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Introduction
Speciation studies describe a liquid, solid, or gas-phase
composition in greater detail than in terms of gross concentrations.
For example, a liquid-phase composition may specify the oxidation states
of the ions. More extensive studies would report the species general
solution interactions in terms of specific solvation, hydrolysis,
complexation, redox, etc. reactions. Oxidation states determinations
are frequently included in solubility studies analysis. Further
solution species characterization is most often found in studies that
deal with the behavior of a single element under carefully controlled
idealized experimental cbh&itfbﬁ%ﬁﬁ’Théséyexpériﬁeﬁfaipﬁeédiis are
useful for data bases utilized by modelers in their calculated
predicatiohs for a nuclear waéte”repository safety assessment.
| Note that speciation studies are secondary to solubility studies.
If liﬁtle or(nq actinide or rission products are released from a
é<conté£;;;nt béﬁﬁistéﬁ or from the spent fuel or glass matrix, then there
is'little needgror‘llquid-phase speciation studies. Under real
“conditfons“tﬁé?é”ﬁii;"be instances where the solubility of a
radionuclide 1s low enough (< ‘IO'-8 to 10-'9 M) so that from a barrier
engineering viewpoint no further information is required about the
particular radionuclide solution-phase speciation. Yet, even in this
case, if additional information about the species oxidation states
distribution can be relatively easily obtained for selected examples,

this may prove userul. Characterization of the redox reactjons under

N"*ultra-trace é;ement concentrations will aid in establishing confidence

“".‘:;_a,'. \'\,&

*lﬁ

'%?f“-}h the idea of satisfactory radionuclide containment due to pure
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secondary-phase formation or mixed compound insolubility alone, .
Although the redox information will not place any additional demands
upon the barrier enginering requirements, it will clearly confirm that
the unmodified near-field components (e.g., iron cannister material, the
overpack, etc,)_are controlling the Eh and/or pH conditions
appropriately;:aIt.is_expected,that,speciation study results will
indicate the solution-phase existence of tervalent or trivalent ions.

Representative examples are uranium,uuuf,and its hydrolysis products

+ -+
U(OH)::"x , neptunium, l‘lp((m)::'x technectum, Te'* (or 2 Tc02*);

plutonium, Pu3+ (Pu(OH)z x » With a possible intermediate trivalent
e D
solid‘phase. Pu(OH) ).,ahd_Am(OH)i-x. all‘under reducing Eh conditions.
These studies will also provide experimental verirication of modeling
codes and the data base.
In contrast to the above ultra-trace conditions. when the solution-

-8 M (solubility studies).

phase solubilities exceed 10 7 ‘1
identification of the solution-phase redox species is no longer simply a
matter or providing supplementary confirming inrormation. 801ution
speciation results are now a necessity and will indicate uhat types or
remedial conditions need to be included in the engineered near-field
barrier in order to prevent radionuclide migration beyond the_barrier,z

boundary at an unacceptable concentration level.; Speciation results

will indicate uhether an Eh or a PH adJustment. or both. are needed to

establish satisfactory solubility-limiting behavior.u These studies uill

help decide whether the general redox conditions are being controlled by

radiation induced or naturally occurring redox agents (e. g.. 02, Fez*)



Techniques need to be'developed so that the solid-phase is
characterizable even 4f it is amorphous-or is in & mixed phase of
radionuclides-cannister—-corrosion products.’

-The two most utilized approaches to the determination of:solution-
phase species involve separation or spectroscopic techniques.
Separation procedures are based mainly upon ion selective interactions
and are thus sensitive to oxidation states. These procedures include-
such familiar methods as organicﬁionéexohange resin chromatography;
solvent extraction, and the less;otten’enoountened variations on these~
methods- inorganic ion-exchange chromatography and fixed-phase solvent

PR

extraotion systems.

"”fhés'e methods are usuallj 'applied‘ using low pressur’e“teonniques». )
The use of high-pressue 1iquidwohrOmatographic (HPLC) teohniques; a
standard technique used in separating biological materials;:ﬁas'not been
frequently employed in separating inorganio materials. HPLC can give
rapid separations'and thus preserve the desired'redox speciationr
‘information even under difficult experimental redox conditions. This

oocurs by taking advantage of the fairly slow kinetic reactions of the

important radionuolides (1. e.. Tc. U, Np. Pu)

ChromatOEraphy"Applicatipn

To illustrate the application of separation methodology to the W
problem of radionuclide oxidation state speciation, results rrom the
'doctoral thesis1 of a co-worker, Dr. Horst Gehmeoker are presented. His

obJective was to explore ‘the separation and identification of plutonium

oxidation state distributions at low concentrations as might be. 'fdiin'd m
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groundwater. . Hehﬁsedygommqnly.gygi;ab;e geparation matepiais and
established the experimental conditiopgfqnder whichvuseful‘wqrgéple _
schemes,for Qxidat;pp,state distr;butions coulq‘bg c;ear;y demonstrated.
Experimentsﬁwgre pr;mar;ly done\atvtotal plutoniumkcogcenprations of

1077

M or less.%‘l ‘ ‘ *

. Fig. 1 shows the plutonium distribution coefricients (K ) as a
function of oxidat;on,statek(Pus ’ Pgu ’ Pqu ) and as a_functiop of HCL
concengrap;on tor,;he:qtrongvgcid organigion—exchangé resin, Dowex
50W-X8. This data suggeats,tpgt:;qpfethgngelgolumng can be used for a
sat;qfaqtqry plutonium oxidatiqn;state:aeparation by using a single HC&
concentragion petweenr1-f7 M.y{The 1mporpant:featuree1n E;gube 1 is.the
noncrossing.of the ind;yiqual oxidation;state:q18§p1but1on coefficients
curves until high HCL concentrations (> 8.5 M) are used. This means the
elution order would be Puoz, Puog ,_Pu3 ..Puuf,v Opey§t§qn at,a}fixeg_
acid concentration means that a} if a low HC4 concentration is used,
large volumes are necgssary?to:e;upe‘yhé Plutonium species, Qp_b5 if a

higher HC{ concentration ig,used;,a long column is necessary, as the

differences in distribution coefficients are small. A third mode of

operating an ion-exchange column is shown in Fig. 2,

Instead of using a fixed acid,concenpration, a step-wise change of

acidipyris‘made, so that each oxidation state is selectively eluted from
. the iop-exchange column in a relatively small solution volume. The
_total volume needed for separating all the plutonium species is also

isma;l;ﬁ_?iner_adjuétment qr_phe (;nai ac;d;py change\qopldvbgumadg tq

obtain a Pu3+. Euf_‘+ separation. But, as seen later, this may not be a

necessary step when a combination of other techniques are 1neluded.



Figures 3 and i detail the distribution coefficients for Pu in the
sytem tributylphosphate (TBP)-nitric acid. TBP is representative of
neutral solvent-extraction systems and diluted TBP ‘is the main reagent
used in nuclear fuel reprocessing. Figure 3 shows the extraction
behavior of Pu into a pure TBP phase from various nitric acid
concentrations. Figure 4 18'81m11ar'éxeebt the TBP has been sorbed upon
an inert stationary material (polyﬁriflﬁorochloroethyléhe polymer,
usually known as Kel-F). This fixed-phase material can be used in a
column form. It is evident from both Figures 3 and 4 that the
y

*and Puog* is nonexistent. However, the difference

in distribution coefficients for Pu'‘and Pu3® is good and could be

selectivity for Pu

particularly useful in oxidation state speciation studies of Pu under
reducing conditions. Figure 5 shows the effect of using acids other
than nitric with TBP. Only fhe TBP-perchloric acid System shows any

potential fof useful species separations.

A more useful solvent extraction system is shown in Figures‘G and
7. The material, di-(2-ethylhexyl) phosphoric acid (HDEHP) is a
moderately strong acid. When sorbed upon an inert fixed-phase it is
similar to the previously discussed Dowex 50 cation 1on4exchange're51n.

Also included in Figure T is information on Puo;‘distributioh."hs

before in the TBP system, no clear discrimination between Pﬁu+;and Pu62+

2
is possible in these HDEHP/acid system. This may not, however, be any

more than anﬁexperimental inconvenience. Unless the Pu conéehiration is

sufficiently high so that disproportionation reactions are occurring, it

is unlikely Puu+and Puo2+ would coexist. ,Thé veky large'distributioﬁ

2
- _ 3+ 4+ -2 JEPE : o s
coefficients for Puv , Pu , and Puo2 in this HDEHP system at low
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acidities, would allow its use for concentrating pilutonium (and the
other "analogous actinide systems Np and U) species from large volumes of
test 301utions;:’fhis ability tOwéoncentrateispecieS‘ﬁithdut losing
redox information would be especially useful in‘increasing the ‘detection:
limit»senSItiviiyffor other actintde-sjstémS'suchiﬁs neptunium under |
reducing conditions. In order to remove either Pu'® or Puog“ from this
type .of ‘column ‘it ‘{8 ‘necessary to use a reducing agent (ascorbic acid) )
sOvthaﬁiPuszis formed.

- Figures 8,9, 10, and ‘11 -show the results for plutonium sepératiohs
rram‘both‘spééially?prépared silica gel and for silica gel that has been
sulfonated. = The'silica gel used (Merck, LiChrospher Si 100, 10 ym ~
particle size) has a large surface area, ~ 250 ﬁz/gm. and results in an’
ion absorptive capacity of ~ 2 meq/gm.. This capacity is similar ‘in
maéhitude to .a typical ‘organic based cation or anion ion-exchange resin.
The otéer material used is formed by attaching a sulfonic acid group.'b'
so;. to the silica backbone to glve:‘-$1-0?Soz-groups.“fThis material
actswas‘akstrong~acid'cation~exchanger;‘ Unlike its orghﬁid based iesin
counterpart, the',sultonated silica gel has no ‘tendency to perturd the
speciation by redox”reactidns'as‘thefgelvhasrno*reducing‘pﬁopertiés.

- Figure 8 shows the ‘distribution coefficients for absorption of

2+
2 N

LiChrospher.SI :100), as a function of HCL concentratfon. ' At low’ = "

acidities a strong selectivity for Pu'® (and presumably any tervalent '

actinide or higher -charged fission product -1on) over Pu>* atidiPxiog+ is"

y

pu3*, pu’", and Puo - on LiChroprep SI 60 (a 20 um sized equivalent to™

clearlyrevident;f»Yét;'at‘highvacldyboﬁcentratlonS; even Pu" ' ‘can be’ ¥



easily eluted. For effective absorption of tervalent plutonium, a 2.5-3
hr. contact time is needed during the loading phase of the solution.
Figure 9 shows the selectivity of LiChrospher SI 100 when used in
an absorption column. Loading is done at 0.01 M HC&Ou; desorption of
Puu*,is done with 5 M HC4{. Experiments were run at a 1078 o plutonium
level..
. Figures 10 and 11 detall the behavior of plutonium on sulfonated

3 L+

silica material. Figure 10 shows that a complete Puz*, Pu .’Puoz. and

?uogf,redox separation can be achieved when moderate stepwise acidity

3+ and}Puu+_e1ution

changes are used. The conditions necessary for Pu
are considerably milder than needed in the Dowex 50 cation ion-exchange
experiments,

Figure 11 shows similar data for oxidation state mixtures. The
data also indicates that when phosphoric acid is used to elute the Pu‘H
fraction, a considerably smaller volume of eluant is needed.
Experiments were run at total plutonium concentrations of either

9 M or 10"8 M. No separation differences were observed with these

~ 10;
ultra-trace concentration levels.

Figure 12 shows several flow sheets proposed by Gehmecker. They
incorporate the use of two connected columns in each example. The first
column contains silica material (see Fig. 8) which is selective for
tervalent ions and retains this oxidation state, while:the other redox
species flow straight through to a second column. As indicated, the
choice of using either Dowex 50-X8 or the sulfonated silica cation ion-

exchanger is equally effective. A slight preference for the system - -

detailed in part a) comes from considering the total eluant volumnes.
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Smaller solution volumes are easier and more efficiently assayed by
counting techniques. .Also the totally inorganic composition of the
sulfonated silica ion-exchange is useful in preventing any species:
reduction reactions from the column material.

The results in Table 1 illustrate the effectiveness of these
separation techniques for oxidation state speciation determinations.
Plutonium concentration levels of the initial mixed redox solutions were

-5 x 10712

M. Initial redox compositions are listed in column 3 and
the results determined by counting techniques (errors are at the 2 ¢ .-
(sigma) level) are listed in subsequent columns. The agreement between
the initial starting plutonium oxidation state composition and the
experimentally determined redox species percentages is extraordinary,
especially if one;consider5~£he ultra-trace concentration level used.
BY uSipg,a combination of absorption and cation ion-exchange columns
redoxvgpéciation determinations are reasib1§ down to the very limits of
radionuclide counting detection.

-.Data are also included in this table which show .the effectiveness
of the LaFB»coprecipitation technique for carrying tri- and tervalent - -
actinide species} This technique is presently»beingaused«to concentrate
large: volumes bf,neptuniumy;peciés from solubility measurement. :

107"  Npo} solutions in € m NaCt, the NpO) 1s

Starting with 1072 -

" by Fe

2¢ and then the Np'' coprecipitated Qitngnap3;,~

reduced to Np
Thug;a 100 mf sahplebis reduced 1n_volume~to,a teﬁ‘mg or_LaF3
precipitate.

Otherlrgdox,speeiation scheme§ have been given in great detail in

the llterature.z They center upon thebuse of solvent extraction methods
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and the use of TTA (thenoyltrifluoroacetone) is frequently encountered.
Most, if not all, of these liquid-liquid phase solvent -extraction
determinations were performed under oxidizing conditions. It is felt
that the use of isolated absorption and ijon-exchange columns can give
better redox speciation results. This is especially useful for the case
where redox speciation is examined from solubility studies done under
reducing conditions (? repository conditions). Eh conditions in-the
columns can be maintained in a ‘close ‘approximation to those existing in

the reducing test solutions, -

Spectroscopic Applications

Spectroscopic techniques provide more versatile but less sensitive
methods for speciation studies than separation techniques. All the
actinide radionuclides have sharp absorption bands characteristic for
each actinide ion oxidation state. These electronic transitions arise
frém the an electron configurations and the strength of these |
transitions is seldom large. Dilute solutions of ions or complexes of
these elements (U, Np, Pu and Am) are usually weakly absorbing and more
sensitive instrumental techniques are needed for accurate studies.

Table 2 1ists the absorption parameters for U, Np, Pu, Am, and Tc
(technicium). The entry under wavelength is for the strongest
absorption band for each listed radionuclide oxidation state., Molar
absorptivity is a parameter that normalizes the absorption process per
unit length. The absorption spectroscopy equation is expressed as::

A - Aooacg’ : (1) -

abs
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whére A, ~1s the amount’ of 1ight absorped, Aj is the initial light
flux, « is the absorbance coefficient and % isitheiunitwlength;rusually\v
expressed in units of centimeters. The absorbance coefficient, «, can
be broken into two components: - ¢, the concentration of the absorbing - -
species and €, the ‘extinction coefticleﬁf;iiThQS'

Bpg =Ageeecets (@)

" The rtnal‘ebluﬁﬁ‘in Table ‘2, sensitlvity;71s~an1est1mate of the
lowest concentration detectable for each oxidation state. It is assumed
that @) a conventional research UV-VIS-NIR spectrometer is used, b) the
min;mumadetectable‘ébsorption on an expanded scale is 5 x 10-“

absorbance units (signal to noise ratio is 1:1), and ¢) the pathlength .

is-1"cm. - It 18 evident that even for the best actinide example, Puo§+,
- 108 M 18 the 1imiting detectable redox species concentration. For

the fission ‘product radionuclides (e.g., technicium), -an order of -
magnitude detection sensitivity increase is expected, as the observed:::
transitions are not formally forbidden. Another order of magnitude
increase ‘in ‘sensitivity for all-thefexampleS‘(~f1077'actinide fons,
éﬂlo_svTc)aéan'be obtainedﬂby‘hsing 10 cm pathlength cells, but the-
soluﬁioﬁ?v01umefélso*increésés ()'7‘mtrn¢eded)i*““

These estimatéd~detectioh‘aenéitiVitleSfare strictly ‘applicable to:
.dilute, low ioniéfstréngth solutiohs;vconditionSfthat are.found in other
~than thefprobOSed~sa1twrepository"sitéé.?fin»strong salt~eolutions IR
(e;g;;fPBB1f0rxPBB$~prototype“brines)’therwarious‘redox*species~listedaf
in Table 2 ﬁilifintéractﬁwtth“chloride*icn;GCIf.i»This*interaction to -
form chloro complexés reduoes markedlyrtheVmolén?absorptivitywvalues375w

and hence the detection sensitivity. Despite this:hinderance, useful
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solution redox species detgrminations can . still be done with absorption
spectroscopy techniques for several of these actinide.systems. The
possible systems are principally those that involve a~d1rterence;1n.thq 

solution and solid-phase oxidation states. Examples are:- Puozng 0. .«

2
+ cz;'f*l (solution phase), .and NpozexH20~,b

2 2
(solid phase), Np0; or Np0201§?-X)

(solid phase), Pu0, or Pu0

» 8ystems likely undgr oxidizing

3

conditions; and Puoz-ﬂao (solid phase), Pu *zor~Puczif*-(system«11ke1y

under the strong.Fe%Fezt controlled reducing conditions) and -

50 or Ano,

PH values and under both oxidizing and reducing conditions. .Absorption .

Am(OH)3ixH -tzo,(solid phase).,AmClzfx‘(solut10n~pha§e) at low.
spectroscopy can be used to identify the solution redox species in each .
of the above examples because the solution-phase concentration is large .
O 10*5 M) over some portion of the pH dependent solubility
determination study. Obviously, the radionuclide concentration levels
needed to apply this technique are at an unacceptable level from a near-
field containment viewpoint. - -However téis type orfexperiméntalg
speciation information is useful to define conditions that are needed to
prevent unacceptable_radionuelide release conditions. For example, well
established Eh and pH conditions in the near-field boundary could
prevent radioactive releases above an acceptable level.. .

‘A better use of spectroscopic techniques for speciation studies is.
shown in Figures 14, 15, 16, and 17. These figures show absorption
spectra for Np, Pu, and Am with various Cf% concentrations-and several.. :
other ligands.:  As noted before, it is clear that the visible region .-
transitions are decreasing in intensity as the chloride ifon. .- ;. ;'*!

concentration increases. ‘While not clearly obvious in. the first-three.:
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60 times larger constant for UO
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figures of this group, figure 17, an expanded presentation of nmrligand_
systems. shows the typical small shifts that occur in these 5f -5f
transitions with complexation. It is this unique spectroscopic feature
that can be exploited to examine complexation speciation.

A possible need exists to reexamine the stability constant values6
that form the data bases used presently by the modelers. Such simple .
systems as the various oxidation state actinide ion-chloride .

‘interactions have literature values as follows for chloro complexation.

PP

voy" + cz - uozcz . K .- 58, K * -5, K - .8;
~ ‘voce’ ©ONpoLL  Puo, cet
ot . cy, - ucyﬁ‘+ K o =800, K o =2, K o =8 :Pu3*.+ cL - -
ucz NpCL Puct
PuC22+°‘K' :2; - 17, K 2+V- 17. ‘Certainly, something is
_ PucCs  AmCH

inconsistent for each grouping ot redox-species—chloro complexes.
2 ions (M - U. Np. Pu) would not support a

2 when compared to Npo2 andPuo2 . A
similar observation can be made for the Mu systems. and the.findingk
that trivalent actinide ions form stronger chloro complexes than the
tervalent ions is clearly wrong. | | | |

| From the viewpoint of other potential repository sites, chloro

'stability constants are or little concern. The chloride ion

concentrations are simply too low to matter: Iucoa Mountain - 2 x 10 -4

M- 10 3 H.‘ The situation in a salt repository site is exactly

opposite. A very large chloride concentration is expected if brines are

‘ present. This can lead to an increased inventory of radionuclides in a '

salt repository. COnsider the system Pu3 - cz at a pH s 7 and under

3+

reducing conditions- the stability constant K é* = 17. Pu + Ci =
‘ PuCf :
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L ) [PBB3"‘“
| pucs®*  co”
2 3

brine] or (17)( 27) - u60 - PuCi /Pu . Since Pu3 is the principal

Pucza*-‘thé ratio of PuciZ*/pud’ is ed&a1 to (K

jon in equilibrium with a solubility controlling solid phase. its
concentration must be maintained in solution. !et. Pu3 is also in

equilibrium with PuC!.2 3 and the concentration of PuC!.2

approximately 2 5 orders of magnitude larger than the Pu3
concentration. Thus the total solution inventory of Pu radionuclides
that might be expected is greatly increased ir the chloro complexation J;
stability constant value of 17 is correct. While it is likely this :
value 1s too large, what is the correct stability,constant?,,Even‘small
complexation constants in the range of 1 can have ; noticeable effect.

If sensitivity calculations using the modeler's codes confirm the
need for redetermination of any of the stability constants for the type
of complexation systems discussed above, absorption spectroscopic
techniques are the most promising experimental procedure. Data for the
subtle actinide ion shifts due to complexation can be collected today in
a superior manner due to the advances of modern instrumentation. The
data collected can also be analyzed in a much better way’than 20 years
ago due to the general availability and improvement of computer peak
deconvolution programs and also due to a superior understanding of
formulating and applying solution activity coefficients. 7

Spectroscopic techniques are also needed for the resolution of the.
problem of tervalent actinide ion (especially Pu ) complexation with
carbonate ion. This problem has held the attention of many | |

experimenters and has caused much effort to be expended in trying to

confirm the earlier Russian value8 or to redetermine it accurately. It
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is likely that a thorough understanding of the effects of carbonate
complexation. on a salt repository radionuclide containment site will be
required for ghe;sipe_lgggqsezﬁﬁ — ‘ o |
A% present, the most prozising experinental approach s to exanine
the Pu'®-carbonte systen at & lov pH and under high CO, pressures so
that. no;complicetions from hydrolysis are ccourring, Observation of the.
¥70 nm Pu absorption 1ine for perturbations due to €03 complexing would,
be made. Preliminary experiments have indicated that the instrumental
sensitivities needed exceed the capabilities of conventional UV-VIS-NIR
spectrometers. This problem requires a more sensitive alternative
technique to conventional absorption spectroscopy, such as optoacoustic

9 have demonstrated the

(0a) (photoacoustic) spectroscopy. Stump et al.
use of OA spectroscopy for speciation studies of aqueous actinide ions.
As 1nvab$orption spectroscopy, the problem in OA spectroscopy is to
méasure the energy absorbed (Eabs) when & light beam or light pulse
passes through an optically thin medlum of length £ and abéorption

coefficient a. The equation, E - anl. is basically the same for

abs
either technique; however the means of determining Eabs is radically
different.

In conventional absorption work Eabé for a species is determined as

the difference between I, (11ght intensity after passing through

solvent) and I (light intensity after passing through solvent plus

solute). Fbr weak absorption the problem arises of determining the
difference bétween two large values, In OA spectroscopy, however, Eabs'
is measured'directly; The quantity evaluated is the amplitude (or'

integrated intenSIty) of é pressure wave that is generated as a result
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of the degradation of the electronic absorption energy into heat within
a localized area defined by the light beam. Expansion by the heated = °
area produces the pressure wave that is proportional td‘Eébs for systems
that relax primarily by non-radiative processes. This OA method 1s of

great advantage in'weakiy>absorbing systems and offers the possiblity of
increasing the detection sensitivity by one to two orders of magnitude -

when cOﬁpared to the 1imits of conventional absorpéioh épeétboﬁeéby.
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SOquon» owxl»dvat.li'dinb Iﬁitial; | B | “Déﬁgrﬁinéﬁibn ’_°fv oxfda»"-i‘bl"lv Stat.es
State .. | Conditions Silica Gel | LiChrosorb | Dowex 50 ‘La!-‘3-precp.
1 p?* | s0,0 |s2:1,5]| - - | -
Put* 50,0 48+1,5 - - -
Pu0,; - - - - -
- Pu02* - - - - -
Z )
2 Pu® - - - - | -
Pu'* 50,0 | S34£1,5| S4tl,5 | 55+1,5| 53%1,5
Pu0, 50,0 | 47£1,5| 46£1,5 | 45£1,5| 47%1,5
Pu02+ - - - - -
I Pu?* - .- - - -
Pu'* 50,0 S0+1,5| S52#£1,5 | S4£1,5| SO%1,S
Pu0, - = - 1 - | -
{ .- Pu0}* 50,0 | S0£1,5| 48+1,5 | 46+1,5| S0£1,5
3¢
4 Pu 33,3 36+1,0 } 7142.0
Pu“* 33,3 34+1,0 )
. % J
PuO; | 33,3 2841,0 2041,0
Pu02+ - 1+£0,3 :

Table 1. Analysis of Oxidation State Determination for the Plutonium
' System in Synthetic Groundwater.
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Table 2. Absorption Parameters for U, Np, Pu, Am, and Tc

< R Sensitivity
} Wave Length Molar Absorptivity , (mole/l)_u
Species (nm). (£/mole-cm) (A = 5x10 )
Am3* 503 380 1.3 x 1076
't 456 30 1.5 x 1072
pu3* 600 38 1.3 x 1072
pu't* 470 55 9.0 x 107
?uo; 568 19 2.6 x 1072
Puog*’ 830 550 9.0 x 1077
Np3* 786 Ly 1.1 x 1072
wptt 723 127 4.0 x 10°°
NpO,, 980 395 1.3 x 1078
Npog+ 1223 s 1.1 x 10°°
3+ -6
vt 520 140 3.5 x 10
vt 650 58 8.6 x 10~°
+
vo,, - - -
vo* s 8 6.3 x 1072
Te3* 340 4,500 1.1 x 1077
Tt 485 4,300 1.2 x 1077
Tco; 246 6,220 8.0 x 1078
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Figure 2. Eluation-Peaks for Pu” , Pu , Puoz, and Pu0 for a

2
(100x4)mm Dowex AGSO—X8 Column, Various Acidities.
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Figure 7. Elution Position of pu3", putt, Puo;. and Puog+ for a
HDEHP/Inert Support/Acid System.
fiEluent- 0.1 M HCL0, (Pu0}), 0.5 4 HCRO, (Pu3 ), 2.5 M HCL .

2+)

o+ 0.1 M Asorbic Acid (pu", pu uo,

Temperature: 22° C
Flow Rate: 0.20 mf&/min

Column size: (100 x 4)mm
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Chromatography. a) Vsnica Gebl (Linhr‘os;;her SI ioo)/Acid +
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Figure 15.  Absorption épéctbum of Americium(I1I) at Various Chloride
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