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ABSTRACT

The effects of a number of factors om the cupferron extraciion of plutoniusz

have besn Observed durlng attempts to apply 1t t0 the amalysis of biological mater-
ials. These effects are presented in some detail.

The ferric cupferride complex
is shown to be stronger than the plutonium cupferride complex.

A msthod is proposed
for the assaying of hexavalent plutonium for small emounts of reduced plutonium.

The method is based on the cupferron extraction.
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FOR ESTIMATION OF TRACE A4OUNTS OF PLUTONIUM

INTRODUCTION

Trace amounts of plutoniuwm can be separated gquantitatively from relatively
large volumes oOf solutions by the cupferrom extraction method, Counsidersble
information regarding the cupferron extrsction of plutonium has besn collected during
nuzerous attempts 10 adart the procedure to the anelysis of biologlcal materials.

It is Lelieved that some Of this information may be of general interest.,

PETHOD OF EXTRACTION

The cupferron method of extracting plutonium used in this laboratory, is
briefly es follows: ﬂ

The solution to be extracted is placed in a separatory funnel and the geidity
aﬁjusﬁed with NH40H elther to the green of methyl violet or, Iin the case of urins,
feces, ard bome ash solutions, t0 the golint of precipitation of Ce and Mg salts
whers the concentration of those metals is high. At least 1 mi of &% aqueous
cupferron solution is sdded and the separatory funnel shaken for one-half mimmte, If
~ the iron contsnit is high, as shown by a voluminous red-brown precipitate, more
than one ml of eupferron shouild be sdded. After shaking with the cupferron, 2 mnml
of CHCl5 are sdded and the funnel sgain shaken for one<half minute. The CHCIS
is drawn off, and a second portion of CHCly added, shaken, ard drawn off, This
process 1s repsated until the CH015 is colorlessy; 4 or 5 portlons sre ususlly
sufficient, 1f the addition of a few drops of cupferron to the sample now produces
s white precipitate, the extraction is complets, If a red-brown precipitate forms,
iron is still present, and the extraction must be repeated.

The CHCl3 phases are combined in a 40-ml centrifuge tube and evaporated

to drynoss in a water bath at 70° G, The residus is treated with about 1 mi
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conc, HNOz and alicwed to remain in the water bat;t‘h\@t700:C&)iv\gﬁ“&io;ggﬁmzigﬁginv
utes, At the end of this time, 1 ml 72% HC10, isfaﬂ&éd“éﬁ&igggdggxture placed
in an oil bath et 130° C, The temperature is gradually raised %o 180° C over a
period of an hour, A pals-yellow solution results, which becomes colorless upon
cooling,

The cool soluiion is diluted to 4 ml with water. Two drops of 20%
NHoOB°HC1 are added and the solution allowed to stand one-half hour, Two hundred
picrogrems of La'® are then added followed by 0.5 ml 29 N BF, The tube is
centrifuged 15 minutes at 2000 RPM, the precipitate of laFz is washed with
2 ml of O°}lN HFf, slurried to a Ft foil, dried, flamed, and counted in an alpha
counter, If the Lan is not centrifuged immedlateoly after the addition of HF,
the glass may be attacked, leadlng t0 a large smount of precipitate which will cause

trouble when the Lan is transferred to thse foil,

FACTORS AFFECTING CUPFERRON EXTRACTION OF PLUTONIUM

Extractable Forms of Plutonium

WoH. Langhem (CK-1756) has studied the cupferron exiraction of the various
valence states of Pu on the milligram scale, The trivalent ani the tetravalent iom
extract cqually well, whareas the hexavalent Pu 1is only partially removed, the
amount depsnding on the effectivensss of reducing agents which may be present to
convert the plutonium t0 en extractable reduced form., That the same holds true on
a tracer scale (CK-738) has been confirmed in this leboretory., Hydroxylamine
hydrochloride 1s used as a reducing agent prior to cupferron extraction in the above

method {£ the presence of hexevalent plutonium is suspected.

Carrying FPower of Lefe 1in the Cupferron Method

The Ilafy sssay technique for trace amounts of plutonium has been shown to
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be essentially guantitetive in HC10, solutions up to 6 N and with amounts of
Ia from 80 wulcrograms $0 1 milligram in a volume of 4 ml, Conditions of the
experiment were as follows:
Four ml of H.Clo4 solution in a 40-ml certrifuge tube was splked with
450 ¢/m of plutonium, 1Iwo drops of 20% Nﬁzoﬂ-HCI were added and the solution
allowed t0 stand one-half hour. Veriable amounts of Lat® and 0.5 ml 27N EF
werse added, the tube centrifuged 15 minutes at 2000 RPM and the supernatant liquid
decanted agein, The precipitate was slurried onto a platinum plete with water,
evaporated to dryness, flamed, and counted.

The results are presented in Table I,

TABLE I, Effect of HC10, Conc. and Amount

of Lla™ on the Carrying of Pu by LaFS*

Porcent of Pu Carried With Varisble imounts of I -

+3 +3 +3 +3 *~3
Conco HC1O, 50 y La 100 yLa 200 yLa 500 y1d 1000 y L
1N 95tk 95%
2N 93% 5% 95% 94% 94%
4B 94%
6 X 93%

Each value represents an average of at least four determinaticms, 4% maximun
deviation from the mean,

It is evident thet the acid comncentration and the amount of lanthanum used are not

critical factorg in the assay of the wet-ashed CHG);:5 phase previcusly described,
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Effect of Phosphate Ion on the Lfficiency of Extraction

The efficiency of the cupferron extraction of trace amounta of "reduced"
plutoniﬁm from stO4 solution has bsen reported to drop marksdly at a
TH € 0,8 (CK-801). Also, it has been found in this laboretory that extraction of
plutonium from 0.32M HC10, is less consistent and complete than from 0.2% HCY
or HNO30 Extraction from human feces and rat skeleton ash solutions (high in
phosphate) also is inconsistent, When present in large amounts, anions which tend to
complax Pu apparently prevent complete extrection with cupferron into CHClso

A guantitative study of the effect of phosphate at three pH renges has bsen
made, The results are preseanted in Table II. Total phosrhate content ranged from
0:.005 gm to 1,0 gn, at pH valwes of 1, 2, and 4; the total volume was
approximately 40 ml in all cases.

The curves cbtained by plotting recovery versus phosphate concentration for
each pH valus are erratic and show only a genersl tremd toward lower recoveries as
the phosphate content increases., As the curves are erratic a correction Tacteor cannot
be aprplied to solutiops whose phosphate content is known, For each phosphate content
the recoveries are ithe same within expsrimental error at each pH, The highest
recovery (at 0,005 gm PO§?4O ml) is sbout 90%., £sch value in Teble II was

determined by at least two cupferromn extractions,
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TABIE II, Effect of Phosphate oOn vraciion of Pu With Cupferron

Cm POE" Recovary in Percent : Average Recovery
in 40 my M=l pﬁ:Zi pH= 4

0,005 91,2 87.4 89,2 89,3% + 2.0%
0,01 84,9 85,0 84.5 84.,1% &= 1,0%
0,03 89.4 88,4 88,0 £8.6% > C.7%
0.05 88.2 77.6* 85;8 87.0% % 1.2%
0.10 8.4 79.8 80.8 80.7% £ 0.8%
0,30 81,1 82,6 83,9 B2.,5% % 1.4%
0,50 77.7 74..7 74,7 75.7% * 2.0%
0.70 82,2 83.6 86.8 84,2% &£ 2.5%
1.,00% 69,7 73.1 81,5 $

x * This result was omitted from averaged results,
%+ No average made as results are 100 erratic., Af this concentration of ’POZ’:
it is very difficult to adjust the pH.
As phosphate interferes with the recovery of plutonium, a calcium oxalate
carrying prochure for trivalent Pu, preliminary to a cupferron extraction, has been
developed for the assay of human feces, Overall recovery by this method has been

consistently better than 80%, Details of the method may be found in 1A-376,

Lffect of Acidity and Volume on the fxtraction of Pu_ From HCl Solution

Studles have been made of the cupferron extraction of Pu from BCl
solution conteining no inorgsnic constltuents and from a mock wrine ash solution

containing the following:

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

10.0 gm NaCl B
o E Az;;‘cANQ¢Ufi;{Y;“
400 gm KZSO4 (W xublr-l:':‘: ‘r‘:g Dh,’.”{‘f.-[’-r l‘cl;\erpo‘ .
0974 gm 03012°2H20 3Y THE DE—QLABD"“LA d
? per 100 ml in dilute HCL
1.69 gn MgClgo6H,0
(100 m1 contains the inorganic
2,42 gm NaﬁzP04°H20 congtituents of sn average 24
) hour sgpecimen of human urine.)

fock solutions to which known amounts of Pu had heen added, were ex-
tracted, some containing no iron and some containing 24 mg FeClz°6H0 (5 mg Fé*s)v
t0 determine whother the presence of another exiractable metal would affect the
racovery of Pu. Iron is the only metal consistently present in biological mater-

ials which extracts by the cupferron method,

TABLE III. Effect of Acidity and Presence of Fe on Extraction of Pu With Cupferron®
Solxn. VYol, 0.2N HC1 0.5N HC1 1.0N HC1 1,5N HCl 2,0N BC1
HCL 25 ml 95%

HC1 50 ml 93%
HC1 100 ml 88% 87%

mock sOl.{ 100 ml 90% 90% 88% 80% 71%

{with De)

mock sol.| 100 ml 87% 85% 83% 73% 56%

{no Fe)

* These results are not corrected for the expected loas of about 5% from the
LaFz assay of the CHClg phass,

All extractions were made using 1.5 ml of 6% cupferron solution and several

2 ml poritions of CHCL

3

until the final portion of CHC:L3 was colorless., The

CHClz pbase was wet-ashed and assayed according to the LaFS nethod described

earller in this report.
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The results presented in Table III show that the acid concentration does
not seriously affect recovery in the rangs 0.2 to 1,0 N in HS1, Recovery in
this range is consistent, The maximum deviation from the mean in a large series of
determinations was 4%. However, it has been observed that the rvacovery of low
counts (100 ¢/m and less) decreases somewhat more with increasing acid concentra-
tion and is more srratic than the recovery of larger amounts (1000 c¢/m), Vhen the
HCl concentration is above 1 N recovery is more erratic. The data preosented in
Table III are shown graphically iun Fig. I,

Thus in the assay of any blological solution by the cupferron axtr;étion
method, the acidity is ad justed either to the green of methyl violet (pﬂ¥;0°3)

or to the point of precipitetiom of ths inorganic constituents.

Effect of Irom

Apparently the presence of g small amount of iron is bemeficial to the
extraction of Pu by cupferron (Fig. I). When using spikes of % ¢/m amd 10 c¢/m,
the effect of irom is more propounced. From 100 mi of mock solution (neutralized
to the point of precipitation)} containing no irom, recovery of 10 c¢/m wag
extremely erratic, whereas from a similar solution corntaining 1 mg Fé*s, reacovery
was consistently in the range 85 to 100% with an avorage recovery of 93% 1),

Thus, in %thke assgy/of human uripe end feces semples, where low counts are
expected, 1 mg of Féis is added previous to the cupferron extpraciion 2)0 In
the assay of animal tissue and excreta, ne iron 1s added when the count is expscted
t0 be high.

The iron must be extracted completely in order to effsct a complete extrace-

tion of plutonium. Two experiments were conducted 1o determine the relative strengths

1) These values are corrected for the average blank determination of 0.5 ¢c/m,

2) A more detailed report of low count recoveries from human urine will be found
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1) A Pu tracer solution {reduced with NHBQH»HCI) wzs shaken vigorously
for ome hour with a suspemsion of about 00 mg of ferric cupferride in
100 ml of 0.2N HCL (the iron complex had been carefully washed ’ree of excess
cupferron)., The suspension was then extracted with CHClz and assayed in the usual
way. Two determinations gave results of 8% and ‘13% of the Pu im the CHCly
phases.

2) & 100-ml spiked mock urime ash solution {0.5N HCL) was treated with
balf the stoichiometric amount of cupferron necessary to react with the 4 mg of
Fé‘s present. An extraction was performed in the usual way end 3% of the Pu was
found in the CBClso

These two experiments indicate that the cupferride complex of Fe 1is much
stronger thban that of Pu, Hence, all the iron must be extracted in an assay for Pu,

If a solution conteins a large emount of iron, it is difficult to know when
enough cupferron has been added. In such cases, a guantity of cupferron {2 to 3 m1)
is added and the solution extracted with several portions of CHCl30 lore cupferron
is then added. If a white precipitate forms,.tﬁe extrsetion is complete., If 2 red-
brown precipitate forms the extraction of ¥e*3 is not complete and a second exirac-
tion must be performed. The combined CHCl8 portiéns are assayed for Pu 1in the

usval way,.

Stability of Agqueous Cupferron Solutions

At room temperaturs, a 6% solution of cupferron gradvally decomposes. The
solution becomes highly colored, and deccmposition products setile outo It has besn
found in this laborztory that solutions which have bsen standing for as much as five

or six days often lead %o low recovery of irace amounts of Pu. Therefore, it is

recom ended thet e fresh solution be prepared at least svery_feur days.
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£ METHOD FOR ASSAYING HEXAVALENT PLUTONIUM FOR SMALL AMOUNTS OF REDUCED PLUTONIGH

Hozavalent FPu cannot be exiracted inito chloroform as a cupferron complsex.
However, cupferron iltself will reduce part of the Pu 10 a valence state whiech is
extractable, W.H. MoVey, (ON-1588) suggests 0.05R Crp0;~+1N ENO; as o holding
oxidant for hexavalent Pu 1inr commection with a Lan separation of the reduced
Pu that may be present. UDichromete in gcid solution attecks cupferron, sc a cupferron
oxtraction of reduced ¥Pu Ffrom a basic solution in the preseunce of dichromate has
been developed.

The hexasvalent plutonium, in amounis up to 60,000 ¢/m, wa3 made 0,05 N
with respect to Cr207= and 1% with respect to sodium citrate in a total volums
of 10 ml, The citrate prevents hydrolysis of the plutonium in basic solution,

The solution was meutralized to the phencl red endpoint withv NB4QH and extracted

with ten drops of 6% cupferron and four portioms of CHOL The CBC:L3 phase was

3°
wet~ashed and assayed by the LaB‘3 technigque as already described,

A large series of "blank® determinations were made t0 ascertain how muech
hexavalent plutonium carries through the extraetion, A reproducible blank of 2.5%
was found in a series of 15 determinations usipng 9,000 c¢/m of hexavalent Iu.

A tlank of 1.5% was found using 50,000 ¢/m of hexevalent ¥u. This quasntity,
since it varies with the amount of Pu, probably is due t0 a mecharical contamipation
of the CHClz rather than an actual partition of hexavalent Pu ecupferrids. 1f s0,
an extraction from a larger arount of hexavalent Pu might lower the blank and there-~
fore offer a distinct advantage over the laFS separaiion of valence states,.in
which a 3,86 "blank" 1s reported (CN~1588)0

Recovery of reduced Pu (Pu"'3 and Pd‘é extract equally well) by this
method averaged 86% in a series of 12 determinations with a manimum deviation
of 3%, The applicatiop of a 15% correction to the cupferron extraction procedure

plus the laFy assay is justified on the basis of a large number of determinatioqs

| I
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made in this laboratory. This would give an @xcollent recovery of reduced FPu

from hexavelent Pu,
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