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Fig. 1 Schematic diagram of the flow system

Li~Ls : flow lines, J1 & J2:Y type joints,
M : mixing coil (1 mm id., 2m long), P1 &
P3 : peristaltic pumps, S : sample injector
20pD), D : detector. Recommended condi-
tions : 6.0x10-8 M 1,10-phenanthroline, 0.12
M NaOH, 0.025M hexadecylethyldimethyl-
ammonium bromide & 2.8X10-*M tetra-
ethylenepentamine; flow rate 1.2 ml/min for
the line L1, 6.0% H202; flow rate 1.2ml/
min for the line L2, sample or water; flow
rate 5.0 ml/min for the line Ls.
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1,2-Dioxetane derivative

HILH OHC CHO ¥ OHC CHO
O O _— ( ’-—9<§§—<§> + hv

3,3’-Diformyl-2,2’-dipyridyl

Scheme 1 Chemiluminescence reaction between 1, 10-phenanthroline and superoxide radical anion
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CL signal current
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Time
Fig. 2 CL decay curves

A : with copper(I), B : without copper(Il).
Experimental conditions : 1X10-7M CuCls,
6.0% Ha02, 6x10-5 M 1,10-phenanthroline,
0.12M NaOH & 0.03M hexadecylethyl-
dimethylammonium bromide; 0.15ml each of
reagents was mixed as described in the text.
*Cu(II) introduction
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Fig. 3 Effect of ratio of flow rate on CL signal

Fi42: total low rate (m}/min) for the reagent
side lines (L1 & L2), Fs: flow rate (ml/min)
for the sample side line (Ls). Experimental
conditions : 0.12M NaOH, 6.0x10-5M 1,10-
phenanthroline, 0.025M . hexadecylethyldime-
thylammonium bromide & 6.0% H202; 20pl
injection of 2x10-*M Cu(Il); the total flow
rate (F1+2+F3) was always adjusted to be
7.4 ml/min.
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Fig. 4 Effect of tetraethylenepentamine addition
on CL signal

A : background CL signal, B : copper(II)-
catalyzed CL signal, C: ratio of B to A re-
garding the CL signal. Experimental condi-
tions are the same as for Fig. 3 with the flow
rates 1.2 ml/min for the flow lines L1 & L2
and that of 5.0 ml/min for the flow line Ls.
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Fig. 5 Calibration graphs

A : continuous flow at sample feed speed 5.0
ml/min, B : 20pl injection of the sample
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Table 2 Interference study for various compounds

Relative error®, %

Table 1 Relative molar intensities of compounds
in micellar enhanced chemiluminescence
of 1,10-phenanthroline

Compound Copcengeation  Reltive molar

Cu(NOs) 2 1.6x10-* 1000

CdCls 1.0x10-4 0.02

CoCl2 1.0x10~3 0.003

HgCla 1.0x10-4 0.03

K« Fe(CN)¢] 1.0x10-4 0.01

Ka[Fe(CN)¢] 1.0x10-2 0.007

ZnCl2 1.0x10-¢ 0.08

Pb(NOs)2 1.0x10-¢ 0.3

Ni(NOs)2 1.0x10-3 0.004

SnCls 1.0x10-3 0.005

(NH4) sMo07024 1.0x10-3 0.005

MgCla 1.0x10-8 0.006

K2CraOu 1.0x10-¢ 0.05

AICls 1.0x10-% 0.003

Nal 1.0x10-2 0.0001

Naa2SOs 1.0x10-2 0.0001

KCN 1.0x10-2 —0.0007

Naa2SO4 1.0x10-2 0.001

NaBr 1.0x10-2 0.0001

Naz2CaO4 1.0x10-4 0.01

Sodium citrate 1.0x10-3 0.0007

1.0X10-3 M solutions of MnCls, K2CrzO7, KSCN,
NaF, EDTA, KClO4, CHsCOONa, Na2S20s, Naa-
"HPO4«, NaNOsz and NaaCOs gave rise to no emissions.

Compound
10-¢M 10-* M 10-¢M
CdCls 280 22 NIb)
CoCls 48 2 NI
HgCla2 60 4 NI
K4[Fe(CN)sl trace NI NI
Ks[Fe(CN)¢] - trace NI NI
ZnCla 360 48 2
Pb(NOs)a 310 24 NI
Ni(NOs)1 21 trace NI
SnCl2 trace NI NI
(NHad) sMo01014 24 trace - NI
" MnCl2 trace NI NI
EDTA —46 -1 NI
K2CraOr NI NI "NI
AlCls NI NI NI
MgCl2 NI NI NI
K2Cr2O4 NI NI NI
KCN -70 -2 NI
KSCN NI NI NI
Na1C204 48 1 NI
Nal NI NI NI
NaF NI NI NI
NaBr NI NI NI
CHsCOONa NI NI NI

a) Ratio of the CL intensity for each of the various
compounds to that for the carrier solution containing

3.9pM Cu(I), b) no interference.
NazHPOQOu,
Naz2COs and sodium citrate do not interfere.

Na2S20s,

45 REHEIH

KCIOu,

Naz2SQOas,

10-4¢ M Na2SOau,
NaNOz,

AGEAKHREE (1) 0 AKX O R FREE TOHHRER
% Table 3 KR L. FEFERNXETOMAL ELEE
BMBFINER X b, XA X 5L oMEIRERE T
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Table 3 Determination of copper(1I) in tap water

Copper(II) content/10-8 M

Sample No. FIA Flame atomic absorption
. "~ spectrophotometry
1 6.5 7
2 6.3 6
3 6.6 7
4 6.8 7
5 6.5 7
6 6.4 6
Average 6.5 7

Tap water taken in Faculty of Technology of Tokyo
Metropolitan University was used as the sample.
The sampling was performed once a day for 6 days.

ofc. FREERERFEIE L OUERREIZI S —FK LT
fo. ek, BEFREECRMEEOFEDEFIL 13T
BHBHH, THEAREFREEOHAD) OBREB TR (2x
10 M) ZHVEBECORELCLDDTHS.
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RE, TARAECEZRE OB ERCE N B ES
PiEs LT oroBEYETS. EELOREL
TR R DOMBAO KBS E MR TE THY, #
) oFLV-EHESWE L L TEBLICLDEE LS.

Pk, ABQEM s v_aco@dl) o@iadss
fIoBaEis ey NeRBCEHLELLh, B, K
fafEP O (1) OB L ETHTH 5.
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Determination of copper(Il) at sub-picogram
level by flow injection method using micellar
enhanced chemiluminescence of 1,10-phenan-
throline. Mikita Isun*, Masaaki YaAmapAa and
Shigetaka Svzukr** (*Chemistry Section, Kyorin
University School of Health Sciences, 476, Miyashita,
Hachioji-shi, Tokyo 192; **Department of Industrial
Chemistry, Faculty of Technology, Tokyo Metropolitan
University, 2-1-1 Fukazawa, Setagaya-ku, Tokyo 158)

Micellar enhanced chemiluminescence(CL) is used
to determine copper(II) at sub-picogram level by
using the 1,10-phenanthroline-hydrogen peroxide-
sodium  hydroxide-hexadecylethyldimethylammonium
bromide micelle system. The CL mechanism is based
on the following chemical reactions; the superoxide
radical anion which is produced through the catalytic
decomposition of hydrogen peroxide by the copper
(IT)-1,10-phenanthroline complex, reacts with 1,10-
phenanthroline to form the excited 3,3'-diformyl-2,2’-
dipyridyl via a 1,2-dioxetane derivative intermediate.
The system is composed of three flow lines, in which
optimum conditions are specified. This method per-
mits the determination of copper(II) much more
selectively than any other CL methods with a limit
of determination of 8.0 < 10-!* g(20ul sample injection)
or 1.6 10~ M(continuous sample flow at the sample
feed speed 5.0 ml/min). The linear dynamic range
is 4 orders of magnitude, the sampling rate is 180/h,
and the reproducibility is less than 1.79; in terms of
coeflicient of variation for 5x 10~ g copper(II) injec-
tion {n==10). Lead(II), the strongest enhancer after
copper (II), provides signal 0.039; of that for copper
(IT). The method is successfully applied to the de-
termination of copper(Il) in the tap water.

(Received September 18, 1985)

Keyword phrases

micellar enhanced chemiluminescence of 1,10-phen-
anthroline; determination of copper(1I) at sub-pico-

gram level; flow injection method.
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