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S2. Synthesis and characterization of Mono-BCA 
• Synthesis of BCA  

BCA synthesis was performed as described by Aizenberg et al. [1]. Firstly, Bicinchoninic acid disodium salt 
(2.05 g, 4.88 mmol) was dissolved in 35 mL DMF. Secondly, 5 mL of HCl 2 M was added with stirring. The 
resultant mixture was stirred at room temperature overnight. After that, the solid was filtered, and washed with 
water and acetone. (Yield: 52%, 0.87g). 1H NMR (300 MHz, DMSO-d6) δ (ppm): 14.04 (s, 2H), 9.11 (s, 2H), 
8.75 (d, J = 8.5 Hz, 2H), 8.24 (d, J = 8.4 Hz, 2H), 7.86 (t, J = 7.3 Hz, 2H), 7.72 (t, J = 7.7 Hz, 2H). 13C NMR 
(75 MHz, DMSO-d6) δ (ppm): 167.91, 154.68, 148.58, 137.57, 130.72, 130.56, 129.20, 126.10, 125.30, 
119.88. HRMS m/z [M+H]+ calc.: 345.0831; found: 345.0865. 
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Figure S1. Characterization of BCA by: (a) FTIR; (b) 1H NMR; and (c) 13C NMR (* = solvent signal, DMSO-d6).

  

4000 3000 2000 1000
0

25

50

75

100

Tr
an

sm
itt

an
ce

 (%
)

Wavenumbers (cm-1)

14 12 10 8 6 4 2 0

*6, 15

5, 16
4, 17

7, 14

10, 12

δ(ppm)

21, 22

160 140 120 60 40 20 0

*5, 16
4, 17

10, 12
3, 18

7, 14
6, 15

2, 19

8, 13
9, 11

δ(ppm)

1, 20



Page S9 of S15 
 

 

• Synthesis of N4,N4'-bis(4-vinylphenyl)-[2,2'-biquinoline]-4,4'-dicarboxamide (Mono-BCA) 
Mono-BCA synthesis was performed as described by Aizenberg et al. [1]. Mono-BCA was prepared by 
refluxing BCA overnight (0.51 g, 1.48 mmol) in 8 mL of thionyl chloride. The product was dried under 
vacuum and was dissolved in 10 mL of THF immediately for next step reaction. Then, a solution of 4-
animostyrene (0.62 g, 5.21 mmol) and triethylamine (0.64 g, 6.38 mmol) in 10 mL of THF was added dropwise 
under N2. The mixture was diluted with 5 mL of THF and stirred overnight at room temperature. Finally, the 
suspension was filtered and washed with THF (25 mL), 3% ammonia solution (10mL) and water (15mL). 
(Yield: 0.755g, 86%) 1H NMR (300 MHz, DMSO-d6) δ (ppm): 11.09 (s, 2H), 8.98 (s, 2H), 8.33 (s, 2H), 8.22 
(s, 2H), 7.94 (s, 2H), 7.84 (s, 4H), 7.78 (s, 2H), 7.57 (s, 4H), 6.71 (s, 2H), 5.85 (s, 2H), 5.27 (s, 2H). 13C NMR 
(75 MHz, DMSO-d6) δ (ppm): 165.72, 154.81, 148.15, 143.91, 138.90, 136.61, 133.70, 131.28, 130.44, 
129.13, 127.20, 125.84, 124.91, 120.59, 116.77, 113.89. HRMS m/z [M+H]+ calc.: 547.2089; found: 
547.2122. 
 

 

a) 

b) c) 

 
Figure S2. Characterization of Mono-BCA by: (a) FTIR; (b) 1H NMR; and (c) 13C NMR (* = solvent signal, DMSO-d6).
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S3. Characterization of the sensory polymer Film-BCA 

 

a) 

b) 

 

c) 

d) e) 
 
 
 

 

Figure S3. Characterization of the film-shaped copolymers Film-BCA: (a) FT-IR spectra of the polymer; (b) thermogravimetric 
curves at 10°C·min-1 under nitrogen atmosphere showing T5 and T10 temperatures; (c) DSC curve at a heating rate of 20 °C·
min-1 under nitrogen atmosphere showing Tg value; (d) PDRX of the Film-BCA; (e) additional characterization data.

 
 

4000 3000 2000 1000
0

25

50

75

100

Tr
an

sm
itt

an
ce

 (%
)

Wavenumbers (cm-1)

200 400 600 800
0

25

50

75

100

W
ei

gh
t (

%
)

Temperature (oC)

T5 = 351 oC
T10 = 370 oC

100 150 200 250

H
ea

t F
lo

w
 (W

/g
)

Temperature (ºC)

EXO
UP

Tg = 142.49 oC

10 20 30 40 50 60 70
0

1500

3000

4500

6000

7500

9000

In
te

ns
ity

2Theta

2θMAX = 13.87



Pa
ge

 S
11

 o
f S

15
 

 S4
. H

ig
h-

re
so

lu
tio

n 
m

as
s s

pe
ct

ra
 o

f t
he

 2
:1

 a
nd

 1
:1

 M
on

o-
BC

A
:C

u(
I)

 c
om

pl
ex

es
 

a)
 

b)
 

 
H

RM
S 

(+
ES

I):
 fo

un
d 

m
/z

 =
 1

15
5.

34
05

 [C
72

H
52

Cu
N

8O
4]+ ; c

al
cu

la
te

d 
m

/z
 =

 1
15

5.
34

02
 

 
Fi

gu
re

 S
4.

 C
ha

ra
ct

er
iz

at
io

n 
of

 th
e 

M
on

o-
BC

A
:C

u(
I) 

co
m

pl
ex

 w
ith

 2
:1

 st
oi

ch
io

m
et

ry
 (p

ro
po

se
d 

ch
em

ic
al

 st
ru

ct
ur

e 
of

 th
e 

m
ol

ec
ul

ar
 io

n 
is 

sh
ow

n 
ab

ov
e)

: (
a)

 h
ig

h 
re

so
lu

tio
n 

m
as

s s
pe

ct
ru

m
 

of
 th

e 
sa

m
pl

e;
 (b

) m
ag

ni
fic

at
io

n 
of

 th
e 

pe
ak

 c
or

re
sp

on
di

ng
 to

 th
e 

2:
1 

co
m

pl
ex

, s
ho

w
in

g 
th

e 
fo

un
d 

m
as

s (
bl

ac
k 

lin
es

) a
nd

 th
e 

ca
lc

ul
at

ed
 m

as
s (

re
dd

ish
 re

ct
an

gl
es

).
 

 

5
x1

0

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
6

1.
82

2.
2

2.
4

2.
6

2.
83

3.
2

3.
4

3.
6

3.
84

4.
2

+E
S

I S
ca

n 
(r

t: 
0.

28
9-

0.
89

2 
m

in
, 1

47
 s

ca
ns

) 
Fr

ag
=1

80
.0

V
 C

G
R

-C
U

-F
18

0-
17

00
B

.d

14
0.

94
29

54
7.

21
30

21
8.

95
69

11
55

.3
40

0

30
8.

97
45

65
0.

16
08

41
6.

35
56

92
2.

00
89

10
93

.4
17

5
12

55
.2

38
7

50
2.

22
09

C
ou

nt
s 

vs
. M

as
s-

to
-C

ha
rg

e 
(m

/z
)

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

85
0

90
0

95
0

10
00

10
50

11
00

11
50

12
00

12
50

13
00

13
50

4
x1

0

0

0.
51

1.
52

2.
53

3.
54

4.
55

5.
56

6.
57

C
pd

 1
: C

72
 H

52
 C

u 
N

8 
O

4:
 +

 F
B

F 
S

pe
ct

ru
m

 (
rt:

 0
.2

85
-0

.8
63

 m
in

) 
C

G
R

-C
U

-F
18

0-
17

00
B

.d
  

S
ub

tra
ct

11
55

.3
40

0
[C

72
H

52
C

uN
8O

4]
+

11
57

.3
44

4
[C

72
H

52
C

uN
8O

4]
+

11
58

.3
46

6
[C

72
H

52
C

uN
8O

4]
+

11
59

.3
51

1
[C

72
H

52
C

uN
8O

4]
+

11
60

.3
55

6
[C

72
H

52
C

uN
8O

4]
+

11
62

.3
67

4
[C

72
H

52
C

uN
8O

4]
+

C
ou

nt
s 

vs
. M

as
s-

to
-C

ha
rg

e 
(m

/z
)

11
54

.5
11

55
11

55
.5

11
56

11
56

.5
11

57
11

57
.5

11
58

11
58

.5
11

59
11

59
.5

11
60

11
60

.5
11

61
11

61
.5

11
62

11
62

.5
11

63
11

63
.5

11
64



Pa
ge

 S
12

 o
f S

15
 

 a)
 

 

b)
 

 
H

R-
M

S 
(+

ES
I):

 fo
un

d 
m

/z
 =

 6
09

.1
34

1 
[C

36
H

26
Cu

N
4O

2]+ ; c
al

cu
la

te
d 

m
/z

 =
 6

09
.1

34
6.

 
Fi

gu
re

 S
5.

 C
ha

ra
ct

er
iz

at
io

n 
of

 th
e 

M
on

o-
BC

A
:C

u(
I) 

co
m

pl
ex

 w
ith

 1
:1

 st
oi

ch
io

m
et

ry
 (p

ro
po

se
d 

ch
em

ic
al

 st
ru

ct
ur

e 
of

 th
e 

m
ol

ec
ul

ar
 io

n 
is 

sh
ow

n 
ab

ov
e)

: (
a)

 h
ig

h 
re

so
lu

tio
n 

m
as

s s
pe

ct
ru

m
 

of
 th

e 
sa

m
pl

e;
 (b

) m
ag

ni
fic

at
io

n 
of

 th
e 

pe
ak

 c
or

re
sp

on
di

ng
 to

 th
e 

1:
1 

co
m

pl
ex

, s
ho

w
in

g 
th

e 
fo

un
d 

m
as

s (
bl

ac
k 

lin
es

) a
nd

 th
e 

ca
lc

ul
at

ed
 m

as
s (

re
dd

ish
 re

ct
an

gl
es

).
  



Page S13 of S15 
 

S5. Limit of detection (LOD) and limit of quantification (LOQ) 
 

 
Figure S6. Graphical representation of the G parameter of the 
photographed squares against Cu concentration. Data are means ± 
standard error of 2 replicates. The titration is performed at low 
concentrations to calculate the LOD and LOQ through the following 
equations: LOD=3.3 × SD / s and LOQ=10 × SD / s, respectively, where 
SD is the standard deviation of the blank sample and s is the slope of 
the fitted line. 
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S6. Statistical analysis. Comparison between Film-Cu and flame atomic absorption spectrometry 
(FAAS) methods. 
This procedure is designed to compare two data samples and will determine if there are statistically significant 
differences between the two methods. 

A) Description of the variables 
First, we checked the normal distribution of the data. Table S2 contains the statistical summary for the two 
data samples. Since the P-values of Shapiro-Wilk are less than 0.05, both methods do not come from normal 
distributions, so we must carry out a Mann-Whitney independent samples t-test (non-parametric test).  

Table S2. Statistical Summary
 FAAS Film-Cu 
Count 18 18
Mean 1.753 1.734
Standard deviation 1.264 1.337
Shapiro-Wilk 0.792 0.762
P-Value of Shapiro-Wilk 0.001 < .001
Maximum 5.850 6.080
Minimum 0.490 0.410

 
B) Means comparison 

The Mann-Whitney independent samples t-test evaluates specific hypotheses about the difference between the 
means of the two methods, which do not have normal distributions. In our case, hypotheses are: 
 
  Ho: There is no difference between the means 
  Ha: There is a difference between the means 
  P-value = 0.975 
 
Since the calculated P-value is greater than 0.05, the null hypothesis cannot be rejected for alpha = 0.05, and 
therefore there is no difference between the means of the two methods.  
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