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Introduction 
Doxycycline hydrochloride (C22H24N2O8, HCl) (CAS 
10592-13-9), 4-dimethylamino-1,4,4a,5,5a,6,11,12a-
octahydro-3,5,10,12,12a-pentahydroxy-6-methyl-1,11 
dioxonaphthacene -2-carboxamide, is a member of the 
tetracycline derivatives with a well-known 
antibacterial activity against a variety of infections such 
as malaria. The determination of tetracycline and 
related compounds is a major assignment for drug and 
pharmaceutical analysis taking into account their 
application in several aspects such as animal drugs, 
disinfected, and fresh maintaining agents.1 Therefore, 
determination of Doxycycline has an important 
practical meaning. Many several sophisticated 
analytical methods were reported to determine 
Doxycycline such as spectrophotomerty,2-4 
spectrofluorimetry5, chemiluminescence6, thin layer 
chromatography7, capillary electrophoresis8, high 
performance liquid chromatography HPLC,9-1 HPLC in 
combination with diode-array detection (HPLC-
DAD),12high performance liquid chromatography with 
resonance Rayleigh scattering detection (HPLC–
RRS)13,sequential injection chromatography (SIC),14 

voltammetry,15amperometry,16molecularly imprinted 
polymer1 and ion-selective electrodes.18-20 

Many of these methods involve several time-
consuming, extraction steps, derivatization reactions 
that are liable to various interferences and also are not 
applicable to colored and turbid solutions. Carbon 
paste ion selective electrodes (CPEs) have attracted 
attention as reliable, fast and reproducible method for 
the determination a wide range of compounds and 
environmental species.21 They can be prepared by the 

simple mixing of graphite/binder paste and modifiers. 
These electrodes possess many advantages such as low 
background current, low cost, ease of fabrication and 
ability to be used without the need for internal 
solution.22 
In the present work, several carbon paste electrodes 
have been constructed. The electrodes are based on 
incorporation of Doxycycline-phosphotungstate (Dc-
PT) or Doxycycline-phosphomolybdate (Dc-PM) or 
Doxycycline-silicotungstate (Dc-ST) ion-associates in 
graphite plasticized with dibutyl phthalate (DBP) or 
tricresyl phosphate (TCP). The performance of these 
electrodes was examined with regard to sensitivity, 
selectivity, pH effect and response time. Applications of 
these electrodes in determination of Doxycycline in 
pure solutions and pharmaceutical preparation for 
batch and FI system are described. 
Experimental: 
Chemicals and reagents: 
All chemicals and reagents used throughout this work 
were of analytical grade and solutions were made by 
bi-distilled water. Graphite powder, Dioctyl phthalate 
(DOP), silicotungstic acid (STA), tricresyl phosphate 
(TCP) and dibutyl phthalate (DBP) were supplied from 
Aldrich chemical company (Germany). 
Phosphomolybdic acid (PMA) and ethylhexyl adipate 
(EHA) were purchased from Fluka (Germany). 
Phosphotungstic acid (PTA) is obtained from BDH 
(England) and dinonyl phthalate (DNP) from Merk 
(Germany). Corn oil was purchased from Afia 
international company (Egypt). 
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Abstract 
Doxycycline, a broad spectrum antibiotic from the tetracycline group, is 
widely used to treat bacterial infections such as pneumonia and other 
respiratory tract infections like severe acne, lyme disease and rosacea. While 
there are a number of methods for the determination of Doxycycline, a rapid 
and cost effective method is still highly demanding. A potentiometric method 
for determination of Doxycycline in pure and pharmaceutical solutions is 
proposed and validated. This method is based on new chemically modified 
carbon paste electrodes using the ion-associates of Doxycycline with 
phosphotungstic acid (Dc-PT), phosphomolybdic acid (Dc-PM) and 
silicotungstic acid (Dc-ST). The three electrodes demonstrated slopes of 59.49, 
63.98 and 59.52 mV/decade at 25 ºC in the concentration ranges 7.94-1250, 
6.30-2450 and 6.30-1650 µmol/L. Limits of detection (LODs) were 6.30, 5.0 
and 3.98 µmol/L for Dc-PT, Dc-PM and Dc-ST, respectively. The new sensors 
exhibit a short response time ≤ 12 s and can be used for at least 2 months 
without any considerable deviation in performance. The proposed sensors are 
selective to Doxycycline over a wide range of other cations. The sensors were 
applied to pure solutions and pharmaceutical formulations in both batch and 
flow injection analysis modes with recoveries ranging from 95.98 to 104.30%. 
Keywords:   Doxycycline, carbon-paste sensor, potentiometry, flow injection 
analysis, heteropolyacids. 
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Doxycycline hydrochloride (Dc.Cl) (M.wt=480.9 g/mol) 
was provided by Kunshan Chemical and 
Pharmaceutical Co., Ltd. and was used as working 
standard. Its commercial preparations, Farcodoxin ®and 
vibramycin® capsules labeled to contain 100 mg 
Dc.Cl/capsule are produced by Pharco Company for 
Pharmaceutical Industries (Alexandria, Egypt) and 
Pfizer Company for Pharmaceutical Industries (Cairo, 
Egypt), respectively.  
Na, K, Zn, Mg, NH4, Mn, Co, Ca, Ba and Pb salts were 
obtained from Adwic chemical company (Egypt). 
Glucose, lactose, maltose, fructose, sucrose, glycine, L-
threonine, DL-methionine, asparagin monohydrate, D-
alanine, DL-valine, DL-serine and β-cyclodextrine were 
obtained from Aldrich chemical company (Germany). 
Preparation of the ion associates: 
The ion associates, Dc-PT and Dc-PM, were prepared by 
mixing 150 mL of 10.0 mmol/L Dc.Cl solution with 50 
mL of 10.0 mmol/L of each phosphotungstic and 
phosphomolybdic acid, respectively. For preparation of 
Dc-ST, 200 mL of 10.0 mmol/L Dc.Cl was mixed with 50 
mL of 10.0 mmol/L of silicotungstic acid. The 
composition of ion associates has a molar ratio 3:1 in 
case of Dc-PT and Dc-PM, and 4:1 in case of Dc-ST, as 
confirmed by elemental analysis data performed at the 
microanalytical research laboratory in National 
Research Center, Dokki, Cairo, Egypt. The percentage 
values found are 23.26, 1.13, and 2.03, and the 
calculated values are 18.82, 1.71, and 1.99 for C, H, and 
N, respectively, in case of Dc-PT, whereas in case of Dc-
PM the percentage values found are 26.29, 2.80, and 
3.00 and the calculated values are 25.12, 2.28, and 2.66 
for C, H, and N, respectively. For Dc-ST ion exchanger, 
the data of elemental analysis found are 21.90, 2.20, 
and 2.50 and the calculated values are 22.70, 2.06, and 
2.41 for C, H and N, respectively. 
Apparatus and emf measurements: 
Potentiometric and pH measurements in batch mode 
were carried out by using a Jenway 3010 digital pH/mV 
meter, England. A Techne (Cambridge, UK) Model C-
100 circulator thermostat was used to control the 
temperature of the test solutions. A saturated calomel 
electrode (SCE) was utilized as an external reference 
electrode. The electrochemical system of CMCPEs is 
represented as follows: Dc-CMCPE/test solution/SCE. 
For flow injection analysis, single-stream FIA manifold 
was used.23 The FIA system permitted analyses to be 
carried out using a low dispersion FIA manifold. The 
optimized factors of the FIA analysis along with the 
response characteristics of the electrodes under these 
conditions were evaluated according to IUPAC 
recommendations.24 
Preparation of the electrodes: 
The electrode body consists of a Teflon holder (12 cm 
length) with a hole at the end (7 mm diameter and 3.5 
mm deep) for the carbon paste filling.25This electrode 
was used for potentiometric measurements after 
soaking in 1.0 mmol/L of Dc.Cl for 15 minutes, one day 

and 2 hours for Dc-PT, Dc-PM and Dc-ST electrodes, 
respectively. 
After several uses for a long time (2 or 3 months), a 
fresh electrode surface can be obtained by squeezing 
out a small amount of the paste, scrapping off the 
excess against a conventional paper and polishing the 
electrode on a smooth paper to obtain a shiny 
appearance again. 
Construction of calibration curves: 
For batch measurements, suitable increments of 
standard Dc.Cl solutions were added to 50 mL doubly 
distilled water to cover the concentration range 1.0 
µmol/L – 10 mmol/L. A potentiometric cell consisting 
of the sensing and the reference electrodes is 
immersed in the test solution and the emf values were 
recorded after each addition and plotted versus the 
negative logarithmic value of the drug concentration 
(pDrug). All measurements were carried out at ambient 
conditions, 25±1 ºC.  
For flow injection, a series of standard Dc.Cl solutions 
of concentrations between 10 µmol/L –10 mmol/L was 
prepared and their corresponding peak heights were 
measured and used to draw the calibration graph and 
determine its slope. 
Selectivity of the electrodes: 
In batch conditions, the selectivity coefficients were 
determined by matched potential method (MPM).26In 
this method, the selectivity coefficient is defined as the 
activity ratio of primary and interfering ions resulting 
in the potential change under identical conditions. At 
first, a specific activity (adrug) of the primary ion 
solution is added into a reference solution consisting of 
a fixed activity of primary ions, and the corresponding 
potential change (ΔE) is recorded. Next, a solution of an 
interfering species is added to a similar reference 
solution until the same potential change (ΔE) is 
recorded. It is important to notice that the change in 
potential produced at the constant background of 
primary ion must be the same in both cases.  
 
 
 
Where aJ is the activity of the added interferent. 
In flow injection, the separate solution method was 
applied where solutions of 1.0 mmol/L of interfering 
ions were prepared and the corresponding peak 
heights were measured. The peak heights were 
converted to millivolts and then compared to that 
obtained from the standard drug solution of the same 
concentration at the same conditions. The selectivity 
coefficients were calculated using the following 
equation: 
 
 
Where E1 and E2 are the electrode potentials of 1.0 
mmol/L solution of each of Doxycycline and interferent 
cation, Jz+, respectively and S is the slope of the 
calibration graphs. 
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Potentiometric determination of Doxycycline: 
Doxycycline has been determined potentiometrically 
using the investigated electrodes by the standard 
addition method.27 In standard addition method, small 
known increments of 10.0 mmol/L standard Dc.Cl 
solution were added to 50 mL aliquot sample of various 
concentrations (0.08 – 0.4 mmol/L) of pure drug or 
pharmaceutical preparations Vibramycin® and 
Farcodoxin® capsules. The change in millivolt readings 
was recorded for each increment and used to calculate 
the concentration of Dc.Cl sample solution using the 
following equation: 

 
Where Cx and Vx are the concentration and volume of 
unknown, respectively, Cs and Vs are the concentration 
and volume of standard, respectively, S the slope of the 
calibration graph and ΔE is the change in millivolt due 
to the addition of standard.  
Determination of Doxycycline in pharmaceutical 
preparation Vibramycin® and Farcodoxin® 
capsules 
The contents of ten capsules were powdered and mixed 
in a mortar; the required amount from the capsules 
powder was dissolved in about 30 mL double distilled 
water and filtered in a 50 mL measuring flask. To 
ensure complete transfer of the material, the residue 
was rinsed with double distilled water multiple times; 
the volume was completed to the mark by double 
distilled water. The concentration was determined by 
applying potentiometric measurements. 
In flow injection analysis, the peaks obtained from a 
standard series of different concentrations of Dc.Cl are 
compared with those obtained by a series of the drug 
measured under the same conditions of flow rate and 
sample volume. The percentage recovery can be 
obtained as the ratio of the peak heights and thus the 
concentrations can be calculated. 
Results and Discussion: 
Optimization of the electrodes in batch conditions: 
The general characteristics of the sensor explored by 
determination of its detection limit, linear range, 
sensitivity and selectivity coefficients. To ensure the 
optimal performance of the carbon paste electrode, 
several factors of the preparation process have been 
thoroughly studied and optimized. For example, some 
important attributes of the carbon paste electrode, 
such as the type of the plasticizer, the graphite 
(G)/plasticizer ratio, the nature and amount of the ion 
associate, are known to significantly influence the 
sensitivity and selectivity of the sensor.28 

Composition of the paste: 
To make the most effective use of the ISEs, their ion 
associates should have rapid exchange kinetics and 
adequate formation constants in the paste. Good 
solubility in the paste matrix and sufficient lipophilicity 
are also necessary to prevent leaching of the ion 

associates from the paste into the sample solution.29 
The ion associate of Dc-PT, Dc-PM and Dc-ST were 
prepared and tested as modifiers for the present 
electrodes. The influences of the amount of the different 
Doxycycline ion associates on the performance of the 
carbon paste were investigated and the corresponding 
results are summarized in Table 1. The results indicate 
that in the presence of the ion associate, the sensor 
displayed a remarkable selectivity for Doxycycline cation. 
It was found that electrodes with composition 3%, 2%, 
2% of Dc-PT, Dc-PM and Dc-ST, respectively (Nos. 2, 14 
and 26; Table 1) produce the widest concentration range, 
the lowest detection limit and shortest response time 
with Nernstian slope towards Dc+ cations, except for Dc-
ST electrode where its slope is near Nernstian (53.20 
mV/decade). The other ion associates percentages gave 
unsatisfactory response. Further increase in the ratio of 
the ion associate (sensors No. 4, 17 and 29) results in a 
little decrease in the response of the electrode, likely due 
to the non-uniform composition of the electrode and 
possible saturation of the carbon paste.30 
To investigate the influence of the solvent mediator 
type on the characteristics of the Dc-sensor, six 
solvents with different polarities including DBP, DOP, 
TCP, EHA, DNP and corn oil were utilized. Different 
solvent/graphite (w/w) ratios were studied and the 
ratios around 1:1 produced maximum sensitivities for 
all of the solvent mediators. Table 1 reveals that among 
the different solvents used, DBP and TCP are the most 
effective mediators in preparing Dc-CMCPE (Nos. 2, 14, 
and 34). It is worth noting that the nature of the solvent 
have a great impact on the mobility of ions and 
provides the appropriate conditions for incorporation 
of Dc+ ion into the paste prior to its exchange with the 
ion associate. 
Despite the proper linear range of the Dc-ST electrode 
plasticized with TCP (No. 33), the use of this solvent resulted 
in a linear range whose slope is lower than that predicted 
from Nernstian equation. Nevertheless, increasing soaking 
time improved the response characteristics of the resulting 
electrode (No. 34). The paste electrodes containing EHA, 
DOP, DNP and corn oil (Nos. 5-8, 18-20, 26, 30-32) exhibited 
lower slopes and very poor response. These results are 
summarized in Figure 1, which represents the effect of 
solvent mediator on the performance characteristics of Dc-
PT electrode. 

 
Figure 1- Effect of the different solvent mediators on the potential response 
of Dc-ST CMCPE; namely TCP (a), DBP (b), EHA (c), DOP (d) and DNP (e). 
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Paste No. 
Composition (%) 

Slope 
(mV/decade) 

Linear range 
(10 µmol/L) 

LOD 
(µmol/L) Ion associate Graphite 

Solvent 
mediator 

additives 

1 1.0 Dc-PT 49.5 49.5 DBP - 55.13 0.63-125 3.98 
2 *3.0 Dc-PT 48.5 48.5 DBP - 59.49 0.79-125 6.30 
3 5.0 Dc-PT 47.5 47.5 DBP - 61.52 0.63-166 3.98 
4 7.0 Dc-PT 45.5 45.5 DBP - 56.30 0.63-166 5.01 
5 3.0 Dc-PT 48.5 48.5 TCP - 51.93 1.00-245 7.94 
6 3.0 Dc-PT 48.5 48.5 EHA - 40.96 0.63-318 5.01 
7 3.0 Dc-PT 48.5 48.5 DOP - 45.24 0.63-166 3.98 
8 3.0 Dc-PT 48.5 48.5 Corn oil - 28.20 2.00-125 12.2 
9 3.0 Dc-PT 48.25 48.25 DBP 0.5 NaTPB 80.10 3.98-319 22.3 

10 3.0 Dc-PT 48.00 48.00 DBP 1.0 NaTPB 92.00 5.66-319 39.8 
11 3.0 Dc-PT 48.25 48.25 DBP 0.5 KTPB 67.10 1.00-165 6.30 
12 3.0 Dc-PT 48.00 48.00 DBP 1.0 KTPB 75.60 1.99-165 10.0 
13 1.0 Dc-PM 49.5 49.5 TCP - 61.60 0.79-68.3 2.8 
14 *2.0 Dc-PM 49.0 49.0 TCP - 63.98 0.63-245 5.0 
15 3.0 Dc-PM 48.5 48.5 TCP - 67.29 0.63-165 5.0 
16 5.0 Dc-PM 47.5 47.5 TCP - 74.84 0.63-165 5.0 
17 7.0 Dc-PM 45.5 45.5 TCP - 74.43 0.63-319 3.98 
18 2.0 Dc-PM 49.0 49.0 DBP - 58.01 0.40-35.4 3.54 
19 2.0 Dc-PM 49.0 49.0 EHA - 38.90 0.40-5.66 3.54 
20 2.0 Dc-PM 49.0 49.0 DOP - 19.79 0.40-3.98 3.16 

21 2.0 Dc-PM 48.75 48.75 TCP 0.5 NaTPB 76.33 1.99-165 11.2 

22 2.0 Dc-PM 48.50 48.50 TCP 1.0 NaTPB 76.00 1.00-165 7.94 
23 2.0 Dc-PM 48.75 48.75 TCP 0.5 KTPB 71.36 0.63-165 7.08 
24 2.0 Dc-PM 48.50 48.50 TCP 1.0 KTPB 71.55 0.63-165 5.01 
25 1.0 Dc-ST 49.5 49.5 DBP - 46.50 0.63-125 4.96 
26 2.0 Dc-ST 49.0 49.0 DBP - 53.20 0.63-165 3.98 
27 3.0 Dc-ST 48.5 48.5 DBP - 54.54 0.63-125 3.98 
28 5.0 Dc-ST 47.5 47.5 DBP - 54.01 0.63-125 4.96 

29 7.0 Dc-ST 45.5 45.5 DBP - 44.50 0.63-165 4.48 

30 2.0 Dc-ST 49.0 49.0 EHA - 44.4 1.00-165 6.70 
31 2.0 Dc-ST 49.0 49.0 DOP - 71.47 1.99-35.4 19.9 
32 2.0 Dc-ST 49.0 49.0 DNP - 54.30 1.99-68.3 7.94 
33 2.0 Dc-ST 49.0 49.0 TCP. - 51.83 0.63-165 3.98 
34 *2.0 Dc-ST 49.0 49.0 TCP 2 h - 59.52 0.63-165 3.98 
35 2.0 Dc-ST 48.75 48.75 TCP 0.5 NaTPB 87.06 1.99-318 1.00 
36 2.0 Dc-ST 48.50 48.50 TCP 1.0 NaTPB 82.58 1.99-318 14.1 
37 2.0 Dc-ST 48.75 48.75 TCP 0.5 KTPB 78.73 0.79-3.18 7.07 
38 2.0 Dc-ST 48.50 48.50 TCP 1.0 KTPB 80.56 0.79-3.18 6.30 

49 2.0 Dc-ST 48.75 48.75 TCP 
0.5 β-

cyclodextrin 
57.91 0.40 -245 1.99 

Table1- Optimization of the carbon paste ingredients. (*): Selected sensor 

Beside the critical role of the nature and the amount of 
solvent mediator in preparing Dc-CMCPE,other 
parameters such as the presence of lipophilic anions 
may have a significant influence on the potential 
response of the Dc-CMCPE. It is well known that the 
presence of lipophilic anionic sites in cation-selective 
electrodes not only reduces the Ohmic(resistance31,32 
)and improves the response behavior and (selectivity33 
)but also, in cases where the exchange capability of the 
ion associate is poor, it enhances the sensitivity of the  
(electrode.34 )In some cases, it was shown that the 
lipophilic additives can catalyze the exchange kinetics 
at the sample electrode interface.35 Two excellent 
lipophilic anions, NaTPB and KTPB, were employed to 
investigate the influence of the anionic sites in the 
paste system on the response of the Dc-CMCPE. As 

Table 1 shows, in absence of NaTPB or KTPB, the 
electrodes exhibit near Nernstian slopes (Nos. 2, 14 
and 34), whereas the addition of different amounts of 
NaTPB and KTPB to the paste (Nos. 9-12, 21-24 and 35-
38) results in super Nernstian behavior, but at the 
same time poor linearity and non-reproducible results 
were also observed. Addition of 0.5% β-cyclodextrine 
resolves this issue by giving a Nernstian slope with 
wide linear range and low detection limit in 
comparison to the paste without additive (No. 39). 
Among the different compositions studied, the pastes 
incorporating 3% Dc-PT, 2% Dc-PM, 2% Dc-ST with 
48.5, 49.0, 49.0% graphite and 48.5% DBP, 49.0, 49.0% 
TCP (Nos. 2, 14 and 34) exhibit the best response 
characteristics. Therefore, these compositions (Figure. 
2) were used to study various operation parameters of 
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the electrode. The performance of these electrodes in 
both batch mode and FIA conditions were 
systematically investigated according to the IUPAC 
(recommendations 28) and presented in Table 2. 
Parameters Dc-PT  Dc-PM  Dc-ST  
Electrode-composition 
(w/w) % (ion associate 
/graphite/plasticizer) 

(3/48.5/48.5 
DBP) 

(2/49.0/49.0 
TCP) 

(2/49.0/49.0 
TCP) 

Slope (mV/decade) 59.49 63.98 59.52 
Limit of detection 
(µmol/L) 

6.30 5.0 3.98 

Linear range (10 µmol/L) 0.79 - 125 0.63 -245 0.63 – 165 
Correlation coefficient (r2) 0.997 0.994 0.993 
Response time (s) <11-15 <10-13 <10-12 
Life span (days) 90 95 61 

Table 2- Response characteristics of Dc-CMCPEs 

 
Figure 2- The optimum response characteristics of Dc-PM (a), Dc-
ST (b) and Dc-PT (c) electrodes. 

Effect of soaking on the life span of sensors 
The effect of soaking time on the performance of the 
carbon paste electrode surfaces was studied by 
measuring the slope of the calibration graphs for 
variable intervals of time starting from 15 minutes 
reaching to 3 months (Table 3). As shown in this table, 
while the slopes of Dc-PM and Dc-ST electrodes after 
15 and 30 minutes were 51.55 and 56.50 mV/decade, 
they changed to 65.35, 59.50 mV/decade after 1 day 
and 2 hours of soaking, respectively. The slopes of the 
calibration graph of Dc-PM and Dc-ST electrodes 
remain near Nernstian for about 65 and 61 days and 
were found to be 63.41 and 67.60 mV/decade before 
decreasing gradually to reach 51.69 and 46.70 
mV/decade after 95 and 91 days, respectively. This 
negative effect of soaking can be attributed to gradual 
leaching of the ion associate and plasticizer to the 
bathing solution according to the distribution 
equilibria and diffusion rates. Another explanation for 
this phenomenon lies in the possible penetration of 
water molecules from the bathing solution to the paste, 
causing slow solvation of the lipophilic salts in situ, so 
they are slowly leached out and decrease the electrode 
life.36 However, the slope of Dc-PT electrode after 15 
minutes of soaking was 61.08 mV/decade and when it 
is kept dry in air showed good preservation of its slope 
value and response extending to 3 months.  
The main attraction of using the modified electrode is 
that the electrode surface can be renewed after every 
use. The slope of the calibration graph of Dc-PT, Dc-PM 
and Dc-ST electrodes was found to decrease slightly to 

51.90, 51.69 and 46.70 mV/decade, respectively after 2 
to 3 months of use. In this case, the electrode surface 
can be renewed by squeezing a little carbon paste with 
the exhausted surface out of the tube and a fresh 
surface is smoothed on a piece of weighing paper.37 
Accordingly, a paste of optimum composition and 
suitable weight (= 0.2 g) can be used for several 
months without any deterioration or change in the 
response of the electrode. A new surface becomes 
ready for potentiometric measurements after soaking 
in 1.0 mmol/L of Doxycycline solution for 15 minutes. 
The activity of electrodes was thus restored and 
enhanced from 51.90, 51.69 and 46.70 to 60.20, 64.22 
and 68.10 mV/decade for Dc-PT, Dc-PM and Dc-ST 
electrodes, respectively. 

Soaking 
time 

Slope 
(mV/decade) 

Linear range 
(10 µmol/L) 

Response time 
(s) 

Dc-PT CMCPE 
15 min 61.08 0.63-125 <12 

1 d 58.20 0.63-125 <12 
2 d 62.30 0.63-125 <12 
3 d 61.80 0.63-84 <12 
4 d 59.50 0.63-68 <12 
7 d 60.20 0.63-84 <12 
8 d 62.50 0.63-125 <12 

13 d 62.60 0.63-84 <15 
21 d 56.46 0.63-84 <15 
30 d 55.05 0.63-84 <15 
60 d 54.00 0.79-165 <15 
90 d 51.90 1.00-84 <15 

Dc-PM CMCPE 
15 min. 51.55 0.63-125 <15 

1 h 59.14 0.63-165 <15 
4 h 54.30 0.63-125 <13 
6 h 59.03 0.63-125 <12 
1 d 65.35 0.63-125 <12 
5 d 68.90 0.63-165 <12 

10 d 64.87 0.79-165 <12 
14 d 63.85 0.79-125 <12 
36 d 58.96 0.79-84 <13 
65 d 63.41 1.00-69 <15 
95 d 51.69 1.00-69 <15 

Dc-ST CMCPE 
30 min. 56.50 0.63-165 <12 

1 h 57.90 0.63-125 <12 
2 h 59.50 0.63-165 <12 
3 h 60.10 0.63-125 <12 
1 d 63.00 0.79-165 <12 
5 d 67.90 0.79-165 <12 
7 d 69.90 0.63-245 <12 

15 d 73.00 0.79-165 <12 
35 d 71.00 0.63-165 <15 
61 d 67.60 0.63-165 <15 
91 d 46.70 0.63-69 <15 

Table 3- Effect of soaking on life span of Dc-CMCPEs 

Response Time and Reversibility of the Electrode  
For analytical applications, dynamic response time is a 
significant parameter for any sensor. The response 
time of the electrode is defined as the time between 
addition of the analyte to the sample solution and the 
time when a limiting potential has been reached.28 
In this work, the response time of the electrodes was 
measured by varying the Doxycycline concentration 
over the range 0.01 to 1.0 mmol/L. The resulting 
potential-time plot for Dc-PT electrode is shown in 
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Figure 3. The Dc-PT electrode yielded steady potential 
within 15 s while Dc-ST electrode reaches the steady 
state potential within 12 s. the Dc-PM electrode shows 
better response time shorter than both Dc-PT and Dc-
ST electrodes (11 s).  

 
Figure 3- Potential-time plot for the response of Dc-PT CMCPE. 
To evaluate the reversibility of the electrodes, the 
potential measurements were performed in the 
sequence high-to-low Doxycycline concentration (from 
0.1 to 1.0 mmol/L for Dc-PT and Dc-PM electrode and 
from 0.01 to 0.1 mmol/L for Dc-ST electrode). Figure 4 
shows that the response of the Dc-PM electrode was 
reversible, where the time needed to reach equilibrium 
amounts to 11 s. 

 
Figure 4- Dynamic response characteristics of Dc-PM CMCPE for 

several high to-low cycles. 
Effect of pH  
In this study, the pH of the solution was found to have a 
remarkable effect on the potential response of the 
current sensors. A similar effect was previously 
observed with the conventional PVC plastic membrane 
(electrode 18 )and coated wire electrode , showing the 
same shape for the pH-E curve reported here.19 The 
effect of pH on the carbon paste electrode comes from 
the amphiprotic nature of Doxycycline associated with 
its three dissociation constants at 3.40, 7.7, and 9.3, 
respectively. It was also observed that the color of Dc 
changed with the increase of pH or time, producing 

yellowish brown color and the higher pH of the 
solution the faster change of color of Dc. This 
observation was attributed to the lactone isomerism of 
Doxycycline (molecule.38 )On the other hand, a strongly 
alkaline solution causes the dehydration of 
Doxycycline.38 For these reasons, the useful pH range 
for testing Doxycycline is 1.0–3.5. Acetate buffer 
solutions with different pH values covering the acidic 
range (1.0-3.5) were prepared and used as test 
solutions. However, the performance of the electrodes 
in the presence of acetate buffer solution 
(HCl+CH3COONa) is largely deviated from Nernstian 
value of 59.5 mV/decade with a narrow linear range 
and high detection limit. The use of doubly distilled 
non-buffer solution resulted in a Nernstian behavior 
with a wide linear range and low detection limit. 
Therefore, doubly distilled water was chosen as the 
testing medium throughout this study. 
Effect of temperature of the test solution  
To study the thermal stability of the sensors, 
calibration graphs were obtained at different test 
solution temperatures 30, 40, 50 and 60 °C for Dc-ST 
electrode and 25, 30, 35, 40 and 45 ºC for Dc-PT and 
Dc-PM electrodes. From these graphs the electrode 
potentials at pDc = 0 were obtained and plotted versus 
(t-25), where t is the temperature of the test solution. A 
straight line plot was obtained for each electrode with 
slope representing the thermal coefficient value 
(dE/dt) of the electrode.39 The value (dE/dt) of the 
electrode was found to be 5.61, −3.30 and −1.90 mV/°C 
for Dc-PT, Dc-PM and Dc-ST electrodes, respectively. 
These values indicate fairly high thermal stability of the 
sensors within the investigated temperature range and 
show no deviation from the theoretical Nernstian 
behavior. 
Flow injection analysis 
Optimization of FIA conditions 
Flow injection analysis (FIA) has become a widely used 
methodology due to its versatility, high sampling 
frequency and minimized sample pretreatment, rapid 
processing time for analysis and low consumption of 
reagents compared to the conventional manual 
procedure.40 FIA parameters were optimized in order 
to obtain the best signal sensitivity and sampling rate 
under low dispersion conditions. The dispersion 
coefficients ranged from 1.33 to 1.41, i.e., limited 
dispersion that aids optimum sensitivity and fast 
response of the electrodes. In order to evaluate the 
effect of sample size and flow rate on the performance 
of each electrode response, different volumes between 
19.0 to 500.0 µL of 1.0 mmol/L of Doxycycline solution 
were injected at different flow rates. The sample loop 
of size 75, 150, 150 µL and flow rates of 17.85, 12.50, 
23.23 mL/min were found to be the optimum for Dc-
PT, Dc-PM and Dc-ST electrodes, respectively. Figure 5 
shows the recordings (a) and calibration graph (b) 
using the Dc-ST electrode under FIA conditions. 
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Figure 5- The recordings (a) and their corresponding calibration 
graph (b) obtained for Dc-ST CMCPE at optimum FIA conditions. 

Electrode response in FIA 
In potentiometric detection, the electrode potential 
depends on the activity of the main ion under 
exploration. In flow measurements, it is preferred that 
the dependence is semi-logarithmic over a wide 
analyte activity range according to the Nickolsky-
Eisenman equation. However, the main unfavorable 
feature of this detection is the slow response of 
electrode potential to concentration change. This 
occurs when low concentrations are measured and 
depends on the state of the electrode surface at the 
interface with the measured solution.41 This slow 
response is a good reason for the super-Nernstian 
sensitivities observed in FI measurements using the 
investigated electrodes at different flow rates. An 
increase in the slope of the calibration plots in FIA was 
observed compared to batch measurements. The slopes 
of the calibration graphs were 60.26 and 81.39 
mV/decade in FIA compared to 59.49 and 59.52 
mV/decade in batch conditions using Dc-PT and Dc-ST 
electrodes, respectively. The usable concentration 
ranges of the electrodes in FIA were found to be 0.1-10, 
0.01-5.0 and 0.01–10 mmol/L with detection limits of 
0.05, 0.01 and 0.01 mmol/L using Dc-PT, Dc-PM and 
Dc-ST electrodes, respectively. The super-Nernstian 
slope and lower sensitivities of the electrodes in FIA 
compared to batch mode can be attributed to several 
factors, including the mass transport rate, the non-
uniformity of the concentration profile at the electrode 
surface, the sample dispersion, and the effect of contact 
time between the sample solution and the electrode 
surface.42 

Selectivity of the electrodes 
The selectivity coefficient is the main source of 
information concerning interferences on the electrode 
response. In analytical applications, the response for 
the analyte must be as high as possible, i.e. the 
response for foreign substances must be very small, so 
that it exhibits a Nernstian dependence on the primary 
ion over a wide concentration range. The influence of 
some inorganic cations, sugars and amino acids, on the 

Doxycycline electrodes was investigated. In FI 
conditions, the values of selectivity coefficients were 
calculated based on potential values measured at the 
top of the peak for the same concentrations of the drug 
and the interferent according to the separate solution 

method. The selectivity coefficient values (-
pot

JDc,
Klog Z ) 

of the electrodes listed in Table 4 reflect a high 
selectivity of these electrodes towards Doxycycline 
cation, under both batch and FI conditions. The 
inorganic cations do not interfere owing to the 
differences in ionic size and consequently in their 
mobility and permeability as compared with Dc+. In 
case of non-ionic species, the high selectivity is mainly 
attributed to the difference in polarity and to the 
lipophilic nature of their molecules relative to 
Doxycycline cation. The mechanism of the selectivity is 
mainly based on the electrostatic environment and it is 
dependent on how good the fit is between the locations 
of the lipophilicity sites in the two competing species in 
the bathing solution side and those present in the 
receptor of the ion associate.23 Comparing the 
selectivity coefficient values for the investigated 
electrodes in batch and FI conditions shows a 
considerable difference.. This is explained by the major 
difference in contact time of interferents with the paste 
compared to the main sensed ion.43 
interferent   

Interferent 

pot

JDc,
Klog Z  

Dc-PT Dc-ST Dc-PM 
Batch FIA Batch FIA Batch FIA 

Na+ 2.48 1.34 2.07 1.86 1.60 2.39 

K+ 2.48 1.23 2.15 1.82 2.06 2.41 

NH4
+ 1.39 1.34 1.70 1.82 1.45 2.45 

Mg2+ 2.79 2.62 3.26 3.23 1.60 3.49 

Ca2+ 3.24 2.36 2.77 2.93 1.00 3.24 

Mn2+ 2.69 2.31 3.34 2.79 ---- 3.09 

Co2+ 2.43 2.83 2.69 3.03 0.90 3.47 

Ni2+ ---- 2.42 2.78 1.24 1.00 3.08 

Zn2+ 2.48 2.47 2.78 2.98 1.00 3.35 

Ba2+ 3.30 2.20 3.34 2.89 ---- 3.24 

Pb2+ 3.30 ---- 2.53 ---- 2.48 ---- 

Glucose 3.38 ---- 2.69 ---- 2.80 ---- 

Lactose 3.84 ---- 2.20 ---- 2.27 ---- 

Maltose 3.38 ---- 3.62 ---- 3.79 ---- 

Fructose 2.60 ---- 3.06 ---- 3.64 ---- 

Sucrose 3.32 ---- ---- ---- ---- ---- 

Dextrose ---- ---- 3.87 ---- 4.00 ---- 

Glycine 2.65 ---- 2.56 ---- 2.85 ---- 

D-alanine 3.00 ---- 2.80 ---- 3.08 ---- 

DL-asparagine 2.95 ---- 2.52 ---- 2.68 ---- 

L- threonine 2.85 ---- 3.36 ---- 3.39 ---- 

DL-methionin 3.53 ---- 3.45 ---- 3.22 ---- 

DL-valine 2.65 ---- ---- ---- ---- ---- 

DL-serine ---- ---- 3.02 ---- 3.51 ---- 

Table 4- Selectivity coefficient values (-) of various interferents for 
Dc-CMCPEs. 

Also, the influence of some inorganic cations, sugers 
and amino acids on the behavior of each electrode was 
investigated graphically by plotting the potential 
responses for all different species against their 
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concentration. As it is seen from calibration curves, 
Figure 6, except for Doxycycline, the slopes of the 
obtained curves are much lower than the expected 
Nernstian slope and plots have a limited linear range. 
However, the Doxycycline cation results in a Nernstian 
response over a concentration range of 0.79-125 
mmol/L for Dc-PT electrode, 0.63-245 mmol/L for Dc-
PM electrode and 0.63-165 mmol/L for Dc-ST 
electrode. This is most probably due to both the 
selective behavior of the ion associate towards 
Doxycycline in comparison with other cations tested 
and the rapid exchange kinetics of the cation between 
the aqueous phase and carbon paste. 

 
 
Figure 6- Calibration graphs of some inorganic cations by using Dc-
PT (a) and Dc-ST (b) CMCPE. 

Analytical applications 
The investigated electrodes were proved to be useful in 
the potentiometric determination of Doxycycline in 
pure solutions and in pharmaceutical preparations 
(Farcodoxin® and Vibramycin® capsules 100 mg). The 
determination of Doxycycline was carried out at 
different levels of concentration in batch and FI 
conditions. The mean recovery and the relative 
standard deviation (RSD) values were calculated and 
presented in Table 5. The data indicate that there is no 
interference from the excipients used in the 
formulations of the capsules.  

Taken 
(mg) 

Dc-PT Dc-PM Dc-ST 

Recovery 
(%) 

R.S.Da 
(%) 

Recovery 
(%) 

R.S.D 
(%) 

Recovery 
(%) 

R.S.D 
(%) 

Pure solution 

2.40 100.83 2.39   99.16 2.20 

4.80 98.13 2.77 96.87 0.29 98.54 1.34 

7.21   104.29 1.94 95.98 0.69 

9.62   97.71 2.80   

Farcodoxin® (100 mg/capsule) 

1.92     101.56 2.23 

2.40 97.08 2.49 98.33 2.25 99.58 1.26 

4.80 98.54 1.83 98.54 2.23   

Vibramycin® (100 mg/capsule) 

2.40 97.91 2.04   97.91 2.30 

4.80 98.13 0.38     

7.21 99.03 0.67 98.61 1.70 97.36 1.03 

9.62   98.65 1.93   

Flow Injection (Taken mmol/L) 

Farcodoxin® (100 mg/capsule) 

0.10 101.50 2.27 101.40 2.06 107.70 1.18 

0.20 96.50 1.41 101.90 *2.17 103.30 0.41 

0.40 99.15 0.96 98.95 1.24 103.20 0.72 

0.80 96.10 0.89 102.50 0.62 103.28 *0.78 

1.00 98.40 1.02 101.80 0.58 103.00 1.08 

3.00 96.00 0.60 97.90 0.47 100.50 0.96 

Vibramycin® (100 mg/capsule) 

0.10 97.20 *2.27 99.50 2.09 98.20 1.59 

0.20 91.25 *2.70 99.60 0.84 98.10 0.43 

0.40   96.87 0.80 98.30 1.16 

0.80 91.60 *1.21 99.70 0.64 101.80 0.47 

1.00 94.10 1.81 98.90 0.74 104.30 *2.08 

3.00 101.00 0.89 100.20 0.57 99.43 0.80 

Table 5- Determination of Doxycycline in pure form and in 
pharmaceutical preparations by applying standard addition method 

(n=3) and under FI conditions (n=5). (*) (n=4)  
a R.D.S.: relative standard deviation. 
In order to measure the accuracy and precision of this 
method, the results obtained were compared with the 
published reference method2 (Table 6). In this 
reference method, 2 mL of 1.0 mmol/L DC.Cl was mixed 
with 5.0 mmol/L Na2WO4 and 1.0 mol/L of NaNO3 and 
the mixture was diluted with H2O to 10 mL followed by 
absorbance measurement at 405 nm in a quartz cell 
against H2O. The results are in good agreement with 
those obtained from the reference method. Student’s t- 
and F-tests (at 95% confidence level) were also 
applied.44 The results show that the calculated t- and F-
values did not exceed the theoretical values. 

Sample 

Refere
nce 

method 
Recove

ry % 

Batch conditions FIA 

Recove
ry % 

F-
val
ue 

t-
val
ue 

Recove
ry % 

F-
val
ue 

t-
val
ue 

Dc-PT 

Pure 
solutions 

98.10 101.06 3.92 1.93 ---- ---- ---- 

Farcodox
in® 

102.30 98.50 1.48 3.25 101.50 2.35 0.65 

Vibramyc
in® 

100.00 98.00 4.85 0.73 97.10 3.69 1.15 

Dc-PM 
Pure 

solutions 
98.10 97.80 3.42 0.20 ---- ---- ---- 

Farcodox
in® 

102.30 98.40 2.23 3.03 101.30 2.09 0.86 

Vibramyc
in® 

100.00 98.80 5.20 0.43 99.50 4.50 0.23 

Dc-ST 
Pure 

solutions 
98.10 98.66 1.04 0.51 ---- ----- ---- 

Farcodox
in® 

102.30 99.80 1.39 2.42 103.00 1.76 0.84 

Vibramyc
in® 

100.00 98.00 3.69 0.71 104.30 4.75 1.78 

Table 6- Statistical comparison between results of pharmaceutical 

preparation Farcodoxin® and Vibramycin® capsules on applying the 
proposed and reference methods.  

Comparison between the Doxycycline selective 
electrodes  
The comparison between the performance 
characteristics of the proposed carbon paste electrode 
and those reported electrodes is presented in Table 7. 
It is important to note that the proposed electrode 
exhibit Nernstian behavior over a wide concentration 
range 6.30-1650 µmol/L with a low detection limit 3.98 
µmol/L and a short response time < 10-12 s, it also 
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demonstrates long life time reaching 2 months with 
high thermal stability from 20 to 60 ºC, whereas other 
reported electrodes exhibited Nernstian behavior over 
a narrow linear range with a short life time. When 
taking all these parameters in consideration, the 
proposed electrode shows superior results for the 
analysis of Doxycycline. 

Type  Slope 
(mV/ 
deca
de) 

Linear 
range 
(mmol
/L) 

LOD 
(µmol
/L) 

Respons
e time 
(s) 

Life 
spa
n 
(da
y) 

Ther
mal 
stabil
ity 

Ref
. 

PVC 
membr
ane 

57.0 0.08-
1.9 

-----* spontan
eous 

2 -----* [18
] 

Coated 
wire 

54.4 0.01-
10 

4.0 ≤ 15 30 -----* [19
] 

CMCPE 59.52 0.006 -
1.65 

3.98 < 10-12 61 20–60 
ºC 

Thi
s 
wo
rk 

* Not cited 

Conclusion 
The prepared chemically modified carbon paste 
sensors based on Doxycycline phosphotungstate, 
Doxycycline phosphomolybdate and Doxycycline 
silicotungstate as an electro-active ion associate are 
shown as a useful analytical tool for the determination 
of Dc+ ions in pharmaceutical preparations and show 
promise as an interesting alternative over the 
traditional methods. The proposed sensors show a high 
sensitivity, reasonable selectivity, fast static response, 
long term stability and applicability over a wide 
concentration range with minimal sample 
pretreatment. The developed electrodes are superior to 
the Doxycycline selective electrodes described in the 
literature.18, 19 
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