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I. INTROOOCTION 

The application of some types of cnerey transfer phenomena• 

such as the use of the luninescence of phosphors, he.s far outstripped 

the knowledr:e of' what happens when eneri~Y is transferred. Important 

uses of' ener1:Y transfer occur in the operation of cathode rq tubes 

and :f'luoresoent 1 i.chts, in scintillation countin:::: of radiation, and 

in the use of trP..nsistors. Much emphasis is presently being placed 

on rinding workable n1echanisms to describe energy migration in liviri.g 

systems, w catalysts, and in phosphors. 

An inor:::enic phosphor contains netallic impurity ions which 

absorb and/or emit radiation under excitation. Many in.vestig;ations 

he.ve s."1own the ef'f'ects of energy transfer froo. the matrix to the 

acceptor ions, or activators, and between the activators. The study 

of a crystalline systern in tthich ener,c;y transfer results in permanent 

chemical change instead of a re.die.tive process should be n new 

approach to the proble:u1 of :f'indinr; mecha."lisms of energy transfer in 

solids. 

!U trate and ni tr;i:t.• ions he.va been shown to decompose when 

energy is transi'erred to them from ru. alkali halide matrix, and they 

both show a very simple S.nfra.red spectrum which eon be used for 

quantitative analysis. For these reasons nitrate and nitrite ions 

were chosen as the chemical indicators of enerr;y transfer to be 

studied in this investigation. 

Ll thouch the alkali halide compressed disk method of infrared 

sru.npling has been used in quMtitative analysis; various aspects 
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of' tho technique must be etenda:rdized in order to obtain reproducible 

results from the nnnlysis of' a radiation-induced reaction. Inform.a-

tiot1 on the .re.<liol;:;rais of' isoh.tod nitrate and nitrite ions miJ1t 

ruso be applied to the radiolysis of the pure sel ts. 

Tho pu:rpose of this investi :etio:1 is to determine the e:C:f'ecta 

of possible 1necho.nisr1s for transfer of ener<c;y to a.11.ion impurities 

in compressed pelleta of' pofa1ssiui2 bromide. 



'l"he ?:ni:nrn.l'J. re.diolyeis of nitrate f.m<l nitrite ions in alkali 

he.l ide r::iatrices and the oner ;y transfer process aceompan;,riru: the 

deconrposition will be discussed in the followini sections using 

available t12.t0ri!'.).l fror:i the 1 iteratur.s. 'l'he discussion ;,,ill cover 

properties of ,;a:r,'llrm. radio.tio:n, general e:ff'ects of ionizin•_; radiation 

on solids, radiation-induced chemical reactions in solids, decomposition 

of solid nit:ri1tas by r!'.l.dia.tion, radiation effects in alkali halides, 

lur:iinesoenee e.:.nd enerc;y trE>,nsfer in solidst in:f'r·ared spectroscopy-, 

the alkeli hnlide pressed disk meth.l'Jd of :i.nfrered sronplin1;, dosiraetry 

ru1d colori:m:etric e11alys:i.!:!, a.'>lc purification of potansiura nitrite. 

radie.tic:m, so ceJ.l,;~tl bocauee they cnuse ionizo.tion whe:n they imp:i.ng;e 

on matter. :;a::1::i.a rn.dio.tion, tthicb is importn.nt to this investi::;ation, 
r 

1.riterf.'i.cts \fit}1 r1atte:r in tl11,.cH:.~ ,1ny·s\ ( 1) th(~ photoel octric 

r,i'i'cct, in whicL c. photon :,:nocks a;1 or;Jitel electron out oi' an atom 

t!to Co•o_pton process, in which a photon loseo some 

production, in ,'ihich t),e p'.ioton vanis;H,s end an electron-hole pair 

is produced. 



Cascade Ionization. Int.he photoelectric effect the orbital 

electrons knocked out of th,:, nto,us 

tb'.:l throe typ,s o: internctfon listed :i.11 tbe preeedin'.: 

the C-'U\H~nde eleetrorie. Accordi:T to '!'8.ylor( 71 ), 

of re.die ti on on mf.:ltter. 

:,eviews of radiation effects on solids have been pi-esen.ted by 

A short, basic sui11£nary 

.1:.2A.!~.J:,:ef'ecitt.1!121..J.:l:,;l oce.:t~cms. Tho properties of' eryst!'lll ine 
( (,7 

solids not npplico.ble t,o o perfect crystal co.n ho explained\ - 11 by 

One t;,rpe of :tnperf'ection is the l:>Oint defect. Fob·t defects n.re 

CB.used 

A vnen.nc?, or f:;chottky d.ef'oct, is e lattice site Rt wh:i.ch the nornal 

defect. '.!'hes"'.: r>oint. ,kfects dist.m·t the e1 ectron rlistribu-

tion of tbo lattfoe 
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vacancies lett when negative ions are displeu:::ed :Cror;1 their normal 

e.ht1orb charaeteriatic wavelongt.hs of' 11,s:ht and are called color 

'l'he other type of im.pe1•feotion involves tlialoeation of plnnos 

o:' o.toms displaced to different dec;rees fror..i their ideal positions. 

These <lislo.cations include in thei:r ro.e.k:eup locnl strain&, and these 

local strains e.ttract point detects to themsol ves during b-re.die.tion 

tio:n r~ crysto1 is the: incr(;'la~e of ener;;y in t.he lattice. Thit1 

increase of a,H:frrs ie referred to as stored 011.ergy(lO). stored 

cne1·gy is tho enerr:;;· of the defecte caused by irradiation. J.nnoalin.£{ 

is tho process whereby the stored enerr:Y is released and this Uffilally 

invol Yes bee.tin~~ the frredia.ted solid. Chemical deoor.,position of' 

one or more oft.he constituents of the le.ttioe is another wey to 

release tho stored enor,y. 

the ease of ehoo1ical reactions in solids. 'l'his effect, as stated 

hy Heal (2.?) 1 is the hi.."ldre.nee by the surrounding lattice of the 

escape of radicals or atoms from the decornpocition si-te. Large 

1·adioals \>till usually not escape and rill recombine with each ot.½.er. 

J,. large molecule will either break off srua.11 radicals end single 

ato::c1a or decompose by ree.r:ran.::;en'lent into large product raoleoulf.'ts. 
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Another possible result of the cage ettect is that dissociations 

impossible at n normal lattice site may be possible at a defect site 

since there the cage will be more or less open on one side. 

µadiation-Induced Reactions in E,olids 

nadiation-induced chemical reactions in solids are discussed 

in the following para,e;raphs. '?his material is included in reviews 

by Te.ylor(7l) e.nd Hea1( 2B). 

~reakyw. of Oovalest. Bonds. Covalent bonds in solids may be 

broken by excitation or ioni:za.tion. This effect is shown by metal 

nitrates, chlorates, perchlorates, bromates, and ton small extent 

by sulfates. Mitra.tee a.re typical of this group; the end products 

of radiation-induced dooomposition of alkali metal nitrates a.re the 

corresponding nitrites and molecular oxygen. Alpha particles 

decompose ferric chloride to f'orm ferrous chloride and chlorine, and 

the irro.dia.t1on of ice re:sul ts in the breeldn.:c~ of oxygen-hydrozen 

bonds as does the radiolysis of liquid water. 

Dol?;!ndence of Yields on the ,TyPe of Bond. The yield of' breakage 

of' a single type of bond should depend on the stren;:t,h of the bond 

and on its frequency of' appear a.nee. This rule should al so apply to 

liquids and (:,ases, and t..½is has been shown to be t.ruo in the case of' 

trichloro-bromo-methane in which there is no change in the rate of 

bromine :production under gamma radiation whether the srunple is e.t the 
(21) melting point or at a phase transition point. Frerichs has 
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reported tl:1S.t some of the photoch~cal reactions employing ionising 

radiation, for example the formation of color centers, a.re up to te:n 

per cent efficient, based on the L"'\Ount of energy absorbed in the 

sample. 

The decomposition of solid nitrates by radiation has b~en 

studied by a number of investigators. Doige.n s11d Davis(l4), 
. (33) (61) Hoche..nadel a.."1.d Davis , and Pd.nt;sheim used ultraviolet light; 

, (29) Hannig, Lees, and lw.theson uaed pilo radiation; e.nd Ounninr;ham 

and Heel (B} used X-raya as the incident radie.tion. The results of 

these and other workers concerned with the decomposition of nitrates 

by radiatior1 are discussed in the following pe.ra,sraphs. 

Decop;pgsiti;on gf the Nitrate Io11. Aceordiu6 to Cunnil,gha:m and 

Heel (C,), the overall equation for the decomposition or nitrate ions 

can be written in the followine manner: 

(1) 

Tbe oxyr,en gas formed can be released by heati.."lg the irradiated 

solid, and it io released without heating after the nitrate has been 

decomposed to some extent. Magnetic ausceptibili.ty measurements 

made by Hennig, Lees, and Hatheson< 29 ) have shown that the oxygen 

is trapped L'lsido the crystals as oxygen gas and not as atomic oxygen. 



nit.rote io,,1s 

2~toichio~t:r;c. The ainou.nt of ox:n:en release from the irradiated 
(0 ,:,q tl1.) 

solid hes beer: eb:;,1u ·t•-.,' to he stoicI!irn'.:letric with the n'U.111ber 

The 

i:u.."IJ.Otmt of :nitrite ion was measured in wa.ter solutions of the irradiated 

liA D · d - i (l4) h t l f' t so ,.i. 01 ·;un £>J1 ·· .uav a RVe repor ec , rom r.1aos spec roocopy 

:meaauren-H':l.nts, only oxy,~;CJn in the gas above the irradiated. sol id; 

Ctmnini_:he.r.c1 and Heal (H) found 99.::; per cent oxy;:,;en and no nitror;en or 
(29) 

oxides of nitro::en; and Henni;:;. l1ees, and Matheson i'ou.11d about 

believed to be nitro;;e11:. 

18:..,feot of llltrite B}!Q~un. 0-uri."1:lnr:hf!'.:m a11d 'Heal ( ) have reported 

that pure potassium. nitrite ia not xnuch decoc1posod by ionizin::1: 

radiction. :.:L.,,ce the decomposition rate of the :nitrate ions in 

nearly proportione.1 to the ru:aount of nitrate present O.."ld not to the 

ni tro.te plus the nitrite, enerr;y tre..'lsfer f'rom the nitrite to the 

nitrate probably does 1101:. enter into the process. 

oxy:~en e:toms probably released f'ro1'1 the nitrate ions are: 

(2) 
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shows tho hi::heet decomposition rn.te of the monove1ent nitrates, 

and :i.t l!lso has tho r~ost :f'ree space in the lattice. 'l'his inclieates 

thfl.t the O:ll:'j:en o.nd. the nit,rite icm :f'ort1ed in t:bo decoinposition of 

n nitrnte ion mo,y tend to reccmbine rn1loss there io enow;h space 

available for the oxygen to be expelled ::Crom the decomposition site. 

decoJ:J.poniti(n:.: thc;n do the corrospondi:n·; e ... nhydrous nitre.tea, s.ceordinJI, 

to Be.borki:1 ( m1.d lloch:;u1adel and IJv.vis ( • Pot,f:l.soiun nitrate does 

The decom.position ro.t.& 

of' potr:u:isiut1 nitrato shows sor.:1.e devintion with (D) temperature , nnd 

somple of' potnssiu:n nitrete shows o. c1Hn11~0 of' slope ut about two per 

cent decomposition. Reported deeomposi tion rates, or'\:' vnlues, f'o:r 

nitrite formation f'rom pure, solid potassium nitrate at temperatures 
(67,\ (7) (;,;~i 

neer 2~i do,;rees, CentiJ:,rade, are O.o " 1 , 1.96 1 , a.nd 1.57 ,,,,/, 

nitrite ions :forn1ed per hundred electron volts absorbed in the sa!nple. 
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Th<l numbor o'J: nitrite ione wo.e dete:rminod 1:n these experittents from 

the ooneentre.tion of nitrite ion!f in a water solutio11 of tho sample. 

~rued .Alntorztgn of ,Irrf:i;.!,\1.e.t&g ?;~tg:a~ee. Cunningl~ and 

B•e.l { 8) :t'oll.nd1 upon irradiation of potassium nitrate, ths.t two nw 

absorption rnax:1.ma appt>ared in t..lie ir..t:re.red region at 12,0 and 1270 

wave numbers. The iit 1250 wave ntd>ers appeared first, ed 

the at 1270 wave m..uooers appeared aft.&r a.bout four per cent 

of the ni trato had been deoompos•d. The ""ond me.ximu.m increased 

ll10re rapidly than th• first one. OUrmingham and Reill e.ttr1bu.t. tho 

a.beorl)tion ux~mull't at 12,0 wave numbers to single nitrite ions in 

the potassium nitrate lattlce and the peak at 1270 to r•gione of 

nitrite lattice in the smnple. 

Ulttf?t!Wl!l 4bgor,Q\f8Jl ,qt, 1ft&d1a.tet9 lli;k:1,t.s. Pringethetm(6l) 

studied tho ultraviolet absorption of solid, irradiated todiwn nitrate, 

Ono absorption l>~d, which was continuous and showed a maximum near 

,5;o AngtJtrO)lls, wu easily bleached by ultr,.violet light oven at 

low temperatures end was put1ally bleached by ionizing x-adlation at. 

room temperature. Thia band wa.e a.t.tr1buted to color centers formed 

in the sodium nitrate er-y.ta.l. Ano~r band, attributed to nitrite 

ion,, ap,-ared. a.t e.bout. '450 Angstroms. Thie band was stable, md it 

tempM"at.uroe a.hov• 25 degr•••, Centigrade. According -to P?-ing1beia, 

the cloeoneea of the t,,o bands indicates ths.t the color centers are 

somehow connected with the pre:eenoe of the nitrite ionsJ pctfha,pe thoy are 

caused by nit.rite ions 1trongly perturbed by trapped electron• nearby. 
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reported that decomposition of solid nitrites under irradiation is 

very slight. Iloyle(4} i:rradia.ted fused sodium nitrite and found only 

nitrogen and nitrous oxide in the saseous products. ~~llwo(5;) 

irradiated crystals of potassium bromide containing both nitrate end 

nitrite ions and found some evidence for the fonnat1on of potassium-

oxyr.;en bonds durit'..g the irradiation. Zelde,< 72) ha.s reported 

evidence, from electron spin resonance studies on irradiated nitrites, 

for the presence of nitrogen dioxide formed by rediolysis at liquid 

nitro,s;en temperature {-196 degrees, Centierade). 

The formation of color centers in si:nr;le crystals of e.lkru.i 

halid~s and 1n polycrystalline compressed pellets of alkali halides 

is discussed in the following pe.rar_i:raphs. 

Form.e.tion of~ Centers. Seitz(6?) has presented en extensive 

review of studies or color centers fomed in crystals of alkali 

halides. Sehottky defects, which are ion vaoa...~ciee in the lattice, 

appear to predominate in irradiated alkali halides at elevated 

temperatures. Both positive ion vacancies and nen;e.tive ion vacancies 

are produced duri?l/; irradiation. Those defects can l'.l:l.Ove, and the 

positive ion vacancies e.re much more mobile than the negative ion 

vacancies. 

Alkali halides are colored in what is cnllod the F band(o7) 

by ionising radiation ond by the presence of excess alkali metal. 
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'l'h.o color centers in this band, called F cent•r•• are probably 

electrons trapped at. negative ion vaccnc1es. The F centers abeo:rb 

light in tho visible spectrum, the wavelengtl1 of the Ii' band depending 

on the alkali halide chosen. The color in irradiated alkali helidee 

is quickly bleachod b1 sunlight even at temperatures near ,0 degrees, 

Oentir.;rade, but the F centers b•oome more stable as the temperature 

is lowered. The F bend in potassium bromide is seen arou.."'ld 6100 

Angstroms. 

Fote4t1Qn. of V, Oent.F~• According to the review presented by 

S~d.tz(tS7), color oentero which absorb in the ultra.violet regio.n of 

th~ spectr"\.lm are al.so formed upon irradiation of alkali halid.osi. 

Those color centers, called V cent.ors, have also been detected in 

alkali halides colored by an oxcete of halogen. Tho V centers 

probably involve pos1t1v• ion vacancies at which holee are trapped. 

There are two major V ban.de termed in potasa1um brom.1.de; the ab-

sorption band around 2,00 Angetroms is called t.be V; band, md the 

uximum. around 2650 Angstroms 1a oalled the v2 band. other, minor 

bands 1n the ultraviolet region are oboorved upon the bleaching of 

F centers. The V bands are very slowly bleached by sunlicht or heat 

and are stable at low tE1:1peratures. 

P!ttsitt of V O•n~rt in Po:t&11ium Br,omide. Jord.1m and Alger ( 41 ) 

propose that exoitati<>n energy is t:re.nsferred to absorption centers 

in alkali halides by excit.ons, free electrons, end holes, end that 

the absorbed enffgy goes to chemical rec.otiona, onnihilat1on of holes 

bf electrons, and formation of color cent.ere., In pure potassium 



brom.de crystals tho conc:umtra.tion of F oente,:,a :ton,,-ed by X-rays wu 

found (Al) to level ott a.t about l x 1016 F eenters per cubic centi-

met-er aft.or a doe• of about 5 x 1017 electron volts had boen u.b$0tb&d. 

cm.bte omt~er. 

~or Qmers .. &a. P!l¥9"•~•1Aa• llk!J,J HAli&sl• Pi!k•· Horsh(,O) 

'Obt.erved V bande in pol7orytrt.alline alkali halide coiapreand <U,ru 

oolored rlth exo••• halogen and also in diak:e irr-adle:ted with X-rlQ'fh 

!he 1r.-arU.a.ted di$ks also wve coloJ""od in the F band, and tn. oolor 

wavelength.a a.a the .offflt~a in 1rra.diated. single crystals o:f' e.lbl.1 

ha.U.de. liereh al so o'bHrved that the pol;roeyatall ine di.aka gave a.u.oh 

grea:t•r intenait.i•s of absorption :tor both type, of t.umter1'h 

tho f oent&Te produced 'b7 ina.die.tlon ot th& preand di.ska 

were mor~ eaeUy bleaohed then thooe formed 1n td.ngle cr.,stale. 1'.be 

rc:ti.o ot peak abeorption of the F and Y bands ie not constant but 

vuiea with irrad1a.t1cn end bleaching. 

lh'h-. the in-e.diated diaks were dissolved 1n vatAr haloien ga, we.a 

libere.t•d, but nothing is lmotm. of the fa.to ot t.he alkali. met.el 

iotta. The ffduotion ot 'the helid• is attributed to reaction of~ 

Oolor <!tn'.Ht• .1! ,PQtapfjJa l2df.d! ~i !itb ~W!m i'11•• 
Accordtne; to Hersh(!'].), o.t oon0$1\rat1ons around 0.01 ml per cent 

of tballium iodide in pot,und.unt iodide matrices, thal11m iaetal ie 

f'~l"Dltd instead of F oetnte1'e upon coloration of tho sampl$s by 

•l•ctrolyus or by the addition of •zoos• pota.eail.w metal. The 
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tha.111um impurity appears to affect both the nature and the production 

rate of V centers in potassium iodide; the production rate 1s cm-

hanced by the presence of' the thallium ions. No iodine was found 

in solutions of these samples. 

Coler Centerp in Alkali H@J.ides Doped with !Utrite Ions. Th"' 

presence of nitrite ions, even in concentrations as low as 0.01 mol 

per cent, was found by Hutchinson and Pringsheim(,5) to greatly 

suppress F center formation in alkali halide crystals under X-

irradiation, except for sodium chloride in which the F center forma-

tion is enhanced by the presence of nitrite ions. Another band, 

called the O band, was observed to reach saturation after which time 

the F center concentration increased rapidly. The O band is a 

continuous band which is also observed during the irradiation of 

pure nitrites. 

Lµnd.msoence and Energy 'l'rgfer 1p Solids 

The recent theories and applications of lumineeconce and energy 

transfer in solids will be discussed 1n the following paragraphs. 

Ap}?.licuttion and Oauaes of L,e,nescpnce. Luminescent systems, 

or phosphors, a.re widely used in scintillation counters for radia-
(22 46,58) (;50,~l,19) tion ' , in the study of energy transfer in sol ids , 

and in such familiar devices a.a fluorescent lights and cathode ray 

tubes. The glowing, or lumineecence, of materials which have been 

irradiated is a byproduct or annealing out the effects of irradiation 
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and getting rid ot the etored energy(lO). The energy expended in 

this expulsion of photons may be thought of as the difference between 

the excited state of an a.tom or molecule end a more stable state to 

which it converts(46 ). 

Lwp.inescent ;3yatgs. Most inorganic luminescent systems consist 

of a host material or matrix into which small m.aounts of' foreign 

atoms or iona, called act.iva.tors(46), are incorporated. Some 

lumineseent systems a.lso contain small amounts of sensitizers(l2) 

which improve the efficiency or some other property of the luminescence-

One example of a simple phosphor which is widely used(,O,}l,65) is 

potassium chloride doped with small amounts of thallium chloride. 

The symbol for this system is KCl : Tl. other systems involve organic 
(71) materials. According to Taylor , direct evidence for energy 

transfer is shown by na.pt.hacene-a.nthracene mixtures. Irradiated 

solid eolutions of 0.0001 mol f're.ction of napthacene in anthracene 

show the green fluorescence of the napt.hacene rather than the violet 

of the anthracene. In this system the energy is transferred rapidly 

and efficiently. 

Ener;q Transfer in Alkeli Halide Pre1sed Disks. Jonee(.59) has 

found that, if nitrate ions are incorporated into en alkali halide 

matrix in the form of a polycr:yetalline pressed disk, energy transfer 

from the matrix to the nitrate ions occurs when the disk is irradiated 

with gamma re.ye. Assuming that the energy absorbed in a material 

:f'rom gamnia radiation is proportional to the number of electrons that 

the material contains, the G value for decomposition of the isolated 
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-4 nitrate ions should be of the order 10 instead of the G value 

observed of about 0.5 nitrate ions decomposed per hundred electron 

volts of energy absorbed in the disk for a pota.ssiU!'!l. nitrate con-

centration of 0.05 mol per cent. 

Preparation or Phosphors. InorGa.nio phosphors(5B} have cationic 

impurities incorporated into the hoet lattice. The concentration 

range of an activator suf"f'icient to cause lum.inescence varies from 

one pert per billion for copper ions in zinc sulfide sensitized by 

lead to several m.ol per cent for other phosphors( 58,59). Because 

of the low concentrations required for a large difference in lumi-

nescent properties, the making of phosphors is a very exact procedure 

and involves the utmost cleanliness. The purification of the host 

material is very important. The phosphors are single crystals grown 

from a melt to which the activator materiel has been added. Informa-

tion concerning the preparation of specific phosphors is available 
(AA 17 65 :a:ti. 22 46) from many sources,,,,,..,, ' ,..,...,. ' , and the properties of' these 

systems are usually discussed also. !tis interesting to note that 

attomptsC,5,'5) to incorporate nitrate ions into a host lattice by 

growing crystals from a melt has always resulted in a mixture of 

nitre.to and nitrite ions because of the thenu.u decomposition of the 

nitrate ions. 

~•l!,thod.; of Enera 'l'ryun'er. Luminescent systems ms:'/ be divided 
(46) into threo categories with rer,ard to methods for energy transfer : 

(1) systems in which absorption and emission of energy takes place 

in the same center, (2) systems in which absorption occurs in one 
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center and 1 uninescence in another, the energy transfer taking pl ace 

with no movement of charge carriers, and(') systems in which energy 

transfer by means of charee carriers is the dominant feature .. 

In systenis in which the absorption center and the emission 

center a.re different but there is no transfer of' energy by charge 

carriers, energy may be transferred by a cascade mechanism involving 

a radiative transfer of energy through the emission and reabsorption 

by the activator of' photons, or by a nonradiative transfer associated 

with resonance between the absorbing center and the emitting center. 

If' the cascade mechanism is to be important, the activator, which is 

the emitter, must also be en ef:f"1cient absorber of' the prhlary 

luminescence. In general, both primary and secondary lum.ineacence 

will be observed in such a system. The size and shape of' the sample 

also affect the efficiency of the caeca.de mechanism.. 

In systems in which charge carriers are involved in energy 

trans:f"er, the mechanism aboul d involve mostly electron and hole 

migration. Lumineeoence in this case appears to depend mre on the 

host lattice than on the active.tor. 

Regent laterm:etation gt: Energx 'i'rans:fer. In a recent lecture 

Forster(l9) stated that the mechanism of transfer or electronic 

excitation energy is a very specific mechanism but a very general 

one. The case of omission and reabsorption of tho excitation energy 

by the acceptor molecules, or activators, was regarded u trivial. 

Forster suggested tha.t the large transfer distances observed in 

crystalline systems may indicate migration transfer in which the 



energy travels from one molecule to another by some kind ot Brownian 

movement until it reaches the neir;hborhood ot an acceptor molecule. 

During this lecture Forster also pointed out that, in a case where 

spontaneous deactivation of the acceptor sites results from the 

transfer, a formal treatment gives an equation of the 3tern-Volmer 

type :f'or the quantum e:f:f'iciency of the luminescence process: 

where: 

l\.:a.x • maximum quantum yield of :f1uorescence 

~A • observed quantum yield of fluorescence 

c • acceptor concentration 

k • parameter dependent on the type of phosphor. 

(1) 

The para.ro.eter k: in Equation (1) can be defined so as to include 

the effects of energy traps other than active.tors. 

Absenge of lpypd.aepcence in Pure QrY@1:fl,s. Dexter and Schulmen(9) 

have studied energy transfer processes 1n "concentration quenching", 

in which largo concentrations of activator tend to destroy the lumi.-

nescence of' a phosphor. It was proposed from this work that the 

absence of luminescence in irradiated pure crystals ia the result of 

resonant transfer ot energy to imperfections and impurities. Accord-

ing to Klick and Schulman ( 46), this :mechanism probably applies to the 

pure alkali halides, the transfer rates or which are very high. In 

this concept tho energy is transferred from ion to ion 1n the alkali 
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halide lattice until it reaches a quenching Bite in the crystal. At 

the quenching site the ener0y is used up in lattice vibrations, 

annealing of defects, chemical reactions, and similar processes. 

Properties of Luminescence of Inorrianic Phosphors. Luminescence 

is temperature dependent. ;:;c,me phosphors do not O!llit light until 

they a.re heated to a certain temperature; this 11 therno-1U?ninesconce 11 (?9) 

also depends on the rate of heating and can be proooted by infra.red 

light or other excitin.c; radiation. Other phosphor:J, such as the 

thallium activated potassiUt'l chloride, emit radiation at roo~ tempera-

ture. The 0low curves of the luminescence decay exponentinll;/16) 

upon cessation of' excitation for phosphors like KCl:Tl; the decay 

curves for some of these phoaphora show half-lives as low s.s 10-7 

fnotons from the phoephors are picked up by photomultiplier 

circuits(46), and a measured output voltage eicnal is the result. 

The measured eiE;na.l is proportional to the quantum. yield of lumi-

nescence; the quantum efficiency of the luminescence is defined(c:i2) 

as tho photons put into the phosphor divided by the photons emitted 

by the activator. Ha .. "lY phosphors emit l:i.ght of r.1ore than one wa.vele113th, 

a.11.d the calculation of the total qua.ri.tum yield is based on the entire 

emission spectrum of the phosphor. 

DeRendence of Quantum Effigiency on A9tivator Copcent:ra.ti~n: .I.z 

The :~nolysia of Jchulma.n, et al. ( 65) 'fho concentrations of ncti vator 

sites necessary to produce appreciable concentration quenching are 

such that o.oot activator ions would havo other activators as nearest 
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neighbors if quenching is to result from modification of the themal 

activation energy for radiationless transitions due to interaction 

of the activators. In this case quenching could occur at the same 

site at which absorption talcea place, and no energy transfer mechanism 

need be involved. 

Dexter and ::::chulma.n(9) have argued that this mechanism of 

quenching is unlikely since activator ions up to l-1()00 lattice sites 

apart would have to be considered near neir;hbors. They have proposed 

that the energy is transferred from activator to activator by means 

of an overlap in the absorption and emission spectra until it reaches 

a quenching site in the ccystal. In view of the poor overlap in the 
(65) case of the KCl:Tl phosphor, Gchulr.w.n, et al have proposed that 

there should be very little concentration quenching 1n this phosphor; 

the quantum efficiency of the Y.Cl,Tl phosphor should therefore 

remain constnnt over a wide range of activator concentration. 

Experiments by Sohulnuui and his co-workers have shown that the 

effect of concentration quenching is only slightly greater than 

their experimental error for trui, KOl:Tl phosphor. The reeulte ob-

tained by Johnson and liilliams(}8) are there:f'ore reported to be in 

question because the concentration quenching obeerved in this phosphor 

may be merely a loss of brightness rather than a true decrease in 

quantum efficiency. The values of quantum efficiency reported by 

Johnson and Williams are also questioned because they are calcule:t.ed 

on the basis of quanta emitted per incident qwmta rather than quanta. 

emitted per absorbed quanta. Schulman, et al used ultraviolet light 
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at 2470 Angstroms and 2537 Angstroms as the exciting radiation, and 

the quantum. efficiencies reported were measured at the ,050 lmgstrom 

emission of KCl:Tl. 

Dependence of Quantum Efficiency; on Active.tor Concentration; II. 

The Aruuzsis of Johnson and Willie.ms. (;8) The theory presented by 

Johnson and Willie.ms is applied to a wide variety of inorganic 

phosphors under various types of excitation. Included in the formula-

tion are the direct excitation of the activator, the creation of 

conduction electrons and excitons, and the transfer of energy from 

these to luminescent and non-luminescent activator ions and to other 

impurities and lattice defects. 

1'he quantum efficiency of the luminescence can be expressed as: 

(1) 

where: 

CJ"• capture cross section of an absorption site for energy 
from conduction electrons, exc:ttons, and exciting light, 
sq cm. 

x = incl fraction of sites available for energy absorption 

superscript I refers to luminescent activators 

superscript -JI ref'ere to all types of energy absorption 
sites including the luminescent activators. 

From consideration of the three types of exciting mechanisms, 

which are conduction electrons, excitons, and exciting light: 
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(2) 

where: 

a'm • weighed mean cross section for energy absorption, sq cm. 

Letting the parameter Z be defined in general as the number of 

lattice positions surrounding an activator ion such that if ono of 

these sites is occupied by another activator, luminescence is quenched, 

and assuming that: 

then: 

xv• (1 - c), for non-activators, 

c(l - c)z 

C 4- (1 - c) 
(j 

c • total mol fraction of activator 

er. total cross section for non-activators, sq cm. 

In general, Z and -2; are adjustable para.meters al though .sI: 

(4) 

can be determined experimentally for some phosphors mider exciting 

light. The above equation agrees well with experimental data. 

DependenH of Quaptym Efficiency on Ag.t~va.tor Qgncentra.ti@l; Ill. 

The AnalYSis of Ewles and Lee (l ]) • For the case of luminescence 

resulting from exciting light, Ewles and Lee have applied a modified 

concept of large centers to the data of Johnson and hilliama(,S). One 



very important point made in the work of Ewles and Lee is t.hat 

crystal defects can act e.s centers for both luminescence and quenching. 

Heat trMtment of the matrix of a phosphor will result in 

lattice defects such as vacancies, interstitial at.oms, and regions of 

strain. Purified calcium oxide exhibits luminescence if it is cooled 

suddenly, but alowly cooled calcium oxide does not luminesce. These 

observations indicate that lattice defects can act both as lumi-

nescent centers and as quenching centers. 

Using the concept that a luminescent center consists of an 

impurity atom linked with a number of host atoms end assuming random 
{15) distribution of the luminescent centers, Ewles showed that the 

fraction, F, of such centers tor en atomic concentration, c, of 

acti vat.or ions, would be: 

C 
F •----

(1 + crn 
where: 

n • number of host atoms per center. 

If c is Slnllll this fraction iss 

F' • c exp (-nc). 

Ewles and Lee(i 7) assumed: 

(l) 

(2) 

(1) activator centers and structure centers are both large 

(2) exciting radiation is absorbed appreciably by both kinds of 

centers hut to different extents, in accordance with Johnson and WU11ams(;8) 
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(5) absorption of the ideal lattice and nonradiative activa-

tors is negligible for both exciting and emitted radiation 

(4) the activator will not :f\mction as a luminescent center if 

perturbed by the overlap of another center 

(5) the concentration or the structure centers is approximately 

the same in phosphors with the same host and prepared in the same 

manner. 

If those restrictions are applied to Equation (2) it follows 

that: 

where: 

E • measured l 1ght pulse 

k • normalizing constant 

l\ • quantum efficiency 

n • number of lattice ions associated with a radiative center 

c = mol fraction of activator 

f c• 
<X • .::.S:.... • pa.remoter dependent on the centers present 

:f'lB 

r2 • absorption coefficiont of a structure center 

c• • mol fraction of structure cent.ere 

f1 • absorption coefficient of an activator center 

B •constant• exp (nc•). 
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Zquation C,) fits the data of Johnson and Williams(;8) except 

at high concentrations of activator. 

L;,,pd;tttiong of LWA!Pe!S?•nce Theory. The theoretical coneidera-

tione made by Ewles and Lee (l 7) were greatly simplified. The limita-

tions of the theory presented in the above section ares 

(1) no account was ta.ken of the fact that one type of excita-

tion may excite more than one type of emission 

(2) absorption and emission by nonradiative activator• may 

become significant at large activator concentrations and wherever 

the absorption and emission spectra overlap 

(}) there will be a number of different, competitive structure 

centers even in the most carefully prepared phosphor ceystels. 

These limitations must be taken into account in any detailed 

theoretical work on phosphors and similar materials. 

The use of infrared spectroscopy for qualitative and quantita-

tive analysis is discussed in the following para.graphs. Sawyer{64) 

has prepared a very complete, basic review of infrared spectroscopy 

:f'rcn the theoretical viewpoint. The mater..iel in the first two sections 

has been taken from this review. 

Unite Uted in Infi'ared. :JP99~oscopy. Two units are used to 

characterize infra.red radiation. A wavelength (A) unit, the micron 
4 -4 (µ • 10 Angstroms • 10 centimeters), 1s used throughout the 



spectrumJ end a frequency {1') unit, the wave number or reciprocal 

centimeter (cm-1 ), is used in the infrared region of the spectrum. 

Mole9Mlar SP!ctra.. !".olecular spectra may be divided into 

rotational spectra, vibrational spectra, and electronic spectra • 

.Rotational speetra are caused by the absorption of' photons and con-

version of the light energy into rotational energy. Similarly, 

vibrational spectre. are caused when the absorption of radiant energy 

produces changes in tho energy of molecular vibrations. l!:ach mole-

cule has only certain discrete energy levels, end the absorption of 

light corresponds to a transition between two of these energy levels. 

Vibrational spectra aro thus discrete inst&a.d of continuous. The 

rotational energy changes of a molecule e.ro much smaller than the 

vibrational changes, and the rotational spectra have the effect of 

widening the vibrational absorption line into a bend. The number 

of absorption bands is not necessarily equal to the number of fim.da.-

ment.al vibrational frequencies of o. molecule; the number may be 

changed by combination tones, overtones, and difference tones. 

4Y!J.ttative fl.n!lYsie bz lp.ftarod ~-;et.bode. Spoctroecopiste have 

used the infrared absorption method for determination of the structure 

or :molecules{6,l8,20) and £or analysis of their rotations and vibra-

tions(B,lB,4,>. Infrared spectrophotometry is widely used{6-4,50,;2) 

in the idontification of organic compounds and for qualitative 

analysis of organic liquids. Herzbcre5'~2 ) has presented an excellent 

coverage of the use of infra.red spectroscopy in qualitative analysis 

end structural studies. 
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Infra.red Absorption of Ilitra.te and Ha,trite Io--a;;J. Both nitrate 

ions and nitrite ions show(,5li) a s1n.s;le, intense absorption peak. 

The wavelength of these peaks cha.nrre with the anions of the lattice, 

but the 2,;enera.l shapes of the spectre. rem.a.in very simple. Potassium 

nitrate shows a large absorption peak at 1393 wave numbers and a. 

minor peak at a.bout 327 wave numbers. Jes.gent grade potassium nitrite 

absorbs intensely at a.bout 1280 wave numbers and shows a. medium 

sized peak at about 1;90 which may be caused by the presence of e. 

small nitrate impurit/ 42). I3ece.us.e they have very simple infrared 

absorption spectra potassium nitrate and nitrite ce.n be accurately 

determined quantitatively on any eood infrared spectrophotometer. 

Lrrors in Infrared .t...na.l;y;sis. The most i111portant errors in 

infrared intensity measurements e.re<49): (1) uncertainty of' radiation 

measurement; (2) stray lisht; s.nd (;S) non-linearity or the measuring 

system. For best results the transmission should be between 20 a.nd 

60 per cent transmission, which corresponds to optical densities 

between o.; end 0.1. 

According to the instruction ma.nua.l(;i6) supplied by the Perkin-

Elmer Corporation :f'or the r.:odel 21 spectrophotometer, the repro<luci-

bil 1 ty of the instrum.ent is within one-half per cent in transmission 

and 0.005 microns in wavelez1cth. 'l'he instruction manual advised 

that quantitative analysis should not be done at optical densities 

of 0.9 or rn.ore (15 per cent transmission or less). Noise level, 

zero error, 100 per cent tranmnission error, slit width, and sampling 

techniques can introduce errors to exceed these specifications. 
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'l'ht Allsfl.i Hfl:a.d• Pn,aed Difk Mfthgd or In.t)yed §gpl2Jlg 

The aethod of infrared analysis by mean1 ot plaeing a ...U. 
8&11lple or the material to be analyled. into powdered. alkali halide 

and prusing the llixture 1• well known and Widel7 ued. to:r qualita-

tiTe anal7Bi1 or aolid orguio mater:lal1( 36,2o,2A-). The uae ot thia 

method ot S811pl.ing 1n radiation reeearoh ia n.,(39), except in the 

case ot studies on lud.neacent material• ( ,30). The techniques and 

limitations ot the alkali halide preaaed dialc method will oe diacuaaed 

1n the following paracrapha. 

Mi0il lllPIGi!f Pt tAt fEVfE Bl.HI• Pol)'cr;yatal.11ne(30,-) 

pressed dialca ot alkali halides, like pure c17atala ot alkali halidea, 

do not absorb infrared light, Tisible light, or ultraTiolet light to 
an, extent ( 67 •44). Alkali halides and preaaed dialca do not abaorb 

intra.red ligb:t upon being irradiated With 1on1.ling radiation ( 67 • )0). 

Whe powdered alkali halide 11 doped with solid material and pressed 

into a elear dialc t.he infrared apeetrua ot the d.Uk 1a that et the 

trace impvit.7<44>. The doping prooeas giT .. sharper reaolution ot 

abeorption peaks tor solids than dou the mull aethod(6,lS), the 

pruaed diak method ia therefore much better tor quantitat1Te anal.7•1• 

ot solidi. 

lelt111 I 1114 1p \it Pn,aed &Hf• Pot.a111ua bromide 11 the 
most widel.7 uaed.(4:,,44,SJ) dialc material., bv.t other alkali halid .. 

haYe IJ)eoial u, .. •• dilk oarr:ler material. Herlh(:,0,)1) uaed 

pota11iU11 iodide and pota11ia chlori.de to make the pboaphora KI1 Tl 

and XClsTl tor oolor ••ter etudiee. Frenoh, et al (20) report that 



potassiur:'t iodide di!:ka o.re more reproducible than potassium bromide 

disks when the proesinr:: has to be done a.t lotter pressures. Hales 

d ·.. t ( 24 ) ' f 1 th t t i h0 i ' i 1 ti an ;.yne.s on ntive ounu J.U po ass um c .tor ae o eas reac ve 

and i:::.ore etable t,o heat than potassium bronide, but t.1:a.t the chloride 

is heixc.er to dry. 

Lguipm.ent for I'ressinr the Disks. 
(ll-4,53) 

The best results 

f'rom the pressed disk method have been obtained by usin0 evacuable, 

stainless steel dies and anvils which have mirror-polished pressing 
(44) (20) 

surfaces. Kirkland and French, et al have described evacuable 

dies for prcssinc alkali halide disks. Pressures uaed have varied 
(44) 

from 10,000 to 200,000 pounds per square inch. Kirldand t>.as 

also outlined a preosing procedure in which the alkali he.lic.e is 

powdered, dried, nixed with the additive, dried again if" possible, 

apportioned in a dry box, and then placed in the die, evacuated, 

and pressed for at least five minutes. Jones(}9) has found that 

tho disks are reproducible if they are evacuated until the vacuum. 

pump sounds 11hard11 and prossed for at least three minutes. 

Effects of GrindiPt't and l.1r,.1,nri. ::eeks end his co-workers (50) 

have ata.ted that the study of' the trace water concentrations in 

infrared samples is t:terely a study of handling methods and at.mos-

pheric conditions. 
( l'.".7 

1'.ilkey :;-,;, has described the effects of grinding 

on the water content and general background of the pressed disks. 

Absorption o:f' water in the infrared rei;ion, in bands at 2.9 and 6.1 

microns, is less in coarser powders. Disks completely free of 

water cannot be made from fine powders. Hard grindin.s of the 



potaeaiua bromide cauaea absorption bands at 7.0 and 9.0 microns 

b•id•• the water band11 the general background abaorption ot t.he 

diaka 1, lea• wh• ooa.ner polldff 1• uaed. Antanr,('l.) has reported. 

that t.he int'n.red grade po\&111Wn broaide eold bJ Hanhaw Cheieal 

Compa!Q' ia dr1ed tor 48 lloura at lSo degreea, Centicrad,e, in a dr:, 

room. Thia intra.red grade potaaaiu. broaide lhon no appreauble 

abeorption at 2.9 and 6.1 lli.orona. 

Determination of Water 1n the Diak,. Sino• wen veq small 

amounts ot water pnaent 1n the p:resaad diak• aq ohange the 

prop.-ti•• ,reatl7 it will be MONAJ7 to kno1f approximatel.7 MW 

mu.oh water 1• prumt and what it.a etteeta are. 

There haYe bee no quantitative ••aur••t• ot trace water 1n 

1nfn.Nd euplea although stud1• have bND ude on the etteota ot 
trace water in aoi,polar 1olutiona(,O,lS) and in aolid saaplu(6,18•20>. 
HJdro1• boll.de vere ahovn 'b7 Fol.Jlan and Yate,<15> to etrongl.y atteet 

the abaor,tion of infrared radiation bJ the hJdro:ql croup so that 

the ext.1.netion coettiolent ot the bfdn,x,l. group clwlges when 
(6) 

hydl"opn bond.a are preaent.. Cobl.ents baa tound that Q011p0Und1 

oont.a1n1ng vat..- of c171talllzat1on abov the a.baorpt1on band• of 

vat.er and that those cont.aining water ot composition do not. 

Crystalline solids which are 80lubl• in certain organic 

solvents ba'Ya bea quantitatively analysed tor water cont.ant bJ the 

Karl Fiaoher aethoi1). 'l'his 11etbod inVolvee titration ot the 

sample ( n.l.tur dioxide, h)'drooarbons, alcohol1, or acetone can be 



used as the sample or as the solvent for a solid sample) with a 

metha.nol or glycol solution of iodine, pyridine, and sulfur dioxide 

until tree iodine ie evident. This procedure has been adapted to 

electrometrio analysis by .Almy, Griffin, and Wilcox(!). According 

to :.inith, et al ( 69), the reaction involving water is expressed by 

the following equation: 

In the electrometric method of the Fischer analysis the iodine 

is regenerated electrolytically within the electrometric cell, and 

the current necessary for this is the :measured quantity. 

Solid Solutions. Potassium nitrate and nitrite appear to form 

solid solutions with potassium bromide in the pressed disks. 

Ketelaar, Schutte, and Schram.<4,> have determined that the solubility 

of potassium nitrite in potassium bromide is a.bout O.l mol per cent. 

The method used in this determination involved intrared analysis 

of pressed potassium bromide disks doped with small amounts of sodium 

nitrite. Up to 0.1 mol per cent sodium nitrite onl)" the infrared 

absorption of potassium. nitrite ws seen; above 0.1 mol per cent, 

there were absorption peaks for both soiium md potassium nitrite. 

These absorption peaks are about wave munbers apart and a.re 

clearly separated. It was suggested(42) that the same method could 

be applied to the nitrate and other potassiun salts to find solu-

bilities in potassium bromide. 
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The analytical methods other than infrared IJ)Htropbotom.et17, 

the reagents used, and the doai.11uitt17 of the guuna source are diacuaaed 

in the tollo'Wing paragraphs. 

ct;l.orimetrtto ADaJ.nit qt N1tg.te Ioy 1n /:GfOUf SoJ..!tion. 

Nitrite iona tonied from nitrates by irradiation ha'Ye been quantita-

tivel.7 determined by the toru.tion ot an azo dye in diaaolved au.plea 

or irradiated aolid. nitrates (l4 ' 29 ). From Snell and Snell { 70 ), the 

diaso compound formed by the reduction ot aul.tanilic acid by nitrite 

ions form.a an intensely colored azo d.J'e upon reaction with dillethyl-M, 

N-naphthyludne. The optical denait7 is read at .5)50 Angstroms and 

is either oalibrated with standard auaple1 of nitrite or used to 

calculate nitrite concentration by the relationahip<47 >: 

Jlioromolea ot nitrite ion per liter• 2).2 I.6.0.D. I dilution 

(l) 

wheres 

• observed optical density less the blank 

dilution • total voluae of euple, ml, diVided by the volume 
of the sample less reagents, ml. 

The Co\?tl,t-60 §2l!E9!• Cobalt-60, with a long halt-11.le 

ot s.1 years and energetic gamma ra1• ot 1.17 and 1.34 million 

eleotron volts (mev) , makes an excellent source tor radiation tor 
{2:3) studies ot radiation ettecta on materiala. Hoohanadel and Clhorml.e;y 

have deaoribed a gamma aource of JOO curies of oobalt-60 which was 



located at the Oak ;adec :rational Laboratory. A similar g8lllm8. source 

of the se.m.e desiDn but containinr,_; 1100 curies of cob al t-60 was 

located in Hoom. 206, Buildin;_; 4501, at the Oak I;iciee National Labora-

tory. ?or the larger source there was always 14 inches of lead 

shielding surrolmding the cobalt. 

The source itself was in the shape of a circular annulus with 

rinss of eobalt-6o arronged so that there was only a few per cent 

variation in intensity over tho whole inner cylinder. 3a.mplos could 

be precisely poBitioned in the center of the source to give repro-

ducible results. 'fu.bes leadi.."lg into the source nllowed pi.pine;, 

vacuum lines, and electrical wiring to be used inside the cavity. 

G9.W1!.a 8ouroe Dos;m.etr1. The ferrous dosimeter proposed by 

Hocha.nadel a..Tid Ghormley(34) is well suited for use in a c;a:nma source 

such as that described above. Tho calculation of' dose rate by the 

ferroua dosimeter was based on 15.6 .± 0.3 ferrous ions oxidized per 

hlmdred electron volts absorbed in an air-saturated, o.4 molar sul-

furic acid solution of ferrous sulfate. The concentration of f'errous 

sulfate was 2 x 10-; molar. The optical density or the irradiated 

dosimeter solutio:1 was read at .5050 Angstroms; the extinction 

coef:ticient for ferric ions at ;5050 A11gstroms in this solution was 

453 (mieromols per liter) per (chance in optical density per minute). 

Dosimetry was then based on the -asSU!nptio:n that the ratio of true 

mass absorption coefficients for ga.m:mn radiation of two materials 

is eque.l to the ratio of tho energy absorbed per unit weight of the 

materials. 



Infrared Quality Potassium Bromide. Infrared quality potassium 

bromide is a particular era.de of material which shows no appreciable 

L~purities under ini'ra.rod analysis. The speci~icationa(26) of the 

Harshaw Chemical Company for infra.rod quality potassium bromide a.re 

the following. The potassium bromide powder must be prepared i'rom 

pttt'e sin,;le cr.rstals of the hir:hest infrared quality. Each ba.tch 

.t:1ust be tested at tho factory and found free of measurable amounts 

of organic impurities prior to bottlir.r;. Particular care should be 

exercised in openins the bottle to exclude any orzanic vapors, and 

all equipment ueed in handlinr:; the powder must be clean and dry. 

A pellet of this material one millimeter thick shows less than four 

per cent at 2.9 microns due to moisture. If opened and stored in an 

atmosphere of' less than 4o per cent relative hum.idity, this poto.ssium 

bromide powder will not nor~ally pick up additional moisture. 

:!:'H;tity of the Pote.ssiw;p, Nitrate. :?everal investir,ators(8, 29 ) 

have reported that, in the irradiation of reagent irade potassium. 

nitrate crystals, further purification is not necessary. There may 

be a ~l amou.."l.t of adsorbed moisture on the nitrate which oan 

easily be removed by dryins.; under an infrared lamp. 

Purification of Potassium nitrite 

£.lethods :for the purification of potassium nitrite are discussed 

1n the followine paragraphs. 
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Purity of Available Potassium Hitrite. Aooordinr; to the nerck 

Index(52) commercial potassium nitrite cor.tains impuritiee in the 

a..'llount of about 15 per cent by weir,ht. These L":lpurities are mostly 

potassiur.i nitrate a.11.d water. :1eeeent z;rade poto.ssium nitrite con-

ta.ins at least 97 por cent nitrite by weight. The other three per 

cent probably consisto of nitrate, since potassium nitrite is produced 

cor.:meroially from the nitrate(5l), and some adsorbed water. 

1,Iethods of Pt.trif'=cation. Accordi."1:; to '.1~ellor (5i), potnssit021 

nitrate is easily reduced to the nitrite by powdered lead or zinc 

at tom.pero.turos approachin,'.:~ lJOO degrees, Centir.;rndo. 

:;chwarz and 1~11en(66 ) recrystallized re°'::ent grade potassium 

nitrite f"rom water six times and eucceeded in reducinl the amount of 

potassiU'l:.4 nitrate to about 0.6 nol por cent, or about 0.7 per cent 

by weir.;ht. That this is dii"ficul t process is evident :from the 

relative solubilities of potaseiut1 nitrite and potasaiUl!l nitrate in 

we.ter. Published Yo.lu.es for the solubility of' potassiU.."1. nitrite in 

water at zero and 100 doGrees, Centiz;ra.de, are 281 and 1+13 t:rame per 

100 ;;rrunf! o:f' water, reapeeti vely; for potassim:1 ni tra.te tho val uee 

aro 13.:; and 247 ::;re.."l'l.s per 100 ::rari.s of water, respectively. 

Pure pota.asiura. nitrite has also been prepared from. the reaction 

of orga.'1.ic nitrites with pota.ssiun hydroxide. I'etru. and Pokorn/57) 

reo.cted othyl nitrite with potassium eydro:xide in ethyl alcohol for 

two days and reportedly obtained pure potassium nitrite. 

I't has also been f'ound(:56) that run:,l nitrite a.t1d pote.asiun 

hydroxide react upon standin[; in amyl alcohol to fora potassium nitrite. 



qhe:r Possible :'.eo....'1e of' ~epo.ration.. l:.nother possible nethod 

for the physical aepa.ra.t:ion of potnssiw.::i nitrite and potassium nitrate 

is Stt.'::cested by the published values(5) of the solubilities of these 

cor1poundfl in absolute alcohol. Potassium. nitrite is slightly soluble 

in absolute alcohol, and potassium nitrate is insoluble in absolute 

alcohol. The nitrate should crystallize out of a.~ alcohol solution 

al.on;-_.:; with sol!te nitrite as the alcohol is boiled of'f, most o:f' the 

nitrite beinr; lei't :i.n solutio:1. 

Another possible chemical methoc of accomplishinc tho separation 

is su_:::ceste/4o) by the fact that the ratio oi~ the solubilities of 

silver nitrate rmd silver nitrite ia about eoo to one in water. 



'The experimental work done on the investigation of n Energy 

Transfer in the Gamma d.adiolysie of Isolated Hitra.te and Nitrite 

Ionsh is presented in the following sections. 

The purpose of this investisation was to determine the effects 

of' e.nd possible meeha.'Ylisms for transfer of eneri:y to anion impurities 

in compressed pellets of potassium bromide. 

Plan of Bxuerimentation 

The plan of' experimentation of this investigation was as follows: 

1. A study of the available literature was made 

2. The alkali halide pressed disk method of infra.red 
srunplin,;,- was adapted :for use in the investitntion 

;. Date. were obtained from the irradiation of potassium 
bromide disks containing varying amounts of potassium 
nitrate end potassium nitrite 

4. The results obtained from the irradiations were 
interpreted 1n order to show effects of end possible 
mechanisms for energy transfer in the samples. 

Materials 

The materials used in the course of this investigation are 

described in the following paragraphs. 



Acetic Acid, Glagis.l. Rear;ent grade, code 1019, lot no M28;5M280, 

min CHfOOH 99. 7 per cent. Obtained :f'rom 1Jenere1 Chemical Division, 

,'.!lied Chemice1 end Dyo Corp., r7ew York, ?T. Y. Used in the colori-

motric deterr:ine.tion of nitrite ion concentration. 

Acetone. :'.ear::ent ::ra.de, 1 ot no P;i37P32B.. Cbtained fror.:1 General 

Chcmicnl Division, .',Uied :~he!:iical o.nd Dye Corp., :iew York, fr. Y. 

Used to clee..n the die and in the dry ice-ace-tone ba.th. 

!.1cohol 1 Ethyl. uc_•r, 190 proof. C:btnined :f'rom Publicker 

Industries, ?hile.delphia, Pa. Use:c to extract excess KOH in the 

pm·:t:fica.tion of' potassium nitrite. 

Alcohol, Iso-A.m;rl. '.ea.cent r,rade, lot no ?.295. Obtained from 

,:;eneral Chemical Division, 1,llied Chemical and Dye Corp., Hew York, 

;,. Y. Vsed in the purification of potnndum nitrite • 

.i'.lcohol 2 !-:ethyl. Absolute, 99.9 per cent cn3on, lot no 2074..f:J. 

Obtained from J. T. Dakcr Chemical Co., Philli:psbur,~, ];. ,J. Used 

in the purification of: pote.ssh'ln nitrite and :t:1 the colori'!"letric 

determination of nitrite concentration. 

Calcium Chloride. An.1-:iydrous grains, 12 mesh, no 41;56. Obtained 

from ne.lli:nckrodt Chemical ,forks, :~t. Lcu:ts, ?lo. Used es a. desiccant 

to keep tho pellets dry. 

Calcium Chloride. Anhydrous 1/2-in chunks, lot no L098. 

Obtained fro::'.! J eneral Ohe!:!icnl Di \"is ion, Allied Oher::ical and Dye 

Cor;i., -::;ew York, :;. Y. Used i:uc; a desiccant to keep the pellets dry. 

Z,in1ethyl-l-runhthyla.mine 1 ::,:.;-. For sul:f'anila.:~1ido test, 5 por 

cent or r.ore ar?l ec:~ine, no 1060. Cbtninetl from ;~astrnan Crr;nnic 
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Chemicals., Rochester, n. Y. Used in the colorimetric determination 

of nitrite concentration. 

Drierite. Anhydrous Ca.Go4 desiccant, 10-20 and 20-;o mesh. 

i,lanufactured by if. A. Hammond Dr1er1 to Co., Xenia, o. Used to dry 

the helium and nitrogen gases. 

pry lee. Obtained from the dry ice locker, Bldg. 45()0, Oak 

:-1idge National Laboratory, Oak Ridge, Tenn. Used in the dry ice-

acetone bath. 

r'orrou, Sulfate. nee.gent grade crystals of Fe::::c4 • ?H2o, 
lot no M;;o. Obtained from. General Chemical Division, Allied 

Chemical and Dye Corp., New York, N. Y. Used in the preparation of 

the dosimeter solution. 

Helium. Cylinder size l; 1500 psi. Obtained from Chemical 

stores, Oak Ridge national Laboratory, Oak Ridge, Tenn. Supplied 

by Southern Chemical Oo., Nashville, Tenn. Used to keep the pellets 

dry and cool during irradiation. 

~- Analytical roe.gent grade grains, lot no 4668. Obtained 

:f'rom !,;allinckrodt Chemical Works, 13t. Louis, Mo. Used in the purifi-

cation of potassium nitrite. 

Nitric Oxide. Liquid, in lecturo bottle, no AM-3501. Obtained 

f'rom the Matheson Oo., !nc., East Rutherford, N. J. Used to obtain 

its infrared spectrum. 

Nitrite, Iso-1\ipXl. Boiling point 96-99 °c, no 4'6. Obtained 

from Eastman Organic Ohemice.ls, Jochester, n. Y. Used in the 

purification of potassium nitrite. 



N1fl91Wf:e Liquid, qU.nder 1iu 1 I 2000 pm.. Obtd.nod ha 

Ohnd.oal stor••• Oak Ridge Nat.tenal Looratory, Oak Ridge, Term. 

Supplied by Southern Ohailoal Oo., Ne.81rt111•, fen. Uaed a.e a. drr 

atmosphere in the 0817 and aa a coolant in the puJ'ificat.lcm of 

potaae!• nitrite. 

Nitr9Pa II.Hid!• Liquid, 1n lecture bottle, no AB-'196• 
Obtained t.r• the Mathe.on Oo., Inc., Eallt Rutherford, r:r. J. Uae4 

t.o obtain its infrared ab10rptlon. a,eotrua. 

Ni!rtnl 91&9!• Liquid, 1n lecture bottle, no 14,a,. Olrt.aJ.necl 

from tu Mathhon Oo., Ine., Ea.at. Rutherford, N. J. Uaed to obtain 

1t• !.nb-ared apectna. 

P!tJ:ilua i•lll• •va. .. u.ne•, vh1te. MAmfacture4 b7 Oh ...... 

bro'Ugb-Pond1 s, Inc., New IoJ'k1 N. Y. u .. d to •al N11Pl•• tor Jearl 

Flecher anal)"ai• and•• a Ffl"native tor the d1• appan.tu•• 

P!ftM!DB :@r.s,1de. Povclffed, 1.ntrared qualit7, lot no '120, 

l•R apectna no ,144. Obtd.necl :f'l"oa Harebaw Ohed.oal a.., Cleve-

land., o. Uaed tor the canter 01" matrix in the ..,,l••• 
b»M1• &u:rm4•• Rea.get. grade pellet.•, min KOH e, per 

eent.1 max 1aco, two per oat., lot no M27'. Ollrt.iwM4 tr• General 

Ohtalcal DS.Tid.on, Allied Ohemioal and Op Oo!'p., Now York, N. l. 

Uaocl v obtain its inf.rared ahtorption qctotrula and in th• ,uriticta-

'\1on ot potu•i• nitrite. 

Pp;\ys&p. Ji&kat•• Reagent grade cryetal.1, lot no 2186. Ob-

tained tr-om J,,, T. Baar Obem.cal oo., Ph1111paburg, H. J,. u .. a 1n 

the prewation of 1arapl••• 
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Pot.a.ss1;um. Nitrite. Rea.gent grade crystals, min mw2 94 per 

cent, no 7044. Ob1.a.ined from Mallinckrodt Chemical Works, st. Louie, 

V..o. Used in the preparation of samples. 

Sod:hg Per9xide. Reagent grade grain.a, .;; mesh or finer, 

min N~o2 95 per cont, lot no Ml58. Obtained :f'rom General Ohemical 

Division, Allied Chemical and Dye Corp., New York, u. Y. Used to 

obtain the infrared absorption spectrum. of K2o2• 

Sl\l.fanilig Acid. Reagent grade ceystals, no 08786, lot no 

"5,06,. Obtained £'rom Matheson, Coleman, and Bell Division of the 

Matheson Oo., Inc., Ea.et Rutherford, u. J. Used in the oolorbtetric 

determination of nitrite concentration. 

6ulfs:ic Ao!d• CP grade, ep gr 1.84, 95.5-96.5 per cent 

H2so4, lot no E511020. Obtained from the General Ch-.ical Division, 

Allied Chemical and Dye Oorp., New York, N'. Y. Used in the prepara-

tion of the dosimeter solution. 

W,1t4r,. Triple-Distilled. The distilled water used throughout 

this inveatigation was obtained from the still 1n Rm. 206, Bldg. 

4,0l, Oak Ridge National Laboratory, Oak Ridge, Tenn. The purifica-

tion involved distillation from an acid dichromate solution, distilla-

tion from a. basic P•l'lll&Ul5an&t.e eolu:t.icm, distillation from an all-

silica system, and etorage in silica containers. 

The apparatus used in the course of this 1nveet1gat1on is 

doc,cribed in tho following paragraphs. 
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Bala.ngo1 Analrlical. Type DLB, no 169l3t lab no X-27257. 

I,'1anuf'e.oturod by Vim. Ainsworth and Sons, Denver, Colo. Obtained 

front Eimer end Amend, Hew York, H. Y. Used to weigh samples and 

reagents. 

!lulbs,1 3gple. Three required, ;() cc Pyrex bulbs fitted with 

two 8-in l'>yrex tubes with 24/4o male fittings, one with a bre'lk 

seal. Fabricated in the Glassblowing 3hop, Bldz. 4,oo, Oak Ridge 

He.tional Laboratory, Oak Ridge, Tenn. Used to contain samples for 

mass spec analysis. 

Cqy Hecordi;w~ :;eeetrol)hotom,ter. l,:odel ll M:'i, ser no 156, 
model lJ power supply. Obtained from Applied Physics Corp., Pasadena, 

Oo.l.if. Used in colorimetric and scattered light analyses. 

D~e1 Eve.cuable. Designed to press 15-nnn diameter pellets. 

F'abricated in the Chemistry Division Experimental Shop, Bldg. 45()0, 

Oak Ridge National Laboratory, Oak i.1idge, Tenn. Used to compress 

the amplee. 

Di~ Ho4der. Brass cylinder, 7/8-in die.meter, see.led at ono end 

and vith a. threaded brass cap on the other end. Copper :fittings at 

both ends for gas f'lov. Capable of plaoing six disks in the region 

of constant source intensity. Fabricated in the Cheminry Division 

Experimental Shop, Bldg. 4500, Oak Ilidge National Laboratory, Oak 

Ridge, Tenn. Used to position the samples in the source. 

Gga,R!,Y 3ouroe. Lee.d pig containing 1100 curies of' cob'1lt-60 

around e. cyli."'ldrieal cavity 1.;75 i..~ohes in diameter by 11 inches 

deep. Source surrounded at all times by 14 inches of lead. Fabricated 



in the shops of Oak :ud[:;e :iational Laboratory, ()ak :tid.[;e, Tenn. 

Used a.s the oource of crum-na. radiation, 

Co., P:i.ttsburr;h, 

potassiu~ nitrite. 

Used to heat solutions in the purification of 

Infra.red Lnmp. Lamp on stand, General :::1eotric 375 watt bulb. 

Obtained from Fisher ,;cientific Co., Silver ::1pr!ng, Hd. Used to dry 

Infrared ;·'.ooordillEj ::::,1>oct:ro;nhotometer. P-:_; Hodel 2lt double-

beru:n type, f!er no 377, lab no X-57963. Obtained from The Perkin-

;~lm.er Corp., Ilorwalk, Conn. Used in analysis of tho samples. 

Infrared l{ecordipg Dpectrophotometer. P-S 1'.odel 221, double-

beam type, aer no 21e. Obt.nined from Tue ?erkin-El:mer Corp., i:orwalkt 

Conn. Used in analysis of' th~ samples. 

!,o.boratory ::~qui~nt. ::mall laboratory equipment, such as 

glassware, mortars, tubine, etc. were obtained from the Chemistry 

Load Indicator. nne..ldwin-Tate-r::mery", no 60-Tr:-1274, 0-60,000 

lb. Built by the A. H. Zmery Co., 1:ew Canaan, Oonn. Used to measure 

pressure during the preasinr, operation. 

Oven, Ve.cuuni. Constant temporature 115°c, lab no UDCL-B-,50)81. 

UsGd to dry the samples. 



Oven, Vacuum. Variable temperature 25-200°0; 115/2,;o v, 550 

watts. Model 5830, ser no lK.59, lab no X-7:5599. Obtained from 

mitional Appliance Oo., Portland, Ore. Used to dry the samples. 

Preas. 11Baldwin-Tate-Emery11 , 60,000 lb capacity, ser no ,5226;,5, 

lab no X-52800. Obtained froa Baldtdn-Lima-Hemil ton Corp., l1rl.la-

delphie., Pa. Used to apply pressure to the powdered l'.uwples. 

Races, BN,;1 BetU"inf;. (';teel inner races, 15-m ID, no E-15-B. 

Obtained from rforma-Hof&ann Bee.rings Corp., Stamford, Conn. Used 

to contain the pressed samples. 

Ragea1 Ball Bearin;~. Steel inner races, 15-mm ID, no 110-15. 

Obtained from Hew Departure Division of General Motors Corp., 

Bristol, Conn. Used to contain the pressed samples. 

?;inter,. Electric.. Type ;:;-6o, no 19872, 115 v ac, 60 cy, 1 rpm. 

Scal@d in fifths of e.. second.. Mmiuf'actured by the Stands.rd Eloetrio 

Time Co., :3pring:f'ield, Mass. Used to measure irradiation time by 

meens of a switch connected to tho ge.mma source. 

V,1c!:9:!m Pw.i.p. Welch Duo-::.ieal, ser no 860;-o, lab no X-4o'971 

single stage, 115 v ao, 6o cy motor. Manuf"actured by w. M. Welch 

Ufg. 09., Chicago, Ill. Used to evacuate the vacuum ovens. 

Vacuum Pwa;e. Welch Duo-Seal, ser no 468, lab no X-;,0415; 

single etage1 115 v ac, 6o cy motor. Manufactured by W. M. Welch 

Mfg. Oo., Chicago, Ill. Used to evacuate the die assembly before 

removal to the press. 



Vacuum Pump. i•!eleh Duo-Seal, ser no 141~96-o, lab no X-52026; 

single stage, 115 v ao, 60 ay notor. MMu:f'actured by w. M. 1:!eleh 

Mfe. Co., Chica;:;o, Ill. Used to evacuate the die assembly during 

pressing. 

YtJ.cuup l~!,Oka, Glass. Capable of maintaining pressure of 0.05 

microns of mercury. F:quipped with mercury diffusion pu.'llp, Helch 

"Duo-Seal" vacuU!'J pump, Cenco electric heater, liquid nitrogen trap, 

and Hastincs and Philips pressure g&,.ses. Located in ;:t:zi. 208, Bldg. 

4;501, Oak ?id,~e 1:e.tional La.bore.tory, Oak Ridge, Tenn. Tc'abricated 

in the omrt shops. Used to evacuate samples for ma.as spec e.nelysis. 

Valve. Helium regulator, 0-50 psig. Manufactured by Bastian 

and Blessin:::; Co., Hew York, 11. Y. Used to regulate the flow of 

helium over the samples during irradiation. 

Valve. !ritrogen reculator, 0-100 psig. Manufactured by Bastian 

o.nd Blessinz Co., New York, N. Y. Used to regulate flow of nitrogen 

into the Cary and over the lead-nitrite mixture in the purification 

or potassium nitrite. 

Method of Procedure 

The method of procedure followed in this investigation is 

presented 1n the following paragraphs. All of the operations involving 

the disks, except the actwu preesing and the irradiations, took 

place in a dry room in which the relative humidity ne kept below 

4o per cent. 



desired ru:=.otmt. o:f' choi:1:!.cally pu.re or purified potasai'Ulli nitrite or 

chemically pu:re potasshu:::i. nitrate was wei;:hed wit~1 an analytice.l 

ba!ru1c-~. The wei::;heri se.":1.pler. were poured :tnto volumetric flasks, 

e,,nd the flasks were fillec. to the ?'llll'k with triple-distilled water. 

'I'he co::,centrationn of t.he oolutions varied :e1ccordin,::_; to the desired 

concentration of' the p:.:-cssed. disks. :;;o1ut:tons were prepared. a. ~hort 

time before tho dlskn were r:w.de to prevent loss of nitra.to or nitrite 

f'ro:;1 dnco:npooition by li,:;ht or heat. 

Tho desired 

quantity of inf'rarod q1.w.lity1 powdered potassium bromido uas woighed 

-with an nnalytical ball3.Ilco and pourod ~.ntQ an alu;;:ri:ie. mortar. :a trite 

or rutrate solutio!1 ws.s a.,hled with a pipet. The volur1e of solution 

added was such that about half ct the potassium brordde was dissolved. 

For 6.000 ,~ra:J.s of potassiura. I,ro:::iide a solution would be propared 

so that tb} dosired runount of nitrite or nitrate could be added with 

a one or t\fo ,dlliliter pipet. 7he solution was sprayed about over 

the powdered potassh.n~ bromide so that a.11 of' tho m.a:f:,erial in the 

mortar would be wette0., and in such fl way t.hat no drops of solution 

were left on the sidoe of the mortar. 

heated with an infrared lamp prior to the mixint operation deo-0ribed 

above. The lamp ~ms also left on during the addition of potassium. 

bromide and the solution. At this point the mixture was a water 

slurry. The slurry we.s allowed to dry without attention until there 
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was no obvious liquid :phase, e.f'ter which time precipitated potassium 

bromide was repeatedly scraped off the mortar and l!l.ixed about with a 

spatula. ;-.'hen most of the we.ter had been renoved the :mixture ·was 

r;round with a pestle into a thin layer whieh was allowed to dry 

:f'urthe!'. \/hen this layer had set up into a. thin, hard eaket it 

wa.a scraped off wit.¾ a epatu11'l, crushed, nnd placed in a. weif'.'.hing 

bottle lrhich had beek'l. cleaned and la.baled. 

pryin;,: the _Powder bz Vacuum Oven. The we1r;hL1'11: bottle containing 

the n1oist powder was placed in a vacuum. oven kept between 115 and 

120 der,:rees, Centit:rnde. The powder £'or the dry disks wa.s dried in 

the ovon for at least 48 hours, but other powders which were to be 

used in investisa.tionR of effects of water content ttere dried for 

different lel1.{:the of time. If the water content of the disks was 

not critical the powders were stored in a desiccator containinr 

calcium chloride do~icce.nt until used; if the water content was 

important the dried powders were stored in the oven until used. 

The Pressinr, Avpa.ratus. The pressins nppe.ratus, or dio, used 

in pressinr· the potassium bromide was sin'..ilar to the ovacWlble die 
(44) 

described by ltirkland a.11d pressed a. !)ellet 15 :nillimeters in 

diameter. The eve.cu.able die used wns deai;5ned by A. ~1. Jones of 

Cak Hid[:e :;a.tiona.1 Laboratory o.nd was fabricated s.ccordins to Oak 

:lidge :Ciationa.1 Laboratory Dre.win~-; D-25695 (not classified). The 

apparatus consisted of plune:or, rubber spacer, evacuation fittings, 

o.nvil, and seal.able base for the anvil. The pressing surfaces of 

the plunger and the anvil were optically flat surfaces. When 



evacuated, the entire apparatus was sealed tightly enough to be 

carried around by the phmger. The pressin,,,: surfaces were cleaned 

periodio9.lly with distilled water and acetone, and petroleum jelly 

was periodically wiped on and off the entire plunger and die to 

inhibit rustinr.;. When not L"l use the dies were stored in a desicca:tor. 

A pressed disk, in proper relation to the race which holds it, 

is shown on Fit,-urc 1, pa-~o 49. Tho plunger and the o.nvU of the die 

were dcsiG'11C'<l so as to fit snugly inside the races. 

Pre~dw; the Disks. A steel bell bea.T"ing race was fitted onto 

the anvil of tho die. The desired ar::iou:nt of powt!er wa.s weighed to 

.:t 0.0005 gr.am with an analytical balance. The sample was :pou\"ed 

into the re.co and ta.'1:lpod with a stainless steel rod slightly hollowed 

out on the tampinb end. The die was then assembled and attached to 

a vacuum. pur.ip. The re.ms.ining powder was then returned to the 

desiccator or to tho vacuum ovGn. Af't.or the vacuum punp was dis-

connected the sealed die was transported to the room in which the 

press was located. The die was attached to a vacuum pump and was 

evacuated for three or four minutes be:f'ore the pJ:"eesir.g operation. 

The disk was then compressed under 40,000 pounds for about ten 

minutes. This weight corresponds to ebout 14;,,000 p,,unds per square 

inch if all the weight is borne by the disk. 

Removal from. the Dio,,,and Sy.trW:;e• The die aesembly was see.led, 

the pressure was released, and the vacuum pump was disconnected, The 

die wa.o transported ha.ck to the dry room and disassembled. The race 

and disk usually had to be separated from the anvil with sharpened 
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ahears. The disk, held by the race, was then placed in a marked 

envelope, and tho envelope wa.a placed in a desiccator until the disk 

was used. Care was taken in all subsequent operations to insure 

that the disks were returned to their proper envelopes. 

C;Eeration of the Infrared :~pectro)i?hotometers. The Model 21 

and the 1,!odel 221 Perkin-Elm.er infrared spectrophotometers were 

operated according to instruction manuals( 36,;7) :furnished by the 

Perkin-Elmer Corporation. The disks were mounted on a. holder which 

correctly positioned the disk in the infra.red beam. 

Infrared Analysis for Water. Whenever the relative water 

content of the disks had to be known, the infra.red spectrum. of each 

newly-pressed sample wo.s tak:en i.'1 the region from. 4ooo to 2900 wave 

numbers before the disk was placed in its envelope. It was assumed 

that, with proper precautions being taken, o:ny enhancement of water 

optical density would be ca.used by water adsorbed on the surface of 

the disk. 

The reported optical densities of water in the sa.~ples were 

measured at the maximum near 344o wave numbers (2.9 microns) relative 

to some fl.at portion of the spectrum between ;ooo and 2900 wave 

numbers and checked by the flat portion between 4ooo and 3Y;;O wave 

numbers. 

Infr1ted Analysis for Hitrate and Nitrite Ions. The optical 

densities of the pressed disks were calibrated trith respect to the 

known conccntre.tions of nitrate end nitrite ions in the unirradiated 

disks. The disks were allowed to rem.a.in overnight in a desiccator 
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before the initial optical densities of the nitrate or nitrite 

absorption peaks were measured. The heights (optical densities) 

of' the nitrate absorption peak at 1.391 wave numbers and or the 

nitrite absorption peak e.t 1276 wave numbers were measured relative 

to the f'la.t portion of the spectrum between 1,-40 and 1290 wave num-

bers. Arter some irradiation both peaks were present, and the optical 

densities of oe.ch were measured relative to the highest part of the 

spectrum between the two peaks. The s.ns.lysis for nitrate and nitrite 

ion optical densities was usu.ally ma.de immediately afier the con-

clusion of irradiation, but no chanees in optioal densities were ever 

detected after the disks had been stored for long periods of time. 

Purification of.' P9!:9,ssium Hitr~to. Various methods of procedure 

were :f'ollowed in trying to obtain potassium. nitrite .free eno'Ugh of 

nitrate ion to pemit infrared analyses of nitrite decomposition With 

no interference from nitrate. All of the attempts to purify potassium 

nitrite made during the course of this investigation are described 

in the following paragraphs. The infrared. quantitative analyses of 

the amount or nitrate in samples 0£ pote.ssiU!ll nitrite wore made uein€; 

the pressed disk technique described above, the amounts of nitrate 

present being taken .from the calibration curve for potassium nitrate 

in potaaaium brom.ide. From this method of analysis chemically pure 

potassium nitrite contains about 3,7 mol per cent nitrate. 

i,ecr:,gtallia;ation from Water. About 400 milliliters of 

distilled water was ea.tu.rated with chemically pure potassium 

nitrite at room temperature. The solution was decanted and 
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saved. i/ater was them evaporated until about half of the nitrite 

had precipitated out, at which time the hot solution was f'iltered 

with vacuum over a fritted glass filter and the solids were 

saved. Af'ter a number of these cycles had been completed the 

product was dried under an infrared lamp, and potassium bromide 

disks containing the product were made and analyzed in the 

usual manner. 

Ohemicaj.. ~-!ethods of Purif';gat1on. Chemioally pure potassium 

nitrite was placed with finely divided lead in a glass tube. 

The tube was heated to ;'iOO degrees, Centigrade, for two hours 

in a. furnace; and dry nitrocen was passed thro~h the tube during 

the heating;. The reacted mixture was dissolved in water and 

filtered. The water was evaporated from the product, end the 

product was enolyzed by the pressed disk technique. 

ile-distilled amyl nitrite wn.s allowed to stand with oxcess 

potassium hydroxide for two days. The reacted mixture was 

heated under vacuum to remove the organic material, and the 

product was washed with ethyl alcohol to remove excess hydroxide. 

The product was then dried and analyzed by the usual method. 

Silver nitrite was formed by the addition of silver nitrate 

to a solution of potassium nitrite. The resulting precipitate 

was filtered end washed with water, e.nd was then placed in a 

water solution of :potassium bromide. After the mixture had 

stood overnieht the silver bromide was filtered off. The 



rema.ininc solution was evaporated, and the resul tine product 

was dried and analyzed tor nitrate content. 

;Jepara.tion with Absolute ;.,fethanol. Aeetone-f'ree methanol 

of 99.9 per cent purity obtained from the stockroom was 

saturated with the ohemcal.ly pure pote.soium nitrite. Four 

hundred milliliters of methanol dissolved about five grom.s of 

nitrite at room temperature. The saturated solution was then 

placed in a dry ice-acetone hath a.t about 197 degrees, Kelvin, 

contained in a large beaker, and an insulated cover was pl&ced 

over the mout..'1 of the beaker. Arter ten or fifteen minutes 

the cold methanol solution was removed from the bath end 

:t"il tered through filter paper, and the l 1quid we.a saved. The 

remaining solution was boiled on a hot plate i.mtil some nitrite 

had begun to crystallize out. Then the solution was again 

placed in the dry ioo-acetono bath tor ten or fifteen minutes 

beforo the solids were filtered off a.gain. t'hen the desired 

number of cycles had been completed the solution wan c;ently 

boiled to near dr~ess, and the crystals of potassium nit.rite 

which had precipite,ted were dried under en infrared lemp, 

weighed, and tested for nitrate ion concentration. 

C!,librt.tion of the 08.Jml:la Sourge. The ferrous dosimeter solution, 

made accord.in£ to Eooha.nadel and Ghorml.ey('4), was used to calibrate 

the 1100 curie cobalt-6o ga:mme. source. The brass holder used to 

hold the disks in place in the source was filled with steel races, 

a wire screen spacer on top of the third race from the bottom, and a 



test tube containir.;::; dosimeter solution was placed thl'ough the raees 

'Ulltil it rested on the spacer. The test tube stood up above t..1-ie 

top racet but tho dosiceter solution we..:s 1111 positioned in the region 

o:f' constant intensity. The position o:' the brttss holder wa.s not 

chanced d.urin2 the calibration. 

l,fter ea.ch f'ive minutes of exposure the dosimeter solution was 

placed fr, a quartz cell, :'ll1d its optical density was measured at 

3050 An.:;stroi1s on the Cary spectrophotometer. Three dif'ferent 

$e,mploa of <losi:~eter solution were used in the calibration. 

Irradiation of' :::ru::i.ples. The brass holder ca."'l place six disks 

in the region or 1.:miforo intensity. The races contsinin5; disks, 

hereaf'ter ro.rerred to as II disks n, were sepe.ro.ted from each ot..l'ier 

and from the em.pty races at the top s.nd bottom. of the vertical holder 

with spacers made of' coarse screen. :the purpose of the spacers was 

to permit f;ood flow of dry heli'Ul.."l over each disk. The brass holder, 

filled and sealed in the dry :room, was placed in the cavity; and 

fittin~s on the holder were attached to inlet and outlet lines for 

the helit:tm. The heliut"'l, dried by :passage throuc;h a. :>rierite bottle, 

was brot\:;ht into the cavity with copper tu.bin,:.:;. After it had pa.osed 

throu.ch the sa.rn.ple holder the helium was exhausted throu[;h 8.l'l oil-

filled bubbler. 7he helium was flushed throuch the holder for about 

three minutes before the cobalt was lowered into the cavity. At 

the end of the desired irratliatio11 tine the hold.er was removed from 

the eou.rce to the dry room, and the disks were removed, returned to 

their envelopes, and stored in desiccators until they could be analyzed. 

The te-.fl'!perature or all t.he irradiations we.a 25 ! 2 degre'-'s, c:entigrado. 
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Colorimetric Calibration a,ad Ana~vs:i.s. The reagents for colori-

metric analysis of nitrite ions were prepared according to Snell and 

Snell(?O). In the colorimetric analysis of the samples the disk was 

knocked out with a spatula into a mortar and was ground to powder with 

a pestle. The powder was then added to distilled water. the reagents 

were added• the sample was allowed to set for JO minutes. and the op-

tical density of the sample in a one centimeter quartz cell was read 

at 5350 Angstroms on the Cary spectrophotometer. Conversion of optical 

density to nitrite concentration was corrected for zero nitrite. 

fyepa:ration of Disks for Water Anal:ysis. Disks used in the attempts 

to determine the amount of water present in the potassium bromide by 

Karl Fischer reagent contained no nitrate or nitrite im.pu.rities. The 

potassium bromide was pressed directly from the bottle for the driest 

disks. Samples containing varying amounts of moisture were prepared by 

different a.mounts of grinding or by the addition ot small amounts of 

water to the dry potassium bromide. After being pressed the disks 

were analyzed on the infrared spectrophotometer tor relative water 

optical density and were then knocked out of the races and ground to 

powder. The powdered samples were then sea.led in ten milliliter weigh-

ing bottles having ground glass caps which wre sealed on with petro-

leum jelly. The sealed bottles were marked and were then delivered to 

the Analytical Chemistry Group which operated the eoulometric titration 

equipment. 

P.§.termination of Water. Eftecis. The disks used in the deterrnina-

tion of water effects were doped with nitrate or nitrite ions as 



described above, and the water concentrations of the disks were 

varied by varyin;: the tw.e or dryir.:; the powders in the va.cuum oven. 

Ins-pection or the Disko. The preaaed disks were thrown out 

if there wAre 8..."'l:f visible flaws or cloudiness. :Jisks which did not 

meet water or woir:;ht specifications and those which did not follow 

the calibration curve of' optical density versus concentration i'Iere 

also discarded. After the method of pressir..g had been set the 

ori[:;inal weisht specification set at j: 0.5 per cont of the desired 

disk weicht ,ms no loncer important, e.nd the disks wore thereafter 

checked only by their opticel densities at the :peaks. 

Dilution ?~ethod of' Analysis. D:talcs conta.ini.'11£'.: so much nitrite 

ion t..'1-in:n their cc,ncentra..tions covl d not be a.nalyzctl by the usual 

method were zround up o.ft,er irra.rlie.ti.on o.nd diluted with s. wei.:;hed 

a."nount of potassium bronide. The diluted powder w.ns rtlxed by light 

,crindin,r_:, and dis}:s ,rere made f1·om the dih1ted material end analy:::ed 

on the infrared. ma.chino. The nitrite ion concentration of the diluted 

disks times the dilution fnctor eave tho concentration of nitrite 

iri the irre.diutod disl:. ~;ince the original disks were destroyed 

dur~ onalys:ts extreme care was taken so that they would all be 

uniform. 

Analysis of Oor.centra.tetl Diska Contaiping lii tre.te Ions. 

Irradiated disks too coneontrated in nitrate ion to be analyzed with 

the inf'rared ins.chine by the standard procedure were analyzed by 

three <li.N'oren-t. methods based on the premise that one nitrite 1011 is 

formed for each nitrate ion decomposed by radiolysis. In the first 



rJ.et.hc<l the !11 trat,e peak was comp~ms9.ted f'or by a.'11 unirradiatetl sample 

co1rtninin;:: nitrntc ions placed in tho reforence ?)crun cf the infrared 

apectro1)hotou.cter and the optical density of the ,1i trite peak wa.a 

measured without interference from tile nitrato p0111'::. !n the second 

nethod, the nitrito peak fornod Wt\S !.:leaeured off the shoulder of the 

lnrce rd tra.te '_:)ellk wi tl1out any compensation. 711c third ,.1othod 

consisted of dissol vine:: the irra.dia.ted disk in water antl color:i.-

:r.1etricclly deterw.inin": the nitrite concentrat,ion as doscriheJ s.bovc 

except t!1at 11 qua.i-tz cell five conti.'1.eters lon;; was uoed to hold the 

samples. 

7)etermina:tion of the ::~olubility of Potassium ~:itrute in Pote,ssiUln 

Bromide. Disks conts.in:tn__; various m,ou..'1tl:! of potassium nitrate were 

imalyzed for <.1ptical tlonsity nt l;.ooo Ar.z:stror.1s on the :a.r~r ·.poct:ro-

photo:r.e-te;.~. The opticn.l densi t;r moe.suremont \10.S a r::oasure oi' tho 

f.ll'.:1ou11t of 11.;::;ht scntter';)d by ea.ch disk. !:.'v.rin.::_; t.he analysis t:ie 

chamber wherein the sn."llplc was held wns f'loo<loc with caseous nitro-

.:;en which !11.id been passed over a desiccnnt. 

:~rodu~t /l.lmlyois. Tho infrared absorption inui<l.o oi' ;;,roducts 

from ·th:.:: ra.<liolysis cf isolatec. nitrate an<l ni t,ri te ions wore 

tleternii11ed with disks which had been exposed to large doses of gamma 

radiation. ~Cho optical density sea.le of the 1iodel 221 ini'rared 

spectrophotox:loter wae expanded twenty tbes to expose product peo.ks. 

·:;rectra. of various posaiblo products such as the o,dtlee of 

potnssiur:, and nit1•o;~en were doter2:1iri.ed by tho pressed cliek method. 

'l'ho solid. materials were added directly to the potassitira bromide 



a.'1.d mixed; the r}lSCo were allowcc'. to :f'J.ow ~~nto the evacuate(: die so 

~hat the disks ware pressod in an atoosphere of tho desired :_;e.s. 

Tho spectra of the :ireparecl disks were comparo<l with the absorption 

ba..--.d.s attributec to products of -tLo :caJiolysio. 

!"'re;,paration ,of ':runpleri, ~or ::ass ~;pectrop~etric Analysis. I'.nss 

epeetrone:tr:tc nnulysos we:ro ma.de to determine the volatile products 

:formed du.r:i.n;::: the irradiatio11 of' potassiui::i bromide disks containin;: 

nitrate ions. Idemtica.1 sm::pl{"!s o:' five c;rs.::c.s of pote.soiu.1:1 bror:iide 

doped to 0.2 i::;.ol per cent with :pota.csiun nitre.to 1:;ere placed in e. 

class bulb cqu:pped with a. break-tea.l antl were dried. i'or 72 hours in 

a vacuum. ovo~.. The bulb was then a.ttached to a vacL.'i..l!'.l line am:. we.s 

evacuated to 0.06 nicror~s of ::iel·cury, pressure, for 2L; hours. 7he 

bulb wa.o thon sealed 1..m<lcr ,racu-u::::.. 

7he sa'TI.ple-s were htbeled, v.nd one or theu was placocl in the 

r:anna sot.irce for five weeks. The irradiated S&'lple was rem.ove<l, 

both s11t1plee were heated to 150 <leDrecs, Centicra.<le, in un oven for 

lie: hours, an<: both oa:::1ples were then sent to the Lass :::pectrO".:.etry 

Group cf t'he Cak ::icl_::;e national Labcrdory :f'or ane.lysio of tho ;:;as 

in the bulbs, 

The data and results :f'rom this investigation are presented in 

tho following section. The individual ~easurem.ents made on the disks, 

such as optical densities and wei0hts, were omitted unless they were 

directly involved in the results shown on the table. 



59 

Reproducibility of Disks. The reproducibility of th~ nitrate-

doped potassium bromide pressed disks made from the $a.me powder is 

shown on Table I, page 60. The disks were com.pared by weights 

e.nd by nitrate optical densities before and after irradiation. 

1ffects of Treatment. The effects of various treatments on the 

optioal densities of nitrate ion and water are shotm on Table II, 

ps.ze 61. The treatments specified in the table were successive 

from left. to right. 

Zta.bilit1 of Nitrate-Doped Disks. The stability of the optical 

density of the nitrate ion in potassium bromide disks stored over a 

desiccant is shown on Table III, page 62. 

Effects of Water Con2emration. The effects of water concentra-

tion on the g8.11JN. radiolysis of isolated nitrate ions in potase1UJ'.l'l 

bromide disks are shown on Table IV, page o;, end on Table V, page 

64. Similarly, the ei'fects of water concentration on the z;amme 

radiolysis of nitrite ions in pota.seim bromide disks are shown on 

Table VI, pase 65. The data on these tables a.re presented in 

graphical form on Figure• 2, ,, and 4, p~es 66, 67, end 68, 

respectively. The results of the Karl Fischer analysis tor water 

in the disks a.re presented on Table VII, page 69. 

~-•• SJ?ectr95ot.i:i2 £\B!l;tsis. Tho mass spectrometric onalyais 

of the gas phase above irradiated and unirradiated samples of 

potaesium bromide doped with potassium nitrate is presented on 

Table VIII, page 70. 



Disk 

lo 

A-14-1 

A-14-2 

A-14-3 

A-14-4 

A-14-5 

TABLE I 

Reprodµcibili;tl of BOj-Dop!d KBr Disks Made From the Same Powder 

Weight 
Optical. Density at 1391. cm-1 
6::>Irradiation Time = t hours 

Optical Density at 1276 cm•1 
r~tion Time• t hours 

in Co Ge.nma. Source 1n Co Gamma Source 
gm 

t == 0 t = 1 t == 2 t=4 t=O t = 1 

o.4004 o.3,)8 0.267 0.236 0.185 0 0.005 

o.4003 0.312 o.266 0.237 0.185 0 0.006 

o.4008 0.311 0.267 0.237 0.186 0 0.005 

0.3986 o. 3)9 0.267 0.237 0.186 0 0.006 

0.3999 0.311 0.267 0.238 0.186 0 0.005 

Note: The water optical densities of these disks at 3440 cm-1 vere all 

a.bout 0.050. The optical densities were measured on a Perkin-

El.mer Model 21.., lfaC1 prism., slit program 927, f'rom base line 

standard. 

t • 2 

0.012 

0.013 

o.ou 
0.012 

0.012 

t = 4 

0.017 

0.018 

0.018 

0.017 

0.018 



Diak 

Bo 

A-13-l 
A-13-2 
A-13~3 
A-13-4 
A-13-5 
A-13-6 
A-13•7 
A-13-8 
A-13-9 
A-13-l.0 

TABLE II 

Effects of Treatment on lfitrate Ion and Water C>,gt:ical Densities in K.Br Disks 

Drying Times 
In Vacuum Oven. at Initial Dis-ks Exposed Disks Dried 

Weight 115°C for Powder Optical. 48 hr at 3)1, 24 hr in Vacuum 
Before Pressing Densitiea Relative Hum:1.dity Oven at 115°C 

gm 
hr 11,j) ?I()-

3 'Jl1} O.D. w3 O.D. J½O O.D. 11'03 O.D. 

0.3987 0 0.231 o.4TI 0.092 o.486 0.054 0.500 
o.4001 0 0.214 o.462 0.093 o.488 0.051 0.500 
0.4009 1 0.091 0.375 0.091 o.464 0.050 o.481 
0.3985 l. 0.090 0.370 0.084 o.467 0.049 o.488 
0.3992 2 0.076 0.371 0.092 o.444 0.048 o.486 
o.4012 2 0.074 0.372 0.099 o.432 0.047 0.515 
o.4003 2) 0.044 0.375 0.132 0.393 - -
0.'3997 2) 0.045 0.383 0.131 o.412 - -
0.3959 70 o.o.41 0.370 - - - -
o.40oo 70 o.o¾o O.r(6 - - - ... 

l'ote: The optic&l densities were :measured on Perkin-Elmer Model 21, Be.Cl prism, 

slit program 927, from base line standard. The optical density ot If03 
as measured at 1391 cm-1 and that of water at 34-40 cm-1 • 

Disks 
Repressed 

at 
4o,OOO lb 

IOj O.D. 

--o.lt.&) 
0.489 
0.489 
0.505 ---... 



-~~tabilit;r of Nitrate O_ptical Density in KBr Disks :.::tored 

Over Ca012 Desiccant at i~oom Temperature 

Disk .Ge; Optical Densitya After :Jtorage over 
CaCl0 fort hours ,:_ 

Ho 
t • 0 t • 20 t Ill 30 t = 50 t - 6o Average 

A-14-1 0.307 o.;10 0.507 0.309 0.507 o.;os 
A-14-2 o. 31 ;S 0.310 0.:,12 o.;12 o.;12 o. ;12 

A-14-,5 o.;512 o.;,09 0.312 0.311 0.311 0 • .311 

A-14-4 0.,07 0.308 0.310 0.311 o.~11 0.309 

A-14-,5 o.~-09 0.,12 0.310 o.:;13 o.;12 0.311 

110pt1oe.l densities measured on Perkin-Eluer 1"odel 21, slit proc~1 
927, from base line standard, Ha.Cl prism. 

l:ote: Powder used for these disks was dried -48 hours in a. vaeuu."tl 

oven at 115°0. The initial optical densities for water 

at ;;44o cm-l were approximately 0.050 for all the disks and 

did not change on storage. 



]::!'feet of 'dater Ooneentra_tion on the Gamma z;:adiol;tsie 

of' Hi tr ate Ions in ~>00 $~ }:~~r Disks with .Averar,e 

Initial. rm; CpticBl Density of 0.241 

Initial Water 
Fraction of 1;c~ Optical Density a.t 
1391 cm-1 i,e:mo ed by Irradiation; 

Jisii: Optical De::fity t • Irradiation Time, hr 
!:o at 344c cm 

t - o.5 t"" 1.0 t,.. 2.0 t • 'i.C 

/,.-15-6 0.018 0.079 0.141 0.2}7 0.;')12 

A-15-5 0.02; 0.079 0.1,e 0.23'3 0.513 

A-15-7 0.025 0.073 o.14o 0.2,c; 0 • .312 

.A-15-1 0.027 0.079 0.137 0.2,36 0.322 

A-15-2 0.0;3 0.07n 0.1;6 o. 24; 0.314 

A-15-10 o.o;B 0.079 0.145 0.244 o.;25 

A-15-3 o.o4o 0.079 0.153 0.232 o.;46 

1. .... 15-4 0.044 0.078 0.156 0.281 0.386 

A-15-9 0.050 0.076 0.151 0.271 o .. ;a; 
A-15-8 0.063 0.075 0.149 0.256 0.364 

:rote: Optical denai ties :measured on F·erkin-::1m.er Eodel 21, Ea.Cl 

prism, slit pro0 run 927, from base line standard. 



r-t .'- n* "t'i -i:; 
_,._L;};_,,,:_, ; 

Bfiect of' :la.tor Concentration on the Gamma Radiolyai~ 

A.-16-5 

A-16-4 

A-16-2 

A-16-1 

A-16-5 

of Hitrate Ions in 299 my: J(B1· .Jisks with Avoral;e 

Initial 1·m3 OP:t,icel Density of 0.097 

Initial 1Iator 
Optice.l .Density 
at _;44o cm-1 

0.017 

0.026 

o.o,;56 

o.o4;i 

0.047 

0.060 

-Fraction of l:0'5 Optical Density at 
1,91 cm-1 !lemof/ed by Irradiation; 
t • Irradiation Time, hr 

t = 0.25 t = 0.50 t = 1.0 t = 1.~ 

o.oeo 

o.o&o 

0.120 

0.124 

0.125 

0.131 

0.185 

0.185 

0.186 

0.205 

0.2;4 

0.249 

0.222 

0 .. 225 

0.222 

0.262 

l{ote: Optical densities measured on Perki.'1-Elmer l-1odel 21, Ha.Cl 

prisz11, slit prognw 927, from base l i."le standard. 



:i:ff'cct of: i,!e.ter Con,centre.tion Ol"l. the Ge.mmtl r::adiol;;::sis 

of' I~itr-1:te Ions in 300 nt".'. lmr Disks with Avera£! 

Initial 1;0~ Cntical Density of O. 326 

Initial \:ater 
C-ptical Density 
at 341KJ cm-1 

"'' ti f' ~-~c- ., ti l ,- i• t •. rac on o· ., ·2 Up ca JJena ..,y a 
1276 cm-1 ;{t"Jmoved by Irradiation; 
t = Irradiation Ti~e, hr 

t = 1.0 t = ~.o t = 12 1-----+-----------1..,..__.,;;.. 
C-1-10 

C-1-9 

C-1-3 

C-1-4 

0-1-11 

C-1-6 

0-1-5 

0-1-3 

C-1-7 

0.010 

0.012 

0.014 

0.017 

0.031 

0.051 

0.025 

0.022 

0.022 

0.024 

0.06; 

0.052 

0.066 

0.082 

0.1;6 

0.129 

0.1.32 

o.1C,o 

0.201 

0.255 
0.261 

0.226 

0.227 

0.224 

0.226 

0.259 

0.286 

liote: Optical densities measured on Perkin-Elmer I-1odel 21, He.Cl 

prism, slit pro6ram 9'27, trom bQ$e line standard. 



0 w 
> 
0 

w 
0: 

I 
E u 

(J) 
lo() 

<( 

0 
0 
I I<) 

0 z 
LL 
0 
z 
0 
j::: 
u 
<( 
0: 
I.J.. 

66 

0.4 

UNCLASSiFIEO 
ORNL- LR- OWG 53466 

0 _3 ___ IRRADIATION TIME = 3 hr --+-------L-----____,__ ----------

0.2 

0.1 

-· ·-•---'---IRRADIATION TIME= 2 hr 

6. 
IRRADIATION TIME = 1 hr 

IRRADIATION TIME = 30 min 

• 

_,._ 
---+---------1-----------1---------1---

,___ _____ ..._ ____ ..._ _____ __,_ ____ ___,c__ ____ ~--
0 
0.01 0.02 0.03 0.04 0.05 0.06 0.07 

Fig. 2. Effect of Water on Nitrate Ion Decomposition for Series A-15. 
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Disk 

Ho 

'i}B-;> 

. "' 5 1T:.:;.t-

t!B-1 

;"!J3-l1-

l/D-2 

f"!'t!\'!"'IT"··n 
..l.Jil)...J ..... 

Content in 4oo :mr F;I}r Disks 

1iater Content V,ater Optical 1 
Density at ;WK> en - from Fisoher Re~ent 

mi}disk 

o.oei4 <0.5 

O.ll4 < 0.5 

0.128 < 0.5 

0.268 < 0.5 

0.285 < 0.5 

!Joto; Optical densities from Perkin-Elmer }:Odel 21, NaCl 

prism, 927 slit program, from base line standard. 
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r;n.ss :;pectrometric Analrois or Yolatile Products 

:from Gema ,;o.dio1ysis of '.;itrs.te Ions 

in Powdered Potassium Bror:iido 

?nol per cent. in Ce.s over 
Probable Heated :::amnles 1--------------..;..;---....... __.., ...... ____ ....,.. _________ .... 
Compound 

H2o 

u2,oo 

(7) 

Br 

Br 2 
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Oo.libra.t.ion 9»rve• t9r 1:1i:9:1w .an~ ltitrite Io; 021!\mt ot 

heea•d J2!111kf• De.ta. f'or the calfbration of nitrate fllld nitrite 

content of the pressed di.ska by infrared qwmtita:t.ive e:nalyei• ar• 

preeented on Table IX, page 72, Table X, pa.ge 7', Table XI, page 74, 
and Tabl~ l!l, page 75. Th• calibration plote a.re presented on 

Figures;, 6, 7, end 8, pages 76, 17, 78, and 79, respeetivelr. 

OtJ.ib:re.ttm of th~ GWf: ~2•• The data o'btalned from the 

ce.libl"'a.tion of the cobal.t-60 glJ.ll!l.a source by use of the ferrous 

doobieter are pi-esonted on Table XIII, pae;e 80. 

Ettect1 of..,1)1,t ;!.biglg:}!se. The data. obtained from the irradia-

tion or nitrate-doped disks of different thickneaaee ere preHnted 

on Table XIV• page 81, These reeul ts aro presented in graphical toni 

on 1izure 91 page 82,. 

Proper$&•! of Rilltt•d Digk1p. The pro~rtiea ot samples zna.de 

trom doli•d powders which had been diluted with fresh potassium 

bram.14.e e.re shown on Table rl, page a,. Results t.rom the ilTadia-

tion ot theoo diluted. disk• are preeented on Table XVI, page 84. 

fls:1:tis~on of.' Pfi.Y!MB l~UJ:il•• Th• reeul ts trom tho verioue 

methods us&d 'to obtain pure potahi\lll ni tTi te for use in this 

inve,tigation are ab.own cm Table XVII, page 85. 
05tl2£Wtr&t 011.ib?'ltign gt,, ;rqJ:tlte ~at&on. Data tra 

the tultanllio aoid method for the determination of nitTite 

tion in water ere prefftl'Ud on Table XVIII, page 86. The calibration 

cu.rv• is shown o:n Figul"• 101 page 87. 
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TABLE IX 

Calibration of Nitrate Ion Optical Density at 1391 em-l 

for Perk:in-glmer Model 21 ~;pectrophotometer~ 

"!•"/"I'":;- Ions per Average IW'~ j,;\,i7 

~;cries :; 
;oo mg Disk, X Optical Density 

F-1 0.05 0.01; 

F-2 0.10 0.023 

F-, 0.20 0.052 

F-4 o.4o 0.084 

F-5 o.eo 0.180 

anaCl prism, slit program 927, optical density f'rom base 

line standard. 



7; 

-1 Oalibra:t.ion of' Nitrite 1011 O;etical Dens.it,: at 1276 cm 

for Perkin-Elmer Hodel 21 :;pectro;ehotometera 

Number f '"O Average H02 0 H 2 
t;eries 

X 10-l 7 Iona per Di ak1 Optical Density 

D-8 0.27 0.019 

D-7 o.4o 0.028 

D-6 0.80 0.057 

D-5 1.60 0.11; 

D-4 2.62 0.176 

14-0-1 ;.62 0.247 

D-; ;.96 0.265 

14-0-2 4.e; o.;526 

D-2 7.96 o.495 
D-16 8.85 0.578 

14-c-; 12.01 0.790 

a.Ha.Cl priam, slit program 927, optical density from 

base line standard. 
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TABLE XI 

-1 Calibration Qf the Hitre.te Ion Per Cent Absorbenee at 1391 cm 

f'or Perkin-Elmer Model 221 Sl!ectro;ehotometer& 

Number of no~ Ions Ave.% Absorbs.nee 
:Jeri•s 

X 10-l? cnt1, per ,00 mg Disk, at 1391 of uo3 
F-1 0.05 2.9 

F-} 0.20 9.8 

F-4 o.4o 15.8 

F'-5 o.80 28.8 

F-6 1.0 ,,.a 
P-7 2.0 51. 7 

I~-8 3.0 62.7 

F-9 5.0 7;.5 
F-10 10.0 79.9 

a.Na.Cl prism, slit program 927, per cent absorbance • 100 - per cent 

transmittance measured from base line standard. 
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TABLE XII 

Calibration of Nitrite Ion QPtioal Density at 12Z6 cm.-l 

for Perkin-Elmer Model 221 Spegtrophotometera 

number of N02 Ions A ~•o-:verage 11 2 
8eries 

X 10-17 per ;oo mg Disk, Optical Density 

D-; ,.98 0.258 

D-4 2.60 0.164 

D-5 1.61 0.106 

D-6 o.a1 0.055 

D-7 o.4o 0.027 

4 Na.Ol prism, slit program 927, optical density :f'rom base line 

standard. 
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TABLE XIII 

Calibration of the 1100 Curie Oobalt-oO Garamo. ;Jgu.rpe 

with tho Ferroup Dositnetera 

Dosimeter Irradiation Irradiation Irradiation 
Time• 0 Time• ;5 min Time• 10 min 

:1olution 

no Optical Denei tyb o.o. A0.D./m1n O.D. .6.0.D./mi:c 

I o.4;2 1.604 0.02;4 2.757 0.02;1 

II o.4.31 1.6;; 0.0240 2.678 0.0209 

III o.;6; 1.568 0.0241 2. 792 0.0246 

Average .A.O.D./min == o.02;4c 

e.nie dosimeter solution was me.de according to Hochanadel and 

Ghormley{;4). 

b The optical densities were read on the 0e.ry t-iodel 11 :::pectrophoto-

meter at ;5050 Angstroms usine a one-centimeter quartz call. 

0 Tlie calibration was made Hay 2;, 1960. Dose rate o.t that time 

• ;.25 X 1017 ev/gm KBr-min. 



TABLE XlV 

Effect of Diak Thickness on. the ~ition of Bitrate Ions 

1n l.5m-Diameter 103:r Disks under Cow Gaaua Irradiationa 

Weightb 10• Ions P.reaent X 10-17 
Jl() .. Ions Decomposed X 10-17 

Disk 3 per 3)0 :mg of Sample 
at ~tion !'1De = t hr at Irradiation 1'1me = t br 

Ifo gm. 
t=O t-0.25 t=O.~ t-o.75 t=l.O t-o t-0.25 t-0.~ t-0.75 t=l.O 

14-1-c 0.2996 1.287 1.102 1.023 0.991 0.911-3 0 0.185 o.264 0.296 o.:w.,. 
14-2-C 0.'3997 1.757 1.532 1.J+39 1.392 1.323 0 0.169 0.239 0.274 0.326 

14-3-C 0.5000 2.244 1.931 1.8o8 1.748 1.695 0 0.188 0.262 0.298 0.33) 

8nose rate == 3.25 ev/p-mhi.. 

~ckness of pressed disk = o.a:>5 mm/gm Dr. 
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A 500 mg DISK (14-3-C) 
400 mg DISK (14-2- C) 

• 300 mg DISK (14-1- C) 
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0 0.49 0.98 1.46 1.95 
ENERGY ABSORBED IN SAMPLES (ev/g) X 10-19 

Fig. 9. Effect of Disk Thickness on the Decomposition of 
Nitrate Ions. 

2.44 



Disk 

JJo 

F-24-1 
F-24-2 
F-25-1 
fi'-25-2 
F-26--1 
1"-26-2 

Disk 

lio 

D-24-1 
D-24-2 
D-2.5-1 
D-25-2 
D-26-1 
D-26-2 

I 

! 

; 
i 
i 
I 

l'roperties of Hitrgte- and Nitrite-Doped ?:Br Disks 

Made b:y 0ilut,ion of l.Q:eed I'owdor with Fresh KBr 

Original 1-"inal Initial 

KHO; ··:.ro t ; ; ~,eight Water 

Content Content C.D. at 

::nol ;i mol % gm ;44o cm-1 

0.0065 o.oo65 0.297; 0.009 
0.0065 o.oo65 0.2991 0.009 
0.01,0 0.0065 0.2994 0.008 
0.01,0 0.006.5 0.2987 0.008 
0.0196 0.006.5 0.2989 0.010 
0.0196 o.qo55 0.2984 0.009 

Original Pinal Initial 

tN02 KNC2 Weight Water 

Content Content o • .o. at 

mol ,:~ mol ;;i gm ,;44<> cm-1 

0.011 0.011 0.2995 0.018 
0.011 0.011 0.2994 0.019 
0.017 0.011 0.2981 0.024 
0.017 0.011 0.2989 0.021 
0.026 0.011 0.2978 0.02, 
0.026 0.011 o.;ooo 0.02, 

I 

Initial 

Nitrate 

O.D. at 

1'91 om -J 

0.198 
0.199 
0.205 
0.198 
0.20; 
o. 20;5 

Initial 

Hitrite 

o.D. at 

1;591 cm-l 

0.108 
0.108 
0.101 
0.101 
0.106 
0.105 

Uote: Optical densities measured from base line standard on Perkin-

Elmer Model 21, slit progrem 927, Na.Cl prism. 

' 



TAJL:: XVI 

Decomposition of Nitrate and ratrite Ions from co60 Gm Irradiation 

9.f' KBr Disks !,:S.de from Doped Powders Diluted with FreJ!h Y~r 

Volume of Solution CTiginal Average Hitra.te Optical ·l 
Added to !•:eke the 

Co;;~ 
Density Olls.nge at 1,91 om-

Series Original Powder ror Irradiation Time• t hr 

Ho 
ml/4.0gni KBr mol ~; t • 0.25 t • 0.50 t • 2.0 

F-24 o.;o 0.0065 0.011 0.01n 0.041 

P-25 0.60 o.01;o 0.011 0.018 0.042 

F-26 0.90 0.0196 0.010 0.018 0.042 

Volume of r,olution Original Average Hitrite Optical 
Added to Make the }al02 Density Change at 1276 cm-1 

Series Original Powder Content for Irradiation Time• t hr 

no 
ml/4. ovn KBr mol ;; t • 1.5 t • 7.0 t • 22 

1}..24 0.15 0.011 0.008 0.017 o.;7 
D-25 0.25 0.017 0.008 0.016 0.36 
D-26 0.375 0.026 o.008 0.017 0.36 

Uote: Optical densities measured from base line standard on Perkin-

Elmer Model 21, He.Cl prism, slit program. 927. 
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TABL2 XVII 

Purification of' Potassium Hitrite 

I 
Hitrate 

t:ethod Contenta Comments 
mol . .A 

i" 

' 

Recrystallization 1.3 Notiseable HO~ Peak on I-I\; 
from Uater of r·o 2 1·' recover \J.1 2 
Four Cycles 

! 
i o.6 Noticeable trc3 Hecrystal 1 ization Peak on I 'r'l -i",j 

from 'da:ter 1 ,~ of KN02 recovery 
::ax Cycles 

; 

Reduction of no3 2 " 0 Formed; Purification Difficult .r.2 
with Lead 
at ;oooc ' 

; 

: 
From and KOH i -Organic l'.litrite Impure; :1emoval of 

N1trite + KCH Excess KOH and K2co, Very Diff'icul t! 

Extraction with 0.5 Noticeable ll? Peak on l-R; 50 ;: 
Absolute MeOH Recovery. o KtiO~; Removal of HeOH 
Two Cycles by Drying - Ho ,,eOH Peak on I-ft 

Extraction with 0.08 No Hoticea.~le NO~ or 11eOH Peaks on 
Absolute i,ieOl! I-H; 25 % Heoo ery of K1>l'02 
Five Cy"cles 

Purification 10 Difficult to Bemove AgBr end to 
of AgN02, React all Ag!IO;; I-R Peak Looked 
Reaction with KBr Like AgNO; 

8tatre.te content by I-R analysis e.t 1391 cn:t1 on Perkin-li.1mer ?'-Yodel 
21, NaCl prism, 927 slit program. Initial nitrate content• 3.7 
mol per cent. 

' 
; 

' 
' i 

i 

i 
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TABLE XVIII 

Colorimetric Calibration or l;itrite Ion Concentration 

in Water :3olutions of 4o9ws:7i KB:r Disks 

Nitrite 
Disk: Ion Optical De~sit:,, ~- Content at 5350 a i,O 

ions X 10-17 

X-1 0 0.045 
11-1 (l) ;.;6 o.oo 
11-;<1) 5.65 1.20 

a.Analysis by Cary Model 11 using 1-em 
cell. 

(l ),.i ,. L d ., G "d d ,,. nges, 1,,. • an .-.. • J,;; war s, 
Radiation Induced Decomposition of 
Hitre.te Ion in e. Potassium-Bromide 
l!a.trix, M. I .T. En2:ineer1ng Practice 
3chool It;emo BP:.;..x-421, P1'";• 21, 
Oct. 1, 1959. 
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R!l!!l t1 ot Gt,pNl Radlolz;s1a gf' Ni tr«t.e Iona YI S!f&!• 15::2 

PlW• The results ot the gamma. irradia.tion of sed.ea 1,-2 d!•k• 

are ahown on Table XIX, page 89. The r.wmhei- of' nitrite ions tonttN 

during irradiation waa w,asured. by both infrared 1nd color!m.et.rto 

cial7aes. Tho agroeent ot the colorimetric enalysie with the 

in.trered a.naJ.1sis is ilhown on Figure 11, page 9(). 

G19. R.fdioiu,, ot N&1,r1te Jons ¥ WS'k! !?i!l£• ot S•£2.•• 

ilf-g 5d 10-2. The r•eulta of the gamma radiolysi11 ot nit.rate 1ona 

1n d1ak• dilute in nitrate content are proaented on !able XI; page 91, 

tor series 14-2, and on 'table m, page 92, tor ••riee 10-2. The• 

reeul ts are presented. in graphical :rorm on Figure 12, page 9,, tor 

••ri•e 14'2, and on Figure 1~, page 94, tor series 10-2. 

Rel!Jl\1 of Gsa, 1!1\4.Uix,ia 9f N&SJ:J.\e Im ID p!aka.qt Vtt12!1 
;.~W !&tr1;\t Qemst,a. The reaidta or g;ama radi.olytds ot nitrtt. 

iou in <11,1c, containing varloue initial oonoentrations of nitrite 

are ehown on Table XXII, pa,ge 95. The tonnation ot ni:f.rat. ton. in 

tho disks is shown on Tal>le XXIII, page 96. A tn,toal 

plot of the n1 trU.e iona deoO!II.J)Oec,d cd nf:tr•t• ions ~o:raed v•au• 
dos• ie preeented on Figure 14, page 91, a.nd. typical. ;plot.1 w,ri SJ,. 

tho detarm.nat1on of 00 tor nitrite-doped disks a:re shown on figure 

1,; page 96.;. 

De.v.adsm• Qt' Go Oll WtW Ai••wr ~tmr•\1& ts: !DtiV-
DoU~ pjttke. The depend.once of G0 on initial ac,ceptor concentre:t.ion 

tor nitrit....doped diru la lhown on Table mv, pqe 99, and thu 
dopemienoo 1• aholm graphically on Figure 16, page 100. 



):nfr'&rtJ:d and Oqlorimetric "--!.,Vll;t@i.s .,.9.t ;:1 trite Im Fomd 

Frffl:: rr~ trn½IhMA hM.,.,,,: i<Oi- J'.l<I ,,,!,. .. . ™ * 1 .~rn-~• ~;. " 

l:!nergy ( 1 ) Hitrit.e Iona Fo~A.fl 1. 10-17 

:,,s.ntplc(l) 
Absorbed 

F'r<mt(l) Prom ( 2 ) Prom Correet.•d() 1 .2!t :;1gle 

(2) 

Code 
GV X 10-l9 

Infrar~.d OolOl'!Mtric Oolo~o 
m:i Anal;rsic Oalibrat1on Calibration 

15-2 2.36 0.299 0.51 0 • .51 

15-2 1.oa 0.875 1.00 0.85 

15-2 11.79 1.:,64 1.54 1.,0 

15,,-2 1s.a5 1.99, 2.0; 1.9, 

1,-2 .... 'j ,, ...,, . 2.65 2.59 2.;7 
15-2 4o.10 .5.41 3.&1 .,.,a 

of !a,t.rat.e !on in a P-ota.caium,.,Bror.ddc Matrix, H.I.T. ~;ne,:t.neer-ing 

lractice 3chool Homo z:.p:,;...x.,.4~.J., PG• 5, Oct. 1, 1~.;9. 

Ibid, PS• 7. 

(3)Correoted. for zero nitrite. 
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Decompgsition of Nitrate Ions in Series 14-2a KBr Disks 

under co60 :l8l'il1'lla. Irradiation 

"~o- I 1I0'3 Ions N02 Ions -l J Nitrite Ior, 
lrre.di1ion 

.n ·, ons 
Presen; Decomrosed Formed X 10 Pormed X 10-

Time X 10-l X 10- 7 ( Oolorimetaic (I-R Analysis) 8 

hr ~I-H lmalysis)C ( I-R Analysis' Analysis) 

0 1.8; o.o o.o 
l 1. 70 0.13 0.12 
2 1.56 0.27 0.21 
3 1.44 o.;9 0.28 
4 1.;1 0.52 0.22 0.35 
6 1.11 0.72 o.46 
8 0.94 o.s9 0.55 

10 0.81 0.92 0.55 0.62 
15 0.62 1.21 o.66 
20 o.48 1.55 o.66 
30 o.;9 1.44 o.54 0.59 
47 0.35 1.48 0.51 0.52 

aSeries 14-2 consisted of four disks weighing 4oo .:t ;'>mg with an 
initial nitrate content of 0.012 mol per cent. \later optical 
densities at ;.44o cm-1 were b&low O.o40. 

bDose rate was 3.25 X 1017 ev/gm-min. 

0 Jmalysis at 1}91 cm-l using base line standard. 

dAnalysis on r{odel 11 Oe:ry spectrophotometer at 5;50 A by sulfanilic 
acid method. 

6 .\nalysis at 1276 cm-l using base line standard. 

Note: I-R analyses were me.de on the Perkin-Elmer lfodel 21, NaCl 
prism, 927 slit program. 
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Deeompositioi; of l:itrato. ,lo:1s :l.n Series 10-2a tG3r Disks 

under Co 6o G~a. Irradiati<?,n, at 25.0 c 

Nitrate !Iitrite 
Irradi1ion Ions Iona 

Time Decompose de F'ormedd 
hr X 10-17 X 10-17 

0 0 0 

1 0.147 0.1; 

2 0.2;; 0.21 

3 o.2B9 0.22 

a.series 10-2 consisted of four disks weighing .lioo .! lme 
with an initial nitrate content of 0.005 mol per cont. 
Water optical densities e.t ;44o encl were less than 0.04. 

bnose rate= ,.25 X 1017 ev/gm-m.in. 

cAnalysis at 1391 em.-l using base line standard. 

d.,\ns.lysis at 1276 cm-1 usinf; base line stands.rd. 

Hotes Infrared analyses were on Perkin-Elmer r,fodel 21, 
:Fa.Cl prism, 927 slit progr8.l'.ll. 
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A'ft!ftP ..._ ot Bt&1:te 1Clu ~••4 X ui•17 PII' ~lt'lll'miAot'8-1M~, I:rd:U&l D02 Couteat • e •l per cat 

'Dcaaa 1).2 »-3 DMa M I).' DoM D-6 D-7 IloM D-8 D-9 nm- D-16 D-li'> l>-16 .D-19 

ff X 10•19 e • ¢• 
fff X 10•19 • • •• e • e • n X 10•19 e • e • 0 ,. e • e • C • o.osa 0.02' 0.011 0.011 n X w•19 0.0052 o.0086 0,0021 o.oou ff X 10•l9 o.()6S 0.105 0.140 o .. as 

o.146 0.12 o.o, o.a,a 0.12 o.oe o.a,2 0.07 o.o, o.,a, 0.04 0.02 o.,&5 0.32 1.0~ - -0,!9Jl 0,18 0.1, o.,a, 0.22 o.v. 0.876 0.13 o.u 1.7' 0.07 o.o, 1.17 0.52 1.62 1.oE 0.24 O.J) 
0,4"YJ o.26 0,8) o.ar, o.;es o.m 2.05 0.22 0.17 ~.92 0.09 o.o, J..16 0.71 1.23 - -O,TJ) 0.3' 0.21 1.17 O,J) o.a ,.aa 0.33 0.19 4.JD 0.11 o.1t. a.:,tt. 0.89 1.&:> 0,45 o.n 
1.022 o.,i. o.n 2.,. 0.57 0.39 ,.91 o.r, o.a 5.85 0.16 0.16 
1.1,s o.n 0.,1 3.51 0.67 0,41 0.19 0.49 o.t, 1-61 a.11 0.17 
3-66 1.J.6 0.83 ,.2' o.ai o.Q 13.a, o.;6 0.29 
4,T3 1.,t. o.,t. 7.31 0.91 0.11 
6.29 1.,0 1.13 9.62 1.1, o.81 1.,, 1.~ 1.29 11.7 1.a o.~ ,.,, 1. 1.3' 1.s.a 1.a.3 1,0\ u.u a.a 1.,i 19.9 1.60 1.1, 

1).17 '·" 1.73 1,.a e.69 1.93 21.., J.ot. 2.21 
31.6 1.11 2.'9 

..,_ nu • 3.25 x io17 n/p rda .. 

bs.su lT ,.. a4e Sa 1110 ..- rw a eJaeeL 

llotef ot .u-a ... u _,. Model 211 JlllCl pr1al, ffl Id.it pl"OO'aa, at U7e --1 -- -- u .• of Seri.ea 

J).17, 16, 19 lQ' ._ ~, aftW 411utie ot 4Uu V\1.t!l t..reall DI'• The water opUet.l .,_,t:te• at. 3"0 u•1 ot t.MN 41llka _.. 

below 0.018. 



TABLE XXIII 

Formation of lfitrate Ions f'rom Deeomws1tion. o:r Nitrite Ions 

in JCBr Disks under eof.o Gamma IrraMat:Lon 

Average Number of lfitrate Ions Formed X 1.0·17 :per 3)0 mg ltBr Disk of Series D-X, Initial KH02 Content 
= c mol per cent 

Dos.ea D-2 D-3 Dose D-4 D-5 Dose l)...6 

ev X 10-19 C = 0.052 C = 0.026 ~v X 10-J.S C • 0.017 C = 0.0ll ev x 10·1S C = 0.0052 

o.439 0.012 o.on 0.877 0.014 0.012 0.877 0.024 
0.73) o.oa> 0.018 1.17 0.025 0.018 2.05 0.032 
l.022 0.025 0.021 2.34 0.073 0.054 3.22 0.061 
2.195 0.105 0.069 3.51 0.088 0.061 4.97 0.069 
3.66 0.138 0.092 5.26 0.109 0.079 8.19 0.064 
4.73 0.181 0.108 7-'JJ 0.144 0.105 13.ro 0.069 
6.29 o.ro5 0.133 9.62 0.126 0.099 
7.45 o.zrr 0.184. 11.7 0.124 0.100 
9.35 0.279 0.198 15.8 0.126 0.096 

u.11 0.346 0.217 19.9 0.124 0.097 
13.17 0.392 0.236 
15.8 0.39) o.a:,3 
21.9 o.43) 0.196 
31.6 o.4f.o 0.004 

aDose rate • 3. 25 X 1017 ev / gm-min. 

lfote: .Analyses were made on the Perkin-Elmer Model 21, l'aCl prism, 
927 slit program, at 1276 cm-1 using a base line sts.ndaro .• 

D-7 

C = 0.0026 

-
0.014 
0.026 
0.042 
0.037 
0.036 
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Concentration i.Jependenee of Initial 0eco'""riosi,tion Ja.te f'or r:itrite 

Ions in KBr Disks U.."lder Oo6o Ga·•nme. Irradiation 

Ini tinl r; i trite Go for z:;o; 
:3Gries Content Decomnosition 

lio mol per cent lons/lOOev absorbed 
in the disk 

D-9 0.0018 0.07 
D-8 0.0021 0.10 
D-7 0.0026 0.16 
D-6 0.0052 0.27 
,-, t" 
JJ-:) 0.011 o.;9 
D-4 0.017 0.51 
D-' 0.026 0.56 
D-2 0.052 o.64 
D-16 0.069 0.65 
D-17 0.105 1.07'!1. 
D-18 O.lltO 0 ,;f) •t:..i.J 

D-19 0.200 o. 56 

~ower vs.lue i"'rom t~t10 sets of D-17 disks. 

r;ote: Dose re.to was 3.25 X 1017 ev/gm-nin. The values 
of Go-N"2 were the ini tis.1 slopes of the plots 
of no2 ions decomposed versus dose. Tempera.-
ture was 25°0. 
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::,esults of' Gamma Radiolyais of !atrate Ions in Disks 0£ Var~qus 

Initial ?atr¢e Contents. The results of gamma radiolysis ot nitrate 

ions in disks containing various initial concentrations of nitrate 

ions are presented on Table YJ.:l, pa,se 1021 end Table XXVI, page 

10,. Typical plots used in the determination of' 00 for the nitrate-

doped disks are presented on n...,,o-ure 17, page 1o4. 

Dependence of 00 on Initial Aocep;tor Con2entra.tion for }titrgte-

_Doped Diake. The dependence of G0 on initial acceptor concentration 

for the nitrate-doped disks is shown on Table Xi::VII, page 105, 

and the dependence is shown graphically on Figure 18, page 106. 

Agreemon-t;: of stern-Volmer RelationshiB with §xper:µaental Data. 

The agreement of the derived Jtern-Volmer type relationship between 

G0 end initial acceptor concentration is shown on Figure 19, page 

107, for nitrite ion acceptora, and on Figure 20, page 108, for 

nitrate ion acceptors. 

Dcpenden_ge of O,Rtical Density at 4000 Apsat.rom, on Acceptor 

Cong_ent.ra.tion. The optical densities at 4ooo Angstroms were measured 

for diske containing various amounts of' nitrate and nitrite ions. 

The results of these measurements are presented on Table XXVIII, 

page 109, and the results are presented graphically on Figure 21, 

page 110. 

In:f'ra.red Abeorn,ion Bands of Products and Possible Prod\¼<!~!• 

Infrared absorption bands attributed to products of nitrite ion 

decomposition because of their presence in the infrared absorption 

spectrum of irradiated disks containing nitrite ions are listed on 



TKBLE XXV 

Dec!?::!2!?!ition of titrate Ions in Dilute8 Dr Disks 

\U'lder Co&:J G8.J1lllB Irre.diation at gt>g 

Series lfitrate Average B03 Ions Decomposed X 10 .. 17 per '{/JJ :mg KBr Disk for a Total 
Content Ener.!Z'.V Absor1>tion = E X 10 9 ev7,. .. - .-.,eb 

Bo 
mol "3 E = 0.292 E = 0.439 E = 0.585 E = 0.877 E = 1.17 E = 1.32 

F-3 0.0013 0.042 - 0.055 0.078 0.093 -F-4 0.0026 0.057 - o.u7 0.144 0.189 -
F-5 0.0052 0.059 - 0.107 0.164 0.180 -
F-6 0.0065 0.063 - 0.124 0.152 O.AA -F-7 0.013> 0.17 - 0.26 0.35 o.41 ... 
F-8 0.0196 - 0.27 - o.46 - 0.59 
F-9 0.0326 - 0.39 - 0.67 - o.&:> 
F-10 0.0652 - o.84 - 1.40 - 1.78 

81:nitial nitrate content less than O.l mol per cent. 

~se rate = 3.25 X 1017 ev/gm.-min. 

Jfote: Analyses by Perkin-Elmer Model 221 at 1391 cm·1 ., lfaCl prism, 927 s1it 

program, optical. densities from base line sta.nda:rd. Initial O.D. for 

R2o was less than O .oa:> for these disks. 

E == 1.46 

0.100 
o.roo 
o.ro7 
0.221 
o.46 -.. 
-

b 
I\) 



TABLE: XXVI 

Formation of Nitrite Ions in Concentrateda KBr Disks 

under Co6o Gamm.a, Irr~diation a~ 25°0 

.3eries F-11; Initial Hitrate Content • 0 .131 nol pe1· cent 

I. Blanking Methodb II. Shoulder Hethodc 

Llose rn::i2 Ions Pormed 
& 1 o-17 per ;,OOmg 

Doae HO~ Ions ll'orme d 
C{ 1 17 per 

X 10-lS evhum1ple X 10-lS 
300mg 

lev / sam.pl e Somple i'.irun.ple 

0.535 0.27 0.292 0.18 
1.17 0.140 0.585 0.27 

1.46 o.4;; 
2.;4 o.66 

::;eries Initial Nitrite Ions F'omedd X 10-17 per ,00 mg 
Hitrate KBr Disk for Total Enerey Absorption 

rro Content · er semDle -E X 1019 ev. 
mol r:r E 0.58:5 ,., 1.17 t~ 1. 76 E = 2.54 j.:J - l!. - ..!. -

I•'-12 0.26 0.204 0.270 0.518 o.;596 
"' 13 0.52 0.160 0.271 0.,25 o.444 l'-

l"-14 1.05 0.126 0.199 0.242 0.299 

a 
Initial nitrate content t;ree.ter than 0.1 mol per cent. 

°latrate peak compensated for fY a blank; no- read at 1276 cm.-1 • 
~atrite peak read at 1276 c:n:t off the aho~der ot the large H'5 peak, 
,H.trite content by colorimetric analysis. 

note: Peak height a.'18lyses by Perkin-Elmer Model 
927 slit program, from base line stand.a.rd. 
analyses by 0ary izodel 11 using sulf'anilic 
at 5350 X. 

221, NaCl prism, 
Colorimetric 

acid 1:1othod read 
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TABLE XXVII 

Concentration JeJ;?endence of Initial Decompoaiti9n :\ate for :Nitre.to 

Ions in Knr Disks under Co 60 G amme. Irradiation 

Initil.ll.l Hitrate Go for HO'; 
::Jeries Content / Decomnnsition 

~· :.,0 mol per cent Ions/lOOev absorbed 
in the disk 

P-;S 0.0015 0.12 
F-4 0.0026 0.20 
F'-5 0.0052 0.22 
l:?-6 0.0065 0.30 
1"-7 0.01.5 0.58 
F-3 0.0196 0.71 
F-9 0.0326 1.00 
F'-10 0.065 1.;,0 
li'-11 0.13 1.4!¼-a 
F-12 0.26 0.78 
I;'-13 0.52 0.5;5 
F-11~ 1.05 0.37 

a.For F-11, 12, 15, 14; Go for uo2 formation • Go f'or ;w3 decomposition. 

iTote: Dose re.te • ;.25 X 1017 ev/vn-.min. The values of Go wore tho 
initial slopes of the decomposition curves. Temperature 
was 25°0. 
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TABLE XXVIII 

-·(wiation of OP}iceJ., Density at 4ooo i with Uitrate or Hitrite 

Concentration for 309,mr.:; l(Br i'ressed Disks 

:Jeries Initial Nitrite Optical Density 
Content at 4ooo .I\ 

1-;o mol ,;':"' >,) 

D-4 0.017 o.48 
D-} 0.026 o.;,li. 
D-2 0.052 o.44 
D-16 0.069 o.49 
D-17 0.105 0.67 
D-18 o.14o 1.55 
D-19 0.280 1.25 

:;eries Initial Hitre.to Optical Denfity 
Content at 4ooo 

Ifo mol !~-r 
rJ 

F-8 0.0196 0.50 
P-9 0.0;26 o.47 
F-11 0.1; o.48 
F-12 0.26 0.62 
F-15 0.52 0.92 
F-14 1.oii 1.35 

1fote: Optical densities ?:1easured on Cary 1°:Iodel 11. 
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Inf're.red Absorption Bands of Products from Deoomposi tion 

of' Isolated Iiitrite Ions 

l'eak 
i'/avelenrrth Description Possible 

cm-1 
Products 

800 Very Intense -
Fairly Broad 
Sharp Peak 

878 Fairly Intense KO 
Very :3harp Peak 

2 2 

1570 Low Intensity From 
Broad Band l/ater (?) 
l:ultiple 

;5,0 J?airly Intense Prom 
Broad Band Water (?) 

Note: Disks of KBr eontaininz nitrate or nitrite ions were irradiated 

with 0060 g8.Illmli rays at 25°c. Analysis was by Perkin-Zlmer 

Model 221 1 see.le expansion 20X, NaCl prism, slit progrm:1 

900 X 2. 

• 
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2-:S.jor Inf'r9-2:ed Absor;e1ion Peaks oi' Possible Prod'-!c,ts 

o:f Ra.diolzsis of IIitra.te a."ltl l:itrite Ions 

}-!e.jor Pea.ken Description 
Oor.pounc. 

-1 cm 

:w 2100 Multiple peak 
Low intensity 

r,;c2 175() Very sharp, intense peak 
24oo 1·'.ul tiple pea.ks 

r:2o 22;:iO l?airly intense, ::nultiple 
peak 

KOH 14;:ie v·ery broa.d, intense peak 
760 ,· 

)Intense, sharp peaks 700 I. 

•. 0 b 
l\2 2 87tJ :;harp, intense peak 

NOBr 1825 1/ery intense peak 
24oo :Jharp peak 

~e infrared spectra of these compounds were taken with a Perkin-
Elmer ;:odel 221, Ira.Cl prism, slit program 927, by means of' the 
alkali halide pressed disk technique. 

bThe potassium bromide was doped with l{a2o2• 



T.ABLE XXXI 

Typical C&lculations of [i51n + (Co - c)J , Series 14-2, D-2, and D-5 

Series 14-2 Series D-2 Series D-5 
Co= 0.012 mol i Co= 0.052 mol i Co = O.Oll mol j 
Ifitrate _ . ...,.._;:_ Bitri te i...--..:; lfitrite !'-A 

Irrad.. C !Co • C Jr Irrad. C Co - C Ra. Irrad. C Co - C R""' 
Time ions 10llfl 1r·~- Time ions ions ~- Time ion!17 ions ~-hr 
hr X 10-17 X 10-17 X J.0-.17 hr X 10-l.7 X 10-17 X 10-17 hr X 10 X 10•11 X 1o•l7 

0 1.83 0 0 0 7.95 0 0 0 1.61 0 0 
l. 1.70 0.13 o.48 0.25 7.83 0.12 0.14 0.5 1.53 0.08 0.15 
2 1,,56 o.zr 0.98 0.50 7.77 0.18 0.21 1.0 1.47 0.14 0.27 
3 1.44 0.39 1.4; 0.75 7.69 o.28 0.32 1.5 1.41 o.ro 0.38 
4 1.31 0.52 1.99 1.25 7.56 0.39 o.46 2.0 1.4o 0.21 o.4o 
6 1.ll 0.72 2.92 1.75 7.41 0.54 o.64 4.o 1.22 0.39 0.77 
8 o.94 0.89 3.82 3.75 7.24 0.71 o.84 6.o 1.14 0.47 0.94 

l.O 0.81 0.92 4.51 6.25 6.79 1.16 1.38 9.0 1.00 0.61 1.26 
15 0.62 1.21 5.98 8.25 6.61 1.34 1.59 12.5 0.9J 0.71 1.51 
2) o.48 1.35 7.26 10.75 6.39 1.56 1.86 16.5 o.ao 0.81. 1.77 

0.39 1.44 8.26 12.75 6.22 1.73 2.07 2) 0.71 0.90 2.02 
47 0.35 1.48 8.77 16.0 5.97 1.98 2.37 27 0.57 1.04 2.47 

19.0 5.74 2.21 2.66 34 o.46 1.15 2.87 
22.5 5.51 2.44 2.94 
27,0 5.26 2.69 3.26 
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Fig. 22. Typical Plot of Derived Rate Function 
for Nitrate Radiolysis vs Irradiation Time. 
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Fig. 23. Typical Plots of Derived Rate Function for Nitrite Radiolysis vs 
Irradiation Time. 
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Ve.lyes of' ~~ate Consta..1"1t1 k,.1, for 0060 G-amm9; 11a.diolyeis of Nitrate 

and Nitrite Ions in Knr Pressed Disks at 25°c 

r;o5"Do:ped Disks FO::.-Doped Dislcs ,;:. 

8 .. 4 l• X 1017 /f.,,. 1.37 -- 1017 • t .:;. 

:;eries Co ka. Series Co ka. 

Ho 
X 10-l l hr-1 10-li 

IIo 
10-17 hr-1 10-17 ions ions S,· 

.\ A ,. 
F-5 0.20 1.16 D-9 0.26 0.21 
F-4 o.110 1.26 D-B 0.29 0.24 
F'-5 o.so 0.73 D-7 0.39 0.,30 
F-6 1.0 0.61 D-6 0.81 0.20 
1l1-2b l.'33 0.65 D-5 1.61 o. 2;\ 
F-7 2,0 0.63 D-4 2.6o 0.22 
F-8 j.O 0.60 D-3 3.98 0.27 
F-9 5.0 0.75 .l)...2 7.95 " 50 v, 
F-10 10.0 o.&3 

8'k ts.ken as the elope of the plot of the derived rate function, 

[ Co \I /3 ln --;:; + (Co - O)J, versus irradiation time • ..., 
bDeries 14-2 disko weighed 4ool!l£; the other aeries all were ;500mr; 

disks. 

-~ t D t :z ... h v 101 7 / · ' 1,0 .e: 'ose ra e = ;;,.i::.;.,i ... ev r;m-nr. 



based on a. constant ra.te of l~.'6 ferrous ions o:ddized to ferric 

ions per 100 electron volts absorbed in the ferrous dosimeter 

solution. The calib:rn.t.ion o:f the source for ,re.tor se.mples was s.s 

follows (34): 

(.t.O.D.)(E.c.)(n) I=-------
(G Fe+3)(f)(k) 

where: 

I= source intensity., ev/cm-min 

ti.C.D. ,., cha.nge in opticel 0 density of the ferrous dosi."lleter 
solution at ,;o50 A per minute• 0.2,34 (from Table 
XIII, pa.r.:;e 130) 

·;:, !"I ·--. ·..,,. "' extinction coefficient == 457 p mol/lit - ..10.D. 
".); 

!; = Avoc:a.dro' s number = 6.02 X 10"'" ions/mol 

GFe +3 = rate of formation of' ferric ions = 15.6 ions/100 ev 

f= density of the dosimeter solution• 1.024 [9ll/ml 

k = conversion factor = (103 ml/lit)(106 p. mol/mol). 

Therefore: 

I = (0.2;54 AO.D./min)(45; p mol/lit - AO.D.)(6.02 X 10231ons/mol) 

(15.6 Pe +3 /100 ev )(1.024 gm/ml )(103 ml/11t)(106 p. mol/mol) 

I .. 4.00 X 1017 ev/ru.n-gm. 

Oe.lc:4lation of Dose r<a.te !'gr Potassium Bromide Sru:qples. The 

calculation of the dose rate of the cobalt-00 gamma. source f'or 
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pota.saium bromide sm!1ples wna based on tho absolute mass absorption 
(70a) 

coefficients measured by .::nyder and Powell f'or various mibstances 

u.nder cobs.I t-6o ::;a:ren.a irradiation: 

'!'herefore: 

absolute mass absorption coefficient for KBr • 

absolute maes absorption coefficient for water= 

0.0293 crrl/gm. 

I .,. 25 " 1017 /--i- '1!) = ;,. .\ ev .:ui, - gm t.z.,r • 

The dose rate !"''or the potassium bromide semples waa therefore 

5. 25 ::, 1017 electron vol ts absorbed per minute of irl'a.diation time 

per gra:m. of :potassium brOlllide in the disk. 
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IV. DISCUSSION 

The following section contains a discussion of the work done 

in this investigation. The section includes a discussion of results, 

recommendations for future investigation, and the limitations im-

posed on this investigation. 

Discuspion 91' He@Yl ts 

The resul. ts obtained in this investigation are diacuased in the 

following paragraphs. 

Stability ll}d Reproducibility of Disks Doped with Nitrate and 

Nitrite Ione. The optical density data presented on Table I, page 

60, and Table III, page 62, show that the nitrate ion is stable end 

that the optical densities are constant when the disks are carefully 

made and stored. Disks can be ma.de from. the same powder to within 

.:!:. o.4 per cent in weight and to.:!:. 1.0 per cent in optical density. 

In the course of this investigation it was found that nitrite ions 

in potassium bromide are also stable and that the optical densities 

of nitrite-doped disks are constant when the disks are caref'ully 

he.ndled. The changes in nitrate ion and nitrite ion content for 

nit.rate-doped disks under irradiation are shown by Table I, page 60, 

to be reproducible in duplicate disks. 

Effects of Treatment on Nitrate-Dopfd Di1ks. The initial optical 

densities of water and nitrate shown on Table II, page 61, indicate 

that the amount of water present in a disk a.ttecta the optical 
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density of' the nitrate ion. Hhen the disks were exposed to air of' 

~O per cent relative humidity they came to equilibrium with the air; 

some lost water and some gained water. The apparent optical densities 

o~ the nitrate ions increased on exposure of the disks to air for 

two days, and they continued to increase when the disks were dried 

in the vacuum. oven. After the dried disks had been repressed they 

were stored over calcium chloride in a desiccator; neither the water 

optical density nor the nitrate optical density changed upon ext.ended 

storage of the disks in this manner. 

Cloudiness was observed i.n the disks after exposure to air of 

;50 per cent relative humidity, and the cloudiness was not removed 

by drying the disks in tho vacuum oven. Tiny cracks were also 

observed in the dried disks. ~;ince cloudiness of the disks was 

accompanied by an increase in the apparent optical density of the 

nitrate ions it was concluded that disks which appeared cloudy should 

not be used ~or the irradiation tests. 

No explanation is presented for the increase of nitrate optical 

density :.fl-om the adsorption of water or :.fl-om drying. Both 0£ these 

processes could possibly decrease the pressure in the disks, but to 

apply this possibility to the observed changes in nitrate optical 

density is beyond the scope of this investigation. 

~AJSimUlll Allowable Concentrations of Water. Based on the data 

presented on I~igure 2, page 66, and Figure ;, pa,ge 67, the maxim.ur.n 

allowable optical density at }44o wave numbers for water in potassium 

bromide disks doped with nitrate ions was set at 0.0,7. No difference 
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in allowable water optical density was detected between series A-15 

(F'igure 2, page 66) Bl'ld series A-16 (Figure '5, page 67) although a. 

disk of series A-15 contained four ti.'ll&s as many nitrate ions as 

a disk of series A-16. Based on the data presented on Figure 4, 

page 68, the maximum allowable water optical density for disks doped 

with nitrite ions was set at 0.02;. 

Nost of the disks of the D and P series lfhich contained less 

than 0.1 mol per cent nitrate or nitrite showed water optical densities 

between 0.008 and 0.014, and all were below 0.020. Powders containing 

more than O.l mol per eent nitrate or nitrite produced disks with 

optical densities of water between 0.020 e..~d 0.030 even af'ter the 

concentrated powders had undergone the same treatment as the powders 

containing less than 0.1 mol per cent nitrate or nitrite. The con-

centrated disks were considered usable for determinations of the 

initial rate of' decomposition of' the nitrate or nitrite ions because, 

from Figures 2, 3, and 4, no effects of water content were evident 

until the irradiations had progressed for some time. 

According to Figures 2, 3, and 4, pages 66, 67, and 68, re-

spectively, the presence of water above a certain concentration 

increased the decomposition rate of nitrate and nitrite ions in 

potassium bromide. If, at the higher water concentrations, some of 

the nitrate or nitrite ions had one or more water molecules as 

nearest neishbors, then these ions would essentially be hydrated. 

Hydrated nitrates have been shown(;,.33) to decompose more readily 

than the corresponding anhydrous nitrates. If this were also true 
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for nitrites the hydration described above would be an explanation of 

the increase in decomposition rate for isolated nitrate and nitrite 

ions in potassium bromide with increa.eed water content. Jio explana-

tion is offered for the downward direction of the curves for nitrate 

ions (Figures 2 and;, pa.gee 66 and 67, respectively) as the water 

content continued to increase. 

;{esul t; of Karl Fischer Anaj.Ysis. From Table VII, page 69, 

it is clear that the water concentration in a disk with a water 

optical density of about 0.020 is very small because a water optical 

density of 0.285 corresponded to less than 0.5 milligrams of water 

per 40o milligram disk. If it is assumed that a water optical 

density of 0.,00 corresponds ton water concentration of 0.5 milliw 

grmns per 4oo milligram disk end that the optical density is linear 

with concentration (Beer's Law applies), then a water optical density 

of 0.020 corresponds to a ve.ter concentration of approximately 

0.0015 mol per eent. Thie is lower than any concentration of 

nitrate or nitrite used in this investigation. 

Effects of Air in the Disks. Disks pressed without prior 

evacuation were cloudy, probably because of air bubbles trapped 

between the crystals. h'hen the die was evacuated for thirty seconds 

or longer before pressing, all of the disks came out clear. Dees.use 

of the snall free volume inside the die (about one cubic centimeter), 

it was assumed that three minutes of evacuation uoul d remove enough 

air so that there would be essentially none present in the pressed 

disks. If the PUl.?lP reached 0.1 millimeter of mercury, pressure, and 
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all the air was retained in the disk the air concentration would be 

approximately l X 10-5 mol per cent, based on one cubic centimeter 

of froe apace in the die before preasin£; e.nd none during preasine. 

T'nis concentration is smell compared to the molar concentrations of 

nitrate end nitrite ions in the disks. 

7:esul ts of :-:ass Speotrometrie Analysis. The components of the 

gas phase of irradiated and u..~irradiated samples of potassium nitrate 

in potassiUl?l bromide a.re listed, along with their volum.e per cents, 
(B,14 29) on Table 'llII, page 70. Oxygen is a major product. ' of the 

ro.diolysis of nitrate ions, and the am.oUl"lt of oxygen produced is a 

measure of the extent of the decomposition. The percentage of oxygen 

for the irradiated arunple MS-1 was six times the percentage of oxygen 

for the Ul"lirre.diated sa:;:iple MS-21 and the pressure was :mu.ch greater 

in Sll?llple :-13-1. It is likely thllt muoh of' the oxygen formed during 

irradiation reacted with organic impurities in the sample to form 

carbon dioxide and carbon monoxide. The organic irnpurities could 

have been introduced during drying of the samples in an oven eve..cua.ted 

with an oil-~illed vacu.ut::i pump. 

l"rom the statements in the above paragraph it is concluded 

that a large f'raction of' the nitrate in sample N:.:.-1 was decomposed 

by radiation. If the potassium bromide matrix entered into the 

decomposition compounds such as nitrosyl bromide and gaseous bromine 

would be two possible products. The absence of nitr02yl bromide, 

bromine gas, or any other volatile combination product of nitrogen 

e.nd bromine in the gas phase of' M-.S-1 (Table VIII, page 70) indicates 
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that there was no chemical reaction with the n.atrix in the radiolysis 

of nitrate ions in potassium bromide. 

The sn1all anount of hydrogen bromide present in both !:'J-1 nnd 

1,:.-;..2 probably came from. the reaction of moisture on the surface of 

the sru:o.ple with pott1.ssium bromide& 

Calibration in Per Cent Absorbance. The uss of per cent 

absorbanco, calculated as 100 lesn the per cont tra.nS!.llittanco, as a 

measure of infra.red absorption (Table XII, pace 75, and Figure 7, 

pace 78) gave very reproducible results when the base line was 

carefully set at the same point for each reading. Although the 

calibration curve was lof;arithrnic instead of linear the precieion 

of the per cent abaorba.nce readines was within .:t 1.0 per cent. 

Effect of ;)isk Thickness. It is seen from Figure 9, pa.,_;e •52, 

that nitrate-doped potassium bromide disks of different thicknesses 

showed the sf:lt:l.e decomposition ra.te por unit wei.cht. This mea.'1.s that 

the size and shape of the disks had no affect on the transfer of 

energy in the disks, and that transfer of energy to or from the 

steel race may be neglect.ad. It follows from this analysis that the 

transfer of ener,r;y from tho :matrix to the ions which decol::lposed was 

not a radiative process aince energy transfer by radiation depends 
(15) on the size and shape of the sample • 

Ef'feets of Piluti[':£, the Doped Powders with Potassium. BrOI11ide. 

Accordine to the data presented on Te.bla ;-:v, page s;, disks pressed 

from doped powders which had been diluted with pot,a.ssiUlll bromide to 

the same nitrate or nitrite content absorbed an amount of infrared 
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radiation corresponding to the original nitrate or nitrite content 

divided by the dilution factor. Dilution of an irradiated disk too 

concentrated in nitrite for direct infrared analysis was therefore 

a valid method of determining the number of nitrite ions in the 

original disk by inf'rared analysis. The original doped powder was 

obviously well mixed with the fresh potassiUl'.tl bromide because the 

optical densities of the diluted disks were very close; as shown by 

Table '1:l, pa,ge 8.?• 

ttesults from Varying the Volume of Solution Added in Majf;ng the 

Oria;inal Powder. Any deviation in decomposition rates between the 

disks containing nitrate or between disks containing nitrite, 

described on Table n, page 8;, we.a caused by varying the volume of 

solution added since there were no other variables. The possibility 

of a decomposition rate dependence on the volume of solution added 

was based on the following reasoning: the greater the volurae of 

solution added, the more potasdum bromide dissolved and the greater 

the chance for a nitrate or nitrite ion to be inside the potassium 

bromide lattice. It is evident from. Table xn, page 84, that the 

decomposition rates did not depend on the volume of solution added. 

It was concluded from. this result that the solution end the potassium 

bromide quickly cmne to equilibriwn, the nitrate or nitrite ions 

being distributed between the solid and liquid phases. 

Purification of Pota.2s!um nitrite. According to Table .l.'VII, 

page 85, the most effective of' the methods tried in obtaining pure 

potassium nitrite was the extraction of the nitrite with absolute 
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methanol a.t dry ice tem.pera.ture. FTom all indications this is a. now 

and a very efficient method of separating potassium nitrite from 

potassium nitrate. The inf'rared method of analysis of the nitrate 

impurity in potassium. nitrite requires special equipment :f'or pressing 

the disks, but the method is extremely sensitive. As little as 

0.05 mol per cent nitrate in nitrite can be measured with the 

potassium bromide pellets. 

Agreement of Qolorimetric and Inf'r@:fd Me;thods ot l,nalxsis tor 

Nitrite Qsmcen;trat1on. In investigations (i4, 29) of the radiolysit 

of crystalline nitrates the amount of nitrite formed was measured 

by colorimetry. It is seen from Figure 111 page 90, and from Figure 

12, page 9,, that the agreement between the colorimetric and the 

infrared methods of analysis of nitrite concentration was excellent. 

Values from infrared quantitative analysis were actually more 

reproducible than those from colorimetry at lower concentrations of 

nitrite, and the infrared method was more useful in this investigation 

because the samples were not destroyed during analysis. 

Resul tp of Preaeing Ser3'e1 D-171 Iel,81 ,ad D-19. The di eke of 

series D-17, D-18, and D-19 {Table LUI, page 95) were cle-ar when 

taken f'rora. the press. However, a£ter five or ten minutes in a. 

desiccator, the disks became dotted with white spots. The disks of 

series D-17 showed only a few white spots near the center, but disks 

of the other two series appeared to be filled with white rosettes to 

such an extent that the surfaces were rough and slightly disrupted. 
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All of the disks of each series appeared identical to the eye, and 

series D-18 appeared slightly whiter than series 0..19. 

R.113:G:ion Mc;t.hpd o:f :AA!lzsis. The opacity of the disks of series 

D-17, D-18, and D-19 did not affect their e.ne.lysis because the 

irradiated disks were diluted with potassium bromide, and the disks 

pressed from the diluted materiel did not become white on standing. 

The greatest error in the dilution method of analysis should arise 

from the loss of irradiated material between weighing and mixing. 

This error would increase the apparent number of nitrite ions 

decomposed by radiation. Although this error was likely to occur 

because the disks 80llletim.es shattered on being crushed, the dilution 

method was the most accurate method available for measuring small 

differences between relatively large amounts of nitrite. 
\l JJ Dote!')lg:nation o:f G0 • The initial rates of' decomposition of 

irradiated substances, crystalline nitrates for exmnple(8), ere o:f'ten 

used to express radiation effects because the syst• usually becomes 

extremely complicated after a short time. 
It ii 

The determinations of G 0 

in this investigation, as typif'ied by Figure 15, pa.go 98, and Figure 

17, page 104, were ma.de by visually placing a straightedge tangent 

to the plot of ions decomposed versus dose at zero dose. 
,, it 

The values of 00 reported were the initial rates of decomposition 

of the specified ions expressed as ions decomposed per 100 electron 

volts of energy absorbed in the potassium bromide pellet. 

Check Points fpr Serie! ,0..17. The extremely high value obtained 

for the initial decomposition rate of nitrite ions for series D-17 
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(see F'igure 16, pa,z;e 100) was checked with a duplicate series 

(Table XXII, page 95). ii it 

Values of G0 for these series were 1.07 and 

1. ;5, and the sma!.ler was reported as correct ( Table :cav, page 99) 

because the errors in the dilution method of analysis would tend to 

raise t..½.e value of .. ,00 '~ 

The validity of the high value of G0 for series D-17 was also 

checked in the following we.y. A chunk of disk D-19-5 was knocked 

out and pressed with ~00 r1illigrams of D-4 powder.. 'l"he whitish area 

of D-19 material. was clearly visible in the center of the pressed 

disk, but tho boundaries were not distinct. The D-19 area was wholly 

within the infrared beam during analysis. The apparent nitrite 

concentration of the disk was 5.96 X 1017 ions, and the value o/a; 
t' u 

was expected to fall between the values of G0 for series D-4 and 

series D,..19 of 0.,51 and o.;6, respectively, from Table XXVI, page 
,, I ; 

10;>, The observed value of G0 of o.54 for the combination diak 

showed that the presence or a few of the white spots in the center 

of a disk caused the value of,•:.:~ to be greatly increased and therefore 

validated e. high value o·/ c; for series D-17. 

Hethods of Analy:si,1 ;(·or Diaks of H3,gh Nitrite Content. The 

nitrite concentration in series F-11 {Table JCfvI, page 10,) was 

measured both by bl a.nldng out the nitrate peak and by reading the 

nitrite optical density off the shoulder of the nitrate peak. The 

agreement between the two methods was very good. For series F'-12, 

1"-1;, and F'-14 (1'able X.WI, page 10;) the only usable method of 

nitrite determination was colorimetry. The reason for this was 



that, f'or disks containinc more tha.."l. about 0.2 :mol per cent nit,re.te, 

the nitrate ions absorbed essontie.lly all of the incident infrared 

radiation and left none for the n:i.trite ions. 
:, •'? 

Determination of' G0 for Hitrate Deconmosition in Disks of Hir,h 

Nitrate Content. Tho values reported for the initial decomposition 

ratos of nitrate ions in series F-11, P-12, F-13, and F-14 (Table ;t\'YII, 

p~;e 105) were based on the premise tha.t the initial rate of' de-

composition of ni t:ra.te ions was equal to the ini t:ial rate of forma-

tion of the nitrite ions. Thie premise is shown to be correct by 

the curves on Fi,:ure 12, p11£:e 9;5, and ?i;-_:;ure 13, page 9-4. 
Desif;pation of Iiitrate and ?ritrite Ions as Anion Acceptors. 

'l'he ni tra.te or nitrite ions in the disks will henceforth be referred 

to as r.anion aoceptors 11 or as tta.cceptor ions 11 • The term "activatorsn, 

used to describe those impurities in luminescent s-,:rstems which 
(17 ;58) 

lumL"lesce or pronote lu,lllinescence ' , woultl be misleading in the 

present case; the potassium brOLlide ma:t.rix is assumed to be doinc; 

the a.ctiva.ti11t:;. 
;, 

Derive.t;to11 of Dependence of: C0 on Acceptor Concentration. The 

initiB.l decomposition rates tor the acceptor ions should be some 

function of the initial concentrations or the acceptors. If this 

function could be determined it should help to propose a mechanism 

for the transfer of' Emera to the anion acceptors. The following 

is the derivation of the theoretical dependence of L'1itial de-

composition rate on acceptor concentration. 
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It is first assumed that all of' the acceptor ions occupy anion 

(bromide) sites in the potassium bromide lattice, that the acceptor 

ions a.re isolated from ea.oh other, and that each disk is homogeneous 

with respect to acceptor concentration. It is also assumed tha.t all 

of the acceptor ions are equally subject to activation by transfer 

of energy -f'rom the matrix. The direct action of gamma rays on the 

acceptor ions is neGlected because of the small electron fractions 

of the acceptor ions in all of the cases studied. 
t.1 ,, 

The observed rate of decomposition, G, for the case of anion 

acceptors in s. matrix end based on the tote.l energy absorbed in the 

sample is expressed as; 

(1) 

Q • :measured initial rate of decomposition of' the acceptor 
ions, ions/100 H' 

n • number of ions decomposed 

&r • total energy ab90rbed in the sample, 100 ev. 

All of the anion acceptors excited b;y energy transfer from the 

matrix may not decompose. If this possibility is taken into account, 

the rate of decomposition can also be expressed as: 

(2) 
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where: 

f • :f'ra.ction of excited e.cceptor ions which decompose 

GA• rate of activation of acceptor ions, ions/100 ev. 

It follows from Equation (2) that: 

lthere: 

ED= energy used in decomposing acceptor ions, 100 ev 

EA= energy used in ~ctivating acceptor ions, 100 ev. 

If tx. is defined e.s the energy in hundreds of' electron vol ts 

required to decompose one acceptor ion, then: 

Therefore, combinir.z (5) and (1) gives: 

where: 

(4) 

(6) 

4 • fraction of total absorbed energy which is used to activate 
the acceptor ions. 



C • ru:imbff of acceptor d:tes in the seple 

2 ;{1 1111 number of en.era abeorpt.ion eito"S other than 
accept.or n1t41.1• in the mm\ple 

Pc • pr,obab1H.ty that an acceptor rite will be activated 

z p~,. • probability that an X ai:to will be aotivated •"i 
-~ • fm.O'l"&Y a.b~rhed per fl1lt1ve.ted ao~J,tc>r ei t., ev 

z: A;,i. • energy aberbod per X 11,d:t,$ activated, ~v. 

'l'he total m:,,,er;g absorbed in t..'le sam:ple, ½• onn. t.httrtltfore 'ho 

expi·tuieed as: 

(7) 

{8) 

(9) 

(10) 



where: 

(11) 

Combining (6) and (10): 

• (12) 

At zero dose, Equation (12) is expressed as: 

where 

G • initial decomposition rate for acceptor ions, ions/100 ev 
0 

C0 • initial eoncenti-ation of acceptor ions, mol per cent 
-1 k • dimensional parameter depending on f end a:, (100 ev) • 

Inte!J?retation of the De;r~ved Equation. Equation (1;) above 

states that tho initial dooomposition rato ot anion acceptors isola~ed 

in a. crystalline matrix and subject only to energy transferred from 

the matrix should be proportionel to the fraction of the absorbed 

enorgy which is transferred to the acceptors. 

depend mostly on the anion acceptor chosen, and the parameter/1 

should depend on both the acceptor and the matrix. 

The parameter,.4 expresses the competition of energy traps with 

the acceptors for the available energy in the disk. Those energy 
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traps could include any lattice detects and st.rains present in the 

disk before irradiation. Enere,- traps formed 1n the disk during 

irradiation would ca.use ,JS to change, but the number and types of 

traps present is assumed to be constant in unirradi.ated disks made 

of the auie material under the same conditions. 

Alternative Interpre:tsation of the Derived Equation. Equation 

(1,;) above can also be expressed as: 

where: 

G0 • initial decomposition rate of acceptors, ions/100 ev 

G<P = decomposition rate at a hypothetical infinite acceptor 
concentration, ions/100 ev 

</J • fraction of absorbed energy used to activate acceptor 
ions. 

(14) 

F2rm. of the Derived Demdemoe of G0 on Aqooptgr Concentration. 

The Stern-Volier type equation shown on page 18, 

C (15) 
k + 0 

was proposed by F'orster{l9) to show the dependence of luminescence 

efficiency- on activator concentration for the case in which spontaneous 

deactivation of' activator sites results from the energy transfer. 

It follows from this that the efficiency of decomposition of anion 

acceptors which decompose as soon as energy is transferred to them 



should also :follow a ;:tern-Volmer type relationship. 2quntion (17) 

on page 1:54, which is the theoretical dependence of tho initial 

decomposition rate on ,_:i.cceptor concAntration, is indeed a :::tern-

'iolmer type equation. 

,\?;reoment of the :1tern-1lolmer Type Equation With E;perimental 

Data for Lu.'1:l..inoscent ~;ystems. (38} 
Johnson and '«illiruns derived 

a '::tern-Yob1er type relationship between quantum efficiency of various 

phosphors and activator concentration. This equation, Equation (4), 

page 22, agreed closely with experimental data and was analogous to 
'7 

Equation (l;), page l;Slt, except that it contained a term, (1 - C)~, 

which took into account the observed concentration quenching in the 

luminescent systems. 

Ag;reemen;t of :3tern-Volmer TyPe Equation with E,rnerimental Date.. 

Equation (1;), page 1;54, wae fitted to the date. presented on Tables 

xnv and XXVII, pa.gos 99 end 105, respectively, by a trial and error 
tl . 

The equation for the depondence of G " on acceptor concen-o 

tration (C0 ) for nitrite acceptors in potassium bromide was: 

C 

Go• 0 • 75 0.009: 00 
(16) 

i• ,: 'I'he equation for the dependence of ,~ 0 on acceptor concentration 

(C0 ) for nitrate ion acceptors in potassium bromide was: 

(17) 
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li'rom the excellent agreement of Equations (16) and (17) with 

experimental data, as shown on Figure 19, page 107, and Pigure 20, 

pace 108, respectively, it was concluded that Equations (16) and 

(17) deecribed the initial decomposition of isolated nitrite and 

nitrate ions, reepectivoly, in potassium bromide pressed disks for 

acceptor concentrations below 0.1 mol per cent. 

Dependence of G0 on A.cg_eptor So~ubiU,tz: I, Potgpsium Hitrite-

fl2ped ;Qisk@• It is obvious from Figure 16, page 1001 that the values 

or initial decomposition rate obtained for series D-17, D-18, and 

D-19 (Table XX.IV, page 99) do not fit the .;;;tern-Volmer type Equation 

(16), page 1'6. The disks of these series became white on standing 

for a rew minutes, and the cause of the whiteness was assumed to have 

been the cause of the poor agreement of the values or"o; with 

Equation (16) for the concentrated series. 

Disks of series D-17, containing 0.105 mol per cent nitrite, 

showed a few white spots near the center. ~ince the solubility of 

potassium nitrite in potassium bromide was reported(4~) to be 

approximately 0.1 mol per cent, it was concluded that the solubility 

limit of nitrite in potassium bromide had been exceeded 1n series 

D-17, D-18, and D-19, and that the white spots were voids and regions 

of nitrite lattice caused when the potassium nitrite came out of' a 

supersaturated solid solution. If this were correct the solubility 

of potassium nitrite in potassium bromide would be about 0.1 mol 

per cent, which would agree with the published figure. 



The scattering of light at liooo Ant;stroras by dieks of various 

nitrite contents is shown on Fi;:;ure 21, page 110. The plot of optical 

density of the disks versus nitrite content shows a discontinuity 

at 0.1 mol per cent nitrite. 3ince the optical densities of disks 

with nitrite contents below 0.1 mol per cent wore approximately the 

sa.-ne, this we.s taken to be more evidence that the values of C0 for 

nitrite ion decomposition depended on the solubility of potassium 

nitrite in potassium bromide. 

It rollows f'r.'om these results that the initial decomposition 

rate of nitrite ions in irradiated potassium bromide disks is a 

')tern-Volmer type function of' the nitrite concentration, according 

to Equs.tion (16), page 1'6, up to the solubility lL.-'lit of potassium 

nitrite in potassium bromide. 

Dependence of 80 on Acqeptor Solubilit;y: II, fots.ssium Hitrate. 

It is obvious i'rom ?igure 13, paf.;e 106, tha.t the values of the initial 

decomposition rate :£'or nitrate ions in disks of' aeries ?-12, ii'-1.J, 

and 1;•-14 (Table XX'JII, page 105) do not fit the .:torn-Volmer type 

.Equation (17), pae;e 136. The dependence ot/'G~' on acceptor concentra-

tion for nitrate ions should be analogous to that for nitrite ions, 

so the possibility of a solubility limit of potassium nitrate in 

potassiUlll bromide was investigated. 

The disks of series F'-12, F-15, and F-14 did not become white 

on standing, but they did appear more opaque than the less concentrated 

disks. l3a.sed on the data presented on .Hg,ure 21, page 110, the optical 

densities at 1-IO(jO Angstroms for the nitrate-doped disks were constant 



until n nitrate concentration of 0.17 mol per cent ha.d been reached. 

-:,inee none of the die:ks containinr: nitrate became disrupted on standing 

the increase in opticnl density nust ha.ve boon due to rer;ione of 

pota.ssiur..: nitrate lattice which did not go into the potassium bromide 

lattice. This onalysis led to the ccmclusion that the solubility 

1 imi t of pota.ssi um nitrate in pote.ssi urn. bromide was approximately 

0.17 mol per cent nitrato. 

It :follows from this conclusion that the initial decomposition 

rate of nitrate ions in irradiated potaseiwr. bromide disks was a 

:;tern-Volmer type function of' the nitrate concentration according to 

;~qua.tion (17), page l;;,6, up to tho solubility limit of potassium 

nitrate in potassium bromide. 

:~elation of .:::izes of :atrite and :at.rate Ions to the 8olubility 

Limits in ?otaasium Bromide. Por solid solutions the size of the 

solute molecules is very L~portru1t. A molecule of radius more than 

15 per cent lar;c.or than the radius of the solvent will not .'.';O into 

solution to a..'1y r:reat extent ( 7lc). ,~.ss1.l!!li!l;'.'; the ions to be closely 

packed cubes; the volumes of the nitrate ion fllld the nitrite ion 

calculated from tho densities of the potassium salts are 26.4 and 

1+4.o cubic J..ngstrottts, respectively. This difference in the relative 

sizes of the nitrate e.11.d nitrite ions aecou.nts in part for the 

difference in thei:r solubility l ii:ii ts in potasshun bromide of O .17 

and 0.1 t'lol per cent, respectively. iu1 interesting result of these 

oelculations is that the ratio of the relative sizes of' the nitrite 



ion to the nitr,,tte ion was 1.67, which is very close to tho value 

of.' 1. 7 for the ratio of the solubilities of nitrate icn to nitrite 

ion. 

Dependence of' :at.rite ,:,:olubility on Pressure. ;;hen potassium 

nitrite 5.n concentrations :nore ths.n 0.1 ::101 per cent was pressed into 

potassium bronido nt a pres~ure near 144,ooo poimdo per cquare 

inch the pressed material w~s optically clear. Arter five or ten 

minutes at atmospheric pressure the disks turned white, presumably 

from voids a.nd nitrite crystallites formed when the nitrite came out 

of the solid solution. Based on the fact that potassium nitrite is 

so soft and compressible thnt crystals of it ~ay be compressed with 

the f'inzers, two possible explanations for the pressure dependence 

of' nitrite solubility in potassium bromide are: 

(1). Under high pressure the small areas of nitrite lattice 

in the doped powiier were smeo.red. out in very thin layers over the 

surfaces of the S'J:tall :potassiu".'1 broui<le crystals in the disk. .\rt.er 

the disk W8.f. removed from. the die, the pressure inside slowly de-

crea.sed. ;:hen the pressure had decreased to a certs.in extent, the 

thin le~10ro of nitrite tended to reform regions of' nitrite lattice. 

The :formation of small regions of nitrite lattice caused separation 

or the potassiur1 bronide crystals and. producod cracks and voids in 

the disk. 

Under his.:;h pressure the potassium nitrite molecules were 

distorted to such an extent that more of them fitted into the 

pota.ssiwn bromide lattice. >/hen the pressure in the disk decreased 



the nitr!.te molocules which ha.d be.:m distorted reverted to their 

voids mv.l re:io:1.s o" rdtr:i.te, 11;)._ttic"' in the dial:. 

support:L12~ tho :::eco:,d cx:,lnna.tio:: in the precedinc para.,;rnph includes 

the, results of' ·,.:eir, et al (7la.), which showe.J. that hon<l dicta.noes 

1:1 co1.1proosible t.aterial s such RS calcite (Ca.C0:3) can be distorted 

by pressure'3 near 30,000 atmospheres, and the :results or Parsons 

and Drickamer(55a.), which showed the..t bond disto.nces in tran.sition 

metal complexes such as [~a(B20)6j .,;04 are ru.tered by hiDh pressures. 

This ev-:i.denoe notwithstandi%, the first explanation c.bove appears 

1:1ore reasonable at the press~es around 10,000 atmospheres used in 

this h1vestic..:ation because no spli ttinc of the infrared absorption 

peaks of the nitrite ion due to al terL"l[:; t..1-ie bond distances ·was ever 

noticed. 

Jependonce of' ::ner;::y 1':ra.nafer on Ac~eptor .:olubility: .i.. 

nitrite concentration presented on l·'ir;ure lo, paee 100, can be 

oxplained by sepe.ratins the plot ir"to the i'ollowins three rcz;ions: 

.:c,,::;ion I. .;e;-::;lon I covers nitrite concsntrationf\ up to 0.1 

l:101 per cent, the solubility lL--:rl.t of' nitrite in 
\I I/ 

potassiU1:1 bx-omide. In Hecio:a I, ,., 0 c.epcnded on 

nitrite concentration in a ,tern-Volmer :i.-ele.tion-

ship featuri.:tf, competition fo:r the absorbed energy 

between the nitrite ions and ener.::;y traps in the disks. 
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Region II. Region II covers a. short range of nitrite concentra-

tions beginning at 0.1 and ending between 0.105 end 

0.14 mol per cent nitrite. In Region II the presence 

of' a small number of' voids and cracks in the disks 

lessened the cage effect described on page 5 

while energy transfer to the nitrite ions still 

in the disk remained efficient. The effect of' 

the voids and era.eke was to provide space for the 

products f'rom the decomposition to move a:we:y :from 

the decomposition site. This served to decrease 

the possibility of back reaction and caused the 

decomposition rate to increase. 

Region III. Region III covers the remainder of' the concentra-

tion range up to pure nitrite. In negion III disks, 

many nitrite crystallites, voids, and cracks are 

present. The presence of large numbers ot regions 

of strain, which would be energy traps, served to 

decrease the fraction of the energy which vent to 

the nitrite ions and therefore decreased the 

decomposition rate of the nitrite ions. Energy 

transfer to the nitrite crystallites was probably 

inefficient because the crystallites were surrounded 

by regions of strain. 

De:eendence of' Enera Transfer on Accep;t.gr SolubilitYa ll. 

Potysil:fm Nitrate-Doped Disks. Potassium nitrate did not form 



supersaturated solid solutions in potassium bromide at high pressure, 

probably because potassium nitrate is not compressible. Under high 

pressure the potassium bromide probably flowed around the insoluble 

regiona of nitrate lattice so that, in the pressed disks, there were 

no voids or cracks but only regions of strain around the areas of 

nitrate lattice when the nitrate concentration was above 0.17 mol 

per cent. From this analysis the shape of the curve on Figure 18, 

psee 106, can be explained by separating; the plot into two regions: 

Reeion I. Region I covers the nitrate concentration range 

up to 0.17 mol per cent, the solubilit1 of nitrate 

in potassium bromide. 
&l .f,' 

In Ilegion I, G0 depended 

on nitrate concentration in a Stern-Volmer relation-

ship .featuring competition for the absorbed energy 

between the nitrate ions and energy traps in the 

disks. 

Region II. ]egion II covers the nitrate concentration range 

:f'rom 0.17 mol per cent nitrate upwards. In Region 

II, the st.re.ins in the neighborhood of areas ot:' 

nitrate lattice served as energy traps and competed 

with the original traps and the nitrate ions for 

the availablo,energy. This added competition 
\;, .\ 

caused the value of GO to decrease w1 th an increase 

of the amount of nitrate lattice in the disks. 

Dependence or··a~' on Cptical Density for Concentrated Opples. 
,, 

\.1len the values or G0 (Table 1.XIV, page 99, for nitrite; Table XXVII, 
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page 105, for nitrate) for series in which the solubility limits of' 

the acceptor ions are exceeded are compared with the optical densities 

of these series at 4ooo Angstroms (Table XXVIII, page 109), it is 
* f -'l 

clearly seen that the value of G0 decreased as the optical density-

increased. This relationship held even when the optical density did 

not increase with increased concentration, as shown by series D-18 

and 0-19. These results indicate that the "quenching11 , or decrease 
i, ,i 

in G0 , observed as the concentration of acceptors increased past the 

solubility limit was not strictly a. :f'unction of the acceptor concen-

tration but depended to a le.r3e extent on the amount of strain and 

disruption in the potassium bromide lattice. 

Absence of "Concentration Q,uenchipg11 • Because of the simple, 
'lit ;, 

Stern-Volmer type dependence of G0 on acceptor concentration in the 

solid solution regions of acceptor concentration, it can be concluded 

that there was no nconcentration quenching" effect, whether by a 

radiative process(65) or by modification of therm.al activation 

energies(:,8), observed e.t acceptor concentrations below the solubility 

limits in potassium bromide. From the preceding paragraph it is 

clear that the quenching observed at concentrations of acceptors 

above the solubility limits probably was caused by the action of 

acceptors on tho matrix instoad of interaction of acceptor ions. 

These results indicate that there was no effect of 11 concentration 

qucnching 11 by interaction of acceptor ione over the concentration 

ranges studied. 



Distance of.' lmerp;Y Transfer in Potagsium Bromide Disks. Dy 

means of en experiment in which a pressed diek of pota11sium. bromide 

containine nitrate ions was irradiated with alpha partioles, Jones(4oa) 

was able to show that energy transfer in the pressed disk under 

alpha irradiation did not talce place over a distance of the order 

0.1 millimeters. The alpha particles lost their enerey in a thin 

layer of the disk, and no radiolysis of nitrate ions was observed 

f'rom infrared analysis of the disk from which the bombarded layer 

had been scraped away. This indicated that the energy was transferred 

from the potassium bromide matrix to the a.coeptors and energy traps 

near the site of the primary absorption process. 

Forma'tion of :;epul si ve Gtgtes. The absence of '"concentration 

quenching11 in the radiolysis of nitrate and nitrite ions isolated in 

potassium bromide indicates that the states to which the acceptors 

were excited by energy transfer were not affected by the closeness 

of another acceptor in a lower state. l•'rom this, it is proposed 

that the activated states of the acceptors which decompoBed were 

nrepulsive states", or that the only course a.n activated acceptor 

containing an amount of energy above a certain minimum could take 

was to decompose. This would mean that activated acceptors containing 

an amount of energy below the minimum required for a repulsive state 

would not be counted as a decomposition on aruuysis of the irradiated 

sample. 

The proposal of tho formation of repulsive states was al so b'ised 

on the assumption that ,my products of the dec01Uposition of nitrate 
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or nitrite ions, oxyeen atoms for example, would be extremely reactive 

and that one of the products would have to be expelled from. the 

deeomponition site if the decomposition is to be counted. 

Primm Processes in Absorption of Bnerez :f'rom Ionizin.~ Radiation. 

Since direct action of the incident 6e.mma rays a..~d the primary electrons 

on the acceptor ions can be nei3lected because of the small electron 

fractions of acceptors at the concentrations studied, the basic 

competition for the absorbed enerz;y was between transfer to acceptors, 

transfer to energy traps, a."l.d heating of the lattice. It is reasonable 

to ass'Ul::1.e that the thermal enerr-,y released to the lattice would not 

excite acceptor ions to repulsive states, and it is also reasonable 

that the nitrate and nitrite ions would not tre.p electrons and thus 

become excited. It is therefore proposed thr,,i.t the creation of 

repulsive states or the anion acceptors involved energy trans~er 

by packets o:f' excitation cmercy, called "excitons11 ( 67), and recombina-

tion or :f'ree electrons and holes nenr the acceptor sites. Competition 

for the available energy between acceptor ions and energy traps would 

occur for both these processes. 

Pr2posed Heohanism of Energy Transfer. From co11sidera.tion of 

the distance of enercy transfer to anion acceptors in potassium 

bromide disks, the formation of repulsive states or the acceptors, 

the primary processes in the absorption of energy f'rom ionizine 
t~ ,ti 

radiation, and the 3tern-Volmer type dependence of G on acceptor 
0 

concentration up to the solubility limits, the proposed mechanism for 



the enercy transfer f'rom the potassium bromide matrix to nitrate 

and nitrite acceptor ions is as follows: 

1. The [arn.L'18. ray caused primary ionization in the potassium 

bromide ea.trix. 

2. :Primary electrons excited the potassium bromide alont:: 

tracks1 fo:rm.inr, oxci to<l bron-.ide ions with energies renging 

f'rom the gro1.md state to energetic electrons separated from 

the bromne atoms. 

;. The free electrons and holes, alon;::; with the packets of 

excitation energy associated with the excited brot1ide ions, 

moved or were scuttered randomly throUeh the potassium 

bromide lattice. The electron-hole. combination in either 

case can be pictured as movin,c; from bromide ion to bromide 

ion bye. resone.nce transfer of enorcy; from. this picture 

it can be said that the excitons, or packets of excitation 

energy, are sco.ttered by bromi<le iona as they move through 

the potassium bromide lattice. 

4. The exeitons moved through the lattice until they reachod 

sites which could use all of their energy. These sites 

included the a..'lion a.cee:ptors and enerr;y tra.pe such as 

vacancies or strains in the lattice. 

5. The energy traps used the energy released from the excitons 

to anneal themselves; the acceptor ions used the energy re-

leased from. the excitons to form repulsive states which 

decomposed. 



Agreement of Proaosed I,:eehanism with the lles!;llts of Ka.llmann 
(41a) and Dresner • The electron-hole combinations, whether tree or 

bound, were referred to in the preceding paraernph as exoitons 

because they all served to transfer packets of excitation energy to 

the acceptors end enorgy traps. The possibility of trappinz holes 

at anionic impurities cannot be ie:nored, nnd the recombination or 
these trapped holes with ±"roe electrons would release energy to tho 

acceptors. This is in az;reement with the results of Ka.llmann and 

Dresner which showed that both bimolecular recombination of electrons 

and holes e.nd ener~ transfer from. excited anions are necessary to 

explain high initial quantum efficiencies ir. the luminescence of 

crystalline phosphors such e.a zinc oxide under ionizinc radiation. 

Zuch luminescence occurs at metallic ion sites at which free electrons 

can be trapped. 

Critical. Transfer Digtance of Excitation Enerr,Y Tr!!i9efer. 
t:o•· t (19a) 1'. u .1;-ors er has defined a critical transfer distance, H0 , for which 

excitation transfer and deactivation in fluorescent systems are of 

equal probability. Tho crit.ical transi'er distance corresponds to a 
,, ;, 

critical acceptor concentration, 00 , at ttl1ich one acceptor ion on 
\l ii 

tho average io contained i."l a sphere of radius :\0 • The critical 

tra.."lsfer distance should be a. standard mes.sure of the distance that 
J /;· 

enerey is transferred in the present system if the value of O is 
C 

t\ ! ' taken to be the concentration at which G0 is half the limiting value, 
·,ti h 

GcP, at a hypothotics.1 infinite acceptor concentration. 



\11 h 

Calgulation of R0 for Nitrate and Nitrite Ions in Pot;;!ssium 
,, II 

Bromide Disk~• Cne-ha.l:f' of G,""' for nitrite ion acceptors is o.~75 

(from Equation (16), page 136); for nitrate ion acceptors, ~/2 is 

0.93 (from Equation (17), page 1;6]. From Figure 19, page 107, a 

value of G0 of 0.375 corresponds to an initial nitrite concentration 

of approximately 0.01 mol per ce-nt; :from ll'igure 20, page 108, a 

0 0 of 0.9; corresponds to an initial nitrate concentration of 

approximately o.o; mol per cent. 

Since there are about 1. 5 X 1021 molccul es of potassium bromide 

per 300 milligram disk and the dimensions of a ;500 milligram disk are 

1.5 centimeters diametor by 0.062 centimeters thick, the volume per 

acceptor :f'or nitrite ion acceptors, is: 
"' 2 

and the volume per acceptor for nitrate ion acceptors, V,,_.,.,,_, is: lW; 

8ince the critical transfer dista.nce is the radius of the 

sphere surrounding one acceptor, on the average, then: 

(18) 

(20) 
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where: 

l\ • critical transfer distance, cm 

V • volume of sphere surrounding one acceptor, cc. 

Therefore, for nitrite ion acceptors: 

and, for nitrate ion acceptors: 

om. 

(21) 

{22) 

pj,[t.anee of Energy; Transfer in Verioy,g Materials. The values 

of the critical transfer distance of nitrate and nitrite ions in 

potassium. bromide disks of 4o and 55 Angstroms, respectively, agree 

closely with energy transfer distances in organic fluorescent materials, 

such as 20 Angstroms ror transfer between amino acids and groups on 

the acids(l9a.), 20 Angstroms for a solid solution of terphenyl in 
( 21b) ,,,..,.. polystyrene , and up to "NV Angstroms for a solid solution of 

te:rphenyl in anthraceno(2lb). Althou,gh the transfer distances agree 

closely for these di:f'f'erent systems and transfer by the exciton 

oeeha.nism may be applicable to all of them, a critical comparison 

of the possible mechanisms of energy transfer in organic systems 

with those in inorganic systems is beyond the scope of this in-

vestigation. 
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Distance of :;;nerg,:t Transfer in Sinp:le Crystals of Alkali Halides. 

1'he critical transfer distances calculated for the nitrite and nitrate 

ions in polycrystalline disks of potassium. bromide do not agree with 
(67) ; 4 estimated values of from 10 to 10 Angstroms f'or the distance 

an exei ton can tre.vel in e. sifl8lO crystal of alkali halide. It has 

been. reporte/;o) that color centers are much more numeroue i.11 

pclycrystalline pressed disks of an alkali halide than in a single 

crystal of the alkali hs.lide, and that the color centers also are 

more rapidly bleached in the polycrystalline materiel. These results 

indicate that there would be increased competition for the energy of 

the excitons in polycrystalline dis.ks, and that their lifetimes (and 

also the distance that they travel) would be less in the polycrystal-

line material. This could account in part f'or the difference between 

estimated energy transfer distances in single crystals of alkali 

halides and observed distances of enerey transfer in the polyeryeta.J.-

line disks. 
)i ,, 

Cop.pa.rison of R0 for ;mion Acceptors with the De.ta gf Johnson 

and ililliams(;H). !:f' the limiting value of the relative quantum 

efficiency for the phosphors studied by ,Johnson and :dillimns ie taken 

to be 120 per cent, the critical concentration corresponding to'';;~' 

would be the concentration at which the relative quantum efficiency 

was 60 per cent. F'or the phosphor ZnF 2:Mn, the critical concentration 

would be approximately 1.0 mol per cent, which would correspond to 

a value of' the critical transfer distance of about 10 Angstroms. 

For the phosphor KCl:Tl, the critical concentration would be 
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approximately 0.2 mol per cent, and R0 would be a.bout 20 Angstroms. 

For the phosphor Zn.8:0u, the critical concentration would be approxi-
it J/ 

ma.tely O.OO;i mol per cent, and R0 would be about 85 Anestrom.s. From 

comparison of these values of1•n~· with the values of 55 and 4o Angstroms 

for nitrite and nitrate ions, respectively, in pressed disks of 

potasoium bromide, it is clear that the ener;;y is transferred in the 

potassium bromide disks over distances com.parable to transfer in the 

phosphors. 

Factors 1n the Decompoeition of Isolated Nitrate Ions. Factors 

considered in proposing a mechanism for the docomposition of isolated 

nitrate ions 1n a pressed disk of potassium bromide were: 

1. The disks became cloudy upon long irradiation, presumably 

from the collection of oxy~en gas 1n visible pockets. 

2. The initial decomposition rate of the nitrate ions was equal 

to the initial production rate of the nitrite ions, from 

Figure 12, page 9,, and l~igure 1:5, page 94. The curves 

representing the production of nitrite ions on Figures 12 

and l~ bent downward because of decomposition of the nitrite 

ions formed. 

!>• It was proposed on page 145 that the excited states of tho 

nitrate ions which decomposed were repulsive states. 

4. There was neither nitrosyl bromide nor nitrogen dioxide 

present in the gas phase of irradiated samples 0£ nitrate-

doped potassiUl'll bromide powder (Table VIII, page 70). 



(21a 71b) There is evidence ' that an a.tom can move through a 

erystn.1 le.ttico but that a molecule such as o2 or !JC 

diffuses very slowly throueh the lattice. This has been 

observed(,o) in the case of polycrystalline disks of potassium. 

chloride and potassium iodide exposed to chlorine and iodine 

gaa, respectively. 

Pro1?9sed 1,'.echa.."lism f'or the Decomposition of Isolated m.tre.;t.! Ions. 

The proposal of the mochanism for the decomposition of isolated 

nitrate ions in potassium bromide disks, based on the t"e.otors listed 

in the preceding; para,'2';raph, is as follows: 

1. A repulsive state o-r the nitrate ion was formed from. transfer 

of excitation energy from the matrix by: 

2. The repulsive state decomposed into a nitrite ion and en 

oxygen atom by t 

,. The oxyien atom was expelled from the decomposition site, 

end the excess energy of the repulsive state was released 

as thermal enere1 to the potassium bromide lattice. 

4. The oxygen atom migrated to a grain boundary in the di'lJk where 

it combined with another oxygen atom to form an oxygen mole-

cule bys 



(25) 

5. Pockets of oxygen gas at the grain boundaries of the disk 

were enlarged by the enerr;y released from the eombination 

of the oxygen atoms. 

Extraction of Qmen from Nitrate Ions by omen Atoms. The 

oxygen gas formed during the radiolysis of isolated nitrate ions 

oollected in pockets large enough to be seen. This oxygen gas arose 

either from the combination of oxygen atoms by Equation (25) or from 

the following reaction: 

(26) 

For this method or form.ation of nitrite, by the extraction of 

oxygen from the nitrate ions, to be important the oxygen gas formed 

would have to diffuse through the potassium. bromide lattice in order 

to f 1 1 t f' Since th""r .. is avidence( 2la, 7lb) oru .arge pooce s o gas. . v ..., "' 

age.inst a measurable amount of diffusion of molecules throu,e;h such 

a. lattice, it is concluded that the mechanism proposed in tho pre-

ceding para.graph was the major route of decomposition of isole.ted 

nitrate ions in potassium disks. However, nitrate iona located on 

or near grain boundaries may have decomposed according to Equation 

(26). 



Co:r::pt-J."ison of Ck:, for Isolated Hitrate Ions with Decomposition 

.Z:ates of' Pure Potassium l;:!.trnte. Prom comparison of :Squation {1;5), 

pa;;e 134, with :~:quation (14), page 135, it is seen that the value of 
1i I; i, u 

k, or C<P, should approximate the decomposition rate of pure potassium 
··• /,t 

nitrate or nH.rito. Fron Equation (17), ps.;:o 136, the value of k 

for isclnted nitrate ions was fou_~d to be 1.36 ions per 100 electron 

vol ts absorbed, and this value cor:1pa.:ras well with the reported 

decom?osition rates of potassium nitrate of 1.96, from Cunningham 

and Heal ( 7), and 1.6, from ~!ocha.nadel and Davis (;;5). './hethor er 

not this ag:raer::ient was uerely fortuitous has not been established, 

but it follows from these results that the mechanism of decomposition 

of the pure nitrate may be similar to the mechanism for isolated 

nitrate ions. 

F'actors in the Deconposition of Isolated rTitrite Ions. Factors 

considered in the proposal of a mecha..."lism for the decomposition of 

isolated nitrite ions in potassium bromide were: 

1. !'.c .::;as collected in visible pockets in diska irradiated for 

lonrc periods of' time. 

2. From Table XXIII, pag,e 96, nitrate ions wer~_·produced 

during the radiolyaio of nitrite ions in potassium bromide. 

!?rom comparison of the values f'or nitrite ions decomposed, 

on Table XXII, page 95, with the values for nitrate ions 

formed, on Table x::1n, page 96, it was estimated that one 

nitrate ion was formed for every five nitrite ions decomposed. 



,. !twas proposed, as in the case of the nitrate 1ons, that 

the excited statee o~ the nitrite ione which decomposed 

were repulsive states. 

4. It was as~d that atoms could move through the p:oto.ssiur.1 

bromide lattice but that molecules could r.ot. 

5. From Table XXIX, paee 1121 and Table X.XX, pe.,se 11,, no 

products of nitrite ion radiolysis except nitrate ions and 

potassium peroxide have been identified, and the existence 

of the peroxide in the disks has not been firmly established. 

Po,ff\ulated Mechanism for the Decompoe1t1on of' Isolated zr1,trite 

Ions. From consideration of' the f'e.etors listed in the preceding 

paragraph, it is obvious that not all of the products of' the nitrite 

ion radiolysis have been identified. Because of this it is not 

possible to postulate a complete nechanism for the decomposition of 

the nitrite ions. The postulated moehaniS!l'l, al though incomplete, 

is as follows: 

1. The nitrite ion was excited to a repulsive state by the 

tr9ll8fer of excitation energy from the matrix according to: 

(27) 

2. Since nitrate ions were formed durinz the ra.diolysis of 

nitrite ion&t oxygen atoms must have been present in the 

system, possibly from the reaction: 



(28) 

Aeccrding to Bellamy(5a) the infrared absorption peak for 

the f\mdmuental stretching vibration of the nitrogen-

oxygen bond occurs around 800 wave numbers. It is possible 

that the hypothetical com.pound row formed from Equation 

(28) was stable in the potassium bromide matrix end was the 

product which absorbed around 800 we:ve numbers as shown on 

Table XXIX, page 112. 

;. Tho oxygen atom formed from Equation ( 28) migra:ted through 

the lattice until it was scavenged by a nitrite ion by: 

(29) 

This would account for the formation of nitrate ions during 

tho irradiation. 

4. Jince the irradiated disks were clear upon prolonged 

irradiation it may be assumed that all o:f' the oxygen produced 

was scavenged by nitrite ions to form nitrate ions. It was 

observed that one nitrate ion was formed for about five 

nitrite ions decomposed. If all the oxygen atoms were 

scavenged by nitrite ions, Equations (28} and (29) account 

for only two-fi:t'ths of the number of nitrite ions decomposed. 

There must therefore have been a.t least one other method 



o:' d.eccmposi tion of ni.trite ions involved in the overall 

reaction. 

Cne other r::1ethod of' nitrite ion deconposi tion should 

account for the suspected presence of peroxide in the es.r::ples, 

f'rom Ta.blo XXI::, pn;:::e 112. ?erha.ps thin :nethod of de-

composition wns: 

The sincly che.rsed ox--Jcen ion formed in Equation ( 30) 

could have been, or could he.ve moved, close enough to another 

deconposition sito for the peroxide bond to have been formed. 

1'he nitric oxide would have to be stable and immovable in 

the potassiw.;. bron-J.de r::v;.trix, and 1 ts infra.red a.bsorption 

peak: me:y have been too wenk to show up on the spect.rw of 

a,~ irradiatotl sample (Table XXX, pfl[';e 115). 

Dependence of the ,:ate '~gus,tion on Products and Energy Traps 

Caused by Irradiation. Aecordinr; to Equation (12), page 154, the 

decomposition of nitrate and nitrite ions in potassium bromide should 

follow the f'ollowing rate equation: 

dC kC __ .., __ _ 
dt p+ C 

(31) 

1'his equation expresses the co~petition for energy betwean 

acceptors and energy traps already present in the disk. The parameter, 
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/~! , which depends on the number of r,,it,rg,y traps in the ~le, Jl'la3"' be 

expected to change as the number of vacancies. color eer,ten, and other 

detects caused by ionieing ra.d.u.tion chartges with dose• It the •.lue t:4· 

/ 1 increases with dose ( or in-aa.iation Mm). then the decomvo•lt.ion 

rat.e may be upected to decreaae from the valu.11 pndicted by Equation 

(31). Similarly, a..v buildup of prot...71cts of the dec:u:inJl)Osit.ion Whien 

compete !or th:e available energr would also serve t.o decNNt.ee the d.e-

ecaposition Rte. 

P,eriJ!tJz gt ~!! ~IIM?'D tgr, Sall ,Dom• It the st.ud,-

of the decomposition or th• acceptors is limited to such abort irradi• 

aticm times that both radiation e.t'tecte on t~ --.trix and the amount 

of products formed are negligible, E.quation (31) may be inte$"flted as 

.follows: 
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or: 
1 C 

P, ln ....2 + ( C - C) = kt. 
0 0 

It is seen f'ron Equation C? 1:;) that n plot of' the derived rat& 
- C 7 

expression,(./3 ln ....2 + (00 - C)j, versus time should produce a straight 
..... C -

line at low values of irradiation time. 

Plots of Derived Hate E!J?reasiqn Versus Time. Typical plote 

of the derived rate expression versus time are show on Fir.;ure 221 

page 115, for nitrate-doped disks, and on 1"igure 2j, page 116, 

for nitrite-doped disks. It is obvious :f'rom these figures that the 

plots initially follow a straizht line, but all the plots for the 

nitrite-doped series and most of the plots for the nitrate-doped 

series showed a positive intercept on the ordinate. 

Agreement of i{ate Constanta. The values of the rate constant, 
h ti 

k, for various series of disks dopftd With nitrite or nitrate ions, 

presented on Table XXXII, page 117, 8-f:,rt'ee very well with each other, 

except for the two series of lowest nitrate content. This agreement 

shows that the effects of radiation on the matrix and the effects 

of products were not important at small total doses, and this vali-

dates the use of the initial decomposition rate to describe tho 

decompositions of isolated nitrite and nitrate ions in potassium 

bromide disks by ga.r:mia irradiation for all the series except F-3 and 

F-4. 
,. ii 1\ i'i 

A,~reement of Re.to OonstMts with Gsil. The value of ~. from 

Equation (14), page 1.55, expresses the theoretical value of the rate 
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il ii 
aoutant, k, at. sero do••• For nitrat ... doped. aeri••• Cb, was found 

to be 1.1 I 1a17 (bour)..J., and tor m.trite-doped aeries/ q; vaa 

tound to be o.44 X 1017 (hour r 1• The dff1at1on ot the alnlated. 
\I II val.u• ot the rate eonatant, k, ehOVD on Table llXII, page 11?, 

\I U 

f'1'0II the valuea ot Goo vaa alaoat eertainl.7 due to the preaenoe ot 

the po1itive intercepts on the plot• ot the derived rate expression 

verna irradiation tiae (Figure 2), page ll6, tor auple). 'ftleae 

positive intercepts eould have bNll oav.aed. b7 the preaenoe ot an 

illpurit7 or b7 aeoeptor iona whioh were extN11el.7 1en11t1v• to mull 

aao1Ult1 ot irradiation. 

JR•al\R yit.h Paid RLlkl• Sino• the ener17 llhioh deooapoaed 

the nitrate or Di.trite ueept.or 1ou •• traneterred froa the utn.x 

and •• not due to dinot. acrtion of radiation on the aooeptors, 

there ahould N no d~eno• of deoompoaition rate on aov.ree 1ntm1it7. 

Irradiation ot the doped d1ak1 oould therefore serve u a method of 

doaimetr,. lli.trate- or nitrite-doped potaaaia brollide diaka wolll.d 

be a doailleter whioh wuld tit into a ve17 sull apaoe and whioh 

oould be anal.71ed long after 1rradiation. The diaka oould be used 

1n a oompleteq enoloaed 17at• or in a aoving 17at•. 

The data on Table WI, page 95, oOllld serve as oalibrationa 

tor dosimeter diaka oontainiDg the oonoentrationa ot nitrite aooept.ora 

listed. Diaka oonta1.n1nc 0.052 or 0.026 mol per cent nitrite probabl.7 

would Ii•• the moat reproducible renlta beoauae the peak heigh.ti 

for diaka 1n this range et oonemtratiou oan be read aoouratel.7 

and the dNOJIJ)Oaition rat• &N comparativel.7 large. 
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~1eeom:nende.tions 

The following recommendations for future investigation were 

made from observations arising from the study of energy transfer to 

anio11 acceptors in pressed dis.ks of potassium bromide. 

Eff'egts of Water on IUtrqte and Nitrite Ion Decompositions. 

It is recomm.ended that the causes of the dependence of the decomposi-

tion rates of isolated nitrate and nitrite ions on water ooncentra-

tion be determined. These causes ahoul d help to determine the mechanisms 

of decomposition of the isolated nitrate and nitrite ions. 

Effects of 'dater 9::n the H'1,trate Ion 9.Etical Densitu. It is 

recommended that the enhancement of nitrate ion optical density by 

the presence of water and by drying be investigated in order to 

determine the causes of the enha."lcement and to more clearly define 

the positions of the anion acceptors in the matrix. 

N!trite Purification. It 1s recommended that possible uses of' 

nitrate-free potassium nitrite be determined and that the feasibility 

of en industrial process for the purification of potassium nitrite 

by extraction by methanol at dry ice temperature be investigated. 

Infrared Su@ntitative Angl.Y@is. Investigation is recommended 

of possible applications of the alkali he.lide pressed disk method 

to quantitative analysis of impurities in solid, inorganic materials 

-which are difficult to analyze by chemical methods. Potassium. 

nitrite containing a smell nitrate impurity is a typical example 

of sueh a material. 



Energy Trmaf'er in Different ~.!atrices. It is recommended that 

the transfer of energy to anion acceptors 1n different matrices be 

studied in order to more clearly define mechanisms of energy transfer 

and to determine any effects of varying the 11 f'ree space" in the 

matrix. Almost all of the alkali halides could be used for disks 

which coulcl be analyzed by infrared methods. Possible :matrices 

could also include single crystals of alkali halide containing 

nitrite ions. 
I• I' Vglue of' G,:,p' for Pure r,{at,erials. It is recommended that values 

, .. , 
of G,;,o be determined for other nitrates and for other anion acceptors 

, .. , 
to ascertain the value of Q..,,. ae a measure of the decomposition rate 

of tho pure material under irradiation. 

Proqyg;ts of J:Jitrit.e Ion Deggmpos1t1on. It is recommended that the 

products of the decomposition of isolated nitrite ions be determined. 

This determination should serve to clarify the mechanism of decomposi-

tion of' the nitrite ions and the mechanism of' enerr.Y transfer f'rom 

the matrix to the nitrite ions. 

Dos\m!:tr;x with Doie4 Di§k!• lt is recommended that the use ot 

potassium brondde disks doped with nitrite or nitrate ions 1n 

radiation dosimetry be investigated. This type of dosimeter should 

be useful in closed systems, moving systems, or where there ie 

limited apace. 



I,ir.!i tations 

The limitations of' the investii:;ation of energy transfer to anion 

acceptors in pressed disks of alkali halide are given in the following 

para.graphs. 

A2ceEtors and Matrix. The anion acceptors used were nitrate 

and nitrite ions, and the matrix used was potassium bromide. 

Tenmera.turc. The temperature of the irradiations and or the 

analyses of the samples was 25 .!. 2 degrees, Centigrade. 

H}:!'Mdity. The relative humidity of' the dr.r room wherein the 

samples were prepared was kept below 4o per ctmt. 

Cob@lt-60 G@llli!¥! :.;ouroe. The intensity of' the coba.lt-6o gamma 

source was ~.25 X 1017 electron volts absorbed per minute of irradia-

tion time per gram of potassium bromide. The intensity of the source 

was measured in the region of constant intend ty by means of the 

ferrous dosimeter. 

Pres@ure m,tln,<t Prepsing. The disks were pressed under 4o,ooo 
pounds, which would correspond to 14;,ooo pounds per square inch if 

all the wciJI~ht ws.e borne by the sample. 

1,1easurement of' OP'tice.1 Density. The infrared quantitative 

analyses were ma.de on the Perkin-Elmer Model 21 or t~del 221 1&pectro-

photomoter. The optical densities were measured from e. base line 

standard usL"lg the 927 slit program and e. sodium. chloride prism. 

N!trate end !'-ritrite Concentrations. Concentrations of nitrate 

in the nitrate-doped disks ranged from 0.000,26 to l.o44 mol per cent. 



Concentrations of nitrite in the nitrite-doped disks ranged from 

0.0018 to 0.280 mol per cent. 

Pi!,sk .'.)ize. Pressed disks were made weiz;hine;; ;oo, lioo, or 500 

nilligrru:m. The diameter of' the disks was 1.5 centimeters; the 

thiokness of the disks corresponded to 0.20.5 centimeters per gram 

of disk material. 
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The investigation of energy transfer in the gamma radiolysis 

of anion acceptors in potassium bromide dioks led to the :f'ollowing 

concl usiono: 

1. From powdered pot.usium bromide doped with potassium 

nitrate or nitrite, pressed disks can be mndb for which the optical 

densities of the doped material agree within ,:t l.O per cent even 

after long storage in a desiccator or after irradiation. 

2. The maximum allowable optical density or water at }44() 

wave numbers was 0.027 for nitrate-doped potassium bromide disks 

and 0.02; for nitrite-doped disks. Water ooncentrations above those 

correspondin~ to these limits affected the decomposition rate of' the 

nitrate or nitrite ions under g8.IllllD. irradiation. 

;. Extraction with absolute methanol at dry ice temperature is 

a very efficient method of obtaining potassium nitrite which is 

essentially free of nitrate. 

4. The solubility of potassium nitrite in potassium bromide is 

approximately 0.1 mol per cent, as is reported in the literature. 

5. The solubility of potassium nitrate in potassium. bromide 

is approximately 0.17 mcl per cent. 

6. l" '• The initial decomposition rate, G0 , of nitrate and nitrite 

ions in the disks showed a. Stern-Volmer type dependence on initial 
\• JI 

acceptor concentration, C0 , up to the solubility limits of the 



acceptor ions in pots.seiui.."l brord.tle. The :.;tern-'fol:mer type rela-

tionship for nitrite acceptors wc.s: 

and, for nitrate acceptors: 

7. Tho energy transfer mechanisn involved conpetition between 

acceptors and energy traps for electronic excitation enercy which 

:c1icra.ted through tho potassium bromide l11ttice. 

8. 7he critical tre...~sfer distance for nitrite acceptors in 

potassium bromide disks was 55 J~.gstroms; for nitrate acceptors, the 

critical tr&lls:f'er distance was 4o .Angstroms. 

9. The major route of decomposition of the excited nitrate 

ions was by: 

Tho oxygen atoms foraed diffused to grain boundaries and combined 

to form pockets of' gaseous oxygen. 

10. The decomposition of the excited nitrite ions involved 

more tha11 one mode of decomposition. One possible mechaniein was: 



The oxyeen atom.a f'onned were scaven[:ed by nitrite ions by: 

This mechanism could e.ceount for about 4o per cent of the nitrite 

ions which decomposed. 

11. For amnll total doses, the decomposition of nitrite or 

nitrate ions in potassium bromide disks follow the relationships 

,., 
I.I 

/:,1 1 n ...2. + ( C.0 - C) • kt 
, -~ .., 

/3 = parameter dependent on the matrix and the acceptors 

C0 = initilll concentration of acceptoro, ions per disk 

C = concentration of acceptors, ions per disk 

k = rate constant, (hr f 1 

t = irradiation time, hr. 

This relationship was predicted by tho ;:;te:rn-Yolmer dependence 

of the initial decomposition rate on acceptor concentration. 



The gar::me. re.diolysis of nitrate or nitrite acceptor ions 1n a 

potassium bromide matrix wa.s studied by means of the alkali halide 

pressed disk technique of infrared sampling. standards for the 

samples were set ao that dieka could be duplicated and eo that. 

neither air nor water in the disks would affect tho decomposition 

of the nitrate or nitrite ions. 

The theoretical dependence of the initial decomposition rate 

of the acceptors on acceptor concentration waa~•bown to be a stern-

Volmer type function, based on a competition for the available 

energy between acceptor ion• and energy traps such as defects and 

strains in the potassium bromide lattice. The dependence of' the 

initial decomposition rate on acceptor concentration was found to 

agree with the theoretical relationship up to the solubility limits 

of the acceptor ions 1n potaasium bromide, vhioh were 0.1 mol per 

cent for n1 trite ion a and O .1 7 mol per cent for nitrate ions. 

The proposed meohaniam of' energy tranater from the potassium 

bromide matrix to the acceptor ions involved migration transfer of 

electronic excitation energy throttgh the potassium. bromide lattice 

until it reached an acceptor or an energy trap. The proposed excited 

states of the acceptors were repulsive atat••• The critical transfer 

d11tances, which can be interpreted as the mean distances of' energy 

transfer• were found to be 4o Angttroms for nitrate-doped samples 

and 55 Angstroms tor nitrite-doped samples. These distances were 
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shown to be comparable to values of critical transfer distances in 

organic and inorganic phosphorl!I. 

The :major route of decomposition of the excited nitrate ions 

was shown to be the splitting off of an oxygen atom to form a nitrite 

ion, the oxygen atom nd.gre.ting to a grain boundary and combining 

with another oxygen a.tom to form oxygen gas. 

A complete mechanism for the decomposition of tho excited 

nitrite ions was not proposed, but one route of decomposition appeared 

to be the splitting orr of an oxygen atom to form a hyponitrite ion, 

the oxygen atom being scavenged by another nitrite ion to form a. 

nitrate ion. 

The decomposition of the nitrate or nitrite ions was found to 

follow the ::;tern-Volmer type rate equation for values of' total dose 

small eno~h so that effeete of energy traps formed by irradiation 

and products of the decomposition were negligible. 
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ABSTRACT 

11 Energy Transfer in the Ge.t.aa Radiolysia of' 

Isolatod :Nitrate and I:itritc Ions" 

by Jobert L. l:urfee 

Pressed pelbts of infra.red quality pota.uium bromide dop·::?d 

with from about 0.002 to about 1.0 ml per cent nitrate or nitrite 

ions were irradiated at 25 degrees, Centigrade, with cobal t-6O 

gElll!ll'la rnys at a dose rate of ;.25 X 1017 electron volts per minute 

per gram of s&l!lplo. The samples wore prepared by p1·ess1ng powdered 

potassium bromide, to which had been added reagent grade potassium. 

nitrate or purified potassiWll nitrite in water oolution with subse-

quent drying in a vacuum oven, into a. 15-millimeter ciiamc::tor disk at 

1;0,000 pounds in an evacuated die. Purified potassium nitrite 

containing 0.08 mol per cent nitrate was obtained by extraction of 

tho nitrite !'rom. reagent grade materia.1 with absolute methanol cooled 

to r:.ry ice ten!pcrature, the cycle being repeated five timo111. 

Tho e.nalyds of the irradiated swnple,s, except. those extremely 

concentrated ir, nitrate, was by infrared quantitative analysis, on 

tht, f'erkin-L;lm.or Model 21 or I;o<lel 221 infrared spectrophotometer, 

using peak hei0hts at 1;91 wave numbers for nitrate and at 1276 

wave numbers f'or nitrite !:lee.sured from a base li11e standard. Irra.-

diated samples too concentrated in nitrate for infrared analysis 
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wen analyzed tor nitrite using the sultanillc acid method ot 

colorimetry tor aq_ueous solutions ot the disks. 

The dependence ot the initial decomposition rate of the iso-

lated nitrate or nitrite ions on acceptor concentration was found 

to follow a theoretical Stern-Volmer type function which was based 

on com.petition tor available energy between acceptors and energy 

traps such as de.f eots or strains in the lattice. The dependence 
1• .,. ,, ,.,, 

ot 00 on C0 tor nitrite ions was: 

and, tor nitrate ionss 

where: 

C0 = initial acceptor oonoentration, mol per cent 

00 = initial deoom.position rate, ions decomposed per 100 
electron volte absorbed in the disk. 

These equations were .followed only up to the solubility limits 

of the acceptor ions in potassium bromide, which were determined by 

the measurement or 4000 Angstrom light scattered by disks ot various 

concentrations to be 0.1 mol per cent tor nitrite and 0.17 mol per 

cent tor nitrate. Values of ''o~ aboTe the solubility limits appeared 

to depend on the amount of strain and disruption oaused by regions 
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of nitrate or nitrite lattice in the disk, and they were generally 

lower than values predicted by the above equations. 

No "concentration quenching• by alteration of the thermal 

activation energies was evident for the concentrations studied. 

This led to the proposal of the decomposition or repulsive states 

or the acceptor ions. 

The proposed mechanism of energy transfer from the potassiwa 

bromide matrix to the acceptors involved migration tx-ansf'er of 

electronic excitation energy through the lattice until it reached 

an acceptor or an energy trap. The acceptor then absorbed the 

energy, .forming a repulsive state which decompoaeda or the energy 

trap used the energy to relax the lattice or to anneal itself. 

The values o:r'a;~ the mean (or critical) transfer distance, 

were 40 Angstroms for nitrate-doped disks and 55 Angstroms tor 

nitrite-doped disks. The values or'' R; corresponded to the radius 

of the sphere conteining one acceptor, on the average, at the 

acceptor concentration at ~ilioh the probability for decomposition 

was equal to the probability of loss of the energy to a trap. The 

values of,; R; tor the anion aooeptors were found to be oomparable 

to mean traneter distances in organic and inorganic phosphors. 

The major route of decomposition of the excited nitrate ions 

was show to 'be the splitting off of an oxygen atom to form a nitrite 

ion, the oxygen atom migrating to a grain boundary and combining 

with another oxygen atom to form oxygen gas. 
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A complete mechanism for the decomposition of the excited 

nitrite ions was not proposed., but one route of deooaposition 

appeared to be the splitting off of an oxygen atcm to form a hypo-

nitrite ion, the oxygen atom being scavenged by another nitrite 

ion to form a nitrate ion. 

The decomposition or the nitrate or nitrite ions was shown to 

follow the predicted stern-Volmer rate equation tor values or total 

dos•-..U enough so that the eftects of energy traps tor.med by 

irradiation and products of the decomposition were negligible. 
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