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SEBEFICIZT 7 F = FOHMBICET 28E

EF Th°,  EH gz
ANROEE*, B RE'

Z 8

CNETO Am(N) OFEICF| & H &, 4EIZ. BULREORZ 2887 7 F= FORBIFEICOWT,
BRR)Z—-FLHPICERODFEERICIIHBICESE BV THALEEZITo 7
FAEDER. /99 —FNVEILEAT 7 F = FORBBHEICOVWTROESHL N L o7

(1)

(2)

(3)

(4)

)]

(6)

Am(I) OFMBIZOWT, I5CS/ = POV EY [BAKET =3~ -pH 2 RT, D,, =440 %1%
OiZ. KEHEEERE 0.1 ~ 1 M T3 —AZIC D,, X EWV, ERAEMELB L D, RKEL 25,
UO,” Dl Tit. 0.1 M CEs/CHCl, -7 MHNO, % T. Dyp I3 1.62, SMHNO, T, 12C4<
15C5<18C6<24C 8 DMEIC Dy, I3 KkEL%5,30%7+F=1+YL/0OSMDCN18C 6/
PV IT¥ -4MHNO; AT\ Dy 12 7.12, 0.1MDCH18C6/¥ 20y~ -4 MHCI RT,
Dy t 100

Pu(IV) DI TIE, 20 % 70¥L v A—KXx—F/02MDCH18C6/ FIVZ ¥ -5 MHNO,
T. Dpay =24, iRNA % LT Dpqvy = 120 BEEBHA Doy 2 KE T 50

Th(IV) DRI TIZ, 0.1M18C6/ 2700 744 -004M K2 ) VEER T, Dpgy= 10, 0.1
MDC24C8/1,2¥%unx% > .48 MHNO, 2T\ Dpqy=7o

Np(IV) D i2BgL Tid, 0.01MDCHI18C6/¥70ux¥ -5 MHNO, +1MAINO, R T,
Dypavy = 0.64, SEMTHIDIRINIE. Dyg K E (T 2o

29— FNVERTIFFRUI VY= FOMBAE LT, EHEHMBARA TR 2V, &
VARVEBICER T 5%E. 279 v 2— FVEOLENRUBSRBHBICOVWT, TLHFRA
D= PO{LEEYIZE S, O ADLERRERICOVT, HFHALHEFLELEDNRS,
EOIZO I = FNETT ANV VLA MBT2HE, TAYV VYA L, TJURSTH
2957, ZV P ARUI VY= FE 0B, v 70ka00—71 X 7HRIZOVT
b+ FLHRFLETHS I,

*

HRAEH <Xz

* % FRBEGMRE 7/7F=F7otR - FHRARE



PNC PNB420 95-022

oo e
N ORI I S
I

-

N

BRMERICEET77F= FOH
KT A=A

B&

FXANE
HAEB®
REF®
BEAZ
HBHEER
BEEBRBOEED
BELE/SY v —-FLRBHBEAKCEIE T 7F=FoBHEF—% —
rsovr—Fiictsn(loF—%—
rsovz—5sFricksl0 o TF —% -
759 vxr—FhicEBP(V)OBEBEF—% —
759 —FIARELBTHIN)OEBF— % —
sy vz~FhicEsNp(IV)OMEBETF— % —
s vx—FhicksANhp(MoMBF—4%—

239 v r—-FARMEAICLES v FOMBER

259 vy —F AN LRHMHARCLETLAVERRUTLAY LESER
thﬂ$!ﬁ “ e 68 9o se ss 2w se Be se s me ta ss be o6 o8 e ae as

7539 vr—=FNESvyviEtoERRE
FOMD Y ST -7 IVEHED XK
FLOWBHAXRFLWHBARE>WTORH
AELAXKOPR

2% XM

HEMNE

10
11
24
28
35
38
38

41

41

41

41

42

43

- 218

- 223



PNC PN8420 95-022

ES MM F IS kD
F O F o FofMHHE ICRI S 8

1. FAAE

CNhETHEELCHEST, TRUEX7O+tR0MHMREAROBED, 3@o77 F=
FEETF—20REEZ2T->TEEL, MEENAM () oHMEFAOBECI =G, 4

EFE(FHROERE)IRRAVI—-FLRICESEZ2S VT, Am (I) 2FLCP I F=
FoMETF—424%2F/EL-.

CHhETORERZERTIE, PUREX 7ot 2nHERER (BUNIEHK) 20485
KRRBEL, HHRBEE2IMAKLEALE S, 2EBERNOFHEERBLEDOS 7+
274 xFH4F, CMPOXR2EBEMNOS7IROREKEKSN, FHommER &L
THREOL, BLRIVBEISIAF -7/ F-_F2ENTEZ270REe LT, TRU
EX70+tx2, DIAMEX 70+t ThadnREALOHXBIuLRALLTHE
ENTnd, Chon@EREfFAs, PUREXJOEBATHTERIBELARXILERE»S
D7 AV LE2METEIN, KEOIVS UAKETIHESICIF, U (M) oo —
TAV/HRT, Am (I) OHREABETL, Am (0) OBERAETTEZ &
HoENTWS, -oT, lEEOZOELHILHERICEST, RP20BRDIS <A
T-F IV FoFRE—HBCHETIORBLVWEDKCEDAS, COLHLBELS, 2
ERoMERZ2SUERICEY, v70BoyS v 2T ELBICTAFT—7 7 F
ZrFEHBLSHEZNIREZTLDZILDNTES,

SERBEO7 I7FFoERANREER, FRAFABILREORLZ 37 7F=FKoM4E
HicoOonWT, BERVZ—-FINRUBERAVI-—FIRUTEASOEKREKICESEE S
TiIT-o7=.

2. AEBH

BLABEIOE2802875 2% (TRU) oBRE, SRHEREDOBE®
HELEBOBHIIHMLT, FHTH2E» Y TR, BT EKMEOBMEOBEA, S B E
BEehTuwb,

PUREX7U®ZATRIBEANAVWIMOFIF=F (Am (0) ) OkE - BIX
DrE®icid, CMPOEMEMLTATRUEX 7029 S 7IKEMnwaDI AM
EX7a2SAMREATVWS, Chon7at2it, 930 FIVbh=2LERE
LERDBLUALBREELAMERNRLLTHEY, BRESOLR2Kke LTIk, MK
DHEME BEEASDE TEATILENS S,
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—ﬁlEEGM$EH?.m.N.WW@TO%:FENLTER&%#T%@H@
MRS —BOARBMTHMEEIATHS,

COEIRBRDBELI, XPER, IWEOPI/FoFofEEZHLKC, BEOFR
%%m$ﬂiﬁﬁb.77%:FENLTﬁﬁﬁ&ﬁﬁﬂ&ﬂméﬁtmTéﬁﬁ%ﬁ
BIELEHEHWMELTI o,

3. AEFH&E

WA, FLEENMRES, PAS, MREYB{AOCREZAEIRS 2RO,
TLLONBMEDIAXBRETHREE, ERREERTO2ARNLFEBLLT
XBRRET, EHDEIRCOVWTHEEF o1,

4. AEAFT

(1) ZAUVSYL (D) »F2YU9L (D) EOPIF=FK (m) £xgel, B
KRRV I—FLEFLEToMAORMEROR LS BE,

(2) RELEHERRCOVT, B2xOEFHEO7 I/ F- FOMERHEEEXTR
UBLHFI L LToRmEzHESAICLE,

) Q&R TE, BXOBLEO7 7F_RFoMEENHE, BMER LS F
MeE, BROERSLOBAEEBEBLE.

S. HAERR
5. l. REERNEL®
FHELEIZO /T —FIERLL LEHMEMRUBERANRICODVWT, PP/F=F

(An(D), U0.(0). Th(N), Pu(l¥), Np(M) D HBELETICHREHOBMELUTICE L &
TRY,
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Am(D) D E
CEs | Diluents | ¥ %l Aq. Phase = 2 E UM
15C5 | =bosy¥y | BAKME7=2 pH3~1HHNO, D(Am(D)) | (1]
18C6 (HPic:EyUyR, DPA:S¥IUNTEY | LMHNO, +A1 (NG, ), | =440~
HIC:AXMEANE$IMR(C,~Ca) | Eu(NO,), 7x10~*
D2EHPA: 521FhA%5 MR AL(NO,),
ChCoC: BRIk bTAMET 1-3MHNO,

PEG:RYzx$by¥54a-4

HPic, DPA, HICO B ETORIMOI-TEE*ME T 3. 18C60) 5 A°An(I)/Eu(l) » 4 %

REA K, ISCSEMA D L A HHRKRIIREL< 23, HEHR L, HPic>DPAD>ChCoC>
D2EHPAD JEIC /&L 2 3,

CEs Diluents B Al Aq. Phase il = 2 E T
15C5 ZhaRyEy ChCoC 0.1~6.5MHNO; | D(Am(E)) | [18]

18¢8 2YAL(NO,), =1x107°-~

DCH18C6 Sc(N0s ), 3.5

ChCoCAFE L L v\ L 15C5MAm, EuR UCed F B IZE W, 2MA1(NO;); TDLI107?
HeL®* () +3HChCOC (o) =Me(ChCoC)sL (o) +3H (var. Am& Euod i i #Mhi%, 15C5+ChCoC
IS & DAL TIE, PEG+ChCoCic & BRIt & 1 T v\ 5 A%, 18C6+ChCoCic & D HIYE Tit,
HEHRIREO2TNS, 18C6NBENBRERIRET, XVyE¥UERETE, 18C61
ChCoCt DT, 118K EERT S,

CEs Diluents R ho &l Ag. Phase i = % & 3Tk
155 zhokyEy ChCoCfth | 0.5. LMHNO, | D(Am(D)) |[26]

18C8 Eu(NOs), =0.07~

DCH18C6 0.89

NB24C8

DA18CE

THEA, TOUD, TDM

Solvafo 909

HEZFE Solvalo 909+15C5, ChCoC:15C5=1:1,

CEs | Diluents ' 25 /0 & | Ag. Phase l i = l % 2 3 ik
18C6 40%PEG+CE D(Am(D)) (106]
15C5 40%(NH, ). SO0, =0.04
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U0.** SPu'* >Th** SAn** D MEICDaA T WP, B H1LL EXU0,* @ 3 (1. 25418C6),
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(2) U0.** o fii i

CEs Diluents ¥ 0 % Aq. Phase = 2% M
28 DCESR U CHCI, 1~94HNO, Duoa (2]

HE R =1x10-~

0. LMCEs 1.62

RIS UEHRERD, Y70AF VEEKKSSRERE A, SBkiEl:1, 2:3,
BLULL 1:*0HELEZBERENEIALA T, BROERE, 759 I —-FILOBEC
KET 5,

U0:* " RIFIVI—FINELEBUBEERTEBELSTVA=2RnLIic, FUZ—F LY
YIRCHEBIIEROXFYSILNRKGFEZINS FNRA A VBEREAERT B,
TR, MEKEFEFEE I, HNOLBEBEPICSITAIHBIS - L-CEROMEERBET 3
FREAERREZNS, S-6UTHELZE K., SHHNO, T1204<15C5<18C6 <24C8 0 I I- 7 B
HRKES RS, 00 BH4-8Ic8T &, U0, 2 LT OIROLAKBENAZOEIC/ )
K23, AIRIETII4 L9V TDT7UHRIEYTF 4N, 44 XOHMRICE>TH
KTd&eEALvh 3,

SO07UT7 774 ITBBRENINRRONSBELLE2BD, 2-34X—F—pBEEAFKEL
2 %. DBL8C6(Dyurrr =4.1X107) <BCHL8CE(3.7X102) <DCHISCH(1.27), EBHICT7 I *
WIN—T2HAT B L, CEOKNDBEREN 2 —F—-@FVT 3,

CEswUQ.* o f7235<, BiREE R O,

CEs Diluents % N0 7 Aq.Phase | B % S E TR
DC18C6 | bz v KBS, 70 b o | 1-8MHNO; | Dyaaas | [5]
o b EBE | BHEKRFZNNI—L =0.01~
JOUsh-Ri-b, TERZMIR 7.12
TEbY, TTHYIRRRYEAK

TEPZMINVAHEHBEZDRAFE K, Duoa>r B KIZ6MHNO,, 78b=bu020%T3.65, PC20%T3.37,
Log[CE] —logDuns* M 20— T2l

CEs Diluents & Ju Al | Aq. Phase i £ E Mk
0.054, 0.1M Ryt L~10MHNO, Duuar+=1~100 | [10]
DC18CH, 4MBLSCS | L, 2770az13y HCL
18C6, DCZ4C8, 7007+thb 0.4ME 2 U v B
DB18C6, hakyEy 4. 84HNO,

4MHNQ,

O—F 4 v 47Kk, DIZ6YHNO, T& K, log[L]—loghn 2 0 — 7iX2(HNO,, HClE &)
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CEs | Dilvents | wmm | Aq.Phase | = | s=xm
0. 1MDCH18CS, Jynoxgy HNO, [29]
DB18C6, 18C6 [32]

MED7 7F=FRIVIR—FTELKBHEEZNS, BOFPIFoRFRE) VIR —
FTHEE BN EE . '

Pu DRI BED S, REEMCL s MEBSELECLEALONAS, BB, U
DISRBMIERAL L THE, TORRVA Y FOBEBEKLLTEL,

BRI, FHEABREEY CRO NI BRAKOHE N BRARHEERUTEEEKELA,
aavy:—fmmﬁen%awena.3%@$¢wy~yvﬁ&¢mmAt;um
HAORETTSE (FRYVILCE), EERLMENL OMFERISIEY=7TH 5 (Thil i
DHE). LALLFSEREOTAER, FELW “TyIr—RA—2aV" 2L Bk
EXDBILHNTES,

COlER, BRI 78 —L, KELBR L LDIBFHLIFIA—-—DOFES
A, 179V —FLOMBICENT, BBERELTWAZELERLTSY, 70+
TE—-FF—HEFROKRERFEIL>T, Tho2RET I LN T3,

FIWVAVRTZINAYLESERIZ, 759V —FLLERGICESL, BEWHET
FFACE S TRIET B L2BOWEBITHLENSHS, —B577F=ROBEiR, Hoh
K77t 78—-0lRETRL, COMEFA*EME ¢, BEANNTHORE 2B 5,
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(3) Th(V) o i

CEs Diluents % 10 & Aq. Phase e 2 £ Tk
18C6 hoo7thh 0.04M¢778 | Dra~+=0.04~10 | [10]
4MB15CS5 1,2%90013y 4. 8MHNQ,

DB18C6 HC1

DC24C8 1~9MHNO,

ThixDC18CE X (3DC24C8 £ HNO, R TL: 285tk % £ T % ; Th(NO,),-2L, % 7=18C6,

4MB15CS, DBLBCBIX0.04ME 7 U v BR T, LI 1B &K% AT 2, ThOH R (HER) L,
SUHNO. TR KL A B,

CEs

Diluents ¥ ho &l Aq. Phase i = 5 E T #k
R, 18C6 yhogryy HNO, [29]
R=Ph, %L, Th(NO, )« (32]
JUnaAEyN
Th(W) iz, CEL SVYIR—rEERT S,
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(4) Pu(V) Dl it

CEs Diluents )l Aq. Phase b = B E T
0.1MDCH18C8 | hwxy, #3uy | iBatsRss 1~7.54HNO, | Dpye-= | [9]
YMR9v-100 (F3)=N, Z8)-h 0.09~
J00A8y 1973)-h, Sts4y 24
0-J 100Kty a4y,
hog7thh yi: 4% EF $E3
Ky 7EMZMIN)

Dew vy DANO, BEEIKFFIE : S-6YHNO. THE K, HNO, DA DB EDe. vy =8, HNO;+20%PC
T2

CEREKTFM : log[CE]~logDew v M RO — 722, (&M FiZPu(NO,), -2CE
FRIENFOEE ABEBESDeum 2 LR S35, PC 103T, Douw =23.08, 40%
TRT.1I8EETT 5,

KEEAREBROERICLZDeu wm T RYHFY, VT Y, @ErCEEEED
/OO ARy, BREHRERT., CISC6/ 7 oo+ e, Pull) it iz m
HEhd, CAhRTI7O09 14 I VBERERECKELSL2ERTI-DEEASN D,

o200 X8R Y /44HNO; TDe. (v t218.21, 20%CH,CNIZ19.16

CEs Diluents | # Aol ! Aq. Phase = 5 E L E
15CS 5900437 3~10MHNO, (28]

DBL8C6
DCH18C6
18C6

DB24C8
DCH24C8

CEC&LBd77F=Fomitiiz, Z27FKFnMILKIE, KHAMIRE, CEOMAICIKEF
T35, BRATHUL S, CErPu(N) eNp(MEHRMICRIE TE B A, 3, SRUGHDO P Y
ForFroMENRBH KT I ENTES,

Pu(lV) & Np(N) iZHNO,3~-LOMTHILE T& 2, 64HNO. TR K. CEOH 1 X IZ18COD 35 K ik
HiEEHEBELTWD, CEORMGELERDIBFEMEL T P78 —-—D—2F, 70y T
—FIWNYTHOBEBRENDE 4 T THD, 18C6, DBLBCE, DCHIBC6EM ML EH A o, [
CHAZXDZ 7084720 T, MBHBZPHALVOMEDELTERA—-T—D K
EXTEILTALLWHZLHNTES,

Pu(W) ENp(M) D fith o i@ U 2CEND BB AR H1%, DCHISCOANIE M A > T 3 & &
RTxd,
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CEs Diluents ¥ ho # Aq. Phase iy = 2 ¥ T
0. 1MDCH18CS8 jyoaxyy 1~11MHNO, [29]
18C6 [32]
DB18Cé

F7F=FOBELSBECITIVI-FNERAVWDILERFETE, =L
OENHEENEIS voFolENCEY, BEENCIASORTROAEICISY VT
—TNERWBZENTES, LALANS7I VESAERBECLSLWEEERBT, A
FULRTVHLEATHY, SVBFBOHFARLHEEREZFO>TVS,

18C6RATDITIVI—=FILE, BELFSCASORMEFOEEELBE OB
STRVWOT, @OPI7F_RET YR FORMERUSBEOT/MAICH WD LANT
Enw, BIAIE0.58DTsCL8CS/ 2 /7 00z 2 VBHBICEBZAYSL0MEICEW T,
BHEAELUTMAING ) ZMA TS, AEEIHTAC0.05FBE SR B ICBELR W,
TAXTAVIWTN—-TP=0%8T, SRXYVIEEA A TN IS VYT —FILnHME A
WKO2WTEFxzv70LE, LALLGASHBENIEECENZENDYdoE, (FIEX
BT37r27xrx—be@ELULUARL), ISEEBEP=0/V—-TEI59 T —F
LWEenEERULIZEZ» LMo,

ERNLCFHELEEZEN, @7 /7FoREeS vy FolELEzh e a%8Ic@
L7044 7 VBt RIORMENEZNS.,
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(8) Np(W) o b it

CEs I Diluents | 7 0 7 ‘ Aq. Phase | b = l 8- T
0.01MDCHL8C6 | yyaoxyy 7oF.: 3= SMHNOQ, D(Np(N))=0.19~0.64 [25]
ZhORYYY

BHREACLSYIREIERTS. KANXBEO I L CL 28R RICEE, ChIZEXE
ORER e BRANGKA-BEAAA-ZILNCECEBHEEALI I L2BHB LN
TE3,

CEs Diluents | #= o &l Aq. Phase fig = 5 E TR
15C5 Jhguzyy 3~10MHNO, D(Np(¥)) T (28]

DB18C6 6MHNO, TE K
DCH18C6

18C6
DB24C8
DCH24C8

LSAYIN=DHUAYRK=Y Y TETD, ¥4 XOELICEST 7O 4 7LDAR
ZHoKREER, (EORGENKRESERDIBLEERIFIEZ—D—DTH 5,
18C6,DBLI8C6 R U'DCHIBCE ML ER 2 Lk T 2 &, EBLH A Xo< s a4 4 7LD
WTEE, MEARSCAILOBENERIZEY, BA-F - KEZTELTEIEETD
TENTESB,

5.2. FAELEYISY Y Z~FIARERAICEI77FoFoET— 4

MELEISI VI —FURBEMIOVT, FAEFAOARICETEIPIF=FON
REOREFRECICHRTELZHLELERT -2 TIZELENE,

- =10-
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5.2.1. ¥39vyz=FNicEdam(DBEF—4 —
(1) CEs/= baXRy¥y/BEKMER A A4 >~ -HNO, R[]

BKkERAA Y BTV VB, SEIUNTIY, BREKEALEF D LE,
D2EHPA, B HR{CoZ ANKT 4 K
CE : 18C6, 15C5(0M, 0.2M, 0.34)
JKAE : HNO, (pH 1.1~3.47)
: 0.54HNO,, 2.8MAL(NO,),
: 1MHNO,

STEF—8 -

BroBAT UVEETICE T SI8C6EMICE 2An0 it (Table 1)

0.24HPic/= b O X 2 ¥ > /0.2418C6—pH 2.0:% Dam:73.2:0.6
0.24HPic/= b X E /18C6% L —pH 2.0% Daw:0.086:0.007
0.25MDPA/= b O X Y £ 2 /0.2418C6 —pH 3.47% Dam:3.893:0.6

0.2MD2EHPA/= b O X v ¥ ~/0.2418C6 —pH 2.015% Daw:9.7:0.3
0.2MD2EHPA/= b O X Y+ /18C6%4 L —pH 2.015% Dam:4l.2:1

0.034ChCoC/= b O X Y+ »/0.2418C6—-pH L.95% Daw:90:-2
0.034ChCoC/= b O X+ »/18C6%4 L —pH L.5%& Dam:8.0:1.2

FERDBESL F VFEETICHTHI5C5EMIC & DAn(D) o flithh (Table 2)
0.2¥HPic/= ha X v+ »/0.2415C5 —pH 2.05% Daw:56.3:1.1
0.0254DPA/ = f O X v ¥ »/0.2415C5 - pH 2.954 Dam:17.1:20.5
0.034ChCoC/= P X vt »/0.2415C5 - pll 2.0-% Daw:440210

Table LK UTable 200 & KA % .

HPic, ChCoCA S fESE/KPERR A A & U TH %, ChCoCn TAZHRA K & W
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TABLE |. Extraction of 4'Am and '$2:1%4Ey by 18C6 Solutions in the Presence of Various

Anions
. Aquevus
Organic phase
No. composition phase pi D D ]
Am Eu Am/Eu
I ]0.2 4 HPic in nitro- 2.0 |73.2:0.6 33.5:0.2 2.2=0.2
oenzene + G.2 N 14Cé .35 |0.5220.03 0.21:0.01 2.5%0.5
0.2 M HPic in aicro- (.1 ]0.15720.001 |0.090%0.008 | 1.73+0.0!
2 |1 M AR e 2.0 |0.086+0.007 |0.073£0.006 | !.2020.02
18Cs
J | 0.25 M OPA innitzo- | 3.47 |3.89%0.6 1.7120.2 2.3:0.6
benzene * 0.2 M 18C6 | 3 77 |0.57=0.03  |0.1820.01 3.1:0.4
4 gégzn: gl:-\wi,:cnigéz- 3.1 ]0.03320.002 |0.01120.001 | 3.0%0.2
| !
5 ! é‘_ja;:}t;e:e“f_co‘j ;i' 3.6 |0.021:0.00S |{0.0025:0.008| 8.24=0.6 ..
! .3Cs |
' |
6 . 10 vol. % HIC in ai- 3.0 0.00S3 = 0.00s51= l
. ctrabenzene witnout = 0.0005 =0. 0004
' 18C5 i
7110 vol. % HIC 3.8 |0.0046 = 0.0046= l
 oczane = 9.3 M 3G i = 0.000s =0. 000
, .
] H .
3 1 50 vol. % HIC in t 3.6 |0.2220.01 0.037:0.001 | 5.9=0.4
| nicsobenzane = 0.71 M i
13C5 ' !
|
9 | 0.2407¢PA Lani- . 2.01 }9.720.3 21.7=6 22,422
| Spdenzene m 02 1.5 10.6320.03 }15.6205 2:.722
: vt 10.08320.006 {0.76:20.05 $.2=1
10 | 4 4w g2sHeA in 2.01 {21 2:1 255:6 6.2:0.3
. nitrobenzene withoul t3 jt.1:=001 32.4:290.5 29.7:22,
13Cs ~ 1 1 i0.05:0.u! 0.92:0.03 (3. 422
O B oA I R 33z1 2.7:0.2
lacs P13 ‘3 25:0.08 l.30:20.05 2.5:20.2
I L1 10200006 |0.073:0.00
12 | 0.3 M CaCoC i mateem LU 183620015 2.15:0.06 3.0:0.2
| |
13 ] 00 e e M LS 5 021 2 5.920.2 1.420.2
1306 ol i0.3920 0S 0.30:=0. 0! 1.3:20.2

"Values Bgya,, dre given.
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TABLE 2. Extraction of 24!Am and $2.154Eu by [SCS Solutions in the Presence of Various

Anions
Original Aquoo"us hase
No.| phase com- P D“ D: 3;\ se
position u mrRu
I ] 0.2 M HPic +12.0 $6.3=1.1 49.6+0.8 1.1320.67
;:n:::;"’: 1.8 2.4320.06 2.0020. 06 1.220.0S8
e ) -
0.2 4 15¢s 1.1 0.037:0,003|0.03420,002 | (.1:0. 1
(o M . tx10 S.8x10 1.920.6
2 |0.025M DPA 2.9 17.120.5 14.7=0.5 1.220.2
in nitro- .9 0. 39:0._9! 0. 17:0._9\ 2.2=0.3
benzene + 1.3-10 9.9-10 1.320.6
0.2 M 15C5
M
i
3 g;lglcﬁ_- 440=10 570=14 1.3=0.2
nCoC in - o ) - - -
niteobenzene 2.99:0.08 {4.30:0.05 l.420.2
+0.2H [.2020.03 |1.0120.04, 1.420.2,
15Cs e 1.0120.05 |0.74=0.02 1.420. 1
!
d 10 vel. % !
nIC in |7 110l 1391077 ! 1 820.8
nicsanen- - . - = . - -
tene 4 |7.6-10 5.2-10 | 1.3=0.6
0.2 M 15CS ; ;
: |
s |0.2H 0.820. 1 2:.620 6 31:3
D2EHPA in N - TTe-
nitrobeme 0.1420.03 |1.820. 1 1221
zene + M 1.4-10 J.S 10 5:=0.6
0.2 M 1565 R
5 41077 0. 0S5 | 10 1:0.5
|

[ChCoC) = 0.2 M.
""Values Bg,/am 3re given.

*"*Organic phase is 0.2 M D2EHPA in octane.
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pH 28T T, DanDBWVWRANH 3
IMHNO; TiZ, Damid B v
1SCSD FFATL8CO & V) Damid B

0.2415C5/0. 24ChCoC/ = b T X ¥ ¥ ~ — 1MHNO, (Table 3)

K#E Eu:l0Y Dam:1.05£0.05
JK# Eu:0.54 Dam:0.09420.005

KEFDEUOREHNFHT £, Danld/hE< 23
0.3418C6/0.3MChCoC/= b O X ¥ ¥~ — IMHNO, R (Table 4)

KHE Eu:l0™"H Dam:0.17£0.01
JKHE Eu:0.54 Dam:0.10%0.01

KEFOEUDBREHAN YT L, Drnld/hE <03
JKH#E Eu:107"M, 0.S5MHNO,, 2.84AL1(NO;), Dam:3.20:0. 20
Table 3% U'Table 4O EEHM S :

IMENG, R TiE, DantIlAT T, EUHMEZAL W
BHRAZMAD EDnlz KELS RS

(2) CEs/=bpua~xXy+ v /ChCoC-BtEBE#HA[18]
CE : 15C5, 18C6, DCH18C6(0.1M, 0.15M, 0.2M, 0.3M)
ChCoC : (0. 14, 0.3M)
JKH : HNO, (0. 18, 0.50)
kﬁﬁﬁ‘l(Al(NO;)a. SC(NO:):)
0.2M18C6/=h a X ¥+ »/0.34ChCoC — 0. SMHNO, +A1(NO, ), % (Fig. L)

0.2MDCHL8C8/= h O X ¥ ~/0.34ChCoC — 0. LHHNO, +A1 (NOs ), & (Fig. 2)

AL(NOs ), BB IKFFYE(AL(ND, ). R : 0. LU~2Y) Daw:2--0.1--0.5
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TABLE 3. Extraction of 2*'Am and 'S2Eu by 2 Mixed Solution of 0.2 M
15C5 + 0.2 M ChCoC in Nitrobenzene from | M-HNO,

(Eu(unj); in

aqueous phase, )] D €]

M Am Eu Am/Evu
107’ 1.01=0.05 0.74+0.02 1.420.1
0.01 0.88+0.05 0.€8:0.02 1.320.1
0.0s 0.4120.C2 0.3420.01 1.2:0.1
0.1 0.32=0.02 0.25:0.01t 1.3=0.1
0.5 0.094:0.00S 0.065=0.003 1.420.1

TABLE 4. Dependence of D, p, Dg,. and B 5/, 00 Initial (Eu(NO4)5] in

the Aqueous Phase on Extraction by a Mixture of 0.3 M ChCoC and 0.3 M
18C6 in Nirobenzene from | M HNO,

Inicial [Zu(NO,),)

n 0. )

in aqueous phase, H Am tu Am/Zu
-0 0. 17:0.01 0.037:0. 002 §.5:0.¢
0. 0l 0.16=0.0i 0. 04120.002 3.820.3
0.05 0.14=0.01 0.035=0.002 3.9:0.3
0.1 0.12=0.01 0.028:0.002 ¢ 3204
0.3 0.11:20.01 0.021:0.002 5.3:0.:
0.5 _ 0 i0=0.0! 0.017:0.002 6.0:0.+
-0 3 20:0.20 0.51:20 03 G.4=0. ¢

-AqUCOUS phaSC: CHNO] -~ 0.5 M. C’\I(Noj)] =28 M.
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Figure 1. Extraction of Am,Eu.Ce and Cm tracers by JTZ:MCYEC&In nitrobenzene
from 0.5 M nitric acid and Al nitrate solution.

10 -

-Am
-Eu

[ ]
n
A .Ce
2 v -Cm
1 -
0.5 H
0.2 4
0.1
0.05 A

t

[ ]
n
0.01 A
0.005 -
]
0.001 = c ; 0 : : ]
o] 1 2 k] 4 3 3 7

Nitrale concentration, mol/l

Figure 2. Disiribution coefficients of Am, Eu and Ce tracers zs a funztion of
Al nitrale concentration for extraction by a mixture 0.3 M ChCoD
and 0.2 M DCH18C& in nitrobenzene from 0.1 M nitric 2¢id.

D ]
10. -
00 e -Am
1
m -Su i
A .Ce
A v

~ Separation lactor of Am arcd Eu
1004 "™
\_/A
A |
0.10 ~ -\.\__/
]
u

0.01

0 1

~

Al nitrale concentration, mol/l
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0.15MDCH18C6/= pm X ¥ ¥ ¥ /0. éuChCoc—o. SMHNO, +Sc(NO, ), & (Fig. 3)
Sc(NOy ) BB MK #F¥E(Sc(NO, ), B : 0.14~28)  Dawn:l.1--3.5

0.1M15C5/= b o X > ¥ /0. IHChCoC — 0. SMHNO, +AL (N0, )5 5 (Fig. 4)'
AL(NO)s A (K FE#E (AL(NDS ) BRAE @ OM~2.50)  D,n:3--0.1KF

0.34(18C6+ChCoC)/= h T X >+ > /—0.54HNO, & (Fig. 5)

ChCoC mole fraction k% # (mole fraction : 0~1) Mole fraction 0--0.5
Dam : 0.1LLF, Mole fraction 0.5--1: D.n : 0.1ELF--3

0.3M4(18C6+ChCoC)/= hTa RV + ¥ /—0. SMHNO, /24A1(NO, ), & (Fig. 6)

ChCoC mole fraction K #F ¥ (mole fraction: 0~1) Mole fraction 0--1
Dam - 0.2--0.5--0.2

Fig. 22 5Fig. SETOREEDLS, KND4L4DDRT. Dan: 350 BSH D,
0.34ChCoC/0.2MDCH18C6/ = h O X ¥ ~ —0. 1§HNO, /0. 1MAL(NO, ). % (Fig. 2)
0.3MChCoC/0. LSMDCHI8CE/ = h O X ¥ ¥~ —0. LMHNO, /2HSc(NO, ), *(Fig. 3)
0.14ChCoC/0.1815C5/= ha X ¥ ¥ >~ —0.54HNO, & (Fig. 4, AL(NO;)s% L)
0.34ChCoC+18C6/= b O X ¥ ¥ » —0.54HNO, % (Fig. 5., ChCoC mole fraction : 1)

0.5UHNO. THFF ELEL L wsRE LT, 0.14ChCoC/0.1415C5/ = hOXRY ¥ Y —

0.54HNO: & (Fig. )X FEA LN B, LALLANS, —hoXRYEVERFRAL LT(E

B350 T, ER2Lt0BRBALETHA S,

Q) 7#2T7+YNEEECRL Y K/o-= QT FINAX Y -14HNO, & [22]

BRI FOME, An(D), Eu(l)® > B2E(Table 1)

ﬂa. Dnln : 0.75

fic Daw :0.70

(4) RUAXH{EW/BRKIERE A A 2V :ChCoC/= bOR Y ¥ Y -BE B R[26]
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Figure 3. Distribution coefficients of Am, Eu and Ce tracers as 3 function of

Sc nitrate concentration for extraction by a mixturefY M ChCal'
and 0.15 M DCH18CE6 in nitrobenzene from 0.1 M nitric acid.

D ® .Am
m -Eu
10.0
4 -Ce
b/
Separation factor of Am and Eu
X
1.0 -
| ]
|
0.1 =
r v '
o) 1 2
Sc nilrate cancentration, molf/t
Figure 4. Distribution coefficients of Am and Eu tracers «s 2 function of
of Al nitrate concentration for extraction by a mixture grT M'CRCaD §
and 8.1 M 15C34n nitrobenzene trom 0.5 M nitric acid.
D 4
® -Am
®m .Eu
37 e
u
29 | )
\ Separztion faclor of Am and Eu
|
? e —d = o ——— e —— b
1 4 |‘\
B\
A\
0 -1 \‘\‘ - -
Lﬁ T T
0 1

Al nilrale concentration, mol/l
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Figure 5. Extraction of Am, Eu, Ce and Cm tracers with mixtures of 18C86
and ChCoD in nitlrcbenzene from 0.5 M nitric acid. The total
16C6+ChCo0 concentration was 0.3 M.

o i
5 ® -Am
m -Eu
A .Ce
4 Yy -Cm
3 - ®
P
2 -
A
1 -
-
0 ———————w ./. .
00 0.2 0.4 0.5 0.3 1.0

Mole fraction of ChCoD

Figure &. Exiraclion of Am_ £u, Ce and Cm tracers with mixtures of 18C5
and ChCaO in nitrabenzene from 0.3 M nitric acid and 2 M Al nilrate.
The total 18C5-ChCa0 cancenirz2tion was 0.3 M.

D
e -AmM
4 'ﬂ\\
~ = -Eu
\A
\
\ A -Ce
AN
3 - \ A 4 Cm
\
A

Mole fraction of ChCoD
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/\
: 0 [}
oh:p.o 0=pPh.

ey, a

/ N\

0 0

Fh:D'O O'Ol‘hz
il

a 0 (s},

2 €y, 3

©)

0
Ph.p=0

M\

(] [/}
N\:P-') O-NM:
lif
W, A3 9 g, | "D,
da, 2 k1, 3 d).

\ 9

0=FN,
v

TABLE . Extraction of Eu (107 M) and Am (Tracer Amounts with 107? M Eu)
fram | M HNO, by Podands and Cerain Phosphine Oxides in o-Nitroethylbenzene

| 0 affici
Langeh of istribution coafficieant
Coapound oxyethyl chain
Eu A
JRRVEN) o=, ln s L UL a) 0.014 0.007
i Y
D PN LI SN A 0.01$ 0.008
Pn P=0 0=PPy, [n =1L <) 0.006 0.004
— 'n =0 (L. a) 2.2 0.75
]
~0 i PRI 0.55 0.26
. U ‘ASZ(H.:I 0.17 0.14
— iy - |
Ph,P=0 0=PPh, . a3 (1L, a) 0.10 0.06
/T n =20 ([I[, a) 0.10 0.09
—9 N noa L (ILL, b) 0.13 0.19
\ - a=2 (1L, ¢) 0.55 0.70
o p— —-—
=9 0=2Ph, 0 a3 (1L, 0) 0.30 0.26
PPh P =0 ; i 0.023 0.0l
PPh PIOICH ClOINISui, | - 7.3
100 % o-nluocmylbﬂuu\n? <2‘IO“ -
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R AXH{Le&% . 15C5, 18C6, DC18C6, DBL8CS, DB24C8, DAL8C6, Fh I F L v
TS3ALA=NWVIT AF T —F (TN, Y IVISNT 7+ —)L-909(n-~ )
SNz )VRYVZTFLYTISL43—=)), 3.6,9-pUFHHY

YFAY-L1U-TA=N(TOUD), PYRAAFYRSIFLTP IV
(THEA)

0.16MChCoC+0. 064 R U # ¥ H{L&H/= b a X+ » — HHNO; & (Table 1)
Dam : 15€5 0.25, Y JL/N7 +—JU-909 0.78, TOUD 0.58
0.164ChCoC+15C5(0--0.4M)/= h O X ¥ ¥ > — 1}{HNO; K (Table 2)
Dam : 0.2415C5 0.65(&K)
0. 34ChCoC +18C6(0--0.34)/ = h O X ¥ ¥ ~ — LYHNO, & (Table 3)
Dam : O418C6 0.35 Am/BudD S BEGRE Bams:a 2 1.16
0.2M18C6, 7k#8 : 0.SMHNO, 0.89 Bamrea : 4.3

0.2418C6, 7K#8 : LMHNO, +0.334Eu(NO,), 0.14 Bamsea 15,4

Table 1A & Table SOERM L

15C5, Y JUINT +—Ju-909, TOUD : HRHBRAEH S LD

BEADODD{EE., ChCoC:15C5=1:1, ChCoC: ¥V /N7 o+ —)U-909=3:10 & (&K 2 % IC
BARADSMFES(Eu-An) 2 18C6TH SN S

FOERMER, CEOBRBELAnLEUDBELICKTEFT S

(5) BMUEKM2ERICBY B 77 F=FBERMELTOY25 9 2 —F[106]
40%(E Bt bt ) PEG + CE—40% (B R k£ ) (NH, ) 2S04 %
CE : 15C5, 18C6(0.1M--1.25H)
EOX by VEH: 40%("”4)2804
ZﬂHNOJ in 40%(NH4)2804
2&";504 in 40%(""4)230¢

2MNH,NO, in 40%(NH4)2S04

40%( 1| & H )PEG+ 18C6(0. L--1.254) — 405 (E & Lt) (NH. ). S0, & (Fig. 3)
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TABLE 1I. Distribution CoefTici:nts and Separation Factors of Micre-

amounts of Am and Eu on Extruction with a Mixture of 0.16 M CCD
and 0.06 M Polyoxacompounds from | M HNO,

15¢3 18Co DC18C6 uB1BCH DB24C8 | Dal8Cs
Up 0.25+ 0.0601+ 0.017 « 0.020 5 0.033+ 0.007 -
+0.62 = 0.0t =0.001 =0.002 +0.002 =0.001
Dy, 0.184. 0.014+ 0.0122 0.020- 0.025+ 0.004 =
+0.01 +0.006 =0.001 =0.002 +0.002 +0.001
L t.4< 3.2+ 1.4+ 1.4+ 1.4= 1.5+
Al =01 +03 =011 +U1 ~ul =071
TABLE 1 (continued)
TOM Slovafol THEA TOUD -
D, 0.0534- 0.8+ 0.013=~ 0.56= 0.046~
+=0.0u2 +=0.02 <+0.002 +0.04 -0.002
Ug, 0.UGU = 0.42+ .00y = 0.30= 0.039=
=0.0G2 =0.07 +~0.002 +0.02 +0.062
2 U5~ 1.9+ 1.4 1.9+ 1.2+
AwiEy +ul +02 -0 =02 0.1
TABLE 2. Dependence of Am and Eu Distribution Coefficients on
Starting 15-Crown-5 Concentration in the Organic Phase on Extraction
by 0.16 M CCD from | M HNO,
Ciscs. M
[ 006 0.1 0.2 a3 u.k
Dam 0.046 = 0.25+ 0.45= 0.65+ 0.32+ 0.17+
+0.002 =U.U1 =0y =0.03 ~0.02 +0.01
De, 0.039~ 0175~ 0.350~ *+0.48 0.25R+ 0.1334.
=0.002 =0.004 =0.005 =0.0t =1.003 ~u.uo2
Famity 1.2= 16 1.es 1.4+ 1.3+ 1.3+
=0.1 =01 =u.t +01 +U1 + U1
TABLE 3. Dependence of Am and Eu Distribution Coefficients on
Starting 18-Crown-6 Concentration in the Organic Phase on Extraction
by 0.3 M CCD in Nitrobenzene from | M HNO,
Ciscer M
[J 0.1 [ nd n2- Ny e~
v 0.35~ +0.25 0.16= 0.0024+ VM= 0.1404
Aot +0.0 +=0.02 +0.0! -+ 0.000% AL =u.0t
Dg 0.30+ 010U+ 0.031+ 0.0008 + 2K V.U +
4 +0.02 =0.005 +0.002 +U.0001 +0.01 —0.005
116 2.5+ 4.0 J.u+ i+ 5.4+
Pamira =0T 02 -03 +03 ~03 -0

"Aqueous phase 0.5 M HNO,.
“"Aqueous phase | M HNO, + 0.33 M Eu(NO,),.
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]

11 2 1Ll

i

L= uevn
§ Au(vn
: X Pu(tV)
j]
= Oy

A { 10
{+8-crown-g|
Fig. 3. Extractant dcpendence profile for 18-crown-i in the 40% (by weight) PEG-2000—0% (by weight) (NH,),SO. system. The

conczatration of 13-crown.6 given refers to the il concentration in the PEG-2000 stock solution prior to muxing with the salt
stock solutton.
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AnDrECLHIZ, BWIBCORMB(L.25U) T, Dyor>* OAN 1 2 BB, BI—%HE T,
DAm‘*O. 04

18C60) 77 A7 15CS & ) And 43 BE LL A° % v

5.2.2. 430V -FNICEB0,*OMEF— & —

(1) 0.1MCEs/CHCL, -HNO; F&[2]

DCH18C6 SMHNO, Duoz 1.27(Table 3)
DCH24C8 6MHNO, Dyoz 1.47(Table 3)
DADCH24C8 TMHNO, Ducz 1.62(Table 3)

MENSESCHQSEoT 7O A7) v 7{t&%)(Table 1)
RyVJI39y BRAIAOHSERR
ruAnxIEEKGE Rkl

(2) 0.24DCH18CB/ k JU T > ~HNO, & [5]

wEREME - Jo Ly A—-FREx—F, PErA=MNU N
AR )=, TR )=, 4AVTRI)—), THFHY, FELY

2087 = b JJIL/0.24DCHLBCE/ kb = v —6YHND, & Duoz 3.65(Table 1,
Fig. 1)

20070 yAh—1Kx— b/0.24DCHLIBCE/ k JL T » —6YHNO, & Duvz 3.37
(Table 1)

oL vA-RKRx—k, ZEr=ZPUYUN, PEINY, XS IHEEDR
¥RY

0.5MDCN18CB/ k JU T > — 4HHNO,
3037+ k= kU JL/0.SHDCNI8CE/ h JU T ¥ —AUHNO, R (Table 2)
Duaz 7. 12
BEOE L1k, mdmuruﬁ;Z)

HEW K mA/0.24DC18C6/ b U = 2 —4YHNO, & (Table 3, Fig. 3)
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Table 1. Extraction of U(V]) into tolucne by DCIKCS from
acidic solutions containing an organic additive as a function
of nitric ucid concentration (orgunic phase: 0.2M

DC18Cé/toluene: volume ratio, O/A: 1)
T i Distribution ratio (Dy) (in 20%)

° HNO, 0% 20%

3 (M) D\ AN AF PC AF
S 1k 0.9 0.01 0.04 40 0.18 18.0
1.8 0.10 0.10 2.0 0.68 6.8
27 0.19 1.56 8.2 1.55 3.2
15 0.28 2.83 9.0 217 7.8
a3 0.3 293 §.3 .62 7.5
T 5.0 0.30 Mig 19 2.70 6.8
6.0 0.47 3.5 .8 3.57 7.2
A 7.2 0.52 2.20 42 3 45
, , . 3.0 0.44 1.92 4.4 1.98 45
° I * & T 8 *Extraction without organic additive.
CHNO,I ™M

Fig. 1. Effect of nitric acid concentration on the extracuon

of U(VD) with 0.2A7 DC18C6/tolucne from pure nitric acid

solution (—A—): soluuion containing 20% (v/v) propylenc

curbonate (—O-—). solution containing 20% (v/v) ucsto-
annle (—0O—).

Table 2. Effeat of DCI8CH concentration on uranium(V1)
extraction nto toluene (rom aqucous-accionitrile polar

phase*
Distribution rauo (D}

Acetonitriie DCI138Cst (M)

(%) 0.05 0.1 0.2 0.5
0 —_ 0.17 0.31 -
10 Q.17 0.93 1.69 3.9
20 0.29 1.19 2718 5.28
o 0.52 1 26 X1 7.2
40 0.39 1.2 226 4.78

*Ininal concentrauion of acidity in the polar phase was 4 M
HNO..
tDissolved 1n toluene.
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Q.2 =

A

e
-2 /
%
W
) -o:q e °

Fig. 2. Extraction of U(V1) into tolucne by OCI8CS as a

function of extractant conczntravon from pure M HNO,

soluuons (—Z~—); solutions containing $M HNQ, - 20%
(v/v) acsionuitnle (—A—).

P .

= ) v
: / \‘
.
E X ———t

bl [ Ko 10 )
Qrgomc agd.tive 1n the golar anase. %
Fig. 3. Effect of organic udditives on the zxtraction of U(V1)

into tolucne by 0.2M DCI13CoH as 3 funcuon of mual

concentrauon of (he organic solvents n the polar phuse,

sl acidnty of polur pruse: 4M HNO,. Methanol (—77 —

L isobutanol (= —); ethanal (—A —): diozane (=¥ —),

iccione { — A —). propylene carbonate (— M —): acstonitrile
(=—@—}

- 26—

DC!3Carnoluene

Table ). Effect of orgamic additives on the extraction of
U(VD) into toluene by DCI8CE from aqueous mitric acid
media (organic phase: 0.2 DCI18Cé/toluene; aqueous
phase: 4 HNO, + organic additive: volume ratio (Q/A): 1)

Distribution catio® (D))

Qrganic (%)
addiuve 10 20 30 10
Drwoxane 0.92 1.36 1.36 .25
Acstone 1.75 2.0t .78 1.60
Acztonunle 1.69 2.718 318 .26
Propylene 1.58 247 298 b L
carbonate
Methanol 0.17 0.t8 0.20 0.t5
Ethanol 0.2e 0.34 0.42 0.30
{sobutanol Q.19 0.27 Q.30 0.20
“Mean value of D odtained from pure M HNO, medium
1s 0,31,
Tuble ¢ 3ack sxtracuon (stnopiag) of UCVI) from loaded

ohase®  (extractant:  0.2.M
toluene: volume rauo (Q/A): 1)

DC13C5/

U stripped

Strippant* D, ()

Ascoroc ac:d 125 6
(0.2M)

NHE.OH.HCY 125 7
(0 2:M)

N3.CC, 15 10
0 5M)

O=xalic acid? Q.15 37
(! 0N

H.SO, 0.10 91
(2.0M)

HCIO, Neghgible >99
(10

*U(VI} was =xtracted (rom s polar pnuse contuiming 3.M
HNO, - 20% (v/v) AN

*Agueous solutions of strippants were made by directly
weighing o measuring the volumes approximately,
conczatrations (M) are 2iven in Druckets.

:Dissolved 1n O SM HNO,
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TABLE 3. Uranyl Nitraie Distribution Coetlicients for Extraction from HNO; by
0.1 M Crown Ethers in CHCI,

Com- Com-
pound | Extractant |(HNO,]|O 2- pound | Excraczant |(HNOy ||D 2.
vo vo
No. 2 No. 2
L is12ca s |i-107° 13 | oncHiacs 8 1 1331077
2 |Tami2ce s |1-107? 3 je.5-107°
-3 s 10.37
15CS .8
3 1 s 3.8 10_J s lo o1
3 315CS s |3.1-10 17 li.02
s |osaeiscs s |3.0-107° ¥ 083
6 TAB15CS s [3.2:10 I 1a | oencwiscs 1138 Io':
-3 3 |3.9a0°
7 , .
DSBCH15CS s Is.2 10-z 1200
8 18C5 s [7.5-10
6 |8.4-10°%| IS | ow=pcHiscs | 1 x.s—lo':
-1 3 {3.0-10
7 . .2
16'0,, s 133000
9 DB18CH S Js.1-10 s 19.3-10°°
6 |e1-107) 18 | oapciises | 1 {3.3-107)
- i and 3 j2.710°°
e 5 |2.2-107)
10 DEDB18CS S j2.5-10 6 16.6-10-
6 [1.9-107% 7 (¢80
i 3CH18Cs U330 17 | peaer s [t.210°"
3 (331070 18 | oeaecs s 4501077
s [3.7-10 6 |S.1-10 7
6 [1.5:1077 T2 re
12 DCH18CH A L j2.6-1077| 19 | DGHILCS I |9 2-107?
] |.a-|a" s 139
4 [3.6-10 6 |1.a8
s |1.27 20 | DADCH2LCB 1 ez
6 |1.2 5 |s.3100
7 |1.03 6 |71.6107
9 |0.8) 7 |8 810
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JX7EP=NUNTEK .
Duoz 3.15
(3) O.IQDCHISCS/I.Z&"}_U Ox & -44HCI®R[10]
Duo: 100(Fig. 12)
ERoF L:208&K, 00.Cl.-2L
0.14DCHIBCE/L1,2- 70Oz &y —0.447 1 8%
Dyo.=1(Fig. 11)

JkoF 4MBLSCS, DBI8C6 l: 2 &&(k(Fig. 11)
18C8 2.3 EE(Fig. 11)

(4) Dy ic RUETHRF 0 ZB(10]

0. 144MBLSCS/H/ R A — 0. 044HPic & (Table 8)

ﬁ'fkﬁl Dllﬂz
2907 Ll 0.027
WA IV . 204

0
1.2y 700x 4 0.146
0

—hoxRIEY .377

9.2.3. U3 —FNIZEBPUN)OREF — 4 ~

(1) 0.1MDCHLBCB/ b JU T ¥ -HNO, A[9]

HRANA : A2 )=, TR )=, 4T )=, SHxFH,

gL A—RR2—-bRU7Z7EZRUN

7Eby, T

Z7EbrZbMYWN, XY, T8 ) - JRETTOL I A-HF—F

NE S

PEMZMNUN, 7L YA —FRR—RFNHHICHE
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ot t
0! a
(L

]

Fig. L1. Disribution ratio ol uranium(VI) vs. concentration of crown cther. Aqueous phase:
0.04 M picric scid. 1 - 18C6,2 - 4MBLSCS, 3 - DB18C§

Table 7
Extracdon of uranium(V1) with different
crown cthers (25 °C)

D

1

Crown cther Duuent uen
“0.05M [ “0.1M
4MBISCS Benzene 0.054 0.204;
1.2-Dichioroethane 0.039 0.146
18C§ Benzene 0.012 0.028
1.2-Dichiorocthane 0.206 0.533
DC18Cs Benzene 0.050 0.142
1.2-Dichlorocthane 0.093 0.237

*Concentration of crown ather in organic phese; 0.0aM picric scid ln aqueous phase.

' 1
ey -

(Cl~

Fig. 12. Effect of the concentrution of DC18C6 in 1,2-dichioroethane on uranium(V1) extraction
from 4N HQ\, st 25 °C
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Table 8
Influcnce of diluent on the extraction
of uranium(V1) (25 °C)

Diluent LM DU(Vl)

Chloroform 0.1 0.027
0.2 0.111

Benzene 0.05 0.054
0.1 0.204

{,2-Dichloroethane 0.05 0.039
0.1 0.146

Nitrobenzene 0.05 0.114
0.1 0.377

L ~ concentration of $MB1SCS in organic phase; 0.04M picric
scid in squeous phase.



PNC PN8420 95-022

20%7a UL YA—#x— b/0.14DCHIBCE/ b ) = v —HNO, R
SYHNO, TREK Dew vy =24(Fig. 1)

3057+ b= b YUJL/0.24DCHLIBCE/ b JU T » —4Y4HNO, R
087 R =kr1UJ, 0.24DCHIBCE TR K De. vy =16.46(Table 1)
BEOW 1:28& Pu(N0,). 2CE(Fig. 2)

HRAEMA /0. I4DCHIBCE/ b U = >~ —4YHNO, &

JavrvurvvyaA—-HRx—-—F 0% D....uv,‘-—‘-'l.Sl(Table 2)
10% Dl'u vy :—-:23.08(Table 2)

0.24/7® b = b U JU/FRH —44HN0, R (Table 3)

Dielectric Diw v

constant HNQ, D4 20%AN

Ny¥Ey 2.3 15.17 16.67
7097 xibhA 3.1 5.32 4.62
0-7730Ky77 7.5 15.04 20.70
Souagiriy 9.1 18.21 19.16
Y9y -100 - 0.10 0.15
P v 2.4 4.51 11.67
FoUL Y 2.4 0.82 1.18

(2) 0.14R.-18C6/ 700 % v -HNO, & [29. 32](Fig. 8)

R,: L-Ph, 2-@HRELL. J-270~F2 )b
HNO, : L~ L1MHNQ,

HNO, 4-TAT Btz FhFRIC>VWTR RO ERT,
Dew vy =20 (4]‘1HN01. DCH’.SCS) (Flg. 8)
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Table 1. Effect of DCIKCH concentration on plutonium(lV)
cxtruction from aqucous-accionurile polar phase®
Aceto- Diclecine Distribuuion ratio, D,,
nitrile constant
added, of the DC18C6". M
(%) polar
phuse 0.02 0.10 0.20

0 78.36 0.09 4.51 5.84
10 7427 0.12 6.45 3.26
20 70.18 0.17 §.49 11.67
30 66.10 0.20 9.34 16.46
40 62.02 0.15 6.25 12.92

* Final acdity of the aqueous phase was + M HNO,.
* Dissalved in toluene.

[HNOll_ M

Fig. 1. Efect of mitnic acid concentration on the extraction of

Pyu(iV) with 0.1 M DC13C6/10luene irom pure aitric acd solu-

uon () solutian contaning 20% (v/v) acstonitriie) (£): solu-
uoa contatning 20% (v/v) propylene carbonate (O).

ook //
-o 3 g
am HNO34— 20 CHSCN
-0 & = /
/MMN(‘)3
c,:_v-C)~9 - a
e /,...z
>
2
-1 2 -
-|.5 -
- 5—
-2 1 | ! 1 1 1
20 -1 5 =12 -08
toq [CE)

Fig. 2. Extraction of Pu(IV) into toluene by DC13Cé6 as a func-

uon of extractant concentration from pure 4 M HNQ, solutions

(&); solutions containing 4 M HNO, +20% (v/v) acetonitrile
()

-32-
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Table 2. Effect of organic addiuves on the extraction of Pu(IV) into toluene by DCI8C6 from aqueous nitric acid medium
Organic phuse: 0.1 M DC18Cb/1oluene: Aqueous phase: ¢ M HNOQ, +organic additive; Volume rauo (org/aq): | : |

Organic additive

Dielectric constant® Distribution ratio®, Dy,

10% 20% 30% 40%
Acctone ) 2047 0.90 1.10 1.30 1.00
Acetonitrile 3.8 6.%5 8.49 9.34 7.36
Diozxane 12 1.36 5.93 192 6.10
Ethanol 1.6 492 6.42 8.45 5.14
[sobutanol 16.6 .50 3. 4.00 2.90
Methanol .7 1.60 1.80 2.00 1.70
Propviene carbonate 64 4 11.08 10.14 14.68 7.18

T Sckine. Y Husegawa: Solvenr Extraction Fundanenial and Applications, Maccel Dekker. New York, p. 48— 30 (1977).

s T e

ne muean value ol Oy, obtuined from pure 4 M HNO,; medium 15 2.31.

Table 3. Iniluence of winer immiscihic orgamc diduents on the extraction of Pu(IV) hy DCIRCH lrom aqucous-argamic solutions by
DOCIKCh
txtractant 02 M DCIXRCO. dissolved in various sotvents: Agucous medium: 4 M HNO, = 20% CH.CN

Dulueni Diclectric Distribution ratio. Dy,
constant®

In pure In 0%

HNO, CH.CN o 4Dy,
Bearzne 2] 15.17 16.67 10
Chiaraform 3 5.32 162 =2
o-Dichioroncarzne 7.3 13.04 20.70 38
Orchioramethune 9.1 15.21 19.16 b)
Sotvezia-i00 - 0.10 01s 50
Toluene pE 251 1147 159
Xvlene 24 g.s2 118 a3

< T Senme. ¥ Haseguwa Sefvent Extraction  Fundumcenial and Applicanans. Marce! Dexker, New York, . 2§ =30 (1877).

Table 4. Back sxtracuon (stripping) of Pu((V) (rom loaded
] DC18Cé/oluene phase*
i Extractant- 0.1 M OC18Cé/olucne, Volume rauo (org/ag): 111

0= Strippant® Medium D». Py
l stripped
(%)
. !l HNO, - 9.31 9
T (0.3) \
< ‘ Acsuc acid 0.05 M HNO, 021t 83
° (2)
Formic acid 005 M HNQ, 0.59 63
10- (2)
NJ:CO) -— Ncg >99
(Q.5)
Ascorbic acid 0.50 M HNO, 0.03 97
L (0.2)
’ NH.OH HCl 0.50 M HNO, Neg >99
(0.2)
u(lv) 05M HNOQ, =+ Neg >99
|- (0 06) 0.2 M N,H,

s} Q 20 Jo 10
ORGANIC ADDITIVE IN THE POLAR PHASE. W(Y/V)

* Pu(lV) was extracted from a polar phase containing 4 M

HMO,; +20% (v/v) CH,CN
Fig. 3. Effect of organic additives on the extraction of Pu(lV)

» Aqueous soluuions of strippants were made by directly
into toiuenc by 01 M DC18C6 as a funcuan of imual concen- weighing or measuring the volumes approuimately, con-
trunon of the orgunic solvents in the polar phase. the imual centrations(M) are given in brackets.
acidity of the polar phase1s 4 M HNO,. 1-Acetone; 2-methunol,
l-isobutanol; 4-dioxiune, S-ethanol, 6-acctomtrile, 7-propylene

carbonate.

- 33~



PNC PN8420 95-022

1 %."‘dﬂ/‘ } 'ilrj{_z

0r Pu ip .
v , NS
VAN

16~
AN

b ar ! L w0t
\ 1% /,/ .,

00! 7 "

o W W o e 3
' ﬁ?;.:,/t L 616.’....°me/1 ol
Pig.8. Crown ether R,-18-C¢ extraction (0.1 mole/l tn DCE) 1-Ph,

2 - without, 3 - cyclohexyl; Zay/{L7
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5.2.4. 7539 vx-FNCEBTRH(MomETF—4%—

(1) CEs/7 oo+ b-EoY vB%&[10]

CE : 18C6. 4MB15C5, DBL8CG, DC24C8
£R/W 7oz L, 7Oy Y

0.0lM18C6/7aa 7+ L—0.047 U v E*R
Dratnn L.5(Fig. 6)

0.1418C6/ 707+ L—0.0447 Y v EF%
Drn(wy L10(Fig. 6)

ExRoF L: 12k L=18C6. 44BLSCS, DB18CE(Fig. 6)

(2) CEs/l.2 7 0c =& v-HNO,% (2]
CE : DC18Cs. DC24C8
0.14DC24C8/1.2-v 7 oo & v —4.834HNO, & (Fig. 7)
Dew(ws 2(Fig. T)
Drn o) OHND, B & D W% (Fig. 8)
Dew vy O f K IZEUHNO,

ko Th(N0,s).-2L L=DCL8C6, DC24C3(Fig. T)
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0
of-
C 1
1
L
o'l el
ol q! R
(AR

Fig. 6. Elfect of concentration of crown ether or the distribution rato of thorium(V) in 0.04M
piencacid. | - 18C6, 2 —4MBLSCS, J -DBI18C6
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n-l !
o w0
(Tl

Fig. 7. Effect of concentration of crown cther on the distribution rato of thorium(IV) in 4.8M
HNO,. O - DC24C8, ® - DC18C6

. | 1
1 1Y L)
MOy N

Fig. 8. Dependence of the distribution ratio on the concentration of nitric acid n aqueous soluson
1 - DC24C8,2 - DCI8Ch

-37-
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525, 739 x=Flicka3N(V)OBHF -4

(1) CE/2 /7003 vBRBcs2B20BEERBOP7FoRoEiccMlT o288

iE B (Concentration constant)[28]

RN E M (Table 134 ¥)

i1 b Pu(W) Pu(W) Np(W)

15C5 3.54  0.034 1.44
DB18C6 0.71 0.012 0.32
DCHI8CE 2220 4.36 170
18C6 1.85 0.030 3.15
DB24C8 0.88 0.068 0.32
DCH24C8 2230 6.18 186

CELEB37V0F-oFRofbid, Z77F=FoB{LwkiE, KBoBMiRE, CEoB

Np(V)
0.0016
0.0069
0.058
0.0047
0.0107
0.044

Np(W)
0.40
0.034
3.33
0.13
0.094
3.5

KE>THRENRLRS, 3, 5, 67/ F=FomENRH.

HNOs 3N--8MT. Pu(W) £Np(MIRCE &> T &< ans, RREOMBETHE
NRKEKRDS, 2 70AFIVI8CEA, Pull) LNp(NOMEBRETSH 3.

(2) CE//7uonzxzi&ryEriz=hraxXy¥>—HNO,%[25]

S7u0AnFI I8N, ENCEN LA THRLMEICELTWS, HAA (B8

B)RFTEEEXRELT S,

0.01MDCHI8C6/T 7 mumxz i v Eiiz= haxXy ¥y —5MHNO, + B A FK

Table 3)

}gﬁﬁl : NH.NO;, NaNQ;, Ca(NO;);. Al(NO:)J

lﬂAl(Noa)a Doty =0.64

526 73vrxz—=FNickaNp(MoMlT—%

LiOH, KOH : 0.1--2.045%

IMDCH18C6/100%TBP — 2MKOH % D=0.005
1MDCH18C6/100%TBP - 1. 7TLi0OH/& D=10.0006

_38_
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TABLE lJ; Concentration Conscants for the Extraccion of the Ac~

tinides in Different Oxidaton Scates by Solutions of Crown Ethers
in Dichloroechane

No. Extractant Structural UtV Pyt VI NIV NptY) DNl
I\
0 Oj
t  |tS-crown-S (0 0 3.54 U.034] 1.44 |0.001G! 0.40
L\IO\V>
o0
0 Q
2 |Dibenta -18.crowa -6 0.7¢ {0.012} 0.32 | 0.00G9| 0.03
Q 0
AN
("o
o] 0
3 |Dicyclohexyi-18- 2220 14.36 | 170 }0.058 | 2.31
£rown § 0 0
(AN
20
Q Q
4 18-crown -6 ( ] 1.8510.0:10] 3.15 | 0.0047} 0.13
i 0 o
NN
(\o 0/\
0 0
5 |Dibenzo-24-crown-8 @ @ 0.88 | 0.068| 0.32 {0.01C7} 0.094
0 0
(o oL
\—/
0 0
6 |Dicyclohexyl-24- Q D 2230 |G.16 | 186 |0.044 | 3.
perown 8 0 0
(Lo ol
—/
Mote. Pu(IIl) Ls scarcely extracted at all by all che crown
echers.

_39._
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TABLE 3

Salting-out [he Nu» Cute al'e
agent, M

LYY V.19 }0.22 1 0.

n

w2yl v Yo juet | u.3vws | vt o,

Iy
-1

(0.0LMDCH18C6/Y s muxz 4y Xiz=r O~ ¥V /5MHNG, - T BR sE % ; B BRE : NH,OH,
NaNO;. Ca(NO;):&L‘Al(NO:):)
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FIVENTz ) - WBRUEAOOTY Tv—13, Np(VDEBETS. XD H

NWHRFRKO~100)2, PMFLTYER, TFYE, B-UXbYICEBME

.. IS VI -FARBERCEZIT VA FORMBES

TV =TARBERICEZ7Z AU LMNORELES Y IR OBED A
AZZTLABLULTVBELEZEASAZIENS, I35 YT —FLRBERICLZS >
S FFMET -8 —, BEOBEBICODVWTLHELE, CALRESTHNIS T,
(61. [11]. (18], (23], [24]. (BI~(3TIRU 77 F = FOMEK OV THEEAT
NWAINBRNFILY, FYRZFORMEEHRTAD /(DS HEXBSIc VW THE
ST S. 28]~ vya-F@EITIVI—FLRBERNLOSEED

BECHTIHEISZATHE, CASOIROBEECDWTR, TAERLOXRD
BHR(5.8)2sWVEhrn,

S A4 VT T VI -FLNRBMERCLIIZNAYERRUZNANVLEEROBE S

720z —TILARBERN, AEREELTOBEEHAES, PIVAVERRU 7
AU LEEROBE A A= LDV TAECE, ([4]. (8], (121, (13]. (L4].
(14], [2LIRT(27]) S OXROBER, TAhThopReEEBEhEV,

5.9. 739V —-FNESYERYELOESME

Ln(NOy):(Ln=Eu., lu), K B, 757U —FINENHUNERMEICHT 5 XK
owTsAELE. ([35]~(37]. [B/IRUI40]) ZASOXMOEREICD LT,
FRcypResBanr .,

5.6. Tt 7 39 —FILRED K

Tz, 7539y —-FINEROEEAEARCRTZHFR(16]. Scio BREE R =
MEr7a7 b 73 7MIE(L2AULI]. BARPDURFAMELTNDAY v 7 X-6-7 L »
(7], 77F=FomE i@l ~-bIERMoRH(19], XFEFI 2 TECEHT
MRS L UHERKMECH T HRBIRUMICODOVWTREEZT22., 2 h
SHOYMOBEIZD>NWTER, FAThoWREgBzhnw, £=, IBC6KBHD I F
fhN%EM Iav—2a vFR. L KAZKOMEBEL M HEIC2VTIR, 2RETH>TH
RYBMovizpmatr-oTgBahrzwn,
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5.7. FLOWHEAXNRFLOAEFRCOWTORY

P29 I=FIDTPIFRRUS VYA Fomt sz, FRFERLED, F
BEMUERLEY, ARFERRLLEDESOMERNOMEBERHLBLLTNWEII LD,
DIDVI-FNROMENIZ, SHOP7I/F=_FRUTSYA=FKHRALT, £FL %
BAOLHMERNELITALRVWI LR, SEORETHLATHI > LEDI D,

CAETORERRELS, S KCBARTPIVIFoRRUSVE-FOMEEREOE
DSOVI-FLROMERMELTR, PERUI/SY VI —-FLOFIK, HORKE
(PO, COX, CONES):*MALT(HREBRNEFNCTETHAE), piREEZ A
EEEBIIENEALNSE, NCHhETRKTAHAREATWEI IS0 T —TIVIEDW
T, MER-BFERA-FRENF-KEEXSFOHESELOWT, SWVESLBENDEZR
ODROBRFEFTOIIELNFEFADOD,

CHhETRKASHATWEZ7I/FoRONBEENEBVRECODNTH, AVLSh32H5RHA
A7O0eF4 v I{Eey(XyEY, —baxyYEY, by, FILYE)HDIVIEF
HMEEBEAR(S 7004y, /700y, 7ua7+xbLE)F$L, HE&
HICBTI2ERACELTOIEENRTES, RURNRBASCLIIBRROIMEKCO VTS
RHENVLETHSS.

EBHIEIVSYYI—FNTP7AUSILERETIHSIK, T70RFTHE2I5 Y,
FIWMZOLRUS YR REOREEYH, O—F1 VI HRFLCODVWTET 2N
DETHD, $LI59T—FLOLLENRTBEERBAENTF— 243 +tHCHDL
BEbhLw, EACETCICREIESGSOHARNLETHS .
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5.8. MELEXROPR

BELEATRODRES ZCIERLE,
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(11 w7u9 4909 2RYVT=FNIB-V5 Y V-6RUI5-75 I V-5k&D, Hix
ODBKERBATVOBEETKET23@Nf-TRKOME

V. V. Proyaev and V. V. Romanovskii, Radiokhimiya, 34, No.l, ppl56-161,
Jan.-Feb. (1992)

EE

75y —F ISRV D= rORYEVERICESD, BAERIT VY
Py VB, SEPYULFPIR, BRALVEFOILBMBEEK, S-Q-ZFIAFIN) #
B, RUSBLINNV I SANES A FORETIKETS, BERUBREBEDIS D,
An-EuR 7 O E OB WERKES, 1862 L RTHESLE, FTHERRIEN/A 2 HE
EE2BOBHRBTELL LS, M@Of-TRKE, BRKEORAZTVHFEFEETIHRSGOH,
242D v I RYTI—FN(IFTIVI—FI)ICEoT, HROICHEZLS.
(1) H\{EasWRTHLES 4 K(ChCC)-= buRYEY-2F9 =T I-1.34
HNO. Ric B33, B LA D ARKOWRT, 2EE0KEBEHIS VYT —FT I, 18-
757 v-6(18C6) £ 15-2 5 v-5(15C5) DB B IHEBEFAS I ISR D,
(2) Eu AR D EYUBWHBEKD, 18C6nFEETESNE, 1C5nFKMIZ, FHR
LEYSHUYI—FILOBETLI=—IT, FACHEREAEQ)AVZIFLYIFTAL2
—J (PE)DEMEBEL, MAFA VO EFREEMALE, BAE7=1Y, E
7 v (HPic), SE /UL F I Y (DPA), BERBM ALK F S IIVE(C, —Cs) (HIO) RT
SQ-TFNAFIIN)BBMDAEHPA) D S KM EN2REOFET T, 18C6KRTLISCHC &£
ZEutAnoMEDOREREBNT S,

BRLEER

DERFEEDew EDaa R FAN-EuR 7 DS BHEB (B anses) ERI~ACRLE, RIRUR2
KRLEF—4%, ChCoC2SURTHLAERRQ LERT DL, HRLUERA L >
THREOCHEROFEET, BA../x..t118C6’&7m;‘<_Z>t15CSJ:Uk%<t§k76. Dam&
De DMEFRIIE, RBRLE=LTHRT, ChCoC-18C6, D2EHPA-15C5 B U D2EHPA-18C6 5%
EFROWTHMKT S,

FRLEBAZ Y TREQHERNOBERICE S, IC6OFERVHFELLZVWHE (KD
OHEICETINRAKOEEL S, Dinkle  DHMHLBAIBHOAS.

S= D‘MO/DMB

2T R I VT —FILEETICET 3L &, PS5V —-FIANRE
LAnWBE0SRETHY, ROA—F—TRIT S, HPic>DPA>HIC>D2EHPA>
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ChCoC. HPic, DPARTFHICIC# L Tix, S>1, D2EHPAR UFChCoCiof LU THE, S<1.
BADKEHTI2ERMEREAOAERFTRYTIN, RETI7=AVORKER
MK+ 3. (4) —f, 759 T—=FTIFFEELLVWROSEFERAS NS NZESR
RELRBLENWDI LA TES, IC52EURTLRLCLNEAS., SOMIIHPic>
DPA>ChCoC>D2EHPAO M #AP T 5. CHhIZEXELISC6ORKCDVWTOHFE—HT S,

IJSYUVI—FNEETT, A LB OBECB 3B AM7P=-F VOEROER
2, V59 VI—FUICEBPoAYOBRAELLTRBTCEZZLAFADAoE, €Y
JYBMEISIVI—-FLOEEKIE, TOERBAICHEzATEY(G), €Y7V VE
Y, SVEDHILEBHEPLBETE., 722 VoBKEN YT L, AFXVOHE
EAMAT S, (4) DPAO 7= Vi, PickW IS 9vyz—FNOBERAN NS,

FAW, ERAAVOBERODTHPICLEATIONTH D, ZORKRICACCT =X Y
EHLUTE, oY LRVWERITENTES,

75U VI—FlCE->THERAEZALETOM Y EEREBAA ViR, RRLETOE
ANEBREFOFoAYCHLTHETS. TSI ASOHEEFRAIILY, HoR
LEAOEFEOERBA AV OREICE TS, 139V —FLORNORE 2 ER
CERET D, MERUMNG) B W TR, HENLHERCCCEAVEREICR
TAETHS.

JSHYI~FLOBECETE, MRHADI S OEUOFRETCELIROFAUNHRIC
BOWT(RIRUEL, T7UBRSOBEN BT LHEFRRINFAEILBILERLTY
., HEFERZEEAING)  DBFEEICE2TAEL 2 2(XRI)., ROLNEHRORHA
i, PHEERREICLIREOBEG) EFRIC, B A VBRECETIKERTOTY
A VEDEFERROENHKICLDEZTADILATES, (7, 8)
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TABLE L. Extraction of 2¢'Am and !52.!3Ey by 18C6 Solutions in the Presence of Various

Anions
Organic phass A::::“‘H
No. | composition P v ) D 8
An (4] Am/Cuy
l |0.2 M HPic in nitro- 2.0 73.220.6 33.520.2 2.2%0.2
benzene + .2 M 13C6 1.35 |0.52+0.03 0.21%0.01 2.520.5
0.2 M #Pic in ui I.1 }0.157£0.001 {0.09020.008 | 1.73=0.01
. ic 1n uitro- - - -
2 |92 e e 2.0 |0.086+0.007 |0.073%0.006 | 1.20+0.02
18Cs
3 | 0.25 M OPA in nitzo- | 3,47 |3.8920.6 1.7120.2 2.3=0.6
benzene + 0.2 ¥ 13C6 2.77 {0.57:0.03  ]0.18=0.01 3.1:=0.4
4 | 0.025 M DPA in nitro- 3.1 |0.033-0.002 {0.01t20.00! | 3.0%0.2.
| benzene without 18CS ‘
]
s ! 10 vol. % HIC in ni- 3.6 10.02120.005 |0.002520.008| §.420.6
. t=abenzene + 0.2 M ]
! .3cs H
' : i
G - 10 vol. % HIC in ni- | 3.0° ]0.00S53 = 0.0051:= (
. Trabenczene wiZhout i = 0.0005 =0. 0004
' 138CSs : I
T il XHIC W 4 33 100025 z  |0.0046= '.
, octate = 0.1 % 13Cs | ‘: 0. 000- | 0. 000+
1 \
' ! i
3 ! 50 vol. % HIC in 35 10.22:0.01 0.03720.001 | $.9+0.4
; "itcopenzene * 0.72 M, : ,l
' 1305 ! |
9 l 0.1 M D?E¥PA in ai- . 2.00 |9 7:0.3 121,725 22 -‘-:2'_
| tdeazsae 0.2 145 10 §3:0.03  [15.6205 21722
. 1 . L 1 {00830 006 |0.75:0.05 9.221 |
10 o 201§t 2z 1255:5 5 2:0.5
0.1 M D22HPA n ! . = Y
. aizrobenzene wizhout LS L 1=0 i 132.420. 3 29.7:22,
| L3cs It i0.05:0.ul  10.92:0.05 18. 422
I ll 0.93 M ChCol 1n a:- ) ;QO_, 333_! 2.7-0.2
) trobenzens ¢ 0.1 i Mos . z
| e " . 45 |325m008 [1.30:0.05 | 2.5:0.2
‘; i 1 1 {0 20=0 006 |0.073:0.00
0.3 M ChCoC tn alro- Vo ap . - te 13- .
12 |‘ Sinzene » 9.3 M 18C6 (I l:a 36:=0 13 12 13=0.06 J.00.2
1 i i ‘
{3 | 0.03 8 ErCaC in nreros | 5 L5 gay 2 5.9:0.2 | 1.4:0 2
benzene “iZhout ! ' AT
| acs P11 i6.39:0 05 |0 30:0.0! L 3:0.2

"Vilues Bgyan afe given.



PNC PN8420 95-022

TABLE 2. Extaction of 24'Am and '32:!54Ey by 15CS Solutions in the Presence of Various

Anions
Original Aqueous phase 0 D
No. ;::z:ig:m- pH Am Eu I Y4
| | 0.2 M HPic +42.0 56.3%1.1 49.6:0.8 1.1320.67
;n nitro- || § 2.43:0.06 |2.00+0.06 1.220.05
enzene + . -
0.2 M 15¢s | 1.1 0.037:0,003 0.034:0,002 | (. 1=0.1
cC =1 M . 1x10 S.8x10 1.9+0.6
UNO
3
2 {0.025M DPA |2.9 17.1%0.5 l4.7=0.5 1.220.2
in niczo- 1.9 0.3920.01 0.17=0.01 2.2:0.3
benzene + .3-107° 9.9-10 [.3=0.6
Q.2 M 15CS5
=1 M
WKO _ |
i i
|
3 |Q.03H - 2.0 240210 57014 1.3:20.2
ChCoC 1in - -~ - -
a1teobenzene] |- 42 2.99:0.08 |4.3020.05 1.420.2
+0.2 M 1o 1.2020.08_, |1.01=0.04 1.420.2,
L1565 c =] M 1.0i=0.05 |0.74:z0.02 1,220 1
IR
1
4 10 vel. % ! . )
HIC in 3.06 17100 3.9-10 | 320.3
naicsonen- _ N . - < a. - _
ene + C.po =1 !7 610 S 10 1.3=0 6
0.2 M 15C5 a ; i
; ;
]
|
l -
S | amen 1.S 0.8:0. 1 24.6=0.6 =3,
A 1n - - -
nitroban- 11 0.1420.03 }1.820. 1 1221
zene + =] M 1 4-10 J.5-10 2.5:20. 6
0.2 M 15€C5 neG L.
The same 5 4a-107° 0.0S5 10 120.5
i
|

"[ChCoC] = 0.2 M.
“"Values B, am 3re given.

"**Organic phase is 0.2 M D2EHPA in ocune.
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TABLE 3. Extraction of 2*'Am and 'S2Eu by a Mixed Solution of 0.2 M
15C5 + 0.2 M ChCoC in Nitrobenzene from | M HNO,

(Eu(NO 4) 4 in
aqueous phase,
M

Am Dtu akn/Eu
1o’ 1.01%0.05 0.74:0.02 1.4%0. |
0.0t 0.88+0. 05 0. €8=0. 02 1.3:0. |
0.0S 0.41+0.02 0.34=0. 01 1.220. 1
0.1 0.32+0.02 0.25:0.01 1.320.
0.5 0.094+0. 005 0.065=0. 003 1.4%0. |

TABLE 4. Dependence of Dy, Dg,. and 8 5q/g, 00 Initial (Eu(NO;)5] in

the Aqueous Phase on Extraction by a Mixtwre of 0.3 M ChCoC and 0.3 M
18C6 in Niwobenzene from | M HNO,

Inizial [Zu(NO,),]

D 0. i

1n aqueous phase, M Am tu Am/Zuy
-10°" 0. 1720.01 0.037+0. 002 4.520 ¢
0. 01 0.1620.01 0.04120.002 3.820.3
0.0s 0. 1420.01 0.035:0. 002 3.9:0.3
0.1 0.12:0. 01 0.02820.002 4.320. 4
0.3 0.1120.01 0 02120.002 5. 3:0. 2
05 _ 0.1020. 01 0.01720. 002 6.020.
107 3.2020. 20 L 05120 03 6 <20 ¢

"Aqueous pnase: Cynoy ~ 0.5 Mi Cyaynoyy; = 2.8 M.

_48._
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(2] M20<7 /7094709 7(eMcedISoLENmYE

V. V. Yakshin and 0. 4. Vilkova, Radiokhimiya, 34, No.5, pp68-76, Sep.-
Oct. (1992)

BEE

HMRERUBRRY I —FNICLIM20BER(L--9) OHNO, BHRASOI T =LA
TYVOMEREICODVWTHRLE, BXOBEORX Y FRU IS99V —F LI,
HNO, BRARICBTDII5320AAV0BECHALT, FECHWHERTHI3Z %2 F
L. XYV-95392@, BIOERERERLE, >70AFI VERIKRENZEAD
fEERLE, BRETTVE, TRAICES>TWS, HRUICIS5 9 Y THNO,BEHE» S M
EZNOIRXRLEFTETINOICAVWBI LN TES,

BREEER

RUITRULEERT—FI2&de, RETYFEHNOICH LU THERCEHETESR
(Kuwos L-107*ELT), MBS MM LUTMU-L07--9.7- 10 e BuwREREERL
Twd, THAHBRT Y KIZ, HNOGERISOI T NA T VOESIZHBERNTH .
MOEBIEHLT., RYUZ—FLZZy bALASSIZWNOT S & (X2, (E&HNo. 1--5)
RYZFUYTSILT—I—FME. Kuosr 2n=5T0 09T DT ALMME LT S
KTELW, RUZ—FUMOMEITIV—T(L2, (tEDM6--) 2Tkt T RI Y
Ko AL an, 739z —-F It -7 8B KE(EL {L&MNo.26--
28) iz, EEBEMICRRBULAZUET TS v eMEL 2w, (&2, (L&MNo.6--3)

TIPS 592 —FN(ENCBDIE, MBITZ VOB, FEHRRO KA
F(UDnroEMTHY ., NLOEBREBICETHREN., 757 —=FilnolHrzt)
BmoliciBT 5, FWHEICETRITII VI —FNERBRIT LD FHERICELT
6.%n&mmmhmﬁEEQG%W&EmemMémM6mﬁWMEUTWbu.
CHNEHILEHUETT, MBAIVIFZNVOMEELEHI TSI ERTELY, BHBARET
DDuoa» O E 7SI VT =FIORICIENDHFEERTODICHWS I LN TES,

Dunzer D 1--OMOTELH ) [HNO, |EFIED M R(K 3. L& PNo.8--16 KT 18--20) 2 &
NAE, Dungav ELHND, [ASRIMT B EMMUL. KBAHE, 5--64HNQ, TH KIS AT
BIEETRLTWVWS, 2O LW[HNO, =M%, 759 v X —=FIVDDunse $EBIET L
KOAREUBFAROLBOREEIZREZ L ZATRICT S,

COEILELETFTT, 22099499920 704% 4 XH1204(Duas2s L-L0" L)
<15C5(3.8 - 107')<18C6(1.27)<24CB(L.I) DM KEL D L, Duuair DIt — X —
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UENMMWERT., CARI—-FUBREFRFORMISSCHMMT I L, 952
BEROERCHTINEMEN, CALEACERTRITICEASRETES, 21
Y7042V 20270, Y4 XOHMICEL2TILVFOEY FLEMLEERE
FEXDIENTES, DELTHRLELTD IS VYT —F IV, HRBLAWERY
MOEEET X VLEHCORT, FRXCBOISZNA AV ORBENTH 3.

TI3TVI—TIOBRENKAIZ, ALAKCISIVI-FLOHBIS Lok
HACKELVEEEAD, FEEI/N—TE2MEMTBE, Do iz, BRLA WS
MERT, FUKETT S, (X3, £&H No.3. 4, SBRUI) Zo&LIHIC, Xy V-
777 V(RK3, LEW No. &, 9, ITRTIS)Z, HNO, BRALSOBERELTHFRE N
ZoDNFPTH, ZFvAEIOB L0 THd, XVY-BRIFIVI-FILOFES
BRUZZIC, E6R7IFNEEFMUTEH(ERI. L&D No.2. 5, 6RVINEELELE
BBV, 729 VI-FILOKEBRFOBRERZRVL, ARBEFTOEREN N T
5, LALLANS o BDOTFIICLERT S,

Duo:~ ICRIZETHEDIFEVWHNBRE, 97094009 2 ) v IABEEKEBERI S, 27
CREFRERICR>ERICRsN 3, (%3, (k€% No.5. 7. 9, L1--13. 18&ZUL°L9)
CDEHE, Duoar R2~IA— X —WNWT 3, SO LITICEBREEZFHELELTF VT,

FOMIRTIENTES 1 DBL3CE(Dyvar =4.1-1077) <BCHLBCH(3. 7T-107) <DCHL3CS
(1.27).

ETOHRT, 270 22 LAEHEN, FRLULEISIIYZ—FILOLIYU—-—ZXNDET,
BEuEwmBERTH D,

20TUNFIONY VTS, ESITANENEEFRNTEE, (E3, (L&D No.7. L4
-- 168, 20)BEREZREHS L. KEADISH T —-FLOTOREHSTH LTS L,
Duv2 " T ERBIEESEPMICLERT, -2 -H—-hEL 3,

ZHT I, ERBRCRI VLM A OMED 7T IV ~-F LI, HNOL,BED S
O, BRIZZNWVOEFRZHVHERT, L7535 VMU TEREN GV EER
LT0d, XUV IF T8 NIDDyu 2H52THY. 270~NF 2 VERIKEEK
DDyuzzr ZTH2I2TVD, COEILEREERAT, 727X —FTNE, 777 &F
T3V T IV —FNILELE2>THRHIIMEEND TE(THEY 2, WREM» S 5T
TONDIAWARIENTEBLERHESENS,

i V. V. Yakshin, V. M. Abashkin, N. G. Zhukova, et al., Dukl. Akad. Nuuk SSSR. 247, Ng 6, 1393 (1979).
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TABLE I. Structural Formulas and Names of Studied Crawn Ethers and Podands

Com- Name
poznd Structural formula
No. full abbraviated
l @ O O Benzo-12- crown-4 B12CL
' 0
CH
3
o /\/O
2 csz —C—=< Tert-amylbenzo-12-' |TABl2C4
! crown-t
CH
O
3 i\-ﬁ L5-crowm-35 15CS
3 o) 8enzo-l5-crown-5 815CS
0~
CH
. 1 3
C,Hs - CH
S - () Di-sec-bucylbenzo- {0DSBBLSCS
CH -CH L5-crown-5
s |
CH
3
$ c,H, —¢C O Q Terz-amaylbenzo-15- [Ta313C3
| ./’"\Tj \ crown-3
Cd / i
3 L\~4/£)-.-
CH
3
C H —CH
7 ts Ol Di-sec-butylecvelo- 0S3CHLS5CS
Csz-CH hexyl-15-crown-3
|
CH
8 rgﬂ l3-crown-6 Lacs
<~
Ca
9 ('\r“””ﬁ ) 8 DB18CS
denza-18-crown-3
&2»? :I:) Ldenza crawm-9
DO
10 CH O\ H | Diechyldibenza- 18- DEDELBCS
2 5 2 5 crown-5
o
Ll Benzocyc lohexyl-13- 3cH18Cs
crown=5
12 Dicvclohexvyl-14- 0CGH18C6 A

crown-6, Lsomer A
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TABLE I. (continued)

Com- Name
pound Structural formula bbre-
No. full abbre
viated
13 o Dicyclohexyl-18- DCH18C6 B
crown-6-, isomer B
Ia C.H CH Diechyldicyclohexyl- | DEDCH18Cs
zs (lr\,/ 25 18-crown=-6
OH OH
| S !
IS CJ H—CH < Ch—CH Di-d-hydroxyethyl- DHEDCH18Cs
3 dicyclohexyl-18-
crowm=-5
t6é |C.H - >~~~ C_H Di-n-amyldicylco- DADCH18CS
C kJ\/ s hexyl-18-crown-6
(oo}
17 ©‘° ,}@ Dibenzo-2l-crown-7 DB21C7
&
X
18 @jy Didenzo-2u-crown-3 . DB2C3
AR
M '\( \
19 e 4 ‘\f:) Dicyclohexyl-2u- DCH2LC3
AN -
a_a_R__* crown-8
T W h
- 1\
20 C H N7 dr\'\O.—C H Di-n-amyldicyclo- DADCH2.C3
s n ~ A e LI hexyl-2L-crowvn-8
ANANS W) ’
C H O(CH CH O} C K ?olvetnyleneglycol | Podands
T dibutyl ethers
21 n =i Echvieneglycol DBE=C
22 n =2 . Diezhyleneglycal DBEDEG
23 n=13 iziethvleneglycol DBEIREG
24 n =4 Tetraethyleneglycol | DBETEG
25 n=35 Pentaethyleneglycol | DBEPEC
O~ Y - .
25 O Diethyleneglycol di- | DHPEDEG
(o-nvdroxyphenyl)
ether
27 Q(J—\O Diethyleneglycol di- | DHCMEDES
(2-nydroxvecyclo-
OH HO hexyl) ether
28 Diethyleneglycol di-. | DBOCHEDEG
(2-butoxycyclo-
hexyl) ether

-52—-
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TABLE 2. Cuncentrativnal Extraction Constants of HNO, and Uranyl Nitrate by 0.1
M Pudands in CHCI,

Cam-

pound Nao. Extraccant Ko 3 x“°z.

t DBEEG < 0.0l 0.004
2 DBEDEG < 0.0l Q.004
3 DBETREG < 0.01 0.00S
4 DBETEG < 0.0t 0.011
S DBEPEG < 0.0l . 0.097
6 DHPEDEG < 0.0t < 0.004
7 DHCHEDEG < 0.0l < 0.004
8 DBOCHEDEG < 0.01 < 0.004

TABLE 3. Uranyl Nitraie Disiribution Cuoetticients for Exiraction from HNOy by
0.1 M Crown Ethers in CHCI,

Com- Com-
pound | Extractant |{HNO,}|0 ~2- pound |Extractant |[HNOy D 2-
No. UOZ No. UOZ
S s |10 13 |ociscss | 1 [3.3-107°
2 |Taslice s {1-107? 3 la.s-107?
. a3 s |0.87
3 15€5 s (3.8 10., s lo o1
3 315CS s |3.1-10 1 |1.02
s lpssBiscs s |3.0-107° 9 |0-6¢
6  |TABLSCS s |3.2-1077| 1a | pepciscs i 13,6107
) 3 |3.9-107¢
7 DSBCH15CS ) 5.2-10 X a 210"
3 18C5 5 {7.5-10
6 |8.4-10°%] 15 | owEpcHiscs | 1 1.6-10‘:
-1 3 |3.0-10
7 |1.6-10 ) + |390
9 DB18C6 s |a.1-10 s |9.4-10
6 (a.1-10°°| 16 |oapcuiscs | 1 {3.3-100
.3 3 l2.7-10
T . s |2.2-100!
10 DEDB18C6 s 12.6-10 6 16.6-10.
. 7 14.8-10
6 [1.9-107° 8-10
i BCH18CS 1 (3,310 17 | e s |1.2:107?
3 3.3-10:: 18 DB2LCB s 4.5-10'_
s [3.7-10 6 |5.1-10"°
6 |7.5-102 TR
12 DCH18C6 A I |2.6:10 ] 19 OrCH2uLC8 1 9.2-10
3 |80l s [1.29
4 |3.6-10 6 |1.48
s |1.27 20 | DADCH2uC8 1 |62
6 1.23 s {5.3: 10'l
7 |1.03 6 'r.e-m'|
9 |0.83 7 |8.8-10
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(3] K-ZH )= RICBETBI875 M Ubic & BEDMEKERM

N. B. Mikheev, S. A. Kulyukhin, and [. E. Veleshko, Radiokhimiya, 35, No.
5. ppd3-47, Sep.-Oct. (1993)

g

KFEBRUH0-T 2 ) —JU(ELOH)RIC B3 21875 % VeI & SETOEEEMRICD N

THRLE. 18759 V6L DE " BHROEEEENEHELE, H. 0 B UFEtOH-H, 0
(IMFCBETIREREEROME : logkiz, TREN2.64L4.T0TH o=, H0F R U
EtOH-H 0P DA B T, loghkT KOS ELT 3 : E.2* DE, 2>, %
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TABLE 2. Log 8 for Eul+ yp2+ and Es?* Complexes with 18-Crown-6 in Various

Solutions
!
Cation ‘ionic radius (10, e
], z, am H20 ECOH=H,0 (10 M)
Eui: 0.115 2.710 (9 ¢.72 9
sz_ 0.10% 2.40 (12} £.50
E: 0.138 .64 L7
1.0{
- N —
9
0.5t
| . - .
0.2 0. 0.5

Fig. 1. Dependence of D;/Dg of Es®~ on [18-crown-6] in
H-O. Along the vertical: D;/Dg. along the horizontal:
(18-crown-6], M. The same for Fig. 2.

4

27 0..?. 0..9 ) 0..5
Fig. 2. Dependence of D;/Dq of Es?~ (1) and Yb*~ (2) on
(18-crown-6] in H.O-EOH.

o w 30
Fig. 3. Dependence of D for Es*~ (1). Eul~ (2). and

Yb2* (3) on (H,0] in EOH. Along the verucal: D: along
the horizontal: (H,O], M.
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(S] RK-HBREBEEHMAPODI-2IOAXH )-18959U-6iIc&Bd M VDU
OIS

J. P. Shukla, Anil Kumar and R. K. Singh, Talanta, 40, No.8, 1261 (1993)

£g

KeEBSELE7Ob Y MERBBERE7Z7NVNI—-LE, 20T Obr VHBEX*SALERESR
-KESEBR SO, Mo ¥#Hz, ->sun®y)-18-2735 5 >~ -6(DC18CE) %
MERELTHCWTHRLE, FRBIENCISCEE LT VLR RBET, —FEE
HRHR7IoII, BERNARUVHERKEROIRIERTH S, 24 ) -, T4
=, AVTR)—=N, THFHY, PEIY, FJOECELVYA-REZ—FRU7EH
ThUIZEES(BEIHOFBRRFELTAWE, RUZFLYA-KRx~-hF, 7L+
Y, PEPZBMUNRTIAFF VR, UMOBMENTERREL DN, 7T - VRN
RREHEROIROHAERLE, AN CBEONNE, BREEOVBEVWEZASTRE N
DA, COLILEHETTARMEOHIEHICODVWTRNLE, O—F 4
Y7LEERE M OIM BN, BWBAERERLEEREAVT, BRHICERTE S,
UMMA2BPuN 2 F T2 20NPu(NOBREBECS LT ABRERERL -,

+

wa

3

BEOATORUEKESCEREBEOHERDEEZ, CISCOICL 2 K-FRESBFEDS
D, P3N ATOBECD2DVWTRRET22Z., ToMEANE, w2202 h6H0
BMaDEMICE>T, < EBEh, ZErZPUNETOEL Y A-RR—-RAZ
NEFIDEHICHZLENTH >, ERLMBREBERE. Cho0FEREMAENALZE
BhrofEEnrzoS 2 VEEko2a—-TRAL., AXRTMNIVOFRLS, TAD S A
TLEEENDMOBEEEERLE, PuUeUMo N, EREMEICL>TES
KiIFH>2edTeEs,



PNC PN8420 95-022

Table 1. Extraction of U(VI) into toluene by DCIKCS from
acidic solutions contasning an arganic additive as a function
of nitric ucid concentration (orgunic phase:  0.2M

DC18Cb/tolucnc: volume ratio. O/A: 1)

° Distribution ratio (D) (in 20%)

HNO, 0% 20%
(M) D.* AN AF PC AF
o 2 0.9 0.01 0.04 1.0 0.18 18.0
1.8 Q.10 0.40 a0 0.68 6.8
27 0.19 1.56 8.2 1.55 8.2
3.5 0.28 2.53 9.0 217 78
L a3 0.35 293 §4 262 1.5
5.0 0.40 AN E 19 2.70 6.8
. 6.0 0.47 3.65 7.8 3.37 72
= 2.2 0.52 2.20 42 232 45
| , . , . 8.0 0.44 1.92 a4 1.98 45

o) ] ? 3 4 ) ® 4 a

“Extracuon without orgamic additive,
(HNO,], M

Fig. | Effect of nitric acid concentrauon on the extraction

of U(VI) with 0.2M DC18C5/toluene from pure aunc acid

solution (— A —}); soluuon containing 20% (vjv) propyiene

carbonate (—Q-—). soluuon contaiming 20% (viv) uceto-
mtrtle (—J—).

Table 2. Effcet of DC18C6 concentration on uranium(VI)
extraction into toluenc from aqueous-acctonitrile polar

phase*
Distribuuion rauo (D)

Acstonitriie DCl18C6t (M)

(%) 0.05 0.1 0.2 0.5
0 — 0.17 0.31 —_
10 0.17 0.9 1.69 3.29
20 0.9 1.19 .18 5.28
30 0.52 | a6 AN B 7.2
a0 0.39 1.21 22 378

*Initial concentrauion of acidity in the polar phase was 4 M
HNO..
tDissolved in toluene
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] )
me|
mei
Q2 = /
3
(=)
o>
2
-02 M
-Os 1 1 H
-1 -08 -Q2
log (CE)

Fig. 2. Extracuon of U(VI) nto toluene by DCI8C6 as a

funcuon of extractant concentrauon from pure M HNO,

soluuons (—(O—): soluuons containing 4M HNO, - 20%
(v/v) acetomitnie (~—A—).

g 2+~
v

. / \.

L]

v

/ v

- v
m
[+ ] 0 el ple] 40

Orqonic aaditive 1n the polar onase, %

Fig. 3. Effect of organic addiives on the extracuon of U(V1)

into toluene by 0.2M DCI8C6 as a funcuon of imual

concentrution of the orgunic solvents in the polar phase.

imual acidity of polur phuse: M HNO,. Mcthanol (=T —

). 1sobutanol (—Z—): ethanol (— A —); dioxane (—V —);

aceione (— A —). propviene carbonate (— l—). acsiomirnile
(—@—).

Table 3. Effect of organic additives on the extraction of
U(VD) into toluene by DCIBC6 (rom aqueous nitric acid
media (organic phase: 0.2M DCI18C6/toluene; agueous
phase: 4M HNO, + organic additive; volume ratio (Q/A): 1)

Dustribution ratio® (D))

Organic ()

addiuve 10 20 30 40
Dioxane 0.92 .36 1.86 1.25
Acetone .75 2.01 275 1.50
Acstonitriie 1.69 278 315 2.26
Propylene 1.58 .47 295 218

carbonate
Methanol 0.17 Q.18 0.20 0.1s
Ethanol 0.24 0.)4 0.42 0.30
Isobutanol 0.19 0.27 0.30 0.20
*Mean value of D obtained from pure 4M HNO, medium
1s 0.31.

Table 4. Back extracuon (sinipping) of U(VI) from loaded

DCI8Céh/toluene phase* (extractani: 0.2M  DCI8CS/
toluene; volume ratio (O7A): 1)
U stripped

Strippant? D, %

Ascorbic acid 123 6
(0.2M)

NH.OH.HCI 12.5 7
(0.2.:)

Nu,CO, 13 10
(0.5M)

O=xahe acd; 0.15 87
(1.0M1)

H.S0, 0.10 91
(2.0M)

HCIO, Negligible >99
(tomM)

*U(VI) was extracted from a polar phase contuining 4.0
HNO, + 20% (v/v) AN

tAqueous solutions of strippants were made hy directly
weighing or measuning the volumes approximatety,
concentrations (M ) are given 1n brackets.

*Dissolved 1n 0.5M HNO,
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6] K-z 4 ) —NVBBNT VA= FKEPIFFOREDP»S, Y4205 LED
Eue Yoo ki

S. A. Kulyukhin, N. B. Mikheev, and [. E. Velesehko, Radiokhimiya, 34, No.
3, p57. May-June (1992)

EE

SVAZKRETPIF2FNOEBEMA S, K-T R ) —-IBEET, o5 22HICRET
LT. [Sc(18-235 % -6)](BPh,), THkE B Lick Y, BukYbnw 427045 L
RrBELETIAEEZRLE, R OBFEETCSrBEXKNIBOLET. 98-99%0Eu3 &
Wz e, —HAIBOI-TEOFMAERLUTTH I Lbr oL,

]

K-T8 ) —-VEBEPO7I7F_KOBEYH»S, 2@NEmn, EsRUNdELLN*"OEMT
SUTEIENIZ, CAhETICRXREAEEZ, ThODHENENDICHWE I LN
THAIZEETRLTHY, EETRETHD, ESKSIBENERENBVOT, X
DBEBRDPS°Sc2 P MTIENIC, PFRE~DLENTETH D,
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TABLE |. Effectof (18C6) and (BPh;] on Extent of (Se(18C6)]}(BPhy), Precipitation from
C,HsOH—H,0 (14-17 &)

2. -
(se” 1.](18k6], (8Pn 1. [Sr“‘]"(mcs];[aph;]l Sr concent in {Sr(18Cs)
M M M in solution (BPh )y, %

0.02s5 0.025 [0.02s l:1:1 9-10
0.025 ([0.025 |0.050 1:1.:2 47-55
0.025 0.025 |0.100 l:1:s 98-99
0.023 j0.023 |0.200 1:1:8 98-99
0.02s 0.0S0 0.0s0 1:2:2 S50-56
0.033 [0.066 |0.132 1:2:3 98-99
0.023 |0.046 |0.184 1:2:8 98-99
0.02s 0.100 |0.0s0 1:4:2 S0-53
0.02s 0.100 |0.100 1:4:4 97-99
0.020 0.080 0.160 1:4:8 98-99
TABLE 2.

Cocrysullizaton of Cerain Ln and An with {Sc(18C6)](BPh,)» from
C.H;OH—H,0 (14-17 M) in the Presencs of Reductants

Amount 11 pracijltate. %
Reductant :

tu | vl ce Jca |7 |70 | aa]calecr

-, L.t 1.¢ 1.3 1.4 1.3 0.8 1.2 1.1} 0.3
b 98.5 198.3] (.4 0.7 1.2 L.t 1.3} 0.8} 0.7

2- :
\¢-) 99.0 SJ.Jl 1.2 0.9 1.2 1.0 0.8} L.1] 1.5
2. .
Sa 99.9 |98.9 1.3 1.3 0.8 1.3 L. 1.21 1.1
P
Sa 39.1 {98.9 1.S 1.3 12 0.9 1.S{ 1.3} 1.0

“The rato La=*~/Lal™* in solution is close 1o |.
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(1] 7ZhAVAF47hsoNp(M0AEE

A. M. Rosen, A. S. Nikiforov, N. A. Kartasheva, Z. J. Nikolotova, J. G.
Tananaev, Solvent Extraction 1990 T. Sekine(Editor), 182, Elsevier

Science Publishers B. V. (1992)
25

FUNAYRAFA7HS, 207 A0MEACEANp(MBEDATEEEICD VT,
FRE2ToE, PHE/B-FUIBRELCLENATICITITI Y —F I, FEENM
FHEET, DS0.01THD., ZFNLT7x )=k, ELIZ®EDOAY T2 -1k, Np(D)
NHECHELTWS, BEEOSEEODO~L0)E, PLFLTTE, =7 R, B-T
rrvicEcmETESNE,

S

¥p0. (OH), * BBA A Y OEZICEWIKAN, FHEFRILEMOZIVAVEAT 7N
S0, EFICHBNpMOBENERTHE L@ ML, TBPRIEITOPOIC & 5 1
Hize<Rohn,

B2SHYIT—=FI-T7anFII-18-7F 7 ~-6(lmol/1/1005TBP)
. EERER

O
dt
i
A S

KOH(Zmol) A & 0=0.005
LiOH(L. T A » D=0.0006

B ENLEMILEM - FRI R Y —ILAFLIITARTA VA FRHA KF-(lmol/1
/100%TBP. L--Tmol/l-LiQHEH A SRME)EAWT. 0=0.012TH >, EEROKERAN
SRY—=W ST WAFUYITARZ7 A5 ESH L K/MNMBKIZESMETESN
. s BB NLBERNES, KADKASHI I ERTELL,

-61-
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Table 1 *
Distribution coefficients for Np(VII) extraction with

(C4gHq7) 2S00 solutions in 1:1 D2EEPA-DCB mixture

(018317)23n0

concentration,mole/l  0.025 0.05 0.1 0.125 0.25
Np(VII) distribution

coefficients, D 3.0 6.3 10.0 16.6 3340

* Aqueous phase: 1 ml o2 0.15 meole/l HNO3 + 0.1 ml of Np(VII)
solution in 1.7 mole/l LiCE.

. Table 2
Np(VII) extraction with BAPPOQ
BExtractant Aqueous phase compo— Np distribution
sition coefficient
0.1 mole/l BAP®PO in 20% 0,4 mole/) LiOE 0.74
octyl alcohol in do- 0.4 mole/l XOE + 0.8
decane . + 1 mole/l KZCO-
2
0.25 mole/) BAPPO in 2C% C.&% mole/l KOH+
octyl alcokol in decane ~ 0.25 mole/1 £5C04 1.84
PE=13.0
0.1 mole/l 3APPO irn tolue- 1.0 mole/l NaQE 1.0
ne 1.0 mole/l NaOE+ G.55
1.0 mole/l 52C03
1.0 mole/} E2C05 0.3
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(9] > unx4)-18-7590-6icL3d, K-FBREBRISOTIALI=Z LMD
- i

J. P. Shukla, Anil Kumar and R. K. Singh, Radiochimica Acta 60, 103 (1993)

k2=

AR )=, T8 )=, AVTRI)=N, SHFHY, PEbY, JUEL Y A-
RER=FPORUZEIZPMINDEHIL, KEBETHHEOHEBHEFBEROEE
KBWT, PulMoBEICDODWTHRLE., PFERZMUYUN, ZxFHY, T8 -0
EUPCOH 2 RETMHQOAET)MENRIEFRESLRIN, PRIy, AV TR~

VWRU AR ) -l NeEBICHENRIRITE, Eo KELHEMIZPCE7EN=-RNY
WVWOHOEFETEsNE,

&

aﬂ

BUHIXHENEXOBEOKLEBETIFRER, BHE7Z7IVI—L, 7MY
W, SAFHVYRUTTAOEUL Y A-—KEF—-PFMEMALILIZES T, ZERZMYLE
FOELYA—FR=rD, COEHNENIZ, BLEDTHALADA>E, B
RHBEHERISOPUN)NEERE, FRENFEZMNAZESN2O-THRFAMS, @FH
NDARILEZN M2z EHEABOSNLE,



PNC PN8420 95-022

Table 1. Effcct of DCI¥CH concentration on plutonium(lv)
extraction from aqucous-acetonitrile polar phase*
ur Accto- Dielectric Distribution ratie, D,,
nitrile constant
r addcd, of the DC18C6", M
(Va) polar
phase 0.02 0.10 0.20
1o~
s 0 78.36 0.09 4.51 5.84
o L 10 74.27 0.12 6.35 8.26
20 70.18 0.17 8.49 11.67
30 66.10 0.20 9.34 16.46
8 10 62.02 0.15 6.25 12.92
* Final acidity of the aqueous phase was 4 M HNO,.
i‘ * Daissolved in toluene.
L
0

[HNC)j]_ M

Fig. 1. Effect of nitnc acid concentration on the extraction of

Pu(IV) with 0.1 M DC18C6/10luene from pure nrtric acid solu-

tion (3); solution containing 20% (viv) acstonitrile) (A ); solu-
uon contaiming 20% (v/v) propylene carbonate (D).

-03 b
aMm HNCB‘-ZO'I. CHBCN
-0 6 = /
AMMNQ3
2-0:'9 =
a
(=) .2
[ d
2
-"2 -—
-1 8§ =
-1 8 -
-2 1 M 1 1 1 ) 1
=20 16 -1 2 -08

toq [CE)

Fig. 2. Extraction of Pu(IV) nto toluene by DCI8C6 as a func-

uon of extractant concentration from pure 4 M HNQ, solutions

(&): soluuons contaiming 4 M HNOQ,; +20% (v/jv) acetonitrile
(Q).
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Table 2. Eﬁect of organic additives on the extraction of Pu(IV) into toluene by DC18C6 from aqueous nitric acid medium
Organic phase: 0.1 M DC18Cé/toluene; Aqueous phase: 4 M HNO, +organic additive; Volume ratio (org/aq): 1:1

Organic additive

Dielectric constant*

Distribution ratio®, Dy,

10% 20% 0% $0%
Acctone 20-7 0.90 1.10 1.30 1.00
Acetonitrile 375 6.45 8.49 9.34 7.36
Dioxane L2 4.36 5.93 1.92 6.10
Ethanol W6 4,92 6.42 $.85 5.4
fsobutanol 16.6 2.50 3.2 1.00 2.90
Methanol 7 1.60 1.80 2.00 1.70
Propviene carbonate 64.4 23.08 20.12 14.68 7.18

; T. Sckine. Y. Hasegawa: Solvent Extraction. Fundamental and Applications. Marce! Dekker. New York. p. 4830 (1977).
The meun value ol Dy, obtained from pure 4 M HNO; medium is 3.51.

Table X. Influence of water immuscible orgame diluents on the extraction of Pu(IV) by DCIRCH from aqueous-arganic solutions by

Lxtractant. (L2 M DCIRCG. dissolved in vanious solvents: Aqueous medium: 4 M HHO, + 20% CH.CN

DC14C6

Diluemt Diclectnic Disinibunion rauo. D,
constant*

In pure In 20%

HNO, CH.CN % 4Dy,
Benzenc 23 1517 16.67 10
Chioraform 3 5.82 EWN -
o-Dichlorobenzene 7.3 15.04 20 70 18
Dichloromethanc 9.1 18.21 1916 3
Soivesso-100 - 0.10 0.15 30
Toluene pt] 4.51 11.67 1359
Xviene ) 0.82 1i8 43

© T.Sckine. Y Hascgawa

25

0 0 20 3o 40
ORGANIC ADDITIVE 1N THE POLAR PHASE, %W(V/V)

Fig. 3. Effect of organic additives on the extraction of Pu(IV)
10 toluenc by 0.1 M DC18C6 as a function of tnual concen-
tration of the orgamic solvents in the polar phase; the initial
acidity of the polar phase is4 M HNO,. 1-Acetone; 2-methanol;
3-isobutanol, 4-dioxanc; S-ethanol; 6-acelonitrilc; 7-propylene

carbonate.

. Solvenmt Extrection: Fundamertal und Appiicanions. Marce! Dekker, New York, p 248 - 50 (1977).

Table 4. Back extraction (stoipping) of Pu(lV) (rom loaded
DC18Cé/oluenc phase*
Extractant: 0.1 M DC18Cénoluene, Volume ratio (org/ag):1:1

Strippant® Medium Dy, Pu
stripped

(“)

HNO, - 9.81 9

(0.3)

Acetc acid 0.05 M HNO, 021 §3

Q)

Formic acid 0.05 M HNO, 0.59 63

(2)

Na,CO, - Neg >99

(0.5)

Ascorbic acid 0.50 M HNQ, 003 97

(0.2)

NH.OH - HCI 0.50 M HNO, Neg >99

(0.2)

u(iv) 0.5 M HNO, + Neg >99

(0.06) 02 M N;H,

* Pu(lV) was extracted from 3 polar phase contwming 4 M
HNO, +20% (v/v) CH,CN.
* Aqueous soluuons of sirippants were made by directly

weighing or measuring theé volumes approximatcly, con-
centrauons(M) are given in brackets.
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(10] MEOIF YE=ZFL7I7FFRNMEEEO ISV -FNCLBME
Wang Wenji, Chen Bozhong, Jin Zhon-kao, Wang Ailing, J. Radioanalytical
Chem., 76, No. 1, 49 (1983)

s

E2) VEBKBEI»SDU-AFIURYY-15-7F9-5)0700 7 x)VLBHEICEK
AMEDS A FIUHEZE( **Ce, '*"Nd, '"**Eu, '""TaRT'*°YD)nEBHEMAE
DWTHRLE, EchrEE, L2:NER/ 779 /E7Y VBE)BEETHZZ
N, RO—TRFICE>THLMCEhE, NS TI2AEEHRERK..) 2R
E.3ENT YA KICHT B MEOx—F—1Z, N> >Eu*" >Ce®™ >Ta'* >’ " TH
L IDZEE, WAL YH AL X(c=0.9954) T, NSy FeHE&EL T(X
WRYJ-15-753 9 -5)OBHH 4 XIcEWENIEERLTWS, TR U@, W)
ZEOISOYI-—FNCELIHER, BBERUE7Y VBERAI ASOBEIZDNWT
L. WEEETIE. Th(¥) ZPu(¥) R TUNp(V¥) & E &=, DCLBC6 X (2DC24C8(h v D
NEEREIRTBUCRULE)EL  2BEEZERT S, BRATRUW, NomEEE.
KELU—-FA 7B N, EECBELTVWA3THSH, L2-Yy7ouox 2 vicid
ENrEENERMNAANRST %, 00,C1,-DCL8CS, U0.CL,-DC24C8. Th(NO,).-DC13CE
& UTh(NO, ). -DC24C8FRIC DWW TRELE, AXRZ ML, BESchEZERAA 2 EC
NeNISSV=Z—FILOY I TEOBRENRFT—LOBOELEEERLTVD,

(3]}

Y4 81 S %
o B

9

HH

I. €29 U8he NANBISCSIcE 3 F v 2o Fomd . A7 o R7HEENFEE T
L. RO —-F-=-AGonr.:

Nd?" > Eu®" >Ce®* >Tm*T >Yb*~
ThABniRSvaAS KRB ENY -2 AE—HLTWS,
2. PYUARALMETYS W, iz LRERKEHRISNIDIDTIZ7T T~
FRICEoTHEENS, EOVRIETTRO—-F 1~ A KTE VEREANAESH S

NDT. 759 vx—FNCLA2MERT7OBRCGHTAINICHELTSEEDNS,

3. MANHZARI NI, 79T —FNICREENLMOETEMAR S UL
Rt T 3,



PNC PN8420 95-022

WANG WENJI et al.: EXTRACTION OF SEVERAL LANTHANIDE

0N o o
@{ o 7Y & o
o o/ o

Oibenzo-18 - crown-6 WB-crown-§ Oic\yclonenyl-B-crown-§
(0B18Cs) (18C6) (OC18CE)
~ N\
q L r\
& 0 ¢ o
Oicycloneayi- 24 ~crown-48 & -methydenzo- B-crown-5
[{>=11d 1] {4 MB1SCS)

Fig 1. Structure of the crown ethers uszd

Table |
Crown ethers used in this work
Elemenzal
Crown cther Formula Structure analysis  Molecular) - Meltng
weight point, C
C%|H %
Dicyclohexyi~ ‘)(\0’\:)
~18—crown—6 | CyoHasO; (I D 65.20{10.14| 372 | 44.5~s4.5
(DC18CS) Q [¢]
o/
£ -
18-Crown-6 o 5§3.05| 9.85| 264 38~40
(18C6) CizH14 Oy (o oj
o/
Dicyclohexyl - o :’\0 »
-24-gown-8 | C HuOg Cfo 62.82(10.32| 460 | (n]eL4885)
(DC24C8) 0
o _p
Dibenzo-18- (\A
crown—6 CyoH140¢ @ °© 67.76| 7.42| 360 |162.5~1635
(DB18CS) (<] 0
'\10\)
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WANG WENIJI et al.: EXTRACTION OF SEVERAL LANTHANIDE

Table 2

Original concentration (C:_) of picric acid and distibution ratio (D P-)
i i
of picric acid with CHCl,

[+]
D
Cop M Pi
5.0-107 0.16
1.0 +10? 0.25
20-107 0.71
3.0 - 102 0.88
4.0 - 107 1.03
W00~ :“ 30—

TSR

Cg. ~{A" ] curve

~
w
I

SO 15—

LY.
Cg. ~OM Cutve
o— 10 : ! . :
Q 00? 00<
€

Fig. 2. Original concentration of picric acid vs. pH and concentration of picrate ion, A

0 )
Nl
0=
-
t
0-"— ?
]
3
. ] 1
L
|0°,1— o7

.

Fig. 3. Distribution ratio of lanthanides versus concentration of 4MB15CS in the organic phase
(25°C). 1 =Nd, 2 —Ex,3 ~Ce, 4 -Tm, 5 = Yb
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Fig.4. Effect of concentration of picrate ion on the distribution ratio D of lanthanides (25 °C).
1 -Nd,2-Eu,3-Ce,4-Tm, S ~-Yd

Table 3

Extracton constants of lanthanides (251 °C)

) lonic radius .
Metal ion A I\ﬂ
ce?’ 1.034 5.73
Na?” 0.995 5.94
Eu’’ 0.950 5.76
Tm?®’ 0.869 5.02
o’ 0.858 4.93

0 My,

L D B A A

Q05m \,

00IM L,

00sM L\,

TY YTV

W

o 003My,
-1 ! " ! A
0 1] 99 1o o, 4
Yo tm €Eu N Ce

Fig. 5. Distnbution rauo of lanthanides vs. ionic radius. L, =4MB15CS, L, =DB1BC6

- 69—
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Table 4
Influence of diluent (25 °C)
DNd**
Diluent - -

‘::::‘u:'f 0.05M* 0.1M*
Nitro-benzene 348 140 4.93
1,2-Dichloroethane 10.4 0.567 2.13
Chloroform 4.9 0.156 0.558
Benzene 2.28 0.440 2.08

*Concentration of AMB15CS in organic phase; 0.04M picric acid in the aqueous phase.

Table §

Influence of additives (251 °C)
Additive DNd¥”
- 0.098
10% n-Butanol 0.172
20% n-Butanol 0.291
10% iso-Amyl alcohol 0.218
10% M1SK 0.101
10% 0.1M TOA 0.067

10% N,N-Diethyl-cyclohexy)-

amine 0.098

Org.: 0.0aM aMB15C1—CHCl, AQq.:0.04M picric acid

Table 6 o
Synergistic effect of n-butanol (2521 “C)
LM n—-Butanol, % DNg*”
0.05 0 0.122
0.04 20 0.291
0.03 40 0.538
0.02 60 0.672
0 100 0.499

L - concentration of 4MB15CS In CHCl,;
0.04M picric acid in squeous phase.

0

0

3

" 1

1

E )

F /

- NPT STy |
o 0! o

().

Fig. 6. Effect of concentration of crown ether on the distribution ratio of thorium(V) in 0.04M
picric acid. 1 - 18C6, 2 -4MB15CS, 3 -DB18C6
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-1
nn_‘

]
-'o-|
{Um
Fig. 7. Effect of concentration of crown ether on the distribution ratio of thorium(V) in 4.8M
HNO,. O~ DC24C8, ® — DC18C6

.1 1 )
0 1 S 0
HNOy ,N

Fig. 8. Dependence of the distribution ratio on the concentration of nitric acid inaqueous solution
1 - DC24C8, 2 - DC18C6
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‘0., 1 ' 1
0" 0"

(Cm
Fig. 11. Distribution ratio ot wranium(VI) vs. concentration of crown ether. Aqueous phase:
0.04 M picric acid. 1 —18C6, 2 - 4MBI15CS, 3 - DB18C6

Table 7
Exwaction of uranium(V1) with different
crown cthers (25 °C)

D
1
Crown ether Diluent uon

*0.05M *0.1M

4MBI15CS Benzene 0.054 0.204
1,2-Dichloroethane 0.039 0.146

18C6 Benzene 0.012 0.028
1,2-Dichloroethane 0.206 0.533

DC18C6 Benzene 0.050 0.142
1,2-Dichloroethane 0.093 0.237

*Concentration of crown sther in organic phase; 0.0aM picric acid In squeous phase.

' i

o-l 0
[Clm

Fig. 12. Effect of the concentmtion of DC18C6 in 1,2-dichloroethane on uranium(VI) extraction
from 4N HQ, at 25 °C

- 72—
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Table 8
Influence of diluent on the extaction
of uranium(V1) (25 °C)

Diluent LM DU(V!)

Chloroform 0.1 0.027
0.2 0.111

Benzene 0.05 0.054
0.1 0.204

1,2-Dichloroethane 0.0 0.039
0.1 0.146

Nitrobenzene 0.05 0.114
0.1 0.3717

L — concentration of 4AMB1SCS in organic phase; 0.04M picric
acid In aquoous phase.
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(1] =7 22 W-3-AFN-4-RYV L -5 —)L-5-7F v (1-phenyl-3-methyl-4-
benzoyl-pyrazol-5-one) RUNR Y V-15-7 59 V-5OBEPICELDET VA= FKD
HERBY

[. L. Dukov, Solv. Extr. Ton Exchange, 10(4), 637 (1992)

k=

CCls. Colls RUCHCL, D 1-7 £ = U-3- A F J-4-R YV £ =¥ 5 Y — Ju-5-7 ¥ (HP)
RECI739x2—F), XyJ-15-7F5 %7 V-5(BI5CSRIIS)NDEESHIC &L 3Pr, GART
b ERERBEICOVWTHRLE, MEMILAP,-0S, =2 CLn=Pr, GdRTYb, %
Ea=1XI2TH232 edhbhror, BEHEKLPSIE, CcHRUCHCL FRAML LT
HowrBiBohk, £2LP;SKRULIP; -25A, CCLLEAFERALLTHAVWERICES h
Z, ET7O0RACRIETHERAOEBCOVTRIALE,
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a8 4321 4321

a0

74

25 za Ja za 10 " 32 :4 Js
pH

B

13
o
T

v

FIGURE 1. LogDP s vs- pH for Pr extraction at [B15CS]
= 5x107° mol/de.
a) cCl,; b) CeHgi c) CHCl3.

[HE& Unql/dm3): 1) 2x10'2; 2) 2.5x10
-2

-2,

3) 3x107%; 4) 4x10

&
43 zr + 3271

11

A L (.

2.7 26 ' 24 28 f 24 37 12
pH

FIGURE 2. LogDp g vs. pH for Gd extraction at [B1ses]
"
- 5x10-3 mol/dm3.
a) cCl,: b) CeHgs c) CHCl. )
[e] (mol/dm3): 1) 2x10°2; 2) 2.5x107%;

3) 3x107%; 4) 4x1072,
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o8
26
w04

w 0.2

0.0

c
43 21 4 3 2 ! 4321

LI

I

FIGURE 3.

d

FIGURE 4.

2.0 22 24 24 26 2.6 28
pH

LogDP s VS. pH for Yb extraction at [31505]
= ‘5::1('.)-3 mol/de.
a) CCl : b) C6H6, c) CHCl3
B (mol/dm3). 1) 2x1072; 2) 2.5x1072;
3) 3x1072; 4) 4x1072.

L 7 7 17

N
N

xll 1 1

-16 -14 -15 =14 ~1.6 -1.4
fog [H PJ

LogDP g V8- log[ﬁP] for Pr,Gd and Yb ex-

traction at [B15C5] = 5x10° -3 mol/de.

aj Pr: 1)CC14,pH-2.90; 2)CGH6,pH-3.1O:
3)CHC14, pH=3.30.

b) Gd: 1)CCI4,pH-2.SO; 2)C6H6.pH-2.70;
3)CHC13,pH-2.95.

c) Yb: 1)CC14,pH-2.35; 2)CGH6,pH-2.4O;
3)CHC1,, pH=2.65.

_76_
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a 4 c
ask 432 1 J2 1 J21
05} y '
o4t

Q

/]

'S I Y 2 - 1 L se 1 1

26 28 30°X0 32 J4 14 16
pH

PIGURE 5. LogDP g Vvs- pH for Pr extraction at [HP] -

2.5x10"2 mol/dm’.
a) CCl4; b) CeHei c) CHCl3
[B15c§](mo1/dm3): 1) 2.5x10‘3; 2) 5x1o‘3:

3) 7.5x1070; 4) 1x10°2

01

A L 1 p3 L lfo 1 1 L
2.2 24 26 28 26 28 30 J@ 32 3.4
pH

Al

o
L
v

ﬁ@£¥s
S

PIGURE 6. LogDp ¢ vs. pH for Gd extraction at [HP] -
’

2.5::10"2 mol/de.

a)CCl4; b) CgHgs c) CHCl3

(B15e5) (mo1/am®): 1) 2.5x1072; 2) 5x1072;
3) 7.5x1o‘3; 4) 1x1o‘2
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a a4

c
43 271 J 21 J217

.3?/////

§

PIGURE 7.

2.5x107

22 247 24 26 = 28 0

pH

LOSDP,S vs. pH for Yb extraction at [HP] -
mol/dm3.

a) CCI4; b) CSHG;'C) CHC13
[315C5](m01/dm3): 1) 2.5x10'3; 2) 5:10'3;

a8
a6+
04}
. 0.2

0.0t

togD, ¢

-0.2F

=~0.4}

3) 7.5:10'3; 4) 1x10~2.

8 ! c
1 1
2
2
J
2
J
3

el v e P A e A ) T
77

—26 -24 -2.2-2.0 2.6 -2.4 -22 -2.0 -2.6 -2.4 -2.2 -2.0

FPIGURE 8.

Cog (s)

LogDp g ve. log[S] for Pr,Gd and Yo ex-

traction at [HP] = 2.5x10'2 mol{dms.

a) Pr:

b) Gd:

c) Yb:

1) CCI4,pH-2.90; 2) Csﬂs,pﬂ-3.05:
3) CHCla,pH-3.30.
1) CCl4,pH-2.60: 2) C6H6,pH-2.80;
3) CHCl3,pH-3.05.
1) CCL4.pH-2.30; 2) CgHg, PH=2.40;
3) CHC1,,pH=2.60.
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[s]x 107
PIGURE 9. Dp ¢-Dp/[s] vs. [s] at[rp] = 2.5x1072
’
mol/dm’ .Diluent CCl,.

1) Pr,pH=2.90; 2) Gd,pH=2.50; 3) Yb,pH=
2.10,
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TABLE 1.

VALUES OF THE TWO PHASE EQUILIBRIUM CON-

STANTS FOR Pr,Gd AND Yb SYNERGISTIC SOLVENT EXTRACTION

Metal Dilueat logKp(20) 1°3xP,S1 1°5KP,SZ
Pr ccl, -3.60+0.03 -1.81+0.09 0.80+0.05
c6H6 -4 - 08:0- 05 -2 . 1 9:0-02 -
CHCl;  -4.6320.02  -3.08+0.02 -
Gd ccy, -2.56$0.04  -1.25+0.10 2.00+0.02
CgHg -3.04+0.04 -1.09+0.03 -
CHCl;  -3.79:0.02  -2.10+0.01 -
Yo CCl4 -1.76+0.04 0.15+0.08 2.41+0.05
CeHe -2,13+0.04 0.00+0.01 -
CHCl3 -2.61+0.05 -0.96+0.02 -
TABLE 2. VALUES OFP THE ORGANIC PHASE EQUILIBRIUM

CONSTANTS FOR Pr,Gd AND Yb SYNERGISTIC SOLBENT EX-

TRACTION
Metal Diluent logﬂD s log/3P 52 logfgn s
- 1 ’» -

Pr cecy, 1.79+0.12 4,40+40.08 2.61+0.20
C6H6 1.89+0.07 - -
CHCl3 1.55+0.04 - -

Gd cc1, 1.31+0.14 4.56+0.06 3.25+0.20
C6H6 1.95+0.07 - -
CHCl3 1.69+0,03 - -

Yo CCl4 1.91+0.12 4.17+0.09 2.2640.21
CeHg 2.13+40.05 - -
CHCI3 1.65+0.07 - -
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(17] AV Y 7 2A[B]PUYBEFICELI2BARI»SOIS VOBREEE
T. Aihara et al

Sep. Sci. and Technol., 27(12), 1665 (1992)

ZE

AV I RX[B]PLY-p-AFHANT A RXR—=bETTNA A EDBOBKRERE
BElo0wT, BWHBORBREREICDWIHRLE., REBATVOEER., HEKER
BEE:2ETZES, 405 NEOABREZBAETIAAYOTANT VADEY b
EZTNREBER»SHELE, 010(CO N AFPREBVRBEEXEFE>TSHY, D0 T
U0, (0H)y ZUU0.(CO;), > THhor, oS IERIEBEBRTE?, BEEMRERER,
U0, (OH):* " &EW L UAYSYNENLEBEDI2T~1L.0RICHBFIT . ThITHEEER
DEREEREN, AUy JR[B]7 U Y-p-AFH T+ — b E00.(0H), Xid
00.(CO).*" L DMORIETHE I LERLTV S,

BH

AYY I R[BIPLY-p-AFHANTARI—FRUISTZNA %Y OEOEKERE
ECODWTHEWEBORMA A VBRETHRLE, BOhEREGERR, REEA T Y
BENERTBERIL, UOL(OH),:* " &YW LIS NAADBREL ARARNEN S

5, RiE(9) : -dafL)/dt=k2[U0, (OH)s*"J[L]-k..[L-00,*7][C0,*"] A RREERMET.
FOEERFIENF—EX—2KNORASB)CHBAEERL =,
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(HCHO)a
+
AICl3
OR —_—
p-Xylene i Toluene
X
X
X=t-Butyl X=1-Butyl
R=H R=H

Y=SO;Na
R=H

Calix|6)arene-p-
hexasulfonate

FiG. 1. Synthesis of calix[6]arene-p-hexasulfonate (R = H).

1.0 9 e
= L‘ —a——d. A&
0.8 B
0.6
_—? 0.4 £CO3% |mot- L'}
= . ° 26%10"
= 4 §.8%10-2
0 1.8%x10-2
0.2 o 1.1=10-2
4 B.5x10-3
s 4.1%103
0.1 v T v
0 20 40 60 80
Time [min]

FiG. 2. Time evolution of unreacted calix{6jarenc. [EVO;} = 8.18 x 10°* mol/L.

10 2
o
[ ]
A
= a ©
(/]
— <)
2 10 A
° (o)
= °
o
= o ®
oy A
= 104 o _
Re]
5 CA. ®
oA
o
10 —— .
10” 107 10"

Concentration of CO32- [mol-L-1}

Fic. 3. Dependence of — d([L)/[Ly})/di on concentration of CO}-. (O) [TU0,] = 8.2 x
10°* mol/L. I, = 0.01-0.3 mol/L; (A} [EUO,} = 8.2 x 10" mol/L, [, = 0.3 mol/L; (@)
|EUO,) = 4.1 x 10"  mol/L, [, = 0.08-0.3 mol/L. The bold line shows the range of data

ol Nagasaki et al. (/7).
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10! o 10°? 5
L4 o
a A
:.— B A : A (0]
- 10°? (o] A D in 3 2
= o A — 1077 o a
= (a] °
= o 0
[=) —
=4 A [ ] =)
= A D 2 e
S 10! o =5 /Y oo
° ° = 107 o
‘3 © P °
AAoo 0
o
o
10°* T ' r
10°* 107 107 107 10" ‘ 10°% ' ' S
10°'° 10°"* 10°* 107 10°*

Concentration ol UO2(CO3)34- (molL-V}
Concentration of UO3(C0O3)22- |mol-L-1]

F1G. 4. Dependence of - d([L})/[L.])/di on concentration of UO(CO,)i". K* for Reaction

(14) in Table 2 = 10¥*. (0) [TUQ,| = B2 x 10°-1.01 x 107! mol/L: [COV'} = 1.5 x FIG. 6. Relationship between = d([L}/[L})/di and concentration of UOL(CO,)i". Keys are
107 mol/L: 1, = U.06-0.14 mol/L. Other keys are the same as in Fig. 3. the same as in Fig. 4.
1077
-2
10 o)
°
4 -
% “A = 107?
w o = ]
= 107 & o 5
2 S a) =
= =
2 ﬁ i =
-"—.‘- -4 o "? 10"'
= 10" o , o
° ° o %o
| ! el
o L
. 10" Frrermy ey .
0 e 107 1o 10 10" 107 10° 10°% 10 10
10

i L
Concentration of UO2(CO3)34- [mol-L-}] Concentration of LUO2;a¢ [mol-L-1]
FiG. 5. Dependence of - d({L)/[L})/di on concentration of UO,(CO,);". K* for Reaction Fi16. 7. Correlation of —d([L)/[L.))/dr Wi“‘FC_""T“"‘“iO" of LUO..,. Keys arc the same as
(14) in Table 2 = 10*=. Kcys ar¢ the same as in Fig. 4. in Fig. 4.
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(18] 15-2 5w V=0, 18-S9 U-BRUT I unty )-18-45 Y-6EZHWER
BEHWDS DAm, Ce, EuRTCnHHE
V. V. Romanovski et al, RECORD'94, 1550 (1994)

£E

WEREED S OAn, Eu, Ce, Cn(l) hL —4—D15-2 5 » »-5(15C5), 18-7 5™ -
6(18C6), Y>> s OAXH% )-18-75 % -6(DCHI8CB) L /5 W Y T —F L BRI
WEZAIEKZ L F(ChCoD) D= hORYE VY BEBICESHMEICOWTHREFT £,
18C64F, EuictlNR T, Ce, AmRUCRICBRME Ko TWB I LARE N, 18C6%
ChCoDDEBICMA D L, AnkCnllCNEREAVWTIVHBHICS VA REHET
E€%. Ce. An, (RRUEuD MR IZ, 18C6 L ChCoD& &S % & UFDCHI8CE & ChCoD &
NDEEVCEIZHET, KEFOI T VHREOEKELELTHAT S,

BREBRE

BRAKERA A VAFEELLWB SIS, 155D hORYEVERBICLIME ST
5, PL—Y—BRENAN, BuRUCenHREFEKRIERICE .., 2MHBMPLIBRL SO
MECENTH, FERERZIOZHAAL Y, 18C6ICL2MERLYHENTHY
(Fig.1), Ce, AnRUCnic L TEIRMEEZFEo2 TS, LALANS HRFEKIENS
YEAZFENLTOH+aE Y, MERICSTAHChCdD LS LBEAKERA A VY OEE

2, S LChCoDBA A Vv N BBVINEBHEBICEETIL, FREBAOVERENBH %
BHIiT 3,

MeL>* (. a, +3HChCOD (o) =Me[ChCoD]sL (o) + 3H* (n o) (6)

15C5&ChCoDb DB EWMIC L 2 ICH T DAnLEunE®iE, RUTFLY TS (3
= JLEChCoD D BREMICL 2 MBICHBITHETHLEITEY, 18C6£ChCoDE DESWIC
S SAmnEEun i EHERR B, V!

BEBOBERERLISCOILMLTEDON D, AnLEun SR IE, ChCoDL 18C6& o
B LMEicHiTs, MBEREOMBELLTHMTZ LALLM SE, 1!
ChCoDEDCHIBC6EMBREW D EIRMER, A AV EBEBEO/ EZwKkBIS DB ICHL TIHIE
HICEOA, [(AL(NO) ]I E LT, KBICHMAT 3, (Fig.2) [AL(NG,) ] B &
LTOSRIREIRENEX LS, An, EuRTUCen %z, £ LAING, ). DD YIS
Y(NO3)s X tZYD(NO3)s 2 AW B LIZIER UL T, ScNO,) ;20w TRbDTFAICENS B I
BEBL, (Fig. 3)

I5C52 8L RKEBENTIR, PHABRBZ—FOHESTH VL, An, EuRUCelc X+ 2
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R, HREBOMKELLTERLLY, (Fig. 4) TEEEEIERBRDOEKFE
2, 18C6LChCoDDEEMIC LB MEICOWT, KELEHEBHOEBOM K LT
DREEROTWS, (Fig. SRUFig. 6) KENBWHEBERE, FlX L20HBR7 NV
ToBE, Am, Cm&UEub:i‘tb'C@iﬁJ%h‘%wlané#. (Fig.6) /KAEA0.5M% L
PEERVWERESICER, R ERERT, (Fig. §5) CelcMLTRMANEEICKME
RWRETRT, ChOLNERIZ, —baXYEHTIELCHCDL DM TL: LK E
ERMULTWBLEETILNTES, 18625 0RO RBIRMEIZ, A2/ - n18C6
ELA(DBELDEDHEEROEEREORTI L, L,2-/7uonux vt sMEsTF—4
—E—ELTWn3,

ERERI, 18C6XNEFEMEDChCoDANDETMIZ, PIFoFRESya_RE %
DETIEDICEANMTHEILEZ2TRLTWS, ChCoDoMEERTIC, 18C6N T+ NnFEH

EERWDIER, BULAXLRE S OCs, ScRUBINV M=V LREOBBEFR%
HRICTDEITHAD,

L. V.V.Proyaev, V.V.Romanovskii, V.N.Romanovskii ; Radiokhimiya, 33. No.l. 46
(1991)

_85_.
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Figure 1. Extraction of Am,Eu,Ce and Cm tracers by gTZENWCYECEIN nitrobenzene
from 0.5 M nitric acid and Al nitrale solution.

10

® -Am
5 - -Eu

4 -Ce

v

-Cm

0.2
0.1
0.05

1

1

0.01
0.005

0.001

. 1 [} ]
0 1 2 3 4 5 6 7
Nitrate concentration, mol/l

Figure 2. Disiribution coefficients of Am, Eu and Ce tracers zs 2 funclion of
Al nitrate concentration for extraction by a mixture 0.3 M ChCoD
and 0.2 M DCH18CS6 in nitrobenzene from 0.1 M nilric 2cid.

0 10.00 ~

1004 "

0.10 - n ° /

0.01

Al nitrate concentration, mol/l
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Figure 3. Distribution coefficients of Am, Eu and Ce tracers as a function of

Sc nitrale concentration (or extraction by a mixturef&3A M ChCol'’
and 0.15 M DCH18CE in nitrobenzene from 0.1 M nitric acid.

D ® .Am

m -Eu
10.0 -
4 -Ce

A/

Separation factor of Am and Eu

0.1 =~

\ ]

0 1 2

Sc nitrate concentration, mol/l

Figure 4. Distribution coefficients of Am and Eu tracers as a function of

of Al nitrate concentration for extraction by a mixture PEI M'CRCoD §
2nd 8.1 M 15C54n nitrobenzene from 0.5 M nitric acid.

D 4
® -Am
m -Eu
3 -1 .\
-
24 |\ .
\ Separztion factor of Am and Eu
A..lb.—-—qb— — v - — o — — e N
14 ®
]
A
A\
. ‘t\.‘ e a
1 1 i

0 1 2 3
Al nitrate concentration, moV/l
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Figure 5. Extraction of Am, Eu, Ce and Cm lracers with mixtures of 18C6
and ChCoD in nitrobenzene from 0.5 M nitric acid. The total
18C6+ChCaD concentration was 0.3 M.

D P
5 ® -Am
u -Eu
4 .Ce’
49 Y -Cm
3 T
P4
2-.

o.-—-r;—-——-\-/

0.0 0.2 0.4 0.6 0.8 1.0
Mole fraction of ChCaD

Figure 8. Extraction cf Am, Eu, Ce and Cm tracers with mixtures of 18C5
2nd ChCaoD in nitronenzene from 0.5 M nitric acid and 2 M Al nilrate.,
The total 18C5-ChCoD conceniration was 0.3 M.

0.0 0.2 04 0.6 0.8 1.0
Mole fraction of ChCoD
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(19] BV HEREEXHSLFPI/IFoFFL—-— NE2AWEDOENKBEEYMEO N &
& BohE
A. Gopalan, 0. Zincircioglu and P. Smith

Radioactive Waste Management and the Nuclear Fuel Cycle, 17(3-4), ppl6l--
175 (1993)

k=1

COWMRTOTFLOT- NI, TRRUCBBEREI»DS., FI7F=F4 A2 2RRBIC
BETLILEOOFERFL-IRIORT, MR, RUEH%E2TIILTHD. AFLIS
HEANHLIVWRZ7I7FFEHLTEBVWRANLEREEZEF>LEDOASZ XL —-MHAY
HYREDODOWTHENLZ7EAAYRET2E, RZOTRICEINIE, FLLTFRZ
EATFIAV—MEMAT, NI KQAFHRA—F, £I)I7EF-PRUNSFOX
FIOEUT ) DESL, SRUBAFIVAEDN, BEO T O R RABRPICHFET
SHBIN—RBR 7 I9FRLA AV ENDHEESCHULTEHETHIZ LA DI,

TIWNZILAFVEEGIINTE, HEIBRENFL—-—IMBETTINE, ERBLT T
MhoNBESNHOHRT., RAETAHIELDNTEE, CAhLOPFFTIR, VHYEKRTL—-TF
i, =T v b EBRA A VEBRRNIIBUTZENIC, FrTU—MNAR=H=T
—JoORAVICHBLET S, EREAEFL-MHER, FRANy I R-—vHEZEUD,
I RBRRYEYVAR—HY—=—2EATEY, FRIEHLTUHY RAFMHNLTWS,

£, W DOHIODEREEBRUSENEND, NI KO FHA—-rFL—-—FrHDOETN
EU3S20OA4IFBERY AN EZSD, FLOWELV—-FAORAMNAEICDVWTHRAXRE,

ERHEFL—FBAIICHATE, WEKOPNDTHINLESCORREBRCODVWTRXE, T2
IJxYAZEHIV-B, ERONA RFOA L8, RBREREEZ, P 250 S
tHln, ESH2HBITI2FEEHBTEIEDNDETNELTHNWE,

ER

POFoRLA AV EDESCAEELZ 2E, Z<OFL—-PHEFLEESRLE,
FRASHNRICELBIROC, PIFoRA A LESTINETFHTOIMRET
Twd, AVEI—R—FEFY I FICLDEEOHFRRERI, EMFLUL-PHEEICE
F4ITP7ALT, =9 b4 EMUTRANOS A AL —EBKOEEIEH % §F
rEaE0IC, PROTFPI8—, WAEKF—BFoa47, "o - WE, &
VAR—H - N—TORSEFLEEDILNTED, COLHLFL—IROBASY
LHBRK A~ OMY ABRE, REURORIBEL L THE-THS, thoHLLHWFL-—F
Moame, Thon&EedHhCMT2FMLRBEIMNHETE I LICLTVS,
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PRy N
cok " /NN

\N/o \C,N‘R
RI i%l
Uranium(Catechol), Iron(Hydroxamate);

FIGURE 1 Comparison of the preferred coordination geometry of uranium and iron complexes.
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}{;Q @: or (I

vy to/ 7
R R
o o catechol hydroxypyridinone
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PLIN r N

R o / \
AR

\o

Q)

X
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~H
)
=

-

t
x X hydroxamate aminocarboxylate

FIGURE 2 Coordination geometry and (unctional groups.
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o} o} 1~H2NNCOIH o o} ] o
ether JK/\
cl c E0 N T/VLoa
2. Ethanol, H* .: "
Y QE
Cl o 2 0 ': t
(o]
1
1. NH,OH'HCI, KOH
2. CH,COOH
(o]
Q (e} [e]
H
O\TJ\/\N N/\/H\NIQH
] i 1
H H H H
H
N ]
1 N
o H\/\r \OH
(o}
3 (BAMTPH)
o 0 o o 0 H o
H
| )
c c HON“’U\/\;ﬁ:N/\)I\NHOH
Ci cl N N NHOH
HONH
1 | \/\ﬂ/
v v \g/\/H I 1) T
4 5
Scheme 1
FIGURE 3 Synthesis of chelators.
-— 91 — ¢
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HO OH

OH

Br o~ NC~_-© o N
K,CO;,3
(o]
7
NC
1. KOH, EtOH, H,0
2. MeOH, H*
0 o
CHJOJ‘\/\/OO/O\/\/‘LOCHJ
o
8
o
OCH,4
NH,OH'HCI
KOH

O
H

(o]
N )k/\/o o\/\)k /H
IN N\

o°K® o'K®

(o}

9
o
AN
H

o'K*

Scheme 2

FIGURE ) (Continued)
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NO,

NO;
CH,0H
HCI
HO
OH CH;30 OCH,4
°© oon © o o o
OCH;,
10 1
NH,OHHCI
KOH
Scheme 3 12

o)

o)
ElO/K/\N N/\/lkoel
H,N  NH,  (excess) /L/'
g0’ O

o
13 QE!L

NH,OHHCI
KOH

H
N o o] H
! "
o K' O'KO
14
FIGURE) (Continued.) Scheme 4
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0 0o o) 0
MeO OMe HzN\/\N N/\/NHZ
] 1
HzN(CHz)zNHz H " H
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Meo” O 1% 07 INTTNK,
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BrCH,CO,CH,Ph
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BnO OBn
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Scheme 5 0

FIGURE ) (Continued.)
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FIGURE 4 Polentiometric measurcment of actinide binding constants.

Equivalents KOH

Desferrioxamine B
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0.000 kcal/mol 0.181 kcal/mol
(25.4%) (18.7%)

0.233 kcal/mol 0.353 kcal/mol
(17.2%) (14.0%)

0.436 kcal/mol 0.421 kcal/mol
(12.2%) (12.5%)

FICURE S Summary of the structural isomers of Pu {acac),.
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(22] FPRUZ 7 F=kolidicd a2 Ry FLYY)a—-VERE [ Bukdnn 7
AR7AVNEEESAERTI Y FICLIME
I. V. Simonov et al, Radiokhimiya, 35, No.1l, 56 (1993)

Eg

TARTAYNLEESURIIERD, o= hOZFURVEVERICL D, HWRER
A5 OEuLANOHBIEODWTHRLE, R Y FoMEA(EA)E, RVT—-FIFxz—
VOREL, WEIN-—TOBBILoTHRES, HH YK Ph,P(0)(CH:).0(CH,)-P(0)
Phoit, AINELLTIART 4 VAXFH A FOBMEAERILEBEAEF>TH S,
YTy Kho-Tzo WS N—F2RUI—FAFz—vicitmTade, XL Fomd
HEaBBETT 2. 5580y FOMENE, FRAOBHELHMT 2 £ RIBIC

WMAkT D, CALORIYKEOERAND2BRML, ChALORKCBETITELRAET
JILHENREZNE.
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/N ™\

oL © () <5

Shp=0  0=PPR, Ph,Pe0 0=PPR, PhiPe0 0oPh,
I il Hr
A = L tar, 2 (b, 3 (e, A =« 0 (81, 1| b, A2 0 ), | 1Yy,
2 ¢y, 3 d, 2 1, 3 Wdy.
3
/\ /1 /I \/\
: 0 0 PpPh, : 6 0 0 :
0 0- Pon, 0’\ 0
NWAVA] M P=0  0=PPh,
0
w v

TABLE 1. Extraction of Eu (10 M) and Am (Tracer Amounts with 103 M Eu)
from | M HNO; by Poadands and Cerain Phosphine Oxides in o-Nitroethylbenzene

| .
Distribution coafficient
Langth of
Coapound oxyethyl chain
Eu Am
~ . 0y P
i 3 R LR TR 0.014 0.007
oo t
vy L St la w2 UL v 0.01s 0.008
P PO 0=PPE |n =3 (1. c) 0.006 0.004
J— ln =0 (1. a) 2.2 0.75
1
—0 W ‘no= 1 (10 b) 0.55 0.26
. P ln =2 w11 o 0.17 0.14
Ph,P=0 O=PPh, lan <3l 0.10 0.06
I\ n=0 (I, a) 0.10 0.09
—° N ln = 1 (111, ®) 0.13 0.12
\ - n=2 (1L, €} 0.55 0.70
-] -— -
h,?=0 0=2Ph, a x5t @) 0.30 n.26
PPh P =0 : i 0.023 0.0l
PPh PLOICH C(OINISui 3.1 7.3
100 % o-nitroethylbenzans <2-107" -~



TABLE 2. Extraction of Eu (103 Af) from 2 M HNO; by 0.05 M Podands and

Certain Phosphine Oxides in Various Diluents

660-56 0¥8Nd ONd

- 66—

Dgy in diluants
. Extractant
{ . dichloro- o-nitroethyl-
\\ 4 . : banzens sthans besnzens y
i AN )- .
9__ B . . ..
. (. \ i1.s (n =0) 0.27 0.87 1.4
, / i “ I,y (n = 1) 0.117 0.18 0.25
1 \\ 1,e (a=2) 0.07 0.05 0.09
t , 11,4 (n =2 0.02 0.04 0.05
, \ ab iy AWV [it,s (n =0) 0.10 0.06 0.10
—r= ] , . (1.5 (n = 1) 0.08 0.06 0.11
: . i N 1il.c (n = 2) 0.09 0.20 0.32
v I \ N
) N ~o ti,d (n = 2J) 0.03 0.10 0.21
. Y R Ph P =0 (0.1H) 0.007 0.002 0.00S
. -
i ! x Ph_P(OICH C(OINBu 0.05 0.60 6.3
I 4 2 2 H
. : Ph PLOICH PIOIPh, 10.01 H) 1.6 40 380
. n——_—'—\‘ i ] ¢
; . . ai | .
3 -t J ]

Fig. | Fig. 2

Fig. 1. Exlracti(;n of Eu (1, 3, 5)and Am (2, 4, 6) from | A HNO; by 0.05
M podands la-c (5, 6), lla-d (3, 4), and Hlad (1, 2) in o-nitroethylbenzene.
Tracer amounts of Am with 103 M Eu. Along the abscissa: length of

podand oxyethyl chain (n); along the ordinate: log D.

/

Fig. 2. Extraction of Eu (103 A from HNOy by lla (1) and Hlla (2)
solutions. Along the abscissa: log [HNO,);,; along the ordinate: log D.

The same for Fig. 3.

-
-
.

Fig. 3. Extraction of Eu (10 M) from
HNO, by 0.1 M carbamoylmethylenephos-
phine oxides Ph,P(O)CH,C(O)NBu, (I, 3)
and Bu,P(0)CH,C(O)NEy, (2, 4) in nitro-
benzene (1, 2) and anisole (3, 4).



PNC PN8420 95-022

(25] 2@ WI@aBLOMCBETA IV Ler Ty oLt EniE
#

A. H. Rozen et al, Radiokhimiya, 30, No.S, 594 (1988)

Eg

Br2zo07520@EN, T0bshHERKEY. ANREFIIVRUBBRZ IR, XL
TAEHFALR, PO VEFRHAF, EE®, IV, 2BRELEH(T-7H 2T«
Y- EHALK, AINKTEANTARAT Y N{LEW, RUS-7IA4K), RUSE
BUCeWmM( 71530y —~FUE)ICEE, TP LERT v LOBEBCHRT S,
1982--8TENMICHSE Z N HBXEHELTBALE, PLAVIKEMLETBPIZL 3,
MERUCTINRNZDLERT v ILORBRNS I2L—-2a3VCBIT3F2FHRED
ERICATIZELMEy 22220 TRFALE,

&R

EBEBUBERNET, TBPICKHITREMENHIBERMELT, ANRFZILET
IrFEBICEELRTAE RS R, FIRUTPORRESR, EARRHOAF—LOD
RELFzvI72F2Tnd., LALLENS, BEEEHEHICHE R0 HFR(USSR,
ZAUYA, SERUT7ZI VAR, BvWBEEEESFO2BRULEM(I-TH2T 4
VHEHFAR, AWNKEANTARTAVAZFHARRUTIZIARICRATL220T
53, PBREBEA(ISIV/Z—F)ER, Z7FoFofEic@@BLTHnENn,
(75, 178)

HrOFRMENIITBPICE D, 70RO Tt Lnaiicsird, BIED
AEREEICHATE, FALF—S-AHESATWE, FORRLLINE, AREFOD
TR LOBRLANIZ, BEICLISTALYRMRTEIILEADAIS, thOMER
RAENFFEIRICBEEENE, FRARMBEPORECKEFz—-~V2BBILTEIETH
5,

INRZILE T v =S, PL—H—BRUZ7ORN77F=FOTE
EHEATA3EHOEFNICDOTEBALE,

75. ZT. L. Nikolocova, Solvenc Extraction by Neutcal Ocganic Compounds: che ActCinoids:
Handbook (in Russian|, Enecgoacomizdac, Moscow (1987).

E. A. Mezhov, Solvent Extcaction by Amines and Quatecnacy Ammonium Bases: AcCinoids:
Handbook {in Russian|, Enecgoatomizdac, Hoscow (1987).

76.

-100-



PNC PN8420 95-022

TABLE 2. Disiribuuon Coefficients for Extraction by p-Xylene Solutions of F-DTPA

Organic phase Agucous phase Dam Dg, Dc.
08 M.F-DTPA (1) 2 M HNO3 <103 <103 <103
08 M F-DTPa (2) 2 M HNO, <103 <103 <103
08M F-DTPA (3) .2 M HNOj 0.8 1.8 0.7
0&8M F-DTPa (2), HNOj3. pH 1.1 7.3 5.0 7.8
‘02 M TBP
08 M F-DTPA (3). 2 M HNOj3 0.3 0.5 0.2
01 M. TBP
08 M F-DTPA (3), HNOj3. pH 1.56 3.4 2.0 3.7
o2M TBP
08M F-DTPA (3). HNO;. pE 0.9 2.9 2.3 2.8
0:M TBP

TABLE 6. Extraction of Tracer Am, Eu, and Ce by F-
DTPA(3) (0.8 M) in Nitrobenzene with Added 15CS from

HNO; (2.0 M)
Distribution {15C5) in sarung soluuon, M
coefficients.
separauion factors
0 0.02 0.05 0.10 0.15
Dpm 0.11 0.34 0.79 0.97 0.61
Dgy 0.19 0.51 1.1 .2 0.80
Dce 0.11 0.29 0.7 0.83 0.62
BEu/Am 1.7 1.34 1.4 1.23 1.3
BEu/Ce 1.7 1.8 1.5 1.4 1.4
Bam/Ce 1.0 1.2 1.1 11 1.0

TABLE 7. Extraction of Tracer Am, Eu, and Ce by F-

DTPA(3) (0.8 M) in Nitrobenzene with Added 18C6 from
HNO, (2.0 M)

Distribution _ _
coefficients. (18C6] sn suarting solution, M
scparation factors;

o | o002 |o00s]o010]| 015 |o.20
Dam 0.11 | 2.3 | 2.5 3.8 0 | a7
DE, 019 | 1.2 1105 ]| 11 11 | 1.2
D¢, o1 61 |76 (133} 172 |2

BAm/Eu 0.6 2.0 | 2.4 a4 3.6 | 4.0

BCe/Eu 0.6 53 1 7.2 | 12 18 18

BCe/Am 1.0 2.7 | a0 a.s 4.3 | 4.5

-101-



PNC PN8420 95-022

TABLE 8. Extraction of Tracer Am, Eu. and Ce by F-
DTPA(3) (0.8 M) in Nitrobenzene with Added 18C6 from

HCI (2.0 M)
Distribution l [18C6] in suarting solution, M
coefficients,
separation factor
0 0.02 | 0.05 | 0.10 0.15 0.20
Dam 0.20 ; 2.7 4.4 | 48 3.1 | 6.3
Dgy 0.35 | 1.2 1.4 | 14 1.5 | 1.8
Dc. 018 | sS4 | 154|125 ) 109 |17.6
ﬂA.m/Eu 0.6 2.0 3.2 3.5 2.4 4.2
BCe/Eu 0.5 7 | 1n 9 7.2 |12
BCe/Am 0.9 2.0 3s| 2.6 29 | 2.8

TABLE 9. Extraction of Tracer Am. Eu, and Ce by F-
DTPA(3) (0.8 M) in Nitrobenzene with Added 18C6 from
Solutions of HCI (2.0 M) and AICl, (2 M)

Distribution
coefficients,
separauon factors|

(18C6]) in starting solution, M

0 | o0.02]0.05|0.10] 015 |o.20
Dam 0.017/0.10 | 0.80 | 0.82 | 0.84 |0.57
Dey 0.046 | 0.046 | 0.30 | 0.36 { 0.37 Jo.31
Dce 0.02 |0.27 | 1.9 1.8 1.5 {0.83

Bam/Eu 04 |22 2.7 | 2. 2.3 1.8

8Ce/Eu 0.4 5.8 6.5 5.1 4.1 2.7

BCe/Am 1.2 a1 24 |22 1.8 1.5
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TABLE 3

- Salting-out NS Nu® Cu's are
agent, M

O IR IR R 3 .l:l;. |

w2l wlg | v ot

8]

w

LI 0.19] 0.22 1 u.

U.“l U.3uu u.Gi | 0.

© (0.01MDCHISC6/U 7 mmz &Y Xik= h OR Y+ v /SHHNO, - RSB 4R ; BEHE © NH,OH,
NaNQ,, Ca(Noa)z&UAI(NO:):)
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0-¢ 120
e-3p 100 |~
04 ) 8o |-
> 0-3 P [ -
=) ° « 60
o2
40
[ 30 IS -
20 -
00 i : L : ; . 5
t 2 3 e s 6 T a o .
[nuol], M ' 2 3 4 3 6
Fig. 1 Distribution coefficient values of (rvoy).m
U(V) with r.irradiated DC18CS Fig. 2 Percentage extraction of Pu(lV)
(0.2 mol/dm?) in toluene as a func- with .irradiated DCI8C6 (0.2
tion of nitric acid concentration mol/dm’) in toluene as a func.
. tion of niteic acid concencration
Tabie 1 Changes of distribution ratio of U(VI) and Pu(lV) through irradiation
of DCI8CH in toluene as a function of absorbed r dose
Orgame phase : 0.2 mol/dm? NCI8CG/oluenc
Valume ratio (oeg,aq): 121
Discribution ratio (Dy)
Absorbed dose (Mrads)
Blank 0.3 46. 4 71.2 71t
Niteic acid  (No irradiation) (24.8 Wh/dm') (L1117 Wh/dm?)  (171.4 Wh/dm?)  (171.4 Wh/dm?)
(mol/dm’) -
Dy Dp, Du  De, Dy Dp, Dy Dp, Dy  Dp.
1 0.01 0.03 0.0t 0.02 0.01 0.01 0.01 0.01 0.01 0.0
2 0.1l 0.80 0.08 0.70 0.06 0.14 0.04 0.02 0.05 0.1l
k] 0.21 04.28 0.20 352.82 0.17 16.65 0.12 6.42 0.16 15.2
] 0.31 5.84 0.2 4.79 0.25 1.92 0.19 0.73 0.23 0.92
3 0.40 1.63 0.38 3.97 0.32 1.00 0.28 0.17 0.31 0.35
f 0.47 1M 0.45 2.91 0.40 0.36 0.30 0.10 0.35 0.26
7 0.30 ND 0.48 ND 0.39 ND 0.32 ND 0.38 ND
] 0. 44 ND 0.42 ND 0.36 ND 0.29 ND 0.33 ND
N1Y.  Not deternmnned

2 med-dind DCISCH prepared in seradiated wiluene {71 Meads).

-104-



PNC PN8420 95-022

(26] MRIEINWIFZANRS A FOBECET AR YA XX H{LEWICL D3
N f-joRO i
V. V. Proyaev, V. V. Romanovskii, and V. N. Romanovskii, Radiokhimiya, 33,
No.1, 46 (1991)

EE

HAKERA Y, EBRETANWVITHANES LA RORFEICBITS, NG, ZALD, &
5ENORY A FHLLEMCELZ3IFENEuL AnOBHEICDWTHRLE, RUZFLY YT
43—, 15-2592-5, RUJEI-PUXFHIYTFTAHAY-LII-ZF—-LOHkE
CHEWT, EMAEOSEEOHMAZHONE, AnkEuO X ERBECET 3)E,
18-73 7 V-6 MERTHMOLE.

KX #HR

fof-tENR)AFH{LEHcEd2MENZIE, (1) BMEOHFHER, &K
KA v OXFETHNMT S, COHRRICENT, BRAKMERS AV THIERELIN
WEhIAWNKRS A F(CCDOEBFETIES TS, H2EOR) A FHLENMICEL D, Euk
AmomBEHEICOWTHRLE, RRICAVWELEHZ. FRIZFLYTIF34a VTR
FUZ—FI(TM), YILNATH—=-909(n-) =7z VW RYUZTFLYTF4T—
W), 3.6,9-MU X XHFIFAY-LI-ZF = (TOUD), PYUZRAXYFIZFINT
I~ (THEA), RUBHND 75 7T —TF I, 15-2 37 »-5(15C9), 18-2 57 -6
(18C6), > 7 oAnx-18-25 »-6(DC18C6), X /-18-7 5 7 ~-6(DB18C6),
SNKyJ-24-2 57 -8(DB24C8), TP H-18-7 5 ~-6(DAL8CE)TH B,

R

FRUESRFLIESHD, EuLANDHERIERE PBERERL--3ISRL A, CCDE
SELVRICBITSE, Rudr 4P EIoMENA " RUTE O FEFKOD\ B T
D)2, FRLELTORTIOCUTTH-=, SRIOIENBIEDGMA, V.7
A= 09K TISCSIc DT EHSNE, COERIIIMR, De—BLTWD, FE
BERANTODIZCOWT, BUHTBLONE, RUIRLE, DOEOLISCSHORBEKEFMLER
BAkE%2E->Twa, CCOEYNNRTZA—L-909%2 S0 RN, BEKGEHIFERTHS,
(2) DA, CCD:15C5=1:1, RUCCD: YW/ T7H—NN0I=3: D IZHE
LTWwW3d, RORRKER IS -Z—FLO@REE, AnRUEIDRELICIEFLT Y
5. (&3)
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Figure 2. Dy conformation of 18¢6 Sclected peometns parameierns
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legend
A: GM/MM
B HF/6-31+G* hyheid

I EPYPTTYY
‘H:2R11A

A: 9.9 Kealmaol

Minding Encegy for H,0: 1: .5 keaUmol

Figure 7. Opumuzed structure of K~/18-crown-6/H;0. Swrung
structure wus K™/18c6(Dw) with HyO placed axially above K-

Figure 10, A sample configurauon from 156 ps MD simulation of K~/18-crown-6 and two waters coordinating K*.
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TABLE 1. Distribution CoefTicients and Separation Factors of Micro~

amounts of Am and Eu on Extraction with a Mixture of 0.16 M CCD
and 0.06 M Polyoxacompounds from | M HNO,

15C5 18Cé DC18Co UB1HCS DD24LCB DA18C6
Da 0.25+ 0.060+ 0.017 = 0.024+ 0.035+ 0.007+
+0.02 +0.004 ~0.0 +0.002 +0.003 +0.001
Dg, 0.464 0.0194+ 0012+ 0.020+ 0.025+ 0.004 -
+0.01 +0.006 =0.001 =0.002 +0.002 +0.001
St 14+ 3.2+ 1.4+ 1.4+ 1.4+ 1.5%
Amity +0.1 +0.3 0.1 +U.1 +U.1 +0.1
TABLE 1 (continued)
TDH Slovafol THEA TOUD -
7% 0.0534- 0.76+ 0.013- 0.58= 0.046=
+0.0u2 +0.02 +=0.002 +0.04 +0.002
Lg, 0.UGU+ 0.42+ 0.00y + 0.30+ 0.039=
+0.002 +0.42 +0.002 +0.02 +0.002
H U+ 1.9 1.4 1.9+ 1.2+
Am/Eu :U-._l :0.—-. _-(:U._] _:0—2 01
TABLE 2. Dependence of Am and Eu Distribution Coefficients on
Starting 15-Crown-5 Concentration in the Organic Phase on Extraction
by 0.16 M CCD from | M HNO,
Ciscs. M
] 000 e 0.2 0.3 u.i
D, 0.0406+ 0.254 0.45= 0.65+ 0.32+ 017+
=0.002 +0.U1 =U.UE +0.03 ~0.02 +0.01
Dg, 0.039- 0.175+ 0.350= +0.48 0.258~ 0.1334.
+0.002 +0.004 =+ 0.005 =0.01 ~0.005 ~0.uG2
- 1.2+ 1.4+ 1.4 1.4 1.3+ 1.3+
FAamiEu +0.1 =U1 +U.1 +U.t +U.1 +U.1
TABLE 3. Dependence of Am and Eu Distribution Coefficients on
Starting 18-Crown-6 Concentration in the Organic Phase on Extraction
by 0.3 M CCD in Nitrobenzene from 1 M HNO,
Cisces M
[\ 0. n.2 nl 02 - 02
U 0.35+ +0.25 0.46= U.0024 + (TR 01404
Am =0.03 0.2 +0.01 -+ 00008 -0.04 —u.01
Dg 0.30+ 0.100 0.034+ 00008+ UK U026+
v +0.02 +0.U05 +0.002 +0.0001 +0.01 —0.005
BaauE 1.16+ 2.5+ 4.0+ 3.0+ 2 S.4+
Amiky +0.7 02 +073 073 -3 -0

"Aqueous phase 0.5 M HNO,.
“"Aqueous phase | M HNOj, + 0.33 M Eu(NO,),.
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(28] FWh=vbhexTdyv= oMt

B. N. Laskorin, D. I. Skorovarov, E. A. Filippov, and V. V. Yaksin,
Radiokhimiya, 27, No.2, 156 (1985)

BE, BRLUL
P20 -FNERTIRRE, AXPOBRENZITLOOLR

V7327 -FVOHMEANORRIE, 759 T —FNH, BELE{LER (43,
MERTBEVDATVEBOEOREHORRYE, PET I LOTESThBERYE
EROLEMUFRTHIILERLE, PIFoRIEHTEIISOYI—FLOME i,
PIFZFOBRILRE, KEOBMBERUAVWEISH VI —FILOBEICKET S
EANFELSMICENE, (45) RBBOT—F—0OBRIZET VT, 759 —F NI
Pu(M END(M E X RICHE T A LN TEBH, 3+, S+RUG+OBMILKENT 2 F =
FomMEIR, BWELERTIZEHTES, Pull) £ Np(l) iz, HNO, B/E3--10M0) BBk
EBEroHEEn, MAINGEK THRHBL<HEZN S, ISERHISUBBRICES, T 0
YA XDERCELBZTIOH LA ILVOABAR—22OkEZL, PIHF-FoETO
BRACEEESA, REOKESRIG- ISV V-6NHBHEDNFEo-T WD, RIS, o
JARYUI-FIVOBRENIATE, 1539 VI —FLORGHE*ROIBLEESL
T778-D1D2THB3IEeNbh2T0D, 18-259 -6, SRYV-18-75%9 -
6, Y2 7UONFIN-18-TF T (RN ODNWTHHEEROLELS, BLH A
I®770ﬁ4awcﬁbf.m&hm.E&%mmﬁmﬁktiafﬁxfﬁ—mx
EETELTILERTOIELENTES,

CITHRohEEHRBEELNB L, PuUNENpMicRT2BEEORBE HIZ, P> 270
NFIN-18-7F 7 /-6AFE->THEY, CAOD7I7FFROBFICEITE, BEBEN
BICHHTHBILERTI O LNTES,

PubNpDRIELFEORRORIERDBIIZHEY, ChSD7IFoRFIIRTIHE
BT, BROLBERNDIVAPORKELBERICELS, REOBEHFEICHITS, B
PLVWESICEET RETHILBRATICLATES, ERMENELERTF—4 -4,
BEiCEanre—RERMEIZEST, 58T, MBLLYXHBEONEHTFMICELET VT,
EREBIOREDERETHICELNGELL>T WS, 2TORENRT, ZOEBGIC
BoEBRLAUNLELE, RKOBHIEELEMRBRBILEORKESLE, ChbD2250
BEDESEZEREUMITEZZILICE2>TET S, EUBRHILEOHFL EENH B W
TEZEUNTES, HLWIHKOEAANICSES W TRELLTHDOS, COB2HFRA
NDRBROEDIZ, BRKOBENEITRETHHS.,
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Sixch ‘All-Union Conference on Solvent Extraction Chemistry [in Russian), Keremovo (1981),
Part 2, p. 183.

45.

V. V. Yakshin, E., A, Filippov, V. A. Belov, et al., Dokl. Akad. Nauk SSSR, 241, No. 1,
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TABLE 13.

Concentration Constants for the Extraction of the Ac~-

tinides in Different Oxidaton States by Solutions of Crown Ethers

in Dichloroethane

Na. Extractant Structural PV py I N VI NtV [ 8D
M\
0 0‘)
1 |15-crown-5 [ 0 3.54 {0.034] 1.44 |0.0016] .40
0
LN
e
0 0
2 |Dibenzo -18-crown-6 0.71 10.0121 0.32 | 0.00G9] 0.034
0 0
AN
o
0 0
3 |Dicycichexyl-18- 2220 | 4.36 | 170 |0.058 | 3.33
rrown 6 0 0
AN
oM
0 0
4 {8-crown -6 ( ) 1.8510.030}| 3.15 | 0.0047| 0.1
0 0
(AN
(\0 0/\
0 0
s |Dibenzo-24-crown-8 @ @ 0.88 | 0.068{ 0.32 | 0.0107| 0.084
0 0
Qo 0l
/
™\
0 0
6 |Dicyclohexyl-24- Q D 2230 {6.15 | 186 |0.044 | 3.
prown 8 0 0
(o ol
—/

Note.
ethers.
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(28] 77F=—FHIEDEHOFL WHEAOREDOHR

A. M. Rosen, A. S. Nikifrov, Z. I. Nikolotova, and N. A. Kartesheva,
Atomnaya Energiya, 59, No.8, 413 (1985)

B2, ERnL,
AXFDISZITVI—FINCRTIRSOLR

SEBEMBEA(VSY Yz —-F)ics2/E

URhBREEEZF OEARKRMENOGEARG, EREOMELsRETIIFICL S, &
WOINR, TORBEIBRZALFN, BRCEELTWRHAE, "Liz%kosrx
BRETRBI)DPOTHD, BRELT, /39 VI-FILoRERBER, TLELTPILAY
&U?»huiﬁﬁﬁuonr.mﬁénrét.:nammmﬂw&ntﬂﬁﬁﬁﬁ
Behrz, BlAE, 18-735 96847 DIS59 VT —FN(BRNOEFTRIH A I LA
DEFOKZ, $ELE2O0BFEIRXEFORERLTWA)IR, AVSLERbOY
FOLEERAICHET S ;15-759 -5, hUDLEERMICHEETS ; 12-
73974, VFILEBRRACHET S, (38) ZhonBRiF, 1044 XL
EXYA1IVIVANEAOKREZORENLRNEICEI > TRBET I LA TES,

FUO27F=ZFommitii, McB. N. Laskorins 3)IcL>THRENE, 4HOTF Y
FoRRIVYIMAR—-PEERL, B<BEEIOAZYD, —/H6@MO77F=FEEI VI
R—bZ2ERL, H<HAHEEh2ZILFEOIICZh, BEEROEIEEZATHS,
BAOHFRQCDIESCT, BRETICHBR MY 7L, BRI LVRUBBRTIL =
LOGERT -4 —2BEOZ—-FN, ELLTIXRYY/-18-U59 -6, 18-75 -
6, RUI>70nx2)-18-45v-bics&rMETcHELTVWD, (HI) (L¥HH
RiZonwTRFzh, EFHOERNLBHENASHICEhE, TP Y LEHL
MEROFEATRSAIMEEEAS, FHECEVWHBROMER, FTHLLAVWEOTS
272, (H10) HEOAA=ZZXLBRLCEHASATRLY, QDIEBWTRAI, &
LACSTI2H0" I V—-TD, BwFxz—Vi24702RE0ERE, N0~ RTUH,0* X
BN, Y —T D, RKENEEFENDSRIKEMICE 2 HEEHND) H 00 LOER % 12
BLE, LA2ALBANS, NMROBFRICENE, 759 VI —-FIOERERFICNT S,
2ONKSFORMIZESAHOALMS2E, NUDLOBESERIZ, EXOoBESE
Re2<EFEICTRR -, (1) LALLYNS, BEZAEINVI=YTLONELL
NBMABBEKFHE(RI2ORKBE2HF A —7)E, PHLeDOMECHERNLRED T
Hort, (35): &&¥, MIEFRFELELTERATIN, TRV AYINLEET >HS
ELUTERT 3,

BN (PHEEFRILEDICNTI)BERENERARUBERVI-TIOEER
&2, i TokFELBRMEZIE, BFREKOIXR YV BRENEAZH
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L, MEANRETTS, (YRYV-18-/5 1 v-6) (RI0--1288) HEEE N
MMRZEZEFERTHI(EI Lz, EREISOTHIT “FELW BBDE®
KARTH2. SOk, ZMBT 7 I8 — LA RYOKEZDRFHNIPIE—0)
WA, 7539 YL—-FLOMECEVWTHRAERELTEY, ChiZEEK-(tE5 &
ODHEFAOXRERFELCELESOT, RATIILNTES, RARBFINAUVBLUET I
AVERRRR, 7539 x—Flk, ELLTHENCHEAREZRIETCLEE N
E¥. —H, FI7F=FR, @28 L ULERBHROUERERL, FhicEd-oT oM
EfRo®REl22s, BREMNBAMHOREEHEH 3,

BA2S., 7I/F=FORBERUPHICOVWT, 739y —FLOEEOMES %
BRLZTDMELLLL, ZIV P L0BnHEiEL, 95y 0B nwEEE»S, =
ALDOTEDOSEIS, 7579V —FILOEAIFEEMICEETH D, LALLENS,
IhRREdEns e, RELOE, PIVEN-—HEBKLOHRWEYER[@T, &Y F
KALR T OWHER TS UH A ELOEREE >T3EHTH S,

HNICL, 18-753 7 Y-68L4T7 DIz —FIiE, S@OPIF_RES VA
SROREOBBAICAWRZIENTERW-ChASOMERNOEEELBENN ST
Lo, BAE, BHH[2m01/1 AL(NO,) ]2 SLRICICEWT, 0.5m0l/1DDTsG-18-7
ZO-6DT /700 RVBEBICLE, PAUYUSHLOHMEILEVWT, DIFEHI0.050 %
BEEEBAETERN,

THARAT VIV TI—=TP=0F 2R V-18- V59684 T7OZATIOHMYE
DO THLRARE, BRIEFCRVHENEEL(FERLT I T+ 2732~k
EFLCLARNL), $abs, #88(P=0739 Yy —ZAFUV)BHEREC LM,

ZRINFE L EEEN, S@O7I7FFES VA FORMBENTGLSEICHES
T2 2RAMBMERAINIEEN T2,

CHEHIE, PIFFHEnrroFLu BRI, FREERICODWTIRo &4
ELEERERITL, ULALLAS, EBROLBACYVWT, —ROBERU 2 B
EVMEHBET LI LNTEDERVWA, SEONZ7I7F_FombBeRBEnron, 28
KRBERMICODWT—BORARMENLETH S,
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Fig 9 Fig. 10
Fig. 9. Structure of dibenzo-18-crown-6 (a), 18-crown-6 (b), and dicyclo-

hexyl-18-crown-6 (c).

Fig. 10. Extraction isotherms for HNO, extracted by 0.1 mole/liter solu-
tions of crown esters in dichloroethane: ) dicyclohexyl-18-crown-6, O )
18-crown-6; © ) dibenzo-18-crown-6; ---) TOFO, ---) TBP; z = [HNO,)org/
(Llstares xH = [HNOjluacers YH = [HNO;lorg.

dtu
2 T
=15
o5 1,0
<70
T /34
82 1
2 L 0 i S 1 A L
) 200 +00 0'0,0 2 v 6§ 6 W n
X,,.8/Uter Xue, mole/llter
Fig. 11 Fig. 12

Fig. 1l1. Extraction isotherms for Th(e) and U (O
extracted by dicyclohexyl-18-crown-6: yMe = [Melorg.

Fig. 12. Dependence of the distribution factors of
Pu (IV) on the HNO, concentration of 0.1 mole/liter
during extraction by solutions of crown esters in
dichloroethane: e) dicyclohexyl-18-crown-6; O)
18-crown-6; 9 ) dibenzo-18-crown-6.
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P

~N -

. J
=864y, kcal/mole

Fig. 13. Dependence of the ex-
traction constants of HNO, and
Th on the alkalinity of the
crown esters: 1) dicyclohexyl-
18-crown-6; 2) 18-crown-6; 3)
dibenzo-18-crown=6; 8G,4,)
Gibbs energy of interaction

of the extractant with phenol
[40].
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B. N. Laskorin,D. I. Skorovarov,and V. V. Yakshin, ISEC EX 7 7 £#
P45 (1988)
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PSH YT —FNEIYTEIVFOMENOTRRE. CASRBIKFRURETHY,
A AVEBEOEL A LENBENEO S EATEDI I LERLTND, 18-7572-60
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V. V. Yakshin, ISEC EX % 7 & P260 (1988)
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DC18C6  K=0.182-2.0 (1)
DB18C6  K=0.0273-0.01 (2)
KDCI!CE=6.27K031QCQ+2.6 (3)
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Table 1. The maximum extraction

constant values(K) of nitrates
of metals from the nitric acid
solutiona by DB18C6 and DC18Cé
solutions in chloroform

. Extraction cons+
ION Ra;xus tant vnluea.?n
T DB18C6 | DC18C6
Li: 0,60 0,095 0,015
Na 0,96 0,20 3,0
K™, 1,33 1,35 22,5
Rb 1,48 0,28 3,75
Ce} 1,69 0,0 1,2
Ag 1,26 10 31,5
NHY 1,42 0,11 2,4
n¥ 1,44 8,0 51
HA0 - 0,026 0,56
Mg3 ™ 0,65 <1073 0,45
Caz* 0,99 (10_3 0,75
Sr2+ 1,13 <10_3 72
Ba 1,35 <10 27
Z“;: 0,74 <10_§ 410‘%
cds] 0,97 <103 <10
Hg3 " 1,10 <10 300
Pbs] 1,21 6,0, 9600
Cus, 0,92 <10_3 0»23
Pez+ 0,75 <10__3 410_3
Mn3 0,80 <1073 <10
Co<* 0,72 <10 0,015
J+ -3
S5 0,81 <10 0,0
3 0,93 <1023 10°
Layy 1,15 <1077 0,6,
Acy 1,1 <10_, <10_,
Aly 0,50 <107, <107,
°°3: 0,62 <10 <10
.1;13+ 0,81 10 -
Bl3+ - "_4 ‘0’1
Pe3) 0,53 <107, 107 _,
Euy 0,98 <107, 3,6:1073
ch* 0,99 <107, 1,3°1077
Am2” 1,00 <1075 6,3°10
Puot 0.92 <10 4.8
4r 0,075 170
phd+ 0,17 2223
2+
uo 0,062 0,72
Pu0§+ 0,012 4,3
Npo + 01016 3 303
NpOg* 3,3°10°4 0,06
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Table 2

Extraction constant values(13 of nitrates of AM
and AEM and lead from O,1 M solutions of the
nitric acid into 0,1 M solutions 18-crown-6(18C6),
dibenzo-18-crown-6 (DB18C6),benzocyclohexyl
18-crown-6(BC18C6) and dicyclohexyl 18-crown-6
(DC18C6) in chloroform at 25% 0,1°C.

Crown-
-ether

it

Na*t k* Rb*

Ca+

2
Sr *

Ba2+

Pb2+

18Cé

DB18C6
BC18Co |
DC18C6

<1074

0,018
0,030

1,6°10°7

4°10~°
3,3-107
0,020
0,72

0,18
30,23
0,95
14,6

0,060
0,049
0,015
3,

3

0,030
0,062
0,092
0,72

0,01
10,6

o,
8,

270 13

01
2
1

o,
49,6
4232

016

Tadle 3

Distribution coefficients (D) of nitrates of AM and AEM

at extrsction from 1,0M solutions of nitric acid 1nto

0,025M solutions of crown-ethere in cnlorororm at 252 0,1°C

Crown-

Distribution coefficients,

n

Separation

factorLé

ether

Li*

+

Na K* calt

Sr2+

BaZ+

K/

NJSr/CB

DB18CH
DB20C6
DB22CH|
DC18C6
DC20C6

D.4.10"¢
K.5-10"%
3.2.1074
J-Of10'4

DCZZCﬂ

8.3-10"%|g.2-10"2j0.7-107¢

5.7.1073 5.2-1073 1.5-10‘2
6.2+1077 5,3-10‘3 8.0-107>
12.5-10"3 0.23 [6.0-1077

7.7-10748.7-1074 13 25. 1077

b . 5-1074
1,0.1072
b1.10"4
4.3

3.5.10~%
7.2.107%

5.0 10-4 l7-2'10-4 15‘75. 10':

2.5-10"¢
k11074
5.1°10"-
2.1

<1-10~4

¢1.10"4

11
0.9
0.9

18
0.6

1.4

0.04~
V.66
0.01
7180
0.07
0.13
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(32]) MEROHMEDELEWLS 2O BELLENEROTFHES®
A. M. Rosen, ISEC EX /7 D £&# |L-1] P62 (1988)
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X, HEEA P EL L THENLBEIC, PILAYRUTZNVNAY IEEROHME TH

ETHd, (2L, WOEHA IO TIULEIEYFLICLBDITTEREN)

MRk

UERE-BVWEFRZFRoBEKBVWTR, EFT77748—, BFREAKR-BFHERK
HEERY, SELHHA2zRELT. BBnF—82—(15)A2n, RAUKRIHEZA TS Y,
KA-BEMAAZXLOFHE, T2bB9TEICRAH LA, RPN = (Pu)DEKXE
EE--HRE, BOEFHRLEBRIROHESGHCLIDIERRT I LN TES., K

NR(D--B)E@MEEOLTSEY,

8Ge.=48G,a1v—A2Gn,ar : dHou=4H, 6 —A3Hn, 0~

lg K=A—BI{—pll

lg K/Ko=—BI(X—Xo) —pl(l—1o)=0p 2o +IJIE,

lg K=A—BIX.rr—pll=A—BIXk+B'las.—pll

1g K/Ko =BI(X—Xo)+B' (0, —0.0)—pl(l—1a)=p Lo
lg K=a+bPA=a" +b'E,

lg K=a" +b"pK

oTIowvz—FromEhe BREZ2ANBEASILICEIYHIMNATES,

1S. Rosen A.M ; DAN SSSR. 263. L165 (1982).
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Data on ketone-amyds-urea

R2C0 NRéC(O)R (NR'2)200
Distribution coefficient,
ot.. 105 37 88500 61900 ]
Yco,cm™ 1730 1640 1642
Donor number
(AH with SbCl.) 17,0 27,8 29,6
A\>(OH)/pl'1eno]./cm'1 224 343 340
q° _0029 "0136 -0.37
PA,kcal/mola -189,0 -205,2 -210,3
319(0)' ev 538,0 536,78 536,70
{ngé.\
I |
]
“
AN
K,
D I \\\
2
-2 N ) 1 L
5 06 220 230 240
L X etf N PA. Kcal/male

?15.1. Effect of the structure on Kex
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o HEVB, (1)
Ly g g ‘8 5125 85 875 -5l ./
7 8 9101112 [ A L J._l—x : o
n ~0.6 - o c.6 2 T et oo1 2 J 4S5,

PK H:O
Fig.2. Bffect of nc'1-am1nea, 2-phosphonates
Fig.3. Amine salt EA vs EX of cation R,H

141
Fig.4. EA vs basicity

u b o o1
“T %.K 4“1 2%2“1 4“‘ _\\
/o o T
D = x
uo, | < o
\ RJN : AN o
m ol | of o
0! / Rq | -k
R AsO ! ':‘l U 2,09
ﬂ‘laA 1 ; /x ‘; 7 .€0 ‘ 15 A{X/z 4 5 6 z{
xy.Mmale i !" Is ﬁ? DK l? : zL { Yo
Pig.5. RoNO and R4AsO extiraction A '”°zﬁ
Pig.6. EA vs EN (AA3I)

P1g.7. EA of UPA
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LR L 4
! Pu WP /
2 3 /0
o L/ b
L, "
L} : mo,//{ /ﬁ,mﬂ
"T\ uh 7 ]
VA 0
W .
! 1 L Tn”
Z 1 | 2
¢ 61?10!.0""%/! aGry
Pig.8. Crown ether R,-18-C. extraction (0.1 mole/l in DCE). R: 1-Ph,

2 - without, 3 - cyclohaxyl; Zay/{L7

AG _=aG -A06

ex solv hydr §°Hex=AHsolv'AHMdr'
18 K = A—BZX - le'
18 K/KO = -B:(X—XO)-pZ(l—lo) =f'264+ é—ZE‘

1g K = A-B3X_,p- P21 « A-B3X + B'36, -pZ1,
lg K/K, = BE(X-X)+B'Z (G- 570)-pE (1-1 ) = ¢PrGP,

1gKk = a + bPA = &' + b'Eg.

lg K = a"+b"pK,
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(106] MR 2R BHE7 /7 FFHERMELTDISIVI—F I BHEOH
s BRoRRENMIT

Robin D. Rogers, Cary B. Bauer and Andrew H. Bond, Journal of Alloys and
Compounds, 213/214 305 (1994)
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EHAFRE2.000RITFLYTSILa—)be (NH,).S0.0HMICE>T, K2 H#EFR
28T 5002, Pu*t, ThW " RUAM O S EEHZHARLE., KBHEISIVZ—-F N
18-75 9 -6RULIS-I5U-52EMECTAHWE, 799y —FLBEL,
U0 2T S>Pu* STh* " SAn* OMEICHE LV TE2ERA T YO NBRE., DaaOMIC, E0HERNM
FEHAZBOSHE, LALLZYS, 1NEOSAREEHFEHCHEVREA.2DDI8-75 %
VBB WT, U0 KN LTOaBH AR, —IC, 15-7539Y-50BRIERLT
vy, NHoNOy, H. SO E A IRHNO, L LTMAEhETRYU Y IR4 VIR, BHLIE
TREEZMNICETZE, BEFIKFEERCKECT S,

E#

bhabhiz, PRt H2EBECENT, 739 —FIUA, K2HERCEITS
FIF-KRORRBICEBEEADIZLERLE, LAMLLEDS, R2BHFREBNI Y
T hE, SOVTIVI-FNCEBRPIFNBECERATESZLE, AR
TIENTELRD2E, CRICRULTRZXOERIT, KREESELEB2AANTZISTY
I-FLBEEROERD, BHOONEEHOFERLERDILEVWI7AITF7EXIHRTIERE
Bot, DFRBEKRKZEAANFESRALEDICIR, JVEYLSRABEFNER O TR
HThigeshon, RaBBE, FLOWKEHOPEC-V vy FHICHEL, EE7I7F=F
RUBEESIYERLY T, WY I 2NELRSKTF—BF2E80, 759 —
FLREUOY A RORROFREFTo2TwE, Br3chooEmEsFREOH
RMELTHALT, BRICEILIICIHERZENTE, ZhooltRE, K2HRIC
AT 2HLCVWHABICEATLICEMDNTELITHASD,

K2HBELEEZNDHIZETEIERAAVHRD, HHFDLFENLETEHOHICTIED
iz, 2<ORBROEPFPNEZATVWEILIZHOHATHS, LHrLENS, COFR%E
Fockicsy), eRAA OB, EYTRAEAOANS L WK2 HAD KA
DOETHEYE %R, BHEEICRT LN TES,
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Fig. 1. Ph i 25" i
mg:1 zvﬂ;ssodmgrims at 25 °C (or the PEG-ZOOQ—_(NPL)-_SO. system without extractant. The percentage by weight (or PEG-2000
e \4‘.0 Hso rca.c.; :_:\‘tgc total system composition (including NH.NO;, H;SO., and HNO, il present). The concentcations of
NGOy, HS0,, and HNQ, given refer to the initial conczntration in the sait stock solution. To pr
A . \ s . cpa ! T,
of PEG-2000 stock solution and salt stock soiution wers mixed. I prepare cach sysiem. cqual volumes
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3600 3
3200 3
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Fig. 2. Phasc diagrams at 25 *C for the PEG-2000-(NH,),SO, syste t
. 2 v] 015G, systems with exteactant, The conce i -¢ -6 gi are
the inial concentrauons 1n the PEG-2000 stock solutions. voncentrations of [8-crown-8 given
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TABLE L. Actinide distribution ratios in the absence of extractant

PEG-2000 stock solution* Salt stock solution* Dyou- Dpyss Drmee Dam.
40% PEG-2000 40% (NH,).SO, 0.085 0.045 0.026 0.0096
40% PEG-2000 2 M HNO, in 40% (NH,),SO, 0.039 0.013 0.015 0.0083
40% PEG-2000 2 M H,SO, in 40% (NH,),SO. 0.065 0.018 0.016 0.011

40% PEG-2000 2 M NH.NQ, in 40% (NH,),SO, 0.019 0.013 0.0068 0.0041

*Dan were measured in an aqueous biphasic system prepared by mixing cqual volumes of PEG-2000 stock solution with sait stock
solution. Percentages are by weight.

TABLE 2. Distribution ratios of 18-crown-6 and 1S-crown-5

PEG-2000 stock solution*

Salt stock solution® D
0.10 M 1S-crown-6 in $0% PEG-2000 0% (NH.).SO, )
1.0 M [8-crown-6 in 40% PEG-2000 109 (NH,).SO. .
1.0 M 18-crown-6 in 40% PEG-2000 2 M HNQ, in 10% (NH.,):SO,. 1.1
1.0 M 18-crown-6 n 40% PEG-2000 2 M HiSO, in 40% (NH,).SO. 0.94
1.0 M 18-crown-6 in 40% PEG-2000 2 M NHNOQ, in 10% (NH,):S0. 11

1.0 M 1S-crown-3 in 0% PEG-2000 30% (NH,),S0,

1.0 M 15-crown-3 in 40% PEG-2000 M HNO, in 20% (NH,):SO. 1.1
1.0 M 15-crown-5 in 30% PEG-2000 M H:SO, in 0% (NH,).SO, Lo
1.0 M 15-crown-5 in 40% PEG-2000 M NH.NO, in 40% (NH,).SO,

IENERE]

‘Oz was measured in an aqueous Siphasic system oreparsd by muing equal volumes of PEG-2000 stock solution with salt stock
solution. Psrcentages are by weight.

103
3
- Ouviy
3 Oauvn
] Coutny
2 - Omrvy
l—i Flas )
e 3 _,.-"‘x’ ~0
F---7 - -n D
§ - - Am(lID
o a ‘)_)-
J" a—
oo 8
E o
001 : . : — : v ; T
1 | 10

{18-crown-5]

Fig. 3. Extcactant dependence profile for 18-crown-6 in the 40% (by weight) PEG-2000—0% (by weight) (NH,),SO, system. The

concentration of 18.crown-6 given refers to the iniual concentration in the PEG-2000 stock solution prior to mixing with the salt
stock soluuon.
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Fig. 4. Extractant dependence profile for lS-crown-5 in the 40% (by weight) PEG-2000—0% (by weight) (NH,),SO. system.
Concentrations of 15-crown-5 are reported for the initial PEG-2000 stock solutions.
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S~ From Myasoedov et al. {7.3]

A
/
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Fig. 5. Correlations berween D,, in the 40% (by weight) PEG-2000—40% (by weight) (NH,),SO. system vs. the standard enthalpy
of formation of the aquo ion. The four data points from Myasoedov and coworkers [7, 8} cocrespond to a total system composition
of 15% (by weight) PEG-2000-14.4% (by weight) (NH,):S0..
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(4] Na A A VN TOIRUEMBICRIFT, SRYV-16-93 9 -5{t&PDH 1 K
7-LE{LOHR

Akira Ohki, Jian-Ping Lu, and Richard A. Bartsch, Anal. Chem., 66, No.5,
March 1, 651 (1994)

EE

SRYJ-16-73 7 2-5D3-C-TN) v IZnPFLE—-RYD, 12X@F220RY ¥y
Py —7oftmen, BRSBEESFOL", & RUFKTCHT /A F ) 7OEM
EBELAR Y Z2CRETRBECDWTHBELE, Y4 F7—LnEkiZ, ZiLFI,
OCH,, OCH.CO.H., OCH.-C0.-CHs, K T'OCH,C(OIN(C:Hs):2=v h%2&EA T3, TR
Na" /K BRI, 12 F XU TPOHAR7—LFORRDEEEFNEGELS 2D LMY
3. BEZEUVHAF7—LE2BFSERVI-FUIITA-RIADLDO2O7IVE L
TN—TOBAZ, &Y 4 boBidEBLICL> TN /KTOBREEZMNT S,

N /LI OBIRVER, 1 2% Y7RDOYA K7 —LOTELICHL TN /KO ERHE
DELEELK B2 EE{ET 3.

7

SRUV-18-753V-BDIODNDRETV Yy SOFRORE~AD, 1 vkEchnn
Y4 R7—LBEAOEBEEL, SE(1 4V EREBEBRCE T (A F2 Y T7ONY
AhiZEo2THu IS, Na /KCOBRER, Y1 N7 -LOBRROEERENNT
L. FEERAAVESHAPOBHERILICE ST, ZIFNITIN—-TOBREEXEL
44 KP—LEH2E, ALYV /BREODBALLEI>TEHNSND, Na /Li"DBREE
2, A7 22y 7HOMEOTRICHL TN /COEBREOELELELS RS KL
2RT, COELHOLER, KENTIEEYRBAEOERICILIZIDBOTREL, Y47
Jo 2RUZT—FLBHARICETS, Ya ELi"OBERERICHTEILNTES,
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o]
o/
R, Ra

1 ] H
2 H CaHy
3 H OCH;
a H OCHCOpH
S H OCH2CTaCaHg
[3 ] QOCH>C{OIN(C o452
? Caks OCH,
8 Cars OCHCOpH
9

Cars OCTHaCTHCaHg
10 Ciyry OCHaC{OIN(C 2Hs)2

Figure 1. Structures o! dibenzo-16-crown-5 and related lariat ether
aerivatives.

Table 1. Polentliomeiric Selectivilies 10r Dibenzo-168-crown-5
Compounds 1-10 '

crown or

R lariot ether  log Knor"™ log KoLt

“.| = H
H 1 «0.42 2 0.04* -245=0.03
CiH- 2 -0.68 =002 -231=005
OCHn 3 -0.07=0.03 -3.08=0.07
OCHCO:C:H:. 5 -0.05 =004 -3.57 = 0.04
OCH-CO:H 4 -0.65=002 -346=001
OCHJCIOIN(CsH iz 6 -0.79=003 -3.02=0.06
R| = C\H?

OCH, n ~0.34 =003 =299 =0.02
OCH1CO:CxH: y -1.42 2002 -3.7320.03
OCH.COzH § -1.74 2003 =3.52=z=0.05
OCHAC(OINICaH.): 0 ~1.98 = 0.02 -2.8¢ = 0.01

¢ Average and standard deviation (rom duplicate measurements

of potentiometric aelectivities for each of Ltwy membranes (i.e.. lour
determinations).

\fé\o \r‘x\o

0O
e 4
/ Ve
pseuao-axal pseudo-equatonal

Figure 2. Side-arm orientations in dibenzo-16-crown-5.
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Table 2. Dittersnce In l0g Ko "™ *

R, Alog Knex?™ Alog KnexP™®
OCH,4 -0.41 £ 0.03* +0.09 £ 0.97
OCH,C0:CaHs -1.04 £ 0.04 +0.14 = 0.04
OCH.CO:H -1.09 £ 0.03 -0.06 = 0.05
OCH1C(O)N(C2Hs)2 =-1.19 £ 0.03 +0.18 = 0.06

¢ (Alog KoM = log KnemP™ (Ry = C3Hy) - log Kno P (Ry =
H)]. ® The standard deviationis the larger of the standard deviations
for the two potentiometric selectivity values being compared.

0.0
R
Q.5 ° 2
.5 -‘ L ] OCH2C°2H
. ?ﬂ Q OCH,C0O.CaHs
&z
< g0F
g
15¢ SRR R P
-2.0 —

H 2 4 3 a 10 12 13 36
Alky! grouo chain length (R,)
Figure 3. Eftec: ot the geminal alkyl group length on Na = /K~ salectivity
tor tariat ather carboxylic acids (R, = H or CHapey, With n = 1-16;
R; = OCH,CO,H for the structurs shown in Figure 1) and lariat ether
esters (R, = H or CHaser, with 2 = 1-16; R; = OCH,C0:CaMy).

-2.5
A2
O OCH,COH
3or L] OCH,CO:C,H,
3
<2

v IS5 W

.
g TOUNIDUES P i

L 4
40P

a5 N i N N A A N A .
H 2 4 6 8 1 12 14 16
Alkyl groug chain length (R,)

Figure 4. EMect of geminali alky! group length on Na “/LI" selectivity,

The lariat ether carboxyllc acids and esters ars the same as those
given in Figure 3.
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(8] HBAEBECBTA2HL WHEHN
C. Musikas, Solvent Extraction 1990, T. Sekine(Editor) 297 (1992)

®E

BEFAIRXRDCENTRC, EFCAKOBENRZ WL DD OHBEROBEICONT
VEa2—-LE, 77F=FESVR=FK, FPOTSF ) AN, Ru, Rh, PAdLEIRRIC, 7
WAV RUZNVAVLIHEROHERICODOWTRALE., FREEEHWOREEDOL Y
YRoHBERCESEEVE,

EE

ERRIRIVE—-—DHARIT, NTUVI P2 TEIRACHFEL>TVWDE, FhBEEE
DOEER, KECEEHEIHMLTVWS, EHEFRBRUNSOBRRELBRETEIZLANT

£5, TITHEDKE, FLEEHHBONK DL OF v Y TERBLETRERS
e, '

ERALIETRETOIREDORE2FBTIS2.DICR, RECKATRLMBEAN L
FRANFZL, REOESBEISYETIN NV LORKRGKOBIRZBH LT S,
BULEIPMNSIFIA4DFT, TBPENN -7 FNLNT7IARICBERADISLICES T,
BREVORZHIBRTIENTEZN, T0EHIZE. BRonzEoTFR - HAEALS
VPETHD, 1) a-BEE, 77F=F, 2) S ESr* DL HLREBMOFPERL =
EicsY, BTHBREDOREZBSTILATES, BElOBHOEHICE, NN -
FRIPLFNTAONR VS 7TANREBRESRCEARBLLEMREMERNTSH 2,
LA2ALLAS, METREREDVWOMBICKET S, T4 7022 FH¥1A T 53E
DS, BCHARARILETH S, HNO, IR, S'?7Cs" L°°Sr*" 2 T oMY 7
OEAARESATWEN, TEMLCAOGTERIER, FRAOEZALA T(ALKS 4 K
70t ) XRMEFNRL T(I537 VZ—-FUN)DEILRENDEDICRO AL D
EBbnd, BKICHIMNFP(Pd, Ru, RO EHERATH S, b LA BRBEINIRRE
N3, COLHILEREBRNTSHIEIVWVBRELLDITHA), Ru, AR T, FHICRhDTE
iz, E<HRZATLVWOT, KARLAHAGIITHALETF -8 —IC& o
THRBLETOLAUNDTOCANMEBNLLS LEELBTHHSAS,

KX R
5. BHMMBICL B 7CsT LS

PUCST LS RBHICLIRARE, EXNFBREOKE, ERETHTH, ME
FHEERLBARDEDICH#L OBEED I OIBEZATVE, LALLENS, LN
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CLEERBREY S I VOBEY, BEDNISOCLScONBERAL, Chon—FoFH
AEXx, XRERBCEIHBREEAZICLE, AEHE3A T3 THE, COE
TR, BEMECIYVRRZAZTHECDVWIEET S, BEYWBETOMEO LI,
BLAKHZ 7O, BUEAFA7EMTE2IA0HFRTHE, Ch i

Fig. IB(EM)ICRLEPIFoFRRNETHDODO S, 20 EAE 7ot 248

REATHWDd, BE1OHEWR Rais et al ISEYRBRELE, 1A UR7 Fig. 6 KR
U7 H'{([q-(3)-1,2BsC.H., J2Co (U ANKS £ KIICEBH DT, H ACs” X ikSr2vic
FO2TEBREZNE, COEILKROFRHRZ, —PaORVYEVTEEFLLETELRED
12THd., KEBANORYAFYIFLYOEMIZ, Sc* o EHKSES, 2
AEFSBLOE Y LEORMBICRTE2LNDTHD., CZTBREAMKRS A KT, Lizgty
TEJVTFULYTHD, Cs S nlERUBHE D RME X, Table 6ICRL 7=,

2739 —FNE, YA XBREBEFLL TALNA TS, Kinard & Mc. Dowell
i, PLVAYRUZPILAYLIEER- 759 /T —F KNI IZ, HDEHP i 2 K
FONTTZRUYALT+VB(HINS)D & H %, REaHBREREROFTEC L > TH
K+ 2F%RL %, Shuler et al (X, FPIER X IR L =3MHNO, EH A HCs™ & Sr* &
EITBEMHMIC, 220D F9 VT —-FLEBBRLE, EhB0HFRIZ, Fig. 6IKRL
e 739V —FUEKERBHETIEDIC, BELL T8y O »-27%TBP-5%
HDDN#ER LU =, SBH £Table ICRLE. LALAAS AL AMSABEORSE
i, 0.5YHNO, BHICL B3Cs LS DB ARLE TR W ETH S,

& KK
Kinard W. F. et al, Sep. Sci. and Technol., 15, 1013 (1980)

Rais J. et al, J.Inorg. Nucl. Chem., 38, 1376, 1742 (1976)
Shuler R. G. et al, Solv. Ext. Ton Exch., 3., 567 (1985)
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) B (Cs") ¢ (srd”)

1-

XXX el ’“ g:if “
2 Loy e
S5

b\)rvw

.W.’ Crown XV!1} Crovn xvi
,)( Bis ¢.¢ (5 }{l-hydroxy Bis 4.4° (S ){l-nydroxyheptyl)
. QL::. q 2-ethylhexyl Ibenzo 18-crowvn-6 ¢yclohexo lB-crowvn-¢
i |
Fig. 6. Structure of the reagents used for Ce~ and Sz extraction from acidic
solut:ions. A) Co dicarbollide - B) Crown XVII - C) Crown XVI
Tadble 6.

Distridution ratice of Cs  and 5:2'

Solvent Agueous phase o} 2 o]
St Cs

3.0l M gicardollide 0.1 N HNO 4 569
- nLzrobenzene 0.002 ¥ polyezhylenglvcol
0.0l M dicardollide 1 N HNO . 15,3
- nitropen:ene 0.003 M polyethylenglycol
0.01 M gicardoll:ice 0.1 N HNOg 102.6
- nitroben:zene

- = 0.5 N HNOI 22
0.98 M TB? 3 N HNO, 0.06 1.59
0.1 M HONNS
0.05 M crown XVIZ
kerosene (68 \)

- 0.5 N HNOy 1
0.98 M TBP 3 N HNO, 1.98 0.00
G.1 M HDNNS
0.C2 M crown XVI
kerosene (68 \)

- - 0.5 N HNO, 2.97
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(L2l FLw A bOUYFOLBREME 7 O b 75 788
E. P. Horwitz, Renat Chiarizia, and Mark L. Dietz, Solv. Extr. Ion Ex-
change, 10(2), 313 (1992)

BE

4,4’ (5)-bis(t-butyl-cyclohexano)-18-crawn-6n* 7 2 ) — LEEH %, FEHES R
BXFECERZIELEFLOWBEIOTN IS 7BEBO, 2<OPNLAY, PLAY £
BRUETOMOERBA 4 i T 3, ScOBRUEBCRETHEBEOE B>\ T
L. BEICE2SIRFICRIET, BRLEREDOT VOBV BBICOVWTLRE S
o1, HWEIRRLETROBRELTIEMLT.SrcHT 22BN BIREERLE
B, RUAlNORT v =0 L, ROUZYLBU TN LORANBEICHLTAE A
BRNzRUE, E5icCaXizNas 7 > g, ~0IMEZTOBRETIRISINEFE*ZLLE
Fetonwl edbdrork, BOoNEERBICET VT, EZALhBdWL2r0FHELK
HEFEADHEIXF—LICODVWTEBNLE.

7

COMRDERIZ, 4.4°(5)-bis(t-butyl-cyclohexano)-18-crawn-6m 7 7 & ) — Ju
BHE%Z, TEHESRECBRNEEtEHME /O NI 79HER, BBRICENT., LEun
BWEBOEBRA A S, MBETHROLSIONBELRBETS, B L &ETTIER, =
DEHBEREEREIZIBO7Z77FF(Tad5, Pull), Np(N))EREWBL L THE
AT s, COBRHER. 2BOBELETIRAED. HEOKRBICINT I /70BED
AYNTEANEZN eI, SZEBNMLELENR2L DB EBEET LN TE
DI LERBLTVS,
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TABLE 1.

CHARACTERISTICS OF STRONTIUM-SELECTIVE EXTRACTION
CHROMATOGRAPHIC MATERIAL AND PACKED COLUMNS

BULK MATERIAL

Stadonary Phase

Suppon

Panicle Sizes (diam.)
Extractant Loading
Average Density of

1.0 M DiBuCH18C6

in 1-octanol® (p = 0.912 g/mL)
Amberchrom™ CG-71 or Amberlite™ XAD-7
50-100 pm; 80-160 pum; 100-125 pm
40 weight percent

Exoractant-Loaded Beadsb 1.12 g/ml
PACKED COLUMN
Panticle Size

50-100 pm 80-160 pm
v, ml/ml of Bed¢ 0.14610.004 . 0.15210.004
Bed Density (g/ml) 033 0.35
vm (Also F.C.V.), ml/ml of Bed® 0.7110.01 0.6910.01
vsiVm 0.2110.01 0.2210.01
Capacity:
Calc. mg St/ml of Bed 12.8 13.3

Exp. mg Sr/ml of Bed

* 10.6 —

8 | M concentration of DiBuClHl

18C6 in 1-octanol is close 1o a saturated solution;

therefore, the Sr retention from nitric acid is close 1o the maximum that can be

achieved with this system.

b Picnometric density and Notation density values were 1.079 and 1.157 g/ml,

respectively, using the 50-100

pm particle size resin. The calculated density is

1.094 g/ml, assuming 100% pore filling and no swelling.
¢ Average of five measurements: error is onc @. :

107 A
102 -
10
100 ]

|0':’

LARRLRALLL MR ALY | LA LA LA RALL | LR RALLL | v rvvmg
3 <

4

Ba ()

ST

Ra (i)

’/7\' 3
Cs E cam ]

A Al llllll AL AIAIIA.' b A A1)

FETEPETTTY BT YT AT

102 .
102 10! 100 10' ‘102 10! 100 10!
[HNO;) M [HNO3) M
Figure 1. Acid dependency of k' for alkali and alkaline carth metal ions at

23-25 °C. Panicle size of loaded resin: 50-100 pm.
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10°

E Ty e
b F Po (1)
2 -
0 g‘ Po {IVv) 5
10! E ' Noavi| |
x Tn (lvy; E
{ } Sr Te (vin)
100 E : 3 F
‘i f : 3
E % Kg 04 ]
‘O.lE D’;y 3 3 Ky<0sd
£ 3 E
Am (li) o ‘ _
T -~
102 R sand gl NPT BT BT
102 10°" 100 10' 10 10! 109 10!
[HNO;3) M {HNO;j M
Figure 2. Acid dependency of k' for the actinides and other selected ions at
23-25 °C. Partcle size of loaded resin: S0-100 ym.
10 T T T 1 T T T T T T ]
9= -~
8 -
7+ -
100-125 pym
- 6F .
o
»x 5 -
E
Q 4 -
3 50-100 ym
2 -
1 -
0 L
V] 50 100 150
Free Column Volume
Figure 3. Comparison of elution curves for Sr from 50-100 pm and

100-125 um particle sizc strontium-selective resin. Bed volume =
0.59 ml, L = 10.1 cm. Bed density = 0.33 g/ml for S0-100 um and
0.35 g/ml for 100-125 um. Elutrient = 3.2 M HNO;,
Temp.23-25°C; Flow rate = 1-2 ml/cmZ/min.
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TABLE 2.

ELUTION BEHAVIOR OF COMMON ELEMENTS AND FISSION
PRODUCTS ON THE STRONTIUM-SELECTIVE RESIN

PERCENT OF ELEMENT FOUND IN F.C.V. ¥

00s M
3 M HNOj - 0.01 M Onalic Acid 1INOy
Element 1-5 610 113 1620 21-25 26-30 Ji40  F.CV.
Li 100 - - - - - -
Na 100 —_ - —_ - —_ -
K 66 RH - - - - -
Rb 100 - - — - -_ -
Cs 100 - - - - - -_
Mg 100 - - - - - —
Ca 100 — - — — —_ -
Sr -— — — - —_ - 9
Pa - - 53 I}) 6 07 —
R ——9— ] - - - -
Al 100 - - - — — -
Cr 100 - - —_ - - -
Mn 100 - — - — - -
Fe %9 0.6 0.2 0.4 - — -
Co 100 — - - - - -
Ni 100 - - - - — -
Cu 100 0.2 - - - - -
Zn 100 0.2 - - — -
Y 100 0.1 - - - - -
(/] 91 04 0.2 - —_ - -
Mo 84 16— — — —
Tc 57 4} - - - - -
Ru 100 - -_ - - - -
Rb 100 - - - - - -
M 100 - — - ~ - -
Ag 15 88 2 - - - -
Cd 100 0.1 - - - - -
Ls-Eu 100 0.1 — - - - -
Mg s [ 19 40 19 10 [

Column parameters:  Particle size = 50-100 pm, Bed Volume = 1.0 cm?: Bed height = S0 cm,

and | FC.V. = 0.60 mL.

103 —— T Ty YTy T
% 4
24 -
10° ¢ Ca(NOs)2 ]
or
NaNO,
B \
x
10 |- g
! KNO,
of
KCI
109 " s a2 aaaal n it sl " s s a sl I 4.4 2 asa)
103 102 ~ 10! 100 10!
[Salt], M
Figure 4. The effect of matrix constituents on kg,. T =23-25°C. Panticle size

of loaded resin = 50-100 g,
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10
H,0
Sr
10° <
b~ L0ad + RiNS® ~——ee——ud

E 10* 4 55 FCvV
° (3.2 M HNO,)

10° o

O
102 "‘ 'L L4 T Ll &
0 5 10 15 20
Free Column Volumes
Figure S. Stipping of 85Sr from srontum-selectve chromatographic resin.

Column dimensions, bed volume and conditons are the same as in

Fig. 3.

TABLE 3.
RETENTION OF Pb IN THE PRESENCE OF YARIOUS REAGENTS 23-25 °C

Reagent kpp
0.1 M Ha2SO4 4.4
0.1 M (NHa); Sulfate (pH 6.0) 3.3
1 M Acetic Acid 48
0.1 M (NHy) Acetate (pH 7.0) 75
2MHC 163
0.1 M (NH4)2 Tartrate (pH 6.7) 0.55
0.1 M (NH4)2H Citrate (pH 5.1) 1.05
0.1 M (NH4)2 C204 (pH 6.4) 1.5
0.1 M NH4HC204 (pH 3.2) 4.0
0.1 M (NH) O3 (pH 9.1) 6.4
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om

10*
01 M (NH,),C,0,
Pb
10'
10° 4
Load « Rinse
60 FCV
(01 M HNO,)
107 4
10° — /- Y T T T
0 5 10 15 20
Free Column Volume
Figure 6. Swipping of 212Pb from sgondum-selective chromatographic resin.

Column dimensions, bed volume, and conditions are the same as in

Fig. 3.
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(3] 2OV F U LBREBE 7O M /S THMICLZ W< 2PN BRENE SR
AZ0MECRIETRBEKFS  HRBvsERHI-T
R. Chiarizia,E. P. Horwitz,and M. L. Dietz, Solv. Extr. Ion Exchange,
10(2), 337 (1992)

RE

BERAZhAE2bOYFILERGEBE O NS 7BIBICE S, BIREQE 2
ffi(Ca*®,Sr**, Ba™®, Ra™®, Pb™, U00.**)R U 1 fl(Na*, K™, Rb*, Cs*, TIND & &R
A XDV —H—UNRNIBECETIHEKCODWT, LI~THOREVBTHREAR
NDEBRELELTHEREF>E, -4, 2RALY,. BRALEUVKEOSBBELERTF
HEEASDETRELE., HEFEREG ST 2L BRMEEHEREHETRN L,
HHEBEFOLRWMEED, EHREREACWTHFGELE., MEERISOERER IS
LB RIRPOTOREKCRIETH Y INT MY v I REBOC/IOBEOHE L T2
T3DICHWSAE,

&

ZEZR, FLWRAMOVFOLEREIOZ M YS7BMIBICMNLT, BXOBRED
WBr*sSUE®R»» LD, RRNL2@ERTIG@oB A A ropdEicdsnwTEohsd, £
BoSREvsBMOn—Tid, BHEFTEHRTIETH, Tobo2RBE, GBER
TUKEEBROBEREMOHEGLEICEL ST, ERPKRTIENTEDIILETRLE,
Ca*?,Sc**, Ba*, Ra*?*, Pb™%, U0.*%, Na', K*, Rb™, CS"RUTI"nfEic>nwT, &
ozHEEEERDE, HEICHBIT2F-T77748 -3, BREBRPOI L~ -
BURXIOERBERENEWEFABROBETH D, 92NDHBTTO20r — A (Ra* & TL®
KD2WTREELLMDE)ZDOWVWT, TEB X Kusik-MeissenerEIC &> T, ERF—
Bl s — BT 2ERBREOENEERERDIENTES,

CORRBRICEVWTHWSALHENGBRE, A OV FILEREBMEBLEOMOER A
TUVONREHETFTHNT 2200, FHEECLOTREER, TERIFEKOR7FIC
BEFEZNE=259 T —F)U, DtBuCHISCON EFRBHNICEIZ2ERMBOME R, ZKD
LEEmELEIRL 7 Jo—FL, T4 -0BEELZRAVWC, ERMVICZRTE-L
NTEBZLERLTWS,

CORFRTEBON-HEEKOTRLEAL LT, EE%Q, BBICX35r >0t
CRIEYT. 20 TN b v I ARSOTI0RBEOHRETRHL, EREICHE
FELE., FELTEEP-THF A DO THFo22, TIHLEHOBE B HIC,
ERNLEZZIBESDTHE WL,
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TABLE ).
WEIGHT DISTRIBUTION RATIO (Dw) OF METAL CATIONS BETWEEN THE
STRONTIUM-SELECTIVE RESIN AND 1HNO) SOLUTIONS.

T = 2310.5 °C
lon MINO3) Dw lon (1INO)) Dw tlon  {HNO3) Dw
M M M
s*2 0020 043 Cat? 095 013 Rb* 010 LI
0050 1.5 1.9 0.30 025 18
010 3.1 28 0.40 0s0 28
025 146 39 0.50 1.0 13
050 253 49 0.63 20 256
1.0 64.7 7.0 0.70 3.0 26
2.0 135 60 0.68
30 145 Pb*2 0020  2.90:102
4 161 0040  4.54a102 Nat 0095 021
5.1 178 010 913512102 026 048
6.2 188 0.27 1.962103 0.49 0.46
13 1% 05t 2112103 0% o0n
1.9 064
Ba‘? 010 19 :‘g ::;::g; 29 059
027 59 28 233m103 4.9 0.38
0.51 14.7 19 : 3 7.0 0.24
1.0 245 . 1.90x10
20 312 49 15510 Cst 021 010
29 18 20 Lo 05t 0.8
a1 30.8 10 0.2
51 2.3 uo;’ 0.50 0.45 2.0 0.18
1.3 149 1.0 0.76 30 0.21
20 1.6 5.1 0.15
Ra*2 010 11 1.2 22
0.27 1.8 4. 37 It 017 106
0.51 26 s 5.5 0.13 16
1.0 3.9 7.5 5.0 056 137
1.9 44 1.0 14.4
29 4d K* 010 19 24 16.0
4.1 3.0 0.25 3.7 39 98
5.1 2.5 0.50 46 5.9 8.5
7.3 11 1.0 7.7 7.1 29
20 12 97 23
30 7.0

60 1.8

Figure 1.

104 F—w‘rrnnq"‘—r—'hTmlr—r—r-mwg‘
Pbe? ]

103 I—

- @

10? | -
3 - .
a) -
10" - E
5 .-_

100 |
10! 13 1 sl J
102 10! 100 10!

[HNO3). M

Weight distribution ratio (Dw) acid dependencics for Pb*2 (@),
Sr*2(O), Ba*2 (A), Ra*2 (A), UO}' (W) and Ca*2 (Q), with the
strontium-selective resin a1 2310.5 °C. Continuous curves
calculated with Eqn. 19.
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Weight disaibution ratio (Dw) acid dependencies for 142 (O), K*
(®). Rb* (A), Na* (M) and Cs (O), with the strontium-selective
resin at 2310.5 °C. Continuous curves calculated with Eqn. 19.

Figure 2.

[HNO,;Crown), M

10 |-

06 |-

04}

00

Figure 3.

| 2 3 4 5
[HNO3). M

HNO;j extraction by DiBuCHI8C6. Bquilibrium organic
concentration of HNO3 Crown vs. equilibrium aqueous HNO3
concentration at 2310.5 °C. Continuous curve calculated with

Eqn.9.
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(4] 75390 x—=FLANEFSL—- KD SD, PLAVEROBRIMEHE
Richard A. Bartsch, Wladyslaw Walkowiak, and Thomas W. Robison,
Separation Science and Technology, 27(7), 989 (1992)

EE, KWl L
Fr i

ERAACOREROERNMERELTOISI VT —FNM(Zr7aH 147U v 7
RYZ=FL)ORFY v iE, FOPMY-4 T {ETNVN-TRIZ b E2HEDI T
DUI—FILOBAKLEST, KnicEsHshr, (1--5) &BA A ommEE, (K
TOHHERBIANOKE7Z7AVDOINFI V2T 7 —DFLETHRWIENRENT S, (6)
AL TObr Y- AT IEEDO IS VI -FIOEENILAOTREER, HN— KK
H7=—aA>(ELY., BEE, FEME)2SATWIHBE, CORFRIEFICERETH S,
SRIEMAT, FOb -4 A EBEIN-TIERLT, " BEOKESERODAAVE
ATHOESER, FLLW2BERUFL-MNRARLLD, BR77749 -1, Lz n
RERAZUN, FREIPSEBOKBEICEI>TEREZNIETRSTH D,

CEBEOHRLERECRIEFET, A A VXYV 7ROBELLCLNONBEIEBTSE
DIz, HADISO VI —FLANEXZIIINBET AR T A=Y 7IBEIIATINES
BLZ. (1) A, SRV ISIUI-FILALEFO VBRI QKEEM»S, 5
EO7NHA)EBRBAAVEOBRICLIAZ2REFHBET, BN 0ERMEEEXS. (8)
T —N—A— L TN MEBBICOVWT, LoBEERENA — X —1&, Na7 2K
SLi*>Rb™. Cs'. Na~/K* =32, Na“/Li*=66T, 70074 NLEICERXIZCs™ R
REzhnhror, (8) HMOFRETR, FRFRAOBEDRL BRECREITRR
N, 2OEILTOPY-AAVLITIVI—FANIEDODVTRHRASA TS, (9, 10)

COFRTIE, PHRERAFY FBIARRECEBLE, ERA TV OFEMEDRD
R, CHBEOTFRT, LELIERBREZAIYN, HAORBHCBT2ERIAVOR
SGEMEOEREIZODVWTIR, HDEVEILLATLWLEL, ZOHRETR, SHOZ VA
DER-ALRESL—F22560, BAOBRENEBMKERI-LIERI TV ORS
FmEic>WTRREIT-E.

ERERLZER

Fig. 1420.010--1.00M&MIC L D, 0.05M0 5O Yy —=FINALKFIL—H2
(0.010MD SN TP NLAYERD., TAFAOANLKRFIL—MNESL 7DD TNV A
BEOBETRMESEOKED, PLAVERBA A AENT -2 —%2mLE, 2LK
NMERABEOMK L LT, PHEHEETable LICF LEHTRLE,
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B R A AC0.010--0.050M(pH2.0--1.3) D HEIC I, BEYHMEOBRMER, s>
RO*>Li">K*>Na" (Fig. Neld, 2hiz, 7LAVERBAt n1lic&d /700
TANLAOBRSERBEOERENA - T —DHDF—-F—-TH 5. (8) K#EICH
A EBOBEANMNBERERT /7007 VLBICEB T IS 9 YT —FIALEXS
L—hrOBED, LLSASLILCERTZE, ChH5NEBTTR, Lic&>T ooy
ANVLBIREBKHEZAIZINAVEBEBAA Y, a"dARsBHEZAIZI W,

EMERYNPH 1T, EBICRT B3I 9T —FIANEFIL—-bOBREHH2:]

NBE. N"RELICEBEZNAT, 70074 VLEICIOPINAYEREBIAT YO
WK, DHERBRE20.2001B8 0 # (Fig. LR UTable 1), Na" R 47 i
AVERBAAVERRKRIC, ARE» o RE2CHRMEBEAS,

sR{tEBA A DT rv-4 50z —-Fr@EG&IroOEMEIZ, &R
AZ NI O AR TEDEEEF>TWD, &E, EEFRI57 -
TFTILALFZFDNEBEEI Z, BAKBBEP»SOSEBOT7INVAVERBA A Y 0ERY
ASZLBRBEIEAVWBIIEEZRHLTVWS, (I1) BEFZNEZLAVERAFT OO,
SR 0SONERICED, EHIKICEDERE S0 SNEMICLZEMNBEICL>T,
Na 284X OMETETL 757 avHFBoshr,
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CuoMpu L OCH,COM

<

Alkal metal
canan

© o
e o
N\ /4

Metal lon Concentraton

20 1.0 0
pH

FiG. 1. Molar concentrations of alkali metal cations (X 10°) in the aqueous phase afier strip-
ping of a 0 050-Af solution of 2 in chloroform vs the initial pil of the aqueous hydrochloric
acid stripping solution. Li* (V), Na* (@), K* (1), Rb* (4), Cs* (O).

TABLE 4
Etfeet of Initial Hydrochloric Acid Concentrition upon the
Suipping Eficiency of Alkali-Mctal Cations from Alkali-
Metal Crown Eiher Carboxyliates 2

Stripped  alkali-metad  cations

(%)

Toiat 11CH

concentration (M) Theoretical Observed*
0010 20 17

0020 40 32

0 030 6l 50

0 U0 100 B8

0w 1 98

o 100 100

100 100 929

‘Estimated uacertainty is *2%.
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(15] SY 8= FHMDEHOER-1,2-FANKY = NI NKNF—-FPRUER) T £V =
TLtEMERVWIMESAFL

Peter Vanura and Vera Jedinakova-Krizova, Solv. Extr. Ion Exchange, 10(5),
847 (1992)

BE

ZhroORYEVRUZMOXRVEV-WUEELREBEEHICEMI»LE, KEVWER-]2-
SALNTY =N NTF—-rRAAVICEDFLH|M (Z =K, Y, Sc)oicon
THRLE, SEMERICOVWT, XA/MEEY, BxoMEEREUT K-= baxY
TUOHBREZALTO, AF YIS VAT77-ID20TOMNERDE, EIRS V8=
FOBRFESHHYUT LBV T S,

WK DADAFVYZOLELEDONRIELBEERECRETERIODOVWTHRLE,
ZhORXRYEYFOER-1,2-VAIRY = INNVTF—F-18-75 T -60ERIC
2WT, BOWS YA KRNIZDWTHREHDEIREBZOHEN, EWS 82 FIZDOnTiF,
REEHRIBOONE, T—N—A—VOHBEEREI, 777 /FFELLEVWES
Qs ~28EBELT L e~0THoE,

HFRERF(ER)
ZR % Table 1Rk UFigures 1&2ICE LHTRLE,

K/zraxRyEryRoEiconwTR, HE2nwToBxnopEER @A N
T& ') (log K'u-=-5.7, Ref 8i2 &£ 3), LPP—2A4AVIERNTIHMETHOVERT
KA haRYEIADINLDAAOBHIIHTIENTIY - VR NE—AE
Bzht, Thon{d%Table 1iIC/RL .,

EROBEZ, EFESHHUNTILE, GUHDOHIHBIEMI(BLETIET), £4h
L s WERVTEIILNBPELHLATHD., CORINICETDYNOHNEIR, T
AAXVEBOS A FBOGBICHGLTWD, ARICScoL ) BEVWREEMER, Th
AEYPENAAYTHB(FAMEIYKALTNWBI)EDLTHD, = baRYEU(H

TEX =34. N prORYE Y L40voliCCl (e =18.9)BREHEXBT DL, &
REOBEIZAZICHMT S, BMEOERE, avo =22, LALBYNS, BHORKRT
FAUCETHD.

EFESE, ££5248=K(La', Pr**, Nd*7, Eu®, Dy*", Ho*, Er’", Yb*’")®
0. 102MHNO, A & 0. 0117MH*B™+0. 205X10 "*MPEG1000» = h O X v ¥ ~ &M (H*B™/PEGLL i2
BAlHnBoh3EEEALE, 22T B EX-1,2-DANKRY—-NVINNVF—I7
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=% 2, PEGIO00: ENMILAFRNLWORIVIFLIIZFA4T-M(TRHB22L
*>xFULraz=v FPEGL000))

RMESANWNKS A FBET, LaicH L TO0. 050 B ERTPECEEZ R WHROAME
ERRY, COBERBEVWS A= K(La, Pr, N)ICXT S 5B, WAWTH-E=,
toOHARLEAAICDVWTR, DLLOBEZIBZETOHEIERTH->=2, O LiEHE

FEHSZIC DA —F—THY, THERR, ar. v ~2013PEC2EXRVWREFLT
BT ELEERLTVD,

PEGAFEET I ROBMEEBIZ, W< O2HhORBREKOVERESATNDIESD, HEDE
Ritiz, 2BEROBLROBRPOBEICEKET D, Y47 U v 7RV T —FIEY

SHUBMOEEIR, TV KFoHBEKIC, PEGIOOOICHARTIHEHEIZhTEZWEEEZ RIZ
+T. B8 %Figures 384ICF &LHTHRL =,

HBB®&E®D, RUAFVv oLt GEREICNT SHIZ, PEG200~10000FEILS
!TéEu&UCed)ﬂﬁfﬂ(Dgﬁi-‘btt, C.-:CL=2~3§ERLTE_.

PS5 ESELWESICES N {E(Table 1) %2, RRTHESREEHEET D L&,
RO ENDMNDB

— 2SO VDBELEILSVWT, SYAZKFORBEREFESOMERXICRBI TS,
OFFICBITBEYEScOELIZL W,

—15-75% -5, SYA-FRETHENYNGS=10EET D IRV -73
7 v-6(DB18CE)E S 7 unx-18-25 7% »-6(DCRISCEINNFET HHE, /I
ELEHRGRHENBEHON D, BCOOFEILHSITIMETIR, BWI Y2 F
CRHUTHREDREINBHSNDZN, SV FRORFESHET LHEBRIIRL
BYRHERDRHRETRT.

—HRULELETDISTO S DOPRT, 18C6OBHNFICENT A= FICH U T Al HE4R
trEH D,

FOHNBLIcZ, 759 2 (DCHIBCE) 2 MA L VWBENEL I CERERIF LA X IE
T+ 5. (155K TDCI8CE) I8COMFEEICHEVWT S, HYEKOEI, thomEATE
SAZHBEBRLVEL<LREV, (drico=1.80, @carv.=1.37, av. na=1.28,
Anessm=1.38, @sm ra=1.20)

EZESIE, IS VOBETIROTI VA FOMEBTF -8 —-%27539 08 0E
BRrirELE, Sy FDA1 U AERRIEFESOMMICO>NATr=0.119am(La)» &
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r=0.100(L)E TRYT 2., /59 BHLOERZ, 0.17--0.22n0m(15C5) & T°0. 26--
0.32nm(18C6, DB18C6, DCHISCE) L MEZNT VB, £hiMll, 4 XRLT U VS TN
CEH2ZEFOMET -5 —ORAR, —BHOARELWI Lt B, I5C5OTHIZ,
ETOAA V2RI PETE, ISYYSFOREFEFILLES>THREAZ Y Y
TORGEEOHCEINE, BAOI A VOKANBEEL QB2 RET LB »
THd. HFORKKERZIMMT 2, BAOSY2=FOERNIZWOT, BMEDER
MHREYTE, DIFPLAS LY KENLISC6IE, SYAZ KA AV ERFEHICNET S
CENTEDN, dYPZ2VWENWSTVYERZFA A VIZD2VWTR, TALNDEBRN kST
E, EOEDICITIV-AFAVEEDIRINLNX—DFRBITE, BLOERN, 414>
FRICEHICEVWHEETE, MEZEREOBNAIZHOoN 5,

18C6, DB18C6 K UDCHI8C6mMEmE X, EHMICEFLL 28T, METEZ /759U
—TILVOBREFRFT-—EFOREEIIEEE2E5A3, SRYVERUZSD/7UAFILER
OHRELTHPT 2 LHTE S,

LA2ALEaAs, PELRUTOEEEROBENEIE, FLLTHEZAEERS T Y
XT3, ERESPDISTVICRKELETON VY OXBOBRICE>TIRESD, =k
ORXYEF@ICeNDTO b V{LERIZ, DBISCBN Fh L WEHICEHEWETHI I L %
BRTOILENH S,

FLIHRTFEFORLEHNESN., BRICFVWTHULUA-—FT—DKZSTHI DI, 2123
MOFLTHEA A ORI EF o BnI8CEICKTA2EAM I, DBISCAIC N T AL UEE L
BWEEBAZADIENTES, COZELERBELL 22DV nEEEOREWICHE
LTw3,

REFERENCE

8. J.Rias, Coll.Chech.Cfem.Commun., 36, 3252 (1971)
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TABLE 1

EXCHANGE EXTRACTION CONSTANTS, IMDIVIDUAL EXTRACTION
CONSTANTS AND THE STANDARD GIBBS EMERGIES, CORRESPONDING
TO THE TRANSFER OF CATIONS FROM THE AQUEOUS INTO ORGANIC
PHASE FOR THE EXTRACTION OF RARE EARTHS IN THE SYSTEM
0.1 M HNO) - NITROBENZENE AND EXTRACTION COMNSTANTS 1IN
SYSTEM 0.1 M HNOy - 60% V/V% NITROBENZENE 40 v/v%
CARBON TETRACHLORIDE (23° r)

nitrobenzene nitrobenzene -
+ carbon tetrachloride

(V]
Ton K55 log K tka;;ol . "
La’* 26.5 -15.68  85.86 105.2
ce’* 26.3 -15.68  88.88 18.)
Pro* 25.3 -15.70  88.98 102.6
No®* 23.7  -15.72 B89.1a 97.6
Sm>* 18.7 -15.83  89.73 79.0
€’ 16.6 -15.88  90.02 70.2
64°° 16.1 -15.89 90.09 6.6
1> 14.2  -15.95  90.40 S6.6
0y’ 13.5 -15.97  90.52 50.9
Ho’* 12.3  -16.01  90.75 50.1
™* 131 -15.98  90.60 S1.3
vo’* 11.8  -16.03  90.86 45.2
Le’* 13.3  -15.98  90.56 59.6
Y2 134 -15.97  90.54 55.4
5¢3*  5.71 -16.3a 92.64 71.6
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FIGURE 1. Extraction of trivalent rare earth ions by

the acid fgrm of his-l,2-dicarbollylcobal&ate in nitro-
benéene, ST 0.102 M, cg* 0.0487 M, ¢ M}o = 0.005 M,
(237°C) 3
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FIGURE 2. Extraction of trivalent rare earth jons by
the acid form of bis-1,2-dicarbollylcobaltate in &€D:40
vév% nitrobenzene- carbon tetracgloride mixture,

c o 0.102 M, cg= 0.0487 M, c°\ 3+ = 0,005 M, (23°)
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Figure 3. Extraction of trivalent rare earth ions by
the nitroben;ege sglution of 0.00978 M 18-crown-6 - o
- 0.0312 MHB , ¢ HN03= 0.102 M, ¢ M)' : D.OOQgM. (237)
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FIGURE 4, Extraction of trivalent rare earth 1ons
form 0.102 M HNO, by the nitrobtenzene solution of

acid form of bis-l.Z-Bicarbollylcobaltateoin the
presence of crowns, ¢ .3+ = 0.005 M, ( 23°C).

0 - 0.0234 M H'B™ - 0.8116 M 15-crown-5, s - 0.0888 M

H*B~ « 0.0171 M dicyclohexyl-l8crown-6, o - 0.0585 M H B~
- 0.0200 M dibenzo-18-crown-6
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[16] 5’&’70'\#*5‘/—18-’75'7.7-6’5:‘5-—!5»#--\") PEULTERATS, "rm
Wtiﬁﬁméﬁbrmﬁ&7wb:mMvaOUﬁwww#ﬁwﬁmgm

J. P. Shukla, Anil Kumar and R. K. Singh, Sep. Sci. Techno'., 27(4), 447
(1992)

RE

BHTER XY PLELTISSIOAERY )-18-/5m U-6L PILZVEREBHEEL
TELHERNLV I BEEGBIMRUBENY - P TEREIAEBEEGSEELTO, BBK
BRAIASOBEARICHNT S, 27044 I VTEHCLEPUNOBHICSOWTHFR
LE, FERICELS, NEFEEICRBEAEMBRIIVN Y LERHn0l/dn® OB E
Be—RBICV—27z—ZXElLE, FVWP=9L0BHE, V-2ARUENTz~-X0
MAEZMRT DL EVELKERL, £, 0.3n01/dn°DCI8C6E TOEBEEN %
TUT7BREOHEMICELYERL, ¥YUT70LYBVWRECBVWTREILE.
3mol/dm’HN03&ﬂiém?’éiﬁ‘/—27:—1@&&3@_}:#‘:. Ba4aArommdick
E<RETE. RRLEBHEOREDOF T, MO EBY — 4 (0.5n0l/dn’) (2 HE ¥
ELTHEHBTH o=, Enca Accurel # B T7S5 v b->— bRy Jo L v (PP)Y
1Lz, SIMOBEEIHFELELTLTERLLE, BLMLSIHO TS X F L% v T, 90%
MENDZIVN =7 L%0.2m0l/dm®DCI8CE/ P LT v 2B L THWREY — Y WM & &
i, T--3REITBHEI LI ENTEE, PRYORD, TEUHODIESBERY
DERNELNSH 2T, PLOBRILVWI LR IOFLWHERRNOEBECET S
mTHs.

R&

OB\ EInol/dn® 138 T, 0.2mol/dm*DCI8CO M VT v EBEFY YT LL T,
R7A% A9V 9 )-XR—2AOREBLTRRKOTNIF O LOEB*BOSNELER
TOIZENTED, BORBY - YBRBRIBROFMEBRTHEZ LA bh2=, #88
B EREBEOERKRLEEBNICESZLICEY, 63w EFAU LD —-T—-DiRKE
FEERRATEICLRBLVWIETREN, CASOBERGENT TIE, BLAESLNIZ,
MAXFEWICHRYT, BEROCHBBEBTEI SgROTIV =T LERBI, bL
—H=BOTNWVEZILERLSZENTZD, CORKEREFEI»SOFY ) 70O
2EBRNCTIEREBBERORRAROBICZEOTLENSHZ, 18A Y K—-DT /0O
YA470) 9 0Lemn, R¥RMOZIBERDICLEIERNIEETIHSTH, Pull)
KT 2ERENEL, BEFANLIECSTIREBOHFELEHICKS HAEABRCHLT
BANERMTHLILETRLE,
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Fic 3 Effect of initial plutoniuvm concentiation in the feed solution on its transport. Mem-
brane: 0 2 mob/dm?® DC18C6/oluene Source phase acidity: 3 mol/dm’ HNO, Strippant. 03

FiG. 1. Plot of extraction of Pu{lV) into toluene by DCI8C6 from 3 mol/dm’ HINO, agqueous
mol/dm* sodium carbonate.

medium as a function of the initial concentration of the macrocycle.
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A
TABLE 2 -
Flux and Permeation of Plutonium at a Fixed [NO; ] Concentration in the Source ~ 30}
Phase* b3 03IMm
0\
[HNO,) [NH.NO)) Plutonium Nux,* Plutonium '© 70l-
(mol/dm’) (mol/dm?) (% 10°* mol/m'/s) (%) " 0I1M - 4
- | o
30 0.0 13 970 = y 02M
1.5 1.5 1.3 928 . 1o}- M
0.5 25 13 95.4 x ‘ 0.05M
2 Py R
*Aqueous feed composition: 3 mol/dm’ NO; (1INO, + NILNO,) * 05M
Initial plutoni ion: 1 mg/dm® plutonium in HNO L ! L ‘
pluionium concenlration: mgram’ p utonium 1n s 0 \ 2 3 4
Carrier (DCI18C6) concentration: 0.2 mol/dm' DCI8C6/10luenc IME. b

Strippani: 0.5 mol/dm’ sodium carbonate
R .
Mean value of the flux measured aficr 5 h of operation. FiG 5. Plots of plutonium flux against (ransport time for BLM using dilferent concenirations

of DC18C6 as the carner (see derails in Fig. 4).

]
= 100 -
) '€ LS
| o //O/"'D‘—’H
[+ ]
80 £ I PRODUCT
7
» o
~ 80 < 10}
5 o
(V2] ['V]
z v
< 40 Z
: g
o s}
20 §
z . FEED
o)
5 i ] 1 !
1 ] 1 1
0 £ o ] 2 3 4
TIME, h TIME, h

116G 6 Plot of plutonium concentration i the fecd and product solution vs time Membranc:
0.2 mol/dm’ DCIBCHMwlucne Source phase acidity: 3 mol/dm® HNO, Sirippant: 05 mal/
dm? sodyem carbonate. Concentration of imtial feed and product solutions. 0 79 mg/dm’ Pu

Fic. 4 Effect of carrier (DC18C6) cuncentration vn the Pu(1V) tansport across BN as a
funcuon of permeation time. Source phase acudny. ] mol/dim’ HUNQO,. Sinppant. 03 mol/
dm’ sodium carbonalte.
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TABLE §
Permeation of Various Fission Producis (FP) through a Supported Liquid Membrane®
FP acuvuy* FP acuivity Permeation

Hatf in source ) in the receiving of fission

Fission life phase phase products
product (ycars) {(rCi/dm?) (nCi/dm?) (%)
RU™ | 4.28 0.72 16.8
Cs» 28 2.63 0.44 16.5
Sp'w 2 0.69 0.08 1.6

“lninal feed concentrauion: 50.0 mg/dm’ plutonum in HNO,
Carner concentranan: 0.2 mol/dm? DC1BC6/10luene
Sinppant: 0.5 mol/dm’ sodium carbonate
Volume rauo of fecd 10 stnppant: 6:1

*Acuvity of fission products was estimated by using a multichannel analyzer with 3 high
purity germanium detector (HPGe).

TABLE 6
Stability and Lifeume of a Flat-Sheet Polypropyiene
Membrane Support*

Plutonium

n Plutonium
( :x 10° permeauon
: (%)
mol/m?/s)
Number
of days® 1 h dh I h dh
1 157 137 28.6 97.2
7 15.2 13.5 79 96.5
13 14.9 13.3 27.5 96.0
19 151 13.6 28.0 97.0
25 15.4 13.2 27.8 96.5
3 156 134 280 96.9

*Imual source phase acidity: 3 mol/dm® HNO,

Innial plutonium(lV) concentration: | mg/dm’

Strippant: 0.5 mol/um’ sodium carbonate

Carner concentration: 0.2 molzdm?® DCLEC6/10luence

*Membrane was souked 1n 0.2 mol/dm’ DC18C6/10luene
before the siart of each run.

(FEED) LIQUID MEMBRANE | PRODUCT)

an’ aNO,

2CE
Pu Pu(C03)2
\ / H® + NOJ

4. .
Pu(CE)2 -4NO4

CE+»0C18Cs

F1G. 7. Posstbie scheme for Pu(IV) transport from HNO, solution to ditute Na,CO, thruugh
DC18C6/10lucnc-based bulk hiyuid/supporicd liquid membrane.
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[20] EVRUSBAAVHMBRICESD, SRYVANBEBRBEOSFEFTY Y /H
R

C. Sella and D. Bauer, Solv. Extract. Ion Exchange 10(3). 491 (1992)
BB

EIRBAFHER(TFLRNYIAIFNTIARTAZL), RUCABPsL 88T 8 Y
AFLYER(MY T IFUNT AR 720 L)EOEODRSBA A  HERICEE, &
NRYVANBEBDEIIBRAA VEOBERBEORERERBTZ2-00FLWFi
LT, AFETIVVIVEEZAVE, HRNL P FRNUS 2 RBB®T I 22007+ 27 2
STLBAA Y2 RUMIDIAFLUBOREICKELKETD., B4+ 8
ERAT BRI, BN I AL - DFENCLIBBEETNFTARITETLRLE,
TAH, LIRVL2204 A Y R7HEKHERL, TRALOEFOEFRAPHEERT S
EREoTRNMMEENE, RIMEEA A I I NF-—RBRBEOIKHNBRUBEN LR 2
ERETZ. 22083 ERT—2—2BLE<RHAL, BEIXILX—&, #KO
EIRXNF-—DETELHMAERTHZ22L %, EREBRETRLTVD, CBPTELNS
BEAXOMENZ, SERUBEIRANX-OBREBEBICLI>THEMTOAD, LUERE
REEICNLELTWS,

EE

FETIVITER, BAICD-OXRY VL NViEBRE, CnBPs(n=2, 4, 6, 8) X U'BnMP
AT HEROEFRSMEHEL, E#&KzEVETFI L 2aTRRELE, B/
LEIR V-, BEROIRBRLBENHREIERLLT S, BohrgRE.
22DEEHNRRT -4 -2 BRLB<RBL, PRI ANF—-RBLIRXN¥—-DFTEL
BATHE2I LERLTWVWS, n=6(CBPRALA)THESOAIEAOHME NI, 220
¥F—EtPREIXNX—ORBEICLI>THEAITOND, SVKREL224 T URTEH
KRGO TWD, COMRI, FFETV7EFRA AV ZRBERICEDER
EORRIC, RMHBICHBWDIZENTELRZILERLTVS,
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Figure 3a. Suucture of dibenzoyhanraie

0.0u) -0.5u8

0.0

Nt
Q.11

0.033 -0.063 -0.23)
)

© -0.662

e}
-0.53)

Figure 3b. The conformation of D-dibenzoyliartraie corresponding 10 the absolute

energy minimum and its atomic charge distribution.

Figure 3c. The conformation of D-dibenzoyliarorate corresponding to the absolute
energy minimum where the most negative charged oxygen atoms are
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=036 T T 0.037 0.026
0.0s7

0.022 — T 0.021
-0.0)3

0.021 —0_ 1 _—o0.021
.6.007

Figure 4. Calculated charge distribution of a phosphonium cationic center. The
more positive charges are underlined.

5 gz;l‘l-l-}-l I

R

P
-

-y~
-4

<

HH-HHE

Figure 5. Conformarion of C4BP extractant, corresponding to the absolute energy
minimum, under two points of view : above (5a) and on one side (5b).
The hydrogen aioms charged positively are on dot surface.
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D_gidentoyitartrata C28° 0_pidentoylitertrate C4BP 0.giventoyitartrats c28P 0gibantoyitertrate Cesh

D_pibenzoyltartrats CEBP 0_sidentoylitartrate COBP 0_gibentoyltartrats CBBP 0_gtbentoyitartrats C88P
Fi gure 6. Representation of minimized 1:1 jon-pair complexes between Figure 7. Representation of minimized 2:2 ion-pair complexes between
D-dibenzoylarirate and C,BPs with n = 2,4,6.8. D-dibenzoyliartrate and C,BPs withn =2, 4, 6, 8.

The main ionic sites are on dots surface. The main ionic sites are on dots surface.

¢60-56 02¥8Nd INd



PNC PN8420 95-022

10
1:1 association
3
E 0oq E
~
E ‘ .
A Es
> Et
8 -10 -
LY
<
w 1 .
-20 T T T Y 4+
2 8

4 6
CnBP (n = 2 to B) BuMP

Figure 8a. Variadons of minimization energies of complexes as a function of
extractant considering 1:1 associaton E; = towal energy (»),

Ee = clecrostatic encrgy (a), Eg = steric energy (¢).

(0]
] 2:2 association N
3 -101
\E 1 Ee A
= 20 4 .
2 20 | Es
P -30 1
o
g E:
S 40+ ""\/
‘50 L R4 1 L] B
2 4 6 8
CnBP (n=21038) BuMP

Figure 8b. Vanations of minimization cnergies of complexes as a function of
extractant considenng 2:2 associadon Eq = total energy (e),
Ee = elecrosuatic energy (a), Eg = steric energy (s).

-10
- Ee
2 201
£
= ;
¥
£ .30
? Et
€ .40
w
'50 ¥ T
0 l 2 3

Distribution Coefficient

Figure 9. Plots of toul energy E, (o) and elecrrostatic energy Ee (») against the
distribution coefficient obtained with CoBP (n = 2,4, 6, 8). The values
of n are indicated on the Figure.
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(21] =2 0% 4909 9-059 T—-FNEIVTRYREEBERYD L)Y T
LERRN A A RT7HELER
T. Fukaya, H. Imura and N. Suzuki, Analytical Chimica Acta, 272, 279
(1993)

EE

Ba(DIZM XD BERPICBEILET IO AU IUAYFU8- 5 -6Xi2 Y
DTRYF-2.22IC&2TEI NV VBAAVEDAZ YRPELTHEZNS, @Y
AU FRICE2aEER, RKOBCHENT3, "ryErLl,22/70pxziy<=ptoRy
., Ba(D)izH F{LFRBBIC, 1,20 ooz 2y XRl.2P/00x 4 y-—pox
YEY(Q:D)DHBIZ(0.5--1)x10™*MI8-2 5 V-6V TR F-2.2.21c& 2T (1--
2)x10MOE V) Y BEDEE TpHI--10X R T--11TEFhFhEEN 3, 18- 57
VBLAF LI, VUTRUK-2.225 DT AN TERUTZINAVERBICRT S
BRECEATWS, Y TLERRNW T ot 2 2FEFRELEAEDEE I LiIC L
Y, Y-Bi-Cu-OB EHEMILHELSI I v I/d0n, BaoERLSFICRDBICLEEAE,
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—
o

Fig. 1 Extrucuion of Ba®~ with 0.0010 M 15-crown-6 and
0.011 M picrate. & = Benzene, C, @ = 1 2.dichloroethane; O,
® = niirobenzene. Open svmbols, 1.0x 1073 M Ba®". solid
symools, 1.0x 10™* M Ba®~

A
z',t— { .
T /s
T /7
PO . =
l il ! ) 1 ! 1
. 4 10 12

)
]
Fig. 2. Extracuion of Ba*~ (1.0x10™% M) with 0.0010 M
cryptand-2.2.2 and 0011 M picrate. a = Benzene; O =1.2-
dichioroethane, 5 = nitrobenzene.

5.0 p=

x
L 2
-° g —oF-——
-

Sl
~.
L

0 1 le 1 1 1 A A 1 1

H ) 6 8 10 12
p

Fig. 3. Effect of pH on the subsioichiometric extraction of
Ba®* with the macrocyclic higand in 1,2-dichioroethane in the
presence of an excess of picrate. Condiuons: 1.5x10°* M
Ba"". 0.010 M picrate. O = 4.8x 1073 M 18-crown-6; ® = 4.7
x 10~° M cryptand-2.2.2

-
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Fig. 5. Reproducibility of the substoichiometric extraction of
Ba’s o 1.2-dichloroethane -mitrobenzene (1 = 1) trom
agueous solutiony continning vanuus amounts of Ba”~ and
0020 M micrate. 2 = S0x%10°% M 18-crown-6, pH X352,
o= Six 1™ M crypland-2.2.2, pi 9.5-9.7
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)
~
s
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"\ 1 ! 1 -1 !
n 1 2 ) a w

1Piceate) 2 1077 n

Fig. &. Effect ol picraic concentration on the substoichiomet-
ric extraction of Bu®~ with 18-crown-6. Conditions: 2.0x 10~*
M Bz ", a8x10™' M IB-crown-6, pH B.6-85. C=1.2-
Dichloroethane: O = 1.2-dichloroethane-mitrobenzene (1 +
1%, & = mirohenzene.
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[n]y/:»fvauyz»7»ynu;ammn@m&taaa>:~;»&vhu
EIFNTARDT A A ZH L FOERDR
A. Ramadan, M. Mahmoud, S. M. Khalifa, N. Souka, J. Radioanal. Nucl.
Chem., Letters, 176(6), 457 (1993)

EE

TIzZNF 780207 BHNNS)D R YLV BRIZL 2WBRUBEXRE
BASOE(DOBEICODWTHRLE, BMBEERICDWTIZ, NaN0,-HNO, B A B
FRAOCTAEOAZ VBEZ0.IMNT—BICLE, BLOSERREEY2OEETRAEL .
NYEVPILBT BN TIL¥RANBERZROELDICHLMICLE: F0F
NHREFBRRUBERREZH S Eu(NO,)(H.-(DNNS).)., Eu(H. .(DNNS).), (nit
MNEWET, 1, 2XRIIITH3), FHEREHEL, RORNEHNNSA—Z—% R
e D270AFIN-18-7F5 0 -6RB MY TFNTART L UAFH L RENA
EHE, HRHRIBoOSAT, CLARHEEHEIEH O,
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Fig. 1.

10

Extraction of Eu(III)
nitrate media, pH=1]

by HDNNS in benzene from

!
n-?

107!

10

,0'1

H

Fig. 3.

1077

s 10"
[NOJ -] WM

Effect of [NOJ-) on the extraction of Eu(III)

by HDNNS in benzene, pH=3, T=25 ©C, [HDNNS]=

Ix10°°M

M} ,M

Effect of (g’] on the extraction of Eu(III) by
HDNNS. (NO3 ]=0.1M, T=25 ©OC, [ HONNS] =3x10-4M in

benzene

Fig. 2.
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TABLE 1
19 Kgx at various temperatures for Eu(III) extraction 10?
by HDNNS in benzene from nitrate medium (0.1M) 5T
(assuming n = 2) 0 r
Temperature, °C 10 |- o
P Lg Kex s |
15 3.68 : 0.02 v L *
25 J.56 ¢ 0.03 s | L
25 3.53 ¢+ 0.06 *
35 3.42 + 0.03 07} .
5 }—
*Value calculated from experiments shown in Fig. 2.
.7 )
10 a 1 1
105 s 0t 5 107?
[HDNNS) M
’;33 ‘ Fig. S. Extraction of Eu(III) by HDNNS from NaCloq.
' o = . pH=3
P 36
2 .
l -
Jif- b
S T N N SN G W SHEE S N S U U | 0
3.2 33 3.4 35 il
17,x10° 0 o R
i : ' +
Fig. 4. Variation of 1g Kex for Eu-HDNNS system with s |- 8 ¢ g goa s
the reciprocal temperature *% ©
107" e o
S
TABLE 2 ®0°C ‘
0k 0 25°C
Thermodynamic parameters for the extraction of Eu(III) s 35°C 4
by HDNNS in benzene from nitrate medium (assuming n = 2) ST
Species Lg o &G s 10 — - ;
Kex -1 -1 11 106 s 103 5 10°¢ s 1077
at 25 ¢ kJ .mol kJ .mol J.K 'mol
[Crown] M
Fig. 6. Extraction of Eu(III) by mixtures of H
. + 0. -23. -20.25 -11.88 DNNS and
Eu (NO,) (H(DNNS),), 3.53: 0.03 23.79 2 DB24-C-8, pH=3, [HDNNS}=5x10-5M

The error in the thermodynamic parameters is less than 10%.
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10“ 1 1 :
s s 107 s 107
(Crown},M

ig. 7. Extraction of Eu(IIi) by mixtures oI HDNNS and
DCH18-C-6, pH=3, [HDNNS}=5xi0~3M

0
0
S b
s .
1 = e o
[ ]
S -
lo.I N ] N 1 '
0 5103 s 107 5 g7
{rorQ) . ™

Fig. 8. Extraction of Eu(III) by mixtures of HDNN3 and
TOPO, [HONNS]=5x10-5M, pH=3
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[24] BERBRDLSOLRAQ-ZFNAFIN)BREVI- NS FTX XS FI)U Vo
Frav@BickdEu(D)omd
A. Ramadan, J. Radioanal. Nucl.Chem., Letters, 176(4), 273 (1993)

2E

Eu(M)id, €2 Q2-ZFIAFIV)BBHDENP) £8-NA KOt > %)Y Y (HQ) D K
TAVEBICEST, A4 VEE—FQO.IN:HY, NaCl0) 0 BEXBIEDNDKBERLS
Ezhrer, F—2—02A0—7HHFOKR, HEHPX RHID 3 D0 H4FAECYICE S
LT3 EAFASrCR>E, HEEREZ2EXOBETROE, T—F - 2250%
OHETOERIICHMTIBRALHNT A—2—(AG, HRVIS) 2 HETIDCHWE,
HDEHPE 7 S W v I —FILOBEHEAVWES S, HEDHRIZOo o,
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Fig. 1. Extraction ol Eu(III) by 0.08M HQ in dodecane
at 25 ©c
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Fig. 2. Extraction of Eul(III) by HQ in dodecane from
0.1M Nacloq, PpH = 4.12

TABLE 1
1g Kex at various temperatures for Eu(III)/HQ system
Temperature oC lg K
empe , 9 Koy
45 -10.83 = 0.08
25 -10.45 = 0.09
5 - 9.96 = 0.09

=172~
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Fig. 3. Variation of lg Kgy for Eu-HQ system with recip-

rocal temperature

TABLE 2

1g Kex at various temperatures for

Eu(III)/HDEHP system

o
Temperature, C lg Kex

45 2.88 ¢ 0.04 °*

45 2.91 : 0.03 **

iS5 3.01 ¢ 0.04 **

25 3.12 ¢ 0.04 *

10 3.27 ¢+ 0.05 **

* Values calculated from experiments reported in

Fig. 4.
»+ yalues calculated from experiments reported in

Fig. 5.

0’ .
: ®25°C o
o - 045°C
.
10 |-
- °
u [ ]
. o
1 L4
: o
| .
[o]
] N 1 1 | N 1 1 1 | 1
ol 1.2 14 16 '8 20
pH

Fig. 4. Effect of pH and temperature on the extraction
of Eu(III) from NaClO,. {HUDEHP] = 0.004M in
dodecane

TABLE 3

Thermodynamic parameters for the formation of E003

and su[n(osnp)zl3 in dodecane
Species lg Keyx AG aH aS
at 25 ¢ kJ.mol™'  kJ.mol”™' 7 k7! mo1”’
EuQ, -10.45 + 0.09 59.96 -37.11 -325.7
(Eq. (1))
Eu[H(DElM’)ZJJ 3.12 £ 0.04 -17.90 -18.51 -2.0

(Eq. (6))
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- Fig. 7. Extraction of Eu by DCH18-C-6 in dodecane at
b [HDEHP) = 0.0003M, pH = 2.05, 45 °cC
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Fig. 5. Extraction of Eu by HDEHP in dodecane from 0.1M 0L . e .
NaCloq. pH = 2.05 ,OJF b L4 .
}.
b ,0-2 1 1111111} 1. llllllll 1 A4 4 1141
* 32 10°* 1072 102 10”!
=} . (ocHze-C-8]).M
£Ye| . Fig. 8. Extraction of Eu by DCH24-C-8 in dodecane at
[HDEHP) = 0.0005M, pH = 2.05, 45 ©C
- e
1 1 3 H 1 1 1 1 1
Z%J 32 13 e 5 6

1 3
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Fig. 6. Variation of lg Kgyx for Eu-HDEHP system with
reciprocal temperature
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(27] WBERI SO 7O L sy v oY IAFICEBSr?Y, Cs* " RUTI*
it
T. G. Myasoedova, M. Y. Ikonnikov, A. V. Ponomarev, P. A. lagorets, E. A.
Filipov, Radiokhimiya, 29, No.2 188 (1987)

EE

ERE®E (Sr, Cs, T1)S5x102Mic &+ 2 S 70nFx2-18-75 % -6(DCHI8CE) &
VS 70NF20-24-25 0-83(DCHUR) N ERILRIELKEER* SO ROMER
HMEBRHESAXLERACWTHRELE, 4B BROISIVI—FLOEEILEWT, &
EEEIOBWHAIGOADI I EARENLE, RICITFUPLI-LEMATE BEH
L‘:iﬁ#ﬂ’l‘b‘of:,‘CsG:i‘-TTéDCHlSCS?J‘BDCH24C80)D—‘T‘/ZG;BH'E:’75'7.‘/.12
TIOZROY A T0HNR, FRIEOIBEULEOHEMERLE, FRLEEEODOD
EIKOBEFICHESRDIENTES : SE>TI>Cs
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TABLE 1. Distribution Coefficients of Cs¥ and Sr’

Distribution
System coefficient D |Licrature
reference
Ca~ ‘ Sete
50 vol. % D2EHPA + S0 vol. X kerosene + 0.8 200 11
0.02 M BB24C8/3 M HNO, +0.01 M Me
50 vol. % D2EMPA + 50 vol. % CCl  +0.02 M
BB24C8/3 M HNO,+ 0.01 M Me 0 130 1*1
S vol. % DNSA + 27 vol. X TBP + 68 vol. %
kerosene + 0.02 M B18C6/3 M HNO, +0.01 MMe 20 200 2

Note. D2EHPA) di-2-ethylhexylphosphoric acid; BB24C8) 4,4

(5 )-di-tertbutvlbenzo-24-crown-8; TBP) tributyl phosphate;

DNSA) dinonvlnaphthalenesulfonic acid; B18C6) bis-4 ,4'(5')-/
l-hvdroxyheptyl/-benzo-18-crown-6.

TABLE 2. Extraction of Cs from 1 M HNO;

by the Adduct DB21C7-NaSbCle ([Cs] = &
ppm, Ratio Ve:Vyq = 1.5:1)

D
: [DB21CT * [DB21Cy *
Diluent NaSuCl 6 ] N&Sbc}-sl

0.018 M 0.036 M

Chlioroform 20.3 —-—

1,2-Dichloroethane 25.6 54.0

1,1,2,2-Tecrachloreethane 27.9 64.3

1,2-Dichlorobencene 28.3 68.4

Nizrobenzene 81.8 389.0

TABLE 3. Distribution Coefficients of Sr,
Cs, and Tl in the Investigated Systems

System, L M.
nuclide
0035 - U (LR IR 0.1

i, Sr 0.36 14 8.4 13.8
2. Sr 0.16 1.5 7.8 8.6
3, C 0.0041 0.0090 | 0.022 0.024
4, Cs 0.027 0.040 0.079 0.070
S, Ti - 0.58 1.5 5.0°

*Metal concentration 0.05 M.
**Metal concentration 0.025 M.
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(33] 2vZEMB-CHr N RUTBPICEZ T VA ROBEBAMIKAL

Yuehe Lin and C. M. Wai, Analytical Chemistry 66, No.13 July 1 1971
(1994)

ES

BaYRENDIMNT V8= K44 r(La’Y, B RUTLY)R, @PRERELL =
(HFA,TTAR IZFODD & D R) B-OHr h V28T, A8 /) —-ITET4 7740281t
REICELY, 60T, 150atnTHEMICHEZAS, BARRABNOVROKOEMIZ,
EhESE KBICHENEEZ LN TED, TBPR, A8 ) —-IDETF1A 774V —-%RL
T, CO.BERICBITDS V- FNHMET, 79vRILB-DHr b eHIZHEBVWEOHERERD
B2RT. 60T, 150atmic B3 2 @Y C0.FT, TBPL 7y R{LB-CFX b YEMD1IDEL
NDEEWERAWT., BXREINO-IR-20BG&KYRAI»SOFT VI FOERNME
(92--98%) 2 FFH LA TE3, HEHPHRR., B-CH b yOBEL Iy ROBRICKT
LT, tEIrY v 72T, CO.EEBRCBETES V2= FomET, TBP+HFAR
TBP+TTAR I TBP+FODL W HEHTH 3., 7 v RifB®A L WwWE, PFEFLU7EIVYOBED
£, TBPICE 35 VA FOENHRMEREBRTELZ, BEVAYF&EIZELT,
ENVWRCLIKL D KBEBIPOBVWHE TSI VA= KFEMUTED.

B%

COWRT, 7w ELEB-CH hEHFA, TTARUFODIZ, BERCOICE D 3
N3 8= kA4 (La*, B RULW)ORMENEDOFEFHRIAYFTHII L E
SLE,. TRYUYIADEF4 7747 LTKE, BROETA47747—ELT
A8 )= EHEVWT, BEPR(ENO-XR—2OREIIHBICANSLILEFT VA
“RERLT, BWEARRHKBEYIBEBEI LN TES, TBPE 7y RiLLEB-T
bRV (HFA, TTANRFOD) OB HMEAL LTAHVWT, RERUHORBALS, Eh
W0, IcE Y S VAo FEERMICHE(92--98R) T B2 eATED., LRI PU VY
iz s nT, TBP+HFAIR S v & = Kic® L T, TBP+TTARUTBP+FODDESH TRE h
FHEDRLIYBVWHENRERLE, ER0WLC0. NPT, TBPETTAOREMIC LY
KEBISNS YA NOEREMEE, BRICTHI I LNTED, BEVAVFEZA
W, BERCLICLAS VI FoMEBIZDVWT, EFA 774 V—REETRZ L,
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[o] o o] OH
il | 1 {
H,—C—CH,—C—R, — R.—-C—CH:C—H, -

o 0"
Il | .
A,—C—CH=C-R, +H

Table 1. Percent Extractlon of La'*, Eu’*, and Lu®* from »
Cellulose-Based Filter Paper’ with Supercritical CO, Contalning
B-Dikelones st 150 slm and 60 °C

% extraction

ligand
B-diketone amt (pmol) La’* Eu’* Ly
co,
FOD 80 10%2 1322 1942
TTA 80 14+£12 16%) 20+)
HFA 80 74212 1342 152
TAA 80 5412 10+2 11 £2
AA 80 $%2 442 6%£2
CO; + 5% McOH
FOD 80 91 %2 96 £ 2 99+ 1
TTA 80 4 %) 90 %2 94 %)
HFA 80 O E ] 93+ 4 95+ )
TAA 80 S4 %2 80 %) 84 £ )
AA 80 1 £2 25%2 J3x)

¢ Each filter paper sample (1 cmlinarca) contains 10 ug eachof La'*,
Eu’*, and Lu’*.

Teble 2. Percent Extraction of La'*, Eu®*, and Lu?? fror the
Filer Psper’ wih Neal CO, Conlaining Mixed Ligands sl 150
alm and 60 °C?

% extraction

amt .
ligands (umol) Lal* Eu’* Lu'*

TBP 80 2+ 3+ | 441
TBP+TTA 40440 92 %) 94+ 4 95 £ 4
TBP+FOD 40440 90 £ ) 93} 95 %}
TBP+HFA 40+40 96 %) 98 £ 4 98 )
TBP+TAA 40+40 2042 263 17%2)
TBP+AA 40440 x| Sx12 4z

« Each filier paper sample (1 cm? in area) contains 10 ug of La’*,
Eu’* and Lu’*. * 10minof static extraction lollowed by 20 minof dynamic

catraction.

Table 3. Percent Exiracllon and Recovery of La'*, Eu’*, and
Lu’* from Sand’ with Neal CO, Conlaining TTA, TBP, and Mixed
TTA+TBP al 60 °C and 150 alm®

amt % extraclion % tecovery
ligand (umol) La Eu Lu La Eu Lu
TTA 80 W0+ SI ) 65+£4 2943 40+ ) 60+ 4
TDP 80 42 ) S+£2 21 2%1 3%

TTA+TBP 40+40 91 %) 9244 9544 91 £) 894 91 %4

¢ Each sand sample (300 mg by weight) contains 10 ug cach of La’*,
Eu’*,and Lu’*. * 10minof static extraction followed by 20minol dynamic
extraction.

Yable 4. Percent Exiraclion of La'*, Eu’*, and Lu’* from
Aqueous Solullon’ with Supercriiicsl CO, Contalning TTA at 150
atm and 80 °C

% extrac. :n

ligand Nuid phase Lal* Eu’* Lu*
nonc CO, <2 <2 <2
nonc CO; + 5% McOH <2 <2 <2
TTA co, 043 B4 S1 4
TTA CO,; + 5% McOH 0] nEX] 81 £}
TP Cco, 1%2 1) 122
TBP+TTA CO, 15%) B6+ 4 89%)

¢« Each water sample (4 mL) contains 2.5 pg/mL of La?*, Eu’*, and
Lu’* cach at pHl 4.0 controlled by an acetate bulfer.
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(34] MBFY TFANTCEFA 774 LEBEBR-RMILREREAVERESE» S DS
vEZ Fomd

K. E. Laintz and E. Tachikawa, Anal. Chem., 66, No.13 July 1 2190 (1994)

EE

BUEBBRISOZIVEZFA A 0HMEBICE-2T, BRBBLBICBTAREBERHES
BelT, BEF_BRIERREAVCIEREEZRRULUE, 524 = FIZ6MHNO,-34LiNO,
BEBR>»S. TBPTETA 774 LECL2AWTHEEA:, EEBHRIZODVTE, 7
ANPY TN 7 (TTA)ETBPTETF 41 774 LECO 2BERELTHWTH
RLE. Sm*, B, G4, RUDyY " OMEERAI LML AT TH - =A%, La’,
Ce’™, Yo, RULC OMENBRLIVENENDTHoE, TBPTEF 1 77 4L 72C0,
FRERELUTAHVWERI, BWS Y2 FI>zLu(N0,),-3TBPE L THIEZHh, BEnS
8= FiZLu(NO,),-2TBPL LTHIdE e, — %, TTARTBPTEFT 1 774 L#C0: 4
MA=HBEICE, Lu(TTA): -3TBP & Lu(TTA), - 2TBP{t ik A = h e,
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CO,
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Figure 1. Schematic diagram of the experimental system used for the SFE of lanthanides from an aqueous sample.

Table 1.

of Lanthanides

Analysis Parameters Used for ICP-AES Determination

emission observn ht .
wavelength above load entrance slit (um)
lanthanide (nm) coil (mm) verucal horizontal
La 33).749 i 300 S0
Ce 413.765 11 500 100
Sm 159.260 1 00 100
Eu 381.967 1 200 25
Gd 22.247 11 300 S0
Dy 353.170 1 30 SO
Yo 328.907 12 300 S0
Lu 261.542 12 300 S0

Table 2. Percent Extraction of Lanthanide lons trom 6 M HNO,;-3 M LINO, Soiution Using Supercritical CO, moditied with TBP at 350

alm and 60 °C

% extraction

CO; modifier La’* Ce)* Sm?* Euw’* Ga** Dy’ Yo Lu*

neat CO, <1 <} <l <1 <1 <1 <1 <1

10% TBP <1 <l 18409 217+ 09 186%09 24605 186x0.8 16.8 £0.7
20% TBP <l 443x1.2 645+ 1.4 68.1 = 2.1 649 =138 N8x13 S36x1.2 S0.5+£24
30% TBP 43629 60.5% 2.4 85.1 218 86725 869=x18 98xle N9=1.0 69.2 1.7
10% TBP + TTA <l <1 271313 Jo.4x 1.5 256x 1.4 357218 n3=x12 20.1 £ 0.6
20% TBP + TTA 353+ 3.6 52853 80.6 % 1.6 816 1.6 80.2% 1.5 815% 1.4 70.4 £ 2.1 65.6 1.9
30% TBP + TTA 612+ 4.4 711927 909%10 91615 90.0 £ .0 921 x1.6 795+2.8 748 1.9

Table 3. Plot Summary of log D* as s Function of log {% TBP)

TBP TBP + TTA

Ln¥* siepe R slope R

Sm 293 £ 0.04 0.999 3.02£033 0.988
Eu 2.87 £ 0.04 0.999 2.96 £0.29 0.990
Gd 3.05 £ 0.04 0.999 3.04 £0.42 0.981
Dy 3182018 0.997 2.82+£0.30 0.989
Yb 221 £0.10 0.998 2.17+£0.38 0.970
Lu 222011 0.998 2314048 0.958

«p = [(% Ln** extracted from solution)/(% Ln?* remaining in

solution)}.
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(38] 73 yz—FNL239{Sya- DK

S. A. Kulyukhin, A. N. Kamenskaya, and L. N. Aureman, Radiokhimiya, 34,
No.3 35 (1992)

EE

27209 z—-FNECEs)k 23wy RFekE, FhSekor35 >

(THE) B ®A» S &ML %=, Eu, Yb, Sm, Tm, Dy, RUNdD 23V {tPERVWE, 7357
YI-FILEE, 12-75 -4, 15-95 -5, 18-959 -6, SRYVJ-18-42F
TU-6, CL2ONFIIN-18-0F D -6, SFA-18-959 -6, SFTHF-18-45 1
VEEBSATVWD., BONEILEDOERERELE, LBHREHE, IRARIMLER

BLr, BRI FEEIToL, THFPOERELZ*MELLE, CH,CNE R T O L v &
DL Df-dRINANRTZ M LERBELE,

BREBRAOPR

HMAaDCEsklnl, b OFHL WK EZAML L. (Table 1) Table 12 bhd &SI,
La*~ 4220w Tid, LnkCEL n@tkiz, Ln:CE=1:1R UL 2HTHETH D, 1208k
1204 DB ERT 2D, —HL: 10k, 1C6RUFOHEAEKL DB EMRT S, 15C5
o n Tz, 11([Le®*t ] [CElicD 0T, HREBPTL:2& W PEW)RTL:2({Ln*]:
(CEHZD 0 TI4AZ TRUTAU L) DB KA BN, Table 1B HH B &I, CEs
REVWVEBELEREMICSVT, RL-XEEEFHF->TWD, 2L AE, 18C61INd* %
S, FRLETATORKEBEKZERT DH(E nusv/ va> =-2.6V), 12C4R TF15C5
C2o2WTRBEEOSRIZRILEORSE ICBORE, (B sme/sa~ =-1.5V) ¥EHRO
B, HD2EOHBEICS VTR, L RBINHCRILEZL, BRPOIL  OEFERL —
BLTw3, (Table 1)
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TABLE I. Compositon of Lal, Complexes with Crown Ethers (CEs)-

Calc., % Found, %

Compound Lat" I ce Lnt" L’ I ce
[Eu{l2Ca )211z 20.0 | 33.S 46.5 19.9 - 33.6 }46.5
{Ybl12ca )z)lz 22.0 32.6 45.2 22.5 - 32.4 Jas. 1
(Smlr2ce ) 11, 19.9 | 33.6 46.5 19.5 - 33.4 {471
[Eu(15CS )Hz 24.3 40.6 35.1 24.1 - 40.8 135.2
[Eul1scCs ):Hz 18.0 | 30.0 S2.0 18.4 - 30.2 [S1.4
[YD(15C5 )lI2 26.7 39.2 4.1 26.8 - J9.4 |33.8
Tyblises ¥ 11, 20.0 29.3 50.7 19.9 - 28.9 |51.2
[Sal15CS ).1!: 24.1 | 40.7 35.2 21.3 2.6 39.9 {36.2
[S=(15C5 \,IE, 17.8 | 30.1 52.1 17.2 - 31.3 |51.5
(Eul18CE ).H,‘ 22.7 | 37.9 39.4 22.5 - 37.6 {39.9
{Yoligce )H: 25.0 | 36.7 38.3 24.9 - 37.0 |38.1
[Salysce lli: 22.5 J8.0 9.5 22.5 - 38.1 {39.4
[To(18Cs )H: 24.6 1 37.0 38.4 14.3 { 10.3 37.6 137.8
[Dy(18C6 )ll: 23.9 | 37.3 38.8 6.2} 17.6 36.9 |39.2
[Na(18Cé Hl; 21.8 38.3 39.9 - 21.9 38.0 |40.1
{EutDBiBCS V)1 | 19.8 | 33.2 47.0 20.1 - 33.6 {46.3
le(onacsl!l; 22.0 | 32.3 45.7 22.1 - 32.1 |45.8
{Sal muace,)l!z 19.7 { 33.2 a7.1 19.8 - 34.0 |46.2
[Ta(DB18CS ) )1 | 21.6 | J2.4 46.0 8.2 | 14.5 32.3 |45.0
[Eu(DCH18CE )l}z 19.5 | 32.6 47.9 19.7 - 32.3 |48.0
{yb(DcHiece )J1_| 21.7 | 32.2 46.6 21.6 - 32.0 (46.1
{SalpcH18Cs ))l; 19.4 | 32.7 47.9 19.4 - 32.6 |48.0
(TatDcH1BCs 111 | 21.2 | 31.9 46.9 1.1} 10.3 32.0 |46.6
[EulDA18CE Hz ) 22.7 38.0 39.3 22.8 - J7.6 |29.6
fYdl{pal1BCe )1: 25.1 6.9 38.0 2S5.1) - 36.8 {38.1
[Se{palaCe ”z 22.6 38.1 9.3 22.6 - 38.7 |38.7
[Telpa18Cs “: 267 1 27.1 8.2 9.4 { 1S.3 J37.1 |38.2

*The compositions of LnJ, complexes with DT18C6 have previously been given [5].
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TABLE 2. Decomposition Temperawre (T,.) and Solubility in THF (S) of Lal,
Complexes with CEs

Complex com- s-10', M Tgecr K
CE (L) position

La:L Eul Yb | Sa | Ta Eu | Yb| Sm |[Tm
12-C. 1 : 2 7.8 8.0 7.7 - - - 446 -
15-C5 11 25.0| 26.0|24.0 - - - 433 -
15-C5 12 t7.0] 19.0|16.0] - - |- | 4s0 |-
18-C6 11 1.8/ 2.0} 1.8| 1.9 606 |465| 498 |as1
DB18C6 Lt 38.0| 4s5.0{37.0|43.0f - | - | 451 | -
DCH18Ch 11 23.0{ 28.0/20.0427.0 - - 469 -
DA18CS 1t 9.0| 10.s| 8.7] 9.7 - - si8 | -
DT18Cs 11 19.0| 36.0l15.0l26.0 - | -| 470 | -

*For the complex contining = 60% Tm="*.

TABLE 3. Posiuon of CCO and COC Stretching Band Maxima in Sml, Complexes with

CEs. cm™!
CCo CcoC

ceE Corpound v ' v v v

(B3 £ af L]
12C% Pure 12C 1107 930 1143 1033
(Saf12Cs )ZHz 1069 926 1120 1011
15CS Pure 15C5 1096 942 1120 987
[Smirscs V1L, 1090 937 1119 98S
[Sa(15C6 )zllz 1083 934 1090 979
18c6 Pure 18Cé 1093 940 1113 980
(Sa(18Ce )llz 1070 907 - 963
DB18CoH Pure DB18CH 1093 927 1127 987
[SelDB18CE V11 1067 907 1120 957
DCHIBCS | Pure DCHIBCS 1120 940 1150 1013
(Sa{pCcH18C6 lllz 1083 926 1134 1010
DA18C6 Pure DAl8C6 1080 963 1150 1020
(SalDAl8CH )llz 1060 960 1126 980
DT18C6 Pure OT18C6 1093 936 1134 1068
{SaloT18C6 1) Il 1067 934 1118 994
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TABLE 4. Colors of Lnl, Complexes with CEs

Comp lex Color
CE (L) |composi-
tion Ln:L Eu Yb Sa Ta Dy Nd
12C4 1:2 Light Light Lilac = = -
yellow | yellow
15C5 1:1 The same|> > > - - -
13¢5 1:2 > > > > > - - -
18C6 1:1 > > Light Ultra- Blue Daszk Lilac
green narine green
DB18CS 1:1 > 3 Light The same The same | - -
sose
DCH18CS 1:1 > > The samda Violet Bluish - -
gTeen
Dark
nciace 1ot > > > > green Brown - -
DAL8Cs 1:1 > > Light 3lue Green - -
green
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[36] Ln(NO3)a(Ln=Eu, Lu) 73539 x—FIN(16-7S5 -5k ®E
Jianggao Mao, Zhongsheng Jin and Jiazuan Ni and Liu Yu, Polyhedron, 13,
No.2 313 (1994)

EE

La(NOs)s (Ln=Eu, Lu)®16-2 S I V-5t nBEknERBECODVWTHET S,
[Eu(NO;) . (CH;CN)(16-% 5 77 -5) J[Eu(NO3 )« (H.0).]1-1/2(16-2 35 9 »-5)DF T,
BT A AYD1DIE, 2OoON2BEREVHEREAAY, 1DO07Eb=MYNINGFE, 7
FTIUVI—FIDSOOBMEEFLEMLTEY, $H120E* "4 A, 4202
BRUEBESAA L, 200KSFLREELTWS, THNHLE"IFTI2T—-FTI
FFR, KEEY A —ICREFICEUL, ERAAVICREEZLTHEWN,
[Lu(NO3)a(H:0)3]-(16-2 39 v-5)nETi, LW " A A Y IR3DN2EBERNMHBIES A+
Ve, 3DDKARFLEMLTWS, 759V —FILRERAAVICEEREMEL TH
B30TEBL, BUELEKYIFLEKRELESLTWS, Lu-0(NO,™) &Lu-0(H0) D F &
iz, TAEN2LIIRT2.30ATH D, ChooFOMEEMITEHNSSEHICD
wWTRHLE,
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Table |. Summary of crystal data, data collection and refinement parameiers

[Eu(NO,),(CH,CN)(16-crown-5)]

[L“‘NO\)I‘H:O)]J'“6-CI‘OWB-5) ([")
[Eu(NO,)(H,0))" 1/2(16-crown-5) (11)
Formula CinsHaOn sN,Eu, CiHuO0nN;Lu
M, 1104.6 649.4
Crystal system triclinic orthorhombic
Space group P Pnul,
a(A) 12.468(3) 16.866(8)
b(A) 16.730(4) 9.020(2)
c(A) 10.113(3) 14.763(3)
a() 98.98(2) 90
() 93.99(2) 90
7 (%) 68.41(2) 90
F(AY 1937.3(9) 2246(1)
4 2 4
D.. (gcm™?) 1.89 1.92
s (em™') (Mo-K,) 334 47.2
0 inuts (%) 1 <20<48 3<20<50
Scan method w-20 w-20
Scan width () 1.2 1.1
Obscrved data (I > 3a(N) 4446 1116
R.R_ 0.048, 0.053 0.033,0.034
Dutajparameter ratio 9.34 ’ 4.09
Largest residual peak (e A™Y) 0.74 1.0
(20),... n last cyele 0.201 0.286
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Tabic 2. Important molecular dimensions for compound 1

Bond distances (A)

Eu(1)—N(0) 2.658(9) Eu(1)—0O(11) 2.479(8)
Eu(1)—01(12) 2.60(1) Eu(1)—0(21) 2.50(1)
Eu(1)—0(22) 2.442(8) Eu(1)—0(1) 2.40(1)
Eu(1)—0(2) 2.44(1) Eu(1)—0(3) 2.46(2)
Eu(1)—0(4) 2.49(1) Eu(1)—0(5) 2.456(8)
Eu(2—=0(31) 2.500(9) Eu(2)—0(32) 2.47(1)
Eu(2)—0(41) 2.519(8) Eu(2)—0(42) 2.539(8)
Eu(2)—O0(51)  2.499(9) Eu(2—0(52)  2.484(8)
Eu(2)~0(61) 2.59(1) Eu(2)—0(61) 2.58(1)
Eu(2)—0w(l) 2.311(6) Eu(2)}—0w(2) 2.419(8)
N(0)—C(41) 1.09(2) C(41)—C(42) 1.49(2)
Oo(H=—C(1) 1.43(3) O(1)—C(11) 1.36(3)
0(2)y—C(2) 1.49(3) 0(2)—C(3) 1.29(3)
O(3)—C(3) 1.37Q2) O(3)—C(3) 1.37(3)
O(4)—C(6) 1.34(2) O(4)—C(7) 1.42(2)
O(35)—C(8) 1.48(3) O(5)—C(9) 1.30(3)
O6)—C(12) 1.31(4) O(6Y—C(16) 1.43(3)
O(N)—C(14) 1.46(2) C(13)—0(7) 1.29(4)
C(15)—0(8) 1.32(3) O(8)—C(16a) 1.55(3)

Bond uangles ()

N(O—Eu(H)}—O(I1)  137.0(3) N(Oy~Eu(1)-0(12)  135.8(3)
O(11)—Eu(1)—0(12) 38.9(3) O(21)—Eu(1)—0(22) 50.9(4)
O(1)y—Eu(1)—0(2) 70.3(5) O(2)—Eu(1)—0(3) 62.1(3)
O(3)—Eu(1)—0(3) 62.6(4) O(4)—Eu( 1)—0(5) 66.4(4)
O(1)y—Eu(1)—0(3) 76.0(4) O(31)—Eu(2)=0(32) 50.3(H
O« N—Eu(2}=—0(42) 48.3(4) O(53N—Eu(2)—0(32) 50.7(2)
O(61)—Eu(2)—0(62) 49.6(3) Ow(1)=—Eu(2)—0w(2) 70.7(2)
C(1H—0O()=—C(11) 118(2) C(2)—0(2)—C(3) 116(2)
C()—0(3—C(3) 115(2) C(6)Y—0()—C(7) 1131
C(8)—0(5)—C(9) 107(1) C(13)—0(N"—C(19) 114(2)
C(13)—0(8—C(16a) 116(2) N(0)—C(31)—C(42) 174(1)

Table 3. Important molecular dimensions for compound i

Bond distances (&)

Lu—O(11) 2.36(2) Lu—0O(12) 24311
Lu—0(21) 246(1) Lu—0(22) 2.30(1)
Lu—0O(31) 2.389(9) Lu—0(32) 2.44(1)
Lu—Ow(!) 22N Lu—0w(2) 2.35(3)
Lu—Ow(}) 2.32(1)

O(1)—C(1) 130(3) o(h—C(i 1) 1.42(4)
C(1—C() 1 46(S5) C()—-0(2) 1.35(5)
0O(2)=Ct3) 1.348(5) C(H—CH 1. 47d)
O(5)1—C(10) .39 . O(5)—Cy) 1.49( 1)
Clim=—Cril) 1.50(3) C(3)—0(}) 1.37(4)
O(3)—Ct($) 1.46(5) C(5)—Ct6) 1.54(6)
C(6)—0(4) 1.37(4) oH—C(7n 1.53(3)
C—C(¥) 1.46(3) Cig)—C(n 1.44(2)

Bond angles ()

O(1 1) —Lu—0(12) 54.5(5) O(21)—Lu—0(22) 53.9(4)
0O(31)—Lu—0(32) 52.4(6) Ow(1)—Lu—=—0w(2) 144.7(8)
Ow(l)—Lu—0w(3) 77(1) Ow(2)—Lu—0w(3]) 78(1)
O(H—C(1)—C(2) 98(J) Cn—0o(nH—C(1) 96(3)
O(2)—C(1—C(4) 142(3) C(2)—0(2)—C(3) 95(3)
O(5H)—C(10y—C(11) 19(2) Cum—0(5)—C(9 128(2)
0())—C(5)—C(6) 121(3) C(hH—0(3)—C(5) 95(2)
C(y)—C(8)—C(7) 120(2) C(6)—0(4)—C(7) 118(2)
O(4)—C(1)—C(8) 8Y(2)

- 187~



PNC PN8420 95-022

O
Cal

Fig. 1. Molccular structure of compound (11).

Tl

Fig. 2. Pucking of compound (11) in the umit cell.

Fig. 3. Molzcular structure of compound (1.
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Tuble 4. Changes of the structural parameters for the lanthanide-16-crown-$ complexcs

La

Eu Lu
Coordination number 1 10 9
Complexed group {La(NO,),(16-crown-5)]  [Eu(NO,),(H,0),)" and (Lu(NO)(H:0N]

(EU(NO|)3(CH|CN)
(16-crown-5)|*

Ln—O(cther) (A) 2.68 245
Ln—O(NO,") (A) 2.68 2,51 2.40
Bondiag force between ionic bond

Ln'* and crown ether

ionic bond and Van der
Waals lorce

hydrogen bond
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(371 5> 42 3([2.2.2]12UF5— . [LaCll2. 2, 2](H:0)1C1, H; 0B T [La(CFaS0,) (2. 2,
2] (DMF)J(CF180,). 0 8RR U BB B HE

Jianggao Mao and Zhongsheng Jin, Polyhedron 13, No.2 319 (1994)

EF

2®@oLla(m)(2,2,2]7Y 75—, [LaCi[2,2.2](H.0)]Cl, -H,0(1) Z T [La(CF,S0,)
[2,2.2](DHF)](CF;SO;):(2)E EFh £hlaCl, R TLa(CF,S0;) &(2,2,2] 70 T8> ke
DRECE>TRYEL, TALORGBEFTHSDICLE, BEICDWTIZ, La’ 4
TR, ClL4Fr12k, [2,22]70 78K 82DAFORFE, K1 HFicE
STHEMLTWS, BEK20BEICE-> T2, BEBREEO I DOCFS0, 42>, 21
72 RFOTRXRTOATOREFE, 1 D2OMNFHFICEYIIBELTWS,
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Table 1. Crystal data, struciural deiermination and refinement parameters for compicxes

land 2
Complex | Cammplex 2

Formula 1.aCLC W HLWNO, LaS\F.Cy N H,L0,,
M, 6579 1035.8
Crystal system orthorhambic triclinic
Spice group 2.2, r
a(A) 10.622(1) 10.70)(5)
h(A) 13.348(2) 15.679(4)
ctA) 18.44%(2) 10.113(2)
2() - 90 102.52(2) ©
B 90 95.20(3)
+0) 90 88.64(3)
(AY) 2615.6(6) 1966(1)
Crystal dimensions (mm) 0.40 x 0.50 x 0.12 0.24 5% 0.36 x .30
Reflecuons, 1 > dall) 2706 5751
D (gem V) 1.67 1.75
piem ')}Mao-K,) 20.1 13.8
1000) 1336 1044
R.R, 0.039. 0.040 0.049, 0.052
(8 loae (€A 1) 0.77 0.76
(a/a).. 0.011 0.536
20 range 3-54¢ 3-30"
Scan width () 1.2 1.5
hiJrange 14, 18, 24 13, £23, £ I}

Table 2. Sciccied hond lengths (A) and angles (*) for complex 1

La—Ci(3) 2.827%(2)
La—0O(1) 2.705(5)
La—0(9) 2.650(6)
La—Ow(1) 2.53%(5)

Ci(})—La—N(2)
Ci(Q)—La—0(1)
N(2)—La—0O(1)
N(1)}—La—0(2)

O( 1) —La—0(3)
Ci(3)—La—0(3)
N(2)—La—0(3)
N(1}—Lua—0(4)

O(1 ) —La—0(4)
O(3)=La—0(4)
N(1)}—La—0(5)

O( 1 —Lu—0(5)
O())—La—0(5)
Ci(3)—La—0(6)
N(2)=La—0(6)
O(2)—La-—0(6)
O(4)—La—0(6)
CH{3)—La—O0w(1)
NQ2)—Lua—Ow(l)
O(2)—La—Ow(1)
O(4)—La—Ow(1)
O(6)—La—Ow(l)
Cd)—0(1)—C(5)
C(14)—0(3)—C(15)
C(22)—0(5)—C(23)
C(1)—N(1)—C(21)
CN)—N(1—C(1 1)
C(6)—N(2)—C(16)

La—N(1) 2.801(7) La—N(2) 2.513(6)
La—0(2) 2.678(5) La—O(3) 2.6358(5)
La—0(5) 2.663(6) La—0(6) 2.724(5)

ClI(3)—La—N(1) §3.3(1)

88.4(1) N(1)—La—N(2) 169.3(2)

143.7(1) N(1)—La—O(1) 121.6(2)
62.9(2) Cl(3)—La—0(2) 142.9(1)
62.6(2) N(2}—La—0(2) 123.2(2)
106.2(2) O(2)—La—0() 134.3(2)

75.1(1) N(1)—La—0(3) 122.1(2)

61.6(2) Cl(3)—La—0(4) 3.4

62.5(2) N(2)}—La—0(4) 121.4(2)

140.0(2) O(2)—La—0(4) 100.9(2)

60.0(2) Ci(3)—La—0(5) 84.6(2)

59.3(2) N(2)—La—0(S) 113.3)

86.9(2) O(2)—La~—Q(5) 66.1(2)

159.0(2) O(4)—La—0(5) 119.3(2)
73.3(1) N(1)=—La—0(6) 113.8(2)
56.9(2) O(1)—La—0(6) 72.5(2)

106.2(2) O(3)—La—Ow(!) 110.0(2)

146.3(2) O(5)—La—0w(l) 57.6(2)

137.4(1) N(1}—~La—Ow(1) 98.0(2)

92.7(2) O(1)y—La—0w(]) 70.0(2)

66.4(2) O(3)—La~—0(2) 68.2(2)

70.1(2) O(5)—La—Ow(1) 132.5(2)

139.2(2) O(1)y—La—0(2) 60.3(2)

110.4(6) C(2)—0(2)—C(3) 109.6(7)

111.3(6) C(12)—0(4)—C(13) 114.6(7)

117.1(8) C(24)—0(06)—C(25) 110.1(6)

113.1(7) C(h—N(1)—=C(11) 107.6(6)

106.4(7) C(6)—N(2)—C(26) 110.6(6)

107.9(6) C(26)—N{2)—C(16) 109.1(6)
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Table 3. Selected bond lengths (A) and angles (") for complex 2

La—0(1) 2.660(5) La~—0(2) 2.498(4) La—0(21) 2.501(4)
La—0(4) 2.615(4) La—0Q(5) 2.684(6) La—0Q(6) 2.720(4)
La—Q(8) 2.621(4) La—0(9) 2.619(4) La—N(1) 2.847(6)
La—N(2) 2191(5)

O(1)Y—La—0(2) 66.4(1)
O(1—La—0(21) 72.8(1) O)—La—0(21) 136.9(2)
O(1)—La—0(4) 110.3(1) O —La—0(4) 69.0(1)
O )—La—0(4) 141.7(1) O(1)—La—0(5) 157.6(1)
O(N—La—0(35) 136.0(2) O21)—La—0(5) 85.2(2)
O(4)—La—0(3) 84.3(2) O(t)y—La—0(6) 107.3(1)
Oy —La—0(6) 136.3(1) O(21)—La—0(6) 69.1(1)
O(4)—Lu—01(6) 73.9(1) O(5)—La—0(6) 58.3(2)
O(1)—Lua—N(1) 120.4(2) O(2y—La—N(1) 104.8(2)
O h)—La—N(1) 81.0(2) O(8)y—La—N(l) 120.8(2)
O3 —Lu—N(2) 59.4(2) O(6)—La—N(1) 113.6(2)
O —La—N(2) 62.0(1) O(2y—Lu—N(2) 85.3(%)
O(21 ) —La—N(2) 87.6(2) O(d)y—La—N(2) 63.8(1)
OS5y —La—N(2) 114.2(2) O(6)y—La—N(2) 57.6(2)
N{—La—N(2) 169.8(1) O(1)y—La—0(9) 60.7(1)
O(2)y—La~—0(9) 76.5(1) O(21)—La—0(9) 71.9(1)
O()—La—0() [44.5(1) O(5)—La—0(9) 116.6(2)
O(6)—Lu—0(9) 141.0(1) N(1)y—La—0(9) 60.0(2)
N(2}—La—0(9) 122.5(2) O(1—La—0(9) 133.6(1)
O()—La—0(y) 68.5(2) O(21)Y—Lua—0(8) 143.1(2)
O(d)—Lua—0(8) 62.5(1) O(5)=—La—0(8) 67.9(2)
O16)—Lu—0(8) 112.7(2) N{1=—La—0(8) 61.0(1)
N(2—La—0O(8) 125.7(1) O(9)r—Lu—0(8) 97.5(1)
Clo—0(1—C11) 113.4(5) C()—0O()—C(3) 109.56(5)
Cl14)—0O(5)—C(19) 116.9(7) C(16)=—0(6)—C(I7) 113.2(6)
C(N—0(3)—C(4) 111.6(5) C(6)—0(9)—C(Y) 113.5¢5)
CO3r—N(1)—C(38) 110.7(5) C5)—N(1)—C(13) 107 7(35)
Cl3r—N(1H)—C(1}) 1 10.6(6) C{1)—N(2)—C(18) 109 9(3)
Cl1y—N{2)}—C(12) 108.0(5) CUd—N)—C(12) 109 ((5)

-192-



PNC PN8420 95-022

Cié

Table 4. The distance from the centre of the {2.2] eing ol the
cryptand to heteroutoms (A)

{LaCl (2.2.2[(H.O)" (La(CF.SO.[2.2.2{DMF))
C(Aa)—0(h) 3.060 C(8)—0(1) 2.632
C(A)y—-0O(2) 3078 C(B8)--0(4) 3.018
C(A—O(3) 2635 C(0)—0(5) 2611
C(A—-O(4) 2656 C(B)—0t6)  2.496
C(A)—=0(5) 2598 C(B)—Ot%)  1.052
C(A)—0(6) 2522 CIB)—0Oy)  2.547
CIAN(1) 282 C(By—N(1) 2442
C(A»—N(2) 2.794 C(B)—N(2) 2.812

C(A) 1s the centre of the plane formed by Of5), O16), O(3).
O(4). N(1) and N(2) atoms. C(B) is the centre of the plane
formed by O(1), O(S). O(6). O(9). N(1) iind N(2) atomns.
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(38] DCHIBCEK £ B3 W T v 2 QU RMIEBA S ORMMOME

V. V. Yakshin and 0. M. Vilkova, Radiokhimiya 3_5_. No.l 80 (1993)

-3

oayésamﬁ@ﬁﬂém.7wﬁu.7eriﬁ$E&U%QKMMmmwc
PNT, TNSORLERELEJMIIFARLE. BRERIVI-FU, S0~
“l8-7F U U-6H, YIS UESUHBMESEI NSOBE R H OYFI7LOERNEAHE
RKOWTHRHBICAWSI LN TES, TOENMOKIKEZRMNY YT TEAORES 2 H
HT223ILAhroE, CAREBHEZREOBELE O N ) hbPOBKEKE L &
LY, SHEREERTINDICEwWBILATES,
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TABLE 1. Distribution Coefficients of Metal Nitrates tor Extraction by 0.4 M
Dicyclohexyl-18-crown-6 A in CHCly from 2 M HNO; with Variable (UQ,(NO,).]

Oistribution coefficiency
oS {uacus vl [se |ca |x Na
|
. ll | | ¥ | 2
- I 339 | 81 0.4 ! 15| 10.3-10
1 2.7.10° | 350 ! 19 0.3 .21 9.3-107¢
0 32000 | 363 38 | o3| s | 3.9-107¢
50 3.7-10° | 291 | is0 t.o } 12.2 | s0-107¢
100 19.5-10°% | 339 | 108 .2 ] 7.31 3s5-10°%

TABLE 2. Stripping of Meuls by Water from 0.4 M DCHI8C6 A in CHCl4

smung (u}, Stripping | Stripping extenc, ¥
aliites g ¢ lee |se)ocalx lwa
] .
50 l i 196.41 0.6 | 2.30 3.3 122.3i T35
30 | 2 3030 2.5 [97.6. 211 TTY) 2Lk
ico I : 95.8' 0.5 ; 0.6 60.0 :20.9| 37.7
t1co 2 4.3 2.1 [99.3! 39.0 2.9t (2.2
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(39] KAFRUL8-75 9 Y-6LBF,/BF, MEDHEMRAORR 2 EE—FIEonTo
RRENIER "
H. Feinberg, I. Columbus, S. Cohen, M. Ravinovitz, H. Seling and
G. Shoham, Polyhedron 12, No.24 2913 (1993)

RE

18- 59 7-6LH,0"BF L OBIK()RUI8-7F 9 V-6 £BF,0H, -H, 0L & (1)
RERUYTFBECO>WTHE T S, “BF,"MOBF,, BF,0H,, BF,0H,-H. 0% U'BF." O &
ROE—-FOEHBRL, LARKBENCEELSFRIRUAFMEEERCDwWTRE
Lz, BERDKE22VWTIR, #aF VS ILAFHI8CET 7O S I NLOBELTESL
T3, TFXF VI LOBERRIBEEC DN I /I OH A I NI -FLEBREISSES
(2.68--2. BAKHFETB.BF AT Y8 —AFViZ, 759V Z—-FILORA—D—K
FAOFNDXXIZILAAYAISTINEENTHELTVWS, SRSV, s
SERENLTFHENOERBICIEESEZOY, COFERFNAINAHRENICEAT VS
DERBIDIELHFTES, BRIV TR, 270914900 TROEBICIZF 2
FEF(RBAAV)IFELET, 2O20KKLES % LEBF0H, H.00 > XFLAFEL,
— RO A INFENDEHYAFT, 759 T—FIEHEEERBERIELTWS,
EE(DR, 3HNEILTOKREES, 0(K)—H---0(73 7 V)&S(2.83£2.854),
0(K)-+--H—0(BF,) & & (2.494) R TO(BF,) ~H-~0(7 39 V)& & (2.65) THM T 5
DNEZFBECGFEOO(T T V) 0(IK) = 0(BE; ) RUO(7 T »)eeoer OBF, HEFEA I
Y, BEFTKELBF,0H, - H, 052 KELLT 3,
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Fig.

The final crystal structure of the compic Fig

g. 2. The final crystal structues of the complex

18-¢-6/H, 0" - BF,~ {compound [} 13-c-8/2(BF,OH.-OH.) (comoound 1),

Tahie | Relevant bong tengths (L) ror 18-C-6/H,0" - BF; {campound [}

Cih—C(19 123 C(H—0t%) (ISR
Cih—0Oi) L) O —C(N 1 323(9)
O2)—Ct3) 13301 C(N—C(9") 143
Cl3—C(4) 149(1) O(1 W)—013) 263246)
Ci4)—013) 1 230(9) Ot wW)y—0(2) 2.605(7)
0Ot35)—Ct6) 1 403(9) O(1W)—0(5 273N
Ct6)—C(n P31y

Esumated standard dewanons in the leasi sigiiicant digis are given in pareathesces

Table 2. Retevant bond aneles (*) for 13-C-6/H.O " - BF; (comoound |

Cl1")=C({1)—0(2) N7 3N O1351—C(h)—CiT 107 YN
C1 =0 21—C(3) 108 3(4) Ci6)—C(7)—01%) 104 7(6)
O(2)—C(3)—Cl(4) 11 06y CtT)—0(3H—C(9) 112:4(6)
Cl3r—Cid)—013) 108 i(6) O —C(—C(9) 159 1(7)
C(3)—0(5)—C(4) 112 26}

Esumated standard devations i the least sigmticant digis are yiven o parcatheses
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Table 3. Relevant bond lengths (A) for 18-C-6/2(BF,0H.OH,) (compound 1)

C(1)—0(2) 1.430(3) O(2w)—8 1.510(3)
C(1—C(9) 1.493(4) F(2}—8 1.361(3)
O(2)—C(3) 1.412(}) F(3)}—8 1.342(3)
C(3)—C(3) 1.490(3) F(1)—8 1.338(3)
C(4)—-0(5) 1.227(3) O(IWY—=0(57) ERE118))
O(5)—C(6) 1.420(3) O(1W)—0(2) 2.847(3)
C(6)—C(7) 1.495(4) oW )—0(1W) 2.485(2)
CN—0(3) 1425(3) O(2WY—0(3) 2.652(0)
0(8)—C(% 1.422(3)

Esumated standard deviations in the least sigmbicant digits are given in parcatheses.

Tabic 4 Relevant bond angles (*) for 18-C-6/2(BF . OH.OH.) (compound 1)

O 2—Ci1)—C(M Y () Cin—C9~0(8) 108.8(2)
Ci)—012)—Ct» 1Y) O(IW)—B—F(2) s
O 2—Ciii—Ci4) 110.6(2) O2W)—B—F(J) 106.9(2)
Ci3—Cr4)—0( 3 109 6(2) O1IW)—B—Fil) L10.6(2)
C4—005—C(6) HEX() F(21—B—F(3) HI7 43
01 5)—Ct6)—C(7) 1Y 1(2) F(2)—B—F(1) 112.7(2)
Ctor—C(h—03) 10X.&(2) F()—B—F(1) 1Y)

C:—0tx1—Ciy)

2w

Zsumated standard denatons in the least sigaificant digits aee wiven i parentheses

’;/-00
=y
\ e | (_T\./:‘\

g

\ ™ \\ i ;,’\j\i‘;/ﬁ
\ \;‘:‘:‘\\ -Z - (:\I/ ]
5 M \
w{ 5 i

Flg. 3

18-C-6:2(8F ,OH.DH.) {compuound [

aniy non-nydrogzn atoms ol the crown nny and all
atum; ol the BF,OH, OH, species are shown

Ceystallographic  umit  cstl packing  f

For clarity,

Frg ¢ Side-vicw ol the structure ol 18-C oty A BEOHOFLY)
teompound T, mcluding the imermolecular hydrogen
honds (thin hinest Ot =—0O(2wi, Ol y—(O2w') =

Ta Otlwai—Ot, Otw )=—012') = 245, O w)—
Oy 01w )=0)8 = 283 01 2w)—0OtN), Of 2w p=—=tNR)

= :bj -&
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(40] KBEHPDIB- IS5 Y-6ORFHAFIVvIASIabL—SavHR 1. Ko
T VOMBETALAFTIVvHI R

Thomas Kowall and Alfons Geiger, J. Phys. Chem., 98, 6216 (1994)

ES

RFIAFTIVvIASIab—=—2avyERAnWT, 7592 —FVI8C6RU B
BC/K I DN T KRBBEFTRRET 2. DWW 739 VD KAJ/OBLEE T REHH
ELT, 729X —-FILOFBOGHIZ, KFFHAEELVW2ODNDKEESICEST
EBch, BEEATVWE, ThoDN220KAFR, 3I20FHEmOKRERZLS77¢7
B—HAPOITLKEHT, BOONEEVRFHOEBEETEYF 1240, 841 KD
3ODISV VREOERBEGEIITD, 3207539 0BFER, COLHSRFET,
GASRERECHEALTWLRVY, BBTESL, RECKLBREAEKIFICLLT
WEIKMUEULT D, KAROBMEAZT S TI v 7RI, BARENERE R
oKD, HESEHNETHRICT S, BEEFERLEL L, Jli, 759 0h0n
CENEEIAICHEL, 2720NHELEKRKFIFNISDID2EBRLTVWIEZAS
CENTED, 620sN> 2=z I voflic, KRUZYITOBBH A RFD220
F@ETA oMz HERHLTH S,

2]

I8CSNBAA X VBT —HL T, IBC6NKARIZ. Bu->2KARRODESTHSZ
EETRLTSEY, BHEVEIDOATFIY AT EZZeNTED, ROOGEBFTD
HMPMZBITEIKRAFFOUEREI, 757 VRFOLOERANLRBANF -t b
ST, FREOERORKIENKADORRICFBES TSI, ChSOKPFIZ7757 9 £H-
BEEHESYT, TORVICKFFLOBTEYELLEELTWE, 7539 2 0MEKRS
NDABICBENT, 7737 V3BEICIMIIHEEN TV DL HIICELEESLREXRYF
EESET3, COEIBRERDIF-EBRCHBS Ay nIKERETOY 2T 35 -1

(L2 =F - KBEEERTE)IZO>I2L—-23 00, 739 0% 4 KTE 2
V. TOHAR—NVEBORA)DENRFE, RUAmNSKEBABGITE N EHMER,
KICHUTZATF 75 APELTTRAEL, BI@EZNDINMIC2ONSELH-EE &
RUET S, 8L LFOBINI—FIRERZ, EAONEMETETHLIN, RBTO
BLBEBLEKRPFICE»TRILENS,

Bz hr=KDTFiz, BEMICK 1T it TEHBREZND, CO/4 02, FLE
ALIS vty a—=roBlilEL, S Iav—2a3 vl 0¥

El L THERT 5.

k2R
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LU FFR

729 —-FIV187 5% »6(18C6)i, F-FROISIVI-FINOKREKTS
2. SNLORMEANTOFA 7 N{LEHT. MBTERL, ELt+ACLBETIEFL
LEMERET I, EROHCH, BERAVCHB/LBLFREIATW 30, 18C6 = m
PENBETHD. (e.g.ref 1) BELEERLICONHMIR, FEEHL I —a Y Hic
E2T. RROBETF - VDB TPV AV ERA A VL HEEBRTIEHCREBT
Z)RUE nbéiimLEMEm@Léﬁctoﬁﬂtﬁa I3 viEBEREY
AbSGTE, -BERUFBAMITIEOAETNEBFAICEY, <BETBZLHTE S,
SUHRALERT, 739X -FANRUELBICEEZAE, 7O br VEN-AFOY%
TIVBR(BAIXTIETFIAMNDATI YR —NR—PELT), EXHLETORECNT
DBRVMBLTTNSATFLELTEABILNTED, RAM-FANEEMEOR
CVEETOIERNEER., FAPLEVWCHELS D, WSO O THLES : B
POXCIEEFENXEBENRICSE VT, BEVWCHIELS > X2 b a3FLoMo,
EXFEECOHEEIRATH 3.

RRTIANTR, FREMNTEIBOTTFA 774 ENERRAMEXROBHOERIE.
ZA0ERZR. REFRTOER. RLEOILANET. IREENLH>L, EHBHEIZETF
{ 77ATEDINT A= =K, RAP-FAMNBEROREERUVHBROTF A NS Fiz
NTORAHEHCEZEZTEETINZRETZbIcETS TS, (e.g.ref 2)
BRATARTR., 2018 EBURNRF YO YN ZRNF—RUBADL T &b
EF2PIETOIRTF VO MBEIRILF—H, FLORFHEFROBBLENT
&1, (e.g.refs 3-7)

WeMn 2 Iz2v—-2a3CRlAULTELAKRHIDIZ, MBWLL KEHRTHS, K
2, MEAXrSRBE<, FREBES TR WA, —REMKFEMEKT R LLTL8C6H
BMOEEBIZHBMUOL R I b EHE>TWD, KREICEWTS, 3I20RL>EE VIS
COESkiZDn T, MCHR A refl 8VITHhNz, TOERBLILOKAZICSEVWT, KO F
DEFEEMEE, H-BEEONR -V ICRILTTAMOENHDZEADLM 2, MAKRT KA
TANF=DS, aPT AMY=—AEBFELOZEADILE, COEBS, L
WEERL, - OMNBRAUTESH-EELEA2OKRI FORBCEHB DO LEINRKT
BILATER, XOHMEICLNIE, Auffinger RUWipff?iZixMED 7YY T2 2
KOKAMNRG—=IZDO0THRLE, COMRICENTD, RRIC, B ERICE

TETOSMEMNTMEAREL, RUHIHMOBL KMEELMEKDEBRMEELIC &
5. T REKRKFPFOUNERIBL T 5,

IBC6it F O MEBENI L TIL XY T4, RE2EMEKDDET, fixrnr s
FERIGCEHBIIENTED, ! EFEELELTYIVINBILTWBZ DS B3, oh
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SOBAOMBERIL, PEYBEOIRINF—NY Y-Sk THIFORTHS, DS S
;u—&sytﬁiot.ijﬁcMTéxkgiuRRwééﬁmtaé:ENW
THEIXNF-KEoTRES, SACNEBHEFTORBROIBENICMAT, &

YD, ARTRANF-NUY-DBECLE>THRED, MERBORA LIy —
TH3,

mﬁ¢mmﬁumfbﬁ%ﬁm&§¥ﬁﬂu.ﬁ%#%mﬁt;otﬁﬁéné.%
%IﬁmnNESHT,ivymMJNOhme—am&Et.r#&:?byk
ENOERNREL OERVENHNRRBIZATW 3, SETRIORTIIT, 18C60D
KEBNDITZARTIMNE, TOKHEEDNS T ARY pPILEBITWD EHEZOT
N3, ZOZLR, KORBLHBAILEST. K HEICSTILEIRLDBEs LD
CEERERULTVD., —F, X J)—VhTRIOKER, -0 AT TERS
non, ' BREOIBBOKES LUCLFOICHARICEWT, PYyIULITy Ty Y
TREILEY, BENREAR-2NERZRESAL, '* KERECTETI2EHS

BACSLTE, LL.HUEKORENL 2@ANXRNTH 5.

BrOBRFT. H2OBAFVEETEEWT, BE2R-759 VI -FLOBE
BRRIZLIDIARICE>T, MBERLOISI LA —LAES Az ZhE, KED

18C6Ic 2T, =101z (25T B 2 BE-BU OB ABNERTHE IO 2 A
ZHON, K BERERES--20MHz> 7 b T3, ' ' 0L, BEISTY VicD
WT, RENLEBEFR c =1/v=1.6nsD., 2DOND(BED)ME.CR, £CR, L OMH D ¥
BEHEET], CRROCRERRT DB LHNTES, ZLZNETCHDF—8——HLT.
WRFRIZEDNZLITTI/RUVEYBEBCIS9THIOL, 7 A2 ) —LETi
g5, 0

MEIATIVIZANDBEEEL LT, R BETFHEE 2RV - eHFTE S,
LALLAs, BRPICSEVTER, EROVARAIFOLLELRVEERH L ®L Y 5o
THnd, EnillnFER, RBEOLAETHY, ABTATIVvIRI220TH, ®
FA=R—{tLEBRETUNLETHY, TRICHLTMIL-HOME 777 52 —
S(a. )2 BETLLBAELS L w, BIEMLMBEN S v TIRMKA, MBL KK
AL T(v =1.5x10"S MAUFAKEZ ICHML T(v=10.72x10'*S ")@E&an T
WH, NANREFHMEAMRIE, BRI 0B ELMERELEZRL., &k
WIRTFRER EEEXT, B<—HLTW3,

HRELT, KBBFPIZHSOTI, DL.HANEVIFELLWE W) ERMIEMASH 3,
—cOMaErS, KK 1A ICEMTI2YHKERF>T D, MAMMBIEEE, U 7£-
Alz, BFINWN—TO—BL-UhESATHWD., LELLGHS, MERELOE S L
A= ERIE, EFICRLE>EBEREGEAD. D> Ia2ab—-—23 2280 T, MG
7L FoEYF 1, AnERTF VoYV ETFNICRBRICIEKGTE, REFEFEFN
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MOTROBNR, RFVS v NS A— -~ — R ERREICHEESZ 20, &
WRERIUVFITNRFORKLETS, ALAAUPOBZONER, TROTREE
EEF/-OTHEY, RACRYES .,

F2HMTR, AWEHEEERORF YYD WTRRE, E3WTR, KASOD
BENRUTHNFREORFTORHECO>OVWTHRRS, RKOAX(BETM 22, UTHE2H
ELTE2B)T, KAVt s) —zxv¥—n7ur4uERT,

2. RFU>v R UHE—E%

RPN IRVF-BE B> Ialb—CaviEfForrEXRFoLEmyFL
EELT, AV I —-FIVIBCORFIFEHBICAZTVWNRFTHEIHN, FATEHE+HAREVED.
SFEEEEFRARUKEOHEEEROESORMATEIZBAORTF o lizhn, =
NDEHILEBEDIS, TLULTEHREEZBIZDOWT, HILKIXREN NS A -4 —+
vyhABIIalb—-23vEXE—-bLE, (e.8.. refs 23--26) ZEEZ oM I =
V—>avix, 7973 L,y r—JGROMOS 86 % AW TfTo =27,

FEENHEEEA NOLennard-Jones/S— hiZDWTiE, MET BGromos/t\5 A — & —
ERVWE., CHa 7 Iv—TF &, GromosiC &> THEZ N “"BSEFEFiEGl(united atom
approximation)” OFTHWMY R, BWERAIA—-4—CS;, A, T—-FILEBFEIZ,
GROMOS 86N FICHARZITNTWLRVWANT, TATUBREISIECODOVWTONTI A—-8—%
BELE, SR TLDODHABEROFICH Y, T—FIBEELEBRL7720Fn 1 D
THd, N\TOREFORANB B Ees5Nd3EN, BRIV rPEER, RF V2
TIHABELTRALESZDTHE, COFRROEHIZ, Thvidab initioftH2 »
LBEN, T—FIBRECODVTIIRI-0.4ei2BL 2, Ref 282 & n i, K'ICERT
50BHFRI20.05eL FMEh T3, Ref 28ic & i, ref ATREE ALK HFEEL
Buwkie, FETIROELLTEATAREZNE, -0.3ek-0.6enflliz, FRHE
EFBAFM@ELTRdELTWS,

RLNORT oY NERTEDNIL, MENILVLFOEYTFILE>TRVRENL
B, 220 REFEEXMOPTHNT WS, TXTHTRLAEi-j-k-lD/IT A—
-tz @ITH=, GROMOSTIEZ, —RICRQULINORF oY VEBRLEFART j-kic
2WTosaayts vy RABOBALLTO MBEZAS, EFiLjid, RLARFY S~
WiZ, FhuniESL TvwL vlennard-Jones KR UMEBMILAHEIERICL > THEE S
A, LarLadrsBunwlLybRLyI800, E6LT0w LB FRER
FEAE. 1 206-12-1RF 2o Nic&>2T, BIRFICKRTZERTEL W, 1.4
Lennard-Jones (2, GROMOSIZH W TRMSMIZM & 45, Stratsma KU Mc
Cammon?? (218C6ic>2n T, LLAHEEFRO 7 -0 B2 CHLTOLSORr -7 7%
F-2@ALTHS,
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SITHELVWRERERZ, QLARF I rivE:, EESLUALBRRAONICLST
WORIAFr—= 7778 —-2L7T, BHLR7-)IRBCEI->THESEZHEZZLTH
5. V39V -FNEDOVWT, R2QISTIVI-FILRALBR IOy 705
BREATOEIRVIFULYAIFH A FETACHFRLEERRLEDOFETZS
SOBRNLARKEFATI LI TES, BEREZWEL2SAMT LI YD
WHRCEINE, QUARTF YO Y VRIMOBER%E, SKRTBERAR— (P co.
Pcc. Do) KMETBIILICL2TRENS, *° 120BIEh - MENRILEICH
LT, @EIX6-31G ab initiostHiCE > TIEHEBHE A, *° Rlicref 30151,2X b
AFS TR VI DOTOMAEF Y OY NI AINE-TOTLNE, BAOS I 2L —

PaVRAWELIOELT, RRICE>TEHELU =generic GROWOSHOE R L &L TR
L.

keal
Voromos(180°, occ, 180°) = 1.4—1[1 + cos(3écc)] +
mo

2 (Vu+ Ve
{1410 1.6}

keal
mo

(Vi + Ve
(1.4 10 1.61

FRADOCCESICD T, GROMOSIZ(180°, @ ¢.=gauche, 180°)—(180°, ¢ ..=trans,
180°)(02u 737 VDO TOFRRLMEARCER)IOBITICO2VWT, EHIChZT A
VD7EFHLTVWEN, 1 47-0BEERAT RV F¥—%, Straatsma & Ulc
Cammon?* D & H 0.5 MBET D M7 74 LA HON B, COESICDODWTIL,
GROMOSEMM2 R, PS5 VA I Z22LDau 75977 &2THRAESAE)DEHT
—BTd. LrLads, SAMBEKICHL TR, GRMOSERF Y Y LT R IV¥—%
BRFEB LTS, Mehhid, >2ABERICETSLA-CCOERM(r.c=2.54)12, &
WGROMOS/ISF A — 2 - (0 ne=3. 40220 T4, CH 2= NDTPY F7 T =LA
LYROEMEYNELS LD, KIZDWTIR, GROMOSHIELEENR T A— L —ICBRLRL @
4 1 ZBerendsenS ' OSPCEFINEH W, K'4 7 (q=+1.0e)icD W Tix, SPC
waterDERIUL T, I BILZhiAquist®’®?Dlennard-Jones/iF A -2 —~%Hu
.

AF vl BEREL NhZ2wWILFSTNEHrFWHAE, 722, >ounk
H)ICHLTIIE, AN RF S 2N RNNF—-DNERNICRHON, FFHELEF
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IR NEFz v IITREOOBREELAETOIILANTES, 2,3IOMBEN D B
BERH, BRTHLBRAR-ADEDHIC, TOELHLEBEBENFISCOKIIRITTVS,
XBMOBICR, REPFLBWTCIRAMERT I . MER, BLEETHIHEDH
KOWTZABEROHEERYES S, CikhLhBEODWTOMBENIRINF—DBERIZ, B
RENZRACADARFUVOPIVOHERICELLEET S, L, KE2EOZHhETTOHTF
NEOHERTITOOELIC Y, L UKLECOHEFROEs AT LETAE, &
AORBFHBRICEINIE, D1 BE(Pocco=Fgauche) ITRNVNOBBHRAICL
2T, CIHIKRALTFARERZNZZ DA TS, TRLF—DERET>L20
ki/molicB L, EEBAEN-Y 7 VF X —CCBEBERKETS. LALLANS, @iHD
BEERKICOWTORKRLIRXNF -G, BAORFYIvNZ20THBOAELS IS
(% Dref 28iC &1+ Bab-initio-RUUM2-FHEEL—BL T3,

B2, AAFOREA:2EBFEATRELLEED, BEE NI R ¥ — 1910 B

+

ENED 7T Y DB BT BSPCANTFNE L A N X —BEETRT. Ref 8THE =

DWTHwWaFEFEODTOy b BT L, BXOETFLUTER, KFFRITI70PLE
SFNEKAVRAATWILEBDAD, T-FLOIFBOI VAP —DEHIZ, &4 4
FERDPZRIVF—(Enia=-51l.1kd/mol) DI DO ZFHHEERTF v IUNEEL, 8.9
kd/mol(R )N MENY 712, BEBBIRVF—ICHEXTHERKCDZWETSH S,
(El&kiCref 320018C6/RNH, OB R£8B), N—F 2 TREND LD, B/,
DankK A AV EOMOBEEROZ X ILF — 12 ~247.2kJ/molic &t 3, (ab initiof@ 2
-263.0kJ/mo12%),

EW#E—-KBF WS Ialb—SavikloT, ERBRERFCL- T, EBEHE
ERGANRI ML ERET A L& oT, BAEHKLSHIHFRMEENS3E0R
RATHETH D, PHOBEA—LEANTHETO I LIZEY, ERUIARI LD
RELBREBCEHOIMBLBANBLAELT, ' 2 WRFY v VOERIE
KBIZRLH>TWwWD, ThZTLLA, BATEHEH, RAERQCANNY 7280, SVEK
WHEBIEHESDTAFHIRTF 2o vE2RTIEEERILTSEY, BCRBHART MU
NDEENBUERTLHOTH S, ° RAUBONEEBIREME, TORMEL £I22
EDTTRUE, ERMARIALEORER, 759 28X VEVOEBERLNE -~
FIZROSATWS, MeshiECH, T— KiZ6S0en  METELBEHTH S,

SRS OBHE MK (COC) =200Kcal/mol/rad? B UK, (CCO) = 160Kcal/mol/rad® i, #%¢
M EEBERFTOERE2UETIENICHEBLE, AMBER? A BN ZHETHY,
D bCiMBERNDERBML BRI LDOFHD ISV X3, 2™ I2RT B(3F LA
CiIEBEERICDVWTORERIICZSTRRY R ]*Gll\nfé.‘h‘?t.‘.)h‘. MDRF v icDun
THWEITREEDLEZOND, COHFRB)ITHWE, GROMSALDEY YT ML
“"HROLT)EBERICOVWT, EHOBVHEEKFEE—FR, KBIEHFEBES
EHICBDNID, BIcaxAfttohsznix, ERHIC279cn '"TRAUZ N, D, .M E(K'?
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DIIVARTPNEZRT S, 1) V5V VDL NKFEHL BB "T— FORHH &
HoBRMETHS.

. YIav—avoRE

HDT ik, GROMOSIV—F v %, B2 2ICTAEH 7y T L— KL=, SHI S4
00/10-XZ7 h VETHBERHWTITo~, (REAL 8") BEEBURMLERAOHEEREAE
STETSEDIC, CONVERHEBIC AR ENE ) ELRIMVLTEBZN—-FUEERT
YTEENWTTIUV—F7y T UEREY AR ERAVE, ¥ 3, TR FH FHEEM60ps
EROTIT2E, 22002 3ab—Ca V0Bt BERNASA—A—%FLHTRLE,
hy bATEErcold, BROBECHE T B2y AL IZBHBHEIIL—TIoH
LTEBRALE, tr&teld, Berendsen et al** 7N TY XLicBWT, REHE, .
FELRODEDNOHRNLWERMTH S, I8CBAFREENRERUASFOI A+ A
BU—%SHAKE>* D FREICLH>TEELE, BBpsO > Ialb—-YaryEMofic, 7
TIVOMBANR-AOKRRICHAFRSIERRINVIT - FHEBECEEBL TS, 4
ThE723 e LEBEANR-2IF, 28— NBFOBBCEELRESSY, —fIC
RENLBEXKORFHFETIZ L@V, FOEZ7aVIEAULTh.I ANY —
trekEBALTHERBEKREL =,

i KRZoBELI41FTIv IR
41 *BFEONT7 AR

18C6/K(> 2 alb—2 3 v4A)

n

BCEDEILRFHFRHICHLT, X706 % BH-K GRERRTIZ0N, HAETKR
KER, $VEBTHS., KAROBEORANLFRNERET S529IC, Remerie
et al I2&>2T, EvonKPFOTAFH ONDS I 2L —-2a v CBAEhE, 1
HEMOAEILEY, SUYERHGAZ7HHEORRFESLY, EHKNHFTFHLLHANR
ARBEzAWE, B 4, 100 FhrOREFRAMCHLT, KOBEONBEE 759
YEFONBEMNDR Yy 725 BLT2ONEELRATFARAIED>VTERLE, BLOY
ZIOVOFHOFEEIZ, HRoxyFERTERL, TIXTOEOLOAMOBETIE, 75
TV FARE S BELBEDHICCDT7ML, BT S, T
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COEIRERMTRUOTREKR, ThER<ERBIEO LB 20BANE Y b &
KAROFLBEATZEL., R ATHHR>EYRAIHAUR, 75778V 2 -EL D
ETC, B UIRENTWS18C6-SPCAR7 D, HEFANZIRNX—-B/IhEN2DD
BRWARY pPTHD, SZTR, KAROMAERFCHVWERT, 2250BI--
BT E N EKSFANBELTWS, KAROMBLOABE*EHNTI3EHIC, 7590
DRLEKEFOBOR7HHEAEK g(r) 2, ANAR-AD220BF 2 TH %
KEBELE  KBEOI/SVFEICEKTSIULEA C BITEI KENVIMPEVWLTH
5, (BS5) gk TIR, KAROMBICNLT, 22o20#&{EL 2K FAHF
Fec-ow=1.6ADIE2EY LELERASEL, BELEEEOR SV ELELERNIECHEE
THRIEWHIEREBE, KBEENG(r)D r=3.0AFTORAS T, EEICEREIC n=2.0
NELEE®5A S,

FAMBFAIEOMBEEESDLOICHLT, PEIZbYN, ZhTOXEY, X
BERB7VE=-7442012, FROTRICE T, 18C6L N2 1 BEKEERTEI LA
BBELTHOA2TWE, ZOFRIE, KICHU TH O BBAA 2 EHRWT?®, £ 1E
HILZN-EBERAREOFERLS VT, FERBMLTER W, SN, KIIEBT
CONH-HEE2RETIT 22, KRBENHLFAMFFTRLV, &iE, & &
1:(4-6)18C6/K-SEHENFEN, FRARBER ISHRENE, *° FEFEF@ref 40T,
ZOEMERanghinob il & 2T, B 0AIBEDISCOMEXRNICHARICEWT, B
Kodiz@Zoohrz, TELL4I8C6/K-BEEXRKIZEET S I LERLTSE, SEDY
Iab—2avitshid, ERKBER, FREIITRRUEBERBICS VT, 3H<
BELEETOKSFEEATYVD., U4l B) ZORRE, Ref 0TRRSNT
WORREMSELFERRICEL>TEFZND,

Wipffs® * ' h2MolEEkn, BERHERENRICLEZ IV -FILRT 7Y
TR RFOBBEAPBRIMBICOVWT, KGFREHIFIRENTHILEHICHEIALTH S,
E-oT2720HELABRLEKFFR. 753790 EZRAVERKEBICRS, D.. &%
KERESE2DOIERENBHALER-EZLTWD AL ENS, CO&HIBNFEEHME
3, BARORXRNLHQRISITIVZ—FILOK BEBOK 1A THB,

18C6/k/K (> 2ab~2>328B)

&Iz, 7539 00RLICEVWK 4 ICHO20nWT, B2 Iab—-ark
FTor, BENORSTHKIZ6psBICEIRBLELELE, TOERIFIVOHRFPLE
AA oMoFHART v V(e)=(1/)2K.Ar* &, NELBZ—-FI-4AFVE
MICHLT, FEFRBELTA LK BMICTTAMMBELMETSIEZHICHALLE.
FHALRADOHE, BEMICK. =0.04kcal/mol/A*iI2D 0T, 262psD > Iab—>3 Yy
7o, 180psBIC(KBFHAI—FLEA AV OMEMKEEDI I LICL>THRE
h), BEIMEBLEICE2A DS T, 6psnhMB M, K. A0.20kcal/mol/A*IC &
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D3, (PBCEN>DTEBAONEBYLBFASI—-PF 774 ERWS) Part 2TRE
h3&HE, PREF(XNRIIED)BEHIRINF—-TOT LN, 2D20BPZRLF
—% r=0.9A BV r=4.3 KEMUELC LIS R7Z7RUBRTHBEZ L 2K L18C6R
FILDOWTEHE->TWE, Bz, BRI 220RBoOMONR) 7E, 412D
SYVHOBERBICEI>TEETEA2ELHNTEIERERLE, 2KLT, Booh =0
R EARE" TotALnwI &N, BEOEREISBERSEEAOEBICHGT
5, EBHICELWI L, Part 2 ¥BBEhEn, ?

M6, 73904 A 0MOERE ir 2FEOMABELLTEHLEDLD
T, PFEEOLERUTHAOERIFSICE>TERMURZ, BEiCref 42 RT ref 43
T, BULHBIRANF—TO 74 MO ERLELDIKE, /1T 2BI7507DE
VE—DIEIEIANRICEEBLEYIEL, TOEHICLTIZIEIFIITIVDKEROM
FOHEFER*&ELTE. B 6 KREhdEDHICAA VIR, YIarv—2a ol
CEB7SY FAEAOLRUTOGmANREOMERHT 5. RANMICE., K 1721
BEARUIRLE—HRIIS, Zhon220HEILLEKFFOLI>DOEH %5 &
BCLERBTOENTED, gosoy () ENETRSTOILERUEK L 22, EXEY
SHUIEDONWT, KAZRNVF—, H5I8C6L TN EMVBATHWEIAY NATTETO
KSFeoMOEEFRAI I VEF—IF, B, (18C6-K)=-359kJt @b, CnfEIR, &
EZ—FNICELST, BETAA VL BRLOEEATRILF—0&RMA E,..(18C6-
K )+Eoo. (18C6-7K) =-364kJ& —H T 5, (¥ 3 £8B) Part 2 CHE VT, BWEERK
BIEDWTBICEHACHRT D,

4.2. EEE¥ES

LTt s2>aviesnT, KENEZEISIVICD0TKAROMERICOWT, &
BRI RATE. (VIalb—23avA) Zhidref BICBITANHROBRELET
ZEMC, BRAWICHRID., SOICHEHLBAR, 7779 /0B84 MK FICL
STEHON, BAA VOBEEERICHLTH S FPEJNESHRTFELVILSERTIE
DL ETHD., (Part 28B) MRBETOKFFICO2VT, EnvooREMN2IC
REL, BBELEA2DDRATIEHBLEIETEIENTH S,

B4 71 059 0BLICBEEEV2ODHEILLEKFFEELELENOTH S,

8472 :BLAKASJKOMBO B -BrR>E44725MET S, BS5IhS5DK
BFiR, 7539 VBEN L2V LEISANELEEBAL Y,

2493 HBOJBOOBIREAS T3 icBE O ATWE, SITR, ThsaK
BFRVLEESELODITIVOREFASLSAEIYENEZAHLETN
—FEBLTWE, (84T 1LRUEA4T72 %)

8474 - BYDODKFFRALIELTERENS.
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BRICEAD IV VBROFETHONE:E, DHPUYPTLLTrEHI, 2471,
SET4ADKAFRUIDOH/FERERI MIOBRBAFMETHLE, S NEFAX
7PIVEoi o RUHH-RUOH-BERI PNV Z RV ZonTH D, RHIET SERB H 4 MK
p(cos @) 2B TKRULE, A, XTI PMNVNEZois, ZuuRUT Zou®D ] DEKRDBEL
T30 3 FOERS AL PEDKEERIIMIVEOMOATHD, 247 1ICD2WTiF,
COERY L NI ITIVOREMENELTHY, B4 TIRUTELT4ICRHLTH,
KOBEOKO ISV VEFERBALE

EL4T71O3FiR, DBFRIMUA IS VOFECNLTEHEICAZ A3,
E-oTHFHOHHXR I PO FIE, 750V FAEICHAT S, FTOERFICHLTEKX
BExLd, 8473 N THHOFHAMHER, ROARVICETIHAKEEFICTLTY
5. ¢SB0° L =180 KBTI RARER, KPCBTIHBUENEROBERAOKRR
KNELTWS, ** KAROKFFORMI., 3DOFFLVWKRESHFTEIF. K
KEBHRZ2ZEVWTEY, 1Oo2RAMzEVTSEY, BRELTK-KEEFRAEEE
k¥4 2. (FEkIC4.3.2088)

4.3. BEfEBz R IL¥—
4.3.1. 18C6k K& DEINH-BE

KFFEIN—TIZHTT, 18C6/KOEEMFRAEEICELLANRS L, 4.2MTRE
ENEHBOEHAUEERELTVWSE, B ADENWEEN BEALAEISITOKYFL
D539 —-FNLNEOBOEHEBEERT XIVF¥ —nDlennard-Jonesk 7V —0 V{4 %
RLTWwW3, @BalesnT, CALOR7POHEEERAOI RI)V¥—(Lennard-Jones 7
A7 -0 rBR)ONHERRLE, SHLICHMADITACRTIKRKGIFOFHOK
ICHIAT, R AUSIBCEL LD KD FEOMOKRESOFH DO i, swERLE,
H-BESOBRWMENTERIZ, Refl 45 EALE., THhIIW--00EER, 3.30& VKL<,
OW-HW--0FZ145° L W KRE VW EWVWIEL DT H S, 8bic, H-EENFHn K2 Hld
BMICBHMIUTRLE, EXANTSLARTEIIC, 8473 0KGFizLXKATED, K
KBTS ERRL, BRCMT 202 KEESCERITITVWE, — A, 447
loFi, 18C6LNEEERT, BEMNIC220, MICRITHOKEGESEEKRT 5.
RaT @i, HEOBSICIE., ZRICHAPNIH-BESEETHIELERDAS,

4.3.2. K-XKHEEEA
KASOLMORKER, KOKEMHELE K- KEEERICE2TLELREHNOHND,
SZTRAEZ, Linsed FEXBEHT S, ' FASFEMLTHR2E, EMr=3.54%

TOBLEVWVHRELTOWAEKIFOE, FHOKELEND KM, E<OKFFOMOD
EHONRFPHELRIVFE —Bww, KEEESLEELKOKFPFOFHR7 RV ¥ —
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Eww. mERDE, (F 5) ChLTARTER, 1I8C6ENHEEREBRL, L DKDODHKR %
MRELEDBOTH B,

2471 -400cDHEBPLMMIZ, TLULTEKOBBEN KRS FORIOMMIC L B
BNTHd, ¥ SOBREDIASLERENERIR, TXTELAT30XKPFCMT S
HEFAORKEE2RL, H-REDEAHOHMMERUTU ANV IDKERBLT, KASOD
RAERFOFOK-KEEEAOMMEERT 3, BAKEEHEO VDD S “MiE A —
FUUTHREBFOSAMERLTNSG, 71539 VOKRELNABXELOSRORINEF
., H-BEDXRY M-V 28T Li3TERN

4.4. /M
4.4.1. KAFBPOKDPFOGEREX

FENMRtORELLTo, FERBXEP(VDR DI, XK4F2 A 7OoMOBEN R
ALAT—=IANDWLKIDPOTBEEX, KHEFORAL7iI2o2nwTo, HRAKMETO
TN EOHN2OBFEIEKNHEIILTHD.,

SRTIZZRELT, 7279 VnBRKENBLICEITD, 2208BELEKSF(XR
1710 EERIBENBEREOE, CLA22DOKERESICELT., 7539 0Lkw
BHEOI7—O VHERAOEIELBRCTALHAFEEL, 757U TRELSESE
NTnd, 84720KFPFiE. 75392 KOBMOEBYDKRELZEEGITFET S, %<
BEATLILOKFFTRUELTVWLW'EIN" VISV VBELBBTESEZAT WS,
EoT ok, EFCESTRTI, 799 VERLEKEZESICEI>EERERBEES
ERLVANT, F4T73OKFFIZ, 9471 RU2OKFFLIZ-ENERMNTHZ L
HTEDZ, LALLEANS, HKMEKAROPOELDKAFLENEDS N H-EESHEE
fEBE, TORXBRIAFTIvIANHEIEN A0 -FIVIZFEET S,

4.4.2. KA FoBEBTAT+IVv I

KAFOPRICBEZRAEIDODNRT MIVEn,,, BonBRUZwiCXT 2 B 66 M HE
PRI, KOXTERENS.

C»('C)=<P.(i[-(0)'i[.(t‘))) 1=l.2
T TPiit—iKDLlegendreB AR TH 5,

C(t)RR 10CRULE, 4 720K FRESXZBRTEINT, HEEIZTBHENHIC
BN SBKROWE, HE 71 v O RDE, BEDIBEREMFHETHE R 6ICRL 1=,
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NRUVIBHE(B 47420 TD, MARKEEARTOWSSARELBFERMEZ, H1 K
MAREBATLBEN >THWIBEROBENERBCEIDLNTHD, BAM(2473)

DFETIR, BTOID2OXRI PLEHLT, KRALIKREEATHFEALELYE
WBHEERT., |

2ONBILENEKRKGF(RATL)ENRLIKEODEBIESNWT, B2V ELER
HH>EBIFBIHSNE, 847120 TR, TOUBFRI7MVOZHEE, Bk
LEKZFFAN, BRRICISTVFEICHALT., EE0RMERFLLIOILTIHE@MESR
STWAREHKEBIZHELTE, LAhALEeds, BE-ZIYMSAMT, IR PV E
BICHHAR 7 PVICE T 2 EBEME,. SV KPFCHRERTHEFCNZVWETHS. 20
&, HBEEhEBLEALARFOBHOSHECRTIBafTR, BEEHOD
it icBERADIILETELR Y, TOREF@OFY L, EROYICHENMIOLEE
CEHE, F4AT1IOKEFR, 2OOTERLAKRRZET, FFoETRTLOMOT X
TH3IS2NIFTI U EMEL, HENKCFESICRUETIILE2TARLT S, COARZX
Liz, ref SOBBLE, T TR, EBOLMAFO 1:4 18C6/K-BERABES L, FH
LEETCRHOKFFORFASEATWSE, 2FETIHLNTHS, RERBICS T
ML Ialb—SavicsnT, AL HRNFIBOEERHL, AT VT2 MDF
R¥H, £ 18C6LmBEROFTHEZNA TS,

FUHBRLELEAEHRT, BEOCRELLEAIAWLENRGRBE OMRE, BE
TazLmMTEDL, EAMC, RRBEOERECESLATRERS R, TAEMA
T. RERRZ->-EMALEAZAMNEF2AMORE2ERT 2, T0Es, 5800
ESHZE, BAOPTWIOIDOREEE>T WS,

=i, tROBEIR. BEOMDS I2L—a v HROERE—BLTEY, ¥R
BARKIZRLT., choDKRDPFREIVHERTL, 4A2ULOBRLERBLEBERSFO
EEICLE-T. BROKELESDTHEMEEL- TS, ** FA—0AAZXLEF, KHE
ESNERHFRICLI>THEEZDALTWS, *°

5. 739y T —FNOBMBETAFTIVIA

75y —FUIBC6NTROMBHTILELEYF4H, BLOBRAFRICELS
THEB=nTEL, LALLENS, F<0T—ALLBBRIDIRUFRLRONY7EST,
ZeABARTIHSAN, BEA-LMEATHMERIETIENIC, AWONS I a L
—Y 3R SEETE, COSOVWTIR, T—2a/bF /7 AREZEBICRND I L
M. ERRn-TAVIHLTEA, EBWCEWS IaL—2arysdn@fHet T
By HFH oy INLBTHEILCARSTHE D, *°

Straatsma & Mc Cammon® 298 KiZ &1+ 31,500psD > Iab—2avicdBnwT, 2 K
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FOIERENBAFEMICTILFLSTNTHELETRLTNS, F5NDS I 2l —
Savolic, LIWA LR >=-BBENFRENTWS, SunkKollman®'iz, 75
TVOBBANR-IAERET0KICEITBDYIalb—YavicsYBilRL, MEF
THRETCOSHLETHILFMEL TS, StraatsmadFREELART, COHFRT
i, 729 3 ¥8BosDEALAr— VT, BEEBEOI3HBRIRSELEIRL,
CUABRMNOBBELTEBENEL BENFICLEE>TE, CORBNLEHOD
B0, BEOTURIEUYF 4N, MBI, Anr(RQUARF YO v ILICK
FLTWB3LE2HBIKRLTWVWS, —FKBVWT, BENESAREH LD I 2L —
2AaYDEALAT—NICBEWTEL, BIHTRANLETEEZEROBERL—FBLTWY
5,

HREORZKLLTOLERAR, BEAVZ7EBAT, W<O22r0FRNEWBITER
T. (e.g. W lla) BRWHEICEWTIE, L)V 57 YRBELHIIC, RECFOBED
FIELHAREZEATER WAL, SYEELRTILFOEUTAORECODVWT, SFFEICD
WTHOCICE T A POBEAMAPcoclE, B IIDIC/RL, BE#BIZKR->TII9 07 UL
FOUEUTA2EEK{ELE, TXANUX—RDPOBMIL LD BEEKOPT, HMAIZ,
Pcoc=dl'CFLLLRD, (R 1B28B) KBEBEFTR(PIav—>3rvA), 739
HREMBEN, FHOALIZ Pcoc=:36.8CBNEOB3. K A AVOFEEICS VT,
I—-FIBRERIAFA BRI S0, 32— 3 VBT, DXL IEMNRENE
o, FHOBEMBRZ, 1A 2DH 4 KT Peoc=z41"ICBL, THhICHART, 20K
MO TIEPcoc=-32"IC8T 5.,
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Figure 1. Potential energy profiles for 1,2-dimcthoxycthane for rotation
around the central CC bond V(180°, ¢cc, 180°) (a. top) and for rotation
around a CO bond M{dco, 65°, 180°) (b, bottom). Depicted are the
GROMOS result, the GROMOS result after additionally scaling the 1,4

Coulomb interaction by 0.5, and the MM2 result from ref 30, used in a
this simulation. 0
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Figure 3. Encrgy profile for rotation of a complexcd SPC water molecule

TABLE 1: Energetical and Geometrical Properties of a around the crown's Cy azis. The three minima refer 10 the three possible
Single Crown Ether Molecule in Vacuo after Energy 1,7-00-bridges.
Minimization*
Dy4
(o Dy (in presence of K*)

Eout. XJ/mol » 0.7 1.0 0.4

E e kJ/mol 17.) 49 9.4

Ey. kJ/mol -12.3 -5.7 -6.2

E oot XJ/mol 199.1 205.6 213.2

Eeui. kJ/mol 204.6 205.9 216.8

inclination weoc. deg - 40.7 32.1

¢ wcoc denotes the inclination angle of a COC scgment with respect
to the crown’s planec.
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TABLE 2: Normal-Mode Analysis for the Dy, Crown: (A)

Using AMBER Deformation Constaats, (B) GROMOS Force

Field o
caled/em-!
expt!? Raman A B
569.3 380.2 Az
555/550 s21.2 367.6 E,
3697364 3918 308.0 E,
261 297.8 2218 E,
279 296.0 273.0 Avg
236 228.0 167.7 Au
157.7 139.7 E;
156.3 132.3 Arg
89.0 87.3 Ay
65.4 55.0 E,
calcd/em=!
expt!? [R A B
5522 91.4 An
528 5414 364.4 E.
419.2 3310 Al
301.5 1736 .
294.4 2131 E.
258.7 170.4 Az
170.5 158.4 E.
134.5 124.0 Al
124.8 125.4 Ale
45.5 424 E.
TABLE 3: Overview of Simulation Parameters
A B
no. of 18C6 molecuies i 1
no. of SPC molecules 254 254
no. of K= 1ons 0 1
ume step Ar/ls 1.0 1.0
simulation ume, ps 262 262
stared configurations 8192 8192
mean box length, A 25.18 2514
periodic boundary trunc. octa. trunc. octa.
rco. A 9.5 9.5
*7. pS 0.1 0.1
75 DS 2.0 2.0
densuy, g/cm? 1.00 1.02 -12 -8 -4 0 4 8 12
temp, K 301 302 .
Eeurerowniers kI /mol 1.5 —11.21 X/A
£uceena. kJ/mol -358.50 -140.95 Figure 4. Structure of the hydrauon sheil: “dot plat® of water oxygens
Ex:-asier kI /mol - -357.28 and crown (pscudo) atoms.
Enc;.x-. kJ/mol - -223.06
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Figure S. plr) between the crown's center and water, separately (or the
concave (lcft) and convex (right) part of the shell,

Figure 6. Distance ryyce g versus time (simulation B).
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TABLE 4: Mean Interaction Energy and Number of
H-Bonds between 18C6 and Water Molecules
E;JW SW./
type N ¥J mol-} kJ mol-! Appsw
1 2.0 =1.7§ -11.80 1.47
2 1.6 —4.64 -11.62 0.3
k) 18.6 -2.85 =1.45 0.00
4 209.8 ~0.18 <0.06 0.00
0
©
o .
— typel Fop
— t
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Figure 7._Distribution of the angle ¢ between three water molecule fi ixed
vectors (upip, sun. and uoy) and a vector connecting the water oxygen
to a reference site in the crown molecule (see text).
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Figure 8. (a, top) Distribution of witer—solute interaction energics and
(b, bottom) number of H-bonds between 18C6 and a water molecule of
types 1, 2,and 3.

TABLE 5: Interaction of a Water Molecule with Its Water

t/ps

Figure9. Probability thata water molecule beloﬁgs totypeiafterresidence
time ¢, if it was also of type i at 1 = 0.

TABLE 6: Reorientation Times of Water (ps)

Neighbors
Ewwns/ Evww/
type h [ 17 Fys/Rnn kJ mol-! kJ mol-!
1 . 1.97 0.622 -16.9 -10.52
2 4.44 2.99 0.674 -17.2 -11.56
3 4.30 3.33 0.693 -17.7 -12.25
4 5.16 3.34 0.647 -174 -11.23

dipole vector HH vector OH vector

type T n T it i T2

1 80 23 23 1.4 2.2 1.3

3 78 40 4.4 38 6.1 3.6

4 41 23 3.2 23 32 1.5
SCP water"? 3.2 1.3 3.0 1.6
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