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S1. Materials and Measurements.  

All chemicals were of reagent grade and were employed as commercially obtained. 

Thermal analysis (TG/DTA) was performed on a TA Instruments SDT 2960 thermal 

analyzer from room temperature up to 800 ºC in a synthetic air atmosphere (79% N2 / 

21% O2) with a heating rate of 5 ºC/min. Elemental analyses (C, H, and N) were 

performed on a Fisons Instruments EA-1008 analyser. Metal content was determined by 

inductively coupled plasma (ICP-AES) analysis with a Horiba Yobin Yvon Activa 

spectrometer. The FTIR spectrum (KBr pellets) was recorded on a ThermoNicolet IR 

200 spectrometer in the 4000−400 cm−1 spectral region. Density of the compound was 

performed by means of the flotation method, employing a small fragment of a pressed 

pellet of the compound.  

S2. Synthesis of 1.  

5 mL of an aqueous solution containing 0.3 mmol of Cd(NO3)2·4H2O (0.1542 g) were 

added dropwise over an aqueous/methanol (20 mL, 1:1) solution of 0.6 mmol of H6ani 

(0.0828 g) under continuous stirring at 70 ºC. Then, 1 mL of triethylamine (>98%) was 

added to the reaction mixture so that the final pH of the solution was 6.5 and a white 

precipitate corresponding to compound 1 was obtained. Then, the suspension was 

cooled down and the precipitate filtered off and washed several times with water and 

methanol. Compound 1 has the [Cd(μ-6ani)2]n formula according to elemental and 

thermogravimetric analyses. Elemental analysis for C12H10CdN4O4 (386.64 g mol–1). 

Calcd.: C, 37.28; H, 2.61; Cd, 29.07; N, 14.41. Found: C, 37.14; H, 2.68; Cd, 29.25; N, 

14.18. 

S3. Powder X-ray Data Collection. 

X-ray powder diffraction (XRPD) pattern was collected on a Phillips X'PERT powder 

diffractometer with Cu-Kα radiation (λ = 1.54060 Å) over the 5 < 2θ < 50º range with a 

step size of 0.026º and an acquisition time of 5 s per step at 25 ºC. A fixed divergence 

slit was employed for the experiment. Indexation of the diffraction profile was made by 

means of the FULLPROF program (pattern-matching analysis) on the basis of the space 

group and the cell parameters found for the isostructural Zn6ani compound.i Details of 

the refinement and crystallographic data are summarized in Table S1 and Figure S1.  
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Table S1. Crystallographic data and structure refinement details of compound 1. 

 1  1 

Empirical formula C12H10CdN4O4 Z 4 

Formula weight 386.64 ρ (g cm–3) (calcd. / exp.) 1.76 / 1.77(1) 

Crystal system Tetragonal Chi2 1.24 

Space group P43212 Final R indices  

a (Å) (exp./DFT-D) 7.971(6) / 8.2261 RF 1.15 

b (Å) (exp./DFT-D) 7.971(6) / 8.2261 RB 1.07 

c (Å) (exp./DFT-D) 22.933(4) / 23.1391 RP 3.61 

V (Å3) (exp./DFT-D) 1456.8(7) / 1565.8   

 

 
Figure S1. Comparison of experimental diffractogram of 1 and that simulated of Zn6ani 

compound. Inset: Full profile pat-tern-matching analysis of 1. 
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S4. Dispersion corrected periodic DFT optimization of 1. 

Dispersion-corrected density-functional theory calculations with periodic boundary 

conditions (PBC) were performed using the code SIESTA,ii which uses atom centered 

basis functions that are particularly efficient for total energy studies of very low density 

materials with very large unit cells. This methodology has proved to be efficient in 

addressing the energetics and structures of hybrid compounds.iii Periodic DFT 

calculations were carried out using the PBE exchange correlation functional within the 

GGA approximation.iv Energies of all structures in their primitive cells or unit cells 

were minimized by geometry optimization at constant pressure using the Broyden 

scheme, where both cell parameters and atomic coordinates were relaxed. No symmetry 

was imposed on the structure in the calculation and so the cell may relax to alternative 

Bravais lattice types. Double zeta plus polarization basis sets were used throughout. The 

hydrogen pseudopotential and basis were taken from the SIESTA database.v In each 

case, the geometry was relaxed until the residual forces were smaller than 0.015 eV Å–1, 

with a stress tolerance less than 1 GPa. The Hartree and exchange–correlation potentials 

were evaluated using a real-space mesh with a kinetic energy cutoff of 200Ry,while the 

Brillouin zone was sampled only at the G point (which is reasonable given these 

materials are insulators with a minimum cell parameter of 9.7 Å and a maximum of > 

32 Å). Coordinates for all geometry optimized structures are given in the form of a CIF 

file. Correctness of the optimization is confirmed when compared the unit cell 

parameters and PXRD diffractograms (Figure S2) with those experimentally estimated, 

finding very slight deviations as in previous works.vi Tables S2, S3, and S4 provide the 

most significant structural data. 
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Figure S2. Comparison of experimental difractogram of 1 and that simulated from D-DFT 

optimised structure of 1. 

 

Table S2. Selected bond lengths for compound 1.a 

Cd1–N1 2.329 Cd1–O1(iii) 2.243 

Cd1–N1(i) 2.329 Cd1–O2(ii) 2.638 

Cd1–O1(ii) 2.243 Cd1–O2(iii) 2.638 

[a] Symmetries: (i) –y + 1, –x + 1, –z + 3/2; (ii) –y + 2, –x + 1, –z + 3/2; (iii) x, y – 1, z. 

Table S3. Structural parameters (Å, º) of hydrogen bonds (Å, º) in compound 1.a 

D–H...Ab D–H H...A D...A D–H...A 

N8–H81...O1(iii) 1.03 1.94 2.943 165.2 

N8–H82...O2(iv) 1.02 2.37 3.096 127.4 

a Symmetry codes: (iv) –y + 3/2, x – 1/2, z – 1/4. b D: donor. A: acceptor. 

Table S4. Structural parameters (Å, º) of π–π interactions of compound 1.a 

Ring...Ringb α DC β DZ Dist. 

1A–1A(v) 35.90 4.421 39.29 4.40 3.63–4.03 

1A–1A(vi) 35.90 4.421 4.93 3.42 3.63–4.03 

[a] Symmetry: (v) x – 1/2, –y + 3/2, –z + 5/4; (vi) x + 1/2, –y + 3/2, –z + 5/4. α: dihedral angle between mean planes 
of the rings (°), DC: distance between ring centroids (Å), β: angle between DC vector and normal to plane(I) (°), DZ: 
perpendicular distance of the centroids of ring(I) on plane of ring(II) (Å), Dist.: shorter distances between non-
hydrogen atoms of rings (I) and (II). [b] Rings: 1A: N1, C2, C3, C4, C5, C6. 
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Figure S3. View of the packing of 1 showing π–π interactions between layers along: (a) 

crystallographic b axis and (b) c axis. 
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S5. Photoluminescence measurements. 

Lifetime, Time Resolved Emission Spectroscopy (TRES) and steady state 

photoluminescence (PL) were measured on polycrystalline samples from 10 K to room 

temperature using a closed cycle helium cryostat enclosed in an Edinburgh Instruments 

FLS920 spectrometer. For steady state measurements an IK3552R-G HeCd continuous 

laser (325 nm) and a Müller-Elektronik-Optik SVX1450 Xe lamp were used as 

excitation source. Microphotoluminescence photographs were obtained at room 

temperature in a micro-PL system included in an Olympus optical microscope 

illuminated with a HeCd laser or a Hg lamp.  

 
Figure S4. Excitation and emission spectra of the H6ani ligand at 10 K. 
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Figure S5. Evolution of the intensity of the two main excitation lines spectra of 1 monitored at 
different emission wavelengths. 

 

S6. Thermogravimetric Analysis. 

A plateau in the TG curve from room temperature up to 410 ºC is observed in good 

agreement with the lack of solvent molecules in the crystal structure of compound 1. 

This fact, together with the absence of DTA peaks stands for the robustness of its 

crystal building as a result of the strong supramolecular interactions among the Cd-6ani 

layers in the three-dimensional packing. Above 410 ºC, compound 1 experiments 

several exothermic processes as a consequence of the decomposition of the organic part, 

leading to CdO as a final residue (calc. 32.45; 33.29%). 
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Figure S6. TG/DTA analysis for compound 1. 

S7. FT-IR spectroscopy. 

FTIR spectrum of 1 has been assigned according to bibliography and the frequency 

modes derived from a DFT-optimized model of the compound (see Figure S12). At high 

frequencies, spectrum of 1 exhibits an intense band at 3470 cm–1 that corresponds to the 

vibration of the O–H bond of free water of moisture, followed by strong vibrations at 

3330 and 3230 cm–1 related with N–H vibrations of the exocyclic amino group. Weak 

shoulders between 3100 and 2900 cm–1 are attributed to C–H vibrations of the pyridinic 

ring of the ligand. The intense vibrations in the 1670–1520 cm–1 region correspond to 

both the asymmetric stretching vibrations of the carboxylate groups and the aromatic C–

C and C–N bonds, while the symmetric stretching vibrations of the carboxylate groups 

occur in the lower range of 1410–1270 cm–1. At lower frequencies, the remaining bands 

are assigned to the distortions originated in the aromatic ring and the carboxylate groups 

of the 6ani ligand. The vibration bands of the Cd–O and Cd–N bonds are observed 

around 560–530 cm–1.  



S10 
 

 
Figure S7. FTIR spectrum of compound 1 together with the normal vibration modes. 

 

S8. Lifetime measurements. 

Lifetime measurements were initially performed at 10 K using polycrystalline sample of 

1 under excitation at the maximum (332 nm) for selected emission wavelengths in the 

350–650 nm range. The decay curves were recorded employing different exposure times 

in order to achieve 104 counts in the pulse of reference. Given the different nature of the 

emissions (fluorescence below 410 nm and phosphorescence in the 410–600 nm range), 

nanosecond or microsecond pulse lamps were employed when appropriate. On the one 

hand, fitting result corresponding to the decay curve of the emission at 397 nm was 

obtained by deconvoluting the pulse signal according to the Intrument Response 

Function (IRF) at the same working conditions. On the other hand, eleven decay curves 

were recorded in the 410–600 nm range (one each ca. 20 nm) and analyzed by tail 

fitting (Figure S8-10). Most of decays were fitted using three parameters in order to 

reproduce fairly the non-linear curve, except for the first and last curves which are 

clearly less affected by the long-lasting phosphorescent emission. 
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Figure S8. Decay curves at selected emission wavelengths upon excitation at 333 nm. 
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Figure S9. Emission decay curves at selected emission wavelength (at 397 nm and every 
ca. 20 nm in the 410–490 nm range) showing the best fitting. 
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Figure S10. Emission decay curves at selected emission wavelength (every ca. 20 nm in the 

500–600 nm range) showing the best fitting. 

Table S5. Best fit results of decay curves performed at 10K monitoring emission wavelengths 
on the maxima. 

Wavelength (nm)  τ1 (ns)  Chi Sq. 

397  5.9(1)  1.624 
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Table S6. Best fit results of decay curves performed at 10K monitoring different emission 
wavelengths. 

Wavelength (nm)  τ1 (ms)  τ2 (ms)  τ3 (ms)  Chi Sq. 

410  113(8) / 33%  364(15) /67%    1.286 
415.65  58(8) / 4%  243(18) /34%  557(15) / 62%  1.494 
444  59(7) / 3%  246(10) / 38%  675(12) / 58%  1.510 
460  62(5) / 4%  253(9) / 41%  718(14) / 55%  1.472 
482  98(6) /10%  340(18) / 49%  828(42) / 41%  1.494 
500  77(5) / 8%  278(14) / 41%  737(22) / 51%  1.432 
515  84(7) / 8%  295(21) / 41%  702(28) / 51%  1.493 
540  60(6) / 9%  223(18) / 38%  629(21) / 53%  1.542 
560  72(9) / 7%  260(29) /37%  660(39) / 56%  1.452 
580  60(9) / 6%  237(30) / 36%  624(40) / 58%  1.436 
600  102(5) / 19%  489(8) / 81%    1.540 

 

Additionally, variable-temperature measurements were performed at 444 and 482 nm 

emission peaks (maximum of the continuous spectrum and most long-lived emission, 

respectively). As shown in Table S7, the longest lifetime decreases slowly with rising 

the temperature. 
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Table S7. Best fit results of decay curves according to the temperature. 

Temp. 

(K) 
Wav. (nm) τ1 (ms) τ2 (ms) τ3 (ms) Chi Sq. 

10 

444 59(7) / 3% 246(10) / 38% 675(12) / 58% 1.510 

482 98(6) /10% 340(18) / 49% 828(42) / 41% 1.494 

515 84(7) / 8% 295(21) / 41% 702(28) / 51% 1.493 

50 

444 19(1) / 8% 96(4) / 28% 426(8) / 64% 1.447 

482 33(2) / 4% 166(16) / 18% 505(18) / 78% 1.392 

515 18(1) / 7% 114(7) / 25% 473(13) / 68% 1.547 

100 

444 14(1) 6% 92(5) / 29% 371(11) / 65% 1.530 

482 14(1) / 2% 107(3) / 27% 430(6) / 71% 1.451 

515 15(1) / 2% 99(4) / 22% 422(5) / 75% 1.398 

150 

444 – – – – 

482 22(3) / 4% 92(6) / 19% 422(7) / 77% 1.540 

515 21(2) / 4% 104(6) / 20% 428(7) / 76% 1.465 

200 

444 – – – – 

482 31(2) / 6% 345(2) / 94% – 1.568 

515 11(1) / 2% 60(5) / 9% 361(3) / 89% 1.514 

250 

444 – – – – 

482 37(4) / 5% 300(3) / 95% – 1.563 

515 19(2) / 2% 112(12) / 15% 294(8) / 83% 1.640 
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λem = 444 nm λem = 482 nm λem = 515 nm 

  

  

– 

 

– 

 

– 

 
Figure S11. Variable-temperature decay curves fittings at selected emission lines. 



S17 
 

S9. TD-DFT computational details. 

TD-DFT theoretical calculations were performed at 10 K using the Gaussian 09 

package.vii Despite the Coulomb attenuating method- CAM-B3LYP functionalviii is said 

to describe reasonably well long-range charge transfer excitations, lately, several 

examples have been reported where the said functional did not fulfil expectations.ix On 

the contrary, the use of the Becke three parameter hybrid functional with the non-local 

correlation functional of Lee-Yang-Parr (B3LYP)x with the 6-31G(d)xi basis set for all 

atoms but for the central metal cation which is described by the LANL2DZxii basis set 

along with the corresponding effective core potential (ECP), was proven to be highly 

reliable in describing the photophysics of the related zinc compound reported by our 

group previously.i In addition, the latter functional + basis set scheme has been proven 

to be an adequate method to describe luminescence of cadmium based coordination 

compounds.xiii A suitable model of 1 (model 1 hereafter, Figure S12) was built from a 

cluster cut from the periodic structure optimized on the basis of the X-ray single crystal 

structure of the zinc counterpart (geometrically relaxed to adapt it to the cadmium atom, 

as detailed in section S4). Model 1 consists of an excerpt containing a cadmium atom 

coordinated to four 6ani ligands whose donor atoms establish the first coordination 

sphere of the metal. For the absorption and emission spectra, the 40 lowest singlet 

optical transitions were calculated on model 1 by the TD-DFT method (Tables S8–9). 

Vibronic progression of the modelled compound was neglected. Gaussian results were 

analyzed using the GaussSum program packagexiv and molecular orbitals plotted using 

GaussView 5.xv 
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Figure S12. Molecular excerpt used as model 1 for the calculations. 

 

 
Scheme S1. Energy diagram of the orbitals involved in the electronic transitions resulting in 

fluorescent (left) and phosphorescent (right) emissions of model 1. ISC: 
Intersystem crossing; LMCT (Ligand to metal charge transfer). 



S19 
 

 

Table S8. Calculated main excitation energies (nm) and singlet electronic transitions and 
associated oscillator strengths of model 1 in gas phase. 

Calcd. λ (nm)  Exp. λ (nm) Significant contributions Osc. strength (a.u.) 

344 332 HOMO → LUMO + 6 (46%) 0.267 
  HOMO – 1 → LUMO + 7 (41%)
  HOMO – 5 → LUMO + 4 (5%)

350 354 HOMO – 5 → LUMO + 4 (59%) 0.234 
  HOMO – 4 → LUMO + 5 (30%)
  HOMO → LUMO + 6 (4%)

375 372 HOMO – 2 → LUMO + 4 (62%) 0.114 
  HOMO – 3 → LUMO + 5 (35%)

398 399 HOMO → LUMO + 4 (65%) 0.021 
  HOMO – 1→ LUMO + 5 (35%)

 

Table S9. Calculated main emission energies (nm) and singlet electronic transitions and 
associated oscillator strengths of model 1 in gas phase. 

Calcd. λ (nm)  Exp. λ (nm) Significant contributions Osc. strength (a.u.) 

383 397 HOMO – 1 ← LUMO + 6 (96%) 0.106 

394 397 HOMO – 4 ← LUMO + 3 (26%) 0.287 
  HOMO – 5 ← LUMO + 3 (21%)
  HOMO – 1 ← LUMO + 9 (17%)
  HOMO – 4 ← LUMO + 5 (16%)

413 415 HOMO – 1 ← LUMO + 5 (99%) 0.483 

443 444 HOMO – 1← LUMO + 5 (99%) 0.454 

465 459 HOMO – 1 ← LUMO + 4 (85%) 0.379 
  HOMO ← LUMO + 4 (9%)

467 459 HOMO – 7 ← LUMO (99%) 0.358 

479 482 HOMO – 1 ← LUMO + 4 (91%) 0.316 
  HOMO ← LUMO + 4 (8%)

497 515 HOMO –1 ← LUMO + 5 (68%) 0.223 
  HOMO ← LUMO + 4 (25%)
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HOMO – 7 HOMO – 5 

 
HOMO – 4 HOMO – 3 

HOMO – 2 HOMO – 1 

HOMO 

Figure S13. Highly Occupied Molecular Orbitals of model 1 involved in the singlet 
luminescent charge transitions. 
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LUMO + 7 LUMO + 6 

LUMO + 5 LUMO + 4 

LUMO + 3 LUMO 

Figure S14. Lowest Unoccupied Molecular Orbitals of model 1 involved in the singlet 
luminescent charge transitions. 
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S10. Calculation of the lowest-lying triplet state (T1). 

The T1–S0 energy difference, which corresponds to the main phosphorescencent 

emission line, has been estimated from vertical excitation performed for the optimised 

geometry of the lowest lying excited triplet state (T1). The triplet state geometry 

optimisation and frequencies calculation was performed on a suitable model of 1 

(Figure S15) by Gaussian 09 package, using the Becke three parameter hybrid 

functional with the non-local correlation functional of Lee-Yang-Parr (B3LYP) with the 

6-31G++(d,p) basis set for all non-metal atoms and the LANL2DZ basis set along with 

the corresponding effective core potential (ECP) for the central cadmium cation.  

  

HOMO LUMO 

Figure S15. Highest Occupied (single-occupied alpha) and Lowest Unoccupied Molecular 
Orbitals of the first excited triplet state of model 1. 

The equivalent calculation was also performed on a suitable model of the previously 

reported isostructural Zn counterparti in order to estimate the T1–S0 energy difference. It 

was found that the calculated energy achieved matches fairly well that experimentally 

calculated. Figure S16 shows the corresponding optimised T1 state geometry. 

  

HOMO LUMO 

Figure S16. Highest Occupied (single-occupied alpha) and Lowest Unoccupied Molecular 
Orbitals of the first excited triplet state of model 1. 
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S11. Time-resolved emission spectra. 

TRES measurement was performed for the whole emission spectrum with a step size of 

10 nm in the 400–650 nm range given the low emission of the material out of this range. 

The experiment was performed using a 0.5 Hz of frequency at the pulsed lamp, fixing 

the excitation band pass at 5 nm and the emission band pass at 2.5 nm. Each spectrum 

has been deconvoluted according to the standard colour system and plotted in the 

chromaticity CIE 1931 diagram. 

 
Figure S17. Time-resolved emission spectra in the 350–650 nm region.  
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Figure S18. Time-resolved emission spectra at 10 K of 1 at different delays (λex = 333 nm).  

 

 
Figure S19. Detailed time-resolved emission spectra at 10 K of 1 at different delays (λex = 333 

nm). 
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