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UV- and IR-induced photoisomerization of acetylacetone trapped in a nitrogen matrix at 4.3 K have been
carried out using a tunable optical parametric oscillator type laser, or a mercury vapor lamp, coupled with
Fourier Transform IR and UV spectroscopies. After deposition, the main form present in the cryogenic matrix
is that chelated (enol). Upon UV irradiation, the intramolecular H bond is broken leading to nonchelated
isomers among seven possible open forms. These forms have then been irradiated by résenantV
irradiation, or by resonanioy irradiation. The selective UV irradiation allows us to suggest a first vibrational
assignment while theoy irradiation leads us to observe interconversions between the nonchelated isomers.
In order to support our vibrational assignment, we have carried out theoretical calculations at the B3LYP/
6-311++G(2d,2p) level of theory. This study shows that only five isomers are observed among eight postulated.

I. Introduction O/H\

(6]

Acetylacetone (AA) is @8—diketone whose stable form in | | —_— [ |
the gas phase is the enol form (Figure 1). It is one of the simplest cuy” ~C CH, cu”” ~F C\CH3
molecules that exhibit symmetric ground state intramolecular H H 1|{
proton transfer by proton-tunneling exchange between the two Keto Enol
oxygen atoms. This proton transfer induced splitting has never ub
been observed by matrix experiments; Barbara ét tekd 7
unsuccessfully to observe this tunneling in argon matrixes using .
Fourier Transform infrared (FTIR) and UV spectroscopies CH; c CH; cuy” NN
suggesting the splitting was not observed because of energy 91L
relaxation through the matrix phonons leading to the localization
of the proton. The same conclusion was reached by our team o CH, H
for acetylacetone trapped in inert matrixeéssuch as nitrogen,
argon, xenon, and neon.

The UV absorption of AA has been studied by Nagakura et
al 8 who identified az* — s transition at 38 020 cri (ca. 263 H
nm) for the enol form, which has been confirmed both in a H
molecular beam by Yoon et dlwho identified an absorption TH3 T | |
at 266 nm, and in a gas cell by Upadhyaya et at. more PPN O/C\T/C\O
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recently by Zewail et al.
Among the theoretical studies, Dannenberg and Rios H H H

estimated the H-bond strength of enolic-acetylacetone to be 12

kcal mol2, while Bauer and Wilcox tried to compare theoretical M cH, cH,

and experimental results. Delchev et&l'® studied the energy ﬁ

barriers between the rotamers of both malonaldehyde and PN AN N

acetylacetone, and DS and Matanovi¢* studied the IR cct T CHs TTT |

spectroscopy of acetylacetone. H
Actually, few experimental studies, as that of Nakata et’al., Figure 1. Keto—enol equilibrium. Scheme of the chelated (CCC) and

to our knowledge, have been done on the photoinduced OI th? 7 nO”Chegﬂ;%gﬁié‘éggxfgngfr tgtecglrl]m i)srg?ree:i T;‘se

i i i~ structures are - , i

:cnterconversmn between the rotamers of acetylacetone cominge’ JETes Ar¢ =T 2R _I_TpT (se6 '?'able 23;.

rom the fact that in gas phase promoting the first dipole allowed

m* < g transition around 265 nm only a fragmentation is

observed:® Conversely, in matrixes, fragmentation is not effect could avoid fragments and favor the observation of

observed$® and open rotamers are observed. Note that a cageisomerization.

Following our first experimental and theoretical study on the

* Corresponding author. E-mail: coussan@up.univ-mrs.fr. UV isomerization of acetylacetod&yhich led to the identifica-
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TABLE 1: Calculated (Using the B3LYP/6-311++G(2d,2p) strength of the H bond, the intensity of this mode is spread

Formalisn}) Vibraltional Frequencies (in cm™) of the Eight over hundreds of wavenumbers and is not therefore obsétved.

Isomers of Acetylacetone The nonchelated forms can be separated into three groups:
ccc crc cIr  T1CC  TCT  TTC  CCT 71T the first one, hereafter referred to as HF (High Frequency),

von 3022.9 3797.3 3826.4 3808.6 3839.2 3801.6 3819.8 3836.0 contains TCT and TTT; the second one, hereafter referred to
061 008 015 016 016 009 014 016 a5 MF (Medium Frequency), contains CTT, CCT, and TCC;

ve-o (1)63463'3 32%4'1 ()1;28'6 01587'0 0187204'00126998'20%7151'00 513294'4 and the last one, hereafter referred to as LF (Low Frequency),

ve—c 1674.3 16356 1657.4 1667.0 1711.9 16712 1668.5 1703.3 contains CTC and TTC. The average shift between these groups
075 100 068 070 005 078 072 0.04 is 20 cnt! between HF and MF and 34 cthbetween HF and

Av* 31.0 985 812 400 7.9 270 825 89 LE.

don € 1230.8 1236.8 1325.9 1306.5 1220.8 1308.4 1211.3 . :
008 026 008 032 044 053 043 vc=olvc=c Modes As in the case of theoy region, the

Ton 799.0 8345 8726 8595 8627 8756 8232 9086 differentisomers present typical setsief-o andvc—c bands
0.06 007 0.04 003 004 0.06 004 0.04 which allow us to separate them into three groups: the first
Ton 10029 487.8 387.3 4806 3374 4882 3884 3219 contains CTC, CTT, and CCT withv (Av = |[vc—o — ve=c|)
012 015 016 012 014 016 014 016  \qyes of 98.5, 81.2, and 82.5 ci respectively. There—c
2 Relative band intensities are given in italié\v = |vc—0 — vc=c| mode of CTC is the most intense band among all the species
¢ See Table 6 (Supporting Information). (Table 1), and the’c—o bands of CTC and CTT are close (at
1734.1 and 1738.6 cm, respectively); conversely, that of CCT

TABLE 2: Ground-State Energies of the Isomers of is blue-shifted by 12.4 cri with respect to CTT, and itBc—c

Acetylacetone (in kcal mot?) (a) Relative to the CCC

Chelated Form and (b) Relative to the CTC Nonchelated band is also blue-shifted by 11.1 and 32.9¢mwith respect to

Form as Obtained at the B3LYP/6-311-+G(2d,2p) Level of CTT and CTC, respectively. Consequently, for isomers belong-

Theory ing to this group, we should observe a set of bands separated

B3LYP/6-31H+G(2d,2p) by about 80.0 cm! and the two CCT bands blue-shifted by

isomer a b about 10.0 cm! with respect to those of CTT.
cce 0.0 The second group contains TCC and TTC withwaof 40.0
CcTC 11.1 0.0 and 27.0 cm?, respectively. The:c—o bands of TCC and TTC
CTT 11.8 0.7 are respectively red-shifted, with respect to CTT, by 31.6 and
TCC 12.7 1.6 40.4 cnt?, while the ve—c bands are blue-shifted by 9.6 and
Tcr 13.6 2.5 13.8 cnTl. These two isomers preseni—o and vc—c bands
ng %g ig shifted apart by approximatively 33.0 chand surrounded by
1T 16.6 55 those of the first group.

The third group contains TCT and TTT with/ar of 7.9 and
tion of three isomer groups absorbing at three different UV 8.9 cnt?, respectively. It should be noted that, as in the case of
wavelengths, we present here a complete study of the UV andCCC,vc—c is at a higher frequency thar—o, whose calculated
IR isomerization of acetylacetone trapped in nitrogen matrixes intensity is also weak. The-—o mode is respectively red-shifted
leading to a complete vibrational assignment of the observed by 34.6 (TCT) and 44.2 (TTT) cm with respect to CTT, while
isomers of this molecule. We first present the theoretical study the vc—c one is blue-shifted by 54.5 (TCT) and 45.9 ©m
of the vibrational frequencies of each planar isomer (Figure 1) (TTT). Therefore, the sets of the vibrational bands of these two
which is expected to be present in the cryogenic matrix, and isomers should presemt—o andvc=c bands shifted apart by
then we present, using FTIR spectroscopy, the effects of approximatively 8.0 cm! and surrounded by those of the first
successive UV and IR selective irradiation leading to the group.

identification of the isomers present in the matrix. oon Mode. Similar to the above-described regions, we can
) o _ conveniently divide the seven open isomers into two groups
IIl. Theoretical Vibrational Analysis (Table 1). The first group contains CTC, CTT, TTC, and TTT,

Minimum-energy structures of the enol chelated (CCC) and Which present frequencies ranging between 1236.8 and 1211.3
nonchelated forms (XXX, X= C or T) of acetylacetone were ~ ¢M*. The second group contains TCC, TCT, and CCT and
calculated at the B3LYP/6-33#14+G(2d,2p) level of theory. All presents higher frequencies, ranging between 1325.9' cm
calculations were performed using the Gaussian 98 progfam. (TCC)and 1306.5 cmt (TCT). The average shift between these

Degrees of freedom were fully optimized without symmetry WO groups is 89 cm'.
restrictions; normal coordinate calculations were carried out at  7ch Mode. In this region excepted for CCC, calculated at
each minimum-energy geometry for theedectronic state. The ~ 799.0 cn?, and TTT, calculated at 908.6 cth the other
resulting harmonic vibrational frequencies remained unscaled. calculatedrcy frequencies are all between 875.6 (TTC) and
The potential energy distributions (PED) of each form were 823.7 (CCT) cm?® which could induce overlapping between
calculated using the formalism developed by A. Allouéhi® the bands especially if they are broad. The only general behavior
We have chosen to gather in Table 1 only the 6 most intenseis that, in the pairs (XXC/XXT), the XXT partner presents the
modes for which the different isomers present typical sets of highest rcy frequency. One can also note that all of the
bands. intensities are weak with respect to those of the other regions

In addition, Table 2 (and Table 4, Supporting Information) described in this part.
give the relative energies and the most relevant geometrical 7oy Mode. The CCCton mode is strongly blue-shifted by
parameters for each of the eight isomers presented in Figure 1590 cnt! with respect to those of the nonchelated forms because

von Mode. The CCCvoy frequency is calculated at 3022.9  of the CCC delocalizedr system, which stiffens this out-of-
cm~1 with a normalized intensity of 0.61; however, it is well- plane motion. We can separate once more the nonchelated
known that theoretical calculations do not take into account the isomers into three groups: the first one contains CTC, TCC,
H-bond effect on the intensities. Actually, because of the and TTC and exhibits frequencies centered around 485'cm
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L6 IV. Results and Discussion
CTC/CTT
144 249 nm With a dilution AA/N, = 3/1000, the signals in the whole

230 nm spectral range are assignable to the monorfers.

2 A. UV Irradiation. 1. CCC Selectie Irradiation at 265 nm.
This irradiation opens the pseudo-cycle of CCC: the nonchelated
isomers grow as seen in thgy andvc—o/ve—c regions (Figure
3a). The IR spectrum also shows that maintaining the irradiation
on CCC induces the decrease of thgy bands centered at
3607.0, 3593.5, 3591.3, 3587.5, 3586.0, and 3583.1rlcm
(Figure 3b). As evidenced by the UV spectra displayed in Figure
2, the 265 and 249 nm bands overlap, and a selective 265 nm
irradiation also irradiates the “red side” of the 249 nm band,

CCC

Absorbance

| Tcorer
%9 cer

02 TTC/TTT inducing further interconversion between open foifns.
, . . : : . : : 2. CTC/CTT Seleate Irradiation at 255 nmAs it can be
20 240 260 280 300 320 340 360 seen in Figure 3c, the 255 nm irradiation provokes the same
Wavelength (nm) effects as those observed in the case of a prolonged 265 nm

Figure 2. UV spectra of CCC and nonchelated forms (see text for irradiation. In thevoy region, the LF bands plus an additional
labeling) recorded at 17 K on samples [AA]N= 1/5000. The CTC/ 3607 cnT! band decrease, while in the—o/vc—c region two
CTT and CCT/TCC/TCT/TTC/TTT bands were obtained after 45 and sets of bands separated by approximatively 90 cralso

90 min of laser irradiation at 265 nm, respectively. decrease. CTC and CTT have theoretically predietggbands

while the second one includes CTT and CCT at 387.3 and 388.42ndvc=o/vec shifts (Table 1) which match the experimental
cmL, respectively, and the last one includes TCT and TTT at Ones. However, CCT presents a predicted M frequency
337.4 and 321.9 cr, respectively. Another interesting point @ndve=o/ve—c shift which also fit those observed. It does not

is that the XXT partner of an XXC/XXT pair presents the lowest allow us to strictly discard this candidate. Moreover, CCT and
Ton frequency. TCC are calculated to be on the “red side” of the 5 last open-

It is clear that thevon and theve—olve—c regions are the  formsz* <z transition band, centered at 230 Afrthese two

most interesting for our vibrational assignment, because signalsSPecies can then be irradiated upon a 255 nm irradiation once
are intense and no strong overlapping bands are expectedth® 249 nm band is weak enough (Figure 2). Consequently a
Moreover, the different isomers present in these two regions flrstlhypothe5|s is _that the decreasing band observed at 3607
present unambiguous sets of bands or shifts. We will focus our €M7~ could be assigned to CCT or TCC. However, Ae of
attention on these two regions, whereas that oféig mode 40 cnr! for the decreasing bands is observed. This latter
will be a good check for the assignment. This vibrational argumentis proof that the 3607 cfrband could not be assigned
analysis is a really useful support in the assignment of the {0 TCC. On the other hand, there is also a strong argument

isomers created by UV irradiation and interconverted by against the assignment of this band to CCT: we do not observe
resonantoy IR irradiation. ve—o andvc—c modes blue-shifted by about 17 and 33ém

with respect to CTC, respectively (Table 1). With regard to the
increases observed in the—o/vc=c region, the differences are
between 48 and 5 cm which can correspond to TCC, TCT,
TTC, or TTT.

Carrying out this irradiation, we have been able to give the

and AA/N; = 1/5000 (UV spectroscopy) in a vacuum line using \é'b.rat'ort])?l ?SS|gnm%r_1t of ClTCd_and_ CTTt s%e(tnes bu;thwnh.out
standard manometric techniques. Different experimental setups €ing able 10 unambiguously discriminate between them; we

have been used both in Paris (laboratory LADIR UMR 7075 will improve this assignment by carrying out selective IR
of the University Pierre et Marie Curie) and in Marseille. The irradiation. With regard to the rest of the nonchelated forms, it

mixture was sprayed onto either a Csl window or a highly has been impossible at this stage to make a definitive vibrational

polished Ni-plated or Au-plated copper cube maintained at 17 assignment. ) o

mech PT-405, Marseille; Air Products CSW 202, Paris). The The most salient result of the 230 nm irradiation is the back-
reflection mode using three different interferometers; spectra (Figure 3d). However, one should note that this back-isomer-
between 4000 and 20 cthwere recorded at 10 K with a Bruker  ization is never complete. A small amount of nonchelated forms
120 FTIR spectrometer equipped with InSb, MCT, and bolom- remains even after a long UV irradiation at 230 nm. It is
eter detectors (Paris). Spectra between 4500 and 50bwere  certainly due to the overlap with the “blue side” of the 265 nm
recorded at 10 K with a Nicolet 7000 and were recorded at 4.3 band, CCC being irradiated when the 230 nm UV band has
K with a Bruker IFS 66/S spectrometer equipped with MCT quite vanished, provoking mainly the resurgence of the CTC/
detectors (Marseille). All of the spectra were recorded with a CTT pair and therefore a photostationary equilibrium CSC
0.1 cn! resolution. UV spectra (Figure 2) were recorded at CTC/CTT. This irradiation does not bring any determining
17 K in the transmission mode using a SAFAS 190 DES insights for a better vibrational assignment of the nonchelated
spectrometer. Two irradiation sources were used: an Oriel high- Species because they are irradiated all together.

pressure 200 W mercury lamp (Paris, Marseille) and a pulsed Concerning the FIR part of the spectra, we only observe

lll. Experimental Methods

AA vapor (Aldrich-Chemie, GHgO, > 99% percent purity)
distilled under vacuum and nitrogen gas (Air Liquide, N60
grade) were mixed in ratio AA/N= 3/1000 (IR spectroscopy)

(10 Hz, 15 ns), tunable U¥visible—IR OPO BMI-Thales laser
(Marseille, average power: UV, 8 mW; IR, 10 mW; FWHM
<4 cmrd),

three CCC bands located at 398.2, 359.1, and 221.0'cm
tentatively assigned to théccc, coupleddccovee, anddcce
modes, respectively. With regard to the open forms, as shown
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Figure 3. IR spectra in thevoy and ve=ofve=c regions of samples [AA/N = 3/1000, at 4.3 K. (a) After 104 min irradiation at 265 nm, (b)
difference after 104 min irradiation at 265 nm minus after 53 min laser irradiation at 265 nm, (c) difference after minus before 57 min irradiation
at 255 nm, and (d) at 4.3 K, difference after minus before 38 min irradiation at 230 nm. HF, LF (high frequency, low frequencydde of

water.

in Table 3, all the bands are weak and overlapped renderingvon, vc=olvc=c, anddon/veolvee regions. It is worth noticing
their assignments ambiguous. that the globar source of the FTIR spectrometer also induces
4. Thermal Effects After UV Irradiatio’’Ve have observed  isomerization; it leads although much slower to the complete
thermal effects by annealing between 17 and 28 K after selectiverecovering of the initial state after 15 h (Figure 4c).
or broad band UV irradiation. This leads to the vanishing of | the v, region, we observe the decrease of all of the LF
unstable sites and to more structured IR spectra. Indeed,pands: three intense at 3587.5, 3586.7, and 3585:7 amd
considering the large geometrical changes occurring upon UV tq,r weak located at 3594.9, 3594.0, 3593.5, and 3591:3.cm
irradiation, one can suggest that the chelated trapping sites haverpese decreases are counterbalanced by the growth of not less

been distorted leading to stable and unstable nonchelated sitesan nine bands spread over the HF and MF regions and centered
All of these thermal effects can be understood in terms of matrix at 3623.1. 3622.0. 3620.5. 3619.1. 3615.4. 3613.2. 3610.5

rearrangements which make the less stable trapping sites almostgn7 4 and 3606.9 cri.
vanish. Depending on the annealing temperatures and on the ’

history of the matrixes, we find the exchanges between sites at 1703.3-1702.6 and 1615:51614.2 e, the latter showing

present subtle behaviors. )
S : . a shoulder at 1610.8 crh together with weak bands at 1698.8
The most salient information we can then retrieve from these 1698.1, 1694.8, 1673.2, and 1659.8 dmThe observed

thermal effects is that we do not observe back ConVerSionsincreases in this region are mainly those of an intense quadruplet
nonchelated— chelated form as it is clear, for example, by the
two isolated CCC bands located at 1262.5 and 1pz49.5)icm located at 1707-+1707.6-1706.4-1705.5 and of four overlap-

which do not grow upon annealing. CCT and TCC are expected ping broad baf‘ds at 1641:9’. 16.34'9.’ 1633'1’ and 1_629??._cm
to have the lowest energy barriers to go to CCC (by single In order to clarify the description in this region, we will consider
rotations around €0 and G-C, respectively). The fact that the Av between these main bands. We do not consider the three

we do not observe this thermally induced back isomerization Pands at 1698:81698.1 and 1694.8 cm which are due to

raises the following question: are these two species present indifferent trapping sites as It IS conﬂrme_:d by annealing the
the matrix or is the thermal energy not enough to get over the sample. Upon this irradiation, the two main bands separated by

barrier and relax to CCC ? At this stage, we are unable to 88.1 cnt! are decreasing while the two other ones separated

answer. One more idea is that we also do not observe any intraly 71.7 cnm* are increasing. As it will be seen in the next

pair (XXC/XXT) interconversions and this raises a question section, the changes observed for _the weak bands Iocqted at
concerning the €0 internal rotation barrier height. 1673.2 and 1659.8 cn# are due to minor globar effects which

B. IR Irradiation. In order to probe whethery photons ~ @llows us to not address them.
have enough energy to induce interconversions between the Inthedon/vco/vec region, the main changes can be described
nonchelated forms or to induce the back conversion from CCT as an intensity inversion between two close signals at 1162.3
or TCC toward CCC, we have carried out selective IR irradiation cm™, presenting a shoulder at 1165.3¢nwhich is decreasing,
and observed effects mainly at 3622/3612 and 3588'cihese and a triplet at 1157:71157.2-1156.2 cn! which is increas-
irradiation results, detailed below, are really helpful to discrimi- ing. Together with these intense spectral changes, one observes
nate the isomers present in the matrix and to deepen our previousveak bands decreasing at 1279.2, 1215.2, 1210.7, and 1208.0
vibrational assignment. and a doublet at 1179-01177.9 cn?, while weak bands located

1. Irradiation at 3588 cm?. This irradiation, performed after — at 1281.3, 1263.5, 1232.1, 1227.6, 1224.9, 1220819.8,
a broad-band UV irradiation, is displayed in Figure 4 in the 1216.8, and 1212.7 cm are increasing.

In the ve—o/ve=c region, two intense doublets are decreasing
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TABLE 3: Experimental Vibrational Frequencies (cm~?1) of the Isomers of Acetylacetone Trapped at 4.3 K in a Nitrogen
Matrix

Vexp (CM™Y)
approximate
description CCC CTC CTT TCT TCC
VoH n.o2 3594.9, w 3623.1, w, sh 3627.7,w 3614.0, m, sh
3594.0, w 3619.1, w, sh 3626.3, w 3611.8, m, br
3593.5, w 3615.4, w, sh 3624.5,w, sh
3591.3,w 3613.2, m 3622.0, s
3587.5, m 3610.5, m 3620.7, s, sh
3586.7, m, sh 3607.4, w, sh 3618.8
3585.7, m 3606.9, w, sh
VCH 3013.3,w 3018.3, w 3035.5, w 3004.0, w 2997.7, w
2977.9, w 3009.3, w 2925.1, w 2983.1,w 2967.4, w
2939.1, w 2975.3,w 2927.9, w 2937.5, w, sh
2933.7, w 2968.4, w 2921.8, w, sh
2935.7, w
2932.4,w
Vc=0 1614.4, s, br 1703.3, m 1707.7, m 1670.8, s 1673.1, s, sh
1702.6, m 1707.0, m 1669.4, s, sh 1672.0, s, sh
1698.8, w 1706.4, m 1671.6, s, sh
1698.1, w 1705.5, m 1658.8, w, sh
1694.8, w
Ve=c 1636.0, s, br 1615.5, s 1641.9, m, br 1687.6, m, br 1648.2, w
1614.2, s 1634.9, m, sh 1676.6, m, br, sh 1643.2, w, sh
1633.1, m, sh 1640.5, m, sh
1629.7, m 1639.6, m
ZTCH? 15391, W
OcH; 1462.2, m 1442.4, w, br 1453.0, w 1434.2, w 1454.0, w, br
1438.4, sh 1439.6, w, sh 1429.2, m, br, sh 1422.6, m, br 1450.3, w, br
1431.7, sh 1426.3, m 1406.6, m 1421.5, m, sh 1444.7, m, br
1424.0, s 1425.5, m 1404.5, m 1420.3, w, sh 1405.0, w, br
1377.0, w 1423.7, m, sh 1371.8, w, br 1391.5, m, sh 1398.6, m
1374.3, w 1368.2, m, sh 1363.5, m, sh 1389.9, m, br 1398.1, m
1362.0, & 1365.6, m 1361.2, m 1388.9, m, sh 1396.9, m
1361.1, sh,% 1355.8, m 1352.9, m 1367.4, m, br 1358.1, w, sh
1359.0, & 1366.1, w, sh 1355.9, m, br
1348.2, w, sh 1355.6, m, sh
1347.7, w, br 1352.8, w, br
1346.3, w, sh 1352.4, w, sh
1345.6, w, br
60H/VC(‘/VCO/(§CCH 13264, w, br 12792, W 12813, W 12953, w, sh 1257.7, m
1310.2, w, br 1215.2, w 1263.5, w 1290.2, w, sh 1127.2, m
1289.8, w, br 1210.7, w 1232.1, w 1286.8, m, sh 1125.0, m
1273.2, w, br 1208.0, w 1227.6, w 1283.4, w, sh
1250.1, m 1179.0, w 1224.9, w 1263.3, m
1171.2, w, br 1177.9, w 1220.8, w 1262.0, m
1165.3, m, sh 1219.8, w
1162.3, m 1216.8, w
1212.7, w
1157.7, m, sh
1157.2, m
1156.2, m
‘L'OH/‘[CH/’VC(‘/’VC(;/I'CHsd 1026.5-1025.0, w 1011.9, w 945.1, w 1025.3, w 1018.8, m
Tenlvedveolrent 1016.9-1014.0, w 983.4, w 942.8, w 1024.3, w, sh 1016.1, m
997.7, w 970.6, w 940.8, w 995.8, m 985.4, m
961.2, w 946.2, w 855.5, w 995.2, m, sh 984.6, m, sh
954.5, w, sh 941.6, w 847.5, w 913.7, m 926.8, w
950.1, w, sh 936.8, w 844.7, w 891.3,w 897.9, w, br
949.1, w, sh 838.4, w 843.4,w 835.2, w 828.2, w, sh
945.4, w 837.2, w 842.2, w 832.1,w
943.1, w 836.5, w 841.6, w 830.0, w
938.3, w 819.1,w 834.2, w 829.3,w
910.1, w, br 817.3, w 831.7, w 811.9, w, br
786.4, w 815.6, w
780.6, w 812.9, w
776.9, w
775.9, w
773.2,w, sh
7719, m
Vcdéccdécccd 6449, w 6262, w 6325, W 5929, W 5304, W
TOH/Vccj(Sccoléccce 6349, w 6290, W
519.2, w nonchelatéd
508.7, w 589.7 502.6 482.9 424.3
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TABLE 3: (Continued)

Vexp (CML)
approximate
description CCC nonchelated
397.4 (?),w 575.8 524.2 476.8 420.1
221.0 (?), w, br 537.3 499.9 4455 415.1
531.5 491.4 439.4 406.6
528.8 487.1 437.0 398.7
524.2 486.0 429.7

an.0.. non-observed; s, strong; m, medium; w, weak; br, broad; sh, shobbentatively assigned to TCF.Coupled mode:vg=c(39)/
ng(ZO)lég%H(ZO)/uéio(m) (see Supporting Informatiorf) Chelated ¢ Nonchelated! This list is given for all the nonchelated forms present in the
matrix. All these bands are weak.
OD 6()I I/VC()/VC(Z
0.1

OD V()Il
0.1

Irr 3588 cm™

CTT—

CTT

CTC

T T T T T T T T T T
3640 3600 3560 1750 1650 1550 1300 1250 1200 1150
Wavenumbers (cm)

Figure 4. IR irradiation of a sample [AA/N = 3/1000.von, Ve=o/vc=c, anddon/vcolvee regions of spectra recorded at 4.3 K (a) before irradiation,
(b) difference after minus before 42 min irradiation at 3588 tmand (c) same as b for 15 h irradiation by the globar. *Diketone.

Considering only these three regions, we have to identify 1156.2 cmi® to CTC and CTT, respectively. We suggest to
which isomers are matching these frequencies and are able tassign the weak bands at 1279.2 and 1281.3'dm the vco
be interconverted upon this IR irradiation. The photoisomerized mode of CTC and CTT, respectively, while those at 1215.2,
species have an Lboy band, aAv of 88.1 cn! in the ve—o/ 1210.7, and 1208.0 cr should be assigned to thiey mode
vc=c region, and an intense band around 1162.3¢@TC is of CTC, and those at 1232.1, 1227.6, 1224.9, 1220A819.8,
the only candidate which matches these vibrational bands. The1216.8 and 1212.7 cn4 should be assigned to CTT, respec-

photoproduct present HF or Mifoy bands, aAv of 71.7 cnt? tively; the multiplicity of signals arises from the multiplicity of
in the vc=olvc=c region, and an intense band around 1157.0 trapping sites. Finally, the decreasing CTC doublet at 1179.0
cmt in the don/veolvee one. Considering that aon photon 1177.9 cm! is most probably due to a site, and the band at

can induce a rotation only around single bonds, we find it clear 1263.3 cni!is that of an isomer which is not directly involved
that the photoproduct can only be CTT obtained from CTC by in this photoconversion.

a rotation around the €0 bond. Other important insights can Carrying out this irradiation at 3588 crhy we have provi-
also be retrieved from this irradiation: despiteTTC presenting ded proof for the photoconversion between CTC and CTT,
a LF voy band, the fact that all the LF bands are decreasing which has led to the respective identification of two isomers
upon this irradiation provides proof that all these bands are due (Table 3).

to CTC. This allows us therefore to discard the presence of TTC 2. Irradiation at 3622 and 3612 cm. The changes occurring

in the matrix. Another point is the multiplicity of the,y bands upon irradiation, carried out after a UV selective irradiation at
observed for CTT, which could lead to a certain confusion. 265 nm, are displayed in Figure 5b and c in thg, vc=o/vc=
Actually, they are all clearly due to this isomer except those at ¢, and don/vco/vee spectral regions.

3622.0 and 3620.5 cm, as it will be proved in the next section. We mainly observe the decrease 1jy bands located at
The last point has to deal with the bands we observe in the 3622.0, 3620.5, and 3618.8 ciwhile only one broad signal,
don/vecolvee region. According to the PED results (see Sup- presenting shoulders at 3614.0 and 3611.8%¢ris growing.
porting Information), the only mode which is calculated to be We also observe the decrease of weak bands located at 3627.7,
intense for both CTC and CTT iscd/dccn; therefore, we 3626.3, and 3624.5 cnh and a very weak increase of the broad
suggest to assign the bands at 1162.3 and 115[/137.2- CTC band at 3585.7 cm. This last fact is clearly due to the
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0.2
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Irr 3612 cm [
l c \{
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Figure 5. IR irradiation of a sample [AA/BN = 3/1000.von, vc=olve=c anddon/veolvec regions of spectra recorded at 10 K (a) before irradiation,
(b) difference after minus before 11 min irradiation at 3622 §mnd (c) same as b for 18 min irradiation at 3612 &fmDiketone.

irradiation of one site of CTT which is present in a small which lead to a difference of 134.7 crh Carrying out the back
guantity after the UV selective irradiation, as described above. irradiation at 3612 cmt, we recover exactly the initial state
In the vc—o/vc—c region, one observes the decrease of two indicating a reversible reactional pathway.
bands located at 1687.6 and 1676.6 érand of a doublet at Carrying out these irradiation at 3622 and 3612 &nwe
1670.8-1669.4 cm?! while an intense triplet at 1673-1 have put into evidence the photoconversion between TCT and
1672.0-1671.6, an intense band at 1639.6 épand to amuch ~ TCC, which has led to the identification of these two isomers
less extent three weak bands at 1658.8, 1648.2, and 16432 cm (Table 3).
are growing. In parallel, one observes a weak conversion
between CTT at 1706.4 and CTC at 1614.27énAs already
reported in the case of the former irradiation at 3588 e
can summarize the effects in this region by the decrease of bands UV and IR selective irradiation have been performed on
separated by 16.8, 11.0, or 5.8 chwhile the main increases  acetylacetone isolated in a cryogenic nitrogen matrix and have
are separated by 33.5 cf In addition, the weak increases are enabled us to give a vibrational assignment for five isomers
separated by 15.6, 10.6, or 5.0 thn out of eight, namely, the two open-form pairs CTC/CTT and
In the don/vcolvee, one mainly observes the decrease of a TCC/TCT. IR spectral evidence has not been found for CCT
triplet located at 1290.2, 1286.8, and 1283.4 ¢épresenting a nor for the couple TTC/TTT. These last three species have been
shoulder at 1295.3 cm, concomitantly with that of a doublet ~ calculated by DFT to be the less stable among the open forms:
at 1263.3-1262.0 cml. These decreases are counterbalanced the strong electronic repulsion between thé apd the sp

V. Conclusion

by two intense increases at 1257.7 €nand a doublet at
1127.2-1125.0 cmiL. In parallel, as for therc—o/vc—c region,
one also observes weak spectral changes between 1275 and 11501 T) makes them less stable. They certainly relax too quickly
cm™! due to CTC (increasing bands) and CTT (decreasing toward more stable species to be observed within the time scale

bands).

In this case, the parent isomer presents aiudk mode, a
Av in the vc—o/vc—c region between 16.8 and 5.8 ciand
two intense bands around 1287 tinConsidering the fact that
we have already identified CTC and CTT and discarded the UV irradiation which is consistent with the high barrier to
possibility of the presence of TTC, the isomers which fulfill all
of these conditions are TCT and TTT. In fact, although the TTT isomerizations certainly take place in upper excited electronic
< TTC isomerization is likely to be observed by IR irradiation,
we do not observe any spectral evidence for this reaction: this from CCC by single rotation around-€C, the fact we observe
can be explained by the TT3yn4,3 destabilizing interaction
which rapidly induces the TTF> TTC reaction during the
relaxation processes. The photoprodusii mode is red shifted
by 10 cnt! with respect to that of TCT; in thec—o/vc—c region,
its Av is about 33.5 cmt and displays in théon/vco/vee region
two bands located around 1258.0 and 1126.0 ‘cnthus
separated by 122.0 cth The only possible candidate is TCC:
this is in good agreement with the two bands inthe and the
vedveoldcon regions calculated at 1280.2 and 1145.5°ém

electronic pairs of the two oxygen atoms (CCT) or yal,3
destabilizing interaction between the two methyl groups (TTC/

of our experiment.

Beyond these spectral identifications, we have also retrieved
some information about the reactional pathways: we did observe
isomerization between CCC and the open forms uniquely by

conversion because of the strength of the H bond. These
states. However, if we consider the open form TCC obtained

no back reaction toward CCC by IR selective irradiation in the
von region indicates that in our experimental conditions the only
reactional pathway in which this species is involved is the one
leading to TCT. Reciprocally from this latter isomer, the only

isomer formed by IR irradiation or annealing is TCC. The same
behavior is noticed in the case of the other couple CTC/CTT,
showing only isomerization around—€© upon IR irradiation

or annealing. Actually, there is only one reactional pathway
involving a rotation around €C that could occur between
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