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Rotational Spectroscopy at
Elevated Temperatures
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High T spectra give access to excited vibrational and conformational states.

Spectra are more crowded and much weaker at elevated temperature.

Collecting spectra rapidly is straightforward; analysis is more complicated!




Chirped Pulse:Spectroscopy

A A chirped pulse is a linear frequency sweep.
A Can have multiple frequencies in one pulse.

Electric Field: E(t)=E, e " W)

Instantaneous Frequency: W =W, *+ at, a = sweep rate
f(t) =(al/2)t?

Sweep 10 GHz in 500 ns - direct from ARB
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NCF Spectrometer
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1) 500 ns sweep (0.1 7 4.9 GHz) generated
by AWG and mixed with PLDRO.

2) A sideband is amplified and sent into
sample cell.

3) Molecular FID is amplified and mixed
with PLDRO.

4) Downconverted FID (0.1 7 4.9 GHz) is
detected with oscilloscope.




Real-time:Digitizers

Acquiris U1084A (Agilent)
Guzik ADC 6082 (formerly Guzik, now Agilent)

Current scope: Tektronix TDS 6154C

Bandwidth Averaging? Real -time? Rep. Rate*
Current 15 GHz Yes No 50 Hz
scope
U1084A 1.5 GHz Yes Yes 2900 Hz
ADC 6082 8 GHz By mid -April Yes 2140 Hz A

* Rep. Rate normalized for bandwidth (8 GHz) and record length (50k points).
A Majority of time spent writing data to disk due to lack of on-board averaging.



MW Signal (arb. units)

RT Digitizer Data

Nitromethane, 2.5 mTorr

7 o-fluorotoluene, 10 mTorr _ !
-20 AC, 6 ns FID

-20 AC, 16 ns FID
S/IN ~ 70:1

S/N ~ 140:1
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Acquiris U1084A Guzik ADC 6082
1M shots, 83 seconds 25k shots, 28 seconds
1.5 GHz bandwidth 8 GHz bandwidth

Guzik digitizer currently does not average. Repetition rate is mainly due to data
transfer (2.8 GB for 25k shots). Averaging should be implemented by mid -April.

Expecting roughly 60-fold speed enhancement over existing digitizer!
Spectral assignment problem will only get worse.
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Procedure:

3 Construct H and TD matrix from molecular parameters.

J Diagonalize H to get energy levels (eigenvalues).

J Use eigenvectors of H to transform TD.

3 |TD element| 2 = prob. of transition (peak height), DE gives peak position.



eBu tscAssiigniment

(Assignment: labeling a peak with upper and lower state quantum numbers)
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Severely over-determined i 8 parameters determine position of ~ 103 lines.
Acceptable fits require convergence of some parameters to ~ 1 part in 10°.

Very rough landscape; minute changes completely change predictions.



Confrror-merr's
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Conformers of n-propylamine

Gg

Tt Tg Gt
w4 we e 3sd ,,J

E,=0cm! Eg=82cm? E,=133cm* E,=165cm? E,=226cm?
1 * | 1M averages
REIEY ME(cm™) | Frac. Rop. 15991777 peaks above 3:1 S/N
Tt 0 18% =
Tg 82 24% = 100-
Gt 133 18% 3
=
Gg 165 23% =
Ggb 226 18%
* Includes 2-fold degeneracy 0 12 1618
for gaucheconformers Frequency (GHz)

Durig, J.R. et al., J Raman Spectrosc. 43, 1329-1336 (2012).



Typical Approach

1) Get initial guess from ab initio

2) Tentatively assign a few lines

3) Non-linear least squares fit on selected parameters

4) Forward prediction with new parameters. Better or worse?
5) Loop until satisfied.

Severe issues with line density (conformers, excited vibrational states).
No ncl dseydrustrating $easy to spend hours with no progress).

2-methylfuran
3 million averages
3091 peaks above 3:1 S/N
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