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laser, signals corresponding to the cationic 2-EE (m/2=90) and dissociative ionization prod-
ucts (m/z2=72, 59, 46, and 45) were detected. The action IR spectra, derived from the signal
variations of 2-EE and its fragments upon IR radiation, display differences, suggesting vibra-

In the current work, we studied the
infrared spectroscopy of neutral and
cationic 2-ethoxyethanol (CH3CH20
CH2CH20H, 2-EE) using the infrared
(IR)-vacuum-ultraviolet (VUV) non-
resonant ionization and fragmenta-
tion detected IR  spectroscopy
(NRIFD-IR) technique. The spectral
range was from 2700 cm ' to 7250

cm L Upon radiation with a 118 nm

tional mode selectivity in the dissociative ionization process. To complement the experimen-
tal findings, we performed density functional theory calculations at the BSLYP-D3(BJ)/def2-
TZVPP level to determine the structures and anharmonic IR spectra of neutral and cationic 2-
EE. The computed spectra showed good agreement with the experimental results.

Key words: Gas phase infrared spectroscopy, Neutral and cationic molecular structure, Vi-

brational mode selectivity

I. INTRODUCTION

2-Ethoxyethanol (2-EE), also known as ethylene gly-
col ethyl ether, is a versatile chemical compound with a
wide range of applications, including its use as a sol-
vent, cleaning agent, chemical intermediate, and in var-
ious industries such as ink, textile, and pharmaceuti-
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cals [1]. 2-EE has been reported as one of the major
volatile organic compounds (VOCs) emitted from vehi-
cles using diesel/biodiesel blends as fuel [2]. Due to its
presence in the atmosphere, the reactivities of 2-EE
with atmospheric oxidants, such as OH, NOgs, and CI,
have been investigated to understand its atmospheric
implications [3-5].

Experimental data on the IR spectrum of 2-EE in the
gas phase are scarce, notwithstanding the significance of
this compound. Moreover, few theoretical studies have

been conducted to investigate the dissociation path-

© 2024 Chinese Physical Society


mailto:wangguosheng@syuct.edu.cn
mailto:wangguosheng@syuct.edu.cn
mailto:wangguosheng@syuct.edu.cn
mailto:wrdong@dicp.ac.cn
mailto:wrdong@dicp.ac.cn
mailto:wrdong@dicp.ac.cn
https://doi.org/10.1063/1674-0068/cjcp2403045
https://doi.org/10.1063/1674-0068/cjcp2403045
https://doi.org/10.1063/1674-0068/cjcp2403045
https://doi.org/10.1063/1674-0068/cjcp2403045
https://doi.org/10.1063/1674-0068/cjcp2403045

2 Chin. J. Chem. Phys., Vol. X, No. X

ways and resulting ionic fragments following the ioniza-
tion of 2-EE molecules. However, the IR spectrum of a
similar molecule, 2-methoxyethanol (2-ME), has been
extensively studied in liquid [6-9], Ar matrix isolation
[10], and gas phase conditions [11]. These studies have
utilized the IR spectrum to identify the conformations
of 2-ME in different conditions. For example, in the lig-
uid state, 2-ME exists in both gauche-(anti-gauche)-
trans and minor trans-trans-trans conformations [6-9].
However, under the gas phase and Ar matrix isolation
conditions (1144 K), only the most stable gauche-(anti-
gauche)-trans conformation is present [10, 11]. Interest-
ingly, the IR spectrum of the 2-ME cation is dominated
by the second stable conformer, which is attributed to
the redistribution of surplus energy (approximately
0.37 V) from the photoionization process to the inter-
nal energy of the cationic form of 2-ME [11]. Further-
more, the C—H stretch fundamental band of the 2-ME
cation is blue shifted by around 100 cm ! in compari-
son with its neutral counterpart. This shift is attribut-
ed to the interaction of n(O)—oc*(C,H) weakening the
Cq—H bond of the neutral form, as indicated by the nat-
ural bond orbital (NBO) analysis [11].

Under ionization conditions close to the threshold,
the VUV laser could detect the gas phase species with
high efficiency, minimizing complications caused by
fragmentation. Therefore, the combination of VUV
laser, supersonic beam, and mass spectrometry (MS)
with IR laser has proven to be a powerful approach to
investigating the structures of gas phase species [12, 13],
analyzing specific sizes and conformations, such as
those of water [14, 15], alcohols [16, 17], ammonia [18,
19], acetone [20, 21], and pyridine [22].

In the present research, the infrared (IR)-vacuum-ul-
traviolet (VUV) non-resonant ionization and fragmen-
tation detected IR (NRIFD-IR) spectroscopy was uti-
lized to determine the IR spectra of both neutral and
positively charged 2-EE. In the NRIFD-IR technique, a
VUV laser was utilized for single-photon ionization or
dissociative ionization of neutral species. For the IR
spectra of neutral species, the IR laser pulse preceded
the VUV laser pulse, while for the IR spectra of posi-
tively charged species, the IR laser pulse followed the
VUYV laser pulse. The IR spectra were derived from the
difference between the signals of the target species, or
its fragments, with and without IR radiation. By moni-
toring the fluctuations in the signal intensities of neu-
tral 2-EE (m/2=90) and its dissociative ionization prod-
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ucts (m/2=72, 59, 46, and 45) upon exposure to 118 nm
radiation, with and without the absorption of IR radia-
tion, we acquired the IR spectra of neutral and cationic
forms of 2-EE. The experimentally observed IR spectra
were compared with the computed spectra employing
density functional theory (DFT) calculations to pro-
pose the major spectral contributors for the neutral and
positively charged 2-EE.

Il. EXPERIMENTAL AND THEORETICAL METHODS

A. Experimental methods

The IR absorption spectra of neutral and positively
charged 2-EE were acquired by observing the varia-
tions in the signal intensities of 2-EE (m/2=90) and its
dissociative ionization fragments m/z=72, 59, 46, and
45. This was achieved by scanning the IR radiation fre-
quency, which was timed to arrive either preceding (for
neutral 2-EE) or succeeding (for positively charged 2-
EE) the 118 nm laser pulse. The 118 nm laser was ob-
tained through frequency tripling of a 355 nm laser (ap-
proximately 40 mJ/pulse), resulting from the third-har-
monic generation of a Nd:YAG laser operating at 20 Hz
(Beamtech, SGR-20). Xenon and argon, with a ratio of
1:10, were contained within a pressurized cell at approx-
imately 300 Torr. This gaseous mixture facilitated the
generation of a 118 nm laser. A magnesium fluoride
(MgF2) plano-convex lens was installed at the end of
the gas cell to focus the 118 nm laser beam into the de-
tection area.

An optical parametric oscillator/amplifier (OPO/
OPA) system from Laser Vision was employed to gener-
ate tunable IR radiation with a linewidth of 0.9 cm™*. A
Nd:YAG laser (Continuum, Surelite EX, unseeded,
10 Hz, 630 mJ/pulse) was employed to pump the
OPO/OPA system. The typical energy of the IR laser
at the calcium fluoride (CaF3) window, located at the
entrance of the vacuum chamber, was 10 mJ per pulse
with a pulse duration of 6 ns. A CaFs lens with a focal
length of 500 mm was employed to focus the beam into
the detection area, where ionization occurs.

2-EE (99%, Sigma-Aldrich) was soaked in glass fiber
filter paper, which was put in a sample cartridge inside
the Even Lavie valve, operating at a repetition rate of
20 Hz. The molecular beam consisted of approximately
0.03% 2-EE in argon, with the Ar back pressure of
250 psi and vapor pressure of about 0.073 psi at room
temperature. The molecular beam, after being collimat-
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ed by a skimmer with a diameter of 1.5 mm positioned
approximately 2 cm downstream from the nozzle, inter-
sected perpendicularly with the 118 nm VUV laser
within the ionization zone.

The IR and VUV laser beams propagated in a
counter direction and overlapped in the detection area.
The IR laser was timed to proceed (50 ns) or follow
(70 ns) the VUV laser to obtain the IR spectrum of neu-
tral or cationic 2-EE. The analog-to-digital converter
(ADC) card (Acqiris, 2 GS/s) received the ion signal af-
ter it was amplified by a Stanford Research Systems
SR445A amplifier. The digitized signal was then record-
ed and stored on a computer for further analysis. The
IR spectrum was obtained through the subtraction of
the signal generated by VUV single-photon ionization
(IR off) from the signal generated by the combination of
the IR and VUV laser (IR on).

B. Theoretical methods

To ascertain the minimum energy conformation of
the 2-EE molecule, a multi-step approach was em-
ployed, combining various computed methods and lev-
els of theory. First, the Molclus software [23] was em-
ployed to perform systematic conformational analyses
to determine potential conformers. This process yielded
32 candidate structures, which were then subjected to
preliminary geometry optimizations using density func-
tional theory (DFT) with Grimme’s dispersion correc-
tion, Becke-Johnson damping, and three-body terms
D3(BJ) [24-26] at the B3LYP/def2-TZVPP level, us-
ing the Gaussian 16 program suite [27]. The inclusion of
dispersion corrections is crucial for accurately describ-
ing non-covalent interactions, including hydrogen
bridging and van der Waals forces, which exert a pro-
found influence on determining the conformational pref-
erences of molecules like 2-EE.

The preliminary optimization process resulted in the
identification of 11 stable conformers of neutral 2-EE.
To ensure the reliability of the obtained structures,
these conformers were further reoptimized at the same
level of theory, BSLYP-D3(BJ)/def2-TZVPP. This two-
step optimization approach helps to refine the geome-
tries and energies of the conformers. The conformation-
al search and optimization procedures were carried out
for the cationic species, leading to the identification of
11 distinct cationic 2-EE structures.

Vibrational analysis offers a potent means of charac-
terizing the structural and spectroscopic properties of
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molecules. Vibrational analysis was performed on the
neutral and positively charged 2-EE structures at the
B3LYP-D3(BJ)/def2-TZVPP level to acquire the zero-
point energies (ZPE). To further refine the energies of
the optimized structures, single-point energy computa-
tions were performed utilizing a higher level of theory,
employing the RIJK-CCSD(F12*)(T*)/cc-pVTZ-F12
method in conjunction with the ORCA program [28].
The single-point energies were corrected with the previ-
ously obtained ZPE values to yield the final ZPE-cor-
rected energies for both the neutral and cationic 2-EE
conformers.

Finally, to simulate the anharmonic IR absorption
spectra of the neutral and positively charged 2-EE, the
vibrational second-order perturbation theory (VPT2)
methodology was employed, as incorporated within the
Gaussian 16 software package, at the B3LYP-
D3(BJ)/def2-TZVPP level of theory. The VPT2
method accounts for anharmonic effects in the vibra-
tional motion of the molecule, providing a more realis-
tic representation of the IR spectra compared to the
harmonic approximation. By simulating the IR spectra,
one can gain insights into the vibrational modes and
spectroscopic signatures of the 2-EE molecule in both
its neutral and cationic forms, which can be valuable for
experimental characterization and comparison.

lll. RESULTS AND DISCUSSION

A. 118 nm photoionization and dissociative ionization
products of 2-EE

FIG. 1 presents the 118 nm photoionization and dis-
sociative ionization products of 2-EE, in the presence of
(red) and absence of (black) the IR radiation at
2880 cm L. The vertical ionization energy (VIE) of 2-EE
is reported to be 9.97 eV [29], and among the dissocia-
tive ionization products, only the appearance energy
(AE) of the C3H;0" (m/2=59) is known, which is
10.26 €V [30].

The mass spectrum generated through the applica-
tion of an IR laser at a frequency of 2880 cm L, 50 ns be-
fore the 118 nm laser, shows changes in the signal of
fragments with mass-to-charge ratios m/2z=89, 72, 59,
46, and 45 compared to the mass spectrum from VUV
ionization alone. The elimination of a water molecule
from the cationic 2-EE is a plausible pathway for the
generation of the dominant fragment, m/2=72. It can
proceed through two distinct pathways. The first path-
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FIG. 1 Mass spectra of 2-EE, along with its dissociative
ionization products, observed with the 118 nm laser. The
spectra were taken with the absence or presence of an IR
laser (2880 cm™1).

way involves the removal of water from the carbon
atom neighboring the etheric oxygen of 2-EE, resulting
in the formation of [CHy=CHOCHCHg|*. Alternative-
ly, the second pathway entails the migration of a hydro-
gen atom from the methyl group to the terminal hy-
droxyl group (OH) preceding the scission of the carbon-
oxygen (C—0O) covalent bond, forming the tetrahydrofu-
ran cation. These two pathways are analogous to the
water elimination process of 2-methoxyethanol [31, 32].

The fragment m/z=89 is attributed to the parent
cation losing a hydrogen atom. The fragment m/z=59
([CH3CH20CHg] ") is formed by the loss of a hydrox-
ymethyl group (CH2OH) from the parent ion. An esti-
mation based on the potential energy diagram [33], sug-
gests that the AE of this channel is approximately
10.64 eV, which is consistent with the current observa-
tion, considering the uncertainty in the calculation.

The fragment m/z=46 could be formed through two
possible pathways: transfer of either the hydroxyl hy-
drogen or the hydroxymethyl hydrogen to the oxygen
atom within the ether linkage, subsequently leading to
the scission of the C—O bond between the ethoxy and
ethanol moieties, forming the [CH3CHoOH] ™.

Lastly, the formation of the fragment with m/z=45
can be ascribed to two possible mechanisms. The first
pathway involves the scission of the C—O bond connect-
ing the ethoxy group and the ethanol moiety, generat-
ing an ethoxy cation with the formula [CH3CH20]™.
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FIG. 2 The NRIFD-IR vibrational spectra of neutral 2-
EE within the wavenumber range of 2700—7200 cmfl,
along with the calculated IR spectra of the two most sta-
ble conformers.

Subsequently, this cation undergoes a rearrangement
process known as a 1,2-hydrogen shift, leading to the
formation of a more stable isomeric species,
[CH3CHOH] ™. The second pathway involves the loss of
a methylene hydrogen, followed by the migration of the
hydrogen atom from CH2OH to the oxygen atom in the
ether bond, and the subsequent scission of the C-O co-
valent bond, yielding the [CH3CHOH] ™.

B. IR spectra of neutral 2-EE

The NRIFD-IR vibrational spectra of neutral 2-EE
within the wavenumber range of 2700-7200 em along
with the calculated IR spectra, are depicted in FIG. 2.
The IR enhancement spectra, acquired from observing
fragments m/z=45, 46,
FIG. 2(a—c), while the IR dip spectrum detected by the
parent cation m/z=90 is illustrated in FIG. 2(e). The
spectrum in FIG. 2(d), obtained by detecting the
m/z=72 fragment, exhibits enhancement in the IR

and 59 are shown in
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TABLE I The anharmonic vibrational wavenumbers of the most stable conformer of 2-EE were computed using the
B3LYP-D3(BJ)/def2-TZVPP method. Note that only absorption peaks between 2850 and 7150 cm ! with absorption inten-
sities surpassing 6 km/mol are shown. All absorption peaks with absorption intensities exceeding 1 km/mol can be found in

Table S1 of Supplementary materials.

Calculation
Vibrational mode fr]izﬁgllf;jﬁfjll Anharmonic frequency /cm ™! Mode description
V4 2880 2876(116.10) OCC asym CH str.
V11 + V1o 2900(25.19) COC sym CO str., CC str.
V3 2914(20.47) CHj3 sym CH str.
2v10 2920(11.38) CC str.
V11 + g 2922(6.52) COC sym CO str., CH rocking
V10 + V13 2937 2935(15.02) CC str., COC sym CO str.
V13 +vg 2960(7.42) COC sym CO str., CH rocking
2v9 2971(7.02) CH rocking
2 2989 2977(26.57) CHj3 asym CH str.
V1 3634 3652(29.17) OH str.
2v1 7092 7130(6.89) OH str.

range of 2845-3010 em ! and reduction at IR absorp-
tion higher than 3600 cm !, The simulated infrared vi-
brational frequencies, incorporating anharmonic correc-
tions, at the BALYP-D3(BJ)/def2-TZVPP level of theo-
ry for the two most energetically favored conformation-
al isomers of 2-EE are depicted in FIG. 2(f, g). It is
noteworthy that all the experimental spectra in FIG. 2
were acquired with the IR laser introduced to the ion-
ization area 50 ns preceding the 118 nm laser, thus rep-
resenting the IR absorption of neutral 2-EE.

In the region of 2750—3050 cmfl, all the experimen-
tal spectra exhibited three prominent vibrational bands
with their maxima situated at 2880, 2937, and
2989 cm™ ! (FIG. 2(a—e¢)). The absorption at 2880 c¢m™!
is primarily attributed to the OCC antisymmetric CH
stretch transition, with possible contributions from
transitions calculated to be located in the range of
2847-2899 c¢m” !, as presented in Table I. According to
the calculation, several relatively strong absorptions are
present in the vicinity of the peak at 2937 em !, with
one or more potentially contributing to the observed
absorption. The calculated combination mode of the
C—C stretch and the C—O—C symmetric C—O stretch
(2935 cm™ ) is the closest to the observed peak. The ab-
sorption band observed at 2989 cm ! is the narrowest
among the three peaks and is mainly attributed to the
methyl antisymmetric CH stretch transition, consider-
ing the calculated peak intensity and position.

The peak at 3634 cm !
stretch transition, which was calculated to be at

corresponds to the OH
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3652 cm 1. All experimental spectra show this peak, ex-
cept for the spectrum from observing the fragment
m/z=46, as shown in FIG. 2(b). This could be due to
the incompleteness of the intramolecular vibrational re-
distribution (IVR), thus exhibiting vibrational mode se-
lectivity in the dissociative ionization of neutral 2-EE
upon IR excitation and VUV ionization. In section
III.A, we have proposed two possible pathways to gen-
erate the m/2=46 fragment. The pathway that involves
the transfer of the hydroxyl hydrogen to the oxygen
atom in the ether bond prior to the cleavage of the C—O
bond will be facilitated by the OH stretch excitation,
thus increasing the intensity of the m/2=46 fragment.
The absence of the peak at 3634 cm ™ in FIG. 2(b) sug-
gests that the dissociative ionization of 2-EE to the
m/z=46 fragment occurs via the transfer of the hydrox-
ymethyl hydrogen to the oxygen atom in the ether
bond, subsequent to the scission of the C—O bond be-
tween the ethoxy and ethanol moieties. In this case, the
energy of the excited OH stretch mode may not be suffi-
ciently redistributed, and thus does not contribute to
the dissociative ionization.

The observed vibrational mode selectivity provides
insights into the dissociative ionization mechanisms and
the specific bond cleavage processes involved in the
fragmentation process of 2-EE. It suggests that the se-
lective excitation of different vibrational modes can pro-
mote or inhibit certain fragmentation pathways, de-
pending on the vibrational modes excited and the sub-
sequent energy redistribution. A detailed understand-

© 2024 Chinese Physical Society
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ing of the potential energy surfaces and the coupling be-
tween different vibrational modes is crucial for accu-
rately predicting and interpreting the fragmentation
patterns observed in the NRIFD-IR experiments.

In FIG. 2(d), the signal intensity of the fragment
with m/2z=72 decreases upon the absorption of
3634 cm ™! IR radiation by neutral 2-EE prior to ioniza-
tion by VUV laser, in contrast to the behavior exhibit-
ed in the region of 2750—3050 cm . This suggests that
with the additional energy provided by 3634 cm ' IR
photons, the 2-EE cation, ionized by 118 nm radiation,
favors the formation of other fragments over the
m/z=T2 fragment. A similar trend is observed when
neutral 2-EE absorbs IR radiation of 7092 cm ™.

The IR spectra of the m/2=72 and 59 fragments, as
well as that of the parent cation, show a peak at
7092 cm ™!, which is attributed to the overtone transi-
tion of the OH stretching mode. However, this peak is
not observed in the spectra of the m/z=46 and m/z=45
fragments. The absence of the peak in the m/2=46 frag-
ment can be explained by the same reason as the ab-
sence of the peak at the fundamental OH stretch transi-
tion (3634 cm™1). On the other hand, the lack of a peak
in the m/z=45 fragment can potentially be ascribed to
the energy-dependent behavior of this channel. As the
overall energy of the system increases (in this case, the
increase in the energy of the IR photon), the formation
of the m/z=45 fragment becomes less favored. Coinci-
dentally, at the 7092 cm™! IR excitation, the signal in-
tensity of the m/2=45 fragment remains unchanged re-
gardless of the presence or absence of the IR photon.
This behavior is in contrast to the signal intensity of the
m/z=T72 channel, which shows enhancement at lower IR
photon energies but reduction at the IR photon energy
of 7092 cm™ L,

The computed IR spectrum of the two most stable 2-
EE conformers is shown in FIG. 2 (f) and (g). The IR
spectrum of the lowest-energy conformer displayed su-
perior congruence with the experimental observation
across the entire spectra region (2700—7200 cmfl), in
terms of both peak position and intensity. It is reason-
able, considering that the spectra carrier is dominated
by the most stable conformer. In the supersonic molecu-
lar beam, the 2-EE molecules undergo severe collisions,
which
molecules to distribute into the lowest-energy con-

should provide sufficient cooling for the

former. The structures of the two lowest-energy neutral
2-EE conformers are shown in FIG. S1 in SM. The ener-
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gy difference between those two conformers is calculat-
ed to be 1.88 kcal/mol.

C. IR spectra of cationic 2-EE and its fragments

In the measurement of IR spectra for neutral 2-EE,
the IR laser pulse preceded the VUV laser pulse by 50
ns, arriving at the ionization region earlier. Consequent-
ly, all the peaks in the IR spectra, whether by detecting
2-EE or its fragments, represent the IR absorption of
neutral 2-EE. In contrast, during the measurement of
the cationic 2-EE spectrum, the IR pulse was delayed
by 70 ns relative to the VUV radiation. As a result of
the 118 nm VUV radiation, both the 2-EE cation and
its cationic fragments are present when the IR laser ar-
rives. Therefore, the IR laser can dissociate not only the
2-EE cation but also the cationic fragments.

The variation in signal intensity of a specific cation-
ic fragment upon IR radiation can thus originate from
the IR dissociation of the 2-EE cation, the cationic frag-
ments with larger m/z than the detected cationic frag-
ment, and the cationic fragment itself. This fact compli-
cates the observed IR spectra, making it more challeng-
ing to attribute the IR absorption to specific species.

The NRIFD-IR vibrational spectra of the positively
charged 2-EE, spanning the frequency range from
2700 cm ™! to 7050 cmfl, were acquired and compared
with the computed results (FIG. 3). In the 2700-
3200 cm ™! region, the IR spectrum of cationic 2-EE
(FIG. 3(e)) features a broad peak with a tail extending
beyond 2700 cm ', Three weakly resolved peaks at
2909, 2948, and 2995 cm ! are observed, which are in
proximity (within 10 cm™!) to the calculated wavenum-
bers of the methyl symmetric CH stretching mode,
HOCC symmetric CH stretching mode, and methyl an-
tisymmetric CH  stretching mode, respectively
(Table IT). The low wavenumber tail of the peak can be
attributed to several transitions, primarily combina-
tion modes (Table S2 in SM), with moderate absorp-
tion intensities in the 2750—2900 cm ™! range.

The peaks centered at 3574 and 6938 cm ™! are as-
signed to the fundamental and overtone transitions of
the OH stretching mode. The calculated IR spectra of
the two lowest-energy conformational isomers of the
positively charged 2-EE show minimal differences.
However, the calculated fundamental and overtone OH
stretch transitions of the lowest-energy conformational
isomer display a closer correlation with the observed
peak center positions. It is important to note that the

© 2024 Chinese Physical Society
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TABLE II The anharmonic vibrational wavenumbers of the most stable conformer of cationic 2-EE were calculated using
the B3LYP-D3(BJ)/def2-TZVPP method. Note that only absorption peaks between 2900 and 7000 ecm ! with intensities
stronger than 1 km/mol are shown. All absorption peaks with intensities greater than 0.5 km/mol can be found in Table

S2 of SM.
Calculation
. . Experimental

Vibrational mode i eqﬁ ency /em™! Anharmonic frequency /cm ™! Mode description
V5 2916(2.55) HOCC sym CH str.
Z 2909 2919(7.21) CHj3 sym CH str.
Ve 2048 2959(2.82) HOCC sym CH str.
V3 2995 2998(4.16) CHs3 asym CH str.
V1 3574 3552(261) OH str.
2vq 6938 6935(10.75) OH str.
T T T T /- T T T T

2+ ' ' ' (a)' n/1?z=45l ' T 6938 cm !, which corresponds to the overtone of the OH
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FIG. 3 The NRIFD-IR vibrational spectra of cationic 2-
EE and its fragments in the range of 2700—-7050 cm L,
along with the calculated IR spectra of the two most sta-
ble conformers.

two conformers have an energy difference of
0.63 kcal/mol, and considering the excess energy of ap-
proximately 12 kcal/mol in the cationic 2-EE after ion-
ization by the 118 nm laser (the vertical ionization ener-
gy of 2-EE is reported to be 9.97 eV [29]), it is highly
likely that both conformers contribute to the observed
IR spectra.

FIG. 3(a—e) show obvious peaks centered at

DOI: 10.1063/1674-0068 /cjcp2403045

stretch transition. Both FIG. 3 (a) and (c) exhibit two
peaks at 2909 and 3035 crrfl7 with matching relative in-
tensities, suggesting that the majority of the cationic
fragment of m/z=45 in the region of 2800-3200 cm !
originates from the IR dissociation of the cationic frag-
ment of m/2z=72. FIG. 3(c) illustrates that the signal in-
tensity of the cationic fragment of m/z=72 decreases
upon IR radiation, indicating that the dissociation of
this fragment by IR radiation cannot be compensated
by the IR dissociation of the cationic 2-EE.

The IR spectrum of the m/2=46 fragment channel
does not show a peak at the position corresponding to
the OH stretch transition and exhibits weak peaks in
the region of 2700—3200 cm . In contrast, the IR spec-
trum of the m/z=59 fragment channel shows a broad
peak between 2700 and 3200 cm !, similar to the profile
in FIG. 3(e), indicating that the cationic fragment of
m/2z=59 in this region might originate from the IR dis-
sociation of the cationic 2-EE.

IV. CONCLUSION

In summary, we employed the NRIFD-IR technique
to explore the vibrational spectra of neutral and cation-
ic 2-EE in the 2700-7250 cm ™! range. The IR spectra of
neutral 2-EE exhibited distinct peaks corresponding to
various vibrational modes. The observed differences in
the IR spectra of the dissociative ionization products
highlighted the vibrational mode selectivity in the dis-
sociative ionization process. Additionally, we investi-
gated the IR spectra of cationic 2-EE and its fragments,
revealing broad peaks and distinct transitions associat-
ed with various vibrational modes, demonstrating the
intricate nature of the observed IR spectra, particularly
in the context of the dissociation of cationic fragments
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by IR radiation. The experimental results were support-
ed by density functional theory calculations at the
B3LYP-D3(BJ)/def2-TZVPP level, which provided
consistent theoretical spectra.

Supplementary materials: Optimized stable structures
of neutral and cationic 2-ME, predicted IR transitions
of the most stable conformer of neutral and cationic 2-
ME are shown.
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