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FTIR Synchrotron Spectroscopy of the Asymmetric C-H Stretching
Bands of Methyl Mercaptan (CH3SH) – A Perplexity of Perturbations
Li-Hong Xua, R.M. Leesa, Elias M. Reida, B.P. Thapaliyab, Mahesh B. Dawadib,
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The infrared Fourier transform spectrum of the asymmetric C-H stretching bands of
CH3SH has been recorded in the 2950-3100 cm-1 region at a resolution of 0.002 cm-1
using synchrotron radiation at the FIR beamline of the Canadian Light Source in
Saskatoon. Assignment of numerous torsion-rotation sub-bands for the asymmetric
stretches has revealed a surprising pseudo-symmetric behavior, in which each band is
seen in only one of the two possible K selection rules. The upper states of the two
asymmetric stretching vibrational bands thus appear to behave more like l = 1
components of a degenerate E state of a symmetric top rather than distinct vibrational
states. The two components are separated by about 1.5 cm-1 at K = 0, and then diverge
linearly at higher K with torsional oscillation amplitude similar to that of the ground
state of about 1.3 cm-1. The divergence is consistent with an a-type Coriolis splitting
picture with an effective Coriolis constant 
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Infrared spectroscopy of methoxyphenols involved as
atmospheric secondary organic aerosol precursors
Arnaud Cuisset1, Cécile Coeur1, Waed Ahmad1,2, Alexandre Tomas2, Gael
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Methoxyphenols are emitted in the atmosphere from biomass burning and recent works
have shown the potential role of these oxygenated aromatic species in the formation of
secondary organic aerosols (SOA).1 IR spectroscopic data that would enable their
remote measurement in the atmosphere remain scarce in the literature.
The first part of the presentation will be dedicated to gas phase measurements of the
fundamental vibrational bands of these semi-volatile compounds. Far-IR cross-sections
of 4 methoxyphenols have been determined using the THz synchrotron radiation
available at SOLEIL. Mid- and near-IR regions have also been investigated with a
conventional Fourier transform IR setup and allowed to provide a set of vibrational
cross-sections at room temperature. In addition, gas-phase cross sections of two
nitroguaiacol isomers, two intermediate products involved in the formation of SOA
have been measured in the mid- and near-IR with a heated multi-pass cell. Harmonic
and anharmonic DFT calculations were carried out for all the studied compounds and
allowed a full assignment of the recorded rovibrational bands. 2
The second part of the presentation deals with ATR-FTIR measurements of pure
methoxyphenols in condensed phase and IR absorption measurements on SOA
produced in the LPCA atmospheric simulation chamber by OH oxidation of guaïacol
and syringol, two methoxyphenol compounds contributing significantly to the
production of SOA in the atmosphere.3,4 Vibrational fingerprints of
nitromethoxyphenols are unambiguously observed and the influence of relative
humidity on SOA has been tested using a specific hydration cell in the AILES beamline
of SOLEIL.
References
[1] Simpson, C.D., et al., Environmental Science & Technology, 2005. 39(2): p. 631637.
[2] Cuisset, A., et al., J. Quant. Spectrosc. Radiat. Transfer, 2016. 179: p. 51-58.
[3] Lauraguais, A., et al., Atmospheric Environment, 2012. 55: p. 43-48.
[4] Lauraguais, A., et al., Atmospheric Environment, 2014. 86: p. 155-163.
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Mono- and bimolecular absorption in the rotational and fundamental
ro-vibrational bands of H2O
Evgeny A. Serov, Tatyana A. Odintsova, Vladimir E. Semenov,
Mihkail Yu. Tretyakov
Institute of Applied Physics of the Russian Academy of Sciences, Russia,
serov@ipfran.ru, www.mwl.sci-nnov.ru

Analysis of spectra of the continuum absorption of water vapor at room
temperature in the rotational [1] and fundamental ro-vibrational bands [2] shows that a
significant part (up to 50%) of the observed absorption cannot be explained in the
framework of the existing concepts of the shape of resonance lines and the non
resonance absorption. One of the most probable reasons for the excess continuum is far
wings of the resonance lines. Their profiles are determined by fast processes of
collisional interactions of molecules, which are beyond the impact approximation.
Currently, the profile of the far wing can be verified by neither experimental methods,
nor ab initio calculations. Interpretation of the continuum by the existing line wing
theory cannot be regarded as unambiguous due to a great number of varying parameters,
many of which don’t have clear physical meaning. In this work we show that a minor,
similar in all spectrum regions correction in the shape of the classical wing of the
resonance line at significant (exceeding 5 cm-1) detunings off the line center allows one
to describe qualitatively the observed excess continuum absorption in all considered
bands. Qualitative justification of the proposed modification of the line wing shape is
presented on the basis of a simple classical model of molecular-oscillator. The obtained
results are a direct indication of the necessity to reconsider the line wing theory.
This work was supported in parts by grant No. MK-6696.2015.2 of the President
of the Russian Federation for support of young scientists and by Russian Foundation for
Basic Research.
References
[1] T. A. Odintsova, M. Yu. Tretyakov, P. Roy, O. Pirali. JQSRT, submitted, 2016
[2] I. V. Ptashnik, K. P. Shine, A. A. Vigasin. JQRT, 112, 1286, 2011
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Vibrational spectroscopic investigation on pharmaceutical compound
Levosimendan: A density functional approach
Megha Agrawal1 and Archana Gupta2
Department of Applied Physics, Faculty of Engineering and Technology,
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Levosimendan (LVM) is a pyridazinone_ dinitrile derivative belonging to a new
class of cardiac inotropic drugs, Ca++ sensitizers. The cardiac target protein of
levosimendan, troponin C, is a Ca++_binding EF-hand protein1. It is used in the
management of acutely decompensated congestive heart failure. In this work we report
a combined experimental and theoretical study on the vibrational spectra of LVM. FTIR and Raman spectra of LVM have been recorded in the regions 4000-400 cm-1 and
3200-100 cm-1 respectively. DFT calculations have been done at B3LYP/6311++G(d,p) level using Gaussian 09 software in order to derive the optimized
geometry. The optimized geometry of Levosimendan is shown in figure. The optimized
structural parameters have been evaluated for the calculations of vibrational
frequencies, infrared intensities and Raman activities.
The vibrational spectra have been
analysed by means of normal mode
calculations. Detailed vibrational
assignments of the observed FTIR and
FT Raman bands have been proposed
on the basis of potential energy
distribution (PED).The experimental
spectra coincide satisfactorily with Fig : Optimized structure of Levosimendan
those of theoretically simulated
spectrograms.
The molecular electrostatic potential serves as a useful quantity to explain
reactivity and structure activity relationship of molecules. MEP map of the title
molecule shows that regions having the negative potential are mainly over the
electronegative atoms (oxygen and nitrogen atoms) and can be considered as possible
sites for electrophilic attack while the regions having the positive potential are over the
hydrogen atoms.
In order to understand electronic transitions of compound, TD-DFT calculations
at B3LYP/6-311++G(d,p) level on electronic absorption spectra were performed.
According to the calculations, the maximum absorption wavelength corresponds to the
electronic transition from HOMO to LUMO.
We have calculated lipophilicity (Log P) and aqueous solubility (Log S) for
LVM. The Log P value suggests that the molecule may diffuse across the cell
membranes as the organic (lipid) solubility is quite large.
The full exploitation of the complementary information available by infrared and
Raman spectroscopy may open new avenues for biomedical applications in the future.
Reference
[1] P. Bowman, H. Haikala, R.J. Paul, J. Pharmacol. Exp. Ther. 316, 288, 1999
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25 YEARS OF INFRARED DIODE LASER SPECTROSCOPY
Svatopluk Civiš,1
1
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Three types of lasers (double−heterostructure 66 K InAsSb/InAsSbP laser diode, room
temperature, multi quantum wells with distributed feedback (MQW with DFB
(GaInAsSb/AlGaAsSb based) diode laser and vertical cavity surface emitting lasers
(VCSELs) (GaSb based) have been characterized using Fourier transform emission
spectroscopy and compared. The photoacoustic technique was employed to determine
the detection limit of formaldehyde (less than 1 ppmV) for the strongest absorption line
of the v3 + v5 band in the emission region of the GaInAsSb/AlGaAsSb diode laser. The
detection limit (less than 10 ppbV) of formaldehyde was achieved in the 2820 cm–1
spectral range in case of InAsSb/InAsSbP laser (fundamental bands of v1, v5). Laser
sensitive detection (laser absorption together with high resolution Fourier transform
infrared technique including direct laser linewidth measurement, infrared photoacoustic
detection of neutral molecules (methane, formaldehyde) is discussed [1],[2],[3],[4].
Additionally, very sensitive laser absorption techniques of such velocity modulation are
discussed for case of laser application in laboratory research of molecular ions. Such
sensitive techniques (originally developed for lasers) contributed very much in
identifying laboratory microwave spectra of a series of anions (C6H–, C4H–, SH–, CN– )
and their discovery in the
interstellar space.
.
[1] V. Horká, S. Civiš, L.H Xu, M. Lees, Analyst, 2005, 130 (8), 1148-1154.
[2] S. Civiš, J. Cihelka, I. Matulkova, OPTO-ELECTRONICS REVIEW (2010) 18, 4,
408-420.
[3] I. Matulkova, J. Cihelka, J, J. Vyskocil, et al. APPLIED PHYSICS B-LASERS
AND OPTICS (2010), 99, 1-2, 333-338
[4] S. Civiš, Z. Zelinger, V. Nevrly, A. Dorogan, M. Ferus,V. Iakovlev, A. Sirbu, A.
Mereuta, JOURNAL OF QUANTITATIVE SPECTROSCOPY & RADIATIVE
TRANSFER, (2014) 147, 53-59
Acknowledgement: This work was financially supported by the Ministry of Education,
Youth, and Sports of the Czech Republic (COST Action CM1104, grant No. LD14115),
by the Grant Agency of the Czech Republic (contracts Nos. 13-07724S and 14-12010S)
and the Technological Agency of the Czech Republic (grant no. TA04010135).
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Dicarbon – 214 Years on
Olha Krechkivska1, George B. Bacskay2, B. Klaas Nauta1, Scott H. Kable1,
Timothy W. Schmidt1
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The dicarbon molecule (diradical?) was first spectroscopically observed by Wollaston
before 18021, through what would later be known as the Swan bands, and reported in
the same article in which is recorded the solar features later to be known as the
Fraunhofer lines. The Swan bands were coined in 18572, and have been shown to
dominate the spectra of comets and hydrocarbon flames. By 1930, the carrier was
known to be C2, and the 20th century saw the observation and analysis of many named
band systems, including the Phillips, Mulliken, Ballik-Ramsay and Fox-Herzberg
systems. In 2007, we reported the d – c “Duck” system,3 and lately the first quintetquintet bands were reported by Radi, Bornhauser and co-workers.4
So, you think it’s all finished? Well, no. Attempts to model cometary spectra with
calculated band strengths have yielded simulated spectra which are much too hot. While
reasonable agreement with observations can be achieved by making the
intercombination transitions ten times stronger than expected, this is not a scientifically
justified approach. But, if a dissociation mechanism could be found which terminates
the life of C2 before it completely “warms up” in front of the sun, observations and
photophysical models could be brought into agreement.
In this talk we will present our new 1 + 1 REMPI spectra of a-state C2, the first such
spectra of a metastable state of dicarbon. The spectra led to the identification of two
new band systems, 33g – a3u and 43g – a3u,5 with the upper electronic states lying
above the first dissociation threshold. Could excitations to high-lying 3g states be the
missing photodissociation mechanism? Maybe!
References
[1] W. H. Wollaston, Phil. Trans. R. Soc. Lond. 92, 365-380, 1802.
[2] W. Swan, Trans. Roy. Soc. Edinburgh 21, 411–430, 1857.
[3] D. L. Kokkin, N. J. Reilly, C. W. Morris, M. Nakajima, K. Nauta, S. H. Kable, and
T. W. Schmidt, J. Chem. Phys. 125, 231101 2006.
[4] P. Bornhauser, R. Marquardt, C. Gourlaouen, G. Knopp, M. Beck, T. Gerber, J. A.
van Bokhoven and P. P. Radi, J. Chem. Phys. 142, 094313, 2015.
[5] O. Krechkivska, G. B. Bacskay, T. P. Troy, K. Nauta, T. D. Kreuscher, S. H. Kable,
and T. W. Schmidt, J. Phys. Chem. A 119, pp 12102–12108, 2015.

