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Infrared spectra of matrix isolated formic, acetic, propionic, and butyric acids mixed with water were obtained. Combining
experimental data and theoretical calculations we were able to assign spectral bands arising due to formation of 1:1 complex
between water and title acids. The structure of such complexes was elucidated from theoretical and spectral data for the first
time. Alternating decrease of binding energy of the complexes was observed with the increase of the length of radical chain
of organic acids. Alternating behaviour of hydrogen bond energy might be attributed to the weak van der Waals interaction
between oxygen atom from carbonyl group and nearest hydrogen atoms from aliphatic chain of the acid.
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1. Introduction

Hydrogen bonding plays very important role in
many aspects of physics, chemistry, and biology. This
is especially true in the modern research in such fields
as surface physics, biochemistry, and biophysics. For-
mation of hydrogen bonded complexes alters proper-
ties of the matter and might significantly influence pro-
cesses occurring in chemical and biological systems.
Studies of water complexes with both organic and in-
organic compounds are of particular interest. Water is
the most abundant chemical compound on Earth and is
considered to be the essence of life [1]. In the studies
of biological compounds or surfaces it is impossible to
have water free samples, therefore it is very important
to have knowledge of how water interacts with other
substances. In most cases it is very complicated to
study hydrogen bond associates in large structures and
the model studies should be employed. Small mono-
carboxylic acids capable of forming two strong hydro-
gen bonds are good candidates for such studies of com-
plexes between water and organic substances [2].

Formic acid-water and acetic acid—water complexes
were studied both theoretically and experimentally
[3-6]. Recently Sander and coworkers reported the ob-
servation of 1:1 and 1:2 complexes between formic acid
and water from matrix isolation infrared spectroscopy
measurements [7]. Similar type of associates is pre-
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dicted from the theoretical calculations for higher car-
boxylic acids (such as acetic acid etc.). Unfortunately,
to the authors’ knowledge, there is no reliable matrix
isolation experimental data on the structure and dynam-
ics of such complexes.

2. Experimental set-up

Liquid phase samples of carboxylic acids (formic
98-100%, acetic >99.9%, propionic >99.5%, butyric
>99.7% from Merck) were degassed repeating freeze-
pump-thaw cycle in standard vacuum line and used
without further purification. Water was doubly distilled
and degassed. Argon from Elme Messer >99.995 was
used as received.

Matrix isolated samples were prepared mixing car-
boxylic acid and water vapour with argon in the vac-
uum line. Ratios between acid, water, and matrix were
determined using standard manometric technique. The
acid/water ratios were varied from 1:0 (1:0 referring to
the experiment without water impurities) to 1:10, and
mixture/matrix ratio was used from 1:5000 to 1:500.
Gas phase mixtures were deposited on cold (10 K) CsI
window, in the close cycle helium cryostat (Leybold
Heraeus RW2). Gas flow into cryostat was controlled
with the needle valve. In each experiment ca 2 mol of
matrix mixture were deposited in one hour.
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Infrared absorption spectra were recorded on FTIR
spectrometer Vertex 70 from Bruker. Spectra were ob-
tained using 0.5 cm™! spectral resolution, KBr beam-
splitter, “glowbar” light source, and liquid nitrogen
cooled MCT detector.

Far infrared part of the spectra was measured in
Swedish National Laboratory MAX-lab. Experimen-
tal set-up for matrix sample preparation is in detail de-
scribed elsewhere [8]. Briefly: water, acid, and ma-
trix gas were introduced into the liquid helium cooled
cryostat using separate inlets, the mixture ratios were
set by adjusting the needle valves on each inlet. In-
frared spectra in 150700 cm~! region were acquired
using Bruker HR 120 spectrometer, 6 micron multi-
layer Mylar beamsplitter, glowbar (or synchrotron in
some experiments) light source, and liquid He cooled
Si bolometer.

3. Calculations

Strength of the hydrogen bond in acid dimers and
acid water complexes as well as structural parameters
of monomers and associates were calculated using ab
intio method at Hartree—Fock (HF) 6-311++G(3df,3pd)
theory level [9]. This method gives accurate geome-
try and bonding energy, but fails when vibrational fre-
quencies are calculated [10]. Vibrational frequencies
were calculated using density functional theory (DFT)
at B3LYP 6-311++G(3df,3pd) level [9]. This calcula-
tion does not take anharmonicity of the potential func-
tion into account, therefore the resulting vibrational
frequencies are somewhat overestimated. It is known
from the detailed studies of B3LYP functional [10, 11]
that this method overestimates vibrational frequencies
by 1-3%, therefore scaling the calculated spectra with
the factor k£ = 0.98 gives good correspondence with the
experimental values.

4. Results and discussions
4.1. Formic acid and water complexes

Formic acid selfassociates are studied by very large
number of scientists using various experimental and
theoretical methods [2, 12]. Formic acid monomer and
dimer have been studied by means of matrix isolation
infrared spectroscopy as well [13]. It is agreed that
in gas phase and isolated in the noble gas matrices
formic acid exists as a mixture of monomers and cyclic
dimers. Recently the existence of open structure formic

acid dimer isolated in argon matrices was confirmed by
Sander [7] and experimental works in Vilnius Univer-
sity by Sablinskas et al. [4].

Theoretical studies predict a cyclic geometry of
formic acid—water complex to be the most stable [14].
First attempt to characterize this complex experimen-
tally is performed by Engdahl [15]. In his work author
reported an observation of MIR and FIR spectral bands
attributed to the cyclic complex of formic acid and wa-
ter. The existence of such complexes in the gas phase
was later reported from microwave data by Priem et
al. [6].

MIR spectra, in the so-called fingerprint region, of
water and formic acid mixtures are presented in Fig. 1.
At very low concentrations of water and formic acid
in the matrix, only spectral bands attributed to the
monomers of those two species are observed. When
the concentration is increased formation of complexes
can occur. Depending on the ratio between water, acid,
and matrix, several types of complexes can be formed:
water selfassociates, formic acid dimers, and hetero-
complexes between water and formic acid. The biggest
changes in the MIR spectrum related to the change of
the concentrations of water and acid are observed in
the spectral region of 1700-1800 cm™!. In this re-
gion spectral bands corresponding to C=0 stretch vi-
bration of carboxylic acids are observed. Based on the
theoretical calculations, this vibration is also the most
sensitive to the formation of the hydrogen bond com-
plexes. Therefore this spectral region was chosen for
the detailed analysis in order to identify possible water—
formic acid complexes and to determine their geomet-
rical structure.

Spectral bands in the 1700-1800 cm ™! region are as-
signed according to theoretical calculations performed
at B3LYP level using 6-311++G(3df,3pd) basis set [9].
Calculated binding energies and C=0 stretch vibration
wavenumbers of possible complexes are presented in
Table 1.

The region of IR spectra corresponding to C=0 vi-
brations of water and formic acid mixture, isolated
in argon matrix, is presented in Fig. 2. The ratio
water:acid:argon = 1:2:1000 was used in this experi-
ment. The highest wavenumber band (1767.2 cm™h)
can be straightforwardly assigned to the C=0O vibra-
tions of formic acid monomer on the basis of theo-
retical calculations. This assignment agrees perfectly
with the literature data [6,7]. The band attributed to
the cyclic associate of formic acid dimer is found at
1728.1 cm~!. This assignment agrees well with the
calculated data. The two remaining spectral bands
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Fig. 1. “Fingerprint” region of IR spectra of formic acid and water mixtures isolated in argon matrix. Upper spectrum for formic acid:water:
argon = 2:1:5000, lower spectrum for formic acid:water:argon = 1:1:2000.

Table 1. Calculated energies and v(C=0) frequencies of formic acid monomers,
dimers, and formic acid—water complexes.

1

Structure AH,kJ/mol vc—o,cm™ Absorbance intensity, a. u.
Monomer trans - 1770.3 496.0
. . 1659.6 0.0
Dimer (cyclic) —53.7 1730.6 1066.2
. 1709.8 137.1

Open dimer —-333 17499 386.7

Formic acid—water 1:1 complex —38.7 1738.3 473.1

Formic acid—water 1:2 complex —69.2 1712.8 415.5

between bands of monomer and cyclic dimer are due to
the open formic acid dimer and water—formic acid com-
plex. Binding energy of water—acid complex is higher
than that of open formic acid dimer. Therefore spectral
band associated with water—acid complex should be red
shifted more than the band associated with open dimer
of acid. The same spectral shift pattern observed in
the calculated wavenumber values of C=O vibration in
different structures. Based on those observations the
spectral band at 1736.5 cm™! is attributed to formic
acid-water complex. This assignment is also confirmed
from matrix annealing experiments and experiments
with different water acid mixture ratios. When exper-

iments with pure formic acid are performed, spectral
band at 1736.5 cm™! disappears, and on the contrary,
in experiments with predominant water and only small
amounts of acid this band increases with respect to the
cyclic and open dimer band.

In order to determine the structure of water—formic
acid complex a number of possible geometries of such
complex was calculated. The calculations revealed
that the most stable (lowest energy) structure (Fig. 3)
is cyclic. The formation of cyclic structure results
in non-linear and weaker hydrogen bonds, but forma-
tion of two weaker bonds in the cyclic structure results
in a higher binding energy of all systems than in the



56 J. Ceponkus et al. / Lithuanian J. Phys. 49, 53-62 (2009)

100
N H,0
(=)
o x X
5
i
g U
| C
ﬁ Jd
/b
a
0 ‘ : : :
1800 1750 1700 1650 1600 1550

-1
Wavenumber, cm

Fig. 2. Region of IR absorption spectra, corresponding to C=O vibrations, of formic acid and water isolated in argon matrix (1:2:1000):
(a) monomer, (b) open dimer, (c) water—acid complex, (d) cyclic dimer.
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Fig. 3. The most stable associate of formic acid and water.

structure with one linear hydrogen bond. In this cyclic
structure both water and acid act as proton donor and
proton acceptor. The free OH bond of water is at 120
degree angle with the plane of hydrogen bond. Such
structure of this complex allows forming additional hy-
drogen bond with other molecules, producing hydrogen
bond networks in highly concentrated samples.

4.2. Acetic acid and water complexes

Hydrogen bonding in acetic acid is also studied ex-
tensively [2, 16]. It is agreed that in the gas phase acetic
acid coexists as the mixture of monomers and cyclic
dimers. In the solid state acetic acid forms long hydro-
gen bonded chains. The structure of hydrogen bonded
selfassociates in the liquid phase is still an object of dis-
cussion. It is believed that in liquid phase both cyclic
dimers and long hydrogen chains might coexist. Re-
cently existence of open (chain) dimer was shown from
matrix isolation by Sander et al. [17] and in supersonic
jet expansion experiments by Suhm et al. [18].

The infrared absorption spectra of acetic acid are
very similar to the spectra of formic acid. There-
fore following the same analysis one can conclude that

C=O0 stretch region is the most suitable for the analysis
of the formation of hydrogen bonded complexes. In-
frared spectra, in this region, of water—acetic acid mix-
ture isolated in argon matrix are presented in Fig. 4.
In order to assign spectral bands theoretical calcula-
tions were performed at B3LYP level of theory using
6-311++G(3df,3pd) basis function set [9]. Calculated
wavenumbers of possible associates are summarized in
Table 2. Similar structures of acetic acid selfassociates
as in the case of formic acid are possible. The spectral
band of the highest wavenumber (1778.9 em™ 1) is as-
signed to the C=O0 stretch vibrations of the monomer.
This band is observable even when a very low concen-
tration of pure acetic acid is present in the matrix. The
observed value is very close to the calculated one (Ta-
ble 2). Based on theoretical calculations spectral band
at 1720.2 cm~! is assigned to the cyclic dimer of acetic
acid. Those assignments well agree with the data from
publications where pure acetic acid is studied [17].
Spectral bands at 1764.9 and 1735.8 cm™! are as-
signed to the open dimer. This assignment is based
on the experiments performed at low concentration of
pure acetic acid isolated in argon matrices. The remain-
ing strong band in this region at 1729.8 cm~! was as-
signed to the water—acetic acid complex. The calcu-
lated wavenumber value for the complex’s C=0 vibra-
tion is in very good agreement with the one observed
experimentally. This assignment is confirmed by ma-
trix annealing experiments and experiments where the
water concentration in the matrix is varied. When sam-
ple is prepared only from pure acetic acid the spec-
tral band at 1729.8 cm~! completely vanishes, and in
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Fig. 4. IR absorption spectra of water—acetic acid mixture isolated in argon matrix at different temperatures. Water:acid:argon = 1:2:2000:
(a) acid monomer, (b) acid open dimer, (c) water—acid complex, (d) acid cyclic dimer.

Table 2. Calculated energies and v(C=0) frequencies of acetic acid monomers,
dimers, and acetic acid—water complexes.

Structure AH,kJ/mol v(C=0), cm™!  Absorbance intensity, a. u.
Monomer - 1782.5 293.2
. . 1669.9 0.0
Dimer cyclic —53.6 17203 316.6
. 1767.7 645.8
Open dimer —-30.9 17413 106.8
Acetic acid water 1:1 complex -314 1732.0 279.2
Acetic acid water 1:2 complex —67.9 1711.5 365.1

experiments with a high concentration of water this
band is much stronger than acetic acid dimer bands.
Matrix annealing experiments (Fig. 4) allow one to ob-
serve the dynamics of complex formation in the ma-
trix. When matrix is prepared using very high matrix
to sample ratio (e. g. 1:4000) and deposited at the low-
est possible temperature (8-9 K) only absorption due
to monomeric species is observed. When the matrix is
warmed, the local translational movement of molecules
is enabled and the complex formation can occur. At
not too high temperature only small 1:1 complexes can
be formed, but at temperatures close to the ones when
matrix starts to evaporate (40 K for argon) even com-
plexes of 3 or 4 molecules can be formed. Spectral
band (1710 cm™!) seen at 35 K (Fig. 4) is associated
with formation of a complex with two water and one
acetic acid molecule.

2 @
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J

Fig. 5. The most stable associate of acetic acid and water.

The most stable 1:1 complex between water and
acetic acid (Fig. 5) has the similar cyclic structure as
water—formic acid complex. The calculated hydrogen
bonding is weaker in the acetic acid case and the hydro-
gen bond length is bigger. It seems that additional car-
bon atom in the carboxylic acid is weakening its ability
to form hydrogen bond with water.
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Fig. 6. IR spectra of water—propionic acid mixtures isolated in argon matrices (1:2:2000): (a) acid monomer, (b) water—acid complex,
(c) cyclic acid dimer.

4.3. Propionic acid and water complexes

Propionic acid is studied much less than lighter car-
boxylic acids [17]. It is known that in the gas phase the
propionic acid, likewise formic and acetic acids, ex-
ists as a mixture of monomers and cyclic dimers. In
the condensed phase propionic acid also forms cyclic
dimers. Possibility of the existence of open dimers in
the solid matrices is not clear yet. Studies of propionic
acid complexes are more complicated due to confor-
mational diversity [19]. Radical chain of the propionic
acid can be attached in several ways to the carboxylic
group [19]. Existence of several different conformers
complicates infrared spectra, because additional bands
associated with each conformer can be observed. The
same as in lighter acids C=O stretch vibrations are
most sensitive to the formation of the hydrogen bond
complexes, therefore this spectral region has been cho-
sen for the detailed examination.

Infrared spectra of water and propionic acid mix-
tures isolated in argon matrices are presented in Fig. 6.
The highest wavenumber spectral band (1776.6 cm—!)
is assigned to the C=O stretch vibration of the pro-
pionic acid monomer. There is a slight problem with
monomer band assignment due to the fact that close
to the monomer band two additional spectral bands are
observed. There are two possible explanations for the
appearance of these lines: different conformations of
propionic acid and matrix splitting effect. It is unlikely
that two or more different conformers are trapped in

s
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Fig. 7. The most stable associate of propionic acid and water.
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the matrix. The energy difference between two clos-
est conformers (4.8 kJ/mol) is too high for the sec-
ond conformer to be observable at low temperatures.
This assumption is confirmed by the recent work of
Macoas et al. [19] in the conformational study of pro-
pionic acid. Therefore appearance of two additional
spectral bands is attributed to the environmental effect
of the matrix. It is possible that for such large molecule
as propionic acid several trapping sites in the matrix
might exist. This results in slightly different matrix in-
duced perturbation to the vibrations of the propionic
acid. Assignment of monomeric band is in good agree-
ment with calculations and the literature data [17, 19].
Assignment of the remaining bands is based on the-
oretical calculations. Vibrational spectra of possible
complexes were calculated using B3LYP method with
6-311++G(3df,3pd) basis function set [9] (Table 3).

Spectral band at 1721.4 cm ™! is assigned to the C=0
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Table 3. Calculated energies and v(C=0) frequencies of propionic acid monomers, dimers, and
propionic acid—water complexes.

Structure AH,kJ/mol v(C=0), cm™!  Absorbance intensity, a. u.
Monomer - 1783.1 296.2
Cyclic dimer 53.5 1723.9 789.6
Propionic acid—water 1:1 complex 30.0 1740.5 242.8
Propionic acid—water 1:2 complex 67.3 1713.8 315.5

stretch vibrations of the propionic acid cyclic dimer.
Absorption band related to water—propionic acid com-
plex is observed at 1741.7 cm~!. This value is very
close to the calculated one. Assignment of the com-
plex band is also confirmed by the experiments when
concentration of water is varied in the matrix sample
(Fig. 6). Spectral band at 1741.7 cm ™! vanishes when
water concentration is low, and becomes more intense
than cyclic dimer band when water concentration is
high. The origin of spectral band at 1759.4 cm™! is
not completely clear. Tentatively it can be assigned to
the open dimer of propionic acid. Studying the samples
with equal amounts of water and acid leads to conclu-
sion that water—acid complex is somewhat more pre-
ferred to cyclic acid dimer. The reason of such complex
formation might be the small size of water molecule.
The small water molecule in the matrix mixture more
easily approaches the propionic acid than another pro-
pionic acid molecule.

The most stable structure of propionic acid is pre-
sented in Fig. 7. The same as in lighter acids case the
complex possesses cyclic structure. The strength of the
complex is slightly weaker than in acetic acid case. The
length of the hydrogen bonds is also increased. The

lower hydrogen bond strength is also confirmed from
the smaller red shift of the complex spectral band.

4.4. Butyric acid and water complexes

Even less experimental studies exist for the butyric
acid. It is known that butyric acid forms cyclic dimers
in the gas, liquid, and solid states in the same man-
ner as propionic acid [2]. Butyric acid exhibits even
richer conformational diversity, compared with propi-
onic acid. Nevertheless, based on the considerations
presented above the existence of different conformers
in the low temperature matrices should be excluded,
and multiple number of close lying lines at 1760—
1780 cm~! (Fig. 8) assigned to the monomer vibra-
tions should be attributed to the matrix effect (matrix
splitting). Increasing number of monomer lines could
be explained by the fact that bigger molecule does not
fit in a single substitutional site of matrix crystal and
occupies two or even more sites. This results in greater
number of slightly energetically different states.

The lowest C=0 region band at 1717.9 cm™!
(Fig. 8) is assigned to the cyclic dimer. This assignment
is in very good agreement with theoretical data calcu-
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Fig. 8. IR spectra of water—butyric acid mixtures isolated in argon matrices (1:2:2000): (a) acid monomer, (b) water—acid complex, (c) cyclic
acid dimer.
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Table 4. Calculated energies and v(C=O0) frequencies of butyric acid monomers, dimers, and
butyric acid—water 1:1 complex.

Structure AH,kJ/mol v(C=0), cm™!  Absorbance intensity, a. u.
Monomer - 1784.2 296.2
Cyclic dimer 53.6 1722.6 790.1
Butyric acid—water 1:1 complex 30.9 1739.4 253.8

Fig. 9. The most stable associate of butyric acid and water.

lated using B3LYP method with 6-311++G(3df,3pd)
basis function set [9] (Table 4). Spectral band at
1736.5 cm™~! is assigned to the butyric acid—water com-
plex on the basis of theoretical calculations and exper-
iments where water concentration in the sample is var-
ied.

The most stable structure of water—butyric acid is
also cyclic (Fig. 9). The strength of the complex is
higher than in propionic acid’s case but lower than the
acetic acid’s one (Table 5). This behaviour is also re-
produced in the red shift of the complex band from the
monomer absorption.

4.5. Far infrared part of absorption spectra of the
complexes

In order to confirm the cyclic nature of carboxylic
acid—water complexes the spectroscopic experiments in
far infrared region were performed. Absorption in this
spectral region is associated with vibrations of inter-
molecular bonds; thus direct information on the struc-
ture of molecular complexes could be obtained. Such
kind of experiments are much more complicated, there-
fore only experimental studies on water—propionic acid
were performed. The spectra of water, propionic acid,
and water—propionic acid mixture isolated in Ne ma-
trix is presented in Fig. 10.  Far infrared spectrum
of water is well assigned [8, 20], therefore it is possi-
ble to assign spectral bands to the water—propionic acid
complex. Spectral bands at 281, 433, and 479 cm ™!
are associated with water—propionic acid absorption.
This assignment is in very good agreement with the-
oretical calculations when cyclic configuration is as-
sumed. Calculated frequencies and intensities of the
single bonded linear structures do not resemble the ex-
perimentally observed far infrared region data.

4.6. Influence of carboxylic acid radical to the
hydrogen bond strength

Calculated binding energies of carboxylic acid and
water complexes shows interesting behaviour with the
increase of the C—C radical chain (Table 5). The bind-
ing energy is decreasing with increase of the radical
chain. But this decrease is not monotonous, it is alter-
nating for even and odd numbers of carbon atoms in the
chain. This calculated phenomenon is also observed
experimentally. In the carboxylic acids, the red shift
of the complex C=0O vibration from the correspond-
ing monomer band is an indicator of the bond strength.
The stronger complex binding energy results larger red
shift. Alternating behaviour of complex band red shift
(Table 5) confirms the idea of alternating binding en-
ergy. The alternating behaviour of the binding energy
might be tentatively explained by the small influence to
the hydrogen bond of hydrogen atoms from the nearest
CH> or CH3s groups.

5. Conclusions

Infrared spectra of water—propionic acid and water—
butyric acid complexes were observed and assigned for
the first time. Spectral region of C=0 stretch vibrations
is the most suitable for the studies of hydrogen bond
complexes in carboxylic acids. Based on the results
of theoretical calculations and FTIR matrix isolation
experiments it was elucidated that water and mono-
carboxylic acid 1:1 complex exhibits cyclic configura-
tion. The remaining free O—H bond of water forms
ca 120 degree angle with the plane of hydrogen bond
cycle. From the analysis of theoretical data and shifts
of experimentally observed spectral bands it was cal-
culated that the hydrogen bond strength in the water—
carboxylic acid complex alternates for even and odd
number of carbon atoms in the acid radical chain and
decreases with the increase of carboxylic acid radical
chain length.
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Table 5. Binding energies of various complexes and al-
ternating behaviour of their band red shift.

Complex AH,kJ/mol 1 (C=0), cm™l 2e(C=0),ecm™!  Avre(C=0),cm™!
HCOOH...H-0 32.0 1738.3 1736.7 31.0
HsC2OO0H. . .H20 314 1732.6 1730.7 49.5
HsC300H. . .H20 30.0 1740.5 1741.9 34.4
H-C4OO0H. . .H20 30.9 1739.4 1736.6 39.6
v, calculated wavenumber, v, experimentally observed value,
Ave = ve(monomer) — ve(complex).
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Fig. 10. Far infrared spectral region of propionic acid (top), water (middle), and acid—water mixture (bottom) isolated in Ne matrices.
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VANDENS IR NEDIDELIU MONOKARBOKSIRUGSCIU ASOCIATU TYRIMAS MATRICINES
IZOLIACIJOS FTIR SPEKTROMETRIJOS METODU

J. Ceponkus, D. Lei¢iité, D. Cepulinskaite, M. Puletaité, V. Sablinskas

Vilniaus universitetas, Vilnius, Lietuva

Santrauka

Vanduo daro jtaka daugeliui cheminiy, fizikiniy ir biologiniy
procesy, vykstanciy gamtoje. Vandens molekulés dél savo dydzio
gali biti priskirtos nesudétingy molekuliy klasei. Taciau dél sa-
vybés sudaryti su aplinkinémis molekulémis stiprius vandenilinius
ry$ius vandens molekulés dazniausiai yra didesniy molekuliniy da-
riniy sudétiné dalis.

Vandens ir karboksirig§c¢iy asociaty tyrimai yra svarbis keletu
aspekty. Nedidelés karboksirtig§tys yra placiai paplitusios gam-
toje, todeél svarbu Zinoti, kaip vanduo veikia §iy medZiagy savybes.
Vandens ir nedideliy organiniy molekuliy asociatai gali bati geras
modelis, siekiant suprasti vandenilinio rySio ypatybes sudétingose
sistemose.

Infraraudonoji (IR) spektrometrija yra vienas geriausiy metody
ivairioms molekulinéms sistemoms tirti. Analizuojant IR sugerties

spektrus galima gauti tiesioging informacija apie branduoliy virpe-
sius molekuléje. Si informacija leidZia nustatyti tiriamos molekulés
struktiirg bei jvairius dinaminius parametrus. Matricinés izoliacijos
metodas praplecia IR spektroskopijos galimybes tyrinéti izoliuotas
molekules ir molekulinius kompleksus.

Spektrinés juostos buvo priskiriamos vandens ir karboksi-
rugsties asociatui, naudojantis eksperimenty, atlikty keiciant ban-
diniy ir matricos santykus, bei teoriniy kvantinés chemijos skaicia-
vimy rezultatais.

Tyrimy metu uZregistruotos vandens ir karboksirtig§¢iy asociaty
spektrinés juostos, pirma karta nustatyti acto rligSties ir vandens,
propiono riigsties ir vandens bei sviesto riigSties ir vandens komp-
leksy energiniai parametrai ir sandara. Nustatyta, kad vandenilinio
ry$io energija mazéja, didéjant karboksirtigsties radikalui.



