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ERERGRED—DTH D af,r,0-T P ITFA(4-HNVAFY T 2= NV)KNVT 4 ¥ (TCPP) D
BittkomiEEE s RV E L, SlkEks 7o~ 757 4 — (HPLC) 2FHUZKERFPROME<
YHY, ANk, AROHEROSESFICOVTRETL 7. £B-TCPP SRR RI R IE, &
BILVBERLEDT, RHPICA N T4 A - F7 LABREBEZHNT, KOBESFREREZIT 1.
4 JB-TCPP $&MK S HIHEBICBIEBE TcH 5 Y vB ) 7F v (TBP) ZzAVIE, BBHARO pH
D A CHIBESESAETh- 1. BEHEE L THE- 7T = M) J)V-TBP DREGHERzHNS &
12 PPN TCRIENSET 5 4. #(11) & UT 14.4 ppb, HHEA(I1) & LT 8.8 ppb Z&T/KEAZHANT
WINENERZ{T-12E 25, 2hEnD4 4 Vi s 2EURIE 96~110% TH VY, X, HUEEHE
R 4~75% (n=6) TH o1z, KETKBERIPIHFET S ppb LXNVOEREA A+ Y DERTE 5.

1 #

ANT 4 ) ALEIE, ENVBRARHOKE VWEEHE
KEERTH o BRERRAREE LT, Th2
HOHEEBA A Y OERBESKZLREBEIATL
BV /KT 4 ) VLAY OFRTRIC a,B,r,0-
FIFIXFA(4-HINVAFY T 2=W)RNLT 4 v (TCPP)
BABETIHVRVWSESETHSZEnH, ZhZHVL
HHBEEA A4 Y ORNNEENEO>PBESNLTY
AN &B-TCPP #iAk 2z BHEEAK 7 0~ b
757 4 — (HPLC) W KO DEERTENE, R
BROSBA 4 v PBE LA TE3RE050, BE
WWAETREO IZBRFROBY A7 A% BEL LERELTO
%19, —fIZ HPLC T O[EE ISR R NI & 0 H#EE
SNTVAEY, RISTHEBEA 4 Vi &0 IRIERAEE
WHRLB &S HEEREARET 5SS, BIERICEIR
AR M VOERASFEEICE S M NIE L VEEZREL

all

* BAKFB T LELER: 101
FHBRAIS 1-8-14

R T (M) 350-13 BEEMLATICA S 813

Bk Pk R RN SE AT 106 B GAREE XN AR
7-22-1

REET X

12, BIZZNZhOBRNERARE £ TORERIKD 5
NBHDOT, KHFETIEA T 44— F7 L4z H
WTERTTZOT RIS ALY TR 5 &%
Ei S A

TCPP & A A+ v & DEEBRRISIIEREZET 5
DT, RISBHER'DE L TCKBEROIEY Vv AL
HNTWBY, EEFHIRIGHHEEZERL, vV T
v, AN b, RO E OB BG S KIR-TCPP
CRIBINESLOLICETTAAIRRITLZHLPUD
TCPP ERIGESHTHBWVIZ, H K3 A-TCPP'® %%
BRES UTHY, EREBFOMEILER -z, BILH
BOBBA A Y OEREWRICT S0, XL
FEEOBEERMBICOVTRE LR, VVEEN) 7T
J (TBP) "EAZICHHBHEcCE2 I L2RWIZLT.
A LD KEBAD ppb LXVO VA Y, ANV
b, ERUHEZRICERBTE12OTHET 5.

2 = B

2.1 HERUVEKE

2¢1-1 H ¥ TCPP (B (L¥EMAMHE) I
4X10 ®moldm 3 IZ5 % £ 512 1X10  moldm ™ O
KEE(LF MY T ABRICEREL, XL TREL .
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N, BERELLULTHOVLEL 2X107* moldm™3 D
Cd-TCPP iAW X, # FI U A(II) & TCPP S 1:1 D
ENHIZE B EDIKEEL, KBS U Y LABKT
pH 9~10 ICFAEEL /2. COHAEBKE, TIVIZTL
L THB LU RARICANTEREFICREITAE, 81
PABEHATE 5. ZoMmORAIEKIL, TRTHRORER
A ZOEEMA L. Kid Milli-QSP Reagent Water
System (Millipore ) I & 0V F S5 NIz EBAZHO
1z.

2¢12 ¥ B (FHHULMZHPLC Y AT A4, K
v 7 ARKERES LC-1000F, #H8%: B 8UERT
8 L-3000 < v FBIAEHER, D8ES T 4 Waters 8
p-Bondapak Gy (3.9¢ X300 mm) %{HH U7z, Kethas
W RS232C 4 v —Tx—A%H LT, 70av ¢
2—% (AXREBLRE NEC PC-9801UV) T & v &4
U, T— DB RO T Uy E—TF 4 A7 NDREFEZIT
o tz. X, pH ORIE I IZEEE K L% HM-308
%, R AR 7 S VORIEICIEEARSS S UVIDEC-
660 Bz FEMH L 1.

2+2 EBBRME

lug LTFO~= vV (11), a,3v b(II), (1) X
C'HESA(IT) % & & aVRNAT 5~25 ml 7% 33,050 B FH T
BIZBRY, TryE-v LAEEREBK (pH9.0) 1ml &
Cd-TCPP ¥A¥ 0.3 ml % 11249 15 S RIE USSR S
5. IRICHIEB T pH 25 3.5 & L12ik, EEE-1HIL
H) U LEEEWR (pH 3.5) 1ml, TBP 0.5ml % /i %
50MIR0 B, 5 oRRLOHET 5. SRELR
TBPHEICT b= MY NERARM 11 ICaBEHIC
Mz, #® 20ul % HPLC ICHEAT 5. BEHHIZIZ 0.1
mol dm ~* FLEEKARK Z KL+ )7 AT pH % 4.15
WHRB LUK ET M=) WVRUO TBP % 70:30:
lCEALZbOZHV. X, BEHOKEIL 1.0
ml/min, B7EHEHH L 400~480 nm (2.5 nm [FE) O
AREERTH Y, AT LEFETHERLL.

3 RRRUEBER

3.1 #E-TCPP DT B4

AREEIZEY TCPP EEKOEEA 4+ v & OFEERIX
WG &R A 12 A5, HPLC ISR T & 5+ 5 s 88K AR
3, AHRELPOBREFARRICT YA Y, TN,
SR OHER LIS IR s Er o, ThsDERBA
4 V& pH 9~ 10 1 TR > 2 E RN SEK 2 AR
XHBHIENTELY, CORIGICIEREE2E S 5.
RIGE¥EE LT Cd-TCPP B # W 5 FEETIIEE
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T 10 DN TCRIEDSEEIEL, KBRUOYY Vv %
W 28 & U &2 RIS % %855 T & 1.
KRBT BT 52 ENOEEKD T IVBLHEEIL 10°
= F—%RL, BBAEEIE, < v 8 vy
469.0, T/%)V MEEADS 429.0, SREEARAS 411.7 R OHSH
SERLS 4225 nm Td - 7245, HPLC TORIERIZIZF
NZN 460, 425, 407.5 XU 420 nm & EHEEMIZY 7
MU, CHIZRIEDNT Y Eo7 AEEEBRKRF ORI
ETHDHDICHL, BESEBEORSHE, Tabbk-
Tt b= bYV-TBP ROBEBEFTCOUETH 512
HEEZOND. 5T, 70U~ 75 LADBITICIZS
@D HPLC TORMERKEEZREU .

32 AiEmhH

&JB-TCPP k= BHMICHEBRE cx g, B
MEOEBAA YOERBNFWEICRS. UL, &
JB-TCPP $8{K AR E2HSL, 20T FE TIEHBHI
Hangn, 22TET 4TI VvEAA UHERRS
#, 7auak)VA, MIBK KU TBP 5 & OBEADH
Mg 2R #1225, TBP ~NOHESBRLENTH
272, UL, ZOREEEAR%Z HPLC ICEBA L7 0w
I LARRIELCHLRFRY - 5B ohah o1,
FITET4TIVERAVTIZ, bbb+ HDE
RAEFBLUZ VBRIV THRELZER, &
JB-TCPP S8{A% R X #1214, KM% BT ek
HIZZDFE TBP KHH I W B EBDhot. 20
EED pH D&% Fig. 1 IWRLUTZ. pH ¥ 7 LTI
55 EEHICHEEN EFR U, pH5 LFTEEFhEN
DEEA A IR LT FIF—EOMBRERLI-OT,
HRCIIER R IR -B(E Y ) Y ARER AV T
pH % 35 ICHREET 5 2 LiZ U1z, TCPP OREMREETEH
W pK,, =67 TH 5B EHPWEZINTHY, BUH
BTk TCPP RUSB-TCPP #&DH VA F 3 LEIT
KFA & VAL, TBP ICHIE I NZbDEEZ S
Na. X, RREEEZBEERPICERERE S 5 L6
ROMHEIZ LB -7 ORABH LN, pH % K
LTH5 30 LN THNIEFDEEII R, AETE
BAA v 2EET D10 OBRMFRENTIX, F0B%KIE
ootz BICHHEFEOEEREED 80 fZLF
Thhid, B4 VOEBIKELLVY, TBP ®
HE (d2=0.9766) ZKDENIZEL, WBOREH%
DOZHNOHEEICEAZET 50T, OO 5%
EHH 5. KEBEETEEBNAK 25 ml XL T TBP %
0.5ml FHOVTHIH L 720, BHEREERIE 50 f£I1I2/5 5.
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Peak area (absXs)

Fig. 1 Effect of pH on the solvent extraction

O: Mn 0.5ug; &: Zn 02 ug; @: Co 0.5pg; A:
Cu 0.5 pg; Sample volume: 10 ml; Extraction: TBP
0.5 ml

33 HPLC O7aBE&4
BEMIZIET L b= M) V-KRBERNTHAH I EN
SirotzdT, €D pH #HETHHMELTRLHBL
TWAHBZEINT 5120 B, A8, Y278, 7T
VR OCHEAEED 5 BEOANER VEBBIZOWVWTHRE U
7z, UL, ShsDBET pH 2R LKEHROERE
$E{k% HPLC ICHEA L BA, <~ v vistke a\n
MNEEKDODBESRETH 572, X, 0.1 moldm ™ > A
KB 2 KEEIEF MUY AT pH % 415 ICHRLIZD
DETE b= MYIVE 4555 OEIETRA L BEHE
TRLLBEEOTMERNSTRECTH > 1275, BHT S
DI 3053 %= FE LT,
BEHOABMKAKRET L M) VOREKRZE X
T, KEZRCHHRATOZSBIEKDOBREARE (k)
HRE L AR %E Fig. 2 IWRUT. < v Y ROHEH
SR OSEEARE Rz Y TBP Wi A2 & Tk’
WREL LB ENPS, MIHZITOECBEEFDT ¢
F= PINVOHEEFES TNIE U EEERE a5V b
R E DRICKE s BEESE O, BHEREEOEMRED
BREE 2B, —F, v U A VRS 20 MK IR

WA, fE, B, B U VB N Y T F VR ESE & FIE U 72 S8 -TCPP §5{50 HPLC 753
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Fig. 2 Effect of acetonitrile content in the mobile
phase

O: without extraction, @: with extraction; O:
Mn; &: Co; [: Zn; v: TCPP; O Cu. Metal
ion content: without extraction; 1.0 ug each; with
extraction, 0.2 ug each; Extraction: TBP | ml; Mo-
bile phase: pH 4.15 lactic acid-NaOH/CH;CN

RSB SEN L S ICERT S EEDRS
Y- 8npHERI Nz, 222 IR LIz &3P 8
@ TBP 2BFHICHEML, BIlHHEO TBPHEE T
b= b NERELUTH S HPLC KEAT R ET
WEANT.
KHETOEE#EEKRSE TBP O£ 1 & TIRBHZEE N
50T, ZORREZHS»IZT B HWEHICE T
5L BIERDIIN AT PV ERIE L. BB O
TENFNDELBEHEEKOBINA Y bV id—Bt¢ 9,
TBP M7 b= M)V EBAK 11 TAzEEZD
v VY ROHEAEK T TBP PO, X, 20
EED a0 bR OSSR ISKBPOSEAICIELIU 721K
WA KR IR ART bVERU . i
TBP i Nz 2N ZFnO#ED > b, BHERRH
B Lo low v Yy RUHESHSEA IS TBP WEALL 2R
SR FEEART, Xa/50 b RURSEKIL TBP HSE
LaWRETBEHEPICHEEL TV A LRI NS.
—7, BEREELUTHWLS FI Y L-TCPP 3
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Chromatogram at wavelength 420 nm
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Fig. 3 Typical
complexes

1: Co 0.5pug; 2: Mn 0.5pg; 3: Zn 02pg; 4:
TCCP; 5: Cu0.5pg

chromatogram of metal-TCPP

BHEISEETH LD, BEHRTH FI7L4E TCPP
WL a5 A EItBhaWLEDEEZ LN
2. .
EEMEICE~THEONEE O~ 7T L% Fig.
3ITRULE. TR MUNVE 70% SUBEHICELY
BAF R ME T 12 LIS 2AR S 85 &0
TEf. KETHWI HPLC ¥ A7 413, Fig. 3 IR
Utz &2 s RS, BEEROERO= XN L 7 0
TN T LERRTDHDT, BHINZHSOBEL T
BIHIE0TE, DWEOREEZBNE T 55121
IEHEICHERATH 5.

3.4 REBR
FRBIEERDOBAE % B AFEE CRE L THE LN
BRI, v A Y, 2790 b ROERIE 50 ng/25 ml

KAGAKU Vol. 43 (1994)
Table 1 Analysis of tap water
Added/ Found/ Contents, Recovery, RSD,
ug ug ppb % %
N.D.
Mn 0.25 0.26 10.4 104 7.5
G N.D.
© 0.25 0.24 9.6 96 7.1
0.36 14.4
Cu .
0.25 0.62 24.8 104 4.1
. 0.22 8.8
n 0.10 0.33 13.2 110 6.2

Sample: Shibuya, Tokyo, sampled in February
1993; Sample volume: 25 ml; N.D.: not detected

PlEeT, ##t 20ng/25ml I ECEREZRULZ. &
HEER (S/N=3) &< v F Y RO 0.6 ppb, /30U
N X 0.4 ppb, HHERLL 0.16 ppb T&H - 2. HighiLfho e
BA A VICHARTBESRWY, 7 vEov LEEEA
W 5 DEREBRDTER X NIz DT, FORERIIHTER
BRfE & L7z,

3.5 EHREDHA

TCPP & &JE A A v OIS BRSO 72
W, KR #EKE E -SRI ICETh L EE
HENOEREA AV IZEE LS. UL, FHEBA A
VIBEIDVTIXHHEREICE L ICBEINE LD, Zh
HNELBICHLAET ARPNICILEAIGE#ECH S, KiET
KEKHFDEEA A VA2 ERELIZAER%E Table 1 IZ/RU
fz. = A EANRNN I FVIZOVTIEBHE g
72, SEHHERA 4 VL ppb VRNV THEET S &
DR TE 2. X, $(I1) & U T 14.4ppb, HEA(ID)
& U T 8.8 ppb & L/KEKEFH W THT - f28NINBINEE
B OKE SRR ET 4~75% (n=6) THV, £
e EHA e s BT H - 72,

1992 &£ 9 H, HAEASH{EZES
B 41 FERITB N T ERRE
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High-performance liquid chromatography of metal a,3,7,0-tetrakis(4-carboxy-
phenyl)porphine complexes following preconcentration by solvent extraction with
tributyl phosphate. Tadao OxurTani™, Mitsuru SasakurRa™*, Akio SakURaGawa¥,
and Nobuharu Takar™* (*Industrial Chemistry, College of Science and Technology,
Nihon University, 1-8-14, Kanda-Surugadai, Chiyoda-ku, Tokyo 101; **Toa Electronics
Ltd., 813, Kita-Iriso, Sayama-shi, Saitama 350-13; ***Institute of Industrial Science,
University of Tokyo, 7-22-1, Roppongi, Minato-ku, Tokyo 106)

High-performance liquid chromatography for trace amounts of manganese(II), cobalt-
(II), copper(Il) and zinc(II) in water samples utilizing organic solvent extraction of
metal-a,B,7,0-tetrakis(4-carboxyphenyl) porphine(TCPP) complexes was studied. The
metal-TCPP complexes were resolved and detected by reverse phase HPLC with a photo-
metric detector. The absorption spectra of these complexes differed with the kind of met-
al ion combined with TCPP. A photo-diode array detector was therefore useful for accu-
rate spectroscopic identification of the complexes. One milliliter of a buffer solution(am-
monium-ammonium chloride, pH: 9.0) and 0.3 ml of a Cd-TCPP solution were added to
5~25 ml of a sample solution containing less than 1 pug of manganese(II), cobalt(11), cop-
per(I) and zinc(II), respectively, to form the metal-TCPP complexes. The pH of the
solution was adjusted to 3.5 with dilute hydrochloric acid and a buffer solution(hy-
drochloric acid-potassium chloride, pH: 3.5), and then 0.5ml of tributyl phosphate
(TBP) was added to the solution. The metal-TCPP complexes were extracted into the
TBP phase. After 5 min centrifugation the TBP phase was mixed with acetonitrile in the
ratio of 1 : 1, and a 20 pl potion of the solution was injected into the reverse phase HPLC
system. The composition of the mobile phase was as follows: 70 (0.1 mol dm™? lactic
acid): 30(acetonitrile): 1(TBP). The absorbances were measured over the range of 400
to 480 nm. The flow rate of the mobile phase was 1.0 ml/min. All components (TCPP
and metal-TCPP complexes) injected were eluted within 12 min. Organic solvent extrac-
tion into TBP was given a high concentration factor (50 times). The detection limits (S/
N=3) of manganese(II), cobalt(II), copper(II) and zinc(II) were 0.6, 0.4, 0.6 and 0.16
ppb, respectively. The relative standard deviation of six measurements for the deter-
mination of those metal ions in tap water containing 14.4 ppb copper(II) and 8.8 ppb zin-
c(II) was 4~7.5%.
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