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X-ray crystallographic data 

X-ray diffraction data of the polymorphic crystals was collected on a Rigaku 

Mercury-CCD diffractometer equipped with a graphite-monochromatized Mo Kα source (λ = 

0.71070 Å) at 113 K. Data was processed using the CrystalClear program package and 

corrected for absorption. The structure was solved by direct method, SHELXS-97,1 and 

expanded by subsequent Fourier synthesis. Refinement by full matrix least-squares 

calculations was performed using SHELXL-97. 

 
Table S1. Crystallographic data and structure refinement summary.a 

 2-Y 2-O 2-R 

CCDC numberb 965203 965204 965205 

Molecular formula C14H9N3O C14H9N3O C14H9N3O 

Molecular weight 235.24 235.24 235.24 
Crystal size / mm3 0.20 × 0.15 × 0.05 0.40 × 0.25 × 0.10 0.40 × 0.25 × 0.15 

Crystal system Monoclinic Monoclinic Monoclinic 

Space group P21/n P21/n P21/n 

a / Å 6.052(6)  13.654(6)  3.8196(10) 
b / Å 4.919(5) 7.343(3)  11.356(3) 
c / Å 36.98(3)  14.200(6)  25.246(7)  
β / deg. 94.115(4) 130.054(2) 93.1961(11) 
V / Å3 1098.0(17)  1089.8(8) 1093.3(5) 
Z 4 4 4 
dcalc. / g cm-3 1.423 1.434  1.429  
µ / mm-1. 0.094 0.095 0.094 

λ / nm 0.71075 0.71075 0.71075 

Temperature / K 113(2) 113(2) 113(2) 

2θmax / deg. 54.88 54.92 54.92 

F000 488 488 488 
Measured/independent reflections 8137/2402 8291/2487 8368/2479 

Npara 200 200 200 

GOF 0.938 1.097 0.929 

Rint 0.101 0.0267 0.110 

R1  0.0754 0.0334  0.0591 
wR2 (all data) 0.2201 0.0963 0.1328 
Max/min residual electron density 0.312/-0.326 0.293/-0.197 0.364/-0.331 
a,b These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 
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Figure S2. Bond lengths (Å) in a molecule 2 in the crystals 2-Y (a), 2-O (b) and 2-R 

(c). 

Figure S1. ORTEP drawings of 2-O (a) and 2-R (b). 
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Computational details 

Validation of the prediction accuracies of TDDFT calculation 

For the isolated 6CN-NPIP in the S1 state, geometry optimizations were carried out using 

TDDFT(B3LYP)/6-31+G(d), 4 state-averaged(SA)-CASSCF(8,8)/ANO-L in vacuo, 

respectively. The CASSCF calculations include near-frontier π orbitals (HOMO-3 to HOMO 
and LUMO to LUMO+3).  The structures corresponding to the local minima were confirmed 

by harmonic frequency analysis. The S1–S0 energies were evaluated by TDDFT/6-31+G(d) 

level with two XC-functionals, i.e., B3LYP and its Coulomb-attenuated variant 

CAM-B3LYP.2 CASSCF(10e,10o)/ANO-L and MS-CASPT2(10e,10o)/ANO-L level of 

theory were also employed where the extended active spaces include HOMO-5 n-orbitals and 

the two π virtual orbitals to include the  n-π* mixing in a balanced way. The 4 
SA-CASSCF(10e,10o) calculations were done and the 4 single-state (SS)-CASPT2(10e,10o) 

states were further averaged within MS-CASPT2 scheme. The level shift technique with 

careful choice of shift value (0.3) seems to work well with the fairly large reference weight of 

the main configuration. The Atomic Natural Orbitals large sets (ANO-L: 

C,N,O[4s3p2d]/H[3s2p]) were employed throughout the present study. The S1 character was 

verified by all the calculation methods to possess overwhelming HOMO–LUMO excitation 

 
Figure S3. DSC curves of the crystals of 2-Y, 2-O, and 2-R. 
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coefficients. Table S2 shows that the energy gaps calculated by MS-CASPT2//CASSCF and 

MS-CASPT2//TDDFT were similar, indicating that the TDDFT(B3LYP)/6-31+G(d) level 

optimization was sufficient to obtain an appropriate geometry of 2 for further discussion. 

Modern TD-DFT methods have been confirmed to achieve excellent performance that is 

compatible with more computationally demanding, wavefunction-based methods.3,4  

CASSCF and CASPT2 calculations were performed using MOLCAS 7.4 software,5,6 and 

DFT and TD-DFT calculations using Gaussian 09 software.7 

 

Evaluation of ESIPT emission energies by ONIOM method 

The vertical S1–S0 energies in the crystalline polymorphs were computationally evaluated 

by means of ONIOM method,8 a representative implementation of quantum mechanics and 

molecular mechanics (QM/MM). We performed two layer ONIOM calculations on the 

molecular clusters extracted from the three crystalline phases 2-Y, 2-O, and 2-R, where one 

2IPT species was immersed in the surrounding 16 2Enol molecules which exist within 8 Å from 

the center of mass of the 2IPT species. The aggregation effects on the S1–S0 energies were 

hence taken into account through the DFT (one 2IPT species) and semiempirical PM3 (16 2Enol 

species) interactions within the finite model. Intermolecular charge transfer excitation and 

excitonic effects across DFT-PM3 regions were ignored as well as crystal field effect exert 

from infinite electrostatic interactions. The cluster models for the three polymorphs were 

illustrated in Figure S4. The S1 state of the center 2IPT was under full geometry optimization at 

TD(B3LYP)/6-31G(d) level with the geometries of the surrounding 16 fixed 2Enol molecules 

evaluated at PM3 level (TD(B3LYP)/6-31G(d):PM3).  

The ESIPT emission energies were evaluated by single point calculations of 2IPT, π-stacked 
2IPT-2Enol dimers (Figure S5), the monomer high layer ONIOM model (2IPT 
(TD(CAM-B3LYP)/6-31G(d))/16 2Enol molecules (PM3)), and the dimer high layer ONIOM 

model (π-stacked 2IPT-2Enol (TD(CAM-B3LYP)/6-31G(d))/15 2Enol molecules (PM3)). 

Table S2 The S1->S0 vertical energy (nm) of 2IPT for the optimized geometries in Cs symmetry 
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Figure S4. The ONIOM models for 2-Y, 2-O and 2-R. 

         

             2-Y             2-O        2-R 
 

 

Figure S5. The central π-stacked dimers (2IPT–2Enol) (upper), and calculated HOMO and LUMO of 

2-Y, 2-O, 2-R, and non-stacked dimer (extracted from 2-O) by TD(CAM-B3LYP)/6-31G(d) (lower). 
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