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1. INTRODUCTION

Oscillating chemical reactions are complex nonlin-
ear systems, which can exhibit different dynamic re-
gimes such as regular and irregular oscillations, as well
as chaos under different conditions. Such sorts of be-
havior in chemical and biological systems offer many
choices for application to analytical chemistry. So far,
regular oscillating profiles have been applied widely for
the determination of organic and inorganic substances
by using an analyte pulse perturbation technique (APP)
in a continuously stirred tank reactor (CSTR)[1,2]. The
basic principle is that adding an analyte to an oscillating
reaction to perturb the oscillating profiles (e.g., period
and amplitude) first, then to calculate the relationship
between the change of signal and the amount of analyte
added. In other words, kinetic analytical methods are
to study an ability of analyte to change kinetic param-
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eters of chemical reactions. In view of the fact that any
parameters of kinetic reactions, whose change caused
by adding analyte was able to be a quantitative rela-
tionship with the amounts of analyte added, could be
adopted for the analytical purpose. For this reason,
Perez-Bendito�s group[3,4] and Strizhak�s group[5,6] in-
vestigated theoretically the largest Lyapunov exponent
in the transient chaotic regime with the B-Z (Belousov-
Zhabotinsky) oscillating system and developed a new
analytical method with very high sensitivity (detection
limit  10-12 mol L-1). Gao et al[7,8] reported that a modi-
fied B-Z oscillating chemical system by sulfide is very
sensitive to the trace amounts of some metal ions. All of
facts demonstrated again that the oscillating chemical
reaction as a novel analytical technique has been made
a long progress, and applied successfully to the deter-
mination of organic and inorganic substances. Com-
pared to instrumental analysis, this technique has rep-
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ABSTRACT

A novel and convenient method with good selectivity and high sensitivity
was used to determine aminopyrine. The method is based on the perturba-
tion with different amounts of aminopyrine on the Mn(II)-catalyzed oscil-
lating system, which is being in a non-equilibrium stationary state close to
the bifurcation point between non-oscillatory and oscillatory state, using a
continuous-flow stirred tank reactor(CSTR). A well linear relationship be-
tween the potential difference (i.e., E

m 
= E

p
-E

b
) and the negative logarithm

of aminopyrine amount was found to be in the range of 7.9410-55.62
10-8 mol L-1 and a lower detection limit of 7.2510-9 mol L-1 was also ob-
tained. To estimate the reliability, some otherl methods (including regular
oscillation) were compared with it together.
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resented many advantages such as a simple set-up with
ease of operation, a wide linear range and a lower de-
tection limit and so on.

Recently, Vukojevic and Pejic et al[9-11] studied the
characteristics of a non-equilibrium stationary state close
to the bifurcation point between non-oscillatory and
oscillatory state, and proposed successfully a novel ki-
netic method for the determination of organic com-
pounds and inorganic ions. In fact, the vicinity of a bi-
furcation point of non-equilibrium system gestates a fluc-
tuation, which is very sensitive to the surrounding
change. For this reason, it can be used in analytical
chemistry. To assess the validity in the present paper
we consider aminopyrine as an analyte to examine re-
action conditions in detail and satisfactory results were
obtained. In addition, aminopyrine is an important ma-
terial in pharmaceutical synthesis. A convenient method
for its determination with good selectivity and high sen-
sitivity should be developed, too.

2. EXPERIMENTAL

2.1. Reagents

All chemicals used were of analytical grade and
doubly distilled water was used throughout to prepare
solutions. Solutions of KBrO

3
 (0.15 mol L-1), MnSO

4

(0.003 mol L-1) were prepared in 0.65 mol L-1 sulfuric
acid solution. Ethyl acetoacetate (0.02 mol L-1) was
prepared in distilled water. A stock standard solution of
aminopyrine (0.005 mol L-1) was prepared from fresh
purified aminopyrine and stored in refrigeratory. Working
solutions were prepared daily by appropriate dilution.
Aminopyrine injection (99.99%; Zhengzhou Lingrui
Pharmaceutical Co.) was diluted to 2.2510-5 mol L-1

and stored in refrigeratory. Analytes such as aminopy-
rine, caffeine tablets and aminopyrine tablets were dis-
solved respectively in distilled water and then stored in
refrigeratory.

2.2. Apparatus

As shown in our previous work[2], the experimental
set-up consisted of a 50 ml glass vessel fitted with a
CS-501 thermostat and an ML-902 magnetic stirrer
(Shanghai Pujiang Analytical Instrumental Factory,
China). A CHI-832 (CHI, USA) electrochemistry ana-
lyzer was directly connected to the reactor through two

Pt electrodes in which one is as working electrode and
the other as counter electrode, and a K

2
SO

4
 reference

electrode to record the potential changes. The reac-
tants were fed by a Type Lead-1 peristaltic pump (Lange
Corporation, China). A syringe was also used to inject
different amounts of aminopyrine into the reaction sys-
tem. A Model 2550 UV Spectrophotometer (Shang-
hai, China) was used to detect aminopyrine in order to
ensure the accuracy of the proposed method.

2.3. Procedure

A mixture solution containing 5.0 mL of 0.02 mol
L-1 ethyl acetoacetate, 5.0 mL of 0.003 mol L-1 MnSO

4

and 5.0mL of 0.15 mol L-1 KBrO
3
 was added firstly

into the reactor, and then the peristaltic pump was
opened with a constant flow rate of 1.4 mL/min for
each channel. The magnetic stirring rate was 800 rpm
and the mixture solution was maintained at 60.00C. The
electrodes were immersed into the reaction media and
the data acquisition started. At that time a regular steady
oscillation profile was observed. With decreasing the
temperature, the amplitude of oscillation becomes small
gradually and disappears eventually. That is to say, a
stable dynamic structure reached. And then variable
concentrations of aminopyrine were injected into sys-
tem sequentially and the potential change was recorded.

3. RESULTS AND DISCUSSION

3.1. Optimization of experimental conditions

At first, we must know where the bifurcation point
is, that is, a critical value between non-oscillatory phase
and oscillatory phase in far-from-equilibrium dynamic
systems. Theoretically, changing any dynamic param-
eters could make the oscillating profile both in ampli-
tude and period from oscillatory to non-oscillatory
phase. Temperature, commonly, was chosen as a pre-
ferred variable. The fall of temperature would cause
clearly the amplitude decreased and the period pro-
longed, which were shown in figure 1, (notice that the
whole process was located in ranging from 600C to
280C, here only showing a part), where the x-axis
stands for time (minute) and the y-axis for potential (mV).
Based on the data in figure 1, a plot of potentials (both
maximum and minimum) versus temperature was made
as shown in figure 2. It is easy to understand that for a
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regular oscillating profile there are two potential points
(i.e., the highest and the lowest values); for a non-oscil-
lating straight-line only one point can be acquired, mean-
ing that the bifurcation point should be limited the range
from 36.80C to 28.50C. Then, adding aminopyrine into

the non-oscillating system at different temperature to
find the most sensitive point, that is, the non-equilibrium
stationary state close to the bifurcation point. Those
tests have been shown in figure 2 by arrows, for ex-
ample, T=28.50C, 32.50C, 35.00C and 36.80C. Re-
sults indicated that the most sensitive point appears at
36.80C. In the same way, if a plot of potential change
versus temperature was made, the similar result could
be observed in figure 3. It is worth notice that over
36.80C the stability of system would decrease sharply.
Thus, in this study the optimal temperature for deter-
mining aminopyrine should choose at T£½36.80C.

3.2. Determination of aminopyrine

The vicinity of bifurcation point for a non-equilib-
rium system is very sensitive to analyte although it seems
to be a non-oscillating straight-line. In other words, this
is the optimum injecting position for determining ami-
nopyrine. Just as shown in figure 4, using different con-
centrations of aminopyrine (A= 9.3310-8 mol L-1,
B=3.1610-6 mol L-1, and C= 7.9410-5mol L-1, re-
spectively) to perturb the system, the directly propor-
tional responses were obtained. For ease of represen-
tation, the symbol of E

b
 stands for the potential before

perturbation, which can be considered as a baseline
due to being a constant, E

p
 for the potential after per-

turbation. It was found that the potential difference af-
ter and before perturbation, ÄE

m
=E

p
�E

b, 
is proportional

to the negative logarithm of aminopyrine concentration
very well in the range of 7.9410-5 -5.6210-8mol L-1

Figure 1: Time series showing stable dynamic structures
observed in the B-Z reaction at different temperatures.
Common conditions:[KBrO

3
] = 0.15mol L-1,[MnSO

4
] =

0.003mol L-1, [Ethyl acetoacetate] = 0.02mol L-1,[H
2
SO

4
] =

0.45mol L-1

Figure 2: Bifurcation diagram for temperature as control
parameter. Arrowheads indicate the temperatures
(A=28.50C, B=32.50C, C=35.00C and D=36.80C) at which
aminopyrine (C=3.1610-6 mol L-1) was injected respec-
tively

E
/m

V

T/0C

Figure 3: The perturbations of aminopyrine (C=3.16
10-6 mol L-1) at different temperatures(A=28.50C,
B=32.50C, C=35.00C and D=36.80C) on the non-equilib-
rium stationary state of B-Z system

Figure 4: The influence of different concentrations of ami-
nopyrine on the stable stationary state at T=36.80C. A, B
and C denote the injection concentration of aminopyrine
are 9.3310-8 mol L-1, 3.1610-6 mol L-1 and 7.9410-5

mol L-1 respectively
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(see figure 5). The linear relationship can be expressed
by the following regression equation:
E

m
 (mV) = 130.112-17.736(-log C)(R=0.9993, N=11)

The proposed method offers a high sample through-
put (25 samples h-1) and a lower detection limit of
7.25-9mol L-1.

3.3. Interferences

To assess the selectivity of the proposed method,
the interferences of some foreign species were investi-
gated, including inorganic ions, organic alcohols and
acids with small molecular weight, as well as antipyrine
in the presence of 9.010-8 mol L-1 aminopyrine with an
error <5 %. Results are listed in TABLE 1. It can be
seen that there was no effect on the stable non-equilib-
rium system for commonly inorganic ions (e.g., 1000-
fold of cations or 800-fold of anions). Less than 50-
fold of Cl-, Br-, and I- ions have also no effect on the
determination of aminopyrine. Antipyrine and barbitu-
ric acid are tolerated to be less than 10-fold.

3.4. Comparison with other methods

Actually, there are many methods can be used to
determine the aminopyrine, such as HPLC[12], spectro-
photometry[13] and caplillary electrophoresis-electro-
chemical detection[14] etc. Results are given in TABLE
2. Based on their sensitivities and linear ranges, it can
be said that the proposed method is better one in the

routine analysis.

3.5. Sample analysis

Using the proposed method to examine six of ami-
nopyrine injections, satisfactory results are obtained in
TABLE 3. The recoveries were limited in the range from
97.11% to 102.5%.

Several pharmaceutical dosage forms including
aminopyrine injection, aminopyrine, caffeine tablets and
aminopyrine tablets were also detected, respectively.
Each sample was determined repeatedly for 5 times.
Results in TABLE 4 recommended again that the pro-

Foreign species 
Tolerated 

ratio (foreign/ 
aminopyrine) 

Ca2+, Ba2+, Mg2+, Zn2+, Fe3+, Al3+, La3+ 
SO4

2-, PO4
3-, HPO4

2-, H2PO4
-, NO3

- 

Cl-, Br-, I- 
Methanol, Ethanol, Formic acid, Acetic acid 
Antipyrine, Barbituric acid 

1000 
800 
50 
20 
10 

TABLE 1: Effect of foreign species on the determination of
9.010-8mol L-1 aminopyrine

TABLE 3: Recovery analysis of sample

Sample 
Original 
(mol L-1) 

Added 
(mol L-1) 

Found  
(mol L-1) 

Recovery 
(%) 

1 4.5010-7 0 4.3710-7 97.11 
2 4.5010-7 2.0010-6 2.4210-6 98.78 
3 4.5010-7 4.0010-6 4.5610-6 102.5 
4 4.5010-7 6.0010-6 6.4310-6-6 99.69 
5 4.5010-7 8.0010-6 8.5010-6 100.6 

TABLE 4: Determination of aminopyrine in three pharmaceuticals by using spectrophotometry and proposed method

Proposed method(N=5) Spectrophotometry(N=5) Sample Original quantity 
Determine result RSD Determine result RSD 

Aminopyrine injection 50.00mg·mL
-1 49.20 mg·mL

-1 1.3% 49.00 mg·mL
-1 1.8% 

Aminopyrine tablet 150.0 mg 148.7 mg 2.4% 149.1 mg· 2.2% 
Aminopyrine and caffeine tablet 150.0 mg 148.9 mg 2.8% 148.8 mg· 2.6% 

Method 
Linear range 

(mol L-1) 
Reference

High-performance liquid 
chromatography 

8.6610-7
 

4.3310-5 
12 

Spectrophotometry 
2.1610-5 

 
1.0810-4 

13 

Caplillary electrophoresis-
electrochemical detection 

5.0010-5  
1.0010-2 

14 

Regular oscillating chemical 
reaction 

9.5510-6  
8.3210-4 

Present 
work 

The proposed method 
5.6210-8 

7.9410-5 
Present 
work 

TABLE 2: Comparison with other analytical methods for
determining aminopyrine

Figure 5: Calibration curve for determination of
amidopyrine
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posed method have higher sensitivity and good repro-
ducibility.

4. CONCLUSION

The proposed method to examine aminopyrine of-
fers a wide linear range of 7.9410-55.6210-8 mol
L-1, a low detection limit of 7.2510-9 mol L-1 and high
sample throughput(25 sample h-1). Results indicated that
the bifurcation point in Mn(II)-catalyzed B-Z oscillat-
ing chemical system can be considered as an analytical
technique in real samples. Relative to the instrumental
analysis, the equipment used in the proposed method is
less expensive. Moreover, larger linear range and lower
detection limit could satisfy the need of common deter-
mination.
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