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e PREPARATION03?PLUTONIUl[SAMPLIWFOR ANALYSIS

A. GeneralHealth-SafetyRuLes-

It shouldbe well understoodthat for healthsafetypurposesextremecare

shouldbe takenin handlingplutoniummetaland its compounds.Everyprecau-

tionmust be takento avoidingestingor inhalingthem,evenin most minute

quantities.When

ticalprocedures,

in Wealth Safety

8/16/44).%-These

handlingplutoniumin the smallamountsrqyired for anally-

the operatorshouldfollowcarefullythe instructionsgiven

Rulesfor Chemistryand kMxillurgy Divisional,(revisionof

coverprotectiveclothing,respirators~use of dry bcvces,

accidents,laboratoryand personalcleanliness.Specialprecautionsto be

observedin certainanalyticalproceduresare includedin the sectionsbelow:

B. SamPIW of PlutoniumMetaland Ccxnpounds

All oprations requir~ cutting,sawing,or breakingoff of metal or

requiringtransferof powiersmust be done in an approved&y bmc. During

theseoperations,the operatoris protectedwith resphator, cottonoveralls,

head coverand rubb&rgloves. Sincethe insidesof the dry bm glovesare

oftencontamim~ted,the oprator shouldwear rubbersurgeonsglovesand tuck

sleevesOR the coverallsintothe cuffsof

the dry box.

The methodof cuttirgplutoniummetal

phasemetal:

1) ~.phase plutoniumis very brittle

shatteredinto smallersizesby means of a

can thenbe cut to the desiredsizewith a

the rubber

dependson

Gloveswhileworkingin

whetherit is~or $

~andlargepieces

diamondmortar.

pair of diagonal

CWi IX3tiy be

‘fhcsmallerpieces

cuttingpliers,

..,-
“ See alsoJ. F. ‘lribby,Memorandumto Oh!Divisioh.Gd5u#li?&k#s::”@ocedure
on handlingof contaminatedobjectsll(May18, 1945$)” :. . •:i-;*y++-~
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but caremust be takento preventlossof smallpiecesduringthe operation.

2) J -phasemetal.is very soft. Largepiecescan bestbe brokenup ~

firstflatteningthem in the diamondmortarto a thicknessof a few “nullimcters,

so they can be brokenin two with two pairsof blunt-nosedpliers. When the

piecesare small,they can be cut with diagonalcuttingpliers.

C. Electroltiic .Polishingof Plutonium

The purposeof electrolyticpolishing

impuritieswhichw adhereto the samples

for the polishingoperation,togetherwith

is to removeany surfacefilm of

(e.g.slagor oxide). The apparatus

an analyticalbalanceon whichthe

polishedsamplesare weighed2is set up undera good hood. The samplewhich

has been transferredfromthe dry box to the hood in a closedscrewcap vial or

weighingbottle,is removedfrom its containerand is

basket,surroundedby a cylindricalplatinumcathode2

mixtureof ethyleneglycoland syrupyphosphoricacid

placedin a tungstenwire

and tiersed h a 50:50

(Figure1.). Current5s

suppliedby a 6V storagebattery. Duringthe operationof cleaning,the main

dangercomeefrom the spraycarriedout of the electrolyteby the evolvedgases.

The sidesof the glasscontainershouldextend3 cm. or more abovethe surface

of the electrolyte.A respiratoror face shieldmust be worn at all times.

The sampleis dectrolyzeduntilit is brightand silvery(about%!+ minutes

for samplesthatwejghless tkn150m g.). If the electrolysisis continuedtoo

long,the samplemay againtumblack. The positiveterminal(1% cylinder)is

disconnectedand the terminalclap is raisedto lift the basketout of the

electrolyte.The pieceof metal can then be removed. The sampleis immediately

immersedin concentratedHt?03to rinseoff the electrolyte.It is then washed

in waterand fhally in acetone,allowedto dry on a pieceof hardenedfilter

paper,and transferredto a taredwatchglassif it is to be weighedunderthe

hcoc.i, or to

outsidethe

● 90* . ●:0 ● . . .*

a taredscrewcap vial or weighingbo~t!h?~&o i~i~.t~~e weighed
●* ●@*● **●OS:,0●,

.
hood. In the case of &-phmm sample~%it.+scf@ti&wGwpW -.—.——
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surfaceoxidattinoccurswhenthe sampleis washedwith water. ~ the S&il@3

is intendedfor 02 analysis,thisnullifiesthe effectof polishing. This can

be avoidedby omittingthe waterwash,and usingacetoneboth to rinseoff the

~T03 and to dry the sample.

In transferringthe sampleeverypossibleprecautionmust be observedto

avoiddroppingit. The ocfomn of plutoniumis very brittleand smallchips

may easilybe brokenoff unlessgreatcare is used in handling. The metal

shouldbe held in the forcepsas shorta time as possible. If it is to be trans-

ferredto a balancefor weighingunderthe hoodzit shouldbe placedon a watch

glassduringtransitand shouldneverbe carriedin the forcepseven if the dis-

tanceto the balancecase is onlya few inches. A smple, when it is to be re.

movedfrom the hood (ordry box)>must be placedin a

D. Methodsfor DissolvingPMxxhxnMetd

Plutoniummetaldissolvesin HC1, HI, H&, HCIOI+

closedcontainer.

and BZ’4with vigorous

evolutionof gas. It dissolvesslowlyin H@04 but M practicallyfisoluble

in HN03and H3F04. Metal samplesare most frequentlydissolvedin’HCl. Danger

from spatteringduringsolutionin acid increaseswith samplesize;precautions

requiredwhen handlinglargessrnplesare considerablygreaterthan when handling

smallones, Theseprecautions~necessadyto avoidlossof materialfran spray

and spatterin dissolvingo~rations, havebecome,to an extent,standardized.

Apparatusand reagents:

.1ml. pyrexvolumetricflask (testtube shape)for smallsamples.

Solutionvesselfor largersamples(Figure2).

Misco pipets,50~o

Constant-boilingHCl,’distiXLed$andstoredin qyartz.

Procedurefor smallsamples(50mg. or less)s .
● ● .e . ●:O ● ** ..

Workingundera well-ventilatedhood transfer:t;e~ne&d@&i4e~#om its
●* ●me● O9●o@● ,g●,
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containerto a 1 ml. volumetric flask“andadd 2-3 ~ or more of constsnt-

boilinEHCl per millj.gramof metal. If the sampleis of the orderof

end requires100=-150~ of acid do not add the acid at oncebut divide

in two or threeportions. If the acid is run S1OW3Ydown the sideof

the stoppermay be insertedbeforespatteringstarts. Wait unt~lthe

has subsidedor stoppedbeforeaddingmore acid. If the smple is to

50 mgo

andadd

the flask

action

be diluted

with water wait until evolutionof gas has ceasedbeforeaddingthe water;this

is to avoidfom.ctionof a blackprecipitateof plutoniumdioxide.

Procedurefor largesamples(- ater than 50mg.)t

Placethe samplein the s&c2al solutionvessel (Fi~e 2) and add the

acidwith eitherthe attachedpipetor the Misco pi~t- After evolutionof gas

has ceasedand solutionis completeztransferthe solutionto the desiredcon-

tainerwitha syringepipetor obhersuctionapparatus. DO NOT FOUR THE SOLU-

TION]

E~ Methodsfor DissolvingPlutoniumTetrcfluoride

Becausethis ccmpoundis a fine powderall transfersto solutionvessel

or othercontainermust be made in a dry bm by an operatorproperlyprotected

withglovesjcoverallsand respirator.Beforeremovingthe samplefrom the dry

box in a beakeror othercontainerwhich cannotbe tightlystoppered,it is

necessa~ to wet the sampledownwith acid or waterto preventair currents

from blowingit intothe .Iaboratory.In addition,it is good practiceto cover

the beskerwith a pieceof Parafilmbeforeremovingit from the dry box.

Severalmethodsof solutionare available;the choicedependsuponwhat is

to be donewith the dissolvedsample.

1. Hot concentratedail-fukicacid. Thisdissolvesgihtoniumtetrafluoride

withina few hoursbut the rmmlting stablecomplexis undesirablefor
●00. ●*O ●*...9*. ● ● ●
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Hot concentratednitricor hydrochloricacid. Heatingwith theseacids

in an opencontainermay requireup to

ti.on. .

Hydriodicacid or oxalicacidfollowed

several.days for completesolu-

by concentratedHN03. “Whenthe
.

tetrafluorideis boiledwiththesereagentsin this orderthe solution

periodis lessthan one hour, ‘

Hot acidin sealedtube. This is a most satisfactorymethodfor

dissolvingplutoniumfluorideand otherdifficultlysolublecompounds.

The procedureis as follows: Preparea heavywall pyrextube (5 mm. id.

and XL mm. o.d.)about8 incheslong by fiealingoff one end, takingcame

to avoidbubblesin the seal. Transferthe sampleintothe tube and add

0.5ml. of either-concentratedhydrochloricor nitricacid. Coolthe

lowerend of the tube with liquidnitrogenor dry ice untilthe contents

are frozen;sealoff the openend and placethe tube in a metalbanb and .

hea.k.inan oven at 100° C. Solutionin HC1 is completein a few minutes

but in HN03an hour or two is required. To removethe sampleafterSOIU- ‘

tion=againfreezethe contents,crackthe sealedend of the tube with a

file and hot rod and transferthe solutionwith a syringepi~t.

3’.DissolvingPlutoniumOxide

)
The sameprecautionsare to be observedas in handltigplutoniumtetra-

fluoride. Hot concentratedsulfuricacidwill dissolveblack oxidebut may or

may not dissolvethe yellowoxide. The sealedtube techniqueemployingHN03

or HCI is satisfactoryi-fthe temperatureis maintainedat about 2000C.
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SPECIALHEALTHSAFETYPRECAUTIONSTO BE OBOSERVEDIh?SPECTROCHEMICAL

ANAIYSISOF PLIYKXWJMMETALAND ITS COMPOUNDS

Plutoniummetal and its compoundsare handledin the spectrochemical

laborato~ in threeessentiallydifferentprocedurcs~and the safetyprecautions

to be observedare discussedbdow underthe topics:Wym-electric Methodlt,

‘lDirectSparkl!ethcd”and IICupferronMethodll.

1. I?yro-electricMethod

Materialreceivedtor anQysis by thismethodis in the form of oxide,

metal,or nitratesolutions. The conversionof metal into @de$ the compound

req.&ed by the method,is carriedout in a dry box whichalso servesto house

the arc source,a“balance,and all toolsnecessaryfor the preparationof the

samplefor arcing. Figure1 is a view intothe left side of the dry box in

whichthe o~rations of sampleoxidation$weighingsgrinding,and electrode-

loadingare carriedout. Samplesare admittedintothis chemberthrougha

double-doorvestibuleat the left of the bm; at least one of the doorsmust. — — .— —..

Q&W& Q4ES!i” The operator,wearinga tightlyfittingdust respirator

insertshis glovedhandsintotightlyfittinggauntletsin the frontof the

box.

Metal.specimensare transferx%dfrcm theirvia16to smallplatinumcruci.

bles in a micro-furnaceand ignitedat 700-800°C. uutilconversionto the

black&de is complete. Nitratesolutions>on the otherhand,cannotbe evap=

oratedin the dry box,whichhas no exhaustfacilities.They are evaporatedto

drynessin platinumcruciblesunderan infra-redlamp in a well-ventilatedhood

and then transferredto the dry box in a rlestof alternatelytivertedbeakers.

T~re the conversionto oxideis completedh the micro-furnace.
● ●9* ● ●** ●*O●O

zing.quantitiesof galliumoxideandly~&.~vf ~&i&&ide (U308)are
●* ●**● e@●O*● **●*

weighed intovialson an analyticalbalancg.~&#or@u~~ #@o the ti~ box.
● go ● ●*m ●
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out on a torsionor assay

galliumaxisk+ura.niumoxide

electrodecratersh the dry

25 mg. quantitiesof plutoniumoxideare weighed

balanceQ & ~ & and theregroundwith the

mixture. The well-groundmktures are placedin

bw and transferredin electrodeholderblocksto the arc chamberthroughthe

doorof the separatingpartition. Greatcare shouldbe exercisedto minimize

spillageduringthe weighing,grindingand transferoperations.

Samplesare arcedin the conventionalpyro-el~ctricmanner,

continuingto wear a dustrespirator(Figure2). Each electrode

to its positionin the electrodeholderbloclcafterarcingand,at the conclu-

sionof a series$ th~ blockis returnedto the left compcu4mentof the dry box.

Thereeachelectrodepair b“ @aced in a vial for transportto recovery. The

operatorshould

arctiga series

Occasional

as possibleafter

may be droppedand

presenthimselffor a Wose count~las soon

of samples.

accidents@l occurin whichan electrode

the operator

is returned

its contentsspilledupon the floorof the dry box; smalllossegmay occur

duringweighingand grindhg. Thesemishapsare inevitableh routineoperations

althougheveryefforbshouldbe made to minimizetheirnumber. It is therefore

necessmy to havethe interiorof the dry box decontaminatedat frequentinter-

vals. At suchtimesa decontaminationsquad,equippedwith dust respirators,

rubber.gloves~and laboratorycoverallsshouldremovea windowfromthe dry box
.

and gatherup the spilledmaterialwith brushesand moistenedcheesecloth.A

warningred lighton the outsideof the room door shouldbe turnedon to indicate

thatentryintothe room is prohibitedduringsuchtimes.

the box interiorand replacementof the window~the floor

dry box shouldbe monitoredwith a portablealpha-counter

Followingclean-upof

and exteriorof the

(“Pluto”)0 Aa a final

precaution,the room shouldbe leftUninhcil?+t?+!:or”:&$!+!a~$oursfollowingde.
● O*. ●***:0

contaminationto allowam activedustto”s%%%%e~””““”““”‘“”
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2. Direct SparkMethod

Materialsreceivedfor analysisby thismethodconsistof metal,tetra-

fluoride,or nitratesolutions.See pp I-3- 1-5 (thisManual),for precau-

tionsto be observedin dissolvingplutoniummetal and tetrafluoride.

Beyondthe dissolvingoperations~safetyprecautionsare to be observed

at twm stages:(a)evaporationof solutionson electrodesand (b) sparkingof

electrodes.

(a)

(b)

Concerningthe first-- the evaporationsshouldbe cdrriedout under

infra-redlampsin a ;Al ventilatedhoodby an operatorwearing

rubbergloves,a dustrespi.ra.toror plasticface shield,and a

laboratorygarmentwhichcoversthe arms and trunkcmnpletely.The

rate of evaporationshouldbe regulatedby a Variacin serieswith

the lampsso that spatter= nevertakesplace. All equipnentused

for the evaporationshouldrest in a stainlesssteeltray in the hood,

so that in event of spillagethe contaminationarea is confined. The

hood and equi~ent shouldbe monitoredregularlyto detectthe rise of

contaminationand decontaminationcarriedout

are exceeded.

Precautionsto be observedin

electricaland chemical. The

of receivinga fatalshockis

the spa&5.ngof

operatorshould

when counts”of 100/dm2/min.

electrodesare two401d:

realizethat the danger

ever-presentaroundthe sparksourceand

chaukwr. The case of the sparksourceand chamberand the bed of the

spectrographhavebeen grounded,but the operatorshouldinspectthe

groundconnectionsto see that they are intactbeforeoperating. Evi-

denceof frayedcablesor loosecontactson the highvoltageleads

shouldbe repairedimmediately

visor for repair. Evidenceof
● ☛ ● ☛☛ ● ☛☛ ● ● ●
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eqyipnent (Odor of burninginsulations,straysparksor coronadis.

chargesat comection points,and irregularsoundingsparkdischarges)

shouldbe calledto the attentionof the supervisorfor repair. The

floorupon whichthe operatorstandsshould-~clean and dry. Under

no conditionsshouldthe opes’ator—— —.

floor. As a finalprecautionthe

body contactv55ththe caseof the

graphduringoperation.

Re,gafiingsafeguardfromthe

standti waterleft frommoppingthe——— ——

operatorshouldavoidunnecess~

sparksource, chamber$or spectro-

radio-chemicalstandpoint,the

operatorshouldwow rubbergloves,a dust respiratorsand a full length

laboratorysmockwhilesparkingelectrodes.Electrodesbearingany

qyantityof radioactivematerialwhatsoevershouldbe sparkedinside

the chamberprovided

ceptwhen electrodes

be handledonly yith

(Figure3). Its doormust be tightQ closedex-

are beinginsertedor removod. Electrodesmust

pliersor forcepsreservedfor activematerials.

Electrodeswhichhavebeen sparkedmay stillboar someactivity,and

shouldnot be mixed~.zithuncontaminatedelectrodes.They shouldbe

placedin a beaker,and the contaminationremovedby dissolvingin

1:1 nitric acid,the solutionbeingsavedfor recovery. Electrodes,

decontaminatedin thisway,may be re-used.

Regularchecksof the activityof the floor,tablesand optical

bench=houldbe made witha portableslphacounterand decon~tiw

carriedout when kad.icated.The sparkchamberand all toolsused in

connectionwith the spmking of activematerialsmust be regardedas

contaminatedand ehouldbe touchedonlyvcithglovedhands.
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detected. Nose countsshouldbe takenafteractiveelectrodesare

sparked.

3. Cupferrm Methd

Materialreceived

or chloridesolutions.

for analysisby thismethodis in the form of nitrate

Metal or tetrafluoridewampleswiXl have been diesolved

elsewhere,and by the proceduredescribedin pp 1-3 - I-5 of thisManual. ‘I’he

operatormust wear rubberglovesand a full-fitt5nglaboratorycoatwhile

carryingout the chemicalseparationsin a well-ventilatedhood (Figure4).

care

off●

tect

shouldbe takenin the evaporationof solutionsthatno spraybe given

Frequentmonitoringof the glassfloorof the hood shouldbe made to de-

the activityresultingfrom accidentalspillage.

For precautions

S-k Methodl$above.

Allindividuals

to be observedin sparkingelectrodessee (b)under ‘lDirect

carryingout analyticaloperationson plutoniummateriels

shouldpresentthemselves

be submittedto detectat

dailyfor a nose count. Weeklyurinespecimensmust

the earliesttime evidenceof pathologicaldamage.
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interiorof a dry bm showingoperatorgrindinga

preparationfor analysis,

View showing

Iateral.view

operatorpreparingto arc a “sampleh the dry box.

into hood showingdoublecompartmentsparkchamber

(withdoorsopen).

Speciallyventilatedhoodfor carryingout chemical.separations

of plutoniumand its compounds.

betweentineface of the operator

The

and

safetyglassfrontcomes

his work
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SPECTROCHEMICALDET7IRMINATIONOF lXTEIRMEDXATEAND HllAVY-ELEMENTIMPURITIES
IN PLUTOMUU METALAND COMPOUNDSBY ‘THEDIRECTCOPFERSPARKMETHOD

Abstract

A hydrochloricacid solutioncontainingfiftymicrogramsof plutoniumis

evaporatedon copperelectrodesand the sparkspectrumphotographedin the

ranges2500 AO - 50C0AO. The q-tity of impuritiespresentis est~ted by

comparisonof the densitiesof theirspectrumMnes with the corresponding

linesof standardspectraphotographed-onthe sameplates.

Limitsof Sensitivity (basedupon analysisof

Element

~
Al
Ca
Ti
v
Cr
Mn
Fe
co ,
Ni
Zn
Zr
Mo
Cd
Sn
la
Ce
Bi
Th

PP
firstorder

10
mu
200

1%

=
1000
—
1000
20CQ
2000
1000

4%8 ~

50 microgremeof metal) .

Reagents

1. Constant-boilingHC1,distilledfrom and storedjm quartzvessels.

2. Nitric

3. Water,

&@ ratus

acid,distilledfrom and storedin quartzvessels.

d&hJJ.ledfrom

and Materials

1. lml. glass-stoppered

and storedin quartzvessels.
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2.

3.

4.

5.

6.

7.

8.

9*

10.

xl.

Mi.sco

1 ml.

s@nge and 50 micro-literpipettips.

platinumcrucible.

evaporator.%-Electrode

@ dia.X

latheand

1$11long copperelectrodes.lihdsshouldbo freshlyfacedon

sidesmachinedlightlyto a dist~~coof & backfrom end.

Sparkdischargechamber(Figures1 and 2).

41:x ~O;t~~-o photographicplates.

i’k.ds~;o~th fully-automaticstigmaticgratin~sp?mtrograph,2Z1.f grating$

15,000linesper inch.(JarreK1-AshCo.)

Dietertsparkunit.

Dietertrockingdevelop~~ machine.

Bauschand Lombvievingbox.

Procedure

●
1. If metallic,veighout a 5CQmicrogramsampleancldissolvein the smallest

possiblequantityof constant-boilingHC1. Diluteto volumeVfithquartz.

distilledwaterin a 1 ml. @&ss-stopperedpyrexvolumtric flask. llxamine

the solutioncriticallyfor undissolvedmaterial;if a residueremains,

shakethe solutionun~,ilit is uniformlydis~rsed throu~houtand rapidly

withdrawa 50 micro-].iteruliquot. Transferthe Qic:uotto the top of a

copperelectrodeand evaporateit to drynessin an electrodeevaporator.

Pxwparetwo such electrodes.

If the ssmpleis an HC1--solublesalt, wei@ out a quantityequivalentto

500microgram of metaland dissolve. Proceedas above.

If the sampleis insolublein HC1 but solubleon diccstionin HN03 (e.g.

2.

3.

~ustration of inlhx+redelectrodca:@~&tcxg_~ ~i., e 3, ‘%pectro-
rchemical.Dek’mina.tionof.Impuritiesin @ix$ni&m M3t,&c~~cCompoundsby the

CopperSpark-CupferrcmExtractionMethod.rn”●O”:..●:.:..:.”
●e.

:00 ●
boo . .

● **
b’. . ● ● .**

● 00.:: ● aa ●
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11 B-3

plutoniumtetrafluoride),vmighout a quantityequivalentto 500 micro-

gramsof metal in a 1 ml. platinumcrucible. Add the smllest possible

WtitY Of ptz-disti~ed 1~03 that VU dissolvethe ssmpleon digestion

underan infra-redlamp;eva~rate the resultingnitratesolutionjustto

dryness. Add 50 micro-1.itersof constant-boilingHC1 and diluteto 1 ml..

with quartz-distilledwaterin a 1 ml. glass-stopperedvolumetricflask.

Proceedas above (1).

F’zwpama seriesof copperelectrodepairsbearingthe followingtotal

weightsof the elementsof interests1.0, 0.5, 0.2, 0.1,0.05,0.02,0.01,

0.005,0.002,0,001microgramsand reagentblank. This is most convenien’t-S

& doneby startingwith a stocksolutioncontaining1 ~; per ml. of the

follomingelementsin 1:1 HC1: Bez Ng, Al, Ca, ‘H, V? (X= Mnz Fej Co, Ni, ZnZ

Zr, Mo, Cd, Snz Laa Ce, Bi, and Th. ‘iK1.utea 5 ml.. portionOf this stock

solutionto 50 ml..in a ,gI..ass-stopperedgraduatedcylinderwith @artz-dis-

tilledwater;this solutioncontains100 microgramspm ml. Transfera 5

ml. aliquotof this solutionto another50 ml..cylindermarkedNo. 1 and

diluteto volume. Preparesucceedingstandardsolutionsin accordancewith

the followingtable:

CylinderNo. Dilute() ml. of Cyl. (No.) to 50 ml.. Micrograms/..

25
20
25
25
20
25
25
20
25

10
5
2
1
0.5
0.2
0.1
0.05
0.02
0.01

Use 100 micro-liters

electrodesbearinga

of each standardsol@@:”~r o@~.~~O pairto prepare
● .

● .:0 ● e
totalof 1.0, 0.52e~~%& &O&&S&&ams of each

● 0 ● **
● m. ● e* . ● .
9**

9**.
●O*.: : ““”: w● *O
90.
● e

● . . ::0900 . . ● ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●
element.

manneras

●

✎

●
70

.

● 0 ● 00 ● 0Q ●:. :.. :0.
● . .● 0:s :000

● : ● 0
● .8

. . . ●
25

II*4 ““: “
●:0 :00 ● s

Evaporatethe solutionson the copperelectrodesin the same

for samples,usingthe infra-redelectrodeevaporatoror the

nichronmcoil evaporator.Prepareeach standardsolutionfresheach

dayto avo~ lossesin strengthdue to hydrolysisor adsorption.

Set the Dietertsparkunit‘togive the follofig conditions:pxwerin-pub,

2 KVA; inductance,

95- Moe

Set the timer

8; ill-PUt

relayfor

vOlta.g09230; rotarygap, 10; primaryvoltage$

an exposureof 6Q seconds. Closethe slit of

the Wadsworthspectrographto 25 microns. Xnsert’apair of coppw electrcd

intothe holdersin the

ticdly at a sepmation

alignmentscreenon the

betweenthe electrodes,

camerafromthe back of

dischargechamberand alignthem laterallyand ver-

of 2 mm. by projectingtheir shadow-imageon the

optical=&+ behindthe chamber. Strikea spark

and openthe spectrographshutter. R~OV’ethe

the instrumentand observethe spectrum~m the

visibleregion with a hand lens

on the electrodealignment,and

as uniformlybrightalongtheir

throughthe cameraport. This is a check

shouldrevealthe fulllslit heightlines

hmgth~ Set the Harbnanndi.aphragmto

give Lines 2mm. tall and loadthe camem with 2 103-0plates. Set the

camerato photographthe range, 25m f - 5~ 80

Inserbthe l.Om.icrogrsmstandardcopperelectrode tithe holdertithe

disoharge chsmber,closethe

the chsmberfor one minute.

graphshutterand strikethe

door of the bttw?, and Psi Mmgenthrough

Stop the floxvofnitrogen,qxmthe spectro-

discharge~ Rackthe plateUP3 nm and re-

peatthe operationfor succeedingstandards. Spu..kthe sampleor s~ples

aboutmid--waybetwmn the firstand last standard.

Developthe platesin total.dmkss.~F{5~ti~~:a~.~8.0° C. in F~stman

519 wing rocking dmkpnent, Fti”k“k-$$fc%:03hn&kes after imnerwi.on
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in an aceticacid shortstopfor about10 seconds. ?iashplatesin a vcr-

tied. streamOf waterfor lominutesj r~e ~ dist~ed ~=te~~~d d~~

out of contractwith dustafterrenovalof most of the waterwith a moist

viscosesponge.

Tkaminethe plateson a viewingbox or in the modifiedJudd-Lewisplate

comparator,compari.nEthe line densitiesof the samplespectranith those

of the standardsphotographedon the ssmeplate. Subtractthe quantity

of eachelementappearingin the reagentblankfrom the quantityof that

element-appearingin the sample.

Calculation

pm= wt.
+

of Element(mi.crogmms
wt. of SempleM a.liquotgra%)

References

The developmentof themethoddescribedis coveredin the following

projectreports:

CK-670
CK-877
CK-928
CK-993
CK-J-229
CK4326
cc-872
MIS-72
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IJUW109
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Figure 1. spark Discharge Chamber

Spectroohemioal Determination of lntermedi@O\e and
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4. Compounds by the DilX)Ct Copper spark ~e~oc$, :“ ~ :0 ~ ;
● 009** 9** :*. ● * *

●

.-’.

, .,

● ☛ ● ☛✎
● ☛☛ ● ☛☛ ● ✎
● ☛☛ ●e* ●

●0.. :0 ● ● ●*.
● 0. ● 00 ●

8. ● ae ●** :
● .

● ●.O .*
●*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



. . . .. -------- .. .. . . . . ----. --— . .. . . .. . ------- “------- ,----- .- . . ..- . . . . . .

9* ● *, ● O
● ** ●°0: 9*..
● **mb9m ● .

o 4!+

.

UIIICIAJJIFIED

a

.

. .

● 9 ● *.
● *. ● ** . ●
● *. :“e.
● *.* ● 9 .’*
● 0. :

● 9. .

● . ●**:*. ● .
● . ●** . .

● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● m ● **
● **
● me*
● 9*
● * :..
● *

● ☛ ● 9*
● *

● *

H. c-l ““: “~”
SPECTROCIEMIC}.LDETERHINATIONOF IMPWUTILS
AND CONPOUNDSBY THi;COPPKRSPARK-CUPFERRON

Abstract

● ☛.OO: :*:.
● 0 9
● ● 9** ●

● **
. . . ..OO. ●

● 00 ● *e ● ** ● m
● 0000
● * ● **9
● :0 ● *
● ● 0
● ●:0 :00● 0

IN PLUTONIUZMYTAL
LXTW.CTIONl!IflTHOD

Tri- or tetra-valentplutoniumis separatedfrom

Ca, Hn> Co, Ni, Zn, Sr, Cd, ~, Ba, La, Ce, Hg and Pb

29

IA, Be, Na9 H& Alj K2

by extractionof pluto-

nium cupferridewith chloroform.The aqueousphasois evaporatedon copper

electrodes~and the lattersparkedto producethe impurityswctrum. Com-

parisonof the densitiesof the impuritylineswith stxuxiard spectrapermits

estimatesof the amountsof’tipuritiespresent.

Limitsof Sensitivity

(Basedupon amlysis of 5mg. of metal).

l?lement P@ Pw
firstorder secondorder

Li 1.0 ---
Be 0.1 0.4
Na ‘$ -—
Mg 2 20.0
Al 2 20.0
K 20
Ca 2 2;;
]J~ 2 —.
co 10 --
Ni ..-..-.
Zn 4.$ -...
Sr 1 4.-
Cd 20 -..
Sn 20 ----
Ba 1 -—
La 2 --...
Ce 20 -—
Hg 40 ---
Pb 20

Reagents

1. Constant-boilingHC12distilledfrom and storedin quartzvessels.

2. M3.utedquartz-distilledHCI, preparedby diluting12ml. of c.b. HC1
● ☛✎ ●

to lCO ml. with quartz-distilledwater.
●8* . ●

●

‘:‘“ ~:’w●* ●*.
● *. ●m.● ●

● *. ●**●
● ● .’. .

●*..:
● . . : ●**
●* ●****. ●0..
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3. Purifiedcupfex’ron%

4. Chlorofom (Baker ~s

11 c-2

(Anmoniumsalt

Analyzed).

● ☛ ● 9* ● 00 9** ● O* ● *
● ● 9
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30

of N-nikrosophenylhydroxylamine.)

5. Ether (W_l.2nckrodt).

6. Quartz-distilledwater.

!&yaratusand ;iaterials

1.

2.

3.

‘4.

5.

6.

7.

$.

9.

100

Xl.

3-2.

13.

u.

Electrolyticreductioncell (Figure 1).

1 ml. .glass-stopperedpyrexvolumetricflasks.

10 ml..glass-stopperedpyrexgraduatedcyMnder.

1 ml. p3atinumcrucible.

Miscosyringeand quarbzpipettips (1@. capacity).

.
Oy~udricalmicro-furnace.W%

M&a-red

?lcctrode

*1’dia.x

kthe and

4.” x 10’I

evaporatingapparatus(Figure2)s

evaporator(Figure3).

1*’1 long copperelectrodes.

sidesmachinedlightlyto a

l123Fand NH~-sensitized1-N

Ends shouldbe freshlyfacedon

distanceof ~flback i%om end.

photographicplates.
>

Sparkdischargechomber.’%h:

!Yadswort.hfullyautomaticstigmaticgratingspectrograph,21$ grating,

15,000linesper inch [Jarre3J_-AshCompany).

DietertSparkunit.

Dietertrockingdevelopingmachine.

7’-TO purifycupferronwith respectto the lightelements>dissolvethe ammonium
saltin quafitz-distilledwaterand add an excessof quartz-distilledHC1 to prc.”
ducethe free hydroxylamine.Extractthe organiccompoundfromthe waterphase
by means of etherand discardthe acid. Re-enctractthe organiccompoundas the
amnoniumsaltby use of quartz=or platinum-dicM_lledammoniumhydroxide. Pre-
cipitatethe amonium salt by addingacetonead collectthe crystalsin a
Goooh-Munroeplatinumcrucible. Dry the compoundthoroughlyin a vacuum
desiccatorand storein a bottlecontaininga bag of pure ammoniumcarbonate.
‘+ See figurein WpectrochemicalDeterminationof Li~ht+*loWen~opuritiesin

PPlutoniumW&l and Compoundsby the CopperSpark-GaUj.&@.&Jh’gl $% /&ethcd’l.
H See figureill‘lS~xctrochemicalDeterminationof Ih#&g$@(~.@~a#d&@y-
elemen~Impuritiesin PlutoniumandCompoundsby the&ir~~}Cop”&r”~~~kldcthod~l.

:::
““*‘“~

.9 ..:
● .e
●. ..O●.O:

● . .
●.
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15. Bauschand ‘iambviewingbox.

Procedure.—

HIXD HEALTHSAIKTYRU’IXSOUTLINEDIN S’ECTIGNSI AND 133

II?metallic,dissolvethe samplein the snw.llestpossiblequantityof

constantboil.i~HC1 and dfiuteto volumewith quartz-distilledwater

a 1 ml. glass-stoppwmdPyrexvolumetricflask. Examinethe solution

in

cri’tical.3yfor un-dissolvedmaterial;if a residue.is present,centrifuge

it to the bottomof Lhcfla.sk.-X-E the sampleis in solutionas+6 nitrate2

reduceit to the+l~stateat 1.8 voltsand 15 milliamperesfor 1 hourin

the electrolyticcell.

If the sampleis a salt,dissolvean amountequivalentto about50 rrii.of

metal.in water>HC1, or llN03,as necessary>and diluteit to volumein a

volumetricflaskof adequatecapacity. It may be necessa~ to di~estthe

samplewith thesesolventsor with 10?in a plattiumcrucibleunderan infra-

nd lamp. Sane oxidesmay resistall effortsto

analysisshouldnot be attemptedby thismethod.

:“lithdrawanaliquotecpivalentto about5 mg. of

dissolvethem>and their

metal and diluteto 1 ml..

with dilutedHC1 (*ridesupra)in a 1 ml. glass-stopperedpyrexvolumetric

flask.

Prqxwe an ether tmlution of the free acid of cwpkw’ronas fol.lovt~:

Dissolve0.5 ~. of the ammoniumsalt in 6 ml. of waterin a 3.Oml.graduated

cylinderequip~d with a glassstopper. Add about15 dropsof constant-

boilingI-U or untilthe free acid is precipitatedto producea Pemancnt “

turbidity. Add 1 ml. of etherand extractthe free acid intothe ether

by shakin~the cylinder.

% E a residueappearsat thispointwhichresistsall effortsto bringit into
solutionwith HC1, proceedwith the analysisof the.@~l& p@@%..Transfer
the insolubleresidueto a lml, platinumcrucible~?d @~@npt:tqOdi$$olveit
with 001 ml. of W (distilled froii platinum). If th&fltSl@~~”f’UwL%min HFs
analyzeit as a separatesaple accordin~to the pr$x~e@&e.gQ#~ea@ve. H the
residuefailsto dissolvein any of the mineral-acIti52:&l~r%.tit:~>O?j.tha few
f?~or)sof waterand transferto a.copperelectrode.%? ty~-?j~.~bik”~s .dmnt.+~~e:i++ -
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● 50 Add 6 MOPS of the aboveethersolutionto the dilutedsamplealiquotand

shakevi~orouslyto coagulatethe plutoniumcupferride,Add O.lml. of

chlorofoxznand gently

ferride. The aqueous

whatturbid.

invert the flaskseveraltimesto dissolvethe cup-

phaseshouldbe colorless,althoughit may be some-

6.

0
8.

9.

Drawoff the aqueousphaseas carefullyas possible,usinga quartz-tippd

syringepilx%,and transferit to a 1 ml, platinumcrucible. Disregardthe

smallvolumeof aqueousphase (about5 per cent)whichcamot be easily

separatedfromthe chlorofomnlayer.

Evaporatethe aqueousphaseto drynessin the infra-reddryingchamber>

passingnitrogenthroughthe petridish to carryaway the vapoiis.No

considerableamountof undecomposedorganicmattershouldremainat this

point. Dissolveany residuewhichmay appearby addingO.lml..of puri-

fied 16 N nitricacid and evaporatejustto drynessin a micro-furnace.

Dissolvethe residuein O.lml. of quartz-disti12ed1 N HC1. Withdraw
.

the solution,usinga graduated0.2ml. micro-pipet.

Rinsethe cruciblewith .06ml. of quartz-distilled6 N HC1 and withdraw

the solutionintothe pipetcontainingthe firstportion.

10. Dividethe solutionequallyamongfour copperelectrodefaces,each

electrodebearipgapproximately40 micro-litersof solution. Dry the solu-

tions on the electrodesin the glass-coveredbrasselectrodeholder,using

an infra-redlamp as the sourceof heat.

1-1..Preparea series of copperelectrodesbearingknownquantitiesof Li, %,

Na, Mg9 K, Al and Ca (endsuchadditionalelementsfrom the list as may be

desired)in the rangeof interest(e.g.0.001,0.005,0.01,0.05microgram

of eachelement).
●9*●0.● ●:O ●O*●* .::

12e Alignthe electrodesas carefullyas possiblef~;$l~&!isc&&e ~l$mber,
●ab●9*... ●*

gaugingthe 2 mm. cledtrodeseparationand the ~~f%J:%n~wgr$~c#

●00‘= :~
● **
●*
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positioningby projectinga shadow-imageof the electrodeson a screen

behindthe chamberon the opticalpath.

13. Sparkthe electrodesfor 50 seconds~udng the Dietertsparkunit,set for

the followingconditions:Rotarygap settingat 10; Power,2KVA;Inductance

settingat $; Inputvoltage,230; Outputprinaryvoltage,95-100. Set the
.

slitof the

ment of the

spectrumof

Wadsworthspectrographfor

electrodesbeforestarting

a pairof copperblanks.

50m.icrons.Alwayscheckthe align.

a run by visualexaminationof the

Photographthe firstorderspectrum%of the followinglineson two

103-0plates:

m: 2288.08
Hgz 2536.5
W: 2576J
M& 2795*5
sxu 2840.0
pb~ 2833.1
Be: 313004
Zn: 3282.3
co: 3453.5
Ni: 3493.0
Zr: 3438.2
Ca: 3933.7
Q: 3961.5
La% 394’3.1
Ce: 4032.4
Sr: 407707
cl?:4254.3
~: 4554*O

Photographthe followinglineson a 103-Fplateplacedh the right side

of the cameracassette(asviewedfrom the back of the instrument):

Na: 5890 R
Li: 6707.8

.x

Shouldonlythe lightelements:Mg, Be, Ca, Al, M, Na~ and K be desired,use
only 8 1-N plateand a 103-Fplate. The secondorderspectrumof M& Bez Ca, and
Al will appearon theseplatesalongwith the lines?t.thg#.k#oi.metuls.

.::
●

● : :. ; :.-00moo● ob.:*:..b.

.
● ☛ ● ✎ ✎
● ☛✎ ● *O . ●
● O. ●a* .
●*..: ● ● ●8m
90. :

SC-

● . ● mm ..0 . ●9..
● ..0 ●

● 0
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Photographthe K: 7664.9line on an ammonia-sensitized1-N* plate

~aced in the left sideof the cameracassette(asviewedfrom the back
-.

of the instrument).

I.& Developboth 103F and 1-N platestitotal darknessfor3 minutes

C. in EastmanD-19,usingx%ckingdevelopment.Fti in F-5 for 10

at 18.0°

minutes

afterimmersionin an aceticacid shortstopfor about10 seconds. Wash

platesin a verticalstreamof waterfor 10 minutes,rinsein distilled

waterand dry out of contactwith dustafterremovalof most of the water

with a moistviscosespmge.

15. Examinethe spectraon a viewingbox, comparingthe line d~nsit.iesof the

samplespectrawith thoseof the standardsphotographedon the sane plate.

Subtractthe quantityappearingh the spectrumof

fromthat appoar~ in the samplespectrafor each

the procedureblank

elementof interest.

Calculation

ppl ,:

References

W. of element micrograms
Wt. of samplein aliquot(grems)

The developncnt
projectreports:

cK-1229
CK-1326
cK-1064
CK-993
CK-928
CK-877
CK-801
cK-738
LAMS-72

of the methoddescribedis coveredin the following

for one minuteat a-temperaturenot exceed=g 10° C. ‘I&ansferthe pl&~ to a
tray containingmethanolat 10° C. for one minute. Dry the plateas rapidly
as possiblein a streamof coldair. Platessensitizedin thismannerare ex-
tremelysusceptibleto fo~ing, and the operationsmuSto~.carr~g@Cm# in abso-
lutedarkness. ‘i’hekeepingqualitiesof sensitizedplate$~.e @og; ~~ my
be kept in a refrigerator,but shouldbe usedwithin!@ h-e .:.~1.~0~

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



‘.
.= . ~ . ,.—---- --- - -–. --- .--– . . . . .. .--r — !

., .,..- ... .$. -. -.-.,-. . . .
,.

. ..-: .: ● ☛
.** ●
● *O”
● ** ●

● *e*
● O*

.

. .

● ☛ ● ☛☛ ● ☛☛ ● ☛☛
● ☛✎✎

● *9*
● * :● :

● ●:0 : 9:*

.

:; ’””~~CLASSIFIED.0 -..
.,... ... -.”

$-- . .. . ..... —- . .-. —.

A ..- ,.

. . . . ..- “.,.-,.:.+“/ ---““---- ,----- .--—.
. .’. . “%aker

/“

.,

/“”

/“

Y’

.
.—

1-. ., -.. . . . ..>. , ..-.
. .

.—r.

. ...+ —.

-.

.

block.

.

.

,,

●☛
✌✎✎✎

✎✎✌✌✎i-”
..

,-
,.

1 . . .

\

‘\,\
\
‘%
~ilatinum gauze

5 ml. capaoity

.

Figure 1. Micro- electro-reduotion Cell

pyrex

● Spectrochefuical Determination of Impurities in Plutonium Metal
and Compounds by the Copper Spark-cupferron Extr~ction Method.

. ● * ●e.. ~:o●*.●e*V 9::
●

● .0
●. : :. ::..0

● * :;●. ●00009O**9.*●*.
● ☛ ● 0.
● 9. ● @* ● . . .
● *. 9’*.
.0..: .O.e,. ,o

9.* :
● *. ●

● * .** ●m. .
● :.: .*

● m

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,.. . -p . . . . . . ... . . .~--- .- . ..- -- 4-- .-se. .-. *-- . ...*- .. q.- . . ..w ,. . . . . . .. . . . . . . . .. . . . . . . . . . . C. -,., . . , . -.-A.....

● * ●** -‘%.
● ●- ●°0: ● 9●88 ●

=

● *-*9* ● am

,-. . em, . : ● *O ●
● e* ● **
● 0 ● ** ●

● *a*
● -----

UNCLASSIFIED
● ✌ 9*. ● ,* ● *. ● *e . .

● ● O*
● : ● 0 ● 0 ::

3
● 9 :0●: ● *

● ●:0: ● *●:0:.0..

n//,,. \\
f“’‘

Infra-red lamp
.... .

....
,.’

.=. ,

~—Platinum tube.

Petri dish
. ‘\

\
Platinum pla latlnum crucible

,

oi
“.
.

—_-.. . .

●

Figure 2. Infra-Red Evaporator

.f

●
Spectrochemical Determination of Impurities in”~l?i~\;ni~;{@+AJ
and Compounds by the Copper Spark-cupferrm Eit73/0fi~;Qn:M48h~dj,

●**9**.*
● 0 ● e.
● *. ● *9 . .
● m. ●’.●

●e..: ● ● .*.
● om :

● ** .

● . ● ma me. .
● :.: .*

● a

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.. -“. . ..— . . . . . . . . . . . . . . . . . . . . . .-. .s m---- --- .-—----— 7 ------ .

● ☛ .000
● 9* ● n●°0:
● *88. ●°*.
be. ,

● ●

● ae :0:●.O :
Q* ,.. ● @.:

. ● 0....

.00 ● 00 ● 00 ● OO ● 90 ● *
9 ● **● :.. ●

● 0
.*::

*: ● ::
:●:0:,.? ●00, :.0.,..

‘?, : ,-,.,,
$ -;

\

\

\

,-.

.,

\

UNCLASSI
\ /\

37

.

FIED

—.kfr’T “ “,.,
. .-,-

//

,“

.“?’,//
/“’// \\ \\\..

,

. .
..’a .’”.;

lamp

----

.. -’/

‘.’d.{*:-i,-=-~.-— .:

. . —
.—
.-. .

.— . .
‘-‘ -., .’ ‘-d-,’.“.‘~.

Pyrex glase ,
oylinder

.“
..

..’ :
. .

..- .j

-.. .

-,

s, ;

.

.,
,.”-

-.

.
..

‘.

-.,,
. .

.,

cQpp’eo

“

.,>

..:- , :.” -~;+; .. .
‘. -:-.. .

‘Masonitq●

. . ..: .-> .<->

___ L..,. . . . ...--.,. ,.. - -.. .-—.-.

11’igUrO

.’

3. Electrode

●

.

Spectr~chemical Determination of ImpWlties i~;:P~fiQoni}w.J:eo~al
and (jOM~OU~dS by the COppeT Sp”ark-cupferron I%?!tr4c$i~E;M$ot~J~*

o ● *●m ●@o●**●**... ●.
90 ●a.
● 9* ●m.. .
● *. .OO●

●*..: ● ● .O.
● .* :, 9*. ●

9. ●*e●*.● ::. .● -

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ● O*
● 00 ●°- :

● 9

● 9**.
●** ●

9**
● **

:
99*

● 00:.O● ●*a:
● O ● e* ● 0....

● 0 ●:* ● *9 9:0 ● . . ● .
● ●

9**.
●

● e● : :
● :’ :3b

● ●:* : 8*. . . . ● *

●
II D-1

SPECTROCHKMXCALD!ITLRNINATIONOF LIGHT-ELW!XNTIA!FURITII:SIN PLUTONIUM
METALAND COldPOUNDSBY THE COPF’RRSPARK--GALLICACID4NIL31??I;NETHOD

Abstract

Tri--or tetra-valentplutoniumnitrateor chlorideis separated

Bej Na, Mg, Al, K, and (h by formationof an insolublecompoundwith

from Li9

gallic

acid and anilinewhichis selectivelywettedby aniline. The aqueousphase,

containingthe IiCht-elementimpurities,is evaporatedon copperelectrodes,

whiohare then sparkedto

densitiesof the impurity

the amountsof impurities

Limitsof Sensitivit~

(Basedupon analysis

Element

Li
k-
Na
Mg
Al
Ca
K

Reagents

producethe impurityspectrum. Comparisonof the

lineswith standatis,ectrapermitsestimatesof

presente

of 5 mg. of metal)

P@
firstorder

1.0
, 0.1

5.

$:
1.
200

Pm
secondorder

004

3.
20.
100

1. Constant-boilingHC2,distilledfranand storedb qyarbzvessels.

2. Dilutedquartz-distilledHCIZ preparedby diluting1 ml. of c.b. HCl

to 5 ml. with quartz-distilledwater.
%’

3. Purifiedgallicacid solutim (’7.5~w. Per~s)

1$.Aniline,distilledfrom quartzand storedin red pyrexvessels.

5. Quartz-distilledwater.

%-To pur~ gal~c acid,clarifya solutionof it usingNorite. Re-cry9tal-
lize threetimesfrom wdm?~ careftiy ffiter~ the so~fi$i~.~o~$m~.w●ws-
pendedmaterialbetweenre-cwstal.lizations.Preparea.sol~t~n cOn~Qir$u@
7.5 w. perfi. md store ina quartz reagent bottle.

::;;::qgm! “.0. ● ● .b.●*..:9*. : :*: .0
● *.- ● . .
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● 6. Quartz-distilledHN03.

7. Platinum-distilledHF.

Apparatusand Materials
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1.

2.

3*

-4.

5.

6.

7.

8.

9.

ElectrolyticreductionCel.l.x

1 ml..quartzcentrifugecones.

10 and 50 micro-literquartzpipcts.

1 ml. platinumcrucible.

Infra-redevaporatingapparatus.’$

~A+f
Electrodeevaporator.

Cylindricalmicro-furnace.(Figure1).

4’1x 10’t103F and NH3-sensitizedI-N photographicplates.

l’)dia.x 1~’$long copperelectrodes.z . Ends shouldbe freshlyfaced

latheand sidesmachinedlightlyto a distanceof *11back from end.

10. Sparkdischargechamber,3w*

11. Wadsworthfull.yautomatic stigmaticgrattigspectrograph,

15,000linesper inch (Ja.rrell-AshCo.).

u.

I-3.

U*

15.

Dietertsparkunit.

Dietertrockingdevelopingmachine.

Bauschand Lanbviewingbax.

Internationalclinicalcentrifuge.

Procedure

HEEDHEALTHSAFETY~.”S OUTLIN!ZDIN

1. If metaXlic3dissolvethe sample(-~50

\

SECTIONSI AND HA

W., if available)

on

21J grating,

h the smallest

$$For illustrationof the electrolyticreductioncell see W@ectrochernicelDe-
terminationof Impuritiesin PlutoniumMetal.and Ccnqxmndsb~~the CopperSpark-
CupfcrronExtractionliethod.[1
%+.For illustrationof infra~redevaporatingapparatussee procedurereferred
to bbove. ●90 ●*** s . ●:* ●0.,.

YHH’:For illustrationof electrodeevapora.tier$e~.pr~e&ur~~eferredto above.

~~~+~For ‘illustrationof spark discharge ~n~f”%~’’’;~~t;och~c~ Detwmina-
tionof Intermcdia.teand Heavy-element~~r#bi~~O~.~~t?n~mlJetQ and Com-
poundsby the DirectCOPperSparklktlld~’~~. : : . . .“●*e
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possiblequantityof constant-boilingHC1 and diluteto volumewith

distilledwaterin a 1 ml. glass-ktopperedpyrexvolumetricflask.

quartz-

Examine

the solutioncriticsllgfor U.n-dissolvedmaterial:if a residueis presentj

centrifugeit to the bottomof the flask. Hithdrawmostof the supernatant

solutionwith a pipetand wash the residueintoa 1 ml. platinumcrucible.

Digestthe residuewith a smallquantityof platinum-distilledHF, and when

the solutionis clear,fume it down severaltimeswith quartz-distilledHCI

or HNO to dispelthe fluoride.
3*

Combinetho solutionof the residueand

2.

3.

&

the solutionfirst

If the sampleis a

of mctcalin water,

a volumetricflask

obtainedand adjustto a convenientdefinitevolume.

compound,dissolvean amountequivalentto about50 mg.

HC1 or 11N03,as necessary>and diluteit to volumein

of

the samplewiththese

infra-redlamp. Some

theiranalysisshould

adequatecapacity. It may be neceosaqyto digest

solventsor vrithill?in a platinumcrucibleunderem

oxidesmay resistall effortsto dissolvethem,and

not be attempted

If the sampleis receivedin solution,

by assaymethodsand diluteit to give

ml* In any casesif the valencestate

by thismethod.

have its concentrationdetermined

a concentrationof about50 mg. pr

is +6, reduceit to the -f-4state

at 1.8 volts (m~15mid3aam“ poresfor one hour in the electrc-reductiorice~o

Withdrawan aliquotequivalentto about10 mg. of metal andtransferit to

a 1 ml-.platinumcrucible. Evaporatethe solutionjustto drynessto expel

excessacids. Ee carefulto avoidoverheatingin the latterstagesof evap-

orationto preventformationof an insolubleresidue. Dissolvethe salt

residue(Preferably+ 4 titrate)in about150 micro-litersof quartz-dis-

tilledwaterand transferthe solutionto a 1 ml. qyartzcentrifugec?ne.

Add about50 micro-litersof gallicaoo>d*~~utti:n~%~.~. pcrml.) and I
● : :0 ● :0::

aboutlj.micro-litersof aniline. A“;PCC$Y?W4 ●*uX.&fome stir it
● e ● ** ● e* ● ●
● OO ●’*● ● ● 8**
● 00 ●
● ***

● e@ ●
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with a lengthof platinumwirewhichhas beencleaned

fugethe precipitateto the bottomof the cone. Test

by ignition. Centri-

for cor@etcnessof

precipitationby addinganother50 micro-litersof gallicacid solution. If

a precipitateagainforms,add another15 micro-litersof aniline,stir,and

centrifuge.Continuetestingfor completenessof precipitationin this

manner,omitting,however,furtheradditionsof aniline. If care has not

beentakento removethe excessacid it will not be possibleto removethe

plutoniumcompletelyfrom solution. A finalpH of 2 is consideredto be

satisfactory~and the amountof plutonium

thenbe less than 50 micrograms.

Carefullywithdrawthe aqueouslayerfrom

remainingin the a~cous phasewill

the coneby means of a quartz

pi~t; the volumeshouldbe betv~en300 and 5CKlmicro-liters.Transferthe

solutionto a 1 ml. platinumcrucibleand evaporateit to drynessunderan

infra-redlamp. Burn off the residueof gallicacid in a cylindricalmicro-

furnace. Dissolvethe residuein 50 micro-litersof HC1 (1 part of c.b.

aciddilutedwith4 partsof water). Rinsethe crucibleby transferring

it back and forthwith a quartzpipct.

Dividethe solutionintotwo equalfractionsand evaporateeach fractionon

a pair of copperelectrcxies in the infra-redelectrodeevaporator. (This

requiresfour copperelectrodes>eachbearingaboutone fourthof the

sdmpleimpurities;if desired,the solutionmay be dividedbetweenonly two

electrodes,usingcleanblankcopperelectrodesto opposethe coatedones

in the spark).

Preparea seriesof copperelectrodes

Na, M& K, Al, and Ca h the rangeof

and 0.05microgramsof eachelement)..

bearingIcnovmquantitiesof Li, @,

interest(e.g.,O.OO1,0.005,0.01,

● ● ☛☛ ● ●:0 ● O. . .

: : :0 ● .:..
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95-~ooO Set the ttier relay for an exposureOf 60 seconds. Close

the slitof the Wadsworthspectrographto 50 microns. ~sert a pair

of copperelectrodesintothe holdersti the dischargechamberand

&L@ them I.ater@y and verticallyat a separationof 2 nun,by pro--

jectingtheir shadow-imageon the alignmentscreenon the opticalaxis

behindthe chamber. Strikea sparkbetweenthe electrodesand open

the spectrographshutter. Removethe camerafrom the @ck of the instru-

ment and obseruethe full-heightspectrumin the visiblexwgionwith a

hand lensthroughthe ccmeraport..‘IT&sis a checkon the electrcde

alignmentand shouldrevealthe talllinesas uniformlybrightalong

theirlength. Set the Hartmanndiaphragmto give lines2 m. tall and

load the camera, Put a 103-Fplatein the righthand sideof the canera

and an NH -sensitizedI-N pllatein the left hand side.
3

Set the camera

to photographthe range,5500~ - 8000~.

Insertthe standardelectrodepairsand sampleelectrodepairsin the

dischargechamberin turn,passingnitrogenthroughthe chamberfor one

minute. Stopthe flowof nitrogen,openthe spectrographshutterand

strikethe discharge. Rack the plateup 3 mm. aftereach 60 secondex-

posure. Sparkthe sampleor samplesaboutmid-waabetweenthe firstand

last standard.

Developthe platesin totaldarknessfor 3 minutesat 18.0°C. in Eastman

D-19>usingrockingdevolopnent,Fix in F-5 for 10 minutesafterimmer-

sionin an aceticacidshortstopfor about10 seconds. I;/ashplatesin

a verbica2streamof waterfor 10 minutes,rinsein distilledwater,and

dry out of contactwith dust afterremovalof most of the waterwitiia

moistviscosesponge. ●e*●●°0 ●
●:0 :0. . .

● :0
● O

:... :0::

Examk the pl.akeson aviev&g bOx”%”h~:&h&i~atM~@aJudd-lktisplate
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comparator.Use the followinglines:

&: f13’~05 ~ 2nd order
2nd order

Na: 5890.0
Na: 5896.0
H: 6103.6
Li: 6707.8
Al: 3944.0 2nd otier
N: 3961.5 2nd onier
Ca: 3933.7 2nd order
oa: 3968.5 2nd order
K: 7664.9
K: 7699.0

Ccmparethe Me densitiesof the samplespectrawith thoseof the

standasxlsphotographedon the sameplate. Subtractthe quantityof each

elementappearingin the reagentblankfrom the qgantityof that element

appearingin the sample.

Calculations

Wt. of element(micrograms)
Pm=\\& of ‘&m@e in aliquot(gxams)

References

The developmentof themethoddescribedis coveredin the following

projectreports:

CC-937
cx-wa
CK-1374
LAMS-72
LAMS-86
LAMS-97
LANS-109
LAMS-122
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Figure 1. Cylindrical l!icro-furnace.
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SPECTRCCHEMICALESTINATIONOF FLUORINEIN URANIUMAND CALCIUM!.liTAIS

Abstract

Fluorineis liberatedfrom the sampleas HF by H&04 or HCIOL. The HF

is distilled

arcedin the

by comparing

5779.5~ ~th

standard.

Kppl.icabilit~

and then convertedto NsF by absorptionin NaOH. The &F is

presenceof excessSrO and the amountof fluorineis estimated

the intensityof the Sri’band headsat 5771.9,5774.8,*

the intensityof the sameband headsfroma suita~y prepared

Themethd has been used primarilyfox uranium

presumably,to othermaterialswhichare solublein

loss of F. The Wnit of sensitivityis 0.5 &F.

Methodof !%unPl~

metal*but is applicable,

non-volatileacidswithout

A representative.sectionof the interiorof the pieceof uraniumis cut

to sizethat will fit

x 201MII. and weighing

2). Smallersections

Reagents

1. 71 p3r centHN03.

2. 96 percent H@C14,

3. 30 per CentH2S04J-!
4. 70 per cent E[C104,

the dectrolytic

about6 gramsis

my be used.

cdl-. A section

suitablefor the

F free (SeeEllankProcedure).

11 11 II II n

1! 1! n 11 11

5. 30 per centH202,Superoxol,Merck, “F free”.

6. O.l NNaOH, Ffree.

7. SrO,F free
●*O● ●e@ ●0.●’* . . . .

measuringabout4 x 4

cell.illustrated(Figure

● ✌
✎ ✎

.- .-

+$Applicability of this procedure to th;”~s~~~id~;f”f!~ortie in plutonium
metal and alloys is under tivestigation~”: :“* ● e* ● ●●** ● ● ● 9*4

● ● .,. ●
● *@*e#** ● O: ●:.: ●
● . . . . . . 9*
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& NaF stock

9. Nitrazine

13 E-2

solutioncontaining1 mg. J?/m10

paper,Squibb.

Ama ratusand Materials

L

?-0

3*

4.

5.

6.

7*

8.

90

10.

U..

12.

J-3.

Electrolyticcell (Figure2) with storage

variableresistance or a unit containing

necessaqycontrolsandmeters.

● ☛ ● ✎☛ ● O
● ** ●°0: & .
● *9** ●

● **9 : ● **

● ● ● ● ● ● ●00:
● * ● 9* ● ● OO ● ● ●

● e ● OO ● O* ● ** ● *O ● O
9.** .

● 9** ● m ::
● 0 :0 we● : .*

● ●:0 : ●:0 :00 ● 0 46
b

battery$voltmeter,ammeter,and

a variableD.C. sourcewith

Platinumdistillationcelland metalheatingblock (Figure1).

Hot plateand Variac.

2.lLtersyphonbottleto maintainreducedpressureon

distillationcell..It is providedwith a stopock or

absorptionsideof

clampto adjustflow

rate.

Safe’tytrapto keep pressurewithinthe requiredlimits(Figure1).

10 ml. platinumevaporatingdish.

Platinumcrucibles>3-5 ml. capacity.

l/81$diametersteeldrilland bakeliteguidefor formingcraterson

electrodes(Figure3).

l/81~diameterspectrographicgraphiterod and 1/41!diametergraphiterod.

Ten l/4ttid. heatingcoilsmountedon an insulatingboard-- Variac

control(Figure4).

Electrodeholder.

~pipet controland pipstsof capacitylO, 20, 50, and 100$.
.-

4’1x 10’;103a-Tor 103a-DEastman-Kodaks~ctrographicplates.

u.”Eastnum II-19 developer,F-5 fixer,aceticacid shortstop.

procedureI (forUranium)

1. Ffle smallnotchesnear one end of the uraniumsampleso that it can be

fastenedfirmlywith good electrical.~”@@cftd~t~”c~~er electrode(Figure
●

2). If the samplehas a smoothmeta~Zlc”:#u&%C&~c~e it in cone.HN03

longenoughto removethe oxidecoat&~.~I”I~”\{”~~?{a”&cavitiesor has a
● 0. ● **
●* ●** ● .

“’ ““”~
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2,

30

h.

5.

roughsurface, pickleit somewhatlongeruntil slag is dissolvedand the

surface has a metallic appearance.Rinsewellwith distilledwater,allow

to dry on filterpaper} and weighto the nearest10 mg.

Attachsamplefirmlyto the centerelectrode(I?igure2), Connectthis

electrodeto the positiveterminaland the platinumgauzeelectrodeto the

negativeterminal. Electrolyteat 0.2- 0.6 amperesinto2.5 ml. of 30per

centH$O
4
until0.5 gramsof uraniumhas been oxidizedfrom the metal

sample. If a duplicateis beingrun and the approximateF contentis known,

electrolyteenoughto give1 - 5 t F. Witha currentof 0.4 amp.,0.5 grams

will be electrolyzedin aboutone-ha~ hour. The U(S04)2precipitateitl

this casewill ffl the cellto aboutone-thirdthe originaldepthof 30 per

centH2s04”
Removethe coolingbath and lowerthe solutiontube. Remove

the uraniummetalfromthe centerelectrode~transferany appreciablead.

heringprecipitateto the solution,rinsethe metal (discardingrinsings),

dry on ffiterpaperand weigh.

Add 1}00Aof

electrodein

the solution

solutionand

dissolved.

30 per cent H202to the solutionin the tube. Immersethe gauze

the solutionuntil.sXl adheringprecipitateis dissolved. Drain

from the electrodeintothe tube. Discardrinsings. Mix the

precipitateby occasional swirlinguntilall the precipitateis

Add 50 ~ of O.lNaOH to the pyre.xcupC (Figure1). Placea smallpiece

(1/81~x 1/4”)of nitrazineindicatorpapertithe cup. Add enoughwaterso

thatthe surfacejusttouchesthe plattiumgauzeretainir. Assemblethe cup.

Add the solutionpreparedin step3 to chamberA. Add 1.5 ml. of 96 per cent

H&@4 o Asmmble the gas line to the syphonand openthe valve on the latter

so that 1 or 2 bubbles/see.pass throu~~~:ba~o.~~~. Screwdowntightly
● ::: .a

the caps on chambersA and B (B need r& l%&n&j&.t~&n distillations)

●* ●** ●**● ●
● ** .**● ● ● ●**
● *9 ●8*** ●9- ●:
● ** ● 99●6:
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6.

and assemblethe pressuresideof the gas line. Beforeapplyingpressure,

testthe linefor leaksby runningthe syphonat about6ml./min. (2 or3.

drops/see.]and observeif air bubblesWSS throughthe safetytrap at a

steadyratecomparableviththe rate of flowthrouGhC. If they do not,

thereis probablya leak at one of the caps of the distillationcell. If

no gas

in the

at the

on the

bubblesthroughC, eitherthe lead is stoppedor thereis a leak

ltie to the syphoh. With the needlevalvesclosedand with air flowing

properrate (1 or 2 bubb3.es/sec.)&to the safetytrap,graduallyturn

nitrogenat the tankto about1 lb./sq.in. Open the smallncedl,e

valves,E, untilonly an occasionalair bubble@sses throughthe tube tito

the safetytrap. I“Jiththeseconditionsa pressureabout1 cm. of waterbe-

low atmosphericpressurewillbe maintainedwithinthti;distillationcell.

Alsothe N2 (tithmaxhum allowablepressuredeterminedby the heightof

the tube in the safetytrap)will preventgases

backingup intothe pressurelines.

Raisethe temperatureof the heatingblock (See

to 1600 C. overa periodof 1 hourduringwhich

or solutionof samplesfrom

Precaution1) fromlCIOOC,

much of the waterand some

of the HP distillsover. The rise intemprature is best controll.edby

sett~ the thermostaton the hot plateto a desiredmaximumand adjusting

the rate of temperaturerisebymakihg the propervoltagesettingon the

Variac. Maintainthe heatingblockat 1.600C. for l+ hoursand the gas

flow at 6 mI../’rnin.(precaution2). If the base shouldbe neutralized(blue

to yellow)at any time duringdistillationsadd another50~ portion(Pre-

caution3). Increasenitrogenpressureslightlybeforeopeningcup C so

that absorbingsolutionnil.1not be drawnback into chamberB. Also see

that any base solutionin platfiuhlea~j.s:S~ced:4.@@ ~:afterdistillation
●

●
●: :a ● :00.

k Colnpleteo
●

““-”
00 0:0 :00 ●:0 :00 ● 0
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Transferthe basicsolutioncontaining

crucibleor dish and concentrateit to
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the distillateto a smallplatinum

a volumeof 50 )1. If the F content

is unpredictable,concentrateone-tenthand nine-tenthsof the solution

separatelyand arc thesealiquotson so~ate electrodes.

Rinsethe distillationcell for the next determinationby drawingtap water

and finallydistilledwaterthroughit in the reversedirection. use a

trap if this is done eitherwith the mouth or the vacuumline.

Form cratersti the electrodesby insert= l/8ftdiameterspectrographic

graphite

into the

pressure

rod into one cnd of the bakelitesleeveand a @ll steeldrill.

otherend (Figure3). A fewhandturns of the drillwith light

willform a crater. B?xmkoff 3/4~1 crateredlen.gths~

10. Make ~raphiteelectrode

be done on a lathe. Use

crateredlengbhs. T~lese

Il.Make upperelectrodesas

12. Placeas many electrodes

tillationsand sixandcrda.

<

1

basesfroml/&” diamotcr rod (M,gure 3). This Cm

z size drill which willl.permita neat fit for the

wses cam be used re~atedly.

shownin Figure3.

in the heater(I&ure 4) as me requiredfor dis-

17eiChI mg. of finelydividedSrO intoeach

crater. With somepractice,careful.visualestimationafterlighttapping

of the sideof the electrodeis adeqyatdy quantitative.W.th a ~ pipet

add enoughwaterto moistenthe SrO. Turn on tho Variacat Iow voltageand

evaporateslowlyand carefullyso thatthe SrO is not lo~t. Continue

evaporatingsmallportionsof waterfromthe SrO untilan even coat of oxide

(freefromlargebubblesand fragilecrests)coverstheenttie crater.

13. Preparetwo standardNaF solutionsfrom the stock solution. Diluterespec.

tivelylml. and 2ml. of reagentNo. 6 to 10ml. Preparefreshstandard

solutionsevery3 days untila saluti”~”$y~p?~%~t~fg concentrationhas
● m ● ●-me

stoodin its containingvesselfor s~%’efb\”Me&.:”~O#~etiter,’fresh
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standardsneednot be prepared.

‘Xakestandardelectrodescarrying1 f , 2 ~, 4 f, and 8 & F. For the 1 F

standard,evaporate10~ of the solutioncontaining0.1 reg./ml.on a S~

coatedcrateras preparedh step12. Proceedsimilarlywiththe other

standardsand distillateconcentrates.Evaporation

as to cause loss of SrO and Nal?by spattering.Add

portionsto the ed~ of the tide coating. It will

must not be so rapid

the solutim in small

spreadrapidlyover

the craterand not creepbackalongthe outsideof the pipet. If necessary

draw out the tip of the pipet.

In totaldarbess load the rightside of the Wdeworth camerawith a 4U x

101’103a-T(or103a-S))plate,ermlsionsidedcxm (i.e.facingthe grating).

Withnecessaryprecautionsagd.nst fog@ng of the plate,attachthe camera

to tho cameracarriageof the ;fadsworth,draw downthe plateshieldand

clampit in position.

Turn on the DietertD.C. source. Set the amperageat arninimum(about~

smp.with this arc)by tuning the hand-crankto the counter-clockwise

stop. Set the automatictkr at 60 sec. Set the polarity$vitchat

positivefor lowerelectrode. Adjustthe slit heightto 2mm. and the slit

widthto 30p (3 on the micrometerscale). Raisethe cameracarriageto a

readin~of 30 mm. and positionthe wavelengthto 5000- 6300~ onthe short

wavelengthhalf. Placeb frontof the slita fflterwhichtransmitswave-

lengthsof 5000~ and greater. Set the frontedge of the base of the cage

at 40.7 cm. on the scaleand clamp~he 90 m. sphericalquartzlenswith

its base ::.gainstthat of the cageso tht an enlarg@(3-fold)imageof the
.

arc will be focusedon the slit.

Clampa crateredelectrode(contatitig.3@v&)0@ #.~e:lco~werholderand a
● ● e: :0 ::

pointedonc in the up~r holder(l?igumo:s~;”&3..&& tie door. With an
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electrodeseparationof about5 mm. strikethe arc uith

● 0.9*●
● **
● *b ●
● .**
● 00

●
● ☛
● ✚✚ !51
●
● *O ● *

a graphiterod

mountedin an insulatinghandle. Raisethe upperelectrodeto a separa-

tion of’10 mm. and adjustthe electrodes(laterallyand vertically)so

that the slitis in the up~r side of the arc tige (Figure5). Markthe

psition of the.electrodeimageon the screenbehindthe cage. Turn off

the arc.

Replacethe SrO blankelectrodewith a standardor sampleand adjustthe

craterto the samepositionusingthe shadowcast on the screenby the

smalllamph front of the lens. Open the

17 and raisethe upperelectrodeto 10mm.

burn awaymaintainthem at this position.

completelyin less than 60 sec. closethe

Aftereach exposureclosethe shutterand

Developthe plateintotal darknessfor 4

shuttersstrikethe arc as in

separation.As the electrodes

If the SrO shouldvolatilize

shutterand turn off the arc.

raisethe camera.carriage3 mm.

minutesat lSO C. in Eastman1>19

usingrockingdevelopment.Mnerse the platefor 10 sec. in an aceticacid

shortstop. Fix it in F-5 for 10 minutesor untiltlx?silvcx’halideis com-

pletelydissolved. ‘.Tashthe platein runningwaterfor 10-20minutesand

rinse it with distilledwber. Removeexcesswaterfrom the platewith a

spongeand dry it out of contactwith dust.

Compare(visuallyon a plateviev~mrwith the aid of a lens)the sampleswith

the standards. The band headsat 5771.9,5774.8and 5779.58 are used.

With unifformexcitationconditionsand eqml amountsof SrO the backgrounds

shouldbe the samefor each exposure. Undernormalconditionsestimationof

fluorineby comparisoncan be made to 40 ~r cent or better. If the back-

groundis not the samefor each exposure,make an allowancefor the

variation. ● ● .e .
9*

● ::
~~..

● “f::”:”; -

60 ●:4 :e6 bee :*O ● .

● m ● ** ● 9* ● ●
● ● ● :.. . ● ● ●’0
● *9 ● ● *9 ●
● ***9
● 0.

● 9*● 0:..0
● * ● 9* ● ● . . .
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Procedure11 (forcalcium)

The

sample.

10

2.

3.

4.

5.

6.

‘?.

Place

cover

●

IX E8

conditionsstatedunderAprLicabilit~

● 0 ● se ● ,* ,0, ● *8 ● 8
● * ● O

● * :0 ● ● 0 ::
be● :

● ●:O : & :00;.:52

mustbe met for any particular

For Ca metal.the followdngmod~icationsaremade:

the (3ametal (about1 gram)in a 10 ml. platinumevaporatingdish and

it with a watch f@lSS . Add waterdropwisethroughthe lip untilthe

sampleis completelyoxidized. Neutralizewith 70 per centHC104justto

the yellowcolorof the nitrazineindicator. Ca(OH)2dissolvescompletely. ~

Add 0.1 N NaOH dropcise-- one dropbeyondthe appmrance of the blue color

of the indicator.Evaporatethe solutionto abouthalfthisvolumeor until

the saltcrystallizesout when allowedto COOL

Add 100 A 0.1 N NaOH to cup C and followProcedure1, 4.

Transferthe mm concentratedsolutionof step1 to chamberA. Rinsethe

evaporathg dishwith 2 ml. 70 per cent HC104and transferrinsingsto

chamber A. Assembleand test the gas line as in Procedure1, 5.

FollowProcedure1, 6 with theseexceptions. Use a distillationtemperature

of 170° C. insteadof 160° C. If the base

distillation,followProcedureI, 7-20.

If the base is neutralized(Precaution3)~

C and continuedistillation.The volatile

To test for Cl- acidifya small.portionof

in cup C is not neutralizedduring

add 1 ml. of 0.1 N NaOH to cup

acid is most probablyHCI.

distill.atetith HC104and add

Agclo&. Retxu?nthetest solutionto the distillateand proceedas follows:

If Cl- is presentneutralizethe entiredisWLlate with HC104and add 0.5

ml. of 111 HCM3&in excess. Transferto a centrifugecone of twicethe

volume. Add 0.1 N @C104 in 100 ~ portions,mixingand centrifugingafter

each additionuutilfurtheradditionof AgC104no longerprecipitatesA@.

. . . .:* ● ● O9 ● *. . .

● 0:::
●

::
●

● e:0 e

““‘:-● 0 ● *O ● *9 C:e :.. ● .
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andrinsethe distillationcell.

transferit to ChamberA. Acid2

● ✎ ✎☛✎ ✎ ✎ ✎ ● om ● ee . .
● ● 9*

● : ● 0
● *0:

● ●:. : .;. L :.:53
Decantthe clearsolutionof step

ml. 96 pm centH@O& Assembleand

test gas line as in Procedure1, 5. FollowProcedure1, 6- 20.

131ankProcedure

Establishthe absenceof F (tolimitof sensitivity)in all the reagents

by perfomningthe entireprooedurewithouta sample. A small (<ltF) but re-

producibleblankmay be toleratedin whichcasethisvalueis subtractedfrom

the plateesttiationof F.

Precautions

1.

2.

3*

Adequateheatingof

ChCId)SIY3 A@ B and C

distillationcell is essential. The leadsbetmen

mustbe maintainedat sucha temperaturethat waterwill

not condensein them;

may not be ccmq$ete.

factory,a wax or oil

otherwisedistillationwill not be smooth

If contactbetweenheat5.ngblockand cell

bathmay be used.

13stablishmentof quantativerecoveryof lmownamovntsof Fmust

any one operator. If conditionsas givenin ProcedureI, 6 aro

theywill have to bc alteredaccordingly.Th3.sappliesequally

cations.

and recovery

is not sat&s-

be doneby

not w.fficient

to all modifi-

Neutr&izationof the base is causedeitherby acid sprayfrom chambersA and

B orby distillationof volatileacids;it is the latter,if the samplehas

an unexpectedlyhigh ~ content,or has C1-3NO~ etc. in excessof .05milli-

equivalents(SeeprocedureII).

Calculations

ppnl?= wt. of sample(in grams

LiteratureReferences
● ●*e ● ●:0:0...

The ilevelopnentof thismethodis unr;&~ei” T&e&ol&ing referencescon-
● ●0=● 009**● **● .

tain discussionsand referencespertinent~e.-l$w@Jpd~ : ..O
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SPIXTROCI-DMICALOI;TERMZNATIONOF Y3>1PURITIESIN URWIUM MZTAL
AND COMPOUNDSBY THE GALLIUldOXIUEJYROFI’ILECTRICMETHOD

Abstract

The uraniummetalor C~POU@ iS convertedto U308bY i-tion in airo

A MO milligram sampleof the resultingoxidecontaining2 per

galliumoxideis arcedfromthc craterof a Graphiteelectrode

currentarc. The complexspectrumof ureniumdoesnot appear.

cent of

in a direct

The quan-

tity of fipuritiespresentis @Mmated by comparisonof the densitiesof

theirs~ctrum lineswith the correspondinglinesof standardspectra.

Sensitivity, Precisionand ~iP@&ability

FOl10V5W is a list of elcnentsdete~able ~ U30~ a~cord~ tO

the pyroelectricmethod,togetherwith theirsensitivitiesof detection.

%nsitivitiesare reportedin partsper millionon the basisof 98 W.

of U308 analyzed. In generalthe

the amountreported.

to

be

or

It shouldbe emphasizedthat

precisionis goodto 20 per cent of

the linitsof sensitivityHated xwlate

impuritiespresentin oxide. lhpuritiesin metal or salt samplesmay

detemined only if suchimpuritiesare not lost h bur~~ the metal

saltto oxide. Boronand siliconin fluorideand mercuryh metalare,

for example,not detcrmd-nableby thisprocedure.

Element* Sensitivity(ppnm

Li
Be %:5
B 0.05
Na 5

+$ Sc, Ge, Se, Rb, Sr, Y, Te,
investigated.

Ru, I@ ?~r~y%~%---rara
● ● ● 0 ● ● * ● :

● ● *
● 0 ●:0 :00 ●:0 :00● 0

● 0 ● ** ● 00 ● ●
● * ● :*C● ● 0 ●
● O* ● 9** ●
● 0090 ● a*
● *9 ●O: ● 00
● * .*. 9 ● . ● m

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



o
Element—.

Mg ‘---

Al
Si
P
K
Ca
T5-

‘V
Cr
m
I?e
co
Ni
(ha
Zn
A8
Zr
(lb
No
Pd
M
Cd
In
Sn
Sb
Rare Earths
Ta
Au
Hg
Pb
Bi
Th

● 0 ● *- ● 00 ●:0 :00 ● 0
6**● 0:0 ● ● * ::

● 9* ● *●:00 ● O

● ● mm ● ●:. :*b9*

11 F-2

Sensitivity[pp)

1
5
2

E
20

2:

:
*
1
1
0.5
20
5
-z
x-
1
1
0.05
0.05
0.2
1
5
-2
*
0.05
1
1
0.2
*

5i3

1. Purifiedgalliumsesqyioxide,Ga203.we

$+Unsatisfactoryby X=ect ric method. “—

%+.To ~rmy galliumsesquicxcideor to preparopure galliumsesquioxidefrem
galliummetalproceedas fol.lows:Dissolve10 g. of galliummetal (or its
equj.velentWS%ht of ~d.e ) ~ H% heat% to’effectsolution. Dilutethe
solutionto 50 ml. and adjustthe acidityto 7.3 N. Shakethe solutionin a
separator funnelwith a smallamountof mercuryto reducethe ferriciron
and renderit non-extractable.Add 50 rd..of di-isopropyletherand shake
thorou@ily.Re-extr~,ctthe aclueousphasewith a secondetherportionand
combinethe two fraction~, Add 50 d.. of quartzdistilledwaterand shake
thorou~; to re-extr:ictthe Ealiiumfrom th. d$hdr.“~dd””ti%luivalent
qpantityof arttnoniumoxalatcto precipitate.the:&&i&.{”Cc$_\ectthe gallium
oxalatein a platinumGooch-Mmroe crucible!fhd”l(#tt?#”bd”&f2!liumsequioxide
at 1000°Co —

●0 9**
● ● ● .’..

:fi’: 9
●**● ●

● *e ●
● a.. : ● 00
● e* ●0:
●* ● *e

●** ● ● . ..—-..
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900 ●e. . ● ● 9,*
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2. I%rifieduraniumoxide,U30g,~

3. Lil?,BoO,B203gNaCl,W@? fi203g

● 0 ●:0 ● 00 .:Q :00 ● 0
● ●

● 0:0 ● * ::
● :0 ● * 59● : ● .*

● ●:0 ● ●:0 :00 ● *

I

Si02,C?i3(~4)2,IfCl,v205Tc~203~

1.

2.

3*

4.

5.

6.

7*

i 8.

9.

10.

11.

‘lun@xm

Pinvise

Platinum

carbidemortarand pestle.

and neez?le.

crucibles(18ml. capacity).

A.R.L.graphiteelectrodecutter.

Special,spectroscopicgraphitaelectrodes,availablefranNational

CarbonCo.

%tch-gl.asses(&-cm.)with off-centerholes (Figure1).

Mini+nill,availablefrom FisherScientificCo.

211x 211450 quark

351Xn.SAl film.

411 ~ lolt

Bakelite

Procedure

1. Pre~re 5

metalsin

103-Fand

electrode

pri.snin adjustablemounting(Figure2).

NHy sensitized

holders(Figure

I-N photographicplate$.

3).

gramsof a ~308 standardcontaining1000 PP of each of the

the followingsaltsand oxides: LiF2 BeO, B@3, NaCl~lk@~

A1203,Si02,Ca3(P04)2,KC~,V45S cr@3s ~0> Fe#3~ CO@3~ Ni+4~

X Placeseveralhundredgramsof umnyl nitratehe-rate (Mall-inCti?
im a 1 litersep.aratcryfunneland add about500 ml. of anhychousether .
(Merck). Separatethe etherluycrfrom the waterlayerand re-extractthe
nitrateinto quartz-distilledwater. Add eno~’hnitricacidto prevent
formationof the insolubleor~e com~mundon evaporation.Evaporatethe
solutionto cr~stalsof uranylnibratehexa~ydratc.!lemovoas much iwter
and nitricacidas is possiblewithoutformationof thoinsolublcsdli.
Repeatthe etherextractionand the abovestcp3tuice. Ftial~-,ignite
the resultin~salttc U308 in a mufflefurn&~:~”~ . . . ..:b●eo●b

● *.*
● 00 :

‘“‘i -●* 9**●**●ee● **●*
.

● ☛ ● *O ● ** ● ●
9 ● ● .*. ● . . .*.
● O* ● ● ee ●
:::0 : ● **●*:mmm.. ●. ● O* ● ● 9*

,.
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2.

3.

4.

5.

Cue,

Hgo,

uy~

● 0 ● 99 ● 00 ●:0 :Oa ● O
98*● 0:0000 ::

● e ● * 60
II F-4 “0:“;”:

● ● *●:099*●O

As@3, 2210, M0032 l!g20, CdO,In203,SnO, Sb@3, .4u@3~ .pdCQ~

PbCJ,and Bi203. Grindthe abovecompoundsthoroughlyintothe

in a tungstencarbidemortar,and mill the mixtureon the Mini-mill.

Preparea stand.andcontzidng 500 ppn. of each of the samemetalsby

grinding2.50grams_of the first standardwith 2.50gramsof pure U308.

Mill.the rnix&iumas before~ Illsimilarfashion,pre~re succeeding

standardsso thatthe foil.ovzlngppm are aV~Lfiable:1000,5C0,200,100,

50, 20, 10, 5, 2, 1, 0.5, 0.2,0.1, 0.05 :md blank.

~ the sampleis meta-!~ic~COnVc?rtit to [J308by i@tiOn in platinumin

air. ‘iMekerburnerprovidesadequateheo.tfor the operation.salts

wlddlmay be convwted to U308 by igniticnin air shouldbe so converted

beforeproceedingwiththe .nolysis.

Veighout 8.0 mg, of galliumsesquioxideas accuratelyas possibleon a

taredwatch

glassweigh

ten carbide

oxide.

glasspiercedwith an off-centerhole. On the samewatch

OUt 3s?2W. Of the U308b~~. ‘lWansfer”thewholeto a tungs-

mortarand ~rindthe galliumoxidethoroughlyintothe uranium

Preparea numberc)fl/41*and l/$11graphiteelectrodesto the dimensions

shovmin Figure4, Pm-burn the electwdes at 13.5amperesd.c. for 30

secondsto removesurfaceccmtamination.Xeighout 100 rng.of the uranium

axide-galliumoxic.eblankmixtureand tqansferit to the 8 m. deep crater

of one of the pre-arcedelectrodes.Stifiarly,grindall of the othor

standardswith gslliumoxideand leadelectrodeswith 200 mg. charges.

Tap each electzmdeon a hard surfaceto compactthe sampleat the bottom

of the crater. Pusha needle,held in a pin vise,throughthe chargeand

tito the graphiteat the bottomof the c+b~.~oTa”~”t~ &xYmode again
● a*

●p ●00● **... :...*
and withdrawthe n~edlewi’tha rotarymohxi,

●0 ●,*
:“”:.;:“:lUE!!=!●e**”. e

● an●...:
●c: ●

● *@ ::*
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Adjustthe DietertArc Unit to give a currentof 13.5 ampereson closed

CirCuitvrithgraptiLtk2electrodesin place. Placea pointedl/@ diameter

electrcdein tho upperelectrodeholderand a graphitepost in the lower

holder. Pkce the electrodebetaringthe uraniumcxide-g.alliumoxide

blankon the louerpostand alignthe electrodeslateraI& and vertically

at a separationof 4 mm. by back-projectionof their shadowima~eson the

~nt screen. Checkthe polarityof the arc,makingthe lowerelec-

trodethe anode.

Placethe 21tquartzprismon its tableon the 2nd opticalbenchof the

Dietertand the 3;1quartzlens @ its placein”frontof the prism. Their

positionsslmuldbc determinedprevioush~,.SOtlu~ta besm of lightis sent

intothe l’.fadeworthspectrograph.Closethe slitof the :Jadsworthspectro-

graphto a widthof 50 micronsand adjustits heightto 2 ~. with the

lkmtmanndiaphragm Placea 103-Fplatein the righthand sideof the

camera.cassette

viewedfrom the

range,5300R -

tail-k film.

anclan NH3-sensitizedI-N platein the left hand side (as

rear of the instrument).Set the camerato photographthe

78008. Checkthe Dietertcamercto make certainit con-

Openthe slitof the Dietert

bringthe No. 2 diaphragmin

spectrographto a widthof 20 micronsand

positionat the scconckwyfocalpoint. Open

the spectrographshuttersand strikethe arc, Continuetlw expmmre during

the pre-silentperiods,extinguishing’the arc when it begfisto sputter.

Rack up the carwra~of both spectrographsand repeatthe arcingprocedure

for the remainingstandards.By arc~ the weakerstwmiardsfirstthe

dangerof contaminationof succeedtigsamplesis reduced. Jlevclopboth

filmand platesfor 3 minutesat 18.0°Cs”~”~a@m&”I&19{”9s@ rocking
● *.. :

d~velo~.ent.F&the fil.rIin F-5 i’or3 ;fiu~%s:fi~d”~h&:p;&;esfor 10
● 9*

‘“”:; c-:00● .’..
9.*● *..:
● o@ ●O: 9**
● e ● 9* ● ● . ● *
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minutes. Rinse~m distilledwater snd dry out of contactwith dustafter

removalof most c~fthe excessvraterwith a moistviscosesponge.

LO. 13ind

used

left

the filmbetweenfrancscut from 1/16inchLuciteso that it may be

as a masterplatein the Dietertdensitometer.The platesshouldbe

unbound,for use on the viewingbmc.

11, Preqxu?eand arc samplesin ewc$ly the sameTray.All samplesshouldbe run
.
in duplicateand a standardsampleshouldbe arcedon e:.chfilm and plate

to revealabnonnd.itiesuhichmay arisein the procedure.

Evdtution and expressionof results

To evaluatea fiim placeit in the film jig in the densitometerand in-

sertthe masteri’ilm.inthe masterplateslide. Comparethe standardspectrum

with the correspondingstandardspectrumon the masterfilm. If the line den-

sitiesagreefor all c)fthe elementsof interest,proceedto com~lrethe lines

of the samplospectrawith the correspmdinglinedon the masterplate,noting

the concmtrationsfor whichthe densitiesare ec.ti. If necessary,ihterpclate

the samplelines1 densitiesintothe standardseriesof spectra. If the stan-

dard spectrumfailsto agroowith the correspondingspectrumon the master

plate,lookfor a densitymatchwith one of the othermasters~ctra. Pro-

videdthe disagreementis no gzwaterthm a factorof tuo and providedthe

standardfIpeCtl?Uml S

. the samplespectra,

factornecessaryto

..

galliumlinesand general.backgroundcomparewith thoseof

th~ evaluationriaystillbe made. In this case,enploythe

make the standardspectrumagreewith the corresrxmding

masterplatespectrumin repmting

References
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sPEcTRocH1’mc@I)EI’EWINATIONOF IMPURITIESIN
hlAGNESIUMOXIDEAND CALCIUNOXIDE

.

Abstract

5 mg. sqiks of finelygroundM@ or CaO * Vmighedtito 205mn.

deep cratersof 1/4 inchdiametergraphiteelectrodesand arcedat 13.5

amperesfor 2$ mirdztes.A rotatingse+o??,adjustedto transmit40 per

centof the lightis employedto preventexcessivebackground. Comparison

of the densitiesof the impuritylineswith st.mdardspectrapemnitsesti-

mates of the amountsof impuritiespresent.

@nsitivityand h cisio~

Followingis a list of the elementsdeterminableby the methoddes-

cribed,togetherwith correspondingsensitivitiesof detection. The pre-

cisionis estMated.to be* 50 per cent}averagedeviationfromthe mean.

Element

He
El
IQ
Al
~~

Ca
v
Cr
~~
Fe
Ni
Cb
cm
No
h.g
Cld
Ill
S-ii
Sb
Au
1%

1
20

20

1:
—

--

100

.-

20
--

20

$

10
50
1

50

10
Bi .o, s.~Q .:, +Q ● *

>- ● :~.
● :0 ::. :::0,8—-——— .UI--?.L-C9 O:.gu.f. :- 4-A-. --.* ---~ :-s. ..-.*g--

X No gradeof CaO wxfficientilyfree Oa$Mg was f%lnd%’● ●

●u.
● 9. ●00. ..*. ●e*.

● ● ... m●c.o::
● ,m ●O* ●,
●0 .*e*a.9. :e:●’....=. ,e*
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PbO, Bi.2~,c.p.grades.

Tungsten carbidemortarand pe~tb.

Perforatedwatchglass (Figure1, IIF).

A.R,L.graphiteelectrodecutter.

Specials~~ctroscopicgraphiteelectrodes,

CarbonCo.

1.

2.

3.

h.

5.

6.

7.

availablefromNational

Mir&m511j availablf3 fromFisherScientificCo.

35 mm. 103AF film.

Bakeliteelectrodeholders(seeFig.3, II F-3).

Procedure

Prepare,by dry grinding

standardcontaining1000

and milling,a magnesiumoxide (calciumaxide)L

ppn of eachof the followingimpurities:Be, B,

Al.,S5.,Ca(?&g),V, Cr,Mn, Fe9 Ni~ Co, Cu,Mo, Ag, Cd, In, Sn, Sb, Au, Pb,

and Bi. Non-hydroscopicoxidesand saltsshouldbe used whenever,possible.

Fromthe XOOO w standard,preparestandardsof the foll.owingconcentra-

tionsby dilutionwithpureM@ (CaO): 5@$ 200,100, 50, 209 10, 5, 2,

and 1 ppl. Reservesomeof the originalMgO (CaO) as a blank.

Preparethe electrodesI-6mm. long from 1/4 inch diameterspecialspectro-2.

scopicgraphiterods (NationalCarbonCo.) In the ends of each electrode

drillcraters2.5 mm. deep. (Bothof the cratersshouldhave insidedia-

metersof 4 rum.) On the lathepreparq”~~@s#fg~wOg@O~ry 1./4inch

* TheM~O or CaO use~ shouldbe spectroc&ti~-&~:&~for
●e ●0.

●**● ●::: ●’a●

.s ..: ● ● .’.

.9* : ●9* ●

●0 .e.*O.
● . :.:.*9*
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diemetergraphiterod to

craters. (Theelectrode

ProcedureHF.)

3*

4*

50

6.

7.

1’

● m ● ** ● O

● ** ●°0 : ●** ●.**m **b ● **
● 00 ● ● ● bo

● Oooc:oo :: . . .
● 0 ● *O ●

● 0 ● 0s :00 ●:* :- :-e
●

:000:00.
8* ● * 6$

II G3 ””:::”
.*

●O* ● ●:O:00●0

fit tightlyinto one end of the 2.5mm. deep

assemblyis.similarto that shownin Figure4,

.

I?repare UpJXSr(cathode)electrodesfrom1/8 inch dianeter

troscopicgraphiterods,pointingone end to a sharpcone

.specicdSpec-=

in an adapted

pencflsharpener.The electrodesshouldbe about1: inchesIs@ (Figure

4, 11 F). A1.ternativcly$cut the upperelectrodesto 5/8 inchlengths

and fit theminto holesdrilledin tineends of ordinii~l/& inchgraphite

rods;this is donefor econc%ny~ssake? (A NO. 31
.

intowhichthe electrodesfit snug~.)

‘#eigh5 mga portionsof the standardsand samples

drillwillmake a hole

into perforatedwatch

@asses and transferthemto the 2,5mm. deep cratersof the electrodes.

Taptlm electrodessnarblyio accumukto all of the powderat the bottm

of the craters.

Alignthe electrodesas carefullyas possibleon the electrodestand,

gau.g@ the 4mrn.electrodeseparationand lateraland verticalposition-

ing by projectinga shwiow-tia.geof the electrodeson a

standon the opticalaxle.

Set up a @.anemirrc)r,a No. 33S4 Corningfilter,and a

on the secondopticalbenchof the Dietertspectrograph

screenbehindthe

9 fichf.1. lens

so that the spec-

trummay be photographedsiinultaneous~in”hth the ultra-violetand

visibleregions. (SeepirojectreportLAMS 257 fordetdls.)

Adjustthe widthsof both slitsinvolvedto 20 micronsand regulatethe

currentoutputof the D.C. rectifier unit to 3.3.5amperes (on shortcir-

cuit). Arc the electrodesfor 2* minutesbeforea rotatingsectorad-

justedto transmit40 per centof thq*Ji~.%t:c~co$ot~.alignmnt of the
● . ● .

:C ::
electrodesconstantl,~duringarc~ ~$&’Q,~n&~$e~$; Se-parationrelnaizN?

9* ● *.
● *9 . ●

::: ●’* ●
● ● .*..O ..::

● ** ● ** ●

● . ●**9..
. . ::. O. .

● ☛
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8.

9.

SL.

constant.

In the same-er photographthe spectraof severalstandardson

the samefiln,choosingthe standardsso as to providelinesin the

concentrationrangeexpectedfor the impuritiesof interest.

Developthe 103-AFfilm in totaldarknessfor 3 minutesat 18.00C.

in Ilk&manD-19,uBinErockingdevelopment.Fix in F-5 for 3 minutes

afteriumersionin .anaceticacid shortstop for about10 seccmds.

in di.s--

most of

Examinethe spectrain the Dieterbdensitomete-comparator,comparing

the linedensitiesof tho samplespectrawith thoseof the standards

photographedon the samefilm. Repeatthe analysisof any samplewhose

sp~ctrumshowsccmsickmabledeviation(malceror strongermatrtispec-

trum)fromthoseof the standafis.

Exm*essionof result:!

E%pressresultsin p@ as read directlyfrom the standardsof equi-

valentlinedensity,and interpolateif necessary.

.
● ✎☛ ●●*9 ● ea ● *. ● a● :9*

● :
● :0 : .0

:::0
● . ● *

● *● * ● ** ● 00 Oeo ● ** ● .

● * ● 9*
● 9O . ,99*●:::.O ● ● ●*.

● *.. ●** .
9*.
● * .Oe :00: :.:.●

9
● 0
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SPECTRCCHIW~CALDETHRMINATIONOF THE RAl?XllARI’HIU.EMENTS
IN URANIUMMETALAND COMFOUNDS

Abstract

The rare-earthelementsare separatedfromu+mxlmmin its Ccxnpoundsby

means of an etherextractionof the uranium>precipitation

as fluorides,and purificationof the latterby my of the

of the rareearths

hydroxides.The

fimeldeterminationis carriedout spctrographic~y, usinga Jarre~-Ash-=

t?adsvrorbhSpectrographand an A.R.L.-DietefiMulti-SourceUnit.

Sensitivityand Precisi~

Followingis a list of elementswhichhavebeen determinedby the proce-

duredescribed,togetherwiththeir sensitivitiesof detection. In general

the precisionis about20 per centdeviationfrom the correctvalues;usually,

resultsare low by aboutthis amount,

DY
(M
Sm
Nd
l?r
La
ce

Microfwams

Reagents

1. Nitricacid,50 per cefi~CSPO

2..Ethylether,anhydrous.

0405
0.05
O*5O
0;20
OD1O
0.01
0.10

3*

5.

6.

TO

8.

(log. sample .

;005
0005
,050
.020
;010
.001
,010

H@rofluoricacid,48 percent>StOrOdin ~~ containers”

Sulfuricacidzcone.~ c.p.

Hydrochloricacid,cone.~ c.p.

%licylic acid,reagentqyality.

hnnoniumhydroxide~,28 per cent,c.p.
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2.

30

4.

100ml. platinum dish.

6.

7.

80

90

10.

XL.

Procedure

1.

50 ml. platinumcruciblesnd cover.

5 ml. platinumcrucible.

Paraffin-coatedfunneland 103 ml. beaker.

31icro-syringeantiassortedmicroli.terpipet

100 microli,tercapacities).

PlatinumSpatula*small..

WhatmanNo. 42 fjlterpaper,12 om.

50 ml. and 100 ml,.Pgrexbeakers.

Electrodeevaporator.w

Aro stand.
+-+x-

2.0

be ● 00 ● O* ●:0 :ee ● .
● om ● 8

● ● 000

11 H-2 .::.~c:“ ● 0 ● O
● *

●:0:00●*

tips(5,10, 25, 50,and

4’1x ~O’tSA lJo.I photographicplates(13@2man).

Weigh sample(-10 g. of metal or equivalentamount

dissolvein 50 per cent HN03~ If sampleis already

dissolvein minimumamountof water~acidifiedwith

tion on a steam-bathor hot-plate,and evaporateto

of oxide), and

h nitrateform,

HNC)3* Placethe solu-

d~ess. Dissolvethe

nitratein ethylether(anhyrirous). (Use80 ml. for a 10 gram sample].

Draw off the aqueousphaseand extractthe etherthreetimestith 1 ml.

distilledwater.

is discarded.

waterextractions

The etherlayernow contains

in a largeplatinumdish and

the bulk of the

dilute to about

5 ml. with diluteliN03.Add 15 ml. 48 per centHF, stir,and allowto

standovern~ht.
+$Use eithe~e infra-redtype electrodeevaporatordescribedin W@ctro-
chemicalDeterminationof Impuritiesh Pluto&un Metal and Ccmpound~by the
CopperSpark-CupferronExtraction Methe~;~8&a V@*~c--rxmtrolledheating
coilfittedaboutthe base of the elect%cxl~.{~ : :0 : :
~~ Arc Stand,th~ regularop?n arc sta]fd ~f%~.kkddta & Jarrell-AdWads.-
worth Spectrograph. .=

&—
>/:

● O ● *.
● ** ● ●

::: ●*@ .

● *..:.
● 9 .**

● *.
● 9*

● . .** *e: :*. *
● .e*=

● O
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● 9* ●°0 : ●m.●

● *O*** ● D*

● 00 ● ● ● ** ●

..0 ● ** ● ● 9**
● * . . . . ● 00 ● ●

30

40

5*

6.

Filterthe

paperon a

liqyidfromthe

paraffin-coated

● ☛ ● O* ● 9* ●:- :** :*0
● ● O

● 9**:e*e
● 8 ● O 72*1 H-3 .:: : ● .*

●00● ●:0:0.●.

platinumdish thro~h Nhatm& No. & filter

funnelintoa paraffin-coatedbeaker. Wash

out dishwith 5 per centHF and thenwith distilledwater,usingthese

portionsto wash the filterpaperand precipitate.“ The filtratecon-

tainin~ uranium is rejetted. Ignitethe precipitateand paperin a pla-

tinumcrucible. At the end Of the ignition,add 1 ml. of cone.H&Ok to

the ignitedresidueand carefullyheatthe crucibleto driveof.fHF.

Dissolvethe sulfateresiduein HC1, and diluteto 50 ml. Add 0.5 gram

of salicylicacid,und precipitatethe rare-earthhydroxideswith 28 @r

centNH OH. Allowat leafithreehours (orover.ni@t) for the digestion.
4

Filterthe solutionthroughWhatmanNo. 42 paper,and washthe beaker

and filter~per severaltimeswitln5

coloris gone. The filtratecontains

Ignitethe precipitateand paperin a

perCentNH40Huntilall yellow

Ca, Al, and U.

platinumcrucible,and rwiissolve

in a minim.m amount of diluteHC1. The solutionshouldbe reducedin

volumeto about50 nxicrolitcrs.Transferthe solutionto a freshly-cut
“

copperelectrode”~~ meaneof a micrc+yrlngeand pipet-tip. Evapmate

by meansof am electrodeevaporator.-:w-

Set the A.FLL.-DietertMultisourceUnit for 40 secondexposure,C 60

microfarads,L= 25 microhe~’ies~R=25 O~S 2 %*W
=19 amperesat 230

volts ●

45 cm.

slit.

man SpectrumAnalysisNo. 1 platesfor the regionfrom 23.00~ tO 48008.
1

Use the coatedelectrodeas the bottom (negative)electrode.

Connect the Multiscmrce to the Openarc stw. The arc Shoum be

fromthe slit,with a 90 nun.sphericalqpartzlens37 cm. from the

Sot the slitopeningfor 35 micronswide and 2 mm. high. Use East-

Sid&3 ~~ti~ llEIChhOd back
+Wee note on page XX H-ZC

X-Copwr electrodes1 ~~ diameterand.211Wg, ~~~eOdO.ona lathe,with the
for 3/411t:.ln@$O fr#s% sv~lkces.
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Aftereq.xxmredevelopthe plates for threeminutesin lik@munD-19

developer. Placein an acetic

then in Agfafixingbathfor 3

streamof wam ah.

acid short-stopbath for 10 seconds,and

minutes. l’bshfor 10 minutesand dry in

80

Calculationand Emm?ssion of Results

Photometerthe selectedlinesfor the rare-earthelementsxon the A.R.L.

DietetiProjection-CcswparatorDensitometer,and applythe percentage-

transmissionsto a percentage-transmissionversusquantitycurvoplotted

from a standardp.late,to determinethe amountof any particularrare

earbhpresentk Lhe sample. For a more rapiddetermination,conparethe

platedirectly(visually)with the standardplateon the modifiedJudd-

LewisComparator.

XreSS res~t~ in PF% obtafiedby means of the followingequation:

wt.of element(micrograms)
p~=~of sample(Se

References

The developmentof the methoddescribedaboveis coveredin the following

projectreports. Detailsof procedurenot here coveredmay be foundin these

reports.

BM-325

LAMS-9$

~ Selectedwave lengths,ltittsof se~+.t?vtiy@O~~co?verydata are givenin
projectreportLAMS-98. ● ●S::O: ● .*
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SPECTROCHEMICALDIM%RMINATIONOF NdPURIT13S IN PLUTCXWJMMETAL
CWKNNDS EN THE GALLIUM0X3JE4WROEIECTIUC METHOD

74

AND

Abstract
,

The plutoniummetal or compound

inairinadryba. A 25 aligr~

is convertedto oxideby ignition

sampleof the resultingoxideis

ground with 2 mg. of Galliumoxide

(u30& The mixture5.sarcedti a

electrodein a directcurrentarc.

and 73W. of puresturaniummide

dry box frcmthe craterof a graphite

The compla spectraof uraniumand

plutoniumdo not appear. The quantitiesof impuriths presentare esti-

mated by comparisonof the densitiesof theirs~ctrum lineswith the

correspondtiglinesof standardspectraor by photcmetl~,usinginternal

standards.

Sensitivity.Precisionand Applicabi.lit~

Followingis a list of elementsdeterminablein plutoniumoxide

accordingto the pyrmlectricmethod,togetherwith correspondingsensi-

tivitiesof detection, Sensitivityies are repofiedin pa?% permillion

on

6

-k)

the basisof 25 w. OY oxide~Wed o The Freci@ionaver%es about

pm cent (average{ievi:.tionfrom the mean).

It shouldbe emphasizedthat the limitsof sensitivitylistedrelate

impuritiespresenth oxide. Impuritiesin metal or compoundsmay be

determinedonly if suchimpuritiesare not lostduringthe conversionto

oxide. Boronand siliconin plutoniumtetrafluorideand mercuryin metal

are, for example,not determinableby this procedure.

In addition,only thosecompoundswhichmay be convertedto essentially

pure cu=lde(Pu02) IIW be analyzed. Residueshigh in sodium(e.g.,frcmthe
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Be

k
Al
s.
Ca
P
v
Ge
Cr
Mn
Fe
co
Ni
Cu
Zn
As
Pd
Ag
In
Sn
Sb
Hg
Pb

Reagents

● ☛ ● *9 ● *

● *9 ●°0 : ●** ●

●Ooee c:,: ●0
● OO:. :
● 00 ● ● 9*9

● * ● *O ● ● 90 ● ●

.* ● m. .** .:0 :.* :00
9*O● 0:0::. ::

●● : ● *
● ●:0 : ●:* :00●.

Sensitivity(pm ~

<6
<6

32
5ii

500
600

3:
15
30
30
60
(6
150
“150
3$

15

E
15
15

1. Purifiedgalliumsesf:ui~de~Ga203●*

2. Purifieduraniumctide,~O~.M
+$TO purify&illiumsesquia%ideor to preparepuregal~um SeS@i@d.de from
gallitimetal proceedas fol.1.ows:Dissolve10 g. of @d.liummetal (or its
equivalentweightof oxide)in HC1, heatingto effeet solution. Dilutethe
solutionto 50 ml. and adjustthe acitityto 7.3 N. Sbke the solutionin a
separator funnelwith a smallamountof mercuryto reducethe ferriciron and
renderit non-extractable.Add 50 ml. of di-isopropyletherand shaketho-
roughly. Re-extractthe aqueousphasewith a secondetherportionand canbine
the two fractions. Add 50 ml. of quartz-distilledwaterand shakethoroughly
to re-cuctractthe galliumfromthe ether. Add an equivalent qyantityof am+
nium oxalateto precipitatethe gallium. Collectthe galliumoxalatein a
platinumGooch-Munroc:crucibleand igniteto galliumsesqtioxidoat 1000°C.
w Placesever~ h~&red gr~ of uranylnitratehcxahydrate(W1.1.inckrodt)
in a 1.liter separatco?yfunneland add 500 ml. of anhydrousdiethylether
(Merck}. Shakethe funneluntilall of the =olidhas dissolvedand distri-
buteditselfbettmenthe etherand waterphases(waterfromthe hydratedsalt).
Removeand discardthe aqueousphase. Re-extractthe uranylnitratefrom the
etherintothe quartz-distilledvaterand add enoughnitricacidto prevent
fozmation of the oralW> insolublecompoundon evaporatia. Evaporatethe solu-
tionto crystalsof uranylnitratehexahf$~e: AvoM.rg~ovingnitricacid and

twaterin quantitiessufficientto produ~et#e@co u~~e~+ange compound. Re-
peatthe torego~ step~and fWIJ.y %n~.e”~@”rG~tJ~ “saltto U3@ ~
plathmm in a mufflefurnace. ●* ●9.

::: ●**● . ..O. -
●*.. ●

●*..* ●00
● ,. :
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1.

2.

3.

4.

5*

6.

7.

8.

9.

10.

u.

22.

Combinationdry bcm for preparingand arcingsamples(Figures1 and 2,

II A).’

Pti vise and steelneedle.

Plattiumcrucibles(1 ml. ccqx~city).

A.R,L. graphitede ctrodecutter.

Specialspectroscopic

CarbonCo.

Arc standfor dry lxx

!?atchglasses(4.om.)

graphiteelectrodes,availablefrcmNational

(Figure1).

with off-centerholes.(Figure1, II F).

Min&mill, availablefrcmFisherScientificCo.

103+F fib.

Bakel.iteelectrcdeholders(Figure3, II F).

Tight-fittingdust respirator.

Mt-surface aluminizedplanemirrorin mountingfor opticalbench.

Procedure

1. Prepare5 g. of a U308 standardcontax 1000 ppn of each of the netals

fi the followingselbsand oxides: BsO,B203,I&O,A1203,Si02JCaJpQ29

V205,WOZ, Cr20:j,Moz, Fq03, C02032J!Ji304,CUO,2hO;-“Kw03,FWL2, JU520,

~03J ~o, sb203,W@and PbO. Grindthe above compoundsthoroughlyinto.
‘L . .
.- .

enoughU~S to br~ the totulweightto 5 g. Use a tungstencarbidemortar

and pestlefor the @riding, and mill the mkture on the Mini-mill. Prepare

a standaficontain@ 500 pm of ea&~H;{”@e V “mq’’$i.sby Grinding2.50
9 ●O .0

::gramsof the firststandardwith 2.~6&kn&&cO&% 4J30g. ?!illthemixture
● **

● mb. .::: ●** .
●9..:* ● ● .’.
● *. 9*.
● 0 .ee ●*. : 8 *.*

● .** ●

9*
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as before. In similarfashion,preparesucceedingstandardsso that

the foll.owingare wai.la~e (pm): 1000,500,200, 100, 50, 20, 10, 5,

2, 1, and blank. The fore.goingoperationsnny a~ be carriedout v&h-

out fear of dangerto the analyst. Succeedingoperationsmust be carried
,

out in the d~ box by an operatorwearinga full laboratofi~smock,rubber

gloves,and a well--fitt-dust respirator.Read ‘;SpecialHealthSafety

Precautionsto be Observedin SpectrochemicclAnalysisof PlutoniumMetsJ.

and its Ccxnpoundsr!(Section11 A) under WyroelectricMethodlibeforecon-

tinuing.

Grindtogether2 mg. of galliumsesc;uioxide%

dio@de with 73mg. of each of the standards

mannerthe followir~standardsare available

containedin the mixture): 3000,1500,600,

and blank.

d 25XW. Of pure plutOniu

prepareddove. In this

(PW nferred to the plutonium

300,150,60,30,U, 6, 3,

If the sampleis in the fonn of plutoniummetal or alloy,transferit to a

1 ml. platinumcruciblein the dry box and igniteit in a micro-furnaceat

700-800°C. untilconversionto the oxideis complete. If the sampleis a

solution(e.g. dissolvednitrate)evaporateit to drynessunderan infra-

red tip in a wel.1-ventilatedhood. ‘.’;eara plasticvisordqringthis

operationand take everyprecautionto minimizesprayduringthe evapxa-

tion. Transferthe

to the dry box in a

residueto oxidein

platinumcruciblecontainingthe evaporationresidue

nest of alternatelyinvertedbeakers. Ignitethe

a micro-furnacein the dry bax.

‘!!eighout 6.0mg. of Ga@3 as accuratelyas possibleon a taredwatchglass

-~l?he@ilium oxideshouldhavebeen previouslygroundwith Bi203,MO, Au@3,
andMoO in amountsto give a mixturecQn$LW@~ 8.@&’o~oramsof Eli,8 nrLcro-

$gram o Cd$ 0.8microgramsof Au, and J@”m~c~qxa#s~f ~q in each 2 mg. of
~alllim oxide,

# a, ::6* ●OO 000●** ●*. ●.

9* ●*.9*. 9**● .
● *. ●’9.
●*..’ ● ● .**
● ea : 99*
●. ●ma :00. ●***.... b .**●

●O
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6.

7.
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piercedwith an off-centerhole. On the samewatch-g~ss

mg. of pureU308 and 75IW. of the PU02 sample3.nthe dry

mixturethoroughlyin a t~sten carbide

100mg. porbions. Transferthe mixtures

burnedGraphiteelectrodes. (SeeFigure

trodes.)

Tap each electrodesmartly

the bottcxnof the crater.

● ☛●✝☛ ●
● m.
● ,*
●0a:
0..

● 9* ● 9
●●0::
: :: 7$
● 00 ● *

weighout 219

box. Grindthe

mortarand divideit intothree

to 8 mm. deep cratersof pre-

4~ II F for dimensionsof elec-
.

on a hard surfaceto compact

Pusha needle,held in a pin

the sampleat

vise~ through

the chargeand intothe Craphiteat the bottomof the crater. Tap the

electrodeagainand withdrawthe needlewith a rotarymotion.

Adjustthe D.C. rectifierunit to givea currentof 13.5ampereson

closedcircuitwithgraphiteelectrodesin place. Put a pointed1/8 inch

diameterelectrodein.theupperelectrodeholderand a graphitepost in

the lowerholder. Placethe electrodebearingthe standardblankon the

lowerelectrodepost and ali~ tha electrodeslaberallyand vertically

at a separationof 4 mm. by back-projectionof their shadow=imgeson
.

the aligznentscreen. Checkthe polarityof the arc,makingthe lower

electrodethe anode.

Placethe 1st surfacealuminizedmirrorand its tableon the optical

benchof the spsctro~raph,makingsurethat its anglei~ such as to

directthe lightfallingupon it central~ into the slit of the spectro-
●

graph. Inserta quartzlens (f.1.50 cm.)on the o@ical benchbetween

the mirrorand the slitat a positionpredeterminedto focusan imageof

the arc upon the grating. Checkto insurethat the slit of the spoctro-.

graphis 20 micronswide,and checkthe diaphragmto make certainthat

the No. 5 apertureis in place. Test~hg*~nsio&~$o}~~film in the
● :.: .*

camerato insurethat it is neithersl$dc.~.~l~r~$~~s, and rack the
●0 ●*.

●*.. .::: ●*..
● ● .’.●*..: ●90 -.@. :

●. .**●**. :*..
● **=

●*
— — ..
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camerato the No. 10 ~sition.

(Franthis pointon the assistmce of a secondoperatoris required.

One operatormust standbehindthe dry box with his @oved handsin-

sertedthroughthe gauntletsfor the purposeof renovingold electrodes

and insertingnew ones in pxition. He must also strikethe arc by

9.

10.

bridgingthe electrodegap

secondoperatormust stand

trodecontrolswhichissue

with a pieceof cleanGraphiterod. The

beforethe dry box and manipulatethe elec-

frcm the frontof the dry box. ~iemust

also operatethe switchesfor extinguishingthe

the alignmentlamp and shutteras roqtired,and

of the camera.)

arc, rcnoveor insert

attendto the racking

Ignitethe arc and exposefrom this pointuntilthe arc hisses

and sputters,afterhavingpassed

succeedingstandardsin identical

etandatisto the strongerones to

from dust producedin the arcing.

filnil.)0rdinari3yj,the operator

througha silentperiod. Arc

mnner, promeding from the \\eaker

minimizethe ckmgerOf co~.ation

(A fih SO

shouldplan

triplicateand to run ono or two standardson

izingvariationsfrom the standardfilm.

Developthe 103-AFfilmin totaldarknessfor

EastmanD-19,usingToc~ dovolopnent.FiJC

run is calleda ‘tstandard

to run severalsamplesin

the samefilm for normal-

3 minutesat 18.0°C. in

the IXLm

EastmanF-5 afterimmersionfor about10 secondsin an

stop. %sh the filmfor 5 minutes,rinsein distilled

for 3 minutesin

aceticacid short

water,and dry in

a currentof warm cdx afterremovalof most of the ucess wter with a

moistviscosesponge.

Bind the ‘Istandasxlfiladlbetweenframes“Gub.f~om+~~%o~$h Luciteso
● :

that it may be uE@ as a master plate iO IA ii%J~”j#&iitmetere
●, ●e.
::: ●’. ● :..0. -

●.0 . ●

90..::
● *. ●0. ●

●0 .*.●ea . ::. .
● *aa
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Evaluatethe spectraon a film accord~ to eitherof the following

procedures:

A. EvaluationW VisualCcwprison with the StandardFilm

Insertthe samplefilm in the film jig of the densitometerand the

masterfilm in themasterplateguidesof the instrument.Comparethe

standardspqctrunof *#hesamplefilmwith the correspondingstandard

spectrumof the masterfilm. If the line densitiesagreefor all of the

elementsof interest,proceedto comparethe ltiesof the samplespectra

withthe correspondinglineson the masterfilm,notingthe concentrations

for whichthe densitiesare eqxtl..If necessary,interpolatethe sample

lines!densitiesintothe standatiseriesof spectra. If the stand+ti

spectrumfailsto agreevith the corresponding

film,look for a densitymatchwith one of the

Providedthe disagreementis no greaterthan a

spectrumon the master

otherstand- spectra.

factorof two, and pro-

videdthe standardspectrums galliumlinesand Ucneralbackgroundcompare

withthoseof the semplespectrathe evaluationmay st5Xlke made. D this

case,employthe factcxqecessar~to make the standardspectrumagree

the correspondingmasterfilm spectrumin reprting the

each elementin ppn.

B. Evaluationby Photometry,Usfip%anIntern.olStandard.. —

concentration

with

of

Select,in general,the most sensitivelinesof the elcmmntsof interest

on the masterfilm. Photcxaeterthem,to~etherwith theiradjoiningbackgrounds,

in each of the standaxtlspectra. Selectinternalstandardlines (Bi,Mo, Au,

or Cd) whichlie withh 50 ~ of the analysislineschosen. Photometerthe in-

ternalstandardlinesand theirne~hbortig bac~ounde. Convertthe line and

backgroundtransmissionvaluesintor+g~=:ltie.h~ewity valuesby reference
●. :0

:

to a film calibrationcurve. SubtracCI~ti,b~gJ~~p~fiQ@tensities frcm the
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correspondin~line-pl.us-backgroudintensities. Dhrideeachbackground-

correctedanalysisk!neintensityvalueby its background-corrected

internalstandardlin13 intensityvalueto obtainthe m-called Ittitensity

ratiotl.Plotlogarit~~sof ~ho iqtpnsit~”ratioagainstlogarithmsof con-

centration.StraiGhtlinegraphswith unit

To evaluatesamplespectra,obtainthe

ae described

and read off

to checkthe

if possible)

above. Refertheselog ratios

slopeshouldresult.

log intensiti~ratiosof interest

to the appropriatewarkingcurve

the concentrationof the impurityfrom the graph. It is well

constancyof the workingcurvefrom time to time (on each film,

by analyzinga standardssmple.

.. . .
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SPECTRCWEMICALDETERMINATIONOF’IMPURITII%~ “C@iPfl~E”●
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Abstract

A YO milli@?amsampleof graphitecontaining4 per centof galliumoxide

is arcedfrom the craterof a graphiteelectrodein a directcurrentarc. The

quantityof impuritiespresentis estimatedby ccmqxu’isonof the densitiesof

theirspsclmumlineswith theruorrespondinglinesof standardspectra.

Sensitivity.Precisionand APP licabilit~

Fo~owing is a list of elementsdeterminablein graphiteaccordingto the

pyroelectricmethod,togetherwith theirsensitivitiesof detection. Sensiti-

vitiesare reportedin”partsper millionon the basisof @ mg. of graphite;,..

analyzed. ‘Imprecisionobtainableis of the orderof *2O pr cent of the

emountreported.
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Al,Ba, Cb$ Ge, Ir, K, Pt, Rh, Ru, Sr, ‘@ Th, Ti, U, W, Zr and the rare

earthswerenot investigated.

Reagents

1. Furifiedgdl.iumsesquioxide.(Seefootnotep. 11 F-2 of thismanualfor

methodof purification).

2. ~0, As#~ Au203SB203SFWS Bi@3S C~s CdOS CO@3S Fe~J WS h203s

MS ?dgo,Mn02~?do03,IIU& N~04S Ca3(lW4)2SMS ~u2~ Sb#3> S~2S @S

T120~V2059ZnO, c. p. reagentgrades.

Ama ratusand Materials

3..

2.

.

3.

40

5.

6.

7.

8.

9.

10.

u..

12.

Tungstencarbidemortarand pstle.

Watchglasses(4 cm. diameter)with off-centerholes (SeeFigure1, follow-

ing p, 11 F-6 Of thisman@).

A.R.L.graphiteelectrcdecutter.

1/4 inchdiameterand @ inchdimmter qxmial Spectrmcopic

electrodes, availablefrcanNationalCarbonCompany.

Spectrographof adequateresolving~wer and dispersion

1.5 metergratingspectrogram,2

Jarrell.-Ash-Wadeworth,6 inch,21

p$m inch).

35 xm. film (I-Nand I-F) or 4’~x

inchaperture,21@o0

(e.g.

lines

graphite

A.R.L.-Dieter

per inch$or

foot gratingspectrograph,15,000M.nes

10!~plates(S#, U13-Oor W-O).

Wni-mil.1,availablefrom FisherScientificCompany.

Rockingdevelopingmachine,A.R.L.-Dietert.

D. C. ~ SOWCQ, 15 amps,220 volt (e.g.A.R.L.-J)ietert).

Bakeliteelectrodeholders(SeeFigure3, foua Pe II F-6 Of t~s ~~:

Plateviewingbm or A.R.L.DensitaneteW3xnparator.

Spectroscopicallypure graphitep&i~F {@?a& &-~j:lVationalCarbonCo.)
. . . .

● ✎ ✎
● 006

: ● 0

Procedure
● m ● 09 ● O* ● ea :.. . .

● b ● **
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1. PrepareX gram cf a graphitestax$~~ c~n~$in~~ ~h ppm of each of the
●****..* .*
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~i304$Cas(mh)z>‘NJ ~C~2, Sb203SSi02sSnO$ T120,V205$~~ c.p.reagent

grades. Use S%1 graphitefor the basematerial. Grindthe above

thoroughlyintothe graphitein a tungstencarbidemortarsndmill

ture on the lthi”d~a

-pare a standaticontain% 500 PPR of eachOf theseme~s

grinding500mg. of the abovestandamlwith 500mg. of pureS%1 graphite.

Mill themhdwre as before. In similarfashionpreparesucceedingstandards

so that the followirgstandards(PW) are available: 1000,500, 200, 1~,

50$ 20, 10, 5> 2, 1> and blank.

Cut lowerelectrodesfrom 1/4 inchdiameterspecialspectroscopic

Comp.lnds

the mix-

W

graphite

redsto the dilxmnsionsshownin Figure1. Cut upperelectrodesfrom 1/8 inch

diameterspecialspectroscopicgraphiterodsto the dimensionsalso shownin

me la PreparelowerelectrodeSUPPOA ~sts and upperelectrodeholders

shownti Fi&yre

secondsat 13.5

froml/4 inchdiametsrordinarygraphiterod to dimensions

~, fo~owing p. 11 J-4.

Preburna numbe:rof upperand lowr electrodesfor30

amperesto removesu.pmficialcontminationd

Weighout 96w. sanqilesof graphiteto be =u@med - 4w~ of W203 on

watchglassesand tra.nsfez-the materialto a tungstencarbidemortarfor

thoroughgr.tiding.Dividethe mixturesinto 50mg. portionsand transfer

to the cratersof previouslyburnedlowerelectrodes.In stir fashion,

preparea numberof electrodescontainingstandard

rangeof impurityconcentrationanticipated.

graphitesamplesin the

standardson

short circuit

the samefilm
.-——

~%e&late the arc scxurce
●**:9 9*
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of arcingto the cnd of the silentperiod,

Developfil.meor platesfor 3 minutesat 18.0 tO~5° C. in EastmanD-19

developer.Fix SAl emulsionsfor 3 minutesin Easlmanacidhypo after

briefimmersionin.an aceticacid shortstop,and wash for 3 minutesh

runningwater. (103-0,103a-0,I-N, and I-F emulsionsshouldbe.fixed

for le minutesand washedfor 10 minutes). Dry platesor filmsin a
,

streamof dust-freeair.

Examineplatesor filmseitheron the viewingbcx witha magnif~ glass,

or, preferably,h the A.R.LODietertDensitometer-Comparator.Compare

the samplespxtra with the standmxlspectra,interpolatingthe visual

blacknessesand breadthsof the line=of

seriesof standardspectra. Expressthe

in partsper millicm.

the formerintotha lhes of the

impurityconcentrationsdirectly

In general,the most sensitivearc linesof the elements(raiesultimes)— ——

are used in the evaluationof the spectra. A tableof suchlinesis to be

foundin the hl.I.T.Tave-LengthTables.*

● ✌☛ 9 ●:0 ● m. ● *●’. . . ● ● ..
●

‘;”Oi&&tl!”T~bl&, p. xviii, Tabl:* llarrison~GeorgeR~ (~ditor)gI’M*l.T. uave-
111,New York,JoknHileyand Sonsj;~p2.19398 : : .“.
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SPECTROCHEMICALDETERMINATIONOF GATLLIUMIN PLUTONIUMMETAL
AND COMFOUNDSBY THE ISOPROPYLETHEREXTRACTIONMETHOD

Abstract

Galliumis tiracted as a chlorogallicacid complexfrom hydrochloric

acid solutionsby means of iscqm-owlether. The cmpleocis m-extracted

intoa smallquantit~-of purewater,whichis evaporatedon copperelec-

trodestogetherwith an titernalstandardsolution, T& residueis

excitedti a condensedeparkdischargeand the quantityof galliumeval.

uatedby photometryclfthe resultingphotographedspectmm.

Reagents

1. Concentratedhydrcchl.oricacid.

2. Re-distil.bcliSOprOpy~

30 Distmedmter.

APparatusand Materials

ether.

,

L

2.

30

4.

5.

* 6.

7:

80

9*

Glass-stoppered~rex graduatedcylinder,10 ml.

Glass-stopperedvo@metric flask,10m.1.

Copperelectrodes,~~tdia.x @ long.

Electrodeevaporator(seeFigure3, SectionII C).

Micro-syringeand pipettips (50nticrolitercapacity).

Type 19-O Eastmsnphotographic@ates, h’tx 10’1.

Sparkdischargechamber(seeFiguresland 2, Section11 B).

Wadsworthfullyautcxnaticstigmaticgratingspectrograph,21~ grating,

15,000linesper inch (&rrell-AshCo.).

Dietertsparkunit.

10. Dietertrockingd@velo@ng machine.

Il. DietertComparator-Densitometer.

.—
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Procedure

1.

2.

30

4*

5.

HEED HEALTHSAFETYRULESOUTLINEDIN SECTIONSI AND 11 A.

90

Dissolvea ssmpleof gallium-plutoniumsll.oy~weighhg about50

. .mWgrams, in hydc%chloricacid in a 1.0ml. gl.ass-stopperedvolu-

metricflask. Adjustthe acidityto 7.25N and rnsdcethe solution

up to 5 ml..volumewith acid

allowanceshouldbe made for

in the dissolvingoperation.

of this concentration.(Notethat

the consumptionof hydrochloricacid

See %!icrogramlmetricDetermination

of Galliumin Plutonium-GalliumAIJ.oyslt,SectionV B).

Add 5 ml. of isopropyletherto the solutionand shakevigorously

for 20 minutes. Allowthe phasesto separateand transfera 1 ml..

aliquotof the etherphaseto a 10 ml. glass-stopperedvolumetric

flask. Add 5 ml. of distilledwater ‘Lothe volumetricflaskand

shakevigorouslyfor 20 m5mutesto re-extractthe galliumintothe

water. Make the w%terphasevohme up to 10 ml-.

Withdraw,by means of a micro-pi~t~ a 50 micro-literali~ot of the

=ter phaseaud divideit aboutequallybetweenthe tips of two
.

cop~r electrodes.Evaporatethe solutionsjustto drynesson the

cop~r electrodesby means of an electrodeevaporator.

Dividea 50 micro-literportionof an internalstandardsolution

(containing$Qmicrogram$of molybdenumprtilliliter) betweenthe

muneelectrodes.Evaporatethesesolutionsto drynessss described

above.

In similarfashion,preparecopperelectrodesbearing1.0 and 0.28

microgmms of galliumend 4 micro~ramsof molybdenum(duplicatepairs)

by evaporationof appropriatevolumes+f ~“+n$+l&a~um chloride
b

●O ●:0:00● O* :00 ● 0

solution.
●9 ●*,9*9
● ** :“.;“”:.!&
● a*** ● **9** ●0: ● 00
●* ●**9** ●*
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6. Insert the electr@es, by pairs,in
u-”

chargechamber,gaugingtheir2 nnn.

the holdersof the s~rk dis- ‘

separationand lateraland

verticaldligmen,tby back-projectionof thalrshaczow

graduateds~reenbehindthe chamber.

7. ELace u ,?&’~x 10”, 1Q3-Oplatein the left sideof the

iimgeon a

cameracassette

(asviewedfrcmthe back of the spectrograph).Set the spectrograph

to photographthe region,2300- 47008. Excitethe electrodesfor

50 secondsina condensqdsparkdischarge(25,000volts,0.32mH,

0.021#F) and photographtheirspectrathrougha slit whose width

is 25 microns.

8. Preparea Jlstandsrdplatel~

f .,

bearingthe spectraof galliumin the

fol.lowimgquantities:1.0,

micrograms.Each spectrum

at 4.0 micrograms,mlploy

0.52O*2> Oolj

shouldCCXltain

the techniques

0.05,0.02,0.01,and 0000

the linesof molybdenum

describedabovefor elec-

trodepreparationand excitation. (TheIlstandanitt’platesneed be

~~d onlyonceor twice, sincedata obtatiedfromthem are used

to constructworkingcurves.)

9* Developplatesfop 3 minutes at 18.@ C. in EastmanD-19. F’o13.,om@3

brieftiersion of the platesin an aceticacid shortstop,fix th~

for 10 minutesin acid lqqm. Wash the pla’msin a streamof waterfor

10 minutes,rinse in distilledwater,and finallydry

of warm air.

20. photometerthe Ga: 4033 g and Mo: 4232~ linesin all

ard spectra. Convertthe line and backgroundtransmissionsinto rela-

th&ain a stream

sampleand stsnd-

tive intensitiesby referenceto an H & D curve (oneplatefrom each

box shouldbe calibrated).Subtract“{~~~tiF~~”~”~}ative intensities

fiw thalineplw backgmmd htens~;i$;”t;”ob~b~”t~ net line
●* ●O* ●**O**
● ** ●’* ●
● ob ●9 ..* :. ● ** ●0: :“::“: - -
●****e O. ..
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intensities.Computethe log ratiosof the analysisand internal

standardline intensities(Ga/Mo)..Plotthe log intensityratios

for the standti platesagainstthe log of the galliumquantity.

(Thisshouldyielda straightline of unit slope.) Referthe log

intensityratiosfor saqples

quantityof galliumobtained

to this mrking curveto.

in the extractions.Use

obtainthe

the intensity

ratiosof the standardswhichwere photographedon the same plates

as the samplesto checkthe validityof the workingcurve>correcting

the latter’asmay be necess~ for any givenplate. FinsQy~ calcl-

late the qusntityof galliumpresentin

pressresultsin :~rtsper million;

the originalsamples. lQE-

‘%i%~PIaP -

IAteratureReference

Projectreportm- Q7
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SPECTROPHOTCMETRICUNITS

Spectrophotomehricanalysisis basedon the propertyof certain

of absorbinglightof a givenwave lengthmore or less selectively.

severalwaysof expressingquantativelythe amountof absorption.

substances

Thereare

1.

*2

Transmittsmce

If a beam of lightof intensity11 entersa mediumand a beam of intensity

emergesfzwm the othersideof the medium,then the per centtransmittanceof

12the mediumis definedas —=. x 100. Sincethe lightsuffersreflectionin Coing
xl

from onemediumto another (aboutfourper cent of the lightis reflectedwhen

a perpendicularbeamgoesfrom air to glassor vice-versa)~it will be seenthat

per centtransmittanceincludesreflectionlossesas vmllas absorptionlosses.

(A perfectlyclearFJJ=S kv5.ngno absorptionwouldhave about92 per centtrans-

mittance.) Thisunit is most usefulfor the measurementof lightfilters,but,

is uselessfor chemicalanalytical.purposesbecausethe reflectedlighthas no

analyticalsignificance.

2. Transmission

If a beam of ljghtfallson two cuvetsa and b (FigureI), cuvetb contajn.

ing the solutionto be measuredand cuveta containing6* the ~lsolvent!l(i.e.,

everythingin b exceptthe Chromophoric SU&

‘ l-l
stancetobe determined)and if.——

—--2 10 tensity10 emergesfrcana and a

0.
sityI emergesfromb, thenthe

a beam of in-

bcam of inten-

px centtrans.

‘[J 4.+ I

missionof the solutein

T.+- X 100.
0

b is definedas

the solventis

same

the WaVf3
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lengbhof lightunderconsideration),the

b and thereforecancel.out.

3. Extinctionor OpticalDensit~

Accordingto the Beer-Lambertlaw,a

reflectionlossesare equalin a and

ray of monochromaticlighttraversing

an absorbingmediumdecreasesin intensityaccordingto the exponentialfunction:

+
(1) I=Ioe

where10 is the initialintensityof

versinga length1 in a mediumwhose

the beam and I is the intensitytitertra-

absorption coefficientis~.

Equation (1) may alsobe expressedlogarithmically:

()
Io ~(2) 1%~~ ~ =

inwhich K= ~log10 e. The constantK is calledthe exbi.nctioncoefficient.

If the mediumunderconsiderationis a solutionof the absorbingmaterial,then

K is a functionof the concentrationof the solution,and if no alterationof

the soluteoccurswith changesin concentration,

to the concentration.That is to say

(3) K=kc

The constantk is calledthe specificextinction

K will be directlypropotiional

of the solutein the particular

solventused,if the concentration,c, is expressed in @ (n~ml). The ctben-

sionsof k are cm2/mg.

From (2) and (3) we obtain

()
(4) ~og10+=kc2

It is a greatadvntage in analyticalspcctrophotometryto definea new

unit, called the %xtinctlonf!(sometimescalled‘!opticaldensity!!)by the equa-

tion:
,

()
(5) -glo+=kcl ●:”;”; : : ::

● 09 ● *O● *

The advantage ofi this unit is that it”k”!t&fk&? &&~on of the analytically
●* ●** ●00● ●●b. **me ● ● bee
6000090 ● *
● ***O
be ...:
● m 9** ● ●

‘“: “:” -
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variablei)the concentration,and hencecumbersome

find~ an unknownconcentrationcan be discamied

96

graphical

and the calcu-

perfoxmd swiftlyand easilywith a sliderule.

the easeof a stand-cd routineanalyticalprocedure,it is con.

to combine severalof the factorsin (5) sincethey are kept constant ~

Substituting@r for c in e~ation (5)we write

(6)E::-
v

in tich v is the (standardized)volumeof the solutionwhoseabsorptionis

measured,

substance

the total

1 is the (stidardized)lightpath,andm is the

beingdetemined in the (standardized)volumeof

‘+ which has reactedwith a tidiirdamountof Fe

totalamount0$:the

solution. (e.~.,

~OUnt .ofo=-phonan-

throlinein the standardizedvolume.)

Since1 and v aye constant,equation(6) becomes

(7) E=ak~m

(8)m::llo~,

It is proposedthat the

or

factor, f= $7& be calledthe %ctinction
au

fa&mr by analogywith the gravimetricfactor. If f is determinedfor a

standardizedspctrophotometricprocedure,thenthe amountof the material

beingdetemined in the originalsampleis foundstip3yby multiplyingthe

observed@&hCtiOn @T f.

Most spectrophotcmeters

tion. It willbe notedfrom

when T : 10‘~r cent>E = 1;a

read in both

ecpation(5)

per cent tmnsmission

that when T = 100 per

when T = 1 per cent,E =2; etc.

and in extinc-

cent$E = O;

The use of E ratherthan T has a distinctadvantagein qpa13.tati.vespec-

trophotometricanalysis.- Eqpation(5)may.be.wr$tt~.f~ ~x: differentcon-
● :0

: ●
● : ● 0 ::

centrationsc1 and C2 (c2s q c)
●*

● : bo
●O ●:0:*O● 00 :00 ● 0

(9) log El : log k ~+” lo$’~{:” ;’”E“*;.:“::
●0:000

●m ●** ● 8
“ ““9
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(10) log E2 z log kl + log c1+ log q

It will be notedthat (10)differsfrom (9) onlyby the presenceof a constant

term (log

paperfor

identidal

do That is, if E is plottedagainstwavelengbhon semi-logarithmic

two solutionsdifferingonly in concentrationsthe two curveswi~.1be

exceptfor verticaldisplacement.The factthat sucha plotgivesa

curvewhose shapeis inde~ndent of concentrationis a great

possibledifferencesbetweensclutions.

A convenientsummry of termsand abbreviationsused in

aid in detetining

analyticalspectro-
-%

photometryrcillbe foundin Gibb. Chapter11 of thistext is recommendedas a

refezwncefor a discussionof the Beer-LsmbbrtLaw and a descriptionof many

commercialspectrophotometers.

,

● b* ● ● ,* ● *. ● 0●ee ● ● ● ● ● e
● ● ●

● O.* ● ● e 8 ●

s** ● ** ● ea ●:.0 :.. ● .
~Y Gj.bb, Ta R. P* ‘WpticalNethoclsof Chem~@.”An”~ys~s’t,~a~le7, p, 75

New York,McGrawHill Book Co,~1942 ~“:~“”~“.~“”~o~.“.
●

● *Ob S*O
● 9* 00: bm*
●m ●9* ● ● ● ..
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Abstract

DETERMINATIONOF PHOSPHORUSIN URANIUMAND PLUTONIUMMETALS

The methodis essentiallythat of Berenblumand

modificationsas givenh the projectreports(2,3).

. vertedto ortho-phosphateby dissolving

phosphateis then treatedwith ammonium

mo3@dic acid complexis extractedtito

chain(’) with slight

The phosphorusis con-

the samplein an oxidizingacid. The
I

molybdateand the resultingphospho-

n-butyl alcohol. The alcoholicphase

is shakenwith stannouschloridesolutionto givemolybdenumblue whichis

measuredspsctrophotomctrical.lly.Silicateinterferenceis eliminatedby ex-

tractingthe phosphomslyb.dicacid complexfrom 1 N H#04 solution.

AJ@-icabilit~

Themethodis applicableto both uraniumand plutoniummetalsand to

theirccmpounds.

Size of Sample,Limitof Sensitivityand RaMe

Samplesi.ze~10 -100mg. Limitof sensitivity

10 mg. sample]. Range,0.2 - 12~ P.

Reagents

1.

2.

3*

4.

50

6.

7.

Cone.HC1 (P and As free).

Cone.HN03 (P and As free).

10 N H2M4 (apprax.) preparedby dilutingAs free

I N H#04 preparedby Muting the 10 N H2S04.

Stocksolutionof SnC12zmade by dissolving10 g.

about0.2F P, (20 ppn on

‘2s040

Of c.p. Sdt h 25 d.

cone.HC1. This solutionshou3dbe storedin a brownbottleand kept in

the dark;it shouldbe made up freshevery10 days.

DiluteSnC12preparedby dilutinglml...ofo}$~st~~ko~o$#ionto 200m3..

with 1 N

Ammorlhm

● “0 ● 00 ● .

H2s04.
:0

This solutionshouldb#lm#5~~~o.~e~~@.ly.

molybdatesolution(5 per ten@.p~~P@”fr~f~ Mkers special
● **.. ●

● *mmm 9*O
● ** ●0: ● O*
●0 ,9****

“: -
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9*

.* ● ☛✎ ● ☛☛ ● ☛☛ ✚✍ ✚☛☛● ✚✎☛☛☛● ✚✎✎☛✎ .0
● e. .0

●
.:.

.:O :.0 •~
●

.** ● 99
11X B--2

rea~entfor microanalysis,P contentnot over0.~2 per c~t ~4. This

solutionshouldbe storedin a paraffin-coated,glass-stopperedbottleto

preventpickingup of silica.

n-Butylalcohol,redistilled.

95 Per centethylalcohol,undenatured.

10. Stockstandardphosphatesolutioq,100 itP psrml. preparedby dissolving

OD43@ g. KH2K)4in 11. of distilledH20.

Apparatus

1. 8ml. quartzcrucibles.

2. SpecislseparatoFJfunnels

3. 5 ml. mixingcylinders.

30-60ml. (Figure).

4. BeclamnSpectrophotometer.

Procedure

IF PLUTONIUMMETALAND ITS COWOUNJX ARE TG BE ANALYZED,HEED HIMLTH

SA?3?TYRULES0tJT13NEDIN SECTION1.

1.

2.

3.

To the sampleofrnetal(10- lcx)mg.)ina8ml. qtiz crucibleaddO.5

ml. of cone.HN03 and coverto preventloss of spray. In

niummetalcone.HC1 is added

solutionof the metal.begins.

added.*

Afterthe metalhas dissolved

red klp.

dropwiseafterthe addition

When the reactionsubsides

take

Takeup the residue(withhea.ting)

case of pluto-

Of HN03until

more HC1 may be

the solutionto drynessunderan infra.

in 0.5 ml..of 10 i’?H&O),.

+-Plutoniummetalis diffi.cult3.ysolublein aqparegiaand tendsto become
passive. The additionof HC1 will causethe reactionto beginagain. After
solution,however,a smallamountof blackoxideresidueremains. In phosphorus
analysisthis residueis ignoredbecause ii:f~”d@bf~”@”# containsan

of phosphorusafterthQeH O ‘%re~tddnti~~chfollows. If
%4.. .00. . ●residuemay be dissolverby heatd.ngfo f- withH9SO),.

appz%ciableamount
desiredzthe black

● e ● *9 ● ● ea o**
● bb ● ** ● ***
● ma *m** ● *
● oeee ● 00
*Q-00: 99* w“
●**O**a O ● *
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k.

5.

6.

7*

8.

9.

10.

11.

12.

13.

w

15.

. . .:0 :“” y ::” :“;
b.me..

.0

111 B-3 .;: : : .:. :.0 ● *
.*9 ●

Transferthe solutionto the speciallydesignedseparator

usingthree1 ml. portionsof distilledvater.

Add 1.5ml. of 5 per cent ammoniummolybdateand mix. Ict

minutes. .

100

funnel (Figure)

standfor 5 - 10

Add 5 ml. of n-butylalcoholand agitatefor 2 minutes~passing a current

of nitrogenthro~~hthe sidearm of the separator funnel. The nitrogen
.

shouldbe passedthrougha scrubbingbottlecontaininga smallamountof

1 N H#04 and a layerof n-butylalcohol. The gas issuingfromthe funnel

is passedthro~h a cottonplug or anotherwashbottleto trap sny spr~

(Figure).

Id stand5 minutesto permitthe two phasesto separate;draw off the

aqueousphaseand savefor metal recovery.

Washthe n-butylalcohollayertwicewith4ml.. portionsof IN H@04. The

washingis carried,out by passingnitrogenthroughthe separator funnel

for about30

Draw off the

for recovery

Add 5ml. of

the solution

Drawo,ffand

seconaso

wash liquideachtime and add to the

of metal.

diluteSnC12solutionand agitateby

for about1 mtiute.

discardthe aqyeousphase. Transfer

tainingthe molybdenumto a 5 ml. glass-stoppsred

original aqpeous phase

passingnitrogenthrough

the n-butylalcoholcon-

mi.xingcylinder,washing

the funnelwith about1 ml. 95 per centethylalcohol.

Dilutethe alcoholicsolutionto exactly5 nil-. with 95 per cent ethylalcohol.

Using0.5 ml. 10 N 1t#14preparea reagentblankby exactlythe sameproce-.

dure used in the analysisof a sample(steps4 thuough12 above).

Comparethe samplewiththe reagentblankusingthe Beckmanspectrophoto-
● ● o* ● ●:0 :s. ,.

meter and a wavelengthsettingof ~%JOk;. : :::*..
● O

●s ●:C8**6:0:a*s.
Read the amount of phosphorusconl+z_~Ot@ $~ple from a standard;trans-

● 00 ● ● ,s.
●eme: ● ●00 *
● *a ●**:, 9
●* ●** :,:m

● -“
88

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



111 B-k -

mittancecurvepreparedby measuringthe transmittanceof.-

of P as KH2~4 or

‘lCalculationsand

Precautions

1.

2.

3*

4.

5.

6.

101

known amounts

cslculateit fromthe extinctionequationgivenunder

expressionof results[?.

Frequentcheckssk.ouldbe made on the reagentsto

goodblankof all reagentsshouldgive an optical

0.20when ccmparedwith puren-butylsJcohol.

insurea good blank. A

densityno gneaterthan

It is essentialthat HN03be addedfirstin the dissolvingof themetal

to preventpossibleloss of P as PH3.
I

Becauseof the greattendencyfor Smmoniuramolybda.tesolutionsto pick up

silica2it is essentialthat this solutionbe kept in a paraffincoated

bottle. This is the most probablesowce of a

To preventsilicainterferenceit is jmportant

tractedbe made at least1 N with H.$04before

date. Becauseof the suppressedionizationof

highblank.

thatthe soluti.ontobe =-

addingthe ammoniummolyb-

silicicacidin 1 N H&Ol,
-r

the n-butylalcohol.solublesilicomolybdicacid complexis not formed;

onceformed}howver2 it “isextractableevenfrom 1 N H&C)h.

If the SZ3C12solutionis old a turbiditycan be centrifugeddam before

transferrtigto the spectrophotometercuvets.

Arsenicinterferenceis not completelyeliminatedby extractingfrom 1 It

(3)
H$04 ●

Calculationsand expressionof results

The phosphoruscontentof the samplemaybe calculated

eqmtion

c=

wherec represents

● 9** . .:- ● . . . .

the K1.iCX70g.t%UIISOf &!f345~!.:Ofk+J.@

● 0 ● 00 ● ee ●:C :.s ● ,

fromthe extinction

d.COhOland E iS

the extinction(opticaldensity)obse~$:+wh:~e~~ ~-~:$$Of the lightpth
● **
●*,*: 9 ●** .
● ** ● Q*●.O:} ●0 ●** ● em

● . ..

is
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1 cm,

Results

.

111 E+

are exprsssedin ppn whichare givenby the following

ppP= t P in sample
wt. sampleh grams

LiteratureReferences

(1)Berenblumand Chain,Biochem.J.,~,

(2) Woject reportCKI-1229

(3) Wqlect reportCK-1326

295 (1938] o
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DETERJUI$ATIONOF MICRWRAM (.UANTITII:S
ACSD-SOLUBLESULFIDESULFUR

sulfidesulfurh the sampleis convertedto H.#3by treatmentwith HCI and.

is distilledintoa 6olutionof Z~c2 e l?hedistillateis treatedwith pMamino-

dimethylanfiineand FeC~ whichconvertsthe H@ to methylcneblue. The latter

is then determinedSF ctw?hot~etric~ly o

Applicability

TIE methodhas been appliedto uraniumand to plutoniummetalsand is pre-

sumablyapplicableto any materialswhichdissolvein

the releaseof theirsulfidesulfuras H2S.

Size of sampleand LZnitof Sensitivity

non-oxidizing

The size of sampleis determinedby the sensitivityreqtired.

limitof detectionof the methodis appraxbately1~$ the limits

am:

Samplesize L5mit of sensitivity

10 mgo 100 ppn
100mg. 10 ppxl

1 gram 1 ppll

Reagents

(a)Sep3rationofH&

1. 2 N HC1 for dissolvingsample.

2. z per centZnAC2solutionfor tra~~ H&rn

(b) Color development

1. StandardNa$ solutionfor determiningspecificetifiction

acidswith

Sincethe

of sensitivity

— Dissolve

0.’746gramsNa2S09H# ~ H20 and ~ute tO 1~ ~“ 1 ~00 1 ~“ ‘=’

(M care is takento selectlyge, well-formedcryst~ of Na-#”9H@
●*8. ●:0 ●**..

whichare rick’discoloredand &% $o{wm~ @~ solutionmay be taken
●m ●*D● O*●O*● **●*

●** ●oe ● ●:00. ●’.●
● ** ● ● ●99
9**. ● ●0, .:900 ●0: ● **
●* ● *99****., ●
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standardand need not be assayed.*

reagent— Dissolve25 mg. p+minodimethylaniline(East-

man practicalgrade) in 7

tion and diluteto 20 ml.

and is hencebestmade up

&par atus

(a)Separationof H2S

ml. cone.HC1. Add 2.0 ml. O.lM FeC13solu-

This solutionmust be preparedfreshdai~

in smdllqwbities.

Same as for volumetricmethod.x%.

(b)Determination

1.

2.

3*
.

.4.

5.

25 ml. volumetricflasks.

2 and &ml..pipebs.

Assortedmicropipets-- 5, 10, 209 25 k.

Constanttemperaturewaterbath.

Spectrophotometer(e.g.ColemanModelNo. U).

Procedure

IF PLUTONIUMAND :[TSCOMPOUNDSARE TO BE ANALYZEDHEED HEALTHSAFETYFWLES

OUTLINEDIN SECTIONI

(a)

(b)

Separationof H2S

Sae aa for volumetricS method. (See

Microgram@antities of AcidSoluble Sulfide

ZnAc2solutionto trapthe H@.

Determinationof H;@

!IvoluetricDeterminationof

Sulfurtl)Use 4ml. 2 per cent

1. Transferthe ZnAc2solutiontoa 25 ml. volumetricflaskand diluteto

about20 ml. with distilledwater. Placethe flask in the constanttem-

peraturebath at 25° C. (A0.50 C.) and allowit to reachthermalequili-

brium. ● ●9*. ●00..*..
‘~A few assayshave indicatedthat suc~~~ 5% ~?more than 1 per c&3Y

9

belowthe calculatedvalue. ●* ●00● *e●:0:,0●,
+!+See llVolUMe~riCDctc]-tj.on of h!i~r~~amcm~p$~t$eqof Acid-SolubleSulfide

Sulfur~t,ProcedureIV A.
bO* ● e..

●*mm: 9*O ●

9*. :
● . . ●

●* ::.
●** . ● . ●-, -
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2. Add 2.0ml. freshly

Returnthe flaskto

prepa=d Care-Fischersolution and mix well.,

the bath for about5 minutes.

3. Diluteto volumevzithdistilledwaterand dlowto remainin the cons-

tanttemperaturebathfor 20-30 minutesmore.

I!+.Determine

reference

ZnAc2and

shouldbe

semples,

the exttictions~ctrophotometric- at 660 ~ usingas the

a s~milarlypreparedsolutioncontahing 4 m%. 2 per cerrb

2.0ml. CarO-Fischersolutiondilutedto 25 ml. The reference

preparedfreshdaily,preferablyat the sam~ttieas bhe

BlankProcedure

It is unnecessaryto run blankson the distillation.The referencesolu.

tion is equivalentto a blank on the otherreagents.

Precautions ‘

(a)

(b)

Separation

Same as for volumetricprocedure.-%

Determination ““

Sincethe Lauthxwaction(conversionof.H2Sto methyleneblue)is not

Wtibative, m conditionsmust be carefullycontrolledso that the yie3-d

may be

1.

2.

39

reproducible:

Temperaturecmtrol is very importantand the reactionmust alwaysbe

carriedout at the sametemperatureat whichthe specificextinction

was determined.Not more than 0.5° C. variationshouldbe pemnitted.

The Caro-F5.schersolutionmust be freshlyprepared.

The extinctionof the solutionslowlyincreaseson standjng~especi~

if largeamountsof S= are present. The increaseafter20 minutes,how=

ever,is veq slight,usually@qso$hqn h:pe:mcentfrom 20 minutesto
●● : ● :::0 . ●* .

~ See ‘tVolumetricDelx?mation of Micfldgm!nwax$i’lj.bfAcid-SolubleS~fide==w-

Sulfu,p,ProcedureIV A. ●. ●**
● . . ●**● .
● m. ●bm . ● ● ●’.
● ● ● . : : :0: ●
● *. ● . . ●

● . .● 0 . . . ● ● . -
● m
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2 hours.

A more dilute!?a.$~standardsolutionshouldriotbe used sinceit would

not be stable,,The 1 reg./ml.solutionshouldshowno significant

changesovera periodof severalvieeksif it is keptwell stoppered.

A singledeterminationof

so long as all conditions

onally$however,to check

the

are

the

specificextdncti.onshouldbe mzfficient

Calculationand expressionof results—.-

Fromthe.seriesof standardsprepared

(omittingthe distillation)calculatethe

keptunchanged. It iS desirableoccasi-=

valueby runninga standard.

frcmthe standardNap solution

extinctionfactorZ*S which‘isthe

quantityof S= in microgramsrequiredto,produ.ceunit changein extinctionfor

the standardizedprocddure.f can best be evaluatedby the leastsquaresequa-

tion:

/’xy-S$$iL .

.
where

Xz

Y=

n=

The

microgramsof S= in the standardizedvolumeof 25 ml.

E = extinction

~~ber of obfjervations.

summationis takenoverthe entireseriesof standardsrun. 5, m, 152

20 and 25TS is B convenientseries,

standardNa2S soluticmand commercial

n’etricdeterminationmay be evaluated

sinceit is easilyobtainablewith the

micro-pipts. The precisionof the colori-

fromthe five standardsby calculatingan

f for each concentrationand comparingit uith the least--squaresf. This is best

expressedas the standarddeviation}6.

“’F ~::::%:i::

●*a

c——- ●0 .-.SM
~ See ~SpsctrophotometricWr~ts;r3

. ●

+%n+ w-—se!~;~ ,
.—

b::.●* .*.●**: ● ●*
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whereA f is the differencebetweenan individualf and the least-squares

n= the numberof standafis.

In additionspikedsamples

deviationex~ressedas per centerror.

shouldbe distilledto checkon the recove~

obtained.

The amountof SF presenth the sampleis simply

&S= = Eof

when the abovemethodof calculationis used,

Reshltsare bestexpressedin partsper million.

$ Ss fond
pJnls’= -—

wsaghtOf samplein grams
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COLORJ.UETRXCDETERMINATIONW IRON IN PLUTONIUMHATKRIAIS

Abstract ,

The ironis reduoedto the fen’ousstatewith ~drczq~lamheand

determinedGpectrophot.ometricitl.yin the presenceof trivalentplutonium

as the ferrous-orthophenanthrdineconpkx.

Applicability

The method

relativelypure

nitrateprocoss

pemnitsthe determinationof irondo?mto 100 ppm in

plutoniummetalsplutonium-galliumalloysand plutonium

solutions.

Methodof Samplin~——

samplesreceivedas solutionsare aliquotedby weightor by volume.

:?hensamplesare in the form of small

dissolvedin constant-boilingH!21and

solutionis taken.

Rangeand Limitof Sensitivi&

met~ ~)uttons,the en~~ ~ufjtonis

a suitable-sizedaliquotof the

Althoughtho optimumamountof iron per determinationliesbetween

10 ancll@ micrograms,amountsfrom1 to 100 microgramscan be determined

with so,mesacrificein accuracy. The aliquotsizeshouldbe governedby

theselimits.

Reagents

L

2.

3.

4’.

Constant-boil-inGHC1, Fe free.

Hcl, IN.

Aceticacid-sodiumacetatebuffersolution. ‘?lxLsis prepar~tiby

dissolvin~~4 C. of’rea~cntgradesodium.acetatetrihydxatein distilled

wrzter,add- 20 ml..of glacialaceticacid and dilutingto one liter.

20 per centtgvdroxylamine~tiochlo~’~”#6~~ti&~~”T~ is preparedby
● .:Oa.. 90

9**:00●
● eb ● ●

● m.
●o*● ● 8 ●’.

●***: ●** .
● *. : ●

::0● 0 . . . . . . : . ● *
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5. 0.5 per cento-phenant~oline. The reagent

: 6CC.•~ ● e
● .* I.J..o●:0 ●*-●*

is preparedby dissolving

recrystallizedo-.phenanthrolinein distilledwater. A smallamountof

95 per cent ethyl~cohol may be used to facilitatesolution. This
.

reagentshouldbe colorless.
. t

6. 10 per centammoniumhydroxide,Fe free.

APparatus

1.

2,

3*

4.

5.

6.

Volumetricpi@x3: 10- 200~ capacity,and 1 ml. capacity.

?Jeightpipts, 200~capacity(seeProcedureIV C, Figurela).

Syringepipet controls. s

Volumetricflasks,10 MY-e

Beckman~artz spectmphotcmeter.

Cuvets,1 cm. lightpath.

Procedure
t

HEED HEALTHSAFE!CYRULESOUTLINEDIN SECTXONI

1. Transferthe aliquotto the bottomof a drylOinl. volumetricflask,

beingcarefulto get none of the solutionin the necksof the flask.

For samplescontainingless than 300 ppn of iron,take two-aliquots

for plutoniumblanksand two aliquotsfor detennimtions. For samples

containin~more than300 ppn of iron

One plutoniumblankis sufficientin

accuracythroughoutthe ran~eis all

2. Add

for

3. Add

4. Add

5. Add

200h of hydro~kmine hydrochloride

one houror longer.

lml. of aceticacid-sodiumacetate

one plutofiumblank

any caseif a fixed

that is rexpired.

is sufficient.

absolute

solutionand allowto stand

buffersndrnixthoroughly.

1 ml. of 10 per cent amoniuu hydroxideand aga3nmix thoroughly.

2(IOAof 0.5 per cent o-phenant&”+Lf,&?e#o~e~~~+es in which iron
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6.

7.

8.

allowto standfor 30 minutes. Dilutewithdistilled

ml. and mix thoroughly.

●✎✠ ● ☛☛● e

waterto 10.0

Let the solutionstandfor 30 minutesand thentransferabout3

the solutionto a clean>dry Beckmancuvet.

If equalvolumeali.quotsweretaken,use the p-Lutomiunblankas

ml. of

a

reference.If

as a reference

unequalwight

unequal weightal.iquotswere kken, use distilledinter

(seePrecaution3).” Read tho exthction at 515+ For

al.iquotscorrectthe obser&d mhiuction of the sample

for the extinction causedby plutonium. Cilcu.latethis frcmthe plu-

Oniumblank.

Determtiethe extinctionfactorby carryingknovnamountsof iron

throughthe proeedufe.Distilledwater2s usedas a referencein

readingthe extinction(seePrecaution3). The concentrationof HN03

shouldbe approximate the same in the exiinct:.onfactordetemnination

as in the sampledeterminations(seePrecaution.4). The extinction

factoris e.xpressecias microgramsof iron~r extinctionunit. ‘R@

factorwas determinedby one operatoras 49.9~ ironper extinctionunit

in

of

be

the absenceof ~N03;51.@ ironper extinction

0.005M HN03. The extinctionfactorfclrpu at

approximately150 mg, Pu per extinctionunit.

unit in the presence

515~1 W@found iO

Precautions

1. P.4valencemay causehydrolysis.

2.

Dilutionof the samplewhilestillin the

The resultingwide will go into solution

chlorideis added.

ulowlywhen hydr~lamine hydro-

So[ appreciablydecreasesthe rate of reductionofplutoniumto+s
I

valence. It is presumedto have lit%te”~f~ec~~~~%%~q~titative reduc-
● ●O*...:

:0

tion of the iron, ;MMplm conta&”6”~~~e0;k:fi&a”Dy allowedto reduce
●.D ●**
● ** ●9*● ●●o*●
● **. ● ● .b.

●*9
.:+ ;.$:”:,; .“::0* .: 980 . . ● 9*

,—.
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3.

4*

for 1.2to ~ hours,,

It is convenientto use distilledwateror the plutoniumbzsnkas a

reference. The use of eitheris velidonly if the iron contentof

the reagentsis negligibleand if the

reagent

exceeds

usedas

itselfis negligible.If the

0.010it shouldbe subtracted

ihe reference.Each operator

any parktcularset of reagentsysed.

extinctionof the o-phenanbhroline

exttictionof a reagentblank

from the observedextinctionor

shouldrun a reagentbkmk on

HN03 presentin amcunts.to give a finalconcentrationof 0.005M in the

10 ml. volumeappearsto decreasethe extinctionby about2 Wr cent.

In 0.5 M HN03~the decreaseis of the orderof 90 percent. If the HNO
3

concentrationshouldexceed0.01M (h the final10 ml. volume)it is “

removedbetweensteps2 and 3 by addinga smallexcessof H SO to the
24

aliquotad takingit to drynessin a platinumcmcible underan infra-

red lamp (see?rocedureIV C, Figure2).

Calculations

Expressthe result

Microgramsof

as microgramsof iron pep grsm of p3.utonium.

iron= extinctionx extinctionfactor,

.
● *9 .Q’: ● *8 .0. . .

:
●

●
: :
be

::

● :
:.. . .

● *● 0 ● @* :eb ●:0 :.. ● ,

● * ● **
*O.

● ** ● .

● 0.
.OO . ● ● .*.
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COIORRdETRICDETERMINATIONOF SUB-MICRCKWIAMQUANTITIES
OF BOIWNIN CALCIUMbfETAL

Abstract

OalCiummetal is cvddizedwithwaterand the hydroxidedissolvedin a
..

slightexcessof nitricacid. The boron,in the presenceof sodiumnitrate,

is distilledas methylboratefrom a speciallydesignedquartzstill. The dis-

tillateis trappedin calciumhydroxidesolutionand the boronis estimatedby

the calorimetriccmxmmin procedure.

Applicability

The methodhas been appliedto

axide. It shouldbe equallyuseful

relativelypure calciummetal and calc@m

for othermetalsand similar compounds.

Shce both calciumborateand calciumborideare solublein nitricactixit is

assumedthe methodcan be used to detmmhe boron if presentin eitherof these

forms. Satisfactoryrecoverieshavebeen obtainedwith samplescontainingup to

0.5?boron correspcdingto 5 ppm in a Immg. sample. The upperlimitsof re-

covery$howeverahavenot been detemnined.

Rangeand Limitsof Sensitivity

The procedureheredescribedpermitsthe detemination of boronin the

-e 0.05to 0.5 microgramswhich correspondstoa concentrationof 0.5 to 5

ppn in a 100milligramsample>with an acc~acy of 12 percent. Accordingly,

the lowerlimitof sensitivityis 0.05& ~f boronin the findvolume,of 3 ml.

to whichthe solutionis dilutedfor spectrophotometricdetermination.

2wEus2&
small chips

mill to fineness

analysis.

Reagents

are removedfrcmthe calciummetal pieceand groundin a WLey

-20mesh to +80 mesh. A 100 milligramsampleis takenfor
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3.

4.
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9.

● ✎ ● ☛☛ 9** ..* :0. ● .
● *e*● O:e e:.

● ●

●:CO ; “~
111E-2 ● 9**● ●:0:00●0

Distilledwater,froma doubleBamstead still. If freeboricacid is

presentin the watersupply,it wiXl

througha quartzsfXK1.

Nitricacid,concentrated,c.p. The

ticrogr~ per d. Distillationfrom

Calciumhydroxide,0.1 N suspension,

and distilledwater.

be necessaryto distillfrom

boroncontent

quartzmay be

preparedfrom

Sodium’nitrate,reagentgradecrystals.

Methylalcohol,absolute. Distillfrom

equippedwith(anefficientspraytrap.

than 0.0005microgramsof boronperml.

shouldbe less
.

necesisaqy.

Ns.CM

than 1

boron-freecalciummetal%

sodium hydroxide in a quartzstill

The alcoholshouldcontainnot more

Hydrochloricacid6N. Dilutec.p.concentratedacidwith an equalvolumeof

distilledwater.

Curcumin, 0.1 per centin ethylalcoholjusingc.p.mterial, likeEastmanfs

bestgrade.

EWyl alcohol,95 per cent. Distillfrom NaOH througha quartzstill.

tkalic acid,15 per cent solutionin distilledwater. Use c.p. crystals.

10. Standardboricacid solution,1 ml..containing1 microgramof boron. To

make stocksolution,dissolve35.7mg. c.p.H3B03crystalsand diluteto

250 ml. withdistilledwater. 10ml. of this stocksolutiondilutedto 250

ml. contains1 microgramof boronperml,

11. SOdiumhydrcxide,3 N. Sodium from a solutionof c.p. sodium

distilledwateris electrolyzedimtoa mercurycathodeforming

chloridein

sodiumamalgam.

The sodiumamalgamis drawnoff imtoa qyarbzbeclser,distilledwateradded

O * B&on.free c~ci~ metal was obtainedfrom the Electrometallurgical Corporation,
NiagaraFalls. It was speciallypreparedby electro~ztigcalciumfrom a boron.
freemoltenbath and disti.llingthe met~”tir”ra’uo”~.wf.~n retort.

B-A. :e
● . ..m

● . . ::
● *

●0 ●00●,00●:0:...~

● m*:*O. ● eo ● ●

● *.
●.0 ●
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and snowed to standovernight.10 amperehoursof currentwillyield

sufficientsodiumfor ap~telY 1~ ~s 3 N solution. The NaOH solu-

.~ tion is decantedintoa weighedplatinumbottle. The normalityis deter-

tied by titratingportionsyith a standardacid. The weightof the re-

mainimgNaOI-Ssolutionis detemined by weighingthe bottleand contents,

then subtractingthe weiglhtof the bottle. The volumeof the NaOH solution

is detemninedby this weightand from standarddensitytables. Dilutionto

a concentrationof .3N i? made by addingthe Calculatedvolumeof distilled

water. For a check,a finaltitrationis made with standardacid. The NaOH

solutionis storedin the pl.dinumbottle. Thismethodof prepmation pro-

ducessodiumhydrcucidewith extremelylow boron content.

10

20

30

4.

5.

6,

7.

6,

Four quartzstills(Figure1}.

Spectrophotometer~13eckman Quartz, using absorption

path.

Steambath,with openingsfor four or more vessels,

manifoldand distributingapparatusfor evaporating

from carbondioxide(Figure2).

cells of 1.00 cm. light

equippedwith quartz

h an atmospherefree

Dry5ngoven,10 x 12 x 12 inches,electricallyheatedand thermostatically

controlled.Inserta glasstube

tubenearthe floorof the oven.

and dispersedby blowlmgthrough

placedon the floorof the oven.

Two flasks,volumetric,250ml.,

Fourflasks~volumetric,10ml.~

througha vent in the top, terminatingthe

Tho air stresmis filteredth~ugh cotton

the tube into a 10 cm. evaporatingdish

quartz,g.s.

pyiwx>g.se

Four.flasks,Erlenmoyerj250ml.$ quart~.”;”: . . .●:0 ● *. .*

9
:0 ● :0 ::

TWQ pipats$5 rd.$ grdduatedin 061 ml”;”“i”‘“”●:0‘*o:0”
●e ●*O
● *O ●O*● ●

● ** ●**● ● ● ●e.
●*..: ● ●9O .
● ** ● ea●0: ● O*9*.....* O.
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9. Five pipets,1 ml., graduated.in 0.01ml.

10. Ffiterdome equippedwithmediumporositysinteredglass

Il. Soft

U. Four

13. Four

Procedure

glassdroppingbottle>60 ml.

platinumevaporatingdishes,40 ml. (Quartzbca,kers

beakers,quartz,50 ml.

curve o

that quadruplicatedetezmina%ione

fil.ter.

may be substituted)

.

be made for each

0.1 N 0a(OFI}2suspensionto each

1. Preparationof standard

(It is recommended
.

pointon the standardcurve.) Add 2.5ml.

of severalL@ ml. platinum dishes.~ Add 0, 0.1, 0.2,0.3, 0.4, etc.,up to

0.8microgramof “boron(0.8”nil.standardboricac5d solution)to successive

dishes. lZlaceon the steambath~lowerthe quartzfunnelin place(a

2)$ adjustthe flow of nitrogenso that it ripplesthe surfaceof the liqyid,

and evaporateto ~hyness. Wtch carefullyand remove~ed~te~ ~ker

drynessis reached@

and carefdly dissolve

alcoholicCUZ’CUIIlilland

thoroughly.Placein the dqyingovenwith forcedventilation,at a tempera-

t~ of 55° C.*3” and observetime of drying. I@avein oven30 minutes

allowto cool. To each dishadd 0.25ml. 6 N WI

all precipitate.Next add 0.5 ml. 0.1 per cent

then 0.5 ml..15 per cent ccsdicacid. Swirl.to mix

h excess of time of dry@. Removeand allowto cool. Extractthe contents

of eachdishwith 1 ml. 95 per cat ethylalcohol. Filterthrougha medium

sintersdglassfil.tarcatch- the clearfiltratein a 3 ml. volumetricflask,

tively

ferred

with successivesmallportionsof alcoholuntilall color is quantita.

removed. I)ilutewith additional,~cohol to a finalvolumeof 3 ml.2
t

transfertc a cuvetand stopper. Read the extinctionE (scmetimesre-

to as the opticaldensity)ati~~~ in”m~t@e@rophotcmst.erusing
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95 per centet~l alcoholas reference”.Plot extinctionagainstmicrograms

of boronpxwsent. Repeatin quadruplicatefor each levelof boron. Figure

3 showsa typifxilstandardcurve.

2. Analysisof sample.

P@St 2.5ml. of a 0.1 N Ca(OH)2sus~nsion fitoa clean50 ~0 q~l~~

beaker. Set the quartzcondensertip in place. Placethe beakerin the C02

trap and adjustso the condensertip is beneaththe surfaceof the base (see

Fi&re 1).

Weigh 0.1 gran of cal.ciummetal intoflaskB, keepingthe flaskin a

horizontalpxition.

the tap untilacticm

acidifythe solution

coolunderthe tap.

the flaskhorizontal.

Add 0.5 ml. distilledwater,keepingthe flaskunder

ceases. Add 200mg. NaN03crystalsand then carefully

by adding0.4 ml. concentratedHN03,keepingthe flask

Swirlgentlyto dissolvea-n calciumhydroxide. (Keep

durhg the aboveoperations.) ‘
‘s aoutoof ’03 5=

sufficientfor an excessof 0.1 ml.-%Next add 8ml. purifiedmethylalcohol

and immediatelyconnectflaskB to the condenser.

Pour 50ml. purifiedmet~l alcoholinto flaskA and connectto still.

Placepinchclampin position. HeatflaskA> gentlyat firststo prevent

bumping. Increaseheatgraduallyuntilalcoholvaporscontinuouslypass

throughflaskB. Thenturn on FlaskE heaterand adjustthe Variactomaiu-

tatithe initialvolumein the flaskduringthe entiredistillation.Distill

approximately45 ml. methylalcoholintothe receiver,and then lowerthe

receiveruntilthe condensertip is abovethe surfaceof the distillate.

Continuedisti.llinguntilone or twoml. of methylalcoholhavewashedthe

condensertip. Removethe pinchclampand turn off both heaters.

Placethe receiveron the steamk%~fi~~ l~?~~h~”luartzfunnelinto
● 9...

● ● m ●

~ This conditionof acidityis importantbWMu%”tWfiW%VO~ seemsto ii-z%
in the subsequentdistillationof metkq+~lpq~o:””: : ..O

● **●e..: ●*O 9:
● a. ● **

● **
●9 ● **

●*e ● ● ● .0
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place. Regulatethe flow of nitrogenso that it ri,nplesthe surface.of

the liquidin the beaker,and evaporateto dryness. RemoveLmnetitely

upon reaching dryness, il.low to cool and proceedwith the colordevelop-

ment as describedin (1) above.

It willbe notedthat evaporationon the steambath has left a thin

fti of precipitatecm the wallsof the beake~. It iS essenti~ t~t ~~

this recipitatebe dissolvedby the 0.25m~..6-N @l. This is best accom-

plishedby tiltingthe beakersand rotathg slowly. Care and patience~m

be essentialin developingthi~technique. It i6 equallyimportantthab

the sameprocedurobe followedafterthe additionof the oxalicacid.

Procedurefor totalreagentbLmk

Pipst1.5 ml. 3 N electrolyticNaOH into flaskB. Add 2oOmg. NaN03crystals,

O.kml. cone. HN03and 8d. purifiedmet~l alcohol. Proceedwithdistilbtion

● and colordevelo~ent as describedabove. (Sincethe electrolyticNaOH is boron

free,this procedureresultsin a true reagentblank.)% Determinethe reagent

blankat frequentintervalsto guardagainstcontamination.

%ocedure for tidiwldualrewent blan&

If the totalreagentbknk is greaterthan O.10 extinction units when using

the Beckmanspectrophotcmeter

sary. To detexminethat :art

reagentspxwceedas follow:

Ca(OH)2zHCl, Curcumin,

~ia intoeachof

and reoglercuvets,furtherpurificationis neces-

of the total.blankcontributedby the various

tiiC acid: Measure2.5 ml. of the 0.1 N Ca(OH).sus-

(-tmosphereof nitrogen, ~OWtO COO1and ~OC@30dwith

the colordevelopmentas describedunder Preparationof StandardCurve’l.In

proceedas
i*O iO -

“M@y8is of”Sif&iW,f””

—
.,--
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otherwords,carryout the standardcurveprocedureomittingthe addition

of boron.

Methyl Alcohol: Measure2.5 ml. of the 0.1 N Ca(OH)2suspensioninto each of

four platinumevaporatingdishes. Add 55 ml. methylalcoholfrcma pipet

to eachdish and proceedas above. The valuefor the extinctionobtained

hereminusthe valuefor the opticaldensityobtainedabovegivesthe data

for the calculationof the boro~contentof the methylalcohol.
/

NitricAcid: Pipet0.10ml. concentratednitricacid into eachdistillation

flask,add 8-10ml. purifiedmethanoland imnediate~ connectto the con-

denser. Add approximately50ml. purifiedmethanolto flaskA (Figurei)

and distill,evaporateand developcoloras describedunder ‘!Analysiso,f

Sampletl.The extinctionobtainedin this wocedure minus the totalex-

tinctionobtainedunder ‘tMethylAlcohol”givesthe data for calculating

● the boroncontentof the nitricacid.

SodiumHydroxide: If it is suspectedthat the sodiumhydroxideis not free

from boron,proceedas follows: Carryout the procedurefor the ‘jTotalRe-

agentEWUW, omittingthe sodiumnitrate. The valuefor the extinction

obtainedhereminusthe tota3extinctionobtainedunder-nitricacid givesthe

data for calculatingthe boroncontentof the sodiumlqdroxide. Correction

for 0.4 ml. nitricacidmust be appliedsincethis is a

acidthanwas usedunder “Nitric

SodiumNitrate: The ‘ttotalreagent

Witric acidt~givesthe datafor

Acidll.

blankl~minus the blank

the calculationof the

largervolumeof

obtainedunder

boroncontentof

the sodiumnitrate. Experiencehas shownthe boron contentof reagent

qualitysodiumnitrateto be negligible.

Precautions

1. Observeeverypossibleprecautionto

● ☛☛●’*
9 :

● ●✚☛ :0. . .

● 9:0
:0 ::

&&l&coMl?Lination
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4..

5.

6.

7.

8.

90

10.

I-1.

12.

J.JAii-s

Storeall reagents,exceptwherenoted,in quartzcontainers.Corning728

glassis satisfactoryfor methyland ethylalcohols. The electrolyticNaOt-I

must be kept in a platinumbottle.

When a new quartzstillis to be put ti o~ration, distillthroughit a con-

siderablequantityof methylalcoholto removeboronfromthe surfaceof the

quartz. Experiencehas shovmthat a new quartzsurfaceis contaminatedwith

boronwhichis difficultto remove. It actusJlyrequiresweeksto decontami-

nate a new still. Exercisegreatcarein the use

Keep all pipets,glasswareand stillscrupulously

distilledwater.

Do not use pyrexpipets. (@swtzpiwts me to be

glassseemsto be satisfactory.

Maintaindryingoventemperaturesat 55° C. ~3°.

of decontaminatedstills.

clean. Alwaysrkse with

preferredalthoughKtiall

Keep flaskB coolduringadditionof reagentsto preventloss of boron.

Keep the volumeof solutionin flaskB at the initialvolumeduringthe entire

distillation.

ExcludeC02 from receiverd~ing

enclosurewith the ascaritetube

1).

To preventbumping,do not heat
.

distillation.This is the purposeof the

placedaroundthe receivingvessel(Figure

flaskA too rapidly.

Avoidspttering duringevaporationon the steambath.

Excludeotherwork:,especiallyglassblowing,fromthe

possible.

Calculationsand expressionof results

Expressresultsin partsper millionunlessotherwise

laboratoryas much as

requested.

Calculationsby a methodof leastsq~dr~$”~~ve”~”a~~l~~of 2.29for the
● *O

●*.*Oa..0●.*:.OO●O
standardcurve(Figure3). Thisnumber~cb-catesthe increaseti extinction

●mm ●m.● b ●— *O* ●°0●
● 0e.:: :* : ●—— ●*:
●* :“;;: -. ●*@ ● ● . ..
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causedby one microgramof boronunderthe conditionsof

easein calculatingre~tss the reciprocalof the slope
,

122.

the experiment.x For

whichis giventhe

name 1:ext5nctionfactc}rr!,is used. In this case,the %xti.nctionfactor!?is

$@ or 0.436. The significance,then,of the Extinctionfactor!!is that it

representsthe anountof boron (inmicrogramsof B per 3 ml,) requiredto pro-

ducea changeof one unit in

To calculatethe amount

exttictionby the extjmction

E (increase)=E sample

the extinction.

of boronin micrograms,multiplythe increasein

factor.

- E reagentblank

●

Amt. boron (inmicrograms)s (E sample- E reagentblank)x Extinctionfactor.

EXpressedas partspermillion:

B (p~)= (E sample- E reagentblank)x IQctinctionfactor
samplein grams

Reference

Naftel,JamesA., Anal*Ed., Q, 40’7(1939).

,

—— .—
$$This value for the slopeof the standardcurveholdsfor the t- of smctro-
photometerand cuvetsused here. h ~d~it>.nztl:qOc~~d:}ions;~sting-for
the colorreactionwith curcuminalso @fl@n$e t$e $~o~ The valuegiven
aboveshouldnot be takenas realUnlem”ac%u811y:d&k~ed by experimen~.

●e ●*9● ***O*... ●*

●** ●**● ●
:00 ● ●*. ●r.. ● 00 ● ● ●’.

—
● *.. ● ● *- ●
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CALORIMETRICDETERMINATIONOF SUB-MICRWRAMQUANTITIES
()]?BORON”~ w~~ ~W~OR~E

(Manyof the rei~gents,piecesof appratus and stepsin procedureare

similarto thoseused in l’CalorimetricDeterminationof Sub-MicrogramQuantities

of Boronin Cslciumldetaltl~pp. 111 El to III E-9 in thisManual. To avoid

undue repetition~

be referred to by

materialin that sectionthat appliesto this procedurewill

pagenumber.)

Abstract

Uraniumtetrafluorideis dissolvedin 3 N sodiumhydraxideand 30 per cent

hydrogenpermide. !J!hefluorideion is eitherprecipitatedas CaF2 or complexed

as FeF ‘“”.6 The boron is distilledas methylborate. The qpartzstillsdeg.

cribedunderFrocedure,IIIE, in thisManualare used for distillation.The

methylboratedistillateis trappedin calciumhydrcncidesolutionand the boron

estimatedby the calorimetriccurcuminprocedure.

@placability

Thismethodappliesto relativelypureuranium

-and Limitsof !Sonsitivity

In a 100mg. semple, 0.05 to 0.5 microgramsof

tetrafluoride.

boronhavebeen determined

with an accuracyt10per cent in the finalvolumeof 3 ml..to whichthe solution

is dilutedfor spectrophotometricdetermination.This correspondsto a concen-

tratim range from 0.5 to 5 parts @r

~

The samplemust be finelyground

million.

/

in a boron-freemortar. Coarseparticlex3

willnot dissolvoin the quantitiesof reagentsemployed.

Reagents

Stem all reagentsexceptwhere~ rtz containers.•~—

1. Distilledwater$from a doubleBa#st~ad~%tAl~” d%’ree boricacid is
O*●.=●.s.8*●.. ●.

presentin the water supply, make:s~qik~ qit.1~J$~ and distill from a
● **B* ● *O ●
● &*** ●
● *9 ●0; :.: ●
● m ● 00 ● ● o
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2.

3.

5.

6.

7.

$.

9.

10.

qyartz still.

Nitricacid,concentratedc.p. The

microgram per ml.,

Calciuml@xxide, 0.1 N suspension,

metal.*and distilledwater.

boron content

preparedfrom

3..26

shouldbe lessthan 1

boron-freecalcium

Methylalcohol,absolute. Distillfrom sodiumhydroxidein a quartz

@tillequippd with an efficient

tainmore than 0$0005micrograms

Hydrochloricacid,6 N. Baker?s

boron.

spraytrap. The alcoholshouldnot con-

of boronper ml.

c.p. acidwas foundsufficientlylow in

Curoumin, 0.1 pe3? centin ethylalcohol. Use c.p.materiallikeEastmanrs

beet grade.

Ethylalcohol,95 per cent. Re-=distillfhomNaOH in a quartzstillequip-d

with an efficientspraytrap.

Oxalicacid,crystals,c.p. 15 per cent solutionin distilledwater.

Standardboricacid solution,

make stocksolutionsdissolve

250ml. with distiued water.

1 nil.containing1 microgramof boron. To

%07 W. c ●P. H3B93crystalsand diluteto

10ml. of this

250ml. contains1 microgramof boronper ml..

Sodixml-gdmxide, 3 N. Sodiumis electrolyzed

stocksolutiondilutedto

from c.p. sodiumchloride

or sodiumhydroxidein disti31edwaterintoa mercurycathode,forming

sodixmamalgem. The sodiumamalgamis drawnoff into a quartzbeaker$
%
‘washedthoroughly,distilledwateraddedand allowedto standovernight.

A largepieceof platinumplacedin contactwith the amalgamwill catalyze

O =%Boron-free calciummetalwas obtainedfrom the Electro-Metallurgical
Corporation,Ni.aEare Falls. It WE”=&#’?@xe~%~’b#@rolysis of the
metalfrom a moltenbath freefro~‘botai&s@d: ?li@Wed ti vacuoI
in aiiiron retort. ●* ●**●om●oo● **● e .—

● ☛ ● ☛☛

✎

● O* ● ●

● @m ●** ● b ● ●’e
● ** ● * ● *e ●

● ***e ●
● O* ●0: :e: ●
● * ● 09 ● ● ● *
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15●

the dissolvhg of the

sufficientsodiwnfor

● e
●

●
●

III F->”

sodiummetal.

approximately

is deoantedintoa weighedplatinum

10 amperehoursof currentwill yield

100 ml. 3N solution. The NaOH solution

bottle. The noxmalityis detemined

by titratingport:Lonswith a standardacid. The weightof the remaining

NaOH solutionis determinedby weighingthe bottleand contents,then sub-

tractingthe vei@t of the bottle. The volumeof the NaOH is determined

by thiswei~htand from standarddensitytables. Dilutionto a concentra-

tion of 3 N is mado by addinathe calculatedvolumeof distilledwater. For

a check,a final

is storedin the

sodiumhydroxide

titrationis nmde with standardacid. The NaOH solution

platinumbottle. Thismethodof preparationproduces

withextremelylow boroncontent.

Hydrogenperoxide.,30 per cent. MorckJsreagentgrade.

Ferricchloride,lkkerssc.p. 10 g. FeC13.6H20are dissolvedin 50 m. in-

stilledwaterin a quartzvolumetric

addedand the volumemade up to 100

calciumnitratesolution. To 10 g.

flask,add distilledwaterdropwise

flask. 25 ml. concentratedHC1 are

ml.

boron-freecalciummetal in a quartz

untilall the metal has been oxidized.

Then add the calculatedamountof concentratednitricacidnecessaryto

convertthe calciumhydroxideto calciumnitrate. Diluteto 100~. with

distilledwater.

Hydrochloricacid,concentrated,C.P.

Hydrochloricacid,6 N. Dilutethe concentratedacidwith distilledvater.

APWI’LZtus

The apparatusdescribed,pp.IH E-3 and 111 E4, in thisMahualis used

here.

Proceduxw
●*O ● ●00 ●O*●*●om ● ●b :: ::

● :000 :s00
● ● *

● 0 ●:0 :00 ●:0 :*. ● 0

1. Preparationof standardcurve. .0 .OO
●00● ●

● ** ●*ab b ● ●*e w
● ** ● ● *O ●
● 00, : ● 9*
● ** ● 0:000
be ● 00 ● ● ● ● *

. .
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1

0
Preparea standaticurvein the samemanneras describedon p. 111 E-4

in this Manual.

2. Analysisof

l?i~b 2.5

Set the quartz

the sample.
●

ml..of 0.1 N Ca(OH)2suspensioninto a clean

condensertip in place. Placethe beakerin

50 ml. quartzbeaker.

the C02 trap and

adjustso the condensertip is beneaththe surfaceof the calciumhydroxidebut

riottouchingthe bottomof the beaker(seel?rocedure111 E, Figure1).,

17eigh0.100gram of finelygroundsampleand transferto the distillation

flask. Add lml.

wa?m slightlyand

Aftersolutianis

3 NNaOH and 0.5 ml. 30 per centH202. Shaketo ntbcthoroughly

allowto dissolve. Thisusfiy requiresfiveto ten minutes.

complete,heatto boilingfor thirtysecondsto decomposemost

of the excessH@2 and to removesome of the waterfrom the solution. Coqlthe
.

flaskunderthe tap. .Fromthis pointtwo methodsfor preventingthe distillation.

of fluorideion are available:

Method1. To the cold solutionadd 0.5 ml.

tratedHN03,then shaketo mix. Add 8 - 10

quicklyconnectthe flaskto the condenser.

Ca(N03)2solution,0.20ml. concen-

ml. purifiedmethylalcoholand

Pour50 ml. purifiedmethylalcohol

intoflaskA (seeF&ocedureIII E, Figure1, thisManual)and distillapproxi.

matel.y 45 ml. methylalcoholintothe receivingbeaker

of solutionconstanth the distillingflask. This is

properadjustmentof LheVariacs.

Method11. To the cooledsolutionadd lml. FeC13-HCl

thoroughly. (~ the ‘FeC13-HClsolutionis preparedas

whilekeepingthe volume

easilyaccomplished

solution. Sh&e to

by

mix

directedunder llReagentsl

one ml. will containsufficienthydrochloricacidto give the properacidity).

● Add 8 - 10ml. purifiedmethanoland quicklyconnectthe distillationflaskto

the condenser. Pour50ml. purifiedm?#i#I@c?#o~O?u&$ flaskA, as in Methcd
9*** ●9*9:000

I and distillapproximatelyl~5ml. in;tft&5%c8Wfi&’t3eaker,whilekeepingthe
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Fromthis pointthe procedureis the samefor either

129

method. Beforethe

end of the distillation,lowerthe receiveruntilthe condensertip is above

the surfaceof the liquidin the beaker. Continuedistil:.inguntil one or two

IiL.of methylsl.cbldhavewashedthe condensertip. Removethe pinchclamp

and turnoff bothVariacs.

Immediatelyplacethe beakeron the steambath,lowerthe quartzfunnel “

intoplace(seeProcedureIII E> Figure2, thisManual)and turn on a sufficient

flowof nitro.g’ento ripplethe surfaceof the liquid

Removefromthe steumbath’immediatelyupon reaching

proceedwith the colordevelo~ent as follows:

and evaporateit to dryness.

dryness,allow to cool end

Add 0,25ml. 6 N HC1 to the beaker. Tiltand rotatethe beakeruntilthe

acidhas dissolvedall the residueon the walls. This step is importantand re-

quirespatienceand practiceto developsufficienttechniqueto preventany

lossof contents. ‘i’henadd 0.50nl. of 0.1 per centalcohol-i-ccurcumh and then

0.50ml. 15 per centOYCC acid. Againtilt and rotatethe beakerto bringthe

reagentsinto contactwith the wall surfaceof the beaker. Immediatelyplace

the beakerin the dryingoven at a temperatureof 55° C. ~ 3°. Note when dry-

ness is reachedand continueto heat at the same)temperaturefor an additional

30 minuteperiod. Removefrom the oven and allowto cool. ExLractthe color

fromthe contentsof the beakerwith 1 ml. of 95 per cent ethyl alcohol. Filter

througha mediumporositysintered-glassfilterintoa 3 ml. volumetricflask.

Continueextractingand filtering

has been quantitativelyextracted

Diluteto a ftialvolLumeof 3 ml.

with SQallvolumesof alcoholuntilthe color

and transfe-d to the volumetricflask.

with additionalalcohol.

Pourinto standazxiBeckmancuvethavinga 1.00 cm. lightpath,stopperand

determinethe extinctionat a wavsler@fi~b+54~”r@””u$~95 per centethanolas
● 0000:. ● *

● ● ● *
a reference8olution(l– ●- ●:0● O*●:o● 00●e

●0 ●** ●*****bee 9**● ● 009
● ** ● ●** ● =ilGii#
● **O :0 9**

● 99●..aee:e ●.
●* 99*
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Calculationand expressionof results

EXPI’-S results ~.s wrts Per ~llim un@3s otherwise requested.

The %xMnction factorflobtainedfromthe standardcurvein III Es ~igune “

3, may be used to

To calculate

extinctionby the

E increase=

.“.Amt.Boron

EXpressedas

calculatethe amountof boronpresentin the sample.

the amountof boronin micrograms,multiplythe tncreasein

extinctionfactor(seep. III

E sample- E reagentblank

(inmicrograms)= (E sam@e- E

partsper million,

E-9).

reagentblank)x extinction
factor

Bonn (inPP) = @ esmyle- E reagentblank]x Extinctionfactor
W. samplein grams

Procedurefor totalreagentblank

Sticecalculationof the amountof boron

the boron contentof the rea~entsusedzit is

presentinvolves

necessarythat a

a knowledgeof

Wotsl reagent

blanld~be detemined. This is doneas follorws:ForMethod

carryout the procedurefor analysisof the sampleomitthg

The extinctionunderthe conditionsused here shoulclnot be

I and MethodIX

the weighedsample.

over 0.0700 If an

abnormallyhigh reagentblankis foundit is necessa~ to findthe sour’ceof

contaminationand reduceit by purificationof the reagentor reagentsinvolved.

Procedurefor individualrea~entblanks

The

curcum5rl

a &O mile

blankfor the ‘Scolordevelopmmt’~reagents,Ca(OH)2,HGl, (COOH)2and

is determinedas follows: I%pet2.5ml. 0.1 N Ca(OH)2suspensioninto

plattiumevaporatingdish. Evaporateto dryness& the steambath.

Removethe dish and allowto
.

● Next add 0.50ml. of 0.1 per

per cent oxalicacid. Swirl

cool● Add 0.25ml. 6 N HC1 and dissolvethe residue.

centalcoholiccurcuminand finally0.50ml. of 15

gentlyto~”~~ pl#+”ti:!@ dryingovenat 55° C.
● ✍ ✚ ib i* *O*

~3°, Heatat thattemperaturefor3Q”~~Ye~”@6n&”d&~ess, Remove$aXLo\yto
●* 9** ● ●O****

cool and quantitativelyexbractthe cob; &@!f~&ez~O&~;a finalvolumeof 10.00 ● 99 ● *9
●0 ●00 ● ● ● ●O

‘-
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ml. Read the extincf,ionas describedabove. It shouldnot be over 0.04

extinctionunits.

Met&ylalcohol: PiPet2.5ml. of 0.1 N Ca(OH)2suspensionintoa 75 ml. plati-

num evaporatingdish< Add 50 MG purifiedmethanoland evaporateto drynessin

an atmospherefree from carbondioxidei Proceedwith the colordevel@nent and

esthtion of the extinctionas

shouldbe onlyslightlygreater

develo~entf~reagents.

. tialciwnnitrate:Carryout the

describedabove. The extinction

(0.02units),than that obtained

obtainedhere

for the !Icolor

procedureas describedunder !;Analysisof the

samplertomittingthe weighedsampleand the calciumnitrate. The ‘\Totalreagent

blankttminusthe extinctionobtainedheregivesthat portionof the totalblank

contributedby the calciwnnitrate.

Ferricchloride: Carryout the procedureas describedunder “Analysisof the
.

samplel’omittingthe weighedsampleand the ferricchloridesolution. The total,

reagentbknk minusthe extinctionobtainedheregives

blankcontributedby the ferricchloride.

Nitricacid: Carryout the procedurefor !lAnalysisof

that portionof the reagent

the sample!!anittingthe

weighedssmpleand the calciumnitrate. The extinctionobtained

extinctionobtainedunder ‘tMethylalcoholflgivesthat portionof

blankcontributedby the nitricacid.

Hydrochloricacid,concentrated:Add o.U5nil. concentratedHCl

minusthe total

the reagent

to the dis-

tillationflask. Carryout the distillation,evaporationand colordevelopment

as describedunder llAnalysisof the sample~l.The extinctionobtainedminusthat

obtainedfor the Jlcolordevelo~ent[lreagenteplus the methanolgivesthe ex.-——

tinctioncontributedby 0.3.25ml. concentratedhydrochloricacid. ~t this Con-
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representedby Y. (Actuallydistillaticmsam not made

quantityof concentratedHC1 becauseof the tendencyo.f

withthe methanol].

Sodiumhydro&ide: Add 0.7 ml. 3N electrolyticNaOH and

132

from sucha Zarge

the acid to distill

0.25ml. concentrated

HCl to the distillationflask. Carryout the distillationsevaporationand

colordevelopmentas describedunderI!Analysisof the sample!l.The extinction

obtainedhereminus Wl (seeabove)givesthat portionof the totaletiinction

contributedby 0.75m’L.3 N NaOH.

The precedingparagraphsgive in considerabledetailmethcdsfor dete~

miningtidividualreagentpurity. W practiceit will usuallynot be necessa~

to carryout theseindividualoperations.Experienceha9 shovmthat stificiently

pure chemicalsare obtainableor can be purifiedto a very low bcvroncontent.

Nitricacid seemsto be an exception. DLlpol’ltfsconcentratedcop. acid has been

found,acceptablealthoughits borrmcontentis higherthan that of any other

singlereagentused in this procedure.

Precautions

All.the precautionsdescribedon pp IIIE-7,

here.

Reference

‘tColorimetricDeterminationof Sub-Microgrsm

Metiln, FYooedureIIIE in thisu~ualo

HI?3-8 tithis Manualapply

Quantitiesof Boronin Calcium

● *e ● ● *9 ● O9 ● 9●*9 ● ● ● a
● : :0

● : .0 ●0::
● : ● 0

● O ●:0 :00● 00 :00● Q

● e 9*O ● ** ● ●
9** ●** ● ● ● ●*m
● ● e ● ● 9** ●
● *aee ● *O
● *O ●0: ● *O
● 0 ● 00 ● ● ● ● *
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COKWLMETRIGDE’TERMINATIONOF SUB-MICROGRAMQuantities.
OF BORONIN PLUTONIUMMETAL

(Thereagents,apparatusand procedureused in thisdeterminationare

similarto thoseuseclin ‘~Colorin&ricDe@mination of Sub-microgram@arrtities

of Boronh CalciumMebal[l,pp. III E-1 to 111 E-9 of the Manual. To avoidun-

due repetition~ materialin that sectionthat appliesto this procedurewill be

referredto by pagermmber.)

Abstract

Plutoniummetal is dissolvedin 6 N HC1. The boronis distilledas methyl

“boratefran a speciallydesignedquartzstill. The distillateis trappedin a

calciumlqdroxidesuspension.The boron is esti-matedby the colortietriccurcu-

min procedure.

Applicabilit~

The methodhas been appliedto relativelypure plutoniummetaland to

galliumalloysof the metal containingup to 3.5 atcmicper centgallium. ,

Rangeand Limitsof Sensi,tivf

The proceduredescribedherepermitsthe determinationof boronin the range

0.05to 0.5 micrograms,which correspondsto a concentrationof 0.5 to 5 ppn in

a 100 milligramsmnpl,e,with an accuracyof~10 percent. 0.03microgramsof

boroncan be estimatedwith an accuracyof~20 per centin the fW volumeof

3 ml. to whichthe sclutionis dilutedfor spectrophotometricdetermination.

&?!!@&%

Themetal is cut intopiecesrangingfrom 50 to 100 milligramsti weight.

If surfacecontaminantion is suspectedit is recommendedthat the ssmplebe

cleanedby electrolyticpolishingmethoddescribedon page 1-2 of thismanual.

The metalis then placedin concentratednitricacidfor a few seconds,vm.shed
●*99 b*m9**●*

.** ● ● 9 ● m
:0

in distilledwaterand then in acetonp“m$ aloved:toti&~.
●* 8*O●*e●**● **●*

● ☛ **6 ● *9 ● ●●*.:*.. ● ● ●*9
:e*

●::.:.: y:o”o
● * ● *e *m* ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



9* ● 99

●*O: ●*
● ** ●o*●

m**m O ● O9
● ** ● : ● ** ●

● ** ● ob ● ● ●**
9* ● 00 ● ● *9 ● 9

● ☛ ● om ● ** ● *9 ● ** .*
● ● 00

● : ● * ● * :::000

hi4+2 ● 0●:0 :00● 0 134

●

Reagents

See p. III E-2 of thisManual.

APparatus

The apparatusdescribedon pp. 111 %3 and III E-4 in thisManualis

used here,

Procedure

HEED HEALTHSAFETYRUIXSOUTLINEDIN SECTIONI

1. Preparationof a standardcurve.

Preparea standardcurvein the samemanner as describedon p. ZII E-4

in thisManual.

2. Analysis of the sample.

Piapet2.5ml. of 0.1 N Ca(OH)2suspensionintoh clean50 ml. quartzbeaker.

Set the quartzcondensertip in place.

adjustso the condensertip is beneath

not touchingthe bottomof the beaker.

Manual)o

Placethe beakerin the C02 trap and

the surfaceof the Ca(OH)2smpension but

(SeeFigure1, l?rocedure111 E of this

Pipct 0.25 ml. 6 N WI into the distillationflask. Dropthe weighedsample

(a pieceof metalweighingbetween50 and 100 milligrams)intothe flaskand

allowit to dissolve$this requtiesonly a few minutes. Thenadd 8 - 10 ml.

purifiedmethanolantihmdiate~ connectthe flaskto the condenser. Distill

approximately45 ml. purifiedmethanolthroughthe distillationflaskinto the

Ca(OH)2suspension,at the sametime keepingthe volumein the distillationflask

essentiallyconstant,,This is doneby propercontrolof the Variacs. Lowerthe

receivingbeakerso the quartztip oi’the condenseris abovethe surfaceof the

distillateand conttiuedistillingfor 20 or 30 secondsto washthe tip. Imme.

diatelyplacethe beakeron the stesn?;l$a~&#O~#; &~ invertedfunnel. [See

Figure2$ Procedure311E), Startt&”n?kr&e[l~l~~~d carwmt theevapora-
●m ●,*
● ** ●9*● ● ● ●**
● 8* ● ● O* ●
b*m9: ●

● *aee: ::0
.0 ● .m ● 9 ● ● * -
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● ☛.9* ●
● O*

● 00 o
● ● 9*8
● *

tion in an atmosphere

upon reachingdryness

Add 0.25ml, 6 N

intocontactwith all.

patienceand skillto

centcurcumin

=Mic acid.

tact with all

9*9 .9
b
● * ::
● ● * 1~~
● ● *8**● 0

free frcm carbondioxide. Removethe beakerimmediately

and allowto cool.

HC1 to the beakersincltieand rotateto bringthe acid

the precipitate.This operationis tiportqntand requires

preventloss of’the reagent. Next add 0.50ml. 0.1 per

in 95 percentalcohol$swirlgently,then add 0.50ml. 15 per cent

Again:nclineand rotatethe beakerto bringthe

the wall surfacesof the beaker.

Placethe beakerin the drying

beyondthe dryingtime. At the end

allowto cometo roomtemperature.

beakerwith lml. 95 per centethyl

eintered-glassfilterand catchthe

ovenat

of this

Exti’act

550C.+3°~0 ad

periodremovefrom

the colorfrom the

alcohol. Filterthrougha

reagentsinto con-

heat30 minutes

the ovenand

contentsof the

mediumporosity

clearfiltratein a 3 ml. volumetric flask.

Repeatwith successivesmallportionsof alcoholuntilthe coloris qya.ntita-

tivelyremoved. Dilutewith additionalalcoholto a finalvolumeof 3 ml., shake

and transferto a Beckmanabsorptioncellwith 1.00 cm. lightpathand determine

the extti,ctionat 540 ~ on thl~Beckmanspectrophotcmmter.

Calculationand e~ression of results-———.

Expzessresultsin pm%s per mill-ionunlessotherwiserequested. Informs.

tion obtdned frcm the standardcurvein Figure3, l?rocedure111 E in thisManual

msy be usedto calculatethe boron contentof the sample. To calculatethe

amountof boronin micrograms>multiplythe increasein the extinctionby the

%xtinctjonfactorfl(seep. 111 E-9). “’

E iccrease=E sample- E reagentblank

Borcm (ininicrograms)={Esample- E reagentblank)x Extinctionfactor
●

Expressedas paz%~spermillion: .O:“;”~ ‘~”~:”:O.
::

B (w) s (~ SLU@e IE ~eage~t”&~&~~~f~~fi~~~~~~faC~~r—-—.-——.
wt. samp3.q.;m*~gro#Js:*.: : ..O

● a**e ●ee ●
● ***e ● 00 -.** ●0: ● b*
●e ● mm ● ● . . .
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Rrocedurefor totalrea~entblank—.—

136

Sincethe smountof boron in the samplecan onlybe calculatedif the

amountof boronin the reagentsis lamwn,it is necessaryto determinethe total

reagentblank. To do thh, repeatthe entireprocedurefor analysisof the

sample,omittingthe weighedsamplebut usingthe samequantitiesof reagents

as in an actualanalysis. Underthe conditionsdescribed

blankshouldbe between0.050and 0.070extinctionunits.

greaterthan thisvalue>it is necessaryto determinethe

nation.

procedurefor individualrea~nt blanks——

here$the totalreagent

If this blankis much

sourceof the contsmi-

The blankfor the “colordevelow~flt”reagents,Ca(OH)2,HW (C~H)2 ~-d

curcuminis determinedas follows:Pi@t 2e5~. 0.1 N Ca(OH)2s~pen~ion ~to

a 40 ml. platimn evaporaliz dish. Evaporateto drynesson the steambath.

Removethe dishand allowto cool. Add 0.25ml. 6 N HC1 and dissolvethe resi-

due. Next add 0.50ml, 0.1 pr cent alcoholiccurcuminand ftilly 0.50mL 15

per centwalic acid. Swirlgentlyfor thoroughmhing and @ace 2n the drying

ovenat 55°C.+3°. Heatat that temperaturefor 30 minutesbeyonddryness.

Remove,alLowto cool and quantitativelyextractthe colorand fflterintoa

finalvoluneof 3 ml. Readthe extinctionas describedabove. It shouldnot be

over.O.050extinctionunits.

Methylalcohol: Pipet2.5ml. 0.1 N Ca(OH)2suspensionintoa 75 ml. pl+tinum

evaporattigdish. AM 55 ml. purifiedmethanoland evaporateto drynessin an

atmospherefree from carbondioxide. Then proceedwith colordevelqment and

estimationof the extinctionea describedabove. The extinctionobtainedhere

minusthe extinctionobtainedfor thei“colordevcdopnent”reagentsgivesthe
●**99*●m

increasein extinctioncontributedby t~~~~t~,~o~.~oTh~~increaseshouldbe not
● ● 0 ● *

●* ●**9**●:0:009*
Qver CJO02extinctionunits~

*b ●06 ●**● ● ●*** :’0● 9***
● ** ● ●** ●

● **m* ●.0. ●O: ::.
●* ●99 b ● ● ●*
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Hydrochloricacid~6 N: The extinction foundin the totalreagentblankminus

the totalextinctionfoundunder

reagentbiankcontributedby the

Wethyl alcoholf!givesthat

hydrochloricacid.

Precaution,

AU the

Hanualapply

Reference

precautions

here.

thatwere describedon pp. 111 E-7,

\lColorimetricDe~erminationof Sub-MicrogramQuantities

h!etall’,Procedure111 E of thisManual.

\

portionof the

111 E-$ in this

of Boronin Calcium

● e ● ** ● 9* ● ●
● *+ ●** b ● ● 49*
● *a ● 00 ●

: 2:”;.:::.”
● m ● O**** ● *
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VOYJJMETRICDETER?JINf\TIONOF MICRCWWM CJUANTITIES
OF ACID-SOLUEKXSULFIDESULFUR

Abstract

139

The sulfuris distilledas hydrogensulfidefromacid solutionand ab-

sorbedin an excessof calciumhypochlorite.The sulfideis oxidizedto sfi.

fate and the excesscalciumhypochloriteis detemined iodometrically.Stoi-

chiometricrelationships,however, are not borneout experimentally.@anti-

tativeresultsare obtainedby detexminimgthe titervalues of the reagents

againstknownquantitiesof sulfide.

Applicability

The methodhas hen applied‘touraniumand plutoniummetals

sumablyapplicableto all materialswhichare soluble

theirsulfidesulfuras H@ undersuch circumstances.

tion is to metals.

Size of Sampleand Limitof Sensitivity

The ssmplesizeis determinedby the sensitivity

in2NHcl

and is pre-

and giveup

The principelapplica-

required. The absolute

limitof sensitivityis aboutlW of S. The proceduremay alsobe used for

determiningmil.ligr~.quantitiesof

&?%9!&

1. Ca(OCl)2: Dissolve6-10 grams

the chlorinecontent~in 250ml.

Dilutethe filtratoto one liter

sull?urif 0.1 N solutionsar& employed.

calciumhypochlox%e,U.S.P,$dependingon

distilledwater,shakewell and filter.

and storeW an amber bottlein a dark placeo

Underthese conditionsthe solutionis stable. This solutionis appro.xinately

0,1 N. For use on themicrogram

and redeterminethe t~te~6

2. KI, O>lN.

scalediluteto 0.01N each day beforeuse

●** ● ●:9 ●**9*•“~ ● ● ● ● *
● ☛ ● ☛

30 ~a2s203, O.lNO Diluteto 0.01N.l:or~u&5.: :“ : :
●* ●00●*e●**● *8●*

●* ●me ●**● ●

● ** ●’*● 9 9 ●**
● ** ● ●9* ●
● *9, : 99*
● me ●O: ●.* ●
●m ●*9 ● ● ●*
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5.

60

7.

Starchindicatorsolution

Zincacetate>2 per cent.

Cone.H2S04.

Cone.HC1.

8. StandamlNa2S solution,1

12-KIand Na.#203,.

APparatm

1. Pyrexstill(Figure1).

2. Iml. buretcalibratedin

3. 25 ml. Erlenmeyerflasks.

● m ..8 ..* ● . . .e* . .
● OO ● 0

● OO* ● ● s ::
● m.*#A& : ● *●:0 :00.. Z.&o

saturatedwith Hg12.

mlelmil.ligrame Standardizeagainststsndati
.

hundredths.

4. Pipets,5 RiL., 2niL., lnll., MQA, 50A, 1020

.
Procedure—.

IF PLUTONIUMMETALAND ITS COWWNDS ARE TO EE ANALYZED~HEED HEALTH

SAFETYRULESOUTLINEDIN SECTION1.

1.

“2.

Determinationof titer: To 2 ml. of 0.01N hypochloritesolutionin a 25

ml. Erlenmeyerflask,add 100 $ of sulfidesulfur(100A of the standa~

Na2S solution).Add 2 ml. of 0.1 N KI and 2 dropsconcentratedH@k. Let

the reactionproceedfor 3 -4 min;testo allowthe iodinereaction to go to

canpletion.Titratethe liberatediodinewith the 0.01N thiosu,lfateadd~

2 drops of the starchindicatorjustbeforethe end@nt. Denotethisvolume

of thiosulfateas ~. ShrClarlydeterminethe volumeof thiosulfa% necessqy

to titrate2 ml. of 0,01N hypochloritewithoutany addedsulfur. Denote

thisvolumeof thiosul.fateas ~,

Am.&t— ..

chloritesolutions.

Recoveriesfromthe

whereK i-s the titervaluefor the thiosulfateand hypo-

still: (a) P?i.~~h&su”&d~&&ts of S=”into2 ml. 2
● .9 ***..
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3.

the still. (b) Pipet1 ml. of 0.01N hypchloriteinto the 25 ml. re-

ceivir~flaskand add a littledistilledwaterso that the tip of the con-

denseri3 belowthe surfaceof the solution. (c)Add sufficientcone.

HC2 throughA to make the solutionin B approximately1 N and wash the acid

downwith a Iittlswater. (d) Connectthe air and adjustto am-derate rate

so that the flow is rapidenoughto preventsuckingback when the s%illcools.

(e)Heat the solutioninBto incipientboiling. (f) Allowthe air streamto

sweepoverthe liberatedH@ for 5 minutes. (g)Disconnectthe tip C and

wash insideand out titothe ;eceivMg flaskwith a smallquantityof water.

(h)Add 2 ml. of CI.1N K1 and 2 dropsof cone.H&O&. (i) After3- /+minutes

titratewith 0.01N thiosulfateadding2 dropsof the starchindicatorjust

beforethe end point.

unknovJn3: Proceedas in 2 withoutthe additionof the zincacetate. Intro-

ducethe weighedmnple intothe flask,assemblethe stilland continueas

above. Be sure

sweepinterval.

insurecomplete

thatthe sample

Gentleheating

solution. Keep

is in solutionbeforestartingihe 5 minute

belowthe boilingpointis permissibleto

the air streamflowingthroughoutthe entire

operation.

Blank Procedure

the blankby runnimgthroughthe distillationprocedurewith-Determine

out addedsulfide. The blankis pqsitiveand constantand is apparently

caused@ the destructionof a smallquantityof hypochloriteduringthe

distillation.No blankcorrectionis necessaryif the sulfideis added

directlyto the @ochlorite.

Precautions—.
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●00:
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● ● a

DO not heatto bO~~.

AXLOWsufficienttime for mcidationof iodideby

titrating.

Use suitable

that0.001ml. can be estimated}is adequate.

Theoreti~

The basicreactionsinvolvedare:

s= + &ocl- > Soh=+ 4cl------.

OC1-+ 2~ + 2H+ ~ 12 + H20 + Cl-

I;~+2s203= ~ 21-+ S406=

The reacbi-msused ~m standardizingthe Na2S solutiona=:

s=+ X2 —+ so+ 21-

12 (~CesS)+ 2~203= ---+ 237+ s&06=

Calculations——

Calculate

sulfateused.

w-
● 0;, ● :

● *..

● : :* : ::●:. ● ** ● .●#’.i

lypochloritebefore

buret. One of 1 ml. capacitycalibratedin hundredths,so

microgramsof sulfidesulfurdirectlyfranthe volumeof thio.-

If X ml. are used

Expresszhe resultsin

(A-x)K=if s=

pp.

References-.

1. Kolthoff, S.M., and Sandell,E.B., 1’Textbookof QuantitativeInorganic

~~isf’ ~ PP. 5W-5w~ 639-640~New York, TheMaoMillanCo.~ 1943.
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VOIIMETRIC

Abstract

DJNERMINATIQN

● *9 ● ,:O.. ● m
● 0 6* : ● : (: .
● *9 ●

● *S :e: ● ea
● a . . . ● ● ● ●*:

● D9 ● .

● m ●:0 8** ● *. ● ,* . .
●

L ●: . .
●

::~~1: : :: w
●:S● 00 ● .

OF SULFATESULFURIN PLUTONIUMMiWERIALS

‘thesulfateis reducedto sulfideby means of a reducingndxtureccmposed

of lqdriodicacid>hypophosphorousacid and hydrochloricacid. The hydrogen
.
sulfideis trappedin <ammoniacalcadmiumchloridesolutionand the sulfide

sulfuris then detennimxi

dure for determlnaticmof

Applicability

iodometrically.The methodis basedon LukeYs proce-

totalsuli%rin rubberl.

The methodhas been appliedto plutoniumnitratesolut~ons and is presuma-

bly

can

applicableto otherplutoniumsolutionsand to all plutoniummaterialsthat

be put intosolutionwithoutthe loss of sulfur.

Size of Sampleand Limitof Sensitivit~——.—

Sufficientplutoniumsolutionis takento

fide sulfuror 3 W. of sulfate. Good results

range0.3 mg. to 5 mg. of stiur.

Reagents “

give approximately1 rng.of sul-

tan be obtained,however~in the

1.

2.

3.

k

50

6.

7.

8.

Reducing-we. Mix 160ml. HI (47per cent)j160rnl. concentratedHC1 and

4oInl.H(H.jW2)(30-32percent). Add a few glassbeadsand

m&utes. Cool and storein a brown,gla.ss-stopperedbottle.

HC1, concentrated.

HC104,’70per cent.

12- KX solution,0.1 N.

Da2S203?OgOINo

StandardNa.# solutiion~1 ml.= 1 rng.S .

Starchindicator.

boil for 5

Ammoniacal

nil.,m@H

CdClze I)issolve 10 g. Cd@ .2H
$

&zti$s+~l@dwater,add 500

“.2; ::e::

andctllv.t,eto j U,ters.●. . o:. S1O OSC :00 :0”

● 0 9*O ●** ● ●

99* ●,=*● ● ● ●’.
● *9 ● ●*O ●

● 00* : 9**
:** 9 ●0: ● O*

●*O ● . ● 9*
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9. Tanknitrogengas.

Apparatus

● am
, :*O● ●*C: baa●

● m
● ***.
● 0. ● 0.

● 9,
: ● **

be
:Qs

● 9D . ●00:
bO* *.*

● 0 ●:9 :00 ● 00 ● 00 . .
● ● O.. ::O

9 *,* ::
● : 9*

● ●:0 : ● * ● e
● 9* . . . .*

m B-2 145

L

2.

3.

4.

5.

6.

7.

Distillationequipncnt(Figurel).

Iodinefkui<s~250ml-.

5 ml. buret,calibrated

1 ml. pi@g accurately

PiPets,50A, 100)I.

Graduabedcyltnders,5.,

illhundredths.

calibrated.

25950,250mlo

Evaporatingequipment(Figure‘2).

Standardizationof Rests

1. St&ndaniizethe O.1 N 12-KIsolutionagainstarseniouscxddein the usual.

way.

2. S&ndardize the 0.01N sodiumthiosulfateby carrying1 ml. of the stsnd.wd

sulfide solutionthrough

titeris then a relative

kllOWn amount of sulfide.

procedure1 as describedbelow. The resulting

valuewith respectto the iodinesolutionand the

The blank correctionis alsoeliminatedby this

procedure.

If ~ eqyals

tratethe excess

the numberof millieqtivalentsof thiosul.ateused to ti-

iodinefromthe 0.1milliequivalentsused with 1 mg. of sul-

fide carriedthroughthe completeprocedure~ then

~ = 0.1 meqe - 1/16meq.= 0.0375meq.

The nomnal.ityof tiaethiosulfateis:

where ~ is the numberof

Procedure—.

mi.%~lil.itersof thio~sulfateused in the titration.

● O9 ● .:0
●°0 ● :

● e ●

REED HEALTHSAFETXRUIJ25ClJTLIN8Di-”b&&”W”},—.- — —.
● ☛ ● ☛☛ ● 9*
● O* ●** ●

● -s ● *
● ****O● **9*9*
● e ● oe ●

● ☛☛
● 000

● ,* ●
e::0

● 90
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● O.
:00 ● ●°0: ●*
● **..* .**.
● ** ● 00
● 00 :0: ● m*

● O ● 9* ●
● 00:

● *9*..

● ☛ ●:0 ● ** ● 9* .0. . .
●

● 0
● m:a ● *

● ● ::.:::0 ● ● 9
● *. :.. ..~“i:j.o .

1. Xn the absenceof nitrate:

Place50 ml. of the ammoniacalcadmiumchloridesolutionin the 250

ml. icdineflaskand placein positionwith

touchingthe bottomof the flask. PiPetan

tainingapproximatelylmg. of S ) intothe

the end of the deliverytube

aliquotof the unknown(con-

distillationflask~add a few

glass

flask

boil.

beadsand 20 ml. of the reducingmixture. Immediatelyconnectthe

to the edxill..Placethe heaterin positionand bringto a rapid

When no more H@ comesover (approximately10minutes)~ startnitro-

gen bubblingthroughthe boilingsolutionat a gentlerate. I%MSthe

nitrogenthroughfor 10 - 15 mlinutes.

At the end of the distillationdisconnectthe deliverytube at the

semi-balljointand w~sh dovm the insidewith a few millilitersof water.

Disconnectthe lowerpart of the deli-verytube at the standardtaperjohrt

and leavethe lowerpartin the receiver. Removethe heaterand stopthe

gas stream.

Add 10ml. concentratedHCI to the caddum

iodineflask,stoppertinediately$swirlto mix

When the solutionis cold,removefrom ice bath

sukfidesolutionin the

and placein an ice bath.

and pipet1 ml. of the

iodikesolutionintothe cup of the iodineflask.

stopperso that the iodineis dra~inintothe flask

the H2S to escape. Wash the iodineintothe flask

distilledwater,betigcarvfulat all timesnot to

plete~~. The partialvacuumwill draw in the wash

Shakethe flaskwdl so that all the H$$ will

&utiOUSly ~OOSenthe

withoutalloriigany of

with smallportionsof

removethe stoppercom-

waterwithoutdifficulty.

reactwith the iodine.

A1.lowihe flaskto cometo roomtemperaturewith occasionalshaking. Titrate

with the thiosulfateto the disappeaw~c”~”o$t~~”@~e~”~archcolor,adding
. . .9 ● 9*

thestarchtidcatorjustbeforethe”&xl&m~~● -000.:● ●:0:.0● 0

● * ● ** .:; -
●9*● ●.OO9:::00● ***

●9*Q
● m@o*
● **●0:● **
●e●**● . .O*
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I If more than 1.5 mg. of S: are presentadd 2 ml. of the iodineSOIU.

!t-on. lml. of 0.1 N 12-KIis equivalentto 1.6mg. sulfidesulfur,

2. i

T

the presence01 nitrate:

Nitrateinterferesseriouslywith the procedure.‘J&acesof nitra,te

Y11 prcxlucelow :results.To eliminatenitra.te~evaporatethe solutionwith

5 ml. of 70 per centperchloricacid. Boa the solutionvigorouslyto drive

f

o f all tracesof nitrate. A criterionof sufficientlyvigorousboilingis

t’atno HC104condensesin the distillationflask.
!

A convenientapparatus

1
fr the evaporationis shownin Fare 2. Do not closethe

c PletelYbut clt~Pit so that a SR=llgap is leftbetween

t

finale park of the joint.

Evaporatethe solutionuntilthe volume

removethe nitrateh one evaporation.

not reactexplosivelywiththe reducing

t

p teedwith the cilstillationas

Prec tions

‘T
1. D not passthe nitrogenthrough

semi-balljoint

the male and

is decreasedto 1 . 2 ml. ~S

The residualperchloricacid

mixture. Coolthe flaskand

describedabove.

the solutiontoo rapidly.

+--

2. N“tratemust be quantitativelyremoved.

Calc ations

lf~ml. of 0.01N thiosulfateare used to titratethe excessicdinewhen

1 ml. of 0.1 N iodineis added,

(x ● Oooq 16

0 so~b=: q. S= X 2.99

LiterstureReferences

1. ?JUke> C~L.,Ind.Eng. Chem~$

,

then:

=mg. s’

.

Anal.Ed, & 602 (1934)
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MICROVOLTUMETRICASSAYOF PLUTONIUM

Abstract

Pu as sulfatein 2N H2SOkis reducedto+3 valencewith zinc amalgam ‘

undera C02 atmospkre and is titratedpotenticmetricsll.yto+4 valencewith

eeriesulfate.

Applicabil.5.t~

Themethodhas been used primarilyfor mixturesof +4 and+6 nitratein

1 N HN03,particularlyin

The methodpxmd.tsdtiect

cationsof Ti, V, Fe, Mo,

Hanfordmaterial.as receivedand afterpurification.

determinationof Pu in a soltilesampleprovidedthe

W and U are presentin amountsnot greaterthan 0.02

0.03per”cent. If any one of these ionsis presentin app=ciableamountit

must eitherbe removedor determinedseparatelyand subtracted(usingthe proper

equivalentweightfactor)from the quantitativecombination.

The procedurehem?”giventreatsPu nitratesolutionswhichrequirea

corzwctionfor irononly.

Methodof $smpl~

Aliquotsare takenby weightor volumeas required;threeal.iquotscon-

tainingfrom 1 to 20 mg. of Pu are takenfor assayand two .diquotsare used for
—-

,
determinationof iron.

It shouldbe notedthat,regardlessof precautionst&en in s%oringthe

samplein solution,the concentrationincreasesbecauseof decompositionof water

by alphaparticles.The magnitudeof this effectis relatedto the concentration

of Pu jn the solution. It was calculatedfor one sampleto be about1 per cent

per v.eek,but was found,in combinationwith othereffects,to be somewhatgreater.

Thiseffectpreventsa gas-tightseal of s.amp~eqco~$atiiugas much as 200mg.

Pu per ml. For this reason

the sampleis received,,
..-
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Reagents

1. ~W4$ concentrated.

2. H2S04,1 1’?.

3. Cericsulfate,about

4. Saturated

50 SolidC02

Apparatus

1.

2.

39

5.

60

’70

8.

9.

100

IL

*
0002N in 1 N H2S04.

A%F.
ZincSmaLgamo

for generator.

Detachablesyringepipetcontrolsfor transferringall W

for fillingand emptyingthe burets.

TransferweigM-pipetsmithwaxedtips (Figure1).

Volumetricpipets,waxed tip,calibratedto contain20 to

Thesepipetsarevery simplyconstructedfrom Pyrex@ass

1!53.

solutionsand

100~ (Figure1).

tubingor small

test tubes. The constrictionat the meniscush fineenoughso that a

variationof 1 mm. does not

pipetvolume.

Platinumcrucibles,8 ml.

Evaporationchamber(Figure

Mra-red lamp and Variac.

C02 generator.

Reductionflask(Figure3).

correspondto more than 0.1 pm? cent of the

2).

Electricstirrer>

Suctioncup with syringe

17eight-burets0.!5to 3.0

control(Figure3).

ml. capacity(Figure1). The controlconstriction

is waxedinsideto allowfree gravitydrainageand the tip iswaxed outside
* Standardizedwith Bureauof StandaxdsNaoC~O). .—

~ The amalgammay be prepareddirectlyin $?: ?~ductionflask“byaddinga few
tenthsof a gram of zincto a mIUiliter of me~~~..OAn excessof zinc
sufficientto fozm a solidphaseis #$n!$%~iblqw 1~$ u the *w= is
mobile. ● O: O::. O .

●
●* ●:O ●*99**● *O●*

●* ●O* ...*9O
● 00 .OO● :.:● ●

6*e.* ●

::’:o:e: ● **
● **

●9 ●**.*** ●

. .
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to preventdrainageexceptwhen Wersed in a solutionor forcedwith

syringe. Xf the sameburetis used for the aid point

the titrationits deliveryratewith the tip immrsed

2 mg. of solutionpm second.

Titrationcupsmade ~ cutting15 ml. beakersto half

BeckmanpH meter with calomeland platinumelectrodes.

Procedure

HEED HEALTHSAFETYRULESOUTLINEDXN SECTION1.

as for the rest

a,

of

shouldnot exceed

height.

1. IT’orweightaliquotsweighby differencethe reqtiredamountof sample

usinga cleand~ transferpipet. Transferthe sli.quotsto 8 ml. @atinum cru-

cibles. For volumealiquotsuse cleandry pi.ptscalibratedWo containrt.After

dischargingthe sampleintothe cruciblertie the pipetonce~fith~ N H&04 ~

twicetith water,addingU rinsesto the crucible. Dry the pipeton a vacuum

manifoldand reservefor futureuse. Add carefullyaroundthe side of the cru-

cibleWI ~ of conc.E2S04

ml. Placethesecrucibles

air drawingover them heat

and enoughwaterto givea volvmenot lessthan 0.5

in the evaporationchamberand with a slow streamof

them withthe infra-redlamp at a temperaturesme-

what belowthe boilingpdnt of the solution. Whenmost of the wateris driven

off and the rosecolored+4 sulfatehas precipitated,increasethe temperature

untilthe H#04 fumes. Turn off the lamp and allowthe samplesto cool. When

cooladd carefullyaroundthe cruciblerim enoughwaterto re-dissolvethe 4

sulfate precipitate;0.4 to 0.5ml. shouldbe enough. Repeatthe fumingand

dilutionthreetimes.

2. Charge the reductionflaskwith saturatedzinc smalgam;rinsewith

diluteH@040 Removethe rinsewiththe siphonand raisethe CO% lea vdl.

abovethe surface. With a transferpi~:t”&&fe;S;~”d~~olved samplefrcm
● 0:0

:600

Pnccedure1 into the reduction flask us~ ~“I&”{~:~ ~ ~’&04for rinsing the
● * #** ●9*O :00 ● *9*8*O ● boa 9
● **** 9*8.00 ●*: ●a* ●

● s ● ** ● ● a,
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12.

13*

.&Vu-j

to preventdrainageexceptwhen imnersedin a solutionor forcedwith a

syringe. If the mme buretis used for the end pdnt as for the rest of

the titrationits deliveryratewith the tip immersedshouldnot exceed

2mg. of solutionper second.

Titrationcupsmade by cutting15 ml. beakersto haM height.

BeckmanpH meterwith calomeland platinumelectrodes.

Procedure

H@D HEALTHSAFETYRULESOtJTLIXEDIN SECTION1.

1. For weightaliquotsweighlqydM?erence the requizedamountof sample

usinga cleandry transferpipet. Transf!erthe aliquotsto 8m.1.platinumcru-

cibles. For volumealiquotsuse cleandry pipetscalibratedII% contakll. After

dischargingthe sampleintothe cruciblertisethe pipetoncewith lN H$04 and

twicewith water,addingall rimes to the crucible. Dry the p.ipeton a vacuum

manifoldand reservefor futureuse. Add carefullyaround the side of the cru-

cible150~ of cone.H2S04and eno~h water to give a volumenot less than 0.5

ml. Placethesecruciblesin the evaporationchamberand with a slow streamof

& drawingoverthem heat themwith the infra-redlamp at a temperaturesome-.

whatbelowthe boilingpointof the solution. ;Yhenmost of the water is driven

off and the rose colored+h sulfatehas precipitated-$increasethe temperature

~til.the H2S04fumes, Turn off the lamp and allowthe samplesto cool. Wn

cooladd carefullyaroundthe cruciblerim enoughwaterto re-dissolvethe+4

sulfateprecipitate;C).4to 0.5ml. shouldbe enough. Repeatthe fumingand

dilutionthree

2. Charge

d.ihlteH2SOL.

times.

the reductionflaskwith saturatedztic m~j rinsewith

Removethe rinsewiththe siphonand raisethe C021ead well
●:e ●9.●*

abovethe surface. With a transf;}~~~tr~~$e~~%e dissolvedsamplefrom9.* ●
●* ●**●os●**:.,..

Procedure1 hto the reductionfl~~k,~giqg&@~.oo;’l NR2S04 for rinsingthe
● *9
● *e ● 00 ● 8 *S*
●0s0: ● ●ma ●

● ** ●me: s
S* ::0

●D* ● . ●s
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pipet~crucible$and flaskneck. Lowerthe C02 lead intothe solutionand

regulatethe gas flowto

abovethe surfaceof the

occasionalcheckscm the

a fractionof a cc. per second. Raisethe lead just

solutionfor the rest of the reductionexceptfor

rate. Adjust

half imnersedin the amalgam. Stir at

reductionfor-$-hvalenceis 1/2 hour.

quireoveran hour. A reasonablysafe

the stirrerwith

a moderaterate.

For a time of

rule is 10 times

the solutionto turn fromtan to blue-gray.

3. T?zrnon the pH meter. Select+MV scale.

4. Fill the buretwithmore eeriesolutionthan is

sample. Weighthe filledburetto the nearestO.lmg.

the flattenedend

The minimumtime of

t~ and t6 it my re-

the time requlx’edfor

requiredto oxidizethe

Placethe titrationcup

in the siphon. Stopthe stirrqrand lowerthe flask. Transferthe reducedS017

tion as completelyas possible,beingcarefulnot to drawup any amalgam. (W

gem globulescan be removedwith platinumwire 100PS. Very littlepractice$hc

ever,is requiredto avoidthis error.) Titratewith sfirringimmediatelyh

wltlxha few per cent of the end point——

potenti& Allowto stand.

5. Rinsethe!stirrerand flasksides

between600 and ‘700millivoltscell

with 1 nil.of 1 N HcJSOl. ReducethiI=.+

in the samemanneras the samplefor M? to 15 minutes.(Thisproceduregives~

minimumand reproducibleblank.) Returnthe cup to the siphonand transfert]

rinse. Titrateto the endpotitwith smsll.additionsof eeriesulfate. The e

pointis at about@20millivoltscellpotential

o~rator from a titrationcurve. Interpolaticm

0.1 per

factory

cent of

a find

centfrom any potentialbetweenTOO and

curm has been obtained.

the enc’petiton either

weightare required.

but shouldbe determinedby e

of the end pointis possible

9M millivoltsprovideda sai

‘Weighthe buretat severalpointswithin1

I

I
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Blank Procedure

Determinethe reagentblankin the presenceof plutoniumin the following

WY. Takealiquotsrangingfrom 0.01to 0.100mg. of plutoniumand several

aliquotsof about5 mg. Theseare all takenfromthe ssme stocksolutionor

accuratedilutionsof the stocksolutionsand are treatedaccordhg to Proce--

dure outlinedabove. Sincetheirratiosto each otheram accuratelyknown

and sincethe blankis a very smallfractionof the 5 mg. samplesand an appre-

ciablefractionof the smallerones$the valueobtainedin the 5 mg. samplemay
.

be assumedcorrectfor the purposeof calculatingthe amountin the smaller

samples. The differencebetweenthis calculatedamountand the observedamount

in the smallsamplesis the reagentblankcorrection It shouldnot exceed10

~of plutoniumand shouldbe reproducibleto 2 or 3t.

P~%cautions

1. See Methodof Samp~ concerningerrorsresultingfrom storageof sample.

2. Althoughiron can standfor an hourafterreductionand transferbefore

tion withouterrorin excessof 0.1 or 0.2 per cent— and pure-+3v~ence

10 to 15 minuteYwith aboutthe sameerror,it seemsthatthe combination,

titra-

Pu for

iron

and Pu, is air oxidizedseveraltimesfasterthan Pu alone. Procedureas out-

linedabovehas been shownto give c~uantitativeresultswith combinationsof

iron and F&

3. Si~Lcant errorsin weightand erraticbalancebehaviorhas been observed

when one attemptsto deliversmallamountsof solutionaccuratelyfrom relative.

Iy largeburetshandledwith rubbergloves. The effectdisap~ars when the

buretsare heldwith clean,dry fingersor cottonglovesand for thisreason

the rubbergloveis removedfor initialand fhal weigh~~s.

Correctionfor iron ●** ●●*. . ●:0:0...
● :0. ● *

● : .0 ● e

The procedure for deteminat~~fit%lfbfl;fs;~~O~MicntionOZ Procedure
●O ●00 ●*O ● ●
● O*
● ** .**● ● ● ●m@
● 000

●
:

..9 .

● ** ●0: ●::0
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for 2 ml. ones. The re-

multipliedby 4.28 (the

equivalentneightre.tie)be uncertainby not more than 0.1 per cent of the

totalplutoniumconcentrationseemsto be satisfiedby thismethod.

Precisionand accura~

Mean deviationsof 0.1 per centare usual,of<O.05 per centaccidental,

and of >0.2 per centratherunusuial.Accuracyis demonstratedto a certain

extentby resultson plutoniummetal@ tetrtiluoride.The fo~er assayed .

99.9p= cent plutoni~~th a st~dard deviationof 0J7 per cent on~~-

quotsof one portion and 0.19 p= cent On 6 ~iwts Of anotherPortione NO

resultswero rejectedin calculatingthe etsndearddeviation. The tetrafluoride

assayed100.07per cent pure with a standarddeviationof 0.07 per cent.’

Calculation

mg. PU/nil. of solution=~wt.of eeriesolutionin g) x T
volumeof aliquotin ml.

T=mg. Pu per gram of eeriesolution.

o
● ☛☛ ●●☛☛

●:0:0.●*
● :: 9*

● . .. : :0 ::
● ..e ● 9
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OF URANIUM

Abstract

zinc-amalgam.The+4 uraniumis thentitratedwith standardeerieail-

fateusinga micro-we~htburet.n The end pointis dete~dned by using

orthophenanihroline-ferrouscomplexas an indicator.

Ap@icability

The methodhas been appliedto uranium

plutonium. If iron is present~ it must be

scanpleswhichdo not contain

de~enninedseparatelyand the

titrationresultcorrectedaccordingly.

Rangeand Accurac:;

17rom0.1 mg. to 5 w. of uraniumci~iri be determinedby

described.13estromlts are obtainedIrith1 mg. scmples.

of U3-WY1sulfatecontrols

valuewas 8?. The averaEe

Reagents

1.

2.

3.

8,

2 N sulfuricacid.

the max&unlobserveddeviation

deviationin 17 analyses wcs

0.1N potassiumpermanganate.

1~per cent zficamalgam.

*
Standardeeriesulfate,0.02N.

Carbontetrachlor~de.

Orthophenanthrolino-ferrousindicator,approximately

Dry ice.

Cone.H2S040

Cone. HI$03.

the nethodhere

In the analysis

from the true

less than lrc.

0.01 M.

● *m .●**
.:* ● *. . .

:
● ● .

:..—.~O_u...”* .-.● ..:.~.
% Standardizeby TmWh$ ?ga~st ~VHW :#.~r.~sl%.~so~um Q~~ateO

●O* ●** ● ●:00.
● *b ●*.● ● ● ●O.
● . .. ● 99* .:
● oe ●0: ●
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10. Cone.HCIO&.

Apparatus

1.

2*

3.

4..

5.

6.

7.

e.

Titrationcup (Figure1).

Microue%ht burets(Figure1, IV C).
.

Syringepipetcontrolfor fillhg burets.

C02 generatorwith ou.titetsfor titrationcup and wash bottle.x

Electricstirrer\yithglassagitator.

Nicroliterpipcts$20~capacit~-.

Platinumcrucibles,10ml,

Mfra-red lamp.
.

Procedure

HEED HIMLTHAND SAFE’lYRULESOUTLINEDIN SECTION1.

1. h absenceof nitra&

Fillthe C02 generatorwith dry ice and bubblethe

the wash bottlefor 2 -3 hoursto weep out the oxy~en

gas streamthrough

fromthe generator

snd fromthe waterin the wash bottle.

cleantigsolutionand rinsethorou~hly.

standand adjustthe C02 lead so that a

Cleanthe titrationcup with

Placethe titrationcup on the

fairlyrapidstreamof C02 will

impingeon the surfaceof the solutionto

Fillthe rubberbulb completelywith

be placedin the cup.
.

deaeratedinterand ;~.ttachit

to the cup withthe stopcockopen. Carefullycompressthe bulb so that

the wateris forcedintothe stem of the cup and displacesall of the air

in the stem.Closethe stopcockso thatthe deaeratedwaterfillsthe

stem.

~ A Dewarflaskfitteclwith a tight-fittingrubberstopperwith an outlet
to cup and wash bottlethro~h a Tj ~~?ocasafetyvalveto relieveexcess
Pessure. Fill.the flaskwithdry j.cq ayd ~~I&%&. $ULowa feavhou,rsto
sweepout air beforeusing. ● *.*

● *. ●e::
● .

● 9 ● 00 98* .:. :00 . .

● m.
:00 .

● ea ● .●°0 ●
9*. ● w 9**
● . . . ●

:
● 00 .

● m. ● 0:
●

9* ::0
● ** ● . . ● -
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Run intothe cup 1 - 2 ml. of the zincamalgamand then pipetinto

the cup the nitrate-freesolutionto be titrated. The volumeof the

solutionshouldnot be more than 5 - 6 nil...’tdjustthe stirrerso that

boththe amal$ymand the solutionare agitated. Keepthe C02 stream

runningat all timesdw%~ the detwmination. If the solutionis

neutral.or basicadd sufficient2 N

the solutionapproximately0.05N.

this see (3]below,

H2SO& (USW~y 2 -3 drops)to make

If the solutionis more acidthan

Reducefor 5 ncimutes.Afterreductionadd dropwisesufficientO.IN.

XMnO& (1 drop is usuallysufficient)to make the solutionpink and reduce

a@m for 10 minutesafterthe disappearanceof the pink color. If during.

this secondreduction,

Mn02,add anotherdrop

ducethe Mn02. If

acid.

Follow5ngthe

2..3ml. OfCcl&.

the

the solutionbedomesturbiddue to the formationof

of the 2 N H2SO~and allowsufficienttime to re-.

turbiditydoesnot disappear,add anotherdrop of

10 m&ute reductionperiod,stop the stirrerand add

Carefully open the stopcockand squeezethe bulb gently “

to forcewateraroundthe amalgamand.the CC14layer,in this way washing

the’amalgam.Releasethe pressureon the bulb and allowthe am~am to run

dom titothe bulb. Rep& this operationuntil.a31of the am-.lgem is in

the bulb and the CC24 is dram intothe capillary. At this pointthere

willbc a ~-er of CC].4in the bottomof the cup [md the reducedsolution

above. Wise the stirrerso that it ifillnot agitatethe CClklayertoo

violentlyand wash the stirrerwith 1 ml. of deaeratedwater. Add exactly

20 microli.tersof the orthophenanth~ol!neindicatorand be sureto wash

out the microliterpipetbecause$!y&”&pe~s”@ %wJly calibratedWo
● ● .. Q ●.

● . . ::
Con%h’;t

9*
●0 ●00● 00 .:O :.. .0

● m ● ae 9*O ● ●
● ● ● .** .
● *O

● ● .**
●

● . . .
8*O b

:
● *b ● 0:

●
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Duringthe seconclreductionperiod,

standardeeriesulfatmand wej~h. .Ai%er

● ● m
● 9*O●

● ● **
● ● 00 .
● ● , ●e.
● ** ● ●

.** ● ☛☛ ● 09*
● ●* ::
● 9 ● *

.*
.:. :.0●* 3.62

fillthe microweightburetwith

addingthe indicator>startthe

stirrerand titratetc1a sharpchangefrom red to colorless(or a,veqy

IiShtblqe). Add the eerieqolutionS1OW1:Tnearthe end pointusingvery

smallincrements. The end pointunder properconditionsof acidityis a

sharpcolorchangewhich is

difference& the vroiuhtof

2. In Presenceof nitrate.—

stablefor 5 minutes.

eeriesulfatesolution

Reweighthe buret;the

used in the titration. ,

Nitrateinterferes

of nitratewill produce

To removenitrates

seriouslyin the procedure.Even mall smounts

fadingand irregularend poirh.

beforetitrating,transierthe solutionto a 10ml.

platinuncrucibleanclcwefully add (dovmthe side)2 dropsof cone.H25114.

Heat the solutionunderan infra-rcdlampuntilthe fumesof H2SO&are evi-

dent. Transferthe crucibleto a snail.hot plateand continueheatinguntil

all

not

and

of the acid has beenfumedoff. Be carefulto

ignitethe residue. Takeup the U02S04in 1-

transferquantitativelyto the titrationcup.

avoidspatteringand do

2 millilitersof water

Do not use more than3 - 4

ml. for the transfer. Thisis necessarybecausethe finalvolumeshouldnot

be over 5-6 ml.

3. In ?mesenceof excessacid
.

If the acid concentrationof the solutionto be titratedis greater

tlxm 0.05N, the end pointwillfade and be indeterminate.If this is the

case,or if the acid is otherthan milfuric,fume the solutionas described

under (2).

4. In presenceof or~aniematter

Organicmattermust also be~?~!~e$. .?#~ ~h; samplein a 10ml.
● *

:0
plati.numcrucibleand edd 2MI..$c&ci@N~s~;.H!& ~entlyuntilthe

●* ●D*
● *. ●*9● .
9** 9**● ● ● ●*.
● 0 ● . : : ● *O .
● 0. 9** ●

●

● e ● O, ::.
● .*.
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oxidesof nitrogenceaseto evolve,and add 3 dropsof cone. HC104. Heat

the solutiongentlyuntilthe solutionbecomescolorless. Add more HC104

if necessary. Afterthe solutionbeconesclear,proceedas under (2).

5. For U30S

Dissolvethe oxicleinHN03 and proceedas Under (2).

nldica.tor Blank

An appreciablemount of eerieion is re<.tiredto changethe indicator

and this blankmust bo knownaccurately;the quantityof indicatormust be

measuredprecisely. To do this caremust be exercisedin pipettingthe

smallvolume (20h) of indicator.The indicatorblankis determinedby

carryingout the completeprocedurein the absenceof uranium. Underthe

specifiedconditions,however,tho blankwhichis equivalentto approximately

50rof U need b determinedonly once for the samebatchof indicator.

Theoretical

zinc

reductor,

am~am will.reducethe+6 uraniumonlyto the +lkstate. (Jones

however,will produceamti.tureof+3 and+4.)

U02~++ 2H+ t2e” ---> UO$++H20.

Pema~ate

tivelyeliminates

mined.

is used afterthe

a positiveerrorz

firstreductionstopbecau~e

the exactsourceof whichis

it offoc-

undetcm-

The oxidationby eerieion ‘involvesa 2 eledtronchange,

thereforethe cc@.valentweichtof unfium in this reactionis XL9.09. The

effectof the high acid concentrationis evidentfram the aboveeqwtion.

The lwdrogonion W tend to forcethe reactionto the left and causethe

fadingof the end pofit. ● m. .●*.
●:9 ● ** ● *

● : :
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Precautions

●
● ☛

● ☛ ● ☛☛ .’a●
.OO●

● 0. ● ●***.**. :e ● **
● O*

● O9 ● ● ●*8 I
● **80 .90 ● ● ** b b
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● ::e. . ● 0=.*+e:~~ “ “ ● ●.:O :.e •~ w

1.

2.

3.

L

5*

6.

‘7.

A sufficiently~~.d strem of we C02 Wt ~ blo~ fitothe buP

duringsll operations.

AXl air must be removedfrom the stem of the cup beforeintroducing

the amalgam.

The cup must be cleanso that no mercuryfill stickto the sides.

Acidityof’the solutionmust be approdnntely0.05N.

The indicatormet be added.quantitatively.

The end pointis slxu’pand the incrementsnear the end pointmust be

smallso as not to over-runthe end point. .

All nitrateand organicmatterrust be removed.

Calculationsand IWmession of’ReWlt S

Resultscan be cscpressedin mg. of uraniumor percentagecomposition.

Let N be the ralJ.liequivalentsof eerieion per Sram of solution;then

mg. u= NM19”QN ● (x-b)

wherex is the

b is the grams

gcarils of

of Cc?ric

eeriesulfatesolutionused in the titrationand

sulfatesolutionused for the indicatorblank.
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GRAVIMETRICPROCEDURES
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OF MOLYBDENUMIN I:OIXBDENLM-URANIUMALLOYS

The molybdenumaftero.tidationwith HNO3, is precipitated,filtered,~g.

nited,$uxlweighedas Pb?jo04.Precipitationof uraniumis preventedby

bufferingthe solutionvithNHkAc.

Applicability

Tne methodhas b~en used successfullyfor molybdenumuranim alloyswith

Mo contentvaryingbetween0.5 and 50 per cent.

Methodof SampMn~

The alloyis sampledby cuttingor drilling. Iron

operationsis removedby a magnet.

Size of Sample

The SWllple

gram.

JMa en s

1.

2.

39

4.

5.

6.

7.

1“

introduced

size shallbe suchthat the weightof PbW04 shall

..-

by these

be about0.1

.

1’
HNo, concentrated>c.p.

. . .

NH4 , concentratedc.p.

!
NH4 c, 50 per cent solution.

t- “
I%( C)2, reagentsolution;(40g. Pb(Ac)2”3H20per M.terwith enoughHAC to

pr uce a clearsolution).

‘1i4h3’
2 per cent solution.

HAc, glacial.

M% 1 red indicator.

A

7

ratjm

1. Fourbeakers,400ml.

2. Fourwatchglasses,plain,4 inch.
● ☛☛ ● ● oe O**●*.** ● 00 ● 9

● :09
● *.* :.

● : ii
● e ●:0 :00 ● 00 :00●#

● ☛

✚ “ ‘“”mlllm●**●
● **
● **
● **9*● **.*: ● 8*
● 0 ● me ● ● ● ●9
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4*

5.

6.

7.

8.

9.

10.

Il.

120

13.

u+.

15.

Grsduate,10 tie

W stirrjmgrods,6 tich.

Hot plate,electric.

\7ashbottle.

Two policemen.

Two Fisherburners.

Two claytrian.@eso

Two ring stancls.

Tww ironrings.

Dessi.catercontainingCaC12.

TOWS .

Two No. 2 B @och crucibles;2 Goochadapters;2 filterflasks,500ml.;

mediumGoochgradeasbestos;(or 2 3-inchfunnels;No. 42 llhatmanfilter

paper,end filterpa~r pulp].

Procedure

1.

2.

3.

4.

5*

60

7.

l’Jeighto the nearestO.lmg. duplicatesamplesof the alloyof such size

that eachwill.giveabout0.1 g. of FIMoOA.

Placesamplein 400n11.beakercoveredwith a watchglass. Coversample

with 3 -= 5 ml. cone. HNOq and wamn untildissolvedwith addi%ion

Dilutesolution to about150ml. and

Add 5 ml..~Ctil HAc.

Add concentratedNH40Hwith stirring

add 4-5 dropsofmek~l red

untilthe precipitatewhich

formsredissolveswith difficulty.

Add a 50 pcr cent solitionof NH~Acuntilthe colorof tidicator

of more

ticlicator.

first
●

changes
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9.

10.

169

reagentsolutionfor each0.01gram of Mo present. (Avoida largeexcess.)

Allowprecipitateto settleon steambathfor a few minutes. Add a few

more dropsof precipitantto testfor completenessof precipitation.

DecantsolutionontotaredCkmchcrucibleor No. &l Whatmanashlessfilter

WF= (theuse o::S- filterI=P= PJ-Pa aid filtrationand washing

if fiJ.terpaperis used)and wash threetimesby recantationwith 2 per

cent NH4N03 solution. Transferprecipitateto paperor Goochcrucible

us&g streamfromwash bottlecontaininghot 2 per cent solutionof NH4N03,

polichg the precipitateto removetracesfrom the sidesof ths beaker.

If aGooch cruciblewas used,heat at dull red heatto constantnvightand

weighas I%Moo .
4

If a paperwas used,dry, burn off papercwefully and

finallyigniteto conetantweightandnmigh as Pl&kX3~.

Equations

(1) Mo” f- m~ —4 MCC)4=

(2) Moof + 1%++ ---’%” PbMmk

Calculations

Mo = PbMoo4x

Per centMo =

References

0.26U+

~63.4 X wte F%M004 x MM
Wt. sample

L Scott~sStandardWthcds of ChemicalAnalysis,1, pp. 589-590, New York,

D. Van NostrandCo.,1939,

2. W. F. Hillebrandad G. E. F. Lundell$AppliedInorganicAnalysis>pp.
t

25s-254,NewYork, JohnWiley and Sons,1929.
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MICROGRAVIUETRICDE!IXRXNATIONOF GALLIUMIN PLUTOHJX:-G,4LLIUKALLOYS

Abstract

GaUiutnas GaCLjis separatsdfrom plutoniumby extractionwith isopropyl
.

ether. The GaC13is re-extractedfrom the etherby sha@ng withwaterand is

dctemined gra.vimetricallyas tho 8-t@roxyquinolate,Ga(C9H60N)3.

APPI.ioabilit~

The methodhas

raW@U3 from 0.5 to

been used in analyzing

2.0 weightper cent.

Pu-Gaalloyswith a ga31iumcontent

$$ufficientsampleis takento giveapproximate~ 1 rag.of gallium. Good

resultscan be obtained,however,with as littleas 0.5mg. ~f gallium.

R3w3nts

10

2.

3.

4.

5.

60

7.

Isopropyl ether. Shakewith alkabm. e pmnanganate and redistill..

Mercury,C ●p.

HCl~12 N, standardized.

Sodiumacetatesol.ution~20 per cent.

Alcoholic8-hydrcuyqtio3.inesoZution,5 per cent. .

Phenolphthaleinindicator.

~oni~ hydroxide>COnC,

&w ratl.as

1.

2.

30

Shakingtubes (SW Figure1).

Pipet,1 ml., calibratedin hundredths.

Transferpipets(seeFigureZ)e

4. ‘Steambath.

50 Bu=t, 1 ml.

6. ShakinglMChiXl13c. ●00 ● ●ma ●00 ●*●** 9 ● ● *
● : :

● : ●0 :0 ::
● 0 .* :

7,EIBctrm oven, ‘
● 99*●O999*●9*:.8●0

$3.Beakers,30 ml.. ‘=
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9. E&bber policemen.

10. Wnroe crucibles~ 10 ml., and filieringq?pciratw.

XL. Semi-microbalance.

Procedure

HEED HIMLTHAND SAFETYRULESOUTLINEDIN SUMTIONI.

1. Pre@rationof sampleand extraction.

a.

b.

c,

Cut metal spec5mens eachapproximately1.00

sam@e acouratd.yto

Calculatethe volume

volumeof additional

to703Nin Hcl ina

Mpet the calculated

0.2 mgo

of 12 N HC1 neededto

HC1 and 1i20neededto
*

volumeof 1.00ml.

rug.~m weightand weigheach

dissolvethe Fu3*and the

bringthe resultingsolution

VOklUle of H20 into the shakq tUbS - drop illthe .

metal sample. Add the totalcalculatedvolumeof HCI slowlyfrcxnthe 1 ml.

buret. The reacti6nwill startimmediately upon the additionof the first

drop of acid. Keep the tube inclinedwhileaddingthe acidto preventthe

possibilityof sprayemergingfronithe tube.
———

* In orderthat quantitativeresultsmay be obtainedin the extractionprocedure$
the aciditymust be carefullyadjustedto 7.3 N. At this normalitythe distri-
butionratioof galliumbetweenisopropyletherand water is a maximum.

The equationfcr dissolvingFu “~ acid ~ as follows:
2Pu+61#--+2ti*+3

%The equivalentweightof W is therefore23 /3 = 79.7. If W is the weightof the
ssmplein mg. and N is the actualnomality of the HC12 the volume (inml.) of
acid necessaryto dissolvethe metal iS W / (’?90?)(N)o

I
WA ~e volume of Fhonud Hcl requiredto make 1 d. Of 7.3 N HC~ is Y.sh Id.

The total acid requirementis
.

● and the water mcpired is Vw = (1.00 - Va) ml.
It is evidentthat a numberof approx$mq~ionswy%.b~w made in these calcu-

lations. For example,the volumecltie t~t %cknp$m%s ~Y@ dissolvingof the
metal is neglected the volumesof water *Q.% ~( .a$~@ {&: Fwmmed to be additive~
andW sampleiQ w sumcdtu W UN per ceyt.% (noo::~qctim bdng aade for the
galliumpresent )0 ● 9* (0 ● ● ● 9’*

9*O ● ● 00 ●

● ***9 ● 9*●**..:— ● a@
● 9 ● bb ● 0 ● m 9.
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d.

e.

f.

lS-

h.

ie

3*

k.

iron

● m ●:. ..* . . . ● . . .*
● ● 0.

9 ● e ● m:0 ::: : 3.72~ ;3: ::●:0: ●:. ●**..

the sampleis in solutionsadd & dropsof merouryto reducethe

Presentxand stopperthe tube with a .we.11-greasedgroundglass

stopper. Placethe tubesin the shakingmachineand shakefor 5 rdnutes.

Remove$he tubesfrcmthe machineand add 1 ~, of isopro~l etherbeing

carefulto wash down the stop~r with the first~rtioa added. Re-

greasethe stopperif necessaryand shakefor 20 minutes.

Afterthe shakingallowthe PwAlgIqyerto separatefromthe etherand

swirlgentlyso that a sharpseparationtakesplace. Transferthe ether

@er to a secondshakingtubeby means of the smallerof the tramfer

pipets. Id/ashtho pipetby drawingup an equalvolumeof etherand add-

the etherwashimgsto the secondtube.

With the same pip% againadd 1 ml, of isopro~l etherto the ftisttube,

stopper(greasingstopperif necessary)and shakefor another20 miuute

interval.

Transferthe

etherto the

the sidesof

tube.

stillusing

Add a glass

etherlayerto the secondtube. Add a .smil.lquantityof

firsttubewith the samepipst~invertseveraltimesto wash

the tube @ transferthe ether layer to the secondshaking

the same pipet add 5 ml. of waterto the secondtube.

bead to the secondtube,stopperwith a well-greasedstopper

and shakefor 10 minutes.

Transferthe loweraqueous

a 30 ml. beakercmntaimilmg

laye~by means of the largertransferpipetto

5 ml. of 20 per cent sodiumacetate,1 drop of

phenolphthalein,and 1 tip of amnoniumhydraxide. W-e the pipe%is

passingthroughthe upperetherlayer,expelair throughthe @pet so that
9*8●*m●*

no etheris pem-.t%edto enter. Fill~k?”&$t ‘@t~ @@r and add these
● ● a

● - ●:* :00 ●:0:-0● 0
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washfingsto the beaker.

1. Add 5 ml. of watxx?to the shak@ tubewith the sane pipet,and shake

for 10 minutes.

m. Transfer”the waterkyer to the beakerand

to the shakingt,ube~stopper,inverta few

add a smallquantityof water

times,and transferthis

aqueoualayer

be between15

Precipitation.“

Coverthe beaker

to the beaker. Tk total.volumein the beakershouldnow

and 20 ml.

with a watchglassand heatbelowthe boilingpetituntil

most of the colorc~fthe indicatorhas disappeared.Wash downthe cover

@asEIand add,dropwise,15 drops of the alcoholic84,ydroxyquinoline(5 pw

cent), waitingbetweendropsfm the yellowprecipitateto fo~, Placeon the

stewnbath and cligebtfor an hour.

Transferring,Yash@ and Dry5agof the Precipitate

a.

b.

c.

Transferthe precipitateto a weighed10 ml. @atinum I&woe crucible

usinghot waterto wash out the precipitate.Transferas much as possible

by washingbeforeusinga policeman.Exln?emecaremust be takenin the

transfer

dencyto

Wash the

sincethe precipitateis dkfficultto handlebecauseof itsten-

crawland becomefinelydispersed. .

precipitatein the Munroecrucible3 timeswith hot water.

Inspectthe beakertith R magn.M@ng glass

has been transferred.

Dry in an electricoven at 320° C. for one

balanceroom and weighas W(C#i6QN)3.

to see that aU the precipitate

hour. Coolfor one hour in the

Precautions

L !lheacidityof’the ~ @lJ@cq wqkrk+p accu-telw adjustedtifox’e ex-
8

● ✚
9 ---

●
:0

traction,
:0::: ● e●* c:.:Oa066:$0~,

2. ‘Thetransferof the&&@2& & @@ficult and caremust be used.
● ** 00: ●

● * ::0●***. m**

d

..-
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plentyof hot waterfor

Calcuktim.

v

the
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qxxationo

I’rg. ea “ ~~yJ

per centGa = —sampleVA. ti % o

Literature References
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GRAV?METRIC

Abstract

The ssmple,

DETERMINATION
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OF CARBONIN URANIUM
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TETR.AFLUORIDE

u~cb!SSfFfEU
176

intimatelymixedwithMgO, is burnedat 1000°C. in a

streamof oxygen. Flucdne not ret~ltiedby the U@ ~ trappedby pb020

The carbondioxideformedby oxidationof carbonin the sampleis quan-

titativelyabsorbedon Ascariteand we%ghed.

Applicability

Themethodhas beenused only for uranium

.

tetrafluoride,but it is

expectedthat it wouldgive equallysatisfactoryresultswith certain

otherhalo~en-bear~ jnorganicmaterials.

Methodof Sampling

The fluorideshouldbe finelypowderedby grindingin a cleanporce- J

lainmortarand unifomly mixedby any of the wel.1=-knownmethwis.

Size of sampleand Limitsof Sensitivity—.

Samplesof the o~lerof one to two gramsare used.

sitivityare approximately50 PPU of carbonon a 1 gram

on a 2 gram sample.

Reagents

1.

2.

1 3.

.

Ascarite(soda-asbestos).

Dehydrite@rthur H,,Thomas,auhydrousMg(~~)2].

The lhits of sen-

sampleand 25 ppn

Magnesiumoxide,C-free;it is ignitedh a muffleat 1000°C. for

severalhours.

Pb02made accordhg to Pregl.*

% D@est a goodgrade{>f~2 t~~ to~hree ho- on a steambath with con-
centratedHNC to dissolvebasicoxidesof lead.

e
2

Decantthe HNO fromthe2now black Pb z and washby de=tation ~th =ter ~tfl au of t e I~?03~
removed. Pourthe PbO.jslurryintoa.shald.owdish and dry in an ovenat
105° c. Cut up the dr~edcalci”+ft~t1ib5S”@@.3 - 5 mm.on edgeand rotate
in a bottleto roundthe edges% ~is$ord:tl~sv&& smallpiecesand the dwt.
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1.

2.

j.

4*

5*

6.

79

8.

9.

10.

U..

Multiple-unitorganiccombustionfurnace(Figure1).

Fusedquartzcombustiontube, 20mM. o.d. x MM cm

Porcelaincombustionboats,size6 (Coors).

U-tubecont&xLngDehydrite.

4 U-tubescontahing Ascariteand Dehydrite.

Eubblercontain~ concentratedH2W&.

Variacresistor.

Thermocoupleand pyrometer.

Boathook and r.akea

MilMbe or Wrcelati morlxmand pestle.

Radioactivesourcf3(lmg. raflium).

Procedure

1.

2.

FZKL the ccxnbustiontubewith I’b02p=l.lets.‘Theseare held in place

by rolledcoppergauzeplugsas shownin Figure2> Det&L A.

?Ltththe furnacesmaintatiedat the correcttemperaturesi.e.,approxi-

mately10CX1°C. for the smallunit

the largeunits, adjustthe o~gen

secondand burn out the combustion

Connectthe Llehydritetube and the

as shownin Figure1 and Figure2~\

clean

under

moved

and approximately190 - 20@ C. for

flowto about1- 2 bubble~per

tube apprcxhately6 - 8 hours.

weighedAscaritetube and its tare

DetailB. (Handletubeswith dry

COttOI?.@OV’~i3e) Allowthe tubesto remainon trainfor Somtiutes

conditionsas givenh (2)above. The D@@rite tube iz not re-

frcm

Removethe

APPROVED FOR PUBLIC RELEASE
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m
cocks. Placethe tubes on a suitablerack direct3yover a radioactive

source(1 mg. of r;~di~)and allow to remain15 minutesfor dimipation

of accumulatedstaticchmges.

to attainatmosphericpressure.

balancepan and its,t,areon the

Momentarilyopen stopcockto allowtubes

Placethe absorptiontube on”the left “

ri~htpan and weigh. It is a good plan

at this pointto placethe radioactivesourcein the balanceand reweigh

the tubesafter5 minutesto insure that all stitic chargesare dispelled.

“The30 minuteabsorptionand weighingprocedureis repeateduntflthere

is obtatid a weightincreaseof less than 0.2 mg. per 30

tion period. The combustiontube is then readyfor use.
.

closedfrcmthe air whennot in.use.

minuteabsorp-

It is kept

5. l’Jeighto the nearestmg. a 1 tc 2 gra sampleof the fluorideand transfer

to a smallporcelainor mu33.i_temortar. Add an approximate~equalamount

of ignitedMgO and intimatelynix by gz’lndtig.Vith a sp=ltulatransfer

themixtureto a pre-ignitedNo. 6 porcelainboat. It is not desirable

to use a brushto transfertracesof the mixtureadheringto the mortar

becausebrushhairsmay be introduced.Spreadthe mixtureout evenly

in the boat and overlaywith one to two gramsof Q@ked MgO.. .

6. Hith the furnacesmatitainedat the correcttemperatures,i.e.,approxi-

mately1000°C. for the smallunit and approxinxtoly190 - 200° C!.for

the largeunits,connectthe wzighedAscaritetube and its tare as shown

in Figure1 and Fi&ure2, Deta~J.B. (U.=eottm @nfeS. ) Wke Sme

that the stopcocksare pro~rly aligned. Aftertestingthe assemblyfor

leaksadjustthe mygen flowto about1- 2 bubblesper second.*

* To test for leakscountthe r=c~f~~ in the H Srbubbler at the
?exitend of the trainand alsothe ratein the bubbler not shownin Figure

1) betweenthe combustiontuJxq@. ~h- ~~-w~o~ank. The rateswill lx the
sameif the’systemis ai~=ti@t.: :. : :. . .
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7.

●

9*

Wnove the stopperfromthe frontend of the

means of a boat hookplacethe boat directly

bustionunit. Wckly replacethe stopper.

of the oxygenflow is necessar~.

● 0●=* ●
● **

● oo ●
● *O*
● oe

9*O ● *
●
9* ::

: ::
.*. ● .

3.79

combustiontube and by

beneaththe smallcom-

No furtheradjustment

lfter30 minutesremovethe Ascariteabsorptiontube and its tare

fromthe trainand closethe stopcocks.Replacethesewithanother

wei@ed set t!)detc:minethe blank (seeBlankProcedu.:e).I?laccthe

used tubeson a rackdirectlyover a radioactivesource(1mg. of

radium)and allowabout15 minutesfor dissipationof accumulated

staticcharges. Mcmcntarilyopen stopcocksto allowtubesto attain

atmosphericpressure. Placethe absorptiontube on the leftbalance

pan and its tate on the ri~hipan and wewh. It is a good plan at

this pointto placethe r~ldbactive source in the balanceand reweigh

the tubesafter5 minutesto insurethat dl staticcharflesare dis-

pelled.

Removethe blank

weighas above.

●

set of absorptiontubesafterthirtyminutesand

1

BlankProcedure

Determinethe blankby leavingthe burnedsamplein the furnaceand

replacingthe absorptiontubeswith mother weighedset for 30 minutes.

Sticethe Pb02 losesmuch of its ei’ficienc~-afterabout20 determtiations,.

and since10U blankscannotbe obtainedL“ Pb02 is absent,thismethod

of obtainingthe blankscmvtsto indicatewhen the Pb02
I

Uraniumtetrafluoridelosesall.of its fluorineat

a it is retainedby re~~ctionvi-ththe M@. That escaping
..

shouldbe renewed.

1000°C.; most of

retentionby the
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arereducedto the orderof 0.2mg. or less,whichis that foundon the

trainwithouta sample.

Precautions

1.

2.

3*

The M@ usedmust be ignitedto removeall-carbon. Most MgO contains

mo~e or lessMgC03. It is wellto detefie the carbonleft after

ignitionof eachbabchof M@. It was foundto be negligiblewhenthe

i@ition was done at 1000°C. for severalhours.

ciency

In the

shouldbe detedned freciuentlysincethe Pb02losesits effi~

afterabout20 detennimtions.

dry air of Los .Klamosstaticchargesare very easilybuiltup on

glass. Theseare largeenoughto make prohibitivethe wipingof the

absorptiontubesas is usua~ cone. @ handlingthe tubeswith clean

dry cottongloves,the necessityfor wipingis el&inated and static

charges we greatlyreduced. Even

use a radioactivesourceto remove

otherwisebut slow~ydispelled.

so it has been foundnecessaryto

the sm&U chargesformedas they are

\

Calculation and Expressionof Results——.

The carboncontentis usuallyreportedas partsper millionand is

calculatedas follows:

Wt. (g.)C =LW. (g.)increaseof Ascaritetube,1st O min.minus wb. (g.)

jincreaseof Ascaritetube,2nd 30 min. X 0.2’73

pm c = -M.G.u&d---
wt. of sample m grams

LiteratureReference

ProjectReportCC-433.
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