
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Akash+Warty"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Amy+Chen"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dat+T.+Tran"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Harrison+Kraus"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Taylor+J.+Woehl"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dongxia+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/jacsau.4c00691&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=tgr1&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/jacsau?ref=pdf
https://pubs.acs.org/jacsau?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig2&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig4&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig5&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig6&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig7&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?fig=fig8&ref=pdf
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/jacsau.4c00691/suppl_file/au4c00691_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dongxia+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-8712-2219
mailto:liud@udel.edu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Akash+Warty"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0009-0008-1372-2586
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Amy+Chen"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dat+T.+Tran"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Harrison+Kraus"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Taylor+J.+Woehl"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-4000-8280
https://pubs.acs.org/doi/10.1021/jacsau.4c00691?ref=pdf
https://doi.org/10.1016/j.seppur.2007.01.020
https://doi.org/10.1016/j.seppur.2007.01.020
https://doi.org/10.1016/j.seppur.2007.01.020
https://doi.org/10.1016/j.memsci.2005.10.033
https://doi.org/10.1016/j.memsci.2005.10.033
https://doi.org/10.1016/j.memsci.2007.05.021
https://doi.org/10.1016/j.memsci.2007.05.021
https://doi.org/10.1016/j.memsci.2007.05.021
https://doi.org/10.1002/cssc.201100252
https://doi.org/10.1002/cssc.201100252
https://doi.org/10.1002/cssc.201100252
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://doi.org/10.1126/SCIENCE.1082169
https://doi.org/10.1126/SCIENCE.1082169
https://doi.org/10.1126/SCIENCE.1208891
https://doi.org/10.1126/SCIENCE.1208891
https://doi.org/10.1038/s41563-020-00822-2
https://doi.org/10.1038/s41563-020-00822-2
https://doi.org/10.1039/c3ra23086d
https://doi.org/10.1039/c3ra23086d
https://doi.org/10.1021/acsanm.0c01131?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsanm.0c01131?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.aaz6053
https://doi.org/10.1126/science.aaz6053
https://doi.org/10.1002/anie.202106277
https://doi.org/10.1002/anie.202106277
https://doi.org/10.1002/anie.202106277
https://doi.org/10.1021/acs.chemmater.6b01458?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.6b01458?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.6b01458?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/aic.16278
https://doi.org/10.1002/aic.16278
https://doi.org/10.1002/aic.16278
https://doi.org/10.1002/aic.17048
https://doi.org/10.1002/aic.17048
https://doi.org/10.1016/0925-4005(95)85144-5
https://doi.org/10.1016/0925-4005(95)85144-5
https://doi.org/10.1016/S0925-4005(03)00369-1
https://doi.org/10.1016/S0925-4005(03)00369-1
https://doi.org/10.1016/j.snb.2004.04.001
https://doi.org/10.1016/j.snb.2004.04.001
https://doi.org/10.1016/j.snb.2004.04.001
https://doi.org/10.1021/cm000671w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm000671w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ANIE.200704003
https://doi.org/10.1002/ANIE.200704003
https://doi.org/10.1021/ar900146w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar900146w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.micromeso.2012.05.006
https://doi.org/10.1111/j.1365-2672.2007.03673.x
https://doi.org/10.1016/S1387-1811(00)00217-1
https://doi.org/10.1016/S1387-1811(00)00217-1
https://doi.org/10.3390/ma12010059
https://doi.org/10.3390/ma12010059
https://doi.org/10.1016/j.memsci.2014.07.057
https://doi.org/10.1016/j.memsci.2014.07.057
https://doi.org/10.1016/j.memsci.2014.07.057
https://doi.org/10.1039/CC9960001441
https://doi.org/10.1039/CC9960001441
https://doi.org/10.1021/ja101649b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja101649b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja101649b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S1387-1811(97)00056-5
https://doi.org/10.1016/S1387-1811(97)00056-5
https://doi.org/10.1016/S1387-1811(97)00056-5
https://doi.org/10.1007/BF01133746
https://doi.org/10.1007/BF01133746
https://doi.org/10.1016/j.micromeso.2005.02.016
https://doi.org/10.1016/j.micromeso.2005.02.016
https://doi.org/10.1080/00986440701555332
https://doi.org/10.1080/00986440701555332
https://doi.org/10.1360/04wb0010
https://doi.org/10.1360/04wb0010
https://doi.org/10.1360/04wb0010
https://doi.org/10.1016/j.micromeso.2006.12.005
https://doi.org/10.1016/j.micromeso.2006.12.005
https://doi.org/10.1002/anie.201506183
https://doi.org/10.1002/anie.201506183
https://doi.org/10.1002/anie.201506183
https://doi.org/10.1021/acs.chemmater.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.3c00552?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.3c02465?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemmater.3c02465?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3105939?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja3105939?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja907475z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja907475z?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.iecr.8b02026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.iecr.8b02026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0022-0248(80)90099-8
https://doi.org/10.1016/0022-0248(80)90099-8
https://doi.org/10.1016/0022-0248(80)90099-8
https://doi.org/10.1016/0022-0248(86)90102-8
https://doi.org/10.1016/0022-0248(86)90102-8
https://doi.org/10.1016/0022-0248(86)90102-8
https://doi.org/10.1016/j.cocis.2005.09.012
https://doi.org/10.1016/j.cocis.2005.09.012
https://doi.org/10.1149/1.1392464
https://doi.org/10.1149/1.1392464
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


https://doi.org/10.1557/jmr.2010.22
https://doi.org/10.1557/jmr.2010.22
https://doi.org/10.1002/adfm.200900318
https://doi.org/10.1002/adfm.200900318
https://doi.org/10.1016/j.surfcoat.2011.02.008
https://doi.org/10.1016/j.surfcoat.2011.02.008
https://doi.org/10.1021/acscatal.7b04011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b04011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.7b04011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1149/1.1537092
https://doi.org/10.1149/1.1537092
https://doi.org/10.1016/S1387-1811(98)80014-0
https://doi.org/10.1016/S1387-1811(98)80014-0
https://doi.org/10.1016/S0009-2509(98)00522-3
https://doi.org/10.1016/S0009-2509(98)00522-3
https://doi.org/10.1002/ejic.200300154
https://doi.org/10.1002/ejic.200300154
https://doi.org/10.1002/ejic.200300154
https://doi.org/10.1515/revce-2013-0020
https://doi.org/10.1515/revce-2013-0020
https://doi.org/10.1515/revce-2013-0020
https://doi.org/10.1016/S0167-2991(09)60871-5
https://doi.org/10.1016/S0167-2991(09)60871-5
https://doi.org/10.1016/S1383-5866(01)00109-5
https://doi.org/10.1016/S1383-5866(01)00109-5
https://doi.org/10.1016/S1383-5866(01)00109-5
https://doi.org/10.1016/j.micromeso.2011.03.016
https://doi.org/10.1016/j.micromeso.2011.03.016
https://doi.org/10.1039/C5CS00292C
pubs.acs.org/jacsau?ref=pdf
https://doi.org/10.1021/jacsau.4c00691?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

