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I. LITRODUCTICH

The epplication of some types of enerpy transfer phenomena,
sueh as the use of the lwiinescence of phosphors, hag far outstripped
the Imowledre of what heppens when energy is transferred. Irporitant
uges of enersy trangfor occur in the operation of eathode rey tubes
and fluorescent lirhte, in seintilletion counting of rediastion, snd
in the use of trangistors, Huch emphasis 1s presently bein: placed
on Tinding workeble nmechanisms to describe enercy misration in living
gystems, in catalysts, and in phosphors.

in inor-enic phosphor conteins metsllic impurity ions which
absort and/or emit radistion under excitetion. Neny investisations
hove ghown the offscts of enersy transfer from the metrix to the
eeceptor ions, or activators, and between the activators, The study
of a crystalline systen in vhieh ener;y transfer resulis in permenent
chemicnl change instend of & redietive process ghould be a new
spproach to the problem of findins mochanisme of enersy transfer in
solids,

Hitrete and nitrite ions have been shown to decompose when
oner;y is transferred to them from en alleli helide metrix, and they
both show a very simple infrared spectrum which cen be used for
aquantitetive analysis. For these reasons nitrate and nitrite ions
were chosen as the chemicel indicntors of enersy tranafer to be
studied in this investization.

slthoush the alkali helide compressed diglk method of infrared

sempling hee been used in quantitative analysis, verious asgpects



of the technigque must be standardized in order to obtain reproducible
results from the analysis of & redietion-induced reaction. Informa-
fon on the radiclyeis of isolated nitrete and nitrite lons mizht
2lac be applied teo the radiolysia of the pure salts,
The purpose of this investication is to determine the offects
of snd possible mechanienme Tor transfer of enersy to anion impurities

in compreszsed pellets of potassium bromide,



M

IT. LITEZATURE REVIEW

The zamaw radioclyeis of nitrete snd nitrite ions in elkelil
helide nmetrices and the eneriy transfer process acconpanyine the
decomposition will be discussed in the followin: sections using
aveilsble material from the literaturs, The discussion will cover
properties of camme radiatlion, seneral effects of lonizine radistion
on sellids, radistion~induced chemiesl reactions in solids, decomposition
of solid nitrates by rediation, radiation effects in alkali haelides,
luninescence and enery trensfer in solids, infrared speciroscopy,

the alleli helide presssd disk method of infrared sampling, dosimetry

and ecolorimetric enaslysis, and purificetion of potaessium nitrite.

Properties o Gamma ladiation

tien, sre disecussed in the followin pars:.roephs.

Ionization of Matter bv Uerms ays. Usmme rays are ionizing
~ef 3

redietlion, so celled Lecause they cemuse lonization vhen they impinse

w natter, Tamos radiction, which ig importent to this investization,
F 24 & & (ﬁ:) Yooa 3 T o dend
interscts with nmatter in three ways'™~/: (1) the photosleciric

aflect, in whiecl: ¢ photon 'mocks aa orbitel electiron out of an atom

3

enl venishes; (2} the Conpton process, in which a photon loses some

ol its ener;y upon bein scatiered by a free electron; and (%) pair

o

2

production, in which the photon venishes and an electron~hole pair

is produced.,
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Cascade Ionization. In the photoelectric elfect the orbital

electrons Inmocked out of the atoms by ~smme reys are colled primery
electrons, Thege prinery electrons vossess enoush enervy to lmock
out other alectrons celled secondary electrorns fronm surrounding
stoms. The secondary sleetrons lnock out other elscirons, and so
{orth, in o ecascpde eoffect, Uffecte of romwn redistion sre therefore
eavged by the three types of intersction listed in the orecedine
- " y e b T (71}
pargoraph ond also by the gegeade electrons, Aeccordins to Teylor s

the casecads electrong aceount for slrzet sll of the lonizing effects

of radistion on matter.

Ceneral Effects of Tonizine Hedistion on “olids

Reviews of radiation effects on solids have beon presented by
£ 8y Aty Y1y
. & . o f g N 3, kR -3
eitz’ Ij, Heal """’ /, and othersél ?27/ A short, basic summary
of thegse reviews sppenrs in the followin~ peraszraphs.

Point Defects end Disloestions., The properties of crystalline

solids not applicable to o verfeet crvestal con bo explained ‘ by

the assumption of ceritasin imperfections in the erystal strveture,

Cne type of lumperfection is the voint defect, Foint deflects are
csused by mieplaced slexents of the gryvstal or by etoms of an impurity.
A vacanev, or Schottly defect, is o lettice site 2t whiech the normal
oecunant is abeent, Arn interstitinl stom or ion is in en abnormel
pogition in the lattics, Ths combinstion of these two is czlled =
Fronlel defeet. Theee point defects distort the electron distribu-

Fal

tion of the lattice and in so doin~ may tran electrons et points of



high pogitive char;e celled nesetive ion vecancies, which ars the
vacancies left when negetive ions are displaced from their normal
lattice positions, Llectrons and holes trepped in the vacancics
ghaorb charmecteristic wavelongths of lisht and are c¢slled color
centers,

The other type of imperfection involves dislocation of planecs
of atome digpluced to different deprees Trom their idesl positions.
These dislocetions include in their nekeup loeal streins, snd these
local strains sttract point defects tc thenselves during irrasdietion

of the solid,

stored Ener:v. The mosgt basic chenge cccurring during irrsdis-

tion ef a crystel is the increase of ener:y in the latiice. This

incresse ol ecnersy is referred to as stored anergy(lo). Stored
energy is the enerpy of the defects eaused by irradiation. Annealing
is the process whereby the stored eneryy is released and this ususlly
involves heating the irradiated solid. Chemical decomposition of

one or more of the constituents of the leitice 1s another wey to

relenge tho stored ener:vy.

The Cers Effeet., The cego effect must have a lerge effect on

the orge of chemicsl reactions in solids. This effect, as steted
by ﬁeal(QY), ia the hindrence by the surrounding lattice of ths
egcepe of radicals or atoms {rom the decomposition site. Larze
radicals will usually not escape and will recombine with eseh other,
A lerge molecule will either bresk off small radicals and single

gtoms or decompose by rearrangement into lsrze product molecules,



Another possgible result of the caze effect is that dissociations
lmpossible at o normel lattice site mey be possible st a defect site

ginge there the caze will be more or less open on one side.

Padistion-Induced lesctions in Solids

dandistion~induced chemical reactions in gelids sre discussed

in the fellowiny peresrephe. This materisl is included in reviews
(71) (28)

by Teylor and Heal

Sreakin- of Covelent Bonds. Covalent bonds in solids may be

broken by excitation or ionization., This effect is shown by metal
nitrates, chlorates, perchlorates, bromates, and to a small extent
by sulfates, Iitrates are typical of this zroup; the end products
of radiation~induced decomposition of alkali metel nitrates are the
corresponding nitrites end wolecular oxysen. Alpha particles
decomposge ferriec chloride to form ferrous chloride and chlorine, and
the irradistion of ice results in the breskinz of oxygen-hydrosen
bonds as does the radiolysis of liquid weter,

Dependence of Yields on the Type of Bond. The yield of breakage

of o single type of bond should depend on the strength of the bond
and on its freguency of appesrance, This rule should slso apply to
liquids and geses, and this hes been shown to be true in the case of
trichloro-bromo-methane in which there is no chanze in the rete of
bromine production under samma radietion whether the sample is at the

(21)

melting point or at e phese transition point. TFrerichs has



reported thalt some of the photochemical resctions employing ionizing
rediation, for example the formation of color centers, are up to ten
por cent efficlent, based on the emount of enecr;y absorbed in the

gampleo.

Decomposition of Solid litrates by :ladistion

The decomposition of solid nitrates by radiation lizs been

R . 14
studied by e number of investirators. Doizan and Davis( ),
hY
P ] 3 Y (53) YT (61) .
Hochanedel end Davis » and Pringshein used vliraviolet licht;
29

3

Hennis, Lees, and latheson ~° used pile radiation; and Cunnin:han

&
and Heal used i-rays as the ineident rediation. 7The results of
these and other workers concerned with the decomposition of nitrates
by radietion are discussed in the followin: paracraphs.

Decomposition of the Hitrate Ion. According to Cunningham and

&
s osms

Heal(“), the oversll equation Tor the decomposition of nitrate ions

can be written in the followlns menner:

W = 200, + Og (1)

i

D

The oxyren zas formed can be releasod by heating the irradiated
solid, and it is released without heating after the nitrate hes been
decomposed to some extent. Hegnetic susceptibility measurements

¥ s (29)
mads by ilennig, Lees, and Hatheson® pave shown that the oxygen

is trepped inside the cryetels e oxyuen sas and not as atomic oxygen.
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This, however, in no way precludes the possibility thot oxyren stoms
ere split of7 the nitrete loas and misrete throush the solid until
they remet with other oxysen atoms to form nclecular oxyvien.

Stoichiometry. The amount of oxysen release from the irradisted
&,29, 1&) ] .

solid has beer zhiown be gtolichiometric with the munber
of nitrite ifons found in accordsnce with Equation {1) sbove. The
amount of nitrite lon was messured in weter solutions of the irradisted

i N (1&) .

solid, Doizen end Davis have reported, from mass spectroscopy
meesurenents, only oxyren in the gas shove the irradiated solid;
Cunninchen and He k' found 99.5 per cent oxysen and no nitrosen or

; (29
oxidss of nitrocen; and Hemmir, Lees, and Hstheson found about
93,5 per cent oxysen and & small emount of an inert -as which wes

believed to be nitrosen.

Effect of itrite Buildup. Cumninchem ané.Heal(u) have reported

that pure potassiun nitrite is not much decomposed by lonizing
radiation. &inece the decoumposition rate of the nitrate ione is
nearly proportional to the amount of nitrote present and not to the
nitrate plus the nitrite, ener;gy trensfer from the nitrite to the
nitrate probably does not enter into the process.

Fossible leactions of Cxyren Atoms. Possible reactions of

oxyren atoms probably released from the nitrate lons are:



The rbgence of zny considerable temperature effect on the
14
op (1)

-

decomposition has led Doiron and Da to conclude thet Doue-

tions (2) end {3) are nesli-idle or heve ecurl sctivetion enercies.

The poseibility of an souilibriuwm hes nevertheless been susgested
{fs??‘

by some resesrchors

Dependenece of the “ate on free Snoce, Cumninhem and ﬁeal(Y)

heve shown that the decomposition rates of nitrastes depend stron:ly
on ths free space in the lattice. Potessium nitrote, for instence,
shows the hi~heet decompozition rate of the monovelent nitrates,

and 1t also hes the most free gpesce in the lottice. This indicates
thet the oxysen and the nitrite ion formed in tho decomposition of
2 nitrate ion may tend to recombine unless there is enoush space

available for the oxyren to be expslled from the decomposition site.

Hydrated iitrates. Iydrated nitretes show a hisher rate of

decomposition thon do the correspondin: enhydrous nitretes, according

e Y
% 5 .
t0 ﬁaharkin(/} d Hoechenadel and Qavis( /’. Potassiun nitrate doce

not Torm a hydrete so it does not szhow this effect.
Deconposition Hate of Fotessium Mitrate. The decomposition rate

(&)

of potessivm nitrote shows some deviation with tempereture’ ™', and

8 log~lox plot of nitrite lons formed versus ounersy abgorbed in the

5

semple of petassium nitrete shows a change of slope ot sbout two per
cent decomposition. Heported decomposition rates, cr“ﬁ”valuas, for

nitrite formation from pure, sclid potassium nitrate st temperatures
= -

(63) | 6D

near 25 de:rees, Centiirade, are 0.8 s LoD , and 1.57°77

nitrite ions formed per hundred electron volis absorbed in the sample.
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The nmumbor ol nitrite ions wos deternined in these experiments from
the concentretion of nitrite ions in & water solution of the sample.

Cunningham and

Heal(g) found, upon irradiation of potassium nitrate, that two new
absorption mexine aeppesred in the infrared region at 1250 and 1270
weve mumbers, The meximunm 2t 1250 wave nmumbers sppeared first, and
the maximum et 1270 wave numbers appeared after about four per cent
of the nitrate had been decomposed. The second meximm increased
more repidly than the first one., Cumingham snd Heal etiribute the
abgorption maximm at 1250 weve numbers 1o single nitrite ions in
the potesgium nitrate lattice and the peak at 1270 to regions of
nitrite lattice in the smmple,

Pringshei.m( é1)

studied the ultraviclet absorption of solid, irradisted sodium nitrste,
Une absorption bend, which was continuous snd showed a meximum neer
5550 Angstroms, was emsily bleached by ultraviolet light even at

low temperatures end was pertially bleached by lonizing radistion at
roon temperature, This band was attributed to color centers formed

in the sodium nitrate crystal., Another bend, attributed to nitrite
ions, appesred st ebout 3450 Angstrome. This band wes etable, and it
wae the stronger of the two bande when the semple wae irradiasted et
temperatures above 25 degrees, Centigrade, According to Fringsheim,
the closeness of the two bands indicsetes that the color centers are
somehow connected with the presence of the nitrite ions; perhaps they are

caused by nitrite ions strongly perturbed by trapped electrons nesrby,



11

Radiation Effeets in Uitrites. Cumninshem and ﬁeal(ﬁ) have

reported thet decomposition of solid nitrites under irradistion is

(4)

irrndisted fused sodium nitrite and found only
(55)

very slicht. Boyle
nitrozen and nitrous oxide in the saseous products. [Hollwe
irradisted erystals of poteassium bromide containing both nitrate end
nitrite ions end found some evidence for the formation of potassium~

(72)

oxycen bonds durin: the irredistion. Zeldes has reported
evidence, from electron spin resonance studies on irradieted nitrites,
for the pregence of nitrogen dioxide formed by radiolysis at liquid
nitrozen temperature (~196 desrees, Centisrade).

Lifects of Tonizmin Radistion on Alkeli Heolides

e K7 s e AL

The formation of color centers in single erystals of alkeli
halides and in polycrystalline compressed pellets of alkeli halides

is discussed in the following pererraphs,

(67) |

Formetion of I' Centers. Deitsz 108 presented en extensive

review of studies ol color centers formed in crystsls of elkeli
helides. Jcholtlyy defects, which are ion vacancies in the lattice,
eppear to predominate in irradisted alkell halides at eleveted
temperatures, Both positive ion vacancies and nepative ion vacancies
are produced during irrediation. These defects can move, and the
positive ion vaocencles are omch more mobile than the nesetive ion
vacancies.

(67)

Alkanli hnlides ere colored in whet is called the [ band

by ionizing radistion and by the preaence of excess sllkeli metal.



The color centers in this band, c¢slled I centers, are probebly
alectrons trepped at negetive ion vecencies, The F centers absord
1ight in the visible spectrum, the wavelength of the I band depending
on the alkali halide chosen. The color in irrediated alkali halides
is quickly blesched by sunlisht even at temperatures near 30 degrees,
Centisrade, but the F centers become more stable as the temperature
is lowered, The F band in potassium bromide is seen eround 6100
Angatroms.

Formation of V Centers. According to the review presented by
Seitz‘éT), color centers which sbsorb in the ultraviolet region of
the spectrum are alesc formed upon irradistion of alksli hslides,
These color centers, ealiad V centers, have also been detected in
allreli halides colored by an eoxeess of halogen., The V centers
probably involve positive ion vacencies at which holes are trapped.
There are two major V bands formed in potassium bromide; the ab-
sorption band around 2300 Angstroms is called the V§ band, and the
maximm sround 2650 Angstroms is cslled the V, band, Other, minor
bands in the ultravioclet repgion are observed upon the bleaching of
¥ centeras, The V bands are very slowly bleached by sunlizht or hest
and are stable st low temperatures,

of F Centers in Potassium Bromide., Jorden and Alger{kl)

propose thet exeitation energy is transferred to asbsorption centers
in alkeli halides by excitons, free electrons, snd holes, and that
the absorbed enerzy goes to chemieal reactions, annihilation of holes

by eleetrons, and formetion of golor centers. In pure potaseium
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bromide erystals the concentretion of F centers formed by X-rays was
k .

fennd( 1) to level off et about 1 x 1016 F ecenters per cubiec centi~-

meter after a dose of about 5 x 101! electron volts had boen sbsorbed

par cubic centimster,

obgerved V bands in polycrystalline alkali helide compressed disks
ecolored with excess halogen and also in disks irradiated with X-rays.
The irradisted disks also were colored in the F band, and the color
center bands for both the F and V centers ocourred a2t the same
wavelensths as the centers in irradiated single crystels of alkall
halide. Hersh also observed that the pelyerystalline disks gave mueh
greater intensities of absorption for both types of cemters,

The F penters produced by irradietion of the pressed disks
were more easily bleached than those formed in single erystels., The
ratio of pesk sbsorption of the F and V bands is not constamt but
varies with irradistion and bleaching,

When the irradisted dieks were diesclved in water halogen sas was
liberated, but nothing is lknown of the fate of the slkali metel
jons, The reduetion of the halide is stiributed to reaction of the
halide fons with trapped holes in the solid.

Agcording to Hersh{il), st concentrations around 0,01 mol per cent
of thallium iodide in potassium fodide matrices, thallium metel is
formed instead of F centers upon coloration of the samples by

slectrolysis or by the addition of excess potassium metal, The
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thallium impurity appears to affect both the nature and the production
rate of V centers in potassium iodide; the production rate is en-
hanced by the presence of the thallium lons, o iodine was found

in solutions of these samples.

Color Centers in Alkali Helides Uoped with liltrite Ions. The

pregence of nitrite ions, even in concentrations as low as 0,01 mol
ver cent, was found by Hutchinson and Pringsheim(55) to greatly
suppress ¥ center formation in alkall halide crystals under X~
irradiation, except for sodium chloride in which the F center forme-
tion is enhanced by the presence of nitrite ions. Another band,
called the C band, was observed to resch saturation after which time
the I center concentratlion increased rapidly. The C band is =
continuous band which 1s alsc observed during the irradistion of

pure nitrites.

Luminescence and Eneryy Transfer in Solids

The recent theories and applications of luminescence and energy
transfer in golids will be discussed in the following paragraphs.

Application and Cauges of Luminescence. Luminescent systenms,

or phosphors, are widely used in scintillation counters for radia~
tion (22’46’581 in the study of energy transfer in aclids(ﬁo’ﬁl’lg),
and in such femiliaer devices as fluorescent lights and cathode ray
tubes. The glowing, or luminescence, of meterials which have been

irradisted i1s e byproduct of amnealing out the effects of irradiation
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end getting rid of the stored enzrgy(lo). The energy expended in

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

the excited state of an stom or molecule and s more astable state to

which it converta(46).

Luminescent Uystems. IHost inorganic luminescent systems consist

of e host material or matrix into which smell amounts of foreign

(46)

etome or ions, called activators s are incorporated. Tome

luminescent systems also contain smell amounts of senaitizors(lz)
which improve the efficiency or some other property of the luminescence,
Cne exemple of a simple phosphor which is widely used(5o’51’65) is
potassium chloride doped with emall emounts of thallium chloride,
The symbol for this system is KC1:Tl. Cther systems involve organic
naterials. According to Taylor(71), direct evidence for energy
transfer is shown by napthacene-anthracene mixtures. Irradiated
solid solutions of 0,0001 mol fraction of naptheacense in anthracene
show the green fluorescence of the napthacene rather than the violet
of the anthracene. 1In this system the energy is transferred rapidly
end efficiently.

Energy Trensfer in Alkell lalide Pressed Disks. Jonee(DQ)

found that, if nitrate ions are incorporated into an aslkali halide

matrix in the form of a polyerystalline pressed disk, energy transfer
from the matrix to the nitrate ions occurs when the disk is irradiated
with germa rays. Assuming thet the energy absorbed in a material

from gamme radiastion is proportional to the number of electrons that

the material contains, the U value for decomposition of the isolated



nitrate ions should be of the order 10‘4 instesd of the G value
obgerved of about 0.5 nitrate ions decomposed per hundred electron
volts of energy asbsorbed in the disk for a potassium nitrate con-
centration of 0.05 mol per cent.

(50)

Preparation of Fhosphore. Inorgenic phosphors have cetionic

impurities incorporated into the host lattice, The concentretion
range of an activator auffi;ient to cause luminescence varies from
one part per billion for copper ions in zinc sulfide sensitized by
lead to seversl mol per cent for other phosphors(58’59). Because

of the low concentretions required for a large difference in lumi-
nescent properties, the making of phosphors is a very exact procedure
end involves the utmost clesnliness. The purification of the host
material is very important. The phosphors are single crystals grown
from & melt to which the activator materiel has been esdded. Informa-
tion concerning the preparation of specific phosphors is available
(58,17,65,38, 22,46)

from meny sources s, and the properties of these
systems are usually discussed also. It is interesting to note that
attempts(35’55) to incorporate nitrate ions into a host lattice by
growing crystals from a melt has slways resulted in a mixture of
nitrate and nitrite lons becsuse of the thermal decomposition of the

nitrate ions.

liethods of lnersy Transfer. Luminescent systems may be divided
(46)

into three categories with regard to methods for energy transfer
(1) systems in which sbsorption and emission of energy takes place

in the same center, (2) systems in which absorption occurs in one
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center and luminescence in another, the energy transfer teking plece
with no movement of charge carriers, and (3) systems in which energy
trensfer by means of charge carriers is the dominant feature.

In systems in which the absorption center end the emission
center are different but there is no transfer of energy by charge
carriers, energy may be transferred by a cascade mechanism involving
e radiative transfer of energy through the emission and reabsorption
by the activator of photons, or by a nonradiative transfer associsted
with resonance between the ebsorbing center and the emitting center,
If the cascade mechanism is to be important, the activator, wvhich is
the emitter, must also be an efficient absorber of the primary
luminescence. In genersl, both primsry and secondary luminescence
will be observed in such & system. The size and shape of the sample
also affect the efficiency of the cascade mechanism.

In gystems in which charge casrriers are involved in energy
transfer, the mechanism should invelve mostly electron and hole
migration. Luminescence in this case appears to depend more on the

host lattice than on the sctivator.

fecent Interpretation of Enersy Transfer. In a recent lecture
?6rster(19> stated that the mechanism of transfer of electronic

excltation enerzy is a very specific mechenism but a very general
one, The case of emission and reabsorption of the excitation energy
by the acceptor molecules, or activators, was regerded as trivial.
Forster suggested that the large transfer distences observed in

erystalline systems may indicate mizration transfer in which the
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energy travels from one molecule to another by some kind of Brownian
movement until it reaches the neighborhood of an acceptor molecule.
During this lecture Forster also pointed out that, in a case where
sponteneous deactivation of the acceptor sites results from the
transfer, a formal trestment gives an equation of the Gtern-Volmer

type for the quantum efficiency of the luminescence process:

Ny - c
)"\A k+c (1)

where:
max a of
ng = maximum quantum yield of fluorescence
nis = observed quantum yleld of fluorescence
¢ = gcceptor concentration
k = perameter dependent on the type of phoephor,
The parsmeter k in Zquation (1) can be defined so as to include
the effects of energy traps other than activators.

Absence of buminescence in Pure COrystals. Dexter and Schulman

have studied cnergy transfer processes in "concentration quenching®,

(9)

in which large concentrations of activator tend to destroy the lumi-
nescence of a phosphor. It was proposed from this work that the

abgence of luminescence in irradiated pure crystals is the result of
resonant transfer of enerpy to imperfections and impurities. Accord-

ing to Xlick and Schulman(46)

s this mechaniem probably applies to the
pure alkell halides, the trensfer rates of which are very high., In

this concept the energy is transferred from ion to ion in the alkali
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halide lattice until it reaches a quenching site in the crystal. At
the quenching site the energy is used up in lsttice vibretions,
smnealing of defects, chemical reactions, and similer processes.

Properties of Luminescence of Inorganie TFhosphors. Luminescence

is temperature dependent., Gome phosphors do not emit light until

they are heated to a certain temperature; this “thermo—luminasccncc"(59>

also depends on the rate of heating and can be promoted by infrared

light or other exciting radiation. Cther phosphors, such as the

thallium activated potassium chloride, emit radiation at room tempera~
(16)

ture. The glow curves of the luminescence decay exponentially
upon cessation of excitation for phosphors like iiC1:T1; the decay
curves for some of these phosphors show helf-lives as low as 10"7
seconds.,

fhotons from the phosphors are picked up by photorultiplier

(46)

circults , and a measured output voltege signel is the result.

The meagured sirnel is proportional to the quantum yield of lumi-
nescence; the quantum efficiency of the luminescence is defined(62)
as the photcns put into the phosphor divided by the photons emitted
by the activator. !any phosphors emit lirht of more than onc wavelength,
and the calculation of the total qusntum yield is baged on the entire
cmission spectrum of the phosphor.

Uependence of tuentum Lfficiency on fctivator Concentration: I,

(65)

The inslysis of Schulmen, et al. The concentrations of activator

gites necesgsexry to produce apprecisble concentration quenching are

such that most activator ions would have cther activators as nearest
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neighbors if quenchinz is to result from modification of the thermal
activation enerpy for radistionless transitions due to intersetion

of the activators. 1In this case quenching could occur st the same
site at which absorption takes place, and no energy transfer mechanism
need be involved.

Rexter and Schnlman(g)

have argued that this mechanism of
quenching is unlikely since activator ions up to 4000 lattice sites
spart would have to be consgidered near neighbors. They have propossd
that the energy is transferred from activator to activetor by means
of an overlep in the absorption and emission spectra until it reaches
a quenching site in the crystael. In view of the poor overlap in the
cese of the KCl:Tl phosphor, Ochulman, et al (65) have proposed that
there should be very little concentration guenching in this phosphor;
the quantum efficiency of the KCl:T1 phosphor should therefore
remein constant over a wide ranze of activator concentration.
Lxperiments by Jchulman and his co-workers have shown that the
effect of concentration quenching iz only slightly greater then
their experimental error for the KC1:T1 phosphor. The results ob-
tained by Jolmson and Williams(ﬁg) are therefore reported to be in
question because the concentraiion guenching observed in this phosphor
may be merely a logs of brightness rather than a true decreaase in
quantum efficlency. The values of quantum efficiency reported by
Johnson and Willisms are also questioned becsuse they are calculated

on the basis of quanta emitted per incident quente rather than quanta

emitted per absorbed quanta. Schulman, et al used ultraviolet light



at 2470 Angstroms and 2537 Angstroms as the exciting radiation, and
the quantun efficiencies reported were measured et the %050 Angstronm

enmiesion of X(C1:T1.

bependence of GQuantum Efficiency on Activetor Coneentration; 11,

The Analysis of Johnson and W;;liama.(58) The theory presented by

Johnson and Willieme is applied to a wide variety of inorganic

phosphors under various types of excitetion, 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.

The quantum efficiency of the luminescence can be expressed as:

J—le
= = (1)
n 2.;)0"}:”‘
vhere:

o= capture cross section of an absorption site for energy
from conduction electrons, excitons, and exciting light,
sq cm

x = mol fraction of sites aveilable for energy sbsorption

superseript ' refers to luminescent activetors

superscript ¥ refers to all types of energy absorption
sites including the luminescent asctivators.

From congideration of the three types of exciting mechanisms,

which are conduction electrons, excitons, sand exciting light:
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o,m(x’
n = ;:,?M (2)
where:
Ty = 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 one of
thege sites is occupied by another activator, luminescence is quenched,

and assuming that:

x? = (1 - e), for non-activators, (3)

then:

(1 - o)°
YLa
¢ +% (1 -¢)
g

(4)

where:

¢ = total mol fraction of activetor

O = totel cross section for non~activators, sq cm.

In generel, < and i% are adjustable paremeters although.j%
can be determined experimentelly for some phosphors under exciting

light. The sbove equation agrees well with experimental data.

Dependence of Quantum Efficiency on Agtivator Concentration; 111,

The Anslysis of Ewles and Lee(17). For the case of luminescence

resulting from exciting light, LEwles and Lee have applied a modified
(38)

concept of larye centers to the deta of Johnson end «illiems « Cne



very important point msde in the work of Lwles and Lee is that

crystal defects can act as centers for both luminescence and quenching.

leat trestment of the matrix of a phosphor will result in
lattice defecte such as vacancies, interstitisl atoms, end regions of
strain. Purified celcium oxide exhibits luminescence if it is cooled
suddenly, but slowly 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
distribution of the luminescent centers, Ewies(ls) showed that the

fraction, ¥, of such centers for an atomic concentrastion, ¢, of

activator ions, would be:

. — (1)
(1 +e)™
where:
n = number of host atoms per center,

If ¢ is small this fraction is:

I' = ¢ exp (=nc). (2)
(17)

Liwles and Les aggumed:
(1) sactivator centers and structure centers are both large

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

centers but to different extents, in accordance with Johnson and Willisms

(38)
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(3) absorption of the ideel lattice and nonradiative activa-
tors is negligible for both exciting and emitted radiation

(4) +the activator will not function as a luminescent center if
perturbed by the overlap of another center

(5) the concentration of the structure centers is approximately
the same in phosphors with the sams host and prepared in the same
manner.

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

that:
Eakn= k1 + xe™! exp (nc) (3)
where:

L = measured light pulse

= normelizing constant

s =
H

gquantum efficiency
n = number of lattice ions associated with a radistive center
¢ = mol fraction of activator
fac'

X = —= parsmeter dependent on the centers present

flu
5 = abgorption coefficient of a structure center
¢! = mol fraction of structure centers

fl = ghgorption coefficient of an activator center

B = constant = exp (nc').
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X
Lquation (3) fite the data of Johnson end %illiams(ﬁb’ except

at high concentrations of activator.

Limitations of Luminescence Theory. The theoretical considere~

7) were greatly simplified. The limite-

tions made by Ewles and Lee
tions of the theory presented in the above section are:

(1) no account was teken of the fact that one type of excita-
tion may excite more then one type of emission

(2) abaorption and emission by nonradiastive activetors may
becone significent at large activetor concentratione and wherever
the sbgorption and emission gpectra overlap

(3) there will be a mmber of different, competitive structure
centers even in the most carefully prepared phosphor crystels.

These limitetions must be tsken into account in any detailed

theoretical work on phosphors and similar meterials.

Infrared Spectrosco

The use of infrared spectroscopy for qualitative and quantits-
tive analysis is dlscussed in the following paragrsphs, ﬁaxyer(éq)
has prepared a very complete, basic review of infrered spectroscopy
from the theoretical viewpoint. Thematerisel in the first two sections
hes been teken from this review,

Unite Used in Infrared Cpectroscopy. Two units are used to

characterize infrared radiation. A wavelength (A) unit, the micron

(p = 104 Angstroma = 10‘4 centimeters), is used throughout the



spectrum; end a frequency (7) unit, the wave munber or reciprocsal
centimeter (cmfl), is used in the infrared region of the spectrum,
Molecular Spectra. lolecular spectra may be divided into
rotational spectra, vibrational spectra, and electronic spectra.
fotational spectra are caused by the sbsorption of photons end con-
version of the light energy into rotational energy. Jimilerly,
vibrational spectra are caused when the gbsorption of radient energy
produces changes in the energy of molecular vibretions. iZaech mole-
cule has only certain discrete energy levels, and the absorption of
light corresponds to a transition between two of these energy levels,
Vibretional spectra are thus discrete instead cf continuous. The
rotationel energy chanzes of a molecule ere much smeller than the
vibrational chanzes, and the rotationsl spectra have the effect of
widening the vibrationsl absorption line intoc a band., The number
of absorptlion bands is not necessarily equal to the number of funds-
mental vibratlional frequencies of a molecule; the number may be
changed by combination tones, overtones, and difference tones,

tuslitetive Analvsis by Infrered Methods, Spectroscopists have

used the infrared absorption method for determinetion of the structure

6.18
(6,18, 20) and for analysis of their rotetions and vibra-

(64,50, 32)

of molecules

o (8418,43)

tio « Infrared spectrophotometry is widely used

in the identification of organic compounds and for qualitative
(32)

snelysis of organic liquids., [Herzberg has presented sn excellent
coveragze of the use of infraered spectroscopy in quelitative analysie

and structurel studies,
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Infrared Absorption of llitrste and iiitrite Ions. Both nitrate
(54)

iong and nitrite ions show a single, intense absorption pesl,

The wavelength of these peaks chenge with the anions of the lattice,
but the general shapes of the spectre remain very simple, Potassium
nitrate shows & large ebsorption peak at 13935 wave numbers and a
minor pesai at sbout 3827 wave numbers, Hesgent grade potassium nitrite
absorbs intensely st sbout 128C wave rumbers end shows a medium

sized peak =t about 1790 which may be caused by the presence of &

small nitrate impurity(ag).

Because they have very simple infrared
abgorption spectre potassium nitrete and nitrite cen be accurstely
determined quantitstively on sny sood infrared spectrophotometer,
trrore in Infrared inslysise The most important errors in
infrered intensity measurements are(ﬁg)x (1) uncertainty of radiation
neasurement; {2) stray licht; and (3) non-linearity of the measuring
system. TFor best results the transmission should be between 20 and
60 per cent transmission, which corresponds to optical densities
between 0.5 and 0.1,

According to the instruction manual(ié) supplied by the Perkin-
Llmer Corporation for the liodel 21 spectrophotometer, the reproduci-
bility of the instrument is within one-half per cent in transmission
and 0.005 microne in wavelength. The instruction manusl advised
that quantitative enalysis should not be done at opticsl densities
of 0,9 or more (15 per cent tranmmission or lese). iioise level,

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

techniques can introduce errors to exceed these specifications.
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The Halide Pres sk Method of red S

The method of infrared analysis by means of placing a small
sample of the material to be analyzed into powdered alkali halide
and pressing the mixture is well known and widely used for qualita-

tive analysis of solid organic nmtcz:'inil.zs(36 .20.2*4).

The use of this
method of sampling in radiation research is new(Bg) , except in the
case of studies on luminescent mtorials(ao) +» The techniques and
limitations of the alkali halide pressed disk method will be discussed

in the following paragraphs.

Optiesl Properties of the Pressed Disks. Polyerystalline'X+2*)
pressed disks of alkali halides, like pure crystals of alkali halides,

do not absorb infrared light, visible light, or ultraviolet light to

any ext.ant“?'“u). Alkali halides and pressed disks do not absorb

infrared light upon being irradiated with ionizing radiation( 67'30)'.

When powdered alkali halide is doped with solid material and pressed
into a clear disk the infrared spectrum of the disk is that of the

trace mpurity(u‘). The doping process gives sharper resolution of

absorption peaks for solids than does the mull nethod(é'm)

3 the
pressed disk method is therefore much better for quantitative analysis
of solids.

Disks, Potassium bromide is the

most widely uud(”"“‘ 53) disk material, but other alkali halides
have special uses as disk carrier material. Hersh(jo »31) used

potassium lodide and potassium chloride to make the phosphors KI:Tl

(20)

and KC1:T1 for c¢olor center studies. French, et al report that
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potassium iodide disks are more reproducible than potassium bromide

disks when the pressing has to be done at lower pressures. Ilales

(24)

and iymeston heve found that potassium chloride is less resctive

end more stable to heat than potassium bromide, but that the chloride
ig herdcer to dry.

(#4,53)

wquioment for Presagin~ the Disks. The best results

from the presged disk method have been obtalined by using evacuable,
stainless steel dies and anvils which have mirror-polighed pressing

(44) (20) y

surfaces. Kirkland end French, et al wve described evacuable

dies for pressinc alkali helide disks., FPressures used have varied
from 10,000 to 200,000 pounds per square inch, Kirkland(ga) hasg
also outlined a pressing procedure in which the alkall hslide is
powdered, dried, mixed with the additive, dried again if pomsible,
apportioned in a dry box, and then placed in the die, evacusted,
and pressed for at least {ive minutes. Jones(ig) haes found that
the disks are reproducible if they are evacusted until the vecuun
pump sounds "hard" and prossed for et least three minutes.

Effects of Crindins and Dryvincs. leeks and his co—workors(jo)

have stated that the study of the trace water concentrations in
infrered ssmples is merely a study of handling methods and atmos-
pheric conditlons. Nilkey(55> has deseribed the effects of grinding
on the water content and general background of the pressed disks.
Abgorption of water in the infrared region, in bands at 2.9 and 6.1
microns, is less in coarser powders., Ulsks completely free of

water cennot be made from fine powders, Herd grinding of the



potassium bromide causes absorption bands at 7.0 and 9.0 microns
besides the water bands; the general background absorption of the
disks is less when coarser powder is used. lmftng( 2) has reported
that the infrared grade potassium bromide sold by Harshaw Chemical
Company is dried for 48 hours at 150 degrees, Centigrade, in a dry
room. This infrsred grade potassium bromide shows no appreciable
absorption at 2.9 and 6,1 microns.
Determination of Water in the Diske. Since even very small

amounts of water present in the pressed disks may change the
properties greatly it will be necessary to know spproximately how
much water is present and what its effects are.

There have been no quantitative measurements of trace water in
infrared samples although studlies have been made on the effects of

trace water in nonpolar soluuona(so 118) (6’18'20).

and in solid samples
Hydrogen bonds wers shown by Folman and Iato:(le) to strongly affect
the absorption of infrared radiation by the hydroxyl group so that
the extinetion coefficient of the hydroxyl group changes vhen

hydrogen bonds are present. Coblents(s) has found that compounds

containing water of crystallization show the sbsorption bands of
water and that those containing water of composition do not,
Crystalline solids which are soluble in gertain organic
solvents have been quantitatively analyszed for water content by the
Karl Fischer method'}). This method invelves titration of the
sample (sulfur dioxide, hydrocarbons, alcchols, or acetone can be
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used as the sesmple or as the solvent for a solid sample) with a
methsnol or glycol solution of iodine, pyridine, and sulfur dioxide
until free iodine is evident, This procedure has been adapted to
electrometric analyeis by Almy, Griffin, and Hilcox(l). According
to Smith, et al(ég), the reaction involving water is expressed by

the following equation:
I, + 50, + 3Csligli + Hp0 = 2(C5IE§?\I°HI) + CgHglita0y. (1)

In the eloctronetric method of the Fischer snslysis the iodine
is regenerated electrolytically within the electrometric cell, and
the current necessary for this is the measured quantity.

S0lid Selutions. Potassium nitrate and nitrite appear to form
solid solutions with potassium bromide in the pressed disks.
HXetelaar, Schutte, and 3chram(45) have determined that the solubility
of potassium nitrite in potassium bromide iz about 0.1 mol per cent.
The method used in this determination involved infrared anslysis
of pressed potassium bromide disks doped with smsl]l amounts of sodium
nitrite. Up to 0.1 mol per cent sodium nitrite only the infrared
sbgorption of potessium nitrite wes seen; above 0,1 mol per cent,
there were absorption pesks for both sodium and potassium nitrite,
These absorption peaks are sbout Z*C wave mumbers apart and are
clearly separated. It was suggested(Az) thet the ssme method could
be applied to the nitrste and other potassium salts to find solu-

bilities in potassiwm bromide,
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Analytical Methods and Dogimetry

The analytical methods other than infrared spectrophotometry,
the reagents used, and the dosimetry of the gamma source are discussed
in the following paragraphs.

Nitrite ions formed from nitrates by irradiation have been quantita-
tively determined by the formation of an azo dye in dissolved samples
of irradiated solid nitrates'®), From snell and snet2'??, tne
diazo compound formed by the reduction of sulfanilie acid by nitrite
ions forms an intensely colored azo dye upon reaction with dimethyl.N,
Nenaphthylamine. The optical density is read at 5350 Angstroms and
is either calibrated with standard samples of nitrite or used to
calculate nitrite concentration by the relutiomhip(u?) s

micromoles of nitrite ion per liter = 23.2 X 40.D, X dilution
(1)
vhere:
AQsDe = observed optical density less the blank

dilution = total volume of sample, ml, divided by the volume
of the sample less reagents, ml.,

Cobalt-60, with a long half-life
of 5.1 years and energetic gamma rays of 1.17 and 1.34 million

electron volts (mev), makes an excellent source for radiation for
studies of radlation effects on materials. Hochanadel and @mmley( 23)

have desoribed a gamma source of 300 curies of ecobalt-60 which was
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located at the Omk 7ldge ilational Leboratory. & similar jemme source
of the same desi;n but containing 1100 curies of cobalt~60 was
located in foom 206, Buildinz 4501, at the Oal Didse lational Lebora-
tory. Por the larger source there was slways 14 inches of lead
shielding surrounding the cobalt.

The source itself wes in the sghape of a circular anmulus with
rings of cobalt~60 arranged so that there was only a few per cent
veristion in intensity over the whole irmer cylinder. Zamplos could
be precisely positioned in the center of the source to give rspro-
ducible results. Tubes leading into the source sllowed piping,
vacuuz lines, and electrical wiring to be used inside the cavity.

Gomma Cource Dosimetry. The ferrous desimeter proposed by

(34)

Hochanadel and Chormley is well suited for use in e gamma source
such as that described sbove., The calculation of dose rate by the
ferrous dosimeter was based on 15.6 + 0.3 ferrous ions oxidized per
hundred electron volts absorbed in an air-seturated, O.4 molar sul-
furic acid solution of ferrous sulfate., The concentration of ferrous
sulfete was 2 x 10-5 nolar. The optical donsity of the irrediated
dosimetsr solution was read at 3050 Angstroms; the extinction
coefficient for ferric ions at 3050 /ingstroms in +this solution was
457 (micromols per liter) per (change in optical density per minute).
Sogimetry was then basged on the -asswaption that the ratio of true
nass absorption coefficients for pemme radiation of two meterials

is equsl to the ratio of the energy absorbed per unit weight of the

materiale,



Infrered Quality Potassium Bromide. Infrared quelity potassium

bromide is a particular grade of material which shows no appreciable

(26) of the

impurities under infrared analysiz. The specifications
Harshsw Chemical Company for infraroed quality potassium bromide are
the following., The potagsium bromide powder rmust be prepared from
pure single crystals of the hishest infrared quality. Iach batch
rmust be tested et the factory and found free of meamsurable emounts

of organic impurities prior to bottling, Particular care should be
exercised in opening the bottle to exclude any orgenic vepors, and
all equipment used in handling 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 40 per cent reletive humidity, this potassium
bromide powder will not normelly pick up additional moisture,.

Purity of the Potassium Nitrate. Ceveral investigators(8’29)

have reported that, in the irradiation of resgent grade potassium
nitrate crystals, further purification is not necessary. There may
be @ =mall smount of adsorbed moisture on the nitrate which can

easily be removed by drying under an infrared lamp.

Purification of Potassium litrite

liethods for the purification of potassium nitrite are discussed

in the following paragrephs.
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Purity of Available Potessiunm Jlitrite. According to the Merck

Index(52) commercial potassium nitrite contains impurities in the
amount of sbout 15 per cont by weicht., These impurities are mostly
potassiwm nitrate and weter, XIesgent srade potassium nitrits con-
teins at least 97 per cent nitrite by weizht. The other three per
cent probably consists of nitrate, since potassium nitrite is produced
commercially from the nitrate(51), and some adsorbed water,

(51)

vlethods of Purification. Accordins to iellor s poteessium

nitreste is easily reduced to the nitrite by powdered lead or =zinc
at temperctures approachins 400 degrees, Centirrado.

SGchwarz and illen(éé) recrystallized reazent grade potassium
nitrite from weter six times and succeeded in reducing the amount of
potessiuz nitrate to about 0.6 mol per cent, or about 0.7 per cent
by weisht, That this is a difficult process is evident from the
reletive solubilities of potassium nitrite and potassium nitrate in
water., Published values for the solubility of potassium nitrite in
water at zero and 100 dogcrees, Centijrade, are 2801 and 413 srems per
100 grams of water, respectively; for potassium nitrate the values
are 1%.3 and 247 srams per 100 rsrams of weter, respectively.

Ture potessium nitrite has eslso been prepared from the remction
of organic nitrites with potassium hydroxide. ITetru and Pokorny(57)
reacted ethyl nitrite with potassium hydroxide in ethyl alechol for
two days and reportedly obtained pure potassium nitrite,

(56) that

It has also been found eyl nitrite and potassiun

hydroxide react upon standing in amyl alcohol to form potassium nitrite,
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Other Possible lleans of eparation. 4nother possible method

for the physical separstion of potassiwm nitrite and potassium nitrate
ls suggested by the published values(s) of the solubilities of these
compounds in absolute nlcohol., Potassium nitrite is slizhtly soluble
in absolute alcohol, and potassium nitrete is insoluble in absolute
alecohol. The nitrate should crystallize out of an alcohol solution
alon: with some nitrite as the alcohol is boiled off, most of the
nitrite being left in solution.

inother possible chemical method of accomplishing the separstion
is suggested(hc) by the fact that the ratio of the solubilities of

silver nitrate end silver nitrite is about 200 to one in water.
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IT1I. EXPERIMENTAL

The experimental work done on the investigation of "Energy

Transfer in the Gamma isdiolysis of Isolated Hitrate and Kitrite

Ions" is presented in the following sections,

Purpose of Investication

bRt et

The purpose of this investigation wes to determine the effects

of and poseible mechenisms for transfer of enerpy to anion impurities

in compressed pellets of potassium bromide,

Flan of Exverimentation

The plan of experimentation of this investigation was ss follows:

1.

2.

3

A study of the available literasture was made

The alkali hslide pressed disk method of infrared
sampl ins was adapted for use in the investiration

Data were obtamined from the irradiastion of potassium
bromide disks containing varying smounts of potassium
nitrate end potassium nitrite

The results obtained from the irradiations were

interpreted in order to show effects of and possible
mechenisms for energy transfer in the samplee.

Materisls

The materiasls used in the course of this investigation are

deseribed in the following paracraphs.



Acetic Acid, CGlmeisl. Resgent grade, code 1019, lot no 1282280,

nin OH§COOH 99.7 peor cent. Ubtained from Genersl Chemical Tivision,
i1lied Chemieal end Dye Corp., Few York, I, ¥, Used in the colori-
metrie determination of nitrite ion concentretion,

deetone. Tearent ~rade, lot no F337P%28, (btained from Ceneral
Chemical Division, A1lied Chemical and Dye Cerp., New York, M. ¥,
Usod to clean the die and in the dry ice-acetone bath.

Alcohol, Ethvl., U7TP, 190 proof. Ubteined from Publicker

Industries, rhiledelphis, Pa. Used to extract excess KOH in the
purification of potassium nitrite.

Aleohel, Iso-imyl. leagent rrade, lot no K205, Cbtained from

General Chemieal Zivision, Allied Themical and Zye Corp., ilew York,
e Y. Used in the nurification of potassium nitrite,

lcohol, iethyl. Absolute, 99.9 per cent CH_CH, lot no 20748,

>
Cbtained from J. 7. Baker Chemical Co., FPhillipsburs~, N, J. Used

ir. the purification of potsssium nitrite and in the colorimetric
determination of nitrite concentration.

Calcium Chloride. I nhydrous grains, 12 mesh, no 4136, C(btained

from 'allinckrodt Chemiesl Vorks, t. Louig, lo, Usged as a desiccant
to lteep the pellets dry.

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

Obtained from Zeneral Chemicsl Division, Allied Chemicsl and Dye
Corp,., liew York, M, Y, Used as s desiccant to keep the pellets dry.

Simethyl-l-lgnhthvlanine, !l,i/-, Tor sulfanilamide test, 5 nor

cent or more arvl anine, no 1050. Cbtained from “astmen Crranic
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Chemicels, ifochesgter, li, Y. Used in the colorimetric determination
of nitrite concentration.

Drierite. Anhydrous Casoh desicecant, 10-20 and 20-30 mesh.
Hanufactured by ¥, A, Hammond Orierite Co., Xenie, O, Used to dry
the helium and nitrogen geses,

Dry Ice. Obtained from the dry ice locker, Bldg, 4500, Cak
Aidge Hational Laborstory, CUak Ridge, Tenn, Used in the dry ice-
acetone bath.

Ferrous Sulfate. [esgent grade crystals of Feﬁck . 7H20,

lot no 338, Obtained from CGenersl Chemical Division, Allied
Chemical and Uye Corp., liew York, !, Y. Used in the preparation of
the dosimeter solution.

Helium. Cylinder size 1; 1500 psi. Obtained from Chemicel
Ztores, Oak Ridge liational Laboratory, Cak Ridge, Tenn., OSupplied
by Southern Chemicel Co., Nashville, Tenn. Used to keep the pellets
dry end c¢ool during irrsdiastion.

Lead. Anelytical resgent grade zrains, lot no 4668, Cbtained
from ¥sllinclkrodt Chemicel Yorks, 5t. Louis, ¥o. Used in the purifi-
cation of potassium nitrite,

Hitric Oxide. Liquid, in lecture bottle, no A¥-3501. Cbtained
from the listheson Co., Inc., Zast utherford, . J. Used to obtain
its infrared spectrunm,

Hitrite, Iso-imyl. DBoiling point 96~99 °C, no 436. Obtained

from Eestman Orgenic Chemicals, Jochester, li. ¥. Used in the

purification of potessium nitrite.



Hitrogen. Liquid, ecylinder size 1; 2000 psi. Obtained from
Chemical Stores, Cak Ridge Nationsl Laborstory, Oak Ridge, Temn.
Supplied by Zouthern Chemical Co,, Nashville, Tenn, Used as e dry
atmosphere in the Cery and as a coolant in the purificetion of
potassium nitrite,

Hitrogen Dioxide. Liquid, in lecturs bottle, no AB-5196,
Obtained from the Matheson Co., Inc., East Rutherford, H. J. Used
to obtain its infrared sbsorption spectrum.

Nitrous Oxide. Liquid, in lecture bottle, no 14385. Obtained
from the Matheson Co., Inc., East Rutherford, N, J. Used to obtain
its infrared spectrun,

Petroleum Jelly. "Vaseline®, white. Manufactured by Cheese-
brough~Pond's, Inc., Hew York, N, Y. Used to seal ssmples for Karl
Fischer analysis and as a preservative for the die espperatus,

Potassium Bromide. Fowdered, infrared quality, lot no 5120,
I-P spectrum no 5744, Obtained from Hershaw Chemical Co., Cleve-
land, O, Used for the carrier or matrix in the samples.

Potassium Hydroxide., Resgent grade pellets, min KOH 85 per

cent, max xaco two per cent, lot no M275., Obtained from General

Chemical Mﬂs:on, Allied Chemical and Dye Corp., New York, N. Y.
Used 4o obtain its infrared absorption spectrum and in the purifica-
tion of potassium nitrite,

Potagsium Nitrate. Resgent grade crystals, lot no 2186, Ob-
tained from J, T. Beker Chemical Co., Phillipsburg, N. J. Used in

the preparation of samples.
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Potassium Nitrite. Reegent grade crystals, min KNO, 94 per
cent, no 7044, Obteined from Mallinekrodt Chemicel VWorks, St. Louis,
Y¥o. Uged in the preparation of samples.

Sodium Peroxide. Reagent grade greins, 35 mesh or finer,
min Ha,0, 95 per cent, lot no M158, CObtained from General Chemical
Division, Allied Chemical and Dye Corp., lew York, H. Y. Used to
obtain the infrered sbsorption spectrum of Kaoz.

Sulfenilic Acid. Reagent grade crystals, no CB786, lot no
363063, Obteined from Matheson, Coleman, and Bell Division of the
¥atheson Co., Inc., East Rutherford, H. J, Used in the colorimetrie
determination of nitrite concentration. _

Sulfuric Acid. CP grade, sp gr 1.84, 95.5-96.5 per cent
32304, lot no E511020., Obteined from the General Chemical Division,
Allied Chemical and Dye Corp., liew York, N. ¥, Used in the prepara-
tion of the dosimeter solution,

Water, Triple-Digtilled. The distilled water used throughout

this investigation was obtained from the still in Rm. 206, Bldg.

4701, Oak Ridge National Laboratory, Osk Ridge, Temn. The purifica-
tion involved distilletion from an scid dichromate solution, distilla-
tion from a basic permanganste solution, distillation from an all-

silice system, and storage in silica containers.

AE para §“8

The apparatus used in the course of this investigation is

described in the following parasgraphs.



Balence, Analytical. Type DLB, no 16918, lab no X-27257.
Kenufactured by Wm. Aingworth end Sons, Denver, Colo. Cbtained
from Eimer end Amend, llew York, ll. ¥, Used to weigh samples and
reagents.

Sulbs, ZSample. Three required, 50 cc Pyrex bulbs fitted with
two 8-in Pyrex tubes with 24/40 mele Pfittings, one with o break
sesl. Febricsted in the Glassblowinz shop, Bldg. 4500, Osk Ridge
lational Laboratory, Osk Ridge, Temm. Used to contain semples for
mags spec analysis.

Cary Recording “pectrophotometer. liodel 11 ki3, ser no 156,

model Ii power supply. OCbtained from Applied Fhysice Corp., Fasedens,
Calif. Used in colorimetric and scattered lisht analyses.

Die, Evscusble. Designed to press 15-mm dismeter pellets.
Febricated in the Chemistry Division Ixperimentsl Shop, Bldg. 4500,
Cek Ridge liational Lsboratory, Osk iiidge, Tenn. Used to compress
the samples.,

Digk Holder. Brass cylinder, 7/8-in diameter, sealed at one end
and with a threaded brass cap on the other end. Copper fittings at
both ends for gas flow. Cepable of placing six disks in the region
of constant source intensity, Fsbricated in the Chemistry Division
Experimental Shop, Bldg. 4500, Oak iidge ilational Laboratory, Cek
iidge, Tenn, Used to position the semples in the source.

Camma Ray Sourge. Lead plg containing 1100 curies of cobalt-60
eround a cylindrical cavity 1.375 inches in diameter by 11 inches

deep, Jource surrounded at all times by 14 inches of lead. Fabricsted
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in the shops of Cal lidge :iational Lsboratory, Calc iiidre, Tenmn.
Used as the source of sammae radiation.

ot Plats., Ter no 1-92, lHanufactured by Ldwin L. Veigand
Co., Pittsburgh, Pa. Used to heat solutions in the »urification of
potassium nitrite.

Infrared Lamp. Lamp on stand, General ZIlectric 375 watt bulb.
Cbtained from Fisher Scientific Co., Silver Ipring, Hd. Used to dry

the powders hefore pressing.

Infrared Jecording Tpectrophotometer., I-~I liodel 21, double-~

beam type, ser nc 377, lab no -57963, Cbtained from The lerkin-
Slmer Corp., Horwall, Conn, Used in snalysis of the semples.

Infrared llecordings Upectrophctometer., P-IZ llodel 221, double~

bean type, ser no 218, OCbitained from The Perkin-Zlmer Corp., Jorwalk,

fa)

Corris Used in analysis of the samples.

Laboratory Zouipment. ‘mall laboratory equipment, such as
glaaswaré, mortars, tubing, etc. were obtained from the Chemistry
Division Stockroom, Z1ds. 4500, Cek fiidoe lational Leboratory, Cek
iidgze, Tenn.

Load Indicator. "Deldwin-Tate-Emery", no 60~-Ti-1274, 0-60,000

1b, Built by the A, I, Imery Co., iiew Cansan, Jonn. Used to measure
pressure during the pressing operation.,

4.3

Qven, Vacuum. Constant temperature 11500, 1lsb no ULllL-B-50381,

Used to dry the samples.



Oven, Vacuum. Varisble tempersture 25-200°C; 115/230 v, 550
watte, lHodel 58%0, ser no 1i59, lab no i-75509, O{bteined from
Hationsl Appliance Co., Portland, Ore. Used to dry the samples.

Frees. "Baldwin-Tate-Imery", 60,000 1b capecity, ser no 522635,
lab no X~-52800., Obtained from Beldwin-Lima-Heamilton Corp., Fhila-
delphis, Pa. Used to apply pressure to the powdered semples,

laces, Ball Pearins., Oteel inner races, 15-mm 1D, no E-15-B.
Obtained from orma~ioffmann Bearings Corp., Stamford, Comn. Used
to contgin the pressed samples,

Haces, Ball Dearincs. Steel inner races, 15-mm IS, no Ni-15.
Cbtained from liew Departure Division of Ueneral lotors Corp.,
Bristol, Comn. Used to contain the pressed samples.,

Timer, Electric. Type 3-60, no 19872, 115 v ac, 60 cy, 1 rpm.
Sealed in fifthes of a second. HManufactured by the Standard Electric
Time Co., Jpringfield, Ma=ze, Used to measure irradistion time by
means of a awitch connected to the gemma source.

Vacuum Pump, Welch Duo-Seel, ser no 8603-0, lab no X-40397;

single stage, 115 v ac, S0 cy motor. Manufactured by W. M. Welch
| lifge Co., Chicagzo, Ill. Used to evacuste the vacuum ovens,

Vagounm Pump. YWelch Duo-Seal, ser no 468, lab no X-30415;
sinzle steze, 115 v ac, 60 ¢y motor. Manufactured by W. M. Welch
}fg. Cosy Chicago, Ill, Used to evacuate the die sssembly before

removel to the press.



Vacwm Pump. VYelech Duo-Ceal, ser no 14496-0, lab no %-52026;
sincle stege, 115 v ae, 60 cy motor, lManufactured by Y. M. Velech
Pz, Co., Chicazo, Ill. Used to evacuste the die assembly during
pressing.,

Vacuum lmck, Ulass. Capable of mainteining pressure of 0.05

microns of mercury. IHquipped with mercury diffusion pump, Yelch
"Duo-Geal” vacuum pump, Cenco electric heater, liquid nitrogen trap,
and Hastings and Philips pressure gsges. Located in iwm, 208, Bldg.
4501, Osk Ridze I'ational Laboratory, Cak Ridce, Tenn. Fabricated
in the CXUL shops. Used to evacuate semples for mass spec anelysis.
Valve. lelium regulator, 0-50 psig. Manufactured by Bastian
and Blessinz Co., Iew York, . Y. Used to regulate the flow of
helium over the semples during irradiation.
Velve. Iitrogen regulator, 0-100 psig. Manufactured by Bastian
and Blessinz Co., New York, . Y. Used to regulate flow of nitrogen
inte the Cary and over the lead-nitrite mixture in the purification

of potassium nitrite,

Method of Procedure

The method of procedure followed in this investigation is
presented in the following parsgraphs. 4ll of the operations involving
the disks, except the actuel pressing and the irradiations, took
plece in a dry room in which the relative humidity was kept below

40 per cent.
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Jreveration of Uohassium Nitrate and Ditrite Jolutions. The

desired amowmt of chemically pure or purified potassium nitrite or
chenically pure petossium nitrate was weished with.an analyticel
belancz. The weighed samples were poured into volumetric flasks,

end the flasks were £illed to the mark with triple~distilled water.
ihe concentrations of the solutions varied sccording to the desired
concentration of the pregsed disks., Colutions were prepared a short
time before the disks were made to prevent loss of nitrate or nitrite

from decomposition by lizht or heat,

adaition of Solutions to rotassium Uromide. Tho desired

questtity ol infrared quality, powdered potassium bdromide was weighed
with an analytical balance and pourcd intn an alusine mortar. Iiitrite
or nitrate solution was added with a pipet. The volume of solution
added wag such that eboul half ol the potassiwm bromide was dissolved.
For £.,000 rams of potmassium bromide a solution would be prepared

go that the desired amount of nitrite or nitrate could be mdded with
g one cor two nilliliter pipet., 7The solution was sprayed about over
the powdered potassiwm bromide so thet all of the material in the
mortar would be wetted, and in such a way that no drops of solulion
were left on the sldees of the mortar,

“ryins the Towder by Infrared Lemp., The nortar was usually

heated with an infrered lamp prior to the mixing operation described
abeve. The lamp was slso left on during the addition of potassiunm
bronmicde and the solution. At this point the mixture was a water

slurry. The slwrry wes allowed to dry without attention until there
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was no obvious liquid vhase, after which time precipiteted potassium
bromide was repeatedly scraved off the mortar and mixed about with e
spatula. ithen most of the water had been removed the mixture was
rround with a pestle into a thin layer vhich was allowed to dry
further. then this leyer had set up into a thin, hard cake, it

wns geraped off with s spatulas, crushed, and placed in a weirhing
bottle which had been cleaned and labsled.

Dryvine the Powder by Vacuum Cven., The weighiny bottle containing

the moliet powder wasz placed in a vecuum oven kept between 115 and
120 derrees, Centirrade., The powder for the dry disks was drisd in
the oven for at least 48 hours, but other powders which were to be
used in investirations of effects of water content were dried for
different lenrths of time. I the water content of the disks was
not critical the powders were stored in a desiccator contalning
calcium chloride desiceant until used; if the water content was
important the dried powders were stored in the oven until used.

The Pressins Anparatus. The pressing apparatus, or die, used

in pressings the potassium bromide was sinmilsr to the evecuable die
degeribed by Kirkland(44) and pressed s vellet 15 millimeters in
diameter. The evacuasble die used wns designed by A, 2, Jones of
Cale Midre tiational Laborstory mnd wes febricated sccording to Cak
idre Hational Laboratory Drewin: D-25695 (not classified). The
apparatus consisted of plunger, rubber spacer, evacuation fittings,

anvil, and sealable base for the anvil, The preseing surfaces of

the plunger and the anvil were optically flat surfaces. Uhen



evacuated, the entire apparatus was sealed tizhtly enough to be

carried around by the plunger. The pressing surfaces were cleaned

periodically with distilled water and acetone, and petroleum jelly

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

inhibit rusting. Vhen not in use the dles were stored in a desiccator.
A pressed disk, in proper relation to the race vhich holds it,

is shown on Figure 1, page 49, The plunger and the anvil of the die

were desirmed so as to fit snugly inside the races,

Fressins the Diske., A steel ball bearing race was fitted onto

the anvil of the dle. The desired amount of powder was weighed to

+ 0,0005 gram with an analytical balance, The sample was pouved

—
\

into the race and tamped with a stainless steel rod slightly hollowed
out on the tampin; end. The die was then sssembled and attached to
a8 vacwm pump. The remaining powder was then returned to the
desiccator or to the vacuum oven. After the vecuun pump was dis-
connocted the sealed die was transporied to the room in which the
press was located. The die was attached to a vacuum pump end was
evacusted for three or four minutes bafore the pressing operation.
The disk was then compressed under 40,000 pounds for sbout ten
minutes. This weight corresponds to sbout 143,000 pounde per square
inch 4f a1l the weight is borne by the disk,

Removal from the Die and Storsge. The die assembly wes sealed,
the pressure wes relessed, and the vacuun pump was disconnected, The
die was transported back to the dry room and disessembled., The race
and disk ususlly had to be separated from the anvil with sherpened
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shears., The disk, held by the rece, was then placed in & marked
envelope, and the envelope was plsced in a desliceator umtil the disk
was used. Care was taken in all subsequent operetions to insure
that the disks were returned 4o their proper envelopes.,

Cperation of the Inf{rared Zpectrophotometers. The Hodel 21

and the Model 221 Perkin-Elmer infrared spectrophotometers were
operated according to instruction manuals(56’§7) furnished by the
Perlcin-Elmer (orporation. The disks were mounted on a holder which
correctly positioned the disk in the infrared beam.

Infrared Analysis for Water. Vhenever the relative water

content of the diske had to be known, the infrared spectrum of each
newly-pressed sample was taken in the regzion from 4000 to 2900 wave
numbers before the disk was placed in its envelope. It was assumed
that, with proper precautions being taken, eny enhencement of water
optical density would be caused by water adsorbed on the surfece of
the dislk.

The reported opticel densities of water in the samples were
measured at the mexirmm near 3440 wave mmbers (2.9 microns) relative
to some flat portion of the spectrum between 3000 and 290C wave
numbers and checked by the flat portion between 4000 and 3750 weve
nubers.

Infrared Anslysis for Nitrate snd INitrite Ions., The optical
densities of the pressed disks were celibrated with respect to the
known concontrations of nitrate and nitrite ions in the unirradiated

diske. The disks were allowed to remain overnight in a desicecator



before the initial optical densities of the nitrate or nitrite
absorption peaks were measured. The heirhts (optical densities)

of the nitrete abasorption pealk at 1391 wave numbers and of the
nitrite sbsorption pealc at 1276 wave numbers were measured relative
to the flat portion of the spectrum between 1340 and 1290 wave num-
bers, After some irradiation both peaks were present, and the optical
densities of cach were meagsured relative to the highest part of the
spectrum between the two peaks. The snalysis for nitrete and nitrite
ion opticel densities was usually made immediately after the con-
clusion of irradiation, but no changes in opticel densities were ever
detected after the digke had been stored for long periods of time.

Purification of Potagsium iiitrite., Various methods of procedure

vere followed in trying to obtain potessium nitrite free enough of
ritrate ion to permit infrared analyses of nitrite decomposition with
no interference from nitrate., All of the sttempts to purify potassium
nitrite made during the course of this investipation are deseribed
in the following paragraphs, The infrared quantitative enalyses of
the amount of nitrate in samples of potassium nitrite were made ueing
the pressed disk technique described ebove, the smounts of nitrate
present being taken from the calibration curve for potassium nitrate
in potassium bromide., From this method of analysis chemically pure
potassium nitrite contsins about 3,7 mol per cent nitrate.
Regrystallization from weter. About 400 milliliters of
distilled water was saturated with chemically pure potessium

nitrite at room temperature, The solution was decanted and



saved, Jater was then evaporated until adbout half of the nitrite
had precipitated out, at which time the hol solution was Tiltered
with vacuum over a fritted plass filter and the solids were
saved, After a number of thege cycles had been completed the
product was dried under an infrared lamp, and potassium bromide
disks containing the product were made and annlyzed in the

usuel menner,

Chemical ilethods of Purification. Chemically pure potassium

nitrite was placed with finely divided lead in a glass tube,
The tube was heasted to 300 degrees, Centigrede, for two hours
in a furnace; and dry nitrosen was passed through the tube durinz
the heeting., The reacted mixture wes dissolved in water and
filtered., The weter was evaporated from the product, end the
product was anelyzed by the pressed disk technique.
fe-distilled amyl nitrite was ellowed to stand with excess
potassium hydroxide for two days. The rescted mixture was
heated under vacuum to remove the orgenic material, and the
product was washed wlth ethyl alcohol to remove excess hydroxide.
The product was then dried end enalyzed by the usual method.
3ilver nitrite wass formed by the addition of silver nitrate
to a solution of potassium nitrite. The resulting precipitate
was filtered and weshed with water, and was then placed in a

wvater solution of potassiwm bromide. After the mixture hsd

stood overnizht the silver bromide wes filtered off. The
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remaining solution wee evaporsted, and the resulting product
was drisd and analyzed for niirate content,

SJepsretion with Absolute llethanol. fcetone-free methanel

of 99.9 per cent purity obtained from the stockroom was
gatureted with the chemically pure potessium nitrite. Four
hwndred milliliters of methonol dissolved about five grems of
nitrite at room temperature. The saturated solution was then
placed in a dry ice-acetone bath at about 197 degrees, lelvin,
contained in a larpe bealer, and an insulated cover was placed
over the mouth of the beaker. After ten or fifteen minutes
the cold methanol solution was removed from the bath and
filtered throush filter peper, and the liquid wes saved., The
remaining solution was boiled on a hot plate until some nitrite
had begun to crystellize out. Then the solution was again
pleced in the dry ice~acetono bath for ten or fifteen minutes
before the solids were filtered off azain., ‘hen the desired
muber of cycles had heen completed the solution was gently
boiled to near dryness, and the crystale of potmssium nitrite
which hed precipitated were dried under an infrared lemp,
welighed, and tested for nitrate ion concentretion.

Calibretion of the Cemma Source. The ferrous dosimeter solution,

(34)

made according to Hochenadel and Chornmley , wag used to calibrate
the 1100 curie cobalt-&0 gamme source. The brass holder used to
hold the disks in plece in the source was filled with steel races,

8 wire screen spacer on top of the third race from the bottom, and a



test tube containing dosimeter selution was placed throuzh the races
until it rested on the spacer. The test tube stood up asbove the
top race, but the dosimeter solution was all positioned in the region
of constent intensity. The position of the brass holder was not
changed durins the calibration.

After each five minutes of exposure the dosimeter solution was
pleced in 2 quartz cell, and its optical density was meessured at
2050 Angstroms on the Cary spectrophotometer, Three different
semplos of dosimeter solution were used in the calibration.

Irradiation of Zamples. The brass holder can place six digks

in the region of wniforn intensity. The races containin; diske,
hereafter reoferred to as "disks", were separated from each other

and from the emply reces at the Ltop and boittom of the vertical holder
with spacers made of coarse screen. The purpese of the spacers was
to permit sood flow of dry heliwn over each disgk. The brass holder,
filled and semled in the dry room, was placed in the cavity; and
fittings on the holder were attached to inlet and outlet lines for
the heliwz, The heliun, dried by passage through a Jrierite bottle,
was brouzht into the cavity with copper tubing. After it had pemased
throush the sample holder the helium was exhieusted throuch an oil-
filled bubbler. The helium was flushed through the holder for sbout
three minutes before the cobalt was lowered into the cavity. At

the end of the desgired irradistion time the holder wes removed from
the source to the dry room, and the disks were removed, returned to
their envelopes, and stored in desiccators until they could be analyzed.

The temperature of all the irradiations was 25 + 2 degrees, Centigrade,
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Colorimetrie Calibration and Analysis. The reagents for colori-

metric analysis of nitrite ions were prepared aceording to Snell and
Snell(70). 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 30 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.

Preparation of Disks for Water Analysis. 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 impurities. The
potassium bromide was pressed directly from the bottle for the driest
disks. Samples containing varying amounts of moisture were prepared by
different amounts of grinding or by the addition of small amounts of
water to the dry potassium bromide. After being pressed the disks
were analyzed on the infrared spectrophotometer for relative water
optical density and were then knocked out of the races and ground to
powder. The powdered samples were then sealed in ten milliliter weigh-
ing bottles having ground glass caps which were sealed on with petro-
leum jelly. The sealed bottles were marked and were then delivered to
the Analytical Chemistry Group which operated the coulometric titration
equipment,

Determination of Water Effects. The disks used in the determina-

tion of water effects were doped with nitrate or nitrite ions as
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described above, and the water concentrations of the diglks were

varied by verying the time of dryins the powders in the vacuum oven.

Ingnection of the Jisks. The pressed diskg were thrown out

if there were sny visible Tlaws or cloudiness. Dicls which did not
meet waler or weight specifications and those which did not follow
the calibration curve of optical density versus concentration were

slso discarded, After the method of pressing had been set the

.

orizinal weisht specification set et + G.D per cent of the desired
¢isk weirht was no longzer important, and the disks were thereafter

checked only by their opticel densities at the pealks.

o

Ty

Dilution i

2

iethod of Analvgis. Jislks containing so wmuch nitrite

ion than their concenirstions couvld not be enelyzed by the usual
method were sround up after irradliastion and diluted with s weished
amount of potessium bronide. The dJdiluted powder was nirxed by light
crinding, snd diske vere made {rom the diluted meterisl andé analyzed
on the infrered machine., The nitrite ion concentration of the diluted
digks times the dilution factor pave the concentrestion eof nitrite

in the irresdisted disk., “ince the original disks vere destroysd
durin. mmalysis oxtremec care was teken so that they would all be

uniformn.

Analysis of Concentrated Zisks Conteining ilitrate Ions.

Irrasdiated diske too concontrated in nitrete Zon to be analyzed with
the infrared nmachine by the standard procedure were analyzed by
three different methods based on the premige that one nitrite ion is

formed for each nitrate ion decomposed by radielysis. In the first



method the nitrete pealt was compenseted for by an unirradiated sample
cortaining nitrate ions placed in the reference beam ¢ the infrared

b4

gpectrophotoneter and the optleal density of the nitrite pealr was
measured without interference from the nitrate pesiz, In the second
nethod, the nitrite peak formed wes measured off the choulder of the
larce nitrate peal: without any compensation. The third nethod
conslsted of disselvins the irradisted disk in water and colori-
metrically deternining the nitrite concentration as descrihed above
except that a quartz cell five contimeters long was used to hold the
samples,

'3

seterminetion of the Jolubility of Fotmssium . itrete in Potassium

Bromide, Disgks containin: varlous emounts of potessium nitrate were

or optical density at 500C Angstroms on the Cary Tpectro-

o~
LG

anelyzed
photometor. The oplical density moessurement was a meagure of the
amount of 1izht scattersd by each disk. Zuring the anelysis the
chamber wherein the sample was held vas flooded with geseous nitro-

gen which hiad lLeen passed over a desiccant,

Jroduct Jmelysis. The infrared absorption bands of products

from the radiolysis of isclated nitrate and nitrite ions were
determined with disks which had been exposed to large dogses of samma
radistion. The optical densily scale of the liodel 221 infrared
spectrophotometer was expanded twenly times to expose product peslks.

2

Gpectra of varicus possible products such as the oxides of

potassiun and nitrogsen vere determined by the pressed dislk wethod,

The so0lid meterials vere added direcily to the polassiuwm bromide
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end mixed; the rmseg were allowed to flow into the evacueted die so
“hat the disks were pressed in an estimosphere of the desired es.
The gpectra of the nrepered dislee were compered with the ebsorpiion

bends attridbuted to products of Llle radiolysis,

“reparetion of Tamples Dor ilass Tpectrometric linelysis. llass

gspectronctiric analyses were made to determine the volatile products
formed durins the irradietion of potessium bromide disks containing
nitrate lons. Identicel sarples ol five prems of potessium bromicde
doped to C.Z2 mol per cent with potassiunm nitrete were placed in o
glass bulb ecuinped with o breal-seal and were dried Zor 72 hours in
a vecw oven., <he bulb was then atteched to a vacuwr line end wes
evacuated to 0,00 microns of mercury, pressure, DTor 24 hours. The
bulb was then sealed under vacuwn.

The samples were labeled, and onc of thew wag placec in the
carma gource for five weelis, The irrsdiated sample was removed,
both samples were heated to 150 degrees, Centipgrade, in en oven for
48 hours, end both semples were then sent to the lass lpectrometry
Croup of the lalk idze liatlonel Laboretory for analysis of the zas
in the bulbs,

Leta and lesults

e

The data and results from this investigetion are presented in
the following section., The individual measurements made on the disks,
guch as optical densities and weights, were omitted unless they were

directly involved in the results shown on the table.



feproducibility of Disks. The reproducibility of the nitrate~
doped potassium bromide pressed disks made from the same powder is
ghown on Teble I, page 6C. The disks were compared by weishts
end by nitrete optical densities belore and after irradiation.

Zffects of Treatment. The effects of various treatments on the

optical densitlies of nitrete ion and water are showm on Table II,
pege 61, The treatments specified in the table were successive
from left teo right.

stability of Nitrate~loped Disks. The stability of the optieal

density of the nitrate ion in potessiwm bromide disks stored over a
desiccant is shown on Table III, pagze 62,

Lffects of ‘ster Concenmtretion. The effects of water concentra-

tion on the gamme radiolysis of isolated nitrate ionsz in potessium
bromide disks are shown on Teble IV, paze 63, and on Table 7V, page
64, Similarly, the effects of water concentration on the gamme
radiolyeis of nitrite ions in potaseium bromide disks sre shown on
Table VI, page 65. The data on these tables are presented in
zraphical form on Pizures 2, 3, and 4, pages 66, 67, and 63,
respectively., The results of the larl Fischer anelysis for water
in the disks are pregsented on Teble VII, page 69.

The mess spectrometric snalysis

of the gas phese above irradisted and unirradisted semples of
potassium bromide doped with potessium nitrate is presented on

Table VIII, page 70.



TABLE I

Reproducibility of NO_-Doped KBr Disks Made From the Same Powder
=

Optical Density at 1391 cm~l NO- Optical Density at 1276 cm™t
Disk Welght After Sgnediation Time = t hours :n cg mtéiﬁr i‘:me = t hours
Fo en
t=0 t=1 t=2 t=14 t =0 t=1 t =2 t=14h
A=14-1 0.4004 0.308 0.267 0.236 0.185 0 0.005 0.012 0.017
A-1ba2 0.4003 0.312 0.266  0.237 0.185 0 0.006 0.013  0.018
A=1l-3 0.4008 0.311 0.267 0.237 0.186 0 0.005 0.011 0.018
A-1lh-k 0.3986 0.309 0.267 0.237 0.186 0 0.006 0.012 0.017
‘A-lh-ﬁ 0.3999 0.311 0.267 0.238 0.186 0 0.005 0.012 0.018
Note: The water optical densities of these disks at 3440 cm ™~ were all

about 0.050. The optical densitles were measured on a Perkin-

Elmer Model 21, NaCl prism, slit program 927, from base line

standard.




TABLE II

Effects of Treatment on Nitrate Ion and Water Optical Densities in KBr Disks

Drying Times Disks
In Vacuum Oven at Initial Disks Exposed Disks Dried Repressed
Disk | Wedght | 115°C for Powder Optical 48 nr at 9% 24k hr in Vecuunm at
Before Pressing Densities Relative Humidity Oven at 115°C | 40,000 1b
No gn
hr B0 no3 Hp 0.D. HOZ 0.D.| HL 0.D. NO3 O.D. No3 0.D.
A-13~1 | 0.3987 0 0.231  0.477| 0.092 0.486 0.054  0.500 -
A-13-2 | 0.4001 0 0.214 0.462| 0.093 0.488 0.051  0.500 -
A-13-3 | 0.4009 1 0.091 0.375| 0.091 0.464 0.050 0.481 0.480
A-13-4 | 0.3985 1 0.090 0.370| 0.084 0.467 0.049  0.488 0.489
A-13-5 | 0.3992 2 0.076 0.371| 0.092 0. lhly 0.048  0.486 0.489
A-13-6 | 0.4012 2 0.07T4 0.372| 0.099 0.432 0.047 0.515 0.505
A-13-T7 | 0.4003 20 0.0k 0.375| 0.132 0.393 - - -
A-13-8 | 0.3997 20 0.045 0.383] 0.131 0.412 - - -
A-13-9 | 0.3959 0 0.041 0.3P - - - - -
A-13-10 | 0.4000 70 0.040 0.376 - - - - -

Hote: The optical densities were measured on Perkin-Elmer Model 21, RaCl prism,
8lit program 927, from base line standard. The optical density of §0§

was measured at 1391 en™l and that of water at 3440 ent,

9



Stability of Nitrate Opticel Density in XBr Diasks jtored
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TARLE TIT

Cver CaCl. Desiceant at iioom Temperature

Disk 50T Uptical Density® After Gtorage over

. 7 Call, for t hours

" t =0 t =20 t = %0 t = 50 t = 60 Average
A=1h-1 0.307 0.310 0.307 0.309 0.307 0.308
A~14-2 C.313 0.310 C.3512 0.212 G.512 0,512
A=14-3 0.312 0.309 0.512 0,311 0.311 0.311
Amlbdi 0.3%07 0.308 0.310 C.311 0.3%11 0.309
A=1b-5 0.309 C.3%12 0.310 C.313 0.212 0.511

80ptical densities measured on Perkin-Zlmer Model 21, slit progfrem

927, from base line stenderd, all prism.

Fote:

oven at 11500.

Powder used for these disks was dried 48 hours in a veacuum

The initisl optical densities for water

at 3440 cmfl were approximately 0.050 for all the disks and

did not change on storage.
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=ffect of dWeter Concentration on the Gemma ladiclysis

of liitrate Ions in 00 my E3r

Jiskes with Aversge

Initial we; Cptical Density of 0.241

Praction_of Ly Uptical Densgity at
Initiel Vater 1301 cxl Lemoted by Irradistion;
:isk Uptical Degfity t = Irradiation Time, hr
Yo at 440 em
t =051 t =1.0] t =201 t = %,
A-15-6 C.018 0,079 0.141 Ce237 0.312
he15=5 0.023 0,079 0.138 0,230 0.313
=157 0.025 0.078 0,140 0.2%6 0.312
i=15-1 0.027 0.079 0.137 0.236 0,322
4152 0.033 0.078 0.136 o 243 0.314
A~15-10 C.038 0.079 0.145 0, 244 0.325
A-15-3 0.04%0 0.079 C.153 0,282 0.346
i1 5l 0.044 0.07¢ 0.156 0,281 0.336
A-15-9 0.050 0.076 0.121 0.271 0.385
A1 50 0.063 0.075 C.14%0 0.256 0. 364
Hote: C(ptical densities measured on rerkin-Clmer lodel 21, ['aCl

prism, slit program 927, from bese line standard.
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zffect of Water Concentration on the Camma Radiolysis

of Iiitrate Tons in 300 mr KBr Disks with Average

Initia;_xc; Cptical Density of 0,097

Frection of N0, Opticel Density at

Initial Vater 1391 cm-! Remofed by Irradiation;
Digle Uptical lensity t = Irradiation Time, hr
Ho at 3440 om~1
t =0,25|t =050 t=1.0] t=1.5

4=16-3 0,017 0,082 0.124 0.185 0.222
A-16-4 0.026 0.080 0.120 0.185 0.225
A-16-2 0.036 0,082 0.124 0.186 0,222
A-16-1 0.043 0.080 0.125 0.205 0.262
A=16-6 0.047 0.083 0.1%1 C.234 0.327
4-16-5 0,060 0.074 0.124 0.249 0.230

lote: Uptical densities measured on FPerkin-ILlmer liodel 21, Iial)

prism, slit progran 927, from base line stendard.



nffect of later Concentretion on the Uamma Padiolysis

of Iitrite lons in 3CC mr ¥Br Disles with Avers-e

Initisl Cp Cptical Density of 0.326

Traction_of IUp Optical Density at
Initial Vater 1276 cm~! Removed by Irradiation;
Dlelk Uptical Dengity t = Irradistion Time, hr
o rt 3440 em™
t =10 |t =301 t=12 t = %2
¢-1-10 0,010 £.025 C.057 0.13%6 0.226
C-1-9 0.012 C.022 0.057 0.13%8 C.227
C-1-3 0.C14 C.022 0,056 0.129 0.224
C-1-4 0.017 C.022 0,063 Cel130 0,226
c-1-11 0.023 c.021 0.052 0.132 0.259
C-1-6 0.031 0.024 0.066 0.160 0.286
C-1-5 0,043 0.024 0.07% 0. 201 0.335
C-1-8 0.051 0.021 0.077 0.255 0.381
C-1-7 0.052 0.026 0.082 0,261 0.283
liote: (pticel densities megsured on Ferkin-Ilmer liodel 21, LiaCl

prian, slit progrem 927, {rom brae line standard.
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jesults of llarl Macher Analysis for Vster

Content in 400 m~ ¥Br Disks

Disk water CUptical -1 iater Content
Censity at 3440 en from Tischer Resrent
Yo mg/ disk
WD 0.054 < 0.5
B! 0.114 < 0.5
{B-1 0,128 < 0.5
llote: Optical densitleg from Perkin-Clmer lodel 21, HaCl

priem, 927 slit program, from base line standard.
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Uings tpectrometric Analysis of Velatile iroducts
from Carma adlolysis of litrete Ions
in Powdered Potassium Iromide
mol per cent in Cas over © rmm.
less | 'robable Heated Samples
Semple HI-l Garple ME-2 “ample 153
ilo | Compound Irradiated lon-irradisted Irradiated
(Low Pressure) (Very Low Pressure)

2 i, e ¢ ¢
16 Cly, 0 0 5
18 E50 17.1 371 19
28 1y GO 28,4 15,7 48
%0 (e 1.9 26.1 0
31 (7) 1.1 0.9 0
%2 o, .2 0.2 0
b4 1110,0C, 48,2 22,8 20
46 LG, 0 C 0
69 (z) 1.1 0.7 0
80 3r <0.5 20,5 o
J1 ABr <05 < 0.5 G
110 LNOBr 0 0 0
160 Br2 0 0 e




Calibration Curves for Nitrate snd Hitrite Ion Content of
Pregsed Disks., Data for the calibration of nitrate and nitrite

cormtent of the pressed disks by infrered quantitative snalyseis are
presented on Table IZX, page'TQ, Table X, page 73, Table XI, page 74,
and Table XII, page 75. The calibration plots are presented on
Pigures 5, &, 7, end 8, pages 76, 77, 78, and 79, respectively.

Calibration of the Camma Source, The data obtained from the
calibration of the cobalt-60 gamms source by use of the ferrous
dosimeterkare pregented on Table XIII, paze 80.

Effects of Disk Thickness. The data obtained from the irradia-
tion of nitrate-doped disks of different thicknesses are presented
on Table XIV, pagé 81, These results are presented in graphieal form
on Figure 9, page 82,

Properties of Diluted Disks. The properties of samples made
from doped powders which had been diluted with fresh potassium
bromide are shown on Table XV, page 383. Rosult# from the irradie-
tion of these diluted disks are presented on Table XVI, page 84,

Burifieation of Potepsium Nitrite. The results from the various
methods used to obtain pure potassium nitrite for use in this

investigation are shown on Table XVII, page 85.

the sulfanilic acid method for the determinstion of nitrite concentra-
tion in water are presented on Table XVIII, page 86, The calibration

eurve is shown on Figure 10, page 87,



TABLE IX

Calibration of Nitrate Ion Cptical Density st 1301 em >

for Perkin-Elmer lodel 21 “pectrophotometer®

iiCz Ions per lverage ﬁcg
el 4 )
Leries -17
300 mg Disk, X 10 Uptical Uensity

=1 0.05 0.013

P2 0.10 0.023

F-3 0,20 0,052

F-4 0.40 0.084

Fe5 0.80 0,180

&aCl prism, slit program 927, optical density from base

line stendard.
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TABLE X

Calibration of Nitrite Ion Uptical Denaity at 1276 om‘l

for Perkin-Elmer illodel 21 Cpectrophotometer®

Geries fumber of KO; Average ﬁcg
lons per Disk, X 10‘17 Optical Density

-8 0.27 0,045

b7 0.40 0.028

-6 0.80 0.057

B-5 1.60 0113

o4 2.62 0,176
14-0-1 3.62 0.247

2 3.96 0.265
14-0-2 4,8% 0.326

-2 7.96 6.495

=16 8.85 0.576
14-0-3 12,01 0.750

®iaCl prism, slit program 927, optical density from

base line standard.
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TABLE I

Calibration of the ilitrste Jon Per Cent Absorbance at 1791 cmfl

for Ferkin-Elmer Medel 221 Ipectrophotometer®

Humber of HO% Ions Ave, . ibsorbance

Series 17 -1 -

per 300 mg Disk, X 10 at 1391 em &, of h03
F-1 0.05 2.9
FP-3 0.20 9.8
Pl 0.40 15.8
=5 0.50 28.8
-6 1,0 358
P=7 2,0 51.7
-8 3.0 62.7
79 5.0 125
F-10 10.0 79.9

®7aCl prism, slit program 927, per cent sbsorbance = 100 -~ per cent

transmittence messured from base line standard.



TABLE XII

Calibration of liitrite Ion Cpticel Density at 1276 et

for Perkin-ilmer lodel 221 3pectrophotometer®

Lumber of ﬁcé Ions Average 103
Leries
per 30C mgz Disk, X 10-17 Cptical Densgity

D=3 %98 0.258

D4 2.60 0.164

5 1.61 0.106

=6 0.01 0.055
-7 0.40 c.027

87a0l prism, slit prozrem 927, optical density from base line

standard,
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TABLE XITI

Calibration of the 1100 Curie Cobalt-60 Carma Jource

with the Ferrous Josimeter®

Dosimeter Irradiation Irradiation Irradiation
Time = 0O Time = 5 min Time = 10 min
Solution
Yo Optical Deneity® 0uDe |AG.D./min | GuD. |AC.D./mid
1 0.432 1.604 0.0234 2. 757 0.0231
11 0.421 1.63% 0.,0240 2.678 0.0209
111 0.363 1.568 0.0241 2.792 0.0246
Average AC.D./min = 0,0234C

8fhe dosimeter solution wasmade according to Hochanadel and

(34)

“hormley .
The opticel densities were read on the Ceary itodel 11 lpectrophoto-

neter at 3050 Angstroms using a one-centimeter quartz call.

®The calibration was made May 23, 1960. Dose rate at that time

17

= 3,25 X 107" ev/zm Br-min.



TABLE XIV

Effect of Disgk Thickness on the Decomposition of Nitraste Ions

in 15mn-Dismeter KBr Disks under Co™® Cemma Irradiation®

HO§ Ions Decomposed X 10717

Disk | Weignt® ¥OS Ions Present X 10717 per 300 mg of Semple

at Irradistion Time = t hr at Irredietion Time = t hr
v & t=0  t=0.25 t=0.50 t=0.75 t=1.0 |t=0 t=0.25 t=0.50 t=0.75 t=1.0
14-1-C | 0.2996 | 1.287 1.102 1.023 0.991 0.943 0 0.185 0.264 0.296 0.3h44
14-2-C | 0.3997 | 1.757 1.532 1.439 1.392 1.323 0 0.169 0.239 0.27% 0.326
14-3-C | 0.5000 2.2 1,931 1.808 1.748  1.695 0 0.188 0.262 0.298 0.330

®Dose rate = 3.25 ev/gm-min.

Prhickness of pressed disk = 0.205 mm/gm KBr.

&
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Properties of liitrate- and Ilitrite-Toped XBr Disks

Made by Dilution of loped Powder with Fregh iBr

! Criginel Finel Initial Initial
gk | KEO§ Hﬁﬁa Weight dater Liitrate
Yo % Jontent Content ‘0.3. at 0.0, 2t
* mol 5 mol 5 £ 3440 cm~1 1391 cmnh
Fe2lel 0.006% 0,0065 0.207% 0.009 0.198
Fe2b-2 0.0065 0.0065 0.2991 0.009 0.199
Fe25-1 0.0130 0.0065 0.2994 0.008 0.205
Fe2be2 0.013%0 0,0065 0.2987 0,008 0.198
Fu26-1 C.0196 0.,0065 0.2089 0.C10 0.205
F= 2062 0.0196 0. 0055 0, 2984 0.009 0,203
i Original final Initial Initial
Disk AEGE Kﬁcz Weipght Water Hitrite
Ho Content Content Ceide at 0D at
mol I mol % m 3440 et 1%91 em ]
D241 0.011 0.011 0.2995 0.01& C.108
242 0.011 0.011 0. 2994 C.019 0.108
m25-1 0.017 0,011 0.2981 0.024 0.101
D=25-2 0.017 0.011 0.2989 .02 0.101
D261 0.026 0,011 C.2979 0.025 0,106
D-26-2 0.026 0.011 0. 3000 0.023 0.105
)
liote: Cptical densities measured from base line standard on Perkin-

Llmer liodel 21, slit progrem 927, aCl prism.
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60

Decomposition of Uitrate end Nitrite Jons from Co~~ Jemma Irradietion

of IBr Digks ade from Doped Ilowders Jiluted with Fresh iBr

Volume of Solution |Uriginel Average liltrate Cpticel 1
Added to lYake the jag(e Density Change at 1391 em”
Geries Crizinsl Fowder |[Content | for Irradistion Time = ¢t hr
o
ml/%4,0zm KBr mol ;5| t =0.25| ¢t = 0.50| ¢t = 2,0
24 0.3%0 0.0065 0,011 0.012 0.041
Fe25 0.60 C.0130 0.011 0.018 0.042
=26 0.50 0,0196 0.010 C.018 0.042
Volume of ZGolutleon [Criginal Average liitrite COptical
Added to Mske the 210 Density Change at 1276 cmt
Serles Criginal Powder |[Content | for Irradiastion Time = %t hr
fle
ml/4,00m ¥Br mol 5 |t = 1.5 t=7.0]t=22
D24 0.15 0,011 0.0038 0.017 0.37
D25 0.25 0.017 0.008 0.016| 0,36
D-26 0375 0.026 0.008 0.017 0.3%6
Liote: Optical densities measured from base line standard on Perkin-

Zlmer lodel 21, !laCl prism, slit program 927.
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TABLE XVII

Purificetion of Potassium Nitrite

fitrate

tlethod Content® Comments g
mol /5 |
Hecrystallization 1.3 Hoticeable [{0Z FPeak on I-R; f
fron ‘ater 27 rocover; of KiCy |
Four Cycles ;
Recrystallization 0.6 Hoticeable liCT Peak on I-X;
from Water 1 7% recovery of KNO,
3ix Cycles
Reduction of ﬁcg 2 K0 Formed; Purification Difficult
with Lead
at 300°¢C
From Organiec - Iitrite and KCH Impure; lemoval of
Hitrite + KCH Excess KOH and K2C05 Very Difficult
Extraction with 0.5 lioticeable IiC3 Pemk on I-R; 50 7 :
Abgolute MeOH Recovery of KiC,; HRemoval of MelH !
Two Cycles by Drying - lio MeCUH Peak on I-it
Extraction with 0.03 flo loticeable U7 or eCH FPesks on
Absolute MeOH I-&; 25 % Recofery of 1010,
Five Cycles
é
Purification 10 Difficult to Remove AgBr and to
of AgNOz, feact all Agn05; I-R Peak Looked

Heaction with iBr

Like AgliOs

%{itrate content by I-2 analysis at 1391 em
21y, HaCl prism, 927 slit program.

mol per cent.

1 on Perkin~Elmer Model
Initisl nitrate content = 3,7



TABLE XVIIX

Colorimetric Calibration of Nitrite Jon Concentration

in Water Solutions of 400mz KBr Disks

Hitrite
Disk Ion Optical Depsity
o Content at 5350 A%

sons X 10~%7

Y1 0 0.045
11-1¢1) 3,36 0.80
11-5(1) 5.65 1,20

aAnalysis by Cary lHodel 11 usging l-cm
cell.

(I)E»Zinges, Yo L. 2and 3. G, Edwards,
fadintion Induced Decomposition of
iitrete Ion in s Potassium-Bromide
Hetrix, ¥,I,T. Engineering Fractice
School Memo EPS-X-421, pg. 21,

Cct., 1, 1959.
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Results of Gemma Radiolysis of Nitrate Ions in “eries 15-2
Digks. The results of the semma irradistion of series 15-2 disks

are shown on Table XIX, page &9, The number of nitrite lons formed
during irradistion was messured by both infrared and colerimetric
enalyses, The agreement of the colorimetric snalysis with the
infrared analyslis is khown on Figure 11, page 90.

Gemma Radiolysis of Nitrate Ions in Dilute Disgks of Series
14-2 and 10~2. The resulis of the gemms radiolysis of nitrate ions

in disks dilute in nitrate contont are presented on Table XX, page 91,
for series 14-2, and on Tsble XXI, page 92, for series 102, These
results are presented in graphical form on Figure 12, page 93, fer
series 14c2, end on Figure 13, page 04, for series 10-2.

Regults of Capma Rad } in Dy
Initial Nitrite Contents. The results of garma radiolysis of nitrite
ions in disks containing verious initiel concentrations of nitrite

are shown on Table XXII, page 95, The formation of nitrate ioms in
the nitrite-doped diskes is shown on Table XXIIX, page 96. A typical
plot of the nitrite jons decomposed and nitrate ions formed versus
dose is presented on Figure 14, page 97, and typical plots used in
the detsrmination of G, for nitrite-doped disks are shown on Figure

15, page 98,

Doped Disks. The dependence of G, on initial acceptor concentration
for nitrite-doped disks is shown on Teble XAIV, pege 99, and this

dependence is shown graphically on Figure 16, page 100,
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infrared snd Uelorinmeiric Mnalvels of ‘dirite Jons Formed

o

fnergy '/ fitrite Tons Formed % 1077

temple /| per lsmple From From From Corrected(3
Jode 1 Infrared | Colorimetric Lolorimotric
g ov X 10719 Anelyeis | Celibration Calibration

15=2 2436 Ce299 Q.51 C.Bl

152 7G5 Q.575 1,00 0,05

15-2 11.79 1,365 1,54 1.30

15-2 15,35 1.995 2405 1,93

15-2 23430 2465 2S5 2.57

15-2 40,10 341 Fab8 3.41

(1}Hinaas, M Le mad 4. S Ddwards, Sadigtion Induced Decomposition
of Fitrate Ion in a FolessihumeDromide Hatrix, l.1.7. Ingineering
Practice Sghool lemo LPi=i-421, pz. 5y Oete 1, 1956,

~
{ﬁ‘}:t&ﬁ-@.’ Poe T

(B)Gorrected for zero nitrite.
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TaBLE X

Decomposition of liitrate Ions in Series 14-22 IBr Disks

under Cqéo damma Irradistion
0% Ions 10Z Ione ®O, Ions 17 Hitrite 10?9
Irradia%ion Présen Decomposed [Formeéd X 10 ~ |Formed X 107
Time x 1071 % 10-17 (Colorimetric (I~ Analysis)®
hr (I-11 Anelysis)(I-R Analysis) Analysis)
0 1,83 0.0 0.0
1 1.70 0.13 0.12
2 1.56 0.27 0.21
3 144 0439 0.28
4 1.31 0.52 C.22 0.35
6 1.11 0.72 0.48
a Co 9k 0.29 0.55
10 0.81 0492 0.55 0.62
15 0.62 1.21 0.66
20 0.48 1.35 0.66
30 0.36 1.44 0,54 0.59
47 0.35 1.48 0.51 0.52

%3eries 14-2 consisted of four disks weighing 400 + Jmg with an

initial nitrate content of 0.012 mol
densities at 3440 em~}

b

Dose rate was 3.25 X 10t7 ev/pu-nin,

oo

were below C.040,

r cent., ‘later

®inalysis at 1391 s using base line standard.

optical

dﬁnalyaia on Hodel 11 Cary spectrophotometer at 5350 A Ly sulfanilic
acid method,

®inalysis at 1276 cm ' using base line standard.

liote:

prism, 927 slit program.

I-i analyses were made on the Perkin-Elmer Model 21, Kall



Decomposition of I'itrate Ions in Jeries 10-22 {Br Uiglks

under S0 Carma Irradietion at 25°C

Nitrate Hitrite
Irrediation Ions Ions
Time Decomposged® Formed?
hr X 10717 x 10-Y7
0 0 0
1 0.147 0.13
2 0.233 0.21
3 0.289 0,22

®eries 10-2 consisted of four disks weighing 400 + Img
with an initial nitrate content of 0.003 mol per cent.
Weter optical densities st 3440 cm~! were less than 0,04,

Pose rate = 3.25 X 1017 ev/pum-min,

Cinalysis at 1391 P using base line standard.

danelysis at 1276 em™t using base line stendard.

iloter Infrared analyses were on Perkin-Elmer lodel 21,
HaCl prism, 927 slit v»rogram.
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mmwamummwxm"”mmmmwmm, Initiel KNG, Content = ¢ mol per cent
Dose® B2 | D3 Dose Dok | De Dose D=6 | De7 | . Dose D-8 | D9 | __Doge | Del6| De17¥ | De18 | Del9
‘}9 - e = '“19 £ = e = ew [ wl et w e = 1 -2 ¢ = c= c
ev X 10 9,052 | 0.026 | ev X 10 0.017 | 0.011 | ev X 10739 | 0.0082 | c.0026 ev X 10719 c.00m1| 0001l ev X 20739 | G.069 0,105 | S.uk0 | 0.28
0.146 G.12 | 0,09 0.292 02 | 0.08 G.292 007 | 0.08 0.585 0.0 | 0.02 2.585 9.32 p.02 - -
0,292 2,186 | 0.15 0,585 0.22 | 0.1k 0.876 2.13 |2 1.76 0.07T | 0.05 1.17 0.92 N.62 1,08 2.4 | 0.3
Qos” O.ﬁ %3.33 @aﬁ?’? {3.2§ Q‘@ &.35 .82 QQI‘? 2*% Q‘W aﬂ&g }u% @*?1 1033 - -
0.7 2.3 | 0.28 1.17 0. | 0.2 3.22 0.33 | 0.1 LW T+ o.11 | 0.1k 2.3 0.89 1.8 045 | 0.5
1.022 0.5% | 0.37 2.5 G.57 | 0.%9 b.97 0.37 |02 5.85 0.16 | 0.6
2.19% 2.7 o.gv 3,51 0.67 | 04T 8.19 a.g 0.2% 7.61 0.17 | 0.17
3.66 1.16 | 0.83 5.26 2.8 | 9.1 | 13.% 05 De29
.73 1.3 | 0.4 1. .98 | o1
6.29 1.5 | 1.13 9.62 1.15 | o0.81
7.45 1.;% 1.29 | 1.7 1.2 | 0.0
9.35 1. 1.3 | 15.8 1.3 | 1.04
i.n 2.2 | 1.%1 | 19.9 1.6 | 1.18
13.17 246 | 1.73
15.8 2.6 | 1.93
1.9 3.08 | 2.27
n.é .71 | 2%

%&dcee rate = 3.25 X 1017 ev/gaeain.

®

feries 17T s zade in two sets for a check,

Bote: Wuwwwmﬁwmmm,mwm,mmtmmmvém”immmxmma. Analyses of Ceries
D=17, 18, 19 by seaw aethod, after dllution of irradiated disks with fresh KBr. The weter optical densities st 340 en™t of these disks were
mﬁ.ﬁi&



TABLE XXIII

Formation of Nitrate Ions from Decomposition of Nitrite Ions

in KBr Disks under Co® Gamme Irredietion
Average Number of Nitrate Ions Formed X 1017 per 30 mg KBr Disk of Series D-X, Initial KNO,, Content
= ¢ mol per cent
Dose"™ D-2 D-3 Dose Db D-5 Dose D=6 D-T
lev x 1079 ¢ = 0.052 |e = 0.026 lev X 10737 ¢ = 0.017 |e = 0.011 lev X 10°19 ¢ = 0.0052| ¢ = 0.0026
0.439 0.012 0.011 0.877 0.01% 0.012 0.877 0.02k -
0.730 0.020 0.018 1.17 0.025 0.018 2.05 0.032 0.01%
1.022 0.025 0.021 2,3 0.073 0.054 3.22 0.061 0.026
2.195 0.105 0.069 3.51 0.088 0.061 b.97 0.069 0.042
3.66 0.138 0.092 5.26 0.109 0.079 8.19 0.06% 0.037
4.73 0.181 0.108 7.9 0.14h4 0.105 13.20 0.069 0.036
6.29 0.205 0.133 9.62 0.126 0.099
T.45 0.277 0.184 11.7 0.12% 0.100
9.35 0.279 0.198 15.8 0.128 0.096
11.11 0.346 0.217 19.9 0.12% 0.097
13.17 0.392 0.236
15.8 0.390 0.203
21.9 0.430 0.196
3.6 0.460 0.20k

*Dose rate = 3.25 X 107 ev/gn-min.

Hote: Analyses were made on the Perkin-Elmer Model 21, RaCl prism,
927 slit program, at 1276 cm~l using a base line standard.
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TADLE XTIV

Concentration lependence of Initial Uecomposition iamte for l'itrite

60

Ions in ¥Br Jisks under Co~~ Camme Irradistion

Initial Iitrite Go for IO
Series Content Decomnosit?on
lio mol per cent Ions/100ev ebsorbed
in the disk
-9 0.0015 0.07
-8 0.0021 0.10
-7 0.002% 0.16
D=6 00,0052 0.27
=5 0.011 0.39
-4 0.017 0.51
D-3 0.026 0.56
D-2 0.052 0.64
D16 0.069 0.65
D17 0.105 1.07%
D-18 0.140 0.28
=19 0.200 0.36

BLower value from two sets of D~17 disks.

liote: Dose rate was 3.25 X 1017 ev/gm-nin. The values
of Go-liC; were the initial slopes of the plots
of li0; lons decomposed versus dose. Tempera-
ture was 25°C.



NOZ IONS DECOMPOSED
100 ev ABSORBED IN DISK

o »

UNCLASSIFIED

ORNL — LR— DWG 53480

1.2 T T
l !
|

|
°
o \
0.8
.——.
/

0.6 /,/

- °

° ~
C.4 v
A \ .
/
P
o ®
P
0.2 7
/
o'.

/ !

O i
0.00t 0.0C2 0.005 0.0t 0.02 0.05 0.1 0.2
INITIAL NITRATE CONTENT (mol %)
Fig. 16. Dependence of GO for Nitrite Radiolysis on Initial Concentration.

0.5

001



101

Jesults of Samms Radlolysis of Hitrete Ions in Disks of Various

Initial llitrate Contents. The results of gamma radiolysis of nitrate

ions in disks conteining various initial concentrations of nitrate
iong are presented on Table UV, parce 102, end Table XXVI, page
103. Typlesl plots used in the determination of Go for the nitrate-

doped disks are presented on Figure 17, paze 104.

Dependence of G on Initial Acceptor Concentration for Iiitrate-
Doped Disks. The dependence of G on initial acceptor concentration
for the nitrate-doped disks is shown on Table XXVII, page 105,
and the dependence i1s shown graphically on Fisure 18, page 106,

Apreement of Stern~Volmer lelstionship with xperimental Data.

The agreement of the dorived tern-Volmer type relationship between

Gy and initiel acceptor concentretion is ghown on Figure 19, page

107, for nitrite ion acceptors, and on Figure 20, page 108, for

nitrate ion acceptors.

Dependence of Opticsl Density at 4000 Angstroms on Acceptor

Concentrstion. The optical densities at 4000 Angstroms were messured
for disks containing various amounte of nitrate and nitrite iloms.

The results of these measurements are presented on Table XXVIII,

page 109, and the results are presented graphically on Figure 21,
page 110,

Infrared Absorption Bands of Products and Possible Products.
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



Decomposition of Nitrate Ions in Dilute® KBr Disks

TABLE XXV

under Co

€0

Gamma Irradistion at 25°C

20T

Series |Nitrate Average mg Ions Decomposed X 10717 per f)O KBr Disk for a Total
Content Energy Absorption = E X 1049 ei?sampleb
No
mol % |E=0.292 | E=0.439 |E=0.585 |E=0.877T| E=21.17T| E =1.32| E = 1.46

F=3 0.0013| 0.042 - 0.055 0.078 0.093 - 0.100
Pl 0.0026| 0.057 - 0.117 O.1hk4 0.189 - 0.200
F-5 0.0052| 0.059 - 0.107 0.164 0.180 - 0.207
F-6 0.0065| 0.063 - 0.124 0.152 0.204 - 0.221
F-7 0.0130| 0.17 - 0.26 0.35 0.4 - 0.46
F-8 0.0196 - 0.27 - 0.46 - 0.59 -
F-9 0.0326 - 0.39 - 0.67 - 0.80 -
F~10 Oa0652 - Oo& - l-ziO - 1078 -

81nitial nitrate content less then 0.1 mol per cent.

Phose rate = 3.25 X 1017 ev/gn-min.

fiote: Analyses by Perkin-Elmer Model 221 at 1391 cm’l, NaCl prism, 927 slit
program, optical densities from base line standard. Initlal O0.D. for

BEO was less than 0.020 for these disks.



TABLE XXVI

Formetion of Nitrite Ions in Concentrated® KBr Disks

60

under Co~~ Camma Irradiation st 25°C
series F-11l; Initial iitrate Content = 0.131 mol per cent
I. Blenking Method® II. Shoulder lethod®
Doge 105 Ions Formed Dose 105 Ionse Formed
1o 10517 per 300mg 0 16517 per 300mg
ov/semple X 10 Sample ev/sample X 10™19 Gemple
0.535 C.27 0.292 0.18
1.17 0.40 0.585 0.27
1.46 0.45
2.34 0.66
Series Initial lidtrite Ions Formed? X 10717 per 300 mo
Hitrate KBr Disk for Total Energy Absorption
Tio Content er_sample = & X 1019 ev
mol % L= 0,58 | £=1.17 E= 1,76 E = 2.54
r-12 0.26 0.204 0.270 0.318 0.396
}?"15 0.52 00160 0.271 Ov§25 QIW
P-14 1.05 0.126 0.199 0.242 0.299

Initial nitrate content greater than 0.1 mol per cent.
intrate pesk compensated for Ey a blenk; NO0T read et 1276 cum ™t

%litrite peak resd et 1276 cm
iitrite content by colorimetric anslysis.

tote:

off the shoulder of the larze 03 3 peal,

Peak height anelyses by Perkin-Elmer liodel 221, !laCl prism,
927 slit program, from base line standard, Colorimetric
enalyses by Cary Hodel 11 using sulfanilic acid method read
at 5950 fe
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Concentration DJependence of Initisl Decomposition ilate for Nitrate
60 -

Iong in XDr DPigks under Co " Camma Irradiation

Initial Hitrate Go for le

Jeries Content uecoqggsition

o mol per cent Ions/100ev absorbed

in the dislk

fa? 0.,0013 C.12

Fdy 0.0026 0.20

5 0.0052 0.22

Fuf 0.0065 0.30

‘w7 0.013 0.58

Fa8 0.0196 c.7

=9 0.0326 1.00

P-10 0.065 1.30

F-11 0.13 1,448

F-12 0.26 0.78

¥=15 0.52 0.53

1!"'12{' 1 005 Oo 57

Bfor F-11, 12, 13, 14; Co for 305 formetion = Go for xc; decoriposition,

Totes

Dose rate = 3,25 X 1017 ov/pm-min. The values of Go were the

initial slopes of the decomposition curves.

was 2) C.

Temperature
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TABLE XVIII

Variation of Optical Density at 4000 & with Nitrste or Nitrite

Concentretion for 300mr ¥Br Pressed Disks

Series Initial Hitrite Cptical ﬂengity
Content at 4000 2
o mol %
Tedy 0.017 0.48
D=3 0.026 0.54
D=2z 0.052 O.44
D-16 0.069 0.49
=17 0.105 0.857
D-18 0.140 1.35
19 0,280 1.25
Series Initial Hitrate CUptiecal Dengity
Content at
Lio mol 7
Fa8 0.0196 0.50
=9 0.0326 0.47
=11 .13 0.48
F.l2 0.26 0.62
F-14 1.04 1.35

dote: OUptical densities measured on Cary liodel 1l.
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Table A0IX, pepge 112, Infrsred absorption bends of possible producis
from the decomposition of nitrste or anitrite ions in potazsium

bromide digke are listed on Teble U5, page 117,

Iypical CUslculations for the lerived 'sta ixprossion. Calcule-

tions of the dorived reato exprassion:

s

S1n =2+ (Gg = C) = ¥t (1)

for series 1%4=2, -2, and =5 are presontod on Table U0, page 114,
The plots of tho caleulated values versus time erco presented on
Firure 22, paze 115, for series 14-2, and on Finure 23, page 116,
for series =2 end =T,

i cets Uonstent for Verious

Inluea of the rate conegtant, I, obtained from plote zuch as {those

on Fisure 24, page 115, and Finwre 23, page 116, for series of
various initial nitrate end nitrite ion contenta, are presented on

Table JZUIIXY, pege 117.

The celoulations necessary to find the dose rate of the cobali~
&0 zaras source for samples of polassium bromide are showm in the
following parazraphe.

Celibration of the Cobalt~G0
wher Solution, The calibration of the cobelt-&0 source weas
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TABLE AXIX

Infrared Absorption 3ands of I'roducts from Jscomposition

of Isolated iiitrite Ions

Peak
‘iavelen~th Description Possible
Products
et
800 Very Intense -
Fairly Broad
Sharp l'esk
378 Fairly Intense "202
Very Sharp Peak
1570 Low Intensity From
Broad Band Yater (7)
iultiple
3520 Fairly Intense From
Broad Band Water (?)

Mote:

Digks of KBr conteining nitrate or nitrite iong were irradisted

with 0o®®

samma rays at 2500. Analysis was by Perkin-ilmer
Hodel 221, scale expansion 20X, XeCl priem, slit progran

930 X 2.



lw.J
-t
AW

MATY T T
o bar b s e

injor Infrared ibsorption Pepliz of Iogsible PFroducts

of Radiolysis of llitrate and Iitrite Ions

Major Penks® Description
Compound
-1
cn
e 2180 lultiple peek
Low intensity
HCy 1750 Very sharp, intense peak
2400 Yultiple peaks
K50 2230 Feirly intense, multiple
pesk
¥CH 1430 Very broad, intense peak
760 fIntense, sharp peaks
700 \
Kgoah ars Sherp, intense peak
10Br 1325 Very intense peak
2400 Sharp peak

8The infrared spectra of these compounds were taken with a Perkin-
Elmer Hodel 221, IlaCl prism, slit program 927, by means of the
elkali halide pressed disk technique.

brhe potassium bromide wae doped with 58202'
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AT Y mIhes swe e
TABLE XXIT

60

Values of ‘late Constant, k, for Co ™™ Gamma ladiolysis of litrate

and Nitrite Jons in IBr Pressed Disks at 25°C

EO%—Doped Tisks 0Z-Doped Disks
A= 44 x 1087 A= 1,57 = 1087
eries Co o Series Co 1®
o iio
tons % 103 | mrt x 10717 ions % 10 et w1077

Fo3 0,20 1.16 59 0.26 0.21
P 0.40 1.26 -8 0.29 0.24
F=5 0,20 0.73 -7 0,29 0.%0
J S 1.0 0.61 o 0.61 0.20
12 1,83 0.65 -5 1.61 0.2%
=8 i e] .60 D3 %.98 0.27
F=g 540 C.75 D=2 7.95 0.20
F"'lo 1000 0.88

8% taken as the slope of the plot of the derived rate function,

Deln gg + (Co - Ci], versus irredistion time.

bﬁaries 14-2 disks weighed 40Cmc; the other series all were 300mg

disks.

-

llote: Dose rate = 3,25 X 10t7 ev/cm-hr.,
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based on a constant rate of 15.€ ferrous ions oxidized to ferric
lons per 100 electron velis sbgorbed in the ferrous dosimeter

solution. The calibration of the scurce for watoer semples was as

followSCBk):
I (8¢ D Y(E.C4) (1)
(G pet3)(P) (k)
vhere:

I = source intensity, ev/rm-min
AC.S. = change in optical density of the ferrous dosimeter
solution at 3050 A per minute = 0,234 (from Teble
X111, page 80)
Z.C. = extinction coefficient = 453 p mol/lit - AC.L.
be ]
I = Avegadro's number = 6,02 X 10"5 ions/mol

., 45 = rate of formation of ferric lons = 15.6 jons/100 ev

= density of the dosimeter solution = 1.024 sm/ml

s

z
Iz = conversion factor = (107 ml/lit}(loé p mol/mol).

Therefore:

1 = (04234 40.D./nin)(455 p mol/1it - AC.D,}(6.02 X 1010ns/mol )

(15.6 Fe*7/100 ov)(1.02% pm/ml )(107 m1/11t)(10° 1 mol/mol)

I =4,00 X 1017 ev/min-sm.

Celculation of Dose ilate for Fotassium Bromide Camples. The

calculztion of the doss rate of the cobalt-60 samma socurce for
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potagsium bromide samples was hased on the absolute mess absorption
(70=

coelficlients measured by Inyder and Fowell for various substances

under cobglt-60 samma irradiation:
absolute mass absorption coefficient for XBr =
0.0238 cm“/gm
absolute magss abgorption coefficient for water =
0.029% cm®/zm.
Therefore:
I = (4,00 x 10*7) (0:02'))
- . 1 7 3T T
I = 35,25 %10 ev/min - zm LBr.
The dose rate for the potassium bromide smmples was therefore

325 X 017 electron volts sbsorbed per minute of irradiation time

por gram of potassium bromide in the disk.
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IV, DISCUS3ICN

The following section contains a discussion of the work done
in this investigation. The section includes & discussion of results,
recommendations for future investigation, snd the limitations im-

posed on this investigation,

Discussion of Hesults

The results obtained in this investigation are discussed in the
following parsgraphs.

Stabilit d Reproducibility of Disks Doped with Hitrate and

Hitrite Ions. The optical density data presented on Table 1, page
60, snd Table III, page 62, show that the nitrate ion is stable and
that the optical densities are constant when the disks are carefully
made eand stored., Disks can be made from the same powder to within
+ 0.4 per cent in weight and to + 1,0 per cent in opticel density.
In the course of this investization it was found that nitrite ions
in potasslum bromide are also stable sand thet the optical densities
of nitrite-doped disks are constant when the disks are carefully
hendled, The changes in nitrate ion and nitrite ion content for
nitrate-doped disks under irradiation are shown by Table I, page 60,
to be reproducible in duplicate disks.

Effects of Treatment on Nitrate-Doped Disks. The initisl optical

densities of water snd nitrate shown on Teble II, page 61, indicate

that the amount of weter present in e disk affects the optical
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density of the nitrate ion. Vhen the disks were exposed to air of
30 per cent relative humidity they came to equilibrium with the sir;
some lost water and some gained water., The apparent optical denaities
of the nitrate ions increased on exposure of the disks to air for
two days, end they continued to incresse 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 extended
storege of the disks in this manner.

Cloudiness was observed in the disks after exposure to air of
30 per cent relative humidity, and the cloudiness was not removed
by drying the disks in the vecuun oven., Tiny cracks were also
observed in the dried disks. Zince cloudiness of the disks was
accompanied by en increage in the apparent opticsl density of the
nitrate ions it was conecluded that disks which appeared cloudy should
not be used for the irradiation tests.

llo explanation is presented for the increase of nitrate optical
density from the adsorption of water or from drying., Both of these
procesees could possibly decrease the pressure in the digks, but to
apply this possibility to the observed changes in nitrate opticel
density is beyond the scope of this investigation.

Kaximum Allowable Concentrations of Water. Based on the date
presented on Figure 2, pasge 66, and Figure 3, page 67, the maximum
sllowable optical density at 3440 wave numbers for weter in potassium

bromide disks doped with nitrate ions was set at C,037. lio difference
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in allowable water optical density wes detected between series A-15
(Figure 2, page 66) and series A-16 (Figure 3, page 67) although a
disk of series A-15 contained four times as msny nitrate ionz as
a disk of series A-16. Based on the data presented on Fipure 4,
page 68, the maximum ellowable water optical density for disks doped
vith nitrite ions was set at 0.023.

lost of the disks of the D and I’ series which contained less
than 0.1 mol per cent nitrate or nitrite showsd water optical densities
between 0,008 and 0,014, and all were below 0.020, Fowders containing
more then 0.1 mol per cent nitrate or nitrite produced disks with
optical densgities of water between C.020 end 0.030 even after the
concentrated powders had undergone the same treatment as the powders
containing less than 0.1 mol per cent nitrete or nitrite., The con~
centrated disks were considered usable for determinations of the
initial rate of decomposition of the nitrete 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.

hecording to Figpures 2, 3, end 4, pages 66, 67, and 68, re-
gpectively, the presence of water sbove & certain concentration
increased the decomposition rate of nitrate end nitrite iong in
potassium bromide. If, at the higher water concentretions, some of
the nitrate or nitrite ions had one or more weter molecules as
nearest neizhbors, then these ions would essentielly be hydrated.
Hydrated nitrates have been shoun(a'ﬁa) to decompose more readily

than the corresponding snhydrous nitrestes. If this were also true
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for nitrites the hydration described above would be an explanation of
the increase in decomposiiion raste for isolsted nitrate end nitrite
ions in potassium bromide with increased water content. ilo explane-
tion ig offered for the downward direction of the curves for nitrate
ions (Pigures 2 and 3, pages 6§ and §7, respectively) as the water
content continued to increase.

Zesults of Karl Fischer Analysis. From Table VII, page 69,
it is clear that the water concentration in a disk with a water

optical density of ebout 0,020 is very small because a water optical
density of 0.285 corresponded to less than 0.5 milligrems of water
per 400 milligram disk. If it is assumed that a water optical
dengity of C.300 corresponde to o weter concgentretion of 0.5 milli-
crams per 400 milligrsm disk and that the optical density is linear
with concentration (Beer's Law applies), then a water opticel density
of 0,020 corresponds to a water concentration of approximately
0,0015 mol per cent. This is lower than any concentration of
nitrate or nitrite used in this investization.

Effects of Air in the Digks, Disks pressed without prior

evacuation were c¢loudy, probably because of air bubbles trepped
between the crystals. When the die was evacuated for thirty seconds
or longer before pressing, all of the disks ceme out clear, Iecause
of the amall free volume inside the die (about one cubic centimeter),
it was assumed that three minutes of evacuation would remove enough
air ao that there would be esgentislly none present in the pressed

diskas. If the pump reached O.1 millimeter of mercury, pressure, snd
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all tho air was retained in the disk the air concentration would be
approximately 1 X 1072 mol per cent, based on one cubic centimeter
ol free space in the die before pressing and none during pressins.
This concentration is small conmpared to £he melar concentrationz of
nitrate and nitrite ions in the disks.

Sesults of llass Spectrometric Analysis. The components of the
zas phase of irradiated end unirradisted samples of potassiwm nitrate
in potassium bromide are listed, slong with their volume per cents,
on Teble VIII, page 70. Cxygen is 2 major product(a’la’zg) of the
radiolysis of nitrate ions, and the smount of oxyzen produced is a
measure of the extent of the decompoaition. The percentage of oxygen
for the irradiasted semple lii~1 was six times the percentege of oxygzen
for the unirredisted sample Mi-2, and the pressure was much greater
in sample 1i5-1. It is likely thet much of the oxygen formed during
irradigtion reacted with organic impurities in the sample to form
carbon dioxide and carbon monoxide. The organic impurities could
have been introduced during drying of the samples in an oven evecuated
with an oil-filled vecuum pump,

From the statements in the above parsgraph it is concluded
that a large fraction of the nitrate in semple }i~1 was decomposed
by radiation. If the potassium bromide matrix entered into the
decomposition compounds such as nitrosyl bromide and zaseous bromine
would te two possible products. The absence of nitroeyl bromide,
bromine gas, or any other volatile combination product of nitrogen

end bromine in the gas phase of Mi-1 (Table VIII, page 70) indicates
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thet there was no chemieal reaction with the matrix in the rediolysis
of nitrate lons in potassium bromide.

The small amount of hydrogen bromide present in both I'3-1 and
113~2 probably came from the reaction of moisture on the surfece of
the semple with potassium bromide.

Celibration in Per Cent Absorbance. The use of per cent

sbgorbance, calculated as 100 less the per cont transmittance, as =
measure of infrared absorption (Table XII, paze 75, and Figure 7,
page 75) gave very reproducible results when the base line was
carefully set at the same point for each reading. Although the
calibration curve was logerithmic instead of linear the precision
of the per cent absorbance readings was within + 1.0 per cent.

Lffect of Jiglk Thickness. It is seen from Figure 9, page 22,

that nitrate-doped potassium bromide disks ol different thicknesses
showed the sgeme decomposition rate per unit weight., This meens that
the size and shepe of the disks had no effect on the transfer of
enerzy in the disks, and that transiler of energy to or from the
gsteel race may be neglected. It Collows from this anslysis that the
trangfer of enerzy from the matrix to the ions which deconposed was
not a radiative process since energy transfer by radiation depends
on the size and shape of the sample(15).

Lffects of Dilutins the Doped Powders with Potagsium Bromide.

According to the date presented on Table IV, page 83, disks pressed
from doped powders which had been diluted with potessium bromide to

the smme nitrate or nitrite content absorbed an smount of infrared
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radiation corresponding to the original nitrate or nitrite content
divided by the dilution factor. DUilution of an irrediated disk too
concentrated in nitrite for direect infrered analysis was therefore
a valid method of determining the number of nitrite ions in the
original disk by infrared analysis. The originel doped powder was
obviously well mixed with the fresh potassium bromide because the
opticael densities of the diluted disks were very close, as shown by
Table XV, page 83,

degults from Veryin: the Volume of Solution Added in M the

Original Powder. Any deviation in decomposition rates between the
dieks containing nitrate or betwoen disks containing nitrite,
described on Table XV, page 83, was caused by varying the volume of
solution added since there were no other variables. The possibility
of a decompositlion rate dependence on the volume of solution edded
waes based on the following reasoning: the graat;r the volume of
gsolution asdded, the more potassium bromide dissolved sand the greater
the chance for a nitrate or nitrite ion to be inside the potassium
bromide lattice. It is evident from Table XVI, page 84, that the
decomposition rates did not depend on the volume of solution added.
It was concluded from this result that the solution and the potassium
bromide quickly came to egquilibrium, the nitrate or nitrite lons
being distributed between the solid end liquid phases.

Purificetion of Potasgsiwm Hitrite. According to Table XVII,
page &5, the most effective of the methods tried in obtaining pure

potassium nitrite was the extraction of the nitrite with ebsolute
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methanol st dry ice tempersture. From all indicetione this is a new
and a very efficient method of gpeperating potassium nitrite from
potassium nitrate., The infrared method of analysis of the nitrate
impurity in potassiwm nitrite requires special equipment for pressing
the digks, but the method 1s extremely sensitive. As little as
0.0% mol per cent nitrste in nitrite can be measured with the
potassiuwn bromide pellets.

Agreement of Colorimetric and Infrared Methods of Anslysis for
liitrite Concentration. In investigations(14’29)

of erystalline nitrates the amount of nitrite formed wae measured

of the radiolysis

by colorimetry. It is seen from Figure 11, page 90, and from Figure
12, page 9%, that the asgreement between the colorimetric and the
infrered methods of analysis of nitrite concentration was excellent.
Values from infrared quantitative snalysis were amctuslly more
reproducible than those from colorimetry et lower concentrations of
nitrite, and the infrared method was more useful in this investigation
because the samples were not dsstroyed during snalysis,

Results of Pressing Series D-17, D-18, and D-19. The disks of

series D-17, D~18, and D-19 (Table XAII, page 95) were clear when
taken from the press. llowever, after five or ten minutes in e
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 othor two series sppeared to be filled with white rosettes to

such an extent that the surfaces were rough and slightly disrupted.
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A1l of the disks of each series appeared identical to the eye, and
series [-18 appeared slightly whiter than series D-19,

Dilution ilethod of Analysis. The opacity of the disks of series
B-17, D~18, end D-19 did not affect their anelysis 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 logs of irradiatéd material between weighing and mixing.
This error would increage the apparent number of nitrite ions
decomposed by radietion. Although this error was likely to occur
because the disks sometimes shattered on being crushed, the dilution
method was the most accurate method available for measuring smell
differences belween relatively large amounts of nitrite.

Determinetion of Gg. The initiel rates of decomposition of

(8)

irradiated substsnces, crystalline nitrates for example' ™', are often

used to exprees radiation effects because the system usuelly becomes
extremely complicated after a short time. The determinations of“GOH
in this investigation, as typified by Figure 15, page 98, and Figure
17, page 104, were made by visually placing a straightedge tangent
to the plot of ions decomposed versus dose at zero dose.

The values ofyG;’reported were the initial rates of decomposition
of the specified ions expressed as ilons decomposed per 100 electron
volts of energy absorbed in the potassium bromide pellet.

Check Points for Jeries D-17. The extremely high value obteined
for the initial decomposition rate of nitrite ions for series D-17
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(see Figure 16, paze 100 was checked with a duplicate series
(Teble XXII, page 95). Values of“Gg’fbr these series were 1,07 and
1.35, and the smeller was reported as correct (Table XXIV, pege 99)
because the errors in the dilution method of anmlysis would tend to
raise the value ofwsa;
The validity of the high value ofAG; for series D-17 was also
checked in the following way. 4 chunk of disk D-19-5 was lmocked
out and pressed with 300 willigrems of D-4 powder. The whitish area
of' I~19 materisl was clearly visible in the center of the preassed
disk, but the boundaries were not distinct. The D-19 area was wholly
within the infrared besm during anelysis. The epparent nitrite
concentration of the disk was 3.90 X 1017 ions, end the value ofJG;
was expected to fall between the velues ofﬁG; for series D-4 and

series D~19 of 0.51 and 0.36, respectively, from Table XIVI, page

103, The observed value of G, of 0,64 for the combination disk
showed that the presence of a few of the white spots in the center

of a disk caused the value of}S; to be greatly increased snd therefore
validated & high value of G, for series D-17.

Hethods of Anslvsis for Digks of Hirh !litrate Content. The

nitrite concentration in seriee F~11 (Table XXVI, page 103) was
measured both by blanking out the nitrate pesk end by reading the
nitrite optical density off the shoulder of the nitrate peak. The
sgreement between the two methods was very good. For series F-12,
F~13, and F-14 (Table XVI, page 103) the only usable method of

nitrite determinstion was colorimetry. The reason for this was



that, for disks containing more than about 0.2 mol per cent nitrete,
the nitrate ions absorbed essentially all of the ineident infrared
radiation and left none for the nitrite ions,

i

Determination of 0, for Hlitrste Decomposition in Disks of Hirh

Nitrete Content. The values reported for the initisl decomposition

——r——

rates of nitrate ions in series F~11, ™12, 7-1%, and F-14 (Table XXVII,
page 1C5) were based on the premise that the initial rate of de-
composition of nitrate ions was equasl to the initial rate of forma-
tion of the niirite lons. This premise is shown to be correct by

the curves on Fizure 12, page $3, and Fizure 13, page 94.

Jegignation of Iitrate and Ilitrite Jons as Anion Acgeptors.

The nitrate or nitrite lons in the disks will henceforth be referred
to as "snion scceptors” or as "acceptor ions". The ternm "activators",

used to describe those Impurities in luminescent systems which

(17,38)

luwzinesce or promote luminescence s would be misleading in the
present case; the potaegsium bromide matrix is assumed to be doing

the activating.

Derivetion of Dependence of G: on Acceptor Concentration. The

initisl decomposition rates for the acceptor ions should be some
function of the initial concentrations of the acceptors. If this
function could be determined it should help to propose & mechanism
for the iransfer of enerpy to the anion acceptors. The following
is the derivatlon of the theoreticsl dependence of initial de-~

composition rate on mcceptor concentration.
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It is Pirst assumed that all of the acceptor ions occupy anion
(bromide) sites in the potassium bromide lattice, that the acceptor
ions are isolated from each other, and that each disk is homogeneous
with respect to acceptor concentration. It is also assumed that all
of the acceptor lons are equally subject to activation by transfer
of energy fram the matrix, The direct action of jamme rays on the
acceptor ions is neglected bacause of the small electron fractions
of the acceptor lons in all of the cases studied,

The obgerved rate of decomposition,ﬂc: for the case of anion

accoptors in a matrix and based on the totel eneryy absorbed in the

semple 1s expregsed as:

(}a-:?- (1)

vhere:

& = meagured initisl rate of decomposition of the amcceptor
jons, ions/100 ev

n = number of ions decomposed

Lp = total energy abeorbed in the sample, 100 ov.

All of the anion acceptors excited by energy transfer from the
natrix may not decompose., If this possibility is taken into account,

the rate of decomposition can also be expressed as:

G = 3, (2)



where:

T = fraction of excited scceptor ions which decompose

G, = rate of activation of acceptor ioms, ions/100 ev,

It follows from Zqustion (2) that:

S (3)

where:

[ = enerzy used in decomposing acceptor ions, 1C0C ev

EA = energy used in ectivating scceptor ilone, 100 ev,

If A iz defined as the energzy in hundreds of electron volts

required to decompose one acceptor ion, then:

and, combinins (3) anc (4):
e
no= o By (5)
Therefore, combinirz (5) and (1) gives:
£ 4
G m o == = .-f_ }
“ o ‘:T oK ¢ (6)

where:

¢ = fraction of total ebsorbed energy which is used to activate
the acceptor ions.
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Let:
¢ = masber of scceplor sites in the sample
Z 73 = number of snergy absorplion gites other than
acceptor sites in the sanple
Ypo = probability thet an acceptor site will be activeted
ZEPKi = probability thet an X site will be activated

4y = energy asbsorbed per sctiveted amcceptor elte, ev
z{ﬁﬁi = eneryy absorbed per X site activated, ev,
The total enerpzy sbeorbed in the smmple, 3?’ can therefore be

axpressed as?
g = ZlAyy Py fg) + A Fo © (7

and the eneryy used to activate acceptor ions, L,, can be expressed as:

g = l“g I\S Co (C)
Therefore:
= by Fg
) W = 3 ¥ T (9'}
¢ :..‘«.T Z(i\:{i ‘:‘{i Ai} -+ fxc o <
or:
¢ === (10)



134

where:

,EE(A31 Pxi xi)-

‘,4‘3 (11)
Ay Fg
Combining (6) and (10):
G‘ = _..;F.:, a . (12)
L B+ ¢
At zero dose, Equation (12) is expressed as:
C
Gy = k —2 (13)
G+ Cy

vhere

¢, = inltial decomposition rate for acceptor ions, ions/100 ov

C, = initlal concentration of acceptor ions, mol per cent

k = dimensional parsmeter depending on f and «, (100 ev)“l.

Interpretation of the Derived Zaguation. Lquation (1%) sbove
gtates that the initisl decomposition rate of anion acceptors isolated
in a crystalline matrix and subject only to energy trensferred from
the matrix should be proportional to the fraction of the sbsorbed
energy which is transferred to the acceptors. The parameteftkﬁshould
depend mostly on the snion acceptor chosen, and the parameter
should depend on both the acceptor and the matrix.

The parameter 4 expresses the competition of energy traps with

the acceptors for the avmilable energy in the disk. Theose energy
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traps could include any lattice defects and strains present in the
disk before irradiastion. Energy traps formed in the disk during
irradietion would cause & to change, but the number and types of
traps present is assumed to be constant in unirradieted disks made
of the same material under the same conditions,

Alternative Interpretation of the Derived Equation. Equation

(13) above can also be expressed as:

Gy = Goo (14)

where:

7t

Gy = initiel decomposition rate of acceptors, iong/100 ev

G = decomposition rate at s hypothetical infinite acceptor
coneentration, ions/100 ev

¢3= fraction of absorbed energy used to activate ecceptor
ions.

Form of the Derived Dependence of U, on Acceptor Concentration.

The Stern-Volmer type equation shown on psge 18,

LY e
A 1
T (15)
(19)

was proposed by Forster to show the dependence of luminescence
efficiency on activator concentration for the case in which epontaneous
desctivation of activator sites results from ithe energy transafer.,

It follows from this that the efficiency of decomposition of anion

acceptors which decompose as soon as energy is transferred to thenm



gshould also follow & “tern-Volmer type relationship. Iquation (13)
on page 134, which is the theoretical dependence of the initial
decomposition rate on meceptor concentretion, is indeed a “tern-
Vvolmer type oquation.,

Apreement of the tern~Volmer Type iquation with Experimental

0
. o 20 .
Dete for Luminescent Jystems. Johnson and %illiams derived

a “tern~Volmer type relationship between quantum efficiency of various
phosphors and activator concentration. This equation, Zquation (4),
page 22, sgreed closely with sxperimental dats and was analogous to
Equation (13), page 134, except that it contained a term, (1 - C)E,
which took into account the cbserved cencentration quenching in the
luminescent systems.

Acreement of Stern~-Volmer Type hquation with Experimental Deta.

——

Equation (13), page 134, was fitted tc the date presented on Tables
XXIV and XXVII, pages $9 and 105, reaspectively, by a trisl and error
process, The equation for the dependence of”S;'on acceptor concen-

tration (Go) for nitrite acceptors in potsssiur bromide was:

%

S, = C.T5 m ' (16)

The equstion for the dependence ofh&&’on acceptor concentration

(So)for nitrate lon acceptors in potassgium bromide was:

Gy = 1086 B . (17)
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From the excellent sgreement of Lquatione (16) and (17} with
experimentel dete, as shown on Figure 19, page 107, and Figure 20,
page 108, respectively, 3t wess concluded that Iquetions (16) end
(17) deeeribed the initial decomposition of isolated nitrite and
nitrate ions, respectively, in potassium bromide pressed disks for
acceptor concentrations below 0,1 mol per cent.

Dependence of @c on Acceptor Colubility: I. FPotgsssium Litrite-

Doped Digks. It is obvious from Figure 16, page 100, that the velues
of initial decomposition rate obtained for series -17, [~18, and
D-19 (Teble XXIV, page 99) do not fit the itern-Volmer type Equstion
(16}, page 136, The disks of these series became white on standing
for s few minutes, snd the ceuse of the whiteness was assumed to have
been the csuse of the poor agreement of the values ofnﬁ; with
Equation (16) for the concentrated series.

Disks of series U-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(ai) to be
approximately C.l mol per cent, 1t was concluded that the solubility
limit of nitrite in potessium bromide had been excesded in geries
L-17, =18, and i~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 sgree with the published figure.



The scattering of light et 4000 Angstroms by disks of various
nitrite contents is shown on Fijure 21, pace 110, The plot of optical
density of the disks versus nitrite content shows & discontinuity
at 0.1 mol per cent nitrite, 3Since the optical densities of disks
with nitrite contents below 0.1 mol per cent were approximately the
same, this wes taken to be more evidence that the values of dgy for
nitrite ion decomposition depended on the solubility of potassium
nitrite in potassium bromids.

It follows from these results that the initial decomposition
rate of nitrite ions in irradisted potassium bromide disks is a
“tern~Volmer type function of the nitrite concentration, according
to Lquation (16), page 136, up to the solubility limit of potassium
nitrite in potassium bromide.

Fotassium llitrate.

It is obvious from IMizure 13, page 106, that the values of the initisl
deconposition rate for nitrete ions in disks of series I'~12, 7=17,
and F-14 (Teble X{VII, peze 105) do not fit the . tern-Volmer type
Lquation (17), page 136. The dependence oth;;on acceptor concentra-
tion for nitrate ions shculd be analogous to that for nitrite ions,
80 the possibility of a solubility limit of potassium nitraete in
potassiwxz bromide wes investigated.

The disks of series =12, I'=13, and F-14 did not become white
on standing, but they did sppear more opaque than the less concentrated
disks. Dased on the dala presented on igure 21, page 110, the optical

densities at 4000 Angstroms for the nitrate-doped disks were constant
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until a nitrate concentretion of 0,17 mol per cent had been reached,
%ince none of the digks containing nitrete bheceme disrupted on standing
the increase in opticel density must have been due to regions of
potessiue nitrate lettice which 4id not go inteo the potassium bromide
lattice. This analysis led to the cenclusion that the solubility
1imit of potassziuwm nitrate in potassium bromide was approximstely

0.17 mol per cent nitrate,

It follows from this conclusion that the initial decomposition
rate of nitrate ions in irradisted potassiur bromide disks was =2
Ttern-Yolmer type function of the nitrate concentration sccording to
Squation (17), page 136, up to the solubility 1limit of potassium
nitrate in potagsium bromide.

Jlelation of Sizes of litrite and Nitrate Ions to the Zolubility

Limits in Jotagsium Bromide., [or =o0lid solutions the size of the
solute molecules is very important., 4 molecule of radius more than
15 per cent laryer than the radius of the solvent will not so into
solution to any sreat extent(7lc). Lzsumins the ions to be closely
packed cubes, the volunes of the nitrate ion and the nitrite ion
calculated from the densities of the potassium salts are 26.4 and
44,0 cubic Angstroms, respectively. This difference in the relative
gizeg of the nitrate and nitrite ions accounts in part for the
difference in their solubility limits in potassiuwn bromide of 0.17
and 0,1 mol per cent, respectively. /n interesting result of these

celculations is thet the ratio of the relative sizes of the nitrite
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ion to the nitrate ion was 1,67, which is very close to the value
0? 1,7 for the rstio of the solubilities of nitrate icn to nitrite
10?&0

Dependence of Uitrite Tolubility on Pressure. ‘hen potassium

nitrite in concentrations more thsn 0,1 mol per cent was pressed into
potassium bromide at & pressure neer 144,000 pounds per squere
inch the pressed materisl wos opticelly clear, 4After five or ten
minutes st astmospheric pressure the disks turned white, presumably
from voids asnd nitrite crystallites formed when the nitrite came out
of the solid solution, DBased on the fact that potassium nitrite is
so soft and compressible that crystals of it may be compressed with
the fingers, two possible explanations for the pressure dependence
of nitrite solubility in potmesium bromide are:

(1). Under high pressurs the swall areas of nitrite lattice
in the doped powder were smeared cut in very thin layers over the
surfaces of the omell votageiun bromide crystals in the disk. Aflter
the digk was removed from the die, the pressure ingide slowly de-
creesed, ‘hen the pressure had decreased to a certain extent, the
thin leyors of nitrite tended to reform regiones of nitrite lattice.
The formation of smell regions of nitrite lattice caused separation
of the potassium bromide crystals and produced cracks end voids in
the disl,

(2). Under hich pressure the potassium nitrite molecules were
distorted to such an extent that more of them fitted into the

potessiun bromide lattice, when the pregsure in the disk decreased



the nitrite moleciles which had bean digtorted reverted to their
ori inel size and cane out of the potassium bronide lattice to cause
volds and resions of nitrite lattice in the digl.

dvidence For end Asedinst the Seecond Cxplanation. Ividence

supporting the second explanation in the preceding paragraph includes
" s of Yeir (Me) yad ond di

the resudts of Veilr, et al , which showed that bond distonces

in compressible nmateriels such as calcite (Caﬂ@i) can be distorted
by pressures near 350,000 atmosphereg, and the results of Farsons

(55a)

and Driclemer s ¥which showed thet bond distonces in transition
netal complexes such as [ﬁi(ﬁgo}é) &34 are altered by hizh pressures.
This evidence notwithstanding, the first explanstion ebove appears
more reasonable at the pressures around 10,000 atmospheres used in
this investi_ation because no splitting of the infrared absorption
pealzs of the nitrite ion duc to altering the bond digtances wes ever
noticed.

Jependence of nersy Trangler on Aceeptor olubility: I,

=Senls

P

. e . - . ; LI
Uotagsiwm Jitrite-doped Dislkks. The shape of the plot of iq Versus

s

nitrite concentration presented on fisure 16, page 100, can be
oxplained by seperating the plot into the following three regilons:
<egion I, sezlon I covers nitrite concentrations up to C.l

mel per cent, the solubility limit of nitrite in

Wi .
potassiua bromide. In .egion I, Yo depended on

L)
nitrite concentration in a .tern-Volmer relstion-
ship featuring competition for the absorbed energy

between the nitrite ions and energy traps in the disks.
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Hegion II, [Region II covers a short range of nitrite concentra-
tions beginmning at 0.1 and ending between 0.105 and
0.1% mol per cent nitrite. In Region II the presence
of a small number of voids and cracks in the disks
lesgsened the caze efflect described on page 5
while energy transfer to the nitrite ions still
in the disk remsined efficient. The effect of
the voids and cracks was to provide space for the
producte from the decomposition to move awey 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 legion III disks,
many nitrite crystallites, voids, and cracks are
present, The presence of large mumbers of regions
of gtrain, which would be energy traeps, served to
decrease the fraction of the energy which went to
the nitrite ions and therefore decressed 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.

Dependence of Inerry Transfer on Acceptor Solubility: II.
Potassium liitrate-Doped Disks. FPotassium nitrate did not form
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supersaturated solid solutions in potassium bromide at high pressure,

probably because potagsium nitrate is not compressible, Under high

pressure the potassium bromide probebly flowed around the insolﬁbla

regions of nitrate lattice so that, in the pressed disks, there were

no voids or cracks but only regions of strain sround the areas of

nitrate lattice when the nitrate concentration was above 0.17 nol

per cent, From this analysis the shape of the curve on Figure 18,

page 106, can be explained by separating the plot into two regions:

Region I. fegion I covers the nitrate concentration range
up to 0.17 mol per cent, the smolubility of nitrate
in potassium bromide, In legion I,“G; depended
on nitrate concentration in a Stern-Volmer relation-
ship featuring competition for the absorbed energy
betweon the nitrate ions and energy traps in the
disks.
Hegion II. egion II covers the nitrate concentration range

from 0.17 mol per cent nitrate upwards. 1In Hegion
11, tho strains in the neighborhood of aress of
nitrate lattice gerved ams energy traps and competed
with the original traps and the nitrate ilons for
the available energy. This added competition
caused the value ova; to decrease with an increase
of the emount of nitrate lattice in the disks.

Dependence ofﬁﬁs'on Cptical Density for Concentrated Samples.
YWhen the values of“G; (Teble XXIV, page 99, for nitrite; Table XXVII,
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paze 105, for nitrate) for series in which the solubiliiy limits of
the acceptor ions are exceeded are compared with the optical densities
of thege series at 4000 Angstroms (Table XXVIII, paze 109), it is
clearly seen that the value of“bégdecreased as the optical density
increased, This relationship held even when the optical deneity did
not increese with increased concentration, as shown by sories D-18
and [-19. These results indicate that the "quenching®, or decrease
inLG;, observed as the concentration of acceptors increased past the
gsolubility limit was not strictly a function of the acceptor concen-
tration but depended to a larze extent on the amount of strain and
disruption in the potassium bromide lattice.

Absence of "Concentration Quenching". Because of the simple,
Stern~Volmer type dependence oth; on acceptor concentration in the
solid solution rezions cof acceptor concentration, it can be concluded
that there was no "concentration quenching® effect, whether by a
radiative procass(éﬁ) or by modification of thermal activation
enargies(58>, obgerved at acceptor concentrations below the solubility
limits in potassium bromide. From the preceding paragraph it is
clear that the quenching observed at concentrations of acceptors
sbove the solubility limits probebly was caueed by the action of
acceptors on the matrix instead of interaction of acceptor ions,
These results indicate that there was no effect of “concentration
quenching” by interaction of acceptor ions over the concentration

renges studied.
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istance of lnerzy Transfer in Fotegsiwm Bromide Disks. 3y

neens of an experiment in which a pressed disk of potassium bromide
containing nitrate lons was irradiated with elpha particles, Jones(hoa)
was able to show that energy transfer in the pressed disl under
elpha irredietion did not take place over a distance of the order
0.1 millimeters., The alpha particles lost their enerzy in a thin
layer of the disk, end no radiolysis of nitrate ions was observed
from infrared enalysis of the disk from which the bombarded layer
had been scraped eway. This indicated that the energy was transferred
from the potassium bromide matrix to the acceptors and energy traps

near the site of the primaery absorption process.

Formation of ‘epulsive Sistes. The absence of "concentration

quenching" in the radiolysis of nitrate and nitrite ions isolated in
potassium bromide indicates that the states to which the acceptors
were excited by ener.y +transfer were not affected by the closeness
of another acceptor in a lower state, Irom this, it is proposed
that the activated stetes of the acceptors which decomposed were
frepulsive states", or that the only course an activated acceptor
containing an smount of energy above a certain minimum could take
wag 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 decompositlion on analysis of the irradiated
sample,

The proposal of the formation of repulsive states was also based

on the assumption that eny products of the decomposition of nitrate
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or nitrite ions, oxygen atoms for exemple, would be extremely resetive
and that one of the productas would have to be expelled from the
deconpogition gite if the decomposition is to be counted.

Primary Processes in Abserption of Inersy from Ionizins Radiation.

Zince direct setion of the incident semma reys snd the primary electrons
on the acceptor ionz can be nezlected because of ths mmsll electron
frections of mecceptors st the concentrations studied, the basic
competition for the absorbed energy was between transfer to ccceptors,
trangfer to energy traps, and heating of the lattice. It iz reasonable
to assume that the thermal ener:zy released to the lattice would not
excite ancceptor ions to repulsive states, and it is also reasonable
that the nitrate and nitrite ions would not trep electrone and thus
become excited., It ie therefore proposed that the creation of
ropulsive stetes of the enion acceptors invelved energy transfer

n(67)

by packets of excitetion enerpy, called "excitons , and recombina-
tion of free electrons and holes near the acceptor sites. Competition
for the available energy between acceptor ions and enerzy traps would
occur for both these processes,

Proposed lechanism of Inersy Transfer. Irom consideration of
the distance of ener:zy transfer to anion acceptors in potassium

bromide disks, the formation of repulsive ststes of the scceptors,

the primary processes in the absorption of enerzy from ionizing

LI
~

radietion, end the Stern-Volmer type dependence of‘ug on ascceptor

concentration up to the solubility limits, the proposged mschaniem for
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the energy trangfer from the potassium bromide matrix to nitrate
and nitrite acceptor ione is ms follows:
1. The gammp ray caused primery ionization in the potassium

bromide matrix.

[

« Primery electrons excited the potassium bromide along
tracks, forming excited bromide ions with energles ranging
from the ground state to energetic electrons separsted from
the bromine atoms.

%« The free slectrons and holes, along with the packets of
excitatlion energy sssoclated with the excited bromide ions,
moved or were scatiered randomly through the potassium
bromide lattice. The elecctron~hole. combination in either
case can be pictured as moving from bromide ion to bromide
ion by & resonence transfer of energy; from this picture
it can be said that the excitons, or packets of excitation
energy, are scattered by bromide lons as they move through
the potassium bromide lattice.

4, The exeitons moved throuzh the lattice wntil they reached
sites which could use all of their energy. These sites
included the anion acceptors and energy treps such as
vacancies or strains in the lettice.

5. The energy traps used the energy released from the excitons

to armeal themselves; the acceptor ions used the enerzy re~

leased from the exclitons to form repulsive gtates which

decomposed.
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Arreement of Iroposed llechanism with the Jesults of Xallmann

(412)

and Dresner . The electron-hole combinations, whether free or

bound, were referred tc in the preceding paregraph as excitons
because they all served to trensfer packets ol excitation enerygy to
the acceptors and energy traps. The possibility of trapping holes

at anionic impurities cannot bLe ignored, and the recombination of
these trapped holes with free electrons would release eneriy to tho
acceptors. This is in agreement with the results of Xallmann and
Uresner which showed that both bimoleculer recombination of electrons
snd holes and enerpy transfer from exciied anions are necessary to
explain high initial quantum efficiencles ir the luminescence of
crystelline phosphors such as zinc oxide wunder lonizing radiation.
Such luminescence occurs at metallic ion sites al which free electrons

can be trapped,

Critical Transfler Distance of Zxcitation inersy Transfer.
(19a)

i

forster o

W
hae defined m eriticel transfer distance, I, for which

excitation transfer and deactivation in flucrescent systems are of

equal probebility. The criticel transfer distence corresponds to a

c? at which one acceptor ion on

criticel mcceptor concentration, ©

é

x;. The critical

1]

the everaze is contained in e sphere of redius
transfer distance should be = standard messure of the distance that
enercy is trensferred in the pregent system if the value of'C; is

taken to be the concentration at whichﬁﬁs'is helf the limiting value,

q;; at a hypothetical infinite acceptor concentration.
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Calculation of A, for Nitrate and Nitrite Ions in Potassium

<

Bromide Disks. OCno-half of G_. for nitrite ion acceptors is 0.375
{from Equation (16), page 136]; for nitrate ion acceptors, G./2 is
0.93 {from Equation (17), page 136). From Figure 19, page 107, a
value of G, of 0.370 corresponds to an initial nitrite concentration
of approximately 0.01 mol per cent; from Figure 20, page 108, a
Gy of 0.95 corresponds to an initial nitrate concentration of
approximately 0.0% mol per cent.

Since there ere about 1.5 X 102! nolecules of potassium bromide
per 300 milligram disk and the dimensionz of a 300 milligram disk are
1.5 centimeters diameter by 0.062 centimeters thick, the volume per

acceptor for nitrite ion acceptors, Vv.,,1 -y is:
V2

0.062 X I (1.5)2
- 5 (1.5)

v =19
e~ = = 705 £10 ce (18)
02 x107M (1.5 x 103)

end the volume per acceptor for nitrate ion acceptors, VFO" ig:
e

v 7T 2
0.062 X g (1.5) = 2,5 X 10 cc. (19)

5% (3 x 107 (1.5 x 102)

Since the criticel transfer distance is the radius of the

sphere surrounding one acceptor, on the aeverage, then:

/2 O\ 1/3
EO 8(~2~A73

41T (20)

/
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where:
Ry = critical trangfer distance, cm
V = volume of sphere surrounding one acceptor, cc.

Therefore, for nitrite ion acceptors:

1/3
R =(—i- X 7.5 X 10'19§ = 5.5 % 1077 en (21)
e /

and, for nitrate ion acceptors:

1
g ,/.2. X 2,5 X 10‘19) /3 4,0 X 1077 o, (22)
i

Distance of Enerpy Transfer in Verious Materisls. The values

of the criticel tranafer distance of nitrate and nitrite ions in
potassiun bromide disks of 40 end 55 Angstroms, respectively, agree
closely with energy transfer distances in organic fluorescent materials,
such as 20 Angstroms for transfer between aminc acids and groups on

the acida(lga), 20 Angstroms for a solid solution of terphenyl in

(21b), and up to 400 Angstroms for a solid solution of

terphenyl in anthracene(zlb). Although the transfer distances agree

polystyrene

closely for these different systems and transfer by the exciton
mechanism may be applicable to all of them, & critical comparison
of the possible mechanisms of energy transfer in orgenic systems
with those in inorganic systems is beyond the scope of thie in-

vegtigation.
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Disteance of Unergy Trensfer in Zincle Crystals of Alkall Halides.

The critical transfer distances calculated for the nitrite and nitrate
ione in polycrystalline disks of potessium bromide do not agree with
eatimated(67) valueg of from 10§ to 104 Angstroms for the distance

an exciton can travel in a gingle crystal of alkall halide. It has
(30)

been reported that color centere are nmuch more mumerous in
polycrystalline pressed disgks of en alkali halide than in a single
crystal of the alkall halide, and that the color centers slso are
more repidly blesched in the polycrystalline material. These results
indicate that there would be incressed competition for the energy of
the excitons in polycrystalline disks, and that their lifetimes (and
also the distance that they travel) would be less in the polyerystal-
line material. This could account in part for the difference between
estimated energy transfer distances in single crystals of alkall

halides and observed distences of energy transfer in the polycrystal-

line disks,.

Comparison cfvg;,for Anion Acceptors with the Data of Johnson

and W;;Liame(yg). If the limiting value of the reletive quantum

efficiency for the phosphorg studied by Johnson and Willlams is taken
to be 120 per cent, the critical concentration corresponding towﬁél
would be the concentration at which the relative quantum efficiency
was 60 per cent., For the phosphor ZnF,:lln, the critical concentration
would be approximately 1.0 mol per cent, which would correspond to

a value of the critical transfer distance of sbout 10 Angstroms.

For the phosphor KC1:Tl, the critical concentration would be



approximately 0.2 mol per cent, &nd“ROHWOUId be about 20 Angstroms.

For the phosphor Zn3:0u, the critical concentration would be approxi-
mately 0.00% mol per cent, and %, would be sbout 85 Angstroms. Irom
comparison of these values cfﬂﬁé'with the values of 55 and 40 Angstroms
for nitrite and nitrate ions, respectively, in pressed disks of
potassium bromide, it is clear that the energy is transferred in the
potassium bromide disks over distancee comparable to transfer in the

rhosphors,

Factors in the Decomposition of Isolated Nitrate Ions. Factors
considered in proposing a mechanism for the decomposition of isclated
nitrate ions in a pressed disk of potassium bromide were:

1. The disks became cloudy upon long irradiation, presumably

from the collection of oxygen zas in 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, pege 93, and Figure 13, page $4. The curves
representing the production of nitrite lons on Figures 12
end 1% bent downward because of decomposition of the nitrite
ions formed.

%, It was proposed on page 145 that the excited states of the

nitrate ions which decomposed were repulsive states.

4, There was neither nitrosyl bromide nor nitrogen dioxide

present in the gas phese of irredisted samples of nitrate-

doped potessium bromide powder (Table VIII, page 70).



(214, 71b)

There is evidence that an atom can move throuzh a

A
o

erystnl lattice but that a molecule such ss O2 or MG

diffuses very slowly through the lettice. This has been
observed(ﬁo) in the case of polyerystslline disks of potassium
chloride and potsssium io@ide oxposed to chlorine and iodine
cag, respectively.

Proposed ‘echanism for the Decomposition of Isolated ilitrate Ions.

The proposal of the mechanism for the decomposition of isolated
nitrate ions in potagsium bromide disks, based on the fectors listed
in the preceding paregraph, is as follows:
1., A repulsive gtate of the nitrate ion was formed from transfer
of excitation enerzy Irom the matrix by

-~

ney , TG ‘ (23)
2. The repulsive state decomposed into a nitrite ion and an

oxyzen atom by:

gog* = 10y + 0, (24)

5. The oxysen atonm was expelled from the decomposition site,
end the excess energy of the repulsive state was released

as thermal energy to the potsssium bromide lattice.

L
.

The oxygzen atom migrated to a grain boundary in the disk where
it combined with snother oxygen stom to form en oxygen mole-

cule by:
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LT

0 +0= 020 (25}

5. Poclets of oxygen gas at the grain boundaries of the disk
were enlarged by the energy rsleased from the combination
of the oxygen atonms.

Lxtraction of Oxygen from Iiitrate Jong by Oxyzen Atoms. The
oxyzen gas formed during the radiolysis of isolated nitrate lons

collected 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:

HO + 0 = 50 + O (26)
For this method of formation of nitrite, by the extrmetion of
oxygen from the nitrate ions, to be importent the oxygen gas formed
would have to diffuse through the potassium bromide lattice in order
to form large pockets of zas. Since there is avidence(ala’Ylb)
ggainst a measurable amount of diffusion of molecules through such
e lattice, it is concluded that the mechanism proposed in the pre-
ceding parsgraph was the major route of decompesition of isolated
nitrate lons in potassium diske. However, nitrate ions located on

or near grain bounderies may have decomposed sccording to Equetion

(26).
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Comperison of G, for Isolated Nitrate Ions with Decomposition

lates of Pure Potassium ilitrate. From comparison of Zquation (13),

page 134, with Iguation (14), page 135, it is seen that the value of
kf orhGo: should spproximate the decomposition rate of pure potassium
nitrate or niirite. PFrom iquation (17), pare 136, the value of#kﬂ
for isclated nitrate ions was found to be 1.36 ions per 10C electron
volts sbsorbed, and thie value compsres well with the reported
decomposition rates of potassiwm nitrate of 1.96, from Cunninghen

(n (33)

and Heal''/, and 1.6, from ochanedel and Devis tthether or

not this agreement was nerely fortuitous has not been established,
but it Tollows from these results that the mechaniam of decomposition
of the pure nitrato may be similar to the mechenlem for isolated

nitrate ions.

Factors in the Decomposition of Isolated Ifitrite Ions. Tactors

considered in the proposal of e mechenism for the decomposition of
izolated nitrite ione in potassiwum tromide were:

l. Yo zz8 collected in visible pockets in disks irradisted for
long periods of time.

2. From Table XXIII, page 96, nitrate ions were produced
during the radiolysis of nitrite ions in potassium bromide.
from comparison of the values for nitrite ions decomposed,
on Table X{II, page 95, with the values for nitrate ions
formed, on Table XIIII, page 96, it was estimated thet one

nitrate lon was formed for every five niirite ions decomposed.
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. I+ wag proposed, ss in the case ol the nitrate ions, that
the excited ststes of the nitrite ions vhich decomposed
were repulsive states,
4, 1t was ssoumed that atoms could move through the potassiun
bromide lattice but that molecules could not.
5, From Tsble XXIX, parze 112, and Teble XX¥, page 113, no
producte 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 {irmly established.

Pogstulsted Mechsnism for the Decomposition of Isolated IMitrite

Ions. From consideration of the fectors listed in the preceding
paragraph, it i1s obvious thet not all of the products of the nitrite
jon radiclysis have been identified., Beceuse of this it is not
possible to postulate a complete mechanism for the decomposition of
the nitrite ions. The postulated mecheniem, slthoush incomplete,
is as follows:

1. The nitrite ion was excited to & repulsive state by the

transfer of excitation enerzy from the matrix zccording to:

AT

0T pa—y 0% (27)

"~

2e Since nitrate lons were formed during the radioclysis of
nitrite ions, oxysen atoms must have been present in the

system, possibly from the reaction:
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ROZX = 1O + O, (20)
Lecording to Bellamy(ga) the infrared absorption pesk for
the fundamental stretching vibration of the nitrogen-
oxygen bend occurs eround 800 wave numbers, It is possible
that the hypotheticel compound KiO formed from Equstion
{28) was stable in the potassium bromide matrix end was the
product which abserbed around 800 weve numbers as shown on
Table XXIX, page 112,

The oxygen atom formed from Equation (28) migrated through

the lattice until it was scavenged by a nitrite ion by:
NOZ + 0 = 103, (29)

This would account for the formation of nitrate lons during
the irradiation.

3ince the irradieted disks were clear upon preolonged
irradiation it may bve assumed that ell of the oxygen produced
was scavenged by nitrite ions to form nitrate ions. It was
ocbserved that one nitrate ion was formed for about five
nitrite ions decomposed. If all the oxycen atoms were
scavenged by nitrite ions, Zquations (28) and (29) account
for only two-fifthe of the number of nitrite ions decomposed.

There must therefore have been st least one other method



ol decomposition of nitrite icns invelved in the coverell
reaction,
Ze C(ne other nmethod of nitrite ion decomposition should
account for the suspected presence of peroxide in the ssmples,
vy

from Table X{I¥, pere 112, TFerhape this method of de-

composition was:

HOZ* = 10 + 07, (30)

The singly charced oxycen ion formed in Zquation (30)
could have been, or could have moved, close enough to another
decompoeition site for the peroxide bond to have been formed,.
The nitric oxide would have to be stable and immovable in
the potasesiuwm bromide matrix, and its infrared sbsorption
peelr may have been too weak to show up on the gpectrum of

an irradiated sample (Table XXX, page 113).

on roducts and Inersy Traps

Caused by Irradistion. According to Equation (12), page 134, the

decomposition of nitrate and nitrite ions in potassium bromide should

Dependence of the .late “quation

follow the following rate equation:

a¢ kC

S S 1
dt B+ c ' (5 )

This equation expresses the competition Tor energy between

acceptors and energy trape already present in the diek, The perameter,
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“, which depends on the rmumber of emergy traps in the sample, may be
expected to change as the number of vacansies, color centers, and other
defects caused by ionizing radiation changes with dose, If the walue of
# inereases with doge (or irradiation time), then the decomposition
rate may be expected to decrease from the value predicted by Equation
(31). Similarly, any buildup of products of the decomposition whieh
compete for the svallable energy would alse serve Lo decrease the de~
composition rate,

study
of the decomposition of the acceptors is limited to such short irradi~
ation times that both raediation effects on the matrix and the amount
of products formed are nepligible, Fouation (31) may be intezrated as
follows:

,,......g...ﬁ 4aC = - k dt (32)
or:
.éf;i ac + de = -t dt. (33)

Integrating between t = 0 and © = ¢

N L R 14
7l +|C = k|t G4
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or:

C
ﬁ1n€9+(c°~c)=kt. (25)
It iz seen from Zquation (25) that a plot of the derived rate
c 1
expresaion,[}3ln 53 + (Co - C?J’ versus time should produce a straight
line at low values of irradiation time,
TPlots of Derived llate Lxpreesion Versus Time. Typicael plots

of the derived rate expression versus time are shown on Fipure 22,

page 115, for nitrate~doped disis, and on Iigure 2%, page 116,

for nitrite-doped disks., It is obvious from these figurss that the
plots initially fbllow a straight line, but all the plots for the
nitrite~doped series and most of the plots for the nitrets-doped
sories showed m positive intercept on the ordinate,

Apreement of late Congtants. The values of the rate constant,

kf for various series of disks doped with nitrite or nitrate ions,
presented on Table XXXII, psge 117, agree very well with each other,
except for the two series of lowest nitrate content. This agreement
shows that the effects of radiation on the meirix and the effects
of products were not important at small total doses, and this vali-
dates the uase of the initiel decomposition rate to deseribe the
decompositions of isolated nitrite and nitrate ions in potassium
bromide disks by gearma irradiation for all the series except -3 and
N

Ve i i
Acreement of iate Constants with G.., The value ofﬂ%p, from

Equation (14), page 135, expresses the theoretical value of the rate
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constant, k, at zero dose. For nitrate~doped series.uGo:waa found
to be 1.1 X 107 (hour)'l, and for nitrite-doped urioa,“q,': was
found to be 0.4 X 1017 (nour)™ . The deviation of the calculsted
values of the rate constant, k, shown on Table XXXII, page 117,

from the values ot“Gol; wag almost certainly due to the presence of
the positive intercepts on the plots of the derived rate expression
versus irradiation time (Figure 23, page 116, for example). These
positive intercepts could have been caused by the presence of an
impurity or by acceptor ions which were extremely sensitive to small
amounts of irradiation,

Dosimetry with Doped Disks. Since the energy which decomposed
the nitrate or nitrite aceceptor ions was transferred from the matrix
and was not due to direct action of radiation on the acceptors,
there should be no dependence of decomposition rate on source intensity.
Irradiation of the doped disks could therefore serve as a method of
dosimetry. Nitrate- or nitrite-doped potassium bromide disks would
be a dosimeter which would fit into a very small space and which
could be analysed long after irradiation. The disks could be used
in a completely enclosed system or in a moving system,

The data on Table XXII, page 95, could serve as calibrations
for dosimeter disks containing the concentrations of nitrite acceptors
listed. Disks containing 0,052 or 0.026 mol per cent nitrite probably
would give the most reproducible results because the peak heights
for disks in this range of concentrations can be read ascurately
and the decomposition rates are comparatively large.



lecommendations

The following recommendations for future investigation were
mnade from obgservetions arising from the study of energy tranafer to
snion acceptors in pressed disks of potassium bromide.

Lffects of Water on Hitrate and liitrite Ion Decompositions.

It is recommended that the causes of the dependence of the decomposi-
tion rates of isclated nitrate and nitrite ions on water concentra-

tion be determined. These causes should help to determine the mechsnisms
of decomposition of the isolated nitrate and nitrite ions.

Lffects of Water on the liitrate Ion Opticel Density. It is
recomaended 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 enhancement snd to nore clearly define
the positions of the anion acceptors in the matrix,

Hitrite Purification. It is recommended that possible uses of
nitrate-free potassium nitrite be determined and that the feasibility
of an industrial process for the purification of potassium nitrite
by extraction by methanol at dry ice temperature be investigated.

Infrared Quantitative Analysis. Investigation is recommended
of possible applications of the alkali helide pressed disk method
to quantitative anslysis of impurities in solid, inorganic materisls
which sre difficult to snelyze by chemical methods. Potassium
nitrite containing s small nitrate impurity is a typleel example

of such a materisal,
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L -y Transfer in Different llatrices. It is recommended that

the transfer of energy to anlon acceptors in different matrices be
studied in order to more clearly define mechanisms of energy transfer
and to determine any effects of varying the "free space" in the
matrix, Almost all of the alkali halides could be used for disks
which could be analyzed by infrared methods. Posgible matrices
could alsc include single crystels of alkall halide containing
nitrite ions.

Value of"gjffbr Pure iaterials. It is recommended thast values

of'G,. be determined for other nitretes and for other anion acceptors
to ascertein the value of G.- as a measure of the decomposition rate
of the pure material under irradiation.

froducts of itrite Jon Uecomposition. 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 energy transfer from
the matrix <o the nitrite ions.

Dogimetry with Doped Disks. It is recommended that the use of
potassiun bromide dislks doped with nitrite or nitrate ions in
rediation dosimetry be investigeted., This type of dosimeter should
be useful in closed gystems, moving systems, or where therec is

limited space,
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Linmitations

The limitstions of the investigestlion of energy transfer to anion
acceptors in pressed disks of slkali halide are given in the following
paragrephs,

Agceptors and letrix. The anion acceptors used were nitrate

and nitrite ions, and the matrix used was potassium bromide,
Temperature., The temperature of the irradisiions and of the
analyses of the samples was 25 + 2 degrees, Centigrade.
Humidity. The relative humidity of the dry room wherein the
samples were prepsred was kept below 40 per cent.

Cobalt~60 Germe source. The intensity of the cobalt~60 gamma
17

gource wes 5,25 X 107" electron volts absorbed per minute of irradia-
tion tims per cram of potassium bromide., The intensity of the source
was measured in the region of constent intenszity by means of ths

ferrous dosimeter.

Preggure ¢ Pressing, The disks were pressed under 40,000
pounds, which would correspond to 143,000 pounds per square inch if
all the weizht was borne by the sesmple.

teasurement of Opticel Density. The infrared gquantitetive

analyses were meds on the Perkin-Llmer Hodel 21 or iodel 221 spectro-
photometer, The optical densities were measured from a bese line
standard using the 927 glit program and e sodium chloride priem.

Iitrate and Iitrite Concentrations. Concentrations of nitrate

in the nitrate-doped disks ranged from 0.,000326 to 1.044 mol per cent.



Concentrations of nitrite in the nitrite-doped disks renged from
0.C012 to 0.280 mol per cent.

Disk Size. DPressed disks were made weighing 300, 400, or 500
nilligrems, The diameter of the disks was 1.5 centimeters; the
thiclkness of the disks corresponded to 0,20° centimeters per gram

of disk materisl.
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The investigetion of energy transfer in the gamma radiolysis
of anion acceptors in potassium bromide disks led to the following
conclusions:

l. From powdered potassium bromide doped with potassium
nitrate or nitrite, pressed disks can be made for which the optical
densities of the doped material sgree within + 1.0 per cent even
after long storage in s desiceator or after irradistion.

2. The maximum allowable optical density of water at 3440
wave numbers was 0,027 for nitrate-doped potassium bromide disks
and 0,025 for nitrite~doped disks. ‘ater concentrations above those
corresponding to thege limite affected the decomposition rate of the
nitrate or nitrite ions under garma irradiation.

%e Lxtraction with ebsolute methanol at dry ice temperature is
a very efficient method of obtaining potassium nitrite which is
epsentielly free of nitrate.

4, The solubility of potessium nitrite in potassium bromide is
approximately O.1 mol per cent, as is reported in the literasture.

5« The solubility of potsssium nitrate in potassium bromide
is spproximately 0,17 mol per cent.

6. The initial decomposition rate, G_, of nitrate end nitrite

ions in the disks showed a Stern-Volmer type dependence on initial

acceptor concentration, C,, up to the solubility limits of the
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acceptor ions in potassiw bromide. The itern-Volmer type rela-

tiocnship for nitrite acceptors wes:

¢

(]
& e I e—a——
"o ¥ Q.Y/ 0,000 + Oc
and, for nitrate secceptors:
ﬂ
“o

7+ Tho energy transfer mechanism involved conpetition between
scceptors and energy traps for electronic excitation emerpy which
nigrated through the potassium bronide lattice.

Se The critical transfer distance for nitrite acceptors in
potessium bromide disks wes 55 Angstroms; for nitrate acceptors, the
critical transfer distance was 40 Angstroms.

9« The major route of decomposition of the excited nitrate

ions was by:
HOz* = 1107 .
L5 = 02 + 0

The oxygen stoms formed diffused to grain boundaries and combined
to form pockets of geseous oxygen.
10. The decomposition of the excited nitrite ionz involved

more than one mode of decomposition, OUne possible mechanisn was:
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I’%'CZ* = N0 + O,

The oxycen atoms formed were scavenged by nitrite ions by:
‘;‘2’02 + 0 = ITG‘%.

Thie mechanism could eccount for about 40 per cent of the nitrite
lons which decomposed.
1l. For smell total doses, the decomposition of nitrite or

nitrate iong in potassiwm bromide disks follow the relationship:

-~

_,61n59+ (Cg = C) =1t
C
where:
£ = perameter dependent on the metrix and the acceptors
C. = initial concentration of acceptors, ions per disk
C = concentration of acceptors, ions per disk
k = rate constant, (hr)ml
t = irradistion time, hr.
This relationghip was predicted by the Stern-Volmer dependence

of the initial decomposition rate on acceptor concentration,
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VI, OGUMMARY

The garma radiolysis of nitrate or nitrite acceptor ions in a
potassium bromide matrix was studied by means of the alkali halide
pressed disk technique of infrared sampling. 5tandards for the
samples were set so that disks could be duplicated and so that
neither air nor wster in the disks would affect the decomposition
of the nitrate or nitrite ions.

The theoretical dependence of the initial decomposition rate
of the amcceptors on acceptor concentration was shown to be a Stern-
Volmer type function, based on a competition for the available
energy between scceptor ions and energy treps such es defects and
strains in the potassium bromide lattice. The dependence of the
initial decomposition rate on acceptor concentration was found to
sgree with the theoretical relationship up to the solubility limite
of the acceptor ions in potessium bromide, which were 0.1 mol per
cent for nitrite ions and 0,17 mol per cent for nitrate ions.

The proposed mechenism of energy transfer from the potessium
bromide matrix to the acceptor ions involved migration transfer of
electronic excitation energy through the potmssium bromide latiice
until it reached an scceptor or en energy trap. The proposed excited
states of the acceptors wers repulsive states, The critical transfer
distances, which can be interpreted as the mean distances of energy
transfer, were found to be 40 Angstroms for nitrate~doped samples

and 55 Angstroms for nitrite-doped samples. These distances were
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shown to be comparasble to velues of critical trensfer distances in
organic and inorganic phosphors.

The major route of decomposition of the excited nitrate ions
wag shown 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 enother oxygen atom to form oxygen gas.

A complete mechaniem for the decomposition of the excited
nitrite ions was not proposed, but one route of decomposition appesred
to be the splitting off of an oxygen atom to form a hyponitrite ion,
the oxygen atom being scavenged by snother nitrite ion to form a
nitrate ion.

The decomposition of the nitrate or nitrite ions was found to
follow the 3tern-Volmer type rate equation for values of total dose
small enough so that effects of energy traps formed by irradiation

and products of the decomposition were negligible.
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ABSIRACT

"Inergy Transfer in the Gaxma Radiolysis of

Isolated Nitrate and litrite Ions®
by Zobert L. lurflee

Preasod pellsts of infrared quality potassium bromide doped
with from sbout 0,002 to about 1.0 mol per cent nitrete or nitrite
jons were irresdisted at 25 degrees, Centigrade; with cobalt-<0
camme rays &t a dose rate of 5,25 X 1017 clectron volts per minute
per grem of samplc. 7The ssmples werc prepared by pressing powdered
potassium bromidle, to which had been added reagent grade potassium
nitrate or purificd polessium nitrite in water solution with subse-
quent drying in a vacuum oven, inte & 15-millimeter dlameter disk at
40,000 pounds in an evacuated die. Murified potassium nitrite
containing 0,08 mol per cent nitrate was obtaincd by cxtraction of
the nitrite from reagent grade meterisl with absclute methanol ceooled
to ory ice temperaturs, the cycle boing repeated five times,

The anslysis of the irradisted samples, except those extremely
concentrated in nitrate, was by inf{rared quantltative anslysis, on
the Perkin-llmer iodel 21 or liodel 221 infrared spectrophotometer,
using peak heizhts at 1391 wave numbers for nitrate and at 1278
wave numbers for nitrite measured from a base line standard. Irrs-

diated samples too concentrated in nitrete for infrered analysis



were analyzed for nitrite using the sulfanilic acid method of
colorimetry for aqueous solutions of the disks.

The dependence of 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 whioch was based
on competition for avallable energy between acceptors and energy
traps such as defects or strains in the lattice., The dependence

of"G; on"c; for nitrite ions was:

C
= (]
% = %1 sy + <,

and, for nitrate ions:

GO 1.86 6—-6;8_:1-
* (]

where:
Co = initial acceptor concentration, mol per cent

G, = initial decomposition rate, ions decomposed per 100
electron volts 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 of 4000 Angstrom light scattered by disks of various
concentrations to be 0.1 mol per cent for nitrite and 0.17 mol per
cent for nitrate. Values of“G; above the solubility limits appeared

to depend on the amount of strain and disruption caused by regions



(WY}

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,

is led to the proposal of the decomposition of repulsive states
of the acceptor ions.

The proposed mechanism of energy transfer from the potassium
bromide matrix to the acceptors involved migration transfer 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 decomposed; or the energy
trap used the energy to relax the lattice or to anneal itself,

The values of R,, the mean (or critical) transfer distance,
were 40 Angstroms for nitrate-doped disks and 55 Angstroms for
nitrite-doped disks. The values of"R; corresponded to the radius
of the sphere containing one acceptor, on the average, at the
acceptor concentration at which the protability for decomposition
was equal to the probability of loss of the energy to a trap. The
values of“R; for the anion acceptors were found to be comparable
to mean transfer distances in organic and inorganic phocphors.

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 migrating to a grain boundary and combining

with another oxygen atom to form oxygen ges.



A complete mechanism for the decomposition of the excited
nitrite ions was not proposed, but one route of decomposition
appeared to be the splitting off of an oxygen atom to form a hypo-
nitrite ion, the oxygen atoﬁ being scavenged by another nitrite
ion to form a nitrate ion.

The decomposition of the nitrate or nitrite ions was shown to
follow the predicted Stern-Volmer rate equation for values of total
dose small enough so that the effects of energy traps formed by

irradiation and produets of the decomposition were negligible.
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