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2.3.14.1 Introduction

The combination of elemental carbon, nitrogen, and
phosphorus with transition metals produces compounds
known as carbides, nitrides, and phosphides, respectively,
which have a rich catalytic chemistry. The carbides and
nitrides have similar properties and crystal structures,
while the phosphides are somewhat distinct. However,
they are still compounds between electropositive metals
and electronegative main group elements and so
share many common characteristics. In this chapter
these similarities and differences will be contrasted,
with attention focused on general properties, structure,
preparation, and catalytic activity. A lack of space does not
permit the coverage of spectroscopic properties, surface
science studies, and theoretical investigations.

2.3.14.2 General Properties

Many monographs and reviews have described the nature,
structure and synthesis of carbides and nitrides [1–6],
and phosphides [7, 8]. The bonding in the carbides,
nitrides, and phosphides ranges from ionic for the
alkali and alkaline earth metals, metallic or covalent
for the transition elements, and covalent for the main
group elements. The focus of this chapter concerns
the metal-rich compounds, MX or M2X (X = C, N, P),
of the transition metals (M), which have metallic
properties. Metal-deficient compositions are rare in the
carbides and nitrides, except among the alkali and
alkaline earth metals (e.g., Na2C2, CaC2, Mg3N2), but
they are common among the phosphides (e.g., MoP2,
NiP3). However, phosphorus-rich compositions are
semiconducting and are considerably less stable than the
metal-rich compounds, and will not be considered here.

The metallic carbides and nitrides are well known
for their strength and hardness, and are routinely used
in cutting tools, drill bits, and rocket nozzles. In ferrous
alloys the carbides are the components responsible for the
toughness of steels. However, they also have interesting
optical, electronic, and magnetic properties and have
been applied in optical coatings, electrical contacts, and
diffusion barriers. Because of its gold color, TiN is widely
used for wear-resistant coatings, and decorative coatings
on watches and jewelry. Thin-film resistors based on
Ta2N are currently being mass-produced by magnetron
sputtering.
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The metallic phosphides also have interesting physical

properties. Titanium phosphide (TiP) is a hard-wearing

metallic conductor that is highly resistant to oxidation,

and has been suggested as a diffusion barrier for

Al/W metallization. Zinc phosphide (Zn3P2) has been

studied as a novel optoelectronic material. Phosphides

are important in the study of magnetism because their

interatomic spacing and anion electronegativity places

them in an intermediate position between oxides and

metals [9]. A complex composition, MnFeP0.45As0.55, has

been reported to have a very high Curie temperature of

300 K, making it a candidate for magnetic refrigeration

at room temperature [10]. Some metal-rich molybdenum

phosphides are superconducting, with Mo3P having the

highest critical temperature (Tc) of 7 K among binary

metal phosphides.

Basically, these materials combine the electronic

properties of metals and the physical properties of

ceramics. Thus, they are good conductors of heat and

electricity, are hard and strong, and have high thermal

and chemical stabilities (Tables 1 and 2) [4]. In general,

the carbides and nitrides are more refractory than

the phosphides, possessing higher heats of formation,

melting points, and microhardness values. Interestingly,

they also have a strong metallic nature, with lower

electrical resistivity and higher heat capacity. This is

related to their compact crystal structure. In all materials

stability decreases in going to the right in the Periodic

Table, as antibonding levels are filled.

2.3.14.3 Structure

Although the physical and chemical properties of

carbides, nitrides and phosphides are similar, they

differ substantially in their crystal structure. In most

carbides and nitrides, the carbon and nitrogen atoms

reside in the interstitial spaces between metal host

atoms to form relatively simple, compact metal lattices:

face-centered cubic (fcc), hexagonal closed packed (hcp)

or simple hexagonal. For these compounds, geometric

considerations predict stable structures when the ratio of

non-metal to metal radii (rX/rM) is between 0.41 and 0.59

(Hägg’s rule) [11]. The exact metallic arrangement (fcc,

hcp, or simple hexagonal) is largely determined by the

number of outer sp electrons [12]. For the phosphides,

however, the atomic radius of phosphorus (0.109 nm)

is substantially larger than those of carbon (0.071 nm)

or nitrogen (0.065 nm), and the radius ratio is too large

for octahedral coordination around the non-metal to be

favorable. For this reason, in phosphides (also borides

and silicides) the non-metal atom is usually found at the

center of a triangular prism [7]. Different arrangements

of these building blocks give rise to different structures.


