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S1: The NMR Spectra of Compounds. 

 

Figure S1. 1H NMR spectrum of 2 in CD3CN.  △Hexane; ☆THF; *Solvent peak; 
※ CH2Cl2. 

 

 

Figure S2. 13C{1H} NMR spectrum of 2 in CD3CN. 

 



 

Figure S3.  31P{1H} NMR spectrum of 2 in CD3CN. 

 

 

Figure S4. 1H NMR spectrum of 3 in C6D6. 
* Silicone grease; △Hexane; ☆ Toluene. 

 



 

Figure S5. 13C{1H} NMR spectrum of 3 in C6D6. 
* Silicone grease; ☆ Hexane. 

 

 

Figure S6.  31P{1H} NMR spectrum of 3 in C6D6. 

 



 

Figure S7. 1H NMR spectrum of 4 in CD2Cl2. ☆ Silicone grease; *Hexane; 
。 Tetrahydrofiran. 

 

Figure S8. 31P{1H} NMR spectrum of 4 in CD2Cl2. 

 



 

Figure S9. 1H NMR spectrum of 5 in CD2Cl2. ☆ Silicone grease; *Hexane; 
。 Tetrahydrofiran.  

 

 

Figure S10. 1H NMR spectrum of 6 in CD2Cl2. ☆ Silicone grease; *Hexane; 
。 Tetrahydrofiran. 

 

 



S2: X-Ray Diffraction Studies 

These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/cgi-bin/catreq.cgi, 

or by emailing data_request@ccdc.cam.ac.uk. The CCDC reference numbers for this paper 

are CCDC 1505303, 1505304, and 1829011.  

 

Table S1. Crystal data and structure refinement for 4-6. 

 

PXRD Pattern 

 

 Complex 4 Complex 5 Complex 6 

Empirical formula C58H44Cl2Cu2O2P4 C58H44Br2Cu2O2P4 C58H44I2Cu2O2P4 

Formula weight 1094.79 1183.71 1277.69 

Temperature/K 150.01(10) 150.01(10) 150.01(10) 

Crystal system Orthorhombic Orthorhombic Orthorhombic 

Space group P b c a P b c a P b c a 

a/ Å 10.89250(14)   10.95030(13) 11.09350(12) 

b/ Å 18.4560(2)     18.4841(2) 18.47365(19)                                                    

c/ Å 24.6582(3)      24.7901(3) 24.9612(3) 

α/º 90 90 90 

β/º 90 90 90 

γ/º 90 90 90 

Volume/Å3 4957.09(11) 5017.68(10) 5115.48(9) 

Z 4 4 4 

ρcalc.g/cm3 1.467 1.567 1.659 

μ/mm-1 3.614 4.457 12.019 

F(000) 2240 2384.0 2528.0 

Crysral size/mm3 0.02 ×0.02 × 0.01 0.02 × 0.02 × 0.01 0.01 × 0.01 × 0.01 

Radiation CuKα (λ = 1.54184) CuKα (λ = 1.54184) CuKα (λ = 1.54184) 

2Θ range for data 

collection/° 
3.585 to 68.476 

3.566 to 74.236 7.082 to 148.202 

Index ranges 

-12 ≤ h ≤ 8  

-21 ≤ k ≤ 21 

-28 ≤ l ≤ 29 

-13 ≤ h ≤ 13 

-22 ≤ k ≤ 18 

-29 ≤ l ≤ 30 

-12 ≤ h ≤ 13 

-16 ≤ k ≤ 22 

-30 ≤ l ≤ 30 

Reflections collected 13831 19743 18650 

Independent reflections 4470 5052 5071 

Data/restraints/parameters 4470 / 0 / 307 5052/0/307 5071/0/307 

Completeness 99.89 % 99.94% 99.80% 

Goodness-of-fit on F2 1.020 1.026 1.054 

Rint 0.0241 0.0237 0.042 

Final R indexes [I> 2σ(I)] 
R1 = 0.0268,  

wR2 = 0.0645 

R1 = 0.0250,  

wR2 = 0.0635 

R1 = 0.0305,  

wR2 = 0.0809 

Final R indexes (all data) 
R1 = 0.0346,   

wR2 = 0.0692 

R1 = 0.0296,  

wR2 = 0.0670 

R1 = 0.0336,  

wR2 = 0.0826 

Largest diff. peak/hole 

/e∙Å-3 
0.25 / -0.33 

0.31/-0.47 0.65/-0.71 



 

 

Figure S11.  PXRD pattern of complex 4 from 25 ℃ and 225 ℃. 

 

 

 

Figure S12. PXRD pattern of complex 5 from 25 ℃ and 225 ℃. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure S13. PXRD pattern of complex 6 from 25 ℃ and 225 ℃. 

 

S3: Luminescence properties Studies of Complexes and 

Ligand 

General: Excitation and emission spectra were recorded under an N2 atmosphere on an 

EDINBURGH FLS980 spectrometer, equipped with a 450W Xenon lamp, double 

monochromators for the excitation and emission pathways, and a Visible-PMT as detector. 

The excitation and emission spectra were fully corrected using the standard corrections 

supplied by the manufacturer for the spectral power of the excitation source and the 

sensitivity of the detector. Temperature-dependent measurements were carried out in a 

cryostate (Oxford Optistat) cooled with liquid nitrogen. The luminescence lifetimes were 

measured using a µF900 pulsed 60W xenon microsecond flashlamp, with a repetition rate of 

25Hz, and a multichannel scaling module. The emission was collected at right angles to the 

excitation source with the emission wavelength selected using a double grated 

monochromator and detected by a Visible-PMT. 
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Figure S14. (a) Temperature dependent excitation spectra, (b) Temperature dependent 

emission spectra, (c) Emission normalized intensity, and (d) Lifetime and the fitted line of 

Arrhenius-type model of complex 5 in the solid state. 
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Figure S15. (a) Temperature dependent excitation spectra, (b) Temperature dependent 

emission spectra, (c) Emission normalized intensity, and (d) Lifetime and the fitted line of 

Arrhenius-type model of complex 6 in the solid state. 

 

Table S2. Lifetime of complex 4. 

T [K] Value of τ1 

[μs] (%) 

τ1 

[μs] 

Value of τ2 [μs] 

(%) 

τ2 [μs] χ2 τ[μs] 

77 1236.1 (10.69) 132.1 2447.4 (89.31) 2185.8 1.095 2317.9 

97 1020.8 (12.08) 123.3 2073.8 (87.92) 1824.3 1.299 1946.6 

117 781.4 (16.55) 129.3 1734.3 (83.45) 1447.3 1.304 1576.6 

137 650.4 (19.01) 123.6 1357.4 (80.99) 1099.3 1.317 1222.9 

157 494.9 (23.29) 115.3 1074.2 (76.71) 824.0 1.197 939.3 

177 397.6 (27.96) 111.2 863.2 (72.04) 621.9 1.132 733.1 

197 323.5 (34.00) 110.0 707.8 (66.00) 467.2 1.150 577.2 

217 255.9 (41.24) 105.5 574.0 (58.76) 337.3 1.175 442.8 

237 187.6 (47.31) 88.8 473.7 (52.69) 249.6 1.396 338.4 

257 150.4 (52.50) 79.0 388.4 (47.50) 184.5 1.211 263.5 

277 111.4 (52.59) 58.6 308.5 (47.41) 146.3 1.239 204.9 

297 72.8 (54.18) 39.4 229.2 (45.82) 105.0 1.261 144.4 

 

Table S3. Lifetime of complex 5. 

T [K] Value of τ1 

[μs] (%) 

τ1 [μs] Value of τ2 

[μs] (%) 

τ2 [μs] χ2 τ[μs] 

77 2883.7 (9.26) 267.0 1764.9 (90.74) 1601.4 1.259 1868.4 

97 2552.2 (10.67) 272.3 1679.8 (89.33) 1500.6 1.309 1772.9 

117 2311.4 (10.60) 245.0 1548.8 (89.40) 1384.6 1.309 1629.6 

137 1889.0 (17.32) 327.2 1324.0 (82.68) 1094.7 1.255 1421.9 

157 842.8 (17.99) 151.6 1316.6 (82.01) 1079.8 1.255 1231.4 

177 682.6 (18.65) 127.3 1131.8 (81.35) 920.7 1.254 1048.0 

197 552.7 (21.95) 121.3 952.0 (78.05) 743.0 1.198 864.3 

217 420.6 (27.73) 116.6 787.7 (72.27) 569.3 1.291 685.9 

237 312.9 (33.10) 103.6 630.7 (66.90) 421.9 1.169 525.5 

257 258.1 (38.20) 98.6 533.4 (61.80) 329.7 1.211 428.3 

277 203.7 (38.40) 78.2 441.4 (61.60) 271.9 1.153 350.1 

297 150.8 (40.60) 61.2 345.9 (59.40) 205.4 0.969 266.6 

 

Table S4. Lifetime of complex 6. 

T [K] Value of τ1 

[μs] (%) 

τ1 [μs] Value of τ2 

[μs] (%) 

τ2 [μs] χ2 τ[μs] 

77 557.9 (21.27) 118.7 342.6 (78.73) 269.7 1.160 388.4 

97 524.6 (25.14) 131.9 323.8 (74.86) 242.4 1.281 374.3 

117 217.40(25.51) 55.5 398.2 (74.49) 296.6 1.186 352.1 

137 192.7 (26.19) 50.5 371.2 (73.81) 274.0 1.307 324.5 

157 175.2 (28.49) 49.9 333.1 (71.51) 238.2 1.343 288.1 

177 139.5 (35.75) 49.9 302.6 (64.25) 194.4 1.249 244.3 



197 107.1 (35.58) 38.1 247.8 (64.42) 159.6 1.005 197.7 

217 77.2 (35.23) 27.2 196.8 (64.77) 127.4 0.939 154.6 

237 60.1 (42.10) 25.3 155.8 (57.90) 90.2 0.977 115.5 

257 48.4 (46.43) 22.5 128.5 (53.57) 68.8 0.921 91.3 

277 38.9 (50.88) 19.8 105.7 (49.12) 51.9 0.989 71.7 

297 35.4 (52.69) 18.6 95.4 (47.31) 45.2 1.316 63.8 

 

Table S5. Lifetime of ligand 3. 

T [K] Value of τ1 

[μs] (%) 

τ1 

[μs] 

Value of τ2 [μs] 

(%) 

τ2 [μs] χ2 τ[μs] 

77 0.9 (48) 0.5 9.5 (52) 4.9 1.141 5.4 

97 0.9 (47) 0.4 9.2 (53) 4.9 1.092 5.3 

137 1.0 (47) 0.4 9.2 (53) 4.9 1.003 5.3 

177 1.1 (56) 0.6 9.8 (44) 4.3 1.05 4.9 

217 1.1 (56) 0.6 9.7 (44) 4.3 0.874 4.9 

257 1.1 (55) 0.6 9.5 (45) 4.3 0.895 4.9 

297 1.1 (56) 0.6 9.6 (44) 4.2 0.866 4.8 

 

 

S4: DFT calculations 

All calculations were carried out using the Gaussian 09 quantum mechanical package. 

Geometry optimizations were carried out using density functional theory (DFT) using the 

PBE0 functional within the LANL2DZ ECP basis set. The structural data obtained from the 

X-ray diffraction studies served as the starting point for the optimization. At each of the 

optimized structures vibrational analysis was performed to ensure that the geometry 

corresponds to an energy minimum. The unrestricted PBE0 method was used to obtain the 

energetically lowest triplet state. TD-DFT calculations were performed at the optimized 

ground state geometry for the singlet and triplet excited states using the same functional and 

basis sets.  

 

Table S6. Energy, oscillator strength and composition of the excitations from the ground state 

S0 to the 20 lowest singlet excited states.  

No. E(eV) λ(nm) f 

1 3.1400 394.86 0.0000 

2 3.1608 392.26 0.1507 

3 3.3231 373.09 0.0000 

4 3.3573 369.30 0.1713 

5 3.5115 353.08 0.0000 

6 3.5170 352.53 0.0530 



7 3.5944 344.93 0.0988 

8 3.6015 344.26 0.0000 

9 3.7255 332.80 0.0533 

10 3.7311 332.30 0.0000 

11 3.8841 319.21 0.0000 

12 3.8885 318.85 0.0911 

13 3.9014 317.79 0.0172 

14 3.9300 315.48 0.0000 

15 3.9424 314.49 0.0000 

16 3.9455 314.24 0.0519 

17 3.9658 312.63 0.2545 

18 4.0246 308.07 0.0000 

19 4.1248 300.58 0.0000 

20 4.1263 300.47 0.0166 

 

Table S7. The calculated first 20 transitions based on the optimized T1 state for the complex 

5. 

 No. E(eV) λ(nm) f 

1 1.8898 656.07 0.0000 

2 1.8925 655.12 0.0000 

3 2.6451 468.73 0.0000 

4 2.6492 468.00 0.0000 

5 2.8954 428.21 0.0000 

6 2.9063 426.60 0.0000 

7 3.0218 410.31 0.0000 

8 3.0225 410.21 0.0000 

9 3.0818 402.31 0.0000 

10 3.1002 399.92 0.0000 

11 3.1745 390.56 0.0000 

12 3.1913 388.51 0.0000 

13 3.2007 387.37 0.0000 

14 3.2086 386.41 0.0000 

15 3.4441 359.99 0.0000 

16 3.4443 359.97 0.0000 

17 3.4771 356.57 0.0000 

18 3.4774 356.54 0.0000 



19 3.5103 353.20 0.0000 

20 3.5264 351.59 0.0000 

 

 

Table S8. The cartesian coordinates of the complex 5. 

S0 T1 
Cu                -1.10566000   -0.83635300   -0.36698400 

 P                 -2.83800600   -2.16101500    0.45830500 

 P                 -1.73053700   -1.79919100   -2.46300300 

 O                 -3.57271100   -2.95556700   -0.84892200 

 C                 -2.92851500   -3.01222000   -2.05654800 

 C                 -1.17299300   -2.36742100   -4.01859800 

 C                 -3.34398300   -4.02033100   -2.91313100 

 H                 -4.15125600   -4.66258800   -2.56826400 

 C                 -0.05172300   -1.62266800   -4.63464000 

 C                 -4.30467800   -1.40252900    1.21709300 

 C                 -2.42588000   -3.57744500    1.51874900 

 C                 -3.29843000   -5.36690700   -4.99818900 

 C                 -2.78952300   -4.24291000   -4.17952400 

 C                 -4.47509300   -0.02426000    1.03418900 

 H                 -3.72535300    0.54506600    0.48825400 

 C                 -5.58813000    0.61662300    1.57338000 

 H                 -5.71297800    1.68647000    1.43139900 

 C                 -1.74430400   -3.45249800   -4.67821400 

 H                 -1.30481600   -3.74729900   -5.62925500 

 C                 -6.52769300   -0.11067600    2.29927600 

 H                 -7.39316900    0.39156600    2.72348800 

 C                 -1.42188400   -3.38984800    2.47551500 

 H                 -0.89512100   -2.44009400    2.53290600 

 C                 -5.24648300   -2.12703500    1.95810000 

 H                 -5.10612500   -3.19159000    2.12456500 

 C                 -3.46443400   -5.22506400   -6.38238700 

 H                 -3.24042200   -4.27039600   -6.85124300 

 C                 -3.62578400   -6.59631000   -4.41085500 

 H                 -3.47457400   -6.73575500   -3.34363100 

 C                 -0.05013800   -1.33998100   -6.00798200 

 H                 -0.89544300   -1.64822300   -6.61811600 

 C                 -3.05306800   -4.82315200    1.40205400 

 H                 -3.80837200   -4.97652700    0.63625600 

 C                 -1.71115400   -5.66619100    3.22278200 

 H                 -1.43111700   -6.48117300    3.88489500 

 C                 -3.94526400   -6.27728900   -7.15387800 

 H                 -4.07728700   -6.14307800   -8.22414100 

 C                 -2.69330300   -5.86360900    2.25374100 

 H                 -3.17904700   -6.83128900    2.15921600 

 C                 -6.35555700   -1.48101700    2.49316000 

 H                 -7.08520100   -2.04624900    3.06685400 

 C                 -1.07579900   -4.43142600    3.33181700 

 H                 -0.29422100   -4.28091000    4.07107700 

 C                  1.03020100   -1.18526300   -3.85533500 

 H                  1.05847600   -1.40915800   -2.79042000 

 C                  2.07599900   -0.21729900   -5.80611100 

 H                  2.90123900    0.32497400   -6.25981700 

 C                 -4.10372600   -7.64944700   -5.18275000 

 H                 -4.34109600   -8.59849000   -4.70956900 

 C                 -4.26655800   -7.49402500   -6.55722500 

 H                 -4.64109300   -8.31673700   -7.16003500 

 C                  2.08525400   -0.49088800   -4.44022400 

 H                  2.92386500   -0.17689700   -3.82375400 

 C                  1.00390700   -0.64308600   -6.58775300 

 H                  0.98399200   -0.42522500   -7.65238000 

 Cu                 1.10566000    0.83635300    0.36698400 

Cu                -1.05147000   -0.98571500   -0.67361500 

 P                 -2.86201900   -2.21000400    0.18569600 

 P                 -1.85693000   -1.73392700   -2.76674500 

 O                 -3.72514400   -2.80438700   -1.12722100 

 C                 -3.04608000   -2.97637900   -2.31451900 

 C                 -1.18270700   -2.45407900   -4.24996600 

 C                 -3.43020800   -4.02941700   -3.10167600 

 H                 -4.23971500   -4.65432800   -2.73295800 

 C                 -0.04017000   -1.77976800   -4.89053400 

 C                 -4.22187400   -1.39797000    1.06076000 

 C                 -2.45014800   -3.69239900    1.14360800 

 C                 -3.31935000   -5.48213300   -5.12497200 

 C                 -2.83980300   -4.32530700   -4.35431800 

 C                 -4.93906900   -0.40426600    0.37965000 

 H                 -4.70880300   -0.18297700   -0.65944500 

 C                 -5.94362300    0.29973100    1.03235000 

 H                 -6.49994100    1.06402700    0.49711900 

 C                 -1.76427500   -3.56159300   -4.84920500 

 H                 -1.29041100   -3.92260900   -5.76009000 

 C                 -6.22837800    0.03423400    2.37143500 

 H                 -7.00952600    0.59153500    2.88105500 

 C                 -1.14952800   -3.82370800    1.64146100 

 H                 -0.40836500   -3.05327700    1.43716200 

 C                 -4.50367600   -1.65496800    2.40672500 

 H                 -3.94433500   -2.41448000    2.94558300 

 C                 -3.30688800   -5.47012900   -6.53091100 

 H                 -2.97214800   -4.57833800   -7.05376900 

 C                 -3.80590000   -6.63592000   -4.48552000 

 H                 -3.79638900   -6.69111800   -3.40041400 

 C                  0.03224700   -1.66128300   -6.28908800 

 H                 -0.78525500   -2.03583600   -6.89951600 

 C                 -3.39421200   -4.70382400    1.37008400 

 H                 -4.40062200   -4.60556700    0.97141800 

 C                 -1.74343800   -5.95104700    2.61157200 

 H                 -1.46887300   -6.83283800    3.18434800 

 C                 -3.75772600   -6.56129700   -7.26264600 

 H                 -3.74774400   -6.51968000   -8.34868800 

 C                 -3.03665800   -5.83054600    2.10105500 

 H                 -3.76639400   -6.61685100    2.27455500 

 C                 -5.50729300   -0.93980400    3.05651200 

 H                 -5.72735000   -1.14969900    4.09978400 

 C                 -0.80266400   -4.95079100    2.38330800 

 H                  0.20686900   -5.04820200    2.77222700 

 C                  1.00457900   -1.23929500   -4.12405100 

 H                  0.98353800   -1.32863200   -3.04091600 

 C                  2.15346200   -0.52257300   -6.12452400 

 H                  3.00235500   -0.04022200   -6.60202900 

 C                 -4.25476000   -7.72702300   -5.21839000 

 H                 -4.61313400   -8.61137400   -4.69793800 

 C                 -4.23437200   -7.69744600   -6.61160500 

 H                 -4.58724600   -8.55079100   -7.18399700 

 C                  2.09106600   -0.62385100   -4.73644800 

 H                  2.89772100   -0.23552900   -4.11999300 

 C                  1.11644800   -1.04175800   -6.89777300 

 H                  1.14691400   -0.95492300   -7.98087800 

 Cu                 1.05147000    0.98571500    0.67361500 



 P                  2.83800600    2.16101500   -0.45830500 

 P                  1.73053700    1.79919100    2.46300300 

 O                  3.57271100    2.95556700    0.84892200 

 C                  2.92851500    3.01222000    2.05654800 

 C                  1.17299300    2.36742100    4.01859800 

 C                  3.34398300    4.02033100    2.91313100 

 H                  4.15125600    4.66258800    2.56826400 

 C                  0.05172300    1.62266800    4.63464000 

 C                  4.30467800    1.40252900   -1.21709300 

 C                  2.42588000    3.57744500   -1.51874900 

 C                  3.29843000    5.36690700    4.99818900 

 C                  2.78952300    4.24291000    4.17952400 

 C                  4.47509300    0.02426000   -1.03418900 

 H                  3.72535300   -0.54506600   -0.48825400 

 C                  5.58813000   -0.61662300   -1.57338000 

 H                  5.71297800   -1.68647000   -1.43139900 

 C                  1.74430400    3.45249800    4.67821400 

 H                  1.30481600    3.74729900    5.62925500 

 C                  6.52769300    0.11067600   -2.29927600 

 H                  7.39316900   -0.39156600   -2.72348800 

 C                  1.42188400    3.38984800   -2.47551500 

 H                  0.89512100    2.44009400   -2.53290600 

 C                  5.24648300    2.12703500   -1.95810000 

 H                  5.10612500    3.19159000   -2.12456500 

 C                  3.46443400    5.22506400    6.38238700 

 H                  3.24042200    4.27039600    6.85124300 

 C                  3.62578400    6.59631000    4.41085500 

 H                  3.47457400    6.73575500    3.34363100 

 C                  0.05013800    1.33998100    6.00798200 

 H                  0.89544300    1.64822300    6.61811600 

 C                  3.05306800    4.82315200   -1.40205400 

 H                  3.80837200    4.97652700   -0.63625600 

 C                  1.71115400    5.66619100   -3.22278200 

 H                  1.43111700    6.48117300   -3.88489500 

 C                  3.94526400    6.27728900    7.15387800 

 H                  4.07728700    6.14307800    8.22414100 

 C                  2.69330300    5.86360900   -2.25374100 

 H                  3.17904700    6.83128900   -2.15921600 

 C                  6.35555700    1.48101700   -2.49316000 

 H                  7.08520100    2.04624900   -3.06685400 

 C                  1.07579900    4.43142600   -3.33181700 

 H                  0.29422100    4.28091000   -4.07107700 

 C                 -1.03020100    1.18526300    3.85533500 

 H                 -1.05847600    1.40915800    2.79042000 

 C                 -2.07599900    0.21729900    5.80611100 

 H                 -2.90123900   -0.32497400    6.25981700 

 C                  4.10372600    7.64944700    5.18275000 

 H                  4.34109600    8.59849000    4.70956900 

 C                  4.26655800    7.49402500    6.55722500 

 H                  4.64109300    8.31673700    7.16003500 

 C                 -2.08525400    0.49088800    4.44022400 

 H                 -2.92386500    0.17689700    3.82375400 

 C                 -1.00390700    0.64308600    6.58775300 

 H                 -0.98399200    0.42522500    7.65238000 

 Br                -1.19646700    1.64077400   -0.19129800 

 Br                 1.19646700   -1.64077400    0.19129800 

 P                  2.86201900    2.21000400   -0.18569600 

 P                  1.85693000    1.73392700    2.76674500 

 O                  3.72514400    2.80438700    1.12722100 

 C                  3.04608000    2.97637900    2.31451900 

 C                  1.18270700    2.45407900    4.24996600 

 C                  3.43020800    4.02941700    3.10167600 

 H                  4.23971500    4.65432800    2.73295800 

 C                  0.04017000    1.77976800    4.89053400 

 C                  4.22187400    1.39797000   -1.06076000 

 C                  2.45014800    3.69239900   -1.14360800 

 C                  3.31935000    5.48213300    5.12497200 

 C                  2.83980300    4.32530700    4.35431800 

 C                  4.93906900    0.40426600   -0.37965000 

 H                  4.70880300    0.18297700    0.65944500 

 C                  5.94362300   -0.29973100   -1.03235000 

 H                  6.49994100   -1.06402700   -0.49711900 

 C                  1.76427500    3.56159300    4.84920500 

 H                  1.29041100    3.92260900    5.76009000 

 C                  6.22837800   -0.03423400   -2.37143500 

 H                  7.00952600   -0.59153500   -2.88105500 

 C                  1.14952800    3.82370800   -1.64146100 

 H                  0.40836500    3.05327700   -1.43716200 

 C                  4.50367600    1.65496800   -2.40672500 

 H                  3.94433500    2.41448000   -2.94558300 

 C                  3.30688800    5.47012900    6.53091100 

 H                  2.97214800    4.57833800    7.05376900 

 C                  3.80590000    6.63592000    4.48552000 

 H                  3.79638900    6.69111800    3.40041400 

 C                 -0.03224700    1.66128300    6.28908800 

 H                  0.78525500    2.03583600    6.89951600 

 C                  3.39421200    4.70382400   -1.37008400 

 H                  4.40062200    4.60556700   -0.97141800 

 C                  1.74343800    5.95104700   -2.61157200 

 H                  1.46887300    6.83283800   -3.18434800 

 C                  3.75772600    6.56129700    7.26264600 

 H                  3.74774400    6.51968000    8.34868800 

 C                  3.03665800    5.83054600   -2.10105500 

 H                  3.76639400    6.61685100   -2.27455500 

 C                  5.50729300    0.93980400   -3.05651200 

 H                  5.72735000    1.14969900   -4.09978400 

 C                  0.80266400    4.95079100   -2.38330800 

 H                 -0.20686900    5.04820200   -2.77222700 

 C                 -1.00457900    1.23929500    4.12405100 

 H                 -0.98353800    1.32863200    3.04091600 

 C                 -2.15346200    0.52257300    6.12452400 

 H                 -3.00235500    0.04022200    6.60202900 

 C                  4.25476000    7.72702300    5.21839000 

 H                  4.61313400    8.61137400    4.69793800 

 C                  4.23437200    7.69744600    6.61160500 

 H                  4.58724600    8.55079100    7.18399700 

 C                 -2.09106600    0.62385100    4.73644800 

 H                 -2.89772100    0.23552900    4.11999300 

 C                 -1.11644800    1.04175800    6.89777300 

 H                 -1.14691400    0.95492300    7.98087800 

 Br                -1.34779100    1.31722300    0.23559600 

 Br                 1.34779100   -1.31722300   -0.23559600 

 

 

S5: Luminescence properties Studies of Films 

General: Excitation and emission spectra were recorded under an N2 atmosphere on an 

EDINBURGH FLS980 spectrometer, equipped with a 450W Xenon lamp, double 



monochromators for the excitation and emission pathways, and a Visible-PMT as detector. 

The excitation and emission spectra were fully corrected using the standard corrections 

supplied by the manufacturer for the spectral power of the excitation source and the 

sensitivity of the detector. Temperature-dependent measurements were carried out in a 

cryostate (Oxford Optistat) cooled with liquid nitrogen. The luminescence lifetimes were 

measured using a µF900 pulsed 60W xenon microsecond flashlamp, with a repetition rate of 

25Hz, and a multichannel scaling module. The emission was collected at right angles to the 

excitation source with the emission wavelength selected using a double grated 

monochromator and detected by a Visible-PMT. 
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Figure S16. (a) Temperature dependent excitation spectra, (b) Temperature dependent 

emission spectra, (c) Emission normalized intensity, (d) Emission lifetime, (e) Experimental 

temperature dependent correlation of emission intensity and lifetime data with linear fitting 

results, (f) The lifetime fitted line of Arrhenius-type model of film 5@PAN.  
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Figure S17. (a) Temperature dependent excitation spectra, (b) Temperature dependent 

emission spectra, (c) Emission normalized intensity, (d) Emission lifetime, (e) Experimental 

temperature dependent correlation of emission intensity and lifetime data with linear fitting 

results, (f) The lifetime fitted line of Arrhenius-type model of film 6@PAN. 
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Figure S18. The emission spectra of blank PAN film at 77 K and 297 K. 

 

 
 

Figure S19. The emission spectra of 4@PMMA film at different temperature. 

 

Table S9. Lifetime of film 4@PAN. 

T [K] Value of 

τ1 [ms] 

(%) 

τ1 [ms] Value of 

τ2 [ms] 

(%) 

τ2 [ms] Value of 

τ3 [ms] 

(%) 

τ 3 

[ms] 

χ2 τ[μs] 

77 1.1488 

(34.88) 

0.4007 3.3124 

(55.71) 

1.8453 13.7389 

(9.41) 

1.2928 0.870 3538.9 

0

0.2

0.4

0.6

0.8

1

450 550 650 750

R
el

a
ti

v
e 

In
te

n
si

ty

Wavelength (nm)

77 K

297 K

0.1

0.3

0.5

0.7

0.9

420 520 620 720

R
el

a
ti

v
e 

In
te

n
si

ty

Wavelength (nm)

77K

137K

197K

257K

297K



97 1.0781 

(32.71) 

0.3526 3.1774 

(57.90) 

1.8397 12.7725 

(9.39) 

1.1993 0.975 3391.7 

117 1.0553 

(32.68) 

0.3449 3.1011 

(58.05) 

1.8002 12.1719 

(9.27) 

1.1283 1.005 3273.4 

137 1.0314 

(33.27) 

0.3431 3.0703 

(57.36) 

1.7611 11.3619 

(9.37) 

1.0646 1.061 3168.9 

157 0.9136 

(28.99) 

0.2648 2.8426 

(61.07) 

1.7360 10.4595 

(9.93) 

1.0386 1.050 3039.5 

177 0.9309 

(30.21) 

0.2812 2.7709 

(59.71) 

1.6545 9.7079 

(10.08) 

0.9786 0.968 2914.3 

197 0.8427 

(27.84) 

0.2346 2.6278 

(62.20) 

1.6345 9.0598 

(9.96) 

0.9024 0.987 2771.5 

217 0.7486 

(25.20) 

0.1886 2.3955 

(62.62) 

1.5001 7.7024 

(12.18) 

0.9382 1.027 2626.9 

237 0.7111 

(25.63) 

0.1822 2.3181 

(61.79) 

1.4323 6.9948 

(12.58) 

0.8799 1.025 2494.6 

257 0.5788 

(20.46) 

0.1184 1.9951 

(62.24) 

1.2418 5.6763 

(17.30) 

0.9820 0.976 2342.2 

277 0.4676 

(17.01) 

0.0795 1.7327 

(61.02) 

1.0573 4.7288 

(21.97) 

1.0389 1.003 2175.8 

297 0.4458 

(18.22) 

0.0812 1.6219 

(58.98) 

0.9566 4.3400 

(22.80) 

0.9895 0.987 2027.3 

317 0.3903 

(18.45) 

0.0720 1.4422 

(55.21) 

0.7962 3.7798 

(26.34) 

0.9956 1.073 1863.8 

337 0.2359 

(12.14) 

0.0286 1.1181 

(56.14) 

0.6277 3.3234 

(31.72) 

1.0542 0.986 1710.5 

 

Table S10. Lifetime of film 5@PAN. 

T [K] Value of 

τ1 [ms] 

(%) 

τ1 [ms] Value of 

τ2 [ms] 

(%) 

τ2 [ms] Value of 

τ3 [ms] 

(%) 

τ 3 

[ms] 

χ2 τ[μs] 

77 0.6105 

(18.94) 

0.1156 2.1149 

(62.17) 

1.3148 6.3637 

(18.89) 

1.2021 1.001 2632.6 

97 0.6461 0.1542 2.2340 1.3105 6.2085 1.0846 1.023 2549.3 



(23.87) (58.66) (17.47) 

117 0.7176 

(29.23) 

0.2098 2.5109 

(61.22) 

1.5372 7.6624 

(9.54) 

0.7310 0.936 2477.9 

137 0.5223 

(18.53) 

0.0968 1.9442 

(61.42) 

1.1941 5.5357 

(20.05) 

1.1099 0.940 2400.8 

157 0.4944 

(17.04) 

0.0842 1.7581 

(58.24) 

1.0239 4.8622 

(24.72) 

1.2019 0.945 2310.1 

177 0.4056 

(16.17) 

0.0656 1.6760 

(57.19) 

0.9585 4.5260 

(26.64) 

1.2057 0.950 2229.8 

197 0.4568 

(20.68) 

0.0945 1.7988 

(57.62) 

1.0365 4.5975 

(21.69) 

0.9972 1.003 2128.1 

217 0.3934 

(16.90) 

0.0665 1.5226 

(55.65) 

0.8473 4.1488 

(27.45) 

1.1388 1.118 2052.7 

237 0.3114 

(14.19) 

0.0442 1.2734 

(50.05) 

0.6373 3.6106 

(35.76) 

1.2911 0.959 1972.7 

257 0.3548 

(17.77) 

0.0630 1.2986 

(47.62) 

0.6184 3.4506 

(34.61) 

1.1943 0.963 1875.7 

277 0.2309 

(11.32) 

0.0261 1.0541 

(50.02) 

0.5273 3.1763 

(38.67) 

1.2283 0.996 1781.7 

297 0.2431 

(12.80) 

0.0311 0.9404 

(44.64) 

0.4198 2.9358 

(42.57) 

1.2498 0.951 1700.7 

317 0.1923 

(12.19) 

0.0234 0.8608 

(45.41) 

0.3909 2.7350 

(42.40) 

1.1596 1.006 1574.0 

337 0.1791 

(13.88) 

0.0240 0.8533 

(48.06) 

0.4101 2.6059 

(38.56) 

1.0048 0.965 1438.9 

 

Table S11. Lifetime of film 6@PAN. 

T [K] Value of 

τ1 [ms] 

(%) 

τ1 [ms] Value of 

τ2 [ms] 

(%) 

τ2 [ms] Value of 

τ3 [ms] 

(%) 

τ 3 

[ms] 

χ2 τ[μs] 

77 0.3720 

(27.79) 

0.1034 1.7706 

(51.20) 

0.9065 6.7241 

(21.02) 

1.4134 1.023 2423.3 

97 0.3872 

(30.23) 

0.1170 1.8431 

(48.89) 

0.9011 6.4504 

(20.88) 

1.3468 0.982 2365.0 



117 0.3067 

(24.45) 

0.0750 1.5409 

(51.36) 

0.7914 5.8682 

(24.18) 

1.4189 0.950 2285.3 

137 0.3162 

(24.98) 

0.0790 1.4645 

(48.54) 

0.7109 5.3134 

(26.48) 

1.4070 0.950 2196.8 

157 0.3121 

(26.92) 

0.0840 1.5351 

(48.76) 

0.7485 5.4654 

(24.32) 

1.3292 0.966 2161.7 

177 0.2540 

(22.96) 

0.0583 1.2540 

(46.57) 

0.5840 4.5735 

(30.47) 

1.3935 1.003 2035.8 

197 0.2168 

(19.89) 

0.0431 1.0834 

(46.67) 

0.5056 4.2092 

(33.43) 

1.4071 1.121 1955.9 

217 0.1896 

(22.98) 

0.0436 1.1571 

(45.75) 

0.5294 4.2044 

(31.27) 

1.3147 0.931 1887.7 

237 0.2040 

(20.24) 

0.0413 1.0194 

(43.75) 

0.4460 3.7318 

(36.01) 

1.3438 1.205 1831.1 

257 0.2115 

(22.32) 

0.0472 0.9621 

(37.43) 

0.3601 3.3817 

(40.25) 

1.3611 1.072 1768.5 

277 0.1523 

(17.92) 

0.0273 0.7495 

(36.47) 

0.2733 3.086 

(45.62) 

1.4080 1.001 1708.6 

297 0.1827 

(21.11) 

0.0386 0.7946 

(32.55) 

0.2586 2.8378 

(46.35) 

1.3153 1.266 1612.5 

317 0.1109 

(17.83) 

0.0198 0.7094 

(36.06) 

0.2558 2.7369 

(46.12) 

1.2622 0.715 1537.8 

337 0.0871 

(17.15) 

0.0149 0.5481 

(29.76) 

0.1631 2.4153 

(53.09) 

1.2823 0.996 1460.3 

 

Table S12. The lifetime of blank PAN film at 77 K and 297 K.  

T [K] Value of 

τ1 [μs] 

(%) 

τ1 

[μs] 

Value of τ2 

[μs] (%) 

τ2 [μs] Value of τ3 

[μs] (%) 

Τ3 

[μs] 

χ2 τ[μs] 

77 2.8 (42.02) 1.2 11.8 

(56.40) 

6.6 145.2(1.58) 2.3 1.449 10.1 

297 2.7 (39.24) 1.0 11.5 

(59.90) 

6.9 71.4(0.86) 0.6 0.848 8.5 

 

Table S13. The parameters in the Arrhenius-type model about the complex 4-6 and film 4-

6@PAN. 



 k0 (s-1) k1 (s-1) △E (kJ/mol) R2 

Complex 4 426.9 27460.0 4.8 0.994 

Complex 5 549.5 32216.4 6.3 0.994 

Complex 6 2658.7 284623.7 7.7 0.996 

Film 4@PAN 292.0 1695.6 5.2 0.988 

Film 5@PAN 388.5 1480.7 4.8 0.986 

Film 6@PAN 415.2 986.3 3.9 0.991 

 

Table S14. Maxima Wavelengths of complexes 4-6 and films 4-6@PAN. 

T [K]                                                    λmax [nm] 

Complex 4 Complex 5 Complex 6 Film 

4@PAN 

Film 

5@PAN 

Film 

6@PAN 

77 673 684 667 590 598 609 

97 675 685 667 595 599 610 

117 681 688 667 596 599 611 

137 685 690 675 597 599 612 

157 690 692 676 598 602 612 

177 690 692 676 598 603 613 

197 692 693 677 600 603 616 

217 695 691 674 603 606 617 

237 692 692 679 607 607 619 

257 692 689 682 607 608 621 

277 692 690 681 612 612 623 

297 692 690 684 615 613 627 

317    621 614 630 

337    632 617 630 

 

Table S15. Relative standard deviation of the films 4-6@PAN. 

Film T 

[K] 

Lifetime 

(Testing 

data)[μs] 

Equation Lifetime 

(Theoretica

l  data)[μs] 

Relative 

error 

Relative 

standard 

deviation 

[μs] 

4@PAN 325 1847.5 τ= 4114.20–6.99 T 1842.1 0.29% 6.07 

265 2251.9 2261.6 0.43 % 

205 2684.9 2681.0 0.14 % 

145 3097.3 3100.5 0.10 % 

5@PAN 325 1561.0 τ= 2993.22 –4.39T 1565.2 0.26 % 3.73 

265 1833.7 1828.8 0.27 % 

205 2090.5 2092.4 0.09 % 

145 2352.7 2356.1 0.14 % 

6@PAN 325 1504.2 τ= 2712.50–3.71 T 1507.4 0.21 % 5.61 

265 1734.0 1729.9 0.24 % 

205 1961.0 1952.4 0.44 % 

145 2179.7 2174.8 0.22 % 

 

 



Table S16. The method of photographing the luminescence image of film 4@PAN at 77 K 
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Table S17. Lifetime of complexes 4-6 and films 4-6@PAN under air and N2 atmosphere. 

Lifetime [μs] First test  Second test (after 2 weeks in 

air) 

Complexes and films N2 Air Quenchin

g Rate 

N2 Air Quenching 

Rate 

Complex 4 (powder) 144.8 111.0 23.3 % - - - 

Film 4@PAN 2076.8 2073.0 0.2 % 2047.1 2013.2 1.7 % 

Complex 5 (powder) 240.3 179.3 25.4% - - - 

Film 5@PAN 1780.3 1670.6 6.2% 1774.2 1630.5 8.1% 

Complex 6 (powder) 63.8 44.2 30.7% - - - 

Film 6@PAN 1641.6 1578.2 3.9% 1611.2 1549.0 3.9% 

 

 

S6: Comparison of the key parameters of known  

       temperature sensing sensors 
 

Table S18. Comparison of the Sensitivity of films 4-6@PAN with known Polymeric matrices for 

immobilizing temperature probes and particles that display a particularly high sensitivity. 

 

Probe (or sensor) Useful T 

Range 

Exc./Em. Max. 

sensitivit

Lifetime 

Sensitivit

Ref 



[K] ya [%·K-

1] 

y [μs·K-1] 

Ru(phen)3 in gas-blocking 

polymers 

273 – 393  470/580 – 1.96b – 0.03 1 

Ir(ppy)2(carbac) in gas-blocking 

polymers polyacrylonitrile 

274–323 405/519 – 0.4C – 2 

Eu(TTA)3 in PS 283 – 333  377/615 – 0.35b – 1.69 3 

Eu(TTA)3 in PMMA 283 – 333  377/615 – – 0.43 3 

Eu(TTA)3phen andpoly(N-

dodecy 

lacrylamide)as aLangmuir– 

Blodgettfilm 

320 – 370  350/613 – 1.2C – 3 

Eu(D2)3phen in FIB 278 – 318  370/615 – 1.34b – 3.50 3a, 3b 

Tb(HFA)3(H2O)2 283 – 323  363/543 – 1.80C – 4 

Tb(HFA)3(TPPO)2 283 – 323  345/543 – 1.90C – 4 

Tb-L1 in PMMA 273 – 343  – 0.67b – 13.8 5 

Tb-L1 in PAN 273 – 343   – 8.70 5 

Tb-L2 in PMMA 273 – 343  – 0.73b – 7.80 5 

Tb-L2 in PAN 273 – 343    – 9.20 5 

Ru(bpy)3 in a sol-gel film 50 – 290

  

458/575 – 0.36C – 6 

Eu(tta)3(dpbt) in PVC 274 – 323    – 0.63b – 4.08 7 

Film 4@PAN  

 

  

77 – 337 370/590 – 0.20b 

– 0.20C 

– 6.99 This 

paper 

Film 5@PAN  77 – 337 370/600 – 0.17b 

– 0.20C 

– 4.46 This 

paper 

Film 6@PAN  77 – 337 370/600 – 0.15b 

– 0.20C 

– 3.70 This 

paper 
a The maximum sensitivity is not always ensured over the whole working range. b Relative lifetime signal change. 
c Relative intensity signal change. 
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