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Abstract 

The synthesis and characterization of two new uranyl-salen complexes, 1-2, based on a 1,2-

diaminomaleonitrile unit, is described. Spectroscopic studies to evaluate their potential as 

colorimetric probes for fluoride detection in chloroform and dichloromethane were undertaken. 

Compound 2 exhibits a ‘turn-on’ response characterized by a naked-eye colorimetric change for the 

selective recognition of fluoride in both solvents. DFT calculations show that the stabilization 

energy for the formation of the host:guest complex follows the trend F- > Cl- > Br- hence supporting 

the experimental data. 
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1. Introduction 

The design of receptors that can selectively recognize a specific analyte amongst a wide range of 

chemical species is a challenging task in supramolecular chemistry [1,2]. Obtaining a luminescent 

or colorimetric response, a “naked eye” detection, is furthermore appealing as it enables an easy and 

straightforward analysis [3]. There is, in particular, an increasing demand for reliable and efficient 

anion detection as anions play fundamental roles in environmental, industrial, biological, and 

medical processes [4–6]. In this context fluoride (F−) is of importance due to its presence in various 

environmental, clinical and food samples and its controversial toxicity [7,8]. The development of 

simple and effective fluorescent and/or colorimetric sensors for the fluoride anion is thus the object 

of reports in the literature [9]. Studies have been undertaken with receptors exploiting different 

binding paradigms such as boron−fluoride interactions [10], hydrogen bonding with the NH protons 

of amides [11], indoles [12], pyrroles [13], urea or thiourea [14], Lewis acid coordination [15–17] 

or anion– π interactions [18]. The visual detection of fluoride has also been obtained by taking 

advantage of fluoride-promoted cleavage reactions [19]. Although much progress has been made in 

the area, few easy-to-use systems that operate with high sensitivity have been reported and the 

development of systems that transform a given binding event into a readable signal remains a 

challenging task.  

 

While known for a long time, salen/salophen (salen = N,N-ethylenebis(salicylimine), salophen = 

N,N-phenylenebis(salicylimine)) ligands and the corresponding metal complexes have attracted 

much attention because they have shown a renewed vitality in the field of catalysis and 

supramolecular recognition phenomena [20–25]. They can be easily prepared by the reaction of 1,2-

ethylendiamine, or 1,2-phenylendiamine, with 2 equivalents of salycilaldehyde. The obtained 

tetradentate Schiff base ligand coordinates to a variety of transition and main group metals and the 

properties of the resulting complexes are governed by the coordination geometry of the metal and 

by the presence of substituents on the ligand skeleton [26–28]. Among the different metals that can 

be coordinated by these ligands, there is the hexavalent uranyl dication, UO2
2+ which has a 

pentagonal bipyramidal coordination geometry where the apical positions are occupied by the two 

oxygen atoms of the dication, while four of the five equatorial positions are engaged with the N2O2 

donor atoms of the ligand [29]. An equatorial position thus remains available for a guest that can be 

complexed through Lewis acid-base interactions [30]. Uranyl-sal(oph)en complexes have proved to 

be excellent receptors for fluoride in organic solvents (Ka > 106 M-1) [17] and such affinity, 

obviously lowered by the competitive medium, is also preserved when working in water [31–34].  
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Despite the fact that uranyl ions emit green luminescence, both in the solid state and in solution, and 

that the sal(oph)en ligand is weakly fluorescencent [35], the combination of the two does not show 

a significant emission spectrum. Fluoride binding leads only to a very weak change in color of the 

solution which is not sufficient for an efficient naked-eye detection. In order to develop a selective 

and visual fluoride sensor which takes advantage of the strong affinity shown by salen-uranyl 

complexes for fluoride [21], we introduced two cyano substituents on the ligand skeleton [36]. Here 

we report the synthesis of two new uranyl salen complexes, i.e. uranyl-N,N’-bis(5-tert-butyl-2-

hydroxybenzylidene)-1,2-dicyano-1,2-ethenediamine, 1, and uranyl-N,N’-bis(3,5-ditert-butyl-2-

hydroxybenzylidene)-1,2-dicyano-1,2-ethenediamine, 2, prepared by condensation of 1,2-

diaminomaleonitrile with suitable salycilaldehydes in the presence of uranyl acetate (Chart 1). The 

binding behavior, spectroscopic analysis and theoretical calculations are also described. 

 

 

 

Insert Chart 1 here 
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2. Experimental Section 

 

2.1 Materials  

3,5-di-tert-butyl-2-hydroxybenzaldehyde, 2,3-diaminomaleonitrile and 4-(tert-butyl)phenol were 

purchased from Aldrich Co. (Milan, Italy). Anhydrous MgCl2 and UO2(AcO)2·2H2O were obtained 

by Fluka Co (Milan, Italy). Paraformaldehyde was obtained by Merck (Milan, Italy). Et3N and THF 

were distilled on sodium. Other reagents were of analytical grade and were used without further 

purification. 5-(tert-butyl)-2-hydroxybenzaldehyde was synthesized following the method described 

in the literature [37]. 

 

2.2 Instruments 
1H-NMR and 13C-NMR spectra were recorded on Bruker AC-200 and Bruker AC-300 MHz 

spectrometers. GC-MS spectra were run on a GC Agilent Technologies 6890N equipped with a 30 

m x 0.25 mm x 25 µm methyl silicone gum capillary column containing 5% of phenyl-methyl-

silicone (CPSIL8CB) coupled to a 5973MSD Network quadrupole detector operating at 70eV. 

High-resolution mass spectra (HR-MS) were performed by an ESI-TOF spectrometer. UV-Vis 

spectra were recorded on Perkin Elmer Lambda 18 and Varian Cary 100 Bio UV-spectrophotometer 

using spectrophotometric grade CHCl3 and CH2Cl2 passed through basic alumina (Al2O3) in order 

to remove acid impurities. The slit width used for UV-Vis emission titrations was 2 nm. Emission 

spectra were recorded on a Horiba-Jobin-Yvon SPEX Nanolog spectrofluorimeter.  

 

2.3 Computational details 

All calculations were carried out with the Gaussian 03 [38] package of programs at the B3LYP 

computational level [39,40]. The basis set was chosen as follows: for chlorine, bromine and 

uranium the LANL2DZ basis [41–43] was used. For carbon, hydrogen, fluorine, oxygen and 

nitrogen the 6-31G(d,p) basis including polarization functions for the non-hydrogen atoms was 

chosen. Geometries have been optimized in vacuum, without including any symmetry constraints. 

Solvent effects have been included using the CPCM (polarizable conductor calculation) method on 

the previously optimized species [44]. 
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2.4 Synthesis 

2.4.1 Complex 1. In an one-necked-flask, 5-(tert-butyl)-2-hydroxybenzaldehyde, 3 (500 mg, 2.80 

mmol), 2,3-diaminomaleonitrile (151 mg, 1.4 mmol) and UO2(AcO)2·2H2O (712 mg, 1.68 mmol) 

were dissolved in the minimum amount of absolute EtOH. The reaction mixture was stirred at 70°C 

for 48 h. After the precipitation of a dark red solid, the hot solution was filtered collecting 613 mg 

(0.88 mmol) of product. Yield 73%.  
1H-NMR  (300 MHz, d6-DMSO) δ: 9.56 (s, 2H, HC=N), 7.88 (dd, 1H, 3JH-H = 9 Hz, 4JH-H = 2.7 Hz), 

7.82 (d, 2H, 4JH-H = 2.7 Hz), 6.95 (d, 1H, 3JH-H = 8.7 Hz), 1.29 (s, 18H, C(CH3)).  
13C-NMR  (75 MHz, d6-DMSO) δ: 170.4, 170.0, 141.0, 137.9, 132.9, 122.6, 121.7, 121.5, 113.7, 

34.1, 31.8, 31.5, 31.4. 

FT-IR (KBr film) ῦ: 3410, 2959, 2220 (CN-). 1600, 1530, 1463, 1388, 1300, 1255, 1167, 1031, 

970, 909, 835, 758, 678, 626, 521, 433 

MS-ESI-TOF for C26H26N4O4U calcd 696.25, found 697.2522 [M + H]+ 

Elemental analysis for C26H26N4O4U·EtOH calcd: C 45.29%, H 4.34%, N 7.54%, found C 45.15%, 

H 4.44%, N 7.40%. 

 

2.4.2 Complex 2. In an one-necked-flask, 3,5-di-tert-butyl-2-hydroxybenzaldehyde (469 mg, 2 

mmol), 2,3-diaminomaleonitrile (108 mg, 1 mmol) and (AcO)2UO2·2H2O (509 mg, 1.2 mmol) were 

dissolved in the minimum amount of absolute EtOH. The reaction mixture was stirred at 70°C for 

48 h. After the precipitation of a dark violet solid, the hot solution was filtered collecting 485 mg 

(0.60 mmol). Yield 60%. 
1H-NMR  (200 MHz, CDCl3) δ: 9.56 (s, 2H, HC=N), 7.93 (d, 2H, Ph, 4JH-H = 2 Hz), 7.47 (d, 2H, 

Ph, 4JH-H = 2 Hz), 1.49 (s, 18H, C(CH3)3), 1.21 (s, 18H, C(CH3)3). 
13C-NMR  (25 MHz, CDCl3) δ: 171.1, 169.5, 141.2, 140.5, 135.5, 131.2, 124.2, 112.7, 35.1, 34.0, 

31.2, 29.7. 

FT-IR (KBr film) ῦ: 3560, 2955, 2223 (CN-), 1570, 1533, 1420, 1296, 1257, 1173, 1043, 973.908.  

MS-ESI-TOF for C34H42N4O4NaU calcd 831.3766, found 831.3755 m/z+.  

Elemental analysis for C34H42N4O4U·H2O calcd: C 49.39%, H 5.36%, N 6.78%,  

found C 48.94%, H 5.85%, N 6.53%. 

 

 

2.5 UV-Vis titrations  

UV-Vis titrations for uranyl salophens were carried out at 25 ºC in air-equilibrated chloroform or 

dichloromethane (spectrophotometric grade). The initial receptor concentration is chosen in order to 
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have its spectrum absorbance comprised between 0 and 1 and the expected association constant 

value determines the concentration range of the guest collecting as many points as possible in the 

non-linear part of the binding hyperbola (equation 1).  

 

 

 

A = experimental absorbance 

A0 = initial absorbance of the receptor 

[R0] = analytical concentrantion of the receptor 

[G] = total guest concentration in each point, including that fraction bound to the receptor. 

 

  

∞  
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3. Results and Discussion 

 

3.1 Synthesis and Characterization 

Complexes 1 and 2 were synthesized according to Scheme 1. 

 

 

Please, insert here Scheme 1 

 

The 5-(tert-butyl)-2-hydroxybenzaldehyde was synthesized through regioselective formylation of 4-

tert-butylphenol, mediated by MgCl2 acting as chelating intermediate [37]. The condensation 

reaction between this aldehyde and the 1,2-dicyano 1,2-diamine in the presence of uranyl acetate 

[45] leads to the formation of the complexes whose characterization, performed by different 

spectroscopic techniques together with mass spectrometry, confirmed their successful formation. 
1H-NMR showed the presence of the imine protons and 13C-NMR the typical salen resonances 

(Figures S1 and S2, SI). IR spectra (Figures S4 and S7, SI) display the typical band (ῦ(C≡N) ~ 2222 

cm-1) of the cyano group and the molecular peaks were observed in both cases by mass 

spectrometry. 

 

3.2 Halide recognition studies 

Spectroscopic studies were carried out in order to investigate the binding properties of the two 

compounds. Chloroform and dichloromethane were used as a non-coordinating solvent to avoid 

competition with the guest for the binding site of the complex. Molecular recognition processes 

were followed mainly by UV-Vis absorption titrations using the tetrabutylamonium salts of fluoride 

(TBAF), chloride (TBACl) and bromide (TBABr). 

Absorption spectra of the uranyl complexes display two main bands at ca. 480 and 580 nm which 

can be assigned to π−π* transitions [30]. The addition of fluoride, chloride and bromide to the 

chloroform solution of receptor 1 induces a similar color change in all cases, Fig 1. 

 

Please, insert here Figure 1 

  

 

It is known that in non-coordinating solvents uranyl-salophen complexes without bulky substituents 

in the 3,3’-positions, the ones ortho to the phenolic oxygen, are present as dimeric complexes 

[(UO2(salophen)]2 even at low concentrations (10-5-10-6 M) [46]. The same behavior can be 
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predicted for salen derivatives [47] and indeed the broad peaks in the 1H NMR spectrum of 1 in 

CDCl3 confirm this (Figure S3, SI). It was thus not possible to undertake quantitative studies of the 

binding affinity of complex 1 toward halides: the strong affinity of halides for the metal center 

leads, upon salt addition, to the dissociation of the dimer due to the formation of the host-guest 

complex and this additional equilibrium complicates the analysis of the data. The addition of 

increasing amounts of TBAF to the chloroform solution of 1 leads to a 30% increase of the intensity 

of the lowest energy absorption band. This is not observed with chloride and bromide (see SI, 

Figures S11, S12, S13).  

 

The higher solubility of 1 in CH2Cl2 allowed the preparation of solutions of known concentration to 

perform quantitative investigations. The binding affinities of 1, reported in Table 1, were 

determined via UV-vis titration experiments using the different halide salts and considering a 1:1 

coordination model (verified by a Job Plot, Figure 2 right). As expected, the trend in binding 

affinities is in agreement with anion hardness: F-> Cl-> Br-. We observed that the lowest energy 

absorption band shows, upon complete saturation of the binding site, a 2-fold increase in intensity 

in the presence of F-, while only a 25% and 15% increase is observed for Cl- and Br- respectively 

(see SI, Figures S8, S9, S10). 
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Please, insert here Table 1 

 

To prevent the formation of dimers and increase the solubility of the salen derivatives in 

chloroform, we synthesized complex 2 through the condensation of commercially available 3,5-di-

tert-butyl-2-hydroxybenzaldehyde with 2,3-diaminonitrile in the presence of UO2(AcO)2ˑ2H2O, in 

ethanol (Scheme S2, SI). This time the 1H NMR spectrum in CDCl3 showed well-resolved sharp 

peaks confirming the absence of dimers (Figure S5, SI) whose formation is prevented by the 

presence of the bulky tert-butyl groups (see theoretical studies described below). The affinity of 2 

for fluoride, chloride and bromide in chloroform were determined, via UV-Vis absorption titration 

experiments (Figure 2) and are reported in Table 1. The presence of sharp isosbestic points at 495 

and 560 nm confirms the 1:1 association. 

 

Please, insert here Figure 2 

 

Remarkably, in chloroform the addition of fluoride and chloride to the solution of 2 causes a change 

of color that is not observed with bromide, Figure 3. The solution to which fluoride is added turns 

to a greenish tinge, while with chloride it becomes light blue.  Red shifts are observed for the lowest 

energy absorption band upon titration (ca. 25 nm for F- and 10 nm for Cl-) 

 

Please, insert here Figure 3 

 

Titrations were also undertaken in dichloromethane and the affinity constants derived from these 

experiments are reported in Table 1. We tried to investigate the luminescent properties of these 

compounds in both solvents. As mentioned in the introduction, generally, uranyl-salophen/salen 

complexes are not luminescent at ambient conditions. The uranyl ion UO2
2+ is characterized by a 

low energy oxide to uranium(VI) ligand-to-metal charge transfer (LMCT) state which is emissive 

under ambient conditions. However, a large variety of ligands, i.e. halides, carboxylates, N,N-

bis(salicylidene)-1,2-ethylene diamine derivatives etc., when coordinated as additional ligands in 

the plane perpendicular to the O=U=O axis cause luminescence quenching [48].  

The absence of any luminescence of UO2(sal(oph)en) can then be only explained by the presence of 

lower energy salophen2- to U(VI) LMCT states which are rapidly populated from the IL states. 

These LMCT states are apparently not emissive [48]. No emission spectrum is observed for 1 and 2 

in chloroform and in dichloromethane but when adding fluoride to complex 2 in chloroform an 

emission band at 478 nm is observed (Figure 4). This is not the case with the other halides and it 
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does not happen in dichloromethane where the change of color is also observed. Hence, 2 can be 

considered as a fluorescence “turn-on” probe for fluoride detection. It was unfortunately not 

possible to measure the binding constant through emission titrations because, even after the addition 

of a very large excess of TBAF, greater than 10 equivalents, fluorescence emission did not reach the 

saturation thus preventing ratiometric detection. As far as we know, there are very few reports 

where fluoride binding is associated with a fuorescence ‘turn-on’ response along with a colorimetric 

change detectable by the naked eye [49,50]. Complex 2 is therefore a promising candidate to 

behave as a selective receptor for fluoride in CHCl3, and also in CH2Cl2 using UV-Vis and 

fluorescence spectroscopies and as colorimetric sensor through “naked eye” recognition thanks to 

the selective color change of the solutions. 

 

 

Please, insert here Figure 4 

 

We undertook preliminary experiments in a more competitive solvent, methanol, and, as expected, 

the binding constant between receptor 2 and fluoride drops at least three orders of magnitude (SI). 

 

3.3 DFT theoretical studies 

3.3.1 Molecular modeling 

In order to rationalize the experimental results we have performed some theoretical calculations at 

the DFT level, using the B3LYP functional [39,40]. Molecular modeling was performed in order to 

analyze in more detail the expected geometry of the complexes. The minimum energy geometries of 

1 and 2 are displayed in Figure 6 and show that, in principle, no steric hindrance preclude guest 

molecule hosting in the fifth equatorial binding site of the metal. 

 

Please, insert here Figure 5 

 

The main calculated distances are shown in Table 2 and are found to be perfectly in agreement with 

those retrieved from x-ray crystal structure data of uranyl salen complexes previously reported in 

the literature [51]. 

 

Please, insert here Table 2 
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The U–O distance, is significantly longer than the axial oxygens (U=O) due to the overlap between 

the 6d and 5f orbitals of the uranium atom and the three p orbitals (or two p and one hybrid sp 

orbitals) of each axial oxygen giving the linear structure [52]. U-N distances are typically found to 

be longer than U–O distances, indicating that the coordination of the oxygen atom is stronger than 

that of the nitrogen atom. Furthermore, the larger U–N value can also be explained in terms of 

Pearson’s hard and soft acid–base concept [51]. These U-O and U-N distances are predicted to be 

slightly longer for complex 1 with only one tert-butyl substituent in the salophen aromatic ligand.  

To obtain an insight into the formation of dimers, we carried out calculations for both receptors. 

Indeed the most stable conformation for dimer formation is obtained in the case of compound 1, 

which does not have substituents at 3,3’ positions (Figure 6, left) so confirming that steric bulkiness 

in these positions prevents the formation of dimeric species. 

 

Please, insert here Figure 6 

 

3.3.2 Absorption data 

Density functional studies were used to verify the host and guest complexation from a theoretical 

perspective. They were performed in order to rationalize the experimental UV-visible spectra of the 

complexes and verify the assignment of the observed transition bands. Chloroform solvent was 

chosen as a model. Three main absorption bands have been calculated to be at 559, 498, 392 and 

371 nm, for 1, and 560, 519 and 410 nm and, for 2, respectively, in agreement with the 

experimental bands located at 579, 480 and 388 nm (complex 1) and 586, 503 and 395 nm (for 

complex 2). These bands can be assigned to HOMO-2 → LUMO+1, HOMO-2 → LUMO+3 and 

HOMO → LUMO+5, (complex 1) and HOMO → LUMO+3, HOMO-2 → LUMO+1 and HOMO-

2 → LUMO+3 (complex 2) transitions. Inspection of Figures 7 and S20 lead us to verify that the 

electronic density of the orbitals are mainly located at the aromatic salen group in agreement with 

the previously assigned π−π* transition. 
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Please, insert here Figure 7 

 

3.3.3 Stability of the host:guest adducts  

The energies for the formation of the uranyl complexes: halide adducts were calculated by DFT in 

the gas phase and in the two different solvents used in the experimental titrations (dichloromethane 

and chloroform) and the results are summarized in Table 3. 

 

Please, insert here Table 3 

 

Inspection of Table 3 confirms the experimental picture. The affinity for fluoride anion is the 

highest for both receptors, in all conditions, following the general trend being F- > Cl- > Br-. The 

recognition process seems also to be more efficient in chloroform in good agreement with the data 

reported in Table 1. On the other hand, the energies predicted for the host:guest interactions with 2 

are larger than those calculated for the same processes with 1. 

These data are coherent with the experimental ones and point out the more efficient binding process 

taking place when the two tert-butyl substituents are present. We calculated also the distances 

between the metal center and the bound anion, U···X (X = F-, Cl-, Br-), and these are 2.133, 2.718 

and 2.931 Å respectively for complex 2 (Figure 8). They reproduce quite nicely those obtained from 

X-ray crystal diffraction in analogous host-guest uranyl-halide complexes [53,54]. Similar values 

could be expected for adducts with complex 1, being the U···X distances 2.111, 2.707 and 2.921 for 

X = F¯, Cl̄ , Br̄  respectively (see Figure S21). 

 

Please, insert here Figure 8  
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4. Conclusions 

In conclusion, we report here on two newly synthesized maleonitrile-based uranyl-salen derivatives, 

1-2, and their use as potential colorimetric probes for halide detection in organic solvents, i.e. 

chloroform and dichloromethane. The low solubility of compound 1, prevented the quantitative 

measurements of its binding affinity toward anions in CHCl3, but not in CH2Cl2. The selectivity 

trend F->Cl->Br- is in agreement with anion hardness. A non-selective change of the color of the 

dichloromethane solution occurred upon addition of fluoride, chloride and bromide. The addition of 

fluoride and chloride to the solution of 2 in CHCl3, and also in CH2Cl2, caused a change of color 

that is not observed in the case of bromide. Moreover, only the presence of F- induces the 

appearance of an emission band centered at 478 nm in an otherwise “flat” emission spectrum of 2. 

Thus receptor 2 can be regarded as a fluorescence “turn-on” probe for fluoride detection, and also 

as a chromogenic probe. As far as we know, there are very few reports in the literature about 

fluoride ion binding associated with a fluorescence ‘turn-on’ response along with a colorimetric 

change detectable by the naked eye. DFT calculations provided theoretical support to the host and 

guest investigation. Host:guest adduct stabilities were calculated in vacuum, dichloromethane and 

chloroform and the results are in agreement with the experimental data. On the other hand, the 

higher stability of the dimer formation in the case of 1, justifies the higher difficulty on the 

molecular recognition process. 

 

 

Acknowledgments 

The support and sponsorship provided by COST Action CM1005 is acknowledged. Authors are 

also grateful to the Ministerio de Ciencia e Innovación of Spain (Project CTQ2015-65040-P). 

A.D.C. aknowledges “Ricerca scientifica di Ateneo 2014” and MIUR “PRIN 2010CX2TLM”. F.K 

thanks the FNRS for her PhD Grant. 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

Supporting Information 
1H-NMR spectrum (300 MHz – DMSO-d6) of complex 1 (Figure S1); 13C-NMR spectrum 

(75 MHz – DMSO-d6) of complex 1 (Figure S2); 1H-NMR spectrum of 1 in CDCl3 (Figure S3);  

FT-IR spectrum (KBr film) of complex 1 (Figure S4); 1H-NMR spectrum (200 MHz – CDCl3) of 

complex 2 (Figure S5); 13C-NMR spectrum (25 MHz – CDCl3) of complex 2 (Figure S6);  

FT-IR spectrum (KBr film) of complex 1 (Figure S7); UV-Vis spectrum of complex 1 (5·10-5M) 

with increasing amount of F¯  in CH2Cl2 (Figure S8);UV-Vis spectrum of complex 1 (5·10-5M) with 

increasing amount of Cl¯  in CH2Cl2 (Figure S9); UV-Vis spectrum of complex 1 (5·10-5M) with 

increasing amount of Br¯  in CH2Cl2 (Figure S10); UV-Vis spectrum of complex 1 (5·10-5M) with 

increasing amount of F¯  in CHCl3 (Figure S11); UV-Vis spectrum of complex 1 (5·10-5M) with 

increasing amount of Cl¯  in CHCl3 (Figure S12); UV-Vis spectrum of complex 1 (5·10-5M) with 

increasing amount of Br¯  in CHCl3 (Figure S13); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of F¯  in CH2Cl2 (Figure S14); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Cl¯  in CH2Cl2 (Figure S15); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Br¯  in CH2Cl2 (Figure S16); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of F¯  in CHCl3 (Figure S17); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Cl¯  in CHCl3 (Figure S18); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Br¯  in CHCl3 (Figure S19); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of F¯  in methanol (Figure S20); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Cl¯  in methanol (Figure S21); UV-Vis spectrum of complex 2 (5·10-5M) with 

increasing amount of Br¯  in methanol (Figure S22); HOMO and LUMO orbital transition of 

complex 1 (Figure S23); Molecular modeling of complex 1 with F¯ , Cl¯  and Br¯  (Figure S24). 
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 Halide K (M -1) 

  1 2 

CHCl 3 

F- -a > 106 

Cl- - a 2·105 

Br- - a 4·103 

    

CH2Cl2 

F- > 106 > 106 

Cl- 3·105 5· 105 

Br- 2·104 1·103 

 

Table 2 

 

 

 

 

 

 

Table 3 

 Vacuum CH2Cl2 CHCl3 

1-F -133.20 -67.54 -75.18 

1-Cl -61.94 -12.60 -18.31 

1-Br -47.81 -4.56 -8.88 

2-F -145.30 -87.50 -92.35 

2-Cl -72.53 -30.99 -34.38 

2-Br -56.55 -20.77 -23.68 

 

 

 

 

 

 

Schemes 

 

Complex Distance (Å) 

 U=O U-O U-N 

1 1.783 2.258 2.614 

2 1.786 2.248 2.595 
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Scheme’s caption 

 

Scheme 1. Synthetic route to Uranyl-salen complexes 1-2. 

 

Figures’ captions 

 

Figure 1. Compound 1 in CHCl3 (5·10-5 M) and after addition of 1 equivalent of TBAF, 

TBACl, and TBABr. 

 

Figure 2. Absorption spectra of 2, 2.5·10-5 M in CHCl3 at 25°C upon addition of 

increasing amounts of TBAF (left). Inset: spectral changes of 2 with TBAF at 608 nm; 

Job Plot representation of the titration of 2 with TBAF (right). 

 

Figure 3. Compound 2 in CHCl3 (5·10-5 M) and after  

the addition of 1 equivalent of TBAF, TBACl, and TBABr 

 

Figure 4. Emission spectra of complex 2 (1.85·10-5 M) in CHCl3 for increasing 

additions of TBAF upto 30 equivalents. 

 

Figure 5. Molecular modeling structure of 1 (left) and 2 (right). 

Carbon (grey); oxygen (red); uranium (pale blue); nitrogen (dark blue); hydrogens are 

omitted for clarity. 

 

Figure 6. Molecular modeling structure of 1-dimer (left) and 2-dimer (right). 

Carbon (grey); oxygen (red); uranium (pale blue); nitrogen (dark blue); hydrogen 

(white) 

 

Figure 7. HOMO and LUMO orbitals involved in the lowest energy transitions in 2. 

 

Figure 8. Molecular modeling structure of 2-F (left), 2-Cl (middle) and 2-Br (right). 

Hydrogens are omitted for clarity. Carbon (grey); oxygen (red); uranium (pale blue); 

nitrogen (dark blue); fluoride (yellow); chloride (green) and bromide (brown). 
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Tables’ captions 

 

Table 1. Association Constants, Ka, between 1 and 2  

and halide in CHCl3 and in CH2Cl2 at 25°C. 
aNot determined  

 

Table 2. Main distances calculated for 

optimized geometries of complexes 1 and 2. 

 

Table 3. ∆E values (kcal/mol) calculated for the formation of 

1 and 2:halide adducts in vacuum both in CH2Cl2 and CHCl3. 
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- Two new uranyl-salen complexes based on a 1,2-diaminomaleonitrile are described. 

- Spectroscopic studies proof their potential use for fluoride detection.  

- The presence of two bulky substituents favors the molecular recognition process. 

- DFT calculations support the experimental data. 


