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Abstract

Cyclophosphazene hydrazide (CTP-Hyd) and six components of R-PTZ-CHO were condensed to generate
a unique luminous hybrid inorganic-organic molecule structure. For the first time, the phenothiazine (PTZ) unit have
been appended to the edge of the thermally stable CTP core ring through condensation using the new precursor
synthesised from an inorganic heterocycle, CTP-Hyd. ATR-FTIR, *H-NMR and **C-NMR used to illustrate the
luminous hybrid material. Additionally, UV-vis spectroscopy, photoluminescence spectroscopy, cyclic voltammeter
(CV) and Thermo gravimetric analysis (TGA) were utilised to examine the photophysical and thermal properties of
the hybrid material. In the chapter, we have solely addressed the characterisation of the hybrid material, as well as
its photophysical and electrochemical properties.

Keywords: Cyclophosphazene, phenothiazine, hybrid material, photophysical properties, inorganic-organic hybrid
compound.

I INTRODUCTION

In order to investigate diverse application, including those in the fields of photophysics and
photochemistry, hybrid inorganic-organic framework has recently been produced employing the association of
several chromophore units on an inorganic structure [1-5]. Advantages of organic units in terms of stability, thermal,
mechanical and physiochemical features found to improve in these hybrid systems [6-8]. The choice of prospective
synthons and an effective method must be devised in order to support the reciprocal involvement of organic-
inorganic compounds in hybrid structures [9,10]. In earlier studies [5,11-14], such rhodamin, phthalocyanine,
fluorescein, fluorine, anthracene, naphthol, dansyl, phenanthroline, pyrene and bianthracence were investigated as
an organic analogue of hybrid assembly. Phenothiazine (PTZ), among other organic molecules, was chosen for this
study due to it’s special ability to have bowl shaped non-planar hetero-aromatic assembly accompanied via nitrogen
and sulphur atoms with a tendency to prolong conjugation. The synthesis of donor-acceptor features in the texture of
pristine PTZ can be achieved by simple chemical method, such as formylation and N-alkylation, resulting in R-PTZ-
CHO (R = -CsHyg) [15]. R-PTZ-CHO was endangered to condense with tris-(2-aminoethyl)amine to formulate
Schiff’s base and their photo physical character was studied [16,17]. In fact, when incorporating on support of an
inorganic units, the desirable features of such organic moiety frequently tent to be proficiently utilised [12,18].
Cyclophosphazene, CTP, an inorganic heterocycle was well known for its planar ring structure and stiff cyclic
skeleton, [-N=PCl,]; with six reactive chlorines and its ability to undergo nucleophile substitution with various
organic reagents (-OH, -NH,, -SH etc.) [19-21].

In the previous works we establish to noticed a few examples of hybrid assemblies based on the interaction
of organic moiety tethered with amine/hydroxyl group via inorganic heterocycles [5,11-14]. These hybrid products
displayed distinctive photophysical and electrochemical feature. In order to enhance the reactive nature of hydroxyl
group substances, CTP was added via an aryloxy linkage to a variety of organic compound, including oxy-
naphthylchacone,  porphyrin,  fulleropyrrolidine-pyridine,  hexaboron-dipyrromethene,  adamantine  and
imidazole/benzimidazole [22-27]. The amine group of organic compound such as phenanthroline, naphthalene and
9-aminophenalenimine was also used to produce a reaction with CTP [28-31]. These studies promote us to produce



a newly kind of CTP-Hyd as an inorganic counterpart to obtain a unique gathering of six PTZ components through
condensation reaction with R-PTZ-CHO (R = -CgHi;) to generate hexakis hydrazine Schiff’s base of PTZ on
periphery of CTP for the first time in our previous report [32]. Before demonstrating the recently established CTP-
Hyd such as a key support in the current study, the significant studies on the chemistry of phosphorus (P) hydrazide
and it’s analysis must be discussed. For the resolve of generating P(V) hydrazides, which are easily converted into
hydrazone Schiff’s bases moiety of macrocycles, dendtrimers and multi-site ligands for a variety of application
[12,32-36]. Such P(V) hydrazide found to Synthesised with terminal amine group (-NH;) subsequently regiospecific
substitution at the core of -NH(Me). Despite the hydrazone established from CTP-Hyd would be separate because
the primary amine group (-NH) that is next to the secondary (-NH-) amine replaced at the P(V) centre implicated in
the synthesis of Schiff’s base and hydrazone bonds among inorganic and organic moieties. In this chapter, CTP-PTZ
is a unique example, Synthesised as an assembly of six PTZ moieties on CTP ring through simple condensation
between the CTP-Hyd and R-PTZ-CHO under feasible reaction condition.

I METHODOLOGY

The convergent method, as shown in scheme 1, was used to synthesise the CTP-PTZ hybrid substrate. The
tough and reactive inorganic core of CTP structure, which has six chlorine atoms was preferred to utilised the array
of organic subtract due to the reactive nature, six units of PTZ structure at the periphery of three P(V) centres in the
absence of steric hindrance [39]. In order to establish an electron withdrawing formyl group (-CHO) at the 3"
position of an aromatic ring structure (PTZ), POCI; was added to N,N’-dimethylformamide (DMF) in an ice cold
condition, followed by a reaction with octyl substituted with PTZ in dichloroethane medium under reflux
circumstances [15]. In another aspect, after the removal of hydrazine hydrochloride (NH,-NH,.HCI) at room
temperature, cyclophosphazene hydrazide (CTP-Hyd) was produced by rapidly substituting all chlorine atoms
through a nucleophile substitution process utilising excessive hydrazine hydrate in chloroform medium. In the
synthesis of CTP-PTZ, a PTZ units tethered with one formyl group (R-PTZ-CHO) and a CTP subtract contained six
terminal amine group (CTP-Hyd) was allowable to endure simple and feasible condensation in ethanol (C,HsOH)
medium at room temperature by eliminating the water (H,O) molecules as revealed in Scheme 1. Imime (-C=N)
bond are typically found in the Schiff’s base of hydrazones, however, the hybrid assembly of PTZ on CTP ring
described in this chapter.
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Scheme 1. a) Organic component synthesis for R-PTZ-CHO and b) formation of the final product CTP-PTZ
with inorganic component, CTP-Hyd.



111 RESULT AND DISCUSSIONS
3.1 ATR-FTIR Data

Both types of significant precursors, CTP-Hyd and R-PTZ-CHO, were synthesised using viable methods,
with the outcomes shown in Figure 1, and the final hybrid product was described by ATR-FTIR spectroscopy. The
information in Figure 1a was used to determine the planar structure of the CTP ring. A signal at 1179 cm™ indicated
the vibrational frequency of the P-N-P degenerate ring stretching, while 875 cm™ state the frequency of the
forbidden symmetric stretching as well as addition signals at 593 and 524 cm™ [39]. As seen in Figure 1b, the CTP-
Hyd exhibited equivalent signals for N-H stretching at 3332 cm™ and —N-H bending vibration at 1592 cm™ when six
terminal primary amines (-NH,) and integrating secondary amines (-NH-) are linked to the P(V) centre [35]. The
presence of the CTP core ring was also confirmed by shifted -P-N stretching vibrational at 1157 cm™, the vibrational
frequency associated with the hydrazide’s —N-N bond at 1089 cm™ and a few vibrational frequency appeared
between the range of 860 and 520 cm™. The ART-FTIR data of R-PTZ-CHO as shown in Figure 1c, The stretching
vibrations of the —CH; and —CH, groups at 2960 and 2860 cm™ as well as the bending vibrations of the same group
at 1460 and 1440 cm™ were used to identify the octyl group (-CgH;7). Additionally, the carbonyl (-C=0) signal for
the conjugated aldehyde group (-CHO) was observed at 1685 cm™, along with the stretching vibrational frequency
of -N-CH, 1465 cm™, the rocking frequency of long alkyl chains observed at 72 cm™, and others. The CTP-PTZ
assembly produced the spectrum in Figure 1d. It can be seen that the signal at 1608 cm™ is the manifestation of the
formation of an imine (-C=N-) bond, whereas the signal from the terminal amine group disappears at 3332 and 1592
cm™* [35]. The remaining signals supported the frequencies of the six PTZ units and the P-N framework of the CTP
ring core with frequencies at 1470 and 520 cm™ [40].
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Figure 1. FTIR spectra of a) CTP, b) CTP-Hyd, ¢) R-PTZ-CHO and d) hybrid molecule, CTP-PTZ
3.2 'H-NMR data of CTP-PTZ

The *H-NMR data obtained for CTP-PTZ were used to generate the structure shown in Figure 2, which
contains six PTZ hydrazone Schiff’s base moirties correlated to the CTP ring. Since the distinctive aldehyde proton
peak of R-PTZ-CHO, this was notice to appear at 9.78 ppm, this peak was disappeared which confirms the
formation of CTP-PTZ. The establishment of imine group (-HC=N) was recognized by a sharp singlet peak at 8.52
ppm for six protons (-HC=N-) of distinct units. A broad singlet peak notice at 9.79 ppm and the aromatic protons
(PTZ) emerged between the range of 6.86 to 7.59 ppm, while the aliphatic protons of the octyl chain (-CgH,;) was
found to reveal in the region of 0.88 to 3.87 ppm, which support the six proton in hydrazone (-HC=N-NH-) moieties
on CTP core. In contrast to other types of (-HC=N-NH-CO-), where the adjacent electron deficient carbonyl group
(C=0) can efficiently deshields to demonstrate a broad peak around between 11.6-11.9 ppm, there was undoubtedly
a signal at 9.79 ppm for the hydrazone (-HC=N-NH-P) tethered on the P(V) centres of CTP.
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Figure 2. '"H-NMR spectrum of CTP-PTZ

3.3 BC-NMR data of CTP-PTZ

To additional corroborate the assembly; the *C-NMR data of CTP-PTZ was collected as depicted in
Figure 3. All °C nuclei coincide to the subtract, R-PTZ-CHO only being taken into consideration for the peak
assignment in the hybrid inorganic-organic product due to the inorganic core ring has been replaced with six units of
hydrazide, rendering only P(V) and nitrogen atoms in the inorganic core. We found to observed at 189.90 ppm in
Figure 2 is strong “*C-NMR signal for the aldehyde group (-CHO) on the PTZ arm. This signal exhibited a
significant upfield region to 160.76 ppm while being converted by condensation into the Schiff base of the imine
group (-C=N). In our previous publication on the hydrozone Schiff base Synthesised from hexakis(2-
formylphenoxy) cyclophosphazene (HFP-CTP) and salicylic hydrazide (Sy,q), we found to observe that upfield
region at 29.14 ppm was higher than the upfield shift at 20.26 ppm [37]. In more details, HFP-CTP was identified to
demonstrate a shifted from 188.29 to 167.93 ppm, while the imine bond was generated through condensation with
Shya [38].
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Figure 3. ®C-NMR spectrum of CTP-PTZ



4. Photophysical properties
4.1 Absorption spectra of the precursors and hybrid inorganic-organic compound, CTP-PTZ

The target molecule’s photophysical features, such as that tunable absorption, emission band and solvoto-
chromism must significantly improve from the initial components to the final product as a critical component in the
development of novel multi-chromophoric assembly systems. We conducted steady state photophysical experiments
for both the target molecule and the precursors, PTZ, in order to exhibit this property in the multi-component
gathering synthesised in the current work. The final inorganic-organic hybrid compound, CTP linked PTZ and the
steady state absorbance characteristics of PTZ was studied in the medium of acetonitrile solvent as displayed in
Figure 4, the absorption spectra of the target compound, CTP-PTZ was associated to that of the precursor PTZ, as
well as the significant intermediate molecules R-PTZ and R-PTZ-CHO. In acetonitrile, pristine PTZ notice to appear
at 313 nm. The target molecule should be easily soluble in various solvents with divergent polarities and to
recognize this objective we have append a long linear alkyl chain (R = -CgHj7) to the stiff backbone which achieves
the nature of solubilizing group. Although, the alkyl chain has no effect on the PTZ electronic structure, the -CgH7
substituted PTZ (R-PTZ) did not exhibit any noticeable change in the Ay (316 nm). However, as we performed the
formylation procedure on R-PTZ to produce R-PTZ-CHO, we notice to observe a significant higher shift in the
absorption spectra. The formylated compound exposed two absorption bands: one significantly red shifted band at
386 nm and additional reasonably broad split band nearby 280 and 300 nm. The localised aromatic n-n* transition of
the PTZ structure was given higher energy (shorter wavelength) and the charge transfer (CT) transition was given
lower energy (longer wavelength). In contrast to the m-n* transition, the CT transition absorption has a lesser
intensity. The donor PTZ unit transfers charge to the acceptor aldehyde group, which can be observed in the charge
transfer (CT) experiment. Lastly, the absorption spectra of the aimed molecule CTP-PTZ revealed a dramatic
bathochromic shift of 25 nm towards higher wavelength, with the peak notice to reveal at 411 nm. PTZ and CTP are
covalently attached by an imine linkage, which results in a better electron accepting unit for an enhanced CT
mechanism that exhibits a more prominent bathochromic shift than PTZ.

Undoubtedly, the inorganic-organic materials found to observe bathochromic shift towards the visible
region. At this point, it is important to note that the basic CTP used as core ring structure displayed a Ay at 175 nm.
The aforementioned observations resulted in the following two important conclusions: a) the lengthy liner alkyl
chain in the final molecule is soluble in a variety of solvent with relative polarities ranging from 0.099 for toluene to
0.791 for methanol, while the solvent dielectric constants range from 2.38 for toluene and 36.7 for DMF and b)
When a multi-chromophoric strategy is used the absorbance spectrum can be adjusted largely.
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Figure 4. Comparison UV-Vis spectra of PTZ, R-PTZ, R-PTZ-CHO and hybrid inorganic-organic molecule,
CTP-PTZ



4.2 Studies of steady state absorption in different solvent

As illustrated in Figure 5, UV-Vis absorption spectra of CTP-PTZ were recorded in a variety of solvents at
room temperature (25 °C). Two absorption bands (Ama), One near 300 nm and the second peak reported to be
noticeable during bathochromic shift at 410-420 nm depending on the solvent. The hybrid compound, CTP-PTZ
demonstrated a molar absorptivity (¢) that was relatively high (10* M cm™) in entirely the solvents that were being
investigated. The profile and curved of the absorption spectra are not at all conveyed by any of the solvent. As we
change from a non-polar solvent (toluene, 411 nm) to polar solvent (n-butanol, 416 nm), we found to reveal a very
little bathochromic shift in the A, of the charge transition state. The slightly positive solvatochromism that was
observed indicates an inorganic-organic hybrid molecule was synthesised in a polar protic solvent environment,
while results in slight variations in the ground state dipole moments [32].
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Figure 5. Comparison of CTP-PTZ absorption spectra (CT band) measured in various solvent and
normalised. Inset: CTP-PTZ absorption data in various solvents.

4.3 Studies of steady state emission in different solvent

After establishing the ground state features of the synthesised CTP-PTZ compound, we moved on to
determining the excited state behaviour. For the emission investigation, we excited the molecule at the proper peak
(CT state), and we evaluated the emission data using different solvents as shown in Figure 6. In Table 1, we
summarise the photophysical data used in the investigation, such as the maximum values (Anx ) Of the absorption
and emission spectra, as well as the dielectric constant and refractive index values of the solvents used. When
related to the Ama, the hybrid molecule’s emission data displayed remarkable behaviours. In all of the different
solvent employed in this experiment, the measured emission spectra exhibited a Ama, between 515 to 597 nm, which
was an adequately broad spectrum. The measured emission maxima obviously endured a significant bathochromic
shift with an increase in solvent polarity, demonstrating the CT nature of the electronic transition. It’s fascinating to
observe that, rather than the molecules ground state, the solvent has a more dramatic impact on the excited state of
the molecule. This is perfectly associated with the measured emission maxima in toluene, which was 515 nm and
moves to 541 nm, when we slightly raise the solvent polarity and change to solvents like, chloroform (CHCI3) and
methylene chloride (CH,Cl,, DCM). When we moved to polar-aprotic solvent like acetonitrile (CHs;CN), where the
emission spectrum was noticed at 583 nm, an even higher bathochromic shift we observed. Polar protic solvents like
methanol (597 nm) showed revealed further shifts towards longer wavelengths. The observed significant
bathochromic change in the emission maxima when we switched form a non-polar to a polar solvent demonstrate
that the excited state is stabilised in polar solvents, or to express it another way, the excited state dipole moment is
larger than that of the ground state. The excited state energy level is decreased a as result of this interaction, which
increases the rate of non-radiative deterioration. Similar activity was previously reported with a variety of different
compounds, which is the stabilising of the molecular excited state in polar medium with lower energy level and
consequently emitting at longer wavelengths [41-42].



Additionally, the emission profile reveals two other noteworthy characteristic: first, the emission band full
width at half maximum (FWHM) increases with solvent polarity or when changing from toluene to methanol and
second, the synthesised CTP-PTZ emits more strongly in non-polar solvents than in polar protic solvents, which is
consistent with the nature of a charge transfer state. The following observations are made as we conclude up this
part. With the observed bathochromic shift of 82 nm, it is possible to determine that there is (i) tunable emission
from the yellow to green region depending on the solvent used, (ii) higher positive solvatochromism with increasing
solvent polarity, and (iii) self quenching effect is minimised due to excitation and emission wavelength are more
distant form one another.

— Toluene

2101 ——o0-DCB
D DCM
§ — n-butanol
E08¢ IPA
g e THF
= CHCI
£0.64 3
E —— MeOH
o ——ACN
0.4 \—— DMF
2
©
Eo0.2-
(<]
2

0.0-

450 500 550 600 650 700 750 800
Wavelength (nm)

Figure 6. Comparison of CTP-PTZ emission spectra (CT band) measured in various solvent and normalised.
Inset: CTP-PTZ absorption data in various solvents.

4.4 Polarizability of Stokes shift and solvent orientation

The solvent behaviour, as we noticed in the preceding section (4.2 and 4.3), is essential for the
spectroscopy features that are detected. In an effort to gain an detailed understanding this incidence, we tried to
associate two parameters. i) Solvent orientation polarizabilty (Af), which depends on the solvent’s refractive index
(n) and dielectric constant (¢), solely accounts for the spectrum shifts resulting by the reorientation of the solvent
behaviours [43,44], and ii) Stokes shift, which is a distinction between the maximum emission and absorption
wavelengths [45]. We plotted the CTP-PTZ emission maxima in each solvent against the equivalent solvent’s
dielectric constant value because this parameter frequently denotes solvent polarity. This demonstrated how the
solvent’s polarity affects the excited state in a substantial way. Considering the emission peak maxima, a suitably
sufficient linear trend (R, = 0.78 was detected), with the maximum shifting from 515 nm to 597 nm with rising
solvent dielectric constant as depicted in Figure 7.The fact that the emission maxima are not directly correlated with
the solvent’s dielectric characteristics is typical of the weak interaction between solvents and chromophores. After
understanding more about the effects of the dielectric constant on the excited state, we calculated the Stokes shift for
CTP-PTZ in various solvents, and the results are displayed in Table 1. In the Stokes shift values between the ranges
of 4796 to 7463 cm™. The fact that the charge distribution is diverse in the excited state as related to the ground state
essentially allows the Stokes shift values to significantly increases with an increase in solvent polarity, as
demonstrated in the Table 1. It was attempted to plot the measured Stokes shift (v) against the solvent polarity
parameter Af (g, n), which is known as the Lippert-Mataga plot and takes into consideration the general solvent
impact [46,47]. In Figure 7, the slope’s magnitude can be used to estimate the difference between the excited state
and ground state dipole moment. The expression for Af (g, n) is as follows

Af (g) = [(e = )(2& + 1)] - [(n® - 1)/(2n? +1)]



Table 1. CTP-PTZ photophysical data measured in a variety of solvents.

Solvent Refractive Dielectric Relative Absorption Vape (M) Emission Vems Vaps (€M™ Af
index constant polarity maxima maxima (Aems 1) - Vems
" (em7) -
nm) (em-1)
(A-ahs,nm)

Toluene 1.4961 2.38 0.099 413 24213 515 19417 4796 0.013
THF 1.4050 7.52 0.207 413 24213 529 18904 5309 0.210
CHCI, 1.4459 4.81 0.259 420 23809 541 18484 5325 0.150
DCM 1.4244 8.93 0.309 419 23866 555 18018 5848 0.217
oDCB 1.5515 9.93 - 420 23810 539 18553 5257 0.186
DMF 1.4305 36.70 0.386 416 24038 574 17422 6616 0.274
ACN 1.3442 36.64 0.786 411 24331 583 17153 7178 0.305
IPA 1.3776 20.18 0.546 414 24155 572 17483 6672 0.277
BuOH 1.3988 17.50 0.586 415 24096 569 17575 6521 0.264
MeOH 1.3288 32.70 0.791 413 24213 597 16750 7463 0.308
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Figure 7. Plot of solvent dielectric constant vs emission maximum

In Figure 8a, illustrates a weak but adequate linear relationship between the polarity of the solvent and the
magnitude of the stoke shift. Two significant results could be obtained from this plot: i) when the Af value exceeds
0.22, the majority of the data points fall along a straight line, and ii) solvents that did not follow the trend, possessed
polarity values lower than 0.03. The linear correlation fit significantly improved with an R, value standing at 0.91
once this specific non-polar solvent (toluene) was removed as revealed in Figure 8b. These results suggest that the
Stokes shift may be affected by additional solvent effects, such as H-bonding, in addition to polarity [47]. This
assertion can be emphasised by using the plot’s polar solvent region. According to Figure 8b, the hybrid molecule
Stokes shift in methanol was a little higher than what the linear trend line was indicated. This could be the hydrazine
unit of CTP-PTZ and the —OH group in methanol produced a hydrogen bond, which causing the observed Stoke
shift and an H-bonding substance, it is challenging to determine the comparative magnitudes of polarization and H-
bonding interactions. According to the plots of positive slope for CTP-PTZ compound, the excited dipole moments
improve greater as the polarity increases.
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5. Cyclic voltammetry analysis (CV)
5.1 Cyclic voltammetry analysis of the precursor and hybrid material, CTP-PTZ

We encouraged to identifying the energy levels of the synthesised hybrid material through the extensive
photophysical behaviours described the previous section. Since the energy of the HOMO corresponds to the onset
oxidation potential, CV data was examined to demonstrate the molecule HOMO levels. Since the HOMO level, Eqq
value and the LUMO energy level subsequently calculated. CV data of CTP-PTZ was collected in the medium of
acetonitrile (CH3CN) under nitrogen environment as depicted in Figure 9. The oxidation onset potential value
(using Ferrocene (Fc/Fc®) as an internal standard) reveals an Epomo Value of -4.93 eV. Using the formula of E, yuo=
Enomo-Eo.0, We have determined the LUMO level, E, ymo. The junction places of the normalized absorption and
emission profile was used to estimate the Eg. transition energy. Since, no entropy change occurred during the light
excitation, the estimated E, yuo value was found to be -2.25 eV. More study is currently being done in this area since
the material’s energy level value employed as a charge transfer (CT) material in hybrid pervovskite solar cells.
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Figure 9. CV curve of the precursors, a) PTZ, b) CTP, and c) redox performance of hybrid molecule, CTP-
PTZ



5.2 Variant of scan rates

The supportive electrolyte, Bus;NPFg solution (0.1 M), was utilised during the recording of the CV data in
acetonitrile medium under N, atmosphere at different scan rates, such as that 10, 25, 50, 75 and 100 mV/s. The
anodic and cathodic peaks on the CV are clearly visible as displayed in Figure 10a. It was found that CTP-PTZ one
electron transfer redox mechanism is nearly irreversible. Pristine CTP and PTZ collected under the identical
condition which did not exhibit any distinct redox peaks on a cyclic voltammogram (Figure 10). This result
demonstrates that the homogenous assembly of PTZ units via Schiff base motifs by condensation on the periphery of
CTP core has in fact a significant impact on the redox behaviours. The peak current intensity, increases
proportionately with respect to the increases in scan rates as observed in cyclic voltammogram analysis at several
scan rates such as 10, 25, 50, 75 and 100 mV/s). In contrast, it was stated that the redox potential measurement
exhibited negligible change with different scan rates. Additionally, it was determined that the peak observed form of
all CV data consistently displayed a single type of redox activity at all scan rates. All six of the PTZ units on the
CTP core was found to executed redox processes simultaneously, as proven by the single redox potential and we
previously reported on similar type of redox performance on a multi-ferrocene assembly on CTP core.

In Addition, the electrochemical progression taking place at the electrode edge. In order to understand the
process occurring at electrode we have plotted the variation of current intensity (both anodic and cathodic) against
the square root of scan rates between the 10 to 100 mV/s. An excellent least squares relationship found to reveal for
the oxidation (R, =0.997) and reduction (R, = 0.977) processes as depicted in Figure 10b.
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Figure 10. Comparison CV profile of a) hybrid molecule, CTP-PTZ examined at several scan rates and b)
linear correlation plot for the square root of anodic and cathodic current vs scan rates.

6. TGA data

Our intention was to explore the inorganic-organic hybrid molecule’s thermal stability in addition to its
robust characteristic and prospective photo stability. The primary parameter typically used to determine thermal
stability is the onset degradation temperature (T4). To ascertain the thermal properties of the material being
analysed, such as R-PRZ-CHO, CTP-Hyd and hybrid molecule, CTP-PTZ, TGA curve was examined under inert
condition form room temperature to 1000 °C as revealed in Figure 11. The Thermal degradation (T4) values of R-
PTZ-CHO, CTP-Hyd and CTP-PTZ notice to observed at 153 °C, 280 °C and 326 °C respectively. The data for the
hybrid compound, CTP-PTZ demonstrated outstanding thermal behaviour due to the presence of a flame-retardant
characteristic resulting from the P-N structure in the CTP core [49-51]. The initial mass losses at 100 °C which is
due to existence of moisture present in the material being analysed. The decomposition of the structure’s skeleton
and existing functional group was represented by the TGA profile’s many degradation phase in the curve. The
minimal residual mass (3.1 %) found to notice for the pure organic composition of R-PTZ-CHO. In the CTP-Hyd
revealed the highest amount of residual mass (37.6 %) due to the significant proportion of P-N frameworks with
hydrazide arms relative to inorganic core. As a hybrid molecule, CTP-PTZ exhibited the enrichment in thermal
stable behaviour with high value of T4 (326 °C) and the substantial quantity of residual mass (34.8 %) due to the
presence of P-N heterocycle in the CTP core ring structure.



The formation of the hybrid luminous material, CTP-PTZ, which consist six units of PTZ Schiff bases
designed on the periphery of inorganic core known as CTP, has been described for the first time. By using ATR-
FTIR, "H-NMR and **C-NMR data the structure of the synthesised molecules was conclusively confirmed. As a
result of the multicomponent structure of organic chromophores on the stable inorganic core, intriguing
photophysical, electrochemical as well as thermal features was examined. Particularly, it was found that the positive
solvatochromism properties increased with solvent polarity, and that the emission from yellow to green region was
observed. The presence of the P-N structure in CTP core, contributes flame retardant behaviour to the hybrid

——R-PTZ-CHO
——CTP-Hyd
CTP-PTZ

1 T T T L} T T L) L)
100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

Figure 11. TGA curves of R-PTZ-CHO, CTP-Hyd and hybrid molecule, CTP-PTZ

CONCLUSION

molecule of CTP-PTZ which found to observed excellent thermal stability at 326 °C.

All Figures taken with permission from the Royal Society of Chemistry, a reproduced of Ref. [32] has been

made.
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