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Fig. S1 Experimental refractive-index calibration of bare-Au SPR and SPR+BP-COOH. (a) Angle-scanned reflectance curves of bare-Au SPR measured in sensing media with refractive indices nₛ = 1.3320, 1.3385, 1.3435, 1.3472 and 1.3530. (b) Angle-scanned reflectance curves of the 13 nm SPR+BP-COOH structure measured in sensing media with refractive indices nₛ = 1.3320, 1.3385, 1.3435, 1.3472 and 1.3530. (c) Resonance angle as a function of refractive index for bare-Au SPR and the 13 nm SPR+BP-COOH structure, together with linear fitting curves.
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Fig. S2 Repeatability test of Pb²⁺ sensing performed on the same 13 nm SPR+BP-COOH structure. (a) Angle-scanned reflectance curves of the same 13 nm SPR+BP-COOH structure measured for Pb²⁺ concentrations of 0, 10⁻²⁰, 10⁻¹⁹, 10⁻¹⁸, 10⁻¹⁷, 10⁻¹⁶ and 10⁻¹⁵ M. (b) Resonance-angle shift Δθ as a function of Pb²⁺ concentration for the same 13 nm SPR+BP-COOH structure, together with the nonlinear fitting curve.
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Fig. S3 Pb²⁺ sensing results obtained from an SPR+BP-COOH structure with a thickness of approximately 11 nm. (a) Angle-scanned reflectance curves of the 11 nm SPR+BP-COOH structure measured for Pb²⁺ concentrations of 0, 10⁻²⁰, 10⁻¹⁹, 10⁻¹⁸, 10⁻¹⁷, 10⁻¹⁶ and 10⁻¹⁵ M. (b) Resonance-angle shift Δθ as a function of Pb²⁺ concentration for the 11 nm SPR+BP-COOH structure, together with the nonlinear fitting curve. (c) AFM image of the 11 nm BP-COOH functional layer. (d) Height profile extracted from the AFM image in c, showing a thickness of approximately 11 nm.
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Fig. S4 Angle-scanned reflectance curves and resonance-angle fitting results for Pb²⁺ detection by bare-Au SPR. (a) Angle-scanned reflectance curves of bare-Au SPR measured for Pb²⁺ concentrations of 0, 10⁻⁶, 10⁻⁵, 10⁻⁴, 10⁻³ and 10⁻² M. (b) Resonance-angle shift Δθ as a function of Pb²⁺ concentration for bare-Au SPR, together with the nonlinear fitting curve.
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Fig. S5 Angle-scanned reflectance curves and resonance-angle fitting results for Cd²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Cd²⁺ concentrations of 0, 10⁻¹³, 10⁻¹², 10⁻¹¹, 10⁻¹⁰ and 10⁻⁹ M. (b) Resonance-angle shift Δθ as a function of Cd²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S6 Angle-scanned reflectance curves and resonance-angle fitting results for Cu²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Cu²⁺ concentrations of 0, 10⁻¹³, 10⁻¹², 10⁻¹¹, 10⁻¹⁰ and 10⁻⁹ M. (b) Resonance-angle shift Δθ as a function of Cu²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S7 Angle-scanned reflectance curves and resonance-angle fitting results for Zn²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Zn²⁺ concentrations of 0, 10⁻¹², 10⁻¹¹, 10⁻¹⁰, 10⁻⁹ and 10⁻⁸ M. (b) Resonance-angle shift Δθ as a function of Zn²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S8 Angle-scanned reflectance curves and resonance-angle fitting results for Ni²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Ni²⁺ concentrations of 0, 10⁻¹⁰, 10⁻⁹, 10⁻⁸, 10⁻⁷ and 10⁻⁶ M. (b) Resonance-angle shift Δθ as a function of Ni²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S9 Angle-scanned reflectance curves and resonance-angle fitting results for Ca²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Ca²⁺ concentrations of 0, 10⁻⁹, 10⁻⁸, 10⁻⁷, 10⁻⁶ and 10⁻⁵ M. (b) Resonance-angle shift Δθ as a function of Ca²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S10 Angle-scanned reflectance curves and resonance-angle fitting results for Mg²⁺ detection by SPR+BP-COOH. (a) Angle-scanned reflectance curves of SPR+BP-COOH measured for Mg²⁺ concentrations of 0, 10⁻⁸, 10⁻⁷, 10⁻⁶, 10⁻⁵ and 10⁻⁴ M. (b) Resonance-angle shift Δθ as a function of Mg²⁺ concentration, together with the nonlinear fitting curve.
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Fig. S11 Repeated measurements of the same pure-water sample on SPR+BP-COOH at 2 min intervals. Angle-scanned reflectance curves recorded at 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 and 26 min after deposition of the BP-COOH functional layer.

image1.png
(b)

3
16310

~
o
=
~
o
~

x10°

=
(=2

®

Au — —13320 Au + 13nm BP-COOH L Au

——n =1.3385 —n =1.3320 78— ® Au+ 13nm BP-COOH
12- ——n =1.3435 12 ——n =1.3385

——n 213472 76

——n =1.3530

Reflectance
e
2
oy

Reflected intensity
=]
T
~
[ )

~
T

Reflectance angle 0 (deg)

3
T

.  S=132deg/RIU . . S=I281deg/|RIU

69 7 75 © 72 75 78 133 138 135
Incident angle (degree) Incident angle (degree) RI of sensing medium




image2.png
X

~
Qo
N

10°

=)
T

Reflected intensity
N

Pb2+

70

72 74
Incident angle (degree)

(b)

[
<>

Angle shift AO(mdeg)
. o . =

N

=}

e

x10?%

@® Experiment Date
Fitting

10L19 10|‘18 10I‘17 10I‘16 10I‘15

Pb**concentration (M)





image3.png
(a) x10° (b)
=

Es g

z 16

= £

S =4

= 12

3 b=

ER 5

= =

5}

=1 Pb2+ %0 4

2 L 1 L 1 0
70 72 74
Incident angle (degree)

(c) 30nm (d),,
_12
£10
RS
S 8
2 6
-—é 4
=
= 2

0
-2

Height Sensor
200.0 nm

x10?

- @ Experiment Date
Fitting

¢

Pb**concentration (M)

10—19 10‘—18 10‘—17 10‘—16 10‘—15

M 1 " 1 " 1
0 200 400 600

Distance (nm)

1
800




image4.png
Reflected intensity
-~ 9] (=)}

w

x10?

al“‘ © Experiment Date

%12— Fitting

E1or

(==}

< 8f

g 6f

=

2 4T

22l
1 1 1 1 < 0_ 1 1 1 1 1
70 71 72 73 74 10°¢ 105 10* 10° 107

Incident angle (degree) Pb**concentration (M)




image5.png
~
jo")
~

(b)

x10° x10?
~20F Experiment date
£ g Fitting
@ =
5 £ 15
£ s
- <
g 4t E 101
g S s
+ = St

g | Cd® E

2F <

1 1 (U= 1 1 1 1 1
70 72 74 102 102 10 10 10°

Incident angle (degree)

Cd* concentration (M)





image6.png
Experiment Date
Fitting
8
6
4
2
| L 1 L 0 | 1 1 1 1
70 72 74 10 10 10" 10" 10

Incident angle (degree) Cu**concentration (M)




image7.png
Reflected intensity
oS

[\%)

—]0 M
] 0 MM
] () 'M
—10 *M

’ S%

Zn2+

70 72
Incident angle (degree)

74

(b) x10?
20} Experiment date
& Fitting
=
E15F
N’
S |
<
5.*5 10+
- L
n
~ 5+
Y
=
<«
o, . . v 4]

102 10" 10 10° 108
Zn**concentration (M)




image8.png
~20F Experiment date
£ 6 %‘) | Fitting
7]
§ § 15+
E < I
B4t £10r
o = |
S 2 5
2+
& 5L le é L
1 L 1 N 0r | | 5 | - | . ) _
—10 = - - -
70 72 74 10 10 10 10 10

Incident angle (degree) Ni**concentration (M)




image9.png
(b)  x1¢0?
1

_4r Experiment Date
éan_— Fitting
Eof
s |
< 8
E 6l
.ﬁ L
o 47
=)
£
2|_ 1 L | L 0_ 1 | 1 | 1
70 72 74 10° 10 107 10° 10°

Incident angle (degree) Ca**concentration (M)




image10.png
Reflected intensity
=

(5]

—10 M
w10 M
10 M
—10 "M

10 “M

70 72
Incident angle (degree)

74

(b)

ek
(5]

Angle shift AO(mdeg)

[~]

N

<

Experiment Date
Fitting

10 107 10° 10° 10
Mg**concentration (M)




image11.png
Reflected intensity

=)

SN

[\®)

70 72
Incident angle (degree)

74




