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PROGRAMME

Monday, 14 September Lundi, 14 Septembre

A Invited Lectures - Conferences Invit~es 9-30h to 12-40h Palmer GIO

Al The infrared spectrum of H3  (35 min)

T. Oka (Ottawa, Canada and Chicago, U.S.A.)

A2 Laser Spectroscopy in ion beams (25 min)

P. Sarre (Nottingham, U.K.)

Coffee interval

A3 Molecular photoionisation phenomena using

synchrotron radiation (35 min)

G. Marr (Aberdeen, U.K.)

A4 10 pm waveguide laser spectroscopy (25 min)

R.J. Butcher (Cambridge, U.K.)

B Poster Session 14-30h to 15-45h Palmer 101,102

BI Experimental evidence for symnetry breaking and planarity relations
in nitromethane

T. Pedersen and G.O. Sorensen (Copenhagen, Denmark)

B2 A new type of internal coordinate for XCH 3 deformations

F.M. Nicolaisen and J.S. Hansen (Copenhagen, Denmark)

B3 Absorption line profile parameters from frequency modulation

J.P.M. de Vreede, S.C. Mehrotra, A. Tal and H.A. Dijkerman
(Utrecht, Netherlands)

B4 Rotational relaxation of BaO (A Z+) in Ar and N2 0

Th. G. Cats and H.A. Dijkerman (Utrecht, Netherlands)

B5 The microwave spectrum of trans-ethylamine

E. Fischer and I. Botskor (Ulm, W.Germany)

B6 Microwave spectrum of glycine methyl ester

W. Caminati and R. Cervellati (Bologna, Italy)
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B7 Microwave studies of excited vibrational states of P03Z3

R. Crane, J.H. Carpenter and J.G. Smith (Newcastle, U.K.)

B8 Microwave and millimeter wave spectrum of substituted fluoracetylene

M. Andolfatto and A. Guanieri (Kiel, W.Germany)

B9 Coriolis coupling in formamide

C.J. Nielsen (Oslo, Norway) and S.0. Sorensen (Copenhagen, Denmark)

BIO ffst-lcke CO2 waeguide laser study of HCOOH

B.M. Landsberg, D. Crocker and R.J. Butcher (Cambridge, U.K.)

B11 Infrared emission spectroscopy of internally excited H 3+

U. Steinmetzger, A. Redpath and A. Ding (Berlin, W.Germany)

B12 The Fermi 6 esonance between the (v1 2v 0 ), (v I+v ,2v 0+v 6) and
(v I+V 2,2v 5 +V 2) couples of infrared banids of methyl ch!oride

C. Alamichel and N. Bensaru-Zizi (Orsay, France)

B13 Detection of the infrared spectrum of HCCCCCN

K. Yamada and G. Winnewisser (I.oln, W.Germany)

B14 LHR observation of V2 for HO2 at 7.17 pim

F. Niebuhr, M.A. Gondal, A. Hinz, W. Rohrbeck, W. Urban
(Bonn, W.Germany) and J.M. Brown (Southampton, U.K.)

B15 Acoustic detection in laser Stark spectroscopy

A. Carrozzi, A. Di Lieto, M. Minguzzi and M. Tonelli (Pisa, Italy)

B16 Doppler free multiphoton spectroscopy with a CO 2 waveguide laser

F. Herlemont and J. Lemarie (Lille, France)

B17 The electronic spectrum of gaseous Nal

A.S. Ragone, D.H. Levy and-R.S. Berry (Chicago, U.S.A.)

B18 Potential energy curve and dissociation energy of ScO

L.S. Gowda (Raichur, India) and V.N. Balaji (Bangalore, India)

B19 Lifetime measurements of excited states of PbSe, PbTe and SnTe

T. Ndikumana, M.. Carleer and R. Colin (Bruxelles, Belgium)

B20 Fluorescence spectroscopy using supersonic jets

P.A. Freedman and A.M. Griffiths (Aberystwyth, U.K.)

Tea interval



C Poster Session 16-30h to 17-45h Palmer 101,102

CI Collective and independent-particle behaviour in atoms and molecules

R.S. Berry, G.S. Ezra and H-J. Yuh (Chicago, U.S.A.)

C2 Analysis of the microwave spectrum of hydrazine

J.T. Hougen (Washington, U.S.A.)

C3 Use of Fourier transforms in computational handling of spectral data

J. Kauppinen (Oulu, Finland), D. Moffatt, H. Mantsch and D. Cameron
(Ottawa, Canada)

C4 Homogenous and heterogeneous perturbations in excited singlet states
of H2, HD and D2

P. Quadrelli, K. Dressler (Zurich, Switzerland) and L. Wolniewicz
(Torufi, Poland)

C5 Microwave studies on the equilibrium configuration of molecules
related to trithiapentalene

N.W. Larsen, L. Nygaard and T. Pedersen (Copenhagen, Denmark)

C6 Internal rotation spectrum in the ground state of cis-propionyl
fluoride

F. Scappini and H. Dreizler (Kiel, W.Germany)

C7 Microwave spectra and structure of 1,1-dicyanoethane

H. Ruck and H.D. Rudolph (Ulm, W.Germany)

C8 Microwave Stark spectroscopy of continuous supersonic molecular beams

H. Zivi, A. Bauder and Hs H. Gunthard (Zurich, Switzerland)

C9 Resonances in the infrared spectrum of CH3Ck between 2000 and 4500 cm-

C. Alamichel and N. Benzari-Zivi (Orsay, France)

CIO Spectroscopy of molecular ions by laser induced fluorescence

A. Richter and A. Ding (Berlin, W.Germany)

C11 The infrared bands v2 and v5 of CH3Br with Coriolis interaction

R. Anttila (Oulu, Finland) and C. Betrencourt-Stirnemann (orsay, France)

C12 t-resonance effects it. some hot bands of acetylene

J. Hietanen (Oulu, Finland)

C13 Diode laser spectra of unstable molecules: BCk, SnO, CPO, etc.

A. Maki, F. Lovas, W.B. Olsen and R.D.Suenram (Washington DC, U.S.A.)
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C14 High resolution infrared studies of 1OB2H 6 and OB 2D6

J.L. Duncan and E. Hamilton (Aberdeen, U.K.)

CI5 FT infrared investigation of parallel bands of CF3CZ, CF3Br and CF3 I

H. BUrger, K. Burczyk, R. Grassow, P. Schulz (Wuppertal, W.Germany)
and A. Ruoff (Ulm, W.Germany)

C16 Dissociation energy of LaO from true potential energy curves

L.S. Gowda, B.N.K. Setty (Raichur, India) and V.N. Balaji (Bangalore,
India)

Cl7 Autoionisation effects in the theoretictl study of the artial
photoionisation cross section for the b Eg state of 02

A. Giusti, H. Lefebvre-Brion, H. Le Rouzo, G. Raseev and A.L. Roche
(Orsay, France)

C18 High-resolution on the near ultraviolet A-X system of N20+ by Doppler
tuned laser predissociation

M. Larzilliere, M. Carre and M.L. Gaillard (Villeurbanne, France)

C19 Electronic transition moment of the blue-green band system of ScO

B. Narasimhamurthy and N. Sreedharamurthy (Mysore, India)

C20 Rotational analysis of the D-X and F-X transitions of SiCk

F. Melen, I. Dubois and H. Bredohl (Liege, Belgium)

Tuesday, 15 September Mardi, 15 Septembre

D Invited Lectures - Conferences Invitges 9-OOh to 10-30h Palmer GIO

DI Some new methods in laser spectroscopy (40 min)

A. Schawlow (Stanford, U.S.A.)

D2 Problems in the spectroscopy of the group VI-VI molecules (30 min)

R.F. Barrow (Oxford, U.K.)

Coffee interval

Poster Session ll-15h to 12-30h Palmer 101,102

El Second order vibration-rotation Hamiltonian for very strong Coriolis
resonance

E. Willemot and J. Bellet (Lille, France)

.C
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E2 Non-adiabatic calculations of the emission spectrum of H2+

A.V. Bunge and C.F. Bunge (Iztapalapa, Mexico)

E3 Centrifugal distortion constants for diatomic molecules: an improved

computational method

J.M. Hutson (Oxford, U.K.)

E4 Microwave Fourier transform spectroscopy and applications

G. Bestmann, E. Fliege and H. Dreizler (Kiel, W.Germany)

E5 Investigations on cyclobutylsilane by microwave spectroscopy

A. Wurstner and H.D. Rudolph (Ulm, W.Germany)

E6 Intramolecular hydrogen bonding in glycollic acid: microwave spectrum,
dipole moment, molecular structure and quantum-chemical calculations

C.E. Blom and A. Bauder (Zurich, Switzerland)

E7 Propagation of a resonant/ non-resonant electromagnetic step through an
optically thick gas: experiments in the millimeter region

B. Segard, H. Deve, F. Rohart and B. Macke (Lille, France)

E8 A0 and DK for CD 31 from the V 4 Raman and infrared bands

C. Poulsen and S. Brodersen (Aarhus, Denmark)

E9 Perturbations between an A I and E fundamental in a C3v molecule

C.B. Mikkelsen and S. Brodersen (Aarhus, Denmark)

12DF -1

EJO The vibrational fundamentals of CD F in the region 1040-1200 cm

G.L. Caldow (Reading and Bristol, U.K.) and L.O. Halonen (Oxford, U.K.)

Eli High resolution infrared study of the a-Coriolis interacting band
system V6,V7,V89 in H 2C=CD 2

F. Hegelund (Aarhus, Denmark), A.R. Morrison and J.L. Duncan (Aberdeen,
U.K.)

E12 Optoacoustic and classical infrared spectroscopy of C2 H 3D between 9
and 13 jim

Ph. Herbin, C.P. Courtoy (Namur, Belgium), A. Delplace and A. Fayt
Louvain, Belgium)

E13 Rovibrational investigation of the V 3 and V6 fundamentals of H3SiCk,

H 3SiBr and H3Sil

H. BUrger, P. Schulz (Wuppertal, W.Germiny) and A. Ruoff (Ulm,W.Germany)

E14 High resolution infrared spectra of v7,V89V 0 and v6 bands of H212CI3CH 2

M. De Vleeschouwer, Ch. Lambeau, A. Fayt (Louvain, Belgium) and
C. Meyer (Orsay, France)
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E15 Fourier transform spectra of 12C 2H4 H 12 ic13CH2 and 13C2H 4 from
1750 to 2380 cm- I

M. De Vleeschouwer, Ch. Lambeau, A. Fayt (Louvain, Belgium) and
G. Guelachvili (Orsay, France)

E16 Ultraviolet absorption spectrum of CaH

B. Kaving and B. Lindgren (Stockholm, Sweden)

E17 Rotational analysis of the 3 - 11- transition of 11B02 and IB1OB

zu - g rniio f B n

I. Dubois, H. Bredohl and P. Nzohabonayo (Liege, Belgium)

E18 The A I - X IE+ transition of the CCZ+ ion

H. Bredohl, I. Dubois and F. Melen (Liege, Belgium)

E19 Fourier transform absorption spectrum of AOu+-XOg+ system of 130Te2

P. Luc (Orsay, France), J. Cariou and J. Lotrian (Brest, France)

7 7.E20 The dipole moments of LiH and LiD in the electronically excited
A E states

M. Brieger, A. Hese, A. Renn and A. Sodeik (Berlin, W.Germany)

F Invited Lectures - Conferences Invitees 20-OOh to 21-30h Palmer GIO

F1 Microwave spectroscopy and dye laser spectroscopy of
transient molecules (35 min)

S. Saito (Okazaki, Japan)

F2 Hydrogen bonded complexes investigated with a pulsed nozzle
Fourier transform microwave spectrometer (35 min)

A.C. Legon (London, U.K.)

Wednesday, 16 September Mercredi, 16 Septembre

G Invited Lectures - Conferences Invitees 9-OOh to 10-55h Palmer GIO

G1 Rotationally resolved studies in gases using stimulated
Raman techniques (35 min)

A. Owyoung (Albuquerque, New Mexico, U.S.A.)

G2 Nuclear hyperfine and superfine structure (25 min)

J. Borde (Orsay, France)

G3 Infrared-microwave double resonance using a tunable diode

laser (25 min)

M. Takami (Tokyo, Japan)
L
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Coffee interval

Poster Session 11-20h to 12-35h Palmer 101,102

HI Dynamic polarizabilities of H Accuracy of theoretical
determination

J. Rychlewski (Poznan, Poland)

H2 Microwave spectrum, dipole moment and substitution structure of

peroxyformic acid

M. Oldani and A. Bauder (Zurich, Switzerland)

H3 Microwave photon echoes: influence of the transverse molecular
motion and of the source bandwidth

F. Rohart, J.P. Prault and B. Macke (Lille, France)

H4 Etude des varietes isotopiques de SF5Br en spectroscopie Hertzienne

P. Goulet, R. Jurek, and C. Verry (Dijon, France)

H5 The microwave spectra of SF4NF and SF 4NCH 4

H. GUnther (Tubingen, W.Germany)

H6 Spectrum of methane CD4 at 10 in: Assignment of v2 and v4 '

determination of six ground state rotational constants

A. Valentin and L. Henry (Paris, France) and M. Loete and
J.C. Hilico (Dijon, France)

12
H7 The absorption bands of C2H in the 10 pm region: Fourier

transform and saturation laser waveguide spectra

Ch. Lambeau, M. De Vleeschouwer and A. Fayt (Louvain-la-Neuve,

France), J. Lemarie, F. Herlemont and M. Lyszyk (Lille, France)

H8 Low pressure photoacoustic spectroscopy of normal and 13C
isotopic species of ethylene at CO2 laser frequencies

A. Delplace, P. Stouffs, J.G. Lahaye, Ch. Lambeau, M. De Vleeschouwer
and A. Fayt (Louvain-la-Neuve, Belgium)

H9 Isotropic Raman spectra of CH 4

J-E. Lolck and S. Brodersen (Aarhus, Denmark) and A.G. Robiette
(Reading, U.K.)

HI0 Molecular constants of the interacting upper states of the \i,v 3,2v2 ,
and 2v4 bands of 12CH4

J-E. Lolck (Aarhus, Denmark), A.G. Robiette (Reading, U.K.) L.R. Brown
(Pasadena, U.S.A.) and R.H. Hunt (Florida, U.S.A.)

':'- o . , ... . . . . ... . . . . ... . . .. ... .. . ... . . . . . .. ... . . ,,, . ... .. .
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HII The pure rotation Raman spectrum of pyrazine and the pure rotation
and vibration-rotation Raman spectra of some isotopically-
substituted species of hydrogen and oxygen

D.A. Long, H.G.M. Edwards, N.J. Brassington, D.W. Farwell,
A.C. Gorvin and K.A.B. Najim (Bradford, U.K.)

-1

H12 Absorption of CD 3H at 905-1150 cm : analysis of the v3 and v6 bands
J. Dupre-Kaguaire, J. Dupre and G. Tarrago (Orsay, France)

H13 C W Raman amplification spectroscopy

J. Baran, A. Grofcsik and W.J. Jones (Aberystwyth, Wales)

H14 Hyperfine constants for v=1 in 15N160 determined from Fourier
transform spectra

C. Amiot (Orsay, France) and P. Kristiansen (Oslo, Norway)

H15 C W stimulated Raman spectroscopy of the I fundamental band of GeH4

S.Q. Mao, R. Saint-Loup, A. Aboumajd, P. Lepage and H. Berger
(Dijon, France)

H16 Experimental and theoretical study of Rydberg states of SiF

Y. Houbrechts, I. Dubois and H. Bredohl (Liege, Belgium) and
J.M. Robbe (Lille, France)

H17 On highly excited electronic states of the NO molecule reached by
multiphoton spectroscopy

K. Dressler and E. Miescher (Zurich, Switzerland)

H18 Various investigations of the iodine B state with a supersonic beam

R. Bacis, S. Churassy, M.L. Gaillard, F. Hartmann, J.P. Pique and
N. Sadeghi (Lyon and Grenoble, France)

H19 Hyperfine structure studies in the predissociating B'O+ state of IBr

M. Siese, H. Knockel and E. Tiemann (Hannover, W.Germany)

H20 Magnetic rotation spectroscopy of free radicals with a colour centre

laser

J. Pfeiffer, P. Kalkert, D. Kirsten and W. Urban (Bonn, W.Germany)
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J Invited Lectures - Conferences Invitges 14-20h to 16-OOh Palmer GIO

II Recent results in the high-resolution spectroscopy
of tetrahedral hydrides and deuterides (30 min)

A.G. Robiette (Reading, U.K.)

12 High resolution spectroscopy of spherical top overtones
with applications to multiple photon absorption (30 min)

C.W. Patterson (Los Alamos, New Mexico, U.S.A.)

Tea interval

J Poster Session 16-30h to 17-45h Palmer 101,102

J1 On the bending-internal rotation-rotation Hamiltonian of silyl
isocyanate

M. Kreglewski (Poznan, Poland)

J2 A computer controlled microwave spectrometer system used for the
study of equilibrium structures of fluoronitro benzenes and other
molecules

N.W. Larsen and O.V. Nielsen (Copenhagen, Denmark)

J3 Measurement of the centrifugal distortion moment of CD4

W.A. Kreiner, A.G. Robiette and H.D. Rudolph (Ulm, W.Germany and
Reading, U.K.)

J4 Rotational spectrum of F1 2C15 N in excited vibrational states:

Equilibrium structure of cyanogen fluoride

G. Cazzoli, G. Degli Esposti, P.G. Favero and S. Serenellini
(Bologna, Italy)

J5 Theoretical lineIparameters y5rsus experimental measurements in the
2250 to 3250 cm region of CH4

G. Poussigue, E. Pascard and G. Guelachvili (Orsay, France) and
G. Pierre and J.P. Champion (Dijon, France)

J6 New Raman spectra for the fundamental bands of SiD 4

J-E. Lolck (Aarhus, Denmark)

J7 The Raman spectrum of CH3 CD3

P. Jensen and S. Brodersen (Aarhus, Denmark)

J8 High resolution infrared analyses of Coriolis interacting
vibrations in CH3 CD3

J. Harper, A.R. Morrison, J.L. Duncan (Aberdeen, Scotland) and
G.D. Nivellini and F. Tullini (Bologna, Italy)
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J9 Rotational structure up to J=40 of the v2=v 4=1 vibrational state
of 12CF

G. Poussigue, G. Tarrago and A. Valentin (Orsay, France)

310 Mid-infrared LMR using Faraday- and Voigt- effect for sensitive
detection

A. Hinz, J. Pfeiffer, W. Bohie and W. Urban (Bonn, W.Germany)

ill LMR with a CO laser between 6 and 8 im

M.A. Gondal, A. Hinz, F. Niebuhr, W. Rohrbeck and W. Urban
(Bonn, W.Germany)

J12 Measuremnent of stratospheric trace gases by airborn infrared
spectroscopy

W.G. Mankin and M.T. Coffey (Boulder, Colorado, U.S.A.)

J13 12 C18 0 an4 13 C16 0: wavenumbers and molecular paramieters for

2V 3 0V2'(V -1) transitions (V = Y)
D. Bailly, R. Farrenq, G. Guelachvili and C. Rossetti(Crsay, France)

J14 Laboratory spectroscopy of planetary molecules

D.E. Jennings (Maryland, U.S.A.)

J15 Isotope field shift in the molecular transition A 0 +- X I of
Pb S

E. Tiemann and H. Kn~dckel (Hannover, W.Germany)

J16 A new double resonance technique: Microwave optical polarization
spectroscopy (MOPS)

W.E. Ernst and T. Tarring (Berlin, W.Germany)

317 High resolution infrared studies on allene-d 4
F. Hegelund and P. Lund (Aarhus, Denmark) and R.Anttila, J. Kauppinen
and M. Koivusaari (Oulu, Finland)

J18 Optical-optical double resonance multiphoton ionisation spectroscopy

of NO

D. Gauyacq, W.Y. Cheung, W.A. Chupka, S.D. Colsen and M. Seaver

(Connecticut, U.S.A.)

319 Evidence for a Ig state amongst the E states of 1I

J.P. Perrot, 3. Chevaleyre, S. Valignat, J.M. Chastan and M. Broyer
(Lyon, France)

320 OODR excitation of autionising states of sodium dimers

M. Broyer, J. Chevaleyre, S. Martin, B. Caband, A. Hoareau, S. Valignat
and 3.?. Perrot (Lyon, France)



II

Thursday, 17 September Jeudi, 17 Septembre

K Invited Lectures - Conf~rences Invit~es 9-OOh to 10-55h Palmer IO

KI Title to be confirmed (35 min)

C. Camy-Peyret and J.M. Flaud (Besancon and Orsay, France)

K2 High resolution atmospheric spectra at the AFGL (25 min)

L.S. Rothman (Cambridge, Mass, U.S.A.)

K3 Title to be confirmed (25 min)

S.J. Daunt (Knoxville, Tennessee, U.S.A.)

Coffee interval

L Poster Session Il-15h to 12-30h Palmer 102,104,105

L] Harmonic information from inertia defects in vibrationally excited
C2v molecules

D. Christen (Ulm, W.Germany)

L2 The intercomparison of force fields for triatomic molecules

M. Lacy and D.H. Whiffen (Newcastle, U.K.)

L3 Microwave spectrum of D2CS and H2CS

A.P. Cox, S.D. Hubbard and H. Kato (Bristol, U.K.)

L4 Collision induced rotational transitions of NH3

D.B.M. Klaassen, J.J. ter Meulen, N. van Hulst and A. Dymanus
(Nijmegen, Netherlands)

L5 Microwave and photoelectron detection of unstable species: Sulphido

and selenido borons, XB=S and XB=Se

T.A. Cooper, M.A. King, H.W. Kroto and R.J. Suffolk (Sussex, U.K.)

L6 KCN: Isotopic substitution, structure and nuclear hyperfine effects

J.J. van Vaals, W. Leo Meerts and A. Dymanus (Nijmegen, Netherlands)

L7 Dipole moments of 15NH ND3 and PH3 by laser stark saturation
spectroscopy

G. Di Lonardo and A. Trombetti (Bologna, Italy)

L8 The v2 ,2v2 ,3v2,v4 and v2+V bands of 15NH

G. Di Lonardo, L. Fusina and A. Trombetti (Bologna, Italy)
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L9 The vibration-rotation infrared emission spectrum of hydrogen isocyanide,
HNC

W.J. Jones and M.J. Winter (Aberystwyth, Wales)

LIO Molecular beam electric resonance spectroscopy of the argon-nitric oxide
van der Waals complex

C.M. Western, P.A. Mills and B.J. Howard (Oxford, U.K.)

LII Laser spectroscopy of supersonic expansions of ICk

S.G. Hansen, J.D. Thompson and B.J. Howard (Oxford, U.K.)

L12 Infrared spectrum of CO2 in the 5 pm region

Ph. Arcas, E. Arie, A. Henry and A. Valentin (Orsay and Paris, France)

L13 Infrared spectrum of CO2 in the 2 1m region

Ph. Arcas, E. Arie, J. Chauville, M. Cuisenier and J.P. Maillard
(Orsay and Paris, France)

L14 Infrared vibration-rotation spectrum of trans- and cis- HONO

C.M. Deeley and I.M. Mills (Reading, U.K.)

LI5 The infrared vibration-rotation spectrum, equilibrium structure, and
harmonic and anharmonic force field of HBS

P.H. Turner and I.M. Mills (Reading, U.K.)

L16 New set of Dunham coefficients for isotopically substituted carbon monoxide

from high information Fourier transform spectroscopy

D. De Villenuve-Lefevre, R. Farrenq and G. Guelachvili (Orsay, France)
and W. Urban (Bonn, W.Germany) and J. Verges (Orsay, France)

L17 Rotational analysis of the 7576 R and 7463 R bands of NO2 by means of
Fourier transform spectroscopy

A. Perrin, J.M. Flaud, C. Camy-Peyret and P. Luc (Orsay, France)

L18 The VUV absorption spectr m of CO21 at high resolution: Assignment and
rotational analysis of A E - X E + Rydberg transition at 1106u g

C. Cossart-Magos, M. Eidelsberg, F. Launay, S. Leach and F. Rostas
(Orsay and Meudon, France)

L19 Collisionally induced double resonance in iodine: Analysis of the
D'(2g)-A'(2u) transition (340 nm iodine laser)

J. Koffend, A. Sibai and R. Bacis (Lyon, France)

L20 Fourier transform spectra of v5 and v6 of CH2NH

G. Duxbury (Glasgow, Scotland) and M.L.Le Lerre (Bristol, U.K.)
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L21 Rotational analysis of UV bands of benzene and sym-triazine

J.H. Callomon, J.E. Parkin and J. Sellors (London, U.K.)

L22 An infrared 2E+ - X 2fn. electronic transition of CuO
1

Y. Lefebvre, B. Pinchamel, J.M. Delaval and J. Schamps
(Lille, France)

L23 Observation and analysis of hyperfine structure in the yellow
system of copper monofluoride, CuF

C.R. Brazier, J.M. Brown and T.C. Steimle (Southampton, U.K.)

L24 Analysis and interpretation of the spectrum of the CuF molecule

F. Ahmed, R.F. Barrow and A.H. Chojnicki (Oxford, U.K.) and
C. Dufour and J. Schamps (Lille, France)

M Invited Lectures - Conferences Invitees 20-OOh to 21-30h Palmer GO

Ml High-temperature and interstellar molecules in rare-gas
matrices at 4K (35 min)

W. Weltner (Gainesville, Florida, U.S.A.)

M2 High resolution infrared matrix spectroscopy (35 min)

H.H. GUnthard (Zurich, Switzerland)

Friday, 18 September Vendredi, 18 Septembre

N Invited Lectures - Conferences Invit~es 9-OOh to 1O-30h Palmer GIO

NI Anticrossing and double resonance studies in glyoxal (35 min)

M. Lombardi (Grenoble, France)

N2 Infrared laser spectroscopy of transient species (35 min)

R.J. Saykally (Berkeley, California, U.S.A.)

Coffee interval

0 Poster Session JI-1Sh to 12-30h Palmer 102,104,105

01 The microwave spectrum of isotopic species of thietane

C. Castro and I.M. Mills (Reading, U.K.) and H. Wieser (Calgary,
Canada)

02 Microwave spectra of SiH 3CCH in excited states

A. Bauer and J. Carlier (Lille, France)
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03 Millimeter wave spectrum of acetonitrile oxide CH3CNO in the
vibrational states v I=2 and v10=3

J. Galica, B.P. Winnewisser and M. Winnewisser (Giessen, W. Germany)

04 Rotation-inversion spectrum of isocyanamide NH2NC and millimeter wave
spectrum of diazomethane CH2 N2

E. Schafer and M. Winnewisser (Giessen, W.Germany)

05 Avoided-crossing molecular-beam study of the internal rotation in
methyl silane

W. Leo Meerts (Nijmegen, Netherlands) and I. Ozier (Vancouver, Canada)

06 Infrared spectra of CF 3Br

A. Baldacci, A. Passerini and S. Chersetti (Venice, Italy)

07 The vI bands of CH3CZ and applications to stratospheric problems

M. MorilIon-Chapey and M. Dang-Nhu (Orsay, France)

08 Sing>,- tibro;i c level fluorescence and two-photon excitation spectra
with a )ulsed dye laser

J,M. i. , H. Musa and T. Ridley (Reading, U.K.)

09 Opticilly pumped CW FIR laser emissions from H3 COOH

D. Dangoise and P. Clorieux (Lille, France)

010 The infrared stretching fundamentals of SiF 2

G.L. Caldow, C.M. Deeley, P.H. Turner and I.M. Mills (Reading, U.K.)

011 Rotational energy transfer study of CO perturbed by H2 and He: a test
for ab initio calculations

A. Bersellini-Picard, R. Charneau and Ph Brechignac (Orsay, France)

012 A method for simultaneous measurements of strengths and collisional
linewidths from Fourier transform spectra

N. Lacome and A. Levy (Orsay, France) and J.P. Houdeau and C. Boulet
(Rennes, France)

013 The V3 and V4 infrared bands of SiH 3F

R. Escribano (Madrid, Spain), R.J. Butcher (Cambridge, U.K.) and
I.M. Mills (Reading, U.K.)

014 Fourier transform analysis of the 12912 and 127-129I 2 X state

D. Cerny, R. Bacis and C. Effantin (Lyon, France) and J. Verges
(Orsay, France)

2

015 Zeeman quantum beats in the NO 2  B 2 excited state

P.J. Brucat and R.N. Zare (Stanford, U.S.A.)
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016 Laser excitation study of the CO 2+ X and 1 interelectronic state
mixing

M. Johnson (Stanford,U.S.A.), J. Rostas (Orsay, France) and R.N. Zare
(Stanford, U.S.A.)

017 Interactions between the electronic sextet states of FeCk

J.M. Delaval and J. Schamps (Lille, France)

018 Spectroscopic study of MgO produced by chemical reaction

B. Bourguignon, J. Rostas and G. Taieb (Orsay, France)

019 Level crossing and anticrossing spectroscopy in NO2

H.G. Weber (Heidelberg, W.Germany)

020 Deperturbation of the state B 3 - in S2U
P. Patino and R.F. Barrow (Oxford, U.K.)

021 Local mode overtone structure in some symmetric molecules

L. Halonen and M.S. Child (Oxford, U.K.)

022 Local and normal vibrational states

M.S. Child and R.T. Lawton (Oxford, U.K.)

023 Spin-o5 bit and oriolis interactions in Rydberg states with 2R cores:
the B TI and C n states of DCL

K.P. Huber (Ottawa, Canada)
-1 -1

024 Analysis of the spectrum of PF5 at 946 cm with .014 cm resolution

M.L. Palma and J. Bord9 (Paris, France) and J. Dupr6 and C. Meyer

(Orsay, France)

Invited Lectures - Conferences Invit~es 14-lOh to 15-30h Palmer CIO

P] The importance of spectroscopy in infrared multiple photon
excitation (30 min)

W. Fuss (Kinchen, W.Germany)

P2 Infrared photochemistry: dynamics and infrared spectroscopy (30 min)

M. Quack (Gittingen, W. Germany)

Tea interval
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Q Poster Session 15-50h to 17-00h Palmer 102,104,105

QI Infrared spectroscopy with a microwave spectrometer: IR-MW
double resonance of HCOF and CIO,

H. Jones (Ulm, W.Germany)

Q2 The 923 cm band of CFICZ,, by laser-microwave double resonance

H. Jones (Ulm, W.Germany) and M. Morillon-Chapey (Orsay, France)

Q3 Pressure - broadening in the millimeter wave spectrum of ozone

N. Monnanteuil and J.M. Cilmont (Lille, France)

Q4 Laser-spectroscopic investigation of the van der Waals molecule
sodium-argon

G. Aepfelbach, A. Nunnemann and D. Zimmerman (Berlin, W.Germany)

Q5 Measurements of intensities of some absorption lines of water
vapour in atmosphere by intracavity laser spectroscopy

M. Chenevier, M-A. Melieres and F. Stoeckel (Grenoble, France)

Q6 Low temperature dielectric relaxation spectroscopy

J. Gilchrist (Grenoble, France)

Q7 The 325 nm electronic system of I-pyrazoline

A.C.P. Alves and J.M. Hollas (Reading, U.K.)

Q8 The 2v2,vI and v3 bands of D 0216 and 2v2 and vI bands of HD10 0

N. Papineau, C. Camy-Peyret and J.M. Flaud (Orsay, France)

Q9 Double resonance on the active medium of a FIR laser: dispersion
effects

D. Dangoisse, P. Glorieux and M. Lefebvre (Lille, France)

QIO Air-broadened N20 linewidths: an improved calculation at
different temperatures

N. Lacome, A. Levy and C. Boulet (Orsay, France)

QII High-order spectroscopic constants of v,, 2v9 and associated hot
bands of N20 isotopic species from high resotution F.T.
spectroscopy

J.L. Teffo, A. Valentin, A. Henry (Paris, France)

Q12 Analysis of the diode laser spectrum of the 3 band of 14N 1602

P. Prastault, J. Laurent (Chatillion, France), V. Dana (Paris,
France) and A. Goldman (Colorado, U.S.A.)
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Q13 Sub-doppler Fourier transform spectroscopy: velocity changing
collisions in the iodine B-state

J. Verges and P. Juncar (Orsay, France), P. Weiss and R.W. Field
(Cambridge, Mass. U.S.A.) and C. Effantin, J. d'Incan and R. Bacis
(Villeurbanne, France)

Q14 Microwave spectra of N-methyl pyrazole

N.K. Narain, S.L. Srivastava, Krishnaji (Allahabad, India)

Q15 2-12 pm ammonia bands recorded with the "Brault" Fourier transform
spectrometer at Kitt Peak: a few highlights of the spectral
characteristics

Jane Mills and K. Narahari Rao (Columbus, Ohio, U.S.A.)

Q16 Microwave spectra of CF 3CH 3

J. Baker and R.A. Creswell (Manchester, U.K.)

Q17 The LMR spectrum of CH2 at 11 pm

P.R. Bunker, A.R.W. McKellar and T.J. Sears (Ottawa, Canada)

Q18 The pure rotational spectrum of PH3 between 8 and 80 cm with a
resolution of 0.005 cm- 1

A. Bonetti, B. Carli and F. Mencaraglia (Firenze, Italy) and
M. Carlotti, G. Di Lonardo and A. Trombetti (Bologna, Italy)

Q|9 Analysis of the Isotope Subsitution effect on vibration-rotation
moleculp- spectra in the case of heavy atom substitution

A.D. Byk~v, Yu.S. Makushkin, O.N. Ulenikov (Tomsk, USSR)

Q20 Study of the methane absorption spectrum in the 1.08 im region

A.E. Cheglokov, Yu.S. Makushkin, L.N. Sinitsa, O.N. lenikov,
V.E. Zuev (Tomsk, USSR)

Q21 Analysis of heavy water vapor absorption spectrum in the 9161-9392
cm region

A.D. Bykov, V.E. Zuev, V.P. Lopasov, Yu.S. Makushkin, L.N. Sinitsa,
O.N. Ulenikov (Tomsk, USSR)

Q22 The theory of resonance vibration-rotation interactions in the
methane molecule

V.I. Perevalov, VI.G. Tyuterev, V.I. Zhelinski (Tomsk, USSR)
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ABSTRACTS

A 1 The Infrared Spectrum of H3+

Takeshi Oka

Herzberg Institute of Astrophysics
National Research Council of Canada
Ottawa, Canada KIA OR6

and

Department of Chemistry and Astrophysics
University of Chicago
Chicago, Illinois 60637, U.S.A.

(no abstract)

A 2 Laser Spectroscopy in ion beams

P J Sarre, C P Edwards and C S Maclean

Department of Chemistry, University of Nottingham,

University Park, Nottingham, UK NG7 2RD

Electronic spectra of molecular ions have been studied for many

decades, but in recent years many new indirect experimental approaches

to the spectroscopy of ions have been introduced with consequent exciting

advances in our understanding of molecular ions. These indirect aplroaches

have been necessary largely because of the difficulty in generating

sufficient concentrations of ions to allow the more usual high resolution

techniques to be employed.

In Nottingham we have obtained electronic absorption spectra of

molecular ions in beams, and we usually study ions in which the upper

electronic state is predissociated. This approach is indirect in that

transitions are detected by monitoring the appearance of the fragment

ion resulting from the predissociation. A spectrum is recordeu by

counting the number of fragment ions produced as a function of laser

wavelength. A beam of molecular ions is generated by electron impact

2
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in a conventional mass spectrometer ion source, and the ions are

accelerated to an energy variable between )G, id wOO C". A =,al

electromagnet is used to select the ior o: .t<2r.> t , ano :L.-

then irradiated coaxially over a U.Sm pats length with elther a fixed
frequency Krypton ion laser (Coherent 3000-1), or a tunable laser (Ccherent

699 Ring Laser). A transition occurs when the laser is resonant with a

rotational line in the electronic transition, and as the excited State

levels are predissociated, this results in the production of daughter ions.

These are then separated from the parent ion beam with a second small

electromagnet, and are detected on an electron multiplier.

Transitions have been observed and identified in the 1-3 band of

the A 3n * X3 E transition of SH+ using the 406, 413 and 415 nm Krypton

laser lines and the Doppler-tuning method. A particularly interesting

feature of these spectra is the splitting of many of the rocational lines

into doublets which is due to presence of the proton nuclear spin. The

daughter S ion is detected.

Rotationa' lines the A A I - X B transition of H2 S have also been

observed in the 400 nm region, and analysis of these results is in Trogress.

The S+ daughter ion is also detected in this work.

New lines in the spectrum of Nh have been recorded. The icn iS
detected, and as in SH+, hyperfine splitting is observed.

A 3 Molecular Photoionisation Phenomena using Synchrotron Radiation

G. Marr

Department of Physics, University of Reading

and

Department of Physics, University of Aberdeen, U.K.

(no abstract)

I.t
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A 4 10 Pm Waveguide Laser Spectroscopy

R.J. Butcher

Cavendish Laboratory, Madingley Road, Cambridge, CB3 OHE, U.K.

In conventional infrared spectroscopy, resolution is generally limited

by Doppler broadening while line measurements employ wavelength

comparisons. In principle, several orders of magnitude improvement

may be obtained by using laser saturation spectroscopy while, at the

same time, frequency metrology can be employed. A system which

exploits these laser advantages will be described. It employs two

waveguide lasers. The first is locked to a Lamb dip in CO2 fluorescent

emission at 4.3 pim and provides a frequency standard. The second may

be tuned over a pressure-broadened linewidth of a few hundred MHz.

The frequency difference between the two lasers is counted

continuously and used to control the operation of the second laser,

which is them employed to obtain frequency calibrated saturation spectra.

Examples of such spectra will be presented.

A principle requirement of any laser employed it, :igh resolution

spectroscopy is that it should provide a truly single frequency

output, which is best obtained by operating the laser in a stable

single mode of the optical cavity. Such operation can be achieved

very easily for CO lasers working at powers of a few watts, by using

a simple waveguide design. This will be described briefly, together

with some examples of its use.

i I , L
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B 1 Experimental Evidence for Symmetry Breaking and Planarity

Relations in Nitromethane

T. Pedersen and G.O. S~rensen

H.C. 0rsted Institute
University of Copenhagen

A number of new excited state (m 0) transitions in nitromethane have

been measured and a Am = ±3 coupling previously postulated has been

substantiated. In particular this coupling manifests itself in the states

m = ±1 and m = ±2 which fulfill the Am = 3 criterion.

Similarly the relations between the centrifugal distortion constants,

presented at the Sixth Colloquium at Tours, have been experimentally

confirmed.

B 2 A New Type of Internal Coordinate, with-a Simple Redundancy

Condition, for the Description of Deformations of XCH 3 Groups

and Related Systems

flemming M. Nicolaisen and Jette Stokkebro Hansen

Chemical Laboratory V, University of Copenhagen

Universitetsparken 5, DK-2100 Copenhagen, Denmark

In addition to the internal bond stretching deformations, the

deformation of methyl groups and related systems are conventio-

nally described in the a,a system shown in I. The three a's and

2

1 2 . .•

x °II 3I T,

T 2
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the three B's are not independent, and for the general case of no

symmetry the redundancy condition is very complicated.

If the a's are substituted by the dihedral angles d.. betwcen
11

the HiCX and the ff.CX planes (I I), and d23 , T,= d 31 [d

T3= 12 the 's and T 's are independent and the redundancy con-

dition for the general case is AT + .AT, + AT = 0 The T-coor-

dinates can in most computer programs be defined as torsions about

the CX bond.

Examples of force fields in symmetry and internal coordinates,

in the 6T system will be presented for XCI1_ molecules of C_ sym-

metry and for methanol.

B 3 Absorption Line Profile Parameters determined by means of

Frequency Modulation

J.P.M. de Vreede, S.C. Mehrotra , A. Tal , H.A. Dijkerman

Fysisch Laboratorium der Rijksuniversiteit Utrecht, Princetonplein 5,

3584 CC Utrecht, The Netherlands

We have extended the Karplus theory for frequency modulation in order

to describe Voigt profiles while using an arbitrarily large modulation

amplitude.

For first and second harmonic detection relations are found for the line

profile parameters.

It appears that the detection limit for Is t and 2n d harmonic detection

is equal within an factor of two.

Procedures can be given to determine the Lorentzian contribution from

the apparent linewidth.

Information about linebroadening can be obtained from a single measure-

ment at line centre using the second harmonic signal dependence on the

modulation amplitude.

A number of experimental results for OCS and HCN will be presented.

* From Marathwada University, Aurangabad, India.

* Now at: University of Groningen, Groningen, The Netherlands.
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B 4 Rotational Relaxation of BaO (A +) in Ar and N20 by means of

Laser Induced Fluorescence

Th.G. Cats, H.A. Dijkerman

Fysisch Laboratorium der Rijksuniversiteit Utrecht, Princetonplein 5,

3584 CC Utrecht, The Netherlands

In a Broida-type oven barium vapour is produced in a flowing argon

carrier gas. N20 is brought into the reaction volume to produce BaO.

The 488.0 and 496.5 rim argon-ion laser lines coincide with rovibronic

transitions in the BaO X-A spectrum. Depending on the working pressure

rotational relaxation of the excited states can occur well before

BaO(AZ+ ) decays radiatively, the lifetime for this decay being about

300 ns. Therefore the fluorescence spectrum obtained with a high resolu-

tion I m monochromator reflects relaxation times, or equivalently, cross

sections for the inelastic collisions:

BaO(AE+)+ Ar - BaO(AZ+ ) + Ar.

At the conference the experimental set-up will be outlined, and prelimi-

nary results will be given for rotational relaxation from the v' = 8,

J' 49 level.
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B 5 THE MICROWAVE SPECTRUM OF TRANS-ETHYLAMINE

E. Fischer and I. Botskor

Dept. of Physical Chemistry

University of Ulm

D-7900 Ulm, W.Germany

The microwave spectrum of normal trans-ethylamine CH3CH2NH2 and

that of the -NHD and -ND2 species have been measured and

assigned. The obtained rotational constants for the ground

state of the normal species are (in MHz): A = 31 758.33

± 0.08, B = 8 749.157 ± 0.025 and C = 7 798.905 ± 0.025. The

fitted dipole moment components are (in Debye): 1pal = 1.057

± 0.006, lpbl = 0.764 ± 0.009, and Iptl = 1.304 ± 0.011. The

quadrupole coupling constants were fitted as (in MHz):
+

X = 1.62 ± 0.035 and x = -1.89 ± 0.08. Analysis of the HFS

of the deuterated species -ND2 allowed the experimental de-

termination of the principal quadrupole tensor values (in MHz):

×zz = -4.68 ± 0.20, Xyy = 1.75 ± 0.06 and =xx 2.93 ± 0.20.
The angle CNXz z was fitted as 108.90 ± 0.60 and agreed with

the expected general direction of the lone-electron-pair.

H H

-trans -gauche (I) -ejchD ( T)
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B 6 MICROWAVE SPECTRUM OF (;LYC I: INLTHIY, I. STLR

W. Caminati and R. Cervellati

Istituto Chimico "G. Ciamician" - Universit5 di Bologna (ltalv)

and

Istituto di Spettroscopia Molecolare del C.N.R. - Bologna (Ital)

The microwave spectrum of glycine methyl ester has been

analysed in the frequency range 26-40 GHz.

A conformer with the heavy atoms in a plane and with an

internal bifurcated hydrogen bond has been detected. The rota-

tional transitions of several torsional excited states have

been measured. The barrier to the internal rotation of the methyl

group has been determined to be V 3  1150 cal/mole.
3I

B 7 Millimeter-Wave Studies of the Excited Vibrational States of PO35C13

R. Crane, J.H. Carpenter and J.G. Smith

University of Newcastle upon Tyne, U.K.

The m-wave spectra of PO 35C 3 have been recorded for the excited vibrational
states v 5 1 and v6 1. For the J values studied, J = 26 to 30 , quadrupole

effects are small, and for low k lines any coupling was ignored.

I-resonance in the two states is pronounced and results in complex spectra.

The analysis of the two states is presented and the Coriolis constants so

derived are compared with the same parameters derived from infrared spectra.

The value of D A in the ground state is so small that this constant is not

obtainable with certainty. It is however accurately determined in the

excited states.

The distortion constants, Coriolis constants, and existing vibrational

data have been used to obtain the harmonic force field.
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B 8 Microwave and Millimeterwave Spectrum~

of substituted Fluoroacetylene

(X-CmC-F, X=Cl,Br)

M.4 Andolfatto and A. Guarnieri

Abteilung Cheinische Physik, Institut f~r
Physikalische Chemie, Universit~t Kiel
Olshausenstr. 4c-6o, 23oo Kiel-G

Abstract

The microwave and millimeterwave spectra of

Chiorofluoroacetylene 35Cl-C=-C-F, 3_C-C-C-F

and of Brorofluoroacetylene 79Br-C=sC-F, 81Br-Cs=C-F

have been investigated.

The rotational constants, centrifugal distortion

constants and chlorine quadrupole coupling constants

have been determined.

An approach to the r 0-structure has been performed

assuming different values for the CzC distance.
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B9

CORIOLIS COUPLING IN FORMAMIDE STUDIED BY MICROWAVE SPECTROSCOPY.

C. J. Nielsen

Department of Chemistry, University of Oslo, Oslo 3, Norway

G. 0. Sorensen

Chemical laboratory V, The H. C. 0rsted Institute, DK-2100,

Copenhagen, Denmark.

We have investigated the microwave spectrum of formamide

in detail. Apart from the rotational transitions of the ground
1

state, four excited states have been observed . These have been

assigned to the v12=l (NH2 out-of-plane bending), the v9=1 (NCO
bending), the vll l (NH2 torsion) and the vl1=2 states. While

the rotational spectra of the v1 2=l and v1 2=2 states can be

fitted using the normal rotation Hamiltonian, the v9 =1 and the

Vl= 1 states are strongly perturbed by a Coriolis coupling of

a, b-type.

A program was written for solving the general eigenvalue

problem of the "two state vib-rotor":

H = i>{H~i) + d~) <ii + Ij> {H (j j + W.Jred r di r d

+ Ji> Hc < j  + IiJ He<ij

H(i) x(i)j 2 + y(i)j 2 + z i j2
r x y z

H = {Quartic and sextic distortion) M
d

Wi9 = < jj H' Ij> -<iH Ii>
vib j  vib

Hc = xy (JJ+JyJ) + yz(JJ+JJy) +~ (JJx+JxJ) +
Hc xy ( x y +jy x +Pyz (iy z +jz y +Zx (iz x +jx z+

LxJx + LyJy + LzJ z

.. . . ..x.. .. . ...y y Iz z... . .. . . .... I]e an
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From the analyses of 43 rotational transitions of the v9 =l and

v lll states, the following vibration-rotation parameters were

obtained:

-I
W9,11 = 36.55(7) cm

1)1

a, 0.33(3)

1) E. Hirota, R. Sugisaki, C. J. Nielsen and G. 0. Sorensen

J. Mol. Spectrosc. 49 (1974) 251-267.

B 10 Offset-locked CO2 Waveguide Laser Study of HCOOH:

Reassement of FIR laser assignments

B.M. Landsberg, D. Crocker and R.J. Butcher

Cavendish Laboratory
University of Cambridge

A number of infrared transitions of formic acid have been measured to

a precision of better than 100 kHz. In the light of these new data,

far infrared laser measurements have been reassessed.

Available microwave data have also been incorporated in deriving new

parameters for the v6 and v8 states, including the v6/V 8 a-type

Coriolis interaction.
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INFRARED EMISSION SPECTROSCOPY OF INTERNALLY EXCITED H3+

by

U. Steinmetzger, A. Redpath and A. Ding

Hahn-Meitner-Institut f. Kernforschung

1 Berlin 39, Germany

Infrared emission from the products of the reaction

H2 +H -> H+ + H + 1.7 eV2 2 3

has been observed. The reaction took place under very low

pressure conditions ( 1 to 10.10- torr), the ionic reagents

being produced by a high intensity electron beam (iel 50 mA).

A reaction vessel of large volume was used to ensure a large

residence time of the ions. The emitted light was collected

via a Welsh-cell arrangement and dispersed through a high

throughput monochromator incorporating an echelle grating and

a cooled circular variable filter (cf. fig. 1). Computer con-

tro] allowed long time experiments (typically between 10 and

50 hours per spectrum) generating spectra with an improved

signal to noise ratio. The InSb-detector employed allowed de-

tection of the infrared radiation in te range between 1800 and

4000 cm-1 .

Fig. 2(top) shows a typical spectrum produced by the re-

action of thermal H + ions. Possible sources for the emission2+
are vibrationally and rotationally excited H , neutral elec-

tronically excited H3 formed by electron capture of H3 , and

highly excited metastable H 2. The latter can be excluded be-

cause of the non linear pressure dependence of the observed

emission and the lack of diatomic progressions.

A simulation of the rotational fine structure of the lo-

wer vibrational transitions I (0l)->(00), (02)->(01),

(1l)->(10) and (21)->(20); (vsve) : v s = symmetric stretch mo-

de, ve = degenerate asymmetric stretch model has been perfor-
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med using a procedure given by Mills 1) and spectroscopic con-

stants of Oka 2) and Porter et al. 3) which were suitably *fod-

ified to take into account the influence of the higher vibra-

tional excitation. This yielded the following results:

While there is very little excitation of the lower rotational

levels of the (0l)-state a significant intensity of the combi-

nation bands especially the (1l)-level is observed (cf. bottom

of fig. 2). The rotational constants for the optimum fit are

very similar to those of the (01)-state:

(11):

A=B=43.551, C=19.189, DJ=0.047, DJK=-0.099, DK=1.040,

C =-19.027, q=-5.380, qJ=0.018, G=5572.0

(10):

A=B=42.068, C=19.708, DJ=0.047, DJK=-0.099, DK=0.040,

C =0, q=0, qJ=0, G=3196.0

This is in accordance with the expected dynamical behaviour of

the reaction due to te large amount of internal energy availa-

ble (2.2 to 2.5eV) and the change in equilibrium H-H-distance

when forming H3 from H2, which favours a strong excitation of

the symmetric stretch mode.

1) G.J. Cartwright, I.M. Mills, J.Mol.Spectr. 34,415(1970)

C. di Lauro, I.M. Mills, J.Mol.Spectr. 21,386(1956)

2) T. Oka Phys.Rev.Lett. 45,531(1980)

3) C.D.Carney, R.N. Porter Phys.Rev.Lett. 45,537(1980)
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Fig.1: Schematic of the double moriochromator

slm i. i. am.. &o. 8d. 80 8 . &h1. -

Fig.2: ExperimentaL spektrum (top) an~d simulated

rotationial finestructure of the (11) -

(10) transition
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B12
0 0

THE FERMI RESONANCE BETWEEN THE (v1, 2v5 )' (v + 2-

AND (vI + v2 , 
2 v50 + v2 ) COUPLES OF INFRARED BANDS OF METHYL

CHLORIDE.

Claude ALAMICHEL and Najate BENSARI-ZIZI
Laboratoire de Photophysique Mol~culaire du C.N.R.S. (* )

Universit6 de Paris-Sud, B~timent 213

91405 - ORSAY CEDEX France.

The existence of the Fermi resonance betweenV and

2%t is an old subject of discussion : its supporters claim that
i ' 0

it is< only explanation of the anomalous intensity of 2V5 , and

its opponents point our that the v 1 band exhibits no rotational
0

anomaly in spite of the strong perturbations of 2v5  caused by

the Coriolis resonance with v 2 + v,5

We have studied 3 couples of bands such as 1 + z

and 2v 5 + V z which are precisely linked by the same Fermi reso-
nance as v 1 and 2v5 , if it exists : for z = 2, the v I + V 2

band only appears at a level crossing with v 2 + V 4 but for

z = 3 and 6, the v, + vz bands look unperturbed exactly as

v1 . However, if no Fermi resonance is taken into account, it is

impossible to explain the positions of the band centres, the

shift between the experimental and calculated values reaching

up to 4 cm 1 . On the contrary, if a Fermi resonance is assumed,

we cab write :

(V1) 0 1 (Vl) + -+- (00(Vo0 ( 0)0 +4W2

exp true 5 true + true 5 true] 155

(2v0p 1 [(V1)0 + (2v 
0  ( 2vo0  12 W

exp true true v true j

($.) Present address : Facult6 des Sciences, Universit6 Mohammed V,
Charii IbvBatouta, B.P. 1014, RABAT (Agdal) Maroc.

(*) Laboratoire associ6 A l'Universit6 de Paris-Sud.
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We have two informations, the expe -imental values of the band

centres (v,)0 and (2v0) , and three unknown parameters
exp exp

(Vi) , (2v )0  and the coupling WI5 5 . For each couple
true true

+ v, and 2v + Vz% we can write two similar equations connec-
0

ting the experimental band :entres (vl + vz) and
0 0 exp

(2 5 + vz) to the true centres which are given by the follo-
exp

wing relationships

('V1 + v z)
0  (vI)0 + V + X
true true

(2vo + vz) 0  (2v0) 0  + V + 2x
true true

As v is known, we can see that we have two new informations,

0 0 0
(vI + Vz) and (2v + Vz) , but also two new unknown

exp exp

parameters . x 1z and x5 z  But, if we can measure x5 z by ano-

ther method (with combination bands like v5 + vz for instance),

then we only have four unknown parameters ( (vl)0

0 0 true
(2v 5 ) , W1 5 5 and xlz) and the problem becomes solvable.true

For z = 3 we did not succeed to measure x3 5 because

'3 + v5 is not visible, but both cases z = 6 and 2 have been

successful and have given approximately the same value of

W15 5:

for z = 6 we have obtained: x1 6 = - 4.66 cm

(V1)0 = 2950.20
true

(2v )0  2896.83
true

W155 : 35.30

and for z = 2 : x12 = 10.6 cm-1

W155= 38.0

We consider that the existence of the Fermi resonance is

therefore unquestionable, and we can notice that the value

obtained for W1 5 5 is quite close to the value that Duncan,

Allan and MacKean have calculated, assuming that the whole

intensity of 2v0 comes from v i .
-- :}r - ,; 5
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B 13 Detection of the Infrared Spectrum of HCCCCCN

Koichi Yamada and Gisbert Winnewisser

I. Physikalisches Institut, Universitdt zu K61n,

D-5000 K61n 41

In our attempt to observe the high resolution infra-

red spectra of the astrophysically interesting cyanopolyyne

molecules, we have recorded the infrared spectrum of cyano-

butydiyne, HC5N. By using a tunable diode laser we have-1
scanned the wavelength region near 2260 cm , which corres-

ponds to the V 2 fundamental, i.e. the CeN stretching vi-

bration and found a dense spectrum with a conspicuous series

of lines displaying a rotational spacing (v0.05 cm- 1)expec-

ted for HC5 N. To our knowledge this constitutes the first de-

tection of the infrared spectrum of HC5 N

Among the observed dense spectrum we have assigned the

rovibrational transitions of the fundamental V 2 and the hot

bands V 2 + V1 1 - V11 and V2 + 2V 11 - 2V11" The band origin
" -1

of V2 was found to be located at 2256. 12417(16) cm , which

is slightly lower than the corresponding value of HCCCN at

2273.996 cm- . The HC5N sample was prepared by reaction of

acetylene, HCCH, with either hydrogen cyanide, HCN, or

vinylcyanide, H2C2HCN, under the action of a rf-discharge

according to the reaction schemes:

2HCCH + HCN - HCCCCCN+2H2

HCCH + H2C2 HCN - HCCCCCN+2H2

Among the obtained discharge products HC3N and HC5N were puri-

fied by low-temperature vacuum distillation. The HC5N spectra

were recorded at a sample pressure of 1 Torr in a 60 cm long

glass cell, sealed with NaCl windows.

AI
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B 14 LMR observation of v2 for HO2 at 7.17 pm

F. Niebuhr, M.A. Gondal, A. Hinz, and J.M. Brown,
W. Rohrbeck and W. Urban Department of Chemistry

University of Southampton
Universitat Bonn, D-5300, Bonn Un

W. Germany

(no abstract)

B 15 Acoustic Detection in Laser-Stark Spectroscopy

A. Carrozzi, A. Di Lieto, M. Minguzzi and M. Tonelli

Istituto di Fisica, Universita di Pisa
P.za Torricelli, 2 - 56100 Pisa, Italy

The optoacoustic (OA) technique is based on the detection ot

an acoustic wave in the sample when a modulated radiation i abor-

bed. Recently this method hal~een successfully applied to hi~i

resolution laser spectroscopy We present here an expcrim_ t
where, for the first time, the OA method is applied to laser-St;irk
spectroscopy. We designed an acoustic cell that can be oper,ittd

in the presence of strong electric fields; it features a high -,r-
sitivity with small Stark plates and without the need of' mtlt i pa-
operation.
In our experimental apparatus the 9 pm radiation emitted by ;i ck%

CO 2 laser is mechanically chopped before entering the cell tnd
the amplitude of the acoustic signal is recorded as a funct ion ()

the electric field strengIth. The laser frequency is accuratcly
stabilized by locking it to the saturated fluorescence at 4.3. Ini

in pure CO 2 .  (1)

By an intermodulation technique Doppler-free spectra can he
studied as well: the gas is subjected to two counterpropaIat in

laser beams modulated at different frequencies and the siinal com-
ponent at the frequency sum is detected. We have obtained lopplct-

-limited and Doppler-free spectra for some absorption lines ot

CH 3F and NH 3 with electric field strengths up to 32 KV/cm ;and

pressures in the range 10-200 mTorr; the signal-to-noise ratio js

comparable with that reported in conventional laser-Stark spectro-

scopy.

The absence of background and the high sensitivity in a small vo-

lume propose the OA cell as an interesting alternative for laser'-
Stark spectroscopy, particularly at sub-Doppler resolution.

(1) A. Di Lieto, P. Minguzzi, M.Tonelli, Opt. Commun. 31,25 I rt)72
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B 16 Doppler-free multiphoton spectroscopy

with a waveguide CO2 laser

F. Herlemont and J. Lemaire

Laboratoire de Spectroscopie Hertzienne

Laboratoire associd au CNRS n0 249

Universitg de Lille I

59655 Villeneuve d'Ascq Cedex

Intracavity spectroscopy has been performed by placing

the absorbing gas inside the cavity of a CO2 waveguide laser.

Owing to the large laser intensity available, Doppler-free

two-photon transitions are observed with strongly absorbing gases

such as SF6, CF3Br.

Resolution is about 200 kHz for these 5 Wm spectra. Further

experimental details and some characteristics of the spectra will

be given.



38

B 17 THE ELECTRONIC SPECTRUM OF GASEOUS Nal

Anthony S. Ragone, Donald H. Levy and R. Stephen Berry

Department of Chemistry and
the James Franck Institute
The University of Chicago
Chicago, Illinois 60637

Sodium iodide vapor, seeded in a hypersonic jet of helium, absorbs

radiation from a pulsed, tunable dye laser in the region 316-380 nm, and

fluoresces. We have studied with this fluorescence excitation spectrum and

the fluorescence emission spectra frommanyof the (unresolved) rotational

bands in the excitation spectrum. Many of these bands are due to triatomic

or larger species: NaIHe and at least one other molecule, as yet unidentified,

capable of fluorescing. However a v'-progression corresponding to I," = 0 and

another progression corresponding to v"= 1 of diatomic NaI have been found and

identified by a) the agreement between the intervals of Nal and b) the single

"anti-Stokes" line of the v" + 1 progression due to emission from v' states

to the ground level, v" = 0. The vibrational interval in the upper state in
-1

the Franck-Condon region is only about 50 cm . The exact numbering of the

v'-states is uncertain, but the observed states probably have v' > 50. fhe

spacing of the upper states is so small and the Franck-Condon region spans

so many of them that we observe intensity variations, especially in the v' = I

progression, that we can attribute to the spatial distributions of the vibra-

tional wavefunctions of the lower states. This work opens the way for a high-

resolution study of the dependence of charge transfer curve-crossing on ro-

vibrational state, i.e., a quantitative study of curve-crossing models at the

level of individual quantum states.
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B 18

True potenLial energy curves and dissociation energy of scandium oxide

L.S. Gowda and V.N. Balaji

Department of Physics Molecular Biophysics Unit
University of Agricultural Sciences Indian Institute of Science
Agricultural Engineering Institute Bangalore - 560 012
Raichur - 584 101, India India

The construction of potential energy curves is of considerable importance

for the understanding of physical problems arising in astrophysics, gas

kinetics and molecular spectra. Scandium monoxide bands of (B-X) system

have been observed in the spectra of late type stars, of cool stars and

of the stars of M-type. For the quantitative spectroscopic studies it is

customary to employ a potential function which is mathematically simple

and Morse is a very common choice. Since Morse potential is inadequate

in representing a number of electronic states, it is necessary to compare

it with true potential functions obtained by RKRV and modified-Rees

methods. In this paper we report the potential energy curve of different

methods using the vibrational and rotational constants. The true

potential energy curve for the ground state of ScO has been used to

estimate the dissociation energy by the method of curve fitting and

adopting. The Lippincott and the H-H potential functions. The influence

of vibration-rotation interaction is also studied for different

rotational quantum numbers using the effective Morse potential. The

calculations involved in the present investigation are carried out on

DEC. 1090 computer at Indian Institute of Science, Bangalore.



40

B 19 Lifetime measurements of excited states of the PbSe, PbTe

and SnTe molecules

T. Ndikumana, M. Carleer and R. Colin

Universite Libre de Bruxelles
50 Ave. Franklin Roosevelt
B-1050 Bruxelles, Belgium

Samples of PbSe,PbTe,and SnTe molecules were evaporated from a

Knudsen cell.The molecular beam was crossed with different Ar+ laser

lines and resonant fluorescence recorded on a 2m spectrograph.Due to

the high number of isotopes for these molecules,only PbSe gave rise to

relatively simple spectrum when excited by the 4965 A Ar+line.The

excitation takes place in the 9-0(J=50) and 10-0(J=132) bands of the

AO+ -XO + transition.

22 vibrational levels of the lower state have been observed and

more accurate constants derived.RKR potential and Franck-Condcn factors

have been calculated.

Using a pulsed N2-pumped dye laser,lifetime measurementsIA arid E

states in PbSe,B state in PbTe,B and C states in SnTe have been perfor-

med.The following lifetimes have been obtained:

mnolec.
PbSe PbTe SnTe

state ,level

A v'=9 : 4.04 -0.24sec.

10 : 3.92 ± 0.4 "

B 1 : 3.86 t 0.36 "

2 : 4.72 ± 0.08 e-sec.

3:

4 : 6.6 ± 0.5 k.sec. 3.70 + 0.03

5 : 4.49 ± 0.13 " 5.6 ± 0.4 "

6 : 4.04 ± 0.09 " 4.74 0.3 " 3.34 + 0.03 "

7 : 4.17 ± 0.09 " 3.40 ± 0.03 "

8 : 5.24 - 0.14 " 3.51 ± 0.04 "

9 : 3.47 ± 0.03 "

10 : 3.92 0 0.05 "
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SnTe

C 5 :4.5 + 0.17 "

6 3.91 .04

7 5.8C 0.? "

The electronic transition moments in the A-X and B-X systems

of PbSe have been evaluated.The values 0.2 D
2 and 0.12 D2 forIRej2

are respectively proposed.

As SnTe is considerably dissociated(-JIO%),we tried to observe and

measure the lifetime of Te2 molecule in the region where bands issuing

from SnTe(B-X and C-X syltems) and Te2(AOu-XOg and BO+-X0' )overlap,

i.e.4400 A-4700 A.

Radiative lifetime of ten vibrational levels of Te2 in AO+  +
u and BO

u
states have been measured.The analysis is in progress and relaxation

constants ranging from 85-110 nsec.,i.e.40 times smaller than in SnTe

have been determined.

B 20 FLUORESCENCE SPECTROSCOPY USING A SUPERSONIC JET APPARATUS

By Philip A. Freedman and A. M. Griffiths

Edward Davies Chemical Laboratories,
University College of Wales,
Aberystwyth, Dyfed.

A number of resolved fluorescence studies of tetracene,

pentacene and their Van der Waals complexes with inert gas atoms

are described.

It is shown that for both the uncomplexed species, strong

excitation to the out of plane Big (seesaw) vibrations occur in

the visible excitation spectra. In the case of pentacene, the

upper electronic state of this transition fB 2u symmetry) has a

double minimum, although since the height of the well is under

I cm-, the molecule remains quasi planar.

-- - ' -" I l I lrl I 4
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C 1 COLLECTIVE AND INDEPENDENT-PARTICLE BEHAVIOR
IN ATOMS AND MOLECULES

R. S. Berry, G.S. Ezra and H.-J. Yuh

The concept of collective motion of the electrons in atoms has

been given precise, quantitative meaning and a highly plausible physical

interpretation with the molecule-like description of Kellman and Herrick.

According to their model, many doubly-excited states of He form energy

level patterns that correspond to rotational and vibrational states of a

linear triatomic molecule. We have examined accurate wavefunctions for

some key states of He** and find that the charge distributions indeed con-

form to a molecule-like system with collective rotation, bending vibrations

and stretching vibrations. Computations with a model based on two particles

confined to concentric spheres show that molecule-like collective motion

may occur with a wide variety of interaction potentials. However the

model also shows how energy level patterns and wavefunctions pass from

a molecule-like limit to an independent-particle, shell model limit as the

forces between the particles are weakened, the ratio of the radii of their

spheres is changed from unity or their total energy is increased. The

model suggests that the highly excited stretching-vibrational states of

XY molecules, (in the region where local modes dominate the stretching)
n

will have rovibrational energy level patterns exhibiting internal rotational

motion replacing bending motion.
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C 2 Analysis of the Microwave Spectrum of Hydrazine

J.T. Hougen and T. Kojima

Molecular Spectroscopy Division Physics Department
National Bureau of Standards Toyama University
Washington, D.C. 20234 U.S.A. Toyama 930, Japan.

The hydrazine molecule H2N-NH2 exhibits three large amplitude

vibrational motions: an internal rotation about the N-N bond,

and an inversion motion in each Ni2 group. By making use of

various group theoretical techniques described in the

literature, a phenomenological rotational Hamiltonian has

been derived, which is suitable for treating the microwave

spectrum of the ground vibrational state, including all of the

various tunneling splittings. A total of 368 lines with J < 20

have been fit with this Hamiltonian, yielding a standard

deviation of 0.2 MHz. We believe that the correctness and

usefulness of this model has been demonstrated, though some

uncertainties, associated with choosing the centre frequency

of the hyperfine patterns, still remain.

L IL

LA __
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C 3 Use of Fourier Transforms in Computational Handling of Spectral Data

J. Kauppinen

Department of Physics, University of Oulu, SF-90570 Oulu 57, Finland

and

D. Moffatt, H. Mantsch, and D. Cameron

Division of Chemistry, National Research Council of Canada, Ottawa,
Ontario KlA OR6

We have developed the use of fast Fourier transforms in spectral data

handling such as Fourier self-deconvolution [1,2], derivation [31, smoothing

[4], and complex self-deconvolution [51 for asymmetric lines. The use of

fast Fourier transforms seems to be the most effective and accurate technique

in these operations as compared with the other methods. All the operations

mentioned above are based on the following formula

E'(v) 0?- (D7{ 1  W(v)}9C - {E(v }

where C { } and c l{ } are the Fourier transform and the inverse

Fourier transform, respectively, E(v) is the original spectrum, E'(v) is

the resultant spectrum, W(v) is a smoothing function, E0 (v) is a symmetric

(or asymmetric) lineshape function in the case of Fourier self-deconvolution

(or complex self-deconvolution), c-l {E (v)} = 1/(2Trix) k for the kth

derivative and 4C -1{E0 (v)} = 1 in the case of smoothing.

[1] Jyrki K. Kauppinen, Douglas J. Moffatt, Henry H. Mantsch, and David G.

Cameron, Appl. Spectrosc. 35, 271 (1981).

[2] Jyrki K. Kauppinen, Douglas J. Moffatt, David G. Cameron, and Henry H.

Mantsch, Appl. Opt. 20, 1866 (1981).

[3] Jyrki K. Kauppinen, Douglas J. Moffatt, Henry H. Mantsch, and David G.

Cameron, Anal. Chem. (in press).

[4] Jyrki K. Kauppinen, Douglas J. Moffatt, and Henry H. Mantsch, to be

published.

(5] Jyrki K. Kauppinen and Douglas J. Moffatt, to be published.
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C 4

HOMOGENEOUS AND HETEROGENEOUS PERTURBATIONS IN EXCITED

SINGLET STATES OF H2 , HD AND D

P. Quadrelli and K. Dressler

Physical Chemistry Laboratory, ETH-Zentrum,

CH-8092 ZUrich, Switzerland

L. Wolniewicz

Institute of Physics, N. Copernicus University,

Toruri, Poland

!

We present results of ab-initio calculations on the simultaneous

homogeneous and heterogeneous interactions between the states

1 + 1+ 1 + 1 + 1 +
EF + , GK E + , H E , I IT+ , and J A . Rovibronic energyg ' g g ' g g"

levels derived from these states were computed with an interaction

matrix based on bound and effective vibrational continuum states.

The included interactions account for most of the perturbations
-I

observed below 118000 cm

The mass-dependence of the remaining deviations from observed

energy levels in the three isotopes has been analyzed to get

some information on the origin of these discrepancies.
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C5 ON THE EQILIBRIUM CONFIGURATION OF MOLECULES

RELATED TO TRITHIAPENTALENE: DIOX>ADIAZATHIA-

PENTALENE STUDIED BY MICROWAVE SPECTROSCOPY

N.W. Larsen

L. Nygaard and T. Pedersen

The If. C. 0rsted Institute

University of Copenhagen

Molecules related to 1,6,6aX4-trithiapentalene:

6 6 1. 1 (A= C ior )

2 X-Y -Z

have been studied with the aim of establishing whether such

molecules actually correspond to the mesomerism above or rather

exhibit valence tautomerism. In continuation of our study of

1,6-dioxa-6aX 4thiapentalene [A = CH; X = Z = 0; Y = S1 we have

now studied 1,6-dioxa-2,S-diaza-6aX4 thiapentalene [A = N, X =

Z = 0, Y = S] by microwave spectroscopy and have established

that again the scheme above (mesomerism) is followed. The

arguments are based on spinweights, inertial defect (indicating

planarity) and excited state evidence.

A newly developed AC/DC technique is employed to determine the

dipole moment.

*Pedersen, Skaarup and Pedersen, Acta Chem. Scand. B31, (1977)

711-18.
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C 6 Internal Rotation Spectrum in the Ground State

of cis- Propionyl Fluoride

F. Scappini and H. Dreizler

Institut fur Physikalische Chemie
Abteilung Chemische Physik

Olshausenstr. 40-60, D-2300 Kiel

Following a preceeding study [1], the ground state rotational spectrum has

been further investigated. The new measurements involve low, intermediate,

and high K transitions. The coupling of the internal rotation of the methyl

top to the overall rotation produces splittings in most of the observed

lines making a ground state barrier determination possible. For the

intermediate and high K perpendicular transitions, lines have been observed

which would be "forbidden" in the rigid rotor limit.

The measurements have been carried out using both Stark and Fourier transform

microwave spectroscopy.

The analysis is still going on.

[I] O.L. Stiefvater and E.B. Wilson, J.Chem.Phys., 50, 5845 (1969).

C 7 Microwave Spectra and Structure of 1,1-Dicyanoethene

H. Rick and H.D. Rudolph

Department of Physical Chemistry
University of Ulm

D-7900 Ulm, W.Germany

The highly symmetric molecule 1,1-dicyanoethene, H2C=C(CN) 2,

shows a rotational b-type spectrum and presents a model case

for a rs-Structure determination. All atoms exceptinq the central

C have been isotopically substituted and the spectra carefully

analyzed including the centrifugal distortion contributions. The

substitution structure has been calculated making use of one

Ist moment equation. The structure will be compared with that

obtained by other methods (ro; fitting to differences of moments

of inertia) and discussed with respect to chemical bonding proper-

ties.

. .. . .. . . . . n i l i~ nim n .. ... . .. .. . . . . . . . . . . . . . . .. . Ill B . .. . ... . . . . . .
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C8

Microwave Stark Spectroscopy of Continuous Supersonic Mole-

cular Beams: OCS in Pure and in Ar- and He-Seeded Beams.

H. Zivi, A. Bauder and Hs.H. Gnthard,

Laboratory for Physical Chemistry, Swiss Federal Institute of

Technology, 8092 Zurich, Switzerland.

Rotational transitions of OCS in supersonic molecular beams

have been observed. A newly developed spectrometer with a

lm long groove guide was coupled to a supersonic beam source.

Highly resolved rotational spectra have been obtained. The

resolution is limited mainly by the translational temperature

of the supersonic beam. The measurements offer a convenient

tool for molecular beam diagnostics yielding the translational

temperature, the average beam velocity from the Doppler

shifted transition frequency and relative beam intensity as a

function of the beam source parameter settings.

Marked differences have been observed between pure, Ar- and

He-seeded beams. The smallest linewidths obtained were 2.2 kHz

(FWHM) for an Ar-seeded beam and 2.6 kHz for a He-seeded beam

corresponding to translational temperatures of 4 K and 5 K,

respectively.

From the phase of the signals detected and from the Doppler

shifts measured it was concluded that the 0-1 rotational

transition of OCS appears in emission rather than absorption.
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C 9 Resonances in the Infrared Spectrum of Methyl Chloride

between 2000 and 4500 cm

Claude Alamichel and Najate Ben Sari-Zizi
(xx )

Laboratoire de Photophysique moleculaire 
de CNRS(X)

Universite de Paris-Sud, Batiment 213

91405 Orsav cedex, France

The infrared spectrum of methyl chloride hnr been s ster tically

studied between ?000 and 450' cm - I from recordings in high resolution ( 0.rCF -

0.0075 cm- I ) provided by G.0uelachvili . About 15000 lines , belonging to more

than 20 vibrational bands , have been assiTned . The unierturbed '*),-')3 hot band

excepted , all this work has been focused on the study of three main interactions

10) The Fermi resonance in q1 qj , involved between V, and -9 or

bet-een any pair of bands like +)% 4V and Z +Oz : a more detailed outlook of

this problem is given in another communication submitted to this collonuiun

20) The Coriolis resonance between the and VS modes , which links

the rovibrational levels of VWL) s 4 ,Vc and -2S six by six Local resonances

imst be added to this six level scheme

- a Coriolis-like resonance between and ZM)5 S"

- an anharmonic resonance between and 1 \3.

- a e (2,-l) resonance between both components of .

- the e (2,2) resonance of the N s mode .

We also must point out that the lines of two other bands are mixed with the Previous

ones : the 0.4-4)band , only coupled to dh03fV by Coriolis resonance , and the

@. band3 disconnected from the previous system of bands .

30) ' he Darling-Demnison resonance in % , which lin to 3s) ,

has been atudied between three pairs of bands like V + VZ  and I .+VZ , with

z = 293 and 6 . 'or z = 2 , the V1z +V band is also linked to ')+,)g by Coriolis

resonanoe of course , and for z = 6 the Q +06  Parallel band with perpendicular

structure exhibits a t vibrational resonance.

As a result of this systematic study , a great number of

mol cu parameters of methyl chloride have been measured , and more especially

twenty anfarmnicity constants

( x) Fresent address : i'acult4 des sciences , niversitA i.ohanwmed V

Charii Ibn Batouta , B.P. 114 , :iabat (,tgdal) , Iorocco.

(x) iaboratofre associe h l'Universit6 de Paris-Sud.
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SPECTROSCOPY OF MOLECULAR IONS BY LASER INDUCED FLUORESCENCE

by K.Richter and A.Ding

Hahn-Meitner-lnstitut fir Kernforschung Berlin GmbH
Glienicker Str. 100
1000 Berlin 39, Fed. Republic of Germany

The internal state distributions of N2-molecular ions have been investi-

gated by the method of laser induced fluorescence. Information about the dy-

namics of the ion forming process can be extracted from the measured rotation-

vibrational distribution of the molecules. Two methods of generating the mole-

cular ion have been employed:

i) plasma discharge of the parent molecule,

2) charge exchange in a beam of fast molecular ions.

The experimental configuration (Fig. 1) consists of a plasma ion source,

which produces a strong ion beam (typically 3 x 10- 7 A) which is focussed into

a collision chamber after passing through a magnetic mass analyser. The internal

state distribution of the molecular ions is probed by a coaxial laser beam origi-

nating from a tunable dye laser and the fluorescence light emitted by the ions

is then collected by a photomultiplier tube. Counting rates were in the order of

one count per 20 laser pulses. Ion densities of 500 ions/cm in a particular state

could be measured with this arrangement.

Without a target gas the original distribution of the ions caused by the

collision process in the ion source could be determined. Filling the collision
+

chamber with nitrogen, N2-ions due to charge exchange processes could be

measured. In the case of symmetric charge exchange the contribution from both

(the primary ions and the product ions) could be separated because of the

Doppler shift of their respective spectra (cf. Fig. 2). While the rotational dis-

tribution of the charge exchanged molecules is well resembled by a room temper-

ature distribution, significant rotational energy transfer occurs by inelastic

collisions in the target chamber which results in a rotational temperature in

excess of 1000 K (compared to 650 K of the primary beam).

Li ! 1
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C 11 THE INFRARED BANDS v2 AND v5 OF CH3Br WITH CORIOLIS INTERACTION

R. Anttila

Department of Physics, University of Oulu, SF-90570 Oulu 57, Finland

and

C. Betrencourt-Stirnemann

Laboratoire d'Infrarouge, Universit6 de Paris-Sud, Campus d'Orsay,
91405 Orsay Cedex, France

The infrared bands v2 and v5 of CH3Br have been measured using -I
a SISAM spectrometer [1. The resolution attained was about 0.015 cm
The absorption path length was 6 m for v2 and 15 m for v5' the sample

pressures were slightly below 1 torr. The calibration was pe,'formed with

the aid of CO2 emission lines or H20 absorption lines.

The lines due to the isotopic species CH3 79Br and CH3 8Br were re-

solved in general and altogether about 3 000 lines were assigned. In

the parallel band v2 the highest K and J values were 10 and 57, respect-

ively. In the perpendicular band v5 the measurement region covered the

subbands from KAK = -6 to KAK = 8.

Between the rovibrational levels of the states v2 = 1 and v5 = I there

exists a xy-Coriolis interaction. Accordingly both the bands were simul-

taneously analyzed by taking the resonance into account. Molecular con-

stants at both the vibrational states were derived as well as the Coriolis

coupling constant. The vibrational isotopic shifts proved to be small

as the following v0 values [cm - I] show:

CH379Br CH3 81Br

*2 1305.932 1305.903

V5  1442.936 1442.924.

The subband KAK = 6 in v5 was clearly effected by a local pertur-

bation, eg. the Q branch was composed of two separate parts. The reso-

nance could be explained to be due to the interaction of v2 =1, K=9>

with the upper state of the subband.

[1] P. Pinson, Appl. Opt. 13, 1618-1620 (1974).
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C 12 R- RESONANCE EFFECTS IN THE HOT BANDS 3v5 - 2\5,

(v4+2v5) -(v4+v5) AND (2v4+v5) - 2v4 OF ACETYLENE

J. Hietanen

Department of Physics, University of Oulu, Linnanmaa

SF-90570 Oulu 57, Finland

Recently the infrared spectrum of acetylene around 700 cm-

was published [1]. In this work the bending fundamental v5 as

well as the accompanying hot bands starting from the levels v4 =

and v5  1 were analyzed. Using the same spectra the not bands

starting from the higher levels v4 =v 5 = 1, v4 =2 and v5 =2 have

now been studied.

Altogether 500 rotational lines were assigned to about 20

different vibaddional transitions of the following types 3v5 (_ 2v5,

v4 +2v5 * v4 +v5 and 2\4 +v 5 - 2v4. In these hot bands both the

upper and the lower states are strongly perturbed by Z-type reso-

nances.

The parameters characterizing the energy levels have been

derived by using the basic theory worked out by Amat and Nielsen

(21 and further developed by Pliva [3] and Winnewisser and

Winnewisser [4].

[1] Hietanen, J. and Kauppinen, J., 1981, Molec. Phys. 42, 411

(2] Amat, G. and Nielsen, H.H., 1958, J. Molec. Spectrosc.,

2, 152, 163

[3] Pliva, J., 1972, J. Molec. Spectrosc., 44, 165

(4] Winnewisser, M. and Winnewisser, B.P., 1972, J. Molec.

Spectrosc., 41, 143.

- 4.4.l
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C 13 DIODE LASER SPECTRA OF UNSTABLE
MOLECULES: BCl, SnO, ClO, etc.

Arthur Maki, Frank Lovas, Wm. Bruce Olson, and R. D. Suenram
Molecular Spectroscopy Division

National Bureau of Standards
Washington, D.C. 20234

Tunable infrared diode laser spectra have been measured on a
number of molecules that are unstable (or short-lived) under normal
laboratory conditions. Some of the molecules, such as SnO and LiF
are produced in an oven at elevated temperatures. Some, such as
BCl or ClO are produced by either a d.c. discharge or a 2450 MHz
microwave discharge. In most cases, ClO is the only excpetion,
transitions from vibrationally excited states have been measured.
The most extensive set of hot bands to be observed was in the case
of LiF where we have v = 1-0, 2-1, 3-2, 4-3, 5-4, 6-5, and 7-6
transitions.

Since the tunable diode laser that we are using only gives
spectraIover selected intervals within the wavenumber range from
827 cm to 886 cm , we have only been able to observe the v =
1-0, 2-1, and 3-2 transitions of AIF. For AlF, R-branch transitions
have been measured from R(39) through the band head that occurs at
R(98) and up to R(103) for v = 1-0, and v = 3-2, and R(109) for
v = 2-1. All of the analyses include both infrared and microwave
data, when available, in order to obtain the best set of Dunham
coefficients.

With the exception of LiF, the transitions of different isotopic
species of a given molecule have been fit to a single set of Dunham
coefficients using the usual reduced mass relationships for the
isotopic variation in the Dunham coefficients. Evidently a small
break-down in the Born-Oppenheimer approximation causes small deviations
from 6 the usyal reduced mass equations that prevents their application to
the LiF - LiF isotopic shift. Measurements have been made on nine
isotopic species of SnO and four isotopic species of BCL.

These infrared measurements have been calibrated with the aid
of nyw frequency calibration tables that have been developed for
OCS. This calibration data has allowed us to determine many of
the ClO absorption frequencies with an accuracy of +15 MHz or better.

1. These tables are being prepared for the Journal of Physical
Chemical Reference Data; see also J. S. Wells, F. R. Petersen,
A. G. Maki, and D. J. Sukle, Appl. Opt. 20, 1676-1684 (1981).
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C 14 HIGH RESOLUTION INFRARED STUDIES OF 10B1i AND 1 0B2D.

ROTATIONAL CONSTANTS, IIARIONIC FORCE CONSTANTS AND AVLRAGE STRUCTURE.

J.L. Duncan and E. Hamilton
Department of Chemistry, University of Aberdeen, Old Aberdeen, Scotland.

10

A number of essentially unperturbed bands in the infrared spectrum of B)lI, and
B2D6 have been recorded at 0.05 cm- resolution. Assignments in 4 bands (3 typv-A +

I type-C) of IOB2H6 and 5 bands (3 type-A + I type-B + I type-C) of IOB 2 D6 have been made.

These enable the ground state parameters A0 , Bo , Co, A, A,,, AoL to be deLermined,with
0 0 • ' J o'

60 and 60 constrained to values predicted by the harmonic force leld.

10 BH 10 BD
O2H6 O2D6

A0 /cm
-
1 2.655452(81) 1.334684(67)

B0  0.642276(28) 0.459912(54)

C 0.587342(28) 0.406509(64)

A 1.29(4) x 10
- 6  0.42(8) x 10

- 6

ao0 2.13(26) x 10
- 6  1.12(29) x 10

- 6
AJK

A
0  15.73(47) x 10

-
6 3.16(38) x I0

- 6

a; 0(0. I0 x 0 - 6 ] [0.08 x 10 - 6  
|

K 12.00 x 10- 6 1 [0.87 x 10- 6 ]

For 0B 2H6 the results agree well with the previous results of Lafferty et al.(1), but

are now more precisely defined.

A total of 80 input data (w, Aw, 4, A) for the six B2H6 and B D isotopic species2 .6
allows 27 of the 33 harmonic force constants to be determined unam9iguously. The force

field was used to correct the ground state inertial constants, I , to the ground state
average,Iz, values, using also Lafferty et al.'s results for 11BIf6 (I). The nine
available inertial constants, when used in conjunction with isotopic structural differences
determined by electron diffraction (2), predict the ground state average structure parameters
shown. Values in [ ]are for B2D6.

H

13262(2)

.3242(6)]

H 1.1972(2) 96.520(2) H

B [96.740(5)) B 

I
11I >(0)1 V 121.06°0(2)

• / 12 1.20 (15)]

H

(I) W.J. Lafferty, A.G, Haki, and T.). Coyle, J. Mol. Spectrosc. 33, 345 (1970).

(2) K. Kuchitsu, J. Chem. Phys. 49., 4456 (1968).
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C 15

FT infrared investigation of parallel bands

of CF3Cl, CF3Br and CFI

H. Burger, K. Burczyk, R. trassow and P. Schulz

Anorganische Chemie, FB 9, Universitit-Gesamthochschule,

D-5600 Wuppertal, F.R.G.

A. Ruoff

Sektion 6chwingungsspektroskopie, Universitit,

D-7900 Ulm, F.R.G.

The infrared parallel bands of CF.C1, CF3Br and, in part,

CFI have been examined in the gas phase with a resolution

of 0.04 cm- 1, '3C1 and 7 9 Br enriched isoto:.pmers being

employed. Rotational J structure was resolved, and all a,

fundamentals and a great number of anharmonicity and rota-

tion-vibration interaction constants have been measured.

Strong Fermi resonance has been found in particular CF.Br

where the levels (n+2)v3/p2 +nv,/*v+(n--)v,/2v,+ (n:)v,

interact. This resonance causes a pronounced non- aaditivity

of the a values. Hot bands, mainly with v6 and ',, play an

important role at room temperature, and several of their

rovibrational systems could be identified and analyzed roth

by polynomial and band contour simulation methoas. J clusters

are usually sharp, and no K structure could be resoivpd

though one exception has been detected.

1t



.57

C 16 Dissociation energy of LaO from the true

potential energy curve

L.S. Gowda and B.N.K. Setty and V.N. Balaji
Department of Physics Molecular Biophysics Unit
University of Agricultural Sciences Indian Institute of Science
Agricultural Engineering Institute Bangalore-560012 India
Raichur-584101 India

The band systems of LaO are of considerable astrophysical and

geophysical importance. LaO bands have been found in S-type

stars extending in the wavelength region of 5015-6450 X. The

value for the dissociation energy De of LaO obtained from

different methods have been reported by various investigators.

It is found that these values differ from one another. Hence,

in the present investigation, the Lippincott and the Hulburt-

Hirschfelder (H-H) potential functions are chosen as the

empirical potential functions. The turning points of the RKRV

curve for the ground state of LaO are used in the empirical

function and for a particular value of De. The energy values

U(r) are obtained for various vibrational levels. These energy

values can be compared with those obtained from experimental

data G(v). The value of De for which the best fit of energy

values is achieved is taken as the dissociation energy and the

method is known as the curve fitting method. The influence of

vibration-rotation interaction on (B-X) system of Lanthanumoxide

is also studied.

* N.S. Murthy and L.S. Gowda, J.Phys.B. 10, 491 (1977)
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AUTOIONIZATION EFFECTS IN THE THEORETICAL STUDY OF TIHE PARTIAL.

PHOTOIONIZATION CROSS SECTION FOR THE b"Z- STATE OF O,-
g

A. GIUSTI, H. LEFEBVRE-BRION, H. LE ROU-O, G. RASEEV

and A.L. ROCHIE

Laboratoire de Photophysique Mol6culaire, Bitiment 213,

Universit6 de Paris-Sud 91405 Orsay, France.

An interpretation of the partial photoionization cross sections

in the region 610-660 X leading 0,+ in the b state i proposed.~g
The direct ionization process is calculated by an ab-initio method

based on the static exchange (or Hartree-Fock) approximation-.

The multichannel Quantum Defect Theory (M.Q.D.T.) is used for

calculating the effect of the electronic autoionization diic to

the Rydberg states of the "strong" and "weak" series converg ilng

to the B2E - state of 02+ 4 The interaction parameters used in thc

4iQDT are compared to ab-initio calculations. This interpretation

is supported by the vibrationally resolved partial phot ionization
.5

cross sections observed in this region

References

1 A. Tabch6-Fouhail6, I. Nenner, P.M. Guyon and J. Delwiche,

J. Chem. Phys. August 1981.

2 G. Raseev, H. Lefebvre-Brion, H. Le Rouzo and A.I,. Roche,

J. Chem. Phys. July 1981.

3 A. Giusti and H. Lefebvre-Brion, Chem. Phys. Lett. -Th, 132 (1980).

4 K. Yoshino and Y. Tanaka, J. Chem. Phys. 18., 1859 (1908).

5 P. Morin, I. Nenner, P.M. Guyon, L.F.A. Ferreira and K. Ito,

Communication to the XIle ICPEAC Conference (Gatlinburg, .july 1981).
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HIGH RESOLUTION ON THE NEAR ULTRAVIOLET A --- X SYSTEM OF N20
+ BY

DOPPLER-TUNED LASER PREDISSOCIATION.*

M.LARZILLIERE, M.CARRE and M.L.GAILLARD

Laboratoire de Spectrom~trie lonique et Mol~culairt. "3Ssoci6 au CNRS)

Universit6 Claude Bernard Lyon 1

Campus de la Doua, 69622 - VILLEURBANNE, France.

With a Kr+ laser as a light source, we applied the fast ion beam laser spec-

troscopy method (1) to the near ultraviolet system of N20
+ whose upper state is

partially predissociated into NO+ and N.

Through electrical detection of the photofragments NO+ , we obtained a

rotationally resolved predissociation spectrum which is quite similar to the

emission spectrum previously analysed by Callomon and Creutzberg (2).

Further improvement in the laser line width was obtained by use of an

intracavity Fabry Perot etalon which leads to a width of few MHz on the 337.5

nm laser line, well below The Doppler line width due to the velocity spread of

the ion beam (80 - 100 MHz).

A Doppler scan for ion beam energies between 15 and 150 KV corresponds to

the recording of the predissociation spectrum from 29550 to 29600 wavenumbers
7with a resolution which exceeds 10 . Under those conditions, we observed the

rotational band identified by Callomon as the A2, + (100) --- X2-(O00) transition.

The resolution improvement reveals however that the fine structure of the

observed transition does not confirm earlier identifications and that one should

rather invoke a 2A - 2 73/2 transition in order to explain the details of the

rotational structure. The implications of such a change for the analysis of the

N20
+ spectrum and predissociation mechanism will be discussed.

Detailed observation of each rotational line, also provides the first

experimental evidence of the hyperfine structure due to the nuclear spin of

the nitrogen atoms.

R This work was supported in part by DRET contract n079/386

(1) M.CARRE and al. Molecular Physics, 40, 1453, 1980.

(2) J.H.CALLOMON and F.CREUTZBERG Ph.Tr.Roy.Soc.London, 40, Cl-46, 1974.
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C 19
IITR0OLIC TRI, SITIU1, !i01.-z,T OF IhE 13U-GR. i1, L)Y61.L,.'

OF SCAIDIUM IONOXIDE

B.NARASIEAL1RTHY and N. SREEDHARALM.URTHY

Department of Physics, University of Mysore, Mysore 570 006
India

Astrophysically important molecule scandium monoxide is

studied in its (B_ -X 2F) band system. In an arc source fed

with scandium oxide, bands are excited. Integrated irtensities

for seventeen bands are measured by the techninue of

heterochromatic photographic photometry. Morse potential is

found adequate to represent the electronic states of

B 2and X2 y of ScO for the v-values encountered in the iresent

study. Appropriate to this potential the Franch-Condon

factors and the r-centroids are calculated by numerical

integration. The r-centroid approach is followed to extract

the form of electronic transition moment. It is a linear

function of the internuclear separation. An array of band

strengths for the system is provided. Effective vibrational

temperature of the source is calculated.
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C 20 Rotational Analysis of the D-X and F-X

transition of SiCl

F. MELEN, I. DUBOIS, arid H. BREDOHL

Institut d'Astrophysique

Universit6 de Liecge

B-4200 Cointe-Ougr~e, BELGIQUE

Three electronic transitions of SiCl (D-X, E-X and F-X)

have been reoorted in absorotion under low resolution by

Oldershaw and Robinson (J. Mol. Spectr. 38, 306, 1971).

High resolution emission and absorption spectra have
0

been nbtained in the 2350-2000 A region. ctaional analysis
has been done for six bands of the D2 E+ - X2l transition

r

(0-0, 0-1, 0-2, 0-3, 1-0 and 2-0) as well as for two bands

of the F2 z+ - X2 1Tr transition (0-0 and 0-1).

For the E-X system, only the 0-0 band at 45375, 45169 cm
- 1

is observed in absorption at hiah resolution and show a very

heavy predissociation.
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D 1 Some Recent Techniques in Laser Spectroscopy

Arthur L. Schawlow

Stanford University,
California 94305, U.S.A.

We have used two-step polarization labeling to identify even-parity

excited electronic states in Na Constants have thus been obtained

for more than twenty states, including several Rydberg series which

can be extrapolated to give values for the ground state of the

molecular ion. We have also observed and identified many strong c.w.

two-photon transitions in Na2, enhanced by very near (less than

0.1 cm- I ) coincidence with allowed lines in the A-X band.

Doppler free spectra in atoms have been detected by an extremely

simple radiofrequency electrodeless discharge method, using the

reaction on the oscillator which excites the discharge. The POLINEX

method of T.W. Hansch (modulated polarization) has been used to

eliminate the Doppler-broadened background from velocity-changing

collisions. Multiple wedge interferometers are being developed to

measure wavelengths of pulsed lasers.

D 2 Problems in the Spectroscopy of the Group VI-VI Molecules

R.F. Barrow

Physical Chemistry Laboratory

Oxford University
South Parks Road

Oxford OXI 3QZ, U.K.

(no abstract)

B



63

E 1 Second order vibration - rotation Hamiltonian for

Very strong Coriolis resonance : Microwave Spectra of

H 1COOH and D1 COOH

E. WILLEMOT, J. BELLET

Laboratoire de Spectroscopie Hertzienne de Lille - L.A. N° 249

59655 VILLENEUVE D'ASCQ CEDEX - FRANCE

For H 2COOH and D 2COOH, the importance of the Coriolis

perturbation strength needs a complete development of the coupling part of

the vibration - rotation Hamiltonian up to the second order. The new mole-

cular model proposed consists of two asymmetric WATSON's rotators linked

by 10 vibration - rotation coupling terms.

For the H 1COOH molecule, a complete investigation of the

8 - 280 G(z region allowed the assignment of 260 pure rotational transi-

tions to the v7 = I and v9 = I vibrational states str-ongly coupled by

a Coriolis resonance. The quality of the 31 fitted molecular parameters

allowed the assignment of 14 intervibrational states transitions induced

by the very strong resonance. Consequently, it is possible to give the

energy difference between the and V9 band centers with a precision

of 0.5 MHz. For the D 2COOH molecule, 92 pure rotational transitions have

been assigned to the V7 = 1 and v9 = I resonant vibrational states,

and 2 microwave intervibrational transitions have just been assigned.

At this time, 24 parameters are well determined.
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E2

Nonadiabatic calculations of the emission spectrum of 
H2+

Annik Vivier Bunge and Carlos F. Bunge

Departamento de Qutmica, Universidad Aut6noma Metropolitana,
Iztapalapa, Mexico 13, D.F., MEXICO

+

We treat H as a two-proton system with the coordinate frame centered
2

at the electron. Atomic-like L-S symmetry applies, there being an

approximate correspondence between these and adiabatic Born-Oppenheimer

states. Extensive configuration interaction calculations using

n-i
r exp(-ar)cos(ar) radial funcations are carried out in an effort to

identify the most likely emission spectrum. Oscillator strengths and

wavelengths for 2p7u (discrete) - isag (continuum), 3dag (resonance) -

2pau (continuum) and 2p7 u(discrete) - 3d0 (resonance) transitions will
be prg

be presented.
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E 3 Centrifugal distortion constants for diatomic

molecules: an improved computational method

JEREMY M. HUTSON

Physical Chemistry Laboratory, Oxford University,
South Parks Road, Oxford OXI 3QZ, England.

Centrifugal distortion constants are important when fitting molecular

parameters to spectroscopic data, but it is often difficult to separate the

effects of centrifugal distortion from those of other parameters on

experimental grounds alone. However, if an accurate potential energy curve

is available, centrifugal distortion constants may be calculated theoretically.

Several methods have been proposed for this [1-4], and work well for low

vibrational levels, but all are either inaccurate or computationally

difficult for highly excited vibrational states. We have developed an

alternative approach which eliminates this problem.

In the present method, the perturbation theory approach of Albritton

et al. [1] is reformulated to eliminate summations over excited vibrational

states. In the usual formulation of Rayleigh-Schrodinger perturbation

theory, these summations appear when the solution of an inhomogeneous

differential equation is expressed as a sum over the eigenfunctions of the

unperturbed Hamiltonian. In the present method, this differential equation

is solved numerically, eliminating the summations and giving an exact

solution using much less computer time than in the original perturbation

theory method. The centrifugal distortion constants are then calculated

by a straightforward numerical integration. The effects of continuum

levels are included exactly, so that the results remain valid for

vibrational levels near dissociation.

The method is very accurate and computationally inexpensive, and

centrifugal distortion constants of high order may be calculated at very

little additional expense. A fully documented FORTRAN program is available

for calculating the centrifugal distortion constants Dv, Hv, Lv and Mv

from a potential curve.

References

[1) Albritton D.L., Harrop W.J., Schmeltekopf A.L. and Zare R.N., 1973
J. Mol. Spectrosc., 46 25-36.

[21 Brown J.D., Burns G. and LeRoy R.J., 1973 Can.J.Phys., 51 1664-77.

[3] Kirschner S.M. and Watson J.K.G., 1973 J. Mol. Spectrosc., 47 234-42

[41 LeRoy R.J. 1980 Semiclassical Methods in Molecular Scattering and

Spectroscopy, ed M.S. Child (Dordrecht: Reidel) pp. 109-26.

.. . .. .. .-. . . . l - --. . . ." - -' ' '. . . . , =



66

E 4 Microwave Fouriertransform £pectroscopy

and Applications

G. Bestmann, E. Fliege and H. Dreizler

Abteilung Chemische Physik, Institut f(r Physi-
kalische Chemie, UniversitAt Kiel, Olshausenstr.

4o - 6o, D-23oo Kiel.

The construction of a Microwave-Fouriertransform Spectrometer

in X- and Ku-band (8-18 GHz) will be presented. This spectrometer

is built for gas phase rotational spectroscopy at low pressures
-4

down to 10 mT. It seems to be more sensitive than usual

Starkspectrometers. Also the resolution is superior for different

reasons. A range of 50 MHz may be observed during a single

measurement.

Up to now the spectrometer has been tested with more than

2o molecules.

Presently the HFS structure of nitrogen and the torsion

fine structure of high barrier molecules are under investiga-

tion, which could not be investigated hitherto.

Examples bill be given.
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INVESTIGATIONS ON CYCLOBUTYLSILANE BY MICROWAVE SPECTROSCOPY

A. Wurstner and H.D. Rudolph

Dept. of Physical Chemistry

University of Ulm

D-7900 Ulm, W.Germany

The microwave spectra of cyclobutylsilane in the ground state

and in a first excited state have been investigated in the region

13.0 - 39.0 GHz. Sixty-eight a- and c-type transitions of the

ground vibrational state were analyzed. The rotational and

centrifugal distortion constants were fitted. As a monoderivative

of cyclobutane cyclobutylsilane could exist in two possible con-

formations with the silylgroup in either the axial or equatorial

position with respect to the puckered cyclobutane ring. The ro-

tational constants of cyclobutylsilane were predicted using

structural parameters of cyclopropylsilane and cyclobutylchloride.

The experimentally obtained values are in considerably better

agreement with the equatorial structure. The dipole moment com-

ponents were determined from Stark effect measurements and agree

with the equatorial structure of the compound.

Llama
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Intramolecular Hydrogen Bonding in Glycolic Acid: Microwave

Spectrum, Dipole Moment, Molecular Structure and Quantum-

Chemical Calculations.

C.E. Blom and A. Bauder,

Laboratory for Physical Chemistry, Swiss Federal institute of

Technology, 8092 Zurich, Switzerland.

The microwave spectrum of glycolic acid (CH2OHCOOH) has been

investigated in the frequency range from 18 GHz to 40 GHz.

Rotational constants and centrifugal distortion constants for

ground state and two vibrationally excited states have been

adjusted to the measured transition frequencies. Only one con-

former was found. From observed Stark splittings the electric

dipole moment has been determined: a = 1.913(5) D, b =

0.995(14) D and Vtotal = 2.1 56 (9) D

From the rotational constants of the parent molecule and nine

isotopic species (all eight single and one double substitution)

the molecular structure of glycolic acid has been determined.

The hydroxyl group points towards the carbonyl oxygen of the

carboxylic group with an intramolecular 0 ... H distance of
0

2.11 A.

The substitution structure is compared with results from neu-

tron diffraction and with the quantum-chemical calculations.

The centrifugal distortion constants agree with those computed

from a General Valence Force Field based on infrared matrix

spectra.
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E 7 Propagation of a resonant / non resonant electromagnetic step

through an optically thick gas experiments in the millimetre region

B. SEGARD, H. DEVE, F. ROHART an B. MACKE

Laboratoire de Spectroscopie Hertzienne de LILLE, Associ6 au CNRS

BAt. P5 Universitg de LILLE I
59655 Villeneuve d'Ascq Cedex, FRANCE

We have examined the propagation of an electromagnetic step at = 1.6 mm

through a = 17 m - long cell filled with OCS gas at low pressure. Its frequency was

equal or nearly equal to that of the OCS rotational line J = 14 - J = 15. This line
-1

has a large linear absorption coefficient (W = 1.64 m ) leading to a cell optical

thickness t - 31 at resonance. The 1.6 mm - wave power was low enough to avoid any

saturation effect.

(1) when the incident 1.6 mm - wave is exactly resonant, only a short pulse is trans-

mitted by the cell in the collisional limit. Its rise time is only limited by that

of the step (= 7 ns) for it is clear that there cannot be any absorption of the front

edge : there has not been time to create the necessary gas polarization. Surprisingly

enough, the pulse fall time is much shorter than the collisional relaxation time T2,

namely a few T2 /Lt, a result in agreement with a previous theoretical calculation.

(2) when the incident 1.6 mm - wave is detuned from resonance (so as the gas is trans-

parent and weakly dispersive in steady state), the signal delivered by the quadratic

detector consists of a transient beat at the detuning frequency superimposed on the

main step. This beat is simply interpreted as resulting from the mixing of the incident

wave and of a resonant pulse reemitted by the molecules at their eigenfrequency

(SIRF pulse, SIRF - Stimulated inelastic Resonance Fluorescence). In the collisional

limit, a theoretical calculation taking account of the SIRF reabsorption shows that

the SIRF pulse is strongly modulated. Its amplitude and its duration are respectively

proportional and in inverse ratio to the optical thickness ac, its area being rxt

independent. All the theoretical predictions are well supported by the experiments.

Let us note that the phenomena discussed in this communication are closely

related to two problems encountered in laser spectroscopy : the interest of the

experiments in the millimetre region is to benefit from a favourable time scale

facilitating the observation.
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E 8 A0 and DK for CD3 1 from the v4 Raman and IR bands

Carsten Poulsen and Svend Brodersen

Dept. of Chemistry, Aarhus University

8000 Aarhus C, Denmark.

Accurate experimental values for A0 and DK have been known for

some time for all the methyl halides of species CH3X, except for

CD 3I1D3I.

The v4 vibration-rotational Raman band of CD 31 has been recorded

at a resolution of 0.28 cm . The prominent features in the spectrum

are the two series of unresolved Q-branches of the two components

AK = +1 and AK = -2. The J assignment of each Q-branch was found ite-

ratively by assigning to each peak the J value of the individual line

being nearest to the peak. The weighted least squares fit included

data from the v4 infrared band [1]. The residuals show no systematic

trend, in contrast to the simultaneous analysis by Peterson and Ed-

wards [1] of the v4 and 2v 4 infrared bands.

-l -5 -l
A0 = 2.59607(10) cm and DK = 2.05(8) x 10 cm are obtained,

in addition to values for vo' (AC)49 AA and AB. The A0 value fits ex-

cellently with the known values for the other seven methyl halides

species, and the DK value agrees with the theoretical value of

2.1 x 10- 5 cm-  calculated by Duncan [2].

[1] R.W. Peterson and T.H. Edwards: J. Mol. Spectrosc. 38, 1 (1971).

[2] J.L. Duncan: J. Mol. Spectrosc. 60, 225 (1976).

S ,9
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Perturbations between an A and an E fundamental state in a C3v molecule

Claus Bo Mikkelsen and Svend Brodersen

Department of Chemistry

Aarhus University
DK-8000 Aarhus C

Denmark

The blocking of the Hamiltonian matrix is shown graphically for

the two possible cases:

1. Symmetry blocking only. Dimensions of blocks are J-depended.

2. Off-diagonal elements are selected to obtain blocks of

J-independent dimensions (max. 3x3).

The identity of blocks, energies and intensities is discussed.

The second case is examplified by means of an energy level diagram

for the v2 (A 1and v5 (E) vibrational states of CD 3F.
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E 10
The Vibrational Fundamentals of 12 in the region 1040-1200 cm-

G.L. Caldow L.O. Halonen

Department of Chemistry Department of Theoretical
University of Reading Chemistry
Reading RG6 2AD, U.K. South Parks Road, Oxford,

U.K.

Preliminary work (I) on the laser Stark spectra of 12CD3F has led to a

reliable estimate of the v 5 band origin and to an interpretation of the

Q branch structure of v5 in the FTIR spectrum. However the perturbation

model used in that study is insufficiently accurate to allow a complete

interpretation of all the laser Stark data in this region or to predict

the microwave data to experimental accuracy. Nevertheless the model is

sufficiently accurate to assign the low J transitions of the K=0 and I

Q branches as measured using laser diode techniques (2).

We have now written a computer program which diagonalises the complete

interaction Hamiltonian matrix for the V2 and v5 ro-vibrational energy

levels. This has allowed us to fit simultaneously the microwave, laser

Stark and diode spectra and over 800 transitions in the Nicolet FTIR
-I

spectrum for the region 1040-1200 cm . A comparison of the calculated

and observed infrared spectra shows the phases of the dipole moment

derivatives to be of opposite sign. Some of the transitions which would

be forbidden in the absence of the interaction are of comparable intensity

to the allowed V5 transitions.

In our previous study (I) we noted that some of the unassigned Stark spectra

were observed to have Lamb dips. These are now shown to arise from v5

transitions where there is significant mixing with V2. These results

suggest that care must be taken in assigning Stark spectra where strong

interactions are likely to occur.

(1) G.L. Caldow and G. Duxbury, J.Mol.Spectro., in press.

(2) J. Sattler and L. Worchesky, private communication.

on study leave from the Department of Theoretical Chemistry,

University of Bristol, U.K.
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III GH RES0LI " ION I NPI"ARED STUDY OF TIE A-CuRI (I. 1 b

INTERACTING BAND SYSTEM v6,78,1) IN 2tCCD,.

F. Hegelund , A.R. Morrisson and J.L. Duncan,

Department of Chemistry, University of Aberdeen,

old Aberdeen, A39 2UE, Scotland.

The intense u 7 and 1 8 c-type and the weaker v6 and 110 b-type

fundamentals of as-ethylene-d 2 have been studied at a resolution
-i

of ca 0.05 cm using spectra obtained on a Nicolet FTlR spectrometer.

From the v 7 and v8 bands the following ground state rotational

and distortion constants have been determined in terms of the

full asymmetric rotor model (cm- 1

A0  3.25196(16), 0=0.85648(10), C,= 0.67622(15)

1.3(5 x16 0 -6 06Aj= 1.03(15) x 10 - ,  AJK = 6.6(7) x 10-
, A K= 39.3(8) x 10-6

0.19(10) x iO6, 1K= 1(3) x 106.

The uncertainties which are given in units of the last digit(s)

quoted are 2.5 standard deviations.

a-Coriolis interactions between the b- and c- type bands result in

global perturbations of all four bands. Taking into account these

resonances, unperturbed upper state rotation and vibrational

parameters are obtained from sub-band origins. In addition, full

asymmetric rotor analyses of V 7 and u 8 yield B,C and distortion

constants for these levels.

Localized higher order Coriolis resonances between the inactive
e4 level and 8.,as well as between r7 and u 10 are discussed in

some detail.

* Permanent address: Department of Chemistry;

Aarhus University,
DK-8000 AARIIUS C,
Denmark.

~~J IJ
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E 12 Optoacoustic and Classical Infrared Spectroscopy of C2H3D

between 9 and 13 pm.

Ph. Herbin, C.P. Courtoy

Laboratoire de Spectroscopie Mol~culaire

Facult~s Universitaires Notre-Dame de la Paix, Rue de Bruxelles, 61

B-5000-Namur, BELGIQUE.

A. Delplace, A. Fayt

Laboratoire de Spectroscopie Mol~culaire

Universitg Catholique de Louvain, Chemin du Cyclotron, 2

B-1348-Louvain-La-Neuve, BELGIQUE.

We have undertaken the study of the absorption of C2H3D between

9 and 13 pm to determine the contribution of this isotopic species in the

optical pumping of ethylene by CO2 lasers.
-l

We have recorded the absorption spectrum of C2H3D from 720 to 920 cm

with our "dual-grill" spectrometer. The absorption is due to the v7 band-1 -l

(C-type band near 807 cm- ) and to the v8 band (C-type band near 943 cm)

The v7 and v8 levels are coupled through a-and b-type Coriolis interactions

with the vlO level near 730 cm- . We have performed a simultaneous analysis

of those three levels taking into account the a-type Coriolis interaction

between them.

On the other hand, some coincidence between C2H3D absorption lines

and CO2 laser lines have been detected by using a quite sensitive optoacoustic

cell. The analysis of those results will be discussed.
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Rovibrational investigation of the v3 and v6
fundamentals of H.SiCl, H.SiBr and h.6i

H. BUrger and P. Schulz

Anorganische Chemie, FB 9, Universitdt-Gesamthochshule,

D-5600 Wuppertal, F. R.G.

A. Ruoff

Sektion Schwingungsspektroskopie, Universitat,

D-7900 Ulm, F.R.G.

The rovibrational spectra of H3Si35CI, H3 Si
79 Br, H3 Si

81 Br,

H3SiI and of natural material have been investigated with

a resolution of 0.04 in the region of the fundamentals and

several overtones. Spectra and their evaluation will be pre-

sented for the fundamentals v3 (a, ) and \6 (e), the overtones
2v3 (H,SiCl), 2v 2 and 2\0 and hot bands 2\,-\ 3 , v5 +v6 - 6 ,

V6 +\ 3 -', and 2v 2 ' 0 -V 6 . While v3 (and 2V3 ) appear as ty.:i-

cal parallel bands possessing P and R branches with sharp

J clusters and no resolvable K structure, the perpenaicuilar
±2bands v6 and 2v, , for AJ =-', are resolved into J Iines

belonging to different KA K values.

Typically 800 -2000 lines could be measured, assigned ard

fitted, 0 (J,K) being in the order of 5 X lO cO- I . The

strongly perturbed v3 +v6 state of h-SiI has been icentified,

and a second order Coriolis resonance is likely to occur in

this molecule between v6 and 2v3 .
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HIGH RESOLUTION INFRARED SPECTRA OF v 71 V8 " V4 " %10 AND v6 BANDS OF

H 2  12 C 3CH.

M. De Vleeschouwer, Ch. Lambeau and A. Fayt.

Department of molecular spectroscopy,

University, of Louvain

Chemin du Cyclotron, 2, 1348 Louvain-La-Neuve, Belgium.

C. Meyer

Laboratoire d'Infrarouge, Universit6 de Paris-Sud,

Bdtiment 350, 91405 ORSAY C6dex, France.

The study of optical pumping of ethylene in the 10pm region has

brought our attention on the H212 C 3CH2 molecule which is by far the

most abundant isotopic impurity (-2.2 %) in normal samples.

The infrared spectrum of H212 C 3CH2 has been recorded from 836
-1

to 991 cm using the double pass SISAM spectrometer of Laboratoire
-1

d'Infrarouge at Orsay, with a 0.015 cm resolution.

Five levels V6 " V7 V8, v10 and v 4 are strongly coupled by a-type

and b-type Coriolis interactions. The v 6 and v8 levels, only Raman active12 12 12 13
for H2  C CH2 are infrared active for H2  C CH2 because of the lack of

symwetry for that molecule. The v 8 band appears to be about five times

weaker than the v 7 one. The infrared activity of v 8 will substantially

increase the possibilities of optical pumping for H212C13CH2 which enhance

the interest of studying that molecule.

The analysis has been applied to the five levels simultaneously to

take into account the interactions mixing them.

Tht final set of parameters gives a calculated spectrum in perfect

agreement with the experimental data. Predictions about coincidences

between H1 2 C 13CH lines and N 0 and CO isotopics lasers have been cal-
2 12 2 2 2

culated like for H2  C CH2.

* Ch. Lambeau, A. Fayt, J.L. Duncan 'nd T. Nakagawa, J. Mol. Spectrosc.,

81, 227-247 (1980).
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12 12 13 13 -

FOURIER TRANSFORM SPECTRA OF C 2 4H 4 2C3CH4 AND C2H 4 FROM 1750 TO 2380 CM-

M. De Vleeschouwer, Ch. Lambeau and A. Fayt

Department of molecular spectroscopy,

University of Louvain,

Chemin du Cyclotron, 2, 1348 Louvain-La-Neuve, Belgium.

G. Guelachvili

Laboratoire d'Infrarouge

Universit6 de Paris-Sud

Bitiment 350, 91405 ORSAY Cedex, France.

The low and high pressure spectra of 12C2CH4  12C13CH4 and 12C2H 4

have been recorded from 1750 to 2380 cm using the Fourier Transform
-1

spectrometer of Laboratoire d'Infrarouge at Orsay with a 0.005 cm

resolution and an absolute precision of a few 10 cm

The great quality of the spectra yields to the determination of
ground state combination differences up to high values of J and K and

a

consequently to the first determination of the groune state energy levels

of 13C 2H4.

The analysis of 12C2H 4 and 13C2H 4 has been performed by treating

simultaneously v 7 + V8" V4 + N8 and v8 + V10 to take into account the

strong interactions mixing them.

For 12 C13 CH4 , the 2v8 , 2v7 , v 7 + v 1 0 and v4 + N10 bands, only12 13/

Raman active for C2H4 and C2H4 , are also infrared active because

of the lack of symmetry. They are strongly coupled with v7 + V8 "

4 + V8 and 8 + V 0 so that they must be introduced in the analysis.

The study of this region leads to the determination of the upper

states of the hot bands transitions appearing in optical puzrming processes

in ethylene.
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Ultraviolet Absorption Spectrum of the CaH Molecule

B. Kaving and B. Lindgren

Institute of Physics, University of Stockholm
Vanadisvagen 9, S-113 46 Stockholm, Sweden

The spectra of CaH and Cad have been studied between
2450 and 3600 A. Metallic calcium has been heated
in a hydrogen (deuterium) atmosphere in a King type

furnace. Temperatures of 1200 and 1400°C gave suffi-
cient absorption.

Apart from the well-known C-X and F-X transitions this
region of the spectrum is dominated by strong features
around 3060, 2850, 2611 and 2530 A. The first two fea-
tures are identified as transitions between the 5p and
4d complexes and the ground state. This identification
leads to an ionization energy of 47 250+750 cm-.
Deuteride studies have confirmed these results.

The 6 p and 5d complexes are then estimated to lie around
2535 A and 2475 A respectively. The long wavelength

part of the feature around 2530 A has the expected inten-
sity aistribution of a transition involving the pc part
of the complex.

The band at 2611 A is identified as the (2,1) band of
the F-X transition. This band shows a marked pertur-
bation. The perturbing state has a higher B-value than
the v=2 level of the F state has. Neighter the (2,0) nor
the (2,2) band show any marked intensity but at the
wavelength where the (2,0) band is expected transitions
from the 6pm state to the ground state are found.

The identification of the 5d complex is rather uncer-
tain. A band at 2493 A with single P, Q and R branches

might be a transition to the 5dn state.
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E 17 Rotational analysis of the Z u - Eg

transition of 11B 2 and 11B10 B

I. DUBOIS, H. BREDOHL and P. NZOHABONAYO

Institut d'Astrophysique

Universit6 de Liege

B-4200 Cointe-Ougr6e, BELGIQUE

The emission spectrum of B2, first observed by Douglas

and Herzberg (Can. J. Research I8, 165, 1940) in the near

UV region, has been reinvestigated under high resolution.

Rotational analysis has been Performed for 6 bands

of the species (0-0, 1-1, 1-0, 2-1, 3-2 and 0-1) as

well as for 4 bands of the isotonic 11B1OB species (0-0,

1-0, 2-1, 3-2).

Accurate molecular constants have been obtained for the

two isotopic molecules.

On the other hand, evidence of the triplet nature of the

electronic states (3Eu - 3 ) has been found in the strongestu g
0-0 band.

,L
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E 18 The AIR - XE transition of the CCl ion

H. BREDOHL, I. DUBOIS and F. MELEN

Institut d'Astrophysique

Universit6 de Li~ge

B-4200 Cointe-Ougr~e, BELGIQUE

0

An emission spectrum in the 2300-2400 A region has

been tentatively attributed to CCI+ by Barrow et al. (Proc.

Phys. Soc. 67, 186, 1954).

This spectrum has been observed under high resolution

in a HF discharge through Helium and CCI 4. It has been rota-

tionaly analvsed as effectively due to a 17 - 1F+ transition

of CCl. The analogy with the corresponding transition of CF+

(Verna, Can. J. Phys. 39, 1377, 1961) is stricking.
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+ 130

Fourier transform absorption spectrum of the AO - XO system of T ...
u g

New results

P. LUC, Laboratoire Aim6 Cotton, CNRS II, Bat. 505, 91405 ORSAY, Fr.in' ,

J. CARIOU,. . LOTRIAN, Laboratoire de Spectroscopie Quantitative,
Facult6 des Sciences et Techniques, 6 Avenuec !c
29200 BREST, France

As we achieved the identification of the AO+ - XO+ band system of
130 u g

Te 2 (about 20.000 lines), recorded at different temperatures (fr-m 51'OC-1 -l
to 900*C) between 15.900 cm- I and 23.700 cm we present the global results

of this investigation

- differences between measured and calculated wavenumbers for d i'-

rent values of the rotational number J

- the expansion parameters for the molecular constants G ,,, B ' ,V V'

for the XOg fundamental state (v" = 0 to 14) and G?, Bv,. De,, H
+ V

for the lower excited state AO (v' = 0 to 35).
U

Some of these results are compard to those c.ilcul,, Lcd y pre,

authors.

To assign all the lines in the vicinity of, for example, argon 1-1

and krypton ion laser lines, we show it is necessary to study (what we ':r,
+

doing now) the BO - XO system, which is much more perturbated than the
u g

A - X system.

All the results we present will be important for the users of the

Tellurium Atlas edited by Aim6 Cotton Laboratory.
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E 20 The Dipole Moment of 
7LiH and 7LiD in the Excited A 1+ State

M. Brieger, A. Hese, A. Renn and A. Sodeik

Institut fur Strahlungs- und Kernphysik, T.U. Berlin
Rondellstrasse 5, D-lO00 Berlin 37, BRD

Alkalihydrides show some remarkable features that made them object

to many investigations, both theoretical and experimental. One of

these features originating from avoided curve crossings is the

strongly distorted potential energy curve of the first excited

electronic state AIZ + . An outstanding property of LiH in the A1 +

state is the pronounced dependence of the electric dipole moment

on the vibrational quantum number which was recently established

by experimental results (1,2). By means of the accurately known

Aly potential curve of LiD and the dipole moment function of LiH

(5), which should be the same for LiD within the Born-Oppenheimer

approximation, dipole moments for LiD were calculated.

The experimental technique applied, was laser induced Stark quantum

Beat Spectroscopy (SQBS) which allows an exact determination of

electric dipole moments. LiD molecules were excited by short pulses

of a nitrogen laser pumped dye laser with an output bandwidth of

less than 0.01 nm. Fig.1 shows a part of the excitation spectrum

in the vicinity of the 6-0 band head in the A-X system. A decay

curve of the A l + v'=6, J'=1 level which exhibits a modulation

frequency of 87.3 MHz corresponding to a dipole moment of 46=.4 D

is presented in fig.2. This value is 14* larger than the theoretical

result 36 th= ' 8 D indicating that the dipole moment functions of

LiH and LiD are difti7rsnt.

I I

Pig.1 Fig.2

References: 1. P. Dagdigian, J. Chem. Phys. 73 (1980) 2049

2. M. Brieger, A. Hese, A. Renn and A. Sodeik
Chem. Phys. Lett. 76 (1980) 465

3. H. Partridge, 5.R. Langoff and W.C. Stwalley
to be published in J. Chem. Phys.
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F 1 Microwave spectroscopy and dye laser

spectroscopy of transient molecules

S. Saito

Institute for Molecular Science

Myodaij i

Okazaki 444

JAPAN

(no abstract)

I
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Hydrogen-bonded complexes investigated with a Fourier-transform microwave

spectrometer incorporating a Fabry-Perot cavity fed with a pulsed-nozzle

source of dimers.

P D Aldrich, W H Flygare and P D Soper, Noyes Laboratory, University of Illinois,

Urbana, Illincis 61801

and

A C Legon, Department of Chemistry, University College London, 20 Gordon Street,

London WClH OAJ.

Rotational spectroscopy is a rich source of information about the intermolecular

potential energy function (e.g. equilibrium geometry, H-bond stretching force

constant k , dissociation energy D ) and the electric charge distribution (e.g.ae 2V 2
electric dipole moment p and the electric field gradients /dV at certain

nuclei) for isolated hydrogen-bonded dimers B... HA. Conventional Stark modulation

spectroscopy has been successfully applied to dimers such as HCN.-HF, H-,O...IHF

and (HCN), by using low pressure gas mixtures at equilibrium at %200K but is

less well-suited to the investigation of more weakly bound species for which

much lower temperatures are required to give a sufficient number density of dimers.

Unfortunately, lower temperatures are difficult to sustain and, moreover, the dimer

vapour pressures then become too low.

Recently, W H Flygare and his group have developed a new type of microwave

spectrometer that has the desirable characteristics of a very high sensitivity

for molecular dimers coupled with a high resolution. The spectrometer is of

the Fourier-transform type in which the molecule-radiation interactions occur

in a Fabry-Perot cavity that is fed with an appropriate gas mixture in the

form of a pulse produced by supersonic expansion from a solenoid valve. Since

the gas pulse thereby obtained has a very low effective temperature and carries

a high number density of dimers, the technique is particularly suitable for

the investigation of weakly bound dimer species.

The principles of operation of the new spectrometer will be outlined, with

emphasis on its advantages and disadvantages compared with conventional Stark

modulation spectroscopy. The results that can be obtained with such a spectrometer

will be illustrated by references to a number of weakly hydrogen-bonded species,

including (CO,HF), (RCN,HF) where R=CH 3 and NC, and (B,HCI) where B=ethyne, etlene

and cyclopropane. Some details of intermolecular potential energy functions and

electric charge distributions that have been obtained from the rotational spectra

of these dimers will be discussed.
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G I ROTATIONALLY RESOLVED STUDIES IN GASES
USING STIMULATED RAMAN TECHNIQUES*

Adelbert Owyoung and Peter Esherick
Sandia National Laboratories

Albuquerque, NM 87185

ABSTRACT

The development of high resolution stimulated Raman

spectroscopy (SRS) has enabled a variety of gas phase spec-

troscopic studies with unprecedented sensitivity and spectral |

resolution (- 0.002 cm- ). Investigations of Q-branch spectra,

particularly in spherical top molecules, illustrate the

attractiveness of SRS in ultra-high-resolution studies which

are beyond the reach of spontaneous methods.

New areas of application for SRS techniques over the

past year include spatially resolved probing of molecules in

supersonic free-expansion jets and time resolved investigations

of photo-excited molecules. In the former case, the jet has

provided a unique environment which offers advantages

of (1) spectral simplification, (2) reduced spectral broadening,

and (3) high sample densities. In the time resolved investi-

gations, we are seeking to demonstrate the unique capabilities

Supported by the United States Department of Energy.

i4
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of SRS in probing dynamic photophysical processes, whether

in a static cell or a free expansion jet. Preliminary

experiments which illustrate this potential are currently

being conducted on CO2-laser-excited SF6 molecules. These

studies will serve as a first step toward the eventual goal

of using SRS techniques to study molecular photofragments or

other transient species.

G 2 Nuclear hyperfine and superfine structure

J. Borde

Laboratoire de Spectroscopie Moleculaire

Universite Pierre et Marie Curie

4 Place Jussieu

75230 Paris cedex 05

FRANCE

(no abstract)
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G 3 IR-MW Double Resonance Spectroscopy of CF4

Using a Tunable Diode Laser

Michio Takami

The Institute of Physical and Chemical Research

Wako, Saitama 351, Japan.

Pure rotational spectra of CF4 were investigated by

infrared-microwave double resonance. A frequency tunable

semiconductor diode laser was used for the pumping radiation source.

Many microwave and radiofrequency transitions were observed in
the v3 and v2 +  3 states of 12CF 4 and the v3 state of CF4.

The double resonance measurement allowed detailed analysis of

the badly congested v3 Q-branch spectra. Tentative molecular

constants were determined for the v3 states of 12CF 4 and 13CF 4.
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H 1 Dynamic Polarizabilities of H2. Accuracy of Theoretical

Determination.

Jacek Rychlewski

Institute of Chemistry, A.Mickiewicz University,Poznan,Poland.

A variation-perturbation method has been used to calculate the

dynamic dipole polarizability a(w) and the polarizability

anisotropy y(w) of the hydrogen molecule over the bond length

range 0.6 < R 4 10.0 a and for a wide range of frequencies w0

The unperturbed wavefunction consisted of an expansion of 80

terms and the first order perturbed function consisted of an

expansion of 65 terms.These functions take explicit account of

electron correlation.The results were averaged over the nuclear

motion to give the polarizability and its anisotropy in a number

of vibration-rotation states for the H2,HD and D2 molecules.The

results are in excellent agreement with the experimental values

obtained from refractive index data. It is found that the values

obtained by averaging a(w,R) over vibration-rotation wavefunctions

are not significantly different from those obtained by the method

based on the Kramers-Heisenberg dispersion formula (J.Chem.Phys.,

72,5125 (1980)) .

Discussion of the accuracy of the theoretical values of

polarizability obtained from different methods will be given
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Microwave Spectrum, Dipole Moment and Substitution Struc-

ture of Peroxyformic Acid

M. Oldani and A. Bauder

Laboratory for Physical Chemistry, Swiss Federal Institute

of Technology, 8092 Zurich, Switzerland.

The microwave spectrum of peroxyformic acid

0
H-C H\ /

0-0

has been investigated between 12.4 and 40 GHz. Rotational

transitions of the ground vibrational state have been assig-

ned up to J = 50. Rotational constants and all quartic centri-

fugal distortion constants have been adjusted from the mea-

sured transition frequencies. The electric dipole moment has

been determined from Stark splittings of three transitions.

From the magnitude of the inertia defect and from the absence

of a p c dipole component it was concluded that the molecule

is planar. No other rotamer of peroxyformic acid has been

found so far in the microwave spectrum.

Isotopically substituted species with D, 13C and 180 have

been prepared. Their microwave spectra have been analyzed in

the same frequency range as for the parent molecule. The

substitution structure has been determined from the moments

of inertia of the singly substituted isotopic species. The

planar structure of peroxyformic acid is stabilized by an

intramolecular hydrogen bond.
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H 3 Microwave photon echoes : influence of the

transverse molecular motion and of the source bandwidth

F. Rohart, J.P. Prault and B. Macke

Laboratoire de Spectroscopie Hertzienne
Associ6 au C.N.R.S.
Universit6 de Lille I

59655 Villeneuve d'Ascq Cedex, FRANCE

The photon echo technique is a non linear method of high resolution spectros-

copy in which the coherence relaxation of a gas of two-level systems is probed by

the aid of two (or more) optical pulses. Contrary to many theoretical calculations,

one may wonder about influences of the actual structure of the optical beam and of

the source banwidth : these two points are considered in this paper.

i) in a realistic experiment, the optical beam is no longer a plane wave, and one

has to take account of molecular locations and motions through the inhomogeneous

optical field. The detected signal is calculated by projecting the induced polari-

zation on the propagation mode of the optical field. This allows to determine the

role of the field inhomogeneity on the absolute signal amplitude and to point out

the residual Doppler effect related to transverse molecular motions.

ii) in the case of a c.w. source, the frequency fluctuations of the optical field

generaly prevail over amplitte ones : they are responsible of an extra damping

of the transients observed in experiments involving many shots and an averaging

of the detected signals. Assuming a phase diffusing model, two asymptotic behaviours

are pointed out according to the relative values of the sequence duration and of

the frequency correlation time. In particular, photon echo technique reveals usefull

when the frequency exhibits slow drifts (1).

Some experiments at 3 mm - wavelengths illustrate these results.

(I) F. Rohart and B. Macke, Appl. Phys. (1981) in press.



91

H 4 ETUDE DES VARIETES ISOTOPIQJES DE SF Br

EN SPECFROSCOPIE HERTZIMENNE.

GOULET P., JUREK R. , VERRY C.

Laboratoire de Spectronomie Molkculaire - Groupe de Radiolectricit6

Facult6 des Sciences MIPC, 6 Bd Gabriel - 21100 DIJON (France)

La mesure des spectres de rotation pure de la mol6cule SF5Br effectu6e

pour des transitions allant de J = 28 + 29 jusqu' J = 92 - 93 a permis

de d&terminer

- la valeur precise de B° Dj DjK eq Q et R6  dans le cas des deux

varit~s isotopiques les plus abondantes 3 2 SFs 7 9 B (48%) et 3 2 SF5 
8 1 B (471)5 r 5 r

- la valeur probable de B0 pour 3 7 9 Br (2,02%) et 3 4 SF5 
8 1 B r (1,98%)

compte tenu de la faible intensit6 des spectres.( intensit6 comparable A celles

des 6tats excites 6galement observ6s ).

On donne

3 2 SF 579 r  
32SF 8 1Br  

3 4 SF 7 9 B 34 SF 81 B

B 1172.154 1159.772 1170.1 1157.76

o (M4-z)

DJ (Hz) 69.S 68.4 -

DJK (Hz) 165 163.3 - -

eq Q Niz) 708 585 - -

R6 (Hz) 0.3 0.26 - -

Les determinations des distances
0 0

zS = 0,618 A et zB = 1,5244 A
r

par la mnthode de Kraitchmann sont coh6rentes entre elles. A partir de la

valeur de R6 on d~duit la geonktrie de cette mol~cule.
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H 5 The Microwave Spectra of SF4 NF and SF4NCH3

Horst GUnther

Institut fdr Physikalische und Theoretische Chemie

Universit~t TUBINGEN

FRG

The spectra of SF4 NF and SF4NCH3 were measured with a con-

ventional Stark-spectrometer.

Centrifugal Distortion Analysis and torsional calculations

have been carried out.

The Quadrupole coupling constants of the N nuclei were de-

termined.

The dipole moment components are calculated from stark hy-

perfine splittings.

Combination of the rotational constants with the results

of an Electron Diffraction investigation yielded structu-

ral data for the molecules. For this combination, a Nor-

*mal coordinate analysis was carried out.
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H 6 SPECTRUM OF NETIANE CD4 AT 10i -\SSIGNINTS FOR \2 AND v4
DETERMINATI N OF SIX GROLVrD-STATE ROTATIONAL CONSTANTS.

A. VALLNTIN and L. HENRY
Laboratoire de Spectronomie Mol~culaire
Universit6 Pierre et Marie Curie - 75230 PARIS (EDEX 05

M. LOLT and J.C. HILICO
Laboratoire de Spectrcnomie Mol6culaire
Universit6 de DIJOkN - B.P. 138-21004 - DIJON CEDEX

The v2 and v4 bands of nethane-d4 have been recorded between

930 cm-1 and 1180 cm-1 on the new Fourier spectrometer at the University

of Paris. The resolution attained was 0.004 cm-1 .

Up to now, only 3 rotational constants were known

i) B and Do from Raman spectroscopy [1] , ii) Dt from theory (isotopic

relations) [ 2 ]

The resclution and the accuracy of the spectrum allow a ground-state

combination difference analysis which yields the follcwing constants :(in cm- )
Scalar constants Tensorial constants

B 0 2.6327274 (34) Dt = 1.0932 (36) 10-6

% = 2.7648 (27) 10
-5 H4t =-1.14 (26) 10-10

Ho = 1.00 (9) 10
-9  H6t = 4.48 (67) 10

-11

These constants were obtained from a least squares fit of 180

differences with a standard deviation of 0.00022 cm-1.

Vibrational v2 = 1 and v4 = I states are strongly linked by a Coriolis

resonance. Using the full third order hamiltonian of this diade C 3 ], a set of 16

upper state constants was obtained, namely : 7 for v4 , 4 for v2  and 5 for the

interaction. These 16 parameters, together with the fixed 6 above ground-state

constants allow the assignment of more than 1200 lines with a standard deviation

better than 0.012 an .

[1] S. BRODERSE , D.L. GRAY and A.G. ROBIEITE

Mol. Phys. 34, (1977) 617-628

2 G. POUSSIGUE

Thesis, Paris, (1968) C.N.R.S. AO 2822)

[ 3] C. PIERRE, G.PIERRE, J.P. CHAMPION and B.L. LUIZ
J. Physique (lettres) 41, (1980), L 319 -L 323
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THE ABSORPTION BANDS OF 12C2H 4 IN THE 10 PM REGION FOURIER-TRANSFORM

SPECTRA AND SATURATION WAVEGUIDE LASER MEASUREMENTS

Ch. Lambeau, M. De Vleeschouwer and A. Favt

Department of Molecular Spectroscopy, Universfty of Louvain

cnemin du Cyclotron, 2 B - 1348 LOUVAIN-LA-NEUVE, BELGIUM

A. Valentin and L.Henry

Labnratoire de Spectronomie Moldculaire

Universit6 Pierre et Marie Curie

F - 75230 PARIS Cedex 05, FRANCE

J. Lemaire, F. Herlemont ard M. Lyszyk

Laboratoire de Spectroscopie Hertzienne

Universit6 des Sciences Techniques de Lille I

BP 36, F - 59650 VILLENEUVE D'ASQ, FRANCE

Fourier -Transform spectra of ethylene have been recorded between 797 and
-1

1091 cm . They cover the v4 V 7 and v10 absorption bands with an apparatus
-3 -1

function of 3.10 cm

On the other hand saturation spectroscopy of C2H4 has been performed with

a CO2 waveguide laser on the basis of previous linear measurements. Seventeen

lines have been measured with a precision of the order of 100 kHz.

These data have been used to obtain an absolute precision of 2.10
-4 cm- 1

on the whole Fourier-Transform spectra. On the basis of our previous
** -1

work we have performed a complete analysis of the 1000 cm region

by treating simultaneously v 4 , v 7 and v strongly coupled by Coriolis

interactions.

The results yield to the assignments of the coincidences between laser

emission lines and C2H4 absorption lines with an accuracy better than

10 MHz.

* F. Herlemont, M. Lyszyk, J. Lemaire, Ch. Lambeau and A. Fayt

J. Mol. Spectrosc. 74, 400-408 (1979)

Ch. Laribeau, A. Fayt, J.L. Duncan and T. Nakagawa

J. Mol. Spectrosc. 81, 227-247 (1980)
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LOW PRESSURE PHOTOACOUSTIC SPECTROSCOPY OF NORMAL AND 13C ISOTOPIC

SPECIES OF ETHYLENE AT CO2 LASER FREQUENCIES.

A. Delplace, P. Stouffs, J.G. Lahaye, Ch. Lambeau, N. De Vleeschouwer

and A. Fayt.

University of Louvain, Department of Molecular Spectroscopy

Chemin du Cyclotron, 2

B - 1348 LOUVAIN-LA-NEUVE - BELGIUM

Photoacoustic spectroscopy of ethylene has been performed with a resonant

optoacoustic cell as proposed by E. Kritchaman et al. [1 1. With pressures

less than 0.5 torr, absorption lines are Doppler broadened (FWHM = 60 MHz)

and photoacoustic signals are detected for coincidences within about

100 MHz. In such conditions, we can select all laser lines which can

give rise to some optical pumping effect even in low pressure conditions.

Systematic measurements have been performed on 2C 2H , 12C13 CH4 and
13C2H with a classical CO laser. According to the laser line, uite

24 2 5
different signal amplitudes have been obtained, with a 10 factor between

the strongest and the weakest ones. On the basis of our analysis of

ethylene spectra in the 10 Pm region, we have assigned most transitions

involved in the pumping processes. For example, the strongest OA signal

observed for 12CH 4 i.4 due to a A% = +3 forbidden transition from the

GS to the v level.

( I E. Kritchman, S. Shtrikman and M. Slatkine, J. Opt. Soc. Am.,

68, 9 Sept 1978.
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H 9 Isotropic Raman Spectra of CH4

Jens-Erik Lolck and Svend Brodersen Alan G. Robiette
Department of Chemistry Department of Chemistry
Aarhus University Reading University
DK-8000 Aarhus C Reading RG6 2AD
Denmark England

-I -I

The Raman spectrum of CH4 in the 2400 cm to 3400 cm range has
-l

been recorded at 0.30 cm resolution with the linearly polarised excit-

ing light parallel to and perpendicular to the direction of observation

in order to obtain purely anisotropic and mixed isotropic and anisotropic

spectra, respectively. By "subtraction" of the former spectrum from the

latter a purely isotropic experimental spectrum is obtained.

Isotropic Raman transitions occur between the vibrational ground

state and upper vibrational states of species A1 . They obey the selection

rule AJ=O. In the spectral range in question the following vibrational

states are found: vI=l(AI), v3 1=(F2), v2 =2(AI+E), v4 =2(A 1 +E+F2 ), v2=v4 =1

(FI+F2), and so we should only expect three isotropic Raman Q-branches.

However, the five vibrational states are linked by a number of interacti-

ons and isotropic intensity is mixed into otherwise forbidden bands. Thus

we observe a great number of isotropic transitions to the "v2=v4=1 states"

and a small number of weak transitions to the "v4 =2(E+F 2) states".

The structure of these spectra has been interpreted in terms of a

theoretical model (1,2) which treats all five states simultaneously and

which takes explicitly into account the interactions. The experimental and

computed spectra and details of the interpretation will be presented.

1. J.-E. Lolck and A.G. Robiette,

J. Mol. Spectrosc. in press and poster at this conference.

2. J.-E. Lolck, S. Brodersen, and A.G. Robiette,

J. Raman Spectrosc. in press.
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H 10 Molecular Constants for the Interacting Upper States of

the vI, IV3 2v2, v2+V4 ' and 2v4 Bands in 12CH 4

Jens-Erik Lolck Alan G. Robiette
Department of Chemistry Department of Chemistry
Aarhus University Reading University
DK-8000 Aarhus C Reading RG6 2AD
Denmark England

Linda R. Brown Robert H. Hunt
Jet Propulsion Laboratory Departmentment of Physics
4800 Oak Grove Drive Florida State University
Pasadena, California 91103 Tallahassee, Florida 32306
U. S. A. U. S. A.

-l -I

In the 2400 cm to 3200 cm range a number of infrared and Raman

bands of methane are found: these are the fundamentals v and v3, the

overtones 2v2 and 2v and the combination v 2+v . These bands have been

recorded at 0.01 cm-1 resolution in IR (1), and at 0.3 cm resolution

in Raman (2,3). The v3 infrared band has also been studied at Doppler-

limited resolution (4) and so has the v isotropic Raman Q-branch (5).

The upper states of these bands are linked by interactions of Fermi type,

Darling-Dennison type, and Coriolis type.

We have developed a computer program for the analysis of these bands

based on a theoretical model which incorporates the fourth order (Amat-

Nielsen scheme) effective Hamiltonians for the five vibrational states

and the model gives an explicit treatment of the interaction terms (6).

Using this program we have succeeded in fitting more than 1200 (90% of

all) upper state energy levels through J'=12 with a standard deviation of
-1

0.017 cm , and we have obtained estimates of nearly 100 constants appear-

ing in the effective Hamiltonians and in the interaction terms. A detailed

account of our results will be presented.

1. R.A. Toth, L.R. Brown, R.H. Hunt, and L.S. Rothman,
Applied Optics 20, 932 (1981).

2. J.-E. Lolck, S. Brodersen, and A.G. Robiette,
J. Raman Spectrosc., in press.

3. J.-E. Lolck, S. Brodersen, and A.G. Robiette,
in preparation and poster at this conference.

4. D.L. Gray, A.G. Robiette, and A.S. Pine,
J. Mol. Spectrosc. 77, 440 (1979).

5. A. Owyoung, C.W. Pattersen, and R.S. McDowell,
Chem.Phys. Lett. 59, 156 (1978); Eratum 61, 636 (1979).

6. J.-E. Lolck and A.G. Robiette,
J. Mol. Spectrosc., in press.
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THE PURE ROTATION RA AN SPECTTUM OF YYUZ1F A ill ThE PURE ROTATIOn;

AND VIBRATION-ROTATION RAM4AN SPECTRA OF SOME TSOTOPICALLY-

SUBSTITUTED SPECIES OF HYDROGEN AND OXYGEN.

D.A. LONG, H.G.M. EDWARDS, N.J. BRASSINGTON, D.W. FARWELL,

A.C. GORVIN AND K.A.B. NAJM.

School of Chemistry, University of Bradford, Bradford, West

Yorkshire, England.BD7 IDP.

ABSTRACT

This paper gives an account of experimental studies of the pure

rotation Raman spectrum of pyrazine,. C4 H4N 2 , and th p1.r.- rotation

and vibration-rotation Raman spectra of 170 180, 7 02, 1802, 'H2 ,

'H2H and 2H2.

The following results have been obtained for pyrazine and the

oxygen species:

C HhN,: W = 0.20478±0.00001 cm1 ; (C-) = -0.10238±0.00003 cm 1 ;

108Dj = 9±1 cm-
1 ; 108D = 5.6±0.4 cm-

1

C = O.1024O±O.OOOO4 cm

"'0': B = 1.35314±O.OOOO4 cm-
1; 106D = 4.6±o.2 cm-10 -i o ";-

a = 0.01449±0.00002 cm ; B = 1.36041±0.00003 cm

r = 120.754±0.002 pm.e
170180: B = 1.31553±0.00005 cm- I  106 D = 3.8±0.3 cm-1

0 -1 -i
a = 0.01388±0.00004 cm ; B =1.32270±0.00003 cm ;

r = 120.754±0.002 pm.
C

'80,: B = 1.27796±0.00004 cm
- I  10D = 3.9±0.1 cm-

0 -i1 -1
a = 0.01319±0.00001 cm ; B = 1.28458±0.00003 cme
r = 120.756±0.003 pm.

The spectra of the hydrogen species are presently being

analysed and the results will be presented at the meeting.
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-1
ABSORPTION OF TRIDEUTEROMETHANE AT 905 - 1150 cm

ANALYSIS OF V 3 AND V 6 BANDS

J. DUPRE-MAQUAIRE, J. DUPRE, G. TARRAGO

Laboratoire d'Infrarouge,
Associd au C.N.R.S.
Universit6 de Paris-Sud,
B~timent 305

91405 ORSAY CEDEX, FRANCE

The absorption spectrum cf 12CD 3H was recorded using a

symmetric double pass interferometer (SISAM). The gas pressure was

15 torr, the absorption path length 30 cm and the effective line width

about 0.025 cm - . The spectrum was recorded in the 4 - 5th orders of

the gratings using a Pb Sn Te detector cooled at 77 K. CO 2 superradiant

lines observed in the 4 - 5th orders and H2O absorption lines observcc

in the 6 - 7th orders are used as reference lines. The CD 3H wavenumbers

are attained by interpolation from fringes produced by a Michelson

interferometer illuminated byaHe-Ne Laser. About 1200 experimental lines

belonging to v3 and V 6 of 12CD 3H were assigned including J values

up to 21. The analysis of the data led to a set of vibration

rotation constants available for the two vivrational states v3 =1

and v 6 = 1 and reproducing the experimental data with an overall standard

deviation equal to 0.008 cm 1 . The vicinity of the two bands v3 and

v6 ,.at 1004.554 and 1035.917 cm-  respectively, is responsible

for a strong Coriolis interaction treated rigorously in the

analysis.
The value u _ jd / dJ = 1.25 + 0,05 (1)

-,dqa  dq6 e
was deduced for the ratio b~tween dipole moment derivatives responsible

for v3 and v6 .using S3+S6 = 62 + 5 cm atm given by Hiller & Stralev

J. Mol. Spect. 5, 24-34 (1960),Eq.(i) leads for the t'-,o band strenoths
to:- S3 = 27 + 4 cm

2 am and S = 35 4 cm atm-

New absolute intensity measurements are now desirable

for an improvement of this first estimation of P and S6 separately.
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H 13 CW Raman Amplification Spectroscopy

Jan Baran, Andras Grofcsik and W.J. Jones

Edward Davies Chemical Laboratories, Uriversity College

of Wales, Aberystwyth, Dyfed, SY23 INE.

The newly developed techniques of Rar:an Amplifi.catior

Spectroscopy, variously called Inverse Raman, Raman Gain, Raman

Loss, etc., are serving to revolutionise the study cf the Raman

spectra of solids, liquids and gasEs. The Raman amplification

techniquef. are employed when two beams of monochromatic laser

radiation, one of which is tunable, interact in a Raman medium.

When the frequency difference between the two lasers coincides

with a Raman active transition in the molecules, amplification of

one of the components occurs at the expense of the other,

depending on the population difference between the two states

involved ir, the Raman transition. Recent results obtained in the

investigation of Raman spectra using low power cw lasers will be

presented, including the rather unusual 2v2 band of carbon dioxide.
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H 14 Hyperfine Constants for v=I in 15 N160 Determined from

Fourier Transform Spectra

C. AMIOT,Laboratoire de Physique Moleculaire et d'Optique Atmospherique,

Bat. 221, Campus d'Orsay, 91405 Orsay Cedex FRANCE

P.KRISTIANSEN, Institute of physics,University of Oslo,

Box 1048 , Blindern, Oslo 3, NORWAY.

The Infrared Spectrum of IsN*O has been obtained with Fourier

Transform Spectrometer (1), with an overall uncertainty of 5 Mhz.

In the Q-branch of the (1 - 0 ) transition there is clear doublet

structure,due to the two strong hyperfine transitions withF=Ai=O

(I=).

These doublets have been studied in order to find the hyperfine

constants for v= 1. The splitting which is probably correct to

within 1 Mhz, is determined by the hyperfine splitting in both

the v=0 and v=l state. Measurements of hyperfine splitting in the

v=0 state has therefore been included in a simultaneous linear

least square fit to determine hyperfine constants for both v=0

and v=l. (2,3)

The fitted values for the v=l state is in good agreement with

the corresponding parameters for v=0

1) C.Amiot and G.Guelachvili, J.Mol.Spectrosc. 76, 86 (1979)

2) W.L.Meerts and A.Dymanus, J.Mol.Spectrosc. 44, 320 (1972)

3) P.G.Favero,A.M.Mirri and W.Gordy, Phys. Rev.114, 1534 (1959)
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H 15 C.W. Stimulated Raman Spectroscopy of the VI Fundamental

Band of GeH 4

S.Q. MAO, R. SAINT-LOUP, A. ABOUJD, P. LEPAGI: and H. BERGER

Laboratoire de Spectronomie Mol6culaire
Facult6 des Sciences , 6 Bd Gabriel - 21100 DIJON - France

We present the preliminary results of our stimulated Raman experiment.

The vI band of natural germane has been recorded with a resolution of about

0.004 cm- 1 . These data should allow an improved determination of the parameters

of the upper level.

A I

5

I 20so t t ; t

l'!.30 ( Ilfryj' K'. j, 11,Y,,\r, I] ! ,

2109.5 2110 2110.S
50

65 155
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Stimulated Raman spectrum of the v band of

natural germane.
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H 16 Experimental and Theoretical Study of Rydberg

States of SiF

Y. HOUBRECHTS, I. DUBOIS, H. BREDOHL
Universitg de Liege

Institut d'Astrophysique
B-4200 Cointe-Ougrie (BELGIQUE)

and J.M. ROBBE
Universit6 des Sciences et Techniques de Lille

UER de Physique Fondamentale
59655 Villeneuve d'Ascq (FRANCE)

Nineteen Rydberg states (ten of them never reported

before) have been observed and analysed for SiF. Seven of

them have been unambiguously arranged into five Rydberg series

corresponding to the excitation of the (v n) outer electron

to nso, npo npn, ndo and ndr, therefore converging to the

ground state IE+ of the SiF + ion.

The ionisation potential is found to be 60500 cm ,

or 7.5 ev, in perfect agreement with mass-spectrometry

measurements (Ehbert and Margrave, J. Chem. Phys., 41, 1066,

1965).

Ab initio CI calculations have been made using a basis

set formed of valence orbitals for Si and F atoms and Rydberg

orbitals of Si. These calculations confirm the proposed iden-

tifications of the observed states.
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On highly excited electronic states of the NO molecule reached

by multiphoton spectroscopy

K. Dressler, ETH-Zentrum, CH-8092-ZUrich, Switzerland

E. Miescher, Institute of Physics, University of Basel, Switzerland

1.

A recent multiphoton experiment by Wallace and Innes involves an

energy level of the NO molecule that belongs to a very interesting

sequence of rovibronic states in which a 3p7,o Rydberg complex

(C 2R + D 2E +) and a regular and an inverted valence state (B 2I
2 2r

and L 2 R) are strongly mixed with each other. This multistate1

interaction, which is typical for highly excited molecular states

reached in multiphoton spectroscopy, can be regarded as an unique

example of a non-trivial case of Mulliken's Rydbergization of

valence states. We have used Gallusser'svibronic coupling calcu-

lation 4 and new interpretations of local perturbations in three

different isotopes to establish the absolute vibrational numbering

and the deperturbed rovibronic and spin-orbit constants of the
2

L 2f. state which had been very poorly known previously.1

A slight improvement in the line width of the multiphoton resonance
-i

(0.8 cm in Ref. 1) would enable an experimental parity assignment
-1 2within the A-doublet (splitting of 1.0 cm -) f the mixed state

L 2HV2' v=5 + C 2P, v=6, J = 9V2 to be comparud with theoretical

expectations.

1 S.C. Wallace and K.K. Innes, J.Chem.Phys. 72, 4805 (1980).

2 A. Lagerqvist and E. Miescher, Can.J.Phys. 44, 1525 (1966).

3 R.S. Mulliken, Chem.Phys.Letters 46, 197 (1977).

4 R. Gallusser and K. Dressler, to be published.
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VARIOUS INVESTIGATIONS OF THE IODINE B STATE WITH A SUPERSONIC BEAN

BAC___ 
,  

'HR S Y ___ __ __ __ __ __

R. BACIS , S. CHURASSY' , M. GAILLARD', F. HARTMANN'', J.P. PIQUE

N. SADEGHI
tt

tLaboratoire de Spectromftrie lonique et Molfculaire, Universit6

Lyon 1, 43 Bd du II Novembre 1918, 69622 Villeurbanne Cedex, France

Laboratoire de Spectrom~trie Physique, Universit6 Scientifique et
Midicale de Grenoble, B.P. 53X, 38041 Grenoble Cedex, France

The iodine supersonic molecular beam used in our experiments

is a powerful tool for high resolution spectroscopy. Very 
weak BO-X IE

+

+ u g
transitions with BO levels close to the dissociation limit may be de-

U

tected since the flux of molecules along the axis of the beam is high.

Thus it has been possible to measure the hyperfine structure of 12 BO+

levels very close to the dissociation limit. The evolution of hyper-

fine structure constants in the B state is in good agreement with theo-

retical predictions.

We have also measured radiative lifetimes for single hyper-
fine levels in the BO+ state for v'=43 J'=12 and 16. The variation

U

of lifetimes for different hyperfine levels is due to an interaction

of the BO+ state with a repulsive lu state. Our results are in excel-u

lent agreement with the theory of iodine hyperfine predissociation as

established by Vigug et al.(l).

(1) J. VIGUE, M. BROYER and J.C. LEHMANN, Journal de Physique 42, 937

(1981).

ILA
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Hyperfine structure studies in the predissociating

B' 0+ state of IBr.

M. Siese, H. Kn6ckel, E. Tiemann, Institut A fUr Experimental-

physik, Universitat Hannover, Appelstrasse 2, 3 Hannover, Germany.

From line profile studies of the molecular transition

+ 1+
B' O - X E including the strongly predissociating state B'

it is known, that some rotational levels of the state B' have

natural widths of less than about 15 MHz [1], so that hyper-

fine structure studies on these levels should be possible.

Using molecular beam laser spectroscopy the appropriate

rovibronic transitions were investigated. The obtained spectra

will be presented and compared. This enables us to discuss the

perturbation of the hyperfine structure in highly pre-

dissociating states.

[1] H. Knlckel, E. Tiemann, and D. Zoglowek,

J. Mol. Spectr. 85, 225 (1981).
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MAGNETIC ROTATION SPECTROSCOPY OF FREE RADICALS WITH A

COLOUR CENTRE LASER

J.Pfeiffer, P.Kalkert, D.Kirsten, W.Urban

Institut fdr Angewandte Physik, Universit~t Bonn, D-5300 Bonn, FRG

Mid-infrared LMR can give very high sensitivity for free radical

spectroscopy [I1, however the interpretation can be difficult due
to the randon distribution of near coincidences with molecular
gas-laser, This problem can be overcome if a continuously tunable

IR-laser is used in connection with Zeeman modulation (ZM) [2] or

Faraday rotation (FR) [3,4]. The latter has considerable advantages

if laser noise is the limiting factor rather than detector noise.

In the ZM configuration circularly polarized light is applied to

the sample and the modulation signal corresponds to the derivative

of the absorption coefficient. The laser power is fully applied

to the detector. At the FR configuration the sample is between

nearly crossed polarizers, the FR signal is determined by the first

derivative of the disperion. Only a small fraction of the laser

power reaches the detector.

We use a colour centre laser as tunable IR source [3] and can cover
-1

the range between 3030 and 4100 cm . The minimum detectable ab-
-5 -1

sorption coefficient for ZM has been determined to be 10 cm-7 -1
with FR the corresponding figure is 10 cm which corresponds

to a minimum detectable concentration of free radicals of 1011 cm-3

Spectra of free radicals in the gasphase will be discussed.

[I A.R.W.McKellar, Faraday Discussion 71-71/5 (1981)

[ 2] W.Urban, W.Herrmann, Appl.Phys.17, 325 (1978)

[3] G.Litfin, C.R.Pollock, R.F.Curl, F.K.Tittel, J.Chem.Phys.
J.Chem.Phys. 72, 6602 (1980)

[4] J.Pfeiffer, D.Kirsten, P.Kalkert, W.Urban,
Appl.Phys. (submitted) (1981)
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1 1 Recent Results in the High-Resolution Spectroscopy

of Tetrahedral Molecules

A.G. Robiette

Department of Chemistry

University of Reading
Reading RG6 2AD, U.K.

(no abstract)

1 2 High Resolution Spectroscopy of Spherical Top Overtones

with Application to Multiple Photon Absorption

C.W. Patterson

Los Alamos National Laboratory
P.O.Box 1663 Los Alamos, NM 87545

U.S.A.

(no abstract)
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J 1 On the Bending - Internal Rotation - Rotation Hamiltonian

of Silylisocyanate

Marek Kreglewski

Institute of Chemistry, A. Mickiewicz University, Poznan, Poland.

A new bending - internal rotation - rotation Hamiltonian for

silylisocyanate, SiH 3NCO, has been developed in which the bending and

internal rotation motions are considered simultaneously with the

overall rotation. The approach, based on the ideas of Hougen, Bunker

and Johns | leads to a Hamiltonian which has a non-essential

singularity at the linear configuration of the skeleton (i.e. when

the Si-N-C angle is 1800). The form of the singularity
2 _2[(k+1) 0.251/p , where k and I are the quantum numbers of the

z component of overall and internal rotation angular momenta respectively,

indicates the strong coupling between overall and internal rotations.

It is also shown that if one neglects the internal rotation in the

derivation of the Hamiltonian (i.e. if the internal rotation angle

is fixed) then the singularity vanishes, leading to incorrect results.

The above explains why the simple quasilinear model, which has a

singularity at the linear configuration, could be successfully applied

by Durig et al. 2 for the study of the low frequency bending mode of

silylisocyanate.

The new Hamiltonian is used to determine the barrier for linearity

and the effective equilibrium angle for silylisocyanate.

1. Hougen, Bunker and Johns, J. Mol. Spectrosc. 34, 136 (1970)

2. Durig, Kalasinsky and Kalasinsky, J. Chem. Phys. 69, 918 (1978)

I-
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A COMPUTER CONTROLLED MICROW.!AVE SPECTROt, l'TER SYSTEM

'USED FOR THE STUDY OF EQULIBRIUM STRUCTURE

OF FLUORONITROBENZENES, AND OTHER MOLECULES.

Niels IV. Larsen and Ole V. Nielsen

The II. C. Orsted Institute

University of Copenhagen.

A compute- system have been developed for the control of a

Ifewlett-Pack.,rd 8-;69 microwave spcctrometer by a microcomputer,

based on a M- -,ia N 6800 microprocessor.

Frequc,,cy and Stark voltage are controlled from the microcom-

puter and tho microwave spectra are stored and accumulated in the

memory of the microcomputer. However, the microcomputer is con-

trolled from a larger computer (RC 4000) which is used for further

treatment and permanent storage of the spectra.

A technique of adding spectra obtained at different Stark vol-

tages has proved useful in many respects. An example is the assign-

ment of separate torsional states in non-planar fluoronitroben::enes.

In 2,4-difluoronitrobenzene it has thereby been possible to deter-

mine both constants in a torsional potential function of the form

V(T) = 1v2 (1-cos2T) + [r.4(1-cos4T)

where t is the internal rotation angle. The values obtained are

V = 932 cm 1  V = -407 cm - .

2 '4

F a
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Measurement of the Centrifugal Distortion Moment of CD 4

W.A. KREINER Dept. of Physical Chemistry
University of ULM, West Germany

A.G. ROBIETTE Dept. of Chemistry
The University of READING

H.D. RUDOLPH Dept. of Physical Chemistry
University of ULM, West Germany

The near coincidence of the C 1802 9P(36) laser line with a v4 transition

of CD4 has been used to investigate the Stark effect in the vibrational
(6) (6)

ground state by RF-IR double resonance. The J=21 F -- F2 rotational

transition shows second order Stark effect. Although single m components

could not be resolved, the asymmetric shift of their envelope was used

to determine 8xy by comparison with a computer simulated shape. Thez

result agrees well with the value predicted from the regular species of

methane.
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ROTATIONAL 6PECTRU1%. OF F1 2C 1 5N IN EXCITED VIBRATIONAL

6TATES. EQUILIBRIvi 6TRUCTURE OF CYANOGEN FLUORIDE.

G.Cazzoli,C.Degli Esposti,P.Favero and *.,erenellini

Laboratorio di Spettroscopia Miolecolare del C.N.R. and

Istituto chimico "G.Ciamician" dell'Universit6 di Bologna

- Bologna (Italy)

The rotational spectrum of F 1 2C1 5N has been observed in

the ground state and in the (0 11 O),(O 20 O),(1 00 0),

(2 00 0),(0 00 1) excited vibrational states.

The technique of vibrational energy transfer from active

nitrogen has been used to observe the rotational transi-

tions in the (0 00 1) level.

The vibrational energy levels and the rotational constants

actually available for F 1 2 C 14N, F 12 C1 5 N and F13C1 iN have

been analysed taking into account the Fermi resonance

coupling the states Iv1,v 2 9 12 ,v > with Iv-1,vP+2,1?,v >

IV1 ,v 2 +2,1 2 ,V31> and Iv1+2,v 2 ,l 2 ,v3-1> throgh the normal

coordinates cubic force constants K 221,K 2 2 3 and K11, re-

spectively. The rotational dependence of the Fermi reso-

nance matrix elements has also been considered.

This kind of analysis has allowed to obtain the values of

the equilibrium rotational constants of F1 2C 14N, F 1 2C1 5N

and F1 C1 4N, from which the equilibrium structure of cya-

nogen fluoride has been evaluated.
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THEORETICAL LINE PARAMETERS VERSUS EXPERIMENTAL MEASUREMENTS IN THE 2250 TO

3250 CM- 1 REGION OF 12CH4.

G. POUSSIGUE, E. PASCAUD, G. GUELACHVILI

Laboratoire d'Infrarouge Batiment 350 91405 ORSAY FRAN4CE

G. PIERRE and J.P. CHAMPION

Laboratoire de Spectronomie Mol6culaire 6 Bd Gabriel 21100 DIJON FRANCE

The spectrum of 12 CH4 in the region from 2250 to 3250 cm-1 has been
analysed using a rovibrational hamiltonian developed to the third order (accor-
ding to Amat Nielsen classification) for both diagonal and off-diagonal terms.

The experimental data included in the final fit are IR F.T.S. data
from the Laboratoire d'Infrarouge d'Orsay and coherent Raman data of v, (1).

A single set of numerical values is given for the hamiltonian parameters
of the ground state, the diade (v2 and vO) and the pentade (v1 ,v3 ,2v2,V2+V4 and
2v4). The 6 ground state parameters and the 16 diade parameters have been fixed
to values determined from previous works. We have determined 63 new parameters
on the pentade data.

Detailled quantitative results (J' = 0 to 18)

Band Nb of fitted levels Nb of transitions Standard deviation

2v4  500 924 0.017 cm- 1

V2+V4 658 1482 0.026

V1 82 53 IR + 36 Raman 0.018

V3 444 1027 0.015

2v2 226 418 0.032

Pentade 1910 3904 IR + 36 Raman 0.022

The following computer outputs will be presented:

- Calculated infrared spectrum from 2250 to 3250 cm-l: 5919 transi-

tions (3904 already assigned) with relative intensities in the range 8 - 550 000.

- Calculated isotropic Raman spectrum.

- Calculated energy levels (J' = 0 to 18) with vibrational assignments
based on eigenvectors.

(1) A.Owyoung, C.W.Patterson and R.S.McDowell, Chem. Phys. Lett. 59, 156 (1978)
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J 6 New Raman Spectra of the Fundamental Bands of SiD

Jens-Erik Lolck
Department of Chemistry
Aarhus University
DK-8O00 Aarhus C
Denmark

Silane-d 4 has four normal vibrations: two stretching modes vI(A )
4-1 -

and v3(F2) located at 1563 cm and 1598 cm , respectively, and two
-I -l

bending modes v 2(E) and v4 (F2) located at 685 cm and 674 cm , re-

spectively. The Raman spectra of all four bands have been studied by
-l

Kattenberg and Oskam at 0.6 cm resolution (1), while Willetts et al.

(2) recorded and analysed the v3 Raman band at a significantly higher

resolution.

In this work the Raman spectra of the fundamentals have been re-
-l

corded at 0.3 cm resolution and with a much better signal-to-noise

ratio than the previous spectra. Further, the masking of anisotropic 0

and P v3 lines by the strong v1 isotropic Q-branch around 1560 cm-1

has been reduced substantially using an experimental setup which allows

only about I% of the isotropic scattered radiation to be transmitted

along with the anisotropic scattered radiation into the spectrograph.
-l

Infrared spectra at 0.06 cm resolution of the v3 and of the

interacting V2 and v4 fundamentals have been recorded in Reading (3),

and a combined analysis of the IR and Raman spectra is in progress.

The Raman spectra and preliminary results of the analysis will be pre-

sented.

1. H.W. Kattenberg and A. Oskam,

J. Mol. Spectrosc. 49, 52 (1974).

2. D.W. Willetts, W.J. Jones, and A.G. Robiette,

J. Mol. Spectrosc. 55, 200 (1975).

3. A.G. Robiette and P.H. Turner,

Private Communication.

6I
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J 7 The Raman Spectrum of CH3CD3

Per Jensen and Svend Brodersen

Dept. of Chemistry, Aarhus University

8000 Aarhus C, Denmark.

Raman spectra of the ethane isotopic species CH 3CD 3 have been

recorded in the regions 800-1200 cm (v5  4' 4 10' v11 ), 1300-1500

cm 1 (v3, V 5 ), 1900-2300 cm' (v2 v8, 2v4 ' 2v 10) and 2600-3100

cm (2v3, 2v9, vl, \7). These spectra will be presented.

In order to estimate the effect on the spectra of the hindered

internal rotation of CH3 CD3 , an exact Hamiltonian for a symmetric

top molecule with two non-identical coaxial rotors has been derived.

Approximate calculations seem to indicate that the effect of the

torsion on transitions not involving excited torsional states is too

small to be observed in our spectra. This means that the usual rigid

molecule model may be used as a basis for the analysis of transitions

between states which have the torsional quantum number equal to zero.

Analyses of the v7 and v5 bands are presently being carried out,

and preliminary results may be presented.

i" I
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J 8 tlt RESOLUTION INF RARED ANALYSLS OF

CORIOLI]S INTERACTING VII3ATI]ONS IN Cii 3(D3

J. Harper, A.R. Morrisson, J.L. Duncan, G.D. Nivellini , and F. Tullini
2

Department of Chemistry, University of Aberdeen, Old Aberdeen, Scotland.

In the first high resolution infrared study of Cil CD in the region below 2000 cm,
analyses have been made of the C11 deformation (v, v aId CD defortiation, Ci

rocking (v , v , ' 11 ) I nteracting rovibratlon systems tromFTl spectra re( orded witii a
resolution of 0.05 cm

-
.

The effects of the x,y-Coriolis interaction between v3 (a , 1386 cm
- ) and

(e, 1471 cm
-1

) can be followed through the observed changes in the subband ab values in

V9 . v3 is so weak that its Q branch can only barely be observed. Analysis of the
spectrum, with the effects of the Coriolis interaction explicitly allowed for, yields a

full set of vibration and rotation parameters for v9 , and limited information for v3.

In the v, v , v 1 system,v(e, 1067 cm
1
, CD deformation) is observed strongly.

v (a 1120 cm -, CD3 deformationj and v (e, 1114 cm
-
i, CH 3 rocking) lie higher, are

almosL accidentally degenerate, but are b6 h very weak. Coriolis interaction between

v and v,, through ;i
a 

11 is negligible, but the x,y-Coriolis interactions between ,
an2 vl, and v1 O and Vl are both significant. Because of the differing selection rules

for Coriolis interaction between a and e, and e and e fundamentals, v, affects the R
branch of v but v affects the branch. This accounts for the urusual behaviour of

the subband aB values, which decrease and then increase again through the band. Analysis

of vll, taking both Coriolis interactions into account, yields a full set of parameters

for vil and limited information for v4 and vlO.

O 0O

v 1470.948(6) V 0 1066.680(6)

a a1
A - (At a) 2.3422(2) A - (A 

a ) 2.4384(2)
o 9 0 if13 B

B -0.00033(3) C1 B 0.00023(5)
A A

C1 0.00502(4) a A 0.00723(6)

DK 6.0(6) x 10
-
6 DK 6.4(8) x 10

-6

(Brb 9 ) 0.311(3) (14 b 0.242(6)
oo

v 3  1386.5(1) v 0 1120.(I)
3 4

B 0 1114 ita3  0.008(3) 10O
3 1

b
(B 1 

)
0.144(4)

Permanent address: Istituto di Spettroscopia Molecolare del C.N.R., Via

Castagnoli I, Bologna, Italy.

2 Permanent address: Istituto di Chimica Fisica e Spettroscopi, Universit'j

degli Studi, Viale del Resorgimento 4, Bologna, italy.
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ROTATTC"i L SRUCUR- UP '0 J=40 OF 7'liF V2 :V 41

12
iBRATIO"AL STATE OF CF 4 .

POUITGUE G4rard, TARkAO0 Ginette

Laboratuire d'Infrnrou,'e, 0r y, FRANCE

VALENTIN Alain

Laboratoire de Spectronomie Moldculaire, Paris, FRANCE

The analysis of the ) +V band of 12CF has been extended to
2 4 4

J=40, using a very high resolution spectrum recorded on a F.T.

interferometer (Laboratoire de Spectronomie Mol4culaire de Priis).

The main features observed in the rotational structure for

higher and higher J values can be summarized as follows :

a- For each J value in the upper state v 2 =v4 =1, the first order

Coriolis term is responsible for the mair splitting accordinr to

R= J-l, J, J+l (upper, middle, lower component). The second orIer

terms lead to a finer structure, which can be understood as :

I) a splitting in two parts of each Coriolis component R,

according to two values of a pseudo angular momentum nuantum

number S , S = (R+2) and (R-2) in our symmetry conventions.u g"

22) a tetrahedral splitting of each S com.onent according

to the S, Td Oecomposition rule, where the usua? clusterin
of the totational levels is well observed (esecilly FIF2, All, F,

A 2E F 2 clusters).

b- The observed intensities of the indivilu-l lines are also w-1l

underqtond using this coupling schee.

For numericaA convenience, the fit of the experimental data

is performed on the basis of Chqapion formalism for corputation

of energies and transition moments. Presently ibout 1300 transi-

tions are fitted within the third order "rproxiration with an
-l

overqll stndeard deviation enu~l to 0.004 cm .

*such a coupling scheme is described in Michelot Thesis.

I
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MID-INFRAREL) LMR USNG FARADAY- AND VOlGT-EFFECT FOR
J 10SENSITIVE DETECTION.

A.Pinz, J.Pfeiffer, W.Buhle, W.Urban
Inptitut fdr Angewandte Physik, Universit~t Bonn, D-5300 Bonn, FRG

In LIMR-spectroscopy high sensitivity is achieved by the intra-

cavity configuration, thus increasing the effective pathlength

through the sample. The optimization of this has recently been

investigated by Radford et al.[I]. In the mid-IR very powerful

lasers are available and in most experiments the limiting factor

is the laser noise, which can be several orders of magnitude

higher than detector noise. Our recent approach to increase the
sensitivity in LMR experiments is based on this observation. We

make use of the fact that in experimental configurations where

the sample is placed between almost crossed polarizer , the radiation

power at the detector is very low [2J.

For the detection of paramagnetic species two configurations

correspond to this requirement:

(a) Faraday configuration: magnetic field parallel to laser beam

the signal shows the first derivative of the dispersion[ 2,3].

(b) Voigt configuration: magnetic field perpendicular to laser

beam, the signal is given by the first derivative of the

absorption (Fig.1).

We have investigated both possibilities and will present quanti-

tative results obtained with our CO-laser system.

[11 H.E.Radiurd, W.Rohrbeck, K.M.Evenson, A.R.W.McKellar, A.Hinz,

15th International Symposium on Free Radicals, A4 (1981)

[2] J.Pfeiffer, D.Kirsten, P.Kalkert, W.Urban, Appl.Phys.(subm.)1981
[31 J.Pfeiffer, P.Kalkert, D.Kirsten, W.Urban,

Magnetic Rotation Spectroscopy of Free Radicals with a Colour

Centre Laser, Reading 1981

Voigt-Signal of

No 3/2 R(1.5) by

CO 1,(13) 9 8 laser line

0 I29-8
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LMR WITH A CO-LASER BETWEEN 6 AND 8 pm

M.A.Gondal*, A.Hinz, F.Niebuhr, W.Rohrbeck, W.Urban

Institut fdr Angewandte Physik, Universit&t Bonn, D-5300 Bonn, FRG
*On leave from Pakistan Inst.of Nucl.Sc.and Techn., Islamabad

We have slightly modified the CO-laser system described in [I],

in order to use it for LMR-investigations between 6 and 8 pm.

In a first experiment we have investigated the v 2 -bending mode of

HO 2 near 7.2 pm. At six different laser lines LMR signals could be

observed, five different reactions were used. For this experiment

we had chosen an intracavity configuration. The sensitivity limiting

factors will be discussed. The results are in good agreement with

recent observations by Nagai et al.[ 21.

In the region near 6 .m, where the laser power is fairly high, we

have chosen the Voigt-effect configuration [3] in order to increase

the sensitivity to study transitions in electronic excited molecules.

Our first candidate is the a 3n CO *, which is created by different

methods. The production rate of CO* is monitored by the UV-fluores-

cence in the Cameron-band.

A comparison between Voigt-effect-LMR and conventional intracavity-LMR

will be given.

[I]T.X.Lin, W.Rohrbeck, W.Urban, Appl.Phys. in press (1981)

[ 2]K.Nagai, Y.Endo, E.Hirota, J.Chem.Phys. in press (1981)

[3]A.Hinz, J.Pfeiffer, W.Bohle, W.Urban

Mid.IR LMR Using Faraday- and Voigt-Effect for Sensitive Detection

Reading 1981

' i.- 712 21 27 7 12

0 01 0.2 0.3 O1 0.5 0.6 0.7 0.8 09 .0 1 1,2
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J 12 Measurement of Stratospheric Trace Gases

by Airborne Infrared Spectroscopy

by

William G. Mankin and M. T. Coffey

National Center for Atmospheric Research
P. 0. Box 3000

Boulder, Colorado 80307 USA

An airborne Fourier transform spectrometer with 0.06 cm-1 resolution
will be described; the spectrometer has been used to record spectra
of the rising or setting sun from an aircraft altitude of 12 km,
covering the latitude range 23°S to 700N. Spectra have been recorded
in both winter and summer. From analysis of the spectra, the total
stratospheric column amount of a number of minor molecular species
has been determined. Results will be presented for N20, NO, NO2,
HN0 3, OCS, HCN, CO, HCl, and HF. For some molecules variations with
latitude and season will be shown.

The National Center for Atmospheric Research is sponsored by the

National Science Foundation.
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12C 1802 13 C 160 WAVENIMERS AND MOLECULAR PARAMETERS FOR tVV t v(3 1
TRANSITIONS (V2-Z)

BAILLY P. , FARRENiQ R. , GUELACHVILI G. , ROSSETTI C.

LabotatoiAe d' Ind'ia.'uge, A6socig au CNRS,
UnivLeA4tg Pat"u - Sud,
Bdt. 350, 91405 ORSAY CEVEX, FRANCE.

Ua pwtt o6 a mowte extensive wok on CO 2 isoto pic apecies in emission
,studiZed by Fou~~ce' T'ransdorr Spectt'6copy (Resotution 5.4 10- 3cm- I), spectzoscopic

con,6tant-6 and motecu&Ai paumiete.6 a,'e given 6otr vib~'ationext tAafl Lti0l6 type:
0VC-V - ovfi )wih(V0 12 C18 0 and 13 C16 0 teapectiv'ety tocated icn -the2 3 2 V3 ) wh V2 o 1 2 2 -
spectt'. tange.6 2354 - 2023 cm and 2323 - 1977 cm

The zet o6 motecutat paucmete. attow to teptLoduce -the 1500 expeuimentat ukivenwn-

-beut 6o4' each is~otopic .6peceu with a R.M.S. o6S 104 4cm- Ion the whoee.

Fottowing a tecent pzpeA to be pubt1.hed in Jou~nat o6 Motecut Specttwos-
.nhhen a.e~ )~,

12C160-copy ,we p,- nt 0t6 6o&0 2 -some .6pect oscopicc con iint56 conceAning tevets

icn FeAmi4e. onance. Theae tevet- ate invo4?ved in 6equentiat eAe' t~ta.ntion,6.

C02 AnatyM6.6 o6 emi6-6ion FOURIER 6~pect'a in the 4.Spim 'tegion oiat -
-na tkn,6tio6 VtV - 0Vl-(V )-nl t~~4tLn6 2 3 2 v3 1) 2=

BAILLY D. ,FARRENQ R. ,GIJELACHVILI G. ,ROSSETTI C.
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Abstract for Seventh Colloquium on High Resolution Molecular Spectroscopy,
Reading 1981

LABORATORY SPECTROSCOPY CF PLANETARY MOLECULES

D.E. Jennings

Infrared and Radio Astronomy Branch
NASA Goddard Space Flight Center

Greenbelt, Maryland 20771, U.S.A.

As the number of species contributing to infrared spectra of planetary
atmospheres increases, so does the importance of characterizing the
vibration-rotation structure of known and possible component molecules. The
Voyager infrared spectra of the outer planets, and particularly Titan, have
added several new species to the already large list. Ground-based planetary
observations which resolve the rotational structure of molecular bands can
yield atmospheric temperature and abundance profiles if strength and
broadening parameters have been determined from high resolution laboratory
studies. In addition, minor constituents can be identified from line
detections when measured transition frequencies are available.

By combining diode laser spectroscopy at ultra-high resolution 
and Fourier

transform spectroscopy at various resolutions it is possible to derive most
molecular parameters relevant to planetary atmospheres. Low and moderate
resolution FTS laboratory spectra have recently led to the ideitifications of
C H4,C H8 ' C, 4H2, HC N, and C2 N2 in y~yager 1 spectra of Titan . Diode laser
line strength measurimentl in v of CH4 have yielded a precise band strength
and Herman-Wallis factor. Diode laser and FTS spectra of v6 of H0 (a
possible participant in the oxygen chemistry on ars) have produceg ahe first
vibration-rotation analysis of that fundamental. For the species C2H6 v)
and H2, diode laser spectra used in conjunction with 0.005 cm FTS spectra
have produced both Dopple4-limited precision and high absolute accuracy. FTS
spectra of 3v3 of methane have shown th line strengtq in the R-branch of
that band are significantly 4ea~r for CH4 than for CH4. contrary to t e
assumption used in deriving C: C abundance ratios for Jupiter and Saturn

1W.C. Maguire, R.A. Hanel, D.E. Jennings, V.G. Kunde, and R.E. Samuelson,
submitted to Nature; V.G. Kunde, A.C. Aikin, R.A. Hanel, D.E. Jennings, W.C.

laguire, J.C. Pearl, and R.E. Samuelson, submitted to Nature.
D.E. Jennings, Appl. Opt. 19, 2695 (1980); A.G. Robiette and D.E. Jennings,

3in preparation.
.J. Hillman, D.E. Jennings, W.B. Olson, and A. Goldman, in preparation.
J.W. Brault, K. Fox, D.E. Jennings, and J.S. Margolis, Ap.J. (Letters) in

5 press.
M. Combes, J.P. Maillard, and C. deBergh, Astron. Astrophys. 61, 531, (1977).
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Isotope field shift in the molecular transition

AO+ - X IE+ of Pb S

E. Tiemann, H. Knbckel, Institut A fUr Experimentalphysik,

Universit~t Hannover, Appelstrasse 2, 3 Hannover, Germany.

The isotopic field shift due to the finite nuclear size is

well-known in atomic spectra. From observations of the iso-

topic hyperfine structure in atomic lines one can derive

the change of the quadratic nuclear charge radius from one

isotope to the other.

In molecular spectra such isotope effect was never observed

and is expected to be small compared to mass shifts from

the nuclear motion in the molecule and therefore should be

inseparable from the much larger ones.

We used laser excitation spectroscopy of a molecular beam

of PbS to observe the band heads of the system AO
+ - X 1E+

for the three isotopic species 208pbS, 207PbS, and 20 6PbS.

The absolute line positions were measured with the help of

the well-known 12-spectrum and precise vibrational fre-

quencies could be derived. Using the frequency markers from

a well calibrated Fabry-Perot the rotational finestructure

and the energy separations of the different isotopes were

determined. From all these results the pure electronic iso-

tope shift could be deduced. This will be compared with

similar results on atomic spectra of Pb and contains new

information about the electron density change at the nucleus

Pb.

Also this first detection of an isotopic field shift in

molecular spectra will change the interpretation of higher

order isotope shifts for the rotational constant in the

case of heavy molecules as measured by microwave spectroscopy.



124 J 16 A New Double Resonance Technique:

Microwave Optical Polarization Spectroscopy (MOPS)

W. E. Ernst and T. T6rring

Institut fUr Molekilphysik, Freie Universittt Berlin,

Boltzmannstr. 20, D 1000 Berlin 33

A new type of microwave optical double resonance experiment has

been performed on BaO showing the feasibility of a new sensitive

optical detection scheme for rotational ground state transitions.

Linearly polarized microwaves introduced via a horn radiator pump

a rotational transition whose upper state is optically pumped by

a laser beam the polarization plane of which is turned by 450 with

respect to the microwave polarization. Absorption of microwaves

causes an alignment of the upper rotational state of the groudl

state which is detected via the change of the polarization of the

laser beam. In analogy to laser polarization spectroscopy the Inser

beam is passed through crossed polarizers such as to detect pc.i-

rization changes on a nearly zero background.

About 10- 4 torr BaO was produced by reacting barium metal vapor

with N20 in an argon carrier-gas stream the total pressure in (hf

cell being 0.05 torr. A stabilized cw dye laser of I M11 band-

width was tuned to 580.7 nm to coincide with the P(3) line of

the A1Z - XIZ (1,0) band of BaO to pump molecules out of the

J" = 3 level. Microwave radiation of 56105.3 MHz is resonant with

the J" = 2 - 3 transition. While the laser frequency was kept,

fixed on the P(3) line center the microwave frequency was swept.

The signal was obtained by phase sensitive detection the microwaive

power being amplitude modulated at 1kHz. Total microwave power

coupled into the cell was only about 3 mW. Using a beam diameterl

of 7 mm an optimum signal was observed at a laser power of 17 mW.

The recorded line width was only about 1,5 MHz mainly due to

pressure broadening.

Comparing these first results with previous microwave optical

double resonance (MODR) experiments III we find that with the niew

MOPS technique the same sensitivity can be obtained at a consider-

ably lower laser power density (factor 100). This will be of great

advantage especially for double resonance experiments in the

shorter optical wavelength region. As a consequence of the low

power densities the line shape is not influenced by saturation aind

other nonlinear effects as in the previous experiments.

Ill R.W. Field, A.D. English, T. Tanaka, D.O. Harri, I).A. Jerinn ,

JCP 59, 2191 (1973)

m t, " ' - m . .. , - . . . . .. . .. . . .. . . . . "
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J 17 HIGH RESOLUTION INFRARED STUDIES ON ALLENE-d 4 : v7 BAND AND THE

HOT BANDS ACCOMPANYING v AND v

F. Hegelund and P. Lund

Department of Chemistry, University of Aarhus, DK-8000 Aarhus, Denmark

and

R. Anttila, J. Kauppinen, and M. Koivusaari

Department of Physics, University of Oulu, SF-90570 Oulu 57, Finland

Recently the v9 and vlO fundamentals of allene-d4 were studied [1]. The

spectra were recorded with the Fourier spectrometer at the University of Oulu.

The resolution attained was about 0.01 cm-1 . Using the same interferograms we

have now investigated the parallel fundamental band v7 and also the hot bands

V9 +V ll" and vlO +vll -vll.

The v7 band around 1030 cm" could be analyzed using an unperturbed model

although several resonances proved to have effects on the constants at the

level v7 = 1. The band gave a lot of ground state combination differences.

They were analyzed together with those from v [1] and from vll [2]. The

resulting ground state constants were: B = 0.232153(15) cm-1 , Di 5.82(39)

lO"8 cm- , DJK = 2.59(45) x10 6 cm and HoJJK 3.5(27)x10cm

(Error limits 3 x std. dev.).

The hot bands v9 +v
ll -vll and vlO+vll -v), both consist of two compo-

nents: AI,A 2 - E and BI,B 2 - E. In them altogether 1 500 lines were assigned.

In the analysis the global z-Coriolis resonance between the levels V9 + l1

and vO+l v 1 as well as the vibrational x-type resonances within these levels

were taken into account. In vI0 +v11 -vU the rotational and vibrational

Z-type doublings occuring in the KAK -l sub-bands were investigated in

detail. A localized (x,y)-Coriolis resonance between vlO +\11 and v4 
+ Vll

was observed and the interaction parameter was deduced.

(1] F. Hegelund, J. Kauppinen, and R. Anttila, J. Mol. Spectrosc. 86,

429-454 (1981)

(21 F. Hegelund, R. Anttila, and J. Kauppinen, J. Mol. Spectrosc. 81,

164-178 (1980)
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J 18 OPTICAL-OPTICAL DOUBLE RESONANCE MIULTIPHOTON

IONIZATION SPECTROSCOPY OF NO

M. Seaver, W.Y. Cheung, D. Gauyacq, W.A. Chupka, S.D. Colson
Department of Chemistry, Yale University, New Haven, Connecticut 06520
U.S.A.

Resonantly enhanced multiphoton ionization of NO has been

investigated using two tunable dye laser beams oppositely directed

and having a common focus. The focus lies between two electrodes

in a cell containing 4-15 torrof NO. The following processes are

studied: AUTO 10 tI Z AT 10 N

2 1 A E (v =0, I ,2 hv,3) h +
NO[X2 1 -= 2vo NO 0,2,2,3 hv2 > NO** -_or->NO +e

v PUMP or J
C 2 (v = 0, 1) PROBE' -hv l / i

The first laser beampumps an intermediate rovibronic state.

The second laser beam is scanned over a blue dye spectral region

leading to ionization by one or two photon excitation from the intermediate

state. The total amplified ion current is detected.

The rotational selection of the pump transition and the Rydberg

character of the intermediate state lead to spectra which are greatly

sim plified compared to the usual single photon absorption or

photoionization spectra. This technics has provided high resolution

data on the high lying Rydberg and non-Rydberg states below

and above the ionization limit with special attention to the Rydberg-

non Rydberg perturbations and dynamic processes (autoionization

predissociation) occuring in this energy range.

* On leave from the Laboratoire de Photophysique Moleculaire du

CNRS, Bat 213, Universite de Paris-Sud, 91405 ORSAY (FRANCE)

1
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J 19
EVIDENCE FOR A Ig STATE AMONGST THE E STATES OF I2

J.P. Perrot, J. Chevaleyre, S. Valignat, J.M. Chastan and M. Broyer

Laboratoire de Spectrom~trie Ionique et Molhculaire (associ6 au
C.N.R.S.) L.A. n°171, Universit6 de Lyon 1, 69622 Villeurbanne Cedex
France.

We have studied the E states of 12 by Optical Opticdl Double

Resonance (O.O.D.R.). The pump laser is a continuous wave argon ion
0 0

laser operating at 5017 A and 5145 A. The probe laser is a 3 GHz band-

with pulsed dye laser which excites the E states from well defined

v, J levels of the B(H O) state. By this technique two states are

observed :
+

- one of them is the already studied 0 g state,

- the other is a state of Ig symmetry identified by

the observation of Q lines.

For these two states spectroscopic constants and RKR potential

curves have been determined.

Moreover the lifetimes of these 0 +g and Ig states have been

measured as a function of vibrational quantum numbers. No evidence for

a v-dependence of this lifetime has been observed. The results are
+-c 27.7 1 1.3 ns fuj. the 0 g and T 11.9 i 1.2 ns for the Ig state.
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J 20
OODR EXCITATION OF AUTOIONIZING STATES OF SODIUM DIMERS

M. Broyer, J. Chevaleyre, S. Martin, B. Cabaud, A. Hoareau, S. Valignat,

J.P. Perrot

Laboratoire de Spectrom~trie Ionique et Mol~culaire (associ6 au C.N.R.S.)
L.A. no°17, Universit6 de Lyon I, 69622 Villeurbanne Cedex, France.

We present here some results concerning the study under high reso-

lutioii of the autoionizing states of the Na2 molecule. A beam of sodium

dimers, produced by the supersonic expansion of sodium vapour through a

nozzle, is crossed at right angle by two superimposed laser beams from

two dye lasers pumped simultaneously by the same nitrogen laser. Laser

wavelengths were tuned in order to perform optical-optical double reso-

nances in Na2 molecules via a fixed (B I Tv,J) intermediate level. By
2 ~u9

scanning the wavelength of the second laser, energy levels beyond the

ionization limit have been explored.

Ion current spectra have been recorded. They show from a single

(B I uv,J) intermediate level about 300 excitation lines newly observed

in this experiment. They are distributed among several Rydberg progres-

sions. The most extended one is spreading over 15 different principal

quantum numbers. It allows estimated values of rotational and vibrational

constants to be deduced :
-I -I

B = 0.113 cm and w = 118 cme e

They are in good agreement with constants obtained by two-step polari-

zation labeling experiment.

The n-dependence of energy levels as a function of quadrupole mo-

ment and polarizability of the core is now in progress.

N.W. Carlson, A.J. Taylor and A.L. Schawlow, Phys. Rev. Lett. 45

18 (1980).
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K1

C. Camy-Peyret and J-M. Flaud

Laboratoire de Physique Molculaire

et d'Optique Atmosph~rique, C.N.R.S.
Bat.221 - Campus d'Orsay - 91405

FRANCE

(no abstract)

K 2 High Resolution Atmospheric Transmission/Emission
at the Air Force Geophysics Laboratory

Laurence S. Rothman

Air Force Geophysics Laboratory
Optical Physics Division
Hanscom AFB, MA 01731

U.S.A.

The program, direction, and status of the AFGL absorption line parameter

compilations will be discussed. There has recently been significant

improvement in the high resolution data obtained and analyzed for the main

infrared atmospheric absorbers as well as the addition of numerous neutral

species discovered in the terrestrial atmosphere. Examples of the

application of the atmospheric transmission/emission code 2 developed at

AFGL using the molecular data base will be shown.

Recent results obtained at AFGL with the 2-meter interferometer and hot

gas cell on carbon dioxide will be presented. Preliminary results from

the cryogerically cooled balloon-borne interferometer for detection of

stratospheric emission3 will also be presented

1. L.S. Rothman, Appl.Opt., 20, 791 (1981); L.S. Rothman, A. Goldman,
J.R. Gil is, R.H. Tipping, L.R. Brown, J.S. Margolis, and L.D.G. Young,
Appl.Opt., 20, 1323 (1981).

2. S.A. Clough, F.X. Kneizys, L.S. Rothman, and W.O. Gallery,
"Atmospheric spectral transittance and radiance: FASCODIB' Society of
Photo-Optical Engineers, 277, 20 (1981).

3. G.A. Vanasse, "Stratospheric Cryogenic Interferometer Balloon Experiment
(Scribe)," AFGL-TR-0048 (1981).
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S.J. Daunt

Department of Physics & Astronomy

University of Tennessee

Knoxville, Tennessee 37916
U.S.A.

(no abstract)
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L 1 Harmonic Information from Inertial Defects

in Vibrationally excited C2v molecules

Dines Christen

Institut fUr Physikalische und Theoretische Chemie

Universit~t TUBINGEN

FRG

Since it seems impossible to extract separate harmonic and

anharmonic contributions from the vibration-rotation inter-

action constants £ (-), the next best thing, namely iner-

tial defects (I. - IM - I ) were investigated.

It will be shown that for molecules of orthorhombic symme-

try in general, and for C2v molecules in particular, cer-

tain differences in inertial defects between non totally

symmetric fundamental states and the ground state are pure-

ly harmonic - at least in the same approximation (linear in

(v+1/2)) where inertial defects of planar molecules are

purely harmonic.

Calculations have been carried out on CH2 F2 1 as well as on

SF4 and SeF4 .

These new pieces of information seem to be quite sensitive

to changes in the force field, and thus seem very relevant

for the determination of harmonic force fields.

1I. Suzuki & T. Shimanouchi, J. Mol. Spectr. 46(1973) 130

E. Hirota & M. Sahara, J. Mol. Spectr. 56(1975) 21

E. Hirota J. Mol. Spectr. 69(1978) 409

V I]
" .. ... . .. . .... .. . ii . . .. I ll f " I i .. . .. .
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L2

THE INTERCOMPARISON OF FORCE FIELDS FOP TRIATOMIC MOLECUILES

M. Lacy and D.H. Whiffen

Dept. Physical Chemistry, University of Newcastle-upon-Tyne, U.K.

A simple method is presented for comparinr force fields hy

focussing on the potential surface they describe, rather than

examining the individual coefficients of the analytical function.

Advantages of this approach are discussed, and the different

perspective it gives to the appreciation of force fields is

illustrated by Its application to N20, H20 and OCS.
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L 3 Microwave Spectrum of D2CS and H 2CS

by A.P. Cox, S.D. Hubbard and H. Kato

School of Chemistry, University of Bristol
Cantock's Close, Bristol BS8 lTS

Microwave transitions up to J= 53 in the ground vibrational state

of deuterothioformaldehyde, CD2S, have been studied between 8-40 GHz.

A detailed centrifugal distortion analysis yields accurate constants

for comparison with force field values. The isotopic species 13CH 2S,

CH2 34S, CH2 33S, 13CD2 S, CD2 34S and CD2 33S have been studied in natural

abundance. Accurate average zero-point structures have been determined for

both CD2S and CH2 S:

CH 2S CS = 1.6136(4) CH = 1.0965(6)R LHCH = 1160 13(6)

CD 2S CS = 1.6134(4) CD = 1.O933(4)R L DCD = 1160 23(5)

Changes in the zero-point geometry for deuterium substitution have been

established.

Quadrupole fine structure arising from the 33S nucleus has been

measured in CH 233S and CD 233S. Analysis gives the following coupling

constants (for both molecules) as Xaa = -11.7 and Xbb - Xcc = 88.1 MHz.

The dipole moment of CD 2S has been measured to be 1.6588(8)D and an

accurate comparison with CH 2S has been made; the ratio of dipole moments

CD2 S/CH2 S was found to be 1.0062(4). The spectroscopic and bonding

properties of CH 2S will be compared with formaldehyde and other molecules.

i2
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COLLISION INDUCED ROTATIONAL TRANSITIONS OF NH3

D.B.M. Klaassen, J.J. ter Meulen, N. van Hulst and A. Dymanus

Fysisch Laboratorium, Katholieke Universiteit

6525 ED Nijmegen, The Netherlands

Rotational transitions of NH3 induced by collisions with polar and non-

polar molecules have been investigated in a molecular beam maser. Hereto

the NH3 molecules cross a secondary beam between two microwave cavities

tuned at the frequencies of two inversion transitions (J2,K2 ) and (J1 ,Ki).

The relative population distribution over the two (J2,K2 ) doublet states

determined by the power density in the first cavity is measured by a third

microwave cavity. Only when collisions take place changes in the (J2,K2)

population distribution cause effects on the (J1 ,K1 ) microwave signal due

to rotational transitions (J2,K2 ) * (J1,KI). By measuring these effects as

a function of the secundary beam density (apparatus) cross sections for

collision induced rotational transitions are determined.

Measurements were done with NH3, CH3F, CF3H, CO2, N2 and H2 as

scattering gases. In all cases transitions were observed of the type AK=O,

AJ=+I, whereas for NH 3-Nl 3 also AK=O, AJ=2 could be detected. Cross sections

are of the order of 10 for polar gases and 0.1 2 for H2. Accuracies are

about 10% or better.

nozzle
skimmer

state cavity cavity cavity ion
selector (J2 .K2) r7y.K)) (J2.K2) gauge

sec. beamchopper effuser
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L 5 Microwave and Photoelectron detection of

unstable species: Sulphido and Selenido

borons; XB=S and XB=Se.

T.A. Cooper, M.A. King

H.W. Kroto and R.J. Suffolk

School of Chemistry and Molecular Sciences, University of Sussex,

Brighton BN1 9QJ

Using fast flow pyrolysis techniques several monomeric

sulphido and selenido boron molecules have been identified.

These species are produced by the high temperature reaction

between an appropriately substituted disulphide X2S2 and

crystalline boron at temperatures in excess of 1000°C:

X2S2 + B A XB=S

X = F, Cl, Br, CH3

Essentially the same technique has been applied to the

detection of the selnium analogue ClB=Se which appears to be

the first member of this class of molecule to be detected.

In this case the reaction is:

Cl2Se2 + B---o. ClB=Se

The photoelectron data using very fast flow methods show that

high yields of these species can be produced. Other techniques

for producing these molecules have also been studied.

In general detailed structural, vibration-rotation, dipole mom-

ent and quadrupole data have been determined from the

microwave spectra and ionisation potential and associated

electronic structure information derived from the photoelectron

studies.
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L 6 KCN: ISOTOPIC SUBSTITUTION, STRUCTURE AND NUCLEAR HYPERFINE EFFECTS

J.J. van Vaals, W. Leo Meerts and A. Dymanus

Fysisch Laboratorium, Katholieke Universiteit

6525 ED Nijmegen, The Netherlands

The microwave spectra between 12 and 38 GHz of the 13C and 15N isotopically

substituted species of potassium cyanide in the ground vibrational state were

measured by molecular-beam electric-resonance spectroscopy. For both iso-

topic species we observed over 20 rotational transitions and determined the

rotational, the 5 quartic and 2 sextic distortion constants. The rotational
13 15constants of the C and N substituted species combined with those of the

normal isotopic species 1) allowed an accurate and unambiguous determination

of the structure, which was confirmed to be T-shaped. Both the effective

structure of the ground vibrational state and the substitution structure

were evaluated. The results for the substitution structure in X are: rCN =

1.174(2), rKC = 2.711(5), r. = 2.532(5).

The hyperfine spectrum of KCN has been unravelled with the help of

double resonance techniques. One hundred and twentyfive hyperfine transi-

tions in 8 rotational transitions have been assigned. The quadrupole coupling

constants (in MHz) of potassium are: eQq = -5.605(4), eQqb b = 2.600(8) and

of nitrogen are: eQqaa = 1.922(3), eQqbb = -4.068(7).

From the asymmetric rotor spectrum it could be deduced, using the
2)

semirigid bender model described by Bunker , that the potential energy

surface in the bending direction has very low barriers for internal rotation.
3,4)This is confirmed by recent ab initio potential energy surface calculations

The potential energy barriers for linear cyanide and linear isocyanide art
-! -1

estimated to be 2000 cm and 500 cm with respect to the minimum at the T-

shaped geometry. The zero-point KCN bending vibrational amplitude is + 100

1) T. Tirring, J.P. Bekooy, W.L. Meerts, J. Hoeft and A. Dymanus, J.Chem.Phys.

73, 4875 (1980)
2) P.R. Bunker and D.J. Howe, J.Mol.Spectrosc. 83, 288 (1980)

P.E.S. Wormer and J. Tennyson, to be published in J.Chem.Phys.

4) M.L. Klein, J.D. Goddard and D.G. Bounds, to be published
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L7

DIPOLE MOMENTS OF 1 5NH3, ND3 AND PH3 BY LASER STARK SATURATION SPECTROSCOPY.

G.Di Lonardo and A. Trombetti.

Istituto di Spettroscopia Molecolare del C.N.R., Via de' Castagnoli 1 - 40126

Bologna, Italy and Istituto di Chimica Fisica e Spettroscopia, Viale Risorgimento,

4 - 40136 Bologna, Italy.

Inverse Lamb dips (full width at half maximum <1 MHz) of several transitions of

15 NH3 ND3 V 2 bands and of PH3 V2 and 4 bands, saturated by 12C 160 213 C 16032 4 2

12 18
and C 0 laser lines have been observed in an intracavity Stark cell. Accurate2

values of the electric dipole moments of the ground state ( 15NH 3 and ND 3) , v2=1

state (15NH3, ND3, PH3) and v4=1 state (PH 3) have been obtained directly from the

resonance voltages of the AM = ± I Stark components. The results are summarized in

the following table.

(v 2 , J, K) J1 (D) (v2, J, K) p (D)

(0, 5, 3) 1.4760 (9) (1, 4, 3) 0.5746 (3)

(1, 4, 4) 1.253 (6) (1, 3, 3) 0.5732 (3)
15NH

NH3  (1, 7, 7) 1.241 (10) (1, 8, 4) 0.5740 (2)

(i, 8, 8) 1.230 (5) (1, 14, 12) 0.5740 (5)

(I, 11, 9) 1.271 (6) (1, 6, 5) 0.5743 (3)

PH3  (1, 10, 7) 0.5741 (1)3l

(1, 10, 8) 0.5737 (1)

(o, 13, 11) 1. 492 (8)

(0, 13, 13) 1. 497 (11) (v 4 J, K)
ND3  (1, 14, 11) 1. 352 (3) 7 )8

( 4, 17({ 6, 7) 0.5785 (1)
S(1, i14, 13) 1. 355 (5) (1,6, 6) C.5783 (1)
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L 8 '2 2 2  2 , AN:D 2+ PAEDS CF'

G.Di Lonardo, L.Fusina and A.Trombetti

Istituto di Spettroscopia Yolecolare del C.N.R., via Castagrnoli 1 e Istitutc

Ji Chimica Fisica e Spettroscopia - Universita' di ELola na - 4010C ECLOGNA - ITALIA

The i.r. absorption of gaseous 15NIl between 510 cm- and 3040 cm. has b-eenr

recorded wittn a resolution of 0.06 cm-1

Transitions belonging to the \) 2 1 2\)2 3, ' 2+ j 4 bands and to the hot bands

2~ ~, and .'" have been measured and assigned for both the components

of :-,e inversion doubling.

Ine cltnerved F.7. transition wavenumbers together with very high resoluation

laser - Stark and two photon measurements of the j 2 band reported in the 1iterat-re

er new! measured by us have been used simultaneously in a weighted damped

ja 1-.r es an aly s is.

*e! ef ec,ve spectrvscopi , parameters and the interaction constants between

32 ± 2' d + 2 ;vibrational states have been obtained.

Thed1~l-:isfollowed essentially the mainline outlined in ref.[1.

e ;round state rotational parameters were constrained to the values

obtained by, Carlotti et al [2].

Abo-ut ',, , transitions of v*-, 2v±t, and 3vt were fitted with a standard deviaticn

-3 -12 2 2

of 'p.0 X 10~ cm (nearly the accuracy of the experi-mental measurements).

About WOC transitions of vt and (v~. + v )t were fitted with a standard
4 -3 2 14

deviations of about 16.6 x 10 cm * This is 4 times the accuracy of the

experimental data and it is indication that only the most significant

part of the rovibration interaction was taken into account.

[11 S.Urban, V.Spirko, D.P-apousek, R.S.McDowell, N.G.1Nereson, S.P.Beclov

L.I.Gershstein, A.V.Maslov-kij, A.F.Krupnov, J.Curtis and K.N.Rao

J.I-'ol.Spectrosc. 79, 455 - 495 (1980).

[1] ?X.Carlotti, A.Trombetti, B.Velino and J.Vrbancich

.T.Mol.Spectrosc. 83, 401 - 407 (1980).
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L 9 The Vibration-Rotation Infra-Red Emission

Spectrum of Hydrogen Isocyanide, HNC

W.J. Jones and M.J. Winter

The Edward Davies Chemical Laboratories

U.C.W. Aberystwyth SY23 1NE U.K.

Infra-red emission from gaseous HNC has previously been reported

by Arrington and Ogryzlo (1). However, using a conventional slit
-1

monochromator, they could achieve a spectral resolution of only 2 cm

More recently, Maki and Sams (2) have recorded the absorption spectrum

of HNC in equilibrium with HNC at temperatures up to 1300 K.

In this work, vibrationally excited HNC has been produced by the

reaction of discharged nitrogen with methyl bromide, CH3Br, in a flow

system at pressures of 1-3 torr. The resulting infra-red emission,
-l

at around 2.75 pm, has been recorded with a resolution of 0.15 cm

using our SISAM interferometer. The following transitions have been

observed:

1000 - 0000

1113 - 0110

1200 - 0200

1001 - 0001

allowing the determination of several sets of molecular constants.

References

1 C.A. Arrington and E.A. Ogryzlo, J. Chem. Phys., 63 (1975) 3670.

2 A.G. Maki and R.L. Sams, unpublished data.
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L 10
Molecular Beam Electric Resonance Spectroscopy of the Argon-Nitric

Oxide van der Waals Complex

C. M. Western, P. A. Mills and B.J. Howard

The argon-nitric oxide system has been the subject of a number of

studies. Calculations based on the electron gas model [I] and molecular

beam scattering data [2) have been used to construct intermolecular

potential energy surfaces. Although quantitatively different, both

surfaces gave a potential minimum corresponding to a T-shaped configuration.

A molecular beam electric resonance study on the complex Ar-NO, the

first such investigation of an open shell van der Walls molecule, is

presented here. This technique has yielded much useful information for

atom-diatom systems with a linear equilibrium geometry such as

Ar-HCI [3].

The microwave and radiofrequency spectra are shown to be compatible

with a T-shaped complex with only partially quenched orbital angular

momentum, in contrast to chemically bonded non-linear molecules.

The theory for this novel angular momentum coupling scheme will

be described. It explicitly includes both orbital and spin angular

momenta and differs greatly from the normal approach for asymmetric

rotors for which the orbital contribution is included indirectly through

the spin rotation term in the hamiltonian. In our treatment the

spin and orbital angular momenta are quantised along the molecule-fixed

b-axis. The analysis of the complex hyperfine structure will also

be represented.

References

[1] G.C. Nielson, G.A. Parker and R.T. Pack, J. Chem. Phys.,

66, 1396 (1977).

[21 H.H.W. Thuis, Ph.D. Thesis, Nijmegen (1979).

[3] J.M. Hutson and B.J. Howard, Mol. Phys. (to be published).
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L 11 Laser Spectroscopy of Supersonic Expansions of ICI

S.G. Hansen, J.D. Thompson and B.J. Howard

High resolution fluorescence excitation spectra of both the

B 3H(O + ) - X IE+ and A 3110) - X IE+ systems of rotationally cooled

ICI have been obtained using a single mode cw-dye laser. Because

of the large degree of coooling which occurs in the expansion, problems

due to overlap with nearby ICI and impurity 12 bands were drastically

reduced. This allowed for theobservation of a number of previously

unreported B-X bands for both 135C1 and 137C1, including the

fundamental 0-0 band. Improved molecular constants were calculated

for the B states of both isotopes and the X state of 1 37Cl.

For low J lines of the A-X transition, quadrupole hyper'ine

splitting patterns were completely resolved by working at sib-Doppler

resolution. To aid in the analysis of these spectra, as well as improve

on their precision, microwave-optical double resonance experiments were

performed. Pure rotational transitions between various F levels in

both the A and X states have been observed by monitoring the change in

fluorescence from individual optical hyperfine lines as a function of

applied microwave frequency. These data shoud provide enough information

to completely assign the high resolution optical spectrum and accurately

give a value for eQq in the A state

.1
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L 12 Infrared Spectrum of CO2 in the 5 pm Region

Ph. Arcas and E. Arie A. Henry and A Valentin
Laboratoire d'Infra-rouge, Laboratoire de Spectronomie
Bat 350, Facult des Sciences, moleculaire,
91405 Orsay-Cedex Tour 13,

Universitj P. et M. Curie,
4 Place Jussieu,
75230 Paris-Cedex 05

We have recorded the spectrum of CO with the Fourier Transform
2

spectrometer of the "laboratoire de spectronomie mol6culaire" in the 5 Jim

region. The apparatus function of the spectrometer has been chosen to

take account the widths of lines in the experimental condition. Pressures

of 10 and 20 tort were used with a 12 m optical length.

Effective rotational spectroscopic constants are calculated for the

(110,0310)i, (20°0,04 0)1 and (12 20,04 20) levels. These effective

constants reproduce the wavenumbers of vibration-rotation transitions with

a R.M.S. deviation between 5.6x]0 - 5 and 3.6x]0 - 4 cm in accordance to the

intensities and number of lines for the different bands.

In addition the values of the band center wavenumber are determined

using data of CO2 (Pine and Guelachvili) and N20 (Amiot). These values

will be compared with the results obtained by different authors specially

for the (1220,0420) transition for which the results given in the

literature differ rather widely.
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L 13 INFRARED SPECTRUM OF CO2 IN THE 2 Jm REGION.

+ +
Ph.ARCAS ,E.ARIE

0 00

J.CHAUVILLE ,M.CUISENIER ,and J.P.MAILLARD

In ordeA to carry on the study of the infrared spectrum of CO2 (1)

we present preliminary results obtained with the Fourier Transform

Spectrometer of Meudon at very high resolution.

This allows to determine the effective spectroscopic constants of

the levels involved in the transitions:

the triade (20'1,0401)l Ii ii - (0000) and

the associated "hot" bands (2111,0511)1,11,111 - (01 0)

The effective constants reproduce the frequencies of the observed

-.1
transitions within an accuracy of 0.001 

cm

I
(1) J.P.MAILLARD,M. CUISENIER,Ph;ARCAS, E.ARIE and C.A ATOT

Can.J.Physics 58 ,1560 (1980).

+ Laboratoire d'Infrarouge ,Bat.350,Universit6 PARIS-AI,

91405-ORSAY. (FRANCE)

* Tflescope Infrarouge,Observatoire de Meudon,Place J.Janssen
92190-MEUDON. (FRANCE)
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L 14
The infrared vibration-rotation spectrum of trans- and cis-nitrous acid

C.M. Deeley and I.M. Mills

Department of Chemistry

University of Reading

RG6 2AD, U.K.

Infrared spectra of the trans- and cis- isomers of nitrous Acid were
-I

obtained using a Fourier Transform Interferometer, with 0.06 cm

resolution.

Analysis was achieved using an asymetric top refinement program in

conjunction with a band-contour plotting program. Constraining

ground-state rotational and quartic centrifugal distortion constants

to microwave values I and constraining excited-state quartic centrifugal

distortion constants to ground-state values, excited-state rotational

constants and band origin were refined until good agreement was

obtained between calculated and observed spectra.

Accurate values of band origins and differences in rotational constants

are of future use in harmonic and anharmonic force constant calculations.

A summary of the results for bands studied so far is given below:

Trans Vo /cm A'-A"/cm- I  B'-B"/cm- I C'-C"/cm -1

V2  1699.80(1) -0.0140(0) -0.00085(7) -0.00071(6)

V3  1263.183(5) 0.01597(7) -0.01101(5) -0.00175(5)

V4  790.118(5) 0.0195(2) -0.0020(1) -0.0025(l)

Cis

V4  851.928(4) 0.020049(83) -0.002795(108) -0.003367(95)

Results on several other bands will be presented in the poster. Also,

our results will be compared with those obtained recently by 
laser Stark

2

and diode laser spectroscopy 3 , and the comparison will be discussed.

I. Finnigan, Cox, Brittain and Smith, JCS Faraday II, 68, 548 (1972).

2. Allegrini, Johns, McKellar and Pinson, J.Mol.Spectr. 79, 446 (1980).

3. Maki and Sams, to be published.
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L 15

The infrared spectrum, equilibrium structure, and harmonic and

anharmonic force field of thioborine, HBS.

P. H. Turner and I. M. Mills

Department of Chemistry

University of Reading

RG6 2AD, U.K.

The infrared absorption spectrum of thioborine, HBS, has been observed

using a flow system to generate the sample and a Nicolet Fourier

transform system to collect the spectrum. The sample was prepared by

passing a mixture of Ar and H2 S (or D2 S) over metallic B at about 1200 K

and then pumping fast through a multiple reflection cell set to a 6 m

path at a total pressure of less than I Torr. l0B and lIB species were

observed in natural abundance, and both HBS and DBS have been studied.

The V I BH or BD stretch and V 3 BS stretch have been observed; for DBS

the V 3 fundamental appears as two parallel bands of comparable intensity
30

due to a strong Fermi resonance with 2v2° . The v2 bending fundamental

has not been directly observed despite a careful search using a Hg-Cd-Te

detector in the region in which we know the band must lie; we estimate

its intensity to be less than 5% of either vI or v 3 which have

comparable intensities.

Analysis of the observed spectra, in conjunction with previous microwave

and infrared2 observations, has allowed us to determine the equilibrium

structure and harmonic and anharmonic force field. Preliminary results

are summarised in the table over page. The constraint f V = 4f M, where

= sine and 0 is the angular deviation from linearity, corresponds to

requiring the angle bending potential to be quadratic in 0 (see eq.(4)

of Strey and Mills 3; this point will be discussed in the poster).

1. Pearson and McCormick, J.Chem.Phys. 58, 1619 (1973).

2. Sams and Maki, J.Mol.Structure, 26, 107-115 (1975).

3. Strey and Mills, Molecular Physics, 26, 129 (1973).

I.I.
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Spectroscopic constants, all in cm Thioborine , HBS

Constant 1-11-32 1-10-32 2-11-32 2-10-32

B (ref 1) 0.636540 0.669804 0.531632 0.552495

D (ref 1) 0.000730 0.000801 0.000475 0.000521

v 2735.80 2751.44 2077.71 2104.48

AB1  -0.002958 -0.003376 -0.003195 -0.003523

v3 1172.39 1207.07 1144.66 1171.70

AB3  -0.003484 -0.003520 -0.000868 -0.000978

2v 2 1073.92 1091.47

AB22 +0.000551 +0.000968
v* 1119.98 1147.20
AB3* -0.002506 -0.002505

2v 2 1098.60 1115.97

AB22* +0.002189 +0.002495

v2 [702] 1709] [553] [562]

AB2  +0.000785 +0.000944 +0.001095 +0.001247

B 0.638976 0.672308 0.533388 0.554261e

*Deperturbed from the Fermi resonance AB = B' - B"

Structure and force field

re (BH) 1.1698(3) f frrr -21.596 aJ

re (BS) 1.5978(1) R frrR -0.287 aJ x-3

2 frR 0.0 constrained
fr(BH) 4.3685 aJ R-2 fRRR -35.598 aJ R-3

rr -frR 0.0134 aJ -

fRR(BS) 7.3589 aJ 2-2 frao -0.109 aJ

fo -0.296 aJ

foa(bend) 0.3232 aJ

frrrr 72.6 aJ R-4

f o a 4f constrained fRRRR 135.4 aJ x-4

.acac
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L 16 New set of Dunham coefficients for isotopically susbtituted carbon

monoxide from high information Fourier Transform Spectroscopy

D. DE VILLENEUVE-LEFEVRE 1
, R. FARRENQ , G. GUELACHVILI
2 3

W. URBAN , J. VERGES

An extensive work on the vibration-rotation bands of CO in the fun-

damental electronic state : X Y, has been undertaken in order to determine

accurate Dunham coefficients available for all the isotopic species of this

molecule and for a wide range of v and J quantum mumbers.

The great amount of experimental data has several origins.Most of

the lines come from High Information Fourier transform measurements. Various

types of sources have been used in order to reach either high J (up to 93) or

high v (up to 40) (or both) vibrational states. Laser weasuremenm are also

included in the fit which takes also into account microwave and grating

spectra.

A global non linear least squares fit of all the available data,

with adequate weights gives a set of improved Dunham coefficients when compa-

red to the best previous results (I).

(I) R.M. DALE, M. HERMAN, J.W.C. JONES, A.R.W. Mc KELLAR, S. NAGLER and

I.K.M. STRATHY Can. J. Phys. 57, 5, 677-686, 1979

1) Laboratoire d'Infrarouge Associg au CNRS, Bit. 350, Universit6 Paris -Sud

91405 ORSAY, France

2) Institut FUr Angewandte Pbysik, Wegelestrasse, 8-D-3500 BONN 1, Germany

3) Laboratoire A. Cotton, CNRS II, Bit.505, 91405 ORSAY, France

i

, I . .. . . .. . . . ... . ...... . ... . .. n in .. .. . . . -
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L 17
0 0

ROTATIONAL ANALYSIS OF THE 7576 A AND 7463 A

ABSORPTION BAND OF NO2  BY MEANS OF FOURIER

TRANSFORM SPECTROSCOPY

A. PERRIN, J.M. FLAUD, C. CAMY-PEYRET

Laboratoire de Physique Molfculaire et d'Optique Atmosph~rique

Batiment 221, Campus d'Orsay, 91405 ORSAY, France

and

P. LUC

Laboratoire Aimi Cotton, C.N.R.S. II

Bitiment 505, Campus d'Orsay, 91405 ORSAY, France

We report an extension of our analysis of Fourier Transform

absorption spectra of NO2  between 12400 abd 13900 cm- [I]

The rotational aualysis of two parallel bands, respectively
0 0

at 7576 A and 7464 A has been performed.

We have assigned lines involving the K = 0,1,2,3,4 stacks for
a 0

the 7576 A band, and r = 0,1,2,3, and 4 stacks for the 7463 A.a

band. Furthermore a lot of spin-orbit induced transitions have been

detected.

Tentative vibrational assignments are discussed.

[1] A. PERRIN, C. CAMY-PEYRET, J.-M. FLAUD and P. LUC

J. Hol. Spectrosc. (in press).
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L 18
THE VUV ABSORPTION SPECTRUM OF CO2 AT HIGH RESOLUTION. ASSIGN-

MENT AND ROTATIONAL ANALYSIS OF A z - xI RYDBERG TRANSITION
0u g

AT 1106 A.

C. Cossart-Magost , M. Eidelsbergtt, F. Launay* , S. Leach

and F. Rostas *

* Laboratoire de Photophysique Mol~culaire du C.N.R.S.
Batiment 213, Universit6 de Paris-Sud,
91405 - ORSAY - CEDEX - France.

*t Observatoire de Paris-Meudon,
92190 - MEUDON - France -

The gas phase absorption spectrum of 12C0 and 13C02
0 0 -

between 900 and 1820 A, at a resolution of 0.005 A was obtained

at the Observatoire de Meudon (France), using a spectrograph of

10 m focal length (1) and a continuum source of the B.R.V. type
(2)

A considerable increase in resolution ( x 40) was

gained relative to the previous highest resolution work due to

Nakata et al (3). At our higher resolution, the diffuse charac-
0

ter of most of the bands in the 900 - 1820 A region is confir-

med. However, for the first time in VUV CO2 absorption, rota-

tional structure was observed for some bands. The most complete

analysis was achieved for a band at about 1106 A in both isoto-

pic species, which we assign as the origin band of a forbidden

transition E_ z+. We consider that the excited state be-u g" 3longs to the Rydberg configuration ... Tg 3p u  it is only

0 2 v aovethe1,3 +
0.2ev above the Eu  states of the same configuration, assi-

gned by Greening and King (4) in low resolution spectra. Using

the ground state constants of Mandin (5), the excited state

term values were determined and, from least squares fitting, the

following constants were obtained :

12CO: T6 = 90438.87 ± 0.06 cm-1 ; B 6 = 0.38213 ± 0.00010 cm-1

13C02: T6= 90453.26 ± 0.05 cm-1 ; B = 0.38233 ± 0.00008 cm-1

* Laboratoire associs a l'UniversitL de Paris-Sud.
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The B' values, situated in between the ground state values of

the corresponding neutral molecules (0.3902 (5)) and ions

(0.3803 (6)) are well within the range expected from considera-

tion of the electronic configurations. The bending vibration

frequency v was also determined for the same excited state,

through the observation of the 2 sequence band ; the values

obtained (498 and 483 cm - , respectively in 12C02 and 13C0 2 )

compare well with the deperturbed values of this fundamental in

the ground state of the corresponding ions (509 and 495 cm -1 ,

respectively in 12CO 2 and 13C02 (7)).

Finally, it should be noted that the observation of
0

fine structure for the band at 1106 A explains its absence

in the photodissociation excitation spectrum of Koyano et al. (8)

and rules out the interpretation of that peak given by Greening

and King (4) who assigned it as a member of the v, progression3
of the completely dissociative absorption (7g 3p )
1 + 1 + g ~u
1 + E + Reassignment of this progression will be discussed.

(1) F. Launay, Le Courrier du C.N.R.S., 12, 10 (1974),

(2) E. Boursey and H. Damany, Appl. Opt., 13, 589 (1974),

(3) R.S. Nakata, K. Watanabe and F.M. Matsunaga, Sci. Light., 14, 54 (1965),

(4) F.R. Greening and G.W. King, J. Mol. Spectr., 59, 312 (1976),

(5) J.Y. Mandin, J. Mol. Spectr., 67, 304 (1977),

(6) D. Gauyacq, C. Larcher and J. Rostas, Can. J. Phys., 10, 1634 (1979),

(7) C. Larcher, D. Gauyacq and J. Rostas, J. Chim. Phys., 77, 655 (1980),

(8) I. Koyano, T.S. Wauchop and K. Welge, J. Chem. Phys., 61, 5022 (1974).
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L 19 COLLISIONALLY INDUCED DOUBLE RESONANCE IN IODINE:
ANALYSIS OF THE D'(2g) -A' (2 u) TRANSITION (340 nm IODINE LASER)

J.B. KOFFEND, A. SIBAI , R. BACIS
Laboratoire de Spectromdtrie lonique et Mol6culaire
Universit6 Lyon I, 43 boulevard du 11 Novembre 1918 - 69622 Villeurbanne (France)

Numerous studies have been devoted to the D'2g - A'2u transition in 12
T ELLI N GHUISEN has made a vibrational analysis of this system excited by high frequency discharge

inArgon (1-). Recently it has been shown that optical pumping of the D'2g state by an ArF laser

at 193 nm results in a D' - A' laser with a 50 % photon conversion officiency (2). We have

made a high resolution spectroscopic study of the D'2g - A'2u transition. Fluorescence from

the D'2g state is produced by sequential absorption of two visible photons. The first photon

(514, 5, 20, 8 or 530,9 nm) populates several B 0+ state rovibronic levels. However,
u

collisions with a buffer gas (or 12 itself) result in a redistribution of population in numerous

B 0+ state vibrational levels. A second photon excites the E 0+ (-- B 0+ system. Due tou + g u
the population distribution in the B 0 state we observe that any ion laser line with X 4 480 nm
may be used for the second step. Collisional E - E transfer from E 0+ levels populate the

D' 2 g state and D'2g - A' 2u U.V. fluorescence is observed. We have rotationally analymd

the D' - A' system and have obtained spectroscopic constants for more than 50 vibrational

levels of the A' 2u state. We have been able to examine the structure of A'2u state near its

dissociation limit and the long range behavior of the internuclear potential has been characte-

rized.

(1) J. TELLINGHUISEN
Chem. Phys. Lett. 49, 485 (1977)

(2) M.J. SHAW, C.B. EDWARDS, F. O'NEILL, C. FOTAKIS and R.J. DOROVAN
Appl. Phys. Lett. 37, 4, (1980)
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L 20

Fourier Transform Spectra of v5 and v6 of CH2N.H

G.Duxbury Department of Natural Philosophy
University of Strathclyde
107 Rottenrow, Glasgow, G4 ONG

and M.L.LeLerre

School of Chemistry,
University of Bristol,
Cantock's Close,
Bristol, BS8 ITS

High resolution (0.006 cm- ) spectra of methyleneimine,CH2NH,

have been recorded using the McMath F.T.S. developed by Dr.J.W.

Brault at the Kitt Peak National Observatory, Arizona. Methyleneimine,

a short-lived molecule, was produced by the pyrolysis of methylamine

at ca 10000C in a flow system, the total pressure in the 60cm multipass

absorption cell being ca 500 mtorr. The spectra cover the frequency

range of the v4 to v9 fundamentals and are currently being analysed

in conjunction with CO2 laser Stark data. New constants for '41

previously observed in the gas phase by Allegrini et al. (1),and

preliminary constants for v5 and v6 have already been reported (2).

Both v5 and v6 are totally symmetric (A') vibrations of the

planar (Cs) point group and are in principle hybrid (A+B) bands.

Approximately 200 parallel transitions have been assigned to the

weak v5 band at 1453 cm
-l  For the stronger v6 band at 1344 cm

1

ca 640 transitions have been assigned, including a number of

perpendicular lines. In fitting these lines, the isolated band

model proved inadequate due to a c-type Coriolis interaction which

became important at high values of Ka" Inclusion of the interaction

yielded a satisfactory fit with a standard deviation of 0.0009 cm-

and an optimum value of &c of 0.691 cm- l.

(1) M.Allegrini, J.W.C. Johns and A.R.W.McKellar, J.Chem.Phys.
70 (6), 2829, (1979)

(2) G.Duxbury, H.Kato and M.L.Le Lerre, Faraday Discussion no.71.
"High Resolution Spectroscopy", paper 8 (1981).

eI
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L 21
iotational ,.nalyses in the Ultraviolet .pectra of Benzene -nd yr-

J.H. Callomon, J.E. Parkin and J. Lellors

Department of Chemistry, University Collere london, 20 lordon *treet,
iondon JC1H OAJ, U.K.

1. .,s part of a continuing investigation of the 2600 system of

benzene vapour we have re-examined the rotational structure of some

of the prominent bands in the absorption spectrum. We do this partly

to obtain improved rotational constants and thereby g-eometry of the

excited state, and partly to investigate the pressure dependence of

the rotational structure. Computer programs have been developed for

simulating the rotational contour of the absorption bands as obtained

from a microdensitometer trace of the photographic plate. We find

that we can reproduce bands in the spectrum of both C6H6 and C6D6
with high precision.

2. .ie have re-examined the spectrum of sym-triazine-h3 and -d3 from

our photographic plates taken at high resolution (9Y"0.1 cm- ) and

at long path lengths. In particular we have studied bands up to

1200 cm-  to low frequency of the electronic origin as assigned by

Fischer and 6mall (1). 4e have made new assignments in this region

based upon combination differences involving ground state fundamentals

and upon examination of the rotational contours. The analysis points

to the existence of a level, possibly of A1" symmetry, which lies

some 26 cm- 1 below the assigned electronic origin. There is some

support for this in a recent 2-photon study (2) where a possible

explanation is given. Further information concerning the dynamics

of the excited state arises from the analysis, notably that the

electronic angular momentum associated with the E" levels appears to

be quenched. This supports arguments in favour of strong Jahn-Teller

and/or pseudo-Jahn-Teller activity in the excited state.

1. Fischer and Jmall, J. Chem. Phys., 56, 5954 (1972)
2. .ebb, 6wift and Bernstein, J. Chem. Phys., 737, 14-91 (1961)
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L 22 An infrared 2E+ - X2Pi electronic transition of CuO

Y. LEFEBVRE, B. PINCHEMEL, J.M. DELAVAL and J. SCHAMPS

Laboratoire de Spectroscopie des Moldcules Diatoniques

Equipe de recherche associde au C.N.R.S. n0 303

Universitd de Lille I - BAt. P.5.

59655 VILLENEUVE D'ASCQ CEDEX - FRANCE

Detailed ab initio SCF - CI calculations in nrogress in our

laboratory predict existence of a 2+ state of CuO lying less than-1

10 000 cm above the X 2H. ground state with which it forms an uniaue1

perturber pair of levels interacting on oxygen - centered 2po - 2poi orbitals.

Observation of this 2E+ state would be expecially important as a key

for the interpretation of the A - doubling parameter of the X2 T2 component,

the sign of which is still a subject of controversy.

2 +
In order to look for this hypothetical new 2 state we carried out

systematic investigations of the near infrared (0.8 to 3.0 Jim) fluorescence

of CuO via collision energy transfer from the A 2 + state easily populated

by broadband (1 cm- ) output of a c.w. dye - laser on the wavelength of the

A - X transition (Rhodamine 6 G) - Electronic bands separated by the spin -

orbit splitting of the X 2n. state (280 cm- ), and on this account typical

of a transition between an unknown 2T state and the X 2P. ground state of
-i1

CuO, where observed in the near infrared at 7 800 cm (N = 1.3 m) exactly

in the region where they were predicted to lie according to our ab initio

calculations.

In the frame of this interpretation, the theoretical magnitude of the

X211/ 2 A - type splitting deduced from the ab initio wavefunctions is i:. nod

agreement with the spectroscopic value. It fixes a positive sign for the cor-

responding p parameter and determines definitively the electronic parities of

all the 2E levels of CuO.
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L 23 THE OBSERVATION AND ANALYSIS OF HYPERFINE STRUCTURE IN

THE YELLOW SYSTEM OF COPPER MONOFLUORIDE

by

C. R. Brazier, J. M. Brown and T. C. Steimle

Department of Chemistry, Southampton University, Southampton S09 5NH.

Two spectroscopic studies 1'2 of the closely spaced yellow bands

(567.7nm and 569.5nm) of copper monofluoride have recently been reported.

Both analyses raised questions about the nature of the excited electronic

state. It was assumed that the yellow bands involved a transition between

the ground IE+ state and an excited state "p-complex", although it was

recognized that they could equally well have been analysed by assigning

the excited state as 3 C. Recent ab initio calculations 3 would prefer
3n

to find a 3 state in this region. We have studied the nuclear hyperfine

structure of the lines in this spectrum in an attempt to decide between

the various, alternative assignments.

The spectrum has been studied by the detection of weak fluorescences

excited by a tunable dye laser. Under our experimental conditions, it was

possible to resolve Cu hyperfine structure even in the Doppler-limited

excitation spectrum. We have also studied lines in the spectrum at sub-

Doppler resolution by the techniques of Microwave Optical Double Resonance,

(MODR) and by Intermodulated Fluorescence (IMF). In this way, we have been

able to resolve splittings due to both 63Cu and 19F. An analysis of our

observations will be reported, along with the implications for the assignment

of the excited electronic state.

1) R. E. Steele and H. P. Broida, J. Chem. Phys. 69, 2300 (1978).

2) A. H. Chojnicki, F. Ahmed and R. F. Barrow, (to be published).

3) J. Schamps, private communication.
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L 24 Analysis and Interpretation of the Spectrum of the CuF Molecule

Fakhruddin Ahmed, R.F. Barrow, A.H. Chojnicki,

C Dufour and J. Schampsh

*Physical Chemistry Laboratory, Oxford University,

South Parks Road, Oxford, OXI 3QZ, England

U.E.R. de Physique Fondamentale, Universite des Sciences

et Techniques de Lille, 59655 Villeneuve d'Ascq, France

Abstract

The electronic spectrum of the CuF molecule has been photographed at

moderate resolution in absorption and some regions have been studied in

emission, using spectra excited at reduced rotational temperature in a

composite wall hollow cathode discharge. Three new systems, all with the

ground state as lower state, have been discovered: their upper states are

a 3E+, A(I=O+ ,I) and D(Q=I). Constants for 639Cu9F are as follows:

3 0
State T W x W B 103L r (A)e e ee e e e

D(Q=I) 22805.15 616.42 3.33 0.35942 2.81 1.7928

C Ii 20258.70 643.42 3.66 0.37556 2.98 1.7539

B IE 19717.48 656.04 3.63 0.37134 3.86 1.7638

A( -O+,l) 17562.27 647.08 3.46 0.37609 2.91 1.7512 (a)

A(~=0~1)0.37729 2.97

a 3 E 14580.52 674.20 4.14 0.38248 2.98 1.7379 (b)

X I E 0 621.55 3.494 0.379408 3.2297 1.7450 (c)

(a) Av, v=O, Q0
+ - 01, = 55.38 cm

- I

The upper figures refer to the e, the lower to the f components.

(b) A 22.17 cm'.

(c) Ground state rotational constants are from the microwave spectrum.

The results of detailed ab initio calculations on the low-lying states

of CuF are reported and the characters of the states are discussed.
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MI

HIGH TEMPERATURE AND INTERSTELLAR MOLECULES IN RARE GAS
MATRICES AT 40K

William Weltner, Jr.

Department of Chemistry, University of Florida, Gainesville,
Florida 32611.

The trapping of reactive molecules in solid rare-gas matrices

at cryogenic temperatures is now a well established technique.

The transparency of such matrices to radiation extending from

the far uv to the far ir makes possible optical studies through-

out that range. There is the distinct advantage of simplifi-

cation of the spectra of the cold molecule with, however, loss

of rotational structure. Solid state shifts of molecular

parameters are almost always small and generally qualitatively

understood. The greatest advantage of this technique is that

it makes possible the observation of short-lived molecules

present in unobservably low concentrations in the gas phase.

It then allows, for example, electron-spin-resonance to be

applied where such measurements in the gas phase would be very

difficult.

This talk will briefly review the spectroscopy of selected

molecules where matrix-isolation has been successful in pro-

viding unique information, often at the level of high-resolu-

tion gas-phase spectroscopy, and often on new molecules. It

may include optical and ESR studies of such molecules as C4 ,...,

Cn' C2H , C4H, BC2, Be2, BeH, BaF, CrH, TiF 2, MnO, MnF2, CrCu,
and Mn2. It will stress the breadth of information obtained:

characterization of the ground and, less informatively, ex-

cited electronic states, zero-field splitting, hyperfine inter-

action, quadrupole coupling, spin-rotation interaction, and

exchange interaction constants. Solid-state measurements then

complement those in the gaseous state and provide less accurate

but perhaps unobtainable data at the present time.
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M 2 High Resolution Infrared Matrix Spectroscopy

H.H. Gunthard

Physical Chemistry ETHZ

ETHZ Zentrum
8092 Zurich, Switzerland

(no abstract)

'1I
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N 1 Anticrossing and Double Resonance Studies in Glyoxal

M. Lombardi

Laboratoire de Spectrometrie Physique
USMG BP 53X

38041 Grenoble-cedex
France

(no abstract)

N 2 Infrared Laser Spectroscopy of Transient Species

R. J. Saykally

Department of Chemistry
University of California
Berkeley, California 94720

U.S.A.

(no abstract)
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0 1 The microwave spectrum of isotopic species of thietane

C. Castro and I.M. Mills and H. Wieser

Department of Chemistry Department of Chemistry
University of Reading University of Calgary
Reading RG6 2AD, U.K. Calgary 44, Alberta, Canada

This work deals with the microwave spectra of a small ring molecule,

trimethylene sulfide or thietane,and its three deuterated isotopic species

O-d2, aa'-d 4 and d6 1in excited vibrational states. The vibration of interest

in each of the above molecules is the highly anharmonic out of plane ring

puckering deformation, which gives rise to vibrational spectra at low

wavenumbers. These molecules have been measured for the v = 0,1,2,3,4 and

5 states of the puckering vibration in the region 18 to 40 GHz. The spectra

have been assigned and analysed up to J > 50 so that we have been able to

determine centrifugal distortion constants in each vibrational state.

Although the spectra are mostly Q-transitions, 3 or 4 low J R-transitions

have been observed in each vibrational state.

The main purposes of this work are to obtain (a) knowledge of the potential
function of the puckering vibration; (b) values for ar (ac) = ( )

for the puckering coordinate Qr' and hence information on the form of Qr

and its isotopic dependence; (c) structural information on the molecule

both in the planar configuration of the ring atoms at the top of the

barrier, and in either of the two puckered equilibrium configurations.

Each puckering state with v ? 4 has been fitted to a separate effective

Hamiltonian and the vibrational dependence of both the rotational constants

and the quartic centrifugal distortion constants has been observed and

analysed. The close lying pairs of states v - 0 and 1, and v = 2 and 3

are treated with a vibration-rotation Hamiltonian which includes on off-

diagonal coupling term in vr . The variation of the centrifugal distortion

constants with vr follows the model of Creswell and Mills.

ra
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0 2 Microwave spectra of SiH 3 CCH in excited states

A. BAUER and J. CARLIER

Laboratoire de Spectroscopie Hertzienne

Universit6 de LILLE I

59655 VILLENEUVE D'ASCQ Cedex - FRANCE

Silyl acetylene is a C3v symmetry type molecule, whose lowest

vibrational modes are v10 (E) : 220 cm
-

. SiC 6 C bend, v5(A) : 659 cm

and v9 (E) : 668 cm
-

. Due to the low dipole moment (Li = 0,316 D) of

this molecule and the high excited states and isotopic species which had

to be studied, high sensitivity was required for the observation of the

microwave spectrum. Stark spectroscopy was used for the lowest frequencies.

For higher frequencies, a new video method using the Stark displacement

of the lines was carried out during the averaging, in order to minimize

the effect of the standing waves in the cell on the detected signal.

The microwave spectrum of the ground state has been observed

from J = 0 to J = 23 and some transitions of isotopic species have also

been measured.

For the v10 state, ten rotational transitions have been observed from

J - 0 to J - 11.

For the 2v10 state, sixteen rotational transitions up to 232 GHz have

been measured.

Several sets of contants corresponding to the different

states could be derived from the analysis. In addition to the classical

rotation and vibration-rotation parameters, some H sextic distortion

constants were obtained and also the Xt vibrational aharmonic constant.

isam



163

03

MILLIMETER WAVE SPECTRUM OF ACETONITRILE OXIDE CH3CNO

IN THE VIBRATIONAL STATES V1 0 = 2 and vlO = 3

J. Galica, B. P. Winnewisser and M. Winnewisser

Physikalisch Chemisches Institut

Justus-Liebig-Universit~t

Heinrich-Buff-Ring 58

0-63 Giessen, West Germany

The measurement of the millimeter wave spectrum of acetonitrile

oxide, CH 3CNO, has been extended to the states v10 = 2 and

v 10= 3 in the vibrational manifold of the lowest bending mode.

The spectrum has been analyzed in terms of the off-diagonal matrix

elements expected for a C3v symmetric top, in particular

AK = + 2, At = + 2 and AK = + 1, At = ; 2. Prominent resonances

not explained by these matrix elements can be attributed to

interactions with another set of vibrational energy levels, as

will be shown.

VA
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0 4 ROTATION-INVERSION SPECTRUM OF ISOCYANAMIDE NH 2NC

AND MILLIMETER WAVE SPECTRUM OF DIAZOMETHANE CH2 N2

E. Sch~fer and M. Winnewisser

Physikalisch Chemisches Institut

Justus Liebig Universitat Giessen

Heinrich-Buff-Ring 58

D-6300 Giessen

The a-type rotational spectrum and the c-type rotation-inver-

sion spectrum of isocyanamide were observed in the frequency

range 147 to 300 GHz. Ether extraction of the hydrolysis pro-

ducts of diazomethyllithium was employed to isolate the iso-

cyanamide.

Rotational constants and centrifugal distortion constants have

been obtained for the groundvibrational state (NH2 -inversion

state 04) and for the lowest excited vibrational state (NH2 -

inversion state 0 ). The inversion splitting was determined

to be 0.366 cm 1(11 GHz).

The symmetry group and selection rules will be illustrated.

128 ground state transitions of the a-type R branch of

diazomethane have been measured in the frequency range 100

to 400 GHz. The data were analyzed using Watson's S-reduced

Hamiltonian.
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0 5 AVOIDED-CROSSING MOLECULAR-BEAM STUDY

OF THE INTERNAL ROTATION IN METHYL SILANE

W. Leo Meerts

Fysisch Laboratorium, Katholieke Universiteit

Toernooiveld, 6525 ED Nijmegen, The Netherlands

and

Irving Ozier

Department of Physics, University of British Columbia

Vancouver, B.C., Canada V6T IW5

The avoided crossing molecular-beam electric-resonance technique I) has

been applied to methyl silane (CH3SiH 3 ) in the ground torsional state. A

new type of anticrossing was observed which breaks the torsional symmetry

and obeys the selection rules AJ=0, K=+1 - -I. These avoided crossings yield

directly the pure internal rotation splittings in a given rotational state,

regardless of the value of (A0-B0 ). Such 'barrier' crossings were observed

for J from I to 6. In addition several (J K=1 -2 0) anticrossings were studied.KI 0 2)
The present data combined with microwave spectra allowed accurate

determination of many of the parameters entering the rotational and internal-

rotation Hamiltonian. Besides the rotational constants A0 and BO, three of

the most interesting molecular constants obtained are the barrier height to

internal rotation V 3=593.14(34) cm- , the moment of inertia of the CH3 top
I =3.1607(12) amuX 2 and the ratio of I to the moment of inertia along the

symmetry axis of the entire molecule P=0.351814(I0). In addition to the most

abundant isotopic species the 30Si substituted species was studied in

natural abundance, and an accurate value of the isotopic shift in the barrier
V(H30Si3_V( 28Si3 .- l

height was determined: V3(CH3  SiH )-105(23) cm

The molecular beam results together with the microwave data provide an

excellent test of the currently used model for the description of the barrier

to internal rotation in symmetric tops.

1) W.L. Meerts and 1. Ozier, Phys.Rev.Lett. 41, 1109 (1978)
2) E. Hirota, J.Mol.Spectrosc. 43, 36 (1972)
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0 6 INFRARED SPECTRA OF CF3Br: INTERPRETATION OF THE

RELEVANT STRUCTURE

A. BALDACCI, A. PASSERINI and S. GHERSETTI

Department of Organic Chemistry, University of Venice
Calle Larga S. Marta 2137, Venezia (Italy)

Under the context of a research work on halomethanes undertaken in this

laboratory, the results of an extensive investigation in medium resolution

of the gas-phase i.r. spectrum of CF3Br are presented here.

In this study (range 4000-400 cm- ) a natural sample containing 79/81Br

isotopic variants (both belonging to the C3v point group) in almost equal

percentage was used.

Of the six fundamentals, three of symmetry 2 1(01 -v3) and three of sym-

metry (v4-v 6 ), all infrared active, the v2 at 761.9 cm- I and the V 5 at
-l

548.9 cm were studied from the observed spectrum, while v3 , lying below
-l

400 cm , was evaluated by applying the Ritz rule. The location of v6 was
-I (F79Br -I 81

tentatively estimated at 303.3 cm (CF3  Br) and at 303.0 cm (CF3  Br)

respectively. The v, and V4 modes, already investigated in detail (1,2), were

not considered here.

The assignment of more than one hundred overtones, combinations, and

"hot" bands, the latter mainly by the means of anharmonic constants and in-

tensity considerations, is characterized by a satisfactory internal consi-

stency throughout the range investigated.

Under the present experimental conditions most of the absorption bands

of such symmetric tops present an unresolved contour; only for few perpendi-
2

culars (i.e. v5, V2+v5, 2V) the rotational structure appears as a set of

Q sub-branches superimposed on the P,R background; for the latter, the vibra-

tional origins and the could be evaluated by the usual analysis.

(1) K. BURCZYK, H. BURGER, A. RUOFF and P. PINSON; J. Mol. Spectrosc. 77
109-116 (1979)

(2) L.C. HOSKINS and C.J. LEE; J. Chem. Soc. 59 4932-4936 (1973)
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0 7 THE V BANDS OF CH3C2C AND THEIR APPLICATIONS TO

STRATOSPHERIC PROBLEMS

M. MORILLON-CHAPEY and M. DANG-NHU
Laboratoire d'Infrarouge
Universitd de Paris-Sud
B~timent 350

F 91405 ORSAY CEDEX, FRANCE

CH3 CZ has not been detected so far in the atmosphere by
optical methods in spite of its importance in atmospheric studies.
We have shown that the most favorable spectral range for this

detection seems to be located in the region of the Q branches of the

v, parallel bands (3.4 im).

With the parameters determined in a previous study (1) for
both CH335 C and CH337 C we have computed the positions and intensities
of all the lines which form the Q branches for K = 1 to K = 6. We
have plotted the calculated branches for 2 temperatures :
T = 300 K for comparison with the experimental F.T. spectrum and
T = 216 K, which is the temperature of the optimal altitude for

detection of CH3Ck .

It is now possible for experimentalists to use our

accurate predictions of line strenghts and wavenumbers for both
isotopic species of CH3C . under a variety of pressure, temperature,
and concentration conditions pertinent to further stratospheric

observations.

(1) Intensities of the v - bands of 12CH3 3 5Ca CH3 CZ near 3 pm.3 3 3
To be published in J.Q.S.R.T. (1981) by M. DANG-NHU, M. MORILLON-
CHAPEY, G. GRANER and G. GUELACHVILI.
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08
Single Vibronic Level Fluorescence and Two-Photon Excitation Spectra

with a Pulsed Dye Laser

J.M. Hollas, H. Musa and T. Ridley

Chemistry Department, Reading University, Whiteknights, Reading,

RG6 2AD, England

Single vibronic level (SVL) fluorescence spectra have been obtained

using exciting radiation from a dye laser, with oscillator and amplifier

dye cells, pumped with a 500 kW nitrogen laser. When necessary the

radiation is frequency doubled using an appropriate angle-tuned crystal.

SVL spectra of the 1A system of styrene (C6H5GHCH 2) and styrene- -D2

have been obtained with the aim of determining the C(I)-C(a) torsional

potential function in the I state. Observation of the lowest five

levels of v4 2' the torsional vibration, and observation of the gas-phase

Raman spectrum for each molecule leads to the potential function

V = (1070±8)cos2o-(274±2)cos4o+(7.0±0.2)cos6
cm

for styrene, and

V(O) = (1070±8)cos2o-(270±2)cos4 +(4.5±0 2)cos6o
-_ _

cm

for styrene-a-D 2.

In the X(ff*r)-K system of 2-aminopyridine SVL fluorescence spectra involve

transitions to several levels of the NH -inversion vibration, Vit in the
2

state. These are compared with observations of direct transitions within

the VI manifold in the far infrared spectrum from which the parameters of

the W-shaped potential function have been obtained.t

R A Kydd, Spectrochim.Acta, 35A, 409 (1979)
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SVL fluorescence spectra of the internally hydrogen-bonded molecule

tropolone 0

have also been obtained. I
H

Fluorescence excitation following the simultaneous absorption of two

photons has been observed in the X-1 electronic systems of 1,2- and

1,3-difluorobenzene. As in the corresponding system of benzene VW

the 'Kekule vibration' of the ring is involved in considerable

intensity stealing. In 1,2-difluorobenzene this vibration is totally

symmetric and this is the first example of intensity stealing by such

a vibration in two photon spectra.

The problem of calibration of the dye laser wavelength has been solved

by using the neon lines, observed in the optogalvanic effect, for

absolute wavelength measurements and a Fabry-Perot etalon to provide

fringes for interpolation between the neon lines.

*
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0 9 OPTICALLY PUMPED CW FIR LASER EMISSIONS FROM

H1 3 COOH : MEASUREMENTS AND ASSIGNMENTS

Didier DANGOISSE and Pierre GLORIEUX

Laboratoire de Spectroscopie Hertzienne, associ6 au CNRS

Universit6 de Lille I, 59655 VILLENEUVE D'ASCQ C~dex, France

13
Twenty one emissions have been obtained from the H COOH laser

pumped by a cw CO 2 laser. Some of them are very powerful and are ob-
served with a low threshold pump power (<I W).

Frequency measurements by beating the FIR radiation with the out-

put of a mmwave klystron provided high accuracy information (% I MHz).

However contrary to previously investigated molecules [1], there
was almost no high resolution data on this molecule : values of vibra-
tional energy are from matrix isolation spectroscopy and only the ground

state rotational energy levels have been investigated by microwave spec-

troscopy.

Using the strong analogy between this molecule and H1 2COOH we are
able a) using a graphical method, to assign J and Ka values of levels

from which FIR laser emission originates.

b) to recalculate one approximate IR spectrum and using additional

information (polarisation selection rules, cascade emissions...) to as-
sign the transition pumped by the laser.

c) by fitting all available information, to deduce a set of rota-
tional constants and the v6 vibrational energy.

The validity of this method has been decked by comparing these
results with those obtained from radiofrequency spectroscopy inside the
cavity of a CO 2 laser. The latter work provides the frequency of K-dou-
bling transitions and possibly the J and Ka values of the levels connec-
ted by the CO 2 laser lines.

The good agreement between double resonance and FIR laser assignments

proves the consistency of the assignment procedure.

[1] see for instance

T.V. CHANG, T.J. BRIDGES & E.G. BURCKHART, Appl. Phys. 17, 249 (1970).
G. GRANER, Opt. Comm. 14, 67 (1975).

J.C. DEROCHE 9 C. BETPENCOURT-STIRNEMANN, Mol. Phys. 32, 921 (1976).
J.O. HENNINGSEN, I.E.E.E. J. Quant. Elect., QEI3, 435 (1977).
0.1. BASKAKOV, S.F. VVUBKO, M.V. MOSKIENKO 9TT. FESENKO, Soy. J. Quant.

El. 7, 445 (1977).
E.J. DANITLEWICZ 9 C.O. WEISS, Opt. Comm. 27, 98 (1978).

G. DUXBURV & H. HERMAN, Infr. Phys. 18, 46T (1978).
E. ARIMONDO, P. GLORIEUX 9 T. OKA, Phys. Rev. A17, 1375 (1978).

D. VANGOISSE, E. WILLEMOT, A. DELDALLE 9 J. BETTET, Opt. Comm. 28, I11, (1979).
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0 10 The Infrared Stretching Fundamentals of SiF 2

G.L. Caldow, C.M. Deeley, P.H. Turner and I.M. Mills

Department of Chemistry, University of Reading

Reading, RG6 2AD, U.K.

The infrared spectrum of the stretching fundamentals of SiF 2 has been

obtained at a resolution of about 0.1 cm using a Nicolet FTIR

spectrometer. The SiF 2 was prepared by passing an equimolar mixture

of SiF 4 and Ar over metallic Si at about 1300 K, and pumping fast

through a multiple reflection absorption cell set to a path of 6m.

The pressure in the cell was about I Torr. Each spectrum was obtained

by co-adding 24 interferograms in about 5 minutes, after which the

cell had to be dismantled and cleaned to remove polymer.

The spectrum was analysed using computer simulation based on a

coupled Hamiltonian for V1 and V)39 making use of previously published

microwave results1 '2  The new results obtained are the vibrational

band origins, and the relative sign and magnitude of the vibrational

transition moments (determined through the effect of the 13c Coriolis

coupling). The molecular parameters obtained (combined with the
-1

results of the earlier work) are summarised below in cm

ground state V1 state V3 state

V : 0.0 855.010 (5) 870.405 (5)
0
A : 1.0207752 (18) 1.0224337 (14) 1.0107307 (14)

B : 0.2943211 (6) 0.2924576 (21) 0.2938542 (21)

C : 0.2278335 (4) 0.2267635 (12) 0.2270575 (12)

106 D: 0.3492 (60) D: -0.192507

10 6D JK -2.8054 (645) fixed F: 0.0021338

106DK: 19.03 (3) for all -V 3 -15.395

106dI :  -0.1203 (8) vibrational MI/M3: 1.22 ± 0.24
106d2 :  -0.0078 (2) states. ( '31 c a/'Q3)( b/'Q)

positive

1. Rao and Curl, J.Chem.Phys. 45, 2032 (1966)

2. Shoji, Tanaka and Hirota, J.Mol.Spectrosc. 47, 268 (1973)
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011
ROTATIONAL ENERGY TRANSFER STUDY OF CO PERTURBED BY H2 AND He

A TEST FOR AB-INITIO CALCULATIONS PROVIDING POTENTIAL ENERGY

SURFACES.

A. Bersellini-Picard, R. Charneau and Ph. Br~chignac,

Laboratoire de Photophysique Mol~culaire du C.N.R.S.*
B~timent 213- Universit6 de Paris-Sud

91405 - ORSAY CEDEX France.

The aim of this work is an attempt to test ab initio calcula-

tions providing potential energy surfaces in the case of
(I) (2) (3)

CO-H 2 (1) and CO-He

Rotational relaxation cross sections for CO perturbed by H2 and

He deduced from experiments presented in this work give informa-

tion on the intermolecular potential through comparison with re-

sults of dynamical calculations. We present here results of

infrared linewidths measurements at low and room temperatures

for CO diluted in H2  and He using a tunable diode laser in

the 4.7 m spectral region. These results are discussed in

connection to infrared double resonance measurements and theo-

retical results of inelastic cross sections.

In a first part, for the system CO-H 2, pressure-broadening data

are compared with direct measurements of inelastic cross sections

deduced from a time resolved infrared double resonance technique

using CO lasers (4)

In a second part, CO-He measurements are compared to the cross

sections derived from two ab-initio potential energy surfaces

the first obtained by Green and Thaddeus (2) and the second by(3)
Thomas et al

D.R. Flower, J.M. Launay, E. Kockansky and J. Prisette, Chem. Phys.,
(1979) 355,

,repn ind P. Thaddeus, Astrophys. J., 205, (1976) 766,

", , .. W.P. Kraemer and G.H.F. Diercksen, Chem. Phys., 51, (1980)

, rd-Berspllini, R. Charneau and J.M. Launay,

4... j
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0 12 A METHOD FOR SIMULTANEOUS MEASUREMENTS OF STRENGTHS AND

COLLISIONAL LINEWIDTHS FROM FOURIER TRANSFORM SPECTRA.

N. LACOME, A. LEVY,
Laboratoire d 'Infrarouge,
Associ6 au C.N.R.S.,
Universitd de Paris-Sud
Batiment 350,
91405 ORSAY CEDEX, FRANCE

J.P. HOUDEAU and C. BOULET
D~partement de Physique Atomique et Mol~culaire
Unive -sit6 de Rennes I
35042 RENNES CEDEX

On account of the considerable increase in high resolution Fourier

Transform spectra, a practical method has been set up in order to derive individual

line parameters fran Fourier data. This method concerns mainly spectra exhibiting

moderately dense structure, so that spectral analysis can be carried out under

pressure conditions where collisional broadening dominates.

Under these conditions :
a) For any line under study, the strength and width values can be

determined simultaneously from the same spectrum,

b) Instrumental distortions can be reduced by pressurizing the

gas to sufficient extent. In the present case the relevant corrections do not

exceed 3 percent, and in a few cases reach 5 percent,

c) Thus, from the analytic expression of the apodized apparatus

function, it is possible by the means of a convolution calculation to draw

up a series of tabulations. These give the true linewidth and the dimensionless

quantity K(ad Z respectively, as functions of the width and maximum

transmission of the cbserved contour.

The calculation has been extended to the case of doublets

of same intensities and widths and of known spacing.

The method has been tested by investigating a few self-

broadened lines in the 12°O-OOO transition of N20, and sane nitrogen-

broadened lines in the fundamental band of No recorded at the laboratory

by G. GUEIACHVILI.
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0Q13 The v3 and V4 IR Bands of SiH 3F: Analysis, Contour Simulation

and Si-isotope Displacements

R. Escribano R. J. Butcher
Inst. Estructura de la Materia Cavendish Laboratory
C.S.I.C., Serrano Madingley Road
119, Madrid-6 Cambridge, CB3 OHE
Spain U.K.

and I. M. Mills
Department of Chemistry
University of Reading
Reading, RG6 2AD
U.K.

The IR spectrum of SiH F has been recorded at Reading with the
3

Nicolet 7199 Fourier Transform Spectrophotometer. The spectral
-1

resolution is around 0.06 cm . We report here the analysis of the

V 3 (Si-F stretching) and \4 (Si-H asymmetric stretching) bands.

These bands provide beautiful examples of nearly unperturbed,

symmetric top parallel and perpendicular bands with isotopic structure.

We have assigned over 200 transitions in each band. For V3, these

data correspond to P and R sub-band maxima of all three species with
28Si, 29Si, 30Si. The data have been analyzed using a least squares

fitting programme, yielding the band origins and the A, B, Dj and

DjK constants in the v 3 = 1 state for all three species.

For the V 4 band, the data correspond to individual transitions

of the 28Si species as well as to PQ and rQ maxima of all three

molecules. The analysis therefore provides the band origin isotopic

displacements for the 29Si and 30Si species, and a whole set of

parameters for the 28Si molecule.

The results will be presented at the meeting.
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0 14FOURIER TRANSFORM ANALYSIS OF THE 12912 and 127-12912 X STATE

CLOSE TO THE DISSOCIATION LIMIT

D. CERNY*, R. BACIS'*, C. EFFANTIN, J. VERGES"
v Laboratoire de Spectrom6trie lonique et MolIculaire

Universit6 LYON I, 43, Boulevard du 11 Novembre 1918 -69622 Villeurbanne (France)

#Laboratoire Aimd COTTON
C.N.R.S. 11 - Batiment 505, 91405 Orsay (France)

In order to complement results obtained at the dissociation limit of the ground

state of the 12712 (1) we have undertaken the study of 12912 and 127-12912 from their Laser

Induced Fluorescence analysed with a Fourier Transform Spectrometer (LIF-FTS). Various records

were obtained using Kr+ (520.8 and530.9 nm) and Ar+ (514.5 and 501.7 nm) laser lines. The

fluorescence induced by these lines spans the 0.5 - 1 .4 pm region. A precise description of the

X state of both molecules is obtained. In particularthe 501 .7 nm line excite the levels

(v' = 61, Y = 8 and 5) (v' = 62, J' = 25) of the B state and we observe B-X transitions having

v" as high as 110. From single mode excitation spectra it has been possible to rotationally analyse

levels quite near the dissociation limit and we have shown that the 127-12912 last vibrational

level has vD = 114.

Perturbation of the X state by the 0+ and ig states which occur very near the disso-
9

ciation liit, may limit the reliability of a long range analysis since complete deperturbation of

X I + constants obtained is difficult (1) However, the mass-reduced long range behavior for

both 912712 and 127-12912 determined from our measurements is identical and thus lends credence
to the long range analysis performed.

(1) F. MARTIN, S. CHURASSY, R. BACIS, R.W. FIELD and J. VERGES
to be published
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0 15 ZEEMAN QUANTUM BEATS IN THE NO2 2B2 EXCITED STATE: A STUDY OF

POPULATION AND ALIGNMENT DECAY

P. J. Brucat and R. N. Zare
Department of Chemistry

Stanford University
Stanford, California 94305

Single rotational levels in the 2B excited electronic state of NO are
2

prepared by absorption of polarized single frequency pulses from an acousto-

optically modulated R6G CW dye laser. Subsequent emission from the laser-

excited level is time resolved in the presence of an applied magnetic field.

The Fourier transform of the decay signal contains well resolved frequency

components corresponding to the Larmor precession of the hyperfine levels

which lie within the Doppler limited excitation envelope. This Zeeman Quan-

tum Beat spectrum contains information on the overall population decay of the

excited rotational level, the decay of the alignment of the individual hyper-

fine levels, and the Land6 g factors for these hyperfine levels. At low

pressures (< lO torr) the population and alignment decays are exponential

with a lifetime of - 40 ps. As the pressure is increased, the alignment of

the excited state decays faster than the total emission but the total emis-

sion decays non-exponentially with time. Approximate depolarization cross

sections have been obtained.
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0 16

LASER EXCITATION STUDY OF THE C 2  A and B INTERELECTRONIC STATE MIXING

Mark Johnson, Jo~lle Rostas, and R. N. Zare

Rotational levels of the B 2E+(O00) state are selectively excited with a
11W

doubled Rhodamine dye laser (3 GHz bandwidth) which is scanned over the 2890A
2Z+(000) - 2Tg (000) band. Filter combinations are used to isolate differ-

ent emission regions. Fluorescence from these levels is observed in the

3000 - 4500A region, corresponding to the A - R bands. The fraction of the

fluorescence quantum yield in the A - R region can be related to mixing coef-

ficients for the coupled A and B states using the unperturbed A and B state

radiative lifetimes. The unperturbed B state lifetime is obtained by selec-

tive laser excitation of the 6(OO) - X(OlO) band. The radiative lifetime

of some strongly perturbed 6(000) levels is also determined. Mixing coef-

ficients for rotational levels in the vicinity of extra lines are derived

for the f symmetry levels.

The A(202) - R(O00) band is reported for the first time. Its position

1270 cm- to the blue of the B - R origin suggests either strong anharmonic

coupling or a new value for 2v3'.

I
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0 17 Interactions between the electronic sextet states of FeC9

J.M. DELAVAL and J. SCHAMPS

Laboratoire des Nol6cules Diatomiques CNRS ERA 303
U.E.R. de Physique Fondamentale, Universiti de Lille I

59655 VILLENEUVE D'ASCQ Cedex - France

From combination of rotational analysis and ab initio calculations, the

two most intense ultraviolet systems of the emission spectrum of FeCk have

been assigned to 6Di -
6Ai and 

61,i- 6Ai transitions.

The lower 6A state is most likely the ground state of the molecule, with
Fe+(3d 64s) CV configuration, while the excited states are obtained from it

via a 4s- 4p electron jump.

Interactions between the states find expression in anomalies in their fine
structure : non-equal spin-orbit intervals, non-linear Q-variation of the

effective rotational constants of the spin-orbit components, unexpectedly

large A-doubling splittings.

These effects are theoretically interpreted as the result of intense

perturbations between the close-lying sextet states of the lower Fe*(3d 64s) C"

structure on the one hand, and between those of the upper Fe*(3d6 4p) C2-

structure on the other hand.
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SPECTROSCOPIC STUDY OF MgO PRODUCED BY CHEMICAL REACTION.

Bernard BOURGUIGNON, Jo~lle ROSTAS and Guy TAIEB

Laboratoire de Photophysique Mol6culaire du C.N.R.S.
B~timent 213, Universit6 de Paris-Sud

91405 - ORSAY - CEDEX - France.

The reaction of Mg with N 20 has been studied by chemi-

luminescence and laser induced spectroscopy. When the reactant

Mg formed in a Broida oven, is in the ground state (1S), no chemi-

luminescence was observed and the translation temperature in the

reacting zone was measured to be n 300 'K.

High concentration of metastable 33P Mg was obtained

from a discharge through Mg vapor with He as a carrier gas. The

reaction of the Mg metastable state with N20 yielded chemiluminescence

of MgO. The B1. -XIE+ system (Av = 0, v = 0 to 4 and Av = + 1)

shows up predominantly, but the BIE+-AIR and d3A-a 3 R (A v = 0 sequence'

are also observed. The non observation or observation of MgO

excited electronic states

CM-' 
when the reactant is in the

ground or metastable state

SN. N20i 10respectively is expected from
3old 3&)N2't*) the simple correlation diagram

' oa . ,2 t', given beside.
,o~~ 

~4 
3&.1A ~,s.2X 

r

Comparison of the B-X chemi-
0 "V03r.NjX'CI luminescence with simulated

.?Dow ,o(A).N9M spectra yielded high rotational

.NZI- and vibrational temperature.

X Laboratoire associ6 A l'Universit6 de Paris-Sud.

i 

'i-
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Level Crossing and Level Anticrossing Spectroscopy

in Laser Excited NO2

H. G. Weber

Physikalisches Institut, Universitdt Heidelberg,

Philosophenweg 12, D-6900 Heidelberg, Germany

The excited electronic states of NO 2 are well known

for its complicated structure. We study internal couplings

in these states and the effect of external perturbations

on these states using the techniques of level crossing

and level anticrossing. We report decoupling experiments

(zero field level anticrossing) and Hanle experiments

(zero field level crossing) in magnetic fields on NO2

under beam conditions and under static gas conditions /l/.

The Hanle experiments reveal the excited state lifetime

in good agreement with radiative decay measurements.

The decoupling experiments reveal a narrow level structure

of about 10 kHz which we attribute to the nonrigidity

of NO2 in the excited electronic state.

Our experiments reveal some novel properties of NO 2 in

the excited electronic states. These investigations may

therefore help to support our understanding of the compli-

cated dynamic in excited electronic states of polyatomic

systems.

/I/ F. Bylicki and H.G.Weber, Chem.Phys.Lett. 79, 355

ibidem 79, 517 (1981)
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Deperturbation of the State B 3Z in S2

P. Patino and R.F. Barrow, Physical Chemistry Laboratory, Oxford

The rotational analysis of eight absorption bands of the

main system B 3u - X 3E of 3 2S has been completed. They
u g 2

arise from the vibrational levels 1, 2 and 3 of the excited

state. All these levels are perturbed, v' = 3 having one

perturbation in each Fi level and v'=l and 2 two perturbations

in each F. component of 3 E .1 U*

Previous deperturbation procedures performed in this

laboratory have shown a 3fu state to be responsible for

the perturbations in the B3 u state. From a qualitative
u

consideration of the magnitudes of the interactions between

the components of a 3 Ru state with those of a 3 state, the
ii U

perturbations have been identified by plotting the diminished

term values versus J(J+l).

The deperturbation of the three vibrational levels has been

being carried out following a nonlinear least squares procedure.

The feature of this procedure is that the experimental meask ements

are fitted by simultaneous variation of all free parameters

of the appropriate Hamiltonian matrix. Both the standard

deviation of the parameters involved and the variance of the fit

have been satisfactory in v'=2 where two consecutive levels of

31 are the perturbing states. With regard to the levels 1

and 3, however, the fit has not yet proved to be entirely

satisfactory.

Direct observations of some transitions assignea to B" 3f u-X3E

are also reported.
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Local mode overtone structure in some symmetrical molecules

L. Halonen and M.S. Child

Theoretical Chemistry Department, 1 South Parks Road,
Oxford, OXi 3TG

Calculated fundamental and overtone eigenvalues for the CH

and CD stretching vibrations of C2H2, C2D2, CH4, CD4, SiH 4 , GeH 4

and C6H 6 have been .erived from a minimum parameter local mode

model including harmonic potential and kinetic energy coupling

between anharmonic bond oscillators. Matrices were diagonalised

in a bond product Morse basis for the CH and CD stretching vib-

rations, with matrix sizes up to 330 x 330. Least squares fits

were used to reproduce available experimental data to within

2-3 cm- I , except for the highest overtones of C2H 2 and C2D 2 . A

feature of all the calculations is a trend with increasing energy

towards increasing local mode degeneracy of the two lowest members

of each overtone manifold.

Correlation diagrams showing the transition from a harmonic

normal mode to a local mode limit as a function of the ratio

= (vI - v3)/x e

where xe is the C-H(D) bond anharmonicity, will be presented for

the tetrahedral molecules. SiH 4 and GeH4 lie close to the local

mode limit, & - 0, despite substantial interbond harmonic coupling

due to compensation by the kinetic energy coupling which acts in

the opposite sense. The two coupling terms also act in opposite

senses for CH4 and CD4 , but the kinetic energy coupling is relatively

larger, with the result that & is of or .er unity for both molecules,

but with &(CH 4 ) < E(CD4 ). A similar ordering on the appropriate

correlation diagram is also seen for C2H2 and C2D2.
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022 Local and normal vibrational states

M.S. Child and R.T. Lawton

Theoretical Chemistry Department, I South Parks Road,
Oxford, U.K.

Recent quantum mechanical [1,3] and classical [2,3]

calculations on a realistic potential energy surface for

H20 show that the higher OH stretching vibrational states

the better described in a local mode rather than a normal

coordinate picture. The following specific local mode

features have been identified.

(a) A series of local progressions, showing an inc-
reasing local mode degeneracy with increasing energy. The

local mode splitting in the first progression decreases
-1. -1

from 100 cm at v = 1 to <0.001 cm at v = 8 for example.

(b) Corresponding wavefunctions closely approximated

in the symmetrised local mode form T ± (R R ) 1
nm 1, 2 V-2 nI)m(2)

± m(rl) n(R2), where R1 and R2 are bond coordinates.

(c) Local mode rather than normal coordinate selection

rules, for transition between the highly excited states.

(d) Localised classical motions, with a permanent

imbalance in the energy associated with different chemically

equivalent bonds.

This picture has recently been explained in simple
terms [4] by the quenching of interbond coupling due to

the large bond anharmonicity xw associated with X-H vibrabions.

With the interbond coupling conveniently measured by the X-H

fundamental splitting, Iv1-v31, the ratio Iv1-V 31/xw therefore
provides a convenient experimental measure of bond localisation

in any molecule containing the equivalent X-H bonds , local

mode behaviour being predicted for [(v1-v3 )/xwl]<2.

(1] R.T. Lawton and M.S. Child, Mol. Phys. 40, 773 (1980).

[2] R.T. Lawton and M.S. Child, Mol. Phys. 37, 1799 (1979).

(3] R.T. Lawton (D.Phil Thesis, Oxford University) (1980).
[(4] M.S. Child and R.T. Lawton, Far. Disc. 71, (in press).
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Spin-Orbit and Coriolis Interactions in Rydberg States with 2 
E Cores:

The b3
H and C'II States of DCl

K. P. Huber, Herzberg Institute of Astrophysics, National Research

Council of Canada, Ottawa, Ontario, KiA 0R6

The rotational structure in the lowest stable excited states of D 35Cl,

b311 and C'R, has been reinvestigated. The A-Lype doubling is small and

results from the uncoupling of the core rather than Rydberg orbital

angular momentum. The spin-orbit interaction of the 2H core strongly

mixes the 0=1 components of the two states and leads to an avoided

crossing between the nearly coinciding levels 'n0 of v=1 and 'I, of

v=O, a perturbation already noticed by Tilford, Ginter, and Vander-

slice . The spin-orbit interaction is also responsible for intensity

anomalies in the P and R branches of the b 3H0  X'E+ transition.

Similar anomalies have been found in the absorption spectra of HBr and

DBr2 and feature prominently in the analogous transitions of CIF. The
3

latter have been observed in this laboratory ; molecular constants for

two Rydberg states of ClF will be reported.

S. G. Tilford, M. L. Ginter, J. T. Vanderslice, J. Mol. Spectrosc. 33, 505

(1970).
2M. L. Ginter, S. G. Tilford, J. Mol. Spectrosc. 34, 206 (1970).

3F. Alberti, A. E. Douglas, E. C. Looi (1977); unpublished.

.1
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-1 -1
ANALYSIS OF THE SPECTRUM OF PF 5 AT 946 cm WITH .014 cm RESOLUTION

M.L. Palma, J. Bord6 and J. Dupr6, C. Meyer

Laboratoire de Spectroscopie Mol~culaire Laboratoire d'Infrarouge

Universit6 Pierre et Marie Curie Batiment 350
4, Place Jussieu Universit6 Paris-Sud
75230 PARIS CEDEX 05, France 91405 ORSAY CEDEX, France

-I
The infrared spectrum of PF5 was recorded between 931 and 958 cm using

a SISAM spectrometer with an absorption path of 3.35 m (p = 0.15 torr, T = 235' K).

The v 3 and v3 + V7 - V7 parallel bands have been assigned and fitted but some un-

explained features may come from other fairly intense hot bands (\)3 + 2-7 - 2'7
-I

V3 + V 6 - V 6 and v3 + V 8 - V8 ) . At .014 cm resolution the J structures in P

and R branches of V3 and v3 + V7 - V7 are clearly resolved except that they blend

each other in some places. Unfortunately the K structure is not well resolved but

shows up only through bumps in the wide R(J) or P(J) peaks and through some wavy

features in the Q branches. So the following method was used : first a least-

squares fit on P(J) and R(J) peaks yielded a first set of spectroscopic constants

the observed frequencies of this fit are the maxima of the peaks which are assigned

to K = 3 lines for v3 and K = 4 lines for v3 + V 7 - V7 ; second, contour fits on

the Q branches and on R(J) and P(J) peaks were made to estimate the parameters

responsible for the K structure ; this step gave an estimate of x which helped

assigning 14 transitions with K 3 in the v3 band. In a third step, these 14

new data made possible for this band a least-squares fit which involved both J and

K with vo B", UA and D as adjustable parameters ; we obtained an

average 5 mK obs.- calc. from 87 data.

Unfortunately, the v3 + V 7 - V 7 is far less clearly observed anJ we

could only achieve a least-squares fit on 46 R(J) and P(J) peaks with 3 adjustable

parameters V0 , B" and a while D and a A were held fixed to the value".

Synthetic contours will be presented in the P ,Q and R branht .hc :

compared to the experimental spectrum.

I:L
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P 1 The Importance of Spectroscopy for Infrared Multiphoton Excitation

W. Fuss and K.L. Kompa

Max-Planck-Institut fUr Quantenoptik
D-8046 Garching b. Minchen, W.Germany

It is substantiated by examples that the infrared spectra of molecules

in high vibrational states are similar in width to those of the ground

states. Assumption of even narrower structures in spectra of SF6 of

energy up to 30000 cm allows to explain published picosecond absorp-

tion measurements most readily. Therefore in order to explain colli-

sionless infrared multiphoton excitation, the existence of resonance

has to be checked, not only for the first three steps, but for all

of them. Among ten contributing mechanisms considered, the most powerful

one is the cooperation of rotational compensation with anharmonic splitting.

It explains why a strongly anharmonic molecule can behave in absorption

like a harmonic oscillator; why the isotope selectivity strongly drops if

two frequencies are applied without delay, and several effects of tempera-

ture and collisions. Consideration of the other mechanisms and knowledge

of relatively few spectroscopic details helps to understand many other de-

tails and variations in multiphoton excitation. Much of the discussion

makes use of level diagrams which only display the anharmonic defects and

which also account for rotation in a simple way.

P 2 Infrared Photochemistry: Dynamics and Infrared Spectroscopy

M. Quack

Institut fUr Physikalische Chemie
Universitat Gt ttingen

D-3400 Gottingen, W. Germany

(no abstract)
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INFRARED SPECTROSCOPY WITH A MICROWAVE SPECTROMETER:

IR-.1W DOUBLE RESONANCE OF HCOF AND CLO2

Harold Jones

Dept. of Chemistry, University of Ulm, D-7900 Ulm

The combination of a CO2 -laser with a microwave spectrometer

allows very precise infrared measurements to be carried out via

the technique of IR-MW double resonance. This is demonstrated

with reference to results obtained on CIO2 (in collaboration

with John Brown, University Southampton) and on DCOF. It has

proved possible to determine the band-constants of all the

intense bands of these two molecules (both fundamental and

hot-bands) which fall within the operating range of the CO 2 -

laser.

Examples of the extensive data which can be obtained by this

technique will be given.
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THE 923 CM-I BAND OF Two ISOTOPIC FORMS OF FREON 12

By LASER-MICROWAVE DOUBLE RESONANCE

Harold Jones 1) and Mireille Morillon-Chapey
2 )

1 = Dept. of Chemistry, University of Ulm, D-7900 Ulm

2 = Laboratoire d'Infrarouge, Universit6 de Paris,
F-91405 Orsay

-135 35 37
The constants of the 923 cm band (v6 ) of CF2  C12 and CF2  Cl C1

have been accurately determined by application of infrared-micro-

wave double resonance spectroscopy with CO2 and N20 lasers. Using

this technique sufficient rotational transitions in the v6= 1

excited states of these two isotopic species were measured to

determine the rotational and distortion parameters of this state.

The frequencies of a considerable number of infrared transitions

were also determined from the double resonance observations and

from IR-MW two-photon measurements. This data was combined with

ground state data from this work and from conventional measure-

ments to enable all transitions up to J 40 to be calculated with

an accuracy of approximately ±1 Doppler width.

This work also allowed a useful double resonance line-shape

phenomena to be clearly characterized.
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Q 3 Pressure - broadening in the millimeter wave

Spectrum of ozone.

N. MONNANTEUIL and J.M. COLMONT

Laboratoire de Spectroscopie Hertzienne - L.A. C.N.R.S. 249

Universitg des Sciences et Techniques de Lille

59655 Villeneuve d'Ascq C~dex - FRANCE

Line shapes of four rotational lines of ozone in the range

95 - 120 GHz have been measured at different pressures of ozone

between 0.02 and 0.4 Torr. Temperature behavior of the self-broadened

linewidth was investigated over a range 245°K < T < 2950 K.

The temperature dependence of the linewidth parameters can be described

by a power law T-n , a value of exponent n is proposed.

N2 - broadening of three of these lines has been observed

at room temperature, for different partial presssures of ozone.

N2 - broadening coefficients of the three transitions are proposed.
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04
LASERSPECTROSCOPIC INVESTIGATION OF THE VAN DER WAALS MOLECULE
SODIUM - ARGON

G. Aepfelbach, A. Nunnemann, D. Zimmermann
Institut fUr Strahlungs- und Kernphysik, Technische Universitat
Berlin, Rondellstr. 5, D - 1000 Berlin 37, Germany

Precise information about the interaction potential between
an alkali and a rare gas atom may be deduced from a measurement
of the optical spectrum of the corresponding diatomic weakly
bound van der Waals molecule. Investigations of this kind have
recently been performed for NaNe [i] and for NaAr [2,3] using
laser spectroscopy. The present work dealing equally with NaAr
was mainly carried out as a test of a newly built apparatus being
intended to measure the absorption spectra of other alkali-rare
gas-molecules. Similar to the previous work (1,3] the sodium-
argon-molecules were produced by supersonic expansion of a mix-
ture of pure argon of 6 bar pressure and of sodium at a tempera-
ture of about 800 K through a nozzle of 30 4m diameter. The super-
sonic beam crossed the beam of a tunable dye laser at right angles
and the resulting fluorescence light of the molecule was detected
by a photomultiplier. Our measurements covered a frequency range
of about 3000 GHz extending from the D4-line of atomic sodium to
lower frequencies.

All observed molecular lines which are characterized by a line
width of about 0.2 GHz could be arranged in pairs of lines
seprated by t6hyperfine splitting of the 3s electron of ato~ic
sodium of 1.7716 GHz. According to the previous analysis 12 the
molecular spectrum of sodium argon in this frequency range is due
to the rovibronic structure of the molqcular transition X1Z -AJTi.
As compared to the results of Smalley 3] additional vibronic
bands have been observed in our experim et - for example v' = 8
(A'2 Tsgz) - v" = 3 and v' = 11 (A 4Tva) - v" = 1. The rotational
structure of each vibronic band was analysed using rotational
energy value% iven by the diagonal part of the rotational
Hamiltonian 14J . Including all molecular lines corresponding
to rotational quantum numbers up to about 20 the measured fre-
quency values fit well to the calculated values within limits of
experimental error. As an example our results of the rotational
constants of several vibronic states are given in the following
table together with the results of Smalley (in brackets).

Bv  Dv  112 p + q

X '1 v"-O 1.3302(2) 7.70(8).10 - 5-  -
(1.3324(6)) (7.67(22)-10 ) -

vita 1.2165(6) 10.1-(2)10 -

(1.2167(19)) (8.3(2.1).10 " ) -

A 21T,, v'-8 2.3742(4) 1.114(15) .10- -0.0399(4)

(2.3770(11) (1.326(76) 10 " ) (-0.0416(18))
A T, V'-9 2.180M ) 1 .312(20)-10 -  -

(2.1861 (8)) (1.218(31).10-) -

[i] W. Lapatovich et al., J. Chem.Phys. 21, 5419 (1980)
[2J J. Tellinghuisen et al., J. Chem. Phys. , 1283 (1980)
[3] R.E. Smalley et al., J. Chem.Phys. 66, 3778 (1977)
[4] R.N. Zare et al., J. Mol. Spectr. 46, 37 (1973)



g[tASut,[g ,![L S OF IkT ,.SITI/ S OF SOA4 A V;SC KILrC.Y L l.'fS 01 L'AT R VAI'V9 I Ni
AMOSPHIL L VY IM NWCAVIJY LASLR SPCTKOSCOPY

Q 5 Ilvc CWfRlEVlU3, X~asie-Antvcff,:tc D1t17F1RS, F.~d $%ic STOEfCKEL 1911
Lo(',ato.c de Spec.tAoite. Ihyique, Unive,15iL.! SciCZtiquc e-t Aldica(te de
Gitcnobtco 6.P. 53 X - 31041 GRENOBLE CMPIX - r4ance.

]ntraecavity spectroscopy in a broadband, jet strean, C.W. dye laser provides
extreel)y high sensitivity for detection of ve"ry ueak absorption l:lcs (,2,3).
But befote a s)-stema-tic use of intracavity spectroscopy it is neccessary to
obtain rlore infoi,-,ation about physical processes governing evoluticn of tle
cmission spectrum of this type of laser and to see how theories igree with
experiments. 1lie generation tire, t, of the dye laser is a key-par.rxetcr in
understanding the dyc laser emitted spectra and giving quantitativc results.
We therefore study as function of t the shape of the emitted spectra withhuut
and with absorbant. A jet stream dye laser with a three mirror cavity, operat-
ing with Rhodam'in 6 G in ethylene glycol is excited by an argon laser. "le dye
laser spectrtun is recorded using a spectrograph with a resolving poer of
150 000 and a 1024.photodiodes array. Two light modulators, the first one on
the pumping beam, the sccend one on the output of dye laser pcn-it. cbservation
of spectrun versus time of working of the dye laser (generation time).
1. Time evolution of the dye laser emission, without absorbant

We tested (Fig. 1), in the range of a generation time t = 40 us to 1000 us
(using a gate of 10 us) that the emitted spectra has a near gaussian shape
whose width varies like 1/A and intensity like .i. Those results agree with
the theoretical predictions relative to an homogeneous broadband dye laser(1,4,5).

2. Time evolution of absorotion lines of H,O vapor in a free atmosphere
Zetemination of tne intensity k' o h tnhe.
The depth of absorption lines increases with t, following the law : 1=1oe

as usually predicted by theories. E.'pceri.ental values of a allows us to
determine k in the range of 1 0 -s-1 0

-z2 cmr1'/nol.cm - ' corresponding to a
10 '-10 4 a _' (Fig. 2) good agreements are found with experimrental results
obtained by other techniques (Table i). In Fig. 1, the I values are obtained
-from experimental I values after deconvolution by the apparatus fonction
(gaussian shape of half-width at half-height of 0.07 cm- ).
(1) V.M. BAEV, T.P. BELIKOVA, E.A. SVIRIDENKOV, A.F. SUQI(KOV,

Soy. Phys. JETP 47, 21 (1978)
(2) E.N. ,A\OXOV, E.B. BERIK, V.G. KOLOSTNIKOV, JQRST 22, 45 (1979).
(3) W.T. ILL, Ill, R.A. ARIU, T.W. kk\S01, A.L. SCL'JTLCV

Optics Cern. 32, 96 (1930)
(4) P. FLAtk.vr, 1'Fesis, Paris 1979
(5) V.R. %1IRG 'XO, V.1. YIUDON, Optics Corn. 34, 397 (1980)

a. (cal

0n- ) X 1025 (b.Ib) 105

*0

o ko(') .,"to

16 6S4.300 9.3 6.8(0
16 61.381 2.3 2.170
16 679.720 0.6 0.7020
16 67S.970 1.7 1.44
16 669.430 6.5 4.700
16 661.F36 1.4 1.310
16 654.732 2.6 2.170
16 653.99 0.7 0.693
16.6S6.127 1.: 1.3S0

0al .) Ouir rvend t (1,I Ioth.1i% elclls
App)l ed Olt i( 1, 35l7 (1978i).

unkiits CMu/not-cas
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LOW TEMPERATURE DIELECTRIC RELAXATION SPECTROSCOPY

John Gilchrist

Study of the dielectric relaxations of molecular species dis-

solved or dispersed in hydrocarbon media at 4.2 K or lower yields

approximate values of their ground-state splittings. Splittings between

15 MHz and 15 GHz can most readily be estimated. The technique has

been used to study the internal-rotation splittings of phenols and

alcohols and their thio- analogues, the inversion splittings of

secondary amines and the rotations/inversions of primary amines.

There is generally a satisfactory correlation with far-infra-red

and vapour-phase microwave data where these exist, but the technique

appears to be of greatest value for molecules which are spectro-

scopically interesting but unsuitable for microwave study. Examples:

a 4-formyl phenol derivative, tricyclohexyl carbinol, 2,2,6,6-tetra-

methyl piperidine. Alternatively it might be used to aid the inter-

pretation of microwave spectra.
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The 325 nm Electronic System of l-Pyrazoline

A.C.P. Alves and J.M. Hollas

Chemistry Department, Reading University, Whiteknights, Reading RG6 2AD
England

CH

I-pyrazoline is a five-membered ring CH 3CH

with the carbon atom in the 4-position out of the plane occupied by the

-I
other four heavy atoms. The barrier to planarity is III cm with many

low-lying ring-puckering vibrational levels.
t

The 325 nm electronic transition involves a 7*-n electron promotion and is

either IA2-1 (forbidden) or ]B]-I A (allowed, type C). Band contour

analysis shows that many of the strongest vibronic bands in the system are

type A or type B. The fact that 1-pyrazoline is an oblate near-symmetric

rotor (K" = 0.900) makes it difficult to distinguish between these two types.

The band system is vibrationally extremely complex and irregular. This must

be due, in part, to there being many hot bands involving several puckering

vibrational levels in the ground electronic state. It is also possible that

the puckering vibration may be anharmonic in the excited electronic state

and that it may be involved in Herzberg-Teller intensity stealing.

(a) J.R. Durig, J.M. Karriker, and W.C. Harris, J.Chem.Phys., 52, 6096 (1970).

(b) L. alonen, E. Friz, A.G. Robiette, and I.M. Mills, J.Mol.Specrosc.,
79, 432 (1980).



194

Q 8 THE 22' kV, AN v3 BANDS OF D2 160 AND 22 VI OF HI60

par

N. PAPINEAU*. C. CAMY-PEYRET, J.M. FLAUD

Laboratoire de Physique Moliculaire et d'Optique Atmosphfrique,

Campus d'Orsay, ORSAY, FRANCE

-------------oo0oo-

Four spectra of pure 20 and three of a 120 H20 mixture have been

recorded on a Fourier Transform Spectrometer with a resolution of about 5.10
-3

ca-I.o

F or D 0, a careful analysis of the bands 2v2 , vI, V3 had led to a

largely extended and more precise set of rotational levels belonging to the

vibrational states (000), (020), (100) and (001). From this set and the micro-

wave transitions available in the litterature, we have been able to determine

improved rotational constants for the ground state and precise vibrational

energies, rotational and coupling constants for the. three interacting states

(02), (100), and (001). Many vibrorotational resonances were detected.

For HDO, we have obtained a largely extended and more precise set of

rotational levels belonging to the vibrational states (000), (020), (100).

From this set in the same way as for D20, we have determined improved rota-

tional constants for the ground state.

Present adress : Office National d'Etudes et de Recherches (ONERA), 92320

CHATILLON- FRANCE
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Q 9 DOUBLE RESONANCE ON THE ACTIVE MEDIUM

OF A FIR LASER DISPERSION EFFECTS

Didier DANGOISSE, Pierre GLORIEUXand Michel LEFEBVRE

Laboratoire de Spectroscopie Hertzienne, associ& au CNRS

Universit6 de Lille I, 59655 VILLENEUVE D'ASCQ C&dex, France

In double resonance experiments on the active medium of a FIR

laser emitting molecules are subjected to a resonant electromagnetic
field connecting levels involved in the emission process.

Absorption (or emission) changes have been considered in previous

works on H COOH [I], D 2 CO [2] and CH 3OH [3] lasers. These studies have

allowed assignment of unknown FIR laser lines [3], fast modulation of

the output of a FIR laser and generation of new emission lines origina-

ting from levels which are not directly pumped by the laser [2].

Together with absorption changes, double resonance may also induce

refractive index (i.e. dispersion) changes. These dispersion effects

cause a change of the optical length of the laser and as a consequence

of its emission frequency.

i) This phenomenon may be discriminated by the FIR laser mode and

gives rise to lineshapes which are absorption like (i.e. lorentzian)

when the laser is tuned on the top of its mode profile, and dispersion

like (i.e. derivate of a lorentzian) with reversing sign when the FIR

laser is tuned to half-mode width off resonance.

ii) It may also be discriminated by the slope of a frequency marker

provided by a superheterodyne detection. This gives a much sharper dis-

criminator and generates stronger signals which are unfortunately distor-

ted by the strong nonlinearity of this discriminator.

iii) They have also been directly exhibited as a change of the emis-

sion frequency. By careful measurements of this frequency, changes as

small as ± 30 KHz have been measured, corresponding to refractive index

changes An E 10- 7 .

In the general case, the observed signal is a superposition of ab-

sorption and dispersion contributions. It is essential to know the con-

tribution of dispersion effects when one wants to use double resonance

on a FIR laser to get accurate spectroscopic information since these

effects may distort the observed lineshapes.

[11 V. VANGOISSE, A. VELVALLE and P. GLORIEUX, J. Chem. Phys. 69, 5201 (1978).

(2J V. VANGOISSE and P. GLORZEUX, Opt. Comm. 32, 246 (1980).

[31 E. ARIMONVO, M. INGUSCZO, A. MORETTI, M. PELLEGRINO and F. STRUMIA,
Opt. Lett. 5, 496 (1980).
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AIR BROADENED N20 LINEWIDTHS : AN IMPROVED CALCULATION AT

DIFFERENT TEMPERATURES

N. LACOME, A. LEVY and C. BOULET
Laboratoire d' Infrarouge,
AssociA au C.N.R.S.,
Universit6 de Paris-Sud,
Batiment 350,
91405 ORSAY CEDEX, FRANCE

The semiclassical theory developed by Robert and Bonamy has been

used to obtain the linewidths of N0 broadened by itself, by N2 and by 02.

The main features of the formalism are as follows :

a) The anisotropic potential is expressed by using, besides

the quadrupole - quadrupole contribution, an aton - ata interaction model

(without any adjustable parameter) which takes both long and short range

forces into account.

b) The geometry of the collision is described through the so-called
"equivalent" straight path more appropriate than the usual one.

c) The matrix elenm ,,s of the relaxation operator are computed

by the means of the linked-cluster theorem, so that the treatment remains

non-perturbative and no resort to cut off procedures is needed.

In addition to being more realistic the present formalisn has

the advantage of making the computation tractable for complex molecular systems

such as linear-linear ones.

Careful coqoarison has been made with the available experimental

results. For self broadened N20 very satisfactory agreement is obtained both

at 300 and 2040K. So it is the case for nitrogen broadening at room

temperature.

Regarding oxygen broadened linewidths very few experimental data

exist. Anyway, the present resultSreveal substantial improvement as

compared to usual calculations based upon Anderson-Tsao Curnute model.

Fron these results a predictive tabulation has been obtained

fr the values of air-broadened N20 linewidths at 3000K and 204 0K.

These parameters are of well-known importance in calculations of spectral

transmission of the terrestrial atmosphere.
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HIGH ORDER SPECTROSCOPIC CONSTANTS OF Vi, 2\2 AND ASSOCIATED fF9!

BANDS OF N20 ISOTOPIC SPECIES FROM HIGH RESOLUTION F.I. SPECTROS-

COPY.

J.L. TEFFO, A. VALENTIN, A. HENRY

Laboratoire de Spectronomie Mol~culaire - C.N.R.S.

Universit6 Pierre et Marie Curie

4 place Jussieu

75230 PARIS CEDEX 05

FRANCE

The infrared spectra of four nitrous oxide isotopic species 14N, I~

14N N 60, 15N N 160 and 14N2 were investigated between 1000 and 1350 cm- 1

with the Fourier Tranform spectrometer of the Laboratory. The width of recor-

ded lines is about 1.4 times the Doppler-Fizeau width.

For each isotopic species, the V -2v Fermi diad and the correspon-I 2

ding diads in the hot bands from the O11 eif 0 vibrational levels are studied.

For the most abundant isotope, data for poliads from 100, 02 0 and 022 ,fC

levels are also obtained.

Spectroscopic constants including sextic centrifugal distorsion

constants and £ type doubling constants are calculated. Especially effectiVe

constants for the levels 12 20 and 04 20 of 14N 2 160 are reported. The wavenumbers

computed using the set of calculated spectroscopic constants are in agreement
-1

for many bands within 0.1 cm (rms) with the observed values. Wavenumbers

obtained by combination differences for several bands, by previous authors

are in agreement with the data we obtain, wavenumbers presented here being

significantly more precise.

In addition the values of D and H constants are in good agree-

ment with microwave measurements.
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Q 12 ANALYSIS OF THE DIODE LASER SPECTRUM

OF THE V 3 BAND OF 14N 1602

P. Prastault, J. Lauren+

O.N.E.R.A
92320 ChStillon sous Bagneux, France

V. Dana

Laboratoire de Spectroscopie Mol6culaire
Universit6 Pierre et Marie Curie
4, Place Jussieu
75230 Paris Cedex 05, France

and A. Goldman

Department of Physics
University of Denver
Denver, Colorado 80208, U.S.A

A set up, enabling the record of high resolution spectra with a spectral

-1
limit of 0- cm , has been realised and applied to the study of the NO, V3

band. The device includes a reference beam for wavelength calibration. A tul-

able diode laser is used in the frequency range between 1580 cm- - 1615 cm- .

Absorption spectra of NO2 have been recorded with pressure in the range

0.01 torr-0.1 torr and with a 30 cm pathlength. Each spectrum covers a spec-

tral interval of about 0.3 cm- . The relative wavelength calibration is obtained

with a solid germanium Fabry-Pdrot etalon. The interfringe delivered by this
-1 -1

reference beam is 0.04986 cm at 1605 cm . The wavenumbers of unoverlapped

lines observed on a spectrum recorded with a Fourier transform spectrometer

have been used to determine the absolute wavenumbers of the diode laser spectrum.

Identification af the observed transitions and measurement of the spin-splittings

have led to a determination of the effective spin-rotation coupling constants

for the (001) vibrational level.

moo=
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Q 13 SUB - DOPPLER FOURIER TRANSFORM SPECTROSCOPY

VELOCITY (hANGINC COLLISIONS IN THE IODINE B STATE

J. VERGES and P. JUNCAR
Laboratoire Aimd Cotton, CNRS II, Batiment 505 - 91405 Orsay (France)

P. WEISS and R.W. FIELD

Department of Chemistry , M.I.T., Cambridge, MA 02139 (U.S.A)

C. EFFANTIN, J. d'INCAN and R. BACIS

Laboratoire de Spectromdtrie lonique et Mol~culaire
43, Boulevard du 11 Novembre 1918 - 69622 Villeurbanne (France)

Short and long term frequency or amplitude variations of the exciting laser

usually seriously degrade both resolution and sensitivity in Sub-Doppler Fourier

Transform fluorescence spectroscopy. Nevertheless these problems have been overcome

in the following manner.

The 514,5 nm single mode line of a C.W. Ar laser has been locked to a sigma-

meter. The sigmameter path difference is servo-controlled with a He-Ne laser locked

on an iodine saturated absorption line. In that way the frequency of the 514,5 nm

line can be fixed for several hours anywhere within the Doppler profile of the P(13)

B 0+ (v'=43) - X IE+ (v,=0) iodine absorption line without any degradation of the
u g

recorded lineshapes. The high resolution Fourier Transform spectrometer records the

forward and backward fluorescence from the excited hyperfine levels along the axis

of the 514,5 nm exciting line. The iodine pressure is of the order of 0,1 torr and

even in that range the main fluorescence lines observed in the backward direction

are broadened by velocity-changing collisions. The rotational relaxed lines are

broader but remain sub-Doppler.

Due to the good signal-to-noise ratio, deconvolution of the observed lines-

hapes allow the determination of the position of the exciting laser line and of

various parameters defining the collision : temperature of the ras, cross section

for velocity-changing collisions in the excited levels and parameters for rotational

relaxation.

4
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Q 14 Mlicrowave spectra of N-methyl pyrazole

N.K. Narain, S.L. Srivastava, Krishnaji

Physics Department
Al lahabad University

Allahabad
INDIA

(no abstract)
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2-12 Wm AMMONIA BANDS RECORDED WITH THE "BRAULT" FOURIER TRANSFORM SPECTROMETER
AT KITT PEAK: A FEW HIGHLIGHTS OF THE SPECTRAL CHARACTERISTICS

Jane Mills and K. Narahari Rao
Department of Physics, The Ohio State University

Columbus, Ohio, 43210, U.S.A.

Infrared spectrum of ammonia has always had wide universal interest among
spectroscopists, astrophysicists and laser investigators. A strong need exists
for updating the basic observational data for this molecule and its isotopic
varieties. The effort made in different laboratories to provide better and
better wavenumber standards for CO, OCS, and N20 is ineed very coimnendable;
whenever and wherever possible they are used in wavenumber calibrations. How-
ever, when one studies with tunable lasers, often times the experience has been
that there is just no calibrating line available when one is needed. It appears
therefore imperative that measurements on tA.pectra of molecular species having
rich spectra be made more definitive; often times studies are confined to examine
a few specific aspects of sych molecular species. Investigators at this time
are employing ammonia lines for calibrating tunable laser spectra because they
are there and ammonia gas is readily accessible and easy to use. It, therefore,
seems almost obligatory to update the measurements on ammonia, methane, and water
vapor.

14
The pathlength for NH data has been as high as 100 meters to enhance their3

usefulness for molecular structural studies especially in the oI ervation of for-
bidden transitions. With the availability of measurements for "NH, by using
heterodyne techniques2 and also because of incorporation of other sandards
simultaneously with the recording of FTS NH3 spectra, we believe 1 e are in1a posi-
tion to show not only good maps of the infrared spectra of both NH and NH3
but also give reasonable estimates of the precision of measurements.3

K. K. Lo, Jon Manheim and R. J. Nordstrom from Ohio State, and D. Papousek

from Prague are expected to be involved in the interpretative processes. Dr. A. F.
Kru?3ov from the USSR is expected to contribute by providing submillimeter data
of NH3 similar to his previous work on -NH 3 .

'Dr. R. F. Curl of Rice University, Texas, has urged that we try to give him
good ammonia data at 3 pm for calibrating his color center lasers and tunable diode
laser spectroscopists have already published papers employing the "available" infra-
red data in spite of their obsolescence for use with Doppler-limited technology.

2J. P. Sattler, 1981 Molecular Spectroscopy Symposium, Columbus, Ohio,
Paper REl.

=A
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Q 16 Microwave spectra of CF 3CH3

J. Baker and R.A. Creswell

(paper withdrawn)

0 17 Observation of the V2 band of CH2 by laser magnetic

resonance

Trevor J. Sears, P.R. Bunker and A.R.W. McKellar

Herzberg Institute of Astrophysics
National Research Council of Canada

Ottawa Ontario Canada KIA OR6

The V2 band of gas phase 
3BI CH2 has been observed by CO2 laser magnetic

resonance spectroscopy. A preliminary calculation using ab initio potential

energy points and a semirigid bender Hamiltonian was used to predict the

expected positions of the v2 rotation-vibration transitions. Three

transitions, 202 4IiW 202+211, and 101 if0, have been assigned. They give

no information on the A rotational constant, but do lead to determinations
-I -1

of V2 - AO - 892.2 ± 0.5 cm and hence v2 - 957 ± 10 cm . This value
is much lower than previous estimates of the bending frequency of CH2, and

it has a crucial bearing on the interpretation of its photoelectric

spectrum.

• t
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THE PURE ROTATIONAL SPECTRUM OF PH BETWEEN 8 AND 80 CM4 WITH A RESOLUTICln
3-1

OF 0.005 CM

A.BONETTI; Istituto di Fisica, Univ. di Firenze, L. E. Fermi 2 50125-Firenze

B. CARLI, F. MENCARAGLIA; Istituto di Ricerca sulle Onde Elettromagnetiche

(IROE) Via Panciatichi 64 50127-Firenze

M.CARLOTTI, G. DI LONARDO, A. TROMBETTI; Istituto di Chimica-Fisica e spet-

troscopia, Univ. di Bologr.: Viale

Risorgimento 4 40136-Bologna

A Fourier spectrometer with a resolution better than 0.005 cm -1(unapo-
-1

dized) and a wavenumber precision better than 0.00015 cm , constructed

at the IROE of the C.N.R. in Florence, is operating in the range 8 - 80
-1

cm . In this region, the pure rotational spectrum of PH3 was measured

and transitions up to J-8 were observed.

Accurate rotational and centrifugal distortion constants for the ground

state of this molecule were derived from these measurements.
-1

An extension of the spectrometer sensibility up to 200 cm is in pro-

gress.
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9 19 ANALYSIS OF THL ISOTOfE SUBSTITUTION LFFECT ON
VIBRATION-ROTATION MOLLCULAR SPECTRA IN THE CASE

OF HEAVY ATOM SUBSTITUTION

A.D.Bykov, Yu.S.Makushkin, O.N.Ulenikov

The Institute of Atmospheric Optics, Siberian Branch,

U.S.S.R. Academy of Sciences, Tomsk, 634055, USSR

An analysis of isotope effects in polyatomic molecules is es-

sentially simplified in the case when the atom with great mass num-

ber undergoes isotope substitution. In this case the parameter

E = (m' - m)/m' can be introduced, where m and m' are the masses
of atom before and after isotope substitution. The value E in

the majority of practical cases (O,N,S, etc.4 is small (of the or-

der of the Born-Oppenheimer parameter and even less). The presence

of small parameter enables one to simplify the method of investi-

gation of isotope dependence of molecular and spectroscopic cons-

tants, suggested earlier by the authors (1,2], and to obtain sim-

ple relationships between energy levels and probabilities of dipo-

le transitions of various isotopic modifications of molecules.

The Hamiltonian of isotopic modification of a molecule is of'

theformPIAp

where H is the Hamiltonian of the basic molecule, Ah is the ope-

rator addition due to isotope substitution. The operator ah is

of the order of smallness of £ and can be considered as a per-

turbation relative to the Hamiltonian H. In this case, diagonali-

zation of the Hamiltoian 9 matrix can be performed, taking into

account possible degeneracies and accidental resonances in the ba-
sic molecule. As a result, the relationships, describing the band

center shifts, vibration-rotation line shifts and line intensity

changes are presented also as functions of molecular or spectros-

copic constants of the basic molecule. As an illustration, the pa-

per presents the results of numerical calculations of shifts of

the bands and individual lines for the molecules 0 3 ,H 2 0,CO2 .

References

1. Yu.S.Makushkin, O.N.Ulenikov. Opt. i Spektrosk.,39,629-636(1975,.'

2. A.D.Bykov, Yu.S.Makushkin,O.N.Ulenikov, J.Molec.Spectrosc. ,8,

462-479 (1981).



205

Q 20

STUDY OF THE MLTHANE ABSORPTION SPICTRUM, IN TEIM 1.08 J4m

REGION

A.B.Cheglokov, Yu.S. Makushkin, L.N.Sinitsa, O.N.Ulenikov,

V.E.Zuev

The Institute of Atmospheric Optics, Siberian Branch of
the U.S.S.R. Academy of Sciences, Tomsk,634055, U.S.S.k.

The 12CH4 and 13CH4 methane absorption spectra have been in-

vesti ated using the Nd-glass laser intracavity spectrometer.

The CH4 absorption spectrum was registered in the 9100-9350cm 1

region. As in Ref.(1) the lines of three absorption bands were
observed. The lines of R-branch in the 3 ) 3band have been re-

gistered for larger quantum numbers J than in Il].The analysis

of the results obtained is presented. In particular, the work on

identifying the vibrational bands is carried out.

The 13 CH4 absorption spectrum was investigated in the 9150-

-9300 cm- 1 range. The absorption spectrum obtained has been in-

terpreted. For this purpose, the data on the 12CH4 absorption
spectrum and the calculated theoretically line center shifts,

due to isotopic substitution of heavy atom, were used.

EFEFRENCES

1. G.Pierre, J.-C.,Hilico, C.Bergh, J.-P.Maillard, J.Mol.Spectrosc.

82, 379-393 (1980).

-. 4
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ANALYSIS OF HLAVY WATL-R VAPOR ABSORPT10N SPLCTRIRW

IN THE 9161-9392 cm-I REGION

A.D.Bykov, V.L.Zuev, V.P.Lopasov, Yu.S.Makushkin,

L. .Sinitsa, O.N .Ulenikov

The Institute of Atmospheric Optics, Sibcrian Branch,

U.S.S.R. Academy of Sciences, Tomsk, 634055, U.S.S.R.

The paper presents the results of complex study of the HDO

and D2 0 vapor absorption spectrum in the 9161-9392 cm- S region.

The measurements were made using the Nd-glass intracavity spect-

rometer whose conwtruction and general characteristics are given

in Uij. In the range investigated more than 400 absorption lines
were recorded. T ese lines are referred to the bands (310) and

(121) of HDO, (I'?) and (013) of D2 0 (some of these 400 absorp-
tion lines are related to the H20 bands (111) and (012)). The un-
certainty in determining the line centers is about 0.07 cm-1 •

The spectrum obtained was interpreted and about 80% of all
the lines were identified. The vibration-rotation energy levels

were determined for the above bands: for the (310) band of HDO

the separate energy levels were up to J = 14; for the (121) band
of HDO - up to J = 6; for the (112) band of D2 0 - up to j = 9;

for the (013) band of D20 - up to J = 6. It is shown that if
the determined values of energy levels are taken into account
then the above vibrational states can be considered as isolated

ones with a sufficient degree of correctness. The rotational and
centrifugal constants are determined for all four bands. The set
of the constants obtained describes the spectrum within the ex-
perimental error.

REFERENCES

1. L..Sinitsa, Quant.elektron., v.*4, 148-150 (1977.

LA
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Q 22 THE THz:ORY OF RiSOAi.CP, VIBRATION-ROTATIOL,

INTLRACTIONS IiI THz; "THAR6 !OLzCUL.

V.I. Perevalov, VI.G. Tyuterev, V.I. Zhelinskii

The Institute of Atmospheric Optics

Siberian Branch of the U.S.S.R.
Academy of Sciences

Tomsk 634055 U.S.S.R.

The effective Hamiltonians for simultaneous fitting of

the bands ( -), -) and the bands ()j, ,2,, 9 '2 .+9 )
were obtained using the contact transformations in the repre-

sentation of irreducible tensor operators 11] from a reference

vibration-rotation Hamiltonian. In these Hamiltonians expre-

ssions for the parameters of the q3j q2j3 type operators were

obtained using the molecular parameters (A) , B and the

cubic anharmonicity constants. The numerical calculations of

these parameters with different force fields were made.The

detailed analysis of comparison of the values calculated and

fitted is given.

1. J.P. Champion, Can.J.Phys., 55, 1802-1828 (1977).

) i -



208

AUTHORS - AUTEURS

A Bunge, C F E2
Bunge, V A E2

Aboumajd, A H15 Bunker, P R Q17
Aepfelbach, G Q4 Burczyk, K C15
Ahmed, F L24 BUrger, H CI5,EI3
Alamichel, C B12,C9 Butcher, R J A4,BIO,
Alves, A C P Q7 013
Amiot, C H14 Bykov, A D Q19,Q21
Andolfatto, M B8
Anttila, R A CII,J17
Arcas, P L12,113 C
Arie, E L12,L13

Caband, B J20
Caldow, G L EIO,O1O

B Callomon, J H L21
Cameron, D C3

Bacis, R HI8,L]9, Caminati, W B6
014,Q13 Camy-Peyret, C KI,L)7,

Bailly, D 13 Q8
Baker, J G Q16 Cariou, M J E19
Balaji, V N Bl8,CI6 Carleer, M B19
Baldacci, A 06 Carlier, J 02
Baran, J H13 Carli, B Q18
Barrow, R F D2,L24, Carlotti, M Q18

020 Carpenter, J H B7
Bauder, A C8,E6, Carre, M C18

112 Carrozzi, A B15

Bauer, A E 02 Castro, C O
Bellet, J El Cats B4
Bensari-Zizi, N B]2,C9 Cazzoli, G J4
Berger, H H15 Cerny, D 014
Berry, R S B17,Cl Cervellati, R B6
Bersellini-Picard, A Oil Champion, J P J5
Bestman, G E4 Charneau, R Oil
Betrencourt, C Cil Chastan, J M J19
Blom, C E E6 Chauville, J L13
Bohle, W J10 Cheglokov, A E Q20
Bonetti, A QI8 Chenevier, M Q5
Bord6, J G2,024 Cheung, W Y J18
Botskor* I B5 Chevaleyre, J J19,J20
Boulet, C 012,QIO Child, M S - 021,022
Bourguignon, B 018 Chojnicki, A 1{ L24
Brassington, N J Hi1 Christen, D LI
Brazier, C L23 Chupka, W A J18
Brechignac, Ph Oil Churassy, S H18
Bredohl, H C20,E17, Coffey, M T J12

E18,HI16 Colin, R B19

Brieger, M E20 Colmont, J H Q3
Brodersen, S E8,E9, Colsen, S D J18

H9,J7 Cooper, T A L5
Brown, J M B14,L23 Cossart-Magos, C L18
Brown, L R HIO Courtoy, C P E12
Broyer, M J19,J20 Cox, A P L3
Brucat, P J 015 Crane, R B7



209

Creswell, R A Q16 Field, R W Q13
Crocker, D LI3 Fischer, E B5
Cuisenier, M L13 Flaud, J M K|,L7,

QB
Fliege, E E4D Freedman, P A B20

Dana, V Q12 Fusina, L L8

Dang-Nhu, M 07 Fuss, W PA
Dangoisse, D 09,Q9
Daunt, S J K3
Deeley, C M L14,01O G
Degli Esposti, C AGai]ard, H L CI8,H18
Delaval, J M L22,017 Galica, J 03

Delplace, A E12,118 Gauya, J JIDev, HE7Gauyacq, D Jl8
Deve, H E7 Ghersetti, S 06
De Villeneuve-Lefevre,D L16 Glorieux, P 09
De Vleeschouver, M E14,E)5, Gilchrist, J Q6

H7,118 Giusti, A C17
De Vreede, J P M B3 Clorieux, P 09,Q9
Dijkerman, H A 3,4, ldan, A Q12
Di Lonardo, G L4,L6 Gondal, M A B14,Jill

L7L8, Gorvin, A C HI 1
QIS Goulet, P H4

Di Lieto, A Gowda, S L B18,C16
d'lncan, J Q13 Grassow, R C15
Ding, A BJICiO Griffiths. A M B20
Dreizler, H C6,E4 Grofcsik, A H13
Dressier, K C4,1117 Guarnieri, A B8
Dubois, I C20,E!7, Guelachvili, G E15,J5,

E18,R16 Gi3,LI6
Dufour, C L24 Gunthard, H H C8,M2
Duncan, J L C14,EII, Gunther, H H5

J8
Dupri, J H12,024
Dupr; Maquaire, J H12 H
Duxbury, G L20

Dymanus, A L4,L6 Halonen, L EIO,021

Hamilton, E C14
Hansen, J S B2E Hansen, S C LIIHarper, J 28 I

Edwards, C P A2 Hartan, F Hi8s
Edwards, H G 14 Hil Hrmn 1
Effantd, C O114 3 Hegelund. F EII,J17
Effantin, C 014,Q]3 Henry, A L12,QIl
Eidhlsberg, M LIS Henry, L H6
Ernst, W E J16 Herbin, P E12
Escribano, R 013 lIeremont, F BI6,H7
Ezra, G S CI Hese, A L20

Hietanen, J C12

Hilico, J C H6
Hinz, A B4,JIlO,

3areq 3 13,1.16 31lFarrel, D Nil Hoareau, A J20
Farvell, D W ll iollas, J M Q7,08
Favero, P J 4 , Houbrechts, Y H16

EIAH7, Houdeau, J P 012

El5,17



210

Hougen, 3 T C2 Le Lerre, M L L20
Howard, B LIO,LII Lepage, P H15
Hubbard, S L3 Le Rouzo, H C17
Huber, K 023 Levy, A 012,QIO
Hunt, R H HIO Levy, D H B17
Hutson, 3 E3 Lindgren, B E16

Loete, M H6
Loick, 3 E HqH]0,

Lombardi, M NJ
Jennings, D E 314 Long, D A HII
Jensen, P 37 Lopasov, V P Q21
Johnson, H 016 Lotrian, J E19
Jones, H Q],Q2 Lovas, F C13
Jones, W 3 L9,H13 Luc, P E19,L17
Juncar, P Q13 Lund, P J17
Jurek, R H4 Lyszyk, M H7

Kalkert, P H20 Macke, B E7,H-3
Kato, H L3 Maclean, C S A2
Kauppinen, .rC3,J17 Haillard, J P LJ3
Kaving, B EJ6 Maki, A G C13
King, M A L5 Makushkin, Y S QJ9,Q20,
Kirsten, D H20 Q21t
Klaassen, D B M L4 Mankin, W C 312
Knbckel, H HJ9,J15 Mantsch, H C3
Koffend, B 1.19 Mao, S Q HI5
Koivusaari, H J17 Marr, G V A3
Kreglewski, M 31 Martin, S J20
Kreiner, W A J3 McKellar, A R W Q17
Krishnaji Q14 Meerts, W L L6,05
Kristiansen, P HJ4 Mencaraglia, F QI8
Kroto, H W L5 Hehrotra, S C B3

Helen, F C20,EI8
Helieres, M A Q5

L Meyer, C E14,024

Lacome, N H1,I ikkelsen, C B E9
Lacy, M L2Q0 Mills, I H 1.14,1,15,
Lahaye, 3 G H8 01,010,
Laznbeau, C EJ4,E]5, Hils13Q

7, H8 Mls 1
Landsberg, B H BIO Hills, P D A LIO
Larsen, N W H5J inguzzi, P B15
Larzilliere, H C5,8 Moffatt, D C3
Launay, F 1.18 Honnanteuil, N Q3
Laurent, J Q12 Horillon-Chapey, H 07,Q2
Lawton, R T 022 Horrison, A R EII,J8
Leach, S 1.18 Musa, H 08
Lefebvre-Brion, H C37
Lefebvre, H Q9N
Lefebvre, Y L22N
Lemaire, J BJ6,H7 Nj.
Leon, A C F2 NaiKABHI I



21 1

Narain, N K Q14 Renn, A E20

Narasimhamurthys B C19 Richter, A CIO

Ndikumana, T B19 Ridley, T 08

Nicolaisen, F M B2 Rbe 1
Niebuhr, F B14,JIl Robbee, A G H]6IO

Nielsen, C 3 B9 RoiteAGH,H]0

Nielsen, 0 V J2 I J

Nivellini, 0 J8 Roche, A L C17

Nunneman, A Q4 Rohart, F E7,H3

Nygaard, L C5 Rohrbeck, W B14,J1I

Nzohabonayo, P E17 Rossetti, C JI 3
Rostas, F 1,18

Rostas, J 016,018

0 Rothman, L S K2

Ruck, H C7

Oldani, M K H2 Rudolph, H D C7,E5,

Olson, W B C13 J3

Oka, T Al Ruoff, A C15,EI3

Owyoung, A GI Rychlewski, J3H

Ozier, 1 05

PSadeghi, N H18

Palma, M L 024 Saint-Loup, R H-15

Papineau, N Q8 Saito, S F1

Parkin, J E L23 Sarre, P J A2

Pascard, E J5 Saykally, R J N2

Passerini, A 06 Scappini, F C6

Patino, p 020 Schafer, E 04

Patterson, C W 12 Schamps, J L22,L24,

Pedersen, T B1,CS 017

Perevalovs V I Q22 Schawlow, A L DI

Perrin, A L17 Schulz, P C15,E13

Perrot, J P J19,J20 Sears, T J Q17

Pfeiffer, J H20,J1O Seaver, M J18

Pierre, G 35 Segard, B E7

Pinchamel, B L22 Sellors, J 1,21

Pique, J p H18 Serenellini, S J4

Poulsen, C E8 Setty, B N K CI6

Poussigue, G J5,J9 Sibai, A L19

Prastault, P Q12 Siese, M H19

Prault, J P H3 Sinitsa, L N Q20,Q21
Smith, J G B7

Sodeik, A E20

QSorensen, G 0 BI,B9
Sreedharmurthy, N C19

Quack, M P2 Srivastava, S L Q14

Quadrelli, P C4 Steimle, T C L2 3
Steinmetzger, U 1311

Stoeckel, F Q5

RStouffs, P H8
Suenram, R D C' 3

Ragone, A S B17 Suffolk, R 3 L5

Rao, K N Q15

Raseev, G C17

Redpatb, A 1311



212

7 2

Tajeb, C 018 Yamada, K B13
Takami, M G3 Yuh, H J cI
Tal, A B3
Tarrago, G H12,J9
Teffo, J L Q11 Z
ter Meulen, J J L4
Thompson, J D LII Zare, R N 015,016
Tiemann, E H19,JI5 Zbelinski, V I Q22
Tonnelli, M B15 Zinmmerman, D Q4
lf6rring, T J16 Zivi, H C8
Trombetti, A L7,L8, Zuev, V E Q20,Q21

QI 8
Tullini, F J8
Turner, P 1,15,O0
Tuyterev, V G Q22

Ulenikov, 0 N Q19,Q20,
Q21I

Urban, W B14,H20,
J10,JI],
L16

V
Valentin, A 116,J9,

L12,QI 1
Valignat, S J19,J20
van Huist, N L4
van Vaals, J J L6
Verges, J 1,16,014,

Q1 3
Verry, C 114

w
Weber, H G 019
Weiss, P Q13
Weitner, W MI
Western, C LI0
Whiff en, D H L2
Wieser, H 01
Willemot, E El
Winnewisser, B 03
Winnewisser, H 03,04
Winnewisser, G B13
Winter, M J L9
Wolniewicz, L C4
Wuratner, A E5



MIMI


