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Study of Extracted Complexes in TRUEX Process
by Nuclear Magnetic Resonance

Yuichi Sano*, Jun-ichi Karino**,
Tomozo Koyama*and Yasumasa Tanaka*

ABSTRACT

The coordination properties of extracted HNO; and lanthanide {Ln)
complexes in TRUEX process were studied by NMR (nuclear magnetic
resonance) measurements. The main results are shown as follows ;

(1) In the HNOj3 extraction with TRUEX solvent, coordination manner of
CMPO to HNO; changes with the HNO; concentration in the agueous
phase.

(2) The mole ratio of coordinated ligands (TBP and CMPO) to free ligands
in the heavy organic phase (third phase), which was generated from the
TRUEX solvents after extracting HNOQs, is larger than that in the light
organic phase.

(3) In the Ln extraction with TRUEX solvents, only CMPO coordinates to
the lanthanide ion, and TBP doesn’t exist within the first coordination
sphere. _

(4) The contribution of CMPO carbonyl to the Ln extraction will become
larger with the extraction of HNOj.

(6) The CMPO coordinates to Ln in the bidentate manner, which is
independent of Lin elements and the phase separation.

(6) About the CMPO exchange reaction in the extracted Ln complexes, the
following results were obtained ;

*The activation parameters (exchange rate constants, activation
enthalpy and activation entropy) decrease with the increase of atomic
number of extracted Ln, which may be caused by the interaction with
TBP in the outer sphere.

*The exchange rate constants in the heavy organic phase are larger
than that in the light organic phase.

* Power Reactor and Nuclear Fuel Development Corporation, Tokai, Ibaraki,
319-11, Japan |

** Inspection Development Company Ltd., Tokai, Ibaraki, 319-11, Japan
i
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TRUEX 7Ot 2T, WMEEEFO 3MEOTI/FZR (BT, An &9°5)
TTRICH LU THBHEWH 28 %2R CMPO (octyl (phenyl)-N, N-
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HICBE T 2 8B HFEHENE - RETHZEE. ThEFORBEHZIEET 5
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TOEARREED TV ET, BEERQEBRT -y Ebind,

PUREX 7Ot A% L[k, TRUEX 7O IZBNWTH, KEHhDSETHE
O R EWFT U THBE O L RIGVETT 2, LMo T, Ihs 7ot
ARBI2EBITHEOMBBEH Z2FEL TS BRICE, SEEKEGTICBTSW
B OIS, RUOBEOMEASBOMEBECIRIZTEESIIDOVTR
ZEDDLZENBELRS,
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F7. TRUEX . PUREX 7Ot 2 icB W THW 5115 TBP/n-dodecane
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IANTT D) B—ROE—Z BEAENTH B, % CTldk S o E
DEIMTAENE BB 5 KicHT 28 oA S ENT 2749, K-8
SNBLIBE—Y DERERADS 7 M BRI NEbOEEZ N5,
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TBP, CMPO #xif& LT 18C, 33P-NMR HIEE2ZH L=, K 2.3 Iz 0.2M
CMPO—1.0M TBP—n-dodecane {E&¥E (UL F. TRUEX®EE ST 3) o5
WTEAIS N7z BC-R U SIP-NMR 27 bV &RT (BIEERE 15C) . &8
& T, BC-NMR BEZIZBWNT 166.3ppm CEHZHTW5D CMPO &
carbonyl . F U 31P-NMR #IEIz B\ TZH2R 1.39, 35.33ppm IZHIHIE
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T2 TBP BT CMPO O phosphoryl D4 I A1)V 37 h ORSEREI RIS 25
EICIER U TR EED -,

2.4 12, 1~6N HNO; & ##2 L 7= TRUEX i Ic B W TEBIX 7= TBP 0
phosphoryl ZiZIRE SN 3 31IP.NMR AR MV &ERT (EIEEE 15C) . &
AESRMGT T, HIHEEAET @ TBP & free ® TBP & DEIOZHRIEAL. 3P-
NMR OF A LAT =)V LB L TR, ZNENIRBE NS 2 F )i
FHEEINT, TOFELITECRMAE (FI AN TR t—For—o3
BHEINTWD, KEATOMBRBEOEMICHE N, ZOV—7 ZEBBMA &
7 MUTW LAY, UK OB R OB M4, B8 12479 5 TP
AEINY 5, §7ab b FHH T IZBIT S free © TBP I3 2 itk o TBP
DEEREINT 2720 TH5 EEZX 515,

B 2.5 1. 1~6N HNO; & & L /- TRUEX B iIcB W TEH = h/- CMPO
@ phosphoryl BIZIREE N5 3IP-NMR A7 ML ERT @HIFEE 15C) .
TBP @ phosphoryl ZiZxt 9 2HEHEE &Rk, #EHDO CMPO B free @
CMPO ENETNICREEND > T PN HBRISIC L D B I N—ED
— I DHAPEHBREICBVWTEHBINTWS, £, KT OREEEDH
IR, HRMAETICBIT S free ® CMPO 1239 2 HiHi#EH 0 CMPO 0Z|
BT S720, KIEFOMEBIRE & & 612 free D CMPO O phosphoryl &
KIRESND S VA5 OTNNKREL A TS (BRBEAICI 7 LT
W) BRTFIHERETES,

2.6 12, 1~6N HNO; L ### L 7= TRUEX IS8 W TEHAIX 1= CMPO
@ carbonyl EIZIFEI N2 BC-NMR AXR%Y ML ZERT JHIEERE 15C)
phosphoryl 224 2 EIER R LA, #EP R free D CMPO ZH2HIC
RWESND S T FNBNEHLEN—FROE— 7 DANEREBBEICBNTE
BlENTWDR, TO 7 N OB phosphoryl EizxHd B EIEE:
REFEZO>TWS, Tabb, KIEHOMBEEN SN U TFoESIcBWTIE
THER B E DI E S T free D CMPO O carbonyl EICIBEEI NS 2 7 F)LH
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SEHBHMIT 7 MU T DA L. KB OREERIBESS 3N Pl -1/ 2 &R
RRE OB Mo TEBBMICS 7 P LTW BFRRRTES, 20k >
KPR ORBBEOEMICESIE—2 DT MERIOZLIZ. MEEEEEE &
B2 CMPO O carbonyl EiT & 2 EEANDERMERITILL TN Z &5 R
LTwa,

CMPO, TBP OMBERICN T 5FEHEBICDONT LD MR E2T S =0,
KHFOBRELE (1~6N) ITH9 % 13C-, 5IP-NMR Z~X% bl (carbonyl
Z K& U phosphoryl RICIRBEINB Y —2) OF I HIL L7 hOEKEMRIZONT
FEREfTo. B2TICEHERERT. HIcBWT, B kT ONBREE: .
AELERT TBP % CMPO O phosphoryl & X carbonyl HIZIREE N2 P—2
OHBMHAIRICB IS 7I AN T boEERL TV S, ZORED, TBP
@ phosphoryl RIZIRBE 15 P — 7 OHIHEIBICBI B X I NI ST FOEIL.
KABEEIRE 1~6N ICHBNTERBE LS & DICHEFAICHML TB 0. MERICEAT
5 TBP PRBEDLEF L EBHI—FOEATHEML THSBFIRRTES,
—7i. CMPO @ phosphoryl HICIRBENS E— 7 OMHEATRICBITA 3 H
V7 b DOETKBEBER SN A ETIEF—E &R0, FN LRI KEED
BRBEO LR & EBIEMBMICS 7 ML TV carbonyl RiCRE XN 2 P—
IW, ERERICERIC T P LBOB I ERbh S, ZOZ Eid. RRRE
f£9 % CMPO @ phosphoryl H O REHHH KR~ DEF 524 & & 12, carbonyl
BEOMERIENOFEHENETE I LE2RBL TS,

amide £id. RQDICRT IS MMA 4> DEREES LBREEHTS
VW EEBEE/T B L, SEAVE TRUEX BER ICHWTHEB OB, K
MPOMBRBEICIOUTOLSRELT 2O LERMZNS,

(2.1)
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c REPOHRBESN BNLLTOR (CMPO SHEEDY 1:1 DEEEEBRL D
LEE) ITBW T, TBP @ phosphoryl #& K CMPO @ phosphoryl £
& B HBOME RISV ETT 5. ZOFERICB LT, CMPO ® carbonyl
BEIIRBENZE—UNBRBREL - BICERBAICERICS 7 3B H
ELUTH, BBE L & BIZ CMPO @ amide N 12Xk 5B & OEMIADSH
GEEMRERL. IHICHES T carbonyl C DEFEEN LB TI-DTH
HEEZEZ5NS (K28 2H) .28, Gatrone FiL Z DRI BT S amide
N &K EDHERR KOHH) ICL2FEBOTREEOMEL TS 9,

- KA OFEBRIREED SN LLEDR (CMPO 233 BB Hht 2 DLk D ék
WEERT SR Tid, LEOHMBKEICIZ. CMPO @ carbonyl &Iz
X OMHRIEET T2 XD 5,

EHRE OIS LTI, (EES EERIC BT CMPO-HNO,

(phosphoryl £ & 7K & DH#EE) . (TBP)2-HNO3 J U TBP-HNOj3 (phosphoryl
EOKREOBHE) B4, EHBBEFERICHS VT CMPO-EHNOy):
(phosphoryl ZER ' carbonyl £ &7KFHE & DHES), TBP-(HNOs): (phosphoryl
HEKRBEDHR) ENEZLEND 0,

232 BEKCLIEE

B 2912, 4N HNO3 & ##:L /> TRUEX BEICBWTHEAIX N1 7x 10, 5, 0, -
5CIZHBIT B 3P-NMR ANXY MVERT, ZN5ORMS, BEOETICEN,
CMPO @ phosphoryl ZIZREENSE—2, & 512 TBP @ phosphoryl i
BEINDE—IN2DREHHTIHTIHERTE 5, —F. CMPO @ carbonyl
EIREEIND E— 2DV T HRABKICREQKTIZEN, P—2DR8T 3
HRTFVMRE SN (K 2.10 BB) . FRICBVLTIR, BEOETIC#VL, CMPO
RUTBP BEOCEWHE E=MH) BV (EFER) CHEBENSE8ET 53
KVET B VY, 4EO NMR JIEL DESNEEE— 7 O2MbId. T OMSHE
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KHIRLTWa DO EHEIEN S, T7abs, WEEMHE (CMPO. TBP)
EORELLD, BEMPEBTBATETRERSED, SHICBLTERT
SR —MBH OB EER O EREIGHRERSbD LD . NMR X
R MIVOEEINECEbOEEZ NS,

TNTNOMHITBITHMHEEIT DOV TE D SR EE DD, &4
ZHERE & Uz H-, 13C-, IP-NMR RiEE ERmL -,

2.11 12, 6N HNO3 & {8# L 7= TRUEX IM IR 2 8 EEICB W THREB L /- 1.
ERLUZBE=MHRUOBEE#RAE2 I TNER & UTEEL - 1H-NMR BIE O
RETRT, HEKUKENZTNIZRBEND Y VT HIVBESL S HEE— 2 28
FRICBNTRBEINTLSY, EFEHETO Y — 2 0FRL 0 ERERICE
HENTW3B, Thabb, KICHTHHEOR S, BE=MHE I BT
HDIEINKENWT EE2ERTE S,

2.12 17, 6N HNOs E#8#: L 7= TRUEX A2 BE I B\ THE L =%,
ERUCEZMHEVBEEEMAZENETNEB ELTER LA 3P-NMR BIE O
#ER%ZRT, CMPO, TBP @ phosphoryl BIZIBEI NS P—2 GEEF R free
DREMEFENTNICRBEINS /PR EEfahizr—2) 1. E=HE
CEFMEEEBE LEIEEBIZ, free CMPO RINTBP EDESN S EP—
IMEITRLTWBN, YT hOREIZESHEZRBE L FHFEOES 28
RELTZO>TNB, TOXI2EERIZ, CMPO O carbonyl iz B L= £ D
BC-NMR A5 H/B5NTNS (K2.13 2H) .

INSDERMNS, free DEREMTICH T 58ETORMFOEST. S5
HPIZHARE=MFDIFSINKRENT LRI TES,

IO&S REMITBO TR T ORHHEAOESEE IR NET HEH O
—D&UT, MHPREICRED BRI OMR (S8, TBP k1 CMPO ZmiERE)
DEAEPEZ S NS, FIBOL S ITFAERITBOTIHBES LIRS F84 8
LD, fHER. TBP kU CMPO BENEWHE B=MH) ROEWHE (BHH
) NERT 5. 2.1, BEITONHEHETICBT 28RS OBESFO
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FEREZET Vo FEHATEHIOSFRBRICETWT, EoHERUESEETICS
WTIHE SBMTFEOMICEEIND WS DODSEERRSICH LT, free @
BTN T 2 SRR ORN FORSZEE TEICER L., HEEREZK
2.14D)~(NITRT . FFREBECBNWTHRELHBRKBIZLUTOED TH 5,

* HNO3+TBP 5 TBP+HNOs (X 2.14(1))
- HNO3+2TBP I 2TBP+HNO; (B 2.14(2))
- 2HNO3; +TBP = TBP-2HNO3 (Fd 2.14(3))
- HNO3 + CMPO S CMPO-HNO; (B 2.14(4))
* 2HNO3+ CMPO S CMPO+2HNO3 (B 2.14(5))
- HNO; + TBP 5 TBP-HNO;

HNO3+ CMPO = CMPO*HNO3 (K 2.14(6) L TN(T))

SHITBIT B N5 DEHRREOFEER K OEN DM BRNED, &
TR OEENT A—F L LT, BESNBEFREEN S5 PEE K &
BOBED free DRMTICHT 2HHRECRETOESEHELE, Thb
DRERD S, B LB 60 PE R0 84 AT &35 A8 & ORI T
FEFUTH 2 ERELESE . EROBERREERCTEEERICB T, free
DR TFICHT BRBREOR LT OBISE. BARARNIZ L BT 2
SMRE BTN EERBTES, TH5OHEHEIZ NMR 12k 53
TR L TS0, HHBCHS SHBOBROELY, SRICHIT5E
MFOEBENDOFEESITEVELELIRZ —DOER &2 D S B AIEEH A1
FWEND, LaLANs. ERICIIEHICH T 5EHRRE ORERKF
— BT (BRAOERHTEHTRES D) . £ EEE LK
EEUHEL ORBRREN R CETT 200 EEASNBED, SHINS
EER UL ORISR ETH S EEDND,
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3. Ln 2EOHMHBEICEE T S8
3.1 HHJ _
AR T, TRUEX 7HEZICBIT 5 Ln £EOHBEEI ST, BIFiz
RIFBIZOWTHLNET B DRBEERL ., B - ZREFSo /-,
(1) TRUEX 7Ot X128} B i Ln 86D BESEIC BT 585
‘Lo JLROEY BHL-EFLE) IcLaEEEO DL
- BEMOERICHES BAEEEOTL
(2) TRUEX 7Ot RI2B1) 2t Ln $80BRAT (CMPO) 38U =B
T HBE
‘Lo STTROBWIZ KL BRATFRBRSICBITF28HEH/N5 A—» OBk
CEFHEE LT BEHETE) ORI ESBRETSBEEIC ST S
BRI T A—& DAL,

8.2 FER
3.2.1 #EK
FRBRTHEALRAEEZ U TIRT,
"B S 2 = R n kil (LonNOs)s*nH:0) (Ln: La, Ce, Nd (P E. n=6) ,
Dy (a=5) ,Tm (n=4) )
WIEEEHRA2HBO b OB HEH L,
- CMPO
Atochem North America O HDEMH L, BEREE 2.1 1257,
- TBP
MYEMIE TEENRAE B Oob0E/EALE, BEXER 2.1 051,
* HNO;
FIAMELEERASHH B oboEHRALE.
* n-dodecane

MAMBETREASHEHE BR) ObOEEALE,
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3.2.2 ERAR

FRBRTE. SOV PR EPEBEEABRLELD, ROERICED
KENS S REEEMELEbDE, ZREThAIERE & L,

BHEAOBEMRIL. PUREX i (80%TBP,n-dodecane) , &% )it TRUEX
EIEIC, BT U U ALK & BAVRE (0.001~0.02M) 2725 &S EML
7o

BIEIC R KBNS DT > & = REZROHBIIU T OBEIC X VT -,

KA —3N BRI, THEES > =R nAKHY (n=4,5,6) % HEIMEE (0.001

~0.04M) IZ/RDEDBMUT-. Ln TERESRBRBICEY L0 EH
Wiz,

At —0.2M CMPO . 1.0~2.0M TBP, n-dodecane

Lo 2% 10 R LS. SR LBREBET E=HeERx e
2RD) KBWTHEL. FEHEENEZHE2 2N ENSEL =,

BHBAIT, EHE Ar X (99.999%) % 10 HRIKZAALE (SR
BTHLEGERAOEEZMITSD) . NMR BlEHEEE L. 8. MTF,
MHREICI D BONZHMHE XEFICBWTERTIHER. “KiETSE
BE SEER/FHEY TBP BE GO®EE " (AT “0.08M Ce,/1.0M
TBP (F#tH) ") okdiz. &Rt 3,

3.2.3 NMR #izE

NMR #Eid. HEET () % JNM-LA400 # NMR H¥HEBIZ LD, -5
~60CITHBINT BC, 3P FITDNWTHEMEL 7=, 18C-NMR BRI I3 SR &
LT TMS (tetramethylsilane)%, 3IP-NMR B IZ I3 BEME L LT 80%
HaPO4s 2Rz, £/ T (MBI ORISR REREE (180°—1—90°
NIVAE) 2RWTITo =,

- 11—
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3.3 MWRRUER
3.3.1 HHSEEDOHIERY Ln THEOBW (BFE T -BF 1) WK R DEHEH
BEDEL,

B 3.112. ## 0.04M Ce,/1.4M TBP OERIZHBIF 5 NMR HlE L &S H
72 31P-, BC.NMR A% k)L %73, CMPO @ phosphoryl £ & X carbonyl £
KIREENDBARY MLEEBRDEL T, BEBEThENNS 52505 X~
7 MV RTE—~DIRY ML THD, ZRIERICHBITS Ce SEEP R T
& free OEOLT EOMDIBRRIED, NMR BIED Y A LR — Lo s LT
THES, TNENERBE NS VFINEEEN TR EDEES 5
hs,

B 3.2 (1)~(3)id. 7K#H Ce D, TBP, CMPO ® phosphoryl EiZIRg =
1% $IP-NMR E— & KX CMPO O carbonyl £I7IR/E = 1.3 13C-NMR B2
DTIANTTIMEER 2HERAREDBO TH 5, Kool 30%TBP,n-
dodecane /54 KU TRUEX i (0.2M CMPO,/1.0M TBP, n-dodecane) |~
EFETHES Ce 28R L 7= @ TBP © phosphoryl BEIZREBEhatP—» &
512 CMPO @ carbonyl £iICRBEINZ Y —2 D7 I H) > 7 MESSER TS
Oy hLTW3,

TBP @ phosphoryl BICIRBENAE—2 D7 IHNL T MzBILT (K 3.2
(1) . HEBE) Y AEBERE 30%TBP, n-dodecane BHRICBERBL-ERE &
TRUEXBFBRICEBRE L -RB EoBicyr I AN 7+ DEBRESNTHY, o
FMFEEDN S LHERIN TS X912 1, TRUEX EERICBIT 3 TBP & Ce
EDOMEERBNS Y BN HEEER LA bR TENERIND .
iz, TRUEXBBIC &3 Ce fIHEOHEHZ DWW TIL. TBP 7 & 3 RSB
RIEVEET BT IANT 7 MEN V- FABRERIZS 7 N L5,
BRAIERBAIZS 7 bUTOSRTORETES, LALEAS, Ce BED
R T BT I 7V 7 MEDKEFHIL, TRUEX BRI EERE Ce 2 15M8
L7t R U TRUEX BIEIC & D Ce 2l L7zBE & ORISR EEWNE S
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NENZENS, TBP D Ce I BEMADFEEEIL, Ce BEDO LR L &
HIZ, MEOHTEKROE(EL TN bDEEZ NS,

—77. CMPO @ phosporyl EIZRBENAE -7 D7 IHIT T MEIZOW
T (3.2 (2)) . TRUEX IFICEEENEE Ce 27 L 2B R O TRUEX ¥4
BT D Ce ZHH LB &L ORI T Ce BERLICH T B EFRICEVSRS
N, TRUEXBHITEL D Ce B ORBEH BN TEFDEKBEEIVNE <o T
%, Z#id, TRUEX BHIZE 2 Ce HBORBIZBWTIE. CMPO @
phosphoryl ZIZ KX 2B OHIE (EEEAOEALD) NEELTVWEED, Ce AD
BEMICHT DT SEENRPT D TH D EEZ 5015, Zhizx L. CMPO
O carbonyl RIZREENDHBY -7 0T I HN 7 MEIRDWTI (K3.2(3) .
TRUEX BIEIZ & 5 Ce B ORB O AN Ce BELTLICH T 2 EEEIN K E
o TnS, ZORRICDONWTIIRERE TIIRETH B4, CMPO @ amide
EOHGEHEE ( (2.1 XNBR) WKIVBI A 2B ERETFmE N
JORBROHBRICEDEZELEIND 9/ (carbonyl BEEORRA F > HWE< 72
2729} . Ce "NDEALIZHT S carbonyl EOFEEEHMHENT 2 Z L& 0n—>
DERELTEZLND,

TRUEX I X Hflit Ln $8EDREE,. %12 CMPO OEMHERICOVWTE
DHMLRRERDZDIC, FHEMRE (R0 —%TFEMIERE) £2H0/~La
TR — BB QBB 175 72 9, i Lin S8R DOMEEFIRER T comp & L
TR — BRI RIEERE r S OBRIE. ATORKR LV ERMICEL 503 9,

T,

l.comp

2.2 a2
1 =%(qu%ff|3 ]'Te (3.1)
r

ZIZT, i3RI OBREER %, TAIBT AL > OEMER 2, pidRA— 7R
FEThTNEL TV,

F7z. FEID & 31T Ln-CMPO #8{k K& U\ free CMPO [HOAHRIEN S |, 7
NENITRBEE N E— BRI TEA SN 38508 A OREin
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[6] T1,exp I, Leigh, Mclaughlin iz & DETORMATE X 5h3 w1,

1 __np + (1-np) 3.2)
TE JexXp Tl,.cornp Tl frea
S5
1 1
=_1 1 (3.3)
Tl.comp Tl.cornp Tl,l..a

CZT Treomps Tifreen TilaldEN BN free DB FH RN La sk
PREENDBERROMEERNSEE. nid Lo KB L TR FoRE, o
HRANCHFET BEMFICE 2 Ln DENRELZZTNEFNERELTVWSE, =
3.1 KREGEH %L 0RO I BREEE I B 3 EA OSSR R (8.1) ~
(3.3) NERWTEE L ZH#iH Ln #4$ D Ln o3 BRI OB T,
2B, BEICHED, nid EXAFS, MALDI-MAS FODNERESE DT 3 &,
Te EXRMEZZHIZ. Ce™IZDNTIE Te = 1.0X 1013 sec, Dy iz DWW TiE Te =
7.83X 1018 gec a«’cm%“m%&_ﬁ L7212, 3, $7=, p OEIZAMED Lo 2
TRTERRCHE SN T VS SRR L TEHEL -,

COERKD, TRUEX B#IC &L DM XN L FEERIZBITS CMPO o
phosphoryl £® P L5 & UX carbonyl £ C TLHRI. E BT Ln TTEH
SIZEFIEREIC B L TR Y, FEERL-BER LTRSS BOEROT/L
ERENZW (2721, Dy#tkso CMPO o carbonyl ZiZ DWW T, IREX
NDE—VZBRT D LMTERED 25 (CodA T EHBLT Dy g
AR=THFEDBRE N, TRDOEERMEOS Sk 211 - LitkdeEZ S
N2) . SEOBIEN 5iE Dyd+1 F >;m SOEMEZERD D Z ENTERNST) .

Z DHMERE EXAFS 12 &2 FRE o B FREie i 5 BRRENTHEY
7. it Ln $8tkdicit s CMPO it Lo FEFRITH LT phosphoryl & 7
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carbonyl BT LV 2 BEM L THnaHD EE X 515, Kalina |3, CMP, CMPO
F0 P=0, C=0 £Z2FH I 5HhHEFH) > RMEAIN, L3 T 0L TES
72 2 BEREALTI3/R <. P=O It & LHEALNE TH D" semi-bidentate” T 3
ZEZEREL TS W), SEOHEERIZBNTIE CMPO @ phosphoryl £
UF carbonyl ZiZ X HEUTRES (Ln TR & OSSR OMICHREZE3EBR X
Niinolz. TOBBRELTIE. HBRBEOFE (WMEEOMH RS & OHES M
FIRE & 725 & D 7a @ iR I8 B i i B Tl semi-bidentate” R I 315
E) NEZASNDN, SHRIVERLLBNVSLETHS,

3.3.2 BEZAHOERICEES SEEEE DL

BEAHOAERITH SN Ln SEEOBER L ERARD LD, E=HEHABEL
= R OB ORI 21TV, ATETE L2 I K D Ln o3 — BRI
OHEMECERD Iz, BB, E=HPICBY 3 Ln TREE RO CMPO BEEX
FNENICP-AES RUPHR O b 757 4 —EFWTEREFN., Iho#®
RAWTp DEZRELR. £z, n DEIZ EXAFSEORRENS 3 ELED, £
PRERER 3.1IRY. INLD Lngikhd CMPO @ P# (phosphoryl )
BUNC % (carbonyl #) & Ln o & OFEEEL, AEARICE=HFT0H
BRELIZS>TVNEHODENENOHMIRESIIFEHAFICB N TERA X
Nz Ln BEOTNELFTEEDONBNIEIERTES, JOZ&ER
EXAFS ICLBHENS HRINTED D, BZHPIZBNWTHEEMES & Fi
12, CMPO {3 Ln 7t IZ% L T phosphoryl &K carbonyl 2 &V 2 EE T
LTWBbDEEZLENS,

3.3.3 TRUEX 7°D—lzxa:;=5HZ>?$tﬂ Ln ${EOEAMAT (CMPO) K RIZ
DNT

3.3.3.1 Lni%@ﬁmzzotz)ai{fz%ﬁmlimacish‘é%ﬁ%%lﬁ><~—5'<D%'E
1t
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AR TR AR L DI, FEEIZAWERBERICBITS Lo #ETORMET
(CMPO) & free DELIF & DRIDOTHF IS NMR BIED ¥ A LA —JLic
HBLTHaic#Eln 2D, 2hThoRMFRIcBIT 280 L nELNS P
=B EINT, BHEL 1 ZO¥—20ABRIXNS, FRNTI, &
DE-VRBZEAY, EBEATCOBMBE£%ZE L Swift-Connik 3
(3.4) KE DWW %iT o7 19, ‘

R e @

ZIZT, THACEEL D/ SN2 ENT OB (/T 38Rxhs
WiE) &, TadEHMEA 4 REELRLRICBT 3R HORIEEED
ARANRFR 2 L Tom VS HERENE A 4 2 ICEAZ L T 2B FH OBIESHE OISR
B2, v iTEMEA T B L TWARMFOEEHEMZE, Aoy ITERE
FVEFELRVWRICB ISR TRROERM A 4 M L T W BREF
FISENLHECRBOLBABROEE, p BENOEM TINS5 BRI A
FOTIVBERE,  IERES T VICEEL TV AERFOREZNEhE
LTwa, |

3.3 1T, HEHEEM Ln 13> 230NN T 3 3P-NMR B & D S8H
&7z, CMPO @ phosphoryl £FIZEEN 2 P BROMKEMEE OB EREN
ZRY . TERIOUEREERICBN T, 3.4 RiT 3.5 RDOL S ITHER(IT
 BIESTESD W),

-
’ [Tz T, J Pd  pqTA®,,”

Vim (Gkex) DBEERFRBUTOLIETE (kx= THRISHEEER) .
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5}1# #
1. k., = (kBT)exp exp as (3.6)
Ty h RT R

ZZT kpldARN YT & (=1.38X10BIK) . hiZ TS5 7 EHK (=6.63
X103J - s) . RIIKHAER. A ASHIZTNTNFERLI I Y—, Bl
> hOE—ZEL TS,

(3.5) KR (8.6) &L V. HIEHEDHIBFEERIC BT 28R Ln 74>
DEF L5 Top DBERFHEIL. DFOLI B ZENTES,

3.7 .

BRI L VBRI Nz Ty QBREKEHEIIDONT. G7) REAL, FERE
IN_RKICE DI 2fTo 7. SHEICHZD. o2 EXAFS, MALDI-MAS 240
DHHRZSE N3 ERE L. . p OEIKMEFD Ln THRNTRTEH
BRICHEBEhTWS LEEL THELEBREHE 3.4 )~@EUE 3.2 1057
T INKD, HHEEPIZBT S Ln tROFEFEEOBIMCfE-> T, THREK
INEEEROBENBIL T, bbb THRBEENE RS BTFIERT
b5, Tlo, RBRBICBIBEHET YN —RUEK LI boP—0@E
B, ELRBHILTVBIEND, (3.6) R& D, i Lo IcBF 5, Lo
TROEFBESDOEMIZMED CMPO THREIEOEE/CICIIER LI FO
—ORBRIDRESNTNB I &b A %,

TBP 2& %72\ Lo/CMPO %i2 B 5 Ln-CMPO kD CMPO 3K fix iz
BT, Ln TROFEFHBSOHEMIEN, ZO1F 2 EROBDICERT S
HDERONSE ML Z IV E—DERXNER & W KR OBIE/L A
BHEINTWSZ &0 5 29, £% (TRUEXBER) KBV T, TBP OBGE
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28 CMPO OXBRISICM S MhDBEE 5% | TORBEENENLNLTHDEHD
LEZLNS,
CNHTORER. YT 5 Lo/CMPO/TBP %1254 3 Ln #2645 0 CMPO 0

RBRISEITOL S ICHAIL T3 2.9,

Lin(NO3)3s(CMPO)3 ---nTBP —

Ln(NO3)3(CMPO); *--(n+m)TBP + CMPO
In(NOg)3(CMPO); *(n+m)TBP + CMPO* —
Ln(NOg)s(CMPO),CMPO*---nTBP (3.8)

FEOHELD Ln 14> DEFHREOHEMIES CMPO RS DIEHAL
LY IVE—RUERETY b u—ombingilshtns - EMS. FFH
KBWTHI, Ln1A>OEFREOHMEE Bz (3.8) A0 n, m OEMNAE
<REDOEHRENS,

3.3.3.2 WEMOERITH S BEUTRBRRISICBIT 28 215 A—F D%
1k,

B=AOERITHES L S8 D CMPO SR SO TL 25 7 .
FEMRUEERIAERE S L7 SP-NMR HIFZ2EH L. B5h-C— gD
BEREFIED S, BT TRLUAZMTICELD CMPO SMRIGICBIT 5 8FE/$5 2
—Y DEEREL. 2B, HEICSHED, BEHHTICBTS Lo TRBER D
CMPO BEZZh-E4 ICP-AES RUNH 2 O NFST4—2RNTERS
TV, INSERAWTESHPRUBEEEHETO p DEZRELR, £, &
BV B n DI EXAFS BORRANDS 8 & L 0,8 5N/ fEER 3.5 (1)
~ @QKRTER32IIRT. Zh&D, Lon#Eho CMPO MK EER, B=
MR EBERET TR THB Y, BRI BT 5508 R i A 2 A R
FIBT 2 TN LD BHEL > TWB I ENBRTED, /. HIHSENE
BL (Ce) DHAW. BRI F N C—RUEREIY MO —0L(y (55
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ML 5L —OBARERIET S O —0OfK) ME b I3 0
EREBESLTOWAOINL, MESENERL Dy OBREELT >
FINE—DEL (BD) ik ) SHEEN LR L TNA T EMAN5 (LS
Bt Ce DBE., BHEL. BT FOP—0OBKIZE BHENKE < BBL.
A & EA AT S ORITRRR SR b HREDZNAE LTINS,
ZO&IRIEMLTY PO —OBAMET BEE, R Ce—Dy BITHM(L
I hOV—0B e kEREWAET A EH IC O W TRBEEECIFE TS
3) . |

=33 IC Ln 14 HHBOBRE#RMERVE=MHIZBITS Le/CMPO/TBP
VBB ERT Lo 4> 0T VEBES 1 ELEBOE) . 2hED, B4
BT, BEMART EHEL T, Lo« 4205 TBP OF BN &
{BOTNBZENHERTE, LA -> T, EZHPICBWTIE @8)RIcHIT
BAETO TBP DFEANNE W, ThbbEFHIRTIC IR, BT )L
P—ROVERALT Y b O E— @AM 5 50 SHAIZ NS,

LOLARSE, EROLSIZRE085A—5 OB, L EOKE - &
ST CEHBATEY., 51T, FHICHBITS CMPO, #E. n-dodecane
BEOEL., & 5ICRASOBBITEE LERNETIDENHLLDEE X
5N B,
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4. E£&H
TRUEX 7'0-F 212 B 2 8 O ICRE LT, KT OMBBERVRORE

BERAGITRE S il N IR S IR DR B T L 2 B 5 oy T 3dkD, ThEDEENS

A= &L7= NMR BIE%#EHL 7=, =51z, TRUEX TOtEZiCBTS Ln

F 2 OFHIZEL T, Lo 13 2 OECROEZAERITES MREHEOBED

bR OBAL TR S I T 5 8 8/8 5 A — S DEALERESMIZT B8, Ln

A3 # O TRUEX B 255 - L7z NMR HlIEZ2EHE L. BN

REEEDBEUTOL IR S,

(1) TRUEX BERI75 1T 2 BEE O H a1 KR OMEBRBREICE D, MUT
DEIRETH D EBEINS,

KA ORERBEN AN LIF D% (CMPO St 1:1 D8EEEEL S
BEE) IHBWTIE. TBP phosphoryl &% CMPO @ phosphoryl
KXDHBOMBERIEVETT S, £, ZOERICBNT. CMPO @
amide N iIC X 5B~ OEINEZ S5,

- KT OEBEEN SN L EOZE (CMPO X DIHBEOEN 2 DL Eost
HERRT 2R T LEOMEREICI:. CMPO @ carbonyl iz
X DMBRIGHETT B LS I35,

(2) AHEEHINEE O TRUEX & 0. BEOETICMHEOLAERT S, MEE. CMPO
AU TBP BEOEWH (E=H) LEWE (EEHE) =5 WT, SRR
NZEFE T 2E8AMF (CMPO, TBP) O free DR TN T 2EE1%, BE
%m*mm&%£ﬁ¢®&5ﬁk%mo:@—Eabr\mﬁ%m#5§w
EID#RE (¥, TBP R CMPO Z0E) DEIICEZEENEZ SN
%,

B) Ln A & > O EFEHZEAIE CMPO DB TH D, TBP 138 BB~
BB Ln 17> & OMBHBREER 03 LB 210 b0 S5 4 55,

(4) BB (K) OBMHICEY, Ln 4 4 ~DOBRICHE 25 CMPO @ carbonyl
HOFLEEVHEMT 22 ENEREN S,
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(5) Ln A # > D& (BEHL (Ce) —EHRL (Dy) ) RUHHEE GE=44ER)
HED CMPO DOEEAMBRINOELIIR SN o/ (TRTORITBWT 2
BRAEEZ51D)
(6) fHHisEAEP D CMPO ZERIGIZEAT 2RFHL D, LT Z &R N,
I ENDS Lo F > ORFESOBEMICEN., E—EBIMC B 5 TBP
DEEDHERICEDDDEZEZONDRE/NT A—F DL P R INEE
R EHEI YNV E—RUEELEL bOE—0Ed) 28, BRlEh-,

- GESHAR) KESIBENRSA—YOT E=HPIBIZK
RIGBEEREERORAE) PEAIEN-. ERELU T, 28RS Ln
143 229 % TBP, CMPO, fHEE K T n-dodecane DEBELL DL LIz L S
FEENRHAENS,

FRICK D, TRUEX YOt A0OE&El, RUEE{L (An/Ln D8 %%
D5 ETEESRLZEEYEOMBERE. HESAEESOERT—Ficon
T, WEEY Ln THRCHTEINSOBREBET S ENTERE, S48,
EXAFS SO FER2EEMA L NS, L&HSE2EE L - DA
RETETD EEBIT, Zr, RuB 2D LT 50 FP TH. KO7 VF - R H
CBIL TORBRT — Y OREEED TN,
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%21 WEMHEZOSEICSET S HNO; CMPO KA TBP MEE & Ln o34 5 T/LBEL v
B W BEEME =8

[HNO3., HNO; CMPO TBP HNO; CMPO TBP
M) M) M) o) (M) )

LniTHT ALK (Lol 5 ) (Lo iz 5E (La iz d 5EILE) {Laizxt3dEIH) (Lo tZ# T BEIH)
41N 0.87 0.044 0.45 2.4 0.4 1.52
(1) (0.051) (0.52) oY) (0.17) (0.63)
6.3N 0.84 0.04 0.37 2.1 0.38 1.62
o)) (0.048) (0.644) W (0.18) 0.77)

# 3.1 TRUEXEHPICHIT 2HE Lo #4 OBRE O KBS R O Lo% 1 = > & OpE#E

o BB (CMPOH) | Ticomp(s) | B5BE A)

0.03M Ce,/1.4M TBP (& ##8) P (phosphoryl) 0.28 . 3.73

C (carbonyl) 0.65 3.65

0.03M Dy,”1.4M TBP (&H4H) P (phosphoryl) 0.0011 3.34
C (carbonyl) —"1 -

0.08M Ce.”1.0M TBP (EHHH) P (phosphoryl) 0.35 3.86

C (carbonyl) 0.29 3.20

0.03M Ce./1.0M TBP (35=4#8) P (phosphoryl) 0.81 4.44

C (carbonyl) 0.84 3.82

" E-IRRRENT

# 3.2 TRUEXEHEFIZHITS CMPO MR OEE/IS A—%

RBRISEEEY (BELCL I VE—|BHEL> o —
e k.. (300K) AH? AS*

(') (kd/mol) (kd/mol *K)
0.03M Ce/2.0M TBP (#Hsta) 1.40 X 104 4.96 (£0.13)X10¢| -0.31+10.01
0.03M Nd~2.0M TBP (f##) 6.77 X108 4.94 (+0.07) X104 -6.83 +3.35
0.03M Dy ~2.0M TBP (H#+H) 4.16 X 10° 4.64 (=0.06) X104 -20.75 +-9.81
0.03M Tm, 2.0M TBP (F##) 5.78 X103 4.40 {(£0.07) X 10¢ -26.26 =16.07

0.08M Ce./1.0M TBP (&4 HH) 4.58 X104 5.53 (£0.23) X 10¢ 9.53 =10.1
0.03M Ce.”1.0M TBP ($E=40) 1.19%X10° 4.77 (£0.09) X104 87.72 +4.33

0.03M Dy, /1.0M TBP (BAHHEH) 1.12X108 5.71 (£0.33) X10* 3.97 £1.07
0.08M Dy 1.0M TBP (%E=4%H) 4.09 X108 4.58 (=0.07)X10¢| -23.94 +14.25
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%33 LnMHEOEIZBITS Ly, CMPO RUTBP BE L L W3S D EIRELR

ok il B (E=HR)
Ln CMPO TBP Ln CMPO TBP
M) M) M) M) M) D
{Ln IZRT A iLniz 3 SEILE) (Lolzp 15 ILH) (Ln iz 381 {ALnizatd 2 EILH) {Lalzft a2 u0e)

Ln = Ce 0.013 0.17 0.81 0.064 0.26 1.38
_ (1) (13.18) (63.35) o)) (4.08) (21.42)

Ln = Dy 0.023 0.19 0.92 0.048 0.22 1.22
(1) (8.22) (39.15) (1) (4.57) (25.48)
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CH:

(ICH2)3

0
CH3(CH2)3-0-‘=|3-0-(CH2)3CH3

0

TBP (tributyl phosphate)

CH,CH(CH

¢\ Pl (CH3)2
P-CH,-C-N
/| [N

CsHi7 O O  CH,CH(CH3),

CMPO
(octyl(phenyl)-N, N-diisobutylcarbamoyimethylphosphine oxide)

2.1 TBP BT CMPO O4F8E
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TRUEX BHE Jl
N
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. )'

[HNO3]aq. =0 H,0 l'l

N - R
[HNOgly =IN e, hr
-
J A,J“ %L
[HNO,],, = 2N | ﬁ/
H,O + HNO, , !
|
[HNO3]aq' = 5N J t
H,0 + HNO, | ’}; \\

J\L N Jl ! L____A

|

[HNO,],, = 6N | &H \ l
H,0 + HNO, K '5 Jld | lILL_

| |
| K MA ANV

T 10 5 0 ppm

2.2 HEMHEZEDTRUEXFEHRICH1THH-NMRRRI ML
DKERBRERTFNS
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(a) 3C-NMR

C=0
(166.30ppm)
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(b) 3'P-NMR
P=0 of TBP
(1.39ppm)
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50 40 30 20 10 0 -10
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TRUEXA I f
|
” [HNO,],,, = 1N
1.
4 [HNO,],,, = 1.5N
f
lm [HNO,],,, = 2N
J'IL
?
| [HNO,],, = 2.5N
i
‘\ [HNO,],, = 3N
_
J\ [HNO,],, = 4N
’.\ [HNO,l,, = 5N
]1 [HNO,],,, = 6N
B
| | | i |
10 5 0

-5 -10 ppm
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TRUEX &g }i
i
J [HNO,L, = IN
lL [HNO,L,, = 1.5N
ﬁ | [HNO,],, = 2N
IIL
1 [HNOy],, = 2.5N
I
f\ ~ [HNO,],, = 3N

'1 [MNO,],, = 4N

| [HNO,],, = 5N

J [HNO,],, = 6N

I [ [ I I
50 45 40 35 30 ppm
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TRUEX &%
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[HNO,},, = 1N
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[HNO,],, = 1.5N

wﬁw\wuww-mwwmmj\wwww‘wmwwf%wwvwﬁwwww

[HNO,],, = 2N

YA WA B VM‘MMAwwm?f-wWJ\mmehM\/ﬂNmN%MMRW«W

[HNO],, = 2.5N

WMWJWVV«,VJ\;\WMMM’wﬂ“w#WWMM,WMW%%WMMW’WWM“

[HNO,],, = 3N

f
MMMy A Ay \mmmwww«wwwwWWW%Wu

[HNO3]aq. = 4N
%WWMWWMWWMM-WWWmMVMdWWNMWWW

[HNOS]aq. =8N
mwwymwvwvwws/\wnwwmwrwMrmw'«www%www

[HNO,],, = 6N

JW““W“‘W"("WLMWkM“MfW\WWWowWM“‘MW"MMﬁWw

| 1 I | | ]
170 168 166 164 162 160 ppm
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O BEAEHIE
([HNO3]=0.87M [TBP]=0.45M)
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o EHEME
([HN03]=0.87M [TBP]=0.45M)
° =4
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o EFHH
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o BHEHE
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o EH#A
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(a) 13C-NMR it
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