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Table 1 Direct EDTA titration of metals using
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Absorption spectra of Xylenol Orange(X0)
and its metal complexes

X0 : 5%10-6M;  Metal : 5x10-* M;  Reference :
Water; 1:Free XO in IM HCIO;  2:Zr-XO in
fM HCIO;; 3:Th-XO at pH 2.2; 4:Bi-XO at
pH 1.8; 5:1In-XO at pH 2.5; 6 : La-XO at pH
5.5; 7:Free XO at pH 1.8~6.2; 8:Y-XO at pli
5.2; 9:Hg-XO at pH 5.8; 10: Ph-XO at pH 5.8;
1l : Zn-XO at pH 5.5

XO or SXO as an indicatort

Metal ion Indicator Optimal acidity Color transition at the end-point
T Zr(IV) XO (0.5~1.4M HCIO,, 90°C reddish-violet—yellow
SX0O (0.5~1.0)M HCIO,, 90°C pink red—slightly orange yellow
Th(lV) XO pH 2.0~3.4 (HCIO,, acetate) reddish-violet—yellow
SXO pH 2.0~3.8 (HCIO,, acetaw) pink red—yellow
Bi(1IT) X0 pH 1.0~3.0 (HCIO,) reddish-violet—yellow
SX0O pH 1.1~2.4 (HCIOy) pink red—yellow
In(IIT) X0 pH 2.2~3.1 (HCIO,, acelate) pink red—yellow
SXO pH 2.3~3.3 (HCIOy, acetate) pale pink—syellow
La(Ill) XO pH 5.0~6.3 (hexamine) blue violet—yellow
SXO pH 6.0~6.9 (hexamine) pink-—yetlow
Y (IIT) X0 pH 4.7~6.3 (hexamine) reddish-violet—yellow
SXO pH 5.3~6.9 (hexamine) pink —yellow
Hg(II) XO pH 5.5~6.2 (hexamine) blue violet—yellow
X0 pH 6.6~6.9 (hexamine) pink—yellow
Pb(II) X0 pH 4.6~6.2 (hexaniine) blue violet—yellow
SX0O pH 5.4~6.2 (hexamine) pink—yellow
Zn(1D) XO pH 5.0~6.2 (hexamine) reddish-violet—yellow
SXO pH 6.0~6.5 (hexamine) pink red—syellow

t Excepting for zirconium, all the titrations were carried out at room temperature {(20~25)°C}.
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Fig. 2 Absorption spectra of semi-Xylenol Orange
(8XO) and its metal complexes

SXO ;510 6 M, Mectal : 5> 104 M, Reference :
Water; 1:Free SXO at pH 0.7;  2: Free SXO at
pH 1.8~6.6; 3:7Zr-SXO at pH 0.7; 4:Th-SXO
at pH 2.2;  5:Bi-SXO at pH 1.8; 6:1In-SXO at
pH 2.7 7:Hg-SXO at pH 6.9
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Fig. 3 Photometric titration curves for bismuth
A—XO indicator, 1:pH 0.7, 2:pH 1.3, 3:pH
3.9; B SXO Indicator, 1: pH 0.8, 2: pH 1.3,
S:pH 2.9
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Table 2 Spectrophotometric determination of zirconium with XO or SXO

S T I e
X0 530 0.9~1.2) M >8x10-° 0~55 3.30x 101 1:1
550 pH 1.8~2.5 ~1.2x10-° 5~18 ~1.0x 105 1:1
SXO 535 (0.2~0.4) M >1.6x10-5 0~27 7.64 %101 1:1
550 pH 1.6~1.9 >4x10-5 0~14 1.48%10° 1:2
FICKTIERETMAT. 30 SRESNIEEHRE S
of AR U CEE R OBPIRAE BT 1 5 BRE 2HlE T
5.
42 & 2
4e2.1 A= L4 X0, SXO owFhit Xk -
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¢ E L SXO gtk BRE Lo Bt Fig. 5 (Bhig 1,
E 2) R LA 5500m fhfEi IROEARZET 5 XO
: SEHRIEY 1X105 0 VRBIRE 2 025, R
: N 3 =Y A DIEREEHI T 5 O CHEERICILEY
]g s Tiev. XO R SXO it X 5 HEEED BlE&Ex
% > C Table 2 it 7R L7z
) Wie, XOwksora=v A0XEERCET 5
) FWEORE T DWTIREIHDORE " IBH5DT,
. l . . . ZOMFETIE SXO o 1: 1 @k zfIf LAkEER
090 085 ep 185 110 281 B HATWEOHE T B BT COBRREL
Ceoma/Crs , FAMREEL LT Table 3 1R L. 7272 L, %
Fig. 4 Photometric titration curves for lanthanum IREEVISEREREN 2% B2V RKIBE & LCE
at pH 5.3 % L7
Indicator 1: Pure XO, 2:80% XO+20% S5XO, 4622 7R XO, SXO (D\/"’fﬂ’bbc.;t P

3:50% XO+50% SXO
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Table 3 Effect of foreign ions on determination

N of zirconium
4 XO Wik SXO it X AT Na=7 4 Tolerance limit I
RO A< A DEEIHEER . Lonr) S /
. ’ AR >800 Br-, Cl-, T-, (hydrazine)
. >300 tartrate
41 RBFHE >140 Be, Ca, Cd, Co, Cr(Ill), Cu(ll), Fe(Il)®,
4.1.1 S )a=wmL SNERO=ZFT S A RS Hg(IT), La», Mg, Mn(II), Ni, Pb, Rh®,
, ot i Smb, Ti, U(VI), YY, Zn
WrERy, chic XO ik SXO B UEIERR % >0 GrVD®, In, PHIVYD, S
iz, BEeKkEmzTaigz bmlizd5. HEKE L <7 Al, 80,2~
, < 30 V(V), Mo(VD)®
‘—G 20 %Fﬁﬁﬂﬂ?ﬂ L’T %éé'ﬁ‘) Zk“(%é 25 ml OJ)( 7‘7 < 15 Bia)’ Pd(n)s)
SZ2ABL, KTIEMEE Cilied. HAEBEHRK X <7 Th, W(vDh®
0~1 F-, EDTA, PO,#-

iz UTC gtk BRI EC 30 % B 2 flEd

Zr taken : 13.7pg; a) Heated with lml of 1% hydrazine at

5. (95~98)°C before addition of SXO. b) Color development made
o c = =l . Boiled with 1 drop of 30% H,O,
4e1e2 =z 95 ml X275 23R at room temperature. c)
* A% ® 7 uﬁ*’”ﬁi& before addition of SXO. d) 2ml of 0.01 M tartaric acid added.
2D, zhic XO ik SXO BouBERER 2, ) 2ml of 1 M NaCl added.
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Table 4 Spectrophotometric determination of bismuth with XO or SXO
Reagent e Optimal MO0 S e Mol sberiyy | Compodton
X0 510 0.2M 0.4~1.2)x10 5 0~300 1.55x 104 1:1
SXO 538 pH 1.2~1.3 >2x10-5 0~ 100 4.60x 101 1:1
43 = =
0.8} -10.4 FIRD XO toa=vabto KEERInTES
CHEEEZO>VWTIES L OW|E? "W 8555, T
ost fos SRR, A R P DU B LA DRI 13 2075 D
E AR SN G, R DBUILER L XO ofiE
% o ) 0 mh X B, DT =Y n RO RFEC b RIES S
| 1. 5. R ELBRELE TIE ~Zr (OH),-O-Zr (OH),-O-
DX DR ) A F WAL OTREER S 5. EHELILA
] s — ; o RPN L2V D= 9 & Bk 1M BIRER
HCIO; conen., M pH Bl THRAT S itk D, ZThETEREShED
EX b ASvEVIORERE. X, Yra=9
F¥ig. 5 Effect of acidity A-SXO ko LEIEE L Olson 53387 (H X

I : Zr-SXO complex measured at 535nn, 9.1ug (Zr),
2x10-5M (SXO); 2:Zr-SXO complex measured at
550 nm, 9.1pg (Zr), 6x10-5M (SXO); 3:Bi-SXO
complex measured at 538 nm, 41.8pg (Bi), 2x10-5M
(SX0)

KOWICE 2 5 2 % RS 7 Dy, SXO ¢
iz o T ZoBFR A R Fig.b (i 3) oX S5
5. X, KEEEDOIDOBEIELENE % - T Table
4o L7s.

Wiz oova =0 nOE LA, SXO ks FIA
FTEHUERAYRAD REEE WD FEWED BE
N, EER% Table 5 757 L7-.

Table 5 Fffect of foreign ions on determination
of bismuth

Tolerance limit

(ClonJ/CBiT) fon

<1000 NOj; , SCN-, (ascorbic acid)

< 500 Br-, Gl SQ42-

> 200 Lartrate

> 100 Al, As(V)®, Be, Ca, Cd, Cr(IID), Fe(Il)",
Mg, Mn(II), Ni, Pb, Sm, TI(I), U(VI), Zn,
r-

> 50 Au(lll), La, Rh, Y

< 50 Co(II)®, Cu(Il), Hg?®, Sc», Tho, Ti®

< 10 PA(IN O, V(V)o

< 5 In, Mo(VI)®, Sb(V), Sn(IV), W(VI)®, PO,3-

0~1 As(V) (as arsenate), Zr, EDTA

Bi taken :41.8pg; a) Fumed with HCIO4;. b) 2ml of 1%
ascorbic acid added. ¢) 2ml of 0.0l M tartaric acid added.
d) 2.5ml of 0.01 M NaCl added. e) 2ml of 0.0l M NaF added.
f) 2ml of 0.1 M KSCN added.
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FRIO19 58 IR FERS R O TRERERMEIANR D [ 1) 5 FEEH
HExh, FEKTOE 2 20ER®L VTG X
NTWa 2y, OB LERICK > TRAEFHERKR
FEAROTIFHE I 227 VFEPBROh S, Zhb ofFR
VIE L7: XO ofiE % ZRE-ThiEisiEsiE»o<L.
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7z,

EEOEEE EDTA j5E 1) 5 EDZERIE, XO T
H— R HREEPLEBRTH S DN LT SXO Trik
ERLEBTHDL. FoTRIFEDIETINIT b5 X RAS
X &, ARt O ® VIEORRE D XO EEDIT 5 25K
EVWIIDILZEERX VB THS. Fiz XO 1HfERE
EUTHHTE LEME SXO L 1 i EERtE
Wz b, KFEEBOEEL L TELREARDS.
LT ADFEEILIFDOLWEITHE. ks, &B%
TR TERT 25a, YA AW, R EHIMEHR
BRE AvbH5 23, Ml IETREDIE S BEED
XV 5THB T EEFHzNE, REOHEIT OV
THTHCEETHLERDS.

WIT, XOZREHBWLTHo Va2 ALERTR
DHEE R R VTIE, EEFHCARSE RO IH:
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25, WIRORELZ ZOE XAV, XEBOBEFERBICH
THBEEL LITEONREROBRLEIPIR VRS Z
LB otc. WTFhIZ LTHHEEOREER TR
LEMEHAIEL LCIREEO ST SXO g3 2 X0 X
D —FREBNRTVWE LV 25, HKOREIHEDR
DITEGEZTILEDRIT X - 7258, BEE T X » T oKsE
HOERDERT 5 LERDS 5.
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A study of Xylenol Orange and semi-Xylenol
Orange as metallochromic indicators and spectro=-
photometric reagents for metals. Kiyokazu Sono-
pA, Makoto OtoMo and Kazunobu Kopama (Depart-
ment of Synthetic Chemistry, Nagoya Institute of
Technology, Gokiso-cho, Showa-ku, Nagoya-shi,
Aichi)

Purified Xylenol Orange (XO) and semi-Xylenol
Orange (S8XO) are tested as metallochromic indicators
in the direct EDTA titration of 9 metals and as
spectrophotometric reagents for the determination of
zirconium and bismuth. The results are also compared
with those reported previously with commercial prod-
ucts of XO, which generally contain appreciable
amounts of SXO. XO can be used as an excellent
indicator for all the metals investigated, except for
indium, since it forms intensely colored (reddish-violet
or blue violet) complexes with the metals and gives
a sharp color transition at the equivalence point of the
titration. On the other hand, SXO, which forms pink or
pink-red metal complexes, can also be employed as
an indicator for zirconium, thorium and bismuth, but
rather poor end-points are observed in the titrarion
of the other metals. The use of pure XO is there-
fore preferable in the routine back-titrations with a
standard bismuth, lead or zinc solution. In the spec-
trophotometric determination of zirconium and bis-
muth with XO, the optimal conditions for the deter-
mination and the spectral properties of the complexes
formed are considerablly different from those reported
previously. It should be noted that, as a spectro-
photometric reagent, SXO is much superior to XO
in sensitivity, although both reagents can be conven-
iently used for the determination of these metals.

(Received Nov. 25, 1977)
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