g

b (" i ’> |
/.’/ . 1 |
‘ g P"' i I,.‘_,-..\‘-—m- ‘npvdohw-‘obmﬂbv‘oh \’/ —— \,/ " \9’ o \?/ Cotomss ?/ /‘@ :

PRl ] {il i




XS AN O DS EXS XSS AXH
L, W et G- —c— e e e o B - ~<om— ‘5%‘ Ité i 4 b4
SE 0 S, ¥ ST L O ST ¢ ST ST W ST, P ST O (S5 2V ST = W ST 8 ST S ST S ST e A

e ] e ] i
@ ASUNET

Al

M
&
- o
e

o

Slaglea
iy

-

.....
Bt e
oa

3

o S |
@ ASUNET

vy
adl
e

L
alad




\-Q»MPW.»_)@(.“)@(_”—)@(_‘O— =

ity Saaly (g SN (3

Lo

it

by Lol ad Al Balal) ()f aulind) Al s
it Al (90 cisel B DY) o1 o

i | o el | A
@ ASUNET

Qiua.:

4 &
DL 0 Iy ADEY) 038 Jadal

%ot =¥+ O dgad Ayl Agsia Y010 (e Bl dage
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

@

)

=

e O oyl W o

@




A==

et ] e
@ ASUNET
o

—— W—-‘OW—-

-

O

E: —:o%—-o-—ﬁ—-oh—m—c‘ﬁ‘c n-vqo)—-
/ > X 7

e’




O

2 -

a . 7
7 Nt

e )

pP—

—
e

N

&=
O e

—_— p— =
O - -
S
X -

—

=
——

7

O —

-4

—_

N

N
—_——

—-—

==
4




ZAGAZIG UNIVERSITY
BENHA BRANCH
FACULTY OF SCIENCE
PHYSICS DEPARTMENT

MASS SPECTROMETRIC STUDY OF IONIZATION AND
FRAGMENTATION OF ETHYLAMINE, DIETHYLAMINE AND
TRIETHYLAMINE USING ELECTRON IMPACT TECHNIQUE.

BY
MOHAMED ABDEL FATTAH EL-DESAWY
(B.SC. PHYSICS)
Atomic Energy Authority, Cairo , Egypt

THESIS

SUMITTED IN PARTIAL FULFILLMENT %
FOR THE DEGREE OF M.SC. (PHYSICS) “Scauie®

From

FACULTY OF SCIENCE
ZAGAZIG UNIVERSITY
BENHA BRANCH

Under Supervision

Prof. Dr. Moustafa E. El-Zaiki Prof. Dr. Magd El-Din Fahmey
Prof. of Nuclear Physics Atomic &Molecular Physics Division,
Physics Department, Nuclear Physics Department,

Faculty of Science Atomic Energy Authority.






ACKNOWLEDGMENT

This work was performed in the Molecular Physics Division of the

Nuclear Physics Department, Atomic Energy Authority, Cairo, Egypt.

I wish to express my deepest thanks to Head of Nuclear PhySics
Department of the Egyptian Atomic Energy Authority and Head of Physics
Department Faculty of Science-Zagazig University (Benha branch), for

their encouragement interest.

Special thanks to Professor Dr. M.E. El-Zeiki Faculty of Science
Zagazig University (Benha branch) for continuous support and for

encouragement interest during the course of this work.

I would like to express my deepest thanks to Professor Dr. Ezzat
T.M.Selim, Nuclear Physics Department of the Egyptian Atomic Energy

Authority, for his great efforts in illuminating the discussion.

Thanks also to professor Dr. M.A. Rabbih, Nuclear Physics
Department of the Egyptian Atomic Energy Authority, for his great efforts

during discussion.

I would like to express my gratitude and appreciation to Dr. Magd El-
Din Fahmey, Nuclear Physics Department of the Egyptian Atomic Energy
Authority, for his great efforts for suggesting and supervising this work and

also for his valuable guidance and illuminating discussions.



CONTENTS

ABST RACT . ...t e e

CHAPTER 1. INTRODUCTION AND AIM OF THE WORK

IR 515 50 10 10101510 ) o DU
1.2, AIM Of the WK . .o e ettt ettt rineerananan

CHAPTER 2. THEORETICAL CONSIDERATIONS

2.1. Ionization and Dissociation by Electron Impact...................
2.2. Ionization Near Threshold .............c.coiiiiiiiiiii
2.3. Frank-Condon Principle ..........coooviiiiiiiiii
2.4. Quasi Equilibrium Theory (QET)..........ccooiiiinn
2.5. Thermochemical Consideration.................ooovivnviiiinann. ..
2.6. Metastable Jons........coovviiiiiiiiiiiii e
2.7. Energy Partitioning...........cocoiiiiiiiiiiiiiiiiiie

CHAPTER 3. METHODS OF DETERMINATION OF IONIZATION

AND APPEARANCE ENERGIES

3.1.Electron Impact Methods............coooiiiiiiiii
3.1.1. The Retarding Potential Difference (RPD) Technique.........
3.1.2. Techniques Using Electron Energy Analyzers..................
3.1.3. The Analytical Methods.........ccoovveiiieiiiiiiis
3.1.3.1. Derivative Methods........c.ccoieviiiiiiiiiiiiiii s
3.1.3.2. Energy Distribution Difference (EDD) Technique............
3.1.3.3. Inverse Convolution Method..............c..oviiiiiiiiin,
3.2. Photo Impact Techniques.............ococviiiiiiiiiiiiiine.n.
3.2.1. Photoionization Technique.............c..cooiiiiiiinn
3.2.2. Photoelectron Spectroscopy (PES) Technique..................
3.2.3. Coincidence Techniques..........ocovvviiiiiiiiiiniiiinninnenn

J—

W

10
12
14
15

18
19
20
22
22
25
27
32
32
33
34



CHAPTER 4. APPARATUS AND EXPERIMENTAL CONDITIONS

4.1. Conditional Features of the Mass Spectrometer................... 35
4.2. Vacuum and Inlet System...........c.coevviiiiiiiiiiiiiiiiininn 36
43,100 SOULCE. ....viiitiiii e 38
4.4, Ton DEteCtion. ..c..vineiiiiiie e 41
4.5. Operating and Measuring Conditions.................ccoevennen.. 41

CHAPTER 5. EXPERIMENTAL RESULTS AND DISCUSSION

S LRESUIES. et e 44
5.1.1. Treatment of the Directly Measured lonization Efficiency
Data. .. e 44
5.1.2. Calculation of Kinetic Energy (T s) Release Values........... 45
5.1.3. Theoretical Calculations.............ccoceviiiiiiiiiinniiinnnnann, 46
5.1.4. Tabulation of the Results............c.ocoiiiiiiiiiiiiinnnnen.. 46
5.2, DASCUSSION. 1.\ttt ettt e 68
5.2.1.Fragmentation @~ of FEthylamine, Diethylamine and
Triethylamine...........c.ocoiiiiiiiiiiiiiii i 68
5.2.2. Molecular [on........coevuiiiiiiiiinii i 72
5.2.3.[CH,N]" (m/z=30) Fragment Ion Obtained from Ethylamine,
Diethylamine and Triethylamine.....................cooii 75
5.2.4.[C,H¢N]" (m/z=44) Fragment Ion Obtained from Ethylamine,
Diethylamine and Triethylamine...................cooiiiinin 81
5.2.5.[C;HgN]” (m/z=58) Fragment Ion Obtained from
Diethylamine and Triethylamine................ccooviiiiin.. 87
5.2.6.Kinetic Energy Releases and the Structure of the Reactive
Metastable Fragment Ions...............ccooiiiii. 90
REFERENCES. ...ttt e raeae e e anennas 93
ARABIC SUMMARY ... e



ABSTRACT

A mass spectrometer of the type Atlas CH-4 is used in combination
with deconvoluted first differential (DFD) technique in order to investigate
the ionization efficiency (IE) curves for molecular ions [C,H;N]™ ,
[C4H; N]"  and [CeH;sNT™ as well as [CH,N]", [C;HeN]" and [C3HgN]"
fragment ions produced from the three molecules, namely ethylamine,
diethylamine and triethylamine. All the studied IE curves are measured for

about 3.5 eV above threshold.

The relative intensities of the prominent ions in the mass spectra of the
three amine molecules are reported at 70 and 14 eV. The effect of
branching groups on the intensity of different fragment ions is discussed.
Metastable peaks associated with formation and fragmentation of the
studied fragment ions are also reported, and the kinetic energy released

(To.5) values associated with these processes are determined.

The values of ionization energies at threshold are measured at
8.95+0.07, 8.1530.08 and 7.63%0.07 eV for ethylamine, diethylamine and
triethylamine, respectively, and are explained as due to removal of one of
lone pair electrons of the nitrogen atom. Also, higher molecular energy
levels have been detected in the ionization energy (IE) curves of the
molecular ions of the three molecules and some of these levels are
compared with other works. Appearance energies (AE,s) of the studied
fragment ions are measured and reported at threshold and possible
fragmentation processes for the formation of these ions have been

suggested.



Modified Neglect of Diatomic Overlap (MNDO) calculations have
been carried out on the three precursors to calculate the charge distribution
on different atoms in order to inierpret some of the fragmentation

mechanisms.

Thermodynamical threshold (AE. ) values are calculated and used
together with AE data as well as ki:ctic cnergy released (Tys) values in

order to shed some light on the structurc of the studied fragment ions

The results may indicate that at threshold [CH4N]* (m/z = 30) fragment
ions obtained from ethylamine are for~ed with methaniminium [CH,NH,]"
structure whereas the ions are formed trom diethylamine and triethylamine
with methylnitrinium [CH3NH]" structure.  The [C,HgN]" (m/z =44) ions
generated from ethylamine and dieti:ylamine at threshold are formed with
ethaniminium structure whereas the .. formed from triethylamine with
B-aminoethyl structure. The [C;HgN; (m/z = 58) fragment ions formed
from  the diethylamine and wiethylamine at threshold with

ethylmethaniminium [CH;CH,NH=Cr..| structure.

Finally, the Kkinetic energy rc.case (Tps) values associated with
fragmentation of metastable [CH,N] . [C,HgN]" and [C;HsN]" fragment
ions allow the following conciusion (i) The metastable [CH,N]" ions
generated from the precursors appear t.. undergo loss of H, from a common
structure. (ii) The metastable [C,HgN; ions generated from the precursors
appear to undergo loss of C,H, from a common structure or mixture of
structures. (iii) The metastable [C;Hg.- ' ions generated from diethylamine
and triethylamine appear to underg. loss of C,Hs from a common

structure or mixture of structures.




CHAPTER (1)

INTRODUCTION AND AIM OF THE WORK

| 1.1 Introduction

Mass spectrometry is one of the most successful and powerful tool for
identification and structural analysis of organic compounds. The basis of the
success of an analytical application of mass spectrometry is still the observation
of the fragmentation of ionized and energized species in the gas phase . The
essence of mass spectrometric structure analysis is the requirement that the
fragmentation obey the rules of the reaction mechanisms developed for other

types of organic reactions'’).

In mass spectrometry the fragmentation of molecular ions consists of a
series of competitive and consecutive fragmentation. The structure elucidation
needs some information about the path along which particular fragment ions are
formed and also how many fragmentation steps are involved in their formation.
Information concerning some individual steps involved can be gleaned from the
observation of metastable peaks® .

For the evaluation of critical energies (g,) and heats of formation (AHy) of
gaseous ions commercially available electron impact (EI)mass spectrometers
may be used. One of the significant sources of errors in the measurements of
ionization energy and appearance energy is the energy spread of electrons
obtained from the heated filament and this effect can be overcome by using a

suitable deconvolution methods®™®.



Amine spectra” tend to be more complex since it is possible to have three-
side chain on nitrogen atom. The nitrogen in amines strongly influences the
fragmentation pattern observed for this class of compounds. This is due to the
low electrophilic character of nitrogen in molecular ion; the nitrogen readily

shares its odd electron during homolytic fission of adjacent bonds®. A very
important fragmentation process is cleavage at the bond [ to nitrogen atom, with

positive charge remaining on the nitrogen-containing fragment.

Inspection of the published work done on the mass spectra, ionization and
fragmentation as well as structure elucidation of fragment ions obtained from
ethylamine, diethylamine and triethylamine show that:-

The values of the ionization energy for the ethylamine, diethylamine and
triethylamine at threshold were reported by many authors ; Collin®'?, Morrison
and Nicholson” and Melton and Hamill"?using electron impact technique,
Watanabe and Mottle!™® using Photoionization technique. The measurement of
molecular ionization energies based on photoelectron spectroscopy for some

(14)

aliphatic amine has been studied by some authors'™ . The first ionization

energies and higher energy levels for ethylamine, diethylamine and triethylamine

(14a)

were measured by Al-Joboury and Turner ™ pioneering in this field.

The appearance energies at threshold for [CH4N]", [C,HsN]" and [C3HgN]*
(obtained from diethylamine) ions produced from the precursors were measured
by Lossing et al."® using an energy-resolved electron beam , Collin and Franskin
et al®'®!"using electron impact technique for [CH,N]"and [C,HsN]" ions. Also,
the AE at threshold for [CH,N] " ion produced from ethylamine was reported by
Chupka® using photoionization technique, while, the [C;HgN]" ion produced



from ethylamine and diethylamine was reported by Solka and Russell™”.

3- Lossing et al" had determined the gas-phase heats of formation (AHy) of
[CHzNH2]+, [CH3CI‘]NH2]+, [CH3NHCH2]+, [CH3CH2CI‘]NH2]+ and
-.[CH;CH,NHCH,]" from their AE,s in ionic dissociations using energy-resolved

electron beam.



