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Abstract  

This thesis describes the synthesis and characterisation of 1-dimensional nanometric phases 

using simple preparative reactions and a variety of characterisation methods.  Comparison of 

properties between the bulk and nanomorphology has played a large part and is a common 

theme throughout.  

High aspect ratio tantalum disulfide, TaS2 nanofibres were prepared from a 1:2 

stoichiometric mixture of elemental powders in a one-step synthesis utilising silica ampoules. 

A surface assisted growth phenomena was investigated and found to significantly increase the 

yield, both in quality and quantity.  The resulting nanofibres were seen to retain and indeed 

enhance some of the bulk properties, e.g. a 50 fold increase in observed superconducting 

transition temperature.  

Changing the stoichiometry of the reactants to 1:3, produced tantalum trisulfide 

nanofibres. Tantalum trisulfide is of interest as it has pseudo 1-dimensional crystal structure 

and properties in the bulk. TEM and SAED have shown that the TaS3 unit cell is oriented with 

the b direction parallel to the long axis of the nanofibres, indicating the potential for the 

transfer of the low dimensional properties of the bulk material into the nanophase 

morphology. (Low dimensional properties of bulk TaS3 result from chains of tantalum atoms 

propagating along the b direction of the unit cell).  Although the structure of the TaS3 remains 

illusive the preliminary investigations show these nanofibres to be metallic along their 

lengths, potentially leading to many applications in nanoscale electrical devices. 

The concept of pseudomorphic change from the disulfide nanomaterials into more 

functional materials such as Ta3N5 and Ta2O5 was investigated. Nanofibres were initially 

formed and can reversibly be inter-converted between the three different nanometric phases 

(TaS2, Ta3N5 and Ta2O5) using simple solid-gas reaction, without significant loss of 

nanofibrous morphology.  Further this series of reactions shows potential for the formation of 
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other related and potentially applicable nanometric phases such as TaN, TaO2 and TaON as 

well as opening the door to countless other analogous systems. 
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Quotes 

 

“These nanotubes are so amazing that they may be useful to 

everybody” 

 

Nobel laureate R. Smalley 

 

 

 

Nanotechnology “will bring revolutionary changes to all branches of 

industry, beginning with the production of antibiotics and ending with new 

weapons” 

 

E. Drexler 

 

 

 

"Nanotechnology is the base technology of an industrial revolution in the 

21st century. Those who control nanotechnology will lead the industry" 

 

 Michiharu Nakamura, Executive VP at Hitachi  
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from the oxide precursor have larger grain sizes and more of a layered effect than from the 

sulfide precursor. The layered effect can be seen in Figure 5.25 with the dark and light lines 

that run through the long axis of the structure. 

 The beaded effect in the contrast of the TEM does not resemble the starting material 

(Figure 5.36). Similar effects have been observed in the inter-conversion of other TiC 

nanotubes into TiO2 by Cottam and Shaffer,176 indicating that the beaded effect is not unique 

to the ammonolysis reaction.   

 

 

Figure 5.25: TEM micrograph of the nitride nanowires from preparation O-N950n_4h, (T20 
microscope). 

 

5.3.2 Preparations of Oxide Materials 

5.3.2.1 Preparations S-O800b_4h 

S-O800b_4h yielded a white powder, as would be expected for Ta2O5 and were similar in 

appearance to that purchased commercially (99% Ta2O5, Aldrich). The colour change; from 

black or red to white, was a good indicator that the phase had completely oxidised and the 

PXD pattern, (Figure 5.26), matched the peaks expected for a structure of Ta2O5 with space 

group Pccm and unit cell parameters a = 6.2170, b = 3.6770 and c = 7.7940 Å.223 Ta2O5 was 
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noted previously as the product of any of the preparations in Chapters 3 and 4 where the 

sealed tubes either failed to seal sufficiently or cracked during the heating process.  The 

pattern given in Figure 5.26 was indexed using Dicvol 6,180 and refined to the best unit cell, 

using CELREF181 giving an orthorhombic unit cell as seen in Table 5.13.  The unit cell 

parameters match those of the published Ta2O5 structure.223 

 

Figure 5.26: PXD pattern for the products of S-O800b_4h, showing a match to the Ta2O5 
structure, (D5000 diffractometer). 

 

Phase a b c 
S-O800b_4h 6.218(6) Å  3.664(9) Å 7.798(8) Å 
Ta2O5 6.2170 Å 3.6770 Å 7.7940 Å 

Table 5.13: Unit cell parameters from the indexed powder patterns of S-O800b_4h, compared 
to the published values for Ta2O5.

223  

 

TG-DTA analysis was obtained for the powders produced in S-O800b_4h as in Section 

2.4.4.3. The trace in Figure 5.27 shows very little alteration in mass as the sample is heated 

from 20 to 1000 °C in the presence of air. The data suggest firstly, that the stoichiometry of 

the oxide formed in the preparation is indeed stable and unchanging and secondly that the 

Ta2O5 phase (by PXD) is the dominant phase at 1000 °C and can therefore be used as a 

reference for the other TG-DTA data. 
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Figure 5.27: TG-DTA data from the bulk powders of Ta2O5 produced in S-O800b_4h. 

   

SEM analysis shows the particulates of Ta2O5 with no plate-like morphology. It seems that 

the oxide does not maintain the plate-like morphology of the sulfide precursor. 

 

Figure 5.28: SEM micrographs showing the morphology from S-O800b_4h. 

 

The Ta2O5 from S-O800b_4h was used as a reference for the UV-vis DRS measurements on 

the nanofibres. The UV-vis DRS data is shown in Figure 5.29 and shows a band gap onset, of 

3.79 eV, (calculated as described in Section 2.4.6), which is in reasonable agreement with 

estimated values from other authors of 3.80 eV.139-143   
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Figure 5.29: UV-vis DRS data for the Ta2O5 bulk powder produced in S-O800b_4h. The data 
show a band gap onset at 3.79 eV which is comparable to the 3.80 eV observed by other 

researchers.139-143   

 

5.3.2.2 Preparation S-O400b_4h and S-O400b_16h 

The reaction of TaS2 powder and oxygen at 400 °C, (S-O400b_4h) did not go to completion.  

There was a mixture of white oxide and black sulfide phases.  The white oxide was found on 

the surface of the product powder and sulfide beneath it in the alumina boat indicating that 

oxide diffusion within the Ta2O5 structure is limited and therefore a coating of oxide protected 

the underlying sulfide material.  PXD confirms this by showing peak positions that match 

those expected for tantalum oxide and a number of the polytypes of tantalum sulfide. 
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Figure 5.30: PXD analysis of the products from S-O400b_4h. 

 

SEM shows a mixture of morphology with a high degree of angular sharp crystallites, (Figure 

5.31). There is also the presence of some plate-like formations specifically seen in Figure 

5.31(b). This indicated that at this temperature the transformation from sulfide to oxide fails 

to maintain the original morphology of disk-like structures and forms a crumbled powder 

instead. 

 

Figure 5.31: SEM micrographs from S-O400b_4h showing: (a) general morphology; (b) 
plate-like crystals, (SEM #4) 

  

After 16 hours, (S-O400b_16h) the bulk materials appeared uniformly white in colour though 

with a slight greyish appearance. TG-DTA (Figure 5.32) was performed to see if the greyish 

appearance was due to small amounts of black TaS2 being present.   The initial loss in mass, 

a b 
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(Region A) is probably due to water coming off the sample. There is then an exothermic event 

that happens at 600 °C (Region B), resulting in the weight change of about +3.5 wt%.  This 

weight change is very strange as any residual TaS2 would lead to a weight loss of up to 9.8 % 

as a result of the molar ratio of 2:1 for the tantalum species as shown in Equation (5.9) and the 

loss of the heavy sulfur species. Ta2O5 would, as seen previously, have no change in mass on 

heating in air at these temperatures. 

 2 2 2 5 22 4.5 2TaS O Ta O SO+ → +  (5.9) 

The increase in mass is indicating an increase in oxygen content so species with lower oxygen 

content than Ta2O5 were investigated. A theoretical transition as shown in Equation (5.10)  

would yield a theoretical weight change of +3.7% and is therefore a likely candidate for the 

reaction phase. This is suggesting that at 400 °C the reaction does indeed get close to 

completion but with TaO2 as the majority phase in the product rather than Ta2O5. 

 2 2 2 52 0.5TaO O Ta O+ →  (5.10) 

It possible therefore that the nanofibres produced in this, (S-O400n_4h) will be of the TaO2 

structure rather than the Ta2O5.  

 

Figure 5.32: TG-DTA trace for S-O400b_16h. 

  

Region A 

Region B 

DTA TGA 



 211 

5.3.2.3 Preparation N-O400b_4h  

The products from this reaction were red in colour and appeared to have changed very little 

when compared to the starting material. PXD analysis however showed the presence of small 

amounts of Ta2O5 and TaON indicating that some reaction has taken place.  

 

Figure 5.33: PXD analysis for N-O400b_4h.  

  

5.3.2.4 Preparation S-O800n_4h 

The reaction produced white fibrous material which was removed from the furnace and 

analysed by PXD and SEM. The PXD looks more crystalline (Figure 5.34) when compared to 

that observed for the low temperature (S-O400n_4h) (Figure 5.42(a)).  The pattern given in 

Figure 5.34 was indexed using Dicvol 6,180 and refined to the best unit cell, using CELREF181 

giving an orthorhombic unit cell as seen in Table 5.12.  The cell parameters are a reasonable 

match to those of the  published Ta2O5 structure.223 
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Figure 5.34: PXD data for the nanowires from S-O800n_4h showing a match to the structure 
for Ta2O5, (D5000 diffractometer and double-sided adhesive carbon tab).  

 

Phase a b c 
S-O800n_4h 6.21(1) Å 3.66(1) Å 7.778(1) Å 
S-O800b_4h 6.218(6) Å 3.664(9) Å 7.798(8) Å 
Ta2O5 6.2170 Å 3.6770 Å 7.7940 Å 

Table 5.14: Unit cell parameters from the indexed powder patterns of preparation S-
O800n_4h, compared to the published values for Ta2O5.

223   

  

SEM Shows the presence of ribbons or belts, with a high tendency to curl up into scroll like 

formations or twist into ribbon-like curls, (Figure 5.35). The widths of the bundles ranged 

from a few microns to a few tens of nm, with aspect ratios of ~5000, (lengths ~0.5 mm, 

Widths ~100 nm).  These are similar in many respects to the sulfide fibres from which they 

were formed. 
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Figure 5.35: SEM micrograph showing the Ta2O5 ribbons from S-O800n_4h, (SEM #4). 

 

TEM shows nanofibres with a high degree of crystallographic texture aligned towards the 

direction of propagation of the fibre. (Figure 5.36).  The SAED inset has been indexed to the 

published structure of Ta2O5 and the directions of spots and corresponding hkl values have 

been marked.  The direction of propagation of the long axis of the fibre corresponds with the 

00l direction as has been found with the Ta3N5 nanofibres. The 110 direction is found to be 

perpendicular to the long axis of the fibre, again similar to the nitride nanofibres produced in 

S-N950n_4h, Section 5.3.1.3. The general reflection conditions for the space group indicate 

that the 00l should only show alternate spots as l=2n which is indeed the case. There must be 

some cooperation between growth of the oxide / nitride crystal structure out of the sulfide 

structure that promotes growth along the 00l direction and prohibits growth along the 110 

direction of the orthorhombic structure. The oxide fibres produced from single crystalline 

tantalum disulfide fibres do not have the clear granular effect in the bright field image that has 

been observed in the ammonolysis reactions.  The diffraction contrast on the TEM 

micrograph in Figure 5.36 suggests more of a band type structure. However this is more likely 

due to bending strain caused by the minimal bending of the nanoribbon, similar to that noted 

by Hor et al. in NbSe3 nanoribbons.55 
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Figure 5.36: TEM micrograph with SAED inset showing typical Ta2O5 nanowires.  

 

The UV-vis DRS (Figure 5.37) of Ta2O5 nanowires show a band gap of 3.81 eV in agreement 

with estimated values from other authors of 3.80 eV.139-143 A small blue shift is noticed that 

could be associated with the particle size relationship described above when the nanofibres 

are compared with the bulk materials from S-O800b_4h (Figure 5.29) with a band onset of 

3.79 eV.  

 

Figure 5.37: UV-vis DRS data collected for S-O800n_4h, showing a band gap onset at 3.81 
eV for and S-O800b_4h, showing a band gap at 3.79 eV. 
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5.3.2.5 Preparation N-O800n_4h 

The white fibrous material from N-O800n_4h was analysed by PXD showing a crystalline 

pattern that matches to the peaks expected from Ta2O5.  There also appears to be a minimal 

amount of Ta3N5 present, (Figure 5.38).  

 
Figure 5.38: PXD analysis of products from N-O800n_4h. 

 

The peaks from the main oxide phase were indexed and gave an orthorhombic unit cell with 

unit cell parameters given in Table 5.15.  The values match with minimal contraction of the b 

and c unit cell directions showing that the phase is likely to be the Ta2O5 structure. 

 

Phase a b c 
N-O800n_4h 6.25(1) Å 3.654(7) Å  7.782(6)  Å 
Ta2O5 6.2170 Å 3.6770 Å 7.7940 Å 

Table 5.15: Unit cell parameters from the indexed powder patterns of N-O800n_4h, 
compared to the published values for Ta2O5.

223  

 

SEM analysis shows the presence of a fibrous morphology with many similarities in 

appearance to those seen in the precursor, (Figure 5.10).  Aspect ratios were recorded at less 



 216 

than the 4000 from the precursor indicating that the fibres have been reduced in length during 

the synthesis.  Typical aspect ratios were ~333 with lengths ~100 µm and widths ~300 nm. 

 
Figure 5.39: SEM micrographs from N-O800n_4h, (SEM #4). 

  

The morphology of the oxide nanowires produced in N-O800n_4h is remarkably similar to 

that seen in the nitride precursor.  The SAED data indicated that there is a reasonable degree 

of crystallinity to the wires with crystallographic texture observed running along the long axis 

of the wire though it is more subtle than that observed in the sulfide precursor reactions, (S-

O800n_4h). The SAED pattern spots are more diffuse indicating that there are more crystals 

diffracting at slightly different angles spreading out the resolution of the spots.  The pattern 

again indexes to the structure of Ta2O5 as in S-O800n_4h with the direction of propagation 

along the wire, being the 001 direction, as seen in Figure 5.40(b) running from position 1-2.  

The direction that is perpendicular to the long axis of the wire again is the 110 direction, 

(position 3-4). The positions 1-4 correspond to indexed spots of 006, 006, 110 and 110 

respectively. 

BET analysis recorded a specific surface area of 42.42 m2g-1 which is comparable with 

the other values for nanofibrous materials discussed above. It is slightly lower than that of the 

nitride material but still a factor of 40 above that of the bulk.   
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Figure 5.40: Bright field and corresponding dark field images of the products of N-
O800n_4h, (T20 Microscope).  

 

5.3.2.6 Preparation S-O400n_4h  

Initial reactions at 400 °C showed an amorphous product as seen in Figure 5.42(a) by PXD. 

The positions of the diffuse peaks approximately match to those expected for both the Ta2O5 

and TaO2 structure, though resolution of the peaks does not allow for the determination of the 

likely underlying crystal structure or indeed the ratio of Ta:O within the amorphous mass.  

TG data was recorded as in Section 2.4.4.3 but on samples of ~ 5-10 mg (Figure 

5.41(b)) and shows a 6 % increase in mass as it is oxidised, indicating that the nanofibres are 
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not of Ta2O5 stoichiometry; however, the increase in mass is not attributable to any obvious 

stoichiometry, and therefore likely to be a mix of Ta2O5 and TaO2, as shown by the PXD.  

The increase in mass above 3.5 % will likely be due to the uptake of oxygen in the structure 

from other suboxides that may be present, e.g. TaO.   

   

Figure 5.41: (a) PXD pattern showing oxide nanowires of amorphous nature, (D5000 
diffractometer); (b) TG analysis showing a 6 % increase in mass on heating in Ar/air mixture;  

 

SEM (Figure 5.42(a) and (b)) shows the presence of large brittle ribbons with other structures 

that have probably originated from splintering of ribbons during the sample preparation for 

SEM analysis. The aspect ratio of the fibres is ~ 60, (~60 µm length, 1 µm width). 

 TEM shows the nanowires to be amorphous with regions of polycrystalline nature, 

indicated by the diffuse rings in the SAED pattern (Figure 5.42(c)). 

a b 
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Figure 5.42: (a) SEM micrograph showing large ribbons, (S-O400n_4h); (b) SEM 
micrograph showing a fragmenting ribbon, (SEM #3) and (c) TEM micrograph showing a 

nanowire with the electron diffraction pattern inset, (S-O400n_4h), (T20 microscope). 

  

5.3.2.7 Preparation N-O400n_4h 

Initial reactions at 400 °C showed an amorphous product as seen with S-O400n_4h.  PXD, 

(Figure 5.43) shows diffuse peaks approximately matching the position of those expected for 

both the Ta2O5 and TaO2 structure, though resolution of the peaks does not allow for the 

determination of the likely underlying crystal structure or indeed the ratio of Ta:O within the 

amorphous mass.  The fibres were red in colour indicating that unlike in the bulk form Ta3N 

nanofibres do react with oxygen at these low temperatures. The thermal stability of the fibres 

is obviously an important property with higher temperature applications. In Figure 5.4 it was 

noted that the bulk nitride converts to oxide in the presence of air but not until the TG reaches 

temperatures above 450 °C. 

TG data was recorded as in Section 2.4.4.3 but on samples of ~ 5-10 mg (Figure 

5.41(b)) and shows a 5.69% increase in mass as it is oxidised, slightly less than for the sulfide 

200 nm 

a b 

c 
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precursor, indicating that the nanofibres are not of Ta2O5 stoichiometry; however, the increase 

in mass is not attributable to any obvious stoichiometry.   

   

Figure 5.43: (a) PXD pattern showing oxide nanowires of amorphous nature, (D5000 
diffractometer); (b) TG analysis showing a 6% increase in mass on heating in Ar/air mixture;  

 
SEM (Figure 5.42(a) and (b)) shows the presence of large brittle ribbons with other structures 

that have probably originated from splintering of ribbons during the sample preparation for 

SEM analysis. The aspect ratio of the fibres in both cases is ~ 50 (~ 100 µm length, ~ 2 µm 

width). 

 

Figure 5.44: SEM micrograph showing large ribbons, (SEM #4). 

 

a b 
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5.3.3 Sulfidation Reactions  

5.3.3.1 Preparations  O-S1000b_14h  

Upon opening the tube furnace and removing the alumina boat, it was noticed that there was a 

black powder and a small amount of black fibrous material on the edge of the boat.  The 

products of the reaction were analysed and characterised.   

PXD analysis of the residual powder showed the 3R polytype of TaS2 as the dominant 

phase, as shown by Figure 5.45.  A small amount (~ 2 % by peak intensity using 

PowderCell179) of the 1T polytype is present in the pattern along with a small amount of 

starting material, indicating that the reaction did not go fully to completion; it is likely that the 

small quantity of Ta2O5 present was outside the flow of CS2 and protected from reaction by 

the other reactants. This reaction used ~ 2 g of oxide precursor rather than the 1 g as in the 

other preparations. The presence of both 3R and 1T polytype is not unprecedented as at 1000 

°C the 1T should be the dominant phase (as seen in Section 3.3.3.1 from the products of  

TaS21000_Std), however as the cooling was slow, the 1T-TaS2 would likely convert to 3R-

TaS2 at around 600 °C.  The peaks in the pattern were indexed and refined to give unit cell 

parameters in a hexagonal unit cell as shown in Table 5.16. The accuracy of the unit cell 

refinement is greater than that of the published values leading to the conclusion that the 

structure is the 3R-TaS2. The use of the Scherrer equation on the primary peak yields a value 

of ~ 2 µm for the average particle size. 
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Figure 5.45: PXD pattern from the residual powder corresponding to the 3R and 1T phases of 

TaS2, (D5000). 
 

Phase a c 
O-S1000n_14h 3.3180(8) Å 17.8969(2) Å 
3R-TaS2 3.320 Å 17.90 Å 

Table 5.16: Unit cell parameters from the indexed powder patterns of O-S1000n_14h, 
compared to the published values for 3R-TaS2.

112    

 

SEM analysis of the low density fibrous material shows similar structures to those discussed 

in the silica ampoule experiments in Chapter 3. This was the only preparation in this section 

to start with a bulk precursor and finish with a nanophase product.  The yield was however 

immeasurably small, reducing the potential of this preparation as a useful synthesis for TaS2 

nanofibres. The particles were seen to consist of blocks of TaS2 and were present as 

contamination within the fibrous mass.  Both morphologies had an average ratio of Ta:S of    

~ 33:67 by EDX, (± 2). 
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Figure 5.46: SEM micrographs showing the general morphology from O-S1000b_14h, (SEM 

#2) 
 

5.3.3.2 Preparation O-S850b_4h and Preparation N-S850b_4h 

A black powder was obtained from the alumina boat that was characterised to the 3R structure 

of TaS2 with a small amount of oxide contamination.  It appears that the reaction has not 

reached completion even though the material was uniformly black in colour.  It is likely that a 

small amount of oxide material remained in the bottom of the alumina boat and was not 

reacted with the CS2.  The pattern given in Figure 5.47 was indexed using Dicvol 6,180 and 

refined to the best unit cell, using CELREF181 giving an hexagonal unit cell as seen in Table 

5.17.  The cell parameters are again a good match to those of the published 3R-TaS2 

structure,112 as in the higher temperature synthesis.  

 

Figure 5.47: PXD for the products of O-S850b_4h, (D5000 diffractometer). 
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The pattern given in Figure 5.47 was indexed using Dicvol 6,180 and refined to the best unit 

cell, using CELREF181 giving a hexagonal unit cell as seen in Table 5.17.  The cell parameters 

are a good match to those of the 3R-TaS2 structure, and have been compared to those from O-

S1000n_14h.  

 

Phase a c 
O-S850b_4h 3.313(1) Å 17.8468(4) Å 
O-S1000n_14h 3.3180(8) Å 17.8969(2) Å 
3R-TaS2 3.320 Å 17.90 Å 

Table 5.17: Unit cell parameters from the indexed powder patterns of O-S850b_4h and O-
S1000n_14h, compared to the published values for 3R-TaS2.

112    

  

SEM (Figure 5.48) shows sharp angular crystallites and a lack of round plate-like particles. 

The morphology is directly comparable with that in Figure 5.28, suggesting that the 

sulfidation reaction is pseudomorphic in nature. EDX again confirms the 1:2 ratio Ta:S 

indicting that the product is TaS2. 

 
Figure 5.48: SEM micrograph showing the general morphology of the powders from O-

S850b_4h, (SEM #4). 

  

5.3.3.3 Preparation N-S850n_4h 

A sample of black fibrous appearance was recovered from the alumina boat used in the 

preparation.  The fibres were extremely similar to those seen in the precursor. Aspect ratios 

were recorded of ~ 4000, as observed in the nitride precursor.  The fibres consist of ribbons 

and belts by conventional definitions (Section 1.1.3).  These nanofibres have survived two 
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complete crystal structure changes from sulfide to nitride and back to sulfide without loosing 

their 1-dimensional microstructure, or fragmenting along their lengths. 

 

 

Figure 5.49: SEM micrograph of the products from N-S850_4h, (SEM #4). 

 

Figure 5.50 shows the general morphology of the fibres in the three phases of the over all 

reaction.  The fibres were initially in the form of TaS2 from TaS2650_SAG before being 

converted into Ta3N5 in S-N950n_4h and finally in back into TaS2 again after N-S850n_4h.  

The fibres have withheld their fibrous nature throughout the processes and are clearly intact 

with the 1-dimensional morphology characteristic of nanofibres. Aspect ratios have been 

maintained, though the fibres are no longer as clean and particulate free as in the initial sulfide 

phase. 
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Figure 5.50:  SEM micrographs showing the general morphology of : (a)TaS2 fibres  (Figure 
3.17); (b) Ta3N5 nanofibres Figure 5.10 and (c) TaS2 nanofibres (Figure 5.49) (SEM #4). 

  

5.3.3.4 Preparation O-S850n_4h 

The resultant nanofibres from the oxide precursor reaction were black in colour indicating that 

the formation of sulfide had been achieved.  The PXD pattern (Figure 5.51) however showed 

significant amorphous character. This is unsurprising as there was some loss of crystallinity as 

the initial sulfide was converted into oxide (Section 5.3.2.3)  There is one highly resolved 

peak at 14 ° 2θ which corresponds to the 001, 002 or 003 lattice planes of the 1T, 2H and 3R 

polytype structures respectfully.  There is not resolution within the data to successfully 

differentiate between the different polytypes of TaS2. The peak is not however, expected in 

the PXD pattern for the Ta2O5 structure indicating that the crystal structure has transforms and 

the sulfide has been formed.  The few resolvable peaks do not match those expected for the 

any of the oxide phases described above. 

 

Figure 5.51: PXD showing the match between the products of S-O850n_4h, (D5000 
diffractometer) 
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SEM shown in Figure 5.52 shows the morphology of the oxide nanofibres, Figure 5.35.  

Ribbons and belts are again observed as in N-S850n_4h, concluding that indeed the reaction 

back to TaS2 nanofibres is possible with minimal change in morphology.  The aspect ratio of 

5000 is retained although these fibres appear to be straighter and less curly. Pictorially the 

products from  O-S850n_4h appear half way between the straight long sulfide wires and the 

curly oxide wires, indicating that there is retention of morphology at each stage.  

 

Figure 5.52: SEM micrograph showing the nanofibres obtained from O-S850n_4h, (SEM #4). 

 

The pseudomorphic nature of the nanofibres is best shown with images of the different fibres 

side by side.  The nanofibres obtained from O-S850n_4h originated as TaS2 from 

TaS2650_SAG Figure 5.53(a) before being converted into Ta2O5 in S-O800n_4h Figure 

5.53(b) and then back into TaS2 in O-S850n_4h Figure 5.53(c).  The fibrous morphology is 

retained though there is a high degree in initial loss of aspect ratio in the first step of the 

process. The average aspect ratio of the initial sulfide precursor approximately halves with 

lengths approximately quartering during the oxidation process.  The aspect ratio is then 

increases on conversion back into the sulfide material. 
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Figure 5.53: SEM micrographs showing the general morphology of : (a)TaS2 fibres  (Figure 
3.17); (b) Ta2O5 Fibres (Figure 5.35) and (c) TaS2 fibres (Figure 5.52), (SEM #4). 

  

5.4 Conclusions  

The pseudomorphic nature of these reactions is apparent from the retention of the fibrous 

morphology as can be seen from Figure 5.50 and Figure 5.53. A clear trend in crystallinity is 

observed between the products of the three preparations, S-N950n_4h, S-N800n_4h, and S-

N650n_4h: the trend runs from most crystalline and least amorphous, at highest temperature 

(950 °C) to least crystalline and most amorphous, at the lower temperature (650 °C) as 

reported by Hector and  Henderson.219  The existence of single crystalline nanofibres of Ta3N5 

remains unproven. There is however, a clear influence from the precursor crystallinity as the 

single crystal disulfide nanofibres once reacted with ammonia have more crystallographic 

texture than those originating from the less crystalline oxide precursor.  The ramp rate of the 

heating step to obtain the sintering temperature may also have an effect on the crystallinity of 

the products and the size of the grains; however this has not been investigated.    

Oxidation of the sulfide nanofibres did not lead to the beaded appearance observed in 

the nitride phases unless the beaded structure was already present, as is indicated by the 

similar reactions from sulfides to both the oxides and the nitrides. It is likely that the 

mechanism of oxidation is very different to that of the ammonolysis leading to the different 

structures or simply takes place in a slower and more uniform manner.  The ammonolysis 

tends to form a beaded structure with differently ordered crystals while the oxidation forms 

amorphous or polycrystalline structures.   In Shaffer’s experiments however a large beaded 

effect was noted when converting from TiC to TiO2.
176 It is therefore likely that the beaded 
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effect is more about the speed in which the chemical conversion occurs rather than the phases 

which are being converted.  This is evident from the fact that in comparing the oxidation of 

TiC and TaS2, one produced the beaded effect and the other does not, while the ammonolysis 

of TaS2 again produces a beaded effect. 

It is possible to convert the nitride and oxide species into sulfides using CS2, however, 

it would be interesting to see if the formation of nanofibrous material could be facilitated by 

increasing the sintering temperature. It was observed in O-S1000b_14h that minimal 

nanofibres were formed from the bulk materials at high temperatures, (though the yield was 

immeasurably small).  What therefore would happen if a preparation was attempted utilising a 

nanofibrous oxide precursor and reacting with CS2 at 1000 °C for 14 hours? Would this 

indeed have a reducing effect on the size and morphology, as is the case with the reduction of 

trisulfide phases with H2, used in the formation of many sulfide nanotubes where there is an 

apparent size and morphology reducing effect?43, 160 If so, would the reducing effect take 

place in all directions i.e. produce nanoparticulates or would it result in smaller nanofibres by 

reducing in an anisotropic manner?  

 The UV-vis DRS data shown in Figure 5.54 simultaneously show the comparisons 

between the bulk and nanofibrous phases of both the oxide and nitride.  We observe a blue 

shift as the morphology changes from bulk to nanofibrous much the same as the shift 

associated with the reduction of particle size.  It would be interesting to do the catalytic 

activity experiments and see if indeed the catalytic activity is improved as a result of the 

morphology as well as particle size.  Differentiating between the two is likely to be difficult as 

the changing morphology will have an effect on the particle size.  
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Figure 5.54: Diffuse reflectance data showing the superimposition of the 4 different phases 
described in this chapter on one set of axes.  

  

The reactions described in this chapter also occur in a pseudomorphic way when starting with 

a trisulfide precursor (Chapter 4) potentially allowing unprecedented control over the yield 

and morphology of the products as a higher degree on initial control exists across both 

systems than for any one system. E.g. in Section 3.3.3.3 it was shown how nanoribbons of 

TaS3 could be produced in a 1:2 ratio starting material at 500 °C. 

The concept of “Pseudomorphic reactions to nanometric materials” has opened up a 

huge area of study. The examples listed in this section of this thesis barely scratch the surface 

of what is possible from the extension of this work.  Tantalum nitride has many known 

structures the stable ones as calculated by Stampfl and Freeman, using density functional 

theory and include Ta5N6 and Ta2N as well as Ta3N5.
224  There are then further meta-stable 

phases all of which could have interesting properties and potential uses in applications.  

Changing the preparative conditions could induce the formation or conversion to nanometric 

materials of all these phases.  By changing the experimental parameters, e.g. sintering 

temperature, it should be possible to form independent nanometric phases outside the triangle 

shown in Figure 5.1.  An example of this would be the formation of TaON, another 
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potentially useful photocatalyst,139, 141, 143, 220 by changing the ratio’s of the gasses and 

temperature profiles or indeed by approaching the desired phase via a solely nitride or oxide 

phase.  The chemistry and concepts of this chapter are far from limited to the tantalum 

system. The group at the University of Glasgow as a whole has had much recent success in 

the formation of the titanium analogues of the tantalum compounds discussed herein.  This 

has resulted in the formation of other nanometric phases such as TiN and TiO2.  Extension 

still further opens an endless supply of potentially useful systems for which there is a single 

possible nanometric phase and the ability to form both nitrides, oxides, sulfides and indeed 

carbides. A possible example is the recent paper regarding ZnO nanospheres.225 These 

interesting spheres could, via the methods above, lead to the formation of nanospheres of zinc 

sulfide which has possible application in many of the currently used fields for zinc sulfide, 

e.g. IR optical materials and glow in the dark products.  
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