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Experimental Section

Chemicals. Octadecene (90%, ODE) was obtained from Alfa Aesar. Oleic Acid (85%, 

OA) was purchased from TCI Shanghai. Cupric Acetate Anhydrous (99.99%, 

Cu(OAC)2), Iodotrimethylsilane (97%, TMSI), Bromobenzene (99.5%), Copper 

iodide (98%, CuI), Phenylethylamine (98%, PEA), Polyvinylpyrrolidone (Mw= 

58000, PVP) were purchased from Aladdin. Hexane (98%) was attained from Tianjin 

Chemical Factory. All the chemicals were used without further purification.

Growth of (PEA)4Cu4I4 bulk crystals. 0.1mmol of CuI, 5μL of PEA were mixed 

and dissolved in 1mL bromobenzene to form a clear precursor solution. Bulk crystals 

were obtained by diffusing 10mL hexane into the 1mL precursor solution at room 

temperature for overnight in a glove box. The large crystals were washed with hexane.

Synthesis of (PEA)4Cu4I4 by hot-injection method. 0.1mmol of Cu(OAC)2, 1mL of 

OA, 5mL of ODE and 0.5mL of PEA were loaded into a 50 mL three-neck round-

bottom flask. The solution was degassed by purging with N2 at 120°C for 0.5h. Then, 

the flask was heated up to 180°C. After 0.1 mL of TMSI was injected, an ice-water 

bath was immediately applied. The as-prepared solution was subjected to centrifuge at 

5000 rpm for 10 min. After that, hexane was added to wash the precipitates.

LED Fabrication. UV-LED chips with an emission peak wavelength centered at 365 

nm were purchased from Epileds Technologies. A certain amount of (PEA)4Cu4I4 

powder was mixed with PVP/water solution and coated onto the UV-LED chip. 

Finally, this chip was dried under vacuum for 1 h.



Measurement and Characterization. 

Single crystal X-ray diffraction (SCXRD).

SCXRD data of (PEA)4Cu4I4 was performed on a BRUKER D8 VENTURE 

PHOTON II area-detector diffractometer with graphite-monochromated Mo Kα 

radiation (λ = 0.71073 Å) using ω-scan technique. SAINT program was used for the 

integration of diffraction data and the intensity correction for the Lorentz and 

polarization effects. Semi-empirical absorption corrections were applied using 

SADABS program. The structures were solved by direct methods and refined with the 

full-matrix least-squares technique based on F2 using the SHELXL-97 program. All 

non-hydrogen atoms were refined anisotropically and all the hydrogen atoms were 

introduced at the calculated positions. The single crystal data have been recorded by 

the Cambridge Crystallographic Data Center (CCDC No: 2052835 and No: 2052838).

X-ray powder diffraction.

X-ray diffraction (XRD) patterns of (PEA)4Cu4I4 powder were carried out by a 

Bruker D8 ADVANCE X-ray diffractometer (Cu Kα: λ = 1.5406 Å). The diffraction 

patterns were scanned over the angular range of 5-60 degree (2θ) with a step size of 

0.02, at room temperature. Simulated powder pattern was calculated by Mercury 

software using the crystallographic information file obtained from SCXRD 

experiment. 

Fourier transform infrared (FTIR) 



FTIR spectroscopy was recorded on a Thermo-Nicole iS50 FTIR spectrometer with 

attenuated total reflection detector.

Photoluminescence (PL) spectra and PL excitation (PLE) spectra

PL spectra and PL excitation PLE spectra were measured by a GANGDONG F-320 

fluorescence spectrometer. 

X-ray photoelectron spectroscopy (XPS)

XPS was performed on a Thermo Fisher K-Alpha spectrometer.

Absorbance spectra 

Absorbance spectra of samples were measured by Shimadzu UV-3600

Photoluminescence quantum yield and Time-resolved photoluminescence.

The absolute PLQYs and time-resolved PL lifetime of the samples were measured by 

a fluorescence spectrometer (FLS920P, Edinburgh Instruments)

Material photostability study.

To test the photostability, a 12W UV analyzer is used as a continuous light source. 

The photoluminescence spectrum was measured by using an Ocean Optics 

spectrometer.



Table S1. Crystal data for (PEA)4Cu4I4 at 293K.
Compound (PEA)4Cu4I4

Empirical formula C32 H44 Cu4 I4 N4

Formula weight 1246.47 g/mol
Temperature 293(2) K
Crystal system Monoclinic
Space group P 1 21/c 1
a 19.2933(12) Å
b 29.3326(18) Å 
c 7.5241(5) Å 
α 90 deg
β 94.005(2) deg
γ 90 deg
Volume 4247.7(5) Å3

Z 4
Calculated density 1.949 Mg/m3

Absorption coefficient 4.908 mm-1

Theta range for data collection 2.970 to 27.558 deg
Reflections collected / unique 89620 / 9777 [R(int) = 0.1261]
Completeness to theta = 25.242 99.8 %
Max. and min. transmission 0.7456 and 0.5554
Data / restraints / parameters 9777 / 35 / 349
Final R indices [I>2sigma(I)] R1 = 0.0825, wR2 = 0.1811
R indices (all data) R1 = 0.1731, wR2 = 0.2130
Goodness-of-fit on F^2 1.071

Table S2. Bond lengths [Å] and angles [deg] for (PEA)4Cu4I4 at 293K.
I(4)-Cu(4)
I(4)-Cu(2)
I(4)-Cu(3)
I(1)-Cu(2)
I(1)-Cu(1)
I(1)-Cu(3)
I(2)-Cu(4)
I(2)-Cu(2)
I(2)-Cu(1)
I(3)-Cu(4)
I(3)-Cu(1)
I(3)-Cu(3)
Cu(4)-Cu(2)
Cu(4)-Cu(1)
Cu(4)-Cu(3)
Cu(4)-N(4)

2.7090(19)
2.753(2)
2.6572(18)
2.6604(18)
2.7195(19)
2.720(2)
2.688(2)
2.7038(19)
2.7038(19)
2.694(2)
2.673(2)
2.754(2)
2.697(3)
2.671(2)
2.642(2)
2.022(10)



Cu(2)-Cu(1)
Cu(2)-Cu(3)
Cu(2)-N(2)
Cu(1)-Cu(3)
Cu(1)-N(1)
Cu(3)-N(3)
N(1)-H(1A)
N(1)-H(1B)
N(1)-C(8)
N(3)-H(3A)
N(3)-H(3B)
N(3)-C(24)
N(2)-H(2A)
N(2)-H(2B)
N(2)-C(16)
C(32)-H(32A)
C(32)-H(32B)
C(32)-N(4)
C(32)-C(31)
N(4)-H(4A)
N(4)-H(4B)
C(30)-C(25)
C(30)-C(29)
C(30)-C(31)
C(25)-H(25)
C(25)-C(26)
C(26)-H(26)
C(26)-C(27)
C(27)-H(27)
C(27)-C(28)
C(28)-H(28)
C(28)-C(29)
C(29)-H(29)
C(16)-H(16A)
C(16)-H(16B)
C(16)-C(15)
C(8)-H(8A)
C(8)-H(8B)
C(8)-C(7)
C(24)-H(24A)
C(24)-H(24B)
C(24)-C(23)
C(7)-H(7A)
C(7)-H(7B)

2.630(2)
2.703(3)
2.019(11)
2.704(2)
2.028(9)
2.028(9)
0.89
0.89
1.485(19)
0.89
0.89
1.62(2)
0.89
0.89
1.487(19)
0.97
0.97
1.445(17)
1.533(17)
0.89
0.89
1.39
1.39
1.492(16)
0.93
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
0.97
0.97
1.42(2)
0.97
0.97
1.44(2)
0.97
0.97
1.374(16)
0.97
0.97



C(7)-C(6)
C(6)-C(5)
C(6)-C(1)
C(5)-H(5)
C(5)-C(4)
C(4)-H(4)
C(4)-C(3)
C(3)-H(3)
C(3)-C(2)
C(2)-H(2)
C(2)-C(1)
C(1)-H(1)
C(15)-H(15A)
C(15)-H(15B)
C(15)-C(14)
C(23)-H(23A)
C(23)-H(23B)
C(23)-C(22)
C(21)-H(21)
C(21)-C(20)
C(21)-C(22)
C(20)-H(20)
C(20)-C(19)
C(19)-H(19)
C(19)-C(18)
C(18)-H(18)
C(18)-C(17)
C(17)-H(17)
C(17)-C(22)
C(9)-H(9)
C(9)-C(14)
C(9)-C(10)
C(14)-C(13)
C(13)-H(13)
C(13)-C(12)
C(12)-H(12)
C(12)-C(11)
C(11)-H(11)
C(11)-C(10)
C(10)-H(10)
C(31)-H(31A)
C(31)-H(31B)

1.539(19)
1.39
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
0.97
0.97
1.56(2)
0.97
0.97
1.71(3)
0.93
1.39
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
1.39
1.39
1.39
0.93
1.39
0.93
1.39
0.93
1.39
0.93
0.97
0.97



Figure S1. PXRD patterns of (PEA)4Cu4I4 crystals as well as the software simulation 
results. 

Figure S2. Images of (PEA)4Cu4I4 crystals before (top) and after (bottom) grinding 
under ambient light and UV irradiation.



Figure S3. Absorption spectrum of (PEA)4Cu4I4 crystals.

Figure S4. Emission spectra of (PEA)4Cu4I4 crystals at different excitation 
wavelengths.



Table S3. Summary of emissive properties of Cu(I) complexes.
Compound λem QY Reference
Cu4I4(PPh2(CH2)2Si(OCH2CH3)3)4 598 nm 31 % 1
Cu6(6-methyl-2-pyridinethiolato)6 677 nm 10 % 2
Cu4I4(PPh2-(CH2CH=CH2))4 580 nm 14 % 3

Cu4I4(2-((diphenylphosphino)methyl)pyridine)2

460/580 
nm 43 % 4

(CuI)3(bis(dicyclohexylphosphino)-
methane)2 626 nm 11 % 5
(CuI)4(bis(dicyclohexylphosphino)-
methane)2 590 nm 12 % 5
(Cu3(5-(pyridin-4-yl)-1H-1,2,4-triazole-3-
thiol)3)2·3(N,N-dimethylformamide)·3H2O 904 nm 4.3 % 6
(Cu(5-(pyridin-4-yl)-1H-1,2,4-triazole-3-
thiol))6·8(N,N-dimethylformamide)·7H2O 776 nm 1.6 % 6
(2-(Diphenylphosphino)-5-phenyl-1,3,4-
thiadiazole)4Cu4I4 617 nm 45 % 7
Cu6I6(1,3-bis(diphenylphosphino)propane)3 655 nm 39 % 8
CuI(2-cyano-pyridine) 618 nm 10 % 9
Cu4I4(3-benzyloxy-pyridine)4 590 nm 86 % 10
Cu4I4(1-propyl-1H-benzo[d]imidazole)4 600 nm 96 % 10
Cu4I4(1,3-propandiamine)2 616 nm 65 % 10
Cu4I4(1,5-di(1H-imidazol-1-yl)pentane)2 620 nm 64 % 10
Cu4I4(1,3-bis(4-pyridyl)propane)2 613 nm 56 % 10
Cu4I4(1,4-butanediamine)2 585 nm 61 % 10
Cu4I4(ethylenediamine)2 590 nm 70 % 10
Cu4I4(diisopropyl-ether)2 580 nm 66 % 10
Cu2I2(5-Methyl-pyrimidine)2 570 nm 30.8% 11
Cu2I2(triphenylphosphine)2(pyrazine) 631 nm 26.1% 11
Cu2I2(1-(3-(1H-benzo[d]imidazol-1-yl)propyl)-
1H-benzo[d][1,2,3]triazole)2 572 nm 56% 12
Cu4I6(3-(5-Fluoro-1H-benzo[d][1,2,3]triazol-1-
yl)-N,N,N-trimethylpropan-1-aminium)2 615 nm 53% 13
Cu4I6(3-(5-Methyl-1H-benzo[d][1,2,3]triazol-1-
yl)-N,N,N-trimethylpropan-1-aminium)2 596 nm 85% 13
phenethylamine(PEA)4Cu4I4 598 nm 68% Our work



Figure S5. The FTIR spectra of (PEA)4Cu4I4 crystals and PEA.

As shown in Figure S5, the three bands of 1448, 1497 and 1597 cm−1 observed for 
both the PEA and the crystals are assigned to the stretching vibration of C=C from 
benzene ring modes,14 confirming the existence of PEA molecules in the crystals. The 
two bands observed at 3372 cm−1 and 3284 cm−1 for the PEA are assigned to the N-H 
stretching modes14, and these bands are shifted to lower frequencies of 3298 cm−1 and 
3249 cm−1 for the crystals, demonstrating that the amino groups coordinate with the 
Cu4I4 cluster.

Figure S6. The structure of (PEA)4Cu4I4 at 193 K.



Table S4. Crystal data for (PEA)4Cu4I4 at 193K.
Compound (PEA)4Cu4I4

Empirical formula C32 H44 Cu4 I4 N4

Formula weight 1246.47 g/mol
Temperature 193(2) K
Crystal system Monoclinic
Space group C c
a 10.3866(9) Å
b 10.3829(9) Å 
c 38.197(4) Å 
α 90 deg
β 97.055(7) deg
γ 90 deg
Volume 4088.1(6) Å3

Z 4
Calculated density 2.025 Mg/m3

Absorption coefficient 27.548 mm-1

Theta range for data collection 2.028 to 57.113 deg
Reflections collected / unique 20021 / 8068 [R(int) = 0.0795]
Completeness to theta = 53.594 100.0 %
Data / restraints / parameters 8068 / 777 / 401
Final R indices [I>2sigma(I)] R1 = 0.1146, wR2 = 0.3028
R indices (all data) R1 = 0.1326, wR2 = 0.3218
Goodness-of-fit on F^2 1.066

Figure S7. The FTIR spectrum of (PEA)4Cu4I4 powder synthesized by the hot-
injection method.



Figure S8. Excitation and emission spectrum of (PEA)4Cu4I4 powder synthesized by 
the hot-injection method.

Figure S9. SEM image of (PEA)4Cu4I4 powder synthesized by the hot-injection 
method.



Figure S10. (a) Wide-scan XPS spectrum of (PEA)4Cu4I4 powder synthesized by the 
hot-injection method. (b) and (c) XPS spectra of Cu 2p and I 3d, respectively.

Figure S11. PXRD pattern of (PEA)4Cu4I4 powder synthesized by the hot-injection 
method as well as the software simulation results (All the peaks of hot injection 
product are included in the simulated results and the different peak intensities 
demonstrate that the difference of crystal orientation). 



Figure S12. (a) Photograph of the (PEA)4Cu4I4 powder synthesized by the hot-
injection method at initial state in water under UV light. (b) Photograph of the 
(PEA)4Cu4I4 powder synthesized by the hot-injection method at 45 days in water 
under UV light. (c) PL relative intensity of (PEA)4Cu4I4 powder synthesized by the 
hot-injection method as a function of time in water.
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