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Synergistic Effect in the Extraction of Lanthanides (II)
by DA, CMPO and Picric Acid

Hideya SUZUKI*, Hirochika NAGANAWA and
Shoichi TACHIMORI

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 13, 1998)

Both diamide(DA) and carbamoyl methylene phosphine oxide(CMPO), which
are being noticed as the extractants useful for the separation of transuranium
elements, were examined in the synergistic extraction of lanthanides () with
picric acid.

The distribution ratios of lanthanides(Il) were very much enhanced by the
addition of picric acid. Comparing the extraction constant of Eu () wusing
only DA with the synergistic effect, the magnitude of latter extraction constant
was found to be about 6X10%° times larger than former one. In the case of
CMPO, about 8 X 10 times difference was found in the results.

Keywords: Solvent Extraction, Synergistic Effect, Lanthanides(Il), DA, CMPO,
Picric Acid, Hydration
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6. DA& HPicl:. HHMTIZBWTL: 1 O FHOHEKEFRKRT 5.
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4.2 CMPOIZE ALn(Il)DHHIZKIZFTE 2 U > BED g [R50 R

42.1 CMPO. HPiciz & % Ln(II) o 4 A #

1713, CMPO&EY ) EEMHPIO)ZRWT, La()ZMHLZFERTH D, ZIZTHE
CMPO#EEZ 0.1 mol dm 3 T—& & L. HPicOigRE%0.001~0.01 mol dm 3D T2k
IHTWS,

IDTITINS, RO ENDLNS,

1. EBBEIC L OHERNRBICEKRTS I &,
2. EEBEOHEME EBHITHENEA TS &,

F7-. Eu(D),Lu(DIZ DWW THREDERDES N TS, (K18)

LLF. TR S CMPO) D&z & A Ln(ID O fi, BUKERA A2 THHET Y
S (HPIC) D Az & A Ln(ID D, CMPO &HPicd i [ %) #12 & 2 Ln(ID O #h 2 D
WTRA, DWW TLn(IDHic BEEEE2 RIZTERBFICDNWTRND,

422 CMPO®OHIZLALn(ll)D HH

K(3) I7iE. CMPOD#IZ & Bt Tz R . HPicAA> Thizh& Eid, La,
Eu(ll), Lw(IDD WD, BEEA 4 > (NO )M A1 4 > &L TIEZ6WTna,
CMPO#E#0.1 mol dm3&—E & LT, H#hic /B (D). BEINO; DI &(
NOy N EESEY S T7ERINR Lz, OV 5T DRRIRT L DIT, FEHIENOS
DIERD 3F({INOg PW AT B (T RHB@RANR O L > TNE) I EBDA S, 75
Hb, HAA L ELTONO; DEABETH S Z ENHRTET,

A5, WEEBEEZ EETHE, HEILIBCMPODRA B OXFITHAFIL T
%, ERMERTNT - bav T VOBRRERAWTIT2 72, )

2013, HPiciiinz 2. CMPOEE %0.01~0.1 mol dm=3 & & b X . KiERH DY
B EE£%0.05~0.1 mol dm=3 I2B VT, FNEFNDOLEEBDONELERELZHBDTH S
(2D & ERA A RENOg &725), CMPOME ##ENC L T, MECITNTHORRED
DEILENO, DIERED 3/ Tho2iE 70y FLEZBDTHD. ZOfRRLD. LnlD
\ZE LT HCMPO AR 5N 5,

La(ID, Eu(), Lu(ID® Y 5 7%, FREFNHEEA, 2.6. 2.5, 2.3&7->72, IN&K
0. AMTOERMEIILaDA 2.6, EulllD? 2.5, Lu(lDA2.3TH B Z b7z,

213, La(ID, Eu(D, LW DB 8D t# B Zi-72HDTH S, CMPODADH
#M21-Alz. CMPOIZHPicZE MA =i R #X21-BIZR L7z, T ZIZCMPOD A&
W EHHIH R & OBEVWAHEICEHNTWS, $F—IX, 2RIEICKEREVWALZ SN, 3
K. MEHIHEZRDO DR HACMPODOADRL D KERHEERL TNVD,
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Kz, M21-Ad 0 AR HIZCMPOM & 0 % TIREu(ID >La(lD >Lu (D &720 . Eu(l)
NESLECHHEN TS, ZHUCHL T, M21-BAURT LD, RS T LallD
SEu(D >Lu(ll) EWSIEICR S, /2. CMPODADFZ T, SEORD LWEW &
BHENLUTIE. flA—F—0HEH 501l BREHEBERICBNTIdRdL A
EEHFNLUT Y545 —DHENH D, —RICHFAMICE W T, DEENEE
2 E NS MK LIz BREWRERNELSNTWVD

423 HPicOHIZ L BLn(l) D H

2213, CMPO’E?I&EWHHCG)J}KJ:6LH(HI)0)1’H1&'10)¥§%“@37)50 A AVAT S
Pic OIEEICH L TLn(IDO kL ZE 7Oy FLZHDTH S,

¢ —ic. La(ll), Eu(l), LD AR KR S, SRS DO TENEVDIHRLE
VS Y A

7. GIGRELFEERO LD Ln(IDIZE 7 U S A 4 > (Pic) 3 & & HITHiH S
NTWBIRTTHD, £/ HEREIEREXDEIDITRTIENTES,

Y5750, HEM3IERD, @RTRLEEDIC. EZ VU VEEA A2 3EALndD &
EHlcAEBEICHIL END EMNERTE .

LLEDZ EMS, RO ENDMD T,
1. PiccoOAOHETRELNIDOBEEDOEIZEDD T/hE N,
2. M AP OPicOEII3TH 5.

424 tHRIPIEICLALn() O HH

2313, CMPOE%0.1 mol dm=3 & —EIZL T, Pic ORI L THlltkzE

Ovw kL7b0THDGEEEAEIZ0.01~0.1 mol dm3 iIZBWNWTIT o 7).
La(ID, Eu(D, Lu(ID&EHZ T 7 OEEN3ERLIZZEMNS, EVU VEAA

(Pic)DEMN METH S Nz, ik, WENOEE A 4 BEICBNWTH YT S
TOEEITIERD, —KOBEBICEEEHTIEMNDG, Nog*&é“ﬂﬁgmi&&:/u&“ﬁ
EET, Pic a1 AL T ashMilian &b otz, LA - T, 9~11D
RPIcBWVWT, y=3, z=0 &2 5,
BL\NOgEﬂfﬁytbfﬁﬂﬁwﬁz<ﬁﬁbmm3mhd\ﬁ@%ﬁﬁ%mﬁ
MO TOw FTHEY T TOETOEENIXDH/NEL<RBIFTTHD, DED, Pic
EMEETERVEEDAERT AT THS., LML, WTHOMEREIIBWTHHEE3IZE
RLEZENS. NOg ZEUMAOHFHERFRLEHETHILATES,

K24 12, CMPOEIZHL T, NEHEPIC DEROIFETh- 2z 7 0y hLZH
DTHD, ZOERIVLNIDICESLT H2CMPO OENKD 51D,
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Din = X X X Kex gn [EloglPicF (NO3 F (11)

x=1y=12z=0

ADRKIZ, v=3, 20 RATDHERDLDITL B,

D _
%C—} 3 - X‘:«; Kex, syn [E]grg

La(ID), Eu(lD, LuD® 7 5 713, WeNeEEN 3L -7, Brs, LOoRDx 1
3&72 0, CMPOELa(l). Eu(l). Lu(DDOWTHUCHIFEMNENLL TWBZ EAHh 5

oo &510, EulDOHHER( Koy ) ERD B &, 850X 1012(£9X 1011 &7z 7=,

LEDZENS, RO ERDON T,
1. HERREOHEME &b ICHIEHARBA T 5,
2. mhithigEtkh OPic O #i33. CMPODENIEII3 T H 0 i #4413Ln(CMPO)5(Pic) 5
EIRENS,
3. EW(D offiiE i, 8.50X1012(£9X101)TH 5,

425 HWMHSEEOAKMIZDONT

i E) R & 5 LoD D & CMPOD A (HPic/z UIZ X 2 Ln(ID o fiHic ¥ 2 hig
EETIRENECLOMEBEZTHIZ N,
THNENDORTOMESEAEDENIZIN A A SNEZ ) VB A2 (Pic) Th D0 +
Y(NOF )THENDEWEITTHS,

ENTNDOA A > DRI R F —OEGFERHE)IZ. Pic™ 120 kJ/mol 12 L TNO4"
1270 kJ/mol & KEL, NO3 ONNE DB KD FEFEZDIFTNDI ENbMS, &
oo TOEEDQKRDFIEIRAF > THDNO; IZKZ[MZEETTKIILTWS, FLTES
12, K FRLBHIBEHEMZET TSI EDF s TS, 205, flzid, Lndte
NO;~ MAETA AL HMEAERTHEE, BEVWOKMZLDWSZS5HBHH>TNDE
HERAONLHWZIE. BEOKMBEOKS FRIOKEFEITE> T LENST, 14>
ELTNO; MiFzb < E&Fd. KW oS5 KMEEE< 20, K TFALDBEICELET
FLOEMEZ LSO DEBDND, LML, 1 F20Pic D& EITIE, FOEKED®R
EM5, Lnd3tokiE#EH B IS ZIEFL TR, DED, @B 42 ORMEIZES
ICHIERIDRMIT 2 ENTES, ZORD, EROMBENRET LD ICLal). Eudl).,
Lu(ID oW INoHE SCMPOII3EMEANLL TWnD, LAL. NO3~ DBATIE. CMPO
3. La(lDiZ 2.6, Eu(D)TiE 2.5, ZL CLu()TIR2.3EEM BB bR oA, =
NSIEFLETRREERBD, @BOSNKRICED, £BAA S OELEE 5D DKDFD
7202, CMPONELLIZK K B2 TWBEHTH D, SHILRBAA DK
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B AL EFTANIFEERES R DHLDIT, La(ID& » HEuD), & 5iZiEFLudD &
K< 73> T, Ldt> T NO3” AxtA A >0 & =i, Lalll) & D HEud).
EMM&O%UMD&‘QMDﬂmﬁbt<<E0‘2642&&3&&&&ﬁﬁ9b(
m<1tﬁi<ﬁ%f%éo%ﬂﬁﬂbfN%ﬁytbfﬁcﬁ@mfmét%@\mﬂ
EiHdHO T mm<.M&%KE%KMH%ﬁM&Té:tﬁf%étwm‘wfﬂ%
Ln(IDICEMI TEBHRAREKTH S 3EDCMPOMEL L= D EEZ SND. Li=hio
T\ﬁ&ﬁ@%tﬁ:éﬁc@%éﬁm\ummwﬁ&ﬁE@%K&<E6®T%55o
it‘B5~9%&t%§&ﬁiruékémﬁﬁtbf\i%bt%%%@%@@ﬁ
*ﬁ®EWﬁ%éoﬁ4ﬁ>ﬁﬁmﬁm6ﬁ‘%&?6%%Emm®mém%®tméo
SRR ENE L TH, TOBKENAKEN t(NOgO)%M?J“‘/O)a%ODJ:’)b:)\ i
KIZAK ROV DK FEDOHAEERZED. Ao Euz< W, LA2L,
%%@ﬁmﬁﬁk%m&%M®cﬁﬁ4?ymkéw;ﬁKx:@iﬁﬁﬁﬁ%%mm
X HEHEPICHE NI <2 d,
UL@:O@@ET%41)&@6@4ﬁ)@@ﬁtié%&%@%ﬁﬂ%fﬁéo

426 Y2V EECMPODEMK

K2R R B CMPO & HPic 7 F D $6 Bk i M EREE5XHENERDLHDOTH
%, D0, CMPOEHPicH FASSAZEBMRL TLED J&IZLD., BHWDIRE %
HEFTLES 0, HHNEBE>TLED.

4925 IICMPOBEIZ LT, E7 U VEBODELELE Y CEEDKAAFDOERET
okl 7Oy hLEBDTH D, VI T7IIHEENL~2 ~NEZELTHBOCMPORE
P SEEIZHLT, THENS 2HEELTWAIENDRD. DX DCMPO&EEY Y
311 RO 2: 1 OAEFBRLTWS I ENHRTELDITHD, =HIT, UV-Vis
RIL A R BV ERIE LR 226101, 21 1 #6ATIZ400 nmfHEICHSND K
xRWIRE D, BEROE Y B A OERSHERTE L, o, 1] $HRIITD
W Z RS Rpo e, TOREED. 101 AT EICH FHEOSATHD, 2: LEHER
A F DA TH D LD DT,

(it B THEER)

(1) CMPO & Pic™ D SRR = CMPO &Pic- DEE DR
@ pH OO E@EEORE = HPicDA A ALDHIH
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4277 HWHER O L&

KIZHE R K B E ¥ & CMPO® A (HPic7z LI X AEuD Ot iz BT S
EROLEBRERLUZ. BEETIE. MEEKOMIZ8.50X1012(+9X1011) &2 0,
CMPO® A(HPic/z L) TOMBERDOMEIT 1.16 X102(£10) &5 7=, FEIZ8X 101050
EWTH 5,

1. X1 F20E2 U BEAF D EEDMUIERK
(1 A1 78 t %)

[EU (CMPO)Z(PIC)3]0rg
[Eu3+][CMPO] 3 4 {Pic™}3

Kex, syn =

{8.50 X 1012 ]

2. XMAANHET A DEESDODHMLERK
(CMPO @ % o B ] 11 57 )

[EU (CMPO)2 (NO3)3]0rg
[Eu3+][CMPO] 3 4{NO5 3

{1.16 X 102 }

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Kex, CMPO

NOs~ : =270 kJ/ mol
Picc : =120 kJ/ mol
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428 F&0

1. CMPOIzX %524 74 R ( Ln(ID)odmtid, €U & (HPic) DRI & -
T, KIgIZ¥KRYT 5,

2. A F 2%, Ln(CMPO)5(Pic)sdlitHAS, ZOBFEREREDIT TR D, Tz, XA
F2THBEH ) VHA A (Pic) DHUKIEDR S AHHIC K EREBERIFL TY
%0

3. Ln(CMPO),(Pio) ;@i % LT, Ln(CMPO)3(NOg)3 , Ln(CMPO),(NOp),(Pic),
Ln(CMPO),(NO)(Pic), DRIt % b B TE B,

4. LH(CMPO)g(PiC)ga)*EEtHﬁﬁLi‘ LD(CMPO)g(N03)3 DHHEBDKEZT DR EX
1010~ 8 X 1010(5T3H 5.

5. FESIEE OB E S RS RORIE, KEBDES Y A A (Pic)DBED
BMNZEBHDTH 5,

6 CMPO& HPiclt. HHARIZHBWTL: 1 8AR, 2: 1#fkERKRL. 1:1 OBD
RIS TFHOMBETHO, 2:1 DB A% OHEETH S,
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4.3 P73 FECMPOIZ K BEu(ll) D D HL#
®27IZ E(D DIz BT 5 Y7 2 R(DA) ECMPOD LL# % R T

(@ =0
DAECMPOD EE 5B, BREFRNASN, SRR L, £z, £556b
i sE AP OPic OBII3TH - 7=,

(& D
A ORAIER., A XA A 2 EOROEREERL EICHESNA LN, 05
WZDOWTLATIRT,

SRR BT S HtHFIORAZIZ D W TIE, DATIEINO, 21 7 > D 5G HPic” Oxt1 4
>HEBEWDNOEMEIZ2TH 57z, UK L TCMPOTIINO, 21 A > D5 G
Eu(IDNDOEANZEIZ2.5T, Pic DHAEDEMEII3 720, A A 21T & > TERAEKITEE
MAHLNTZ,

DAL Y27 D EE(HPic) DR TiE. DAEHPicIZ 1: 1OEEFRL TWD Z &M
BTER, &5, INSORINARY MVEBIELZERE, T01: 1 8RN THEDS
KTHHEZ EDNDNoT,

CMPO&HPiciE, 1:1 kU 2:1 OEFRERRL TSI ENHEIRTE /2, 1:1 8K
BHIIHTHEOSATHO, UV-VisZART MILORIFEIZED 400 nmfHAICA SN D KE
IRIRINE D, PiC DA R TE, 2: 1 K3 A HOHERTH D I Ehbh - T,



JAERI—Research 98—050

5. SBDEE

A EE WAL O HEMEC BN T, HRLERFESE2HEREL T, RO
DOEHRMH D ENDMoTz,

D pH D (FE B HE D 1)
= IR FI(HPiC) A & iRl L TA C S tniE 2R ZIRE
ST TWDBEEKMEREA F 2 Pic &) DA F LD A,

@ HHiF & BOkERA A&
DB D AL
= JHEF & BKMERRA 4 2 OB ELWDIRE DR,

AREIZBWTHWZEZ Y SR, BOBHEME TH O, EEERED R & WL I
BWTHO.1moldm™ BEF OMEET 52 ENTES, £, BV VENRELTED
% Bat 4 > (PiC)DHAIEN RS . BRI MEASNRSENS el 2D, LA bERNH
25 0 (400nmiz B35 EIVEAER = F11X10). ZOX I ERARICBW TIIIEE
WERRHMETH D,

LAL. EZUCEBIIBETHH., EROTETOMANELWHETH D, £z, £
BOT 7 F ) A RTEOHEE TR 58 L ~ULBEROREE B E < (893 moldm™),
ZDOREREEIEIGEWERICBN T, BESENESNDMEFINEENS,

LN T, 2%EY Y SEERAWEZUADHERIMERERREREIL TN ZENKE
RERE LR D,

R E L TEL TWAEME, #indo. MBI ARIRERZROBRVICROL D7
bOTHD, TORNELUTICRT,

1. WBHEMETHD L,
= AFICREEL T, MAA R ILEND D, HEk
BENGVWREIZBN TS, HRERIHRNRNDLTZDIZ
3 E L TRVWBEDRD D,

2. BKENEWYETHD T &,
= RaA A OBIKENEN EFEMICHEEN I W
728,
3.LKEBMEATHD T &,
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FIT. FROLIBEGEEFOHBEMEPEAIZERLIZER. AR EO—DTHS,
2.4,6- b AF AR XK > #(2,4,6-trimethylbenzenesulfonicacid) A > F L > A
IR EEEUTEOBAE L THW, BRIZIEICDODWTRE L,

CMPOE AL FULUANK VB, E/2. DAEAYF L Z)NVECEERWT,. Ladl,
Eu(ll), LW(I) D EBRZT o I-4E, FHEBD, WTNHMEREXEWEUE mol
dm® L DIz B0WTHBEDERAS N, L L., PiciEEDBKERZWDIZ, +457
It EEDMIR R S eho 2. £ I TEHHEIT. KOBUKEOEWEED 2V > Bl
ZIFEDEVWTILFNEZLDHD)ZRMNTHIEICE ST, SS5ILnUIDIZHT 54
BEEMLESE, XDENEHLOLMBRERARRT S I ENEEN5.

XM

1) Y. Sasaki, G. R. Choppin Journal of Radioanalytical and Nuclear Chemistry ,
Articles, 207 , 383 (1996) .

Y. Sasaki , G. R. Choppin Journal of Radioanalytical and Nuclear Chemistry ,
Articles, 222, 271 (1996) .

2) J.Rais, S. Tathimori, Journal of Radiocanalytical and Nuclear Chemistry ,
Articles , 188, 157 (1994) .

3) J. Rais, S. Tathimori, P. Selucky, L. Kadlecova, Separation Sci. Technol .,
29,261 (1994).

4) {LFEEERERIT P996, 1975.
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[k M ] [ A )
(D&Y ) > E%E it Z GO L
EOROKIETR a3

v
155 PR & 5 1%,
W
[ 7k 4 ] (A H%A]
[
v

v

v

0.2mol dm™3 o ™
AKiEigiz L ALndD D
Uk iiifan

0.1mol dm ™ S/kE{t,
F kU AKBHRIC
EBEDY CEBOM
i H

A 4

Ln(IDEEDICP-MSIZ X5 E R

y

B2 VA T REOUV-VISIRIRAXRY
MVBIEICK D EE

E1 £ 8 & F



JAERI—Research 98—050

n—-Oct n—Oct
AN C
N
/ (clf:»\
(I)l 0
(Cle 11
CH,

Me

TR (N,N'—dioctyl—N,N'—dimethyl—2—(3'—oxapentadecyl)-
propane-1,3-diamide) (DA)

n But
/ \ / \ n-But

CMPO (dipheny!-N,N-dibuty! carbamoyl methylene phosphine oxide)

F2 73X RRUCMPO DtEiE

O ="
o=

OH
NO, < NO,

NO,

E4 Y # (picric acid) (HPic)
(2,4,6-trinitrophenol )

K3 E2UBEDIEIE
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[DA],, = 0.1 mol dm” = const. -

T 1
4.0F -
4.5 ~

= ! i

a) i i

o0 I 3

2

i 1 |
5.0 -
-5.5F —

| ) | 1 { |

-1.5 -1.0

log {(NO,}

B4 Eudtostq 4> &L TONOg D (HPick L)



log Dg,

-5.0

-5.1

H5 DA @D EuStADEf# (HPicZz L)

[HNO,),=0.1mol d m> = const.

JAERI—Research 98—050

! I

log[DA],,

1 | L 1 |
-1.5 -14 -13 -1.2 -1.1 -1

.0
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[HPicl,,, = 0.1 mol d m?= const.
[HNO,], =0.01~0.1 mol dm™’

l ' | ' [
4+ -
)
A
o0 -d [ -
2
3
1
6 _
| ! ] ! |
-3 -2 -1
Jog {Pic}

E6 (DA)nLn3tm#ta4 4 >& L TD Pic~D# (DAZL)
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[DA],, = 0.1 mol d m®= const.

[ HPIC] jpyy =
I I l T T .
(i)=0.001
3F 7 | (ii)=0.002
(iil) = 0.004
" | | aw=0.008
2 (v)=0.008
(vi) =0.01
1 . mol dm3
Or -
1t Q (vi_g
v
A ol ~ )
o0 (1if)
< i)
3L 1)
4L 1)
5L i
only DA
6L - only HPic(0.01 mol d m™) "'.,-’(0.1 mol d m~)
7k ANy .
| ! S AN L
-3 -2 -1
log [HNO; ],

K7 DA-HPic ICLBEu(lll) DGR #H
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[DA],; = 0.1 mol dm?= const.

[HNOg]t =
! ' ' ' (i)=0.001
3t . 1 | i) =0.005
(1) (iii) = 0.01
. () ] | =005
2F (iii) (v)=0.1
mol dm™3
1 [ -
(iv)
g ol i
Q .
a0
2 1k (v) |
2k -
3t 4
4 -
| ] |

4 3 2 -1
log [HP1ic ]

F8 B4 DHEBEREICHI}BHPIc AIREICHT S
Eu(lll) ® 5 EH (DARE—ZE)



log {Pic™ }

JAERI—Research 98—050

[HNOg]; =
] 1 .
(i)=0.001
-2 7 (ii) = 0.005
(i) - 0.01
(| | m=o00s
. ]l | (v)=0.1
(i) | e
(i)
3 ~
()
_ A -
-4 S -
5L _
| ! ]
3 2

\\
L

B9 ESUE OBBICRIZFTHEREDR



JAERI—Research 98—050

[HNO3]t =
L o O=0.001
B A =0.005
00=0.01
3L - v = 0.05
O= 0.1
2r ] mol dm™3
1_ -
d Or .
A
E! =
1
2L i
3k N
4 -
5k -
| | 1 !

5 4 3 2
log {Pic}

E10 (DA)nLn3+p#t4 4> & L TD Pic~DE (HGRIZHE)



log (Dg,/{Pic™P)
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[HNO3]t =
| T
ok 4 | ©O=0.005
A =0.05
0=0.1
I mol dm3
9} _
/)
. 1
8 - —
] I |
-2 -1
log[DA],

11 EuStADDADE I (BRAXE)
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[Hpic]init =0.01 mol d m> = const.

[HNO3]; =
_2 T P, .
(i) (i)=0.005
(ii)=0.05
(ili) = 0.1
mol dm™3
1 - —
5 O (ii)|
-
o))
@) N _
L |
(iii)
1+ [ 0 /o T
ol _
i 1 . L
-2 -1

log[DA],.

H12 EStORMMICRIZFTHEREDZE (BRXNF)
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1.4
13}
12 b

1.1+

log [ Dyp (K, + {H*}) ]

| 1 ! 1 | ! !
17 -16 -1.5 -14 -13 -12 -1.1 -1.0

log {H')

13 EBKBEENEHICHEIIZES Y BEDFE



log | D, + (H))/Kgpp{H -
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[DA],;=0.1 mol d m® = const.
[HNO,], = 0.001 mol d m™ = const.

Ll T T

S
w
T

o
|
O
O

]

<

()
{

6.0 55 5.0
log {H*}{ Pic™ )

14 273 REEO Y BDBER (DARE—E)



log | DK, + (H})/K gpp(H) - 1

-1.5

JAERI—Research 98—050

B T !
[HNOg]t =

O =0.005
A =0.05
0=0.1

mol dm™3

.0 15 1.0
log[DA], .

H15 27X REES U BDEERK
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1. E2UERF(HPic)DEHH#ENDTE

(X>E48)

(7k#8)
Ka,HP
HPic + @

BF
ke
R

H ftﬂ.ﬂﬁ’l

| th-HP (X2 H)

I (7k48)

F16 k#HHBDPic- DEREEZRHILZHED2DODDER
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104 : . : :

[HPic],., =
103+ 1 x 0.001
x e 0.002
102_ - v 0.004
m 0.006
A 0.008

1077 1 e 0.01

100l | = O
ol / | [CMPO], =

1 0-2 | 0.1M CMPO,
0.001~0.01M  HPic

103} gi |

I:)La

104t )
only 0.1M CMPO
105} 1
106} ~__g.).r_lly 0.01M HPic |
107F -
10—
100410310210" 10°
[HNO;],

mol dm-3

0.1 mol dm™ = const.

F17 CMPO-HPic ICLBLa(lll) DigRI# L
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[CMPQ],,=0.1 mol dm®= const.

102 l
Eu3+
La3+
1038 ]
A
Lu3+
-
—
QO
104 | ]
3
-
105 :
107? 10 109
{NO;3},q

E19 (CMPO)nLn3*p¥t44>& L TDNOg~ D
( HPic 7z L)
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[HPic],;; = 0.1 mol dm™3 = const.

® La3+
A Eu 3+
| Lu3+

[HNO 4], = 0.01~0.1 mol dm™
104 x
10° i
3
10 | * .
"
10”7 '
103 10°¢ 107!
{Pic},,

22 Ln3tpfta44>EL TDPic” D
(CMPO 7z L)
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e [CMPO] ,, =0.01~0.1 M, [HPic],;, = 0.00025 M = const.
A [CMPO] , = 0.002~0.02 M, [HPic],, = 0.00025 M = const.

DHP/[H PiC]aq,t

10° . '

104 B

108 |

102 ' *
1073 1072 107! 100

[CMPO]lo,t

K25 CMPOEEZL U BEDIETERL
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& w7 v T A b vt 10° | F bal G
MAFRE |7 v v Y K BTHLL | eV 00| # A M
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% gln v 77 cd 02| ~2 ¢ h
BN IEEERIEE 16V=1.60218x 107'*J o'y 7 | da
Nk | RFIVTY sr 1u=1.66054x 10" kg o' F d
102 v F c
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h =a—-—btv| N m-kg/s’ A VIR PO—LA A 107 7 y a
E H ., & Al A A w| Pa| Nm’ P - v b ,
TinF— HE HBB |V 2 — | Jd N-m . _ W bar G¥)
TR, REHR|7 » b W] JIs # W Gal 1. &1—53 [EEHRAR) B5 R EHE
ELSR, E@H|7 —ov | C A-s ¥ a v - Ci ERER 1985 FEFMiTick B, 12120, 1eV
&, BE, £EH |+ :v‘ b, A W/A N % R LU 1 uDfiiid CODATA D 1986 FHEXR
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av gy s s valv—sxval s AV 2. RA4WIHBB, /b, T—w, 75
i filw = — | Wb | V.s 1A=0.1nm=10"m SABBINTL AAARORIUOTL
i #H # |7 3 7 T Wb/m? 1 b=100 fm?=10"2° m? LTIRAEBLIS
A v 5o 5 vAR |~y -1 H| WbA | bar—0.1 MPa=10°Pa 3. barid, JISTREHAKOENEERDTE
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2 1Ci=3.7x10"'B °
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ol & ®ls v 4| Gy | Jike 1rad=1cGy=10"Gy
; —RARTW B,
o8 Y% 8| |v-~<wi| S J/kg 1 rem=1¢cSv=10 *Sv
" B %=
71 N(=10°dyn) kgf Ibf £ | MPa(=10 bar) kgf/cm’ atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
$ & 1Pa-s(N-s/m?)=10P(#7 %) (g/(cm-s)) 133322 x 107* | 1.35951 x 107* | 1.31579 x 107° 1 1.93368 x 1072
BHE 1mY/s=10'St( 2 b — 7 ) (cm?/s) 6.89476 x 10™* | 7.03070 x 1072 | 6.80460 x 107° 51.7149 1
x| J(=10"erg) kgf*m kW+ h cal GTR7E) Btu ft * Ibf eV 1 cal = 4.18605 J (i)
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e
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i’ Bq Ci :’ﬁ Gy rad ;3 C/kg R § Sv rem
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i3 it & ®
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