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Penning ionization of 2-aminoethanol (AE), ethylamine (EA;methyl-2-aminoethanol (MAE), and
2-methoxyN-methylethylamine (MMA) upon collision with He*8) metastable atoms has been studied by
two-dimensional electron-energy/collision-energy-resolved Penning ionization electron spectroscopy (2D-
PIES) in connection with intramolecular hydrogen bonding of-ON and NH--O types. In AE and MAE,

OH---N type hydrogen bonds were found to be preferentially formed, whereas in MAE, observed data gave

a confirmation of the NH-O type hydrogen bond. Effects of hydrogen bond formation were observed for
ionization bands of nonbonding orbitals related to the hydrogen bond. Associated with hydrogen bond formation,
the relative band intensity in PIES become considerably decreased, the slope of the collision energy dependence
of partial ionization cross section become much less negative, and the peak energy shift becomes much less
negative.

I. Introduction (EED) model to this process in order to account for experimental
branching ratios of Penning ionization. On the basis of this
model, PIES provide us information on the electron distributions
of molecular orbitals (MO) exposed outside the boundary surface
(repulsive molecular surface) of collision. In Penning ionization,
the most effective direction for the collisional ionization is
different depending on the more or less localized electron
distributions of the target MO. Therefore, the collision energy
dependence of a partial ionization cross sectigtk) for the

ith ionic state, enables us to investigate the anisotropic potential
Kinetic-energy spectra of electrons Jejected in this collisional ~ €nergy surface around the target molecule. If the ionization
ionization process are called Penning ionization electron spectral©action occurs under a strong influence of attractive interactions,
(PIES)* The kinetic energy of the ejected electrd)(is equal the ionization cross section should enhance at lower collision
to the difference between two potential energy functions, the ENergies, because a slower A* atom can approach the reactive
incoming M+ A* interaction potential V* and the outgoing A "egion effectively. On th_e other hand, if the_ ionization reaction
+ M+ interaction potential V. Both of these are functions of ~ OCCurs under a strong influence of repulsive interactions, the
the internuclear distanc@ between the metastable atom and ionization cross section should increase at higher collision
the molecule, and the kinetic energy of Penning electron is ~ €Nergy regions, because a faster A* atom can approach the

To elucidate chemical reactions, it is important to investigate
dynamics of particles on the anisotropic interaction potential
energy surface. When a metastable rare gas atom A* collides
with a reactant molecule M, provided that A* has an excitation
energy larger than the lowest ionization potential (IP) of M, an
ionization process known as Penning ionization can dcéur

A* +M—M"+A+e

determined by reactive region at shorter distances.
An experimental techniqd@has been developed to obtain
E(R) = V*R) — V+(R) = E(A%) — IP+ AE(R) two-dimensional PIES (2D-PIES) in which ionization cross
€

sections are as functions of both electron kinetic eneEgy (
and collision energyt). Collision energy dependence of partial
ionization cross sections (CEDPICS), which reflects anisotropic
interactions between M and He*, has been observed fard
some simple moleculéd;13 organic molecules including het-
eroatoms? benzené?16 substituted benzenés!® and an or-
ganometallic compountf.

where E(A*) is the excitation energy of the metastable atom
A* and AE is the peak energy shift in PIES with respect to the
peak positions observed in ultraviolet photoelectron spectra
(UPS).AE is negative if the incoming interaction potential is
attractive, and it becomes positive if the potential is repulsive.
On the other hand, branching ratios are different between . . . . .
PIES and UPS, depending on their ionization mechanisms. The C'onformatlonal llsongrlsm in 2-a'm|noetr71?3[1ol hgs been a
Penning ionization process can be explained on the basis ofSUbje_Ct of theoretica™ and_ experimentaf * studies. In_
the electron-exchange model requiring overlap between relevantz-@minoethanol, two types of intramolecular hydrogen bonding,

eee .o 1 i 30
orbitals? Ohno et aB° proposed the exterior electron density OH--N and NH--O, should be considered. Microwate;
infrared3! and electron spectroscopié® studies as well as ab

* To whom correspondence should be addressed. Phei8d:22-217- initio calculation$®~2° showed that the former type hydrogen
6576. Fax:+81-22-217-6580. E-mail: ohnok@qpcrkk.chem.tohoku.ac.jp. bonding gives the most stable conformer in the gaseous phase.
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It is interesting to study effects of intramolecular hydrogen whereu is the reduced mass of the system. Thus, 2D-PIES were
bonding on the interaction potentials around the molecule.  obtained asi(E, E;). CEDPICS were then obtained from an

In this study, we have measured 2D-PIES of 2-aminoethanol appropriateE, range ofo(Ee, Ec) within 250 meV with a caution
(AE: NH,CH,CH,OH), ethylamine (EA: CHCH,NH,), N-meth- to avoid contributions from neighboring bands.
yl-2-aminoethanol (MAE: NH(CR)CH,CH,OH), and 2-meth-
oxy-N-methylethylamine (MMA: NH(CH)CH,CH,OCH;). Col-
lisional ionization dynamics as well as anisotropic interaction
potentials around the target molecules, especially around N and
O atoms, were investigated in connection with intramolecular
hydrogen bonding.

[ll. Calculations

Among many possible conformations, only those of amino
and methyl substituted amino groups were considered in the
present calculations. The geometry of the AE was taken from
microwave spectroscopic stud¥?8 Starting from initial struc-
tures deduced from microwave dat&838geometry optimiza-
tion calculations were made for MAE and MMA by the DFT
method with Becke’s three-parameter exchange with Lee,
Young, and Parr correlation function (B3LY#®)with the
6-31+G* basis set. Interaction potential energies between He*-
experimental apparatus for He®@ Penning ionization electron ~ (2°S) and molecule M in various directions and angles were
spectroscopy has been reportédihe metastable He* beam calculated on the basis of the well-known resemblance between
was generated by a discharge nozzle source with a hollow He*(2°S) and Li(ZS);* the shape of the velocity dependence
cathodé'L 3 The He* beam contains He*8) with an excitation ~ Of the total scattering cross section of He’%2 by He, Ar, and
energy smaller than He*f8). He*(2S) atoms are optically ~ Kris very similar to that of Li, and the location of the interaction
quenched by a water-cooled helium discharge lamp after passing®otential well and its depth are similar for He®g) and Li with
through a skimmer. He ions and Rydberg species were various target§Z~* Because of these findings and difficulties
removed by an electric deflector. The HE*6} metastable beam ~ @ssociated with calculations for excited states, the Li atom was

was introduced into the collision cell. For measurements of He Used in this study in place of the He®%®) atom. Thus,
| UPS, He | resonance photons (584 nm, 21.22 eV) were interaction potentials M- Li(22S) were calculated as functions

produced by a discharge in pure helium gas. Sample gas wa<f the distance between the Li atom and the N atom with keeping
introduced in the collision cell where Penning ionization or (he molecular geometries fixed, provided that the geometry
photoionization occurs. Produced electrons were measured bychange by the approach of a metastable atom is negligible in

a hemispherical electrostatic deflection type analyzer using anthe col_lision ionization process. Calculations of the interaction
electron collection angle 90o the incident He* beam or the ~ Potentials were performed in the level of the second-order

He I resonance light. The energy resolution of the electron M@ller—Plesset perturbation theory (MP2) with the 6-331G**
energy analyzer was estimated to be 60 meV from the full width Pasis set. To obtain electron density contour maps of MO, ab
at the half-maximum (fwhm) of the A(2Ps) peak in the He initio self-consistent field calculations were performed with the
| UPS. The transmission efficiency curve of the electron analyzer 8-31+G* basis set. In electron density maps, thick solid curves
was determined by comparing our UPS data with those by indicate the repulsive molecular surface approximated by van

Gardner and Sams&nand Kimura et af® Under these  der Waals radf® (rc = 1.7 A= 15 Aro=14 A =
conditions, PIES without velocity selection and UPS were 12 A). All guantum chemical calculations were carried out with

Il. Experimental Section

High-purity samples of AE, EA, MAE, and MMA were
purchased from Tokyo KASEI KOGYO Co., Ltd. and further
purified by several freezepump-thaw cycles. Details of

measured.

For collision-energy-resolved measurements, the energy
resolution of the analyzer was lowered to 250 meV in order to
obtain higher count rates. Two-dimensional sigh&&., t) were
obtained as a function of electron kinetic enekgyand timet
by the two-dimensional technigifeand a cross-correlation time-
of-flight (CC-TOF) method with a pseudorandom chopper.
The CC-TOF signals dfy(Ee, t) by the pseudorandom chopper
were converted to the normal TOF signdléE., troF) by the
Hadamard transformation. The two-dimensional sigh&E,
tror) were transformed th(E., vne) @s a function of the velocity
of He* and then to two-dimensional Penning ionization cross
sectionso(Ee, vr) by the following equations:

U(Ee* Z]r) = C{ Ie(Ee' UHe*)/I He*(UHe*)} (UHe*/Ur)
v, = [Ver + 3KTIM]M2

wherec is a constanty, is the relative velocity averaged over
the velocity of the target moleculkjs the Boltzmann constant,

andT andM are the gas temperature and the mass of the target

molecule, respectively. Finally(Ee, vr) is converted tar(Ee,
E.) as functions of the electron ener@y and the collision
energyE. by the relation

E. = uv’I2

the Gaussian 98 progratf.

IV. Results

Figures -4 show the He | UPS and He{g) PIES of AE,

EA, MAE, and MMA, respectively. The electron energy scales
for PIES are shifted by 1.40 eV relative to those for UPS due
to the excitation energy difference of He | photons (21.22 eV)
and He*(2S) (19.82 eV). Band labels in UPS are based on
orbital characters and symmetries. Figure8show the logr

vs log E; plots of CEDPICS in a collision energy range of-80
290 meV for AE, EA, MAE, and MMA, respectively. The plots
of CEDPICS for various ionic states were shown in the arbitrary
unit in order to avoid superposition of many curves. Electron
density maps and schematic representation of the molecular
orbitals are also shown in the figures, because important
directions of He*(2S) atoms causing ionization are governed
by regions of high electron densities outside the molecular
surface. The maps are shown on the molecular NCC plane. In
the schematic representation of molecular orbitals, circles and
ellipses were used, as in a previous stfilin-plane p-type
orbitals, the out-of-plane component of p orbitals, and valence
s orbitals ware shown by couples of ellipses, a dashed circle,
and solid circles, respectively.

Tables 14 list observed IP determined from the He | UPS
(IPobsd, calculated IP (IRicd, and assignments of observed
bands for AE, EA, MAE, and MMA, respectively. Calculated
IP of MAE in Table 3 were those for a structure with an
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Figure 1. He | UPS and He*(2S) PIES of 2-aminoethanol (AE).  Figure 3. He | UPS and He*(35) PIES ofN-methyl-2-aminoethanol
Broken lines in PIES show deconvoluted bands. (MAE). Broken lines in PIES show deconvoluted bands.
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4) 7 ™R no,  "W%y 5 NPay/ GCO,0CH
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He* (235) PIES 6 [ He* (235) PIES 111213
1 5
2@
| 1 | 1 | 1 | 1 | 1 | 1 12 10 8 6 4 2
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PIES Electron Energy / eV Figure 4. He | UPS and He*(25) PIES of 2-methoxyN-methylethyl-
Figure 2. He | UPS and He*(3S) PIES of ethylamine (EA). amine (MMA). Broken lines in PIES show deconvoluted bands.

OH-+-N hydrogen bond. As shown below, this structure is most .o 516 jisted in Tables4. Experimental error in each slope
preferable to observed chargcterlstlcs in the present ?tUdy'parametelm of CEDPICS was estimated to be withir0.05.
although another structure with an NHD hydrogen bond is Figures 9-12 show calculated interaction potential energy
slightly more stable (ca. 20 meV) than a structure with an ,vesV for AE, EA, and MMA with a ground-state Li %)
OH-+-N hydrogen bond. In Tables-24, most stable conformers  atom. Figure 9 shows interaction potential curvéR) including
associated with the inversion of the amino group, a gauche geepest points of the potential well as a function of the distance
conformer for EA and trans conformers for MAE and MMA, R petween the Li atom and the N atom in the amino group.
were selected according to the calculated MP2 energies. Thefigure 10 shows interaction potential curi®) as a function
peak energy shiftAE) in PIES measured with respect to the of the angle LINC §) for AE as well as EA with keeping the
“nominal” energyE, (Eo = the difference between the meta- distanceR between the Li and N atoms fixed at the minima in
stable excitation energy and target ionization potential) is also Figure 9. To discuss effects of intramolecular bonding in AE,
shown in the tables. Values of the slopdor the logo vs log potential energy curveg(f) were further studied for the dihedral
E. plots estimated in a collision energy range o890 meV angle LINCC () in addition to the angle LINC#), and the
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Figure 5. Collision energy dependence of partial ionization cross
sections for 2-aminoethanol (AE) with HeS®) atom. The electron
density maps and schematic diagram are shown for respective moleculal
orbitals.

Figure 6. Collision energy dependence of partial ionization cross
rsections for ethylamine (EA) with He*{8) atom. The electron density
maps and schematic diagram are shown for respective molecular
orbitals.

results were shown in Figure 11. Figure 12 shows interaction N-Methyl-2-aminoethanol
potential curved/(R) including deepest points of the potential T

well as a function of the distand® between the Li atom and M; 1
the O atom in the hydroxyl group of AE for a couple of f
directions; one is in the OCC plane and the other is out of the -
OCC plane. > i

nN (21a)

no, (20a)

= pd ’ Uy, (19%)

V. Discussion

. . E }—}f “) TicH2 (18a)
Band Assignments.UPS band assignments of AE and EA 5F - E
have been reported in previous studi#®36and these assign- g k}N {5 a0
ments were found to be consistent with the present results in \g %"‘)j 6
Tables 1 and 2. On the other hand, no UPS data have been i ‘
reported for MAE and MMA. UPS bands of these molecules 2_ }_}3’ 7
were, therefore, assigned by comparing observed UPS and PIES e 2
data with those of EA and AE and also with calculated IP values. “ }—)\f 8 GCH,OCN, 0L
. . . Rp00P (14a)
Bands -3 of MAE were assigned to nonbonding orbitals, >—)f 9
Nn, Noo, and 1y, orbitals respectively. Among these bands, the i gec(lsa)
IP values for @ orbitals were found to be not much different }}j 10 Gom(124)
from those for AE, whereas for theyrorbital, the IP values 1 s
decreased from 9.75 to 9.21 eV by methyl substitution on the Q;(o

amino group. This tendency can also be seen in calculated IP
values for these molecules. It is easy to relate the band 11 at
17.44 eV in the UPS of MAE with the band 9 at 17.61 eV in
the UPS of AE. Thus, bands41 as well as bands—3 for . - o
MAE could be assigned as shown in Table 3. These assignment{lgu-re 7. Collision energy dependence of _partlai ionization cross
. . ections foN-methyl-2-aminoethanol (MAE) with He*¢3) atom. The

were found to be consistent with calculated IP values for the gjectron density maps and schematic diagram are shown for respective
trans conformer which is more stable than the gauche conformermolecular orbitals.
by 7 meV.

Bands 13 of MMA were assigned to nonbonding orbitals, the highest IP band in UPS is also expected around ca. 17 eV,
Ny, Non, and ry, orbitals as in the cases of AE and MAE. Since bands 4-13 of MMA were assigned as shown in Table 4.

100 1000
Collision Energy / meV
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TABLE 2: Band Assignments, lonization Potentials (IRpsg
and IPq,c/EV), Peak Energy Shifts AE/meV), and Slope
Parameters (n) for Ethylamine (EA, NH ,CH,CH3, Gauche

Form)

IPobsd  Pcaicd orbital
band eV eV character AE/meV m
1 10.06 10.73 @ 13a —-6004+30 -0.51
2 12.31 13.38 occ, Och 12a —1004+£80 —0.07
3 12.97 13.81 ocn, 7ch, 11la —-30+30 -0.14
4  (13.67) 14.15 mcw, 10a +0.20)
5 14.78 15.85 0OwnH, OcH 9a 0+30 -—0.07
6 15.88 17.27 OCH, ONH, Occ 8a —30+ 30 —-0.21
7 16.86 18.00 zn, 7a —-30+30 -0.17

Cross Section / arb. unit

GCH,0CO |
(14a) |

TABLE 3: Band Assignments, lonization Potentials (IRpsg
and IPcac/EV), Peak Energy Shifts AE/meV), and Slope
Parameters (n) for N-Methyl-2-aminoethanol (MAE,

NH(CH 3)CH,CH,0OH, trans Form)

IPobsd  1Pcaied orbital

band eV eV character AE/meV m
1 9.21 10.39 g 2la —100+30 -0.28
2 10.38 11.86 &, 20a —400+30 —-0.41
3 11.80 13.03 g, 19a —500+30 —0.36
4 1270 14.29 mch, 18a 0.22)
5 (13.37) 14.49 occ No, anw, 17a —150+30 —0.24
6 14.07 15.51 JTCHy OCO, OCH 16a —-0.27
7 (14.49) 15.74 ocm, No 15a -0.23
8 15.31 16.99 ocn, 0ch, o,  14a —30+50 —0.12
9 15.64 17.45 occ 13a —160+£50 -0.15
10 16.32 18.18 oon 12a —-50+50 -0.26
11 17.44  18.98 snn, OoH 1l1a —100+£30 -0.16

TABLE 4: Band Assignments, lonization Potentials (IRpsg
and IP.,c/EV), Peak Energy Shifts AE/meV), and Slope
Parameters n) for 2-Methoxy-N-methylethylamine (MMA,

Figure 8. Collision energy dependence of partial ionization cross
sections for 2-methoxy¥-methylethylamine (MMA) with He*(2S)
atom. The electron density maps and schematic diagram are shown

Collision Energy / meV

for respective molecular orbitals.

TABLE 1: Band Assignments, lonization Potentials (IRpsq
and IP.cd/eV), Peak Energy Shifts AE/meV), and Slope
Parameters (n) for 2-Aminoethanol (AE, NH,CH,CH,0OH)

| Post | Pcalcd/ orbital
band eV eV character AE/meV m
1 9.75 11.05 g 17a —350+£100 -—0.29
2 10.59 1193 g, 16a —2604 30 -0.37
3 11.90 13.24 g, 15a —500+ 30 —-0.42
4 13.09 14.44 7cwy, Mo, lda (—0.38)
5 14.06 15.38 ocH, No 13a —200+30 -0.32
6 1554 1691 mchy, 0cn 12a —150+£60  (—0.19)
7 15.99 17.61 o0onw 0co 1lla (200+30) (—0.22)
8 16.68 17.93 och,onn 10a —50+ 30 -0.25
9 17.61 19.32 anm, 9a —100+ 30 -0.17

NH(CH 3)CH,CH,OCHs, trans Form)

IPobsd ~ 1Pcaicd orbital

band eV eV character AE/meV m
1 8.67 9.83 QR 25a —450+ 30 —0.60
2 9.87 1152 8, 24a 0 —-0.44
3 1157 1283 g, 23a —60+£30 —0.35
4 12.32 13.60 OcN, Occ 22a —30+ 30 —-0.21
5 12.93 13.89 JTCHy OCH 2l1a —-0.21
6 (13.33) 14.31 occ 7cH, 20a 0.27)
7 13.86  14.91 sch, 19a 0.17)
8 14.61 16.00 ocH 18a —50+30 —-0.22
9 (1515) 16.25 OCH, OCN 17a } —0.22
10 (15.40) 16.98 o0co,0ch 16a

11 16.29 17.85 oco 15a } —0.26
12 (16.60) 18.32 och,0co 1l4a

13 17.20 18.60 och 13a

3), and MMA (Figure 4). Deconvoluted relative intensities for
these bands were listed in Table 5. The band intensities for the

nitrogen nonbonding orbita{ny) in AE and MAE are consider-
|p ably smaller than that in MMA. This behavior is related to the
formation of intramolecular hydrogen bonding of an O
type in AE and MAE, which considerably decreases ionization
) probabilities of the nonbonding orbital of the N atom. This is a
IP(v): MMA ~ MAE < AE < EA shielding effect due to the H atom in the hydrogen bond on the
IP(no): MMA < MAE = AE < (ethanol}*©3 accessibility of other species such as He* atoms onto the electron
These orderings show that methyl substitution gives smaller distributions of the nitrogen nonbonding orbital. Similar effects
IP values for nonbonding orbitals of substituted nitrogen and were reported for a comparison between 2-aminoethano}{NH
oxygen atoms. PIES bands were also assigned in the sam&cH,CH,OH) and 2-methoxyethylamine (NBH,CH,OCHg).33
ordering as UPS, although some bands related to nonbondingThe I(ny) value of MAE was found to be smaller than that of
orbitals gave considerably large negative peak shifts of-200 AE. This can be ascribed to further reduction of accessibilities
600 meV. of He* atoms onto the electron distributions of the nitrogen
PIES Intensities and Steric Effects.Relative PIES band nonbonding orbital by the presence of a nearby methyl group,
intensities for nonbonding orbitalgny), 1(no,), andl(np) were which causes substantial steric shielding effects. Associated with
found to be clearly different among AE (Figure 1), MAE (Figure intramolecular hydrogen bonding, interesting steric effects were

Concerning with the observed band positions in UPS,
values of nonbonding type orbitals has the following orderings
among the studied molecules:
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Figure 9. Interaction potential energy curvé4R) as a function of
the distanceR between Li and N atoms for 2-aminoethan@)) (+ Li,
ethylamine @) + Li, and 2-methoxyN-methylethylamine W) + Li.
The Li—N direction taken as follows for 2-aminoetharidLiNC =
142° and the dihedral angle LINCE 306, for ethylaminelJLINC =
122 and the dihedral angle LINCG= 62°, for 2-methoxyN-
methylethylamineJLINC = 141°, and the dihedral angle LINC&
66°.
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-200
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l
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6 /degree

Figure 10. Interaction potential energy curve$d) around the nitrogen
atom as a function of angl of JLINC. for 2-aminoethanol®) + Li
and ethylamine®) + Li. The distanceR between Li and N atoms is
fixed at 2.15 A for 2-aminoethanol and 2.06 A for ethylamine.

also found for the band 3 related to ionization from thg n
orbitals. Electron distributions of theyporbitals in AE and MAE

are extending outside as can be seen in Figures 5 and 7, aSNH,cH,CH,OH

indicated by thick solid arrows. On the other hand, thgonbital

in MMA is only slightly exposed to the outside as indicated by =~ NH(CHs)CH,CH,OCH;

the thick solid arrow in Figure 8. This deactivation of thg n
orbital in MMA is clearly due to formation of intramolecular
hydrogen bonding of an N+O type.

Collision Energy Dependence of Partial lonization Cross

Maruyama and Ohno

Sor dihedral angle LINCC (0
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Figure 11. Interaction potential energy curv®$d) around the N atom
for 2-aminoethanok- Li as a function of angled of [LINC. The
dihedral anglep of LINCC is changed:¢p = 275 (O), 285 (O), 295
(»), 308 (x), 315 (a), 325 (W), and 335.0 (@). The distanceR
between Li and N atoms is fixed at 2.15 A for 2-aminoethanol.
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Figure 12. Interaction potential energy curve$R) for 2-aminoethanol
+ Li as a function of the distancR. between Li and O atoms along
two directions, one in the OCC plan®) with OLIOC = 131°, and
the dihedral angle LIOCG= 186 and the other in the vertical plane
(®) with JLIOC = 125, and the dihedral angle LiOCE 90°.

TABLE 5: Relative PIES Intensity of Bands 1—3?2

1(nw) 1(no.) 1(no)
molecule (band 1) (band 2) (band 3)
0.78+ 0.20 1.00 1.4%0.20
NH(CH;3)CH.CH,OH 0.61+ 0.20 1.00 1.18 0.30
1.16+0.30 1.00 0.7#0.20

a All intensities are normalized at band 2.

dependence, which is considered to be due to highly attractive

interactions around nitrogen and oxygen atdfid’Very large

Sections (CEDPICS)Partial ionization cross sections obtained negative slopes ah = —0.60 andmn = —0.51 were found for
in the present study show mostly negative collision energy the ny bands in MMA and EA, respectively. Such a large
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negative slope for amines can be related to a deep attractivemeV in a direction vertical to the CCO plane can be ascribed
potential well around the N atom which is free from the to the observed negative shift 6f260 + 30 meV for PIES
hydrogen bonding of an OHN type. Whereas in the other band 2 () in AE.

two systems of AE and MAE, the slope values were found to

be much less negativey= —0.29 andn= —0.28, respectively.  VI. Conclusion

This indicates that attractive interactions around thembitals 2D-PIES and UPS studies on 2-aminoethanol (AE), ethyl-

Egi?nuggflzﬁsoﬁfﬁ\? t:;lseeg?(?g;?/zllljneﬂsu% r;gaea(r)]fdtrg?bgﬁjrggen amine (EA),N-me.thyl—z-aminoethanol.(MAE),.and 2—methoxy-_
were found to be-0.35- —0.44, and thus, interaction potentials N-methylethylgmme (.M MA) revealed interesting spectroscoplc
around the oxygen-atom aré h,ighly and \’Ni dely attractive to He* aspects associated with intramolecular hydrogen bonding. In AE
atoms and MAE, OH--N type hydrogen bonds were found to be
’ ) ) preferentially formed, and no apparent supports were obtained

Other regions around CH and NH bonds are considered to fo; NH---O type hydrogen bonds. On the other hand, in MAE,
be much less attractive or even repulsive from the slope valuesgpserved data gave a confirmation of the N type hydrogen
for bands due to orbitals mainly related to CH and NH bonds. ponq.
Higher collision energy edges of CEDPICS for band 9in AE,  Effects of hydrogen bond formation on several aspects in 2D-
bands 2 and 5 in EA, and bands 6 and 8 in MAE gave positive p|eg were observed for ionization bands of nonbonding orbitals
collision energy dependgnce Whlch means that |nteract|onsc|ose|y related to the hydrogen bond. (1) The relative band
around the hydrogen regions are slightly repulsive. intensity in PIES (the partial Penning ionization cross section

Peak Energy Shift. According to theoretical considerations or the branching ratio) becomes considerably decreased upon
by Niehaus;® peak energy shiftsAE can be related to  hydrogen bond formation, because the accessibility of He*
approximate potential well depths where ionization transitions atoms on to the relevant nonbonding orbital is spatially hindered
take place. Thus, the peak energy shift for the band 1 due toby the presence of the hydrogen bond. (2) The slope of the
the ny orbital in each molecule gives an estimate of the potential |og—log plot of the collision energy dependence of partial
well depth around the nitrogen atom. Very las§yE values for  jonization cross section becomes to be much less negative,
the band 1 in EA {600+ 30 meV) and MMA 450+ 30 because attractive potential well regions around the N or O atom
meV) correspond to deep potential wells without hydrogen are considerably shielded by the H atom in the hydrogen bond.
bonding. The smalhE value for the band 1 in MAE-100+ (3) The peak energy shift becomes much less negative, because
30 meV) can be ascribed to the influence of intramolecular the presence of the H atom in the hydrogen bond causes the
hydrogen bonding. A little largeAE value for the band 1 in well depths shallower and the accessibility of He* atoms into
AE (—350 £ 100 meV) may be related with spatially much the well regions lower.
less shielding effects without a neighboring methyl group. Very
large negative peak shifts of the band 3 in AE500 + 30 Acknowledgment. This work is partially supported by a
meV) and MAE (500 + 30 meV) can be related to deep Grant in Aid for Scientific Research from the Japanese Ministry
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