
energy side of fifteen. This small satellite peak is only defined
by a very low intensity in the "channeltron" while scanning for -1.2 eV.
To confirm these data it would be necessary to repeat the scans but when
this was tried the gain of the "channeltron" was too low.

Working again in a saturation mode the metastable transitions in-

dicated in Table 3.6. were detected.

Table 3.6. /
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Table 3.6. Metastables from Methanol.

Main Peak Metastables Decomposition

B.S. Voltage’r Mass | E.S. Voltage Mass

oE" + H* 1)

298 32 288 31 CH3OH+—'——-’> CH,
298 31 286 30 cn3o*-—-> 0H20+’+ H  2)

275-278") 29 CH20H+-—> cHOT + 2H* 3)

S

298 30 288 29 | CH,0™> cHO' + B  4)

* E.S5. Voltage indicates half the potential difference between the
plates.

a) Very wide peak?

3. 8. 2. Discussion - From the results reported in the litera.ture17

peak fifteen has a satellite peak with 2.7 eV of kinetic energy but

its intensity is less than 1% and, in this work, the error in the points

due to instability is greater than this so that it was not possible to

detect. For peak seventeen the energy determined is the same as ob-

tained by Tsuchiya” while the ratios of the abundances of the peaks

with and without kinetic energy were 1.3 from Tsuchiya's work and _1_._46_
) 2.0 20

from this work.

Tguchiya attributes the formation of energetic ot ions to three

processess
CR,0H __, crE __, OB + CH + 28
ot + ¢+ 3

2+

+ +
CH3OH ___7033011 — CHy + OH
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The difference in the kinetic energies detected by hinm for
+ + .
CH~3 and O compared with the values expected from the conservation of

momentum was attributed to the loss of total energy as rotational by

the 0H+ ion.

6
’I'wo3 » 37 very thorough papers have been published recently, dis-

cussing, for normal and deuterated methanols, the metastable peaks
and their use to energetically study the fragmentation of the molecular
ion.

The metastable transitions in the Table 3.6. are the same de-
tected by C. Lifshitz et ald! and the most abundant in Beynon's>’ paper
with the exception of the one resulting from process 2 the abundance
of which was not indicated as it is obscured by the transition of the
heavy isotope ions ,13CH20 __;30}"!0.

In both works process 3) is characterized by a wide metastable
peak so it was assumed that the wide range of energies (275V - 278V)
of the sector over which the process could be detected corresponded
to a wide peak.

It was necessary to establish the relation between the width of
the peak, in energy, as detected £ter the electrostatic sector and
the kinetic energy released in the dissociation. The calculation made

8
parallels that of Beynon et a.l3 .

Consider an ion m'; which passes through the first collector slit

+ 2 R .
with a kinetic energy equal to % v, = eV where v, is its velocity
and eV the acceleration potential of the electrostatic field just after

the source.

' Before entering into the electrostatic gector the ion dissociates

into an ion m; and a neutral fragment m, - m,, i.e.

m:____>m;+(m1 "mz)
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: . +
The velocities of m, and (m1 - m2) are v, and Vo respectively and T
represents the total decrease of internal energy. The law of conser-

vation of energy requires

2 2 2
LR LR T LA A I p— (1)
2 2 2
and the conservation of momentum
mv, = DV, + (m1 - m2)wrc ----- (2)

Eliminating v, between equation (1) and (2) and putting vb/va =x

the following equation is obtained

x2—2x+[%-2%§1+:3—§ =0

Making (m1 - m2) / m, = M it gives

x® - 2x + (1 - wT/feV) = 0

x="p=1%{ uT/ev

v
a

When entering the electrostatic sector the ions are deflected

according to the equation

2
s,e ]i:1 = m.lva
2
ae E2 = mzvb

where E1 and E2 are the values of the field between the plates and ag

is the radius of the sector.

The potential of one plate V‘l which was the quantity measured as

the potentials were equal but with opposite signals is given by

V,l = B where 2b is the spacing between the plates.
4b

E1 = kV1 and E = kV2 where k is a constant.

v Vz/m [ _m:{
[1 * 2‘[’?/_;; ¥ /«.T/ev]
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and the width of the peak in Volts is

?2‘//~T/ev
m

1

d(Volts) = 4v,

For tramsition 311 —> 29% 4 2

m1=31

m2=29

d = 3 - peak width was made equal to the range over which

the peak was detected

V1 = 298
/'— = 0 . 69
eV = 2000

The value obtained for T, kinetic energy released is 0.209’”4ev. This
value is much smaller than the value 1.42 determined by Beynon _9_1:_21_36
and 1.33 by C. Lifshitz et al. The difference could be due to the
different geometry of the apparatus. The determination of peak width
in this work was very arbitrary as the peak profile was not available
and as d is susceptible to a great error, nothing can be concluded with

confidence.
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Chapter 4.

Criterion for the Identification of Low Regolution Masg Spectra by
Retrieval from a Data Bank.

4. 1. Introduction - The rapid incresse in the number and variety of
mass spectra of organic compounds has created a problem in information
retrieval. There are currently some seventeen thousand five hundred
spectra available in various collections, which number will increase
rapidly.

Searches are now generally made using computer methods, keeping
the information stored either on a magnetic tape or on a disc. There
have been many different approaches to this problem and these may be
broadly split into two classes: those which try and identify the
particular compound by some internal properties of the molecules, as
is exemplified by the studies of Tal'roze M1, and the larger group,
in which some aspects of the spectrum of the unknown are sought in a
known compound embedded in a data bank. The latter, in general, has
involved the matching of a certain number of peaks in the compound
analysed with those of the spectra on file., Several methods have

. 2
previously been employed, using the five largest peaks, six,3 the
5

largest, or two largest in each successive fourteen units '~ and so on.

One additional difficulty which is encountered is the fact that the
spectrum of the same compound may vary from one mass spectrometer to
another, often significantly soé. Many such variations have appear-
ed in the literature during the past nine years and the whole of this
literature has been recently examined by Grotch7.

The method to be discussed is a statistical one. As such it is

unreasonable to expect a single definite solution. Often the use of
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wider confidence limits will admit of more than one solution.

4. 2. Calculation of the divergence - Information theni'y which in
its modern form may be traced back to the classical communications of

‘.Eilrxa,rmon8 and Wiener9

was used in the development of the present method.
The treatment of Kullba.ck1o was closely followed.

The "divergence" is used to measure the difficulty in discrimi-
nating between two spectra coming from the same compound or from

different compounds.

The "divergence" J(1,2) is calculated by means of the formula
c

(¢}
3(1,2) = N, Z1 (g3 = 2;) In(py;/p;) + Ny, = (py; - 2;) Inpy,/p;)

i= i=1

where I*I1 and N. are the sums of the abundances of the ions respectively

2
in the mass spectrum of the unidentified compound and in that of the
member of the data bank, ¢ is the total number of categories of ions

in both spectra, that is total number of different m/e values. The
logarithms used throughout are to the base e (Naperian); Py and Poy
refer to the "probablities" of the various mass to charge ions in the
spectra 1 and 2 respectively while i refers to the running number of
mass in eachs; P; is the probability of occurrence of an ion of species
i coming either from spectra 1 or 2. The quantities x; and Yy refer
to the abundance of the ith jon in the unknown and reference compounds.
If spectra 1 and 2 were different spectra of the same compound and if
there were no differences due to experimental conditions, py; = P,y = Py

and the "divergence" J(1,2) = 0. In the calculations Py;» Pp; and p;

are replaced by their best unbiased estimates in the observed spectra

which will be from here on referred as py i Poy and Py their wvalues

being:
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x F X, +y
P1i = 1 H P - = . i
21 H P
N1 1 Ng i N1 + N2

Not all the ions in the spectra were used. It is common to find
in nearly all spectra some twenty to thirty ions of a reasonable abun-
dance, the remainder being insignificant. As experimental data was
considered these small values were also likely to be affected by re-‘
latively larger errors.

When the complete spectrum was available a compromise was reached
by using the twenty five peaks; later on only eight peaks were used
to appreciate how this affected the results as only eight peaks were
available in the second tape used. The maximum number of categories
¢ was then 50 or 16 respectively.

Considering the comparison between the unknown (U) and reference
(R) spectra as a problem in the theory of sets, one is concerned with
the intersection of these which, if they prove disjoint UAR = § ,
yield é, an empty set. However, some electrical noise is always
present and although this may be of a very low level it has the impor-
tant result of ensuring that this intersection is not empty. The
level of noise was chosen to be below the lowest peak height recorded,
0,01 and all peaks that were not used in the calculation were treated
as noise. The level of noise was considered to be very low and the
seme for both spectra, the first condition being essential for the
approximations that were made. Two values for the noise level were
tried 4;.1 0.60001 and 4>= 0.0001 and as the results showed very little
difference the later was chosen.

The maximum value of the divergence corresponds to the particu-

lar case in which none of the peaks has a mateh and was calculated as

follows: -
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For two nearly disjoint sets of mass~to-charge values, it can

be seen from equation (1) that to each mass number in the unknown

corresponds a term:

X + '
N, (1t 47; 1 (54 x+Q3+N2(Q__xi+ . lngﬁ)_ xi'+‘b%
(N1 Ny + N, (N N, + N, (N2 N, + N, N, N + X,

where q; represents the noise level.

For c{;,\«, 0 this reduces further leading to

=

My (Ci-% ywmN N ow (X )1n(N1+Ng._Q§
(N1 N1+1\T2) N, ( N1+N2) (Nzr x;

N, + N +

=N [ln FeM) e @ aM) oM mNé-lnqS)
17 %2 Xy

x

Meking the above becomes

N, + N = %y

N, a,.. 1n (P11 . M2)

2 ( b )
When considering the terms from the second spectrum - the refer-
ence yj represents the ion abundance at a particular mass number while

the corresponding ion in the first spectrum xj = ti) + For each mass

the corresponding term in the divergemce is

. N
S TN CF )
Ny + N, (Nz CP)
Maki . the expression simplifies to
N1 + N2
L 1
NIRRT 76%
For all the masses extracted from spectrum one, the unknown,
]
: c , x.
S S 1=1

and for those originating in spectrum two, the reference,



The criterion, although it seems rather elaborate, would become quite
gimple if the spectra were normalized for the sum of ion abundances in-
stead of, as is common practice, for the highest peak. In such a case
N.] = N2 and the expression for the divergence would be reduced to
10,0 -E G Tm g Gl
Vi %+ ‘Y i

4. 3. Experimental ~ Two sets of data were available, the first a
tape containing spectra 1 to 3000 from the M.S.D.C. series and the
second the eight peak index (1971 Edition Magnetic Tape MS0075). Both
tapes were kindly loaned by the Mass Spectrometry Data Centre, Alder-
maston, Berkshire, England.

The spectra used as unknown were from the A.P.I. and Dow Collections.

Since thé most difficult to identify are usually isomers, mostly
chain or position isomers the same molecular weight was chosen as a
pre-requisite for identification. To speed the search, the tapes
were reorganized by increasing molecular weight as detailed in the
Section 4.5.

A different pre-filtering step like a certain range of molecular
weights or the same most abundant peak could have been chosen; this
last one for practical reasons would require a different way of ordering

the tape. The pre-filtering step though affecting the way the search
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was conducted, would not influence the criterion for identification
which was the main point of our study.

The two programmes first written SR and R2 (see Appendix) included
a pre-requisite of the same formula that was suppressed in latter pro-
grammes .

It was also required that the largest peak in the unknown should
also be present in the nine (when the divergence was calculated for
twenty-five péaks) or eight (when calculated for eight peaks only)
largest peaks for the compound on the tape and also that the largest
peak on the tape should be present within the same limits in the un-
known.

Once these pre-filtering conditions were satisfied the programme
called sub-routine Diver. This sub-routine calculates simultaneously
the first term of expressions (1) and (2) using the information from
the unknown and searching the reference and then the second term of both
expressions using data from the reference and searching the unknown.
The total for expression (1) is then divided by that for expression
(2) so that the result is the normalized divergence with the maximum
value 1.

This calculation finished, the search proceeded for a second
match in the reference file and so on until all the compounds of the
same molecular weight had been tested. In two cases the whole file
(900 compounds) was searched. 'I‘he’ compound name, spectrum origin,
divergences and, if required, the spectra are printed out. Identi-

fication is made in general by the minimum value of the divergence,

the divergence varying between O and 1. The programmes written in

Fortran IV are included in the Appendix. The investigation was carried

out upon a.'360/50 I.,B.M. computer sited in Edinburgh with an I.B.M.



2780 terminal at the University of Glasgow.

4. 4. Results and Discussion - Table 4.1 refers to the first:900

spectra of the M.S.D.C. file of complete spectra.

Table 4.1
NAME OF COMPOUND |M.W. | DIV 25 a} Mini- | DIV 8 b)| Mini- X
’ mum munm
Div.25 2IVsE

Trimethylamine 59| 0.0184 c 0.0834 c 1
2-Pentanol 88 | 0.0243 c 0.0394 c 3
3-Pentanol 88 | 0.0321 c 0.1064 c |2
2-Ethyl-1-butanol | 102 | 0.0220 c 0.1333 | 0.1239(1)]11
3-Heptanol 116 | 0.0018 c 0.0001 c 9
2, 5-Hexane-diol | 118 | 0.0174 c 0.0464 ¢ 2
2-Ethyl-Hexanol-1| 130 | 0.0222 c 0.0783 ¢ 18
2-Methylnaphthal-

ene 142 | 0.0407 c 0.0542 c 2
tzxépgiol?ethﬂ%- 144 | 0.0436 c 0.1060 c 15
11:{15;2? Sthyinazhd 156 | 0.0136 [0.0029(2)| 0.0345 |0.0309(2)
1-Decanol 158 | 0.0127 c 0.1707 [0.1142(1) | 8
1-Tetradecanol 214 | 0.0012 c 0.1410 c 3
1-Hexadecene 224 | 0.0463 c 0.0917 |0.0089(1) | 2

a) Divergence calculated using 25 peaks

b) Divergence calculated using 8 peaks

i i : is the one in
C - indicates that the minimum value for the divergence is one
the column on the left and the compound was correctly 1dent1f1ec}.
The number between brackets indicates th_e ga.mber of compounds with
divergence less than the correctly identified compound.

N - Total number of times the divergence was calculated for each compound.
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Using twenty-five peaks (DIV 25) all compounds, but one, were
identified. This one, 1,6-dimethylnaphthalene could only be "confused",
using Grotch's expression, with 2,7 or 2, 6-dimethylnaphthalene and it
is known to be impossible to distinguish them by their mass specﬁra
only. As would be expected when using less information, that is,
eight peaks only, there were more cases of "confusion" but fhe true com-
pound was still the second most probable, in the three new cases.

Table 4.2 refers to the Eight Peak Index; the first thirteen un-
known spectra are the same as in Table 4.1 and the other twenty-two are

different and are also ordered by increasing molecular weight.

Table 4.2 |
NAME OF COMPOUND |M.W. |DIV 8 Degree of, | DIV 8 N&(n1)P
Limits- | Ambiguity’ | Limits-
Same ‘ Other
Compound ‘ Compounds
Trimethylamine 59 | 0.0362 A 0.1801 6(2)
API-1127 0.2572
2-Pentanol 88 0.0001 c1, ™ 0.0027 44(5)
API-654 0.1108 0.4499
3~Pentanol 88 | 0.0899 A 0.1614 17(4)
DOW 176 0.1055 0.4101
2-Ethyl-l-butanol | 102 | 0.0450 c1 0.0713 63(5)
DOW 275 0,1450 0.6737
3~Heptanol 116 | 0.0001 A 0.1825 27(4)
APT 1057 0.0899 0.5312
2,5-Hexane-diol 118 | o.0468 | A 0.2224 25(2)
DOW 435 | 0.5238
2-Ethyl-hexanol-1 | 130 | 0.0010 | €3, F3 0.1369 51(6)
DOW 556 0.1823 0.5681
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Table 4.2 contd.

 NAME OF COMPOURD | K.W. | DIV 8 | Degres of, | DIV 8 g )
Limits- | Ambiguity” | Limits-
Same Other
Compound Compounds
2=-Methylnaphtha-
lene 142 | 0,0270 c1 0.0528 26(6)
API 855 0.0531 0.6701
2, 6-Dimethyl-4-
heptanol 144 0.0965 A 0.1145 19(2)
DOW 781 0.4870
1, 6-Dimethylnaph-
thalene 156 | 0.0336 c3 0.0298 34(2)
DOW 978 0.6302
1-Decanol 158 | 0.1706 c2, M 0.0783 20(5)
DOW 997 0.2722 0.6460
1-Tetradecanol 214 | 0.1402 A 0.1604 8(2)
APT 882 0.6190
1-Hexadecene 224 | 0.0917 | €1, Fi 0.0089 17(3)
APT 1013 0.1638 0.7841
Carbon dioxide 44 | 0,0036 A 0.0795 23(6)
DOW 27 0.0300 0.3178
Methyl chloride 50 | 0.0205 A 0.2287 7(5)
DOW 33 0.1015 0.2355
1-Butene 56 | 0.0001 c3 0.0005 23(8)
DOW 39 o.ozeb 0.3020
Isopropyl alcohol 60 0.0257 A 0.1896 28(8)
DOW 58 0.0522 0.4498
Tert-butylamine 73 | 0.0344 A 0.1670 12(4)
DOW 99 0.0706 0.4170
1-Hexyne | 82 | 0.0362 A 0.1116 33(4)
AT 332 0.0578 0.4454
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Table 4.2 contd.

NAME OF COMPOUND M.W. |DIV 8 Degree of | DIV 8 ()
Limits- | Ambiguity | Limits-
game 1 Other
~ompounad ’Compounds
2, 3-Butanedione | 86 | 0,0277 M - 0.0342 39(3)
API 782 0.1300 0.5221
Methyl-2-methyl- |
allyl Ether 86 | 0,00 A 0.1154 34(1)
DOW 148 0.6004
3-Methyl-l-butaenol 88 | 0.,0087 P1, C1 0.0001 15(4)
DOW 178 0.1965 0.4805
Toluene 92 | 0,0001 c2 0.0468 15(10)
DOW 208 0.1449 0.3262
Cyclohexanone 98 | 0.0004 ¢ 0.0687 57(7)
DOW 224 0.0915 0.5152
iﬁ:thyl-z-penta— 100 | 0.0007 A 0.0799 84(3)
API 663 0.0266 0.4974
o-Xylene 106 | 0,0002 P2 0.0001 - 27(5)
~ DowW 1311 0.0632 0.4974
}iui;ﬁliﬁiﬁiﬂ' 116 | 0.0 A 0.1277 1 )
DOW 397 0.6662
Lﬁt;])eichlom-z; 22| 0.0292 A 0.6094 5(3)
DOW 480 ' 0.0378 0.6174
l%;;ﬁgTrichloro— 132| 0.0367 N 0.3170 10(5)
DOW 580 0.1077 . 0.3616
1-Decyne 138| 0.0005 A 0.0986 20(2)
0.6797

APT 535




83,

-Table 4.2 contd.

l
NAME OF COMPOUND  QMLW. | DIV & Degree of, | DIV 8 N3 )P
o o s . . . ..

Limits~- Ambiguity Limits~

Same Other -

Compound Compounds
2-Methyl-1,2,3,4- ‘
tetrahydronaph-
thalene 146 A 0.3486 5(2)

APT 1211 0.1201

m-Tert-butyl phenol | 150 | 0,000 A 0.0269 23(1)
DOW 879 0.4555

2,2!-Bipyridyl 156 0.0426 A 0.0445 25(2)
APT 630 0.5616

Benzyl benzoate 212 0.0294 A 0.3858 4(3)
DOW 1641 0.0338

2,4,6"Tri-tert"

butylphenol 262 | 0.0228 A 0.2799 8(5)
DOW 1874 0.0584 0.4009

Perfluoromethylcyclo-

hexane 350 | 0,0231 A 0,0820 6(3)
DOW 1951 0.0551 0.1734

a) N - Total number of times the divergence was calculated for each
"unknown" .

b) N'- Total number of times the divergence was calculated with spgci:ra
of the same compound as the "unknown" but from differemnt origins

+ The number after the letter indicates the number of .other compounds that
had divergences included within the limits of the divergence for the same

compound..
A - compounds in which there was complete identification

C - chain isomers had DIV 8 values within the 1imits of DIV 8 for the same
compound

P - position "
compound
i " 1] " L i " "
P - functional " n " "
compound
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In every case the minimum value for the divergence, 0.00, was obtain-
ed since the spectra used as unimowns were included on the tape. This
result is not indicated in the table unless the divergence was not
calculated on any other occasion and in this instance N' is equal to
one (see, for example, 1,2-dichloro-1-fluoroethane), With the ex-
ceptions of 3-methyl-1-butanol and o-Xylene, the minimum value of the
divergence - neglecting the value obtained when the unknown and refer-
ence are in fact the same spectrum - gives the correct identification.
The number of compounds with which there can be an error of iden-
tification, indicated in Table 4.2, differs from those used by Grotch
since they refer to the worst possible value for the divergence com-
paring the tested compound with all the spectra of a similar compound
on the tape. For the best value of the divergence confusion only
exists for 3-methyl-1i-butanol with 2-methyl-1-butanol and for o-Xylene
with p- and m-Xylene. For the last case it would be more practical
to follow the custom of Grotch and merely identify the set of isomers;
the very low value (0.0001) for the divergence with 2-methyl-1-butanol
was obtained for a spectrum with the same origin (DOW catalogue) and con-
secutive serial number to the one of 3-methyl-1-butanol used as '"un-
known" (DIV 8 = 0,0000) which seems to suggest they were probably run
in the same mass spectrometer. Spectra of the same origin as the un~
known were also responsible for all the cases of possible mis-identi-
fication for 1-butene and 2-ethyl-1-butanol and partially for 2-ethyl-
hexanol 1,2-pentanol and 1-decanol which confirms that very often
spectra of different isomers run in the same mass spectrometer are more
similar than spectra of the same isomer run in different instruments.
While, as was demonstrated by Tal'roze §£_3l1 using the same in-

Strument the ratios between the heights of three peaks can be enough
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to identify most compounds, when comparing the same compound run in
different instruments the problem is far more complicated. One would
normally expect6that for similar experimental conditions the proba-
bility that a repeat scan would yield the same result is: for the same
instrument 7 fof a different instrument of the same design » for an
instrument of differing design 7 for an instrument working on a
different principle. |

The range of values for the divergence where it may be calculated
upon various separate spectra, as in the case of toluene, may yield one
very discordant value. This suggests that some consideration should
be given to the origins and quality of the spectra.

The maximum value of the disagreement between divergence values
for the same compound was 0.2722. With this exception no values over
0.2 were recorded and the value rarely exceeded 0.15. The spectra
(2-ethyl-hexanol 1 and 1,6-dimethylnaphthalene) were compared without
prefiltering steps and with all fhe 900 gpectra in the first file.
2-Ethylhexanol 1 was again identified and the divergence had values
between 0.0 and 0.2 for 88 compounds three-quarters of which were
alcohols. The molecular weights were ranging from 84 (dihydropyran)
to 424 (nonacosanol). For 1,6-dimethylnaphthalene there were again two
spectra (2,7~ and 2,6-dimethylnaphthalenes) with smaller divergences.
Values between 0-0.2, in this case all less than 0.1, were obtained
for 9 isomers, all dimethyl or ethylnaphthalenes. It seems from
these results that a léwer value for the divergence means in many cases
the presence of similar chemical functions.

The criterion of minimum divergence yielded a very large percen-
tage oflsuccessful jdentifications even when the calculations are re-

stricted to eight peaks. The dependence upon noise accompanying the
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signals will, by increasing the noise level, allow a study of noisy
signals which may be expected with rapid scanning techniques. |

4. 5. Reorganization of files:

4. 5. 1. MSDC File of Complete Spectra - The first file used was the

M.S.D.C. tape containing 3000 complete spectra. Owing to the com-
puter time taken to make the comparison between an unknown and the
compounds in this tape it proved necessary to reorganize it. As a
first step it was decided to keep only the twenty-five largest peaks of
each spectrum, or all if there were less than that and order them

in decreasing order of intensity. This was made using PROGRAM*M.

As the main interest was to see the effect on the running time of a
reorganized tape only the first 900 spectra were used.

This new tape was again transferred (using PROGRAM A2) replacing
colums 73 to 80 at the end of each record where a source reference
was contained previously by three code numbers which indicated the
number of order of the spectra in the collection, the number of order
of the record in the spectrum and the molecular weight of the compound.
The source reference was still indicated in the second record of each
spectrum columns 10-71. The 900 spectra were then reordered by in-
creasing molecular weight using the SORT facility of the I.B.M. 360/ 50.
The PROGRAM SR used to calculate the divergence from the original tape
was replaced by PROGRAM R2. The main programme now includes the pre-
filtering step, that is, it checks for the presence of the largest
peak of each spectrum on the other before calling the subroutine DIVER.

The subroutine BIG that orders the peaks by decreasing intensity is the

- -
e s o P o o A G S T S S BB S S O R D 0 8 5
- —— -

% The same convention of Chapter 2 is used. The American spelling

PROGRAM is used for the name of the programmes onlye
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same a8 used by PROGRAM SR.

The new tape content was then transferred to a dise (File 10).

To use the disc it was necessary to organize an extra file (File 9)
which for each molecular weight gave the exact position of the first
compound with this molecular weight in File 10. This was made
using PROGRAM A3.

Once the file was organized the unknown spectra were compared with
spectra on the tape using PROGRAM R3. This programme uses subroutines
BIG and DIVER of PROGRAM R2.

4. 5. 2. Eight-Peak Tape - The programme EP was written to com?a.re
an unknown with the spectra in the Eight Peak Tape. Again it was
necessary to reorder the spectra by increasing molecular weight. To do
this it was first necessary to transfer the tape adding at the end of
each record a code number corresponding to the collection letter, the
molecular weight and a number corresponding to the order of the record
inside of each spectrum (up to 4).

Owing to the time taken to do the whole job and the system of
time priorities in the Computer Service it proved more convenient to
divide the file in seven sections and transfer each of them using
programmes similar to Bl. The contents of each file was listed and
afterwards reordered using the I.B.M. SORT facility. Each file was
sorted in increasing order of molecular weight, code number, spectrum

number inside each collection and order of the record inside each

spectrum and then partly listed. The seven files were then merged with

the same ordering criterion by using the I.B.M. MERGE facility, and

the new completely ordered file was again listed.

To speed the search it was decided to organize a key to the File

in which for each molecular weight from 2 %o 9999 would be written the
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number of the record where spectra with this molecular weight started
or zero if there were none. This was done by means of PROGRAM B2.

The new programme FN, which is still be>ing used, after reading
the molecular weight of the unknown looks for this molecular weight
in the new file and if there are any compounds with this molecular
weight reads the record number, closes the first file and goes straight
into the eight peak file at the point where compounds with this mole-
cular weight start and proceeds comparing spectra.

The storage space necessary on disc to store this file was not
Jjustified considering the frequency of the programme's use.
4. 5. 3. Time considerations - Though the number of operations re-
guired by the criterion of identification affects the cemtral pro-
cessing time,as shown by the difference between the time taken for
calculating the divergence with twenty-five (DIV 25) and eight peaks
(DIV 8) for the same file and compounds (see Table 4.3), ‘the number
of waits while effecting the search is much more relevant and this
depends on the way the library and the search are organised as well as

on the storage facilities available (tape or disc).

Table 4.3
Time considerations per unknown compound.
i : iti Time in seconds
File conditionsg 228 Bes

Search of 3000 compounds 392 s

C.S5.T. .
Search of 900 compounds 236 8

c.S.T.

6

Search of 900 ordered compounds 16 s

7,F.P.T.
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Table 4.3 contd.

File conditions Time in seconds
average).
Search of 900 compounds on disc 8 s

(DIV 25) T.F.P.F.
Search of 900 compoundé on disc 58
(pIv 8) T.F.P.F.
Calculation of DIV 25 for 900 compounds 250 s

(dise) T.F.P.F.

Search of 700 compounds 60 s
E.P.To
Search of 17500 compounds 20 s

E.P.T. reordered

C.S.T. - complete spectra tape
T.F.P.T. =~ twenty five peak tape
7.F.P.F. =~ twenty five peak file
E.P.T. - eight peak tape.

The times taken in the various file conditions are indicated in

Table 4.3,
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Abstract—A method is described for deducing the molecular weight of a compound, the mass
spectrum of which does not extend as far as the molecular weight. It is based upon the combination
of fragment ions and restricted to limits determined by an approximate estimate of that weight.

THE ELECTRON-IMPACT of a molecule is usually considered to yield the molecular ion
by the following process: .
e -+ ABC—ABC + 2¢

so that the ion of greatest mass upon the mass spectrometer trace, neglecting isotopic
ions, will reveal the compound’s molecular weight. There are a not inconsiderable
number of exceptions to this rule, both with the appearance of spectra which show
ions of a mass in excess of the true molecular weight—as is often encountered with
the mass-spectra of organic nitrilesl—and in a considerable number of molecules in
the mass spectra of which the parent ion is absent. It is with this latter class that one
is now concerned. When such a situation is met some possible remedies are available.
Often it is sufficient merely to increase the sample pressure in the spectrometer when,
presumably as a consequence of an ion-molecule collision, the [M + 1}+ ion is
obtained. This method is not always desirable, nor in the case of combined mass
spectrometry-gas chromatography, possible. Accordingly, one has considered this
problem. Methods are already available in the literature whereby an accurate
molecular weight may be obtained from effusiometric studies,? although these are
often exacting experimentally.

In the present analysis a knowledge of the approximate molecular weight is an
advantage in shortening the operational time and restricting the size of computer
store needed. The estimate of the molecular weight may be so approximate that it
can be assessed from the physical properties of the material or even from the incom-
plete mass spectrum. Having decided upon the approximate molecular weight a
combinatorial programme is drawn up whereby the addition of one mass peqk to
another is accomplished, subject to the condition that their sum is within the limits
established for the estimated molecular weight. The programme was extended to
involve the addition of three ions, a process necessary in all but two cases. Still later
the addition of four fragments was considered, but this either gave the same result as
three or increased the number of false probable values. The consideration of two
ions of the same mass appearing simultaneously in one fragmentation process did not
alter the results sensibly.

RESULTS

The method consists in combining the masses of peaks to form sums bg)th for
possible molecular weights and for probabilities (as defined below) following the

* Supported by the Instituto de Alta Cultura, Lisbon, Portugal.
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argument that the maximum probability may reasonably be expected to correspond
to the molecular weight of the compound under examination. About fifty compounds
were examined by this method with the results given in the following Tables.

The method was not uniformly successful. For the compounds in Table 1 the
correct value was always obtained; for the compounds in Table 2 the values obtained
corresponded to the molecular weight minus one. In all cases in which spectra ex-
tending as far as the molecular weight were used, the mass referred to was also the more
intense in this zone, suggesting there is a loss of hydrogen during ionization. In
Table 3 are the other compounds which gave incorrect results, though in four cases
they also coincide with the more intense value in the spectrum; two of them (tetra-
decafluoro-2-methylpentane and decafluorobutane) are particularly bad, as the mass

TABLE 1
Spectrum
Computed Actual begins
No. Name mass mass at m/e
API 1052 1-Hexanol 102 102 14
DOW 705 t-Butanol 74 74 14
DOW 1119 2-Methyl-2-butanol 88* P 88 13
API 565 2-Methyl-5-Ethylheptane 142 142 18
DOW 1823  t-Butylamine 83 83 14
API 1931 iso-Propyl acetate 102* 102 12
DOW 3280  2,2",2"-Trifluoroethanol 100® 100 12
MCA 115 2,2’-Difluoropropane 80* 80 12
DOW 3911 2-Fluoro-2-Methylpropane 76 76 15
MCA 143 Perfluorobutyraldehyde 216 216 19
® Spectrum extended as far as molecular weight.
® Differs from the more intense in the last group of peaks in the spectrum.
TaBLE 2%
Spectrum
Computed Actual begins
No. Compound mass mass at mfe
API 1053 2-Methyl-1-pentanol 101 102 14
DOW 703 sec-Butyl alcohol 73° 74 14
API 1056 2-Heptanol 115° 116 14
API 1116 1,1-Diethoxyethane 117° 118 18
DOW 766 1,1-Diethoxyethane 117" 118 15
API 1113 1,1-Dimethoxyethane 89° 90 12
DOW 691 3,4-Epoxy-1-butene 71® 72 12
DOW 5030 2-Methyl-1,3-dioxolane 87° 88 15
DOW 4673 Methyl-3,3-dioctyl- 323 324 14
methacrylate
DOW 2564 Cyclohexylcyclohexane- 213 214 15
carboxylate
API 1626 Heptafluorobutanoic acid 213 214 12

& In all cases where spectra extended as far as molecular weight, the value obtained was the
more intense in the last group of peaks in the spectrum,
P Spectrum extended as far as molecular weight.
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TABLE 3
Spectrum
Computed Actual begins
No. Compound mass mass at mje
DOW 686 iso-Propyl alcohol 61% P 60 15
API 1055 2-Ethyl-1-butanol 99, 100 102 14
DOW 1267  Glycerol 101® © 92 13
API 1101 1,1-Di-sec-butoxyethane 172 174 12
API 1122 1,1-Di-n-hexoxyethane 228 230 18
DOW 4568 n-Decylether 294, 295, 298 14
: 297, 298
DOW 2944  Tri-n-butyrin 300, 301 302 15
DOW 946 3-Propiolactone 692 ® 72 12
API 795 n-Butylnitrite 101* ¢ 103 12
API 814 3-Methylbutyl nitrite 115 117 12
DOW 1342 Allyl acetate 101% ¢ 100 12
DOW 1960  Oxalic acid 91* ¢ 90 12
API 1152 Propanoic anhydride 115 130 2
DOW 3243 1-Fluoropropane 60°* ® 62 12
DOW 3244 1-Fluorobutane 748 ° 76 14
DOW 1972  1,1,1-Trifluoroethane 2,2,2 852 P 87 12
API 736 Tetradecafluoro-2- 3319 338 12
methylpentane
API 445 Decafluorobutane 2314 238 12

* Spectrum extended as far as molecular weight.

? Differs from the more intense in the last group of peaks.

¢ Is the more intense in the last group of peaks.

2 Does not correspond to any possible fragment of the molecule.

obtained does not correspond to a possible fragment of the molecule. This is always
a possibility, considering one is not making any chemical hypothesis. In all cases the
value of m/e from which the spectrum used starts is indicated, as from the t?leory that
one should use the complete spectra, i.e. including the lower masses. This was not
always possible, however, and is certainly one of the sources of error.

In Table 4 are all the compounds computed where there were more than one
abundant isotope. In the case where there was only one atom of chlorine or bromine
per molecule present one obtained very good agreement. When thcr.e was more than
one atom present, although there is a series of very probable masses in the same zone,
there is no relation between the computed probabilities and the calculated relative

abundances.

DISCUSSION

naturally occurring isotopes deuterium, carbon-13,
nitrogen-15, oxygen-18, etc., the abundances of which are s0 low as to make h!:tle
difference to the analytical method and assuming that even if the parent molecular ion
is too unstable for existence it will be, theoretically at least, the first formed:

[M]* — [XaIt + X,
or Mt =X, + [Xpl*

Neglecting the presence of the
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TABLE 4
Spectrum
Computed Actual begins
No. Name masses masses at mje
DOW 430 Chlorotrifluoromethane 104 104 12
106* 106
MCA 137 1,1-Difluoro-1-chloroethane 100 100 19
102 102
APT 128 Chloropentafluoroethane 154 154 19
156 156
API 792 2-Bromoethyl acetate 166 166 18
168* 168
MCA 125 1,1’,2-Trifluoro-1,2,2- 190,189, 186, 188, 13
: Trichloroethane 1882 190, 192
MCA 127 1,1-Dichlorotetrafluoro- 173,172 170, 172, 19
ethane 174* 174
MCA 131 1,3-Dichlorohexafluoro- 233, 234, 232, 234, 19
cyclobutane 235 236
DOW 1098  1,2-Dichloroperfluoro- 233, 234, 232, 234, 12
cyclobutane 235 236
DOW 1456  Acetyl chloride 77, 78, 79* 78, 80 12

* Spectrum extended as far as molecular weight.

The case in which the molecule only fragments in two parts and both ions [X,]*and
[X,I*+ are present in the spectrum, though with different intensities, is considered first.
The two ions will generally have different masses, but the sum of these masses will
always be equal to the molecular weight of the compound.

The different ways in which the molecule dissociates can be represented in a
general form by Process n:

2IMI* = X1 + Xl + X, + X,
when the ion [X;]* has a probability of occurrence

where Ix,* is the intensity of peak [X,]* in the spectrum and the denominator is the
sum of the intensities of all the peaks in the spectrum.

The probability that the decomposition of the molecule took place by process 7 is

Pn = Px;" + pxi*
and > p, = 2, px;" = 1 by the definition of probability.

n J
All possible combinations of the jons taken two by two (excluding the combina-
tion of two ions of the same mass) are considered and by summing their masses a series
of probable values for the molecular weights is obtained. With each likely molecular
weight is associated a probability equal to the sum of the probabilities of all the ions
entering into binary combination to give that weight. As it was assumed that all the
ions originate from only one kind of parent ion there will be at least one value M for
which 2 pxst =1 and this is the necessary condition. As the only ions considered
J
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are those recorded by the collector, this hypothesis excludes processes in which a
neutral fragment is subsequently released while the ion is still in the source. Recom-
bination of ions may also lead to errors. Both processes are infrequent, however.

Next one must prove that this value of M is unique (sufficient condition). To
begin with, postulate that M is not unique and there is at least a second mass M’ which
yields the same result. Thus there will exist a set of processes p,, all different from
pn since they reconstitute one mass M’ different from M, but also satisfying the con-
dition > p,- = 1, that is, also involving all the masses in the spectrum.

o

Considering the process
2[M1+ - [Xmax]+ + [Xmin]+ + Xmax + Xmin
where [X,,. ]t and [X,,,;,]* are the ions with the highest and lowest mass respectively,

in the spectrum of the substance of molecular weight M.
[Xmaxlt and [Xy;n]* both have to appear in a process 7', so there will be two

combinations:
() Kupaxl + X =M where  [XjIF > [Xni]*
() Xpnlt + Xt —>M" where  [Xp}* < [Xmaxl™

From (1) the value of M’ obtained is necessarily greater than M while from (2) M’
is smaller than M. This is absurd and proves that in the case considered, only one
value of M can exist satisfying the condition > p, = 1.

While trying to compute the molecular weight based on this principle it became
obvious that the molecule does not only fragment into two pieces but also in three.
Attempts to use a similar method to demonstrate that there should be only one value
of M with the same property when one simultaneously considers combination of the
ions two by two and three by three failed.

So the molecule normally fragments by processes of both type » and m.

Processn  2[M]* — [X;I* + [XIF + X; + X;
Process m 3[M]+ — [XIF + [X T + X T + 2X, + 2X, + 2X,
The probability that the decomposition of the molecule took place by process 7 is

Pr= inPxsT T aknPXk+

where
Izt

+ =
Px; E IXj+
Fi

= % aiana'+ + % a:‘mPXa‘+

since the probability of peak X, in the spectrum is now the sum of the contributions
from the probabilities of the ion being formed from fragmentations in two parts, plus
the contribution from the probabilities of being formed by fragmentation into three

parts.
In a similar way

z Pn+ 2 Pm=1
. n m
and there necessarily exists one value M which satisfies this relation.
While for the case in which there were only fragmentations into two, the value of
P, could be calculated in each case, it is now impossible to calculate p,, or p,, as the



606 A. JARDINE, R. I, Reep and Miss M. E. S. F. SiLva

coefficients @, ..., @j,... are not known. Since one is only interested in
Z Pa Tt 2 P for each probable mass, however, this difficulty can be overcome by

con31dermg the total value of the probablhty of an ion the first time it appears,
whether in a combination of two or three, giving a value of probable mass. One tried
to prove that the value M which satisfied the relation

§Pn+gpm=1 (A)

was unique. Again one assumed the existence of another mass M’ satisfying the same
condition. Now the minimum mass in the spectrum can appear either by fragmenta-
tion into two parts or three. First the case where the minimum mass comes from a
fragmentation into two parts, was considered.

[Xminzl" < [Xmino]*
Kmine]t + Kmaxz] > M
[Xalt + [Xp]t + Ko™ > M
X1t > Xaelt and X1 > [Xupine]™  so necessarily  [Xpaeelt > [Xpaxelt

For a value M’ to exist [X,.2]* has to appear at least in one combination of
masses summing to give a mass M'.
If [Xmex]T appears in a combination of two masses

Kiaxe] ™ + Xt — M

and as [X,]* > [Xuu]t, M’ is necessarily greater than M. The same conclusion
arises if [X,x2]T occurs in a combination of three ions, so that in this case one can
conclude that although other values appear satisfying the relation (A), M will be the
smallest one. Considering that the minimum mass came from a fragmentation into
three parts, one was unable to discover any such relation between the real M and
other possible values.

In the computation, however, it happened that the real value of the molecular
weight, or the value indicated in the Tables, corresponded to a well defined maximum
frequently followed by a series of values of a very high probability. In some cases, as
in Printout No. 1, the probability at this point is equal to 1, but more often as in
Printout No. 2, though very high, it was less than 1. This is attributed to the fact that
in general very small peaks in the spectra are ignored.

In Printout No. 1 the difference between the probability of the molecular weight
(M), and of [M — 1] and [M + 1] is very small. Artificial errors of 1% of the
highest peak intensity were introduced in some of the spectra, but it made very little
difference to the results. Some of the probabilities were slightly altered while the
position of the maxima remained the same.

In the case of Printout No. 3 an incomplete spectrum was used for the calculation
and yielded a badly defined result, in any case wrong. It was, however, possible to
correct this, as the chemical composmon was known, by introducing dummy peaks
with intensities 0-0 at the possible missing masses (see Printout No. 4). This approxl-
mation was used in other instances but only to confirm results and in general it is
advisable to use complete spectra.
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PriNTOUT 1. MASPEC RUN-RESULTS FOR PRINTOUT 2. MASPEC RUN-RESULTS FOR
is0-PROPYL ACETATE-A.P.L.-1931 sec-BUTYL ALCOHOL
Mass number Probability Mass number Probability

80 0-8302 50 0-1063
81 0-8283 51 0-0428
82 0-8280 52 00762
83 0-8290 53 0-1039
84 0-8678 54 0-1011
85 0-8739 55 0-1899
86 0-9546 56 0-2676
87 09974 57 0-3402
88 0-9586 58 0-3551
89 09569 59 0-8787
90 0-9568 60 0-7879
91 0-9568 61 07370
92 0-9568 62 07313
93 0-9568 - . 63 0-6895
94 0-9568 64 0-6638
95 09568 . 65 0-2288
96 0-9568 66 0-2678
97 0-9568 67 02755
98 09568 68 0:3200
99 09977 60 0-3746
100 09996 70 0-8177
101 09997 7 0-8552
102 1-0000 72 0-8597
103 0-9997 73 0-9677
104 09997 74 0-9649
105 0-9997 75 ‘ 0-9530
106 0-9588 76 09447
107 0-9569 77 09189
108 - 09568 ) 78 09168
109 0-9568 79 ~ 0-8144
110 09568 80 0-8242
111 09568 81 0-8307
112 0-9977 82 0-8599
113 09996 83 - 0-8645
114 1-0000 84 ! 0-9676
115 1-0000 85 09718
116 1-0000 86 09737
117 1-0000 87 0-9804
118 1-0000 88 09823
119 1-0000 ' 89 09823
120 1-0000 90 09820

o
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PRINTOUT 3. MASPEC RUN-RESULTS FOR PrINTOUT 4. Maspec RUN-RESULTS FOR
1,1-DIETHOXYETHANE-(DOW) 1 ,l-DIETHOXYETHANE-(DOW)
Mass number Probability Mass number Pr obability

100 0-9374 100 0-9394
101 : 0-9385 101 0-9428
102 0-9393 102 0-9428
103 09921 103 0-9947
104 0-9459 104 0-9459
105 0-9432 105 0-9432
106 0-9428 106 0-9428
107 0-9419 107 09419
108 09394 108 0-9410
109 0-9381 109 0-9385
110 0-9353 . 110 0-9385
111 0-7399 111 0-9385
112 0-9301 112 0-9393
113 0-9200 113 0-9402
114 0-9420 114 0-9428
115 0-9428 115 0-9947
116 0-9428 116 09979
117 09445 117 1-0000
118 0-9947 118 0-9983
119 0-9979 119 0-9983
120 0-9983 120 0-9983
121 0-9983 121 0-9983
122 0-9983 122 0-9983
123 ) 0-9463 123 0-9463
124 0-9432 124 0-9432
125 0-9419 125 0-9428
126 0-9419 126 0-9428
127 0-9402 127 0-9428
128 09947 128 0-9947
129 0-9979 129 0-9996
130 0-9983 130 1-0000
131 0-9983 131 1-0000
132 1-0000 132 1-0000
133 1-0000 133 1-0000
134 1-0000 134 1-0000
135 1-0000 135 1-0000
136 1-0000 136 1-:0000
37 09983 137 0-9983
138 0-9983 138 09983
139 0-9983 139 0-9983

140 0-9983 140 0-9983
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APPENDIX - LIST OF PROGRAMMES

Chapter 4
4.5.1

- PROGRAM SR
SUBROUTINE BIG
SUBROUTINE DIVER

- PROGRAM A1
SUBROUTINE BIG

- PROGRAM A2

- PROGRAM R2
SUBROUTINE BIG (as for sa)*
SUBROUTINE DIVER

- PROGRAM A3

- PROGRAM R3

*
SUBROUTINE BIG (as for SR)
¥*
SUBROUTINE DIVER (as for R2)

4.5.2
- PROGRAM EP
SUBROUTINE DIVER (as for FN)
- PROGRAM B1
- PROGRAM B2
- PROGRAM FN
SUBROUTINE DIVER L
Chapter 5 '
- PROGRAM ME
SUBROUTINE COMB

* To pse the main programme, subroutines from where indicated should

be used.



] A i
IV G LEVEL 18 SR wamv DATE = 72025

REAL MOVERL s INTFN1sHMOVERE » INTEN
DIMENSION ICARD(20), IFORM(7)sJJ(12) s MOVERI(1000),
XINTEN1(1000)sMOVERE(1000) s INTEN(1000)»IFORMI(7) s
XIG1(27)s1GC(27)
INTEGER ONE/v1t/
DATA 119,120/'0000', 10000/
READ (5:250)NUMsMWT 1
250 FORMAT(217)
READ (54251) (IFORM1(I)sI=1s7)
251 FORMAT (1 ,7A4)
READ (5,25 (MOVERI(J)» INTENL1(J) s J=1sNUM)
252 FORMAT (5(F6019F7 3))
WRITE (64+4253)
253 FORMAT (1X, "UNKNQOWN SPECTRUM!')
WRITE (6+252) (MOVER1(J)sINTENI(J)sJ=1sNUM)
CALL - PIG(NUM9INTFN1,I619NGI) ,
TOTAL1=0e0 “' v .
DD 286 NK=2,NG1
I=1G1 (NK)
TOTALI=TOTALI+INTEN1(I)
286 CONTINUE
REWIND 10
200 FORMAT (19A4 ,14) :
201 READ (10,200+END=207) (ICARD(I)sI=1420)
IFCICARD(20)eEQe901)G0O TO 777
IF (I19.EQWICARD (19)eAND+120+FQeICARD(20)) GO TO 201
I19=ICARD(19) :
120=ICARD(20) :
READ (105202) MWT s (IFORM(I)sI=197)s(JJ(I)sI=1,10)
202 FORMAT (38XsI44s7A4s10A1)
IF (MWT eNEMWT1) GO TO 201
DO 203 I1=1,7
IF (IFORM(I)eNEIFORM1(IN)IGO TO 201
203 CONT INUE
T WRITE (6,213) :
213 FORMAT('11', 'PROBABLE COMPOUND?')
WRITE(6s200)(ICARD(I)I1=1,20)
IF (JJ(1)eNEONF) GO TO 9997
READ (10+200) (ICARD(I)s1=1+20)
WRITE(6s200) (ICARD(I),I=1,20)
WRITE (64214 )
214 FORMAT (38X, 1%k 1538X)
J=1
K=7
206 READ(10,204) (MNVERE(I)SINTEN(I)sT1=JsK)»(JJ(1)51=1,10)
IF (JJ(2).EQ.QNE) GO TO 205
J=J+7
K=K +7
GO TO 206
204 FORMAT (7(1XsF541sF4e2)s10A1)
207 WRITE (6,208)
208 FORMAT (1iXs*'END OF TAPE REACHED?')
GO TO 9999
205 CONT INUE
WRITE(64216)
216 FORMAT('1','SPECTRUM OF THE PROBABLE COMPQOUND')
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295
282

283
284

~

777
779

9997
9998
9999

18 SR wain DATE = 72025

WRITE(6+252) (MOVERE (1) s INTEN(I) sI=15K)

CALL BIG(KsINTEN,IGCsNGC) '

TOTALZ =000

DO 295 NK=2;NGC

J=1GC (NK)

TOTAL2=TOTAL2+INTEN{(J)

COMT INUE

IF (NG1-NGC Y282 283,283

NMA X =N G1

G0 TO 284 » .
NMA X =N GC

CALL DIVFR(IGIqIGCsMOVFRl9MOVERE91NTEN19INTEN9

XTOTALL »TOT AL2 sNMAX s ICARDs MW T+ IFORM)

GO TO 201

WRITE(6,779)

FORMAT (1Xs*IT COMPARED WITH 900 COMPOUNDS'
GO TO 9999

WRITE (6.,9998)

FORMAT (1 Xs "WRONG FORMAT')

REWIND 10

CALL EXIT

END-

fate]
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SUBROUT INE BIG (NUM,B» 1GsNUML)
THIS SUBROUTINE CHONSES THE BIGGEST 25 PEAKS OF THE ARRAY

QR IF THERE ARE LESS/0OR 25 TAKES ALL OF THEM
AND ARRANGES THEM IN DECREASING ORDER OF INTENSITY

O000OO0

DIMENSION 1G(27)sB(1000)
‘N=1
S IG(N)=0
IF(NUM=-25)2,151
1 NUM1=26
GO TO 3
~2 NUM1=NUM+1
3 I1=1
J=2
9 DO 11 NK=1,N _ L
.10 IF(IeFEQeIG(NK)IGD TO 19 e
.11 CONTINUE ' o
GO TO 20
19 I=I+1
IF(I.GT «-NUM)GO TO 90
GO TO 9
20 DO 22 NK=1,N
21 IF(J<EQ.IG(NK))GO TO 23
22 CONTINUE
GO TO 30
23 J=J+1
IF(J«GT «NUM) GO TO 89
GO TQ 20
30 IF(J=~T1)31+23,31 .
31 IF(B(JY-B(I))40+40+50
40 IF(JeEQ.NUM)IGO TO 89
IF(I.EQ.NUMIGO TO 89
IF(JeLTel) =1
GO TO 23
50 IF(JeEQeNUM)IGO TO 90
IF (I FEQeNUM)IGD TO 90
IF(IsLTcJ)I:J
GO TO 19
89 N=N+1
IG(N)=I
GO TO 93
90 N=N+1
IG(N)=J
93 IF {(N-NUM1)3 s94 +94
94 CONT INUE
RETURN
END




4 4
I IV G LEVEL 18 SR o1ver DATE = 72025

SUBROUT INE DIVER(IG1+sIGCsMOVERT »MOVERFE INTENT s

XINTEN sTOTALL s TOTAL2sNMAX s ICARD s MIWT » IFORM)
C
CTHIS SUBROUT INFE CALCULATES THE DIVERGENCE BETWEEN THE UNKNOWN
CNOMPQUND AND ONE COMPOUND FROM THE TAPE IF AT LEAST
C THE FIRST 2/5 0OF THE BIGGEST PEAKS BOTH FROM
C THE UNKNOWN AND THE TAPE HAVE A MATCH
c

(@}

REAL MOVERI JMOVERE s INTEN15 INTEN
DIMENSION IG1(27),IGC(27)sMOVER1(1G00) sMOVERE(1000),
XINTEN1(1000)sINTEN(1000)4ICARD(20)+IFORM(7)
C k3T EMPORARY sk
300 FORMAT (1X,'QUT AT!'sF541)
CHekT EMPORARY skslesk
301 MIN=NMAX-—~INT ( (NMAX=1)%0e6)
-SUM1 =0
SUM2 =0 ’ -
S1=0 '
S2=0
KG=1 d
N1=1

302 KG=KG+1
IF(KG=10)303,303 4304

303 KGM9=2
GO TO 305

304 KGM9=KG=9

305 IF (KG—(NMAX~- 9))30693069307

306 KGPO=KG+9
GO 70 308

307 KGP9=NMAX

308 I=IG1 (KG)

DO 309 N=KGMY,KGP9
J=IGC (N) '
IF (MOVERI(I)«EQ.MOVERE(J)) GO TO 313

309 CONT INUE
IF (KG~MIN)310,311,311 )

310 IF(MOVERI(I)eEQe14.0)G0 TO 3100
IF(MOVERL (1 )eEQe1640)GO TO 3100
IF(MOVER1(1I)eEQe 1840)G0O TO 3100
IF(MOVERLI (1)+EQe28.0)G0 TO 3100
IF(MOVER1(I)eEQa32.0)G0O TO 3100
IF(MOVEQI(I)eEQ.44.0)GO TO 3100

Cx%kTEMPORARY &%
WRITE(G 43 OO)V“VrRl(I)
C e %T EMPORARY ik
WRITE(64501)
501 FORMAT (1'Xs*NOT ENOUGH PEAKS HAVE A MATCH
XSTOPPED WHILE CALCULATING SUM1?')
: GO TO 503
3100 WRITE(6s100IMNVERLI(T)

100 FORMAT (1XsF5e14'1S VERY DIFFERENT IN THE UAKNONN')
N1=Ni+1
IF(KGeLT eNMAX) GO TO 302
GO TO 314

311 CONT INUE
N1i=N1+1



IV G LEVEL 18 SR n1ver DATE = 72025

PROBLI=INTENT(I)/TOTAL1
R=INTENMI (I} /Z(TOTALI+TNTALZ)
SUM1 =SUML+TNTAL2*R*ALOG(TOTAL2%PROB1/0+0001)
S1=S1+T0TAL2*R=ALODG(TOTAL2%PRNOB1/0.0001)
WRITE(6+700)R+PROB1S1
700 FORMAT (1 X3 'R=1,F7,5,2X3PROBI=! gF70542Xs1S1='",F16,.4)
IF(KGeGE«NMAX)YGI) TO 3314
GO TO 302
313 PROBI=INTEN1(I)/TNTAL1
RS=(IMTENI (I)HINTEN(I)I/(TOTALI+TOTAL2)
R=INTEN1(IY/(TOTAL1+TOTAL2)
SUMI=SUM1+TOTAL 1% (PROB1-RS)*ALOG(PROB1/RS)
S1=S1+T 0T AL 2R 3 ALﬂG(TUTALZ‘PRORl/0.000l)
WRITE(6+700)R sPROB1,4S1
IF(KGeLT«NMAXYGD TO 302
314 NUSED1=NMAX-N1
KG=1
N1=1
402 KG=KG+1
IF(KG=10)403 +403 4404
403 KGM9=2
GO TO 405
404 KGM9=KG~-9
405 IF(KG-(NMAX=9))4 0644064407
406 KGP9=KG+9
GO TO 408
407 KGP9=NMAX
408 J=IGC(KG)
DO 409 N=KGM9,KGP9
I=IG1 (N)
IF (MOVERE (J)eEQe MOVERl(I))GD TO 413
409 CONT INUE
IF(KG=MIN)410+411.411
410 IF(MOVERE(J)eEQe1400)GO TO 4100
IF (MOVERE (J)«EQ.1640)G0 TOD 4100
IF(MOVERE(J)«FQe 180)GO TO 4100
IF (MOVERE(J)eEQe2840)6G0 TO 4100
IF(MOVERE(J)eEQe3240)GO TO 4100
- IF(MOVERE(J)eEQe4400)GO TO 4100
Cx%%T EMPORARY skl
WRITE (6 +300)YMOVERE(J) . y
CakskT EMPORARY ik
WRITE(6,502)
502 FORMAT (1 X, '™MQOT ENOUGH PEAKS HAVE A MATCH
XSTOPPED WHILE CALCULATING sSumat) .
GO TO 503
4100 WRITE(6s200)YMOVERE(J)
200 FOPMAT(1X9F501-'IQ VERY DIFFERENT IN THE TAPE')
N1=M1+1 ‘
IF(KGeLT «NMAX)IGN TO 402
GO TO 414
411 CONTINUE
N1=N1+1
PROB=INTENC(J) /TOTALZ
R=INTEN(J)/ (TOTAL1+TOTALZ)
SUM2=SUM2+TOTAL1*Q*ALOG(TOTALI*PROB/0.0001)

1



g .
IV 6 LEVEL 18 sﬁ[)IVER DATE = 72025

S2=S2+TOTAL1#R*ALOG(TOTAL1%*PR(OB/0e0001)
WRITE{(6:701 )RsPROR,S2
701 FORMAT (1 X4 'R=1,F 752X+ 'PROB='3F7e542Xs1S2=1t,F16,4)
IF(KGoGEoNMAX)IGN TO 414
GO TO 402
413 PROB=INTEN(J)/TOTAL2
RS=(INTENL(I)+INTENC(I))Z(TOTALI+TOTALR)
R=INTEN(J)/ (TOTAL1+TOTAL2)
SUM2=SUM2+TNT AL2*%( PRUB~RS)I*ALNG (PROB/RS)
$2=S2+4TOTAL1#R*ALOG(TOTAL 1%PROB/0.0001)
WRITE(6+701)R4PROB, S2 o
IF(KGoLTNMAX)GO TO 402.
414 NUSED2=NMAX-N1
RNORM=S1+S2
Cox%%T EMPQO RARY ik :
WRITE (6 +400)SUM1sSUM2.TOTALT, TOTALZ
400 FORMAT(1Xs'SUM1I=1'4F10e5+1%Xs!'SUM2=13F10e551 X,
X'TOTALI='"3F10e2,1Xs?'TOTAL2='3F10+2)
WRITE(6+595)RNORM
595 FORMAT(1X, 'RNORM="'"4F16+6)
C ook xT EM PO RARY stk
DIV=(SUM1 +SIJM2 ) /RNORM
WRITE(6:s504)NUSED1 s NUSED2
504 FORMAT(1XsI2,t=t412,'HAVE A MATCH'")}
WRITE(6s211)D1V
211 FORMAT(1Xs'DIVERGENCE=!4F946)
WRITE(64210)(ICARD(I)sI=1,20)
210 FORMAT (20A4)
WRITE(6+212) MWT s (IFORM(I)sI=147) -
212 FORMAT(1Xs*MOLe WEIGHT='s14+2Xs*FORMULA=!,7A4)
503 CONT INUE ' :
RETURN
END




v 6 LEVEL

18 AT

PROGEAM At

DATE = 71201

03724710
1

- DIMENS [0 TCARD(20) 3 IFORF(7 ), JJ(10) 5 MOVERE (1000) ,
B XINTEN(1000),IGC(27) 4iOVERL(30), INTENL(30) ‘
- INTEGER ONE/' 1v/ ' :
e DATA 119,120/700001,'0000!/
) REWIND 10 o
5 REWIND 11
| 200 FORMAT(19A4,14)
L © READ(10,200)(ICARD(I),1=1,20)  ° REian, an e
] IF(I19.EQsICARD(19),AND.120.EQ, ICARD(ZO))GD TO 201
w 119=1CARD(19) G
: 120=ICARD(20)
301 READ(10,300)ICARD(20)
; 300 FORMAT(////7//7776X,14)
o IF(ICARDI20)eLT497)60 TO 301 SEES
©303 READ (10,200) (ICARD(I),1=1,20)
= o CIF(ICARD(20)eLT.500)G0 TO 303
| WRITE(é,Boz}
AT T WRITE(6,200) (ICARD(I) 1=1,20) -
' 501 FORMAT (1%, fLAST LINE READ IN OLD TAPE?!) v
O  READ(10, ZOZIM”Ty(IkUkM(I)ql Le7)y (JU(I) 1= 1,10) S
| WRITE(113202)MWT 3 (IFORM(I) 31=1,7) (JJ(I1),1=1,10)
N IF(JJ (1) eNEONEYGO TO 9997 . o oo o .
READ (104200) (ICARD(I)yI=1,20)
WRITE(6 900)(1cﬂzn(1>,1=1,20)VJ:?*f?f““ T
WRITE(11, 200)(1CAR (1),1=1,20)
SJd=1 . B e E
K=7 ' ,
306 READ(10,204)(»DV[RE(I)yINTFN(I);I=J3K)y(JJ(I)iI:LflO)
IF(JJ(2)+EQ.ONE}GD TO 305 : )
CNEIHT
K=K+7 : o
T 60 TO 306
305 CONTINUE -
S CALL BIG(K, INTENSIGCsNGC)
DO 395 NK=2;NGC = .l ..
J=IGC (NK) T
K=K+1 , o B PSRy
 MOVERL (K) =HOVER E(J)
7 INTENL(K)=INTEN(J) - T e e T o o e N
395 CONT INUE O
V DO 397 K=NGC428 e R Een Ll
~ MOVERL (K)=0
7 INTENL(K) =0
\ NUE i
20T igtlg(?- 5141 (MOVERL(K) s INTENL(K) sK=1,7),(JJ(I)41=2,10)
WRIT[(11,714)(4OV[R1(K),INTth](K),K 8,14) 9 (JJ(1)41=3,10)
: WRITE(11,214) (MOVERL(K) 3 INTENL(K) 4K= 1~721):(JJ\I)’1:§’10‘
‘ WRITE (11,224 ) (NOVERL(K) s INTENL(K),K=22, 28),(JJ(I),I=$le)
S 201  READ (10,200 ,END=207) (ICARD(I),1=1,20) o
- ) TF (119 ot 021CAKD (19 )4 AND. 1200 EQe ICARD{20)) 6O TO 201
i  119=1CARD(19) o
I 120=1CARD(20)
R CWRITE(64200) (ICARD{I),1=1,20) .
i IF (ICARD (20) .EQ. 1001160 TN 9999
¢ : CWRITE(11,200) (ICARD(1),1=1,20)




[

VoG LEVEL

b 206

207

o 204
’ l,zos
| ,

f

READ (10 ,200) (ICARD(I) 41=1,20)

18 MATIN DATE = 71301 0z

PROGRARM A1
READ (102202110475 [TEORK(I) 4 1=1,7), (JJLT) 121, 10)
EORFAT (58X 514 5 7A%y 10AL) e
WIRITE (11,202)M9Ty (IFORM (1) ,1=1,7), (JU(1),1=1,10)
IF(JJ(l),NE,oNE)bn TG 9997 RIS e
HRITE(Qy?DO)(ICARD(I),I=1,20)
WRITE(11,200) (ICARD(I),1=1,20)

Cd=1

K=7 ,
READ(109204) (MOVERE(I) s INTEN(I) 2I=JsK),(JJ(I),1I=1,10)
IF(JJ(2).EQ.ONE)GO TO 205
J=d+7 :
K=K+7

GO TO 206 R
FORHA1(((1X915,I4)710A1)
WRITE (137& 08) ' T
FORMAT (1X, YEND OF TAPE REACHED')

GO TO 9999 I

205 CONTINUE
CCALL BIG(KINTEN,IGCNGC) B
- . DO 295 NK=2 sNCC ".._ S __ B
g J=1GC (NK) i
: - K=K+l . o
MOVERI (K)=MOVERE(J)
o INTENLU(KD)Y=INTEN(JY . o0 i T e
. 295 CONTINUE , '
DO 297 K=NGC428
MOVERL (K) =0 - )
o CINTENL(K)Y=0 e TR am
297 CONTINUE
,;wRITE(ll,214)(MOVEQl(K),INTENl(K),K 197) 9 (JJ(T)41=3,10)
WRITE(119214)(MOVERL(K) s INTENL(K) yK=84,14),(JJ(I),1=3,10)
'xa:HRITF(11,214)(wnvERl(K),INTEN*(K),K 15521) 9 (JJ(I)41=3,10)
WRITE(114224) (MOVERL{K) 3 INTENL(K)  K=22,928)y (JJ(I),1=32,10)

| 214

FORMAT (7 (1XsI15904) 9 1Xe 0t 98AL) - "0 0 o0 o o i

224 FORMAT(?(leIS,I4)91X7'1':8A1),ﬁ»JTJ;JWﬁ‘73___ —
S . G0 TO o201 L el e ELLL
'] 9997 WRITE(6,9998) o
Jo . 9998 FORMAT (1X, 'WRONG FORMAT‘>
‘l 9999 REUIRD 10
M EWIND 11 . ..
W~ CALL EXIT
ru,u oo END.oi :
g
N L e ST — -
\
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10

11

19

SUBROUT THE

16 (N)=0 " R e

NUML=NUM+1

8 - B1G DATE = 71201
PROGRAIE AT .
BI (‘Un|7u7 7!U!l_|)

THERE ARE LESS/0R 25
ARRANGES THEN

TAKES ALL OF THEM e
IN DECREASIMG DORDER DF INTENSITY

INTEGER B
DIItdSIDN IG(Z?) B{1000)
N=1

IF (NUM=- ?D)?y 1,1
NUM1=26 L e
GO 1O 2 - e i s

I=1
J=2 e
DO 11 NK=1,N
IF(I1.EQ.IG(NK))GD TO 19 -

CONT INUE B

G0 TO 20

I=1+] , -
 IF(I.GT.NUM)IGO TO 90 = o

GO TO S ‘

DO 22 NK=1,N -

20
21

22

23

oGO 70 20

IF(B(J)-B(I))40,40450 .-

IF(JLE0.IG(NK))GO TO 23

GO TO 30
J=J+l o B AR A A -
IF (JoGToNUM)GO TO 89

TF (J=1)31,23 31

IF(J.EQsNUM)GO TO 89
CIF(I.EQ.NUM)GO TO 89 -
IF(JoLToI)J=1
-GN TO 23 ‘ : Tl
50 IF(JQIO.NbF)GO TO 90
. IF{I.EQ.NUM)GD TO 90
IF(IGLTOJ)I:J o
S ebTO 19 T )
89 N=N+1
CIG(N)=1
GO TO 93
90 N=N+L1 s N
IGIN)=J
.93 IF(N- NUML)3 494
94 CONTINUE
L CRETURNL . oo
END

Oz/0~

(2> B

THIS SUBROUT INE CHOOSES THE BIGGEST 25 PEAKS UF”THELARRAY
OR IF




SCOMFILE CEKGA2RT PROGRAR [’*2 R |
G My B QLLVA,CHENMISTHY e e o o
L PRGGREN TO TRANSFER ¢ NﬁCﬁsz TQ me FIL&_NUN TAPE- ugh7/_mﬂ”mﬁgig_;ﬁ.m,ﬁ
e DIMENSION ILARU(?QJ;IFORM(/J JJ(iU) wov&a1(59),mhmmmwwwwmﬂ e .
R XINTENT (38),dL(B) - . R , S ey :
. REWING 1% . e
e~ REWGIND 12 - - S R R R e L T
20 FORVAT (L4, Iur!):loA4 14) e
Ll G0 FPORMAT(IZ784,881,14) RS EO A X0 e e
.. 303 READ(L1, PJEWIuAkttlJpNOhu,-C (TCAKD(I), 1= 4,3@)

e o TFCICARD(2E) L,EQLO01I6D TO 96y e
o REAL(11,292)M8 T, (LFORM(L), I=1, /4.(JJ(I);I 1 1@) ;
o I0KG=1 @ e Sl el e e
e WRITE(6,2 w‘)IFAhJ(I ,NUHD,IF (ICARD(I);I 4 18) hORDTIORD,Mﬂ

S 281 FURVMAT(AA, 1D, A3, 1544,13,12,13) - e
oo WRITECL2, DZIBILMND(iJ;IOPD IC, (ICARD(IJ I 4 18) NORD, IDRD;MVL
202 FORMAT (38X, 14,784,1041) - RE— e T e e ks B L
- 10RD=11 o — .

S HRITE(6,203)MAT, (IFORACL) , 121,73, (JJ(I), 121, 23r:
CXNORU, IORD, MaT . e o ] .
~WRITE(L12, 2»9-5 YT, ( 1 f‘ UR"" ( I ) ] I 1 ' 7) r (JJ ( I ) IR p‘21)"r‘ SRl IR R
"h"up._XNORU TORD,MWT i e S e i e e
SenpU8 FORMAT (38X, 14,784,281,13,12,13) eimrn e R
304 RFAD(11,4ﬁmJ(ILAnD(IJ I 1 17J (JL(I);I 1.,8), ICARD(2@J S
. TORD=IZ e meiEEA iR
WRITE (6, dzo)(JLAnu(l) I 1 17) (JLfI) 1= 1,43¢N0RD IORD MWT
CEE L WRITE (12, 385) (ICARG(I)» I 1p1/3 (JLLI)rI2154) ,NORD, TORD, MW TS
378 FORMAT(17A4,4A1,13,12,13). - -

s REAG(L11,214) (MOVERL(K) p INTENL(K Jrh 1r7Jr(JJ(I)r(- :lﬁl

o S LORO=1S S
liﬁiﬂA'-HHIT“(12p?15)(HUVtR1(K) IHT?NICK} K 1,7) (I, I 17 2)""“
L XNORG, TORD A MWT ) S -
~¢PEAD(11,?14)(MUVE&I(K)pINTtNICK)pK 8 14)'(JJ(I)¢I lulm’aﬂ-”
_JGRE=14 e e
.««wRIICCIZ.c1“3(40VER1(KJ Id?&h*(K) K d , 143, (JJ(I) SEITA-ppe——
ANGRD TORQ T o e ]
m.READ(11p£14)( UV:HI(K)rIKTEUI(KJpK 15;21)r(JJ(I) Tz 1.1w)~#
i;HRITE(1302lb)(MQVERICK) INTENICK) K 1 '21)i(JJ(I)'I=112)r*w;ﬂ¥&~mzzu3~
XNORD s TURD pMIRT e L T
iPFAD(li:?IAJ(HOVERl(f) INT&H!(K),Y 22-28):(JJ(1)1I 1 lﬂ) S
JORD=316 -
CKRITE(12, 21%)CNGV&R;(K),IN?FNI(KJrK 2?:?8),(JJ(IJ I 112)ﬁ
— XNCRL:lURD:'“T R - R
Sil214. fORHAT(7(1AbefI43 1GA1)
215 FORMAT(7 (1 X, 15,14),3A1,13,12 Idl~ S

|

|

|

|

|

|

|

|

|

'. :
{mem,,_kbu TG 383 o
B

|

)

|

|

!

|

_.999 _KRITE(6,5028) [ -
b0 - FOHVAI(IXp'tNO OF- 900 COMPUUhuSI)~A~J~~»

REAIND 21 ... T AT I A e S a e ey 1:”:_.72,'1.'521’;'_' = *ii:__—;-—__ff::z_'v_ CEEET

CULREWIND 120

UEL;QEEVQA>:tXECUT1NF LINE 6. IN,ROUTINE 1/PROGWHEN. IERMIMATIUh OCCURRED

IVEs . 97 SEC, txffb1lox TI;L-,~MM 2,03 SEC,08JECT cuot-ffﬁ 3712 bYTFb I



e

LEVEL 18 R2 a1y DATE = 72025 { 21/09/27

CHick A TN PRI GR AR s

REAL MOVER1 »INTEN1.MOVERE 2 INTEN
DIMENS ION ICARD(?O),IFOR1(7/yJJ(10)’JL(4)sPDVER1(lOO),
XINTENI(100),WOVFRE(28);15TFN(28)pIFORM1(7)yIG1(27)QIDAQD(17)
100 READ (5 250)NUMsMWT 1
250 FORMAT(217)
READ (54251 )(IFORMI(I)sI=147)
251 FORMAT (1X7A%4)
READ (5 +252) (MOVERI(J)s INTENL(J) sJ=14NUM)
252 FORMAT(5(F6e13F763))
WRITE(64253)

253 FORMAT (1X, vtk NKNOWN COMPOUND kol v )
WRITE(64350)MWT1

350 FORMAT(1X, *MOLECULAR WEIGHT=',17)
WRITE(6+351)(IFORMI(I)sI=147)

351 FORMAT(1X,7A4)

WRITE(6,359)
359 FORMAT (1Xs Pk SPECT RU Motk 1)
WRITE(64,252) (MOVERI(J)sINTENLI(J)sJI=1sNUM)
CALL BIG (NUM;INTFNI’IGlaNGl) .
REWIND 10
201 FOQMAT(A4’159A3,15A4y13,12913)
303 READ(10+201+sEND=207)ICARD(1)sNORDsICs (ICARD(I)sI= 4918)7
XNORD s IORD sMWT

803 IF(MWT «EQeMWT 1)GO TO 304
IF(MWT e GT eMWT21)GO TO 705

202 FORMAT(//////A4;IS;A3915A4913aL2yI3) -
READ(10 202 ,END= 207)ICADD(1)5NORDQIC9(ICARD(I)’I 4918),

XNORD 3 IORD o MWT
GO TO 803 '
304 READ(109203)MHT’(IFDRM(I)’I~197)!(JJ(I)QI—IQZ)’
XNORD s IORD s MWT ,
203 FORMAT (38X 14 +s7A452A1913+512,13)
DO 306 I=14+7
. IF(IFORM(I)eNELIFORMI(I))IGO TO 307

306 CONTINUE
GO TN 308

307 READ(10+,204,END= 207)ICARD(1)9NURD9IC9(ICARD(I)91 4;18)9‘

XNORD s IORD o+ MUWT ' c

204 FORMAT(////7 784,15 4A3+15A4513,5,12,13) .

GO TO 803

308 WRITE(6+213)

213 FORMAT('11','PROBABLE COMPOUND®')
HRITF(ésZOI)ICAQD(I)oNDRD;ICs(ICARD(I),I 4,18)
WRITE(6+s215IMWT s (IFORM(I)sI=157)

215 FORMAT (1Xs *MOLECULAR WE IGHT= '91494X9'FORMULA”'07A4)
READ{(10+205)(IDARD{(IIaI=1917 )9(JL_\1)9I 1eb4 )y

XNORD » IO0RD o MUT

205 FORMAT(17A4s4A1513,12413)
WRITE(64+605)(INDARD(I) »I=14+17)

605 FORMAT (1 Xy 3kt 17 AL, PRk ")
READ(109214)(MQVERE(K)9INTEN(K)9K=197)9

X(JI(1)sI=14+2)sNORD,IORDs MWT
READ (10 +214 ) (MOVERE(K ) » INTEN(K) s K=8514)
X(JJ(I);I—l9279N0H0010R09MWT
READ (10 4214 ) (MOVERE(K) s INTEN(K) sK= 15+21),

1




“ [y o =3 A A T - .
W6 LEVEL 18 R9 Han DATE = 72025 9 - 21/09/27

XCSICI) o T=1 52 )3 NNRD g IQRD g MW T
READ(10+214) (MOVERE(K) s INTEN(K) sK=22,28)
X(JJI(I)aTI=152)9NORD s IORD o MWT

214 FORMATU(7(1XsF5e19F4e2)92A1513,12413)
WRITE(6,216) .

216 FORMAT (11 ', t4SPECTRUM 0OF THF PROBARLE COMPOUNDE*')
WRITF<6,2R2)(MOVEQE(I).INTEN(I),I—1,?5)

DO 300 I=1,25
IF(INTEN(I)OEQGO‘O)GU TO 305

300 CONT INUE :
NGC=26
GO TO 40606

305 NGC=I1

406 IF(NG1I-NGC)282,283,4283

282 NMAX=NG1

; GO TO 284

283 NMAX=NGC

‘284 NEC=NMAX~1
DO 301 J=1,sNEC : . ~
I1=1G1(2) S e
IF (MOVERL(I)eEQ.MOVERE(J))GO TO 321 .
301 CONT INUE - .
GO TO 703 v

321 DO 302 J=2,NMAX
I=1G1(J)

- IF(MOVERE(1)eEQeMOVERLI(I))GO TO 322

302 CONTINUE

703 WRITE(64+704) :

704 FORMAT(1X,s 'MISSING HIGHEST PEAK!)
WRITE(6+229) _ :
WRITE(64+219) : = ~
GO T0O 303 . :

322 CALL DIVER(MOVER1 sMOVERE s INTEN1sINTENsIG1,IGC,

XNMAX sNUS ED sD IV) ' '
WRITE (6504 )NUSED

504 FORMAT (1XsI2s' MASSES WERE CDMPARED')
WRITE(6.,505)D1IV :

505 FORMAT (1 Xy '3kt kDIVERGENCE=" s F6edy tadkksn V)
WRITE(64+229) '
WRITE(6+5219)

229 FORMAT(' ')

219 FORMAT(10's2Xs76 (1H%))

GO TO 303

705 WRITE(65997)

997 FORMAT (1X,'END OF COMPOUNDS WITH THE SAME MOLECULAR WEIGHT ')

700 FORMAT(I1)

READ{B.700)ISTOPR
IF(ISTOPFQe1)GO TO 100
GO TO 999

207 WRITE(6+998)

998 FORMAT(1Xs*END OF FILE®')

%99 REWIND 10
CALL EXIT
END
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SUBROUT THE DIVER(HMOVERT MOVERE ¢ 1 NTEMISINTEN,
XIG1 o IGC s NMAX sNUSED sD IV )

THIS SUBROUT INE CALCULATES THE DIVERGENCE
BETWEEN THE UNKNOWN COMPOUND AND DONE
COMPOUND FROM THE TAPE
REAL MOVERIL ZMOVERESZINTENL S INTEN
DIMENSION MOVER1I(100)s INTENI(100),MOVERFE(28),
XINTEN(26),1G1(26)
TDTALI-"—'O«O
DO 100 NK=2,NMAX
I=1G1 (NK)
TOTALI=TOTALI+INTENI(I)
100 CONT INUE
TOTAL2=0.0
NEC=NMAX -1
DO 101 K=1.NEC
TOTAL2=TOT AL2+INTEN(K)
101 CONTINUE
N1=0
SUM1=0
sSuUMz2=0
S1=0
$2=0
K=2
102 1=1G1 (K)
‘ DO 103 J=1,NEC .
IF(MDVERI(I).EQ.MOVERE(J))GO TO 113
103 CONTINUE
IF (MOVER1(I)eFQe1440)G0 TO 3100
IF(MOVERLI(I)eEQe16.0)GO TO 3100
IF(MOVERI(I)eEQe18.0)G0 TO 3100
IF(MOVERL(I)oFQe2860)G0 TN 3100
IF(MOVERL (I1)eEQe4400)G0 TO 3100
N1=N1+1 :
PROB1I=INTEN1(I)/TOTAL1
R=INTEN1 (I)/(TOTAL1+TOTAL2)
SUM1 =SUM1 +T OTAL2%R*ALOG(TOTAL2%PR0OB1/0.0001)
S1=S1+TOTAL2*R*ALOG(TOTAL2%*PR0OB1/0.0001)
K=K +1
IF (KeLE«NMAX)GO TO 102
GO TO 201

113 PROB1=INTEN1(I)/TOTALL
RS~(I\1EN1(I)+INTﬁN(J))/(TOTAL1+TOTAL2)

R=INTEN1 (I1)/(TOT AL 1+TOTAL2)
SUMI =SUMI +TNTAL 1= (PROB1I-RS)FALDG(PROB1/RS)
Sl“Sl+TOTAL9“R”ALOG(TDTALZ <PROB1/0,0001)
K=K+1
IF (KeLFeNMAX)YGN TO 102
GO TO 201

3100 WRITE(é,BOO)HOVERl(I)

300 FORMAT(1XsF5e1,'1S NOT IN THE TAPE®')

N1=N1+1
K=K+1
IF (K+LESNMAX)GO TO 102

4

72025 4

S

21/09/27




I

G LEVEL 18 Rg DIVER DATE =

201 J=1
202 DO 203 K=24NMAX
I=1G1{K)
IF(MOVERE(J)eEQoMOVERI(INIGO TO 213
203 CONT INMNUE i
IF(MMOVERE(J)oEQe14.0YCGD TO 4100
IF(MOVERE(J)2EQe160)G0O TN 4100
IF(MOVERE(J)eEQ619.0)GO TO 4100
IF(MOVERE(J)eEQe28.0)G0 TO 4100
IF (MOVERE(J)eEQe32.0)G0D TN 4100
IF(MOVERE(U)oEQe42.0)G0 TO 4100
PROB=INTEN{(J) /TOT AL2
R=INTEN(IIZ(TOTAL1+TUTAL2) -
SUM2=SUM2+T OT AL 13:R=ALOG(TOTAL1%*PROB/0s0001)
S2=S2+TOTAL1*RXALOG(TOTAL1*%PR(OB/0s0001)
J=J+1
IF(JoLEWNECIGO TO 202
GO TO 301
213 PROB=INTEN{(J) /TOTAL2
RS=(CINTEMNCJ)IHFINTENIC(I )Y Z/(TOTALLI+TOTAL2)
R=INTEN(UI/(TOTALI+TAOTAL2)
SUM2=SUMZ +T OTAL2:* (PROB-RS)*ALOG(PROB/RS)
S2=S2+TOTAL1*R=ALOG(TOTALL*PRNB/0,0001)
J=J+1
IF(JeLESNEC)GO TO 202
GO TO 301
4100 WRITE(6+400)MOVERE (J) :
400 FORMAT(1XsF5614'IS NOT IN THE UNKNOWNE®)
J=J+1
IF (JeLESNEC)IGO TO 202
301 NUSED=NEC+N1
RNORM=S1+S2
CouT EMPORARY sk .
WRITE(6+500)SUM1sSUM2sTOTALL.TOTALZ2
500 FORMAT (1 XstSUMI=t,F106551Xs'SUM2=¢4F10e591Xs
XU'TOTALLI=' 3F10e241Xs'TOTAL2='3F10e2)
WRITE (645595 )RNORM
595 FORMAT(1Xs'RNORM="'43F1646)
Caksk T EMPQ RARY s %k
DIV=(SUML +SUM2 ) /RNORM
RETURN
END

720

(%)
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DEFINE FILE 9(B62,6,E40iT), 10(900,422,E,KEY)
REAL MNOVERE, INTFN
DIMENS INN IC ARD (70)7IFDPJ(7),JJ(1O),JI(%),MDVFRF(Zg),
XINTEN(28) 3 IDARND(LT7)yNTM(842)
DO 100 1=1,862
MNTM(T)=0 '
100 CONTINUE
201 FORMAT(A4,15,A3,150M4,13,12,13)
R¢A0(11,201)ICAPD(1>,NORD IC,(ICARD(I),I=4 lS),NORD,IORD,hMT
NTHM(MWT ) =NTM(MWT) +1 )
203 READ(11,202,ENMD=204)ICARD(1)4MORD,IC, (ICARD(I),1=4,18)
Ky NORD y IORD y MWT ,
202 FORMAT(//////A4,15 A3y 15A4,13,12,13)
NTM(MUWT )=NTM(MWT) +1
GN TO 203
204 REWIND 11
KEY=0
NULL =0
MWT =1
205 IF(MWT.GT.862)60 TO 215
IF(NTM{MWT).GT.0)G0 TO 210
WRITE(9'MWT y300)NULLy NTM{MWT)
300 FORMAT(I3,12)
GO TO 205
210 KEY=KEY+1 ‘
FRITE(6 9396 )MUT yKEY ,NTHM (MWT) A
- 396 FORMAT(1X, TMHT="'4313,2X, 'KEY=1,13,2X, '"NTM=*,12)
WRITE(9 'MWT ,300)KEY,NTM (MWT) '
KEY=KEY+NTHM(MWT) -1 B -
GO TO 205 :
215 WRITE(56,399)
399 FORMAT(1X,'END OF FILE 97)
KEY=1
216 READ(114211 END=400)ICARD(1),NORD, IC,(ICARD(I),I 44918),
ANORD y TORD 4 MUWT
211 FORMAT(A%L,15,A23,15A4,13,12,13)
READ (11 4213)MWT,y (TFORM(I)a1=1,7) (JJ(I),yI=192),
XNORD 9 IORD oM 4T :
213 FORMAT (38X 14 47A%,2A1,13412,13)
READ(l],BOS)(IﬂARD(I),I 1,17),(JL(I),I=1,4),
XNORD § IORD y MUT
305 FORMAT(1T7A&L,4A1,13,12,13)
READ(11,225) (V DVFQE(R),IMTF“(K),K 1,7),(JJ(1),1 152)
XNORD y IORD yMWT
225 FDRMAT(7(1X,IS,I4),2A1,13 12
READ(ll,ZZS)(MDVEQE(K), wTex
XNORD y IORD yMWT
RFAn(ll,zz S (MNVERE (K )y INTENIK) 9 K=15,21) 4 (JI(I) 5 I=142)

XMORD 4 IORD 4MUT

READ(11,225) (MOVERE(K)y INTEN(K) K= 22,28),1JJ(1)41=1,2),
XNORD 4 IORD 4 MHT

WRITE{6,392IKEY ;i MT

398 FORMAT (1 X, 'KEYS' 13, "MuT=",14)
WRITE(L10'KEY,235) TCARD (1) 4NORNTC, (ICERD(I),I=4,18),

XMUT;(IFORH(I),I—l,?)g’IDA””(I),I 1,17,
X(MOVERE (K)y THTEN(K),K=1425)

1
(! =8,1 ),(JJ(I),I 1,2}




f

N
)
[

12 A3

FORMAT (A& 3 I53A3 31004, T4 TALLTAG 2512, 15, 14D

GO TN 2186

WRITE(6.397)
FNRAATLLI X, YEND NF FILE 10%)
RZIWIND 11

CalL EXIT

END
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18 M3 sarw DAT

CxxaPROGRAM R3x%#
CxxaMAITN PROGRAMEx%

200

229
- 219

994
236
235

995

305
466
282

283
284

301
321
32

783
724

REAL MOVERS p INTENY, MOVERE ) INTEN
DIMENSTON TCARD(18), TFORMETZ) ,JJC10) ,JL (4)

READ (5,250 )NUM, MWT

FORMAT(217)

READ(S,2572) (MOVERIL(J), IhTEN1(JJ,J 1/ NUM)
FORMAT(O(F61,F7,3))

WRITE(6,253)

FORMAT (LX) " Axk sk UNKNOWN CGMPOUND*****!)
WRITE(6,350)MNT

FORMAT (I X, "MOLECULAR WEIGHT=!,17)
WRITE(6,359)

FORMAT (1 Xs 'k xxSPECTRUMR A% 1)

= 72215

DEFINE FILE 9(862:8,E,MuT),10(900,422,E,KEY)

161 (27),

KMOVERE(25) p INTEN(2D), IDARD(17) ,MOVERI (320), INTEN] (300)

WRITE(6,252) (MOVERI(J),INTENL(J) s =4, NUM)JH

CALL BIGONUN, INTEN1,IG1,NG1)
READCQ'MAT, ZVwJKFYpNTM
FURwAi(IJ.Ien'

NSUPZKEY+NTMw

WRITE(6,229)

WRITE(6,219)

FORAAT(Y 1)

FORMAT('O' ,2X, 706 (1Hx))
WRITE(6,994) '
FORMAT (1 X, ' *xPROBABLE COMPOUND®%1)

READ(1O'KEY,235) ICARD(L),NORD,IC, (ICARD(I),I2 4:18):

XMWT, CIFORM(I)» 121,70, (IDARD(I),1I21,17),
X(MOVERE(K) , INTEN(K) ,K®21,25) =

FORMAT(A4,15,Ah3,15A4,14,724,17A4,25(1X,F5,.
WRITEC(6,995) (IDARD(I) ,1=1,17), (IFORM(I), I3
FORMAT(1X,17A4,1X,7A4, 1x¢14)

bo 3up I=1,25

TFCINTENCI) JEQ,.82)G0 TO 385
CONTINUE

NGC=26

GO TO 426

NGC=T

IF(NG1=NGC)282,283,283

NMAX=NGL

GO TO 284

NMAXZNGC

NECSNMAX=]

DO 391 J=1,NEC

I=16G1(2) .

IF (MOVER1 (1) ,EQ, MOVFRE(J)JGO To 321
CONTINUE .
GO TO 723

DO 322 J=2,NMAX

1=161(J)

1F (MOVERE (1) EQ,MOVERL1(I)IGO TO 322
CONTINUE

WRITE(6,7114)
}QRMAT(!X;'MISSING HIGHEST PEAK')

IF (KEY LE,NSUP)GO TO 236

1,F4,2))
i, 7):MWT

1 !
15766713,
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3z

5¢bH
996
237
Q097
702

2

18 R3 nan DATE = 72215 15/06/13,

GO TO 237

CALL DIV&R(MOVth1,MDVFRE INTENT,INTEN,IGL,1GC,
XNMAX, NUSED,DIV)

WRITE(H,505)DIV

FORMAT(IX s Vxa ke rxDIVERGENGE= jFHedypthkxaxt)
IF(KEYLELNSUPIGD TG 236

WRITE(6,997)

FORMA1(1X¢'LND OF COMPOUNDS WITH THE SAME MOLECULAR WEIGHT‘)
FORMAT(IL)

READ(H,700)1STOP

IF(ISTUP EQe1)60 TO 108

CALL &XIT :

END

TR TS
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OO0 O000000

PROGRAMME TO COMPARE WITH EIGHT PEAK TAPE

THIS PROGRAMME IS ORGANIZED SO THAT ONLY
COMPOUNDS WITH THE SAME MOLECULAR WEIGHT
ARE COMPARED .
THERE IS A PRE FILTERING CONDITION THAT THFE B8IGGEST
PEAK OF THE UNKNOWN MUST EXIST IN THE EIGHT
BIGGEST FEAKS 0OF THE COMPOUND IN THE TAPE
AND VICE-VERSA
THE DATA SHOULD BE SUPPLIED IN DECREASING
ORDER OF INTENSITY
REAL Mn\'f‘Ql91"10\’LOFQINTPP
DIMENS T wﬂVEvl(B),HDVERF(S)aPINTEN(S),INTEN(B),
XINTENLI (3)sNNC11)sINAME(211)
INTEGER A/YA' /sB/ "B/ 3sC/VCY/sD/ DY/ 2sE/YE /s F/1FV /7,
XG/VYG W/ L/ WV /s VAN /W /YW /o X/ VXY /oY /Y Sy 2/ 2/
99 READ (54341 )MWT 1
READ (5351 ) (MOVERI(J)SRINTEN(JI) »J=1+8)
DO 352 J=1,+8 B
INTENI(J)=IFIX(RINTEN(JI+0.5)
352 CONTINUE .
WRITE(64+340) o . Sy
HRITE(E,250)MWT1
WRITE(6,359)
WRITE(64371) (wOVEPl(J)sINTENl(J).J 1,8)
WRITE(6+,219)
340 FORMAT (1X, ¢tk PNKNOWN  COMPOUND sksieskseskc )
341 FORMAT(17) :
350 FORMAT(1Xs 'MOLECULAR WEIGHT=',17)
359 FORMAT (1 X, 1okt kSPECTRUM K 33k 1) o -
371 FORMAT(4(F6.1s16)) .
351 FORMAT(4(F6e1sF7e2))
DO 353 J=1,7
JP=J+1
IF(INTENL (UP)eGT INTENI(JYIGO TO 360
253 CONT INUE
REWIND 12
MES =0 i
201 IF(LCOEQOBQAMDDNSPECOEQQZ{'56)GO TD 402 i
IF(LCeFQoBeANDoNSPEC.EQe496)GN TO 402
READ (1221 00sENN=999)LCsNSPEC, (MOVERE(I)sI=1+8)+(INTEN(I) I1=2,8),
XMOLW s INT PP oNC oNH s (NN(I )9 I=144)
100 FORMAT (ALl 314 +8F561s712s14sFbe2+12, 139412)
MES=MES+1
IF(MESeEQe699)G0 TO 996
404 CQONT INUE
IF (MWT1 .EQeMOLW)IGO TGO 101
304 READ(12,200)LCsNSPECs (MN(T)I=5,6)s(NM(I}, I=758)s
X{NN(I)sI=9+10) NN (11):(INAME(TI)sI=1+63),IND.
IF(INDeEQ.1)GO TOD 201
READ(IZeBOG)LC,NSPECe(INAME(I)91=64e137)9IND
IF(IND«FQe1YGO TO 201 .
READ(12,300)LC sNSPECs (INAME(I),1=138,211),IND

GO TO 201
402 READ (12 2403 )LC s NSPECs (MOVERE(I)»I=1,8), {INTEN(I),1=2,8),

1

]

I
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403 FORMAT(AL»T4s8F 5010712431 6eF3¢13A1212,013+6412)
GO TO 404
101 DD 301 J=1,.8
IF (MOVERL (1 )eEQMOVERE(J))ICO TO 321
301 CONT INUF
GO TO 304
321 DO 2302 JU=1,8
IF(MOVERE (1 )EQ.MOQVER1(J))GO TO 322
302 CONT INUE )
GO TO 304
322 INTEN(1)=100
CALL DIVER(»OVEQI;MDVERE'IMTENI’INTEN
XNUSED D IV) .
202 READ(12,200)LC +NSPEC, (NNTI)»I=546) 3 (NN(I)sI=7+8)s
KONN(TI) s I=9+10)sNNCI1)s (INAME(I)TI=1+63)s IND
200 FORMAT(AL 3T14,212,2119212571963A1,11)
IF(IND<EQRs0)GO TO 203
IF(IND-EQs1) KP=1
GO TO 210 .
203 READ(12+300)LC +NSPECs (INAME(I)+1=64,137)q+IND
300 FORMAT(AL1,T4474A1,11) v
IF(IND.EQe0Q) GO TO 204
IF(INDEQes1)KP=2
GO TO 210
204 READ(12,300)LCsNSPECs{INAME(I)+1= 138.211);IND
218 WRITE(6:219)
219 FORMAT (10" 42X ,76 (1HY)) ;
210 IF(I,CeFQebclRelLCoFQoBe0Ret.CeEQRaCelReL.CeEQLD
XelRelCoFEQeEeRoLL.CoFQeF e0RsLC+EQWG) GO TO 220
211 IF(LC.EQ.L)GO TO 221 ~-
212 IF{LC.EQ.Y) GO TO 222
213 IF(LCEQeW)GO TO 223
214 IF{LC.EQeX) GO TO 224
215 IF(LC.EQ.Y) GO TO 225
216 IF{(LCeEQeZ) GO TO 226
217 IF(LC.EQ.0) GO TO 227
220 WRITE(6+230)NSPEC
GO TO 240

221 WRITE(6,231)NSPEC

GO TO 240
222 WRITE(64232)NSPEC
GO TO 240
223 WRITE(6+,233)NSPEC
GO0 TO 240
224 WRITE(6+234)NSPEC
GO TG 240
225 WRITE(6+4235)NSPEC
GO TO 240
226 WRITE(6,236)NSPEC
GO TO 240
227 WRITE(6,237)NSPEC
GO TQ 240 '
230¢ FORMAT(21Xs'MASS SPECTRUM FROM ICILTD-NUMBER-',14)
31 FORMAT (21X, 'MASS SPECTRUM FROM LITERATURE 'S 1X,14)
232 FORMAT (21X,'MASS SPECTRUM FROM API(MATRIX) '41Xs14)
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223 FORMAT (2100, 'MASS SEECTRUM FROM UCA (HOM TRC) 1, 1xXs 14) o

234 FORMAT (21 Xs *MASS SPECTRUM FROM ASTM=NUMBER=1',14)

235 FORMAT (21X, "MASS SPECTRUM FROM API-NUMBER—-t, I14) g

236 FORMAT (21X, *MASS SPECTRUM FROM DOW-NUMBER=1 414) o

237 FORMAT (21X, 'MASS SPECTRUM FROM MSDC-NUMBER=~',14) | |

240 WRITE(6,245) (INAME(I) +I=1,63)
IF(KPeEQe1) GN TO 250
WRITE (6,245) (INAME(T) 2 1=64,137)
IF(KP«EQo2) GO TO 250
WRITE(6245) (INAME(I)»1=138,211)

245 FORMAT(t 42 (1H%)s 74A1 920 1H%))

250 IF(INTPP.EQ.O0)GN TO 251
IF(INTPP oFQe (=0.01))GD TO 252
WRITE(6+260) MOLWsINTPP _ , o S

. GO TO 259 o 1

251 WRITE (6,261 )YM0OLY "

GO TO 259

252 DO 253 I=i:8
IF(IFIX(MOVERE(I))eEQeMOLW)IGO TO 401

253 COMTINUE

401 WRITE(6+262)MOLY s INTENCI) .

260 FORMAT (11X s 'MOLFCULAR WEIGHT='0s14,41X, . L <

X*INTo OF PARENT PEAK=!'sF4.2) o C

261 FORMAT (11X, "MOLLECULAR WEIGHT="%,I4,1X,

XtINTe OF PARENT PEAK LESS THAM 0601%)

262 FORMAT(11X:s'MOLECULAR WEIGHT="'3sI14,1X,

) XVINT cQF PARENT PEAK='1,13)

259 WRITE(G 270 )INC sNH MM 1) sNNI2)s8IN(3),

xNN(4)9NN<>),NN(6)9N'(7)9NV(8),NN(9),NN(10),NN(11)

270 FORMAT (' 1T41Xs *FORMULA=SCT 3125 '0HYsI3s'eM' 12

X1 el P aI24 toFl1sI2s'eCl'sI25'eBR',I2, ~
XVeBVY3I241eS8Tt5T14" op'OIIQ.OQ"IZS'DD"IZ!
XU(PLUS ',114' OF OTHER(S)) ')

WRITE(6,219)

WRITE(6:229) .
HRITE(09271)(MOVERE(I)9INTEN<I)sI=1,8)

229 FORMAT(* ') ‘ !

271 FORMAT(30XsF5¢1s12Xs13) ) , g
WRITE (65504 )NUSED . C ?

504 FORMAT(1XsI2,'HERE USED")

HWRITE(6+505)D1IV :

505 EOQRMAT (1Xs kD) IVERGENCE=" s FOo &y ' ¥kk%k%T)
WRITE(6+229) '
WRITE(Gs219) . . _ |
GO TO 201 “ : ' !

360 WRITE(65361) e , : ;

361 EORMAT(1Xs!'DATA INTRODUCED IN WRONG ORDER'")
sSTOP ‘ _ :

996 WRITE(6.997) '

997 FORMAT(1Xs!'END QF 700 SPECTRA')

REWIND 12
READ(5,700) ISTOP

700 FORMAT(I1)
IF(ISTOPeEQ.1)G0D TO 99
STOR

999 WRITE(6,998)
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4
008 FORMAT (1Xs 'END OF TAPE')

REWIND 12
STOP
END
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C PROGKAM TO TRANSFFR TAPF JO769 TO TAPE Boaopt
DIMERSION MOVERE(8), INTFN(8)Y,NNCL11), INAME(211)
INTEGERA/VAL/ ) B/VBY /4 C/CY/ 4D/ DY/ 4E/VEN/,F/IFY Y,

KGAYG /e L/ LN/ e VNN W/ VN /e X/ VXY /oY /AY /027020 )
INTEGER ZERO/'01y
REWIND 12
DO 8RB K=i,2500
READ(12,887)
887 FORMATC(/////7717)
888 CONTINUE
JCOUNT=25000
99 IF(ICOUNT,GE,36000)60 TO Q97
READ (12,141, END=999)LL, NSPEC, (MOVERE (1), 11,8),
XCINTENC(T),1=22,8), MOLA, INTPR,NC,NH, (NN[I)'I=1;4)
1Py FORMAT(AL,14,816,712,14,14,12,13,412)
IF(LC.EQ.A)LKS]
TF(LCL.EQ,BILK=2
IF(LC,EQ.CYLK=3
IF(LC.EQ,DILK=4
IF(LCEQE)LK=H
IF(LCL,LOLFILK=6
IF(LC.ERLG)LKEY7
IF(LC,EQ,L)LK=8
IF(LC,EQ,VILK=9
IF(LC,EQ.WILK=1@
IF(LCLEG, X)LK=11
IF(LC,ER,YILK=12 :
IF(LCL.EQZ)LK=13 .
IFC(LC,ENGZERQ)LK=14
IK=1
WRITEC12,161)LC,NSPEC, (MOVEREC(I),I=1,8),(INTEN(I),I=2,8),
XMOLW, INTPP,NC,NH, (NNCT),I=1,4),LK,M0LW,IK
191 FORMAT(AL,14,815,712,14,14,12,13,412,12,14,11)
- ICOUNT=TCOUNT+1
102 READ(12,200)LC, NSPEC, (NN(1),I=5,6), (NN(I),1=7,8),
XCNNCI)pI=0,18) o NN(11), CINAME(T) »I=21,63),IND
204 FORMAT(Alr14;2]2;211!21?;J1053A1111‘)
IKn2
WRITECIA, 201 L0, NSFFC, (NNCT),T1=5,6),(NN(1),1=7,8),
XCNNCID)»T=9,1@) ,NNCLL),, CINAMECT) , I=1,63), IND,LK,MOLK,IK
261 FORMAT(AL,J4,212,211,2]12,11,63A1,11,12,14,11)
ICOUNT=ICOUNT+1
IF(IND.,EQR,1)GO TO 99
READ(12,386)LC; NSPEC, (INAMF(T),1264,137),IND
300 FORMAT(AL1,l4,74A1,11)
L=
WRITE(IR,301)1.C,NSPEC, (INAME(I),1=64,137),IND,LK,MOLW,IK
INY FORMAT(AL,14,74A1,11,12,14,11)
ICOUNT=TCOUNT+]
IF(IND.EQ,1)GO TO 99
READ (12, 301)LC, NSPEC, CINAME(T),I2138,211),IND
IK=4
WRITECIZ,301)LC,NSPEC, (INAMECT),Ix138,211),IND,LK,MOLY, IK
ICOUNT=TICOUNT+]
- GO0 TO. 99
997 WRITE(6,996)1C0UNT

/i

1
21/18/55’
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996
999
998

18 Blivarn ' DATE = 72112

FORMATCIX, VEND OF 1,158, RECORDS!)
WRITE(6,998)ICOUNT

FORMAT(1X,15,! RECORDS TRANSFERRED!)
CALL EXIT

END

P1/18/55 |
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LEVEL

20¢

Jua
101
190

205

206

2a7
440

18 g% MADH

DIHENSIQN TJUNK(26) -
MARK=?

IREL =0

INULL =3

ICOHUNT=S
HRITE(LIZ24290)MARK, ICOUNY
FORMATCTA4,148)
WRITE(6,30UIMARK, TCOUNT

FORMAT (1 X, PMOLECULAR thbe',Id,'STARTS AT RECORD NUMBER',Ib)

DATE

@ /2144

READCLE, 206, END=207) (TJUNKC(L) 2 121,200, LK, MULW;IK

FORMAT(PUAG,I2,14,11)
IF(MOLW MNEL,MARK)GO TQ 2085
IRELSIREL+]

GO TO 101

MARK=EMARK+ )
IF(MOLW,GT,MARK)GD TO éﬂb
ICOQUNT=ICUOUNTH+IREL
WRITE(12,200) M0, TCOUNT
WRITECO, SUAIMOL W, JCOUNT
1REL=1

GO TO 101
WRITE(L12,200)MARK, TNULL
WRITECH, 300IMARK,, INULL

GO TO 285

WRITE(6,4008)
FORMAT(1X, tEND OF TAPEU)

CalLL EXIT

END

BE/31/ 35
1
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(e NeNeReReNele e

COMPOUNDS WITH THE SAME MOLECULAR WEIGHT
ARE COMPARED
THERE IS A PRF FILTERING CONDITION THAT THE BIGGEST
PEAK OF THE UKRKNOWN MUST EXIST IN THE EIGHT
BIGGEST PFAKS OF THE COMPOUND IN THE TAPE
AND VICE=VERSA
THE DATA SHOULD BE SUPPLIED IN PECREASING
ORDER OF INTENSITY
REAL MOVER] MOVERE, INTPP
DIMENSION MOVERI(B),MOVERE(8),RINTEN(B),INTEN(R),
XIMTENT(8),NN(11), INAME(211),NUMBER(10), IPLACE(18)
DIMENSION INEXT(12),ICOMP(1@)
INTEGER A/'A'/,%/'3'/,6/'6'/;D/'D'/.E/'E'/;F/'F'/;
XG/YGY/ L/ YL/ VAV 2/ YW /g X/ VXYY 027020/
INTEGER ZERG/'g1/
REWINDLO
I=2
IPa?d |l NEAR =0
90 READ(L,341)MwT
WRITE(6,350)MKTL
IF(I)b1,.51,52
51 IDIGIT=MuUT1I=2
IFCIDIGIT.EQ:B)GO TO 93
GO TO 94

- B3 WRITE(6,996)

986 FORMAT(1X,INO CDHPOHNDS oF THIS MOLECULAR NEIGHTI)
IF(IP,GELIMAX)GO TO 99@
GO TO 54

B2 IDIGIT=MATI=i=INEXT(I)
IFCIDIGIT,EQ,®IGO TOQ 93

94 DO 95 Ke=1,IDIGIT
READ(18,92)

92 FORMAT(1X)

95 CONTINUE

93 READ(12,90)IMARK, ICOUNT

99 FORMAT(14,15)
WRITE(6,8d)MARK, ICOUNT

80 FORMAT(1X,'MOLWS1,14,!'ICOUNT=!,15) -
I=1+]}

IPLACE(I)=ICOUNT
NUMBER(I)=MWT!

56 READ(12,92)MARK, ICOUNT
ICOMP(I)=ICOUNT
INEXT(1)=MARK
IFCICOUNT,FG,A)60 TO 56
WRITE (6;BA)MARK, ICOUNT
IMAX=T
READ(S,7¢Q)ISTOP

703 FORMAT(I)
IF(ISTOP.EG,1,G0 TO 99
DO 88 K=1,35242
READ(316d,92,tND=87)

88 CONMTINUE

87 WRITE(6,86)

86 FORMAT(LX,'END OF FIRST FILE!)

54 IP=IP+1

186724/¢43
1
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362

340
341
3650
359
371
361

363

354

201 READ(10,100,END=999).C,NSPEC, (MOVERE(I), 1= 1:,8), CINTENCI),I=2,8).,

109

1o}
301

S04

321
3pe

322

202

18 FR narn DATE = 72214

IF(NEAR,EQ,1)60 TO 58
IFCIPLACECIP) EQ,0)60 TO 53
IR=]Fe 1

IF(IR,EQ, VIGO0 TO 57

ICuHNT IPlALb(lPJmIFOMPCIR)wl
GO TO 58

ICOUNT=IPLACE(IR) =}
WRITE(H,55)1F

5 FORMAT(1X, 'COMPOUND NUMBER 'gi?)

READCS, 3513 (MOVERL(J),RINTEN(JI),J=1,8)
DO 3H2 J=1,8
INTENL(J)SIFIX(RINTEN(JI)+@,5)

CONTINUE

WRITE(6,348)

WRITE(6H,359)

WRITEC(G, 3713 (HOVERL(J)JINTENICJ) pJ=1,8)
WRITE(6,219)

FORMAT (L Xy VAR %k AUNKNOWN COMPQUND xx%x%1)
FORMAT(I7)

FORMAT(IX, '"MOLECULAR WEIGHT=',17)
FORMAT (I X, " xxxxxxSPECTRUMK k& kkx!)
FORMAT(4(F6,1,16))
FORMAT(A4(FO,1,F742))

DO 353 J=1,7

JP=J+d

IFCINTENL(IP) ¢ GTLINTENL(JY)GO TO 364
CONTINUE

IF (NUMBER(IP),EQ,2)G0 TO 284
IF(NEARLENI)GD TO 14y

PO 354 K=1,ICO0UNT

READ(13,92)

CONTIMUE

XMOLW, INTRPP,NCyNH, (NNCI),I=1,4),LK, MOLW,IK
F'()»MAT(»’&loIdu‘ij.1;712,14,F4,2,IZ;I3,4IE;IZ,14,II)
IF(NUMBER(IP) (EQ MOLWIGO TO 104
IF (NUMBERCIF) LT ,MOLW)GO TO 985
DO 341 J=1,6
IF(*DVERI(!J EQ.MOVERE(J))IGO TO 3?1
CONTINUE
NEAR=( |
READ(10,200)LC, NSPEC, (NNCI),I=5,6),(NN(1),1=7,8),

XONNCI)pI=9,18) ,NNCLI1), CINAMECT) I=1,63),IND,LK)MOLW,IK

IF(IND,EQ,1)GO TO 221

READ(1W,300)LC, NSPEC, (INAME(TL) ) 1564,137),IND,LK,MOLW,IK

IFCIND.EQ.1)G0D To 2a1

READ(19,300)L.C,NSPEC, (INAME(I),15138,211), IND,LK,MOLW,IK

GO 10 2914

DO 322 J=1,8

IF (MOVERE(1),EQ,MOVERL(J))IGO TO 322
CONTINUE

GO TO 324

INTENC(L)=1@9

CALL DIVER(MOVERL;MOVERE,INTENL, INTEN,

XNUSEDR,DIV)
READ(LY, 2MBJLC,NSP€C (NNCT),1=5,6), (NNCI),127,8),

18/24/%@
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20y

203
3va

204
218
219
219

211
212
213
214
215
216
217
220

421
422
423
424

425

18 FR marw DATE = 72214

XKONNCI) T2, 1@ pNNCILY, CINAMECT) pT=1,63), IND,LK,MOLW, IK
FORMAT(AL,T4,212,211,212,31,63A8,11,12,14,11)
IFCINDLEQ. UWIGO TO 203
IFCIND,EQ, 1) KPm=i
GO To 219
READ(10,320)LC, NSPEC, (INMAME (1) ,1=64,137),IND,LK,MOLY,IK
FORMAT(AL,14,74A1,11,12,14,11) ‘
IFCIND,EQ.@) GO TD 2¢4
IFCIND,EQ,1)KP=2
GO TO 214
READ (12, 300)LCeNSPEC, (INAME (1), I=138,241) s INDs LK, MOLW,IK
WRITE(6,219)

FORMAT(19!,2X,76(1H*))

IF(LC,EQ,A)GO TO 220

IF(LC,EQ,B)GO TO 424

IF(LCLEBL,CIGO TO 422

IF(LC,EQ,D)GO TO 423 . 5

IF(LCLB.E)GO TD 424 4 : .
IF(LC.EQ,FIGO TO 425 »
IF(LC,EQ,GIGO TO 426
IF(LC,EQLLIGD TO 221
IF(LC,EQ,V) GO TO 222
TF(LC.EQ ,W)GO TO 223
IF(LC,EQ.X) GO 7O 224
IF(LC,ER,Y) GG TO 226 o
IF(LCL.EQ,Z) GO 10 226 . _ : N
IF(LCL,EQ.ZERD)GU TO 227 e T
WRITE (6, ?3®)NSPFC : ‘ N
GO TO 24y ' '
WRITE(6,431)INSPEC
GO TO 249
WRITE(6,432INSPEC
GO T0 244
WRITE(6,433)NSPEC
GO TO 240
WRITE(6,434)NSPEC
GO TO 24@

WRITE(6,435)NSPEC
GO T0 2449
WRITE(6.,436)INSPEC
GO T0 244
WRITE(6,231)NSPEC
GO TO 249
WRITE(6,232)NSPEC
GO TO 248
WRITE(6,233)MSFED
GO TO 249
WRITE(6,234)INSFEC
GO 10 244

 WRITE(6,235)NSPEC

GO TO 249

WRITE(6,2363NSPEC

GO TO 249

WRITE (6,237 )NSPEC

GO TO 2449

FORMAT(ZIX,'MASS SPECTRUM FROM ICI,LTD=A="!,14)

t5/24/03 |
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231 FORMAT(21X,'MASS SPECTRUM FROM LITERATURE!',1X,14) 4
232 FORMAT(21X, 'MASS SPECTRUM FROM APTI(MATRIX)Y'V,1X,14)
233 FORMAT(21X,'MASS SPECTRUM FROM MCA (NOW TRCY',1X,14)
234 FORMAT(21X, 'MASS SPECTRUM FROM ASTH=NUMBERe'!,14)
23h FORMAT (21X, "MASS SPELCTRUM FROM API=NUMBFR=1,14)
236 FORMAT(21X,'MASS SPECTRUM FROM DOM=NUMBER=';I4)
237 FORMAT(21X,'MASS SPFCTRUH FROM MSDCeNUMBER=!,14)
431 FORMAT(21X,'MASS SPECTRUM FROM ICI,LTD=B=t,14)
432 FORMAT (21X, TMASS SPECTRUM FROM ICI,LTD=C=1,14)
433 FORMAT(21X, IMASS SPECTRUN FROM ICI,LTD=D=1,14)
A34 FORMAT(21X, 'HASS SPECTRUM FROM ICI,LTD=E«!,I4)
435 FORMAT(21X,'MASS SPECTRUM FROM ICI,LTDw=F=1,14)
436 FORMAT(21X,TMASS SPECTRUM FROM ICIL,LT1D=G=!',14)
240 WRITE(H,2408) CINAME(T),I=1,63)
IF(KP EW,1) GO TO 25@
WRITECO,245) (INAME(L),1=64,137)
IF(KP,EQ,2) GU TO 253
WRITE(6,240) (INAME(E),,1=138,211)
245 FORMAT(Y ',2(1H%x),74A1,2(1H*))
250 IF(INTPR,FQ,ZERD)GO TO 251
TFCINTPP.EO, (=2,01))60 TO 252
WRITE(B,260) MOLW, INTPP
GO TO 259
251 WRITE{(6,261)M0LW
- GO TO 259
2b2 DO 2563 I=1,8
IFCIFIX(MOVERE(I)) EQ,MOLW)GO TO 4@1
253 CONTINUE -
401 WRITE(6,262)MOLW, INTENCI)
260 FORMAT(11X, '"MOLECULAR WEIGHMT=!',I14,1X,
XUINT, OF PARENT PEAK=!',F4,2)
261 FORMAT (11X, 'MOLECULAR WEIGHT=',14,1X,
XTINT, OF PARENT PFAK LESS THAN #,@11)
262 FORMAT(L1X, 'MOLECULAR WEIGHT=',14,1X,
XVINT OF PARENT PFAK=1,13)
250 WRITE(6,276)NC,NH/NN(L),NNC2),NN(3),
XNN(d),NN(H) NN(h):NN(7)rNk(8)rNN(9) NN(1@).NN(11)
27¢% FORMAT(! r 1X VFORMULAS Cry12,! .H'rISl N I2,
X'.Q'IIQ@'.F'rIQ;',CL’pIQ;'.BR'fIZL
X|,8’f12u‘.51'r11p'.P';Iia'.S'aIZ".D'rIZc
XV(PLUS ', I1,' OF OTHER(S))")
229 FORMAT(' 1)
WRITE(6,504)INUSED
504 FORMAT({X,12,'WERE USED')
WRITE(E,500)D1V
BOE FORMAT(IX, '#242asDIVERGENCES ! )FB 44y tixkkni)
WRITE(6,229)
WRITE(6,219Q)
GO TOQ 241
360 WRITE(6,361)
361 FORMAT(1X,'DATA INTRODUCED IN WRONG ORDER!)
sTOP
9845 WRITE(6,994)
964 FORMAT(IX,'END OF COMPOUNDS WITH THE SAME MOLECULAR WEIGHT!)

IP=IP+]
IF(NUMBER(IP),,EQ,MOLWINEAR=]
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IP=1Pemy b
CIFCIPLLTLINAXIGD TO 54 '

GO0 WRITE(6,991)

991 FORMAT(1X, TEND OF JOB1)
REWIND 18 :
STOP , , . : |

999 WRITE(6,998) ’ © ?

908 FORMAT(IX,'END OF TAPE')
REWIND 1P
STOP
END
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SUBROUTINE GIVER(MOVER], MOVERE , INTENL, INTEN,

XNUSEDsDIV)

C THIS SUBRODUTINE CALCULATES THE DIVERGENCE BETWEEN

¢ THE

UNKNOKN COMPOUND AMD ONE COMPOUND

C FROM THE TAPE

199

161

)

183

113

3109
309

RE AL, MOVER1,MOVERE
DIMENSION MOVER] (B),MOVERE (8 NTEN NTE
e (8), INTEN] (8), INTEN(8)
DO 19 K=1,8

TOTALISTOTALI+INTENI(K)

CONTINUE

TOTAL2=20,0

DO 141 K=i,8

TOTAL2=TOTAL2+INTEN(K)

CONTINUE

N1=@

SUMli=a

SlM2z=n

51z

8220

K=i

DO 193 J=§,8

IF(MOVERL(K) LEQ . MDVERE(J)IGO TO 113
CONTINUE :
IF(MOVERLI(K) ,EQ.14,8)GD TO 318649
IF(MOVERI(K) ,Fi,16,8360 TO 3iea
IF(MOVERL (K) E0,16,2)60 TO 3100 N
IF(MOVERL (K}, EN,28,0)60 TO 3104 o
IF(MOVERL(K) L, EQ,32,8)6G0 TO 31082
IF(MOVERL(K) ER,44,2)G0 TO 3100

Ni=Nl+1 :
PROBISINTENI(K)/TOTALY
ReEINTENL(K)/Z(TOTALLI+TOTAL)
SUMI=SUMI+TOTAL2*R*xALOG(TOTALR4PROB1/2,0081)
S1=81+TOTAL2*R*ALOG(TOTAL2%PROBL/0,0001)
KeK+1

IF(MOVERL (K) (EQ,Q,@XG0 TO 208
IFCINTENI(K)LT,1)6G0 TO 2@8

IF(K L TL9)G0 TO 102

GO TO 29}

PROBI=INTENI(K)/TOTALL

RSz (INTENL (K)+INTENCJ))/Z(TOTALL+TOTAL2)
REINTENS(K)/Z(TOTALL+TOTALR)
SUMI=SUMI+TOTALLA(PROB1I=RS)*ALOG(PROBL/RS)
51=S1+T0TAL2AR*ALGG(TOTALS*PROBL/G,0001)
K=K+l

IF (MOVERI(K) JEQ9,0)G0D TD 200

IFCINTENL(K)LT.1)GC TO 2¢¢2

IF(KLT.9)GO TU 142

GO TO 241

WRITE(6,30A)IMOVERL(K)

FORMAT(1X,F5,1, IS VERY DIFFERENT IN THE UNKNOWNT)
Ni=Ni+}

KK+,

IF(MOVERL(K) EQ,G,0)G0 TO 240

16/24/00,
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e
201
202

203

213

4109
400

321

fa PR cover , DATE = 72214

IF (KW LT491G0 TO {02

GO TO 261

N1zN{+9=K

NE-B

DN 243 K=i,8
IFCHOVERE(J) dEQ . MCGVERI(K)IGO TO 213
CONTINUE

IF(MOVERECGJI) ENG14,23G0 TO 4100
TF(MOVERELT) L EQ. 16,8360 TO 4100
IF(HMOVERE(J) FG,L,18,0)G0 Th 4100
ITF(MOVERE(J) BN, 28,2360 TO 4100
IF(MOVERE(S) (EQ, 32,8160 YO 4162

IF (MOVERECJ) ZEG,244,2)60 TO 4100
PROBEINTENCJY/TOTALZ
RINTENCJI)/(TOTALI+TOTALR)
SUM2=SUM2+TOTALI*R*ALOG(TOTALI*PROB/0,.00QL)
S2=S2+TOTALIAR4ALOG(TOTALI*PROB/D,0001)
NENED) _
IF(MOVEREC(J) EQ,1,8)60 TO 301
TFCINTENCI) LT, 1060 TO 301

IF(J.LT:9)G0 TP one

GO 710 5%1

PROB=YNTENCJI/TOTALR
RE=(CINTENC(I)+INTENI(K))/(TOTALLI+TOTALR)
ReEINTENCI)/Z(TOTALI+TOTALZ) |
SUMR=5UM2+TOTAL2A(PRDB=FSY *xALDG(PROB/RS)
SPe82+TOTALI*R2ALOG(TOTALL*PROB/D,B0L1) .
JzrJ+]

IF(MOVERE(J) ,EQ,0,8)1C0 TO 324
IFCINTENCI) LT,1)GO TO 3@t

IF(JLT,.9)G0 TO 202

GO TO 3N

WRITE (6, 30¢)MOVERE (J) |
FORMAT(1XeFbal,'1S VERY DIFFERENT IN THE TAPE!)
J=J+1

IF(MOVERE(J) ,Eti,G,B)G0 TO 301
IF(J,LT,9)GU TO 282

NUSED=8eN]

RNORM=S1+82

DIV=(SUMI+SUM2)/RNORM

RETURN

END

18/24/09
7]




1V

~

Az

LEVEL 18 ME amn DATE = 72034
C wEPROGRAM MAS PEC sk |
C .

C THIS PROGRAM PROCESSES DATA FROM A MASS SPECTROMETER.
C FOR COMPLETE INEORMAT ION REFER TO PROGRAM SPECIFICATION
¢ .

C THIS SECTION READS THE MASS NUMBERS AND ABUNDANCES

C AND CALCULATES THE PROBABILITY OF EACH MASS PEAK

C WARNING= THE TOTALITY OF THE INTEGER MASS NUMBERS

C MST BE SUPPLIED IN INCREASING ORDER BECAUSE

C THE PROGRAM DEPENDS ON THAT.

INTEGER A/'MIN'/,B/*MAXY/,C/'END"/
INTEGER END
DIMENSION NTIT(8), NAL”(?OO),ALPEL(3OO)7
XMASS(T70),PROB(70),PROBL(300)
100 MIN=A
MAX=B
END=C
1 READ{54500)YMFLAGyMINTa (NTIT(I),I=1,10)
IF(MFLAGSNE.MINIGO TG 1
MIN=MINT :
2 READ({5,500)MFLAG ¢MINT
IF (MFLAG.NE .MAX)GO TO 2
MAX=MINT
NUM=0
3 READ (54501 MFLAGsMINTsREL
IF{MFLAG.EQ.ENDIGO TO 4
IF{NUMLEQ.300)C0 TO 5
IF(NUM.EQ.0IGO TO 8
ITF(MINTLT, NALM(RUM))GO 0 6
8 NUM=NUM+1
NALM (NUM)=MINT
ALREL (NUM)=REL
GO TO 3
WRITE(6,600)
STOP
WRITE(6,4601)
GO TOo 7
4 CONTINUE
WRITE(6,653)
WRITE(6,652)
CWRITE(64650) (NTIT(I),I=1,10)
WRITE(6:652)
WRITE(64653)
WRITE (6, 654)(NALM(I),ALREL(I)1I 1, NUM).
WRIT E(u"ug")”I“ MAX
WRITE(64+653)
WRITE(64652)
WRITE(64653)
SUM=0.0
DO 109 K=1,NUM
SUM=SUM+ALREL (K)
109 CONTINUE
B0O DO 11 K=1,NUM
PROBL (K)=ALREL (K) /SUM
11 CTONT INUE
500 FORMAT(A%44,2X+13,20Xy10A%)

o ~w\

1

10745702 1
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LEVEL

OO0 0

501
6500
601
650
652
653
654
655

18 ME a1 DATE = 702034

FORMATIAG4 32X 91351 1X3Fb6,2) :
FORMAT (4 X, 5 TO0 MANY INMPUT CARDS—JOB ABARNDOMFEDssk 1)
FORMAT (4X 4 ek INPUT SEQUENCE ERROR-JOB ABANDONED:N:k 1)
FORMAT (YO 32X, *MASPEC RUN=LIST OF INPUT DATA FOR',1X,10A4)
FORMAT( 'O 42X 7T6(1H%))

FORMAT('0O")

FORMAT(5(3X 13 ,1X,F743,2X%X)) ‘

FORMAT (Y 425X, *RANGE IS FROM!'431X,I3,1Xs'T0O",1X%X,13)

CALL COMB (MUM,MALM{MIN, MAX3PROBL,MASS, PROB, KR)

THIS PART ORDERS THE ARRAY MASS(K) IN INCREASING
ORDER AND WRITES THE MASSES AND CNRRESPONDING PROBABILITIES

301
302
310

320

32
326

330
700

WRITE (6,652)
WRITE (64301) (NTIT(I)y1=1,10)

WRITE(64652)

WRITE (645302) :

FORMAT (10" 44X, 'MASPEC RUN=RESULTS FOR',1Xy 10A%)
FORMAT( ' 7,24Xy "MASS NUMBER', 10X, 'PROBABILITY",24X)

DO 320 K=1,KR

IF (MIN.EQ.MASS (K))GO TO 325

CONT INUE

PROBE=0.0

WRITE (6,330)MIN, PROBE

GO TO 326

WRITE (65330)MASS (K),PROB(K)

M IN=MIN+1 .

IF (MINJLE.MAX)GO TO 310 e |
FORMAT (23X 15924X Fbeby22X) N S .
FORMAT (11) o o
READ(5,700) ISTOP

IF(ISTOP.EQ. 160 TO 100

CALL EXIT ‘

END
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OO0 OO0

OO0

OO0

SUBROUTINE COMB({ MMy NALMyMIN, MAX 4PROBLyMASS,PROB4KR)
THIS SUBROUTINE GENERATES ALL THF SINGLE, DOUBLE,TRIPLE,
AND QUADRUPLE CNOMBIMATIONS 0OF MASSES WHOSE SUM '
FALLS INSIDE THF RANMGE DETERMIMED RY MIN AND MAX

ANCE EACH COMBIMATION IS ORGAMIZEDR THE VALUE
OF PROBL OF THE CORRESPONDING MASSES IS ADDED
IN PROB(MASS) IF IT HAS NOT YET BEEN INCLUDED

DIMENSTON TRRAY (70, 300),NALM(300),MASS(70),
YDROB(7O),PRNBI(?OO)
.TF%PORARY ~~~~~~~~~
WRITE(6,777)
177 FOR4AT(14X 'PROBABILITIES®)
NRITE(é,B%?)(NALM(I),PROBL(I)}I=1,MM)
887 FORMAT(LXs5(1I3,2X,F6e494X))

sk *T E M PO RA RY siediask

DO 99 KR=1,70
DO 98 1=1,300
IRRAY(KR,1I)=0
98 CONTINUE
99 CONT INUE
KR=0

GENERATE SINGLE COMBINATIONS

WRITE(6,888) :
888 FORMAT (1 X, *SINGLE COMBINATIONS') “
I=0 o
103 IF(I.GE.MM)GO TO 100
I=1+1
IF(NALM(I)-MIN)103,102,101
101 IF (NALM(I)-MAX)102,102,100
102 KR=KR+1
MASS(KR)=NALM(I)
PROB (KR)=PROBL(I)
IRRAY (KR,I)=1
GO TO 103
100 CONTINUE

GENERATE DOUBLE COMBINATIONS

K=0
L =0
WRITE(649G7)

997 FORMAT(1X,'DOUBLE COMBINATIUNS')
17=MM '
1y=12-1
1=0

110 TF(I.GELTIYIGO TO 111
I=1+1
J=1

112 IF(J.GE.1Z)G0 TO 110
J=J+1 '
NAL=NALM(I)+NALM(J)
IF(NAL.LT.MINIGO TO 112
IF (MAL . FT.MAX)GO T0O 113

3

17/45/07 |
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115

114

113

111

495

122

123

125

18 BE coun DATE = 72034

D0 115 KN=1,KR

IF{NALGED.MASS
CONTIMUE
KR=KR+1

MASS (KR)=NAL
PROB(KR) =PRORL({IN+PROBLI(J)

IRRAY (KR, I) =1

IRRAY (KR, J)=1

GO TO 112

IF{IRRAY (KNsI1)1eEQ. Q) PRDB(KN)-PROB(KN)+PROBL(I)
TRRAY (KN4 I)=1

IF(IRRAY (KN4 J) e EQs O)PROB(KN)-PRDB(KN)+PROBL(J)
TRRAY (KNyJd) =1

GO T0O 112

1Z=J-1

IY=17-1

GO TO 110

CONT INUE

(KNYIGO T 114

C GENERATE TRIPLE COMBINATIONS : N

WRITE(64495) :

FORMAT(1X, *'START TRIPLE ")

17=MM

IYy=172-1

IX=1Y-1

1=0

IF(TI.GE.IX)GD TO 121

172=MM

IY=17-1

IX=1Y-1

I=1+1

J=1

IF{J.GELIYIGO TO 120

J=J+1

K=J

IF(K.GE.IZ)GO TD 122

K=K+1

NAL=NALM{T )Y +NALM{ DI +NALM(K)
IF(NALJLT.MINIGD TO 123

IF (NALLGT .MAX)IGO TO 124

DO 125 KN=14KR
IF(NAL.EQ.MASS(KN))IGO TO 126

C ONT INUE

KR=KR+1

MA SS (KR) =NAL

PROB (KRY=PROBL (1) +PRORL(J)+PROBL(K)
IRRAY(KR,I)=1

TRRAY(KR,J)=1

IRRAY (KR ,,K)=1

GO TO 123 .
IF{IRRAY (KM, 17.50.0)PROBI KN)zPRDB(KN)+PRUBL(I)
IRRAY{KMNsI =1

IF(IRRAY (KMys J).ED.O) PRUB(KN)=PROB(KN)+PRDBL(J)
IRRAY (KNyJ)=1

IF (IRRAY (KNysK)eE0.0) PROB(KN)=PROB(KN)+PROBL(K)
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TRRAY (KN 4K =]

G0 TO 123

TZ=K-1
Iy=17-1
IX=TY-1
GO TO 122
C ONT INUE

C GENERATE QUADRUPLE COMBINATIONS

496

130

132

136

137

WRITE (64496 )
FORMAT(1X, *START QUADRUPLE")

1Z=MM

1Y=17-1

IX=1Y-1

TW=IX~1

1=0

TF (I1.GE.IW)GO TQ 131 * |

1Z=MM . = .
1Y=12-1 | DR
IX=1Y-1

IW=1X~-1

I=1+1

J=I

IF(J.GELIX)GO TO 130 G
12=MM : e e i
1v=12~1 : : ‘ '
IX=1Y-1

IW=TX-1

J=J+1

K=J

IF (K.GE.IY)GO TO 132

K=K+1

L =K

IF(L.GE.IZ)GO TO 123

L=L+1

NAL=NALM(T)+NALM(J)+NALM(K)+NALM(L)
IF(NAL.LT.MINIGO TO 134

IF (NAL.GT .MAX)GO TO 135

DO 136 KM=1,KR ‘

IF (NAL +EQ.MASS (KN))GO TO 137

C ONT INUE

KR=KR+1

MASS (KR) =N AL

PROB (KR)=PROBL (1) +PROBL (J) +PROBL (K) +PROBL(L )
TRRAY(KR,T}=1

IRRAY (KR, J)=1

IRRAY (KR 4K )=1

TRRAY (KRyL)=1

GO TO 134

IF (IRRAY(KN,T3 450,00 PROD{KN) =PROB(KN)+PROBL(I)
TRRAY (KN, I)=1 ‘

IF (IRRAY (KN, J) «EQ.0) PROB(KN)=PROB(KN)+PROBL(J)
TRRAY (KN, J)=1

IF (IRRAY (KN ,K) . EQ.0) PROB(KN)=PROB(KN)+PROBL(K)
JRRAY (KN ,K)=1

IF (IRRAY (KN,L)+EQ.0) PROB(KN)=PROB(KN)+PRO3L(L)

IS

e
17745700

R
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CIRRAY (KN, =1
GO TO 134
135 JZ=L-1
1Y=17-1
IX=1Y=1
TW=1X~]
GO TO 133
131 CONT INUE
_RETURN
END




