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fho t r im * £ t  rluorotteac*- of umtyl *alU frorldae *

t eam f  jr unaltu  lev  re la tio n  vfclch -iffon* advantage* po tt tn >4 toy 

few other eeAlytloal mthodc for ary elcsaat. lo t ceily U th i fluaree- 

omce B»U;cd fo r urenlun txtremly U M lttfo , to t a lio , when properly 

carried o» t ,  I t  to «o fro* rrtn  interferences that oheatoal purification 

of nuplefi in aJLuoot never required. «t 9d  whoa « Ufa** Loo t /  astale ere 

present In anny hundredfold excoes UaftvtunAtcly, the analyst wio 

ccnrmlts Uh» lltoreturo  lor advice os p^oc«j 3jim f in is  that there le con

siderable uncertainty n b a t what tho proper or te s t technique !•, end 

n m x y  rscocuordatlona directly contrndiot each o tte r. The reason for 

this confusion Is that x t i  fluorescence netted Ir less accuse to Ua s  

meet quantitative nsthodji with which the analyjt I t  fau llla r , and ocn- 

aoquontly orrorooue conclusions say toe drawn If  one does not eeploy a 

•trioV y BtettstloaJ approach to th> design and Interpretation of ox* 

perlnsnta.

. f̂iecauee

iiny of our conoluelcvi dloegreo vlth thcao ctotalned toy other worker*, 

wo Lave orltlelcod In detail a mueber of experls»ate reported from 

eloevhere.

1.1 Outllra of the Ana ly tical Rrocedare. To orient the reader 

for the detailed dlecisaloon that fo lia r , thin ooct.Un glvew a torlef 

deeoriptltQ of the general analytical procedure and of the rargs of 

the method,

FTox an unknown solution an aliquot of 0.005 to  0.1 n l le  pipetted 

Into a ahallom  platinum dish n to cut 1.5 os In d isin ter, and evaposetod
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t o  d ryT *#*  - a d j r  r  b * -it i  .jap. I f  i l* f tv  r a f i i i *  o f  r a a l l l y  t a i M l i U *

* b l*  fit V fr^Byo n i^ l#  a * t« ?  X 0 r«m *1iw , t vn» f t r j a J #  ft*  t l *  t l f tb  I n  

l&  t  l l * # »  4 i l f  n  f a i i  auv  9tiH>4 t ; v  _f p i iH f t  Jf-’.K l I  « n f |v / a d . V * 

t h a  d r>  rw a ld a a  I n  th<* A l t h ,  r tr> r i x i rw t i  y  0 . 3  r  o f  a o * l« a  f l u o r i d e  o r  

s o d l  m  f l u a r l d o - a c d i u ?  'jt j  b ir .t®  a  t- t  i  ; «  a l l o c  ' .  «  f i g ,  u ,  g t * .  b . 6 > # 

n od  th o  Milt l a  f i r e d  b y  JoldUig tin d la h  In tbo f l w i  *f a  fetar bursa/ 

o r  b y  W 5urti.^5  I t  on  n  g a t  • t e r r a  .#*•» f i g .  1C , t n e «  M } »  A f t e r  c o a l i n g ,  

ih e  l i n e  o f  i*urad " a l t ,  O t h e r  r t l l l  tr» th>  p i n t l m *  d ! r h  o r  ''ta p p aC  o i v  

f ro m  tin*  i l d | |  l a  l r n d l u t o d  l * # 1* from  tfco 5 6 , mi rm re u ry  l u m ,  a n d  

t h e  / o l l t A  - g r o a r  f l u n to a c m c o  l a  s o w a r*  d  by  r  p tu to a lm o ta r l*  f l i* cw jfcG t< n -  

a t e r .  i ' r o a  th a  rm u l n g  > b to t v .n f o r  t h a  f ^ u a r a o c e n r a  o f  U ia c c j tp lo ,  t h a  

nre itg a  T f j.u a  f e x  th n  f l u n v c c a n e o  o f  b laa& o  I t  a e b ty n o w A , and  t h e  d i f f e r *  

once  l a  s a J L t lp lU d  by  f t f t a l l b M l l l  i ju n -m i fw l  c a l l b r r t l o i  f a c t o r  ,o a e  t i g . 3 , 

d e c .  3 .1  ) t o  g l e e  t h o  a t e  m l  o f  m a l l *  t o  t i n  damp) a .  I f  t h a r *  l a  r a a a o u ,  

b a o a u a o  oo* t l ia  u te a e n c t  o f  c r i e r  I n  t h e  fu a e d  f l u x  o r  f r »  k n e n .^ d g a  o f  

t h a  ooB ipoa lM oa o f  t h a  e d i t ' r e  b e in g  a a a l y t e l ,  t o  a u ip o c t  l n t a r f a r a n o o  

v i t h  t h a  t tu c e e a c c n c o ,  o w  c a n  t o  n  co :u» ;derab :.«  d a g ro *  rw » v e  t h l a  

o u nm d iln a  b y  d i l u t i o n  b y  em p lo y in g  a  a m i l e r  a l i q u o t ,  c r  o.*o c o r r u c t  fas* 

i t  by  " v p lk ln g T  by  a d d in g  a  knewn w**ir»t o f  u ra n iu m  t o  e n  I d e n t i c a l  a l i q u o t  

I n  a n o t h e r  d ia ls .

I n s t r u c t !  cn a  f e r  b u i l d i n g  a  s u i t a b l e  j l e t o a l e c t r l c  f lu o ro ph o tom a ta ..*  

w i l l  b o  g l e a n  a le ov fco ro * . Tho "M odal 17” l n a t r u i » n t , , * , u b l c h  v a n  om p loyod  

f a r  t h o  m o la r  x c r t l o n  o f  tfco v a r k  d e s c r i b e d  I n  t l i l a  r e p o r t ,  l a  ehawn I n  

T1.QXT9 1,
- ■ -i*—— *• — -

** r  a  p e r t  l a  a o h a t u l a d  f o r  p u b l i c a t i o n  i n  t h a  f h l l  u f  l$ i f l

i
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In the teflo of tlio oontrel un it tu  'h e  photograph la a large ho /' - 

toot&I vfcaol In which o lg i t  dlahaa and n fluorescen t glass standard con 

bo mounted stmilconaonaly. Tb* dlehcs ora \rred la tad  vm  r*.- t  time with 

# 5  mi l l t f i t  from a asrcury arc iaap. The f lu  xra* cent ligh t frcn the 

u-jBple la  f ilte re d  to  ruaove reflected  u ltre v lo lo t k mI rod 11# t  f**cn Vie 

a rc , collected by larg» and fe a t lenses, and foctineed on an aperture.

Beyond the  aperture la  a ground gloat scraen/m d beyoot th is  la on e lectron  

m l 11 pi lo r  phototuba. Tha tuba la  powjrrd by III j f i  ro\tue» d lra c t current 

frcn  a regulated supply, and I ta  output e w j  without further am plification 

througi an Ayrton shunt and In to  the galvenoaotor. The gain of the na ilti

pi lo r  la  adjusted by varying the output volte#- of the power supply. To 

reduce the dark currant, th e  phototube in coaled by a dry ice-toluene bath 

In tho top  of the u n it. The u ln la il porformneo i^qulied af the fluoro - 

photaarter In  connection wi th  the recosutondod procedure Include■ lin e a r  

ra t  pome to  fluorescent l ig h t  froo uranium in  anrjunti froo 10~lc  to  1G"^ 

grams; accuracy In the noecuroment of r*latlv4 l ig h t  in tensity  to  v lth la  

2% a t  a l l  lavola down to  10"^ grtuno; and blank readings free  stray  f lu c -  

rooconco, f i l t e r  leakage, and dark current not g ree ter than readings Iron 

10"10 gram* of uranium. Tho performance of the Modol IV Flvoropiioton- 

o te r  rren to ly  exceeds these requirement*.

the useful rungu of the nethod le fo r a sample Hire of fron about 

1C ^to^OOCl u g  af uranium, work below 0.001 ug requiring  great care In  

avoiding contamination. Usually analyses are run in  duplicate; fo r routine 

work l|he atandard e rro r of the mean of the p a ir la  generally below 10J 

except when the sen s itiv ity  Is  near I ts  lim it o r >Am  unusually large 

amounts o f In terfering  «ubstancas axe present, and by omploylng c e rta in

• ni
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roflrwaonta In  teohnlquo I t  1* n»q am tly poaelbie to  reduoe tvc steward 

orrur to  lo s t  than yft. It) elusont butldoa uimnlu* bat W o  ahcvn to 

produce detectable floor© >ccuco u eAo .* the c-yslltlcu* re >;u  mended In thlw 

pa par. A number o f ilcnjiU i In te rfa re  by ceuslog queue’ilng^of the fluo- 

rooconco, but uo element hat |» tr boon found to bo noticeable in  aaounti 

touch bo lew 1 ms, and n il 11'prut amounts of p a y  ftuUi«rnoe« con be tolerated 

This means th a t 1 part cf urnnlitt In 100 parte of tl.o worst quencher kr*tvn 

can bo dotornlund with a strc<uir«l exror of lauf than V>% by a n a l;tin s  U 

duplicate without racing a chemical separation dni without * spi cing" 1 while 

I f  "spiking” la  enplxyod, uetrg only four dlehoi on* can analyse v ita  a 

standard orrur of ab>ut IX# vi on thn r a t io  of strong quencher t )  uranium 

la 1C,000 to 1 . I’h la  maran th a t, bolides being useful fo r  nlcroum lyals, 

the fluorescence method la of ta iue  !n performing macro analyaea quickly 

and alnply without chemical separation, in  cases there  h lg i accuracy la 

not required.

Tho tlae  required fox encilyslo vcrloa widely, do sending in largo port 

upon whether or not nxtretx e.wLltlTlty Ij  desired. In faworaVe cases, 

where routine analyses are run on sim ilar solution* with moderate on Mum 

content and l i t t l e  quencher, a single export oncad analyst In a properly 

equipped laboratory can amljrso in  duplicate kO m in t lcar per day.

1.2 Tornlnoloff7 ord Carrentlona. 3lnoo thiro ia l i t t l e  general 

agreement on tordnology far fluorescence cmalynlo, sane of the termn 

used In this paper are defined here. Tho terminology employed has boon
t

designed for oonrenlonce in describing the oxporlnsntel procedures} in 

sons cases tho definitions dboeen mry not be the meat cooncn cneo.

n -
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Lunlno scene* le employed hare only In the aenao of photolumlneecance, 

the emission of light by on atom, Ion, or molecule that has boen excited 

by absorbing ll#it itself or by Interacting with eoae other particle that 

baa absorbed light energy. Fluaroecence le photolumlnoecenco whore 

emission of ll#it Immediately foil eve absorption; phosphorescence la pho- 

toluaiDeeconce where emission oooure (or nay occur) as appreciable length 

of time after absorption. In oatos where tho duration of the decay Is not

•

Important," fluorescence'nay be employed aa Including phoephareecence.

A phosphor Is a fluorescent or phosphorescent solid solution. In 

describing phosphors 9 the fallowing type of form oan be used: "BaF-lT 

■sans sodium fluoride containing In solution a uranium compound that "actl- 

vetee" It. The flux Is the fusion caterlal or solvent salt with or with

out an activator present. The dish Is the container In vhloh the flux Is 

fused,sfld frequently the contents of tho container aa vail. The dlso la 

the disc-shaped piece of4flux obtained by fusion in a dish and then "taypei 

out" from the dish.

Quenching le any process occurring within a luminescent substance that 

Interferes with Its luminescence; a quencher Is a Chemical substance causing 

quenching. £ Is a nuabor that measures freedom from quenching. It Is 

defined as the ratio of the luminescence found In a particular ease to the 

luminescence given by the same amount of uranium In sobs arbitrarily chosen 

standard condition In which quenching is comparatively low. It dan be 

called the "relative officioncy of fluoreioenoe” or the "coefficient of 

absaaos of quenching. £ is the psroent quenching. It la defined as 100(1-0).

spiking11 1« the analytical procedure of adding to an aliquot of an un

known sample, a known amount of the constituent being determined, for the .



6

purpose of measuring the reoorory.

Frequently "uranium 1000" aro spoken of &a existing In the phosphor, 

though It la believed that tho uranium la present in the uranyl fora.

Another convention that has been employed concerns the description of the 

concentrations of known uranlun solutions. Our stock uranium solutions 

have had concentrations that are multiples of 1.05t or 1.026 g/l, eo that 

amounts pipetted contain 1.05 or 1.05 pg, for example. Such samples, her 

ever, are customarily treated In the analyses and spoken of as 1 pg, or 

NT* ug, and so on- -tbougi vhen reports of analyses art made, the results 

are multiplied by a correction factor. In this report, In all descriptions 

of our vork except In the calibration curve (Fig. 5) and the discussions 

of It, these oorreotlcos have not been applied. The Justification of this 

la that the 3 or 5# error In concentration causes no sudden qualitative 

change In properties, and the various experiments remain self-consistent.

A second matter requiring explanation concerns the interpretation 

of fluorophotooster readings. These aro given as millimeter deflections 

on a galvanometer, multiplied by the shunt ratio of an Ayrton shunt. It 

has been mentioned that the gain of the multiplier phototube oan be 

varied by changing the supplied voltage; in different experiments for 

various reasons tho photometer has been operated at widely different sen

sitivity levels. As an aid to the correlation of different experiments, 

the relative sensitivity la stated in connection with most of the sets of 

date given. 81noe 1 tig of uranium In a dish le a standard, frequently 

used amount, relative sensitivity Is expressed as the reading that 1 ug 

of uranium fused la sodium fluoride by a Maker burner would be expeoted 

to give under the sensitivity In use. Since the response of the fluoro-

U£!7C



photometer is llneer, ailttplloatlcn of tint readings by the reciprocal of 

the relative sensitivity will reduce them all to the law tana.

1*3 Lumliwcenoe aafli Quenching. The possibility of aatlafaotory 

flucreeconoe aoalyala for uranium la dependant in part on the rarity of 

the type of lumtnseosaoe behavior It ahova. Among inorganic solids two 

general types of lindneaoaaoe an found. In the first of these the 

emission speotruw oonalsta of one or wore comparatively sharp (live., not 

broader than two or three hundred ware numbers, at woet) fluorwsoence 

beads, and reaalna very wioh the ease In aany different chesdoal end 

physloal states of the particular element or re&loal involved. The beet 

examples of this behavior are provided by oertaln of the rare earths, 

which ee trivalent Iona give characteristic narrow bands that are much 

the ease whether the rare earths ere pure solid compounds, In dilute 

•olid Solution, In aqueous solution, or aa organic complexes. In this 

type of lualneeoenoe, the decoy always obeys an exponential law and le 

ocoparatlvely independent of temperature, and, at all noraal IntenelUoe 

of Irradiation, the ll£t enieelon le strictly proportional to the Intensity 

of the Irradiating light. Uranium fluoreecenoe le of this type, and 

ohrowlo and manganoue loos in certain types of eolid solutions behave 

very similarly. Very few other examples are known.

The other type of lualneeoenoe of Inorganic solids le what mlgfct be 

termed "Impurity luminescenceand la found in almost any Impure inorganic 

compound that le not strongly colored*^ Light is emitted both ee fluo 

r*oenoe end phoophoreeoenoe, and the enieelon bands are frequently several thousand 

wave numbers broad, with little elga of fine atruotvre. And when any

7.
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stru c tu re  a t  a l l  la  found In  the spectrum, I t  la  generally ch a rac te ris tic  

of tha  a d v e r t  la t t ic e  ra th e r  than of tho a c tiv a tin g  Impurity. Usually 

there la  a f a ir ly  Icar-lylng conduction band In  the c ry s ta l, and photo-

oanduotlrlty  la  associated v lth  the luminescence. Tha decay of tha phoe-
■

phoreaoence la  usually no t exponential, but da penda In  a  oonpllcated nay 

on the  depths of trace ; and Irrad ia tio n  a t  lav  temperature usually  oan 

oauae a  storage of anergy which on heating la  re leased  as lu n la o a o sn o s .^  

Almost any type of "eubetanoe" con nerve as an ln p u rlty , even la t t lo a  

d e fec ts . This type of luminescence la  nost frequently  found shea tha  a d *  

▼exit has a  loosely packed la t t ic e  v lth  large l a t t i c e  constant, and when 

tha  solvent la t t ic e  can I t s e l f  cl*orb the Irra d ia tin g  l ig h t.

Ve thus see th a t to  avoid in te rfe rin g  fluorescences one m e t f i r s t
✓

of a l l  choose conditions th a t  w ill be unfavorable to  "Impurity lumines

cence” : th is  w ill aenn a  highly transparent a d v e n t v lth  t ig h tly  packed 

l a t t i c e .  Seccnily, the Irrad ia tin g  l l t f i t  should be of a  wavelength 

absorbed by few po ten tia lly  in te rfe ring  aubatanoaa; the aors monochromatic 

I t  la  and tha longer I t s  wavelength the a m lle r  la  the likelihood of i t s  

ex c itin g  undealred fluorescences. By th is  moans one oan avoid Interfaranoaa 

from ra re  earth s, since they abeorb only in  vary narrow bands. S im ilarly , 

o ther fluorescences can be d e a lt with by employing optical f i l t e r s  to  

l im it  the  response of the fluorophotooster to  a  narrow spectra l range.

And th ird ly , various chemloal Mans era  availab le  fo r  preventing f lu o re t-  

cenoeej aa ,the  fluorosoenoa of ohroaoua and wingiTioua tens la  avoidable 

by means of oxidation, since uranium fluorasosnos la  f a r  nore Independent 

of the  nature of the a d v e n t than la  "Impurity lumtaeeoenx , '  and elnoe 

I t  occurs under ooadltlons o f oxidation, i t  la  a t  le a s t  th eo re tica lly

lit!

/
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possible to  obtain oocditlooB under which no substance but uranium vUX 

fluoreeoe.

Ihe  second vay in  which foreign m aterials can '  r.t jrfe re  i s  bar 

quenching. The extent go? quenching la rerv ly  eo great that the  reduction 

In  e en o ltlT ltj  causes d if f ic u lty , ard thus i t  la  not o s ian tla l to  pre

te rit quenching, but le  su ff ic ie n t to  dntendne tho ostent of quenching.

The ttfo proposed methods fo r  t r o t  t i  04: punching, the d ilu tion  and "spiking” 

methods, both defend on the  asttimptlcn th a t j5 i s  independent of the 

uranium concentration, th a t  the  1 in  jar re la tio n  between uranium concentra

tio n  end fluorescence found in  the ebi«u:c * o f quenchers j t t  d ie ts in  the 

preeenoe of quenching Im purities. In jp n era l, i t  our. he predicted th a t ,  

eince uranium fluorescence depends on in te rac tions between single l ig h t  

quanta end alnglo uranium lane , non-linearity  w ill  occur only when (1) 

the  uranium lone quench oach other or (?) when the  omnium lone re a c t 

chemically with quencher lone 00 that change a in  umaiuzs concentration 

a ffe c t  the quencher concentretlca. In the f i r s t  cure, ve expoct l in e a r i ty

a t  l o r  uranium concentrations and quart: leg a t h l^ i concentrations, as
#

i s  a c tu a lly  found. In  th e  second caes, ve aspect pronounced quenching 

a t  le v  uranium concentrations, and lean quenching (proport ionately — as 

measured by the ta lu s  of / )  a t  high cenoantratione, as the quencher le  

"used up" by the uranium. For the m. ccer}9 of the  recumren&oA method of 

tre a tin g  quenching, i t  lo  e ssen tia l that the eeooni type of behavior 

nete r  occur, and th a t the  f i r s t  type not occur a t  appreciably lev e r urea- 

lua  concentrations In tho jrcaonce of v. qioncber thi n in  the absence of 

quenchers.

l i t l 71
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That a  lnrge amount of aided materiel, ear 10 ng w  ao, n lg it change 

the properties of the flux to  such an extant re to  tncroaoo the eelf- 

quenohiog of uranium lone, does not seen implausible, oat fo r a  miuuto 

amount to  haw a  pronounced effect eeuen Inprobeble. And a loot analyses 

where " ■piking*' la employed are not run a t h l^i uraalun levels, I t  would 

hare to  be a pronounced effect in  order to  to objectlauahlo, The other 

type of interference —for uicnlun eanceotmtlon to  effeot -he effective 

quencher concentretloo — eeeza maro probable. Thit v*uld Involve the 

tarnation of a non-fluareecont uranium compound or adex*ptlon complex.

In order far th is  process to  a l te r  oppr»»ciably the effective quenehur con* 

oentratianv i t  i t  neceesary that the to ta l nusfcer of quencher particles or 

of epscee available for edaorjtimn be of the ruse order of nagiitude ua 

the number of uranium atone} end a t  the some time, thlo very low concen

tration of quencher to st bind the uranium Kars strongly than the errer- 

iew>ii<ngiy greater acouat of fluoride ion. Slnoo - iu  iqueoiu aolutlcn, 

fluoride lone coaplox uranyl very a tro rg ly ,^  I t  neoi not rirpriee uo 

i f  ve find tha t thlo sort of quenching bebancr dr«e not occur.

8ubetancoa fluoresce to  the oxtsat that ether paths for the loss of 

excitation energy are unavallabli, end ve any expect tha t uranium fused 

in  sodium fluoride la  vary favorably el Mir ted in  xweprot to  fluorescence. 

Being in  a  solid , i t  caanct be quenched by "ooUlalow? of the second kind, 

the ooemon mecbanlata of quenching In liq u id  nad gases. Zt la  unlikely 

to lose I ts  onirgy by oxidising a »*:.(htorlng lora, as frequently happens 

with uranyl loos in rqueans solution, since the high temperature fusion in  

an caddltlhg flams ties probably le f f  very f  ru reducing agents present.

I$L

i
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Itetowr , the fusion conditions v l l l  dsf jrcjr u t  of the anions or crgsalo 

■Seoul ee that ooaplei uranyl tons atroogC ^  H voui solution. There- 

fo n , w» d m& not ha surprised i f  vs find a ll types of guenohlbt ecnptra- 

tlvely infrequent la  sodium fluorite.

l.b  Kvaluatloq yf ffyp l>TT1lfo« Different aaalytloal method*

■7 ha evaluated la  tana of aoouracy, nap i, economy, speed, tad etapltcityr. 

tea application of these arltarla to uranium detsmlaatlan requires eon*

(a) Slapllolty mate l l t t la  dleousaton. tea Important simplification 

possible la  uranium determination* la the alaoot complete elimination of 

oheeloel separations. te la  mans that tha Boat varied types of aaaplaa oaa

ha handled on a  routlna heala by untrained personnel f alnoa I t  la tha tmat«
• v

mat of Interfering subetonoee that requires detailed ohonloid knowledge la  

Boat analytical aathote. 8oaa chsBloal problem remain, to ha turn; la  

purtleulmr* tha aolutlon of solid aaaplaa la aa difficult aa la any other 

detaxmlnatlon, hut once tha sample la In equeoum solution, the mnlpulatlone

tea apaad of analyses la tepente&t principally on tha difficulty of 

tha naoaaaary chemical separations. la addition, apaad la usually Increased 

ty uaa of alaro mthote and ty  a vide m ap of pendesltle concentrations.

tea question of aooamy la a oasplloatjl one, and different standards 

apply to different situations, tea mat important factor !• the number of 

•aaplee to ha handled. 2a a laboratory where a large nuebor of aaaplaa are 

to ha analysed every day, tha major expense under any flyaten yet proposed 

for uranium amiyals by fluorescence will be the ooet of labor, and the 

•psedlaat aethod v lll ha tha Boat economical.

iu ,n
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12.

Ilgi sensitivity in addition to increasing the ipM&, Is deslrablo in

h
fluortsosmoe aaalyala for uranium, not to such because there U  great need 

feranalytlng extrenely minute sanplee, tut because it psmlte great di

lution, and dilution leeaeaa quenching. Thus, the hlf&er the sensitivity, 

the hî ier the ratio of quencher to uranlun that can he tolerated. In 

evaluating sensitivity in theee analyses, the inportant ooneider ion li 

la net simply the anount of uranlun that can he detected, but rather the 

aaount of uranlun par unit vslgit of flux. With a satisfactory fluaro-

ptootometer, the factor Uniting the anount of uranlun detectable la the
/

floorsacenno of the blanks, and not thu eenaltlvitj of the lnatrunant.

One can reduoe the luadneooeaoe of the blanks by reduc ing the amount of 

flux they contain, but vith a mailer 11 ah, only a correspondingly enaller 

rolxma of solution con be pipetted in, and nothing will hare been gained 

in eeneltlTity ae Measured in tame of concentration of uranium in the 

unknown solution. Consequently, in compering sensitivities reported by 

different workers, values will be recalculated in terns of concentration 

and axprssssd ae equivalent anounta of uranlun in 0.3 g of flux.

In contrast to the qualities previously discussed, the o valuation of 

accuracy le a thoroughly complicated problem. The moot inportant consider

ation to bear in nlnd la that the uranium phosphors anployod by different 

workers (with the single exception of Llpkln end Vtlssnan— sea 8eo. 2.2) 

are all very far from being optically homogeneous or of gaon̂ trioally 

aiaple form. Instead of a clear solution In a glass coll with optloally 

flat parallel aides, we deal vith an uneven disc or head ranging in 

appearance from moderate trunslucenco to opaque whiteness, the optical

n/Ju

i



properties depend markedly on the site and shape of tho crystals, ioi 

these in turn en affeotod la a eomvhat unpredictable faction by ell&t 

variations In methods of preparation. The systoa, thanf in cm to which 

atatlatloal methods should be applied, and the experimenter who neglects 

to do so will find that ho oan "prove" almost any sort of relationship 

ha wishes.

An example will nabs this dear. Let ue suppose that aa experiment 

la being perfocmd to determine whether 0 is or is not a function of the 

uranium concentration. Constant anounto of quencher are pipetted into a 

water of dishes, and than varying amounts of uranium are added. The 

dishes are"hand- fused" cos at a time in the flame of a Makar burner. Ih*y 

ere ire pared In order of increasing uranium concentration to lessen the 

danger of hlgi level samples contaminating lor level cnee; and then they 

are reed in a fluoro photons ter, and t le computed. Ve shall suppose that 

it is found that f increases from an average of 0*94 with 0.1 |ig of uran

ium to an average of 0.63 with 1.3 ug of uranium. Zt is concluded that 

0 la a function of uranium oonoantratlon, that quenching la reduced aa 

uranium la added. Ze such a conclusion Juetlf led! Zt le obvious here 

that a statistical analysis met be aade before the question oan be an

swered. But even if the statistical study shows that the results ere with

out question significant, the conclusion still nay not be Justified. What 

la licking la the employment of r&ndcnltatlon. There has been no safeguard 

to insure that earn crucial factor has not changed progressively as the 

experinent is being run. Let us assume,for example, that the mount of 

unooriblned oxygon in the flam has an important effect on the fluoreeeeuoe
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readings# aart that the experimenter la no; aware of this. As ha fuaaa 

the dlahss ho my unintentionally ahlft their poeltlon allgitly toward 

the canter of the flaw. If ho knows the contents of the dishes he Is 

fusing* he will unconsciously (and consciously as well) tend to hold the 

position such Mrs nearly constant while he Is fusing atopies containing 

the seas aoount of uranium than he will vhen ha finishes one level end 

starts in at a new level, thus he nay f<nd that dlahes at the sane level 

agree with each other excellently* while they are aarbedly different fron 

dishes at other levels, free exactly tho nan onuses, one can obtain 

precision that is ouch better than the accuracy. If ana prepares unknowns 

without Mixing known* In among then* the unknowns nay give axoollent 

checks and yet the results be Inaccurate.

The neoeasary procedure for obtaining results that can be trusted is* 

therefore, not eerely to suhalt the results to a statistical test of sig

nificance, but In aldltlon to design the experiment to exclude not only 

all known sources of error but all untaam sources of error as well. When 

two types of preparation are being compand* the desirable procedure is 

to Intermingle the dishes randomly and to have then fused by someone who 

does not know which dishes are which. To a considerable axtont, althougi 

not nearly so auoh as would he desirable, our own work has contained such 

precautions; vs have no knowledge to what axtont, if at all, ether workers 

have employed these Methods. Such work to very time consuming, and the 

progress made to data has not boen etrltfr 3. Vhen there are many different 

sources of error of roughly the muae aegil tudo, It Is difficult to determine 

the effeot of variation In a particular frotor unless one la employing a



c
large number of eenplee. Thus tho aethod of approach to gradual!/ to  

ollfllaate oca oouroo a f  error afte r anotnar. Ao different factor* are 

elucidated nnd the precision increased, oarlle r ozperlaants ara rapaatad 

and possibly effects ara observed that trjviously vara hidden by tha largi \  

inaccuraolee in tha aa rlia r  technique,

H a question arioso of which a tatlo tleo  w ill be aoot satisfactory 

ao meesurso of accuracy and preololoa: are vo more lntoraetod la  ubeolute 

onroro or In par cant arrorot

In  fluoreaoenca determinations, ao In a l l  quantitative ana l/tlea l neih"
* *  .

ole, there are ease errcre that roaaln largely independent of the oonoen- 

tra tlo o  of the constituent a ought, while other errcre ere alnoot In direct 

proportion to  the concentration* If ve denote by A t^e absolute etandard 

error Introduced by the f lro t  type cf lrtarferenco, and by P the par cant 

etandard error Introduced by the aecond type of Interference, and I f  o lo 

eoncentratlcn, then tha rooultent to tal nbeolute etandard error, 5J ,v l l l  obey 

tha following aquation (aoaunlng that tha error dlatrlbutlcn lo approxi

mately normal):

£y « '/a® ♦ (eP/lOO)2

A lo a  aeeaure of tha variability  found la  the bln&ke, and P can be eval

uated from etudlee of high level eaaploe. I f  A is  each larger than o7/lOO, 

then the standard error should, for oooLtanuy, best be onaeured In absolute 

units; i f  cP/lOO lo aunh larger then A, then I t  is  moot convenient to 

express standard error ao a  per oont. Probably, vith moot conacn analytical 

methods, A lo the more Important te n ;  but with any eyeten with extreme con

centration range cP/lOO. lo more Important exoopt a t  the very loeeet concen

trations. Accordingly, In  th is paper in Uscusslons of acouraoy, etandard errcre

13.
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will usually be expreo od as pi * centa rf tbe noon. S la tlarlp , the pre

cision of fluarophctooi trio  un liua detaralnaf.one hns been found bp noet 

of the nose successful crkcrs to  be, over a vlda concentration range, 

a nearly eonatent frecti m of who conoentratl on; and heno* the coefficient 

of variation le  a acre satisfactory ( k n e a r l y  oo^etant) s ta tis tic  than, 

the standard deviation. C
\

The errors of constant absolute aagnltude should be due only to the 

variations of fluoresoenoe found in  blanks; th is fluareeoenoe of blanks 

is  probably n a ta l/ the result of urenlua contamination. With an unsatis

factory f  luoropiiotoneter, other nearly constant errors nay be introduced 

bp strap fluorescence Inside the lnatruaent, bp lig h t leakage, bp Ntero

d rift,"  or bp dar£ Qu it o  at fluctuations. The errors of constant relative
fa

angiltude are princlpi.il/ duo to variations In the optical properties of 

the phosphor and i ts  container, though other errors of th is  tppe can also 

bo introduced bp an unei^tlefactary fluarophotoneter. In addition to the . 

l lg i t  scattering bp the flux, the lig h t reflection tixm the Cotton of the 

dlah is  of aajar taportanoe In aeu>7 cases, and discolorations of the plat- 

in jo  surface produced bp cheaical action of the flux frequently leads to 

large errors. The factors involved in  these effects are so conplloated 

that Is has not pet proved possible to  do mch sore than reduoe the varia

tions bp standardising the techniques end ellntaating hussn factors 

eherstsr possible.

*For example, Eernegger and Karllk, and Ksuaanp.aee c oc. 2.
c

- > * / ' ?U JL
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2. A 8umi of Work Elsewhere

J

2.1 Historical. He fluorescence of the uxanyl loo vu one of the

eerlleet kocvn and has been among the meet Intensively studied of all typee

of fluorescence. In his olasslo first paper go "2he Change in the Eefrangl-

blilty of Llgit," Stokss^ described in 1§?2 the behavior of pure uranyl
solid

ocnpounds and of uranlua ln/solutlon In glass and in fused borax; and the

uxanyl suite sere aacog the first ooapounds observed by E. Becquerel^ In

I 0 ^  .
hi. mo.jfccro.0,*. I fTtoael^tua, of ur^l flucr..=.no.

vaŝ by Mohais and Haves uho In 1919 

published ttao results of eight yearn of vork at Cornell In which emphasis 

was placed oo the off tots of coolly uranyl cotjpounds to liquid air tem

perature. | a considerable amount of work was

dons by Disked sad co-vartero at Coluabla and Johns Hopkins on absorption 

and emission spectra of umujl salts at liquid hydrogen temperature.

The present analytical method began with the disoorery by Hlchols 

(81and Slattery' 1 that the intensity of uranlua fluoresoenos Is greatly in

creased by fusion In sodium fluorlds. In a later paper Slatterŷ ?) described

tests on the fusion of uranium In mnj other salts, and reported that only 

lithium fluorlds gave an o*Yect comparable to that of eodlua fluorlds. A 

study of the relation between fluorescence and uranium concentration in
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•o d iu m  f l u o r i t e  « u  p u b l i s h e d  b y  X w r r i t t ,  v h o  b a a e d  h l «  t h e o r y  u p o n  

l l o h o l s  mud S l a t t e r y ' s  d a t a .  T h e  e a r l i e s t  a c t u a l  a n a l y t i c a l  u s e  o f  t t e  

•o d iu m  f l u o r i t e  f u s i o n  m ethod  ma  b y  P & pleli a n d  l o a g ^ )  i n  1 9 6 7 *  T h ey

2
m a te  a  b r i e f  s t u d y  o f  e p e o l f i o l t y  a n d  o f  im p u r i t y  q u e n c h in g .  One j e a r  

( 12)
I n t e r ,  X i t e l  x 9 em p lo y e d  t h e  f lu o r e a o o n o o  o f  u r a n iu m  I n  n i t r i o  a c i d  

a n d  i n  f u s e d  h o n a  t o  d e m o n s t r a te  t h e  p r s e e n o o  o f  u r a n iu m  i n  t h e  k id n e y s  

o f  a n i m a ls  t h a t  h a d  b e a n  I n j e c t e d  w i t h  t h e  m e t a l .  T h e  f i r s t  q u a n t i t a t i v e  

a n a l y s e s  m e re  b y  H o rn o fig e r  a n d  B a r l l k / 1 ^ )  v h o  i n  1955 u s e d  e p e c t r o g r a j h l o  

m>asu r n > a t  o f  t h o  f lu o r e s c e n c e  i n t e n s i t y  o f  l a P - 0  b e a d s  t o  d s te x m ln e  t h e  

u ra n iu m  c o n t e n t  o f  t e a  m a te r .  8 in o e  t h a n ,  m any o t h e r s  h a t e  e m p lo y e d  

f u s i o n  v i t h  f l u o r i t e s  i n  q u a l i t a t i v e  o r  q u a n t i t a t i v e  a n a l y s i s  f o r  u ra n iu m .

T h e m o s t i m p o r t a n t  r e c e n t  p a p e r s  i n  t h e  u a o l a e a l f i o d  l i t e r a t u r e  a r e  b y  

■ o r th u p ,  Pr)  u h o  u s e d  v i s u a l  s tu d y  o f  s o d iu m  f l u o r i t e  b e a d s  a s  s  q u a l i t a t i v e
V

t e s t  f o r  u r a n i u a  i n  m i n e r a l s ,  a n d  w h o se  x e p o r t  ln o lu d e e  t h e  l o n g i e t  l i s t
•  #

\  m

y e t  p u b l i s h e d  o f  e u b e te n o e e  t e s t e d  f o r  f l u  a r e  a c o n e s  i n  f u s e d  so d iu m  f l u o 

r i d e  i e n d  b y  G ib b  a n d  E v a n s ,  ‘^ " W h o  d e s c r i b e  a  p o r t a b l e  f l u o r o p h o t o a e t e r

':| f  /'-'Il I I  :
f o r  f i e l d  u s e ,  a n d  g iv e  a  l o n g  l i s t  t t f  e le m e n ts  t e s t e d  f o r  q u e n c h in g ,  k  

p a p e r  b y  8 1 1 1  a n d  t e t s r e o n ^ 1 ^  o n  a  q u a l i t a t i v e  t e s t  b y  f l u o r e e o e n o e  i n  

a q u e o u s  s o l u t i o n  h a s  a l s o  r e o e n t l y  a p p e a r e d ,  f h e  m oat e x t e n s i v e  s e r i e s

( 17)
o f  p a p e r s  o n  u r a n iu m  d e t e r m i n a t i o n  b y  f lu o r e a o e a o e  l a  b y  J o s e j h  f io f f n u a n , v 19 

v b o  h a s  f o l lo w e d  t h e  p r o c e d u r e  o f  F e r n e g c p r  u id  E a r  I l k  e x c e p t  t h a t  h a  ‘
£

em p lo y e  v i s u a l  i n s t e a d  o f  p h o t o g r a s i i lo  m e a su re m e n t o f  l l g i t  i n t e n s i t y )  t e a r s  

a r e  a  n u m ber o f  r e a s o n s ,  e a  w i l l  b e  p o i n t e d  o u t  i n  l a t e r  e e e t l o n e ,  f o r  

q u e s t i o n i n g  t e e  r e l i a b i l i t y  o f  h l a  w o rk .

l1C  •  V . - ' ' .  -  ' V  • v  *  '  . ' V  • * > ' :  •. ~v  ’■.  :  , ! > / » ■ ?  I  ..t  r . t\r (\ ;  : ■ '  j T q j V ?  }{•*-*'''£ ri i .  “ U V t V .  ‘<ry. :i^y > • !  '  ' i W
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2.c Oeneml jESSBSS&ttt S£ S t  jSjMtSSSSfiSS °f Omnium In Sodium Fluo

ride. Tho ooonon fluorescent uranlua cunpounCs aro e ll  uranjl sa lts .

Whether or not the uranium Is in the uranjrl fora in  ths Sal-U phosphor has 

not bsen definitely established. 8 . la t te r j^  lnvastlgrtsd th is  question 

b j sptctrographlo studies of BbF-D end LiF-U and of vast she hollered vers 

uranjrl fluorides, both a t  room temperature end a t liquid a i r  temperature, 

and aha concluded tha t the uranium probably sms not in ths uranjl foam.

Other speotrographlo studies of BaT-U vers described b j Blchole and S l a t t o r j ^ )  

and b j Hsrnaggsr and Karl Ik. Vhors&s ordinary uranjl fluorescence

beads are separated b j Intervale of arourd 000 to 900 vara numbers, an 

interval that has been identified vlth the sjonetrloal valmco frequency 

of ths uranjl ton as shown b j Raman spactra, in  eodium fluoride the fra* 

qusncj intervals are shorter and lass regular. Because of th is , Slattery 

suggested that something like uranium hexafluoride might be the fluorescent 

species, fb is, hovrmr, besides betng ntranglj improbable on chemical
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grounds, la unlikely because the flucroaoeaoe spaotrua of tb hexafluoride 

Is qulto unlike the uranjl apectrun, einoe it ti shifted toward hunter 

wavelengths tad its aoat characteristic interval la about . 220 v m  number®/2°̂ 

Although the Question is not settled, It would seen that the uraaj^fcra is 

the asst probable on ohsnlotl grounda, and a changn in length of the interval 

in sodiua fluoride is net s proof that uraajl loot are not involved.

2.3 General ^he nethoda of different waters

have differed according to whether fluorescence wee Measured visually, 

photographically, or phototleotrloallyj whether dlehea or heeds oh wire 

loops were employed; whether pure sodium fluoride or eona fusion nlxtars 

was used} end in regard to techniques of fusion.

**5r possibly nranate.
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Holt of the early worhere end n o j  of the ears recent c b m  here pre

pared th e ir  phoephore u  heeds Instead of feeing In dlehee. While cheap, 

guide, end staple, the prooednre Is  for less eatiefactory for quantitative 

cork than i s  the aethod of perforalng a ll  — ipulatloae In the dish lh  

which the fina l results ere ofetalnad. Pishes are usually sede of platiana, 

though gold,(57) a l l v e r ,^ )  and even n io to l^ )  have been rsoo— nded fo r 

use with low M dtla j^M g^eyaebcaite fusion alxtiirea. /

| ^ave used as dishes the covers of large platinum crucibles,

which hold 2.3 6 of flux; Bloor end Xeunan have used snail dishes sad* 

froa 3 a l l  platlnua fo il  and holding 80 ng of flux. I t  would aeea that 

the — l ia r  alse would he the a r t  satisfactory, alnoe large dishes w ill 

have the following disadvantages a (1) grseter expense, (2) acre tiae re* 

gulred fo r evaporations and fusions, (3) — lia r  optical efficiency in  

say optical system in  which l l # t  is  focussed, (h) lesser oonvenlenoe in  

handling, (3) acre epaoe required for olofaning and etcrags, (6) greater 

tendency to  defers, and (7) greater d ifficu lty  In  "tapping out."

leu— i end aoat of the ea rlie r  worhsre have used pure eodlua fluoride 

as flux. Other flu—  that have bean explored include lithium fluoride, 

a  i : i  mixture of eodlua fluoride end potassium c a r b o n a t e , a n d  mixtures 

of 1 to  10)1 of fluoride in  aixed eodlua and potassium carbonates. The 

compositions of two of the h i #  carbonate mixtures are aa follows:

3.7
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8.5* ty wrtdrt », te.s* «tf05, 55* ■.gC03(38)

1.8* hr, W.J* l̂ COj, *9.9* hiCOj^) ^

Zn this japar the first mixture vlll be briefly j^ferred to ts the j j 

mixture, while the nocdI trill be called the j mixture.

fttmioosof lev mating mmtorimla contained in dishes have usually been 

performed In muffle furnacesj* most vorkets using beads fuse In gas-air 

flamse; no cos has yet reported successfully fusing pure sodium fluoride 

in a muffle furoace# j

Dishes fumed in muffle fuxvmoes trill often hare received similar

oon&ltlonj vithin a furnaoe. Attempt increase the precision

of flems fusions by mounting the dishes on wire racks, fusing each dlah 

once trith each of two Ms tor burners f and regulating by a water oolusn the

ireseure of gae to the bunkers. 8uoh jrccedures, while not so nearly In

fallible as randomisation, greatly decrease the need for randomisation.



2.b Specificity. Three element! la addition to uranium have loan 

reported to give visible fluoresoenoe When fused la sodium fluoride, aad 

thraa othar alaaanta have been raportad to fluorite# la high oerbooate 

fusion mixtures. yiuooraaoonoa of oolumblun in RoT vaa described by 

Bepleh aad ■oagk*) aad bp larthup. (***) The former found n faint green 

fluoresoenoe uadar ultraTlolat lltfit fron a oar bon aro vlth a Coming 

"flolat Ultra” filter, aad pala blue fluaraioenoa with uuflltersd. llgit 

Iron an Iron apark; the latter used an argon ianp vlth aad without filter 

for excitation, aad observed a faint greenlih-yellov fluareeoenoe. 

lelther used jhotoeleotrto or photographic aathoda of study, althougi 

Horthup did atteapt various nethode of distinguishing between uranlua

and ooliafclun and olalaed that a hand spaotrosoops revealed differecoea 

between the fluoreaoenee apectra vhen a large amount of ooluablum was pre

sent, though not whan the fluoreaoenee was very faint. Blohols end Hovei^ 

•tudlad apeotrographloally the fluoreaoanoa of naodyaiun end of erbium In 

•odlua fluoride irradiated by light fron an iron spark; they found that 

naodyaiun gave blue fluareeoenoe, while erbium gave green. Borthnp ob

served greenish-yellow fluoreaoenee with neodymium under an Iron apark, 

but no fluoreaeeaoe under an argon lanp; ha oould not observe erbium 

fluoreeoanoe under either oondltlon.

0
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Part of tha work Just deocrlbod la ojwn to tho orltlolea that tnsuf• 

floiattt cato m i  tatao to port that tha obaarvad fluoroBoenca waa not 

duo to uraidua. j

I Itplah and Eoag did not proaant 

In tho It short artlols any good arldenoa that tha luatnaooanoa found with 

coliufclun waa not dua to urantu*. Koxth*. ji did attaapt to dlstlngilah 

tween tha two, hut tha only atrong aridanoo ha praoanta la hla apaotro- 

aoople ohcarmtloo, In vhloh ha clalart to obaarra a dlffaraaoa botvaan 

uranlua wd aoluafclmi at high oonoantratlona of tha 1 at tar. Hcwawar, alnoa 

ha did not doejrlte this difference, and 0tra no dnta regarding tha anount of 

eoluifetun employed, as far aa wa know, tha dlffaranoa nay bar* haan dua to 

absorption of part of tha uranlua fluar'ncano*.



27.

B.3 8snaltlvlty mad Aocuraor. It v&a mentioned la Section l.k that 

sensitivities ahould best be ocapartd In terms of amounts of uranium per 

unit velgit of flux. Since the dlahee la ueo at this laboratory hold 

approximately 0.3 g of flux, values reported by different workers will be 

recalculated as equivalent amounts of uranium In 0.3 g of flux*

The hipest sensitivities reported by workers outside the Manhattan 

FTojoot were obtained by Herneggsr end Karllk, end Hoffmann. Heroeggsr end 

Karllk photographed, using a 133 minutes exposure, the speotrum of a 25 sg 

KaF bead containing 10*̂  pg of uranium. Since the beads weighed approx

imately 23 mg each, this would be equivalent to detecting 0.0012 jig of 

uranium In our dlhee. This wee purely * doteotlcn of uranium, not a measure- 

aant. for the authors state that for itaotlcnl purposes the sensitivity 

limit Is 0.001 |ig, and that there is difficulty below 0.01 tig from re atprob

ity law failure. Hof faanuapparently using visual observation, ola.ned 

to be able to detect 10*3 j»g of uranium in 25 mg HnF beads) * this would be 

equivalent to 0.00012 \\g in our dlthte.

* B 5 B B S » Ba P 3 (l9t01. The word "apparently*' is used because it is 
by no means certain what Hoffsamls saying. Sven nan whose native tongue 
is Genoa, have had difficulty understanding this article, and even the 
Chemical Abstracts (TcxL. j6, p. 5108 (19̂ 2} reviewer node at least two 
errors in translation.



In ©Taluattng than# m io r t tH H e u ,  I t  a lo u ld  V no a d  tha*., etivce no 

In fo rm a tion  l a  g lean  reQBrdlnc a.M-dard et cat ar b I nd^rd AewlciMcn a t  

th e  l im i t  o f e e n n l t lT l t / !  th t l lm l tr  c iilir^A  depent tc   ̂ c oup l i a b l e  r y -  

t e n t  an th e  a t t i tu d e  oflP th e  a n a ly s t» on h w  g p ea t j » t r i e r  l;e f t  v l l l t i ^  

t o  t o l e r a t e .

'flum one ta  In v e s t ig a t in g  accu rac ies  itia ln aA  by d iffe rs  r.t tfoK)lMif« 

ouiv.cry read ing  o f  th e  l i t e r a t u r e  would glv* th e  1 (r cion that. th e  

mothcd o f  Jonepfc Hoffmann ta  by f a r  t»io a c* t a c c u ra te , o r in  h ie  l a t e r  

papore lloffnrxn hna re p o r te d  M e a ie ly t l c e l  r e t to j t s  tc  th ree " i t  <nlflo<jtt" 

f i g u r e s . ^ )  C are fu l s tu d y , however, rev a ? l«  the* .* nikae t l i  toteraf.ua* 

t lo n e  v l r u r l l y ,  and t h a t  he ;a v ,  fo r  example,, Aecld* tkfct th*. f la q r e s senca 

o f  on  unknown bead app ea ls  abcr.:t a idery  in  li»b*na1tj t o tv t t n  te o  9tefidafA 

boade con ta in ing  r e s p e c t iv e ly  Q.OOl un£ 0.005 ug  of u ru ilu a , and tiir.t 

th e r e fo re  th e  uranium c o n te n t of the u rk ro /n  la  C CC20 ,g .  He >*111 them
V

A It  Ido , th e  O.OOty by e  veltfj*: .jbt&iooi| on an n n a l j t 'c a t  bltoftWi to  fo u r 

e lfp i lf lc iu i t  f ig u re s ,  and r e t a in  th ree  f l^ .-ren  In  th  q u i t t e d .  I t  vcu ld  

seam very  remarkable I f  1n h ie  nwthod the s tand a rd  * rro r  o f  e t in g le  dote** 

a ln a t io n  te  no good a s  10)1.*

* K  r e p o r t  th a t  Hofmann o la in s  an acouracjr o f h o t te r  th ra  1> le  probably 
e n  C im r  lu  t r e jw la t lo n ; fee  th e  precedi ig fo o tn o te .



2?.

Hho work of Herr.oggrr an l Ih rIlk  la  probabl** fa r  acre accurst* than 

Hoffnann'e, since thojr uued a acre precise nethod of l lg i t  aensurenent.

The precision of their dstermlnatlcns vac luch tha t In their noa eater 

analytes the raeex. of the coefficient# of variation fo r the seven flaatplte 

vac 15)1. Informal on on the acciracj c-ir. to obtained frcna in  experiment 

In which they added a knew amount of urcuiue to a  portion of tea water 

that they hud previously analysedj the man recovery was In error by only 

Ac th is  lc m ailer than the ooefllolent of variation, ore m id  

oxpect that in an extended series of determinations the accuracy would not 

be quite co hltfi. Even so, since in thie work i t  wee aeceecary to  ocmeen- 

tra te  and purify iar#i volume of eea water, the rouults sees very s a tis 

factory. ................. ......



3 6 .

3 . Ku * r --n a n t% l

O ur w o rk ,  w*iich b a g t n  nr .ly i n  I9M 1 i n  Vu> C l i n i c a l  M a d le ln a  S a d l e r  

o f tarn B a a l t h  D i v i s i o n  o f  th*» H r t a l x u r e l o a l  L a b o r a t o r y ,  v m  o r i g i n a l l y  

d r t l g ^ d  f o r  d t t a m U a t l o n a  I n  v r l n o  a n d  o t h a r  b l  .lo g & M d  m i s t r i a l s ,  b u t  

I t  i x b  p r o t a d  p c w ' .M o  t o  d n r a l o p  o u r  ~ * th o d a  i n t o  g a w r a l  m i  f o r  d a t a r -  

a u j a t l o o *  l a  a n ;  t y p e  o f  u h t s l e a l  a y t U n .  T h a  n a r l j  a o f  t h a  v t r k  

j t > d n n a r tb n d  b y  f t r r s t t l ,  T r i c a ,  t n d

S s fe M u r tt  l a  a  ' f i n a l ** r e p o r t  o n  t h e  b i o l o g i c a l  a p p l i c a t i o n s * .  I n

t h e  p r a a a n i  $ a ; e r  *** g i v e  l u t r u c t l a a *  f o r  r n a l y a e a  l a  e l l  t j p a a  o f  

■ a W r l a l e  t h a t  car> b a  b r o u ^ i t  l t t c  eq u ao tu *  M k H ttO f t i  l a  t h a  p r e s e n t  n a t i o n  

v a  s r e a e n ;  »oma o f  t b i  t* * * „ - iim i2 ts  o r . n l c h  o u r  r » c c e n t a l * « .U a a  o r a  b a a e d .  

I t  w i l l  b a  9t%b, in c c a p e r i n g  o u r  • •a rk  w i t h  t h a t  l a t e r  b a d  f e e  o t h e r  l a b *  

a r t  l a r i a t ,  t h a t  o u r  p r t a c t p l a  n r v a n t a g e *  h t e e  b a a s  t h e  p c a x a a a lo o  < f  •  

f l u c r o p h o t o u t t a r  o f  f a r  p e a  U r  c e i u l t l T t t y  t h a n  c th* r»*  h r r #  c a r d ,  and  

t h a  a a p l o jm t n t  t f  o»*i a a t h o d i  o f  t r e a t i n g  ^ u a n c h lr ^ * .

3.1 General P r o p e r t i e s  o f t h a  Fit-jyaacanca of lYiaiiu* in Cc41ua 

Fluoride. feftlatiOD eject** o f  i r e t l u *  oephtra s u e  ahovn l a  F i g u r e  2 .

I n  o r d a r  r m  th a  b o t u *  u p ,  t h a  p l a t *  n l c v a  a n  l r o u  a r c ,

1 0 0  i f  i n  I n F  t x p o a e d  f u i  i  a l m i t e a ,  1 0  u a  I n  

W  a x p o a a d  2 0  n l n u t e e ,  a n d  IOC u% I n  l a ?  e x p o s e d  1 0  n J n u t e a .  A l l  d l a c a  

v a r a  t r i e d  l a  t o d  » t  t h a  a a a a  I n U a j l  .7 ( r n a  a t ? c t i g  M o u r y  a r c  \ a » p  

A l t e r e d  t o  t r a o i a l t  a l e u c t  a o l e l y  t h e  a** l . n t .  T i e  p i r n *  v u  ax  

K a a t a a n  t  j e c t r o g r e p n l c  p l a t *  * t t b  1-F  t e u l a l o n ,  a n d  V ia  a p a a t i o g r a u h  m i  

a  h J f h  d ia p e r s - lo n  j r n t t a g  l i i i t r i u i e a t *

Tha  a o a t  l a p o r t e n t  ln fL T C a v .c n  g i v e r  b jr t h a  p i k t e  l a  t h e  c l  o a t  a l o l -
t

l a r i t y  a f  t h a  a p a c tm  I n  t h a  tw o  f u e l  o n  t e  U r  t a l e ,  I n  c a n  o f  v h i c h  th e

* M » e t r t  J a e e e  B rcd y  v (  C U m  l i t t e r e o r .  t p e ' k l l d  t h e  a p e  : t r o g r « |* b .

\
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FIG 2 - FLUORESCENCE OF URANIUM IN SODIUM FLUORIDE AND



m m

< K l a  > 3  U « M  M  « r* * %  m  U  A *  a l d a r *  t h l #  

u » t  Um  t f w t w  « n t  m w  a  w i  n m |  i r f u s v j  f * r  f l  m t II*

t t

* \

| | | A  I I I  f  IIMI f t l *  # t a e l « * l

W a d a  a t *  • «  f o U w i i  | > f A *  3 T O ^ 6 & 6 ,  i f t*  6S>G*» Um t l M  !  @

t a t a r r a l i  l a  a m  la a A N ra  a r * # l a  « r t t a r *  | i > p f W *  T t > ,  TO# « a l p ' |

1  a u » 4 jr  o f  Um  l u l M U t i  * | » c u r a »  o f  W  t  m I i , M i n i  *  i t v i a a a  

• l M t i t : M w M i « r  mi M # t  a o u r e a ,  o a f  * • *  J i a r t i m *  « r t t t  i

a u l t t p l t a r  ffcov> v  b a .  f t o  \ n U n s \ '£  o f  Um ’ r ^ 4 t  * <*» Wm a a r o ^ j M  V  

a a a a a  o f  a  t o *  to w  l l i o t r a a l e  C i U  U w u  * * 4  j r o t i ^ a l j r  W «  a * ) l t r * v » t  f a r  

n l k U f t  a p t  U * 1  M N M H t n i j r  < 0 9 !M l  a  t a n a  p o l» >  I t  a #  t * < « 4  M a t  

a lt*  •  tun fttac t f l lM M t i m t  t o  l t t f* t  noama. f . i i h W U j U  p***4

| j  v t d a  U> o b t a i n  a u f f t e l m *  ! a ’< n < t t * .  « t o t  r t t u t t  v * r *  i r * a * 4 ?  l a
#

• n r o r .  t t o m f o r a  t a *  t o n a r  v a t o  o f  u a  A - I *  a a r o u r /  t f *  m  m u m *! l a  

t n «  W e m r *  b,«w * l i * .  * r * n  v . u  O i l * ,  r  i t  * * * r $  d m . t t f u l  • l . ' o p t  a t  

5 6 5  *  a n d  >3* pm . TV* r o U t l v o  a f t o U * !  a o o a U W l t r  f o u n d  v a a  a t  f a U g a a S

*36  * ,  l ( ? > ;  *05 * ,  M ' ,  | |  * ,  O .  t o ,  * * |  A 3  t o ,  3 5 m t \

f t f u n  3  l a  a  « i w ,  a a l c f c  4 a » * * f t t r a t> * »  a  l l n t a r  r a i a t l o u

t o l v t a a  u r r n l u a  c o n c a n t r a i t o n  * * d  f l & a t a a a t o o *  I n t a a a l v j  o v a r  a  r t a a x k a b i j  

v t d o  r a n g a .  f u r t u a r  d a t a  « r. t f e i a  a a i l t r a t t o n  a r t  * b m a t a 4  I n  t o c t l u n  ) • > .

A a  a t t a s p t  v a a  a a d a  t o  A a t * c t  p n * » r f c o r>  n * **v»  T r a a a n  I n '1 l i t  lo«* 

t a a p o r a t u r a a  b j  1 M a r a t  n g  a e v a r a l  f a f  - 0  t r o p i r a i i c a a  a t  t h *  0 . 3  k  ^

1  i*? r a n g * ,  t a a a c O t  t i k i  o u r f a o e  f  l i q u i d  n U r u j a a .  t a a  j h o i j f c w t  v a r a  

l  r r *  A l a  t a d  o n *  h o u r  b j  n a  u & f l l t a r a d  q u a r t t  a t r o . t r /  t r c ,  a  t h a n  a n  

a d d i t i o n a l  1 0  a  I n .  t o e  t h r o u g h  a  f i l t e r  o f  c o p p a .-  a u l p h n t a  a o l u t l o n .  T to a /
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Aftrunt of Uriuiluft O u r #  p tr  Wife*

*

? i* . 3 - CaUtruU r  curvo f«*r Fluor* f^eto*#trr K*4*l t f



SI*

* « r»  frw-i tfe* I t *  4 4  m i  f » r i # * U ?  fjfer* m u *  a a i  «® n»4

U  r * «  viUMf «;<■* -*• U** •$# «£ * b*r* U « u  |  »tt*> dnrt

4 t i p M  * |» a  a »  u » f »  o f  l l | A  W U  t  f  p f # .

^  ffilwriV^nwifiirw ^  rnm m ******** «•§

# * » * » !  jp r »» i4 <a>» b a a *  W m  v i u  f o a l * *  u d k a i ^ u M ,  f u s i o n

a a M t a l a  «a4  f  n  • * ? * • «

| P l« n * «  b a t*  i n  v -  a n l a  W a n  fx **i t r .  o®»*» f l a j » a f  ** a t B i i o m d  U. 

C * « t t « *  1 4  nm! ** r i l l  l i  I t ^ r i W .  f * r t h * r  U  M U «  i , ] . ;  W  

d t a h a a  * r t  i a  a  ■ u . ' t l *  f  m > » ,  t » » ?  utMitmriXj ••** rn»  e o l o r a d  

? » U o *  o r  h r r t  * i  •  p m 4 1  o f  a l a a a U a d  p i M l v w  It  t h a j  m  e o v a r a d  

H fe t la  t fc * j  f«M >, t t t *  4 -n m m h  « c e * r  * i #  # •  f « « 4  l a  *  « m f flw  f u r a o *  

n h U a  * * * * 1 ,  t e a t*  i w i  U r g t ,  * l n «  t t y n t a l a ,  b u t  t i a f a r u i a t U l j  t h *  

f l w t t i ' w : t  l «  *i ' t+mI j  lm  « \ t i  Um  t i r b  t «  r » f i n # 4  l a  a

f l a m *

ttw m  I T  l a  f v » i 4  l a  v 'U s  * i r  # a  « *>*U «»i*b l*  a n o u a t  r a a c l a

u> / l a i d  l U r a W t u U  b % n n . A t  tb a  m »  i i m ,  *  ,* »  t#  I t b a m t a d  t h a t  

•  t e a # #  a t l l o *  p i l U - a  c o w r i t *  * 41 a t .  ^ a n n U t A t i * *  t r t f  x n a t l o n  o n  U a  

i > M  b a n *  p r o d u c t  v u  o b t a i n * *  by  d U a o u r l a f  a r t l a a  f l u a r t d *  l a  w u r ,  

■tt4.aur l r ^ .  u «  9 8 . > m  t h a n  k * l r * t t a i , v t t a  O .U I O  4  BCl t o  a  f i n a l  pH o f  

a  firm* %** ( t h *  • e l u t i o n  u a a  to.> b u f f a i v d  f o r  a n  I n d i c a t o r  t o  b n  u # * l  

t u c e a a a f u l l y ) ?  F « u l U  a r »  a h  own U  T»%> U  2 .  A l l  a a a p l a a  w o rn  d i a a o l m d  

I n  > 0  a l  o f  u n b a r ,  T b a a a  m a u l  i t  i n d i e a W  t h a t  a a o li  g r n a  o f  B*u a  t o r t  

f u a a d  I n  d l t f a a  > r  t h a  u s u a l  p r o c a d u r a  l a c r a r a o *  l a  U t r a t a b l a  b o a t  e o n -  

t o o t  b y  a p p r o a l a a t a l y  0 . 8  ■ U U a t u i v i a m t *  W a h « a  f u a a d  O U i  c o r * r a d  

l n s r a a a a  I n  t l t r * u b l a  b o a #  b y  a  m>ch a m l l a r  a a o u n t .

•  f f e a t a  t i t r a t i o n *  '♦on* by M rs. H e r p r l h a r a
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TABLE 2

I
39 .

t x t s a t a b u  ba sk  j  ru& ‘x  a k d  f m r u h  r j m u i s

3 * » p l e M e th o d  o f  

F . e i o r

S j

W e ig h t  3  

I n  Mg

I n l U l

i * g

Ml o f  K l  Added F i n a l  p a

1 ( u a f u a e d h . 6Ab 7  9 1 . 0 % 5 . 8 6

8
•>

6 3 3 7 . 8 9 9 5 . 9

3 B an d 9>* M > 3 .6 1 > .$ t t

A
•

9 U 9 .8 i i & SS* > .8 2
i- . v ■ v  ■■ ■ ■

> 8 T 3 3 .o > > . 0 8

6 S t o r e . 0 0 6 1 9 .2 2 8 . 9 > . 9 0

7
•« 1 0 0 6 1 0 . 1 * 7 . * * > . 9 0

8
' u

w 1 0 . 0 6 . 7 7 > . 8 8

; v;.$S » •;«.’/•'

Sto»*o f u ® < * 3  d l i . v  »  a im' a l v n y t  w a lu - r  And e ar®  0 1 * 4 0 *  t h a n  hex*d f u e e d  

d l e h o a .  A h a n d  fu e e d  d l e h  r e f u t e d  o r  th e  s t o r e  n a t u r a e  a  1 itc r ro - fu a ® d  

a p p e a r* *  , B u t t i l  chang®  c a e a a t  l a  o f f e e t e d  I n  t h e  o p p o s i t e  d i r e c t  t a n .  

T h e r e f o r e  U e  d i f f e r s ! * * *  i n  tp p e a r t i u .*  l a  p r t s u a e b l j  n l a t o d  t o  th e  I n 

c r e a s e  i n  a l k a l i , w h ich  h a t  t h e  e f f e c t  o f  t u r n i n g  t h e  t t u x  I n t o  a  m i x t u r e .

A l l  f u e l c c  m ix tu re ®  j r e t  t e a t o l  r t cm -jeon w h i t e r  appaen.D C ®  th a n  s t o r e  

f u a e d  B aF . r t r e a u a - i h l j  t a l a  l a  b e c a i x  t h e  c o n s t i t u e n t ®  o f  th e  f u s i o n  e a t e r l a l  

a r e  i n s o l u b l e  I n  e a c h  o t h e r  a t  ~*vcn t e n u r e  t u r e ,  i u 4  t h e r e f o r e  t h e  c r e a t e d  a 

b r e a k  u p  o n  c o a l i n g  A s u b a te a * *  c r / e l t l U t l n f  I n  t h e  o a m  f a r *  e a  s o d iu m  

f l u o r i d e  a n d  m u tu a l ly  s o l u b l e  v lU i  U  a t , £ t  g i t *  a  a i »  tn u M ip a re n t  r e s u l t ,

*9

i
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but according to a theory of Tobolsky on Solid S c la tlo i/o f  the Altai 1 

H alidee '***' such a  substance wry be d if f ic u lt  to find because the 

la t t ic e  constant of sodium fluoride  Is quit* d iffe re n t from a l l  other 

a lk a li t a l l  dee containing a  cg—  ft ion.

Moat dienes c f our r e g u la r  o t* e# fused exposed to  \ l r  arc feund 

covered w ith  br*vn spo ts an  th e  pi At t a i l ,  a f t e r  th e  o lid  i s  removed.

Those sp o ts  s r s  a sso c ia ted  In p o s itio n  w ith bub> \ej th a t  appear In  th e  

molten ix u x . a p s c tro p n ij t ic  cnaX jsio has shown th a t  U see  spo ts a re  

mainly ex p o sed  of p latinum , presumably oosdeg frost tv* ac tio n  of tb s  

a l k a l i .  A s i l l  amount o f I ro n  is  aluo p rssen t U then . Dishes fused 

t l g i t l y  covered, and s h a ll  on d l i l e e  et ch n  Keusan ueen, do n o t show cuoh 

of t h i s  wtAta.

A g re a t v a rie ty  o f  fu s io n  * * ts r ia ln  h tvs been t*st>»d. In  a l l  o f  

th ese  th s  iluorosceaoe i s  reduced , thou,^ In  & s t  w m s  an'y s l ig h t ly .

High carbonate  m ixtures, a re  etrom gly hygroscopic, be 

s id e s  hawing unde -tre b le  bxhav tc . in  regard  to  se t* ?c ity  and quenching, 

as  w i l l  be described I s  t a r . M titurve con tain ing  l l t h i t a  alveus a t ta c k  

the  p latinum  too ouch, g iv in g  m red  d is c , no a ttem p t has been i d s  to  

t e s t  th e n  In  an i n - r t  ataoepbar*/. Mixtures jc n ta in lf t*  potassium are  

hygroscopic. M ixtures w ith sodium ch loride have no p a r tic u la r  d isad 

v an tag es , o ther than the change in  optl<*l p ro p e r tie s . A n ix to re  of 

90f> sodium flu o rid e  w ith 101k sod.'urn carbonate (h e re in a f te r  re fe rre d  to  

as  th e  “idj* m ixture) has jroved  qu ite  u t t ie f a c to ry  in  a n a ly t ic a l use 

Experiments to  determ ine th»  e ’fecve of d i f f e r e n t  fu s lcn  tin ea  and 

of rep ea ted  fusions havo so  f a r  y ielded Inconclusive re s u l ts .  Ths only

. ft
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p ro n o u n c e d  c h n n g u  1a  f l i o r c e c j n r e  t h a t  b w  b a « a  f o u n d  v c  o e r u r  a t  a  r a t u l i  

o f  a l l 0 i t  T u r t e t i o n a  I n  f u s i o n  t o c h n t q u a ,  : a s o *  w h an  a  d i s h  I t  n o t  q u i t s  

c a n p l tU l g )  r a n t  1  t a d  b j  a  h a n d  n o 'h o d ,  e n J  t h e n  a l lo w ® !  t o  c o o l  s l o v l / j  w l t i  

s o d l u a  f l u a r i d a ,  t h l t  r t s u i t s  I n  l a r& r  c r j t U d t ,  n n d  a a h r x c s a  U o  f l u c r a t -  

otnea a l l g u l / .

3 , 3  8 p t c l f * e t t j .

( a )  E x p e r l t a f t t a l . T b s  u l z  j l a m n t e ,  c a d a i u a ,  c o l u a M u a ,  a r b i u a ,  

n a o d / a l u n ,  t n r t a i u n ,  a n d  t l r e o n l . a ,  n a n t l o n a A  I n  S a c  t i n e  ? . b  a t  f l u a r a a c l c g  

i n  B o f  o r  I n  h i g h  o a r b c a a t®  a l x t t r a a  h a t t  b a t e  t e e  t a d  in  t h l t  l r  b o r o  t e r / .

O r*  q u a r t e r  a l l l l g r a a  c f  o o o ija la  o x  I d a  a n d  o f  t a n t a l u m  p a i t ^ n l d t ,  an d  

0 . 2 ,  0 . 1 ,  a n d  0 . 0 3  a g  c f  t r l  v o l a n t  4 r b l u r  w o r t  e a c h  f u s e d  I n  Ba}- a n d  « •  

e n l n a d  I n  a  f l u o r c p b o t o s w t a r  w i t h  t i e  o p t i c a l  a / a t a a  u a > d  f e r  u r t x l u a  

a n a l / a t a .  i n  n o u s  o f  th e  a t  woe f i u c r a a c a n o e  f o u n d  t h a t  e h u u l d  b e  c a n a l  d a  r o d  

C f t p k l f l e a n t .  A l l  o f  t h a  d l a h a j  h a d  a a  taxch f l u u r u a o a a o a  a a  0 .0 0 1  t ig

o f  u r a n l u a ;  u x d a  * t h f  c c o d  I t  l  o c a  o f  t h a  a x p s r i c u n t  t h a  H a n k s  v a r a  a p p r o x !  -  

n a t a l /  t h l a  t a l u s  a l a o .  T ho  b l u e s t  f l u a r s t c a a a s  v&e g l a s a  b y  t h a  0 . J  n g  

o f  e r b l u B ,  w h i c h  r o o d  a a  h i g h  a a  0 . 0 0 b  y g  a f  u r a n l u a .  T h l a  o u c h  f l u o r o a -  

o a n r a  w o u ld  b a  p r o d u o a d  b /  c c n t a a l n a t l o r  v l ' ;  u r a n iu m  m o u n t i n g  t o  a b o u t  

0 .0 0 2 3  b y  w e i g h t ,  w h ic h  l a  0  t h u r u t | 1 i l /  p d o u s l | $ |  * i l u a .  V i s u a l l y  a l l  

t h a  A la h a a  a p j  v \ r * d  t o  g i v e  t h a  t / p * e * l  l e r a n lu n  f l u a r a e  c o n c o ;  n o  t p e c u e -  

e c o p lo  H s a a l n a t l o n  w an a a i o .

A n u a h . .  o f  d l a h a t  v a r a  p r a p a r o d  0 0 0 t a l c i n g  0 . 1  n g  o f  a l r c u v l u a  

t o d l u a  f l u a r i d a .  T h o s e  a l l  f p i r a  r e a d i n g s  I n  t h a  n a lg a b c a r h cM  r f  8  (1  u g  

o f  u r a a l u n  -  a b o u t  10*1) ,  8 a m  o f  t h a  p b o a p h o r a  v o r a  * u t * l s * &  r l e u a l l j  

t h r o u g i  a  I s l e s  h a n d  a r a c t r c r c o p a ,  a a l  t h a  f n l c t  f l u c r w n c a s o a  a p p e a r e d  t o  

b a  d e f i n i t e l y  d i o  t o  ‘t r a n l u a .

y /

i



C a U a b l u n  « i  t e s t e d  waoo t h o r c a ^ C *  i M a  t h e  p r e e ^ e d l r g  e l e a e n t e #  

b e c a u s e  v i t h  t h e s e  t h e r e  w w  n o  c l t . i i a s  j £ f l u o r e s c e n c e  I n  W  u n d e r  m a t  

u l t r  v i o l e t  I t #  t .  K e o l u t t o a  o f  a  v a e  s r -d *  V  d U t a l v t a *  tfc*

p e n t c x l d *  i n  c o n c e n t r a t e d  s u l f ^ r t ©  *.c> td  v t t h  e l r o n ^  lm .Xtafy  e n d  d t e b v e  

m e r e  p r e p a r e d  c t a t a l n i r #  *4, $k *?& b fC  »*f* T h |  * * * t  e a r a f u l  v e r b  

m e  d o n e  a t  t h e  $ b  u g  l e v e l .  &*\\ t l e e  • 4 t n b ! u i  f t t a ^ i  t e e d *  r v t p * c U v e l f 9 

1 . 8 ,  2 , 1 ,  9 - 2 ,  1 . 9 #  a n d  1 . 8 ;  t h e  t t ?  U f c l t  v v r *  1 . 1  « 4  1 - 9 -  TU e w a  

' d i f f e r e n c e  b e t w e e n  t h e  tw o  g r o u p *  ( e x c l u d i n g  t h e  9 . S ,  w h i c h  I t  w i t h o u t  

q u e s t i o n  t  o p t e s l n a t i o n ) ,  I f  I t  w e r e  n t a t i e U c n l l y  e t # i i f l ® M * t ,  w o u ld  ; s a i n t  

|  t o  l e s t  t h a n  O .OOOT> u r e n l v a  l x p u r l t j  I n  t i *  c o J m H t a  p t t ^ x l d s .  d t e f t e s  

a t  a l l  t h r e e  l e v e l s  w e r e  s r a a i n e d  v i s u a l l y  a n d  w i t h  a  h u o d  s p e c t r o s c o p e ;  

n o  q u a l i t a t i v e  d i f f e r e n c e  c o u l d  t o  s e e n  b o t v e e a  w S m b lm  A i a h s #  a n d  

b l a n k s .

C e d e d u s  w a  I n v e s t i g a t e : !  I n  f u s i o n  s a t e r U l s .

j  S p e n t r o e t o p d r  a n d  s p e c t r a *

t ? n * h l c  s t u d y  c l o v e d  t h e  f l u m e  c * t » *  u >  h e  a  e o n t l a u u s *  s t r e c b t n g  f f o n  

v i o l e t  t o  r e d #  w i t h  I t #  a a x l e M s  a t  a t  o u t  $ 6 o  av*. K i u a e *  c e n t  s t a p l e s  

w e r e  t e s t e d  f o r  * * f r o « e n  I n "  p b o s p h o r ^ e o a n c #  b y  t h e  p r o c e d u r e  d e s c r i b e d  

f o r  u r e a l u *  I n  S e c t i o n  5 . 1 ;  w o s u c h  p h o »  ^ h o t r e a c e r x e  v n e  o b s e r v e d .  I n  

W  a n d  l a  t h e  •'M #**  M i x t u r e ,  n o  e v i d e n c e  o f  c n d a l u :  f l u o r e e c e n o e  erne 

f o u n d .  T h e  r e s u l t s  o f  o n e  e i p e r t n e u t  a r e  s h o w n  I n  T i t l e  3 .
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(b) DjfcuwUin, from the oxpurlaonui Just de^oribod, I t  In cooaluded

Ih i l  no e lea tn t beside# uranlu* baa boon ehova to give detectable luadnot- 

oenoe In >nf or *U4 '‘ n u tu ro  uxior U19 und ltluno  of Uo rv contended 

analytical preewdura. fhla loo* not nann that no a*’oh in te rfe ring  elernttt 

w ill o t it  be fouai; quit* joaolbly, fo r exnaple, ol o  or the m ro j&rtha 

• t i l l  untcatod would giro detestable slurroocanci. I t  toeae like ly  that 

tha rare earth* • t i l l  unteeWd at owed no detectable fluorescence becauaj 

the/ did to t  ebeorb the a ltruv lo lo t light or beenuao tL jlr  emitted fluoroa- 

eenoe so* not of a weteiongUi th a t peered through the f l i t e r s .  Since rare 

eerth nboorptlon band* are rouaxkibly narrow, I t  I t  not e ir jr lo ln g  th a t a 

light source supplying elmost en tire ly  5^  Tti lig h t nheuld f e l l  to  be ab

sorbed by rare earth  tonaj with an Iron er*rk an lig » i ocuroe, quite a 

d ifferen t a a rt of bob«-1ar a lg it  hnto* been found.

The cedalun iuntnescence rV.und In hljji carbarn te a l l  turn • ,  from it*  

susceptib ility  to heat troatosat and frez  the nature of l to  *pectrun, 

would Appear to  be a  typical caae of impurity 1 ualnasconce” . Vhy i t  did 

not exhibit "froten In" phospharoeeonoo ie not known.

1

Penalt l r l t y  and Elenka.

(a) Experlnrntai. The sa n a ltlr ity  of our uetaod ce panda d irectly  

on the oleojUUvsas jf tii« plntlnuc d ln lia . As i>n exanple of vhat 

can be acoonpllahod when the dlohoo eie  irtrosnly  clean, data traa
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t h e  c o l  i t  r a t i o n  show n I n  F ig a r o  ?  w i l l  t i  p r e s e n t e d .  A t th e  ]0 ~  iig  

l e v e l  ( r e a l l y  0 .0 0 0 1 0 ?  n g ' ,  t h o r o  w o re  s i x  d i s h e s ;  a n d  f i l l  u if -n k i w are  

p r e p a r e d  a t  th e  a n a e  t t i a i .  E a c h  a a s n l e  van  r e a d  o n c e  I n  t h e  d lc h  i n  v h lc h  

I t  v a t  r a c e d .  Tho i ; l z  b la n k s  r e a d :

0 . 8 ,  0 . 3 ,  0 . 9 ,  0 . 9 ,  O .Q , .« id  1 .0 .

T he 1 0  \  p g  d le h o n  rone'.'. '

1 . 5 ,  1 . 6 ,  1 . 7 ,  1 . 6 ,  1 . 9 ,  onA 2 . 0 .  %

F o r  t h e  b l a n k s ,  t h e  m ean lo  0 . 8 8 ,  th e  a v ju t a r d  d e v i a t i o n  I n  C .0 8 , a n d  t h e  

c o e f f i c i e n t  o f  v a r i a t i o n  I t  9 ft. F o r  th o  p g  s a m p le s ,  th e  n e o n  l e  1 . 7 ? ,  

t h e  s t a n d a r d  dev  I n t i  o r,, 0 .1 9 ;  th e  o o e f f l c i o n t  o f  v a r l a t i c n ,  l i f t .  T?;o 

d i f f e r e n c e  o f  n t a n s  b e tw e e n  u ra n iu m  d lo h e n  ro d  b la n k s  U  0 .8 7 ,  a n d  th o  

s t a n d a r d  e r r o r  o f  th o  d i f f e r e n c e  l a  0 .1 8  s c a l e  d l v l a l o a  o r  2  x  1 0 "^  p g  o f  

u ra n iu m  n r  2 lft o l’ t h o  d i f f e r e n c e *  o f  am oitf. F rom  th e n *  in t*  I t  w i l l  b e  

■oon t h a t  th o  e o r s l t l v i t y *  v e  c l a im  ( f o r  d o t a r n l n a t i n n  - -  n o t  J u e t  f  o r  

d e t e c t i o n )  l e  c o n s id e r a b ly  g r e a t e r  th a u  <he s e n n l t i v t t y  c l f . l n e d  by  a n y  

o t h e r  v o r k o r .

T h e  am ount ol‘ u ra n iu m  t h a t  any t o  p .M C tr.t i n  th o  f u s i o n  m a t j r l a l  i a  • 

I n d i c a t e d  by  th e  d a t a  I n  T a b le  ^  ( l  p g  o f  u ra n iu m  v o o lc i h a v e  r e n d  a b o u t  

10**). T h e  r e s u l t s  Show t h a t  I t  l a  o f  e x iro iL e  Im -p crtan o e  t o  e x e r c i s e  

c a r e  I n  s e l e c t i n g  f u s i o n  « a t o r i f . l » .  From  th e  d a t a  on  th e  I j n e r a l  C h e m ic a l 

Company p ro d u o t ,  one m ig h t g u e s s  t h a t  'h e  u m n l u n  r o r . t i a l n r t l o n  o f  c h e m ic a l  

c o m p a n le e  i n  th o  U n ite d  S t a t e s  l u  i n c r e a s i n g ,  an d  t h a t  I t  \ t l l  s o o n  becom e 

I n c r e a s i n g l y  d i f f i c u l t  t o  b u y  e a t l a f e c t r o y  so d iu m  f l u o r i d e .  A l l  t h o  a n a l y 

s e s  r e p o r t e d  I n  t i l e  p a p e r  h a v e  Doen an do  w i th  C e n o m l Che: d e a l  Company 

L o t  No. ?7 m a t e r i a l ,  b u t  t h i o  I p n o  lo n g » r  on  th o  \ i a r k e t .  A s y n t h e t i c
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uuvr iuk co n o r r  or s o  ul m f l iut uxs *

i
B r a n d  o f  S o d ium  F l u c r l d o

- . . ........... ..  _ .....  |

h r a d l iX  o H e a ii

G e n . C ham . S o . ,  L o t  N i . 3 ? X l . l ,  1 2 1 . 1

C o n .  C h e a .  C o . ,  L o t  S o .  **6
i

l .M ,  2 . 2 ,  2  V 2 . 0

C e n .  C hem . S o . ,  L o t  d <  .  k fB 6 .  ) ,  6 . 6 ,  6  7 6 - 5

R n r a h n w ,  L a b .  S a a p l o  B o .  3 ^ 7 -L * 1 2  5  1 2 . 1 1 2 . 3

M a r o k ,  T o , 7 * 0 0 2 ,  i » P 5 7 J ' 5 7 0 ,  j e . i ,  7 5 - > %

b f i l u r ’ e  A n n ly r .o d ,  Wo. l t j L a 3 i t o i  1 2 0 1 1 5

L c k n r ’ o A n a l y t e d ,  R o .  9 9 * 0 j  2 0 .  s a o 2 f »

a o d l u m  f l u c r l d o  o n d o  l e  v i U  b e  d o r c r l b n d  I n  S e c t i o n  U .6  i s  l e a e  p u r* 

t h a n  t h e  L e t  N o . 57  c x t o r t O  t o  t h e  o x t > n t  o f  *»fc> j t  3 0"** | . g  b f  ‘ i r e n t .  m 

p e r  0 . 3  *  o f  s o d iu m  D u c r i d o .  T huo  i t  i i l l  bo  a t i t t v t a t  le e» c  a a t t i f a c t o r j

•  *i
t h r i f t  t h o  c o n r o r c i a l  p r o d u c t  f o r  A n a ly s e s  i t  t h e  1 0  w s  l e v e l y t h u i # .  * t  

o h o  l o v e l a  w h e r e  ®o*>t i ia f t ly e om  r r o  n m  I t  w i l l  b*. g i l t e  e n t l c f ^ - c t u r ?

S h e  c o n t a m i n a t i o n  o l  e o d i u u  e n r b e n e t e  (n**>ded f o r  p r e p a r i n g  h e  " 1 0 j2  

m i x t u r e )  l a  n o t  l i k n l y  t o  b e  t ; i r o b l e r r .

*T ho  f l u o r e s c e n c e  o f  u r a n i u m  a h e a p h o r e  l n c r e * o * e  o a  d e e d i n g ;  t h l e  

p h e n o m en o n  l c  r e f e r r e d  t o  r e  “b l a n k  r i a o " .  I t *  a b s o l u t e  a m p l i t u d e  ,.mp 

b e e n  f o u n d  t o  b a  i n d e p e n d e n t  o f  t h o  u r a n i u m  c o n t e n t , rxv i t h e r e f o r e  I t .  l a  

d u e  t o  t h o  g r o w th  o f  i i  r o w  l u i i i n e a o e n c o  n . t i i e r  t h a n  Vo a  c h a n g e  i n  t i i e



vr.

condition* to  vhlch th i  uranium la  ezpoaod. Tho re to of Increase la 

affected by toaporaturo, being tvo or throe times ea g rea t a t  100^3 a t 

a t  room temperature. A t/o llg itly  h l^ iu r temperatures, the Increase be

comes s t i l l  fee t e r ,  but sonbvherw betveon 500 end i>0C i° an oppoalto offoct 

seta In , end the  lualix* sconce tondt to  decrease. Thla decroaeo, Ilka 

tiit Incroaao, la  rerert. 1 bio, and I t  la  poealbla to  m)ro the earn prepara

tio n  r is e  amd f e l l  In  iumlmocenoo r-r, Indefinite nuabor of tlne.i. The 

re to of lneraaao la fan tea t  icinod la te ly  s f to r  fualon, end gradually be

comes clover as time pusees.

That tho nev lumlneaoenoo la  connected v lth  mclaturo absorption has 

been Indicated by an e x p r l ts n t  Id  vhlch arrvn ”tapped out” IteF blank* 

were rend In e ”black dlah” before and e fto r  being lo f t  fo r 21 houra . 

e ither exposed to  the room a i r  or In n desiccator containing anhjdroin 

Dcgnealum perchlorate. (The desiccator i/i\a not evacuated.) The three 

phoaphora oxpeaud to  the ntmoejhero each Inaraseed in  luminescence from 

500 to 400J&; the four blanVa in  the desiccator each Increased by between 

20 and 50>. A very e l i c i t  increase In  v s ig it ,  of the order of 0.5 mg 

per dlah In  24 hours, also  cacura a f te r  fualco.

The spectrum of the nev luminescence has been studied both rloualljr 

and photographically In Lot No. 57 NaF, Far the v isua l vork, tho seme 

Zeloe hand apeotroecopc vaa employed ae ora used f a r  the experiments 

described In  the precoding ooctlon. For tho photographic stud ies, a  

very fn e t spectrograph vne constructed by combining the hand spectroscope 

v lth  a  miniature camera of r pprexla&tely 2 In. focal longth.* "Supor TX"

<:

*Thls camera was loaned to  tne author by Hr. J .  W. B rita in .

(



poufchraafttlc film vns used, and 10x7 long exposures wore cade in % darkened 

room. In both the visual end the photographic work, 1’ualne sconce van 

axel tod by a General El 00 trie C-S.4 leap ŝ u pped with n filter to pace 

mainly 365 six llgit. Visually the luuinooconoo appeared to be « continuum 

stretching fro* about 490 to 610 with the out-ofi nuch sharper at the 

long wove length end than at the yiclet end. Unfujed BaF shoved a luaiuea- 

oonca that appeared to bo exactly the eavw, coly etron/>»r. A photograph 

of the spectrum of unfuse& irl .lovevur, shoved, In addition to the con

tinuum, two fairly narrow be-.: a at about 220 and 600 41 reepeotlvely, etkl 

a faint traoa of a Tory broad band with ite atuiuun at approximately U70 tu. 

TUia 4a ehovn in Figure 4b; Figure 4a Hove a nercury nr0 ejootrua and 4c
9

ah ova HaF-U, both photographed with tho earn equipment. It has thus ttr 

proved lapbaaltlo to observe these bands visually, even using the aamo 

sample that vas employed for the photogra]h. Ilia reason for this dis

crepancy is not known, unless it la due to a Tloual cxvar caused by the 

spectral eonsltivlty characteristics of the human eye, or unless a re

versible change vaa produced in the preporatlou by the heating that occurred 

during its four hour exposure to an intense lltfit source. It la Impossible 

to repoat the photograph because the canore la no longer available.

Different brands of unfused BaF giro different amount* of lumines

cence. Thus, a dish fill pf unfused lot Mo. 57 material reads about PO, 

the Baratov BaF deeorlbed In Table 4 road.i over 100 bofore fualox, and 

the specially oyntheelied matoriU. reads about half as ouch as the General
■1

Chemical Company product. Similarly, the different brands give different 

rates of "blank rite/ the laboratory-made material increasing leas rapidly
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th rn  tho Lot Ro. 37* Other experiments have Ind icated  th a t  th e  r a t e  of 

in c rease  is  a ffe c te d  \ j  fun!on cond ition s and by jrev iis ie  h e a t tre a ts sm t. 

th u s ,  annealing  f o r  sev e ra l hour* a t  >00°^ can oau^e a  e lg n l f i i a r . t  do*

area*# In  the ret© o f subsequent " r i s e ,” unc conditions ol fu s io n  th a t

% 1

give  a  f in e ly  d iv ided  powder sees* to  c o te s  f a s t e r  Increases . Blanks 

fused  In  a Muffle fu rnace  while covered rise* ' t>xtret*3y e l iv ly .  Mots* 

ton ing  the  fused p rep a ra tio n  v i ta  a  s n a i l  an o in t of o i’o r ,  fo llow ed by 

d ry ing , causes a  s l i g h t  lsne&lhte in c re a s e ; b u t the b it rdr w hile  h e t  does 

no t have a g re a t ly  enhanced luminescence. When blanks th a t  have Vlmm" 

or* kept fo r  sev e ra l dayo in  an o v ic ia te d  doolocator otc»r hnhydrame, so  

decrease In  read ings r e s u l t s .

(b) D iscussion . The fluorescence  c f  unfuead Jk-F and c f  aged Raf 

b lanks appears to  bo In  m ay ways d l a l l a r  t o  th e t  described f o r  ' vottod. 

w hite so lid s"  by fiwlss. end N n r t l n . T h e y  fiend  th a t  many elkxU l 

halid.ee and o th e r v h lto  ee l to  prvo b lu ish  luminescence th a t  vns uppareatly  

due to  the presence o f v o te r  a s  o q  a c t iv a t in g  la p c r lty . In  a l l  canes, 

prolonged h ea tin g  destroyed  the  1 uni net canoe, bu t pumping-out had no 

e f f e c t .  The lum inescence spec tra  In  a l l  ttu-ae m ateria ls  wore s im ila r , 

and shoved maxim a t  462, 520,  5^8, and £10 au i excej t  f a r  th e  bend a t  

>68 &u, th is  i s  ve ry  each l ik e  the Bn? epoctrum photographed. Apparently 

i n  the  cAso of JWP, a t ra c e  of water d if fu s e s  in to  the fused p repa ra tion  

and to  very ten ac io u s ly  adsorbed. The d if fu s io n  seems to  be f a c i l i t a t e d  

by l a t t i c e  Im perfec tions.

This behavior of v o te r  lo  rem in iscen t o f an e ffe c t found by Clssmnt 

i n  many a lk a l i  h a l id e s . Bo prepared s trong ly  lum inescent a lk a l i



h a l i d e  p h o e p a r s  by  s u b l  U s in g  a c t i v a t o r  s a l t s  ( s u c h  o s  T l C l )  I n  v a c u o  o n  

t o  a  l a y e r  o f  a l k a l i  h a l i d e ,  a n d  t h i n  h a s t i n g .  Tiu> a c t i v a t i o n  p r o c e s s  

a p p a r e n t l y  I n v o l v e d  d l f f u e l c n  I n t o  th«» c r y s t a l  l a t t i c e ,  s l n c o  l o v e r  t e m 

p e r a  t u r a e  w e r e  r e q u i r e d  f a r  a c t i v a t i o n  a s  t h e  l a t t i c e  c m i s t a n t  o f  t h e  

a l k a l i  h a l i d e  I n c r e a s e d ,  a n a  c e  t h e  e l  t o  o f  t h e  a c t i v a t o r  a o i e c u l e  d e -  

o r e a o e d .  A c c o r d i n g  t o  t h i s  l n t e r p r o t a U c c ,  B n ?  w o u ld  b s  d i f f i c u l t  t o  

a c t i v a t e  b e o a u a e  o f  l t a  v e r j r  t i g h t  o r y a k O . a  t r u e  t a r o  b u t  w a t e r  w o u ld  b e  

a  p o t e n t  a c t i v a t o r  b e c a u s e  o f  l t e  czxJLl a l t e .  Q ce  w o n d e r s  why x i t e r  

a l o n e  o f  a l l  I m p u r i t i e s  t o o t e d  c a u s e s  l i r m n e e o e n c e  i n  K *F . A p r o f i t a b l e  

w o r k i n g  h y p o t h e s i s  e i g h t  b e  t h a t  s u b o ta n e c t .  t h a t  d l f f u s e  I n t o  a n  a l r e a d y  

f a r c e d  l a t t i c e  b o c c o s  s i t u a t e d  D a re  f a v o r a b l y  f o r  l u m i n e s c e n c e  t h a n  d o  

s u b s t a n c e s  p r e s o n t  I n  t h e  f l u x  n s  I t  c r y s t a l l i t e s .

3 . 5  A c c u r a c y .  S e e n  I n f o r m a t i o n  o n  t h e  a c c u r a c y  o f  o u r  w o rk  v a n

g i w n  I n  8 e c t l w  2 .2  I n  t h e  d e s c r i p t i o n  o f  t h s  B o o h e is te r  s t u d y .  I n

t h e s e  a n a l y s e s  w e e m p lo y e d  K oF a n d  f u s i o n s  V 3 re  m ndo b y  h a n d .  T w e n ty  -

s o v e n  o f  t h e  t h i r t y  s a m p le s  w o r e  r u n  I n  d u p l i c a t e ,  o n e  i n  t r i p l i c a t e ,  a n d

tw o  i n  q u a d r u p l i c a t e .  A l l  p h o s p h o r s  w e r e  r e a d  I n  a  " b l a c k ” d i s h  i n  t h e

(5^
M o d e l I I I  F l u o r o p h o t o a i t e r .  T h e  a c c u r a c y  o f  o u r  r o t u l t s  I s  s h o w n  

I n  a  f i g u r e  I n  w h ic h  t h e  v a l u a o  we r e p o r t e d  a r o

p l o t t e d  a g a i n s t  t h e  a c t u a l  c o n c e n t r a t i o n s  o n  l i s t e d  i n  t h e  t f iv n ta a n  a n d  

T i e  d a m a n  p a p e r .  I n  t h i s  w o rk  t h e  o u t i m a t e d  s t a n d a r d  d e v i a t i o n  o f  

r e p e a t e d ,  d u p l i c a t e  n & a s u r e a e n t s  o n  a  s i n g l e  s a m p le  v a n  2 . #  o f  t h e  m e a n ,  

w h i l e  t h e  s t a n d a r d  e r r o r  c f  t h e  d l f f c r o n c u  b e t w e e n  a c t u a l  a n d  o b t a i n e d  

v a l u e s  w a s  9 -1 J* . B e t a  o n  p r e c i s i o n  o f  d o & e r m ln a t lo n a  I n  s t o v e - f u s e d  p r e p 

a r a t i o n s  r o a d  o n  t h e  M o d e l 1 7  F l u o r o p h o t o n e t e r  a r e  g i v e n  I n  T a b l e  5 .

5 0 .
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. .

Added to of Rending alnua Deviation <T“ „cr
Dish Sarp les 1 Blanks H« of U, of Readings* 3.
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0.00102 6 9.62 8*74 ’ 8.4 0 49 6.1 5,6

Sa cend Let
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81.0 x
148 x 10
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I t  was fron th e se  l e t s  th a t  f igu re  3 In  S ec tio n  3*1 vn< p lo t te d . A ll 

paospbore wore road  l r  the o r ig in a l d is h . Bo valuso a t  a l l  were d la -  

carded. The procedure ueed vae the stood.ard ocu* fa r  roub les work of 

o rd inary  accuracy excep t t h r t  thu d ish e s  ve r»  clecL-iod e x ce p tio n a lly  v e i l ,  

and no *uir* tfcfljB r  do t«n w r\ fuo:*d t o & U ' . T  on t in  i t o f i  a t  th e  peas tln u .

A ooabor o f oxperlnon te have been run  In  an a ttemp t to  f in d  ways of 

Improving accuracy and p rec is ian . T o  sm ut s lg i lf le a n t  b e n e f i ts  ha te  been 

obtained by Improving the c p t .c i l  co n d itio n s  by oMml Dating v a ria tio n *  in 

r e f le c t io n  fro n  th e  d ish  bottom* and hy decreasing  the neat ta r in g  :uvd r e 

f le c t io n  In tho f lu x .  In  hard ft.sed  BaF # lth  M ttlc  co lo red  Im purity

p re sen t, the v a rian ce  Is  reduced as much a s  ten -fo ld  by ‘ t ip p in g  oat" the

s
d lec  and p lac ing  I t  In  a b lack , n a n -f lu a r t scen t d lih  (e eu rfaco  vf fresh ly  

heated oupr'.o oxide o r  of g ra p h ite , f e r  example) . Thlo technique has 

th e  disadvantage th a t  d iscs  no t lo fro q u su 'Jy  brt-ok In  th e” tap p in g  out* 

process. Moreover, In  c a s o s  where th e  Bc*r-tarlng io lr rgp n r tno absorp

t io n  s tro n g , a s  when fueiun  mixture* o r  s tove  fusion  1* employed o r then  

colored Im purities  a re  p resen t, 4h is  ‘tap p in g  ou t ,  t i o u ^ i  th e  d isc  is  

now le e s  l ik e ly  ^  - b reak , boccaaa o f  sm all o r  b e n e f i t ,  since l e s t  11 g i t  

g e ts  through to  th s  bottom. But th is  Ao^r no t eo a .1  t h r t  th e  v a r ia n c e !#  

''•tcroaaod; I f  an y th in g  I t  i s  In c ie e s td  by tbe  processes th a t  In te r fe re  

w ith th e  l i s t ’s  reach in g  th e  b o tto a  Thr* rw sy 'y  h sre  le  U» reduce to*i 

thickness of th e  d i s c .  Prelim inary e x p e r necte  with a l lo w s  d ish es ,

have ind ies ted th a t  t h i s  mrudmoee r  •  i! s ta s t*  &1 : ra re r  w ent 

In  precisian . Moreover, the e s t J la r  d i t t o s  fuse anr e  % i l l j  and tfcer* 

r e s u l ts  le s s  d is c o lo ra t io n  of tfc# t e t v e n  by plAtlnam c e p e s ts te n . They 

do, hdwsvor, have th e  d l j a 4v a s ta ^  th a t  I t  i*  msre d i f f i c u l t  t o  " ta p  o a f9

*r«c



s:.
} .6 Quenching.

(a) ExiertnanUX, Figure ‘ lU ii t j» U n  the a ffect that d ilu tion

vore d ilu ted  jrogreoeieoly, and aliquot! v*ie 7lU.drrvn *»t tr.iloue 4 t- 

Xutlooa and anolyeeii hjr hand fuulao irltb K*F. The "Feti/ o u ra  tH uetm U * 

tho beharlor of n. euluttan containing fe rr ic  trori and urtmlun in  a r a t io  

of 1000 to  1 by voltfit. Tha "alxtd quinche-" cootalra-1 aqual amonute h f 

ve ltfit of aluminum, H en ith , calolua, jjsr^ lw i, copper, Iron, load, »ujd 

mg^etlum, v lth  uranium added to  gi?e a re t io  of to ta l  quenching u t i l *  

to  uranium of 72 to  X b/ weight. Xt Id '.hat *» the loluttoaa becoe» 

rare d i lu te , tha cureea approach eaympVrtU&l/  litd amil\. .nation eunra 

far pure uranium. Thla Ip a  l l r e o t  deaamfjt/mtion of the fe a s ib ility  of 

tha d ilu tio n  fcothod of tre a tin g  quench log. Tie point* • J3 otbed w e  v<he 

■mama of from tvo to four eeparate determ inations t> t .* 6 girea data 

Indicating tha dogrea of re jro d v ic itllU j In th? stMi'iurec-nta. Jc th l i  

work tho pciror eupply voVag* <r&s tuch th a t 1 pg of uanr.ua r«sd, whan 

umquonobud, >.3 x IOX p vac calculated by t.;® a^u«vtlor.i

whore A la tha photemster reading for tho tumplm; E.th* rtid ing  fo r  hlanKa

without quencher j U,tho mlcro^ra-ua of uranium in ti. me? v ia ; turf C,lhe 

phetonater reading expected. fo r 1 tig of uranium.

Tho bralc premieo of the ' oplklnjf method of etwlyala, It hair already 

teen abated, la that quench; r.g tv Independent of omnium concentration.

The In Figure 6 4e»»str®t«i that, thin I t trn?  ortr a eery vide range

r

V
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T A B L E  6

'  T A H L A 7 I C B  Of F L U C K H 8 C E S C E  W IT H  D E U f T T C B

1

Q u e n c h e r U C o n e . ,  

U g /O la h

l o .  o f

S a m p le s

M e an  H o t c a -  

* s t e r  B e a d i n g
i  1■

i

C o e f f i c i e n t

Of

V a r i a t i o n  

o f  i

f

-
1 .0 3 3 3 . 7  x  11)3

1

0.101 20.2%

I r o n  J 0 .10 3 a . 4 x  105 0 .6 4 3 1 .6

i
0.010 ) 3 . 2 ( *  l o 3 0 . 9 6 5 . 1

r 1 . 0 h 4 8 . 6  x  1 0 3 0 . 8 9 1 1 . 9

0 . 3 0 2 4 8 . 4  x  1 0 5 o . 4 8 1.1

M ix e d
j

0.10 k ? ;  2 x  j o 3 0 . 7 3 V 2 .5

<
Q u e n c h e r 0 . 0 3 0 2 8 .8 8 x 1 0 3 0 . 8 7 1 . 2

0.010 k 3* «Qx 105 0 . 9 3 1 0 . 3

V 0.0010 \ 3 0 0 0 . 9 0 1 7 .5

o f  u r a n iu m  c o n c e n t r a t i o n s .  T h e y  aba* t h a t ,  a a  t h e  u r a n i u m  c o n c e n t r a t i o n  

v a r l o e  b y  a  f a c t o r  o f  a  1 0 0 0  nr m o r e ,  t h e  q u e n c h i n g  ( a a  m e a s u r e d  b y  0 )  

r e n a l  n o  c o n s t a n t  w i t h i n  e x p e r i m e n t a l  e r r o r .  Tr.o p o i n t *  p l o t t e d  o r e  c a m  

r e l a o a .  T h e  d a t a  I n  T a b l o  7  f u r n i s h  a d d i t i o n a l  . ^ f o r m a t i o n .  I n  t h a ' l a e t  c o lu m n  

t h e  s i g n i f i c a n c e  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  i n  g i f  o n  at p r o b a b i l i t y , i n  

p e r  c a n t ,  t h a t  s i c h  a  b e h a v i o r  m ay b o  d u e  t o  c b a a c o .  T h e  o n l y  o l p x l f l e a n t

r e g r e s s i o n  I t  t h a t  o f  m a n g n n e s e ,  e n d  I t  s i g n i f i e s  r a & r a l j  t h a t  v e  d i d  n o t

■

r a n d c o U o  I n  t h a t  e x p e r i m e n t .  I t  e h o u l d  b e  n o t e d  t h a t  t h i s  o h  o v a  a n  I n 

c r e a s e  I n  q u e n c h i n g  w i t h  I n c r e a s e  I n  u r a n i u m  c o n c e n t r a t i o n .

I
I
|

a



TABLE 7

K E U T 2 0 H  m V ’OSM 6 A 5 D  A K 2U W T C9  U R A N IU M .

Q u e n c b e r

i

m g  Q u e n c h e r  

p e r  d i s h

B u t t o n

M a t e r i a l

f u s i o n

M e t h o d

i

l o .  o f

S c U tp lO B

M e a n

t>

C o e f f i c i e n t

o f

V a r i a t i o n  

O f  i

R e g r e t -  

e l  o n

C o e f f 1 • -

C A ' J U t , ' #  VB,

U K  O f  U

S i g n i f i c a n c e  

o f  R e g r e s s i o n  

C o e f f i 

c i e n t

C a l c i u m 2 . 5 “ 1 0 * H S t o r e 8 * 0 . 6 2 6 . 9 * ♦ 0 . 0 k 5 0 * - 1 0 *

C h r a n l u a 0 . 0 1 0 B a n d 7 0 . 5 3 9 . 3 -  . 0 2 0 3 / 5 0 »

M o d e n e s e 0 . 0 1 G f u r n a c e 8 o.ho 9 . 2 -  . 0 2 9 5 ' l *

L e a d 0 . 2 0 B ttF S t o r e 2 4 * 0 . 7 1 1 6 . 9 *  , o c 2 3 5 0 * - l o *

U r i n e ( 0 . 1 0  a l )

1

tier

[ .

B a n d I k 0 . 8 8 1 > » . 9 * ♦ . 0 2 a 5 < * - 1 0 »

1 .

* One * *JkUo ta t  discarded fa r  s ta t is t lo a l  reasons



3

TLe coefficient# of varia tion  of f) l is te d  in  tiw table were determined 

by trea tin g  a l l  f) values ulik* rwgaxdloso of the  uranl n  concentrations 

to  which they applied. I t  Is  seen th a t the degr®* of • v a ria b ility  found 

whoa a l l  uranium levelo are  treated alike Is  not s ign ifican tly  g rea ter 

th'jn what Is found vhon unvarying amointu of ureal us t r s  studied. In 

F lg ire  6 the msthoda of p lo tting—using a log-log scale-gives equal em

phasis to  equal per cent varia tion  la  e ith e r  war labia.

Figure 7 auanarlsoa data on various quenchers; eons of the values 

here havo been replo ttod  from previous fig u res .

(b) Dlscuealon. The shapa of the curves In Figures 7 suggest,

th a t the quenching Is  due

mainly to  lig h t absorption. Vlth quenching by chemical reactions, o q o  

would expect t  to  approach terc  rapidly when the quencher cacoentratlon 

reached a certain  le v e l. Instead, one finds tile asymptotic re la tio n  shown, 

which i s  typical of quenohlng by lig h t absorption when observation Is

z?A! ■
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Tie. 7. Rotation hotvoon 0 and aaount of quencher
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•crpttca mm

tMm mm tm f l t a k l*  A —i l l  l t f « »  o f f —nrAlag ocean  
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V. A m lr t l c a l  P rocedure

An o u t l in e  o f  th e  general p rocedure  m e  g iven  In  S o o t I c q  1 .1 .  Tho 

p re se n t s sc tlc Q  c o n ta in s  d e ta i le d  I n s t r u c t  le n s  p lus d lL cue .iloa  o f  poet.'b lo  

v a r ia t io n s .  U s  sy stem  doecrlbed  lias boon o a p lo jc c  v l th  l l t t l s  change 

s in e s  tho  jp r ln g  o f  19^6, bu t I t  t s  e x p ec te d  th a t  s e v e ra l  change 3 In  p ro 

ced u re , p a r t i c u l a r l y  In  reg a rd  to  d ish  shape and fu s io n  te c h n iq u e , w ill  

be node d u rin g  t h e n a x t  few B ooths. I t  h a s  Boomed p re fe ra b le  to  Aesorlbo 

th e  th o ro u g ily  t e s t e d  system  r a th e r  th a n  th e  p o ss ib le  1‘u tu rv  one.

b . l  L i s t  o f  g q u lp n a n t. The q u a n t i t i e s  In  the fo llo w in g  l i s t  ha \e  

been  e s tim a te d  f a r  a  la b o ra to ry  v l th  one o r  two f u l l  tJn e  o io ly e to  me id eg 

ro u t in e  do to n a l n e t  l  one a t  maximum p o e r lb le  speed . I t  has noemed d e s ira b le  

to  r e f e r  whenever p o s s ib le  to  an  a c tu a l  c o n a e rc la l p ro d u c t, though i t  i s  

n o t in tended  to  su g g ao t t h a t  th e  p ro d u c ts  d esc rib ed  a ro  n e c o s o a r lly  core 

s u i ta b le  th a n  th o s e  o f  o th e r  m n n u fo c tu ro re . C ata lo g  numbers designated  

by "Cenco” or "S a rg en t*  r e f e r  to  th e  C e n tra l  S c ie n t i f ic  Company c a ta lo g  

J - l 4 l  and t o  th e  E . H. S argont & Conpony c a ta lo g  JO, r e s p e c t iv e ly .

(a ) O rd in a ry  Equipment

2 d o t .  p o rc e la in  sp o t t j s t  p l a t e s ,  Cenco Ho. 18600.

1 d o t .  cu rv ed  fo rc e p s , s m a l l ,  Cenco Ho. 5J120.

1 d o t .  b e a k e rs ,  50 m l.

1 d o t .  b e a k e rs ,  150 ml.

1 d o t .  g la s s  s t i r r i n g  ro d s .

1 o r  2  d o t .  m icro pi p e ts ;  1 0 0 , 50 ,  20, 10 r n l  5 £ l«

(Mlcxochocilcal S p e c i a l i t i e s  Company, B orlceley , C a l i f . )  

(Where s a fe ty  c o n s id e ra t io n s  pe rm it, mouth p lp e ts  UVe
►

Concc Bo. I 6525-A can  be employed f o r  g r e a te r  spoed .J
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i 2  iM t r u n o i i t  c a b i n e t s ,  C e n c o  H o , 1 2 6 ? 0 .

^  i n s t r u m e n t  c o v e r s ;  tw o  e a c h  o f  S a r g e n t  S - h 9 h 5 -A  a n d  8 - h 9 J 5 - C ,

6  p i  p e t  r e s t s ,  p o r c e l a i n ,  S a r g e n t  S - 696^ 5 .

2  s t a i n l e s s  a t e o l  s p a t u l a s ,  C e n c o  H o . 1 8 7 5 '> -D .

2  M ak e r  b u r n e r s .  (W h e re  (pur p r e s s u r e  i e  l o w ,  a  b l a s t  M ak e r  

l i k e  S a r g e n t  S - i2 U 7 5 »  3 l t o  4 ,  m ay  b o  n e c e r s a r y . )

1  p r .  p l a t i n u m  t i p p e d  f o r c e p s ,  M od e l 1 5 9 ,  A m e r i c a n  P l a t i n u m  . 

W o rk s ,  M e v e rk ,  B>. J .

1  h o t  p l a t e ,  e l u o t r l o ,  C e n c o  H o . 1 6 6 1 1 -A .

1  d r y i n g  o t o n .

2  r e f l e c t o r  b e a t  l a m p s ,  250 \ m t t .

1  p l a t i n u m  e v a p o r a t i n g  d l e h ,  ^ 0  t o  .100 m l .

1  o r  2  p a i r s  d id ym lum  g l a s s  b l o w e r ' s  g l a s e n s .  

h  p e t r l  d l a h e s ,  C tiu c o  H o , U&570-D . 

h  c r y s t a l l i s i n g  d a s h e s ,  C e n c o  H o . l4 6V ;> -H .

1  d o t .  v e t c h  g l a s s e s ,  I D  m  d i a m e t e r .

A s u p p l y  o f  f a c i a l  t l n s u o ,  ” w lw » .  f o l d e d  p a p e r  t o w e l s ,  a n d  

w r i t i n g  papar I n  t a b l e t s .

C o n c e n t r a t e d  r e a g e n t  g n . d e  a c l d 9 :  F C 1 , R |0 « ,  H £0»4 , rurxd HF ,

S e a  s a n d  a n d  s t e e l  w o o l .

C r u c i b l e  t o n g s ,  s o a p ,  B B tc h o e ,  e q u ip m e n t  f o r  w a s h in g  p i p o t s ,  e t c ,  

( b )  S p e c i a l  E q u ip m e n t .

1  p h o t o o l s ^ t r l c  f l u o r e p h o t o m e t o r .

2  f u s i o n  m a t e r i a l  d i s p e n s e r s .

1  s p e c i a l  h i g h  t e a r p j m t u r e  s t o r e .

L 3/v
t
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A sat of stock'uranium solutions.

*0 apodal platinum dishes.

A supply of fusion materials*

The fluarophotaadtor was described briefly in Section 1.1.

The fusion material dleponuer (Set fig. 9, tec. U.6) Is made from an 

8 cm length of the gradur.tod portion from a 10 ml ^nduated pi pet (Csljo 

Ao. 16325-F), Mid a 10.5 cm length of glass rod that alidee easily but 

not too loosely inside the tube.

The special store (Seo i lg. 1C, uac. k*t) le i»de froci a Cenco

4

So. 11085 Fletcher burner In the following way. The t‘ roe vassals supporting 

lugj are sawed off, and a cloacly fitting brass ling li? hrmaered dcarn over 

tie outsider the grid to prevent gae loaknge. Ibe gas Inlet is repieced 

by a gas-air inlet, such es that frora a Maker bliojt burner (Sargent S-12̂ 75, 

Blto 2). An iron ring of not lees than 15 on innlfe disaster Is mounted 

Over the stove, and across the top of the ring are filed deep slots 1 6 cm 

apart to support several rows of pnrallol alundum rode of about A on 

diameter.

To make the stock uranium solutions, one prepart e (preferably In an

other building) a eolution of unsnyl nltrato in dilute HAO3 With a uranium 

concentration cloee to 1.00 g/l. A portion Is anelyasd gmvl metrically 

With the remainder are prepared solutions of 10”*' end 10*** times this con

centration, in 1 or 2 M nitric told. (Mom dilute sclutlatii? may occasionally 

be useful for such purposes as chocking, tne linearity of a fiuarvphotccwtor.) 

Part,lone of tbs dilute s^ock solutions tre paired Into 'mall bottlos for 

use In pipetting.



61

The platinum dlshoo vlll he described Id Beotlon 4,4. The creator 

the number of dishes, the faster and more convenient Is the work; tho 

quantity reooononded (̂ 0 dlehee) would he necessary In a laboratory where 

one worker was expectod to porfom 00 analyses per day.

The fusion material will be dlecueoed In Section 4.6.

4.2 Cleanliness. Experience has repeatodly shown that the uranium 

contamination problem Is more serious than Feat analysts are ready to 

believe, and for analyses at hl#i sensitivity, the most ecrupuloue atton- 

tlon to oloanllness le essential,* If poealtlo, the work should be done 

In n locality where no large amount jf uranium are being handled, and 

In a building In which*no one works with macro amounts of ur&nlun. Where 

these conditions oaxmot be n»t, It le ousentlal (and where they can bo 

tael, It Is advisable) to keep everything protected fruu atuospherlo dust 

or much as poo&lble. Instrument cabinets, instrument covers, watch glasses, 

petrl dishes, crystallising dinhos, and facial tlreuo are all useful for 

this purpose. At Chicago, when work la dorr? In uncontomlnatod bulldlrga,

It has proved safe to aseuos that distilled «ater; reagent grace hydro

chloric, nitric, and oulfurlo acids; thoroughly mobed glativvare and 

platinum (provided that uranium has not been 'baked" Into the ph tlnun 

by heating); and sheets of paper torn from the 1 nr Ido of a tablet or 

freshly removed from a box of tlssuo are clean.

In the recommended procedure for uranium anulyiit, opportunities 

for contamination are reduced by hooping tho necessary manipulations 

few and simple. Uranium contamination Is dingo rout from the tlm of
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the final rinsing of e dish to the end of fusion; contamination introduced 

laid the dlaii but not fuuod In lb ©Aully rinsed off, and any canUuiUietljn 

occurring after fusion is complete will not be noticed because it will be 

comparatively non-fluoroecar.t. Because of their small cite, the 41shee are 

▼ary easy to keop core rod, end similarly the accessary equipment le small 

and oasy to protect from contamination. In all important analyses, except 

at high levels under optimum vcrklng conditions, it in necessary to include 

blank diehos to determine whether contamination he a occurred. Whenover 

tho roqulromsntB of the experiment are such that comploto r incomixatlon 1e 

not neoded, It Is desirable to nopamto to same extent oxtromoly low loro] 

samples from the higbeo^ levels, T*ote have shown that with careful work, 

blanks and 1 pg dishes can be run alternately without noticeable contami

nation, hut nevertheless, since the analytical method covers a hundred 

thousandfold concentration range, it is wiser to avoid this situation vhen 

one is particularly interested in hltfi accuracy at tho 0.0001 pg level.

4.3 Preparation of Solution. Organic samples are usually ashed, by 

either a dry or a wet method; If of email bulk they tico frequently aehal 

directly in the platinum dteh. Solid inorganic 3oopleo are brougit Into 

solution in any standard way. If aqua rcgln or any otkor substance hr.rm- 

ful to platinum le present In large amount in tho -lolutlcn, it should be 

removed by evaporation or oy heating with sulfuric acid before transferring 

to the dish. Whenever possible, no purification of the solution Is em

ployed. When the ratio of impurity to uranium is bo high that, oven after the 

maximum dilution permitted by the uranium cantm ** there Is still preeont



63-

V a la rgs amount of quencher, t t  nay ho neceBeery to  purify to  seas ex tan t. 

Probably the sca t generally ueofu l method of pu r if ica tion  le  by ex trac tion  

of the uranium into an organic solvent;

(

When large a d o  unto of heavy a ita ls  oro p resent, I t  la desirab le to  

taka aa email an a liquo t aa the uranium concentration v i l l  permit In order 

to  reduce damage to the p la tlnun d iahot, oven vhun this, 1b not required from 

the quenching standpoint.

4.U. p i ah in . The eiao and shape of the standard diehee la shown In 

Figure 8. Those ere stamped from 20 n i l  platinum. When hjiey become badly 

deformed, they are reshaped in  tho forming die.

The dishes are conveniently held and stored In spot teet pi*Loo, and 

are tronsferred  by means of tho curved forceps, he identifying marks arc, 

made on them; I t  has proved more convenient to  mark, th o lr  locations on the^ 

spot to e t p la te , and then always put them eti end take then off the f luc ro - 

photomoter and the stove in  a  d e fin ite  order.

i

Methods of cleaning dishes are described In Soot Ion 4.9.

Preliminary work hee Indies tod tha t al: allow dishes

may have Important advantage In certa in  types of work. ^Tm rida

from 0.0 y  f o i l ,  7/8" *>y 3A "  end have a c ircu la r  Iden tifica tion  7/l6"

In diameter and approximately l / j  6" deep a t  the cen te r . The shallow laye r 

of flux gives less d ig it d l f f  Mlon and lesa quenching oy l l g l t  abeorp tloa , 

and tbs th inner platinum require* less heating, so th a t the platinum i s

“7
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not &leooloreA as Midi a t  with diahna of thicker m ateria l. B le ila r re m its  

ape obtained with dlehee of the ease genera1  shnpo, bu t node from 20 a l l  

platinum and v lth  onaller rime. However, I t  la  d i f f ic u l t  or lnpoasibla to  

"tap  out" from these, end there eeea to  be other 1- conveniences In  handling, 

•o  th a t a re  not yet ready to  recemend th«L.

PI r e t t in g  and Evaporating. I f  hand controlled pi pete ere em

ployed, the aoet oonvenlent valumu to  introduce i t  to the dUh le ICO \i\; 

v lth  th is  e lse  aample I t  la  possible to  p ipette v lth  accuiaoy 'rlthout 

great care in  se ttin g  level* and without rinsing. Smaller pi pet ja  e^ ilre  

greeter care, but th e ir  use any be simpler than id lin g  n dU utloc. The 

pipetted eolutlon le  era pare ted  by aevtlcg the spot te e t  ploto holding the 

dlahe* under a heat lamp. I f  the eolutlon coutalnr eubuiancoe tending to 

froth o r sp a tte r  a llg h tly  during evaporation, I t  is  advisable no'- to lima 

high level ulehos on the sane spot t e s t  p late  with lav  l jv e l  ones; i l th  

ordinary d ilu te  aqueous eolutlon* th is  precaution 1* not required.

A fter evaporation, the sample la  treated  in  tho dlah by ashing b rie f ly  

in  a flam* I f  i t  contains much orgnnlc m atter, or by heating v lth  concen

tra ted  su lfu ric  acid  i f  I t  contains a high concentration of in terfering  

anions. In heating  with eulfurlo acid  In the p l/.t 'ru a  d lah , I t  1* impor

tan t to  evaporate to  dryness before cooling, clnco the acid  ha* r strong 

tendency to  spread over the rim while the dlah cools. With any eolutiun, 

i t  Is  advisable to  evaporate completely to  drynepc before adding i-cdlun 

fluoride; fa i lu re  to  do th is  sans times re su lts  in  d lecoloration  of the 

fused preparation.

J
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b .6 The Fusion M aterial.

(a) Rec emended Procedure. The tvo recoameadd fusion m&terlal* are 

specia lly  pure sodium fluo ride  and ecdlun fluo ride  ndAtd with 10^ o f  sodium 

carbonate (the ’’lO^” m ixture). A smell exauunt of the powder Is  poured Into 

the bottom pert of a p e trl d ish , which can then be kept covered by a*. In- 

Terted o ry s ta llltln g  d ia l. The dispenser la  held In thu ri^ n t band lik e  a 

hypodermic syringe, and sent of t ie  powder 1>« preoae.fi Into the Wube with 

help from a spatula In  the  l e f t  hand. The spatula Is  then hold f l a t  against 

the end of the tube, and the plunger pushed down to  compress the powder Into 

a firm  ta b le t . A f in a l tab le t volume of tbou t 0.£5 ml is  dsalraV.es axw 

ponder oan easily  bo proceed In IT nncesetry, while If  the tab lo t le  too 

la rg e , the end Is  read ily  sliced off by using the edge of the spatu la . The 

properly farmed ta b le t  Is extruded. d irec tly  in to  tl.e plntinun d ish , as 

shewn in  Figure 9.

The * lC#r mixture la  chosen vhenevc* the sanplo contains large  anoint* 

of n o n v o la tile  acidic substances In In f , compounds l i t*  alunlnua oxide 

and o 111 can dioxide In te rfe re  by forming v o la ti le  f i  rtrldes th a t bubble up 

througi the molten flu x , bu t in  the pretence of n etclchlometi to nr.ceei of 

carbonate no such behavior occurs. Carbonate fusion mixtures t..lc ) are 

occasionally advantageous when "lrp.plng ont" i s  ecployed, aluca thoy have 

le s s  tendency to break In th is  prooess than does fcof. They always c ry s ta llite  

from the molten s ta te  In to  f in e r  ; a r t  i d e s  tlian a te  formed v ith  -frp pure 

fluo ride ; th is  makes them le s s  txrnapcrent, which decrease* ths e ffe c ts  of 

<; filing by l l g i t  absorption.

For best re su lts , the e *diux fluoride used should contain not more than 

5 parts per 10 by weight, xf uranium. I f  I t  proves impossible to  purchase



Fl«* 9. Using ths dlsponuer to fill tho diehoe

»
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■a t* ria l th is  pure (eee the  data in Table It, .e c .  3.U), sa tis fac to ry  sodium 

fluo ride  can be synthestied  v lth  l i t t l e  d i f f ic u l t / .  Hot, nearly sa tu ra te !
a  -

aqueous solutions of sodlun bromide and potassium fluoride are papered , 

v lth  about a 10)fr stolclilonwtrlc oxceeo of tbo If it to r. Tho pctnuilum fbuo- 

r ld e  solution le  f i l t e r e d ,  and the f i l t r a t e  add'd to tho sodium ircnldo 

ocdutlcn un til a em U  nxvjunt or sodium fluorldo  precipitate ic ra e , in 

order to  remore an/ mo ta le  forming h l# ily  insoluble fluorldoe 'ibe sodium 

bromide solution Is  then to lled  brief 1 / and f l l te ie d ,  und the f l l t r a t o  le 

poured while hot In to  the noln portion of the potieslua 'U.uorldo solution.

The precipitate of sodlun fluorldo Is d i l a t e d ,  washed thoroughly, collected, 

and dried. This work ehould not bo done In  a lc c o l l t /  where uranium con

tamination is  high. Sou* selection of r to r tin g  Materials In regard t  j 

I ran ie  and le ts  ma/ be frond necessary, but omall amounts of urenvun present . 

w ill tend to remain in  so lu tion , since the u ran jl ton le strong}/ cooplexod 

by fluoride. I f  desired , the sodium b ra d  do and potassium fluorldo can 

read ily  be purified by c ry s ta l!  I ta t  l  on,

fcif fusion Technique. The two methods In current use fo r fusing the 

Ha F and tbs mixture are ’’hand fusion" and "etore fuslas The

platinum dishes can be held In the flame of a  Maker burner with the  platinum 

tipped forceps,* or they can be sot on tho etoTe with th e ir  rims resting; on 

the nlunduo rod . as shown In Figure 10. The la t t e r  method la im cb t ie  

f a s te r  sloes as many as kO dishes can be s p a r e d  a t  cnee, but in  boos 

cases the storo may be undeslratle because of i t s  loud nolso and axoessivo 

heating effect. With a gae-cospreesed a i r  flaoa , great caio nust be taken to 

avoid ore rhea tin g . The th in , nan-luminous flatan resu lting  from an over- 

supply of a ir  causes a ttack  of the platinum by the flux; thin U  indicated

72  *





by o film ,  opaagp, or ledilto hrwB color to to* fbotjfeur.

l i  haaft M o m  h U |  to t  p la ttau a  tipped forotpe « c # r u u  t a n i i  

oC m aljttlo tloa  U  p e ta lb it. Vhea I T  U  mXUn m d  to  t  w y  bot 

dUh, It Wall to  a lia*  together, to  too t I t  U  p o t - b i t  to to t

iloh  to  aofce tot flux fXov out ao to  to t  r to , pink up *aj pa-ticket i t o l  

there, ond theft flow book tftto to t  o ta to r; but i f  to t  d lto  I t  ritofeWB 

fro* tb«'fleet, to t  flux hot o ctrcng toada&aj to  i p m i .  in  C l  a%**e, 

using ftltoor s to re  or toad fusion*, i t  I t  topurim t ’ ’ »to* *u* toot to t 

flux hot bteo ooapistel? oC ted t o  to o t t t  to* i t w <1 oottplttelp onw 

too Lottos of too d tto . ( la  t to r t  fuotam  oat ton tk®  toe flux spread 

b j twining Ao m  too fleas  fo r o m x m m t . )  A potr of did j* lua  gl%*«*t 

footU totoo tuch i t o m u e c i

to t durotlao of fusion hot art toeo fata l to to a r t l t t o .  btth k id  

fusions| btooute  of toe t lo t  and labor tmaired, o m  bold! tot flux

aolteo for 15 to  30 seconds i f t o  t t  Lot cmpXtielj l l$  lifted ; vi to tdote 

fusions, 3 adnuts* I t  tot etoaiord fueler. t lo t . **oig fusions ore sdmo- 

togpouo ebta cleaning dither; ond Wfcen u id lt'b ls  queoc tere like ftrrnus 

Iron ore pretex t  o long fut ten w ill t utun» toot o i l  ***ple* u n  been 

brau^it to eeleoue otott e^ulltbrlex. tot of fusion ore o j u U d m  m - 

plajed to Tory low ltr e l  work to redact tot oaouat of ccntoodtattcx 

Introduced froa to t dish. A aorl-td enhonrextat of O  utretoeart It c*~ 

tolatd toon o fated dlth It p tr '.U ilj reaUtod tiw allowed to todi sleeky;

t o l l  occurrence thould to  srolded.

d.6 F rteerrin*  tod R id ing  to* ttiotihor. tbe cooled dish ooa to  

put 4 tree t ip  In to  to t  bolder of live f  lucre pb r to a t ts r , to t  rending token, to t

7y<;



in a* n # i  to la *  at to*  P a n to  « a to ra * ta 4 , a to  Um  4 l f r * r * m  I f

t o *  g ro >w  o a l l l n t i * *  f l a v o r ,  t o  <pn t t o *  m t o i  at t o *  4  la * .

I t S M  l i f t f U tM  f r a a—t  l a  to *  M f l f  t o l a *  f to *u**U y  4 * fo *U

o* to *  lo t to *  o f to* i t *  U  fa* to* , to  ***** f a r t a t tm  U  to*  *M«aat o f 

t lu n * lo l* %  ta d  o f  f | i w * B * t  11#.% r tfU *% *4  f r o *  to *  41*1 t o v w i ,

#m * to*  aaaar aay oa* to  t o t t o i  I f  r * * * n * j  to*  r t o t |N t  f r t *  to*  4t*fc la  

t o i t o  U  to*  fw *4  t o  a a n a t t i*  U  to  * I U * |9 n a r » m o t* a a tn l  41*1. t t o  

I f f t o t  o f  11*1  a to o r l l a * ** totanr*« to  t t o  t t t o  lo t to *  1* » * *  r o * * > i l  

in  to #  to** U  a U to r* *  K W tolatag  **fto**to»  mtd mma p r t o / o t o  1* laaft 

r***d tor to** %* •%*** f***4«

to o n r la g  to *  ffca tffeo r l*  « * »  a w au  s a l l y  le a *  kj * t e f f l a g  *m%* I f  

U a ra ia g  to *  41 to**  up* t t o  to * *  to  to *  apod t o i l  j l * t o ,  f ro * p ie *  to *  t o t  von 

v l t o  to *  * * rf*4  fo re #  p a , a n i  to p f to g  l l # V « y  *  f t *  11m  a g a t a a t  m*  I n t o *  

t o l l  a n  t o  to *  p l a t* .  V i to  i f ,  • to * * ~ ft* * 4  p r* p » r t t u i *  w * U f  t r a p  o n  

v tto o M t t r o a l l * ,  b u t *  1 * 4  f lo o d  mm n |  t o n a l  I f  1% o m ta ia *  t o i  l t i U *  

f l a t  o r  1* ooo to d  to o  a lo n l y .  U » t i  to *  « * •* * * * • o f l * f u r lM * t  n a y  t o r t  a  

■art* I  o f f t o i  on 'U p p in g  out*}  Tor * -* a p 1 « , I r o n  *»4 c o lo a tiu a t a o to  t t o  

p ro****  no r*  4 l f f io u l% # t o l l *  v l t o  a ln a ta a n  p t i w t  to*  g t o a p u r  s r * v * o t l y  

f a l l *  o a t  l y  I t * * i f . V i to  fu o lo n  a U to m *  to *  'U p p in g  o u t proo#tfop* 1* 

a l a o r t  I n v a r ia b ly  # u c o * * # fu l, *x;?p% t o  to *  p w n u *  o f U r# *  mm  - a t*  of 

« u t a t M » o *  t o a t  o o U * * t  a t  t o *  l o t t o *  *ad • t l c i  t o  t t o  41 to .

\  I f  y o M lb l* , to o tu * *  o f  b la n k  t l * * r .  d i t t o *  t o 3*14 I*  r* * 4  f l l n t o l y  

• f t o l r  to *  o o n a la a lo n  o f  r a t i o n .  Lov l r * * i  d i t t o *  i t o t  **■**% I *  r t o  U n to l*  

a t o l y ,  a r t  I r o u p i t  to o k  t o  to * lx  o r ig in a l  r a r d lo g a  fcjr t o a t l a g  s t r o n g ly ,  

t t o  o ta n d a rd  p ro o ad u rr 1* to  t o a t  f o r  A le u t 50 v tn u to *  l a  a  m ftlm  fu rn a o *  

a t  3000Q, o r  t o  t o a t  on t t o  a to v *  o r  l y  band  t o  trl# » %  ru4  laoand**o* iio* .
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i t w i f i  ta a mmmm iM tm U r  aM i w i  la* i m h U ; far n M i la i  

* 3  § l a t  Clam*iw. Tto n  n k C  irMiKuv. la  to  notara t to  f i t*

fo r •  f«v iH tta a  U  ato*t 4 It M 4fQ6tl«i« a t t l ,  a tta  o m u u m i  a t l r r t i i r  

to  MfMKte t o a  fron «m |  etfear, m l  tla«  u » j  «vr* h>tl#4 to  a s t x t o / o f  

14 emtaliito Msantarte t»Ut 7# MKMrtfnw i/imaicrlt Mill «4 

U  water U  a plat taw  4 t o .  Tt »j ara r i t m - an! 4rla4  ca

MgMjg
um*%l prootourt, t o  atom . M  for aVmt 2} wt* t**> r * j  tto* r t o  to

Um ftttoro|itetot»tor v t t to i i  t*r*>:af oatf, t o  4t*UM ta t p  

to  ta# aatMftt af flaaraaots** f a to .  IU  tta toa  at# a iM  v ita vjOxcilMrta 

• • f t  t o  4rla4 u  la fa ra , to t  t o  a n  i w t o a i t o  waa «r * ratraatof aa 

a**jr U a a  w  t» mmmtMf  to aato ttwtr r t o i t i  w l r n ’t o i /  lo t. I t  tto 

OAM of parttmUarl* r t*m ito r/ 4latoa, aai t o  * fa n tp i  *»t*l» Haas

aUopai v tU  tilt p lat t o  a, atonal a* vttfc aaa aato ato ttaal **.ot t o  n«h  

n tir**  aat4 la T n w a w to ,  Otto," p rm 4 ir» t  oco* *atfv*i laal*fa

f a t  1 u b  v tto  p/roauirato, t o  to u tc *  tto  to la  i t  ah to t  lea  aaU ta*  

fljror14a-aartoo«to w titura ta  a pUUam  ^rapomUa* iU I .

M C  t e M U M  fa r  O o a ^ t.ij. t to  too p r 'r s t ja :  a i t o i *  rf  tra it*  

t«4 taaaafclac i n  tU a tto a  1/ takta* a a t iU t r  a t * * *  , aod ’aplirtorf V  

a f i t t lo o  of a foam aaount cf ora/iUt to  4#t*ralr>< t o  of ttiaoahliii

•o  th a t t t  oa t to  a c rr to to i for u t t o a V l t o : / .  Both of thaat avtaoda 

i a y t o  upon tha fac t th a t ,  aa «*» tfc*m to ftartton >.6, a r /a r  p*« r#r oc«4ittooa

l |  U f o to  to t*# or 4} I a n u 4  U  M t o i v t t o  a u t o t a  at to ta  a  

m p w t tU a  i t  ah, t to  i ta to a  a r t  t o a  p*\ ta  a mmiX U ato t o  ho

tto  l i n t ,  tto  i n  41 afcaa a tU l m  tto «u?»» ara f i l i a l  vita h i  t /

7im
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Of Mfl&JVt* m — i l l i i  t l M i l  f M t tU c n  at te a  uixxAv* tx » c  n tra ttO B *

Q w n l l a i  H o « U  ! •  M j M U i  e b a n t t t r  t M n  t «  «  U r® #  n « U w  o f  

M l U  u t t e r  l a  U «  I I H  a f t e r  m p o n U i a  a*  t e a  a a l u t i a a ,  t e a  f l u  t a  

M i  para t e l t e  a f t e r  O n i o n ,  t e a  b a t U a  o f  t e  4 1  a t  U  a t r a r ^ l f  o o ic r a d  

a f t e r  n a n t l  o f  Um  jb o a p b o r ,  « n 4  t t e o a n r  t e a  a a t e i  o f  f ! u o n i o i a N  

f o u n t  f a l l #  o n  t e a  o o n l l a a a r  peart t a n  o f  t e a  o a l i W a t t O *  (W i-ra ( * *  f  i f .  } ) .  

t e a  n — t e a  o f  o a a  l a  4 » * « n d o i 4  a t U  a a r t e t a t /  * /  " a p t H ^ ”

o r  I f  a a k U g  a  i l l a t i o n  and f l n d t a f  t e a t e a r  t e a  r . u - m *  *0 0 0 * l a  p r o p o r 

t i o n a l  t o  t e a  a a M a a W a t t o a .  te»*n t e a  f a i a r a l  e « i p u t l t  a n  o f  t e a  a a a p la  

I f  I B M  a t  t e l  a  r o w #  1 l a t t e ,  caw m  | N l « t  a b a  -i«*r 4 ‘l u t t a a  o r  

" • f l h U f T  V t l l  p r d W t t f  W  a a a a a a a i y .  T t#  I f t t e  i n  u  n o n  $ » |  v U l  t e  

b a l f f a l  t e n t

t e a a  t e a r a  l a  r a a a c n  t o  a a p a e t  qmmAU f ,  uo»  a h e o u d  V  t e  a a  a a » U  u t  

a U f n o t  a a  t e a  tu ra o lu a  a o o c * © V r* tta a  p a r t d t e  v i t t e i t  r a A o b U if  t e a  l a a a i  

tfb a ra  t e a  a a a l j r a t a  W e  oaa a  a o r a  4 t f f l e - . l t  and  la«< a a a ^ m t e  ( D e te c t !  aa  

o f  0 .0 1  f f  par 4 1 a b  l a  r o u t i n e ;  0 .0 Q 1  p f  r a ^ a l r w  * to n *  p r a c a i t l c a *  f a r  

W a t  a o e o r a o f ! a t  t e a  C .K io i  y f  l a t a l  f p u a t  l a  u c » « a c u r ;  t c  a b t a l r  

a  a ta n d a r d  a r r o r  a a  l e a  a t  7 0 $ . )  U b a a  t e a  * /* n iw *  c o ro  a n t r a  t  t o n  b a a  W a a  

r a d e o a d  a a  m b  a a  l a  a x p a d l a c t ,  « n d  ^ o g tv fc iM  ! •  a  t i l l  f o u n t ,  i t  t a  

B a a a a a a ry  t o  " a p iW *  t e a  a n a p l a .  F r  “ e ^ . k l a f f  <x*> u * * a  a a  p a r  a t e  d t a b a a ,  

u e u a l i f  a o n a  t e a t  a r t  to o  c o a t e a U a t a d  t o  p a r a l t  t e a t r  u a a  l a  l o r  l a t a l  

w o rk . O na ■ t a r o g r a a  a a s p l a *  o f  u r u l i a  ( I f  t e a  rnmtkm  M  l a  t e a  a a o p l a  

t a  a u f f l e t a o t l f  l a v ,  a a a  o f  a  0 . 1  o f  ” a p U * ’a a t U  c o n t e e t m t e  t e a  d i a l  l a a a  |  

a r t  p i p a t t e d  i n t o  t e a a a  4 1 a h aa  a n d  a m  p u r r  t e d ,  a n d  t e e n  p a r t  Io n a  o f  t e a  

M ii lB M  a o l u t l o n a  a r a  a A 4 a i ,  m t e  p r a o a u t l c n e  t o  a r o l d  c o n  t e a l  da  t  i n f  t e a

i
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• e l u t i o n s  r t t o  t o o  u r e u x l u a  in t o o  d l o h o o  ,  0 r # t h o  a r d o r  o f  f t d d lU Q B  o a n  

t o  r t n n t A  i f  o i n  l «  u . k o a  n o t  t o  c o n t o r l i n t o  t o o  u r o n l u a  t o l u t l m *  

d f t o r  t t o  M u t t o n  in t t o  atoll t o o  t o o n  n - w c i i t a ,  t t o  f l u x  t o  o d d o d  

• a d  f t t o o d  V /  o x a c t l j  t t o  o o a o  p r o c o d  a m  o o  v t t f c  t o o  c a r r o a p x / d l R g  * u r  *  

o p l l o d ”  d l a b o o .  R o o u l U  «u o  r r o l u o t o d  U j t o o  f o i l  w i n g  o q u o t t u * :  

n g U  I t  a l i q u o t  •  A S /  J ) d )  -  B /C %

1  t o  t o o  f l t t c r o t o o n o o  r o o d  l o g  f o r  t o o  " u n o p U ^ r  o M p i o ,  * a&  £  t o  

t o o  r o o d l o g  f o r  t o o  * o p l k o d  o o n p l o .  B  U  U  o v o r r g »  f l u a r o o c o n o o  

r o o d t n g  o f  t o o  u 't q u o ik to o d  b U n k i  b o l n g  r u »  * 1  t o o  m m  t t o u ;  ttv\ C ,  t o  

t o o  r o o d  t a g  f o r  1 H g  o f  u r o n t u i  * » W  t o o  f u s i o n  e o o u U l o e *  ♦a p l o y o d ,

• a d  t o  t o o  t b o o a o o  o f  q u a o e f c o r  cuod ^  t o  t o o  t* aW »  • o f  t»icn&un§ ot 

i r o n t u n  l a  t o o  ” « p t k o '  .  l a  t o o  o q u o i l o a  I t  l a  o * « ^M o d  t o o l  t o #  f l u o t o o -  

o o n c o  o f  b l a n k *  t o  q u a n t o  *d l a  t o o  o t a o  t o a n o r  o j  c a a l u a  f . : < a c - * n e « .  

t a  a r d o r  t o  d o a r o f t o o  t o o  o f f s e t  o f  o a  o n e r  i n  t i n  o o l f i m t i g a  o f  A., 

t t  t o  • d r l o a f e l o  t o  ta o o p  t o o  mm&iat o f  u t r a I a s  l a  t o o  i U l q t ; * t  f t v n  t o o  

mxfin M a r  0 . 1  i&g# i f  o  1 » ig  * « f l l n ' *  t o  u o o d .  T w  A q u a t i o n  f a r  t o o  

d o u o m t n a t l o n  o f  /  tt a  o  " i p t r t A t f  o i p u ^ l a u a t  l o t

*  •  ( s v ) / c

•T U o  e e r r o o p e n d i n g  o q u o t t a n  f a r  mi  o r d l n t r y  o a o l j r o  •  r l t o o u l  *  p i  k i n g  t « ;

i i g  0  l a  a l i q u o t  •  ( d - ly / c .

. n +
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Tho moot ln to raa tlng  oU tm U Q ft about uba vork tha t Las boon daocrtbod 

1» Uw onexpootad caap lax ltj of tho fuoicn procoin I t  hot rapoetodly boon 

found that factor# ooa vault oxpact to bo Important oro unimportant, aid  

footer* that apponr t r iv ia l  onto turned out t r  bo c ruc ia l. Probably too 

boot example of th lo  '.t found It* tao formation of b ro tt apoto on tho b n  tea 

of tho platlnun dlofa. f if te en  eooand fuolane twi t h i r l /  n l iu te  faolono, 

band fuolcno and o trre  fuatona, bcaII amount* of flux or large amount* of 

flux , gradual boat4 g or ftrang h a t in g ,  hooting f rm  balav or turning tho 

them  down frea  above, dlahea of 1 o il  platlm m  or dioheo ot 20 a i l  platinum, 

a l l  !.o*o l t t t l o  or no e ffau t; but aim?!/ changing tho depth of th e  dleh by 

a  factor of 2 g itoa a profound difference tn tho formation of brown ip ito .

In our loo t a a jc r ropert ua t je  ganorol analytical method,

¥• llo tod  cortolo problems to bo varkod on, including fuiion in 

n if f l«  furnoooo and tho eanotrucUon of on Improved fluiTophotaoetar.

Almost two year* bovo paotod, and both zvchlemo era s t i l l  being studied, 

though a t  • considerably advanood a tags.

What change* in  natbodo and vbat lnoroooo in  acourt.oyr and opood v l l l  

reeu lt from tho work nev in progruoo lo  impose ib l a to  p rad lo t. I t  ! •  hoped 

that tho accuracy and precision v l l l  Improve rary •ubetcimtlaULj'. However,



I

I **•

toetttM of tin long law m l W m m  of Wv#

vajrloM nporti f r o  ottor labor* tori •• *»lofc i n  boU a  *gr«»—irt vtt* 

oar rt«ttlu. I t  bM — mA bo«t to publish at tkU ti ■» tin MttruO. 

ftvalUtU.
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A D D E N D J M  T C  'T H E  r L U Q R O H i J l 'O H K T R l C  O T O T U C l N A T J  O N  O F  U B A J f l U K "

W o rk  d o n e  b y :  Go o r ,30 R .  P r i c e ,  R t u a t o  J .  F e r r o t t l ,  e n d

D a n i e l  k l l l l a o u

V r l t t o n  b y *  0 ,  R .  P r i c e

8i n c e  t h e  w r i t i n g  j a  b r i e f  s t u d y  h a s  b e e n

B a d e  o f  t h e  e f f e c t s  o f  f u s i n g  u m n i u a  f u s i o n  m a t e r i a l s  I n  d i f f e r e n t  t y p o *  

o f  a t m o s p h e r e .  T h e  r e s u l t s  a p p o a r  t o  b e  s o  i n t e r e s t i n g  a n d  I m p o r t a n t  

t h a t  w e  t h i n k  i t  w o r t h w h i l e  t o  r e p o r t  th o rn  n o v ,  s e e n  t h o u g h  t h e  w o r k  I s  

f a r  f r o m  h a r i n g  b e a n  c o m p l e t e d .  I n  t h i s  p a p e r  v e  a l s o  l i s t  s e r e r e l  

m i s c e l l a n e o u s  a d d i t i o n s  a n d  c o r r e c t  I o n a  a n d  w e s u g g e s t  a

n u m b e r  o f  s t u d i e s  t h a t  v e  b o i l e r s  s h o u l d  e v e n t u a l l y  b e  m a d e .

1 .  F u s i o n s  i n  Y u r l o u a  Q a n o e

E q u ip m e n t  u s e d  w a s  a  r e e l e t a n o e  t y p e  t u b e  f u r n a c e  a n d  a n  i n d u c t i o n  

h e a t e r . *  I n  a l l  e x p e r i m e n t s  t h e  f l u x  w a s  c o n t a i n e d  i n  t h e  u s u a l  p l a t 

i n u m  d i s h ,  s o  t h a t  w i t h  t h e  i n d u c t i o n  h e a t e r  t h e  h e a t  v q s  g e n e r a t e d  b y  

c u r r e n t s  i n  t h e  d i s h .  I n  t h e  r o o m  v i t h  t h e  r e s i s t a n c e  f u r n a c e ,  t h o r o u g h l y  

p u r i f i e d ,  h e l i u m  w a s  a v a i l a b l e ,  w h i l e  t h e  i n d u c t i o n  f u r n a c e  h a d  t h e  a d 

v a n t a g e s  o f  r a p i d  h e a t i n g  a n d  e x c e l l e n t  r i s i b i l i t y .

B o d lu m  f l u o r i d e  f u s o d  i n  t h e  i n d u c t i o n  f u r n a c e  i n  a n  a t m o s p h e r e  

c o m p o s e d  o f  t h e  g a s e s  f r o m  t h e  f l a m e  o f  a  M a k e r  b u r n e r  h a d  t h e  a p p e a r a n c e  

a n d  g a v e  ( w i t h  u r a n i u m  a d d e d )  t h e  f l u o r e s c e n c e  o f  a  d i s h  h a n d - f u s e d  i n  a  

M e k s r  f l a m s  i n  t h e  o r d i n a r y  w a y .  S o d iu m  f l u o r i d e  f u s e d  i n  e i t h e r  f u r n a c e  

i n  a n  a i r  a tm o s p h e r e  ( w e t  o r  d r y )  b a d  t h e  t y p i c a l  y e l l o w - b r o w n  c o l o r

f We a r e  i n d e b t e d  t o  M r .  8« .d n e y  Q a a r d e r  f o r  t h e  u s e  o f  t h e  f o r m e r ,  a n d  

t o  D r .  R o b e r t  T h o r n  f o r  t h e  l a t t e r .

(



-2

found when dishes are fuaod In an air atmosphere In a muff la furaaoa.

The brown oolar alto appoared In dlahaa fused In ad ataoaphara of oon- 

narolal oxygon, hut It did not appear under any ooodltlone whan oxygon 

van not present, aa In atnoapherea of helium, carbon dioxide, and water. 

This means that the reason the yellow-brown color vaa always found In 

aufflo furnace fusions vaa that the oxygen concentration In the air and 

tha oxidising atrangth of heated air la ouch greater than that of the oo- 

called "oxidising" flaw.

Sodium fluaxi.de dishes fused In a hellua atmosphere wars always 

completely colurleas, and If they ware cooled sufficiently aloifly It 

poaslbla to obtain clear discs that vara single crystals* After fusion 

In helium, the bottom of the platinum dlahaa wore always found to be olean 

In appaaranoa. Sodium fluoride preparations containing uranium gave tha 

earns fluarieoenoe spectrum when fused In hellua os whan fused In a flams, 

©ren In one experiment where helium was employed that had been purified 

by peealng through concentrated eulfurlc add, orer hot copper turnings, 

througi a phosphorus pontoxlde tube, through two tubes full of hot uranium 

turnings, and through a liquid nitrogen trap. (The uranium In this and 

In all other experiments described here had been added to the dleh aa 

uranyl nitrate.) A single dleh containing uranium In ”10£" mixture waa 

fused In the highly purified hollua; this giro a fluorescence unlike any 

we had seen before. In addition to the usual bands found In the ordinary 

HaF-U preparation, this had two bands to tha violet aide of the 333 tnu 

band, that were approximately of the earns intensity aa the 222 W  band.

*

The result was that tho dlao vaa of a purer, lass yellowish green than
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tha usual dlah. Bo further Irosstlgatlon of this phenomenon vas made. A 

brief studjr of the reproducibility obtainable with the clear, single- 

crystal phosphors, shoved that the precision of the fluorescence msasurs- 

■ants vas far lover than In the usual mloro-eryatalllns dishes. (This, 

and ell fusions described infra were ends with tne Induction furaaoe.)

The bream color produoed by fusion in the presence of oxygen can in 

most cases bo removed by revising in the absence of oxygen. A plausible 

hypothesis is that the yellow-brown Is due to a platinum compound re

sulting from chemical Interaction between the dish, the flux, and oxygen, 

and that the disappear an « of the color on refusing under proper conditions 

is dus either to volatilisation of thle compound or to Its reduotlan. To 

test this, an sxpsrlment vas performed with six sodium fluoride dishes 

containing no uranium. four of these vero fused in moderately damp oxygon 

to yield a yellow color, and the remaining tvo were fueed In helium. Then 

two of the yellow dishes vert refused In helium until they were white.

All elx discs were analysed epeotrographiomlly for platinum.* Bo platinum 

vae found in the tvo dleoe fueed only in helium, while platinum was pres

ent in all the others. The difference between the two fueed omy la 

oxygen, and the tvo fused both In aoqrgan end helium was not elgalfloant.

With rapid heating, it vae possible to obtain pure white dlehea by 

fusing in an atmosphere of unburned Chloago cooking gas. (Chicago gas is a 

mixture of ky$ coke oven gas and 55> natural gas* Composition Is 0,1$ of 

carbon dioxide, 1.5> of llluminant, 0,% of oxygon, 2,6f of carbon monoxide, 

c6.2$ of hydrogan, 5̂ .1$ methane, 7.9$ of ethane, and 6,1$ of nitrogen by 

volumetrio analysis.) When the beating vas too slow,a considerable amount 

dfe aro Indebted to Hr. Jamas Brody for this work.

d* 6 n
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of carbon vu deposited. Dlehee containing uranium flan the usual fluo- 

rtatDOt vhon faced in the unbunmd Illuminating eM. In experiment* 

vlth mixtures of air and Illuminating gw, it vaa found that the ratio of 

air to Illuminating oontrollad the tendency of tha a odium fluoride 

to epread evenly over the dlah. In pure Illuminating gas, tha molten 

flux usually formed a dump at the side of tha dlah. Hhan air « u  added, 

the flux mould spread over the entire dlah bottom. If the air mum then 

out off, the sodium fluoride mould Immediately dram together again on the 

side of tha dish. It mas possible to repeat this prooedura Indefinitely.

This experiment thus explains the observations regarding spreading of 

the flux that me reported In Seo. k,7 of the main report.

4/b mas reported that covered dithte fused In a nuffle

fursmoe mere olear anl odorless, but non-fluoreeoent. Another oondltlon

has bten found that gives oolorless non-fluoreecezxt dishes, thougi not

vlth vary large aryatale. Thla la fusion In a carbon dioxide atmosphere.

Sodium fluoride dishes fused In osrbon dioxide never have more then a weak

fluorecoeaoe. As vlth the dlehee fused, covered, this fluorescence oea

be brougit up to normal by refusing under any conditions that orldlnurlly

give fluoreeoenoe. Also, fluoreeoent dishes ore. quenched by refusing In

a carbon dioxide atmosphere. A "lOjt" dish fused In carbon dioxide hod the

%

usual strong fluorescence. The foliating hypothesis mas developed! that 

the CO2 quenches by Its oddity refueled nausea volatilisation of the COg 

end thereby removes the quenohlng the "lCf” dish mas not quenched beoauee 

It mas too basic. Tbs experiments summarised In Table 1, which mere designed 

to test this hypothesis, showed that It mas Incorrect. The correct ex

planation of the quenohlng effect of carbon dioxide le not known.

/7 !r
H + -
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TA BLS  1

I O T C T 3  Q T  F tB I O B  JM  C A S B Q i D IC X IX *  0 1  T H E  m O M C O O I  O f  

8 0 B H JH  Y L U O U D B  D I S H E S  C O K U I X S O  C « E  XXPROGBAM C t  U R A K UM

C o n d i t i o n s  o f  F u s i o n F l u o r o p h o t  o i t e r  

F e e d i n g

M l .  o f  B B l / g  

of E s F  t o  T i t r a t e  

t o  sH  6 . 0

F u s e d  I n  C<>2 )  a n n e a l e d  

s l c v l y 6 7 0 1 .3

F u s e d  I n  C©2 t v t c e 100 2 .3

F u s e d  i n  C O g j r e f u s e d  

I n  H e 7600 1 .7

F u s e d  i n  e x h a u s t  g a s e s  

f r o m  H i k s r  f l a m s 7100 3.3

F u s e d  i n  f l a m e  e x h a u s t  

g h s e s )  r e f u s e d  i n  CO2 370 k.2

T h e  p r o d u c t i o n  o f  tltratab le  bate h i m  t o  be correlated t o  t o w

e x t e n t  v t t h  t h e  p r e t e n c e  o f  v o t e r  I n  t h e  a t m o s p h e r e .  I n  s e v e r a l  e x -

<

p t r l a e n t e  I n  v h l c h  t h e  a tm o s p h e r e  v a t  c a r e f u l l y  d r i e d !  I t  v a t  f o u n d  t h a t  

o o a p a r e t l v e l y  l i t t l e  t i t r a t a b l e  b a t e  v a e  r c n d u o e d .  B l r U a r l y ,  i n  o n e  

e x p e r i m e n t  i n  v h l c h  a  E a r  d l e h  o o v e r e d  l o o e e l y  v t t h  a  t i l l c a  p l a t e  v a e  

f u s e d  i n  t h o r o u t f i l j  d r y  a i r ,  t h e r e  v a e  s o  e t c h i n g  at t h e  e l l l o a  e x c e p t  

a t  o n e  p o i n t  V h e r e  I t  o a n e  i n  c o n t a c t  w i t h  t h e  m o l t e n  f l u x .

I n  a o e t  o f  t h e  e x p e r i n a n t e f  e v e n  I n  i n  a t a o e p h e r e  at h e l i u m ,  t h e  

u e u a l  b u b b l e #  v e r e  e e e n  o n  t h e  b o t t o a  o f  t h e  p l a t i n u m  d l e h .  I n  t e a t  l o g  

t h e  h y p o t h e s i s  t h a t  t h e s e  v e r e  d u e  t o  g a e a e  m e c h a n i c a l l y  t r a p p e d  v l t h l n  

t h e  a o d l u n  f l u o r i d e ,  v e  f o u n d  t h a t  b r e a k i n g  u p  t h e  p i l e  b e f o r e  f u s i o n  

g r e a t l y  d e c r e a s e d  t h e  n u m b e r  o f  b u b b l e s .  B r e a k i n g  u p  t h e  p i l e  a l s o



1decreased a tary troublesome tendeooy of the todiua fluoride to creep 

over the rlM of the &l«h when It ml  tod In a helium atmosjfcsre, (Thor* 

ouah drying of the e odium fluoride lihevlce deoreaeed thle tendency.)

Iren when many bubblee m e  eeen on the bottom of a dleh fumed in a 

helium atmosphere, the dleh bottom vculd not be found to be dlsooloredj

I
and a dish fused first Ir. air or la a flame exhaust* and then refuted 

In helium would hare a clean bottom*

With a helium mtmosghere la the lnduotloa furnace, It mu readily 

poaslble to rolatlllte the eodiua fluoride without apparent decomposition*

In an experiment in vhlch welded asounte of sodlua fluoride were boiled 

off from a dleh containing uranium, and than repeatedly replaoed with 

fresh sodium fluoride and boiled down again, It waa found that little or 

none of the uranium Tolatilised*

r .. Hieoellaneous Additions and Correct loot.
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3* Vo wish to add to our survey of work at other laboratories by 

■rationing the excellent studies of 1. Bone on uranium In sea water and

(



in  vtrlxk* aP0 Rxil6t.fi. Using a  opootrographlo method s im ila r  to  th a t erf 

Herneggw and Karllk, aha achieved nm ilngly hlgx prcololon. (Yr.Bk. 

Am p . Phlloe. Boo, - f o r  19*3, 136-8 (I9**)j Ibid fo r  19*3# 1*3-1** 

(19*6).

3 . Study of tv la te r  l o t  of General Chaalcal Co. sodium fluoride 

haa not indicated th a t the tren d  ihcvn 

continuing.

6. In  stove fusions In  the  deep sty le  of platlnuia dlah (aa ehavri 

In  F ig . 8 . of tho main ropeart), i t  haa bean found th a t  breaking the p ile  

in to  a te l i e r  partic les a f te r  I t  haa bean dlapsreed In to  the dlah, re s u lts

l a  the  fo rua tloa  of fover bubbles an the botton of t h r  dish and, consequently, 

. a  cleaner dlah bottoa. H e  hypothesis proposed la  th a t  the bubbles are 

o rd in arily  trapped under the p i l l  and against the w all of the dlah. In  

the sh a ll o r s ty l i  dish , because of the gradual curvature and the absenoe 

of a  v e r t ic a l  side v a il ,  th ere  I s  f a r  le ss  opportunity f a r  such occlusion.

The a lte rn a te  hypothsals given on

7. Mere ex p lic it Instructions fo r "■piking” a re  desirable. The 

standard procedure la  aa fo llo w er Take * dlahaa of Identical ahape, 

and p lpat 1 pg of uranium Into each of two of th ese , and evaporate to  

drynaas. The unknown solution* should be su ff ic ie n tly  d ilu te  so th a t 

not sore than 0.1 ug of uranium la  contained In  the  a liquo t used. The



-a-

tvo "uni pi tod" dlithdi art pi pitted first, and than coo of the "spiked" 

dishes. Ilia pipit it washed (unless It It unnecessary to avoid oon- 

tesdnsting the unknown), and the remitting dish la pipetted. Bn> usual 

number of blanks (dopfeodlng on the sensitivity required) are included*

8. the question of the relative aorlte of shallow and deep dlthea 

has not jet been eettled nor will It be poo Bible to obtain a final 

axttver until the question of vhloh fusion method to employ (hand, stove,' 

or furnaceT) has itself been settled. The style of shallow dish that we 

have standardised on la stamped from 10 mil platinum In the shape ahosn 

below.

a - 7/16" 
b - 1/16” 

o - 1/8" 
d - l/l6M

Scale (2x)

v

«

*

i
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3 . D1 equation

The Boat Important ocneequenoe of the vork described In this addendum 

la that it demoostrotee the poeelblllty of successfully fusing Iaf and 

H10>r dishes in a Duffle furnooe. Use of a Muffle furnace in fusion would 

bo expected to haw* edveral advantages over a tore fusion. There vou^l bo 

loss noise, lata host liberated In the roco, fever contamination problems, 

and greater poaolbilltlea of iraolae control. What type of atmosphere 

to use In a furnace! cannot be decided without further vork. It seana 

certain that use of an atmosphere of burned cooking gaa would give all . 

the advantages of fusion In an open flame, nlnua a few of the dlaadvantagsa. 

An atmosphere of pure helium, on the other band, ml git prove vary un

satisfactory under acme conditions. Thus, If uranium were added to the 

dish in same farm other than aa a uranyl compound It mlgit not fluoresos 

when fused In a helium ntmoepbere. Also, there nlgit be trouble from 

other me tale, not being In their hlgieat oxidation etatee.* Far example, 

ferrous Iren quenches more strongly than farrlo, and manganese nay oause 

fluorescence When It la In the plus two state. Finally! in a low oxygen 

atmosphere there la the problem of gittlng the a odium fluoride to sjrsed 

properly. Some oxygen, then, la probably desirable in fusion, but too 

much oxygen will cause brown spots on the dish bottom, even when the ocn- 

nentratlcn la not hlgj enough to cause a yellow color In the flux. A 

possible solution may be to heat first In an atmosphere containing a 

fairly high wwunt of oxygen, and then finish the fusion in an atmosphere 

with no oxygen.



Ill add ition to  the jroblom of determining the proper axygoa oontent 

of the atmosphere, there le  the puentlon of idiat typo of c rys ta l s tru c 

tu re  to  produce. One onn ob ta in anything deelred froei e c lear s ing le  

c ry s ta l  to  the extremely fine  white powder given by seny fusion m ix tures. ) 

In pure eodlua fluo ride , the flnenesa in  c ry s ta l s truc tu re depends on 

the ra te  of cooling end on the deooapoeitlon (Increase in base) occurring 

In fu s ion ; tbs la t te r  o f f s e t  Is  not reversib le by simply refusing. For 

work of h lg i precision, one should certa in ly s i r  always to o b ^ ln  the 

name f t  nances of subdivision, end probably the most sa tisfac to ry  s ta t s  

Is  scxaovhare between the two extremeo. With single o rjs ta l d loes, such 

of toe flunrwBoenco le  Inprleon^d within the c ry s ta l by to ta l re f le c tio n  

and can oscape only a t  cracka or other lr re & ila r ttto e . This means th a t 

tL 1 " “san ity  of fiuareeoance depends very sa rk e lly  on the presence of 

a sn a il .numl?” of laperfeo tlons, and the preolalon le  omeequeCtly vary 

poor. In  disco with fine c ry s ta l struc tu re , l i t t l e  u ltrav io le t 11 g i t  

w ill penetrate to the bottom. Thle w ill be desirable  to  scan extant la  

th a t I t  w ill eliminate the e ffe c ts  of spots on the  dleh bottoms, but I t  

w ill have such un^sf treb le  effoote as naklng the In tensity  of the ueaeured 

fluooreeconno depend strongly  on the thickness of the d isc . Vhen 11 g i t  

goes through *hc disc with only a  vary e l i c i t  diminution In  in te n s ity ; 

a av a il change in th* thlckneos of tho dlso or In the amount of llg& t 

sc a tte r in g  w in  haws l i t t l e  o ff  jo t on tk* fluureocrnoe, but when l ig h t
i » m p j j  •' '

penetrates only a short vâ > into the d isc , such small changes s ty  prpdnoe 

pronounced effacto . A nlrcple ncthod i  ar roughly measuring tbs penetration
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of light Into 4 disc la to road a rtappod-out" disc in a dish with
i

% blactoned bottom and then In a dish with shiny bottom; the ratio of .these
* . • '

it is

* sons light on questions relating to the nature of the fluorescence in

fluoride mixtures. For example, b/ fusion of uranium compounds containing 

no axygpc in an atmosphere completely without oxygen, one could learn 

mare about whether or not the uranium in the BuF-U is in the uranyl fora. 

The boat choice of uranium compound for such an experiment— thougi not 

the easiest to use— would be the hexafluoride. Other possible studies 

of interest growing out of the work described in this paper Include in

vestigations of the quenching effects of carbon dioxide and fusion in 

" t. a covered con tel nor, the unusual Bpectrum found in the 'lOjt” dish fused 

in helium, and the absorption spectrum of uranium in the dear discs.

' ' also an indicator of the pro o once of quenching by light absorption.) 

rj Use of controlled atmospheres In fusion can also be uoed to throw

W
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