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Synthesis of hydroxy graphene quantum dots (HO-GQDs):! Pyrene (0.2 g) was refluxed in
conc. HNOj (16 mL) at 95 °C for 12 h. The mixture was then cooled to room temperature and
diluted with 100 mL of deionized water, and filtered to obtain yellow 1,3,6- trinitropyrene (0.26
g). Next, the yellow product was dispersed in a 60 mL of 0.2 M NaOH solution by
ultrasonication for 2 h. Then the suspension was transferred to a Teflon autoclave container
and heated at 200 °C for 10 h. The product containing water-soluble GQDs was filtered through
a 0.22 um microporous membrane to remove insoluble carbon product after cooling to room
temperature and further dialyzed in a dialysis bag (retained molecular weight: 10,000 Da) for
2 days to remove sodium salt and unfused small molecules. The purified black OH-GQDs were

dried at 80 °C and characterized using standard techniques.
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Figure S1. IR spectra confirm the presence of hydroxyl groups in the HO-GQDs.
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Figure S2. (a) Protonated and deprotonated forms of BPBP; (b) Response of BPBP at different
pH in UV-vis; (¢) fluorimetric responses of BPBP at different excitation wavelengths and pH;

(d) Response of BPBP at different pH in fluorimetric studies; () Plot of % fluorescence v/s
pH for determination of pK,.
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Figure S3. The fluorimetric responses of GQDs (5 pL, 1 mg/mL) + BPBP (30 uM) upon the
addition of CB[7] (0-100 uM) showed an increase in intensity at 535 nm and a simultaneous
ratiometric decrease in intensity at 730 nm [GQDs: A,y 370 nm, A.y, 545 nm; BPBP: A, 519

nm, Aeyp 730 nm].
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Figure S4. Optimized structures of (a) ground state and excited state BPBP-A; (b) ground state
and excited state BPBP-B; (c) GQDs; (d) GQDs:BPBP complex top view; (¢) HOMO
—LUMO excitation of GQDs-BPBP-B which dominates the 526 nm peak (So-S;) and
LUMO+2 orbitals GQDs-BPBP-A and GQDs-BPBP-B involved in the quenching of GQDs

fluorescence and (f) A schematic representation of the fate of photo-excitations of GQDs-
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Table S1. Predicted absorption peak positions (with oscillator strength of the transition and

dominating excitations in %) and emission peak positions of BPBP forms in water at TDDFT

level.
Predicted Absorption | Oscillator Contributed by excitations (with major
peak positions (at | strength of the | contributions in %)
TDDFT)  Aaps (nm) | transition
BPBP-A 361 (Aen=464nm) | 1.6992 H—L (73%), H-1—L (13%)
BPBP-B 550 1.3620 H—L (89%)
400 (Aey =708 nm) | 0.1940 H—-L+1 (67%), H-1-L (26%)
BPBP-A- 416 0.8893 H—L (83%)
CBJ[7] (1:1) 343 0.6318 H-1-L (75%)
BPBP-A- 399 0.898 H—-L (65%), H-L+1 (11%)
CBJ[7] (2:1) 351 0.1029 H—-L+1 (55%), H-1-L (22%)
GQDs 376 0.3222
GQDs-BPBP- | 376 0.2786 H—L+2 (76%), H-1-L+3 (14%)
A 350 0.4137 H-3—-L (55%), H-4—L (16%), H-
5-L+1 (10%)
GQDs-BPBP- | 526 0.6896 H—L (84.5%)
B 378 0.1959 H—L+2 (66%), H-4—L(15%)
365 0.1019 H—-L+1 (72%)

Table S2. Some important orbitals of GQDs-BPBP-A and GQDs-BPBP-B contributing to the

mentioned absorption peaks
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Figure S5. Fluorescence response of BPBP (30 uM) upon addition of CB[7] (0-80 uM) shows

a decrease in intensity along with a visual color change from red to yellow [Aex 519 nm, A,

730 nm].
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Figure S6. (a) Fluorescence response of BPBP (30 uM) + CB[7] (60 uM) upon addition of

spermidine (0-80 uM) [Aex 519 nm, A., 730 nm]; (b) Fluorescence response of sensing

assembly containing 30 uM BPBP at the lower concentration range for spermidine (0—2.5 uM)
[Aex 519 nm, A¢y, 730 nm].
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Figure S7. Fluorescence response of the two-component supramolecular assembly against

biogenic amines [Ae 519 nm, A, 730 nm].
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metal ions; (b) anions; (¢) amino-acids; (d) neutral molecules [Aex 519 nm, A, 730 nm].
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Figure S9. Job’s plot for the determination of the stoichiometry of BPBP:CB[7] two-

component assembly [BPBP (30 uM), CB[7] and SP/SPD concentration varied between 0-30
UM (Aex 519 nm; Aep,, 730 nm).
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Figure S10. UV-vis spectra of (a) BPBP (30 uM) upon addition of CB[7] (0-100 uM); (b)
BPBP (30 uM) + CB[7] (60 uM) upon addition of spermine (0-40 uM); (¢) BPBP (30 uM) +
CB[7] (60 uM) upon addition of spermidine (0-70 uM) in water; (d) Response of the two-

component supramolecular assembly against biogenic amines.
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Figure S11. (a) Fluorescence response of GQDs (5 uL, 1 mg/mL) + BPBP (30 uM) + CB[7]
(60 uM) upon addition of spermidine (0-80 pM); (b) Fluorescence response of sensing
assembly containing 30 uM BPBP at the lower concentration range for spermidine (0—500 nM)
(LOQ =12.5 nM, LOD = 0.9 ppb) (GQDs Aex 370 nm, Ay 545 nm; BPBP A, 730 nm).
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Figure S12. UV-vis spectra of GQDs upon addition of (a) BPBP (0-30 uM); (b) BPBP (30
uM) + CBJ[7] (0-100 uM); (c) BPBP (30 uM) + CB[7] (60 uM) + spermine (0-40 uM); (d)
BPBP (30 uM) + CB[7] (60 uM) + spermidine (0-80 uM) in water.
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Figure S13. Percentage fluorescence quenching of the supramolecular assembly (at Ae, 535
nm) with (a) metal ions; (b) anions; (c) amino acids; (d) neutral molecules [red bars]; and

corresponding competitive study in the presence of spermine (30 uM) [grey bars].
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Table S3. Life-time decay trace of BPBP, BPBP + CBJ[7], and BPBP + CB|[7] upon addition

3 4 5 6 7 8 9 10
pH

Figure S14. Effect of pH on the relative emission intensities of GQDs:BPBP:CB[7]

of spermine.
System 71/n8 (%) | To/ns (%) | Ta/ns (%) | ¥ Tay/0S
BPBP in water (Ae 511 nm, Ae, 730 | 0.06 (82) | 0.25 (13) | 1.03(5) 1.20 | 0.133
nm)
BPBP + CB[7] in water (A 511 nm, | 0.14 (38) | 0.85(35) | 2.63 (27) | 1.24 | 1.061
Aem 730 nm)
BPBP + CB[7] + SP in water (A, 511 | 0.07 (76) | 0.24 (18) | 1.01 (6) | 1.30 | 0.157

nm, Aey 730 nm)
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Figure S15. Isothermal calorimetric titration for host-guest complexation of BPBP and CB|[7].
(A) Raw data for the titration of CB[7] with BPBP in the Tris.HCI buffer pH 7.4 at 25 °C,
showing the calorimetric response as successive injections of the CB[7] are added to the sample
cell. (B) The integrated heat profile of the calorimetric titration is shown in panel A. The solid
line represents the best nonlinear least-squares fit in a 1:2 (BPBP:CBJ[7]) one-site binding

model.

S15



ax-lof1

1 1
00 02 04 06 08 1.0
Mole fraction of SPD ()

Figure S16. Job’s plot for the determination of the stoichiometry of GQDs:BPBP:CB|[7] three-
component assembly [BPBP (30 uM), GQDs 5 uL, 1 mg/mL, CB[7] and SPD concentration
varied between 0-30 uM (Ae 370 nm; Aey, 535 nm).

Figure S17. DFT optimized structures of 1:1 and 2:1 CB[7]:SP complex.
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Table S4. Life-time decay trace of BPBP, GQDs:BPBP conjugate, GQDs:BPBPCB|7]

assembly with different concentrations of spermine and spermidine.

System T1/n8 (%) | to/ns (%) | T3/ns (%) | 2 Tay/NS

BPBP in water (Ao, 511 nm, Aem 730 | 0.06 (82) [ 0.25(13) [ 1.03(5) | 1.20 | 0.133

nm)

GQDS (hex 374 NM, Ao 535 nm) 0.25 (27) | 1.85(34) | 5.15(39) | 1.19 |2.71

GQDs-BPBP (Aex 374 nm, A, 535 | 0.22(18) | 0.85(33) | 2.81(49) | 1.06 | 1.69

nm)

GQDs-BPBP (Ao, 374 nm, Aoy 730 | 0.05(63) | 0.36(20) |3.24(17) | 1.07 | 0.654

nm)

GQDs-BPBP-CB[7] (Ao, 374 nm, dery | 0.07 (50) | 0.48 (17) | 3.76 (33) | 1.06 | 1.36

535 nm)

GQDs-BPBP-CB[7]-SP (hex 374 nm, | 0.20 (21) | 1.32(56) | 4.46(23) [ 1.2 | 1.81

Aem 535 nm)
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Figure S18. Particle size analysis of (a) GQDs; (b) BPBP; (c) CB[7]; (d) GQDs:BPBP
conjugate; (¢) GQDs:BPBP:CB[7] assembly; (f) after addition of spermine in the aqueous
solution of the assembly.

Table SS5. Zeta potential data for the individual components, binary conjugate, three-

component sensing assembly, and sensing assembly upon the addition of spermine.

Sample | BPBP GQDs | CBJ|7] | Spermine | GQDs + | GQDs + | GQDs
BPBP BPBP + | BPBP
CBJ7] CBJ[7]
spermine
Zeta +5.07 —7.35 —-12.03 | +045mV | -1.54mV | -15.10mV | —7.64
potential | mV mV mV mV
©
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Two-component sensing of SP and SPD vapors
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Figure S19. Time-dependent vapor phase sensing of spermine and spermidine at variable

concentrations: The fluorescence responses from the two-component sensing assembly

towards (a) spermine and (b) spermidine (BPBP (30 uM) + CB[7] (60 uM), Ae 519 nm, Ay

730 nm); The fluorescence responses from three-component sensing assembly towards (c)

spermine and (d) spermidine (GQDs (5 pL, 1 mg/mL) + BPBP (30 uM) + CB[7] (60 uM, A

370 nm, Aep, 535 nm); Insets: Corresponding visual color change images for the two-component

and three-component sensors towards SP/SPD vapors after addition of 1 equiv of SP and 2

equiv of SPD, respectively.
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Table S6. Vapor phase SP/SPD recovery data for the two-component and three-component

supramolecular sensor”

Sr.  Sample Spermine/ Spermine/ Recovery RSD (%)
No. Spermidine  Spermidine (%) (n=3)
added (uM)  found (uM)
1. Two-component assembly (BPBP  06.0 05.011 83.5 2.7
+ CB[7]) + SP 12.0 10.272 85.6 2.9
18.0 15.102 83.9 3.4
24.0 21.058 87.4 3.2
30.0 25.530 85.1 3.0
2. Two-component assembly (BPBP  12.0 09.624 80.2 3.6
+ CB[7]) + SPD 24.0 19.560 81.5 2.9
36.0 29.016 80.6 3.5
48.0 40.080 83.5 24
60.0 49.560 82.6 3.1
3. Three-component assembly 06.0 05.412 90.2 2.8
(GQDs + BPBP + CBJ[7]) + SP 12.0 10.932 91.1 2.5
18.0 16.128 89.6 33
24.0 22.176 92.4 3.5
30.0 27.450 91.5 3.1
4. Three-component assembly 12.0 10.788 89.9 2.8
(GQDs + BPBP + CB[7]) + SPD  24.0 20.520 85.5 2.7
36.0 31.536 87.6 3.6
48.0 42.672 88.9 2.8
60.0 53.760 89.6 24

“The maximum fluorescence intensities from the sensing solutions at 730 nm for two-
component and at 535 nm for three-component supramolecular sensors, respectively after 48
h were plotted on the standard curves to obtain the % recovery data.
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Table S7. A comparative study for dye-cavitand host-guest sensors of spermine/spermidine.

Sr. | Probe/dye Strategy Detection Detection Analyte Interferenc | Application | Ref.
No. | Type (host) Medium Limit (BPAs) e by other No
BPAs
1. Quinoline host-guest Glass Not SPD NO serum 2
(B-CD) Surface Mentioned
2. DASPI and host-guest Tris-HCI Not BPAs Yes NA 3
Hoechst (CB[n], n =6, | buffer, pH Mentioned
33258 7, 8) 7.3
3. PDI host-guest Highly 30 nM SP SPD NA 4
(CBI[7]) acidic
4. TPE host-guest DMSO-H,O | 1.0 uM SP SPD, PUT | NA 5
(CB[7])
5. Phenazopyridine | host-guest Water 21 nM SP NO Urine 6
(CB[7])
(Colorimetric
)
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6. Gold Pillar Water 0.034 uM SP NO NA 7

nanoparticles [5]arene
(Colorimetric
)
7. BPBP host-guest Water 20.2 ppb (SP), SP, SPD NO blood serum, | This work
(CB[7)) 36.3 ppb (SPD) urine

BPAs: Biogenic polyamines; SP: Spermine; SPD: Spermidine; PDI: Perylene diimide; TPE: Tetraphenylethylene. *®Unless otherwise mentioned the
LOD presented in the table is for spermine.
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Table S8. A comparative study for selected supramolecular sensing strategies for SP/SPD.

Sr. | Probe/dye Detection Detection Analyte Ref.
No. | Type Medium Limit (ppb) | (BPAs) No.
1. Functionalized MCM-41 | Water 5463.2 (SP) | SPand SPD | 8
loaded with Rhodamine 6G 6545.2
(SPD)
2. Ciprofloxacin-Tb>* Water 343 SP 9
complex
3. Doxorubicin-ZnO- Water Not SP 10
cucurbit[7uril mentioned
nanocomplex,
4. Quantum  dots  based | Water 40.5 (SP) SP and SPD | 11
nanoprobe 305 (SPD)
5. Pyrocatechol violet HEPES 1262 SP 12
buffer pH 7
6. TPE Phosphate 141.7 (SP) | SP and SPD | 13
buffer pH 7.4 | 170.2 (SPD)
7. PDI-SDS HEPES- 6.05 SP 14
buffered
CH;CN/H,0O
(1:1, v/v, pH
7.2);
8. Squarine and  Pyrene | Water 957 SP 15
(micelles)
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9. Benzothiadiazole polymer- | Water 66.8 SP 16
SDS
10. | Pyrene amphiphile (0.8 mM | Not SP 17
MOPS, pH | mentioned
7.0)
11. | CdTe QDs and carbon dots. | phosphate 41 (SP) SP and SPD | 18
buffer  (pH | 305 (SPD)
8.0, 10 mM)
12. | TPE + CB[6]OH + HAp | Water 1.4 SP, SPD 19
NPs
13. | BPBP + GQD +CB[7] | Water 0.1 (SP) SP, SPD This work
affinity-driven guest 0.9 (SPD)
exchange

SP: Spermine; SPD: Spermidine; PDI: Perylenediimide; TPE: Tetraphenylethylene. *Unless

otherwise

mentioned  the

LOD presented
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