Feature construction
Coulomb matrix for molecules
H—C=N:
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» DScribe library GitHub page

* Examples and comparison with features created by hand

* Coulomb matrix of HCN
cdye=1.07 A, doy=1.17 A;  sodyy =224 A.

* Diagonal elements

Mcc = (0.5)6%* = 36.86,  Myy = (0.5)7** = 53.36.

« My = (0.5)1%4 = 0.5,
» Off-diagonal elements
I X6 6 %7
17
= 3.12.

Myn = Myy = Y

* Coulomb matrix using DScribe
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https://github.com/SINGROUP/dscribe

H-C=N
dyc = 1.07 A;dn=1.176 A
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Coulomb matrix for HCN molecule
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Sine matrix for crystalline solids

* Diamond as an example
* FCC lattice with two atoms in the unit cell

1 11

R

e Conventional cubic unit cell, 8 atoms in the cell

<At (0,0,0), a(
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Sine matrix for diamond
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Sine matrix of a diamond conventional cell
Using DScribe libraries
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Calculating sine matrix by hand for diamond
C_il — a(l,0,0), C_iz — a(O,l,O), 53 —_ a(0,0,l)
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Matrix B=al{ 0 1 0 ].
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8 C atoms in the unit cell
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3. Sine matrix REPEAT

- Ewald matrix is computationally expensive to calculate.
- Can we construct a quantity akin to EM, yet easy to calculate? Sine matrix.
| 0.5Z** Vi =],
MBme —
e Y ¢zj Vi #j,

3
¢ =2Z|1B. ) ¢sin’(ze, . B~ (R, — R))||5".
k=1

« B is a3 X 3 matrix whose columns are the lattice vectors written column-wise:

By, = a1, By = ajp and By = ay3.

a1
- a;;is component of a; along Cartesian direction ;. G = (%2) 1=1,2,3

- €, Cartesian unit vector along direction k.

 Captures the infinite, periodic arrangement of the atoms.
No physical meaning. B=|a2 a2 a3

Arxiv:1904.08875
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1
Fork=1: e, = <O)
0

1
. 1
_meB'Ry=xa(10 O)Z <1> = 7/4.
1

sin*(7/4) :
° T = —.
2

Same contributions for k = 2, 3.

1
Vector in the denominator: EB (e +e,+ey) = Ea
3
— — 3
||B. Z e, sin*(me, B~ . (R, — R)| |, = £a.
2
k=1
a = 3.567 A for diamond.
. 2
Therefore, M}, = 6 X 6 X = 11.65.

V3 X 3.567
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