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DV-X a Molecular Orbital Study of the Uranyl(VI) Nitrate Complexes(Ill)

Yoshihiro Oda®’, Hideyuki Funasaka”, Hirohiko Adachi®

Abstract

The electric states of the uranyl(VI) nitrate complexes with the water and the phosphates were
calculated by using relativistic Discrete-Variational(DV) X « molecular orbital method. The
optimized bonding angles and distances were estimated by the Mulliken population analysis. The
structural influences were found for the waters coordinated complex, but not so large for the
phosphates coordinated complex. In the phosphates coordinated complex, the influence of the
branches of alkyl groups to the bond overlap population was found. The optimized bond distances
were found at 2.538 A for H,0, 2.486 A for TBP, 2.512 A for TsBP. The solution effects are very
significant for these calculations, because the calculated results have over estimation at the ligand
bond distances. The electric states of tri-, tetra- and hexavalent plutonium complexes with the
walers and nitrates were calculated with ideal structures. The order of increasing strength of the
covalent bonds of \a}ater bonding to Pu nitrate complexes are Pu(Ill) > P(IV) > Pu(VI) with bond
overlap population. The bond distances of water for these plutonium nitrate complexes are
estimated at 2.537 A for the trivalent plutonium, 2.439A and 2.561 A for tetravalent and 2.680
A for the hexavalent. The plutonium nitrate complexes have weak bonding from the comparison

with the uranyl nitrate complexes.
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FRI 2R3 ROBEENEZ /=0T, TRNEEFDLHELIT)IDFRETHH M,
AN 2 K3 KRBV EREEOHE RIS L LFBEBIINESVE LTI TERTLI LI
L7
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3.REERY T = VESEIC B B FHE F ORERELIC T AR

T TR B 28 EOREITET 2SR, BEMETATESLVIESFICNT 45
S EOREIC OV T D A A, FLRICEY 2 RELIFFRET 5 ETIFHIC
EETHE, &0 IHECMBEROREEREL, JAOEMATL LTRLERLE L
BIEHE 2o Tnd, —J5. MBTRUAT S RESHEOER AWE ORI+ RIGE
BEFSL LTEETHY), BTLFCBIRIEELMAREL ko Td, 22T
AETH, FRETEP THEALMEY 7 = VEEIZOWT DV-DS & A\ TT - 7l
B ERE RO VTR,

3. 1TEEE Y T = VB ERII BT AR EERMFOF S HIEER

Y7 ALEWOEBLENIEIES (B ENTWwAEY, ERIIFLUETEPTHEHLS
TEER Y T o VEEERTH B KGF, V) VEBEREMFIERM L 2EFIConTidEhiZ &EE
BTN TB LT, KoF. TMP(Tri-Methyl Phosphate) . TiBP(Tri-iso-Butyl
Phosphate), TBPO(Tri-Butyl Phosphine Oxide)Eefz d#5EEfEED X #EMHTIZ & o THWHT
SNTWV5E, ThbHOFBEEETIIPERCTA F Y EEMTE 1 BEEAIK 2 2925k
BE (77 VENICEET, HERSTF2E0H) LT, FRFAGAOKEICEMLL TW
Bo BEFREWT LI, KGFIET T v 2BATERLICEMY LETOKEREFOREHL
WHFELTWADIZH L, T R TBP L5 %) YEREMFIZLU-0-P FEHEZD
. AEEETH 0 EOMETY 7 VEFLHEE LTS, —#&iIZIE, {bEWIXZ DN
N RARL L AHEFRIBRETHLH I N EV, 2F Y TBP D L) ) VEEARNF
TRFOMEEY T o VR TIE, BELU-0-P PEHRE 2 HEFrRDEETH LT D’
WV, I THEMANIZY YEERBIALF TBP, TsBP(Tri-secondary-Butyl Phosphate) ASEL
MLTVBREEY 7 VROV T, EorBEZEL THELZORBEREEIZO W
TR AT, THEENL {5 T3 [U0,(N0,), (10,1 Ic2nT b K FFED
HMEHMEREZT, FO/E~DEBEEHF,

SR OFTECHEHLAHEY 7 LV EEOHEIIRDOEY TH 5, [U0,(NO,),(TBP),] T
X420 7BAELE: (K2) o P, ZKENIFHEHZRL, £OHRIFITZRDOER
BEERLTWE, ZOBT type A, BIZ TBP @ 3 2O 7 FIVENFETHREBIMNID D
type C, Did—2oD 7 F VEIRETLEIZH B, type AlXT T2 xlhe 45 Cov xFpit
b, type B I3WEEE & 55 C2h, type C I3FEEEZEHE 34 Cov, type D XU 5=
NVEEET S C2h WFEERFO, BRI 3 12[U0,(NO,),(TsBP), 1D 2 ¥ 4 T%Rd, &
D 2 oD EE, [UO,(NO),(TBP),] @ type 4, B KK L Twas, H 4 I
[U0,(NO,),(H,0),] D 2 2D % £ ThRT, TIT type A 1d X MEIHCHLN/FFEET,
type BIEHEOZHICAE L ARG FERPFRETICEEIZZ > TWAEETH b,

SEOEREON - BREEOZWFEIIBITAIANLF - LAV ERSITRT, 2Rb
DI FVF=LX)NH 5L, HOMO(Highest Occupied Molecular Orbital | Bisi i &5 8k
), LUMO (Lowest Unoccupied Molecular Orbital : BRZE#E) L~V H5[U0, (NO,) , (1,0),]
Tid [U0,(NO),(TBP),], [UG,(NO,),(TsBP),JIZ R TIEL o TWa Ik ihird, X7
I DIE NI B 528, [UO,(NOy),(TBP),] Tid type B & type C T HOMO-LUMO & + v
THEREL G >TnBEY, FRODOWERMEIZC2h & C2v TH Y T4 7 FNVEDOFREMIZLT
TEHEMBLERLZ-TWVD, FOHIANNF—LRADPLIIHEDENIL 2LEEEOHE
% EAE S B = LI L, —7 [U0,(NO,),(H0),] Tl type B T HOMO LA k&L,
HOMO-LUMO ¥ ¢ v TN E L oTWwA, ZOEMIE Craw % [21]® Gaussian92{22]1Z &
LEER (A LESEBIBEEOL0FFVTWS) LEMBIZE—HE L Twa,
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RICINHDFAKRIZEBITS BOP DFEREFE 1 IIRT, i, [Pre] X EATHED
XRTER[23]) CEIE L 72 ZU-0-P HfliATo 724 4 7OHERRTH L, T HHEIZL-
T, B 21800, (N0}, (TBP),) :type A DX HIZ U=0 #EEA2 DERENTVELDLH D,
TBP BERLDIFE ., U=0 &4 TIX Type A DAV RO, FEEE Y 5 > D#EEA1E Type C
Db, TBP Tl Pre Type AR DV E VI BESIEAMEICHHES 7 F L ED
NENDBEBRIZRWEE v, FCTRENLREEROEEE*R 570124 T O BP OF
WOWTHRBZIEIZL, Shw [Total] L LTERHDOEFTEIIRLTWS, $/-32
NERHEEDEITBLTELSGbETwA, FOHE, TBP B TIIHREHYIZ Type B iK%
DEETHDHEEZLLND, [FREIZTSBP T Type BBLREELELON L, KFGFEMT
X Type APEELZZ LN, TN Crav ER I FEIFTOFRIC—HLTWwBEESE 5,

3.2 TR T = VEMKIC B AR FOREE S HEEBIER

RIETIOFRZ b L ICH RN FORBHEEEEOIFEZR T ) 2 b b Lz, £ { DEEE
RICLB L, WEEY S VOSETIIFEREIZ L 2P HENFORKSEEEIZ{LT 245
DMZHF VB L VI EFHENT VD, T4E5IC Allen EOEER[24]I0ENT
(R 2) . BEZEEFBAEPTY PERMFOESIELIIAROBEICKELTKELE
T BRY TN F o HEET (ERTRIEEAF V) OBAERIHTVEEL
W EWhPb, FITERETIRY VRS Y ERETFOZEEEEZZE 2 3, RS
MFOREEEREZT 2 EZ CTHEERIZT 2 BP OTLERARLI L E L, TOFE
ZREF[201°2 BFSFORMECER L., MOEERLBVY—HEBTw5E, KETE
TRATE THRANICEEREETH 2 & E172{U0,(NO,) ,(TBP) ] K U[U0,(NO,) ,(TsBP) .1 ®
Type B & UF[UO,(NO,),(H,0),1? Type A i 2WTEE #1727

BRERTH 6 RUSE 3 ITRT, ¥, ZEtERERIEX 3 RAT T4 VETHBE L Tw
Bo FITKRGFOHEED) VEREMNFICERTT7EHBEDBRS LIE 20w E5bh
Ho E72TsBP HSTBP £ b b WEE T L OMEANH B T LITb2 b, FERMEFIIBITS
BOP D AfEid, KSFT2.538A, TBP T 2.486A. TsBP T 2.512ATH b, T bDit
BRREIERERICESH0.IARE, FEEEZAAFEML VLI L2 b, Crav
DFERTIIRGFOHEESERIL 2.49A (P LESBEHEOBEREILE2BI 2o Ty
%) TRIINVAKFML TV B, FOLDINFETEICBERESENE IR TRV T
HBEEEZEZOLNE, ELII—RIFESEEI;ENVZIEBVWEETHLEELLNLTVS
A5, TBP & TsBP B TIXFNMHEITh o TV D, FETEBFEETIIOVWTHE RS =
&k Lo [U0,(N0),HO),] D ZBEFHFIE* 7 12, [U0,(NO,),(TBP),] R U
[U0,(NO,) ,(TsBP) ,J4iz2WTEFNRFNK 8,9 IZ/RT e THELEDEDE LKFFLLT T
BF~OBEIOBENH TBP 2 TsBP IZH_TIHEEIT/NE L, FEEITH I exbhr s, T
72 TBP & TsBP Tid, TsBP DBEFEN L DML o TWE I Wb b, FDizdZ
DEFEDHAYITL o T TsBP @ BOP e AK & 2 B #EE AT TBP 12T REL o
mbDEEZLNDL,
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4. fFBE 7V R = A (), (V) RO (VD) iR D EFIREFHE

HUBTEFRTY I 276 DT 7 NVIREBTEETHIOIIHL, 7LV 4iE
I, NZ LTVl (Pub,®) DIRFEZHY 5 %, EEDOTREPTIE TP 2 HWT TV b=
LETT U ERRELE, FELTWAFP 2R E, Pu(ll), (V) DlEHAE 2T -
TTN b=y LONEE - BEELT->TWD, ZOL TN b=y AT FOBRLIRE G
UTHkA L bFEREEEZRL, FOEVWVIEBICEMFHIATYSE, LALENFSY
Z VAL EWEOYEM LB F TOREBICHTA2ER v, T TRETI
AP O T b= Ak BEL, TOEFREOBTZITIZ L E Lz,

41FEBE7 N R =y A (D), (V)Y RS (VM0 E D BERIEICONWT

SUFZF T T FEERIIFEEILE ( DBLIREB L B0, Z0MHEI
DWTEMIIATE L2FIEIER I vy, £ 12 B S TO/K4s 2egErlmonTs
D, F-FUEMBETHIRLRIBEMEEFIY D22 FMONTVE, TV =T AIZEL
Cld . I & [PuNO,) , (H,0) 5], [Pu(NO,),(TBP),] & 9 B & TdH 545, N{liTi
[Pu(NO,), (H,0) @ 12 EehzfisE, [Pu(NOs),(TBP),] @ 10 EEMHEEAE R 6%, HFIZ 12 AL
BSOS RIIERICHIT SN AFRD TR, HENZERAEEE LT 20 mWHEE
PHEEENTWLIEE TS, tBVIMOBAIEY S VEO 8 R 6 fHTHEHR
[Pu0, (NO;) ,(H,0), 18 5T v B, 22 THRE T, Pu(ll) 20T 9 BEifE G = fMAiEE
(B 10 72) #%. Pu(IV) 22T 12 B4r 20 TAE (B 10 ) %, Pu(VD)ic2owT 8 2
L 6 WS (M 104) 2BELTHESV =y AKkNPOEFRESTEXTH L
E L7 BHEEIIOWTIEREFNENEAOMNFELZIAFEETHVAZ L L L, Pu(ll)iZ
DWTH 11 @, Pu(V)icoWTE 12 @, Pu(VDIZoOWTH 13D 2 2 HE L2, h
L DOEBEDECIKRSTFFROFREMIIT TEREEHDENTHDL, IhbDIEEIZBW
T, Pu(l) TIX 3 DOREEEA 4 U 3 HFOFEEERT L E L. KGT% 3 AHFICBITS
EHRED 3 HEOTLIASEM TS E Lz, Pu(lV) TIRE 20 HHEEz ITEEL, B
FEORBMEO A AL CTEMNFZEREEBE L. 2F 0 2 BEMOWEEA 4 ¥ CIIEEDH
CHRAMICERERTEZEE, BEENBEREFIIEREY TICEE L2, Pu(D)iZowTid
TEEEY Z VR LR UiE L Lz EBRDEE TIZE T4 MOMER TV b =7 L Ok
IZ DT EXAFS 2 FAWTIATF L7-EE[2]2 FVwa L E L (F14) o

4257V b= A (), (V) ROV i K F1% @ & FIREE

FEDOZANT - LW ER 15 (2R T AED [PulN,),(H0),]iE 3 BhELEw
L& IZ HOMO, LUMO ¥z 23 h . & 512 HOMO 25 H#EIC 2 o TWwWh, ORIV =y
LEFOEFHEI[R]7sS L S ([Ra]iz T Foi% 7). [Ral7s%6f° 2%
D, BZLTWAHEEA A28 1, KFFLE 2 BOBFEHEE LEMRIRETIR
[Rn]7s?6f? IREEZ & 5 TKBBEHTEEILFEL TN bDLEEZLND, FHIC
[Pu(NO,) , (H,0) 1 TiZ[Rn] 7’6 £2 IZFEEE A & ¥ R UKSFH7%E 4 D T[Ra] 7% IKEEF T -
CTWAbDELEZONS, T BEMED 2 2474 [PulNO,),(TBP),] TIix 4 BFH->T
[Rn] 780 THREREEZBTWAE EEL LN S, [Pud,(N0,),(H,0),]1Z 3 EOFTIIHEDE
VWZE I HOMO, LUMO ¥EfL % 3% > TV 5, TV F =7 AlE[Ra]7s? DEFEE 12 Pul,
DEEERTELE 2 HOBETFEHIEL, HWEEA A Y RUKRGTFLOEF2hET L ET
[Rn]7s6f P IREECREBEZ o T LEEZON S,

5T TV b=y AEEARO HOMO-LUMO ¥+ v 71X, E5 /R L-ISEEY 5 = L akk
WHRTIEFIIHECI b2 s, BT T VR TIIFNFNR 1.41~1.80eV O X %
v FRFEEOM, WSV by LK TIE 0.05~0.94eV BELIEEITHE L -oTWVa,

-9 —
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1542 [Pu(NO,) , (H,0),] T, 0.047,0.133eV &I CIMELE SR T I EATFHER
5. T 76 {OFEEEY 5 = VKO HOMO L~V a59-6.4eV THAHDIZF L, B L 6 il
OREEE T IV b = Uk i34-5.6eV LB ko TWh, MEEY 7= VEETIIY YERA
BT & DSER TR Y HOMO DSEMICRB LTV 2055 4-5.3eV BETH L 0123
L. TEEE TV b oy A AIIH-4.6eV(IV) £ -3.9eV(I) & 2% N iE Lo TWwh, INH
HOMO-LUMO £+ v 7O\ &2 HOMO L ARUFEMIZH L Z LA, TERTTLNE T
Vo ADBALETIISEE L Twa EEZONLH, 7Ty EORBIXfMOMmEIZBLY
YT VEROBTINELSE - KBTALENH B O—MIEE I B\,

K12 BOP DB A E 4 12R T o Pu(IV)IZ0WTIIIEEE Y 7 = IV EHEDFER & AR
MR L TEREN 2EBREIATVS, L2 LAFS ZOERERD, LEFER L EFESD
BXOBEEEEL I LB L V. FITREFEFICTFHEFRoTALI L E Lz, EDK
BORNEEA 4 ¥ & OEESIZ oW TIE Pu(ll) & Pu(IV)IZFIZFEE T, Pu(V) Ao LD
LA ST EOESIIOWTIE Pu(IV), Pu(V) 25iZIZEE T Pu(I) A& b K&
WEWHERMEEOI bR ol. 2% ) ZOERY LBENICIE Pu(ll) > Pu(lV) >
Pu(VI) DIEF CRELRFEEEZF2LEZLNS,

4. 3TV b= A (D), (V) RO (VDO KD T OB G EAERR

AETIL, REEES N b= o (M), (V) ROV i ot § A KD FOmB LS HEEE
BT Bk Uiz SFEIX 3.2 B AT o7 ETHEOHNRLTHHETH S
A5, FEEEY I S VEHEADEE L RIS, SEALTF O BOP OMEICEECHEEIT TETR
L&bd7 (Total)s FDEEE. [PulN0,);H,0),1122WT Type B &, [Pu(NO;),(H0),] %
U [Pu0, (NO,) , (H,0),] 122V TiE Type A OfEEE W TERHEZITI 2L & L, 222L
Pu({IV) 20 W T IR IS U TG FIo2owT 2 BEOFEVEN L, FHETIIER
HrREoT, 2F N 2EBLIFALBEATEHELZITIZLEL,

SR LE 16 1257, Pu(ll) i 2.537A 2, Pu(IV)id 2.439A & 2.561 A2, Pu(Vl)
i3 2,680 AR AEE R L, Pu(ll) & ARG FOFREEHHRDAKE L Pu(lV),Pu(VI) LT
ETHDLIENTREINT VS, Pu(lV) TIEFHREICIE T 2 EEH (a, b)DEBPRIN,
CERED 2 AFREATWS, 2 T—H (B PHEAEEFORMES () DS WEERLT
WBH, a DEFEDNHET b MEMEZRL T WA, TOIENLINLD 2EDORE
FEESIRSCEREAMAE I L CLVRERIRETIRD P RILELEEZELLN S, D
%1 Jahn-Teller MRV BEN DO LHFEEN B, T IN0OKERIIWHRY 7 = VEHE
DIERLBLEY, —REESOTFTNL DI EHEGEHEFRE 2 2EAZRLTV S,

%1z [Pu(NOy); (H,0),] ® Type B 0 ZBEFHER K 17 2. [PulNOy,(H0),] B U
[Pu0,(NO,), (H,0),]® Type A IZ2WTEFNRZFIE 18,19 WWRT . £THEEETOEET
BEEZRLTWVWS, SNLEOEDS S Pu(ll) & ASFOHEAEREEH Pu(lV), Pu(V) 12k~
ThEL R TVBEIENEDNPL, £/ Pu(V) TRASTFLETIN =T LOBMDOEFE
HFEREVDDENZIWLDD 2BRENTVS, TORILX 16 125\ T Pu(lV)-a @ BOP
PR E L BEETER L TVALD, BTENNSWHOKFTFOEEHERIZNLY
LEL BT ENTFREND, [Pul,(NO,),(H,0),] % [U0,(NO,), HO) JNEEFHER (X
7 LH~BE, T P CREFEESETRTREMEFLIV =T 4200 CETFEN
Boniant, 507V oy LEFOBFENY 7 VAROCETFELD b L DIEFIC
EEREIBELTWA I b b, 77 F=FidT ¥ = FEERICETET O
MEEBIZAF VEEDFBPT LT 7 F = VIHORREEHED, LeLEFLY 7V ET
WhomADAF Y ERICFRIBEREEVEESR R VAD, ZOFESEDEVILE
ELTWABTOEIBENVILIZLDEEZON S, '
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5. &5

SEEL, MBERFO T IV ERGTFH DL CEERERA TS i A RO S
DL U CHRERUFOFEAALEHICIOWT, FEBERPOB(LEORLZE TN
NEU L ERGFDE R BEEDEFIRER UCH#EAOFEE I >V THEHRN S FIEE
HWTEHE - Bir%1T o7,

THER Y 7 = WEAETIE, V) VBEEREM T L RGFOREGAHREEROBEZEZ TETIR
T ELREEICOVWTER L, S5I2FN6PHELMIF O BP OESEIZ T 5
A omBE 2 HAHEELY RED o7, FTHEARUTEROBENRZERIIRIZTTRE
THEN, FFHEDOZAINF LRIV EDRUFTHRE LR ONE o
720 BLLCTWB Y VEERBNLT-RK G FORE L, HOMO, LUMO DiREZRPFDE Y v 7D
RESIEDPLEVIR O N, BEPESIIEIRILEENRLNT, F40) VEER
FLALF- TBP, TsBP DB DEWD RSN o7z, BOP TR UEAETIHEEIZT U TiEEE
AT 7 RPN -TOFEDORE SITEVIEHNRLZ, L L2 b2 ToHEEHERICH
(T BIEREI, WA A L DEAPFI b & TP DREEFHW s LI L3 ITE{LL
ez olz, T TERMNFIIOWTEROE % BOP DEICENT TEL&hE7
LOEEBL Thiz, 2OHRE) VEEREMTF TREELZLONIBENFRZI N
B, EHECKELEVIIRLOAT, BT VI NVEOMBICL 2EELRO N
o7ze 72720 TBP & TsBP D THEEADKESICEVERLN, ThETFIVEOFREDT
HAEILEZETRIZLTWwAIDEEZLONL, ZOZ PO TLANIENEOHEIEE~L
IZTHBIIOWTIRERBITEIT I LEFXS DL EELOND,, —HRGSFEMTIE, KD
FREPFEELICVET S HAREICMNETSLIVIKETHL I ERINLE, Th
(X Craw FEOFER LT LT, HEEEEIZX 2 BOP OEfLD 5, FhEFENRBE LGS
PHEEL LT TBP:2.486 A, TsBP:2.512A ,H20:2.538 A Z# A 72 L7z, BH. BEHEEE
W EFRENRE R BAN, T TIX TBP & TsBP TH#FDOBE@E@ASIE L Tv 5, #iKk$ 3%
WER T b = KA BT B RGFOECHEBEOKR, O, BUFORFEIKSL DD
LEZON, BRUTEAOBTFIREOBIT 2T )LEIHLLEIONS, T NbH
SHEHEIZEE U Tid Craw 8O Gaussian92 DFER I FO T, FHEBREIFERE L D AL
i AEEmPFR LN, T, BEIROEAN L > TeEI B LEfFESN S,

HERE WA @ Pu(ll), Pu(V) BT Pu(VI) @KoV TIE, Pu(ll) ® 9 B &
Pu{lV)® 12 BEMHEE O EHAmOA TR WD, BEMNLEE» S L CFOETR
BrEtE L. ZOHRY I VEEIZEBEE TV P =7 4K Cik, HOMO, LUMO #E
TOKEL FRLIFEIIENEy v T2EBEOIEIRINS. ZTORW Pu(VDicow Tl
THERY T NVEEREF U L D ITHEE TV P S VMR TRIE R T o122 b, TR D&
BIITV oy s8R0 DIEHMEEZ LNE, $7-BP OERNIL, WBEEA 4 LD
BDHESIT2W T Pu(ll) ~Pu(lV) > Pu(VI), ARFFIT2»T Pu(ll) > Pu(lV) ~
Pu(VI) oM #+5, #E89IZE Pu(ll) > Pu(lV) > Pu(V) L EE CLELRE ST D
LEILND, KFPFORERESERIT>WTIE Pu(lI X 2.537A 17, Pu(lV) i 2.439
Ak 2.561 A1, Pu(V)id 2.680ATH B EEZLNBD, Pu(lVIIZBWT 2 BOEL -
REETRONZ DG, O EHEEICBWT Jahn-Tel ler /RSN 2 b O & HitF
SNB, CNLMHEERTV =Y AEOFEIIBW TR TOE AR IZ4E T Pu(lV)®
EBRERETACTVWED, KOFEMZBRWCEESITHI I EICE D, BEA A D L)
A4 Y HERETFIIOWTORB R ESELHEST LI LTk bEELLNS,
T, HEBZT VWV EHRY VOB THREDHBER T A NT —HEMIIKE 2 E NS
Rribhilzd, MOT7F=F - Sy ¥ FTOFER2ITV., BT LLENDE LE
bbb,
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REIZDV-DS EIZEEFEHCTHTFREFEOBEFIRELAFEMGIETE L), &1
FANF—FETCE TS INVEERELEET LD, FOMAEENPT I ENTEL
Vi, £D7-DEL A NVF-FELLELTABERBCETHIVFAIRL I &3 ARW
A5, G EFT - 72 BOP OEb LS AL % K0 2 FEIEEHET, DV-DS o Rz +
SIEPT LN TEREEZ L NS,

6. BHEF

AMEDOETREFE T EDBIIHAY, BFAVAT L (Bk) OEREREF RIS
WieZEE L7z, OBH#HA-LET,
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U-L Overlap Population

2.41 U-TBP (EXAFS)
2. 3‘2731?7TFBE ?:er: N )\ / 2.43 U-TIBP (EXAFS')
ay® - d
Ny /2,49 U-H.0(692°)
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r[Al

6 : [UO,(NO,),L,|(L=H,0, TBE, TsBP)? Bond Overlap Population
2Acta Cryst. 1965, 19, 536. "Acta Cryst. 1985, C41, 1446.
*Polyhedren. 1897, Vol.16, No.13, 2233. %J. Phys. Chem. 1995, 99, 10181.
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The face centered trigonal prism type of Pu(IIl) The hexagonal bipyramid type of Pu(VI)

The icosahedron type of Pu(IV)
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Bond overlap population

2.38 Pu(ly) (X-ray®

_[ T T T T % 1 T I ] T T T T L) T T T I T T T T 4 1 3 T T I T T T T T T )| T T l T T T T T T T T |—
0.240 [ —e—Pu(i11) .
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0.220 | ]
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2. 30 2.40 2. 50 2. 60 2.70 2. 80
r(Pu—HZO) :

16 © HER 7V b = A(I),(IVY B (VMDA D Bond Overlap Population
*Inorg. Chem. 1996, 35, 2841
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1 [UO,(NO,)L,](L=TBP, TSBP, H,0)? Bond Overlap Population

L ‘ ' TBP? TsBP? H,O¢

Type A B C D Prel? A B A B

U=0(UQO,) 0.5836 0.5748 0.5676 0.57b4 0.5538 0.6015 0.5828 0.6683 0.6929
0.5669 0.5854

U-O(NO,) 0.1767 0.1780 0.1919 0.1779 0.1677 0.1830 0.1985 0.1995 0.1883
0.1535 0.1650 0.1499 0.1593 0.1570 0.1687

U-O(L) 0.2937 0.2971 0.2962 0.3000 0.3098 0.3072 0.3095 0.2087 0.2136

Total? 2.3981 2.45568 2.4414 2.3964 2.3812 2.4813 2.5190 2.56520 2.1896

“These calculations were performed with 2.41A for [UO,(NO,),(TBP),] and 2.43A for [UO,NO,),(TSBP),] of U-L bond
distance from Polyhedron 1997, Vol.16, No.13, 2233. *The structure and bond distance were found in Acta Cryst. 1965, 19,
536. “This type was shown at previous session. The structures and bond distances were found in Acta Cryst. 1985, C41,
1446. In J. Simon Craw’s paper(J. Phys. Chem. 1995, 99, 10181), the total energy of the water molecules placed
perpendicular to the plane of the nitrates(type b) was found to be 0.474eV higher than that of the planer structure(type a)
with Gaussian92 and original basis sets. “The “Total” means the summation of overlap populations of two U=0(UO,)
bonds, four U-O(NO,) and two ligands.
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3R 2. EXAFS 2 X 2IEEER™ 0 U0,> 44N

sample U-0,_, U-0,, U-Cl

Uo,* R(A) N® o 2(AD" R(A) N R(A) N AEeV) F ratio
OM HCl 1.76 2 0.0018 2.41 5.3 C 102 1.0
1M HCI 1.76 2 0.0016 2.41 5.0 2.71 0.3 -10.8 0.87
2M HCIl 1.75 2 0.0016 2.41 4.8 2.72 0.4 -12.2 0.75
4M HCI 1.76 2 0.0017 2.41 3.9 2.71 1.0 -11.7 0.43
6M HCI 1.76 2 0.0015 2.44 3.1 2.72 1.5 -11.5
8M HCl 1.76 2 0.0015 2.48 2.7 2.738 1.8 -10.8
10M HCl 1.76 2 0.0016 2.50 2.5 2.73 2.0 -10.7
12M LiCl 1.77 2 0.0015 2.51 2.2 273 2.2 -10.4
14M LiCl 1.77 2 0.0018 2.52 1.9 2.73 2.6 -9.6
Dowex/HCl1 1.76 2 0.0022 2.67 4.2 -12.3 1.0
[UO,(H,0) 2" 1.70 2 2.42 4.9
[UQ,(H,0).2° 1.77 2 2.42 5.0
U0,Cl,-H,0f 1.72 2 2.46 1 2.78 4
Cs,U0,ClE 1.81 2 2.62 4

“The 95% confidence limits as estimated by EXAFSPAK : U-O,, R+0.006 A ; U-0,,, R+0.012A and N=+0.30 ; U-Cl,
R+0.012A and N=0.30, respectively. ®N=2, held constant for the U-0,, shell. ¢ s *=Debye-Waller factor squared held
constant for the additional shells ; U-0,, o =0.0070 ; U-Cl, ¢ =0.0050. “XRD ; Inorg. Chem.1983, 22, 3986. °EXAFS : Am.
Mineral. 1997, 82, 483. 'XRD ; Acta Crystallogr. 1974, B30, 169. 5XRD : Acta Crystallogr. 1966, 20, 160.

100-86 V0OO98AL ONd



3 [UO,NO,,L,J(L=H,0, TBP, T/BP, TsBP) D4 Mtk

H.,O TBP T/BP TsBP
X-Ray 2.397° 2.37°
EXAFS 2.41°¢ 2.43¢
Gaussian 92 2.49¢
This Work 2.538 2.486 2.512

“Acta Cryst. 1965, 19, 536. "Acta Cryst. 1985, C41, 1446. “Polyhedron 1997, Vol. 186, No.13, 2233. %J. Phys Chem. 1995, 99,

10181.
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T 4RV = AQID, AR VDD KIY D Bond Overlap Population

Pu(III) Pu(IV) Pu(VI)
type a b a b a b
Pu=0(PuO,) 0.6550 0.6879
Pu-O(NO,) 0.2031 0.2078 0.2457 0.2208 0.2143 0.2070
0.1734 0.1871 0.1762 0.1638
Pu-O(H,0) 0.2281 0.2392 0.2049 0.1853 0.1785 0.2081
0.1397 0.1778
average of Pu-O(NQ,) 0.2031 0.2078 0.2096.  0.2039 0.1942 0.1539
average of Pu-O(H,0) 0.2281 0.2392 0.1723 0.1816 0.1785 0.2081
Total 1.9029 1.9644 2.3656 2.3670 2.4480 2.3336
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