The Japan Society for Analytical Chemistry

BUNSEKI KAGAKU Vol. 55, No. 7, pp. 467-472 (2006)
© 2006 The Japan Society for Analytical Chemistry

# X

467

JA—A> T aramiilksd A eNanNiL
TXYRERAVWABNTZIp- TP TID
AR EFIBT B2 (1) OEMmITE

WO, KB HZ Y, BUH

SEZRNE S . $1))

FRvpE®*

B HEICH O SN 5 BLANZERBILH AR TH Y, AREBILHZH V20 OEHER I 2.
N-TzZNp-T 2=V Y IT IO A RNV F Y FICEDBLEERISICL Y, pH 105 LT
HWEALEWAER T 5, CORGEMEO Y F Y (1) OLAFTFIIBVTELIREShS., £/, Z
O E LA IERBYE AT CREROMMEY Ao = 775 nm) 1ZELL, L2bROBELHIRT .
ORISR LMEDOS V7 OBMGHFIEERE L. <y (D MBS P F L7 b
T I VAT B LIEHALH E LTREAIL, BREREICHKRTS. CoRBRE7U—4 Y xrvaly
FriklC@EA L CRET L2 A, 2~50 ppt DIREHBOY Y A Y 2HEISOMTLILHFTEL. 7
WrE I (2R 27 UK, 10 ppt ICBIF 2~ v @ 10 WHIEIC B 2 HEHREREEL 12% Tho 7. T
KB NIAZEEFRRL, REE VT VOGHIER L2 ZAMETREFGRVF/B LN

1 # Bl

RUH VB OEIEWE TH D L, MO
WRElIcETHL L, JBE - 2L AT )L - HHEHR
BIEEABHES 2 CEELEEHE R LTS, T,
PARHECHHZELMBNTEY, SOOI
EOL L OEBEMIZEELTWwAY, —F, TR
BeREREE, ROMEEE, OREEIRC, SUEALRFORHND
By, BEE=5 ) ¥ 7OBED» S ESRE, DA - filjfE
LARERRD SN TWBE?Y, 2Dk 4 B N
TUAVOERBICHELTHESNTETV 5. FFBROLT
ik, FEME T 7 A< RFRIEG 6 R O PEF L
G EORBRITERZEORETDH S,

IS DMESBRIITEIERETH 2, Btz 4
Br3 5, iz, ALEERNEOGICES CORETIE—
BCREN TR R, A4 Bk, il B
B EDOEMBE A LEYLT5, TIIK L, HEiloTEIE,
METEIMEE L U CERBELCERNIDTH L7720
WALZER RN 2 FOBIZ D RIS, BA~HBE ks
bEEEOG AT ZAHEEEZ AT 5.

T UH Y DEMONEELT1-7 /8T 7 F—I36
VANK YT TIEWY, hFa-nvExFL Y

VSRR 305-8571 KEREOCIIHEFE1-1-1

P HBUHERI KA T2 T3 bR 278-8510 T-HEEEFHTIL
W5 2641

¥ BEUK S EE MR ER R B R 4 3 - 680 - 8551
T LET R 4-101

SR R EL

TIVY, NNNVAFNp-T =Ly IT7IvEm7x
ZLyYT IV, 2k Fud vk Fad Y4 R )bk
1-F 7FNT )3-F 7 FLEEY, 3 AFN2XRYVFT Y
V) e F5Y' Yy (MBTH) & NN-YAFVT =Y ¥

(DMA)Y, T—#%3I B, 3355-F FFITF NN
YW, NN-ERA(2-eFafFy3As7aen) by y
VREOBALIUE AT 5 HESHRE STV 5.

B oA EoBRILH & U CIEBRbkEE v 2 HER
Zwh, BBRKZERENSVWIOOTO—A V2
Ya vaNiE (FIA) BV TIIBRLKREOSMITL S
LIORAENROND R EREADH S, £ TR
KThH Y AERBILATHDLZ Ay e Fuaxvt F 3 FEM
HTAZ RS LA 72X Fuxnt+ 3y Ni3ogy
HNVUSORIER E LTHW LRI, 7 X FEICED
Ry¥resFaLovhb 7/ —NeT b EERT
ABORHARME LTTENIERETHL. EROTE
TIREERBREICBV MO (NEZFOE V) Ol
FEOBZ o- M) Yy ORBORBR{LAE LTHYLRTY
A, ERGATEC B AEIEEI E LTH SR
Pl RYS-52w, £/, FIAREE, Ny FELiE3RRD
MMEzMAREZALZLICLY, REOBMIERF 2L S
¥, RABEWOBD LR, KEIANVOREREZHY
LS LZ &L, UL L ERICHHTE Ny
FHEZRZVFEND S, FIA BEOEMSITE~OEH
i, FVEVEERRAMLT Y)Y IOERIZHIEZ S
NoLLOfREETA.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

468 BUNSEKI
S
uv
—

A RC1 RC2

C
[T

D

P R
Fig. 1 Flow system for manganses(II) based on the

oxidation of PPDA

A: PPDA-trien (0.01 M HCl), 1.5 ml/min; B: 8.0 X
10°°M NaOH, 1.5 ml/min; C: cumenhydroperoxide,
0.5 ml/min; D: 1.0 M HCI, 0.5 ml/min; P: pump; S:
sample injector (157 pl); RC: reaction coil; UV:
detector; R: recorder; W: waste
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Fig. 2 UV spectra of yellow compound and blue-
green compound

Mn: 10 ppb; PPDA: 5.0 X 10 *M; Ox: 5.0 X 10" M;
Temp.: 30C; Ox: cumenehydroperoxide, (1) yellow
compound (410 nm) pH 10.5, (2) blue-green com-
pound (775 nm) pH 1
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Fig. 3 Effect of cumenhydroperoxide concentration
on the manganese-catalyzed reaction

PPDA: 5.0 X 10 * mol/1; pH: 10.5; HCl: 1.0 mol/1;
Temp.: 30T ; @ Mn 50 ppt; 4 Blank
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Fig. 4 Effect of triethylenetetramine (trien) concen-
tration on the manganese-catalyzed reaction

PPDA: 7.5 X 10" > mol/1; Ox: 8.4 X 10" * mol/1; pH:
10.5; HCI: 1.0 mol/1; Temp.: 30C ; @ Mn 50 ppt;
—4& Blank
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Table 1 Effect of foreign ions on the determination of manganese (II)
Tolerance limit/ppb Ion added
10000 Cl",NO; ,NO; , Na(I), Mo(VI), Br , Fe(III), ,Ca(II), Mg(II)
1000 Fe(II), 50,7, KI,F , 1T

5.0 Ph(ID), Cd(1I), Ce(IV), Se(IV), Cu(Il)

1.0 Cr(VI), Ni(II), AI{IIT), Sn (II), Ti(Il)

0.5 Zn (D), V(V), Cr(III)

0.1 Co(11), Ce(I11), As(11I)

PPDA: 7.5 X 10 * mol/1; Cumenhydroperoxide: 8.4 X 1072 mol/1; pH: 10.5; trien: 0.46 mol/1; HCI:

1.0 mol/1; Temp.: 30, Mn: 0.01 ppb
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Table 2 Results of manganese analysis in the certified reference materials of river water
Sample Mn added/ng ml Mn found/ng ml~ ' ¥ Certified Value/ng ml ™"

JAC 0031 0 0.46 £ 0.01 0.46 = 0.02
0.1 0.56 £+ 0.02
0.2 0.67 = 0.02

JAC 0032 0 5.5 0.1 5.4+0.1
1 6.4£0.2
2 7.6 +0.2

Sample solution (JAC 0031) was diluted to 1/20 with distilled water after addition of a known quantity of Mn(II). JAC 0032 was dilut-

edto1/250. a: n=7

Table 3 Results of manganese analysis in river water and tap water

Mn found/ppb*

Sample

Present method (Dilution)

ICP-AES (Dilution)

River water

Tone-gawa 5.2 0.1 (1/250) 54 £0.1 (1)

Arakawa 7.3+ 0.2 (1/250) 7.0£0.1 (1)

Kinu-gawa 3.5+ 0.1 (1/250) 3.6 0.1 (1)

Iruma-gawa 5.3+0.2 (1/250) 53+0.2 (1)
Tap water

Chiba (Nagareyama-shi) 31 0.2 (1/800) 31%0.1(1)

Saitama (Tokorozawa-shi) 29 £ 0.2 (1/800) 29 £ 0.1 (1)

Saitama (Saitama-shi)

93 + 0.1 (1/800)

22+ 0.1 (1)

a:n=7
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Flow Injection Determination of Trace Amounts of Manganese by
Catalytic Oxidation of N-Phenyl-p-phenylenediamine
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A sensitive catalytic method is proposed for the determination of manganese using a FIA sys-
tem. The method is based on the catalytic effect of manganese(II) on the oxidation of N-
phenyl-p-phenylenediamine (PPDA) in the presence of cumenehydroperoxide as an oxidant;
PPDA is oxidized to a yellow compound at pH 10.5 by the oxidant, and this compound is then
converted to a blue-green compound (Amx = 775 nm) with a higher absorbance than the yellow
compound in a strong acidic solution. Higher sensitivity could be attained by adding triethyl-
enetetramine (trien) as an activator. A linear calibration graph for manganese(II) was
obtained over the range of 2 ~ 50 ppt and the reproducibility was satisfactory with a relative
standard deviation of 1.2% for 10 ppt manganese (n = 10) at a sampling rate of 27 per hour.
By using cumenehydroperoxide in place of hydrogen peroxide, which was frequently used in
most indicator reactions for catalytic methods based on the redox reaction, the blank values
could be kept low. The proposed method was successfully applied to the determination of
manganese in tap water, river water and standard river water samples.

Keywords : flow-injection determination; N-phenyl-p-phenylenediamine; catalytic method;
cumenehydroperoxide ; manganese ; activator.
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