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A metal complex 1 derivative from a coumarin bearing a porphyrin unit was spectroscopically characterized and its sensing ability 

towards the alkaloids caffeine 2, nicotine 3 and cotinine 4 was evaluated in these studies. This probe shows to be sensitive to the 10 

alkaloids studied, whereas the detectable amount of 2.5±0.3 µM of cotinine was determined in dam water from the Vigia Dam located in 

the region of Montoito village, Alentejo district, Portugal. The interaction of 1 with cotinine was also verified by MALDI-TOF-MS, 

whereas it was found peaks at 877.2 and 1053.3 m/z corresponding to the species [1H]+ and [1CotinineH]+, respectively. 
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Introduction  

Currently, the design and synthesis of systems that are capable of 

sensing various alkaloids are of major interest. These natural 

organic compounds contain basic nitrogen atoms and are 

generally secondary plant metabolites with a considerable interest 20 

in medicine and society [1]. 

Actually due to their pharmacological effects, alkaloids are used 

as antibacterial (berberine), vasodilators (papaverine) [2], 

anaesthetics (morphine, atropine) [3], antimalarial (quinine) [4], 

and as stimulants (nicotine, caffeine) [5] or psychoactive 25 

(cocaine) drugs [6]. Additionally, they also have attracted interest 

in synthesis and catalysis [7].  

Concerning the properties aforementioned, during the last years, 

several analytical procedures have been developed for alkaloids 

determination. These include high performance liquid 30 

chromatography (HPLC) [8], gas chromatography (GC) [9], 

capillary electrophoresis (CE) [10], and radioimmunoassay [11]. 

All these procedures offer good detection sensitivity, but suffer 

from certain disadvantages. For example, the GC, CE, and HPLC 

procedures exhibit low selectivity and require costly equipment, 35 

and trained operators [12].  

Regarding this issue, fluorescent probes appear as a new 

technique in the selective detection of alkaloids [13]. Among all 

fluorescent chemosensors, porphyrins and analogues are good 

candidates, since they can be excited with light in the visible 40 

region of the spectrum, have high fluorescence quantum yields, 

large Stokes shift and have many different established synthetic 

procedures of functionalization [14]. Recently we have evaluated 

the sensorial response of different porphyrins [15] and conjugated 

porphyrins towards different anions or metal ions [16]. During 45 

this study we verified that the inclusion of the coumarin nucleus 

in a porphyrin framework, 1, can enhance the fluorescence 

emission and furnish better solubility in aqueous medium. 

Following our interest, on the study of new water soluble 

fluorescent chemosensors, herein we present the sensorial ability 50 

of the probe 1 towards the alkaloids caffeine 2, nicotine 3 and 

cotinine 4 (Figure 1). 
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Figure 1. Structural formula of {2-(5-oxo-2,3,4,5-tetrahydro-2H-
pyrano[3,2-c]chromen-2-yl)-5,10,15,20tetraphenylporphyrinato}zinc(II) 

1 , Caffeine 2, Nicotine 3, and Cotinine 4. 

 75 

Among all alkaloids, caffeine 2 and nicotine 3 are the most 

attractive targets because of their important pharmacological 

effects. Caffeine 2 is a natural constituent of tea, coffee, guarana 

paste and cacao [17]. This alkaloid is also a component of 

pharmacological preparations including analgesics (where 80 
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caffeine acts as an adjuvant) and remedies for weight loss [18]. 

Nicotine 3 is a dinitrogen alkaloid present in tobacco [19]; its 

excessive consumption can lead to a great variety of negative 

physiological effects, like pulmonary cancer and cardiovascular 

diseases [20]. However, it is also known that this alkaloid has 5 

some therapeutic effects in neurodegenerative diseases, like those 

of Alzheimer and Parkinson [21]. Concerning 3, Han et al. [22] 

reported a “turn on” system based on 2-(4-pyridyl)imino 

nitroxide (A) and meso-tetraphenylporphyrinatozinc(II) (B) stable 

complex, in which the addition of nicotine displaced the 10 

compound (A) leading to an increased in the fluorescence signal. 

Cotinine 4 is the principal metabolite of Nicotine. Regarding this 

aspect, Deviprasad [23], designed a porphyrin fluorescent 

chemosensor for selective detection of nicotine and cotinine in 

solution. Their binding mechanism involves the axial 15 

coordination of pyridine unit of nicotine into the zinc ion 

porphyrin cavity. Additionally, Noworyta et al.  [24] published 

two zinc porphyrins, the 5-(2-phenoxyacetamide)-10,15,20-

tris(triphenylamino)porphyrinatozinc(II) and 5-(2,5-

phenylenebis(oxy)diacetamide)-10,15,20-tris(triphenylamino) 20 

porphyrinatozinc(II) with receptor sites able to recognise 

selectively nicotine and cotinine. The alkaloids analytes were 

determined at the concentration level of 0.1 mM.  

 

Experimental Section  25 

Chemicals. Caffeine, (-)-Nicotine and (-)-Cotinine were 

purchased from Sigma-Aldrich. All these chemicals were used 

without further purification. The solvents were obtained from 

Panreac and Riedel-de Haen and used as received. 

 30 

Spectrophotometric and spectrofluorimetric measurements of 

conjugate 1. Absorption spectra were recorded on JASCO V-650 

spectrophotometer and fluorescence emissions were performed 

on a Spectrofluorimeter HORIBA-JOBIN-YVON Fluoromax 4. 

The linearity of the fluorescence emission vs. concentration was 35 

checked in the concentration range used (10-4 to 10-6 M). A 

correction for the absorbed light was performed in the case of 

absorbance (A) at the excitation wavelength higher than 0.2 [25]. 

The spectroscopic characterizations and titrations were performed 

by appropriate dilution of the stock solution (ca. 10-3 M) up to 10-
40 

5 to 10-6 M of complex 1 in absolute ethanol.  

Titrations of complex 1 were carried out by the addition of 

microliter amounts of standard solutions of alkaloids in 

EtOH:H2O (50:50). All the measurements were performed at 298 

K.  45 

The detection limit was determined according with procedure 

reported in supporting information.  

The unknown amount detectable for the analytes in real samples, 

dam water, was measured by a standard addition method [26].  

 50 

MALDI-TOF-MS titrations. The MALDI-MS analyses have been 

performed with a MALDI-TOF-TOF-MS model Ultraflex II 

Bruker, Germany, equipped with a nitrogen laser, from the 

BIOSCOPE group. Each spectrum represents accumulations of 5 

× 50 laser shots. The reflection mode was used. The ion source 55 

and flight tube pressure were less than 1.80 ×10-7 and 5.60×10-8 

Torr, respectively. The MALDI mass spectra of the soluble 

samples (1 mg mL-1) were recorded using the conventional 

sample preparation method for MALDI-MS. 1 µL with 1, 2 and 

10 equivalents of the cotinine alkaloid was put on the sample 60 

holder on which the complex 1 had been previously spotted. The 

sample holder was inserted in the ion source. Chemical reaction 

between probe 1 and the alkaloid occurred in the holder and 

complexed species were produced. The samples were prepared in 

ethanol. 65 

 

Synthesis of organic ligands. Conjugate 1 was synthesized 

according to the procedure described within the literature [16], 

[27]. The molecular integrity of the complex 1 was established 

from FAB mass, elemental analysis and 1H NMR studies. 70 

Results and Discussion  

The photophysical characterization of complex 1 in ethanol was 

performed at 298 K and the data are gathered in table 1. 

 

Table 1. Photophysical data of complex 1 in absolute ethanol at 298 K. 75 

The values correspond to single measurements. The fluorescence 

quantum yield value corresponds to an average of three independent 

experiments (n=3).  

 

Compds. 
λmax(nm) : 

log ε 

λem 

(nm) 

Stoke’s 

shift 

(nm) 

Φ 

1 

427: 5.23; 

555: 3.95; 

590 3.21 

599,647 9 

0.020 

±0.005 

(n = 3) 

 80 

Figure 2 shows the absorption (only Q band region), excitation 

and emission spectra, in absolute ethanol of complex 1.  

 

 

 85 

 

 

 

Figure 2. Absorption, normalized emission and excitation spectra of 

porphyrin 1 in absolute ethanol, ([1] = 5.0×10-6 M, λexc= 555 nm, λemiss =  90 

647 nm). 

 

The absorption spectrum of the metalloporphyrin conjugate 1, 

showed two weak Q bands at ca. 555 and 590 nm and the perfect 

match between the absorption and the excitation spectra rules out 95 

the presence of any emissive impurity. The fluorescence emission 

spectrum of zinc porphyrin 1 presents two bands centered at 599 
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and 647 nm, which are characteristic of metalloporphyrin 

derivatives. 

The sensing ability of derivative 1 towards the alkaloids caffeine 

2, nicotine 3 and cotinine 4 was investigated by titration of the 

complex, dissolved in absolute ethanol, with the addition of small 5 

amounts of the alkaloids 2, 3 and 4 dissolved in ethanol:water 

(50:50). The experiments, monitored by UV/Vis and fluorescence 

emission spectroscopy at room temperature, showed with all 

alkaloids spectral changes in the absorption and emission spectra. 

Concerning the interaction of probe 1 with alkaloid 2, the 10 

absorption spectra show a small red-shift of the Soret band from 

426 nm to 429 nm (∆λ = 3 nm), that it is accompanied by a 

decrease in its intensity at 426 nm, and an increase at 429 nm.  

A similar behavior was observed in the Q-band region, whereas a 

red-shift from 555 nm to 573 nm (∆λ = 18 nm) is accompanied 15 

by a decrease in the intensity at 555 nm and an increase of the 

new band at 573 nm (see Fig. 3A). A new band also appears at 

600 nm. 

Considering the emission spectrum of 1 (Fig. 3B), the addition of 

caffeine was responsible for a red-shift from 599 to 608 nm and 20 

from 647 to 659 nm followed by an enhancement in the emission 

intensity of ca. 40% at 608 nm and a quenching, ca. 10%, at 659 

nm. 

 

 25 

 

 

  

 

 30 

 

 

 

 
Figure 3. Spectrophotometric (A) and spectrofluorimetric (B) titrations of 35 

complex 1 with the addition of caffeine in EtOH:H2O (50:50). The insets 

represent the absorption (A) and the emission intensity (B) as a function 

of [caffeine]/[1] at 555 nm and 573 nm for (A), and 608 nm and 659 nm 

for (B); the solid lines represent the fit to obtained using HypSpec. ([1] = 

5 ×10-6M, λexc= 555 nm, T=298 K). 40 

 

The studies performed with nicotine, showed that upon its 

addition to conjugate 1 the spectral changes were similar to the 

ones described for caffeine (data not shown).   

Considering the addition of cotinine, the spectral changes 45 

observed in the absorption spectra of 1 were similar to the ones 

visualized for caffeine and nicotine. However, in the emission 

spectra a quenching in the emission intensity was detected. In the 

emission spectra of 1 (Fig. 4A), the titration with cotinine was 

responsible for a decrease in the emission intensity of ca. 40% at 50 

598 nm and also at 646 nm (ca. 60%), followed by a red-shift 

from 599 to 606 nm and from 646 to 656 nm.  

The association constants for the interaction of alkaloids 2, 3 and 

4 with probe 1 were determined using the HypSpec [28] program 

and values of Log KassCaffeine= 5.38 ± 0.03 (n =3), Log Kass.Nicotine= 55 

5.87 ± 0.02 (n=3) and Log Kass.Cotinine= 5.57 ± 0.01 (n =3) with a 

stoichiometry of 1:1 were obtained. A stoichiometry of one 

ligand per alkaloid was postulated, and was further confirmed by 

Job’s plot method (see figure SI1) [29]. Nevertheless, the 

association constants for the three alkaloids are in the same order 60 

and with the same stoichiometry suggesting that the interaction 

between the alkaloids and probe 1 is of the same type. Most 

likely, the interaction involves the coordination of purine (2) or 

pyridine (3 or 4) nitrogen atoms and the zinc(II) metal ion in the 

porphyrin core as it is suggested in figure 5C. 65 
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Figure 4. (A) Spectrofluorimetric titration of probe 1 upon addition of the 

alkaloid cotinine in absolute ethanol at room temperature. The inset 
represents the emission intensity (A) as a function of [caffeine]/[1] at 598 

and 646 nm; the solid lines represent the fit to obtained using HypSpec. 85 

([1] = 5 ×10-6M, λexc= 555 nm, T=298 K). (B) MALDI-TOF-MS spectra 
of complex 1 and 1+cotinine, without matrix. 
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Figure 5. (A) and (B) Naked eye picture and under a UV lamp (λexc = 365 

nm) of 1 (left) and 1+cotinine (right). (C) Hypothetical coordination 

structure of the cotinine as an example of the alkaloids studied and probe 

1.  

 110 

The coordination of cotinine to probe 1 was also confirmed by 

MALDI-TOF-MS (figure 4B) where it was found peaks with m/z 

at 877.2 and 1053.3 corresponding to the species [1H]+ and 

[1CotinineH]+, respectively. 

In order to evaluate the potential of probe 1 for caffeine and 115 

cotinine, the minimal detectable amount (LOD) was determined 

in etanol:water (50:50), whereas values of 0.021±0.002 at 567 

nm, and of 1.05±0.04 at 646 nm were determined for absorption 

and emission, respectively. Then, the minimal detectable amount 

of cotinine was 1.0±0.1 µM (absorption) and of 0.7±0.1 µM 120 

(emission). Concerning the caffeine the minimal detectable 
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amount was of 1.7±0.1 µM (absorption) and 1.0±0.1 µM 

(emission).  

In addition, being cotinine the principal metabolite of nicotine 

and appearing as an important contaminant in water, the ability of 

probe 1 to detect cotinine was tested in several Portuguese dam 5 

samples. The dam water comes from the Vigia Dam located in 

the region of Montoito village, Alentejo district, Portugal. This 

experiment was carried out by the standard addition method (see 

SI). The detectable amount obtained by emission spectroscopy 

for cotinine in dam water was 2.5 ±0.3 µM. 10 

Comparing the present results to those of the literature, the probes 

published by Noworyta et al.  [24] (0.1 mM) were able to 

recognise selectively nicotine and cotinine, but the minimal 

detectable amount was much higher than the one obtained in our 

system. Moreover, we proved that our system can work with dam 15 

water samples, detecting small amounts of the cotinine alkaloid, 

as well.  

 

 

 20 

Conclusions 
 

The complex porphyrin-coumarin (1) reveals to be a potential 

probe towards, the alkaloids caffeine, nicotine and cotinine, with 

a stoichiometry of one ligand per alkaloid. Probe 1 is able to 25 

detect the amount of 2.5 ±0.3 µM in dam water. Value lower than 

the ones reported until now, thereby increasing the possibilities of 

application of probe 1. Additionally, this conjugate was able to 

detect cotinine by MALDI-TOF-MS spectrometry.  

 30 

Acknowledgments  

 

Authors thank PROTEOMASS Scientific Society (Portugal) and 

to REQUIMTE-FCT PEst-C/EQB/LA0006/2013 for general 

funding. Thanks are due to Fundação para a Ciência e a 35 

Tecnologia (FCT, Portugal), European Union, QREN, FEDER 

and COMPETE for funding the QOPNA research unit (project 

PEst-C/QUI/UI0062/2011) and the Portuguese National NMR 

Network, also supported by funds from FCT.  E. O. and H. M. 

Santos acknowledge the post-doctoral grants from Fundação 40 

para a Ciência e a Tecnologia (Portugal) 

SFRH/BPD/72557/2010 and SFRH/BPD/73997/2010, 

respectively.) C.S. thanks Proteomass Scientific Society for 

support (Portugal). J.C.J.M.D.S.M also thanks QOPNA for a 

research grant. 45 

 

Notes and References 
 
a ProteoMass Scientific Society. Madan Parque. Rua dos Inventores. 

2825-182. Caparica. Portugal.  50 
b BIOSCOPE Group, UCIBIO-REQUIMTE, Chemistry Department, 

Faculty of Sciences and Technology, University NOVA of Lisbon,  2829-

516, Caparica, Portugal.  E. mail: ej.oliveira@fct.unl.pt and 
cle@fct.unl.pt.  
c Veterinary Science Department and CECAV, University of Trás-os-55 

Montes and Alto Douro, 5001-801, Vila Real, Portugal. E.mail: 
ej.oliveira@fct.unl.pt.  
d Chemistry Department and QOPNA, University of Aveiro, 3810-193 

Aveiro, Portugal. Email: gneves@ua.pt.  

Electronic Supplementary Information (ESI) available: [Jobs plot 60 

graphics, and standard addition method for cotinine and caffeine 

alkaloids]. See DOI: 10.1039/c000000x/ 

 

1  M. F. Roberts, M. Winks, Alkaloids: Biochemistry, Ecology and 

Medicinal Applications, Logman, New York, 1998. 65 

2    (a) J. B. Bremner, Some approaches to new antibacterial agentes, Pure 

Appl. Chem. 2007, 79, 2143-2153. (b) L. Grycova, J.  Dos. R. Marek, 

Quaternary protoberberine alkaloids, Phytochemistry. 2007, 69,  150-

175. 

3     A. Karatas, F.  Gokce, S. Demir, S. Ankarali, Neurosci. Lett. The 70 

effect of intra-arterial papaverine on ECoG activity in the ketamine 

anesthetized rat, 2008, 445, 58-61. 

4    G. Grynkiewicz, M. Gadzikowska, Tropane alkaloids as medicinally 

useful natural products and their synthetic derivatives as new drugs, 

Pharmacol. Rep. 2008, 60, 439-463.   75 

5  C. W. Wright, Plant derived antimalarial agents: new leads and 

challenges, Phytochem. Rev. 2005, 4, 55-61. 

6    S. Wonnacott, N. Sidhpura, D. J. K. Balfour, Nicotine: from 

molecular mechanisms to behaviour, Curr. Opin. Pharmacol. 2005, 5, 

53-59. 80 

7   (a) S. R. Waldvogel, Caffeine–A Drug with a Surprise,  Angew. 

Chem., Int. Ed. 2003, 42, 604-605. (b) J. D. Steketee, Crit. Rev. 

Neurobiol. Cortical Mechanisms of Cocaine Sensitization, 2005, 17, 

69-86. 

8    (a) H. Kataoka, R.  Inoue, K. Yagi, K. Saito, Determination of 85 

nicotine, cotinine, and related alkaloids in human urine and saliva by 

automated in-tube solid-phase microextraction coupled with liquid 

chromatography–mass spectrometry J. Pharm. Biomed. Anal. 2009, 

49,  108-114. (b) W.  Zwickenpflug, S. Tyroller, Reaction of the 

Tobacco Alkaloid Myosmine with Hydrogen Peroxide, Chem. Res. 90 

Toxicol. 2006,  19, 150-155. 

9   (a) F. Lafay, E. Vulliet, M. M.  Flament-Waton, Contribution of 

microextraction in packed sorbent for the analysis of cotinine in 

human urine by GC–MS, Anal. Bioanal. Chem. 2010, 396, 937-941. 

(b) k. Schutte-Borkovec, C. W.  Heppel, A. –K. Heiling, E.  Richter, 95 

Analysis of myosmine, cotinine and nicotine in human toenail, 

plasma and saliva., Biomarkers, 2009, 14, 278-284. 

 10  (a) A. Marsh, B. J.  Clark, K. D. Altri, Orthogonal separations of 

nicotine and nicotine-related alkaloids by various capillary 

electrophoretic modes Electrophoresis, 2004, 25, 1270-1278. (b) S.  100 

Kodama, A. Morikawa, k. Nakagomi, A. Yamamoto, A. Sato, K. 

Suzuki, T. Yamashita, T. Kemmei, A. Taga, Enantioseparation of 

nicotine alkaloids in cigarettes by CE using sulfated b-CD as a chiral 

selector and a capillary coated with amino groups, Electrophoresis, 

2009, 30,  349-356. (c) Z. X. Zhang, X. W. Zhang, J. J. Wang, S. J.; 105 

Zhang, S. S. Sequential preconcentration by coupling of field 

amplified sample injection with pseudoisotachophoresis–acid 

stacking for analysis of alkaloids in capillary electrophoresis, Anal. 

Bioanal. Chem. 2008, 390, 1645-1652. 

11  (a) G. D. Byrd, R. A.  Davis, M. W.  Ogden, A Rapid LC-MS-MS 110 

Method for the Determination of Nicotine and Cotinine in Serum and 

Saliva Samples from Smokers: Validation and Comparison with a 

Radioimmunoassay Method, J. Chromatogr. Sci. 2005, 43, 133-140. 

(b)  J. Klein, R. Forman, C. Eliopoulos, G. Koren, A method for 

simultaneous measurement of cocaine and nicotine in neonatal hair,  115 

Ther. Drug Monit.1994, 16, 67-70.  

12    M. J. Sims, N. V. Rees, E. J. F. Dickinson, R. G.  Compton, Effects 

of thin-layer diffusion in the electrochemical detection of nicotine on 

basal plane pyrolytic graphite (BPPG) electrodes modified with 

layers of multi-walled carbon nanotubes (MWCNT-BPPG),  Sens. 120 

Actuators, B 2010, 144, 153-158. 

13 (a) M. Megyesi, L. Biczok, Considerable Change of Fluorescence 

Properties upon Multiple Binding of Coralyne to 4-

Sulfonatocalixarenes,  J. Phys. Chem. B 2010, 114, 2814-2819. (b) C.  

Page 4 of 8Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  5 

Li, J.  Li, X. Jia, Selective binding and highly sensitive fluorescent 

sensor of palmatine and dehydrocorydaline alkaloids by 

cucurbit[7]uril, Org. Biomol. Chem. 2009, 7, 2699-26703. (c)  C. 

Siering, H. Kerschbaumer, M. Nieger, S. R. Waldvogel, A 

Supramolecular Fluorescence Probe for Caffeine,  Org. Lett. 2006, 8,  5 

1471-1474. 

14   (a) B. Ventura, A. Degli Esposti, B. Koszarna, D. T. Gryko and L. 

Flamigni, Photophysical characterization of free-base corroles, 

promising chromophores for light energy conversion and singlet 

oxygen generation, New J. Chem. 2005, 29, 1559-1566. (b) J. F. B. 10 

Barata, C. I. M. Santos, M. A. F. Faustino, M. G. P. M. S. Neves, J. 

A. S. Cavaleiro, Functionalization of Corroles, Top. Heterocyclic 

Chemistry, 2013. (c) C. I. M. Santos, E. Oliveira, J. F. B. Barata, M. 

A. F. Faustino, J. A. S. Cavaleiro, M. G. P. M. S. Neves, C.Lodeiro, 

Corroles as anion chemosensors: exploiting their fluorescence 15 

behaviour from solution to solid-supported devices, J. Mater. Chem. 

2012, 22,  13811-. (d) C. I. M. Santos, E. Oliveira, J. F. Lodeiro, J. F. 

B. Barata, S. M. Santos, M. A. F. Faustino, J. A. S. Cavaleiro, M. G. 

P. M. S. Neves, C. Lodeiro, Corrole and Corrole Functionalized 

Silica Nanoparticles as New Metal Ion Chemosensors: A Case of 20 

Silver Satellite Nanoparticles Formation, Inorg. Chem 2013, 52,  

8564-8572. (e) C. I. M. Santos, E. Oliveira, J. F. B. Barata, M. A. F. 

Faustino, J. A. S. Cavaleiro, M. G. P. M. S. Neves, C. Lodeiro, New 

gallium(III) corrole complexes as colorimetric probes for toxic 

cyanide anion, Inorg. Chim. Acta. 2014, 417, 148-154.   25 

15   (a) N.M.Moura, C. Nunez, S. M. Santos, M. A. F. Faustino, J. A. S. 

Cavaleiro, F. A. A. Paz, M. G. P. M. S. Neves, J. L. Capelo, C. 

Lodeiro, A New 3,5-Bisporphyrinylpyridine Derivative as a 

Fluorescent Ratiometric Probe for Zinc Ions, Chem. Eur. J. 2014, 20, 

6684-6692. (b) N.M.Moura, C. Nunez, S. M. Santos, M. A. F. 30 

Faustino, J. A. S. Cavaleiro, M. G. P. M. S. Neves, J. L. Capelo, C. 

Lodeiro, Synthesis, Spectroscopy Studies, and Theoretical 

Calculations of New Fluorescent Probes Based on Pyrazole 

Containing Porphyrins for Zn(II), Cd(II), and Hg(II) Optical 

Detection,  Inorg. Chem. 2014, 53, 6149-6158. (c) N.M.Moura, C. 35 

Nunez, S. M. Santos, M. A. F. Faustino, J. A. S. Cavaleiro, M. G. P. 

M. S. Neves, J. L. Capelo, C. Lodeiro, Preparation and ion 

recognition features of porphyrin–chalcone type compounds as 

efficient red-fluorescent materials, J. Mater. Chem. C 2014, 2, 4772-

4783. (d) N. M. Moura, C. Nunez, S. M. Santos, M. A. F. Faustino, J. 40 

A. S. Cavaleiro, M. G. P. M. S. Neves, J. L. Capelo, C. Lodeiro, 

Functionalized Porphyrins as Red Fluorescent Probes for Metal 

Cations: Spectroscopic, MALDI-TOF Spectrometry, and Doped-

Polymer Studies,  ChemPlusChem 2013, 78, 1230-1243. 

16   C. I. M. Santos, E. Oliveira, J.C.J.M.D.S. Menezes, J. F.B. Barata, 45 

M.A. F. Faustino, V. F. Ferreira, J. A.S. Cavaleiro, M. G. P.M.S. 

Neves, C. Lodeiro, New coumarine corrole and porphyrin conjugate 

multifunctional probes for anionic or cationic interactions: synthesis, 

spectroscopy, and solid supported studies Tetrahedron 2014, 70, 

3361-3370. 50 

17  R. Flammengo, M. Crego-Calama, P. Timmerman, D. N. Reinhoudt, 

Recognition of Caffeine in Aqueous Solutions,  Chem. Eur. J. 2003, 

9, 784-792. 

18  A. Alberg, Cigarette smoking: health effects and control strategies, J. 

Drugs Today, 2008, 44, 895-904. 55 

19  (a) S. S.  Yang, I.  Smetena, A. I.  Goldsmith, Evaluation of micellar 

electrokinetic capillary chromatography for the analysis of selected 

tobacco alkaloids, J. Chromatogr. 1996, 746, 131-136. (b) M. M. F.  

Choi, X.  Wu , Y. Li,  Optode membrane for determination of 

nicotine via generation of its bromoethane derivative, Anal. Chem. 60 

1999, 71, 1342-1349. 

20  D. Yildiz, Nicotine, its metabolism and an overview of its biological 

effects,  Toxicon. 2004, 43, 619-632. 

21   (a) M. R.  Picciotto,  M. Zoli, Neuroprotection via nAChRs: the role 

of nAChRs in neurodegenerative disorders such as Alzheimer's and 65 

Parkinson's disease, Front. Biosci. 2008, 13, 492-504. 

22   H. F.  Han, G. X. Zhang, H. M. Wang, 2-(4-Pyridyl)imino nitroxide-

tetraphenylporphyrin zinc(II): A chemosensing ensemble for 

nicotine, Chin. Sci. Bull. 2012, 57, 1609-1611. 

23 G. R. Deviprasad, F. D’ Souza, Molecular recognition directed 70 

porphyrin chemosensor for selective detection of nicotine and 

cotinine, Chem. Commun. 2000, 1915-1916. 

24   K. Noworyta, Wlodzimierz Kutner, C. A. Wijesinghe, S. G. Srour, F. 

D’Souza, Nicotine, cotinine, and myosmine determination using 

polymer films of tailor-designed zinc porphyrins as recognition units 75 

for piezoelectric microgravimetry chemosensors, Anal. Chem. 2012, 

84, 2154-2163. 

25 M. Montalti, A. Credi, L. Prodi, M.T. Gandolfi. Handbook of 

Photochemistry, Taylor & Francis: Boca Raton, 3rd Ed., 2006. 

26   D. C. Harris, Quantitative Chemical Analysis, W. H. Freeman and 80 

Company, New York, 5th Edition, 1998, pp. 101.    

27   J. C. J. M. D. S. Menezes,  A. T. P. C. Gomes, A. M. S. Silva, M. A. 

F. Faustino, M. G. P. M. S. Neves, A. C. Tomé, F. C. Silva,  V. F. 

Ferreira, J. A. S. Cavaleiro, Reaction of β-Vinyl-meso-

tetraphenylporphyrin with o-Quinone Methides, Synlett., 2011, 13,   85 

1841-1844. 

28    P. Gans, A. Sabatini, A. Vacca, Investigation of equilibria in 

solution. Determination of equilibrium constants with the Hyerquad 

suite programs,   Talanta. 1996, 43, 1739-1753. 

29   P. MacCarthy, Simplified experimental route for obtaining Job's 90 

curves, Anal. Chem.1978, 50, 2165-2165. 

 

 

 

 95 

 

Page 5 of 8 Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t



Untangling interactions of a Zinc(II) complex containing a 

coumarin-porphyrin unit with alkaloids in water solutions: A 

Photophysical study 
 

Carla I. M. Santos
a,b
, Elisabete Oliveira

a,b,c*
, Hugo M. Santos

a,b
, José C. J. M. D. S. Menezes

d
, 

M. Amparo F. Faustinod, José A. S. Cavaleirod, J. L. Capeloa,b, M. Graça P. M. S. Nevesd*, 

Carlos Lodeiro
a,b* 

a ProteoMass Scientific Society. Madan Parque. Rua dos Inventores. 2825-182. Caparica. Portugal.  
b BIOSCOPE Group, UCIBIO-REQUIMTE, Chemistry Department, Faculty of Sciences and Technology, University NOVA of 

Lisbon,  2829-516, Caparica, Portugal. E. mail: ej.oliveira@fct.unl.pt and cle@fct.unl.pt.  
c Veterinary Science Department and CECAV, University of Trás-os-Montes and Alto Douro, 5001-801, Vila Real, Portugal. E.mail: 

ej.oliveira@fct.unl.pt.  
d Chemistry Department and QOPNA, University of Aveiro, 3810-193 Aveiro, Portugal. Email: gneves@ua.pt.  

 

 

 

Graphical Abstract  
 

 

Contents List  

 
 

A metal complex 1 derivative from a coumarin bearing a porphyrin unit is sensitive to 

the alkaloids caffeine 2, nicotine 3 and cotinine 4 in solution and/or in gas phase.  
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Determination of the detection (LOD) limit. Ten different measurements of a solution 

containing the selected probe were collected, without addition of any alkaloid. For these values, 

the LOD was determined by the formula:  

Ydl = yblank + 3std where ydl = signal detection limit and std =standard deviation 

 

Additionally to a solution containing complex 1, small amounts of the alkaloids were added in 

order to determine the minimal detectable amount out of the LOD value. 

 

 

Determination of the amount detectable in real samples by the Standard Addition Method. 

In the standard addition method, known quantities of the alkaloid are added to a solution of dam 

water containing the complex 1. This method requires a linear response to analyte. A linear 

regression is ploted, and when y=0, the value of the unknown concentration of the alkaloid is 

obtained.  
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Figure SI1 – Job’s plot of complex 1 upon addition of cotinine and caffeine in EtOH:H2O 

(50:50), (λexc = 608 nm).  

 

 

 

 

 

 

  

 

 

 

 
Figure SI2 – Standard addition method by emission of complex 1 upon the increasing addition 

of cotinine in dam water from the Vigia Dam located in the region of Montoito village, Alentejo 

district, Portugal ([1] = 5 ×10-6M, λexc= 555 nm, T=298 K). Relative standard deviation (RSD) 

of the values was below 15 %, n=3. 
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