Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2024

Electronic Supplementary Information

Imidazole assisted film-based fluorescent sensor for ultrasensitive detection of
hydrazine

Mohammad Masood Zafar,2 Subash Ch. Sahoo,’ Vakayil K. Praveen,c? Nidhi Tyagi,® and

Rakesh K. Mishra™a

aDepartment of Chemistry, National Institute of Technology Uttarakhand (NITUK), Srinagar (Garhwal)-246174,
Uttarakhand, India; -Department of Chemistry, Panjab University, Chandigarh—-160014, India; cChemical Sciences and
Technology Division, CSIR-National Institute for Interdisciplinary Science and Technology (CSIR-NIIST),
Thiruvananthapuram — 695019, Kerala, India; JAcademy of Scientific and Innovative Research (AcSIR), Ghaziabad
201002, India; &-School of Chemical Sciences, Amity University Punjab, Sector 82A, IT City, International Airport Road,
Mohali-140306, Punjab, India.

Sl|Page



Sl.
No.

21

2.2

3.1

3.2

41

4.2

10
1
12

13

TABLE OF CONTENTS

Experimental Details Page No
FT-IR, '"H NMR, ®C NMR, and HRMS spectra of compounds 1, R-1 and R-2 (Fig. $1-S10) ---------- S$3-S7
CryStallographiG data: -+ +-+++++sssrsserssemssensse e S8
Table S1: Selected crystallographic data of R and Re2-+++--+++--++-essreessesssmmmrimniinissss S8
Table S2: Selected parameters for weak interactions in R=1 and R=2:--«««wwrereerrmerrmrmrnrenninenenn S8
TREOFEHCAI DAtg -+ +erereerererserereasemiteseie st e e sttt S9
Table S3: Comparison of absorption properties of R-1, R-1-NaHs and R-2:-+--+-oooeereeeeeeeeeeeees S9
Table S4: Comparison of emission properties of R-1, R-1-NoHs @nd R=2:++++++++rrrrrrrrrrrrrrrrsreneenenn S9
Aggregation studies of compounds R-1 and R=2 (Fig. §11) «++++-++w++ersrrssresssmssamsoniinnsesaa, S10
Viscosity experiments and lifetime studies (Fig. §12) --+-+--swesresseemssmmnrmniinsns $10-11
Scheme showing the mechanism of the enhanced emission of R-1 and R-2 (Scheme §1) --«-«--++++ S11
Fluorescence titration studies of Re2 (Fig. §13) «-++-+++-++wsssrrsseesssemsamsianiineiscs s S12
Table §5: Comparison data of previously reported NoHz sensors with current data-»--««---xreereeeeeee $12-S14
Sensitivity of R-1 (50 uM, DMSO) towards hydrazine vapour (Fig. $14)--rrrrrrerrrmerrrmreee o $15
HRMS spectrum of Re1-NoHa product (Fig, §15):-+-+--+wsseressrsssmssamssassissisnscissc s S15

Optimized structure of R-1-N2H, produ

ct and HOMO’ LUMO (Flg. S16) ..................................... S16

Solld_state SenSIng Studles of N2H4 (Fig. S1 7) ...................................................................... S16

Temperature-dependant 'H NMR studi

es Of R.1 (Fig. 318) ..................................................... s17

CytOtOXiCity Of R_1 (Flg S19) ............................................................................................. S17

Supplementary information references

............................................................................... S18

S2|Page



1. FT-IR, '"H NMR, 3C NMR, and HRMS spectra of the compounds 1, R-1 and R-2
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Fig. 1 Overlay FT-IR spectra of the compounds 1, R-1 and R-2.
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Fig. S2 'H NMR (500 MHz) spectrum of 1 in DMSO-dk.
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Fig. S3 3C NMR (125 MHz) spectrum of compound 1 in DMSO-dk.
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Fig. $4 HRMS spectrum of compound 1.
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Fig. S5 'H NMR (500 MHz) spectrum of compound R-1 in DMSO-dk.
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Fig. $6 *C NMR (125 MHz) spectrum of compound R-1 in DMSO-dk.
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Fig. S7 HRMS spectrum of compound R-1.
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Fig. 8 'H NMR (500 MHz) spectrum of compound R-2 in DMSO-dk.
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Fig. S9 '3C NMR (125 MHz) spectrum of compound R-2 in DMSO-dk.
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Fig. $10 HRMS spectrum of compound R-2.
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2. Crystallographic data

2.1. Table S1. Selected crystallographic data of R-1 and R-2.

Data R-1 R-2

Chemical formula C17HsCl2N4-C3H/NO 2(C1gH13CI2N302)

Formula Mass 412.27 772.45

Crystal system Triclinic Triclinic

alA 7.8572(2) 9.7546(3)

biA 10.5742(4) 13.6517(4)

c/A 12.2644(3) 15.5974(5)

al® 104.009(2) 65.830(3)

BI° 92.066(2) 89.235(2)

yl° 102.979(3) 70.210(2)

Unit cell volume/A3 958.99(5) 1763.97(10)
Temperature/K 293(2) 293(2)

Space group P1 P1

No. of formula units per unit cell, Z 2 2

Radiation type MoKa MoKa

Absorption coefficient, u/mm-! 0.360 0.387

No. of reflections measured 12370 24165

No. of independent reflections 3904 7447

Rint 0.0476 0.0470

Final R1 values (I > 2a(/)) 0.0493 0.0502

Final wR(F?) values (/ > 20(/)) 0.1161 0.1154

Final Ry values (all data) 0.0723 0.0898

Final wR(F?) values (all data) 0.1329 0.1329

Goodness of fit on F? 1.049 1.037

CCDC No 2309138 2309139

2.2. Table S2. Selected parameters for weak interactions in R-1 and R-2.
R-1 R-2
Short Contact | Bond length (A) | Symmetry Code | Short Contact |Bond length (A)] Symmetry Code
N¢--Oy 2.863 X Y,Z N2Nog 2.906 2-X, -y,1-Z
C17"'O1 3.136 X,1+y, VA Hz"'N24 2.080 2-X, -y,1-Z
C|1"'C18 3.377 1-X, -y,1-Z 022"'H14 2.611 2-X,1-y,1-Z
Cly-Cly 3.386 1X, <Y, -Z Ozp*Hsg 2.548 X,V,Z
H1"'O1 2.028 XY, Z C1"'H46|3 2.877 2-X,1-y,1-2
Hq+-Cis 2.598 XY, Z Clst*-*Haza 2.852 -1+x, -14y, 142
Hi3-O4 2.580 X Y,Z Clso +Cls 3.283 X,1-y, 2-Z
No-H1s 2.465 1-x,1-y,1-z CasHsg 2.842 1-x,1-y,1-Z
Nag**Nso 2.952 1-X,2-y,1-2
N50"'H28 2079 1-X,2-y,1-Z
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3. Theoretical Data

3.1. Table S3: Comparison of absorption properties of R-1, R-1-N2H4 and R-2 with the simulated
excitation energy, oscillator strength and percentage contributions of the orbital for different transitions.

Experimental Theoretical
Compound _ —
Amax (NM) A(nm) f Orbitals & Contribution (%)
421.00 0.9096 HOMO — LUMO 99.14
387.46 0.0041 HOMO-1 — LUMO 99.19
R-1 380 HOMO-3 — LUMO 12.07
310.96 0.4718 HOMO-2 —» LUMO 76.84
HOMO —» LUMO+1 09.85
340.30 1.3091 HOMO —» LUMO 97.53
298.95 0.0162 HOMO-1 — LUMO 93.29
R-A+Nas 345 25773 o |HOMO-2 > LUMO 7962
' ' HOMO —» LUMO+1 16.85
371.28 1.2061 HOMO —» LUMO 98.47
R-2 370 326.09 0.0065 HOMO-1 — LUMO 97.55
303.76 0.2233 HOMO-2 —» LUMO 81.03
' ' HOMO —» LUMO+1 16.16

3.2. Table S4: Comparison of emission properties of R-1, R-1-N2Hs and R-2 with the simulated
emission wavelength, oscillator strength and orbital involved.

Emission Wavelength, Aem (nm)

Compound Experimental Theoretical
DMSO |Solid State | R-1ge Oscillator Strength and Orbitals involved
RF T Uy
.44}
R-1 560 550 540 513.11 nm f=1.5968

R

00 Upes,

R-1+NzHs | 405 & 428 438" 468 43426 nm | f=1.9046

Ry >~

\ Muwt

R-2 540 485 & 510 - 480.63 nm f=1.7689

‘ « /
\’M
S0 i

*In case of R-2 the intensity at 485 & 510 is reduced as it took longer time to complete the reaction.
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4. Aggregation studies of compounds R-1 and R-2

The fluorescence properties of R-1 and R-2 have been investigated in DMSO/water solvent mixtures in
order to evaluate their Aggregation Induced Emission (AIE) properties. As shown in Figure S11, R-1 is
strongly emissive in pure DMSO, while increasing the water content in DMSO/water mixtures from 0 to
90%, the fluorescence intensity was first increased (up to 30% water content) and was reduced and
blue shifted there after (up to 90% composition of water). Similarly the R-2 was found to be strongly

emissive in the 80% water/DMSO mixture.

—  DMSO —— DMSO

25 - 10% WATER 150 10% DMSO
20% WATER 20% DMSO
30% WATER 30% DMSO
40% WATER 125 4 40% DMSO
50% WATER 50% DMSO
60% WATER 60% DMSO
70% WATER 70% DMSO

0% WATER 20% DMS0
0 90% DMSO

204
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Fig. $11 Fluorescence spectra of a) R-1 and b) R-2 in DMSO-Water mixtures with different water fractions (Aex=
370 nm).

4.1. Viscosity experiments and lifetime studies
The R-1 and R-2 both planer molecule and represents the D—n—A type rotor through the m-conjugated
linker. The rotatable parts, including the benzene rings and linker of n-bridge (carbon-carbon double
bond), can rotate freely in low-viscous media, resulting in a non-radiative quenching of the excited state
and consequently are less or non-emissive. While, in high-viscous media, intramolecular motions are
inhibited, and energy is released through radiative decay, resulting in stronger fluorescence.
Considering this, the viscosity-responsive optical performance was investigated in more detail
with a methanol-glycerol system with various glycerol fractions (fe = 0-90, vol%). As R-2 showed better
AIE properties, in order to explore the mechanism, fluorescence change of probe R-2 for was monitored
at different glycerol-MeOH fractions (fc = 0-90, vol%). It was observed that on increasing the glycerine
content (0 — 90, vol%), the emission intensity at 540 nm has increased (Fig. $12a). The signal was
rather weak up to fz = 60%, while the intensity increased sharply with a higher fc exceeding 60%, and it
reached nearly 2-fold in the mixed solution with fs = 90%. The enhancement in emission has also been
supported by the lifetime measurement data of R-2 (zav = 5.44 ns, fc= 0; zav = 21.47ns, fz = 90) and R-1
(7av = 12.32 ns, fc= 0; 7y = 16.78 ns, fe = 90) in viscous medium which showed the enhanced life time

due to aggregation (Fig. S12c and 12d).
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Fig. S12 a) Fluorescence (Aex = 370 nm) spectra of R-2 (30 uM) with different glycerol fraction (f = 0-90, vol%),
b) Change in intensity at 540 nm with respect to different glycerol fraction (fs = 0-90, vol%), c) Lifetime (Aex = 370
nm) recorded for R-2 in MeOH and 90% glycerol-MeOH (fz = 90) R-2 and d) lifetime (Aex = 370 nm) recorded
for R-1in DMF and 90% glycerol-DMF (fs = 90) medium.

4.1. Scheme showing the mechanism of the enhanced emission of R-1 and R-2
Thus the above experiments support that enhanced emission is observed due to the restricted
intermolecular rotation (RIR) in both R-1 and R-2 (Scheme $1)

NC
cl
N / R Viscosity
\ Enhanced
cl N

R-1,R=-CN
R-2, R= -COOEt

Weak Fluorescent Strong Fluorescent

Scheme S1. Mechanism of the enhanced emission of R-1 and R-2.
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5. Fluorescence Titration Studies of R-2
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Fig. S13 a) Fluorescence (Aex =
(0.0 to 40 nM), b) Change in intensity at 540 nm with after addition of NoH4 (0.0 to 40 nM).
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6. Table S5. Comparison data of previously reported N.H, sensors with current data

30

370 nm) spectra of R-2 (30 uM, DMSO) with increasing concentration of NoH,

Wavelength (nm), A .
S. ! Detection |Response _— Reference
No. Probe Structure Excitation Emission Limit Time Application Year No
(Probe) | (Probe+N,H,)
3.4 nM .
1. > . . /> 395 460 (0.11 ppb) 2-3 min - 2013 1
2. 350 | 510&400 |1.79x10°M| 40 Test Strips, 2016 2
033 CN Hela cells
Et3NH
22.5nM Test Strips,
3 430 500 ©0.716ppb) | 2" | RAW264.7 Cells | 2017 3
26 nM . Paper Strips, &
4, 520 545 (0.83 ppb) 5 min HepG2 Cells 2018 4
Real Water
5. 327 456 1.90M | 1& 8 | o blesand TLC | 2018 5
(0.06 ppb) min
Plates
6 670 701 078ppb | 1h Mouse Liver | 551g 6
. : Slices
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Paper Strip, Soil
Analysis, Spray

7. o] 391 496 0.035 ppb | 60 min A 2019 7
Application,
Me,N o o Tissues Imaging
o]
0 Tap Water and
8. [ X P P 375 450 | 0007EM I 5y River Water | 2020 8
I g (1.5 ppb) S
Py amples
AN
Tap Water and
HO (o) 0.09 uM River Water
9. o 500 651 (2.87 ppb) 1h Samples; LO2 2020 9
Cells
CN
Fo_F
/B\
(o]
L TLC Plates,
10. % O 300 495&580 | 96.3nM | 40s HeLa Cells 2020 10
O COOEt
=
CN
NC
. | N@j00051 380 470 |7.9x109M | 20min | LB WAr & o000 |
N ung Beans
N
NC
CN
74
/3 O TLC Plate &
— .
12. O 370 604 & 442 42.5nM | 30 min U937 Cells 2020 12
b
S X CN
. TLC Plates &
CN
13. [IN o 365 530 2.6 uM 5 min MOF-7Cells 2020 13
K I
H s - .
o N 1.45 nM Silica, Filter
14, S WA P 360 448 : 10s Paper, Hela 2020 14
SN s (0.04 ppb) Cells
(o]
. - 9 j\ Distilled Water,
1: 8.4 ppb . Tap Water, River
(0]
15. 366 500 & 456 | 5 o5 opb 2min | e Moy | 2020 15
Cells
O 1,R=H;
2, R=B
o)\ r
Q O R Ground Water,
/ d . Tap Water, River
16. N O 350 460 847nM | 3min | 0 A | 2020 16
@ Cells
I COOH
0.08 uM . .
17, 515 | 6458&565 |(2.56x10° | 32Min Drinking Water & | 2001 17
ug mL) (max.) Hep ells
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18.
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1.7 nM

~1 min

Filter Paper
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MB 231 cells
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21.
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Sample
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22.
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23.

400/470

496 & 560

0.32 uM

90 min
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cells
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725

4.5%x 1010 M

0-40s

TLC & Paper
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Soil Samples,
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2023 24

25.

340

375

340 nM
(10 ppb)

10 min

lipid droplets, C.
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and zebrafish

2023 25

26.

370
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0.08 ppb

1-2 min

Polymer Film, C6
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This

2024 Work
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7. Sensitivity of R-1 towards hydrazine vapour

(0 Mi;a)

(15 Min)

Fig. $14 Demonstration of the yellow fluorescence quenching (R-1) by hydrazine vapour.

8. HRMS spectrum of R-1-N2H4 product
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<2 TN
Cl H

%N = N-NH,
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N N

Chemical Formula: Cy4HCloNy4

Exact Mass: 304.0283

Fig. $15 HRMS spectrum of R-1-NoH4 adduct.
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9. Optimized structure of R-1-NzH4 product and HOMO, LUMO
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Fig. S16 The optimized structure of R-1-N2Hs. The schematic representation of relative energy levels of the
important orbitals as well as electronic distributions observed in frontier orbitals (HOMO, HOMO+1, LUMO and

LUMO+1) of R-1-N2H4 with band gap values using DFT/B3LYP/6-31G**.
10. Solid-state sensing studies of NH,
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Fig. $17 Fluorescence spectra of R-1 and R-2 in solid state (1ex = 380 nm) and after addition of excess of
hydrazine and the corresponding visual change in the fluorescence of R-1 and R-2.
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11. Temperature-dependant 'H NMR studies of R-1
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Fig. $18 Temperature Dependant 'H NMR Studies of R-1 in DMSO-ds at different temperature.

o) \») Q
0_)% N ('0(1’ Vv '\Q
\ .

®
Concentration (UM)

12. Cytotoxicity of R-1
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Fig. $19 in vitro cytotoxicity in c6 cells treated with R-1 at different concentrations.
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