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Figure S1. Length distribution of Zn
2
GeO

4
:Mn synthesized at 2, 4, 6, 8 h (A-D); Width 

distribution of Zn
2
GeO

4
:Mn synthesized at 2, 4, 6, 8 h (E-H). 

 

 

 

 

 

Figure S2. EDS elemental mapping of Zn
2
GeO

4
:Mn synthesized at 2 h (A), 4 h (B), 6 h (C), 8 h 

(D). High-resolution Zn2p XPS spectra of Zn
2
GeO

4
:Mn synthesized at 2 h (E), 4 h (F), 6 h (G), 8 

h (H).  

 

 

 

 

 

 

10 15 20 25 30
0

10

20

30

F
re

q
u

en
cy

 (
%

)

Width (nm)

20 30 40 50 60 70
0

10

20

F
re

q
u

en
cy

 (
%

)

Length (nm)

30 40 50 60 70 80 90
0

5

10

15

20

F
re

q
u

en
cy

 (
%

)

Length (nm)

15 20 25 30 35 40
0

5

10

15

20

F
re

q
u

en
cy

 (
%

)

Width (nm)

30 40 50 60 70 80 90 100
0

5

10

15

20

25

30

35

40

F
re

q
u

en
cy

 (
%

)

Length (nm)

15 20 25 30
0

10

20

30

F
re

q
u

en
cy

 (
%

)

Width (nm)

30 40 50 60 70 80 90 100
0

10

20

30

F
re

q
u

en
cy

 (
%

)

Length (nm)

10 15 20 25 30 35 40 45
0

5

10

15

20

25

30

35

F
re

q
u

en
cy

 (
%

)

Width (nm)

A B C D

E F G H

0 2 4 6 8 10

Mn

O Zn

Ge

In
te

n
si

ty
 (

a
.u

.)

Energy (KeV)

Ge

Zn

Mn

0 2 4 6 8 10

Mn

O

Zn

Ge

In
te

n
si

ty
 (

a
.u

.)

Energy (KeV)

Ge

Zn

Mn

0 2 4 6 8 10

Mn

O

Zn

Ge

In
te

n
si

ty
 (

a
.u

.)

Energy (KeV)

Ge

Zn

Mn

0 2 4 6 8 10

Mn

O

Zn

Ge

In
te

n
si

ty
 (

a
.u

.)

Energy (KeV)

Ge

Zn

Mn

1020 1025 1030 1035 1040 1045 1050 1055

Zn 2p1

In
te

n
si

ty
 (

a
.u

.)

Binding Energy (eV)

Zn 2p3

1020 1025 1030 1035 1040 1045 1050 1055

Zn 2p1

In
te

n
si

ty
 (

a
.u

.)

Binding Energy (eV)

Zn 2p3

1015 1020 1025 1030 1035 1040 1045 1050 1055

Zn 2p1

In
te

n
si

ty
 (

a
.u

.)

Binding Energy (eV)

Zn 2p3

1015 1020 1025 1030 1035 1040 1045 1050 1055

Zn 2p1

In
te

n
si

ty
 (

a
.u

.)

Binding Energy (eV)

Zn 2p3

A B C D

E F G H



 

Figure S3. High-resolution Ge2p XPS spectra of Zn
2
GeO

4
:Mn synthesized at 2 h (E), 4 h (F), 6 h 

(G), 8 h (H). High-resolution O1s XPS spectra of Zn
2
GeO

4
:Mn synthesized at 2 h (E), 4 h (F), 6 

h (G), 8 h (H).  

 

Table S1. The sequences of biotin labelled Cd2+-binding aptamer (ssDNA), and its black hole 

quencher 1 (BHQ1) labelled complementary strand. 

Sequence 

biotin labelled Cd2+-binding aptamer  

 

5’-Biotin-

ACCGACCGTGCTGGACTCTGGACTGTTGT

GGTATTATTTTTGGTTGTGCAGTATGAGCG

AGCGTTGCG-3’  

 black hole quencher 1 (BHQ1) labelled 

complementary strand  

 

5’-BHQ1-

CGCAACGCTCGCTCATACTGCACAACCAAA-3’ 

 

 

Table S2. The quantum yield (QY) Zn
2
GeO

4
:Mn synthesized at 2, 4, 6, 8 h.  

 2 h 4 h 6 h 8 h 

Quantum yields (%) 8.42 12.22 14.18 17.82 
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