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Supplementary information to “Trifluoroacetylazobenzene for optical and electrochemical

detection of amines” by Jhih-Fong Lin et al.

1H-NMR and 13C-NMR spectroscopy analyses

The dye amine adduct were characterized using nuclear magnetic resonance spectroscopy (NMR) Bruker
AV 400. 'H NMR and **C NMR spectra were recorded on a Bruker DRX-400 and calibrated using the residual
peak of solvents as an internal standard [CDCl; (CHCl; 6H 7.26 ppm, CDCl; 6C 77.0 ppm). The dye was
dissolved in CDCl; and different concentration of amine was added. Spectrum was taken 20 min after

addition.
Hd Hc
N
12 10 7
” 14 1" 9 8
13 Hd Hc
17
Hd Hc'
9
8
N
10 7
12
1 11 ‘
16 13 Hd Hc
18 15
17
Scheme S1

The reaction of dye with different amines (cadaverine, putrescine, ethylamine and ammonia) was also Ha (&
ppm 8.16 ), Hb and Hc (6 ppm 7.87-7.92) protons of dye undergoes upfield shift upon reaction with the
amine (for "H-NMR and C-NMR spectra see data 1.1-1.25). New Ha’, Hb’ and Hc’ in the dye amine adduct
appeared in the range & ppm 7.78-7.40.

Imine or carbinolamine or aminal are the three possible products in the reaction of dye with amine. The
study of *C-NMR of the dye and dye adduct indicates the carbinolamine formation. The quartet of carbonyl
carbon at 180 ppm in the dye disappeared in the dye adduct and replaced by new quartet at 86 ppm for



carbinolamine in the adduct spectrum. This corroborates with the results reported by Mertz et al. (Table
2).! The imine carbon is expected to give quartet around 150 ppm.?

We determined the percentage of product (dye and amine adducts, amines: cadaverine, putrescine and
ethylamine) and dye in the reaction mixture from integration values of hydrogens of the dye and product
(Table 1).

Note, that product formation during the reaction of dye with ammonia even at high concentration of
ammonia could not be detected.

Table S1 Peak and integration values

Peak 8.16 (d, J= 8Hz) 7.87-7.92 7.78-7.40
Expected Expected Expected integration
integration : 2 integration : 4 : 6 hydrogens
hydrogens (Ha hydrogens (Ha’, Hb’, HC’
protons) (Hb and Hc protons)
protons)
Compound
Dye 2 4 0

Dye + cadaverine (1:0.5 molar eqv.)

1.79(89.64%)

3.56(89.02%)

0.75 (12.48%)

Dye + cadaverine (1:1 molar eqv.)

1.50 (74.92%)

3.02 (75.41%)

1.42 (23.63%)

Dye + cadaverine (1:1.5 molar eqv.)

1.26 (63.00%

2.53 (63.25%)

2.19 (36.50%)

Dye + cadaverine (1:2 molar eqv.)

1.04 (52.00%)

2.13 (53.25%)

2.75 (45.83%)

Dye + cadaverine (1:3 molar eqv.)

0.91 (45.50%)

1.89 (47.25%)

3.15 (52.50%)

Dye + cadaverine (1:4 molar eqv.)

0.72 (36.00%)

1.49 (37.25%)

3.75 (62.50%)

Dye + cadaverine (1:8 molar eqv.)

0

0

6 (100 %)

Dye + putrescine (1:0.5 molar eqv.)

1.76 (88.00%)

Dye + putrescine (1:1 molar eqv.)

1.56 (78.00%)

Dye + putrescine (1:2 molar eqv.)

0.47 (23.5 %)

Dye + putrescine (1:2.5 molar eqv.)

0.35 (17.50%)

Dye + putrescine (1:3 molar eqv.)

0.34 (17.00%)

Two peaks are not separated

Dye + putrescine (1:8 molar eqv.) 0 0 6 (100%)

Dye + ethyl amine (1:0.5 molar eqv.) 1.96 (98.00%) 3.91(97.75) 0.13 (21.70%)

Dye + ethyl amine (1:1 molar eqv.) 1.91 (95.50%) 3.79 (94.75%) 0.27 (4.50%)

Dye + ethyl amine (1:2 molar eqv.) 1.80 (90.00%) 3.57 (89.25) 0.64 (10.66)

Dye + ethyl amine (1:3 molar eqv.) 1.74 (87.00%) 3.47 (86.75) 0.76 (12.67)
)

Dye + ethyl amine (1:4 molar eqv.)

1.62 (81.00%

3.26 (81.50%)

1.03 (17.16%)

Dye + ethyl amine (1:8 molar eqv.)

1.54 (77.00%)

3.08 (77.00%)

1.35 (22.50%)

Percentage of dye in reaction mixture= (integration of Ha peak/2)* 100
Percentage of dye in reaction mixture = (integration of Hb and Hc peak/4)* 100
Percentage of product in reaction mixture = (integration of Ha’, Hb’ and Hc” peak/6)* 100




Table S2 **C chemical shifts of dye and dye adduct

Carbon Sppm of carbon
Dye Dye cadaverine adduct
1 111.39, 115.56, 118.46, 122.65 121.25, 125.09, 128.79, 142.85
2 179.5, 179.85, 180.20, 180.54 85.90, 86.19, 86.47, 86.76
3 131.53 137.37
4 131.52 125.09
5 129.33 121.25
6 151.83 150.40
7 143.57 142.85
8 126.65 125.09
9 111.39 110.78
10 157.79 153.24
11 51.51 50.89
12 31.99 31.57
13 29.62 29.22
14 29.47 29.06
15 27.47 26.87
16 27.27 26.87
17 22.83 22.41
18 14.28 13.87
19 - 41.37
20 -
21 --
27 — 23.97
23 -
24 - 33.46




1.1 'H NMR Spectrum of Dye
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1.2 ®CNMR Spectrum of Dye
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1.3 "H NMR Spectrum of Dye + cadaverine (1:8 eqv.) (spectrum taken after 20 min)
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8 eqv.) (spectrum taken after 4 h).

1.4 CNMR Spectrum of Dye + cadaverine (1
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1.5 "H NMR Spectrum of Dye + cadaverine (1:0.5 eqv.) (spectrum taken after 20 min)
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1.6 "H NMR Spectrum of Dye + cadaverine (1:1 eqv.) (spectrum taken after 20 min)
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1.7 "H NMR Spectrum of Dye + cadaverine (1:1.5 eqv.) (spectrum taken after 20 min)

wdd z b- I oL L 2 € YL S
wdd 8L 0°8 Z°8
I I . I I

00°T od
0 a9
ZH 0€°0 a1
0 gss
WA mam
ZHW 9600009°66¢€ as
9€559 s
szo3suezed burssad01d - zd
M 00000000°9T ™1d
o9sn 6zZ'0T 1d
HT TO0N
ZHW LL9¥Z09°66¢€ T04S
======== TJ TIANNVHD ========
1 0ar
09s 00000000°T 1a
M 0°86¢ L
o9sn 069 aa
ossn 99729 ma
T0°G6 24
089S 977690T° ¥ oY
ZH 9%LT1ZT°0 SEMATA
ZH $CL 8L6L HMS
z sa
8 SN
€10a0 INIATOS
9€6G9 az
0€bz 9044104
/g4 0dgvd ww G dHIOdd
3oads WAMISNI
€721 _awTg
6T1ZTH10T ®3eq

sIsjsweIed uoTlTsTnboy - zd

T
T

G*T SUTI=ARPRO+3A(Q

ONDO¥d
ONdXd
HNYN

sIsjsweled eleQ JUSIIAND

G98°0
2880
668°0

0€Cc 1T

6LC"T

cvet T
€0e’T

60€°T
TCe 1
LCeE"T
ceeE’ T
eve’l

PeeE'T

09€°T1

69¢€°T
8LE'T
cEVT

0Sv° T

€C9°1
TE9'T
L99°¢
789°¢
coL¢
LvE €
99¢€°¢
L8E"E
cL9 "9
S69°9
09Z L
O6L L

\%%/%/ \\\\

/L
Qu
N
=

7/

EV8°L

€98°L
988°L
S68°L
LT L
6718

691°8

G T 9DUTI2ARPERD+2A(Q

10



1.8 "H NMR Spectrum of Dye + cadaverine (1:2 eqv.) (spectrum taken after 20 min)
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1.9 "H NMR Spectrum of Dye + cadaverine (1:3 eqv.) (spectrum taken after 20 min)
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1.10 'H NMR Spectrum of Dye + cadaverine (1:4 eqv.) (spectrum taken after 20 min)
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1.11 Comparison of spectra (dye and dye-cadaverine adduct at different concentrations):
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1.12 "H NMR Spectrum of Dye + Putrescine (1:0.5 eqv.) (spectrum taken after 20 min)
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1.13 "H NMR Spectrum of Dye + Putrescine (1:1 eqv.) (spectrum taken after 20 min)
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1.14 "H NMR Spectrum of Dye + Putrescine (1:2 eqv.) (spectrum taken after 20 min)
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1.15 "H NMR Spectrum of Dye + Putrescine (1:2.5 eqv.) (spectrum taken after 20 min)
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1.16 "H NMR Spectrum of Dye + Putrescine (1:3 eqv.) (spectrum taken after 20 min)
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1.17 "H NMR Spectrum of Dye + Putrescine (1:8 eqv.) (spectrum taken after 20 min)
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1.18 *H NMR Spectrum of Dye + Ethylamine (1:0.5 eqv.) (spectrum taken after 20 min).
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1.19 "H NMR Spectrum of Dye + Ethylamine (1:1 eqv.) (spectrum taken after 20 min)
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1.20 *H NMR Spectrum of Dye + Ethylamine (1:2 eqv.) (spectrum taken after 20 min)
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1.21 *H NMR Spectrum of Dye + Ethylamine (1:3 eqv.) (spectrum taken after 20 min)
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1.22 *HNMR Spectrum of Dye + Ethylamine (1:4eqv.) (spectrum taken after 20 min)
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1.23 'H NMR Spectrum of Dye + Ethylamine (1:8 eqv.) (spectrum taken after 20 min)
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1.24 "HNMR Spectrum of Dye + ammonia (1:1 eqv.) (spectrum taken after 20 min).
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1.25 Comparison of spectra

7.627 ppn / 3047.877 Hz
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Color transformation from RGB to Lab space

Before the image processing, four different color pattern (three reference colors patterns (red, green and
blue) and the sensor pattern) are cropped separately. The size of each input color pattern is about 25x25
pixels. Color in RGB space (r, g, b) were converted to CIELAB colorspace (L, a, b) using Matlab functions.

cform = makecform(‘srgb2lab’);
lab_image = applycform(rgb_image, cform);

The average values for L*, a* and b* were then calculated for every four squares.

average_L = lab2double(mean(mean(lab_image(:,:,1))));
average_a = lab2double(mean(mean(lab_image(:,:,2))));
average_b = lab2double(mean(mean(lab_image(:,:,3))));

In mathematical form, the color transformation is done by two steps: (1) from sRGB color space to CIEXYZ
color space, (2) from CIEXYZ color space to CIELAB color space.

Before the color transformation, the color correction of input images must be taken to eliminate the
photographical error from the display on monitor. As a result, the color in sSRGB space should be modified
to linear RGB space as below.™
Note: When images are presented on a monitor, the gamma value of color in sSRGB space is 2.0 — 2.5 and it
should be transformed to 1.0 (in linear RGB space).

Csrgb

_ T30 f Corgp < 0.03928

Ciinear =7 ¢, +0.055

1.055 )24 if Csrgp > 0.03928

Csrea is 1, g and b value of each input color in SRGB space.

The color transformation from sRGB color space to CIEXYZ color space is followed by the linear equation:

X 0.4124 0.3576 0.1805] [Riinear
Y|[=10.2126 0.7152 0.0722||Giinear
Z 00193 01192 09505 Blinear

Then, the coordinate of each color (X, Y, Z) in CIEXYZ space was subsequently transformed to (L, a, b) in Lab

color space.”?

Y
L=116><f(y—)—16
n

a =500 x [f (Xin) _f<yin)]

b = 200 x [f(yin) ‘f<zz_n)]
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I3, if I > (6/29)°
f = (%>1+24—9,if1 < (6/29)°

Where (X, Yn, Z,) is coordinate of the white point in CIEXYZ space (in our calculation, it is (0.9504, 1.0000,
1.0889) for the definition of white point in CIE Standard Illuminant D65).

[1] M. Stokes, M. Anderson, S. Chandrasekar, R. Motta, A Standard Default Color Space for the Internet —
SRGB, Version 1.10, 1996.

[2] J. Schanda, Colorimetry: Understanding the CIE system 2007, 61.
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Chemical selectivity and cross-sensitivity of the electrochemical sensors
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Figure S1 Cyclic voltammetry curves measured with the composite electrodes using electrolytes consisting
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of only one (a)-(c) or two different types of amines (d) and (e) in the presence of KCI.
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