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Abstract

In this paper a new and very simple method was developed for the simultaneous determination of binary and ternary mixtures, without priot
separation steps. This method is based on the mean centering of ratio spectra. The mathematical explanation of the procedure is illustrate
After modeling procedure, the method has been successfully applied to the simultaneous analysis of binary mixtures of mefnamic acid an
paracetamol and ternary mixtures of acetylsalysilic acid, ascorbic acid and paracetamol. The analytical characteristics of the method suc
as detection limit, accuracy, precision, relative standard deviation (R.S.D.) and relative standard error (R.S.E.) was calculated. The result
showed that the proposed method is simple, rapid, accurate and precise method for analysis of binary and ternary mixtures.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction neous determination of two compounds in binary mixtures.
Their method is based on the derivative of the ratio spectra
The main problem of spectrophotometric multi- fora binary mixture. The absorption spectrum of the mixture
component analysis is the simultaneous determination ofis divided by the absorption spectrum of a standard solution
two or more compounds in the same mixtures without of one of the compounds and the first derivative of the ratio
preliminary separation. Several spectrophotometric deter- spectrumis obtained. The concentration of active compounds
mination methods have been used for resolving mixtures of are then determined from the calibration graphs obtained by
compounds with overlapping spectra. When these methodsmeasuring the amplitudes at points corresponding to the min-
are compared with each other, the range of application of imum or maximum wavelengths.
derivative spectrophotometry is more reliable with respect  Berzas Nevada et gB] developed a new method for the
to utility and sensitivity than normal spectrophotometry analysis of ternary mixtures by derivative ratio spectra-zero
[1]. Other spectrophotometric methods, such as partial crossing. In this method, the simultaneous determination of
least squares regression (PLSR), principal component  three compounds in ternary mixtures is realized by the mea-
regression (PCR]3], multi-wavelength linear regression suring of the amplitude at the zero-crossing points in the
analysis (MLRA) [4], H-point standard addition method derivative spectrum of the ratio spectra. These two methods
(HPSAM) for binary[5] and ternanf6] mixtures have been  were further studied and applied for simultaneous determi-
utilized. nation of binary or ternary mixturg8-13].
Salinas et al[7] proposed a new spectrophotometric Recently, Dinc et al[1,14-16] proposed a new spec-
method, ratio-derivative spectrophotometry, for the simulta- trophotometric method for the simultaneous determination
of ternary mixtures. This method was called “the double
* Corresponding author. Tel.: +98 811 8272404; fax: +98 811 8272404, divisOr-ratio spectra derivative method”. The method is
E-mail addressafkhami@basu.ac.ir (A. Afkhami). based on the use of the coincident spectra of the derivative
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of the ratio spectra obtained by using a “double divisor” It could be proved that if the vectgris multiplied byn (a
(sum of two spectra) and measuring at either the maximum constant number), the mean centered vector is also multiplied
or minimum wavelengths. But their method cannot be by nand also if a constant number is added to the vegtor
popularized, because it can only be used for the mixturesthe mean center of this vector is not changed.

that the ratio of the concentrations of two interfering Consider a mixture of three compoundsY and Z. If
compounds (used as double divisor) is known. In the other there is no interaction among the compounds and Beer’s low
words, the ratio of the concentrations of two interfering is obeyed for each compound, it can be written:

compounds should be the same in calibration, prediction

and unknown samples. It is obvious that the ratio of the Am = axCx +ayCy +azCz 1)
concentration of the analytes in real samples is always ) )
unknown. whereAn, is the vector of the absorbance of the mixturg,

Recently, we proposed a new spectrophotometric method®y andaez are the molar absorptivity vectors ¥ Y andZ
for the simultaneous determination of ternary mixtures, with- @hd Cx, Cy and Cz are the concentrations of, Y and Z,
out prior separation steps. This method is called the suc-"espectively. _
cessive derivative ratio spectra. The method is based on If EQ. (1)is divided byaz corresponding to the spectrum
the successive derivatives of ratio spectra in two steps. The©f @ standard solution & in ternary mixture, the first ratio
method was evaluated by model data and also by applica-SPectrum is obtained in the form of Hg) (for possibility of
tion to the simultaneous spectrophotometric determination dividing operation, the zero values @f should not be used
of cobalt, nicked and zinc based on their complexes with 1- in the divisor):

(2-pyridylazo)2-naphthol in micellar media as experimental
data[17].

Unfortunately, the advantages of derivative spectra are at
least partially offset by degradation in signal-to-noise ratio |fthe Eq.(2)is mean centered (MC), since the mean centering

A axC ayC
=2="2 10 @
oz oz oz

that accompanies obtaining derivatives. of a constant (§) is zero, Eq(3) would be obtained:
Inthis paper a new and very simple method was developed

forthe simultaneous determination of binary and ternary mix- axCyx ayCy

tures, without prior separation steps. This method is basedMC(B) =MC [ :| +MC [ o ] 3

on the mean centering of ratio spectra. This method elim-

inates derivative steps and therefore signal-to-noise ratio isBy dividing Eq.(3) by MC(ay/az), corresponding to the mean

enhanced. The mathematical explanation of the procedure iscentering of the ratio of the spectra of the standard solu-

illustrated. After modeling procedure, the method has beentions of Y andZ the second ratio spectrum is obtained as Eq.

successfully applied to the simultaneous analysis of binary (4) (for possibility of dividing operation, the zero values of

mixtures of mefnamic acid (MEF) and paracetamol (PAR) MC(av/az) should not be used in the divisor):

and ternary mixtures of acetylsalysilic acid (ASA), ascorbic

acid (ASC) and paracetamol (PAR). _ _MC®B) _ MClaxCx/az]
MC(ay /atz) MC(ay /z)

+ Cy (4)

Now if the Eq.(4) is mean centered, since the mean centering

2. Theoretical background ; _
of a constant (€) is zero, Eq(5) would be obtained:

To explain th_e mean centering expression, let us consider MClaxCx /a7]
a three-dimensinal vect¢t8]: MC(D) = MC MClay /ot) (5)
_ 513 Eq. (5) is the mathematical foundation of multi-component
Y= analysis that permits the determination of concentration of
3 each of the active compounds in the solutionr(xhis equa-
We center or mean center (MC) this column by subtracting tion) without interfering from the other compounds of the
the mean of three numbers ternary system (¥ndZin these equations). As E¢h) shows
there is a linear relation between the amount of MC(D) and
3 . . .
_ _ the concentration ok in the solution.
caling:y=| 3], A calibration curve could be constructed by plotting
3 MC(D) against concentration &fin the standard solutions of

Xorinthe standard ternary mixtures. For more sensitivity the

_ 5 3 +2 amount of MC(D) corresponding to maximum or minimum
MC(y)=y—-y=|1|—-|3|=]|-2 wavelength should be measured.
3 3 0 Calibration graphs fo¥ andZ could also be constructed

as described foX.



714 A. Afkhami, M. Bahram / Talanta 66 (2005) 712—720

Fig. 1. The modeled zero order spectra of compoufidéandZ (a). The modeled absorption spectra of different concentratid(bf, the ratio spectra that
were obtained by dividing spectra ¥fby the spectrum of th¥ (c). MC of the ratio spectra (d), second ratio spectra (e) were obtained according(#).Eq.
MC of these vectors (f) were obtained according to @9

3. Modeling The concentration of compound was determined by
measuring the amplitude of the resulting spectra at 482 nm
3.1. Validation of the method with model data corresponding to the maximum wavelength showhim 1f.

The obtained model was validated with a number of 10

To demonstrate the analytical applicability of the pro- synthetic mixture set containing the considered components
posed method for the analysis of ternary mixtures, three of X, Y andZ in different proportions that were randomly
spectra were created. The three curves form model of theselected. The model spectra of these mixtures are shown in
overlapping spectra of three compourXlsY andZ in the Fig. 2a. To predict the concentration of compoutid these
range 420-520nm (Fig. 1a). The absorption spectra for synthetic ternary mixtures the procedure that was previously
different concentrations oK were created (Fig. 1b) and explained for calibration set was performed. Finally, mean
divided by the spectrum oY and the ratio spectra were centering of second ratio spectra for these mixtures were ob-
obtained (Fig. 1c¢). Mean centering (MC) of the ratio spectra tained (Fig. 2b). As can be seen frdfig. 2b the effect of
was obtained (Fig. 1d). After that, these vectors are divided the compound¥ andZ was removed from the spectra of the
by MC(ay/az) corresponding to the mean centering of mixtures. The concentration &fin these synthetic mixtures
the ratio of the spectra o and Y and therefore, second was determined by measuring the amplitude at 482 nm corre-
ratio spectra according to E¢4) were obtained (Fig. 1e).  sponding to a maximum wavelength. The results are shown
Mean centering of these vectors was obtained (Fig. 1f). in Table 1.
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Fig. 2. The model spectra of randomly selected mixtures oKthéandZ (a) and the MC of their second ratio spectra obtained (b) according t(SEfpr
the determination oX.

Table 1

Results of analysis of modeled dataxafY andZ mixtures by proposed method for prediction of concentratiod of

Sample number Composition of synthetic mixtures Predict concentration of

X Y z Noise free +0.003 noise

1 9.0 6.0 10 9.0 8.98
2 2.0 8.0 30 2.0 2.02
3 6.0 9.0 80 6.0 6.04
4 5.0 7.0 10 5.0 5.03
5 9.0 2.0 10 9.0 9.05
6 8.0 4.0 20 8.0 7.99
7 5.0 9.0 40 5.0 5.02
8 1.0 10.0 60 1.0 0.98
9 8.0 4.0 10.0 8.0 8.05

10 4.0 9.0 20 4.0 4.02

3.2. Effect of random noise 4.2. Reagents

Random noise was added to the generated set of artifi-  All chemicals were of analytical reagent grade and triply
cial data in order to test the method more rigorously. In this distilled water was used throughout the experiments. ASA,
step, after creation of the spectra of the ternary mixtures, NaOH and HCI used were from Merck. MEF, ASA and PAR
random noise of-0.003 absorbance unit was added to each were kindly donated from Razak pharmacy factory (Karaj,
spectrum and then the procedure was followed as explainediran) and were used without any purification. Standard so-
above and the concentrationXin the noisy signal of ternary  lutions of 500ug mL~1 each of MEF and PAR for binary
mixtures was predicted. For this set of data, there was a goodmixture analysis were prepared by dissolving appropriate
agreement between synthesized and predicted concentrationamounts of them in 0.1 M NaOH-methanol (1:9) mixt{8k
(Table 1) that shows the applicability of the method for noisy Standard solutions of 5q0g mL~1 each of ASA, ASC and
systems. PAR for ternary mixture analysis were prepared by dissolv-

ing appropriate amounts of them in a 1:3 mixture of methanol
and 0.2 M HCI[14].
4. Experimental
4.3. Procedure
4.1. Apparatus
A calibration graph forX is obtained by recording and

UV-vis absorbance spectra were recorded on a Perkin-storing the spectra of standard solutions containing different
Elmer Lambda 45 UV-vis spectrometer using quartz cells concentrations oK, Y andZ and also by using the vector of
and slit width of 0.5 nm. A Metrohm model 713 pH-meter MC(ay/az) corresponding to the mean centering of the ratio
with a combined glass electrode was used for pH mea- of the spectrum of th¥andZ compounds. The stored spectra
surements. All calculations in the computing process were of the solutions ofX are divided by standard spectrumzf
done in Matlab 6.5 and Microsoft Excel for Windows. A according to Eq(2). Then mean centering of these vectors
simple program was written for this purpose in Matlab with respect to wavelength are obtained according to(&q.
6.5. (for binary mixtures the procedure was completed here and



716 A. Afkhami, M. Bahram / Talanta 66 (2005) 712—720

2

§ 1,5
©
2 1
=]
(7]
205
0
220 320 420
(a) wavelength /nm
35
Fig. 3. The zero order spectra of paracetamol (a) and mefnamic acid (b) in 3
0.1 M NaOH-methanol (1:9). 25 |
2
.. . . c 1.5 4
the minimum or maximum of these vectors with respect to % 14
wavelength is used for the construction of calibration graph E 05
for X). After that residual vector is divided by MGgter7) ac- g o P
cording to Eq(4). The minimum or maximum of the mean 0'15 ]
centering of later vectors with respect to wavelength is used P
for the construction of calibration graph fé For the pre- (b) wavelength/nm

diction of concentration oK in synthetic ternary mixtures
and real samples the same procedure was used except thﬂg' 4. The zero order spectra of different concentrations (0.5, 1, 2, 5, 10
the spectra of the mixture were used instead of the spectra of:"d 19 ML *) of mefnamic acid in 0.1M NaOH-methanol (1:9) (@) and
i X i MC of their ratio spectra obtained with according to E2).
standard solution aX. For samples with unknown matrices

Sta_?ﬁ ard adtcilt|<)tr_1 car} bel_LtJ)seth for removfmg r:;]atrltx effectt_. the wavelength range of 220-300 nm (Fig. 5b). The concen-
€ construction of calibration CUrves 1or otnertwo active i, of pAR was determined by measuring the amplitude

gz:lcﬁauelzjdfsos(nd also their prediction step was performed 4S5t 259 nm corresponding to a maximum wavelength shown

Th d method d to the simult d in Fig. 5b. For the prediction of concentration of PAR in syn-
1€ proposed method was used 1o the SImultaneous de4y, ;. binary mixtures and real samples the same procedure
termination of mefnamic acid and paracetamol as a binary

- . . ) was used except that the spectra of the mixture were used
system and salysilic acid, ascorbic acid and paracetamol as 8. stead of the spectra of standard solution of PAR
ternary mixture. '

5.2. Ternary mixture
5. Results and discussion As Fig. 6 shows, the absorption spectra of paracetamol

5.1. Binary mixture (PAR), acetylsalysilic acid (ASA) and ascorbic acid (ASC)

As Fig. 3 shows, the absorption spectra of paracetamol oy
(PAR) and mefnamic acid (MEF) in 0.1 M NaOH-methanol o 141
(1:9) overlapped in the wavelength region of 220-380 nm. £ ‘-f 1

The absorption spectra of the standard solutions of the E 08
MEF with different concentrations were recorded in the 206
wavelength range of 220-380 nm (Fig. 4a) and divided by 8332
the normalized spectrum of the PAR and the ratio spectra 0 ‘ - . .
were obtained. Mean centering of the ratio spectra were ob- SR A S S e
tained in the wavelength range of 249-290 nm (Fig. 4b). The @ eveonigi et
concentration of MEF was determined by measuring the am- 60
plitude at 249 nm corresponding to a maximum wavelength 40 4
shown inFig. 4b. For the prediction of concentration of MEF S
in synthetic binary mixtures and real samples the same pro- H ol
cedure was used except that the spectra of the mixture were o A 260 o 0
used instead of the spectra of standard solution of MEF. Lok

The absorption spectra of the standard solutions of the b-40 Wavelengthinm
PAR with different concentrations were recorded in the wave- )
Iength range of 220-380nm (Flg. 5a) and_d|V|ded by the nor- Fig. 5. The zero order spectra of different concentrations (0.5, 1, 2,5, 10 and
malized spectrum of the MEF and the ratio spectra were ob- 15,,gmL-1) of paracetamol in 0.1 M NaOH-methanol (1:9) (a) and MC of
tained. Mean centering of the ratio spectra were obtained in their ratio spectra (b) obtained according to &).
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Fig. 6. The zero-order spectra of: (a) ascorbic acid; (b) salysilic acid; (c)
paracetamol in methanol and 0.2 M HCI (1:3).

in methanol and 0.2 M HCI (1:3) overlapped in the region
220-310nm.

The absorption spectra of the standard solutions of ASC
with different concentrations were recorded in the wave-
length range of 220-310nm (Fig. 7a) and divided by the
normalized spectrum of the PAR and the ratio spectra were
obtained. Mean centering of the ratio spectra were ob-
tained in the range 247-295nm. After that these vectors
(MC of ratio spectra) are divided by MCfga/apar) cor-
responding to the MC of the ratio of the normalized spec-
tra of ASA and PAR and second ratio spectra (according
to Eg. (4)) were obtained. MC of these vectors was ob-
tained (Fig. 7b). The amount of ASC was determined by

measuring the amplitude at 280 nm corresponding to a max-

imum wavelength in the MC of second ratio spectra as
shown inFig. 7b. For the prediction of concentration of

717

Fig. 8. The zero order spectra of different concentrations (2, 4, 10, 20, 26,
and 30ug mL™1) of acetyl salysilic acid in methanol and 0.2M HCI (1:3)
(a) and MC of their second ratio spectra (b) obtained according t¢(5Eq.

In the same way, the absorption spectra of the standard so-
lutions of ASA with different concentrations were recorded
in the wavelength range of 220-310 nm (Fig. 8a) and divided

ASC in synthetic ternary mixtures and real samples the samepy the normalized spectrum of the ASC and the ratio spectra
procedure was used except that the spectra of the mixturewere obtained. Mean centering of the ratio spectra were
were used instead of the spectra of standard solution ofgptained in the wavelength range of 230-265nm. After

ASC.

Absorbance

o
n

250 300

Wavelength / nm
300 1
250
200 -
150 4
100 4
50
0
50247
-100
-150

-200
(b)

MC

257 267 277 287

wavelength/nm

Fig. 7. The zero order spectra of different concentrations (2, 4, 8, 14, 20,
and 30ug mL~1) of ascorbic acid in methanol and 0.2 M HCI (1:3) (a) and
MC of their second ratio spectra (b) obtained according ta(%q.

that these vectors (MC of ratio spectra) are divided by
MC(apar/aasc) corresponding to the MC of the ratio of the
normalized spectra of PAR and ASC and second ratio spectra
(according to Eq(4)) were obtained. MC of these vectors
was obtained (Fig. 8b). The amount of ASA was determined
by measuring the amplitude at 253 nm corresponding to a
maximum wavelength in the MC of second ratio spectra
as shown irFig. 8b. For the prediction of concentration of
ASA in synthetic ternary mixtures and real samples the same
procedure was used except that the spectra of the mixture
were used instead of the spectra of standard solution of
ASA.

In the same way, the absorption spectra of the standard
solutions of PAR with different concentrations were recorded
in the wavelength range of 220-310 nm (Fig. 9a) and divided
by the normalized spectrum of the ASC and the ratio spectra
were obtained. Mean centering of the ratio spectra was
obtained in the wavelength range of 230-275nm. After
that these vectors (MC of ratio spectra) are divided by
MC(aasalaasc) corresponding to the MC of the ratio of the
normalized spectra of ASA and ASC and second ratio spectra
(according to Eq(4)) were obtained. MC of these vectors
was obtained (Fig. 9b). The amount of PAR was determined
by measuring the amplitude at 272 nm corresponding to a
minimum wavelength in the MC of second ratio spectra
as shown irFig. 9b. For the prediction of concentration of
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5.3. Analytical characteristics

5.3.1. Binary mixture

In the proposed method, Beer’s law was obeyed in the con-
centration range 1-20g mL~* for PAR and 1-2@ugmL~?!
for MEF. Table 2shows the linear regression parameters
for calibration data for simultaneous determination of PAR
and MEF in their binary mixtures. Limit of detection of the
method for determination of PAR and MEF (defined as the
concentration equivalent to three times the standard deviation
of five replicate measurements of the blank) are also shown
in Table 2.

To check the reproducibility of the method five replicate
resolving of PAR and MEF mixtures were performed. The
relative standard deviation (R.S.D.) for five replicate deter-
minations of 1qug mL~1 each of MEF and PAR in binary
mixtures was obtained as 2.02 and 1.39%, respectively. The
mean recoveries for simultaneous determination of these
species in binary mixtures were obtained as 99 and 100%
for MEF and PAR, respectively.

The effect of divisor concentration on the analytical pa-

Fig. 9. The zero order spectra of different concentrations (2, 4, 10, 20 and rameters such as detection limit, slope, intercept and corre-

25pug mL~1) of paracetamol in methanol and 0.2 M HCI (1:3) (a) and MC

of their second ratio spectra (b) obtained according to(&)q.

lation coefficient of the calibration graphs was also tested.
It was observed that changing the concentration of divisors
in their linear calibration range had no significant effect on
the analytical parameters. Therefore, a normalized spectrum

PAR in synthetic ternary mixtures and real samples the sameof each of the PAR and MEF was used as divisor spectrum
procedure was used except that the spectra of the mixturein the proposed method. The amount®f had no effect
were used instead of the spectra of standard solution ofon the mean centering of ratio spectraA of 1 nm was

PAR. used.

Table 2

Analytical characteristics for analysis of MEF and PAR binary mixtures by the proposed method

Analyte Wavelength (nm) Calibration equation R2a Linear range (wg mE?) LOD (ngmL™Y)
PAR 259 Y=2.3179G+0.4029 0.9999 1-20 0.08

MEF 249 Y=0.3574G+0.0039 0.9996 1-20 0.45

@ Squared calibration coefficient.

Table 3

Results for several experiments for analysis of MEF and PAR in binary mixtures in different concentration ratios by proposed method

Taken {ug mL~1)

Found (ug mi1)

Recovery (%)

MEF PAR MEF PAR MEF PAR
1.0 20.0 0.9 2.2 2.8 101.24
2.0 15.0 20 15.0 101.9 100.30
3.0 10.0 29 9.7 %.6 97.46
4.0 7.0 41 71 101.5 101.79
5.0 50 50 51 9.4 101.88
7.0 30 6.8 30 97.4 99.39

10.0 20 9.7 20 97.4 97.61

12.0 10 11.9 1.0 9.3 95.55

15.0 10.0 14.8 10.0 98.6 100.00

20.0 10 19.9 11 9.3 110

Mean recovery 98.4 100.5

R.S.E single (%8 1.43 1.34

R.S.E; total (%) 1.38

@ Calculated by Eq(6).
b Calculated by Eq(7).
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Table 4
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Analytical characteristics for analysis of ASC, ASA and PAR by the proposed method

Analyte Wavelength (nm) Calibration equation R2a Linear range (g mtt) LOD (ngmL™1)

ASC 280 Y=9.0393C- 0.3694 0.9968 2-30 0.27

ASA 253 Y=177.34C-4.5079 0.9992 2-30 0.1

PAR 272 Y=-50.264C+ 3.6276 0.9979 2-25 0.12
@ Squared calibration coefficient.

Table 5

Results for several experiments for analysis of PAR, ASC and ASA in ternary mixtures by proposed method

Taken {ug mL~1) Found (ug mc1) Recovery (%)

ASC ASA PAR ASC ASA PAR ASC ASA PAR
2.0 10.0 100 21 100 101 104.62 100.15 101.74
2.0 40 150 19 4.0 153 95.00 100.88 103.74

10.0 0.0 200 100 9.9 207 100.11 99.48 92.01

20.0 60 50 199 56 4.6 99.34 93.11 105.00

25.0 20 20 250 18 21 100.14 90.00 102.50
1.0 5.0 4.0 11 255 41 110.00 101.96 113.09
2.0 2.0 20 18 200 23 89.96 99.97 94.40
5.0 10.0 4.0 49 99 38 97.25 99.15 96.82
6.0 6.0 100 6.1 6.2 9.7 102.20 102.68 90.46

10.0 50 4.0 103 4.9 36 102.80 98.11 91.61

Mean recovery 100.14 98.55 99.14

R.S.E. single (%) 1.25 1.86 4.03

R.S.E; total (%) 2.39

@ Calculated by Eq(6).
b Calculated by Eq(7).

Inorderto obtain the accuracy and precision of the method,
several synthetic mixtures with different concentration ratios
of PAR and MEF were analyzed using the proposed method.
The results are given ifable 3. The prediction error of a sin-
gle component in the mixtures was calculated as the relative
standard error (R.S.E) of the prediction concentrafi®j:

N oa o\ 1/2
Y (C:i—C;
D G I 100

R.S.E(%) = ST
=

(6)

whereN is the number of sample§; the concentration of the
component in thgth mixture and@j the estimated concen-
tration. The total prediction error & samples is calculated
as follows:

1/2

M N (} 2
> i=12_j-1(Cij — Cij) « 100

Y a(Cy)?

R.S.E¢(%) = @)

Table 6

whereCjj is the concentration of the component in ftie
samples and’;; its estimation.Table 3also shows the rea-
sonable single and total relative errors for such system.

5.3.2. Ternary mixture

Inthe proposed method, Beer’s law was obeyed in the con-
centration range 2—-35g mL~! for PAR and 2—-3gg mL~?!
for ASC and 2-3@Qug mL~1 for ASA. Table 4shows the linear
regression parameters for calibration data for simultaneous
determination of PAR, ASA and ASC in their ternary mix-
tures. Limit of detection of the method for determination of
PAR, ASA and ASC in their ternary mixtures (defined as the
concentration equivalent to three times the standard deviation
of five replicate measurements of the blank) are also shown
in Table 4.

To check the reproducibility of the method six replicate re-
solving of PAR, ASA and ASC in their ternary mixtures were
performed. The relative standard deviation (R.S.D.) for six
replicate determinations of 10y mL~* each of ASC, ASA

Analytical characteristics for analysis of MEF and PAR by ratio derivative spectrophotometric proc@jures

Drug A (nm) Calibration equation ra Linear range (g mE?)
Slop Intercept

MEF 3275 1.58x 10°* 9.63x 1073 0.9999 2.0-10.0

MEF 363.5 —1.80x 1073 7.90x 1073 0.9999 2.0-10.0

PAR 245.3 1.36x 10°* —3.80x 1072 0.9999 4.0-20.0

PAR 271.2 -1.21x 101 8.20x 1073 0.9999 4.0-10.0

2 Regression coefficient.
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Table 7
Analytical characteristics for analysis of ASC, ASA and PAR by double divisor-ratio spectra derivation (DDRSD) and ratio spectra derivative-zero crossing
(RSDZC)[14]

Methods A (nm) Calibration equation ra Linear range (ng mt?)
DDRSD 271.8 Y=1.2x 1072Cagp — 2.5x 1073 0.9999 8-28

267.4 Y=3.0x 10 2Cagc —2.7x 1073 0.9991 8-28

2415 Y=2.5x 1072Cppr +5.9x 1073 0.9998 8-28
RSDzC 286.1 Y=2.4x 107 2Cppr+7.2x 1073 0.9995 8-28

239.3 Y=5.6x 1072Casa+9.1x 1074 0.9998 8-28

292.4 Y=4.7x 1073Casa +8.0x 103 0.9980 8-28

241.2 Y=3.6x 1072Casa +6.9x 1073 0.9999 8-28

255.1 Y=9.1x 103Casc+1.9x 104 0.9998 8-28

281.1 Y=1.9% 1073Cpgc+2.0x 1074 0.9994 8-28

2 Regression coefficient.

and PAR, in ternary mixtures was obtained as 2.20, 2.54 andinates the derivative steps and therefore the signal-to-noise
2.93%, respectively. The mean recoveries for simultaneousratio is not degrade. The linear ranges, relative standard devi-
determination of these species in ternary mixtures were ob-ations (R.S.D.), mean recoveries and relative standard errors
tained as 99, 99 and 100% for ASC, ASA and PAR, respec- show the applicability, accuracy and precision of the proposed
tively. method.
The effect of divisor concentration on the analytical pa-
rameters such as detection limit, slope, intercept and corre-
lation coefficient of the calibration equations was tested. It Acknowledgement
was observed that changing the concentration of divisors in
their linear calibration range had no significant effect onthe ~ The authors acknowledge Dr. Hamid Abdollahi for helpful
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