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ABSTRACT 

Plutoaium is expected to be a major component of 
the WMte element pacbp iD any hiah-le\-el nuclt>U 
wute repoli&cll')'. Plutonium(IV) is known to form 
colloida wader chemical caoditiona similar to thoee 
bmd in typical pmdwaten. ln the e\·ent of a breach 
ol a repoei&ory, dane colloids repreaent a aoutte of 
radioaudicW transport to the far-Beld en,-ifoDmen&, in 
parallel with the tnmport ol diuolved wute element 
specie~. ID additioll, the colloids may deeompoee or 
dilagnple into soluble iooic species. Thus, colloids 
repraent an .dditioaal tmn in determiniaa wute 
e&ement eolubilitJ limits. A tboroup characterisation 
ol the pbytical and chemical properties of the.e colloids 
under relevult c:oaditions is euential to assess the 
cocacesatration limits and truuport mechanisms lor 
the wute elemems at the ~ Yucca Mountain 
a.po.itory tite. This report is coocmted primarily 
with recmc resultt obtained by the Yucca Mountain 
Project (YMP) Solubility Determination Task (WBS 
1.2.3.4.1.4.A) pertainiq to the characterization of 
the structural and chemical properties of Pu(IV) 
colloid. Important results will be presented which 
provides Wthef evidence that colloidal plutonium( IV) 
is structunlly similar to plutollium dioxide and that 
colloidal plutoaium(IV) is electrocbemieally reactive. 

1~1RODUCTIO~ 

It bu lone been lmown that aqueous Pu(IV) 
formJ colloids under appropriate chemical conditions.1 

Tbil material is often ealled .. pol)'Dleric" Pu(IV), but 
colloid or colloidal is the preferable label eu as not to 
imply neceaari1r that the material hu a chain-like 
structure. The colloid can form tolution-lib •oll that 
are optieally dear, ditplay a characteristic absorption 
epeetrum, and do not eettle out on lo01 ttandins. 1-

3 

• Guest tc:ientist of the lto&ope and Nuclear Chem­
istry DiYision. 

In noncomplexiD& acid solutions with concentrations 
sreater than about 0.06 M. Pu(IV) is predominantly 
aquated Pu•+. This hishly cbarsed ion hydrolyzn 
readily. ln 0.05 M acid and unit ionic Stl1"ngth. 
Pu(08)1+ and Pu•+ haw: about equal concmcrations. 
At lower acid concentrations further hydrolysis is 
expected, sivins the ions Pu(OH):+, Put OB)t. 
and neutral species such aa Pu(OH)~. Formation 
constants have been estimated for the.e speoeies. ~ but 
measurements haw: been made only for the Pu( OH )3+ 

species.• An important reason for this lack of data is 
that colloidal Pu(IV) forms quite rapidly in the pH 
rqion where the more hishlY hydrolyzed species can 
be studied. In addition, aqueous Pu(IV) is unstable 
with reepeoet to Pu(DI) and Pu(V) as shown, for 
example, in the oxidation state stability field diagrun 
published by Allard et al. • 

Pu(IV)-colloid is of particular interest in nuclear 
wute manacement because it is one of the dominant 
forms of plutonium under chemical conditions similar 
to thoee found in the environment. There is : · · 
an interest in this material with regard to ~ts 
formation in process a\reams and in its utilization 
in the production of nuclear fuel elements by 1ol-gel 
proceaaes. 2 We are currently invol\·ed in an onsoing 
propam to inveatisate the formation and stabilicy 
of Pu( IV )-colloid and to characterize the chemical 

d pbytical propertia of the colloid. ln this 
report, some recent results are ditcussed pertaining 
to the chemical and structural characterization of 
Pu(IV)-colloid u.sins electronic absorption and diffuse 
reftectance spectroecopies and electrochemical and 
redox titrametric methods. 

One of the most important, yet relatively 
unexplored, upects in the chemical characterization 
of Pu(IV) colloid is the determination of the structure 
of the colloid. Several direct structural probes have 
been utilized. However, in the published structural 
atudies,2•1 it hu been necessary for experimental 
reasons to examine the Pu(IV) colloid in a dried form. 



lteceatly, attempts have beeo made iD our laboratorin 
to deduce structural information lor Pu( IV)-colloid 
lt&lpedel ita •-'•tao• utililiq electrooic apectroecopy 
as a probe by compariDa tpectral data for the colloid 
with that obtained for other Pu(IV) complnes. 

lnformatioo on the redox reactivity of Pu( I\") 
colloid (i.e.. the potntiall at which oxidation and 
reduction occur and the rates and mechanisms of 
thew protaR~) is of fundamental importance to 
the characteriaatiocl of this apecies becaute redox 
r.actioDI may repretnt \iable mechmisms of c:olloid 
depadatioo to pw diaolftd ionic species with 
ea.buced G\il'ODIDftltal mobility. Further, retults 
reJatina to rec:bt rftdivity will be of peat value in 
cldniD& the pDeral reactivity patternt for the colloid 
.o that other pertiDelat chemical lcioetlc phenomena 
caa be iDterpreced more reldily. Finally, it may be 
pollil;e to utilile vcltammetric redox tecbniqUft to 
obtain raults relatina to the pb,sical properties of the 
colloid. Such data would be ueful to corroborate the 

'n raults obtained usiD& other techniques. 

- E:<PERIME:'lTAL 

ColloidaliDII of Pu(IV) and the .oUd complexes 
0 Pu(CzOch·GBzO and Pu(S0c)z·4Hz0 were prepared 

aad puriAed accordin& to standard procedures 
described in detail elsewhere.1 Samples of hip­
fired Pu{)z were obtained from the Materials and 
ScieDce 'l'ecluao&cv DiYilioo of Los Alamol National 
Laboratwr· Tbe PuF 4 sample wu pneroualy 
pcvwicled by J. D. Farr of Los Alamoe National 
Laboratwr· The electroi.ic tpeetroec:opic: studies 
were carried out uain& a Varian Cary Model liD 
UV-Vaa-NIR spectrophotometer. For the c:oUoidal 
eoa.. the inatrumen& wu operated in the standard 
abeorptioD mode. 80WIM!I', because of the imolubility 
of Pu02 and Pu(CzOc)z and the opacity of these 
materiala as finely divided ID!id.s, it wu nec:euary to 
obtain t~ 'electronic tpectra for thete samples usin& 
clift'uM reftectanc:e methods. The electronic spectra 
of PuF 4 and Pu( 504 )z were a1ao obtained by diffuse 
nftectaDc:e. The c:ustom-desipd diftUse reflectance 
att-achment for the Varian Cary spectrophotometer 
WM obtained on loan from Dr. Jack Youq of 
the Analytical Cbemiltry Division of Oak Ridae 
Natiooal Laboratory. With the reflectance apparatus 
in place, the instrument wu operated in the usu~ 
dual-beam abtorptioo mode. Neutral-denlity screen 
&ltera were placed iD the refernc:e beam of the 
apectrophotometer and the ab.orbaoce wu adjUited 
eleetroaica1l1 u aec:essary to keep the Iiana! output 
within the abeorbanc:e ranae of the inatrument. 

The voltammetric inv.ti&atiODI of Pu(IV) c:oUoid 
were cooduc:ted in a mic:rovolume electrolyaia ceU 
deleribed in detail ellewhere.' The bulk elec:trolflic 

studies Wft'e don• in either a lq path-leqth 
spectroelectrocbemlcal ceU or a atandard three· 
electrode elec:trol)'sis ceO. Workin& electrodes w~re 
fabricated from platinum for the oxidation atudies 
and mercury for the reduction atudies. Th~ 
experiments were controlled with an EG&:G Princeton 
Applied Research Corporation Model2i3 Potentiostat 
interfaced to an IBM PC/AT usin& the HEAOSTART 
software pac:kap or with a ~lodel 1 i3 Potentiostat 
and ~lodel 175 t!nivenal Proarammer. Titrametric 
investiptiona were monitored spectropbotometrically 
usiq the Cary Model 1 iO in the standard absorption 
mode. 

RESULTS AND DISCUSSIO:'l 

A. Specti'OICOpic: Characterization. 

When the electronic absorption apec:trum of 
Pu(IV)-coUoid is compared with that obtained for 
the aquated Pu•+ ion (Fiaure 1.), it ia dear that 
there are numerous difFerences between these spectrl'l. 
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FIGt:RE 1. ABSORPTION SPECTRA OF AQt:O 
Pu(IV) AND Pu(IV) COLLOIDAL SOL. 

This sugests that there are signi&c:ant difFerences in 
the environments of these two tetravalent plutonium 
apeciea. In particular, the most prominent visible 
absorption bands for Pu(IV)-c:oUoid occur at .... 550. 
... 616, and ... 740 nm, whereu the major visible 
absorption bands for aquated Pu•+ are at ... 4;0, .... 550. 
... 660, and .... soo nm. In contrast to these marked 
differences between the spectra for the colloid and 
aquated Pu•+, the band maxima for Pu(IV)-c:olloid 
are 1ff'onglr corTClaCed with the band maxima in the 
dift'uae reftectance spectrum of hip-flred Pu03 in both 
the visible and near-ir spectral felions (Fisure 2.). 
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FIGtRE 2. ABSORPTIO~ SPECTRUM OF Pu(IV) COLLOIDAL SOL A~D 
DIFFt.iSE REFLECTAXCE SPECTRt:M OF HIGH-FIRED 
PLt:TONit:M DIOXIDE. 

h should be emphMiud that diffute reflectance 
IPKtfOICOP1 provides the same information as 
abeorptioo specti'OICOp1 with respect to the enersies 
ol the tranaitioa1 betfte!l enetl)' levels in the 
aaalyte. Thus. the loeafioftl of cAe '-"u in 
the UV -~ble-aear-W.rared spectral ftlioo arisins 
from electronic tranaitiODI are expeeted to be the 
same for any aivm IUilpJe whether determined 
b)' ab.orptioo spectroKOpJ or diftUie re&ectance 
tpeCtroKopy. However, the mecbanisa that 
determine the ifltewuitiu in thete spectral baacb 
are quite dift'ereat for diffute rdedance than Cor 
abearpcioo. Therefore, there will be no discuuioo of 
iD&eui\te. in thia report. 

The number of baacb in the electroDic spect~ 
ol an actinide complex and the po~itiou of the 
buad maxima depend \o a larp extent on the 
enviroamem of the actiDide ioo. For thia reuoo, 
electraaic apeetroecopy can be used u a 1e111itiw 
structural probe. Tetraftleat plutonium baa a 
gowad-ttate elec\raaic CCJD8suratioD [Radoo core) 
aJ• and \he electroDic spectrum ol this ioD is 
dominated by /-/ traDiitiODI. lD the free-iOD cue 

(i.e .• no complexation of Pu(IV)J, these transitions 
are strictly parit)' forbidden. Similarly, for c:omplexed 
Pu(IV) in a sufticiently hip-symmetry en,·ironment. 
the electroDic: tramitiona from the sround \ibrational 
level of the lfOWld electronic: state to the sround 
vibrational level of the excited electronic: state (the 
10-ealled electronic: orisin tramitiou) will also be 
forbidden. In this cue the observed spectral bands 
( nqlectin any cryttal field splittinp) are due to 
transitions to other excited vibrational levels in 
the excited electronic state or from other excited 
vibrational levels of the sround electronic: state. Such 
transitions are referred to aa vibronic transitions. For 
Put IV) in a low symmetry environment, the electronic: 
spectrum c:an contain both electronic: oripn transition 
and vibronic transitions. 

A thoroqb interpretatioa of the electronic: 
spectra of Pu(IV) complexes would require a 
complete goup theoretical treatment and additional 
experimental datL Such a treatment ia beyond the 
scope of the present work. However, the implication 
of the abow discuaaioa ia that aipi!c:ant dift'erenc:es 
in the electronic: spectra of Pu(IV) complexes are 
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apecwd if the complexes have difmeat lite 1)"1DDIletry 
for tM Pu(IV) ioo aad/ot if t.he)o h&\'t' difl'ermt 
,;bration&l mft&Y level .,.cinp. u would result 
&om difl'ermt complexiq lipnds or difl'mas bond 
suqtbs lor booda to the sam~ li&aod. 

The difi'UR reft«taoce spectra of the other 
Pu( I\") complexes. which poaess various aymmetries 
aod difFerin& ,;brational eaeflies, were obt~ned to 
explore further this correlation between the electronic 
spectra and the atructure iD Pu(l\•) eomplexel. The 
ct)'ltallopapbic t)"DUUlettY of tbe oxide complex ia 
face-ceotencl cubic, tha& of tbe oxalate complex 
ia triclinic aod that of the tultate complex is 
ortborbambic:. The I)'IDIIletfJ of the ftuoride complex 
depack on the bydratioG Dumber and ia uobowo lor 
the sample~ iD thia ttudJ. However, it ia 
moet libly the ub,ydroua talt which ia moooclinic. 
It ahould be emph.med that the lite eymmetry of 
the Pu(IV) iora iD these complexes ia not neceaarily 
tbe same u the c:ryttalJosrapbic symmetry, but the 
Cf)'ltaDogapbic I)"1DIMU1 ia a useful initial point lor 
camparilon. Tbe apectra ol thae complexes are shown 
iD Ficw'a 3. UMt 4. with the spectrum of Pu02 
MI'WiDa u a refa-aace lor compariiClD. Tbe.e spectral 
cla&a deart, reveal the variations io the electronic 
spectra that result from difl'ermcea in the S)'IIUDetry 
esaviroomeot aod vibralioo.al e!lft'liet. 

The excellmt COI'ftlatiCIIl between the spectrum 
of Pu( IV )-colloid aod tba& or hi&)l-flred plutonium 
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FIGl'R£ 3. DlFFl'SE REFLECTANCE SPECTRA 
OF PLCTONIUM DIOXIDE, Pu(IV) 
FLUORIDE. AND Pu(IV) SULFATE. 
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FIGURE 4. DIFFCSE REFLECTA~CE SPECTRA 
OF PLUTONIC~( DIOXIDE A~D 
Pu(IV) OXALATE. 

dioxide (Fis. 2.) can be compared to the ,..nations 
betw~n the spectra shown in Fi~ 3 and -1. 
This lar&e dqree of coincidence between the colloid 
spectrum aod the oxide spectrum is strong evid~nc~ 
that the structur~ of the colloid is \'ery similar to 
that of high-fired PuOz. This conclusion bas been 
sugested previously by others on the basis or lC­

rayU and electron~ diffraction studies. Furthermore. 
becauae hi&h-fired Pu(}z i1 a hi&)l ... ymmetry compl~::oc. 
the obaened electronic bands are predominantly due 
to vibrooic transitions. This implies that conclusions 
resardin& the ltructural similarity or the colloid and 
PuOz can be extended to include similarities in 
the vibrational merpes in addition to similarities 
io the site symmetry of the Pu(IV) ion. This 
conclusion is also supported by previous infrared 
spectral studies whereio it waa shown that the t\\'o 
promiomt vibrational modes or Pu02 are also seen at 
the same enerl)' in the colloid.10 Thus, these electronic 
spectral results indicate that Pu(IV)-colloid. when 
suspended in solutioos, is structurally quite similar to 
solid hi&h-Sred Pu(}z. 

A photououstic apectrum or Pu02 has been 
published by Heinrich et al.,u however, it lack~d 
suftlcieot resolution and detail to allow obser\-ation of 
its rnemblance to the spectrum or Pu(IV) colloid. 
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B. Elecuocbemical Characterization. 

The elecuochemical beba'ior ol ~u•ol<n~ plu· 
toaium in it1 tour readi17 acceuible oxidation 
states it well chuacteriled 12 and can be interpreted 
within tH framework of existinc simple theories of 
tolutioG..,bue thmnodynamits and kinetics. In 
coatrut. theft are \"ft1 few ~ru concerninl 
the application or elertrocbemical methods to the 
ttuctr ol Pu(l\.) colloid. Presumably, thi• paucity 
ol data can be attributed in latF part to the 
inherent caCDplexitr in invetticatiq red011 reactivity 
in di.tinctl)o bet~ media aucb u colloidal 
IUipealiou. Despite the anticipated complexity in 
the red011 l'ftetiou ol Pu(IV) colloid, the domiaant 
electrochemical proceues are still expected to be 
reduetioo to a diuolved Pu{tn t specie~ and oxidation 
&c a diaolved Pu(\1)01+ specie~. This latter process 
me, alto in'WOlw a Pu(V) species u an intermediate. 

The initial experimelltl Wft'e desiped to test 
thew ~~Meet. To detmnine the product of ~he 
reductioll ol Pu(IV) colloid. Zn(Hc) am~ With 
a poM~atial of -G. Te V vema~ the normal hydrosen 
eledrode tNRE). wu choeen u a reduciaa apnt. 
Cliq a specially desiped s~ 
cell,' a IOlutioD ol Pu(IV) colloidal auapeDIIOil an 
dilute PftChJorie acid was stirred in the presence 
ol excess Zn(Hc). The course of the react~on 
wu monitored spectropbotometrically by det«tanc 
the diminut.ioo of the spectrum of Pu(IV) colloid 
ud the poowth \Ji the spectrum of the reduction 
product. The product spect.rum wu readi17 identified 
u that or diuolved aquated PuJ+. Thit reduction 
reectioo wu det~ to follow simple 8nt­
order kinetics with a half-time of -40 min. In 
a related experiment. the Zn( He) amalcam wu 
replaced with a potentatatically-controlled mercury 
cathode and the rate of reduction of the colloid wu 
monitored spectropbotometrically as a function of 
applied poteotial. In this cue, it wu detmnined 
that a lipiflcam reduction rate occun even at --
0.40 V venua NHE. The reaction appears to reach a 
maximum rate at --G. 78 V versus NHE and this rate is 
maintained at more neaative potentiala. To determine 
the product or the oxidation of Pu(IV) colloid, the 
reaction of a stirred tolution of colloid in contact with 
a pcKeatatatically-c:ontrolled platinum cauze an~e 
wu studied. Heft, too, the Prosretl of the mellon 
wu followed spectrophotometrically. In this cue, it 
wu found that no sipi6cam rate of colloid oxidation 
takea place until the potential reachea ...,+l.G V venus 
NHE. Tbe r,:octuct of the oxidation wu identi6ed 
u Pu(VI)02 +. No Pu(V)Ot waa deteded, but the 
ai1teoce of this speciea aa a abort-lived intermediate 
in thia reaction cannot be excluded becauae the time 
seale ol the uaay waa rather loq. 

IDTatl&&tiona ol the oxidation of Pu( IV) colloid 
by cerium(IV) in perchloric acid were initiated se,·eral 
years aso in our laboratories. The reaction w~ found 
to be quite complicated and wu not punued. .-\ 
recent report of similar studies in nitric add 12 led 
to a rein,-estication of these studies. Experim~nts 
ha'~ now bftn t"Onduc\ed in both nitric and perchloric 
acida for ~-eral colloid p~arations which differ in 
particle size. The potential of the Ce( IV /Ill) couple 
is -+US V in nitric acid and ...,+1.7 V in perchloric 
acid versus NHE. The course of the oxidation ~action 
wu followed by meuuriaa the spectrophotometric 
absorbance of the product Pu(Vl)OI+ peak near S30 
nm. The results indicate that the initial rate of colloid 
oxidation is quite faat in all cues with the rate being 
faater in nitric acid than in perchlorie acid. Ho\\'1!\'er. 
the reaction coes to completion only in ni•ric acid. 
In perchloric acid. the reaction becom~ . :enched 
after between 30 and iO% of the total Pu\ IV) has 
reacted. This 'viati011 in the extent of compl~tion 
appears to depend on particle size, acid concentration. 
and Ce(IV) concentration in a complicated way. ~o 
obvious trenda in these reactivity patterns have been 
detmnined aa yet. Jlepreeentative kinetic: data for 
these experimenu, in the form of a Powell plot. are 
shown in Fipre S. The open circles are experimental 
data for a Pu(IV) colloid sample in dilute nitric 
acid with a mott-probable particle diameter of 2.1 
run. The fUled circles are data for a Pu(IV) colloid 
sample in dilute perchloric acid with a most-probable 
particle diameter of 25.5 nm. The dashed line is the 
theoretical curve for a ftnt~rder ~action and the 
solid line is the theoretical curve for a second-order 

.... .. 
~ 

' .. 
\ . 
' . .. .. 

.. ' ' . ' .. ', . 
' ' ' ' ' ' ' ' ' ' ' ' 

•••• ... 
• 

...... 
o L-~-~~?-~--.;;:~~-~5 0 05 15 J 3 

Log [Tame (min.)) 

FIGURE S. POWELL PLOTS FOR THE OXIDA­
TIOS REACTION OF Ce(IV) \\'ITH 
Pu(IV) COLLOID. 
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ractiuo. ~'* that the data iD Ditric acid appear 
to Wow tbeoMical leCOGdooOI'der ldDetic behavior. 
This ia a Yf1fJ IUI'priliDa result becau.e it sugesta 
that tbe rate law it eeeoncl-order in Pu(IV) colloid 
c."'GCeDUa&ioo. A simple mechanism CODJiatent with 
this 8Ddi111 cannot be fonnulated. The data &om 
experimeoh in perchloric acid do DOt appear to follow 
aoy simple rate law. Tbae raulta are dramatically 
eli~ from thole ~eel prmoual)'11 in which a 
lntooOI'der dependeoc:e on colloid eooc:entratioo wu 
fowad in nitric acid. The praeo& results abo indicate 
that tbe aua11 partic)e-liae colloid aamples react 
IDOft rapidlJ than the larae particle-lile aamplel in 
Ditric add. Tbeee studies are eootinuiq in hopea of 
~ theee puu1ina kiDdie phenomena. 

The YOitammetric atudiel have u.ed two standard 
~: qdic .Wtam~D~try and ebronoamper­
GIDeti'J'. Both ~ proride a much aborter 
time-eeale iDhnoptioo ol tbe redox reacti001 than 
the metboda diiCUIIed abow. All ol the.e experiments 
bave been doae in dilute b1drochloric: acid and 

- iD the ablence ol ltirriq eo that difFusion and 
IDipatioll are tbe ODly meant or delivery or the 

..0 coUoid to tbe electrode. No oxidative voltUDI!letric 
0 acthity wu detected £or h(IV) colloid by either 

\tcbaique lor applied poteatiall u poeitiYe as +1.e 
V venus NHE. Thil tugest1 that the rate of colloid 
oxidatioo, even at pcKentiall approachins values at 

an wbic:h water ia CKidiaed, ia quite slow. Reductive 
YOitamrDetric KtiYity ia obeel vied £or the colloid by 
both techniqua in the potea&ial ranee from-- o.9 
to - 1.2 V versus NHE. Thia.YO&tammetric behavior ia 
ctiltiDctly difFereot from the usual behavior exhibited 
br diaolftd specie~. A series or chroaoamperocrams 
u a fwaction of potaatial ia ebown in Fipre 6. Thia 
aample hu a most-probable particle diameter of 2.1 
om. The potftltiala for curws 1-4 are- 1.20,- 1.25, 
- 1.30, and - 1.35 V versus a As/ AsCI reference 
electrocle"tespectively. Note that the.e curves exhibit 
a CW'1'eDl peak at lima pater than t•O instead of the 
usual t-l/2 decay for t>O. This novel behavior may 
be attributable to the dift'Uiioo of a partially reduced 
colloid pe.rtide back to the electrode surface for further 
reductioo. 

The chronoampei'OIDitric data have been used to 
conatruct the current verma potential curves ahown in 
Fipre 7. Curve 1 ia for a colloid aample with a most­
probable particle diameter of 2.1 nm and curve 2 ia 
for a aample with a IDOit-pzobable particle diameter 
ol 2S.S nm. Theae curves ahow that the rate of 
Pu(IV) colloid reduction increuea u the potential 
ia made more neptive u apected. However, the 
characteriatic plateau in the. curvea at the more 
neptive potentlala ia not obaened. Thil augesu that 
the electron tranafer atep ihelf'ia kinetically quite alow. 
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FIGL"RE 6. CHRO~OAMPEROGRAMS FOR THE 
REDUCTION OF Pu(IV) COLLOID I:\ 
DILt:TE HYDROCHLORIC ACID AT 
A MERCURY CATHODE. 
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FIGURE;, Ct:RRE~T-VOLTAGE Ct"RVES CO:\­
STRtiCTED FROM CHRONOA).IPER­
OMETRIC DATA FOR THE R'EDl"C­
TIO~ OF Pu(IV) COLLOID I~ DI­
LUTE HYDROCHLORIC ACID AT A 
MERCURY ELECTRODE. 

Further, at any liven potential, the rate o£ reduction 
o£ small particle-aize colloid aampla il much gr~ater 
than that o£ larse particle-size aampla. This behavior 
can be attributed in part to the greater dift"usivity of 
the smaller particles. 
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CO~CLCSIOSS 

Additional atructural inYeStiptioaa of Pu(IV) 
colloid. both tu~peraded in 10lution and isolated from 
IOlutioll. are plumed to support the electronic spectral 
data presented bfte. X-ray difFraction and absorption 
methods and Raman tpectroleopy will be exploited 
for tbfte studies. The x-ray difFraction and Raman 
specttOICOPic probes will be UJed to provide speciftc 
atrvetural intormation. The Raman technique wUl be 
UJed to probe the lattice vibrational modes of the 
colloid in order to pin information on n-ystallliUty 
and loal-nn&e order in the colloid. In addition, 
the Raman apeetral result~ will be UJed to obtain 
molecular 1tructural intormation (e.g., the atreqth of 
oxnm bcmdiq to plutonium) for the colloid throqh 
examinatioo of the internal vibrational model. To 
fulb' wadentand both x-n,y diffraction and Raman 
apectnl raulte, it will be nec:euary to examine certain 
other Pu(IV) model compounde as wu done with the 
electrooic epec:tral reeults reported here. 

The prelilllinary results pertainiq to the redox 
....aiYity of Pu(IV) colloid m'eal the anticipated 
complexity in the reactioas of this important ~pedes. 
The po&eatiab at which the colloid il oxidized and 
reduced are well removed from thoee for dinolved 
Pu(IV) ud rdec:t the etabillty of the colloidal form 
of Pu(IV). Althoup thete potential~ are outside 
the f&llle expected under normal environmental COD· 

ctitioaa, oxida&ioo state ttabilities of diuolved plu­
tonium epeciea are atroqly influenced by coordination 
to envitoomentally ubiquitous complexant1 ( tuch as 
cvbonate ioo), and similar ~ects may exist for 
colloidal Pu(IV). The unuaual kinetic results for the 
Ce(IV) oxidation reaction and the novel voltammetric 
behavior for the colloid reduction sugest that particle 
me ud 10lution com~ition play strong roles in 
cletermiD.in& reactivity. The reault1 pre1e11ted here 
have menly ICI'atched the surface of this challenging 
problem and much additional work will be required to 
pin the necenary undentuding of this system. 
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