
 

 https://biointerfaceresearch.com/  11679 

Review 

Volume 11, Issue 4, 2021, 11679 - 11699 

https://doi.org/10.33263/BRIAC114.1167911699 

 

A Mini-Review: Quinones and their Derivatives for 

Selective and Specific Detection of Specific Cations 

Bigyan Ranjan Jali 1  

1 Department of Technology, Veer Surendra Sai University of Technology Burla, Sambalpur-768018, Odisha, India; 

bigyan.Jali7@gmail.com (B.R.J.); 

* Correspondence: bigyan.Jali7@gmail.com;  

Scopus Author ID 36503969200 

Received: 14.10.2020; Revised: 11.12.2020; Accepted: 13.12.2020; Published: 16.12.2020 
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1. Introduction 

Metal plays a noteworthy role in biological, environmental, and chemical processes. , 

The development of potent molecular probes for selective and specific sensing of specific metal 

ions is an active research area in the multidisciplinary field of “Supramolecular Chemistry” [1-

25]. It has been found that the most widely used receptor contains a signaling unit-spacer-

receptor approach. In this approach, the signaling unit is linked through a covalent bond 

through a spacer. The signaling unit-spacer-receptor model grows up with a substantial 

contribution by De Silva and his research group [40]. Therefore, an ideal colorimetric and/or 

fluorescent molecular probe must meet two basic requirements: firstly, the receptor must have 

the strongest affinity with the relevant target, i.e., binding-selectivity. Secondly, because of 

good binding-selectivity, its signal should avoid environmental interference, i.e., signal-

selectivity [27]. Therefore, it is of great interest to design and synthesis the molecular probes, 

which properties are modified in the presence of a specific target analyte is a matter of great 

practical significance [28-30]. In recent reviews, Kumar et al.[36], Jose and coworkers [37] 

have reported various quinone receptors and their photophysical properties. Pope et al. [38] 

described the synthesis and electronic properties of anthraquinones. On the other hand, Skyes 

and Mariappan reported some examples of anthraquinone derivatives and their cation 

recognition properties [39]. However, no review article is available exclusively on systematic 

studies on quinones and their derivatives as sensors for various cations. This review gives an 

idea of key features of extensively studied about the quinone and its derivatives used for the 

specific and selective detection of specific cations.   

2. Quinones and their Derivatives as Sensors for Cations 

 Quinones and their derivatives are very important molecular probes due to their various 

roles in colorimetric and photochemical properties [31-35]. Various fascinating binding sites, 
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quinones, and their derivatives show potent molecular probes for various metal salts in the 

organic solvent, aqueous media, or in both aqueous-organic media. In this section, we wish to 

discuss various substituted based quinones and their derivatives and their cation sensing 

properties. 

2.1. Quinone tethered amino derivatives. 

It is well-known that amino-substituted quinone derivatives act as potent molecular 

probes for various metal salts such as Group-IA, IIA, transition metals, and lanthanides due to 

the presence of -NH groups and many binding units. The presence of specific and selective 

metal ions, color, and spectral change is due to ICT. It is followed by deprotonation of -NH 

moieties. Carbonyl oxygen of quinone coordinates with metal ions to affect metal-mediated 

photo-induced charge transfer (PCT) effects. Due to PCT effect, n-π* transitions become 

higher in energy than corresponding π-π* transitions. They switch-ON the fluorescence [40-

47].  In these contexts, Kumar and coworkers have reported amino-anthraquinone derivatives 

1-4, which were used for sensing transition metal ions, as shown in figure 1 [44-45]. 1-4 showed 

noticeable color change upon metal salts' addition (pH 7.0) in CH3OH-H2O (1:1, v/v). 

Receptor 1 showed absorption maxima at 494 nm in its UV-vis spectrum. The intensity 

of the absorbance band at 494 nm decreased with a new peak that occurred at 604 nm in the 

presence of Cu2+ ions. It caused the color change from red to blue. It is due to the Cu2+ bound 

selectively with three N-atoms out of two sp2 N-atom and one aryl amine N-atom present in 

the receptor. However, receptor 1 did not induce any color changes and spectral changes upon 

other metal salts' addition. Receptor 2 displayed the absorption band at 500 nm. The absorption 

band's intensities at 500 nm decreased, and a new band occurred at 626 nm in the presence of 

Ni2+ and Co2+. It caused the color change from red to lilac. However, a new band, the presence 

of Cu2+, occurred at 604 nm with a color change from red to blue. 

On the other hand, the receptor remains silent towards other metal ions. It is due to the 

differential modes of interaction of respective metal ions. Receptor 3 showed the absorbance 

maxima at 400 nm. The bathochromic shift was perceived due to the presence of Cu2+, Ni2+, 

and Co2+; it caused the change of color from yellow to brown. 

On the other hand, the presence of Zn2+ led to a hypsochromic shift and color change 

from yellow to colorless. It is due to various coordination modes along with multiple optical 

responses. On continuous effort on the cation sensor, the same group has also reported 

anthraquinone-based receptors 5-9 based on Schiff base scaffold capable of sensing of various 

cations in CH3OH/HEPES (4:1) medium as shown in figure 2 [48-49]. 

 
Figure 1. Receptor 1-4 used for sensing properties. 

In the UV-vis spectrum, receptor 5 showed the absorbance maxima at 500 nm. The 

authors found that upon addition of Cu2+and Ni2+ to 5, the color changed from red to blue (Cu2+) 

and green (Ni2+). Upon addition of Cu2+, a large red shift (100 nm) from absorption maxima 
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500 to 600 nm takes place but 5, displayed a mega red shift (250 nm) from absorption maxima 

500 to 750 nm in the presence of Ni2+ and a new absorption band formed at 385 nm [48].  Due 

to the existence of amino-anthraquinone moiety and the hydroxyl-naphthalene group, receptor 

6 ascribed two absorbance peaks at 500 and 415 nm, respectively. In the presence of Cu2+ to 6, 

a new absorption peak at 600 nm was observed and associated with the color alteration from 

red to blue. The authors attributed that the red shift occurred due to the deprotonation of -NH 

groups. In the presence of Ni2+, the absorbance bands at 500 and 415 nm diminished along with 

two new absorption bands raised at 445 nm and 700 nm, respectively. The new absorbance 

band was ascribed due to the deprotonation of both -NH and -OH moiety. The receptor remains 

silent towards other metal salts. Unlike receptor 6, receptors 7 showed an absorbance band at 

485 nm and 435 nm, respectively, and 8 showed an absorbance band at 492 nm. Both the 

receptors 7 and 8 found selectively renowned Cu2+. With the addition of Cu2+ to 7 and 8, a 

large red shift (100 nm) was observed. It caused the color change from red to blue. Receptor 9 

showed absorbance maxima at 530 nm. In the presence of Co2+, the absorbance band at 530 

nm was quenched, and two new peaks at 365 and 700 nm appeared. It caused the color change 

to take place from purple to blue. However, in the presence of Ni2+, 9 formed a new broad peak 

between 700-780 nm, and the purple color goes to blue. The authors suggested that receptor 9 

was used for the molecular level information-processing device due to its different optical 

behaviors [49]. 

 
Figure 2. Receptor 5-9 used for sensing properties. 

 

Kaur et al. reported the character of Cu2+ ions in amino-anthraquinone derivatives 10-

12 by using UV-vis spectra (CH3OH-H2O 3:1 v/v) at pH 7. Receptor 10 showed absorbance 

maxima at 512 nm. The absorbance band at 512 nm gradually decrease, and a new peak 

appeared at 620 nm, and the red color solution turns to blue in the presence of Cu2+. The authors 

reported that the appearance of a new peak at a higher wavelength due to the formation of 10-

Cu2+ complex. However, 11 was selectively sensing Cu2+ ions amongst other metal salts. The 

authors suggested that the 10-11-Cu2+ complexes were stable up to pH range 4.5-11; at the 

same time, 11-Cu2+ fragmented to give the free receptor and Cu(OH)2 [48]. In contrast, 

receptor 12 showed the absorbance band at 492 nm, which was quenched on reacting with of  

Cu2+ (1 equiv.) with a new peak raised at 615 nm. This resulted that the red color solution 

becomes blue [50]. On continuous effort on their colorimetric chemosensor, the same group 

also reported anthraquinone-based receptors (13a-c); these receptors showed selective towards 

Cu2+ in the presence of other metal salts [52]. The receptors 13a-b showed absorbance maxima 

at 492 nm. In the presence of Cu2+ ions, new absorption bans have occurred at 600 nm, and the 

red color solution goes to blue. The authors found that the selectivity Cu2+ towards the receptor 

13a-b is due to its highest lewis acid character [53]. The receptors 14a-c showed absorbance 

maxima at 535 nm. In the presence of Cu2+, 14a-b, decreased the absorbance band's intensities 
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at 535 nm, and two new absorption bands at 715 nm and 800 nm were observed. The magenta 

color solution turns from purple to blue. It is due to the formation of 14a-b-Cu2+ complexes. 

The receptor 14c remains silent towards other metal ions, and as well as no color or absorbance 

change takes place with Cu2+ion [51]. The receptors 15a-c exhibited an absorption band at 585 

nm and 630 nm, respectively. Two new absorption bands raised at around 665 nm in the 

presence of Cu2+ and blue color turn to turquoise blue for 15a-b. The receptor 15c remains 

silent towards other metal salts, as shown in figure 3 [54]. 

 
Figure 3. Receptor 10-15 used for sensing properties. 

 

Ermakova and coworkers have reported the receptors 16a-b, based on 1,8-diamino-

anthraquinone derivatives containing phosphonic acid esters. Both receptors showed selective 

detection of Hg2+, as shown in figure 4. The receptor 16a showed an absorbance band at 561 

nm. It is due to ICT. The receptor showed an absorption peak at 56 nm. The absorption 

quenched with the appearance of a new peak at 509 nm on interacting with Hg2+ (5 equiv.), 

and blue color goes to pink in color. However, 16a remains silent towards other metal salts. 

The receptor 16b showed absorbance maxima at 565 nm. The intensities of absorption peak 

quenched, and the blue-violet color goes pink in color in the presence of Hg2+ (5 equiv.) [55]. 

On continuous work on amino-anthraquinone derivatives containing phosphonic acid esters, 

Guilard et al. reported water-soluble colorimetric chemosensor 17c-f.  

 
Figure 4. Receptor 16-17a-b used for sensing properties. 

 

All the synthesized receptors were able to detect cu2+ over other metal salts and 

produced color change [52]. Anthraquinone unit has also been incorporated into the 

macrocyclic backbone to develop selective sensors resulting from additional coordination 

groups' simple attachment to the respective macrocycle. Guilard and his research group 

synthesized a series of 1,8-diaminoanthraquinone based poly-azamacrocycles 18 and 19a-b 

and studied their cation binding affinities. Receptor 18 showed absorbance maxima at 562 nm. 
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The presence of Cu2+ to 18 showed a bathochromic shift (∆λ = 94 nm) in its absorption band. 

In contrast, a hypsochromic shift (∆λ = 26 nm) was observed upon the addition of Al3+. The 

receptor 19a detected Cu2+and Pb2+in DMSO-H2O (1:1), showed color changes from violet to 

pink for Pb2+and blue for Cu2+.  

On the other hand, for 19b, the violet color turns to pink. The hypsochromic shift (∆λ 

= 30 nm) in the presence of Pb2+ and a bathochromic shift (∆λ = 103 nm), and the violet color 

turns to blue on the addition of Cu2+. The authors attributed that the hypochromic shifts were 

raised due to the conformational changes. The bathochromic shift resulted from the 

deprotonation of the -NH of the receptor, as shown in figure 5 [56].  Kumar and coworkers have 

reported the metal ion sensing ability of quinone receptor 20 containing an N, N-dimethyl 

group [57]. Receptor 20 showed absorbance maxima at 436 nm. The absorption band's 

intensities quenched with the appearance of a new peak at 520 nm with a yellow-green color 

turn to pink in the presence of Cu2+ (10 equiv.). The authors attributed that the red shift of 

absorbance maxima was due to deprotonation of NH-amine, and quenched fluorescence 

occurred due to LMCT. 

 
Figure 5. Receptor 17c-19 used for sensing properties. 

Wu and his research group have reported a few amino-anthraquinone receptors 21-22 

[58]. Both receptors were used for selective colorimetric chemosensor for various metal ions 

in CH3OH: HEPES (4:1) using UV-vis spectra. In the presence of Cu2+, a bathochromic shift 

(∆λ = 76 nm from 397 nm to 473 nm) yellow color solutions of 21-22 turn to dark-red. The 

bathochromic shifts are due to the deprotonation of -NH group of receptors. The receptor 21 

remains silent towards other cations. Whereas Ni2+ to 22 ascribed a red shift of 86 nm and 

yellow color solutions turn to red. However, in the presence of Co2+, 22 displayed a blue shift, 

and the yellow color turns to pale green. The authors found that receptor 22 did not respond to 

any color changes on treatment with group-IA, group-IIA, and other transition metal ions. 2-

Methyl-1,4-naphthoquinone based chemosensor 23-24 selective detection of Cu2+ amongst 

various metal salts. This is attributed to the requisite of Cu2+ to -NH groups, which induce 
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deprotonation of -NH units to cause the observed color change. The same groups have reported 

the receptors 23 and 24 based on the pyridine scaffold capable of selectively binding Cu2+ ions 

[59] on continuous effort on colorimetric chemosensor.  In UV-vis spectra, both receptors 

underwent a color change from orange to dark blue and a 168 nm red shift on the addition of 

Cu2+ as shown in figure 6. 

 
Figure 6. Receptor 20-24 used for sensing properties. 

Yang et al. reported the cation sensing ability of a series of anthraquinone derivatives 

25a-d based on urea and thiourea group at 1,2-positions, as shown in figure 7 [60-61]. These 

derivatives exhibited naked eye visible color change in DMSO-CH3CN (1:9, v/v) medium. 

With electron-withdrawing groups (such as NO2) in 25a-b, the color changes have occurred. 

UV-vis titrations showed that in the presence of Hg2+, 25a, underwent a blue shift of 58 nm 

from absorption band 458 to 400 nm, and aurantium color changes to yellow. However, the 

absorption at 400 nm broadened. A new peak appeared at 650 nm in the presence of Ag+ and 

golden color changes orange-red. Kim and his research groups have reported receptors 26-27 

to detect Cu2+ in ACN medium.  

 
Figure 7. Receptor 25-26 used for sensing properties. 

In UV-vis spectra, 131 displayed absorption maxima at 500 nm. The intensities of 

absorption quenched with the appearance of a new peak at 450 nm, and the red color solution 

of 26 goes to pale yellow. In fluorescence titration, in the presence of Cu2+ to the solution of 

26, resulting in a blue shift emission at 590 nm to 555 nm. The authors found that the blue shift 

is due to the desulfurization process. However, 27 showed a very weak fluorescence emission 

and on treatment with Cu2+ showed enhancement of fluorescence at 560 nm. Red color 

solutions change to yellow [62]. Anthraquinonoidalcalix-[4]-arene receptors 28a selectively 
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recognized Zn2+ ions over other metal salts [63]. 28a showed excellent selectivity for Zn2+ ions 

over other transition metal ions. 

 

 
Figure 8. Receptor 27-29 used for sensing properties. 

Kim and his research group described an anthraquinone tethered imidazole derivatives 

29 [63]. Receptor 29 exhibited selective detection of Pd2+ and Pd0. The authors found that the 

selective detection of Pd2+ is due to the ligand to metal transition. In contrast, selective 

detection of Pd0 occurred due to metal to ligand transition excitation, as shown in figure 8. 

Receptor (30a-b), based on an azacrown-anthraquinone derivative, showed detection of group-

IA and group-IIA metal salts preferentially. Both receptors remain silent towards transition 

metal, a lanthanide metal, an actinide metal salts. Both receptors exhibited a very weak 

emission band at 515 nm. The weak fluorescence is due to the PET processes [64]. Kim and 

his research group designed an ESIPT based chemosensor receptor 31, which showed selective 

and sensitive fluorescent change with In3+, among other metal salts in CH3CN solution. With 

the gradual addition of In3+ to 31, the fluorescence emission peak quenched with the 

concomitant appearance of a new blue-shifted peak due to segregation of the intramolecular H-

bond formation. The differential pulse CV studies were also conducted wherein the two 

cathodic peaks of 31 disappeared upon the addition of In3+. An additional cathodic peak was 

observed from the reduction process of 31: In3+ complex, as shown in figure 9 [65-66]. 

 
Figure 9. Receptor 30-31 used for sensing properties. 

Receptor 32, based on a zinc porphyrin-quinone linked derivative capable for selective 

detection Y3+ ions amongst other metal salts. The authors attributed that weak fluorescence of 
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32 was due to the electron-transfer from metal ions to 32 [67-68]. Gawali and his research 

group reported a series of bromine substituted amino-naphthoquinones (33-37) and examined 

their colorimetric sensing properties with various metal salts. The orange color turns to blue 

for 33 and dark green for 34 upon the addition of Cu2+. This occurred due to deprotonation of 

-NH proton; however, receptors 35-37 remain silent towards other metal ions [69]. However, 

Elango et al. reported a naphthoquinone tethered amino triazole derivative 38, which was 

selectively recognized as Hg2+ ions. The receptor showed absorption maxima at 445 nm. It is 

due to n-π* transition. In the presence of Hg2+, the absorption intensities gradually quenched, 

and a new peak appeared at 569 nm.  

 

 
Figure 10. Receptor 32-38 used for sensing properties. 

With the gradual addition of Hg2+ to 38, an isosbestic point at 483 nm has appeared. It 

caused the color change from pale brown to blue. The fluorescence titrations showed the 

receptor form a 1: 1 complex with Hg2+ with moderate binding constant Ka = 3.5 × 104 M-1. 

The detection limit was found to be 0.3 µM. The authors found that the receptor was selectively 

recognized Hg2+ ions, which was lower than the permissible limit in the drinking water given 

by WHO [69] in figure 10. Baruah et al. reported a series of pyridine tethered 1,4-

naphthoquinone derivatives (39-42) and exhibited their sensing properties by using UV-vis and 

fluorescence titrations, as shown in figure 11.  

 
Figure 11. Receptor 39-42 used for sensing properties. 

Receptor 39 displayed absorption maxima at 438 nm in methanol. Upon excitation, 445 

nm emission peak appeared at 538 nm, which was attributed to π*-π. 39 showed high selectivity 
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towards Mn2+ions. However, receptor 40 showed highly selective for Cd2+ ions (OFF-ON-ON) 

over other metal ions. It is due to the interaction between Cd2+ ions and 40 [70]. 

2.2. Alkoxy based receptors. 

Wang and his research groups have reported a Cu2+ sensor by forming an inclusion 

complex of 43 with β-CD in an aqueous medium [71].  The aqueous solution of receptor 43 

envisages three distinct forms - the yellow color in a neutral medium; pink in dilute alkali (due 

to anionic state). In the case of a strong alkali medium (due to di-anionic state), shows deep 

blue color was observed in aqueous media. The authors found that the absorption and 

fluorescence intensities of 43 were enhanced by β-CD. The presence of ammonia molecule, 

the 43: β-CD complex, showed selective toward Cu2+ ions amongst other cations. It resulted in 

color change, and chelation enhanced quenching (CHEQ). The presence of lone pair of an 

electron in a nitrogen atom plays an important role in the formation of the complex with Cu2+ 

besides 43 as shown in figure 12. The authors demonstrated that the 43-Cu2+ complex was 

formed by binding through the carbonyl (-C=O) and O-atom of hydroxyl unit (-OH) and two 

ammonia molecules. Thus, ammonia acted as both bases as well as a ligand. It was applicable 

for the determination of Cu2+in tap and river water samples and in tea. Kar and coworkers [72] 

used alkoxy-anthraquinone-based receptors 44a-b for selective recognition of alkali earth 

metals (Group-IIA), amongst other metal ions. Both receptors showed absorbance maxima at 

278 nm and 427 nm, respectively. The absorption band at 427 nm was raised because of charge 

transfer from -OH or -OCH3 (donor) units to anthraquinone (acceptor) unit. In the presence of 

Mg2+, a new absorption band was raised in 500-575 nm, and the yellow color turns to red. The 

color and spectral change occurred due to the formation of complexes between the metal and 

receptors. 

 
Figure 12. Receptor 43-44 used for sensing properties. 

Shamsipur and coworkers have studied the role of Cu2+ ions in anthraquinone 

derivatives 45 by using UV-vis and fluorescence titrations [73]. Receptor 45 was used for the 

selective detection of Cu2+ ions in black tea samples. Similarly, diester-anthraquinone 

conjugate receptor 46 for selective detection of Li+ and Na+ ions over other metal salts was 

reported by Jeon et al. The authors found that the derivative showed red shift for Li+ and Na+ 

[74]. 9,10-anthraquinone based 2-aminothiophenol derived receptors 47a-b were found to be 

selective Cu2+ reported by Kaur et al. in the presence of Cu2+, 47b showed a new absorption 

band around 520-800 nm with light yellow color turns to brown. The addition of divalent 

cations did not affect the absorption spectrum of 47b. This indicates that the presence of NH2 

is a requirement to form a chelated complex to show the change in color by this series of the 

receptor [75]. Sykes and coworkers [76] developed a Cu2+ and Fe3+ sensor 48. The addition of 

Cu2+ or Fe3+ to 48 led to a 20 fold enrichment of fluorescence emission, resulting in red-orange 

fluorescence color. It is due to the formation of 49. The same groups have also designed and 

synthesized a series of anthraquinone containing cyclic and acyclic polyether receptors 50-52 
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[77-78] on continuous effort on cation sensing. All synthesized receptors governed 1:1 

complexes with hydronium ion, as shown in figure 13.  

 

 

 
Figure 13. Receptor 45-52 used for sensing properties. 

 
Figure 14. Receptor 53-54 used for sensing properties. 

The receptor 50 displayed selective sensing of Pb2+and Ca2+ in acetonitrile solution. 

Upon addition of Pb(ClO4)2 and Ca(ClO4)2, 50 displayed bathochromic shift (∆λ = 20 nm) from 

absorption band 380 to 400 nm. The bathochromic shift was raised due to the replacement of 

non-radiative transitions by radiative transitions. Sykes and his research groups have also 

reported sulfur-containing anthraquinone derivatives 53a-b and examined their metal ion 

sensing properties in acetonitrile solution using UV-vis spectra, as shown in figure 14 [79]. 
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The authors found that both receptors were used for selective recognition of Cd2+ and Hg2+ in 

acetonitrile. The receptor 53a showed a bathochromic shift (∆λ = 14 nm) nm from absorption 

band 388 to 402 nm on the addition of Cd2+, and the emission band occurred at 506 nm on 

reacting with Cd2+ ions.  

 

 
Figure 15. Receptor 55 a-c used for sensing properties. 

However, the receptor 53b showed a bathochromic shift (∆λ = 16 nm) from the 

absorption band 390 to 406 nm on the addition of Hg2+ ion. The enhancement fluorescence was 

observed at 520 nm was observed in the presence of Hg2+ ions. In another case, the same 

research group also reported a potent molecular probe 54, as shown in figure 14, which was 

selective detection of Ba2+, amongst other metal ions. Coordination of Ba2+ ions to nitrogen 

atom lone pairs restricted the rotation around the C=N groups, thus, inhibiting the isomerization 

and consequent activation of the luminescence resulting in enhanced emission [80]. Calix-[4]-

anthraquinone receptor 55a-c was used for selective recognition of Cu2+ ions amongst other 

metal ions. 55a showed bathochromic shift 70 nm, and yellow color solutions go to red color 

in the presence of Cu2+ ions in acetonitrile solution. The authors suggested that ICT played an 

important role in forming complexes between 55a and Cu2+ ions [81]. Receptors 55b-c did not 

respond to any color change and spectral change towards Cu2+ and other cations due to the 

absence of two proximal -OH groups, as shown in figure 15.  

They have also reported an anthraquinone based receptor 56 possessing 1,2,3-triazoles; 

the receptor was used to detect Al3+ over other metal ions [82]. The addition of Al3+ ions to 56 

showed a bathochromic shift of 120 nm. From the fluorescence profile, enhancement of 

fluorescence was observed in the presence of Al3+. The bathochromic shift and enhanced 

fluorescence occurred due to ICT and chelation enhanced fluorescence. It resulted as Al3+ led 

complex with 160. 
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On the other hand, receptor 57 was capable of detecting Cu2+. In the presence of Cu2+, 

a bathochromic shift of 70 nm was observed. The quenched fluorescence was occurred due to 

the paramagnetic nature of Cu2+ [83]. 

 
Figure 16. Receptor 56-59 used for sensing properties. 

Erkand and his coworkers have reported anthraquinone-based receptors 58-59, which 

were capable of binding Li+ over other metal salts. Receptor 59 showed absorption bands at 

373 nm and 333 nm in the presence of Li+. The authors suggested that the absorption peak at 

373 nm due to a free receptor and 333 nm is due to its cationic complex. The binding ability of 

metal salts towards receptors completely depends on the cation radius and macrocycle size. 

1,8-macrocycle-9,10-anthraquinone derivative 59 showed a small complexing effect using the 

UV-vis spectra absorption at 383 nm, probably due to the carbonyl's hindering role groups, as 

shown in figure 16 [84].  

 

 
Figure 17. Receptor 60-62 used for sensing properties. 

Ghosh and his coworkers have reported an anthraquinone-based molecular receptor 60 

for selective detection of Cu2+ ions using fluorescence titration. Upon excited at 380 nm, the 
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emission band was raised at 457 nm. The addition of Cu2+ ions to 60, gradually quenched the 

fluorescence emission with a blue shift of 25 nm. The authors found that the receptor 60 form 

1:1 complex with Cu2+ ions with an association constant of 1.77 × 104 M-1. On the other hand, 

receptor 60 remains silent towards other metal salts [85]. 

Kursunlu reported a novel triazole tethered Bidipy-anthraquinone receptor 61, as shown 

in figure 17. For selective detection of Al3+ ions over other metal salts. The receptor showed an 

absorption band at 212, 290, 400, and 513 nm. The band was observed at 400 nm due to π-π* 

transitions of anthraquinone and Bodipy groups. Upon addition of 20 equiv. of Al3+ ions to 61, 

the absorption peak shifted around at 290 and 400 nm. However, receptor 61 remains silent in 

the presence of other metal salts. The authors attributed that the selective of Al3+ due to charge 

transfer from bodily groups to anthraquinone-triazole moiety [86-87]. Gou et al. [88] have 

reported a series of thiacalix[4]pseudo crown receptors (62a-c) bearing naphthoquinone 

function for the detection of various metal salts by using UV-vis and fluorescence titrations. 

From the UV-vis spectra, it was observed that the receptor 62a and 62b showed absorption 

bands at 372 and 376 nm, respectively. It is due to anthraquinone moiety. The receptor 62a 

showed a weak fluorescence emission band at 427 nm upon excitation at 375 nm. Upon 

addition of Pb2+ ions, fluorescence enhancement occurred along with a new band raised at 465 

nm. The red shift of emission fluorescence was due to ICT mechanism. Under the ideal 

condition, the receptor remains silent towards other metal salts. From Job’s plot, it was 

observed that receptor form 1: 1complex with Pb2+ ions. The authors found that the Pb2+ ions 

strongly interact with the carbonyl group's oxygen and N-atom of the triazole group. 

Conversely, receptor 62b showed an emission band at 428 nm upon excitation at 375 nm. 

Receptor 62b showed similar behavior towards Pb2+. However, on the addition of Zn2+ to the 

receptor, fluorescence enhancement (3.75 fold) was perceived. A new band occurred at a higher 

wavelength at 476 nm. The binding constant measurement showed that the receptor formed 1: 

1 complex with Zn2+ ions. The receptor remains silent towards other metal salts. 

2.3. Pentaquinones based receptors. 

A series of pentaquinone-based receptors were synthesized by Bhalla and his research 

group. They exhibited their sensing properties by using UV-vis and Fluorescence spectroscopy. 

Thiophene tethered pentaquinone receptor 63 exhibited selective and sensitive binding 

affinities toward Fe3+ and various nitro-aromatics. In THF-H2O (1: 9 v/v), receptor 63 showed 

absorbance maxima at 415 nm, 328 nm, and 300 nm, respectively. In the presence of water, 

the absorption band intensity increased due to the formation of aggregates of receptor 63. Upon 

excitation at 328 nm, receptor 63 showed the emission band at 560 nm. The presence of Fe3+ 

to 63 leads to quenching the fluorescence emission at 560 nm [89].   

 
Figure 18. Receptor 63-64 used for sensing properties. 

The authors found that receptor 63 used to detect Fe3+ in water, and also in the presence 

of blood serum milieu. The same groups have also reported nanoaggregates of pentaquinone 
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receptor 64 and examined its sensing behavior towards Pd2+. 64 displayed the enhancement of 

the absorption band, followed by quenching the fluorescence intensity. It is occurred due to the 

formation of a complex between 64 and Pd2+ with nanoaggregates of 64 as shown in figure 18 

[90]. 

Similarly, the same groups have also reported a series of pentaquinone based receptors 

65-66 (Figure 19) to recognize various metal salts by using UV-vis and fluorescence 

spectroscopy. In THF-H2O (9: 1), receptor 65 showed an absorption band at 298 and 403 nm. 

Receptor 65 underwent hypsochromic shifts in the presence of Hg2+. The enhancement of 

fluorescence has occurred in the presence of Hg2+. In the presence of Hg2+ 65 was hydrolyzed 

and led the fluorescent product 66 [91]. Both receptors were used to detect Hg2+ in blood serum 

and prostate cancer cell lines. 

 
Figure 19. Receptor 65-66 used for sensing properties. 

Receptor 67a showed weak fluorescence emission at 500 nm upon excitation at 390 

nm. In THF, 67a showed enhancement fluorescence upon addition of 1 equiv. of Zn2+ due to 

the formation of a complex between 67a and Zn2+. A similar trend was observed for 67b [92]. 

Receptor 68 (Figure 20) endorsed the Zn2+ ions under F- ions triggered a synergistic effect. 68 

underwent a fragile fluorescent intensity at 530 nm upon irradiation 350 nm. In the presence of 

Zn2+, gradual enhancement of fluorescence intensity was observed. The enhancement of 

fluorescence emission is due to the formation of the complex between them. The detection limit 

was calculated from the fluorescence profile and found to be 30 nM [93]. 

 
Figure 20. Receptor 67-68 used for sensing properties. 

DMSO 69 showed hypochromic shifts along with a new band that occurred at 443 nm. 

The authors found that the hypochromic absorption band occurred due to the formation of 

deprotonated species 70 with F- ions. Absorption band occurred at 443 nm disappeared, and 

absorption intensities at 311 nm increase in the presence of Cu2+, due to the formation of 

complex 71 [94]. On continued effort on pentaquin one derivatives, the same group reported 

the rhodamine appended pentaquinone 72 and 73 (Figure 21). Both receptors were used to 

detect Hg2+. Upon excitation at 360 nm, receptors showed the emission band at around 572-

582 nm on the addition of Hg2+. It caused the opening of the Spiro lactam ring [95]. 
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Figure 21. Receptor 69-73 used for sensing properties. 

 
Figure 22. Receptor 74-77 used for sensing properties. 

2.4. Miscellaneous quinone based receptors. 

Highly colored 1,2-naphthoquinone based receptors 74-75 (Figure 22) based on the 

crown ether group were used as chromogenic chemosensors for metal cations in ACN was 

reported by Soto and his research group. Both receptors showed absorption intensities at 534 

and 532 nm. It was responsible for an intra-ligand charge transfer band involving the amine 

and the carbonyl groups of receptors. Receptor 74 was selectively recognized Cu2+ and Fe3+, 

amongst other metal ions. On the other hand, receptor 75 showed similar behaviors to 74 [40]. 

Receptors 76a-b and 77a-b were used for selective recognition of Hg2+, Cu2+ and Fe3+, 

respectively. The absorption intensities at 579 nm quenched along with a new band appeared 
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at 263 nm in the presence of Hg2+ and Cu2+ ions. It caused the color change from dark-blue to 

orange. However, 76a was used to detect Cu2+ and Fe3+ [96]. Zhu and his research groups have 

conveyed an ICT based receptor 78 for the selective recognition of thiol and the metal ions 

Zn2+ and Co2+ in CH3CN-H2O. From the UV-vis profile, it was found that the absorption 

intensities decreased with the appearance of anew absorption band at 394 nm in the presence 

of Zn2+ and Co2+ [97]. 

 

 
Figure 23. Receptor 78-81 used for sensing properties. 

Zhang et al. described phenoxy-quinone the third tetrathiafulvalene derivatives 79-81 

(Figure 23) for the sensing of Pb2+, Sc3+
, and Zn2+, respectively [98]. From the UV-vis titrations, 

it was found that the absorption intensities decreased with the appearance of a set of new 

absorption bands at 450 and 845 nm. It is due to the electron transfer from TTF to quinone 

moiety. In UV-vis spectra, receptor 81 displayed the absorption bands at 450 and 479 nm, 

respectively. The authors found that in case of the dark condition, 81 remains silent towards 

various metal ions; however, in the presence of light, the intensities of absorption band 

quenched with the appearance of a new absorption band at 790 nm in the presence of various 

metal ions such as Pb2+, Sc3+, and Zn2+, respectively. It is due to the formation of TTF+.  

3. Conclusions 

 Fluorescence and colorimetric chemo-sensorial chemistry has grown noticeably after 

the Nobel Prize in Supramolecular Chemistry to Charles J. Pedersen, Jean-Marie Lehn, and 

Donald J. Cram. In this review, we have given an overview of the developments of fluorescent 

and colorimetric indicators built on the quinone scaffold. All the colorimetric and fluorescent 

sensors were divided into various categories according to their receptors. The results 

summarized in this review show a clear idea about the important factors such as acceptor-

donor; size and flexibility piece a noteworthy role in colorimetric and fluorescent sensors, more 

efficiency and efficacy for detecting specific analytes. We hope this review showed a 
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significant role in developing new potent molecular probes for any analytes from cations to 

anions and small biomolecules that need to be detected, monitored, and visualized. Since 

quinones already offer an outstanding fluorophores platform. We strongly believe that this 

research area will become more active due to the biological and environmental implications of 

various metal salts and anions. Further investigations will continue to increase. 
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