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This device is used to detect a low level of nitrogen con-

tamination in a stream of helium gas. The system operates on 

the principle of detecting the characteristic spectral emission 

lines of gaseous nitrogen. The stream of helium gas is fed 

through a transparent cell in which the gas is excited to the 

point of light emission. The next step is to analyze the light 

into its component wavelength and transmit to the detector only 

a narrow band of wavelengths. The choice of this wavelength 

determines which substance the system responds to. The wave-

length analysis is accomplished with a grating monochromator 

The next step is to detect an intensity level (basically a 

photometer). In this case a photomultiplier was used. The 

combination of the high resolution of the grating monochromator 

and the high sensitivity of the photomultiplier make it possible 

to detect low levels of a contaminant while ignoring a large 

concentration of the pure gas and its characteristic emission 

lines. 

A working model of the system has been built to test the 

principle, to get an idea of the sensitivity available, and 

to determine experimentally the optimum wavelength to use. The 

system was set up with a contamination of 50 parts per million 

by volume of nitrogen gas in a stream of ultrapure helium. 

Figure 1 shows the apparatus used. A flow of about 3 cfh of either 

pure helium or helium with 50 ppm nitrogen was used. 
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As the gas was flowing the wavelength setting on the 

monochromator was scanned at a constant rate. The detector 

output was then displayed on a chart recorder so as to plot the 

wavelength spectrum from the source. In this way, various 

emission lines from helium and bands from nitrogen were observed. 

It was found experimentally that the molecular band from 

N2 + at 3314 A0 (described as 2 E+ 2 E in molecular spectrocopy1
) 

gave a clear nitrogen signal. A helium line nearby at 3288 ~0 

gave the nearest competition to this line. Figure 2 shows a 

wavelength scan in this region. It is shown that the helium 

line and the N2+ band head (it is rather narrow) are well 

separated. In this scan the width of the split system was 

set at 4 A0 full width. As a control the scan was repeated 

with ultrapure helium. The nitrogen peak disappeared completely. 

The gain of the system is set rather low in Fig. 2 due to 

the large amplitude in the helium peak. Figure 3 shows a scan 

with the gain set high enough to make the N2 peak nearly full 

scale. It is seen that at this level of signal there is a very 

low level of background. It is believed that this signal is 

sufficiently clean to clearly set an alarm level in the range of 

1-5 ppm (by volume). 

To date the alarm circuitry has not been built nor has the 

flow system been set up to lower the contamination levels to a 

few parts per million. 

There are several other candidates for the nitroqen indicator. 

The most likely one is an intense portion of the N2 (neutral) 

band system at 3556-3580 A0 (called N? second positive, 3 TI+ 3 TI, 
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see reference 1). Figure 4 shows a scan in this region. The 

nearest helium activity appears at 3381 A0
• The slits were set 

at 4 A0 full width in this scan. This system has greater 

separation from helium activity but not as much signal as the 

3914 system. 

As a future development the system can be simplified once 

the wavelengths are firmly chosen and the excitation has been 

optimized. The simplification would be to use a fixed wavelength 

transmission system rather than a scanning system. This could 

consist of a fixed angle grating or an interference band pass 

filter. These ideas will be developed further. 

In conclusion, it appears that the spectrographic system 

described here can readily detect and alarm on a N2 contamination 

level of 1 ppm in a helium process stream. This indicator is 

continuous and responds quickly. 

Furthermore, the technique should be applicable to other 

gases such as finding Ne or H2 in helium, finding N2 in H2, or 

similar mixtures of a small contamination in another gas. It 

should also be possible to install the light source directly in 

the process stream to avoid confusion of contamination arising 

in sensing lines. 

1 G.Hertzberg, "Molecular Spectra and Molecular Structure", Vol. 1, 

Spectra of Diatomic Molecular, 2nd ed., D.VanNostrand Co., Inc., 

New York, N.Y. (1950) 
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