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1. Experimental Procedures

Synthesis of 5-((9-alkyl-9H-carbazol-3-yl) methylene)-2-thioxodihydropyrimidine-4,6(1H,5H)-
dione (TBA conjugate)

N-alkylcarbazole-thiobarbituric acid conjugates were synthesized via Knoevenagel
condensation.! 9-alkyl-9H-carbazole-3-carbaldehyde (1 eqv.) and thiobarbituric acid (1 eqv.) were
reacted in ethanol at 60°C for 5 hours. The resulting precipitated TBA conjugate was filtered, washed

with hot water, and dried under vacuum. The reaction yielded 80% of the desired product.

2. Results and discussion

Characterisation of TBA conjugates

S

HNJLNH
ETBA: m.p. > 250 °C, FT-IR (KBr, v, c;’!): 3436, 3140, 2352, 1642, 1533.

'H NMR (400 MHz, CDCl, 5 ppm) 0.85 (t, 3H), 0.92 (t, 3H), 1.22 — 1.42 (m,

O \ 9H), 4.2 (d, 2H), 7.30 — 7.46 (m, 4H), 7.50 — 7.56 (m, 1H), 8.37 (d, 1H), 8.59
(d, 1H), 8.76 (s, 1H), 8.93 (d, 1H), 9.36 (s, |H). MALDI-TOF MS (ESI MS)
m/z: [M+H]"* caled for CosHyyN30,S 434.1902, found 434.9803.

DTBA: m.p. >250 °C, FT-IR (KBr, vy, cm): 3426, 3120, 2362, 1646, 1533.

TH NMR (400 MHz, DMSO-dy, 6 ppm) 0.83 (t, 3H), 1.16 — 1.26 (m, 18H),
1.78 — 1.84 (m, 2H), 4.48 (t, 2H), 7.34 (t, 1H), 7.55 (t, 1H), 8.21 (d, 1H), 8.56
(s, 1H), 8.66 —8.68 (m, 1H), 9.36 (s, 1H), 12.29 (s, 1H), 12.38 (s, 1H). MALDI-
TOF MS (ESI MS) m/z: [M+H]" calcd for C,0H34N30,S 490.2523, found
490.7923.

TTBA: m.p. > 250 °C, FT-IR (KBr, v, cm™): 3420, 3156, 2350, 1654,
1517. '"H NMR (400 MHz, CDCls, & ppm) 0.86 (t, 3H), 1.22 — 1.41 (m, 20H),
1.71 (s, 2H), 1.89 (t, 2H), 4.33 (t, 2H), 7.38 (m, 1H), 7.43 — 7.46 (m, 2H), 7.51
~7.56 (m, 1H), 8.27 (d, 1H), 8.58 (d, 1H), 8.76 (s, 1H), 8.90 (d, 2H), 9.37 (s,
1H). MALDI-TOF MS (ESI MS) m/z: [M+H]* caled for CsHioN;0,S
518.2841, found 518.5560

S2



Global-Reactivity Parameters

Valuable theoretical understanding of chemical reactivity and selectivity parameters by
examining fundamental qualitative chemical concepts such as ionisation potential (IP), electron affinity
(EA), electronegativity (y), chemical potential (u), global hardness (7), softness (o), and electrophilicity
index (w). Molecules with higher chemical potential (¢) and hardness () values are considered to be
kinetically stable. These parameters are directly associated with orbital Egap values and are inversely

correlated with overall softness (o). Additionally, GRPs can be calculated using equations 1 and 2.

IP = -Enomo (1
EA =-Erumo (2)
IP and EA are the ionisation potential and electron affinity (in a.u.). Electronegativity (Y),

chemical hardness (1)), and chemical potential () have been determined using the Koopmans theorem

with equations 3-5.

[IP+EA]  [Erymo + Enomol
x= 2 = 2 3)

[IP - EA] [ ELumo — Enomol

=z = 2 “)

Evomo T ELumo
u= 2 (5)

Equations 6 and 7 give the global softness (c) and electrophilicity index (®)

1
o= 21 (6)
2
Ll
w= 21 (7)
IP EA X n u o (0]
ETBA 0.2235 0.1054 0.1644 0.0590 -0.1644 8.4745 0.2290
DTBA 0.2234 0.1051 0.1642 0.0591 -0.1642 8.4602 0.2281
TTBA 0.2233 0.1051 0.1642 0.0591 -0.1642 8.4602 0.2281

Table 1. Global reactivity parameters of ETBA, DTBA and TTBA.
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Theoretical calculations

Previous research revealed the similar molecule's twisted intramolecular charge transfer (TICT)
state.? This conclusion was based on Lippert-Mataga analysis and excited-state DFT calculations. The

presence of a TICT state explains the observed red shift in emission spectra in polar solvents.

1

S Relaxation

i

s S

Fluorescence
Fluorescence

| Absorbance

() (b)

Fig. 1 Diagram showing emission in TICT state of TBA conjugates in (a) Planar and (b) when
excited, these molecules can twist, leading to a unique emission profile.

Chart. 1 Optimized ground state geometry of a) ETBA, b) DTBA, c) TTBA in gaseous state, d) Anti
and Syn conformations of TBA conjugates
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Non-Linear Optical property
Theoretical evaluation

To understand how TBA conjugates behave optically in water and THF, we used DFT methods
with B3LYP and a 6-311++G(d,p) basis set to calculate their static dipole moment (i), total
polarizability (a,,), polarizability anisotropy (Aa), static first-order hyperpolarizability (5,.), and
second-order hyperpolarizability (y). We assumed the molecules are in a static external electric field F,
and their energy is expressed as the function of the static field F, as shown in equation 8.

1 1 1
E(F) = E(0) — wF; - 2 o; FiF; — 6 Bijk FiFiFy — 24 Yiji FiFiFF 3

The total static dipole moment (x,,,) is determined by using this equation*3: ., = Y ui
U= (U2 4 2 4 sz)l/z 9)

A second-rank tensor describes the polarizability; the mean or total polarizability (atot) can be
determined by solely considering the diagonal elements, as follows: 43

(a,, + a,, + a,,)

04 = 3 (10)
The anisotropy of the polarizability Ao can be expressed as &’
1
Aa = \/i \/[(axx - ayy)z + (ayy - azz)z + (azz - axx)z + 6(a2xy + azyz + azxz] (1 1)

A third-rank tensor represents the static first-order hyperpolarizability (Btot). The 27
components of the 3D matrix can be reduced to 10 elements by Kleinman symmetry.® The output file
from Gaussian 03W provides the following main components: By, Brys By B Pz Pz Bryzs Przzs Pyzss

P.... The first hyperpolarizability (8,,) is defined as equation 12.%°
2 2 2
ﬂ[jk:\/(ﬁxxx-l_ Bxyy+ﬁxzz) + (Bxxy+ :Byyy+ﬁyzz) + (:Bxxz+ :Bzyy+ﬁzzz) (12)

The average value of the static hyperpolarizability of the second order (y,,,) is given by equation 13,°

1
)} _ g[yxxxx + yyyyy + yZZZZ + Z(Vxxyy + yyyZZ + yxxzz)]
ik =

(13)

Organic molecules with NLO behaviour are believed to result from strong ICT character, which
allows for the transfer of electron density from donor to acceptor along a m bridge.!! The organic
molecule urea is commonly used as a reference material for comparing NLO properties. The S, value
for urea is 37.28 x 10732 esu,'? while the S, values for our synthesised D-n-A conjugates are notably
higher. This indicates that ETBA, DTBA, and TTBA are favourable candidates for NLO applications.
ETBA exhibits high values of S, and y in water and THF due to its strong ICT character,'? leading to

enhanced nonlinearity compared to other D-n-A conjugates.
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UV-Visible absorption properties
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Fig. 2 Absorption spectra of (a) ETBA, (b) DTBA, (c) TTBA in (2 x 10 M) THF: H,O ratios, (d) TBA
conjugates in fw= 90% and emission spectra, (e) at fw= 90%, (f) plot of Amax vs. THF: H,O (%) ratios.
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Morphology studies of TBA conjugates

Fig. 3 shows the TEM morphology image of the TBA conjugates, where nanorods having
uniform diameters with flat and smooth surfaces were seen in ETBA (a,b) and TTBA (e,f). In DTBA
(c,d), a sheet-like structure that winds up to form a fibre bundle was observed.

ETBA
4
200 nm

Fig. 3 TEM images of the self-assembled structures of ETBA (a, b), DTBA (c,d), and TTBA (e,f).

Aggregate size Measurement
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Fig. 4 Particle size histograms obtained from the DLS analysis for (a) ETBA, (b) DTBA and (¢)
TTBA, at fw=80%, 90% and 100% and the fits of the data according to a log-normal distribution
(Concentration: 2 x 10-3 mol/L).

Mechanofluorochromic properties
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Fig. 5 Normalized emission spectra (lex = 450 nm) of TBA Conjugates under external stimuli,
showing the grinding-induced spectral shift (A1).
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Fig. 5.1 UV-DRS spectra of TBA Conjugates under external stimuli, showing the grinding-induced
spectral shift (A1).

a)

H- Bonded Dimer

H- Bonded Trimer
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Scheme 2. Hydrogen-bonded dimers and trimers of TBA conjugates. H-bonding, n-stacking, and
hydrophobic association assisted hierarchical assemblies of TBA conjugates in solution.
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Fig. 6 1H-NMR spectra of a) ETBA, ¢) TTBA IN CDCI; and b) DTBA in DMSO at 400 MHz.
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