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ABSTRACT 
 

Pentaerythritol, an interesting and commonly available cheap raw material with four 

hydroxyl groups that has attracted a lot of attention. Pentaerythritol has been used to synthesize 

dendrimers, star polymers, block copolymers, hydrogels, and flame retardant additives. 

Dendrimers and flame retardant additives have been synthesized using a variety of starting 

compounds (ethylenediamine, pentaerythritol, dipentaerythritol, succinic anhydride, 1,1,1-

tris(hydroxymethyl)propane, and phosphazene) and their derivatives. However, the ability of 

pentaerythritol to selectively protect and functionalize its hydroxyl groups makes it ideal for 

the synthesis of dendrimers and flame retardant compounds. 

In the first section, starting with pentaerythritol, three new dendrimers, D1, D2, and D3 

were synthesized, bearing 9, 12, and 18 peripheral hydroxyl groups, respectively, using an 

alkyne-azide Husigen 1,3-dipolar cycloaddition reaction. The structural integrity and purity of 

the dendrimers were confirmed by 1H and 13C NMR spectroscopy, and FE-SEM studies 

established their near-spherical morphology. Using D2 as a macroinitiator, hyperbranched 12-

arm star polymers were synthesized via ring-opening polymerization of L-lactide. The molar 

masses of the star polymers P1-P4 were controlled by changing the feed ratio of the monomer 

to initiator, and the star polymers exhibit narrow dispersity as determined by SEC. FESEM 

studies established their globular nature, and DLS measurements revealed that micelle size 

increases with PLA content. The amphiphilic nature of the star polymers makes them attractive 

materials for the removal of water-soluble dyes by phase transfer. It is found that the star 

polymer acts as a unimolecular micelle with an encapsulation ability for dyes such as congo 

red (CR), bromophenol blue (BB), and methyl orange (MO).
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In the next section, a series of pentaerythritol derived phosphorous based flame 

retardants (FRs labeled FR1, FR2, FR3, and FR4) were synthesized, and their suitability for 

TPU thin films (< 100 micron) was explored. Then blends were prepared by choosing the 

phosphorous content in the FRTPU at 0.5-2.0 wt %. Despite their structural similarities, they 

exhibit drastically different flame retardancy in TPU. It is found that the addition of these 

additives to TPU results in a significant improvement in fire retardant efficiency. The higher 

char residue, compact char, and vertical flame test of FR1TPU and FR2TPU suggest that FR1 

and FR2 work in the condensed phase, and they exhibit better flame-retardant efficiency 

compared to FR3 and pure TPU. At 2% phosphorous content, FR2 completely stopped the 

dripping of TPU film. The FR3TPU and FR4TPU at 2% phosphorous content showed 

excessive non-flamed melt drips, which suggests that these FRs catalyze the depolymerization 

of TPU and sharply reduce the melt viscosity, thereby increasing the dripping. The dripping 

removes the material from the flame zone and helps in extinguishing the flame. The low char 

values and open-cell foam morphology achieved for these FRTPUs suggest that they are 

working in the gas phase.  

Another section a series of additives containing phosphate moiety (FRs labeled FR5, 

FR6, FR7, and FR8) were synthesized. These FRs were melt blended with TPU, and blends 

(FRTPUs) were prepared by choosing a phosphorous content of 0.5-2.0 wt %. After that, the 

strips were analyzed by the UL-94 vertical burning and LOI tests. The results of the UL-94 test 

showed that in FR5TPU2, the dripping phenomena was observed however, in FR6TPU2, 

FR7TPU2, and FR8TPU2, the dripping was completely stopped. For the neat TPU sample, the 

fire develops instantly after ignition with heavy flammable dripping. The surface morphology 

of the char residue was studied by SEM, and it was found that FR5TPU, FR6TPU, and FR7TPU 

form closed-cell foamy morphologies, which implies that they are acting in the condensed 

phase. However, FR8TPU forms an open-cell foamy morphology, which suggests the gas 

phase, and the presence of phosphorous by the EDX analysis supports the condensed phase 
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activity of this molecule in the TPU matrix. 

In the final section, a new synergistic flame retardant based on phosphate functionalized 

silica (PhosFS) was synthesized by utilizing alkyne-azide click chemistry between 2,6,7-trioxa-

1-phosphabicyclo[2.2.2]octane, 4-(azidomethyl)-1-oxide, and propargyl functionalized silica 

(PFS). The presence of phosphate on the functionalized silica was confirmed by various 

techniques such as solid-state 31P NMR, Fourier transform infrared spectroscopy (FTIR), 

thermogravimetric analysis (TGA), and inductively coupled plasma-mass spectrometry (ICP-

MS). The flame-retardant TPU composites exhibited excellent flame retardancy, which was 

demonstrated by the UL-94 and LOI results. The SEM results revealed that upon incorporation 

of PhosFS, the char residue of the TPU/PhosFS samples is more compact compared to the pure 

TPU sample. EDX and FTIR suggest that the incorporation of phosphate functionalized silica 

induces a synergistic effect by forming a physical barrier to restrict the combustion of the inner 

TPU matrix due to the production of a uniform and dense char during combustion. 
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