
Synthesis of Ag-Ho, Ag-Sm, Ag-Zn, Ag-Cu, Ag-Cs, Ag-

Zr, Ag-Er, Ag-Y and Ag-Co metal organic nanoparticles 

for UV-Vis-NIR wide-range bio-tissue imaging

Ye Wu, Yingcheng Lin, and Jian Xu  

Content         

                                                          

Section 1. Schematic of the NIR fluorescence spectra/imaging setup 

Section 2. Nanoparticle size, XRD spectra and Crystal structure 

information.

Section 3. XPS analysis.

Section 1. Schematic of the NIR fluorescence spectra/imaging setup.

1

(a)

Electronic Supplementary Material (ESI) for Photochemical & Photobiological Sciences.
This journal is © The Royal Society of Chemistry and Owner Societies 2019



   
     

Figure S1.  (a) Schematic of the NIR fluorescence spectra measurement setup. (b) Schematic 
of the NIR fluorescence imaging setup.

Section 2. Nanoparticle size, XRD spectra and Crystal structure information.
Name of compounds Size( average) 
Ag-Ho 6 nm
Ag-Sm 46.7 nm
Ag-Zn 93.9 nm
Ag-Cu 4.8 nm
Ag-Cs 49 nm
Ag-Zr 159.5 nm
Ag-Er 119 nm
Ag-Y 108 nm
Ag-Co 15 nm

Table S1. List of nanoparticles size for Ag-Ho, Ag-Sm, Ag-Zn, Ag-Cu, Ag-Cs, Ag-Zr, Ag-Er, Ag-Y and 
Ag-Co compounds.

The crystal structure of Ag-Ho, Ag-Sm, Ag-Zn, Ag-Cu, Ag-Cs, Ag-Zr, Ag-Er, Ag-Y and Ag-Co was 
solved by GSAS software package. The unit cells were drawn by DRAWxtl V5.5 package.
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Figure S2. Simulated and experimental XRD profile of Ag-Sm compound.

Figure S 3. (a) Simulated and experimental XRD profile of Ag-Ho compound. (b) Simulated and 
experimental XRD profile of Ag-Cu compound.

Figure S 4. (a) Simulated and experimental XRD profile of Ag-Zn compound. (b) Simulated and 
experimental XRD profile of Ag-Cs compound.
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Figure S 5. (a) Simulated and experimental XRD profile of Ag-Y compound. (b) Simulated and 
experimental XRD profile of Ag-Zr compound.

      

Figure S 6. (a) Simulated and experimental XRD profile of Ag-Er compound. (b) Simulated and 
experimental XRD profile of Ag-Co compound.
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Figure S7. (a) Cell structure diagram of Ag-Ho compound (Red sphere: H; green sphere: Ag; Blue 
sphere: C; Yellow sphere: S; Cyan sphere: O; Magenta sphere: Ho). (b) Cell structure diagram of 
Ag-Zn compound.(Red sphere: H; Green sphere: Zn; Blue sphere: Ag; Yellow sphere: C; Cyan 
sphere: S; Magenta sphere: O). (c) Cell structure diagram of Ag-Cu compound (Red sphere: H; 
Green sphere: Cu; Blue sphere: Ag; Yellow sphere: C; Cyan sphere: S; Magenta sphere: O). (d)Cell 
structure diagram of Ag-Sm compound (Red sphere: H; Green sphere: Sm; Blue sphere: Ag; 
Yellow sphere: C; Cyan sphere: S; Magenta sphere: O). (e)Cell structure diagram of Ag-Y 
compound (Red sphere: H; Green sphere: Ag; Blue sphere: Y; Yellow sphere: C; Cyan sphere:S; 
Magenta sphere:O). (f)Cell structure diagram of Ag-Cs compound (Red sphere: H; Green sphere: 
Ag; Blue sphere: Cs; Yellow sphere: C; Cyan sphere: S; Magenta sphere: O). (g)Cell structure 
diagram of Ag-Zr compound (Red sphere: H; Green sphere: Zr; Blue sphere: Ag; Yellow sphere: C; 
Cyan sphere: S; Magenta sphere: O ). (h) Cell structure diagram of Ag-Er compound(Red sphere: 
H; Green sphere: Ag; Blue sphere: C; Yellow sphere: S; Cyan sphere: O; Magenta sphere: Er ).(i) 
Cell structure diagram of Ag-Co compound (Red sphere: H; Green sphere: Ag; Blue sphere: Co; 
Yellow sphere: C; Cyan sphere: S; Magenta sphere: O).

molecular formula C6H8Ag2Ho O21S3
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cell length a=12.190, b=14.202, c=17.454.
cell angle α=90˚,β=107.195˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S2. Crystal information of Ag-Ho compound

molecular formula C6H8Ag2O21S3Zn
cell length a=13.788, b=14.222, c=17.463
cell angle α=90˚,β=107.288˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S3. Crystal information of Ag-Zn compound

molecular formula C6H8Ag2Cu2O21S3

cell length a=12.192, b=14.211, c=17.468
cell angle α=90˚,β=107.235˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S4. Crystal information of Ag-Cu compound

molecular formula C6H8Ag7O21S3Sm
cell length a=12.952, b=10.366, c=20.636
cell angle α=90˚,β=103.283˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S5. Crystal information of Ag-Sm compound

molecular formula C6H8Ag Cs12 O21S3

cell length a=12.952, b=10.367, c=20.631.
cell angle α=90˚,β=103.279˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S6. Crystal information of Ag-Cs compound

molecular formula C6H8Ag4O21S3Zr
cell length a=12.952, b=10.366, c=20.623.
cell angle α=90˚,β=103.299˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S7. Crystal information of Ag-Zr compound

molecular formula C6H8Ag2O21S3Y7
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cell length a=12.949, b=10.364, c=20.619.
cell angle α=90˚,β=103.286˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S8. Crystal information of Ag-Y compound

molecular formula C6H8Ag2 CoO21S3

cell length a=12.194, b=14.206, c=17.456
cell angle α=90˚,β=107.18˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S9. Crystal information of Ag-Co compound

molecular formula C6H8Ag2Er O21S3

cell length a=12.452, b=10.361, c=20.585.
cell angle α=90˚,β=103.319˚,γ=90˚
symmetry monoclinic
space group P 21/c

Table S10. Crystal information of Ag-Er compound
Section 3. XPS analysis.
This section will show the detailed XPS analysis of Ag-Sm, Ag-Zn, Ag-Cu, Ag-Cs, Ag-Zr, Ag-Er, Ag-Y 
and Ag-Co (Note: the references for the following are listed at the end of Supportive Informaiton. ) 

For Ag-Zn compound(see Figure S8), the XPS spectra of Zn 2p show characteristic peaks at 
1021 eV and 1044 eV, which are corresponding to Zn 2p3/2, Zn 2p1/2.s1 The XPS spectra of Ag 3d 
present peaks at 367.3 eV and 373.3 eV, which are corresponding to core level of Ag 3d5/2 and Ag 
3d3/2. Similar peaks can be found in Ag 3d5/2 and Ag 3d3/2 spectra of Ag2O, which may suggest the 
forming of Ag-O bonding. s2 Deconvolution of S 2p spectra shows peaks at 160.4 eV, 162.9 eV, 
164.1 eV, 164.8 eV, 165.8 eV, 167.4 eV. They are attributed to S-O bonding.s3 It should be 
mentioned that the peaks at 160.4 eV, 162.9 eV, 164.1eV are attributed to S 2p3/2 core level 
while the peak at 164.8 eV and 165.8 eV are considered as S 2p1/2 core level.S3 The spectra of C 1s 
produces a major peak at 284.2 eV and two minor peak at 285.4 eV, 288.1 eV. The peak at 284.2 
eV is assigned to C-C bonding, similar to that of graphite bulk.s4 The peak at 285.4 eV is assigned 
to C-O-C bonding. The peak at 288.1 eV is assigned to O-C=O.s5 O1s spectra produce peaks at 
531.2eV and 532.6 eV, which are assigned to C-O bonding and C-O-H bonding, s4,s6
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Figure S8. High resolution XPS spectra of Ag-Zn compound:  (a) Zn 2p ; (b) Ag 3d; (c) S 2p; (d) 
C1s; (b) O 1s. 

   

 

Figure S 9. High resolution XPS spectra of Ag-Cu compound: (a) Cu 2p; (b) Ag 3d; (c) S 2p; (d) C 1s; 
(e) O 1s.
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For Ag-Cu compound(see Figure S9), the XPS spectra of Cu 2p show peaks at 932.0 eV, 934.3 
eV, 939.9 eV, 943.7 eV, 953.5 eV and 961.1 eV. The peaks at 932.0 eV, 934.3 eV are due to the 
split of Cu 2p3/2. The peaks at 939.9 eV and 943.7 eV are considered as shake-up satellite of Cu 
2p3/2 line. The peak at 953. 5 eV is attributed to Cu 2p1/2 core level. The peak at 961.1 eV is 
regarded as shake-up satellite of Cu 2p1/2 line. s7 Ag 3d spectra show two peaks at 367.6 eV and 
373.6 eV, which are assigned to which are assigned to core level of Ag 3d5/2 and Ag 3d3/2.s2 S 2p 
spectra produce two peaks at 161.2 eV and 168. 2 eV, which are assigned to S-O bonding. s3 C 1s 
spectra show peaks at 284.4 eV, 285.7 eV and 288.3 eV, which are considered as C-C bonding,.s4 
C-O-C bonding and O-C=O. s4,s5 O1s spectra show peaks at 531.4 eV and 534.4 eV, which are 
attributed to C-O bonding and C-O-H bonding. s4, s6

 

Figure S 10. High resolution XPS spectra of Ag-Sm compound: (a) Sm 3d; (b) Ag 3d;(c) S 2p; (d) C 
1s; (e) O 1s.
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Figure S 11. XPS spectra of Ag-Cs compound: (a) Cs 3d; (b) Ag 3d; (c) S 2p; (d) C 1s; (e) O 1s.

For Ag-Sm compound( see Figure S10), the XPS spectra of Sm 3d show peaks at 1083 eV, 
1110 eV, which are assigned to Sm 3d5/2, Sm 3d3/2.s8 Ag 3d spectra present peaks at 367.5 eV and 
373.6 eV, which are  related with Ag 3d5/2, Ag 3d3/2. s2 The high-resolution of S 2p XPS spectra 
show peaks at 160.7 eV and 161.8 eV, which are both assigned to S 2p3/2. s3 C 1s spectra show 
peaks at 284.5 eV, 285.9 eV and 288.3 eV, which are considered as C-C bonding,s4 C-O-C bonding 
s4and O-C=O.s5 O1s spectra show peaks at 531.4 eV and 532.9 eV, which are attributed to C-O 
bonding and C-O-H bonding.s4, s6

For Ag-Cs compound (see Figure S11), the Ag 3d orbital shows XPS transitions for 3d5/2 and 
3d3/2 at 367.7 eV and 373.8 eV, respectively.s2 The high resolution XPS spectra of Cs 3d for Ag-Cs 
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compound show two distinctive peaks at 723.7 eV and 737.6 eV, respectively. The peak at 723.7 
eV is corresponding to the CS 3d5/2.s9 The peak at 737.6 eV is assigned to CS 3d3/2.s10 These signals 
were likely due to the presence of Ag and Cs in the C-H-O-S matrix. Deconvolution of S 2p spectra 
shows a peak at 162.9 eV which can be assigned to S 2p3/2. s3 C 1s XPS spectra show two peaks at 
284.4 eV, 288.4 eV and a shoulder at 285.8 eV. They are assigned to C-C bonding, C-O-C bonding 
and O-C=O bonding, respectively.s4,s5 Deconvolution of O 1s spectra produces two main peaks 
around 531.5 eV, 533 eV and a subpeak around 540 eV. The peak around 531.5 eV is assigned to 
C-O.s4The peak around 533 eV is attributed to C-H-O bonding.s5 The peak around 540 eV is 
assigned to C-O-H bonding.s6 

   
   

Figure S12. XPS spectra of Ag-Zr compound: (a) Zr 3d; (b) Ag 3d; (c) S 2p; (d) C 1s ; (e) O 1s.
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The high resolution XPS spectra of Ag 3d for Ag-Zr compound present two distinctive peaks at 
367.5 eV and 373.6 eV, respectively. They are corresponding to Ag 3d5/2 (367.5 eV) and Ag 3d3/2 

(373.6 eV).s2 The high resolution XPS spectra of Zr 3d for Ag-Zr compound present two distinctive 
peaks at 182.7 eV and 185.1 eV, respectively. They are corresponding to Zr 3d5/2 (182.7 eV) and 
Zr 3d3/2.s11 The deconvolution of XPS spectra of S 2p presents 160.6 eV, 162.5 eV, 168.3 eV. The 
peak at 160.6 eV is assigned to S 2p3/2. s12 The peak at 162.5 eV is assigned to S-H-O bonding, 
which may be generated from the compound of L-Cysteine in the reaction.s12 The peak at 168.3 
eV is assigned to S-O bonding, which may be related with sulfuric acid in the reaction. s12 C 1s 
spectra present peaks at 284.4 eV, 285.9 eV and 288.3 eV, which are corresponding to C-C 
bonding, C-O-C bonding, O-C=O bonding. s4,s5 

     
   

Figure S13. XPS spectra of Ag-Er compound : (a) Er 4d; (b) Ag 3d; (c) S 2p; (d) C 1s; (e) O 1s.
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  The high resolution XPS spactra of Er 4d for Ag-Er compound present a peak at 168.4 eV, 
which is comparable to Er-O bonding in Er2O3. s14 The high resolution XPS spectra of Ag 3d for Ag-
Er compound present two distinctive peaks at 367.6 eV and 373.6 eV, respectively. They are 
corresponding to Ag 3d5/2 (367.6 eV) and Ag 3d3/2 (373.6 eV).s2 The XPS spectra of S 2p show 
peaks at 162.4 eV and 168.8 eV. The peak at 162.4 eV is attributed to S-O- H bonding.s12 The peak 
at 168.8 eV is considered to be related with S-O bonding. s12 C 1s spectra present peaks at 284.4 
eV, 285.7 eV and 288.3 eV, which are assigned to the main peak of C 1s, C-O-C bonding, O-C=O 
bonding. s4,s5 XPS spectra of O 1s show peaks at 531.5 eV, 532.9 eV and 539.3 eV, which are 
assigned to C-O bonding,s4 C-O-H bonding,s5C-O-H bonding,s6 respectively. 

The high resolution XPS spectra of Ag 3d for Ag-Y compound present two distinctive peaks at 
367.4 eV and 373.5 eV, respectively. They are corresponding to Ag 3d5/2 (367.4 eV) and Ag 3d3/2 
(373.5 eV). s2 XPS spectra of Y 3d show peaks at 152.8 eV, 157.8 eV, 160.2 eV and 163.1 eV. The 
peaks of 157.8 eV and 160.2 eV are assigned to Y 3d5/2 and Y 3d3/2, respectively. s15 The other two 
peaks of 152.8 eV and 163.1 eV are possibly indexed as Y 3d7/2 and Y 3d1/2. XPS spectra of S 2p 
show peaks at 160.3 eV and 163.4 eV. The peak of 160.3 eV is attributed to the main peak of S 
2p3/2. The peak at 163.4 eV is assigned to S-H-O bonding.s12 C 1s spectra show peaks at 284.2 
eV,285.6 eV, 288.3 eV, which are assigned to C-C bonding, C-O-C bonding, O-C=O bonding.s4,s5 O 
1s spectra present peaks at 531.6 eV and 533.1 eV, which are related with C-O bonding, C-O-H 
bonding. s4,s5

  

Figure S 14. XPS spectra of Ag-Y compound: (a) Y 3d; (b) Ag 3d; (c) S 2p; (d) C 1s; (e) O 1s.
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For Ag-Co compound, XPS spectra of Ag 3d show peaks at 367.4 eV, 373.3 eV, which are 
indexed with Ag 3d5/2 and Ag 3d3/2.s2 XPS spectra of Co 2p show peaks at 780.1 eV, 783.9 eV, 
796.9 eV, 801.7 eV. The peak at 780.1 eV is main peak of Co 2p3/2. The peak at 783.9 ev is 
satellite peak of Co 2p3/2. The peak at 796.9 eV is satellite peak of Co 2p1/2. The peak at 801.7 eV 
is main peak of Co 2p1/2.s17 XPS spectra of S 2p show peaks at 160.6 eV, 162.3 eV and 163.1eV, 
which are indexed with S 2p3/2, S-C-N-O-H bonding and S-C-O-H bonding.s12 C 1s spectra present 
peaks at 284.4 eV,285.6 eV, 288.1 eV, which are assigned to C-C bonding, C-O-C bonding, O-C=O 
bonding. S4 XPS spectra of O 1s show peaks at 531.2 eV, 532.7 eV, which are assigned to C-O 
bonding and C-O-H bonding.s4,s5 

 

 

Figure S 15. XPS of Ag-Co compound : (a) Co 2p; (b) Ag 3d; (c) S 2p; (d) C 1s; (e) O 1s.
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