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Nudged Elastic Band (NEB)

= Computational method to find the Minimum Energy Path (MEP) between two different states.

= A series of images are joined by springs, when each image is minimised it pushes the other
images along the reaction coordinate, maintaining equal spacing.

To Tunnel or not to Tunnel

= If the tunnelling rate is an order of magnitude lower than the EPR rate then it will show an
averaged symmetry. So if the rate is 1 GHz then it will be averaged in X-band EPR [2].
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= Can use NEB to find the energy barriers for a vacancy moving to the surface.
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Figure 1. The NEB plot of the NVH" =% defect, showing the cumulative displacement of the minimum energy ﬂ
path on the x-axis, and the potential energy, or barrier height, on the y-axis. The shape is typical of every NnVH
defect. Gaussian Process Regression has been used to interpolate along the path. > 4 —
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= NnVH defects in diamond are made up of n substitutional Nitrogens, where n = 0,1, 2, 3, - U U
surrounding a Vacancy, with a Hydrogen sitting in the vacancy. -f_,E
: : . : - _
= Defects show higher order symmetry under EPR, too unstable to just sit in the middle, so must P 2 U
be reorienting. s

= Can calculate the energy barrier using NEB method. Classical rates are much too slow, so it
must be quantum tunnelling!
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Figure 3. The combined NEB paths of a vacancy moving towards the surface from the bulk of an 1 800 atom unit
cell, calculated using an ACE potential [3].

Figure 2. NoVH in its Cyp, position, and its averaged C,, symmetry. Hydrogen is shown in white, nitrogen in blue,
and carbon in grey, most of the surrounding structure has been omitted for clarity. Generated using OVITO [4].

Tunnelling Probability

= A finite displacement calculation retrieves a dynamical matrix that contains the force created
on all N atoms due to the displacement of each atom from its origin. This can be used to find
the vibrational frequency v of each atom.
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= The WKB Approximation is used to calculate the probability, P, of tunnelling through the
potential energy barrier by integrating over the reaction coordinate, g.

Figure 4. The path of a carbon atom switching places with a vacancy in bulk diamond calculated using DFT, notice
the crooked path the carbon atom takes. Generated using OVITO [4].
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