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ABSTRACT 

Microgram qwmtlties of plutonium are separated from most other ions 
using an anion exchange resin method and are determined spectrophulo
metrically as the arsenazo I [3-(2-arsonophenylazo)-4, 5-dihydroxy-2, 7-
naphthalenedisulfonic acid] complex in 0.4 M perchloric acid. The molar 

absorptivity of this complex is large, 22,000; and the method is sensitive; 
plutonium concentrations as small as 0.6 p.g.jml. may be determined reliably 
by this method. Based on a total of fifty-four determinations of 8.2, 43, and 

86p.g. of plutonium in 10 ml. ot solution, rdaL.iv~ standard dti'viMinns of 5.8, 
2.2, and 1.8%, respectively, were calculated. Of fifty foreign ions investigated, 
antimony, hafnium, iron, palladium, tantalum, tin, tungsten, uranium, and 
zirconium inLedered seriously when present in fifty-fold excess. 
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INTRODUCTION 

Several reagents have been reported (2-4. 7• 9 • 11 • 13 > to form highly colored products with pluto
nium, and some of these have been applied to the spectrophotometric determination of plutonium. 
Methods have been developed using sodium alizarin sulfonate<>> or thoronol<2• Ill ·as color-forming 
reagents. Arsenazo I has been used as a color indicator in the compleximetric titration of macro 
quantities of plutonium, 0 2> and conditions for forming the arsenazo !-plutonium complex applicable 
to the spectrophotometric determination of microgram quantities of plutonium have been described.< 4• 9> 
In these methods, the plutonium-arsenazo I complex is formed in acid not more concentrated than 
0.1 N. A real advantage of this reagent, which is overlooked in these methods, is its ability to form 
a colored complex with plutonium at higher acidities and· thus avoid interferences from many other 
metals that do not form arsenazo I complexes under these conditions. In the method described in 
this report, the complex is formed in 0.4 M acid, and the spectrophotometric method is coupled with 
an ion-exchange-resin separation of the plutonium to reduce further thP. interference by other ions. 

The nitric acid - Dowex-1 resin<!) and the hydrochloric acid - Dowex-1 resin< 5• 10> systems are 
known to separate plutonium from many metals, but there are some differences in the specific ele
ments separated by each system. In order to obtain a clean separation from the greatest number 
of elements, the two acid-resin systems were combined. The resulting ion-exchange-resin separa
tion - spcctrophotomlitrit:- Tl'lPthnfl pP.rmits the reliable separation and determination of 6 to 100 
micrograms of plutonium in solutions containing many other ions. 

APPARATUS AND REAGENTS 

Apparatus 
Dishes, platinum, 25-ml. capacity with lip. 
lleat la~ps, infrared. 
llot plate, electric. 
Ion exchange colu~ns, 130-mm. long, 8-mm. I.D., 

filled to a depth of 100 mm. with Dowex 
1 x 4, 50- to 100-mesh, anion exchange resin. 

Nor~l laboratory glassware, including beakers, 
volumetric flasks, and pipets. 

Spectrophoto~eter, Beckman, Model DU, with 
Corex cells having 1-cm. light paths. 

Stea~ bath. 

Reagents 
Triple-distillP.d water Is used in preparing all 

solutions. 
Arsenazo I, 0.5% solution [3-(2-arsonopheny-

. lazo) -4, 5-dihydroxy-2, 7 -naphthalenedisul
fonic acid] disodium salt. Purify the reagent 
as follows: Slowly add a saturated aqueous 
solution of the reagent to an equal volume of 
12 ·M hydrochloric acid. Filter the orange 
precipitate, wash with acetonitrile, and dry 
for 1 hour at 1 oo· C. Dissolve 0.5 grams of 
the purified arsenazo I in 100 ml. of water. 

llydrochloric acid; 12 M, reagent grade. 
llydrochloric acid, 2 M. Dilute 166 ml. of 12 M 
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hydrochloric acid to 1 liter with water. 
llydroxyla~ine hydrochloride, 4% solution. Dis

solve 4 grams of hydroxylamine hydro
chloride in 100 ml. of water. 

Nitric acid, 15 M, reagent grade. 
Nitric acid, 9 M. Dilute 300 ml. of the 15 M 

nitric acid to 500 ml. with water. 

Perchloric acid, 70 to 72%, reagent grade. 
Perchloric acid, 4 M. Dilute 166.7 ml. of 70 to 

72% perchloric acid to 500 ml. with water. 
Sodiu~ nitrite, 7% solution. Dissolve 7 grams of 

sodiurr: nitrite in 100 ml. of water. 

Standard plutoniu~ solution. Accurately weigh 
about 100 mg. of plutonium inetal and dis
solve in 12 M hydrochloric acid. Dilute to 
100 ml. with 2 M hydrochloric acid. Dilute 
a 5-ml. aliquot of this solution to 100 ml. 
with 2 M hydrochloric acid. The resulting 
solution should contain 40 to 60 p.g. of 
plutonium per ml. High-purity plutonium 
metal that did not contain more than a total 
of 200 ppm of known impurities was used 
to prepa:r:e this solution. 

Sulfuric acid, 18 M, reagent grade. 
Sulfurous acid, 6%, reagent grade. 



RECOMMENDED PROCEDURE 

To an aliquot of the sample containing 6 to 
100 1-Lg. of plutonium in approximately 12 M 
hydrochloric acid, 3 drops of 15 M nitric acid 
were added, and the solution was warmed on the 
·steam bath for 5 to 10 minutes to ensure oxida-

. tion of all the plutonium (III). The solution was 
cooled and added to the ion exchange resin 
column. The resin was washed with 6 ml. of 
12 M hydrochloric acid, then with 6 ml. of 9 M 
nitric acid, and the washings were discarded. 
Then the plutonium was eluted into a platinum 
dish by washing the column with 2 ml. of water 
followed by 6 ml. of 6% sulfurous acid. Two 
drops each of 18 M sulfuric acid and 70% 
perchloric acid were added, and the mixture was 
evaporated to dryness. The residue was dissolved 
in water and transferred to a 1 0-ml. volumetric 
flask with q.total of 4 ml. of watlilr and 1 ml. of 
4 M. perchloric acid. Two drops of 4% hydrox
ylamine hydrochloride solution were added, and 
the solution was warmed on a steam bath for 30 
min. and then cooled. Ten drops of 7% sodium 
nitrite solution were added, and the !iOlution wns 
warmed on the steam br~th for 1 hour and then 

cooled to room temperature. One ml. of 0.5% 
arsenazo I solution and water to a final volume 
of 10 ml. were added. The solution was thorough
ly mixed, and the colored complex was developed 
for 1 hour. The absorbance was measured at a 
wavelength of 600 miL r~gainst distilled water 
using a Beckman Model DU Spectrophotometer 
equipped with cells having 1-cm. light paths. A 
reagent blank was determined by substituting 1 
ml. of 1 Q M hydrochloric acid for tl1e sample and 
then following the entire procedure. The absorb
ance of the reagent blank was subtracted from 
the absorbance of the ·sample to obtain the net, 
or corrected, absorbance. The absorbance of the 
reagent blank generally was in the range from 
0.035 to 0.045. If the reagent blank had a signifi
cantly higher absorbance, fresh rl:!agents were 
preptn·ed aud the blank redetermined. A calibra
tion curve was prepared by analyzing various 
aliquots of the staudard plutonium solution. Then 
the quantity of plutonium in an unknown sample 
was determined from the corrected absorbance 
by using the calibration curve. 

RESULTS AND DISCUSSION 

Ion Exchange Separation 

The elution behaviors of elements through 
Dowex-1 anion exchange resin have been studied 
using nitric acidO> and hydrochloric acid.<s. to) 

Plutonium is completely adsorbed from either 
acid, and many other ions are not. There r~re 

differences in the specific elements that are ab
sorbed from each acid (Table I). 

Of the elements that adsorb from 9 M nitric 
acid, several should be separated from plutonium 
in the hydrochloric acid system either by precipi
tation as insoluble chlorides or by elution through 
the resin column. Notable examples are thorium, 
silver, and possibly thallit1m and mr.rcury. Of 
the elements adsorbed from 12 M hydrochloric 
acid, 9 M nitric acid elutes many, as can be seen 
from Table 1. Elements adsorbed at least partially 
from each acid system were possible so'.lrces of 
interference. These include neptunium, tin, tan
talum, uranium, bismuth, zirconium, hafnium, 
and the platinum metals .. A more recent investiga
tion<6> of the nitric acid - Dowex-1 system indi
cates that bismuth, gold, uranium, iron, and 
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Table I 

Metals Adsorbed on Dowex-1 Anion 
Exchange ResinOO) 

From 12M HCl 

Adsorbed 
Partially 
Ge, Pb, Ca, 
Mn(IV), Sc(III), 
Ti(III), V(IV ), 
Cr(III). 

Adsorbed 
Completely 
Pa, Np, Ta, 
Cr(VI), Ti(IV), 
Sn, Sb, Te(IV), 
Hf, Zr, Fe(II) 
and (Ill), Cd, 
Co, U, Ga, 
Hu (IV), Rh, Pd, 
Os, Pu, Mo (VI), 
Cu(II), Zr, In, 
Re(VII). 

From 9 M HN03 

Adsorbed 
Partially 
Ag, Nb, Pt, 
Zr, Sn, Ta, 
Zn, Pd, U, 
Hg. 

Adsorbed 
Completely 
Au, Bi, 
Np,Pu, 
Th. 



some of the platinum metals may not follow the 
plutonium through the separation when nitric 
acid is used. Based upon these considerations, the 
two acid systems were used sequentially to 
effect separation from the greatest number of 
elements. 

The plutonium is adsorbed from a 12 M 
hydrochloric acid solution onto the resin which 
then is washed with 9 M nitric acid. Finally, the 
plutonium is reduced and eluted with 6 percent 
sulfurous acid. An average of 98 percent of the 
plutonium added in the range of 5 to 100 micro
grams was recovered using this separation 
method. In nn attempt to increase the recovery, 
a solution of 0.25 M hydriodic acid in 12 M 
hydrochloric acid was tried to reduce and elute 
the plutonium selectively. However, a black 
residue formed when the eluate solution was 
evaporated to dryness, and the results were 
erratic. Therefore, sulfurous acid was preferred 
over the hydriodic acid-hydrochloric acid. 

The Spectrophotometric Determination of 
Plutonium Using Arsenazo I 

Effect of Acid Strength - Plutonium (Ill), 
(IV), and (VI) form colored complexes with 
arsenazo I at various pH values. Kuznetsov(7l 
and Ockenden0 1l observed the plutonium
arsenazo I colored complex at a pH of 1.8 to 2.0 
and in 0.1 -M nitric acid, respectively. Colored 
complexes are formed by plutonium (HI) in the 
pH range of 4.5 to 5.5 and by plutonium (VI) 
in the pH range of 8.0 to 9.5. (IO) · 

The effect of acid strength on the formation 
of the plutonium (IV) -arsenazo I complex was 
determin"'d hy measuring the absorbance of 0.05 
percent arsenazo I solutions that were 0.025 to 
0.60 M in perchloric acid and contained 43 
micrograms of plutonium in 10 milliliters (1.80 
x 10-s M). As shown in Figure 1, the absorbance 
of the colored complex increases greatly as the 
acidity is increased from 0.025 ·to 0.5 M but re
mains relatively com:tant at ;:~r.irlities in the range 
of 0.1 to 0.6 M. As the acid concentration de
creases, interference is caused by more ions, (8) 

and at higher acidities the absorbance of the 
colored complex is not a linear function of the 
plutonium concentration. Therefore,. an inter
mediate acidity of 0.4 M was selected for investi
gation. 

Effect of Various Acids - The effects of 
various acids on the plutonium (IV) -arsenazo I 
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Figure 1. Effect of Acid Strength on Plutonium
Arsenazo I Color. 

complex were determined. Aliquots of a sulfate 
solution of plutonium were evaporated to dry
ness, the plutonium (IV) sulfate residue was 
dissolved in the acid being tested, and the com
plex was formed. The absorbances of the complex 
in each of four acids are shown in Table II. Al
though the plutonium-arsenazo I complex has a 
higher absorbance in nitric acid than in perchloric 
acid, further study showed (Figure 2) that the 
absorbances for the complex developed in per
chloric acid followed Beet·'s Law more closely 
than when nitric acid was used. Because hydro
chloric acid and sulfuric acid both cause low 
results, the perchloric acid medium was selected. 
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Figure 2. Nonconformity to Beer's Law of the 
Plutonium-Arsenazo I Complex in Nitric and Per
chloric Adds. Dotted lines ArP. straight lines repre
senting Beer's Law plots, solid lines are plots of ex
perimental data. 



Table II 

The Effect of Acid Media on 
Plutonium-Arsenazo I Color 

( 43 p.g. plutonium in each sample) 

Acid Medium 

0.4MHNOs 
0.4 M HC104 
0.4 M HCl 
0.4 M HuS04 

Absorbance 
0.435 
0.390 
0.153 
0.016 

Effect of Wavelength- To select the proper 
wavelength for measuring the plutonium (IV)
arsenazo I complex in 0.4 M perchloric acid, the 
absorbance spectra of a 0.05 percent arsenazo 
solution and of 9. similar snh1tion whir.h nlso con· 
tained 43 :micrngr:=n:n~ of plutonium Wt'!re de
termined, using distilled water as a reference, 
and graphically subtract~rl to obtain the absorp
tion spectrum of the complex (Figure 3). Be-
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Figure 3. Absorption Spectra for Arsenazo I 
vs. Water, and for Plutonium-Arsenazo I vs. Water 
and vs. Arsenazo 1. 

cause arsenazo I absorbs strongly below 600 mp., 

precise control of the arsenazo 1 concentration 
would be necessary if Lhe absorbance of the com
plex were measured below that wavelength. The 
absorbance of the plutonium-arsenazo I complex 
is less at 600 mp. than at lower wavelengths, but 
a wavelength of 600 mp. is recommended because 
of the improved reproducibility. The molar ab
sorptivity of this complex in 0.4 M perchloric 
acid was found to be 2.2 x 104 at 600 mp.. 

Effect of Arsenazo I Concentration - The 
effect of arsenazo I concentration on the forma-
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tion of the plutonium-arsenazo I complex was 
studied by measuring the absorbance of solutions 
0.005 to 0.05 percent in arsenazo I, 3.9 x 1 o-s M 
in plutonium, and 0.4 M in perchloric acid, using 
reagent blanks as reference solutions. As shown 
in Figure 4, complete color development is not 
obtained at the 0.4 M acid concentration unless 
a large excess of arseuazo I is present. Although 

1.0 

0.9 

0.8 I 0.7 
11.1 . 

I u 0.6 I z I c I ID 0.5 a: I 
0 0.4 U) 
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Figure 4. Absorbance of Plutonium-Arsenazo I 
as a Function of the Arsenazo I Concentration. 

a lower concentration of arsenazo I may prove 
satisfactory, a concentration of 0.05 percent was 
chosen to ensure complete complexing of the 
plutonium. 

c:omposition of The c.,zoretl Complex ...... The 
continuous variation method was used to de
termine the nature of the plutonium-arsenazo I 
complex. Solutions of 0.4 M perchloric acid were 
prepared in whjch the plutonium concentrations 
<md the arsenazo I conc.:ent1·ations varied from 
0.0 to 4.0 x 10-s M, but the total concentration of 
these two constituents was constant at 4.0 x 10-5 

M. After allowing 10 minutes for color develop
ment, the ausurbances of these solutions were 
measured at 600 tup. using reagent blank solu
tions as references. The absorbances as a function 
of the plutonium and arsenazo concentrations 
(Figure 5) pass through a maximum when the 
plutonium and arsenazo I concentrations are 
equal, indicating a 1 to 1 ratio of plutonium to 
arsenazo I in the complex. 

Effect of Time - The plutonium-arsenazo I 
complex develops slowly. Upon addition of the 
arsenazo I to the plutonium solution, approxi-

... 



Pu, M x 10& 1.6 percent (Table III) for 21.4 to 85.6 micro-
o 2 4 grams of plutonium in 10 milliliters. At higher 
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Figure 5. Absorbance for Plutonium-Arsenazo I 
Using Continuous Variation Method. 

mately 85 percent of the absorbance is reached 
immediately, and after one hour the absorbancP
increases to about 93 percent of the maximum 
which is obtained after. about 6 hours. Because 
of the extremely slow rate of increase after one 
hour, measurement of the absorbance one hour 
after addition of the arsenazo I reagent is recom
mended. 

Effect of Temperature - The absorbance 
of the plutonium-arsenazo I complex is affected 
by the temperature at which the color is formed. 
Solutions containing 0.05 percent arsenr~zo I with 
43 Or 86 microgramS of plutonium ( 1.80 X 1 o-s 
01' 3.60 x 10-s M) vvere warmed on a steam bath 
for 45 minutes, then cooled to room temperature 
before the absorbances were measured. Th~ ab
sorbances for 43 and 86 micrograms of plutonium 
increased 17.5 and 13.1 percent, respectively, 
above the absorbances of similar solutions which 
were not heated. However, heating the solutions 
causes the absorbances to deviate from Beer's 
Law; therefore the color should be developed at 
room temperature. 

Effect of Plutonium Concentration - When 
the complex is developed directly without using 
the ion exchange separation or the perchloric
sulfuric acid fuming Gtep, the averneP. absorbance 
per milligram of plutonium is 9.44 and the rela
tive standard deviation of the method is about 
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plutonium · concentrations, the absorbances per 
milligram are slightly lower. For plutonium con
centrations of 128, 171, and 214 micrograms in 
10 milliliters, the absorbances per milligram were 
97.3, 95.7, and 97.0 percent, respectively, of the 
average absorbance per milligram for the lower 
concentrations. 

Table III 

Absorbances of Plutonium-Arsenazo I With Various Amounts of Plutonium 
(Each absorbance is the average of sixteen determinations.) 

Plutonium Average Relative Std. Absorbance per 
'l'aken, p.g. Absorbance Deviation, % rng, Plutonium 

21.4 0.206 1.65 9.48 
42.8 Q.408 1.40 9.53 
64.2 0.603 1.67 9.39 
85.6 0.802 1.55 9.37 

Av. 9.44 

Effect of Plutonium Oxidation State - The 
effect of the plutonium oxidation state on the 
complex was determined by using varivu::. :..·M· 
gents to obtain the (III), (IV), and (VI) oxida
tion states exclusively. Plutonium (III) wa& 
formed by reduction with hydroxylamine hydro
chloride or by use of a Jones (zinc amalgam) 
reductor. Plutonium (IV) was formed by oxidiz
ing plutonium (III) with sodium nitrite or with 
potassium dichromate. 

Plutonium (VI) was formed by oxidation of 
lower valences with potassium persulfate or with 
ozone gas. The absorbancP.s of the plutonium
arsenazo I complex with the plutonium in its 
various oxidation states (Table IV) show that 
quantitative conversion of the plutonium to the 
(IV) oxidation state is necessary for the reliable 
development of a colored complex in 0.4 M acid. 
The low results following oxidation of the plu
tonium with dichromate indicate some formation 
of plutonium (VI). 

Number of 

Table IV 

The Effect of Oxidation State on the Absorbance 
of the Plutonium-Arsenazo I Complex 

(80 p.g. plutonium in each sample) 

Reagent or Oxidation 
DetP-rminations Treatment State 

6 NH,OH (III) 
5 Zn-Hg (III) 

(Jones reductor) 
6 NH,OH:NaNO, (IV) 
6 K,Cr,O, (IV) 
6 K,s,o. (VI) 
6 o. (VI) 

Average 
Absorbance 

0.002 
0.033 

0.638 
0.512 
0.002 
0.009 



Interferences 
The effects of numerous ions on the ab

sorbance of the plutonium-arsenazo I complex 
were investigated by forming the complex in the 
presence of each ion. Known volumes of solutions 
of the ions and two drops of 18 M sulfuric acid 
were added individually to known aliquots of 
the plutonium solution in platinum dishes, and 
the solutions were evaporated to dryness. Each 
residue was dissolved in perchloric acid and 
water, then transferred to a tO-milliliter volumet
ric flask. The plutonium-arsenazo I colored com
plex was developed in these solutions as described 
in the recommended procedure without perform
ing the anion· exchange resin separation. A 
twenty-five- to fifty-fold excess, relative to. the 
plutonium, of each of fifty ions was tried, and 
of these, eighteen caused the plutonium found 
value to differ from 100 percent by greater than 
5 percent (Table V), 

Table V 
The Effects of Foreign Ions on the 

Determination of 43 p.g. of Plutonium 

Ion Added, Plutonium 
mg. Found,% 

Li+ 1 2 99 
Na+ 1 2 100 
K+I 2 100 
Be+ 2 2 100 
Mg+z 2 100 
c.-..+J 2 iU~ 

Ir+ 3 2 155 
' 

La+ 3 g 99 
Ce'' ~ 85 
Nd+ 3 2 103 
Ti+ 3 1 >200 
Zr+ 4 1 >200 
W+6 2 58 
Ta+ 5 2 53 
Mo+ 6 2 172 
Cr+ 3 1 119. 
Mn+ 2 2 fiR 

Fe+ 3 2 >200 
Ru+ 3 2 100 
Co+ 3 2 102 
Ni+ 2 2 102 
Cu+ 2 2 105 
Ag+l 2 102 
Zn+ 2 2 99 
Cd+ 2 2 100 
Hg+z 2 99 
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Ion Added, Plutonium 
mg. Found,% 

A}+3 2 98 
Ga+ 3 2 104 
T}+3 2 101 
Sn+ 2 2 67 
Pb+ 2 2 100 
Sb+ 3 2 28 
Th+ 4 1 >200 
U+4 2 128 
Rh+ 3 2 104 
Ba+ 2 2 95 
Pd+ 2 1 >200 
V+2 2 117 
H£+4 2 >200 
Y+l 2 102 
S:r.+2 2 98 
p+s 2 2 
Cl-1 2 102 
J-1 2 100 
F-1 2 100 
so4-2 2 102 
c2o4-2 2 110 
C4H40a-2 , 2 103 
CNS-1 2 101 
NOs-1 2 102 

The effects of the eighteen interfering ions 
were then determined usine thP Pntire method, 
induJiug the separation. Measured volun1es of 
GOlutions contaiuiug plutonium and each added 
ion were carried through the recommended pro
cedure. Nine of the eighteen ions were not 
separated effectively f:rom the plutonium and 
still inLerfered (Table VI). When these nine ions 
were added iu curH.:em:rations PIJUal to that of the 
plutonium, eight still interfered; but uranium 
did not. It is obvious from these results that the 
behavior of several o£ the ions r.an hP predicted 
on the basis of data reported for separations of 
macro quantities. As described previously, tan
talum, tin, uranium, zirconium, hafnium, and 
the platinum metals were expected to interfere. 
The dispositions of tungsten and antimony in the 
separations of macro quantities were not com
pletely described. The interference caused by 
iron was surprising because separation of this 
ion from plutonium in the nitric acid system was 
anticipated. This interference may be eliminated 
by increasing the volume of nitric acid used to 
wash the resin. 



Table VI 

The Effects of Several Ions on the Anion Exchange 
Resin-Arsenazo Method 

(2 mg. of ion added to 43 p.g. of plutonium) 

N oninterfering Plutonium Interfering Plutonium 
Ions Found,% Ions Found, % 

p 102 w 85 
Th 102 Fe 110 
v 9i Pd t69 
Mo 101 Ta 90 
Ti 101 'b: >200 
Cr 98 Sb 38 
Ir 98 Hf 67 
Mn 96 u 109 
Ce 98 Sn 92 

RELIABILITY 

The reliability of the spectrophotometric 
measurement of plutonium concentration, with
out the ion exchange separation, was determined 
by analyzing Jorty-six aliquots of the standard 
plutonium solution. Each aliquot was evaporated 
to dryness with sulfuric and perchloric acid, and 
the plutonium-arsenazo I complex was developed 
as described in the recommended procedure. 
Relative standard deviations of 3.21, 1.68, and 
1.32 percent for determining 8.2, 42.8, and 85.6 
micrograms of plutonium in 10 milliliters, 
respectively, were obtained (Table VII). The 
absorbance per milligram of plutonium decreases 
slightly with increasing plutonium concentra
tions, but this effect is reproducible as indicated 
by the small relative standard deviations. 

Table VII 

Results for Plutonium in Solution Having Known Concentrations 

Pu Taken, Number of Average Absorbance Relative Std. 
p.g.j10 mi. Determinations per mg_ of Pu Deviation, % 

8.2 20 9.86 3.21 
42.8 18 9.23 1.68 
85.6 8 9.02 1.32 

The reliability of the anion exchange separa
tion was estimated by comparing the absorbances 
in Table VII with those (Table VTTT) obtained 
for aliquots of the standard plutonium solution 

analyzed according to the complete recommended 
procedure including the separation. Standard 
deviations are slightly higher when the separa
tion is included in the method, and a small con-
sistent loss of 0.9 microgram of plutonium is 
sustained. This loss causes biases of 4.6, 2.1, and 
1.1 percent, respectively, at the three plutonium 
concentrations. An explanation for this small loss 
of plutonium was not found. Because this loss is 
consistent, a reliable correction may be applied. 

Table VIII 

Results For Plutonium Following Separation 

AverAge 
Absorbance Pu 

Pu Taken, Number of per mg. Relative Std. Recovered, 
p.g.j10 mi. Determinations of Pu Deviation, % % 

8.2 18 9.41 5.84 95.4 
+2.8 llli 9.04 2.15 97.9 
85.6 11 8.93 1.81 98.9 

Since this work was completed, other rea
gents have been developed, such as xylenol 
orange, arsenazo II, and arsenazo III, ·which 
form more highly colored complexes with ph.t
tonium than does arsenazo I. Application of 
these reagents to the highly sensitive and quan
titative determination of plutonium should also 
be investigated. 
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