Experimental methods in trace gas research
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Please use the provided paper sheets to write down the solutions of the problems. Write your name
and student ID number on a first page and enumerate all subsequent pages. Do not forget to hand in
your paperwork after the examination.

Problem 1.

a) Show that a dipole momentum of the system of charged particles is independent upon
choice of the reference frame if the system's total charge is zero.

b) Make a sketch of OH molecule and show direction of its dipole momentum.

c) Eigen wavefunctions W, (x) of one-dimensional harmonic oscillator have the following

properties:
f ¥, (X)lpm (x)dx = Omn

where §,,, = 1ifm=n and §,,,,, =0ifm#n

n
Wy (%) +_[——= ¥n

l'pn+1(x) = n+1

2
+1
Find selection rules for a dipole transition in the one-dimensional harmonic oscillator.

Problem 2.

In first approximation, hydrogen cyanide HCN can be considered as a molecule of linear structure

with a rotational constant B = 1.4784 cm™1.

a) How many vibrational degrees of freedom does this molecule have?
b) Is rotational constant of DCN molecule larger or smaller than that of HCN molecule? Explain

your answer.
c) The wavenumber of the P(7) line in the vibrational band (020-000) of HCN molecule is
1379.8839 cm™. Find position of the P(8) line at the same band of this molecule.

Problem 3.

A researcher is going to build a LIF setup for measuring distribution of concentrations of sodium
atoms during plasma deposition process. The pressure is sufficient low that collisional depopulation
of the excited level can be neglected.



a) The researcher has a tunable laser with power 100 mW and linewidth 10®Hz. Is het possible
to reach saturation for the transition with wavelength of 589 nm utilizing the laser beam
with cross-section of 1 mm?? In estimations, the sodium atom can be considered as a two-
level system and the degeneracies of the upper and lower levels can be put equal to 1.

b) The temperature of the buffer gas in the setup increased 4 times. How many times should
pressure be changed to hold the rate of collisional depopulation constant?

c) Theresearcher estimated that the fluorescence signal is collected from the probe volume of
cylindrical form with size of 100mm?x5mm in the solid angle 10sr. Quantum efficiency of a
photodetector is 0.1 and transmittance of a collecting lens is 0.9. Assuming full saturation
and Poisson statistics for collected photoelectrons, calculate the sampling time needed to
measure the signal with 10% uncertainty when concentration of sodium atoms is 108¢m 3.
The Einstein coefficient Ay for this transition is 0.6 - 108 s*

Problem 4.
a)
i Name and explain three different approaches to derive greenhouse gas fluxes,
actually making use of concentration measurements.

ii. Describe the working (incl. the kind of input data) of bottom-up and top-down
greenhouse gas concentration models. Are the models independent of each other?
What can you say about greenhouse gas concentration forecasts with both model
types? Give reasons for your answers.

iii. Explain how the Radon ingrowth method can be applied to verify the national
methane emissions, e.g. of the Netherlands. Which input data are needed, how well
are they known?

b)
i Which properties are used in gas chromatography for qualitative, respectively
quantitative analysis of an unknown mixture?

ii. Using a given gas chromatographic system, what can you do to enhance the
separation of different compounds?

iii. Describe the basic working principles of a flame ionization detector (FID).

<)

i Describe what happens if the pressure in the bellows of a dual-inlet IRMS system
becomes too low (i.e., lower than approximately 10 mbar for CO,)?
ii.  Name three different types of mass spectrometric analyzers.
iii. Explain how a N,O-concentration measurement can be done by mass spectrometry
on an atmospheric CO,/N,0-sample. Explain what the result is used for.



Physical constants and conversion factors

2.99792458-10" cm/s

Velocity of light in vacuum c

Planck’s constant h 6.626076-10% erg:s
Electronic charge e 4.803206-10™" abs.e.s.u.
Electronic mass me 9.109390-1028 g

Mass of proton my 1.672623-10% g

1/12 mass of the C*? atom M; 1.660540-10-2¢ g
Number of atoms in mole N 6.022137-10%
Boltzamann’s constant k 1.38066-107° erg/K

Gas constant per mole R 8.31451-10’ erg/K-mole

Conversion factors for energy units

1) lerg 1eV 1K 1cm?
1) 1 10’ 6.2415-10" 7.2429-10% 5.0341-10%
lerg 10”7 1 6.2415-10™ 7.2429-10" 5.0341-10"
leV 1.6022-10™" 1.6022:10™" 1 11604 8065.5
1K 1.3807-10% 1.3807-10™"° 8.6174-10° 1 0.69504
1 cm? 1.9864-10% 1.9864-10 1.2398-10" 1.4388 1
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Formulas
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