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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(l1)-catalyzed oscil-
lating system, which is being in a non-equilibrium stationary state close to
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the bifurcation point between non-oscillatory and oscillatory state, using a
continuous-flow stirred tank reactor(CSTR). A well linear relationship be-
tweenthe potential difference(i.e.,, AE_= Ep-Eb) and the negative logarithm
of aminopyrine amount was found to be in the range of 7.94x10°~5.62
x10® mol L* and alower detection limit of 7.25x10° mol L-*was also ob-
tained. To estimate the reliability, some otherl methods (including regular

oscillation) were compared with it together.
© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Oscillating chemica reactionsare complex nonlin-
ear systems, which can exhibit different dynamicre-
gimessuch asregular andirregular oscillations, aswell
aschaosunder different conditions. Such sorts of be-
havior in chemical and biological systemsoffer many
choicesfor applicationto analytical chemistry. Sofar,
regular oscillating profileshave been applied widdy for
the determination of organi c and inorgani ¢ substances
by using an andyte pul se perturbation technique (APP)
inacontinuoudly stirred tank reactor (CSTR)™*2, The
basic principleisthat adding an andyteto an oscillating
reaction to perturb the oscillating profiles(e.g., period
and amplitude) first, then to calculatetherel ationship
between the change of signal and theamount of anayte
added. In other words, kinetic analytical methods are
to study an ability of analyte to changekinetic param-

etersof chemical reactions. Inview of thefact that any
parameters of kinetic reactions, whose change caused
by adding analyte was ableto be aquantitativerela-
tionship with the amounts of analyte added, could be
adopted for the analytical purpose. For this reason,
Perez-Bendito’s groupt®¥ and Strizhak’s group®® in-
vestigated theoretically thelargest Lyapunov exponent
inthetrangent chaotic regimewiththe B-Z (Belousov-
Zhabotinsky) oscillating system and devel oped anew
analytical method with very high sensitivity (detection
limit<102mol LY). Gao et d!"8 reported that amodi-
fied B-Z oscillating chemica system by sulfideisvery
sengtivetothetraceamountsof somemetd ions. All of
factsdemonstrated again that the oscillating chemical
reaction asanovel analytica technique hasbeen made
along progress, and applied successfully to the deter-
mination of organic and inorganic substances. Com-
pared to instrumental anaysis, thistechnique hasrep-
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resented many advantagessuch asasimple set-upwith
ease of operation, awidelinear rangeand alower de-
tectionlimit and soon.

Recently, Vukojevic and Pgjic et al®™ studied the
characterigticsof anon-equilibrium gationary Sateclose
to the bifurcation point between non-oscillatory and
oscillatory state, and proposed successfully anovel ki-
netic method for the determination of organic com-
poundsand inorganicions. Infact, thevicinity of abi-
furcation point of non-equilibrium system gestatesafluc-
tuation, which is very sensitive to the surrounding
change. For thisreason, it can be used in analytical
chemistry. To assessthevalidity inthe present paper
we consider aminopyrineasan analyteto examinere-
action conditionsin detail and satisfactory resultswere
obtained. In addition, aminopyrineisanimportant ma-
teria in pharmaceutica synthesis. A convenient method
for itsdetermination with good selectivity and high sen-
Sitivity should be devel oped, too.

2.EXPERIMENTAL

2.1. Reagents

All chemicalsused were of analytical gradeand
doubly distilled water was used throughout to prepare
solutions. Solutionsof KBrO, (0.15mol L*), MnSO,
(0.003mol L) werepreparedin 0.65 mol L sulfuric
acid solution. Ethyl acetoacetate (0.02 mol L) was
preparedindistilled water. A stock standard sol ution of
aminopyrine (0.005 mol L1) was prepared from fresh
purified aminopyrineand storedinrefrigeratory. Working
solutionswere prepared daily by appropriatedilution.
Aminopyrineinjection (99.99%; Zhengzhou Lingrui
Pharmaceutical Co.) wasdilutedto2.25x10°mol L*
and stored in refrigeratory. Anaytes such as aminopy-
rine, caffeinetabletsand aminopyrinetabletsweredis-
solved respectively indigtilled water and then storedin
refrigeratory.

2.2.Apparatus

Asshowninour previouswork!?, theexperimenta
set-up consisted of a50 ml glassvessdl fitted witha
CS-501 thermostat and an ML-902 magnetic stirrer
(Shanghal Pujiang Analytical Instrumental Factory,
China). A CHI-832 (CHI, USA) dectrochemistry ana-
lyzer wasdirectly connected to the reactor through two

Hnalytical CHEMISTRY o

Pt eectrodesin which oneisasworking e ectrode and
the other as counter electrode, and aK SO, reference
electrode to record the potential changes. The reac-
tantswerefed by aTypeLead-1 perigtdtic pump (Lange
Corporation, Chind). A syringewasa so used to inject
different amountsof aminopyrineinto thereaction sys-
tem. A Model 2550 UV Spectrophotometer (Shang-
hai, China) was used to detect aminopyrinein order to
ensurethe accuracy of the proposed method.

2.3. Procedure

A mixture solution containing 5.0 mL of 0.02 mol
L™ ethyl acetoacetate, 5.0 mL of 0.003 mol L MnSO,
and 5.0mL of 0.15 mol L** KBrO, was added firstly
into the reactor, and then the peristaltic pump was
opened with aconstant flow rate of 1.4 mL/min for
each channdl. Themagnetic stirring ratewas 800 rpm
and themixture solutionwasmaintained at 60.0°C. The
electrodeswereimmersed into thereaction mediaand
thedataacquisition started. At that timearegular steady
oscillation profilewas observed. With decreasing the
temperature, theamplitudeof oscillation becomessmdl
gradually and disappearseventually. That isto say, a
stable dynamic structurereached. And then variable
concentrations of aminopyrinewereinjected into sys-
tem sequentially and the potential changewasrecorded.

3.RESULTSAND DISCUSSION

3.1. Optimization of experimental conditions

Atfirst, we must know wherethebifurcation point
is that is, acriticd va uebetween non-oscillatory phase
and oscillatory phasein far-from-equilibrium dynamic
systems. Theoretically, changing any dynamic param-
eterscould makethe oscill ating profileboth in ampli-
tude and period from oscillatory to non-oscillatory
phase. Temperature, commonly, was chosen asapre-
ferred variable. Thefall of temperaturewould cause
clearly the amplitude decreased and the period pro-
longed, which wereshowninfigure 1, (noticethat the
whole process was located in ranging from 60°C to
28°C, here only showing a part), where the x-axis
gandsfor time(minute) and they-axisfor potentid (mV).
Based onthedatainfigure 1, aplot of potentias(both
maximum and minimum) versustemperaturewasmade
asshowninfigure2. Itiseasy to understand that for a
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Figurel: Timeseriesshowing stabledynamic structures
observed inthe B-Z reaction at different temperatures.
Common conditions:[KBrO,] = 0.15mol L*,[MnSO,] =
0.003moal L%, [Ethyl acetoacetate] = 0.02mol L*,[H,SO,] =
0.45mol L*
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Figure?2: Bifurcation diagram for temper atur eascontrol
parameter. Arrowheads indicate the temperatures
(A=28.5°C, B=32.5°C, C=35.0°C and D=36.8°C) at which
aminopyrine (C=3.16x10°mol L) wasinjected respec-
tively
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Figure 3: The perturbations of aminopyrine (C=3.16x
10° mol L) at different temperatures(A=28.5°C,
B=32.5°C, C=35.0°C and D=36.8°C) on the non-equilib-
rium stationary stateof B-Z system

regular oscillating profiletherearetwo potentid points
(i.e., thehighest and thelowest va ues); for anon-oscil-
lating traight-lineonly one point can beacquired, mean-
ing that the bifurcation point should belimited therange
from 36.8°C to 28.5°C. Then, adding aminopyrineinto
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Figure4: Theinfluenceof differ ent concentr ationsof ami-

nopyrineon thestablestationary stateat T=36.8°C. A, B

and C denotetheinjection concentration of aminopyrine

are 9.33x10® mol L%, 3.16x10° mol L* and 7.94x10°

mol L respectively

Potential/V

the non-oscillating system at different temperatureto
findthemost sensitive point, that is, thenon-equilibrium
stationary state close to the bifurcation point. Those
tests have been shown in figure 2 by arrows, for ex-
ample, T=28.5°C, 32.5°C, 35.0°C and 36.8°C. Re-
sultsindicated that the most sensitive point appears at
36.8°C. Inthesameway;, if aplot of potential change
versustemperaturewas made, thesimilar result could
be observed in figure 3. It isworth notice that over
36.8°C thestability of system would decrease sharply.
Thus, inthisstudy the optimal temperaturefor deter-
mining aminopyrine should chooseat T£/:36.8°C.

3.2. Determination of aminopyrine

Thevicinity of bifurcation point for anon-equilib-
riumsystemisvery senstivetoandytedthoughit seems
to beanon-oscillating straight-line. In other words, this
istheoptimum injecting position for determining ami-
nopyrine. Just asshowninfigure4, using different con-
centrations of aminopyrine (A= 9.33x10® mol L7,
B=3.16x10° mol L, and C= 7.94x10°mol L7, re-
spectively) to perturb the system, thedirectly propor-
tional responseswere obtai ned. For ease of represen-
tation, thesymbol of E_ standsfor the potential before
perturbation, which can be considered asabaseline
dueto being aconstant, E, for the potentia after per-
turbation. It wasfound that the potentia difference af -
ter and before perturbation, AE =E-E, isproportiona
to the negativelogarithm of aminopyrine concentration
very well intherange of 7.94x10°-5.62x10®mol L*
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(seefigure5). Thelinear relationship can beexpressed

by thefollowing regress on equation:

AE,_ (mV)=130.112-17.736(-log C)(R=0.9993, N=11)
Theproposed method offersahigh samplethrough-

put (25 samples ht) and alower detection limit of
7.25x10°mol L.

3.3. Interferences

To assessthe selectivity of the proposed method,
theinterferencesof someforeign specieswereinvesti-
gated, includinginorganicions, organic acoholsand
acidswith smal molecular weight, aswell asantipyrine
inthepresenceof 9.0x10®mol L* aminopyrinewithan
error <t+5 %. Resultsarelisted in TABLE 1. It can be
seenthat therewas no effect on the stable non-equilib-
rium system for commonly inorganicions(e.g., 1000-
fold of cations or 800-fold of anions). Lessthan 50-
fold of Cl-, Br-, and I ions have a so no effect onthe
determination of aminopyrine. Antipyrineand barbitu-
ric acid aretolerated to belessthan 10-fold.

3.4. Comparison with other methods

Actually, there are many methods can be used to
determinetheaminopyrine, such asHPLC™3, spectro-
photometry*® and caplillary electrophoresis-€l ectro-
chemical detection™ etc. Resultsaregivenin TABLE
2. Based ontheir sengitivitiesand linear ranges, it can
be said that the proposed method is better onein the

AEM/mvV

Figure 5: Calibration curve for determination of
amidopyrine

routineanayss.
3.5. Sampleanalysis

Using the proposed method to examinesix of ami-
nopyrineinjections, satisfactory resultsare obtainedin
TABLE 3. Therecoverieswerelimitedintherangefrom
97.11%to 102.5%.

Severa pharmaceutical dosageformsincluding
aminopyrineinjection, aminopyrine, caffeinetabletsand
aminopyrinetabletswerea so detected, respectively.
Each samplewas determined repeatedly for 5 times.
Resultsin TABLE 4 recommended again that the pro-

TABLE 1: Effect of foreign specieson thedeter mination of
9.0x10®mol L taminopyrine

Tolerated
ratio (foreign/
aminopyrine)

Foreign species

ca’, Ba, Mg™, zn™, Fe* AI¥, La® 1000
S0,%, PO,*, HPO,#, H,PO,, NO5 800
cl,Br, I’ 50
Methanol, Ethanol, Formic acid, Acetic acid 20
Antipyrine, Barbituric acid 10

TABLE 2: Comparison with other analytical methods for
determiningaminaopyrine

Linear range

Method (mol L'l) Reference
High-performance liquid 8.66x10 '~ 12
chromatography 4.33x10°

2.16x10°~
Spectrophotometry 108410 13
Caplillary electrophoresis- 5.00x10° ~ 14
electrochemical detection 1.00x10
Regular oscillating chemical 9.55x10°~  Present
reaction 8.32x10™ work
5.62x10°® Present
The proposed method 7.94%10° work
TABLE 3: Recovery analysisof sample
Sample Original  Added Found Recovery
P€  molL?) (molLY (molL?Y (%)
1 4.50x107 0 437107  97.11
2 450x107 2.00x10° 2.42x10°® 98.78
3 450x107 4.00x10°® 4.56x10° 1025
4 450x107 6.00x10° 6.43x10%° 99.69
5 450x107 8.00x10°® 8.50x10°  100.6

TABLE 4: Determination of aminopyrinein threephar maceuticalsby using spectr ophotometry and proposed method

- . Proposed method(N=5) Spectrophotometry(N=5)
Sample Original quantity Determineresult RSD  Determineresult RSD
Aminopyrine injection 50.00mg-mL™* 49.20 mg-mL™ 13%  49.00mgmL’  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%
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posed method have higher sengitivity and good repro-
ducibility.

4. CONCLUSION

The proposed method to examine aminopyrine of -
fersawidelinear range of 7.94x10°~5.62x10¥mol
L, alow detectionlimit of 7.25x10°mol L-*and high
samplethroughput(25 sampleh?). Resultsindicated that
thebifurcation pointin Mn(l1)-catalyzed B-Z oscillat-
ing chemica system can beconsdered asan andytica
techniqueinrea samples. Relativetotheinstrumental
anaysis, theequipment used in the proposed method is
lessexpensive. Moreover, larger linear rangeand lower
detection limit could satisfy the need of common deter-
mingtion.
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