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The extraction of zinc(II) with 5-(4-nitrophenylazo)-7-(4-ethyl-1-methyloctyl)-8-quinoli-
nol(HNEQ) was investigated using chloroform, 1,2-dichloroethane, isobutylmethyl ketone
(MIBK), and l-octanol as diluents. HNEQ exhibited a higher extractability toward
zinc(II) than did 8-quinolinol and Kelex 100. The extractability of zinc(II) with HNEQ
increased in the following order of chloroform < 1,2-dichloroethane < MIBK < 1-octanol.
The extraction constants (Kex,= [Zn(NEQ)s(HNEQ),]org[H "1*/[Zn®*"][HNEQ] (2+")org
and the formation constants (Bs,=[Zn(NEQ)2(HNEQ),]Jore/ [Zn(NEQ)2]ore [HNEQ] o)
of the self-adduct complexes [Zn(NEQ)y(HNEQ),] in the organic solvents were depen-
dent on the characteristics of the organic solvents. MIBK and 1l-octanol provided larger
formation constant of the self-adduct complex than did chloroform and 1,2-dichlor-
oethane. This may be ascribed to the coordination of MIBK or 1-octanol to the Zn(II)-
HNEQ complex and/or to the hydration of Zn(II)-HNEQ complex with MIBK or 1-
octanol. It was also found that Zn(II)-HNEQ strongly absorbs at 522 nm (Amax=28.40X
10* cm ™! mol ™! 1, chloroform) and 543 nm (Amax=8.40X10* cm ™' mol "' 1, l-octanol).

Keywords : 5-(4-nitrophenylazo)-7-(4-ethyl-1-methyloctyl)-8-quinolinol; zinc(IT); solvent
extraction; self-adduct complex; equilibrium constants.
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Fig. 1 The structure of HNEQ
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LT, Zuuklvas 12-Y7unxy >, FAHERE
EUTE, AVTFNVAFNVT by (MIBK) & 1-74
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Vol. 47 (1998)

Hen (1) BB B PR AEER (1000
pg/ml, FEHIZE) DA (1) OWREERMEAK IS BIESR
BEnA, HRGEL, BIEREBREICE L7, 0.1M
(1M=1mol dm %) BIEHEBAIRE UCREL 12, i
AIZBUTHERLUTCHL .
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T U YA R, BRI 2z ERAL
7.

Jaugives (BRI, OB X, FRBERNC
kT 2 EERE L TH BV ‘

TOMOFEEE, BEEREzZzOXEHEAL L.
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(333 A bu—2/4) EFERLL.

2+3 HhaHERE

B (1) KB (24X107°~6.1X107*M, £+ >
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Fig. 2 Effect of the Zn(II) concentration in the
organic phase on the distribution ratio of Zn(II)

O: chloroform, 1.0X107*M HNEQ, pH 4.47~6.70;
@®: 1,2-dichloroethane, 1.0X107>M HNEQ, pH
3.46~5.37; [J: MIBK, 5.0X107°M HNEQ, pH
3.77~4.26; M l-octanol, 2.5X107°* M HNEQ, pH
3.51—4.48

32 HHEOES

8-F ) = WIZ K BHEHP(I) = v 7 (11) DOl
HicBLWTHEEOESNPEI S I &AMOoN T
BT HES T, £33 U »ICHR (1D -HNEQ $&{&
D7 ORIV LERTOESOFEEEZBE Lz, —§
I, —E pH T, A4y (M) BELZE(LxY,
log D us. log[M**] 7o v bORETH» 5, HMHBEOES
WOWTOHRSB NS, AEBREZHTCIE, H
) BEZELIEEE, BIKRO pH HELT 5T
EPDBLUTDED BEMOFVET- 2. HBkT 575,
HNEQ I £ A H$R(II) O 7 au kv shEADHHT
W, 2o Ta by EELTVWS I E S, HEHicix
log D-2pH, HE#IC I3 AR O (11) BEOWEK =
7u vy bU7z (Fig. 2). BEMAROHESH A1) {Zno(1D)-
HNEQ/| BEN 1.0X10*M Bl ETX, log D-2pH &
HEN (I1) BE E TR L, i iEBEoES Y
LU, HEEHNFERIID BEICL-TRELZE LN
REENE, 1,229 70017 VIZBNTH 7Ok
L & FRRICHE R O (IT) BE2S 1X107* M DLk
T, SEHEHES (D) BEIC k> T2, MbE
DEEPERI->TNEEEZLND. LI5H, MIBK
R 1A 7y T, SEEEEEF OB (1)
BEICKFLSD (Fig. 2). UTOERBRTIE, Wih

6.10X107° M Zn(II) with 2.0X107°* M HNEQ

O: chloroform, @: 1,2-dichloroethane, [ ]: MIBK,
B l-octanol
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vz,

3.3 HWHICXT 3 pH OHE

suavskRivi, 1,2-YVr7vaux¥ v, MIBK, 1-#+7
5= REE 3 B (11) D HNEQ I & 5 HiHIZ
BT %5 pH X log D Jay % Fig. 3 ICRd. R
pH (pHys) &, 1-427 % /=), MIBK, 1,2-¥7 1
UTy Y, 7UaKRVATIEENEN 4.30, 445, 5.32
RO 582 THV, MiHEERs oo RV LA<I2-YV 7T
ULy v<MIBK<LI-47 %/ —VOJEIZHE KT S, 1-
7 F =% MIBK O &5 BEMEREDE S 257
TOFRNVAR 12-V70UrLy v L HEESLE,
BT, pHX logD 7u vy FOERDZHEIEF 7 vk
VA, 1,2-Y 70015 Y FRG 14785 )= pDNIH
THiFF 2T, 2O T T by ATHREA (1) OHH B
LT3,
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K9 255, log [HNEQ] o Xf log D-2pH 70 v MiX
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Fig. 4 Effect of the HNEQ concentration on the
distribution ratio of 6.10X 107> M Zn(II)

O: chloroform, pH 4.43~7.01, @: 1,2-dichloro-
cthane, pH 3.82~6.98, [1: MIBK, pH 4.26~4.64,
M: l-octanol, pH 4.17~5.32

(NEQ), IZ 1 537D HNEQ »And % E oA gk &
', Bso & Zn(NEQ), I 2 /3F @ HNEQ »# M3 %
Bk oERERTH B, Fig. 3 IKRENE LS
IZ, HNEQ BEN—FE Tk pH X logD 7u v NDE
BMOZHEIZ 2 THS. O &iF, I Ta by
fREEL 72 2 fHO NEQ™ #HSLTVWA I EEZRBLT
W5, HNEQ BE % 6.4X107°~3.2X107*M O i
TEEEEE S, HNEQ BESHETILoNT, 7
Oy MIZHE 2 OEKES 53N, HNEQ BEMEL
S TIE 2 5T O HNEQ #5, BV 3 HF L
o HNEQ HMHiHIcBE LT VWA EEX 55, BT,
K(6) LB B pH OEELEAIZKEIT L, log D-2 pH
A7 aaRVLHFO HNEQ BEIL > TED LD IKE
{tgB0ERUIZDN Fig. 4 T, 70 v bid HNEQ
BESETIZOMNTCHEHSE 2 ODER»LHThSE. 207
Uy NZWTBERANZETA v TV 7 kD, logKexo
=—6.7010.04, logfB;1=2.87%£0.09, log B, 2=4.2£0.2
Mg bz, Fig. 3 HOERIE, hoDEHZR(6)
RALTE LD TTay & EL—FKT 5. &
2y Kexn=Bsn Ko O B 1% X & U,
—3.8320.01, log Kexo=—2.5+02 EoNiz. K ED
FEERAE 8-F /) )~ VRUZEDOFEROCIRE & T
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Table 1 Equilibrium constants of Zn(II) in the 8-
quinolinol derivatives-CHCls systems at
25°C and I1=0.10 M

Extractant  log Kexo log 851 log Kex 1 log Bs 0 log Kex 2
HNEQ —6.70 2.87 —3.83 —42 —25
HQ* ~737% 217 —529 -9 —9
HMQ sk - 7.86) _d) —d) _d) _d)
HDCMQ wk o 1ph)_d) __d) _d) —d)
*8-Quinolinol, **2-Methyl-8-quinolinol, ***5,7-

Dichloro-2-methyl-8-quinolinol.

“Calculated using the constants in Ref. 15 and 16.
P)Ref. 17. 9Ref. 15. PNot reported. “Ref. 5.
ORef. 17.

Table 1 IZ7~7.

HNEQ IZ & % 80 (11) D ER (log Kex,o=4.09)
&, 8-F /) =iz K BHHIA) OoMHEE (og
Kexo=1.77) K0 HEDPTORENVIEZDIATICES S
WEL RO, Table | KRS N 3 &2, HEAID-
HNEQ #itHR D log Kexy PMEIE 8-F /Y / — b (log
Kx1=—5.2) OZh &b 2 b K& <, HNEQ i
WD) KHLTsEOHEEZE T 5. FIi,
HNEQ & Kelex 100 & 1 & HE$A (I1) i3t LBV flHigE
ZING Z EBEHFRTHLPIZE -T2 (Fig. 5).

8-F /1) / — VEEEED K, HREVIZ () Dl
HEBAAS <2519, ft->T, HNEQ O (1) I
X9 H5EOIHES X, HNEQ Dk & 72 BRREEE KT K
SLbDEFALHND. '

B oAk o & e s, HNEQ DI 5 45 8-F /
=k bREL, HONIMEEROERICE, il
HEOEEMEL Vb, [FIN%E520 58 EROREELIF
LTWa ksic@Bbha. MHEEED K, PRENIFE
SEROERER NS 20, ENIHE- THEESD
HEENMET L, SBEEEVPANEZIRTLL5H0
LEZLND.

$E > T, HNEQ IZ & 2 HE$H (I1) O F W\,
HNEQ DX & /s FEfRBEERL K, 1CEET < Kexyo DHERE
R 15 H AT IEER DAERRIC & 5 AR OBEINC &L 5 &
HRxNhB.

3+5 HOMEFEOHBICKETRENE

HNEQ I & 5 BA (11) @ H SIS R O3 H 1z & 13
THESEZ 1,9-Y 700y v, MIBK, 1-4+7 %
J=VIZDVWTHE L. ChbOBBRTO, log
[HNEQ] org Xt log D-2pH 7’0 v + % Fig. 4 IZ/RT.

Sof, WA, JER, 1L, TR ENEQ io k5 (D) O H DRSS & 2 ORISR 105

Fig. 5 Effect of pH on the distribution ratio of
6.1X107°M Zn(II) with 2.0X107% M 8-quinolinol -
derivatives in chloroform.

O: HNEQ; @: Kelex 100; --+---:

for 8-quinolinol

caiculated value

1,2-Y70uxy vTik, HNEQ BENSHETIZONT
Tuy FOEEE 23 25 3.4 NEELL, HORNEE
wrrsuoarivs kb 1,2-Y 700y v0EHH
ERULRT . &5, MIBK Tl HNEQ BRE D
WRIC R B EHROEE ORI (2.0 25 2.5) hxL,
sanafRiv Ak BENMEERSERLIZS V. 147
5 —=NTik, HE 20 DEHELLY, HNEQ K L5
H Ok o &R IERD sha.

1-4 75 )= IVTD Kexo DIENS, MIBK TDZ N &
DHEREFODIE, 1-4 75— IVORIEETI 25 MIBK
FOHKEL, 1-4275 ) —=)VDIEH W Zn(NEQ), IZ
MM (B2 WVIREEMN) $5-0sFA2oN05.
Boi BV By DEWE, 1,2V 700y yDiF>Hrn
OFRNVAEDHBRED. ZBRETCOFEER % Table 2
WWEEDTRUL.

JuuRNLEEY Yy EOMITKBERBEVEET S
TEM, IR AR MVEADRERShTWAE® s s
BT HE, 7uusivAOKERT & HNEQ DI
BIN2HED NRET (H25VIEAKERED O KT) &D
HIZbARCHEERPFET 2D LB bNS. 70

adv AT B IEROERERS 1,2-V 700

IH YAV BRSO, 7aufivsE HNEQ &0
2B LD HNEQ DIFEDETICL B no LR a
5. —7%, Zn(NEQ), #kTiE, ruukivis i<
MWELERT % &5 BRI S 2 <, BEMEZZTIC
KVNHDEEZOLND., 70 TRIVALAFTD Keyys
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Table 2 Equilibrium constants of Zn(II)-HNEQ-various solvents system

Solvent log Koy o™ log Bs1” log Koy 1© log Ba2® log Kex 2%
CHCI; —6.70£0.04 2.87+0.09 —3.8340.10 492402 —2.5+0.2
DCEP —6.0840.02 3.50%0.04 —9.5840.04 5.1£0.1 —1.0%+0.1
MIBK —3.661+0.05 2.2 0.3 —1.5 +0.3 —8) —8
1-Octanol —3.9940.03 —8) —=) —e) —=

a)K _ [ZD(NEQ) 2] org [H+] i b) — [Zn<NEQ)2(HNEQ)] org
@0 [Zn®*] [HNEQ]?, *1 [Zn(NEQ)s] org [HNEQ] o1
_ [Zn(NEQ),(HNEQ)] o [H"]? [Zn(NEQ)2(HNEQ)s] org

IR = @
[Zo»*] [ANEQ]%y  ~° P

E)K — [Zn(NEQ)Q(HNEQ)2] org [H+]2
o2 [Zn**] [HNEQ] o, ’

Kos WOFHE 1,27 00T Y TOENLED S
INEXVDIE, 7 aakiAhT)E NI ERO £ KE
B Bew B Ko #5, 1,2-¥700LE VHRETDZND
SO BRIV H RIS,

Bo1 13, MIBK TlXZ70uAAs® 12-Y7unxy
vEOBNXL, AT vTIEEIh TN, 2
OEHELT, IFOCEBEZLND. —DITI, 1-
X7/ —=VDiEHH MIBK &0 % Zn(NEQ), DH
DB ARERN (55 VIABM) 35 72% HNEQ
DOHEONMEEROERS, MIBK L0 14275 ) —
WTREIIZKWWEHEEZ O NS, B2, VLA
BEHETHSH MIBK & HNEQ EOHEER LV b,
HoO ERBEIIIVA ZBEEF[OWIV A ABOTHF OMEE
EEDERD 147 ¥/ — )& HNEQ & OMAERH
KEWEE2HNS. k-7, AMEFRO HNEQ DIf
BOBDIE MIBK J0b -3 275 —LDiEd»5KE
Wiz EH#RINS.

36 Zn(II)-HNEQ #{EDHE

Zn (I1)-HNEQ S8R D R[$RERIZ B 1 3 TV IREHREE
7 a kv AFT 591X10° em ™! mol T 1 (Amax =522
nm), 1-4 27 % 7 — b rh T 8.40X10 cm™ ' mol ™' 1
(Amax=546 nm) &M@ TKE <, HsH (1) OEREL
M/ BEEREICRHATE 2 b0 LARFEI NS,

KPR E O —EB IR AREMRBEFEIC L7, &
ZICEC U TR T 5.

12)
13)
14)
15)

16)
17)

2 - [Zl’l (NEQ)Q] org [HNEQ] 201‘g ’

D1o-vys7muoxL¥ >, ®Not observed.
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X KAE, HAFH, FHH, A, PA : HNEQ IZ & 3 HiA (I1) @ H Ak kil & = OB R 107

= =

5-(4-= MO 7 = Z VT V) 7-(4-ZF N-1-X F )& 7 F))-8-F /) J — ) (HNEQ) (Fig. 1) IT &
HEH D) OHIBFEEOCBESRICOVTHBE L. HHER 7 ooRsVvLa<I-A 75 /- <
MIBK<12-Y70n x4 >OIEIZHAKT 5. HNEQ &, 8-F /1 /=X Kelex 100 & ¥ & #EH (11)
R U TEOEHEE 2R, MHEIL, Zn(NEQ), KU E MR, Zn(NEQ), (HNEQ),(n=1,2)
THHIEY, MEBTPERITLORB I BONNEEREREE B.,.=[Zn (NEQ),
(HNEQ) o] org/ [Zn (NEQ) o] o [ANEQ] %)) R OHIHER (Ker,= [Zn (NEQ) 2 (HNEQ) ] o [H' 1%/
[Zn?*] [ANEQ] @17 ) AT X > TRIZ B, B,y BT By OIEIE, 1,2-¥ 70018 Y DESHY
TRV ALYREV, A VYTFWAFLT YR 175 ) —VTiE, BEANEEo LR RS
Shs -7z, Za(1)-HNEQ $K13, AEIMICEOINZRL, 700 RVARDY -7 85 /=)
HReDELVRBFBREIZENEFN 591X10 cm™ ' mol ™' (Amax=522 nm) K OF 8.40X10* cm™ ' mol "1
(Agax=543 nm) TH 5.
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