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Abstract. 

Using multinuclear copper iodide complexes as cross-linking agents in a polyurethane matrix, original 

photoluminescent stimuli-responsive materials were synthesized. The intrinsic photoluminescent 

properties of the covalently incorporated copper iodide complexes are thus transferred to the materials 

while retaining the beneficial characteristics of the polymer host. The transparent materials exhibit 

room temperature phosphorescence with emission switching properties by displaying luminescence 

thermochromism and solvatochromism. The thermochromism of luminescence is characterized by a 

change in the wavelength and intensity of the emission with temperature and the vapochromic effect 

presents a contrasted response of extinction or exaltation according to the nature of the solvent of 

exposure. By combining the luminescence characteristics of photoactive copper iodide complexes with 

the ease of polymer processing, the application of these luminescent materials as phosphors in LED 

(light-emitting diode) devices was also demonstrated. The present study shows that the use of copper 

iodide complexes as cross-linkers in polymeric materials is a relevant strategy to design materials with 

enhanced functionalities with in addition low cost and sustainable characteristics. 
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Introduction. 

Materials exhibiting properties responding to external stimuli meet current technological demands 

regarding data storage, detection and security issues.
1–5

 Because of the readily recordable 

luminescence signal, the development of luminescent stimuli-responsive materials is the subject of 

growing interest in this research field.
6
 Photoactive polymeric materials are particularly relevant for 

such applicative perspectives due to their excellent solution processability and facile coating 

performance.
7,8

 The versatility of organic polymers towards chemical modifications allows tuning the 

chemical and physical properties of the materials and also their functionalization by photoactive 

guests, that leads to a wide range of stimuli-responsive luminescent polymer materials.
9–11

 The 

photoactive guests can be incorporated either by direct insertion (doping)
12,13

 or by grafting to the 

polymeric host matrix.
14,15

 

 

Copper(I) halide complexes constitutes an important family of luminescent compounds displaying a 

large panel of photophysical properties.
16–22

 They are particularly attractive in regards to rare-earth and 

lead-free phosphors which are highly demanded for developing economic and sustainable solid-state 

lighting materials.
23–27

 By displaying photoluminescence in the visible under UV, high PLQY (Photo-

Luminescent Quantum Yield) and air stability, the copper iodide complexes are highly attractive.
28,29

 

They can additionally display stimuli-responsive properties such as luminescence thermochromism,
30–

34
 mechanochromism,

35–42
 rigidochromism,

43–45
 and solvatochromism.

46–50
 The possibility of 

combining stimuli-responsive properties is of high interest to access original multifunctional emitting 

materials. All these features inspire us to use the copper iodide complexes as photoactive components 

in polymer materials. Several aspects have directed the choice of the polymer matrix towards 

polyurethanes (PU) such as the relative simplicity of synthesis and the possibility of chemical 

adjusting.51,52 Polyurethanes actually constitute a major class of organic polymers due to their versatile 

properties offering a wide range of applications from insulation foam to adhesives. They can also 

present optical transparency in the visible and resistance to UV radiation that are relevant for 

developing optically active materials.
53

 Polyurethanes incorporating photoactive guest have been 

reported for LED (Light Emitting Diodes) applications,
54

 and in the design of luminescent stimuli-

responsive materials.
55–58

 For the incorporation of the photoactive guest within the polymer, covalent 

attachment is preferred over simple dissolution to gain in homogeneity of distribution and chemical 

stability, although this method is less straightforward.  

 

We thus report herein stimuli-responsive polyurethane-based materials incorporating copper iodide 

complexes as emitting guests. For the materials synthesis, the complexes act as cross-linkers leading to 

highly cross-linked polymers with robustly grafted photoluminescent complexes. The intrinsic 

luminescence properties of the copper iodide complexes are thus transferred to the materials while 

keeping the transparency, self-standing properties and processability advantages of the thermosetting 

matrix. These polymer materials exhibit room temperature phosphorescence with emission switching 

properties by displaying luminescence thermochromism and solvatochromism. The luminescence 

                            z    y       g   f             ’  w      g       intensity upon cooling 

and an emission quenching effect upon heating. The solvent-responsiveness presents a contrasted 

quenching or exaltation effect depending on the nature of the solvent. Finally, by taking advantage of 

the processability of these functional materials, their application as phosphors in LED devices has 

been successfully demonstrated.  
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Results and Discussion. 

Synthesis and characterizations.  

Polyurethanes are classically obtained through polycondensation reaction of diisocyanates and polyol 

precursors to form urethane (carbamate) linkages. For the incorporation of the copper iodide complex 

within the polymeric matrix through a robust covalent link, a complex having alcohol functions was 

targeted for acting as the polyol. A multinuclear copper iodide complex functionalized by four 

phosphine ligands each bearing one alcohol function was thus chosen. This molecular cluster 

formulated [Cu4I4L4] L = PPh2(C6H4)CH2OH (4-(diphenylphosphino)phenylmethanol), is of cubane 

geometry built on four copper atoms and four iodide atoms which alternatively occupy the vertices of 

a distorted cube.
59

 The organic ligands complete the four-fold tetrahedral coordination sphere of the 

copper(I) atoms (Figure 1). The synthesis of this complex was previously reported by our group as 

well as its crystalline structure and photoluminescence properties.
60

 As shown in Figure 1, the specific 

cubane geometry of this complex leads to a tetrahedral spatial distribution of the four alcohol 

functions which is beneficial to the formation of polymers of high dimensionality; the cluster acting as 

a crosslinking agent.  

 

 
Figure 1. Schematic illustration of the synthesis of the polymer materials namely PU-Cx (x = 0, 0.25, 1, 5 and 

10), x being the cluster content (wt.%). 

 

Different experimental conditions and formulations were tested in order to get self-standing materials 

with optimal photoluminescence properties. As example, polymerization with tin-based catalysts were 

performed but the obtained polymers were opaque foams and yellow, absorbing in the visible. No 

catalyst was finally used and instead the reaction was conducted by heating (65 °C) for several hours 

(experimental details in SI). The diisocyanate used is toluene-2,4-diisocyanate (TDI) having higher 



4 
 

reactivity compared with aliphatic derivatives (Figure 1). Butanediol (BD) and polypropylene glycol 

of 400 g.mol
-1

 average mass (PPG400), are employed as short and long diols respectively, in a 

nPPG/nBD = 3 ratio. The blank polymer without complex is synthesized with pentaerythritol propoxylate 

(PETP: 5/4 PO/OH) as crosslinker having similar features as the [Cu4I4L4] cluster with both tetrahedral 

special distribution of four alcohol functions (Figure 1). For the functionalized polymers, the PETP is 

partly replaced by the complex (from 0.3 to 12 %) while keeping constant the nNCO/nOHtotal = 1 and 

nOHcrosslinking/nOHtotal = 2/5 ratios. Polymers with different cluster contents of 0, 0.25, 1, 5 and 10 wt% 

with respect to the total weight of the reactants were thus synthesized, and the corresponding materials 

are labelled: PU-Cx with x = 0, 0.25, 1, 5 and 10. Above 10 wt%, solubility issues of the cluster in the 

reacting media are encountered. After mixing the reactants, the viscous mixture was heated at 65 °C 

for 24 h. Depending on the mold used, the polymer materials can be shaped differently, as films or 

bulk samples. As shown in Figure 2, the materials are colorless, transparent under visible light and 

crack-free. They are completely air stable; no aspect changes have been detected after several months. 

Under UV excitation, they all display photoluminescence. The PU polymers present a bright yellow 

emission while the blank polymer emits in the blue (Figure 2). Although the doping of [Cu4I4L4] 

clusters within acrylic polymers have been already reported,
45,61

 PU-Cx constitutes, to our knowledge, 

the first organic polymer materials which covalently incorporate the multinuclear [Cu4I4L4] 

photoactive complexes as cross-linkers. Note that mononuclear copper complexes covalently attached 

to polymers of different nature have been already studied for stress sensing applications.
62

 However, in 

the case of the copper iodide complex, a two-step incorporation procedure was employed with first the 

grafting of the ligand and then the metalation.
63

 

 

 
Figure 2. Photos of pellets of PU-Cx (x = 0, 0.25, 1, 5 and 10), under visible light and under UV excitation (365 

nm UV lamp) of 25 mm in diameter. 

 

The glass transition temperature (Tg) of PU-Cx was determined by DSC (Figures S1) and values of 

24, 20, 21, 19, 18 °C were obtained for x = 0, 0.25, 1, 5 and 10, respectively. Although a slight 

decrease of the Tg value with the cluster content is noted, the difference is limited compared to the 

blank polymer which indicates that the cluster does not significantly affect the structure of the polymer 

network and in particular the polymer chains mobility. The crosslinking efficiency was evaluated by 

swelling of the materials in THF and mass loss measurement. The largest mass loss found in the PU-

Cx series was 3.5 % at x = 10 (SI). These low values indicate a low amount of unreacted monomers or 

oligomers and therefore high degree of polymerization associated to the effective crosslinking action 

of the cluster within the matrix. The cluster bonding is further confirmed by the preservation of the 

luminescence properties of the materials after the swelling treatment (and drying). Thermogravimetric 

(TG) measurements indicate thermal stability up to 250 °C for PU-Cx, that is appropriate for lighting 
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applications. The similar value for PU-C0 agrees with the lack of perturbation of the polymeric 

network induced by the copper iodide complex.  

 

The FTIR spectra of the polymers are presented in Figure 3. The spectra present the characteristic 

vibrational bands of the carbamate function of polyurethanes. The broad signatures of the NH and CH2 

vibrations are found at 3305 and 2915 cm
-1

, respectively. The vibrational band of the C=O carbonyl is 

observed at 1716 cm
-1

 and that of C-N and C=C ones at 1600 and 1530 cm
-1

, respectively. At 1219 and 

1079 cm
-1

 are vibrations corresponding to C-O-C moieties. No signal of the isocyanate function 

(NCO) expected around 2250 cm
-1

 is detected. This indicates that all TDI reacted and attests to the 

completion of the polycondensation reaction. This result is in accordance with the high degree of 

crosslinking of the materials. By comparing the FTIR spectra with that of the cluster powder, 

characteristic bands of the cluster can be detected that are more obvious for the highest cluster 

contents (Figure 3). According to a previous study, these bands at 743, 688 and 517 cm
-1 

can be 

attributed to Cu-P, C-P and Ph vibrations of the cluster.
60
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Figure 3. FTIR spectra of the PU-Cx (x = 0, 0.25, 1, 5 and 10) and of the crystalline cluster. 

 

Observations under optical microscope of PU-C10, indicate smooth surface and homogenous 

distribution of the cluster within the polymeric matrix (Figure S2). The interest of the covalent grafting 

strategy is demonstrated upon comparison with a polymer synthesized with a cluster deprived of 

alcohol function ([Cu4I4(PPh2Pr)4]) but readily soluble in the reaction media. The obtained polymer 

was not transparent anymore presenting large clusters aggregates non-homogeneously distributed 

within the polymeric matrix (Figure S2). SEM (Scanning Electron Microcopy) analysis of the PU-Cx 

further revealed smooth surface of the polymers (Figure 4). From EDS (Energy Dispersive 

Spectrometry), the expected Cu/I/P:1/1/1 stoichiometry of the [Cu4I4L4] cluster was measured and the 

homogenous distribution of these elements in the polymers was attested by EDS elemental mapping 

(Figure S3), resulting from the covalent grafting.  
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Figure 4. (a) SEM image of a cut film of PU-C10, (b) a zoom of the surface and (c) EDS spectrum of the same 

sample. 

 

The UV-visible absorption spectra of the polymers PU-Cx are reported in Figure 5 along with that of 

the cluster in solution to compare. The materials present high transmittance values reaching 90 % in 

the visible range, in accordance to the transparent and colorless appearance of the samples (Figure S4). 

No scattering is observed in agreement with no cluster aggregation. The PU-Cx materials strongly 

absorb in the UV region with a broad absorption band lying down to 350 nm. From 250 to 300 nm, the 

absorption comes from both the matrix (PU-C0) and the cluster whereas in the 300-350 nm range the 

absorption originates from the cluster solely.  

 

 
Figure 5. UV-visible absorption spectra of PU-Cx (x = 0, 0.25, 1, 5 and 10) deposited on quartz substrate and of 

the cluster dissolved in dichloromethane in insert for comparison. 

 

Photoluminescence properties.  

The yellow emission displayed by the polymers under UV excitation at room temperature (Figure 2), 

is characterized by one unstructured broad emission band centered around 555 nm, as presented in 

Figure 6a (all compositions are reported in Figure S5). At similar excitation λex = 330 nm, the blank 

polymer (PU-C0) presents a band centered at 408 nm corresponding to the observed blue emission. 
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The broad yellow emission band corresponds to that of the cluster itself, which is recorded at 540 nm 

in crystalline powder, at room temperature (Figure S6). The photoluminescence properties of the 

cluster are thus retained whatever its concentration in the polymers with intensity being proportional to 

the concentration. A moderate redshift is observed along the PU-Cx (x = 0.25, 1, 5 and 10) (Table 1) 

series from 564 to 554 nm that can be explained by different structural constraints induced by the 

polymeric matrix towards the cluster. Rigidochromism effect is actually known for copper iodide 

clusters,
43,45

 which is related to different extent of the distortion of the excited state leading to a 

redshift of the emission wavelength when decreasing structural constraints. The matrix thus become 

more rigid by increasing the cluster content but as expected, the emission wavelength values still lay 

between that of the liquid-state (568 nm) and that of the solid-state (540 nm).
64

 The rigidochromic 

effect thus observed can also be attributed to the covalent linkage of the cluster to the matrix.  

 

 
Figure 6. (a) Normalized solid-state luminescence spectra of PU-C5 and the blank polymer PU-C0 with emission 

spectra in solid lines and excitation spectra in dotted lines at 298 K. (b) Solid-state photoluminescence map 
(excitation vs. emission) of PU-C5 at 298 K. 
 

The excitation band of the PU-Cx presents a clear maximum around 330 nm as shown on the 

photoluminescence map (Figure 6b and S7). A relatively large excitation-emission Stokes shift of 1.5 

eV is thus noticed for these materials. The relatively narrow excitation band is not observed for the 

cluster in powder having instead a very broad excitation band ranging from 250 to 400 nm (Figure 

S6). Comparison with the absorption spectra (Figure 5), indicates that the PU matrix actually absorbs 

in this 250-300 nm range and therefore it hinders that of the cluster. The cluster is consequently more 

efficiently excited out of the absorption band of the polymeric matrix from 300 to 350 nm. No matrix-

to-cluster energy transfer seems to be at play in the studied materials. Depending on the excitation 

wavelength,                     y. A    g      gy (λex = 280 nm), the blue emission of the PU matrix 

can be observed at 320 nm concomitantly with that of the cluster (Figure S5). The relative contribution 

of the matrix decreases by increasing the cluster content, as expected. 

 

The internal PLQY values measured are all around 10 % for the PU-Cx (x = 0.25, 1, 5 and 10) whereas 

that of the matrix is low as 1 % (Table 1). This relatively high values for the functional polymers is 

relevant for practical applications. Because the copper iodide cluster is at the origin of the emission in 

all the materials, this explains the limited dependence of the internal PLQY relative to the cluster 

content. The lower PLQY value compared with that of the cluster in solid-state of 55 %, could 

originate from a less rigid environment in the polymer and also absorption competition between the 

matrix and the cluster. The emission lifetimes of PU-Cx (x = 0.25, 1, 5 and 10) present biexponential 

decays (Figure S8). The longer lifetime values in the 1-2 s range can be attributed to the cluster in 

accordance with its powder-state value of  = 3.7 s. The shorter lifetimes contribution in the 
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nanosecond range is attributed to the polymeric matrix in accordance to the even shorter value 

measured for PU-C0 (Table 1).  

 

Table 1. Photoluminescence data of PU-Cx (x = 0, 0.25, 1, 5 and 10) recorded at λex = 330 nm at 293 K. 

L f       (τ)     photoluminescence quantum yields (PLQY).  

 
max

em (nm) 

293 K 

 (s) 

[ex = 400 nm] 

PLQY (%) 

[ex = 330 nm] 

PU-C0 408 0.001 1 

PU-C0.25 564 0.04 

1.09 

8 

PU-C1 560 0.05 

1.71 

10 

PU-C5 557 0.06  

1.74 

11 

PU-C10 554 0.05  

1.94 

10 

 

Temperature responsiveness. 

The effect of the temperature on the luminescence properties of the functional polymers was studied. 

Luminescence thermochromism is observed upon cooling, with the room temperature yellow emission 

turning light-blue at 77 K (Figure 7a). In contrast, upon heating up to 400 K, quenching of the yellow 

emission occurs. These two effects are relatively reversible for several cycles (Figure S11). The 

emission spectra recorded in the 77-400 K range are reported in Figure 7b for PU-C5. By lowering the 

temperature from 400 K, the intensity of the yellow emission band (LE for Low Energy) increases and 

below 175 K it starts to decrease concurrently with the appearance at higher energy of an another 

emission band (HE for High Energy). At 77 K, the two emission bands centered at 440 and 540 nm are 

of comparable intensity leading to the light-blue emission color. Emission lifetime values of the LE 

band are very similar to those obtained at 293 K, with a shorter component corresponding to the 

polymeric matrix and a longer one coming from the cluster (Figure S9). The displayed luminescence 

thermochromism thus presents a great variation of the emission color over the studied temperature 

range, as represented in the CIE chromaticity coordinates diagram in Figure 7c. 

 

The variation of the relative intensity of two emissions bands with the temperature, is characteristic of 

the luminescence thermochromism displayed by the [Cu4I4L4] cubane clusters.
34

 From previous 

experimental and theoretical studies,
60

 the LE band is assigned to a transition of mixed XMCT and 

MM character (X = I and M = Cu). The corresponding triplet excited stated is commonly labelled 
3
CC 

(Cluster Centered), and involved a Cu-Cu bonding vacant orbital. A significant Cu-Cu shortening thus 

occurs for this triplet state compared with the fundamental one. The nature of the HE band is different 

and implies in this case     π*          f     p   y  g   p   f     p   p       g           e 

corresponding transition is therefore of 
3
(X+M)LCT character. The thermal equilibrium between the 

two corresponding excited triplet states leads to the opposite intensity variation of these two emission 

bands (HE and LE) and to the observed thermochromism. By comparing the luminescence 

thermochromism of the cluster in powder state (Figure S6), the HE band (440 nm) appears at 125 K 

against 150 K for the PU-Cx polymers. This indicates that the energy necessary for populating the CC 

state is higher in the case of the polymers. The 
3
CC emissive state corresponding to the LE band must 

be higher in energy in the case of the grafted cluster, which can be attributed to the carbamate function 

having a stronger withdrawing character than the alcohol function. The luminescence thermochromism 

of the functional polymers constitutes additionally a conclusive proof of the preservation of the cluster 

in the polymeric matrix. Compared with the powder state, the limited changes in the thermochromism 



9 
 

characteristics indicate that the covalent grafting does not significantly affect the cluster’  molecular 

structure. 

 

 

 
Figure 7. Temperature-dependent solid-state luminescence spectra of PU-C5. (a) Photos of polymer films at 295 

and 77 K under UV excitation. ( ) E         p                     (λex = 330 nm) and excitation spectra in dashed 

(λem = 440   )                 (λem = 550 nm) from 77 to 400 K. (c) CIE chromaticity coordinates diagram 

(1931). (d) Integrated intensity of the LE and HE emission bands as function of the temperature, the arrows 

indicate the emission behavior upon heating. 

 

Upon increasing the temperature above 175 K, the emission intensity of the materials (LE band) 

decreases rapidly (Figure 7d). At 325 K, about 50 % of the integrated intensity of the emission band at 

295 K is lost and at 400 K the emission is nearly extinguished (Figure 7d). This behavior is similar to 

that observed for the cluster in powder upon heating up to 400 K (Figure S6). The luminescence 

quenching can be attributed to the increase of non-radiative de-excitations caused by a higher thermal 

agitation of the cluster. The more effective quenching observed for the polymers compared with the 

cluster in powder state can be explained by higher mobility in the polymeric matrix. The PU-Cx 

materials thus exhibit temperature-dependent emission color and intensity variation that can be 

exploited for luminescence thermometry applications. Regarding the LE emission band, a maximum 

sensitivity value as high as Sr = 20 % K
-1

 at 380 K was calculated (Figure S10a). By considering the 

two HE and LE emission bands, ratiometric temperature measurements can be even considered. 

Sensitivity values Sr from 3 to 16 % K
-1

 within the 77-150 K range were obtained (Figure S10b). The 

PU-Cx materials thus constitute a relevant example of ratiometric luminescence thermometers of 

different type compared with the more common lanthanides-based materials for which the two 

emissive bands are from different emitters.
65

 Compared to powdered compounds, the PU-Cx 

functional polymers can additionally be specifically designed for thermometry applications.  
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Solvents responsiveness. 

Another investigated stimuli-responsive property of these functional polymers is their luminescence 

sensitivity to solvents exposure. Indeed, when they are exposed to solvents liquid or vapor, their 

emission is either quenched or exalted. As shown in Figure 8, exposure to ethanol extinguishes the 

emission of a self-standing film of PU-C5.  

 

 
Figure 8. Photos of a self-standing film of PU-C5 before and after exposure to ethanol, in a close container.  

 

The observed vapochromic effect was studied quantitatively by exposing PU-C5 polymer to solvents 

of different nature. Whereas ethanol, dichloromethane and diethyl ether induced a decrease of the 

emission intensity, water, pentane and cyclohexane have the opposite effect. The emission spectra 

recorded as a function of the duration of the solvent vapor exposure are presented in Figure 9 for 

ethanol and water and in Figure S12 for the other solvents. As shown in Figure 9a, ethanol induced a 

progressive decrease of the emission intensity and after 24 min a loss of 96 % of the integrated 

intensity is observed (Figure 9c). In the opposite, upon water vapor exposure, an increase of the 

emission intensity occurs and a gain of 60 % of the integrated intensity is eventually measured (Figure 

9b and d). For the different solvents tested, the intensity increase is generally of less extent compared 

with the quenching effect. Plots of the integrated intensity as a function of exposure duration can be all 

fitted by a single exponential model (y = y0 + A1e
-(x-x

0
)/t

1, in Figure S12). A t½ parameter can be defined 

as the time at which half of the final emission intensity is lost or gained (t½ = ln(2)*t1). For each tested 

solvent a characteristic t½ value is thus obtained with as example, t½ = 150 s for ethanol and t½ = 600 s 

for diethylether. These distinct values for each solvent, illustrate also the different kinetics of 

interaction between the materials and the solvents. 
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Figure 9. Emission spectra of PU-C5 as function of solvent vapor exposure duration (a) ethanol and (b) water, 

            λex = 330 nm. Corresponding time-depend plots of % increase and decrease of the integrated 

intensity of the emission band of (c) ethanol and (d) water. 
 

Among the different tested solvents, those inducing emission quenching are those that can swell the 

polymers. Indeed, swelling measurements indicate that solvents with the highest swelling rate 

correspond to those inducing emission quenching effect such as ethanol, dichloromethane and diethyl 

ether (experimental details and swelling rate values in SI). Therefore, the quenching mechanism can 

be attributed to non-radiative de- x           f            ’                    y     p         f     

solvent molecules within the matrix. This effect can be correlated to the weak emissivity of the cluster 

in solution and its demonstrated AIE (Aggregation Induced Emission) properties.
64

 Indeed, in solution, 

collisions with solvent molecules and flexibility of the organic ligand is detrimental to radiative 

phenomena in opposite to the more rigid solid-state upon aggregation. Accordingly, a swollen polymer 

hosting solvent molecules gains mobility favoring non-radiative de-excitations. This effect can even 

be more important in the PU-Cx polymers for which the cluster is covalently linked to the polymeric 

chains.  

 

The absence of emission quenching for water and alkane solvents can be related to their non-ability to 

swell the polymers as testifying by their very low swelling rate values (SI). Whereas no effect on the 

emission intensity is expected, the exaltation is rather difficult to rationalize. The very low amount of 

solvent adsorbed in the polymer upon exposure to these poor solvents may be an explanation. Indeed, 

water can form hydrogen bonds with urethane functions thus inducing new constraints within the 

materials.
66

 The lack of significant swelling and a more rigid environment would thus enhance 

radiative de- x           f            ’          . A      p                           g    f     

solvent effect is difficult to establish at this stage. Nonetheless, these PU-Cx materials provide a rapid 

and clear visual response to solvent exposure that can be relevant for sensor applications. Detection of 
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air pollutants such as toxic solvents is currently a main societal issue. Studies targeting the detection of 

chemicals such as aliphatic aldehydes will be the subject of future work.   
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Lighting applications. 

The luminescence characteristics and the ease of process of the PU-Cx functional polymers make them 

particularly attractive and convenient to develop new phosphor materials for LED applications. The 

copper iodide cluster emitting in the yellow range can indeed be envisioned as an alternative to the 

commercial YAG:Ce inorganic material, usually employed in phosphor-converted white LEDs.
67,68

 In 

addition, considering the relative natural abundance of copper element, these complexes are more 

readily accessible compared to lanthanide-based compounds. The broad emission band, the relatively 

high PLQY and the large Stokes shift, combined with the strong absorption in the UV range of the 

PU-Cx polymers, constitute actually relevant characteristics for LED devices.  

 

 
Figure 10. (a) Photos of a 365 nm emitting LED chip without and with coating of PU-C10. (b) Corresponding 

emission spectra with LED powered by a 6 V electric source and a working current of 60 and 170 mA. (c) CIE 

chromaticity coordinates diagram (1931) of the 365 nm LED without and with PU-C10 coating. 

 

A 365 nm LED was therefore coated with PU-C10 polymer shaped as a hemisphere. As shown in 

Figure 10a, the deep blue emission of the 365 nm LED is converted into a bright yellow emission with 

the PU-C10 coating. In the corresponding spectra, the emission band of the polymer and that of the 

LED are both present (Figure 10b). By applying a higher working current, the contribution of the 

yellow emission can be even increased. The polymer coating greatly changes the LED characteristics 

with CIE chromaticity (x, y) coordinates from (0.17, 0.01) to (0.38, 0.47) and (0.39, 0.48) (Figure 

10c). The resulting lighting properties are relevant for indoor lighting applications with CRI values of 

66 and 68 with a color temperature of 4574 and 4375 K lying in the warm white lighting range.
69,70

 

These results are noticeable considering the absence of additional phosphors, as commonly reported. 

These values can additionally be easily optimized thanks to the versatility of these functional polymers 

for which the matrix properties and the cluster content can be neatly adjusted according to the targeted 

applications.  

 

Conclusion. 

The reported functionalized polyurethane materials are synthesized by using copper iodide complexes 

as cross-linking agents. To our knowledge, they constitute the first organic polymer materials which 

covalently incorporate photoactive multinuclear copper iodide complexes as cross-linkers. The 

incorporation through covalent grafting of this photoactive compound brings appealing stimuli-

responsive luminescence properties to these polymer materials. These densely cross-linked materials 

are highly transparent in the visible and present an intense yellow phosphorescence. They display 

luminescence thermochromism by displaying emission color and intensity change as function of the 

   p       .  p         g      y    w                                      w               ’  

properties. Emission quenching is also observed upon heating. The thermochromic characteristics 

make these materials relevant in luminescent thermometers applications. The studied 

photoluminescent materials are also sensitive to solvents by displaying a contrasted and easily 
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detected ON-OFF effect depending on the solvent nature. Indeed, some solvents quench the emission 

and some other, in opposite, can enhance it. These phenomena can be related to the change of the de-

excitation relaxation of the copper iodide complex. The potential of these emitting polymers was 

additionally evaluated as phosphors in solid-state lighting. By taking advantages of the shaping 

potentialities of the materials, the UV emitted light of a LED was successfully converted into a warm 

yellow light. The present results highlight the effectiveness of using copper iodide complexes as cross-

linking agents to bring enhanced functionalities to polymer materials. Based on the rich photophysical 

properties of the large family of copper halide complexes, this strategy can be applied even more 

generally for designing original polymer materials which hold promise as a new type of low cost and 

sustainable stimuli-responsive light-emitting materials with multiple applicative perspectives. 

 

Supporting Information. Experimental details, DSC traces, optical microscope images, 

additional optical characterization data and solvent-dependent emission spectra. This information is 

available free of charge at http://pubs.acs.org. 

 

Acknowledgements. The authors thank the CNRS and Nantes Université for funding. S. Stal 

thanks the LUMOMAT project and     ‘  g      y        L    ’ f         .D. f    w   p. H. Serier-

Brault is 

thanked for the discussions on the luminescent thermometers. 

 

Conflict of Interest. The authors declare no conflict of interest.  

 

References. 

(1) Lugger, S. J. D.; Houben, S. J. A.; Foelen, Y.; Debije, M. G.; Schenning, A. P. H. J.; Mulder, D. 

J. Hydrogen-Bonded Supramolecular Liquid Crystal Polymers: Smart Materials with Stimuli-

Responsive, Self-Healing, and Recyclable Properties. Chem. Rev. 2022, 122 (5), 4946–4975. 

https://doi.org/10.1021/acs.chemrev.1c00330. 

(2) Lin, G.; Si, M.; Wang, L.; Wei, S.; Lu, W.; Liu, H.; Zhang, Y.; Li, D.; Chen, T. Dual-Channel 

Flexible Strain Sensors Based on Mechanofluorescent and Conductive Hydrogel Laminates. 

Advanced Optical Materials 2022, 10 (5), 2102306. https://doi.org/10.1002/adom.202102306. 

(3) Li, D.; Yang, J.; Fang, M.; Tang, B. Z.; Li, Z. Stimulus-Responsive Room Temperature 

Phosphorescence Materials with Full-Color Tunability from Pure Organic Amorphous Polymers. 

Science Advances 2022, 8 (8), eabl8392. https://doi.org/10.1126/sciadv.abl8392. 

(4) Wang, Y.; Zhang, Y.-M.; Zhang, S. X.-A. Stimuli-Induced Reversible Proton Transfer for 

Stimuli-Responsive Materials and Devices. Acc. Chem. Res. 2021, 54 (9), 2216–2226. 

https://doi.org/10.1021/acs.accounts.1c00061. 

(5) Montero de Espinosa, L.; Meesorn, W.; Moatsou, D.; Weder, C. Bioinspired Polymer Systems 

with Stimuli-Responsive Mechanical Properties. Chem. Rev. 2017, 117 (20), 12851–12892. 

https://doi.org/10.1021/acs.chemrev.7b00168. 

(6) Gao, R.; Fang, X.; Yan, D. Recent Developments in Stimuli-Responsive Luminescent Films. J. 

Mater. Chem. C 2019, 7 (12), 3399–3412. https://doi.org/10.1039/C9TC00348G. 

(7) Ciardelli, F.; Ruggeri, G.; Pucci, A. Dye-Containing Polymers: Methods for Preparation of 

Mechanochromic Materials. Chem. Soc. Rev. 2013, 42, 857–870. 

(8) Wang, Z.; Ma, Z.; Wang, Y.; Xu, Z.; Luo, Y.; Wei, Y.; Jia, X. A Novel Mechanochromic and 

Photochromic Polymer Film: When Rhodamine Joins Polyurethane. Adv. Mater. 2015, 27 (41), 

6469–6474. https://doi.org/10.1002/adma.201503424. 

(9) Li, D.; Yang, Y.; Yang, J.; Fang, M.; Tang, B. Z.; Li, Z. Completely Aqueous Processable 

Stimulus Responsive Organic Room Temperature Phosphorescence Materials with Tunable 

Afterglow Color. Nat Commun 2022, 13 (1), 347. https://doi.org/10.1038/s41467-022-28011-6. 



15 
 

(10) Coiai, S.; Passaglia, E.; Pucci, A.; Ruggeri, G. Nanocomposites Based on Thermoplastic 

Polymers and Functional Nanofiller for Sensor Applications. Materials 2015, 8 (6), 3377–3427. 

https://doi.org/10.3390/ma8063377. 

(11) Gu, F.; Ma, X. Stimuli-Responsive Polymers with Room-Temperature Phosphorescence. 

Chemistry – A European Journal 2022, 28 (15), e202104131. 

https://doi.org/10.1002/chem.202104131. 

(12) Peng, H.; Xie, G.; Cao, Y.; Zhang, L.; Yan, X.; Zhang, X.; Miao, S.; Tao, Y.; Li, H.; Zheng, C.; 

Huang, W.; Chen, R. On-Demand Modulating Afterglow Color of Water-Soluble Polymers 

through Phosphorescence FRET for Multicolor Security Printing. Science Advances 2022, 8 

(15), eabk2925. https://doi.org/10.1126/sciadv.abk2925. 

(13) Crenshaw, B. R.; Weder, C. Deformation-Induced Color Changes in Melt-Processed 

Photoluminescent Polymer Blends. Chem. Mater. 2003, 15 (25), 4717–4724. 

(14) Lavrenova, A.; Balkenende, D. W. R.; Sagara, Y.; Schrettl, S.; Simon, Y. C.; Weder, C. 

Mechano- and Thermoresponsive Photoluminescent Supramolecular Polymer. J. Am. Chem. Soc. 

2017    . 139  4302−4305. 

(15) Baumann, C.; Stratigaki, M.; Centeno, S. P.; Göstl, R. Multicolor Mechanofluorophores for the 

Quantitative Detection of Covalent Bond Scission in Polymers. Angewandte Chemie 

International Edition 2021, 60 (24), 13287–13293. https://doi.org/10.1002/anie.202101716. 

(16) Yao, J.-S.; Wang, J.-J.; Yang, J.-N.; Yao, H.-B. Modulation of Metal Halide Structural Units for 

Light Emission. Acc. Chem. Res. 2021, 54 (2), 441–451. 

https://doi.org/10.1021/acs.accounts.0c00707. 

(17) Fang, Y.; Sojdak, C. A.; Dey, G.; Teat, S. J.; Li, M.; Cotlet, M.; Zhu, K.; Liu, W.; Wang, L.; 

ÓCarroll, D. M.; Li, J. Highly Efficient and Very Robust Blue-Excitable Yellow Phosphors Built 

on Multiple-Stranded One-Dimensional Inorganic–Organic Hybrid Chains. Chem. Sci. 2019, 10 

(20), 5363–5372. https://doi.org/10.1039/C9SC00970A. 

(18) Peng, R.; Li, M.; Li, D. Copper(I) Halides: A Versatile Family in Coordination Chemistry and 

Crystal Engineering. Coord. Chem. Rev. 2010, 254 (1–2), 1–18. 

https://doi.org/10.1016/j.ccr.2009.10.003. 

(19) Yam, V. W.-W.; Au, V. K.-M.; Leung, S. Y.-L. Light-Emitting Self-Assembled Materials Based 

on d 
8
 and d 

10
 Transition Metal Complexes. Chem. Rev. 2015, 115 (15), 7589–7728. 

https://doi.org/10.1021/acs.chemrev.5b00074. 

(20) Kobayashi, A.; Kato, M. Stimuli-Responsive Luminescent Copper(I) Complexes for Intelligent 

Emissive Devices. Chem. Lett. 2017, 46 (2), 154–162. https://doi.org/10.1246/cl.160794. 

(21) Cariati, E.; Lucenti, E.; Botta, C.; Giovanella, U.; Marinotto, D.; Righetto, S. Cu(I) Hybrid 

Inorganic–Organic Materials with Intriguing Stimuli Responsive and Optoelectronic Properties. 

Coord. Chem. Rev. 2016, 306, 566–614. https://doi.org/10.1016/j.ccr.2015.03.004. 

(22) Wallesch, M.; Volz, D.; Zink, D. M.; Schepers, U.; Nieger, M.; Baumann, T.; Bräse, S. Bright 

Coppertunities: Multinuclear CuI Complexes with NP Ligands and Their Applications. Chem. 

Eur. J. 2014, 20, 6578–6590. https://doi.org/10.1002/chem.201402060. 

(23) Wenger, O. S. Photoactive Complexes with Earth-Abundant Metals. J. Am. Chem. Soc. 2018, 

140 (42), 13522–13533. https://doi.org/10.1021/jacs.8b08822. 

(24) Yu, T.-L.; Guo, Y.-M.; Wu, G.-X.; Yang, X.-F.; Xue, M.; Fu, Y.-L.; Wang, M.-S. Recent 

Progress of D10 Iodoargentate(I)/Iodocuprate(I) Hybrids: Structural Diversity, Directed 

Synthesis, and Photochromic/Thermochromic Properties. Coord. Chem. Rev. 2019, 397, 91–111. 

https://doi.org/10.1016/j.ccr.2019.06.006. 

(25) Hamze, R.; Peltier, J. L.; Sylvinson, D.; Jung, M.; Cardenas, J.; Haiges, R.; Soleilhavoup, M.; 

Jazzar, R.; Djurovich, P. I.; Bertrand, G.; Thompson, M. E. Eliminating Nonradiative Decay in 

Cu(I) Emitters: >99% Quantum Efficiency and Microsecond Lifetime. Science 2019, 363 (6427), 

601–606. https://doi.org/10.1126/science.aav2865. 

(26) Olaru, M.; Rychagova, E.; Ketkov, S.; Shynkarenko, Y.; Yakunin, S.; Kovalenko, M. V.; 

Yablonskiy, A.; Andreev, B.; Kleemiss, F.; Beckmann, J.; Vogt, M. A Small Cationic Organo–

Copper Cluster as Thermally Robust Highly Photo- and Electroluminescent Material. J. Am. 

Chem. Soc. 2020, 142 (1), 373–381. https://doi.org/10.1021/jacs.9b10829. 

(27) Han, L.; Sun, B.; Guo, C.; Peng, G.; Chen, H.; Yang, Z.; Li, N.; Ci, Z.; Jin, Z. Photophysics in 

Zero-Dimensional Potassium-Doped Cesium Copper Chloride Cs3Cu2Cl5 Nanosheets and Its 



16 
 

Application for High-Performance Flexible X-Ray Detection. Advanced Optical Materials 2022, 

10 (6), 2102453. https://doi.org/10.1002/adom.202102453. 

(28) Liu, G.-N.; Xu, R.-D.; Zhao, R.-Y.; Sun, Y.; Bo, Q.-B.; Duan, Z.-Y.; Li, Y.-H.; Wang, Y.-Y.; 

Wu, Q.; Li, C. Hybrid Copper Iodide Cluster-Based Pellet Sensor for Highly Selective Optical 

Detection of o-Nitrophenol and Tetracycline Hydrochloride in Aqueous Solution. ACS 

Sustainable Chem. Eng. 2019, 7 (23), 18863–18873. 

https://doi.org/10.1021/acssuschemeng.9b03963. 

(29) A    ’    A. V.; D  y       .  .; H    X.;   k          .  .;         k   D. G.; 

Bagryanskaya, I. Yu.; Brylev, K. A.; Fedin, V. P.; Chen, J.-S.; Cotlet, M.; Li, J. Family of 

Robust and Strongly Luminescent CuI-Based Hybrid Networks Made of Ionic and Dative 

Bonds. Chem. Mater. 2020, 32 (24), 10708–10718. 

https://doi.org/10.1021/acs.chemmater.0c03984. 

(30) Ford, P. C.; Cariati, E.; Bourassa, J. Photoluminescence Properties of Multinuclear Copper(I) 

Compounds. Chem. Rev. 1999, 99 (12), 3625–3648. https://doi.org/10.1021/cr960109i. 

(31) Kim, T. H.; Shin, Y. W.; Jung, J. H.; Kim, J. S.; Kim, J. Crystal-to-Crystal Transformation 

between Three CuI Coordination Polymers and Structural Evidence for Luminescence 

Thermochromism. Angew. Chem. Int. Ed. 2008, 47 (4), 685–688. 

https://doi.org/10.1002/anie.200704349. 

(32) Fu, Z.; Lin, J.; Wang, L.; Li, C.; Yan, W.; Wu, T. Cuprous Iodide Pseudopolymorphs Based on 

Imidazole Ligand and Their Luminescence Thermochromism. Crystal Growth & Design 2016, 

16 (4), 2322–2327. https://doi.org/10.1021/acs.cgd.6b00114. 

(33) Zhan, S.-Z.; Li, M.; Ng, S. W.; Li, D. Luminescent Metal-Organic Frameworks (MOFs) as a 

Chemopalette: Tuning the Thermochromic Behavior of Dual-Emissive Phosphorescence by 

Adjusting the Supramolecular Microenvironments. Chem. Eur. J. 2013, 19 (31), 10217–10225. 

https://doi.org/10.1002/chem.201204632. 

(34) Perruchas, S.; Tard, C.; Le Goff, X. F.; Fargues, A.; Garcia, A.; Kahlal, S.; Saillard, J.-Y.; 

Gacoin, T.; Boilot, J.-P. Thermochromic Luminescence of Copper Iodide Clusters: The Case of 

Phosphine Ligands. Inorg. Chem. 2011, 50 (21), 10682–10692. 

https://doi.org/10.1021/ic201128a. 

(35) Perruchas, S. Molecular Copper Iodide Clusters: A Distinguishing Family of Mechanochromic 

Luminescent Compounds. Dalton Transactions 2021, 50 (35), 12031–12044. 

https://doi.org/10.1039/D1DT01827B. 

(36) Kobayashi, A.; Yoshida, Y.; Yoshida, M.; Kato, M. Mechanochromic Switching between 

Delayed Fluorescence and Phosphorescence of Luminescent Coordination Polymers Composed 

of Dinuclear Copper(I) Iodide Rhombic Cores. Chem. Eur. J. 2018, 24, 14750–14759. 

(37) Wen, T.; Zhang, D.-X.; Zhang, H.-X.; Zhang, H.-B.; Zhang, J.; Li, D.-S. Redox-Active Cu(I) 

Boron Imidazolate Framework for Mechanochromic and Catalytic Applications. Chem. 

Commun. 2014, 50, 8754–8756. 

(38) Kwon, E.; Kim, J.; Lee, K. Y.; Kim, T. H. Non-Phase-Transition Luminescence 

Mechanochromism of a Copper(I) Coordination Polymer. Inorg. Chem. 2017, 56 (2), 943–949. 

https://doi.org/10.1021/acs.inorgchem.6b02571. 

(39) Lu, T.; Wang, J.-Y.; Tu, D.; Chen, Z.-N.; Chen, X.-T.; Xue, Z.-L. Luminescent 

Mechanochromic Dinuclear Cu(I) Complexes with Macrocyclic Diamine-Tetracarbene Ligands. 

Inorg. Chem. 2018, 57, 13618–13630. 

(40) Deshmukh, M. S.; Yadav, A.; Pant, R.; Boomishankar, R. Thermochromic and Mechanochromic 

L              p    g                       −O g     F    w  k  B          6 6         . 

Inorg. Chem. 2015, 54, 1337–1345. 

(41) Chen, K.; Shearer, J.; Catalano, V. J. Subtle Modulation of Cu4X4L2 Phosphine Cluster Cores 

Leads to Changes in Luminescence. Inorg. Chem. 2015, 54, 6245–6256. 

(42) Hu, L.-X.; Gao, M.; Wen, T.; Kang, Y.; Chen, S. Synthesis of Halide-Modulated Cuprous(I) 

Coordination Polymers with Mechanochromic and Photocatalytic Properties. Inorg. Chem. 2017, 

56 (11), 6507–6511. https://doi.org/10.1021/acs.inorgchem.7b00598. 

(43) Tran, D.; Bourassa, J. L.; Ford, P. C. Pressure-Induced Luminescence Rigidochromism in the 

Photophysics of the Cuprous Iodide Cluster Cu4I4py4. Inorg. Chem. 1997, 36 (3), 439–442. 

https://doi.org/10.1021/ic960959g. 



17 
 

(44) Vogler, Arnd.; Kunkely, Horst. Photoluminescence of Tetrameric Copper(I) Iodide Complexes 

Solutions. J. Am. Chem. Soc. 1986, 108 (23), 7211–7212. https://doi.org/10.1021/ja00283a012. 

(45) Roppolo, I.; Celasco, E.; Sangermano, M.; Garcia, A.; Gacoin, T.; Boilot, J.-P.; Perruchas, S. 

Luminescence Variation by Rigidity Control of Acrylic Composite Materials. J. Mater. Chem. C 

2013, 1 (36), 5725. https://doi.org/10.1039/c3tc30407h. 

(46) Zhao, C.-W.; Ma, J.-P.; Liu, Q.-K.; Wang, X.-R.; Liu, Y.; Yang, J.; Yang, J.-S.; Dong, Y.-B. An 

in Situ Self-Assembled Cu 4 I 4 –MOF-Based Mixed Matrix Membrane: A Highly Sensitive and 

Selective Naked-Eye Sensor for Gaseous HCl. Chem. Commun. 2016, 52 (30), 5238–5241. 

https://doi.org/10.1039/C6CC00189K. 

(47) Cho, S.; Jeon, Y.; Lee, S.; Kim, J.; Kim, T. H. Reversible Transformation between Cubane and 

Stairstep Cu 4 I 4 Clusters Using Heat or Solvent Vapor. Chem. Eur. J. 2015, 21 (4), 1439–1443. 

https://doi.org/10.1002/chem.201405800. 

(48) Park, H.; Kwon, E.; Chiang, H.; Im, H.; Lee, K. Y.; Kim, J.; Kim, T. H. Reversible Crystal 

Transformations and Luminescence Vapochromism by Fast Guest Exchange in Cu(I) 

Coordination Polymers. Inorg. Chem. 2017, 56 (14), 8287–8294. 

https://doi.org/10.1021/acs.inorgchem.7b00951. 

(49) Benito, Q.; Balogh, C. M.; El Moll, H.; Gacoin, T.; Cordier, M.; Rakhmatullin, A.; Latouche, C.; 

Martineau-Corcos, C.; Perruchas, S. Luminescence Vapochromism of a Dynamic Copper Iodide 

Mesocate. Chem. Eur. J. 2018, 24 (71), 18868–18872. https://doi.org/10.1002/chem.201804377. 

(50) Kondo, S.; Yoshimura, N.; Yoshida, M.; Kobayashi, A.; Kato, M. Vapochromic Luminescence 

of a Spin-Coated Copper(I) Complex Thin Film by the Direct Coordination of Vapour 

Molecules. Dalton Trans. 2020, 49 (46), 16946–16953. https://doi.org/10.1039/D0DT03167D. 

(51) Yilgör, I.; Yilgör, E.; Wilkes, G. L. Critical Parameters in Designing Segmented Polyurethanes 

and Their Effect on Morphology and Properties: A Comprehensive Review. Polymer 2015, 58, 

A1–A36. https://doi.org/10.1016/j.polymer.2014.12.014. 

(52) Gon, M.; Kato, K.; Tanaka, K.; Chujo, Y. Elastic and Mechanofluorochromic Hybrid Films with 

POSS-Capped Polyurethane and Polyfluorene. Mater. Chem. Front. 2019, 3 (6), 1174–1180. 

https://doi.org/10.1039/C9QM00100J. 

(53) Chen, X.; Zhong, Q.; Cui, C.; Ma, L.; Liu, S.; Zhang, Q.; Wu, Y.; An, L.; Cheng, Y.; Ye, S.; 

Chen, X.; Dong, Z.; Chen, Q.; Zhang, Y. Extremely Tough, Puncture-Resistant, Transparent, and 

Photoluminescent Polyurethane Elastomers for Crack Self-Diagnose and Healing Tracking. ACS 

Appl. Mater. Interfaces 2020, 12 (27), 30847–30855. https://doi.org/10.1021/acsami.0c07727. 

(54) Jiang, N.; Wang, R.; You, X.; Geng, Y.; Zhu, D.; Zhang, N.; R. Bryce, M. Supramolecular 

Oligourethane Gels as Light-Harvesting Antennae: Achieving Multicolour Luminescence and 

White-Light Emission through FRET. J. Mater. Chem. C 2021, 9 (38), 13331–13337. 

https://doi.org/10.1039/D1TC03105H. 

(55) Kan, L.; Cheng, H.; Li, B.; Zhang, X.; Wang, Q.; Wei, H.; Ma, N. Anthracene Dimer 

Crosslinked Polyurethanes as Mechanoluminescent Polymeric Materials. New J. Chem. 2019, 43 

(6), 2658–2664. https://doi.org/10.1039/C8NJ06005C. 

(56) Wang, J.; Yan, R.; Hu, Y.; Du, G.; Liao, G.; Yang, H.; Luo, Y.; Zheng, X.; Chen, Y.; Wang, S.; 

Li, X. Density-Dependent Emission Colors from a Conformation-Switching Chromophore in 

Polyurethanes. Angewandte Chemie International Edition 2022, 61 (1), e202112290. 

https://doi.org/10.1002/anie.202112290. 

(57) Seshimo, K.; Sakai, H.; Watabe, T.; Aoki, D.; Sugita, H.; Mikami, K.; Mao, Y.; Ishigami, A.; 

Nishitsuji, S.; Kurose, T.; Ito, H.; Otsuka, H. Segmented Polyurethane Elastomers with 

Mechanochromic and Self-Strengthening Functions. Angewandte Chemie International Edition 

2021, 60 (15), 8406–8409. https://doi.org/10.1002/anie.202015196. 

(58) Jiang, Z.; Xu, M.; Li, F.; Yu, Y. Red-Light-Controllable Liquid-Crystal Soft Actuators via Low-

Power Excited Upconversion Based on Triplet–Triplet Annihilation. J. Am. Chem. Soc. 2013, 

135 (44), 16446–16453. https://doi.org/10.1021/ja406020r. 

(59) Churchill, M. R.; Kalra, K. L. Molecules with an M4X4 Core. I . Crystal and Molecular 

           f T          T  p   y p   p      pp  (1)             “      -L k ”           

Including the Location and Refinement of All Hydrogen Atoms. Inorg. Chem. 1974, 13 (5), 

1065–1071. https://doi.org/10.1021/ic50135a011. 



18 
 

(60) Utrera-Melero, R.; Huitorel, B.; Cordier, M.; Mevellec, J.-Y.; Massuyeau, F.; Latouche, C.; 

Martineau-Corcos, C.; Perruchas, S. Combining Theory and Experiment to Get Insight into the 

Amorphous Phase of Luminescent Mechanochromic Copper Iodide Clusters. Inorg. Chem. 2020, 

59 (18), 13607–13620. https://doi.org/10.1021/acs.inorgchem.0c01967. 

(61) Roppolo, I.; Celasco, E.; Fargues, A.; Garcia, A.; Revaux, A.; Dantelle, G.; Maroun, F.; Gacoin, 

T.; Boilot, J.-P.; Sangermano, M.; Perruchas, S. Luminescence Thermochromism of Acrylic 

Materials Incorporating Copper Iodide Clusters. J. Mater. Chem. 2011, 21 (47), 19106. 

https://doi.org/10.1039/c1jm13600c. 

(62) Karimata, A.; Khusnutdinova, J. R. Photo- and Triboluminescent Pyridinophane Cu Complexes: 

New Organometallic Tools for Mechanoresponsive Materials. Dalton Trans. 2022, 51 (9), 3411–

3420. https://doi.org/10.1039/D1DT04305F. 

(63) Filonenko, G. A.; Khusnutdinova, J. R. Dynamic Phosphorescent Probe for Facile and 

Reversible Stress Sensing. Adv. Mater. 2017, 29 (22), 1700563. 

https://doi.org/10.1002/adma.201700563. 

(64) Utrera‐ Melero, R.; Mevellec, J.; Gautier, N.; Stephant, N.; Massuyeau, F.; Perruchas, S. 

Aggregation‐ Induced Emission Properties of Copper Iodide Clusters. Chem. Asian J. 2019, 14 

(18), 3166–3172. https://doi.org/10.1002/asia.201900807. 

(65) Lyubov, D. M.; Neto, A. N. C.; Fayoumi, A.; Lyssenko, K. A.; Korshunov, V. M.; Taydakov, I. 

V.; Salles, F.; Guari, Y.; Larionova, J.; Carlos, L. D.; Long, J.; Trifonov, A. A. Employing 

Three-Blade Propeller Lanthanide Complexes as Molecular Luminescent Thermometers: Study 

of Temperature Sensing through a Concerted Experimental/Theory Approach. J. Mater. Chem. C 

2022, 10 (18), 7176–7188. https://doi.org/10.1039/D2TC01289H. 

(66) Jiang, N.; Ruan, S.-H.; Liu, X.-M.; Zhu, D.; Li, B.; Bryce, M. R. Supramolecular Oligourethane 

Gel with Multicolor Luminescence Controlled by Mechanically Sensitive Hydrogen-Bonding. 

Chem. Mater. 2020, 32 (13), 5776–5784. https://doi.org/10.1021/acs.chemmater.0c01620. 

(67) Berends, A. C.; van de Haar, M. A.; Krames, M. R. YAG:Ce3+ Phosphor: From Micron-Sized 

Workhorse for General Lighting to a Bright Future on the Nanoscale. Chem. Rev. 2020, 120 

(24), 13461–13479. https://doi.org/10.1021/acs.chemrev.0c00618. 

(68) Fang, M.-H.; Bao, Z.; Huang, W.-T.; Liu, R.-S. Evolutionary Generation of Phosphor Materials 

and Their Progress in Future Applications for Light-Emitting Diodes. Chem. Rev. 2022, 122 

(13), 11474–11513. https://doi.org/10.1021/acs.chemrev.1c00952. 

(69) Du, M.; Feng, Y.; Zhu, D.; Peng, T.; Liu, Y.; Wang, Y.; Bryce, M. R. Novel Emitting System 

Based on a Multifunctional Bipolar Phosphor: An Effective Approach for Highly Efficient 

Warm-White Light-Emitting Devices with High Color-Rendering Index at High Luminance. 

Advanced Materials 2016, 28 (28), 5963–5968. https://doi.org/10.1002/adma.201600451. 

(70) Cui, L.-S.; Liu, Y.; Liu, X.-Y.; Jiang, Z.-Q.; Liao, L.-S. Design and Synthesis of Pyrimidine-

Based Iridium(III) Complexes with Horizontal Orientation for Orange and White 

Phosphorescent OLEDs. ACS Appl. Mater. Interfaces 2015, 7 (20), 11007–11014. 

https://doi.org/10.1021/acsami.5b02541. 
  



19 
 

Table of Contents 

Sandro Stal, Brendan Huitorel, Thomas Coustham, Nicolas Stephant, Florian Massuyeau, Thierry Gacoin, Laurent 

Bouteiller and Sandrine Perruchas 

 

Photoactive CuI-crosslinked Polyurethane Materials  
 

 

 

Polyurethane-based materials incorporating multinuclear copper iodide complexes as light-emitting crosslinkers 

exhibit luminescence thermochromic and solvatochromic properties and can be used as phosphors in lighting 

applications.  

 


