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I solvents play a critical role in perovskite processing
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I three vignettes

+ solvent-Pb?* coordination
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+ additive-precursor reactions
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+ post-deposition processing
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I quantifying strength of solvent-Pb?* interaction
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+ single crystals from PC
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+ thin films with DMPU as additive
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Absorbance (a.u.)

I benesi-hildebrand analysis quantifies strength of complexation
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see clay hamill's talk [EN09.15.07; 12/6 @ 3:45pm] on sulfur-donor solvents
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I three vignettes

+ solvent-Pb?* coordination + additive-precursor reactions
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I annealing of precursor solution alters solid-state structure

calc. cubic MAPbI;

MAPbI; from annealed sol'n
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I infrared spectroscopy indicates solvent reaction with MAI

DMAI  NH,* bend
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to reference spectrum of DMAI;
suggests DMA* formation on
annealing
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I annealing MA* in DMSO [+ also DMF] forms DMA* + NH,*

;—‘ MAI in DMSO
- 6 hr @ 150°C
_/\_/\J\NL g
73 MAI in DMSO
"2‘ A 40 min @ 150°C
>< *
L A NH,!
DMAI
_JL J/L

JN \

8 75 7 ' ' 25 225
'H Chemical Shift (ppm)

34.97 ppm

- 35 34.75 345 34.25 34
C Chemical Shift (ppm)

+ heating in DMSO-d, results in formation of NH,* + two populations of DMA*
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I proposed side reactions between MA* + DMSO
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Intensity (a.u.)

I DMA™* + NH,* incorporation affects structure of MA,
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I a partial ternary phase diagram of MA;, , DMA (NH,),Pbl;

® = 1 phase
@® = 2-phase coexistence
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I implications on device stability
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I on device performance

J,. (mA/cm’) Ve (V) FF Efficiency (%)
Standard 19.1+0.7 0.92+0.01 0.70 = 0.02 122+06
Solution (FS) (19.7) (0.93) (0.73) (13.0)
Standard 20.0+0.6 0.92 +0.01 0.77 + 0.02 141+02
Solution (RS) (20.7) (0.93) (0.79) (14.4)
Annealed 18.8+0.1 0.87 +0.01 0.71 £ 0.01 11.6+0.1
Solution (FS) (18.9) (0.87) 0.71) (11.6)
Annealed 19.2+0.1 0.87 +0.01 0.71 £0.01 12.0 0.1
Solution (RS) (19.3) (0.88) (0.72) (12.1)

p.p. khlyabich, j.c. hamill, y.-I. loo, adv. func. mater. 28, 1801508, 2018.

+ SCLC measurements; trap density extraction
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I trap states can be directly observed
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see fengyu zhang's talk [EN09.11.06; 12/5 @ 9:45am]




I summary
+ solvent—_precursor |-nte.ract|on/complex.a‘tlon can be e>.<p|c.>|ted for i ARUANCED
perovskite processing; strength quantified through binding enthalpy M’ATER'A'.S

+ solvents + solvent additives can readily react with precursors;
incorporation of byproducts can impact solid-state structuring +
optoelectronic properties

+ post-deposition solvent-vapor annealing can be a general approach
to improve organization of 2D perovskites, markedly improving solar
cell performance + stability
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