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Figures

3b

SI Figure 1. Excitation and emission spectra for dyes recorded in chloroform.
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SI Figure 2. Solvatochromism spectra of dyes 3a, 3b and 3e measured in different solvents
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SI Figure 3. Lippert-Mataga plot
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SI Figure 4. Plot of Et; and Stokes shift
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—+— PHA

SI Figure 5. Excitation spectral changes with various pH levels
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SI Figure 6. Emission spectra of dye 3a recorded with different concentrations of TFA
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SI Figure 7. Emission spectra of dye 3d recorded with different concentrations of TFA
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SI Figure 8. Reversible Emission spectra of dye 3d (containing TFA) recorded with different
concentrations of TEA
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SI Figure 9. Reversible absorbance spectra of dye 3¢ (containing 1 eq of MSA) recorded with 1
Eq of TEA
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SI Figure 10.Emission spectra of dye 3c recorded with different concentrations of MSA
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SI Figure 11. Reversible Emission spectra of dye 3c recorded with different concentrations of
TEA containing 1 Eq of MSA
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SI Figure 12. Emission spectra of dye 3¢ recorded with higher concentrations of MSA
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SI Figure 13. Selectivity of dye 3¢ towards various organic acids.
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SI Figure 14. Cyclic voltammograms of dyes recorded in acetonitrile solvent using glassy carbon
as working electrode and 0.1 M TBAPF; as supporting electrolyte.
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SI Table 1. Determination of pH in biological fluids
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Determination of pH in biological fluids: The biological fluids, newborn-calf serum sample or
human urine sample (the sample was taken from a healthy volunteer), were respectively adjusted
to fixed pH value by addition of aliquot hydrochloric acid or aqueous sodium hydroxide. Then 2
mL of the biological fluid was added directly to 2 mL of sensor 1a (2.0 uM) in ethanol. The
resulting solution was shaken well and incubated for 20 min at room temperature. After

centrifugation, the emission ratio (Isys:L44,) (Aex = 375 nm) was recorded.

Sample pH known 2 | pH found ®
Serum sample 1 | 4.47 4.43
Serum sample 2 | 4.82 4.80
Urine sample 1 | 4.36 4.35
Urine sample 2 | 4.71 4.74

a. Measured by a pH-3c digital pH-meter.
b. Obtained from the linear relationship between the ratiometric response (Ispq:lss2) of

1a and the pH value (4.0-6.0).

518



SI Table 2. Electrochemical data measured in acetonitrile solvent.

E1/2 0X E % red HOMOP LUMOP

[eV] [eV]
3a 1.39 -1.87 -5.79 2.53
3b 1.37 -1.45 -5.77 2.95
3¢ 1.32 -1.42 -5.72 2.98
3d 1.39 -0.94 -5.79 3.46
3e 1.35 -1.44 -5.75 2.96

NMR copies

TH-NMR spectrum of 3a

S19



Signature SIF VIT VELLORE

BTCIH
< & [- 0 P= 0= = 71 00 = 9 W) [ P O U1 [- W - O 0O e O O D P O L e B R
e L ] DRI W MmN O o
R R R e R R e e R o] - OO0 O~
= = - = = [ = F= P~ /= = = 0= F= [= f= [~ [~ P~ P = e R R R R R

Curesns Buts Darsmarars
HAME ETEALILA

= amn
= 5
§3 - hogeledzios Furamecess
[y FOR4LILE
Tima™ 1558
ERITREN apact

FEOBOE % mm BRREG Baj

T T T T T T T T T
T8 7.8 T.T 7.6 T.5 T4 7.3 ppm 33 32 31 30 29 28 27 ppm

n Wi W T it M = ames

AD0_TIE0B00 mez
o=

a5
wos
Y []
i [y
I aE ]
e .08
B N

I3C-NMR spectrum of 3a

Signature SIF VIT VELLORE
BTCIH

Cusrans Duts Faramscscs
WAME SYmAL214
ExEHO =
FROCND E

F2 - Aoguimitinn Parsmetecs

Data_ Zo141218
Tize 1m.12
. H
H=
a3a
N =
NS
e . aEL
= 0. 3EETRE A
N AL

oW
=a

2
1 w1
WOCZ ]

%000
auz 4.

400, TR0

3
S 180, 6439348 MRz
WO oe
558 L
=B 1.08 Az
ca L
B 1.43

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 ppm

TH-NMR spectrum of 3b

S20



Signature SIF VIT VELLORE
CETAMEQCIN

CHANNEL #1

79 7B 7T T8 TS5 72 T2 T4 0 ppm |33 3.2 31 3.0 29 28 ppm == E
b, L ! FLan 14.00000800 W
lﬂ' \Ig \IS[ sFon 400.2804718 MHz
= = F2 - Proceasing pasametecs
E ass3e
E 00, 2=80000 su=
W =1
I3 -]
= n.30 m=
- -]
b= .08
'
1
T T T T T T T
35 30 25 20 15 1.0 ppm
EEIE
13
C-NMR spectrum of 3b
Signature SIF VIT VELLORE
CETAMEOCIN m
x BRUKER
! v v | I
Carrmnt Data Parsnsters
SYN4DILE
EXFRD =a
FROCHD L
R T
Timm 1R.1E
IRSTRIM Epect
FROBHD S mm FARDO G
PaLEADG 2z
™ fnaae
SOLVENT Rt==0]
sL2
o3 4
£ 24038401 Ex
FIDAES O.JGETHE Ex
S 1T3aa1508 ame
w= 11203
o Z0.B2T caec
o= E.20 uasc
™ INE_8 K
on 2.0000D030 amc
oI 2.03000020 asc
== 1
—— CEANEEL £1 -
= T
FL .03 umec
Pl *4.00000000 W
ey 1o0.a2sm1ez Mz
—— CEAEEEL £ -
CroeRnz waiezie
PoPo2 vn.c_ng wasc
Pl 14.00000000 W
FLE 2 31509TDOO W
FLE3 0. INETERERE W
Sree 450 2206000 iz
F2 - Frocsssing pacssstecs
E3d AZTeA
5F 100 . SS4ANSEA0 T
WDl L
=a o
= 1.00 m
o
i 1.42
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 O [:L1] 50 40 30 20 ppm

TH-NMR spectrum of 3¢

S21



Signature SIF VIT VELLORE
BTADMACIN
R e e g e T
F= W WM T e O = RO
oo e e e un e ™M
~—

P~ r- - - - - - -

3.155
3.142
3.132
3,122
3.114
3.025
i.no?
2.992
2.758
2.741
2,726

T 8 7.7

W W

oz z
m W323_6EE B2
FIoREs @.179483 Hx
A
]
o
=
oL
T=a

e CHRNMEL £1 mmmmm—
1 m

I 14.35 umec
PLwa 1400000000 ¥
=01 4002604718 MEx

Fi - FrocmmEilng paraseters

SJ T i :Il 2
iR1] 5\
dofdd [ EETE
I3C-NMR spectrum of 3¢
Signature SIF VIT VELLOBE
BTA4DMACIHN —
IS : | R
| P
NMe,
T T T T T T T T T T T T T T T T T
170 180 150 140 130 120 110 100 90 80 TO (=] 50 40 30 10

TH-NMR spectrum of 3d

sE P
= ADD. 7280000 MEx
o ™
=38 o

2 0.30 &z
= o

wC .00

T

1 ppm

Coprant Duts Farsmacsrm
HRME

SYRAE1IS
e =
FROCHD 1
F1 - Rogeleition Farsaerers
B 20156137
Tama— 12 mm
CRaTRON e
PEOCED % mm PABRO RES
POLEROG 2gpgl0
=0 LT
SaLvENT coeiy
) 1z
[
Faa SAEIE. 461 B
FimeRs . ISETHE Rz
A 1.3EAL4EE mes
B 143,73
=] 30.860 usss
= £.20
= ZET.4 B
B 2.0030E0ED mes
BaL G.AMOCOED mec
=
————— CEARMEL ] m—
e 3
) 5. 60 umsc
FLE1 %4_00A0EGEG
=R 100.E53018E MED
mm——— CEAINEL £ mwm—
CROFRG 1T wnlrzig

= T

o £.00 ussc
iy 14 "
FLN1Z
FLE11
SF0E

- PrDomEaing parmecscs

237
100 GH4RSAD MED
™

S22



Signature SIF VIT VELLORE

TAND2CIM
DO P LD R SR O D P e D
e e e e k- T B R
e e R R kN1 =
e e T e N BT )

Correct Cuta Parasecsrs

HAME STEA0Z1S
EXPHO &3
1

- Asmuimitise Parsmstscs
28030718
148

T T T T T T T T T T T T T T T T T T T DO
83 82 8.1 9 78 7.7 T8 T.5 7.4 7.3 ppm 33 32 31 30 29 28 pAM _ cvoom rr e

B.O T 5
L . 8 T T N Y T L. L 1 i I s e lE
= Ef ERERRERE 1% IE} j% |§r e
- Froceaaing parasetecs
‘nn.z“‘::éﬁ HEz

0.30 Hx

1.o00

I3C-NMR spectrum of 3d

Signature SIF VIT VELLORE

TANO2CIN m
w0 T L

P —

Fr) =t

e ]

3 1

52 - nogus

Rty

Time

IWaTR

P FCEnD

H

Sarvewe

3

4

S

FiokRa

Ay

B

=

=

e

o

it

roa

——— AL

WO

#1

3t 2. tosototn &
== b gaeEiEs wax
—— e 5 —
emcaar: waleant
by F

PO @ s
PLEZ 1 L
FLE1Z 0. ISR TORD W
FLs13 bIRAZERRS W
o b -
2 Sepprriay gt
1 FET)

i -,
A =
asa 1

ik 1.0 Rz
] L3

¥ i.40

T T T T T T T T T T
180 160 140 120 100 Bo 60 40 20 0 ppm

TH-NMR spectrum of 3e

S23



Signature SIF VIT VELLORE
BT4FCIN

\ )
BRUOKER

LY
7.338
7.333
7.325
7.321
7.319
7.315
7.307
7.304
7.098
7.077
7.0585

164
144
133
124
03z
021
013
338
789
752
738

FArsEsTaTE
%

Cicrtvine
Filkeon
A
=
Fitasa &
3 P
= e
= E
= a
memomenn EdsREL £1
T T T T T T T T ! T T T T T T J J ! 'P‘J'- 14 ml:ih e
79 7.8 T.T T.6 TS5 T.4 T3 T2 71 ppm33 32 31 30 29 28 ppm e . 26011 M
- . L o | S et [ R S| ! L e g) L 1 :‘; - Sachering pasmmceny
- = H= 2w 0. ZEEON Mz
[ EE| ol L I q| & -
= i 0.3
‘O ) -
| X
S
N 7 1
[]
F
[
T T T T T T T T T T
10 9 T B 5 4 2 ppm
|

L96 .
im
08~
Lo~

B
CELE]
I3C-NMR spectrum of 3e

Signature SIF VIT VELLORE

BTAFCIN o)

BRUKER

! W " T T L L Suszent Bata Fasasecacs
) Semaeais
Expwe rea

®
AN F
N
F CHMEL £3
evmeRalz walea
ez u
BCROI 8B aec
bty 14. pOBOBAED W
=t} Taga
Franl e
) ADd 236010 MEx
S T
= 100 SANBSAD HEx
o e
=8 o
] 184 2
= o
= 148
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 an 70 60 50 40 30 20 ppm

Crystal data;

S24



Table 1. Crystal data and structure refinement for 3d_cif.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

shelx

C29 H22 N2 02
430.48

296(2) K
0.71073 A
Monoclinic

P21/C

a=7.6171(9) A o= 90°.
b=21.660(3) A B=101.311(4)°.
c=13.2670(17) A v =90°.

2146.4(5) A3

4

1.332 Mg/m?3

0.084 mm-!

904

?x ?x ?mm3

1.826 to 24.009°.

-6<=h<=8, -24<=k<=24, -15<=I<=15
27079

3365 [R(int) = 0.0443]

86.8 %

Full-matrix least-squares on F?
3365/0/298

1.241

R1=0.0516, wR2=10.1313
R1=0.0840, wR2 = 0.1688
n/a

0.265 and -0.344 ¢.A-3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for no2cin_cif. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
N(1) 2833(3) 4720(1) 5699(2) 34(1)
C(24) 3513(3) 3895(1) 2871(2) 32(1)
C(1) 2566(3) 5078(1) 4852(2) 30(1)
C(21) 2571(3) 4959(1) 6577(2) 34(1)
C(23) 3398(3) 4209(1) 3826(2) 35(1)
C(22) 2726(3) 4769(1) 3901(2) 33(1)
C(12) 1920(3) 5558(1) 6679(2) 32(1)
C(2) 2023(3) 5694(1) 4886(2) 31(1)
C(25) 3261(4) 4197(1) 1931(2) 47(1)
C(8) 583(4) 6572(1) 3850(2) 40(1)
C(11) 1569(3) 5922(1) 5792(2) 33(1)
C(13) 1718(3) 5758(1) 7718(2) 38(1)
C(27) 3835(4) 3277(1) 1097(2) 47(1)
C(29) 3935(4) 3272(1) 2882(2) 45(1)
C4) 3138(4) 6105(1) 3351(2) 42(1)
C(10) 635(4) 6540(1) 5712(2) 41(1)
C(28) 4084(4) 2959(1) 1999(2) 51(1)
C(20) 2921(4) 4536(1) 7489(2) 45(1)
C(3) 1910(3) 6119(1) 4004(2) 35(1)
C(26) 3425(4) 3894(2) 1049(2) 55(1)
N(2) 4068(4) 2960(2) 165(2) 70(1)
C(14) 1801(4) 6370(1) 8040(2) 49(1)
C(®5) 2949(4) 6490(1) 2509(2) 50(1)
C(18) 1564(4) 5301(1) 8452(2) 44(1)
C) -531(4) 6633(1) 4655(2) 45(1)
C(17) 1488(4) 5477(2) 9446(2) 57(1)
O(1) 4630(4) 2432(1) 244(2) 97(1)
0(2) 3747(5) 3236(2) -650(2) 117(1)
C(7) 388(4) 6948(1) 2990(2) 53(1)
C(19) 1550(4) 4633(1) 8151(2) 49(1)
C(6) 1541(5) 6897(1) 2317(2) 60(1)
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C(15) 1662(4) 6534(2) 9019(2) 60(1)
C(16) 1504(5) 6089(2) 9726(2) 67(1)

S27



Table 3. Bond lengths [A] and angles [°] for no2cin_cif.

N(1)-C(21)
N(1)-C(1)
C(24)-C(29)
C(24)-C(25)
C(24)-C(23)
C(1)-C(2)
C(1)-C(22)
C(21)-C(12)
C(21)-C(20)
C(23)-C(22)
C(12)-C(11)
C(12)-C(13)
C(2)-C(11)
C(2)-C(3)
C(25)-C(26)
C(8)-C(7)
C(8)-C(3)
C(8)-C(9)
C(11)-C(10)
C(13)-C(14)
C(13)-C(18)
C(27)-C(28)
C(27)-C(26)
C(27)-N(2)
C(29)-C(28)
C4)-C(5)
C4)-C(3)
C(10)-C(9)
C(20)-C(19)
N(2)-0(2)
N(2)-0(1)
C(14)-C(15)
C(5)-C(6)
C(18)-C(17)

1.325(3)
1.348(3)
1.387(4)
1.387(4)
1.455(3)
1.401(3)
1.455(3)
1.407(3)
1.499(4)
1.3293)
1.398(3)
1.481(3)
1.403(3)
1.479(3)
1.369(4)
1.386(4)
1.395(4)
1.494(4)
1.510(3)
1.391(4)
1.408(4)
1.362(4)
1.371(4)
1.455(4)
1.377(4)
1.380(4)
1.394(4)
1.520(4)
1.505(4)
1.218(4)
1.219(4)
1.371(4)
1.373(4)
1.384(4)
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C(18)-C(19)
C(17)-C(16)
C(7)-C(6)

C(15)-C(16)

C1)-N(1)-C(1)
C(29)-C(24)-C(25)
C(29)-C(24)-C(23)
C(25)-C(24)-C(23)
N(1)-C(1)-C(2)
N(1)-C(1)-C(22)
C(2)-C(1)-C(22)
N(1)-C(21)-C(12)
N(1)-C(21)-C(20)
C(12)-C(21)-C(20)
C(22)-C(23)-C(24)
C(23)-C(22)-C(1)
C(11)-C(12)-C(21)
C(11)-C(12)-C(13)
C(21)-C(12)-C(13)
C(1)-C(2)-C(11)
C(1)-C(2)-C(3)
C(11)-C(2)-C(3)
C(26)-C(25)-C(24)
C(7)-C(8)-C(3)
C(7)-C(8)-C(9)
C(3)-C(8)-C(9)
C(12)-C(11)-C(2)
C(12)-C(11)-C(10)
C(2)-C(11)-C(10)
C(14)-C(13)-C(18)
C(14)-C(13)-C(12)
C(18)-C(13)-C(12)
C(28)-C(27)-C(26)
C(28)-C(27)-N(2)
C(26)-C(27)-N(2)

1.500(4)
1.375(5)
1.374(4)
1.367(5)

118.92)
117.4(2)
119.92)
122.7(2)
121.3(2)
115.7(2)
122.9(2)
124.2(2)
116.02)
119.8(2)
125.5(2)
125.7(2)
116.8(2)
125.6(2)
117.5(2)
119.1(2)
122.6(2)
118.3(2)
121.5(3)
119.4(3)
123.5(2)
117.1(2)
119.02)
124.6(2)
116.4(2)
117.5(2)
123.8(2)
118.5(2)
121.7(3)
119.2(3)
119.0(3)
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C(28)-C(29)-C(24)
C(5)-C4)-C(3)
C(11)-C(10)-C(9)
C(27)-C(28)-C(29)
C(21)-C(20)-C(19)
C4)-C(3)-C(8)
C(4)-C(3)-C(2)
C(8)-C(3)-C(2)
C(25)-C(26)-C(27)
0(2)-N(2)-0(1)
0(2)-N(2)-C(27)
O(1)-N(2)-C(27)
C(15)-C(14)-C(13)
C(6)-C(5)-C(4)
C(17)-C(18)-C(13)
C(17)-C(18)-C(19)
C(13)-C(18)-C(19)
C(8)-C(9)-C(10)
C(16)-C(17)-C(18)
C(6)-C(7)-C(8)
C(18)-C(19)-C(20)
C(7)-C(6)-C(5)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)

121.8(3)
120.9(3)
111.3(2)
118.6(3)
110.6(2)
118.7(2)
122.4(2)
118.8(2)
119.1(3)
122.9(3)
119.0(3)
118.0(3)
122.0(3)
119.4(3)
119.3(3)
121.3(3)
119.3(2)
109.7(2)
121.5(3)
120.6(3)
108.8(2)
120.43)
120.0(3)
119.5(3)

Symmetry transformations used to generate equivalent atoms:
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Table 4. Anisotropic displacement parameters (A2x 103)for no2cin_cif. The anisotropic

displacement factor exponent takes the form: -2n?[ h?a*2U!! + ... + 2 h k a* b* U!? ]

Ul 1 U22 U33 U23 U13 U12
N(1) 36(1) 36(1) 31(1) 0(1) 5(1) 3(1)
ce4)  31(1) 33(1) 32(1) 2(1) 6(1) 0(1)
c1) 28(1) 32(1) 29(1) -1(1) 4(1) 1(1)
cel 3201 39(1) 31(1) 2(1) 4(1) -1(1)
c@3)  37(1) 36(2) 31(1) 2(1) (1) 2(1)
C22)  36(1) 35(1) 29(1) 1(1) 5(1) 2(1)
c(12)  31(1) 37(1) 29(1) -4(1) 6(1) 2(1)
CQ) 31(1) 31(1) 30(1) 0(1) 5(1) 0(1)
C@25  60(2) 40(2) 39(2) 0(1) (1) 14(1)
C(@®) 47(2) 30(1) 40(2) 3(1) 5(1) 1(1)
can  31(1) 31(1) 37(2) -5(1) 5(1) 2(1)
ca13)  32(1) 48(2) 34(2) -4(1) 6(1) 2(1)
CcQ7 472 54(2) 37(2) -16(1) 6(1) 1(1)
C(29) 58(2) 35(2) 43(2) 4(1) 14(1) 4(1)
C(4) 49(2) 38(2) 39(2) 2(1) 9(1) 0(1)
C(10)  48(2) 34(1) 43(2) 2(1) 14(1) -1(1)
C28)  63(2) 37(2) 54(2) -11(1) 16(2) 3(1)
C(0)  49(2) 48(2) 36(2) 4(1) 4(1) 4(1)
Cc@3) 40(1) 31(1) 33(1) -5(1) 6(1) 2(1)
Cc@26) 672 63(2) 33(2) 2(1) 4(1) 16(2)
NQ) 77(2) 80(2) 51(2) -29(2) 10(2) 4(2)
C(14) 51(2) 54(2) 42(2) -12(1) 10(1) -5(1)
c(5) 69(2) 44(2) 41(2) 2(1) 19(2) -4(2)
c(8)  39(2) 60(2) 34(2) 0(1) (1) 2(1)
C9) 47(2) 37(2) 50(2) 1(1) 9(1) 11(1)
c17) 602 76(2) 38(2) 6(2) 14(1) 3(2)
o(1) 137(3) 76(2) 81(2) -37(2) 32(2) 132)
0() 172(3) 136(3) 40(2) -19(2) 132) 41(2)
C(7) 74(2) 36(2) 48(2) 6(1) 9(2) 11(1)
C(19) 54(2) 54(2) 38(2) 8(1) 8(1) 3(1)
C(6) 95(3) 40(2) 47(2) 10(1) 16(2) 4(2)
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C(15) 65(2) 67(2) 48(2) -19(2) 112) 0(2)
C(16) 77(2) 87(3) 39(2) -15(2) 17Q2) 5(2)
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SI Scheme 1 Mechanism for the formation of Phenanthridine.
o

C,HsOH SN
©/\)‘\H+ NH,OAc — ©/\/\NH

(0]
OH
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