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Table S1. Summary of metal halide perovskite nanostructures (organic-inorganic and all-
inorganic) synthesized with ligand-assisted precipitation-based methods.

Dimensio . Reaction
Chemical phase Shape ns Crystal Capping Temperat | Dat | Re
structure agent ure e f
(°c)
oleic acid,
CH3NH5PbXs nanospher | ¢ cubic long  alkyl | g, 201,
es ammonium 4
cation
Lateral:
several
hundreds
MAPbBr nanoplatel | ¢ m : Oleicacid | 30 2011
ets . 5
Thickness
down to 1
nm
n-
octylamine,
and oleic acid
(tested also
longer
alkylamine
chains such
as
Cubic dodecylamin
CH3NH;PbX; nanospher 3.3nm Br-rich e, 30 201 | 5
es 5
surface hexadecylam
ine, and
hexylamine
and longer
alcyl-acid
chains such
as octanoic
acid, butyric
acid)
CH3NH;PbI
3
nanodots, Wires:
nanorods, 1500x34
CHsNH3PbXs nanoplates | nm CH3NH'3PbB oleic acid, 30 201 |,
, Rods r3: cubic amine 5
nanosheet | 810x54
s nm
Dots: 20
nm




CH3NH3Pb

Br3
wires:
length 500
x47 nm
nanoplate
s: 150x30
nm
lateral:
MAPbBI; nanoplatel 43.0-520 ) oleic .acid, 30 201 | ¢
ets thickness: alkylamine 6
1-6 layers
SAIA::]C'} MAPbCls, 30-120
MAPbBI;: MAPbBr;:c depends 201
MAPbX3 nanocubes ubic on the 6
25 nm . 6
MAPbI3: chemical
MAPbI5: tetragonal phase
17 nm
(CaHa7NHs)(CHsNH3),Pb nanorods ~10nm tetragonal Octylamoni9 30 2015
3(xBrix10, 0>x>1 um, oleic acid 6
CsPbX; nanocubes | ~10 nm monoclinic Oleic .acid, 30 201 |,
phase oleylamine 6
CsPb,Brs nanoplatel | ~100-200 tetragonal _hexylammon 30 201 |,
ets nm ium 6
Lateral: 7—
CsPb,Brs zanosheet ?hr?crness: tetragonal hexylamine 30 (2501 10
5nm
quantum
dots,
nanocube,
CsPbX3 nanorods, 25 201 1 5
6
and
nanoplatel
ets
quantum
dots: 3nm
nanoplatel
es: 60 nm quantum
nanobars: | dots: cubic
length: nanoplatele
140 S:
quantum diameter: | orthorhom
dots, 55 nm bic
nanoplates | nanocube | nanobars:
, hanobars, | s:12 nm orthorhom . .
CsPbX3 nanocubes | nanorods: | bic Oleic _aud, 30 201 | 4,
oleylamine 6
, hanorods, | length: nanocubes:
nanowires 800nm cubic
demonstra | Diameter nanorods:
ted 70nm orthorhom
nanowires | bic
: nanowires:
length: orthorhom
>15um bic
Diameter
70nm
lateral: 8
nmx41 nm . .
CsPbBr; nanoplatel thickness: | cubic oleic _aCId' 30 201 1 4
ets oleylamine 6
3-5
monolayer




s
Cs4PbBrg qwte. 26 nm rhombohed | oleic .aC|d, 30 201 | 5
spherical ral oleylamine 7
length: pm . . .
CsPbBr; nanowires | width: 3-6 orthorombi | oleic _aCId' 0 201 | 4
C oleylamine 7
nm
C54PbBr6: C54PbBr6:
hexagon 30 nm
Cs4PbBrg, CsPb,Brs, | CsPb,Brs: CsPb,Brs: oleic acid, 30 201 |
CsPbBr; cubes 10nm oleylamine 7
CsPbBrs:cu | CsPbBrs:
bes 18 nm
lateral: pm oleyl
CsPbX; nanowires thickness: |- orthorombi ammonium, 30 201 1 46
5 layers | c L 7
oleic acid
(3nm)

Table S2. Summary of metal halide perovskite nanostructures synthesized by ligand-assisted
hot-injection methods.

Chemical phase Shape Dimensions Crystal Capping Injection Date Ref
structure agent Temperat
ure
()
CsPbX3 nanocu 4-15 nm cubic oleic acid, | 140-200 2015 7
bes oleylamine,
of
trioctylphosphin
e (CsPbCl3)
CsPbX3 nanocu 8 nm cubic oleic acid, | 170 2015 18
bes oleylamine
CsPbBrs_,ly nanocu 16 nm Orthorho oleic acid, | 160 2016 19
0<x<3 bes mbic. oleylamine
cubic
CsPbBr;, nanocu | 9-11 cubic poly(maleic 175 2016 20
CsPbBryglis bes anhydride-alt-1-
octadecene),
oleic acid,
oleylamine
CsSnX3, X:Cl, Br, | nanocu ~10nm CsSnClI3: oleic acid, | 170 2016 2
CsSn(ClysBros)s bes cubic, oleylamine
CsSnBr3:
orthorom
bic
CsSnl3:
orthorom
bic
CsPbX; nanocu 3-10 nm cubic oleic acid, | 40-160 2016 22
bes, octylamine
nanosph
eres
CsPbls nanocu 11-16 nm Cubic trioctylphosphin | 100-170 2017 2
bes e, oleic acid, | (depends
oleylamine, on the
desired
size)
CsPbBr;-TiO, Core: Core:12 nm orthorho Oleic acid, | 170 2017 24
nanocu Core-shell:~ mbic oleylamine Calcinatio




bes 20 nm n of the
Core- CsPbBrs/
shell TiOy
composite
at 300 °C
for 5 h for
the
formation
of the
shell
CsPbX; nanopla | nanoplatelets: | cubic oleic acid, | 90-130 2015 25
telets lateral:~20 nm oleylamine
nanoshe | and thickness
ets of Y3 nm
nanosheets:
few hundred
nm
CsPbX3 nanopla | Lateral: 100 | CsPbBrs: oleic acid, | 60-150 2016 26
telets: nm- um Orthorho oleylamine
30x40 mbic
nm CsPbCls:te
nanoshe tragonal
ets CsPbls:
cubic
CsPbBr; nanoshe | lateral: orthorom octanoic  acid, | 50-150 2016 27
ets 280nm- 5um bic octylamine,
thickness: 3 oleic acid,
nm oleylamine
CsPbBr; nanocu nanocubes: 7- | orthorho carboxylic acids | 120-140 2016 28
bes, 13 nm mbic amines with
nanopla | nanoplatelets variable carbon
telets, thickness: 2- chain lengths
4.5nm
CsPbBr; nanocu nanocubes:5. orthorom oleic acid, | 165-190 2016 29
bes, 5-11 nm bic oleylamine
nanopla | nanoplatelets:
telets 3-70 nm
CsPbX; cubes, cubes:  4-15 | structural | oleic acid, | 170 2017 30
platelets | nm transform | oleylamine,
and rods | nanoplatelets: | ation from | trioclylphosphin
40 nm cubic to | e (in the case of
wires: 10-30 | orthorho CsPbCls)
nm in | mbic
diameter
length 50 nm-
um
CsPbX; nanowir | 5um orthorho oleic acid, | 150-250 2015 31
es 9-12nm mbic oleylamine
CsPbBr; nanowir | width: 10-2.8 | orthorho short acid | 70-130 2016 32
es nm mbic (octanoic acid or
hexanoic acid)
together with
alkyl amines
(octylamine and
oleylamine)
CsPbBr3 nanowir | length: um orthorom | oleic acid, | 160 2016 33
es thickness:2.2 bic or | oleylamine
nm cubic
RbPbls nanowir | diameter: 32 | orthorho oleic acid, | 150 2017 34
es nm mbic oleylamine

length: up to




several tens of
micrometers

CsPbBr; nanosph | nanospheres: orthorho oleic acid, | 90 2016 35
eres 2.4nm mbic oleylamine
nanopla | nanoplatelets:
telets 16x2.3
nanoshe | nanosheets:
ets 75 nm
Cs2Snlg Quasi- 12-38 nm - No-organic 80-220 2017 36
sperical ligand (depends
on the
desire
size)
Cs4PbXg quite 9-37 nm hexagonal | oleic acid, | 80 2017 37
(phase spherica oleylamine

transformation in | |
CsPbBr; by the
addition of PbBr,)

CH3NH;5PbBr; spheres | 4-6.5 nm cubic different amines | 120 2015 38
FAo33CS067PbBrs_x | nanowir | nanowires: orthorom | oleic 160 2017 39
I, (0<x<3) es, width: 15-300 | bic acid,
nanoshe | nm oleylamine,
ets length: bis(2-
several um ethylhexyl)-
nanosheets: amine
lateral: 2-4 um
thickness: 4.2
nm

Table 3. Summary of colloidal methods for the fabrication of perovskite oxide nanostructures.




Chemical Precurs Reacti Shape Dimensions | Crystal Capping Date Ref
phase ors on or structure agent
Calcina (nm)
tion
temper
ature
Sol-gel Method
BaTiO; barium 800- randomly- 20-100 cubic free 1995 40
and 1300 shaped (tetragonal
titanium distortion)
methox
yethoxid
es
BaTiO; barium 100 spherical, 6-12 cubic oleic acid 2001 a1
titanium cubic
ethyl
hexano-
isoprop
oxide
BaTiO; barium 100- spherical 40-250 cubic, free 2004 42
acetate, | 1000
titanium tetragonal
isoprop (1000° C)
oxide
BaTiO3 BaTi[OC | 750- quasi- 6-32 cubic free 2006 43
H,CH(C 1000 spherical
H3)OCH;
Is
BaTiO; Barium 400- randomly- 54 tetragonal free 2009 a4
carbona | 1000 shaped
te,
titanium
alkoxide
BaTiO3 Barium 900 randomly- 55 (with | tetrahedron hexanedio | 2009 45
acetate, shaped hexanoic ic
Titaniu acid)
m and
butoxid 65 (with hexanoic
e hexanedioic acids
acid)
BaTiO; barium 500- randomly 25 cubic free 2009 46
acetate, | 900 shaped
tetrabut
yl
titanate
BaTiO3 barium 600- randomly 30 cubic free 2011 47
acetate, | 900 shaped
titanium
tetraiso
propyl
alkoxide




BaTiO;

barium
acetate,
titanium
butoxid
e

600

900

randomly
shaped

19.6

97.1

cubic

tetragonal

free

2013

8

BaTiO;

barium
acetate,
titanium
isoprop
oxide

randomly-
shaped

60

tetragonal

free

2014

49

BaTiO3

barium
acetate,
titanium
tetra
isoprop
oxide

500-
1100

randomly
shaped

18-28

cubic (18-20
nm), tetragonal
(24-28 nm)

disodium
ethylened
iaminetetr
aacetate

2016

50

PbTiO3

lead
acetate,
titanium
(Iv)
isoprop
oxide

400-
700

quasi
spherical

cubic,
monoclinic

free

2006

51

PberTil_xO3

lead
acetate,
titanium
(1v)
ethoxid
e, and
zirconiu
m(IV)
butoxid
e

700

spherical

10-30

tetragonal

tartrate

2001

52

BaXSrl_xTiog

barium
chloride
titanium
tetraiso
propoxi
de,

strontiu
m
chloride
hexahyd
rate

300-
1000

quite
spherical

20

free

2011

53

Tm3*(5%)-
doped BaTiO3

barium
acetate,

titanium
(Iv)

isoprop
oxide,

thulium

()

700

randomly
shaped

20-30

cubic

free

2013

54




oxide

BaTi;,Sc,03.5

barium
acetate
tetrabut
yl
titanium
scandiu
m(lll)

acetate
hydrate

300-
800
(prehe
ating)

1000-
1400

randomly-
shaped

30-40

300 (when
x=0.10)

tetragonal,
pseudo-cubic,
hexagonal
depends on T
and x

free

2013

55

Ba(Til-Xler)o3l

0<x<0.2

Barium
nitrate,

titanium
(Iv)
isoprop
oxide,
zirconiu
m
oxynitra
te

700-
1000

randomly-
shaped

~20-50

cubic

free

2014

56

Ba;_xLa,TiO3,

Bai-
xLaxTilfx/4O3

barium
isoprop
oxide,

tetraiso
propyl
ortho-
titanate,

lanthan
um
nitrate
hexahyd
rate

900-
1300

polyhedral
particles

65

cubic

(undoped:
tetragonal)

free

2015

57

BaTil_xFe x03

barium
nitrate
hexahyd
rate,
tetra
butyl
titanate,

ferric
nitrate

nonahy
drate

900

spherical

17-27

tetragonal (low
Fe
concentration),

mixed phase
tetragonal and
hexagonal (high
Fe
concentration)

free

2016

58

[KNbO3]4.
x[BaNig sNbg s
o3-6]x

barium
ethoxid
€,
potassiu
m
ethoxid
e,
niobium

Ethoxid

180

Quite
spherical or
cubic

15-20

orthorhombic,
cubic depends
on x

free

2016

59




€,

Nickel 2-
methox

yethoxid
e

Bao'_:,Sro,_:,TiO3

barium
acetate,
titanium
tetraiso
propox-
ide,

strontiu
m
acetate,
bismuth
nitrate
(1)
pentahy
drate

650-
850

randomly
shaped

35-40

cubic

free

2017

60

Microwave Sol-

gel

BaTiO3
Bag.gsLag.osTiO
3

barium
acetate,
titanium
isoprop
oxide,
lanthan
um
acetate
and

700

nearly-
spherical

700

tetragonal

free

2016

61

Hydrothermal methods

BaTiO;

barium
hydroxi
de
octahyd
rate,

titanium
tetraiso
propoxi
de

150

randomly-
shaped

10-90

cubic

free

1999

62

BaTiO3

barium
hydroxi
de, TiO,

80-240

randomly
shaped

50-100

Mixture
tetragonal

cubic

free

2001

63

BaTiO3, SrT|03

barium
hydroxi
de

(or

Sr(OH),)
, Ti02
particles

170

nanowires

diameter:50

lengths: um

cubic

free

2005

64

BaTiO;

barium

120-

nearly

50

cubic

or

free

2008

65




chloride
Dihydrat
e

titanium
tetrachl
oride

200

spherical

tetragonal
depends on the
T

BaTiO3

barium
hydroxi
de,
Titaniu
m
dioxide
sols

400

quite
spherical

10-30

tetragonal

free

2008

66

BaTiO3

barium
hydrate,

titanium
(IV)  n-
butoxid
e

150-
250

randomly
shaped

20-530

cubic

free

2009

67

BaTi03

barium
nitrate
titanium
in  the
form of
precipit
ated
hydroxi
de
(TOH),

200

dentritic

Diameter:10
0-150

Length 0.7-
1.5 um

cubic

free

2009

68

BaTiOs

titanium
(V)

chloride
solution

’

Barium
nitrate

400

randomly
shaped

6-13

90-260
(flocculated
particles)

cubic

free

2010

69

BaTiO;

barium
nitrate,
Titaniu
m (IV) n-
butoxid
e

135

cubes

22

pseudocubic

oleic acid

2010

70

BaTiO;

barium
hydrate,
P25-
TiO,,

100-
180

Spherical

cubes

10-500 nm

cubic

free

2013

71

BaTi03

Barium
acetate,
titanium
(Iv)

isoprop

160-
250

cubes

40-80

tetragonal

free

2014

72

10




oxide

BaTiO;

barium
acetate,
K,TigO13
(K2T6)
nanowir
es

100-
240

star-like

and sea-
weed
particles

width:~300

length: pm

mixture of cubic
and tetragonal

free

2015

73

BaTiO3

barium
chloride
dehy-
drate,
titanium
tetrachl
oride,
and

150-
230

torus-like
and
tetragonal

40-80

cubic or
tetragonal
depends on the
T

polyvinylp
yrrolidone

2017

74

BaTi1 - xFexO3

barium
acetate,
Titaniu
m(lV) n-
Butoxid
e,

ferric
nitrate
nonahy
drate

200

spherical

40-90

cubic

ethylened
iamine

2008

75

BaTiO3,

SrTiOs,
(Ba,Sr)TiO;

Barium
nitrate,

titanium
(IV)  n-
butoxid
e,
strontiu
m
nitrate

135

cubes

5-15

tetragonal

oleic acid

oleylamin
e

2014

76

BaTiO3:Er3*
and
BaTiOs:Yb3*

barium

chloride
titanium
butoxid
€,
erbium
chloride
and
ytterbiu
m
chloride

180

randomly-
shaped

5-10

cubic

free

2014

77

Zn,Sn0y

zinc
nitrate,
tin
chloride

’

180

quite
spherical

free

2012

78

11




Sol-hydrothermal method

BaTiO;

tetrachl
oride
titanate,
barium
chloride

80-220

spherical

50

tetragonal

free

2010

79

BaTiO3

barium

hydroxi
de,

octahyd
rate,
tetrabut
yltitanat
e

200

irregular-
shaped,
circular

or
rectangular
-shaped
depends on
the
alkalinity

10-200

cubic or
tetragonal
depends on the
alkalinity

free

2013

80

BaTiO;

tetrabut
yl
titanate,

barium
acetate

120-
180

spherical

100-370

cubic

free

2013

81

BaTiO;

barium
acetate,
tetrabut

yl

titanate

200

hollow-like,
ring-like,
semicircle-
like,

spherical

30-90

mixture of
tetragonal and
cubic

free

2014

82

BaTiO3

barium
acetate,
tetrabut
yltitanat
e

100-
120

quasi
spherical or
flattened

50

cubic

free

2016

83

Bal_xTil_deXS
Cx03

(0 <x <0.04)

barium
acetate

gadolini
um (II),

tetrabut
yl
titanium
acetate
hydrate,

scandiu
m ()
acetate
hydrate

180

randomly
shaped

<100 nm

cubic

free

2015

84

Dy-doped
BaTi03

barium
acetate,

tetrabut

yl
titanate,

dysprosi
um(ll)
nitrate

200

quasi
spherical

200-500

tetragonal

free

2016

85

12




hydrate

K1.x NayN b03

sodium
acetate,
potassiu
m
acetate,

niobium
ethoxid
e

180-
220

nanowires,
microfinger
S

diameter:
150

length: 4 um

Orthorhombic
(nanowires)
rhombohedral-
tetragonal
(microfingers)

free

2016

86

Microwave Hydrothermal

BaTiO3

barium
hydroxi
de
octahyd
rate,
barium
nitrate,
barium
chloride

’

titanium
(IV)  n-
butoxid
e

200

cubes

13

cubic or

tetragonal

oleic acid

2016

87

Solvothermal

BaTiO;,
BaZrO;,

LiNbO;

titanium
(iv)
isoprop
oxide,
zirconiu
m(

iv)
isoprop
oxide
isoprop
anol
complex
,
niobium

(

v)
ethoxid
e,
barium
metal,
lithium
metal

200-
220

spherical
(BaTiOs)

wormlike
agglomerat
es (BaZrO3)

BaTiOs: 6
BaZrOs:

diameter: 2-
3, length:50

cubic or

tetragonal

free

2004

88

BaTiOs,
SrTiOs,

(Ba,Sr)TiO;

titanium
(V)
isoprop
oxide,
barium
and
strontiu
m metal

200

quite-
spherical

BaTiOs: 4-5
SrTiOs: 5-10

Bags Sros
TiOs3:5

Cubic or

tetragonal

free

2004

89

13




BaTiOs

barium
hydroxi
de
octahyd
rate,

titanium
(IV)  n-
butoxid
e or
titanium
dioxide
or
metatita
nic acid

180-
200

quite
spherical

25-500

cubic (25-50
nm) particles

Mixture of cubic
and tetragonal
(80-500 nm
particles)

cetyltrime
thylammo
nium

bromide

2010

90

LiNbO3

LiNb(O-
Et)6

235

Spherical,
cubic

spheres: 40-
60

cubes: 50-
60

rhombohedral

free

2012

91

BaTiOs,

BaZrO;,
PbTiO;,

SrTiOs

barium
nitrate,
lead (Il)
nitrate

180

spheres,
cubes

16-30
(spheres)

5-78 (cubes)

tetragonal
distortion

oleic acid

2015

92

LaNiOs

nickel
(m
nitrate
hexahyd
rate,

Lanthan
um (Il
nitrate
hexahyd
rate

180

hollow
spherical

600-1000

rhombohedra

free

2017

93

Sol-gel -solvoth

ermal

BaTiO;

barium
acetate,

tetrabut
yl
titanate

60-240

quite
spherical

10-30

mixture  cubic
and tetragonal

free

2010

9

Sonochemical method

SrTiO;

strodiu
m
hydroxi
de,

titanium
isoprop
oxide

50

irregular-
shaped

6-30

cubic

free

2003

95

BaTiO;

barium
chloride

’

80

spherical
clusters

250

cubic

free

2010

96

14




titanium
tetrachl
oride

BiFe03,

Bip.9Bao.1Feo
Mno.1 Os, Bigg
Cap 1Fe
0.9Cro.103

barium
nitrate,
bismuth
nitrate,
ferric
nitrate,
mangan
ese

acetate,
chromiu
m
nitrate

30

rods

diameter:20
-50

length: 100-
500

rhombohedral

free

2010

97

BaTi03

barium
chloride

’

titanium
tetrachl
oride

50-80

confetti

-like
clusters
Polygons

70-600

cubic

free

2011

98

XTiOs; Ba, Sr,
Ni, Bag6Sro.a

chloride
salts
(BaClz,
SrCly,
NiCl,),

titanium
chloride

50

quite-
spherical

5-15

tetragonal

free

2015

99

BaTiO3

barium
hydroxi
de,
diisopro
poxytita
nium
bis(acet
ylaceton
ate)

25

bowl-like

irregularly-
shaped

55

cubic

free

2018

100
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