Nol8 March 1978

REPORTS OF

THE GOVERNMENT INDUSTRIAL DEVELOPMENT LABORATORY, HOKKAIDO
YA %] W
* Fou = |

® 18 &

B3 F153 % 3 B

T ¥ #& 1 B

b ¥ & T 3% B 3¢ 3 Bk A




(RSN

s C 9 1z

ARG, UME2HE IR LIUEIROEEY L — MIT 209 70— T OIEA]
4747 SUARIS2E £ ¢ 5 FRICHF S N EREOF ¢, BUCEHE LTHEEETNZL0
DEXLE T HEDTH 5,

X V- MIMT AT, SITEINIE 2 0 T (BB O EE LU S 20 LS8R
OBRNERL LIZEH STV AREE L FETH 2 AR RO EREGROMRE L B
LT, WRBIEICE L UTHREA A4 » OFRERRG O BRI ZE & 0 s BgE U 725
BTHD, TOR, BEMACHLLZ&EBA 4 v 24 icufm 3 2 880l ¢, &
B L — h OB FEBRCOEEMIRE T — < T A 2, 3512, BHUEEIC B
TINEDORRERITEFEAEREA 4 v OSEIISET 3R L M2 7=, Th
EFTCIELSNAEMRRE, UOWLE LTERESITREL 7~

HEFIS3EE 20 5 BERIE A A+ ¥ O S WA DI 2 E B A= H 1k S BRI 22 B 1
KRR TRIGHEE 22 FIH U - KE RN ABBET 23208 -0 2 KS
2, ShETOMARBREZI LO L& L L,

COHREOBNNE, B imXETEEL, ORI Eoc kIl hAEoOmERLE
AT AZLihd, 20D, {FET —<vBIZ HRCHESOBH 2B - #E % 4
TAZE &L,

Z¥, HEAMSE £ TIzERiSc e U A RIS R RES 9 & (IEF465E) 1&gk s n
TWBDTHIEL 7=,

(5 2 #5 1 3ik)
# OB = B



JCiiE TR S SRR
#1185

"EEF LV — P OEKRIE & B FERRIGIZET S

IR 8 G 1) AF 28 35 & OV i B\ o i Fi O AF 5%

H R
T Lo
1. BEF L — FMEBTIBOEEZBIIRIZE veeerrerrer et e sene e sesn s 1
1.1 % B eeereeeieneeeee e r e e e bt e e ts e e et ee e e s stneeseeban e e an e 1
e |
1-2 8-F/0/—NEHNE= 97 V(1) ORI SRS e e eavnnans 6
IHHHBEFR], I —, RORE, FRE=R
1.3 2-(2-F7V)UP )4 —AFNT2/—NEk
FAWE 2o V() ORI i 10
WHISFI, Al —, FOERSE, PR
14 FF3 Y032 or V() OEBEHIHAERE o 12
PIR=ER, JROISRSE, \LEER, d)iz—
15 FEEEAAEEFICET =y 7 V(D)4 4 v &
8= F /1) J Uk DEEFERL ST« e reerrrrerrmsrmmmeeitemisiissssensenreetesteannsaresessans 20
PR =8B, JROERE, LM
1-6 FHEMHAMEGFTFTIZETIS2=vsr (/4>
L-E0 VU ANESFFEEL A 2 & OEHRLERLITIG correeererrorreeeoenoreresoreens 27
TRERZAB, FEFWR, (HBEF, MEkKkEp
(k)
1 -7 Reactions of Hydrogen Peroxide with Metal Complexes. 2. Kinetic
Studies on the Peroxo Complex Formation of Nitrilotriacetatodioxovanadate
(V) and Dioxo (2,6 — pyridinedicarboxylato) vanadate (V) wmervmreriiinin, 32
HEERE, RO, Hhmis
(BHBRE) (BB ARE)
2. BEFL— P OB T BIAKS O RS IEEEZRIIIIZE <oorrerrrrerereerinimie e e esssniseeeenas 37
2.1 & ettt e ete s aeeea e e et bt e s tsete e e e ee e e nnnntre o 37
ik = A
2+ 2 Kinetics and Mechanism of Back Extraction of bis (2 —methyl —8 —

quinolinolato} Copper (1) with trans—1,2 — Cyclohexanediamine—
tetraacetate _IOH ...................................................................................... 39

JRCIRREE, (UEBEF, FREZER




3.

2 -3 Kineties of Back Extraction of Some 8 —Quinolinolato Chelates with

3.1 #% D erret i er e e s s
(Fi S

3.2 FE(M) & FITa()OEERMIEIEEBE oo,
JRCIRREE, (FREZER

3.3 #(IM), =y () Ra 30 M1 ORERIIEREE R o

FOSHEE D% FIRT 5 0 ifrikoiis

Ethylenediamine_ N’ N, N: N’ — tetraacetate Ion ........................................

REIRRER, N —, (REE=HP

TARRZAB, BRCIGIGH, HilZE—, WHEH

.................................................................

- 49



ﬁEﬂH/ biﬁ!ﬁ}iﬁ}@é? mAYIT 72

11 #

KEWEBTFT 28BA v & A & 1EHE
U2 ERii & IR0 3 CHBARA o i
B0h 5 BEMBETEEA A v OSBEPIRE
BELTEHZFETHY, B4+ 05k
6 & LMo ME, BOME, 5503 8R
HOMAEH L LI EASh3HiTH 5,

Z DEEERERIC D W T OB, 2k X
SHPICE OB ERIEPE T h 200, $#ED
MR T E R L D122 W T DOIFZEIE Kolthoff !
Iz & VAL ERO FEE HY TIUIE T hh
TLIR, 2L O Thbh, BETIXHKRE R
W TIRE AR SN EE > TRVWET
H5,

EZAFHHEER TS Z Lz kD IHKIG
AEDRZKIGICERE N, Wk 3BT
AHEATT 2 &5 VbW 5 HERINITEFEIT
PRI FRICI L TRICEEIC DWW T £ D5
RFGELRLIZ22b5T, bFVHVWENT
W\ PUF IR O MFZEE08 O MRS & RIS #
ARG,

<% Irving 94T - =i B8 12 B 3 B RfFsE
WS D 2 A, |’Y FEHE & fHERE ORI,

SITAREA & ViRE B L T RERE T
5 RIGKEEAS, MLEE R #T 3 K6 P R
AF 7 EEEERA & D1 L 1 SEERERRIGTH 5
&, SHILZORIEPHORISIZEL TEWR
BT H AEAIZOWT, FHEMICHE L Z8®RE S L
T, VFV YRRV oMdiERE 2B+
3 Freiser 5 D (19624E) p°d 529,

ZOWETIE, RTIRYD FWWE L HHEED
BAfRZ#F N, fRD FEHEEZ KE LTHERY)
TR (ZKHH & BHEARRT) & K & < U 2= $85 ¢ I3k
iz ALERIGPRET 22 L2 REB L 2
BEZORI{ERG A EE T 28Xt Kinetic
region &I FRTW 3,

SO & KB A A VIEE B L UHEBED
SEZRREIIREE (V7' v | HDz) OGRS KR
T—0.8KFLUFLINCKRTHZZ EHE, HKEFIC
GELEZOL, BEEILTEA X v oo VFY

]

i3

YD) EEYIA A D1 ¢ 1 ERERK
IGAEEL, ZOReOEETEHIEL.7X107dn ™

—Hp

mol™. sec ' THBZE L7,
2+ — Egiﬁ’k Ay e A T
Zot+ Dz THEERK, > 7ZnDZ (1)
ZnDz +Dg _ K ZnDz, «roeemeer (2)
(2)Rimaehs 1 1 28RDERIGDERK

EH K &0 (1) XORBOEREYR K Ak &
WiZh 22bh 6§, RIGEET(L)DRIGH/INT
HEHEEHE L TIE 6B OHEERA 4 v AT 4B
HEICEIT @R (L )ORISIZETh, 20
BREOEEMNBVW D EHEE L, LALERAET
BT EIIFHRIZ Eigen 12X D IBIN - 0nbW 5
Eigen Bz & VBB IZEHAT % 2 O CHRGIE D
LT HEESEET 2 L) HERIETIEENT
VR,

Eigen DR L X (3R THIZEEA £+ ~
ARFIRGF 2L TR & 26T 3 7Bk
(A4 ) PERT 21 A5 DNADBEL Z D4
BSEADBIEA 4 v o 5K T2 REE L T
RPERT A 25 I~DERE B THAERRK
WASHEST U, 1,2 5 T~ DERFE PEHERRS & %
=3, —ARIC$EE RS O A LB F O RESH I
WEFRTHY, REBEBEA 4 VICEVEETH 3
REhr 7Rk o3 F O MEBERG (SR D A3 X107 sec ™)1

BEHENLEETCHBY,
I Ko H+
M(H0) +R —M(H0)2": R~

kHzO ]]:[ 1
WM(Hzo)m—P RIPU+ verveniiinneeiines (3)

ZDFRIC 2 BRRETHEAT T 2 BUSOIREE E I A
BeihDERER Ko LB 4 v 2 5Kk F4
M%?%ﬁ&kmk@ﬁT%iBﬂéﬁ s+
BSERIZA 4 V3 E L 2B/ idlA 4+ v o
%ﬁ%%iz#%&&#bﬁﬁf%ﬁmﬁ%*b
HZENTE, +2finodES 4 v E— 1O/
WMFDBEE Kol ~2Th 5, LiAH-T
11%%$m&fwﬁﬁmﬁimwt& — B
Tho 7z 2=y V() A VIZDWTNMR
EHWTHIE S NBLL KD T O BEEE 1,



(2)

2.7X10'%sec™ ¥ THZHBMF & LT C0,T,
SCN™, glycine™, diglycine™ % &¥iZDWT D
1D 1M ERBIGOEEER T WIhE Buvu—
HERTZL 5, BAETRABELTED LN
TWOIHETSH 5,

U 2EHEE XL — PR SN —T 13V F
LISo B FESETE A 2 W T B A A4~ OB
T SR RIEEL EERIVTFEIC L VR
HZ R BME L, WBHBYEE S SEEE S H
B L 7o WFEEBAA ST 3 E0 T A O BB AR EE E 3P
REZUDEDLLEVEMAS L KEMIZEH T 588
WHE O G ERE % SR W 3B ORBEEE
BOBEH RO PRIIIE LT - 25, 204
RINETHPhTWAFECERES ATV
W OAPDMBERE RIB L2, 728 2 IERIEKRD
KEAAVIBEZEET 27201203 pH #BE
F AR BT 2 AP H D, TOBEL
B e & EHERCOG O 12D W T IE LW ST
BATELZWZ L, RizBNHP (M) VF
DRIZBVWTERENZZETHEH, thoizk
ZEWTHRES 4 v - 8RR 2l
B IRIGKRE OMEMIZ0 . 8% ~1. 3k (FFEBIK)
ThHBHH, Zhe—1.0kF 2 3+1. 0k RAEL
M—DORIGHAPERT 2L D& L THGRIT-> T
B, TRIZEEMA DY, HRORBORE
BOWRMEIES NI L, A1 1 1 8EERER
FOG#EE & LTERBA & > OB A REEERRE X 1
HEFEIIREOHEEIBEls 2705 0, Bz
Eigen O A CIIEHME IO D 5L WIB S EET
BB YOMBERTH 3,

FHOWEINSOMBERAC D W TRE T &
HEREWETEIT - 28R, wWo>hDlEs R’
RTELDT, LITICHRIE 28T 5,

a) FL JME &R |

BRI & EBRE T I BE, BFI1X 100 et~
200cn D& FTHHWED — Miz@EA 4 v 2 E Tk
R ETRH 2 R L R s 2z, ]’
EOMIEI T 2 ARASE TR Y, B
IETEACIRE IMAIES T 2HA2EEL
BVBEHZIZERA A v oMB X Thh v, BE
S MO REREL 77D 7 WER I I LEE 1N s w T
7 DEIRE I HEO EEEH O LR fE o THIHE R
LM B A5, [EERE AT 300 strokes/min < 5 1
B 5 TR O SEAIER I T LIRS O #o Rl
L ERBR E 4 AER AR L, 300strokes/min<

bWhrL—EL L5,

LI EDRER D 5RDMARZ 2 L A5 HHEET &
o BILIRRED IR & 938 E 300strokes/min ¥
TUEBAE D SN DR OB E®E, *
72 AT ER L - R ESHA D B~ DB %
FE AR 2 245+ % A%, 330strokes/mink) [
DR& JHE T, WEBEIE I KERIz B
B EEARE R S E 7 & DL FERIGHE £ 0 E <
2, ZORZHEMCIIHEER LSRG
HSTRE FHE L IIEERE 2200 L EBET
ERIN

P bR BRI, v 288EMH & b+ 2
EEA 4 v ORBBIZED, bIAIZET B,
B &% 330strokes/min L1 E Tlafb KGHEE D
(kinetic region) DHIFTH - 7, ‘

FUDAEHLLV2HEOREOEME & U2 H0
FHATERRE I3RS D MOBE L AE S LTIRIFLL
REILTHERIZKECAZDOTIEAL, B3
RDETHEETCEEL LY, ZhiZfE->THER
HHES—E L 25 0MMBELIRY £
CEIBEE AL T OMRLH B Y, BET SR
FEAA VIBESRICEEDOMG, H5WI3HEL
PIEMEAL ST A — 7 — D S B Y EEEE
DEMTIMLERIE P EET L 5B L HICR
LMEHEED SN 5,

b) pH FEHERH] D FE

MMEEE CHVWS NS RERE—BERE 7 > F = A48
fE A, PR Y S LB Y v R ER] 2 &1
BENSEA 4 VIREEE ISRV, &5
DEIEA 4 ¥ L OFFTEREER ET 20 T8EA
F v D—E85 F 7 G RIS L kR R il
RO LHELEZ ATRMENS 5, HIIBN
7z Freiser 5O ZEIZ 5\ T, ZOMLGRESL
B O RS P ENBEHOBELED 5 T
SHEFRVE N, UL, ZOHFEGHEEY
ZXETH T, BMOBELRTEER Iz VT
i, KOEmAAMERAEEN S,

FHOD L1 - (2—-FT7VINTS)F7 b=
(TAN)ERWTZ v V(1) 2 MM 288128
WL 7 P HGE R o B ARE R OB AR 1 —
AT A, B S 2 T HIHEE ARERNIC L D ED
bTway

COREIRER () VEBAL V) F—Ho=
v WAL Y EEEEETERL, MEFOTANE
EEERELER LGy r VA & Y ST 5



1/8X10-*

] | { 1
0O 1 2 3 4

[HPO42_]+ [H2P04_](m01/[)><102

X 1-1 Effect of buffer on the rate of extraction
[ Ni**Jat-0:5.0X10*mol/!
[HR]o:1.0X10 *mo 1/1
pH:7.02, Temperature:298 °K

EOEREL, v T NMAFAE ) VBRAF v E
DEERERTFHER Ke 2 BB L /#ER LT
2L (4)XNFBER G,

ZOBRERICHEE L) BUEREAIRE &
REROERIzHZZ L E2RL, B -1 O FEhkEE
REMHEIZHHETESZ LD TH B,

d[Ni*"] _ Ka[Ni*][HR]
dt Kor [H+]
1
mﬁ ......................... (4)
N12|+HP042 NIHP04 (5)

=512, B -t OEREGREBESEEL O
2RI L TS S L AT O R O A 5 REER O
HEEBRWERGEEESRD L Z LA TR 5,
B1-23z0bEIE0RO-ERBOKES A4
VIREEIIBT B GERE L BERIOBELEAY
KGEEZR L7z, B 3AkEA + vimEici+
BXHELTLOROBEBRIZELENT VS A HEE
RGBS L 3% 5 v,

INETIATON LIz BV TRES 4 Vi
EIZBET 2 B AEA0.7T~0.9% s B¥ & % 5 %
WHEDHELRRITENB D, ZOREEREOR
e LT ARIBA—2 Tk < it e &
REBHEE H 5D, BEHOBEIIDONTOMKRE
BETELIZNELZ2 503,

c) F R AR
TER D B BRE =2 T ORISR AT 12
FOTIFELEA LOBAPARERIIHEDY 28EA +
VEBLTREAA Ve S EEFIE DL ¢ 1
SERERKIGPEET 3 sfEmehi, LALZ

s._-
6
S
S o
Xooab o
tn -
o
//
2 /O‘
g
~
] I
00 5 10

1/[H7] X107

B1-2 Rate of extraction as a funetion of [H*]
[Ni*"Ta,:-0:5.0X 10 *mol/I
[HR]o:1.0X10 *mol/!
Temperature:298°K
—@- :[HPO,*"]+[H.P0,]=0
<O :[HPO, ]+ [H. PO, ]=1.0X10"?

mol/!

NEDFERDOIEBRE 4 2 KISKEIIE L < B e
BELLVLOFECERMPBREONE. ik
A4 VBT 3RES—0.TREBRTH B LD
[ZonTdBizai~1 0 1 $kE kR IGHE—"
PRET 20T 2, 1 1$FERRIEA S
BA A Y LB L T4 4 v &k - 8BRS
(6)1XH 0T % < JERRBEDSERNH & OEIED K
ED_DDEEHERB L CHEITT 3TEEMSEN S 2,
pH 2 LI 3T O G T IEARBE O $ETZ B O 12
FEEG S NDOT( T )OI+ 75817+ 5 5[ §E
MDD 2, ZORRIZ(6)HLU(T)DRIEAHEE
THRRIZEAREA 4 VIBEICET 2 B2 T ORI
KEEF—1.0LT &% 5,

MR

Mn+_|_HRkH—R_ MR™* - envarrvncans (7)

BRIV TOE I —D>DRMBEA (6
WRTEBEA & v LEERHIEA 4 & DK
RISOBEERPEEA + 5 QRGT O iRk
HEENAREA & ¥ 2 5 DRGFOMRBERE |
HWLTEFIIREVWEEIHUBAR s,
CDRDOERDPSFZHPIIThbh TRV & T
H 5o BIRO—D IHEERBOE 5D K =
SR D NEEERIA F Y REA LY KRE RS
LEbDPERT2ERIEZHTHY, hD
R RBA A+ v OB & FERREED $ETA R



(4)

EORIGLELDLRIMTH L, BEDELH
31535 N A REERH KRS T ORBERE IS &
NENLGEZILTEH B0, HERc >0 TREHT
HLBRALEL, E5ITHRETT 2R E 0,

ZHRETCRRARZZD08BAYERL 255
BRI BMET 21T - 70

EOWMITHY LF A8 —F /1) /= idEL »
SHIMASEERA E L TIE<HVSRT WS H,
ﬁmﬁﬁﬁ$<ﬁ§%%$&uiéﬁmﬁ%®%
WATREE S 7=, fERIFEFO 2 WERRA T
b5,

Z O I RIGEE FAO@&EA A LIz LT
BouZyr V()44 v28—F/) /) —NVEE
L7 aasisk BTt 3EokEs
L DOTH B, |

ZORIENT Y ) Y EE pH RE A A I
BILHEL5 2 -0Th) TRAEFHEERNWT,
FOREEBE, MHEE - AFEA 4 VIBEOHM
HEHANR - 8OKR e/, BN EED
PR A b 2 OB S A, RBKHEERD
BL—07KkEL B, LALET— 3BFRIRW
BEHEThL2P6KEL A VI T—10RDK
J5E ORDRIGHPHFEL TVLERENETH S,
ZOEBOTE L BRD8 —F /Y / —VigE
DEFZEERAZEVWTRLHLI.0OROBEFRIZS S Z
LEEETZLRGOMEIZDNTE(8) RS
Ehb,

k0b5=kHR[HR:|D+kR4 %I:{]'}:l](l .................. (8)

U7z A THLE 1 EHis KU 2 HIZHIB T 5

40
30k

20

mﬁgzjii::::::::a

0 05 10 15 2.0
K./[H]X10°
1-3 Rate of extraction as a function of Ka/[H"]
[HR]o(mol/1)
a:2.5X107%, b:5.0X107,
:7.5X10-%, d:1.0X10-,
Temperature: 298°K

kobs><]-02

Fid () 5000 zR o v r v 4 v 23k
DS — X )/ — N, b X UMREEL 728 — %
V/—nEA+rnl ) 1iEREREGE 25,

Ni2++HOX _M__ NIO;E A H e (9)

NitfOF —Xo

PDEDHERIINTFTELLNTRESEAA
v LEERAIEA A v D1 1 LSRRG O B A
TR 2 85E § A 3EA LN, (9) 1R 4 k7
BEDSEE R & ORG 58 L Z 2 ORRE TG
PEITT ABENF B DL EN L, RIGREA
Behbod, TARIPIORGEEFBEIZKRE

CVRIIDWTEEREPVBELZZ ERATBT S,

ZOHEFRIIEIMII PV TBNE2 - (2-F7
SYNT ) -4 —AFN T/ —V(TAC)EH
WA=y U (1) & T 2RO RIGHERE I 5\
THRLETHEZ &R 5N,

Thbbh, ZORIIEVTLEEENAOHE
SETIREERDORE SDEIH LD, LR
DTACLFBEL=TACOEAA vEZy T
A% D1 I 1RGP HRL, 20D
D RS AR A L .

ZhE COMFEIFEMHOEEORN 2 B
EL7A, RERE U TRBTERIC BT A KIZEE
LT & STBA A v DR ROC O EEIZ D
WTEL DRSS N, ZOZ 2 FIcEL
BEKICEEREERAE =y T v F v & D8
TR RS D & P8 B 57k & U C ARl o3
BRI EFRIEDI Ch o2 EBLZ SN D,

U2 UShisEEE % 8N 2 77313 RO B 0 JHA
BEATELRWIZ, Zu i A F Y EDENK
SHEEE L OSEA A VORGE BT 3123 F
A D D,

BEEEICHFWTEREAITEEOZTFIZHEVT
BELEBAEOMERr s T2 2 EHE L
TERA STV L EANSEERE & L UEROF
EIEMEENC KAk A EAT A2 LI L
D, RS OB AR, LA biE 2K -
JGOBHLTESRA Ly ST -k (FEER
ENCEDERRIC 2T L R e N5,
ZOHFBEIERESHCENE P2 HETH S
OTHR LT ARG EBRIC BRIz LY, K
IEEABHS P IC LBy V() A v &8
—F ) —VOSERKIGE L, REEERO



FEWRRS T 2B >0 T A8 THRETL
Teo % DFEREERIS 12D W 3
RANREREBW—HAPFRS N, BICHE Lk
ROZBIENTEDD 5N 5 &2 REEMER O
AL A B BB IESE A D WA LB R AL,
ANy 770 —ETRIGEE BT 2 Tk
RSSO RO TH D TH 2 2 & HAD
Shiz,

56 6 B X ATEN & AR I IS A 2 B v 2 8
TEEER O FECIER & FIR L TR FIRE S D
BT (i) e LtgBshTn3l - ¢
Ty HIVARY FARBEE —yr ()44 v &
DRIS &I DThH 2, ZOEHEEA TR IC
AETH 5D, ERT 28I KIEATH B 2
W, EEIHERE OMgE e S SR R G &
FRBZZLETELZVL, FEIEES 2 HWTIC
EA by TF7 O EHTE 2 V2D RIS
Wl AEL D 28 DTH B,

ZOMERADBEE8—F /) ) — %2 —
(2=FTVSINTS) =4 ~AFNTT) D
BE L3Ry, RERRKIBOEE T = v A
FrE1l -l I ANKRIFABAA L ED
1D 1 SETERRGME D AWML, LA L EEE
Bud= o7 VA & » OKFKOIREEREE & B v—
HERLE,

BTEIENENIIEESA S Y 5 — Vol
¥ Y-CYORIGEEBET 2 ) 2 ¢, HitwT—
-2 T AL EZ SNB NG F Uik
EEISIZ DWW THRET L 26D ThH 3, UL FY

(5)

WAL LTEAEY ANV AEY (PY VY 2.6
TYHNEF )GV (VB Rt L L
TERU, SEEOER R ISHE, B LUz DRz
BEZEV TV =2, 6— T H KL BOBREE
BELTIARY(CYYY -2 6= VHLfF )
NF DV (V)RR DER BBz oW TE 48T
MRETL 72,
2 % X ®
1) 1. M.Kolthoff and E.B.Sandel: J. A. C.
S. 63, 1906 (1941).
2) C.B.Honaker and H. Freiser: J. Phs.chem,
66, 127 (1962) .
3) B.E.McClellan and H.Freiser: Anal.Chem.,
36, 2262(1964) .
4) M.Eigenand R.G.Wilkins: in Mechanism of
Inorganic Reactions, Advances in Chemistry
Series, No.49, American Chemical Society,

Washington, D.C., (1955).

5) R.E.Connik and D. Fiat: J. Chem. Phys.,
44, 4103(1966) .

6) fPEE, BDI, WM, Il BAEEE 1973
948,

7)) BRROKRER, R4 AR, =T, BFES
B, Zr#rfbss, 19, 1673(1970).

8) H.Watanabe, Talania, 21, 295(1974).

9) ERIEA, B OER, SHHLE, 23, 396(1974).

10) FBOTTA, AT, HHilE, 25, 35(1976).



12 8 /U /=AW BZyrIL (1) OBEMEEE

H

BEFI - Nl #— - RO BRSH - B B

8% Y /=Dy IRV AEREE B DKM SOy V(1) OFEBEIINEE % pH B
6.2~8.1, LU A Vi&E =0 LizHEW T/,

S0 F @ 330strokes/min W T O LR RIGEE L 2D, RIGKEIZ= v 7,
(HEU8-F/ ) =Nz TRFH1L.0TH o7, HIPERE EAKEA + VREORFRIIUA 2
LOEEBIEIT Y, EERETRIIRT L I0KEA A VBB LT ORE— L ROE, S %
N, Liado7, BERBTHS 1 1 1L — MERKISIIEEEL 28-F% /) J -V B AEN T
LHRDDTIEAE S, FEMFEES-F /) — VBT E LTRBICEES L TwE 2 L 25 IlL/

dNi*]

dt

[Ni**][HR],

k}:[R"*_kR*'Ka'[

Kon

ZO-ODF L — MERKEBOWMEBEY kv, & Wkes &7 LFN5.4X10° - mol ™' - sec™, 3.6

X10% mol "t sec™ TH -7,

i, ZHLDRIBOEREEROEBERTEDY SBAFH/IIT A -y —-tRKD,

1 & El

FL— NRELVAR L 2 EREEE VT, K
B OB A A v BT 5 L B O RSHEHEC
SWTHEBOREFH S, Th6DHZETEN
FThROBELEMWMAOEX L — PRE, & VKM
DOKEA A EECHET ARICRERFNLZ L
12 kAR IS R HEE L, RS AR E
FAERBA AV EEHL TV AFL— PRELD
1:1, 5LUEhDTIOBTEHLIFL I 2F
L— FOERKIGTH 5 LB shTwi)"¥,
LaL, choDREREE RS 03 L HEE
EA L WERe, *U— FREICET 5 KEAIE
W 1.0 Th-oThRES & VIBREICHET 2 RE
H— 10 I VEIARS NS, & CITRED
FhifeskoEE Iz 2 RoNY, Bzl D1 L
— MERRBAHE T AR TR AN EEI LN
LA, 20k LBEORIGHEREIZ DWW TIERE
BB B,

8 —% )/ — ViR EE LTEH
WHENTWVEY, Aoy V() nRbE
DHTHOF L — FRIEIC 5 ATHIREE K E
¢, TR P HEET B B 20 T REF A
Ve ERIZZ oy ()E8-F /) /- NDER
Tl pH Bt izxt S RE DO ZAL AV & < #E
LS L— MREro v (D EDL I L H
L— MEERRISOATE L FEEEDS —F /) /
— NV EDRIGPEERIG & LTHR L WA AR

MhAH ok, KBTCEZINSOHESEMREITL, B
EAIZL 2D THRET 5,
2 BESLIUCEER

2.1 & - 3

=y WL YRR = v 7 V& KICE
L, MEIEDTAWMER" TEREL, ChzH
e LTHWE,

88— X/ =Dy Ukl ABEEIEEE
Tk S B O ERRENE (ME99% L1 1) % 7k
FEAEFE TR L, EHEN AL 2
T ORIV A AL THW -, B3 0X102 ~
2.5X10"mol/l £ L 726

F O, pH BEAICLTHWAY YEREZ
FrUT A, BEUYVEBIAREL)IL, 44
VIBEARTEBET A0ICHWABERET Y Y A
F TR ORI & VW s,

2-2 ¥ B

Rz & LT 100 ml D 4ME - & iRt & B
W=, #BE 1Y Eko Haake: NBSEUEE AKTEIRERE
5w sE 1 BRIIREE 0. 05C k& TE
B3Il &0 FFRMEICESTHE
W5 AHITOA TFKMA TR = —H %A
Wt KA EEFHELTA 7 O0AAL vF LTI A
F ol HYrE—BHWTHIEL -, BEEDH
E IR AL 139 Bt B R IR B R 20mmdD 77 5
284 VAL, pH OWEIE I2IEH I IRSHETE
SRl 2B pH A — ¥ —BHERAL 7.



3 EBRAEHLUER

31 EBRF&E

R OWE X5 WIRT 5 A v, —EER
MZE i LETOFEBMEO= v 7 V(1) BE O
ML KD TITR - 70

=y V(1Y OPRES. 010 mol /I, ) » B
TEEAIERE 1 X107 mol/I, 4 F Vi&Ex=0.1 O
BRSOl # R cE Y, FrEDBED 8-
FOV N7 aaRNVAEEIOMI RIS,
INEEREADEEL0L, 25MBEL T
THHESEEL CAHBMEE Y — A —i0& D, MK
Bt )T AL0g &M THAL 7% DD380nm
CEITAREES S, sy V() D
BEARRD = AFEO= v V(1) IRE XL &
N-BEWNEE L DNEL RS 720

SO EHZOEDRIPE HHMHE THET 3 10E
T AHILEFRIEI0GE ¢ 5 vk T, F75, KR
B )7 AERWSEZ L2k 3RNEOE{I
BANZEEHLLUDERL 72,

32 HMHEEICEITITIEEREOR

FHHREE OWIE 2 BT 2EMEERE T, 8- 30
REFRARBIERTHIZLLE, L2
BEZIT 2 bR E 0 = w o V(1 NEGHAE I3
Hahinwz 2 25ERL -,

MHHE 125 XT38 0 8RB0 RE L TN
S0 ANEREELB(LXY, 2450
W7 Db DBHHAHD 380nm 12 &1 2R % )
Ulze ZOFER, 50 F 58 330strokes/min
FTRAD EEHEOMIE & &I,
N0p) o1l i (0L 7y - 2 )y e ey s 3 L=
LTWBEEDEEL BN, —F, 50 EEEEE 330
strokes/min DL CIIIEEREIE—E L % D , &0
THHEORELZITANZEERL, Z0ORE
TIAMERE RGOS AEEL T VW5 L&
Zbh3,

8.3 Zwai(l)icBt 3 RER

KD = 7 V(I )4 &~ DI & BER 1 1%
BT SIBRED RO LM OBEETE <k,
ZORMPITEMWHEDE - F /) 7 — VigE 4 (L
SETHLERABAERBGYEL, =97
(I izsd 3 3 ROSAE+ 1.0 T - 7,

3-4 KBIAAVBREICEHTI A
BRERY TV v BRE SRR A & AL AF & - AR E
Bzwsr V(A4 &l 2L 500k, At
CBEFAZ V(D) &) v EE—KEA 4 v A

(7)

AR ENT 30 MHRE RO ELE 2
SZLERVELEY, FL—PREIFELE-T
LEROFEIGRAET DL, ZOMELHEN
o 1-@2-F7UNT V) -2 —F7 (T
AN)ERWSEIZ 5 NTRE T/ & v, pH
T2 ETCREOHENRSN-DTERREF L
FEETY Y EEBEROMELR W /-,
FoNTKEA A VIRE L B2 T oMb RE,
Fors DBRIIR VIR T & B 0K & &0 EERE
BThs, 4w, ZOBFET L - FMREOBRE
AR TCHRUCERET T,

4.0

3.0~

20—

0 05 10 15 C 20
K./[HT]X10*
1 Rate of extraction as a function of K,/[H"]
[HR]o(mol/1)
a:2.5x1074, b:5.0X1074

¢:7.5X107¢, d:1.0x137¢,
Temperature:298 °K

835 8-F/U/—JUBEICETIAY
F1oERCEIsR, pLUBEE 8-+
I —VREEOBERERD 7z, FRIERE 21
AT LR, FLUEERVTRLF L - |
AEEEOZRLICH L TEAZ B EHME 5
2, RioxREIF1L.0TH 3,

3.6 BEERKEEETH

BT OEEE kovs EKRFEA X VIBELD
BREEIR 2 6 DEHMETH D, X5IZZDE
O BRIV TFREA8 ~F /) /- ik
B LT LORDOEZEEE > TwBZEHB5
BEh ol LldoT, HIGEERITZ ()R
T EIZKEO= V(D)4 A v EHEED
8—F/ 1)/ —VEEILEMLTLIATHY, KE
AZVBEBIZBLTE— 1 RkOEE KEO = v 7
VDAY, PEUEEEOS -/ )/~
BEDHIZDWT, 2hFR1LROED 2EH,H
AT A&k 3, 2OZLIIERRIBE LT
TODRIGFEHBZEERLTWAE, Thbb,

kops X 10°




2.0 1.0
L)
—~ —08 -
15 o |
® 1s ®
~— 10 \5
g B
2 (3 —o4 3§
e
W 2
05~ 4{.::
s ~oz =
0 | ] i ] o
0 25 5.0 7.5 10.0

THR]o(mol/{)X10*

2 Dependence of the slope and intercept
on the concentration of 8-quinolinol
Temperature: 298 °K

WFhoREd =y r{ll)e8-%/1/—-N
D1 1FL— MERRETH 5 2°,—F12(3)
RIRT =y V(L) E BEREL -8 —% /) /
~VEORIBTHY, FE(2) XN T IEMRRE
D8—F /U —=NEDF L — MEBRFIETHS,
hE, RPO K 138 %/ Y/ — VOB E
$, Ko W2 HIM O SREHTH 5,

AN TN (HR] R [NEP[R T
— gL VINiJ[HR]
bt Ko R 0
Ni”“i‘HR HR)NiR++H ..................... (2)
k
Ni2++R~ ,.ﬂ_>N1R+ ........................... (3)

J:EEG):O@}EM"T\@EEE%& knf, HEU kur
IE 2 DEHEOPEP SR B ZLHFTES, &

Bz h b OREEHIE kx-=5.4X10°L mol ™

sec”', kyr=3.6X10°-mol " sec " TH o7z, Ka,
B LU KprDME T Schweitzer 5 OfE % A=

#FZ 1 Thermodynamic data
kn~ kur

e e e

E. (kcal/mol) 10.4 14.6

4H*(keal/mol) 9.6 14.0 10. 69

AF*(keal/mol) —9.6 12.6 13.2%

45%(e. u.) 0.8 4.7 —8.79
a) Ref. 9).

135 -85
— —~
| 0 |
, 130 —Hs0 O
‘\/ l/
-4
<& sk 75 &
=] =
= =
20+ 70
1 | L
33 34 35
1/T ( X10%)

3 Arrhenius plot

3-7 BAEMNTA-—5—

SRS EH b, B RO ke 2288~303°K O T
K, ZOBREKFELENz, HRIIEI IR
T30k, BEP ki /T I LT R WE
AR L 2o ZOEED S Arrhenius DIEM:AL
TANY— E., EMELTY 50— A0 EEL
HEHIAVE— AF* 5L UNEHEE~ Y bo—
AS*ERD, BonEERIISRL 72,

4 BROEE "

L REREUARBECEEA £ V&
B 5 & 5 ORUGHREIZ > W T OREIIBRETIE
EMbH DY, FOFEAEPEREA L v L RETE
RiCEWTHBEL 2% L— PRELEMNT LTS
XL — MERROAEEBRETHEZ ERESNT
BY, FREHOFL - FRELEVYTET AL
— VERREGARIGHEE CBEEE L TV LV
FREIEHDT LR,

EfFEEOF L — PREIRNTF L L2 2BE LT
W, BRI (— log[H]=0.5~1.5) 7 5 Fe®*
HH0E Fe(OM)* 2 EDA A v &T /4 VY
FhFuTt b Y (TTA)RB@REL =NV E Y,
HHVGINEIRR AT T2 & &, KA
TEOERERE 1 mol/l DL LTIt E P REA A
VIR AERAR L S AEm AR L, FEREEOF L
— NRBL(A 4~ EDRIEHFF L — MERK
RiSOFELREE - TwaZ e eRELTW
B9, £, (M)A A v & v 7ol baR
OrDruauaRVAFRYBACTHET A& &1
KEA F VIBEA 1~ 5mol/l TREMROMER &N
L, JEfEEOF L — FEEPRMNFEL2-oTVS
BREMEA H B L IES H Y

L EOGIE W TR O A b ARSI A TR ER R
ThHbo LA ->TIEMREED ¥ L — balEE & fifhk
Lzl — ML O E DO TREL,



TTADBELTI®, v urvirafaro
BATIE 18 12ET 545, RERO &I 1 rhEE
TIREHEDO T L — MABELREEL /2% L — PR
& DTFELILA 5 X10% 72 B Ot i0 30 T IEMEHE
DF U — RS F L — MERORIGEEICRS
LfFliconwTRREF 20w, LAL, RPITD
WEEH koes & 1/[H] OBIR AR A % 8 5 ER
MiEE 513, ZOBRroREA 4 IBEICHE
TAEREY —08BENHEL & AHIFHRESNT
B0V, 205 OEIXIHERHO X L — P RESDE
AX v ERIGLTWAERMENE B, —F, =v
TV A v EERREED S - F /) ) =N ED
FL— MERISIZD W T IEWilkins5 ¥ 12X -
T, Aby 7 F70—3k0 &0 BMEEIC BT
A5, BEER ke 1E 1. 3X10% mol + sec™
(=0.3) LIRE SN, FROWEB LV NTH D,
ZOTOOHEIZD W TIREIE S, B & ORIESR
HOMELZEZ 2 L BRI TE 2V, F
W—ELUEEEbN b,

=y V(A 4~ LREEL-8-F% /1) / —
WeED1 11 F b — MERRISOREEER k- 1F
B D = v s V(D) TANDR KR, =
v W ()4 F v 5 DRGFOBEEHERE (ko=
IX10*sec™ )™ LV E, EhLDTAEVHEIE

(9)

bMie L7z ->T, R+ OB GLIETNIZE

T B SMESEROENERIIA 4 v 2R FOEK

EHEIDBAREL, it vy 2K T2 W

ZERRLTWS,

(1973810H, HAMUERHE20RKEE A7)
2 £ X ®

1) B.E.McClellan, H.Freiser, Anal. Chem,
36, 2263(1964).

2) J.S.0h, H.Freiser, ibid., 39, 295(1967).

3) REE=AR, BACTERGE, ILHBER, HHZE—,
HAk, 1973, 948.

4)  REFRE,CF L MEmEE”(GEORR), mEIE
(1962) p.290.

5) H. E. Hellwege, G. K. Schweitzer, Anal.
Chim. Acta, 28, 236(1963).

6) A.Adin, L.Newman, J.Inworg. Nucl. Chem,
32, 3321 (1970)

7) T.Sekine, J.Yumikura, Y. Komatsu, Bull.
Chem. Soc. Jap., 44, 2903 (1971).

8) B.E.McClellan, O. Menis, Anal.Chem.,43,436(1971).

9) W.A Johnson, R.G. Wilkins, Inorg. Chem.,
9,1917.(1970)

10) R.E.Connick, D.Fiat,J.Chem.Phys., 44,4103 (1966).

Extraction Kinetics of Nickel {11} with 8-Quinoclinol

Katsutoshi Yamapa, Koichi Nakacawa,
Kensaku Haracucur and Saburo Iro

Government Industrial Development Laboratory, Hokkaido ; Higashi-
Tsukisamu, Toyohiva-ku, Sapporo-shi 061-01 Japan

The kinetics of extraction of nickel(Il) ion from aqueous solution, using chloroform solution
of 8-quinoclinol {oxine), was studied in the pH range 6.2~8.1 and at the ionic strength #=0.1.
In a sufficiently high shaking speed region (above 330strokes/min), the rate of extraction
was controlled by a chemical reaction in the aqueous phase. The reaction was of first-order

with respect to nickel(Il) and oxine.

The relation between the rate of extraction and

hydrogen ion concentration in the aqueous phase at constant oxine concentration gave straight

line with a positive intercept, as shown in Fig. 1.

From these results, it was found that the

formation reaction of the 1:1 chelate in aqueous phase is the rate-determining step and the
reaction proceeds through two reaction paths: the first, the reaction between dissociated oxine
(R™) ane nickel (1), : the second, the reaction between undissociated oxine(HR) and nickel ().

The rate expression is as follows :
AN+

—— = {k}IR+kR" K,

dt

ey} IR
[

KDR

The estimated rate constants, k- and kg are 5.4 X 10°Zemol tesec™! and 3. 6X10%/-mol lesec™!

at 298°K, respectively.

The temperature dependence of these reaction ware determined and thermodynamic data

have been calculated.

(HAA(bZ4aEk 1975, 294~297)
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Extraction Kinetics of Nickel (Il) with 2-(2-Thiazolylazo)-4-methylphenol

Katsutoshi Yamapa, Koichi Nakacawa,
Kensaku Haracucur and Saburo Ito

Government Industrial Development Laboratory, Hokkaido ;
Higashi-Tsukisamu, Toyohira-ku, Sapporo-shi 061-01 Japan

The extraction kinetics of nickel(II) ion from aqueous solution to chloroform solution of 2-

(2-thiazolylazo)-4-methylphenol (TAC) was studied.

The rate of extraction was controlled

by the 1:1 chelate formation reaction which proceeded by two reaction paths in aqueous

kg~

phase ;: (1) Ni#*+ R~ —- NiR*, (2) Ni**+ HR Foe, NiR*-+ H*, The estimated rate constants,
ky- and Eyp, are 2.2X10* and 3.3%107 lemol t.sec”!, respectively. The temperature dependence
of these reactions were determined and thermodynamic data have been calculated.

(A AAL245E, 1975, 1431~1432)
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#& 1 Distribution constants Kp of 8-qu-
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298K
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Average 124+9
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1.00 7.81 61
1.50 7.76 59
2.00 7.80 64
Average 635
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% 2 Rate constants for the reaction of nickel(Il) ion with 8-quinolinol at 298K
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% 8 Activation parameters for two paths of 1 I 1 chelate formation

reactions at 298K

AH*(kJ-mol™") 4F*(kJ-mol ')

45%(J-K "*mol ")

Ni**+HR-BESNi R H
‘ Ea(kJ'mol ™)
{Triton X-100) 70.3
This work { {Triton X-305) 66, 9
(Tween #20) 69.0
Extraction® 61.1

Work made by V}[ilkins et al.”
Ni**+R""—>NiR*
Ea(kJ-mol™")

AH*(kJ'mol™")

67.8 51.9 51.9
64. 4 52.7 38.9
66.5 52.7 45. 6
58.6 52.7 19.7
44.4 55.2 —36. 4

AF*(kJ-mol™") AS*(J-K'-mol™")

(Triton X-100) 44. 8
This work { (Triton X-305) 44.4
(Tween #20) 45,2
Extraction® 43.5

a) Ref. 7). b) Ref. 15).
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Kinetics of Complexation Reaction of Nickel(ll) lon with 8-Quinclinol
in Aqueous Nonionic Surfactant Solution?

Saburo Ito, Kensaku Haracucur and Katsutoshi Yamapa
Government Indusirial Development Laboratory, Hokkaido;
Higashi-Tsukisamu, Toyohira-ku,

Sapporo-shi 061-01 Japan

The kinetics of complexation reaction of nickel(Il) ion with 8-quinolinol (HR) in the
presence of nonionic surfactant, Triton X-100, Triton X-305, or Tween #20, has been studied
by using stopped-flow technique over the ranges of pH 6.8~7.8, at 288~303K, and with g=
0.1.

The rate of complexation reaction decreased with increasing concentration of a surfactant.
This fact was explained in terms of the distribution of the solubilized HR between the micelle
of the surfactant and the aqueous phase ; because the concentration of HR, which reacted
with nickel(Il) ion, in the aqueous phase decreased with increasing concentration of the
surfactant.

The reaction was of the pseudo-first-order with respect to the concentration of nickel
() ion. Plots of the reciprocal of the pseudo-first-order rate constants (1/kps) vs. the
concentrations of the surfactant gave a straight line having the same intercept on the ordinate
(Fig.3). The conditional rate constant, Zes, which is independent of the surfactant concen-
tration, was also obtained as a reciprocal of the intercept of each line. On the basis of the
dependence of the reaction rate on the HR or of hydrogen ion concentration, it was found

that the over-all 1:1 chelate formation reactions proceeded through the following two paths :
Nitt + HR 25 NiR* 4 H*
Nit* + R~ 255 NiR

The rate constants, kyg and kg-, thus obtained arc listed in Table 2 : they are in good agree-

ment with those determined by the solvent extraction method.
The activation parameters for these two reactions were determined and are listed in Table 3.

+ Studies of Complexation and Ligand Substitution Reaclions in the Aqueous Surfactant Solutions. I

(AA{LFaEE, 1977, 1137~1142)
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B1 Absorption curve of Ni(Il)-APDT complex
[APDT]:1.00%10 " mol -dm™*
[Ni*] 1. 00X 10 *mol-dm™’
pH: 7.05, Temperature:20C
a:In the presence of Triton X-100, 0.1w/v%
b:1n the absence of Triton X-100
¢: Reagent blank
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X2 Time dependence of the absorbance of Ni-

APDT complex at 325nm in the presence of
surfactant

LAPDTI: 1. 00X 10 *mol - dm™?

[Ni**]: 1. 00X 10-*mo] - dm

PH:7.05, Temperature:20C

a:1n the presence of Triton X-100, 0.1w/v%
b:In the absence of Triton X-100

¢:Reagent blank

s

the values at one minute after the reaction

started.

The adsorbances at + =0 in this figure show

2 12325 nm 12 &1 AR ORI AL 25 L

Fmo FENEHERIAIIE Lrvesizix= » 7 v (1)
-PDT LR ICTRED T 04 FIRER 2L
& & B ICIREEE LT 5 (B 2-b). FRETE
(S PR i PR R v N R N ) A W B7 Y e g
FELBNERL (B 2-3), (REROERIZ &S
FEAORE IR N, $EAERGEE OflE A
WAHETH B Z & AR o NaPDT 1220 THAPD
TEF - FAMEBEIESN-, ZOFRIZ
0 & FUBHE ORE R EHIE L 612325 0m &
L7,

3.2 RICEEDBE
WEOME 2T 2= v 7 b (1) B 2. 00X
10" mol-dm™ OEMW % F /2, AmEIEHH % 3t
7S PDTERIT = v 7 VIZEIU B K &
AL = Wk LAGBEIT & 35050 Lo
BEE L7 EBATAMEDOpH, HESIE
Bl U A VB (e= 0. )R~z L7 Zh
5 DRI % FEMNEREFD 2O Y ¥ 57—
EOBOFEAL, —EEE2MIZESL 325nm
128 IREEE ORRBZAL 2 HIE L 7=

TR O Sl X | A S N b A | DI 5
¥ ODFIEEE LR 1 R DURSEREE D Fe o) B SRR
RIEH 1oL 7y YA LPDTORELZR
ZTHERERAEREHRERL, ZOMEmEITKR
FA A viEECREEEAEE OB Iz LT
T azeidhl, =y ()44 vizon
TOE— KRB E G > TWAEIEERT, 22T
ZOREBOEE % D EOOGEEIIIET 55
EE R kovs & L 720

3-3 REAEFREORE

WYELATE L TO Triton X-100 O kops ~DH#E
BOMEEFAN([E3), ORI 0w/ vHET
BIE—Eflix LD, 2OHBIR SNV, LA
L& 5125w Triton X-100i&FE T3 B8 M4 HE
TT2EmERLz, UBROERTET 770
WEERELS T 528 EE L Triton X-100 &
0.1 w/v% & L7z, ‘

3.4 EFEAOIE

VU EBERREANC LY pHIEEY 3BE, — v
(I 4 A v & BER & OsEERIZE D, KK
WEIIHE RS T T LA HB20) pHE.8~
8.0, JBEHIEREL 0X1072~4. 0X10"*mo] *dm™*
WZET D koos "NDHEERRAR T B 4 1I2BVT,



kons{10s7")

1

! |
]
0 1 2 3

Triton X-100 ‘concentration {(%)(w/v)

X3 Effect of surfactant concentration on the
reaction rate of the complex formation
[PDT]:1.00X10 *mol - dm*
[Ni*"]:1.00X10*mol - dm~*
pH:7.05, £=0.1, Temperature:25C
O:APDT, @:NaPDT
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[HPO* ]+ [H,PO,](10*mol - dm™*)
X4 Effect of buffer on the reaction rate
[PDT]:1.00X10*mol - dm™*
[Ni**]:1.00X10*mol - dm 3
pH:7.05, #=0.1, Temperature: 25¢
O:APDT, @: NaPDT
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5 Reaction rate as a function of [HY]
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#= 01, Temperature: 250
O:APDT, @:NaPDT
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X6 Reaction rate as a function of PDT
concentration
[Ni*"]:1,00X10*mol*dm™°
pH:7.05, x=0.1, Temperature:257
O:APDT, @ :NaPDT

BEANRE PE VED T hons b TR IZE D SR
AEM AL 5N S, LD LIBERVEE A1 X107
mol-dm™® TidW 7% 2KFA 4 VEEIBWNTE
TORBIEERL D AHETH 3, LBOERI
FWT 1 X100 mol-dm ™ # B HREE L L 7=,

3:5 KEAFVMEORE

pH% 6.8~8.0 % TEALEH, koo ~DAKFEA
A VBEORE AN, (F5), SR 08
TRRIGHEE T AT 4 VBB IKFELE W L
i A

3-6 PDTICEY Z2RIERE

PDT &% 0.5X1073~1 5X10 " mol - dm™* %
TEIb S, BBEFEIIXIBT 5 kovs ZyflIZPD
TEREIZGLT 7Oy M5 FEA4E 2L BT,
BRI AR5 N (B 6), LAX->TPDTHE
BB+ 2 Rek#3 1.0 Th 3,

105

100~

In &

95—~

i | 1
33 34 3.5

T-Y(107°K™)

X7 Arrhenius plot
O :APDT, @: NaPDT



(30)

3.7 BERELEETH

= o W (11)-PDT $&AOHK % €V ki &
DRHZEL D 20RMEENL. FL2PDT
OBMBEEHD K=10"7""% TthHY, ZOEKRT
fre b7 pH sHE TIEBUSHAE T3 U TAREA
T IBENTEL AN 5, PDTERAMH
BEL T = o (T A & v LS 21T o7
WAEEZSNS, Lad-> TERERDRIGX
DEDTRIIL A S THITT 2 2 Z 2505,

Ni2+_|_Rf k > NiR+ ............................. (1)
NiR++R—__> NiRprerereeareremrneraaniinns (2)

BOSKREIZDOOTE B N #ER A2 51, RsH
Bl UPDTORAF L RTHELTWEZ &
5, ZOEBERRIGTIE= vy M(I)4 4L P
DT?1 @ 1#ERRIG ((1)R)FPEETH S Z
EXHEPTH D, KISOEERL(3)XTED
SN, WEEHEIEERL 2 ks »5 (4)300k
DRHBZLEHTE B,

NI ) NGET R oo e e eenns
— = HNiI[R] (3)

kobs:k[RiJ ....................................... (4)

BoNHETHEDEIZAPDT, NaPDT &4 12
(2.60L£0.03) X10'dm* mol '™ THY, Hir &
SRR SN L o7,

3.8 BEMHENTA—%—
HEEROBRERFEEHENZERER T IOR
L7s APDT, NaPDT & &2, 15~30C D@l E
W C—E L 2 ERMER AR LR, Zomy
5 EMIEIC X ARIGICHEN Z W E AL T
Dol ZNEDFERD S Arrhenius DI BT
FIWE— E,, BT Y 7V — AH GV E
I AN — 4F« FEHft>y o — 457%
BOHORDEFIIIRL -, THERIE Connick
5A#NMR TRd 2= v V(D)4 4 ¥ h5DE
PEARDIREERE » 515 5 e R T

4 BROER

KA EEEE 2 AR E & A A v & OFFERK
5, & B WIZARIZEE G EEREAIT S o T BAEK
+ AR AARICE TR 2 R T 2/ E 121,
2 by TR R kB RIGHE OB AT &
B\, &L IZHREL, BT 28RS TTV
AFNA b v EORBERICTETCH > THH
Wi omlE Iz LA HEbERTE WD, §f

TRAEBCRE 5 5 RS & 3832008 v
AR TIEAKICIE 2 82 REEER I Lo
BRERIZ E 0~ ReE L, Aby 70—
T & B RIGIEEE OWIE 2 I IS A 0 F R (R
=FRAT AFESED L ERELD, ZOF
Bk AEE, REEES O RIGEE 2T 5
HEIORIIER T SUENFH L, FiFEILE
TS O FE AR 12 5 TIRBEE DORR ]
ZALDRE DBHRIEET + 2828, & LUk
DE NIRRT EE R A EEF L 2SO
FRIZSBNRELL AR EARL 24, RGH
BlEENES T A EE L H B Ao, LAL
W I VAR IS I — B ARIRE S itw 2
T, I VRMEFEIHELBOEEEZ SN
HZEHEL, Bl o RnRCHREIEERNZD
WTIRSHEE ICEEEET S LA EALLN
50 7 &2 BB A v REEIERI R VLY R
FNF FITFLNT VR A= n)) R
BT AHEL - (2 -Y)IYNTS) -2~ F7
F= (P AN)OSERBEE TR AEAEEAEEZED
BHNC & E 2, S IV RE AT O—E
AR L, ZORAMTFIE(I)A 4 » & IERIG
LEEWZ LICERL TRIGEEN DT F
PEENTNEY,

# 1 Activation parameters

Ni**+R- Ni(H,0)* —>
> NiR*  Ni(H0)3+H,0
Ea(kJ mol™) 52.3+0.8
AH*(kJ mol™)  50.2+0.8 58.1
AF*(kJ'mol™Y)  47.7%0.2
48 {Jmol™K*)  7.91+2.8 36. 4

a) Connick et al.®.
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Kinetics of Complexation Reaction between Nickel () and
1-Pyrrolidinecarbodithicate in the Surfactant Solution?

Saburo Ito*, Toshio Ocata¥, Katsutoshi Yamapa*
and Kenjiro Havasar**

* Government Industrial Development Laboratory, Hokkaido ;
Higashi-Tsukisamu, Toyohira-ku,
Sapporo-shi 061-01 Japan
** Faculty of Literature and Science, Yamaguchi University ;
Yoshida, Yamaguchi-shi 753 Japan

The rate of complexation reaction between nickel(1I) and 1-pyrrolidinecarbodithicate (PDT)
in the presence of nonionic surfactant, Triton X-100, has been studied by a stopped-flow
method over the pH range of 6.8~8.0, and at 288~303 K.

Since the complexation reaction between nickel(I[) and PDT is a precipitation reaction in
aqueous solution, the rate of this reaction can not be followed by the measurement of absor-
bance. In the presence of nonionic surfactant, as the chelate of nickel () with PDT dissolved
into micelle, the kinetics of this reaction could be studied with stopped-flow method.

The reation was of first-order with respect to nickel(Il) ion and PDT, and independent of
a hydrogen fon concentration. The surfactant did not have a direct influence on the rate of
this reaction. On the basis of these results, it was found that the rate-determining step is
the 1: 1 chelate forming reaction between nickel(II) ion and PDT ion R

Nizt + R- F, Nip+

The estimated rate constant, k= (2.600.03) X10* dm?emol-tss~! was in good agreement
with that for dissociation of coordinated water molecule from nickel(I) ion.

The activation parameters of the rate-determining reaction were determined. The values
are E, : (52.8--0.8) kJ.mol™!, 4H* : (60.2:4-0.8) kJemol~!, 4F+: (47.740.2) kJemol™!, and

48% 1 (7:942.8) Jomol-1.K-1.

1 Studies of Complexation and Ligand Substitution Reactions in the Aqueous Surfactant Solutions. II.

(HAfbE45E, 1977, 1143~1147)
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Peroxo Complex Formation of Nitrilotriacetatodioxovanadate(V)
and Dioxo(2,6-pyridinedicarboxylato)vanadate(V)

SHIGENOBU FUNAHASHI, KENSAKU HARAGUCHI,' and MOTOHARU TANAKA®

The kinetics of the reactions of hydrogen peroxide with nitrilotriacetatodioxovanadate(V}) (VYNTA, VO,(nta)*) and
dioxo(2.6-pyridinedicarboxylato)vanadate(V) (VVPDA, VO,(pda)(H,0)") have been studied spectrophotometrically using
a stopped-flow technique at an ionic strength of 1.0 mol dm™ (NaClQ,) in the pH range 1.5-5 between 15 and 35 °C.
The rate of the peroxo complex formation of VYNTA is expressed as d[VO(O,)(nta)* ] /ds = (k, + k[H D [VO,(nta)* ] [H,05]
where k, = 7.41 mol™ dm®s™ (AH* = 39 = 1 xJ mol”, AS* = -96 £ 9 J K  mol™") and k, = 1.86 X 10* mol”Z dm"®s™'
(AH* =39 1 kJ mol !, AS* = -33 £ 9 JK™' mol™"). The rate of the peroxo complex formation of VYPDA is as follows:
d[VO(O,)(pda)(H,0) ]/df = tki [H*1[VO,(pda)(H;0) ] + k[ VOy(pda) (H,0)] + k3[VO,(pda)(OH)* }[H,0,] where
ky=4.1% 10 mol 2 dm® s (AH* = 24 £ 1.5 k) mol™, AS¥=-114 £ 9 J K™ mal™), k; = 0.39 mol”' dm’ 57" (AH*
=46 & 2k mol™', AS* =97 £ 9 J K™ mot™'), and k; = 28 mol™ dm®s™ (AH* = 35+ 2 kI mol™', AS* = ~100 + 9
JK ™' mol™). Mechanisms are proposed for the H,O, insertion reaction and in terms of activation parameters some discussions
are made on the difference in the reactivities of these complexes. We have studied the protonation equilibria of PDA where
log K, = 4.62 £ 0.02 (AH, = 27 £ 4 kI mol™", AS; = -2 £ 10 J K" mol"), log K; = 2.18 £ $.02, and log K, = 0.49
% 0.02, the complexation equilibrium of the VY-PDA complex where [VO,(pda)(H,0)1/[VO,"][pda®] = 102652010 and
the hydrolysis of the VY-PDA complex where [VO,(pda)(OH)*}[H*]/[VO,(pda)(H,0)] = 10 ™02 (AH =7 £ 7kJ

AlIC60757C

mol™, AS = 78 £ 20 J K mol™),

Introduction

Reactions of hydrogen peroxide with various chemical
species have been extensively studied.>? From the chemical
point of view, the redox reaction of H,O, has been the subject
matter of many investigations. Especially because of its
biochernical significance, there has been a good deal of interest
in kinetic studies on formation, decomposition, and substrate
reactions of peroxo compounds of biologically important metal
complexes such as catalase and peroxidase.” However,
relatively little attention has been drawn to the processes of
coordination of hydrogen peroxide to metal complexes pre-
ceding the decompositions of hydrogen peroxide.”'® There is
increasing evidence that vanadium has a significant biological
role,''? although it has been established to be an essential
element only for a few organisms.!>'*

The kinetics of formation of the pentavalent vanadium
complex has been little investigated. Recently the kinetics of
formation of, vanadium(V) complexes with aminopoly-
carboxylate ions have been reported.’’ Since some data are
available on the kinetics of vanadium(V) reactions, we attempt
to compare the water-exchange rate with hydrogen peroxide
insertion rates for vanadium(V).

The purpose of the present work is to examine differences
in the reactivities-of some vanadium(V) complexes for peroxo
complex formation,'® to determine the energetics of the re-
action, and to provide new information on the reaction
mechanism. In this paper we describe the results on the
reactions ‘

VYNTA + 0,0, = VY(NTA)H,0, n
VVPDA + H,0, = VY (PDAH, 0, )

where NTA and PDA refer to nitrilotriacetic acid (H;nta) and
2,6-pyridinedicarboxylic acid (H,pda).

As the data on the equilibrium between vanadium(V) ion
and 2,6-pyridinedicarboxylic acid were not available, we have
studied the protonation equilibria of PDA and the com-
plexation equilibria of the VY-PDA complex. We have also
determined the thermodynamic parameters for hydrolysis of
the VY-PDA complex which are necessary to analyze kinetic
results.

Experimental Section

Reagents. Sodium Perchlorate. Reagent grade sodium perchlorate
was prepared by neutralizing 60% perchloric acid with reagent grade
anhydrous sodium carbonate. Heavy-metal impurities in the sodium
perchlorate solution were precipitated together with active carbon as
hydroxides at pH 8.5. After evaporation of the solution crystals of
sodium perchlorate were obtained by cooling the solution. Sodium
perchlorate was then crystallized twice from distilled water.

Sodium Hydroxide. Sodium hydroxide solution was prepared by
electrolysis of the solution of pure sodium perchlorate obtained as
described above.

Hydrogen Peroxide. A 60% hydrogen peroxide solution without
added stabilizers (Mitsubishi Edogawa Kagaku Co., Japan) was
purified by distillation under reduced pressure. A solution of hydrogen
peroxide was titrated with a standard permanganate.

Yanadium(V) Perchlorate, Reagent grade ammonium meta-
vanadate was recrystallized twice from purified ammonia-water. Pure
ammonium metavanadate was dissolved in sodium hydroxide solution
and transformed to vanadate ion. Ammonia was expelled by bubbling
the solution with nitrogen gas. Vanadium(V) perchlorate solution
(ca. 107 mol dm™) was prepared by addition of perchloric acid.
Yanadium(V) was reduced by sulfur dioxide and the resulting va-
nadium(IV) was standardized titrimetrically against a standard
polassium permanganate.
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Figure 1. Determination of the protonation constants of PDA at 25 °C and / = 1.0 mol dm™* (Na,H)ClO,. Initial concentration of PDA
(inmoldm™): ¢,6.37 % 107%0,9.10 X 10, @,9.18 X 107% v, 1.0l X 10°% 4, 1.14 X 102 The solid curve is calculated with the constants

listed in Table I.

NTA and PDA. Nitrilotriacetic acid (NTA) and 2,6-pyridine-
dicarboxylic acid (PDA), purchased from Dojindo Laboratories, were
recrystallized twice from distilled water.

Measurements. All measurements were made in a thermostated
room. Temperatures were controlled to within £0.1 °C using a
thermoelectric circulating bath. lonic strength was maintained at
1.0 mol dm™ with sodium perchlorate and perchloric acid. Spec-
trophotometric measurements were carried out with a Hitachi re-
cording spectraphotometer, Type 323, to characterize species spectrally.

Hydrogen ion concentration was determined by an Orion Research
pH meter with a glass electrode, Type 91-01, and a reference electrode,
Type 90-01, filled with a saturated sodium chloride solution. A 1.000
X 107 mol dm™ perchloric acid at an ionic strength of 1.00 mol dm™
was used as a standard solution. The liquid-junction potential was
taken into consideration.

The reaction was followed spectrophotometrically at 432 nm by
means of a stopped-flow technique using a rapid-scan spectropho-
tometer, Type RSP-2 (Hitachi, Ltd., Tokyo), for the V*'-NTA
complex; for the VY-PDA complex, the reaction was followed at 434
nm by a conventional method using a Hitachi Perkin-Elmer 139
UV-VIS spectrophotometer with a thermostated cell compartment.
Runs performed at some other wavelengths gave consistent results.
Although no buffer was used, the change of pH was negligible due
to the buffer capacity of excess NTA or PDA. The kinetic runs were
carried out under pseudo-first-order conditions, hydrogen peroxide
being in large excess over vanadium(V) complexes.

Stability of Reagents. The decomposition of H;0; is known to be
catalyzed heterogencously by the surface of a container and ho-
mogencously by many transition metal and heavy-metal ions even at
very low concentrations. In our case, a spontancous decomposition
of ca. 107 mol dm™ hydrogen peroxide at room temperature was less
than 1% for | month. Vanadium(V) can be reduced in an acid medium
only on heating in the presence of excess ligands (NTA, PDA).
Concentrated hydrogen peroxide (30%) oxidizes the ligands, and the
oxidation is complete on boiling. However the VV-PDA and -NTA
complexes are stable at least for | week and the corresponding peroxo
complexes are stable at least for 1 month under the present exper-
imental conditions.

Results
Protonation Fquilibria of PDA. The protonation constants

Table . Protonation Constants of PDA

Temp/
log K, logK, logk, ‘Medium °C  Ref
4.68 2.10 0.1 M NaNOQ, 20 «a
4.67 2.24 0.10 M KClI 25 b
4.532 2.092 0.5 M NaClO, 25 ¢
462+ 218+ (049= 1.0 M NaClO, 25 d
0.02 0.02 0.02

4.72 ¢ 1.0 M NaClO, 17 e
0.027

4.60 = 1.0 M NaCiO, 25 e
0.02f

4.44 + 1.0 M NaClO 35 €
0.02f

@ G. Anderegg, Helv. Chim. Acta, 43,414 (1960). ¥ W. E. Ben-
nett and D. O. Skovlin, /. /norg. Nucl. Chem., 28,591 (1966).
€ A. Napoli, Talanta, 15, 189 (1968). ¢ This work by potenti-
ometry. € This work by spectrophotometry. [ AH = -27+4
kI mol™ ;A8 = -2+ 10JK! mol!.

of PDA were determined potentiometrically. The protonation
of PDA is expressed as

pda*” + H*= Hpda~ K,

Hpda+ H*=H,pda X,

H,pda + H"= H,pda" K,

The average number of H* bound to pda®, #, is given by the
expression

Ko [HT + 2K,K, [H'] + 3K KK [HYP

1+ K JH + K KGHT? + KKK [HP

n =

The plot of 7 vs. —log [H*] is shown in Figure 1. The
protonation constants obtained are summarized in Table I,
together with those previously reported. It should be noted
that under our experimental conditions considerable amounts
of cationic protonated species (H;pda®) are present in solution.
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Figure 2. Apparent molar extinction coefficient  of PDA at 245 nm
as a function of ~log [H*] at I = 1.0 mol dm™ (NaClO,). Cpps =
2.05 X 10" mol dm™. Temperature: 1,17 °C;2,25°C; 3,35 °C.
The solid curves are calculated with the obtained constants.
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Figure 3. Absorbance of the system at 245 nm as a function of -log
[H*]. Cy = 1.51 X 107 mol dm™, Cppa = 2.05 X 107 mol dm °,
I = 1.0 mol dm™? (NaClQy), 25 °C.

In addition, values for K, of PDA at 17, 25, and 35 °C were
determined spectrophotometrically. The absorbance change
of PDA as a function of -log [H*] (Figure 2) will be used later
for estimating the hydrolysis of the V¥-PDA complex.

Complexation Equilibrium of the V'-PDA Complex. With
knowledge of the protonation constants of PDA we have
studied spectrophotometrically the complexation equilibria of
the vanadium(V) ion with PDA. Absorbance change of the
system at 245 nm as a function of —log [H*] is shown in Figure
3. The sharp absorbance change near —log [H*] = 1 is
attributable to the equilibrium

VO, + pda’ = VO, (H,_,pda)>)* + nH* (3}
The formation constant of the V'~PDA complex is given as

[VO,(Hs-npda) > [H]" _ Kvo,ean
[VO,'l[pda']

OH,pda(H)

where [pda’] refers to the total concentration of PDA not
combined with vanadium and oy, is the side reaction
coefficient taking into account the proton dissociation of
Hipda™: [pda’] = aypae[Hapda®]. The plot of the value
of log [VO,(Hjy_,pda)” " Jor e/ [VO, '] [pda’] vs. —log
[H*] yields a straight line with a slope of 3 over the range of
~log {H*] from 0.5 to 2.0. Therefore we have [VO,-
(pda) ][H*]*/[VO,*][H;pda*] = 10'%% and then Kyo,pn =
[VO,(pda)’]/[VO,*][pda®] = 10%¢% * &10 )

Hydrolysis of the VV-PDA Complex: The absorbance
change near —log [H*] = 5.5 in Figure 3 is attributable to the
hydrolysis reaction of the V¥~PDA complex

VO, (pda)(H,0)" = VO,(pda)(OH)* + H* K Pyo pancom ()

The absorbance change due to eq 4 is shown in Figure 4, where

48

g 5 3
-log [HY

Figure 4. Apparent molar extinction coefficient ¢ of the VV-PDA
complex at 245 nm as a function of —log [H*] at / = 1.0 mol dm™
(NaClO,). Temperature: A, 17 °C; 0, 25 °C; O, 35 °C.

the absorbance change of excess PDA is corrected for (see
Figure 2). Hydrolysis constants and thermodynamic pa-
rameters are as follows: 1073214002 (17 °C), 1077472003 (25
°C), 107800 (35 0C) AH =74+ 7 kI mol”, and AS =78
+ 20 J K' mal™l. At higher pH, the V'-PDA complex
dissociates giving rise to vanadate (HVO,?) and free PDA
jons:!” this tendency is shown with a dotted line in Figure 4.

Equilibria of Peroxo Complexes. We prepared ammonium
oxoperoxo(2,6-pyridinedicarboxylato)vanadate(V) hydrate,
NH,[VO(0,)(H,0)(CsH3N(CO0),)]-xH;0, by the method
first reported by Hartkamp.'® This was dried at 80 °C for
4 h under reduced pressure. Anal. Caled for NH,[VO-
(0 (H,0)(CH;N(C0Q0),)1: C, 28.01; H, 3.02; N, 9.33.
Found: C, 27.75; H, 3.06; N, 8.93; dec pt ca. 240 °C. The
crystal structure of the peroxo complex was shown to be a
distorted pentagonal-pyramidal geometry:'> the vanadium
atom environment is a seven-coordinate distorted pentagonal
bipyramid, with a vanadyl oxygen and a water molecule at
the apices and a peroxo group, the nitrogen frem the pyridine
ring, and one oxygen atom from each carboxylate group
forming an approximate pentagonal plane. The spectrum of
the solution obtained by dissolving the crystals of the peroxo
complex is the same as that of the peroxo complex formed by
the reaction of the VY-PDA complex with H,O, in solution.

A distinct isosbestic point is observed in the absorption
spectra of solutions resulting from the reaction of VO,(nta)*>
with various concentrations of H,0,. The mole ratio method
clearly points to the composition of the peroxo complex:
vanadium(V):NTA:H,0, = 1:1:1. The change of the ab-
sorption spectra substantially corresponds to the spectral
change in the dynamic course of the formation of the peroxo
complex. This is the case for the reaction of VO,{pda)” with
H,0,. Wavelengths of the absorption maximum and molar
absorption coefficients at the same wavelength for the per-
oxovanadium(V) complexes are 434 nm and 451 for PDA, 432
nm and 352 for NTA, and 425 nm and 359 for MIDA.

Kinetics of the Peroxo Complex Formation of VYNTA. The
reaction system studied is

VO, (nta)*” + H,Q, = VO(O,)(nta}*” + H,0 %)

Equilibrium 5 is much favored to the right under the present
experimental conditions, so that the reverse reaction can be
neglected in the kinetic study. The rate of formation of the
peroxe complex is first order with respect to the VV-NTA
complex under pseudo-first-order conditions in the presence
of a large excess of H,O0,. Thus we have

d [VO(O._, )(nta)zg]/dt = kO(Hzoz.H) [VO)(“ tﬂ)z-] (6)

where kom0, 18 @ conditional first-order rate constant which
depends on the concentrations of H,O, and H*. Over the
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Figure 5. Plot of log ko, vs. —log [H*]. Cy =2 X 1076 x 10™
mol dm™, Cyra = 4 X 10715 X 107 mol dm™?, G0, = 1 X 107-2.5
X 107 mol dm™, J = 1.0 mol dm™ (NaClO,). The solid curves are
calculated with the rate constants listed in Table II.

Table II. Rate Constants and Activation Parameters for Peroxo
Complex Formation of VYNTA -

k,/mol™’ k,/mol™
Temp/°C dm? s! dm® ¢!
17.5 4.79 1.20 x 10*
25.0 7.41 1.86 X 10¢
33.0 11.5 2.88 % 10°
AHF K] mol™ 39+1 39+ 1
ASHIT K mol™? —96 =9 —33:9

range of [H;0,] from 107 to 1.5 X 107 mol dm™ the reaction
is exactly first order in [H,0,] at a fixed acidity; ko0,
= kO(I'I) [HzOz] . k[)(H) 1s found dependcnt on thC Concentration
of hydrogen ion and independent of the excess NTA con-
centration. A plot of log koquy vs. —log [H*] (Figure 5) in-
dicates that the limiting slope tends to be —1 at higher acidity
and 0 at lower acidity. This dependence can be accounted for
by the rate equation

d[VO(O, )nta)? |/de = (k, +
+ ko [H'D[VO,(nta)* "] [H,0,] M

The rate constants at various temperatures and activation
parameters are summarized in Table II.

Kinetics of the Peroxo Complex Formation of VVPDA. The
reaction appears to proceed as

VO, (pda)H,0) + H,0, \

| VOO, }pda)(H,0) (8)
VO, (pda)(OH)*" + H,0,

The rate is proportional to the concentrations of the VV-PDA
complex and hydrogen peroxide. It is also dependent on the
hydrogen ion concentration, but independent of the excess
PDA concentration. This is summarized in the rate law

d[VO(O2)(pda)(H;0) /s = koy [VY-PDA] [H,0,] 9)

where [VY-PDA] is the total concentration of the VV-PDA
complex, ie., the sum of [VO,(pda)(H,0)] and [VO,-
(pda)(OH)*]. Conditional second-order rate constants Koy
obtained at various hydrogen ion concentrations are plotted
as a function of hydrogen ion concentration in Figure 6.
As evident from the equilibria of the VY-PDA complex
under the present experimental conditions, the concentration
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Figure 6. Plot of log ko vs. ~log [H*]. Cy =2 x 1076 x 107
mol dm™3, Cpps = 2 X 1078 X 10~ mol dm™3, Ciy,o, = 6 X 1072
X 102 motdm™?, F = 1.0 mol dm™ (NaClQ,). The solid curves are
calculated with the rate constants listed in Table II1.

Table 1II. Rate Constants and Activation Parameters for Peroxo
Complex Formation of vVrPDA

k,/mol™? k,/mol™ k,/mol™!
Temp/°C dm® §7! dm? 57! dm?® 57!
17.3 3.2 X 102 0.22 19
25.1 4.1 x 10? 0.39 28
35.0 6.0 X 10? 0.71 46
AHT R mol™! 24+ L5 46 + 2 35+:2
ASF/1 XK' mol*! -114 + 9 -97 9 —-100:9

of the protonated complex is extremely low, while we have an
appreciable amount of the hydroxo complex at lower acidity.
Therefore the rate of formation of VO(Q,)(pda)}(H,0) is
expressed as

d[VO(O,)(pda)(H,0) 1/dr = {k,[H'][VO,(pda)}(H,0)]

+ k2 [VOy(pda)(H,0)]

+ k5[VO,(pda)(OH)* ]} [H,04] (10)
and then the conditional second-order rate constant kg is
given as
ka[HT + ka4 k3K 0, paaxom)/ [H']

1+ Ky, paayomy/ [H]
The solid lines in Figure 6 are theoretical curves calculated

from the obtained rate constants. The results of the kinetic
analysis are tabulated in Table III.

(1

oH) =

Discussion

NMR,* x-ray*' and complex formation'’ studies have
given evidence that two oxygen atoms of the VO, unit in
VO,-aminopolycarboxylate complexes are in the cis config-
uration and that a nitrogen atom of the coordinated ligand
is always in a position trans to the oxo oxygen atom of VO,.
We may thus speculate that the structures of VO,-amino-
polycarboxylate complexes in aqueous solution are
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Table IV. Kinetic Parameters for Vanadium (V) Reactions

Reaction
{eq no. in aH K] ASF/TK™
text) Rate eq Reaction product k(25 °C)4 mol™! mol™! Ref

A X[VO,"] [Heddz | VO, (edday 1.0 x 10° 29+5 8:15
B k[VO,(mida)} [H,0,] VO(O, Y (mida) 9.3 x 10° 26 £1.5 -79+9 b
Cleq7) K[VO, ()] [H,0,] VO(O, nta)*~ 741 39+ 1 9619 c
D(egT) k[VO,(nta)* ] {H,0,] [H'] VO(O,)(nta)*” 1.86 X 10° 39:1 —33+9 c
E (eq 10) k[VO,(pda)] [H,0,] VO(0,)(pda)” 3.9 X 107 1612 97+ 9 ¢
F (eq 10) K[VO. (pda)] [H,0,] [H'] VO(0,)(pda)” 4.1 X 102 1.5 ~114+9 ¢
G (eq 10) K[VO, (pda)(OH}* ] [H,0,] VO(0,)(pda)” 28% 10 352 ~100:9 c

2§ Yamada, Y. Ukei, and M. Tanaka, /norg. Chem., 15, 964 (1976). & 3. Funahashi, Y. Ito, and M. Tanaka, J. Coord. Chem., 3, 125
(1973). € This work. < For second-order reactions & is given in mol'! dm? ¢! and for third-order reactions it is given in mol’> dm® s7.

where fully dissociated MIDA, NTA, and PDA anions are
symbolized as

~0 ~0 ©
Me—N\O N—O N
~o 0

respectively. The protonation constant of MIDA (10° %),
the formation constant of MIDA with vanadium(V) (10%%),"
and the reciprocal of the hydrolysis constant for VO,-
(mida)(H,0)” (107%'*)'7 are larger than the corresponding
constant for PDA. This evidently results from a higher
electron density on the nitrogen atom of mida®, as compared
with pda®".

Judging from equilibrium data** for H,O,, the values of the
proton dissociation constants for H;O," and H,0, are of such
magnitude as to preclude inclusion of H;O," and HO;™ in the
present reaction system: [H'][H,0,}/{H;0,"] = 10°,
[H*][HO,1/[H,0,] = 107"'%". The kinetics of hydrogen
exchange between H,0, and water have been investigated by
the '"H NMR method in the pH range 2.5-6.6. According to
the results®® (rate = 1.6 X 107[H,0,1[H;0%] + 7.3 X 10"
[H,0,1IH,0][HO,]), the hydrogen-exchange reaction is
much faster than H,0, insertion reactions relevant to the
present study. It has also been shown that no appreciable
oxygen exchange occurs between H,0, and H,O for several
days at room temperature. Thus in our studies all protolytic
reactions are assumed to be rapid.

Recently it has been pointed out that for the reaction of
VO," ion with EDDA (ethylenediamine-N,N “diacetic acid)
to form the VO,(edda)” complex, the rate-determining step
is water loss from the metal jon.'"> The activation enthalpy
and entropy for water dissociation at VO,* are 29 kJ mol™
and 8 J K" mol™!, respectively (reaction A in Table IV). On
the other hand, in Table IV it may be seen that the large
negative entropy of activation is characteristic of the H,O,
entry reaction. The large negative values of AS* are ascribed
to a highly oriented transition state and provide strong evidence
for an associative mechanism for the vanadium(V) com-
plex-H,0, reactions.

In the proton-independent reaction paths, the difference
between rate constants for VO,(mida)™ (reaction B in Table
IV) and VO,(pda)~ (reaction E) is large, namely, about 5
orders of magnitude, whereas there is little difference in values
of AS* for VO,(mida)", VO,(pda)”, VO,(nta)* (reaction C),
and VO,(pda)(OH)?* (reaction G). However there is a very
interesting trend in values of AH*. The enthalpy of activation
increases in the order MIDA (reaction B) < NTA (reaction
C) < PDA (reaction E). This sequence may be taken as a
result of the different basicities of the oxo group in vanadi-
um(V) complexes. The higher the electron density on the
nitrogen atom in coordinated ligands, the more negative the
charge on the oxo group. The increased negative charge on
the oxo group would result in the increased affinity for H,0,
to form a hydrogen-bond complex. In the same sense, the
lower activation enthalpy of VO,(pda)(OH)* (reaction G)

in comparison with that of VO,(pda){(H,0)” (reaction E} is
attributable to the electron donation from the hydroxe group.
Eventually the variation of enthalpies of activation is parallel
with the electron donation from the coordinated ligands in the
vanadium(V) complex.

Proton-dependent reactions (reactions D and F) for NTA
and PDA complexes are faster than the corresponding pro-
ton-independent reactions (reactions C and E) by a factor of
ca. 10°. Such an enhancement of reaction rates by proton
catalysis is reflected in the activation entropy term for NTA
and in the activation enthalpy term for PDA. The role of the
proton might be different mechanistically for these two cases.
But sufficient information is not available to explain such a
difference. A first-order [H'] dependence has been established
for the reactions involving oxo anions® or VO,*%7 It is
believed the acid catalysis arises from a reactive species
presumably protonated at the oxo group.

Registry No. H,0,, 7722-84-1; VO,(nta)”, 59368-60-4; VO,-
(pda)(H,0)", 62126-16-3; PDA, 499-83-2; VO(O,)(nta)*", 62126-17-4;
VO(0;)(pda)(H,0)", 62126-18-5.
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#FI-1 Values of resolved rate constants

kH kHZY kHY
dnd'. dm?®. dm ™3
system (mol") (mol"') (mol"')
see! sec” - sec ™
Cu(mOy),-CyDTA 1.1X10*  26x107%  13X107*

Cu(mOx)~EDTA 1.1X10* 4.6X107° 3.8X107

CuOx,; - EDTA 0.38X10" 2.3X107* 2.3X107*
NiOx. - EDTA 5.2X10*  6.5X10
FeOX's - EDTA 1.3
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Abstract—The kinetics and mechanism of back extraction of bis(2-methyl-8-quinolinolato)copper(I1)
(CuL,) from chloroform phase to aqueous trans-1,2-cyclohexanediaminetetraacetate ion (CyDTA) phase
have been studied spectrophotometrically in a pH range between 64 and 7-8 at 25°C and ionic strength
of 0-1. Within the shaking speed region above 340 strokes/min, the observed rate of back extraction can
be regarded as the rate of chemical reaction in the aqueous phase. The reaction proceeds through three
reaction paths; the first, a hydrogen ion assisted in the dissociation of Cul., followed by rapid reaction
with CyDTA, the second, a direct H,Y?™ attack on the Cul, and the third, a direct HY?~ attack on the
CuL,, where H,Y?>~ and HY>" refer divalent and trivalent CyDTA anions. The rate expression is

d[CuL,] . )
= g = R HYT o kg H Y2 T ok [HYY T JCuL,)
The estimated rate constants, ky, ky yand kyyare 1.1 x 104,26 x 107 and 1.3 x 107 ' . mol . sec™ !,
respectively. .
INTRODUCTION EXPERIMENTAL

ALTHOUGH back extraction of chelate compounds
from an organic phase into an aqueous phase has been
often used as an excellent technique for the separation
of elements in analytical procedure, little attention has,
as yet, been given to its detailed reaction mechanism.

In a previous paper, the kinetics and mechanism of
back extraction of bis(2-methyl-8-quinolinolato)cop-
per(Il) (Cul,) from chloroform solution to aqueous
ethylenediaminetetraacetate ion (EDTA) solution have
been studied[1]. The results indicated that the back
extraction was controlled by the reaction in aqueous
phase when agitation was sufficiently high speed, and
that reaction proceeded through three reaction paths,
(1) the hydrogen ion assisted in the dissociation of
CulL, followed by rapid reaction with EDTA, (2) direct
divalent EDTA anion attack on the CuL, and (3)
direct trivalent EDTA anion attack on the CulL,.
Therefore, it has been found that back extraction tech-
nique i3 a useful method for the determination of
ligand substitution kinetics of nonelectrolytic chelates
such as CuL,. This work has been extended to other
entering ligands to obtain a more precise knowledge
of the operative mechanism.

Present paper deals with the results of kinetic studies
on the back extraction of Cul, from chloroform
solution to the aqueous solution containing rrans-1,2-
cyclohexanediaminetetraacetate ion (CyDTA) with a
larger formation constant for copper(ll) than EDTA.

Reagents

2-Methyl-8-quinolinolHL). Reagent grade HL (Tokyo
Kasei Co.) was purified by recrystallization three times from
chloroform solution and dissolved in chloroform.

CyDTA. CyDTA free from trace of amines (Dojindo Co.)
was purified by recrystallization twice from distilled water
solution, dried in an air bath at 95°C and dissolved in
distilled water containing two equivalents of sodium
hydroxide. The solution was standardized complexometric-
ally with a standard cadmium solution[2].

Copper(1l) solution. Reagent grade cupric nitrate was dis-
solved in distilled water and standardized complexometric-
ally with CyDTA[2].

Other reagents. Reagent grade sodium perchlorate, potas-
sium phosphate (monobasic) and sodium phosphate (di-
basic} were purified by recrystallization twice from distilled
water solution. Reagent grade chloroform was purified by
distillation each time just before its use,

The chloroform solution of CulL, was prepared by ex-
tracting Cu®* jon with excess HL in chloroform. The initial
concentration of CuL, and free HL in the organic phase
were 2.13 x [07° and 5:0 x [07* mol/l, respectively.

Apparatus

All back extractions were performed by agitating the
samples in separatory funnels mounted on an Iwaki model
KM shaker. These funnels were jackeled so that the systems
could be maintained at constant temperature of 25°C by
means of water circulated from a EKO-Haake NBS type
thermostatted water circulator. For shaker speed measure-
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ments a microswitch and a magnetic counter were used.
For pH measurements a Beckman Expandomatic SS-2 pH
meter was used. Spectrophotometric measurements were
made with Hitachi-Perkin-Elmer 139 UV-VIS spectro-
photometer.

Kinetic studies

The pH of the aqueous CyDTA solution was adjusted by
phosphate buffer solution of 107% mol/l. A 20 ml portion
of this solution and then a 20 ml portion of chloroform
solution of CuL, were pipetted into the funnel. Five samples
prepared in this way were shaken for definite time intervals,
and then allowed to stand for a few minutes until the two
phases were sufficiently separated. The 400 nm absorption
bands in the spectra of CulL, in the organic phase was
measured (o determine the concentration of Cul, re-
maining. All back extractions were performed at 250
+ 0-05°C. The initial CuL, and HL concentrations in the
organic phase were 2.13 x 107% and 50 x 107* mol/l,
respectively. The concentration of CyDTA in the aqueous
phase was of large excess compared with the concentration
of CuL, in the organic phase. The ionic strength of the
aqueous phase was adjusted to 0-1 by sodium perchlorate.

RESULTS

Effect of shaking speed on the back extraction rate

A series of preliminary experiments was performed
to determine the effect of shaking speed on the rate of
back extraction.

CuL, could not be back extracted at least for an
hour so far as the separatory funnels were allowed to
stand. Therefore the measured rate data are not
effected by the standing time for separation of two
phases, which is about one minute.

It was found that the rate of back extraction in-
creased rapidly with increasing shaking speed, up to a
maximum value of 340 strokes/min, beyond which the
increase in agitation had no significant effect on the
rate of back extraction. Hence a shaking speed of
360 strokes/min was used in all subsequent deter-
minations. Within the shaking speed region above
340 strokes/min, the rate of back extraction is con-
sidered to be equal to that of chemical reactions in the
aqueous phase, whereas at slower rate of agitation the
transfer process of CuL, tended to govern the rate[1, 3].

Determination of rate constant

The over-all reaction scheme of back extraction is
as follows:

Culyorg + CyDTAq %5 CuCyDTA
+ 2HL,,,.

(1

Back extractions were made at various concentration
of CyDTA and various pH of the aqueous phase. A
typical linear relation was obtained between

log ([CuL;}ini/[CuL,),)

and the reaction time, t, where [CulL,];,, refers to the

Table 1. Observed pseudo first-order rate constants
Kypor al 25:0°C and g = 01, [Cul,]e = 2-13 x 107* mol/l,
[HL] = 50 x 107% mol/l

Run No. [H"] x 108 [CyDTA] x 10° Kb
(mol/l) (mol/l) (sec™ 1)
I 1-62 2:0 4.17
2 35 7-05
3 5.0 877
4 2.82 2.0 7-54
5 35 11.0
6 50 150
7 4.27 2:0 9-81
8 3.5 14.8
9 50 183
10 7-08 2.0 12:5
11 35 164
12 50 22:4
13 902 20 19-5
14 3.5 260
15 50 318
16 13-5 2:0 24.0
17 35 331
18 50 41.2
19 34.7 2.0 54.0
20 35 70-6
21 50 86-0

initial concentration of CulL,. The rate can be ex-
pressed as,

_d[CulL,] i

2 — el CuLy] @

where k. is the over-all pseudo first-order rate con-
stant observed. Table 1 shows k. as functions of pH
and CyDTA concentration of the aqueous phase.

The value of k,, does not depend on the con-
centration of free HL in the organic phase from
25 x 107* to 10 x 1072 mel/l within an experi-
mental error, as long as other conditions are kept
constant. This means that the rate of the reverse re-
action is negligible compared with that of the forward
reaction in the condition used. Furthermore, the con-
centration (0-005-0-05mol/l) of phosphate buffer
agent was found to give no effect on the reaction
kinetics. ‘

As shown in Fig. 1, a plot of k,,, vs CyDTA con-
centration at constant pH gave straight line with a
positive intercept whose extent was proportional to
the concentration of hydrogen ion. This indicates that
k., is resolved into two terms which are first order
with respect to CyDTA concentration and first order
with respect to hydrogen ion concentration, That is to
say,

ks = kulH™] -+ Ky[Y'] )

where [Y'] refers to the total CyDTA concentration.
The rate constant, ky and ki are obtained from the
intercept and the slope of the straight line shown in
Fig. 1. The results are presented in Table 2. The value
of ky is constant within an experimental error, whereas



Back extraction of Cul, with CyDTA

Kobs X 10% (sec™)
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(CyDTA] X103 (malf1)

Fig. 1. k... as a function of CyDTA concentration in an

aqueous phase at various pH. [CuL,],..: 213 x 1077 mol/l;

[HL],e: 50 x 10~ mo¥/l pH, (1): 779 (2): 7-55 (3): 7-37
(4): 7-15 (5): 704 (6): 687 (7): 6:46: 25°C, pt = O-1.

the value of &y increases with increasing hydrogen ion
concentration.

Since the CyDTA species in the reaction system
studied mainly consist of a divalent anion, H,Y?~, and
a trivalent anion, HY®", the term k%[Y"] is further re-
solved into its component terms as shown in Eq. (4).

Under the assumption that the rapid acid-base equi-
librium is achieved between H,Y?~ and HY? ", Eqn (4)
is translated into Eqn (5), where K, is the third acid
dissociation constant of CyDTA.

y[YT = ki [HoY? 7] + kyy [HY? 7] )

k'y{l + [i:]} :[i—:}

The plot of ky{1 + [H*)/K3} vs [H*]/K, gave a
straight line shown in Fig. 2, ky,y being thus obtained

ckyyy + o kyy. (5)

15F
10
-
¥l
e
_
0 | ] i | 1
0 1 2 3 4 5
IH']
—-—K3 X10

Fig. 2. Plot of ki, {({H*]/K ;) + 1} against [H*]/K; for the
ligand substitution reaction of Cul, with CyDTA at 25°C,
=01

1613

Table 2. Estimated rate constants at various [H*]

[H*] x 10° ke % 10° K, % 10
(mol/1) (l.mol ™ tsec™ ) (I.mol ™ 'sec™!)
1.62 1-08 1-51
2:82 (094 2:51
4.27 1.07 295
7.08 0.86 3.26
9.02 141 3.75
13.5 110 521
34.7 1-04 9.3
average 1-1

from its slope and ky; from the intercept. These values
are listed in Table 3 together with those for the re-
action of Cul, with EDTA reported previously[1].
The rate law for the reaction is hence given by

d[Cul,]
T dr
= (hag[H™] + ke [HY? 7] + ICHY[HY}]}[CUL%-)
(

DISCUSSION

When Cul, is removed from the organic phase into
the aqueous phase, the hydration to CuL, takes place
in the aqueous phase. Since the rate constants of the
water substitution in the inner coordination sphere of
the copper(ll) ion and the rate constants of the
adduct dissociation of copper{Il)-dibuthyldithiocar-
bamate with nitrogen bases have been reported as
8 x 10° sec *[4] and 0-37-2.0 x 10% sec™![5), respec-
tively, it can be expected that the rate of the hydration
process is sufficiently fast and gives no effect on the
total reaction rate. The experimental results showed
no evidence that the total reaction rate was effected by
the hydration process.

Two general mechanisms are possible for the ligand
substitution reaction of Cul, with CyDTA: one in-
volving hydrogen ion assisted dissociation of Cul,
followed by rapid reaction with CyDTA, and the other
involving the direct reaction Cul, with CyDTA. In
the experimental conditions used, it is justified on the
basis of the magnitude of the stability constants
(log K, = 21-30, log K (CuY + H* == CuHY) = 6-50)
(6} that the main reaction product is CuY2~ and that
the amounts of other coexisting species such as
CuHY™, Cuy(OH)Y®" etc. are negligibly small. There-
fore, let us consider reaction systems including only
CuY?~ as the product.

Table 3. Values of resclved rate constants

Ligand Ky x 1074 ky,y % 102 kiy % 107

{l.mol™ 'sec™) (l.mol 'sec™!) (l.mol™'sec™?)

CyDTA 11 26 13
EDTA* 11 46 3.8

* Reference [1].
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Hydrogen ion assisted dissociation path

The value of ky is in good agreement with that ob-
tained in the reaction between Cul, and EDTA,
Therefore, similar mechanism as previously proposed
can also be applied to account for the hydrogen ion
assisted dissociation path for the present system:
hydrogen ion would directly attack a coordinated
oxygen atom of the CuL, by the interaction with an
electron pair of the oxygen atom. This reaction could
weaken the Cu—Q bond and could lead to the hydro-
gen ion assisted dissociation. As shown in Eqn (7), it
can be assumed that once this Cu—Q bond is broken,
inert nature of square planar complex is destroyed and
subsequent dissociation of the complex accompanied
with the attack of entering ligand (CyDTA) takes place
very rapidly.

H,0 H,0
H+
N O N O
~ L NS Ky,
Cu +H" "= Cu —
SN AN
O N O N
H,0 H,0
H,0
N H,0
NS
Cu X CuY + 2HL. %
SN
O NOH
S
H,0
H,0
O\ /0
N (8]
ANy
O N O/N\O
H,0
0\
(8]
N — N/
AN
O O
H,0

KENsAKU HARAGUCHI, KAaTsuTosHI YAMADA and SABURO ITO

The direct reaction path

Direct reaction of CyDTA(H,Y?™ and HY®") with
the CuL, may proceed via the formation of two inter-
mediates, Y—Cu—L, and Y'—Cu—L, as shown in
Fig. 3 where Y’ refers H,Y?~ or HY®".

Since the d electron configuration of copper(Il) ion
is (1,,)%(e,)*, it will have a structure of distorted octa-
hedron consisting of four short bonds coplanar with
the metal atom and two longer ones perpendicular to
this plane (Jahn-Teller distortion[7]). Therefore, as
pointed out previously[1], it is postulated that, in the
aqueous phase, Cul, has twq water molecules co-
ordinated weakly with copper atom in the vertical
positions of tetragonal bipyramid. These water mole-
cules will be readily substituted by incoming ligand
(CyDTA) to form the intermediate Y'—Cu—L,. The
rate determining step of the substitution reaction will
be either (1) a step-of the release of L™ from Y'—Cu—
L, or (2) another step of the release of L™ from the
subsequent intermediate Y'—Cu—L.

First, let us consider the latter case, where the re-
action can be written as

CuL, + Y SY—Cu—L, &

Y—Cu—L ¥e cuy

where K, = [Y—Cu—L,]/[CuL,][Y] and K, =
[Y—Cu—L ,][L~]/[Y—Cu—L] are the stability con-
stants of the intermediates such as Y'—Cu—L, and
Y'—Cu—L. If the reaction follows this mechanism,
the rate constant determined experimentally, that is
v, can be expressed in the term of the rate constant,
Kieur, by

(&)

K K
]’\ = [li—:lz'k%CuL (9)
O\N—N/O
o Do

Fig. 3. Proposed mechanism of direct CyDTA attack on CuL,. CyDTA an'd HL are symbolized
respectively as 3 > N—N < §and NO. Charges are omitted for simplicity.
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Since K, K, and Kk, are constant values, k%, should
be inversely proportional to the free L™ concentration.
But ki obtained experimentally was independent of
its concentration. This indicates that the last step can-
not be rate-determining step. Then we consider the
former case, where the reaction can be written as
K kj\?(‘uf_z
Cul, + Y=Y—Cu—L,——
(10)
Y'—Cu—L = CuY.

k%, can be expressed as«a function of the rate constant,
ki"CuLz by
kK, =K, .k{‘,Cu,‘l (11)

This relation is in harmony with the experimental
result described above. Therefore, the release of L~
from Y—Cu—L, is considered to be the rate-deter-
mining step. If the reaction proceeds via the mechanism
menticned above, the reaction rate is not effected by
changing the entering ligand. In fact, the rate of
CyDTA attack on CulL; is only about 3 to 5 times
faster than that of EDTA attack on CuL,. Since the
mechanism is similar to these two reactions, K, value
of CyDTA is expected to be about 3 to 5 times greater
than that of EDTA, provided that the rate of the re-
lease of L™ from the intermediate, Y—Cu—L,, is
equal to these two ligands.

On the other hand, it is demonstrated in several
instances that [8,9], in the ligand substitution re-
actions involving flexible multidentate ligands, the rate
of substitution reactions of EDTA were faster than
that of CyDTA. It has been interpreted that these are
due to the steric hindrance of the cyclohexane ring of

CyDTA. In these cases, the reaction mechanisms are

different from the mechanism of the present study, and
the reactions proceed via a stepwise removal of donor
atoms of leaving ligand from the central metal as was
postulated previously in the substitution of polyamine
complexes of nickel(Il) with EDTA[10].

It was observed that ky,y is greater than kyy, but
such a behavior is not special for the present reaction
system: similar relation such as K,y > kyy or kyy
> ky has been reported for the ligand substitution re-
actions of CuL, with EDTA[1], Ni(Cystine), with
EDTA[11}, Ni(AO), with EDTA[12], Pb-PDTA with

EDTA[13] and Cd-EDTA with EDTA[14]. These
facts suggest that the number of dissociable protons in
chelating reagents play an important role for the re-
action rate. In the case of HY? ", one proton is directly
bonded with the nitrogen atom in this molecular ion
and also with —COO~ group through the intra-
molecular hydrogen bonding[15]. In the formation of
a mixed ligand intermediate, Y—Cu—L,, this proton
is assumed to make bond with the donor atom of the
departing ligand, L~, through the inter-molecular
hydrogen bonding. This gives rise to the decrease of
the bond strength between the central atom and the
departing ligand, leading to the increase of the re-
activity of the intermediate. In the case of H,Y?", two
protons contribute to such a weak bond formation,
the reactivity of the intermediate is hence increased
more than that of one proton system.
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2+ 3 KINETICS OF BACK EXTRCTION OF SOME METAL
8-QUINOLINOLATO CHELATES WITH ETHYLENEDI-
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Abstract—The kinetics of back extractions of bis (8-quinolinolato) copper (II){CuOx.),
bis( 8-quinolinclato) nickel( II} (NiOx:) and tris(8-quinolinolato) iron(IIT) (FeOx;) from chlo-
roform phase to aqueous ethylenediamine-N, N, N/ N’- tetraacetate ion (EDTA) phase have
been studied spectrophotometrically at 25. 0°C “and ionic strength of 0.1.  In all the reaction
systems studied, the rate of back extractions are determined by the chemigal reactions in the

aqueous phase at a satisfactory high agitating speed.
The rate laws obtained for three reactions are as follows.

d[CuOx,) Cur .y Cu Cu
——— =1k ) 2
2 { U gy (Y kY] } [CuOx)
_ d[NiOx.] ={ Ni Ni ,
AROs] N I6Y] + Ky [HY] | [NiOw!
F
—ii—‘:oi] = kHEi [H'] [FeOxs]
. Cu# 3, -1 —1 Cu _ )
The rate constants were determined as : kH =3.8 X 10* I'mol™*. 877, kHzYW 2.3 X 10
1emol™*-s7, kﬁ@;z.sxw* l-mol™*-s ", k§2Y=5.2X1021-mol“-s’1, k§1Y=6.5><10
T-mol™-s™" and kHe =1.31'mol™ 57"
INTRODUCTION EXPERIMENTAL

1t hashbcen demonstrated that the back extraction tec
hni- que is a convenient method for the determinati
on of kinetics of ligand substitution reactions of neu
tral- chelates [1-4].

In our previous papers, the kineties of hack extrac-
tion of bis- {2-methyl-8-quinolinolato) copper (II}
(Cu(mOx).) from the chloroform solution intoaque
ous ethylenedianine ~ N, N, N, N'- tetraacetate
(EDTA} [1] and trams- 1 , 2 - cyclonexanediamine-
N, N, N/ N- tetraacetate (CyDTA)[2] have been
reported, Under the experimental conditions, the
reactions were found to proceed through three reaction
paths. The rate constants were determined and the
possible mechanism were discussed.

Since it is of interest to elucidate the differences
in the reaction mechanisms when the central metal ion
is changed, the back extractions of the copper(II)-,
nickel(I1) - and iron{ III)- 8-quinolinolato chelates from
the chloroform solutions into agueous EDTA solutions

MOx + Y MY 4 nHOx (1)
aq

norg aq

were undertaken, where M represents metal ions
and HOx and Y’ represent 8-quinolinol and total free
EDTA, respectively. This paper gives the results
and some discussion.

Reagents

8-Quinolinol(HOx).  Reagent grade HOx (Wakeo
pure chemicals Co.) was purified by steam distillati-
on and dissolved in freshly distilled ehloroform.

Copper(1I}, Nickel(II) and Iren{III} solutions. Rea-
gent grade cupric nitrate, nickel nitrate and ferric
nitrate were dissolved into dilute perchlorie acid and
the concentration of metal ions in these solutions were
determined titrimetrically with EDTA.

Qther reagents. Methods of preparation of EDTA,
sodium perchlorate, potassium phosphate (monobasic)
and sodium phosphate{ dibasic) have been described pre-
viously[2].

The chloroform solutions of metal 8-quinolinolates
were prepared as previously reported[2].

The initial concentration of CuOx.,

NiOx; or FeOx; were 2.13X10°mol/1. 5.15x107°
mol/1 andor 5.05X107°mol/1, respectively and free
HOx concentration were 4.97%10*mol /1,9. 94 X107*
mol/1 and 1.06X107° mol/1, respectively.

Kinetic Studies
The apparatus used and procedures of kinetic measure-



ments were essentially the same as those described
previously[1l, 2]. The wavelengths used in this study
to determine the concentration of metal 8-quinolinola-
to chelates in the organic phase were 390,380 and
470 nm for CuOx., NiOx; and FeOx;, respectively.

The relations between the agitation speed and the
back extraction rate of metal ions were checked and
the agitation speed was set up so as to obtain constant
extraction rates when the chemical reactions in
aqueous phase were rate-determining[1, 2].

A constant ionic strength of 0.1mol/1 was mainta-
ined with sodium perchlorate in order to make compa-
risons with earlier kinetic results. For the FeOxs
system, reactions were studied in absence of buffer
agents but the pH of the aqueous phase was maintained
constant during each run using perchloric acid and
sodium hydroxide. For the CuOx,and NiOx, systems,
2.0X107*mol/1 phosphate buffer was used to maintain
the pH of their aqueous phases. In both cases the con-
centration of buffer agents (5X107°~ 5X10"*mol/1}
was found to have no effect on the reaction rate.

All the kinetic data in this study were obtained at
25.0TC.

RESULTS
Back Extraction of CuOx,

Experiments were carried out with large excess of
EDTA over the CuOx; concentration. Excellent linear
plots were obtained between In{{CuOx,] o, 1nir /[CuOx:]o.4)
and reaction time, t, where [CuOx,] o, inis and [CuOx.] 0.
refer to the concentration of CuOx; in the organic phase
at reaction time zero and t, respectively.  Therefore
the rate law Eqn. 2, where

kocbus is the pseudo-first-ordr rate constant.

is expressed as

_ d[Cu0x] _

Cu
i kobs [CuOx,] (2)

The concentration of free HOx in the organic phase
from 2.5X107 to 1.0X10%mol/l had no effect on

the value of kCu‘ The k
obs

hydrogen ion and EDTA concentrations in the aqueous

vs. EDTA

Cu . . .
obs 15 determined at various

. . Cu
As shown in Fig, 1, plots of kobs

concentration at various hydrogen ion concentration
gave straight lines with intercepts whose extents are
proportional to the concentration of hydrogen ion.

phase.

Therefore kOCbl; is resolved into two terms as described

in Eqn. 3, where[Y’] refers to the total concentration
of EDTA in aqueous phase.

Cu _ kCu

kobs

H] + kglfl[Y'} (3)

From the values of intercepts and slopes of the lines
in Fig. 1, kgu and k%l} are obtained. The values of

both kEIu and kg; are constant within the 1imits of

experimental error. Since the EDTA species in the rea-

ction system studied mainly consist of a divalent anion,
H,Y?", and trivalent anion, HY®", the term k%‘} [Y']

should be further resolved into its component terms

as shown in Eqn. 4.

Cu o Cu 2 3
kY’ Y1 —kHEY [H.Y*] —|—k [HY o)
15F 1
2
]8 10"‘ 3
5
X
'
= 5
°C 6
7
0 [l L 1 1 )
0 5 10

[EDTA] X 10%(mol/1)
Fig. 1 kocbl'; ag a function of EDTA concentration in

the aqueous phase at various pH.
[Cqu:] 0, init - 2.13)(10_511101/1, [HO ]0
9.94X10*mol/1, pH(1): 6.49, (2):6,
(3):6.75, (4):6.96, (5):7.18, (6}: 7.
(7). 7.72.

62,
36,

Then the rate equation of back extraction of CuOx:
with EDTA is written as Eqn. 5.

__ d[CuOx,] _ {

Cupygr+ Cu
m kH [H7] +kHzY[HzY] +

kc§ [HY] }[GuOx,] (5)

gzlY - kg? (=k$lrl), since kglf is

The obtained values of kgu

It is found that k
constant at various pH.

kH v and kCY are listed in Table 1.

Back Extraction of NiOx.

Since NiOx, is found to be back extracted more ra-
pidly than CuOx. under similar conditions the conditional
rate constant is obtained from the second-order rate
plots for the back extractin of NiOx, with EDTA. The
plot of the value of left-hand side of Eqgn. 6 against
the reaction time, t, gives a straight line of which
slope corresponds to the second-order conditional rate

constant, koNbls’ where a and b refer to the concentra-

tion of NiOx, and EDTA at the reaction time zero,
respectively, and x is the amount of each that has rea
cted after time t.
I b(a - x) Ni

1 —= .
(a-b) na(b-x) kobs t

The concentration of free HOx in the organic

(6)

phase
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from 2.5X107 to 1.0X10%mol/1 had no effect on

the rate of back extraction. Thus the rate equation
is expressed as Eqn. 7.
~ dINiOx)] _ Ni .

EDTA exists mainly as H,Y*" and HY®  in the

experimental conditions, so the term koNbls [Y'] should

be further resolved into its compornent terms as shown
in Eqn. 8.

Nl Ni
obs [Y ] = kHY [HY] (8)
Egn. 8 is translated into Fqn. 9 using the relation of
acid-base equilibrium between H,;Y*™ and HY®", whe-
re Ka; is the third acid dissociation constant of EDTA

(log Ka,=-6.16[ 5]).
Ni H], _[H]  Ni Ni
kobs (1 —.}~_—M.Kaa ) _mKaa kH2Y+ kHY (9)

The values of kg Yand kEY are obtained from the
slope and the intercept of the straight line in Fig. 2
(14[H*] /Kas) against

These values are listed in Table 1.

which is the plots of kN
[H*] /Kas.

The rate equation for the back extraction of NiOx.
with EDTA is hence given by Eqn. 10.

_ d[NiOx] _ {kN‘

o [HY] + kgg( [HY] } [NiOx]

dt
10
15
L
—
X yoF
4+
= 5F
-v—fm
z e
s
1 1 1 |
OO 1 2
* [H]
Kas

Fig. 2 Plot of k (14 {H"]/Kas) agamst [H* ]/Kaa

for the back extraction of NiOx. with
EDTA at 25.0C, p=0.1.

Back Extraction of FeOx,

The concentration of EDTA in the aqueous phase is
kept in large excess of the concentration of FeOxs
in the organic phase in order to create as pseudo-
first- order reaction.

. Fe
Therefore the pseudo-first -order rate constant, kobs

is obtained from the slope of the linear relation

reaction

between 1n ([FeOx:lo, inie/ [FeOx;]o, +} and

time, t. The ki‘bes depend only slightly on the concen-

tration of free HOx in the organic phase. The concen-
tration of EDTA has no effect on the rate of back
extraction solong as EDTA is excess of FeOx,.

The order of the reaction with respect to the hydro-
gen ion concentration can be regarded as unity from

the plots of log koFbZ vs. log [H*] shown in Fig. 3:

the value of that slope is 1.05. Thus the rate eq-
uation of back extraction with EDTA is written as

Eqn. 11.

_ d[FeOx]

_Fe _
dt B k()bs [FeOx] =

kge [H*] [FeOx]

The value of kge is given in Table 1.

1
...3 l
[ %ﬁ S (!
e o
&
_.5 -
(o]
| | 1
-5 -4 ~3
log [H*]

Fig. 3 log kg}es as a funetion of log [H']
[FoOxs] 6. 1nit: 5. 05X 105 mol /1, [HOx],:1.06

X10*mol/1, [EDTA], : 2.0 X10°mol/1,
25.0C, u=0.1.
Table 1. Summary of rate eonstants for the back
extractions of MOx, with EDTA at
#=0.1 and 25.0°C
ku kuay kny
Moxn
(1l mol™ - s7)
CuOx, 3.8X10° 2.3X107* 2.3X107°?
NiOx; 5. 2X10? 6.5X10
FeOX3 1. 3
DISCUSSION

The reaction paths involved in the back extraction
of MOx, with EDTA from the chloroform phase to the
aqueous phase are schmatically shown in Fig. 4.
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. org. phase
aq. phase
+H,Y MY (A)
MOxn y ‘
M L FHY— Y My (B)
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H
MO, HOx —— ¥ MY (C)

(fast)

Fig. 4 Proposed reaction scheme for the back extra-
ction of metal 8-quinolinolate(MOx,) with
EDTA

In the back extraction of CuOx,, two reaction paths,
i. e. (1) the direct attack of divalent and trivalent
EDTA anions, H,Y*" and HY’", on the CuOx, (paths
A and B in Fig. 4) and (2) the hydrogen ion assisted
dissciation of CuQOx, followed by rapid reaction with
EDTA (path C) have been observed. The reaction
mechanism is essentially the same as previously repo-
rted those of the back extraction of bis (2-methyl-8-
quinolinolato) copper (II) {Cu(mOx),)with EDTA [1]
and CyDTA[ 2].

It has been obserbed that the kgu value for CuOx,

is smaller by about three times than that for Cu(mOx),

(kGEmO%) 2 1 150104 emol s [1,2]) of which

stability constant is smaller by about one-order of

magnitude than that of CuOx, (log kng =12, 73[6],
mOx _

log kot 00, =11.52(7D).

Judging from the X-ray study on the erystal
structure of CuOx, * 2H,0 [8] and the Jahn- Teller
offect on the copper(II) ion[9], it is postulated that
CuOx, i the aqueous phase has two water molecules
coordinated weakly with copper atom in the veriical
positions of a tetragonal bipyramid. Therefore the
following mechanism can be proposed for the paths of
direct attack of EDTA anions on CuOx;, where the
release of Ox~ from the intermediate, Y- Cu-Ox(H,0),
is the rate-determining step. The mechanism is the
same as those previously reported for the substitution
reactions of Cu(mOx), with EDTA[1] and CyDTA[2].

0 0 >N—NC
o H:0 . N/ . C \o
/ ) . ] 1 YCquZ
N N TR N 0
H.0 0

CUOX2 2H,0 Y’ (Y CUOXz -H,0)

—N '\O fast
/@/ —H.0, Oxo/ / 12

H,0
(Y'-CuOx-H,0) (CuY)

(47)

Cu Ox
Y’ YCuOx»

The value of 1\9{5‘ for the present system is of the

KCu = Ki’“ X 13

same order of magnitude as those for the corresponding

reaction of Cu(mOx); with EDTA (k S“Y —4.6X%10~
Cu

lemol™* S7°, HY =3.8X10"21+mol™-57'[1])

which suggests

Ox

that kYC Ox,

is only slightly defferent from

provided that K(llu values for these two

kYCu {mOx).

reactions are equal.

In the back extraction of NiOx,, only the reaction
paths of direct attack of H,;Y?" and HY®" on the
NiOx:(paths A and B) have been observed. Although
nickel(II} is extracted with HOx as NiOx, in chloro-
form[10], nickel(II) will have two water molecules
as NiOx; -:2H,0 when NiOx: is removed fromthe orga-
nic phase into the aqueous phase. Therefore the same
mechanism is proposed for the reaction of NiOx, with
EDTA as that of the direct attack of EDTA an ions
on CuOx,, where the rate-determining step is the
release of Ox™ from the intermediate, Y'-Ni-Ox,, as
shown in Eqn. 14.

KNi
NiOx; -2H,0 + Y/ L~ v Ni-Ox 11O
—H,0
kOx
Y/ NiOx, ;o ) fast I
TY—NI-OX HzOWRIY (14)
Ni _ . Ni  Ox
kY, = Kl kY’NiOxz (15

The values of kN1 and ](Ni[ are greater than corre-

sponding values of kc and kg for 3or 4 orders

of magnitude. This fact would be taken as a result

of the difference in the kgxMOXZ values of the two

reactions (Eqn. 13 and 15).

One would expect kVCY). "NiOx,
corresponding value for copper because the singly
coordinated Y’ is closer to the other coordination
sites in the nickel complex than it is in the copper
complex. On the other hand one would not expect much

to be greater than the

difference between the Kl}/‘[ values of the two reactions.

In the back exraction of FeOxs, only the hydrogen
ion assisted reaction path(path C) has been observed.

The coordination number of iron(IIT) ion are fully
satisfied by three bidentate ligand Oy~ in FeOx;. Such
a structure would be unchanged in the aqueous phase,
If the reaction proceeds via the direct attack of EDTA
anions on FeOx;(paths A and B), the reaction interme-
diates would be seven coordinated structure of
Y’'-Fe-Oxs. It is difficult to bond seven groups strongly
to metal ions which have a preferred coordination
mumer of six[11].  Therefore it is reasonable that
the ligand substitution reaction of FeQx; proceeds
through only the path of the hydrogen ion assisted
dissociation of FeOx; followed by rapid reaction
with EDTA as shown in Eqn. 16,
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/ﬁ : M/

(FeOxs) (FeOx;-H™

N__
Fo o OH

_—_é '

N N
o/

FeY + 3HOx {16

fast
+Y’
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TONREBRYELIEALTHEBEL
CyDTA $ AW 3D 7 3 /) A NVE Y BAKE
W 2X107 Mk Ep g EA T pHERE L, 4
F VR LBIE SRR b)) 7 AT p=0. 151230
Lo
UHEEECRETREOBEIAREVEED
hé@f,%&@mﬁmmﬁ_@Mﬂﬂwtﬁﬁ
o7, GZEKMERUEBRME 2 AMBARLE D5
2 U (2040, 05)C OfEEAZ 512

FL—ERE

LLEEOEREW -,
3. BREEE

31 IHEEERIRANY ML
FE(MEFARFITAMOTAC ¥ L — Mk
7 h#h pH # 8. 2~10. 00 & 0%y 8. 7~10. 2 THlt
Hahz2RA~T MViZiE e A LT 600
nm RN ER K & &0, 600nm 12F1T 2 RATD
NIRRT (D) B A F3 7 A(IDHZD W
THh#Fh 3.36X10* B 3.67X10' Tholzo
Ik, EBRCIEHI o pH 3B ERE AV TH9.2

E LA, EEMIZIEE.7T~10 TL <, XM
L300 M BEL L, M aMctaslbh
5o

3.2 WHHRI

B R T A F3I DA IDOTACHL—HMML,)
DCyDTA(Y) Itk 3 MHABEREEIZODWTE
FTEIN = 2+ 3OBIEIZHE » TR &
FEREOMERIIIRT. 2025 FIY

Aunw% DTS HEES () DS £ 0 &

BEFNASWI EAGh 5,

0.15
é 0.10F 1
2
<«

0.05 9

00 l(l)O 2(1)0 3(;0 460

Reaction time, $

1 Back extraction of TAC chelates with
CyDTA as a function of reaction time
l :[ZnLp7: 5.0xX10-6M; 2:[CdL,]: 4.7 x10-6M ;
[TACT: 4.8 10-¢M; [CyDTAT:8.0x10-5M; pH:
9.18; pa-—0.15; Temp. s 20°C
FHAED MLyt UTARFED Y7 A58 F D SRt
Tk, In[ML,]o/[ML.], R ¢ izxt LT Oy
b3 EHSRIDDBEL S FIYA(MDHED
HEz@aEmAELN, BHHOML,IZEELT
LARGE LTEYHRS 2 e cE&, @ERITR
lomans,
 d[MLJ)
dt
Z 2T [ML,) WAEKMHEOES (D) & 32 Widkh F

=Fku[ML.]



IVAMOTACHFL— MEETH Y, ki
MRS OZHEEERCH 3,

FHEARD ML, O #03%EE 1. 0X10~°M, il D TAC

B2 4. 8XX107°M, RFHO CyDTA #EE 8X107° M,
PH9.18, A A4 Y&k x=0.15 R U5RE 20C -
B ARMEEEHE UCHES() RS K3
LDBEIDWNTENFR, kn=1.8X10"%s"",
B k=16 X102 P BE hize D7 3
A HNVRBIZEIWHBOEAL CyDTA &
FROEREE, 20X EEERIT F1 ©©
RTEBYTHS,CyDTA, EDTA, B EGTA
BIZIER CEEERZ 5 2 55%, EDDA, NTA®
BEEHFITAM)-TAC FL— b izxdT 2% 5%
EHAVPEL, TRLSEAREICEZHEG) & H
F3vA(I)ORBEERIZIGE S 2V,

CyDTA 2 Hw 2L Iz > W T & #EER
CHEBEEZAETOIL, FEHOREEED TAC

E-R| Conditional rate constants of back
extraction of TAC chelates of Zn(II)
and Cd(I)

Y kanX10 {871 keaX10° (Sfl)
CyDTA 1.8 1.6
EDTA 1.5 1.1
EGTA 1.1 1.0
EDDA 1.5 0.37
NTA 1.1 0.89

[TAC] :4.8X107*M; [Y] :1.0X10*M ([CyDTA]: 8.0X10-
M); pH: 9.18; a==0.15; Temp : 20T

W, ARMOKEA F BERU CYyDTA BED
HEIIODVWTHNEERENE oy N OF0E
X2, 3, 4 1TRt, BEom=: B2 -
FUTHS(IDE A FI YA (0IDID2WTERE
N—0.8KkU—091, K3 tbwTiFEhs
M—LBEF-LIU EEZVuTFhd —1I0Fw
fHERL7. £ B4 TREEZELLESII0OT
b o lzo HEo THIMH SIS (1) DBE L 5
FIYA(MOBFES, HHEO TAC R UKHED
KEAAYIEELTEZRFRIETF — 1 kL0001
XTHY, CyDTA LBRLZRDEREICIIFES
B2 BVZEDSH 5, LI koL p 5 il
BIEQRTREATE 5, b THEEHRTSH 2,

d[ML.] _, [MLJ[H]
T & M g, 12)

3-8 ERUNEAFIVLNN)ORKEER

2K THHIDETAHRIVA (DO TAC
FL— e o7 U0ORNAMED» S CyDTA % HuT

—3F 1

log Ay

_3_

3

log ki

1 1 1

—4 —3
logl TACT, M

Relation between conditional rate constant,
kv, and free TAC concentration

1:Zn(II) system; 2: Cd(II) system; [CyDTA]:
8.0x10-5M; pH:9.18; x=0.15 Temp.: 20°C

- 1 1
8 9 10
pH
Relation between conditional rate constant,
ky, and pH

L: Zn(IT) system; 2 : Cd(II) system; [TACT:4.8x
10-*M; [CyDTAD:8.0x10-°M; m=0.15; Temp.:
20°C

2
O fol JoM—— ——

1
B e g &

log[{GyDTAJ], M

4 Relation between conditional rate constant,

kx, and CyDTA concentration

L: Zn(II) system; 2: Cd(II) system; [TACT]:4.8x
10-4M; pH:9.18; @=0.15 Temp, :20°C
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AT T ABEIZ ARV DEFHYD, F
F=F s O RBEE S AMEO pH & ARIHO TAC
VERE L A EI T RIS H 5 id s F I
A FL— FOURBEEICIAT 5 2 Ao
DT, TOZEEmA A VORFERICFAL
770

NI A UA R34 (IO TAC F L —h 2
FWVicHRE I cEEE S5 2T, EAMED
PRHEE AL 5 & T SRR T 5,

(Ey—Et)=¢sm-1-[ZnL,] o (1—e-kzn't)
+Ecd'l'[CdL2] teo (1—e"k(l:d't) ............ (3)

Z 2T Eo, Et Z3hiA o3k R 0 R U

t RO F MO, €2n, €caldZnl, £ U CdL,
DENVIRFARH T L ERBETHD o kia> kin T
HBEE T HWAFINEDY FISHT & 5,
T b b kX t B FSR(TEbD e-keati=0)
TLAE kit VRSV (T4 b e-kintal—
Fon 2) D & 5 ZEFREEEH TIEA (3) 34 125 E
Wi b2 ENTED,

(Eo—FE;) =gz I [ZnLa],_ - kin't

+ gearl-[CdL.],_,

Feo T(Ey—E)~t 7ayrOEfRED % t =0
AT A 2 E Itk o T [CdLy) im0 BHRETAZ
LT E, [Znls,  \3BSREORSEE 26 R
HEZENTE D,

M & H F3I YA (D TAC ¥ L — FDOE
Bk 2.3 ICRE VRS R T, BRAHOK
JerE DB 2L B N, AT & o THEER (1)
EUH P37 a(DOREERET -2, B5 1k

0.30F

0.20

E,—E,

0.10r-

] 1 L
0 100 200 300
Reaction time, s
5 Typical sample of (E,—E;) as a function
of reaction time according to eqn. (4)

UnLy : 9.54x10~6M; CdLp :0.99% 10-6M; [TACT:
4.8 10-4M; [CyDTA]:8.0<10-5M; pH :9.18,
1==0.15; ‘Temp. : 200°C

FOMEI LB TH B, BAER (I) EHAFIT A
(M O/A A FEA K 2T RAFER & TR 2
Table 2 12K o BEH(I)BEDFFIEVBETHE
B PR EDL T
£ 2 Simultaneous determination of Zn(I)
and Cd(I) in their mixtures

Zo(l)  Zo(l)  gor  CAID  CAHID  Frpor

taken found taken found
(X10°°M) (X10-*M) (%) (x10°M) (xX10-°M) (%)

9.54 9.54 0 0.99 1.00  +1.0

7.42 7.36  —0.8  2.97 3.02  +1.7

5.30 518 —2.3  4.95 5.06 +2.2

3.18 3.18 0 6.93 6.93 0

1.01 1.20 . -+18.8  8.49 8.32  —2.0
3.4 HESMTOEE

pH 9. 18 T TAC O 7 MRV LA IZHIN X h
AfpogBeE LTy r (), 279 MDD,
S, A% &, ChEPBEETILEZD
F ¥ CIIET 32012857, 25 XIS
O 3o a(oit shzwikey pH T
HESh20ThePLODHTEL, —H&L
THRY(ID)69. 3ugdH B A F 37 A(T) 111 ug 12 4t
LT =4 l329ug, 2/50h(I1) 321ug, $A(I)
362ug K U/RER(ID) 1020ug A7+ % & %, pH
71 TTAC Iz E DG ECEZhsDRE R
Bz R, XE(IT) 295ug, #:(1I) 281ug,
< v A ()(275pg, 7 T A(TH)260ug B U TV =
@ 4 (1) 142pg 37 LT 4 pH 9. 18 TIdHd &
NTEELEZ P72

FETREFOEGVWIRELHBFELZ VL
Z25N035 IO GREA A Y OHIIDATHR
p A, ZhBLUSMGRVEEEEZ 54 4 v
RnZ2xnzigs, bdswidahs9fE@n I 5T
LIFEESL 2P ITREVEERTES 4 YD
A%V 5 QDB O BENES BRI
H 5o

4. 1 H

FAMIDEUH FI o A(IDDTAC FL— %
TRV AERED 5 CyDTA RIEF WIS
ARG RIS I T 5 & & b, W
DELFA L 2RI & A K374 (1) OEFE
BEGIREL =,

A IER S S EEREA RE L€, ETH
ORI L A, EERo pH, TAC &E, A
F vipER RENNSREITHETLAOTIN
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Kinetic method for simultaneous determination of zinc{Il) and cadmium(II),

Kensaku Haracuchr and Sabure Ito (Government Industrial Development Laboratory Hokkaido,
Higashi-Tsukisamu, Toychira-ku, Sapporo-shi, Hokkaido)

The kinetics of back extraction have been studied on 2- (2-thiazolylazo) ~4- methylphenol (TAC)
chelates of zinc(II) and cadmium(II) from chloroform solution into aqueous CyDTA solution. The
spectrophotometric ~ determination of Zn(II) and Gd(II) in their mixtures was made simultaneously
by the aid of the difference in the rate of back extraction. TAC chelates of Zn (IT) and Cd (IT) were
extracted at pH 8.2~10.0 and 8.7~10.2, respectively. These chelates showed their absorption maximum
at 600 nm, and moler absorbances at this wavelength were 3.36 x 104 for Zn(IT) chelate and 3.67 x 104
for Gd(II) chelate. The rate of the back extraction of Zn(Il) chelate was much lower than that
of Gd(II) chelate. The conditional rate constants for Zn(II) and Cd(IT) chelates were 1.8x 10-2
and 1.6x10~2s5-1, respectively at pH 9.18, free TAC concentration of 4.8x104 M, 1=0.15 and
20°C. The back extraction reactions were of first order with respect to Zn(II) or Gd(II) chelate
and hydrogen ion, and inversely-first order with respect to free TAC. The concentration of CyDTA
had no effect on the reactions so far as CyDTA was in excess of TAC chelates. Linear extrapolation
method was applied to the analysis of the mixtures of Zn(Il) and  Cd(II) based on the following

equation;
(By—Et) =ezn-1- [Znkylky, t+ecq i+ [CdL,]

where F,, E; are the absorbance of the organic phase at reaction time 0 and t, ezn,tcqa are the molar
absorbances of Zn(II) and Cd(II) chelates of TAC, ! is the length of light pass and &, is the
conditional rate constant for Zn(II) chelate. The interferences of Ni(Il), Co(II), Cu(II), and
Hg(II) were eliminated by preliminaly extraction with TAC at pH 7.1. Fe (IL,III), Mn(IT),
Cr(III) and ANIII) had no interference, (Received Dec. 24, 1974)
Keywords
Back extraction rate difference TAC [2-(2-thiazolylazo-4-methylphenol) ]

Cadmium Zinc
CyDTA

(orHr{k2E, 24, 405(1975))
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THIE L 7=,
3. EBRRUERDER

3 - 1 REEM, BAWRUERREUVEILRE
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BEfr T BRSO EEZ % FIHT 280 (1), =
7 V(D) ROV 2 2300 b (D O 53 BIEIREE 8B 0w RE
HrRFENLD, Zho@ Bl 4 v OTACH K
EEDTA L O RGO KGO A2 HE L 72, E
BRIZEBA A v & H4ERIC TAC A % N 2 pH
6. 76 1CFAEI LT TAC $A & B R &4 72k &
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S LS 5 BUSFHERZ KD - 3o/
M-TAC $50RIE 2 i DEEE & A i & & 7= 5% 18
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B7 v EZ7A%0.5mg emP I B EIMET
RS 7z FHEEROBRE L EDTA K LR
BT HAEFIOFERIZENT 25mg em & L 7=,

HITE U 7 RSB, 5RO mABuERE, &
U 610nm 12 B3 EVIRZHE F1IDRT.
(II) TAC #8k & EDTA O GI3#o TE<, F
WER RIS READEIE A T & & h - 72,

xF1 Reaction rates, wavelength of abso-
rption maximum of TAC chelates and

molar absorbance at 610 nm

Metal Half lift Amax £( 610nm)
Ni** 15s 610 5.5X104
Cu*~ < lms 600 1,7x10*
Cot 1s 575 8.4%10°
Co®* 4h 670 9.3x10°

Experimental condition—[M] : 1.0X10*mol dm~, [TAC] :
125107 mol dm™®, [EDTA] : 1.89X107? moldm®,
[phosphatebuffer] : 1.0X 10 *mol dm™, Temperature : 25T ;,
#=0.1mol dm™*

3+ 2 ALk -TAC$EEDEME

250 b (IDSEE OB SR 2B 1244 590 nm
A5 680nm DR ARIL B DZELIZEEA T 3
610 nm DRI EEZAL AW E L TN B ).
C OBALSIZB RIS T H - T 0.5mg em 2D
BEREET ¥ =7 ARINE TR IS REI20% % B
TAEZEDGD 57,

Rt
o

e
b

Absorbance at 610nm

Time, min

1 Rate of oxidation of Co(I)-TAC comp
lex with ammonium persulfate
Co{Il) ion: 1.0X10°mol dm™; TAC: 2.5 10" mol
dm™; (NH()2S:05 : (A) 0.1mg em™, (B) 0.3mg em™;
(C) 0.5mg em™; Tween$20:12.5mg em™; pH ;
pH: 6.72; wu: 0.1mol dm™; Temp.: 25C
8+-3 TACRE:LNREEEOBE
EBA A KU GRENZIMZ 5 TAC DR
& R (koss) DBIGE 2T, B2 122y 4
W TAC $ RO EDTAIC &k BT3B 1 KIS0
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Bz LB BMOTACYADRZE 2> 2R
R

—log kgus 571
—
T

i3 [

3 4 5 6

—log Crac, mol dm™
2 Relation between conditional rate co-
nstant of ligand substitution reaction
of Ni(I)-TAC complex with EDTA

and TAC concentration

Ni(ID) ion: 2.5X 10 °mol dm™; EDTA : 1.0X107®
mol dm?*; pH : 6.72; gz : 0.1mol dm™; Temp.: 25T

% 3 EDTA S TAC $& 4k & 0@ R 2 R4 T,
ZORIGED 7 IV-TAC $8R 12T 28 —K K
Jnd UTEDIR S Z DT %, B EH koes
VIR 1okt L = o 7 V-TAC $5 kD) & FE L B
Ml tizs T ARl O ARl 7ay LT
EBLNAEEOZ B, 5D 2,

#1-TAC $EHADRAL T E MK E & TACBRED
BI(Z X EHET B 2 L AT % B, $-TAC 8iF
@ 610nm DIEHE & TAC BEOMBREHEN/- L
ZATACEE LEBICIRBEDS LT 2 IZHEML,
$H-TAC $EMEDERER AP BRI N THEL Z L &
L T

21750 b (M) -TAC $E{A O ECAL B Bk A2 120
T35 TACEREORE TR ERIASNE
ol ‘

3 - 4 pHERGEEDORE

= W-TAC $EEDEM FEREE & pH O
RIf% # S, pH o BRI R G EPMET ¥
ZLWIEREEA(ES ). I/ (II) SEfF
O E A LTl pH BB TH - 2.
3+ 5 EDTABREEREGEEDBER

EDTA & & #E O BRE#H 7z, EDTA
FEAY2.5X10 *mol dm ™ FCid EDTA BJE 0 4
AR BOGE B ITIEIE 1 RO B TN+ 54

EDTA 2 2.0X10 *mol dm™*LJ i EDTA

L MEAG T E LA Em AR L 2 (H-4)0
2790 b (1) -TAC $& k0 i # O EDTA

RERTEE SRS TN TIRIRERFRETH - 72,

— 1.0k
T,, —1.5f
2
<&
B -0k
—25F A 1 1 L 1
6.0 7.0 8.0

pH
A3 Relation between conditional rate constant
of ligand substitution reaction of Ni(Il)-
TAC complex with EDTA and pH
Ni¢IT) ion:5.0x10-6 mol dm-3; TAC : 2.0x10-5 mol

dm-3; EDTA : 2.0x 104 mol dm~3; Tweenf}20:5mg
cm~¥; p:0.1mol dm-3; Temp.: 25°C

_Iog thS: s~ L
(3%}

o0 ©
1 b~
1 1 ] [l
3 4 5 6
—log Cgpra, mol dm-3
4 Relation between conditional rate constant

of ligand substitution reaction of Ni(II)-
TAC complex with EDTA and EDTA
concentration

Ni(If) ion: 1.0x10-5 mol dm-3; TAC: 1.256x10-+
mol dm-3; Tween$20: 12.5mg cm~3; pH :6.72; n:
0.1 mol dm-3; Temp. : 25°C

3.6 FEELAOCEE

RIEISTEA 0 R & ROnEEORE 2 #H~ K
5 OFER%1E/-, REGESEE 10mg em Lk
TEHREEDBSENNTH LI L b, RE
TEVERIE R X EDTA ¥ & O\ AL TAC ¢
RIS 25mg em * EE D 2,
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N
2
Oy 2F
=
1
1) 1 il 1
0 16 20 30

Tween # 20, mg cm-3
5 Relation between conditional rate constant
of ligand substitution reaction of Ni(Il}-
TAG complex with EDTA and Tween # 20
concentration

Ni(IT) ion : 5.6 [0-6 mol dm~2; TAC : 1.3%10-5 mol
dm=3; EDTA :2,1X10-4mol dm-3; pH:7.30; p:
0.1 mol dm-3; Temp. : 25°C

3:7 TEBM%

IhE COERBRIZESEEBIMEL U TO
FOED 2 #U(ID), =y r (DRI b
(ID% 2 N2+ 7T0ug LI N &L AT % 100cm®
ARAT T ATIZELY 1.0X10* mol dm™* & TAC
& (100mg cm™® Tween # 20 ¥A7%)% 25em® B %,
& G612 EE pH B A (0. Imol dm™) % 10em®
Mz pH % 6.76 & U, TAC $5k% 4k X 4 Do
BBEDA A+ VRIELBRERF P U AR AT
EDTA ERERES5 HHi OB 25w T 0. Imol
dm™® & 7% 2 k) HEET 5, S0mg DBHET v T
= A ERIIER U205y MR LT 3 5 b ek
LT 3, ZOEBEOWES 100em® & L, & M
v 770 -EET1.89X10 *mol dm*EDTA
HE(pH 2 6. 76, #=0.1mol dm™*) *BEL TR
JB% FlAE &2, 610nm 1231 3 RREL(L 4 A
RLERT Do TN b (TD) O RE B 1 RIS B AA T2 10050
BTSSR - B 5 A UHIER L B s 5
19 2o VI OERIZRKIGEEE(2~40) 5
DEIEREZAL & & & AP ANEY 2 12 L 0575
&=y Vo) TAC 85K O BbL 7 BIRR 5T &
BIREERILIZ DV TIE TR, Fovs .co>
kovs i THED 5 t DK E NHEFTIHE 2 158
BWTE, it LT—log Et &7y b LTES
NBEMRE ¢ = 012\ L MO » 5 55
taLIAT o= v VTAC 85O E S E S h 2

o

Ei=¢w [NiTAC]; “exp (—kops.ni- 1)
+ €cu[CuTAC], “exp{—kops.cu 1)
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HOERITERBERE EDTA 28 F 2w pH :
6.76, u#=0.1mol dm*DKEHE 1: 1RALR
ISBAMG LRI O 2stE 25k, £l2RKD a0
bR U= v TAC §5 K O IRKE & 035 5 4R
SEROIRIE L RO TIT I, WTNDRELRE
FRIE AR =N FERIP LT 5,

3.8 AREHOSH

SEOEREA 4 voRELE AR bE G
BB AL, ELEEREIN-TER
L K2 OEREE. TREET 249N
TH 5B,

# 2  Simultaneous determination of Ni(Il),

Co(Il} and Cu{ll} in their mixtures

Taken Found

Error (%)

{#g/100cm’) (ug/100cm’ }
Ni Co Cu Ni Co Cu Ni Co Cu
65.8 64.2 72.3 66.2 61.7 75.1 0.6 —3.7 3.9
32.9 64.2 67.7 34.0 64.2 66,9 3.3 - =12
16,4 64.2 72.3 16.4 63.6 7L.4 - —0.9 —L2
6.6 64.2 72.3 6.6 65.4 74.6 - 1.9 0.4
65.8 32.1 67.7 65.5 32.7 69.0 —0.5 1.9 1.9
65.8 16.0 67.7 67.0 16.6 66.4 1.8 3.8 —19
65.8 6.4 67.7 66.6 6.2 68.5 1.2 —3.1 1.2
65.8 64.2 33.9 68.0 64.2 33.0 3.3 — —2.7
65.8 64.2 16.9 65.5 64.8 17.4 —0.5 0.9 3.0
65.8 64.2 6.8 64.6 64.2 7.3 —1.9 - 1.1
3.9 HEIFLOPE

3-8 THWAEHALHITaN&EA 4 % 100ug
R s BRI 2B L~ 74 A
VIREEER(ID), A R3Iv A, 0D, v v H >
(I, 7 v, $(I 0D, AN TH 2,
KGR () ROk (1) LIS O EEA + v 1E 2 &t
T TAC SR 2 £ 3, BEL B 2L o7,
AER () & 2R ()13 TAC 85k 2 44 2 A5/ 30
FOELAIE LT Z 78FEE 7 v E oy A
DATEIEXT ¥ 3 vtk e el 270, BB
LSS NPT {203 M TR ITHMEN 5720
WTNDOEEBICEEEL 2 h o7,

WEEEA 4 v, REEEA A v, EEERA A4 v, faEEA
Ty, REA Y RUIAVEL 4 2 EEROA
AEHIINZ TR A TN, Z 712 1ZEDTA
L DRAEROERIZE VT 10 mol dm™
Thdc BREIOThOBA 4+ v LB L2521,
o 7:0

’

4. ¥

FLOL TEBREIGIZIES C BFEA 4 ¥ OIS
FIRFEEERIRE L 72, KICERA LA &t
FIZBA by T F7u—E2 BV RERNER
BITEATE L WY, RBTIRRTEIEER OB

il
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Kinetic method for simultaneous determination of copper(II), nickel(II) and cobalt(iI).

Saburo Ito, Kensaku HaracucHr, Koichi Nakacawa and Katsutoshi Yamapa (Government Industrial
Development Laboratory, Hokkaido; Higashi-Tsukisamu, Toyohira-ku, Sapporo—shi, Hokkaido)

The simultaneous determination of Cu(II), Ni(II) and Co(II) in their mixtures based on the
difference of the ligand substitution rate between 2-(2-thiazolylazo)~ 4-methylphenol(TAC) complexes
and ethylenediamine- tetraacetic acid(EDTA) is studied. As TAC and TAG complexes of ihese metals
are solubilized with nonionic surfactant, Tween # 20, the stopped-flow technique was applicable. Various
combination at 10-% mol dm—2 level of these metal ions can be delermined within the error of 4% Zn(11),
Cd(II), Pb(II), Mn(1I), Cr(IIT), Fe (II, 1II), Hg(Il), SO, NO;~, CH,COO~, Cl~, Br~ and I~
have no interference. Recomended procedure is as follows: The sample containing less than 70 pg of
Cu(I1), Ni(IT) and Co(II), 25 cm? of 1.0 x 10~® mol dm~* TAC dissolved in aqueous Tween £20(0.1 g cm—)
solution, phosphate buffer as well as sodium perchlorate 1o controll its pH and ionic strength to
6.76 and 0.1 mol dm=? and 50 mg of ammonium persulfate to oxidize the complex of Co(II) to Co(XII)
are diluicd to a mark with water in 100 cm? volumetric flask and is allowed to stand for 20 minutes.
The reaction is initiated by mixing this solution and 1.89:10~° mol dm= EDTA solution (pH; 6.76,
#; 0.1 mol dm~3) at 25°C ‘and record

stopped—flow technique. Co(II) is delermined from a measurement of the absorbance later than 100

the absorbance 610nm as a function of the time(t) with

seconds from the start of the reaction. Ni(IT) which has lower rate than Cu(II) is determined
{rom the change of the absorbance between 2 and 40 seconds with logarithmic extraporation

procedure by equation

—log Ey =kobs'Ni.'t'log eni INI-TAC]4
Cu(11) is determined from the difference between total initial absorbance and that of complexes of
TACG with Ni(II) and Co(1I).

(Received Jan, 26, 1977)
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2 (2-Thiazolylazo) ~4-methylphenol (4 irft3, 26, 554 (1977))
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