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Use of TeAcceptorsin Charge-Transfer Complexation
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A spectrophotometric titration method is described for
the determination of some cephalosporins and their dosage
formsusing 0.005 M chloranilic acid solution in 1,4-dioxane
asthetitrant. The end-pointsis determined by measuring the
change in absorbance of the sample at 488-528 nm. Quanti-
tative recoveries with good reproducibility are reported for
cephalexin, cefadroxile, cefaclor, cefuroxime, cefoxitin,
ceftazidine and ceftriaxone eight dosage forms. The least-
squares method for the end point location in the spectropho-
tometric titration is also proposed.
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INTRODUCTION

The existence of chloranilic acid (CA) in three different forms
depending on the pH*2 of the solution, led toit'simportancein the pharma-
cological analytical uses. Silifkin et al.® studied the nature of chloranilic
acid complexeswith amino acidsand showed that 1:1 complexesareformed
in solution and 1:2 complexesin the solid state. Habeeb et al .** studied the
hydrogen bonded and proton transfer complexes of chloranilic acid with a
series of nitrogen and oxygen bases in the solid state and in different
solvents where 1:1 complexes produced. The utility of chloranilic acid as
T-acceptor for the spectrophotometric determination of many drugs have
been reported. El-sayed and Agrawal® introduced a spectrophptometric
method to estimate some akaloid through charge transfer complex forma-
tion with chloranilic acid. The determination of norfloxacin through charge
transfer (CT) complex formation with chloranilic acid has been reported
by Issa et al.”. Charan et al.® described a spectrophotometric method for
estimating astemizole and laratadine through CT complex formation with
chloranilic acid. Quina-pyramine dimethylsulphate whichisatrypanocidal
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drug was determined spectrophotometrically using chloranilic acid®. Some
catecolamine drugs as pure and in various dosage forms were also deter-
mined spectrophotometrically with chloranilic acid™. Another applications
of chloranilic acid for the determination of medical compounds containing
basic nitrogen atoms have been described™**. The molecular interaction
between chloranilic acid (1€l ectron acceptor) and various el ectron donors
aregenerally associated with the formation of intensely coloured chloranilic
acid complexes which absorb radiation in the visible region. The photo-
metric method based on these interaction are usually simple, rapid and
convenient. All the above aspects encouraged us to make further studies
utilizing chloranilic acid as T-acceptor complexing agent™. Hence, theaim
of the current work isto spectrophotometric determination of some cepha-
losporins drugs through their charge transfer complex formation with
chloranilic acid. These drugs are semisynthetic [3-lactam antibioticswidely
used in clinical chemotherapy in the pure and dosage forms'®.

EXPERIMENTAL

(UV/Vis) Spectrophotometer UV-1601 with personal spectroscopy soft-
ware version 3.7-Shimadzu (Tokyo-Japan) was used. All chemicals and
solvents used were of analytical reagent grade suppliers were as follows:
cephalexin sodium and cefadroxile sodium (first generation), cefaclor
sodium, cefuroxime sodium and cefoxitin sodium (second generation),
cefotaxime sodium, ceftriaxone sodium and ceftazidine sodium (third
generation) were obtained from Tabuk, Saudi Arabia Manufacturing Co).

For preparation of chloranilic acid solution (0.005 M), dissolve 1.045
g of p-chlorainlic acid in 1,4-dioxane and make up to 1 L. The solution,
when stored in an amber glass bottle, was found to be stable for at |east 6
weeks.

Pharmaceutical formulations: The following commercial dosage
formswere subjected to the analytical procedure. Cephalex capsules (Tabuk,
Saudi Arabia Manfacturing Co.) labeled to contain 250 mg cephalexin
anhydrous per capsule. Droxil capsules (The united pharmaceutical Mfg.
Co. Ltd.) labelled to contain 500 mg cefadroxil anhydrous per capsule and
tabiclor capsules (Tabuk, Saudi Arabia Manfactaring Co.) labelled to
contain 250 mg cefaclor anhydrous, Foxitin injection (Tabuk, Saudi Arabia
Manfact uring Co.) labelled to contain 1 g cefoxitin sodium per injection,
zinacef injection (Glaxo Saudi Arabia Ltd) lablled to contain 750 mg
cerfuroxime, foxime injection labeled to contain 1 g cefotaxime sodium
and triaxone injection lebelled to contain 1 g ceftriaxone sodium from
(Tabuk, Saudi Arabia Manfacturing Co.).

Standard solution: Into a20 mL calibrated flask, 5 x 102 M of each
amino cephlosporins were prepared in methanol, then transferred to 100
mL calibrated flask in 1,4 dioxane to prepare 1 x 10° M from each drugs.
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Working solutions: Capsulesandinjections: 5x 10° M of each drugs
from the contents of the injection or from a composite of the mixed con-
tents of 20 capsuleswere prepared in methanol. Then follow the procedure
as for the standard solutions.

General procedure: Transfer 5-25 mL of 1,4-dioxane solvent of each
drugs into the titration flask. Deliver the titrant in 0.5 mL increments, stir
and read the absorbance of the solution at 488-528 nm after each addition
of titrant.

The end point is determined from a graph of absorbance vs. volume of
titrant as being the intersection of the two straight line segments, or math-
ematically using the equation derived by the |least-squares method"’.

RESULTSAND DISCUSSION

The amino cephalosporins cephalexin, cefadroxile, cefaclor,
cefuroxime, cefoxition, cefoxitin, cefotaxime, ceftriaxone and ceftazidine
have different structures and presented in Fig. 1. They exhibit different
absorption maximain the UV-Visregion'®. However, with chloranilic acid
in a non-aqueous medium these cephal osporins give apurple chromogen
with amost similar maxima in the vicinity of 488-528 nm.
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Fig. 1. Structures of cephalosporins
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The identical nature of the absorption spectra, Figs. 2-4 are probably
due to the common origin of the charge-tranfer complexation between the
cephalosporins acting as T-donor and chloranilic acid acting a T-acceptor
according to the following equation

4o
Fast _
+ CA e | RN 3= CA - RN cA

R ;N B —

Intermediate Radical anion

1,4-Dioxane was used as the solvent owing to its low dielectric con-
stant and it appears not to compete or shield the charge transfer process
from donor to acceptor that is necessary for instant and stable formation at
room temperature (about 25°C). The el ectronic spectrawere scanned against
the same el ectron acceptor concentration to eliminate the possible overlap
that may arise between CT complex band and that of the acceptor.

The operating wavelength of 488-528 nm was selected as it was the
wavelength of maximum absorption for the complex and owing to the fact
that there was no interference by other absorbing substances at this wave-
length. The absorbance of the solution was corrected for dilution by multi-
plying the observed absorbance by the factor (V, + v)/V, where V, is the
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Fig. 2. Electronic absorption spectra of CT complex of ceftriaxone with CA in
1,4-dioxane, [CA] =5 x 10° M, [ceftriaxone] = 0.0396, 0.403, 0.411,
0.417,0.427,0.435, 0.444, 0.453 and 0.462 mg/mL for curvesfrom 2-10



Vol. 19, No. 7 (2007) Useof r=Acceptorsin CT-Complexation of Some Cephaosporins 5273

0.800 T T

0.600}

0.400H

Absorbance

0.200p

0.000 L s
330.0 500.0 6€00.0 700.0

Wavelength (nm.)

Fig. 3. Electronic absorption spectra of CT complex of cefoxitin with CA in
1, 4-dioxane [CA] =5 x 107 M, [cefoxitin] = 0.305, 0.311, 0.317, 0.323,
0.329, 0.335, 0.342, 0.349, 0.356 and 0.364 mg/mL for curvesfrom 2-10

0B 00— e

0.600

Absorbance

0.400- K

0.200

[ -
330.0 500.0 600.0 700.0

Wavelength (nm.)
Fig. 4. Electronic absorption spectra of CT complex of cefroxime with CA in
1,4-dioxane, [CA] =5 x 10° M, [cefroxime] = 0.303, 0.309, 0.314, 0.319,
0.326, 0.333, 0.339, 0.347 and 0.354 mg/mL for curves from 2-10
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volume prior to the titrant addition and v is the volume of titrant added.
Failure to make volume corrections may introduce unsuspected errors as
extrapolation of aline incorrect slope will give an incorrect end-point.

Figs. 5-7 illustrate a typical titration graphs obtained with some
cephal osporine drugs. Initialy, thereisan increase in absorbance owing to
complex formation but after the equivalence point is reached thereis very
little further increase in absorption. An important conclusion from these
figures is the formation of 1:1 molecular charge transfer complexes
between the cephal osporins and chloranilic acid.
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Fig. 5. Spectrophotometric titration curve of foxitin with 5 x 10° M CA at 527 nm
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Fig. 6. Spectrophotometric titration curve of ceftazidine with 5 x 10° M CA at 524 nm
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Fig. 7. Spectrophotometric titration curve of cephalexin with 5 x 10° M CA at 507.5 nm
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Use of the least-squares method to determine the end point in
spector photometric titration

In spectrophotometric titration graphs, where the graphical location of
the end point may not be easy and subject to individual variation the
following mathematical procedure based on the least squares method for
location of the end-point was suggested"’.

The absorbance readings are measured not in the vicinity of the end-
point but before and after the end-point and the absorbances should give a
|east-squares straight line. The regression linefor the pointslocated before
the equivalence point can be described as

Ai=a+b 'V, D
and after the equivalence point, the regression equation for agiven lineis
A= +bV; 2

where A; and V; are the variable absorbances and volumes respectively,
before the end-point and A, and V, the corresponding variables after the
end point. The constants a; and b, are the intercept and the slope before the
end-point, respectively and & and b, the contstants after the end-point.

At the equivalence point these two linesintersecti.e., A1 =A;andV, =
V,. Therefore, equating the right hand side of egns. 1 and 2:

a+bV=a+bV (€©)
Rearrangement gives
V = (a-a)/(b-by) (4)

whereV isthe volume of titrant at the equivalence point
a,=A,—b\V,; a,=A,—b,V,
bl = nlzlel—ZVZAllnlzvlz—( ZV]_)Z

b2 = N2V,A—2V 2ZA2/nZV22—(ZV2)2

A,,A,,V, and V, are the corresponding mean values and n; and n, denote
the number of absorbance measurements before and after the end-point.
Graphical and mathematical location of the end-point was applied to
the data obtained in the spectrophotometric titration of each cephal ospor-
insin Table-1.
The percentage recovery was calculated using the following equation:

V xmolarity of chloranilic acidxF
Mass of samples (Q)

x100

Recovery (%) =

The factor F equals the relative molecular mass of cepholexin,
cefadroxil, cefaclor, cefuroxime, cefoxitin, cefotaxime, ceftriaxone and
ceftazidine, respectively.
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TABLE-1
ASSAY RESULTS FOR SOME AMINO CEPHALOSPORINS USING GRAPHICAL
AND LEAST SQUARES METHODS FOR THE LOCATION OF END-POINT.
THE FIGURES IN PARENTHESES ARE THE MEAN PERCENTAGE
RECOVERY + STANDARD DEVIATION (SD)

Cephalosporins Atr;?;qnt Volume Gregphicd method Volume Least-squares
compounds (mg) (mL) recovery (%) (mL) method recovery (%)
) 174 197 9850 1.9850 99.25
Cephalexin 521 298 99.33 2.9990 99.97
(98.92 + 0.59) (99.61 % 0.51)
X£SD. 2,75t 1.08t
. 381 197 98.50 1.9934 99.67
Cefedroxil 572 299 99.67 3.0100 100.33
(99.09 + 0.83) (100.00  0.47)
X+3D 154t 0.004
191 099 99.00 0.9995 99.95
381 201 100.00 1.9990 99.95
Cefaclor 572 299 99.67 3.0100 100.33
954 502 100.40 4.9900 99.80
(99.89 + 0.70) (100.01 = 0.23)
X+5D 0.31% 0.08%
212 099 99.00 0.9995 99.95
. 424 1.99 99.50 2.0100 100.50
Cefuroxime 637 303 101.00 2.9995 99.98
1061 502 100.40 5.0086 100.17
(99.98 + 0.89) (100.15+ 0.25)
X+ 3D 0.045¢ 1.2
214 097 97.00 0.9850 9850
Cefonitin 428 205 101.50 1.9958 99.93
641 597 99.00 3.0000 100.00
1069 499 99.80 4.9995 99.99
(99.33+ 1.87) (99.61+ 0.74)
X+5D 0.74% 1.05%
228 101 101.00 1.0000 100.00
. 456 201 100.50 1.9995 99.98
Cefotaxime 683 298 99.33 2.9999 99.99
1139 501 100.20 5.0500 101.00
(100.26 = 0.70) (100.24 = 0.51)
X+ 3D 0.72% 0.04%
277 098 98.00 1.0092 100.92
. 555  1.99 99.50 2.0000 100.00
Cetriaxone 832 201 100.50 2.9925 9.75
1386 498 99.60 4.9995 99.99
(99.40 + 1.04) (100.22 = 0.47)
X+3D 1.15% 0.89%
272 101 101.00 0.9850 9850
. 547 202 101.00 1.9950 99.98
Ceftezidine 820 299 9.67 2.9950 90.83
1367 4.988 99.60 5.0100 100.20
100.32+ 0.79 (99.63+ 0.77)
X+ 3D 0.75% 097+

TVauefor tqyqes FOr Which tye4ics = 3.30 for 2° of freedom at confidence interval = 95%.
FVauefor tyyyaes FOr Which ty . wica = 2.78 for 4° of freedom a confedence interva = 95%.



Vol. 19, No. 7 (2007) Useof r=Acceptorsin CT-Complexation of Some Cephaosporins 5277

Statistical comparison for graphical and mathematical location of the
end-point for cephalosporins (Table-1) reveals that both methods are of
equal accuracy, as none of the values for tcacuaes €XCEEd tineoretica. The
proposed method was applied for pharmaceutical preparations where both
the calculated t and f values are not exceed the theoretical values as shown
in Table-2.

ASSAY RESULTSFOR SOME PHARMACEUTICAL PREPARTIONS
Preparations taAk;nqo(ur?é) Mean recovery* + SD E&)ﬁgdeg

Ezz?i)hsnglxcapwle) Lrs2l (o.9§sc:))49)j£|:0 '(?1.72359) P42+ 138
gg‘%gmwle) 381-5.72 t(o.zggééﬁ%sz.&% 99.33+ 0.67
(Tzas%cflr%/capwle) 191954 (z.fféii J_;?f%ssg) 976+ 1.09
I(:1O Q}f'n'}ecu on 211069 (0.6%%3;? F (%1.%702) 9899+ 153
(27”5‘8‘/‘3;‘:9 ection) 2121061 (2.%1)'5%? : (03;%9048) 97.96+ 1.95
'(:f’é'lmf “siion) 2281139 (2_%08'8(;?;—’ (03;20683) 98.99+ 1.00
(Tlr ! ;’I‘f“rz“ ) 277138 (2.%887437 z (%%071 y 9844x120

Number of determinations = 3.
*Percentage recovery in cephaosporins and percentage of lable claim in
pharmaceutica preparation.

The use of the |east-squares method in the location of the equivalence
point is better than the graphical method as the certainty with which the
end-point is determined is increased. As indicated above, the graphical
method is subjective, as in some instance different lines can be drawn
through the points on the graph giving different end-point, whereas only
one end-point is obtained by the least squares method.
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