
4.15.1 https://chem.libretexts.org/@go/page/191198

4.15: Application Problems

Tantalum nitride (TaN) is a very hard material used in automobile transmissions and other high-performance applications.

a. Given its position in the periodic table, what is the charge on nitride ion?
b. Therefore, what is the charge on tantalum in tantalum nitride?
c. Tantalum nitride most commonly adopts a hexagonal structure. The drawing below shows one unit cell. Place a tantalum

atom in each corner of the unit cell.

d. Tantalum nitride is a layered structure. The nitrides lie in the same planes as the tantalum atoms. Within each layer, there is
one nitrogen in between each pair of tantalum atoms. Add the nitrogens to each layer.

e. How many tantalums are in a unit cell? Show how you know.
f. How many nitrides are in a unit cell? Show how you know.
g. The resulting formula doesn’t match our expectations. Add atoms to the middle layer to balance things out.
h. What is the coordination geometry of the atoms in the middle layer? Heating tantalum metal under dinitrogen or ammonia

leads to formation of hexagonal tantalum nitride. What if other methods could lead to other structures of the same
compound? These new structures could also have useful properties.

i. Tantalum nitride also forms a rare cubic phase. In this phase, assume the nitrides form a face-centered cubic array, with
tantalum in the octahedral holes. Fill in the atoms.

Wolczanski (Cornell University) reported the synthesis of a molecular tantalum nitride compound (adapted with permission
from Banaszak Holl, M. M.; Wolczanski, P. T.; Van Duyne, G. D. J. Am. Chem. Soc. 1990, 112, 7989-7994; Copyright 1994
American Chemical Society).

j) There are two different molecular geometries at tantalum. Add two labels pointing to two tantalum atoms (example on right)
describing their different geometries.

k) There are two different molecular geometries at nitrogen. Add two labels pointing to two nitrogen atoms (example on right)
describing their different geometries.

l) There are two different tantalum-nitrogen bonds in this compound. Identify which bond length corresponds to which
tantalum nitrogen bond(s) by adding two more labels to the drawing.

TaN = 194 nm and TaN = 212 nm

Heating this compound to 800 °C results in formation of the less common cubic form of tantalum nitride.
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m) Propose a reason why this compound leads to formation of cubic tantalum nitride instead of hexagonal.

Answer a

N  would get to a noble gas configuration.

Answer b

Ta  would balance the charge in TaN.

Answer c

Answer d

Answer e

#Ta = (\frac{1}{6})(\frac{1}{2})(4)\) for the acute corners and (1/3)(1/2)(4) for the obtuse corners

= 1 (note that it's the same outcome as the corners of a cube)

Answer f

 for the edges and  for the faces

Answer g

Need 2 more Ta.
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Answer h

Each tantalum has three nitrogens above and three below it. It's almost octahedral, but the top layer of nitrogens is lined up
above the bottom layer rather than being twisted 120 degrees to form an octahedron. The geometry is a trigonal prism.

Answer i

Answer j

Answer k

Answer l

The double bonds hold the atoms more closely together than the single bonds.

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/191198?pdf


4.15.4 https://chem.libretexts.org/@go/page/191198

Answer m

You can imagine the molecules stacking together to make a cubic array of TaN.

 

Answer to Exercise 4.15.1m, with three steps showing formation of the tantalum nitride cubic cell from the lattice structure
diagram.
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