
The main objective of this PhD Thesis is the evaluation of the purity of molecular 
iodine in absorption cells used for frequency-stabilized laser etalons. After analyzing the
potential and limits of known methods I decided to choose the method of the induced 
fluorescence and the method of the frequency comparison of stabilized lasers.

The method of the induced fluorescence requires excitation of a selected transition in
the molecular iodine followed by measurement of the level of the induced fluorescence. The 
level of fluorescence at the wavelength of 502 nm depends mainly on collisional quenching. 
This relaxation process can be explained as collisions between the molecules of iodine and the 
atoms and molecules of impurities which reduce the lifetime of the excited state. After the
initial experiments, the original measurement setup was upgraded with a system for 
compensating unwanted effect that influence the experimental results. The level of back-
reflected and scattered light is quantified before every fluorescence measurement with the
help of freezing process (cooling of the cell with liquid nitrogen); this data can be used for 
correcting the level of fluorescence for the background light. The part of experimental setup 
with a reference cell is useful for monitoring and compensation of multimode regime of the 
pumping laser. Power fluctuations of the pumping laser are eliminated by active stabilization 
loop based on an electrooptic modulator. The sets of measurements before and after
implementation of the system of compensations show that the reproducibility of measurement 
is three-times better with compensation system.

The method of the frequency comparison of iodine-stabilized lasers is based on the
dependence of the frequency shifts of stabilized lasers from their theoretical values on the
level of impurities in iodine. The experimental setup was realized using two frequency-
doubled Nd:YAG lasers. Absolute frequency shift of a commercial reference system was 
calibrated by frequency comparison with a stabilized optical comb. The measuring system 
contains a commercial laser and a home-designed stabilization system. This stabilization 
system based on in-line saturation spectroscopy with third harmonic detection uses four-pass 
configuration and its mechanical design allows easy manipulation with measured iodine cells. 
Three-times improvement of the spectral line width of the beat-signal is achieved by custom 
tuning of the electronics and synchronization of modulation signals of both lasers. Correct
function of the stabilization setup was verified by the measurement of the Allan standard 
deviation.

A series of measurements with a special refillable iodine cell was conducted on both 
experimental setups for three various levels of impurities. Results of both methods are in a
very good correlation and show very high purity of iodine in measured cells. The results also 
help for definition of procedures for improving iodine cell manufacturing technology at the 
Institute of Scientific Instruments.

Low values of the measured Allan standard deviations and absolute frequency shifts 
imply possible improvement of conditions for the realization of the laser etalons of length 
according to the recommendation of the CIPM international committee. This would mean an 
important contribution to the metrology of length.


