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Synthesis, Characterization, Antimicrobial and Cytotoxic Studies on
some Novel Transition Metal Complexes of Schiff base Ligand derived
from Sulfadiazine with Molecular Orbital calculations
1
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Some selected solid complexes of the Schiff base ligand HL derived from
Sulfadiazine with Co(II), Ni(II) and Cu(II) ions were synthesized and characterized by
Micro-analysis, FTIR, Electronic, Mass, and ESR Spectral Analyses, Magnetic
susceptibility and Molar Conductance Measurements. The disappearance of ν(O-H)
hydroxyl band of the phenolic and the lowering shift of the stretching frequency of the
ν(CH=N) azomethine band in the ligand after complexation, indicated the coordination
through the phenolic oxygen atom (after deprotonation) and azomethine nitrogen atom
respectively of the Schiff base ligand HL. The lower values of molar conductance
indicate the non-electrolytic nature of these complexes. The ESR spectrum of the HL
copper complex has octahedral geometry. The molecular structures of the investigated
compounds were studied by PM3 method, also the heat of formations, HOMO, LUMO
and dipole moments were calculated to confirm the geometry of the ligand and the it's
complexes. The antimicrobial screening of the synthesized compounds HL and its
complexes 1-3 were investigated. The Schiff base ligand HL showed weaker to
significant activity against one or more bacterial and fungal strains. In most of the cases
higher activities were exhibited upon coordination with metal ions(II). In addition,
calculations in silico, the Pharmacokinetic parameters have promising features for
applying the ligand as drug.
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Effective rotational Hamiltonian (ERHAM) for high-resolution
infrared spectra of molecules with internal rotors
Peter Groner1, Sieghard Albert2, Martin Quack2
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Department of Chemistry, University of Missouri - Kansas City, Kansas City, MO
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2

Physical Chemistry, ETH Zürich, CH-9092 Zurich, Switzerland

The effective rotational Hamiltonian for molecules with one or two periodic largeamplitude motions1 implemented in program ERHAM has been adapted to enable
prediction and least-squares fits of rotationally resolved transitions in vibration-rotation
spectra in the infrared region. The modified program is currently applied to assign the
ν10 band of methyl formate at 925 cm-1 that has been measured at ETH in Zurich on the
IFS125 Bruker prototype ZP 2001 FTIR spectrometer2 at a resolution of 0.001 cm-1. An
external glass cell with an optical path length of 3 m contained the sample, and 150
interferograms were averaged. Right now it looks as if the splitting due to internal
rotation into A and E components were a little too small to be resolved sufficiently for a
satisfactory analysis.
References
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Radio Search for H2CCC toward HD 183143 as a Candidate for a
Diffuse Interstellar Band Carrier
Mitsunori Araki1, Shuro Takano2, Hiromichi Yamabe1, Koichi Tsukiyama1,
Nobuhiko Kuze3
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In order to clarify the authenticity of a recently proposed identification of H2CCC
(linear-C3H2) as a diffuse interstellar band carrier,1 we searched for the rotational
transition of H2CCC at a frequency of 103 GHz toward HD 183143 using a 45-m
telescope at the Nobeyama Radio Observatory.2 Although an rms noise level of 32 mK
in the antenna temperature, TA*, was achieved, detection of H2CCC was unsuccessful,
producing a 3 σ upper limit corresponding to a column density of 2.0 × 1013 cm−2. The
upper limit indicates that the contribution of H2CCC to the diffuse interstellar band at
5450 Å toward HD 183143 is less than 1/25; thus, it is unlikely that the laboratory
bands of the B1B1–X1A1 transition of H2CCC and the diffuse interstellar bands at 5450
Å (and also 4881 Å) toward HD 183143 are related.

Fig. 1: Spectrum at the line position of H2CCC searched toward HD 183143.
Solid vertical lines indicate positions of the two velocity components of CH. Solid
curve shows a line profile of H2CCC simulated in arbitrary intensity. Two downward
convex structures in this curve are frequency switching effects.
References
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Zeeman effects in open-shell van der Waals complexes
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Nitric oxide (NO) molecules play a key role in atmospheric phenomena, interstellar
space and combustion. In biological systems, NO plays a significant beneficial role in a
variety of processes including vascular relaxation, anti-tumour and anti-pathogen
response, mitochondrial respiration, and it is a ubiquitous signalling molecule in the
cardiovascular system (Nobel Prize in Physiology and Medicine (1998). However,
detailed studies of NO complexes are required for a quantitative modelling of these
media.
The aim of the present work is to study the lower bound states of Rg-NO open-shell van
der Waals complexes using Fourier Transform Microwave Spectroscopy (FTMS). The
experiments employ a pulsed supersonic expansion of gas mixture (Ne/NO) into a
Fabry-Perot cavity. The frequency range covered the region between 6 and 18 GHz.
Three pairs of mutually perpendicular Helmholtz coils were used to generate a near-null
field in the centre of spectrometer. In this way, magnetic-field-free spectra were
recorded, and we report here some new transitions not observed in the first FTMS study
of NeNO1. Our results are analysed using a rigid model, and a dynamical one, which
takes into account the large amplitude vibrational motion.
In addition to this, we present the first systematic study of magnetic effects on this
complex. In this case, the Helmholtz coils were used to augment the Earth’s magnetic
field and spectra up to 3.6 Gauss were recorded. The effect of weak magnetic fields was
examined using two geometries: a) the magnetic field being parallel to the electric field
(thus allowing ΔΜF=0 transitions), b) the magnetic field being perpendicular to the
electric field (thus allowing ΔΜF=±1 transitions). There are no previous studies on
magnetic properties of complexes of open shell molecules that need multiple potential
energy surfaces (PESs) to be described, and especially with hyperfine resolution. Such
measurements could provide additional information on the nature of the intermolecular
potential surface, and especially on the difference potential. The absolute values for the
g-factors for many rotational levels have been obtained and their rotational dependence
is discussed2.
We hope that our work will inspire further quantitative work in weak magnetic effects
of free radicals complexes.
References
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N2-, O2- and air-broadening coefficients of lines in the ν 2 band of
13 16
C O2 at room temperature
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Using a high resolution tunable diode-laser spectrometer1, N2- and O2-broadening
coefficients have been measured for twelve lines in the ν2 band of 13C16O2 at room
temperature. Three lines understudies belong to R-branch and nine others to Q-branch.
Their frequencies are comprised between 649 and 676 cm-1. The air-broadening
coefficients have been obtained from these measurements.
For each line, we have recorded spectra at 5 pressures of the perturber. The collisional
half-widths of line at each pressure have been obtained by fitting on the experimental
profile, the Voigt2 lineshape, but also the Rautian and Sobel’man3 and Galatry4 models.
From these results, we have deduced the collisional broadening coefficient of each line
which corresponds to the slope of the best straight line obtained from a linear
regression. Our results deduced from Voigt fits have been compared with the values
given in the HITRAN5 data base.
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High-temperature pulsed source of Cd2 and CdRg molecules in
supersonic beam
Tomasz Urbanczyk1, Jaroslaw Koperski2
Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland
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We present an all-metal pulsed source of supersonic molecular beam of Cd2 and CdRg
(Rg=rare gas) van der Waals molecules which operates at temperatures and carrier gas
stagnation pressures up to 1000K and 8 bar, respectively.

Fig. 1: High-temperature pulsed source: a) cross section, b) 3D view.
Scheme of the source is presented in Fig. 1. The source was applied for production and
spectroscopy of Cd2 and CdRg molecules. Simulations of the recorded LIF excitation
spectra (Fig. 2) show that the rotational temperature of produced molecules is about 3K.
In the future the source will be incorporated into an experiment dedicated to realization
of an entanglement between 111Cd atoms produced via dissociation of (111Cd)2
molecule.1
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Fig. 2: a) and c) LIF excitation spectra of CdAr and Cd2 recorded using
B31(53P1)←X10+(51S0) and b30+u (53P1)←X10+g (51S0) transitions, respectively, under
different conditions of the detection. b) and d): simulations of the spectra shown in a)
and c), respectively.
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Quantum-classical Rydberg electron dynamics in a polar molecule
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The classical picture of the coupling between the electronic and rotational degrees of
freedom for molecular Rydberg states has proved effective in the analysis of a wide range
of phenomena, such as chaotic auto-ionization of molecular Rydberg states [1] and time
evolution of Rydberg wave packets [2]. The quantum description of a Rydberg electron in
a polar molecule is based on the exactly solvable [3] “Coulomb + point dipole”
Hamiltonian. Besides the projection  of the electron orbital angular momentum on to the
dipole axis, the noninteger quasi-angular momentum    l , (d )  l   l , (d ) , where
 l , (d ) is the quantum defect), is the conserved quantum number appearing in the

eigenvalue (  1) of the nonspherical operator  2  L2  2d cos  with eigenvalues
enumerated by the integer l. The classical Hamiltonian can be written in terms of the action
variables as
H el  



1

2 I r  I  I    , ( d )



2

,where, for small d,   , ( d ) 

( I  I ) 2  3I2 2
d is the
4( I  I )5

classical counterpart of the quantum defect l , (d ) . It is remarkable that for small d they
coincide for large (quasiclassical)     I  I [3].
The dynamics of very high Rydberg states displays rotational–electronic nonadiabatic
interactions (l-decoupling [4], or inverse Born–Oppenheimer dynamics corresponding to
transition from Hund cases a, b to case d [5]). The criterion for breakdown of the rotational
Born–Oppenheimer approximation is the same in the quantum and the classical picture: the
core rotation frequency B  N  should be high compared with the precession frequency  p
(not with the Keplerian frequency K ), i.e., the rotational l-decoupling can occur at



effective quantum numbers    *  Z 2 Δ  B  N 



13

, where Δ    l 1,   l , . Since

the quantum defects of high-l Rydberg levels are small, the  * values can be lower than
those often used [4,5] when one assumes Δ   1 .
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CO2 broadening and shift coefficients for the 2–0 band of CO
and influence on the inversion of SOIR spectra
M. Tudorie,1 S. Robert,2 T. Földes,1 A. Mahieux,2 R. Drummond,2
V. Wilquet,2 A. C. Vandaele2 and J. Vander Auwera1
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Circulaire, B-1180 Brussels, Belgium, severine.robert@aeronomie.be

Carbon monoxide is present in the atmosphere of Venus and Mars, as observed for the
first time by Connes et al.1 and Kaplan et al.,2 respectively. More recent CO spectra
were recorded in the 2.2 and 4.3 μm region3,4 by the SOIR (Solar Occultation in the
InfraRed) instrument onboard the ESA Venus Express spacecraft5 and by the PFS
(Planetary Fourier Spectrometer) instrument onboard the ESA Mars Express
spacecraft.6 As carbon dioxide is the predominant species in these atmospheres,
retrievals of CO concentrations from SOIR spectra require knowledge of CO2
broadening and shift coefficients7 and their temperature dependence.
We recorded spectra of CO/CO2 mixtures at 284, 272, 255 and 240 K and total
pressures between 120 and 900 Torr, using a Bruker IFS125HR Fourier transform
spectrometer. We measured CO2 pressure broadening and shift coefficients of lines in
the 2–0 band of CO near 2.3 μm, using a multi-spectrum non-linear least squares fitting
procedure.8 The analysis put forward the necessity to consider speed dependence
effects, and possibly line mixing effects, on the Voigt profile.
With a resolution of 0.12 cm–1, the highest onboard Venus Express, SOIR may be
sensitive enough to study line profiles. The line broadening parameters measured in the
present work have been used to fit SOIR spectra with the ASIMAT code.9 The results in
terms of retrieved densities and temperatures will be compared with those obtained
using HITRAN2008.10
References
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On the ECS formalism applied to 60-GHz oxygen absorption band
profile.
Dmitriy Makarov1, Christian Boulet2
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Absorption profile of the 60-GHz molecular oxygen band, which is widely used for
atmosphere remote sensing, wireless communications and other applications, is
formed by overlapping profiles of fine structure transitions. It is shown that collisional
coupling has noticeable effect upon the band absorption profile1 and should be taken
into account in radiation propagation models.
Absorption profile influenced by collisional effects is usually described by expression
including collisional relaxation matrix W2,3. As far as mentioned expression includes
matrix inversion, it is possible to calculate model profile of the band at least in two
ways: the first way is using direct numerical inversion, the second one is using
analytical expression based on the approximation methods3.
In current study, the ECS formalism4 is used to calculate relaxation matrix elements in
the same way that in5. Within ECS approach, W matrix elements are calculated
through the expression having three parameters. Advantage of the ECS formalism in
application to collisional coupling of lines in 60-GHz band is absence of constraints
on the relaxation matrix structure and features of coupling between individual
branches forming the band. Absorption profile is calculated using numerical
inversion. Earlier obtained experimental data on the molecular oxygen 60-GHz band
absorption profile at temperatures from -30 to +60 o C at atmosphere pressure6 were
processed with the ECS model profile. For each temperature ECS relaxation matrix
parameters values were determined by fitting model profile to the experimental one,
temperature dependencies of the parameters were plotted. Using ECS formalism for
60-GHz band absorption profile modelling allows further increase of the modelling
accuracy in comparison to previously developed second-order MPM extension6 in the
whole temperature range from -30 to +60 o C where the measurements were carried
out, and gives more thorough performance of coupling between the fine-structure
lines of molecular oxygen7.
The work is partially supported by RFBR grants 12-02-00059-а, 12-05-00309-а.
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Conformational Flexibility of Tropanes: The Rotational Spectrum of
Pseudo-Pelletierine
Montserrat Vallejo1, Patricia Écija2, Emilio J. Cocinero2, Alberto Lesarri1,
Francisco J. Basterretxea2, José A. Fernández2, Fernando Castaño2
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Following previous studies on tropinone,1 scopine and scopoline2 we analyzed here the
conformational properties and structure of pseudo-pelletierine (9-methyl-9azabicyclo[3.3.1]nonan-3-one) using rotational spectroscopy. Pseudo-pelletierine is an
azabicycle with two fused six-membered rings, where the N-methyl group can produce
inverting axial o equatorial conformations. Both conformers were detected in a
supersonic jet expansion when probed with a Balle-Flygare-type FT-MW spectrometer.
Unlike tropinone, where the most stable conformer was equatorial, the axial species was
found dominant for pseudo-pelletierine. All monosubstituted isotopic species (13C, 15N,
18
O) were positively identified for the axial conformer, leading to an accurate
determination of the effective and substitution structures of the molecule. An estimation
of conformational populations was derived from relative intensities. Ab initio (MP2) and
DFT (M06-2X, B3LYP) calculations supplemented the experimental work.

Fig. 1: The two inverting conformations of pseudo-pelletierine: a) Axial (most stable);
b) Equatorial.

[1] E. J. Cocinero, A. Lesarri, P. Écija, J.-U. Grabow, J. A. Fernández, F. Castaño, Phys.
Chem. Chem. Phys. 2010, 49, 4503.
[2] E. J. Cocinero, A. Lesarri, P. Écija, F. J. Basterretxea, J. A. Fernández, F. Castaño,
submitted.
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Measurement of hyperfine structure and permanent electric dipole
moments in the electronic spectrum of iridium monohydride and
monodeuteride
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C. Linton , A. D. Granger , A. G. Adam , S. E. Frey , A. Le , T. C. Steimle
1
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2
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High resolution spectra of 3Φ4 - X3Φ4 transitions of IrH and IrD were obtained using the
laser ablation spectrometer at Arizona State University. With linewidths lower than 50
MHz, hyperfine structure due to the nuclear spin (I = 3/2) of both iridium isotopes 193Ir
and 191Ir was resolved. Using the optical Stark effect, which examined the tuning
properties of the hyperfine lines when an external electric field was applied, permanent
dipole moments were determined for both electronic states. The interpretation of the
hyperfine parameters and dipole moments in terms of the insights they provide into the
electron configurations of the two electronic states will be discussed and the results will
be compared with isovalent molecules , CoH and RhH, in the same group.

Linton C.
Granger A.D.
Adam A.G.
Frey S.E.
Le A.
Steimle T.C.

Poster session, J12

175

Non-empirical spectroscopic models derived from potential and dipole
surfaces via high-order contact transformations:
status of the MOL_CT program suite
Vladimir Tyuterev1, Sergei Tashkun2, Michael Rey1, Thibault Delahaye1,
Roman Kochanov2,1, Andrei Nikitin 2,1, Julien Lamouroux 3
1
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michael.rey@univ-reims.fr, thibault.delahaye@etudiant.univ-reims.fr, 2LTS, Zuev Institute of
Atmospheric Optics, Tomsk, Russia tashkun@rambler.ru, roman2400@rambler.ru ,
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Effective Hamiltonians (EH) and dipole transition moment operators (DTM) are widely used
in many domains of chemistry, physics and molecular spectroscopy. The MOL_CT program
package1,2 aims at building accurate effective models of strongly interacting vibration-rotation
states for molecular spectroscopy and dynamics using a generalised formulation of Contact
Transformations (CT) 3. In practical terms CTs provide links between molecular potential
energy surface and effective constants involved in empirical EH models. CTs also apply to
other molecular properties relating dipole moment surfaces with effective transition moment
band parameters. Recent advances in the algebra of vibration-rotation transformations
accounting for symmetry properties4 allow an extension of MOL_CT calculations for higher
orders and for number of atoms. Convergence of CT calculations and comparison with
observed data with examples on ozone, hydrogen sulphide, phosphine, methane using recent
PES5,6 will be discussed. Predictions of ‘dark’ vibration states not yet detected via
spectroscopic experiments and of resonance coupling parameters allowed determining a
robust EH model7 for the high-resolution data reduction.
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Review of the recent and future extensions of the HITRAN database to
aid remote sensing of diverse planetary atmospheres
Laurence S. Rothman, Iouli E. Gordon, Gang Li
Harvard-Smithsonian Center for Astrophysics
Atomic and Molecular Physics Division
60 Garden St, Cambridge MA 02138, USA
LRothman@cfa.Harvard.edu

The study of the spectroscopic signatures of planetary atmospheres is a powerful tool
for extracting detailed information concerning their constituents and thermodynamic
properties. The HITRAN molecular spectroscopic database has traditionally served
researchers involved with terrestrial atmospheric problems, such as remote sensing of
constituents in the atmosphere, pollution monitoring at the surface, and numerous
environmental issues. In collaboration with laboratories across the globe, an extensive
effort is currently underway to extend the HITRAN database to have capabilities for
investigating a variety of planetary atmospheres. Spectroscopic parameters for gases
and spectral bands of molecules that are germane to the studies of planetary
atmospheres are being assembled. These parameters include the types of data that have
already been considered for transmission and radiance algorithms, such as line position,
intensity, broadening coefficients, lower-state energies, and temperature dependence
values. A major accomplishment of the effort has been the assembly and recent release
of the HITEMP database,1 which archives spectral parameters suitable for simulating
high-temperature and NLTE spectra for H2O, CO2, CO, NO and OH in the gas phase.
A number of new molecules, including H2, CS, C4H2, HC3N, and C2N2 are being
incorporated for the HITRAN2012 release of the database, while several other
molecules are pending. For some of the molecules, additional parameters, beyond those
currently considered for the terrestrial atmosphere, will be archived. Examples are
collision-broadened half widths due to various foreign partners, collision-induced
absorption, and temperature dependence factors. Collision-induced absorption data for
H2–H2, H2–N2, H2–He, H2–CH4, CH4–CH4, N2–N2, N2–O2, O2–O2, O2–CO2 and N2–
CH4 were also recently released.2 Partition sums, that are necessary for applications at a
wide range of temperatures, have recently been calculated for a variety of molecules of
planetary interest. Current accomplishments and future efforts will be reviewed.
_______________________________
This effort is supported by the NASA Planetary Atmospheres program, under the grant
NNX10AB94G.
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Diode laser absorption spectrum of hot bands of C2HD near 2ν1
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Spencer J. Robertson1, Michael J. Sidener1
1

Department of Chemistry, University of Oregon, Eugene, OR USA; 2Department of
Chemistry, University of Oregon, Eugene, OR USA, hardwick@uoregon.edu

The spectrum of C2HD has been recorded in the 2ν1 region near 6500 cm-1 at
temperatures of 195, 295, 395, and 495 K using an external cavity diode laser
spectrometer. The lower temperatures were recorded using a Herriott cell with a 50 m
path length. Sequence bands in the bending vibration were assigned for up to two
quanta of the ν4 and ν5 bending vibrations. Combination differences obtained from the
recent work of Predoi-Cross et al.1 were reproduced with a typical accuracy of 0.0005
cm-1 for the ν4 and ν5 hot bands, while the combination differences for the unusually
weak 2ν1+2ν5–2ν5 band were almost an order of magnitude poorer. The 2ν1+ν4+ν5 band
of C2D2 was observed as an impurity at 6381 cm-1.

Fig. 1: A segment of the 12C2HD spectrum recorded at 195K (upper trace) and 373K
(lower). The features labeled "A" are part of the R branch of the 2ν1+ν4–ν4 band, while
those labeled "B" belong to the R branch of the 2ν1+ν5–ν5 band.
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The term “halogen bonding” is used in analogy with the better-known hydrogen
bonding, with which halogen bonding shares numerous properties.1 It is the noncovalent
interaction where halogen atoms function as electrophilic species and, actually, it has an
impact on all research fields where the control of intermolecular recognition and selfassembly processes plays a key role.2 In CFCs, both, hydrogen and halogen bond are
possible.3 We measured several complexes of CFCs using a Balle-Flygare FTMW
spectrometer. Several kinds of 1:1 adducts (with Cl···O, F····O, F···N, F···C bonds) are
reported (see for example, Figure 1). The gas sample containing a small percentage of
each precursor in a balance of helium atmosphere. In addition, information on the
internal dynamics has been obtained. Ab initio calculation (MP2 level of electron
correlation and 6-311++G** basis set) have been carried out in order to obtain
information about the structure and relative stability.

Fig. 1: Molecular sketch of some CFCs complexes.
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Theoretical description of the lowest-lying electronic states of LuO
Joumana Assaf1,2, Sylvie Magnier1, Fadia Taher3, Fouad El Haj Hassan3
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Since its detection in the solar spectrum by Den Hartog et al.[1] in 1997 and more
recently, in the metal-poor galactic halo stars CS22892-052 [2] and CS31062-050 [3],
the spectroscopy of Lutetium diatomic molecules is presently the subject of various
experimental and theoretical investigations and the most recent observations concern
LuF, LuCL [4] and LuO [5].
Despite its use in the identification of the presence of rare earth oxides in star
atmospheres and interstellar medium, spectroscopy of the lutetium monoxide LuO is
practically unknown both experimentally and theoretically [6-7]. Rotational spectra of
the ground state have been observed for the first time in 2011, through Fourier
transform microwave spectroscopy by Cooke et al. [5] and this leads to a precise
determination of spectroscopic constants and several hyperfine parameters. In the case
of excited states, no data are available in literature and calculations are now required.
Being involved in the theoretical description of such molecules through ab-initio
methods [8], we present here a detailed study of the Lutetium monoxide. Potential
energy curves have been determined for the ground state and the first 12 2,4Λ (+/-)
electronic states in a range of 1.20-2.20 Å through State-Averaged Complete Active
Space Self Consistent Field (CASSCF) and MultiReference Configurations Interaction
(MRCI) methods including Davidson corrections. Transition dipole moments have been
also calculated for these states, in the same range of internuclear distances R. Both
results will be presented and discussed at the conference.
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Multispectrum fitting to determine line parameters with temperature
dependence for the 2←0 bands of 12C16O, 13C16O, and 12C18O
V. Malathy Devi1, D. Chris Benner1, Mary Ann H. Smith2, Arlan W. Mantz3,
Keeyoon Sung4, Linda R. Brown4
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Line shape parameters were measured for three isotopologues of carbon monoxide;
these include the Lorentz half-width coefficients with their temperature dependence
exponents; pressure-induced shift coefficients with their temperature dependences,
speed dependence and off-diagonal relaxation matrix elements. For this, we recorded
more than 50 high resolution (0.005 cm−1) spectra of CO and two of its isotopologues
(13CO and C18O) using a coolable absorption cell1 in the sample compartment of the
Bruker IFS 125HR Fourier transform spectrometer at Jet Propulsion Laboratory (JPL).
Air-broadened spectra with total pressures up to 700 Torr at temperatures between 150
and 298 K were recorded for all three isotopologues; some self-broadened CO spectra
were also obtained using isotopically-enriched samples. Line parameters were retrieved
by broad-band constrained multispectrum least-squares fitting2 of 16 or more spectra
simultaneously. The individual line positions and intensities were constrained to their
theoretical relationships in order to obtain the rovibrational (G, B, D, and H) and band
intensity parameters, including Herman-Wallis coefficients, as has been done for CO2
previously3. The air-broadening results for the 13C16O and 12C18O 2-0 bands4 are
compared with each other and with those for the corresponding 12C16O band5.
Research described in this paper was performed at Connecticut College, the College of
William and Mary, NASA Langley Research Center and the Jet Propulsion Laboratory,
California Institute of Technology, under contracts and cooperative agreements with the
National Aeronautics and Space Administration.
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Applications of the High-Precise THz Nonstationary Spectroscopy
Vladimir L. Vaks, Elena G. Domracheva, Sergey I.Pripolzin, Ekaterina A.
Sobakinskaya, Mariya B. Chernyaeva
Institute for Physics of Microstructures RAS, Russia, elena@ipm.sci-nnov.ru
Over the last twenty years the terahertz (THz) frequency range has gained popularity all
around the world. Many groups in different countries have focused their efforts on
development and elaboration of THz technique and its applications to various problems.
The method of THz spectroscopy is based on nonstationary effects (free damping
polarization, fast frequency sweeping). The periodic switching the phase (or frequency)
of radiation interacting in resonance with the medium leads to rising the processes of
transient radiation and absorption, periodic appearing and decaying the macroscopic
polarization induced. The resulting transient signals are recorded and accumulated in the
receiving part of the spectrometer. The value and shape of these signals are used for
high-accuracy determination of concentration of components in the gas mixture. The
results of application of THz gas spectrometers for different applications such as
medicine, safety systems, hi-tech et al. are presented in this paper.
The THz nonstationary spectrometer has been also employed for studying explosives
vapours compositions. The absorption lines of characteristical products (chloromethane,
aldehydes, nitriles, etc.) of decomposing the 2- Chlorovinyldichloroarsine in gaseous
phase are measured. The marker-substances for detection of TNT, NG, etc. are
determined.
The THz nonstationary gas spectroscopy can be used for monitoring the hi-tech
processes in situ. The investigation of the composition of CH- plasma at diamond films
CVD was carried out.
The THz nonstationary gas spectroscopy was used for precise measurements of freones
impurities in isotopic enriched tetrafluorosilane
THz spectrometer was used for noninvasive medical diagnostics. The experimental
investigations of the NO concentration dynamics in the exhaled air of oncological
patients under the radiotherapy course were carried out. An increase of NO
concentration (in 2-3 times) in exhaled breath of lung cancer patients after a session of
radiation therapy was demonstrated.
Investigation of the NH3 concentration in gastrointestinal tract based on exhalation
analysis in 115-185 GHz and 500-1200 GHz frequency ranges was performed.
The measurements of absorption lines of acetone, methyl and ethyl alcohols a in model
multi-component air-acetone gas mixture with different components concentrations and
in exhaled air for diagnostics of diabetes were carried out.
Investigation of the state of transplants (liver, kidneys) on spectroscopic characteristics
of custodiol was carried out using IR Fourier spectroscopy and nonstationary THz gas
spectroscopy in three frequency ranges: 565-568 GHz, 571- 572 GHz и 573 – 574 GHz
for detection of spectral lines which were markers of state of investigated organ.
The work is supported by RFBR: projects 10-08-01124-a, 11-02-97051-r_povolje_a,
11-02-12203-ofi-m_a, 11-02-12195-ofi-m_a; Program of the Presidium RAS “The
fundamental basis of nanostructures and nanomaterials technologies”; Teradec
047.018.005, Project NATO.EAP.SFPP 984068.
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Potential energy surface and collision dynamics of O2(3Σ-g) + H2
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We have investigated rotational excitation of the interstellar species O2 with H2. A new
four dimensional potential energy surface for the O2 - H2 system has been calculated.
Both molecules were treated as rigid rotors. Potential was obtained from the electronic
structure calculations using a single- and double-excitation coupled cluster method with
perturbative contributions from connected triple excitations [CCSD(T)]. The four atoms
were described using the aug-cc-pVQZ basis set. Bond functions were placed at middistance between the O2 center of mass and the center of mass of H2 for the better
description of the van der Waals interaction. Coupled-state calculations of the inelastic
integral cross sections of O2 in collisions with para-H2 and ortho-H2 were calculated at
low/moderate energies. After Boltzmann thermal averaging, rate coefficients were
obtained for temperatures ranging from 5 to 150 K.

Fig. 1: Contour plot of the cut of the 4D PES for fixed φ = 0° and R = 6.25 a0.
Energy is in cm-1.
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A450 TiO2 Anatase nanoparticles: nanomotors converting CO2
Svatopluk Civiš, Martin Ferus
J. Heyrovský Institute of Physical Chemistry, v.v.i., Academy of Sciences of the Czech
Republic, Dolejškova 3, 18223 Prague 8, Czech Republic.

Titanium dioxide is an attractive material for (photo)catalysis, solar cells, electrochromics and
batteries [1], while various fundamental studies would benefit from the accessibility of a
totally 18O exchanged material. The main motivation for synthesis of Ti18O2 was the
investigation of surface effects during titania/gas interaction [2]. Here we report, for the first
time, the preparation of pure Ti18O2 both in anatase and rutile forms. The interaction with
carbon dioxide was investigated with the aim to explore oxygen isotope exchange at the
Ti18O2/CO2 interface. For this purpose, high-resolution Fourier transform infrared
spectroscopy of the gas phase was adopted. In the present study, we have explored the oxygen
isotope 16O/18O exchange between gaseous C16O2 and solid Ti18O2. Although there have been
several earlier works aimed at isotope exchange reactions involving carbon dioxide, the
reactions have been typically studied either on the C18O2/Ti16O2 system or on a complicated
gaseous mixture containing, besides C16O2, also 18O2 or H218O and ordinary Ti16O2. To the
best of our knowledge, the isotope exchange reaction at the C16O2(g)/Ti18O2(s) interface is
investigated here for the first time. Carbon dioxide offers several advantages as the target
molecules for these studies: (i) The isotope exchange can be readily followed by highresolution FTIR; (ii) It is the final product of the photocatalytic oxidation of organic
molecules; (iii) the adsorption mechanism of CO2 is known in detail and moreover, it is of
prospective environmental impact for CO2 removal from the atmosphere (for review of
isotope effects in atmospheric CO2 and other gases). The present measurement in dark
mixtures has, as its primary goal, the determination of the time-scale of the spontaneous
isotope exchange between carbon dioxide and solid TiO2. The profiles of the individual lines
of selected isotopologues (isolated lines in the spectrum) were fitted and quantified. The
quantification of the spectra was carried out on the basis of calibration measurements of the
absorption spectra of individual isotopologues (reference gases) of carbon dioxide at different
pressures. The concentrations of individual isotopologues determined from the intensity
profiles of the individual rotation-vibration lines are characterized by the exponential decrease
of the 16O-C-16O isotopologue and the exponential increase of the 18O-C-18O isotopologue.
The 18O-C-16O acts as an intermediate in the mixture and its concentration remains almost
constant.
Vacuum-annealed Ti18O2 (Sample T450) shows a very high spontaneous exchange activity
with gaseous C16O2. Based on the spectral intensity and the isotopic exchange measurement,
we are in good agreement with the proposal of the formation of the bidentate bonded
carbonate as the major species for CO3 on TiO2. The surface layer vacuum-annealed Ti18O2 is
composed of a nonstoichiometric mixture of Ti4+ and Ti3+ onto which the 18O oxygen atoms
are bonded. The calcination in vacuum creates vacancies. During the isotope exchange the 16O
oxygen from the gaseous 16O-C-16O bonds into the vacancy on the surface of the TiO2 crystal
and bidentate CO3 from the CO2 adsorption is formed. The 18O oxygen from the surface layer
is bonded to the carbon dioxide molecule and subsequently gaseous 16O-C-18O and 18O-C-18O
are released.
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The Study of Transient Species and Precursors of Biomolecules using
Spectroscopic Techniques
Martin Ferus, Svatopluk Civiš, Regina Michalčíková, Patrik Španěl, Violetta Shestivska,
Petr Kubelík, Judit Šponerová
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In the chemical processes at low temperatures in the dust grains of the molecular cloud, from
which the Earth was formed by accretion, only the compounds of C, H, O and N exhibit
sufficient mobility and reactivity. These elements, especially carbon, play a major role in
cosmic chemistry. Many compounds of these elements are considered to be the precursors of
biomolecules (molecules with a CN radical and their polymers, compounds with the amino
group, compounds with the carbonyl group and the hydroxyl radical, or nitriles).
The main precursors considered are hydrogen cyanide, which condenses to form nucleic
bases, polymers of hydrogen cyanide, which in turn form nucleic bases and aminoacids
during hydrolysis and formaldehyde, which reacts to the formation of sugars. The interesting
precursors of biomolecules are compounds which contain all four macro biomolecules (C, H,
O, N). These compounds include formamide, the reactions of which produce both nucleic
bases and aminoacids [1]. The formation of biomolecules is initiated by the conditions that
could be expected on Earth in the early stages of its development (high temperature and
strong UV radiation). The low volatility of formamide allows it to concentrate in lagoons and
react to form biomolecules when exposed to the above-mentioned initiators.
The plasma formed by the impact of an extraterrestrial body has been simulated using the
high-power laser PALS (Prague Asterix Laser System). During the dielectric breakdown in
gas (LIDB) generated with a laser pulse of energy ≤1 kJ (time interval ≈400 ps, wavelength of
1.315 μm) all manifestations connected with a high-energy density take place: shock rises in
temperature to several thousand K, the formation of a shock wave and the generation of
secondary hard radiation (UV−VUV, XUV, X−Ray) [2].
The stable products and biomolecules have been analyzed using the chemical methods of
analysis GC−MS, HPLC−MS and FT−IR and chemical model of the high-energy laser spark
has been assembled. The results of these experiments have been also compared with the time
resolved discharge emission spectra measurements using continously scanning FT
spectrometer, thermolysis experiments and irradiation of formamide samples by high
repetition UV XeCl laser and UV lamp.
We have detected in our experiments unstable reactive products of the formamide
decomposition: HNC, ·NH, ·CN, ·CH, the stable products HCN, NH3, CO, CO2, N2O, NO,
NO2, HNCO, CH3OH, NH2OH and final products of the biomolecules formation: glycine,
purine, cytosine, thymine, adenine, guanine and uracyl. The inluence of phase (liquid or solid
frozen sample), catalyst (NiFe meteorite, chondrite, clay and TiO2) and conditions
(thermolysis, laser spark, radiation, discharge) is discussed.
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Rovibrational spectroscopy of bending modes of DMSO: “When
THz/FIR sources reveal an unusual rotational behaviour”
Arnaud Cuisset1, Olivier Pirali2, Dmitrii A. Sadovskii1
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In addition to its importance for industrial and environmental studies, the monitoring of
DiMethylSulfOxyde (DMSO, (CH3)2SO) concentrations is of considerable interest for
civil protection. From a spectroscopic point of view, DMSO was long known for being
a near symmetric top and was used to discuss K-doubling and Watson’s S-reduction1.
The existing high resolution gas phase spectroscopic data only cover the pure rotational
transitions in the ground state. Due to a weak vapor pressure, conventional far infra-red
(FIR) sources are ineffective for high resolution spectroscopic studies, and the
information on the rotational structure of the bending vibrational states of DMSO
remained inaccessible up until most recently 2. The exceptional properties of the FIR
synchrotron radiation sources3, specifically those of the AILES beamline of SOLEIL
that became operational at the end of 2008, made this study possible.
The ν23 and ν11 perpendicular and parallel bands associated with the asymmetric and
symmetric bending modes of DMSO were recorded at room temperature with a
resolution of 0.0015 cm−1 using the IFS 125 FTIR spectrometer connected to a
multipass cell with a 150 m optical path. The detailed analysis of the simplest ν11
parallel band yielded accurate rotational and centrifugal distortion constants for both the
ground and excited states. More than 2700 b-type and c-type transitions have been
assigned within the experimental accuracy. A long and difficult work of analysis has
been undertaken to assign the very congested ν23 bending vibration of DMSO. The key
to the ν23 band was in the series of fairly regular PQ and RQ “branchettes” with ∆Kc = ±1
situated off the unresolved main Q branch. After finding and combining the reciprocal
P
QKc(J ) and RQKc-2(J ) lines so that their frequency differences reproduce to at least 10−3
cm−1 the lower state splittings known very accurately from 4, a computer aided
assignment procedure based on a systematic search of all combination frequencies
became possible. Subsequently to the assignment of ν23 more than 7600 a-type and ctype rovibrational lines, we discovered a sequence of four-fold degenerate clusters of
rotational levels at high J value (J>40). This unusual system of localized states
corresponds to classical rotations about a pair of “tilted” axes which become stationary
at high J after the principal axes A looses stability and bifurcates for J=27. Recent
experiments, using a frequency multiplication chain, aim to observe the formation of
degenerate four-fold clusters probing pure rotational transitions in the ν23 and ν11
excited states.
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Pollutants monitoring in the sub THz frequency domain.
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We currently work for many years onto the detection and quantification of gas at trace
level in the IR and THz domains. This latter frequency domain is particularly suitable
for sensitive monitoring of small polar molecules and some radicals. Moreover, THz
radiation offers the possibility to probe very diffusive media like smog, fog or industrial
plumes. Some demonstrations have been performed several years ago onto the
mainstream cigarette smoke. An estimation of the mixing ratio of formaldehyde
(H2CO), carbon monoxyde (CO), and hydrogen cyanide (HCN) have been done, with a
limit of detection in order of ppm and sometimes sub ppm has been achieved [1][2].
Such investigations have been hampered during long time by the lack of reliable THz
sources and detectors. Recent progress concerning harmonic generation connected to
astrophysics studies, have allowed sub THz sources to be commercially available and
make further investigations easier.
We use commercial solids states elements working at room temperature to investigate
capability of THz radiation to analyze gas at trace level. The sub THz source is based on
a microwave amplifiers and a cascaded series of frequency multipliers and use a
versatile synthesizer. For this demonstration, we are focused our laboratory
investigations onto SO2 in order to fully characterise the prototype. Probing a calibrated
mixture of 100 ppm of SO2, a signal to noise ratio of 500 is obtained for a line centred
around 700 GHz with an intensity of 2.10-21 cm-1/molecule.cm-2. Demonstrated
sensibility has permitted to analyze unknown samples produced during different steps of
a process used in a typical metallurgic industry. Finally, versatility of the spectrometer
should permit to consider measurements in situ.
Finally, preliminaries experiments using a solar simulator to illuminate a static sample
of H2CO have been performed in order to determine for the first time in the THz domain
the rate constants of the H2CO photolysis described by two products channels:
H2CO +hν (≈330nm) → HCO+H (1)
H2CO +hν (≈360nm) → CO+H2
(2)
With the electronic multiplier chain operating around 691 GHz, the production of CO
has been quantified in real time to deduce rate constants of the molecular channel under
various conditions of UV illumination. However, the well-known reactivity of formyl
radical prevents for the moment its detection, which also contributes to the formation of
CO. Possible improvements will be proposed in order to be able to monitor in real time
the production of the formyl radical. Those prospective experiments focused onto
reactivity of atmospheric compounds aim to demonstrate the ability to perform kinetic
study studies in the THz frequency range. In particular, THz spectroscopy should be
able to evaluate the catalytic action of aerosols on atmospheric reactions.
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Atmospheric Greenhouse Gases Observed with a Fourier Transform
Spectrometer onboard GOSAT and Validation of GOSAT Data
Isamu Morino1, Makoto Inoue1, Kumi Nakamae1, Yuki Miyamoto2, Nobuhiro
Kikuchi1, Yukio Yoshida1, Tatsuya Yokota1, Osamu Uchino1
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The Greenhouse gases Observing SATellite (GOSAT) measures the concentrations of
atmospheric carbon dioxide (CO2) and methane (CH4) globally from space for more
than three years. Column-averaged mixing ratios (XCO2 and XCH4) are retrieved from
the Short-Wavelength Infra-Red (SWIR) spectra of Thermal And Near-infrared Sensor
for carbon Observation - Fourier Transform Spectrometer (TANSO-FTS) onboard
GOSAT.
They are compared with the reference data provided by a network of ground-based
high-resolution FTS named TCCON (Total Carbon Column Observing Network) and
aircraft measurements by the CONTRAIL (Comprehensive Observation Network for
TRace gases by AIrLiner) project, the NOAA (National Oceanic and Atmospheric
Administration) aircraft program, and the NIES airborne sampling project.
Preliminary validation of the GOSAT XCO2 and XCH4 (ver. 01.xx) released in August
2010 was made with the TCCON data. The scatter of the GOSAT XCO2 and XCH4 is
about 1 % (1σ) after correcting the negative biases of XCO2 and XCH4 by 8.85 ppm and
20.4 ppb, respectively1. These biases and scatter mainly come from the insufficient
accuracy of the reference databases and the inadequate treatment of aerosol in the
retrieval. A new retrieval algorithm modified those points. The new GOSAT XCO2 and
XCH4 (ver. 02.00) based on the improved retrieval algorithm were compared with
reference data. They are greatly improved compared with the ver. 01.xx of GOSAT
XCO2 and XCH4.
References
[1] I. Morino, O. Uchino, M. Inoue, Y. Yoshida, T. Yokota, P. O. Wennberg, G. C.
Toon, D. Wunch, C. M. Roehl, J. Notholt, T. Warneke, J. Messerschmidt, D. W. T.
Griffith, N. M. Deutscher, V. Sherlock, B. Connor, J. Robinson, R. Sussmann, and M.
Rettinger, Atmos. Meas. Tech., 4, 1061-1076, 2011.

Morino I.
Inoue M.
Nakamae K.
Miyamoto Y.
Kikuchi N.
Yoshida Y.
Yokota T.
Uchino O.

188

Poster session, J25
Preparation and Characterization of Modified Bio-Polymer as
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Osama Osman, Abdel Aziz Mahmoud, Medhat Ibrahim, and Ahmed Refaat
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Email: medahmed6@yahoo.com

This work is conducted to enhance the surface properties of some bio-polymers using
molecular spectroscopy. Different ratios of bio-polymers were subjected to quantum
mechanical calculation. Calculated data indicates that blending of two polymers such as
starch, chitosan and gelatin leads to the formation of hydrogen bonding. Based upon
modeling data blends were formed following casting method. FTIR results ensure the
formation of hydrogen bonding which dedicates the prepared blends for interaction with
wide range of molecules specially those of NH2 and COOH terminals. As a result of
increasing starch and gelatin in chitosan composites HOMO-LUMO energy slightly
decreased while total dipole moment increased. UV-Vis spectroscopy indicated the
suitability of chitosan/starch blend as bio sensor. Another enhancement in the sensing
performance of chitosan/starch composite was achieved by introducing nano sized TiO2
into the blend. AFM indicates the surface morphology of the modified blend. The
results are supported and emphasized with mechanical measurements.
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ExoMol: molecular line lists for astrophysical applications. A
theoretical line list for nickel hydride.
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ExoMol (www.exomol.com) is a database of molecular line lists which can be used for
spectral characterisation and simulation of astrophysical environments such as
exoplanets, brown dwarfs, cool stars and sunspots1.
New line lists for about 30 small molecules of astrophysical interest which currently
lack a complete spectroscopic coverage are being generated.
The list includes diatomics (e.g., C2, O2, AlO), triatomics (e.g., H2S, C3, SO2),
tetratomics (e.g., PH3, HOOH, H2CO) and a few larger molecules (most notably CH4
and HNO3).
We report progress on a new theoretical line list for nickel hydride NiH. The spectra of
transition-metal hydrides such as NiH are very complicated due to the large-number of
low-lying electronic states, to the importance of correlation, relativistic and spin-orbit
effects and of the various couplings between angular momenta.
In particular, the three lowest electronic states form a strongly perturbed system which
so far has been studied using the semi-empirical `supermultiplet' model by Gray et al2.
Recently3 new experimental data has become available extending to higher-energy
electronic states, which cannot be modelled properly by semi-empirical models.
In our study potential energy curves and the relevant couplings were computed ab
initio and the corresponding coupled-surface ro-vibronic problem was solved using an
in-house computer program based on expansion in Hund's case (a) wave functions.
Potential curves and couplings were then refined semi-empirically using the available
experimental spectroscopic data.
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Ethylene is a volatile organic compound (VOC) that is present in the Earth troposphere
as a pollutant, produced by road traffic and biomass fires [1]. It is also present in the
atmosphere of giant planets [2], of Titan [3] and possibly of exoplanets like GJ436b [4].
However, present data bases (HITRAN, GEISA …) contain too few C2H4 lines, whose
spectrum is poorly simulated. We presently work on the analysis of the bending tetrad
in the 10 microns region as well as on the (ν9/ν11) C–H stretch dyad in the 3 microns
region.
Methane is a key species in many atmospheric environments. On Earth, it is one of the
most important greenhouse gases and it is present in significant quantities in the
atmospheres of giant planets, Titan, exoplanets, brown dwarves… We are presently
working on the global analysis of the CH4 absorption spectrum in the 0 to 6200 cm-1
region. This is especially motivated by the need of extensive methane line lists for the
interpretation of data from the Cassini-Huygens mission [5,6].
Water vapor has a key role in the physics and chemistry of the Earth atmosphere. The
numerous studies dealing with its rovibrational spectrum are being processed by an
IUPAC task group [7]. The long path experimental database originating from studies
performed at GSMA from 26000 cm-1 down-to 4200 cm-1 is included in the VAMDC eInfrastructure [8] in order to provide access to the original experimental values. The
database structure is implemented to provide access to the standard line positions,
intensities self-broadening and broadening by air or nitrogen or any other species.
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New analysis of the triplet (b3Σ- – a3Π) system of the AlH
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The emission spectrum of the b3Σ- – a3Π system of the AlH molecule was reinvestigated
in the spectral region of about 26 000 cm-1 by using a high accuracy dispersive optical
spectroscopy. The AlH molecules were formed and excited in an aluminium hollowcathode lamp with two anodes, filled with a mixture of Ne buffer gas and a trace of
NH3. The emission from the discharge was observed with a plane grating spectrograph
and recorded by a photomultiplier tube. The full rotational structure of the 0-0 and 1-1
bands was precisely measured end rotationally analyzed and many new constants of the
b3Σ- and a3Π states have been derived from the analysis. Also, pointed out by Zhu et al.1
differences in the λ constants values for the υ = 0 and υ = 1 of the b3Σ- state have been
explained. Although the b - a system has previously been seen in emission2,3,4,5, our
work represents the first modern and complete analysis of this transition of the AlH
molecule.

Fig. 1: An overview of the b3Σ- – a3Π system of AlH in the spectral region of 26 000 cm-1.
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Ozone FTS spectrum in the range 3300-3600 cm-1 revisited:

half theoretical / half empirical model for the polyad of strongly
coupled (220)/(121)/(022) states.
Alain Barbe1, Marie-Renée De Backer1, Evgeniya Starikova1,2, Sergei Tashkun2,
Xavier Thomas1, Vladimir Tyuterev1
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The infrared spectrum of 16O3 has been recorded anew in the ranges 3300-3600 cm-1 by the
Fourier Transform Spectrometer of Reims [1], with an improved signal/noise ratio. In this
spectral range the weak 2ν1+2ν2 band is observed and assigned for the first time allowing
to complete the triad of strongly interacting (220), (121), and (022) states [2]. To analyze
this polyad of coupled states we applied for the first time a new theoretical approach. It is
based on the determination of all resonance coupling parameters of the polyad effective
Hamiltonian model via very accurate predictions from a molecular potential energy surface
(PES), using high-order Contact Transformation (CT) method [3-6]. Diagonal triad state
parameters were also computed via CT [5, 6] and served as initial values for a further
optimisation during the fit to observed transitions. This mixed half theoretical / half
empirical model (with 39 fitted and 77 theoretically constrained parameters) developed in
this work for the first time allows an excellent description of 1897 line positions with the
rms deviation ~0.001 cm-1 closed to the experimental precision.
Thanks to the improved S/N ratio of our spectrometer we were also able to observe for the
first time two new hot bands: ν2+4ν3-ν3 and ν1+ν2+3ν3-ν1.

References
[1] Régalia L. Habilitation à Diriger des Recherches; Université de Reims, 2004
[2] S. Bouazza, A. Barbe, S. Mikhailenko et al, J. Mol. Spectrosc. 166, 365, 1994
[3] Vl.G. Tyuterev, V.I. Perevalov, Chem. Phys. Lett. 74, 494, 1980
[4] Yu.S. Makushkin, Vl.G. Tyuterev, Novosibirsk: Nauka, p. 1–239, 1984
[5] Vl.G. Tyuterev, S.A. Tashkun, H. Seghir, SPIE, 5311, 164, 2004
[6] Vl.G. Tyuterev, S.A. Tashkun, H. Seghir, in preparation

Barbe A.
De Backer M.-R.
Starikova E.
Tashkun S.
Thomas X.
Tyuterev V.

Poster session, J30

193

Physical Studies of Nano-Hydroxapatite-Polyacrylic Acid with
Cellulose Acetate
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Polymeric biocomposite of Hydroxyapatite/polyacrylic acid were prepared and their
thermal and mechanical properties were improved by addition of cellulose acetate.
Different techniques were employed to test physical and chemical characteristics of
prepared biocomposites. FTIR data revealed very important information about the
interaction between the inorganic phase and cellulose acetate-PAAc matrix. The band
about 1763 cm-1 that fall in this region shows not disturbed by PAAc/Hap. So, FTIR
confirms that CA-PAAc/Hap is a physical blend and that there is no Chemical
interaction between cellulose and PAAc/Hap composites.
Scanning electron microscope (SEM) shows a uniform distribution of HAp nanoparticles through the polymeric matrix of two organic/inorganic composites weight
ratios (60/40 and 70/30), at which the material crystalline reaches a considerable value
appropriate for the needed applications were studied and revealed that the HAp nanoparticles are uniformly distributed in the polymeric matrix. Kinetic parameters were
determined from the weight loss data using non isothermal thermo-gravimetric analysis
(TGA). Also, the main degradation steps were described and discussed.
The mechanical properties of composites were evaluated by measuring tensile strength
and elastic modulus. The data indicate that the addition of cellulose acetate can make
homogeneous composites scaffold significantly resistant to higher stress. Elastic
modulus of the composites was also improved by the addition of cellulose acetate,
making them more appropriate for biomedical applications.
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Joint Ro-Vibrational Analysis of Vibrational States of CH2D2
up to 9000 cm-1 and “Experimental” Determination of re and Internal
Force Field Methane Parameters
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Methane is an important prototype for intramolecular dynamics 1 and of relevance in a
variety of spectroscopic contexts. We report here results of the first joint rovibrational
analysis of a set of vibrational bands located below 9000 cm-1. The number of
vibrational states included is about 550; ro-vibrational structures were quantum state
resolved and assigned for 114 vibrational levels.2 The other bands are considered as
”dark”.
The ro-vibrational analysis was made on the basis of the”Global Fit” method.3 All
spectroscopic parameters (band centers, rotational and centrifugal distortion parameters,
different kinds of both the Fermi- and Coriolis-type parameters) were expressed as
functions of more fundamental properties of the molecule. Ideally, we can describe the
rotational structure of all vibrational states of the ground electronic state of CH2D2. Use
of operator perturbation theory allowed us to express many of the ”more fundamental
parameters” as functions of the equilibrium CH bond length, re, and other parameters of
the methane intramolecular potential function, Fi..j.
The main advantages of our model are (1) the possibility of joint consideration of a
large number of vibrational states, (2) the possibility to correctly take into account
”dark” states, and (3) a considerable reduction of the number of free (fitted) parameters
in comparison with the traditional effective Hamiltonian model.
In particular, in our study we were able to reproduce about 6000 ro-vibrational energies
(more than 17000 line positions) of the 114 vibrational states (drms better than 0.02 cm-1)
with less than 350 fitted parameters. The re value, cubic and some of the quartic force
field parameters of the methane were obtained as well.
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Study of D2O absorption spectrum in Silica Aerogel
N.N. Lavrentieva, A. A. Lugovskoy, L.N.Sinitsa1, A.Sukhov
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The absorption spectra of D2O in 3600-4800 cm-1 were recorded in gas phase and in
nanoscale pores 50 nm wide in the silica aerogel using IFS-125M Fourier Transform
spectrometer IFS-125M with spectral resolution of 0.01…0.03 cm-1. Absorption cell
with an absorption path of 2.5 cm was used to study the absorption spectra at room
temperature and pressure of 15 and 30 mbar.
Self-broadening coefficients of the D216О lines were determined from the experiment
and calculations of self-broadening coefficients of vibration-rotation lines of water
molecules were performed using semi-empirical method. The calculated results well
agree with experimental data.
The cell was completely filled with gel. Apparatus function of the spectrometer was
monitored during the experiment.
D2O vapor spectra were studied simultaneously with the D2O thin layer increasing
which was measured by bulk water spectrum in 4400-5400 cm-1 region. Mode structure
of bulk D2O band was studied with temperature variation.
It was found that D2O line halfwidths in the gel slightly exceed those of pure vapor
which is in agreement with the work [1].
The work is partly supported by grants of RFBR , Program of RAS 3.9.6, Grant of
Ministry of Education and Science of the Russian Federation №11.519.11.5009.
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Water vapor line self-broadening study in 13400-14000 см-1 range
A.S. Dudaryonok, N.N. Lavrentieva, L.N. Sinitsa1, V.I. Serdyukov,
S.S. Vasilchenko
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Self-broadening coefficients of the Н216О lines in the range of 13400-14000 cm-1 were
determined using Fourier transform spectrometer FTS-125M with spectral resolution of
0.04 cm-1. White type multipass absorption cell with an absorption path of 10 m was
used at elevated temperature to achieve high pressure of water vapor. Absorption
spectra were registered at temperature of T = 324,5 К and pressure of 5, 7, 14, 27 и 48
mbar.
Calculations of self-broadening coefficients of vibration-rotation lines of water
molecules are performed using semi-empirical method. The method is based on the
impact theory of broadening, and includes the correction factors whose parameters can
be determined by fitting the broadening or shifting coefficients to the experimental data.
The calculations are made using complete set of high accuracy vibration-rotation dipole
transition moments calculated for all possible transitions using wave functions
determined from variational nuclear motion calculations and an ab initio dipole moment
surface. This approach takes into account the contributions of all scattering channels,
induced by collisions of molecules. The calculated results well agree with experimental
data.
The work is partly supported by grants of RFBR , Program of RAS 3.9.6, Grant of
Ministry of Education and Science of the Russian Federation №11.519.11.5009.
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Spin-rotation, spin-torsion, and spin-spin coupling in methanol
L. H. Coudert,1 C. Gutlé,1 V. Ilyushin,2 J.-U. Grabow,3 and S. A. Levshakov4
1

LISA, CNRS/Universités Paris Est Créteil et Paris Diderot, France,
laurent.coudert@lisa.u-pec.fr; 2Institute of Radio Astronomy of NASU,
Chervonopraporna 4, 61002 Kharkov, Ukraine, ilyushin@rian.kharkov.ua; 3Institut für
Physikalische Chemie und Elektrochemie, Lehrgebiet A. Universität Hannover, 30167
Hannover, Germany, jens-uwe.grabow@pci.uni-hannover.de; 4Ioffe Physical-Technical
Institute, St. Petersburg 194021, Russia, lev.astro@mail.ioffe.ru

Although the non-rigid methanol molecule, of astrophysical relevance, has been the
subject of a very large number of spectroscopic investigations,1 its hyperfine (hfs)
structure is not yet fully understood. Recently methanol attracted additional attention as
an astrophysical molecule with the largest sensitivity coefficients to a possible electron–
to–proton mass ratio (μ) variations as compared to other molecules.2,3 Methanol lines
are already used to put constraints on μ variations3,4 and further movement in this
direction sets a problem of high precision measurements of methanol frequencies at a
level of accuracy where analysis of the hfs structure becomes unavoidable.
Experimental and theoretical analyses of the hfs structure of methanol will be reported
in this poster. The hfs structure of 9 transitions has been recorded using an FTMW
spectrometer and in most cases 4 hfs components could be observed for transitions
involving E-type torsional levels and only two for A-type levels. Theoretical calculation
of the hfs structure was undertaken evaluating the spin-rotation and spin-spin coupling
tensors.5 Due to the internal rotation, the components of these tensors display a
dependence on the angle of internal rotation. Averaging effects due to the internal
rotation are very important and lead to hyperfine patterns that are different from those of
a rigid-molecule.5,6 Numerical evaluation of the spin-rotation tensors was carried out
using high-level quantum chemical calculations; for the spin-spin tensors, the
calculation was based on the molecular structure. An additional coupling, the so-called
spin-torsion coupling,6 was also taken into account. Matrix elements of the various
tensors were computed using the same symmetry considerations as in the analogous
methyl formate molecule.7 In contrast to methyl formate, acetic acid and acetaldehyde
cases where E-type lines do not usually show discernible hfs splittings at FTMW
resolution, the calculated hfs patterns of methanol are dominated by spin-rotation
coupling and larger splittings and more complicated patterns arise for transitions
involving E-type torsional levels than for those involving A-type levels.
In the poster, comparisons between observed and calculated hfs patterns and the results
of a preliminary line frequency analysis will be presented. There is a satisfactory
agreement for six transitions recorded in this work and for two transitions reported
previously.6
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Line position and line intensity analyses of the high-resolution
spectrum of the water molecule up to the first hexad
1

1

2

2

M.-A. Martin-Drumel, O. Pirali, Manfred Birk, Georg Wagner, and
L. H.Coudert3
1

Ligne AILES – Synchrotron SOLEIL, L'Orme des Merisiers, Saint Aubin, 91192 Gif-surYvette, France, marie-aline.martin@synchrotron-soleil.fr; 2Deutsches Zentrum für Luftund Raumfahrt e.V., Institut für Methodik der Fernerkundung, Wessling, 82234
Germany, manfred.birk@dlr.de; 3LISA, CNRS/Universités Paris Est Créteil et Paris
Diderot, France, laurent.coudert@lisa.u-pec.fr

Using the same ideas as in previous investigations,1 a theoretical treatment is developed
to account for the rovibrational energies of water up to the first hexad. The theoretical
treatment is based on the exact Hamiltonian of a triatomic molecule written using Radau
coordinates. The potential energy function is expressed with the analytical form
introduced by Partridge and Schwenke.2 Phenomenological terms written as the product
of vibrational and rotational operators are added to the Hamiltonian to account for the
fact that the energy level calculation is not fully converged. This allows us to decrease
the size of the matrices to be diagonalized and the spectroscopic constants
corresponding to these phenomenological terms are determined by fitting highresolution experimental data.
The new theoretical approach has first been applied to the fitting of a large body of data
consisting of experimental energy levels1 and transitions involving vibrational states up
to the first hexad. This second data set includes room temperature infrared (IR)
transitions3 and far infrared (FIR) transitions recorded at high temperature with a
microwave discharge.4 In its present state, the new theoretical approach allows us to
account for 6608 data with a unitless standard deviation of 1.8, using 165 spectroscopic
parameters. A line intensity calculation has also been performed and allows us to build a
line list which will be used to further assign the FIR emission spectrum and an IR
absorption spectrum recorded at DLR with a high temperature of 1000 K in the 1550 to
2300 cm−1 region.
In the poster, the new theoretical approach will be described and the results of the fits
will be given. The new transitions assigned in the FIR and IR spectra will be presented.
The line list deduced from the results of the analysis will be compared to available line
lists.
[1] Lanquetin, Coudert, and Camy-Peyret, J. Molec. Spectrosc. 206, 83, 2001; Coudert,
Pirali, Vervloet, Lanquetin, and Camy-Peyret, J. Molec. Spectrosc. 228, 471, 2004;
Coudert, Wagner, Birk, Baranov, Lafferty, and Flaud, J. Molec. Spectrosc. 251, 339,
2008.
[2] Partridge and Schwenke, J. Chem. Phys. 106 4618, 1997.
[3] Toth, Applied Optics 33, 4851, 1994; Mikhailenko, Kassi, Wang, and Campargue, J.
Molec. Spectrosc. 269, 92, 2011.
[4] Martin-Drumel, Pirali, Balcon, Bechignac, Roy, and Vervloet, Rev. Sci. Instr. 82,
113106, 2011.
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Theoretical analysis of the proton tunneling and internal rotation
in 2-methylmalonaldehyde
Iwona Gulaczyk, Marek Kręglewski
Adam Mickiewicz University, Poznań, gulai@amu.edu.pl, Poland

The 2-methylmalonaldehyde (2-MMA) is an interesting example of a molecule
exhibiting two large amplitude motions – a proton tunneling and an internal rotation of
the methyl top. Both motions are coupled mutually and with the total rearrangement of
the molecular skeleton. The proton tunneling forces the exchange of single and double
bonds of the skeleton and, consequently, the rotation of the methyl top by 60 degrees.
Whereas the proton tunneling of a malonaldehyde has been widely studied, much less
effort was given to the 2-MMA. In the present work an ab initio two-dimensional
potential energy surface (PES) is calculated theoretically on the CCSD(T) level
allowing the relaxation of the molecular structure. From the PES the proton tunneling –
internal rotation vibrational energy levels are calculated by the semi rigid method. The
tunneling splittings are compared with the experimental data of Ilyushin et al1.

References
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J.Chem.Phys. 133, 184307, 2010
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Hyperfine Structure in Transition Metal Nitrides: ScN and YN
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Rotational spectra for ScN (X1Σ+) and YN (X1Σ+), as well as their 15N isotopologues,
have been recorded using the Fourier-transform microwave (FTMW) spectrometer at
the University of Arizona. These molecules were synthesized in a supersonic jet by
reacting metal vapor, produced via laser ablation of a metal rod, with ammonia in the
presence of a dc discharge. This is the first spectroscopic study of these molecules at
microwave wavelengths.
For ScN, the lowest rotational transition (J = 1 → 0) was measured at 33 GHz. The
spectra of ScN were characterized by strong electric quadrupole interactions from the Sc
nucleus (I = 7/2), which split the transition into three distinct hyperfine components.
This was also observed in the Sc15N spectra, and it is consistent with previouslymeasured Sc-containing species.1-3 In the Sc14N spectrum, each strong component was
further split into two or three hyperfine components, which were attributed to
quadrupole interactions caused by the nitrogen nucleus (I = 1). The rotational constant
for ScN, B = 16571 MHz, was found to be in excellent agreement with previous optical
measurements.4 The quadrupole constants, eQq, for Sc and 14N nuclei were calculated
to be 33 and 0.069 MHz, respectively.
Two rotational transitions of YN were recorded, the J = 1 → 0 and J = 2 → 1 at 25
GHz and 50 GHz, respectively. Each transition was split into three hyperfine
components arising from the nitrogen quadrupole structure. Smaller splittings (<5 kHz)
were also present, but could not be resolved, likely resulting from nuclear spin-rotation
interactions of either the nitrogen or the yttrium nucleus (I(Y) = 1/2). Similar
interactions were also observed in the Y15N spectra. From these data eQq for YN was
determined to be -0.29 MHz.

References
[1] W. Lin, S.A. Beaton, C.J. Evans, M.C.L. Gerry, J. Mol. Spectrosc. 199, 275, 2000
[2] W. Lin, C.J. Evans, M.C.L. Gerry, Phys. Chem. Chem. Phys. 2, 43, 2000
[3] G.R. Adande, L.M. Ziurys, J. Mol. Spectrosc. 2012, accepted
[4] R.S. Ram, P.F. Bernath, J. Chem. Phys. 96, 6344, 1992
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Recent developments of the Loomis-Wood for windows program
package for interactive assigning of vibration-rotation spectra
Wiesław Lodyga1, Marek Kręglewski1, Petr Pracna2, Štěpán Urban3
2
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3
Institute of Chemical Technology, Prague, Czech Republic, stepan.urban@vscht.cz

The LWW program1 has been recently updated, mainly by the implementation of the
traditional Giessen/Cologne type Loomis-Wood algorithm2. It offers a possibility of a
visually controlled search for series of transitions (branches) without a prior knowledge
of accurate lower state combination differences (LSCD).
It can be, however, easily combined with the approach based on the interactive LSCD
checking of assignments. For this purpose, the manipulation with branches has been
made more flexible in the new revision of the LWW program. The most important new
functions of the program allow changing the assignments of whole branches (i.e. the K
and l quantum numbers of symmetric top molecules or Ka, Kc for asymmetric top
molecules) as well as shifting the J-assignments within the assigned branches.
The description of the new program features is now available on the program web page
http://www.lww.amu.edu.pl/. The new program features will be demonstrated in a live
demonstration.
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[2] B.P. Winnewisser, J. Reinstädtler, K.M.T. Yamada, J. Behrend, J.Mol.Spectrosc.
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Rotational analysis of the E1Π – A1Π system of AlH
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The emission spectrum of the E1Π – A1Π system of the AlH molecule was
reinvestigated in the spectral region of about 29 000 cm-1 by using a high accuracy
dispersive optical spectroscopy. The AlH molecules were formed and excited in an
aluminium hollow-cathode lamp with two anodes, filled with a mixture of Ne buffer gas
and a trace of NH3. The emission from the discharge was observed with a plane grating
spectrograph and recorded by a photomultiplier tube. The full rotational structure of the
0-0 band was precisely measured end rotationally analyzed. The new data were
elaborated with help of recent A1Π state parameters reported by Szajna et al.1 For the
E1Π, υ = 0 state a considerable irregularities of the Λ-doubling have been observed. The
most reasonably explanation for this anomaly is perturbing of the e component of the
E1Π state by the lying above and unobserved so far 1Σ+ state, as it was suggested by
Johns2. Simultaneously, the f component of the E state was observed to be quite regular
up to the observed rotational level. For the reason mentioned above the individual band
fit was done by means of the least-squares method suggested by Curl and Dane3 and
Watson4. In the linear upper E1Π, υ = 0 state model the terms values served as the fitted
parameters, while the lower state A1Π, υ = 0, was represented by the effective
Hamiltonian proposed by Brown et al.5 In this way precise values of the rotational terms
of E1Π, υ = 0 state were obtained. Also main rotational constants for the f component of
E1Π, υ = 0 state were calculated from usual Hamiltonian method5.

Fig. 1: Part of the rotational structure of the 0-0 band of the E1Π – A1Π system of AlH.
References
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The CW-CRDS spectra of the 16O18O16O ozone isotopologue near 6200
cm-1: experiment and analysis of three new bands
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The absorption spectra of 16O3, 18O3 and two 18O enriched ozone samples were recorded
by CW-Cavity Ring Down Spectroscopy in the 6170-6340 cm-1 spectral range [1, 2 and
refs therein]. The ozone generation from a mixture of 16O2 and 18O2 leads to the
production of the six isotopic species. In order to discriminate between their various
forms, two 16O2/18O2 mixtures with 75/25 and 40/60 relative abundance were used. By
linear combination of the spectra of the two 18O enriched ozone mixture with those of
16
O3 [3, 4] and 18O3 [5], it was possible to separate the contribution of 16O16O18O and
16 18 16
O O O on one side and that of 18O18O16O and 18O16O18O on the other side.
In the 6200 cm-1 region, three relatively intense A-type bands were analysed in 16O3
[3, 4] and 18O3 [5], labeled 2ν2+5ν3, 5ν1+ν3 and 2ν1+2ν2+3ν3 (or ν1+ν2+5ν3),
respectively. More recently, these three bands have been analyzed for the CS 16O16O18O
isotopologue [6].
In this work, we report the analysis of the corresponding bands of the 16O18O16O C2V
isotopologue, located at 6151.381, 6182.305 and 6225.250 cm-1. Energy levels,
effective Hamiltonian and transition moment parameters, statistics of the fits for line
positions and intensities, and examples of comparisons between observed and simulated
spectra will be presented. Comparisons between band centres and rotational constants
derived from the experiment with very recent theoretical predictions from a new
potential function [7] will be discussed.
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[4] A. Barbe, M.R. De Backer-Barilly, S. Kassi et al, J. Mol. Spectrosc. 246, 22, 2007
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Bioactive borate glasses with and without low level doping of (AgO) antibacterial
agent in the nano scale were produced by fully replacement of SiO2 with B2O3 in
the well known Hench's bioglass (45S5) to obtain a new class of scaffold material.
Controllable corrosion rates and conversion of prepared glasses to HA by solution
precipitation reaction in aqueous dilute phosphate solution at 37°C were examined
using X-ray diffraction to identify the crystalline phases that precipitated within
these samples during the treatment. Fourier transform spectroscopy was used to
justify the function of hydroxyapatite as an indication of the bioactivity potential of
the studied glasses after immersion in aqueous phosphate solution. The results are
interpreted on the basis of current views on the corrosion mechanism of such
glasses in relation to their composition and constitution.
Furthermore, antimicrobial activity of the prepared glasses were studied against
Gram-negative bacteria: Escherichia coli, Gram-positive Bacillus cereus, Bacillus
subtilis using minimum inhibitory zone (MIZ) method.
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High Resolution Spectroscopy and Vibrational Dynamics
of Methane 12CH4 and 13CH4 up to 12000 cm-1
O. N. Ulenikov1, 2, E. S. Bekhtereva1, 2, S. Albert1, S. Bauerecker1, 3,
H.-M. Niederer1, and M. Quack1
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The present work is part of a larger study of a systematic analysis of the spectra of methane
isotopomers 1, 2 in relation to the potential hypersurface of methane.3 We report infrared
spectra of 12CH4 and 13CH4 in the range 6500 to 12000 cm-1 measured with the Zurich
interferometer Bruker IFS 125 prototype (ZP 2001) at 80 K in a collisional-cooling cell with
optical paths ranging from 5 to 10 m. A preliminary analysis for both isotopic species was
carried out and 13 new band centers were obtained for 12CH4 as well as 8 new centers for
13
CH4 with an accuracy of 0.0001 - 0.0003 cm-1 from the direct experimental transitions. The
13 new band centers were added to 82 previously known band centers of the 12CH4
molecule, and a set of 26 vibrational, tetrahedral splitting, and resonance parameters was
obtained from the fit of all 95 values of band centers. The set of parameters obtained
reproduces the band centers with a root mean square deviation of about 1 cm-1. In the
analysis symmetrized vibrational functions have been constructed in the formalism of
"irreducible tensorial sets", deriving equations which describe tetrahedral splitting of the
states with the polyad quantum number N≤4. On that basis, band centers of all vibrational
states which correspond to N≤4 (practically, up to 12000 cm-1) have been estimated.
Comparison of the known experimental band centers of 13CH4 with the values of band
centers predicted with the isotopic relations showed good agreement. In the final step, results
obtained with the isotopic relations, were used to find new bands of the 13CH4 species in the
region between 6500 and 12000 cm-1. As a result, centers of new 8 bands were determined
with high accuracy from the direct experimental transitions by assignment of the P(1) line in
the cold spectra.
References
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