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CHEMISTRYAND METALLURGYDIVISION

ANAI.YTICALGROUP

C. F. Metz,GroupLeader

ABSTRACT

A spectrophotometricmethodusing8-hydroxyquinolinefor the determ-
inationof galliumin plutoniummetal is described. Themetal is
dissolvedin hydrochloricacidand the plutoniumcomplexedwith citric
acid. Galliumis thenextractedinto chloroformas gslliumquinolate,
and the concentrationof the metalis determinedby colortietric
measurement.The effectsof numerousvariablesare discussed,includ-
ing the interferenceof foreignions. The precisionis k 1 % of the
galliumcontenton ssmplescontainingfrom0.5 to 1.5~U@ams of
gallium. Thisrepresentsa distinctimprovementover the previously
availableprocedure.
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INTRODUCTION

(The gravhetricmethodof Pepkowitz3) has been usedin this labora-

toryfor the determinationof galliumin plutonium. Briefly,this

methodconsistedof isolatingthe galliumby iso-propyletherat-

tractionfrom a 7 N acid solution,re-extractingintowater at pH 7,

andprecipitatingit with 8-hydroxyquinoline.The smallamountof

galliumnecessitatedweighingthe precipitatedquinolateon semi-

microbalances.

The firstimprovementmade in the methodwas the substitutionof a

calorimetricprocedurefor the finalweighing. &hydroxyquinoline

was stillused as.the reagent,but the complexwas extractedinto

chloroformand the colormeasuredat 390 mp. Oxinehad been used in

(a fluorimetrictestfor gallhm 4) but at that timetherewas no

publisheddataon its calorimetricuse. In a recentarticle,Moell.er

and Cohen(2)discussthe calorimetricpropertiesof both galliumand

thalliumquinolatesin chloroformsolutions. The presentprocedure

is a furthersimplificationresultingfrom an effortto eliminate

the tediousetherextractionstepsfor the separationof the metals.

APPARATUSAND REAGENTS

250 ml glassstopperedpyrexbottles.

Automaticpipets.

BeckmanSpectrophotometer,ModelDU, with accessories
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cm, Corex.

aqueousfiltered. ,

AbsorptionCells,1.0

Citricacid,C.P.~ %

&bydroxyquinoline,EastmanWhite Label,1 %

Sodiumacetate,C.P. 20 % aqueousfiltere&

Chloroform,CoP.

RECOMMENDEDmocmm

in ethanol.

to 1.5 mg of galliumin

1 ml of concentratedHC1.

Placetheweighedsamplecontainingfrom 0.5

a 250 ml bottleand treatwith approximately

Aftermakingcertainthat any oxidehas completelydissolved,add the

followingreagentsolutions8 5 ml of

quinoline,and 10 ml sodiumacetate.

individually,or theymay be mixed in

one 25 ml portion.) Swirlthebottle

pointthe pH mustbe adjustedto 5.0 to 8.o. Thismay conveniently

citricacid,10 ml 8-hydroxy-

(Thesolutionsmsybe added

the properratioand addedin

to mix the solutions. At this

be done as follows: The acidsolutionis greenishgreyin colorand

usuallycontainsa precipitate.Add concentratedNH40Hdropwise

with swirlinguntilthe colorchangesto cleardeepred. Tip the

bottleso a thicklayermay be viewed. A samplecontaining100mg

of plutoniumand 1 ml of HC1 ordinarilyrequires4 to 6 dropsof

NH40H. If too much NH40His addedso thata permanentred pre-

cipitateforms,add a drop or two of HCl to causesolution. Add
-

100 ml of chloroform,shakethebottlevigorouslyfor 1!5seconds,

and allowto standovernight.
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When thephaseshave separatedcompletely,withdrawa portionof the

chloroformsolutionwith a syringepipet (SeeFigure4) and fill a

1 cm absorptioncell. Measurethe opticaldensityat 390 m} and at

500m~, usingfor referencea blankwhich containsthe citricacid,

buffer,oxineand chloroform.Make the necessarycell corrections

at both wavelengths,and subtractthe

390y. Obtainthe weightof gallium

by usingknownamountsof galliumand

in the originalsample.

value at S00 mp from that at

from a standardcurveprepared

calculatethe percentgallium

lMmEuMENTAL

Standardsolutionsof galliumwere preparedby weighingthe pure

(99.9%) met~ and allo~g it to ~ssolve in concen~atedHC1 at

room temperature.A stockof gallium-freeplutoniummetalwas avail-

able. Thiswas dissolvedinHCl as necessary,and addedto the

galliumaliquotse Solutionsof La, Mg, Al.,etc.,were preparedby

dissolvingthe chloridesof thesemetalsin water.

The StandardCurve

The standardcurveshownin Figure1 was preparedfrom the analysis

of knownamountsof gallium,containingsufficientplutoniumto make

the galliumapproximately1% of the totalweight. The curveis a

compilationof the resultsof analysesof two differentgallium

standards,eachrun in duplicateand repeatedon a differentday.
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Effectof Iron

It was foundthat

lateis extracted

under

along
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the conditionsof the procedure,ironquino-

with the gallium. Figure2 showsthe absorp-

tion curveof 1 mg of galliumin 100 ml of chloroform.The absorption

curvefez-500microgramsof iron in 100ml of chloroformis shownin

the samefigure. It is readilyseen thatif 390 mp is used for the

measurementof gallium,a correctionfor ironwill be necessary. It

can alsobe seen that the absorptionof galliumquinolateis negligible

above48o mp~

ments. Since

and at S00 ~

and this conclusionhasbeen checkedby

the absorptionof iron quinolateis the

(SeeTableI), the ironcontributionto

carefulmeasure-

ssme at 390 mp

the gallium

readingcan be correctedby measuringthe densityat SOO m~ and sub-

tractingfrom that at 390~.

TableI

Comparisonof OpticalIknsity
Readingsfor Ironat 390mp and S00 mp

Micrograms
of Eon

5
10

~05
25
50
50
100
100

390 mp

.007

.021

.021

.026
,070
.137
Owl
●339
.360

500 rnp

.015

.019

.027

.032

.070
,IJ+o
.U7
.334
●361

Difference

+ .006
- .002
+ .006
+ .006
.000

+ .003
+ .006
- .005
+ .001
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Effectof pH

The pH dependenceof the extractionof plutoniumfromsolutionscon-

tainingonlyplutoniumand the usualreagentswas testedover the

rangefrom 3.0 tO 10.50 In this intervalthe amountof plulxmium

passinginto the chloroformis negligible.At lowerpH valuesthe

separationof phasesis very slow,while at pH greaterthan 9.0 the “

plutoniumcan be extractedmore or less completelyto the chloroform.

With galliumaloneunder the ssmeconditions,extractionof the COm-

plexwas unvaryingfrompH ~.O to 9.0. With increasingaciditythe

galliumbecomesinsolublein the chloroformphase. The buffering

actionof the saltspresentis quitestrong,so that adjustmentof

the pH is not difficult.Sampleswhich havebeen adjustedin the

mannerdescribedin the procedurehavebeen foundto fall quiteuni-

formlybetween5.5 and 6.5.

Effectof Valenceof Plutonium

Citricacidformsa complexwith both +3 and +4 plutonium,and

neitherone is extractedinto chloroform.The additionof hydrogen

peroxideto the originalPuClasolutionhad no effecton the reading

obtainedfor gallAum. It maybe observedthat in any case all the

plutoniumis oxidizedby the time the phaseshave separated.

Extractionof Plutonium

Figure3 showsthe absorptioncurveof plutoniumquinolatein chloro-
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form. One milligramof plutoniummetalwas used,so the absorption

at 390m~ is quitestrong. The readingat S00 m} wouldcorrectfor

approximately

The amountof

one-halfthis absorptionin additionto the iron.

plutoniumextractedfrom citricacid solutionas a

functionof the totalamountpresentwas investigatedin a seriesof

samples. TableII shows the rnunt of plutoniumpresentand there-

sultsobserved. No galliumwas usedP It is clearthatthe amount

extractedis extremelysmalland nearlyconstantover therangein

whichit is proposedto work. Even the smallamountshownis largely

correcbd by the preparationof the standardcurvewith samplescon-

tainingplutonium.

Table II

The Extractionof Plutonium

ResultingError
Pu Present at 390mp

32.2mg .00S (opticaldensity)
55.2 .007
90.3 .007
196.4 ●010

Sincethe amountof plutoniumextractedappearsto be nearlyinde-

pendentof the quantitypresent,and sincethe standardcurvewas con-

structedwith samplesin whichthe galliumwas approximately1 % of

the plutoniummight, samplesof low gallhm contentwould givebiased

results. Ths magnitudeof thiseffeetwas measuredon two setsof six

determinationsin which the gallium contentwas made only 0.2 %. The

9**● ●O* ●00●O
#: ● ●

●“;*:!”;!
●o ●“.*●**●00● 00●*
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resultsat

no concern

thisextremewere foundto be 2 % high,so the erroris of

forroutinework.

Effectof Orderof Additionof Reagents

Variationsin the orderof additionof reagentshaveno effecton

eitherthe colorintensityor the timerequiredfor its development.

For example,samplesin which the citricacidwas withhelduntilall

the otlx?rreagents,includingthe chloroform,had been added,showed

no differencefrom controlsin which the citricacidwas addedfirst.

Measurementof Rea~nts

A variationof 2 10 % in the

ducedno changein the final

amountof citricacid and of

amountof 8-hy&o~quinoline addedpro-

result. The allowablevariationin the

the buffersolutionis at leastas great.

The chloroformshouldbe measuredwith care however,and the amountof

ethanoladdedwith the oxineshouldbe controlledbecauseit is par-

titionedbetweenthe waterand chloroformphasesaboutequalw.

As suggestedin the procedure,the &hydroxyquinoline,citricacid,

and sodiumacetatemay be mixed in theproperproportionand addedat

once. A ~chlett pipettorhas been foundvery useful. The effectsof

suchmixingon possibleagingof the oxinesolutionshas been checked

with negativeresultsup to 10 days storage. The permissibleage

limitof the ofie solutionhas not been determinedbeyondthat the

sinceit is used up rapidly.
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Themethodhasbeen developedfor the determinationof galliumin

quitepureplutoniummetal. In TableIII someof the more commoncon-

taminantsare listedand theireffectson the analysisshown. The

quantitiesused are approximatelyten timesthosenormallyencountered.

The testswererun as follows8 A groupof samplescontaining504

microgramsof galliumeachwere measuredout fkom a standardsolution,

and approximately50 mg of plutotiumwere addedto each. Ten of these

mre set aside

theremainder,

metalsshown~

50 mg sample.

for controls,(onesmnplewas subsequentlylost),and

in groupsof five,receivedthe amountsof thevarious

The amountsof theseions are calculatedto ppm on a

TableIII

Effectof ForeignIons

No. of Ave. GalliumRecovery
Element Samples in Micrograms

None 504
100 ppm Li ? 50S
100ppm Mg 5 505
100 ppm Al 5 506
100 ppm Na 5 502
20 ppm B 5 ~o~

1000ppm La 5 504

Statisticalanalysisof thesedata indicatesthat thereare no sig-

nificantdifferencesamongtheseresults.
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Pyrex Pi pet, 4. ml.

enlarged

Figure 4

Transfer Plpet
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ColorI13velopnentand Stability

Whilethe routineprocedureis designedto allowthe naturalsepar-

ationof the chloroform,a centrifugemay be used to sdvantagefor

quickanalyses. One hour is a sufficienttimefor fulldevelopment “

of the mlor ~ and the solutionmsy then

ticaldensitymeasured. The chloroform

showvery slightchangeupon standing.

typical.

Table IV

be centrifugedand the op-

solutionsof galliumquinolah

The dataof TableIV are

ColorStabilityof GalliumQuindate in Chloroform

Timeof Standing
SampleMoo lDsy 3LkJya 10 DSYS

B1 .189 ●190 .214
B2 .954 .957 ●9a
B3 1.427 1.h37 1.437

Thesesampleswere aged at room temperaturein the glass-stoppered

bottlesin which the testwas run. The increaseshownby B1 between

the thirdand tenthdays is probablynot the resultof a colorchange

at all,but is due to the lossof chloroform.Such loss is slowed

by thewater layerover the chloroform,and no clifficulty from this

sourcehas everbeen observedwith samplesstoredtwo or threedays.

When storedfor 3 neeks in sealedtubesa slightdecreasein absorp-

tionwas noted.
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Purityof the 8-hydroxyqUinoline

It has been foundthatdifferent
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bottlesof 8-hydroxyquinolineproduce

measurablydifferentresults. TableV showsthe resultsof analyses

run with materialfromnine differentbottlesof EastmanWhiteLabel

reagentand indicatesalsothe improvementobtainedby recrystallizing.

Eachresultshownis the averageof triplicatedeterminations.

TableV

Variationin GalliumRecovery
With DifferentBottlesof Reagent

BottleNo. Untreated Recrystallized

1
2

5
6
7
8
9

;;:: $ 101.0$
99.8

100.6 100.0
99.8
;?:; 100.0

99.8
98.7 100.0
98.7 99.6
99.6 100.1

The recrystallizationis made from alcoholas follows: Dissolve

S gramsof the salt in 50 ml of w- 190 proofethanol,and filter

the solutionif necessary.Precipitatethe oxineby the additionof

200 ml of distilledwaterwhilest~ing the solutionvigorously.

Collectthe crystalson a frittedglassfilterandwash oncewith

water. Aftersuckingthem as dry as possible,heat at SO to 60” C

for about8 hours. The recoveryis approximately80 %.
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It is destiableto checkeachrecrystallizedbatchby analyzinga

knowngalliumsample,and if the purificationis donein 25 grsm lots

thisis not much trouble.

PRECISIONOF THE RESULTS

A seriesof replicatesamplesmere analyzedwith the results’shown

in TableVI. EachcontainedSof+microgramsof galliumand 50 mg of

plutonium.

TableVI

Recoveryof GalliumfkomKnownSamples
(inMicrograms)

502 504 500
504 ~01 506
504 502 51.2
504 508 ~0~

504 509 ~o~
502 505 ~og

509 503 503
~02 505 510

Themean weightof galliumrecovered

ard deviationwas 2.8 micrograms,so

502 504
500 501
503 ~oo
503 508
502 gob

505 504
508 504
506

was504 micrograms. The stspd-

that95$ of the individuals

in any seriesof determinationsmay be expectedto differfrom their

truemean valueby no more than 1 %.

In TableVII are shownthe resultsof ~0 analysesmade on one sample

of plutonium-galliumalloy. Themean valueof the gtium assaywas

1.0S%, and the standsrddeviationof .01% is approximately1 % of
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that figure.

TableVII

GalliumContentof PlutoniumMetal.

(inPercent)

1.07
1.o6

1.05

1.05
1.o6
1.05

1.o6
1.05

1.06
1.05

1.05

1.(26

1.06
1.05

1.05
1.06

1.04
1.06

1.06

1.05
1.06
1.07

1.05
1.07

1.05
1.04

1.06

1.05

1.06
1.06

1.06
1.07

1.05
1.05

1.(%

1.05
1.06
1.04

1.05
1.05

COMPARISONOF THE METHODS

One ratherimportantcriterionin evaluatingan

the smountof timerequtiedper analysis,since

analyticalmethodis

thishas a directre-

lationshipto the personnel,equipnent,and spacerequtied. The grav-

imetricmethodrequiresthe full attentionof one operatorfor eight

hoursto complete18 determinations.Colortietrically,90 detamin-

ationswith the associatedcleaningand bookwork can be done in 8

hoursthoughnot on the same day.

The precisionobtainedis~ of course,the primeconsideration,and the

two methodshavebeen exhaustivelycomparedin this respect.

The authorprepared20 samplesof 504 microgramsfrom a galliumstand-
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ard solution,and addedto each approximately100 mg of

plutonium. Ten of thesewere analyzedcolorimetrical.ly

gallium-free

and 10 were

analyzed~ the methodof Pepkowitz,followinghis procedureexcept

that the oxinewas recrystallized.The vsriancesof the two seriesof

resultsmre comparedby Fisher’stest (as describedbyBrownlee
(l),

and it was foundthatthe valueof the varianceratiowas w. The

varianceratiotablegivenby Brownleegives10.4for the .001sig-

nificancelevelwith 9 degreesof freedomin each set. tire is, there-

fore,a virtuallycertaindifferencein the reproducibilityof

methods,and the colortietricmethodis the more reproducible.

To avoidany possiblebias of the author,therest of the data

portedherewill be takenfrom the work of otherindividuals.

the two

re-

Six differentplutonium-galliumsampleswere analyzedby both methods.

The ansJystwho performedthe gravimetricdeterminationshad 2 years

experiencewith the procedure. The data are shownin detailin

TableVIII as SeriesB. Usingthemethodof Erownleethe variances

in all the gravimetricresultswere averagedand comparedwith the

averagedvarianceof the calorimetricresults, In thiscase the

valw of thevxiance ratio is 5.01. In thevarianceratiotablesfor

the .01 significancelevel,m find6.9. From the pointof view of

the statistician,the experimentwas not well designedsincethe calor-

imetricdatahave too few degreesof freedom. However,tk rather

interestingconclusionmay be drawnthat about95 % of the the dupli-
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catecalorimetricanalyseswill offeras good precisionas averaging

8 gravimetricanslyses.

TableVIII

Gravimelmic

ccmparison of Methodsin SeriesB

Colmimetiic

The analysesshown

1

1.09

1.07
1.08
1.10

1.06
1.10

1.05

1.o8

1.I.2
1o11

2

1007
1.07
1.04
1.I.3

1.08

1.00

1.04

1.02

1.04
1.10

~

1.o8
1.12

1.07
1.10

1.05

1.0s

1.08

1033

1.05
1.06

in TableIX as SeriesC

4
1002
1.01
La?
.99
.96

●99

.97

.99

.98

.99

5
1.12

1.08
1.I.I.
1.08

1.07
1.05

1.SL

1.08
1.I-1

6

1009
1.08
1.07
1.09

1.07
1.07

.98

1.09

1.09
1.11

are takenin sequencefrom

the lastanalysesperformedby the gravimetricmethod. SeriesD in

TableX showsthe resultsof duplicatecolorimetiricanalyseson the

sametype samples. If the assumptionis made that thesesamplesare

essentiallythe same,and no reasonto doubtthis is known, ue may

calculatethe differencebetweenduplicatesin each set and apply

Fisher$ssignificancetest. The ratioof the variancesturnsout to

be 73.0/1.3,andthereare 71 degreesof fieedcmassociatedwith each

memberof theratio. The value57.5for the ratiois comparedwith the

value 1.9 from the tableof varianceratiosat the .001levelof sig-
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nificance.

exists,and

Thereis

thatthe

.98
1.02

1.33
1.33

.89

.94

1.X2
1.03

1.10
1.00

1.10
1.13

1035
1.28

●9L
.97

●99
1.00

● ☛ ● ☛✌
● ☛

● ●
s● :

● ●:0

thereforeno

colortietric

● O9 ● *8 ● *, ● *
● **
●e
●
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●
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doubtthata significantdifference

methodis more reproducible.

TableIX

Comparisonof the Methodsin SeriesC

(Gravimetric)

1.03
1.X2

1.16
1.36

1.36
1.29

1.1!5
.99

1.27
1.24

1.18
1.10

1.38
1.26

1.00
1.07

1.41
1043

1.06
1.02

1003
.99

.97

.97

1.18
1.34

1.M
1.18

1.13
1.10

.97

.99

1.07
.92

.94
1.10

1.08
1.27

1.16
1.05

1.04
1.05

1.36
1.30

1.34
1.26

1.09
1.23

M

1.24
1.33

1.22
1.13

1.11
1.05

1.42
1.40

.99
1.00

:2

L45
1.38

●93
.96

.99
●95

1.00
.98

1.09
1.04

1.31
1033

1.26
1.16

1020
1.21

1.22
1.17

1.30
1.24

1.04
1.12

1.23
1.32

1.29
1.19

1.U
1.20

Variance 812= 5276- ~

71
= 73.0

1.21
1.29

1.25
1.30

.96

.89

1.2b
1.30

1.37
1.18

1.04
1.04

1.05
1.00

.81
● 77

1047
1.45

1.28
L31&

1.21
1.20.

1.25
1.05

1.66
1.49

1.U
1.02

1.26
1.29

1.32
1.29

1.52
1.58

1.15
1.09
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.99

.89

.89

.92
●91

1.15
1.16

1.24
1.25

1.25
1.25

.94
●94

1.10
1.08

1.19
1.16
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TableX

Comparison of theMethodsin SeriesD

(Colortietric)

1.05
1.05

1.09
1.4

●94
.96

1011
1.08

1.09
1.06

1.08
1.08

.93
●93

1.12
1.09

1.20
1.18

.94

.92

●93
.94

1.42
1.42

.93

.94

10u
1.11

.9’7

.97

.94

.94

.58

.62

1.29
1033

1.38
1.34

1.05
1.01

1.24
1.24

.99
●99

1.21
1.24

.82

.84

1.06
1.06

.93

.94

1.50
1.53

1.15

1.15

1.1.1

1.13

1.26
1.27

1.11
1.11

1.07
1.06

1.04
1.a?

.94

.97

1.o8
1.08

1033
1.32

1.11

1.13

.98

.99

.91
●93

1.24
1.23

1.04
1.04

.99
1.a2

.99

.98

1.08
1.09

1.17
L1-b

= 1.27

.94

.93

1.06
1.04

.97

.97

1.15
L 16

1.08
1.10

.98

.99

1.18
1.17

1.18
1.16

1.34
1.32

s:

.96

.95

1.04
1.03

1.21
1.20

1.30
1.28

.96

.98

1022
1.25

1.20
1.18

1.33
1.31

n’ ‘-’

Pepkowitzoffersa tale of typical.analyticalresultsin LA-425.

Makingthe same assumptionthatthereis no essential.differencein the

samplematerial(againthereis no reasonto supposeotherwise),the

vsriancesof this set of resultsmay be comparedwith SeriesD. In this
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imetric), and they

numericalvalueof

significancelevel
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are calculatedto 12.1 (gravimetric) and 1.3 (color-

have 15 and 71 degreesof freedomrespectively.The

the ratio

we obtain

of the superiorprecisionof

is 9.6,‘andfrom the tablefor the .001

3.3. Again,thereis definiteindication

the calorimetricmethod.

The differencein reproducibilitybetweenthe two proceduresis de-

finitebut hardlysurprising.In the iso-propyletherextractionof

the oldermethodno fewerthan6 phaseseparationsmust be made, and

thismust be followedby theprecipitation,filtration,washingand

weighingof a minuteamountof galliumquinolate. In the colortietric

procedureon the otherhand,once

ferredto thereactionbottle,no

ceptto withdrawa portionof the

opticaldensity.

the solidsamplehas been tians-

furthermanipulationis requiredex-

chloroformfor measurementof its

CONCLUSIOK5

A simpleand precisedeterminationof galliumin plutoniumis possible

by formingthe citricacid complexof the plutoniumand separatingthe

galliumas quindate in a singlepass extractionwith chloroform.The

concentrationof galliummay thenbe determinedby measuringthe ab-

sorptionof the chloroformsolutionat 390 mp. In the highpurityplu-

toniummetalforwhich the procedureis intended,the only element

knownto interfereis iron,and a correctionis easilyapplied. The
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precision,or reproducibili~,of themethodis t 1 % of the

contentoverthe rangerecommended.
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