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Lanthanides post-functionalized nanocrystalline 

metal-organic frameworks for tunable white-

light emission and orthogonal multi-Readout 

thermometry 

You Zhou, Bing Yan* 

We demonstrate tunable white-light emission and multi-readout thermometry in two 

respective nanocrystalline luminescent metal-organic frameworks (MOFs), which are 

prepared via postsynthetic functionalization with lanthanide cations of a robust UiO 

type MOF bearing the 2,2’-bipyridyl moiety (UiO-67-bpydc, 1).The white-light emitting 

framework Eu
3+
@1 can be conveniently applied as a thin film onto a commercial UV-

LED chip for practical white lighting applications. The multi-readout orthogonal 

thermometry is illustrated in connection to emission intensity ratio as well as decay 

time and luminescence color of Eu
3+
/Tb

3+
@1 nanocrystals. This work highlights the 

opportunity in designing white-light emitters and nanothermometers based on 

lanthanides functionalized MOFs. 

 

 

Introduction 

Luminescent metal-organic frameworks (MOFs) featuring 

permanent porosity and intense emission have emerged as 

very attractive functional hybrid materials in the past 

decade.
1-4

  Compared with the traditional inorganic and 

organic luminescent materials, the fluorescence of MOFs is 

more diverse because of that both the metal centers and 

organic moieties within porous MOFs can provide the 

platforms to generate luminescence. In addition, ligand-

metal charge transfer and some guest species within MOFs 

offer additional luminescence. Such fascinating 

characteristics enable us to fabricate luminescent MOF 

materials with systematically varied emissions. Of them, 

white-light emitting MOFs are of particular interest owing 

to their potential applications in displays and solid-state 

lighting.
5-14

 The white-light emission in MOFs is commonly 

generated from two pathways, including i) monochromatic 

luminescence center that emit broad-band white-light 

emission,
7,9,10

and ii) dichromatic luminescence centers that 

offer a synergetic contribution to come up with white-light 

emission.
5,13-16

 The dual emission pathway generally gives 

rise to finer color-rendering properties and higher 

luminescent quantum yields, thus gaining more 

popularity. To date, a very small number of white-light 

emitting MOFs resulting from a dual emission approach 

have been achieved through lanthanides doping,
13, 15-17

 and 

iridium-complex
6
 or dye

18
 encapsulation. Furthermore, the 

practical application in white-light-emitting-diode of these 

white-light emitting MOFs has rarely been demonstrated. 

In addition to the promising applications in displays and 

light-emitting devices, luminescent MOFs are well suited 

for developing fluorescent probes owing to their tunable 

intriguing structures and permanent porosity. Sensing for 

metal cations,
19-21

 anions,
22,23

 small molecules,
24-26

 and 

vapors
27,28

 has been well demonstrated in luminescent 

MOFs. Recently, there has been an escalating interest in 

developing temperature sensors based on luminescent 

MOFs. Since Cui et al. pioneered a mixed lanthanides MOF 

approach to fabricate ratiometric luminescent 

thermometers,
29

 a variety of MOF thermometers has been 

achieved.
30-35 

Compared with the thermal probes relied on 

the conventional methods, such luminescence-based  

thermometers gain more popularity due to their 

noninvasive, accuracy and their ability to work even in 

strong electromagnetic fields and fast-moving objects. 

Nevertheless, all these MOF thermometers are simply 

relied on a single readout system (emission intensity ratio). 

To maximize the available information and enhance the 
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power of temperature detection, luminescence 

thermometers with orthogonal multi-readout are desired. 

Moreover, the existing MOF thermometers are bulk 

crystals
29-31,33,34

 or highly aggregated nanoparticles,
32,35

 

which severely hinder their applications in 

nanotechnology and biomedicine.  

In this contribution we report two luminescent 

nanocrystalline MOFs for tunable white-light emitter and 

orthogonal multi-readout nanothermometer, respectively. 

These two luminescent nanocrystalline MOFs are prepared 

via postsynthetic functionalization with lanthanide cations 

of a robust UiO type MOF bearing the 2,2’-bipyridyl 

moiety (UiO-67-bpydc, 1).The white-light emitter Eu
3+

@1 

can be conveniently applied as a thin film onto a 

commercial UV-LED chip for practical white lighting 

applications. The orthogonal multi-readout thermometry 

is demonstrated in connection to emission intensity ratio 

as well as decay time and luminescence color of 

Eu
3+

/Tb
3+

@1 nanocrystals. 

Experimental Section 

Synthesis of UiO-67-bpydc (1). MOF 1 was prepared from 

the modified procedure from the literature.
36 

Ligand 2,2’- 

bipyridine-5,5’-dicarboxylate acid (H2bpydc, 0.248 g, 1 

mmol), ZrCl4 (0.233 g, 1 mmol), glacial acetic acid (2.0 g, 

33.33 mmol) were mixed in 60 ml DMF. Glacial acetic acid 

was added to provide better crystallinity of the product. 

After 30 minutes of stirring at ambient conditions, the 

mixture was transferred into a 100 ml Teflon-lined stainless 

steel container and then heated at 393 K for 24 h. The 

resulting white powder was separated from the mixed 

dispersion by centrifugation and washed with DMF and 

methanol. To remove the organic species encapsulated 

within the pores of the open framework, the product was 

washed with methanol via Soxhlet extraction for 24 h, 

followed by drying at 80 °C under vacuum.  

Synthesis of Eu
3+

@1. Compound 1 (50 mg, 0.134 mmol), 

EuCl3·6H2O (49 mg, 0.134 mmol), and methanol (10 ml) 

were added to a 20 ml Pyrex tube and heated at 333 K for 

24 h. The solid was then filtered off and soaked in 15 ml 

methanol. After 24 h, the supernatant was decanted and 

replaced by fresh methanol. This procedure was repeated 

two times to guarantee that all excess EuCl3 salt is removed. 

Finally, the product was collected by filtration and dried at 

353 K under vacuum. 

Synthesis of Tb
3+

@1. Compound 1 (50 mg, 0.134 mmol), 

TbCl3·6H2O ( 50 mg, 0.134 mmol), and methanol (10 ml) 

were added to a 20 ml Pyrex tube and heated at 333 K for 

24 h. The solid was then filtered off and soaked in 15 ml 

methanol. After 24 h, the supernatant was decanted and 

replaced by fresh methanol. This procedure was repeated 

two times to guarantee that all excess TbCl3 salt is removed. 

Finally, the product was collected by filtration and dried at 

353 K under vacuum. 

Synthesis of Eu
3+

/Tb
3+

@1. Compound 1 (50 mg, o.134 

mmol), EuCl3·6H2O (0.245 mg, 6.7 · 10
-4

mmol), TbCl3·6H2O 

(49.62 mg, 0.133 mmol), and methanol (10 ml) were added 

to a 20 ml Pyrex tube and heated at 333 K for 24 h. The 

solid was then filtered off and soaked in 15 ml methanol. 

After 24 h, the supernatant was decanted and replaced by 

fresh methanol. This procedure was repeated two times to 

guarantee that all excess TbCl3 salt is removed. Finally, the 

product was collected by filtration and dried at 353 K 

under vacuum. 

White LED fabrication and performance 

measurement. The white LED was achieved by coating a 

thin film of Eu
3+

@1 onto a commercially available 375 nm 

UV-LED chip through a simple and efficient dip coating 

procedure (similar to that reported by He and co-

workers).
37 

Specifically, nanocrystals of Eu
3+

@1 (about 10 

mg) were dispersed in 1.0 mL methanol, followed by 

ultrasonic treatment until a significant portion of the 

methanol was evaporated and a homogeneous suspension 

was achieved. The final volume of the suspension is about 

0.1 mL.A commercial 375 nm UV-LED chip was then 

dipped into the suspension and held therein for several 

seconds. Afterwards, UV-LED chip was taken out for the 

coating to dry in air. This dip coating process was repeated 

two times to further ensure that the coating on the LED 

chip is even and continuous. 

The photoelectric properties of the fabricated devices 

were determined by an integrating sphere 

spectroradiometer system (LHS-1000, Everfine). The 

spectral power distributions of the LEDs were measured by 

a corrected spectrometer to calculate their values of CCT 

and CRI (ref. 
38)

. The luminous efficacy was measured as 

the ratio of luminous flux (lm) output to the input 

electrical power (W) of the LEDs.  

Characterization. Powder X-ray diffraction patterns 

(PXRD) were recorded with a Bruker D8 diffractometer 

using CuKα radiation with 40 mA and 40 kV. Inductively 

coupled plasma-mass spectrometry (ICP-MS) data were 

obtained on an X-7 series inductively coupled plasma-mass 

spectrometer (Thermo Elemental, Cheshire, UK), ICP 

samples were prepared by digesting the dry samples of 

Ln
3+

@1 into concentrated HNO3, followed by the dilution 

to 0.5% HNO3 solution. Transmission electron microscopy 

(TEM) was carried out on a JEOL JEM-2100F electron 

microscope and operated at 200 kV. Thermogravimetric 

analysis (TGA) was measured using a Netzsch STA 449C 

system at a heating rate of 5 K min
-1
 under the nitrogen 

protection.  

The photoluminescence spectra and luminescent decay 

times were examined by an Edinburgh FLS920 

phosphorimeter. The absolute external luminescent 

quantum efficiency was determined employing an 

integrating sphere (150 mm diameter, BaSO4 coating) from 

an Edinburgh FLS920 phosphorimeter. The spectra were 

corrected for variations in the output of the excitation 
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source and for variations in the detector response. The 

quantum yield can be defined as the integrated intensity of 

the luminescence signal divided by the integrated intensity 

of the absorption signal. The absorption intensity was 

calculated by subtracting the integrated intensity of the 

light source with the sample in the integrating sphere from 

the integrated intensity of the light source with a blank 

sample in the integrating sphere. The excitation 

wavelength of the measurements of the emission quantum 

yields was listed in Table 1. The estimated errors for 

quantum yields and luminescent lifetime are within 5%. 

Table 1.Luminescent Lifetime (τ) and Absolute Quantum Yields (φ) 
of Ln

3+
@1 (Ln

3+
 = Eu

3+
, Tb

3+
, Eu

3+
/Tb

3+
). 

Ln3+ τ (ms) Φ (%) λex (nm) 

Eu3+  0.261 a 14.34 344 

Tb3+  0.107 b 3.18 338 

Eu3+/Tb3+  0.413 a/0.063 b 10.48 337 

a For the 5D0→
7F2 transition of Eu3+, λem = 613 nm. b The transition 

5D4→
7F5 of Tb3+, λem = 545 nm.  

Results and Discussion 

 

Figure 1.  a) Schematic illustration of synthesis and postsynthetic Ln
3+

 

functionalization of MOF 1. b) X-ray crystal structure of 1. The figure 

was drawn using structural data taken from ref. 39. c) PXRD patterns 

of that simulated from the CIF file
 39

 (black), pristine 1 (blue), and 

Ln
3+

@1 samples (red, green and orange for Eu
3+

@1, Tb
3+

@1, and 

Eu
3+

/Tb
3+

@1 respectively). d) Typical TEM image of nanocrystals of 1. 

The scale bar is 200 nm. e) Excitation and emission spectra of Eu
3+

@1 

(i), Tb
3+

@1 (ii), and Eu
3+

/ Tb
3+

@1 (iii).  

MOFUiO-67-bpydc (1) was synthesized by a 

solvothermal reaction of ZrCl4 and 2,2’-bipyridine-5,5’-

dicarboxylic acid (H2bpydc) in the presence of DMF and 

glacial acetic acid (Figure 1a). The resulting white solid 

showed an identical powder X-ray diffraction pattern 

(PXRD) to that simulated from the single crystal structure 

(Figure 1b, 1c).
39 

The three dimension framework with fcu 

topology of 1 is constructed by bridging the 2,2’- 

bipyridine-5,5’-dicarboxylate acid (bpydc) linkers with the 

12-connected second building units (SBUs), which is 

formed by the assembly of six zirconium atoms with eight 

μ
3
-O or μ

3
-OH linked oxygen atoms and twelve carboxylate 

groups (Figure 1b).TEM study indicated that the product 

consists of monodisperse nanocrystals with a uniform size 

of ~100 nm (Figure 1d). It is noteworthy that the bipyridyl 

moieties were incorporated as free Lewis basic sites, thus 

allowing the encapsulation of lanthanide cations (Ln
3+

) 

within MOF 1. 

The post-functionalization of 1 was performed by 

immersing the nanocrystals of 1 in methanol solution of 

chlorine salts of Eu
3+

, Tb
3+

, and Eu
3+

/Tb
3+

 (0.995/0.005), 

which afford Eu
3+

@1, Tb
3+

@1 , and Eu
3+

/Tb
3+

@1. The Ln
3+

 

loading levels of the Ln
3+

@1 samples were quantified by 

inductively coupled plasma-mass spectrometry (ICP-MS) 

analyses, as demonstrated in Table S1.Ln
3+

@1 products 

exhibit broadening diffraction peaks in comparison with 

that of the parented framework 1 (Figure 1c). However, the 

PXRD patterns of the isolated 1 and Ln
3+

@1 products are 

considerably identical, in both the position and in relative 

intensity of the main diffraction peaks, indicating that the 

crystal structure of framework 1 is remained in Ln
3+

@1 

samples. The morphology and size of the nanocrystals of 1 

were also unchanged upon metalation with Ln
3+

 (Figure S1-

S3). Thermogravimetric analysis shows that these Ln
3+

@1 

products were thermally stable to 723 K (Figure S4), which 

is in reasonable agreement with that of the parented 

isolated framework 1. It further confirmed the integrity of 

framework 1 is maintained afterLn
3+

 incorporation. 

Under UV irradiation at room temperature, compound 1 

exhibited a broad emission band ranging from 400 to 650 

nm (Figure S5), which is resulted from the bpydc linkers. 

To verify this, we present solid-state excitation and 

emission spectra of the corresponding free ligand of 

H2bpydc. As shown in Figure S6, the emission spectrum of 

H2bpydc rather resembles that of1 except a slight blue 

shifting of the wavelength, suggesting the luminescence of 

1 could be regarded as metal-perturbed linker-centered 

emission. Figure 1e presents the photoluminescence 

studies of Eu
3+

@1, Tb
3+

@1,and Eu
3+

/Tb
3+

@1. The excitation 

spectra of the Ln
3+

@1 samples all display an intense and 

broad band with a maximum at around 340 nm due to the 

π−π* electron transition of bpydc linkers. Upon excitation 

at 340 nm, Eu
3+

@1 shows characteristic sharp emissions of 

Eu
3+

 centered at 579, 590, 616, 653, 701 nm which are 

originated from the 
5
D0→

7
FJ (J = 0–4) transitions of Eu

3+
, 

while Tb
3+

@1 exhibits emissions at 489, 544, 587, and 622 

nm which are from the
 5

D4→
7
FJ (J = 6, 5, 4, and 3) 

transitions of Tb
3+

. These reveal that the Ln
3+

 emission can 

be sensitized by the bpydc linkers embedded in framework 

1. The energy transfer from bpydc ligands to Ln
3+

cations is 

efficient, as confirmed by the diminished ligand emission 

in Ln
3+

@1. As for Eu
3+

/Tb
3+

@1, the emission spectrum 

displays dual emissions of Eu
3+

 and Tb
3+

. In addition, the 
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luminescence of Eu
3+

/Tb
3+

@1 can be tuned by modifying 

the ratio of the incorporatedEu
3+

 and Tb
3+ 

(Figure S7).The 

luminescence lifetime and quantum yields of the Ln
3+

@1 

products were also determined (Table 1). These samples 

exhibit reasonable long luminescence lifetime and high 

quantum yields, implying that they can be utilized as 

excellent candidates for light-emitting devices and 

luminescent sensors. 

 

Figure 2. a) Emission spectra of Eu
3+

@1 when excited by the 

wavelength at 340-400 nm. Spectra were normalized to the 
5
D0→

7
F2 

transition of Eu
3+

. b) CIE chromaticity diagram showing the 

luminescent color of Eu
3+

@1 under various excitation wavelengths.  c) 

Photographs of a UV (375 nm) InGaAsN LED chip (i), the same LED 

coated with a thin layer of nanocrystals of Eu
3+

@1 (ii), and the coated 

LED turned on and illuminating bright white light (iii). 

As both framework 1 and the incorporated Ln
3+

 cations 

contribute to the compound’s luminescence, we reasoned 

that a fine tuning of emission color can be achieved by 

modulating the excitation wavelength. Figure 2a depicts 

the emission spectra of Eu
3+

@1with excitation wavelength 

from 340 to 400 nm. The excitations at different 

wavelengths give rise to different emission intensity 

relativity of these two kinds of luminescence (Eu
3+

 

emission and the ligand-centered emission), thus leading 

to a shift of the chromaticity coordinate in the 

chromaticity diagram. As shown in Figure 2b, the 

calculated chromaticity from the emission spectra of 

Eu
3+

@1 moves from the red region to the white region as 

the excitation wavelength varying from 340 to 400 nm. 

Notably, the coordinates are (0.4267, 0.3557), (0.3372, 

0.3419), and (0.3102, 0.3265) when the Eu
3+

@1sample is 

excited at respective 370, 380, and 390 nm, which closely 

approach the optimum white-light chromaticity 

coordinates (0.33, 0.33) established by the Commission 

Internationalede l’Eclairage (CIE). It highlights the 

opportunity of Eu
3+

@1 to develop as white-light emitting 

devices. 

Figure 2c demonstrates the white LED fabricated by 

combining Eu
3+

@1nanophosphors with a UV LED chip.  A 

thin layer of Eu
3+

@1 prepared from a methanol solution 

was coated onto a commercially available UV-LED chip 

through a simple and efficient dip coating procedure. The 

performance of the white LED thus prepared is stable for 

months in air. Upon illumination, it generated bright 

white light. The electroluminescence spectrum of the 

white LED under a drive current of 150 mA presents a 

broad emission band in range of 400-550 nm band and 

several sharp lines ranging from 570 to 710 nm, which 

corresponds to the ligand-centered emission and Eu
3+

 

emission, respectively (Figure S8). The CIE and CCT values 

are respective (0.3481, 0.3292) and 4914 K, as shown in 

Figure S9.  The CRI is determined as 75, which is smaller 

than the counterpart using a MOF phosphor
6
 but still 

exceeds the value of commercial white LED using a single 

YAG:Ce
3+

 phosphor (Ra< 70).
40

 The luminous efficiency of 

the fabricated LED is 32 lm W
-1
. This value is much higher 

that of the common incandescent lamps (< 18 lm W
-1
), 

though it is smaller than the LEDs prepared by combining 

blue chips and multicomponent inorganic phosphors.
41,42 

 

Figure 3.a) Temperature-dependent emission spectra (λex = 340 nm) of 

Eu
3+

/Tb
3+

@1 nanocrystals. Spectra were normalized to the total 

integrated intensity. b) The 
5
D4 and 

5
D0 lifetime of Eu

3+
/Tb

3+
@1 as a 

function of temperature. (c) Temperature dependence of Tb
3+

 to Eu
3+

 

energy transfer efficiency (ηET) in Eu
3+

/Tb
3+

@1. 

Toexamine the feasibility of theEu
3+

/Tb
3+

@1nanocrystals 

for ratiometric thermometry, we determined the 

thermometric response of Eu
3+

/Tb
3+

@1 from T = 100-300 K.  

As shown in Figure 3a, Eu
3+

/Tb
3+

@1displays an exactly 

contrary thermal dependence with respect to the 

emissions of Tb
3+

 and Eu
3+

. As the temperature rises, the 

Tb
3+

 emission intensity decreases sharply, while the Eu
3+

 

emission significantly enhances. The similar unique 

luminescent behavior has been observed in the recently 

reported luminescent thermometers based on Eu/Tb 

mixed MOFs, and of which the different thermal 

dependences of Eu
3+

 and Tb
3+

 emissions were attributed to 

the Tb
3+

 to Eu
3+

 energy transfer mechanism.
29-32,35

 To verify 
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the applicability of this mechanism to Eu
3+

/Tb
3+

@1, the 

temperature-dependent decay times of Eu
3+

/Tb
3+

@1 

(
5
D0→

7
F2 and 

5
D4→

7
F5) were performed. The decay time of 

5
D4 declines dramatically with temperature rising from 

100to 300K, while the lifetime of 
5
D0 increases from 0.666 

ms at 100 K to 0.701 ms at 200 K (Figure 3b). In addition, 

the 
5
D0 decay curves under excitation via the excited-

ligand levels exhibit a rising part in the range of 0.1 to 0.3 

ms (Figures S10). These phenomena indicate the 

occurrence of Tb
3+

 to Eu
3+ 

energy transfer in Eu
3+

/Tb
3+

@1. 

Further evidence for the Tb
3+

 to Eu
3+ 

energy transfer 

process is forthcoming from that Eu
3+

/Tb
3+

@1nanoparticles 

always exhibit shorter 
5
D4 lifetime than Tb

3+
@1 but longer 

5
D0 lifetime than Eu

3+
@1 at the same temperature (Table 

S2). The Tb
3+

 to Eu
3+

 energy transfer efficiency (ηET) can be 

determined by equation (1)
43,44

 

(ηET) = 1 -τ/τ0           (1) 

Here, τ and τ0 are 
5
D4 donor lifetime in the presence and 

absence of the Eu
3+

 acceptors, respectively. As shown in 

Figure 3c, the values of ηET are essentially unchanged at the 

low temperature range of 100-175 K, above which a rapid 

increase of ηET is observed. It suggests that Tb
3+

 to Eu
3+

 

energy transfer process can be rationalized by thermally 

driven phonon-assisted Förster transfer mechanism. 

 

Figure 4. Eu
3+

/Tb
3+

@1 nanocrystals show multi-readout orthogonal 

detection of temperature. a) Thermometric response curve plotting 

ITb(
5

D4→
7

F5)/IEu (
5

D0→
7

F2) vs temperature. b) The relative thermometric 

sensitivity determined from a. c) τTb (
5

D4→
7

F5)/τEu (
5

D0→
7

F2) as a function of 

temperature. d) Thermal dependence of the luminescence color. 

The thermal sensitive luminescence properties enable 

Eu
3+

/Tb
3+

@1 to serve as a nanoplatform for temperature 

sensing. Luminescent thermometers commonly rely on a 

single readout system, such as emission intensity,
45,46

 

luminescence decay time,
47,48

 and emission intensity 

ratio.
49-55

 Here we present a multi-readout orthogonal 

detection scheme based on Eu
3+

/Tb
3+

@1 nanocrystals, 

which is demonstrated in connection to emission intensity 

ratio as well as decay time and luminescence color of 

Eu
3+

/Tb
3+

@1 nanocrystals (Figure 4). For intensity ratio-

based temperature readout, the ratiometric parameter is 

defined as the ratio of the intensity of 
5
D4→

7
F5 of Tb

3+
 (544 

nm) and 
5
D0→

7
F2 of Eu

3+
 (616 nm). Figure 4a illustrates the 

thermometric response curve measured for 

Eu
3+

/Tb
3+

@1nanocrystals, plotting the emission intensity 

ratio as a function of temperature. These data show a best 

thermometric sensitivity of 47.98% K
-1
at 140 K (Figure 4b), 

which is the largest one measured so far for the 

thermometers using the same intensity ratio technique. 

When setting a minimum sensitivity value of 2.5 % K
-1
 as 

quality limit, an optimal operation range of 100-260 K can 

be achieved. Although this intensity ratio-based method is 

not very reliable for temperature report in the range of 100-

140 K because of the significantly weak emission of Eu
3+

, it 

offers ultrahigh sensitive thermal detection at elevated 

temperature.  

For the readout relied on decay times, similarly, the 

normalized luminescence lifetime ratio of 
5
D4 and 

5
D0 

(τTb/τEu) of Eu
3+

/Tb
3+

@1 is defined as thermometric 

parameter. Figure 4c plots the dependence of ITb/IEu on 

temperature, which reveals a good linear relationship 

between normalized τTb/τEu and temperature within the 

range of 150 to 300 K with a slope of 0.57% K
-1
. Compared 

to the luminescence–intensity plot, the decay-time plot 

presents a smaller sensitivity towards temperature. Besides, 

Eu
3+

/Tb
3+

@1 nanocrystals can also be developed as a 

colorimetric thermometer. As depicted in Figure 4d, the 

chromaticity diagram coordinates transformed from the 

temperature-dependent emission spectra (Figure 3a) shift 

from green to orange. It indicates the variation of ambient 

temperature can be estimated by observing the 

luminescent color of Eu
3+

/Tb
3+

@1 using naked eyes or a 

CCD camera. The ability of in situ visualizing the 

temperature change instantly and straightforwardly makes 

this colorimetric method a useful avenue for thermometry, 

though the sensitivity and reliability of the colorimetric 

method can’t be comparable with that of the method 

based on intensity ratio. 

The multi-readout orthogonal thermometry based on 

three different photoluminescence characteristics 

(intensity ratio, decay time, and emission color) is capable 

of maximizing the available information and enhancing 

the power of temperature detection. Therefore, it is 

reasonable to expect that this multi-readout orthogonal 

detection scheme will be more reliable and powerful in 

temperature sensing. 

Conclusions 

In summary, we have developed two nanocrystalline 
lanthanides functionalized MOFs, Eu

3+
@1 and 

Eu
3+

/Tb
3+

@1, as tunable white-light emitter and multi-
readout nanothermomter, respectively. By coating a thin 
layer of Eu

3+
@1 nanocrystals onto a commercial 375 nm UV 

Page 5 of 7 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

chip, we have achieved a high-performance white LED 
with a CIE, CRI, CCT values of (0.3481, 0.3292), 75, and 
4914 K. The multi-readout orthogonal detection scheme is 
demonstrated in connection to emission intensity ratio as 
well as decay time and luminescence color of Eu

3+
/Tb

3+
@1. 

In particular, the ratiometric thermometry based on 
intensity ratio of Tb

3+
 (

5
D4→

7
F5) and Eu

3+
 (

5
D0→

7
F2) shows 

a best thermometric sensitivity of 47.98% K
-1
 (Figure 4b), 

which is the largest one measured so far for the 
thermometers using the same intensity ratio technique. 
This work highlights the opportunity in designing 
excellent white-light emitters and highly sensitive 
nanothermometers based on lanthanides functionalized 
MOFs. 
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