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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HIGH ENEBGY dELIUMwION IRRADIATION OF FOﬁMIC ACID IN AQUEQUS SOLUTION*

Warren M. Garrison, Donald Go Morrison,
Herman R. Haymond, and Joseph G. Hamilton

~Crocker Laboratory, University of California Radiation
Laboratory; Divisions of Medical Physics, Experimental
" Medicine and Radiology, University of California
Berkeley and 5an Franecisco

June'13, 1952
“* . ‘Sevéral years ago Fricke, Hart, and'Smithl measured ‘the amounts of
"hydrogén'and”carbon dioxide formed by x-ray induced reactions ih'équeous
solutions of formic acid over a wide range of pH values and solute’ concen-
trationso~'T07account‘for the -observed gas yields, they suggested that under
certain conditions both oxalic acid and fdrmaldehy&e may be formed in addition
to hydrogen and-carbon -dioxide. Recently, as part of a general study 253
of the rddiatiot induced -synthesis of organic substances in aqueous solutions,
~we have-found that oxalic acid, formaldehyde, and at least eight other organic
compounds are produced by high energy helium=-ion bombardment of hydrogen-

saturated“aquéous formic acid solutions. The‘present:preliminary communication

Thls report is based on work performed under Contract No. w~7405-eng—48-A
for the Atomic Energy Commission.. o ‘ _

1 H, Fricke, E, J. Hart, and . P. Smith. J.,cnem, Phys., 6,_229 (1938).
wo M. Garrison, Ds C. Mbrrlbon, J. Go Hamilton, A. A Benson, and M. Calvin.
bcxence, 114, 416 (1951)

3 Wo Mo Garrison, and G. K. Rollefson, D1s0u631ons Fa;aday 30C., ll, (1952),

in press.
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describes briefly the experimental techniques and observations. A more detailed
report o%iihieﬁ;erk?;iiiﬁbe.ferthcominéo - | -

Air~free aqueo&s:eelﬁﬁions of C14~legeiiedtformic acid = were irradiated
in all-glaes target cells with the 40 Mev nellum—lon beam of the 60-1ncn cyclotron
at the Crocker Laboratoryu HyarOEen gas was bubbled through the solution during
‘exposure and then passed through dllute sodlum nydroxlde solution to recover '

carbon dioxide whlch was subsequently assayed as,BaCl403o After irradiation the

target soluﬁion was distilled to dryness in vacuo at room temperatufe. The HClAHO

in the distiLlate was; isolated and assayed as the methone-formaldehyde derivative.2
A two-dimensional, paper. chromatobram of the non-volatile fraction was. prepared

and radioautegraphed. One major- spot and eight other spots of lesser intensity
could begseep in the.original radioautogram which is reproduced in Figure 1. The
region.containing the major part of the activity was eluted with 0.1 g.hydrochloric.
acid. The écﬁivipybinﬁan aliquot of this solution .corprecipitated qeqntitatively
on lanthanum: oxalate after repeated.washing and recrystallization from dilute
nitric. acide: Teqfurther identify this major non—volatile,prodﬁct as oxalic acid -

a second aliquot was coechromatographedeith added oxalic acid on a silica column
by a partition chromatography method similaf,to.one recently reported.6 The

correspondenee - of o&allc acid titre and: Cl4lactivity-in the eluent is shown in

L

Flgure 2 A ?OO microcurie sample of the HCl4OOH used in these experlments was
analyzed in'exectly‘the‘Same way as the bombarded solutions; the control showed

no actiyityJother,than.HClAOOHo Decay of the activity in the products could

b We wish'to' thank Dro Bert M. Tolbert for’ supplylng the HClAOOH used in these
experiments.

5 A. A, Benson, J. A. Bassham, M. Calvin, T. C. Goodale, V. A. Hass, and We
Stepkao Jo Am. Chems. Soc., 72, 1710 (1950).

6. A, Bulen, Js E. Varner, and R. C. Burrel, Anal. Chem., 24, 187 (1952).
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not be detected over a period of severgl months.

Kach of the 10 ml pq;getxsoiqtiohs gbntained 300 microcuries ¢f,HClAOOH
and vere o009 N in total fdfﬁiéwééié;fgfﬁégﬁglium ions incident on the sélqtion
had an energy of 35 Mev. Bombardmehpg;;épe made at a beam current of 0,10 micro-
ampere for a period of 3.0 ﬁinutes tb;éive a total exposure of .005 microampere

hour., Yield data are summarizédiin»Table_lk.'ﬁ :

| TABLE I
Product ' . G (molecules/100 e.v.)
(1) (2)
Carbon dioxide '  ' v . 0.75
Oxalic acid 0.023 0.027
Formaldehyde 7 oL x107 0.56 x 107>
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Figure 2.
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Radioautogram of non-volatile products.:
Elution curve of major non-volatile product with

added oxalic aéid.*"”
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