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OBJECTIVE
Solutionprocessedperovskitematerialsare still basedon toxic and/or hazardoussolventsthat, despitegivingrise to an optimum control on crystallization
for a wide rangeof compositionsand depositiontechniques,limit both their processingand scalabilityfor future commercialization. Our objective is to
perform a comprehensivesolubility study of perovskiteprecursorsin non-hazardousno-toxic solventsthat allows achievinggreen printable perovskite
formulations,compatibleat industriallevel.
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Hansensolubility parameters(HSP)

V tool to describe and predict the
solubility of organicmoleculesbased
on the principleof“likedissolveslike”

V interactive energiesbetween solvent
and solute are governed by three
components: dispersion forces (dD),
polar forces(dP) and Hydrogenbond
forces(dH)

Main limitation:
o ionic forces and coordination

interactions are not taken into
account

Mayer bond order (MBO) and Guttmandonor number
(GDN)

V solubilitydominatedby complexationandgovernedby
the electronicstateofsolvent’sdativebondingatoms

V quantificationof the electronicstate ofsolvent’smost
electronegativeatom
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V solubilitydominatedby the coordinationability of the
solventwith Pb+2

V quantificationof Lewisbasicityof the solvent

G
D

N

Alternative approach

Vsolventalternativesbasedon
functionalgroupswith similaritiesto
DMF, GBL and NMP

GBLDMF NMP

Solventscreening methodology

Solventdatabase(1247)

Selectioncriteriaaccordingto HSP, MBO 
and GDN (RED≤1; bond unsaturation
0,1-0,4; GDN>18 Kcal)

Exclusionof solventsclassifiedas GS06, 
GS08, GS09 + MP≤25 C and BP≤200 C
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MAINRESULTS
VSolubility tests of PbI2 were

experimentallyperformed on more than
30 green solvents and more than 85
green solvents mixtures, at
concentrationsrangingfrom 40 mg/ml to
400mg/ml

VNone of the pure solvents achieved to
dissolve PbI2 at 400 mg/ml, but 14
solvent combinations were successful
using 10-20 vol% of DMSO. Ternary
mixtures are being evaluated to
completely remove DMSO volume
fraction

VFirst trials on perovskiteformation based
on 3 green solvent alternatives showed
verypromisingresults

PbI2 

solubility
400mg/ml

HSP-1 MBO-1 MBO-2 GDN-1 GDN-2 GDN-3 
/SGBL-1

SGBL-2 SGBL-3 SNMP-1 SNMP-2 SDMF-1 SDMF-2 SDMF-3 SDMF-4

Pure 
solvent

insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble insoluble

+ DMSO OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
10% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

OK
20% vol.

+ MAI
(1:1)

NA NA OK
Without
DMSO

NA NA OK
Without
DMSO

NA NA NA OK
Without
DMSO

NA NA NA NA

Spin-coatedPbI2 films, transmittancespectraand FAPbI3 formation

DMSO (ref) SNMP-2

MBO-2 GDN-3 /SGBL-1

PbI2 films after 
depositingFAI 

solution

Films after 
thermal
anneling

Solvent engineering approaches for green 
printable perovskite formulations

mailto:scolodrero@leitat.org

