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CPUF Spectrometer  
 
 

Photochemistry 

Schematic of the CPUF spectrometer. A chirped pulse is 
generated in an arbitrary waveform generator (AWG), 
upconverted, and amplified. The molecular sample is polarized 
by the radiation and the resulting emission, in the form of a free 
induction decay (FID), is collected by the oscilloscope. The FID 
is Fourier transformed to produce a spectrum. The spectrometer 
operates in the 26-40 and 60-90 GHz frequency regions. 

Bimolecular Reactions 
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CPUF Capabilities 

Impact pressure measurements and radial 
profiles for argon (a and b) and helium (c and 
d), respectively. 

Temperature profiles for the (a) argon and  
(b) helium Laval nozzles.  

Time evolution of SO spectra generated from the photodissociation of SO2 
with 193 nm radiation (a). SO begins to appear roughly 20 µs after the 
laser is fired, mostly in the v = 2 vibrational level, corresponding to the 
nascent vibrational populations determined from imaging studies. However, 
quick relaxation to the v = 0 state occurs (b) 

A piezoelectric stack1 valve is mounted on a small reservoir outside of the 
polycarbonate vacuum chamber. The Laval nozzle provides a uniform flow 
with the pressure monitored by a pair of transducers. The entire chamber 
is mounted on a translational stage, so different regions of the flow can be 
probed by the microwave radiation introduced via one of the feedhorns. 

SO2 + hν (193 nm) à SO (v, J) + O (3PJ) 
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A new experimental apparatus is presented that combines two powerful technologies: chirped-pulse Fourier-transform microwave 
spectroscopy (CP-FTMW) and pulsed uniform supersonic flows to address the need of a detection technique that can give isomer-specific 
identification and structural characterization of reaction products and intermediates and their branching ratios in the field of reaction dynamics. 
CP-FTMW spectroscopy is a revolutionary new technique capable of producing broadband rotational spectrum in a single data acquisition. 

However, a high density (1016 cm-3) of cold products (20-30 K) is needed for this approach to be effective. Uniform supersonic flows are an 
ideal environment for providing these conditions, as well as allowing for stabilization of reaction intermediates and determination of reaction 
kinetics with product detection. Presented here is a description of the new apparatus, chirped pulse in pulsed uniform supersonic flow (CPUF) 
spectrometer and its capabilities. 
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Nascen t v ib ra t iona l 
distributions for  
SO (X 3Σ-). 3 

Spectra illustrating the time evolution of the J = 4 – 3 
rotational transition of HCCCN (Χ1Σ+), generated via the 
bimolecular reaction of the CN radical (X2Σ+) and C2H2 
(X1Σg

+), are displayed. The CN radical was produced by 
irradiation of BrCN with a 193 nm laser. HCCCN appears 
approximately 40–50 µs after the laser is fired. The inset 
shows the integrated intensity of the HCCCN line at each 
time point, with the peak intensity occurring at ~90 µs. 
Each spectrum is an average of 22000 acquisitions.  
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Product branching in the low temperature reaction of CN with Propyne 

Schematic view of the valve 
assembly.  

Valve design!

A"NEW"PULSED"VALVE"FOR"HIGH2INTENSITY"SUPERSONIC"JET"
"
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Experimental set-up! Molecular beam characterizations!

Pulsed supersonic expansion is now a ubiquitous technique used in all laboratories interested in spectroscopic and reaction dynamics studies. The conversion of enthalpy to mass flow leads to the production 
of low temperature flows with well-defined kinetic energy. High speed valves are used to make short pulses allowing for high beam intensities with lower pumping requirements. Solenoid as well as 
piezoelectric disk valves have played a significant role but still show important shortcomings: low repetition rates, limited operational times and gas flows. To overcome these limitations, we have developed 
a new valve based on a high force piezo stack actuator. In this poster, we present the design of this new valve along with molecular beam characterizations obtained via DC slice ion imaging. This design 
can also be used to generate low temperature pulsed uniform supersonic flow as can be seen in the poster Abeysekara et al. 

Fig 1: Cut view of the valve assembly. The piezostack actuator 
(Physik Instrumente, P-212.80, blue) is mounted in a stainless 
steel valve body (light grey). The position of the plunger (green) 
is adjusted by a micrometer. The different o-ring positions are 
symbolized by red disks. In particular, the plunger is sealed at 
two positions, i.e. by an o-ring at the nozzle it-self (Kalrez), and 
by another o-ring fixed at the top of the plunger, with its 
tightness adjusted by varying the pressure applied by the back 
plate.!

Fig. 2: Schematic of the experimental setup. The valve is closed by 
applying a constant high voltage (+800V) from a HV power supply. 
The applied voltage is rapidly reduced to 0 by a HV fast switch 
(Behlke HTS-61-03-GSM), which causes the piezoelectric material 
to contract and open the valve.The piezoelectric stack valve  thus 
produces a pulsed molecular beam which is skimmed and probed by 
an unfocussed 157nm F2 excimer laser. The ions produced are 
accelerated by a DC ion optics assembly onto a dual microchannel 
plate detector coupled to a fast phosphor screen.The images were 
then recorded using a CCD camera. !
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Fig. 3: Beam profiles at different 
valve opening-probe delays (∆t) of 
dimers of 2,5-dimethylfuran (DMF) 
seeded in He (mixture 0.25% DMF/
He) recorded with DC Slice Ion 
Imaging at repetition rates of 10 
(top, middle) and 100 Hz (bottom) 
and pulse durations of 100 (top), 50 
(middle), and 20 μs (bottom).!

Table 1: Speed ratios Stot and Slocal 
estimated from the velocity distributions 
shown in Fig. 3 (S = <v>/Δv). Stot is 
calculated from the mean velocity in the 
sum of the different velocity distributions, 
while Slocal is calculated from the velocity 
distribution with maximal intensity. Δv is 
estimated as the corresponding FWHM.!

The valve body was machined at 
J&N company, Detroit MI.!

Proch, D., and Trickl, T. (1988). A high-intensity multi-purpose piezoelectric pulsed molecular beam source. Rev. Sci. Instrum. 60 (4), 713-716.!
Physik Instrumente (PI) L.P. (2010). Tutorial: Piezoelectrics in nanopositioning, designing with piezoelectric actuators. !
Retrieved from http://www.physikinstrumente.com/en/products/piezo tutorial.php.!
U. Even, J, Jortner, D. Noy, N. Lavie, C. Cossart-Magos, J. Chem, Phys., 2000, 112, 8068!

Fig. 3! Table 1!

Motivation 
 

•  The reaction between CN radical and methylacetylene (CH3CCH) is important in the growth of 
nitrile species in Titan`s atmosphere and a prototypical system in the which to probe 
multichannel branching and the competition between direct and complex-mediated reactions.  

•  Previous crossed-molecular beam experiments,4 supported by ab initio calculations, reported 
the CN addition/H elimination channel and identified two product isomers. 

•  Even though CH3 elimination product HCCCN through C2 is more energetically stable, no clear 
evidence of this channel was indicated in previous work, nor has the direct abstraction channel 
been seen previously.  

 

Results & Discussion 
 

•  Both the direct abstraction and the indirect addition/elimination products have rotational 
transitions accessible within the detection frequency band of CPUF, thus a detailed study of the 
bimolecular reaction with supporting ab initio calculation was carried out.  

•  Detection of all the possible products in a broad spectral window allows us to quantitatively 
determine the product branching ratios for complex bimolecular reactions with multiple product 
channels. 

Addition/elimination Direct 
Abstraction 

% HC3N CH3C3N CH2CCHCN HCN 

RRKM 

C1 
complex 60 33 7 -- 

C2 
complex 71 24 5 -- 

CPUF 72(4) 22(6) <5 3.5(5) 

Calculated and experimental 
product branching for the  
CN with CH3CCH reaction, 
2σ uncertainty to the last digit  
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Energy diagram of the potential energy surface, calculated at 
CBS-QB3 level of theory for the  CN + CH3CCH  reaction. C1 

C2 

T = 22 +/- 2 K
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