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.. ' ABSTRACT = -

»

‘Fast Atom Bombardment (FAB) spectrawof neutral binary

solugﬁons consisting of compounds vith a wide range of gas

‘ phase basicities were obtained. The major ions observed

'MXLyH where s J"':smalyte and’ L = matrix. In most cases

' (P.A.)\ofvthese compoundsjwere'determined'in

glaboratory in seﬁarate experiments by J. Su

,fere MH’. 0 ’ M2H+, L2H+ and'the mixed cluster ions

‘the spectrum of the component with the lower gas phase

basicity was suppressed. . The compounds chosen are

-

frequently used as FAB matrices, and they are in the order

of. decreasing gas phase basicity triethanolamine (TEA),

_diethanolamine (QEA), 4 - octylaniltpe, 1, 2, 4 -

butanetriol glycerol (Gly) and 3 - nitrobenzyl alcohol
(NOBA).' The_gas‘phase.basicities and proton affinities'
his

er using a

high'pressure ion'source mass spectromet
: The positive total ion currents (TIC) emitted during

FAB of glycerol (matrix) solutions of alkali chlorides,

HCl, and pyridinium hydrochlorides (analytes) were measured

as a function of the concentratiOn oi the electrolytes.,,

' Although the - intensities of the ma jor ionF of the matrix

and of the analytes.changed significantlygupon theAaddition"

iv B



of salts, TIC remained felativeiy cbnatant. The aut?or'is
of the opinion that the above experimental results are
compatible wifth a Gas Collision Model (G.C.M.) which has
tbe~fallowing ma;niehargcteristlcs. Ions'forped in the
liquid sqﬁplé dué to fhé.aéom'impact undergo extepsivq*
recombination reactions. This occurs in' a cavity filied
with'a high-temperature,‘high density gas, tormed as a
- result of the ‘incident fastlatoms. During the‘éxpulsion of
:er "hot gas" 1nto the vacuum, ion mqiecule reactions Qill
occur bétween various ionic molecules, fragments and
neutral molecules, which willﬂi;ad to the formation Pf

# pseudomolecular ions, clﬁster'ions and fragment ions.
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| CHAPTER I
. INTRODUCTION

1.1 The origin and development of FAB%E "

Fast Atom Bombardment\uass Spectrd ;&ry (FABMS) was

first introduced by Micbael Barberrfhliﬁafﬁ(l)

significant advantage of this method\compared to other
routine mass spectrometric methods is that\the sample need
‘not’ be‘thermal\y vapourized before it is ionized}\ _Thus,

- S
FABMS is a method‘of obtaining mass spectrﬁgof substances

which are nonvolatilevand.unstable at the t mperatures~ R
required to evaporate them.‘LFABMS has therefore been uséd
with considerable successvon substances of biological'and
biomedical importance.’ These‘substances are'mostlv.non-f
volatile due to their high molecular weights and high

o polarity. ,

| In FABMS -the analy\e (M) is first dissolved in a
_suitable liquid matrix: (L) » The sample is then spread
uniformly on the fiat tip of a metal rod, which is fixed to
a»sample insertion probe.  The probe. which is used to
introduce the sample into ‘the ion source, is pLaced near
the ion exit slit of a conventional mass spectrometer ion

-gource. The sample 1is bombarded by a beam of_fastvatoms,,f

@



usually xenon or argon.. The secondary ions produced by

the bombardment are then mass analyzed., L

—A cold cathode discharge ion sOurce is normally\
employed as the source of fast atoms in FABMS. The
discharge produces a beam of ion\bof the neutral gas. 'Some
- of these ions collide with the neutral atoms of the same .
| gas. As a result of the collisions of the accel;;ated ions
with the” atoms, a pharge exchange takes place with little
change in forward momentum as follows: _ o

AY 4 A——— A+ A (1)
fasi ions . fast atoms
The resulting fast atoms have energies_in ghe QJS:keV |
‘range, dependiné on the diSchargeVVOltage‘used (2). In ;
most cases the 1onic7componenf'is cleansed from the fast .

atom beam by a set-og electrostatic deflection plates. .
| The major categorf of ions ohservedvhy the bombardment
of the samplelM contained in the matrix L are fhe.soucalled'
"pseudomolecnlar"’ions MHY, LH* in the:positive 103 soectra
" and (M-H)~, (L-H)~ in the negative ion_soectna. A second

catego;y oglobserved ions ane~charged fragments of both the
'analyte and the natrix. The third class are ¢luster ions

M H+ and LyH* and mixed clusters MyLyH*. These are

'composed of analyte and matrix molecules and oné proton.

— —



| f. tv . R ,an_- _,> \.A,t“ - : 3,
Tbe»FABMS.méthOd is similar'to éecondary I6n Mass | |

Spectrometry (SIIS)‘- SINS hms been used since the mid-

;970'4. Samples,. usually in the solid form, are bombarded

‘ with ions of kilo-electron—volt energy. The positively and-~7 "

negatively charged-secondary ions emanating from the sgmpl
are then mass analyzed. o ?“ﬂ:_‘ - ’)//3
It was noted by Vickerman and Barber (3) that when
inSulating samples were bombarded by_ions. a potential of
about 3-5 kV was induced on the'samples. This potential
deflected the incident ion beam. To overcome this problem.
they. used fastfatoms to bombard the samples. They then
observed that %hé period of time during which they were
able to detect tbe secondary ions was very short.‘ Next
they dissolved the analytes in a liquid matrix, glycerol,
prior to the bombardment. and observed that a liquid_matrix
kincreases the duration of the secondary ion emission
considerably. '
Cooks (4) and Benninghoven (5)- have stated that if°
high ion beam fluxes are used in: ‘SIMS, the solid surface of

-

the samples are subJected to damage by tbe ion beam. They

suggested that this damage is responsible for the observed
short duration of secondary ion emission from solid

samples. In the liquid matrix, diffusion leads to a

continuous ‘supply of analyte molecules to the surface, so

« 1
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" ;hat when the surface analyfe molecules-are'destfoyed by
.'the 1nc1denf afom or lon beam, new analyte molecules oanr
take their place. |
The use of a liquid matrix and fast atoms instead

of ions resulted in the new PABMS technique. However,
Burlingame (6) and Bennlaghoven (7), who used Cs* and Ar*
fesoectively,"as the'prlﬁary lon beam in a variety of
organic compouads in liquid matrices, indicate that there
"is no distinctive advantage of using neutral atom‘beams
over the charged beams.“"Thus; the.major characteristic of
' FABMS seems to be not the use of atome instead of ions as

the primary beam, but the use of a 1liquid matrix.

.

1.2 Neutral atom'beamS‘employedjin FABMS

—-“'L’.

The three most common neutral atom beams that have

been employed in FAB experiments are xenon, neon and
‘argon. Sope workere have attempted toluse methane and
nitrogen ‘but with little success_(Bj. To determine whioh-
of the above three noble gases yielded better FAB spectra,
Maftin and Biemann (9) studied the sample ionlintensftiee

of.tdo.pepfides using these gases. They reported that the

sample intensities decééased-in the ordef of Xe, Ar and Ne.

A linear plot vas obtained when the intensity of protonated
molecular ion (MH ) was plotted agaihst the molecular

weight of the bombardlng gas.

J
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Similar experiments were performed by Morris and
.Haskins (10) using several organic analytes which included
peptides, glycopeptides and antibiotics. In all.theseo
cases the most intense analyte peaks were obtained with Xe,
followed'by Ariaud Ne. Additional work by other}investi-
gators have supported the above findings, i e., in most
instances the intensitieakot the MH* ions increased with
increasing molecular weight of the bombarding particles.

"K. Rinehart (11) has reported that Xe yields sample
ion intensities which are about three times greater than

the<ion intensities produced when Ne or Ar is used as the

bombarding atom beam.

1.3 »The influence of the angle of incidence on

‘intensity

"It has been reported by McNeal (12) that the maximum
intensity of secondgry ions is' obtained when there is a 7
near-grazing collision of the iqn or atom heam:with the
liquid surface of the sample.” The maximum yields of
.Secondary ions were observed when the angle of incidence of .

‘ the primary atom beam is about 15°. The angle‘of in

quoted corresponds to the angle between the surface~and the
primary beam. These results have been reported by

Sedgewick (13) who ‘also have found that the optimum angle



0of incidence is 15°. Barber has reporté:ﬁ

.
%

occasions that he has used an angle ;f 1gﬂ‘bq'ce of about
AR iy 'R
20* (14). - - % Gy

' . | A 3“' ‘”} : : ol
The results obtained by Martin and BiemiH

“(9) did not
agree with the above findings. Several experiments were

. performed under the same operating conditions, the only 3
variable being the angle of incidence. These ekperiments‘
.were repéatedlseveral times with various samples. The
.maximum intensity was observed in afﬁ these experiments at
an angle of incidence of 30°.

The causes for this disagreemént are not clear. The
optimum angle %f incidence probably depends also on some
operating‘barameterg,that were not_gpecified by the
authors, i.e., it is uncertain whether the two values
mentioned above were obtained under exactly the same
operating conditions. For example, the quantity' of the
sample applied on the probe tip or the posifion of the

probé tip v;thin the ion source may have been different.

1.4 Role of the matrix in FABMS analysis
It has been g;nerally accepted that certain
characteristics of the mitrix play.s major role in the FAB

ionization process.



1. 4 1 Solubility
The lolubility of the: nnalyte in the matrix 13 'Y

~critical factor in FABNS. It has been reported on ;eVeral
occasions (15, 16) that analytes which did not dissolve in
the matrixmled'to poor FA& spectra. The addition of acids
to bnaiclsamples and bases to acic}c samples has helped the .
solubility problem tc some extent.y Sonicction of the
sample for some time has often increased,the solubility of
the analyte in the matrix used..wlh ong 1hstance a
solubilizing agent (Triton X 100) had beec used with
chlorophyll A in glycerol to‘obtain a FAB spectrum (15).
It;is assumed that when the,solcbility of the analyte
increases in the mafrix, the homogenlety of‘the analyte in
the sample mixture is increased. This may result in th&

analyte being present to the incident atom beam at a high'

mobile surface concentration (13).

1.4.2 Volatility | : -

It has‘been‘possiple.iw1th low vaboﬁr pressure liquid
metrices, to scan ‘secondar‘){ ions for several minutes“(lS).
Barber has suggested;f}5) th?t e ‘continuous presence of
sutficient matrix is necessar;)for this purpose. He
_assumes that the presence of the matrix ensures the

diffusion of analyte molecules to the surface and also acts

as a reservoir of unirradiated material.
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1.4.3 .Viscosity - ,
FAB spectra of an oligopeptide (M = 823) in a series

of polyethylene glyhols (PEG) with differing molecular
veights afid viscosities were obﬁiined by Przyb;laki (17).
~ He obs;fv;d that the intensity of MHY was highest vhenlgge
~;§;§£1de was dissolved ih-the PEG which had the lowest
“fqoloeﬁiar weight."Tﬁe intensity of the uﬂ*'decretsed
ﬁérkédly ihén the peptide was dissolvéd in polyethylene
) g}JEdis which had higher molecular weights. The increase
in molecular weigh%s.qggrahpénged to an increase in .
viscosity of the PEG's. Thus, Przybylski concluded that to .
obtain good FAB spectra it is necessary for the matrix to
have suitable fluidity or mobility characteris?ics. He
believés that this permits the analyte molecules to diffuse
to the surface of:the matrix with little hindrance:

- . .

1.4.4 Basicity (or the proton affinity) ) -

A‘criterion_used in the selection of a matrix/is its
proton affinity (P.A.) or its basicity.
. The proton affinify of molécule B is defined as AH®
. of the follbwing reaction: _
BH*—B + R* (2)

- The basicity of B is 4G® of the above reaction.
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Low 1nton-1tioc of analyte peaks nﬂ in comparison to
matrix peaks LH* huvo been observed: wh*n proton affinity
of the analyte was low. Thus, Germain Puzo and Jean Prome

(18) have used « d#trohnl’on as an analyte nnplé in

- - 2

I glycerol, dfothunolnnine (DEA) anpd in triethanolamine

(TEA) to demgpltf’te the influence of P.A. on the

 intensitids of the analyte pauks. If ‘the relative proton
affinity be\yeen the trehalose and the matrix dégg;m:::;‘\\\\

the ipf;rndl ¢ular proton transfer between the anslyte

‘ . . ~ Trehalose

. -
sanmple and the matrix, one would expect to observe a change

in the peak intensities of the analyte as the proton

affinity of the matrix is increased.

pe:x
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Trehalose, which has more basic -1;;-mthan the
glycerol-? could be expected to have a higher proton
affinity than glycerol. The PAB gpcctrqub!,ﬁgoﬁnloio'
‘(Tf;) in glycerol shows no peak at 63 eor;L;pondipt'té_ .

Qlyﬂ+ but has a fairly strong pesk at 343 (TreH)*. On

the other hand, the spectra of trehalosé in DEA:-and TEA are

completely dominated by the matrix peaks and the analyte

peaks had completely disappeared. , ' -

i

The influence of proton-affinity on paeudémolecular
p ¥ ) -~
ion intensities has been further illustrated by Dallinga

and Nibbering'(IQ). lThe following two acids huye,beeh

- -

'considered by them for this purpose:

¢

(X) Maleic Acid . . (Y) Fumaric Actd
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They obg’rvedxthat the peak intensities due to (Y)
wwere about 50 - 100 times less than the corresponding peaks
.of (X) in glycerol- ‘The difference ‘in peak intensities of
‘the two acids has been rationalized by the authors as
Vfollows the (X) acid having two~-COOH groups in the cis
;position hf; the ability to form a proton-bridged complex -

(Z)’as shown below. -

;1 5 Commonly used matrices for FAB .

b The important characteristics of a FAB matrix have
”.already been discussed Some of the ‘more widely used

] matrices are listed below

'tl,5.1 Glycerol (Gly) [HOCHzCH(OH)CHzOH]uL""

This was the;original matrix compound used in FAB
. 1 .
; experiments, and is: still the most versatile matrix. The



major peaks of glycerol are MH* (m/e.s 93) and cluster’
A X ) . ) . {;’;9 | . N .
peaks [MHY + (M),) when x = 1, 2 or 8. A wide variety of

compounds such as~peptides,~nucleotides, carbohydrates and
" porphyrins yield good FAB spectra when dissolved in

glycerol (16) 'Its high boiling point and it . atility- to

this as an excellent matrix for many samples

1.5.2 Thloglycerol [HOCHZCH(OH)CHZSH] i

» Certain anf!blotics and polysaccharides give good FAB
lspectra in thloglycerol (16, 20)., Lehman*and Kong_nave
- reported (21) ehat angiotensin,-an—oligcpeptide, dissolved
ln thioglycerol produced ion intensitiesswhich werevabout
ten times greater than those cbtainea‘nhen the peptiee»was
dissolVedfin glycerol;: The aufhors also obsenned that the
FAB spectra of other oligopeptides in thioglyeenolﬂwene |
, generally'éetfer‘than the FAB spectra in glycercl. A mlnor,

Py

disadvantage of this matrix compound is its odour.

9

195.3. 3-Nitrobenzyl alcohol (NOBA)

(3-0oNCgH4CHo0H)
Meli and Seibl (22) have reported that NOBA has proved

“to be a useéful matrix for analyte samples which have failed
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\in glycerol ang thioglycerol. Tbus. a cyclic peptide
Lcyclosporin A which failed to give a good FAB spectrum in
glycerol, produced an excellent spectrum in NOBA, with
‘MH being the predominant peak.

1.5.4 Diethanolamine (HOCHzCHz)gNH B .

and Triethanolamine (HOCHzCH2)3N(DEA TEA)

DEA and TEA have been used as, matrices with
considerable success for some oligosaccharides (23) The

gprincipal peaks observed were the addhct ions (M + DEA)H

i
.

3
v

and (M + TEA)H*.
DEA and TEA being amines could be expected to have
higher P.A. values than the oligosaccharides This may be
8 reason for the lack of MH peaks of these analytes in
/ DEA and TEA. .

. TR - .
1.6 Sensitivity enhancement by matrix-modification

A method that has been‘employed extensively by many to
improve the intensity of the analyte peaks MHY is the
addition of acids or bases to the sample solution-prior to
the FAB expériment (9, 17); 'Some of the acids that}have
been.addedxare hydrochloric, oxalic, and acetic acid.

“Eartinfand’Biemann (9)'se1ected a peptide (mol. wt. 921) to

_illustratevthis fact. _Thg\initial_FAB spectra of the
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Peptide in glycerol showed ions only of the matrix ,
| glycerol. As the concentration of the ncetio acid was
vincrensed in the sample, a corresponding increuse in the
intensity of the 170 peak was observed.

A compound known as methotrexate (MTX), which is R
_ folic acid analog, fﬁ% used by Michael Przybylski (17) to
illustrate the sensitivity enhancement by the»nddition oi

acetic acid.

Fox COOHHZ—{ :

MTX in glycerol produced no MH+ under FAB con-

iditions. The addition ofnacetic acid to this mixture.

. resulted in an increase in intensity,of the MH" peak..
' When a base (M) is added to an acid (HX), the ions

MH* and x are formed in solution. It was nssumed that

such reactions did’ take plnce in the nbove experiments.

preforming" the ions MH* 1n solution prior to the FAB



experiment. The enhancemént'of the intensity of MH'

15

ions was assumed to be due to the FAB 1nduced desorﬂtlon of

- MHY 1ons present . in the liquid matrix. The presence of
Im+ 1n’the matrix has been termed '"preionization' by

the FAB practitioneré (15 24). The fact thgt in most
cases there is an enhancgment of the intensity of MH* or
M - H); when pfeformed ibné are present in £he m;trii

has led to the "precursor'ﬁodel" described next.

»
44444



CHAPTER 11

2.0 JIonization models for FABMS

2.1.1 Precursor model ~ SIMS of solids , o

-

Wben a fast atom or ion collides with a solid or a

liquid surface, the kinetic energy and momentum of the
‘projectile is transferred to an area near the point of
impact. This energy will be dissipated by—a collision
cascgde-proqess within the sample. According to
f._B:nhfhghdsen (3) such a trsnsfer of energy éreates‘an
ﬁexcifed area"’néar thegpoint-of'impact'(Figufe 1). . The
émissioﬁ of secondary ions is thought to occur by the
iransfer ofikinefic epergy to a'pfeformed’ion (precursor)

near théfsurfacé;of the eéxcited areé.

Secondary Im

anrylon it
orNeutrol Porticle \ : {precursor)

Figure 1: Ejéction of,SeCondiry Ion in,the'PreCursor Model

16
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The emission'of secbndary ions may be d;pendent upon
, \ ‘ ‘ ]
the size of this excited area and the efficiency of energy

transfer from the bombapding particles to the preformed
- 1ions (7). Magee has put forward (25) two possible ways
that i pirticle from the surface of the sample can®be

\_eJected upon bombgfdment by fast atoms or ions. They are
o \

the: (i) direct knock-on; (ii) linear cascade'methodsdn\

7
-

(1) Direct anck-on: In this instance, the bombarding |

particle transfers energy to a samp1e~atomgwhich,
after .undergoing a small number of collisions near
the surface of the'sample, is ejected from the

surface.

(i1) Linear Cascade: ﬁere, the sample atoms, after the

‘1h1t1ai impact of the primary atom beam, will undergo
a caséadé'of collisions'which.will penefra;e déeper'
1nt9'the éiﬁplé; Somequ these atoms mﬁy recoil
towdrdskthe sufface with adequ#te energy to‘be.

ejected‘from’the surface of the sample.

2.1.2 Precursor model -'preformed ions in liquid matrices
. : [18 . ) [ ) ) . .
It was pointed out in the preceeding sectiongr%.s)
that_the=preéenée of preformed ions:MH+ in the liqﬁid

1
. .



satrix leads to an increase of the intensity of the MH* and
other related ions in the FAB spectrum. Oq(tpa basis of
such observations,‘Benninghoven (7) has extended the

precursor~mode1 for solids to liquid matrices.\
Benninghoven assumes that the emission of preforned ions
is a result of a fast transfer of kinetic energy in the
collision cascade to a preformed ion- ‘

‘ Contrary to the above model, which assumesléhat pre-
1ionization is essential in the ionization process of FABMS
(2%), it has been reported by Barber and Tyler (15) that
noniohic compounds like saturaﬁed aliphatic hydrocarbons
such as 016H34, Ci1g8H3g and C20H42 have produced good FAB
spectra 4
| The Désorption Ionization (D.I.) Model (4, 26)
described next is a furthef extension of the above model
whi;h attempfs to explain two.additional processes t-at

occur in FABMSL

-~

2.2 Desorption. ionization model (D.I. model)

This modgl‘proposed by Cooks (4, 26) explains the o
secondary- ion formation in SIMS'and FAB as a desorption of
ions -and molecules dirgctly from a solid or a liquidbphggg,
linto the vacuum. In this model Cooks has defined‘two‘zones
of activity. They are the "Selvedge" and the vacuam

{
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A . .

regions. Selvedge'has been described as tbefnegr surface
_ regidn’of the sample. °‘He assumes- that there are three
processes that occyr’ upon bombardment to give rise to

B -

secondary ions:

(1) Direct desorptién of preformed_ions.c+ or AT from
the surface to fhe‘vacuum region. It is bélie?ed
that this'occufs by'energy and mdmentum transfer

. from this primary atbﬁ or ion beam to the surface

1ons._ |

(11) Neutral molecules (ﬂ) which are aiso desorbed as a

" result of the bombgrdment mayvinferact with free

eleétrons which are éeneraied by the impaét of fast
atoms, to produce M* or M~ - Electron Ionization.

(i11) Cationization or anionization feﬁctions, wﬁere the
negfraf molécﬁle M may~forﬁ cluster ions (M + C)+ or

(M + A)” - Ion Molecule fgactions. ‘

It is assumed that ionvmoleculelfeaCtions (1ii) and
eléctron iénization reactions (ii) occur in fhe "Selvedge"
region;‘ It is also suggested'that these secondary ions
coﬁld dissociafe in the vacuum region t6 produée fragment
ions. According to this model the deéorptioﬁ and
ionization aré considered to be two séparatg'processes.

- The analyte 1f'chargéd, may be desorbed as am ion. 1f
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desorbéd as a neutral, it may be ionized by thé reaétion

with a desorbed ion or an electron (4).

2.3 Gas phase collision model (G.C.M.)

Michl (27)‘%ad observed that when low’temperature
solids of Ar, Kr, x? and COg were bombarded by iona such as
Het, Xe* and Ar*, considerable amounts of both positive and
negative ;pn clusters were observed. It was also noted
that sometimes the stoichiometry ofﬁéuch“clusterg had no
relevance to the molecular cpmpositiéh of the~bombarded
solid. "-To explain such observations, Jonkman and Michl
k28) have proposed the following model. . Alfhough the
Jonkman, Michl model is prim;rily meant to explain the . )
Eionization'process in moleéular solidé upon bombardment,
~they are of the opinion that tﬁis model is also applic-
able to FABMS. -

When keV éhergy primary ions or atoms bombard a
surface, they will cause the ionization of éome molecules
at the top surface layérs of the solid. . This 1is due té the
energy‘and momentum transfer‘from the pfimary.ions'or atoms
t§ the surface molecules of the solid. The secondary 1ons.
.thus formed haveabeehwdefined by Jonkman and Michl (27, 29)
as the "first batch” bf secondary ions. It is assumed that

the probability of these secondary ions reacting with the

-
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other molecules of the solid is low. . The primary ions or
lfoms that pengtrate 1nto_tﬁe solid will undergo a cascade
. ofvcollisionsﬂ (Following the collision cascade, many
molecules vill.gpqming;an excéss of kin;tic energy which is
slaked by the ene?gi‘trinsfer to the surrounding molecules.

Due to the ébédi’p}ocecces. & thermally activated |
tract ("thermal sbike") is formed near the region of impact
(27). This f?éion behaveé as a high‘pressu;e, high density
and a higp tgégérafuré gas. The collision cascade and the
subsequent formation of the "thermal spike” al}oﬁ' .
suffitient time fo: the hot.molegules and 1ons_producéd by
the collision cascade to chemically react witﬁ one another.
Such reactions ultimately may lead to'the.formafién 61
positively or negatively charged cluster ions. The number
of chemical reactions that are caused by a single 1mp3ct- -
event is not known. When Michl (29) bombarded solid‘NQ‘with
4 keV Ar', the major cluster ion observed was [NO(N203)n]+;'.
Based :g the cqmposition of such clusters, they have
concluded that the_nqmber.of chemical reactions molecules
undergo could be a few dozen.

The ejection of these gecondary ions has been described
by NMichl (27) as an explosive expansion of a high pressure

gas into the vacQum.; This process will cause a rapid

cooling of the ﬁot gas.
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It has been suggested by Nichl and Jonkman (28) that
molecular ions and cluster 1qns may undergo further frag-

mentations or rearrangements on their way_through the

spectrometer.
- Our experiments, which ;Ik;‘be discussed in later
chapters,. vereﬁperiormed.with\; vféw to obtaining a better
| understanding of thé nmechanism of'ionizdtiqn in'FABMS and
t? determine which of the abéve models, if any, is more
appropriate. A betfer understanding of the‘proceésﬂleading
to the formation ofvaB mass spectra should ultimately lqu

to rational rather than purely empirical methods of 5}nd1ng'

the optimal conditions for analytical purposes using FABMS.



CHAPTER" II1

EXPERIMENTAL

~

3.1 General deccgigﬁion uc

A; AEI]Kratos NS9 double focuésing masé'spéctrometer
equipped with a FAB gun was used in all the éxperimenfs."‘
?he‘gouble focussing mass spectrometer°honsist;‘§f the -
following maiﬁ eiements: (i) Ion sourcé; (11) Analyzer;
(i11) Vacuum system; (1iv) De;ector. A schematic diaﬁngm,of

\ o .

a double focussing mass spectrometer ion source, analyzer

system and detector is showﬁ in Figure 2.

kY

Figure 2. Nier-Johnson double-focussing mass analyzer.
'E = electric field.- H = magnetic field. ,

K

</i;t" v - . 23 . | : | ‘; '
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3.2 Fast atom Bdﬁﬁardndntflun {FAB gun)
A FAB gun is employed to generltc a bonn o! fast atams

“of a particullr GAs. The PAB gun used in this laboratory .
\- wvas developed by A. Hogg (30). It is a cold cathode source
vhich 1aaulao known as a -;ddle field source (.eo Fil“"

3). It consilts of two cylindrical aluminum cathodes -

*/

Stanless
Stee! Anocc

o~ lotnmmg L vt

—— Alummum .
J Cathooe ;

—~—8mm Rudy Bel!
(balig shown
foiated 30 trom
true position;

> %

»

Tl
NGBS

Holiow 10KV
a Feemnirougn

N

A4

‘Figure 3. Séhem#tié q1agra6ﬁof FAB‘zun showing internal

4
_ Structure,

L)
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\'(negative poles) and a circular stainless-steel anode

Vthe potential field through which the electrons producing

(positive pole) The anode with six semi-circular notches

¢

has a hole in the center. This hole creates 2 saddle in"

A
.) Yo -

the ionization will oscillate. The first few electrons

04,.‘

initiating the discharge originate from background ionizing h

radiation. One of the cathodes has a. single central

R

channel to permit the exit of atoms or. ions The other has_

,two channels, one to permit the electrical connection to

the anode and the other for thé gas to enter. Insulationi |

"“between the two cathodes and the anode is provided by six

ruby balls.fﬁA schematic diagram of the ‘FAB gun is shown

?v‘in Figure-3.[30]-- Xenon is supplied to the FAB gun via a

rubber tube at a pressure of about 0 5 1b in. ?; The

flow of gas into the. gun is controlled by a needle valve.

2P

The anode is normally held at a potential of about

:+8kV and ‘the cathodes at 0 volts.' The oscillating

ele’”rons ionize the Xe atoms producing the Xe ions. .The

"ions that originate at or near the anode ane accelerated by"

i

the potential field between the cathodes and the anode.

.;Only the ions that are accelerated between the upper

’ cathode and the anodeoreach the exit (E) A charge

-ﬁexchange occurs between the fast ions and the atoms with

.Ylittle change in forward momentum as follows

g

» o T
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CXet 4+ ——__..__)-'*
Xe} | Xe Xe, f Xe'.
o Fast | B ' Fast

The above charge exchange should. occur pear or ‘the‘

e}&t hole to obtain the maximum flux of the fast atoms.

~

S = v ‘ . &
- 3.3 1lIon source - o : o ’

The'ion‘source consists-of aoprobe tip made oi Cu and
a pa1r Qf ion extraction plates both of which are held at
the/ﬁull accelerating voltage of 8 kV. ‘A schematic diagram

&
“of the ion source. is shown below (Figure 4)

adjustable -source =0V
beam centering plates
~ion extraction plates.

ator beam  — 4_ —>- ]

-Cu tip
: - #
B D———8000 V

FAB Ion Source

/

Figure 4
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The'probe tipvis also held at the full accelerating voltage
by means of a copper spring contact which is attached to

 the ion extraction plates. “The‘Proberis 1n rted through ,

f_an axial lock in & direction coaxial with the secondary ion

.beam. However, the tip of the probe is machined at an
angle-o£}20‘,(see Figure‘above). The atom.beam has an
angle of incidence‘ofl705 relative to the normal of theA
probe surface. The beam centerihg platgs are‘held'at'a
pctentiaifof about %500 volts. The potential‘field thus
created between the beam centering plates and the'iqn‘\
‘ﬁixtraction‘plates is -assumed toeextract Secondarytions ‘
prodhced aear the~3u§fice bfaghe,copperotip. ‘Further |
‘acceleration of the secondaryﬂiohsbis provided by the
voltage drop‘betweeh the‘beam centering plates and the
adjustablevsoprce plates‘which are at earth‘potential.
. . o é v

4 -
3.4 .The analyzer_ég’,; Q S

The'analyzer consietS‘of the electrostatic analeer.
(EﬁS.A.) and the ‘magnetic analyzer. o o : S
¢

¢

. 3.4.1 E.S.A.
The"E S.A. éﬁnsists‘ofha‘pair of smooth, curved
' metals across which a potential tf maintained.v The 1odé

3originating in the source have aﬁﬁmall spread .of kinetic
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energy before,entering‘the'ELS.A} due to the'ionization

process and other factors. An ion entering the E.S.A. will

be deflected by the electric field created between ‘the two -

plates. The result is a circular orbit of the ion with a

_radius Tre which is equal to mvz/e E 'm. = mass of ion,

v = velocity o&—ig\\’e = charge, E = electric field. Thus,
: ‘4 w &

the deflection produced by the electric field is
‘ proportional to the kinetic energy;of the-ion{ Ions of
_different‘energies therefore emerge iiom the E.S.A. on

different paths, and enter the ma ;c analyzer.
s x " " B

| ,“ﬁ%f' h

3.4.2 Magnetic analyzer.. -

When these ions enter the magnetic sector with a
magnetic field (B), the ions experience a‘force eVB?which
is normal to tﬁe direction'of motion. The result is a
circular orbit of the ion, with a radius T. Then.

s "ﬁ- © evB = mvzlr (3)_

@

Therefore'  r =mv/eB (4) . 2
Thus, the. radigs taken by an ion in the—daguetic )
sector is dependent on ‘its mass to. charge ratio..'By
continuously varying-the magnetic field (B), each h/e

species is_successively focussed at the same poiny.,

B

¢
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3.5 Detection of ions

The device that is used for the detection of ions is
P.known as the electron multiplier. It consists of dynodes
made of a material (e.g., Cu/Be alloy) which has the
, property of - emitting secondary electrons when bombarded
with energeticjparticles. An amplification of more than
106 can be achieved by a cascade effect of electrons
‘ ’prodﬁcing more electrons from the initial impact of the
secondary ions. The signal from the multiplier is fed to
" an analog to digital converter before being stored in a
ycomputer, .' ‘ | |

A',The interfacinglof the mass spectrometer with the :
‘computer‘by an‘analog to digital converter,,the Data
| General Nova 4/x computer, and the data acquisition and
processing software are known as the Kratos DS -55 system.
The DS-55 consists of an integrated ‘and an interrelated set-
. of programs which run under the control of the Data -
General's Real Time Disk Operating Sysfém (RDOS) RDOS is
4a general operating system. It also provides commands |
which can be used for deleting scans or runs, backing.data
up to magnetic‘tapes ar cassettes and restoring it to

rdisksi~'Some of the command words used in a typical'run

© are:
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(1) Plot: Thts piots the mass vs. 1ntens1ty‘ror a range
of peaks in-each scan specitied ny the user. .

kii) LCALB: A calibration program for low\resolution
.experiments. | |

(1f1)»lggﬂg A quantitative report which prints a wide

- 'renge'ot_information about all the peaks in each:
scan specified_by the user. |

(iv) ggé!g: Averéges scans together to obtain_more:

" accurate mass or intensity information.

~3.6 Experimental conditions, procedures and reagents

The FAB gun was operated with xenon as the bombarding
gas. The flow of gas was adjusted to. obtain o*dischnrge
current of 1 mA and a voltage of'8‘kv except when the‘Totalg
Ion Current (TIC)-measurements were made. A discharge.
;curnent-of 0.6 mA and a voltage of 7 kV was used in this
'1nstnnce. A low voltage was: used in order to minimize
rapid fluctuations in total ion currents.

The total 1on currents were measured by means of. a
Keithlex 610C electrometer. The power supply to the E. S A.

plates was removed before the electrometer was connected to

the two plates. In the absence of an electric field

S

between these two plates, all the ions produced in the ‘ion

sourceiwill collide with the upper plate of the E.S.A. The
-
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‘about 0.5 ml to about.57pls. The liquidﬁmixtures uere

/ )
electrcmeter was used 1n.the charge mode and the output was

recérded on a strin chart recorder. The current was

'obtalned from the initial slope of the curve. The time

allowed for the charge buildup was ancut~2‘minutes.rxThe
nverage of 3 TIC measurements was obtained for each sample
using pure glycerol as the reference, alternately. Tbe
relative standard devlation of the ?IC-measurements»was
t}plcally in the range of 5 to 10 percent. |

Certain samples did not dissolve in some matrices even

Aafter the samples were vigorously stirred. These sample
.mixtures had to be warmed in order to dissolve the

'nnalyfes. The volumes of the sample mixtures ranged from

applied on the copper tip with a spatula to obtain a thin
uniform layer. The amount applied on the tip varied

between 3-5/ 1. The area of the copper tip was calculated

to be approximately 0.1 cm2 Assuming the layer on the
to be uniform, the thickness of this sample layer is found

to be about 0.2 mm.

The chemicals used in these experiements were all

" laboratory. reagent grade, and were used as received.

s

) : o
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CHAPTER IV

RESULTS AND DISCUSSION"

o

‘4.1 Verification of the role of proton affinity in FABMS |

As already explained in the introduction, aﬂofiterion
normally considered in the seiection of a matrix is 1ts
proton affinity (P.A.), but so far, no oystematic,

- experiments have been performed to determine tho influence
of the proton affinity of‘analytes and:matricesvon,the

forelative‘intensities in FABﬁ% spectra. Therefore} we have
carried out the following FABMS experiments. 'Six compounds

which have a wide range of proton - affinities were chosen
for the FAB experiments: f : - .
(1)- 3 - Nitrobenzyl alcohol (NOBA) B

(ii) Glycerol

(111)' 1,2,4 - Butanetriol [HOCHzCHzCH(OH)CHzOH}

(iv) P - Octylaniline [CH3(CH2)7C5H4NH2] o | 0

v) Diethanolamine (DEA) a n
(vi) Triethanolamine (TEA)' | |

Binary solutions consisting of lormoie percent of one
of these compounds, called the analyte M in 80 mole percent‘

of the other pompound, called the matrix L, were used in

‘the %AB experiments. The results of the experiments are

T
@
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presented in Tible 1, -The proton ﬁffinities"gas phase
basiéities, and entropy changes on protongtion of the
compounds were obtained by J. Sunner from this laboratory
in separéte experiments with a pulsed high pressure ion
source mass specfrometer (3%)., The anafytegand matrix
compounds in Table 1 are arranged horizontaily'ﬁnd
vertically in the order of 1ncreasinglbr6ton affinities in
the éas phése. The values in the table correspond to the
intensities of the énaiyte and matrix derived ions as a
.percentqof'the total ionization. The upper number of each
pair relates;to the analytg a&d.the iower number to the

. /
matrix.

The major peaks observed ofitHeSe compounds are the
'MH*, MoH*, (ML)H*, MH* - Ho0 (in thé aicoholé) and fragment
pe%ks of MH*. The‘FABMS spectra of some of the mixtures
ar% shown 1in Figurgs 5 - 7 (TEA'in NOBA Figure 5, glycerol
iﬁJTEA Figure 6, and glycerol in octylaniltne’Figure 7).
The major peaks of the matrices L are tpe LH* and the L2H+.
The predomihanf analyte peak in Figure 5 (TEA in NOBA) is
(TEA)H* (m/e -.150). _The intensities of the anélyte peaks
GlyH* (m/e = 93) in Figures 2 and é (Gly in TEA and

Gly'in_octylaniline) areﬁnegligible.
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b)
)
d)

e)

14
*

' a) ' The numbers .in the table give the contribution from
.matrix and'analyte, respectively, to the PAB mpectrum,

-expressed as percentages bf.togél ionization. The

lower bnmbef refers fo the matrix and the upper number

to tﬁé analyte. Only the major ions were included.

Their masses are as follows: NOBA: 154, 136, 307;

glycerol: 93, 185; 1,2,4-- butanetriol: 107, 89, 79,

© 213; 4 -”octylaniliﬂe:. 206" 205, 106; DEA: 106, ‘211;
fTE@: 150, 148, 118. The intensities of mixed clusters

 were generally small. The concentration of the analyte

s

was 10 + 1 mole %.

"Estimated. Proton transfer equilibria could not be

measured since the vapour pressure was too low.

The intensity of peak at m/e = 106 was divided up

.between DEA and octylaniline.

The proton affinity of M corresponds to the A H® for

the process MH' = M + H*, at 300 k.

The gas phase basicity of M corresponds to AG® for the

process MH* = M + H*, at 300 K.
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| Inspection’oi Table'l"éhdwsfthat the ions derived from
the more basic compound are generally dominant. I1t.1is also
quite apparent that there is 'a definite correlation between.
the»intensitieS»ofythe analyte ions and the P.A.
‘differences‘betweea«the'analytes'and tne matrices. When
moving across Table 1, one is compariné spectra of analytes
‘with progressiveiy increasing basicities in a fixed matrix.
rt is clearly seen that the intensities due to the analyte.

ions increase while‘those for the matrix ions decrease.

Consequently, the ratio of analyte ions to the matrix ions

; W

bbalso increases quite considerably across the table-

Similarly, when moving down a column éne is comparing the\

- intensities for fixed analyte in different matrices of

1"°rea5108 baSicities-w The intensity of the analyte ionswv

decreases relative to" the matrix ionsﬁti.e. the ratio of
W .

the analyte ions to the matrix ions decreases dogn a

_ column. This means that the ratio of the analyte to the

matrix ioh‘intensities is highest at the upper right corner
of the table where the analyte which has tyg highest '

| basicity value is dissolved in 2 matr¥x with the lowest ti if;
hasicity value,’ The lowest ratio is at the bottom left - _N;w
cornervwherelfge_analytesswith the,lowest hasicity,value‘is‘" |

~dissolved in avmatrix»with:thevhighest basicityﬁwalue.

: \ R ) . N
“ . R - # CEI
R C (Q b S
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The only exceptions to these results are the sample

*_mixtures containing 10 mole percent 4 - octylaniline in

glycerol and in.butanetriol., The aniline was not'sofuble

in‘these two matricesr, The low solubility of the aniline

in the alcohol matrices may be due to the hydrophobic octyl
wgroup ot the aniline. Since ‘the density of the aniline is

'flower than that of the two alcohols, one could expect thé

{
aniline to form the top layer on the probe tip when the

sample mixtures are applied on the surface of the _probe

"}tiprf This would mean that the molecules that are exposed

*the bombarding atoms would predominantly be the aniline

[a]

‘*‘ molecules. ThlS would explain the high intensity of the

QJni,

vline derived ions in these spectra. Generally,3the

-

yintensity 3& the dimer, M2H+. over the intensity of the

fpseudomolecular ion, ﬁH* is much lower when M is an

I

‘*()‘

;analyte molecule than when M is a matrix molecule.

However. in ‘the case of octylaniline, the monomer to dimer
A

ratios are similar, irrespective of whether the aniline is

used as an analyte or a matrix._ Since the sample surgace

is enriched with the aniline,. the aniline molecules that'

@ . €

are desorbed from the sample surface due to the faﬁﬁ atom

V.bombardment have a greater probability of interacting wi:?

~other desorbed aniline molecules to form the proton boun

- dimers. In other cases, ‘where the analyte 1s well
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dissolved’in a mhtrii, the desorhed»enalytexmolecules‘may

have a lesser probability of interacting with the other

. desorbed enalyte nflecules due to the large number of

matrix molecules that‘are also present.

. ) Sy

4.2 Preference factors

~The degree of preference for the analyte over the o

matrix in a binary mixture in FABMS can be expressed as a

"Breference factor" (P.F,). - _ , ‘
' ) ow . o
- Total intensity of o : )

P.F. = analyte ion peaks| x moles of matrix

Total intensity of f " mples. of analyte
atrix ion peaks
The preference factors are highest in the upper right

corner and lowest in the bottom left corner 1n Table 1.-

- The preference factors remained relatively constant even

'

n',w'h the gpnceé%ragTon of the analyte was decreased by a

»,
ptl
'k" @

igtor of 100 + For example when the mole percent of TEA

in glycerol was decreased from 10% to 0 1%, there was no

b

esignifipgnt difference in the preferenge factors between

these two samples.. = _”n§5§5 )

Even though the preferedce factors for a given analyte

in different matrices were different, the observed frag-"'

‘ mentation.pattern‘waS“relatively constant. This was true

for.all FAB spectra on

_’Table 1.1s based.(iThe pattern

. =

o v 3

—
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vas also ghe same when the compound was used as a. matrix,

P ;#?nalyte. This observation is illus-
trated in Figu;:ﬁb éhich depicts the FABMS spectra of TEA
in two different chemical environments.- Figure 8a shows '
the FAB spectra of pure TEA matrix and Figure 8B shows a 10
mole percent solution of TEA in NOBA. In both spectra, the

predominant peak is the (TEA)H+ (m/e‘s 150). The majq 3

_'fragment peaks are m/e = 148, m/e = 132 and. m/e = 118 Me
_intensities of the fragment peaks relative to the base peak
(m/e = 150) are similar in both spectra. 1t the ionization
process in FABMS occurs according to the precursor model
the intensities of the analyte and matrix derived ions are

by

* expected to depend to a great extent on their respective '
. basicity values in the liquid phase. This is because ‘the
distribution of protons between the matrix and the analyte
molecules in solution will be determined by the relative !
basicities of-the two compodEhts The pKa values for DEA
and TEA in aqueous solutions (32) are as follows DEA =
8:8 (Kb = 6.3 x 1076) and TEA = 7.7 (Kb = 5.0 x 10-7). The:
’respective protdn affinities in the gas phase are 228 kcal
mo1~1 and 233 kcal mol'1 Therefore, ‘one can clearly see ~
tbat the basicities of these compounds in solution is tbe

reverse of that in the gas. phase. I1f the protonated ions

vyéﬁformed.in the liquid phase before being desorbed as

.‘: i
Ly “ .'.,”
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"

implied in the precursor model, ope.would expect a high
degree of preference for DEA orer‘TéA, 1h“a 10 mole percent
solution of TEA in DEA. But:.the results in Table 1
indicate the P.F. of TEA in DEA to be 4.8 and the P.F. of.
ﬂﬁh in TEA to be 0.5. Since. the gas phase basicity of TEA
is greater than that of DEA, the only explanation for these
results that could be given at this stage is .that the

protonation reactions may occur in the gas phase.

4.3 The relevance of the precursor model end the G.C.M.
in FAﬁmS‘

" Even though the compounds chosen for these experimentsl
.are considered to be neutral and have negligible concen-
trations of preformed ions, a sufficient amount ‘of ions
could build up instantaneously on the surface of the. sample
when the atom beam‘impinges on the sample. These ions
~ could then act as preformed ions. Magee (25) has reported

“that the atom flux normally employed in FAB or SIMS exper-
iments is about 1013 atoms/sec. He has also assumed that
the damage cCross section of an atom is about 100 A*2,

The area of the probe tip we used was calculated to be

‘about 0.1 cm2. Therefore, the average time that_would

'n.elapse between two atoms hitting the same area is about 1

.second. Magee has reported (25) that when,a neutral atom

ar
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beam 1mpinges on a sample surface, the depth of the
collision cascade is between 80 -'100 4. 1f we assume the
‘diffusion coefficient of a molecule in a liquid to be about
10‘5fcm2‘secfl. the everage distance the molecule wiil

. « o
travel in one second is about 104 A. This will ensyre

he surfacefdue to

adequate time for the 1cne.produced a.t,_j"~
the atom bombardment, to diffuse to a decth‘ofjmore‘than
100 A in the bulk liquid before the same surface area is
bcmbarded again. Therefore, the probability'fdr a buildup,
of ions on the surface and t‘lisubsequent desorption of
theseAions is sﬁall. Thus, our experimental results do not
favour a precursor model but instead tend to agree with a
'gas phase collision model
Since the concentration of .the matrix is much greater
"than the analyte in the'sampie'sclhtiqns'we'used, there
'wiall be more of the pr:tonated "Amatrix moiecules due to the
"coliisions.cf the matrix ﬁolecules with ionic fragments.
Since analyte molebules which have a higher proton affinity
than the matrix producad high preference factors ('-100),
c'it must mean that the i§¥tia11y protonated matrix molecules
gndergo.a number ef gas phase-collisions (= 10) with the
bsdrroundiﬁg intect molecﬁles
,' Figure 9c¢ shows the FAB <pectra of the pure glycerol.

Figures 9b and 9a show the chemical ionization (CI). mass

Y
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spectra of‘glycerql where glycerol has been protonated by
CHs% and CgH7", respectively. These CI spectra were
obtained in separate experiments performed in this
labdratory by J. Sunner using a high ﬁressure ion source
mass spectrometer. The exothermicitieé of reaction (5) and
(6) involved in the protonation under methane CI cdnditionc
are given below (31). - |
" Glycerol + CHs*—(Gly)H* + CHg (5) AH = -77 Kéal/mole
Glycerol + CGH7+———9(Gly)H+'+ CeHs (6)AH = -28 kcal/mole
-The react{geﬂﬁith ‘the higher exothermicity will lead
to products with greater internal‘excitation energy. As a
.result, the'broducts of this reaction should be fragmented
. to a la?ger degree. The fragment pe?k m/e = 75% in Figure
9b is much more intense than that of Figure 9c. in
addition to the peak at 75% » fragment peaks appear at m/em
= 57 and 45% in Figure 9b which are not observed in Figure
9c. In the FABMS spectra of the sample solutions used, the
fragmentation pattern diq not change when matrices of
different proton affinities were usédﬁkér ﬁhe_same analyte.
Thié observation appears to contradict the G.C.M. at a |
first glénce because gaseous media afe invélved in the CI
experiment and in the FAB qgvity. An.i@portant.difference
between thesé,fwo.situations is the high ﬁensity,and.the

high temperature of.the FAB cavity. The temperature of the
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. cavify‘cbuld be assumed to be similar in all cases. Due to
the high density of the cavity, a protonated analyte )

o
protonate matrix molecule ‘will undergo several. rapid

molecule z?gggfed by the proton transfer from a given

noq reactive collisions with nearby molecules. These
céllisions will ultimately lead to a thermalized ion. The
internal energy of this thermalized ion becomes essentially
independent of the exothermicity of the protonation
reaction,ii .e., in FAB the ions will leave the surface with

similar dis&ribution of internal energy that is

characteristic of the "temperature" of the cavity.

4.4 Stability of the protonated dimers and their

intensities in FABMS

One common feature in most FABMS spectra is the
3ppsar£nqe of proionAbound dimers, of the matrix molecules
and sometimss of the analyte molecules; :The«intensities of
the proton bound dimers observed in the FAB spectra of the
compounds such as glycerol, butanetriol and diethanol-
amine, etc., are given»in Table II. The equilibrium
constants for the formation of dimehsyst 500 K‘rep:esénted
by the following equation are also given in Table II.

These equilibrium cbnstants were obtained by J..Sunner fro@
this laboratory using a pulssd high pressure ion source

i

mass spectrometer (31).



‘MY, + M ————> MoH* | (D
" Keq = (MZH*)/(MH*)vx Py . (8)
As can be seen from the values giveh in Table 2, the@g

intenéity ratio of Mzﬂ* to MH* increases with the value
of Keq. This would mean -that-the thermodynamic stability of
the dimef relative to t‘ monoer has increased with Keq.
The only exception to tbe above trend is the octylaniline.
Although the Keq for octylaniline is greater than that for
DEA, the observed FAB dimer/monomer intensity ratio of the
aniline-is huch less than that of DEA. A'possible
explanation of this observation would be occurrence of
decomposifion of‘the dimer clusters of the aniline éuring
the time of flight in the mass spectrometer. At high.
temperatures one would expect large molecules to have
internal energies greater than the dissociation energies of
the clusters (33). Therefore, these clusters may undergo
rapid unimo}ecular.dissociat{ons during the time of flight

in the mass specgfometer.



Table 2. Stabilities of proton bound matrix dimers

|

Keq®/torr™1 I(MpH*)b
at 500 K f{ﬁﬁ‘?l'

NOBA ? 0.13
Glycerol --1 200 , 0.33 -

Butanetriol 1 200 | 0.22

Octylaniline 100 0.07

" Diethanolamine . 4.6 o2

Triethanolamine 9.8c 0.01

£

‘a) Keq for rea‘ction:m‘MH+ + M = MaH*, standard state
1 atm.

b) Intensity ratio betwéen the proton bound dimer and the
protonated matrix molecule ;g observed in FAB épeétra of

the pure matrix.

c)\ Estimated.



CHAPTER V-

5.0 Secondary ion currents of preionized liquids in FAB

< In the precursor model of PAB "the desorption of _
secondary ions is assumed to be due’ largely to direct . o
momentﬂm transfer from the fast atoms to the preformed \\\\'
(i.e., existing) ions in the liquid sample.‘ The prerormed
ions thus are expelied into the vacuum., Apsuming this to

be true one would expect that the total inﬁ? itquf the 1

secondary icns or the total ion current (TI'

D 'j-‘
on the concentration of the "prefornod;ichgﬁ*

in"cr t“?_d b)?' §

- If the concentration of the pre ;oi‘med ion iégt
g e, - Iy % ”ib-
AR

\ -f‘ ‘ 1.6? »

vhether this is the'case,'measnreme qu’f the xPC frbngAB *gi

ierc.berfcrmed.. Surprisingly, evenii_‘ gh TIC measurgments .

are relatively straight forward, su f5f;ﬁ
’ ‘8 4

been reported in the literature.

glycerol containing increasing conff "dtions ot seluble
_;5§llsx*nd acids were measured. I' ; espondingfngssf.

‘ .
N LN

jexperipental part..

{
3

2

o



The results of the TIC meabur;mentn of the.alkali
chloride (MCl1) solutions are given in Table 3 and the plot
" of mole per¢dnt'cfkali'chlor1de in glycerol versus the TIC
" alkall éhloride/TY¢ glycerol is given in ﬁig;re 10. :

‘§ . o
Table 3: Total ion currents .of alkali chlorides in

glycerol L s
(a) LiCl in glyéeroli . o
Mole % LiCl TIC LiCl in glycerol/TIC glycerol !
0.2 ) *"’& 0.0 ™ &
0.5 e R 0.92
1 o 0.90
2 0.93
4 - . | 1.10

8 : 1.05

(b) -KCl in glycerol:

Mole % KCL 1IC KC1 in glycerol/TIC glycerol
0.2 1.03.
" 0.5 | 0. 95 ?
1 - 0.91
2 | | ' 0.97
: ¥ 1 |
8

0.99 ’ »




A
Y '

N

»

.Table 3: Cdntinued.bhu

4
(¢) RbCl in glycerol:

’ . *r

m .

C e

“ Mole % RbCL . TIC RbCl in glycerol/TIC glycerol _
o v o 0;924 R
0.5 . " - o086

T T A 0.84 .
2 0.75
s cL e 0.84
) |

. 7 o.82

(d) 'NaCl in glycerol:
———

- fﬂ%le %’NaCI.. i Na01'in'glicef§1/TIC glycerol
o2 v o7 e
s 0.4
| ;;”, : | | . B :0.91;
. i‘ A | 0.95

5

I S . o0.88

%;ﬁﬁ L vf‘,A ;/'\f 0.86 -
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. |

It is apparent from these figures that the TIC does
not increase with the adﬂed concentration of the salts, =
1. e., there 1s no increase. in the TIC with the
'concentration of the preformed ions in the sample solution.
In fact, a decrease in the TIC 15 observed initially in §11

‘~Cases{ fA notable feature’in'this figureiis the decrease in

55

TIC for all the salts occurring below 0.5 mole percent oo

‘Another observation that can be made from these plots is
the qrder of the initial decrease in the TIC which is
K (L ¢ Na ¢ Rb. After the initial decrease, the total

~3ion current remains relatively constant with further -

t

‘increase-of the - salt'concentration

: [ t,;;,r »- : : Lo ‘ N S ' .
5.1 'The influence of alkali chlorides on FAB spectra

Typical FAB spectra of 1 mole percent solutions of
LiCl, NaCl anp KCl1 in glycerol are shown in Figures 11 13
respectﬁvely ] In the spectra of glycerol solutions of the
‘alkali chlorides we have assigned the ions to three groups
‘v(i) The me#al ion (M*) ‘and the mixed clusters of the

and ( )2 (Gly-H)' (Gly)m where Gly = glycerol

: metalJand glycerol molecules (M+)n (Cl )n 1 (Gly)m,
ﬁ'(ii) :‘The protonated ion of glycerol (GlyH*), its maJor
fragment ions (m/e = 75+‘ 45+, 57*) and the pro—'v

tonated glycerol dimers and- trimers

Te

w -

4
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(111) The_backgrounq peak "noise" exteﬂds\o?e: the
cOmplete mass range. |

) Table 4 shows the intensities of iheée three groups of

iqde ter KCllin glycerol and Figure 14 givee a ﬁlot of the

groups intensities (as-e'percent of TIC) ve?éhs the mole

* perceat of KC1 in glycerol. ;
'Tabie,4: FABMS peak intensities.of,alkaii chloridee
£t . - Glycerol ‘ "BaEkgrqunq
Mole % Containing Peaks 'Containiqg_Peagsk  Ioms
o0 ' 0 : 56 a4
0.1 PR 2 ) 68 T R
0.2. 6 ¢ 67 e7 "
- 0.5 T , ,460," 27 |
o s a1 28 )
“2,'0',‘ o s & s
R

80;“’

A -
Ty

Dne obser#es 9 rapid increase in the 1ntens1
# e

-

f;~x01 apd a»corr?spondingi*'

ﬂ'ions., A notable feagure iﬁ?thisdﬁﬁture 1s tuht at very loﬁww
‘concentrations of KCl (< O'Swpole pereeht), there 1s a "g>:;'
. ' P ' N 5 P -

Ry . : TN Al . LE L . IR .
i . e s T NN EE . . SR L
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marked increased in the 1nfensity of the main glycerolnions
and a\corresponding drop in the background peaks. It .
uppears'that\traces of the salt tend to "elean-up" the
glycefollspectrum.‘ One could also observe a drop in the
intensities of ma%P fragment ions of glycefol relative to

GlyH*, at very low concentrations dﬁ alkali chlorides’

‘1n glycerol.

. A plot of intensity of the major glycerol fragments/
intensity of GlyHY versus mole percenﬁ of KCI in

glycerol (Table 5 and Flgure 15) illustrates this point in

more detail.

Table 5: Fragmént to monomer intensityAratios of glycerol
o s %

3
o B

in KCl/glycerol solutions. éﬁ&

Intensity of glycerol fragments

Mole % KC1 in glycerol Intensity of GlyH*
5 :
0 0. 79
- ' b4
| 42
- 0.2 o | '@i”b.esv
%) .
0-5 \ ~ &5 i 0067
1.0 P 1 0.75
N 200 , ) . R . 0075 . e,‘:‘ \\&:g{:’
4.0 - 1.10

8.0 - ‘ 2.10
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The above curve shows an 1mpro§ement from a 0.79 frag-
ments to monomer ratio for heat glyceéoi to a'O.és/ | |
f#@gments to monomer ratio atla KC1 concentration of 0.2 |
mole percent. | | ’

The observed glycérol dimer to monomerfintensity ratfo
is plotted against the mole berceqt KCl in glycerbl,(Table

'6‘aﬂd Figure'ls). After an initial dimer to monomer ratio
increase at ver& iow cdncentration of KC1, a gradual ‘ o
decrease of the ;;tio iS~ob§erved with the increasing "
boﬁcentration of KCI: |

Table 6: Dimer to monomer intensity ratios of glycerol in

KCl/glycerol solutions.

Mole % KC1 ' "(dly)z H*/Qlyﬂ+

0 | | e 0.43 .

0.1 o 0.46

0.2 | \ 0.52

0.5 0.50

1.0 0.43

2.0 0.32

.

4.0 0.22

It is poteworthy that the increase in the total

‘glycerol cod%éining peaks, the decrease in the fragment
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ratio of ¢1ycerol and the increase in the dimer to monomer
ratio ot ¢1ycerol occur upproximately in the same
concentrntion range of KCl1 in glycerol (0.1 - 0.5 mole %).
The plots for the other alkali chlorides were similar.

The apparent increase in the degree of fragmentation
of.the.glycerol and the decrease in the GlyaH*/GlyH*
ratio ns'the concentrations of MCl increases from 0.5 mole
percent toﬂB'dole percent can be explained as a consequence:
of the gas expulsion procese'from the cavity. We’can
assume that the gas expelled early is much hotter than the
gas expelled later gecause'the "latter";gas wi{l be qooled
by the adiabatic expansion in the cavity. *herefore. it is
reasonabie to assume that the fragmentation is more exten-
sive in the "early" gas.'“lnithe case of neat‘glicerol,.the
| bottom gas will contain more of the Glyﬁ+ and the GlyaH'.
When we add alkali chlorides, GlyH* formed in the bottom
gae wilg have sufficient time to undergo ion<molecu1e
" reactions with the alkali chlorides resulting in ¥t and
.Glyu* This considerahly reduces the concentration or the
elGlyH - Thus, an apparent increase in the degree of
fraggentation-re}itive to the monome: (GlyH+) is seenkiﬁ
the FAB~épectT;. | “ \
A preference factor (P.F.) for alkali 1ons over thef S

hﬂ’ ‘.

matrix 1ons ﬂbe defined as follows:



N ’“The reration between P. F. and mole %,KCl in glycerol

Yoo

>

>

',JIable 7:

» .
' S
Total intensity of peaks
. ’ _ , .
P.F. = containing alkali ions «x Moles matrix

Total intensity of

(1)

’ .
Moles alkali ions

-

matrix ion peaks

!18 ehowﬂ in Table 7 and Figare 17. ' The plots for the other

alkéii ions were similar

“ < v

4

&

LA

Preference factors of K* over glycerol ions in

: KCl/egcdrol solutionsz‘;

I | * ;‘% ‘& : v “‘3 . . . .
‘ ‘-lf e ‘JFL = — . ’L .‘
AN 'Mole‘% KCl in glycerol : P.F. . e
N ¥ S - - e ——— -
- : '330.1 41.2
: .: . - O .2 . 39.7
S 0.5 , 46.2
o y .
SRR GRS ¢ 49.0
\ 2.0 | 59.1 '
=y i
4.0 , 72.3
' ~
8- 0 ’ ) 1290 6

1]

The preference factors obtained for the alkalt ions

(=40 - 100) are in the same range ae the P.F.'s obtained

for the neutral compounds discussed previously However,

a major difference ‘between the bases and ‘the alkali

chlorides is that the P.F.'s for the alkali chlorides

increase with the concentration of the adalytem» The

a -
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lreasons‘fpr_Suchia,difference are discussed ‘in’ Section

‘a

5.6.

" The P.F. 's for 1 mole % solutions 6f alkt}d e

~0‘~

Y

J Table. 8:

.:k*&?f‘

W
ai‘
.b'». . (b) .

¥

U

? r;’&bs‘

in glycerol and 1n TEA- qre given in Table 8 and Ff%ure 18.‘.,AI
Preference factors of alkali ions in glycenol :
and in TEA | s
1%;MC1 in glycerol: r ,
—_ Mélf | g.F{.y
Pl i s, A .
w:é‘%" Na,gligtmk .3 54 a4 ;
s, ka1 % 49 , |
RbC1 a5 ‘“\>‘
R ;; . ; o . .
1% MC1 in TEA: - s
oyt b.F. . N
e 3 23 “ 4
o T;NécL- ' ~f2m  e et
Gk IR
vf‘t'bcll - ;" ) 22, -

the analyte, but,iiso by the chemical envirOnment of the

.

Lt agpears frOm these plots that the ggi?é%encef 3 '

: anglyte.ﬁ

-

RN

Y

,The PbF. s-;qr the alkali chlerides arp_higher,J

o

4

P
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Preference factors for alkal1 conta:nmg 10@ over matrix ions for

1 ‘mole percent solutions of. alkah chlondes 1mglycerol and in %

o

- s ‘% -
\

a

Pty

69

e o
FIGURE 18
IR &
L Y _
S5 50 .
o © 40 ' .
e »TEA |
QO 20 . /
o O L |
b L Nal K Rb

tnethanolamme AR S .977"',“"



- "
\ 0
. . B4 .
R .

[ . -

in‘glycerolpthan in TEA. Since\the proton affinity of TEA
is greater than that of glycerol the P.F.'s obtained'for'
the alkali chlorides in TEA and glycerol eppear to be in‘ ”\;

accordsnce with a gas phase collision model rather than

with a precursor model. ‘1f the ionization occurs
: L

L

sdlutionl /' s - '
: . < . AR : *®

J

8v2 The influence o! HC1 on. FAB spectra and TIC

The change in the TIC upon the addition of concen~
Atrated HC1 in glycerol is shown. in. Table 9 and Figure 19.
It ‘is apparent that the overall change in the Tlcgis“small.
1t shoﬁld_be noted that when concentrated»HCI is added’ to |
thevglycerOI -é?certain»amouﬁk of H20 is also introduced
To determine whether‘Hgo had any effect on the TIC, s
;aqxperiments were performed with glycerol/HgO mixtures.F%NoA

9, .
significant changes in TIC were observed “of these mixtures

. ,with_respect to the pure.glycerol samples- ’ SR ﬂma\zfﬁ
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Oh ‘ .
Table 9: Total ion‘currents of Gly/HCl solutjons
f . . . ’ ) - .
__Mole % HC1 in glyce¥ol ‘TIC Gly/HC1/TIC glycerol
e i 0.0 . 1 .
L1 T 086 .
o LW o o ’
: @ﬁ 0.2 . - ' : 0.77 '
i ,"L “ » . e H .‘ . s ) . - N
IO (N S ool , 0.84 :
‘ ) '1-%’%.' .. ’_‘ . ' ' 0‘0 89 . _‘ ’
R ,’u ' T o A - -
260 ‘ ' . . .. ‘."tﬁ 0'97 ‘ ' . . 4,
. 5?0 S ;} MR NI 0.94 .- ‘ . _
- ' - %, . *%F"k o .
80 o T s L &
16 - 1.06 o
" Although there is no overall change in the TIC -7 £§

. ¢ I 2R
significant dip in the TIC was observed at’ very low concen— %”‘

' trations of HCl 4in glycerol (N,O 1 mole %) This is quite
similar to what was observed with the alkali chlorides in

, . .
glycerol. But in this instance, the TIC increases with the S

concentrationdbf HCY, and remains relatively constant at

'high concentrations of HCl. 1In the‘case of the aikali “i_;‘

- chlorides, no increase in.the;TIC _was observed after the ‘Af;fw;
’ | g

)initial dégression. Table 10, and Figure 20 show - the o w

variation of the total intensities (as percentage of TIC)
o?'hhe main’ glycerol péaks and the intensities of the TV i_ s

Apseudomolecular glycerol ion (GlyH*) with the concentratipn

L34

.of the HC1 in glycerol. Tabv 11 and Figure 21 show the - .

f'variaﬁion of‘the intensity ratio betdeen the main fragments .

13
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Taﬁie 10a: Inten‘ties 6f the main glycerol 1on5 1n HCL»J
| ‘. Gly solutions . : B ‘né e

>
i
T »

Mole % HCL Int,ensity' of!
; =

0

- | “ e - :
20 . | 31. | .
’ . . o - R . » . L. ,
i I A Mze.zlli S
t" 8,0 . o 28.4
o o N
16 . 0 V ) - . : ¢ 32 l'2 v
Table 10b: ~Intensities of the GlyH* in Gﬁ"/HCl solutiaons
' LD N ° ’
Ildle HCL , In«%éus'ity of GlyH* as a % of TIC AL

o ., FTo 27
'-Q{zf RN - 186 = . |
2. 0 IR, 0.8 - *
w0 ‘1o~4' |
8.0 o T 8.8 .

f' 16.0. . . ... 10.3
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ﬂﬁwbg 11::- Intensity ratios of the miin fragments of

* r .
.

M Yo glycerol to the intensity of GilyH"* w
RIS ' [ '

EEE: 2 .
oK AT O 40 .
4 vm ) BT A
Iy - G " .
g A Voo,

‘?” 8 W 'I'nt"e'nsity of main fragments/lnténsity of GlyH"'
- b . : t » "

% HCL - of glycerol
b’;-. ?" 3 ) 00 74

0.96
1.07
| 144
Jig“;4.o | : 1.48
;YﬁéfgiﬁbV";: o ) 1.93

.
B PO e '
ial ,;-r’%éqa.h“ * : i 1.76
- u.‘., R - ) - o ' o

Y Tabier12: Intensity ratios of Td.ilpei“ to monomer peaks of
glycerol in HC1/Gly sodutions L

—~

.
s -

Mole ‘% HCL- | 'Intensrityv dimer/lyntevnysity monomer

9 .. 4

o — 0.45

0.2 ' . o 0.37 | a
1.0 | 7 o3 |
2.0, ~ 0.40

4.0 - - 0.3

. Y
8.0 : S 0.30

16.0 S . 0.37 .\ e
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" of glycerol and GlyH+ with the concentration of HC1 in
glycerol. The dimer to monomer ratio of glycerol ,s

\
plotted against the~concentration.of HCl in glycerol (Table

5 X \ _ .
On‘insbection of Figuré 20 one could oblerve“a

decrease in the intensity ot GlyH+ it low concentrations O

Vi

of HCl by about a factor or 2, ult, a corres-

ponding decrease in the intensity : e main giiceroi o
peaks in‘the‘same concj&tration range could‘be seen. g"“As ih
the case of the ‘TIC measurements, th intensities ofétﬁe o
»GlyH* and the main glycerol ions remain constant at higher
ooncentrations of HCl. Since the f}C is relatively
\>constant during the experiments, except for the initial
decrease at very low concentrations, it wds concluded that
the addition oi HCl to glycerol decreases’ the intensity of
the main glycerol ions and increases the backgtound ion
intéhsity by 'a simiiar amount. The,ratio of the intensity o
“ of the’fragment ions'of klycerol to the GlyH* increasés .
~oat the‘sam ow concentration range mentioned previously

‘

This increase in the fragment to monomer

incides with a decrease in the dimen to monomer

at very low concentrations (Fiﬁ};g 22) The trends
RS . ‘: .

rved in TIC measurements and peak intensities in

giycerOI/HCI mixtures at low analyte concentrations appear

13
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to be in the reverse order to what was observed 'elkali
“nvcﬁloride/glycerol mixtures at the same concentrat&en/”///

*

levels.

*
.

When the TIC measurements were performed with e o
+ pyridinium hydrochloride/glycerol mixtures, a céntinuous
!aﬁcrease in the TIC was observed with 1ncreasing
qoncentration of the hydrochloride (Figure 9) Thia is
‘ agai.n contrary to what was bbserved. with the alkali
Jmohlonfde/glycerol mixtures«“ Figure 23 depicts thﬁua
l.variation of TIC's .for diffTrent mixtureé of diethanolamine
(DEA) and diethanolamtpe hydg

e 3

L

hloride (DEAHCI) (Table 13).

. Table 13:i”Var1ation,of,TIC of DEAgCl/bEAﬁeolutions

A K

) 2NN e — —

Mole % of DEAHC1 in DEA . TIC DEAHCIYTIC DEA
o L . 1.0
o, 76 :
. - N ;--“ ““ S M1
‘-‘4 :"":- « 0.€46 . r
0041

\

0.46 N

\~,'v - T

! DEAHCI 1n the pure form 1s a liquid and hence can. be

USed as a FAB matrix., Here again a decrease in the TIC'

“vis observed at low salt cbncentrations in 8 manner similar

to the pyrid;ﬂ]gm hydrochhqﬁﬁdﬁ?glycerol mixtures.
- : P i ;rl&"c‘" . N

!
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The above results'clear1y~indicate that for all cases

“studied so-far, the presence of preformed ions in the

~

“hiquid matrix, whether they are protonated molecules or

l

) alkali ions, does not increase the total iqn current upon

/

;the atom bombardment. In all cases a depression of the TIC

|

is observed initially at low concentrations of the analytes

'and a subsequent stwbilfzation of the current occurs at ;‘-

1

. Ju
. higher concentrations,.except in the cases of DEAHClvand

pyridlnium hyd?ﬁchloride where the TIC decreased at high

concentrations. When one considers the FABMS spectra of

':the sample mixtures discussed S0 far major changes in the

P.

';intensities of certaLn ions are observed with increasing

xana}yte concentrations.. For instance, tracelamounts,of‘

alkali ions in glycerOl tend to "clean up" the glycerol

spectrumyby increasing the 51gna1 intensity of the- main

~g1ycerol peaks and decreasing the background peaks. vThe

results thatnhave been presented so far are not consistent

with a precursor model but instead suggest that 1on

. molecule,reactions are important An - determining the nature

of the FAB ions. It w1ll be shown in the next section how

v

“these results can be exp}ained with the gas phase collision

‘model (ch) G e -



- ¢ ‘ 4")’(/ » ,‘". .
5. 3 Total ion currents in gas
&y “” '

- /collision model o
The G. C. model, as descr;bed\in the introduction,

™~

implies ‘the occurrence of a collision cascade in the liquid
sample due toﬂthevimpact of the fast atom.
. Ny oo

When she atoms"
of the sample are/hit head on by‘the high energy primary.
atoms,

a

the sampLe atoms will be torn away from the rest of

r

the molecule and uﬁdergo collisions with neighbouring
~ sample molecuies.

This sequence of events will eventually
lead to the. formation of a cavity which contains a high-

density. high temperature gas consisting of sample
Vmolecules and ionic fragments.

At this stage it is )
possible for ion molecule reactions to take place within
\ [ / . .

I3

the cavity to produce\pseudomolecular ions and cluster
ionslv

\

The initial ions are produced by the collisions of
the fast atom beam with neutral matrix and analyte
molecules.

\

k
7

Such an ionization process must be responsible

for the observation of FAB spectra of neutral matrices and
analytes. |

The sequence of reactions leading to the, protonated
matrix (klycerol) ions may be represented as follows:
\. « K+ Gly—spi?t
\ ) :

C
\

i
\

(9 | N
pi* + F—>5{* 0y
\ S1* + Gly——GlyE*  (11)

-
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_"K'- bombarding atom, Pi+ =g primary ion.‘F - neutral
fragment Sit = secondary ion. '.1%,‘v' K
: The addition of salts to the liquid sample may ‘be
. expected to increase the degree QI ionization described
above if we assume that the ions of the electnolyte are
d%sorbed" irito the"” gas. As a result,.the TIC_!ould be
expected to increase with the concentgation of the salt in
the matrix. The results we have presente% contradict this
‘assumption. Therefore, one could\conclude that the tota}
‘ion,current or the number of ions in the gas are determined
not'ohly by the initial ionization process caused by the
atom bombardment but also by the naturegZof the desorption
:process.i In thé desorption«process; exte 'sive'positive- |

£y

o negative ion recombination may- be occurring. The gas phase_
ener;eties of alkali halides show that ion. pair recombin-

9 ation in the gas\phase.is energetically favourablef VE"P&ﬁ'
example, if one considers the energy stability diagramEoi
NaCl (Figure 24), 1t cankbe seen'that the iormation of the.

. ion pair Na‘*C1~ (8) from Na*t (g) and C1™ (g) is a highly

-t
exothermic reaction (AH = -450 kJ/mole). ‘

0N s o

5.4 Evidence for recombination reactions

- 5.4. 1 Estimate of ions produced pé& FAB particle

Let us assume that the total emission of secondary

' ions extends over an area of about (T/Z)r of a sphere with

7. oL e . - ) .

-
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(9)

Enérgy- Stabi'lity Diagram of NaCl in the Gas Phase

'Figure 24'

radius (r), where r is the qistance‘from the probe fip to

The area of the ion exit slit is )

\«\

: approxfﬁu;f&y 0.1 cm2 and r =1cmeo Therefore, the ;atio_

of the area of the. slit to thé total emission 1s given by*‘

0.1 x. 2/3. 14 x 1-* 0.05., i. e.,‘approximately only 1/20 of
N :
“the total number of secondary idns produced would actually

get through the exit slit. The total 1on;currents’of the

n}kali chloride solutions in glycerol were/in the range of
¥

1078'amp. Since the charge of an don is 6 x 10f19 coulohbs,

the current of 10”8 amp would correspond to 10'8/6 x'10°19,
. L4 o - . .



- ‘ L 4 A Vs
. ow i : )

’f'101° ioné/sécohd.’ Since on%y‘l/éo of the total number of
ions get tqrough the s1if, the ions‘actually préﬁuced woulh'
be 2 x 1011 1oﬂs?éecohd. 'Thé’FAB.gun fast particle emissxgn

| ha§ been’measﬁred-(34)'to‘be about 1613.pirticie§ per -

. sécond. Thes? numberé 1mp1y-that pn1y 0;61 1§né per .
ingident pgrticle e§cape from the target into the Qacuu‘L:f

a result of the'fasf‘atoﬁ *ohbardment of the sample.

o ’

5.4.2 lons,from liquid matrix and analyt

The total number of matrix molecules expected fo be ,gi
desorbed by an itom impact can be estimated as fd}lowsf |
The ehergy.of the fast gtoms produced by the FAB gun.hés

*: been measured to_be apopt 6 keV‘(34). This'corresponds to
about 138,000 kcal per mic}1e. The heat of vapourization of
glyéerol is 18 kcg} per mole. .ThiS'would mean that as a
result of,the-a{omjimpagt, a maximum of ?;000 molé;ulespgf

*  the matrix areidgéorbed. Since some df the énefgy will be

,“dissipated in othér'mers'Suqh as heat transfer to matrix

.agg,fragmentatibn of maé@ix molecules,.the‘expeétedhﬁUmber“
of_glyéerof moleculés evaporated should be much smaller.
Alternatively, the‘numbe}’of desorbed mélcules can also Be
calculgtedifnpm the size of thelcavity proéuced by the , .

'°1mpact. Mﬁgée has reﬁorted (25) that»the dépth of .a cavffy

N

. ’ ’ -] )
formed by the atom impact is about 40 A. If we gsSume
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that this,eavity is in the shape ot’a cube with sides of
40 X the corresponding,volume will be 64 x 10 21"01113

~ The density of glycerol is 1.2 g/cm3‘ and‘with the known'

molecular weight .92 g/mole, the number of molecules -of

: glycerol contained in the cavity is found ‘to be about 600

For’ csnvenience we can assume that some 1000 molecules of

glycerol are desorbed as a result of one atom impact.

4

In the experiments we performed,,we have used 5 mole

percent solutio#; of electrolyte in glycerol This would

a

lead to the production of 50 ions if one assumes that all

86

B )

] -

the electrolyte. ions contained amongst the 1, 000 glycerol .

molecules become desorbed. In the case of the neat neutral

s o . =3

matrix such aswglycerol,>the number of ions expected from

- the totallnumberjpf glycerol .molecules described can be

°

%

calculated utilizingbthe ionizationbcross-sections_of some
fast atoms quoted by Michl (27)+. The ionization cross-

-sections of Ar pnojectiles impacting on gaseois H with 5

.A o ~ |
“"keV energy is about 10716 cm2. For Xe with About 8 keV

v

energy we could assume'the ionization croSs-section to be

about l0‘15‘cm2.‘ Therefore,-the number of‘ions produced
in an area of 10 15 cm? and at a depth of 40 A as a
result of the atom impact is about 3. However, the
~collision cascade contains many secondary fast atoms

produced from the.glycerol mof%cules and the fastest of"'
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these will also produce some ionization. Therefore, some

T

. 16 or dore ions per,impactiné particle in neat~glyceNO1.

could be brodnced. This indicates that ion recombination
reactions must be occurring since much fewer 1ons leave the
targét than are'produced by the 1mpact. Recombination is

a second order reaction. The rate equation for a second .
order'rencinn is: |

€= 1/[kt +7T1/Co)] (12)

¢ = concentration at time t, Co = initial concentratdon,

t = time during which recombination occurs. Recombination
‘ will terminate as gas expands into vacuum.

- It was. calculated on ‘page 85.that there are 0.01 ions
# 3
. observed per impact, and an initial productian of about 10

a

ions per impact expected'for glycerol. ‘SubStituting.these

numbers in equation (12), one obtains a value for kt which

equals 100. ,
_ g // o .
0/01 = 1/[kt + (1/10)]

v o kt = 100 | * | T
.Using this§ value of kt in equation (12) one finds that an
increase of Co from 10 to 50, due to the presence of pre-
formed ions will lead to a negligible increase of the finall ’
ion concentration, i.e., from C = 0.01 to C = 0.0101. -

As a result of the second order kinetics of the recom-

bination; there is no appreciable increase in the final i@n

concentration for changes of the initial concentration by
o



zlgftors of tour. Our experimental results show that the
addition of qﬂectrolytes to the matrix'deuves the TIC -

relatively constant, vhich cont ¥

extensive recombination process.

5.5 Thermodynamic feasibility of analyte ion formation

from ion pairs

The fdlldwing reactions may be assumed to occur in the
gas phase in FABMS experiments:
GlyH* + MX— Mt + XH + Gly  (13)
_GlyH* + MXx—r M* (Gly) + XH "(14)

Using the tabulated standard entropy vﬁlues (35) for M,
XH,_MX'at 300 K and the value for the entropy change on
protonation for glycerol calculated by J. Sunner (31), I
:have estimafed'an average iﬁlue’for the entropy change for
reaction 13 ( AS13) for all alkali ions to be about}

45 cal/K mole. The enthalpy change for reaction 13 is
AH13 = PA (Gly) +aHy(XH) - aHp(R*) - aHp(MX) + aH}(NY).
'Using the P.A. value for glycerol 209 kcal/mole (31),
together w1th the tabulated standard heats of formation
(35), one could then calculate ASﬁas for all tﬂg alkali
ions. )

Mc?eal has reported (36)‘tbat the temperature of the

cavi;y'in FABMS 1s4ahout 1,000 K. Substitutiﬁg'the above
: / ' '



89

va,lues in the following equation: AG = AH - TAS (15),
tscla 1s calculated to be at 1,000 K as -10, -32, -46, -48 |
and -53 kcal/mole for M = L1, Na, K, Rb and Cs,
respectively. |

Aﬂé there are no major structural éhiahges between the
prddﬁcts and reactants in _reaction (14), and also sinc:—‘
theré is no net creation of mélecules, AS°14 cran be
assumed to .be zero. A H°14 has been estimated by J.
Sunner (37). From the values of AH‘;4 and A814 one can
estimate the value of AGl4 at 1,000 K. The values
obtained for the alkali ions are between =30 to -40 kcal
.per m01:. Comparing the values of A(;,13‘éiven above with
6014 = 35 kcal/mole, one finds that A014 is larger for
Li and Na than AG13, which means—¢that for these ior{s
reaction 14 will dominate over reaction 13. This iskin
agreement with the intensity ratios aobserved in FABMS
spectra for M*(Gly)/M* given below in table 14. .Similarly
in tﬁe case of K and Rb, reaction 13 appears to dominate
over 14. | |

‘In Figure 25 the log of the inténsity ratio M*(Gly)/M*
for the different alkaii ions‘ is plotted against AGc’16(38)

for the model reaction M*Y + 2Ho0—3M*(H0)2  (186).

-
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Tible 14: Correlation between intensity ratio of

- ] L. [

M*(Gly)/M* and —AG)g e -
o \“ . . ° ’
Intensity (M*GIly)/Intendity M* - AG1g kcal(qole,’

* | 47

31

. \\ 20

- 17

The éémparison'between reactions 16-and
Mt + Gly-»M*(Gly) (17) is valid for:the foliowing reasons:
Due to the'simple electrostatic nature of vthe interaction
between the alkali ions and neutral moletules, the bond
energy of'M+(Gly) and of M*(HzO)z sho?ld change pro-
portionally as the alkali ion is‘chanéed. The entropy and
free energy changes should obey similar proportiona; ’
relationships; At equilibrium equation 18 will hold: \

1nf[(u*(01y)/m+)_l °‘AG°16/RT - (18) |

The linear réiationship found in Figure 25 does not

.necessariiy imply'fhat reaction 17 is at equilibrium,

though an approach to equilibrium may occur. : ‘o

—

5.6 Preferéncg‘fdctors of alkali chloride solutiqgg
It was mentioned in Section 4.2 that I hi% experi':'

mentally observed that the preference'factor;
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neutral compounds did not change -1gnificant1y when the

P -

concentrations of these compounds were increaned from 0.1 to
10 molewpercent. As there are no preformed ions in the
matrix in this case, all ions must originate from the
colliaion caecade resulting from the atom bombardment. The
preference found for the analyte is explained a8 a
coneequence of the following protonation reaction (19)
leading to the analyte ions. M o
GlyH* + Analyte—3Gly + (Analyte)H* (19) o
In the case of alkali chlorides it was observed that °
at low concentrations the P.F.'s for alkali containing ions
are of the same magnitude, 35 to 55, as for the neutral
‘analytes. This again can be eiplained by the ion molecule
reactions (13) and (14). However; in contrast totthe '
neutral analytes, the P.F.'s for the alkali ions-increase
quite significantly with 1ncreasing concentration of the.
alkali chloridés (Figure 17). This increase can be
expladned as follows: In.addition to the alkali containing
ions formed by the ion molecule reactions, there will be a
residual amount of alkali ions (M') which did not
undergo the'recombination reactions..iWhen thevcopcenr
trations of the alkali chlorides 1ncrease,%the amount of~
residual alkali ions will also increase. Therefore, the

P.F."s will increase with the concentration of the alkali

@ﬁions. According to this picture, some of the ions observed



et

“1n the FAB'lbectra, at least the alkali ioms, are indeed

formed by gye vapourization of preformed 1063;

¥
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" CHAPTER VI = .

CONCLUSTION

An attempt has been made to explain‘the ion‘formation
in fast atom bombardment mass spectrometry.‘ In the first
part of this thesis I have presented a study of the
'influenceﬁof\gas phase basicities of’ analytes and matrices
‘on FAB spectra.i It'was‘found_thatppseudOmolecular‘ions,
MH*,:of%high basicity componnds had higher‘intensities in
g the‘spectra'than ions. of low basicity‘compounds.‘ It was,
fconcluded»that a numberbof.collisions occur 1n the gas
'phase after the impact of the atom but prior to the,
'pentrance of the” ions into the vacuum. Some of these,o
collisions result in proton transfer._: o

In the second part of the thesis I have demonstrated
‘}?the importance of gas phase energetics to ,the extent of

Lcation formatbon in FAB» It was also shown how gas phase

_ion pair formation can be utilized to explain TIC results:

'of-electrolyte samples in FABMS.

1y

/,-
(

Future Experiments |
' Thexresults I obtained indicate that competition for
protons by means of gas phase:proton transfer,reactions

94
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occurs. ~ Since there 1s‘a.rough‘correlatioh between gas
phase Bﬁsicif{ge'and adueoué basicit;es, it can be argued
‘that the competition hay &cpually eccdr‘in the liquid
 ?metr1x. “In order to clefify this, experiments should be
; . performed to study the competition for protons between
specially chosen analyte pairs. One of’ the compounds in
the pair should have the higher gas phase basicity, but the
/

/

/

-other should be more basic in the liquid matrix.

g
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