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RADIATION CiMRSTRY AND PAOTOCIGATISTRY OF AQIROUS SOLUTIONS OF OXEAITONS

Frogace Report

april, 1565

The vork supported by A.E.C, Division of Biology and Medicine falls

Ante three sections.

A) Paotolysis of Htrate fon - previously reported vork has been

considerably extended end quantitatively anslysed.

B) Raddolysse of Mtrate solutions. Tals vork bas been commenced

?this your.

©) Laminescence studies on D.N.A. constituents. Though not

Ancluded in the proposal, this vork has been curried out on equigment purchased

from A.E.C. funds, Preliminary reports are appended. Thi vork was presented,

?at Fourth International Congress of Photobiology, end the Ninth Anmiel Meeting

of Blophysieal Society.

A. Mitrave Miovolyese

?The previously reported non-Linear retes of photolysis found in the



range pil 26 nave nov been snalyaed quantitatively. Careful experiments at

Long irradiation tines have shova that the rate of aftrite fomation eventually

decreases to a steady value. aie to shom in fig. 3 vhere a lintting rate

Ry = 0.60 pM/min. is indicated: Using tte fact it ts then found that there

ie a linear relationship betveon the reciprocal of the rate of photolysis and

?the duration of photolysis (fig. 2). Extrapolation to zero time then allows

determination of the true intttal rate.
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Im this way all previous non-linear data obtained in studying the

effect of a) nitrate concentration; >) nitrite; ¢) arsenite scavenging

can be decomposed into tvo Linea terms; 1) an initial rate (usually high)

which depends on the concentration of nitrate, or scavengers; 2) a 'final!

low rate hich 1s intependent of these factors. Tate analysie of data meget

 

4 staple motel on which cll subsequent discussion is based. It is envisaged

that the initial rate 1s due to the escape of reactive species from the "solvent

cage? followed by their random diffusion and reaction with homogeneously



Alstributed scavengers ani inhibitors. The non-ccavengesble final rate is

Anterpreted as the probebility of decomposition or renetion vithin the

"eolvent cage?.

Consequently the overall course of photolysis in neutral and acid

solutions 1s represented ty:

a) (003) = git) + $2), wnere f(t) = time = dependent

Se ee ye

$e) (o) xP quantum yield

waten Aso my be written in the form:

$v) « _

Tew

Eefect of Ritrate

When this anwysli 16 carvied out on the previuusly reported,

 

ventration

results for the effect of nitrate concentration on rave of photolysis, tt te

found that the initial rate is only cLightly depuadent on altrate concentration

(ig 3) and that the major effect ie on the mgnttude of the constant describing



?the non-linearity (fig. 4). Clearly, nitrate has a strong inhibiting effect on the

seconlary reactions during photolysis.

?Although the experimental reoults may be vritten:

Plo) = blo) +45, [ow]
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Sechanistic considerations suggest thut the relationship my have a different

form vhich the magnitude of the variation de inadequate to demonstrate.

?The effect on seconiary reactions may be described by the equation:

se a

Bifest of Eierite Coneanteation: Inntbttton

 

?Bre elope of the concentration-tine ewrver suggested tint nttrite,

@ product of photolysis, wns

 

inhibitor, To test thie the



previously rer:

 

Photeiynos of af

 

wlth nitrite added prior to

trradiation have been extended amt quantitatively analyzed. Some experinenta

results are chova in fig. 5

?ant the overall picture is sumarised in fig. 6. It ean be seen that the

initial rate 1s rapidly decressed by call concentrations of nitrate without

appreciably changing the final steady rate (or the rate constant), and follows

unt

$a»

Acct cen ue etn fenton tiie th rah

roves ef tags eo cor tanta of the tn ears te

ceouatono tin

suse seu



Fog oe evisy report wrt #8 an fd tn i

snstry pote sue wage aon to 0p a

ant sma pun oa) ty be ote ra

ct tmz) vita arsenite concentration ino a form tye af competition
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Kinetics, fig. 7,

   

a =

oe fs ta)

Adastion of Hydrogen Peroxsce

Awaentte being knowa to be a ccod soavenger for OM radieal, st bas

been decided to try othe inom scavenvere for OH. Of these, tvirogen peroxide

4s of interest in that its behavior might cive some Might on the non-fomation

of H.0, im nitrate photolyste.

Addition of H,0, leads to en apparent increase in the rate of

Photolynie, but tvo feature are note worthy.

First, when the non-linear concentration curves are analysed st 1



found that the initial rate 4s oaly elightly higher than in the absence of

 

Up, » and the major effect is on the save constant which decreases by « factor

©f 10, Second, in constrast to arsenite, fur which scavenging io complete at

Limit, Hp, begins to have an effect at this concentration and 4e really only

effective at concentrations 10-20 ai.

Tt to inferred that 4,0, does not effectively compete in the primry

Fadical reactions, ani tus ite main civoct te competing vith 70 tn the

secondary reactions.

Bifect of Bumaner

The addition of ethanol Leads to an inerease in inttial rate at

low concentrations. Acetaldajhyde ic formed at the same rate as nitrite

together with very low yields of Hp, «

Initial rates ao a function of etmancl concentration are shomn 4a

fig. 8. (the curve is qaloulated from the relation:
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a eH, its

Geom ?on * Poo

Xe ts tnterred chat ethanol, in conte 20 HLP, , te about as

etteotive & scavenger as aztontte aut Gi . However tare ween to be seus

quuntitative differences re?!

 

tea tn the Limiting quontum yields.
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B. Game Raltotysis

Work caries oF

 

 

A study of chs > gana: vactsu' > induce* reactions occurring tn

aqueous sodium nitrats colwiicos a camerdy Bets cursed cat. To date

 

?the investigution has



 

Mattes vo tor dvvemstnaticn of G valueu of 10,

 

and H03 fn neutral cerated celutione waove nitrate censoatrations mange

ey 2,

?free 1074¢ to At. A done rate of evans 2 x 20? ev. Liter?. min? has been

caployed for al of the vork 9 date. Yeluee for G(H0%) lave ulso been

determined for oxygen-caturated solutions. A typical yield-dose eurve for

 

WO], formtion is show in Fig, 1 The shape of the curve at Lov dot

not been explained, hovever, it has been observed that the adastion of

5 mtoro moles yer liter of Nel, results in a linear rate of formation of

nitrite dn the sane dose range. The straight line whose slope gives watt

4s considered to be the initial rate of formtion of MOD is tMustrated



by the broken Line.

Fig. 2 shove the initia G(#,0,) values obtained by trradtating

various concentrations of neutral aerated sodium nitrate solutions. A similar

Plot of G(007) in neutral seroted ona cxygenstad solutions is given tn Fig. 3+

Although the vork is stilt tn tts initial stages, some interestiue

points can be mentioned. ?the ity, yield drops very rapidly vith increasing

  

 

�

---Page Break---

ba

rttrate concentration to the aolccular yield vaiue of 0.7 where St resins

essentially constant until rolatively high nttrate concentrations are reached.

The decrease in O(#.0,) in this region is probably due to the decrease 4n the

water electron fraction. Tho effect of caygen ts to lower the nitrite yield.

Mis can be attributed to the competition between oxygen and nitrate for the

solvated electron.

 



Values for k, and k, hive been detomined by other vorkers and are:

2

 

20

= 1s x 2 a? see?

i 9 x 10

20 el geet

kein x wl ag

ring ratio yy, % 2

Mike predicts that at attrate concentrations ehove O.IM O(W) should be

 

tially independent of ©, concentration, ?The fact that oxygen lovers

?the nitrite yield even ot 5M Mal, indtcates that this explanation 18 not

?the complete one.

The finot plavesu in the Yoorsted" curve in Fig. 5 end the daflection

of the ?oxygenated? curve occur at aout tne same G(%) indteating that thts

O representa total electron scavenge by 20S . the inoreace in 60%) at

higher nitrate concentrations can be considered in pert to be die to a direct



action effect.

Work 1s nov i progress to devemsine (1) and G(H,0,) for douerated

solutions and to investigite the effects of intensity, pif and radical scavengers.
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©, Luminescence Studies on

8) Gytostne

?he luminescence behavior of the purines which coeur naturslly tn



 

Constituent

Pallas 48 veld recognized (Duggan et, a. 1957) and nas deen the subject of

considerable research (Walass 1963, Drobntk 1964). The phosphorescence of

Pullshs (Bertchn end Ioesberg 2963) nas been attributed solely to the adentne

so esanine restover, Eyrimtaines and their derivatives (wlth the exception

of thymine) have been reported not to fluorescence et x11 (Udenfriend 1962).

However, folLoving cur easier work on the photochentetry of cytoete

(Daniels and Grimtson 1964) ve nov vish to report the fluorescence of aqueous.

felutions of cytosine at room teaperature,

Cytosine (Calbicchem A Grade) in triple distilled water gave fluorescence

?spectra such as that shown in Figure 1. the ?Spectra (emission and excitation)

wre otatoed with an Aninso Syactrophotofucriaeter ecpled to a Duet type

eM Cectioscope and recorded cn an Hlecteoutnetrunent Ie recorder. Apart

from the first ard second order Rayleigh and Rasan seattoring a broad entssten

vith maximum at 380m 49 seen; exettation moctous ?at 235mu (wavelength une

corrected).

Te il Aezendence of the intensity of the exteston ab 56Cqu has toon

tersintt for 50° yentn (ee vray tn aon ogo



TOI env, secording to need), using the mlorophotoneter. Resuite ate shem

16. 2 (or comparison of snstrment sensstivities, we get tor 20y/ad quinine

in OL RHO, at Mom, @ relative fucrescence intensity of 75).
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Luminescence Studies on

4) Gytostne

?Te luminescence Lehavior of the purines which cccur naturelly tn

 

JA. Constituent

DaleAs 49 weld recognized (Duggan et. al. 1957) and has been the subject of

considerable research (Valaas 1963, Drobatk 1964). The phosphorescence of

DNA. (Bersohn and Isenberg 1963) has been attributed solely to the adenine

sod guanine reetaion, Iyriniains and thule derivatives (eth the exertion



of thymine) have been reported not to fluorescence et ali (Udenfriend 1962).

However, folLovisg our carter votk onthe phtcohentstry af eytonise

(Dantels and Grimtson 1964) ve now wish to report the fluorescence of aqueous

foluttos of cytosine at soon temertare,

Cytosine (Calbicches A Grade) in ?triple distilled water gave fluorescence

spectra such as that shown in Figure 1, The spectra (emission and excitation)

vere chain with an Anno Spectrpictriucrianter cepted to a huent tye

5A onctiioseope and resented on an Hlectro-tastrament Xe¥ reconter. apace

fom the fret ant seca order faylegh end nan sonttering «broad emtecten

with maximum at 360m is seen; excitation ?Saximum is at 295m (wavelength un?

corrected),

{eH ependonce of the Antenety of the enssion ab S8Oq. tas been

ferertimed for 5a" M yeatn (an varies hy tn meno po

?NaOH only, according to need), using the microphotometer. Results are shom

in Fig. 2 (For comparison of instruzent sensitivities, we get for 107/m1 quinine

40.1 1H, at Mam, « selene tivzeecene intensity of 7),
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Tt cen be seen th



 

he

 

wreecence intensity shows a parked

 

dependence cn pi viiea can clearly be correlated with tonteation of the cytosine

(yeh.45 piip-22.2) (Changatt and Davidson 1950). This pit variation confirms

 

?us in our belief thet the fluorescence is truly thet of the cytosine and not

due to sone adventitious impr! ty.

Further, we have investigated the concentration dependence of the

 

emission at various pHs, When corrected for



 

vial Light absorption, a1

curves show strong ccncentraticn quenching. Typical curves at pli. and pi2.S

fare shown in Figs. 3 and,

Analysis of this data snows thet tne quenching does not follow e simple

 

Stern-Volmer relat:

 

one in which cytosine

 

nahip. tewever the curves for #3

fe tn the non-ionic form ean ve analyzed into two cunzunente 7 ant fp of watch

1 tn quenched hy a secend-order necoanien 2 = H,(C)% = 2-35008 a 206.8

wonder process 1 = i (G) where Xp = 9.tni0®

(Pig. 5) and Fp te quenened by 8 0

*.



 

at pIB.E (Fig.

 

Me nature of the fluor

 

Jcing species and the mechaniens involved in

 

quenching are the subject cf continuing ver.

 

his work is part of a program eupported tn part by National Institutes

of Health Grant AYOSi20 and oy A.E.C. Div. of Biology and Medicine,

?We thank Mrs. wilde Reedn de Sandoval for technical assistance.
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Saptions for Figures 1-6

Fig, 1 ~ Fluorescence ontssion spectrum of cytosine

Fig, 2- pil dependence of the fluorescence exisaton at 38Cam

Fig. 3 ~ Corrected relative intensity of end

cytosine concentration at pit 6.8



 

on as function of

Fig. 4 - Corrected velative intensity of emtssicn as function of cytosine

concentration et pil 1.8

Fig. 5 - Second-order contribution to fluorescence quenching at pit 6.8

Fig. 6 ~ Functional dependence of fluorescence quenching et pif 6.8
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ints obi Ustnercerer aiesertse

we nave previously resorted(}) the shotedeanination by 2537°A radiation

of eytentne sn equecus solution and have dram atesticn to ite possible elgnttt-

cance in photonsotegy.

Investigation of Kinetics cf this desnination nas Led to the folleving

results which, taken in conjunction with tae previously deseribea(®) Luntnescence



 

venevior, allow clear conelustons to be dvaim ccneerning the nature and behsbior

of the excited state of cytosine in aquecus sclution.

?The deanination is Linear with abecrbed intensity up to considerable

percentage change, (Fig. 1) and hence represents a major, primary reaction, As

can be seen from Fig. 1, the reaction Le strongly dependent on concentration of

cytosine, and quantum ylelde ever a twentyfold range of concentration are shown

im Fig. 2. Grephtca2 analysis shove the reciprocal of the quantum yield to be &

Linesr function of the reeiprecel of the cytosine concentration (Fig. 3) and gives

?the result,

= 6.2220 % (2)

   

1 +2

Fim) % ¢

his relationship is very inportant, because the form of it Indicates @ sinple

 

 



?competition between deactivation of the chealcally active excited state and

reaction of it with a further molecule of cytosine. Burthermore, if it 1s supposed

?that deactivation is accompanied by enlasion of luminescence, then we can guanti-

ively acecunt for both the Luminescence ani photochemical phennena by the

 

folloving mechanien.

ee

presented at the Fourth Internaticnal Photobiclogical Congress, Oxford,

England, July, 295l.
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We propose that an excites a

© hy cw

watch can lurinesce in reverting to ground stare by a first order process,

sav



 

of cytosine

 

can react with another cytosine wclecale to give a tranaient excited dimer

%

cre at og

?ee OF

and that this can be deactivated by further collicion vit cytosine to give

stable products, snong then amoni

sy

of + Ly Products (mis)

 

 

Tremtment of thin mechanien by stationary state Kinetics, admiming 153P kp

sives the following aapressicn for the relative iustnescence intensity

Aete a & | og P?

For ee ee



(F = relative luminescence intensity, K # constant).

?aod for the quantun yield of amonia.

= lb ak Mo

a

4 (ay ? * ie wo

These equations are to be compared vith experimental equation (1) of the pre-

ceeding Communication and equation (1) of this cae, The internal consistency

of the mechanien, And heace the relationship between results obtained by two

entirely different experimental sechuiques, ie show by the evaluation of the

ratio ky from the exerinental slores ky and hg. We find ay = 3.5 2103,

a ar

 

im ogreement with the essumption of the mechanisn.
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Hence we conclude that the oxcited state which Luminesces ie the

ame one viich on quonci:ing Leute to the deamination reaction.

Further cone!

 

  

  

wsotica of tho axperimentol constants leads to the

conclusion that the act ct 49 eng 2ivoc. Tas from the deamination

 

Kineties K/x, = 6.

 

10", the coknw possible value whieh I can have

de the atffustca consrotles rate at 07 1 ut sac"* (canewated by method of

 

oe



 

G. v. seomate'®), using » atervaicn sosttterent of 20° en? seo"). mis

 

gives an upper init of 6.2 x 10° eset gor

 

?An alternative ani copplaeu'ary approach 4s to discuss the quenching

 

constant in terms of Y= 1.7 x 10" wnone Qf te the intrinste Lfetine of

  

?the emission. If omission ic froma singlet state, for which 7; ts commonly

 

1078 goce, then i, = 2.7 x 2082, an dmposotbly high value. On the other

  



hand, $f emission ie trea a traplet level with T;= 10" sec, then k, = 1.7 x 20°,

sonevhat lees than the aifnueton-contwolied reve, Accontingly we conelae

that the exotted state 49 probably 9 tefplet lever.

fo mamestec, ve find vias soreddation of eytorine in aqueous solution

Leads to a relotively long-lived -xctted ovate, probably triplet, emitting weal

 

Iminescence ad 580 ml, ac unilecpoing celf-quenching renetiors leading eventually

to deamination.

A complete prusuntation of thts vork se tn preparation.

 

Puerto Rico waslear Genter Yaucolm Daniels
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(1) Hy Dandete end A. Gristcca, Blcchen, Btoptys. Res. Commins



16, 428 (1954)

(2) Be RH 6, 2 (964)

(5) 9. Ye sommes, a Pays. Shen. (Peeaxturt) 8, 284 (1956)
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Similar studies have been carried out on thymine. In aquecus solution

at room temperature a clean extesion X= 38cm tas been fount, confirming the

report of Udenfriend, he pif variation of this entoston parallels the BK of

thymine, increasing strongly in alkaline pit.

In view of the evidence for the cytosine emission being & phoepho-

Fesconce fron a long-lived state, and the simtlarity between the behavior of

evtonine and thymine, the possibility that the thymine extseton 4s phospho

Fescence mist also be investigated. apparatus is being set up for lifetine

studies,

Tt should be noted that s very week emfasion has been cbserved from

DullsA. solutions at rom tenperature. ?he conditions tor cbserving thie

entesion, and its characterteties, are being determined.
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