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UV-Vis absorption spectra and fluorescence intensity plots 
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Figure S1. Corrected (red circles) and uncorrected (black circles) F / F0 versus [TNP] in CH2Cl2, F 

refers to the values of fluorescence intensity of Pyr urea 2 upon addition of TNP and F0 is the value 

of fluorescence intensity of Pyr urea 2 (always 20 M). 
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Figure S2. Molar absorption coefficients of nitroaromatic compounds (NT, DNT, TNT, TNP, NB and 

DNB) in MeCN. 
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Figure S3. Corrected (red circles) and uncorrected (black circles) F / F0 versus [NT] in a) CH2Cl2 and 

b) MeCN, F refers to the values of fluorescence intensity of Napht urea 1 upon addition of NT and F 

0 is the value of fluorescence intensity of Napht urea 1 (always 20 M). 
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Figure S4. Corrected (red circles) and uncorrected (black circles) F / F0 versus [DNT] in a) CH2Cl2 and 

b) MeCN, F refers to the values of fluorescence intensity of Napht urea 1 upon addition of DNT and 

F 0 is the value of fluorescence intensity of Napht urea 1 (always 20 M). 
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Figure S5. Corrected (red circles) and uncorrected (black circles) F / F0 versus [TNT] in a) CH2Cl2 and 

b) MeCN, F refers to the values of fluorescence intensity of Napht urea 1 upon addition of TNT and 

F 0 is the value of fluorescence intensity of Napht urea 1 (always 20 M). 
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Figure S6. Corrected (red circles) and uncorrected (black circles) F / F0 versus [DNB] in a) CH2Cl2 and 

b) MeCN, F refers to the values of fluorescence intensity of Napht urea 1 upon addition of DNB and 

F 0 is the value of fluorescence intensity of Napht urea 1 (always 20 M). 
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Figure S7. Corrected (red circles) and uncorrected (black circles) F / F0 versus [TNP] in a) CH2Cl2 and 

b) MeCN, F refers to the values of fluorescence intensity of Napht urea 1 upon addition of TNP and 

F 0 is the value of fluorescence intensity of Napht urea 1 (always 20 M). 

 

250 300 350 400
0.0

0.5

1.0

1.5

2.0

 / nm

A
b

s
o

rb
a
n

c
e

 

250 300 350 400
0.0

0.5

1.0

1.5

2.0

 / nm

A
b

s
o

rb
a
n

c
e

 
 

Figure S8. UV absorption spectra of Napht urea 1 (10 μM) upon addition of NT (up to 30 equiv.) in 

(a) CH2Cl2 and (b) MeCN. The arrow indicates increasing amounts of NT. The spectra of the mixtures 

are the result of the sum of the two constituent spectra. 
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Figure S9. UV absorption spectra of Napht urea 1 (10 μM) upon addition of DNT (up to 30 equiv.) in 

(a) CH2Cl2 and (b) MeCN. The arrow indicates increasing amounts of DNT. The spectra of the 

mixtures are the result of the sum of the two constituent spectra. 
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Figure S10. UV absorption spectra of Napht urea 1 (10 μM) upon addition of TNT (up to 30 equiv.) 

in (a) CH2Cl2 and (b) MeCN. The arrow indicates increasing amounts of TNT. The spectra of the 

mixtures are the result of the sum of the two constituent spectra. 
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Figure S11. UV absorption spectra of Napht urea 1 (10 μM) upon addition of TNP (up to 30 equiv.) 

in (a) CH2Cl2 and (b) MeCN. The arrow indicates increasing amounts of TNP. The spectra of the 

mixtures are the result of the sum of the two constituent spectra. 
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Figure S12. UV absorption spectra of Napht urea 1 (10 μM) upon addition of NB (up to 30 equiv.) in 

(a) CH2Cl2 and (b) MeCN. The arrow indicates increasing amounts of NB. The spectra of the mixtures 

are the result of the sum of the two constituent spectra. 
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Figure S13. UV absorption spectra of Napht urea 1 (10 μM) upon addition of DNB (up to 30 equiv.) 

in MeCN. The arrow indicates increasing amounts of DNB. The spectra of the mixtures are the result 

of the sum of the two constituent spectra. 
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Figure S14. UV absorption spectra of Pyr urea 2 (10 μM) upon addition of TNP (up to 30 

equiv.) in CH2Cl2. The arrow indicates increasing amounts of TNP. The spectra of the 

mixtures are the result of the sum of the two constituent spectra. 
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Figure S15. Absorption and fluorescence in CH2Cl2. Left side (short wavelengths): absorption spectra 

of 3 (10 M) alone (black) and in the presence of 15 equiv of TNP (green). The absorption spectrum 

of 15 equiv of TNP is also shown (dashed blue). Right side (long wavelengths): fluorescence spectra 

(𝜆ex = 300 nm) of 3 (10 M) alone (black) and in the presence of 15 equiv of TNP, before (green) and 

after (dashed red) correction for the inner filter effect. 
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Figure S16. 1H NMR spectra (500 MHz, CDCl3, 25 °C) of naphthyl urea 1 with several equiv of TNP. 
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Figure S17.  1H NMR spectra (500 MHz, CDCl3, 25 °C) of naphthyl urea 1 with several equiv of DNB. 
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Semiempirical calculations 

 

 

Figure S18. Simulated complexes of 1 with: (top left to right) NT, DNT, TNT; (bottom left to right) 

TNP, NB and DNB. 

 

 

Figure S19. Simulated complexes of 2 with: (top left to right): NT, DNT, TNT; (bottom left to right) 

TNP, NB and DNB. 

 

Table S1. Calculated G(binding) (kJ mol−1) for complexes of 1 and 2 with NAC guests 

 

 NT DNT TNT TNP NB DNB 

1 −1136.1 −1101.7 −1088.9 −1252.8 −1056.7 −1050.1 

2 −789.8 −854.9 −802.5 −962.8 −778.5 −768.7 
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Classical molecular dynamics simulations 

 

The different systems were simulated by classical molecular dynamics (MD) using the 

AMBER.18 GPU software [38] in which the potential energy U (Eq. 1) is empirically described 

by a sum of bond, angle and dihedral deformation energies and a pair wise additive 1-6-12 

(electrostatic + van der Waals) interactions between non-bonded atoms.  

 

Eq 1 

𝑈 = ∑ 𝑘𝑏(𝑟 − 𝑟0 )2

𝑏𝑜𝑛𝑑𝑠

+ ∑ 𝑘𝜃(𝜃 − 𝜃0 )2

𝑎𝑛𝑔𝑙𝑒𝑠

+ ∑ 𝑉𝑛[1 + 𝑐𝑜𝑠(𝑛𝜙 − 𝛾)]

𝑑𝑖ℎ𝑒𝑑𝑟𝑎𝑙𝑠

+ ∑ ∑ [
𝐴𝑖𝑗

𝑅𝑖𝑗
12 −

𝐵𝑖𝑗

𝑅𝑖𝑗
6 +

𝑞𝑖𝑞𝑗

𝜀0𝑟𝑖,𝑗

]

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

 

 

Each simulated system is composed of one calixarene and 20 free guest molecules 

(DNB, NT or TNP) solvated either in a CH2Cl2 containing 1500 molecules or in an acetonitrile 

box with 2000 molecules (box size is around 60 × 60 × 603). The calixarene and the 

nitroaromatic compounds are initially randomly dispersed in the simulation box. For each 

case (couple of ligand and solvent) three initial conformations were simulated independently 

and lead to the same conclusions. 

Force field parameters from the GAFF force field [39] and atomic charges were 

obtained using the RESP methodology [40]. For CH2Cl2 it was used the model of Kollmann 

et al. [41] and the united atom model for acetonitrile [42]. Cross terms in van der Waals 

interactions were constructed using the Lorentz-Berthelot rules. 1-4 van der Waals and 1-4 

electrostatic interactions were scaled by a factor of 1.2 and 2, respectively. The MD 

simulations were performed at 298.15 K starting with random velocities. All simulations have 

been carried out using 3D Periodic boundary conditions. An atom-based cut-off of 12 Å  for 

nonbonded interactions was applied and long-range electrostatics were calculated using the 
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Ewald summation method in the particle mesh Ewald (PME) approximation, while a long-

range correction for vdW interaction was applied [43]. 

Different systems were first equilibrated by 0.3+0.3+0.3 ns of dynamics in the NPT 

ensemble at respectively 25 K, 100 K and 300 K, followed by 0.3 ns of dynamics in the NVT 

ensemble. Finally, production runs of at least 50 ns in the NVT ensemble were then 

simulated. The system temperature was controlled using a Berendsen thermostat with a time 

step of 1 ps. A time step of 2 fs was used to integrate the equations of motion via the Verlet 

leapfrog algorithm. Trajectories were saved every 1 ps. Snapshots along the trajectory were 

taken using the VMD software [44]. 

 

38.  Case, D.A.; Ben-Shalom, I.Y.; Brozell, S.R.; Cerutti, D.S.; Cheatham, E.; Cruzeiro, V.W.D.; Darden, T.A.; Duke, R.E.; 
Ghoreishi, D.; Gilson, M.K.; et al. AMBER 18, University of California, San Francisco, CA, USA: 2019. 

39. Wang, J.; Wolf, R.M.; Caldwell, J.W.; Kollman, P.A. Development and testing of a general amber force field. J. Comput. 
Chem. 2004, 25, 1157–1174. 

40. Bayly, C.I.; Cieplak, P.; Cornell, W.D.; Kollman, P.A. A well-behaved electrostatic potential based method using charge 

restraints for deriving atomic charges: the RESP model. J. Phys. Chem. 1993, 97, 10269–10280. 
41. Fox, T.; Kollman, P.A. Application of the RESP methodology in the parametrization of organic solvents. J. Phys. Chem. 

B 1998, 102, 8070–8079. 
42. Jorgensen, W.L.; Briggs, J.M. Monte Carlo simulations of liquid acetonitrile with a three-site model. Mol. Phys. 1988, 

63, 547–558. 

43. Allen, M.P.; Tildesley, D.J. Computer simulation of liquids, Clarendon Press: Oxford, UK, 1987. 
44. Humphrey, W.; Dalke, A.; Schulten, K. VMD: visual molecular dynamics. J. Mol. Graph. 1996, 14, 33–38. 
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DFT calculations 

 

 

Conformation 1 

 

‒4150.1818 h  

∆E= +40.5 kJ.mol‒1 

Conformation 2 

 

‒4150.1834 h  

∆E= +35.9 kJ.mol‒1 

Conformation 3 

 

‒4150.1972 h 

∆E= 0.0 kJ.mol‒1 

   

 

Figure S20. Final structures of Napht urea 1 minimum conformations obtained by B3LYP/6-

31G(d,p) QM optimizations. Total energy E in hartrees and energy variation between the 

current and the most stable conformer (in kJ mol‒1). 
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Conf 1 / ∆E = ‒4.6 Conf 2 / ∆E = 1.2 Conf 3 / ∆E = ‒3.8 

   

Conf 4 / ∆E = ‒4.6 Conf 5 / ∆E = ‒28.8 Conf 6 / ∆E = 3.3 

   
Conf 7 / ∆E = ‒9.6 Conf 8 / ∆E = ‒39.3 Conf 9 / ∆E = ‒30.7 

   
Conf 10 / ∆E = ‒51.8 Conf 11 / ∆E = ‒35.4 Conf 12 / ∆E = ‒30.4 

   

Conf 13 / ∆E = ‒8.1 Conf 14 / ∆E = ‒22.3  

  

 

Figure S21. Final structures of DNB  1 minimum conformations obtained by B3LYP/6-

31G(d,p) QM optimizations. Interaction energy ΔE in kJ mol‒1. 
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Table S2. Total and DNB complexation energies obtained by B3LYP/6-31G(d,p) QM 

optimizations (free Napht urea 1 total energy is 4150.1972 h) 

Conformation 
Total energy  

(in hartree) 

Complexation 

energy 

(in kJ mol‒1) 

1 ‒4791.4515 ‒4.5 

2 ‒4791.4493 1.3 

3 ‒4791.4512 ‒3.7 

4 ‒4791.4515 ‒4.5 

5 ‒4791.4608 ‒28.9 

6 ‒4791.4485 3.4 

7 ‒4791.4534 ‒9.4 

8 ‒4791.4648 ‒39.3 

9 ‒4791.4615 ‒30.7 

10 ‒4791.4696 ‒51.9 

11 ‒4791.4633 ‒35.4 

12 ‒4791.4614 ‒30.4 

13 ‒4791.4529 ‒8.1 

14 ‒4791.4583 ‒22.3 

 

 

 

 

Methyl-naphthyl urea 

‒58 

NT 

12 

DNB 

94 

TNP 

165 

 

 

Figure S22. Electrostatic potential calculated by B3LYP/6-31G(d,p) (from red ‒200 kJ to blue 

+200 kJ). Mean value from the center of the aromatic ring (in kJ). 




