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Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles.

Small particles (S)
(size in nm)(ϰ)

Large particles (L)
(size in nm)(ϰ) Particle functionalization

Size ratio
(γ)(ϯ) Solvent Co-assembly approach Superlattice Stoichiometry nL:nS Ref.

Spherical PbSe
(6)

Spherical γ-Fe2O3
(11) - 0.55 Dibutyl ether

Solvent evaporation
(60 °C)

AlB2-type superlattice LS2 1:2 184

Spherical PbSe
(6)

Spherical γ-Fe2O3
(11) - 0.55 Dibutyl ether

Solvent evaporation
(60 °C)

NaZn13-type superlattice LS13 1:13 184

Spherical Pd
(3)

Spherical PbSe
(5.8)

Pd: DDT
PbSe: OA

0.627 Toluene
Solvent evaporation

(45-50 °C)
(ico-LS13- or) NaZn13-type superlattice

Cub-LS13-type superlattice
LS13 1:20 29

Spherical CdSe
(4.4)

Spherical CdTe
(9.1)

CdSe: TOPO and ODA
CdTe: ODPA and TOPO

0.57 TCE Solvent evaporation
(55 °C)

AlB2-type superlattices
NaZn13-type superlattices
Cub-LS13-type superlattice

LS2
LS13
LS13

- 37,38

Spherical CdSe
(4.4)

Spherical CdTe
(8.1)

CdSe: TOPO and ODA
CdTe: ODPA and TOPO

0.63 TCE Solvent evaporation
(55 °C)

CaCu5-type superlattices
NaZn13-type superlattices

Cub-AB13-type superlattices

LS5
LS13
LS13

- 37,38

Spherical CdSe
(4.4)

Spherical CdTe
(7.0)

CdSe: TOPO and ODA
CdTe: ODPA and TOPO

0.71 TCE Solvent evaporation
(55 °C) CaCu5-type superlattices LS5 - 37,38

Spherical CdSe
(4.4)

Spherical CdTe
(5.9)

CdSe: TOPO and ODA
CdTe: ODPA and TOPO

0.81 TCE Solvent evaporation
(55 °C) MgZn2-type superlattices LS2 - 37,38

Spherical Au
(5)

Spherical Fe
(13)

Au: DDT
Fe: OA 0.424 Chloroform

Solvent evaporation
(RT)

NaCl-type superlattice LS - 190

Spherical Au
(5)

Spherical γ-Fe2O3
(13.4) DDT, OA, or TOPO 0.43

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

NaCl-type superlattice
AlB2-type superlattice

LS
LS2

- 31,32

Spherical Pd
(3)

Spherical PbSe
(7.2)

Pd: DDT
PbSe: OA

0.528
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
NaCl-type superlattice LS - 32

Spherical Pd
(3)

Spherical PbSe
(6.2) DDT, OA, or TOPO 0.59

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

NaCl-type superlattice
CuAu-type superlattice

Orthorhombic symmetry class
AlB2-type superlattice

MgZn2-type superlattice
MgNi2-type superlattice
Cu3Au-type superlattice
Fe4C-type superlattice

NaZn13-type superlattice
Cub-LS13-type superlattice

LS
LS
LS
LS2

LS2

LS2

LS3

LS4

LS13

LS13

- 31,32

Spherical Pd
(3)

Spherical PbSe
(5.8) DDT, OA, or TOPO 0.63

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

NaCl-type superlattice
AlB2-type superlattice

MgNi2-type superlattice
Fe4C-type superlattice
CaB6-type superlattice

NaZn13-type superlattice
Cub-LS13-type superlattice

LS
LS2

LS2

LS4

LS6

LS13

LS13

- 31,32

Spherical Ag
(3)

Spherical PbS
(6.7)

Ag: DDT
PbSe: OA

0.56
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CuAu-type superlattice LS 1:3-1:5 32



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Ag
(3.4)

Spherical PbSe
(5.8)

Ag: DDT
PbSe: OA

0.68
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CuAu-type superlattice LS 1:3-1:5 32

Spherical Au
(5)

Spherical PbSe
(7.6)

Au: DDT
PbSe: OA

0.70
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CuAu-type superlattice LS 1:3-1:5 32

Spherical Au
(5)

Spherical PbSe
(6.2)

Au: DDT
PbSe: OA

0.82
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CuAu-type superlattice LS 1:3-1:5 32

Spherical Pd
(3)

Spherical PbSe
(5.8)

Pd: DDT
PbSe: OA

0.63
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
Orthorhombic symmetry class LS 1:3 32

Spherical Ag
(4.2)

Spherical PbSe
(7.2)

Ag: DDT
PbSe: OA

0.66
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
Orthorhombic symmetry class LS 1:3 32

Spherical PbSe
(5.8)

Spherical Bi
(14.4) DDT, OA, or TOPO -

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

AlB2-type superlattice LS2 - 31

Spherical PbSe
(5.8)

Spherical γ-Fe2O3
(13.4)

PbSe: OA
γ-Fe2O3: OA 0.5

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

AlB2-type superlattice LS2 - 32

Spherical CoPt3
(6.2)

Spherical γ-Fe2O3
(13.4)

CoPt3: ACA, HDA
γ-Fe2O3: OA 0.54

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

AlB2-type superlattice LS2 - 32

Spherical Pd
(3)

Spherical PbSe
(6.7)

Pd: DDT
PbSe: OA

0.56
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
AlB2-type superlattice LS2 - 32

Spherical Ag
(3.7)

Spherical PbSe
(5.8)

Ag: DDT
PbSe: OA

0.71
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
AlB2-type superlattice LS2 - 32

Spherical Au
(5.5)

Spherical PbSe
(7.2)

Au: DDT
PbSe: OA

0.787
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
AlB2-type superlattice LS2 - 32

Spherical Au
(6.1)

Spherical γ-Fe2O3
(11.5)

Au: DDT
γ-Fe2O3: OA 0.53 Toluene Solvent evaporation

(45 °C) AlB2-type superlattice LS2 181

Spherical Ag
(4.2)

Spherical PbSe
(7.2) DDT, OA, or TOPO 0.66

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

Cu3Au-type superlattice
Fe4C-type superlattice

NaZn13-type superlattice
Cub-LS13-type superlattice

LS3

LS4

LS13

LS13

- 31,32

Spherical Ag
(3.4)

Spherical PbSe
(5.8)

Ag: DDT
PbSe: OA

0.68
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
Cu3Au-type superlattice LS3 1:7 32

Spherical Ag
(3.6)

Spherical PbSe
(6.3)

Ag: DDT
PbSe: OA

0.66
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CaCu5-type superlattice LS5 1:7 32

Spherical Ag
(3.6)

Spherical PbSe
(6.3)

Ag: DDT
PbSe: OA

0.66
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CaCu5-type superlattice LS5 1:7 32

Spherical CoPt3
(2.6)

Spherical CoPt3
(4.5)

- 0.71
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation CaCu5-type superlattice LS5 - 406

Spherical Au
(5.0)

Spherical PbSe
(7.2) DDT, OA, or TOPO 0.73

Toluene or toluene mixture 
with TCE or chloroform

Solvent evaporation
(45 °C)

CaCu5-type superlattice LS5 1:7 31

Spherical Au
(5)

Spherical γ-Fe2O3
(13.4)

Au: DDT
γ-Fe2O3: OA

0.43
Toluene or toluene mixture 

with TCE or chloroform
Solvent evaporation

(45 °C)
CaB6-type superlattice LS6 1:5 32



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Au
(4.6)

Spherical γ-Fe2O3
(14.0)

Au: OA
γ-Fe2O3: DDT

0.4 Trichloroethylene
Solvent evaporation

(50 °C)
CaB6-type superlattice
bcc-LS6-type superlattice

LS6

LS6
1:8 194

Spherical Au
(4.6)

Spherical γ-Fe2O3
(14.0)

Au: OA
γ-Fe2O3: DDT

0.4 Trichloroethylene
Solvent evaporation

(50 °C)
(32.4.3.4) Archimedean tiling
bcc-LS6-type superlattice

LS4

LS6
1:5 194

Spherical Au
(5.8)

Spherical γ-Fe2O3
(14.0)

Au: OA
γ-Fe2O3: DDT 0.48 Trichloroethylene

Solvent evaporation
(50 °C)

bcc-LS6-type superlattice LS6 1:8 194

Spherical CdSe
(3.4 ± 0.3)

Spherical PbSe
(7.3 ± 0.6)

CdSe: TOPO and HDA
PbSe: OA

0.56 TCE
Solvent evaporation

(70 °C)
AlB2-type superlattice

cub-AB13-type superlattice
LS2

cub-LS13
- 211

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(85 °C) NaCl-type superlattice LS 1:8 41

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(65 °C)

NaCl-type superlattice
AlB2-type superlattice

LS
LS2

1:8 41

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(40 °C) AlB2-type superlattice LS2 1:8 41

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(25 °C) AlB2-type superlattice LS2 1:8 41

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(0 °C) AlB2-type superlattice LS2 1:8 41

Spherical PbS
(3.1)

Spherical CdSe
(8)

PbS: OA
CdSe: TDPA-HDA-TOPO-TOP

0.47 n-alkanes Solvent evaporation
(-20 °C) NaZn13-type superlattice LS13 1:8 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(100 °C)

CuAu-type superlattice
Cu3Au-type superlattice

LS
LS3

1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(85 °C)

CuAu-type superlattice
Cu3Au-type superlattice
Fe4C-type superlattice

LS
LS3
LS4

1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(65 °C)

AlB2-type superlattice
Fe4C-type superlattice

LS2
LS4

1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(40 °C)

CuAu-type superlattice
AlB2-type superlattice

Cu3Au-type superlattice

LS
LS2
LS3

1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(25 °C) AlB2-type superlattice LS2 1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(0 °C) AlB2-type superlattice LS2 1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(-20 °C)

CuAu-type superlattice
AlB2-type superlattice

Cu3Au-type superlattice
NaZn13-type superlattice

LS
LS2
LS3
LS13

1:9 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(85 °C)

CuAu-type superlattice
Cu3Au-type superlattice

LS
LS3

1:18 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(25 °C)

CuAu-type superlattice
AlB2-type superlattice

Cu3Au-type superlattice
Fe4C-type superlattice

NaZn13-type superlattice

LS
LS2
LS3
LS4
LS13

1:18 41



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(-20 °C) NaZn13-type superlattice LS13 1:18 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(85 °C)

CuAu-type superlattice
Cu3Au-type superlattice

LS
LS3

1:4.5 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(25 °C)

CuAu-type superlattice
AlB2-type superlattice

Cu3Au-type superlattice

LS
LS2
LS3

1:4.5 41

Spherical Pd
(3.4)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.53 n-alkanes Solvent evaporation
(-20 °C) NaCl-type superlattice LS 1:4.5 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(100 °C)

CuAu-type superlattice
CsCl-type superlattice

LS
LS

1:8 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(85 °C)

CuAu-type superlattice
CsCl-type superlattice

LS
LS

1:8 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(65 °C)

CuAu-type superlattice
MgZn2-type superlattice

LS
LS2

1:8 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(40 °C)

CuAu-type superlattice
AlB2-type superlattice

LS
LS2

1:8 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(25 °C) NaZn13-type superlattice LS13 1:8 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(85 °C)

CuAu-type superlattice
CsCl-type superlattice

LS
LS

1:6 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(65 °C)

CuAu-type superlattice
AlB2-type superlattice

LS
LS2

1:6 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(25 °C) CaCu5-type superlattice LS5 1:6 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(85 °C) CsCl-type superlattice LS 1:4 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(65 °C)

CuAu-type superlattice
AlB2-type superlattice

LS
LS2

1:4 41

Spherical Pd
(4.9)

Spherical PbSe
(7.7)

Pd: DDT
PbSe: OA

0.74 n-alkanes Solvent evaporation
(25 °C)

CuAu-type superlattice
CaCu5-type superlattice

LS
LS5

1:4 41

Spherical CdSe
(5.8)

Spherical PbSe
(11) DDT or DDT and OA 0.53 Hexane Solvent evaporation

(70 °C) AlB2-type superlattice LS2 - 41

Spherical CdSe
(5.8)

Spherical PbSe
(10.3) DDT or DDT and OA 0.56 Hexane Solvent evaporation

(70 °C)
AlB2-type superlattice

NaZn13-type superlattice
LS2
LS13

- 41

Spherical CdSe
(5.8)

Spherical PbSe
(8.0) DDT or DDT and OA 0.73 Hexane Solvent evaporation

(70 °C)
MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 41

Spherical CdSe
(5.8)

Spherical PbSe
(7.76) DDT or DDT and OA 0.75 Hexane Solvent evaporation

(70 °C)
MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 41

Spherical Au
(5.2)

Spherical PbSe
(6.98) DDT or DDT and OA 0.74 Hexane Solvent evaporation

(70 °C)
CsCl-type superlattice

CaCu5-type superlattice
LS
LS5

- 41

Spherical Au
(5.8)

Spherical PbSe
(6.98) DDT or DDT and OA 0.83 Hexane Solvent evaporation

(70 °C)
CsCl-type superlattice

CaCu5-type superlattice
LS
LS5

- 41



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Au
(4.1)

Spherical PbS
(7)

Au: C9-length saturated 
hydrocarbon chains

PbS: C18-length saturated 
hydrocarbon chains

- Octane Solvent evaporation
(50 °C)

CuAu-type superlattice
AlB2-type superlattice

NaZn13-type superlattice

LS
LS2
LS13

- 214

Spherical Au
(4.1)

Spherical PbS
(7)

Au: C18-length saturated 
hydrocarbon chains

PbS: C9-length saturated 
hydrocarbon chains

- Octane Solvent evaporation
(50 °C)

MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 214

Spherical Au
(4.1)

Spherical γ-Fe2O3
(10.2)

Au: C9-length saturated 
hydrocarbon chains

γ-Fe2O3: C18-length saturated 
hydrocarbon chains

- Octane Solvent evaporation
(50 °C)

(32.4.3.4) Archimedean tiling
DDQC

bcc-LS6-type superlattice

LS4

LS3.84
LS6

- 214

Spherical Au
(4.1)

Spherical γ-Fe2O3
(10.2)

Au: C18-length saturated 
hydrocarbon chains

γ-Fe2O3: C9-length saturated 
hydrocarbon chains

- Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattices
NaZn13-type superlattice

LS3
LS13

- 214

Spherical Ag
(2.9)

Spherical Ag
(11.9)

Ag: OAM 0.42 Toluene Solvent evaporation
(35 °C) NaCl-type superlattice LS

1:2
1:4

1:10
217

Spherical Ag
(3.7)

Spherical Ag
(11.9)

Ag: OAM 0.44 Toluene Solvent evaporation
(35 °C) NaCl-type superlattice LS

1:2
1:4

1:10
217

Spherical Ag
(3.7)

Spherical Ag
(9.6)

Ag: OAM 0.52 Toluene Solvent evaporation
(35 °C) AlB2-type superlattice LS2

1:2
1:4

1:10
217

Spherical Ag
(2.9)

Spherical Ag
(8.2)

Ag: OAM 0.55 Toluene Solvent evaporation
(35 °C) AlB2-type superlattice LS2

1:2
1:4

1:10
217

Spherical Ag
(3.7)

Spherical Ag
(8.2)

Ag: OAM 0.58 Toluene Solvent evaporation
(35 °C) AlB2-type superlattice LS2 1:2 217

Spherical Ag
(3.7)

Spherical Ag
(8.2)

Ag: OAM 0.58 Toluene Solvent evaporation
(35 °C)

AlB2-type superlattice
NaZn13-type superlattice

LS2
LS13

1:4 217

Spherical Ag
(3.7)

Spherical Ag
(8.2)

Ag: OAM 0.58 Toluene Solvent evaporation
(35 °C) NaZn13-type superlattice LS13 1:10 217

Spherical Ag
(3.7)

Spherical Ag
(7.5)

Ag: OAM 0.64 Toluene Solvent evaporation
(35 °C) NaZn13-type superlattice LS13

1:2
1:4

1:10
217

Spherical Ag
(3.7)

Spherical Ag
(5.5)

Ag: OAM 0.79 Toluene Solvent evaporation
(35 °C) MgZn2-type superlattice LS2

1:2
1:4

217

Spherical Ag
(5.5)

Spherical Ag
(7.5)

Ag: OAM 0.81 Toluene Solvent evaporation
(35 °C) MgZn2-type superlattice LS2

1:2
1:4

1:10
217



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Ag
(4.0)

Spherical Ag
(11.9)

Small Ag particles: DDT
Large Ag particles: OAM

0.42 Toluene Solvent evaporation
(35 °C)

CaB6-type superlattice
DDQC

LS6
LS3.84

1:2
1:4

217

Spherical Ag
(4.0)

Spherical Ag
(11.9)

Small Ag particles: DDT
Large Ag particles: OAM

0.42 Toluene Solvent evaporation
(35 °C) CaB6-type superlattice LS6 1:10 217

Spherical Au
(4.0)

Spherical Ag
(11.9)

Small Au particles: DDT
Large Ag particles: OAM

0.42 Toluene Solvent evaporation
(35 °C)

CaB6-type superlattice
DDQC

LS6
LS3.84

1:4 217

Spherical Ag
(3.7)

Spherical CoFe2O4
(12)

Ag: OAM
CoFe2O4: OA

0.42 Toluene Solvent evaporation
(35 °C)

AlB2-type superlattice
(32.4.3.4) Archimedean tiling

DDQC

LS2
LS4

LS3.84

1:4 217

Spherical Ag
(4)

Spherical CoFe2O4
(12)

Ag: DDT
CoFe2O4: OA

0.42 Toluene Solvent evaporation
(35 °C)

CaB6-type superlattice
DDQC

LS6
LS3.84

1:4 217

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: nonanethiol (λ=0.77)
PbS: nonanoic acid (λ=0.38)

0.57 Octane Solvent evaporation
(50 °C)

NaZn13-type superlattice LS13 - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: DDT (λ=1.01)
PbS: nonanoic acid (λ=0.38)

0.61 Octane Solvent evaporation
(50 °C)

NaZn13-type superlattice LS13 - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: nonanethiol (λ=0.77)
PbS: myristic acid (λ=0.57)

0.53 Octane Solvent evaporation
(50 °C)

AlB2-type superlattice LS2 - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: DDT (λ=1.01)
PbS: myristic acid (λ=0.57)

0.56 Octane Solvent evaporation
(50 °C)

AlB2-type superlattice LS2 - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: Octadecanethiol (λ=1.47)
PbS: myristic acid (λ=0.57)

0.62 Octane Solvent evaporation
(50 °C)

CaCu5-type superlattice LS5 - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: hexanethiol (λ=0.54)
PbS: OA (λ=0.66)

0.47 Octane Solvent evaporation
(50 °C)

NaCl-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: nonanethiol (λ=0.77)
PbS: OA (λ=0.66)

0.51 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: DDT (λ=1.01)
PbS: OA (λ=0.66)

0.54 Octane Solvent evaporation
(50 °C)

Cu3Au-type superlattice
NaZn13-type superlattice

LS3
LS13

- 221

Spherical Au
(3.1)

Spherical PbS
(6.3)

Au: Octadecanethiol (λ=1.47)
PbS: OA (λ=0.66)

0.60 Octane Solvent evaporation
(50 °C)

CaCu5-type superlattice LS5 - 221

Spherical Au
(4.3)

Spherical PbS
(6.3)

Au: DDT (λ=0.73)
PbS: nonanoic acid (λ=0.38)

0.78 Octane Solvent evaporation
(50 °C)

CaCu5-type superlattice LS5 - 221

Spherical Au
(4.3)

Spherical PbS
(6.3)

Au: Octadecanethiol (λ=1.06)
PbS: myristic acid (λ=0.57)

0.79 Octane Solvent evaporation
(50 °C)

CaCu5-type superlattice LS5 - 221

Spherical Au
(5.1)

Spherical PbS
(6.3)

Au: pentadecanethiol (λ=0.75)
PbS: myristic acid (λ=0.57)

0.86 Octane Solvent evaporation
(50 °C)

MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 221

Spherical Au
(5.1)

Spherical PbS
(6.3)

Au: DDT (λ=0.61)
PbS: OA (λ=0.66)

0.80 Octane Solvent evaporation
(50 °C)

MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 221

Spherical Au
(3.1)

Spherical PbS
(7.5)

Au: hexanethiol (λ=0.54)
PbS: OA (λ=0.55)

0.41 Octane Solvent evaporation
(50 °C)

NaCl-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(7.5)

Au: nonanethiol (λ=0.77)
PbS: OA (λ=0.55)

0.44 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(7.5)

Au: DDT (λ=1.01)
PbS: OA (λ=0.55)

0.47 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice LS3 - 221

Spherical Au
(3.1)

Spherical PbS
(7.5)

Au: Octadecanethiol (λ=1.47)
PbS: OA (λ=0.55)

0.52 Octane Solvent evaporation
(50 °C)

NaZn13-type superlattice
bcc-LS6-type superlattice

LS13
LS6

- 221



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Au
(4.3)

Spherical PbS
(7.5)

Au: nonanethiol (λ=0.56)
PbS: OA (λ=0.55)

0.57 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice
AlB2-type superlattice

LS
LS2

- 221

Spherical Au
(4.3)

Spherical PbS
(7.5)

Au: DDT (λ=0.73)
PbS: OA (λ=0.55)

0.61 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice
NaZn13-type superlattice

LS
LS13

- 221

Spherical Au
(4.3)

Spherical PbS
(7.5)

Au: pentadecanethiol (λ=0.89)
PbS: OA (λ=0.55)

0.64 Octane Solvent evaporation
(50 °C) CaCu5-type superlattice LS5 - 221

Spherical Au
(4.3)

Spherical PbS
(7.5)

Au: Octadecanethiol (λ=1.06)
PbS: OA (λ=0.55)

0.67 Octane Solvent evaporation
(50 °C)

MgZn2-type superlattice
CaCu5-type superlattice

LS2
LS5

- 221

Spherical Au
(5.1)

Spherical PbS
(7.5)

Au: DDT (λ=0.61)
PbS: OA (λ=0.55)

0.69 Octane Solvent evaporation
(50 °C) CaCu5-type superlattice LS5 - 221

Spherical Au
(5.1)

Spherical PbS
(7.5)

Au: pentadecanethiol (λ=0.75)
PbS: OA (λ=0.55)

0.73 Octane Solvent evaporation
(50 °C) CaCu5-type superlattice LS5 - 221

Spherical Au
(5.1)

Spherical PbS
(7.5)

Au: Octadecanethiol (λ=0.89)
PbS: OA (λ=0.55)

0.76 Octane Solvent evaporation
(50 °C) CaCu5-type superlattice LS5 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: hexanethiol (λ=0.54)
PbS: Undecanoic acid (λ=0.31)

0.37 Octane Solvent evaporation
(50 °C) NaCl-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.77)
PbS: Undecanoic acid (λ=0.31)

0.40 Octane Solvent evaporation
(50 °C) CaB6-type superlattice LS6 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: DDT (λ=1.01)
PbS: Undecanoic acid (λ=0.31)

0.43 Octane Solvent evaporation
(50 °C) bcc-LS6-type superlattice LS6 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: Octadecanethiol (λ=1.47)
PbS: Undecanoic acid (λ=0.31)

0.47 Octane Solvent evaporation
(50 °C) bcc-LS6-type superlattice LS6 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: hexanethiol (λ=0.54)
PbS: OA (λ=0.45)

0.35 Octane Solvent evaporation
(50 °C) NaCl-type superlattice LS - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.77)
PbS: OA (λ=0.45)

0.37 Octane Solvent evaporation
(50 °C) CaB6-type superlattice LS6 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: DDT (λ=1.01)
PbS: OA (λ=0.45)

0.40 Octane Solvent evaporation
(50 °C) bcc-LS6-type superlattice LS6 - 221

Spherical Au
(3.1)

Spherical PbS
(9.3)

Au: Octadecanethiol (λ=1.47)
PbS: OA (λ=0.45)

0.44 Octane Solvent evaporation
(50 °C) bcc-LS6-type superlattice LS6 - 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.56)
PbS: Undecanoic acid (λ=0.31)

0.52 Octane Solvent evaporation
(50 °C)

CaCu-type superlattice
DDQC

LS
LS3.84

- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: DDT (λ=0.73)
PbS: Undecanoic acid (λ=0.31)

0.55 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: pentadecanethiol (λ=0.89)
PbS: Undecanoic acid (λ=0.31)

0.57 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: Octadecanethiol (λ=1.06)
PbS: Undecanoic acid (λ=0.31)

0.60 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.56)
PbS: OA (λ=0.45)

0.48 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice
DDQC

LS
LS3.84

- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: DDT (λ=0.73)
PbS: OA (λ=0.45)

0.51 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: pentadecanethiol (λ=0.89)
PbS: OA (λ=0.45)

0.54 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Au
(4.3)

Spherical PbS
(9.3)

Au: Octadecanethiol (λ=1.06)
PbS: OA (λ=0.45)

0.56 Octane Solvent evaporation
(50 °C)

Li3Bi-type superlattice
NaZn13-type superlattice

LS3

LS13
- 221

Spherical Au
(5.1)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.47)
PbS: Undecanoic acid (λ=0.31)

0.59 Octane Solvent evaporation
(50 °C)

AlB2-type superlattice
NaZn13-type superlattice

LS2
LS13

- 221

Spherical Au
(5.1)

Spherical PbS
(9.3)

Au: nonanethiol (λ=0.47)
PbS: OA (λ=0.45)

0.55 Octane Solvent evaporation
(50 °C)

AlB2-type superlattice LS2 - 221

Spherical Au
(5.1)

Spherical PbS
(9.3)

Au: DDT (λ=0.61)
PbS: OA (λ=0.45)

0.58 Octane Solvent evaporation
(50 °C)

CuAu-type superlattice
Cu3Au-type superlattice

LS
LS3

- 221

Spherical Au
(5.1)

Spherical PbS
(9.3)

Au: Octadecanethiol (λ=0.89)
PbS: OA (λ=0.45)

0.64 Octane Solvent evaporation
(50 °C)

CaCu5-type superlattice LS5 - 221

Spherical Au
(5)

Spherical γ-Fe2O3
(13.4)

Au: DDT
Fe3O4: OA

0.43 ± 0.01 TCE Solvent evaporation
(50 °C)

AlB2-type superlattice
DDQC

(32.4.3.4) Archimedean tiling
(33.42) Archimedean tiling

CaB₆-type superlattice

LS2

LS3.84

LS4

LS4

LS6

- 33

Spherical Au
(4.7)

Spherical γ-Fe2O3
(12.6)

Au: DDT
Fe3O4: OA

0.43 ± 0.01 TCE Solvent evaporation
(50 °C)

DDQC LS3.84 - 33

Spherical Pd
(3)

Spherical PbS
(9) - 0.43 ± 0.01 TCE Solvent evaporation

(50 °C)
DDQC LS3.84 - 33

Spherical {Mo132}
(2.9)

Spherical PbS
(10.7)

Mo132: DDA
PbS: OA

0.41 Toluene and chlorobenzene Solvent evaporation
(50 °C)

NaCl-type superlattice
AlB2-type superlattice
bcc-LS6-type superlattice
NaZn13-type superlattice

LS
LS2
LS6
LS13

- 206

Spherical {Mo132}
(2.9)

Spherical PbS
(8.1)

Mo132: DDA
PbS: OA

0.51 Toluene and chlorobenzene Solvent evaporation
(50 °C)

NaCl-type superlattice
AlB2-type superlattice

DDQC
NaZn13-type superlattice

LS
LS2

LS3.84
LS13

- 206

Spherical {Mo132}
(2.9)

Spherical PbS
(6.6)

Mo132: DDA
PbS: OA

0.58 Toluene and chlorobenzene Solvent evaporation
(50 °C)

NaCl-type superlattice 
AlB2-type superlattice

NaZn13-type superlattice

LS
LS2
LS13

- 206

Spherical {Mo132}
(2.9)

Spherical PbS
(4.7)

Mo132: DDA
PbS: OA

0.74 Toluene and chlorobenzene Solvent evaporation
(50 °C)

NaCl-type superlattice 
AlB2-type superlattice

CaCu5-type superlattice
NaZn13-type superlattice

LS
LS2
LS5
LS13

- 206

Spherical Ag
(4.0)

Spherical amorphous-
phase Co

(9.2)

Ag: DDT
Co: OA

0.49 Toluene Solvent evaporation
(25 °C) NaCl-type superlattice LS 2:1 208

Spherical Ag
(4.0)

Spherical hcp-phase Co
(9.3)

Ag: DDT
Co: OA

0.49 Toluene Solvent evaporation
(25 °C)

CuAu-type superlattice
Cu3Au-type superlattice

DDQC
NaZn13-type superlattice

LS
LS3

LS3.84
LS13

2:1 208

Spherical Ag
(4.0)

Spherical amorphous-
phase Co

(9.2)

Ag: DDT
Co: OA

0.49 Toluene Solvent evaporation
(65 °C)

AlB2-type superlattice
Cu3Au-type superlattice

LS2
LS3

2:1 208

Spherical Ag
(4.0)

Spherical hcp-phase Co
(9.3)

Ag: DDT
Co: OA

0.49 Toluene Solvent evaporation
(65 °C)

AlB2-type superlattice
Cu3Au-type superlattice

LS2
LS3

2:1 208



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Ag
(4.0)

Spherical amorphous-
phase Co

(7.2)

Ag: DDT
Co: OA

0.59 Toluene Solvent evaporation
(25 °C) AlB2-type superlattice LS2 2:1 208

Spherical Ag
(4.0)

Spherical hcp-phase Co
(7.1)

Ag: DDT
Co: OA

0.59 Toluene Solvent evaporation
(25 °C) AlB2-type superlattice LS2 2:1 208

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
- - Toluene and TCE Solvent evaporation

(40-50 °C) NaCl-type superlattice LS 1:2 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
DDT - Toluene and TCE Solvent evaporation

(40-50 °C) NiAs-type superlattice LS 1:2 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
DDT - Toluene and TCE Solvent evaporation

(40-50 °C)
NiAs-type superlattice
AlB2-type superlattice

LS
LS2

1:2 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
- - Toluene and TCE Solvent evaporation

(40-50 °C) AlB2-type superlattice LS2 1:4-5 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
OA - Toluene and TCE Solvent evaporation

(40-50 °C) AlB2-type superlattice LS2 1:3 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
- - Toluene and TCE Solvent evaporation

(40-50 °C)
NaZn₁₃-type superlattice

cub-AB₁₃-type superlattice
LS13

LS13
1:6-8 241

Spherical Au
(4.5)

Spherical hollow core-
shell iron/iron oxide

(11.7)
OAM - Toluene and TCE Solvent evaporation

(40-50 °C)
NaZn₁₃-type superlattice

cub-AB₁₃-type superlattice
LS13

LS13
1:6-8 241

Spherical Ag
(4.0)

Spherical Ag
(11.9)

Small Ag particles: DDT
Large Ag particles: OAM

0.42 Hexane (on DEG) Air-liquid interface NaCl-type superlattice LS 1:4 217

Spherical FePt
(6)

Spherical Fe3O4
(15) - - Hexane (on DEG) Air-liquid interface

AlB2-type superlattice
Cu3Au-type superlattice
NaZn13-type superlattice

LS2

LS3

LS13

1:3 248

Spherical Au
(3.8)

Spherical Fe3O4

(13.4)
Au: Atactic PS (Mn = 3.0 k)

Fe3O4: Atactic PS (Mn = 5.3 k)
0.49 Toluene (on DEG) Air-liquid interface NaZn13-type superlattice LS13 1:15 254

Spherical Au
(3.8)

Spherical Fe3O4

(13.4)
Au: Atactic PS (Mn = 3.0 k)

Fe3O4: Atactic PS (Mn = 5.3 k)
0.49 Toluene (on DEG) Air-liquid interface bcc-LS6-type superlattice LS6 1:7 254

Spherical Au
(4.2)

Spherical Fe3O4

(13.4)
Au: Atactic PS (Mn = 1.1 k)

Fe3O4: Atactic PS (Mn = 5.3 k)
0.40 Toluene (on DEG) Air-liquid interface NaCl-type superlattice LS - 254

Spherical Au
(4.2)

Spherical Fe3O4

(13.4)
Au: Atactic PS (Mn = 5.3 k)

Fe3O4: Atactic PS (Mn = 5.3 k)
0.69 Toluene (on DEG) Air-liquid interface

MgZn₂-type superlattice
CaCu₅-type superlattice

LS2

LS5
- 254

Spherical Au
(6.4)

Spherical Fe3O4
(16.5) OA and/or OAM 0.44 Hexane (on DEG) Air-liquid interface 2D LS-type superlattice LS - 253



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical FePt
(5.5)

Spherical Fe3O4
(16.5) OA and/or OAM 0.40 Hexane (on DEG) Air-liquid interface 2D LS-type superlattice LS - 253

Spherical Fe3O4
(13.5)

Spherical 
NaYF4:Yb/Er

(28.9)
OA and/or OAM 0.49 Hexane (on DEG) Air-liquid interface 2D LS-type superlattice LS - 253

Spherical FePt
(3.1)

Spherical Fe3O4
(16.5) OA and/or OAM 0.26 Hexane (on DEG) Air-liquid interface 2D LS2-type superlattice LS2 - 253

Spherical Au
(6.4)

Spherical Fe3O4
(11.2) OA and/or OAM 0.63 Hexane (on DEG) Air-liquid interface 2D L2S3-type superlattice L2S3 - 253

Spherical FePt
(6.0)

Spherical Fe3O4
(16.5) OA and/or OAM 0.42 Hexane (on DEG) Air-liquid interface 2D LS3-type superlattice LS3 - 253

Spherical Ag
(4.8)

Spherical Au
(5.1)

Ag: TMA
Au: MUA

0.97 Water Electrostatic Diamond-type (or sphalerite-type) 
superlattice

LS - 49

Spherical Au
(11.4)

Spherical Au
(11.4) DNA - Water DNA-guided CsCl-type superlattice LS - 278

Spherical Au
(12.5)

Spherical Au
(12.5) DNA - Water DNA-guided CsCl-type superlattice LS - 278

Spherical Au
(5)

Spherical Au
(9.7)

DNA
(DNA linker ratio = 3)

0.75 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(2.5)

Spherical Au
(4.4)

DNA
(DNA linker ratio = 0.4)

0.61 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(5)

Spherical Au
(9.5)

DNA
(DNA linker ratio = 0.5)

0.76 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(5)

Spherical Au
(10.2)

DNA
(DNA linker ratio = 0.5)

1 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(5)

Spherical Au
(10.2)

DNA
(DNA linker ratio = 0.5)

0.85 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(5)

Spherical Au
(15.8)

DNA
(DNA linker ratio = 0.2)

0.99 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(9.7)

Spherical Au
(19.2)

DNA
(DNA linker ratio = 0.3)

0.98 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(14.8)

Spherical Au
(24.5)

DNA
(DNA linker ratio = 0.3)

0.99 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(14.8)

Spherical Au
(29)

DNA
(DNA linker ratio = 0.2)

0.94 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(19.2)

Spherical Au
(29)

DNA
(DNA linker ratio = 0.4)

0.99 water DNA-guided CsCl-type superlattice LS - 256

Spherical Au
(2.5)

Spherical Au
(4.4)

DNA
(DNA linker ratio = 2)

0.6 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(4.6)

Spherical Au
(4.6)

DNA
(DNA linker ratio = 1)

0.56 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(4.9)

Spherical Au
(4.9)

DNA
(DNA linker ratio = 1)

0.38 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(4.9)

Spherical Au
(9.5)

DNA
(DNA linker ratio = 1.5)

0.55 water DNA-guided AlB2-type superlattice LS2 - 256



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical Au
(4.9)

Spherical Au
(9.5)

DNA
(DNA linker ratio = 1.5)

0.47 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(5)

Spherical Au
(9.7)

DNA
(DNA linker ratio = 3)

0.51 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(4.9)

Spherical Au
(9.5)

DNA
(DNA linker ratio = 1.5)

0.41 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(9.8)

Spherical Au
(14.4)

DNA
(DNA linker ratio = 3)

0.55 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(9.7)

Spherical Au
(15.8)

DNA
(DNA linker ratio = 2.4)

0.64 water DNA-guided AlB2-type superlattice LS2 - 256

Spherical Au
(4.6)

Spherical Au
(7.5)

DNA
(DNA linker ratio = 2)

0.37 water DNA-guided Cr3Si-type superlattice LS3 - 256

Spherical Au
(4.6)

Spherical Au
(7.5)

DNA
(DNA linker ratio = 2.5)

0.51 water DNA-guided Cr3Si-type superlattice LS3 - 256

Spherical Au
(9.8)

Spherical Au
(14.4)

DNA
(DNA linker ratio = 2.25)

0.43 water DNA-guided Cr3Si-type superlattice LS3 - 256

Spherical Au
(4.6)

Spherical Au
(9.7)

DNA
(DNA linker ratio = 3)

0.35 water DNA-guided Cr3Si-type superlattice LS3 - 256

Spherical Au
(4.6)

Spherical Au
(9.8)

DNA
(DNA linker ratio = 3)

0.48 water DNA-guided bcc-LS6-type superlattice LS6 - 256

Spherical Au
(7.5)

Spherical Au
(15.8)

DNA
(DNA linker ratio = 2.25)

0.37 water DNA-guided bcc-LS6-type superlattice LS6 - 256

Spherical Fe3O4
(5.4)

Spherical Fe3O4
(13.5)

5.4 nm Fe3O4: 
Pentaethylenehexamine-
terminated polystyrene

13.5 nm Fe3O4: 
Diethylenetriamine-terminated 

polystyrene

0.61 Toluene Spin-coating NaZn13-type superlattice LS13 - 308

Spherical Au
(4)

Spherical Au
(8) 1-hexadecanethiol - Hexane

Emulsion-assisted
(Hexane-in-water, 

surfactant: Triton X-100)
NaZn13-type superlattice LS13 - 250

Spherical Au
(5)

Spherical γ-Fe2O3
(10) OA or DDT 0.5 Hexane Emulsion-assisted

(Hexane-in-water) NaZn13-type superlattice LS13 1:15 315

Spherical CoFe2O4
(8.0)

Spherical Fe3O4
(17) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

NaZn13-type superlattices LS13 1:13 319

Spherical CoFe2O4
(8.5)

Spherical Fe3O4
(17) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

NaZn13-type superlattices LS13 1:13 319

Spherical CoFe2O4
(4.5)

Spherical Fe3O4
(11) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

AlB2-type superlattices LS2 - 319

Spherical Fe3O4
(6.5)

Spherical Fe3O4
(9) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

MgZn2-type superlattices LS2 - 319



Table S1. Binary superstructures formed through the co-assembly of spherical nanoparticles (continuation).

Spherical CoFe2O4
(4.5)

Spherical Fe3O4
(7) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

CaCu5-type superlattices LS5 - 319

Spherical CoFe2O4
(4.5)

Spherical Fe3O4
(15) - - Hexane

Emulsion-assisted
(Hexane-in-water, 
surfactant: DTAB)

NaCl-type superlattices LS - 319

Spherical CdSe
(8)

Spherical CoFe2O4
(20) OA 0.48 TCE

Emulsion-assisted
(TCE-in-FC-40, or

TCE-in-FC-70, 
microfluidic)

AlB2-type superlattices LS2 - 149

Spherical PbS
(10)

Spherical CoFe2O4
(20) OA 0.54 TCE

Emulsion-assisted
(TCE-in-FC-40, or

TCE-in-FC-70, 
microfluidic)

AlB2-type superlattices LS2 - 149

Notation: (ϰ) The size refers to that of the core particles; (ϯ) The size ratio (γ) is the effective size ratio, calculated using the effective diameters (deff, where deff = dcore + 2dshell, being dcore the core diameter and dshell the shell thickness); 

DDT, dodecanethiol; OA, oleic acid; TOPO, tri-n-octylphosphine oxide; ODA, octadecylamine; ODPA, octadecylphosphonic acid; TCE, tetrachloroethylene; RT, room temperature; ACA, 1-adamantanecarboxylic acid; HDA, hexadecylamine; 

TOP, trioctylphosphine; TDPA, tetradecylphosphonic acid; DDQC, dodecagonal quasicrystal; OAM, oleylamine; C10-thiol, alkanethiol; DEG, diethylene glycol; TMA, HS(CH2)11NMe3
+Cl-; MUA, HS(CH2)10COOH; FC-40, perfluoro-di-n-

butylmethylamine; FC-70, perfluorotripentylamine; DDA, dodecyldimethylammonium cations; DEG, diethylene glycol; DDQC, dodecagonal quasicrystal; DTAB, dodecyltrimethylammonium bromide; DNA, deoxyribonucleic acid.



Table 2. Binary superstructures formed through the co-assembly of anisotropic nanoparticles.

Small particles (S)
(size in nm)(ϰ)

Large particles (L)
(size in nm)(ϰ) Particle functionalization

Size ratio
(γ)(ϯ) Solvent Co-assembly approach Superlattice Stoichiometry nL:nS Ref.

Truncated 
cuboctahedra Au

(4.5)
Resembling 

spherical shape

Icosahedral or 
decahedral Au

(7.8)
Resembling spherical 

shape

C10-thiol 0.58 Toluene Solvent evaporation
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2 - 24

Spherical Au
(3)

LaF3 triangular 
nanoplates

(9)
DDT, OA, or TOPO 0.33

Toluene or toluene mixture with 
TCE or chloroform Solvent evaporation - - - 31

Spherical Au
(3)

LaF3 triangular 
nanoplates

(9)
DDT, OA, or TOPO 0.33

Toluene or toluene mixture with 
TCE or chloroform Solvent evaporation - - - 31

Spherical Au
(6.2)

LaF3 triangular 
nanoplates

(9)
DDT, OA, or TOPO 0.69

Toluene or toluene mixture with 
TCE or chloroform Solvent evaporation - - - 31

Cubic CsPbBr3
(5.3) LaF3 nanodisks (12.5) CsPbBr3: DDAB

LaF3: OA
0.430 Toluene or octane Solvent evaporation

(RT)

Columnar LS(I)-type superlattice: 
vertically oriented stacks of nanodisks 

created a simple square columnar 
lattice with p4mm plane group 

symmetry, while nanocube pillars filled 
the space between the disk columns

LS - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(13.3)

CsPbBr3: DDAB
LaF3: OA

0.408 Toluene or octane Solvent evaporation
(RT)

Columnar LS(I)-type superlattice LS - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(16.6)

CsPbBr3: DDAB
LaF3: OA

0.337 Toluene or octane Solvent evaporation
(RT)

Columnar LS(I)-type superlattice LS - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(18.5)

CsPbBr3: DDAB
LaF3: OA

0.306 Toluene or octane Solvent evaporation
(RT)

Columnar LS(I)-type superlattice LS - 234

Cubic CsPbBr3
(8.6) LaF3 nanodisks (26.5) CsPbBr3: DDAB

LaF3: OA
0.335 Toluene or octane Solvent evaporation

(RT)
Columnar LS(I)-type superlattice LS - 234

Cubic CsPbBr3
(5.3) LaF3 nanodisks (26.5) CsPbBr3: DDAB

LaF3: OA
0.221 Toluene or octane Solvent evaporation

(RT)

Columnar LS2(I)-type superlattice with 
a c2mm symmetry: two nanocube 

pillars filled the spaces between every 
four nanodisk columns

LS2 - 234

Cubic CsPbBr3
(5.3) LaF3 nanodisks (12.5) CsPbBr3: DDAB

LaF3: OA
0.430 Toluene or octane Solvent evaporation

(RT)

Columnar LS2(II)-type superlattice: a 
centered rectangular lattice with LS2 
stoichiometry and c2mm symmetry

LS2 - 234

Cubic CsPbBr3
(5.3) LaF3 nanodisks (12.5) CsPbBr3: DDAB

LaF3: OA
0.430 Toluene or octane Solvent evaporation

(RT)

Columnar LS4-type superlattice: 
columns of nanodisks arranged in a 

simple hexagonal lattice were uniformly 
surrounded by nanocubes

LS4 - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(21.0)

CsPbBr3: DDAB
LaF3: OA

0.273 Toluene or octane Solvent evaporation
(RT)

Columnar LS6-type superlattice: 12 
distinct pillars of nanocubes arranged 

in a dodecagonal pattern around 
columns of nanodisks

LS6 - 234



Table 2. Binary superstructures formed through the co-assembly of anisotropic nanoparticles (continuation).

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(28.4)

CsPbBr3: DDAB
LaF3: OA

0.207 Toluene or octane Solvent evaporation
(RT)

Columnar LS6-type superlattice LS6 - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(9.2)

CsPbBr3: DDAB
LaF3: OA

0.555 Toluene or octane Solvent evaporation
(RT)

Columnar LS(II)-type superlattice: pairs 
of nanocube columns occupied 

interstitial sites created by six columns 
of adjacent disks

LS - 234

Cubic CsPbBr3
(8.6)

LaF3 nanodisks
(18.5)

CsPbBr3: DDAB
LaF3: OA

0.463 Toluene or octane Solvent evaporation
(RT)

Lamellar LS(I)-type superlattice: 
alternated one-dimensional strings of 

nanodisks and nanocubes stacked face-
to-face on the substrate

LS - 234

Cubic CsPbBr3
(5.3)

LaF3 nanodisks
(6.5)

CsPbBr3: DDAB
LaF3: OA

- Toluene or octane Solvent evaporation
(RT)

Lamellar L2S-type superlattice: each 
chain of nanocubes was surrounded by 

six chains of nanodisks
L2S - 234

Cubic CsPbBr3
(8.6)

LaF3 nanodisks
(12.5)

CsPbBr3: DDAB
LaF3: OA

- Toluene or octane Solvent evaporation
(RT)

NaCl-type superlattice: clusters of three 
disks occupying individual lattice sites 

in the fcc sublattice
LS - 234

Cubic CsPbBr3
(8.6)

LaF3 nanodisks
(9)

CsPbBr3: DDAB
LaF3: OA

- Toluene or octane Solvent evaporation
(RT)

ReO3-type superlattice: the nanocubes 
occupy the primitive positions of the 

unit cell, forming a simple cubic 
arrangement, while the nanodisks are 

positioned between the nanocubes, 
aligned face-to-face

LS3 - 234

Cubic CsPbBr3
(8.6)

LaF3 nanodisks
(6.5)

CsPbBr3: DDAB
LaF3: OA

- Toluene or octane Solvent evaporation
(RT)

Disrupted ReO3-type superlattice LS3 - 234

Cubic CsPbBr3
(8.6)

Spherical NaGdF4
(18.6)

CsPbBr3: DDAB
NaGdF4: OA

0.439 Toluene Solvent evaporation
(RT)

NaCl-type superlattice LS 1:1.2 240

Cubic CsPbBr3
(8.6)

Spherical NaGdF4
(16.5)

CsPbBr3: DDAB
NaGdF4: OA

0.495 Toluene Solvent evaporation
(RT)

CaTiO3-type superlattice LS4 1:4.2 240

Cubic CsPbBr3
(8.6)

Spherical NaGdF4
(16.5)

CsPbBr3: DDAB
NaGdF4: OA

0.495 Toluene Solvent evaporation
(RT)

AlB2-type superlattice LS2 1:2.2 240

Cubic CsPbBr3
(8.6)

Spherical Fe3O4
(19.8)

CsPbBr3: DDAB
Fe3O4: OA

0.414 Toluene Solvent evaporation
(RT)

AlB2-type superlattice LS2 1:2.2 240

Cubic CsPbBr3
(5.3)

Spherical Fe3O4
(11.2-15.6)

CsPbBr3: DDAB
Fe3O4: OA

0.443 -
0.336 Toluene Solvent evaporation

(RT)
AlB2-type superlattice
AB2-type superlattice

LS2

LS2
1:2.2 240

Cubic CsPbBr3
(5.3)

Spherical Fe3O4
(16.9)

CsPbBr3: DDAB
Fe3O4: OA

0.315 Toluene Solvent evaporation
(RT)

ABO6-type superlattice LS7 1:12 240

Cubic CsPbBr3
(5.3)

Spherical Fe3O4
(15.2)

CsPbBr3: DDAB
Fe3O4: OA

0.344 Toluene Solvent evaporation
(RT)

NaCl-type superlattice
AlB2-type superlattice
AB2-type superlattice

CaTiO3-type superlattice

LS
LS2
LS2
LS4

- 240

Cubic CsPbBr3
(8.6)

Truncated cuboidal PbS
(10.7-11.7)

CsPbBr3: DDAB
PbS: OA

0.72−0.78 Toluene Solvent evaporation
(RT)

NaCl-type superlattice
CuAu-type superlattice

CaTiO3-type superlattice

LS
LS
LS4

- 240



Table 2. Binary superstructures formed through the co-assembly of anisotropic nanoparticles (continuation).

Cubic CsPbBr3
(5.3)

Truncated cuboidal PbS
(10.7)

CsPbBr3: DDAB
PbS: OA

- Toluene Solvent evaporation
(RT) AlB2-type superlattice LS2 - 240

Cubic CsPbBr3
(8.6)

Disk-shaped NaGdF4
(31.5 nm in diameter 

and 18.5 nm thick)

CsPbBr3: DDAB
NaGdF4: OA

- Toluene Solvent evaporation
(RT) CaC2-type superlattice LS2 - 240

Cubic FAPbBr3
(9)

Spherical NaGdF4
(15.1-19.5)

FAPbBr3: -
NaGdF4: OA

- Toluene Solvent evaporation
(RT)

AlB2-type superlattice
AB2-type superlattice

CaTiO3-type superlattice

LS2
LS2
LS4

- 240

Cubic FAPbBr3
(5.7)

Spherical NaGdF4
(15.1)

FAPbBr3: -
NaGdF4: OA

- Toluene Solvent evaporation
(RT) NaCl-type superlattice LS - 240

Cubic CsPbBr3
(8.6)

Spherical Fe3O4
(19.5)

CsPbBr3: DDAB
Fe3O4: OA

0.420 Toluene Solvent evaporation
(RT)

NaCl-type superlattices
AlB2-type superlattices

CaTiO3-type superlattice

LS
LS2
LS4

- 242

Spherical β-NaGdF4
(9)

GdF3 nanoplates:
ellipsoidal (16 nm by 

10 nm) or rhombic (35 
nm by 25 nm)

- - Hexane (on DEG) Air-liquid interface

The nanoplates stack face-to-face and 
edge-on, forming an ordered lamellar 
structure with their long axes aligned 

parallel to the substrate. The β-NaGdF4 
nanocrystals fill the gaps between the 

stacked nanoplates

- - 238

Spherical Fe₃O₄
(11.0)

NaYF4 nanorods
(38.5 nm in length and 
19.5 nm in diameter)

- - Hexane (on DEG) Air-liquid interface 2D LS2 superlattice LS2 - 264

Gd2O3 nanoplates
(23 nm arm length, 7 
nm width, and 2 nm 

thick)

GdF3 nanoplates (24 
nm base, 20 nm height, 

and 34 nm long axis)
- - Hexane (on DEG) Air-liquid interface

The rhombic nanoplates stand upright 
between the tripodal ones. Within each 

1D string of rhombic and tripodal 
nanoplates, the nanoplates self-
assemble into separate, single-

component 1D arrays through shape-
specific face-to-face interactions

- - 237

CdSe/CdS nanorods
(15.1 nm in length 

and 3.8 nm in 
diameter)

LaF3 nanodisks
(13.2 nm in diameter 

and 1.6 nm in 
thickness)

Alkyl-functionalized - Hexane (on DEG) Air-liquid interface
LS-type superlattice
(C2mm symmetry) LS - 235

CdSe/CdS nanorods
(15.1 nm in length 

and 3.8 nm in 
diameter)

LaF3 nanodisks
(22.3 nm in diameter 

and 1.6 nm in 
thickness)

Alkyl-functionalized - Hexane (on DEG) Air-liquid interface

LS2-type superlattice
(P4mm symmetry)

LS6-type superlattice
(P4mm symmetry)

LS2

LS6
- 235

Spherical Fe₃O₄
(25)

CdSe/CdS octapods
(48 nm in length and 
12 nm in diameter)

(L/D = 4)

Fe₃O₄: OA
Octapods: DDT

0.52(ᴧ) Hexane (on DEG) Air-liquid interface Tic-tac-toe arrangement - - 270

Cubic CsPbBr3
(8.6)

Spherical Fe₃O₄
(19.8)

CsPbBr3: DDAB
Fe3O4: OA

0.414 Dodecane (on glyceryl triacetate) Air-liquid interface 2D LS-type superlattice LS - 240



Table 2. Binary superstructures formed through the co-assembly of anisotropic nanoparticles (continuation).

Cubic CsPbBr3
(8.6)

Spherical Fe₃O₄
(19.8)

CsPbBr3: DDAB
Fe3O4: OA

0.414 Decane (on glyceryl triacetate) Air-liquid interface
NaCl-type superlattice
AlB₂-type superlattice

LS
LS2

- 240

Spherical Pd
(5.8)

Octahedral c-In₂O₃
(15.9 nm in diagonal 

length)

Pd: DDT
c-In₂O₃: OA and OAM

- Toluene Electrostatic - - - 50

Cubic Au
(47)

Cubic Au
(from 47 to 85) DNA - water DNA-guided NaCl-type superlattice LS 1:1 289

Cubic Au
(52)

Disk-shaped Au
(35) DNA - water DNA-guided NaCl-type superlattice LS 1:3 289

Cuboctahedral Au
(61 or 95)

Octahedral Au
(61 or 95) Flexible DNA - Water DNA-guided rch superlattice - - 306

Tetrahedral Au
(82)

Octahedral Au
(82) Flexible DNA - Water DNA-guided toh superlattice - - 306

Octahedral Au
(78)

Bitetrahedral Au
(78) Flexible DNA - Water DNA-guided gtoh superlattice - - 306

Decahedral Au
(85)

Octahedral Au
(85) Flexible DNA - Water DNA-guided P1 quasi-space-filling superlattice - - 306

Cubic CsPbBr3
(8.6)

Spherical NaGdF4
(18.6)

CsPbBr3: DDAB
NaGdF4: OA

0.439 Toluene

Emulsion-assisted
(Toluene-in-FC-40,

Toluene-in-HFE-750
surfactant: 008-FS)

CaTiO3-type superlattice LS4 - 240

Notation: (ϰ) The size refers to that of the core particles; (ϯ) The size ratio (γ) is the effective size ratio; (ᴧ) sphere diameter to octapod length; DDT, dodecanethiol; OA, oleic acid; TOPO, tri-n-octylphosphine oxide; TCE, tetrachloroethylene; 

RT, room temperature; DDAB, didodecyldimethylammonium bromide; DEG, diethylene glycol; OAM, oleylamine; DNA, deoxyribonucleic acid; c-In₂O₃, cubic-phase In₂O₃; rch, rectified cubic honeycomb superlattice; toh, tetra-octa 

honeycomb superlattice; gtoh, gyrated tetra-octa honeycomb superlattice. 



Table 3. Ternary superstructures formed through the co-assembly of nanoparticles.

Small particles (S)
(size in nm)(ϰ)

Large particles (M)
(size in nm)(ϰ)

Large particles (L)
(size in nm)(ϰ)

Particle 
functionalization

Size ratio
(γS/M)(ϯ)

Size ratio
(γM/L)(ϯ) Solvent Co-assembly approach Superlattice Stoichiometry Ref.

Cubic CsPbBr3
(8.6)

Truncated cuboidal PbS 
(11.7)

Spherical Fe3O4
(21.5)

CsPbBr3: DDAB
PbS: OA

Fe3O4: OA
- - Toluene Solvent evaporation

(RT) CaTiO3-type superlattice LMS3 240

Cubic CsPbBr3
(8.6)

Truncated cuboidal PbS 
(11.7)

Spherical Fe3O4
(25.1)

CsPbBr3: DDAB
PbS: OA

Fe3O4: OA
- - Toluene Solvent evaporation

(RT) CaTiO3-type superlattice LMS3 240

Spherical CdSe
(5.8)

Spherical PbSe
(7.9)

Spherical PbSe
(12.1) - - - Toluene Solvent evaporation

(70 °C)

AlB2-type superlattice
MgZn2-type superlattice
AlMgB4-type superlattice

LS2

MS2

LMS4

160

Cubic CsPbBr3
(8.6)

Truncated cubic PbS
(10.7)

Spherical Fe3O4
(19.8)

CsPbBr3: DDAB
PbS and Fe3O4: OA

0.777 0.533 Toluene
Solvent evaporation

(RT) CaTiO3-type superlattice LMxS3S1-x 242

Cubic CsPbBr3
(8.6)

Truncated cubic PbS
(11.7)

Spherical Fe3O4
(25.1)

CsPbBr3: DDAB
PbS and Fe3O4: OA

0.711 0.46 Toluene
Solvent evaporation

(RT) CaTiO3-type superlattice LMS3 242

Spherical FePt
(5.0)

Spherical Fe3O4
(7.0)

Spherical Fe3O4
(16.5) OA and/or OAM 0.77 0.48 Hexane (on DEG) Air-liquid interface 2D LMS2-type superlattice LMS2 253

CdSe/CdS nanorods
(15.1 nm in length 

and 3.8 nm in 
diameter)

LaF3 nanodisks
(13.2 nm in diameter 

and 1.6 nm in thickness)

LaF3 nanodisks
(22.3 nm in diameter 

and 1.6 nm in 
thickness)

Alkyl-functionalized - - Hexane (on DEG) Air-liquid interface 2D LMS-type superlattice LMS 235

Notation: (ϰ) The size refers to that of the core particles; (ϯ) The size ratio (γ) is the effective size ratio; DDAB, didodecyldimethylammonium bromide; OA, oleic acid; RT, room temperature; DEG, diethylene glycol; OAM, oleylamine.



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles.

Small particles (S)
(size in nm)(ϰ)

Large particles (L)
(size in nm)(ϰ) Particle functionalization

Size ratio
(γ)(ϯ) Solvent Co-assembly approach Superlattice Stoichiometry nL:nS Ref.

Spherical PMMA
(372)

Spherical PMMA
(642) Poly-12-hydroxystearic acid 0.58 Decalin and carbon disulphide Solvent destabilization

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 1:4-6 233

Spherical PMMA
(372)

Spherical PMMA
(642) Poly-12-hydroxystearic acid 0.58 Decalin and carbon disulphide Solvent destabilization

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS13 1:9-30 233

Spherical NH2-PS
(60)

Spherical SO4-PS
(368)

- 0.163 Water
pH 4-10 Solvent evaporation

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 330

Spherical COOH-PS
(59.5)

Spherical SO4-PS
(368)

- 0.162 Water
pH 4-10 Solvent evaporation

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 330

Spherical SO4-PS
(70.8)

Spherical SO4-PS
(368)

- 0.192 Water
pH 4-10 Solvent evaporation

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 330

Spherical SO4-PS
(70.8)

Spherical NH2-PS
(497.1)

- 0.142 Water
pH 4-10 Solvent evaporation

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 330

Spherical NH2-PS
(152.1)

Spherical SO4-PS
(519.8)

- 0.293 Water
pH 4-10 Solvent evaporation

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 330

Spherical NH2-PS
(200)

Spherical SO4-PS
(1000)

- 0.2 Water
Solvent evaporation 

within a confined space
(RT, vacuum)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 332

Spherical NH2-PS
(200)

Spherical SO4-PS
(3100)

- 0.065 Water
Solvent evaporation 

within a confined space
(RT, vacuum)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 332

Spherical NH2-PS
(200)

Spherical COOH-PS
(2000)

- 0.1 Water
Solvent evaporation 

within a confined space
(RT, vacuum)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 332

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

- 0.25 Water
Solvent evaporation 

within a confined space
(RT, vacuum)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 332

Spherical NH2-PS
(200)

Spherical COOH-Si
(2000)

- 0.1 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 333

Spherical NH2-PS
(400)

Spherical COOH-PS
(2000)

- 0.2 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS8 - 333



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

- 0.25 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
Deviation of LS8 - 333

Spherical NH2-PS
(110)

Spherical NH2-PS
(200)

- 0.55 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 333

Spherical NH2-PS
(110)

Spherical SO4-PS
(1000)

- 0.11 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 333

Spherical COOH-Si
(50)

Spherical SO4-PS
(500)

- 0.05 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 333

Spherical silica
(220)

Spherical silica
(406)

- 0.54 - Solvent evaporation
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2

LS4
- 337

Spherical PS
(194)

Spherical silica
(406)

- 0.48 - Solvent evaporation
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2

LS3
- 337

Spherical NH2-PS
(200)

Spherical SO4-PS
(3100)

- 0.065 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 352

Spherical NH2-PS
(110)

Plain-Si
(1000)

- 0.11 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 352

Plain-Si
(150)

Plain-Si
(1000)

- 0.15 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS8 - 352

Plain-Si
(500)

Plain-Si
(2000)

- 0.25 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS8 - 352

Plain-Si
(722)

Plain-Si
(2000)

- 0.36 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS4 - 352

Plain-Si
(800)

Plain-Si
(2000)

- 0.40 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS3.33 - 352

Plain-Si
(500)

Plain-Si
(1000)

- 0.50 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces

LS2

LS3
- 352

Plain-Si
(350)

Plain-Si
(500)

- 0.70 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS - 352



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Plain-PS
(722)

Plain-Si
(1000)

- 0.72 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS - 352

Plain-Si
(1700)

Plain-Si
(2000)

- 0.85 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS - 352

Spherical NH2-PS
(200)

Spherical SO4-PS
(3100)

- 0.065 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 353

Spherical NH2-PS
(200)

Spherical COOH-PS
(2000)

- 0.1 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 353

Spherical COOH-Si
(50)

Plain-PS
(350)

- 0.14 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
- - 353

Spherical NH2-PS
(400)

Spherical COOH-PS
(2000)

- 0.2 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS8 - 353

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

- 0.25 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
Deviation of LS8 - 353

Spherical COOH-Si
(50)

Plain-PS
(150)

- 0.333 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 353

Spherical SO4-PS
(110)

Spherical NH2-PS
(200)

- 0.55 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 353

Spherical COOH-Si
(2000)

Spherical SO4-PS
(3100)

- 0.64 Water
Solvent evaporation 

within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces

LS2

Deviation of LS2
- 353

Spherical PS
(200)

Spherical PS
(2000)

- 0.1 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS20

LS26
- 354

Spherical PS
(350)

Spherical PS
(2000)

- 0.175 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS6

LS9

LS12

LS17

- 354

Spherical PS
(500)

Spherical PS
(2000)

- 0.25 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS6 - 354



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Spherical PS
(130)

Spherical PS
(887)

- 0.147 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2 2 360

Spherical PS
(130)

Spherical PS
(887)

- 0.147 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS6 4 360

Spherical PS
(173)

Spherical PS
(887)

- 0.195 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2 2 360

Spherical PS
(173)

Spherical PS
(887)

- 0.195 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS6 4 360

Spherical PS
(130)

Spherical PS
(669)

- 0.194 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS2 2 360

Spherical PS
(130)

Spherical PS
(669)

0.194 Water and ethanol (on water) Air-liquid interface
2D superlattice: large particles form a 

hexagonal pattern, with small particles 
occupying the spaces

LS6 4 360

Spherical PS
(202)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.19 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 2 329

Spherical PS
(202)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.19 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS6 6 329

Spherical PS
(202)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.19 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS9 9 329

Spherical PS
(225)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.21 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 2 329

Spherical PS
(225)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.21 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS6 6 329

Spherical PS
(225)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.21 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS9 9 329

Spherical PS
(303)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.29 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 2 329

Spherical PS
(303)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.29 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS6 6 329



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Spherical PS
(336)

Spherical PS
(1063)

Carboxylic acid surface 
functionalization

0.32 Water and ethanol (on water)
Air-liquid interface
(Langmuir-Blodgett 

technique)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 2 329

Spherical PMMA
(1980)

Spherical PMMA
(2160)

0.92 CHB and cis-decalin
Electrostatic

(TBAB to adjust particle 
charges)

CsCl-type superlattice LS 1:1 196

Spherical silica
(1040)

Spherical PMMA
(1160)

- 0.9 CHB and cis-decalin
Electrostatic

(TBAB to adjust particle 
charges)

CsCl-type superlattice LS - 196

Spherical PMMA
(720)

Spherical PMMA
(2320)

- 0.31 CHB and cis-decalin
Electrostatic

(TBAB to adjust particle 
charges)

bcc-LS6-type superlattice LS6 1:8 196

Spherical PMMA
(720)

Spherical PMMA
(2320)

- 0.31 CHB and cis-decalin
Electrostatic

(TBAB to adjust particle 
charges)

NaCl-type superlattice
NiCl-type superlattice

LS
LS

1:8 196

Spherical PMMA
(720)

Spherical PMMA
(777)

- 0.93 ± 0.01 CHPB and CD Electrostatic
CsCl-type superlattice
NaCl-type superlattice

LS
LS

- 367

Spherical TPM
(1000)

Spherical TPM
(1000)

Flexible DNA 1 Water DNA-guided CsCl-type superlattice LS - 257

Spherical TPM
(540)

Spherical TPM
(1000)

Flexible DNA 0.54 Water DNA-guided AlB2-type superlattice LS2 - 257

Spherical TPM
(540)

Spherical TPM
(1500)

Flexible DNA 0.36 Water DNA-guided bcc-LS6-type superlattice LS6 - 257

Spherical silica
(222)

Spherical silica
(442)

- 0.5 Ethanol and ethylene glycol
Spin-coating
(3,000 rpm)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 374

Spherical silica
(222)

Spherical silica
(442)

- 0.5 Ethanol and ethylene glycol
Spin-coating
(10,000 rpm)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS3 - 374

Spherical silica
(442)

Spherical silica
(891)

- 0.5 Ethanol and ethylene glycol
Spin-coating
(3,000 rpm)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 374

Spherical silica
(519)

Spherical silica
(891)

- 0.58 Ethanol and ethylene glycol
Spin-coating
(3,000 rpm)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces

LS2

LS3
- 374

Spherical silica
(222)

Spherical silica
(891)

- 0.25 Ethanol and ethylene glycol
Spin-coating
(3,000 rpm)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 374



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Spherical PS
(400)

Spherical PS
(1800)

- 0.22 Water
Electric field-assisted

(Glass substrate coated 
with ITO)

Large particles self-assembled into 
hexagonally close-packed monolayers. 

Each interstitial site accommodated 
four small particles arranged in an 
inverse pyramid, with each large 

particle surrounded by 24 small ones

LS8 - 376

Spherical PS
(150)

Spherical PS
(700)

- 0.2 Water
Electric field-assisted

(Glass substrate coated 
with ITO)

Large particles self-assembled into 
hexagonally close-packed monolayers. 

Each interstitial site accommodated 
four small particles arranged in an 
inverse pyramid, with each large 

particle surrounded by 24 small ones.

LS8 - 376

Spherical PS
(400)

Spherical PS
(700)

- 0.57 Water
Electric field-assisted

(Glass substrate coated 
with ITO)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 376

Spherical PS
(640)

Spherical PS
(700)

- 0.91 Water
Electric field-assisted

(Glass substrate coated 
with ITO)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS - 376

Spherical PS
(240)

Spherical PS
(700)

- 0. 34 Water
Electric field-assisted

(Glass substrate coated 
with ITO)

LS2 or LS4 depending on the number of 
small particles deposited onto the 

monolayer of large particles

LS2

LS4
- 376

Spherical silica
(410)

Spherical silica
(1370)

- 0.3 Glycerol and water Electric field-assisted NaCl-type superlattices LS - 377

Spherical PS
(100)

Filamentous fd virus 
(6.6 nm diameter, 
880 nm contour 
length, 2.2 μm 

persistence length)

- - Water Solvent destabilization

"Columnar" phase
(at low concentration of spheres)

" Lamellar" phase
(at high concentration of spheres)

- - 347

Cubic ZIF-8
(135 nm in length)

Spherical PS
(600)

Pluronic F127 - Water
Solvent evaporation

(40 °)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 349

Cubic ZIF-8
(196 nm in length)

Spherical PS
(600)

Pluronic F127 - Water
Solvent evaporation

(40 °)

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 - 349

Cubic ZIF-8
(196 nm in length)

TRD ZIF-8
(414 nm in length, 

with a truncation of 
0.68)

Cubic ZIF-8: Pluronic F127
TRD ZIF-8: Pluronic F127-

COOH
- Water

Solvent evaporation
(40 °)

NaCl-type superlattices LS - 349



Table 4. Binary superstructures formed through the co-assembly of spherical and anisotropic submicrometer-sized particles (continuation).

Spherical NaYF₄ 
(32)

Spherical MOF-801
(100) Oleyl phosphate 0.32 Cyclohexane (on DEG) Air-liquid interface

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 350

Spherical Fe₃O₄ 
(21)

Spherical MOF-801
(40) Oleyl phosphate 0.53 Cyclohexane (on DEG) Air-liquid interface

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS 350

Truncated 
octahedral MOF-801

(40 in length)

Spherical MOF-801
(120) Oleyl phosphate 0.33 Cyclohexane (on DEG) Air-liquid interface

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 350

Octahedral 
UiO-66-NH₂ 

(35 in length)

Spherical MOF-801
(120) Oleyl phosphate 0.30 Cyclohexane (on DEG) Air-liquid interface

2D superlattice: large particles form a 
hexagonal pattern, with small particles 

occupying the spaces
LS2 350

Notation: (ϰ) The size refers to that of the core particles; (ϯ) The size ratio (γ) is the effective size ratio; PMMA, polymethylmethacrylate; PS, polystyrene; RT, room temperature; CHB, cyclohexyl bromide; CHPB, cycloheptyl bromide; CD, 

cis-decalin; DNA, deoxyribonucleic acid; TPM, 3-(trimethoxysilyl) propyl methacrylate; ITO, indium tin oxide; TRD, truncated rhombic dodecahedral.



Table 5. Ternary and quaternary superstructures formed through the co-assembly of submicrometer-sized particles.

Small particles (S)
(size in nm)(ϰ)

Large particles (M)
(size in nm)(ϰ)

Large particles (L)
(size in nm)(ϰ)

Large particles (XL)
(size in nm)(ϰ)

Particle 
functionalization

Size ratio 
(γS/M)(ϯ)

Size ratio 
(γM/L)(ϯ)

Size ratio 
(γM/XL)(ϯ) Solvent Co-assembly approach Superlattice Stoichiometry Ref.

Spherical silica
(6)

Spherical PMMA
(84)

Spherical PS
(465) - - 0.071 0.18 - Water Solvent destabilization

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 351

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

Spherical COOH-PS
(2000) - - 0.25 0.1 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

Spherical SO4-PS
(3100) - - 0.25 0.065 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

Spherical SO4-PS
(1000) - - 0.25 0.2 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Spherical COOH-Si
(25)

Plain-PS
(722)

Plain-Si
(5000) - - 0.035 0.144 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Spherical COOH-Si
(50)

Spherical NH2-PS
(200)

Plain-Si
(1000)

Plain-Si
(5000) - 0.25 0.2 0.2 Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Spherical COOH-Si
(25)

Spherical NH2-PS
(200)

Plain-Si
(1000)

Plain-Si
(5000) - 0.125 0.2 0.2 Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 353

Plain-Si
(150)

Plain-Si
(1000)

Plain-Si
(2000) - - 0.15 0.5 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 352

Plain-Si
(150)

Plain-Si
(500)

Plain-Si
(1000) - - 0.30 0.5 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

- 352

Plain-PS
(800)

Plain-Si
(500)

Plain-Si
(1000) - - 0.63 0.5 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

LMS3 352

Plain-Si
(1700)

Plain-Si
(1000)

Plain-Si
(2000) - - 0.59 0.5 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

LMS4 352

Plain-Si
(500)

Plain-Si
(1000)

Plain-Si
(2000) - - 0.5 0.5 - Water

Solvent evaporation 
within a confined space

2D superlattice: large particles form a 
hexagonal pattern, with small 
particles occupying the spaces

LM2S7
LM2S10
LM2S11

352

Spherical PS
(150)

Spherical PS
(240)

Spherical PS
(700) - - 0.625 0.34 - Water

Electric field-assisted
(Glass substrate coated 

with ITO)

Five 150 nm PS particles filled each 
secondary interstitial site between 
two 240 nm PS particles, with one 

particle positioned in the middle and 
four others forming a layer above it

LM2S15 376

Notation: (ϰ) The size refers to that of the core particles; (ϯ) The size ratio (γ) is the effective size ratio; PMMA, polymethylmethacrylate; PS, polystyrene; ITO, indium tin oxide.
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