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SUMMARY

The present thesis contains five chapters:
1. The historical development of mass spectrometry and the
theory of various designs of instrumentation are discussed.
2. This chapter records the synthesis of a series of alcohols,’
acids, and iodides (05—07) enriched with 13C at C-1. The mass
spectra of these nine compounds have been obtained and compared
for the more abundant ions with those of the normal mass spectra
obtained from the unenriched molecules. The characteristic
fragmentation pathways of these compounds were clarified. The
importance of B-cleavages to the other bonds are emphasised. No

13, 12

evidence was obtained to support the rupture of a C ¢ bond

prior to B-cleavage, although this bond is weaker than the

12,_12

C bond.

3. Chapter three reports the synthesis and interpretation of
the mass spectra of some heterocyclic compounds with special
emphasis on rearrangement processes. Some comments upon the
McLafferty rearrangement are reported. Attempts were made,
without success, to replace sulphur firstly by selenium and
then by tellurium in the synthesis of thioamides.

4. The fourth chapter discusses a computer matching technique
for the identification of organic compounds. Programmes have
been developed to compare the unknown spectrum with the library
file without using the molecular weight of the compound. A

successful result was obtained after each search.

5./



5. In this chapter the analysis of unknown mixtures by

mass spectrometry is described. The use of high resolution
mass spectrometry clarified the occurrence of certain

synthetic reactions in the source of mass spectrometer.

In this investigation the composition of fifteen extra compounds
and also ten protonated ions, induced by electron impact of a
four component mixture, are reported. From the results
obtained it is concluded that the analysis of mixtures by mass
spectrometry may not always be an efficient technique,

particularly when the mixture contains sulphur compounds.
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CHAPTER (I)

JNTRODUCT ION

In 1886 Goldstien (I) was the first to report +hevdiscovery of
positive rays in a low pressure discharge tube. Subsequently W.
Wien (2) showed the deflexion of positive ions using elecfr}cal and
magnetic fields. In the meantime, J. J. Thomson (3) demonsfraTed the
existence of iwo stable isotopes of neon with atomic weights of 20
and 22. This was the first demonstration of isotopes, the second
being the contribution of Aston (4). His fairly elaborate instru-
ment found favour with Investigators of isotopes for precise mass
measurement. In 1918 Dempster (5) produced a somewhat less elaborate
instrument for the measurement of relative abundances of isotopes.
Dempster's instrument could not be used for precise mass measqremenf; i+
was better suited fof measuring the relative abundance of the ionic
species‘presenf and studying electron impact processes in gases. |t
should be emphasized that these early instruments did not have the
benefit of modern high~vacuuﬁ technology and thus were operated at

higher pressures than those used today.

¢

Rapid development in electronics and vacuum technology led eventually
to an increasing interest in the field of mass spectrometry. In 1922
Aston (6) had anticipated the use of a mass spectrograph for the sep-
aration of isotopes. After a number of attempts by several workers,
two grodpé succeeded fn making isotope separations about the same time. The

39

group of Smythe et al. (7) obtained one mg. of ~°K in a seven-hour run.



Oliphant et al. (8) separated and collected as much as IO—Bg. of a pure

lithium isotope. Nier and co-workers (9)risola+ed 235U and 238U.

Thomson (3) had anticipated the épplicafion of mass spectrometry
even in the area of chemical analysls, he not only suggested usfng mass
spectrometry for defermining atomic and mo[ecular weights, but claimed
that information thus obtained was superior tfo emission spectrography.
He recognized the advantages of the small size and even showed the pos-
sible use of mass spectrometer for the identification of the components
of air. The first report of actual chemical appllication appeafs to
have been the work of Conrad (10), who studied organic compounds.

Mass spectrometry has grown into a very large field since fhesé eariy

beginnings.

INSTRUMENTAT {ON

Because of the widespread application of mass spectrometry, a basic
knowledge of the lksfrumenfafion Is useful for interpretation éf mass
- spectroscopic data. The occurrence of entire phenomena and the
behaviour of organic materials in a mass spectrometer should be recog-
nized. The common feature of all mass spectrometers is the production
of ions, the separaffon of lons by masses and their collection and

recording of the intensities of the fTons. The method of producfion,

separation ard collection of ions varies. However, the most common



~technique will be discussed as follows:

A-10N SOURCES

Production of ions in mass spectrometry is usually by the following

methods of ionization.

!. Electron impact or bombardmeﬁf
2. Chemical fonization

3. Field ionization

4. Phgfoionizafion

5. Vacuum spark

6. Surface emission

In addition there are a few special sources available of some part-

icular interest.

l. THE ELECTRON {MPACT SOURCE

The electrons are produced from a heated Wire filament (a) and
travel through the slit (b) across the evacuated space toward an'anode
or trap (t). Vapour atoms or molecules M) aré introduced normal
to the electron beam through an entrance sltit (c). The particles
suffer collisions Jifh the electrons at the point (x) (Fig.l). The

fons are formed when +he‘energy of the electron beam is sufficiently

great in accordance with the general equation

Interaction between the electron beam and the organic molecules



results in an energy exchange of around 10 tc 20 eV which is sufficient
to cause ionization of the molecule and in many cases, decomposition

to smal ler fragment ions. The assembly of molecular and fragment

fons in the ion chamber is écceleraTed +Hrough the ion slits into the
mass spectrometer analyser by a positive potential on the ion repellefs.

The total amount of positive ion current (15!

-16'°A) and the nature
of the fragmentation pattern depends upon the energy of the bombarding

electron beam,

Several factors contribute to this process: stability, ease of
operation, precise beam intensity contfrel, relatively hiéh efficiency
of ionization, convenient control of temperature, and narrow kinetic

energy spread in the ions formed. These are amongst the advanfages of

electron impact source. The details of this subject can be found in

the excellent text of Beynon (i1).
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2., ‘CHEMICAL [ONIZATION

"Munson and Field (12) were the first to describe a chemical ionization

Sourcg which has recently emerged as an imporfénf neQ technique to

obtain addifiopal information not provided by electron impact methods
(13-21). One of the problems of conventional electron impact data is

that many types of compounds give a very weak signal for the molecular
ion, even when the molecular ion is as high as one or two per cent
relative abdndance; this often means two orders of magnitude higher

sample requirement if the molecular weight is an important piece of

evidence (and it always is).

The extensive fragmentation observed in the electron impact spectra
of many compounds result: from the fact that during the initial electron/
molecule interaction, many molecules reéeive considerable energy
above the ?onizafion voltage. On the other hand, the chemical ioniz-
ation process occurs with a much lower transfer of energy, and as a
.natural consequence, the fragmentation process is modified and greatly

reduced.

Chemical ionization mass spectra result from the ion -molecule
reaction that occurs between a lcw-pressure sample gas and the primary

lons of a high pressure reactant gas. A typical ion chamber pressure

" to 4 x 185 Newtons/sq. metre (0.3-3Torr) for the

12

will be 4 x 10
reactant gas and 1.3 x 10'“ Newtons/sq. metre or lower for the sample.
Both gases are introduced into the fon chamber where they are bombarded

by an electron beam, but because of the very low abundance of the sample,



virtually all primary fonization due to. electron bombardment occurs in

the reactant gas.

A variety of reactant gases have been proposed for chemical
fonization, but most common to date are the simple hydrocarbons, e.g.

methane and isobutane. |f methane is used, the ions produced initially

+ + + + +
50 CH 5, CH, C", H',.

duce new ions:

are CH',, CH Secondary reactions occur fo pro-

4,

+ - .
CH, + CHy— CH; + CH,

The increased relative abundance of The‘quasi-molecular ion has
proven to be of great value in many studies, particularly with relatively

complex biological molecules (16-20),

In a chemical ionization mass spectrometer, it is essential that
the vacuum system is optimized to pump a large volume of gas. Typically,
2-5 cm3 atm/min of reactant gas passes into the ion chamber corresponding

to a quantity Q equal to 2.5 - 6.3 x 162 11tre Torr/sec.

Coéjuncftcn of chemical ionization processes with conventional
electron impact analysis is very effective, Arsenault (20) designed
a dual Ionlza¥ioﬁ source that provides both chemical ionization and
electron Impact; the system can be uysed with each source operaf}ng_py

itself or with both sources simultaneocusly.

3.  FIELD [IONIZATION

The field lonization source is another technique that provides

sample ionization at relatively low energy with resultant reduced



fragmentation and increased relative abundance of the parent ion.
The lons are formed as the result of an intense electrostatic field set

up at the end of a metal +tip.
|

Inghram and Gomer (22a,b) first used such a source to produce ions
and - a mass spectrum. The spectra produced were much simpler than
electron impact spectra. Parent-molecule ions dominated the spectra

almost exclusively.

In 1968 developments in field ionization were discussed by
Beckeyvand Beckey et al. (23,24) and also at Méss Spectrometry
Conference (No.4 Berlin, Institute of Fuel; Ed. E. Kendrick) by many
other workers{25-29). Weiss and Hutchison (30) reported on the field
ionization mass spectra of some hydrocarbon and monochloro-substituted
derivatives, while Mead (31) extended censideration of this *ype of spec-
trometry to waxes. The sfrdcfure determination and quantitative
analysis Sy field ionization mass spectrometry was further extended

by Beckey (32).

4, PHOTO|-ON I ZAT ION

In this process «33) the ionization occurs by dsing electromagnetic
~radiation in the ultraviolet range. Hurzeler et al. were the first
who employed ul+raviolef radiation, variable in energy but essentially
monochromstic. They used a monochromator design similar to that of
Seya and Namioka. lon currents of about l5|5A were detected. In

addition, Investigation of the fine structure of ionic species was made

possible.



5. VACUWM- SPARK SOURCES

In 1935, Dempster (34a,b) developed the vacuum spark as a source
of'posifive ifons for studies of the isotopic constitution of the elements.
In this fechnique the spark is formed between two electrodes by ap-
plication of a high voltage of the order of 50KV, Obviously, under
* these conditions, the electrodes would mel+, this is-avoided by +Be use
of pulsed electronic oscillators. The filament of the usual ion source
is replaced by a primary etectrode of the material or of a tube con-
taining the materia! to be analysed. Monoisotopic metals such as
gofd or aluminium are usually employed for these tubes. A portion of
the vapour yields the ions and these are then accelerated and col~

4

limated into a beam.

B - SEPARATION OF [ONS

The ifon of mass (m) and charge (e) that has been accelerated by
a voltage (V) follows a path of radius (r) in a magnetic field

of strength (H), where

The ifons of dlfferen*hmass—fo—charge ratios can be separa+éd by
varying R, Hor V. The separation of ion beams can be improved by
focusing which at the same time Increases the intensity of these ions,
*herefofe; the measurement of the position of the ion beam is made
more precise, and the sensitivity of the ins+fumenf increased. Among

the different types of focusing are velocity focusing, direction

8



focusing, double focusing, and "time" focusing,

SINGLE FOCUSING

The most common type of mass spectrometer is a single focusing
magnetic deflexion instrument, the principle first used by Dempsfer'

(35a, b, c).

The mechanism of a fypical magnefic-se&for analyéer Is 1llustrated
in F1g.(2). lons formed in the source are accelerated through a source
slit (s|) toward a homogeneous magnetic field. For ions with an
electronic charge (e) and mass (m) the kinetic energy wili be

related to the accelerating voltage (V) by +the equation

where v = lon velocity

The electrical signal is then amplified in one of various ways,

generally with an electrometer-tube d-c amplifier or electron

P

multiplier.

As the lons enter the magnetic field (H), they experience a

force orfhogohaf to the field which results in a curvature of the ion
path. This accelerating force (Hev) Is balanced by the centripetal
force, so that |
2
mv
Hev = —
L

. where r is the radius of curvature.

19 -



Elimination of the velocity term gives the equation

12,2
m/e =

2V

Thus, at a fiked radius r and for a singly charged lon the mass
focused at (SZ) and col lected by the detector is proportional to the
square of the magnetic field and inversely proportional to the accel-
erating voltage. By varying either ofthese two parameters, icns of
different mass—+o-charge ratio can be deflected to the collecTof and

in this fashion the mass spectrum is scanned.

For most applications it is preferable to vary the magneflc field
and maintain a constant accelerating voltage. When the voltage is
varied over the course of a mass scan the efficiency of transmitting
ions of low mass is much greater than that for ions of high ﬁass. A
typical single focusing instrument is the AEl MSI2 with a 90° mag-
netic sector and an ion path radius of 0.3 metre. The ion source
region has four inlet ports which are directly in line with the
lonization region and can be used for connecting up a variety of inlet
systems including a direct sample insertion lock, reservoir inlet
system and chﬁomafqgraphic Inlets such as flow splitters or Biemann

separators.

The fon source can be completely isolated from the rest of fhe “
vacuum system for venting to atmosphere. The fon sourcekand ana!yser
are differentially pumped and the instrument can, Thefefore, be
operated with relafively.high sample pressures, (of the order of

=G

1.3 x 10" Newtons/sq. metre).

lo
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Fig. 2 Schematic diagram of 90° magnetic
sector showing direciion focusing of

" divergent ion beam.

DOUBLE FOCUSIHG

A combination of a magnetic sector with one or more electro-
static field sectors can be arranged to give first order velocity .
focusing and angular focusing simultaneousiy; such arrangements are

sald to be "first order double focusing".

Dempster, Bainbridge and Nier have described designs of instrument
‘In which the first order double focusing conditions are met for one
radlius of curvature in the magnetic field. Johnson and Nier extended
the parameters considered to include second order éngular focusing,
glving rise to a design, using asymmetrical sectors, which allows the

use of a relatively large angle of divergence in the initial beam.



MATTAUCH - HERZOG GECMETRY

The design of Méffauéh and Herzog is one of the earliest for
double focusing instruments and has been widely employed incom-
merclél instruments. This type of instrument separéfes and focuses
all the ions on a focal plane such that they all fulfil the double
. focusing condition simultaneousiy. A phdfographic plate held at
this focal plane records all the ifons all the time, and thus éQolds
the restrictions imposed by scanning. An electron amplifier positioned
at one end of the phofoﬁlafe assembfy is used for "tuning" the
instrument, or for electrical recording if a scan of the mass spectrum
is desired. One advantage of the photographic plate is that the entire
spectrum is recorded simufltaneous!y,thus averaging out any small
Instrumental deviations that could, for example, minim%ze or exaggerate
a peak or two during an electrical surge. It is also usefu!'for

recording the spectrum in a short periocd of time.

“ NIER - JOHNSON GECYETRY

In the design of Johnson and Nier, a (90°) elecfrgsfaflc analysér
is followed by a (90°) magnetic sector to bring the ions to a focal
point under double }ocusing conditions. An electron mulfiplier.is
placed at this focal point where only the ions of one mass-to-charge
value meet the double focusing condition at any given time. The entire
high resolutior mass spectrum is usually obtained by scanning the

" magnetic fleld strength.

12




DOUBLE BEAM MASS SPECTRGMETER

The double beam instrument 1s acfuallyvfwo hass spectrometers
|in one. This commercial development incorporates two independent but
adjacent ion sources and two electron multipliers. The ién sources
and detectors are arranged sb that both mass spectrometers utllize
the same radial electric field and sector magnet for simultaneous
double focusing (Nier-dohnson) of the two beams. Either of the ion
sources may be used independenfly; however, the principal advantage
of %he design is achieved when an unknown compound introduced into
- one fon source while a calibration compound is admitted to the other.
In this manner, the spectra of unknown and calibration compound are
obtained separately but simultaneously under sfricfly_idenficél con-
ditions; the spectra In fhié instrument are not superimposed but

recorded with opposite peak deflexions on the same record.

C~- DETECTION OF IONS

The ifon intensities for a given set of mass-to-charge ratio can be
recorded by various mefhods'(36a,b). An ungui+able recording
system cah reduce the resolving power, sensitivity, accuracy of -
intensity measurement, and the speed of analysis. Imprevements in
detectors and recording systems have extended the appllcéfions of
mass spectrometry in recent yéars; whilst the avallability of high
speed computers and the advances made in data processing, ensures
that the information confained In a spectrum is rapidly made
available. HSWever, some of the common methods will be discussed
as fol lows:

13



THE ELECTRON MULTIPLIER

The electron multiplier is now universally used in qualitative
organic mass spectrometry. |In this method the electron multiplier
collects energetic ions on the metal surface of electrode
(called the cathode in this apparatus). Secondary electrons are
emitted and accelerated to another electrode where additional electrons
are emitted. These in turn are accelera{ed to another dynode, and
the process is repeated. After about ten to twelve stages, all
of the electrons are-collected on an anode which has grid pro-
tecting it to prevent secondary emissions. A large electron -
current can be obtained for each positive ion collected on the

5

cathode, resulting in about a 10" or IO6 multiplication of the

signal.

Mos+ mblfipliers in common use contain 10-20 dynodes electrically
connected through a resistive network. The measurement of the ions
is not as satisfactory as may be desired, the difficulty arises
from the vacuum system which may not be reproducible. Some other
factors such as surface reaction of ions and magnetic field may

4

have serlous effects upon amplification.

14
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THE ELECTROMETER AMPLIFIER

This method is being employed in most precision quanfifafiVe
mass spectrometry and also used for current/voltage conversion of

 the electron multiplier output.

Electrometer vacuum tubes are designed to have a high ground
impedence and low ground capacity, thus permitting an input

resistance at least as high as IO" ohms.

-00o0 -



CHAPTER (2)

STUDIES IN ISOTOPICALLY LABELLED MOLECULES

INTRODUCT {ON

In 1932 Urey (37) and his colleagues discovered the deuterium
isotope; later on, the earliest work was ‘done by Harvey and

Hofer (38).

‘The study of infermediary metabolism of lipids on various organ-
isms with deuterium was pioneered by Schoenheimer and Ri++enberg (39a).
Deuterated oleic acid was prepared from animals (by isolation) which
had been given the labelled stearic acid (39b). The study of various

"amino acids" was made possible by the availability of |5N (40).

Urey (4la) and his co-workers succeeded.in fractionating carbon
-13, In the same year (1939), Nier (4ib) and Gulbransen investigated
the natural abundance of '30 in different sources and found small
variations, Within the next year, the first biological experiment
with Isotopes was carried out by Rittenberg and Waelsch (42a)., The
isotope dilution mé+hod with stable Isotope for quanfiféfivedefer-
mination of amino and fatty acids was developed by Rittenberg

et al. (42b).

In 1937 Huffman (43a) and Urey obtained some enrichment of I80‘

by fractional distillation of water.

16 .



- AVAILABILITY OF STABLE [SOTOPES

I.' Deuterium is being produced in the United States in the
form of 99.8% D,0. The Atomic Energy Commission supplies
about 180 tons of deuterated water each year from the
Savannah River Complex. Deuterium is also available in the

form of completely and partially deuterated organic compounds.

2. Carbon-13 is being produced in The.UnITed States at the rate
of several grams per day of high concentration of carbon—!S
by Mound National Laboratory. This is also being produced in
England at the rate of approximately |.4g per day of sixty
per cent carbon-13.» Fractional distillation of carbon mon-
oxide or isotopic exchange reaction are procedures for pre-
paration of this heavy Sfablg~iso+0pe which has been used in

tracer studies (43b),

3. Nitrogen-15 is produced by one of the largest commercial
producers (44) in the United States, which supplies several
hundred grams per year, in the form of ninety-five per cent

enriched material.

¢

4, Oxygen-17 is currently being produced at Oak Ridge National
Laboratory, Los Alamos Scientific Laboratory in the United
States and at the Yeda Research Development Company in

Rehovoth, Israel. Oxygen-i8 is also being produced by the same

18

éompany. This isotope is availabie in the form of D2 0 and

ST
Hy 2

ninety-nine per cent enrichment of the higher isotope.

0 up to approximately 97% enrichment and as '80 with

17



PREPARATION OF * LABELLED COMPOUNDS

Many organic compounds have been synthesised with stable
Isotopes for biochemical purposes. Biosynthesis by living cells
Is one of the general methods which can be applied to a trace path-
way mechanism in the human body. It has the advanfages of being
capable of producing certain compounds which cannot-be synthesised
in the laboratory. Detailed reviews of this subjecf.can be found in

other works (45-48}.

General methods of synfﬁesis are similar to isotope labelling
except In the substitution of isotopically labelied reagents. On the
other hand, because of the cost of isotopic compounds, it is impor-
tant to design a scheme in such a manner that the Isotope is intro-
duced in one of the final steps of a.multistep reaction, fo prevent
the loss of valuable isotope compounds. The followiﬁg outiine is

one of the most common procedures in labelling methods.

(a) Deuterium Labelling

A very common reaction for deuterium labelling is hydrogen exchangse
i.e. usually replacing the active hydrogen of a molecule in a deuter-
ated solvent or ga;. Theldisadvanfages of this method arise from the
presence of two or more active hydrogen in the molecule, because of
its reactivity. Hydrogen atoms attached to oxygen, sulphur, nitrogen
and halogens, exchange with deuterium in deuterated water which has

been commonly used for biological synthesis.

The exchange reaction can occur also in the inlet system of a mass



spectrometer by introducing a small amount of some amino acids, fatty
aclds, ethanol, sulphydryl groups etc., accompanied by deuterated

water.

Enolizable hydrogen atoms, .specially those adjacent to activating

groups, e.g. -CO, -CHO, -COOH, -SO;, -NO,, and -CN groups, will react

3}
with deuterated water in the presence of a base cafalysf'fo give the

deuterated compound. Deuteropalmitic acid was prepared using

deuteriosulphuric acid (49).

D, SO, ‘ ,
> CH;= (CH,)) | ;~CD,~COOH

CH,-(CH.,,), ,-CH,-COOH 137CD,

3 2713 72

3

Exchange of hydrogen in non-activated CH bonds of organic mole-

cules is more difficult,

Reduction of certain organic compounds in the presence of a suitable
catalyst is another method of deuterium labelling. Alanine was pre-
pared by reduction of pyruvic acid; palladium was used as the cata-

lyst in this reaction (50},

NHs, C,Hg OH

Pd

CH,~-CO-COOH

5 CD
3 C

3-CD-NH2-COOH

Lithium aluminium deu+eride (51a) has also been used for deuteration
of organic compcunds. Aldehydes, esters, epoxides, amides, halides,
sulphonic esters and p-toluenesulphonyl hydrazones can be deuterated

or reddcéd by this reagent.



// \\ 8 LiAl D4
-O—C-CH3 — CHS-CD -OH

2
H,C LiAl D, H,C
> CH-CHO —— >CH—CDOD
H,C HyC

Deuterium has also been incorporated in the multiple bond of
unsaturated compounds. Deuterohydrazine (NZD4) was used for reducing

the double bond in methyl oleate and some of its isomers.(51b)

(b) Labelling with Carbon-13

The reaction between carbon dioxide and an organomagnesium hélide
Is one of the simplest methods of incorporating carbon-13 into an

~organic molecule (43,52); the general formula is:
* * ™ *
R Mg X + CO2 ——> R COOMgX ———3 R COOH

This reaction may be used as an Intermedicte stage in other syntheses.
Preparation of alcohols has been carfied out in this manner. Lithium

aluminium hydride or deuteride was used as reductant for the reaction.
* LiAl Hy %
RCOOH —————> R CHZOH

I HBr x
RCH,0H ———3% R CH,Br
HZSO4

20 .



Succinic acid was synthesised by the use of labelled cyanide.

* R *
K CN+RX 3R CN - R COOH

. Doubly labélled molecules, such as acetic and pyruvic acid, can be

‘obtained by using acetylene under certain conditions (a and b)

a)

* * * *
He==cH —L M5 Cu—coon
(2) H |
* % X % x % * %
b) HC==CH 3 CHy~CHO ———3 CH~CH~COOH ~— CH,~C0-CO0H

OH

Fermentation of glucose (53) by "Clostridium thermoaceticum” in
the presence cf labelled carbonate gives doubty labelled acetates.
Biosynthetic reactions of microorganisms may be used for preparation

of aliphatic acids in specific positions (44).

c) Oxygen-18 Labeiling

Exchange reactions provide one of the most useful methods for the pre-

paration of labelled molecule with oxygen~i8., A simple example is

18

heating succinic acid (54) with H2 0 for about four hours at I30°c;

all four coxygen atoms easily underg> replacement.
.

CH., COOH ¥ CH, CCOH

HZO 2

\

130%, 4 hrs

*%
CH,, COOH

CH2 COCH >

Maleic acld will also completely exchange when treated at 100% for

*
45 hours (55)., Acld chlorides and anhydrides, exchange with HZO at
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room temperature. Amides, such as acetamide and benzamide do not

*
exchange in H,0 or acid solution but show a slow exchange in basic

2
solution (56). Many of the organic aldehydes such as acetaldehyde and
benzaldehyde readily exchange in water with oxygen-18. Alcohols
exchange only under certain conditions in acid solution. Glycerol,

methanol, diphenylmethanol and amyl alcoho! do not exchange in neutral

or basic solution (57).

Hydrolysis of alkyl halides, sulphates or phosphates can be used
~ for the preparation of related alcohols, Methanol has been synthesised

in this manner (58). -
*

HZO

Limited reaction

%
» (CH 0)2 POOH + CH, OH

(CH.0), PO 3 3

3°°3
Methanol may also be prepared by oxidation of methyl magnesium
bromide (59)
) *
(1 02

*
Mg Br —» CH,OH

CH
@) o, o>

3

Direct oxidation (60) with '8 >

of some l8O- labelled compounds, e.g. sulphur dioxide, carbon dioxide

0, can be used for the preparation
and carbon monoxidé may be labelled in this manner.

(d) Labelling with nitrogen-15

The use of phthalimide-'>

N in the coupling of esters of 2-bromo
carboxylic acid with potassium phthalimide is a general method for
introduction of nitrogen-15 into the = amino group of an amino acid
(6la). The labelled reagent can be prepared by treating phfﬁa!ic acid
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with '>NH, and then with potassium hydroxIde.

Glycine-'SN was prepared from efhyl'bromoacefafe and the labelled

phthalimide (61b).
20
_CooH =

N s N //\\ L N
s\l AN
.COOH , s
X0
| k(/////;rCHZCOOCZHS

///
* AcOH
H2N CH2 COOH ¢—r [:::] N CH2 COOH C2H5

HCI

Other amino acids and nitrogen - containing compounds, may be also

labelled by this method.

OTHER STABLE ISOTOPES

Sulphur and halogens possess isotopes which have
been used in some trace analyses; the isotopic abundance of sulphun-34
can be determined by measuring the Iﬁfensi?ies of the ions at m/e = 64

and 66 (62).

Conversion of organosulphur compounds info‘sqiphur dioxide by
burning the sample in a stream of pure oxygen and separation of sulphur
dioxide from the other product, can be used as a procedure for trace

~ analyslis (63). : i .

Chlorine and bromine are the only halogens that have heavy stable
Isotopes. They can be determined in the gases produced by burning
organic halogen compounds at high temperatures in a stream of oxygen in ‘
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the presence of platinum (64).

- APPLICATION OF STABLE [SOTOPES

The low cost and reactivity of deuterium makes +5is'isofope the
most popular of stable isotopes. A second reason for this is the
facile aeuferafion of organic compounds. However, in somé part-
icular cases (e.g. amino acids) nifrogen-15 will give a better
result. Further advantages are safe handling and infinite life-

time (65).

Stable isotopes have been used in the investigation of bio-
chemical phenomena and chemical reaction mechanism. The structural
elucidation of organic compounds rests largely on an interpretation
of the mass spectra of various transformation products in which the

isotope was introduced in one or more of the labelled posifions.

The detail of this subject can be found in other works (66-69).

-000 -
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SURVEY OF THE ELUCIDATION OF MOLECULAR STRUCTURE BY

MASS SPECTROMETRY

Correlation studies of organic mass spectra have been mainly of
interest to mass spectroscopists, for the elucidafioﬁ of mechanism
of the behaviour of organic compounds upon electron impact. In
certain cases, the use of isotope labelling has clea%ly shown the
type of rearrangement and has revealed pafficular fragmentations
which cannot be recognized from the general spectrum. I+ is necessary
to decide in which part of the molecule the tracers shoufd be incor-

porated.

Burr (70) has given a éomprehensiVe list of tracer applications
(using both radioactive and stable isotopes) for the study of organic
reactions. A similar use of tracers to biology and medicine has

been reviewed by Arnstein and Bentley (71).

References are cited to some of the early work on structure elucidation
by mass spectrometry (72-88), and a selection of recent investigations will be
discussed to clarify how these tracers have been used (by a number
of scientists) to elucidate the nature of organic molecules by mass

[

spectrometfry.,

McCol lum and Meyerson (89) studied the deuterated propylbenzenes

" and demonstrated a rearrangement from their mass spectra.

@7% ©< I,



Benz and Biemann (90) studied a series of alcohols (n-butyl
through n-heptyl) labelled with deuterium to examine the elimina+fon
process\of water from alcohols, The mass spectra of three speci- |
fically deuterated ethyl bufyrafes (91) proved the position of
migrated hydrogen in a MclLafferty rearrangement. Gerrard and
Djerassi (92) employed deuterium and carbon-13 labelling in a series
of isomeric l—phenylhepfenes. They obtained evidence for extensive
hydrogen and pheny! rearrangemenT.Lngeréon and Field: (93) studied
the labelled 2- and 3~ phenylthiophenes and confirmed the occurrence
of reorganization of the molecular ion and ring breakdowh. TheAmass
spectra of carbon-13 labelled 2-hexylthiophene was reported by Foster
et al. (94). A ring expansion after initial 8 cleavage of the neutral

olefine was observed.

. : E-' ' ‘v, Y H
' HHIHH H H H : ~H H~~H
| skl Lp L . Y £
TG e s |
 HIHHHHH 5~ “CH Ss7ToCH

b H :
m/e 98 = m/e 97 '
B rearrangement

Carboxylic acid labelling with carbon-13 in the case of n-butyric

acid confirms the occurrence of a rearrangement process. Roberts and
Urey (96) studied the mechanism of esterification of benzoic acid

with oxygen-18 labelled methanol, and suggested the following reaction:

OH ————> C6H5CO OCH3 + HZO

C.H.COOH + cH,'8

65 3

Deuterated propenes in three different positions were synthesised (97)




CD3CH - CHZ’ CH3 CD = CHZ' CH3 CH = 002

.and thelr mass spectra obtained. Evidence suggested that fherfor-
mation of (C3H5)+ fon is induced by loss of a hydrogen atom with equal
probability from the two terminal positions. The above argument for
the central carbon can also be assumed. Deuterated alcohols in the
rangey ethanol,(98) propanols(99), butanols(100), have been studied.

It was concluded that the characteristic M-1)" ion, always results from

the expulsion of the hydrogen atom attached to the carbinol atom.

Studies of keto steroids labellied with deuterium have indicated that the
rearrangement- proceeds only if the interatomic distance between the

¥ hydrogen and the receptor oxygen, is less than 1.8A° (101-104).

The behaviour of benzyl alcohol upon electron impact has been
investigated by deuterium labelling (105,106)., Loss of one hydrogen
atom from molecular ion was pronounced. In the case of benzaldehyde
(107), lsss of the aldehyde hydrogen gives the fragment of (M-I)+;
which is as abundant as the intense molecular ion. The investigation
was carried out with a deuterated molecule and the fol lowing mechanism

was proposed: ,CHO+' ]CEO

Lt B + —— CH."
CeHe - Cghs ~ a3

The mass spectra of cyclohexanone has been studied by deuterium

labelling (108) in order to trace the mechanism of its decomposition.
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I+ was shown that the base peak at m/e = 55 correspondgd to

(03H30)+ fon and the following pathway was suggested.

0 +
I ' l
H/| C*H ~CH HC ~C m/e 55
g 7 —— |
<oty H,C
T 'O+ | . O+" ‘[ —CBH{»

Il i
. . . CH
. H JCA, E— (/' 3

Djerassi et al- (109) investigated the source of migrated hydrogen
in the mass spectra of buty! benzoate. Deuterium labelling was dsed

in this study. The observed phenomenon was shown as follows:

C.H
H
JBL H/2 5 .
(C H)' " —25% I ? *.
4Hg L >  (CEHCOH)
e 7~
7
CeHs O

An interes+ing study was carried out by Beak gj;gl:(IIOé) to det-
ermine the mechanism of formation of (M-Cc0)" and C3H3+ ions which are abundant ié
the mass spectra of 4- pyrone. Deuterium and oxygen-18 were used |
for double labelling. They reported slightly different result from
that of 2- pyroné (110b).  The mass spectra of deuterated benzoic
acld (Ill,l|25 established that the loss of a hydroxyl radical does
not consist solely of the origlnal hydroxy group. In the spectrum of

0-d -benzoic acid, a metastable peak was evidence for elimination of
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hydroxyl and deuteroxy! from molecular fon.

.. -OH' ¢ 00 .+
(cgHscoom M5 ¢ e=c" 0, con

m/e 105 m/e 77

Ejection of formaldehyde from the molecular ion of mixed alkyl
aryl formaldehyde acetals such as n-propoxyphenoxy methane, was
demonstrated by deuterium labelling (113). The possible reaction
shows that the formaldehyde molecule stems from the aldehyde portion

of the acetal as follows:

. ’ CH,., ‘ ""C H
. O/ No )t : T 37
2 H ) (- ZN\ V%
| Ho  TOHO ; | ~CH,0 N
e CoH, 2, I
m/e 136 ' ‘mle 136

The mass spectra of thiophenol and its deuterated analogue
(II4,Ii5) were compared; in contrast tc phenol loss of a hydrogen
atom from the molecular ion was emphasized. |t was shown that half
of the ejected hydrogen, stems from the-SH group and the resf there-

fore must originate from the nucleus

¢

Pelah et al, (116), interpreted the mass spectra of n-ethylcyc-
lopentylamine. The correlation was carried out with deuterated
analogues. They indicated the (M-CZHS)* fon as a base peak and the
simple % cleavage produces the (M-CHS.)+,

Decomposi+lon'of pyrrolidine upon electron impact was studied and

different pathways were suggested (L17-119), However, deuterium
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. labelling (120,121) of the -NH group as well as of the C~2 and C-5
(carbon) positions determined the peak shifts and the formation of

+
(M=1) , the nitrogenous portion of m/e = 43 containing all four d-

Yhydrogens.
+, .
Q -’ . Cohs e
N [:;;;] —— 5 C2H5N
i : b
H m/e 70 m/e 43

The fragmentation procesé of piperidine was clarified by exact
mass measurements (120), as well as by deuterium labelling (IZi).
The mass spectra of isomeric nitroanilines were studied by many -
groups (l22;l24). In the case of p and m nitroanilines, loss of
an oxygen atom was exhibited, while the O-isomer showed an (M;OH)+
fragmenf. Deuterium labelling (124) suggested the path for the

loss of an hydroxyl group.

The phenomenon of the hydrogen rearrangement and the dddblelg -
and C-N< bonds cleavage process was investigated by a comparison of
the mass spectra of n-butylacetamide (116) and E;bu+yl-d346ce+amide; the

breakdown wac suggested to occur as follows:

0 0
. -R* M
CH —C-N*CHZ-R —~—y C-N-H = CH
CHZfH
——CH2 =C=20
+
"N
m/e 30
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The peak at m/e 3Q shifts to m/e 31 in the deuterated spectra. The
fragmentation of ricinine (125) has been traced by carbon-13 and
nitrogen-15 labelling. The resul+ts obtained suggest the following

[ mechanism:

C - '
/{z —_— [ J\ ——y CH2 =N* =CH=CH=CO

CH )
3 , : m/e 149 m/e 82

Exact mass measurements and deuterium labelling have shown all
principal bond fissions which occur in di-n~-propyl ketone semicar-
bazbne (126). It ié much more complicated in the case of the mass -
spectra of isohexyl cyanide (127); the mechanisms of main fragmentations
were elucidated, McFadden and Lounsbury (i28) studied some deuter-

. ated aliphatic halides; elimination of hydrogen halides generally
occurs. They reported that the invoivement of hydrogen from carbon

-1 in the case of |, I—d2 buty! bromide is not significant.

An examination of deuterated n-amyl-1,2- and n-hexyl-3-acetates
(129), demonstrated that the acetates behave differently upon
electron impact. In fact, 1,3-elimination Induces 45% and |,2

produces the remainder of the acetic acid in the mass Spec+ra.‘

The behaviour of alkyl aryl carbonates has been studied. A typical
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example Is the mass spectra of ethyl phenyl carbonate, in which the
peak occurs at m/e=94; corresponding fo ionized phenol. This was

confirmed by deuterium labelling. The following process was suggested:

C.H

+
Z /O 25
O = O
' X m/e 122

~C,H

2ty
ﬁ +
oo ] : oH"* -
Y )by =, O ‘
CH, —0 2
x H\CH/ 2 CH N | m/e 94

Lewis has studied the mass spectra of a number of n- substituted

ethyl carbamates (132,133) of general formula

¢

R M
N
/,N-COCHZCH

RA 3

A very abundant peak arises at m/e=29 corresponding to CZH5+ fon and
the neutral ethylene elliminates from the ‘ethoxy group. However, the

mechanism was established for deuterated ethyl n-phenylcarbamate (132)
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0

f
NHCO CH, CH,.

CeHs o Chy

A moderately abundant M-1)" is a common feature of the spectra of
phenyl thioureas (134); an interesting result was obtained by deuterium
labelling, which suggests that the loss of hydrogen by fission of an

N-H bond is not involved, but the formation of a cyclfc ion Is much

more pronounced.
——N-C-N-R' - =
i R————:# |[:;\\\c - N<:::
SR -H e +¢¢7' : R
. S

The mass spectra of nitropropane and the specifically deuterated

analogues were studied and the following fragmentation suggested (135).

H T ' :
mg\q?- CHy OH gy x?ﬁ
CLZ//J% ‘ ? éﬁg/,N T,
~ RS . .
CH, +0 CH, +0 }@\0
ol
m/e 72
~CH,=CH,
-H,0
. . '+.
OT CH,~CH,C=N
' +
W |
CH2 N\‘O m/e 54
m/e 61 '

o-Nitrotoluene labelled in the methy!| group with carbon
-13 gives a similar fragment at m/e=92 or its analogue (136), This experi-

ment indicates that the carbon atom of the nitro group becomes a nitrite.
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Isomerization in the portion of molecular ion is unlikely; it seems

to be a hydroxyl elimination.

" The mass spectra of some simple pyrimidines (137) have been
studied and several useful techniques, such as deuterium labelling
and high resolution mass spectrometry, were utilized. The loss of
hydrogen cyanide was pronounced as a first step in its decomposition.
Shapiro-gi_gl: (138) reported the mass spectra of efhyl benzoate, and
some information on the loss of hydroxyl énd deuteroxyl radical from
(M—CZH4)+ ion was obtained. Toluenes (139) were deuterated in dif-

ferent positions; their mass spectra showed that the loss

of H" atom was effected by isotope labelling.

v

Corval and Masclet (140) studied the decomposition of deuterated
methanol. Behaviour of the label in various positions was shown by

comparative kinetic studies,

Deuterated pyrazoles (141) were studied, and the loss of H"(D")
and HCN (DCH) from their molecular ion reported. McFadden et al. (142)
obtained the mass spectra of three deuterated bromobufanes; the
cracking pattern was compared with uniabelled analogues. The expulsion
of hydrogen bromide‘fo form C4H8+ from 2-bromobutane has shown that

the hydrogen on carbon-4 is involved in this fission.

The ﬁass spectra of deuterated butanols (143) were compared with
those of unlabelled COmpounds and parallel features of fragmentation
were observed. Venema et al. (144) investigated the sffucfure of

the (CSH9)+~Ion from |-phehyle+hy|bromide and the (CBHS)+ ion from
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styrene by use of carbon=I3 labelling. They explained that the complete
randomi zation occurs by assumihg an eighf-membered ring structure for
the (CgHg)* and (Cgg)™ ions.
|

The ﬁse of deuterium, carbon-i3 and ni?roéen-lS Iabélling estab-
lished the mechanism of hydrogen cyanide expulsion from benzylcyanide

and of o=, m-, and p-cyanobenzylcyanides (1453).

S
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The Mass Spectra of Some Carbon-13 Labelled Compounds

INTRODUCT | ON

The previous discussion presented encouraging results that have been
obtained during the past thirty years. Thé utility of stable isofopes in
the progress of knowledge of chemistry induced by electron impact in the
mass spectrometer was established. Most such labelling has been done with
deuterium but considerable experience has been gained with other isotopes,

notably Carbon-13, as well.

The purpose of the ﬁresenf investigation is to study the mechanism of
the bond rupture and a probable carbon atom rearrangement in a homologous
series of acids, alcohols and iodides from C5 - C7 by incorporating Carbon-I|3
isotope in the I-position of these molecules. Therefore the work necessitate
the synfhesis'of isotopically labelled materials and subsequently the inter-

pretation of their mass spectra.

The synthesis:

The selection of the tracer element, where any choice exists, is made
on the basis of factors such as stability of labelling, ease of synthesis

and concentraticn of sisotope available,

Ideally, an isofépic SynThesis should be simple and should combine a
high recovery of isotope with low dilution by unlabelled material. A high
yield is sought for.reaSOns of economy and the isotope is therefore intro-
duced at as late a stage In the synthesis as is possible. Yields are
improved by careful selection of reaction condifibns, and by systematic

refinements in experimental technique,
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In any particular synthesis, the loss involved if low yields are
obtained must be set against the extra effort required to secure higher

yields,

Purity of Labelled'Compounds:

The usual criteria of purity of organic compounds may also_be'
applied fé label led compounds but are offen‘inadequafe. Sensitive
determination of chemical impurities is sometimes valuable, but most
satisfactory tests of purity are those designed to demonstrate the
extent to which the isofope is associated with the compound Seing
studied. Thus an isotopic compound must be purified not only to meet
criteria such as constant melting point, boiling point, or refractive
index, but also to constant isotopic composition, and reliance should

not be placed on one method of purification alone.

Many of the conventional methods of purification (e.g; precise
fractional distillation) are quite unsuitable on the relatively small
scale of most isotopic synthesis. Losses are involved in all purification
procedures and it is therefore desirable to devise synthetic methods
which give very bu}e ;roducfs or products containing unexceptionable or
easily removable impurities., Paper chromatography is‘applicable on the

small preparative scale and has been very widely used in the separation

and purification of labelled substances.

EXPERIMENTAL

The synthetic method with Isctope was developed and the folléwlng

37




-

procedures (146 -~ 148) were modified fo prepare some labelled compounds
on a very small scale for our study. The first stage of the synthesis
was carried out with unenriched molecule in order to establish a satis-

factory yield, and then was repeated with labelled species.

ACIDS

The appartus consisted of a high-vacuum manifold equipped with
attachments to a reaction flask, carbon dioxide generator, mercury
manometer and a nitrogen inlet and outlet, (Fig. A). The cone-shaped,
three-necked reaction flask was used with an overhead indu¢+ion
stirrer. The generator consisted of a round-bottomed flask, confaining
barium carbonate - I3C, and fitted with a pressure-equalizing addition

funnel containing concentrated sulphuric acid and attached to a drying

tube,

The Grignard reagent was prepared under dry nitrogen in an all-glass
apparatus, and an ajiquot of the etheral solution was assay;d by
titration. The system was evacuated to O, mm Hg and filled with dry
nitrogen. The carbonation flask was charged quickly with a 10% éxcess
of the Grignaid reagent. The side arm stopper was replaced, the solution
was frozen wifh‘liquid nitrogen, and the system was evacuated to O.| mm
Hg. The mixture was thawed with a Dry lce/acetone bath at - 20°C and -
refrozen with liquid nitrogen; then the system was evacuated +o”remove
entrapped nitrogen. The stirred Grignard reagent was then carbonated
at - 20°C by dropping sulphuric acid slowly on to the barium carbonate
while the pressure was kept below 50 cm. The last of the gas was evolved
by warming the generator gently to dissolve the salts. Absorption was

complete when the manometer reading was constant, 10 - |5 minutes being
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FIG, .A. Grignard preparation and carbonation unit. A, large liquid

air trap; B, alkyl iodide storage ves§el; C,}dryingvfube; D, Grignerd
flask; £, induction stirrer; F, dry ice~acéfone_reflux condenser; G,
Bourdon type vacuum gagas; H, thermocouple type vacuum gage; J, to CO,
storage bulb; K, mercury manometer; L, Selsyn generafof stator,

¢
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required for the process. The mixture was frozen with liquid nitrogen
+o’draw any remaining Carbon-13 dioxide into the reaction flask, the
stopcock to the generator was closed, and the mixture was stirred
fifteen minutes at - 20°C to ensure complete absorption, The sstem

was filled with nitrogen and vented to the atmosphere; then the complex
was'decomposed with dilute sulphuric acid. The acid mixture was ex-
tracted with ether, and the product was removed from the ether solution
with dilute sodium hydroxide} The alkaline solution was acidified, and
the product was collected by filtration. A further qﬁanfify was obtained
by ether extraction of the filtrate, then the whole was purified by

distillation.

YIELD AND REACT IONS

In the case of valeric acid, a Grignard solution was prepared from
1.0 g of magnesium turnings and 4.5 g of n-butyliodide in absolute ether.

CHB'(CHZ)S I + Mg ———— CH3 (CHZ)3 Mg |

Bufylmagnesium'iodide was carbonated with the Carbon-13 dioxide l|iberated

from 2,5 g of barium Carbonate - !BC.

’ * *

C4H9Mg| + FOZ-———————é C4H9 COQMg |
Fol lowing hydrolysis,’ the ethereal solution was extracted exhaustively
with dilute sodium hydroxide; then the alkaline solution was washed,
acidified and extracted with ether, which in turn was extracted wifh“é

small volume of sodium hydroxide solution., The hot aqueous solution was

acidified and cooled to precipitate the product; yield (.2 g.

H*
*, *
C Hy *COOMg | ——— C,Hg *COOH

The same procedure was used to prepare n-caproic and n-oenanthic- acids.

Some of the acids so obtained were reduced to corresponding alcohols.
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LiAIH

C4H *COOH 4 C,Hy * CH,OH

9 49 2

REDUCT I ON

A solution of 0.8 g of valeric | -|3c acid in 50 ml. of absolute ether
was‘added dropwise to a stirred suspension of 20 m.moleé of lithium
aluminium hydride in 50 mb» of ether. After fifteen miﬁufes of additional
stirring, the mixture was decomposed with fce water and 10% sulphuric acid.
The aqueous phase was saturated with sodium chloride, separated and ex-
tracted with ether. The ether extract was washed with 4% sodium hydroxide
solution, dried over sodium sulphate and concentrated; then the product

was distilled; yield 0.6 g.,

HALOG ENAT | ON

A solution of 0,1 g,of purified red phosphorus in 0.4 ml. of enriched
n-amyl alcoiol was placed in a flask and 0.5 g,df iodine in the special
| apparafus (Fig. B), then it was heated up gently. The alcohol vapour
gradual |y passed into (g) through the wide-bore side tube C and eventually
the hot alcohol dissolved the iodine. The formation of n-amyl iodide was
practically comple+e‘énd little iodine vapour was visible. The product

was tranferred to a microdistillation flask and purified in the usual

-manner; yield 0,3 ml.
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FIG. B

¥

Col lection of Spectra

In all cases the appropriate acid, alcohol or iodide, were careful]y

purified by distillation and checked by gas chromatography (tables I, 2).

These compounds which were uniformly labelled in the I-position with
Carbon-13 were then examined, Togéfher with purified samﬁles pf Thé en-
riched compounds upon an AEI-GEC MS902S; having an ion accelerating
voltage of 8.0 kV and trap current of 1004 A. The reéulfsAare illustrated
in (tables No, 3-5). | |

The instrument was tuned in the manner recommended by the manufacturer
except that particular attention was paid to peak shape. Considering
that peakhe}ghf was to be used as the measure of lon abundance in all
cases, It was essential to obtain peaks which were flat topped (or

trapezoidal) i.e. gaussian shapes were to be avoided.
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TABLE No.

Compound Mass
. Observed Calculated
13- 1-n-amy1 Todide 199089437 199089426
13c-t1-n-hexyl todide 213.105073 | 213.105075

13

13
13

13

"C-i-n-heptyl alcohol

13

13
13

C--t-n—-heptyl iodide

C~l~n~amy!| alcohol

C-1-n-liexy! alcohol

C-l-n-valeric acid
C~l-n~caproic acid

C-l-n-oenanthic acid

227.120756

89.092255
103,107817

F17.123463

103.071420
117.087157

121.102771

227.120725

89.052165
. 103,107814

117.123464

103.071430
117.087079

131.102728

TABLE No, 2

BOILING POINTS

' ) soxvl i %E.h"l‘
Radical lodide | Alcohol Carzz?g"c_ nrichnen
n-Amy | 163-165 137.4 185. 1 62.8
n-Hexyl | 178-180 | 158.0 205 62.8
n-Heptyl | 198-201 176.0 223 62.8
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Table No. 3

n=Pentanol n-Hexanol n-Heptanol
m/e
normal enriched normal enriched normal enriched
27 30.35 41,30 28.45 29.75 26.40 . 45.55
28 6.42 37.75 13.50 34,25 31,67 54,15
29 46.73 60.20 28.95 65.93 32.83  55.25
30 | 7.85 38,17 6.60
‘31 48,25 19.50 29.70 15.22  27.67 22.85
32 .1.54 38,10 3.10 21,42 7.43 23.25
39 21,10 23.71 20.90 19.90 20.10  30.50
40 5,55 87.62 5.50 6.15 © 6.05 8.75
41  67.80 72.16 54.55  54.10 7.50 65.34
42 100,00  100.00 42,90 42,35 46.26 46.63
53 23.39 51.54 73.40 72.92 64.18 70.75
44 7.75 13.40 6.65 7.05 8.00 20.35
45 6.70 11.80 9.65 4,50 6.15 .Id.86
46 : | 3.25
55 74.30 50,80 58.80 38.50 65.00 65.75
56  17.60 58,20 100,00 100,00 90.20 93.15
57 19.77 27.50 9.90 27.43 26.80 56.50
69 7.57.  8.12 17.45 15.85 54,20 47.85
70 60.83 29.20° 13.40 17.46 100.00 100,00
71 5.25 52,00 | 9.90 2.55 7.85 45.68
84 | o 23.35 4.5 1.36 12.35
85 | | 4.35 15.85 9143
97 o » 2.50 6.15
98 | | - | 18,90 6.75

% ' | 1.75 13.66
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Table No, 4

n-Valeric Acid n-Caproic Acid n-Oenanthic Acid

e normal enriched normal enriched normal  enriched
27  22.85  42.85 18.90  68.50 29.10°  46.50
28 14.40 24,60 25.00  23.40 45.80  38.35
29  20.65 34,00 15,00  40.45 22,90  42.85
30 3.50 4,70 2.60 3,20 2.8 4.6
39 12,90  22.35 [1.40  46.20 21,00  36.25
41 23,40 34,60 27.10  74.00 42,50  76.65
42 15.00 8.70 13.65 21,20 14.50  28.56
43 16.10  10.20 21.10  27.00 37.30  85.30
45 15,05  10.10 13.65  12.10 12,50  13.25
46 13.50 | 14.90 9.75
55  18.40  15.10 16.15 23,20 29.25  35.36
56 8.20 20.45 17.20 25.35 8.20 43,75
60 100,00  43.30 100.00  56.40 100.00  63.80
61 9.25 100,00 14,80  100.00 14,20 100,00
73 43,70 15.80 42.20  23.40 46.20  13.25
74 - 5.80 38,50 7.20  42.50 6.25. 37.65
87 3.80 1.80 14.50  8.28 25.00  18.35
88 2.60 1.90  14.85 . 32.50

102 2,45 - 0.90
103 0.75 2.35

16 120 0.85
oo 0.65 - 2.25
130 ~ | 3.70  5.25
131 ” 0.50  12.35

45



Table No., 5

n-Amy! lodide n-Hexy!| lodide n-Hepty! lodide
/e normal enriched nofmal enriched normal enriched
27 32.87  44.50 31,40 13.80 17.20  47.20 -
. 2é 18.75  20.85 = 91.85  37.60 24,50  28.85
29 36.20  42.30 28.80 (4,85  23.35  55.40
30 11,35 3.50 4.65
39 2983 28,75 23.40 19.15 12.64 24,45
41 54,70 - 51.55 60,50  52.25 44,25  65.30
42 4075 39.40 16.85 15,45 18,95 23.35
43 100.00 100,00 100,00 100,00 41.28  65.80
44 19.20  54.55 8.20  43.05 2.85 10,27
55 42,30  14.90 42.60 12.85 14.60  20.25
56 7.75 13.20 28.46 16,65 .85 13,50
57 11,75  6.80 30,75 18.60 100,00 100.00
70 26.90 3.85 4.70 8.20 2,95 7.15
71 69.75  26.65 11.74 6.75 3.5  14.80
72 o 38.45
83 o : 10,90
84 - | 6.85
85 | ., 41,50 27,50 8.30 24,20 -
86 . | 43,58 2.2
98 ' ’ o 1.05 1,95
99 o | sias 3.5
100 | | / : 0.80 5,35
127 8.62 10,50 . 5.60 7.5 2.95 837
128 4.25 4,35 8,20 3,70 3,35 4.24
198 15.90 7.25 |
199 0.50 12.45
212 | n 15.45 8.05
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Cont. Table No.5

n-Amy| lodide . n-Hexy! lodide : n-Hepty! lodide
m/e , ,
normal enriched normal enriched normal enriched
| _
213 - - - 14,35
226 - - - - 12,20 6.30
227 - - - - 1.20 I1.50
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Discussion of the Mass Spectra

ALCOHOLS
An examination of the C5 - C7 straight chain alcohols and the corre-
sponding labelled compounds show prominent peéks in their mass spectra
related to losses of water and ethylene from the parent ion. The general
feature of this pattern is as follows:
¥ -CH

(Algohol)™——— (P - 18) ~°2''4 base peak

70 - 28
(06H14O - 18)——— 84 - 28 —————; base pea
//////*98 - 28—”/’,//4 '
(C7H'6O - 18)

The base peaks are formed by the expulsion of ethylene and water

following the formation of a §Tx—membered transition state:

H~.
|
0

//(* \\\ +.

" Ve
R - CH CH, — 4 C:H. + M0+ (CH. = CH - R)*"
— Hq * Hy .
\CHZ/ :

yhere; R = 6631’ Q2H5 or C3H7

The heaviest ions in these spectra are of masses 70, 84 and 98
appearing in the labelled homologous at 71, 85 and 99. The group
of peaks Immediately below these differ by 13, 14 and 15 units
respec+lvelf. This suggests that the group is not formed by frag-

mentation of the ions at masses 70, 84 and 98 but by fragmentation
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of a heavier ion, and thus indicates that al| the peaks observed may
bevfragmenfafion products. The other major fragments are 29, 31, 41,

43 and 55. Masses 3| and 43 represent cleavage of thep bond, the charge
remaining respectively on the oxygenated or on the hYdrogen fragment.

" The composition of mass 31 is (CHZOH)+ which is abundant in their mass
spectra (149 a) and has been reflected at mass 32 in fhe label ted

molecules.

The ion of mass 46, which is prominent in the longer chain alcohols

. -+ .
(e.g. heptanol), represents (CZH )*. The formation of CAHB is parti-

60

cularly noticeable.

CARBOXYLIC ACIDS

The most abundant ijon in %hese spectra is the fragment of mass 60
which is the result of a (3 cleavage and a rearrangement process, accompanied
by migration of a ¥ hydrogen to the carbonyl groﬁp (149 b). High resolution
measurement in both normal and enrichéd molecules shdw the (C,H,0.)" ion,

2472
and confirms the occurence of a Mclafferty rearrangement.

H
/
R-C
N~
- .
CH C C +  R=-CH=CH,
2 - 4544 : 2
.\CHZ/ \OH CH,, \OH' |
,m)e 60
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The peak at mass 45 due to (coom)” s invariably larger than the
peak at mass 3|, Many of the other ions arise by simple fission in the
carbon chain as evidenced by ions at m/e = 29, 43, 57 etc., corresponding
* etc., or by the formation of unsaturated ions e.g.

L. +
to Gt Gy, Cyhg

m/e = 27, 41 with possibly cyclic ion: m/e = 39

C

4%;QCH
\ +

CH

+
CaHy ———  HC

10DIDES

The iodides n-amyl, n-hexyl and thepfyfwere examined and the
following conclusions were drawn. Fragmentation in these normal iodfdes'
Tends'fo afford ions in the series m/e = 29, 43, 57 etc., or m/e =
CnH2n+ I.

Cieavage of the cérbon-iodine bond with the positive charge remaining
on the hélogen fragment is noticable. Loss of the halogen atom is
accompéhied by‘a hydrogen transfer leading to the ions at m/e = (70, 71},
(84, 85) and (98, 99) due to (P - HD and (P - l)+respec+ively. The
following mechanism canbe assumed: a

+.

R=CH, =CH, = | ——— RCH, CH." + I~

2 2 2 CHy
. \»RCH=CH*+H|

2

Hohever, the neutral fragment of HIl is less abundant, and the separation
of lodine is more emphsized. The peaks at m/e = 71 and 85 are evidence for

a facile cleavage of the amyl and hexyl.groups.

In the isotopically enriched species the results are similar although

the comparable masses are increased by one.
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CONCLUSION

Comparison of the series of spectra reveals that the behaviour of

the enriched molecules upon electron Impact is similar to those of
normal species, it was also clarified that the carbon rearrangement

does not occur and the label was completely retained in its position.

3 - 'ZC bond prior

lZC - 12

No evidenée was obtained to support the rupture of

To]? cleavage, although the noted bond is ‘weaker than C bond

and it was repcrted (150) for propane | - [30.
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CHAPTER (3)

STUDY OF McLAFFERTY REARRANGEMENT

INTRODUCT 10N

The study of the behaviour of organic molecules upon electron impact
has been one of the basic‘fopics of mass spectrometry, in order to

elucidate the structure of the organic compounds.

The present investigation involves the study of a typical thioamide,
assuming the Mclafferty rearrangement will occur. A synthetic route is
suggested by the following structure:

S

Il
R-CHZ-CHZ—C

t
NR 2

Where R-——CH3 or CZHS

NR'2 = Secondary amine-H (Morpholine-H)

Very many reports on rearrangement processes have been pubjished'
recently In a series of papers, of éarboxyl group, corresponding
acids, ketones, amihés etc. This chapter is in four parts,
qD) rearrangement process, (2) McLaff9r+y Rearrangement, (3) syn-

thesis of thioamides, (4) discussion and interpretation of mass

spectra.
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PART ONE - REARRANGEMENT ~ PROCESSES

. Electron impact of organic molecules induces fragmentation and
rearrangement which is very important for the identification and
defermipafion of the structure of organic compounds. Many various
classifications of rearrangement have been recommended and recog-
nized by mass spectroscopists. Mclafferty (151) has discussed in
detall all probabilities of this classification and recognized

that four important conditions may be distinguished.

| - Odd-electron ion —> odd-electron ion + even electron
molecule (single rearrangement) |
Il - Odd-electron ion éi—a even-electron ion + odd-electron
radical (double rearrangement)
Il - Cyclic odd-electron ion —> even-electron fon + odd-
eiecfron radical (single rearrangement)
IV - Even-electron ion —> even-electron ion + even-electron

molecule (single rearrangement)

] ODD-ELECTRON ION (SINGLE REARRANGEMENT)

A simple example of this group concerns ketones: fragmentation of
a 2 bond accompanied by fol hydrogen migration occurs. The mechanism
for this type of fragmentation has been devised by McLafferty (152)

for a methy| ketone. The cyclic transition state of this is as follows:
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/H'\O , ."\c/ T

L
. C -
CQ%HZ/ C\R /H/ BRNTRS HZC/ R

A similar rearrangement has been postulated for n-hexyl-ketone ion |
and a metastable ion (I153) at m/e 75.8 is evidence for theentity of
neutral fragment separation.

1
!

| +
CgHsCOCH,, —‘—-—CHZ-—(IS H(CH,,),CHy

+ . .
CﬁHSC OCH3 + C5HIO
I H 4
| .

Fragmentation of carboxylic acids by electron impact exhibits the
same behaviouir as the other carboxy! group e.g. the presence of a
¥ hydrogen in n-butyric acid induces the rearrangement by electron

impact which does not occur in propionic acid.

. H H

CH//)4\\ﬁ HT \\\i//’

CHZ\ o \_—_——) S - /l\ﬂ
;- CHy OH H,C o H

The thermodynamic argument (154) to derive this reaction suggests
the ability to form a stable olefine molecule. However, all evidence
which has appeared in the literature, requires that the cleavage involves

a 3 bond fission and migration of a ¥ hydrogen to the carbonyl group.

The use of isotopically labels for some aryl substituted alcohols has

been reparted. ~

The migration of hydrogen occurs, but from the hydroxyl group.

I

—fCH OH —— C H + CH,0

C_ H-~CH 2 +Hg 2

65 72

'
!
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(2)  ODD-ELECTRON ION (DOUBLE ' REARRANGEMENT)

The phenomenon of double rearrangement has been observed from the
fspec1'ra of some esters and carbonates. The fragmentations involve at
least migration of two hydrogen in the molecule. MclLafferty (155)
pointed out that the second hydrogen need not be taken from the same
carbon atom as the first. Mclafferty and Peard (156) studied the

fragmentation of alkoxy alcohols and glycols.

HOC+H2—CH20H —_— CH3-O+H2 + HCO

+ i + ~
CHSO -CHZ-CHZOH —_— (CHS)Z OH + HCO

Beynon (157), Lester and Williams reported the same phenomenon
in the decomposition of aniline; hydrogen cyanide is the prominenfv

fragment ion in this cleavage.

Quayle (158) and co-workers studied the phosphate esters. The
. product shows a protonated orthophosphoric acid, two molecules of

ethylene and an ethyl radical which involves three carbon bond fis-

sions and four migrations

+ ?HZ —_— QE?
. 0 _
oH.oH.~0-p &G _and °"e more y H.PO* +2C.H +C.H
12" M2 5w e f'442423
o= Sy by rogen transfer
H-~ P
CH, —CH,
--o-—
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PART TWO - McLAFFERTY REARRANGEMENT

Migration of a}: hydrogen to the carbohyl graup involving a six-
,meMbered cyclic transition state to form an olefine was proposed by
McLafferty (I151). A general scheme (A) shows the basic structure

of the molecuie.

+

E.
|

P H\E : A
‘/‘ E——— 4 ! ‘

B~ D
c D\G B e e

_—=
+

fhére must be a. double bond between D and é, a _E hydrogen atom |
must also be available to migrate to the D~E multiple bond. A very
careful investigation has been carried out to establicsh this type of
fragmentation. The study of specifically deuterated ethyl bufyréfes

(B) has clearly proved the mechanism of this rearrangement (159).

| ‘ o
(iH3 . C,H3 . (l:03 ?
e, M o, [ CH, I
AN N7 ot \C/ N o
ch, OC,H; CH, C,Hs iy JMHe
| 2 3

Elimination of an olefine molecule and retaining both alpha

hydrogens, in fragmentation of the labelled compound shows that the

proposed mechanism is probably correct.

The positively charged enolic form of ifon indicated by appear-

ance potential measurement, was evidence to support the above mechanism

and the site of migrated ¥ hydrogen .in the molecule (160) which is:
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: H?
C : C
/ " not ) /
HZC//\R ' CH, \
| It is notable that the McLafferty rearrangement may occur even
though the D-E double bond is not present in the original molecule.

A double bond can be generated by "oxonium" jon formation from the

simple cleavage. The following example shows the process in an amine

in which R is large (161):

NH, " N'H -~ e
|,2 o 2 2 -
R-CH-CH,,-CH_ ~CH, —X n ' l —_—
2723 CH CH
\CH/ 7
2
+
N{*s, _(gHZ
-+
HC H
\\\CH 2 .

2

The widespread occurrence of Mclafferty rearrangement has been

investigated by many workers; detail of this survey is as follows:

I KETONES

The rearrangement occurring in the aliphatic ketones possessing a

chain of three or more carbon atoms attached to the carbonyl group was

“studied by McLafferty (i162). The cleavage of bonds alpha to the car-

bony! group has been observed in their spectra.

. R .
| .RZ .RI-Q-O + R2

He proposed that a six-membered cyclic transition state iskformed.
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HiC\E;/H ” J G = OHeR,
' HZ(/ o

2 .
Carpenter et al. (163) obtained the mass spectra of 1,1,1,7,7,7,

hexafluoroheptane-4-one, and demonstrated that the corresponding

Transfér of an fiuorine atom does not occur. They also examined
éome isotopically labelled alipﬁafic ketories at low voltage (10 eV)
and showed that deuterium scrambling occurs among the carbon atoms

of aliphatic chains.

Kulkarni et al. (164) observed the Mclafferty rearrangement in

some polyalkylcyclohexanones. They substantiated the fragmentation
pattern by deuterium labelling, exact mass measurement and the study

. of metastable ions.

In I§7O Bursey et al. (165) compared photochemical reactivity
with MclLafferty rearrangement which occurs in bu+yr9phenone, I-phenyl—’
2-pentanone, |-phenyl-3-hexanone, 4-phenyl-4-methyl-2-pentanone,
2-butyro-naphthone and 2-butyryl-anthracene. |

Williams et al. (166) investigated the rearrangement process for
some monocyclic ketones. The following stages obtained for

cyclopentanone.
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' ‘ m/e 70
3

‘O+ ' +

| |
Hc:::f_ H o Hc/C
[ — ]

and then by loss of *CH

pu——
———
——

H.,C .
A . HZC +CH3

C
"2 m/e 70 - m/e 55
J. K. McLeod and C. Djerassi (167) studied the competition between

functional groups in the same molecu!e; by electron impact, and
indicated that the rearrangement takes place preferentially to the

~ carbony| ﬁoie*y in +He phenylalkylmethyl ketones and the keto esters,
but that the dominant fragmentation process in some of the cdmpounds
is a 1,6 elimination. The occurrence of a Mclafferty rearrangement
In n-butyl izo-butyl ketone induced a positive icn at m/e 100.-

scheme (a)

CHS\\\ 0 (
CH —— CHZ—C—CHZTCHZ-TCHZ-CH3
CH3 » >
m/e 99 + X H
¢ 1
m/e 99 +¥H.

In this case, deuterium labelling on the ¥ hydrogen positions
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(primary and secondary) showed the preference of a secondary hydrogen
to a primary one, although two secondary hydrogens are available

versus six primary hydrogens, scheme (b) and (c)

CH 0 D P
3\ I A
CH-CH,-C~-CH_~C-CH (b)
CH.” 2 2 3
3
| CDS\\ 0

li
© CH-CH,-C-CH,-CH,~CH,-CH

y Il Xl Bl Bl (c)

: CD3

.

Deuterium Iabeliing (168) studies of keto steroids have indicated
that the rearrangement proceeds only if the interatomic distance
between the ¥ hydrogen and the receptor oxygen is less than

1.8 A°,
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2. DIKETONES

The mass spectra of some diktones have been reported by
J. H. Bowie et al. 169. The observed results are similar to that
of mono ketones. The ¥ fission process for (c-alkyl-acetylace-

tones and 3-acetyl-heptan-2-one) is as follows:

H R ' +° | ’ : +°
0 H/ ' 0 _
| . ~CH,=CHR 1
” )l\\ o — C E -
HyC .CIH | - HB{ \CH/ \CH3 ‘
Vs — m/e 100
- m/e 43, 58, 72, 85
+‘
H\\\
ci . ICHz CH,=CO VOIH
b) C C Q<\\' CH R
. | | P
H3C/ \c‘( ~ H:C NoH J\CHZA\
CH,~CH,R
) ~CH,R -R*
?H FH
C CH, + Ce CH
2 ~ +
HS{ \H/ . Hs( CH/ \{CHZ
m/e 71 ‘m/e 85 .
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3. ALDEHYDES

J. A. Gilpin and F. W, McLafferty (170) reported the mass
spectra of twenty aliphatic s+raigh+ chain and branched aldehydes.
They used oxygen-18 to show the fragmentation pathway. The (3 bond

cleavage accompanied by a Y hydrogen transfer was reported for

butanal and higher aldehydes unbranched on the o carbon atom.

R oo | | Y R .
\\‘c,/// 5 | OH e
H/::L y — 4¢4J . lL
NN H,C ™y 2
CH, H
‘ m/e 44
. =-=-0--

4.  ALIPHATIC ALDOXIMES AND KETOX IMES

The mass spectra of butyraldehyde and valeraldehyde oximes

show the tase peak at m/e=59 which is due to a MclLafferty rearrangement.

¢

CH H + ot .
3 ) OH H OH
\\\C-//, N’//( oH \\\\N///,
3Hg
e
CHy '
z CHQ/( : CH5%40~\\H
. . ) |
CH..=C=NH gr////// HO0 /e a

2

Accurate mass measurehen+ confirmed that the ion at m/e=4l
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arises from the product of MclLafferty rearrangement by loss of

water. It Involves a double reafrangemenf and should not be confused
with the hydrocarbon fon (C3H5+) (171). The main characteristics

of single and double Mclafferty rearrangenenfs in oximes have been
proved by deuterium labelling in the case of di-gfpfopylkefoxime.

The mechanism is as follows:

H OH H*  OoH H + OH
P
CH, e w7 ST
F o — T — ]
c A
Z\CH/ Sen N H,C \CHZ
A 3ty HT ,
2 o C3H7 (‘}
C H
s
T
OH ™~

. ‘ 3 . 2 m/e 73

Another compound (172) in the same class is n-dibuty!l ketone
g,g-dimefhy[hydrazone; the mass spectrum shows both single and double

Mclafferiy rearrangements.

+'.
HN———N(CH3)2

4

c
CH H N(CH,)2 g
New” N3 HZC/ S
| | LM
CH, C
~ O\
CH2 C4N9
‘ . m/e 142
HN' =N (CH,), |
o
/ L ]
HiC \C”z
m/e 100

63




The mass spectrum of valeraldehyde oxime shows the occurrence of
a Mclafferty rearrangement. The preferential migration of a second-

ary hydrogen atom as compared with a primary one was demonstrated.

/

I y  CHy-NH=~CH=CH,

\%\CHE/ ‘ m/e=57

5. ALCOHOLS

Unsaturated aliphatic alcohols (173) (a.b) and their branched
analogues show only two important abundant peaks, one due to &

cleavage and the other concerns Mclafferty rearrangement.

7

+ - .
(a) CH2=OH , Cﬁ) _— (CZHS CH CH= CH )
CH——-CH

9 ”\'ﬂ

(b) RCHeO'H  ¢———. HQC / ) (CH3CH-CHCH ) .
ol &

- em—— e e e e e e w— -
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6. ESTERS

The fragmentation of the straight chains of methyl esters (174)
| In the 06—026 range give an abundant peak which arises from (3
cleavage accompanied by a ¥ hydrogen atom transfer. I+ confirms the

occurrence of the Mclafferty rearrangement in the mass spectra of this

type of esters.

R H +0 ’ . .+o
\\CH// o) v : OH
| " —RCH-CH, :
CH., - c
2\c;H/C\ 0 Do
) OCH, 8,C CHy
m/e 74

The spectra of methyl and ethyl formate show the following frag-

ments and charac+eris+ics

\c/\/lq

” "2 — (HOCH2)+ + H + CO

+.

H o Hs
\E > //\____, (HOCHR)® + C'Hg. + CO
o

where: R=H ih ethyl formate

The mass spectrum of butyl acetate shows an abundant peak at mass
61, corresponding to (RCOO+2H)+, which confirms the molecular weight
in conjunction with the (R-H)** fon. The rearrangement of two hydrogen

atoms of this type frequently occurs in the spectra of esters.

Djerassi and (Mrs.) Fenselau (175) studied the spectra of n-butyl
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propionate and its deu+erafed analogues. They noted that the source
of hydrogen atoms in these rearrangement processes is not always the
same; it could originate from every possible carbon atom, but those

attached to the 3 and ¥ carbons provided the largest supply.

—

Black and his co-workers (176) reported the loss of CHZO from

n-butylacetate is another type of fragmentation process.

+

CH o .
N A . | C,Hg
| [° ———— cHcr=0"ch + OCH
0 CH 3 2 2
N 2 m/e 116 m/e 86

McFadden and his co-workers (177) studied the spectra of butyl-
acetates, propanoa+eé and hexanoates. They showed the specific

rearrangement by using deuterated compounds.

7.  ETHERS

The mass spectra of vinyl derivatives was studied by Mclafferty (178).

A p fission process accompanied by a ‘§ hydrogen -transfer occurred. The

following degradation process is postulated.

[ i
. C
- P \«{(-)\/CHZ " e \O+. CHZ,

where R represents a hydrogen atom or an alkyl group. When R=H, the
fon (O—CH;CH2)+, formed by simple cleavage generally produces a peak

larger than that of the above rearrangement fon.
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He also observed the rearrangement in the spectra of some aromatic

ethers,

Lo -0

The same mechanism was suggested for vinyl‘compounds, containing

carbon and hydrogen. 1-Pentene gives a peak which rises at m/e=42.
| ’F
H H
\C/V,
[:::///J | ll l /e}42
m
- H
A -
CH2
8. ~ ACIDS

Happ and Stewart (179) studied the mass spectra of the lower
aliphatic acids (formic to valeric). The base peak atm/e=60 occurs
" only for butyric and valeric acids in whfch a hydrogen atom is avail-

able for transfer.A Mclafferty rearrangement is thought to occur as

fol lows: : ..
_~H +
CH 0 *+0H
2 —C,H
1 == | ‘
- G N ,//'Q\\
CHy OH . CHE/, OH
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N. C. Rol (180) observed the rearrangement procesé in the mass
spectra of carboxylic acids. He suggested that MclLafferty rearrange-
. ment should be extended or modified to include the possibility of
-E methy! group migration to the functional group with simultaneous

cleavage of the beta C-C bond in 4-methylpentanoic acid.

4 | HC .
S\CH s | e 3\(|>
N
CHy CH, | HE/C/ on
cH OH | B

2
He also found evidence for fransfer of a ?é "hydrogen (instead

of ! atom) to the [3 position along with a cleavage of the ¥ C-C

bond.

9. AM IDES

The mass spectra of +hfr+y five aliphatic primary, secondary and
tertiary amides have been reported by Gilpin (181). In n-butyramide

the 3 cleavage process accompanied by a ¥ hydrogen transfer to the

carbonyl| group was observed.

¢

'R\- H + ) ‘ +
cH" o . HO
l /ﬂ -R+CH=CH
2 . ;
CH ’
RN N : H c/’C N
CH NH 2 2

2 2

He also obtained the rearrangement process in only one secondary

amide with a 3{ hydrogen atom avallable in the alky! chain attached to
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the carbonyl group. The spectra of n-butyloctadecaneamide showed the

McLafferty rearrangement as reported for primary amides .

.. HO+‘ . .
, ? 0 \\*‘C . + residue
C H, ,~CH~CH,~CH,~C~-NH-C ,-H, ——
14 29 2 2 4 9 '
7 \NHC H
CH2 49
m/e 115

An interesting comparison between nomal butyric aclid and normal
butyramide shows a typical rearrangement which is common in many com-

pounds contalning a carbony! group.

Pelah and his ccileagues (182), studied the mass spectra of a
number of .secondary and tértiary amides. They employed some deuterated
compounds to establish the route of formation of mass thirty in

n~butyramide.

In fact they proved the pathway of the rearrangement. They obtained
a mass of thirty one in n-bu‘l'yl-d3 acetamide spectrum, and the

following route was postulated.

oin

?Hz-y: , l-CHZE—-—-CHZ-CHZ-CH:,)

H :
.CH2=C=O.+ NH', = CH, + *CH,
Ketene m/e 30 propyl’

In the case of tertiary amides they reported the mass spectrum of

n,n-diethylacetamide, and deuterated analogues as indicated.

— - .
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C.H : C.H.

0 '// 25 // 2 5
a) CH3-'C|3-N\ | b) CD3-Ci-N\ |
Mg ' CCMy
. '/CHZ—CH3
c) CH3—g-N\\§
CH,CD,

In compound (b) they obtained a base peak at mass (59) instead
of (58) in the undeuterated molecule, confirming that the pafhwayvofr
decomposition is similar to that in the secondary amides. The
mechanism involves the loss of bHB from one of the ethyl groups and

t+he loss of a ketene molecule as follows:

. /CHZ-CH3 CH,~CH,
- |l —(CH =
CHB—C—N\_ (CH,=CO) HN
CH_-CH 4 : Ay
273 mle 73 CHp~CHg
"'éH ) o .
3 |
-CH,
0 "//an |
oH _g_+N - (CH,=C0) o '
3 | CH,="NH-CH,~CH,
CHy~CHy " mfe 58

Both routes to the formation of the mass §§ have been confirmed

by the presence of a metastable ion.
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10.  NITRILES

McLafferty (183) studied the mass SpeCfra of eighteen afiphatic

| nitriles. The cleavage méchanism, in the case of octy! cyanide Is
+

as follows: ' ”H..‘
o™ N |
\\‘TH/{ Cigééa —CH2=CHR
N I N
¢H2l //CHZ )
(CH2)4, . "~ m/e 97

The peak at m/e=97 indicated a six-membered intermediate transition
state which is half as intense as the base peak. In one respect +he
behaviour of isocyanides and cyanides is similar mainiy in the formation
of m/e=41 ions in the mass spectra of both groups. A B Cleavage
acéompanied by a _I hydrogen +ransfer.in a six-membered ring transition

state seems reasonable.

1. OLEFINES

Kraft and Spiteller (184) have discussed the. MclLafferty rearrange-
ment for some olefines with an alkyl group substituted at the double
bond and claimed the occurrence of MclLafferty rearrangement for the

following compounds (except 7).
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" c=C () C=C¢C
A NCHR : R” \CHZR
(3) CH3\ /CHZR 4) CHSCHZ\ H
C=¢C X =
S
H \CHZR RCHZ/ \R
(5) - H " CH 6 R R
N 3 \C e
PR - c\
H R R R
(1) CHy o R
| Ne-¢”
cn3/ Y
e

12, ALKYL SULPHITES

Gamble et al.studied a series of dialkyl sulphites and observed

three main fragmentation pathways:
(a) the logs of alkyl radical,
(b) S-0 bond cleavage to lose an alkoxy group and

(c) a Mclafferty rearrangement.

The mechanism of the third one has been- shown as fdllows:
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of + OH CH R,
L] —_— |
R,CH J CHR, -C,HRR
2N 2 T CHR R,
0 0 o
H

; 0-
e "s OH

R CH : CHR,

«> l —C,HR| R, l /////z
R,CH CHR,, > s CHR

e

(;\_,//” //// \\\ “ M rearr Hd/// 5

The indicated paths were established by employing labelled molecules.

PART THREE - THIOAMIDE COMPOUNDS

Synthesis:

‘Thiolation of carbony! compounds has been investigated by
R. Mayér and his co-workers (186,187). They reported that the aliphatic
compounds are unstable in monomeric form because of their molecular

structure.

alkyl - C” ——é——y dimer, trimers, polymers

N

‘Thioaldehyde: mono unknown

ot /C:S ! .
alkyl (thio ketones) are relatively stable in the monomeric
form. Mayer (188) reported that, the formation of thicamide takes

place while sulphur reacts with enamine in the following way:
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cH \C/ C/S\C/S
"2 5,20° ” s, ” l
PN | ¢ SH
R MR, R NR, R \NRZ-
\c/s\
” C=S

Ec/ .S
|\ +- - Stabilization ”
/

R
c 55 ¢
) . / .
Ny R-CH, \NR2
thioamide

»

Furfhefmore, the conversion of aryl ketone with a secondary amine

is effected by the Willgerodt - Kindler reaction.

4

- $0'300 aryI-CH2 _
: \
8 NR2
aryI-COj-CH3 + HNR2
aryl CH
N Y ~c# 2
~ s, ,20°
130° | ' 8’
NR2

Aryl ketones with fonger aliphatic chains in Willgerodt-Kindler

reaction can also be converted to a thioamide.

S
H\R,, , S8 Vi
ary|-G-CH,~-CH —_— ary{-CH,~CH,-C
273 2 72 \
130° NR
-2

. The mechanism of this equation has been Investigated by many

teams (189-196), -specially F Asinger (197,198) and his co-workers,
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The final is that the enamine reacts with sulphur and gives thioamide:

—= o S
. —— C=CH-CHy Sg»20 ,/ \ 4/7
\§ /) W, — CHZ-CH -c
\\\\\ Sulphur 20°
cafalyzed CH C LH

8’

The main steps of the W|l|gerod+ reaction is as follows: =

Ketone + sec. amine

R - F = CH - CH3 no stabilization
NR2
enamine |

isomerization

s8,20°%
R - CH2 -C = CH2
s8,20° T
NR2 R - CHZ]C = CH
NR
2
irreversible
s stabilization
447
R ~-CH, - CH C
, 2772 TN
NR2

Asinger and co-workers have established the fact that the eﬁamiﬁé
is formed first from the ketone and secondary amine, the temperature
for thls ‘formation Is above 100°C. They found that, the enamines formed
in the reaction of methyl ketones and secondary amine, react with sulphur

to form thioamide. The enamine with longer chain gives much lower yields
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- and enamines of Tso-butyrophenone and -iso-valerophenone do not give
thioamides at room temperature. The enamine of the following type

give thiocamides by reaction with sulphur at room temperature.

‘ ' 'S

S. D.M.F. ,‘

ar-C = CH-(CH.) -H —2 > ar-(CH.) _
| 2'°n 2'n + | N

(o)
NR2 207C NR2

n=1or2

The migration of the carbony! group of aryl ketones to the end
of the chain in the Willgerodt ~ Kindler reaction as an i somerization

has been interpreted by R, Mayer (187)

_—o——

PREPARATION OF COMPOUNDS

(1) Preparation of amides

The morpholino-I-butyro amide was prepared from the corresponding

ketone and secondary amine (morpholine) by the standard method (199).

¢

(2) Preparation of thioamide:

The procedure is a modification of the methods of R. Mayer (200)
qtiih_‘and Ludwig Maier (201). A 250m! round bottom flask was fitted
with a cold finger reflux condenser with attached drying tube containing
anhydrous potassium carbonate. The reaction was carried out by

refluxing a solution of 10.8g methyl ethyl keton, 4.89 of sulphur in
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26.1g of morpholine for 96 hours. (Addition of 0.5g p-toluensulphonic
acid as a catalyst gives a hfgher yield.) The crude product was
distilled and the fraction of 165°-175°C (a mobile yellow brown liquid)
was collected and mixed with 25ml of methanol. The crystalline form

was obtained by cooling the product in a mixture of dry Ice and acetone;
recrystallization gave an analytical sample; removal of the methanol

was carried out under reduced pressure. The purity of all compounds

was checked by gas chromatography and elemental analysis.,

The mass spectra of the four compounds were obtained upon an
A.E.l. MS 902S double focusing mass spectrometer at 70 eV and a
trap current of 500 4 A through a direct intet system (probe) at

120°C.

Attempts were made to replace sulphur by firstly selenium and

by tellurium; both these attempts however, proved unsuccessful.

' The empirical formula was identified and the molecular weights
of these compoundsiwere accurately mass-measured and the following

result was obtained. (Table 1)

' TABLE No. |
C nd Molecular -accurate masses
ompou Formula
A Morphol fno-1-  obs. 157°11013
-butyroamide CgH) 50N calc. 1577110272
B Morpholino=i= " ‘ C obs. 1737087428
, . C,H, NOS . '
. butyrothioamide 815 calc. 173°087438
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TABLE No. 1{cont)

' Molecular :
Compound formula accurate masses
C Morphol Ino-1- |  obs. 187710298
. C,H,NOS .
valerothioamide 917 calc, 187°10308
D Diethyl amino-I- obs, 1597108168
butyrothioamide CgHyaNS calc. 159108165

PART FOUR - DISCUSSION OF THE MASS SPECTRA

@revious studies of the mass spectra of organosulphur compounds

have been concerned mainly with dithiocarbexylic acid esters (203)
] i

(S-alkyl thioesters R-C-SR, alkylfhloesfers R-C-OR' and

difhioesfers R- g SR') dialkyl sulphites (185), dimethyl thion-

carbamates (ArO- g-OAr) (204) and substituted thioureas (205). In

two cases (203,185) the occurrence of McLafferty rearrangement has

been reported as a major fragment and an intermediate process.

The present investigation reports the mass spectra of an amide
and some thioamides which are p%esenfed in Table (2) and figures

| and 2,
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TABLE No. 2

COMPOUND

Mdrpholino-l— Biethy! amino-

Morpholino-t-  Morpholino-I- valero- I=butyro

butyroamide butyro-thioamide . thioamide thioamide
m/e . relative relative relative ' relative

abundance % abundance % abundance % abundance %
27 - 13,55 19.50 14.25 13.90
28 44 .45 63.30 ' 47.22 21.50
29 72.00 90.00 66.60 16.25
30 35.60 45,00 , 32.20 66.70
31 4,50 8.20 9.45 -
32 - " 5.60 4.30 3.60
34 - 1.20 1.40 2.10
37 5.45 - - -
38 8.65 - - -
40 .- 2.85 3.70 6.45
41 5.40 7.45 6.70 8.20
42 21.35 18.30 20.75 11.30
43 4.90 4,15 5.90 4,60
44 - 32.60 ' 39.20 33.50
45 3.55 4.10 2.80 -
48 - 3 6.65 2.80 10.20
55 4.90 . 5.30 7.20 - -
56 31.10 8.20 35,30 : 5.45
57 100,00 © 100.00 - 100,00 4.20

58 6.25 8.50 7.70 100.00

59 - ‘ - - 4,40
60 - | - - 2.50
64 - | 2.80 | 3.20 3.60
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m/e

72 .
73
74
85
86
87
88

s

129
130
131
157
159
173
183
187

1.50
28.45
79.65

2.3

lon

.C,H,ON

49

C,H,ON

4’8

C,H,ON

47

G H N

410

TABLE No. 2 (cont)

86
85

72

82

0.70
0.20

Accurate Masses

Obs. 87.068069
calc. 87.068410

"~ obs. 86.059881
calc. 86.060385

obs. 85.,052827
calc. 85.052761

obs. 72.081082

calc. 72.081320




I+ appears that the main route of the breakdown is:
molecule ———3 molecular fon ——3alky! or morpholine ion. No

confirmatory metastable peaks could be detected (fig. 3).‘

3)
H3T S +"
I
HS.
H,C. H l Vanmm\ 4''6
? \é/ Ny 0 7.
/‘N/,/’ \ / -
H .
m/e=87
C_HN"" + CH.0
37 2
m/e=57 m/e=30

RESULTS OF MASS MEASUREMENT

~N
/’ | obs. [ 87.068069

\0 . calc./ 87.068410
. i

m/e=57 obs. [57.057108

| C3H7N calc../ 57.057846

Metastable frahsifion

A 57 ©  m.s. obs. [37.40
calc. | 37.34
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THE McLAFFERTY REARRANGEMENT

In every case the occurrence of C-N bond cleavage, accompanied
by a hydrogen migration to the amine part, was observed. A four-
membered ring transition state can be assumed as a probable mechanism.
Accurate mass measurement at m/e=87 ion supports the route of the above

fragmentation.

‘The base peak at m/e=57 is common to %he Spe¢+ra of A, Band C,
which arises from separated morpholine ring by loss of CHZO. There is
a well defined metastable ion at m/e=37.34 corresponding to the tran-
sition state of 87+4——¥—+ 57", Accurate mass measurement gives

evidence to prove the pathway (fig.3).

Decomposition of base peak (CSH7N) in the first three spectra
is a likely route to form two significant ions at m/e=28 and m/e=29.
This is supported by the appearance of two intense metastable ions at
m/e=13.76 and m/e=14.75 respectively. However, the results of mass

measurement is a little evidence to this mechanism. (fig. 4).

. + , (4)
CHLN P CHN' + CoHg 1)
57 TS OHN  + oM, (2)

METASTABLE TRANSITION

» M, M,
57 —— 28" m.s. obs. |13.75
calc.|13.75
2) 577 — 29" obs. 114.75

calc.| 14.75
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RESULTS OF MASS MEASUREMENT

m/e = 28
1) large peak obs. | 28.01874
‘ CHZN calc.| 28.018723
2)  small peak obs. |28.0313]
Oy calc.|28.031298

m/é = 29
1) large peak _ obs., |29.02665
- CH,N calc.|29.026547
2) small peak obs, 129.039173
02H5 calc. {29.039123

Finally, a similar fragmentation for diethylamino-I-butyrothioemide

vas observed {fig.5).

(5)
+'
HoC S e H \
| " ~C4HeS ’
c C
\\\N ~ \\\\
CH C.H. . >C.H
2 l- 2's 25
CoHs J//
+ L]
CHgN A C'Hy
H +  CHN'
CHy 4
+ " A
1y 73 . 58" . 15 . obs. [ 46,15

- . . m.S. alc.| 46.08
2) 58" —— 30 |
obs. | 15.52

e transition " m.S.
. metastabl : . cale. 15,51
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" RESULTS OF MASS MEASUREMENT

m/e = 73 obs. - 73.08905
C4HllN calc. 73.089145.
m/e = 58 obs. 58.065483
C3H8N calc. 587065671
m/e = 30 obs. 30.034323
cH4N calc. 30.03437]

LOSS OF HYDROGEN

The peak of high intensity at m/e=86 corresponds to the loss of a

hydrogen from separated morpholine; further process induces a peak of

tow abundance at m/e=85,

A similar fragment at m/e=72 for dlethyl amino-i-butyro~thivamide
. was obtained (fig.6). An interesting dissociation with loss of ten
hydrogen atoms froh molecular ion at higher temperature (206) (150°)

for two compounds (B and C) has beon observed. The same process had

been reported previously for plperidine (207).

[

All these lons were accurately mass-measured, and the result is

Illusfrafed in tabie 3 and figures 3-9.
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(6)

~ T“ |
CH
l : —) "2 H .
)
CH + "N=2C + C'H
DN | CH, ) H
3 ' .
J -H | CH, |
\ ™+ cn, + cHcHNH
3 3 2
CH, |
m/e=44
728 —— a4’ + 28 o
metastable ion obs. \ 26.93
' calc. | 26.89
result of mass measurement at m/e = 44
C2H6N ' obs. 144.05C090
calc. |44.,05002
H .+
7 )
N
N\\ . /
| ——— |
\0/
¢
+
N : N*
VR o , ryf N
~ ' . \\\If//
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High resolution technique shows that the peak at m/e=86 comprises
two ions; the larger one is due to fhe'cleavage of the C-N_bond
followed by elimination of a hydrogen atom, -and the second one pre-
sumably arises from the expulsion of C,H,* from the molecular ion,

37

fol lowed by decomposition of the ring and formation of ethylene oxide

at m/e=44, The results are illustrated, in fig. (7). ﬁ
, +.?
HC s o N 7
| I 3t -
LN
CH
2 ! . mfe=130
' \\\V/,O
C,H,0 + C,H, NS .
m;eg44 ' 34 m/e= 86

RESULTS OF MASS. MEASUREMENT AT m/e 86

No | N Obs. |86.059881
EO/I Calc.] 86.060385

No2 C,HNS Obs. |86.005938
Calc.186.006445

The peak at m/e=43 comprises three ions, the largest one is
due +o~CzH30+, +he medium feature corresponding to C2H5N+ and the

third one is related to the 03H7+ jon.

The possibility of this fragment can be assumed in the rupture of

i
ciC , bonds at once followed by decomposition of the separated morpholine
N

ring (fig.8).

88




(8)
+

sl —Csfy + C =S

y) I — ~CH~CH-i ~CH, —CH

+
0 CZH3 + CZH5N

RESULTS OF MASS MEASUREMENT AT m/e=43

43
CZHBO 2H5N C}H7
obs. |43.018774 obs. [43,042735 obs. |43.05693
calc.}43.018387 calc.|43.042197 calc.|43.05477

The use of high resolution method shows two significant ions
at ‘m/e=32 in the three sulphur compounds. The larger one arises from
the expulsion of sulphur and the other one is due to the presence of

an oxygen molecule; these lons were accurately mass-measured (fig.9).

ACCURATE MASSES AT m/e=32 (9)
25 obs. |31.971998
calc.|31.9720727

16 obs. |31.989667

calc.|31.989828

-00o0 -
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CHAPTER (4)

IDENTIFICATION OF ORGANIC COMPOUNDS

l. USE OF HIGH RESOLUTION MASS SPECTROMETRY

Elucidation of the structure of various types of organic compounds
relies on an-interpretation of their high. resolution mass spectra and a

certain elemental composition of the ions under investigation (208).

Composition of the.molecular ion gives a piece of information about
the structure of organic compounds, which is not generally abundant. An
adequately high resolving power is required to produce a sufficiently
. well-defined ion beam for accurate mass measurement, also reveals any
multiplicity caused by the presence of more than one ion of the same

nominal mass.

The mass measurement itself involves the determination of the pre-
cise mass of the Important fragments, necessary for interpretation.
Each masé measurement requires the measurement of standard mass peak
and the unknown by adjusting the ratio of the two acce|era+iﬁg volfége
potentials and the sfgnal amplitude to equalize the helght of the

two peaks.

Attempting to do a number of mass measurement is not only rather
tedious, but also lengthy. Aconstant vapour pressure of the sample
must be a*fained in the source over the entire period. |t requires

therefore a relatively large sample and is Technically difficult with a
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compound that is eliher temperature sensitive or has to be introduced

directly into the ion source without the intermediate reservoir.

A fluorocarbon is a suitable standard because it produces ions

i
f

of known mass réla*ively evenly spaced over the entire méss range up
to about mass 1000. Furthermore, the absence of hydrogen, a relat-
ively heavy element, as far as the mass excess over the integral mass
is concerned, causes most fluorocarbon ions to be of lowest mass in

a given muitiple of nominal mass and is thus easily recognized if the
unknown is arcompound relatively rich in hydrogen. Because of the
chemical inertness, thermal stability and high volatility of fluoro-
carbons, they are easily handled iIn a mass spectrometer in spite of
their high molecular weight. Beynon (209) was the first who used

such a compound for his work.

In practice, selecting of two predetermined two-standard ions
of higher'and lower mass, respectively, than the unknown ion and
measuring their relative distances, the mass of the unknown ion
could then be computed by interpolation. However, it seems that
this process is not very rapid and a tedious work is involved, ac-
companied by human error, so that the automation of this procedure

¢

becomes desirable.

2. COMPUTER MATCHING TECHNIQUE

A computer can be used in a wide vafiety of applications involved
In the various steps of data proceésfng. Large numbers of authentic

spectra _can be tabulated, examined and indexed'by computer, as well as
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stored in a computer-accessible form. |n many cases the use of
computer may give a greater knowledge of fragmentation. Hamming and
Eisenbraun (210) illustrated the assemblage of a large volume of

data associated with an exercise in correlation studies, in searching

for characteristic fragmentation of organic compounds.

More than +hir?y five thousand reference spectra are now available
in the form of mass to charge values and intensities, stored on.mag-
netic tape or discs. Such large libraries of spectra can then be
searched by means of a computer for the "best fit" of an unknown

spectrum against the reference spectra. One difficﬁlfy (211) which Is
encountered is that the spectrum of the same compound may vary from
one mass spectrometer to another. Reed (212) has reported a different

spectra for farnesol obtained on four different instruments.

Several workers have employed a library file for correlation studies
Talroze (213) et al. studied nine hundred spec+ré from the American
Petroleum Institute collection to find out the best match for the
unknown compound, the intensity ratio of a few pairs of lines were

sufficiently different to give a useful identification.

e -

Abrahamsson (214-216) and co-workers have fransferred the mass
spectra from the American Petroleum Insfifufe,.American Standard for
Testing and Material, and Dow Chemical Company collection, to magnetic
tape to form the basis of a |jbrary for matching purposes. They sug-
gested five most jn?ense peaks as a useful key. Smith, Knock and
co-workers (217-219) developed four methods of matching and their com-

parison with different approaches. They presented a general fqrmuia
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for each method and obtained a successful result. Terpene identification
was searched for by these methods and similar results gained.

[
Hites and co-workers (220,221) used the largest or, two largest

in each succeséive fourteen mass units. They have been particularly
concerned with the problem of handling data from a Gas Chromatography -
Mass Spectrometry combination by a directly coupled computer. The
results obtained with Gas Chromatograph-Mass Spectrometer, scans taken
confinuouély every four seconds indicated that such procedures could
’show up the effects of unresolved Gas Chromatograph peaks and indicate
where subtraction technique were useful. It was demonstrated that
Thislmefhod‘is very effective when applied to Gas Chromatography-

Mass Spectrometer analysis of mixture.

Patterson and Ryhage (222) studied three different methods for
identification of unknown compounds. In method one when the molecular
weight of the unknown was found equal with the library compound, the
six mdsT Intense are compared. The relative infensities are regarded
as equal if they are within+15%. |f four (or six) of these peaks
match, the identified compound is printed out. This method was
effective on!y-abou% one quarter of the time for molecular weighfé
above two hundred. Below this mass the system was satisfactory but too
many compounds were retrieved. In method two the same approach is
fol lowed but, instead of selecting the six most intense peaks for all
cases, a thange to ten peaks is made for molecular weights above two

hundred. A file of data containing fwo thousand spectra was used and

sevérai’éuccessful trials of method two were made including Gas Chroma-
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+o§raphy—Mass SpecfromeTfy analysis of an unknown five-component
mixture. In method three the six highest peéks are first examined

as in method two and only those spectra with four or more matches are
"accepted. Then the complete spectra, including all peaks equal to or
higher than Thrée per cent of the base peak, are compared. However,
for an identity between the unknown and library spectrum sixty per

cent of the peak must agree. : j

In 1970 Grotch (2Z3) studied a statistical examination of matching
large groups of mass spectra in library matching search technique.
.Thjs study derived from the statistics and information theory. The
results obtained indicated that low-resolution spectra are
speéffic signatures even when encoded to only one bit. Several +és+s
have been carried out on how well such a programme can idenfify‘a sub-

stance.

One préblem is that the reference standards put into the pro+

gramme must be free of errors and impurities.

Reed et al. (224) studied a matching method to identify an unknown
~compound by using information theory and finding the minimﬁm diver-
gence befWeen t+he unknown and reference spectra. However, they reported
that when the same compound is run in varicus mass spectrometers the
divergence between the different speé%ra of the same compound can be

greater than between different isomers of the compound on the same

instrument.
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An Approach to the Problem of !dentification

INTRODUCT 1ON

 The present sTudy reports a method of correlation based on the eight
individual fragments and the position of each peak in the file. The idea
is tfo avoid the customary practice of using the molecular weight in the

" recognition of the unknown spectra. It was considered that a mass spectrum

of an unknown compound should give valuable information about its

structure.

Theoretical
The peaks of a mass spectrum may be expfessed by ), 8y 33, ...;.an,

and their heights by hal, haz, has, .....han. The sum of the peak heights

is:

a
‘ .
ha + ha, + hag + ..... + ha or Egn h
_ : a
If the eight most intense peaks are used, their sums will be Za h_mu and
a 8
: Zal hmf for the unknown spectrum and the known spectrum respectively.

8
Therefore their correlation could be derived as follows:

Correlation = x 100 (1)

When both masses and heights of these eight peaks are exactly matched,

the correlation is a hundred, therefore the compounds are identical. In

the case of simllar compounds, the same process is repeated, but, only the

common peaks are treated and the results will be printed.
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EXPERIMENTAL

The system included an AEI-MS902 high .resolution mass spectrometer
combined with a data system. The spectra were scanned by sweeping the
magnetic field to cover a selected high-mass to Iow-mass‘range. The
voltage output of an electron multiplier-amplifier system was digitized
by an analogue to digital convertor. The output is linked to an Elliott
Data System, which consists of peak voltage profiles, recorded on paper
tape , and was processed subéequenfly. Masses were calcufafed with
reference to a known standard (perfluorokercsene). |

Description of the File

A set of high resolution mass spectral data was available (at the
_University of Strathclyde, Chemistry Dept.) on paper tape. A pfogramme
was developed to transfer two thousand spectra to a magnetic tape;
subsequently, each spectrum was normalised with respect to the base
peak (area and width are combined to give the intensity). The normal ised
spectrum was stored in descending order of mass to charge ratios (see

Appendix).

EIGHT PEAK TAPE

Due to the combufé%fime taken to make the comparison between an
unknown and the compounds in the tape, it proved necessary fo reorganize
the complete file. As a first step it was decided to keep only the M
eight largest peaks of each spectrum, or all if there were less than
eight and ordered in decreasing order of intensity. The programme wa;

written in such a manner to select the eight most intense peaks from
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each spectrum stored in the complete file.

INDEX FILE

As was discussed earlier the spectra were identified only by a serial
number, therefore it was essential to create a file containing all necessary
information, such as: name, mol.Wt. and elemenfalvcomposifion (number of
atoms of carbon, hydrogen, oxygen, nitrogen, éulphur etc.). These data
were punched on cards and a programme was wriften to read and +ranéfer
these data fo a magnetic tape. After each search the complete informafion‘

of those compounds related to the unknown was printed out.
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RESULTS
Several spectra were selected as unknown compounds without prior
knowledge of their structure. The search proceeded for +he best fit

!
against the library file.

The first compound that was used had a serial No. of (555);
according Té the equation (1), the unique peaks were calculated and
the correlation was printed out (+ables No }, 2) and subsequently the
INDEX FILE was Qsed to find out the exact structure of the unknown
mélecule. However, the final fes+ gave the same compound (CZZHZGNSOC')

for three different spectra which had been run on different occasions.
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TABLE No. | .

Unknown Library file-
Ser. No. 555 Ser. No. 4254 4258 4260
m/e | m/e | m/e | m ]
83 100 83 100 | ¥ 83 100 | *283 {00
426 89 | 426 89 *283 76 | ¥426 76

283 66 283 66 *¥426 33 | *¥366 45

366 53 366 53 ¥ 39 29 | ¥139 45
139 | 50 139 50 *366 28 | 284 3
427 39 427 39 8l 20 | 282 3
143 30 143 30 282 18 | *427 29
145 29 145 29 284 17 |*145 24
a

g:l

ag  [456 456 266 319

* The peaks which are present in the unknown or unique peak’for cal-

culation.,
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Using the equation (1) gives the following resulfsf

TABLE No. 2
Spectrum No, Correlation
Unknown | File Observed | Calculated
/;/) 4254 100 100
555 — 4258 57 58
4260 68 69
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APPENDI X

Contents

1

Programme.

2 - High resolution mass spectral data (incliuding P.F.K,).

3 - Calculated mass spectral data in descendfng order of mass to charge ratios.
4 - Calculated eight most intense peaks in descending order of intensity.
5 - Result of correlation,
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i "~i vy veqn Pl --’- “ i ' “ 2 P . - " - - - PR
CLISTING UF tUBASTZLCATLORRANTT(1/L300) FRODUCED ON  SMAYZ?S AT 16.45.07

(%]

AT Tf’ ‘éo3\!:

-

CpOUTFUT Y LISTFILE IR T:(RASIZ.CAFCORHANTT® ON SHAY?Z

pocuRCny tCUAST2 L CATEURHART f/P l"’ﬂ

STI‘*PT SCOASYe ,CAFVECRHANIT, SFHAYTS 16..:_..:.)3 TYPEsBACK®
16 (_‘5 5..: REVESINN W lffkr‘n.'l‘i,.:Si\S?z )
CAFECRNARLY

RIKSH «CL/ERBCDICSH

CCRTEXT=FORT

w.23¢§9« 5 Ai,CH : : :

FILLS ALREADY CHLINE: :FACROS.UZMSOLIDATE(R/Y 1LI7 .SURCIGUSSAF&LEI/ 24257
LIE.PRCGRAY XFIVCT/¥YLT) IS ALREADY ONLINE ' -

16,04.03 (.02 USED LRGERCY K L o

16.76.03 JOE I3 N0% FULLY STARTED

16.24.%0 L.C3 COGE GIVEN 32512 - :

|foRTRAN COMPILATICE BY #XFIY ¥K 38 ~ DATE O05/05/75° TIKE 16724718 -

PROCE 2M (M 501D o - , . ' -
IPLT3=CRU , ‘ ’ ‘

NPUT5=CR 1 o

WIPLT 6= PO

USE 7=#T/UNPCRVATTEDL (ONPLETEY/1SDD

| USE B=ECT/UIFECY(RESIRUFCAIZL12S

TREATL S=T1/UNFORMATIES(COHPLETFIZ1500
CREATE 10=EL T /UIRECTIC(RESIRYVEDADIZ128
NPRESS INTECER AKD LOGICAL

tRD

Pks1 R ¥SDH .

cOBEVILE R CHANNIL NG.S USED ARE AS FOLLOESG-

5“Cﬂ&L CEALER
f

S PEEIL TAPE READER .

b LYNE FHINTER : _

I FaGHETIC TAPELIFQ) FCA COMPLETE SPECTRA, NAME, AND CONDIYIONS

b= BaGreiiC TAPECI/O0Y FCP SPECTRAL INDEL BASED ON TEN ®OST INTENSE PE
COMHE PRCCUAN CAN FHECUTE THE FCLLOWING NUMBEKED OFTIORSO-

I STokE Tuisn SPEoTauy DX . = :

T CubEant 101 T LY )

b gorpatc ALD STORE ThiZ SPECTRUR _
b Corp, f§ AND SIOKE THIS SEFLIRUM I€ NG SIGNIFICANT SIKILARITY FOuNY
bPrinT ¢ i T AP DRARY '

c

1

. L £ SPEC LIBRARY .
QI'Pﬁif\T e eie SPF ROM THT TAPLE LISRARY

WoG-35y 1aLY5E

Wtepnint tn0rx 04 GIVPN NASS

. " ? & N Lt BT
Ty [SE A A IN & PORMAT.,

iy

- v e CT LG e P
L il i BASTER SIEL P ;
Vet PARBEN Tany, 1nd




pooy

m

SEFECTIRUM SERIAL SOL(FCOR#EAT 1E8), ANMD YHE FIRST Yy LOR LESY)Y SAIFL
INTENSITIES,AND WICTHSCFORKAT 9%X,F11.6,X,17,X, 17).

' IHE ARRAYS ARF REARRANGED TO GIVE THE TEN FOST INTENSE PEAKS AT THE T¢
CAFTER NCRFALISATIOR TC 100. CCMPERISON AMD/CR STORING TAKES PLACE.

INTEGER CFTICK,SPEC RG,SPEC NU,KC LIST(S500,2),KANECIC),COND (20),

SR hILTH o - ~ "

QEAL MASS ,IKLX 10,NEXT PK ~ T

{OREON KA S S(TLDU) AREACICGD) JINDX 10(170 3)

(PTION- AS SPECIFIED ABOVE.

CSPEC KO,SPEC KU~ SPECTRUF SERIAL HO.S (DO KCT CONFUSE wITH NO SPEC
e C WHICE STANOS FOR NUPEER OF SPECIRA). ' '

K0 LIST- A CCOMPAEISON ARKAY/WHICH IS TO CONTAIN ALL THE SPECTRUM KO.S

f‘ HAVING AT LEAST ONC OF THE TGP TEL FGST IMTENSE PEAKS AKD THEIR
k3 CCREELATICH CASED ON RELATIVE PGSITICHS FROM ONE TO TEM. -
WME - CNE CARC REQUIKED (UPTICHS 1,3,54) WHICH HAS COYPOUND NAK

~v a2
f'\
13

N B! -~ w0 CARDS KEQD. &£8 PREVIOUS HA\IHG SPECTRONETER CONLDITICH s,?rcy
EE MAFE & COND ARE ELGUIRED OKLY It STORING AMD KAY BE BLANK CR IN
gt ANY FORFAT. : '

ASS - FRSS TO CHARGE FAflCa (FORFAT F11.6 FCR PEAK)
WRER =~ ACTUALLY INTERSITY (FORFATS 17,17 FOR NTNSTY 8<wlDTH)
CINDX 10~ TLN FEAK INDEX PASED G4 TRUNTATED NMASS (ONTAINIKG ACCURA MASS

SPECTRUI KC. & POSITION OF 1HE PEAK Ih THAT SPECTRUNS TOP T Ha

%”’READ OFYICK FKOP CARDS(CIEID ALL RUNS STOP W1TH NEGATIVE GPTICN (900~

GLOCK) ; 1f PRIKT ONLY IS REGUIRED(GPTION 5 Ok LATER OPTIONS) &0TU SCG.
VEFIND FILE 8(99G,62,U,111),10(999,¢62,U0,433) '
{rerraT 18
UREAL (3, 1) PTICH
IF(epTIneE E6.9001) ¢uTe 1000
IF (opT110N 0E. 10C0) 6DT0 222
of1Le v B T .
“J.:‘l o
0223 1=9,999 A , : ) o S
AMTE(1t°1> JLl N XX ' , ) A -
S10p ‘ ' ’ ’
CRlNTINUE
B LIS EI R

MF2=(, 43
1F<0,T1‘" LAT. €Y 6070 00
W (epyies LEC. $) GOTOSGD
ﬁ(onnlmu LFG. 9) GOTO 500
ForTIon JEL. 6) GOTD £0D
RABCS, 123 <pEC NO
RMAY ¢10y :
“‘E f.f‘g(‘,‘\xg S'f';‘]"t:f.’i'_f,:"{ Ig feli ':.'[‘f,m[‘,,'\;z()ti*:’:wﬂc**ﬁa&*ﬁ*f.**ﬁ*ﬁﬁ&ktﬁ-&**-kf;a;ﬁ
MR, 2y SPEC KU
MRrat (op sppc nOLIS)




kMVIﬁG RUAD SPECTRUN SERIAL &O. FROM PAPER TAPE ,CONTINUE ON THAT KEEDIUF
“§ITH E/E, AREA,& WIDTH. THE INDEX,I, 1S A COUNT OUF THE .NO. OF SAMPLE PFEANC
| #/E IS CLQSE TCO INTEGRAL THEN ITS TEEATED AS PFK_REFERENCE PEAK. THE
CSPECTRYN IS TERMINATED BY ZERO M/AE. EREA & WIDTH ARE COMBINED TC GIVE
INTENSITY (SEE AL ﬁChnCHLAN,B-SC. THES]S‘FOR BASIS) )
BERMATCIO ,FC LT, 10,103

:JM ABOVE STATEMENWNT 13 NON STAhDARDaf***iﬁ* **t*f**********t****&*'
80 5 I1=2,10C0 .. ST )
TEEaL (5,33 1burmy PEAY,NT%STY,WIDTH

IF (PEAK .EG. 0.u) GOTO0 g

MFFCE=FQ K-AINT(FPEAK)

IF (DIFFCE JLT. OIFY .OK. DIFFCE .GT. DIEZ) GOTC &
PSS (I1Y=FPEAK

ERIDTRIIN2S

I MRERCI)=FLCATINTRSTYY 28]
‘fSWNTIubE

S

AT THIS PCINT THERE ARE MORE THAK 999 SANMPLE PEAKS. THE REST ARE
LGKCRE: £ A WAPNI ac CRINTED T4 THIS EFFECT. THE PROGREM THEN DUBELE
SORTS THE FIKRST TLk PLAKS INTU THE ¥OST INTERSE INDESCENDING ORDER,
1.E. LASS(R2Y IS THE BASE PEAK (THE PRACTICE OF bSlNG TWE FIRST ELEWE\f
T0 SAY HOW MKANY - ELEMENIS ARE VALID IS ADOPTED).

21600 )
CWHRNAT(O9HIWARNINGD IMORE THAN 996G PEAKS OR INCORRECT TERMINATOR iN

ISPECTRUM RO . ,1&) o T : T o

RITE (¢, 6) SFEC NO - T T T T

R (5,30 10UMNY,PEAR, NTHSTY,WIDTH
1F(PF#R WNE. C. O) 6CT0 7 . T
1ASS (1) = I I : - .
K 1 .- H [ . ,...'.. - P T . e — .-. - -.", - - . P - e e T A
010 J=2,11 R e T '
HXT PK=AREACS) S LT
Wy 1=4J,x _ ST

CRAREACT) S g ' :

P (A JLE. NEXT PKY GOTO 9 7 o o -

.“S‘J) SHASSCI) T

F|REACTY =mEXT PR

o WEA(J) < A _ - C L :
';Wﬂ!rbﬁ o UK T TE TR Do -
WETINUE S




AREAS (L.E.INTEMSITIES) WILL vE NORMALISED TG 100. OPTION CHECKEDC-
200 BLCCK IS COMPARISON; 100 ELOCK IS STORING. '
' BASE PK=ARFA(2) o U S
00 11 1=2,K o S T o ~
'ﬂIMEA(I)—hPEA(I)IBASE PK*100 -7 o T
5‘n (CPTION .LT. 2 .OR. OFTION .GT. 4) GOTO 100

) CONTINUE ' ’ h B T S
KO LISTCT %=1 T T T o e o T o
b0 204 1=2,9 . ) T ’ T oo
PEAK= KASS&I) ' o ST ' . )
M UVER E=PEAK - T T T
“  CALL RFAD 10(M OVLR E) o L. .
~ N0 SPEC=1KDX 10(1,1) o e - ,
IF (NO SFEC .EQ .1) GOTO 2G4 T T, . B
PO 2L3 J=2,N0 SPEC - S - T LT
KO SAME=NC LISTC(1,1) T Tor o
SPEC NU=IMDX 10€J,2) o S T
D0 202 L=2,N0O SAME - - '
IF (N0 SAME .EQ .1) GOTOQ 202
- IF (MO LIST(L,1)-SPEC NU) 202,201,202
NO LIST(L,2)=K0 LIST(L,2)+10- A95(7-1 INDX 10(J,3))
GOT0 203 . _
CCOLTINUE ST T - -
NG SAME=NC SArE+1 7 B o o
MG LIST(NC SAFE,1)=SPEC NU
MO LIST(NG SAKE,2)=10-ABS(I-1-INDX 10(J,3))
MG L1ST(1,1)=N0 SAME
¥ CONTINUE - S
$oonrinue '
FM 2041 1=7,00SAME
Yrmurstcr,2)= FLOATCNO LISTCI,2))/RE. 0*100 0

k| “f‘l‘;](??"‘l)
~W11L(b,?[5) : :
Prorrararro(ie ,10018H  SFEC C0P)/1X,10(1¢,14)/7))
L IF (o qarr. Ea .1) GCTO 211 T
CLFRITECA 290 (N0 LISTUL, 1), NG LIST(1,2),122,N0 SAKE)
* (NTINUE ‘ '
JF(OPTION LEG. 2) €OTO 2
dF (CPTION LEG. 3) GOTO 100 .
WPrIeN = 4 SC CHECK IF CORRELATION >20; IF SO DISCARD NAME & COMD
IF (40 SAME .EG .1) GOT0 1cu :
00 22¢ 1=2,i0 SAVE
I (%0 LT8TC1,2)Y L6T. 200 G60TO 22177
WCNWInlL '
0T0 100
ChyIngE !
foro 2




) COKTINUE

[ IF (CPTION .EG.
B FORYAT (1CRE)

& KEAD (7 .FAD=103)
6010 1C2

& onNTIKUE
BACKSPACE 7

111 FASS (1)
XX AREACT)
CWRITE (¢ISFEC NO,NAME cowu,lxx XXX, (MASS (1) ,AREA(I) 172 ,K)

& CORTINUE

ENDFILE 7

REWIND 7

SPECTRUM INSERTED IN COMPLETE SPECTRUM LIBRARY,NOW UPDATE TEh
b0 13C 1=2,9 ’

K OVFR E=NASS{I)

—CALL READ J0CF OVER E)
K0 SFEC=INCY 10(1,1)+1
WMD) 10(T,T)Y=NC SPEC o
CINDX JC(NC SPEC,1)=MASS(I1) . ' o
IKDY 1L (MC SPEC,2)=SPEC KO T ’ :
IDX 10€LC SPEC,3)=1-1 i
C60TO j26

THE FOLLOWING WERE IN
FM=#QVFRE - 1

b 125 J4=1,

v'SREhD( )

VRITE (&) {CINDX 10(C1,3),d=1,3),1=1, hO SPEC)
KEWINLD &

®INT1E 10y 10 (1,1)

CINTZ=INGX 1C (1,2)

ANT3=100x 16 €(1,3)

WRITE (&*N¥QVERE) INT1,INT2,INTS,
Ao 101 J),J—1 3),11=2,8C SFEC)
WONT I UE

6010 2

£)60T0 200.

THE ORIGINAL

{ }xx:&u&' ,
PEAD(2,1) SPEC NO

L ¥ (6,5167 SFEC NO

WEar (7. rau=514) SPEC LU, NAME,COND,L, A, (¥ASS (1), ARFACI), 1=2,L1)
1 IF (spec MU UNE. SPECL N0) GOTO s10
B TSR

PEAK 1NDEX..

L




=L
2
(1 .EE. K) E0TO 540 ;
1 )
, = MASS (1) ~
$1p1 = 141 o
M6 539 J = IT1,K
IF (FASS (J).LE. EIG) GOTO S3
BI6 =FASS (J) L F \
L= ’
M ONTINUE o
?4; (I .EG. L) GOTO 542 B
| KASS (L) =¥ASS (1) ' N i
BASSCI1) = EIC T ‘ ' :
1EE = AREA (1)
| REA (1) = AREA(L) - Py
ARCA (L) = TEw®
$1= 141" -
(0T0 533
(ONTIHUE - ' AR T
Zva TCIH 64704 BIE Y )/6(F13.6,F7.2))

AL=(K44)/7¢
WRITE (4,512
b0 518 L=1,kL
=049
NI=TIT+5«80 )
W!F(JtJ LE.K) GO Tt 518
I EN RN
&GMO YIT7 -

REWIND 7 _

(010 2 - . .. . PRI . - -
Mhewine 7 T e “
BHRs AT (13H1SPECTRUN no.,za 11H NCT STGRED)
BIREAT (6CF13.4,F7.2)) ° 0 T

BIRVAT (SHISFEC NO,18)

© | BRITE(6,515) SPIC NG

. sero 2

PRITE (6,513) (5ASS( Kh) “REACKKKY ,KKK=III,JJJ NL)



”inwwrlwue

1 Reap (3,1) SPEC RO -
WRITE (6,613) SPEC NO
MIREAD (7 ,EKD=€14) SPEC NU,NAME,COND,L, A, (KASS(I),AREA(L), 1= 2,L)
FoIF (SPEC NU .NE. SPEC NO) GCTO 610

JROREATIIHT, PSPECTRUM NG.%,110) - e
QECR*AT(TH . 20H K/E 1T L1000 F13.G,F7.00)Y

| BRITE (6,612) T et - -7

B0 613 1=¢,9

IFASS=VASS(I)

CTAREA=ARE ACI)

FAVRITE (6, €16) INASS, IAREA
b FORiCAT (1v 110> '
CREMIND 7

é

HdIhD 7 N
B POk ATC(12HISPECTRUN NO.,I& 11H ncT SIORED)
WRITEC(E,615) SPEC KO
(016 2

Yonvanue
BroRrAT (10AR)T
Kiero (7, ent=6C3)
16010 "¢C2
evyrnue

R S O
o(?) 11
MASS(T)
AREACT)

TEC?ISPEC MG, hAME COl‘\h III XXA ("ASQ(I) AREAC(1), I 2,;1)
0104 : )




W CONTINUE

| rewIND 7
(CREWIND 8 IN CRIGINAL

boCaLL EXIT .

BV READ(3,12) ¥ OVER E

FCALL READ 1CG (M OVER E)

WRITE (6,1001) ® OVER E°

. L=INDX 1C(1 1)

“IF (L.EG.1) WRITE (6, 1002)

“IF (L.EQ.1)Y GGTO 2

D0 1604 I=2,t '

“SPEC NO =INDX 10(1,2)

CLIPOS= INDX 1G(I,3) - T :

- MWRITE (6,1C03) 1NDX 1C0(1,1), SPEC NO, IPGS
PEoRyAT (1w LF20.6,2110)

60 TO 2 .

FHREAT(® INDEX FOR MASS',I10)
FORFATC(® KOTHING THERE')

END ’ .

fa=3

?W;1075, NAME  MSDH

MWBROGUTIKE READ 10{¥)

REAL *ASS, INDX 10

OxrGr MASSCI0GU0D, ﬂnEA(TUL“) IhDX 160176,3)
| 6ote 2 ,

THE FOLLOWING MERE IN THe ckIGINAL )

Bz 4 T e
101 1=1, - - T

NReap (o) T ‘

L RERD (Y L LOCINDX 10(1 J) J 1,3),I=2,L)
':?Rm-w“u K >\ (CYLDX 10(1 3 ,9=1,3),1=2,L)
X ¢ 1) L

KD X 15(.,2) K .

RERILD & Ix THE GRIGINAL
RETUR K

END




éZZZZZ"ZZZZZl‘ZZ],ZZ/_?ZZZZZZZZZZZZZZZZZziéZZIZZZZ'Z/.ZZZZZZZZZZZZZZ.‘.'IZEZZZZZZ
JLISTING GF sCbASTc MASSDATALYYS) PRODUCED Oh 19NARTS AT 15.37T.03

HOUTPYT LY LISTFILE 1IN ':CHAST2.TELEBOK® ON  TFAY?S AT 13.54.02

POCUMENT MASSDATA
G 4242
1 1334 366.295837 624 36
2 134 265.291588 2843 54
3 135 264 .281739 560 26
4 136 363.276313 1151 40
5 146 347.261663 1368 40
¢ 154 2372.259510 462 29 -
7 161 221.262437 400 25
¢ 162 220.236279 1177 L4
G 169 306.216921% 34 43
1C 171 305.211841 773 © 40
11 172 3(03.226639 375 24
12 174 302.225009 16€8 49
13 18% 291.228025 1622 48
14 18% 290.226627 7224 69
15 184 289.216100 1450 46
16 185 267.20G1733 1428 L4
17 T8E 285.219292 630 30
i 189 284.214152 1773 46
K 196 273.216419 533 34
20 197 272.212072 3827 58
21 198 271.205649 5868 61
22 199 270.197539- 374 21
23 201 269.190915 910 . 38
24 209 258.195309 461 25
25 . 210 257.190682 1914 48
2¢ 214 254 .203011 1651 49
27 215 25%.195221 2609 53
28 224 239.1&0106 792 . 36
26 230 229.160060 250 25
30 232 226.172291 521 29
31 240 213.164U8°2 1452 51
32 2435 211.149002 £%6 31
33 250 199.142960 . 735 38
34 252 198 .1359530 282 21
35 254 197.132469 8§31 44
36 256 165.138950 587 32
37 260 169.12%631 381 28
38 263 185.134102 628 38.
36 264 18%2.120031 L44 26
45 270 176.135192 €35 42
t1 0 271 177.12&8052 1460 49
42 272 176.119529 576 34
43 273 175.147651 863 40
44 274 175.111735 659 34
45 276 1761604661 577 36
46 27¢ 173.132370 , €95 34
47 279 172.121790 206 20
4§ 260 171.117561 1076 47
L5 7 2e?2 166102408 452 34
50 286 164.929671 712 38
51 282 163.711e11 1100 44
¥ 291 162103220 269 20
% 293 161 .13250 C 1450 59

ba 294 161095208 P35 45



5y

5¢
57
58
59
6L
61
62
635
64
65
66
67
6
6
7C
1
72
73
74
‘5
¢
7
(&
79
&C
81
82
g3
84
85
8¢
87
&8
89
90
21
92
93
94
95
9¢
97
G&
99
160
101
162
103
104
105
10¢
107
108
109
110
111
112
113
114
115
11¢
117
118
119

Y

PSS}
296
297
29¢
201
505
3G7
308
309
3¢
311
312
313
315
31¢
218
320
327
324
326
327
329
330
331
333
535

337

338
339
340
U
4176

42 .

43
47
53
59
61
68
6¢
ras
73
I&;
83
&8
¢
U
G4
ge
G?
101
103

105

106
107
109
110
111%
117
119
12 G
127
127%
12 %
127

1:0

Tlol.122941
156.11670L%
1% .109080
157.1061742
155.085G353
150.104620
149.132391
149.(95570
149 .050121
166 (23620
165 .1231%0
147.3116561
1647.079491
146 .108468
145.10142C
144 04089
1643.085¢11
137.056050
136 . 089609
135.117¢02
135.0814&0
134.109241
136 .027601
133.101922
132.093300
131.085910
130.076610
129 .070702
128.C63%60
127.G18771

p.CcoouGo

357.275162
356.271641
332.261361
323.735¢48
301.255913
299.236938¢
265.221212
284 .246711
283.242031
281.22712¢C
272.213588
259.205549
ch7.201169
246 .1558209
245.1e9¢€¢€3
261.145731
¢39.17963¢
237.162931
237.1¢102¢2
231.1760<

230.1¢3275
£29.193163
229.160000
228.158070
227.1805¢4
225.164291
217.1592358
215.1417891
V6 106160
213.1¢35%31
217.155%43
Z1i.147011
cU9.13355352

201164602

Téeld —

26U
255
1578
251
320
3321
¢07?7
779
1591
c664
vlbh
3&0
3478
3C&0
1222
1623
634
110

1485

709
1192
987
3422
733
3105
280
85
408
371

2G73

7595

1235

1169
1328
1407
5474
’&0
4288
1155
79
710
1445
¢102
1049
1210
€96
€60
€54
1642
743
G32
21G8
SC37
G20
¢36
3&5
L7C
2151
tedl
534
149¢
372
£,

g g

57

55
48
22
25
63
36
44
52
69
74
22
65
59
41
53
32
43
52
36
57
44
71
36
63
20

43

27
27

54
76

45

41
42
47
26
34
58
39
38
31
47
67
L4
49
37
32
38
47
34
31
47
60
39
24
22
26
56
64
26
L2
23

[



[
12°¢
125
124
125
12¢€
127
128
124
13C
131
132
133
134
135
138
137
13¢
139
14C
141
142
143
144
145
146
147
148
146
15¢C
151
152
1532
154
155
156
157
158
159
16C
161
162
163
164
165
166
167
16¢
1669
17¢C
171
172
173
174
175
176
177
178
176
18¢C
181
182
183
1854
1&5

<.
[N

O
i34
136
140
141
143
145
146
151
15°¢
1%5
154
156
158
159
160
16¢
166
167
171
172
173
174
175
177
179
R

183

184
18¢
is7

. 189
191 .

193
194
195

C19¢

15&
199
201
20¢
204
206
208
209
210
211
215
215
216
217
216

215

221
2¢3
224
226
et
22y
251
237
233
254
235
230

57

CUL w t DU LY

199 .1489 1

197.135631

1869.163559
187 .149621
186.140100
185.133469
1863.117439
177.16367C
176.120522
175145782
175.11265C
174 .138919
173.133621
172.124401
171.11754%2
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CHAPTER  FIVE

The Anlysis of Mixtures

INTRODUCT I ON

While the elucidation of the electron impact mass spectra of individual
compounds has been extensively studied for about fifty years, studies of

mixtures have remained relatively neglected.

This problem, that of analysing hixfures of compounds, alfhoughl_
difficult, has received some attention in the past by Barnard (225). The
 first succeséfu! approach was reported by Meyerson (226), this repre-
sented the resolution of the two components of a binary mixture., It was

also suggested that by extension of the same technique one could resolve

a ternary mixture,.

The next approach was made by Monteiro and Reed (227), using a rather
different method, These authors discussed the probiem of analysis of a

four component mixture,

The matter was re-examined by Halket and Reed (228, 229) in a series
. of papers and it is now further extended with the aim of finding a
method whereby the number and type of compounds contained in an arbitrary
mixture can be determined. Once the number of components has been

determined, the individual spectra are dissected from the combined data.

THEORETICAL .
The mass spectra of n pure compounds may be used to form a mixture

array. This is done by mixing four mass spectral vectors, (A' A A ),:

2‘.0000 8
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(Bl B2 cenee 88) etc., Togefhef; each vector has eight elements (peaks).

N

The mixture array M, is formed by mulfiplicaTidn of the following matrix:

Xa| Xbl X I Xdl \ ('MII Mip eeeee Mg )
2 |
Xa %o KXo X4 ( A Ay een Ag Moy Moy eeees Moo
2 "2 "2 "2
B'l Bz LN ] 88 - . . R
X
CI CZ oo C8 R . .
DI Dz LN ] DS . . .
Mar Maz Mag
Xa _Xb Xc Xd g
4 "4 "4 "4 . }
/
X A "
The elements of X are the composites of this matrix, elements M|| consist
of:
Xa . AI + Xb . B' + Xc . Cl + Xd 'DI
and the element MIz is:
Xa.A2+Xb.BZ+X ,C2+xd_02

etc., so that, the first mixture spectrum is formed by mixing the four

spectra of matrix A together in relative amounts given by the first row

of mafrlx X o The second mixture, (M2l M22 csans M28)’ is formed by

mixing according to the second row of X, and so on. The four spectra will
<

then be mixed up linearly within all four mixtures spectra. |f the rows

of X are all linearly independent (230}, then the rows of ﬂ_will be

different but only four of them will be linearly independenf. it is

assumed, of course, that the rows of matrix A are linearly independent,

_like mass spectra. The rank of fhe_mafrix, M, is then four (227, 230)

and

A

this may be determined experimentally by well known methods (231),
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Calculation of the eigenvalues from the above matrix gives the
humber of components in the mixture, VaEious methods of computation
.were used by Halket (232) to analyse some mixtures by mass spectro-
metry. He identified the unique peaks by different subroutines and
isolated the spectra of each component but, he noted that his results

indicated the presence of some apparent impurities.
The present investigation reports the extension of the previous

sfudy; firstly to identify the origin of the extra products, secondly

to clarify +the mechanism of their formation.

EXPERIMENTAL

A four component mixture was prepared by mixing together equal
weights of N-methylmorpholine, cyclohexanethiol, n-nonane and p-xylene,

and was analysed in a mass spectrometer,

The spectra were obtained by the following method: The sample (0.6 ml)
was Introduced via the cold inlet system and de-gassed with liquid
nitrogen in the usual manner. The fractionaticn technique was employéd
wifﬁin the mass specfrometer itself. The spectra were immediately
vfsible after adjustment of the gain control. A series of épecfra
were taken at a constant monitor pressure. Spectra were recorded at
about 45-minutsintervals until some fourteen spectra had been obtained

(table No. .1) and the sample was exhausted.

The experiments were carriéd out upon a GEC - AEl MS 902S with a

source pressure less than IO-5 Torr, and source temperature of ISSOC.
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Measurements and Computation

A series of 39 peaks common to all were selected and analysed for
the eigenvalues . The number of these indicates the number of compounds
ﬁresenf; in thls instance. The result of this calcuiation is shown in

the following table.

TABLE No. 2
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The next step is fo derive their spectra. These results are now shown

in the following table.

TABLE No. 3

o
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I+ is of some considerable interest Tp note that the number of
compounds deduced ié greater than the number incorporated in the
initial mixture and it is important to isolate the extra new spectra
and, If possible, to identify the compound(s) which give rise to

them.

As the original four components are known, so also.ére their
mass spectra and thus the original conponents can be identified in

the mixture analysis as is shown in the following table.

TABLE No, 4

1
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In practice the resolved spectra are only a fraction of those
reported for the pure organic compounds and an extra product which

was [solated is as folliows:

TABLE No. §-
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Using the published work on the identification of the organic
compounds from a data bank (233) an attempt was made to match the
present spectra to those in the library file.

The search was carried out, but no satisfactory result was obTainedf
It was assumed that these products could be a mixture of some ions or
molecules which does not exist in the file, therefore their structure

. cannot be identified,

However, it was decided to employ a high resolution technique and

investigate the origin of the extra product.
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Mechanism of the Formation of Additional Products

The second approach is to clarify the mechanism of the formafion’
and the origin of the extra products. Use was madé of a high resolution
mass spec?romefér (MS 902) combined with a data system by which it was
possible to resolve all the ions and to print out the eremenfél composition
of each individual fragment together with its accurate mass. The experiment

- was repeated by analysing the same mixture in different concentration.

Table No. 7
Name - ‘ Wt %l Mol . Wt. 5.p;'C'
n-nonane 35 128 | 150
p-xylene 30 106 138
‘ cyclahexanefhiol I5 116 158-60
N-methylmorphol ine 20 ol 1156

Mixture No. 2 run at Strathclyde University.

Ten different spectra were obtained on paper tape and fransferred
to the printed format (see the Appendix).
| ¢
I+ may be helpful to observe the separation pattern of each
component of the mixture measured under the same conditions to specify
the contribution of their ions produced by elecfron4impac+, and sqb-

sequently to trace the formation of new products (table No. 8)
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The Mass Spectra of a Single Component

| -~ N-Methyimorpholine

The maSS‘specfrum shows intense peaks at 42, 43, 71 and 10l,
the structure is similar to those of related analogues (234). The

following pathway can be assumed for its breakdown:

+.
i
. N |
,kJ ————  CHO+ C4H9N+'
. N
o1 | 30 71
,////f/;f”7CZH4 * CZHSNt
C4H9N" y
T CHN' + '03H7
28 43 . baée peak
2 - p=Xvlene

Fragmentation of p-xylene has been studied by Meyerson and Rylander
(235): the formation of a tropylium ion was suggested.

CH At + .

810 ——T———e C7H7 + CH3 .
106 9l 15

The other significant ions are at m/e =105, 79, 78, 77, 65 and 39,

which are a mixture of carbon and hydrogen.

3 - n=Nonane

The fragmentation patterns of aliphatic hydrocarbons are wel |

established (236). Groups of peaks occur, spaced fourteen mass units



apart, (corresponding to a difference of CH2 -). In the case of n-nonane

the base peak occurs at m/e = 43, The other intense jons have the general

+ . +
C H6’ etc.

. )
formula of CnH2n+ I and CnH2n+ e.g. C5HII » Cq

4-Cyclohexanethiol

Separation of *SH and °*CSH radicals in the mass spectra of sulphur
compounds are relatively common (237). An abundant ion at m/e = 83 could

be the result of this cleavage.

+

- H )
~N 7 N" .
/'\SH————a (\/l + “sH
116 ' 83 33

Decomposition of the ring yields the base peak at m/e = 55, and

this is suppoffed by the appearance of a metastable ion, at m/e 36.3.

+, . . .
N |
.t 5 + ’ : i =
l\/} T Gy G e o

83 v .28 55

1z




Table No. 8

N-Methy|
m/e n-Nonane p~Xylene Cyclohexanethiol
Morpholine

27 14,17 9.10 6.29 18.33

28 | 32.50 — 20,50 28.50 20,50

29 22.38 5.34 2.31 10,33

30 3,00

32 8.00 5.10 7.20 5.20

39 8.20 .44 9.60 121,66

40 2,98 206 1.3 5.83

41 35.87 6.23 3.31 59.16
T 42 14,17 44,90 . 4,30 5.00
43 100.00 100,00 12,91 © 8.33
a4 4.30 9.67 1,13 1.65

50 ' 430

51 | 12,25

52 : | 6,29

53 B | , 3.9 10.0

sa .60 36,65

55 13,14 .40 0,66 100,00
56 . 20,15 6.68 1.15 6,66
57 88.05 1.60 >3.64 3.35

58 4,47 .87 - 3.83

60 - | - 10.80
63 4.30
65 R : ' 6.29

67 | ‘ + 83.50
. 68 T L . 5,00

69 487 ) o 3.35

70 15.67 4,54 0.66

I3



Cont. Table No. 8

. N~Methyl .
m/e n=Nonane p-Xylene  Cyclohexanethiol
Morpholine
71 | 23,13 26,73 2.64
77 14.56
78 6.95
79° | , 6.80
81 - . 12,45
82 - ' . 85.00
| 77.50
10,44 | : | ~ 5.85
31,34 0.55
ST | » T 100.00
92 | .- 8.60
98 4.47 ;
99 31.34. .
101 58.28 - .7.20
103 ' 6,95
104 o 4.30
105 - 36.40
106 . T 77.45
107 | . 7.25 '
| 51,60

14.18
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Résulfs and Discussion

To interpret the mass spectra of this mixture it was considered to
distinguish the extra products from the collected spectra,(see Appendix)

and classify them in different groups (tablesNo. 9, 10)

The results observed show the occurrence of some synthetic reactions
in the mass spectrometer. In view of the low ion source pressure, the
occurrence of ion molecule reactions is more likely fo be dﬁe to surface
‘reactions than to reactions occurring in the gas phase.-For instance the
fbrmafiqn of I;penfanefhiol ion (table No. 9) could result from the

reaction of +he following species:;

+ . +,
C5HII + *SH ———y C5H|25

The above assumption may be rationalized to include homologous
series, such as n-propylmercaptan, n-butylmercaptan, etc. However, a

general formula can be derived as follows:

+ . +.
CnH2n+l + 'SH CnH2n+|SH
The same argument may be extended 1o unsaturated molecules, or
sequential loss of hydrogen atoms from saturated ions could be the

origin of these species.

The formation of aniline or Its isomers may be due to a reaction

between the folliowing ions:

+
NH
+ ’ + or (&~ s 2
CoHg™ + CHN ——— CgHyN

™
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Table No,9

ldentified extra Compounds

Molecular

[

No. | Name formula Mol .Wt.
B Ethy Imercaptan C2H65 62
2 Allylimercaptan C3H6S 74
3 n-Propy Imercaptan C3H88 76
4 n-Bu*yImercapfan C4H|OS 90
5 2- or 3-Methylthiophen CSH6S 98
6 Pentamethylene Sulphide CSHIOS l62
7 |-Pentanethiol ’ CSHIZS 104
8 Aniline | 06H7NA 93
9 | n-Propy! aldehyde C5H 0 58
10 Benzaldehyde C7H60 106
I Benzylalcohol C7H80 108
12 Butylisocyanate CBHQON 99
13 2-Methylthiazoline C4H7NS | | 101
14 Ethyl 2-hydroxyethy! Sulphide C4HlOOS‘ 106
15 Z-Oxazolidinefhjone_ CSHSONS 103
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Protonated lons

Table No, 10

!No. Formula Mol .Wt.
|| CHS 50
2 | CHS 64
3 | CgHgS 78 '
4 | CH .S 106
5 SNHS 51
6 | C,HgNS 79
7 | CgH NS 93
8 | C,H NS 107
9 | CHEOS . 66

10 | C,H,,08 108

17
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It is clear that the above molecule cannot be a'fragmenf of N-methyimor-
pholine, therefore, it must have other origins.

/

The identification of the ion C7H60+ as arising from benzaldehyde is

supported by the intense ion at C7H50 as expected for loss of °H.
2H '

CHOW  — "  C,HO" or PhC=0"

4H7NS)+ at m/e = |0l represents

the molecular ion of 2-Methylthiazoline or its isomers which can only

The formation of an infenée ion (C

be the result of synthesis in the ion source.

+ . +,
CBHGN* + C°SH ———ouy C4H7NS

The presence of a significant peak at m/e = 106 is characferiéfic
of the molecular ion of ethyl 2-hydroxyethyl sulphide (C4H|OOS)+. I+
seems that the formation of this molecule is very iow and is completed
only after several hours. The prominent peak at m/e = 03 shows the
molecular ion of 2-oxazolidinethione (C3H50NS)+ with the intensity
of 9.6% of the base peak. The formation of this prcduct may be the
result of the following reaction:

+ , +
CZH4QN f CSH ———— C3H5ONS

The interesting products are some protonated ions (table No.)o)

with the formula of CZHQNS, CSHIINS and C4H|3NS and the following

reactions may account for their presence.

: , +
+ . .
C,H + “SH + NH3 — C4H'3NS

49
’ + o, _— . _ +
03H7 + VSH + CH2N + Hz + H e—— C4H'3NS
’ + . +
CyHg + SNHy" ———— C,H NS

18



On further bombardment these products could 656 ammonia to give

_C4H|OS, CBH8S and CZH6S’
The experimental method showed that fhe resu!fs were affected by

variation of the concentration of the components, this was supported

by the absence of the molecular ion of cyclohexanethiol in the second

" experiment, but it is significant in the first obServafion (tabie No.l ).

On the other hand the sulphur products appear at run six, These may

be due to an adsorption of cyclohexanethiol and subsequent desorption

after a few hours.

In the case of the other three major componenfs; their molecular ions

1 4

are quite intense, but vary from run to run. (Fig. 1).
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