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Abstract

The formation equilibrium of cathechol-4-sulfonate (PCS)-aluminum complexes was
investigated by spectrophotometric and potentiometric method. PCS is a useful reagent
for the classification of the hydrolysis products of aluminum ions in an alcohol solution,
into mononuclear and polynuclear species by the difference in their rate of formation of
the colored complex.

PCS reacted with aluminum to form stable complexes, with a molar ratio of Al to
PCS 1:1 in pH range from 4.5 to 6.5, 1:2 in pH range from 6.5 to 85 and 1:3 in pH
range greater than 9.0. The stability constants of these complexes determined by poten-
tiometric titration were log K;=16.5, log K,=12.8 and log K;=8.19, and acid dissociation
constants of hydrogen complexes were pKiioomprer = 3.24, pKii0,rero0mper~ = 4.94 and
pKaio,pe,00mpe - =7.53 in 0.IN KNOj solution at 25.0+0.1°C.

By a detailed comparison of an absorbance ~pH curve and an equilibrium diagram
for the aluminum compexes evaluated from these constants, the following conclusions
were obtained :

1) 1:1 and 1:2 compleses showed two absorption peaks at 255 mp and 298 mg,
and 1:3 complex showed a peak at 305 mpg,

2) The molar absorptivity of the 1:2 complex was the largest among these com-
plexes and it was 1.25X 10" at 298 my,

3) The complex employed for the spectro-photometric determination of aluminum

in our previous paper was found to be 1:2 compex.
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Detailed discussions were also made on the effect of the sulfonate group on the
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ability of the complex formation of cathechol-OH groups. The increase of the amount
of acid complexes of PCS compared with that of tiron was observed and it was well
explained by the pronounced electron-withdrawing effect at their para position in the

benzen ring having only one sulfonate substituent.
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2. ERBR KA &
21 REHIUEE
2.1-1 = -3
a) AT A——A-A kv (PCS) 7 M Y A (0.0Llmol/d): Riay Y ok
L0, 27 a—n (CHyOH)) #Anhv{blL, LT PCS- by v allie LT, =
M= 27 — VDS TR LB Lic, 2o PCS-7 + Y v 480530 g 45 L, 7%
FKCHEMLUTLE & Ui, A L7 PCS-5 b Y & afa#w #5907 Lcshd, C: 32.7%,
2.90%, Na: 10.67% TH » 1z, Tok, BERML TR Th, C: 34.0%, H: 2.36%, Na: 10.75%
TH B
by 7ot = AR (001 mol/f): WL X A9, T e s =
ANV Y A 12K 4T44 g AFEFF L, BREKICEM LT 16 & Uiz, BismEsic X 5%
Bucsks\ Tk, W7 v 3 =7 A - 9RIE281g K 14w, CDTA w5+ v — b
WEED X b BE Ui,
Q) bV AL FEE L AF AT I 4 X VREE b A-(e Fr¥ >t F1)-7
3/ # % [C(NHy) (CH,OH)) 6.05 g A KA M LT 1L & L (0.05 mol/d), HEHERE % ¥R
LC pH % 7.0 i35 L1,
ERORE S Lo, ARPFECHE USROG TR B,
2-1-2 #% i

a) ‘J&’:)Il:tjﬂ . H),Lﬂu 124 B;H} //[/l—’—-‘/’\Hu )Il,:) xn- ’)Iblfﬁli lcm (/)'{‘IJK'L/I/
A U, WEEER TR -7,
b) pH #~%—: Har~-d8E M-5 Moo AWk pH 2 — 2 — & i L1,

2.2 £ B #&fF
2-2:1 BAEEDO/ME
Bml oA AT I ATIZ, FIERD PCS HK (0.01 mol/d) #4F L, 74 s =9 Ak LT
0~1 pmol & G 20 ml HYFMT Bo bV AL FR¥F s AFANT 3/ 2 2 v FEIHH
5 LUV 0L N MR % Aotk OLN AKFRME T b ) o AFEWER RN L CATE D pH i L, &Wii
AT 25 ml L35, FRRC U TR L7 4 3 =9 A% RN L alBE AL 2 B IR
LT, FIEOWHBCRTHBHELWEST S
fods, PCSIC X B 70 ¢ = v A ORIMBBR I E o> il 4 iz 0w Ty, Bii’D %
rshfou,
2:2-2 EAIZEHEE
743 = AP ((All) 10X 109 mol/d, PCS %) ((O,Pclz) 3.0X 107 mol/4 o> ¥ 100
mé AL, 200mé O F— A —H—iZ AN, 25.0201°C OERMFICE T, EEI AL
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BRULAENS =75 F oy 7 A4 —F =12 ThE e, 01N KELr bV v AEKRTHET 2,
pH A~ 2 —ix, 25°C it T, 7 2 A BEKFE A U 9 MEEEW S L 00 v s (pH=
6.86) THIIET %, 7ok, BWOA A VIRERMg» v v 22T O0LCHE T, /0, H
B LT, PCS romEtbE L, Zhnd, PCS oMM ER ~ItHET 5,

3. RRER

3:1 PCS &&KU PCS-7JL X =9 Ln g5 {k D 5L EB 4R et 452

fii x> pH i ki) % PCS iR WL 4 Fig. 1w, PCS WM KL, BEEM-C
VIR 235 mp ds L OV 282 mp W AEAE L, T U (pHA10) Tk, 255mpu d L8 295 mpe
WHET S,

¥/, PCS-7 4 3 = aflith BRI & Fig. 2w, SRR ch 5, pH4~
8k T, SEALINE 255 my 35 L 08 298 mpy IR KA AT 5, pHO M Bk T,
255 mp AT ORHFE LA U, 298 mp 0B - I IR AL 305 mp BB+ 5, Z ORRIE,
T VM s T, BREHOSEENFETH I EERT LD TH D,
3-2 WXECXT S pH O

PCS s L' PCS-7 Lt = & A HORKIE T2 pH OB OV TH Lic, R
298 mp s LU 305 my Wk B WL & pH & oBfR% Fig. 3 R,
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Fig. 1. Absorption spectra for PCS at various pH values.
pH=1:585 2:708, 3: 850, 4: 890, 5: 9.65, 6: 10.00; [O,Pc3~]r=8.0x10-5mol/{.
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Fig. 2. Absorption spectra for the PCS-aluminum
Complex at various pH values.

pH=1: 435, 2: 5.00, 3: 585, 4: 6.93, 5: 7.98, 6: 9.16, 7: 10.35; [Allr=4.0x10-5 mol/e,
[OePc3]p=4.0x 104 mol/f; p=0.1 (NaClOy); Reference: PCS solution.
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Fig. 3. Plots of absorbance of PCS-aluminum Complex (Curve 1 and 2)
and PCS (Curve 3 and 4) against pH.

Wavelength : at 298 my (Curve 1 and 3) and at 305 my (Curve 2 and 4)
[Allz=4.0x10-5mol/d, [O;Pc3~]p=4.0x10-4 mol/¢ ; #=0.1{NaClOy)
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P 298 my st b PCS koW ¥eE 1x, pH7.0~85 (3T THKfdZ & » (Fig. 3, il
1), ZOWERCET L5 FREREIL125X10' TH 7o, ZHICK LT, R 298 my s &
U305 mp IZdsid B PCS o WIEIE 1L, FhFh, pH7 & L U8 s baBIc A4 2 HHiA
Ao L, Ziud, PCS 2%, WRICR T MG At = L, 295 my (SRR & 4 > 7 = o
v, CgHSOs-O(OH? DN ALI 2 LI L2 LD THE,

CsH,+SO;5-(OH); = CgH,- SO5-O(OH)P +H- (1)
3-3 EEFKCKIEFERORE

Fig. 2 of®m o, PCS &7 3 2w s bk, Dicd &4 2B Lo kx 5 =

EDmoto, £ I T, INLOBEOHMEE BT Az, Job MEEE LA VT

B L,
T3z st PCSDOEAEIEOTA 40X10 mol/d —F L L, fix D pH KB
T, WD R e A b X THER L, BROBEE G, Fig 2 ofiRiciio,

DR oMK &7 2 ¥E, bbb, pH40~8.0 Tk 298 my, pH 9.2~10.4 Tix 305
my ik T, FRFERBE L, 7ok, COBE, BEO A+ viiESEERE > v v A
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Fig. 4. Continuous variation plots of the PCS-aluminum complexes.

pH=1:40, 2: 55, 3: 63, 4: 7.0, 5: 80, 6: 9.2, 7: 10.4; [Al]p-F[OsPc3]7
=4.0x10-4mol/¢; p=0.1(NaClOy); at 298 my (1~5), at 305 my (6, 7).
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WA T O e Lre, SR % Fig 4 1R,

Fig. 4 0BT A& MB OB S SE T 5 74 3 = v anx a5k m(=[All/(Ally+
[OPc* 1) ofifitk, pH4~55-CT 05 (%R 1, 2), pH6.3~8.0 T 033 (4R 3~5), pH92 L |
TO25(ifR 6, 1) Thote, m OfisL, §itk MX, OEUNLFAEGE n Loz, 280
Fridh o,

m o= -

A%

Licih o T, BT A s =% 4k PCS el l: 1 ok, M tixl:2
BERS, EfeT AN VIR TR L3 ks M BRI T 2 LD L E L B b, JORRE,
Fig. 2 ofE &mn, 1:1 R X001 2 $ikiaiizs & L 255 mye & 298 mpe iU R & b,
103§ A 305 mp W KA &2 2 & dvdsh - 71,
3-4 BREHEHR

PCS Hijltds J:0¢ [O,Pe? 14/[Ally=3.0 o8& o WE i % Fig. 5 @3, Mg 1 ik T
i1, pH8~91e—2 DR OAFAEN RS bivh, ZAUIBIEE OJERES (Fig.8) &4 &<
ST aERCHY, OQXROBECLZ2LDEEZBRD

Fig.5 thfi 2 123\ Tk, 58 I~ Lo =0 W Eiimn#o bhs, 72, Ihb
OIEEHIT BT B 7 A4 5 ) HEE (4 [NaOHlwa IAL) 2, WIFh$ 20 THY, 74 1=T A

) | 1 l | | l
1 / 2 3 4 5 é 7

a=[NaOH)add./[Al);

Fig. 5. Potentiometric titration curves of PCS and PCS-aluminum
complexes with NaOH solulion.
1: [OsPc3]r=1.0x10"3mol/f; 2: [OPc3 ]r=3.0x10"3mol/¥,
[Ally=1.0%x10"3mol/f; 1=0.1(KNOj); at 25.0x0.1°C.
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THET M 2480 HY A+ vkl Eh s 2 Ea0d, ZofiEe, 48N s 54K
IB2Y, FhER, 19T o PCS DBECHIET2LDTHDL Z LA BT 5, Tibhh,

HO o

N
AP+ O — Al* @ +2H" (3)
107 NsozNat N0 NsogNat

Lz T, PCS &7 s=wa bz, WO pH &5 -T1:1, 1:2 % 20713854k
B SH 2 Lo fo, OB Fig 4 O HELEo R L L L —%T5

ks, BEAIC IR O RIS BT, pH OBRIINEIL LIz LA S b o fe, Lot
T, Fig.d D4MClx, S EY BT 2 MKe BEIGER I 54D &%z b,

4. = 2=

4-1 PCS oA EH
T 3=y ak PCS OERORERER A IET Hicwizii, PCS OREEHER I MNE
THbH, AEROLM 25°C, 14 vifiE 0.1) 1TkiT 57 — 201G X T oT, LT
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Fig. 6. Plots of absorbance of PCS against pH.
1:at 2908 mp, 2: 256 my; [OsPc3]p=8.0X10-5mol/¢
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DFHIELUTHRTE L%,
Fig. 125, W¥E L pH & OBRA R, Fig. 6 fift 1 Lo 2 %87, Fig. 6 Kok
RemKenn, ORXoMiEs Kb 258 Uasss, Kih=10"%5 #H,

pKI, = — 1o [H ][O (OH)Pc?] ol Asomy,pe-

[(OmPe ]~ P Asoompe- (4)

Lo L, PCS s, 82 oKBHEOMERIE, 6 XL ET R 50, JOFET
O(OH)Pet == O,Pet+H" (5)
LIERE Ky 2B 3 oo, oG, RERE G Fig. 5 M 1 4 @5 L, S
BIRTE LTz,
PCS &7}(%’:/\' * ETDOWTC, (6) IFSIU\(’” :Lt/]‘)lj&f\‘/'g-éo

[0,Pc? 1 = [O,Pc3 ]+ [O{OH) Pc?~ ]+ [(OH),Pe -] )
H = 2[0,Pc* ]~ [NaOH] + Ky [H*]"!
= [H*]+[O(OH)Pc?~1+2[(OH),Pc ] -

(4, O) B L0 (DA D,

KMOHH%%]:E;2Q§EI )
K,
(O = R R { g i (9)
=721, [NaOH] 13900 Ui KL 7 b U & & OS5 HiR 4 md, %70, Ky iikoo + v
T %, PCS O 2 MHERIG 6) RoEH A KI' 2 3iug, K kR <hz bha,
e H-KE, (11)

20T

10) KA K B IO K monwTt#MT+ 2 L, A ES

[H]22[O,Pc?],—H)
H

= KIL,-Kl'+ ,(,H‘:[(%igci]_d Kn

(11)
Lichis T, ALK 7 e, rOGERIEDH &6 K s O K #RET D & TE L,
Fig. 5 it L O & S CEE LssE, o> oflia87 (25.0£01°C, A 4 vifijg 0.1;
Ay A,

/0 u
«ur, ()0 % OHgPe zwi+,
308 NoH
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KY = (Qiomipe | =10 (13)
ok, FEB®IL, 30°C, A A4 vl 0L (HRE 7 V 7 &) D&MAT, Ki=10%%, K=
10218 L#iis LT h, (12), (13) Koff S, MoDFR L I<SHELTW 5,
4.2 FILIZDAL-PCSHEOREEEHR
MEREAA LT & B S ARG B S 5 B R (Fig. 4) b L OVEM ERERR (Fig.5) 0%
TR A T L ) B L A D, Fig 5 i 2 o I~11 OEEHSIC 810 2 25T, +

NFR, UD~16) TEHED 2 ENWE Ll 70,

A+ +(OH),Pc~ — Al(O,Pc)+2H (14)
AL(O,Pe)+(OH),Pe - — AL(O,Pc)}~ -+ 2H (15)
AP}y +(OH),Pc - —— Al(O,Pc)s +2H (16)

%:f,uF®i5mMW%Kiof,%ﬁ@%t%mfﬁﬁ#%?wisz%ES%
KD F L OV DREEER A Kb 1,
4-2-1 BHEMBOEN

a) % LICONT

R O THE, 7o 3 29 A4 4 v ORI RIS,

Al¥ 4+ 1,0 — ALOHp +H* (17)
R
KO - [AMO[;I%‘?} [H] = 105016 (18)

LS 2 s xEBETH L, 7t =v Ak PCS Loliic, (14)Rofbic, KXORIE
nEZ RS,

AH{OHY* +(OH),Pc” — Al{O,Pc)+H " +H,0O (19)
ZOHERMIZENT, Tz aldy, BECELKFA A VELITPCSZOTERE
T HED &,

[Ally = [APF*]+[AL(OH? ]+ [AL(O,Pc)] (20)

[0,Pc 17 = [(OH)Pc 1+ [A1{O,Pc)] (21)
[H'1r = [HNO;]+2[0,Pc* |,—[NaOH]

= [H"]+2[(OH),Pc "]+ [AL(OH)}"] (22)

feti L, KOO Kw/[H D), PCS Ot E ([OOH)P ], [OPc ) 5 LU 74 3 =
VA A S DERO AR ROHE (AIOH), AL (OH)y", AIOH) ) if, TXTHd T/hEys
DT, AU, ok, [HNOG] bR U A fig o 75 HTil % 4 =4,

(20)~(22) s L0 FEG M, 3[Allr=[0Pc* 1y &b, T3 =9 AT 1 {HM 0§
HLTWAENF OO, 7, #5845 &,
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5 _ LAIOPA]
T Al

_ (HA] KO ((H ]+ [NaOH] — [(HNO,J) — K7 [Al]

2[H ]+K°M) [Al], (23)
Eic, [APM] & Lot [(OH)Pe it hZh,
1 (—) (Al (14 K |
[AF] = () (Al (14 (577 ) o
[(OH),Pc~] = (3—7) [All» 25)
THE2bRA, Liehts T, BT oriEs K axckbshs
— [AI (OZPC)] [PI]Z - 7 . KO]lN . [I‘IJZ o
KE= (AP [(OR)LPe T = (1= B=7) (1 [H=’]> [All, (26)

b) &% L (CDNT
FEMEA Ik Tid, T A3 = A4 F VORGSR, PCS oG+ X OvK o>
R E oM EHTE 5, 2T, IS KXNTREINBFIENIR > TB LD EH 2, R

I oBa SRR, &R TRE R &Y, 7 itiid 2 Ra 8O e,
5 = IALOP) +2[AL(O:Pc)i"] _ [O,Pc* ]y~ [(OH),Pc”]
[Allr [All,
_ [H']+[NaOH] - [HNO;] 20
2[Al]
Z 2T, FEREMC LY, (0P l,=3[All, THEDE, T HAbb,
[(OH)Pe | = (3—7n) [Allr (28)

%72, [All,=[AHOP)]+[ANHOPC) 1 TH BB, ZOBHRE LY KEnD,
[AHO,Pe) ] = (1 —1) [Al]» ' (29)
[AL(O,Pc)] = (2—7) [Al]l,

Lichi- T, (15) RO FHIER LKA TE 2 bbb,

Ko~  JAUOPCRII] (=1  [HF (31)
"7 [AIOPT [(OH)Pe ] — (2=7) 3= " [Ally

¢) BEH ILICDNT
By HL ks Tix, 743 =9 A4 4 VORGSR OEIZMEHETE 508, KOM
HioIH & PCS OBiOE A MU T 2 2 L TEV, Lich - ¢, #EliH I Ci, (16) K&
L, RO LES EFEZ bR b,
Al{O,Pc)} +0O(OH)Pc > Al{O,Pc) +H (32)

REM 1 OBE L REBRICE R £ D &,
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(Al = 2 [AL(OPef} ] (33)
Kw&y:mmwwww@mhm+énMMWWMJ (34)

&rhquNog+ﬂ0£c]F{NaNﬂ+wK%—
= [H*]+2[(OH),Pc "]+ [O(OH) Pc] (35)

PCS o fighE i Kil: (12) 30 & 35) 3, (34) Kb L OB &M, [OP |7 = 3[Ally &2
D, 7 u§tET 2 EBOL 2 ENTE S,

57 [AL(O;Pc); 5]
7o 2 - Ki . [(OH),Pc i
"= [Allr 3= <l+ [ ]> (Al];
o { [H*]+ KL, } [HNOJ+2[0,Pe* 1y~ 1]~ [NaOH]+ K/[H']
= 3 K, (ALl
F 72, (33), (34) $6 L0 (36) Ko b,
_ _ KH, V!
[(OH)Pe] = (3—)- (ATl (1% ) (37)
[ALO,Pe) ] = (3—7)- [All (38)
[AL(O,Pe)s] = (7 —2)- [All (39)
w#HB5, Licai-> T, (16 ROEMTE IR THE L BRI S,
[AI(O,Pc)~] [H"’]Zr o 712 [H
Kb = 1A1(0,Pe)f ) [O;Pe T ~ B—f [A ( > 40

Lh b o> A2 oo CRFE L K & Fig. 5 dhfi 2 oMEfE & & AT KY, K #s &
O Kiu %38 Ui, 458 % Table 1~3 iR,
4-2-2 REEEHORE

BB @I L v 58 Lic KY, K # 208 Kb (%, Table 1~3 1R Ul A5 L W)
Ltk 5, pH OB UCHMENCZEL L, —FH & 137 - Tudav, ZORER, #/

Table 1. Direct analysis of the buffer region (I) of curve 2 in Fig. 5.

pH [H+] [NaOH]aqqea [Al]lr 7 K¢
X 10~4 mol/¢ X104 mol/¢ X 10-* mol/¢ X105

3.20 6.31 0.998 9.98 0.365 9.12
3.30 5.01 448 9.95 0.473 9.05
3.40 4.02 6.95 9.94 0.596 10.4

3.50 3.16 9.41 9.91 0.632 7.49
3.60 2.52 114 9.89 0.697 6.81
3.70 2.00 13.3 9.87 0.772 6.38
3.80 1.58 14.8 9.86 0.828 6.04
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Table 2. Direct analysis of the buffer region (II) of curve 2 in Fig. 5.

pH XIJEL%UG Qﬁggkﬁ% >déﬁ%;U€ n N
5.00 10.0 2.44 9.76 1.26 207
5.10 795 260 975 133 193
5.20 631 272 973 1.40 171
5.30 5.01 287 9.72 148 157
5.40 3.98 3.05 9.70 157 152
550 3.16 3.19 9.68 164 1.35
5.70 2.00 345 9.66 179 1.28
5.80 158 356 9.65 1.84 121

Table 3. Direct analysis of the buffer region (I1I) of curve 2 in Fig. 5.

bH [H+] [NaOHluageq [Al]y - Ky
X 10-8 mol/¢ X 10-4 mol/¢ X 10-4mol/¢ X10-18
7.40 3.99 4.31 9.57 2.23 6.91
7.50 3.17 4.40 9.56 227 5.52
7.60 2.52 4,54 9.55 2.33 543
7.70 2.00 4.63 9.54 2.39 4.90
7.80 1.59 4,72 9.53 2.43 4.11
7.90 1.26 4.85 9.51 2.50 4.07
8.00 1.00 4.94 9.50 2.55 3.65
8.10 0.794 5.03 9.50 2.56 —

T D FEHTEE 3o\ TR A IS U OB LI RIS, KA 4 v oBI5-3 5 RIGH FELE
THIERRTLOTHD, £IC, IOFREKAY, PCS DBEMEAOFLECIHLDEER,
T OIS L O BHER E > E DX TRDT,

AL(O,Pc)y-1- O (OH) Pt 3 === AL(O,Pc)y -+ H* (41)

[AL(O,Pc)i ] [H~]
[AL{O.PC)-1- O(OH) Pct 3]

Kgmn =
FoEl, nld, BEHL ULl e>nwT, Ththl, 2, 3THs, BEHEEOFEL
ERELIEE O ER Y Ky WN=1, 11, II) &34, Ky & Ky s L0 K, & O
KRDOEBRPEI T 5,

K = Ky+ =75~ [H"] (43)
Licdio T, Lhbofgmnz Y chiu, Ky & [HY] & oBICERMARMANT L, BEHEER

oM R 0D, Ky & Kiliy, EHRETHIENTE S,
Table 1~3 O¥ifii % F\CIER Lic Ky~[H'] ¥ = » % Fig. 7(D~{JID) w4, Fig.7
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bl bk 9z,

K&~[H*] 7= » bMiivTFhogs

PO MR e - THERGE - HRRR

b & ERB R LT,

o,

14

(43) Kzt » T, HEMH» D Ky & Kl E&FHHR L, Ki=1074%, Ky=10""%, Kyp=10"1%
5 L0 KHXLZIOM&SZ’ Kﬁlle:lO”‘“%, KEIL,leO'”-SZ Qﬁ,fio
PLEOBHNC & 0 $eE Lz Ky off &, PCS ofgfpgiEs ((12), 13)X) &nb, &l

I >TPCS-71 3 =w A

4l

BiE]

[AL{O,Pc) ]

ROREEER Ka(n=1, 2, 3) &l L7,

Ky

_ - N
= TATOPR T TOPE T~ K, KP
I
A
s T © o)
x
o
/ | l L ! |
0 2 4 6 xI0F
(H"), mol/l
I
2 -
O
S
x
A
) | | | | 1 |
g 2 4 6 8 /0 /2 x/gs
(H*), mol/!
1
8 —
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S
x 4t
otg
) 1 | | | | |
14 / 2 3 4 5 6 x/078
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Fig. 7. Plots of equilibrium constants K¢, K% and K evaluated by

equation (26), (31) and (40) against hydrogenion concentrations
for the buffer regions I, II, III shown in Fig. 5.
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Table 4. Stabitity constants of aluminum chelates.

pK of Stability Constant
Ligand | HLL  HL™ |logK; logK, logKs investigator
Cathechol* 915  11.23 — — — | C.F. Timberlaket?
Cathechol-4-Sulfonate (PCSj#** | 853 12.20 16.4 12.8 8.19 | by this paper
Tiron** \ 7.61 12.48 17.3 13.6 988 | T. Yotsuyanagi?

% at 25.0°C, p—0.06.
#  at 200=0.1°C, =01 (KNOj).
s at 250+0.1°C, #=0.1 (KNOj).
st A Tabled i3, PCS $EAORELERILF » VEIHRCHTHE T/ 209,
EDTA-Al #kOREEER 10! X 013 KTHH, PCS-Al fiffiL 74 3 =7 & EOHT
LIRLERERILEDCET A S WL Elcs T,
4-3 F£EPCS-FIIL =Y L#EOEEE AL pH LORRK
B PCS-7 4§ = 0 AGRkOIEAERE & pH L OBIBRAW S L, DT, AN
GELE DS WO ORI & A L LfiuH %,
LT = a3 [Ally 13, BPEC R CHE LIc KR ISR, MRSt o> IR HEE B s
o8 PCS o« M€, RAD L HLELT I ENTEL,

[Ally = [AP* ]+ [ALHOH)" ]+ Zjl[Al (OzPc) ]+ ?j:[Al (OzP¢)s-1-O(OH) Pet ]

1AL [+ 5 Aok T 2 AI0Re T L) )

o2 L, Bi=K,, B=K K, B=K- Ky Ky TH D, ¥, TAI=TaA1F v ERE
Tirfeus PCS 4 [OPc 1 &3 huE, Bk OPcd 14 v OJEI,

Pc3- 1y .
(0P 1= k8 5 KL KT T 1o

ThH 2 bns, Licae T, &fMIGHED PCS-7 1 3 =9 sk FA#EE (L GH: fi=
(73 =9 a8 KIAl) (3, &7 3 =9 AR &4 PCS B8 & A HRE T fud, 45) ks LU
46) b, KEAF VIRELT OB L LTHHEST 2 e TESD, &7 1 =Y Aiﬁ%&i&
PCS 04l & # Fig. 3 O 4k & — & L, pH 3~101350) 2 S G fo 25T L1,
pH 7 & o I #% Fig. 8 1id, Zofifs, Fig 4 OMA koM e~ LT, ik, +
Pids LS T 4 » 0 EERURIC T, FhER, 101 1:2 R X0 L: 38kl & LTt
THIEHRR LT B,

X e, BROWNED, pHC X A% (Fig. 3 ik 1) OB THRE LIcki R %
Fig. 9 wiid, Fig.8 mb M baick 512, pH74 1Tk Tk, BRPOT 43 =9 £137
~NT ANOPCR $ifth & LCHEET S, % 2T, Fig. 3 fhig L (Fig. 9 ik 1) © pH74 k1T 2
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Fig. 8. Equilibrium diagram for the aluminum complexes in solution containing
4.0x10-3mol/f of Al, 4.0X10-*mol/f of PCS and 0.1 N KNO; at 25C°.

1: fawom', 20 fario0mpe®, 31 fa1(0,Pe)0(0H)Pe? s 41 fA1(0,Pc),0(0H)Pes™ ;
a) Molar fraction of aluminum species in solution.
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Fig. 9. Effect of pH on the absorbance of PCS-aluminum complexes.
1: Total absorbance: Asy from (Fig. 3 curve 1); 2: As;=E;[Al(O,Pc)]
= Asyp— As; (at pH <74); 3: Asy= E;[Al(OsPc)l] = Asy (at pH 7.4)X
Ffa10,P0)3 5 4:As3=E3[Al{O.Pc)§ 15 Asp—As, (at pH>74); [Allr=4.0x
10-5mol/f; [OxPc3-]7=4.0x10-4 mol/¢.
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WHE A ALOPe) A 7EITIC L B4 D& L, ZOWHEDH & Fig. 8 0 faro.pol Ol & A
b, N—ADEMHESGT, & pH itk 5 AUOPe)™ SEfkIC X 2 WS 71 L (Fig.
9 AR B) F Ao, Fig 9k 1 LR 3 OESIFIC X, M2t X OGR4 21,

Fig 8 ik 1~4 2 LW Hande & 51T, 74 3 =% A4 5 ¥ O PIKG R B 3 X O RIE S
ROFAEER NS, Led->T, BRECHT S bOMEOFRF A BETEL LD L
ThuE, Fig QiR 2 5 20413, FhEh, ANO.Pc) §kds X 08 ALO,P)S 5k o> W i
& pH L DOPIFRERT LD TH B, Fig.8 & Fig. 9 & & LT % &, W3Z O Y545 O %)
IHIE LT B, Lehs-T, HE 298 mu kst 5W0E% & pH & oA (Fig. 9 g 1)
i, PH OZfLic & 472 5 PCS-T 4 3 = v stk OFAB G OEC L2 LD THS & LT,
FERMCHMT 5 2 &8 T& %, M EDFig.8 X0 Fig. 9 OMHIC X - ¢, B i\ C
T3 =y AERMRTEOCCEE B R Licsduy, Al:PCS=1:2 = A lhoglk (0 Flk

A% 1.25 < 109,
/0\1170/0\ 805
/@\ /Al\ /@
0 nio 0

308
THD T LHHER S i,
44 AFA—-NLNIANR/BFIZEOBTERENCHTERILKRVBEEOE

#7a—n (), PCSA) s ovsmv (II) D 1, 2 (7B 2 {fOKERHE DS HEE st
T HAN K Y BEEOREICOTEET S,

OH ,oH H,08 , 0N
©\ou HBOS/O\OH naos/O\on
L 1. 111

FEALT DEYBE TR BT DR & L COMRE & BEEA BRI H 5 2 & 2 H B i T
Do Z ORI, SUREIEABLT (v A4 2B LGB Ay (LA AR EORIGTH S
EEORFLTIE, —BIEME L TCRSRELLNB L THD, LT, 7T
3~ 2, BFRBHOBRMETHE D AL & VA EA LIeBE L, 7 = / — A MoKERE
DEFEEDCETRE 2, FORKE, FoOEME LTOMS O & EIPRIET DT & 55
ReDLDETFEERD, W TF 2~ A BLOFD ALK VEEFEROBFHER S L CLOT
N3 =g AR DOLEEER A Table 4 1R,

ZEC T o 1 {E B ©KEEEE O B L ik, Table4 o pKi oy, »7 = - >PCS
S>Fr VO L, ALk vBEOROMI o THEEE LTOMIEHEPI LTS,
DEEFE R O — RIS & — T B, Ak VI A DR AE NV v O RIEED
BExBE, KEXDOL Dy, AARvEBACK LT P-MEBOKBEOETHELETS
4, FTOBELTOMITPREIE D,
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a9 o

ox SO RN
< © (47)
N Nowm \ Non ~0,87 \101

0/ \o"

308

HF LB IO BIC 2O ALYy AL oFr il T, ZO07 =
J = A KB OB EEEEE LY, s LG, PCS &, @Rk i, 28
ORBEIEOBICZE T BEDEA LT HEELZBRE, FrY-T/A =7 a§ECO0 T,
—HOKBIELZTHIREE L CT 3 = A LR LIcBES My, BB pH HIBIC s % 101
SR P L0t LU, PCS-7 4 3 = o aflifkic s Tk (Fig. 8), 1:1 5 1:2 §f(k
¥ TOBRNTOBM OGO EENHER S I, ZOMEE, ANXOEFAnZYTH

—7, 2{HH OKEEEEO MR L Tk, ToER pK! offiix, » 7 2 -1 <PCS<F =
Y ONRIZHE R L (Table 4), EiTil~rc—MIER &3 & CHDMEITF Lo, Fhe, T =
Y AFHEDREEER M L PCS<F vy THH, pKI Lk EOTHLIIHTHD
Lo s, T, E0BBERA A VLN T 2 - LEEE L OROEIPEIIS T 5 R
EDOWEEY T R bR, RO L L I HIET S

pK{' Dl & LEEEROM & P BIfRiCH 5 (Tabled), ORI B, v —
MEROEER L BE LT, STHKERSEORENE EREEER VIS LE Sl bR
B oL, FESD OFRMBBIN A2 o (GTHKEREE) OF — 21k, L6312
FLERIE L,

BIFRGEDRABAT S 2 LICL - T, BOEMREOHBGEN AT 208, B
EOEELSLWE L L 5T, B ET Ik 5 CEBMARETSH 5, 5B GO
F7 A TR Ui udlfs Bigus,

5. % &

NT A === RV (PCS)-T7 b 3 = AEEEDERCE %, WOERIE I & BALER
EEIT L » THIE L, PCSIt, 73— A EBRERTO 7L I =y A4+ Y OFEFIRE
(RS R, 2R 2T 200 RB 3l #EE LT, R TERLEmTH S,

PCS gtk iz, pH45~60C1:1, pH65~85CT1:2, pHOL FTI121:3THH
FOREEERL, FhEh, logK =165, log K,=12.8, log K;=8.19 (25.0:£0.1°C, 0.1 N 7§
fEhrvwa) THAH, i, BHESEELFEL, ToOBMEEERL, pKioomr.: = 3.24,
pKERio.pojoomper~ =4.94, pKii(o,pe),000mpes =753 T 5,

LLEDFEER A v TREFR L& itk oo fih i (1 70 K~pH #ish) & Bk ~pH &
L, BICEEC L R E AR L AR E NI 5T 5 2 L allEndie,
7o, WEOREOMBIZ L b, D) L:18Es IO L2854, HE25mp & 298 mpy Lok
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WA A b B, 13 S RIE 305 mu iR KA $2 2 &, 2) ShbOMkodT, 1:2 4k
DI FREHRBAERTH D, 126X10° THH &, 3) IRV Ik TT L s = AfHF v
DERSICTE TN LI A 128 THh D 2 M Bh & e 1,

T A= NGERRO T = s — MK O BB B AL R VO B o
THR L, PCS %M T & LEoBais, @R s TREES (A EAE S 2 BIRIZ S Toh
L7z,
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