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Experimental Section

Materials: All reagents and chemicals were obtained from commercial supplies. 

Rare earth oxides RE2O3 (99.999%) (RE3+=Y3+, Nd3+) were purchased from 

Shanghai Yuelong New Materials Co. Ltd. Octadecene (ODE) (>90%) and oleic 

acid (OA) (>90%) were purchased from Sigma-Aldrich. Ethanol and 

cyclohexane were purchased from Adamas-beta Reagent. RECl3 were 

prepared with the reported method dissolving the corresponding oxides in 

hydrochloric acid at elevated temperature and removing the solvent. All other 

chemical reagents of analytical grade were used directly without further 

purification. Balb/c mice (4 weeks) were purchased from the Second Military 



Medical University and were housed under standard environmental conditions. 

Animal procedures were in agreement with the guidelines of the Institutional 

Animal Care and Use Committee.

Instruments: X-ray powder diffraction (XRD) measurements were performed 

on a Bruker D8 diffractometer in the 2θ range of 10- 90o. Fluorescence emission 

spectra were measured on an Edinburgh FLS920 luminescence spectrometer. 

UV-Vis absorption spectra were performed on a Lambda 35 spectrophotometer. 

Transmission electron microscope (TEM) messages were collected on a JEM 

2010 operating at an acceleration voltage of 200 kV. Dynamic light scattering 

was tested in the NanoZS90. ICP-AES was tested in the iCAP 7400.



The intensity could be derived from radiance by integration over the solid angle as follows:

           (1)4

( ) ( , )I r J r s sd


 

where J (r, s) is the radiance.
In photon transport theory, the radiative transport equation is as follows:
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where p (s, s’) is the phase function of a photon scattered from direction s' into s, ds is an infinitesimal 
path length, and dω’ is the elementary solid angle about the direction s’.
On the other hand, the radiance inside a turbid medium can be divided into a coherent and a diffuse 
term according to the following relationship

J=Jc+ Jd                   (3)
where Jc is coherent radiance and Jd is diffuse radiance.
When the diffuse term is noticeably smaller than the coherent term Jc+Jd≈Jc， the intensity at a 
distance z from the tissue surface could be given by Lambert’s law (First-Order Scattering) as follows:

I(z)=I0 exp[-(μa + μs)z]           (4)
When the scattering overwhelms the absorption, we could expand the diffuse radiance Jd in a series 
by1

Jd=1/4π(Id+3Fds+…)           (5)
where Id is the diffuse intensity, and the vector Fd is determined by
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In general, the diffusion approximation thus states that
I=Ic+Id=A exp(μtz) + B exp(μeffz), A+B=I0  (7) 2

where μt=μa + μs and μeff=[3μaμt(1-g)]1/2, g is the scattering anisotropy factor.

Figure S1. Schematic illustration of light transmitting into biological tissue.



Figure S2. Images of light (730 nm and 890 nm) through 0 mm and 2 mm pork. the 

intensity of light with different wavelength (730 nm and 890 nm) undergone significant 

attenuation after transmitting 2 mm pork. But both of the k values of two groups did not 

change within the range of light intensity we measured (the ratio of I em to I em
 trans is k).



Figure S3. TEM image of NaYF4:Nd (a) and NaYF4:Nd@Cy860@PC (b), bar=100 nm. 

(c) The concentration and composition of Nd3+ and Y3+ ions measured by ICP-AES. 

The ratio of actual doped Nd3+ ions is ~5.1%.



Figure S4. XRD patterns of OA- NaYF4: Nd (JCPDS no.16-0334).

Figure S5. (a-c) Imaging pictures of six collection windows in which four types of 

emissive materials with different concentration are covered with different thick pork. 



(d-i) Emission intensities of imaging pictures(a-c) (j-l) The ratio values of three imaging 

modes (the intensities in collection window I, III, VI to the intensities in collection 

window II, IV, V. (m) The deviations between the ratio signals measured with pork 

blocking and ratio signals without pork blocking in three modes when the ratio signals 

ranged from 0.05 to 0.3.

Figure S6. Changes in absorption spectra (a) and fluorescence emission spectra (b) 

of 2.7 M solution of Cy860 upon gradual addition of NaClO.

Figure S7. Changes in absorption spectra (a) and fluorescence emission spectra (b) 

of 3.5 M solution of Cy860 upon gradual addition of NaClO, m-cpba, H2O2, ·OH, NO, 

O2
-, ROO·, tBuOOH.



Figure S8. (a) The structural formula of PC. (b) Changes in emission intensity of 

nanoparticles in nanosystem (OA- NaYF4: Nd-0.1 mmol, Cy860-2*10 −7 mol, 3.3*10 −7 

mol, 3.6*10 −7 mol) upon gradual of NaClO tested in TG imaging system with time-

gating unit on. (c) The standard working curve of Cy860 in the mixture of EtOH and 

H2O (v/v: 1:1). (d) Changes in absorption spectra of the mixture of EtOH and H2O (v/v: 

1:1) upon gradual addition of the supernatant (0, 3, 6, 9, 12, 15 L; the total volume of 

the supernatant is 2.5 mL). (e) Changes of lifetime of Nd3+ ions (ex: 808 nm, em: 893 

nm) upon gradual addition of NaClO.



Figure S9. Fluorescence images of Cy860 (2,4) and NaYF4:5%Nd (1,3) in TG imaging 

system with time-gating unit on (3,4) and off (1,2).

Figure S10. (a) With the addition of NaClO (1*10-7 mol) to composite probe 

unencapsulated with different amount of Cy860 (1, NaYF4: Nd: 0.3 mmol, Cy860: 

0.62*10−7 mol; 2, NaYF4: Nd: 0.3 mmol, Cy860: 0.12*10−7 mol), the luminescence of 

Cy860 decreased. And 3-min was enough for the full reaction. (b-c) The fluorescence 

intensity of NaYF4: Nd@Cy860@PC (0.3 mmol) system in the aqueous solution upon 

gradual addition of sodium hypochlorite (from 0.88 to1.58 mmol/L, 300 μL in total) 

measured through tissue of 0 mm, 2 mm, 3 mm (power density:530 mw/cm2). ON state: 

gain 10, exposure time 5s, duty cycle 40%, phase position:15. OFF state: gain 2, 

exposure time 1s.



Figure S11. the ratio values measured through pork (0 mm, 2 mm, 3 mm), the relative 

deviations and the Pearson correlation coefficient between ratios measured through 

tissue (2 mm and 3 mm) and ratios measured through tissue of 0 mm.





Figure S12. The fitting equation and hypochlorous acid concentration calculated from 

the fitting equation. We assumed the ratio values are 1, 2, 3, 4……12.

Figure S13. (a) In vivo images of living mice with injection of different amount 

NaYF4:Nd@Cy860@PC treated with different concentration of hypochlorite acid (gain 

20, exposure time: TG on channel 10 s, TG off channel 5 s).(b) the summary of 

intensities of capillaries buried in mouse (TG on channel and TG off channel).



Figure S14. Synthetic route of the compound 1,compound 2, compound 3, Cy780 and 

Cy860.



Figure S15.1H NMR spectra of compound Cy860 in DMSO



Figure S16.13C NMR spectrum of compound Cy860 in DMSO
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