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Abstract

We report the first application of a high-pressure electrochemical strategy to study
heterogeneous charge transfer (CT) in a room-temperature ionic liquid, [BMIM][BTA].
High-pressure kinetic studies on electron exchange for two redox couples of different
charge type, viz. [Fe(bipy)3]3+/ 2+ and [Fe(cp).]*/°, at bare Au electrodes within the range
of 0.1-150 MPa, revealed large positive volumes of activation that were found to be
virtually the same for the two redox couples in terms of the CT rate constants and diffusion
coefficients, despite the reactant's charge type. Independent viscosity (fluidity) studies at
elevated pressure (up to 175 MPa), were also performed and revealed a pressure coefficient
closely resembling the former ones. Complementary temperature-dependent kinetic
studies within the range of 298-358 K also revealed the virtual similarity in activation
enthalpies for the same kinetic and diffusion processes, as well as the viscosity of [BMIM]
[BTA]. A rigorous analysis of the complete variety of obtained results strongly indicates
that dynamic (frictional) control of CT is operative by way of the full adiabatic mechanism.
The contribution of the Franck—Condon term to the activation free energy of the kinetic
process seems almost diminished because of the high value of electronic coupling and
freezing out of the outer-sphere reorganization energy. Further analyses indicate that
frictional control most probably takes place through slow translational modes (implying
“minimal volume” cooperative dislocations) of constituent ions. This kind of motion seems
further slowed down within the vicinity of the active site presumably located within the
diffusive-like zone situated next to the compact (first) part of the metal/ionic liquid
junction.

1t Inorganic Chemistry, University of Erlangen-Niirnberg.
1 Institute of Molecular Biology and Biophysics.

§ Institute of Inorganic Chemistry and Electrochemistry.

* Corresponding authors. E-mail: dimitri.k@joker.ge(D.E.K.); vaneldik@ chemie.uni-erlangen.de
(R.V.E).

1 Institute of Fluid Mechanics, University of Erlangen-Nirnberg.

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 2/8


https://pubs.acs.org/action/doSearch?ConceptID=290830
javascript:void(0)
http://www.acs.org/content/acs/en/privacy.html
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...
|

ACS Publications Q =

W Most Trusted. Most Cited. Most Read.

Additional figures and tables referenced in the text. This material is available free of charge via
the Internet at http://pubs.acs.org.

High-Pressure Testing of Heterogeneous Charge Transfer in a Room-
Temperature lonic Liquid: Evidence for Solvent Dynamic Control

Supporting Information

High-Pressure Testing of Heterogeneous Charge Transfer in
Room-Temperature lonic Liquid: Evidence for Solvent Dynamic C

Tina D. Dolidze,* ¥ Dimitri E. Khoshtariya,*™ # Peter lliner,® Leszek Kulisiewic
Antonio Delgado and Rudi van Eldik**

Inorganic Chemistry, Department of Chemistry and Pharmacy, University of Erlangen-Niirnberg, E

U038 Erlangen, Germany, Institwie of Molecular Biology and Biophysics, Gotua 12, 0160 Thilisi, (

of Imorganic Chemistry and Electrochemistry, Mindeli 11, 0186 Thilisi, Georgia, and Institute of F
University of Erlangen-Nirnberg, Cauerstrasse 4, D-91058 Erlangen, Germany

Terms & Conditions
Most electronic Supporting Information files are available without a subscription to ACS Web

Editions. Such files may be downloaded by article for research use (if there is a public use
license linked to the relevant article, that license may permit other uses). Permission may be

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 3/8


http://pubs.acs.org/
https://pubs.acs.org/page/copyright/permissions.html
https://figshare.com/collections/High_Pressure_Testing_of_Heterogeneous_Charge_Transfer_in_a_Room_Temperature_Ionic_Liquid_Evidence_for_Solvent_Dynamic_Control/2771428
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...

ACS Publications Q =

@ Most Trusted. Most Cited. Most Read.

Cited By

Citation Statements beta ©

Supporting Mentioning Contrasting

©®3 (» 68 @0
Explore this article's citation statements on scite.ai

powered by scite_

This article is cited by 35 publications.

1. Victoria A. Nikitina, Sergey A. Kislenko, Renat R. Nazmutdinov. Understanding the Nature of Heterogeneous
Electron Transfer in Molecular and lonic Solvents: Experiment, Theory, and Computations. The Journal of
Physical Chemistry C 2019, 7123 (23), 14370-14381. https://doi.org/10.1021/acs.jpcc.9b01163

2. Boning Wu, Min Liang, Mark Maroncelli, and Edward W. Castner, Jr. . Photoinduced Bimolecular Electron
Transfer from Cyano Anions in lonic Liquids. The Journal of Physical Chemistry B2015, 71719 (46), 14790-
14799. https://doi.org/10.1021/acs.jpch.5b09216

3. Anne Dees, Norbert Jux, Oliver Troppner, Katharina Durr, Rainer Lippert, Martin Schmid, Bernd Kistner,
Sebastian Schliicker, Hans-Peter Steinrlck, J. Michael Gottfried, and Ivana Ivanovi¢-Burmazovi¢ . Reactions of
Superoxide with Iron Porphyrins in the Bulk and the Near-Surface Region of lonic Liquids. /norganic Chemistry
2015, 54 (14) , 6862-6872. https://doi.org/10.1021/acs.inorgchem.5b00770

4. Victoria A. Nikitina, Alexander V. Rudnev, Galina A. Tsirlina, and Thomas Wandlowski . Long Distance
Electron Transfer at the Metal/Alkanethiol/lonic Liquid Interface. The Journal of Physical Chemistry C 2014,
778(29), 15970-15977. https://doi.org/10.1021/jp5055843

5. Victoria A. Nikitina, Sergey A. Kislenko, Renat R. Nazmutdinov, Michael D. Bronshtein, and Galina A. Tsirlina .
Ferrocene/Ferrocenium Redox Couple at Au(111)/lonic Liquid and Au(111)/Acetonitrile Interfaces: A
Molecular-Level View at the Elementary Act. The Journal of Physical Chemistry C 2014, 118(12),6151-6164.
https://doi.org/10.1021/jp4072108

6. Dimitri E. Khoshtariya, Tinatin D. Dolidze, Mikhael Shushanyan, and Rudi van Eldik . Long-Range Electron
Transfer with Myoglobin Immobilized at Au/Mixed-SAM Junctions: Mechanistic Impact of the Strong Protein
Confinement. The Journal of Physical Chemistry B2014, 1718 (3), 692-706. https://doi.org/10.1021/jp4101569

7. Anne Kaintz, Gary Baker, Alan Benesi, and Mark Maroncelli . Solute Diffusion in lonic Liquids, NMR

Maoaciiramante and MAamnarienne tn Canvantinnal QRnhiante Tho Initirnal nf Phvciral Nhomictrns R2N122 1717

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j

4/8


https://scite.ai/reports/high-pressure-testing-of-heterogeneous-charge-EPk6PK
https://scite.ai/reports/high-pressure-testing-of-heterogeneous-charge-EPk6PK
https://scite.ai/
https://doi.org/10.1021/acs.jpcc.9b01163
https://doi.org/10.1021/acs.jpcb.5b09216
https://doi.org/10.1021/acs.inorgchem.5b00770
https://doi.org/10.1021/jp5055843
https://doi.org/10.1021/jp4072108
https://doi.org/10.1021/jp4101569
https://doi.org/10.1021/jp405393d
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...

ACS Publications Q =

@ Most Trusted. Most Cited. Most Read.

AN T Uvll UuUw vl T I U “\-’\4"] MTIH IV M) I/ NI I AT T "':j' "] LA AN N V“\"]\-/l\-/u 1 ANAS V]\J‘-\'“ N~y \-/\4'\"/ '/
junctions capable of voltage-gated coherent multiple electron/hole exchange. Nano Futures 2021, 5(1) ,
015001. https://doi.org/10.1088/2399-1984/abc2aa

10. Colin D. Hubbard, Debabrata Chatterjee, Maria Oszajca, Justyna Polaczek, Olga Impert, Marta
Chrzanowska, Anna Katafias, Ralph Puchta, Rudi van Eldik. Inorganic reaction mechanisms. A personal
journey. Dalton Transactions 2020, 49 (15) , 4599-4659. https://doi.org/10.1039/C9DT04620H

11. Nataraju Bodappa, Yong-Chun Fu, Peter Broekmann, Julien Furrer, Klaus Zick, Soma Vesztergom,
Hironobu Tahara, Takamasa Sagara. Electron transfer controlled by solvent and counter-anion dynamics in
electrochemistry of viologen-type ionic liquid. Electrochimica Acta 2019, 320, 134559.
https://doi.org/10.1016/j.electacta.2019.134559

12. Aep Patah, Josua Béachle, Giinter Grampp. Heterogeneous Rate Constants of the Electron-Transfer of
Iron- and Ruthenium-bipyridine Complexes in Imidazolium-Based lonic Liquids. Journal of The Electrochemical
Society 2019, 766 (13) , H635-H639. https://doi.org/10.1149/2.0901913jes

13. Safa Hayouni, Anthony Robert, Chloe Maes, Alexandra Conreux, Beatrice Marin, Aminou Mohamadou,
Sandrine Bouquillon. New dendritic ionic liquids (DILs) for the extraction of metallic species from water. New
Journal of Chemistry 2018, 42 (22), 18010-18020. https://doi.org/10.1039/C8NJ01921E

14. Mohsin Ahmad Bhat, Pravin P. Ingole, Hyacinthe Randriamahazaka. Towards Understanding the Solvent-

Dynamic Control of the Transport and Heterogeneous Electron-Transfer Processes in lonic Liquids.
ChemPhysChem 2017, 18 (4) , 415-426. https://doi.org/10.1002/cphc.201600442

15. Zachary H. Williams, Emily D. Burwell, Ambre E. Chiomento, Kyle J. Demsko, Jacob T. Pawlik, Shannon O.
Harris, Mark R. Yarolimek, Megan B. Whitney, Michael Hambourger, Alexander D. Schwab. Rubber-elasticity
and electrochemical activity of iron(ii ) tris(bipyridine) crosslinked poly(dimethylsiloxane) networks. Soft
Matter2017, 13(37) , 6542-6554. https://doi.org/10.1039/C7SM01169E

16. Tinatin D. Dolidze, Mikhael Shushanyan, Dimitri E. Khoshtariya. Electron transfer with myoglobin in free
and strongly confined regimes: disclosing diverse mechanistic role of the Fe-coordinated water by
temperature- and pressure-assisted voltammetric studies. Journal of Coordination Chemistry 2015, 68 (17-18)
, 3164-3180. https://doi.org/10.1080/00958972.2015.1068937

17. Dimitri E Khoshtariya, Tinatin D Dolidze, Tatyana Tretyakova, Rudi van Eldik. Electron transfer with self-
assembled copper ions at Au-deposited biomimetic films: mechanistic ‘anomalies’ disclosed by temperature-
and pressure-assisted fast-scan voltammetry. Journal of Physics D: Applied Physics 2015, 48 (25) , 255402.
https://doi.org/10.1088/0022-3727/48/25/255402

18. Yasushi Katayama. Electrode Reactions of Tris(2,2-Bipyridine) Complexes of Some Transition Metals in

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 5/8


https://doi.org/10.1021/jp200339e
https://doi.org/10.1021/jp200339e
https://doi.org/10.1088/2399-1984/abc2aa
https://doi.org/10.1039/C9DT04620H
https://doi.org/10.1016/j.electacta.2019.134559
https://doi.org/10.1149/2.0901913jes
https://doi.org/10.1039/C8NJ01921E
https://doi.org/10.1002/cphc.201600442
https://doi.org/10.1039/C7SM01169E
https://doi.org/10.1080/00958972.2015.1068937
https://doi.org/10.1088/0022-3727/48/25/255402
https://doi.org/10.1007/978-3-319-15132-8_16
https://doi.org/10.1016/B978-0-12-409547-2.10972-2
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...

ACS Publications Q =

@ Most Trusted. Most Cited. Most Read.

271. Mohsin Ahmad Bhat. Mechanistic, kinetic and electroanalytical aspects of quinone—hydroquinone redox
system in N-alkylimidazolium based room temperature ionic liquids. Electrochimica Acta 2012, 87, 275-282.
https://doi.org/10.1016/j.electacta.2012.07.059

22. W. Ronald Fawcett, Attila Gadl, Daniel Misicak. Estimation of the rate constant for electron transfer in
room temperature ionic liquids. Journal of Electroanalytical Chemistry 2011, 660 (2) , 230-233.
https://doi.org/10.1016/j.jelechem.2011.03.019

23. Edward W. Castner, Claudio J. Margulis, Mark Maroncelli, James F. Wishart. lonic Liquids: Structure and
Photochemical Reactions. Annual Review of Physical Chemistry2011, 62 (1), 85-105.
https://doi.org/10.1146/annurev-physchem-032210-103421

24. David H. Waldeck, Dimitri E. Khoshtariya. Fundamental Studies of Long- and Short-Range Electron
Exchange Mechanisms between Electrodes and Proteins. 2011, 105-238. https://doi.org/10.1007/978-1-4614-
0347-0_2

25. Colin D. Hubbard, Peter lliner, Rudi van Eldik. Understanding chemical reaction mechanisms in ionic
liquids: successes and challenges. Chem. Soc. Rev. 2011, 40(1), 272-290.
https://doi.org/10.1039/C0CS00043D

26. Takashi Kakiuchi, Yukinori Yasui, Yuki Kitazumi, Naoya Nishi. Voltammetric Manifestation of the Ultraslow
Dynamics at the Interface between Water and an lonic Liquid. ChemPhysChem 2010, 77 (13),2912-2918.
https://doi.org/10.1002/cphc.201000314

27. Martina Nadhernd, Jakub Reiter. The electrochemical redox processes in methacrylate-based polymer
electrolytes Il. — Study on microelectrodes. Electrochimica Acta 2010, 55(20), 5911-5916.
https://doi.org/10.1016/j.electacta.2010.05.044

28. Colin D. Hubbard, Rudi van Eldik. Application of High Pressure in the Elucidation of Inorganic and
Bioinorganic Reaction Mechanisms. 2010, 269-365. https://doi.org/10.1002/9780470602539.ch7

29. Dimitri E. Khoshtariya, Tina D. Dolidze, Mikhael Shushanyan, Kathryn L. Davis, David H. Waldeck, Rudi van
Eldik. Fundamental signatures of short- and long-range electron transfer for the blue copper protein azurin at
Au/SAM junctions. Proceedings of the National Academy of Sciences 2010, 107 (7) , 2757-2762.
https://doi.org/10.1073/pnas.0910837107

30. YanLi Guo, Mitsuhiro Kanakubo, Daisuke Kodama, Hiroshi Nanjo. Chronoamperometric determination of
diffusion coefficients of ferrocene in ionic liquids mixed with CO2 at high pressures. Journal of
Electroanalytical Chemistry 2010, 639 (1-2) , 109-115. https://doi.org/10.1016/].jelechem.2009.11.030

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 6/8


https://doi.org/10.1039/c3cp51896e
https://doi.org/10.1016/j.electacta.2012.07.059
https://doi.org/10.1016/j.jelechem.2011.03.019
https://doi.org/10.1146/annurev-physchem-032210-103421
https://doi.org/10.1007/978-1-4614-0347-0_2
https://doi.org/10.1039/C0CS00043D
https://doi.org/10.1002/cphc.201000314
https://doi.org/10.1016/j.electacta.2010.05.044
https://doi.org/10.1002/9780470602539.ch7
https://doi.org/10.1073/pnas.0910837107
https://doi.org/10.1016/j.jelechem.2009.11.030
https://doi.org/10.1103/PhysRevE.80.065101
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...

ACS Publications Q =

W Most Trusted. Most Cited. Most Read.

e A S I A S R R PN S IR

33. Peter lliner, Ralph Puchta, Frank W. Heinemann, Rudi van Eldik. Is bis(trifluoromethylsulfonyl)amide an
innocent anion? X-Ray structure data and DFT calculations. Dalton Transactions 2009, 37(15), 2795.
https://doi.org/10.1039/b820940e

34. Naoki Tachikawa, Yasushi Katayama, Takashi Miura. Electrode Kinetics of Ferrocenium/Ferrocene in
Some Amide-Based Room-Temperature lonic Liquids. Electrochemical and Solid-State Letters 2009, 72(11),
F39. https://doi.org/10.1149/1.3213542

35. Tina D. Dolidze, Dimitri E. Khoshtariya, Peter lliner, Rudi van Eldik. Heterogeneous electron transfer at
Au/SAM junctions in a room-temperature ionic liquid under pressure. Chemical Communications 2008, 105
(18),2112. https://doi.org/10.1039/b719787j

s
COUNTER
1155 Sixteenth Street N.W.
Washington, DC 20036
Copyright © 2023
American Chemical Society
About ACS Publications Help
AN O NMuaaoa A e . . PR— 1 fiima Nk~

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 7/8


http://www.atypon.com/
http://www.chorusaccess.org/
http://publicationethics.org/
http://www.projectcounter.org/
http://www.crossref.org/
http://www.crossref.org/crosscheck/index.html
http://www.orcid.org/
http://www.portico.org/
https://pubs.acs.org/
http://www.acs.org/content/acs/en/copyright.html
https://pubs.acs.org/page/about-us.html
http://acsopenscience.org/
https://www.acs.org/content/acs/en/membership/member-benefits/publications-discounts.html
https://pubs.acs.org/action/showPublications?pubType=journal
https://pubs.acs.org/action/showPublications?pubType=book
http://acsmediakit.org/digital/acs-pubs/?utm_source=Footer&utm_medium=Pubs&utm_campaign=CEN
https://solutions.acs.org/
https://publish.acs.org/publish/
https://acs.service-now.com/acs
https://acs.service-now.com/acs
https://doi.org/10.1002/chem.200802450
https://doi.org/10.1039/b820940e
https://doi.org/10.1149/1.3213542
https://doi.org/10.1039/b719787j
https://pubs.acs.org/

3/1/23, 4:56 PM High-Pressure Testing of Heterogeneous Charge Transfer in a Room-Temperature lonic Liquid: Evidence for Solvent Dynamic...

ACS Publications Q =

W Most Trusted. Most Cited. Most Read.

Read the ACS privacy policy

CONTINUE

https://pubs.acs.org/doi/10.1021/jp077734j 8/8


http://www.acs.org/content/acs/en/privacy.html
https://www.acs.org/content/acs/en/terms.html
https://preferences.acs.org/journals
https://www.facebook.com/ACSPublications/
https://twitter.com/ACSPublications
https://www.youtube.com/user/AmerChemSoc
https://pubs.acs.org/page/follow.html?widget=follow-pane-rss
https://pubs.acs.org/

