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Yo INTRODUCTION

The chemical effects of radiation on wster snd aguaous solubtione ars
q

cemplicated. Published date on the subject do nolt appear to give o cwm-

istent nicture. Ths affect of pille rediation on weter and various solutians

m
Fat

iz of techmnolopical imvortance, and the whole subject of radistion effects ’

in aquecus sysbtems iz fundemental to & vroper mderstanding of radiobinlogical

mechanisms, ®e have, thercfors, a*tamn*ed to aske & comorehensive basic shudy
the effects of pile radistion on &gqueous systems.

Erporiments at the Metallurgical i&boratary(l} showsd fhat xerays or {ssh
siectbrons decompose watar fo only & small extont; as seom = the decomposition
produsts, hydroren and hydrogsn peroxide or oxygen reach a level of a fow

wloromoles per 1iter$ & back reaction sets in belwesn the products 4o re-form

water, so thet no furthsr cheagss eare seen aftsr a low pressure of gasecus

éecumﬁe itio n.praduﬁts hes besn reached. With elphe rays, om th2 other hand,

[
v

the I‘Levauura( shows that water decomposition continves withoul epparent
beck reasction, at least up to 1ydr0teq pressures of a comsidereble fraction
of an stmosphere. The vrimary chemical effect of radistion is probabdbly

"

form the free radicals I and O sccording to the mechanism

o

H?Qu%@%}ﬁgﬁé + g
H?@ + efMWm}H SN+ -

H;0% + HoO-u3Hz0% ¢ 0F

In heavily lonizing rediatiom. such es alpha rays or the fast proteon receils
formed by the pessage of fast nevtrons through wabter, the radicals sre formed
in bigh concentration along the track of the particlas. In this =mall zone,

the radicels will react with e snother Yo form, bo 2 csriein swbtent, the



85

moleculss Hy =ud Haolso Some of the redicals will be able to e&vapa from the
zone and will remel with dissclved Hp and Hplp moleculss in the solution to
lead to the re-formation of wavter. When fast electrons are the lonlizing

sgents, the radicels are not 50 demsely distribubted and & much larger frac-

tiozm of them will be able to react with dissolved product molsculss bgfors

PR -

they dissppsar by resction with one ancther. Thus, with heavy particle
radintion, e much higher comeantration of vroducts in solution will be

required before the ratz of the back reaction becomes equal to the rats of

bds
£}

the forward resction. File radiation mixed: it contains both gemma rays
and the fast neutrons. Comeejuently, one wadld predict a steszdy state
lying higher than that lor gewma rays slone, but lower than thet fer alpha
TEYE @

The Hebtallurgicel Leboratopy experiments (“} ghowed thal the stesdy-
state concentration of »roducts of water lrrediated with clectrone or i-rays
wag greatly incresased by the addition of small quanbtities of cortein dis-

&

golved materials, notebly browids ion snd dissolved pyrex glass, Such

substonces presumebly interfere with the racicsl-induced back reection bf
reacting themse lves with redizals. Thus with b%omié& iem, we may sssume the
reactions

BT + O = By ¢+ OF

Pr v B o= HY 4+ Bp

Such reactions remove redicals go thet theoy cennct resect with dissclved
hydrogen, hydrogen psroxide ov oxygen. When sufficlent resctive solubs is
presemgt, the water deccmposition will procesd to indefinively high product

vressures. +ne rabs of hydropsn production in such solutions therefors gives

3
B
#
&
o
4]

2 mpasure of ¢ which the oroduct moleoules are ?armwm in the
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radiation in the water.

After exposure for a nredetermined time in Hole 12, the amvoulvs were
withdrawn from the hole and allewed to stand for a time to allow the silicom
activity te decay to a reasocmably low level. The required cooling ‘time wvaried
from an hour to & day, depending on the length of the emposive.

2. Anslysis of decomposition nroducts ~ The sivosed mmnoule was Lhan

piatsd in & plass tube which was counected to & vecuus E.i'éai This tubse waR
evacusted, und the amvouls was broken, sither by warming the wuilser im it with
% hest lamp 8o that 1t éx;ya.aded and broks the empouls, by fressing the msuer
g that the amwnule broke, or by breszimg the ampoule under veouuwm with »
mechanicsl devies. After the ampoule as i:rczi:en, the woteyr was wharesd by swf{laex
% ssaurs expulsiom of all ges, and the avél*mad pas pessed LhTouEn fs tirng reis-
twined at ~1009 C. which sajlected sll but traces of water vepar.

The s was collected in & pes anslysis system whith conslsted of u Maleod

panges conpeched t2 s nlatinum £ilemsnt mnd » smeil liguid adtro-em ires. lhe
reses present sore assumed Lo conslist of hydeoren, cayren sud cerbon diexids,
with perhups bruces of ﬁihr-ﬂ;giann fhe nressurs of ﬁi‘f;é pos was ini%lelly swesoed |
in the E*:’c)’.éaé Faure. Liguld nitroren s then nlacad arcund ths Srep, and the
redustion o pregsuwre gawe 3 messwra of the cerbon disslde combent, Sonsidera~
tioms of vever wessurs and aol i lity allowed the cosiusion that this come
soospt oould wob be eny okher substunse which sdght comceivanly Cwm la tae
systew, such 8: otome, & silicon hydrides or & mitrorem ocxide. The hydrogen
snd oRypen werd then delermined by combustion on the hested nladtimes i lasent.
Foovisiom was mede for the addition of small qu:m.@g of pydrersm and oxysen

from whe rutsice so that, by further combustion, a cumplete determinetion of

bydroten, cxyrsn and nitro en in the gas was cbtadnsd. The diffusicn of pus



Srae the Bolped geuge to the cold trep and the hot filesent oscurvaed replily
snd sosnletsly s leng as the pressure was 2ept so low thel the mesn free ath
sf tha pat molesalss was of the order of & mtim;er» wusptities of pan 88
wmisdl es 1 suble slllimeter (S.E.7.) were snmlyzed with an scour.oy =f 1 o %
G wbewt 20 ninutes. Teble 1 showe the resslls of analyses on synthetic ges
mixtuces wads W5 Last the seswrssy of the method. Ihe ascursey of ' the eneliysiz
guswms B¢ e good asd the 31&‘;&!‘ grror is probebly the sossibls iacomplelsness

sf remeenl of dasolved rss frow the oster ssmpls. “ test showad That -‘z;%'z@:’

Firsd optpassing of a tymcsl sumpls rowoved 5 of the Slasolvsd hydragen, wmd

aa

it sy te nretumed that rag reuswery was 8% Isast this grod in all the woedk
ragrehed heves whan the dissolved pae ¢ ricsutratiop wes as high as a’"&ﬁjmf Lior,
e o lumes &f weter and Fas phase wers determinud by welghing the aspoule

shus water ssmuls, the empouis Full of weinr and tThe ewdby smdulw., For thons

ghish =pre prastinolly Pull of water {1 gos wpaos fa & small
iR o
gupdlisry) the coneentrations of vrodusts im mderemols/liter mere caloulaisd
e oadog sil of the nroaanle ressined in soiabion. When a pas ohsss whe s osent ,
s atmesptrations of prodacts in selution wese culoulsted om the besis of Ynown
golulilitian aest the meumkred apounts of sroducts formed.
P saber, aiber withdrawel of ras for sualysis, was removad from tke

wonmsrasus for otiiorimstris determination of dissoleed hydro-en peroxids. sarenl

e debormisction wsy wrepared by rixing sguel wlumes of (8} a selution

sart.dning Log Me08, 53 g KX, 0.1 g (W) Mo,00¢-48p0 in 500 ml distilled water;
{n; 1% g votessiuws acid phthalate izx-SQé ml distiiled water. The all miims iodide
sealukio. is wteble, bt iodide is slowly oxidized by dissolved oxyres st the pH
3 tl*‘zé%'mi;teii regrent v&:e.re neroxide reacts ranidly with iodide in the :rssence
wi m(ﬁybéaté cutalyste Samplog of water ranging in volume from C.1 o 2 ml,

depending on the peroxide concentration, were mixed with 2.5 ml of the rospgent
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o~

in & volumoteic flesk uno distd lled water wes added to brimp the volume Lo & &l

vieE wore placed in e 1 @, ebsorotion sell und $he o ticel densitien wers

deermined with @ Bec'owem sveatrovhodtmuter st 354 m s s newe lenct ':1 o mewi-
s ausnration Por the triisdide fom. Jhe cepospiratiom of  svoxids im the
sripinsd seuple, in micromolss -er Mter, ig plwen by (U ~ Il 2 40,0 £ Diln,,
!&r@ ro BN, in the rav;:i-:s #f the wolums of he fleal mixturs Lo she soluse of
s vripioal sanple, Py is the osical Jeneliuy {(log 3,{3.1@1‘3.} ef the resrsal a.?-emeb
13 fofied wf o ,,Z‘a‘ fliakd Iievd ¢m§~r, grdf B io the srtical dewn Toy of the sanvig. In
mopt detornioetions e sasizle inm ong cell wes cnumwes., with the rewepont biank
in snothse o8il in s siselropnstometr, riviag Oy ~ By, Hreetly, o wsthed
wwn checkwd uting o wzﬁs« nf  eroxide -ml.zt'r ons weenared by 1 ping s slssderd
ngroxide soistion smeiyeed by e caalobicesl srous by the o &e sitratiag neihod.
he caterninstion is rood Fo halter thua &% at high sroxide assteantrebions. At
lew conceatreiiins 5 sewter abstlube mivar oy was dbouleed by uSing lau sone eell
Pur voth Ehe mza* onk nisnk anmd the cawnie, using Moy oomoarisse cach Wme fhe

intangivy with oo sell in the o, il cath of the sraetropholsmetor. Ihe probable

sryoe &% jow soucentr tlope A8 ballgved be be oz 0.7 miscemnle per Iiturs

31- »QJ. f{.';ﬁr&":; o83 'f

- T e £ T AP NN s

e Bn ey Yoo welsr used ».
B ST bebief shaet Lrreorsiunibl ity of results and  omr materiad salsuses ewuld
5% wGrioed tv Wates of deewmrity inbrosuesd with e wular. B varives osler
vreabratlong Leed vere sp Pellows:

{a) Trdipery oilatillsd waier from tha luberavaery sup iy

{&) Iriplp-diatilied, shilisd cater as redirpilisd, Lirst from wiid,

tham frow el elime terpenrsBate, In 8 olosed systew allowing ne cembelt will
She nir. This oter, like ths other sveperebions, vas degessed on tho vEowes

iine im sn sllePyrer “Lurper” - & refiax device in whieh water is e tulh i
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cirewlated through a side-tube in such & way &3 to rroducs maximse spiasiing
ead sooortunity for sss to sseepe from the liguid, while lurtner iﬁmcx‘%&@n&ts e
is eccomplished iz a oolusm pecisd with Pyrex helices. From the burper, the

whber was Sigbiiled upder vhowes &t aboub rosw temporutwre tnbs The spoulis

wiEok wire ousisd with Los watey.

{c} ‘I-W* rested. The beiply-istdlled waber abowm mes diet®

e e S A AR
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s iles . te minlumbes mtesiopeny of & ceolesd Pyrax fpde
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whtsy bl of pure niskeds the surfaee of #hilch wes ouprlfied by s
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gy, b whe sxyeesn owans and oweiiisd.  The oxyres wes 1o oXoess)

i

of wa oRypeen-Cilled Balb Bhrough & fd tube g suraed
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entire burpsr systew was wmade of Dusad

ihesclived Pyrax we 2 minimom,
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ve & considerably hisher conductivity than -

v af sodfw should |

f
®
M‘r"(
i’

c?f

arvsd in o watsr preparotions. It may be that redicactivs shoms are Slp-

Prow the wall by reo f;»il whar votiwnted, so that ihe

#f the meterial in the weter is conziderably hirher than sormaly this e

2

#ad to the results of thr above caloulation belng vonmslderabiy |

¥

1i¥. REBULTS

e e N

The sonoextration of romircepsa produced by the radisiisn

5, 2 pe] oy & ] e g i o i gy O S
is viotvted in Fipurs 1 apsinst tims of sxsovure in e oile.

BRIty of hydrop watzr ot the temperaiurss uss

s

& oless to 760 A tha copsenbretien of dsselwsd hydvopon in

cosurs of hydrogen ower he solublos dju me of

WPV .

Greet irpesroducibllity is sb once evident from TEis gresh.  The lmusrisnt

e howwver, $¢ thut the comecentrotion vevsr beutmss very hlph.

.

wing, the copgentration of dissolved hydroren within the Tirst lew minubes

riess to walues of the order of 20 AE anad remaing el Lhis tovel withouy rrest

up b oen houre  On g#xvosurs of sany hours, the concentesdion bends io
drift upwards. Thus. 1t seams that the wibter decompoyibion rescshss & &bsady

gtete within bey minutes, but that this stesdy stete tands to drift upmsrds

Pyt
Pt

wwly in the wourse of time precuwwdly beosuse of sentaminetion »f the water

mpurities coming oub of the vessel wall. For sazples with pas phase

)JA

{ampoules caly partly full} the ges formed zoes larpely inte the ras phass, so
that the initial rate of riss of concemirstion of dissnlved hydrogen with time

i

w

muck less. Ia the Course of a dey in the »ile, howsver, the steady stats
‘is reached also in these ampoules, and the contentration of dissolved gas, ag
suioulated from its solubility, not only reaches, but appears to exceed, the
concentrations found in the filled ampoules. The tendency for grester hydrogen

concentrations at larpe pas vhasss is to be escribed to the higher E'ZGZ/HZ
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clear, howevsr, that at short exposures the oxidant is present mostly io the
form of peroxids and thet with increasing exposure time the oxyren ttﬁ:dﬁ to

become more prominent. Jfhere is little deubt that the inidial produst of ihe
reaction. is hydrogen peroxide and thet oxygen Iorms by

Py

sition of the nercxide. The photochemical decomposition of

to be very sensitive te the presenve of imowrdties, espesislly
¥

zuspendad particles of glass. The rate of back reaction of

&

saturalily be dependent upun whether the reacting materiel s oxypeu or paroxlide,

and mueh of the Irreproduciih:ility in the smount of decomwositicn ces be sbizds

Ygo e ”© i - g ’Q'gki
1. “Hote-irea™ wat tepr - Refercnoe to the livtersturs 7

decomposition of hyriz*vgen peroxide to oxygen.in sguevus solutions showe fhat

"*5
gv#
ube
N
43
jad
frs
o8
o
)
Py
s
.
Ex
g
bk

%

the delorn ning factor in the gquentum yield for the resc
<haparsed parikicles or motese It is belisved that the radizals Tormed by
shivtochemical estion on the percxide reasct om the surfase of ths motes witk
the adsorbed peroxide or HU, radicals to give snhanced reaction. ¥y svesial
trestoeat of the comtalner and water to a.‘im‘n&ta mo tes or I"“*}i?ﬂ; thelir nomber,
the gusatum yileld cun be considersably reduced. The some Feoetors might bhe
t'?;;;;;;ght Lo spercte in the decomposition of water wnder high snerpy rediaticms
Sspples of water sealed in gilica were therslore prewsred, foilowios e direce
tiome glven by lnvestigaturs of peroxide photolysis for resduciog motes bo s
winimane

The vrocedurs used x’\fa:‘;‘ﬁhﬁﬁ of !!fari:izi(ma Botes sre Pormad by the achlon
2f water om & rough glass surface. o meke 8 surfece smooth, the glaws {fusad
silica) was heated to the fusion point anﬁ cocled in the absepss of malabare,

sinoe water vapor apparently invades the glass during cooling and ceuses gurflece



el
-
W

roughening. WHater was then distilled into ihwe amsculs very slowly under vacuum.
Some motes are said to be present, nevertheless, and these wore remcved by nouwr~
ing the water carefully out of the ampoule back inta the distilling bull snd re-
distilling. This ~rooess of distilling and pouring was rensated smine or ten
times. Finally the swpoules wers seulsd off et the small sendliary which con~
nected them bo the distillubiom tube. The amount of waler in bhe arpoule wes
addustod so thet when 1t warmed un Lo room temnerature noe vold was lsft in the
ampouls.

The vields of hydrogem, the oxidantereductan® bulance and the paroxide-

~

sryren ratlios given by O samples of wote free waber are amonp the reesilzes shows

5

3a Pigures 1. 2 and 3. Ths nero %1 de- ~oxygen rebio wes hirher in these samples

than iz most of the othor water usad, ~artisulariy o the sese ¢f the thees-

hour sxposures. fhis is & good indiestion that with high eneriy radietion. as
well ss with ultre~violet light. the decomposition of caroxide Yo cxypen is

hastened by the presence of dispsrsed glsss particlss. #e beliswvs that the
desompogition of paroxide to oxypgen is brought about by the resstions

HU, + OF = Hpl + U
& ) "

o

ime or both of thesa reactions occcurs more readily on surfaces than fp solubicn.

&2

The rate of the back re ction must certainly be affected by the paroxide-cxyres

retic in any solutlon, since the nature of a reactant is certainly a Vsctor iz

determining & resction rate. The irrsirodoci’ - L of the stesdy-state leovsls
in weter is comsequently ascribed to the Irrverroducibility in the ersxides

oxyren retic.

2, Containers of materials other than silics «

a} Pyrex ~ This material is ordimarily not used in the nile since it cont i

beron, which 18 & pile nolsone He preferred zilics wslise because the Hetellurg
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ware withdrawn by siercing the btube under vasuas with a needls, which was
sttached te aheavy welight lifted over the smpoule by & msgnet sud then Ist

fazll to nierce the tube. Complietensess of removwal of dissolved gas through

the resulbing small hole is somswhet dublious. The Hin was asotiveted to amme
grtont In the pile, but sffer cooling one dey could be handled convenisntly.

Soechrosconlic analyvas of tha tin showed only faindt traces of 3ilvar, oonose,
7 ! % ¥ # PR

iren, msgmesium and lead.
Hesults of the sxperiments are shown in Table ©. The results are

sonfusing In that smpoulss which contained very little gas snace showed ne

szyren or hydroren percxide. al bhoueh considerable hydrogen ges waz present;

s

put mmpoules which conteined 14% or mors of peg speos showsd high conceri-

trations of hydrogen peroxide. end oxyges was formed &5 well ag hydroren,

Pin dees not seem o be s nartioulsriy promlieing meteriel for exverimentsal
work in the radistion chemistry of water.
Tebls = Decomposition of Feter fSzxposed %o Clintom Pile

Radisbion in Tin Containers

Exsosure Void Product Concenbrations, jwmalasflo Total ¥icrosquivalent
Time Space,% :
(s 2% 5 Ox BoOs Reductsnt | Oxidant
g min. - - O Q - -
- - ') o - -
%.25 hr. 10 ) 283 8% 850 436 36,8
1 - Pk t 304 -
189 hr, - - - 413 - o
9} 550 0.0 ! 0.0 - -
& 280 0.0 0.0 ‘ - -
20 hra ] 288 0,0 0.0 - -
1 480 250 BB i23 108
31 248 170 580 120 178




d}) Zirconium ~ Since zirconium is & welativzly newly svweileble met&l of

interesting propertisg, sxperiments . weres done Lo sesx 5§ the precence of this metal
Ay

had any preat effect on the decomposition of water. Two fused zili

g
g
s
’.}
e
&
53

" . . . s R . 2 -~ .
of aboubt 10 ml. cepacity, cach conteining sbout 15 an® of 26-mil iirconium shesd
wers complstely I4llsd with pure sulgessed water. The ampoulisy wsre frradisisd
fur ome howr, opened, und the cowtents withdrewn for anelysie; the sass ampoulss

wers Lhean rafilisd and re-ezposed. Hesmulbs ars shown in Table 3. The resul z

of the sscond fillings may indicete upbake of pes by frradistsd zirconiums

Table 3, Uecomposition of water under ome~hour ek Fidre
Pije Redistion $n fused gilice sonisiners coge
teining shest zirconium.

hmpoules | Filling Product Concentrations. micrvmeles/s Iiter

Ho 0q L0y . Egﬁg

1 1 o&B7 34 # ¥i

2 22 o il G

3 123 L& & Fi:)

2 3 T i.s G.3 Z3

Z 7 1.3 12 G

& 84 & .7 pis+3

E

&) Aluminum ~ Previocus reporte showed that jdesss of sbwdues sppsarsd

s
».

Lol
wi

wues the smount of &a&am@csz*ion ehtainables by piles radistion from waler
sealed in silice. Because of the utillty of aluwminum as & caterial for conlainers
for oile irrsdistion, sn ablenpt was made So fipd oub the pas pressure shbelsn-

4

a«ble in the Cak Ridrs Piles by decomposition of water placed in & vesssl aade

erihiraly of slusgnume. We wore assisted by Mr. 5. Ustermever in the preosrstion

of thiz expsriment. A 2% sluwdous cax was {abriosted from drawn
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sn ipitisl oressure rige dug ﬁ;o heating of the water by rvadlabion, We presmoe
stendily dronped. The pils wus shut dows arfwr €3 woars snd the mem Wes remowed
siibougl the sreseare wmss piill drooning. A senmglis of (e pgas wm%ﬁzﬁz’% Taee
seliveic wes framd Lo centsin 759 hydvopen enéd & orysen. The belapes wse g

supabily nitropon. (10 mey b seen thab the soount of :z‘i':r@w&n, ramuiuisg wEb

aet oF mosh 26 espected frow e faod that the ges vvluve ariginmily sepdalusd

it

1 stwmospbirs of nitrogss. Frebubly She nibrezea was logd e the sauestar
s wun ofF Lo the rest o ths spatam, Mok s Jone wimﬁ Tk orgeusts res Thad
3 reive of EB pewnds gasge sinde e penometey hed a% that pulrd retoted s
Redt.} Phe water fa by eup waw ve¢ted for bodespen peresdde end 14 cenden-
sralive fowesd to be lese thas WP . Tae drop Ba pressure dusiap tiv §rved a:%;:‘;’;m,-
et Do abiedieded S0 beal rysebivs hebessp bpdresdn aed gkynre Yimorred Ip tle
wiber, zioee the rate of lne rewctios esws Pir boo ruid e be sttrdkoled to e
,.;&\ﬁ.w‘&& sewsrring in bhe ges phasy.

Trozs % ke showd MWal fp we alwelaes weionl Uaw s losgpestsrs praseves of
oryeen cirtadaskle Yo radlsbicn dpcomposd Siow aef?’ RALGr 8T me SOV S bn ste Oak
Bldgs 95)e is less t«m & prupde of enppas, _wmi&w # m:g@- woewse of hy@rogen
zag Le prssent. Tt 18 evident bhat She axgres wee peosreted by rafiaticn de
comiei i iion o the mabter alb = bloe whon the oleest wirooss ssd gompwnet bess:
she subweegient treahmnt of the ame weleide the pile remmlbed in e spreranis
= more hydregen, sad wher the omn wes regleced I e oile, Prds aRoees repuwsed
g weter detoppusition g rescbed with wypen Yo re-form wster Jeusing 4 pracewe
SO eBde . ‘

e m*&rim*m debumairetod thet 23 :Ls sl & vmpy wowerful Ruldbitor for e

—
sk z?"@ma"%‘%%e’ oo fook that 1% dows Smidbid Yhe luck euscllse srerndiid was dne

srpstreted Wy soes other supvrisents o wideh pleses &% 41 wars vonlnd wi % e
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wry bhe metiod

gas froe it.  Bubbles

pxss bhrough to the uppsr chember. Hhen bubbling stops,

should idenlly coniain weber vepor only. The lower bath is then siowly zsoled.

the bemperaturs in the lower bath drops to the boiling point Ty of ths
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water undesr “he asghisnt orsssure, bhe vavor should suddenly zondense and watar

™ 3 F =3

rosh in Yo £131 whe cepillary. The pressure of ges Py Iz the main part of

&

the appouls world then De the vapor vreszurs of weter at T, Fas Igps s

w
X

@

head of water 5, logs the wepor mressurs of waber at the loa pelnt, P
nend h esguain the sobual A atance bobween She vpesr and lowsr wmter menised.

it is

;__.

nige § om. B Seke asveund wf the canillary ) ze sffoct,) In sraetise,
hepwasibie b ged rid of ell the ger in the Sepdllary, 30 thei the wobter, in-
atead af tweing down suldendy indc the sapdllary, comes down gradusllv cear

& vanre of -2 ip the bhath temperatures. The best nrovedure them is &tn nota
the tempatutors T3 4% whish the eelume of vapar shese remaliving in SYhe omptle
fary ip vodused Uo fome walwe Wy, ard ?::"*.»»‘:-} lower temeeraiture Ty st sdfah 1%
sanohme fome ameiler welue Vo, which dz senvemierdly talken as mme-hell of Tio
Togzr L8 "%‘F} v ‘»ﬁ"‘ gre e wamoyr araaszres of wsbspr vh '}f’}_ At !fw, E %‘1 is
Sha nlomossy partisd presseres of persement pad in the oapillney wien the
~=;~=.:s~.;:x,xme§ is ¥y, ead ¥7 and Py ars the to tpi pressges in the rsap,,“arg sibies
the wolupes sre ¥; wuwi Vo, we have, neglectiag Yhe Charlest lew, coniraction

of the termepent gat in the cepllinry:

= W g k] = P -
s T PR T R S o]

Pa =Py b % Pyy = Ppyl¥1/¥2) + Pomp

Sirecs #he ohenps lm b is negligible, we squate Fy and Pp. IF %fwz w2
- ; ;

e BE TS ?g}“ R & R ond Linadly By subetitubion:
Pp = BFypy = Pypg " B~ Py
inssessive provsyrs determinations ere reproducible to abouwt + 2.

3. Gater decompogition in preszure-indicaling sampoules; effect oF byve of

radiztion on the alsady state ~

& mugmbar oF these smpoulss were exposed in the pils at sbout 259 ¢,

withdrawing st ianterwvals for pressure measurcment. The results ers showm in

e
b G E



— N

o

Figars 8. The rabs of gas generation by initislly about the seas for the
41 frorent smpoules, but scopst ar later decremses amd figally becomes zerc,
{stsady ssatere The Pinel trassurs etinimsd veriad for the different amm.,w
fyow B Lo 18T am. The corrssponding cvwdmmtretions of Ho xiis&emim in thu
water are of ihe order of a Cow hundred oM, %f“f‘ result § confira bie original
idwe. ¥hat » sluady stete v deg mmw% oo of weber wiil be abisined,

Teking Creaa dute, tagsther with those shdained with Dull supouies, we

pot the Followine wsioture: Tu 8 fwil smooule, & gsbeedy sSate fs attaiaed

s

s
i

within u fow pdoates . e steadyestsis lowel of dacemmsgition greduelly

i fie pewsrd, howsver, beoamss of aping of the arpouls mhich veeswmbly o

wivos dispereian a the #ster of mpterisl Provm the wils Ip s BeIf-Piils

s

wmane e, atbelament of the g %:ami:w-#wm sonoentration 13 necesmarily much
sigwor, sad e mplng Orocens ogmare coneomibtanbiy with the isd vinl sse oo
Iorion, a4n thed s gmoobh srosmaresfing gurve regalte. Aer w {ow @ﬁgf%,v g
aeEr, the eging wressse aruesrs Lo roach &n spds 8e that the pressurs abbeaing
é. trvm siondy walue. 4% Whie Hoint, the disrersion of zilien fu the waime A
) rﬁimﬁ*d by weeprecipitetion la ke weiil. Lifferent sspoules rlve diffsrent
sy stabes boosuse the mabure of e foreign veriisies produbed savise with
B fforent sapplas of silioa buving. It is very doubtful thet e stoady-stele
penpdwte in thess emponles wrald congin 3".!1»‘3&5"}%:’.%?@?.a"@&étﬁﬁ‘tﬂ Papther frg e

fug wondsd probwbly scowr i e slpusarss woes unrabimed Por pemy weols.

o ware phls ¢ibh Lhess sapondss bn conlirs bhe "ﬁé‘s;e;.cs_vy Thwt the sbosdy
astale rhould be highay the groater She sveportion of heavpepsxticls cadintis
fnpinging on *he samnin -~ §ob., e gprester the awm@s denaity of radioris

at e tlme of thelr formetion. %o ecpoule wes sweroundsd with 11/16" of

isad. Tois outs sul much o the y-reys ehsorbed by the szmnls, *:l!'fé&.i.}é redusing
vary Mttle the fast meulrom Flux in the water. The stendy~state levsl of

gus should, therefors. be imcreased, This sctually havpened; the pressure, which

had heap essentially comatent for 90 howre withouh lsad at 48-51 cm., ross in &
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ﬁlthc~~h the vressures sttained in the twe azmbules are 2ifferamt as usual,
owing to adventitious impurities, the temperaturs effsct on the twe wus simi~

o .
lar. Thus high tempesrature prometes the back reachbion end reduses wator de-

compositicn by rediaticn. The result iz of interest in commectionm with proposed

use of high=pressure high~temperature weter - moderated resciprs Tor nowsy
arpdustion.

in ghtempt was mads to werifly ths iLzmperabure effact by szposing sesled
appouiss, full of water, Por waricus tiwes st differest temporaiures,. Lhen
determining the amount of decompositiom by anelysis. The resulis ware lugoss

clusive, beceuse of the uzsual irreprouwcibility.

8. Popsibility of bask resctlion in bhe gas mﬁasﬁ -

fg have ssguned throushout thal the back reaction whieh resudts in

sessabion of water decomposibion under roadiabion srours betwesn bhs

diaseived in the liquid thase. fﬁia speng recstnsble bassuns

sporgy ebovrbad in eny phase iz provoriisnsl o the mess ol amb

shivh Iz of cowrss very mush greater in f$he liqudd shess. IF
s b H
o weter and slectrolybic res asre pregant, w8 i the erveriments with e

sreszure-Sndicating amsouls:

¥ o g, P e i e N A 2
4 slm. prezsure wiil e in

Lhe Zon seir yizld for the

kY

shemse de ebout H. Uslorimebelc measutassnts™

slactrolytic ras; in Hols 12 sbsorbs susipy et %he rete o

7o ) . - . 1% 2.
sr/minube, corresponding to the formation of ab @mt 2 ox WAV

minube, The resuliing rate of oresswrs drop due o this pas

raadily enleulsted from the sbove sssumptlons to be about L0073

o4 mm/hr. at 1 sbm. pressure.
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Arabure was

pressure rise rates of the order of 10 mm/hr.. snd when the tem:

,“-?é i, ;er o

inersagsed from 369 $o 110°%, the »ressurs Fell at the rate of abo

T back resction rete in the pas phese for the case of squel

o w be &

fore bellewed to be only s very {ew paroent of the baok rewctis

Iiquid nheess; o full amocolss, of courss, ne cas phsss wes vrsiont
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nomust ccouwr in the ilgoid.
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3.

i
A1l expsrimsnts on sclutions here reported were made with full ampoules j
i §

conteining essentially no ges phese. ' /

2. Rssults from warious solutiems - Sclubtions of KBr, KI. GuSG%” Kei,

RC1le KOH, EZSQé, EpliQy and BgFlg at varioas‘cencentratians were expoused for
different lengths of time in the pils. Resulting pylelds of hydrogen pgas

are shown in Pipure B. It is seson that in many cases, hydropen concsntrdbions
were obtained far exceeding angthing found with pure water. Iz geoneral, tiws
pressure inoreases with ﬁim@s then usually lsvels off to soms steady-stete
value, With the more concentrated chloride solutions and with copper sulfate;
the disselved hydrogen pressurs did mot level of{', evem when values corres-
ponding to hydroren pressures of over 100 atmospherss were attained. The

initial rate, however, appesred to be the same in ell cases.’ This is shown

in Table 4, which pives the hydrogen yields obisined in l-minute exposurss

of the various solutions. The valus is alweys sbout 27 micremoles/liter

— e e et e T

within experimental error, sxcept for a lew lowsr wvalues obtainsd with nure

wear and solubloms that geve low stsady-state values; in these cases, the

bank

]

saction wes anperently slrsady importunt im the first minute.

3

hese results sre readily explained in ‘terms of our plcture of the for-
werd reaction, oscurring in the densely lonized cherged particle tracks,
probably independently of the back reaction which comes aboub Through the
epency of free radicals sscaping from the tracks. Those soldtes which pro-
duﬁe‘very'high,steady states resct with radicels, and thereby prevent the
radicals from reacting witﬁ dissolved hydropgen and hydropgen-peroxide, so

‘that the back resction is inhivibed. The forward resction vrosesds and the
observed rabte is that of the forwsrd remction until tﬁa dizsolved hydrogen and
peroxide reach & high enough Gancantraﬁicn to compete with the dissolved

meterials for reaction with the radicals. The observed rate then drops. This

faliling off occurs at e higher comcentration of hydropen the hifher ths conw

tive affacrtiveness of

s g e oy el o E :
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b
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ThslE 4

YIEIDS OBTAINED IN VARIOUS SOLUTIONS IN 1 MINUTE PILE

EXPOSURES

Product Concentrations g;:mc les, iiter)

Solution Ez Ca Hz20s
1.0 N HpB0, 33.7 0.88 52
0.13 N Hp50, 23.4 9.0 24
0.0085 § BpSOg 20.8 0.8 20
0,685 ¥ HxPCy 48,3 0.0 50
| C.0B9 ¥ HyPOg 25.8 0.0 1z
C.954 ¥ HOY 26.9 701 70
0,118 ¥ BC1 29.7 0o 28
0.0088 ¥ HCL 28.0 Sk 5
1.0 R G2 31.8 6.8 10
10°2 ¥ Kpr 24.7 8.1 1.2
P107% ¥ ger 2358 3o 1.0
i D5 ¥ K380, 20.% 0.9 8
| 107 K cusgy 27.5 X 25.2
i Bp 17.1 0.8 1.6
i 30.8 0. .0
% 26,2 0.9 5.8
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different materials in raisiog the stesdy stabe 15 & weasure of e specific
reavtion retes ol Lhese lons wiih the redficals. E*}'skﬁméiy bragide. ledide sad
sapper ions rasct most recid iy with radioals, hwirceklsrio gnid somewhst f:‘;_ sg
ranidly, sulfuric weld #tiil lsas rapidly, while ~hosphoris scld and hydrowide
dopg react Iivtle or aot wb oI! with the radicals, Raprocusiblility in these
axpR Tl ments was falrly goud exospt For the more 4i Jude solutisns. WVith ths
e re somtantrabed agiutions the alffest of Lhe impurities mus & i e by
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e e T
reduction of the solule may lwie ocourred. The erovide contenttobicne werw
.—_‘_4_,___._—-*—’—"’4' R S, s DA o :

vy bhigh in the case of suliuric medid, toat u sergulferic scid usy

aave [nrmed shickh is more ztable bo redisiisom than hydragen porskide. A oo
- wigte slostdation of what sccurs op irrediscion of thess scolatisnr wnuld rew
qulre 2 more nearly comnlete angdysis of the disgolved mablariels,

do  Purifies Shioride selubions sl verious pil - It was sum wectad Lhat the

Righ hpdroper cmpcentruticons sheows i"'zr irradiated BUIL in ?15.;1@"7 8 migh%: Lakos |
soen due o & bromide Swparity in the chloride masd. Seme colansium oilorids
was soeslaily puﬂfim‘a from Lesmide ion by repssoted zl?&}nriuzz_ti-.}xz; and reary-
stailiratiog. Tne Bromide sonbant was determinsd by ackivetion méiy&iﬁe
e solld povessinn chioride wes &x&*;&m in the nlle. The irradiated mals
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and excese KBry, followed by extractism inte oartiom Sotrachlor ide. The Bro-
pracivitetesd
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Decomposition Products (Millimoles / Liter)
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s O0—0.10 M CI”
0—0.032 M CI’
EFFECT OF pH ON DEGCOMPOSITION OF CI” SOLUTIONS, Figure {0. ¢
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of some importance in the techmelogy of water-oconled zad weler-moderabed
reactivrs .

figure 14 alzo HM#’& the desompasition of wmber in o lwtisgs «mmfmmg
taitially smly hpirsgen *":45'”3% ve and only oxymeme In these sausn, BT
hydrogen was formed then fros wster (sitially ast cortuiniog esy dizsolved

produtts,

The resuliz “hus show tret swowss hydrogen simost en?
the decomposition &7 saier Ln the pile, bat excess meromide bashesd of

guppressing thy Jdecomosition hes the opweiits affecty T 5 gee the Troesy

wf peroxide, the porve hydroges s srevendt at tho stessy siale. Thus, hBydee-

pen paroaide playr o toutle rele im bhe beck resvbion; L¥ Rs, i 2rurcss, 4

reagent nesessery for the bask renotion to ooour, bub 5% plan, Lt many olhaw

solubssn, bohs as en inkdbitor £or Lthe baock resction. She inhdds

v

o

#f wydrogen peruxide v sleurly shows frem the incremss fu rebu as Bho

revoxide omoentradions drops indicated by the date of ?a.;‘gm"w tie -Fipire 18

kms thet in = series of solub sne, ell conteining the zuwme v xa‘x}ma@sa“ﬁx“w'%:?‘z 44

of 84 :zs_élman‘? hydrosen {(saburetad st stwmcephers pras swme Jp Dut differea oo

esptrstlons of v mi'd@a, m initisel rate of nernxide &isﬁgme‘mrmm in prestey
s liue the peroxids swmoentretion. Pipure 1€ shows Dl viss se consider

the Wydropos and perosids comcontrations finelly sttuined abt the stesny ateve

For sulutisne of (differimg 19itisl compusitisarn, the kypdrises cosisertretise

18 Hipper thy grosier the ;@raﬁ dp copoesiration. Verisus wsys of egs:;ei‘;&m“-

lny, the reswelts Q.‘:;‘i iend Yo the swne cvaciUsiong thel bydrogen perazids is

¢ markad infkibiter for the back resctien. This ip the ssplsanticg far the

previpusly sbserved fect thed. starticg with e weter, & highet ileldy-sists

capcentratiwm of hydropen is cbserved when a oonsidersble spmge e ewenl lable

sver the wuier than when the wesssl s fuall. In the formsr ongn, mosd of the
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V. DISCUSSION

The mechanism by which the decomposition of wmaler iz affsvted vy variovs
types of radiution was briefly discessed in the Iaroduntlan., “reitatiap
imfm%m of bhe wabter mulseules lssds ordinoeily fo busd beesiiag with vl
fermedion of the free radicels OF aad Ko lo reglens of hige luniistiom Gt
iy, ruch ae the bracks of mratos rocolls o wvery 3iow slavkroce, raifesly
wre fovesd fx Kigh conosptration. Wary will resot wiidh oo sectlue ko fern
the molaeuies 32@;3 ol He bafors bhey have blas by severabs by 818Dasien
fute e balk of he wader. in regione of lower fomlzasicm dansity eah e
the trashs of Ffasé .a}&s&‘r‘mﬁ;, mont of the rediesds will did fuse ;‘3&53?;3 fwto the
satar belhre Shoy have w chenos b0 rect with spe sethor. S spsven theree
Pore behaves s Phough et Giflerant resctions were seoqmrisg o widbhseresizs

2 Hghh meniially + Ho ¥}

Bpo bR o O ()

I¥ iz poesaible Hhal la reglowd of high Lombonties venely, sleommprasds

@:ﬁz&im o laveles may reect widh sos emother o forw molsoulse vﬁﬁ aid Hoid,
dhrevhly, thereby giviag so sddiiionsl ovalribubion %o reustion ¥ N fres
radioris forped by resobion R dsperee tpwugh e wmisr oy dilflusloue sl eve
wosl labhls o el 's;f.iﬁh A5 speived meterizls. Sioee # Lo & atrocg weduo fng
sgert and O o a%reng oxidizier spend, oxldetiop-vedectiss rasallzes are
segeas i i@;‘%ﬁm@ﬁé selabions. Esfstence of the redistivp-indassd buak
rpebion botween dizacived Hp and Byl dhows Thet Ghe radioais g ..«a:ﬁ&i:.&

nprepsm mnd raduss peroxide:

wn s ) we o - g i
o ﬁ?wawv:;@ggg, & TER £33
GH v b g+ 8 {z}

shoh bolh Hp and ﬁ?ag wre peesent, o obhalo remacvion w411 ewidenily %e osoh



56.

ups This reaction is comnletely analogous to the weli~knowa gasgous chain
reactiron between hydropren and chlorine; hers the nlsce of Ol 1s tnken by
O which has very similar chemical vrooerties. The presencs of roadily
oxidized material such as bromide jon will remove fyee radicsis from the
systan end thereby interrupt the back reaction chain. Ths srobsble rasctioms
socurring with bromide ion are

Br” + OH-——Br + OH™

Br ¢ H s BT o+ BT

B ¢ O e Ho O
The tromide iome thersfore act as cutalyste for the resombination of rediaals
to water. We would expsct west oxidatisn~reduction apstems Lo baless In She
ssmed WAY. Anions contelining oxypen nrchably iﬁtamg.&% the Beck reaction &y
5 similar mechanism with perexy radicals olaying the rols of the cxiddied
state.

HE0,™ & QR~——dHa80"

BpR0g™ + B3, + KSU,"

hile sclubes interrupt the back reaction, they can hevvs oo

weh on tLhe
forwerd reaction which iskes place in the wmisute regioss of hish jonlzebion
densivy. The vroduction of hydrogen and serorxides iz bthe solution therwders
proceeds uninterruptes until the cwcentratisa of these decompopition pro-
Huote bewnmes high emcugh for them So oommwts effeatively with the forelgn
solubes for resction with the radicals. The initial rate of hydrorss gas
formetion is tharefore the same for all solusioms {Tebie %),

Bx caus ‘,3“&’: rexide also inhibits the resetion by inberrwbting He ohein.
The reaction im this case is the seme cme by which serozids is oxidized to

T

gt
s



¥hoo meny OF radicals ure peesant, the resulting Wy redicsl cen be cxidized
further L9 sXvren.

Bl & U eedHal + Oy , f}
Bawever, the HOp osn slso be rsthuced bask ¥ pnirogen nsronlde.

R 4}

The sum of resebions (3] and (4} 1w ‘a-,ga.m mitgply Yhe dombinpBion of &
sad £ G wabter, 80 thet exosss seroxide sebe iwm bhe sww way Ul beomide hen
soee to dubibit the bec: rowctfon. When rescliem (5] serwrs thy vegulitsg
sEypem oar alss be reduced bask te Bl

Gy e Hemdug, s}
hesatioms {6} wad {8} ero ssother &&i%‘mﬁz&wé&»ﬁxw&:é&ﬁ wwlf, 20 AR JuzEes
wf weil ae Hpls will be caxpested o ot ss o Dok rescdiim lakilifor.

Bhan ydrogen is pregant In eResss, reantiog £87 suparwetiy doss uut
soewr Se any lescethnt seBond sihes wb deerscisbls gueatlisy of exgoen fe
prodused. The srcess hydrogss keeps floves Yhe swatentration of DU by peTiog
{2% sa tha® mw‘; the radissie gre fn the fors of ¥ o resstlog {4 ks
fawored over {8).

Wpen sxypgen forms, the glasides awpeeted Dfrom bhe abave pgeiions are iso
sompiicated Lo admit of & good fheoreticel treatmant. fereewec. tw eadelysis
=y “wwxm decespseition by motes fudlowbes Yl S rabe of reegiloe (B is
probaply nob sedweducide. Spptece conteloing waesr ppirorsa S, hesewen,
e irpated eorebioslly by essgidering vesabions (F), BB, {15,108}, €8} apd
{4} sbove, bepwther with the vodiond resonblasidongreact?ans

& & Bowoed Bo Ve h
H o+ el (a3

we reaetion of OF with 00 s negleoted sewouas, o Srese cysheopw, S

R " » T £ e b | 0 Sides 3 oS 2 Fonvi il o S 5 % % B o
GE sdanosutreiisn 15 mech ldawer (hap thel of ¥, s the sommbinption =0 deem
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Qs probebly requies some actiwtion emergy becsiss of the digels reowlslon
abieh Bust @det between twu 0B radiesls 49 they come togethes i# the prover
eriewtetion o form Hplh.

1t o senused in the following brealmwest et We résstlon redisale ww
ﬁ.s‘p@ﬁﬁ& wii fornly threughoud e solution s that e rebew of thelr re~
&%k ous afw prepoviiensd fo Mhsir consenbrslions i thé whukd Y. B sduuge,
Fellawing e uewal provelers, eb the vale of chenge of radlesd sonesks
ratiors in meail opwwrwd % e Tater of e lndleidesd eattioans ietmi’ i
vadiouls sand msy Dwrefors e se wgesk booserv. &% cadetlvely Big: eopown-
toatione af % @ mhy wowat thet meed of he rafitonis wiil dimevmey
rosutions [8) sud {4) s rhet reastions €93 s (8} wmy ve aszlected. .iﬁ%

{8} roliowed by (2] doos mot chesge the Nyl somcestretics. Thes.

i8¢ wo 388 I Lz e rediation intensity, soad ¥ wilh sn spproorists subsuprind
the paby oonsbust for any of the swwe reastione:

b W_;. e

é,ﬁ,} *iﬁﬁﬁ%%} us ““iq‘“ % § s &, . ’%?1

o o gmpse & x

iusg.} ‘Mﬁgﬁg o % o= a?’u‘g;i - i wﬁ} %‘ﬁg’j}) L g gjgﬁ%; -~ k@iﬁ} iﬁﬁg}
i:g}; fﬁi %K & B B o6 e FuRe g S S %
£ &;gm . $. w o el i 5} gﬁgﬁé 3 e L §§Eﬁ* ‘iﬁ £ 3D iggﬁ{ ot

. R%ﬁﬁé’iﬁ%* @ %gﬁq;;‘ Bﬁfﬁﬁ.;
fooswens Bl wet he copmagred ne Pret ws 3% fs formedl we have fvew {33 + (31

@ Rk - TEgh U {Bply)

.
wrd sethimg (A = (B, we ohtains
&1{}:; wﬂf&;,

r‘::.




kgl (i)
-

s (H202)”

Gubstisuting io &

(8)  kyl®) =

Ley

(F} «né{,ﬁfi@. ) I ek I{Eal
£ kg (U0 ) o o

fx ioterrsbiag bDetweem the 1imits {Rgﬁg}l &t & = by ané [By0,) =% ¢ = 5, wm

Gobaling

&} | 3~ ﬁ"w}ﬂ .= 8 + Bi{8,00,

1& o A A A IS - ?’ - ‘;{'}

h %’2 g% &{Eﬂwg)

kokp

B3 : 2 = o
s‘. | mtrpnin st 1R * & w PSS

= S s

S = () - (By0p)

P ope QUENTITY BNpSArisg 0 Lhe arove s9atione wepish fw slrewdy Weomm
ie Ry Tnie iz the rave at mm: hydregsm i3 forsed o solutions of uesive
#o lures Noch 88 BUi in whiths resicels Bre destroysd by the solgbs, He seprass
S ragistion intensity im arbivrery amits of prawm powme e 28l ;@2 w oiid ;g&,m&
Fliter, pluute &t & & inia Loeoe of 1O

i ew try ue PIt sguation (B} to Yw expers mazmsa date shows dn Flgees 1
for dhe highest wmm% soncentratitn. we oblaim the asiid cwrwe using the weluss
{BgOphy = 828, ty = O.EWS, © = 380, kol fiy = 9o, [ 7 0 - vers the comesa~

vention wib 48 gawles/liter. Jhw tims asit wiuubee.

de pots that this egmetian MNis the dula Feirly well over adet of the
resgn. Bowewer, the initial rapid rete st {Hplp) =~ 380 cwrmet be smplaiosd by
this mechanise. Also, sx the seroxids concenlivratisn soorssnbes gere, e refe

i

»f percyide resewel apurcaches infindty ms showm by sgpwiios (Fi. Srarisssially,



6C.

wa find that at very low percuids concentrations the rate of remewal suddeanly
Getrrases and we rsach a stesdy stale peroxide soncenitestion at srownd I sdcre~
wolef M tar, M&ing &t egustion (B), we ses thet es f#m newsTLEE SoRoESratioe
eppreache s ieTa, the hydregen stom soncentretios bseosss infini%e. Kesections

{7} sad (8 mast thes be imoerbemb., Inoluding theee rescbions, oos osbisiusy

£ oam ""é g 3 % -" ¥ i
i) Mfmwj, © iR Hplel - pd
gt

fypy  wBEH ] - ot i .
W) 2Bl - planisg) - k(82 -

iy,
B
B 8

E s kgl - k(¥ {Epp) « kploE)isp) - kglB)(HQ.Y ~ Bt (B}
&%
ke T {0

?ﬁ} &{%} o ke ¥ o 2T | Bty ) o e Sewyy S 3 4 &% £ 7 = £ i‘
LS .Wf:%muwv & E} %,—. * g‘iiﬁ( '-»,&2'{!«3; ﬁ?&iﬁﬁg R:ﬁtgf %gﬁ}i&w»; 1‘;&.‘1% "*\vﬁ

(07 + (% kat - p(OR) {Hp0 ) - Eglmi{oE) - mfE)¥ » ¢ .
from (& ~ {(KY, or by setiinmg (B} = (1), we fiad
: by Zs kiR Ly
gy - g 143 Ulgian
I : k&fﬁgf
toghinizg the et Swe squetions, ¥ pabs

%o mow atteesot to T1T the obsevwed a:i%%i 2% by the e of ewSlen (L3,

e sxperimental cwves repreventing peroxide soncentratium us & Pupeticn wf

s¥vanare in the mrssence of sicess hydrogen {Fipure (1) haws @ Ty PATElLS

».i



G

G50 d

wE
i

oy
-
8

e 3
kN

provs

i 2

a

i

Au¥mieda

F

i
o
£
S
¢ “
o
@ P
B =3
o,
P P

i %

a9

]

@

&

B

) e
@
g
i

¢

L




LCWe 7/73

NOT(LRESIFIED
11— i
|
{
|
10§ l
|
|
oL |l
! -
\
| _G(H,0) _ 3768(H,) _
8- ‘ DOTTiED GURVE o Ho, 30 |
\\ SOUD GURVE (k HP + 8.7 (H0)[k(HI] +0.45 (R (HI'+ 121 (H,0,) k{H) - 490 (H)=0
| O VACUES OBTAINED BY TAKING SLOPES FROM THE DOTTED GURVE IN FIG.0I
— 7l \l (00 | (k)
O | 380 308
P | 300 294
+ 1 200 57
— { 100 1.63
Q 50 613
Ej ; ° | 30 Lo
=l | 20 15.
LA 10 20.
— 067 | 30.
—C, sl
=
il
I
S
0 41
3L
2b—
I
— D
o | | | I
O 100 200 300 400

H,0, GONCENTRATION (MICROMOLS /LITER) -
FIG.17. PLOT OF k(H) VS. (H0,) FOR INITIAL (HQ)=380, (H,) =760 AT RELATIVE POWER O

-4



low percxide conventrutions where ocurve ¥ gpoes $o infinity at '{‘ﬁ;;&g} w 4
wnd curve M goss to ky(H) = 30 ab Fpllp = (.87, which is spproximataly the

steady-atate wwlug. Thus at ﬁpi‘u somuentrations above 50 Ay the debe ers

o
%
s
v
he
oW
—t
e
¥
©

At Just as well if the radissl recombinetion resactions
nsglected. We conclude the® af higher conceptratioms 23! B and 8 redlouls

dissppear by resctioms {3) and (4}, ’

The iﬁi‘:‘ia}. rates {Pigure 11} wre slightly meor. repid t,"mz..z; DX puated
from the subsequent bshavior. Tds e probebly aseribebie to pressacs of &
traoe of orgasde lomurity in che aulutioms, whlch is usad up by reacti u widl
sxidining fres reflculs in She csourss of the first ber or Worse
witubes of exXpoturs,

%

By use of ths sbove uollants, sue con ssisciase Che eiuiel rate foo

rups in which the hydespen copceniratleom mee that corvespondiag

P vy~

ab efmospheric nressurs and the erogide convenlyrubion eas varld

sulling theorebieanl curwe huy beer drams in Flgure 1o for cuonarison willh dhe

obesrved data. The surwe ie practicslly the sume whebner squation (F) or

syeetion (M) iz used.

Peliasble values for the individuul rate constents c.anot bu oWiainei

sinoe such latiltuwde exists in the determimation of the comstents in wguation

£ W N
‘!‘ﬁﬁ @

The piot, F ipure 16, of the concanblretion of hydroren weiepus et of

hf,a‘i oran ceroxdids st the ateady state for solabious ire,it';e.i}fy’ sgmbaining

&

peroxide sppears Lo he linwer. NSince CRYEen is yessnd n e sedablove . LT

ssems fmpoasible to work Efd;t & resscasbly simple theowry, sad it way be Last

i ppparent lloearity in this cyse has e psrbiouler thetretisel Byguifis ros.
The sbove resction schems for W‘amrvdacampcsitim LunBarE to dEori Lo Uhe

srtastion with felr quantitetive precision in thoss ooses whare guanditstre

Lregstmant is vepstble, and to pive wn adeguals quelitetive explananiom for



the cheerved behavior in other sithations.

¢

T

e belleve that the resoblon

schems here propossd csn be regerded with comsiderable sonfidence.

1.

2o

&
9

=

REFEREICES :

Ghormliey, J. A. and Allen, A. O.; To be publiched inm FPR, Vol. 10B

A12sD, Ae Oop Jo Physe CGolloid Chem. 52, Woo 3, 479 (1343)

uane end Schouer, Le Redium 10, 33 {1813)
Furnburg, O Bes Jo Phys. Cheme 38, 47 {1884]

Lenndng and L&nd, S. Oo, J. Fhys. Chem. 42, 1229 {i388)

Ghormley and Allen, log. clt.

weseeT

Rice and Eilpatrick, J. Puys. Chem. 51, 1807 (1327)

Idvingston, Re, J. Phys. Chem. 47, 280 (18§43}

ey

Martin, J. Fhys. Chem.. 24, 478 {1919)

Semiflett, CGe H, and Iind, 8. Co; J. Fhys. Chem. 88, 327 (1884}

Friake, He end Hert, Be, J. Cheme Phys. 5, 90 snd 526 {1885)

s

ki

ilien, Ao O., Bichardsen, D. M. ond Boyle, J. W., ORNI~128



