
¨

±
±

–

–

–

–

–

¨

journal homepage: www.elsevier.com/locate/apsusc 



COOH COO−

“ ” 

−
−

◦

◦

−

−

−

–

◦

“ ” 

μ

μ

α 

™

–

–

=

COO−

COOH COO−

COOH −

COO−
− COO−

COO−

COOH OH−

COOH 

COO−

COO−

–

CH CH

−OCH CH −
CHCOOH 

CHCOO−

COOH 

COO−

COOH COO−



1900 1800 1700 1600 1500 1400 0 2 4 6 8 10
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

5 4 3 2 1

A
bs
or
ba
nc
e
[a
.u
.]

pH 1
pH 4
pH 7
pH 10

C
O
O
H

Sy
m
.

C
O
O

_

A
sy
m
.

C
O
O

_

c

D
is
so
ci
at
io
n
de

gr
ee

pH

a b

[ppm]

pH 1

In
te
ns
ity

[a
.u
.]

pH 4

pH 7

pH 10

– −

300 400 500 600 700
1.5

2.0

2.5

3.0

3.5

2.9 3.0 3.1 3.2 3.3 3.4
10-6

10-5

10-4

10-3

0 2 4 6 8 10
0.0

0.1

0.2

0.3

0.4

0.5

Re
fr
ac
tiv

e
in
de

x
n

Wavelength [nm]

pH 1
pH 4
pH 7
pH 10

a b c
pH 1
pH 4
pH 7
pH 10
Arrhenius Fit

El
ec
tr
ic
al
C
on

du
ct
iv
ity

[S
/c
m
]

1000/T [K-1]

A
ct
iv
at
io
n
en
er
gy

[e
V
]

pH

−



σ

COOH COO−

−

σ = σ exp(− /

)

◦
◦

= Δθ Δ Δθ 
Δ

’

’

± ±

±
±

40 50 60 70 80 90

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.32 1.33 1.34 1.35 1.36 1.37 1.38 1.39 1.40 1.41
50

55

60

65

70

75

80

85

90

95

100

Re
fle

ct
iv
ity

[degree]

Au-layer
Au-PEO/PAA

a b c
Au-layer
Au-PEO/PAA

SP
R
sh
ift

[d
eg
re
e]

Refractive index change

Slope = 119 ± 3 [deg./RIU]
R2 = 0.996

Slope = 178 ± 3 [deg./RIU]
R2 = 0.998



’

–

E = Ersin(ωt)+Espsin(ωt+φ)

φ 

I = cε0n|E|2 = cε0n
⃒⃒
Ersin(ωt) + Espsin(ωt + φ) ⃒⃒2

I = 1

2
cε0n

(
E2

r +E2
sp + 2ErEspcosφ

)

ω ε

–

Es(r, r′) = E0
sp(r′)e−κ|r−r′|e−ik|r−r′|

′ ( ′)
κ 

Esp(r, r′) = E0
sp(r)+ αE0

sp(r′)e−κ|r−r′|e−ik|r−r′| = E0
sp(r)+ αEs(r, r′)

α ’

( )

I(r, r′) = 1

2
cε0n

[(
E2

r +
(

E0
sp(r) + αEs(r, r′)

)2

+ 2Er

(
E0

sp(r)

+ αEs(r, r′)
)

cosφ
)
−
(

E2
r + E2

sp + 2ErEspcosφ
)]

COOH 

COO−

COO−

0 10 20 30 40 50 60
0

20

40

60

80

100

120

140

0 10 20 30 40 50 60

20

40

60

80

100

120

100 150 200 250 300 350 400
80

90

100

110

120

130

140

150

160

170

In
te
ns
ity

Distance [pixel]

Au-layer
Au/PEO-PAA

In
te
ns
ity

Distance [pixel]

Au-layer
Au/PEO-PAAAu-PEO/PAA

S/N = 6.05 ± 0.11
LW = 5.88 ± 0.34

Au-layer
S/N = 3.20 ± 0.24
LW = 8.24 ± 0.53

a b c

Au-layer
Au/PEO-PAA

In
te
ns
ity

[a
.u
.]

SilicaNPs size [nm]



± ±

– 

– 

– 

¨ – 

–

–

–

–

–

–

–

–

–

–

–

–

–

0 10 20 30 40 50 60
0.0

0.5

1.0

0 10 20 30 40 50 60
0.0

0.5

1.0

N
or
m
al
iz
ed

In
te
ns
ity

Distance [pixel]

Exp
Discrete model

Esp
Es

Analyte

Au-layer

Prism

Light source Light detector

Ei Er

c

N
or
m
al
iz
ed

In
te
ns
ity

Distance [pixel]

Exp
Discrete model

a b



—

–

–

–

–

–

–

–

–

¨

–

–

–

¨

–

–

¨

–

–

–

–

“ ” 

–

–

–

– –

–

–


