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D+ and D2+ ions were obtained but no signal corresponding to 

the primary peak position was de_tected. 

+ A complication arises in the spectra obtained from H
3 

ions shown in Figure 39. A peak was detected in the secondary 

spectrum which corresponded to the primary peak position, 

suggesting the presence of neutral H
3 

molecules within the 

apparatus. However, in view of the lack of evidence for D2H 

and n
3 

molecules, it is believed that this peak is caused by 

the presence of HD+ ions in the primary mass 3 beam. The iso-

topic abundance of deuterium in hydrogen is approximately 1 in 

104 • Data obtained from hydrogen discharges (Chapter 4) show 

that a beam intensity of lxl0-6 amperes of H2+ ions is typical 

when the H
3
+ beam intensity is 3x10-7 amperes as in Figure 39. 

Thus from the isotopic abundance of deuterium, an HD+ ion beam 

-10 
of 1x10 amperes will be produced. This would appear in the 

mass 3 beam and since the masses of the dissociation products 

+ + 
of H

3 
and HD ions are the same, they will be indistinguishable. 

Thus approximately 0.1% of the primary mass 3 beam in Figure 

39 is due to HD+ rather than HJ+ ions. On neutralization and 
+ 

reionization, the HD will appear in the secondary spectrum 

+ 
at mass 3. The transmission of HD ions through the apparatus 

has been found to be 1 in 103 so that a secondary HD+ beam of 

approximately 10-13 amperes would be expected. In Figure 39, 

the intensity of the secondary mass 3 peak is 4xio-l3 amperes. 

Supporting evidence for the presence of HD+ ions in 

the primary mass 3 beam from a hydrogen discharge is found in 
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·the appearance of a trace peak at mass 4 in the mass spectrum 

of a hydrogen discharge (Fig. 19), which may be assigned to 

D2+ ions. The concentration of HD is about 104 times that of 

D2 in hydrogen, so it · is reasonable to assume that HD+ ions 

constitute an appreciable fraction of the mass 3 beam. 

Thus no evidence was found for the existence of neutral 

n3 , D2H or H3 molecules capable of being detected in this 

apparatus. By the same arguments as used with the HeH system, 

the mean lifetime of the HJ molecular system must be less than 

2 ~10-B seconds in order that no seco~ary H
3
+ peak be detected. 

Such a lifetime would in fact be very long in relation to the 

vibrational and rotational times expected with an H3 molecule 

having reasonable bond lengths and binding energy. 

The H3+ ion produced in the r.f. discharge is well known 

mass spectrometrically and hydrogen glow discharges have been 

+ found to contain a large fraction of HJ ions at high pressure. 

The process of formation is thought to be: 

· H2 + + H2 ~ HJ+ + H 

Eyring and Weingartschofer have calculated a cross section for 

this reaction which is in good agreement with experimental values. 
(150, 151) 

The existence of the HJ molecule has long been debated 

with reference to a "long-lived" transition complex in the 

reaction: 

or the isotopic variation: 
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D + Hz ~ HD + H 

Kinematic calculations performed by Wall(l53) and Karplus( 154) 

show no evidence for a long-lived transition complex and 

suggest an interaction time of the order 10-14 seconds which 

is approximately the time for the ~ydrogen atom to pass unimpeded 

by the molecule. The validity of these calculations, however, 

depends to a large extent on the accuracy and applicability of 

the potential energy surfaces used. 

A matter of discussion for many years has been the 

question of the existence of a relative minimum , or "well" in 

the saddle-point region of the H3 potential energy surface. 

The original potential surf aces calculated by Eyring and Polanyi 

showed a very broad and pronounced "well" at the saddle-point(l55, 

l56 ). However, semi-empirical calculations performed by Sato(l57~ 
Herschbach(lSB) and Porter and Karplus(l59), show no such 

minimum. The a-priori treatments (160-165), together with the 

(166) . 
calculations carried out by Shavitt et al. are in agreement 

concerning the absence of a "well", and calculations by Michels 

and Harris (l 6?) suggest that although the potential energy 

surface is relatively flat at the saddle-point, there is no 

l (168) 
evidence for a minimum. HcCullough and v·lyatt have recently 

reported calculations on the ?ollinear (H,H2 ) reaction which 

suggest an interaction time of less than 2x10-14 seconds, in 

good agreement with the results of Karplus et al.(lS
4) 

The only experimental evidence for the existence of 

. (152) ' H3 molecules has been reported by Dev1e1n1e who performed 
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experiments in which bee.ms of H3 + were neutralized by charge­

transfer, and the neutral products detected on a photo-

scintillator device. A second experiment measured the accomo-

dation coefficients of the neutral molecules on silver. The 

presence of H3 molecules in the be?-m was inferred from the 

presence of molecules which produced 11 different" results to 

those from Hand H2 in the two experiments. However, no mass 

analysis was used and no indication given of beam intensities, 

so that interpretation of the results is difficult. The results 

obtained in the present work however, suggest that the "different" 

molecules found by these authors were in fact HD and not H3 
as suggested. 

The existence of the He3+ molecular ion was first 

suggested by Fite et al. (l 69 ) and Starodubtsev et al. (i 7o), 

in experiments involving mass analysis of the ions in helium 

discharges. A beam with a mass_-to-charge ratio of 12 was assigned 

to He
3

+ ions. Unfortunately, c+, a well known ion in mass 

spectrometry also has a mass-to-charge ratio of 12. Subsequent 

ion-mobility studies carried out by Patterson(l7l), showed that 

at gas temperatures below 170 °K a third ion, different from 

He+ and He2+, was present in helium discharges. This was believed 
+ . ( 1 72) 

to be He 3 . Shortly afterwards, Ferguson et al. reported 

the possible existence of He
3
+ ions in flowing helium discharges 

at 82 °K. 
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The presence of He3+ ions in the r.f. helium discharge used 

in the present work was investigated with the apparatus shown 

in Figure 1. The discharge was cooled by surrounding the ion-

bottle with a Styrofoam sheath, into which, liquid nitrogen 

was continually passed. The prima~y mass 12 beam was selected 

with the first mass analyser and passed through lithium vapour 

in the charge-transfer canal and subsequently reionized. The 

ions in the beam were mass analysed in the second magnetic 

field. No ion-removal w~s employed so that all the ions in the 

beam were available for detection. 

The problem of distinguishing between c+ and He 3+ ions 

was overcome by causing a fraction of the beam to dissociate 

in the charge-transfer cell. On dissociating, He 3+ ions will 

produce He+ and He2+ ions so that a mass spectrum of the beam 

would be expected to show three peaks equally spaced in the 

magnetic field. On the other hand, only a peak at mass 12 would 

be expected with a beam of C+ ions. Figure 40 shows the spectrum 

obtained at room temperature compared with the low-temperature 

spectrum. 

At room temperatures, the spectrum shows a peak at mass 

12 only, whereas the low-temperature spectrum contains peaks 

corresponding to mass-to-charge ratios of 4 (He+) and 8 (He2+). 

On the other hand, the intensity of the mass 12 beam was observed 

to decrease as the temperature was lowered. Since the He 3+ ion 

is expected to increase in stability as the temperature is 

reduced, the mass 12 beam cannot be considered as being 
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primarily He
3
+ ions, but must be largely c+ ions. The decrease 

in intensity of the beam being caused by .a reduction in the 

vapour pressure of the carbon compounds in the ion source as 

the temperature was reduced. The appearance of the peaks at 

masses 4 (He+) · and 8 (He 2+) in the low-temperature spectrum 

of the mass 12 beam is interpreted as establishing that part 

+ 
of the beam consists of He 3 ions. 

Before these results could be reported, de Vries ~nd 
(173) 

Oskum published mass analysis data on low-temperature 

discharges containing a mixture of 3He and 4He. The presence 

3 + 3 4 + 34 + of peaks at masses 9 ( He3) , 10 ( He2 He) and 11 ( He He 2 ) 

demonstrated the existence of the He3+ ion. The work reported 

here substantiates these findings. 

The possibility exists of investigating lifetimes for 

the neutral He
3 

system using the neutralization-ionization 

techniques developed in this work. Interference caused by the 

large c+ component of the mass 12 beam would necessitate the 

use of the 3He isotope. At the present time, however, it has 

not been possible to obtain sufficiently intense beam·s of 

+ primary He3 to undertake this experiment. 
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Conclusions 

An experimental technique has been developed which 

permits the identification of ions in beams by analysis of the 

products formed in charge transfer and dissociation reactions. 

+ + For instance, primary mass 4 beams of Dz and He may be 

distinguished by the presence of secondary peaks corresponding 

+ to masses 2 and 4 in the Dz spectrum and to mass 4 only, in 
. + 
the He spectrum. Similarly, secondary peaks corresponding to 

beams of H+, D+, HD+ and Dz+ identify D2H+ ions in the primary 

spectrum. 

A neutralization-reionization procedure has been 

devised to show the existence of Hez, HeH and HeD molecules. 

·The He2 molecules are believed to be formed in bound triplet 

states which are metastable with respect to a repulsive ground 

state and may have lifetimes of the order 10-3 seconds. The 

Hell and HeD molecules are believed to be produced in bound 

doublet states which are not metastable with respect to a 

repulsive ground state. Experimental results suggest a mean 

-8 
lifetime of the order 2x10 seconds. 

The same procedure has produced no evidence for the 

existence of H
3

, D2H or n3 molecules with lifetimes as long 

-8 as ·2 x 10 seconds. The results of these investigations 

suggest that the neutralization-ionization technique may be 

of considerable value in the experimental investigation of 

short-lived molecules, particularly those which are amenable 

to quantum-mechanical calculation. 
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