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Sir: In a previous paper, we reported a new technique for the 

determination of NO by using a Zeeman shifted atomic line. l Recently, 

we found that this technique can be extended to the determination of 

502 also. This approach would be very powerful for the in-situ analysis 

of 502 in something like smoke because the 502 signal is not affected by 

interferences from the scattering of small particles and the absorption 

of other molecules. 

Several researchers have investigated the 502 spectrum around 200 nm. 2- 4 

This spectrum is interpreted as the overlap of at least two different electronic 

3 systems. One is an absorption continuum commencing at 228.0 nm attributed 

to the dissociation of 502' Warneck et al. observed the pressure variation 

of 502 absorption by a mercury line at 184.9 nm. 4 Their experimental results 

suggest that the other band is not diffuse. 

If the band is not diffuse, there is a possibility that rotational 

structures are observable by magnetically scanning an atomic line. High 

resolution spectra near atomic and ion lines of Cd, Zn and Cu were invest-

igated by Zeeman scanning to find if 502 contained suitable structure to 

allow detection by this technique. We found comparatively large rotational 

1 1 structure near a Zn resonance line at 213.8 nm ( So - PI)' This line has 

been used for the excitation of 502 fluorescence. 5 

The experimental apparatus used was the same as was reported for NO 

i 
. 1 n a preV10US paper. Absorption cells with various length (0.5, 2, 10, 

30, 100 cm) were used. An atomic line source was placed between the pole 

pieces of an electromagnet, and radiation from the source was observed 

in a direction parallel to the magnetic field. + -At first, a and a 

components were scanned separately to observe the spectrum on both sides 

6 of an atomic line. Next, a polarizer, fixed in the shaft of a synchronous 

motor, was rotated at 3600 r.p.m. to obtain differential absorption between 

the a+ and a components. The depth of the fine structures were about 30% 

of the absorption. 
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Figure 1 shows the relation between the strength of the magnetic 

+ field and the differential absorption between 0 and 0 components of 

the Zn emission line at 213.8 nm. The peaks at 5.9, 14.0 kgauss and 

a broad peak at 20-24 kgauss were observed. The scanning range for the 

separation between 0+ and 0- components was 70 GHz in frequency 

(1 cm-l = 30 GHz). 

Figure 2 shows signals obtained by S02 at 230 and 460 ppm in N2 

(5 Torr) at a field strength at 20.8 kgauss. When the 100 cm cell was 

used, the lower detection limit was about 5 ppm of S02' By using the 

2 cm cell, a high concentration of S02 (up to 10,000 ppm) can be measured 

in the linear range. 

Figure 3 shows the relation between the sensitivity and a foreign 

gas pressure. When another gas co-exists with S02' the rotational structures 

are broadened by collisions. 7 Then, the sensitivity, i.e., the differential 

+ absorption between the 0 and 0 components is decreased with the foreign 

gas pressure. The magnitude of the pressure broadening depends upon the 

kind of gas. 

Figure 3 shows the decrease in signal caused by N2 and 02 for a 

magnetic field at 14.0 and 20.8 kgauss. Nitrogen shows a stronger pressure 

dependence than 02' and the pressure dependence is stronger at 14.0 kgauss 

than at 20.8 kgauss. 

Fluorescence detection techniques for the detection of S02 frequently 

suffer from quenching by other molecules like 02 and H20. However, the 

present technique is free from either this kind of interference or inter-

ference from light scattering. As we reported before, one of the rotational-

vibrational lines of NO is close to the Zn line at 213.8 nm. At a field 

+ strength of 20 kgauss the 0 component of the Zn line coincides with the 

NO line. 1 This rotational line of NO originates from a level with J=2~ 

so the population of that level is small at room temperature. Then, the 
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1 
sensitivity is small (about 10 of S02 at 20.8 kgauss). We can avoid the 

NO interference by adjusting the magnetic field to 'be 5.9 or 14.0 kgauss. 

In a vast majority of cases, large molecules dll twt l'xhlhi t rt'so-l Vl'd 

rotational structures in the ultra-violet region. 8 This is ,true because 

the moments of inertia are often large and the possibility of predissociation 

is greater than for small molecules. Even if there is no predissociation, 

for heavy molecules the line width due to Doppler broadening may be larger 

than the spacing of individual rotation lines. Therefore, the present 

technique is generally able to correct for the absorption of other molecules. 
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Figure Caption 

Fig. 1. + Relation between magnetic field strength (shift of a and a 

components) and differential absorption of 0+ - a (S02 0.46 

Torr, 10 cm cell). 

Fig. 2. Signals of S02 with present technique (H = 20.7 kG, 23 cm cell). 

Fig. 3. Relation between N2, 02 pressure and intensity of S02 signal. 
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