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Abstract

Methamphetamine (MPA), being a stimulant drug, reacts with tetrabromophenolphthalein ethyl ester (TBPEH) to form a red-violet ion
associate, TBPEHMPA, in 1,2-dichloroethane (DCE) at pH 9. The maximum absorption wavelength was at 570 nm. After measuring, yellow
TBPEH with DCE could be regenerated by mixing with the buffer solution at pH 3. The regenerated TBPEH/DCE could be reused as an ion
association reagent and extracting solvent. In addition, the reagent regeneration could be performed by the on-line flow injection system and
the cyclic flow injection analysis system was demonstrated for the determination of MPA without consumption of ion association reagent and
organic solvent. The calibration curve was linear in the range of 0.5<3(° M with good repeatability. The sample throughput was 20 h
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction repeatability, however, all reagents are consumed continu-
ously even without measurements.

Most of methods for the spectrophotometric determina-  Mottola et al.[11-14], Ishii et al.[15] and Zenki et al.
tion of quaternary ammonium salts and amines hydrochloride [16,17]have reported cyclic flow injection systems for metals
in pharmaceuticals are based on reactions with chro-and thiamine determinations in the aqueous media and these
mogenic reagent§l,2] and ion association reaction with are unique as the environmentally benign and no-reagent
acidic dyestuffs[3,4]. On the other hand, one (T. Sakai) consumptiontechnology. Sequential injection analysis (SIA)
of the authors has proposed the sensitive and selectiveproposed as a new technology is effective for less reagent
spectrophotometric determination of stimulant drugs using consumptiorj18]. Nakano et al. have reported a thin organic
tetrabromophenolphthalein ethyl ester (TBPE) and/or ther- film extraction with SIA[19]. However, there is no report with
mochromism of ion associat§s—7]. However, these batch-  cyclic flow injection analysis coupled with solvent extraction.
wise methods were tedious, time- and reagents-consuming. In this paper, we demonstrate on-line reagents regener-
To develop the procedures using TBPE and other diprotic ation cyclic FIA with ion association reaction and solvent
acid dyes, flow injection (FI) systems coupled with solvent extraction forthe determination of methamphetamine (MPA).
extraction were assembled for the rapid and sensitive deter-
mination of quaternary ammonium salts and aromatic amines
[8-10]. In the previous flow systems, TBPEH dissolved 2. Experimental
in 1,2-dichloroethane was delivered as the ion association
reagent with extracting solvent. Flow injection analysis has 2.1. Apparatus
some advantages on rapidity, simplicity, reproducibility and

A JASCO V-560 spectrophotometer (Tokyo, Japan) with
* Corresponding author. 10 mm path length cell was used for the absorbance mea-
E-mail address: tadsakai@aitech.ac.jp (T. Sakai). surements and recording spectra. A Horiba F-22 pH meter
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with a combined glass electrode was used to measure pH.

In FIA, a Soma Optics S-3250 double beam spectropho-

tometer with a 10 mm flow cell (Rl), a CHINO EB22005
recorder and a double-plunger micro-pump (Sanuki Kogyo,

DMX-2000) were used. The hydrophobic PTFE membrane
(Advantec, 0.8um pore size) was used for phase separation.

Flow lines were of PTFE tubing (0.5mm i.d.) except for
the back-pressure tubing (35 c10.25 mmii.d.). Two needle
valves were used to control the recovery of organic phase.

2.2. Reagents

2.2.1. Buffer solutions
Buffer solutions (pH 7.0-10.5) were made from equal vol-

Fig. 1. Absorption spectra of (1) TBPEH and (2) TBPEHMPA associate.

umes of 0.1 M potassium dihydrogenphosphate and 0.1 M pH 9.0, TBPEH/DCE, 8.& 1075 M; MPA: 3.0 x 075 M.
tetraborate decahydrate, and were adjusted to the desired pH

with 1 M sodium hydroxide solution.

2.2.2. TBPEH/DCE solution

TBPEH/DCE solution was prepared according to the pre-
vious paper[7]. The TBPEH/DCE solution stocked in a
brown bottle was stable for at least 2 months.

2.2.3. Methamphetamine (MPA) standard solution

Stock solution of 1.6< 10~*M was prepared by dissolv-
ing 0.0147 g methamphetamine hydrochloride (Dainippon
Pharmaceutical, Osaka, Japan) in 100 ml of distilled water.

3. Results and discussion

3.1. Ion association reaction with TBPEH and reagents
regeneration reaction

The ion association reaction with TBPEH and MPA is
shown as follows:

pH9
TBPEH) = TBPE,, + HZ, 1)
yellow blue
TBPE,,+ HMPA, = TBPEHMPA )

red-violet (570 nm)

When TBPEH is shaken in the alkaline media (pH 9), blue

with agueous solution below pH 3, and HMPpassed over
into the aqueous phase. The reaction is as follows:

®3)

The regenerated TBPEH/DCE can be reused as the ion asso-
ciation reagent and extracting solvent for the determination
of MPA. Thus the reagent regeneration cyclic FIA system is
considerably novel in the solvent extraction system.

pH<3
TBPEHMPA; + Hf, = TBPEH, + HMPAZ,

3.2. Conditions for FIA system for MPA determination

The effect of pH on the formation of the charge transfer
complex was investigated in the range of 7.0-10.5. At pH 9.0,
the peak height was highest and was not significantly changed
over this pH. The TBPEH concentration was varied from (4.0
to 10.0)x 107> M. Over 8.0x 10~° M, the highest peak was
obtained. However, in the higher concentration, the baseline
was slightly noisy. In this study, 8.0 10~°> M was used. The
extraction tubing was suitable over 3m. In this system, a
5 m-tubing was used. The buffer solution and TBPEH/DCE
solution were delivered at 0.8 mlmih, respectively. The
calibration graph was linear for 0:53.5x 10->M MPA at
570 nmyy = (1.85x 10°) x wherey andx were the absorbance
and the concentration of MPA in M (moat1), respectively.
The sample volume was 1@0. The relative standard devia-

TBPE anion transfers into the aqueous phase. TBPE aniontion (R.S.D.,n =5) for 1.5x 10~>M MPA was 1.66%.

reacts with a protonated MPA (HMPAto form the ion asso-
ciate bonded by hydrogen brid{#0]. The associate showed
Amax at 570nm as shown ifig. 1. The absorbance was
measured for the determination of MPA. In many solvent

3.3. On-line RRFIA system

The on-line regeneration system was investigaftégl ).

extraction systems, the ion association reagent and an analytdwenty-five millilitres of fresh TBPEH/DCE was added in
in the aqueous phase are extracted into the organic solventhe glass reservoir as an initial reagent and 10 ml of aque-
and eachion forming the associate can be passed over into theus phase was kept at lower pH with sulfuric acid. The

aqueous phase under other conditions. Accordingly, itis diffi-

blue aqueous phase and red-violet organic phase produced

cult to assemble the reagent regeneration cyclic FIA becauseafter measurements were collected in the reservoir and the
both of the extracting reagent and the analyte exist in the solutions were mixed by the magnetic stirrer slowly and con-

aqueous phase. Fortunately, TBRE¢buld be regenerated
in the organic phase again when TBPEHMP#&as shaken

tinuously and the resulting TBPEH/DCE was delivered again
by the pump.Table 1shows the recovery tests by on-line
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Table 1
Recovery tests by on-line RRFIA using MPA standard solution
Reagent solution MPA concentration Recovery (%)
Added (x 1075 M) Found (x 107> M)
1 0.50 1.00 2.00 3.00 - - - - 100 100 100 100
2 0.50 1.00 2.00 3.00 0.53 0.99 1.95 2.87 106 99.7 97.6 95.6

1, Fresh TBPEH; 2, on-line regenerated TBPEH.

(1x 10-3M) was prepared in human urine. After 50- and
100-fold dilutions, the samples were injected. The recover-
ies were 10&:1 and 10H-2%. Consequently, the on-line
RRFIA is suitable for the MPA screening test in urine sam-
ples.

In conclusion, the cyclic FIA using the on-line reagents
regeneration system was demonstrated. The novel tech-
nique without any reagents consumption is effective for the
continuous measurements of quaternary ammonium salts
and amines hydrochloride in pharmaceuticals and urine

samples.
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