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Chemiluminescence (CL) has been shown to be a
highly sensitive detection method in both flow injection
analysis (FIA) and high-performance liquid chromatog-
raphy (HPLC). Recently, several studies have utilized
tris(2,2"-bipyridine)ruthenium(I) ion (Ru(bpy);*) as
a CL reagent, where Ru(bpy)s**, which is obtained
electrochemically, oxidizes various organic amines.
The oxidant, Ru(bpy):**, generally reacts best with
tertiary, next secondary, and primary alkyl amines.»?
The CL reaction was, for example, utilized to determine
antibiotic compounds, such as erythromycin and clindo-
mycin, which both have a reactive tertiary amine.’*
Uchikura eral’ reported on a sensitive FIA for the
determination of various alkaloid using the electro-
. generated CL of Ru(bpy)s2*.

In this study, it was newly found that the emetine
dithiocarbamate Cu(II) complex, which was prepared
from emetine as an alkaloid, carbon disulfide, and
Cu(Il), indicated a large CL intensity on the electro-
generated CL of Ru(bpy):**. When the Cu(I) complex
was subjected to FIA equipped with electrogenerated CL
detection, the complex could be determined over a
wide range of 1)X1071° - 1107 mol dm™. Furthermore,
capillary electrophoresis (CE) with electrogenerated CL
detection was for the first time established, by which a
mixture sample of emetine and emetine dithiocarbamate
Cu(Il) complex was successfully separated and deter-
mined with a nl order sample volume. The information
provided here, though initial data, must be very
interesting and useful for analyzing such transition
elements as Cu(1I).

T To whom correspondence should be addressed.

Experimental

Reagents

All of the reagents used were of commercially available
special grade, Ion-exchanged water was distilled before
use. Tris(2,2"-bipyridine)ruthenium(IT) chloride and
emetine were purchased from Nacalai Tesque, Inc.

Emetine dithiocarbamate Cu(II) complex was pre-
pared from emetine, carbon disulfide, and Cu(II) accord-
ing to a previously reported procedure.® The reaction
scheme is shownin Scheme 1.  After the Cu(II) complex
had been extracted with chloroform, in order to proceed
with a thorough purification, the complex was subjected
to a silica-gel column using an eluent of ethyl acetate:
methanol=1:1,

H;CO
f
N
2 H;C0

HsCO- 9~ )-CaHs

+ 2CS, + Cul) ———

emetine

emetine dithiocarbamate Cu(Il) complex

Scheme 1 Synthesis reaction of emetine dithiocarbamate
Cu(TI) complex,
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Fig. 1 Schematic diagram of the apparatus for FIA using the
electrogenerated CL detection of Ru(bpy)s2*.

Apparatus and procedures

A schematic diagram of an FIA” equipped with an
electrogenerated CL detector of Ru(bpy)s?* is shown in
Fig. 1. Carrier (10 mmol dm™ phosphate buffer (pH
4.0) containing 35% acetonitrile) and CL reagent (3X
104 mol dm™2 Ru(bpy)s2* in 1.0X1072 mol dm3 H.SO4)
solutions were fed by pumps at flow rates of 800 and
300 pl min~!, respectively. The Ru(bpy)s** was oxidized
to Ru(bpy)s** at an electrolytic current of 150 pA at a
carbon e¢lectrode in an electrochemical reactor. A
sample solution of 10l was injected into the carrier
solution.

An outline CE apparatus with an electrogenerated CL
detector is also shown in Fig. 2. All of the tubes used
were made of Teflon. A 500 pim i.d. Teflon tube, which
was covered with black Tvgon-tape and had an 11 mm
detection length in front of a photomultiplier tube
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(Hamamatsu Photonics Co., Ltd., R-464), was used as a
detection cell. A fresh fused-silica capillary tube (50
mmid., 50cm length) was treated with 1 moldm™
sodium hydroxide for 30 min and washed with distilled
water. A migration buffer solution (25 mmol dm
phosphate (pH 3.5) containing 359 acetonitrile) was
treated through a filter and degassed before use. A
capillary tube was filled with the buffer solution in
advance. A Ru(bpy);** solution (1.2 mmoldm™ in
10 mmol dm-3 H2SO4) was fed at a rate of 40 ml min! by
a pump, which was oxidized using an electrolytic current
of 100 mA in an electrochemical reactor. It was then
mixed with the eluate at the tip of the capillary tube. A
sample solution was introduced into a capillary tube
having a positive-electrode side for 20s from 15cm
height by siphoning. After introducing the sample
solution, a voltage of 0 —20 kV was gradually applied for
60s. Monitorning was started just after the voltage
reached 20 kV. The resulting CL at the tip of capillary
was measured by a photon counter (Hamamastu
Photonics Co., Ltd., C1230).

Results and Discussion

Determination of an emetine dithiocarbamate Cu(Il) com-
plex with FIA

FIA with the Ru(bpy);?** electrogenerated CL detec-
tion was made while referring to Uchikuras’ report.”
First of all, the optimum electrolytic current was deter-
mined to be 150 pA by examining the noise level and
the CL intensity of emetine as a sample. Under these
conditions, emetine responded over a range of 1X10712-
11078 mol dm™3.

Potentio-galvano stat

l Photon counter ]-—-I IntegratorJ

Photomultiplier

V4

AN

Teflon tube

Electrochemical reactor

/

Black box

Capillary
tube

CL reagent

|||—

High voltage
power supply

Fig. 2 Schematic diagram of the apparatus for CE using the electrogenerated CL

detection of Ru(bpy)s2+.
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Fig. 3 Relationship between the concentration of emetine
dithiocarbamate Cu(I) complex and the CL intensity by
FIA using the electrogenerated CL detection of Ru(bpy)s?*.
Conditions: carrier solution, 10 mmol dm™? phosphate buffer
(pH 4.0) containing 35% acetonitrile; CL reagent, 3xX10
moldm= Ru(bpy)?* in 1.0X102moldm? H,SOs; and
electrolytic current, 150 pA.

Transition metal ions such as Cu(1I), Ni(IT) and Zn(II),
react with diethyldithiocarbamate to form a stable
complex; for example, the stability constants of the
diethyldithiocarbamate complexs of Cu(Il), Ni(II),
and Zn(II) were reported as 10288, 10!2° and 10!14,
respectively.! The diethyldithiocarbamate Cu(II)
complex was then applied to the determination of a small
amount of Cu(Il) up to 10¢ mol dm™ order.” It is also
known that such transition metal ions react with emetine
and carbon disulfide together to form stable dithio-
carbamate complexes in a similar way.® We examined
the response of the emetine dithiocarbamate Cu(II)
complex to Ru(bpy)s?* electrogenerated CL by using the
FIA system. As shown in Fig. 3, the Cu(Il) complex
responded well over the range of 1X10719- [X107¢ mol
dm? with a detection limit of 1X10-° mol dm~? Cu(Il)
(65 fg) (§/N=2). In general, Cu(Il) can be detected by
atomic absorption spectrophotometry and inductivity
coupled plasma with detection limits of 107~ 107 mol
dm™3 order. The obtained result supports the possibility
that the combination of the complex fomation of Cu(1I)
and its CL detection using electrogenerated CL could be
applied to a sensitive detection method of Cu(Il}. In
order to accomplish an on-line analysis for Cu(II), the
connection of the FIA system with a separation column is
now under investigation.

Development of a CE equipped with a Ru(bpy);** electro-
generated CL detector

‘We have reported on CE-CL detection methods using
TCPO-H:0; and luminol-H;Q; systems.'®!2 Very
small amounts of metal ions, proteins, dyestuffs, and so
on were separated and determined by using these CE-
CL detection methods. This time, we newly developed a
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Fig. 4 Electropherogram of a mixed-sample solution of (a)
emetine and (b) emetine dithiocarbamate Cu(II) complex
obtained by CE using the electrogenerated CL detection of
Ru(bpy):?*. Conditions: capillary, 50cm of 50 mmi.d.
fused silica; applied voltage, 20kV; migration buffer,
25mmoldm~ phosphate (pH3.5) containing 35%
acetonitrile; CL reagent, 1.2 mmoldm™ in 10 mmol dm™3
H:S04; electrolytic current, 100 uA; and sample, reactant of
5X10~% mol dm3 and 1.1X10* mol dm~3 emetine.

CE-CL detection method using Ru(bpy)s?* electrogen-
erated CL. When a mixed sample of emetine and
emetine dithiocarbamate Cu(II) complex was subjected
to the present CE-CL detection method, an electro-
pherogram as shown in Fig. 4 was observed; they were
successfully separated and detected. Emetine and the
Cu(Il) complex were determined over a range of 3X
103 IX10° moldm™ and 3X1077-5X10"5 mol dm™3,
respectively.  Although the detection limits might not be
satisfied when the result obtained by FIA was taken into
consideration, the analysis could be easily and rapidly
carried out with a very small injection volume, on the nl
order. The main cause of the low sensitivity would be
due to dilution of the sample at the tip of the end capillary
by being mixed with a CL reagent. Animprovement of
the sensitivity is now being undertaken by modifying the
detection-cell geometry, flow rate of the CL reagent, and
S0 On.

In conclusion, emetine dithiocarbamate Cu(II) com-
plex was found to indicate a sensitive response on a
Ru(bpy)s?* electrogenerated CL system. The Cu(Il)
complex was analyzed using FIA and CE with electro-
generated CL detections. A combination of the dithio-
carbamate complex fomation of transition metal ions
and their CL response to Ru(bpy):?* electrogenerated CL.
is expected to be useful for analyzing transition metal
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ions. Recently, various analytical methods using Ru(bpy):**
electrogenerated CL have been reported.’4!%!4 The
CE-CL detection method with the Ru(bpy);?* electro-
generated CL detector, which was for the first time
developed by the present authors, must become a
promising way for the separation and determination of
various substances which are related to the electro-
generated CL reaction.

The authors are grateful to Professor Sorin Kihara at Kyoto
Institute of Technology for the gift of a carbon electrode.
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