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T *+0��rØÐc>c
e±U^eZ��b>WJYZY±_o�
Á�eZb>]`Ïº�o��c�U g�Ïº�J\^Â&WJc>c©\^SVgmgmSigwU^¬>S#«�W`gmS#ÏÐ¬>SV\^S#U^¬
S=ÏwW�°�SVb©[
nÍ�4SV\t«i��nkl4�Jb>SiboUÐW`YZ��b>]´U^¬
S}\XWJc
efWJYHc
e±\^Si«VU^eZ��bTefg
«i��nkl
YfS����YZS�WJc
eZb>]³U^�TW`bÎS�
l4�Jb>SiboU^efWJY9]`\^��ÏwU^¬.W`Yf�Jb>]&U^¬QW`U�c
e±\^Si«VU^eZ��b��<Ùº¬>SÍ«V[
\^°�SÜ�×�`\�U^¬>eZg=«�W`gmSkc
SÕQb>SVg=U^¬>SÜ\^Si]�eZ�Jb.�J�tWJ�
gm��YZ[
U^S
efb
g�UXWJ�
efYZe±U²_o�
{��JUXWdU^efb
]Lc
eZgmÂ Ò ��Ï¡eZgwW`YZgm�<[
gmS�c³WJgwWÜnk��c
SiY Ò ��Ï

efb´U^¬
SÐg�U^[Qc©_<�J��l4�JY�Wd\^eZ��W`U^eZ��b³«i[©\^°�SigrSV�©l4SV\^eZnkSiboUXWJYZY±_
���
UXW`eZb>S�c´eZb´SiYZSi«Um\^�J�¦«¬
SinkeZ«�WJY©«iSiYZYZgi�qØ�U�_
l
eZ«�WJY©gmSVU^[>l
[>gmS�c+eZb�U^¬>S?g�U^[Qc�_��J�³SiYZSi«Um\^�J��c
eZgmgm��YZ[©U^ef�Jb��J�³e±\^��b
SiYZSi«VUm\^��c
SVg#eZbÎW��WVYX[ZF\6]_^&gm��YZ[
U^eZ�JbÝeZg}gm¬>��ÏÐb¿efb
zOef]©�����wÙº¬>S�Ïº�`\^Â©eZb
]kSiYZSi«VUm\^��c
SÜ«i�Jb>gmeZg�U^g=�`�rWJbae±\^��b
«V_©YfeZb>c©\^eZ«�WJYº\^��c£�t«V��W`U^Sic?ÏÐe±U^¬�W�\^SigmeZb��qSV�©«iSil
UÍeZb�W
gmn³WJYZY=c©eZgmÂ!WdUkU^¬>Sa�QW`gmS��wU^¬
\^�J[>]J¬�ÏÐ¬>eZ«X¬�U^¬
SaSiYZSi«V�
Um\^ef«¯«i[
\m\^SVb�U Ò ��ÏÐgÍU^�aU^¬>S¯SiYZSi«VUm\^�JYZ_�U^S��?Ùº¬>S¯\^��c?eZg
c©\^eZ°�SibÜ�o_�Ww°JW`\^efWJ�
YfSr°�SiYZ�o«ie±U�_ÜSiYZSi«VUm\^eZ«tnk�`U^�J\��HxO��YfW`\m�
ef�iW`U^eZ��b0«i[©\^°�SigLSV�©l4SV\^eZnkSiboUXWJYZY±_.�J�
UXWJeZb
S�c.ÏÐe±U^¬�U^¬>eZg
gmSVU^[>lÎl
\^SigmSiboULWT«V[
\m\^SiboU�eZb>g�UXW`�>eZYZe±U²_o�Ogm«X¬>SVn³W`U^eZ«�WJYZY±_
gm¬>��ÏÐb³efb&zOeZ]
�q�o�oÏÐ¬>eZ«X¬kn³W�_<�4S}c
[>SºU^�LW`b&eZb
g�UXWJ�>eZY±�
eZU�_.eZb.U^¬
Sk¬o_>c�\^��c©_©bQW`nkeZ«<ÕQSVY�c.c
Si°�SVYf�Jl4S�cÎ«VYf�JgmS&U^�
SiYZSi«VUm\^��c
SÜ�>WJgmS��
Ùº¬>SÍg�UXWJ�>eZYZe±U²_Î�J�qU^¬>S´¬o_
c©\^��c�_
b>WJnkeZ«�ÕQSiYfcÝefgLWd�Ñ�

�×Si«VU^Sic¿�o_&U^¬>S�l©\^�o«iSigmg=�`�rSiYZSi«VUm\^�J��c©efgmgm�JYZ[
U^eZ��bÝ�J�9U^¬
S
eZ\^�Jb0SiYZSi«VUm\^��c
SJ�qÏÐ¬
ef«X¬?YZS�W�c©gÍU^��U^¬>S&SV�©eZg�U^Sib>«VS&�`�#W
«i��b
«iSiboUm\XW`U^eZ��b¯ÕQSiYfcT�`�9«¬
SinkeZ«�WJY�gml4Si«ieZSigi�QWJb>c&U^�kW`b
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1 M  H SO  solution
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Working electrode (Fe)

Counter-electrode

Potentiostat
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b�b�b�bb�b�b�bb�b�b�bb�b�b�bb�b�b�bb�b�b�bb�b�b�bb�b�b�bb�b�b�b

c�c�c�cc�c�c�cc�c�c�cc�c�c�cc�c�c�cc�c�c�cc�c�c�cc�c�c�cc�c�c�c
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W`�©efWJYH°�eZgm«i�JgmeZU�_&]J\XW�c©eZSiboU}eZb&U^¬>S#c©e±Ö£[>gmeZ��b��4�J[>b>c>W`\m_³YfWi_oSV\ÜÓù~tW`\^«iefW´SVU�W`Yù�Ð�i�����o�4z>S\m\^Sie±\XW©�������`�oÔ�txO��boU^Sig ýçEy#è�ð Ó¦�J�J���JÔÐgm¬
�dÏtS�c
U^¬QW`UrU^¬>SÐg�U^S�WJc©_ Ò ��Ï���WdÖ£Si«VU^S�c´�o_LU^¬>SÐ°�efgm«V��gme±U²_Í]J\XW�c©eZSiboUqÏºWJgtYZSigmgqg�UXWJ�
YfSwU^¬>WJb´U^¬>Sw«VY�W`gmgmeZ«�WJY£��b
S���ÏÐe±U^¬´\^Sigml4Si«UqU^�Üc©efg�U^[©\^�QW`b>«iSig
ÏÐeZU^¬�l4SV\^eZ��c
eZ«a°JW`\^efW`U^eZ��b!WJYZ��b
].U^¬>S&\XW�c©e�W`Y=c©e±\^Si«VU^eZ��b���v=b0U^¬
\^SiS¯gm[>�>gmSiÛ�[
SiboU´l>WJl4SV\^gi�ÐxO�JboU^Sig ýç<è�ðMy Ó¦�J�J���`W©�}�J�J���d���}�J�J��µ�Ô
�×[
\mU^¬
SV\#eZb>c
eZ«�W`U^SicaU^¬>W`U}U^¬>S Ò ��Ï�WdÖ£Si«VU^S�ca�o_TU^¬
SL°�eZgm«i�JgmeZU�_¿]J\XWJc
eZSiboU=ÏºWJgi��eZbÝn³W`bo_T«�W`gmSigi��YZSigmg#g�UXWJ�
YZS<U^�³gml>e±\XWJYFc©eZg�U^[
\^�QW`b>«iSVgi�
l4SV\^eZ��c
eZ«�WJYZY±_�°JW`\m_©eZb>]ÍWJYZ��b
]´U^¬>S=\XWJc
efWJY�WJb>c�WJ�Vefn<[
U^¬>WJY£c
e±\^Si«U^ef�Jb>gi�
U^¬QWJb&U^¬>S#«V��b>g�UXW`boU}°�eZgm«i�JgmeZU�_ Ò ��Ï�g�U^[Qc
eZS�c&�o_�R�W`YZefÂÝÓ����J����Ô
WJbQcTÁ�eZb>]`Ïº�o��c�Ó����J���JÔ�

v=b>S��J�9U^¬
S�l>[©\^l4��gmSig��J�9U^¬
efg�lQW`l4SV\�eZg}U^�´l©\^SigmSiboU�efb¿c©SVUXWJeZY��QU^¬
S�lQW`\XW`nkSVU^SV\^g�W�c©��l©U^S�c¯U^�³c
SVgmef]Jb¿WJbaW`l>l>W`\XW`U^[
g}«iWJlQW`�>YZSÜ�J�



SV�©l4SV\^eZnkSiboUXWJYZY±_�gmeZnÍ[
Y�WdU^S#U^¬>S�U^¬>SÜg�UXW`�>eZYZeZU�_��`�tWk�4�J[>bQc
W`\m_¯YfW�_�SV\=�d°�S\#WÍ\^�`UXW`U^eZb>]&c
eZgmÂ4��Ùº¬>SÜSV�©l4SV\^eZnkSiboUXW`YHgmSVU^[
l�eZg=«i[©\m\^SiboU^YZ_
[>bQc©SV\&«i��b
g�Um\^[>«VU^eZ�Jb¡W`U³U^¬>Saj=SilQWd\mU^nkSiboUk�J�<RTSi«X¬QW`b>eZ«�W`Y#hFb>]�eZb
SiSV\^eZb>]?�`��U^¬>S¿®oUXW`U^Say=b
eZ°�SV\^gme±U²_��J�Ü{�eZ�?c
S¿|�WJb>SVeZ\^�©�}WJbQc�efg
efboU^Sib>c
S�cTU^�³�4SÜ[>gmSicaWJg�Wk«i�Jnkl>YZSinkSiboUXW`\m_&gmSVU^[
l�U^�kU^¬>SÜ��b
S<[
gmS�cT�×�`\�SiYZSi«VUm\^�`��«X¬>SVnkef«iWJYOSV�©l4SV\^eZnkSiboU^g�W`U}U^¬>S<RTSVUXW`YfYZ[©\^]J_¿W`bQc
R�W`U^SV\^efWJYZg=hrb
]�eZb>SiS\^efb
]k�J�OU^¬
S�z>S�c©SV\XWJY�y=b
eZ°�SV\^gme±U²_&�J�O{}eZ�kc©SÜ|�WJb
Sie±\^�
�

Ùº¬>eZgÜ«i��nkl
YfSVnkSiboUXW`\m_¿gmSVU^[
lÎÏÐeZYZYtl
\^�d°�efc
S´S�
l4S\^efnkSVb�UXW`YF«i�J\m\^�J�4�J\XW`U^eZ�Jb��`�ºU^¬>SÍ[>b>g�UXW`�>eZYZeZ�ieZb>]aSVÖ£Si«UÜ�J��WT°�eZgm«i��gme±U�_.l©\^�JÕQYZS
efb�U^¬
SÜb>�J\^n³W`YHc©e±\^Si«VU^eZ��baU^�´U^¬>S#\^�`UXW`U^eZb>]&c©efgmÂ4�ÐØ*°©eZgm«i�Jgme±U²_�eZb
«V\^S�WJgmSLeZb�U^¬>S�\^Si]Jef�Jba«iYZ��gmSÜU^�´U^¬>SLc
eZgmÂ&ÏwWJYZYHÏÐeZYZYO�4SÜeZboUm\^��c
[>«VS�c
��_T«i�o��YZeZb>]³U^¬>SLc©efgmÂ¯gm[
\m�×WJ«iS��4U^¬�[
g}eZboUm\^��c
[
«ieZb>]&WÍU^Sinkl4SV\XWdU^[
\^SÜ]J\XWJc
eZSiboU#eZb�U^¬>SÜ�4�J[>bQc
W`\m_¯YfW�_�SV\��}Ùº¬>SL°©eZgm«i�Jgme±U²_¿W`bQc�°�SiYZ�o«ie±U�_
l
\^�JÕ>YZSigqU^¬�[>gr���©UXWJeZb>Sic&Wd\^S}b
�JUqb>Si«VSigmg^W`\^eZY±_kefc
SiboU^eZ«�W`YQU^�#U^¬>SÐ«�WJgmS}�J��W�°�efgm«V��gme±U²_keZboUm\^��c
[
«iS�cÍ�o_Í«¬
SinkeZ«�WJY
gml4Si«ieZSigº«i�Jb>«iSVb�Um\XWdU^eZ��b
]J\XW�c©eZSiboU^gi�H¬
�dÏtSi°�SV\=U^¬>SÜU^¬>SV\^n³W`YOl
\^�J�>YZSinkg=eZg�e±U^gmSiY±�ºeZboU^SV\^Sig�U^eZb
]
��e±U�eZg�n³W`U^¬>SVn³W`U^eZ«�WJYZY±_agmeZnkl>YZSV\���W`bQc¿e±U�l
\^�d°�efc
Sig=W¯]��o��caÕ>\^g�U
WJl>l©\^���
eZn³WdU^ef�Jb¯U^�ÍU^¬
S�«¬
SinkeZ«�WJY£l©\^���>YZSin��

Ùº¬>S=l>WJl4SV\teZgº�J\^]�WJb>eZ�iSic¯W`gº�×��YZYZ��ÏÐg
�t®©Si«VU^eZ�JbÎÓ¦�JÔqc
SVgm«V\^eZ�4SigºU^¬>S�g�U^S�W�c�_k°�SiYZ�o«ie±U�_ Ò ��Ï���ÏÐ¬>eZ«X¬&eZgtU^¬
S}l©\^���
YfSVn��QW`gmS=g�UXWdU^S��o�×�`\
U^¬>SL«�WJgmS<�J�q«i��b
g�UXWJboU#°�eZgm«i��gme±U�_ Ò [>efc©g#WJb>c��×�J\#��b>SL°JW`\^efWJ�
YfS<°�efgm«V��gme±U²_a«V��b
Õ>]�[©\XW`U^eZ��b��L®©Si«U^ef�Jb0Óùµ�Ô}c©SVUXWJeZYZg=U^¬
S<gmSVU^[
l¿gml4Si«iefWJYZY±_
c
SigmeZ]�b
S�c�W`bQcÎ�
[>eZY±U�U^��gmeZnÍ[
Y�WdU^SÍU^¬>SÍ]�Si�JnkSVUm\m_¿�J�weZboU^SV\^Sig�U��&Ùº¬
S³c
SigmeZ]Jb.«V\^e±U^SV\^efWaWJb>cÝU^¬
S´«i��b
g�Um\^[>«VU^eZ�Jb.l
\^�o«VS�c
[©\^SigLW`\^S³WJYZgm�
l
\^SigmSiboU^S�c£�r®©SV«VU^eZ��b�Ó���ÔFc©Sigm«V\^eZ�4SigFU^¬>SweZb>g�Um\^[
nkSiboUXW`U^eZ��b<�J�4U^¬
SwgmSVU^[>l��r®©Si«U^ef�Jb�Ó¦��ÔH�Ñ[
\^b>eZgm¬
SigrU^¬
SwSV�©l4SV\^eZnkSiboUXWJY�l
\^�o«VS�c
[©\^Sig9U^¬QW`U
ÏÐefYZY9�4SÜSinkl
Yf��_oSic�c
[©\^efb
]´U^¬>S�SV�©l4SV\^eZnkSiboU^gi�>efbÝ®�Si«VU^eZ��b0Óù��ÔwU^¬
SLS�
l4S\^efnkSVb�UXW`Y�\^SVgm[>Y±U^g#Wd\^SLl©\^SigmSiboU^S�c£�£WJb>c¿®©Si«��ÜÓ¦�JÔÐ«V��b>«VYf[>c
Sig
U^¬>S#Ïº�`\^Â4�

������������	�
������	I���
Ùº¬>SÍg�U^SiW�c©_�¬�_
c�\^��c©_©bQW`nkef«#Õ>SiYfcaefg#U^¬
SLÏtSiYZY9Â�b>��ÏÐb �q�Jb �"!d\^n#!Jb?Ó��i������Ô=SV�
WJ«VU#gm��YZ[
U^eZ��bÝ�J�rU^¬>SL«i�Jb�U^eZb�[>e±U�_¿WJb>c �=W�°©eZSV\m�

®�U^��Â�Sig<SiÛ�[>W`U^eZ��b
g��×�J\ÍYfWJnkeZbQWd\L\^�`UXW`U^eZb>]¿c©eZgmÂ�� Ò �dÏ��HÏw\^eZUmU^SVb?efb�WT\^�JUXW`U^eZb
]a«i�o�J\Xc©efb>W`U^S³�Ñ\XW`nkS´U^[
\^b>eZb
]TÏÐe±U^¬�U^¬>S³c
eZgmÂÎWJb
]�[>YfWd\
°�SiYZ�o«ie±U²_��A� ������� * 0 Ó��dÔ� �� T *�������� � � �!#"%$'& ��(�) �! �*���,+ Ó¦��Ô

ÏÐ¬>SV\^S-������� � *.����/10�243657�80�593:2';9WJbQc + eZgrU^¬
Sw°©eZgm«i�J[>gFg�Um\^SigmgrU^Sib>gm�`\r�Ñ�J\tWk�=SVÏwU^�Jb>efWJb Ò [>efcLÏÐe±U^¬´U^¬
Sw°©eZgm«i�Jgme±U²_�<ac
SVl4SibQc©efb
]
��bTU^¬
S�W`�©efWJY�«i�o�J\Xc©efb>W`U^S�=
�rÙº¬
S�«i��nkl4�Jb>SiboU^gw�J�Og�Um\^SigmgwU^Sib>gm�`\=Wd\^SÜ]�eZ°�Sib¯��_ÝÓ¦®�«¬
YfeZ«X¬oU^efb
]
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Ùº¬>S�g�U^S�WJc©_¯gm��YZ[
U^eZ��b¯UXWJÂ�SigwU^¬
S=�×�`\^n[�S0B5 * C ��TU/WVX; Ó��oÔS0�2 * C �ZY#/WVX; Ó¦��ÔS0 K * /\[]/_^`;:�a;cbedcf]gh/WVX; Óù��ÔS( * ! []/_^`;i�7jU/WVk; Ó¦��Ô
ÏÐ¬>SV\^S-V"*�=%/\�al'[�/_^m;n; bedcf W`bQc�[]/_^`;teZgÐU^¬>S#�
[>YZÂ³°�efgm«V��gme±U²_o�©��Wd\}��\^��n U^¬>S�SVYfSV«VUm\^��c
SÜgm[
\m�×WJ«iSJ�ºhrÛo[QW`U^eZ�Jb>gÜÓ��`p���ÔwW`\^SÜeZboUm\^��c
[>«VS�c
efb³U^¬>S}c
eZnkSib
gmeZ��bQW`YQ«i�Jb�U^eZb�[>e±U�_kWJb>ct�#W�°�efS\m��®oU^��Â�SVgqS�Ûo[>W`U^eZ��b
gi�
YZS�WJc
eZb>]ÜU^��U^¬>SÐ�×�JYfYZ��ÏÐeZb>]´g�_©g�U^Sin"�J��S�Ûo[QWdU^eZ��b>gq�×�J\7TÍ�oY<�6g W`bQcjÍ� ��T ) gZp * 0 Óù��ÔT f �E/_Y ) � ; f ) g�TMp * @@ Vmq [�/WVk;[�/_^m; TMpsr Óù��Ô�'TU/_Y ) � ; ) g�Y p * @@ Vmq [�/WVk;[�/_^m; Y p r Ó�����ÔjMp ) g�gZp * � [ p /WVk;[]/_^`; gZp ) []/WVX;[]/_^`; gZp p Ó����dÔ

~t��[
bQc>Wd\m_a«i�JbQc
e±U^eZ��b
g=�×�`\�TÍ��Y(W`bQc�g Wd\^SUT *tg *tj * Y * 0kÏÐ¬>Sib�Vt* 0©��T *ug p * 0©�*Y *v� � ÏÐ¬>Sib�V���wx^¡��Ú�b�J\Xc
S\wU^�<eZboU^Si]J\XWdU^S�hrÛ�gi�£Óù��pQ�J�dÔºW<°�eZgm«i�JgmeZU�_³l
\^�`ÕQYZS#nÍ[
g�Ut�4S=WJgmgm[
nkS�c��FÚ�b³U^¬
eZgtÏº�`\^Â³ÏtS=[
gmS}U^¬>S��×�JYfYZ��ÏÐeZb>]kl©\^�JÕQYZS}l
\^��l4�JgmS�c³��_
~ºW`\^«iefW ýçEy=è�ð Ó����J����Ô��[�/WVk;[�/_^m; * [�/G0B;[�/_^m; ) q � � [�/G0k;[]/_^`; r y bedLz{|/�,kl�.k;u}~ �v�k��� }n�N� V Ó��d��Ô

Ùº¬>SÝlQW`\XW`nkSVU^SV\ y c
SVÕ>b>Sig³U^¬>S¿gmYZ��l4SÎ�J�ÜU^¬>S¿°�eZgm«i��gme±U�_¡l
\^�`ÕQYZSÎ«VYf�JgmSÎU^�?U^¬>S¿SiYZSi«Um\^��c
S.gm[©\m��W`«iS���zOef]J[
\^SÎ�?gm¬>��ÏÐgTU^¬>S¿b
��b
�c
eZnkSib>gmeZ�JbQWJYt°©eZgm«i�Jgme±U²_?W`bQc�°�SVYf�o«VeZU�_�l©\^�JÕQYZSig<���©UXWJeZb>S�c��o_Îb�[>nkSV\^eZ«�W`YteZboU^Si]J\XWdU^ef�Jb0�J�}hqÛogi�tÓù�dpQ�J�dÔLWJbQc�[
gmS�c�eZb�U^¬>S³g�UXWJ�
eZYfe±U�_



WJbQW`Y±_
gmeZg¯l
\^SigmSiboU^S�c%eZb%U^¬
efg³Ïº�`\^Â4��Ùº¬>S¿lQWd\XWJnkSVU^S\^gTW`gmgm[>nkS�c��Ñ�J\¯U^¬>Sa°�eZgm«i��gme±U²_%l
\^�JÕ>YZSÎWd\^S [�/G0k;nl'[�/_^m;�* � WJb>c y * �o�
�tWd\^e�W`�>YZSig}efb¿hrÛogi�9Ó��p���Ô�W`\^SLn³W�c
S�b
��b©�²c©eZnkSib>gmeZ��b>WJYHWJg}�Ñ��YZYZ��ÏÐg
��\XWJc
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