commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEALEA. 7ot EHSME EAIGHAOE 2HLICEH

HZd. #5l= 0l A5== 2dl 5

Jd
0
it
2
o
m
1
£
I3
Iry
[

o Fgts, 0 HEEY WO S0l =2 A2, DAEEN HEE
ZTEH LHEHH MOE 2L

o REARZLE Y2 5Jfe won U227 E2 MSLA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




Thesis for the Degree

Master of Education

XPS Investigation of Room

Temperature lonic Liquids in UHV

by
Ji Hye Kwon

Graduate School of Education

Pukyong National University

August 2007



XPS Investigation of Room

Temperature lonic Ligquids in UHV

ZDTZUM &2 ol2d HH
X-& BEX SBS o1

Advisor :-Prof. Yong-Cheol Kang

by
Ji Hye Kwon

A thesis submitted in partial fulfilment of the gwrements

for the degree of

Master of Education

Graduate School of Education

Pukyong National University

August 2007



XPS Investigation of Room Temperature
lonic Liquids in UHV

A dissertation

by
Ji Hye Kwon
Approved by :
Chairman : Ju Chang Kim
Member : So Won Youn Member : Yong-ChdoKang

August 30, 2007



Contents

List of Figures

................................................................................ iii
List Of TabIES .....ociiieee e, vii
ADSTIACT ... e vill
L. INtroduCtion ..o 1
II. Theoty LGt ociiideimn L M N, 3

1. The basis fOor XPS........ooiiiiiiiitie et 3
2. The instrumentation for XPS ..o, 5
2.1, VaCUUM SYSTBIM. . ciuuiinieiieetieinnaenn e ctnaeeneenaannneeentaenaeennaees 6

2.2. X-r@y’ sourcesWik. IR .. Y. AV ....../ ... 6
2.3. Electron energy analyzer.............cccovvieiiiiiiniiiesdeeeeeeans 9

P2 S B 1= ToT] 41V/0] [ 1 To] o o e PP 12

3. Room temperature  ionic lquids oo i 13
. Expermental ..., 15
1. Preparation of sample..........ccccooiiiiiiiiiiiiiiiiieeeeeeee 15
1.1. A’ coupling MRACHON .....ccvveiveeieieeeieeereeeteeeeeee et e eeeeeeeeeens 15
1.2. Pure RTILS SIUAY ...ceuieniiiiiiiei e eae e 17
2. The operation of XPS........ccooiiiiiiiii e 18
3. DECONVOIULION ...t 19



IV. Results and DiSCUSSION..........coovooeveeeeeeeeeeeeee, 20

1. A% coUPliNG TEACHON ..., 20
2. Pure RTILS StUAY ....coovveieiiiiiiieeeceeccee e, 34
V. CONCIUSION ... 39
VI, REfEIENCE. ... 40
VI APPENAIX .ooiivies e 44
Procedure of XPS (VG ESCALAB 2000).........cc.cccceeeeeenn. 44
Korean ADBSIACT .......cc..ooiiiiiiei ettt 48
ACKNOWIEAGMENL ..ot ettt nne et 49



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

List of Figures

The X-ray photon transfers its energy to cmre-leve
electron imparting enough energy for the electrém

leave the atom.
Schematic arrangement of a photoelectron spectesmet
Twin anode (Mg/Al) X-ray source.

Diagram of a CHA with standard input lensystems

analyzer and detector for XPS.
Molecular structures of ionic liquids.
Mechanism of A coupling reaction.

Custom-made sample holder for RTILs.

(a) top view (b).side view.

High resolution XP spectra of Cls photoemissianh
propargylamine %) in [bmim][PF] by A®  coupling
(tree-component coupling of aldehydes, alkynemd

amines) reaction time.

High resolution XP spectra of N1s photoemissiaf
propargylamine 1) in [bmim][PR] by A®  coupling

reaction time.

11

13

16

17

23

24



Figure 10.

Figure 11.

(@) Detailed Cls photoemission of pure n-butyl-3-
methylimidazolium cation. Top two peaks are suof
deconvoluted Cl1s (smooth line) and raw ddwiggled
line). The inset shows the chemical structuref
1-n-butyl-3-methylimidazolium cation. Area ratio 1.98
1.00 : 1.92 : 3.13)

(b) Deconvoluted peaks of Cls photoelectremissior
of propargylamine,1, in a RTIL. The peaks labeleds
Cl and C2 carbons are originated from RTIL atop
two peaks are sum of deconvoluted Cils (smolirtie)
and raw spectra (wiggled line). The inset. showwe
molecular structure of the product, propargylaming,
the A’ coupling reaction. (Area ratio 1.98 : 1.004:90
:1.92 : 11.49 : 5.74)

(@) Detailed N1s photoemission of pure n-butyl-3-
methylimidazolium cation. The inset shows tlodbemica

structure_of 1n-butyl-3-methylimidazolium cation.

(b) Deconvoluted peaks of N1s photoelectr@missior
of propargylamine,1, in a RTIL. The peaks labeleds
N2 nitrogen is originated from RTIL and topgwo
peaks are sum of deconvoluted N1s (smooth linep
raw spectra (wiggled Iline). The inset showthe
molecular structure of the product, propargylaming,

the A’ coupling reaction.

25

26

27

28



Figure 12.

Figure 13.

(a) Deconvoluted peaks of Cls photoelectremissior
of phenylacetylene in a RTIL. The peaks labeled Gib
and C5 carbons are originated fromreactant
phenylacetylene. The inset shows themoleculal
structure of the reactant, phenylacetylene, using the
A® coupling reaction. (Area ratio 2.00 : 1.00 : 2.00
0.00 : 0.00 : 3.03, boiling point = 14%)

(b) Deconvoluted peaks of Cls photoelectremissior
of benzaldehyde in a RTIL. The peaks labeled G&
and C5 carbons are originated fromreactant
benzaldehyde. The inset shows the molecusancture
of the reactant, benzaldehyde, using in thé adupling
reaction. (Area ratio 0.00 : 2.00 : 1.00 : 2.00 .000:
3.00, boiling point = 179C)

(c) Deconvoluted peaks of Cls photoelectron emissib
piperidine in a RTIL. The peaks labeled as' C3 &@
carbons. are originated from _reactant, piperidin€he
inset shows the- molecular “structure of theactant
piperidine, using in the A coupling reaction. (Area
ratio 2.00 : 1.00 : 2.00 : 3.00, boiling point =61()

Integrated areas of Cls photoelectron idifferent
chemical environments determined from thepectre

such as those in Figure 11 (a) and (b).

29

30

31

33



Figure 14.

(a) Detailed C1s photoemission of pure [bmim}PF
Top two peaks are sum of deconvoluted Cfssnoott
line) and raw data (wiggled line). The inset shothe
chemical  structure  of  f-butyl-3-methylimidazoliun
cation. (Area ratio 1.97 : 1.00 : 1.87 : 3.01)

(b) Detailed C1s photoemission of pure [bmim]iBFTop
two peaks are sum of deconvoluted Cls (smooth lame)
raw data (wiggled line). (Area ratio 2.00 : 1.001:99 :
2.99)

(c) Detailed C1s photoemission of purgmim][OTTf].
Top two peaks are sum of deconvoluted Cfssnoott
line) and raw data (wiggled line). The inset shotie
chemical structure of _trifluoromethanesulfonatanion.
(Area ratio 0.78 : 2.01 : 1.00 : 2.04 : 3.08)

(d). Detailed C1ls photoemission of pure [emim]iBF
Top two peaks are sum of deconvoluted C(ssnoott
line) and raw ‘data (wiggled line). The inset shote
chemical  structure of  mh-ethyl-3-methylimidazoliun
cation. (Area ratio 1.95 : 1.00 : 1.97 : 0.99)

Vi

36

37



Table 1.

Table 2.

List of Tables

Characteristic energies and FWHMs for common anode

materials for XPS.

Melting points of some dialkylimidazolium salts.

Vi

8

14



XPS Investigation of Room Temperature lonic Liquidsin UHV

Ji Hye Kwon

Graduate School of Education
Pukyong National University

Abstract

A new analytical application -of XPS to the idem#iion of organic
molecules in a room temperature ionic liquid haserbestudied. An organic
compound, propargylamine 1)( produced in 1-butyl-3-methylimidazolium
hexafluorophosphate  ([bmim][El;, which is one of the room temperature
ionic liquids (RTILs), via A coupling reaction, was characterized by means
of x-ray photoelectron spectroscopy (XPS) rathemanthusing conventional
organic compound analysis techniques such as nucleagnetic resonance
(NMR). There are four non-equivalent carbons in tRIIL and 1 each.
The ratios of integrated areas of the deconvolupedks of core electron of
carbon (Cls) are well- matched to the number of aregb in those
compounds. The binding energies of Cls of the fedtucarbons inl, C4
(sp carbons in acetylene group) and C5°(sprbons in benzene ring), were
assigned 286.2 and 285.4 eV, respectively. Somee pRITILs were also
characterized by using XPS in Ultra High Vacuum W{JH These results
may provide an important tool and a new strategy the analysis of

organic molecules.

viii



I . Introduction

X-ray photoelectron spectroscopy (XPS) is a surfacmlysis technique in
huge range of solid samples that provides inforonmatiabout identification
of elemental composition and verification of cheahicenvironments of
atoms [1,2]. The XPS analysis requires Ultra Highacum (UHV)
environment for minimum interference from gas. phasmttering since the
signal from the ‘surface is very weak. Unfortunatelthis XPS analysis
environment enables us notto make experiment fostrnof liquid samples
becoming easily evaporation in comparison solid @asm with low vapor
pressure. It has been tried variety methods of X&wlysis for liquid
samples in  UHV [3] regardless of difficulty; micrdiquid jet [4,5],
differential pumping [6], controlled adsorption [7]freeze-drying [8,9] and
fast-freezing [10,11].. However, the previous me#odre complicated than
general method of analysis process for solid sasnpteat are not easy to
use.

Recently, some researches showed that these aahlydifficulty was
solved by using Room Temperature lonic Liquids (&)l [12-21]. RTILs
have extremely low vapor pressure, therefore, thmmterials have not
evaporated easily in UHV! Besides, a variety of amig reactions,

transition metal-catalyzed reactions, and biotraimsétions have been



extensively studied in RTILs [20-23] and many atiagl applications were
applied to characterize RTILs systems [24-29]. RTlare very fascinating
reaction media against conventional organic sotvedue to their unique
properties such as non-detectable vapor pressurgjiroemental safety,
reusability, reasonable thermal stability, polaritand good solubility for
organic, inorganic, and organometallic compounds 0-33]. These
characteristics of RTILs perfectly satisfy the eri@ for using XPS to
monitor catalytic organic reactions in RTILs.

In this thesis,” the two experimental data are tegor First,
propargylamine  ¥) was synthesized through ® Acoupling reaction among
(alkyne (phenylacetylene), aldehyde (benzaldehydeyd amine (piperidine))
in  1-n-butyl-3-methyl-imidazolium hexafluorophosphate, mim][PFs] [33],
then the reaction was monitored using XPS in UH¥ndition without
any treatments. Second, some pure RTILs were athlyasing XPS in
UHV.

Herein a new field for identification of organicorapounds in RTILs, is
reported and results of pure RTILs were charaadrizusing XPS are

reported also.



II. Theory

1. The basis for XPS

XPS is based on the photoelectric effect. The sarfédo be analyzed is
first placed in a vacuum environment and then iat@dl with photons.
For XPS, the phton source is in the X-ray energyngea The atoms
comprising the surface emit electrons (photoelesiyoafter direct transfer
of energy from the photon to the core-level elattroThese emitted
electrons are subsequently separated according nergye and counted.
The energy of the photoelectrons is related to #temic and molecular
environment from which they originated. The numbefr electrons emitted
is related to the concentration of the emittingnatm the sample [1].

The physical basis of the XPS technique is shownFigure 1. When a
core electron is ejected by a photon of enetgy the kinetic energy E
of emitted photoelectron is :

Exk =hv-E - ¢

where Kk (the experimental quantity measured by the spedter) is
referenced to a core electron of binding energy @n intrinsic material
property) and work function of the solid, is related to the vacuum level
the specimen, \£ and the Fermi level, £ (the outermost electrons of the

solid from a band) by: ¢ = E- - B/ [36,38]
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Figure 1. The X-ray photon transfers its energy to a cowvelleslectron

imparting enough energy for the electron to ledve atom.



2. The instumentation for XPS

The XPS experiment is necessarily tied to the cempinstrumentation
needed to stimulate photoemission and to measune flaxes of electrons.
A schematic drawing of XPS instrument is shown inguFe 2. The
primary components that make up the XPS instrumarg the vacuum

system, X-ray source, electron energy analyzer, @deid system [1].

Electrostatic
Hemispherical
Electron energy
Analyzer

system

Computer : —4
Instrument control =——
and data analysis

Sample
introduction
and preparation
chamber

Vacuum
Ultrahigh Vacuum pump
pumping system (10°% torr)

(10" torr)

Figure 2. Schematic arrangement of a photoelectron spectesme



2.1. Vacuum system

The heart of the XPS instrument is the main vacuohamber where
the sample is analyzed. The XPS experiment mustdbee under vacuum
for three reasons. First, the emitted photoelestronust be able to travel
from the sample through the analyzer to the deteatdgthout colliding
with gas phase particles. Second, some componeath s@s the X-ray
source require vacuum conditions to remain operatiocondition. Third,
the surface composition of -the sample under ingagtn must not change
during the XPS experiment. Only a modest vacuum® (30 10" torr; 1
torr = 133 Pa) is necessary to meet the first twaguirements. More
stringent vacuum conditions are necessary to avoihtamination of the
sample. The actual vacuum required will depend be teactivity of the

sample. For most applications a vacuum of ‘dfbrr is adequate [1].

2.2. X-ray sources

Figure 3 shows the twin-anode X-ray source. X-ray denerated by
bombardment of anode material with high-energy tedes. The electrons
are emitted from a tungsten filament are acceldrate5 kV) and focussed
onto a water-cooled anode. Anodes are usually wvealed, because the
photon flux is proportional to the electron currestriking the anode and
the maximum anode current is determined by thecieffcy with which
the heat can be dissipated. The aluminium window nécessary in order
to screen the sample from stray electrons, heateffects and any

contamination originating in the source [2].



Cooling water

N q 7 J' ) X
Focussing
Tungsten =" shields
Filament N
N o
o
Al Mg
anode---""'% % “““““ anode
face \ face
IR e

............... Thin Al window
X-ray

Figure 3. Twin anode (Mg/Al) X-ray source.

The Table 1 lists commonly available emission \linenergy and

full-width half maximum (FWHM) of anode material.



Anode materia| Emission ling Energy (eV Full-Width IHMaximum (eV)
Y M 132.3 0.47
Zr M 151.4 0.77
Mg Ka,, 1253.6 0.7
Al Ka,, 1486.6 0.9
Si Ka 1739.6 1.0
Zr Lq 2042.4 1.7
Ag Lq 2984.4 2.6
Ti Ka 4510.9 2.0
Cr Ka 5417.0 21

Table 1. Characteristic energies and FWHMs for common anwodéerials

for XPS.

The choice of anode material for XPS, must be higiough photon
energy to excite an intense photoelectron peak frainelements, and also
possess a natural X-ray line width that will notodwmlen the resultant
spectrum excessively (less ‘then 1.0 eV). Thus tha tmaterials used
universally as anodes in. X-ray sources are magmesiund aluminium. The
twin-anode design shown in Figure 3 is popular amwhbles either Mg or
Al Ka X-rays [37]. Such twin anode assembles are usefultheey provide
a modest depth profiing capability and the ability differentiate between
Auger and photoelectron transition when the two rlaye in one radiation

[36].



2.3. Electron energy analyzer

The analyzer system consists of three componerits: dollection lens,
the energy analyzer and detector. Figure 4 shows gbhematic diagram
of electron energy analyzer for XPS.

The lens system can increase collection angle thagrade upon
exposure to X-rays, since the more efficient theed®n system is the
more data that can be collected before the sampledamaged. The lens
system also retards kEof electrons, because they are ejected from the
sample is usually too great for the analyzer todpoe sufficiently high
resolution. The lens system.-moves ' the analyzer awayn the analysis
position allowing other components of the specttemeo be placed closer
to the sample [1,36].

Most common type of electrostatic deflection-typenalyzer for XPS
called the concentric hemispherical analyzer (CHA). consists of two
concentric hemispheres. of radiuB; (inner) and R, (outer). A potential
difference of AV is placed across the two hemispheres with theerout
hemisphere \() being more negative than the inner oné).( An electron
of kinetic energy Vo will travel a circular orbit through hemispheres a
radius Ry=(Ri+R»/2). The relationship betweew;, V> and V, is given by

ViR + VoI
e A

Since Ry, R and R, are fixed, in principle changingva and V> will
allow scanning of electron «E following mean path through hemispheres.

The electrons are deflected by an electrostatidd.fifhere is a range of



electron energies that can successfully travel froma entrance to the exit
of the analyzer without undergoing a collision witltone of the
hemispheres.

The passed electrons through the energy analyméve aat the detector
and count the individual electrons. Detector cdngif a spiral-shaped glass
tube with a conical collector at one end and a metaode at the other.
The internal walls of detector are coated with acedient resistance
material which will emit many secondary electroriBhe electron pulse is

amplified further and counted by standard countibgctronics [38].



Outer
Hemisphere

Hemisphere

Exit Slit

Detector

Transfer
Lens

Sample

Figure 4. Diagram of a CHA with standard input lens systemsalyzer

and detector for XPS.



2.4. Deconvolution

To maximize the information extracted from XPS dpecthe peak area
and B of each subpeak for a given orbital must be ddteda Typically,
individual subpeaks, due to chemical environmente anot completely
separated in an experimental spectrum. This reguithe use of a
deconvolution procedure to resolve the desired peakameters. Quantities
used in such procedures include the background, k pshape, peak
position, peak height, -and peak width. After  thecKgmound has been
determined, initial guesses are made for each peatameter and then a
least-squares fitting routine is- used to iterate the final values. Caution
must be exercised when performing the peak fit esinmany of the
quantities are correlated. In cases like this, ehds no substitute for
experience gained while working on the data systemth real results to
analyse. Under these conditions all peaks shouldie haimilar widths.
Generally a Gaussian peak shape is being used Her resolution term
together with a combination. of two Lorentzian fuons to simulate the

line shape contribution [36,38].



3. Room temperature ionic liquids

What are ionic liquids? Quite simply, they are Ildp that are
composed entirely of ions. Molten sodium chloridlgr example, is an
ionic liquid but a solution of sodium chloride inatr is an ionic solution.
The term molten salts evokes an image of high-teatpe, viscous and
highly corrosive media. The term ionic liquid, inontrast, implies a
material that is fluid at (or close to) ambient pmrature with a low
viscosity and is easily handled, i.e. a materiathwattractive properties for
a solvent. Room temperature ionic liquids are gahersalts of organic
cations, e.g.  tetraalkylammonium, tetraalkylphosptim, N-alkylpyridinium,

1,3-dialkylimidazolium and trialkylsulfonium catisn(Figure 5).

K ¢ §
R + R
S+ +P/ 3 N/ 3
~ N
RI/ R; Rl/ R, Rl/ \R4
Cations @
@ N
RI/N\/N\RZ |
R
) BF4, PR, Sbk, NOs, CRSO;, (CRSO):N,
Anions

ArSG;, CRCO;, CHCO;, AlLCly

Figure 5. Molecular structures of ionic liquids.



In order to be liquid at room temperature, the aratishould preferably
be unsymmetrical, e.g. ;Rand R should be different alkyl groups in the
dialkylimidazolium cation. The melting point is alsinfluenced by the

nature of the anion (see Table 2) [39].

O

Me/N\/ N~g X
R X mp/ C
Me Cl 125
Et Cl 87

n-Bu Cl 65
Et NGO 38
Et AlCl4 4
Et BF, 6
et CRSG; -9
Et (CRSOs)2N -3
Et CRCO; -14

n-Bu CRSG; 16

Table 2. Melting points of some dialkylimidazolium salts.

Recently, Room Temperature lonic Liquids (RTILS)véaattracted much
attention for their excellent properties such asdewitemperature range of
the liquid phase, excellent chemical and thermalbikties, very low vapor

pressure, good electrical conductivity and highidomobility [40-44].



IIl. Experimental

1. Preparation of sample

1.1. A’ coupling reaction

A® coupling (three-component coupling of aldehydekkyrees and amines)
was carried out as follows. A mixture of [bmim]@F(1 mL) and Cul
(1.9 mg, 0.01 mmol, 2 mol% as a catalyst) was dmghsunder reduced
pressure at 80°C for ‘30 min, and then N was introduced. To the
solution were added piperidine (76L, 0.75 mmol), benzaldehyde (5tg,
0.5 mmol) and phenylacetylene (6@L, 0.6 mmol), and the resulting
mixture was heated at 120C for 2 h with stirring. The reaction mixture
was cooled and extracted with: diethyl ether (5 mhk, times). The
combined organic layer was concentrated and thedecrumixture was
purified by flash chromatography on silica gel witheluent of
n-hexane-ethyl acetate (10:1). For tracking the treac profile, 100 pL
aliquots were taken from the reaction vessels ewuéryminutes.

Figure 6 shows the mechanism of Aoupling reaction employed in this
investigation. A tentative mechanism was proposatolving the activation

of the C-H bond of alkyne by Cu(. The copper acetylide



(phenylacetylide) intermediate thus generated eeacwith the iminium ion
generated in situ from aldehydes (benzaldehyde) and secondary amines
(piperidine) to give the corresponding propargylaniand regenerate the

Cu(I) catalyst for further reactions [45].

Piperidine
Cu
_Z
| ”\
<—
AN +
+H* |
OH
| Iminium ion |
FZ
Benzaldehyde
Phenylacetylene N
cu®

Propargylamine

Figure 6. Mechanism of A coupling reaction.



1.2. Pure RTILs study

In this experiment, using pure RTILs without anyhest treatment were
[omim][PFs], [bmim][BF4], [bmim][OTf] and [emim][BR]. The RTILs were
dropped on the custom-made sample holder, and tipe into the
preparation chamber for two days for prepumpingguké 7 shows the

ordered sample holder for RTILs.

(b) Side view

(@) Top view

4 1.15mm

Figure 7. Custom-made sample holder for RTILs.

(@) top view (b) side view.



2. The operation of XPS

Monitoring of the reaction was carried out in an WHchamber (base
pressure 5xI8 mbar) equipped with a CHA and a twin anode X-ray
source (Mg/Al kK 1253.6 and 1486.6 eV, respectively) for XPS (VG
ESCALAB 2000). The XPS chamber was pumped by twaged of
pumping system. The first one is that a turbomdicupump (TMP)
backed by a two stage rotary vane pump (RP) sygpeimps a fast entry
air load-lock (FEAL) chamber. And the second systeonsists of an ion
getter pump .and a Ti-sublimation pump and evacuaeslysis chamber
to maintain ' UHV condition. An ion sputtering gun isquipped in the
analysis chamber for sample cleaning and depth il@rofstudy. A
charge-coupled device (CCD) camera guides to setthap sample for x-ray
photoelectron analysis.

During survey scans, spectra were obtained “using K& x-ray source.
X-ray source was at high voltage of 15 kV, beamrenir of 15 mA,
filament current of 4.2 A, pass energy of 50 eV,elwtime of 50 ms and
energy step size of 1 eV in constant analyzer end€(@AE) mode at large
area XPS (LAXPS). High resolution spectra were ioeth at pass energy
of 20 eV, energy step size of 0.05 eV and othertofac were kept the
same as survey scan. Under these conditions, #tipltarbon 1s peak was

corrected to 285 eV [14,46]. Each aliquot takenrgvé5 minutes from the



start of the experiment is pre-pumped in the FEAbhamber for 2 hrs
before loading into the analysis chamber which wasmped by a TMP

(70 I/s) backed by an RP (200 I/min.).

3. Deconvolution

The XPS data were deconvoluted using XPSPEAK softwéver 4.1).
Obtained XPS Cls peaks were divided into- severahkgpeaccording to
their chemical environments. The FWHM of each peaks between 1.2
and 1.9 eV, and G/L ratio of 30% (Lorentzian - 3Q %aussian - 70 %).
+ value (relationship between experimental peak dittd curve) of all

peaks fitted below 50.



IV. Results and Discussion

1. A® coupling reaction

Figure 8 shows the high resolution Cls XP spectfapare [bmim][PF]
and the productl of A’coupling reaction in a RTIL by reaction time
from the bottom. Even the RTILs are pure, the C1B Xpectra look like
combining several peaks because there are four qooradent carbons in
[omim][PF]. The Cls peak around 285 eV is evoluted by thactien
time. This peak is caused by the carbons in benzémg which are the
featured carbons ofl. Figure 9 also shows high resolution N1s XP
spectra. The evoluted N1s peak around 400 eV bytiosatime is caused
by the nitrogen ofl.. The details of the carbons and nitrogens of pure
RTILs and 1 in solution of RTILs are shown in Figure 10 (a)-(end 11
(a)-(b), respectively.

In order to check whether the featured photoelectrof components
signal comes from product or not, three RTILs sohg which contained
same amount of reactants each (piperidine, phestylene, benzaldehyde)
were made and pumped in the FEAL chamber for 2 Imesaas the
reacted aliquots prepumped. Bubbles were observedingd prepumping

process from the RTILs solutie with reactants. Figure 12 (a)-(c) show

20



the Cls peaks of those samples. Very weak Cls @leotoon signal

coming from the reactants were detected. This meth& the unreacted
reactants, which have relatively low boiling pojnteere almost evaporated
in the FEAL chamber (low vacuum) before the aliguatere installed in
the analysis chamber. In the analysis chamber, ke boiling point

organic molecules completely evaporated. Therefdrecan be ruled out
that some featured Cls photoelectron signal in reigdO0 (b) came from
the unreacted reactants. XPS analysis is sensi#imeugh to give us the
chemical information of organic carbons in RTILs.

Figure 10 (a) and (b) show the detailed Cls XP. tspemf pure
[omim][PR] and 1 in [bmim][PF], respectively. The normalized relative
areas of nonequivalent Cls peaks were fixed by dtwchiometry of the
[omim][PR] and 1. It was assigned that the binding energies of Cils
photoelectron  of each deconvoluted peak based ~ore tbhemical
environment of the carbons [46]. The carbons' adegrdto the binding
energy of Cls photoelectron from high to low wesbeled. The aliphatic
carbons (C6) are corrected to 285.0 eV [14]. Theadibg energy of C1
(287.9 eV) is assigned higher than that of C2 (@8@V) because the C2
hydrogen participates in hydrogen-bonding with [Hiexeophosphate anion
[47]. In Figure 10 (b), new featured peaks (C4 aBH; 286.2 and 285.4
eV, respectively) ofl and larger peaks (C3 and C6; 286.7 and 285.0 eV)
compared with Cls peaks of pure [bmim}fPRn Figure 10 (a) could be

seen.

21



Figure 11 (a) and (b) show the detailled N1s XP tspeof pure RTILs
and 1 in a RTIL respectively. In Figure 11 (b), new fs&td peak (N2 ;
400.34 eV) of1l compared with N1s peaks of pure [bmim]§PFn Figure

11 (a) could be seen.
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Figure 8. High resolution XP spectra of Cls photoemission of
propargylamine X) in [bmim][PFR] by A% coupling (tree-component

coupling of aldehydes, alkynes and amines) reactioe.
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Figure 9. High resolution XP spectra of N1s photoemission of

propargylamine X) in [bmim][PF] by A® coupling reaction time.
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C1s of RTIL Cation

cps (arb. unit)

Binding Energy (eV)

Figure 10. (a) Detailed Cls photoemission of pure
1-n-butyl-3-methylimidazolium cation. Top two peakseasum of
deconvoluted Cls (smooth line) and raw data (widiee). The inset
shows the chemical structure ofndbutyl-3-methylimidazolium cation.

(Area ratio 1.98:1.00:1.92:3.13)
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Binding Energy (eV)

Figure 10. (b) Deconvoluted peaks of Cls photoelectron eomssif
propargylamine,1, in a RTIL. The peaks labeled as C1 and C2 carbons
are originated from RTIL and top two peaks are sofrdeconvoluted
Cls (smooth line) and raw spectra (wiggled linele Tinset shows the
molecular structure of the product, propargylamiogthe A coupling

reaction. (Area ratio 1.98:1.00:4.90:1.92:11.4%5%.7
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Figure 11. (a) Detailed N1s photoemission of pure
1-n-butyl-3-methylimidazolium cation. The inset shotse chemical

structure of 1na-butyl-3-methylimidazolium cation.
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Figure 11. (b) Deconvoluted peaks of N1s photoelectron emissf

propargylamine,l, in a RTIL. The peaks labeled as N2 nitrogen is
originated from RTIL and top two peaks are sum etahvoluted N1s

(smooth line) and raw spectra (wiggled line). Theet shows the
molecular structure of the product, propargylamiogthe A coupling

reaction.
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C1s of Phenylacetylene in RTIL

cps (arb. unit)

292 290 288 286 284 282
Binding Energy (eV)

Figure 12. (a) Deconvoluted peaks of Cls photoelectron eomssif
phenylacetylene in a RTIL. The peaks labeled asa@d C5 carbons are
originated from reactant, phenylacetylene. The tirsd®ws the molecular

structure of the reactant, phenylacetylene, usinghe A coupling

reaction. (Area ratio 2.00:1.00:2.00:0.00:0.00:3.88iling point = 144C)
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Cls of Benzaldehyde in RTIL

cps (arb. unit)

Binding Energy (eV)

Figure 12. (b) Deconvoluted peaks of Cls photoelectron eomssif
benzaldehyde in a RTIL. The peaks labeled as CO Gmdcarbons are
originated from reactant, benzaldehyde. The inbetws the molecular
structure of the reactant, benzaldehyde, usinghén A coupling reaction.

(Area ratio 0.00:2.00:1.00:2.00:0.00:3.00, boilipgint = 179 C)

30



C1s of Piperidine in RTIL

cps (arb. unit)

292 290 288 286 284 282
Binding Energy (eV)

Figure 12. (c) Deconvoluted peaks of Cls photoelectron eonssif
piperidine in a RTIL. The peaks labeled as C3 aréd c@rbons are
originated from reactant, piperidine. The insetvehidhe molecular

structure of the reactant, piperidine, using in fe coupling reaction.

(Area ratio 2.00:1.00:2.00:3.00, boiling point =61{)
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Figure 13 shows the ratio of integrated areas ofailde Cls peaks in
different chemical environment by the reaction tim€here is only pure
[bmim][PFs] before the A coupling reaction occurred (reaction time = 0).
The ratio of integrated areas of carbons labeled2:38 is
1.98:1.00:1.92:3.13. It was calculated peak aretio rafter assuming that
the photoelectron sensitivities of the carbons inganic compounds are
same. This ratio from experimental results is wetatched with the
number of carbons in [bmim][RF 2:1:2:3, within experimental error. As
the A’ coupling reaction progressed, the integrated arefsfeatured peaks
of 1 (C4 and C5) and peaks of C3 and C6 increased ajitgduThe
integrated areas of C3 and C6 are contributed friomim][PR] and 1.
After we subtracted the contribution. of [bmim]@PFfrom the peak areas
of XP spectra obtained from completed reaction, ttaio of integrated
areas of carbons labeled 3:4:5:6 is 2.98:1.92:12.89 in the product in a
RTIL solution. This. ratio is-close to the number oérbons inl, 3:2:12:3.
This is the result to characterize -an organic camgdoin a RTIL under

UHV condition.
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Figure 13. Integrated areas of Cls photoelectron in differememical
environments determined from the spectra such asetlin Figure 11 (a)

and (b).
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2. Pure RTILs study

Figure 14 shows the detailed Cls XP spectra of fqure RTILS,
1-butyl-3-methylimidazolium hexafluorophosphate niiin][PF]),
1-butyl-3-methylimidazolium tetrafluoroborate ([omi{BF4]),
1-butyl-3-methylimidazolium trifluoromethanesulfdea ([bmim][OTf]) and
1-ethyl-3-methylimidazolium tetrafluoroborate ([em[BF4)). It was
assigned that the binding energies of Cls photoelec of each
deconvoluted peaks based on the chemical envirannwn the carbons,
and labeled the carbons according to the bindingergsgn of Cls
photoelectron from high to low.

The ratio from experimental results (1.97:1.0071381) is well matched
with  the number of * carbons in of [bmim][RF 2:1:2:3, within
experimental error. The ratios of [bmim][BF [bmim][OTf], [emim][BF4]
are 2.00:1.00:1.99:2.99, 0.78:2.01:1.00:2.04:3.08nd a 1.95:1.00:1.97:0.99
respectively. Those experimental results also weHtched with the number

of carbons (2:1:2:3, 1:2:1:2:3 and 2:1:2:1, respeht) in each RTIL.
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Figure 14. (a) Detailed Cl1s photoemission of pure [bmimHPHop two
peaks are sum of deconvoluted Cls (smooth line) ramd data (wiggled
line). The inset shows the chemical structure of

1-n-butyl-3-methylimidazolium cation. (Area ratio 1:9700:1.87:3.01)
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Figure 14. (b) Detailed Cls photoemission of pure [bmim}{BFTop two
peaks are sum of deconvoluted Cls (smooth line) ramd data (wiggled

line). (Area ratio 2.00:1.00:1.99:2.99)
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[bmim][OTf]

cps (arb. unit)

Binding Energy (eV)

Figure 14. (c) Detailed Cls photoemission of pure [bmim][QTTop two
peaks are sum of deconvoluted Cls (smooth line) ramd data (wiggled line).
The inset shows the chemical structure of triflumethanesulfonate anion.

(Area ratio 0.78:2.01:1.00:2.04:3.08)
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Figure 14. (d) Detailed Cl1s photoemission of pure [emim}BHop two
peaks are sum of deconvoluted Cls (smooth line) ramd data (wiggled
line). The inset shows the chemical structure of

1-n-ethyl-3-methylimidazolium cation. (Area ratio 1:290:1.97:0.99)
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V. Conclusion

In this thesis, an organic compoundl, which was obtained by A
coupling using [bmim][P§§ as a solvent, was characterized in a RTIL
solution by XPS analysis without any purificatiomopesses. This analytical
application is a new field to identify organic coouymds with relatively
high boiling points _in~ RTILs. The ratio —of integeat areas of
deconvoluted Cls peaks was well matched to the eonadd non-equivalent
carbons in propargylamine .as well as a RTIL withaxperimental error.
Other pure RTILs were also identified using XPS WHV. These results
are expected to provide an important tool and a nstategy for the

analysis of organic molecules.
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VI. Appendix

Procedure of XPS (VG ESCALAB 2000)

1. Sample installing

(1) Push thePUMP Fast Entry Air Loadlock (FEAL)' button "off".
(In order to vent the preparation chamber, wai8 2Zninutes)

(2) Open the M gas cylinder.

(In order to minimize the contamination of UHV adhiger from other
gases)

(3) When the door of FEAL chamber opens, put thenma into the
sample stub holder, and then close the door.

(4) Close the B gas cylinder.

(5) Push thePUMP FEAL' button "on".

(6) Wait for decreasing the pressure in preparatbamber (1~2 hours).

(7) Open Main Gate Valve (MGV) slowly. Checking thmessure inside of
the XPS chamber.

(8) Push the sample into the main chamber by usinggnetic transfer
rod.

(9) MCareful' Mount the sample on the manipulator by using a Meb
stick which is installed in the analysis chamber.

(10) Pull the magnetic transfer rod out, and those the MGV.

(11) Set the sample in position by using the mdaipu (x, y, z, ©)

watching CCD camera monitor.
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(12) Down the X-ray source checking distance frdra sample with care.

(13) Turn on the chiller (to cool down X-ray source

2. Analyser Setting (User Setup Page)
(1) 'User Setup Pages(icon) click
(2) Lens mode change (SAXPS or LAXPS), knob of XPElsamber check
(SAXPS : 8.5 or LAXPS : 0), and théApply' click

3. Avantage operating
(1) 'Avantage’ (icon) click

(2) File - Open Experiment : sequence change

< Survey scan >

Energy scale : Binding
Pass mode : CAE
Energy ranges : AES/XPS
Start Energy : 0 eV

End Energy : 1100 eV
Pass Energy : 50 eV
Number of Scans : 1
Dwell Time : 50 ms
Energy Step Size : 1 eV
Lens Mode : Large Area
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< Namow scan >

< Cils >

Start Energy : 272 eV

End Energy : 300 eV

Pass Energy : 20 eV
Number of Scans : 3

Dwell Time : 50 ms

Energy Step Size : 0.05 eV

* Start and End Energy of each atom refer to thBata Book.
In this experiment, energy ranges used are N1s ~@BBH eV), Fls(675~695
eV), P2p (125~145 eV), Ols (520~545 eV), Cu2p(985-8V).

4. X-ray sources controlling

[ vac

[ WATER

[ sourc T

] comp oN [ [ Mg | COoNf © —_ ] on
[Jon REF [] [ a [ 1 REF ] rREF
5 B a

5 O dl O B O i
‘ FILAMENT BEAM/SEQUENCE ov

b : ;

(1) Turn on amin power by pushing th@ button and checking all LED
lights on above thél button (green is normal).

(2) Turn on the High Voltage (HV) by pushing button.
(3) When the HV is approximately 15 KkV, turn on Imeaenergy by
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pushing the® button.

(4) Check the Filament Current and the Beam Current
(approximately 4.4 A and 15 mA)

(5) If you want to change the X-ray source, pusé @ button.

5. Scan Stating (in Avantage)

(1) Click Experiment run (» : green color ) icon.

(2) Click New processing vie\@ icon.

(3) Drag survey and- narrow scan windows on-the ngwcessing view
window.

(4) Save data and convert the Avantage data int€HX data.
(by copy active cell - by clicking the right meusutton on the active

window)

6. Tum off process
(1) Turn off X-ray source by pushin@ button.
(2) Turn off HV by pushing@ button and{ button.

(3) Lift up the X-ray source with care.

7. The Sample take out
(1) Open the MGV and carefully move the magnetangfer rod in.
(2) Mount the sample on the magnetic transfer rgdubing wobble stick.
(3) Pull the magnetic transfer rod out and close BGV.
(4) Turn off the chiller.

(5) Vent the preparation chamber for taking out Haenple.
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