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Sustainable catalysis
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Sustainable catalysis
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Unified theory in Catalysis

Bridging the best of heterogeneous
and homogeneous catalysis
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Sustainable catalysis O @@
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Ultra-high density single atom catalysts i 4
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Ultra-high density single atom catalysts

Distant metal centers

P

[ a0 aa > | | &9 ~0
\/"\%) 7 W o |
\ Yy U Ve ¢ g OO
\—\

b b ST
\m.«/.\r:\

Y e o S & W .
L f.\\r.\‘ ¢ ?‘\"

WWW’VW

v

Standard activity

No reaction
Proximal metal centers Multimers
P e tan? «f‘\r'\r-‘\my ¢ S0 S5 &b
hs an ye - S0 &b o
| e o Y'Y | 2 VA I, q e Al )
< \fd b\’ \fd \"\/ If \/\"\fd
\ e U 2l ) Oy 20 2 | § -
» ,'4 POt eas” @
e Sl Sl e O & f..\f'\\f'\d §/~\4~\f°\fa\\'
e 2 2 an an ad ;

Improved activity Selectivity change Tandem reaction Selectivity change

Nature Nanotechnology, 2022, 17(2), 174-181 | Small Structures, 2022, 3(6), 2200041

s= = ==\ ==\

’ \ ’ \ ’ \

\ \ \

(\ P (‘ P (\ P

\ 4 \ 4 \ 4
iy Aty ==\
, \ ’ \ ’ \
( h 4 ) 4 P
\ 4 \ y \ 4
o o o



o 000
Catalyst characterization - @-®

(S)TEM

JACS, 2022, 144(18), 8018-8029 | Nature Reviews Methods Primers, 2022, 2(1), 11.
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Catalyst characterization
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Automated SAC STEM Image Analysis Workflow

acquisition
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Advanced Materials, 2024, 36(5), 2307991
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Atom Detection

Quantitative description of metal center organization in single-atom catalysts
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Efficient and automated analysis
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Digital tools for novel insights
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Digital tools for novel insights

Share of multimers (%)

<Nearest-neighbor distance> (nm)
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Digital tools for novel insights

Share of multimers (%)
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Digital tools for novel insights
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Conclusions

Beyond the isolated atom limit

Quantitative insights of metal distribution




Conclusions

Beyond the isolated atom limit

Quantitative insights of metal distribution

Future prospects

Standardization of analysis methodologies

Integrate pipeline to other techniques
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Model Performance

14 B Recall [ Precision [ F1
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TP TP
Recall =

Precision =

TP+TN
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Accuracy =

Precision X Recall
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1P~ FP TR +4FN

Performance increases with
higher atomic number

Less tendency to false positives;
but inherent challenge in lighter
atoms (also evident to domain
experts)



Additional information on the pipeline

Training data points: more than 8000 metal centers detected by the human-expert.

Limitations: ground truth is subject to human bias in visual perception.

Next steps in the use of the supervised approach: platform to crowdsource annotations to
standardize and quantify the uncertainty associated with the predictions made by the model.



