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What position in chemistry do phosphazenes assume?
In the world of modern science, chemistry assumes an irreplaceable place. Chemical break-throughs are what keeps multiple industrial fields in motion, and amongst these break-throughs certainly belong discoveries in the field of material chemistry.
One of the most promising areas in this branch is the study of phosphazene substances. But first, let´s specify what a phosohazene is.
A phosphazene is an artificial inorganical substance with a phosphorus - nitrogen skeleton, between which σ and π bonds periodically alternate. These occur in linear and cyclic forms, and can have an extreme variety of substitution derivatives.
This variety of phosphazenes is what makes them an extremely interesting and promising field of study. The group is far from being fully explored and understood, yet phosphazene already found use in multiple industrial branches. For example, phosphazenes have been considered as good candidates for cancer treatment medication. But this would require solving some medical problems with phosphorus overdose. They also found use in agronomic industry, as an anti-insect spray. But let´s take a look at an altogether different use; textile fabric treatment.
The basic thought behind this phosphazene utilization (this does not only concernphosphazenes directly, as this is a very common practice in chemistry), is that when phosphazene is enhanced with a substituent that has specific properties, the whole substance then takes on these properties. In this case, these phosphorus-nitrogen substances were used to give textile hydrophobic abilities, but these boons to substance qualities can be quite variable.
Phosphazene substances are divided into multiple categories, from which the simplest ones are monophosphazenes – substances with R3P=NR formula, with R being any substituent atom.
The second group are diphosphazenes – these formally include one simple and one doubled bond, but as these two are equivalent to each other, it is impossible to determine their respective locations. That is why the most frequently used formula uses resonant form - [X3PN PX3]+[PX6]-.
The broadest category are polyphosphazenes, with general formula [R2P=N]n. The properties of these substances strongly depend on the R substituents. This category also includes the most commonly used phosphazene – hexachloro-cyklo-triphosphazene (structural formula img.1). It is a white, crystalline substance with hydroscopic properties, which means it has to be manipulated in controlled environment. This prolongs the research time in early stages of laboratory work.
However, in later stages, when chlorine is replaced with another substitute, the substance is perfectly stable and can come into contact with unregulated aerial environment.[image: image1.png]>4
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HCCTP
Synthesis of hexachloro-cyklo-triphosphazene (or HCCTP) can be done in multiple ways. Firstly, the following reaction can be used: [image: image4.png]PCIS + nNH4CI(NPCI2)n + 4nHCI



. This method requires further refining of the product because higher homologues of phosphazenes are present in the first product. But it also has some benefits, as it is a one – step reaction which reduces the chances of introducing impurities to the system.
The second method uses multiple reactions. Firstly, monophosphazene is created, which is afterwards polymerized into linear phosphazenes. These are then transformed into a cycle. Literature offers two ways of substantiation of this procedure.
The second phosphazene researched was the diaminotetrachloro-cyclo-triphosphazene (P3N3(NH2)2Cl4), which is derived from HCCTP.
Once the final phosphazene is created, substitution can take place. In this case, this is done by nucleophilic substitution. This can be done with a wide variety of substitutes, but let´s talk only about C7H5F3O, 3-trifluoromethylphenol. The fluorinated methyl atom grants the hydrophobic properties of the final nanofibre product.
Creating the phosphazene derivate
To achieve the substitution of chlorine atoms for the cresol molecules, a cresol salt must be created. This is a lengthy, but very simple procedure. To create salt, we simply mix cresol with sodium. In this reaction, hydrogen is released. This, however, should be done with gloves, as cresol can be quite insensitive to skin.
Then, the phosphazene has to be dissolved in an un-hydrated solvent. There are multiple possible options here, but the reaction runs best in diethyl ether. The resulting mixture has to be filtered on an S4 Schlenk frit, for sodium chloride is still present.
Once the reaction is finished, the product has to be analysed using NMR spectroscopy to determine the purity of the phosphazene. This method allows to perform qualitative measurements and gain low accuracy quantitative information. If the analysis proves the product is not as pure as it should be, then there are multiple possible reasons for the failure, and a few solutions. These reasons can vary, and include moist (therefore damaged) phosphazene, badly kept nitrogen atmosphere, common mishandling when weighting etc. One option, when it is clear that the reaction is simply yet to finish, is to take the product and re-heat it to let the reaction come to an end.  If the solution shows signs of impurities, there is a possibility of purification. The solution can be frozen and sometimes does create crystals – these crystals are then removed from the mixture, melted and tested again.
Spinning the nano-fibres
Once the phosphazene is refined, the creation of nano-sized fibres can take place. One way to do this is to use the electrospinning method. Electrospinning is a very perspective way of creating such fibres, for it already reached some degree of industrial usage.
The most widespread machine using this technology is the Nanospider™. It has multiple configurations, and it can either cover a small area (using the needle adaptor), or large surfaces of fabrics (with the cylindrical adaptor).
The principle behind this is that the polymer is exposed to strong electro-static field. The positive electrode is submerged into the polymer, and above it is the negative electrode. Between those electrodes, the fabric we want to cover with nanofibres is stretched. Thanks to the Coulomb forces present in the liquid, the polymer starts to form the so called Taylor cone and a nanofibre stretches from the liquid towards the negative electrode. It adheres on the fabric before it can reach the electrode. During the spinning, the solution evaporates.
The phosphazene enhanced nanofibre was created by mixing polyamide 6 and said phosphazene. The mix was then dissolved in an acidic mix (formic and acetic acid).
Resulting substance
The result of these processes was a white, flexible and satisfactorily hydrophobic fabric coating. Perhaps it is far from industrial use, but it sure is a very interesting research topic and perhaps really the future of nano-tech.
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