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Homatropina (“Equipin, Isopto Homatropine”) é um medicamento anticolinérgico que inibe 
receptores muscarínicos de acetilcolina e, consequentemente, o sistema nervoso parassimpático. É 
encontrado na forma de sal, bromoidrato ou metilbrometo. Neste estudo, foi construído um sensor 
potenciométrico de membrana líquida para determinação rápida e simples de bromoidrato de 
homatropina em formulações farmacêuticas e em urina. Para a preparação da membrana, complexos 
homatropina-tetrafenilborato foram empregados como materiais eletroativos na membrana. O 
sensor proposto apresenta um intervalo linear amplo (10-5-10-1 mol L-1), baixo limite de detecção 
(8 × 10-6 mol L-1), e resposta rápida (ca. 10 s). A validação do método mostra que os sensores são 
adequados para aplicação em análises de controle de qualidade de bromoidrato de homatropina 
em formulações farmacêuticas e urina.

Homatropine (Equipin, Isopto Homatropine) is an anticholinergic medication that inhibits 
muscarinic acetylcholine receptors and thus the parasympathetic nervous system. It is available as 
the hydrobromide or methylbromide salt. In this study, a potentiometric liquid membrane sensor 
for simple and fast determination of homatropine hydrobromide in pharmaceutical formulation and 
urine was constructed. For the membrane preparation, homatropine-tetraphenylborate complexes 
were employed as electroactive materials in the membrane. The proposed sensor presents wide 
linear range (10-5-10-1 mol L-1), low detection limit (8×10-6 mol L-1), and fast response time (ca. 10 s).  
Validation of the method shows suitability of the sensors for applicability in the quality control 
analysis of homatropine hydrobromide in pharmaceutical formulation and urine. 

Keywords: potentiometric sensor, PVC membrane, homatropine hydrobromide, chemometrics, 
density functional based tight binding (DFTB)

Introduction

Homatropine (Equipin, Isopto Homatropine) (Figure 1) 
is an anticholinergic medication that inhibits muscarinic 

acetylcholine receptors and thus the parasympathetic 
nervous system. It is used in eye drops as a cycloplegic, to 
temporarily paralyze accommodation, and as a mydriatic, 
to dilate the pupil. Homatropine is less potent than atropine 
and has a shorter duration of action. It is available as the 
hydrobromide or methylbromide salt.1

There are several analytical methods for the assay of 
homatropine (HOM) in pharmaceutical and in biological 
fluids, such as capillary zone electrophoresis2,3 and 
high performance liquid chromatography (HPLC)4 and 
spectroscopy.5-7 

Ion-selective electrodes are playing an important 
role in pharmaceutical analysis8-10 due to its simplicity, 
rapidity and accuracy over some other analytical methods 
like spectrophotometry and HPLC. Also, other mentioned 
methods are elaborated and time consuming, they involve 

Figure 1. Chemical structure of homatropine hydrobromide. 
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the use of sophisticated equipment that might not be 
available in most analytical laboratories.

In this paper, interaction of homatropine with some 
ion-pair reagents was studied by theoretical and calculation 
methods. According to the obtained results a homatropine 
ion-selective potentiometric membrane electrode is 
developed based on ion-pair compound of homatropine-
tetraphenylbroate (HOM-TPB) as the electroactive 
substance. The proposed electrode was successfully applied 
for the determination of homatropine hydrobromide in 
pharmaceutical drops formulations and urine samples.

Computational chemistry and molecular modeling 
play an important role in the modern drug discovery.11-15 
Computational work is also valuable in the drug development, 
where medium-sized organic pharmaceuticals are selected 
as candidates and are made in larger quantities. Instead of 
modeling interactions with macromolecules, the prediction 
of molecular properties for small molecules is more 
essential in the development stage.16

The strength of binding usually correlates with the target 
molecules tendency toward the ionophore, and several energy 
contributions may be responsible for the binding which is 
believed that amongst these energies, electrostatic interactions 
play a dominant role in the process at least in sequence 
preferences and the target molecules positioning.17,18

There are no literature studies to date that have used 
DFTB methods to evaluate drug selective ligands by 
electronic properties. The lack of work in this area is 
probably due to the inherent difficulties associated with 
doing calculations on a Drug-Ligand complex. Some of 
these problems include the lack of parameters for semi-
empirical or empirical methods, even though the numbers 
of atoms in typical drug complexes indicate the use of these 
lower level calculations would be appropriate. 

In this study we use density functional theory (DFT) 
atomic population analysis to measure a Ligand-Drug 
complex by looking at the ability of the ligand to change 
in atomic charges and bond length of drug.

Experimental 

Apparatus

The glass cell, where the homatropine-selective 
electrode was placed, consisted of an R684 model Analion 
Ag/AgCl double junction reference electrode as the internal 
reference electrode and a double-junction saturated calomel 
electrode (SCE, Philips). The cell chamber was filled with 
an ammonium nitrate solution and both electrodes were 
connected to a Corning ion analyzer with a 250 pH/mV 
meter with ± 0.1 mV precision. 

Materials and reagents

The necessary chemicals (of analytical reagent grade) 
were: Sodium tetraphenyl borate (NaTBP), potassium 
tetrakis (p-chlorophenyl) borate (KTpClPB), high-
molecular weight polyvinylchloride (PVC), tetrahydrofuran 
(THF), dibutylphthalate (DBP), benzyl acetate (BA), 
nitrobenzene (NB) and the chloride and nitrate salts of the 
used cations (Merck Co.). Homatropine hydrobromide and 
its drops were obtained from different local pharmaceutical 
factories. All solutions were prepared using triply distilled 
deionized water.

Preparation of ion-pair compound of homatropine-
tetraphenylborate (HOM-TPB)

About 20 mL of 0.01 mol L-1 solution of homatropine 
hydrobromide were well mixed with 20 mL of 0.01 mol L-1 
solution of tetraphenylborate under stirring. The resulting 
precipitate was filtered off, washed with water and dried.

Preparation of the electrodes

The general procedure to prepare the PVC membrane 
was as follow. Different amounts of the ion-pair along with 
appropriate amounts of PVC, plasticizer and additive were 
dissolved in tetrahydrofuran (THF), and the solution was 
mixed well. The resulting mixture was transferred into a 
glass dish of 2 cm diameter. The solvent was evaporated 
slowly until an oily concentrated mixture was obtained. A 
pyrex tube (3-5 mm o.d.) was dipped into the mixture for 
about 10 s so that a transparent membrane of about 0.3 mm 
thickness was formed. The tube was then pulled out from 
the mixture and kept at room temperature for about 10 h. 
The tube was then filled with an internal filling solution  
(1.0 × 10-3 mol L-1 homatropine hydrobromide). The 
electrode was finally conditioned for 24 h by soaking in a  
1.0 × 10-3 mol L-1 homatropine hydrobromide solution.19-21 

Standard homatropine hydrobromide solutions

A stock solution of 10-1 mol L-1 homatropine 
hydrobromide was prepared by dissolving the calculated 
weight of the pure drug in 25 mL water. The working 
solutions (10-5 to 10-1 mol L-1) were prepared by serial 
appropriate dilution of the stock solution.

The emf measurements

The following cell was assembled for the conduction 
of the emf (electromotive force) measurements: 
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Ag–AgCl | internal solution, 10-3 mol L-1 homatropine 
hydrobromide | PVC membrane | sample solution | Hg–
Hg

2
Cl

2
, KC1 (satd.) 

These measurements were preceded by the calibration 
of the electrode with several homatropine hydrobromide 
solutions (working solutions).

Computational methods

Calculations on the isolated molecules and molecular 
complexes were performed within GAUSSIAN 98 
package.22

Each species was initially optimized with PM3 method 
and then the optimized structures were again optimized 
with density functional theory using the 6-31G* basis set. 
Full geometry optimizations and frequency calculations 
were performed and each species was found to be minima 
by having no negative values in the frequency calculation. 
The calculations gave internal energies at 0 K. In order to 
obtain gas phase free energies at 298.15 K, it is necessary 
to calculate the zero-point energies and thermal corrections 
together with entropies to convert the internal energies to 
Gibbs energies at 298.15 K.23,24

Frequency calculations on these structures verified 
that they were true minima and provided the necessary 
thermal corrections to calculate H (Enthalpy) and G (Gibbs 
free energy). Finally, full optimizations and frequency 
calculations for each species were performed with the 
DFT/6-31G*.25,26

The other one-electron properties (dipole moment, 
polarizability, energies of the frontier molecular orbital) 
were also determined at the B3LYP/6-31G* level. For the 
charged species, the dipole moments were derived with 
respect to their mass center, once, for the non-neutral 
molecules, the calculated dipole moment depended on the 
origin of the coordinate system.

The stabilization energies of the selected complexes 
were determined with the help of the DFT calculations, 
and calculated with a recently introduced method, based 
on the combination of the approximate tight-binding 
DFTB with the empirical dispersion energy. The DFT 
methods are known to be inherently very deficient for 
stacking interactions, as they basically ignore the dispersion 
attraction.27-29 As a consequence, their enlargement by an 
empirical dispersion term currently appears to be a very 
reasonable way to improve the major deficiency of the DFT 
method for the evaluation of the molecular complexes. It 
should also be mentioned that the interaction energies were 
obtained as the difference between the complex energy and 
the combined energies of the molecules in isolation.30 

Results and Discussion

Theoretical study

Molecular parameters are controlled by the molecular 
geometry. Therefore, geometry optimization is the most 
important step for the calculation of the interaction 
energy. The optimized geometries and numeration of the 
atoms of the studied molecules, L1 for NaTPB, L2 for 
KTpClPB, HOM for Drug, Drug-L1 for HOM-TPB and 
Drug-L2 for HOM-TpClPB, are presented in Figures 2 to 
6, respectively. 

To obtain a clue on homatropine tendency for L1 and 
L2 as potential ion-exchanger, DFTB calculations (B3LYP/ 
6-31G*) were carried out. The pair wise interaction energy 
ΔE

A–B
 between molecules A (L1 or L2) and B (the drug) 

Figure 2. The full optimized structure of L1.

Figure 3. The full optimized structure of L2.
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was estimated as the difference between the energy of the 
formed complex and the energies of the isolated partners. 

The interaction energies were corrected for the basis set 
superposition error using the counterpoise method,31,32

ΔE
A–B

 = E
A−B

 − E
A
 − E

B 

which led to the values of −66.117 and −55.221 Kcal mol-1  
for ΔE

L1
 and ΔE

L2
 respectively, thus indicating L1 as a 

more appropriate ionophore for homatropine sensor in 
comparison to L2, due to its higher interaction energy. 

Results presented in Table 1 show that interactions 
existing between the drug and L1 are mostly electrostatic. 
Charge changes in the ion pairs are localized on specific 
atoms that interact together in each molecule.33-36 As can 
be seen, all heteroatoms (N and O) charge changes confirm 
the effective roles of hydrogen bonding and electrostatic 
interactions in ion pair formation. Bond lengths and atomic 
charges have changed as a result of ion pair formation, and 
the most noticeable atomic charge changes are shown in 
Table 1. According to Table 1, interactions between the 
drug and the studied ligands concern to N18 and B results Figure 4. The full optimized structure of HOM.

Figure 5. The full optimized structure of L1-HOM complex.

Figure 6. The full optimized structure of L2-HOM complex.
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in the occurrence of the most significant changes in the 
atomic charges and also bond lengths of those atoms that 
are bonded to them. For example, for the drug, H21 atomic 
charge changed from 0.270 to 0.291 along with its bond 
length (N18-H21), which shifted from 1.040 to 1.066. 
Furthermore, atomic charge changes and bond lengths in 
L1 are more remarkable for boro (from 0.232 to 0.027) and 
its connected carbon atoms. A similar study was also done 
on the results obtained for L2. In accordance to Table 1, 

the computed atomic charges and bond lengths for L2 are 
not as remarkable as those of L1.

High values of polarizability (148.545 and 94.953 
for L1 and drug, respectively) prove its effect role on 
interactions amongst L1 and the drug. While the low 
values of dipole-dipole interactions (especially for that 
of L1 = 0.0 and for drug = 1.1 D) show that it does not 
play a significant role between L1 and the studied drug. 
Moreover, the higher polarizability value of L1 to that of 
L2 (121.101) results in a stronger dispersion interaction 
between L1 and the drug. 

Additionally, since the studied molecules are in form of 
ions, electrostatic interactions should also be considered. 
The highest occupied molecular orbital (HOMO) and the 
lowest unoccupied molecular orbital (LUMO) for L1, L2 
and the drug were calculated at the B3LYP/6-31G(d) level, 
and are presented in Table 1. The eigenvalues of LUMO 
and HOMO and their energy gap reflect the chemical 
activity of the molecule. LUMO as an electron acceptor 
represents the ability to capture an electron, while HOMO 
as an electron donor represents the ability to donate an 
electron. From Table 1, the results confirm that charge 
transfer interaction is more noticeable between L1 and 
the drug in comparison to that of L2, which is attributed 
to the HOMO energy of L1 being closer to LUMO energy 
of the drug. 

Membrane composition effect on the potential response 
of the sensor

The potential response of a sensor is greatly related 
to the membrane ingredients. As a result, the influence 
of membrane composition on the potential responses of 
the homatropine sensor was studied. For this purpose, 
different membrane compositions as shown in Table 2 
were tested. It can be seen that the membrane with the 
composition of 30% PVC, 5% HOM-TPB, and 65% DBP 

Table 1. Computed atomic charges and bond lengths (Å) for homatropine, 
L1 and L2 before and after the complex formation

charges homatropine HOM-L1 HOM-L2

O19 -0.250 -0.253 -0.251

O10 -0.258 -0.259 -0.259

C14 0.067 0.064 0.066

C17 0.068 0.061 0.069

N18 -0.227 -0.235 -0.229

C19 -0.085 -0.091 -0.087

O20 -0.276 -0.274 -0.275

H21 0.270 0.292 0.275

H22 0.187 0.184 0.186

H23 0.069 0.067 0.068

bond homatropine HOM-L1 HOM-L2

R(7.8) 1.560 1.567 1.561

R(7.20) 1.435 1.434 1.434

R(7.28) 1.097 1.098 1.097

R(8.9) 1.403 1.397 1.401

R(8.10) 1.214 1.215 1.215

R(9.11) 1.436 1.440 1.439

R(11.29) 1.095 1.094 1.094

R(14.18) 1.540 1.530 1.538

R(14.34) 1.093 1.092 1.092

R(17.18) 1.541 1.533 1.539

R(17.39) 1.093 1.093 1.093

R(18.19) 1.517 1.513 1.515

R(18.21) 1.040 1.066 1.045

HOMO -9.530 2.772 for L1 -3.841 for L2

LUMO 3.480 10.940 for L1 9.613 for L2

Table 2. Optimization of membrane ingredients

Membrane No. Additive / 
(wt.%)

Ion-pair / 
(wt.%)

Plasticizer / 
(wt.%)

PVC / 
(wt.%)

Detection Limit / 
(mol L-1)

Linear range / 
(mol L-1)

Slope / 
(mV decade-1)

1 - 4 DBP, 65 30 7 × 10-6 1.0 × 10-5-1.0 × 10-1 56.7

2 - 5 DBP, 64 30 8 × 10-6 1.0 × 10-5-1.0 × 10-1 57.7

3 - 6 DBP, 63 30 7 × 10-6 1.0 × 10-5-1.0 × 10-1 55.2

4 2, NaTPB 5 DBP, 62 30 3.0 × 10-4 5.0 × 10-4-1.0 × 10-2 55.9

5 3, NaTPB 5 DBP, 63 30 6.0 × 10-5 1.0 × 10-4-5.0 × 10-2 53.4

6 - 5 NB, 65 30 4.0 × 10-4 5.0 × 10-4-1.0 × 10-2 20.4

7 - 5 BA, 65 30 3.0 × 10-4 5.0 × 10-3-1.0 × 10-2 15.3

8 - 5 DBP, 65 30 6.0 × 10-6 1.0 × 10-5-1.0 × 10-2 48.6
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(No. 2), was the optimum one in the development of this 
sensor. This membrane composition was selected after 
many considerations.

The high homatropine extraction into the liquid 
membrane was a result of the elevated ion-pair tendency 
to exchange with the homatropine cations. From Table 2, 
5 mg ion-pair (HOM-TPB) is the best amount for the best 
response. 

Also, HOM-TpClPB was used as an ion-pair in 
membrane composition. According to the theoretical 
calculations, interaction between homatropine and TpClPB 
anion is not so strong. The experimental data support the 
theoretical data. 

The second factor that helps homatropine ions to be 
extracted from an aqueous solution into the membrane as 
an organic phase is plasticizer. After the evaluation of three 
solvent mediators (NB, BA and DBP), it was observed that 
they have not the same results if the optimum composition 
is used. DBP, which is a low-polar solvent mediator, shows 
better response than BA and NB. NB and BA have higher 
dielectric constant values than DBP, leading to the extraction 
of the polar ions, which have negative effects on the extraction 
of the homatropine ions as a hydrophobic ion. 

The presence of lipophilic anions in a cation-selective 
membrane was also considered. As can be deduced from 
Table 2, the presence of such anions in a cation-selective 
membrane, which is based on an ion-pair, decreases the 
response behavior of the sensor. 

pH Effect on the electrode response

In an approach to understand the impact of pH on the 
electrode response, the potential was measured at two 
particular concentrations of the homatropine solution 
(1.0 × 10-4 mol L-1) from the pH value of 2.0 up to 12.0 
(concentrated NaOH or HCl solutions were employed 

for the pH adjustment). As it can be seen from Figure 7, 
the potential remained constant despite the pH change in 
the range of 4.0 to 8.0, indicating the applicability of this 
electrode in the specific pH range. 

On the contrary, relatively noteworthy fluctuations in the 
potential vs. pH behavior took place below and above the 
formerly stated pH limits. In detail, the fluctuations above 
the pH value of 8.0 might be justified by removing the 
positive charge on the drug molecule and the fluctuations 
below the pH value of 4.0 were attributed to removing the 
ion-pair in the membrane. 

Study of sensor properties

The properties of a potentiometric membrane sensor 
are characterized by parameters such as measuring range, 
detection limit, response time, selectivity, lifetime and 
accuracy. 

Measuring range
The measuring range of an ion-selective electrode 

includes the linear part of the calibration graph as 
shown in Figure 8. Measurements can be performed in 
this lower range, but it must be noted that more closely 
spaced calibration points are required for more precise 
determinations. According to another definition, the 
measuring range of an ion-selective electrode is defined as 
the activity range between the upper and lower detection 
limits. The applicable measuring range of the proposed 
sensor is between 1 × 10-5 and 1 × 10-1 mol L-1. 

Figure 7. The pH effect of the test solutions (1.0 × 10-4 mol L-1) on the 
potential response of the homatropine sensor with the composition of 
the membrane No. 2.

Figure 8. Calibration curve of the homatropine membrane sensor with 
the composition of the membrane No. 2. The results are based on 8 
measurements. 
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Detection limit
By extrapolating the linear parts of the ion-selective 

calibration curve, the detection limit of an ion-selective 
electrode can be calculated. In practice, detection limits 
for the most selective electrodes are in the range of  
10−5-10−6 mol L-1. 

In this work, the detection limit of the proposed 
membrane sensor was 8 × 10-6 mol L-1. It was calculated 
by extrapolating the two segments of the calibration curve 
(Figure 8).

Response time
The response time of an electrode is evaluated by 

measuring the average time required to achieve a potential 
within ±0.1 mV of the final steady-state potential, upon 
successive immersion of a series of interested ions, each 
having a ten-fold difference in concentration. It is notable 
that the experimental conditions like: the stirring or flow 
rate, the ionic concentration of the test solution, the 
concentration of the conditioning solution, any previous 
usages or preconditioning of the electrode, and the testing 
temperature have an impact on the experimental response 
time of a sensor.8 

In this work, less than 10 s response times were 
obtained for the proposed electrode when contacting 
different homatropine solutions from 1.0 × 10-5 to  
1.0 × 10−1 mol L-1. 

Homatropine HBr electrode selectivity 
The selectivity of an ion-pair based membrane electrode 

depends on the physico-chemical characteristics of the 
ion-exchange process at the membrane-sample solution 
interface, on the mobility of the respective ions in the 
membrane and on the hydrophobic interactions between 
the primary ion and the organic membrane.

The selectivity of the homatropine HBr membrane 
electrode is related to the free energy of transfer of the 
homatropine HBr cation between aqueous and organic 
phases. The response of the electrode towards different 
substances has been checked and the selectivity coefficient 
values K

AB
Pot  were used to evaluate the interference degree. 

The selectivity coefficient values were obtained using the 
matched potential method (MPM).37 

The steps that need to be followed for the MPM method 
are: (i) The addition of a specified activity (concentration) of 
the primary ions (A, 10-2 mol L-1 of homatropine solution) to 
a reference solution (10-5 mol L-1 of homatropine solution), 
(ii) The potential measurement. In addition, another 
experiment is conducted separately. For that experiment, 
the interfering ions (B, 10-2 mol L-1) are consecutively 
added to an identical reference solution, until the measured 

potential matches the one obtained before the addition of 
the primary ions. Then, the selectivity coefficient, as defined 
by the matched potential method, K

MPM
, is equal to the ratio 

of the resulting primary ion activity (concentration) to the 
interfering ion activity, K

MPM
 = a

A
/a

B
. 

The respective results are summarized in Table 3, 
depicting that the selectivity coefficient values of the 
electrode for all the tested substances were in the order of 
10-3 or smaller. Given the low coefficient values, it was 
considered that the function of the homatropine-selective 
membrane sensor would not be greatly disturbed.

Lifetime 
The average lifetime for most of the reported ion-

selective sensors is in the range of 4-10 weeks. After this 
time the slope of the sensor will decrease, and the detection 
limit will increase. The sensors were tested for 10 weeks, 
during which time the electrodes were used extensively (one 
hour per day). The proposed sensors can be used for six 
weeks. First, there is a slight gradual decrease in the slopes 
(from 57.7 to 54.3 mV decade-1) and then, an increase in the 
detection limit (from 8.0 × 10-6 mol L-1 to 1.5 × 10-4 mol L-1). 
It is well established that the loss of plasticizer, ionic site from 
the polymeric film is due to leaching in the sample, and is a 
primary reason for limited lifetimes of the sensors.

Analytical application

Determination of homatropine in formulations
An appropriate amount of homotropine drop (5 mL) 

was transferred into a 10 mL volumetric flask. The solution 
was then diluted to the mark with water and the proposed 
electrode determined homatropine content by using the 

Table 3. Selectivity coefficients of various interfering compounds for 
homatropine sensor

Interference Log K
MPM

Na+ −3.44

Cl− −3.35

Br− −3.64

I− −3.21

CO
3
2- −2.75

NO
3

− −3.78

Mg2+ −3.24

HPO
4

2- −3.10

Ca2+ −3.02

K+ −2.64

Glucose −3.20

Amonium −3.43
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calibration method. The results for determination of 
homatropine amount in some pharmaceutical samples 
from local pharmacy are shown in Table 4. As it is seen, 
the results are in satisfactory agreement with the stated 
content on eye drop.

Recovery of homatropine from urine samples
In order to investigate the applicability of the new sensor 

for determination of the drug in biological fluids, it was 
applied to the recovery of homatropine from urine samples. A 
2.5 mL of 10-3 mol L-1 homatropine solution was transferred 
into a 10 mL volumetric flask. After addition of a 2.5 mL 
of urine samples, the solution was diluted to the mark with 
water. The mentioned electrode was then used to determine 
the homatropine content using the calibration technique. The 
recovery from three replicate measurements was found to be 
103.5%, 104.4% and 105.1%, respectively.

Validation of the method
The linearity, limit of detection, precision, accuracy, 

and ruggedness/robustness were the parameters, which 
were used for the method validation.

As mentioned before,  the measuring range 
of the homatropine sensor is between 1 × 10-5 and  
1 × 10-1 mol L-1. The detection limit of the sensor was 
calculated 8.0 × 10-6 mol L-1 (3 µg mL-1). 

Precision
The parameters of the repeatability and reproducibility 

were investigated in order to assess the precision of the 
technique. For the repeatability monitoring, 10 replicate 
standard samples, 3, 30, 300 µg mL-1 were measured. 
Then, the mean concentrations were found to be, 3.03, 
30.5, 303.2 µg mL-1 and with associated RSD values of 
1.4, 1.04, and 0.42%, respectively. Regarding the inter-day 
precision, the same three concentrations were measured 
for 3 consecutive days, providing mean homatropine 
concentrations of 3.02, 30.5, 303.5 µg mL-1 and associated 
RSD values of 1.82, 1.02, and 0.26%, respectively.

Accuracy
The relevant error percentage and accuracy were 

calculated in each above case. The resultant concentrations 

were 3.02 ± 0.04, 30.5 ± 0.4, and 303.5 ± 1.3 µg mL-1 
with relevant error percentages of 3.82, 1.24, and 0.36%, 
respectively.

Ruggedness/Robustness
For ruggedness of the method, a comparison was 

performed between the intra- and inter-day assay results 
for homatropine obtained by two analysts. The RSD values 
for the intra- and inter-day assays of homatropine in the 
cited formulations performed in the same laboratory by the 
two analysts did not exceed 2.5%. On the other hand, the 
robustness was examined while the parameter values (pH 
of the eluent and the laboratory temperature) were slightly 
varied. Homatropine recovery percentages were good under 
most conditions, not showing any significant change when 
the critical parameters were modified.

Conclusions

In the presented paper, types of interactions existing 
between a drug and ligands were studied. Since the studied 
molecules were in form of ions that resulted in ion pair 
formation, the DFTB method also considers dispersion 
energies in addition to those calculated using DFT, was used 
for further investigations. These theoretical calculations help 
selecting appropriate ionophores and also predicting their 
selectivity for different drugs. After a series of experiments 
involving the usage of H-TPB ion-pair complexes along 
with several plasticizers in the membrane design, it was 
concluded that the homatropine sensor exhibited excellent 
analytical performance characteristics. It demonstrated 
an advanced performance with a fast response time (ca. 
10 s), a lower detection limit of 8.0 × 10-6 mol L-1 and pH 
independent potential responses across the range of 4.0-8.0. 
This high sensitivity of the sensor enabled the homatropine 
determination in pharmaceutical analysis.

The theoretical calculations are very accurate and 
suitable methods for obtaining interaction energies and 
therefore choosing a better ion-pair. Additionally, by 
employing these methods, one can find the center of 
interactions in the target molecule and ionophore.

List of Abbreviation

BA, benzyl acetate; DBP, dibutylphthalate; DFT, 
Density Functional Theory; DFTB, Density Functional 
based Tight Binding; HOM, homatropine; HOMO, highest 
occupied molecular orbital; HOM-TPB, homatropine-
tetraphenylbroate; HOM-TpClPB, homatropine-tetrakis 
(p-chlorophenyl) borate; HPLC, high performance 
liquid chromatography; KTpClPB, potassium tetrakis 

Table 4. Results of homatropine assay in drops by the homatropine 
membrane sensor

Application sample (mg per10mL) Stated content 
(mg per10 mL)*

Found

Homatropine HBr OPH drop, 
Sina Company 

2% 2.03%

*Data obtained from three measurements.
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(p-chlorophenyl) borate; LUMO, lowest unoccupied 
molecular orbital; NaTBP, sodium tetraphenyl borate; 
NB, nitrobenzene; PVC, polyvinylchloride; THF, 
tetrahydrofuran.
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