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the appearance of a trace peak at mass 4 in the mass spectrumi
of a hydrogen discharge (Fig. 19), which may be assigned to
D2+ ions. The concentration of HD is about 10h times that of
Dy in hydrogen, so it is reasonable to assume that HD+ ions
constitute an appreciéble fraction of the mass 3 bean.

Thus no evidence was found for the existence of neutral
D3, DyH or H3 molecules capable of being detected in this
apparatus. By the same arguments as used with the HeH systemn,
the mean lifetime of the H3 molecular system must be less than

2'x10—8 seconds in order that no secondary H3+ reak 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 H3+ ions at high pressure.
The process of formation is thought to be:

B + By — Bt + B
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 H3 molecule has long been debated
with reference to a "long-lived" transition complex in the
reaction:

H+ H,—= Hy + H

or the isotopic veriaticn:
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D+ H, —> HD + H
Kinematic calculations performed by Wall(153) and Karplus(l5b)
show no evidence for a long-lived transition complex and

0-14 seconds which

suggest an interaction time of the order 1
is approximately the time for the hydrogen atom to pass unimpeded
by the molecule. The validity of these calculations, however,
depends to a lérge extent on the accuracy and applicability of
the potential energy surfaces used.

A matter of discussion for meny 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 surfaces calculated by Eyring and Polanyi

showed a very broad and pronounced "well'" at the saddle—point(155’

156). However, semi-empirical calculations performed by Sato(1572
8
Herschbaolfl(15 ) and Porter and Karplus(159), 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 IMichels

(167)

and Harris suggest that although the potential energy

surface 1s relatively flat at the saddle-point, there is no
evidence for a minimum. IHcCullough and Wyatt(168) have recently
reported calculations on the collinear (H,Hz) reaction which

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

(154)

good agreement with the results of Karplus et al.

The only experimental evidence for the existence of

(152)

H3 molecules has been reported by Devienne who performed
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experiments in which beams 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 beam was inferred from the
presence of molecules which produced "different" results to
those from H and 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.

6) The He3+ ion

The existence of the He3+ molecular ion was first
suggested by Fite et al.(169) and Starodubtsev et al.(170),
in experiments involving mass analysis of the ions in helium
discharges. A beam with a massetd-charge ratio of 12 was assigned

to He * ions. Unfortunately, C+, a well known ion in mess

3
spectrometry also has a mass-to-charge ratio of 12. Subsequent
lon-mobility studies carried out by Patterson(17l), showed that

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

He+ and He2+, was present in helium discharges. This was believed

to be He3+. Shortly afterwards, Ferguson et al.(172) reported

the possible existence of He3+ 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 primary 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 anzalysed in the second magnetic
field. No ion-removal was employed so that all the lons in the
beam were available for detection.

The problem of distinguishing between ¢t ana H83+ ions
was overcome by causing & fraction of the beam to dissociate
in the charge-trsnsfer cell. On dissociating, He3+ ions will
produce He+ and He2+ ions so that a mass spectrum of the beanm
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 st 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 Hej+ ion
is expected to increase in sfability as the temperature is

reduced, the mass 12 beam cannot be considered as being
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primarily He3+ ions, but must be largely ¢t 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 temperafure was reduced. The appearance of the peaks at
masses 4 (Het) and 8 (Hez+) in the low-temperature spectrum

of the mass 12 beam is interpreted as establishing that part

of the beam consists of He3+ ions.

Before these results could be reported, de Vries and
Oskun L published mass snalysis data on low-temperature
discharges containing a mixture of 3He and uHe. The presence
of peaks at masses 9 (3He3)+, 10 (BHeZLpHe)+ and 11 (3He4He2)+
demonstrated the existence of the He3+ ion. The work reported
here substantiates these findings.

The possibility exists of investigating lifetimes for
the neutral He3 system using the neutralization-ionization
techniques developed in this work. Interference caused by the
large ct component of the mass 12 beam would necessitate the

3

use of the “"He isotope. At the present time, however, it has
not been possible to obtain sufficiently intense beams 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 D2+ and He+ may be
distinguished by the presence of secondary peaks corresponding
to masses 2 and 4 in the D2+ spectrum and to mass 4 only, in
the He+ spectrum. Similarly, secondary peaks corresponding to

+ + + . +
beams of H, D, HD and D identify DZH ions in the primary

2
spectrun.

A neutralization-reionization procedure has been
devised to show the existence of Hez, HeH and HeD molecules.
‘The Hep, 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
HeH 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
lifetime of the order 2x10_8 seconds.

The same procedure has produced no evidence for the
existence of HB’ DoH or D3 molecules with lifetimes as long
as 2 x 10-8 seconds. The results of these investigations
suggest that the neutralizstion-ionization technique may be
of considerable value in the experimental investigation of

short-lived molecules, particularly those which are amenable

to quantum-mechanical calculation.



137
BIBLIOGRAPHY

1. Ramsay, N.F., Molecular Beams. Methuen and Co.Ltd., London (1955).

2. Eldridge, J.A., Phys. Rev., 30, 931 (1927).

5 Hostettler,iH.U.. and Bernstein, R.B., Rev. Sci. Instr.,
31, 872 (1960).

4, Trujillo, S.M., Rol, P.X., and Rothe, E.W., Rev. Sci. Instr.,
33, 841 (1962). |

5. Amdur, I., Glick, C.F., and Pearlman, H.,Proc. Am. Acad.
Arts and Sci., 76, 101 (1948). |

6. Utterback, N.G., and Miller, G.H., Phys. Rev., 122,1477 (1961).

7. Devienne, F.M., Souquet, J. and Clapier, R. Comptes.
Rendus,_géé, 233 (1963).

8. Massey, H.S.W., and Burhop, E.H.S., Electronic and Ionic

Impact Phenomena. Oxford University Press, Oxford (1952).

9. Hasted, J.B., Recent Measurements on Charge Transfer. in

Advances in Atomic and Molecular Physics V.4. Ed. Bates,
D.R., Academic N.Y. (1968).

10. Abuaf, N., Anderson, J.B., Andres, R.P., Fenn, J.B., and
Marsden, D.G.H., Science 997 (1967).

11. Becker, E.W., and Bier, K., Z. Naturforsch., 9a 975 (1954).

12, Anderson, J.B., Andres, R.P., and Fenn, J.B., Supersonic

Nozzle Beams. in Advances in Chemical Physics Vol X. Ed.

Ross, J., Wiley N.Y. (1966).

13. Valleau, J.P., and Deckers, J.M., Can. J. Chem., 42, 225
(1964). .

14. Leroy, R.L., and Deckers, J.M. Can. J. Chem., 47, 2161 (1968).

15. Becker, E.W., Z. Physik., 62, 290 (1961).



138

16. Skinner, G.T., Phys. Fluids, 4, 1172 (1961).
17. Zapata, R.M., and Parker, H.M., Proc. Atomic Mol. Beam
Conf., University of Denver, (1960).
18. Schlier, C., Proc. German Phys. Soc., (Spring 1967).
19. Toennies, J.P., Disc. Farad. Soc., 33, 96 (1962).
20, Foner, S.N., and Hudson, R.L., J. Chem. Phys.,_gl,
1374 (1953).
21. Trujillo, S.M., Neynaber, R.H., and Rothe, E.W., Rev. Sci.
Inst., 37, 1655 (1966).
22. Dunoyer, L., Comptes Rendus, 152, 594 (1911).
Le Radium, 8, 142 (1911).
23. Stern, 0., Z. Phys., 2, 49 (1920).
Z. Phys., 3, 417 (1920).
24, Stern, 0., Z. Phys.,;zf 249 (1921).
25. Gerlach, W., and Stern, O., Z. Phys., 8, 110 (1921)3
9, 349 (1922); 9, 353 (1922).
26. Estermann, I., Frisch, O., and Stern, O., Zeitschrift fur
Physik, V. 73, 348 (1931).

27. Fraser, R.G.J., Molecular Rays. Cambridge Unlversity

Press, London (1931).

28. Smith, K.F., Molecular Beams, Methuen and Co. Ltd., London

(1955).

29. Estermann, I., Ed., Recent Research in Molecular Beams,

Academic Press, New York (1959).

30. McDaniel, E.W., Collision Phenomena in Ionized Gases,

Wiley, New York (1964).



31.
32.

33.

35.

36.

37.

39.
Lo,

4i.

42,

43.

Ls.

139

Fite, W., and Datz, S., Ann. Phys. Chen., Eﬁ! 61 (1963).

Zorn, J.C., Resource Letter MB-1, Experiments with Molecular

Beams. Am. J. Phys., 32, 721 (1964).

Livingstone, M.S., and Blewett, J.P., Particle Accelerators.

McGraw Hill N.Y. (1962).

Henchman, M.J., Chem. Soc. Ann. Rep. IXII, 39 (1965).
Blythe, A.R., Fluendy, M.A.D., and Lawley, ExPis
Quarterly Reviews 465 (1965).

Herman, 2., Lee, A., and Wolfgang, R., J. Chem. Phys.,
51, 452 (1969).

Menzinger, M., and Wolfgeng, R., J. Chem. Phys., 50,
2991 (1969).

Paulus, J.M., and Adloff, J.P., Rad. Chim. Acta., 4,
146 (1965).

Paulus, J.M., Rad. Chim. Acta., 7, 141 (1967).

Jaffe, S.B., and Anderson, J.B., Chem. Phys., 213 1057
(1969).

Purser, K.H., Rose, P.H., Brooks, N.B., Bastide, R.P.,
and Wittkower, A.B., Physics Letters, 6, 176 (1963).
Schopman, J., Barua, A.K., and Los, J., Physics lLetters,
294, 112 (1969).

Champion, R.L., Doverspike, L.D., and Balley, T.L., J.
Chem. Phys., 45, 4377 (1966).

Cramer, W.H., and Simons, J.H., J. Chem. Phys., 26,
1272 (1957).

Cremer, W.H., J. Chem. Phys., 28, 688 (1958).



140

46. Doverspike, L.D., Champion, R.L., and Balley, T.L.,
J. Chem. Phys., 45, 4385 (1966).

k7. Fink, R.D., and King, J.S., J. Chem. Phys.;_gz, 1857 (1967).

48, BRothe, E.W., and Neynaber, R.H., J. Chem. Phys., 42,
3306 (1965). |

49. Gillen, K.T., Riley, C., and Bernstein, R.B., J. Chem.
Phys., 50, 4019 (1969).

50. Brooks, P.R., J. Chem. Phys., 50, 5031 (1969).

51. Helbing, R.XK.B., and Rothe, E.W., J. Chem. Phys. éi,
1607 (1969).

52. Gray, J., and Tomlinson. R.H., Chem. Phys. Letters, 3,
523 (1969). |

53. Gray, J., and Tomlinson, R.H., Chem. Phys. Letters, 14,
251 (1969).

54, Hasted, J.B., Adv. Electronics and Electron Physics, 13,
1 (1960).

55. Hasted, J.B., Physics of Atomic Collisions, Butterworths,

London (1964).

56. Massey, H.S.W., Rept. Prog. Phys., 123 248 (1949).

57. Allison, S.K., Rev. Mod. Phys., 30, 1137 (1958).

58. McClure, G.W., Phys. Rev., 130, 1852 (1963); 132, 1636
(1963).

59. Bates, D.R., and Dalgarno, A., in "The Alrglow and the

Aurorea", (edited by Armstrong, E.B., and Dalgarno, A.)
Pergamon, London (1956).

60. Allison, S.K., and Garcia-Munoz, M., Electron Capture and

Loss at high Energles,in Atomic and Molecular Processes,




61.

62.

63.

64.
65.

66.
67.

68.

69.
70.

71.
72o

73.

7’4‘0
75.

76..

141
(Edited by Bates, D.R.), Academic N.Y. (1962).

Wittkower, A.B., Rose, P.H., Bastide, R.P., and Hopwood,

L., Physics Letters, 13, 134 (1964).

Wittkower, A.B., Rose, P.H., Bastide, R.P., Brooks, N.B.,
Rev. Sci. Instr., 35, 1 (1964).

Massey, H.S.W., Handbuch der Physik, Vol. XXXVI, Springer-
Verlag, Berlin, 307 (1956).

Burke, P.G., and Smith, K., Rev. Mod. Phys., 34, 458 (1962).
Burke, P.G., Schey, H.M.. and Smith, K., Phys. Rev., lfﬁb
1258 (1963). |

von Engel, A., Handbook of Physics, 21, Springer (1956).

Thomson, J.J., end Thomson, G.P}, Conduction of Electricity

through Gases, 3rd. Ed., Cambridge U. Press, Cambridge (1933).

Hooper, J.W., Harmer, D.S., Martin, D.W.. and McDaniel,
E.W., Phys. Rev., 125, 2000 (1962).

Sweetman, D.R., Proc. Roy. Soc., (London.) A256, 416 (1960).
Fodorenko, N.V., Afrosimov, V.V., Ilin, R.I., and

Keminkev, D.M., J. Exp. Phys., 36, 385 (1959).

Wilmenius, P., and Lindholm, E., Arkiu Fys., 21, 97 (1962),
von Koch, H., and Lindholm, E., 19, 123 (1961).

Melton, C.E., end Wells, G.F., J. Chem. Phys., 27, 1132
(1957).

McGowan, J.W., and Kerwin, L., Can. J. Phys., 38, 642 (1960).
Riviere, A.C., 2nd Sweetman, D.R., Proc. Phys. Soc.,
(London), 78, 1215 (1961).

Talrose, V.L., and Lyubimova, A.X., Dokl. Acad. Nauk

S.8.8.R., 86, 909 (1952).



142

77. Stevenson, D.P., and Schissler, D.O., J. Chem. Phys., 23,
1353 (1955); 24, 926 (1956); 29, 282, 294 (1958).
78. PField, F.H., Franklin, J.L., and Lempe, F.W., J. Amer.
Chem. Soc., 78, 5967 (1957); 79, 2419, 2665, 6132 (1957).
79. Henglein, A., Ion-llolecule Reactlions in the gas phase,

Advances in Chemistry, series 58, Chapter 5, (Ed. Gould,
R.F.), American chemical Soc. Publications (1966).

80. Futrell, J.H., and Abramson, F.P., Ion-Molecule Reactions

in the gas phase, Advances in Chemistry, serles 58,

Chapter 8, Amer. Chem. Soc. Publications (1966).
81. PFirsov, 0., Soviet Phys.- JETP 21, 1001 (1951).
82. PFetisov, I.K., and Firsov, 0., Soviet Phys.- JETP 10,

67 (1960).

83. Papoular, R., Electrical Phenomena in Gases, American

Elsevier Pub. Co. New York (1965).
84. Shakin, M.A., Ion-Molecule Reactions in the Gas Phase,

Advances in Chemistry Series 58, Ch. 18, (Ed. Gould,R.F.)
Amer. Chem. Soc. Publicatlons (1966).

85. Varney, R.N., Phys. Rev. Letters, 5, 559 (1960).

86. McGowan, W., and Kerwin, L., Can. J. Phys.._&i, 316 (1963).

87. Field, F.H., and Franklin, J.L., Electronic Impact

Phenomens. and the Properties of Gaseous Ions. (Academic

Press) New York (1957).

88. Harris H.H., and Russel M.E., J. Chem. Phys., ffl' 2267,
2270 (1967).

89. Tuxen, 0., Z. Physik, 1223 463 (1936).



143

90. Weizel, W., and Pestel, E., 2. Physik, 56, 197 (1929).

91. Phelps, A.V., and Brown, S.C., Phys. Rev., §é3 102 (1952).

92. Yeung, T.H.Y., and Sayers, J., J. Proc. Phys. Soc.
London, ZEE, 663 (1957).

93. Arnot, F.L., and McEwan, M.B., Proc. Roy. Soc. London,
A 177, 106 (1939).

94. Hornbeck, J.A., and Molnar, J.P., Phys. Rev., §E: 621
(1951). _

95. Comes, F.J., Z. Naturforsch, 172, 1032 (1962).

96. Reagan, PF.N., Brown, J.C., and Matsen, F.A., Phys. Rev.,
132, 304 (1963).

97. Livingstone, M.S., Blewett, J.P.; Particle Accelerators,

MeGraw Hill Book Co., N.Y. (1962).
98. Rose, P.H., Nuclear Inst. and liethods, 28, 146 (1964).

99. von Ardenne, M., Tabellen der Elektronenphysik und

Ubernikroskopie, Deutscher Verlag der Wissenschaften,

(1956).
100. Moak, C.D., Banta, H.E., Thurston, J.W., and King, R.F.,

Rev. Sci. Instr., 30, 694 (1959).

101. Morgan, 0.B., Kelley, G.G., and Davis, R.C., Rev. Sci.
Instr., 2§1 Lé7 (1967).

102. Thoneman, P.C., Neture, 158, 61 (1946).

103. Rutherglen, J.C., and Cole, J.F.I., Nature, 160, 545
(1947).

104. Bayly, A.J., and Ward, A.G., Can. J. Res., A26, 69 (1948)

105. Moak, C.D., Rees, H., Jr., and Good, W.M., Nucleonics



14y

9, (3), 18 (1951).
106. Thoneman, P., loffatt, J., Roaf,0., and Sanders, J.,

Proc. Phys. Soc. (London), 61, 483 (1948).
107. Hell, R.N., Rev. Sci. Instr., 19, 905 (1948).

108. Inghram, M.G., Hayden, R.J., lMass Spectrometry, Nuclear

Science Series, Rep. no. 14, Nat. Acad. Sci., HNat.
Res. Council, Washington D.C. (1954).

109. Geise, C.F., Rev. Sci. Instr., 30, 260 (1959).

110. Kinzer, E.T., and Carr, H., Rev. Sci. Instr.,_ggj 1132

(1959).

111. Courant, E.D., Livingstone, M.S., and Snyder, H.S.,
Phys. Rev., 88, 1190 (1952).

112. Blewett, J.P., Phys. Rev., 88, 1197 (1952).

113. Teng, L.C., Rev. Sci. Instr., 25, 264 (1954).

114. Chih-Shun Lu, and Carr, H.E., Rev. Sci. Instr., 33, 823
(1962).

115. Barber, N.F., Proc. Leeds Phil. Soc., 2, 427 (1933).

116. Stephens, W.E., and Hughes, A.L., Phys. Rev.,.&é, 123
(1934).

117. Stephens, W.E., Phys. Rev., 45, 513 (1934).

118. Donnally, B.L., Clapp, T;, Sawyer, W., and Schultz, M.,
Phys. Rev. Letters, 12, 502 (1964).

119. Donnally, B.L., and Sawyer, W., Phys. Rev. Letters,
15, 439 (1965).

120. HMiddleton, R., and Adaﬁs, C.T., Preliminary Notes on the

Penn Negative helium and lithium Ion sources, Internal




121
122.
123.
124,

125,

126.
127.

128,

129.

130.
131.

132.
133.
134.
135.
136.
137.
138.

145

Publication, Dept. of Physics, U. of Pennsylvania,

Philadelphia, Pa.

Bleakney, W., Phys. Rev. 2’;&_. 157 (1929).

Bleakney, W., Phys. Rev., 35, 139 (1930).

Nier, A.O., BRev. Sci. Instr., 11, 212 (1940).

Nier, A.O., Ney, E.P., and Inghram, M.G., Rev. Sci.

Instr., 18, 191 (1947).

Nier, A.O0., Ney, E.P., and Inghram, M.G., Rev. Sel.

Instr., 18, 294 (1947). |

Nier, A.0., Rev. Sci. Instr., 18, 398 (1947).

Phillips, L.F., Electronics for Experimenters in Chemistry.

Physics, Biology., John Viley & Sons Inec., N.Y. (1966).

Reagean, P.C., Brown, J.C., and Matsen, F.A., J. Am,

Chem. Soc., 221 2650 (1962).

Dalgarno, A., McDowell, M.R.C., and Williams, A.,

Phil. Trans.,.égég (1958).

Mulliken, R.S., Phys. Rev., £2§: 962 (1964).

Herzberg, G., Spectra of Diatomic Molecules, Van Nostrand
Pub. Co., Princeton, N.J., 535 (1957).

Ginter, M.L., J. Chem. Phys., 45, 248 (1966).

Peat, F.D., Can. J. Chem., 45, 847 (1967).

Beck, D.E., Mol. Phys., 14, 311 (1968).

Klein, F.S., Friedman, L., J. Chem. Phys., 41, 1789 (1964).
Moran, T.F., Friedman, L., J. Chem. Phys., 42, 2391 (1965).
Hogness, T.R., and Lunn, E.C., Phys. Rev., 26, 44 (1925).
Michels, H.H., J. Chem. Phys., 44, 3834 (1966).



139.
140.
141.

142,

143,
144,

145,
146.

147.

148.

149,
150.

151.
152

153

146

Anex, B.G., J. Chem. Phys., 38, 1651 (1963).

Wolniewicz, L., J. Chem. Phys., &2: 1087 (1965).
Muschlitz, Bailey, and Simons, J. Chem. Phys., 24, 1202
(1%6).

Mason, A.E., and Vanderslice, J.J., J. Chem. Phys.,

27, 917 (1957).

Gentile, G., Z. Physik, 63, 795 (1930).

lMeson, E.A., Ross, J., and Schatz, P.N., J. Chem. Phys.,
25, 626 (1956).

Amdur, I., and Mason, E.A., J. Chem. Phys., Eé! 630 (1956).
Michels, H.H., and Harris, F.E., J. Chem. Phys., 223

6 (1963).

Chupka, W.A., Berkowitz, J., and Russel, lM.E., Seventh
Annual Conf. on liass Spec. and Allied Topics, Dallas
Texas, liay 1969.

Snell, A.H., Plessonton, F., and Leming, H.E., J.

Inorg. Nucl. Chem., 5, 112 (1957).

Wexler, S., J. Inorg. Nucl. Chem., 10, 8 (1959).

Ree, T.S., Ree, T., Eyring, H., and Fueno, T., J.

Chem. Phys., 36, 281 (1965).

Weingartscholer, A., and Clarke, E.M., Phys. Rev. Letters,
12, 591 (1964).

Devienne, F.M., and Roustan, J.C., C.R. Acad. Sc., Paris
2638, 1389 (1966).

Wall, *.T., Hiller, Jr., L.A., and Mazur, J., J. Chem.

Phys., 29, 255 (1959).



154.

155

156.

157.
158.

159.

160.

161.

162,

163.

164.

165.

166.

167.

168.

147

Karplus, M., Porter, R.N., and Sharma, R.D., J. Chem.
Phys., 43, 3259 (1965).

Glasstone, S., Laidler, K.J., and Eyring, H., The Theory
of Rate Processes, lcGraw Hill Book Co., New York 1941.
Eyring, H., and Polanyi, M., Z. Physik Chem. Bl1Z2,

279 (1931).

Sato, S., J. Chem. Phys., 23, 2465 (1955).

Cashion, J.K., and Herschbach, D.R., J. Chem. Phys.,
Lo, 2358 (1964).

Porter, R.N., and Karplus, M., J. Chem. Phys., 40, 1105
(1964).

Hirschfelder, J.0., BEyring, H., and Rosen, N., J. Chem.
Phys., 4, 121 (1936).

Hirschfelder, J.0., J. Chem. Phys., 6, 795 (1938)

Snow, R., and Eyring, H., J. Phys. Chem., 61, 1 (1957).
Ransill, B.J., J. Chem. Phys., 26, 971 (1957).

Kimball, G.E., and Trulio, J.G., J. Chem. Phys., 28,
493 (1958).

Boys, S.F., and Shavitt, I., University of Wisconsin,
Naval Research Laboratory, Tech Rept. WIS-AF-13 (1959).
Shavitt, I., Stevens, R.M., MNinn, ¥.L., and Karplus, M.,
J. Chem. Phys., 48, 2700 (1968).

Michels, H.H., and Harris, F.E., J. Chem. Phys., 48,
2371 (1968).

MeCullough, E.A., Jr., and Wyatt, R.E., J. Chem. Phys.,
51, 1253 (1969).



169.

170.

171.
172.

173.

148

Fite, W.L., Rutherford, J.A., Snow, W.R., and van Lint,
V.A.J., Disc. Farad. Soc., 33, 264 (1962).

Starodubtsev, S.V., Pozkarov, S.L., Chernov, I.G., and
Knopov, V.M., Soviet Physics-Dolad, 11, 432 (1966). .
Patterson, P.L., J. Chem. Phys., 48, 3625 (1968).
Ferguson, E.E., Dunkin, D.B., Fehsenfeld, F.C., and
Schmeltekopf, A.L., Bull. Am. Phys. Soc., 13, 212 (1968).

de Vries, C.P., and Oskum, H.J., Phys. Letters, 294,

299 (1969).



