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SUMMARY  

The potentiometric response characteristics (slope, detection limit and selectivity 
coefficients) of a nitrite-selective electrode based on Rh(III)tetraphenylporphyrin in o-
nitrophenyloctylether plasticized poly(vinyl chloride) membranes are presented. The 
sensor has a linear working range from 5x10-5 M – 1x10-1 M with a slope of -61.8 
mV/decade nitrite and a good selectivity toward some more hydrophobic anions. It was 
used for the determination of nitrites in some meat products. 
Keywords: rhodium (III) tetraphenylporphyrin; anion-selective electrodes; nitrite; 
meat; potentiometry. 

INTRODUCTION  

Many anions are difficult to determine because the classical Hofmeister series is 
correlated with a preference for hydrophobic anions. For this reason why highly hydrated 
anions such as fluoride, chloride and nitrite are difficult to monitor due to significant 
interference from more lipophilic anion species that may be present in the sample. 

Metalloporphyrins are ionophores that can induce potentiometric anion selectivity 
patterns that differ significantly from the classical one [1]. 

Due to the fact that nitrites have an important role in many fields but in the same 
time they are toxic substances, the detection of nitrites using simple devices is very 
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important. Nitrites are commonly used in the production and preservation of cured meat. 
They can also result from the fertilizers degradation. The toxicity of the nitrites is 

given by the highly carcinogenic N-nitrosoamines that can be formed in the reaction of 
nitrites with secondary amines and amides which can be present in food. 

For all this reasons, the nitrite content of the food products must be currently 
controlled and a nitrite-selective sensor could be an important analytical tool for this 
purpose. 

Only a few useful nitrite-selective ionophores have been reported. The most 
selective of these are those based on Co(III)-ligand complexes: Co(III)-cyanocobyrinate [2], 
Co(III)-phthalocyanine [3], and Co(III)-tetraphenylporphyrin derivatives [4].

Rhodium(III) exhibits similar (but not the same) ligation chemistry as cobalt(III) 
and therefore the idea of utilizing Rh(III)-ligand complexes as ionophores to devise more 
selective nitrite sensors seems plausible [5]. 

Rh(III)TPP-Cl was reported by us as a thiocyanate-selective sensor in a PVC 
membrane plasticized with DOP [6]. In the present paper, we have used another plasticizer 
in the membrane: o-NPOE, maintaining Rh porphyrin as an ionophore. It has been reported 
earlier that the change of the plasticizer in the membrane could change the selectivity 
pattern of the obtained sensor too. In this case, the use of o-NPOE instead of DOP conducts 
to a nitrite-selective sensor instead of a thiocyanate one. 

The potentiometric response of the obtained sensor is presented. It has a linear 
working range from 5x10-5 M – 1x10-1 M with a slope of -61.8 mV/decade nitrite and a 
good selectivity toward some more hydrophobic anions. The sensor was successfully 
applied for the selective determination of nitrites in meat products, comparatively to the 
spectrophotometric method taken as the reference method. 

 

MATERIALS AND METHODS  

 Reagents 
Chloro(5,10,15,20- tetraphenylporphyrinato) rhodium (III) (ClRhIIITPP) (Figure 1) 

was synthesized and characterized in accordance with previously published procedures. For 
polymer membrane preparation, o-nitrophenyloctylether (o-NPOE), tridodecylmethyl-
ammonium chloride (TDMACI), poly (vinyl chloride) (PVC, high mol.wt.), tetrahydrofuran 
(THF, distilled prior to use) were purchased from Fluka and Merck. 

All aqueous solutions were prepared with salts of the highest purity available. The 
sample solutions for all potentiometric measurements consisted of sodium salts of the given 
anions in 0.05 M 4-morpholino-ethanesulfonic acid (MES), adjusted to pH = 4.5 with NaOH. 
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Figure 1. Structural representation of the compound used as ionophore 

 ISE membrane formulation and EMF measurements
The composition of PVC membranes was: 
1 wt.% ionophore, 66 wt.% plasticizer and 33 wt.% PVC 
TDMACl was also used as additive in membrane (20 mol.% relative to the 

ionophore). 
First, the ionophore and the additive were dissolved in the solvent mediator. Then 

the PVC and sufficient amount of THF were added and mixed to obtain a transparent 
solution. This mixture was transferred onto a glass plate of 20 cm2, and the THF was 
allowed to evaporate at room temperature leaving a though flexible membrane trapped in a 
PVC matrix. The cast membranes were approximately 150 μm thick. 

Potentiometric measurements were performed with the following galvanic cell: 
Ag/AgCl/KCl(sat)/sample/ion-selective membrane/Ag(Hg)/internal cable. 

Prior to EMF measurements, the electrodes were conditioned for 24 h in a 0.1 M 
NaCl/0.01 M NaNO2 solution. All experiments were performed at ambient temperature 
(22±2°C). Potentials were measured using a Hanna Instruments HI223 pH/mV-meter. 

Potentiometric selectivity coefficients were determined according to the separate 
solution method by using the experimental EMF values obtained for 0.1 M solutions of the 
test anions and a theoretical slope of -59.2 mV /pNO2 for the primary anion. 

Activity coefficients were assumed to be constant for all analyte anions, and no 
correction was made for the slight changes in the liquid junction potential of the reference 
electrode. 

 Sample preparation
Spectrophotometric determination: 10 g of homogenized meat were mixed with 

100 mL of hot water (60-70°C) and 5 mL of borax saturated solution. The mixture was 
heated for 15 min to 80o C. After cooling at room temperature, 2 mL of each Carrez reagent 
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was added for deproteinization. After 20-30 min the solution was filtered and diluted to 200 
mL with water. For sample measurements, 10 mL of filtrate were mixed with 10 mL of 
Griess reactive. The absorbance was measured after 20 min at 520 nm 

Potentiometric determination: 10 g of homogenized meats were added to 80 mL of 
MES-NaOH buffer (pH 4.5) and blended. This mixture was transferred into a beaker and 
heated to 80°C for 30 min. The resulting solution was stirred and cooled at room 
temperature and filtered. The solution was then diluted to 100 mL with buffer, and the EMF 
of the nitrite electrode vs. the reference electrode was recorded. 

RESULTS AND DISCUSSION 

The potentiometric response characteristics of polymeric membrane electrodes 
based on Rh(III)[TPP]Cl were determined using solutions from 10-5 to 10-1 M of the 

following anions: ClO 
4 , SCN, NO


2 , F, Salicylate, NO 

3 , Cl, Br in MES buffer 

adjusted to pH = 4.5 with NaOH. The potentiometric answer to nitrite of the obtained sensor 
is presented in Figure 2 and the values of the selectivity coefficients obtained by the 
separate solution method are recorded in Table I. 

It can be seen that the sensor is selective to nitrite in a concentration range from 
1x10-1 -5x10-5 M with a near Nernstian slope of – 61.8 mV/decade of nitrite. The selectivity 
of the sensor is good, reveled from the negative values of the selectivity coefficients. 

An important fact in using the sensor for the determination of chloride in meat 
products is the value of the selectivity coefficient toward chloride which is presented in 
meat products at high concentrations. Due to the fact that the value of this coefficient is for 
our sensor -4.12, the nitrite-selective electrode based on Rh(III)TPP-Cl can be used for the 
potentiometric determination of nitrites in meat products without any other precipitation of 
the chloride ion. 

 

Table I. Potentiometric selectivity coefficients, log K .
,

pot
nitrite X  

Ion (X) log K .
,

pot
nitrite X  

Thiocyanate -0.30 
Bromide -3.10 
Fluoride -4.56 
Chloride -4.12 

Perchlorate -1.15 
Nitrate -2.54 

Salicylate -1.60 
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The detection limit of the electrode was established at the point of intersection of 
the extrapolated linear mid-range and final low concentration level segments of the 
calibration plot and it is 3x10-5 M.  

The sensor was used for the determination of nitrite in two types of meat products 
comparatively with the spectrophotometric method used as the reference method. The 
obtained results are presented in Table II. 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Potentiometric answer to nitrite of the RhTPP-Cl based selective sensor 

 

Table II. Comparative results of the nitrite from meat products 
determination  

 
Meat 

product 
 

Nitrite 
added 

(mg/kg) 

Nitrite determination  
RE (%)b Potentiometric 

method 
RSDa 
(%) 

Spectrophoto-
metric method 

RSD (%) 

Parizer 100 175.6 ± 2.3 1.3 174.2 ± 1.2 0.7 +0.8 
Salami 100 158.4 ± 1.8 1,1 156.5 ± 0.9 0.6 +1.2 

aRelative standard deviation (%) 
bRelative error of the potentiometric method versus the spectrophotometric method 

 
From Table II results the good concordance between the potentiometric and the 

reference method, so that the nitrite-selective sensor was successfully used for the 
determination of nitrites in meat products. 
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CONCLUSION  

 
By changing the plasticizer in a PVC membrane electrode based ob Rh(III)TPP-Cl 

ionophore we have obtained a different selectivity pattern and so, a nitrite-selective sensor. 
The sensor has a linear working concentration range from 1x10-1-5x10-5 M with a slope of -
61.8 mV/decade nitrite. The selectivity of the sensor is a good toward a lot of anions. The 
sensor was successfully applied for the determination of nitrites in meat products 
comparative to the spectrophotometric reference method. 
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