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Figure S1. 1H NMR spectra (400 MHz) of BMTM in CDCl3.

Figure S2. 13C NMR spectra (400 MHz) of BMTM in CDCl3.



Figure S3. DLS analysis for FONPs and its interaction with cysteine and cytosine

Figure S4. Energy Dispersive X-Ray Spectroscopy (EDS) spectra for FONPs.



Figure S5. Fluorescence intensity against time at 425 nm emission for ONPs and FONPs 
(100 μM) in water

Figure S6. Changes in fluorescence as function of time for HNPs-Cystein interaction in full 
aqueous media



Figure S7. Change of fluorescence intensity against time for FONPs-Cytosine interaction in 
full aqueous medium

Figure S8. Method of validation for quantification:  a) cysteine by FONPs, and b) cytosine 

by FONPs.



Figure S9. DFT optimization-frequency parameters for a) BMTM; b) BMTM-Au6; c)BMTM-
cysteine; d) BMTM-cytosine obtained with a B3LYP/6-311+G(d,p) basis set.



Figure S10. a) Frontier molecular energy diagram for BMTM, BMTM-Au6, BMTM-cysteine 
and BMTM-cytosine interaction; b) Total calculated energy for BMTM, BMTM-Au6, BMTM-
cysteine and BMTM-cytosine interaction.

Figure S11 a) Optimized geometry a) BMTM and b) BMTM-Au6 in aqueous system; b) 
electron density mapping of c) BMTM and d) BMTM- Au6 obtained through 
B3LYP/LANL2DZ basis set.



Table S1. Method of validation for the determination of cysteine and cytosine  by FONPs

Stock 

concentration
[Cysteine] [Cytosine]

[μM] [μM] Error (%) [μM] Error (%)

2.0 0.57 1.6 0.35 82.6

5.0 5.30 -6.0 4.67 6.4

10.0 11.21 -12.1 8.77 12.2

20.0 21.28 -6.4 22.23 -11.1

25.0 26.11 -4.4 23.52 5.9

50.0 47.42 5.1 48.21 3.5

Error average - 7.9 - 16.6

Table S2.  Recognition of cysteine and cytosine in literature  and compared with the 
present study

Probing compounds Technique Detection limit Recognition species Ref.
benzothiazole-based ligand 
2-(2 -hydroxyphenyl) benzothiazole using cysteine 
an auxiliary reagent Fluorescence

0.036 uM
1.16 M Zn2+ and Cd2+  Ref1

Nanohybrid of silica nanoparticles with gold 
nanoclusters Fluorescence

 0.35 mM.
Cysteine Ref2

 N-acetyl-L-cysteine-capped CdTe quantum dots Fluorescence - panicillamine and Cu2+ Ref3

Fingerprint-like pattern DNA-based sensing Fluorescence 8.6 nM for L-Cys and 
7.4 nM for D-Cys, Thiols Ref4

quinoline based ratiometric compound Two-photon fluorescence - Cysteine and 
homocysteine Ref5

Fluorescein-based compound  Colormetric and  
fluorescence

0.12 µM 
 0.13  µM Glutathione and cysteine 

Flavone-based ligand (6-bromo-2-(9-ethyl-9H-
carbazol-3-yl)-3-hydroxy-chromen-4-one) Fluorescence 4.06 × 10−3 µM Cysteine Ref6

Iminocoumarins based compounds Fluorescence 6.6 nM cysteine Ref7

fluorophore of 4-amino-7-nitrobenz-2-oxa-1,3-
diazole Fluorescence  26 nM. Glutathione Ref8

Magnetic Micronanoelectrodes electrochemical 83 pM Cysteine Ref9

optical metal based nanopartcles sensor Colorimetric 4.54 × 10−10 M. Creatinine Ref10

Rhodamine-derived probes Fluorescence 1.26  uM Cysteine Ref11

8-carboxamidoquinoline derivative with  Cu2+ 
complex Fluorescence 1.92 × 10−7 mol/l Cysteine Ref12

Chitosan-capped silver nanoparticles: Scanometry 2.1 × 10−6  mol L−1 Tryptophan Ref13

cinamaldehyde and pyrimidine base probe Absorption spectra  0.10 M Hg2+ and cysteine Ref14

 pyrene pyridoxal cascade compound Fluorescence 1.59 × 10−7 M Zn2+, hydrogen phosphate 
and cysteine Ref15

molecular imprinted SiO2/AuNPs/SiO2 electrochemical - Cysteine Ref16

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=4&doc=34
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=8&doc=80
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=9&doc=88
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=10&doc=99
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=10&doc=99
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=11&doc=101
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=11&doc=107


isomers
Cyclohexene based shift base ligand Colorimetry  and 

fluorescence
7.34 nM Biothiols Ref17

naphthalimide-functionalized Pillar[5]arene-based 
Multiresponsive Supramolecular Polymer Fluorescence - Cyanide, Hg, and Cysteine Ref18

Phthalimide-based  probe  Fluorescence 6 × 10−8 M Cysteine Ref19

Coumarin-based ligand Fluorescent 47.7 nM Cysteine Ref20

Graphene oxide embedded with Fe(phenathroline) 
as dual Reacting-mediated Strategy Colorimetry 4.8 μM Cysteine Ref21

Metal-organic frameworks Fe-MIL-88NH(2) fluorescence  1.17 uM 6-mercaptopurine Ref22

nanomaterials of terbium hybrids for the detection 
of tryptophan Luminiscence - Tryptophan Ref23

Cytosine derivatized diethylenetriaminepentaacetic 
acid (dtpa) and Eu(III) complexes fluorescence 5.11 × 10−7 mol L−1

6-Thioguanine Ref24

nitrogen-doped graphene quantum dot–
mercury(II)system fluorescence 1.3 nmol L-1

Cysteine Ref25

magnesium and nitrogen co-doped carbon quantum 
dots fluorescence 0.02  μM. Cysteine and Hg2+ Ref26

global DNA methylation Colorimetry and 
electrochemistry

- Methyl cytosine specific 
antibodies Ref27

3-(2-hydroxyphenyl)-1-pyrenyl-2-propenone fluorescence 10 pM/L Cysteine Ref28

Quantum mechanical studies DFT _ Cytosine and adenine Ref29

Pyrene-appended 5-hydroxyisophthalic acid 
derivative

Colorimetry and 
Fluorescence

32 nM Cytosine Ref30

Picolinamide Biochemical reactions - Nucleobases Ref31

Gold nanorods vs. gold nanoparticles with  
molecularly imprinted polymer electrochemical 0.75 ng mL-1 Cytosine beta-D-

arabinoside Ref32

bis(2,2'-bithienyl)methane molecularly imprinted 
polymer 

Electrochemical
Fluorescence

- 6-thioguanine, Ref33

 hypoxanthine in pyrrolidinyl peptide nucleic acid fluorescence - Cytosine Ref34

Thiophene based organic nanoparticles decorated 
with Au NPs Fluorescence 2.12 nM

258 nM Cysteine and cytosine Present 
work

Note: Yen Wei co workers showed clearly how aggregation-induced emission (AIE) is essential for many 
biomedical applications; for example,  several polymers based on acetylenic 35, amphiphilic36,  dye with β 
cyclodextrin37, poly(amino acid)s38  were prepared and successfully applied to develop cell imaging 39-41  
as well as for bio-/chemosensors 42 through AIE. Furthermore, they also adopted several easy methods to 
prepare luminescent active polymeric nano particles such as (i) non-covalent fabrication methodology43; 
(ii) fluorescent organic nanoparticles by multi-component approach 44 45; (iii) surface modification 
strategy such as fluorescent silica nanoparticles via AIE dye46; (iv) catalyst-free azide-alkyne click 
reaction47 or catalyst-free thiolyne click reaction 48; (v) ultrasound or microwave assisted multi-
component reactions for polymer nanoparticles 49 50 51; (vi) metal-free photo-initiated process52; 
polymeric nanoparticles (FPNs) via post modification of synthetic polymers 53; (vii) fluorescent organic 
nanoparticles via emulsion 54, and (viii) luminescent hyaluronic acid through  AIE 55. Similarly, nano-
diamonds with hyperbranched polymers were studied to use for drug delivery56.

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=6BM2sl7QfZXC2rlc5Wq&page=18&doc=180
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https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=37&SID=6BM2sl7QfZXC2rlc5Wq&page=40&doc=396


Table S3. Frontier molecular orbital (FMO) energies

BMTM BMTM-Au6 BMTM-cysteine BMTM-cytosineMolecular
Orbital Energy (eV)

LUMO+4 0.018 -2.016 0.613 0.282
LUMO+3 -0.029 -2.112 0.550 -0.587
LUMO+2 -0.866 -2.547 -0.011 -0.904
LUMO+1 -1.808 -2.593 -0.586 -1.815
ΔELUMO+1-LUMO 0.126 0.004 1.149 0.117
LUMO -1.934 -2.598 -1.734 -1.932
ΔEHOMO-LUMO 4.479 3.509 1.885 4.412
HOMO -6.413 -6.107 -3.619 -6.343
ΔEHOMO-1-HOMO 0.223 0.102 2.633 0.021
HOMO-1 -6.636 -6.210 -6.251 -6.365
HOMO-2 -6.772 -6.675 -6.505 -6.611
HOMO-3 -7.166 -6.843 -6.597 -6.679
HOMO-4 -7.266 -6.862 -6.886 -6.715
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