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Abstract

The effect of deuteration of acetylacetone (CsO,Hs) is explored by means of IR spectroscopy of
its single and double deuterated isotopologues trapped in neon matrices. The whole vibrational
spectra of chelated enols are very sensitive to the H-D exchange of the hydrogen atom involved
in the internal hydrogen bond. UV excitation of double deuterated acetylacetone isolated in
neon matrices induces the formation of four open enol isomers which can be divided in two
groups of two conformers, depending on their formation kinetics. Within each group, one
conformer is more stable than the other: a slow conformer interconversion due to a tunneling
process is observed in the dark at low temperature. Moreover, IR laser irradiation at the OD
stretching overtone frequency is used to induce interconversion either from the most stable to
the less stable conformer or the opposite, depending on the excitation wavelength. The
interconversion process is of great help to assign conformers which are definitively identified by
comparison between experimental and calculated IR spectra. Kinetic constants of the tunneling
process at play are theoretically estimated and agree perfectly with experiments, including
previous experiments with the totally hydrogenated acetylacetone [Lozada Garcia et al. PCCP

(2012) 14, 3450].
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I. Introduction

Acetylacetone (CsHgO3) is the simplest molecule of the 8-diketones family. For many years, this
compound has served as prototype in the investigations of three important physico-chemical
processes: intramolecular proton transfer,’™ keto-enolic tautomerism>® and photo-induced
isomerization.>* Surprisingly very few studies are related with the effect of the exchange of an
H atom by another (D or F for example)** although this change, deuteration in particular, could
give information on the various physico-chemical properties of the molecule. The enolic form is
stabilized by an internal hydrogen bond (Fig. 1) so only a small amount of the B-diketone form
(keto) is present in the gas phase.>*® The keto-enol tautomerism can be strongly affected by the
environment?® but the prevailing form of the isolated molecule is chelated enol which symmetry

has been a controversial topic: is it Coy or G2 Many experimental and theoretical works support

the C; symmetry 31820

Theoretically, eight stable enolic isomers are found: the chelated enol form - depicted in Fig. 1
— and seven open conformers’.>*2! They are obtained by rotations around three bonds, two
CC bonds and one CO bond as shown in Fig. 1, and are denoted XYZ, where letters X, Y and Z
stand for C or T depending on the cis or trans positions of the groups around the C-C, C=C and
C-0 bonds, respectively. The chelated enol (CCC) is the most stable form and the only one

observed in the gas phase. In cryogenic matrices, it is also the most stable but several open

conformers can be produced by UV irradiation.%1014.22.23

® "9

S C ‘
c W e} cm‘&'
&
@ L e

Figure 1: CCC enol conformer of acetylacetone. Hydrogen atoms exchanged with deuterium are marked
in white. Each colored arrow defines one of the possible rotations in order to produce a new conformer.
The highly stabilizing hydrogen bond interaction in the CCC form prevents isomerization in the
electronic ground state and an electronic excitation is required to access to the open forms. It
has been suggested, from experiments and theoretical calculations, that this occurs through the

excitation of the molecule to the S, level via a m-nt* transition. Non-radiative processes like

*7conformer” is used here to refer to enolic rotational isomers



internal conversion (IC) and intersystem crossing (ISC) between S,/S;/T»/T; states lead the
system to the T; state, where fragmentation (in gas phase) or isomerization (in cryogenic matrix)

can occur.1114.24-26

Photo-isomerization in matrices was probed in previous works by electronic and vibrational
spectroscopy. Different kinds of matrices were used in order to test the influence of the
environment in this photophysical process, among them: N3, Ne, Ar, Xe and hydrogen hosts
(normal hydrogen n-H,, normal deuterium n-D; and para-hydrogen p-H,).%1%121423 The
stabilization of different open conformers depends on the host. Previous studies in our group
showed that in Ne and p-H; matrices, only the CTC, TCC and TTC conformers, in which the OH
group is in the cis conformation, were observed after 266 nm laser irradiation.'* In n-H, and n-
D,, TCT (OH in trans conformation) was also detected. This conformer was also observed in Ar,
Xe and N; matrices.’®'? Furthermore, CTT was stabilized in N, and Xe.'?>?3 Consequently, it was
proposed that CTT and TCT conformers were not observed in p-H, and Ne because of a fast
tunneling process of the hydrogen in the OH group converting CTT and TCT into CTC and TCC
respectively.’*

It is known from previous studies on small organic compounds (including acetylacetone) that
interchange between two rotational conformers could be induced by irradiation with infrared
laser matching its wavelength to the absorption of corresponding bond in the molecule.?*?728 |R
irradiation did not affect the CCC conformer but selective IR irradiation on the OH stretching
fundamentals induced changes in the CTC/CTT and TCC/TCT pairs of conformers.!? The
interconversion was matrix dependent: not observed in Ne and Ar matrices, observed only in
the CTC/CTT pair in Xe and observed in both pairs in N,.

The present paper is focused on the role played by the hydrogen atom from the OH group in the
stabilization of non-chelated enolic conformers, with an experimental approach. For this
purpose, we study double deuterated acetylacetone, an isotopologue of the original fully
hydrogenated molecule. The structural picture of acetylacetone in its chelated enol form is
presented in Fig 1. As it can be seen this molecule has two CH; groups and hydrogens in OH and
CH groups. It is known that OH and CH hydrogens are much more labile and could be easily
exchanged with deuterons in the presence of e.g. D,0. The double deuteration concerns these
most labile hydrogen atoms, labeled in white color in Fig. 1. In this study we present
investigation of the deuteration influence to the vibrational spectra as well as to the structure
and stability of the isomers. The double deuterated acetylacetone has been previously studied

in pure solid, liquid and gas phases through FT-IR spectroscopy.?®32 All these works report



studies on the chelated enol form (CCC), and none of them on the open enol conformers. In the
present work, UV and IR induced isomerization is investigated in solid neon using FT-IR
spectroscopy for detailed characterization of possible isomers. Infrared absorption bands are
assigned to the particular conformer based on the calculated spectra of the conformers. After
the presentation of the experimental and theoretical methods used in the study (part Il), the
results are described and discussed in part lll. Geometries, energetic and vibrational frequencies
from calculations are briefly described. The deuterated isotopologues, including double and
mono deuterated acetylacetone, in freshly deposited samples are then characterized. UV
absorption spectra of conformers of acetylacetone isolated in neon matrices are also reported.
Photo-isomerization induced by UV or IR laser irradiation is described and analyzed. Various
conformers are obtained. Some of them are metastable in the matrix, as shown by the time-
evolution of their bands without any irradiation. The vibrational structure of five conformers of
double deuterated acetylacetone (XYZ=CCC, CTC, CTT, TCC and TCT) is thus clearly documented
as well as the interconversion between them. The tunneling process at play in the
interconversion is discussed at the end of part Ill. Part IV summarizes the main conclusions of
the work.

The following notations will be used: AcAcH8, AcAcD2 and AcAcD1 to name fully hydrogenated,
double deuterated and monodeuterated acetylacetone, respectively. There are two AcAcD1,
distinguished by the notations AcAcD1(CD) and AcAcD1(OD), depending on the position of
deuterium atom. Specific conformers of the corresponding species will be noted XYZ(HS),

XYZ(D2), XYZ(D1) (or XYZ(CD) and XYZ(OD)) with X, Y and Z standing for Cor T.

II. Methods

I1. 1.Experimental

Acetylacetone (99.5%) was purchased at Fluka, Na;SO4 (>99.5%) at Merck, D,0 (99.9%) and NaCl
(>99%) at Sigma-Aldrich. Double deuterated acetylacetone (AcAcD2) was prepared mostly
following synthesis steps published in Dea Kin-Kin doctoral thesis.3 Briefly, synthesis consists in
refluxing a mixture of acetylacetone and deuterated water (D,0) for approximately 4 hours at
80°C, using a desiccant at the open part of the system to minimize the entry of atmospheric

water. After reaching equilibrium at room temperature, organic and aqueous phases are



separated by a decantation process, adding sodium chloride (NaCl) and cooling the sample to
improve the separation. We add a small quantity of sodium sulfate (Na,SO4) to eliminate
possible water impurities in the final product and decant this mixture at the end. During the
deuteration procedure, exchange yields of 90 % were reached for non-methyl hydrogens. The
deuteration ratio was determined from infrared absorption band intensity ratio of
hydrogenated and deuterated species assuming similar absorption coefficients. Products
include both single and double deuterated species, with a yield of AcAcD2 above 65%. IR bands
coming from AcAcHS8, AcAcD2 and AcAcD1 were used to estimate these ratios.

Matrix samples were obtained by direct deposition of a gas mixture containing deuterated
acetylacetone and neon (Messer 5.0) in a ratio of 1-1.5:1000 onto a Csl substrate, cooled
between 7 and 8 K inside a closed cycle He cryostat (APD Cryogenics Inc.). Deposition times
varied from 30 to 40 min, and the deposition rate was around 10 mmol h%,

Infrared spectra were acquired using standard FT-IR spectrometer (Nicolet Nexus 870) and liquid
nitrogen-cooled MCT detector. All the spectra were recorded in the transmission mode with a
0.5 cm resolution. The IR beam path was purged with dry air.

Ultraviolet absorption spectra were acquired using a 0.6 m Jobin Yvon grating monochromator
and a CCD camera (Andor DH720). We used a deuterium lamp as light source and sapphire as
deposition window for these studies.

UV and IR induced isomerization experiments were performed using an Optical Parametric
Oscillator (OPO) nanosecond laser from Continuum, pumped by the 355 nm line of a tripled
Nd:YAG laser, 10 Hz repetition rate, wavelength range from 192 nm to 2700 nm. The pulse
energies were in the range of 1-6 mJ. Laser bandwidths for UV and IR wavelengths were around
7 cm™ in both cases. Irradiation times varied typically from several minutes to several hours.

Laser irradiation was stopped during measurements of FT-IR spectra.

I1.2. Calculations

Geometry optimizations were performed for all isomers (keto and eight enol forms) of
deuterated acetylacetone followed by frequency calculations. In all the steps we used DFT level
of theory with B3LYP functional®*** and 6-311++g(3df,3pd) basis set. A very tight convergence
criteria and an ultrafine optimization grid were also used. Vibrational frequencies were obtained

by means of both harmonic and anharmonic approaches. For the presented harmonic spectra a



scaling factor of 0.981 was used. This value was optimized to fit the theoretical results to the
experimental values taking into account the interaction between the host and the molecule.

Rotational barriers between cis and trans positions of OH/OD in open enol conformers of
acetylacetone were obtained through relaxed scans, using CCOH/CCOD, respectively, dihedral
angle as variable parameter, with 10 and 15 degrees steps. Frequency calculations were
performed for initial, final and transition states (TS) in order to account for the Zero Point Energy
corrections (ZPE). Each TS structure was optimized through a Berny optimization algorithm, and
confirmed through an Internal Reaction Coordinate (IRC) calculation. Calculations related to the
barrier were done at the MP2 level of theory using the same basis set as mentioned before. All
calculations were performed using the Gaussian 09 package.3® Chemcraft software was used as

graphical program for the visualization of the results.?’

II1. Results and Discussion

III. 1. Theoretical results

Calculations show that the geometries of deuterated isomers are very similar to those of the
related non-deuterated isomers.’* All enolic conformers have a planar structure (carbonated
skeleton and CCOD dihedral). The geometry of CCC(D2) (see Fig. 1) is fully described in the
Electronic Supplementary Information (ESI), Table S1. The stability order for the open enol
conformers in deuterated isotopologues is the same as in the case of non-deuterated
acetylacetone:
CCC>CTC>CTT>TCC>TCT>TTIC>CCT>TTT

Energies relative to the CCC conformer for AcAcD2 (CCC(D2)) are reported in Fig. 2. They differ
from those of AcAcH8 by no more than 0.2 kJ/mol in the different isotopologues, corresponding
to the deuteration effect on the Zero Point Energy (ZPE) contribution, not large enough to
perturb the order of stability. On the other hand, one can remark that the keto isomer is the

most stable after the chelated enol.
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Figure 2: Schemes and relative energies (kJ/mol) of open enol conformers and keto isomer compared to
the CCC conformer, in AcAcD2. Zero Point Energy is included in each reported value.

Calculated vibrational frequencies and intensities for the keto isomer and conformers were
computed in order to identify the IR absorption bands of each of them and to obtain the
aforementioned ZPE values. The whole set of theoretical data is reported in the ESI (Tables S2,
S3 and S4). The most distinct feature in the case of AcAcD2 conformers is the presence of OD
stretching modes near 2790-2760 cm™ for the open conformers, whilst the same mode for the
CCC form is 500 cm™ down shifted. This frequency range is especially important to check the

formation of open conformers under laser irradiation.

III. 2. FT-IR Vibrational spectroscopy of as-deposited samples

As previously noticed, our samples contain deuterated and non-deuterated acetylacetone.
Figure 3 shows in the left panels the spectra of AcAcH8 (a) and of the deuterated species (b) in
neon matrices at 7.6 K. The latter spectrum (b) is obtained after subtraction of the bands of
AcAcH8 from the spectrum of the as-deposited sample. The calculated spectrum of CCC(D2) in
the harmonic approximation is displayed in panel (c) for comparison. Calculated frequency is
scaled by the factor 0.981 for the better comparison with the experimental data. Frequencies
obtained in the anharmonic approximation are reported in Table |, together with the scaled
harmonic frequencies. The agreement between the theoretical spectrum (c) and the
experimental one (b) for the most intense bands is very good, and we conclude that AcAcD2 in
its chelated enol form is the main structure observed in the experimental spectrum (b).
Nevertheless, there are several bands which do not correspond to CCC(D2) (see Fig. 3, right

panel: zoom of 1340 - 1460 cm™ region). When comparing experimental and theoretical spectra



for double deuterated and monodeuterated conformers, we found that these bands correspond
to the CCC forms of the monodeuterated species AcAcD1 i.e. of AcAcD1(CD) and AcAcD1(OD).

In addition, similarly to the case of the non-deuterated molecule, we observe the keto tautomer
in the deposited samples, assighing to it two weak vibrational bands at 1717.2 and 1185.4 cm™.
Theoretical calculations suggest that these frequencies are very close from one isotopologue to
another (see ESI, Tables S2, S3, S4). The amount of keto tautomer is very low (approximately
1%), just as with the AcAcHS8 isotopologue. This result shows that the keto-enol equilibrium is

not significantly perturbed by deuteration.
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Figure 3: Left: a) As deposited acetylacetone (AcAcHS8) in Ne, b) As deposited deuterated acetylacetone
in Ne (after subtraction of residual AcAcH8 bands), and c) Calculated spectrum of CCC(D2) (harmonic
frequency calculation with a 0.981 scaling factor). Right: Zoom on the 1340-1470 cm™ region:
experimental spectrum (top) and theoretical spectra (bottom, AcAcD2 red line and AcAcD1 — same
amount of both isotopologues — grey dotted line). k denotes keto band, * denotes bands assigned to
AcAcD2 in the zoomed region, the other bands are assigned to AcAcD1 (see Fig. 5). The theoretical
spectrum is shown using a convolution with a Lorentzian profile of 2 cm™ bandwidth.

III. 2. a. AcAcD2, CCC conformer

In order to distinguish the bands from AcAcD2 to those from monodeuterated isotopologues,
we made subtraction between two spectra of samples with different AcAcD2/AcAcD1 ratios (i.e.
different deuteration yields of synthesis). The list of bands assigned to double deuterated CCC
and the calculated bands of CCC(D2) are reported in Table I.



Table I: CCC(D2) conformer assignment. Experimental frequencies of the chelated enol form of
AcAcD2 in a neon matrix, compared to experimental values obtain by Tayyari et al3? in gas phase,
calculated harmonic and anharmonic frequencies [B3LYP/6-311++G(3df,3pd)] (cm™Y). Intensities
(km/mol) obtained in the harmonic approximation.

. Theoretical
Assignment? Experiment T:\(\i/yarl
as) harmonic*sf° anharmonic Intensity

v,CH3 (CO side) 3034¢ 3018 3083.2 3003.2 10
vaCH3 (OD side) 3027¢ 3078.3 2998.7 9
v,CH;s (OD side) 2970 3031.5 2949.3 5
vaCH3 (CO side) 3021.5 2954.3 6
vsCHs (OD side) 2951°¢ 2940 2980.5 2928.5 8
vsCHs (CO side) 2976.4 2951.5 3
vCD 2304.5 2300 2328.7 2297.0 1
vOD 2000¢ 2027 2158.3 1857.1 259
va(C=C +C=0) 1641.8 1633 1631.7 1616.5 263
vs(C=C + C=0 ) + 60D 1544.2 1544 1530.6 1515.2 374
6,CH;3 (OD side) 1449.4 1448 1448.3 1436.7 87
6.CHs (CO side) 1429.3 1448 1436.9 1432.6 39
6sCH3 (OD side) 1392.7 1391.5 1390.5 28
6:CH; 1376.1 1365 1376.8 1368.0 11
65CH3 (CO side) 1354.0 1365 1358.5 1354.1 54
V<C-C-C=C-Cring 1279.5 1273 1278.4 12703 126
breath

50D 1088.6 1082 1098.9 1076.0 52
pCHs (OD side) 1029.5 1025 1027.5 1027.4 34
7CH3 (CO side) 1020.6 1027.2 1020.9 7
pCH;s (+ 80D) 993.9 990.2 991.5 10
‘;‘é':s““co side) + 936.3 936 927.8 933.4 25
A ring + pCHs 874.9 880 874.9 881.8 17
6CD 831.1 831.6 837.1 0.5
yoD 706.1 707 735.5 740.9 38

2 main characteristic motions; v, stretching; §, in plane bending; y, out of plane bending; p, in plane
rocking; &, out of plane rocking; A, in plane ring deformation; s, symmetric; a, asymmetric

bsf: scaling factor (0.981)

¢ Broad bands

The agreement is good for both calculations even if the scaling factor underestimates the effect
of the anharmonicity for the highest frequencies. Only the OD stretching mode which is the most
anharmonic and the most perturbed by the H bond, is not very well reproduced.

In previous studies of deuterated acetylacetone in the gas phase, the authors suggest the
presence of this stretching band around 2025 cm™.293%38 A closer look at this frequency region
was required to find a possible assignment for it: a weak and broad band around 2000 cm™ could

correspond to vop (see Fig. 4). The large red shift of vop is due to the internal hydrogen bond. In



fact, it induces an inversion in the energy ordering of CD and OD stretching modes, observed

experimentally and theoretically (see Fig. 4 and Table I).
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Figure 4: 1860-2320 cm™ region in deposited deuterated acetylacetone spectrum. OD and CD stretching
bands for AcAcD2 isotopologue are assigned.

It is known that for most molecules the position of the OH/OD stretching mode allows easy the
discrimination between non-deuterated and deuterated isotopologues. However in AcAcHS,
despite its high intensity, the OH band is difficult to observe experimentally because it spreads
over hundreds of wavenumbers due to the high delocalization of the hydrogen atom in the
hydrogen bond, as suggested by the previous works in the gas phase at room temperature.?>3?
It is expected that the bandwidth should decrease significantly in the low temperature
matrices, however it remains very large even at lowest temperature, as proton delocalization
is still high even in the cryogenic matrices. This fact makes the observation of the band very
difficult and its maximum position can’t be determined accurately. In particular, the OH
stretching band of AcAcH8 was not clearly observed in neon matrices at 4 K.**

One can see in Fig. 3 that most of the bands of AcAcD2 are narrower than those of AcAcH8. The
decrease of the bandwidth for OH normal modes upon a H-D exchange was expected.®® In both
molecules, the stretching and especially the bending of the OH/OD group contribute to several
normal modes: it could explain in part, the global broadening of bands in CCC(H8) compared to
CCC(D2). Table Il reports FWHM of the main assigned lines of CCC(D2) and CCC(H8) in Ne, with
a short description of the modes in order to directly compare both isotopologues. The OH/OD
stretching modes are not included in Table Il because, as it was written above, vos-CCC(H8) was
not observed. Thus as we observe the vop-CCC(D2) band (Fig. 4), it should be narrower than the

VOH-CCC(HS) band.
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Table II: Bandwidths in Ne for some bands of the CCC conformer of AcAcH8® and AcAcD2. Only bands
where a measurement of FWHM was possible are shown. The assighment is set according to ref.8, and
pairing modes was made taking into account the most relevant motions involved in each mode. Position
and width are in cm™. nm: measurement was not possible.

AcAcH8 AcAcD2
Assignment?
Position Width Position Width
v,(C=C +C=0) 1642.0° 16 1641.8 2.5
vs(C=C + C=0) + 60H 1619.7° 11 1544.2 5.7
8.CH3 (OH side) 1465.1 4.6 1449.4 2.0
8aCH; 1435.8 6.6 1429.3 1.3
8CH3 1428.1 4.3 1376.1 0.8
8,CH3 (OH side) 1378.6 2.6 1392.7 1.6
8,CH3 (CO side) 1362.9 1.5 1354.0 0.9
S0H 1297.2 78 1088.6 2.3
vsC-C-C=C-C ring breath 1251.4 7.3 1279.5 2.9
8CHolefinic 11715 33 831.1 nm
pCH; (OH side) 1015.8 1.8 1029.5 1.3
pCHs (CO side) 995.2° 1.4 993.9 1.0
YOH 947.9 5.5 706.1 nm
A ring + pCH3 910.6 6.3 874.9 1.3

@ main characteristic motions; v, stretching; 8§, in plane bending; y, out of plane bending; p, in plane
rocking; A, in plane ring deformation; s, symmetric; a, asymmetric
® bands with shoulders

IIL. 2. b. Monodeuterated isotopologues (CCC(OD) and CCC(CD))

AcAcD1 is always present in the samples as CCC forms of AcAcD1(OD) and AcAcD1(CD). We were
able to obtain the spectrum of AcAcD1 in Ne (Fig. 5 a) by subtracting spectra of samples with
different deuteration ratios and to assign few bands of the monodeuterated isotopologues. It
appears that the ratio between isotopomers AcAcD1(OD) and AcAcD1(CD) is roughly the same
in all the samples, close to 50/50 (a precise measurement is not possible). The band assignment
to a particular isotopomer is complicated because AcAcD1(OD) and AcAcD1(CD) have many
modes with very similar frequencies. Nevertheless, we were able to identify some bands for
each isotopologue using the theoretical spectra (Fig. 5 b and c). These bands suggest that
similarly to AcAcD2 and AcAcHS, those corresponding to AcAcD1(OD) are narrower than those
of AcAcD1(CD). Additional bands can be tentatively assigned to each isotopologue following this

remark. The experimental frequencies compared to calculations are reported in Table Ill.

11



Considering that AcAcD2 and AcAcD1(OD) in one hand, and AcAcH8 and AcAcD1(CD) in the other
hand have similar bandwidths we conclude that the a hydrogen (olefinic hydrogen) does not

have a wide impact in the band broadening.

),
1600 1500 1400 1300 1200 1150 1050 950 850
Wavenumber (cm?)

Figure 5: a) IR spectrum of monodeuterated isotopologues (obtained after removing AcAcD2 and AcAcH8
from the original spectrum); IR theoretical spectra — Lorentzian bandwidths of 2 cm™ -in the scaled
harmonic approximation of CCC forms of b) AcAcD1(OD) and c) AcAcD1(CD) isotopologues. Zoom (x3)
below 1200 cm! for a better comparison. Assignment is shown with dashed colored lines for some of the
most important bands.
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Table llI: Experimental frequencies (cm™) of the chelated enol form of AcAcD1(OD) and AcAcD1(CD) conformers in Ne, compared to calculated harmonic and
anharmonic frequencies [B3LYP/6-311++G(3df,3pd)]. Experimental bandwidths [A (cm™)] and intensities obtained in the harmonic approximation (km/mol) are also
reported. nm: measurement was not possible.

ccc(op) ccc(cp)
. . ccc-oD Theo. harm.*sf* . a ccc-cp Theo. harm.*sf* Int.
Assignment Exp. A (Anharm.) Int. Assignment Exp. A (Anharm.)
vCD 2306.8 2328.7 (2296.2) 0.8
va(C=C+CO) 1648.7 3.9 16419 (1625.5) 273 | va(c=C+cCO) 1630.5 14 1634.0 (1608.6) 355
vs(C=C + CO ) + 50D 1552.7 4.7  1536.7 (1517.1) 384 | vs(C=C+CO)+80H 1616.8 18 1614.6 (1603.9) 283
8,CH3(OD side) + 8CH 1461.2 nm 1462.1 (1454.2) 32 8,CH3(OH side) + 60H 1451.2 nm 1451.5 (1446.9) 38
8.CH3(CO side) 1431.2 nm 14369 (1427.8) 21 | 6.CHs(CO side) +50H 1439.7 nm 1438.9 (1427.8) 20
8OH+ v (carbon 14113 77 14101 (1397.8) 180
skeleton)
8.CH3(OD side) 1404.5 nm  1407.7 (1399.8) 64 | 6.CHs (OH side) 1380.7 nm 1384.1 (1365.8) 35
8,CH; (CO side) 1361.7 0.8 1364.6 (1361.4) 50 | 6,CHs (CO side) 1356.6 3.0 1359.9 (1358.9) 45
Vs (carbon skeleton Vs (carbon skeleton
v (fsom ) 1261.4 &5 12797 (1260.7) 119 |V ) 12491 102 12443 (1232.1) 135
8CH 1175.0 1.7 11756 (1170.2) 21
50D 1079.9 3.5  1091.4 (1039.3) 66
nCH; (CO side) 1027.0 nm  1027.4 (1025.0) 7 nCH; (CO side) 1027.0 nm 1027.2 (1024.3) 8
pCHs (OD side) 1013.0 0.8 1013.0 (1013.7) 16 | pCHs 1048.9 nm 1044.4 (1041.4) 6
pCHs (CO side) + 50D 976.7 1.1 972.4  (978.9) 33 | pCHs 1001.6 1.8 999.7 (1001.4) 10
A ring + pCH3 925.2 0.8 920.6  (923.3) 4 A ring + pCHs 938.2 2.4 929.8 (933.0) 14
A ring + pCH3(CO side) 884.1 1.5 884.7  (890.5) 20 | Aring + pCHs(CO side) 893.9 nm 893.7 (907.3) 32
yCH 777.5 nm
yOD 706.1 nm 732.4  (734.1) 50 | yoH 947.4 3.6 986.9 (986.2) 70

2 main characteristic motions; v, stretching; 8, in plane bending; y, out of plane bending; p, in plane rocking; &, out of plane rocking; A, in plane ring deformation; s,
symmetric; a, asymmetric;
bsf: scaling factor (0.981)
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III. 3. UV irradiation and open conformers

UV irradiation of matrix samples doped with acetylacetone induces the photo-isomerization of
the enolic form and the production of open enol conformers. In our previous studies with
AcAcH8 isolated in neon matrices, we showed that the produced open conformers can be
separated in two groups: a first one, reduced to CTC, growing from CCC upon irradiation at 266
nm and disappearing in a prolonged irradiation, and a second group, including mainly TCC with
a very weak amount of TTC, growing slower upon the same irradiation.’* A similar behavior is
expected with AcAcD2 isolated in neon matrices. With the OPO laser as the UV irradiation
source, it is possible to excite acetylacetone in a broad range of UV wavelengths. We observe
different behaviors according to the different wavelengths used in the 250-280 nm range, but
in any case, new bands are growing while the CCC conformer is disappearing. The spectra are
complex but these bands can be classified in two groups of open conformers. A clear assignment
was possible in each group based on two additional processes: (i) the relative intensities of the
new bands change in time without irradiation, meaning that the spectra contained the signature
of stable and meta-stable conformers; (ii) IR laser irradiation performed after UV irradiation
affects differently the produced conformers.

In order to precise the efficiency of the UV irradiation on the various conformers of
acetylacetone, we recorded first the UV absorption spectra of acetylacetone isolated in solid
neon. These spectra helped in the choice of the excitation wavelengths to induce photo-
isomerization. UV spectra are described in the next part, followed by the results on the first and

the second groups of conformers.

I11.3.a. UV absorption spectra of acetylacetone in solid neon

The UV absorption of AcAcH8 (CCC form) in neon matrices is shown in Fig. 6, left panel - black
solid line. Electronic absorption spectra of acetylacetone in different matrices were already
published, but the spectrum in solid neon was lacking.*® The CCC absorption band is slightly red
shifted from the gas phase*! with a maximum of absorption at 265 nm in Ne (262.7 nm in the
gas phase). The maximum of the band was also found around 265 nm in N, and was red shifted
in Ar and Xe (maximum around 270 nm).*? All these results indicate a weak effect of the matrix

on the electronic structure of acetylacetone.
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Figure 6: Left: Electronic absorption spectra of acetylacetone (AcAcH8). CCC (black solid line), first group
(CTC) (red dots) and second group (mainly TCC) (blue dash) of conformers; Right: IR spectra corresponding
to each group. The open conformer spectra are obtained combining different weighted spectra in order
to get separated spectra for each conformer.

We benefit from our previous study of photo-isomerization of AcAcHS8 in Ne* to use the best
experimental conditions to get samples with almost only one conformer trapped and we obtain
the spectra of CTC and TCC displayed in Fig. 6, left panel (red dot and blue dash lines
respectively). In the spectra shown in Fig. 6, the CCC conformer spectrum was subtracted from
the open enol conformer spectra for better clarity, and spectra were normalized.

The three conformers have broad absorption bands. The UV absorption spectra of CTC and TCC
are very close (maxima around 240 nm and 237 nm respectively). The IR spectra of the same
samples in the frequency range of free OH stretching modes are displayed in the right panel of
Fig. 6 to confirm the assignments: CCC- black solid (no free OH), CTC —red dot and TCC — blue
dash.

Theoretical calculations on the electronic states of AcAcH8 (CR-EOMCCSD(T) method)*® reported
a difference of only 7nm in the electronic absorption of CTC and TCC, whereas a blue shift of 19
nm was calculated between CTC and CCC: these estimations are in good agreement with the
present results in Ne.

The UV absorption spectra of deuterated acetylacetone should be very similar to those of
AcAcH8, because of the small perturbation due to deuteration. This assumption was confirmed

by recording the absorption spectrum of AcAcD2/Ne after deposition to get the electronic
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absorption spectrum of the CCC form. We use then the clear results obtained with AcAcHS8 to

choose the UV wavelengths for the photo-isomerization experiments.

III. 3. b. First group of deuterated conformers

In order to obtain mostly the first group, we irradiated the deposited sample in the red part of
the CCC absorption, at 280 nm, far from the maximum of absorption of the other conformers
and especially that of CTC (see Fig. 6). In Fig. 7 we can observe the simultaneous decrease of CCC
with the increase of the two different groups of conformers. These groups differ by their kinetics,
in the same way as in AcAcH8/Ne experiments.* When CCC is almost depleted, the first group
is predominant. Its spectrum is reproduced in Fig. 8. The second group will be discussed in the

next section.

2710 2700 2690 2680 2670 2660 1700 1650 1600 1550
Wavenumber (em™) Wavenumber (cm™)

Figure 7: Evolution of acetylacetone IR spectrum under 280 nm laser irradiation (from the rear to the
front). Left: OD stretching region of non-chelated conformers (zoom 14x). Right: C=0 and C=C stretching
region. The first group of conformers is mainly produced but a small amount of second group is also
observed in the spectra.

Figure 8, panel a, shows the most relevant regions of the IR spectrum of the first group in a neon
matrix. The bands coming from CCC and from the second group have been subtracted from the
original spectrum. Theoretical spectra of CTC(D2) and CTT(D2) are also reported in Fig. 8 (top
panel) for comparison. They allow the assignment of most of the intense bands to these two
species. Bands in the 2660-2710 cm™ region (Fig. 8, left) correspond to the OD stretching modes
of the deuterated isotopologues. Their number should give an idea of the number of produced
conformers. However, because of the mixture of double and mono deuterated isotopologues,
these OD modes could belong to AcAcD2 and AcAcD1(OD) open conformers. In fact,

experiments were performed with different AcAcD1/AcAcD2 ratios. AcAcD1 bands can be easily
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observed in some spectra whereas the IR spectrum of Fig. 8, panel a, corresponds to a sample
with a negligible amount of AcAcD1. On the other hand, some bands in the spectrum exhibit a
doublet structure which comes from site effects. Such doublets are also observed in non-
deuterated conformers trapped in solid neon. The presence of different sites is confirmed with
annealing effects. The site structure is more pronounced in the spectra of modes involving
significantly OD motion, e.g. OD stretching modes and OD in-plane bending modes (group of

doublets near 950 cm™).

Surprisingly, when leaving the sample in the dark, we observe an evolution in the spectrum of
open conformers: some bands increase while others decrease. The corresponding difference
spectrum is displayed in Fig. 8, panel b. This change is attributed to an interconversion between
CTT and CTC. The process is very slow, with a kinetic rate estimated at 10”7 s from experimental
measurements. This result gives an important information about conformers stability but also a
confirmation of the attribution of the lines of the most stable conformer (CTC with the lowest
energy, see Fig. 2). One can notice that the spontaneous CTT— CTC interconversion depends on

the site where CTT(D2) is trapped, as can be seen in Fig. 8, panel b.
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Figure 8: a) IR spectra of the first group of conformers (bands from CCC and from the second group are
subtracted from the original spectrum), b) Difference IR spectrum between the sample just after UV
irradiation and 68 h later in the dark, c) Difference IR spectrum between after and before IR laser
irradiation at 5235 cm?, obtained from a sample with a relatively high AcAcD1/AcAcD?2 ratio; AcAcD1(OD)
bands are marked with *, d) IR theoretical spectrum in the harmonic approximation (scaled by 0.981) of
CTC(D2) (blue up) and CTT(D2) (red down) conformers (Lorentzian bandwidths of 2 cm); the
positive/negative spectra are set in order to compare to panel b showing more stable (positive)/ less
stable (negative) species. Zooms in the left and middle panels refer to the optical density of the right
panel.
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In order to confirm and complete the previous assignment, we performed IR laser irradiation
experiments with the laser frequency in the range of the OD stretching first overtone. The
vibrational excitation of the fundamental OH mode in open conformers of AcAcH8 was found to
promote isomerization between XYC and XYT conformers (X and Y being C or T).2 The region of
the first OD overtones was not recorded in the IR absorption spectra. We found and assigned
them by scanning the OPO laser frequency in the region predicted by the anharmonic
calculations. The CTC <> CTT interconversion is effectively observed when the laser is in
resonance with the first overtone. The effect of IR irradiation at 5235 cm™ is displayed in Fig. 8,
panel c. In this case, CTC bands are depleted while those of CTT increase in intensity. An
irradiation at 5280 cm™ produces the CTT - CTC interconversion, making the process reversible.
Furthermore, after IR irradiation at 5235 cm™, CTT converts back to CTC once the IR laser is
turned off, similarly to what happens after UV irradiation. The overtones of the three main OD
stretching bands of Fig. 8, panel c are obtained and the values are reported in Table IV, in
comparison with theoretical estimations calculated within the anharmonic approach. These
experiments proved that the three OD bands (Fig. 8 a, left panel) belong to AcAcD2 open

conformers - one to CTC(D2) and two to CTT(D2) -, and not to the monodeuterated isotopologue.

Table IV: Experimental and theoretical frequencies (cm™) of the first
overtones (vOD modes) in AcAcD2 open enol conformers

Vanh:-)rmonit:/crn-:l Vanharmt:mic/':m-1
(Theoretical) (Experimental)
CTC 5255 5235
5260
CTT 5279
5280
TCC 5230 5243
TCT 5289 5280

Combining the information from all the experiments and theoretical calculations, we conclude
that the conformers produced in the first group are CTC(D2) and CTT(D2). Experimental
frequencies and calculated values for CTC(D2) and CTT(D2) conformers are summarized in Table

V. One can notice that there is no obvious narrowing of the CTC bands from AcAcHS8 to AcAcD2,
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even on the OH/OD stretching bands (bandwidths of 1.7 cm™ in AcAcH8 and 1.5 cm™ in AcAcD2).
The large bandwidth difference observed only between the chelated enols allows to conclude
that highest influence of deuteration is on intramolecular hydrogen bond properties.

Table V: First group of conformers: experimental frequencies (cm™) in Ne compared to theoretical

frequencies (cm™) [B3LYP/6-311++G(3df,3pd)]. Theoretical values in scaled harmonic approximation
(and anharmonic approximation). Intensities (km/mol) obtained in the harmonic approximation.

. . . Theoretical Intensity
Assignments Experimental cTC CTT
b
vOoD 2696'5b 2727.4 (2684.0) 53
2686.8
vOD 2674.3 2706.4 (2672.1) 29
va(C=C + CO) 1707.7 1701.6 (1701.4) 170
va(C=C + CO) 1698.8 1699.3 (1694.4) 171
vs(C=C +CO) 1632.9 1617.7 (1603.3) 481
vs(C=C +CO) 1610.0 1597.1 (1566.1) 545
6.CH3 (OD side) 1433.1 1431.9 (1427.7) 41
6.CH3 (OD side) 1431.4 1431.0 (1418.0) 80
6,CH; (0D side) 1382.8 1357.7 (1378.4) 49
6,CH; (0D side) 1376.7 1378.8 (1373.0) 46
8,CH3 (CO side) 1359.8 1358.1 (1351.7) 30
8,CH3 (CO side) 1359.8 1358.5 (1352.7) 34
8,CH3 + v(C-CHs) (OD side) 1304.1 1296.0 (1288.8) 122
b
8:CH3 + v(C-CH3) (OD side) ggigb 1285.0 (1275.3) 251
C-CH ide) + v(C-
e CH33)(COSde) (c-0) 12735 1265.4 (1249.6) 16
v(C-CH;) (CO side) + v(C-0) 1273.5 1265.7 (1258.9) 17
+6CH;3
pCH;3 (CO side) 1087.0 1085.2 (1079.6) 63
pCH;3 (CO side) 1082.7 1079.8 (1078.2) 18
pCH;3 (OD side) 1001.3 1002.6 (999.1) 30
pCH;3 (OD side) 1001.3 1000.1 (994.6) 35
pCHs (CO side) + & OD 954.9° 942.0 (934.5) 145
953.8°
b
pCH; (CO side) + 6 OD gj?:gb 935.8 (936.6) 64
80D 909.4 898.7 (901.1) 113
b
80D +8CD :Zgéllb 8849 (886.1) 14

2 main characteristic motions; v, stretching; §, in plane bending; p, in plane rocking; A, in plane ring
deformation; s, symmetric; a, asymmetric
b bands with doublets due to sites effects

The first group of open conformers was reduced to CTC in the case of AcAcHS8 trapped in Ne. A

fast CTT->CTC interconversion was assumed to explain the absence of CTT, in comparison with
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the behavior of irradiated AcAcH8 in other matrices where CTT was observed. This assumption
is confirmed by the deuteration effect: the tunneling process at play in the CTT- CTC

interconversion is slower in the case of AcAcD2, allowing the detection of CTT in solid neon.

I1I. 3. c. Second group of deuterated conformers

After depletion of the CCC conformer upon irradiation at 280 nm, samples were irradiated at
260 nm to enhance the production of the second group of conformers. At 260nm, the absorption
of the second group is lower than that of the first one while the CCC can still absorb and react.

The second group is the only one growing under 260 nm irradiation.
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Figure 9: a) IR spectra of the second group of isomers (negative bands come from non-compensated
subtraction of first group and H8 isomers), b) Difference IR spectrum between the sample just after UV
irradiation and 72 h after in the dark, c) Difference IR spectrum after and before IR laser irradiation at
5280 cm, obtained from a sample with a relatively high AcAcD1/AcAcD2 ratio; AcAcD1(OD) bands are
marked with *, d) IR theoretical spectrum in the harmonic approximation (scaled by 0.981) of TCC(D2)
(blue up) and TCT(D2) (red down) conformers. Zooms in the left and middle panels refer to the optical
density of the right panel.

The spectrum of the second group is shown in Fig. 9, panel a. Two strong bands are observed in
the OD stretching region. One decreases while the other increases in the dark (Fig. 9, panel b).
Consequently, we assign them to two conformers prone to interconversion process, similarly to
the CTT/CTC pair. Kinetics of this process is slow: the kinetic constant is estimated around 10°® s’

1, which is one order of magnitude larger than for the CTT/CTC pair. We also performed IR laser

irradiation in the range of OD stretching overtones, similarly to the experiments with the first
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group, and we observed the same behavior, i.e. the reversible conversion of one species to the
other (Fig.9, panel c). Overtones measurements are reported in Table IV.

Combining the information coming from all the experimental and theoretical data, we conclude
that the second group is formed by TCC(D2) and TCT(D2). The theoretical spectra of these two
conformers are reported in Fig. 9, panel d for comparison. Experimental frequencies and
calculated values for conformers assigned to the second group are summarized in Table VI.
Importantly, the TCT conformer is clearly detected in AcAcD2/Ne samples while it was not
observed in AcAcH8/Ne samples. As in the case of the first group, there is a slow quantum
tunneling of the deuterium, compared to the measurement time scale, whereas the tunneling
of hydrogen was too fast in AcAcH8 to be observed.

Table VI: Second group of conformers: experimental frequencies (cm™) in Ne compared to theoretical

frequencies (cm™) [B3LYP/6-311++G(3df,3pd)]. Theoretical values in scaled harmonic approximation (and
anharmonic approximation). Intensities (km/mol) obtained in the harmonic approximation.

. . . Theoretical Intensity
Assignments Experimental TCC TCT
v oD 2695.4 27373 (2689.2) 56
v oD 2679.8 2714.8 (2661.9) 52
va(C=C+€CO) 1681.8 1683.9 (1686.3) 232
vs(C=C+€O) 1678.0 1684.3 (1685.3) 175
V(C=C + CO ) + 50D 1664.1 1650.3 (1646.3) 363
V(C=C + CO ) + 50D 1635.4 1617.2 (1614.0) 397
§,CHs(OD side) 1447.5 1451.2 (1451.2) 36
§,CHs(CO side) 1427.2 1434.3 (1424.2) 22
5,CH5(OD side) 1396.1 1394.2 (1407.8) 33
5,CH5(OD side) 1389.2 1391.0 (1401.2) 23
§,CHs (CO side) 1369.4 1367.7 (1360.3) 48
§,CH5(CO side) 1354.1 1351.5 (1342.4) 67
‘5’5‘:::'”" skeleton) + 13286 1328.0 (1319.2) 101
‘;s‘cc::““ skeleton) + 1320.2 1314.3 (1303.9) 126
V. C-CHs + pCHs (CO side) 1224.1 1211.0 (1202.8) 68
V. C-CHs + pCHs (CO side) 1222.6 1208.8 (1200.4) 118
oCH5(OD side) + 50D 1098.0 1095.5 (1093.3) 41
oCHs(OD side) + 50D 1097.1 1093.8 (1092.3) 36
oCHs (CO side) 1000.8 992.9 (993.2) 44
oCH (OD side) 994.1 991.7 (990.3) 55
oCHs (CO side) 977.0 970.9 (970.3) 18
§CD +50D 936.2 9213 (903.8) 40
50D 919.0 903.5 (908.7) 25
§CD 847.6 8452 (853.1) 47

2 main characteristic motions; v, stretching; 8, in plane bending; p, in plane rocking; A, in plane ring
deformation; s, symmetric; a, asymmetric
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In the present experiments, there is no evidence of the TTC conformer which was detected in a
very low amount in AcAcH8/Ne. As the bands were very weak, if TTC(D2) exists, its bands cannot
be clearly distinguished from bands coming from the different conformers of AcAcD1. So, no
conclusion can be stated for TTC(D2).

In addition to the experiments previously discussed, we performed a supplementary irradiation
at 250 nm after the irradiation at 260 nm in order to excite more efficiently the second group
itself. This last irradiation induces a change inside the second group: TCT bands increase and TCC
bands decrease. We do not see any increase of the bands associated with other conformers. It
suggests that the TCT/TCC production ratio depends on the energy of the system in the excited
S, state and/or on the initial geometry of acetylacetone in this state. Consequently, the
measured TCT/TCC ratio in Ne depends on the UV irradiation wavelength just after UV
irradiation and then evolves in time. Because of the fast TCT->TCC conversion in the case of
AcAcHS8, this kind of process cannot be explored with the fully hydrogenated isotopologue. On
the other hand, TCT was also observed in more perturbative matrices (Ar, Xe, N, n-H>and n-D5)
where it can be stabilized by interactions with the host. In these latter cases, matrix effects must

play a role in the observed molecular processes.

III. 3. d. Monodeuterated conformers

The assignment of AcAcD1 open conformers is very difficult, due first to their low concentration
compared to AcAcD2 conformers, and second to the mixture of AcAcD1(CD) and AcAcD1(OD)
conformers. Nevertheless, we assign several bands to the first group of AcAcD1(OD)
isotopologue (CTT: 904.5, 1155.7, 1361.0, 1395.2 cm™; CTC: 989.3, 1038.1, 1165.2, 1412.9 cm™)
and only one to AcAcD1(CD) isotopologue (CTC: 1181.0 cm™). In the second group we were also
able to assign some bands of AcAcD1(OD) isotopologue (TCT: 899.6, 998.0,1192.7, 1263.1 cm™};
TCC: 974.8,989.2, 1264.1, 1365.7 cm™). Most of the AcAcD1(OD) bands are assigned thanks to
interconversion by IR irradiation, taking into account that the OD stretching modes in AcAcD2
and AcAcD1(0OD) have very similar frequencies (see ESI for theoretical values). Other bands are

observed but a straightforward assignment is not possible.

IIL. 3. e. Tunneling process
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CTT->CTC and TCT->TCC interconversion processes are assumed to be due to proton tunneling
because of the significant deuteration effect we observed. The tunnel effect is very important
at low temperatures and it has been found in several small organic molecules and complexes.**3
We performed relaxed scan (and Internal Reaction Coordinate) calculations in order to estimate
the rotational barriers for the processes under study. The theoretical heights of the barriers, ZPE
included, for both pairs of conformers and both isotopologues (AcAcH8 and AcAcD2) are
reported in Table VII. AZPE is the difference in ZPE energies obtained for the transition state and
the trans conformer XYT (CTT or TCT); w, is the calculated OH/OD rotation frequency (Yyon
mode) at MP2 level.

Afirst conclusion is that these barriers are too high compared to thermal energy (6.7 x 102 kJ/mol
at 8 K) to be overpassed thermally, confirming the tunneling assumption. As indicated by the
values reported in Table VII, the differences in rotational barrier heights between both
isotopologues are small, confirming also that the different heights do not govern the different
behaviors of AcAcD2 and AcAcH8. The two barriers (IRC calculation) are drawn in Fig. 10 in the
case of double deuterated isotopologues. They are found very similar (height and width), the

barrier is slightly lower between TCT and TCC than between CTT and CTC.

Table VII: Theoretical rotational barrier (in kJ/mol and cm™), ZPE difference (AZPE in kJ/mol)
and frequency of the OH/OD rotational mode (Hz) at MP2 level for the pairs of observed
conformers, experimental and calculated tunneling rates, k (s).

CTT ->CTC TCT ->TCC
AcAcHS8 AcAcD2 AcAcH8 AcAcD2
Barrier height (kJ/mol)* 23.8 24.5 21.4 221
[em™] [1989.5] [2048.0] [1788.9] [1847.4]
AZPE  (kJ/mol) 2.8 2.1 25 1.8
Wy (Hz) 1.17x10%8 8.69x10% 1.09 x10%3 8.29 x10%?

Tunneling rate constant (k)

Experimental value - 5x107 - 3x10°®

Theoretical value 2x10*t 2x107 1 3x10°®
* ZPE included
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Figure 10: Calculated CTT - CTC and TCT - TCC (from the left to the right) theoretical barriers, through
IRC method. The dashed line represents approximately the kinetic energy of the particle (deuterium
atom), estimated as AZPE = ZPE (trans) — ZPE(TS) (different for each pair -see Table VII).

The experimental kinetic constants k related to the tunneling rates are estimated for each pair
from the evolution after 68 h of the intensities of some characteristic bands assigned to each
conformer. We can compare them with the theoretical values obtained within the WKB
semiclassical approximation.* This methodology has been successfully used in the description
of other systems, but gives only an order of magnitude of the kinetic rate.*>*¢ In this approach,
k is expressed as:
kwpk = wo X P(€) (1)
Where wy is the frequency of the torsional mode (in Hz) and A(¢) is the permeability of the

barrier obtained through:*

1
1+e26(9)

P(e) = (2)

with 8(¢) evaluated by the following integral:

0(e) =3 [ \2ulV 0o —eldx - (3)

where yuis the reduced mass of the particle and gits kinetic energy evaluated as the difference
of the Zero Point Energies between the transition state (TS) and the initial state (XYT).
Integration limits xi and x; are defined by the turning points where N x)- £ = 0.

The calculated values are reported in Table VIl together with the estimated experimental values.
A difference of six orders of magnitude in the values of the theoretical rates between non
deuterated and deuterated isotopologues is found in each pair. The barriers are quite similar
and the major difference comes from the reduced masses and AZPE values in the two

isotopologues. The orders of magnitude of k obtained for the non-deuterated molecules
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highlight a fast tunneling process, in the timescale of seconds, and fully explain the absence of
XYT(H8) conformers in the FT-IR spectra recorded more than few seconds after the laser
irradiation.'* Deuteration totally changes the XYT lifetimes. Theoretical values for deuterated
pairs describe very well the slow process observed. We obtain a very good agreement for both
pairs of conformers, despite the WKB approximation and the fact that the matrix is not taken
into account. It seems that the effect of the neon matrix in this process is negligible. Generally,
the presence of the matrix slows down the isomerization, but it depends both on the host and
the guest.**” Theoretical estimations open in fact a puzzling matrix effect: whereas tunneling
rate constants are larger for TCT->TCC than for CTT->CTC, TCT is found easier stabilized by a
cryogenic lattice than CTT (TCT is observed in Ar, n-H2 and n-D2 and not CTT). This could be
related to the fact that in the TCT/TCC pair, the OH group stays in the vicinity of methyl groups,
while it is only the case in the less stable CTT conformer of the CTT/CTC pair (see Fig. 2): the
geometries of two methyl groups are slightly modified in the TCT->TCC process, while only one
is involved in the CTT->CTC tunneling and the global modification of the molecule can be more

perturbed by the matrix in the former case than in the latter.

IV. Conclusions

Deuteration effects on the molecular properties of acetylacetone are explored by the study of
the double deuterated acetylacetone (AcAcD2) trapped in neon matrices with a focus on
vibrational spectroscopy and photochemistry.

The IR spectrum of the chelated enol form exhibits well-defined and narrow bands. It allows the
assignment of most of the vibrational modes, whereas the previous spectroscopic data were
obtained in the gas phase at room temperature and many bands were thermally broadened.
The agreement with the gas phase and the theoretical calculations is very good, underlining the
weakness of the perturbation induced by the neon environment. The IR spectra of the
monodeuterated isotopologues are also obtained.

The comparison between the spectroscopic results of AcAcH8, AcAcD2 and AcAcD1 trapped in
solid neon highlights the effect of the strong internal hydrogen bond in the —OH isotopologues:
almost all the vibrational bands are broadened, and not only those which are the most involved

in the H-bond. Because of the narrowing of bands in AcAcD2, we were able to detect its OD
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stretching mode around 2000 cm™ whereas the corresponding OH stretching mode was always
too large to be detected.

Excitation of AcAcD2 to S, state induces the isomerization of the enol form in solid neon. As for
AcAcH8, we distinguish two groups of conformers in the photo-isomerization process.
Nevertheless, there are two major differences. The first is the number of conformers. We
observed the CTT/CTC and the TCT/TCC pairs. Only the corresponding XYC conformers were
detected in AcAcH8/Ne samples!, suggesting that in AcAcH8 the XYT conformers disappeared
as soon as they are produced by an efficient XYT->XYC interconversion. The second difference,
related to the first one, is the slow XYT->XYC interconversion observed when AcAcD2/Ne
samples stay in the dark. The slowing down of this process with deuteration is in agreement with
the assumption of a quantum tunneling in the —OH(D) part of the molecule and the measured
lifetimes are in very good agreement with calculations. These measurements also underline the
weak interaction between the guest and the Ne matrix for this process.

Additional laser irradiation of the open enol conformers in the first overtones of their OD
stretching modes induces reversible XYT<>XYC interconversion. This process occurs in the
ground state, similarly to the tunneling process. It allows a clear assignment of the IR spectra of
the observed open conformers and the experimental measurement of the overtones
frequencies.

The study will be extended to other deuterated isotopologues in order to get a deeper insight
on the deuteration effect and, in particular, to analyze the consequences of the deuteration of
the methyl groups whose torsion is entangled with the proton transfer in the chelated enol

conformer.®® Similar studies in halogenated analogs of acetylacetone are also under way.
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