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TABLE S1. Lattice vectors (in units of σ), fractional coordinates and types of particles in unit

cell, number of unit cell repeats, and total number of particles for each target crystal structure.
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total # particles 1024 1014 2000 1000
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FIG. S1. Evolution of variables during optimization for square, honeycomb, BCC and cubic dia-

mond.

TABLE S2. Iteration of optimization at which convergence was achieved and corresponding pa-

rameters for each crystal structure.

square honeycomb BCC cubic diamond

iteration 3 8 6 37

σAA 1.414 1.755 1.113 1.677

σAB 0.953 0.932 0.946 0.896

λAA 0.000 0.000 0.000 0.185

λAB 1.000 1.000 1.000 1.000

3



1.650

1.725

1.800
σ

A
A

(σ
)

(a)

0.850

0.925

1.000

σ
A

B
(σ

)

(b)

0 20 40 60 80
iteration

0.00

0.25

0.50

λ
A

A

(c)

0 20 40 60 80
iteration

0.50

0.75

1.00

λ
A

B

(d)

FIG. S2. Evolution of optimization parameters during inverse design for cubic diamond with

original (black, convergence criterion 10−2, from Fig. S1) and stricter (red, 10−3) convergence

criteria.

10−2 10−3
0.0

0.3

0.6

g 
M

S
E

(a)

10−2 10−3
0.0

0.5

1.0

fra
ct

io
n

(b)

FIG. S3. Average (a) mean squared error (MSE) in type-agnostic radial distribution function g and

(b) fraction of particles classified as being in target lattice for 5 independent simulations following

the validation (isothermal compression) protocol using potentials obtained from the inverse-design

procedure for cubic diamond with convergence criteria of 10−2 and 10−3.
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FIG. S4. Type-agnostic radial distribution function g sampled from five independent validation

(isothermal compression) simulations using the potential designed during isochoric temperature

cycling for (a) square (b) honeycomb (c) BCC and (d) cubic diamond.
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FIG. S5. Same as Fig. S4 for the fraction of particles classified as being in target lattice.
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FIG. S6. Fraction of particles classified as being cubic or hexagonal diamond for the same simula-

tions as in Figs. S4d and S5d.
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FIG. S7. Evolution of variables during optimization for honeycomb initialized from (λAA, λAB) =

(0, 0), (0, 1), (1, 0), and (1, 1). The legend uses the notation from the main text, where − is 0

and + is 1. At convergence, the parameters for the ++ design were σAA = 1.756, σAB = 0.932,

λAA = 0.622, and λAB = 1.000.
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FIG. S8. Five independent validation (isothermal compression) simulations for the honeycomb

++ design. (a) Fraction of particles classified as being honeycomb. (b) Type-agnostic radial

distribution function g. (c) Final particle configuration. Particles classified as honeycomb are blue,

while other particles are gray.

7



0.50 0.25 0.00
T (ε/kB)

0.0

0.5

1.0
fra

ct
io

n

(a)

+ + largest cluster −+ largest cluster

0.50 0.25 0.00
T (ε/kB)

0.50 0.25 0.00
T (ε/kB)

0.50 0.25 0.00
T (ε/kB)

0.50 0.25 0.00
T (ε/kB)

(b)

(c)

FIG. S9. Five independent dilute isochoric cooling simulations in two dimensions for the honeycomb

−+ and ++ designs. (a) Fraction of particles classified as being honeycomb and being in the largest

cluster. (b) Final particle configuration for the ++ design. Particles classified as honeycomb are

blue, while other particles are gray. (c) Same as (b) for the −+ design.
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FIG. S10. Five independent dilute isochoric cooling simulations in three dimensions for the hon-

eycomb −+ design. (a) Fraction of particles classified as being graphene and being in the largest

cluster. (b) Final particle configuration. Particles classified as graphene are blue, while other

particles are gray.
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FIG. S11. Five independent dilute isochoric cooling simulations in three dimensions for the hon-

eycomb ++ design. (a) Fraction of particles classified as being cubic or hexagonal diamond and

being in the largest cluster. (b) Final particle configuration. Particles classified as cubic diamond

are blue or as hexagonal diamond are red, and other particles are gray.
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FIG. S12. Five independent dilute isochoric cooling simulations for the cubic diamond design.

(a) Fraction of particles classified as being cubic and hexagonal diamond and being in the largest

cluster. (b) Final particle configuration. Particles classified as cubic diamond are blue or as

hexagonal diamond are red, and other particles are gray.
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FIG. S13. Dilute isothermal–isochoric simulations initialized from the honeycomb crystallite as-

sembled in Fig. S9b at 0.1 ≤ kBT/ε ≤ 0.5 in increments of 0.1. (a) Fraction of particles classified

as honeycomb for honeycomb ++ and −+ designs. (b) Final particle configuration at each tem-

perature for ++ design. Particles classified as honeycomb are blue, while other particles are gray.

(c) Same as (b) for the −+ design.
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