
We have performed density functional

calculations examining up to a monolayer

of selected transition metals (Ti, V, Ni and

Cu) on the 2×1 reconstructed diamond

(001) surfaces. We find that addition of

the carbide forming species, Ti and V,

results in significantly higher binding

adsorption energies at all surface

coverages relative to those of the non-

carbide-forming species. For monolayer

coverage by Cu or Ni, and sub-monolayer

coverage by Ti and V, we observe a

negative electron affinity. We propose that

based upon the electron affinities and

binding energies, metal coated 2×1

reconstructed diamond (001) surfaces are

promising candidates for electron emitters.

Spin-polarized local-density-functional [5]

calculations, implemented in the AIMPRO

code [6], were performed. A 14-layer

tetragonal supercell slab-geometry

surface system was used, with slabs

separated by a minimum of a 13 Å of

vacuum. Atoms are simulated using

pseudo potentials [7] and the Kohn-Sham

functions are expanded using a basis

sets consisting of s-, p- and d-like

Gaussian functions [8], made up from 40

independent terms per atom, centred on

atomic sites. Sampling of the two

dimensional surface Brillouin zone is

carried out using Monkhorst-Pack grid [9]

of special k-points, reduced pro rata for

repeated surface cells, sufficient to

achieve an energy convergence of the

total energy of better than 10 meV. The

charge density is Fourier transformed and

represented using plane waves with a

maximum energy of 175 Hartrees. The

adsorption energy per adsorbent atom

can be calculated as [10]

Eads(X)=[Etot(X)–Eclean–nµx]/n

where Etot(X) is the total energy of the

slab terminated with species X, Eclean the

total energy of adsorbent free slab, n the

total number of adsorbent atoms, and µx

the energy per metal atom in the

corresponding bulk metal. The method of

calculation of the EA is described

elsewhere [11].
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The nature of the interaction between a

diamond surface and adsorbed atomic

species has a remarkable impact on the

surface properties, in particular, the

electron affinity (EA), χ [1]. Suitable

surface termination of diamond surfaces

can induce a negative electron affinity

(NEA), reducing the work function and

facilitating the use of diamond for a

number of important electron emission

applications, including high power

diamond-based energy harvesters [2].

Hydrogen and –OH treatments of

diamond surfaces are well-known

methods for achieving a NEA, where the

surface dipoles induce band bending

leading to the conduction band lying

above the vacuum level. Since the NEA

of such termination is unstable high

temperatures (>700oC), alternatives must

be sought for high temperature electron

emission applications [1].

Previous research has shown that

transition metals such as Cu and Ti are

potentially suitable for fabricating

thermally stable surfaces with low

potential barrier heights [3, 4], even at

monolayer (ML) coverage. The

thermodynamic stability and the resulting

equilibrium surface coverage of transition

metals on diamond surfaces are therefore

important, but an understanding of the

microscopic structure of metal terminated

diamond has received relatively little

attention to-date. In this paper, we

present the results of density functional

simulations of the 2×1 reconstructed

diamond (001) surfaces with varying

coverage of Ti, V, Ni and Cu.

The chemical nature of the metal and the

structure adopted for different coverages

up to a monolayer yields a qualitative

impact upon both the energies of

adsorption, and the electron affinity. Of

the species examined, the non-carbide

forming metals exhibit NEAs at moderate

to high surface coverage, whilst carbide

forming metals exhibit NEAs at low

surface coverage. A large NEA of ~ 1eV

is achievable via careful preparation of

diamond surface. Since a NEA may be

viewed as being highly advantageous in

the preparation of surfaces for electron

emission applications and diamond based

energy harvesting. The conclusion from

this study is that for thermal stability and

NEA a carbide forming metal at low

coverage would be suitable.
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(ML) Site Eads χ Site Eads χ Site Eads χ Site Eads χ

0.25 C 1.33 0.10 B 1.27 -0.29 H 0.14 -0.90 B 1.24 -1.03

0.50 C 0.98 -0.66 C 1.10 -0.78 H -0.17 0.21 H 0.66 0.41

1.00 C+B 0.56 -0.55 C+B 0.19 -0.27 B+H -0.23 0.35 B+H 0.09 0.60

Fig 4. : Perspective views of the relaxed structures for Cu and Ti on the 2×1 

reconstructed diamond (001)surface. (a) 1 ML of Cu on C+B sites, (b) 1 ML 

of Ti on B+H sites, (c) 0.5 ML of Ti on H and (d) 0.25 ML of Ti on H sites  
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Fig.1: Proposed nanometre spaced

diamond thermotunnel energy harvester,

capable of producing very high power

output (theoretically 500 watt/cm2), even in

extremely hostile environments

Fig 3. : High symmetry adsorption sites

(Cave, Bridge, Hollow and Pedestal) on

2×1 reconstructed diamond (001)

surface. The grey circles indicate the

carbon atoms in the top three layers of

the diamond surface, with increasing

depth indicated by decreasing size

Table 1 : Calculated  electron affinities [eV] and adsorption energies [eV] of the transition 

metal adsorbed 2×1 reconstructed diamond  (001) surfaces for different  surface coverages

Fig 2. : A schematic of upward band

bending in diamond, caused by

suitable adsorbent species, which are

found typically less electronegative

then carbon
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