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1. Introduction 

 There are many applications of different macrocycles in chemicals sensors. As host 

molecules, macrocycles form host-guest complexes with a variety of compounds, involving 

different biomolecules and many fluorescent indicators. Complexation causes changes in the 

spectral properties of fluorescent indicators. In fluorescence indicator displacement (FID) 

sensors, a non-fluorescent analyte displaces the indicator from an indicator-macrocycle system, 

which causes fluorescence intensity enhancement (turn-on response) or fluorescence intensity 

quenching (turn-off response) (Figure 1.). Such sensors provide opportunities for the 

fluorescence detection of non-fluorescent biomolecules.1  

 

Figure 1. – Operation mechanism of FID sensors 

 The main goal of the research work described in my PhD work was the development of 

novel FID sensors for the detection of biomolecules. Since most biological samples are aqueous 

solutions, water solubility was a primary aspect in our work,2 therefore we chose water-soluble 

indicators and water-soluble macrocycles for our systems. As indicators, we used 

styrilpyridinium dyes (MeST and PhST), naphthalimide derivatives possessing “anchor” 

moieties (NA and NI), and an oxazine derivate (OX). The hosts of the sensors were water-

soluble cucurbiturils (Me4CB6 and CB7) and anionic carboxylato-pillararenes (WP5 and 

WP6). The complexation caused considerable changes in the spectral properties of the 

indicators, which was beneficial in terms of the sensitivity of the FID sensors. A further aim of 

our work was to determine the structures of the indicator-macrocycle and analyte-macrocycle 

complexes by NMR spectroscopy and theoretical calculations. 

 
1 Norouzy, A.; Azizi, Z.; Nau, W. M., Angew. Chem. Int. Ed., 2015, 54, 792–795. 
2 Sedgwick, A. C.; Brewster, J. T.; Wu, T. H.; Feng, X.; Bull, S. D.; Qian, X. H.; Sessler, J. L.; James, T. D.; Anslyn, E. V.; 

Sun, X. L., Chem. Soc. Rev., 2021, 50, 9–38. 
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 With the experience gained in the macrocycle-indicator FID sensors, we started a new 

project, the final aim of which was to develop graphene oxide-based (GO) fluorescent 

nanosensors. The water-solubility and special spectral properties of GO provide many 

interesting opportunities in the development of new type nanosensors. As the first step of this 

project, we studied the adsorption of OX on GO nanosheets by fluorescence spectroscopy. 

Since the high sensitivity of fluorescence detection afforded the usage of samples with very low 

dye concentrations, we gained information on the most active binding sites of GO. The next 

step of the development of the nanosensor – the modification of GO by water-soluble 

pillararenes – is in progress. 

 

2. Theoretical background 

 In a part of our FID sensors, we used cucurbit[n]urils (CBn, n=5-8, 10, 13-15) as host 

molecules, which are symmetrical, pumpkin-shaped macrocycles. Cucurbit[n]urils consist of n 

glycoluril units which are connected via methylene bridges. The even-numbered CBn 

homologs dissolve poorly in water (c<0,02 mM). The water solubilities of CB5 and the CB7 

are better (20-30 mM).3 The even-numbered cucurbiturils also become water soluble if their 

symmetry is reduced by substituents (e.g., methyl functional groups). The good water solubility 

of Me4CB6 is an example for this principle.4 We used cucurbiturils Me4CB6 and CB7 in our 

work, their structures can be seen in Figure 2.  

 

CBn-s with their electron-rich carbonyl portals and hydrophobic cavities 5 are suitable hosts for 

the binding of organic cations.6 

 Pillar[n]arenes (n=5-15) are built of n hydroquinone units linked together with 

methylene bridges in their p-positions. They are a relatively young family of macrocycles, 

Ogoshi at al. synthetized the first pillararene in 2008.7 Pillararenes can be synthetized efficiently 

 
3 Lagona, J.; Mukhopadhyay, P.; Chakrabarti, S.; Isaacs, L., Angew.Chem. Int. Ed., 2005, 44, 4844–4870. 
4 Zhao, Y. J.; Xue, S. F.; Zhu, Q. J.; Tao, Z.; Zhang, J. X.; Wei, Z. B.; Long, L. S.; Hu, M. L.; Xiao, H. P.; Day, A. I., Chin. 

Sci. Bull., 2004, 49, 1111-1116. 
5 Lee, J. W.; Samal, S.; Selvapalam, N.; Kim, H.-J.; Kim, K., Acc. Chem. Res., 2003, 36, 621–630. 
6 Barrow, S. J.; Kasera, S.; Rowland, M. J.; del Barrio, J.; Scherman, O. A., Chem. Rev., 2015, 115, 12320–12406. 
7 Ogoshi, T.; Kanai, S.; Fujinami, S.; Yamagishi, T.-a.; Nakamoto, Y., J. Am. Chem. Soc., 2008, 130, 5022–5023.  

Figure 2. – The structures of Me4CB6 and CB7 
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in large amounts and they can be easily modified.8 Because of their pillar-shaped structure, they 

contain two rims where they can be functionalized. The substituents on both rims determine the 

physical and chemical properties of pillararenes, such as their solubility and host–guest 

properties. There are a lot of methods to synthetize water-soluble derivatives. In most cases, 

charged functional groups (e.g., carboxyl groups) are bound to the parent compound.9 We used 

carboxylato-pillar[5 and 6]arenes (WP5 and WP6) in our studies, which are water-soluble due 

to their anionic carboxyl groups (Figure 3.). 

 

Figure 3. – The structures of water-soluble pillararenes WP5 and WP6  

 Because pillararenes have an electron rich cavity, these macrocycles are ideal hosts for 

ammonium-containing and electron-deficient guests.10 Despite their beneficial properties, only 

a few pillararene-based FID sensors have been reported in the literature. 

 Styrylpyridinium indicators are solvatochromic dyes, i.e. their absorption properties are 

sensitive to the polarity of their environment.11 This is caused by a large excited-state charge-

transfer.12 The fluorescence properties of these dyes are also sensitive to the local environment, 

like the polarity and the viscosity of the solvent. They form host-guest complexes with several 

macrocycles, e.g., with cucurbiturils13 and with WP5.14,15 The complexation causes 

fluorescence and a colorimetric response. These dyes can be used in a FID sensor.16 

 Naphthalimide derivatives play a key role as fluorescent dyes, one of their advantages 

is the large Stokes shift.17 Their absorption and fluorescence emission spectra can be efficiently 

fine-tuned through structural modifications.18 In our studies we used two 4-amino-1,8-

naphthalimide derivatives (NA and NI) possessing an anchor moiety (trimethyl-ammonium in 

NA and imidazolium in NI) (Figure 4.). The fluorescence intensity of the 4-amino-1,8-

 
8 Xue, M.; Yang, Y.; Chi, X.; Zhang, Z.; Huang, F., Acc. Chem. Res., 2012, 45, 1294–1308. 
9 Murray, J.; Kim, K.; Ogoshi, T.; Yao, W., Gibb, B. C., Chem. Soc. Rev., 2017, 46, 2479–2496. 
10 Tan, L.-L.; Yang, L.-L., J. Incl. Phenom. Macrocycl. Chem., 2015, 81, 13–33. 
11 Panigrahi, M.; Patel, S.; Mishra, B. K., J. Mol. Liq., 2013, 177, 335–342. 
12 Dsouza, R. N.; Pischel, U.; Nau, W. M., Chem. Rev., 2011, 111, 7941–7980. 
13 Sun, S. G.; Yuan, Y.; Li, Z. Y.; Zhang, S.; Zhang, H. Y.; Peng, X. J., New J. Chem., 2014, 38, 3600-3605. 
14 Bojtár, M; Szakács, Z.; Hessz, D.; Kubinyi, M.; Bitter, I., RSC Adv., 2015, 5, 26504–26508. 
15 Bojtár, M.; Szakács, Z.; Hessz, D.; Bazsó, F. L.; Kállay, M.; Kubinyi, M.; Bitter, I., Dyes Pigm., 2016, 133, 415–423. 
16 Park, K.M.; Kim, J.; Ko, Y. H.; Ahn, Y.; Murray, J.; Li, M.; Shrinidhi, A.; Kim, K., Bull. Chem. Soc. Jpn., 2018, 91, 95–99. 
17 Dong, H. Q.; Wei, T. B.; Ma, X. Q.; Yang, Q. Y.; Zhang, Y. F.; Sun, Y. I.; Shi, B. B.; Yao, H.; Zhang, Y. M.; Lin, Q ., J. 

Mater. Chem. C, 2020, 8, 13501–13529. 
18 Jacquemin, D.; Perpète, E. A.; Scalmani, G.; Ciofini, I.; Peltier, C.; Adamo, C., Chemical Physics, 2010, 372, 61–66. 
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naphthalimide parent compound is reduced by PET (photoinduced electron transfer) from the 

amino to the imide unit. The positively charged “anchor” moieties in NA and NI inhibit the 

PET effect, causing higher fluorescence quantum yields.19 When the PET process is repromoted 

(e.g., through the complexation with a macrocycle), the fluorescence intensity of the indicator 

decreases. 

 Oxazines are planar, rigid, and photochemically stable cationic dyes.20 The different 

derivatives absorb between 580-700 nm, which absorption range is ideal to study biological 

samples. Oxazine dyes are water-soluble and they have a large quantum yield even in aqueous 

solvents.21 We used oxazine 1 (OX) as a dye in our work, which is a water-soluble, symmetrical 

fluorescent dye. It is adsorbed on the surface of different nanoparticles 22 and forms host-gust 

complexes with different macrocycles, e.g., with cucurbiturils.23 

 

Figure 4. – Structures of the indicators 

 Over the last few years, macrocycle-modified graphene materials, involving modified 

graphene oxide-based (GO) systems receive more and more attention. These materials integrate 

the advantages of both the graphene derivatives and the macrocycles.24 GO is a 

nonstoichiometric lattice of sp2 and sp3 hybrid state carbon atoms, with a large concentration 

of various oxygen containing functional groups on its surface.25 It forms stable aqueous 

suspensions.26 GO has interesting optical properties: it has strong absorption and emission 

bands, and its fluorescence emission spectrum consists of distinct bands, with relative 

 
19 Duke, R. M.; Veale, E. B.; Pfeffer, F. M.; Kruger, P. E.; Gunnlaugsson, T., Chem. Soc. Rev., 2010, 39, 3936–3953. 
20 Shankarling, G. S; Jarag, K. J., Resonance, 2010, 15, 804–818. 
21 Rurack, K.; Spieles, M., Anal. Chem., 2011, 83, 1232-1242. 
22 Nicolay S. Yaroshenko, Lyudmila O. Kostjukova, Victor V. Kostjukov, J. Mol. Liq., 2021, 341, 117456. 
23 Sayed, M. Sundararajan, M.; Mohanty, J.; Bhasikuttan, A. C.; Pal, H.; J. Phys. Chem. B, 2015, 119, 3046-3057. 
24 Zhang, H.; Li, C., RSC Adv., 2020, 10, 18502–18511. 
25 Eda, G.; Chhowalla, M., Adv. Mater., 2010, 22, 2392–2415 
26 Pei, S.; Cheng, H. M., Carbon, 2012, 50, 3210–3228.  

MeST 
PhST 

NA 

NI 

OX 
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intensities depending on the excitation wavelength.27 GO can adsorb fluorescent indicators, 

which causes fluorescence quenching of the indicator.28   

 

3. Experimental Methods 

 The indicators NA, NI, MeST and PhST and the macrocycles Me4CB6, WP5 and WP6 

were synthetized by Professor István Bitter and Dr. Márton Bojtár. OX, CB7 and analytes were 

obtained from Merck. OX was purified by recrystallization; the other commercial products 

were used without further purification. 

 The performance of the macrocycle-indicator complexes as FID sensors were 

characterized by absorption and fluorescence spectroscopic methods. First, we measured the 

spectra of samples with a fixed indicator concentration and different macrocycle concentrations. 

The stability constants of the complexes were determined from these spectra by a non-linear 

fitting. Some of the indicator-macrocycle systems (containing 60-80 % of the indicator in 

complexed form) were tested as FID sensors, by measuring their fluorescence spectra in the 

presence of the analyte biomolecules in different concentrations. The structures of the indicator 

macrocycle and analyte-macrocycle complexes were characterized by 1H NMR spectroscopy 

and theoretical calculations. The theoretical calculations were made by Professor Mihály 

Kállay. 

 GO was prepared by Professor Krisztina László et al. from natural graphite powder 

using the improved Hummers’ method.29 Dry GO was characterized using XRD, TEM, XPS, 

Raman and IR spectroscopy in the framework of co-operations. GO in aqueous suspension was 

characterized by absorption, emission and fluorescence spectroscopy and by potentiometric 

titration. The adsorption of OX on GO was investigated by fluorescence measurements. 

 

4. Results 

4.1. Cucurbituril-based FID sensors 

The complexation of PhST indicator with different ring-sized cucurbiturils (Me4CB6 and CB7) 

was investigated by absorption spectroscopic and fluorescence experiments. The absorption 

band as well as the fluorescence band exhibits a pronounced blue shift and the fluorescence 

intensity is strongly enhanced (Figure 5.). The association constants for the CBn-indicator 

 
27 Zheng, P.; Wu, N., Chem. Asian J., 2017, 12, 2343–2353. 
28Srisantithama, S.; Sukwattanasinitt, M.; Unarunotai, S., Colloids and Surfaces A, 2018, 550, 123–131. 
29 Marcano, D. C.; Kosynkin, D. V.; Berlin, J. M.; Sinitskii, A.; Sun, Z.; Slesarev, A., Alemany, L. B.; Lu, W.; Tour, J. M., 

ACS Nano, 2010, 4, 4806–4814 
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complexes were determined by a non-linear fitting to the fluorescence spectra obtained in the 

titration experiments. 

 

The stability constant of the PhST-CB7 complex is 3∙106 

M-1, the binding constant of this indicator with Me4CB6 is 

2,5∙104 M-1. As revealed by NMR experiments (1D-1H and 

1H-1C COSY experiments) and confirmed by theoretical 

calculations (Figure 6.), CB7 encapsulates the whole 

phenylpyridinium entity of the PhST cation guest, whereas 

the cavity of Me4CB6 includes only the phenyl ring, the 

pyridinium ring is bound to the carbonyl rim of the host. 

The higher stability constant of PhST with CB7 than with 

Me4CB6 shows that the indicator fitted better into the cavity of CB7 than into the smaller cavity 

of Me4CB6. These results prove a size-selective complexation. The performance of the PhST-

CB7 system as indicator displacement assay was tested with lysine (Lys), methyl lysine 

(LysMe), dimethyl lysine (LysMe2), and trimethyl lysine (LysMe3) analytes. 

 

Figure 5. – Emission spectra of PhST in pH 8 buffers in the present of different amount of a) Me4CB6, b) CB7  

b) a) 

Figure 7. – a) Fluorescence spectra of PhST-CB7 assay in 8 pH buffers in the presence of LysMe3 in different 

concentrations b) Fluorescence intensities of the assay at 632 nm in the presence of 0-130 equivs. Lys, LysMe, 

LysMe2, and LysMe3 

a) 

b) 

Figure 6. – Theoretically 

calculated structures of the 

complexes of PhST-cucurbiturils 
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Our experiments proved that the PhST-CB7 complex works as a turn-off FID sensor which can 

discriminate trimethyl-lysine from the other lysine derivatives (Figure 7.). 

 

4.2. Carboxylato-pillararene-based FID assays 

 The complexation of anionic water-soluble pillararenes (WP5 and WP6) with different 

cationic indicators (MeST, NA, NI, in the case of WP6 also with OX) was investigated by 

absorption and fluorescence spectroscopic experiments. The complexation between MeST and 

WP6 caused a significant red shift in the absorption maximum of the indicator. The absorption 

spectra of the other indicators remained almost unaffected by the addition of WP6. The 

fluorescence intensities of the indicators changed remarkably: the complexation caused a strong 

fluorescence enhancement of MeST whereas the fluorescence of the other indicators was 

strongly quenched by WP6 (Figure 8).  

 

Figure 8. – Emission spectra of (a) MeST b) NA c) NI d) OX in the presence of WP6 in different concentrations 

 The association constants (K) for the indicator-WP5 and WP6 complexes were 

determined by a non-linear fitting to the fluorescence spectra obtained in the titration 

experiments. The K values are collected in Table 1.  

b) 

c) 
d) 

a) 
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As can be seen, WP6 pillararene forms the most 

stable complex with MeST. The stability constant of 

OX-WP6 complex is smaller than the respective 

value for the complex MeST-WP6 by an order of 

magnitude. The binding constant of the complexes 

of the naphtalimide derivatives with WP6 are 

smaller than the value for MeST-WP6 by two orders of magnitude.  Despite the cavity size of 

WP5 is smaller than the cavity of WP6, these two pillararenes form complexes of similar 

stability with the indicator MeST. In contrast, the inclusion of NA and NI exhibits a pronounced 

size selectivity. The K value for the NA-WP6 complex is more than an order of magnitude 

higher than the value of K for NA-WP5. The structures of the complexes of NA with WP5 and 

WP6 were evaluated by 1H-NMR spectroscopy. The inclusion of NA in the cavity of WP6 is 

complete while in the case of WP5 only the anchoring unit of NA penetrates the cavity of the 

pillararene. The systems MeST-WP6 and NA-WP6 were tested as fluorescent indicator 

displacement assays for the detection of monoamine neurotransmitters. 

 

 KWP5 KWP6 

MeST 1.3∙106 (Ref.14) 1.84∙106 

NA 4.8∙103 6.46∙104 

NI 2.8∙105 4.05∙104 

OX - 4.90∙105 

c) 

d) 

Figure 9. – a) Variation of the emission spectra of MeST-WP6 assay upon the addition of histamine in different 

concentrations (b) Relative fluorescence values of MeST-WP6 at 615 nm in the presence of different analytes 

(c) Variation of the emission spectra of NA-WP6 assay upon the addition of histamine in different 

concentrations (d) Relative fluorescence intensity values of NA-WP6 at 533 nm in the presence of different 

analytes 

a) 

b) 

Table 1. – Association constants of 

indicator-pillararene complexes 
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It was found that the system MeST-WP6 functions as a turn-off, the system NA-WP6 functions 

as a turn-on sensor for neurotransmitters (Figure 9.), and both assays show a good selectivity 

to histamine over the other neurotransmitter analytes. The stability constant of the histamine-

WP6 complex is 2.1∙105 M-1 which value was calculated from the fluorescence spectra of 

MeST-WP6-histamine ternary system.  

 The OX-WP6 system is ideal as a turn-on fluorescence indicator displacement assay for 

the selective detection of vitamin B1 against vitamins B2, B3 and B6 (Figure 10.). The binding 

constant for the vitamin B1-WP6 complex was determined by a least square fitting to the 

fluorescence spectra of the OX-WP6-vitamin B1 ternary system, producing a value of 9∙104  

M-1. 

 

According to our 1H NMR experiments and theoretical 

calculations, OX is fully encapsulated by WP6. 

Vitamin B1 is not entirely covered by WP6, a large 

part of the pyrimidine moiety is located outside of the 

host (Figure 11.). In accordance with the experimental 

results, the theoretically calculated stabilization 

energy of the vitamin B1-WP6 complex is somewhat 

lower than the respective value for OX-WP6 complex.  

 

4.3. Adsorption of oxazine 1 on graphene oxide nanosheets 

 The adsorption of OX indicator on GO was investigated by fluorescence experiments. 

The adsorption isotherms were measured at pH 6.4 and 10.2 and at temperatures 20 and 35 °C. 

At pH 6.4 only the carboxyl groups are in dissociated form, whereas at pH 10.2 all the acidic 

a) 

Figure 10.  – a) Fluorescence spectra of OX-WP6 assay in the presence of different amount of vitamin B1 b) 

Fluorescence regeneration values (IF/IFOX) of OX-WP6 assay at 670 nm of vitamins B using  

b) 

Figure 11. – Theoretically calculated 

structures of the complexes of OX-WP6 

and vitamin B1-WP6 
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groups can be considered fully dissociated.30 

All the adsorption isotherms were well 

described by the Langmuir equation (Figure 

12.). The parameters of the isotherms are 

collected in Table 2. In alkaline conditions, 

where more oxygen containing functional 

groups are in dissociated forms, the nm 

monomolecular saturation capacities were 

higher than at 6.4 pH, in accordance with the 

presence of additional dissociated acidic 

groups on the GO surface. The determined 

adsorption equilibrium constants (denoted as KL in the table) were also higher at 10.2 pH than 

at 6.4 pH. Comparing the equilibrium constants at the two temperatures, it can be seen that the 

adsorption of OX on GO is an exothermic process. The nm saturation capacities correspond to 

a few percent occupancy of the dissociated acidic functions of GO nanosheets by OX cations. 

Isotherms nm [mol/g] KL [L/mol] 

pH 6.4 
20 C (2.8±0.1)∙10-5 (1.50.1)∙108 

35 C (2.3±0.1)∙10-5 (9.80.5)∙107 

pH 10.2 
20 C (5.0±0.2)∙10-5 (6.40.7)∙108 

35 C (3.6±0.1)∙10-5 (4.90.5)∙108 

Table 2. – Parameters of Langmuir isotherms for the adsorption of OX on GO 

 

5. Thesis points 

1. We showed by absorption and fluorescence spectroscopic measurements that the 

complexation of the styrilpyridinium indicator PhST with water-soluble cucurbiturils Me4CB6 

and CB7 is a size-selective reaction, the indicator forms a more stable complex with CB7 than 

with Me4CB6. Our 1H NMR experiments and theoretical calculations proved that the indicator 

fits better into the larger cavity of CB7 than into the smaller cavity of Me4CB6. It was 

demonstrated that the system PhST-CB7 functions as a turn-off FID sensor which discriminates 

trimethyl-lysine against lysine, methyl-lysine and dimethyl-lysine. [S1] 

 

2. The styrilpyridinium indicator MeST and the 4-amino-1,8-naphtalimid derivate NA, the 

latter possesses a trimethylammonium “anchor” moiety, form complexes with the anionic 

 
30 Konkena, B.; Vasudevan, S., J. Phys. Chem. Lett., 2012, 3, 867−872. 

Figure 12. – Adsorption of OX on GO, measured in 

solutions of pH 6.4 and 10.2 at 20 °C and 35 °C 
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pillararene WP6, which cause large changes in the fluorescence spectra of both indicators. It 

was shown that histamine displaces the indicators from these complexes. The MeST-WP6 

system functions as a turn-off, the NA-WP6 system as a turn-on FID assay for histamine. Both 

assays showed lower sensitivity to other monoamine neurotransmitter analytes. [S2] 

 

3. We found that the stability constants of the complexes of the “anchored” naphthalimides, NA 

and NI with pillararenes WP5 and WP6 differ by orders of magnitude, which is another 

interesting example for size-selective complexation. The naphtalimide indicators NA and NI 

differ only in their “anchor” units, so changing the anchor moiety of naphtalimide derivatives, 

the stability constants of their complexes can be tuned. The structures of the NA-WP5 and the 

NA-WP6 complexes were characterized by 1H NMR spectroscopy. In NA-WP5 only the 

anchor unit of the indicator penetrates in the smaller cavity of WP5, whereas in the NA-WP6 

complex the whole indicator molecule intrudes into the larger cavity of WP6. [S2, S4] 

 

4. We showed that the complex of the oxazine 1 dye OX with WP6 functions as a turn-on 

fluorescence indicator displacement assay for vitamin B1. The assay is selective to B1 over 

vitamins B2, B3, and B6. The structures of the OX-WP6 and vitamin B1-WP6 complexes were 

determined by 1H NMR spectroscopy and theoretical calculations. According to these 

examinations, OX is encapsulated fully whereas B1 only partially by WP6. As far as we know, 

this is the first report on a FID sensor for the detection of vitamin B1.  

 

 5. The adsorption of OX was studied on graphene oxide GO nanosheets in aqueous media by 

fluorescence spectroscopy. Exploiting the high sensitivity of fluorescence detection, samples 

with low indicator concentrations (10-7-10-9 M) could be used, thus, we gained information on 

the binding of the indicator to the most active sites of GO. The adsorption isotherms were well 

described by the Langmuir equation. The saturation capacities corresponded to a few percent 

occupancy of the dissociated acidic groups of GO. The adsorption equilibrium constants were 

one or two orders of magnitude higher than the respective values for the adsorption of other 

cationic dyes from more concentrated solutions. [S3] 

 

6. Potential applications  

 Fluorescent indicator displacement sensors give an opportunity to a fast, simple, and 

sensitive fluorescence detection of non-fluorescent biomolecules. 
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 The multi-step methylation of lysine plays a key role in the operation of histone 

proteins.31 Therefore, the development of methods for the detection of methylated lysine 

derivatives and their discrimination is important in studying different physiological processes. 

The system PhST-CB7 is capable of the detection of trimethyl lysine by colorimetric and 

fluorescence measurements.  

 Histamine takes part in several physiological processes, its deficiencies can cause 

several illnesses.32 The complex MeST-WP6 can be used as a colorimetric and fluorescence 

probe for the detection of histamine. The system NA-WP6 can be used as a fluorescence sensor 

for the detection of histamine. 

 Vitamin B1 takes part in several biochemical processes, its deficiencies can cause 

neurological illnesses.33 Most frequently, the concentration of B1 is determined by 

chromatographic methods. In addition, numerous fluorescence methods have been developed, 

in which vitamin B1 is oxidized to thiochrome, a derivative with a strong blue fluorescence. 

The system OX-WP6 can be used for a fast, simple fluorescent-based direct detection of 

vitamin B1 without any prior separation or modification. 

 Because GO nanosheets are covered by negative charges, they interact strongly with 

positively charged molecules. This provides opportunities to develop nanosensors, consisting 

of a positively charged macrocycle (e.g., cationic pillararene) which is bound to the negatively 

charged functional groups of GO. The cationic macrocycle forms complexes with anionic 

indicators. Such systems may function as FRET (Förster resonance energy transfer) sensors for 

the detection of negatively charged biomolecules, like nucleotides. 
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