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IMPACT OF cis-HCOOH

= There is a lack of experimental

information compared to the “native” rans HOOOH e HCOOH
trans 1somer 7

= cis-HCOOH has a greater dipole =N ya
moment along the a- and b-axes ’
relative to trans-HCOOH = 271D

p=1420D

= A good way to explore the HCOOH [Nt
PES . and judge the ab []2[[[0 Winnewisser ez al. JMS 216, 259-265 (2002)
predictions

= Possible astrophysical origin of
HOCO



TRANS-FORMIC ACID HARMONIC AND ANHARMONIC (VPT2) FREQUENCIES

EXPT (sumvanoucrt, 1972)
“Perrin ez al 2002

vibration v (cm-1)

v (cm-1)

CCSD(T)/ANO1

IR (km/mol)

w (cm-1)

IR (km/mol)

Torsion 640.72506(39)*

CH bend 1033

OCO deform 626.16561(39)*

C-0O str 1105.3

OH bend 1229

CH bend 1287

C=0 str 1770

CH str 2942.8

OH str 3570

639.09

1034.55

622.78

1102.51

1215.40

1386.18

1781.64

2931.07

3574.34

140

671.78

1057.05

628.56

1133.19

1319.72

1411.18

1816.56

3098.43

3764.86

= (alculated using CFOUR

141



CIS-FORMIC ACID HARMONIC AND ANHARMONIC (VPT2) FREQUENCIES

CCSD(T)/ANO1

EXPT (meyer, sumMiTTeED)

*Baskakov ez al 2006

vibration

v (cm-1)

v (cm-1)

IR (km/mol)

w (cm-1)

IR (km/mol)

Torsion

CH bend

OCO deform

C-0O str

OH bend

CH bend

C=0 str

CH str

OH str

493.420509(7)*

488.30

1014.81

653.92

1097.46

1249.27

1393.08

1822.07

2869.55

3640.31

83

519.30

1035.81

660.31

1120.68

1291.05

1427.60

1858.20

3013.39

3828.49

= (alculated using CFOUR

85



APPARATUS
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= Tunable 1 MHz resolution IR light

= (Juantum shot noise limited absorbance sensitivity

= Suppressed Doppler absorption linewidths (=60 MHz)



cis-HCOOH GENERATION

= Ar : Ar bubbled through HCOOH : H»
= Supersonic planar plasma expansion

= Thin slit discharge nozzle (0.3x40mm)
= Applied HV =-650 V
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CIS-HCOOH — OH STRETCH

Normalized Intensity (cm-1)

OH Fundamental: a-type; b-type

l 1 1 1 1 l 1 1
3636 3638 3640 3642 3644 3646

Wavenumber (cm-1)




CIS-HCOOH — OH STRETCH

Normalized Intensity (cm-1)

Wavenumber (cm-1)

OH Fundamental: a-type; b-type
PR RN SR TR TN TR N e — e
3636 3638 3640 3642 3644 3646




EARLY ANALYSIS

321 <—=422
322 <— 423
505 <— 514
313 <— 414
404 <— 413
303 <— 312
202 <— 211
101 <= 110

— 303 <—404

OH Fundamental: a-type; b-type

I 1 1 1 l

3634.15 3634.20 3634.25 3634.30 3634.35 3634.40 3634.45 3634.50 3634.55 3634.60
Wavenumber/cm-1

| | | | | |




EARLY ANALYSIS

— AN ™M < < < o™ N — o
AN N o -~ -— -— -— — «—
< <t < LD < < ™ N -—
|1 I I I I I I I
VvV V \Y} Y \Y \Y \Y} \Y \Y}
— N (9] n o™ < (9] N —
AN N o o - o o o o

= Mnm ™ LD ™ < ™ N -—

Effective spectroscopic constants (in cm-!)

Ground State* Excited State
IPWI'M‘“WIII'II‘IWIIIIII Energy 0 3637.1548(3)
A 2.88405 2.88377
B 0.38991 0.39197
C 0.34304 0.34091
Dx x10° 7.88 257
- Dyx x10° -2.38 367
_ Dy x107 2.79 16.9
Sk x10° 1.26 1.70
57 x108 4.73 -168

Fixed to value from Winnewisser et al. JMS 216,259-265 (2002)

OH Fundamental: a-type; b-type

| P " | | | | | | | |

3634.15 3634.20 3634.25 3634.30 3634.35 3634.40 3634.45 3634.50 3634.55 3634.60
Wavenumber/cm-1




EARLY ANALYSIS

321 <—=422
322 <— 423
505 <— 514
313 <— 414
404 <— 413
303 <— 312
202 <— 211
101 <= 110

— 303 <— 404

TRANSITION DIPOLE MOMENT.
~ 22° OFF THE A-AXIS

OH Fundamental: a-type; b-type

3634.15 3634.20 3634.25 3634.30 3634.35 3634.40 3634.45 3634.50 3634.55 3634.60
Wavenumber/cm-1




CONCLUSIONS

= Rotationally resolved spectrum of the non-native isomer of HCOOH is
measured between 3629 - 3650 cm!

= The resulting data offers an additional method to search for this
molecule in e.g. interstellar ices

= The results are the start of a detailed study of the HCOOH PES
- Future work includes the CH stretches around 2900 cm-!
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