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Table S1. Details of the produced samples based on d-U(600) organic-inorganic hybrid doped with CDs and 
photoluminescence quantum yield (Φ) values measured under 510 nm excitation.

Sample Amount of NaOH CDs
solution (μL) Φ

dU6/CDs-1 25 0.780.08

dU6/CDs-2 50 0.770.08

dU6/CDs-3 100 0.740.07

dU6/CDs-4 200 0.670.07

Table S2. Absolute photoluminescence quantum yield values (Φ) of RhB and CDs aqueous solution at distinct 
excitation wavelengths (exc).

RhB concentration
mg/L

exc

nm
Φ CDs concentration

mg/L
exc

nm
Φ (%)

0.48 553 303 0.43 488 828
4.79 534 232 4.25 496 818
47.9 400 121 42.5 446 576
479 445 21 425 524 273

Table S3. Temperature-dependent output short-circuits current (Isc), open-circuit voltage (Voc) and power (Pout) of 
the PV cell coupled to the CDs aqueous solution LSC.

T ( °C) I (×10−3 A) V (V) Pout (×10−4 W)

14.9 0.320 3.205 7.69

19.7 0.316 3.106 7.36

25.4 0.310 3.023 7.03

29.7 0.307 2.954 6.80

35.0 0.303 2.878 6.54

40.1 0.295 2.788 6.17

45.0 0.287 2.701 5.81



3

Fig. S1. (a) XRD patterns of NaCl, CDs and dU6/CDs-x, x=1, 2, 3, 4) and (b) FT-IR spectra of RhB, CDs and dU6/CDs-x 
(x = 1, 2, 3, 4).

For the XRD patterns of CDs (Fig. S1a), the broad peak centered at 21.6 (d = 0.44 nm), which is different from the 

crystalline structure of the pure RhB, is attributed to the (002) lattice spacing of graphite-like carbon-based 

materials.1 The similar result to that of the literature indicates that the graphite-based carbon cores were formed. 

The sharp peaks located at 27.3, 31.7, 45.4, 53.9 and 56.5 are associated with NaCl, matching well with its PDF file 

(No. 05-0628), suggesting that some NaCl was encapsulated in the CDs solid when the basic CDs aqueous solution 

containing NaOH was neutralized by HCl. All the XRD patterns of dU6/CDs-x (x = 1, 2, 3 and 4) mainly show the 

bands related to the matrix d-U(600).

The FT-IR spectra of RhB, CDs, dU6/CDs-x (x = 1, 2, 3 and 4) are shown in Fig. S1b. The strong vibration bands at 

1343 and 1467 cm−1 are characteristic of the stretching modes of the C–N– and –CH2– species of the RhB molecules, 

respectively.2 The absorption bands that appeared at 1590 and 1467 cm−1 are assigned to the asymmetric and 

symmetric stretching vibrations of the COO− group.3 The bands at 1343 and 1250 cm−1 are attributed to the 

vibrations from the aromatic skeletal C–C and C–O stretching. In addition, the band at 1710 cm–1 is assigned to 

C = N stretching vibration, while the shoulder at 1695 cm−1 is from the carbonyl group of RhB.4 After the reaction, 

the intensities of these two bands decrease and a new band at 1730 cm−1 and a shoulder at 1763 cm−1 appear, 

indicating that carbonyl groups have changed during the thermal pyrolysis of RhB in NaOH aqueous solution. The 

vibration bands from CDs are not observed in the FT-IR spectra of dU6/CDs-x (x = 1, 2, 3 and 4) maybe due to the 

lower doping contents, for instance, around 0.1 wt% for dU6/CDs-4. To compare the photoluminescence properties 

between RhB and CDs aqueous solutions, the emission spectra of RhB and CDs with different concentrations are 

measured at room temperature, as shown in Fig. S2 and S3, respectively.
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Fig. S2. (a) Emission spectra of RhB aqueous solution with different concentrations, (b) the normalized emission 
spectra and (c) CIE 1931 chromaticity diagram.

Fig. S3. (a) Emission spectra of CDs aqueous solution with different concentrations, (b) the normalized emission 
spectra and (c) CIE 1931 chromaticity diagram.

For RhB aqueous solution, the emission wavelength increases from around 580 to 630 nm with increasing of the 

concentration. The emission colors are mainly in the red region (Fig. S2c). The maximum Φ values under this study 

is 0.300.03 for 110‒6 M RhB solution (Table S1). On the other hand, for CDs aqueous solution, the emission 

wavelength also increases with the increasing of the concentration, changing from around 515 to 535 nm, and the 

main emission color is in the green region (Fig. S3c). The Φ values can reach 0.820.08  for 0.43 mg/L CDs solution 

(Table S1). 
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Fig. S4. Room-temperature (a) excitation and (b) emission spectra of CDs aqueous solution.

Fig. S5. Room-temperature (a) excitation and (b) emission spectra of dU6/CDs-1.

Fig. S6. Room-temperature (a) excitation and (b) emission spectra of dU6/CDs-2.
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Fig. S7. Room-temperature (a) excitation and (b) emission spectra of dU6/CDs-3.

Fig. S8. Room-temperature (a) excitation and (b) emission spectra of dU6/CDs-4.
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S1. LSCs performance evaluation parameters

The optical conversion efficiency (ηopt) was estimated by equation (S1):5

𝜂𝑜𝑝𝑡 =
Pout
Pin

=
I LSCV

L
oc

ISCVoc

Ae
As

ηsolar
ηPV

(S1)

where  and  represent the short-circuit current and the open-circuit voltage when the PV device is coupled to 𝐼 𝐿
𝑆𝐶 𝑉 𝐿

𝑜𝑐

the LSC,  and  are the corresponding values of the PV device exposed directly to solar radiation,  and  are 𝐼𝑠𝑐 𝑉𝑜𝑐 𝐴𝑠 𝐴𝑒

the exposed and total edge areas respectively,  is the efficiency of the PV device relative to the total solar 𝜂𝑠𝑜𝑙𝑎𝑟

spectrum and  is the efficiency of the PV device at the LSC emission wavelengths. Three measurements were 𝜂𝑃𝑉

performed for each case, with a found relative error ( ) below 10 %. 
𝜂𝑜𝑝𝑡 Δ𝜂𝑜𝑝𝑡

The experimental ηopt values were determined by illuminating the top surface of the LSCs (2.0×2.0 cm2) with AM1.5G 

illumination from a solar simulator. The optical power at the LSC output was estimated using a commercial c-Si PV 

panel (KXOB22-01X8F, IXYS, composed of 8 cells) coupled to one edge of the LSC while the remaining edges were 

covered with reflective tape (Fig. S9). The PV cells have a total active area of 2.2x0.7 cm2 closely matching that of 

the LSC edge (2.0×1.0 cm2) to maximise light coupling. The  and  values were measured using a current source 𝐼𝑠𝑐 𝑉𝑜𝑐

meter device (2400 SourceMeter SMU Instruments, Keithley). All measurements were performed under AM1.5G 

illumination (1000 W·m−2) using a 150 W xenon arc lamp, class A, solar simulator (Model 10500, Abet Technologies). 

The mismatch in the UV spectral region between the AM1.5G solar irradiance and that of the Xe lamp in the solar 

simulator was taken into consideration following a methodology reported in detail elsewhere.6 Since the incident 

radiation from the solar simulator induces some heating of the LSCs, the external quantum efficiency (EQE) 

measurements were performed on the PV cell coupled to the LSCs with controlled temperature conditions and were 

calculated following equation (S2):

EQE(λ) =
ISC ∙ h ∙ c

𝑃𝑖𝑛 ∙ e ∙ λ
(S2)

where e is the charge of the electron,  is Planck's constant,  is the speed of light and  is the wavelength. The solar ℎ 𝑐 𝜆

simulator was coupled to a monochromator (Triax 180, Horiba Scientific). The  and Pin values were measured using 𝐼𝑠𝑐

the above-mentioned current source meter and a c-Si calibrated photodiode (FDS1010, Thorlabs), respectively. Fig. 

3b shows a correlation of the EQE curve of the PV cell coupled to the edge of the LSC based on RhB-CDs aqueous 

solution and its excitation spectrum, showing that both curves are correlated. This means that the photons arriving 

at the cell are generated by excitation and emission of the RhB-CDs optically active centers. The mesg surface plot 

resultsfrom the multiplication of both curves.

The power conversion efficiency (PCE) was calculated following equation (S3):
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𝑃𝐶𝐸 =
𝑃 𝑒𝑙

𝑜𝑢𝑡

𝑃𝑖𝑛
=
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oc𝐹𝐹
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𝜆2

∫
𝜆1

𝐼𝐴𝑀1.5𝐺(𝜆)𝑑𝜆
(S3)

where  and FF=0.75 are the PV device output electrical power and fill factor of the PV cell, respectively. The FF 𝑃 𝑒𝑙
𝑜𝑢𝑡

value was selected considering the available information by the manufacturer7 and the same conservative value of 

FF was considered for all the calculated power values, even though it is reported that the fill factor increases slightly 

for low intensities.8

Fig. S9. Reflectance curve of the reflective tape used on the LSCs.
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Fig. S10. External quantum efficiency curve of the PV coupled to the LSC based on the CDs aqueous solution.

Fig. S11. (a) Absorbance and (b) transmittance spectra of the LSCs.

Fig. S12. (a) Spectra of the transmitted light of the LSCs under AM 1.5G solar simulator and (b) CIE 1931 color space 
diagram showing color coordinates of the LSCs.
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Fig. S13. Temperature-dependent emission spectra of dU6/CDs-1 excited at (a) 330 nm, (b) 360 nm and (c) 470 nm.
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