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ION-MOLECULE REACTIONS IN RECOIL TRITIUM CHEMISTRY* 

t 
Darrell C. Fee and Samuel S. Markowitz 

Department of Chemistry and 
Lawrence Berkeley Laboratory 

University of California · 
Berkeley, California 94720 

January 1975 

Sir: The possibility of ion~molecule reactions in recoil tritium chemistry 

has been dismissed
1

•
2 

through application of the adiabatic principle. 3 

However, the energy defect was incorrectly evaluated from the unperturbed 

. 4-6 energy levels of the isolated part1cles. Experimentally, Rowland and 

co-workers have stablished an upper limit of 10% for the contribution of 

excited electonic states in T-for-H substitution. 7 Experimentally, the 

yield of HT is higher in the presence of helium (versus other noble gases). 

8 To explain this, Seewald and Wolfgang proposed that 6% of the total 

tritium reacted as unneutralized T+ because of the high ionization paten-

. 9 10 
tial of helium while Urch and Malcolme-Lawes ' proposed greater sta-

bilization of highly excited HT by helium. 

Unexplained by Urch and Malcolme-Lawes is the higher yield of 

"polymer-t" accompanying the higher HT yield in helium (versus xenon) 

. 11 
moderated T + cyclohexene reactions. "Polymer-t is tritiated material 

that is backflushed from the chromatographic columns and washed from the 

walls of the sample capsule in which the recoil tritium reaction took 

1 
12,13 p ace. Recently, "polymer-t" has been characterized by Filatov and 

. 14 co-workers using thin layer chromatography. Table I Shows some 

"polymer-t" data. Irradiations and sample analysis are discussed 

* Work done under the auspices of the U.S. Atomic Energy Commission. 
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15 16 
elsewhere. ' The key feature of Table I is that the "polymer-t" yield 

l·s 1"th H 8 scaveng1"ng The "polymer-t" y1"eld was zero 1·n an non-zero w 2 . 

irradiated blank containing 3He and scavenger but no hydrocarbon. 

35
8 activity (due to 

34
8(n,y) 358 from H2S) is less than 5% of the 

The 

"polymer-t" yield with H28 scavenging. Filatov, et al., showed that 

"polymer-t" in unscavenged T + cyclohexene reactions was formed by chain 

addition initiated by cyclohexyl-t radicals. However, calculations show 

that radical-molecule (and radical-radical) routes to "polymer-t" forma-

tion are eliminated by H28, which donates a hydrogen atom to the radical. 

3 -1 -1 
Rate constants used (units of em mole sec ) were for methyl radicals 

17 9 18 . 
reacting with H28 (3.0 x 10 ), with trans-2-butene (for cyclohexene, 

5 . 19 12 2.6 x 10 ), and with methyl rad1cals (2.4 x 10 ). In the H28 scavenged 

T + cyclohexene system, the estimated steady state concentration of: (1) 

tritium labeled radicals (chiefly cYclohexyl-t radicals, see Table I) is 

7 x 10-19 moles cm-3 ; (2) unlabeled radicals (formed at one ion pair per 

30 V d · d b h 3H ( )T · ) is 6 x 10-14 mol·es e energy epos1te y t e e n,p react1on 

-3 em The rate of reaction of tritiated radicals with H2 is estimated to 

be three orders of magnitude larger than the rate of reaction of tritiated 

radicals with either: (1) cyclohexene or (2) unlabeled radicals. Exper

imentally, the scavenger plateau of the cyclohexane-t yield
15 

shows that 

cyclohexyl-t radicals react solely with H28 rather than cyclohexene or 

unlabeled radicals in competition with H28. 

The "polymer-t" yield not scavengeable by H28 is 6% of the total 

yield of tritiated products (HT + parent-t + other tritiated gas phase 

products + "polymer-t") in T + cyclohexene reactions (4% in T + i-butene 

reactions). We propose that the "polymer-t" yield that is unscavengeable 

by H28 results from ion-molecule processes. Typical ion-molecule reac-

( 

.. 
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. . 20 14 15 3 -1 
t1on rate constants are 10 to 10 em mole . These rate constants 

are larger by two orders of magnitude than radical-radical rate constants. 

In addition, tritiated ion chains, unlike tritiated radical chains, are 

not terminated by reaction with H2s. 20 

\ 



-4-

REFERENCES 

1. R. Wolfgang, Progress in Reaction Kinetics, l• 97 (1965). 

2. D. S. Urch, MTP Int. Rev. Sci., Inorg, Chern. Ser., ~. 149 (1972). 

3. H. S. W~ Massey and E. H. S. Burhop, Electronic and Ionic Impact 
Phenomena, Clarendon Press, Oxford, 1952, pp. 513-4. 

4. S. Dworetsky, R. Novick, W. W. Smith and N. Talk, Phys. Rev. 
Lett.,~. 939 (1967). 

5. H. Rosenthal and H. M. Foley, Phys. Rev. Lett.,~. 1480 (1969). 

6. S. H. Dworetsky and R. Novick, Phys. Rev. Lett., 23, 1484 (1969). 

7. G. Izawa, E. K. C. Lee, and F. S. Rowland, J. Phys. Chern., ll, 
1210 (1973). 

8. D. Seewald and R. Wolfgang, J. Chern. Phys., !!]_, 143 (1967). 

9. D. J. Ma.lcolme-Lawes and D. S. Urch, J. Chern. Soc., Chern. Comm., 
__!l!, 107 (1973). 

10. D. J. Malcolme-Lawes, J. Chern. Soc., Chern. Comm., __!l!, 225 (1973). 

11. R. W. Heeks and J. K. Garland, J. Phys. Chern.,]_]_, 2508 (1969). 

12. J. K. Garland, Anal. Lett., .!_, 273 (1968). 

13. D. C. Fee, University of California, Lawrence Berkeley Laboratory 
Report LBL-1687, Ph.D. Thesis, June, 1973. 

14. E. S. Filatov, P. P. Kukin, and Yu. A. Ivanov, Radiochem. Radioanal. 
Lett., 12, 157 (1973). 

15. D. C. Fee and S. S. Markowitz, J. Inorg. Nucl. Chern., 35, 2153 (1973). 

16. D. C. Fee and S. S. Markowitz, Anal. Chern.,~. 1827 (1973). 

17. N. Imai and 0. Toyama, Bull. Chern. Soc. Japan, 33, 652 (1960). 

18. R. J. Cvetanovic and R. S. Irwin, J. Chern. Phys., 46, 1694 (1967). 

19. P. Gray, A. A. Herod, and A. Jones, Chern. Rev., 2!, 247 (1971). 

20. Fundamental processes in Radiation Chemistry, P. Ausloos, Ed., 
Interscience, New York (1968), p. 171. 

·•· 



\ 

.. 

-5-

Table I. TRITATED PRODUCT YIELDSa FROM T + ALKENE REACTIONS AT 25° c 

Parent Scavenger Yields 

"polymer-t" alkane-t gas-phase-t b 

Cyclohexene c H2S 37 109 200 

(alkane_:t = none 75 32 96 
cyclohexane-t) 

802 174 1 44 

1-Butene d H2S 22 135 304 

(alkane-t = none 61 21 195 
butane-t) 

so2 139 4 150 

aTritiated product yields relative to yield of tritiated parent compound 
was 100. Results of two samples that agreed to within 10%. 

bSum of all tritiated products monitored by radio-gas-chromatography 
except HT and the tritiated parent compound. For material balance 
of products with a radical intermediate, the decrease in gas phase 
product yields between H2S and so

2 
scavenger £;hould be accompanied 

by an identical increase in the "polymer~t" yield. The smaller change 
in the "polymer-t" yield indicates that "polymer-t" recovery is 
((174-37)/(200-rr)) x 100% = 88% complete forT+ cyclohexene reactions 
(77% forT+ 1-butene). 

cSample composition (em Hg): 3He 1.6, cyclohexene 5.6, (6 mole % scavenger). 

dSample composition (em Hg); 3He 1.7, 1-butene 14. (7 mole% scavenger) . 
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