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The structure of trifluoroacetylacetone in argon and nitrogen matrices and association with water molecules
were studied by the means of Fourier transform infrared absorption spectroscopy (FTIR) aided with density
functional theory (DFT) calculations. The absorption bands of trifluoroacetylacetone isolated in argon can be at-
tributed to the single conformer 1,1,1-trifluoro-4-hydroxy-3-penten-2-one (AcAcF3(CO)) which is in good
agreement with previous studies. Absorption bands of trifluoroacetylacetone isolated in nitrogen matrix cannot be
explained by the presence of only one conformer and with the aid of DFT calculations both conformers 1,1,1-tri-
fluoro-4-hydroxy-3-penten-2-one and 5,5,5-trifluoro-4-hydroxy-3-penten-2-one (AcAcF3(OH)) are confirmed to
coexist in the nitrogen matrix. Addition of water to the trifluoroacetylacetone—matrix mixture resulted in appear-
ance of new spectral bands not belonging either to trifluoroacetylacetone or water monomers confirming the
formation of trifluoroacetylacetone—water complexes. The most abundant isomer out of trifluoroacetylacetone—
water complexes was found to be the one formed from 5,5,5-trifluoro-4-hydroxy-3-penten-2-one and water at-
tached to its C=0 group in both matrices, the other one isomer of 1,1,1-trifluoro-4-hydroxy-3-penten-2-one—

water complex is also observed in smaller amounts.
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1. Introduction

Hydrogen bonding is an important interaction that governs
many different biological and chemical processes in nature.
It determines molecular structure and dynamics in both or-
ganic and inorganic compounds [1,2]. Hydrogen bonds can
be formed both inside a molecule and between molecules.
One of the most commonly occurring cases are water clus-
ters or water-organic molecule complexes. Hydrogen bond
can differ in strength depending on the molecule and its
environment. A special case of hydrogen bond — reso-
nance assisted hydrogen bond (RAHB) is observed in mol-
ecules with resonant structures where electron conjugation
favors proton transfer from donor towards acceptor [3]. In
most of the cases RAHB is stronger than normal hydrogen
bond [3].

One of the simplest molecules where RAHB is pre-
sent is acetylacetone (noted hereafter as AcAc). Its enol

(Z-4-hydroxy-3-penten-2-one) form is stabilized by the inter-
nal hydrogen bond and is dominant in gas phase while the
keto form exists in smaller concentrations in gas and liquid
phases and for molecules isolated in the low-temperature
cryogenic matrices. The keto concentration in solutions in-
creases together with solvent polarity [4—7]. The structure
and symmetry of acetylacetone molecule has been thorough-
ly analyzed [7—13]. The conclusion most of the theoretical
and experimental methods come to is that the two resonant
forms (Fig. 1) of acetylacetone have C; symmetry with hyd-
rogen localized near one of the oxygen atoms and w elec-
trons partially delocalized in the chelated ring [7]. Proton
tunneling between two stable sites near oxygen takes place.
The tunneling is highly coupled with two another large
amplitude motions in acetylacetone, namely CH3z torsional
vibrations [14]. In the experimental spectra tunneling ef-
fects results in OH stretching mode being too broad to be
observable and out of plane and in-plane OH deformation
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Fig. 1. (Color online) Acetylacetone (a) and trifluoroacetylace-
tone (b) molecules with their potential function for the hydrogen
tunneling coordinate.

modes are also affected in some degree [14—16]. Isotopi-
cally modified [17] and halogenated [18—-22] derivatives of
AcAc have also been extensively studied using experimental
and theoretical methods. One of the particularly interesting
cases from halogenated derivatives is trifluoroacetylacetone
(noted hereafter as AcAcF3). The major difference of this
molecule compared to the parent AcAc molecule is the
broken symmetry of the ring by CF3 group replacing CH3
group (see Fig. 1). This results that potential energy sur-
face for the hydrogen tunneling coordinate becomes asym-
metric with the two energy wells of different depth. AcAcF3
has been studied by experimental and theoretical methods
but to a lesser extent compared to its parent molecule, ace-
tylacetone [19,21-23].

The system becomes even more complicated if we add
to the system water molecule with the ability to form inter-
molecular hydrogen bond. There are two recent studies of
acetylacetone—water and hexafluoroacetylacetone (AcAcF6)—
water complexes [24,25]. Both of these studies predict
single stable AcAc—water and AcAcF6—water complexes. In
both systems water is bound to AcAc C=0 group, but wa-
ter orientation in the respect of AcAc and AcAcF6 is dif-
ferent [24]. The broken symmetry of AcAcF3 molecule
opens more possibilities for the formation of AcAcF3—wa-
ter complexes therefore the identification of the possible
AcAcF3—water complexes from experimental data is im-
portant.

In this study we present matrix isolation study of
AcAcF3 isolated in argon and nitrogen matrices in order to
estimate the influence of more interacting with the trapped
molecule nitrogen environment to the formation of possible
structures of AcAcF3. In addition we performed studies
with AcAcF3—water mixtures in order to determine the pos-
sibility for water and AcAcF3 to form intermolecular hyd-
rogen bond, and possible geometries and stability of formed
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hydrogen bond complexes. The obtained results are com-
pared with the similar studies of actetylacetone and hexa-
fluoroacetylacetone [24,25].

2. Methods
2.1. Experimental

Acetylacetone (99%), trifluoroacetylacetone (98%) and
hexafluoroacetylacetone (99%) from Sigma-Aldrich and
distilled water were degassed in the vacuum system by
using freeze pump thaw cycle and used without further
purification. Nitrogen (99.999%), argon (99.999%) gases
from Elme Messer Gaas were used without additional treat-
ment.

Sample and matrix gas mixtures were prepared in the
glass vacuum system. Sample to matrix gas ratios were
estimated by measuring partial gas pressure in the vacuum
system with typical pressure of 1 mbar for the sample mo-
lecule and 500 mbar for the matrix gas. Trifluoroacetyl-
acetone and water ratios were varied in a wider range
(AcAcF3:water from 1:0.5 to 1:4) in order to obtain spectra
with different amounts and sizes of molecular complexes. In
a typical experiment approximately 20 mmol of gas mix-
ture was deposited in 90 minutes onto a spectral window
(cesium iodide) held at 10 K in a closed cycle He cryostat
(Leybold-Heracus RW2).

Infrared absorption spectra were recorded in the 500-
4000 cm | range using a Bruker IFS 120 spectrometer at
0.5 cm ! resolution. The background spectra and the sample
spectra were measured under the same conditions, averag-
ing 256 spectra. A controlled warming of the matrix was
performed to induce complex formation. The spectra were
recorded at 10, 20, 25 and 30 K temperatures. After, the
sample was cooled down back to 10 K and additional spec-
trum was recorded.

2.2. Calculations

Density functional theory (DFT) at the B3LYP/6-
311++G(3df,3dp) level [26] was used to optimize the geom-
etries and calculate harmonic frequencies of single AcAc,
AcAcF3 and AcAcF6 molecules and their complexes with
one water molecule. All calculations were performed using
Gaussian 09 program package [27]. In a typical calculation
nosymm keyword was used in order to ensure that calcula-
tion program does not enforce symmetry for the AcAc and
AcAcF6 molecules. This was found to be very important in
the calculations of AcAc, as potential minimum for the tor-
sional rotation of CH3 groups is very shallow. The calcu-
lated wavenumbers in tables and figures presented without
scaling factor, except Figs. 5 and 7 where calculated OH
stretching wavenumbers are presented scaled (scaling fac-
tor 0.96) for more convenient comparison with experi-
mental data. The scaling factor was chosen to give best fit
for already identified AcAc—water OH stretch bands of
water bound to AcAc [24,25].
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3. Results
3.1. Quantum chemistry calculations

Calculations were performed for single acetylacetone
molecule and its fluorinated derivatives to evaluate hydrogen
bond strength changes upon fluorination of the molecule.

The most straightforward parameters to evaluate hydrogen
bond strength are O—-H-O distance and wavenumbers of
OH vibrational modes. The optimized geometric parameters
are presented in Table 1, along with the calculated energy
difference for two lowest energy trifluoroacetylacetone
isomers and out-of-plane OH vibrational mode values.

Table 1. B3LYP/6-311++G(3df,3dp) calculated parameters: electronic energy £, AE is the energy difference between AcAcF3(CO)
and AcAcF3(OH) isomers (EacacF3(0H) — EAcAcF3(C0)), geometric parameters (bond lengths and angles), YOH vibrational mode wave-

number and delocalization coordinate (see text)

AcAcF6 AcAcF3(CO) AcAcF3(OH) AcAc
o M _m
Parameter C24 3 4C i } . ; i
S ?01,1 5 |09 yl és
3 :
. 5 @ 2 9 2 9 I 9 9
E, au. —941.58830 —643.76592 —643.76385 ~345.93706
AE = 5.4 kJ/mol
do1-H1, A 1.70 1.66 1.63 1.61
doo-H1, A 0.99 1.00 1.00 1.00
do1-02, A 2.58 2.56 2.53 2.53
angle O1..HI-02, deg 144.6 147.4 147.4 149.2
yOH, cm ' 906.4 964.6 972.1 1010.1
dco=o1, A 1.22 1.23 1.24 1.24
dci=ca, A 1.35 1.37 1.35 1.37
dcaoa, A 1.31 1.32 1.32 1.32
dco_c3, A 1.43 1.42 1.45 1.44
0 0.167 0.132 0.17 0.15

Atom substitution can affect molecular structure and dy-
namics in two ways: i) steric effect due to different atom
sizes or ii) changed charge distribution if the substitute atom
is more or less electronegative than the original one. Since
fluorine is both bigger and much more electronegative (elec-
tro-attractive) than hydrogen, it is important to evaluate the
possibility of both effects. The steric effect would result in
big fluorine atoms pushing the O—H and C=0 groups clos-
er together and thus shortening the O—-H---O distance and
strengthening internal hydrogen bond. However, our calcu-
lation results indicate that O—H---O distance increases, indi-
cating a weakening of the hydrogen bond with the addition
of fluorine atoms. This result allows to conclude that steric
effect is less significant than the changes in charge distri-
bution induced by higher fluorine electronegativity com-
pared to the hydrogen. Another important parameter influ-
encing the stability of the molecule and often used as the
indicator of the internal hydrogen bond is the 7 electrons
delocalization. It can be evaluated from the interatomic
distances in the chelated ring. The stronger the delocaliza-
tion, the smaller the difference between double and single
bonds. This difference can be expressed through parameter
O =dc-0) — dc-0) T dic—c) — dc=c) known as the coordi-

nate of @ bond delocalization [18,28]. According to this
parameter, the strongest delocalization is observed for
AcAcF3(CO), the weakest for AcAcF3(OH) with AcAc
and AcAcF6 in between. It is interesting to note that O---O
distance and spectroscopic (wavenumbers of stretch and
deformation vibrations of OH group) parameters indi-
cates stronger hydrogen bond in AcAcF3(OH) than in
AcAcF3(CO), but AcAcF3(CO) has much higher © elec-
tron delocalization. The calculations also predicts that the total
electronic energy is lower for AcAcF3(CO) by 5.4 kJ/mol.
The higher ©t electron delocalization in AcAcF3(CO) is one
of the important parameters stabilizing this configuration.
However based on current observation it seems that m elec-
tron delocalization is not a good parameter for the evalua-
tion of internal hydrogen bond strength, but it is more as-
sociated with the stability of the whole molecule. This ob-
servation agrees well with the previous theoretical study of
this system [22].

Calculated energy of AcAcF3 (CO) is lower by 5.4 kJ/mol
compared with AcAcF3(OH) which, according to Boltz-
mann distribution, would correspond to 89% AcAcF3(CO)
and 11% AcAcF3(OH) mixture at room temperature.
In our experimental conditions we have calculated for the
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strongest absorption bands the signal to noise ratio of
300:1 thus observing both AcAcF3(CO) and AcAcF3(OH)
is plausible.

Several possible structures for acetylacetone and water
complexes were evaluated in the previous studies [24,25].
The same procedure has been performed for AcAcF3 in
this study. The potential energy surface of the AcAcF3—water
system is more complicated by the presence of CF3 group
and the possibility of hydrogen atom tunneling changing
molecule configuration from one isomer to another. Out of
all possible AcAc groups to attract water molecule (oxygen
atoms from C=0 group and from C—O-H group, as well as
fluorine from CF3), the most stable complex geometry is
found with water molecule near the C=0O group in acetyl-
acetone and all its fluorinated derivatives. This can be ex-
plained by strong electropositive effect of C=0O group of
AcAc molecules originating from lone pair electrons in
oxygen sp~ configuration. The only change is the rotation
of water molecule with respect to AcAc depending wheth-
er oxygen in water is feeling repulsion or attraction to CF3
or CH3 groups, respectively. The next closest isomer of
AcAcF3—water is the AcAcF3(CO) isomer with water
bonded on OH side of the AcAcF3 molecule. This isomer
is 2 kJ/mol higher in energy than the corresponding
AcAcF3(CO) with water on C=0 side. The isomers with
this energy difference could be expected to be seen in ex-
perimental spectra, but in corresponding systems of AcAc
and AcAcF6 we [25] and authors of Ref. 24 have never
observed the water molecule on the OH side of the acetyl-
acetone molecule. Experimental spectra, as it will be dis-
cussed in experimental section also does not suggest the
appearance of more than two species, therefore we did not
included this isomer in the discussion. All other possible

configurations are more than 10 kJ/mol higher in energy
and we do not expect to observe such isomers in experi-
mental spectra.

Intermolecular hydrogen bond strengths in different
AcAc derivative complexes with water can be compared
using geometric parameter of the complex — distance be-
tween oxygen in acetylacetone and hydrogen in water that
forms the bond. Unlike with single AcAc molecules, for
the complex we can also evaluate intermolecular hydrogen
bond strength from calculated and experimental bound OH
stretching modes in water molecule. The complex for-
mation energy (calculated by subtracting the energies of
separate molecules from the energy of the associate) is also
used in determining the stability of the complex.

The calculated energy differences, interatomic distances
and water bound OH stretching mode frequencies are pre-
sented in Table 2. The trend of intermolecular hydrogen
bond strength is the same as for internal hydrogen bond
strength in the single acetylacetone and its fluorinated de-
rivative molecules. The strongest hydrogen bond is for
AcAc—H;0, the weakest — for AcAcF6-H>O complex.
Clearly, the changed charge distributions play an important
role. In the case of AcAcF6—water and AcAcF3(CO)—water
complexes, repulsion between oxygen in water molecule
and CF3 group fluorine atoms in the fluorinated AcAc mole-
cule causes the increase of the intermolecular distance (see
distance do1--Hw in Table 2) compared to not fluorinated
AcAc. The possible attraction between hydrogen atoms in
H,O and fluorine atoms in CF3 groups is not strong enough
to compensate this repulsion as the interatomic distances are
too large (equal or larger than 3 A). There is also some re-
pulsion effect between the hydrogen atoms in water and in
C—OH group of acetylacetone.

Table 2. B3LYP/6-311++G(3df,3dp) calculated: complex binding energies E;}, AE™ is the energy difference of AcAcF3(CO)—
water and AcAcF3(OH)—water isomers, optimized bond lengths between atoms involved in hydrogen bond and wavenumbers of vibra-

tional modes HyO vOHpoyng and AcAc yYOH

AcAcF6 + H,O AcAcF3(CO) + H,O AcAcF3(OH) + H,O AcAc + H,O
9 2
’QJ Hy HI 9 @ d;
02
Parameter 0ol J’ J’ ‘
C N (‘20 4 f’ 0 4 g
b 3
2 @ ‘ % ¥
' 9
e o f) <
Ep. kJ/mol 115 153 20.1 235
AE™", kJ/mol — 0 0.7 —
dotan, A 1.73 1.68 1.65 1.63
dorm, A 1.00 0.99 1.00 1.00
doj -t A 2.07 2.03 1.96 1.91
H20 vOH g, cm’ 3779.4 3754.5 3691.6 3640.8
AcAc yOH, cm™ 884.2 943.6 941.3 987.4

Notes: * Complex binding energy Ejp is calculated by subtracting energies of complex forming monomer molecules from the energy

of complex, e.g., for AcAc water complex (Ep = Ecomplex — Ewater monomer — EAcAc monomer)>

* AE = (EAcACF3(CO)+H0 — EAcACF3(OH)+H0)-
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The internal hydrogen bond is weakened by the addi-
tion of water as the same oxygen atom now serves as an
acceptor of two hydrogen bonds. Theoretical calculations
confirm this as the distance between the oxygen of C=0
group and hydrogen of C-OH group in acetylacetone (de-
noted as dp--y1 in Tables 1 and 2) increases after addition
of water. The values of interatomic distances also confirm
that the trend of internal bond strength remains the same,
with AcAc exhibiting the strongest and AcAc6F the weak-
est bond. Another proof that in acetylacetone—water asso-
ciates, AcAc and its derivatives exhibit a weaker internal
hydrogen bond than the pure molecules is the decrease in
calculated YOH frequency.

3.2. Experimental results

3.2.1. Acetylacetone and fluorinated acetylacetone
molecules isolated in argon and nitrogen matrices

Acetylacetone and fluorinated acetylacetone (AcAcF3
and AcAcF6) molecules isolated in argon and nitrogen

matrices were studied in order to qualitatively evaluate
fluorination effect on infrared absorption spectrum and
possible isomer structure of these molecules. All three
molecules have OH stretch band that is highly red shifted
(based on DFT calculations) and broadened due to the
strong internal hydrogen bond. The band broadness does
not allow to unambiguously distinguish this band from
background in experimental spectra. B3LYP calculations
predict four bands in the wavenumber region correspond-
ing to CHj3 stretching vibrations for AcAcF3 molecule (see
Table 3). Three of them have very low intensity and one,
corresponding to coupled vCH3/vOH mode, is only slightly
more intense. Experimentally, we observe these four bands
to be very weak. This is in good agreement with previous
experimental observations [19,21].

Table 3. Experimental wavenumbers of AcAcF3 in argon and nitrogen matrices compared to calculated wavenumbers of

AcAcF3(CO) and AcAcF3(OH)

Experimental Calculations
Ar N, Ar* AcAcF3 (CO) AcAcF3 (OH)
v, em’ ! v, em’ ! v, em Mode v, em Int. Mode cm ! Int.
3110 (vw, br)
3125 (vw, br) 3120 (vw, br) vCH 3246.5 2
vCH 3241.0 1
vCHj3 3149.0 10
3018.7 (w) 3018.7 (w) vOH/vCHj3; 31473 31
vOH 3134.2 236
2978.0 (w) 29780 (w) v,CH3 3094.3 2
2964.0 (w)
v,CHj3 3088.6 4
(vOH/vsCH3)g 3036.5 | 101
2932.5 (w) 2932.5 (w) vsCHj3 3041.5 1
(vOH/vsCH3), 3030.5 | 250
1664.4 (m) vC=C/C=0 1700.2 | 273
1647.0 (w,br)| 1647.0 (w) 1646 (w) vC=0/nC=C 1687.5 160
SOH/NVC-C=C 1651.6 | 136
1609.3 (s) 1607.6 (s) 1608 (s) SOH/NVC-C=C 1640.2 500
1473.0 (w) 1473.0 (w) 1472 (w) | 60OH/6CH/um CHj3 1496.9 35
tw CHj3 1474.4 9
1436 (w) tw CH3 1471.7 9
SOH/8CH/ um CH3 | 1470.2 12
1424.3 (m) 1424.3 (m) 80OH/um CHj3; 1464.6 105
dCH/um CHj3 1463.2 47
1378 (w) um CHj3 1418.4 15
dOH/um CH3 1401.0 93
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1364.0 (w) | 1364.0(m) | 1363 (w) 3OH/um CHj 1388.7 99

SOH/6CH/um CH; | 1386.5 | 63

1300.8 (m) | 13015 (m)

1290.0 (m, br)|  1290.7 (s) 1274 (w) 30H 1303.7 156
12735 (m) | 12753 (m)

SOH/6CH/VCF3 12953 | 513

Eéﬁj 8 1212.2 (m) 205G SOH/6CH 1220.3 124 SCH/pCH3VCF3 | 12285 | 64
1199.8 (s) 1201.6 (s) 1200 (s) vCF5 1189.2 236
VvCF; 1181.7 | 286
VvCF; 1153.8 | 279
1175.9 (s)
1166.5 (s) 1 i;? 8 1176 (s) SCHANCF; 1142.0 249
1156.6 (s) :
SCH 1131.0 | 74
1110.2 (vs) 1110.2 (s) 1100 (vs) 3CH 1125.0 211
1035.7 (vw) | 1035.7 (vw) | 1036 (w)
tw CHj 1060.9 1 tw CH; 10487 | 3
1009.0 (vw) | 1009.0 (w) | 1009 (w) pCH; 1029.7 7
987.8 (W) pCH; 10003 | 17
944.3 (w) 943.2 (w) 945 (w)
897.8 (w)
910.1 (w,br) | 886.8 (vw) 934 (w) yOH 964.6 66 yOH 972.1 | 55
878.6 (VW)
A (3C=C—OH) 961.4 4
A (8=C-C=0)/pCH; | 935.1 | 12
862.0 (m) 862.0 (m) 862 (m) | vC-CH3vC—CF3 867.4 39
846.0 (vw)
802.6 (m) yCH/pCHs 8289 | 40
791.2 (m) 792.5 (m) 791 (m) yCH 817.0 40
761.7 (W) 761.6 (W) 762 (w) yCH 775.3 1
T (yC=C-OH) 737.1 2
729.7 (m) 729.7 (m) 730 (m) um CF3 729.2 30
720.1 (w) A/um CF; 7218 | 11
I'/tw CHj 608.9 | 0.005
668.9 (vw) tw CH; 600.1 1
574.9 (s)

Notes: Ref. 21, br — broad, vs — very strong, s — strong, m — medium, w — weak, vw — very weak, v — stretching, 8 — in-plane
deformation, y — out of plane deformation, p — rocking, tw — twisting, um — umbrella, A — whole molecule in-plane de-
formation, I' — whole molecule out-of-plane deformation vibrations.

The most intense bands in the experimental spectrum of The spectrum of AcAcF3 consists of one strong and a
acetylacetone isolated in argon matrix are the bands in the ~ number of low-intensity bands. The band broadening can
1700-1600 cm ' region (Fig. 2). These broad bands are  be associated with strength of internal hydrogen bond. The

assigned to highly coupled C=C and C=O stretching vibra-  strongest one among the three structures according to DFT
tions. The spectrum of AcAcF6 in the same region con-  calculations is in AcAc. In this molecule the bands involv-
tains two low-intensity doublet bands. ing OH movement are the broadest ones. On the contrary,
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Fig. 2. Infrared absorption spectra of AcAc (a), AcAcF3 (b) and
AcACcF6 (c) isolated in argon matrix at 10 K, sample to matrix
ratio 1:500, * denotes incompletely compensated atmospheric
CO3 absorption.

AcAcF6 has the weakest internal hydrogen bond, and the
bands are narrowest out of the three structures, with the
exception of the band corresponding to YOH vibration.

In the region from 1500 to 1300 cm ' several spectral
bands associated with in-plane deformational OH vibration
coupled with methyl group vibrations are observed (see
Fig. 2). This is why this region so strongly changes upon
fluorination. The most intense peak assigned to deforma-
tional OH vibration is observed at 1270 cm . It is broad
and has internal structure in the spectra of AcAc and
AcAcF3, but is much narrower and well defined in the case
of AcAcF6. For AcAcF3 and AcAcF6, the stretching vib-
rations in CF3 group combined with ring deformations
(and especially OH and CH deformational modes) are pre-
sent as complicated doublets at 1200 cm .

High-intensity narrow peak at 1110 cm ' is observed
for AcAcF3. The peak at the same position but with much
lower intensity is also observed for AcAcF6. This band
based on DFT calculations and comparison of AcAcF3 and
AcAcF6 molecules was assigned to in-plane CH bending
of olefinic carbon. It is interesting to note that this band is
red shifted from AcAc (1171 cm™) by 60 cm™' for both
fluorinated structures.

Calculations in the spectral range between 1000—-700 cm’
predicts 4 medium strength bands for AcAcF3(CO) isomer
(see Table 3): umbrella CF3 (calculated at 729 cm_l); CH
out of plane deformation (817 cm_l); ring deformation to-
gether with antisymmetric C—C stretch of terminal (C1-C2
and C4—C5 bonds) groups (867 cm_l); and OH out of plane
deformation (964 cmﬁl). Experimentally, we clearly ob-
serve 3 medium strength bands in this region (see Fig. 3).
Based on the DFT calculations they are readily assigned
to umbrella CF3 (experimentally observed at 729 Cmfl);
CH out of plane deformation (experimentally observed at
791 cm_l); ring deformation together with antisymmetric
C—C stretch of terminal (C1-C2 and C4—C5 bonds) groups
(experimentally observed at 861 cm_l). Closer look at ex-
perimental spectrum in 1000-650 cm' region (see Fig. 3,
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Fig. 3. Infrared absorption of argon matrix isolated and DFT calcu-
lated spectra of: AcAc (a) experimental, (b) calculated, AcAcF3 (c)
experimental, AcAcF3(CO) (d) calculated, AcAcF3(OH) (e) cal-
culated, AcAcF6 (f) experimental, (g) calculated.

spectrum (c)) allows us to identify one more, very broad
band centered at 910 cm™' with complicated internal struc-
ture and width around 80 cm . Based on B3LYP calcula-
tions this band is assigned to out of plane deformation
(yOH) band of AcAcF3(CO).

The assignment of the band is in agreement with previ-
ous observations of this band in argon [21], neon and para-
hydrogen [19]. In neon and parahydrogen matrices this
band is observed as a narrow band with well defined posi-
tion at 883.9 cm ' in Ne and at 882.5 cm ' in parahydrogen
matrix while in argon it is a broad band centered at
910 cm ' with several ill defined peaks both in our experi-
ments and in Ref. 21. One of the possible explanations is
the higher temperature of the argon matrix experiments
(above 10 K in our study and 15 K in Ref. 21) compared to
those of neon (below 8 K) [19] and parahydrogen (below
4 K) [19]. Another probable reason for the band broaden-
ing is a more interacting argon environment perturbing out
of plane vibration more extensively than neon and parahy-
drogen hosts.

The experimentally observed absorption spectra of AcAc
and its fluorinated derivatives allow us to use experimen-
tal data to qualitatively evaluate how the hydrogen bond
strength changes with the fluorination of the molecule. One
of the most common ways to evaluate hydrogen bond
strength is through the broadness and wavenumber red shift
of the OH stretch band [18]. Unfortunately, we cannot di-
rectly apply this in the case of AcAc and its derivatives.
As mentioned before the OH stretch band in AcAc and
its fluorinated derivatives is so broadened that it is impos-
sible to identify it precisely in the infrared absorption spec-
trum. Another two good candidates for the estimation of
hydrogen bond strength could be in the in-plane OH de-
formation SOH and out of plane deformation yOH vibra-
tional modes [18].

More detailed analysis of calculated modes of AcAc
and its derivatives revealed that 6OH vibration is always
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strongly coupled with other vibrations in the molecule,
namely ring deformation, CH3 deformation and CF3 de-
formation vibrations, therefore it is impossible to find one
band involving only 8OH in the AcAc and its fluorinated
derivatives suitable for the comparison of these three mo-
lecules. On the contrary, the YOH vibration in all three
molecules is highly localized based on the DFT calcula-
tions and thus is suitable for the hydrogen bond strength
comparison.

For the deformational vibrations, band wavenumber
should decrease with the decrease of the hydrogen bond
strength. The absorption band corresponding to YOH vibra-
tion is easily identified in AcAc as doublet at 950 and
956 cm ' based on theoretical calculations and is in very
good agreement with previous observations [7,11]. It is
more difficult to assign this band for fluorinated AcAc
molecules. For AcAcF3 we observe a band centered at
910 cm™ with complicated internal structure and width
around 80 cm ', the observation is in a good agreement
with previous studies in argon [21], and gas phase [23].
For the AcAcF®6 it is even harder to identify experimental
absorption band corresponding to YOH. Curve fitting pro-
cedure performed in OPUS software allowed us to identify
broad band centered at 821 cm ' with width of 20 cm™' and
underneath the much narrower band at 819 cm . The band
position of YOH vibration in the spectra shows increasing
hydrogen bond strength in the order AcAcF6, AcAcF3 and
AcAc, with AcAc being the strongest one.

Theoretical calculations predict two different isomers of
AcAcF3 depending on which side of the molecule CF3
group resides (Table 1). The experimental spectra of pure
AcACcF3 isolated in argon and nitrogen matrices are com-
pared to the calculated spectra of both possible isomers:
AcAcF3 with CF3 group on CO side (AcAcF3(CO)) and
AcAcF3 with CF3 group on OH side (AcAcF3(OH)) (see
Fig. 4) in order to determine whether the two conformers
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Fig. 4. Infrared absorption spectra of AcAcF3 in (a) argon matrix,
(b) nitrogen matrix and calculated spectra of (c) AcAcF3(CO)
and (d) AcAcF3(OH). Experimental spectra are normalized to
C—C=C stretch vibration (1609 em” argon/ 1607 em’ nitrogen).
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coexist in the matrix or if we only observe one of them.
One of the most distinct difference in the calculated spectra
between two isomers are wavenumbers and relative inten-
sities of the corresponding C=0/C=C and C—C=C stretch-
ing vibrations in the 1700-1600 cm’' spectral region. In
the experimental spectra of AcAcF3 isolated in argon we
observe one strong band at 1609 cm ' and broad weak band
at 1647 cm . The wavenumbers of these two bands and
their relative intensities indicate that AcAcF3(CO) is the
only isomer present in the argon matrix. The correspond-
ence between the calculated spectra of AcAcF3(CO) iso-
mer and experimental spectrum of AcAcF3 in argon in the
spectral range between 1550 and 1000 cm ' is not perfect,
but overall comparison of band pattern in calculated and
experimental spectra suggests the existence of only one iso-
mer in argon matrix. Calculations in the spectral range bet-
ween 1000 and 700 cm' predict four medium strength
bands for AcAcF3(CO) isomer.

Experimentally we also observe four medium strength
bands in this region. This also confirms the presence of
a sole isomer. The assumption that only one isomer is pre-
sent is consistent with previous findings [19,21]. The spec-
tral pattern of AcAcF3 changes when this molecule is iso-
lated in nitrogen matrix compared to that of argon. Three
significant spectral changes occur. In the C=0/C=C spec-
tral region of AcAcF3 isolated in nitrogen we observe the
appearance of the spectral band at 1664 cm . The inset of
Fig. 4 allows to inspect this region in more detail. The
band at 1607 cm ' in nitrogen and 1609 cm ' in argon is
attributed to C—C=C stretch mode of the most stabile iso-
mer AcAcF3(CO). This is in agreement with previous
works [19,21]. This band is slightly red shifted in nitrogen
in comparison to argon. The band at 1664 cm we observe
in nitrogen is blue shifted from the bands observed in ar-
gon. This allows us to state that this band is a new band
without corresponding absorption in argon.

The band position is in a good agreement with calculated
C=0/C=C stretch band of AcAcF3(OH) isomer. In order to
support this we have compared the calculated and expe-
rimental difference between the two strongest bands of the
possible isomers: C—C=C stretch band of AcAcF3(CO) and
C=0/C=C stretch band of AcAcF3(OH). The wavenumber
difference between C—C=C stretch band of AcAcF3(CO)
and C=0/C=C stretch band of AcAcF3(OH) in calculated
spectra is 60 cm ' and in the experimental spectra (nitrogen
matrix) we observe 57 cm' difference between C—C=C
stretch at 1607 cm ' and the band at 1664 cm . This al-
lows to attribute this band to C=0/C=C stretch mode of
AcAcF3(OH). The intensity pattern is also consistent with
the observation of AcAcF3(OH) isomer as the 1664 cm”'
band is one of the most intense bands of this isomer.

Another possible band of AcAcF3(OH) in this spectral
region is C—C=C stretch, but calculations predicts that it is
two times weaker than the C=0/C=C band and the position
is in between of the C=0/C=C stretch band of AcAcF3(OH)
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and C—C=C stretch of AcAcF3(CO). This region is perturb-
ed by weak and broad band attributed to C=0/C=C stretch
of AcAcF3(CO), which prevents clear identification of much
weaker AcAcF3(OH) C—-C=C stretch band.

Another strong feature observed in nitrogen matrix but
not in argon, is the band at 1290 cm . In argon we observe
a broad band of medium strength in the same region. In
nitrogen we observe additional strong band on top of the
broad band. We believe that the observed band is a new
feature as relative intensity grows significantly compared
to the other bands. This observation is also consistent with
the appearance of the second isomer in nitrogen matrix.
The third spectral feature observed in nitrogen but not in
argon matrix is the band at 802 cm " attributed to the mode
from yCH/pCH3 vibrations of AcAcF3(OH). The same mode
of AcAcF3(CO) isomer is observed in argon at 791 cm’
and in nitrogen at 792 cm . The calculations predict
12cm’ difference of yCH/pCH3 mode wavenumber in
AcAcF3(CO) and AcAcF3(OH) isomers and experimentally
we observe two bands in nitrogen with 10 cm ! difference.

The fact that we do not observe less stable isomer of
AcAcF3 in argon matrix can be explained by rapid tunnel-
ing of hydrogen atom between two sides of the molecule,
which is occurring even in the low-temperature argon ma-
trix. Thus at the lowest temperatures only the most stable
isomer of AcAcF3 prevails. The fact that large amplitude
motions are preserved in the inert gas matrices is in ac-
cordance with previous studies on acetylacetone molecules
[16,19]. The more interacting nitrogen matrix inhibits hyd-
rogen tunneling thus preserving both isomers in the low-
temperature nitrogen matrix.

The calculated and experimental band intensities allow us
to get approximate ratio of AcAcF3(CO) and AcAcF3(OH)
isomers in nitrogen matrix. We performed two separate
calculations: first one calculating band intensity ratio be-
tween vC=0/C=C mode of AcAcF3(OH) and vC-C=C
mode of AcAcF3(CO) (bands at 1664 and 1607 cm’ cor-
respondingly); second one calculating band intensity ratio
between yYCH/pCH3 vibrational modes belonging to
AcAcF3(OH) and AcAcF3(CO) isomers (bands at 802 and
792 cm™ correspondingly). Both calculations resulted in
the same estimation of isomers: 62% of AcAcF3(CO) and
48% of AcAcF3(OH). The DFT calculations estimated
5.4 kJ/mol energy difference between the two isomers,
AcAcF3(CO) being the lower energy one. Based on this
energy difference Boltzmann distribution at room tempera-
ture between two conformers is 89% of AcAcF3(CO) and
11% of AcAcF3(OH).

There might be a few explanations for this discrepancy:
a) B3LYP calculations are overestimating the energy dif-
ference between isomers and b) the interaction with sur-
rounding N> molecules stabilizes the less stable isomer. It is
hard to discriminate which is the true reason for the higher
abundance of the less stable isomer. The literature data in-
dicates that depending on the method used estimated isomer
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Fig. 5. IR absorption spectrum of (a) water in argon matrix
(1:500), (b) acetylacetone and water in argon matrix (1:1:500),
(c) calculated AcAct+H,0 spectrum, (d) IR absorption spectrum
of trifluoroacetylacetone and water in argon matrix (1:1:500), (e)
calculated AcAcF3(CO)+H20 and (f) calculated AcAcF3(OH)
spectra, (g) IR absorption spectrum of hexafluoroacetylacetone
and water in argon matrix (2:1:500), (h) calculated AcAcF6+H20
spectrum. Scaling factor of 0.96 was used for all calculated spec-
tra: (c); (e); (f); (h). All unscaled calculated wavenumbers are
blue shifted with respect to experimental spectrum.

energy difference can range from 0.7 to 5.9 kJ/mol [22].
If the former figure is right then the experimentally ob-
served distribution of isomers would be close to the calcu-
lated from Boltzmann distribution. Another reason to
the higher AcAc(OH) isomer content in the nitrogen ma-
trix than predicted form calculations, the stabilization of
this isomer because of van der Waals complexes between
AcAcF3 and nitrogen also cannot be neglected. In order to
completely answer this question much deeper theoretical
studies including molecular dynamics are needed.

3.2.2. Acetylacetone derivatives water complexes

Theoretical calculations predict that the most stable
complex formed from one acetylacetone molecule and one
water molecule has the structure where hydrogen of water
molecule is bonded to oxygen of C=0 group in acetylace-
tone molecule (see Table 2). This type of bonding geometry
remains similar for all the acetylacetone derivatives, the
only change being HyO rotation away from CF3 groups in
AcACcF3(CO) and AcAcF6 (the molecules where CF3 group
is present at the same side of the molecule as the C=O group)
because of repulsion between oxygen of water molecule and
fluorine of AcAc molecule. Infrared absorption spectra in
OH stretching region of water and water mixtures with
AcAc, AcAcF3 and AcAcF6 isolated in argon matrix are
presented in Fig. 5. The calculated band wavenumbers are
summarized in Table 4.
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Table 4. Calculated wavenumbers of two lowest energy isomers of trifluoroacetylacetone: AcAcF3(CO) and AcAcF3(OH) and their
complexes with H,O

AcAcF3(CO) | AcAcF3(CO)+H,0 AcAcF3(OH) AcAcF3(OH)+H,O
Mode — — — — Mode — - — -
v, cm v, cm v, cm v, cm
VireeOH (H20) 3889.8 Viree OH (H20) 3888.0
VboundOH (H20) 3754.5 VboundOH (H20) 3691.6
vCH 3246.5 32474
vCH 3241.0 3242.5
vCH3 3149.0 3152.8
vOH/vCH3 31473 3148.0
vOH 31342 3198.4
v,CH;3 3094.3 3095.6
vOH 3112.8
v,CHj3 3088.6 3087.1
vsCHj3 3041.5 3042.7
(vOH/vsCH3)g 3036.5 3034.1
(vOH/VvsCH3), 3030.5
vC=0/nC=C 1700.2 1693.9
vC=0/nC=C 1687.5 1679.0
vC-C=C/60H 1651.6 1655.4
SOH (H,0 + AcAcF3) 1648.7
vC-C=C/60H 1640.2 1630.0 SOH(AcAc)/60H(H,0) 1631.3
SOH/um CHj3 1496.9 1498.8
tw CHj3 14744 1477.7
tw CH3 1471.7 1471.2
SOH/8CH/um CH3 1470.2 1470.8
SOH/um CHj3 1464.6 1462.2
8CH/um CHj3 1463.2 1466.6
um CHj3 1418.4 1420.2
SOH/um CHj3 1401.0 1406.2
SOH/um CHj3 1388.7 1390.7
SOH/8CH/ um CHj3 1386.5 1387.4
SOH/VC—-CF3 1303.7 1298.5
SOH/8CH/VCF3 1295.3 1294.5
6CH/pCH3 1228.5 1237.3
SOH/6CH 1220.3 1219.3
vCF3 1189.2 1189.6
vCF3 1181.7 1184.8
vCF3 1153.8 11559
SCH/VCF3 1142.0 1147.4
SCH 1131.0 11334
SCH 1125.0 1130.4
tw CH3 1060.9 1060.7
tw CHj 1048.7 1052.7
pCH3 1029.7 1031.4
pCH3 1000.3 1007.3
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yOH 972.1 941.3

yOH 964.6 943.6

T (C=C-OH) 961.4 962.2
A/ (3=C-C=0)/pCHj 935.1 943.5

vC—CH3/vC—CF;3 867.4 869.6
ANC-CH3/ vC—CF5 850.7 851.8
yCH/pCHj 828.9 833.9

yCH/pCHs 817.0 816.9

yCH 775.3 773.2
I/(yC=C-OH) 737.1 736.7

um CF3 729.2 730.2
A/um CF; 721.8 723.0
T/tw CHs 608.9 610.3

tw CHs 600.1 601.4

Notes: v — stretching, 8 — in-plane deformation, y — out of plane deformation, p — rocking, tw — twisting, um — umbrella, A —

whole molecule in-plane deformation, I' — whole molecule out-of-plane deformation vibrations.

In the spectral region corresponding to OH stretch vib-
rations we do not expect to see any bands associated to the
vibrations of AcAc molecules as the OH stretch of AcAc,
AcAcF3 and AcAcF6 are highly red shifted and broaden-
ed, thus impossible to be clearly identified in the absorp-
tion spectrum [7,19-21]. Comparison of the spectra of wa-
ter and water mixed with AcAc, AcAcF3 and AcAcF6
reveals that in the spectra of mixtures, additional bands, not
observed in pure water spectra, appear. The most straight-
forward assignment is that of AcAc—water complex band.
The strong band at 3495 cm’ appears in the spectra of water
mixed with AcAc. Based on theoretical calculations this
band is attributed to the bound OH stretch (water OH group
involved in hydrogen bonding) vibration of H,O molecule
bonded to AcAc. This assignment is in good agreement
with previous observations [24,25]. Medium strength should-
er band at 3706 cm™' is attributed to the free OH stretch
(water OH group not involved in hydrogen bonding) vibra-
tion of HoO molecule bonded to AcAc.

The assignment of the AcAcF6 and AcAcF3 bands is
not as straightforward. In case of AcAcF6—water complex
calculations predict that free OH stretch of water is an in-
tense band with similar wavenumber as in the AcAc—water
complex. This allows us to assign the strong spectral band
at 3711 cm' to the free OH stretch of water bound to
AcAcF6. Calculations predict that bound OH stretch of
water bonded to AcAcF6 is much less red shifted than in
the case of AcAc—water complex. Based on theoretical
predictions we expect to observe a low intensity band in
the region around 3600 cm . Identification of this band
was not easy, in thick and concentrated samples it is possi-
ble to observe broad shoulder band on water dimer bound
OH stretch band at 3576 cm .

The situation is more complicated in the case of water
bound to AcAcF3 molecule. In the OH stretch region be-
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sides water bands we observe three additional bands which
appear in the spectra of AcAcF3—water mixtures: the bands
at 3545, 3590 and 3711 cm . Based on calculations and
comparison to previous AcAc—water and AcAcF6—water
complexes the band at 3711 cm' can be attributed to the
free OH stretch of water bound to AcAcF3. The similarity
of this band position in different AcAcF3—water and fluori-
nated AcAcF3—water complexes indicates that water free
OH stretch is insensitive to the molecular structure water
is bound to. However remaining two bands at 3590 and
3545 cm™' seems to point to existence of two distinct struc-
tures of AcAcF3—water complexes. The theoretical calcula-
tions predict that the strongest hydrogen bond is in the
structure of AcAcF3(OH)-water complex. Calculated hy-
drogen bond energy is 20.1 kJ/mol (see Table 2).

The second strongest hydrogen bond is in the structure
of AcAcF3(CO)—water complex and the calculated bond
energy 15.3 kJ/mol. It is interesting to note that despite of
significant difference of intermolecular hydrogen bond
strength (5.2 kJ/mol) between AcAcF3(OH)—water complex
and AcAcF3(CO)—water complex overall electronic energy
is only by 0.7 kJ/mol lower for the AcAcF3(CO)-water
complex. Thus observation of complexes of both isomers
at similar concentrations can be expected. Comparison of
calculated and experimental spectra (Fig. 5) suggest assign-
ment of the band at 3545 cm™' to the AcAcF3(OH)—water
complex, and the band at 3590 cm to the AcAcF3(CO)-
water complex. This assignment correlates well with cal-
culated hydrogen bond strength of the complexes.
AcAcF3(OH)—water complex with stronger hydrogen bond
exhibits a larger bound OH stretch red shift from the free
OH stretch, and weaker complex of AcAcF3(CO)-water
has a smaller bound OH stretch wavenumber red shift.

Calculated spectra of both isomers of AcAcF3 hydrogen
bonded to water do not allow to expect many differences
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Fig. 6. IR absorption spectrum of (a) trifluoroacetylacetone in
argon and (b) trifluoroacetylacetone and water in argon, (c) tri-
fluoroacetylacetone in nitrogen, (d) calculated AcAcF3(CO),
(e) AcAcF3(OH), (f) AcAcF3(CO) +H;0 and (g) AcAcF3(OH) +
+ H,0 spectra.

between the spectra of pure AcAcF3 and AcAcF3 mixed
with water (Table 4 and Fig. 6) in the “fingerprint” region
of spectra. The most distinct bands in calculated spectra
are bands around 900 cm ' attributed to the out of plane
OH deformation band (yOH) of AcAcF3 (compare Fig. 6
spectra (d) with (f) and (e) with (g)). Unfortunately, in the
experimental spectrum of AcAcF3, the YOH band is very
ill defined. The band is broad and has structure of several
underlying bands. The same band shape and structure is
observed in both spectra of pure AcAcF3 and of AcAcF3
mixed with water in argon matrix (Fig. 6, spectra (a) and
(b)). The band is likely to be broadened by strong coupling
to the low wavenumber vibrations of CH3 and CF3 groups
and is much more complicated than in the parent AcAc
molecule.

The same broad and complicated YOH band structure is
also observed in the AcAcF6 molecule (Fig. 3). The one
clearly notable difference between spectra of pure AcAcF3
and AcAcF3 mixed with water in argon matrix in the lower
wavenumber range is the appearance of band at 801 cm’
in the spectra of AcAcF3 mixed with water. This band
cannot be assigned to the pure AcAcF3(CO) or
AcAcF3(CO)-water complex, but based on calculated spec-
tra it can be associated with YCH/pCHj3 vibrational mode
of the AcAcF3(OH) or AcAcF3(OH)-water complex. The
appearance of the new band at 801 em ' in argon matrix
is consistent with the observations in OH stretch region
where we have identified two bands corresponding to
AcAcF3(CO)-water and AcAcF3(OH)—water complexes.
The observation of the two bands in argon matrix of
AcAcF3 mixtures with water at 801 and 791 cm™' is in ag-
reement with the data of pure AcAcF3 isolated in nitrogen
matrix where both isomers were confirmed to coexist. This
observation allows to conclude that formation of hydrogen
bond between water and AcAcF3(OH) isomer stabilizes
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this isomer due to stronger intermolecular bond than in the
case of AcAcF3(CO)-water complex and both isomers
coexist in argon matrix when complex with water is
formed.

In both structures water donates hydrogen to AcAcF3
C=0 group. The most notable spectral effects are observed
for water OH stretch vibrations. Their red shifts are com-
parable to the ones observed in formation of water dimers.
However no significant spectral shifts are identified for the
spectral bands of AcAcF3. This is in slight contradiction
to AcAc where ca 20 cm ! red shift is observed for yOH
vibrations. However even in the case AcAc the shifted
band associated to the formation of AcAc—water complex
is broad and weak. In the case of AcAcF3 the yOH band is
much broader and weaker than in AcAc (see Fig. 3), AcAc
band width is 20 cm™' and AcAcF3 the bandwidth is
around 80 cm ' with complicated internal structure. These
circumstances explain why it is not possible to observe
weaker and less red shifted YOH band of AcAcF3—water
complex.

The studies of AcAcF3 mixture with water isolated in
nitrogen revealed similar picture as in the case of argon.
The spectra in the OH stretch region of nitrogen isolated
AcAcF3 mixture with water are presented in Fig. 7 spec-
trum (b). The pure water spectrum in nitrogen is added for
comparison (spectrum (a) in Fig. 7). As in the case of argon
in nitrogen we also do not expect to see any bands from
pure AcAcF3 in this region. In the spectra of AcAcF3 and
water mixture we observe three additional bands that did
not appear in the spectrum of pure water. The same situa-
tion was observed in argon matrix as well. Based on calcu-
lations the strongly growing band at 3701 cm is assigned
to the free OH stretch band of water bound to AcAcF3
molecule. In both possible isomers AcAcF3(OH)-water and

8 H,0 (H,0)

g Nitrogen A A (a)
-2 |AcAcF3+H,0

2| Nitrogen ()
:’E IAcAcF34H,0

A \

A L ()
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Fig. 7. IR absorption spectrum in the OH stretch region of (a)
water in nitrogen matrix (1:500), (b) trifluoroacetylacetone and
water in nitrogen matrix (1:1:500), (c) trifluoroacetylacetone and
water in argon matrix (1:1:500), (d) calculated AcAcF3(CO) +
+ H,0 and (e) calculated AcAcF3(OH) spectra. Scaling factor
0f' 0.96 was used for all calculated spectra: (d); (e). All unscaled
calculated wavenumbers are blue shifted with respect to experi-
mental spectrum.
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AcAcF3(CO)-water, the calculated position is very simi-
lar, 3889.8 cm ' for AcAcF3(CO)—water and 3888.0 cm’!
for AcAcF3(OH)—water isomer, therefore it is highly pos-
sible that both isomers are contributing to the experimental
band.

The other two observed bands are: the doublet with peaks
at 3595 and 3593 cm ' and broad band at 3555 cm™' per-
turbed by the water dimer band at 3550 cm'. The spectral
pattern and absolute band positions of water bound OH
stretch of AcAcF3—water complex in nitrogen are very si-
milar to those observed in argon. Based on calculations and
argon data, band at 3555 cm s assigned to AcAcF3(OH)-
water complex and doublet at 3595 and 3593 cm ' to
AcAcF3(CO)-water complex. The band width and relative
intensity of the doublet is slightly changing during anneal-
ing process, but the intensity ratio remains constant in dif-
ferent concentration of water to AcAcF3 experiments, sug-
gesting that the observed doublet is an effect of different
trapping sites in matrix for the same AcAcF3—water iso-
mer. These observations allow to conclude that in nitrogen
we observe the same two isomers of AcAcF3—water comp-
lex as in argon.

Conclusions

Infrared absorption spectra of trifluoroacetylacetone
and trifluoroacetylacetone—water mixtures isolated in ni-
trogen and argon matrices were studied. The results from
these studies were compared with the studies of similar
molecular compounds acetylacetone and hexafluoroacetyl-
acetone. The experimental and calculated data revealed
that only one of the two possible chelated enol isomers of
trifluoroacetylacetone — the one with CF3 group on C=0
side of the molecule exists in argon matrix. The studies in
nitrogen matrix revealed that both isomers with CF3 group
on C=0 side and CF3 group on OH side coexist in this ma-
trix in approximately equal concentrations. The addition of
water leads to the trifluoroacetylacetone—water complex
formation. This is well manifested in the appearance of
new bands in the OH stretch region attributed to the free
and bound OH stretches of the water molecule bonded to
trifluoroacetylacetone.

The analysis of the calculated and experimental spectra
leads to the conclusion that complexes of water with both
isomers of trifluoroacetylacetone coexist in argon and ni-
trogen matrices. It allowed us to conclude that association
with water stabilizes the less stable isomer with CF3 group
on OH group side of trifluoroacetylacetone molecule.

The comparison of water, bonded to acetylacetone,
hexafluoroacetylacetone and trifluoroacetylacetone, bound
OH stretch vibration wavenumber red shift allowed to con-
clude that water forms strongest hydrogen bond with ace-
tylacetone, a weaker one with trifluoroacetylacetone and
the weakest one with hexafluoroacetylacetone. These ex-
perimental observations are in good agreement with calcu-
lated complex binding energies. The formation of hydro-

gen bond with water slightly weakens the internal hydro-
gen bond of the trifluoroacetylacetone based on theoretical
calculations; however the experimental data does not allow
us to detect the perturbation of trifluoroacetylacetone vib-
rations from formation of hydrogen bond with water due to
the highly broadened bands involving OH vibrations.
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Bnnve HaBKOMULIHBLOIO cepeaoBuLLa Ta acouiauii
3 BOJOI0 Ha BHYTPILLHIO CTPYKTYPY
TpicpTopaueTinaueToHa.

FTIR gocnigpxeHHa maTpu4Hoi isonsauii

R. Platakyte, A. Gutiérrez-Quintanilla, V. Sablinskas,
J. Ceponkus

Ctpykrypy TpidropanerinaneroHa B MATPHILIX aproHy i azo-
Ty Ta HOTO B3a€EMOZIIO 3 MOJICKYJIAMH BOJM BUBYEHO 3a JONOMO-
rofo FTIR cnexrpockomii Ta po3paxyHKiB Teopil (yHKIiOHaIa
rycruan (DFT). Cmyru norivHaHHs Tpidropanerinanerosa, i30-
JIOBAHOTO B aprOHi, MOXKHA BIJHECTH IO OXHOTO KOH(OpMepa
1,1,1-tpudtop-4-rinpokcu-3-nenren-2-ony (AcAcF3 (CO)), mo
oOpe y3TrOJDKYEThCS 3 TONEPETHIMU AOCTiKeHHIMH. CMyrH
NOTJIMHAHHA TpidyToparerinaneTroHa, i30Ib0BaHOrO B a30THIM Mart-
pHIIi, HEMOXKHA TOSICHUTH HPUCYTHICTIO TUIBKH OJHOTO KOH(OpMe-
pa, Ta 3a nonomororo DFT po3paxyHKiB 0yJ10 MiATBEPIXKEHO, IO
obunsa xoHpopmepa 1,1,1-rpudrop-4-rinpokcu-3-neHreH-2-0H Ta
5.5,5-tpudTop-4-ringpokcu-3-nenren-2-on (AcAcF3 (OH)) cmisic-
HYIOTb B a30THiIH Marpumi. JlomaBaHHsS BOAM 1O CyMilmi Tpi-
(ropaneTianeToH-MaTpUL TIPU3BOJUTH JI0 HOSBH HOBHX CIEK-
TPaJIbHAX CMYT, SKi He HaJeXaTh Hi Tpi)TopaneriianeroHy, Hi
BOJHUM MOHOMEpaM, L0 MiATBEPIKYE YTBOPEHHS KOMILICKCIB

Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 6

TpiTopaneTianeTon—Boga. byno BusBIeHO, MO HaWOLTBII IO-
IIMPEHNM i30MEpOM 3 KOMIUIEKCIB Tpi()TOpaleTiiaeToH—Boga
€ TOM, SIKUH YTBOPIOETBCS 3 5,5,5-TprTop-4-rinpokcu-3-neHTeH-
2-oHa i BoJH, ipueHanoi 1o Horo rpymu C=0 B 000X MaTpHILIX.
Kommuieke  1,1,1-tpudrop-4-rinpokcu-3-nenren-2-ou-Boaa  CIio-
CTEPIraeThesl B MEHIINX KUTBKOCTSIX.

Kutro4oBi cioBa: MaTpu4Ha i30J1ALisI, BOAHI KOMIUIEKCH, aleTii-
aneToH, TpidTopanerinaneTo .

BrnvsiHne okpyxatowien cpefbl u accoumarmm
C BOJOWN Ha BHYTPEHHIOK CTPYKTYPY
TpudTopaueTunaueToHa.

FTIR nccnepoBaHnsi MaTpUYHOM NU3onsaumm

R. Platakyte, A. Gutiérrez-Quintanilla, V. Sablinskas,
J. Ceponkus

CrpykTypa TpuTOpaneTHIAeTOHa B MaTPHIIAX aproHa 1 a3oTa
U €r0 B3aMMOJCHCTBHE C MOJIEKYIaMU BOZBI U3YUEHBI C MOMOILBIO
FTIR crnexTpockonuy M pacderoB TEOpHUH (HYHKIHOHAIA IIOTHO-
ctu (DFT). [onocs! morsomnieHus: TpudTopaleTuiialeToHa, H3051u-
POBAaHHOTO B aproHe, MOXKHO OTHECTH K OIHOMY KOH(OpMepy
1,1,1-tpuctop-4-runpokcu-3-nenteH-2-ony (AcAcF3(CO)), uro
XOpOIIO COTJIACyeTCsl ¢ MPEIbIAYIIMMH UcciefoBaHusIMy. [loso-
Cbl TOTJIOLIEHHUS TPUPTOPALETUIALECTOHA, H30JIUPOBAHHOIO B
A30THOM MaTpune, He MOTYT OBITh OOBSCHEHBI NPHCYTCTBHEM
TOJIBKO 0/1HOTO KOH(popMepa, u ¢ momortubsio DFT pacueroB Gbu10
MOATBEpKIEHO, uTo 0b0a koH(popmepa 1,1,1-tpudrop-4-runpo-
KCHU-3-TIeHTeH-2-0H U 5,5,5-tpudrop-4-ruapoxcu-3-neHTeH-2-0H
(AcAcF3(OH)) cocymecTByIoT B a30THOH Marpuie. JlobaBieHne
BOJIbI K CMecH Tpu(TOopaneTHiIaleToH—MaTpuLa MPUBOAUT K T10-
SIBJICHUIO HOBBIX CHEKTPAIBHBIX MOJIOC, HE MPUHAIEKAMUX HU
TPUPTOPALETUIIALIETOHY, HU BOJHBIM MOHOMEPAM, YTO MOATBEP-
kKJIaeT 00pa3oBaHHE KOMIUIEKCOB TPHU(TOpaleTIIANETOH—BOJA.
Bruto obHapyxeHO, 4TO Hamboiee pPacHpOCTPAHEHHBIM H30Me-
POM M3 KOMILIEKCOB TPH(TOPAIETHIAETOH—BO/a SBIISICTCS TOT,
KOTOpBIi 06pasyercs u3 5,5,5-1pudTop-4-ruapokcu-3-neHTeH-2-
OHa U BOJBI, IPUCOEIWHEHHOH K ero rpymme C=0 B obenx mat-
punax. Kowmmieke 1,1,1-tpudrop-4-runpoxcu-3-neHTeH-2-0H—
BOJIa HAOJIIOIaeTCSI B MEHBIINX KOJINYECTBAX.

KiroueBrie ciioBa: MaTpu4vHas H30JIALMSA, BOJAHBIC KOMIIJICKCHI,
alCTUIIACTOH, TpH(i)TOpaHeTI/IJIaHeTOH.
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