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The distribution behavior of ion associates of both monovalent and divalent metal-halogeno
complex anions with various quaternary ammonium cations between the aqueous phase and sev-
eral organic phases {1,2-dichloroethane, chloroform (CF), chlorobenzene (CI-B), benzene (B),
* toluene (T) and carbon tetrachloride (CTC)} was examined, and the extraction constants (log
K.x) were determined. The larger is the size of the ligand (CI'<Br <I) and the coordina-
tion number, the greater is the ion associability. For the same coordination number, in gener-
al, the larger is the size of the metal ion, the greater is the ion associability. In general, the
extractability of monovalent metal-halogeno complex anions is larger than that of divalent metal-
halogeno complex anions. A linear relationship was obtained between log K.« and the number
i of carbon atoms in quaternary ammonium ion, and the contribution of a methylene group to
the extraction constant (Alog K../-CHy) was found to be about 0.4 ~0.8. Among the ion asso-
ciates examined, the order of the extractability of the extracting solvent was generally CTC <
T< B< CI-B< CF. Also, the order of the extractability of the ion associates for
dihalogenocuprate(l), tetrahalogenoaurate(III) and tetrahalogenothallate(IlI) complex ions
was as follows, respectively: CuCly” < CuBr: < Culy ; AuCly < AuBry ; TICly < TiBr, <TII, .
The values of Alog K.« between the complex anions were almost equal, even though the extract-
ing solvents were changed. From these results, several extraction-spectrophotometric methods
for the determination of metal based on the formation of an ion associate of metal-halogeno
complex anion with hydrophobic cations were developed.
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Table 1 Salts of quaternary ammonium ions examined
Salt(abbreviation) Formula Supplier” Purity, %
Alkyltrimethylammonium salts
Hexyltrimethylammonium bromide (HTMA) CsH sN(CHs)sBr A >98
Octyltrimethylammonium chloride (OTMA) CyH 7N (CHs)sCl A >98
Decyltrimetylammonium chloride (DTMA) CioH21N(CH3)sCl A >95
Dodecyltrimethylammonium chloride (DDTMA) Gi2HzsN(CHs)sCl A
Tetradecyltrimethylammonium chloride (TDTMA) C14HwN (CHs)sCl A >98
Cetyltrimethylammonium chloride (CTMA) CsH3sN(CHs)sCl A >95
Stearyltrimethylammonium chloride (STMA) CizHN(CHs)sCl A >97
Alkyldimethylbenzylammonium salts
Tetradecyldimethylbenzylammonium chloride (Zeph) C1sH2N(CHs)2(CH2CsH5) Cl B >98
Cetyldimethylbenzylammonium chloride (CDMBA) CisHssN (CH3) 2 (CH2CeH5) Cl A >95
Tetraalkylammonium salts
Tetramethylammonium chloride (TMA) (CHs)sNCI A >98
Tetraethylammonium chloride (TEA) (CgH5)4NCI A >98
Tetrapropylammonium chloride (TPA) (CsH7)4NCl C >90
Tetrabutylammonium chloride (TBA) (CsHs)aNCI A >98
Tetraamylammonium chloride (TAA) (CsHn)aNCl C >95

a) A, Tokyo Kasei Co., Ltd.; B, Dojindo Laboratories; C, Wako Pure Chem. Ind.
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Table 2 Optimal conditions for the formation of metal-halogeno complexes in aqueous media

Metal Ligand(Halide ion) Metal-halogeno complex Conditions
Te(IV) Br- TeBre ™ 343 M Br_, 319 nm, 442 nm, 3.4 X 10°dm® mol™' cm ™' at 442 nm
Cu(l) cl” CuCly” pH 6,0.1M CI~
Ga(lll) ar- GaCl,” 6MCl”
TI(III) ar TICl, 0.3MCI (0.19~ 1.8 M CI"), 247 nm, 1.48 X 10* dm®* mol ' ecm™'
at 247 nm
Br~ TIBrs~ 0.05 M Br ™ (0.034~ 0.34 M Br’), 269 nm, 1.50 X 10* dm® mol ™'
cm ' at 269 nm
I~ I, 0.05 M 17(0.035~ 0.07 M I7), 388 nm, 1.06 X 10* dm®’ mol ' cm ™'
at 388 nm
Au(I1l) cr AuCl,~ 0.036 M CI~(0.03~0.5M C17), 312 nm, 5.24 X 10* dm’ mol ™"
cm”'at 312 nm
Br~ AuBr,” 0.034 M Br™ (0.016~ 3.0 M Br™), 381 nm, 4.52 % 10> dm’ mol '
cm” ' at 381 nm
Sh(V) ar SbCls~ 6 M Cl™, 3 M HySO4, 270 nm, 6.6 X 10° dm®’ mol™' em ™" at 280 nm
In(111) Br- InBr,” 5.15M Br~
Bi(11I) I Bil,~ pH 1.2 (<pH2),0.1 M1 (0.07~0.11 M1), 452 nm, 9 X 10’ dm”
mol ™' em ™" at 452 nm
Pd(I1) cr PdCL™ 0.8M Cl™ (0.7~ 1.0 M CI7), 280 nm, 1.0 X 10* dm® mol ' em ™" at
280 nm
Br PdBr’” 0.18 M Br™(0.15~0.20 M Br™), 330 nm, 1.0 X 10* dm’ mol™' ¢cm™'
at 330 nm
I PdL*” 0.3M1 (0.2~0.4M17),407 nm, 1.0 X 10 dm® mol™' cm™' at 407
nm
PL(IV) al PtCls* 1MCl™, 262 nm, 2.4 X 10* dm® mol ' cm ™' at 262 nm
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Fig. 1 Absorption spectra of the thallium (III)-
halogeno complex in water

Thallium (IIT): 6.49 X 10°° M; Halide ion: (1) 0.3 M
Cl, (2) 0.05M Br, (8) 0.05M I ; Reference: dis-
tilled water
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Fig. 2 Absorption spectra of the platinum(IV)-
chloro complex in water

Platinum (IV): (1) 4.1 X 107> M, (2) 0 M; Chloride
ion, 1 M; Reference: distilled water
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Table 3 Method for the determination of distribu-
tion ratio of metals

Metal-halogeno

Method

complex
TeBr’~ Measurement of absorbance at 442 nm
CuCly Ethyl Violet method (ref.17)
GaCl,~ Rhodamine B method (ref.25)
TICl,~ Measurement of absorbance at 247 nm
TIBrs~ Measurement of absorbance at 269 nm
TIL, ™ Measurement of absorbance at 388 nm
AuCly Measurement of absorbance at 312 nm
AuBry Measurement of absorbance at 381 nm
SbCls~ Measurement of absorbance at 280 nm
InBr,~ PAN method (ref.22)
Bily~ Measurement of absorbance at 452 nm
PdCL#™ Measurement of absorbance at 280 nm
PdBr,*~ Measurement of absorbance at 330 nm
PdL*" Measurement of absorbance at 407 nm
PiCle’~ Measurement of absorbance at 262 nm

Table 4 Extraction constants (log K) in 1,2-
dichloroethane extraction system

log Kx

TeBrs®~
HTMA" 5.24
OTMA”™ 9.63
DTMA' 13.11
DDTMA® 15.56
TDTMA"' 18.17
CTMA" 20.97
STMA" 22.68
TPA" 7.63
TBA® 14.16
TAA® 20.06
Zeph’ 24.15
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Fig. 3 Plots of log Dn vs. log [Q]
Counter anion: (1)~ (6) (O) TICL, , (7)~(10) (L)
TIBrs , (11)~(18) ([J) Tl ; Extracting solvent:
chloroform; Q*: (1) DDTMA, (2) DTMA, (3) and (7)
OTMA, (4), (8) and (11) HTMA, (5) TPA, (6), (9)
and (12) TEA, (10) and (18) TMA
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Fig. 4 Plots of log Dy, vs. log [Q_+]

Q": 1(O) Zeph, 2(2) STMA, 3([]) CTMA, 4(2)
TDTMA, 5(CJ) DDTMA, 6(Q) DTMA, 7(L]) OTMA,
8(0O) TAA, 9(2&) TBA; Extracting solvent: chloro-
form
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Table 8 Extraction constants (log K..) in toluene
extraction system

3 o > Y — ~ -~ lo K;x
EARMULICK K AGS b/NE W, BIZIE¥Y 7453V i
. - . o - GaCl,”  AuCl,”  SbCl,  InBry  AuBry
(Zeph®) 272 X~ ® log K WADNEE % 5. F i nom | Auen
g - - - HTMA® 2.90 2.97
(44 %28, 1.334)<cl” (1.81A)<Br (1.96A)<1 OTMA" 949 074 395 04
(220A). 41 F VEBROREVD[DIEIESNF U EATRK DTMA” 3.69 4.11 5.02 .43 5.32
. . o . DDTMA" 4.76 5.07 3.58
} - ~— +
v, &R \D’r/i‘éliﬁmr/@mmw)i%w & 2 fhi TDTMA 574 4l
EHDFE (Alog K..) 12DV TIX Fig. 5177, MHESE CTMA" 5.99 4.70
2L % Alog K DRERERR LMLV, £HEE 0y i:gff ZZE
JEERBAA YD log Kk DIHITRDEBY TH 5B, Cu(l) CDMBA’ 6.64
- - . - TEA" 1.93 2.45 3.28
- J l N ~1. .
LowTiE, &SR A Y OMBEOMT I CuCl, < TPA 2.02 3.94 3.78 5.33
CuBr, <Cul,” THh ¥V, Alog K, ldZNEN1.17, 1.34 T TBA® 3.84 5.17 4.89 2.56 6.11
BHol. Au(ll) 122WTid, B4+ v ok TAA 592 418
AuCly < AuBr, DIATH Y, Alog K. id 1.16 Th o 7=,
F 72, TIQND) Tk, BN TICl, < TIBr, < Tl
Table 9 Extraction constants (log K.x) in carbon
tetrachloride extraction system
Table 6 Extraction constants (log Kex) in chloroben- log Kex
zene extraction system GaCl,”  AuCl,”  SbCls™  AuBr,™  PiCle”
log Kex HTMA" 3.05
N - - - » - OTMA" 2.36 3.53 3.65
TICly, AuCl; InBry; AuBr; TIBr; Til, DTMA® 978 371 408 4.66 4.49
HTMA® 2.84 3.75 488  6.77 DDTMA® 4.08 4.50 4.87 7.04
OTMA" 3.54  3.82 503  6.14 TDTMA" 5.13 9.02
DTMA" 433 502 325 CTMA”™ 4.95 10.24
DDTMA™  4.85 4.24 STMA” 4.57 9.68
TDTMA™ 5.12 Zeph” 5.79
TMA' 1.64  3.66 CDMBA" 5.54
TEA' 157 1.71 301 416 592 TEA' 2.44
TPA® 384 4921 544  6.27 TPA® 411 4.06 5.28
TBA" 480 590 3.94 TBA® 3.42 5.93 5.33 6.51
TAA' 5.98 TAA' 5.21 5.01
Table 7 Extraction constants (log K.«) in benzene extraction system
log K
GaCI.; - TlCh - AUCh - SbClb— InBrf AUBT.;- T]Bn_ T]I4_
HTMA® 2.69 3.45 3.01 4.00 6.66
OTMA" 2.80 3.08 3.12 4.46 4.35 5.36
DTMA" 4,03 4.31 4.49 5.82 2.59
DDTMA” 5.09 3.75
TDTMA® 6.03 452
CTMA" 6.22 4.73
STMA™ 5.97
Zeph' 6.46
CDMBA" 6.95
TMA® 3.34
TEA® 1.87 2.90 3.30 3.51 5.76
TPA® 2.29 2.94 3.91 3.88 5.32 5.06
TBA" 4.21 4.64 4.95 5.43 2.71 6.18
TAA" 5.90 6.23 4.29
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Fig. 5 Differences in log K.« (Alog K..) between
metal-halogeno complex ions

Solvent: CTC (carbon tetrachloride), T (toluene), B
(benzene), CI-B (chlorobenzene), CF (chloroform);
Extractability: CuCl,” < CuBre < Culy , AuCly <
AuBr,”, TICl, < TIBr,” < TlI,~, PdCl* < PdBr,* <
Pdl*”; Between metal-halogeno complex ions: []
(CuCl; - CuBry , counter ion, 4-(4-diethylam-
onophenylazo)-N-alkylpyridinium cation; ref.28), <
(CuBry -Cul;”), l (AuCl,” -AuBr, ), € (TICl, -
TIBr, ), @ (TIBrs -Ti,"), O (PdCl? -PdBri7), &
(PdBr,* " -Pdls"")

A, Tihbh, BUFAF P30 S8gniEEmidtizR
W, 2RO Cu(l), 4B Au(ll) @ CI” $4k & Br #
K Alog Kx(Cl™ = Br') ERBEKEILTH Y, BMEDE
WIZE BREBIIR LR, TI(II) D Alog K (Cl = Br')
DEIE Cu(l), Au(lll) X D % h KE W, Cu(l) R
TI(I) Ti&, Alog Kex(Cl = Br') & Alog K (Br —17) @
EIZRERLCTHS. LA L, PAIl) Tid Alog Kex(Br —
I") OfEid Alog K (Cl' = Br') DIEL DIiZHHITKEL 2
BEUETHE. TOZEiE, 1:24F EEHDIEH D
11 A A VREREVBREFOPSHEHIOEELKREL
ZUBIEEEKRL TN,

3-3-2 &ENOS/HBEAFCOBHEEDOEF £
By g5 A 4+ v OMBEONERE R USSR A 4~ E o
M EBDE (Alog Ko) IZPWTF &b D% Fig. 6
WRY. Fig. 620 h, B FHOERN TS SEA F >
B Alog K (22T, HIMEHRICL A RELRZEIR LN
Bw, F7o, —lior ool 4 A4 T, BEOIRIZ
CuCly" < GaCly < TICl, < AuCl; < SbCls” T H, Alog
Ko i3 F #0223, 029, 0.46, 052 TH-7:. CF il
KRBT Mlior ook (4 F v Tik, PdClL" <
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Fig. 6 Differences in log K.x (Alog Kex) between
metal-halogeno complex ions

Solvent: CF, CI-B, B, T, CTC; Extractabilitz': CuCl, <
GaCl, < TICL, < AuCl,” < SbCls~, PdCl* < PtCl¢*~,
InBr, < AuBr; < TIBr, , PdBr,’ < TeBrs’ , Bil," <
TIl, , GaCly < AuCl,” < SbCls™ ; Between metal-
halogeno complex ions: [J (CuCly - GaCly ), &
(GaCl, -TICL, ), O (TIClL, -AuCly ), & (AuCly -
SbCls”), M (PACL* -PtCly’”), @ (InBry -AuBr; ), @
(AuBry - TIBr; ), & (PdBri’ -TeBrs’ ), d (Bil, -
TIL ), P (GaCl, -AuCl, "), ¥ (AuCl, -SbCls ")

PtCly’” DHEE 2 Y, Alog K 1 1.63 Tdr -7z, CF i %
DD T T TR A + >~ Tid, PdBrs’” < TeBrs' DI
LY, Alog Kxid 1.8 Tho7:, BLo#ELL, &
Boay ) sEka A & o OEM RURMF2RF Ua, B
FEDPE L 25120, HIHIERS I XG0 5.
ISR TS BB U EBWIEE, it
W ERBERL TS, —ffior aogiaf + > o
B2V T ER LTS X HIZ, GaCly <TICL <
AuCl,” Th b, —MED 7oA+ T, Htto
MEiE InBry” < AuBry <TIBr,” TH Y, Alog K. ldEh £
323, 063 THolz. ULDHERDLS, &BE Oy )
S5 A 4 OB, BT ROBN FEAE LS, il
HIZIFPLERAF Y OKRE SO {Ga’" (0624) <
In*" (081 A)<TI™ (095A) &%22ZLtindd. %
7z, TR CTC MR TIE, GaCl,"<AuClL DJEE R,
Alog K., £ 1.08 Tdh o7z, CFHIBAFRDO—fi 3 — Mgk
A A4 7 Ti&, Bili <TIL DIREZD, Alog K td1.97 T
ot —liE ABDOEB TS JEERA F v OBz
DWTERT L, KHEEHRMHELAFHEETL L, €RA
* yOMBE (%) IRXNE% 5.
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Fig. 7 Percenta§e extraction of AuCl; , InBry ,
PdCL®  and PdBrs in chloroform as a function of the
concentration of DTMA
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E= % 100 (17)
1+DM

—EROZMEDERA & ¥ OHFEN Dy iz, ThZFhR
(4), (8) 22HREH. HAIE, K-CFHHRTQ &
LT DTMA™ 2 w7284 AuCl”, InBr,, PdCL,
PdBr’” 22V T D log[Q'1-E(%) D7 uy b LIHE
% Fig. 7oY. —RICZMMiogE 0y /A + >~
£0b—flioER N NGB & 20T ) A S h
TN LTS,

3:3:3 QT OTILFIHROMEMICRIFTHE
Ak Q 2205 FHEIZIWFITBE, TLELLY
AFNT v EZTLAFVE (group ), 7 M T TN HF N
TYvEZTIAALF VH (group I RUTIVFNIAFN
RYINWT v AL F V] (grouplI) &% 5. —#
B2, Q OIMMMIIHEIREROMIME & B ITHKRT S,
group 1 & group I DA F L 3 1 E472 ) O ERD
¥4 (Alog K../-CHy) % ZNEN Fig. 8 & 9177,
SENTYT B VI2K D (Alog K/-CHy) DIED
KE&LZEIZRON%Z . Fig. 8L 9, CF, C-B, B, T,
CTC iR IZB1T % group 1 D (Alog K.x/-CHy) D FH
fHIXZNEFhN 063, 054, 056, 0.55, 0.49 &%, Kl
OBUEDPNEL BB ONTIEL 22EMIHS. £
7z, Fig. 9 &Y, CF, CI-B, B, T, CTCiiRIZBIT %
group I @ (Alog K../-CHy) ¥ FHEH 059, 0.53, 0.42,
0.39, 0.40 T& h, group 1 DFE & FARIZHED N E
BHIZ LN R, O LRBHEOREVERIZY,

WA, KK : @B NTY JERA 4 EENRT VBT AL G DA 4 ESEROMEEIEE &b A 39
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Extracting solvent
Fig. 8 Contribution of a methylene group of
alkyltrimethylammonium ions to extraction constant

Alog K.x/-CHe: contribution of a methylene group to
extraction constant (log K.,); Solvent: CF, CI-B, B, T,
CTC; [ (CuCly"), & (GaCly™ ), O (TICL ), &
(AuCl; "), B (SbCl;"), @ (InBrs ), @ (AuBr, ), A
(TIBr, ), M (Bil,"), P (PdCL’7), ¥ (PCls* ), N
(PdBrs*"), © (PdL"), pp (Average)

BEM LR TWAOTHEEEZONDD, HONTIR R
V. group Il ® (Alog K../-CHy) % CuCl, -CF fili2 T
0.44, GaCly -BHIHAT 02 THotz. T, flik&A
F Y ® TeBrd” ® 1,2-Y 70y YHHRIIBITS
(Alog K./-CHy) & group I T 0.73, group I T .78 Td
272, ThHD (Alog K/-CHy) DIEIZIZ D OBFFEHFIZ
FOThEFTIIHESNAMELIZIZ-HLTVEY ™,
Q HDOTNFNVEOHBRFEBDOWME &I log K B
PERTHEIEIE, BAFT OLEEEOFESICEIHLD
Thb.

3:-3-4 HHBHEOMME A4 rE2AHHICBNT
&, HHECRIZTHEEOREIEF L — MIHICBIT S X
DHIEAENIIHETHL. KB NTY I EBEAF o
WTORMHBEMOMBERDZE (Alog K.) % Fig. 10
R, BEEOHMBEDIEFE X CTC< T< B <l
BKCFTHh5s. BUDIFIZIZI (FEEHFH 2)
CTC, T, B%ETIX, &R0 /54 4 2 HO Alog
Ko 2, BB OZEIS TV ROV, LAL, &
Ho/hS» BEFESH 5~6) C1-B, CF Ti, B-CI-B,
CI-B-CF HjT&B ar /A 4+ L2k b, BEEO
Alog K WCENRONE., TOZ LIFHBIBRDEA 4+~
OMME L EET 585 X —% — A{H (Table 11 B8,
AEDREVIRY, BA 4 OMBESE N EE2RLT
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Fig. 9 Contribution of a methylene group of
tetraalkylammonium ions to extraction constant

Alog K../-CHy-: contribution of a methylene group to
extraction constant (log K..); Solvent: CF, CI-B, B, T,
CTC; [J (CuCly ), & (GaCly ), O (TICL ™), &
(AuCl, ), B (SbCls"), @ (InBr;"), @ (AuBr, ), A
(TIBr, ), M BiL,"), ¢ (TI,7), v (pdcl?), N
(PtCls* "), © (PdBrs°"), p (Average)

3t =2 te=5~6| X
2_ A
O
3 v °
X
8 1} .
q A o .
g R
[ J
n
" ¢cTC-T T-B B-C-B C-B-CF

Between extracting solvents

Fig. 10 Differences in log K.« (Alog K.x) between
extracting solvents

Solvent: CTC, T, B, CI-B, CF; €: dielectric constant, €
=9 (CTG, T, B), e = 5~6 (CI-B, CF); ] (CuX; ), O
(AuCly ), O (AuBry ), & (TICL,"), H (TIBr, ), @
(Til; "), @ (InBr, ), & (X, organic anion), ¥ (X")
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Alog Kex

Value of A for anion

Fig. 11 The relation between difference in log K.,
(Alog K.x) between extracting solvents and value of A
for anion

Solvent: CTC, T, B, CI-B, CF; Bl (CTC-T), € (T-B),
@ (B-CI-B), & (CI-B-CF)

W) LMESITTEREL. Fig 11 0&E  uy /et
At o AfE-HBBEEROMBEHRDZE (Alog K.,)
DOMFRIZBNT, CTC-T, T-B, B-CI-B, CI-B-CF Ho
NEZEMROBDEZIIKRE &Y, HIZ CI-B-CF B TH
ETHAH. ZHDIELIFCIC, T, B, C-B, CF DJETKEA
F KT BB EMAH %D, R CPIZBREMLRT
WwZ ki, B4 OMBMEMENIZTE, BEMLLTV
TLEBKRLTYS. 4§, CuX.” ® B-CI-B H® Alog
K fE & InBr,” ® CI-B-CF H ® Alog K. fEIZ(Z % & T
K&, BIFIZD2WTIE, CuXe ® B-CI-B H D Alog K.
EAX OFNEIRRIZFALTHE I L5, CuXy DOHH
HOENZ LIZETCDDEEZOLNL. HBEIZOPVT
X, CFHiiRIZBIT S (Alog K./-CHy-) DAENS CI-B i
HROZNEHB L TRKEWILL—HTHELLEZLN
5H, HHELBEHIS,»S 2. £7:, Fig. 1240,
PtCly~ ® CTC-CF M ® Alog K. EIZAV5 Q Ik W &
h, MERERFROKEV Q IIL, Alog K. flHiZKE <
BoTwWh., THIETNUFIV MY AFNE Q" OHERIKFE
¥ (No) LHiMEHR (log Ko DMERIZB VT, CTC,
CFHitR&E D, NcDHME L IC log K, EIZEMRMIC
Bins 2%, CTCHMBATIEINCOKE W CTMA™,
STMA" IZBWT, 44 YREHRERRIERTA + v &6
HORHMBBEFE~OMHBOMFNZ L Z2FIT LIRS RO 1,
FOMRE LT Alog K EWKEL R0 72720 TH B,
FOBBHIZOWTIHELITIRZW., M) 7222 s



SR X

REHBA A ENAA L ETEH, X RUAHEBRA &
VI L RGERFEAA v ERHAF TS, XK
ZowTo, MHEEROMHERDE (Alog K.) %
Fig. 10 \CBEE LTRLZ. BIEICBIT 2MEED
M EONERF X CTC<K T<B<CIBL<CF TH Y, Th#
o Alog K. DX 0.93, 0.76, 2.11, 295 ThH5b. H&
DENET<SBLC-BLCFTHH, FhEND Alog K.,
DEIL 0.56, 1.66, 2.96 TH 5. Fig. 10 & 11 6515
£ 912, X~ D ClB-CF BD Alog K, fED & B/ N1 7/ gk
At OBELHBLTHRICKEW., 20HEBELT,
X7 ZI3 CF OB EMAHEL, CFIZX I hed <%

20
e
15 Alkyltrimethylammonium ion(CF)
Tetraalkylammonium
X ion(CF
g e
D 10 |
- Tetraalkylammonium
ion(CTC-CF)
5t
Alkyltrimethylammonium ion(CTC-CF
Tetraalkylammonium
ion(CTC)
0 1 | —
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Number of carbon atoms

Fig. 12 The relation between extraction constant
(log Kex) and the number of carbon atoms in quater-
nary ammonium ions for PtCls®~

Extracting solvent: CTC and CF; Q": a (DTMA"), b
(DDTMA"), ¢ (TDTMA"), d (CTMA"), e (STMA™), f
(TAA™Y); O (alkyltrimethylammonium ion(CTC)), @
(alkyltrimethylammonium ion(CF)), [ (alkyltrimethy-
lammonium ion(CTC-CF)), & (tetraalkylammonium
ion (CTC)), & (tetraalkylammonium ion(CF)), |
(Tetraalkylammonium ion (CTC- CF))

AR, A : SBNNTY SERA L EBUHRT VTSI LA F L ED A 4 ASEOMM S BRI X 5/ 41

Bl-0EEZHLND. Fig. 109559055918, &€&
Nay ) SEREA F I K DA oM SR 25, &
DT LFER T B F 04 F yEERBICBY
T, MMEEI RN RREELEELRTFTHLEF
Z%A. F7z, Table 10121k B 2 ¥ L LB ED Alog
Ku% Su ELTRLTWAS, 2O S, ZBEHEORBEE W
ITET B, S xAVIUTMBBEEAR ) B X5 E
WO ERE TS A LAEETH B, Fig. 1312 S
LIBBORME NG A -5 — (BRI AVE—, FEE, N
BTE—RAVL, BT A—F—) LOMFERLTY
%, WEHROWHBEEZRT/NT A—5—3BBT AL ¥ —
(Er) Thb. BEONS A—%— EEFBENTHNII,
Fig. 13(A) OEHEY» SEEOMBEEL FHlT5 2 £25T
&5.

34 AFIRBOHMBEMDOTE

1 F v EEMBROBIO-DIZIE, A4 v LG
BOBRVPERCTH S, MEBEEOENICL SHBENT
iz E oML ZZ T RERV. 22 TIEH
44 v OBIRIZONWTEET .

M EBD R EH) omREicovwTE, hi
TS —fi-—ffi 1 4+ VY EEERKICOVWTRF SN TE
I Fh, FEELIEQ EREMAA LT B RN
DANKT I LA VRBEREAL 4 D4+ Y SEHMR
22w, —fli-—flif 4 Y EEROAE LT, FMDHT—
fli- i 4 A+~ SEROMBEROMEELREL .
T, ARIIBVTY, —liRCZMoeR  ay /iEka
A4 20T, —fi-—fliRF—Mfi- oM+ &&
MHICBIT 2B EBRORBEEERET 5.

WMHBEOFENCE () HhRBEEHE, (i) BREo%Hs
BROZOMBEIETFERENDEA, TITidAF
VREBREBAF L EBRA F GV, FREROFS S
DRME L THHBERELFETRDL ) LT2EXHIED
WTIT).

£ OMHBEHI KD LR TWBEK-CFHIERIZOoW
THRELA., Q OBBEEN-HBEH (logK) 70O

Table 10 A parameter of extraction ability of solvents, Sec

- 1)

Extracting Sex

solvents CuXe” AuClL™ AuBr,” TICL™ TIBr,, TI,” InBr,' GaCly" SbCly X, organicanion” X
CTC -031 -o0.21 -1.06 —0.54 -1.69
T -047 -02% -0.09 -0.12  -025 —04] -0.76 - 0.56
B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CI-B 1.85 0.46 0.31 0.34 0.88 0.20 0.93 2.1 1.66
CF 2.75 0.93 0.30 0.73 0.29 0.05 2.46 2.55 0.52 5.06 4.62

Solvent: CTC, carbon tetrachloride; T, toluene; B, benzene; CI-B, chlorobenzene; CF, chloroform; 1,2-DCIE, 1,2-dichloroethane.
" The difference in log Kex between a given solvent and benzene is defined as S..: a parameter of the extraction ability of a solvent

for an ion associate.

a) ref.35, 36, b) ref.37.
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Sex( Alog Kex(solvent-benzene))
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Fig. 13 Plots of Scx (Alog K..(solvent-benzene)) against different solvent parameters: (A) transition energy (Er);
(B) dielectric constant (€); (C) dipole moment (u); (D) solubility parameter ()

Solvent: CTC, T, B, CI-B, CF; Er (ref.38): CTC (32.5), T (33.9), B (34.5), CI-B (37.5), CF (39.1); € (ref.39): CTC
(2.23), T (2.38), B (2.28), CI-B (5.62), CF (4.86); i (ref.39): CTC (0), T (0.31), B (0), CI-B (1.54), CF (1.15); &
(ref.40): CTC (8.58), T (8.9), B (9.2), CI-B (9.5), CF (9.3); [J (CuX; "), < (AuCly "), O (AuBr, ), & (TICL, ), B
(TIBrs"), @ (TIL "), @ (InBry" ), & (GaCl,"), [d (SbCls™), P (X7, organic anion), ¥ (X")

v MIBUIABERETVENPIAFNT VEZI LA A
YOBBRFEREO~ET L2 2 LICk DB SN B
OYIF L, BAF OMMMEEET A85 2 -5 — (A)
FRODBIZHVWBEZENTE S, £/, BA 4+ Ol
PELBET LT A5 — (C) 2KkDBOI, BA 4
VOERGRTT VI VEERF L VRENZT VXL b
YAFNT YEZY AL EY NI IZHLT, C=0%
BY YT, LicdioT, 114+ E8KIZBITAT

WENPYAFLT VEZI LA X VICET 5 CEIE,
£ (18) o5 RDBZENTE S,
C=0.64n (18)
ZIT, nid Q OHWBURER, 0.64 13HHER (og K.

WKRIZT Q" DRFE 1Y) (XFLUE) OFLEHT
HbH. 1:14F YEEEIZOVTD log K, DIEIE, C1H
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Table 11 Values of A for metal-halogeno complex

Table 12 Values of a and b for tetraalkylammoni-

anions and halide ions umm ions
Anion A Anion a" "
CuCly” -5.53 £ 0.10 (4) CuCly” -0.19+0.18 (3)
GaCl, —3.19 = 0.41 (6) GaCly =0.40 £0.52 (3)
TICl, -3.29*0.17 (4) TICl,~ = 0.05+0.01 (2)
AuCly~ —2.97 £ 0.24 (3) AuCly” =0.03£0.40 (3)
SbCls —2.06 = 0.00 (2) SbCls~ =0.10+£0.14 (2)
InBry~ —4.12 £ 0.54 (3) InBr,~ —0.52%+0.64 (2)
AuBr,~ —2.25 % 0.25 (2) AuBry 0.80%£0.52 (3)
TIBr, ~1.54 £ 0.24 (2) TIBry 0.20%0.31 (2)
Bil,~ —-2.05 % 0.24 (4) Bil,~ -0.91+1.24 (4)
PdCL* - 10.86 = 0.35 (5) PACl*” ~2.93%0.19 (2)
PtClg"~ -9.04 = 0.14 (6) PtCls*” -2.47%0.10 (2)
PdBr.’” -8.71 £ 0.16 (5) PdBr,*” -1.69£0.11 (2)
pdl,’” -3.92 +0.19 (4) = — -
a —g8.08" Mean value * standard deviation. The figures in paren-
Br —6.897 theses are the numbers of measurements.
r ~5.32"

Values of A for metal-halogeno complex anions: mean
value * standard deviation; the figures in parentheses are the
numbers of measurements.

a) ref.4. '

EAMOMEEZ DI ENTES.
log K =C+ A (19)

Table 5 @ log K.x &3 (18), (19) »HRD LN/ FH—
DER/ N NTY JEEEA F VIOV TD A% Table 11
WRY. TRITNIFNT VEZTALF VBT QT
DR RFR-HBER (logK) OT7 Ty b, 1:1
AF U RERCEBIBF NS TAUFNVT VBT LA F >
BT 5 Cfid, (20 HKkDBIENTES.

C=062n+a (20)

TIZT, 0.62 i3 ER (og K.) WRIZT Q" D%
1E%7:0) (AFLVE) OF5FTHS. affid QI
MITH2ERTHY, E—MoEB Ty /g5 F i2D
W, Table 5 ? log K.« 1, Table 11 ® A&, K (19),
(20) 2BRD LNz, FEFE % Table 12 1Z/RF. Table 13
WRTEICT VRV NI AFAT VESI LAV ET
FITPWNFENT VEZILALAF VOWMAICBNT, 1:2
AFYREHRICETS Q OBBRER-HHBEH (log
Ko D70y bOBED1: 143 YEEHRICHETS Q'
DOBBERFER-THHER (logK) P70y FOBEDOH
2ETHHIEDND, 1:24F VSEEIIDVTD log
Ko DfEIXR(21) TR ZENTES,

log Kex =2C + A (21)

Table 13 Slopes of the plots of log K.x vs. carbon
number of the quaternary ammonium ion

Cation Anion Slope

1 : 1ion associates

Group [ CuCly 0.61
GaCl,~ 0.69

TICI, 0.59

AuCl,” 053

SbCly” 0.64

InBrs 0.90

AuBr,~ 0.82

TIBr,~ 0.47

Bil,~ 0.54

Mean 0.64

Group II CuCly ™ 0.58
GaCl,~ 0.75

TICl, ™ 0.62

AuCl,~ 0.54

SbCls~ 0.57

InBr,~ 0.85

AuBrs~ 0.51

TIBr,~ 0.73

Bil,~ 0.40

Mean 0.62

1 : 2 ion associates

Group | PdCL*” 1.18
PCle’~ 1.18

PdBr*” 1.26

PdI*" 1.20

Mean 1.21

Gropu Il PdCl*” 1.12
PiCls*” 1.34

PdBr.~ 1.34

Mean 1.27

RQD B2 Cfl, Az, X019 TOCHHE, AHE
ERBRICEM SN, 124V &EHICBFET L
WHRIRAFNVT VEZTLAFTETINITUFVT VE
IO AL FVICHT A ClEIZ, FhERA(22), (23)
LRDBLIENTES.

:
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C=0.60n (22)
C=063n+b (23)

ZIT, R(22) 1B S 0.60 LR (23) 12BITS 063
W ER (og K) WWRIZT Q ORFE 1L (X
FLVE) OF5HTHD. bEIRQ WKHMTIZEKTH
h, EZMMoER Ty R4 4 2 ITDWT, Table 5
D log K i, Table 11 D Afl, K (28) oKD LN,
KR % Table 12 127”"7F. Table 5 D log K. fl, X (21),
(22) BHRDONIEAEDER TS /A A VI
DWTHAfE%R Table 11 IIRY. CHOAEIIEE Y
JEERBAF Y OMBEERBLTEY, HEAKEWIIEH
HEUAKENVWZEEZRLTVAS. RKobh A,
B TY BB OMMER 1A F rEEEIC
BWT, CuCly, <InBr; <TICl, < GaCly < AuCl, <
AuBr, < SbCls < Bil, <TIBry , 1:24 4 Y&&4&ICE
W, PACL* < PtCly” < PdBry’ < PdL*” DI TH B &

KAGAKU Vol. 50 (2001)

BN ol 114 F VEEHRICBITAEE O
R A 4 v oBEIZ o WT, TICL & GaCl,” DE

Table 14 Values of C for dye cations

Cation c?
Methylene Blue 8.16
Azo-dye cations(R-AD ") !
R=CHs;— (CH; — AD") 8.21
= CyHs — (C;H; — AD") 8.85
= CsHy — (CsH; — AD7) 9.39
= C,Hy - (C;Hy — AD") 9.97
Triphenylmethane dye cations
Ethyl Violet 14.31
Brilliant Green 13.14
Hofmann's Violet 12.54
Crystal Violet 11.95
Malachite Green 11.20
New Fuchsin 8.63
Para Roseaniline 6.69

' 4-(4-Diethylaminophenylazo)-N-alkylpyridinium cation.
a) ref.4.

Table 15 Methods for determination of metal based on extraction of ion-associate of metal-halogeno complex anion

with hydrophobic cation
Metal X’ Metal-X complex  Pairingijon  Extracting solvent Reference data
Te(IV) Br TeBrs'~ Zeph+ 1,2-Dichloroethane (ref.25), 442 nm
Cu(l) 1 Culy” MEP" ¥ Chlorobenzene (ref.28), 575 nm, £: 5.7 X 10'dm®* mol ' em™’, reagent
blank: 0.153Abs
Br CuBr, PEP™" Chlorobenzene (ref.28), 575 nm, £: 6.0 X 10 dm®* mol ' cm ™', reagent
blank: 0.111Abs
cvt e Benzene (ref.37), 100 ml of sample solution containing up to
75%X107°M copper, 5 ml of benzene, 608 nm, £: 8.2 X
10" dm® mol ' cm™
Cl — CuCly AV Toluene (ref.42), Determination range
Aqueous volume,/ml ppm
10 ~0.90
30 ~0.22
110 ~0.04
612 nm, £: 9.65 X 10* dm® mol ™' cm™'
Application to sample, Steel (ref.43), Stainless steel
(ref.43), Aluminium alloys (ref.43), River water(ref.44),
Tap water (ref.44), Sea water (ref.44)
TI(III)  Br’ TIBrs MB* ¢ Chlorobenzene (ref.21), 658 nm
Au(lll)  CI’ AuCly” TBA® Chloroform (ref.20), 321 nm
TAA' Chloroform (ref.20), 321 nm, Volume(aqueous: organic = 20 : 1)
Determination range: ~1 % 107° M
Benzene (ref.20), 324 nm
Br AuBr, TBA' Chloroform (ref.20), 400 nm, Volume (aqueous: organic = 20 : 1)
Determination range: ~1 X 107° M
TBA® Chlorobenzene (ref.20), 402 nm
Sb(V) Cl SbClg~ DDTMA™  Benzene (ref.26), DDTMA™ -SbCls~ — Benzene extraction,
RB"" [Exchange extraction] RB*-SbCls~ — Benzene extrac-
tion, 564 nm
Bi (I11) I Bil,~ TDTMA” 1,2-Dichloroethane (ref.19), 490 nm, Volume (aqueous: organic = 20 : 1)
Determination range: ~5 X 10™°M
Pd(Ily I” Pl OTMA"  Chloroform (ref.18), 407 nm, Volume(aqueous: organic = 10 : 1),
£: 1.0x10°dm"mol ' cm ™'
Pt(IV) Cl” PtCls*” TAA® Chloroform (ref.23), 269 nm, Volume (aqueous: organic =10 : 1),

Determination range: ~4.1 X 10°°M

a) 4-(4-Diethylaminophenylazo)-N-methylpyridinium cation, b) 4-(4-Diethylaminophenylazo)-N-propyl pyridinium cation, c) Crystal

Violet, d) Ethyl Violet, e) Methylene Blue, f) Rhodamine B
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At (3:3:2) ICBUTHHREMEEL TWAEDS, WHEOH
BEIZIEREN 2L HEYVMBETIEZ V. Thid B
(18), (19) DIREICETLINTH 3.
WHAXESHIZBTEICHVONEHA F Y HD C
fi% Table 1412”3, CEE AEZ ML, KO8 ~
(28) £ W AES I log Ko 2K, H L\ iR OFHE 2
BT ENTE S, Table 5121 log K., DEJIE & EHHEMH
R, MBEFIAE-HFLTWEI A5 5. Table
11, 12, 14 OMEIEK- CFHRDH DTH 5 H%, Table 10
Wi Fig. 13(A) ODMFRE A TE»OMMRNRET S
ZENTES.

3.5 &ENOY/SEBAA ERKMBI A EDA
To4aMmEEFIAT 22BE0O0 M - TREORR

SR T IEBAF I EQ DA F Y EEMMICE
AR T — F IO NWT, EBNUF BB+
DAL EEHMBEAATLIEBEOEREFHR L. £
NoDOHE% Table 1512777, fHB/WREGERETIZ,
M BEERE FITAZ EICL Y, HERELsmMESES
TENTEL., A4 VEAMB/BOEERICEZEYD
FERH L, —2lEamA+ i Q v, &R Y
JERA T VHEORBR AT AERETH), b
—DXERNTY A T DR F VIR A 4
RV, RRBAA OXBINEFET 5 EBETHS.
AEIIREEZRBREOMAITIFIEALROALWA, AE
BRERZERN T J8BEA A VOB NVRERBITKET
5. BETIIEBSEIC L > TIIREZRBREIWAT S
BELHLN, TVRABHOREVFREHA VLI LI
L VAEREOKIELW AR TE S, Hl2iX, Table
14 DYRE A #+ >~ & Table 10 DBEEOHAEGEDH
o, WEROEREL L CUEED D L MR EER
L, EBEFNSLORBEHAL-L A, BRELAEDL
LREBEDEMNS CuBry EZ7UAZNWNL LY MEA
*UEHVDG CLBMHESRRBETHA LT L, F72,
BEFRAZEORMOAEZEL LTOHEHTHS. &R 0y
JEEREA VL BARBA LD F A ERIH
THLYVBVEROSE - EREEZHRETHLET, 34T
AL EROHEREIFRTHAS.

LaL, BEIAEBRBEOANOREIRIZTTEREL S
WCRBE R, S, ERBEOFERIIEES K, FIRINhT
ETWw3, L7zd> T, #il/ Btz Ts, &
EHOEBRBRADORENEEL %> TL 2%, KAHFRED
78 RUBRIEH LVAMBEERO-OOFRZHR
525, BICEBBELERL 2V KERKCEZFAT
a4, BHMHESORBNEEIND DS, RFEOM
Pl 7 — 7 AR ERENMR L 25,

INETICEBNTY RO 4 v aaMlERAT
L0 RVERBOEREXMIE L TE . 1980 4RI,
A4 Y &AM O PEROFEI TN, Fh6 &2 EICH
L\ orgE - Tk oRBEREHEs YRSz, LA L, B
KEMEMERICE I AT Y EEMEEBICOVTI DR
CBBTB72H1213, BlZZhs oM ElRmEdsE
BEThbLEILNS.
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EHRT BT LA GV EFAA VT H i, ZMBERNTTEBEAFOAF 2EHMBEE
BEL, 28 PWHEHENL 201, REBRUERORLZLZENRT VEov B4+ EHVT,
K-BHEMBEE 1Y 700y, roukia (CPH, zau~xy¥y (CB), Xy¥¥ (B), b
VI (T) ROMIEALKRFE (CTC)! RTOMHBERERDL. BONTHHERL>SXOMREZEF.
(1) BFOMMMEICRIZTEE: BUFAC, Br, I £EEbBICoh, ZORICHBEERL 25,
(2 BUFROEE: BRUTEIEL 2516, MBUHIBEL 2. 3) FLEROE: A THHFH
UHE2iE, MEIZIEhLEBA A ORESDIRE RS, (4) SRBEBRA A OEHOBE: I
ZREA A &0 bl A DIEI VB ENRRT V. B) HEA A CDOTUVEFNVEDOAFL L ED
TG AFLUE—DLULY), KEK04~08 DHHBEL (logKy DWMKRELRS. (6) MMEEOKE:
M EEOHMEIZARDIEE 45 CTCKT<BLKC-BLCF. (7) £B 0% JiERA F 2 ORMT D&
WIZ X A EROE (Alog K IBHICL ST, HT—EThbH. IhOLOHAEKI, B vy
B4V EBKERA A DA F VA EFHATIEONOERO SR - EREEFR L



