
Polymeric Optical Sensors for Selective and Sensitive Nitrite
Detection Using Cobalt(III) Corrole and Rh(III) Porphyrin as
Ionophores

Si Yanga, Yaqi Woa, and Mark E. Meyerhoffa,*

aDepartment of Chemistry, The University of Michigan, Ann Arbor, Michigan 48109

Abstract

Cobalt(III) 5, 10, 15-tris(4-tert-butylphenyl) corrole with a triphenylphosphine axial ligand and

rhodium(III) 5,10,15,20-tetra(p-tert-butylphenyl)porphyrin are incorporated into plasticized

poly(vinyl chloride) films to fabricate nitrite-selective bulk optodes via absorbance measurements.

The resulting films yield sensitive, fast and fully reversible response toward nitrite with

significantly enhanced nitrite selectivity over other anions including lipophilic anions such as

thiocyanate and perchlorate. The selectivity patterns differ greatly from the Hofmeister series

based on anion lipophilicity and are consistent with selectivity obtained with potentiometric

sensors based on the same ionophores. The optical nitrite sensors are shown to be useful for

detecting rates of emission of nitric oxide (NO) from NO releasing polymers containing S-nitroso-

N-acetyl-penicillamine.
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1. Introduction

Nitrite (NO2) is an important target analyte because of its presence in food and the

environment, as well as within industrial, biological/physiological samples. Physiologically,

nitrite can be reduced to nitric oxide (NO) through several pathways [1–3], making nitrite

therapeutically valuable, including for its cytoprotective [4] and blood-pressure lowering

effects [5–6]. Nitrite itself can act as a biological signalling molecule in terms of regulation

of protein expression through the formation of S-nitrosothiols [7]. Therefore, an individual’s

levels of endogenous nitrite in blood plasma may convey valuable diagnostic information.

Additionally, nitrite has been used as a food preservative for many years, especially in cured

meats and bacon, mainly to inhibit deterioration [8–9]. Moreover, ground waters, including

well water and river water, contain nitrite that is likely to be present in drinking water
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derived from these sources [10–11]. Reactions of nitrite with secondary amines and amides

from natural breakdown products of proteins form compounds known as nitrosamines which

are regarded as carcinogenic [12–13]. Consequently, monitoring the concentration of nitrite

in these sources is of great importance.

Many methods have been developed for nitrite detection [14], including spectroscopic [15–

18], electrochemical [19–21] and chromatographic [22–25] methods. Among these,

ionophore (ion-carrier) based chemical sensors, including ion-selective polymeric membrane

electrodes (ISEs) and bulk optodes, are, simple, inexpensive and fully portable nitrite

sensing devices. Plasticized polymeric membranes/films containing an appropriate lipophilic

ionophore and an ion-exchanger (plus a chromoionophore for optodes) are widely used to

create such ion selective sensors. For anion detection, in order to achieve selectivity for the

target anion and avoid response based on ion lipophilicity, ionophores (most commonly

hydrophobic metal ion-ligand complexes) with specific binding affinity to the primary target

anion through axial ligation reactions are often incorporated into the polymeric membrane/

film. Relatively few highly selective anion ionophores have been reported in comparison to

cation ion carriers. However, in the case of nitrite, a number of potentially useful ionophores

have been suggested to prepare potentiometric nitrite selective membrane electrodes. These

include a vitamin B12 derivative [26–27], cobalt(III) tetraphenylporphyrins [28], palladium

organophosphine [29], as well as rhodium(III) porphyrins and salophens [30]. Our group has

also recently studied corrole-based Co(III) complexes as nitrite ionophores to prepare

polymeric membrane electrodes [31], and that such Co(III) corrole species provide greatly

enhanced nitrite response and selectivity.

Even fewer ionophore-based polymeric film type optical sensors (so-called “optodes”) for

nitrite have been studied. Palladium organophosphines as charged carriers have been

incorporated into polymeric films to fabricate optical sensors for nitrite detection in the

absorbance mode [32]. Different film formulations were studied with different types of

chromoionophores in the presence and absence of lipophilic ion additives depending on the

charge of the chromoinophore. The Kopelman group fabricated fluorescence sensors by

applying nitrite-selective polymeric films containing a Vitamin B12 derivative ionophore

(charged carrier) with optical fibers [33]. An optical flow-through cell setup was integrated

with the polymeric membrane optodes for nitrite detection in fluorescence mode using a

Vitamin B12 derivative ionophore [34]. All above previously reported work involved

charged carrier type ionophores, and it should be noted that significant interference from

thiocyanate was observed.

Herein, we report on the use of a cobalt(III) corrole species, cobalt(III) 5,10,15-tris(4-tert-

butylphenyl) corrole (Co-tBC) possessing triphenylphosphine as an axial ligand to stabilize

this corrole species, as a neutral carrier to fabricate nitrite-selective bulk polymeric film type

optodes. Films formulated with both neutral proton chromoionophores (chromoionophores

that are neutral when deprotonated) and charged proton chromoionophores

(chromoionophores that are charged when deprotonated) with appropriate amounts of

lipophilic ion additives are evaluated in terms of nitrite response and selectivity. It is shown

that sensors made with either neutral chromoionophores or charged chromoionophores have

significantly improved nitrite response and selectivity over other anions, including
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thiocyanate and perchlorate. For comparison purposes, rhodium(III) 5,10,15,20-tetra(p-tert-

butylphenyl)porphyrin (Rh-tBTPP) is also examined as a charged carrier within polymeric

films for optical nitrite sensing. Sensors made with Co-tBC doped polymeric films are used

to determine NO emission rates from polymer films containing S-nitroso-N-acetyl-

penicillamine. Results are in excellent agreement with those obtained from the classic

colorimetric method.

2. Experimental

2.1. Materials and reagents

Cobalt(III) 5,10,15-tris(4-tert-butylphenyl) corrole triphenylphosphine (Co-tBC) (see Fig.

1A) and rhodium(III) 5,10,15,20-tetra(p-tert-butylphenyl)porphyrin (Rh-tBTPP) (see Fig.

1B) were synthesized via previously reported procedures [30–31]. The 5,10,15-tris(4-tert-

butylphenyl) corrole and 5,10,15,20-tetra(p-tert-butylphenyl)porphyrin were purchased from

Frontier Scientific (Logan, UT, U.S.A.). Cobalt(II) acetate tetrahydrate (Co(OAc)2•4H2O),

sodium acetate anhydrous (NaOAc) and ethanol (EtOH) were products of Sigma Aldrich

(Milwaukee, WI, U.S.A.). Triphenylphosphine (PPh3) was obtained from TCI America

(Portland, OR, U.S.A.). For Griess assay measurement, sulphonamide, N-(1-

Naphthyl)ethylenediamine and hydrochloric acid were also obtained from Sigma Aldrich.

For optical sensor film preparation, poly(vinyl chloride) (PVC), o-nitrophenyloctyl ether (o-

NPOE), tridodecylmethylammonium chloride (TDMACl), chromoionophore I (9-

(diethylamino)-5-(octadecanoylimino)-5H-benzo[a]phenoxazine (ETH 5294)),

chromoionophore II (9-dimethylamino-5-[4-(16-butyl-2,14-dioxo-3,15-

dioxaeicosyl)phenylimino]benzo[a]phenoxazine (ETH 2439)), chromoionophore III (9-

(diethylamino)-5-[(2-octyldecyl)imino]benzo[a]phenoxazine (ETH 5350)),

chromoionophore IV (5-octadecanoyloxy-2-(4-nitrophenylazo)phenol (ETH 2412)),

chromoionophore V (9-(diethylamino)-5-(2-naphthoylimino)-5H-benzo[a]phenoxazine),

chromoionophore VI (4′,5′-dibromofluorescein octadecyl ester (ETH 7075)),

chromoionophore VII (9-dimethylamino-5-[4-(15-butyl-1,13-dioxo-2,14-

dioxanonadecyl)phenylimino]benzo[a]phenoxazine (ETH 5418)) and anhydrous

tetrahydrofuran (THF) were purchased from Fluka and used without further purification. For

NO releasing film preparation, S-nitroso-N-acetyl-penicillamine (SNAP) was synthesized

using a previously reported method [35]. N-Acetyl-DL-penicillamine (NAP), and methanol

were purchased from Sigma Aldrich. The CarboSil polymer was purchased from the

Polymer Technology Group (Berkeley, CA).

All salts for standard solutions were purchased from Sigma Aldrich and were used as

received. Measurements were performed in 50 mM NaH2PO4/Na2HPO4 buffer solutions

with pH 4.5 or 5.0. All solutions were prepared with 18.2 MΩ water (Milli-Q, Millipore

Corporation, Billerica, MA, USA). Activity coefficients were calculated according to the

two-parameter Debye-Hückel formalism of Meier [36].

2.2. Film preparation for bulk optodes

For optode thin film cocktail preparations, a total of 100 mg of components containing 10 or

20 mmol/kg of the ionophore, 10 mmol/kg of the neutral chromoionophore or 10 mmol/kg
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of the charged chromoionophore with 10 mmol/kg of TDMACl plus o-NPOE and PVC with

a mass ratio of 2:1 were dissolved in 1 mL THF. To obtain the optical sensing thin films, 50

μL aliquots of the membrane cocktail were coated with a pipette onto glass slides (51 mm ×

9 mm), and the remaining THF was allowed to evaporate completely in fume hoods before

testing. The thickness of the formed thin film was determined to be ~ 5 μm [37–38]. The

resulted film is transparent with no visible aggregation.

2.3. Absorbance measurements

All absorbance measurements were made using a PerkinElmer Lambda35 UV/Vis

spectrophotometer. Before testing, film-coated glass slides were inserted into 1 cm cuvettes

containing sample solutions to condition for 30 min. For each sample, a ratiometric method

was used for calculation of α value (fraction of unprotonated chromoionophore) by

recording the absorbance ratio of two peaks at two given wavelengths corresponding to the

deprotonation peak and protonation peak of each chromoionophore. More specifically, for

films prepared with chromoionophore I, ratios of absorbance values at 666 nm and 545 nm

were measured for different sample solutions. The ratios of absorbance values at 668 nm and

526 nm, 648 nm and 512 nm, 428 nm and 568 nm, 665 nm and 566 nm, 472 nm and 536 nm

and 677 nm and 550 nm were recorded for films formulated with chromoionophore II, III,

IV, V, VI and VII, respectively. For calculation of α values, absorbance spectra of fully

protonated and deprotonated chromoionophores were recorded by conditioning the optode

membranes in 0.1 M HCl and 0.1 M NaOH solutions. All calculated curves were fitted to

experimental points by adjusting Kcoex.

The sensor reversibility experiments were carried out by using one optical sensing film and

changing the sample solution only. Noise due to opening the instrument chamber was

removed from the absorbance tracings.

2.4. Preparation of SNAP-doped NO release film

The casting solution was prepared by dissolving 400 mg CarboSil in 3 mL THF. Ten wt%

SNAP (44.5 mg) was then added into the polymer solution, and the mixture was stirred for

10 min. The film solution was cast into a Teflon ring (d=2.5cm) on a Teflon plate and dried

overnight under ambient conditions, followed by 48 h of drying under vacuum to remove

any additional solvent. The disk formed was evenly cut into 8 pieces and those pieces were

divided into 2 portions, one portion containing 3 pieces and the other portion containing the

remaining 5 pieces (to provide higher rate of NO production compared to 1st portion in

given volume of solution phase). Since in the presence of oxygen within aqueous test

solutions, nitric oxide is converted to nitrite with a stoichiometry of 1:1 [39], the

concentration of nitrite after a given time can be used to calculate the total NO released from

the film. To convert NO released from the polymer film to nitrite, the portions with 3 film

pieces and that with 5 film pieces were incubated in 50 mM phosphate buffer solution (4

mL, pH 4.5) for 12 h under 37 °C in two separate amber vials and the resulting solutions

were labeled as sample # 1 and sample # 2, respectively.
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2.5. Determination of NO

To determine the NO level in the samples by using the conventional colorimetric Griess

method [40–41], the Griess assay reagent solutions were prepared as follows: 21.52 mg

sulphonamide was dissolved in 10 mL water to yield a 12.5 mM solution; concentrated HCl

was diluted to 6 M; 32.4 mg N-(1-Naphthyl)ethylenediamine was dissolved in 10 mL water

to give a solution with the concentration of 12.5 mM. Both the sulphonamide and N-(1-

Naphthyl)ethylenediamine solutions were stored at 4 °C and the latter was kept away from

light. For sample measurements, 100 μL of a sample solution was added into a cuvette and

diluted with 700 μL phosphate buffer (50 mM, pH 4.5), followed by addition of the Griess

reagent (100 μL sulphonamide, 100 μL HCl and 100 μL N-(1-Naphthyl)ethylenediamine).

After color development for 15 min at room temperature, the absorbance at 540 nm was

measured. Results for each sample solution were compared to absorbance values obtained

using nitrite standard solutions treated in the same manner (to obtain the calibration curve).

For measurements via the new Co-tBC based polymeric optical sensors, the same sample

solution dilution procedure was performed and the diluted sample was detected by the o-

NPOE plasticized PVC membrane optodes doped with 20 mmol/kg Co-tBC and 10 mmol/kg

chromoionophore I in the absorbance mode. All tests were conducted in triplicate.

3. Results and discussion

3.1. Anion carrier optode response mechanism

Nitrite-selective bulk optode responses are based on the coextraction of nitrite and protons

into the polymer film containing both the nitrite selective ionophore, which may be neutral

or charged, and a proton-sensitive chromoionophore in the presence or absence of lipophilic

cationic sites (R+) depending on the neutrality of the membrane. When a neutral ionophore

is employed, either a neutral chromoionophore (see Fig. 2A) or a charged chromoionophore

with a proper amount of lipophilic cationic sites (see Fig. 2B) can be incorporated into the

polymeric film. When a charged ionophore is present, a charged chromoionophore is

required to maintain membrane neutrality in the organic polymeric phase (see Fig. 2C). The

coextraction processes can be summarized as simple net ionic equations (1):

(1)

(2)

(3)

where X− is the analyte anion, I is the neutral carrier, I+ is the charged carrier ionophore, C

is a neutral chromoionophore and C− is a charged chromoionophore. Taking mass balance

and charge balance into account, the above three net ionic equations can be rewritten in an

analytically more useful form to relate proton (aH
+) and ion activities (aX

−) to optical

responses and membrane parameters as follows [32, 42–43]:
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(4)

(5)

(6)

where Kcoex is the coextraction constant, CT is the total amount of chromoionophore, IT is

the total amount of ionophore, and RT is the total amount of lipophilic ionic sites. The value

of 1−α is the protonation degree of the chromoionophore, which is defined as the ratio of the

chromoionophore concentration in its protonated form to its total concentration and can be

connected to the apparent absorbance values (see equation 7), where A is the absorbance of

the chromoionophore for a given equilibrium condition, and Aprot and Adeprot are the

absorbance values at fully protonated and deprotonated forms respectively. In a buffered

system, 1−α is only dependent on the analyte ion activity since the proton activity is

constant.

(7)

3.2. Cobalt(III) corrole as a neutral ionophore optical nitrite sensing

3.2.1. Optodes response—The response mechanism of the anion carrier largely

determines the composition of the optical sensing films. It has been reported and determined

by potentiometry that Co-tBC is a neutral carrier within polymeric membrane electrodes

[31]. Therefore, to maintain membrane neutrality, a neutral chromoionophore or a charged

chromoionophore with the appropriate amount of lipophilic ionic sites should be employed

together with the neutral ionophore in polymeric film optodes. In the presence of a neutral

chromoionophore and neutral carrier, the binding of nitrite and Co-tBC is accompanied by a

concomitant protonation of the chromoionophore to maintain the charge neutrality within

the film. As shown in Figure 3A, as the nitrite concentration increases and more nitrite

enters the film to bind with the ionophore, more protons are coextracted to protonate

chromoionophore I, resulting in the absorbance change (increase of protonation peak at 666

nm and decrease of deprotonation peak at 545 nm). In contrast, if a charged

chromoionophore is incorporated into the polymeric membrane, a proper amount of

lipophilic ionic sites should also be introduced to act as the initial counterion to the

chromoionophore. Similarly, an increase in nitrite level in the sample phase is accompanied

by an increased degree of protonation of the chromoionophore, as indicated by a spectra

change (increase of protonation peak at 472 nm and decrease of deprotonation peak at 536

nm). As the binding of nitrite and the ionophore occurs, the ion-ionophore complex is

charged while the protonated chromoionophore becomes neutral. In the presence of
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lipophilic ionic additives, the electroneutrality of the sensing film is still ensured. The

spectra changes observed in Fig. 3 indicate Co-tBC can successfully function as a nitrite-

selective ionophore when incorporated in a polymeric membrane to fabricate sensitive bulk

optodes for nitrite detection.

The response calibration curves toward nitrite are shown in Figure 4. The solid lines are the

theoretical curves according to equation 4 and the points (□, ■ and ●) are from

experimental data, which fit well with the theoretical curves. Since the film composition and

buffer pH can substantially affect membrane equilibrium and sensor response

characteristics, optodes made with two different film compositions were initially studied as

well as two different pH buffered test solutions. Figure 4 illustrates that when the ionophore

amount is doubled (□), almost all the chromoionophores are protonated in the presence of a

high concentration of nitrite, while only ~ 90% of the chromoionophores are protonated

when there is less ionophore in the membrane (●) with the response range shifted to a

higher concentration range. Comparing the two buffer solutions, the pH 4.5 yields higher α

values than pH 5.0, indicating a better sensor response with increased proton activity.

However, if the buffer pH value is < pH 4.5, nitrite will start to be protonated in the sample

phase, resulting in lower nitrite activity.

3.2.2. Selectivity—Experimental selectivity coefficients for different films can be

estimated from the horizontal distance of two optical response calibration curves at a given

degree of protonation, 1−α, which was 0.5 in this study. Since the response of ionophore-

based ion-selective sensors (both optical and potentiometric) is highly dependent on the

ionophore, selectivity patterns obtained from bulk optodes formulated with Co-tBC are

similar to the selectivity patterns observed previously with potentiometric anion sensors

employing the same ionophore, and completely different than the classical Hofmeister

series. For example, optical sensor 1 (20 mmol/kg ionophore and 10 mmol/kg

chromoionophore I) yields the same selectivity pattern as potentiometric polymer membrane

electrodes formulated with 1 wt% ionophore and 10 mol% TDMACl (NO2
−> ClO4

− >

SCN− > NO3
− > Br− > Cl−), but is more selective to nitrite (with more negative log

selectivity coefficient values ( )) over SCN−, ClO4
− and NO3

− [31]. With the

proper amount of ionophore, type and amount of chromoionophore, lipophilic ion additives,

and sample phase pH, the sensors also exhibit good nitrite selectivity over the most

lipophilic ones (ClO4
− and SCN−). Generally, polymer film optodes (1–5, Fig. 5) doped

with neutral chromoionophores have better selectivity towards nitrite than those with

charged chromoionophores (6–7, Fig. 5), especially regarding interference from lipophilic

anions. A possible reason for this is that the incorporation of lipophilic ionic sites increases

the ionic strength of the film, which favors other anions that can compete with nitrite,

leading to worse selectivity for nitrite over other anions. Since the response of anion-

selective optodes is based on a carrier-mediated coextraction equilibrium, it relates to both

the complex formation constant of the ionophore and the proton-binding affinity of the

chromoionophore in the film (pKa) [37]. Membrane optodes containing chromoionophores

with higher pKa values (order of pKa values: chromoionophore I > V > II > VII > III [44–

45]) generally have better selectivity, and this can be seen in Figure 5.
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3.2.3. Response time and reversibility—The response time of the optical sensor is

measured as the time require for the films to reach 95% of the equilibrium response. The

dynamic response time is shown in Figure 6 and is found to be less than 1 min, with

excellent signal reproducibility of the nitrite optode film when switching between sample

solutions containing 10−5 M and 10−2 M sodium nitrite. The response time observed is

comparable to the previously reported organopalladium-based membrane optodes tested in

the absorbance mode [32] and is much shorter than optodes based on the same ionophore

tested in the fluorescence mode [46] and optodes based on electropolymerized cobalt(II)

porphyrin [47].

Nitrite optode thin films show no visible change within two weeks if stored in dark without

contacting any aqueous solution. A few crystals are formed after two weeks indicating a

change in film composition. If films are in contact with aqueous solution for a certain

amount of time (usually ~ 2 days) instead of being stored in dark and dry condition, it was

found that the thin film can be easily peeled off from the glass slide.

3.3. Rhodium(III) porphyrin as the charged ionophore

Rhodium(III) porphyrins have recently been discovered to exhibit excellent performance in

terms of nitrite selectivity over other common anions [30]. Rhodium is from the same group

as cobalt and exhibits similar axial ligation chemistry, although not exactly the same. Unlike

corroles, when complexed to metal(III) ions, porphyrins are −2 charged and the resulting

metal complex functions as a charged carrier when incorporated into polymeric films.

Fabricating polymeric optodes by employing Rh(III) porphyrins as ionophores requires that

a charged chromoionophore be present in the film to maintain charge neutrality (see Fig.

2C). As shown in Figure 7, sensors formulated with 10 mmol/kg Rh-tBTPP and 10 mmol/kg

chromoionophore VI show very sensitive and selective response to nitrite over the range of

10−7 to 10−2 M. As shown in Figure 7, The selectivity pattern deviates substantially from the

Hofmeister selectivity pattern.. Sensors prepared with the Rh(III) porphyrin exhibit

selectivity to nitrite over other anions including more lipophilic perchlorate and thiocyanate

( : SCN−, −1; ClO4
−, −1.9; NO3

−, −2.7; Br−, −3.2; Cl−, −3.9), which is consistent

with the selectivity coefficients data observed via potentiometry using an ion-selective

membrane electrode. The signal reproducibility is shown in Figure 8, with a very reversible

optical response when nitrite concentration is switched between 10−5 and 10−2 M. The

response time of the optode, t95, is found to be within 1 min with a longer recovery time of ~

8min, indicating strong binding affinity between nitrite and Rh-tBTPP, indicating a larger

on-rate constant and a much smaller off-rate constant. The Rh-tBTPP-based bulk optodes

provide better selectivity to nitrite over ClO4
− compared to Co-tBC-based optical sensors

(see above, Fig. 5), while Co-tBC-based sensors are more selective to nitrite over NO3
− than

Rh-tBTPP-based sensors. Comparable selectivity over other anions (SCN−, Br−, Cl−) is

observed by sensors prepared with both ionophores.

3.4. Nitric oxide detection

To establish the usefulness of optical sensors made with polymeric membranes prepared

with Co-tBC (20 mmol/kg) and chromoionophore I (10 mmol/kg), the determination of
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nitrite converted from nitric oxide released by S-nitroso-N-acetyl-penicillamine-doped

CarboSil films were carried out and compared with the conventional Griess colorimetric

assay method. In oxygen-containing aqueous solution, NO can be oxidized to nitrite with a

stoichiometry of 1:1 [39]. Thus, the concentration of nitrite in the soaking solution can

provide information about the amounts of NO released from such polymeric films. Such NO

release polymers are very useful biomedically to coat various devices to prevent clotting and

infection [35, 48–50]. As shown in Table 1, the results obtained for NO released from

SNAP-doped films with the polymeric membrane nitrite optode are in excellent agreement

with the results obtained using the colorimetric Griess method for the two samples

examined. The biggest advantage of the optical sensor over the Griess assay method is that

one sensor can be used multiple times (owing to the reversibility), and there are no reagents

that need to be made fresh each day for analytical measurements. For real sample

applications in the case of detecting NO gas production, to prevent possible interfering ions

present, the sample can be purged with nitrogen gas to sweep the NO to a recipient buffer

solution where it would form nitrite and the optical sensor would be used to determine nitrite

levels in that recipient solution. Another option to correct for any interference from

lipophilic anion species such as perchlorate or thiocyanate that might be present in a sample

along with nitrite, would be to utilize a second optical film sensor composed of the a

lipophilic quaternary ammonium salt anion-exchanger (e.g., TDMAC) along with a pH

indicator that would be negatively charged in deprotonated state. Such films will exhibit the

greatest optical response to lipophilic anions and hence the presence of interferences could

be accounted for when using the new nitrite selective optical sensing films described here.

4. Conclusions

In summary, both the cobalt(III) 5,10,15-tris(4-tert-butylphenyl) corrole triphenylphosphine

and rhodium(III) 5,10,15,20-tetra(p-tert-butylphenyl)porphyrin ionophores can function as

nitrite-selective ionophores in polymeric film type optical sensors and provide similar anion

selectivity patterns with previously reported polymeric membrane electrodes [30–31]. For

the Co-tBC (neutral carrier)-based optical sensors, films formulated with neutral

chromoionophores show better selectivity to nitrite than charged chromoionophores due to

the presence of lipophilic ion additives. Sensors doped with chromoionophores I and V (see

Fig. 5) provide greatly enhanced nitrite selectivity to other anions including the most

lipophilic anions, perchlorate and thiocyanate. Chromoionophores with different pKa values

also influence sensor performance. The higher the pKa, of the chomoionophore the better

the response and selectivity observed for nitrite. It is also observed that the lower the pH

value of the buffer, the more sensitive the sensor is. Sensor response ranges and detection

limits can be tuned by changing film formulations and test buffer pH values. For Rh-tBTPP

(charged carrier)-based optical sensors, a charged chromoionophore must be employed in

the sensing membrane to maintain charge neutrality. Selectivity patterns and coefficients

obtained from the Rh-tBTPP-based optical sensors are in excellent agreement with those

obtained when using same ionophore to prepare potentiometric membrane electrodes[30].

Sensors based on both of the two ionophores have fast response and recovery times in

response to changes in nitrite concentration. Results also demonstrate the potential for

immediate application of sensors in quantitating the rates of nitric oxide release from
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polymeric films doped with various NO donors, with data for the new optical sensors

correlating well with the classical Griess assay for determining nitrite levels derived from

the liberated NO.
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Highlights

• We examine cobalt(III) corroles and rhodium(III) porphyrins as ionophores in

polymeric films for optical sensors to detect nitrite.

• Different types of proton chromoionophores are evaluated to optimize nitrite

response.

• Selectivity over lipophilic anions such as perchlorate and thiocyanate is

observed.

• Both ionophores yield optical sensors that are fully reversible.

• The cobalt(III) corrole based sensor is employed to determine nitric oxide

emission rates from NO donor doped polymers with good accuracy.
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Fig. 1.
(A) Structure of Co(III) 5, 10, 15-tris(4-tert-butylphenyl) corrole with triphenylphosphine as

the axial ligand (Co-tBC) and (B) Rh(III) 5, 10, 15, 20-tetra(p-tert-butylphenyl)porphyrin

chloride (Rh-tBTPP).
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Fig. 2.
Optical sensing schemes for nitrite ion with a neutral carrier coupled with (A) a neutral

chromoionophore, (B) a charged chromoionophore and lipophilic ionic sites and (C) a

charged carrier coupled with a charged chromoionophore. Note: C=chromoionophore, I =

ionophore, X− = nitrite or other anion, R+ = lipophilic cationic site additive.
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Fig. 3.
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Absorption spectra of nitrite optical sensing films prepared with a PVC-NPOE cocktail

containing (A) 20 mmol/kg ionophore, 10 mmol/kg chromoionophore I; and (B) 20

mmol/kg ionophore, 10 mmol/kg chromoionophore VI and 10 mmol/kg TDMACl,

measured at varying nitrite levels, ranging from 0.1 μM to 0.1 M, in 50 mM phosphate

buffer solutions (pH 4.5).
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Fig. 4.
Response of optical nitrite sensing polymeric films to solutions prepared in 50 mM

phosphate buffer solutions with different nitrite concentrations as function of sample pH and

different amount of ionophore in film. Films were o-NPOE plasticized PVC doped with (□)

20 mmol/kg ionophore and 10 mmol/kg chromoionophore I (buffer pH 4.5); (■) 20

mmol/kg ionophore and 10 mmol/kg chromoionophore I (buffer pH 5.0); and (●) 10

mmol/kg ionophore and 10 mmol/kg chromoionophore I (buffer, pH 4.5).
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Fig. 5.
Logarithm of optical selectivity coefficients (relative to nitrite) of Co-tBC (20 mmol/kg)-

based polymer film optodes doped with different chromoionophores in the presence or

absence of TDMACl. Polymeric films were doped with (1) 10 mmol/kg chromoionophore I;

(2) 10 mmol/kg chromoionophore II; (3) 10 mmol/kg chromoionophore III; (4) 10 mmol/kg

chromoionophore V; (5) 10 mmol/kg chromoionophore VII; (6) 10 mmol/kg

chromoionophore IV and 10 mmol/kg TDMACl; (7) chromoionophore VI and 10 mmol/kg

TDMACl. Measurements were carried out in 50 mM phosphate buffer, pH 4.5.
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Fig. 6.
Reversibility of optical nitrite response in phosphate buffer solution (pH 4.5) for polymer

film optodes formulated with 20 mmol/kg Co-tBC and 10 mmol/kg chromoionophore I in o-

NPOE plasticized PVC, when changing nitrite concentration back and forth between 10-2 M

and 10-5 M. Absorbance values were measured at 545 nm.
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Fig. 7.
Optical response of o-NPOE-PVC sensing film doped with 10 mmol/kg Rh-tBTPP and 10

mmol/kg chromoionophore VI toward various anions measured in 50 mM phosphate buffer,

pH 4.5: (●) chloride, (*) bromide, (×) nitrate, (▲) perchlorate, (■) thiocyanate, (◆) nitrite.
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Fig. 8.
Reversibility of potentiometric response to nitrite in phosphate buffer solution (pH 4.5) for

optical sensing films formulated with 10 mmol/kg Rh-tBTPP and 10 mmol/kg

chromoionophore VI in o-NPOE plasticized PVC, when changing nitrite concentration back

and forth between 10-2 M and 10-5 M. Absorbance measured at 536 nm.
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Table 1

Results of NO release rates from SNAP-doped CarboSil film over 12 h period by using both conventional

Griess assay and polymeric film-based nitrite selective bulk optodes based the on Co-tBCionophore (n=3).

Sample

Optical Sensors Griess Assay

[NO2
−] (mol•L−1) NO emission rate (mol•min−1) [NO2

−] (mol•L−1) NO emission rate (mol•min−1)

#1 1.91±0.09×10−4 1.06±0.05×10−9 1.96±0.06×10−4 1.09±0.02×10−9

#2 3.37±0.1×10−4 1.88±0.08×10−9 3.29±0.03×10−4 1.82±0.08×10−9
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