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Berkeley and San Francisco 
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1 . 
·several years ago Fricke, Hart, and Smith measured the aln.9unts of 

·hydrogen and·· carbon dioxide formed by x-ray induced- reactions in aqueous 

solutions of· ·formic acid over a wide range of pH values and so].ute' concan-

t.rationso ··To·· account' for the observed gas yields» they suggested that under 

certain cori.diti01ts both'oxalic acid and formaldehyde may be formed in addition 

to hydi~ogen 'and carbon dioXide.. Recently, as part of a general study 2
' 3 

of the radiation induced synthesis of organic substances in aqueous solutions, 

we have;.found that oxaJ..ic acid, formaldehyde, and at least eight other organic 

compounds are produced by high energy helium-ion bombardment of hyd:t.•ogen-

saturated' aqueous formic acid solutionso The present preliminary communication . ' . . . . ' 

This report is based on work performed -under Contract No .. W-7405-eng-48-1\. 
for the Atomic Energy Commission .. 

l Ho Fricke, E~ J~ Hart, and H .. Po Smitho Jo Chemo Phys .. , ~' 229 (1938). 

"' ~ 
Wo M .. Garrison~ ll~ C., Morrison, J. Oo Hamilton, Ao A .. Benson, and Mo Calvin. 
Science} 114, 41.6 (195l)o 

3 Wo Mo Gacrison, and G .. K .. Rollefson, Discl.,lssions Faraday Soc., 11, (1952), 
in press .. 
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describes briefly the experimental techniques and observationso A more detailed 
••• ~. l ' : f •. ~- . 

report of this work will be forthcorningo 

Air-~r:e aqu~qus·· s~lutions of c14-ia~?lled. formic. acid 
4 

were irradiated 

in all-gla8s target cell$ ·with the 40 Mev heliurn-:-ion.beam of the 60-inch cyclotron 

at the Crocker Labor~toryo Hydrogen gas was bubbl!3CI. through the solution during 

exposure and then passed 

cal~bon dioxide which was 

through dilute sodium,hydroxide solution to recover 
' 14 

subsequently assayed as_BaC 0.3o After irradiation the 

target solution was distilled to dryness in vacuo at room temperature. The HC14Ho 

in the di$til;:l;,a)te .. was.;,:j.solated· and assayed as. the ~thane-formaldehyde derivative.2 

A two-dimens~qn~ 1 .paper chromatogram of the non-vo].a:tile fraction was. prepared5 

and radioautographe,d,o .. ,One rnaj or· spot and eight ~ther spots of lesser intensity 

could be-.se.ep. ip.-,th~. original radioautogram _wh:j.ch is peproduced in Figure 1.. The 

region,cgntaiAiP,g :the major part of the activity was _eluted with 0.1!! hydrochloric 

acido The hctivi;ty._in.SJ:l aliquot of this ~elution co:-precipitated ql.U¥ltitatively 

on lan-t;.hanw;n;_ oxalate .~ter repeated washing and recrystallization from dilute 

nitric. acido.: To ·.:furthe.t~ identify this majo1· non-volatile product as oxalic acid 

a second aliquot w~s co-chromatographed with added oxalic acid on a silica column 

by a paPtition chrornatograp.hy method similar.to. one recently ;r:eported.6 The · 

correspondence"of··,·oxalic acid titre and· C~ activity in the eluant is shown in 

Figure 2o 
-. .- ·- _.· i.. '·":.· l ' ' ' 1 ' ' 
A 300 microcurie sample of the HC 4ooH used in these experiments was 

analyzed in·~i~~tly\the'S~~e way as the bombarded solutibns; the control showed 

no activi:ty .. ~other. t}+an Hc14ooHo Decay of the activity in the products could 

4 We wish ·tci'.thank'.Dr~ Bert H. Tolbert for supplying ·the Hc14ooH used in these 
experiments o 

5 Ao A. Benson, Jo Ao Bassham~ Mo Calvin, To C. Goodale~ Vo Ao Hass, and w. 
Stepkao J. Am. Chemo Soco, 72, 1710 (1950). 

6 Wo Ao Bulen, Jo Eo Varner, and H. C. Burrel, Analo Chem., 24, 187 (l952)o 
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not be detected over a period of several monthso 

Each of the 10 ml t~get solutions contained 300 microcuries of Hc14ooH 
• ' . I • . • ' 

and were o009 N in total foriri.ic aciid.. The·: helium ions incident bn the solution 
. ~ . . ' . " i 

l"JE.d an energy of 3 5 Mev o Bomb<g'dJp.ents.were made at a beam current of 0.10 micro-
. . . . .. ~ ' .·~- ~ . 

ampere for a period of 3o0 minutes to.give a total exposure of .. 005 microampere 

hour o Yield data are surnmarized. in Table t .. 

TABLE I 

Product 

Carbon dioxide 

Oxalic acid 

Formaldehyde 
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Radioautogram of non,-v.qlatile productso 

Elution curve of major non-volatile produc~ with 

added oxalic acid.· 
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