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1 
ON- THE MJ1]CHAN ,ISM OF RADIOLYSIS IN AQUEOUS FOR!<UG ACID :SIJLUT IONS 

( 1 Y This work was performed under the auspices of the Atomic Energy -
Commission 

Crocker Laboratory, Radiation Laboratory, University o£ Calif9rnia 
Berkeley, California 

November, 1955 . 

. In detailed kinetic studies of the indirect action of l' -radiation on 
2 

· ·· dilute fomic ·acid 3olutions, Hart has ·shown that H and OH .free radicals 
( " 

'tiJ- --E. ~J. Hart, (a) J. Phys. Chem. Z&, 59u (1952); (b) J_. Am. Ghem. Soc. 
(2, 4198 (1954); (c) ibid ].2,. 4312 (1954). 

formed by r~diati~n deeomposition of water react nth .formic acid according 

to 

OH + HCOOR -----t)H20 + COOH (or HCOO) 

H + HCOOH ----+) H2 + COOH. 

Radical removal then occurs via 
' 

. · H + COOH ~ H2 + C02 

-· o~f ~ coo-H . ~ H o + co ., 
2 2 

or thr.o.ugh. the alternate to J,h, i.e., 

(1) 

(2) 

(3) 

(4) 

(5)-. 

The zSI;:ray· data a:re consistent with the cdnclu:'don tho.t no net reduction of 

formic· acid ocaurs i.~ dilute· solt.ttion at pH .valu€s bel-ow .3. However, at 

concentrations above .05 M, avidence for the radJ.ction of foi"mie ~cid has 
2c · ' , . . 

been obtaina~. On the basis .pf: ;the r'?.actiOI •. &~abe~, 1-.S, it is sef'..n that 

reduo;tlon cannot involve a oomp~ting reaction of the type 

H + RCOOH ---)~ HCO + H...!O (2a) 



'": 'f 
; ;.. "':"i. .• "; 

!· 

.... 

since both 2 and 2a have the sa~e concentration dependency. Some other 

intermediate is·appar:ently invol1red in reaction with the f!COOH species. 

It has been proposed (a) 'that this :Lntermerllate is t~e secondary electron 

formed· in the ioniZation proce~s ·and (b) .that electron capture by formic 

. acid .(HCOOH. + e • HC.O + QH-) competes with electron capture by 1-1ater 
2c 

(H
2
o + e • H + .olr} ·at ·the higher 

Re~ults recently obta:ined irJ. 

formic acid concentration. 

this Laboratory ind'icatet however, that an 
' 3 

taltemat~ve mechanism may be involved. ·It has been· shown that irradiation 

'·. 

(3)' W. · M. y~r.isori.e w. Bennett, i'1. Jayko, and s. Cole, pres~nted at l2oth 
A.11etican Chemical S_ociety Meet:i .. ng, Hinneapolis, Minn., 1955., tJniv. of 

. California Radiation Lab. Report, 3208 ( 1955}. 
··' . :'. . . .. . . . . 

'\of dUute .oX:yg<fu-firee' formic acid sol,.utions ~ith cyclotron-produced heliUJll 

ione>.r~su.lts in the. formation of higher organic acid.s and carbonyl compounds . '· ., 
.as major .pi<oducts. Both glyoxal an.ct glyoxylic acid, tol!);ether with smaller 

amounts of .qxalic, glycolic, tartronic, me::;OX£tli~, and, ta.rtar.ic acids are 

· formed .at radiation doses wnich correspond to the removal of l.ass than one 

percent ·:>i\ the· formic acid' 'initially preseht :tn the ta~get solution. 
f. . .. ;· . 

Evidence. th:at· the glyox;ilic acid observed in these studies is npt f·:>rmed 
• .... . • ... . !• \ 

thl'ougb secondary processes initiated by H reduction of 0xall.c acid can be 

seen· :in the experimental data published sever~l years ago O.Y Fricke, Hart., . ···., ' .. 4 . 1·.' ''·. 

and Smith. . !n this earlier work it WaS. observed that hydrogen _r"'l:r.oduction 

{l.t) H. Fricke, E. J. Hart, and H. ·P~ Smith~ J~ Cham. Phys. §., 229 (1938)·. 

in·· the· .x~ray irradiation of formic acid-o:ialic acid mix:tlU"es did not decl:'ease 

with inc~easing o~He aeld coneent~ations until tho ·ra~io C(~01H)JcaaooH 
approa.ehed a valuo of l., · The e0rres:p0<1)di.ng ratio in the cyclotr·:>n irradtated 

'• 
, ti .· . . + l' 10-3 s.o .... u . ons v1as appr.ox1.:•na ..,e y .• 
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(2b) 

(6) 

(7) 

and· E. M. We elm, J. 
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