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= �= �= � ! $&'6 &% 
��� ���� � � � � � � � � � � � � � � � � � � � � =
= �= �: ��A��$ #�$�'� $ %&' 
��� ���� � � � � � � � � � � � � � � � :
= �= �B �6"'&*�� ��''!�' � � � � � � � � � � � � � � � � � � � � � <

= �: H &$!-�$!&� %&' $3� 03� ! � � � � � � � � � � � � � � � � � � � � � 9
= �B � '&� ��( 7$�$�( ��$ � � � � � � � � � � � � � � � � � � � � � � � � � C
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= �B �: E !��$!&� &% �6"'&*�� 
��� � � � � � � � � � � � � � � � � � C
= �B �B �� !"�$!&� ��" ��(&-�� &% �((&�!� � � � � � � � � � � � =@
= �B �; ���A$ &� � ��A$'&"� � !�$!A � � � � � � � � � � � � � � � � =@
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= �; �= 7!�*�� ���� 0� $!�* � � � � � � � � � � � � � � � � � � � � � ==
= �; �: 0� $!�* &% 76((�$'!A�� ���� � � � � � � � � � � � � � � � ==
= �; �B ���A$ &% �((&�!�( &� H �(�'��� � '&. �'$!� � � � � � � =:
= �; �; � ��A$'&A3�( !A�� �� !"�$!&� &% �((&�!�( � � � � � � � � =:
= �; �? ���A$ &% �((&�!�( &� � �� ��" ��� � � � � � � � � � =:
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: �: #�$'&"�A$!&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � =>
: �B � '&. �'$!� &% �((&�!� � � � � � � � � � � � � � � � � � � � � � � � =9

: �B �= �36 !A�� � '&. �'$!� &% �((&�!� � � � � � � � � � � � � � =9
: �B �: �&''& !&� � '&. �'$!� � � � � � � � � � � � � � � � � � � � � =C
: �B �B 7$&'�*� ��" 0'�� . &'$�$!&� &% �((&�!� � � � � � � � � � =C
: �B �; ����$3 ����$�" � '&. �'$!� &% �((&�!� � � � � � � � � � � =C

: �; E!'�A$ �&(�� $!&� &% �((&�!� � � � � � � � � � � � � � � � � � � :B
: �? �((&�!� � 
��� %&' 
��� ���� � � � � � � � � � � � � � � � � � � :B

: �? �= E!'�A$ �((&�!� 
��� ���� � � � � � � � � � � � � � � � � :;
: �? �: 7.�!$$!�* &% �((&�!� � � � � � � � � � � � � � � � � � � � :>
: �? �B #�"!'�A$ �((&�!� 
��� ���� � � � � � � � � � � � � � � � B@

: �> �� A!��A6 &% �� �((&�!� 
��� �3�!� � � � � � � � � � � � � � � � B =
: �> �= E���!$!&� &% 
��� ���� �� A!��A6 � � � � � � � � � � � � � B =
: �> �: 03� �((&�!� 
��� �3�!� � � � � � � � � � � � � � � � � � B>

: �< �&(.�'! &� $& � $3�' ���'*6 ��''!�' � � � � � � � � � � � � � � B<
: �< �= ���'*6 E�� !$6 � � � � � � � � � � � � � � � � � � � � � � � B<
: �< �: ���'*6 �� A!��A6 � � � � � � � � � � � � � � � � � � � � � � B9
: �< �B 
 ��(( �� !�!$6 � � � � � � � � � � � � � � � � � � � � � � � � BC
: �< �; ��%&'( !�* � � � � � � � � � � � � � � � � � � � � � � � � � � BC
: �< �? �& $ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ; =

: �9 �&�A�� !&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ; =
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B �: #�$'&"�A$!&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ;;

B �: �= H �$3&" 1  �" !� $3� � !$�'�$�'� � � � � � � � � � � � � � � ;?
B �B ��. �'!( ��$�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ;<

B �B �= � '�.�'�$!&� &% H �(�'��� ��" 7&��$!&� � � � � � � � � � ;<
B �B �: ���!�!�'�$!&� &% H �(�'��� 7�(.�� � � � � � � � � � � � ;<
B �B �B ��$�' �&�$��$ � � � � � � � � � � � � � � � � � � � � � � � ;<
B �B �; 75���!�* � '&. �'$!� � � � � � � � � � � � � � � � � � � � � � ;9
B �B �? ���!�!�'!�( # &$3�'( H �� �'�( ��$ � � � � � � � � � � � ;9
B �B �> �&�"�A$!-!$6 H �� �'�( ��$ � � � � � � � � � � � � � � � � ;9

B �; �� ��$ ��" E ! A�  !&� � � � � � � � � � � � � � � � � � � � � � � � ? =
B �; �= ���!�!�'!� � �$5��� +��&�
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; �= � �  $'�A$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � >9
; �: #�$'&"�A$!&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � >9

; �: �= 05&, �� � 03'��,� ��A$'&"� 7�$�. !� � #7 &% ��H 
� � � � >C
; �: �: � ���'�� ����!'�( ��$ $& � ��A$'&"� ��" ���� ��&( �$'6 >C
; �: �B 7&( � '�. &'$�" � #7 ( �� �'�( ��$ &� ��H 
� � � � � � � <@

; �B H &"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � <=
; �; H &"�� ��'�( �$�' � � � � � � � � � � � � � � � � � � � � � � � � � <:
; �? �� ��$ ��" E ! A�  !&� � � � � � � � � � � � � � � � � � � � � � � � <:

; �? �= �& !$!&� &% ��%�'��A� � ��A$'&"� � � � � � � � � � � � � � � <B
; �? �: #�����A� &% ���� ��&( �$'6 ��" � !��$!A ��'�( �$�' � � � <?
; �? �B � �$�'��$!-� ���� E � !*� � � � � � � � � � � � � � � � � � � <<

; �> �&�A�� !&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � <C
; �< �A)�&5 ��"*�( ��$ � � � � � � � � � � � � � � � � � � � � � � � � � � <C
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? �= 7�(( �'6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9 =
? �: #�$'&"�A$!&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9:

? �: �= ���A$ &% � � � � � � � � � � � � � � � � � � � � � � � � � � 9:
? �: �: ���A$ &% + !$'&*�� � � � � � � � � � � � � � � � � � � � � � 9;
? �: �B ���A$ &% ��&"� �� �&(.& !$!&� � � � � � � � � � � � � 9?

? �B 03�&'6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9?
? �B �= �&�A��$'�$!&� �-�'. &$��$!�� � � � � � � � � � � � � � � � 9>
? �B �: ���A$!&� ��" �3�'*� 0'�� %�' �-�'. &$��$!�� %&' $3� ��� 9<
? �B �B �3( !A �&  � � � � � � � � � � � � � � � � � � � � � � � � � C:
? �B �; �3��*� !� ��-�' !� �� ���� �&$��$!�� � � � � � � � � � � � CB
? �B �? 
 !$ &% ��. �'!( ��$�� E �$� %&' $3� � �|� � ���� � � � � � � � C;
? �B �> 8&&$ $'�..!�* � � � � � � � � � � � � � � � � � � � � � � � � C?

? �; ��. �'!( ��$�� � '&A�"�'� � � � � � � � � � � � � � � � � � � � � � � C?
? �; �= ��. �'!( ��$ 5 !$3 76((�$'!A�� ���� � � � � � � � � � � � C?
? �; �: �6A�!A �&�$�(( �$'6 !� 7��%�'!A �A!" � � � � � � � � � � � C<
? �; �B 
��� ���� ��. �'!( ��$ � � � � � � � � � � � � � � � � � � � C9

? �? �� ��$ ��" E ! A�  !&� � � � � � � � � � � � � � � � � � � � � � � � C9
? �? �= ��. �'!( ��$ 5 !$3 76((�$'!A�� ���� � � � � � � � � � � � C9
? �? �: �6A�!A �&�$�(( �$'6 &% � ��$!��( !� 7��%�'!A �A!" � � � � ==;



� !! ���
��
�
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? �? �; ��'!�$!&� !� 0�(.�'�$�'� � � � � � � � � � � � � � � � � � =: =
? �? �? ���A$ &% + !$'&*�� 4 +&� �� � � � ��" ��'� &� E !&� !"� � � =::

? �> �&�A�� !&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � =:B
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> �= 7�(( �'6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � =:?
> �: #�$'&"�A$!&� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � =:>

> �: �= �� !"�$!&� &% �((&�!� !� � �)��!�� 7&��$!&� � � � � � � � =:>
> �: �: � '&� ��( 7$�$�( ��$ � � � � � � � � � � � � � � � � � � � � � =B =

> �B ��. �'!( ��$�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � =B:
> �B �= E!� �'��$!�� � ��A$'&A3�( !A�� H �  7. �A$'&( �$'6 � � � � � =B:
> �B �: � ��A$'&A3�( !A�� 
��'$# �'6 $�� H !A'&�����A� � � � � � � =B;
> �B �B �&$�$!�* E ! ) � ��A$'&"� � � � � � � � � � � � � � � � � � � =B9

> �; �� ��$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � =B9
> �; �= �� . &� � 0 !( � &% $3� E�H 7 76 $�( � � � � � � � � � � � =B9
> �; �: �&��$!�� �� !"�$!&� 7. �A!� &% �((&�!�( � � � � � � � � =BC
> �; �B ���A$ &% �((&�!�( �&�A��$'�$!&� � � � � � � � � � � � =;?
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NH3 � 1/2N2 + 3/2H2 ∆H0 = 46.22 kJ/mol
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wel = wnon−pV
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G = H − TS
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H = U + pV
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U = q + w
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dU = dq + dw

= TdS + dwpV + dwnon−pV

= TdS − pdV + dwnon−pV
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dq = TdS
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dwpV = −pdV
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dG = dH − TdS − SdT

= dU + pdV + V dp − TdS − SdT

= dU + pdV − TdS
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dp = 0
2 � �&(� !� !�* ����$!&� : �< ��"

: �9 5� *�$ G

dG = dwnon−pV or ∆G = wnon−pV = wel
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ηFC =
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∆G

∆H
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q =

{
∆H if ∆S < 0
∆H − T∆S = ∆G if ∆S ≥ 0
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dU = dq + dw = 0
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ηC =
qh − ql

qh
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Th − Tl

Th
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∆H = H(Tad, Products) − H(Tad, Reactants) = 0
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∆G(Tc) = 0 ⇔ Tc =
∆H
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∆G = 0
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ηC =
Th − Tl

Th
=

∆H
∆S − Tamb

∆H
∆S

=
∆H − Tamb∆S

∆H
=

∆G(Tamb)

∆H
= ηFC
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5�'� ( �� �'�" �$ '&&( $�(.�'�$�'� /:B ± : o� 2 � 03� ��  &��$� -���� 53��
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 !* � B �; $3� '���$!-� A3��*� !� "!,
�( �$�' ��" $3!A)��  �'�  3&5� � %��A$!&� &% ( �(�'��� A&(.& !$!&� � #% 5�
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&% + ��&�
r

��" 5�$�' 4 �� $3�  5���!�* ! ! &$'&.!A 4 ��" �� $3�$ $3� "�� !$6 &%
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ΛHCl = 42.18 − 0.2854
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Nafion Electrolyte Tech- No. of Pre- T Ea κ Ref.

membrane nique1 Probes treat2 [oC] [kJ/mol] [mS/cm]
117 0.1 M HCl 5 2 ac ⊥ 4 25 10.3 97 This work
117 Water 5 2 ac ⊥ 4 20 13.5 90 [100]
117 0.03 M HCl 5 2 ac ⊥ 4 25 - 93 [101]
117 0.3/1/3 M H2SO4 1 4 dc ⊥ 4 Room - 86/88/73 [87]
111 0.3/1/3 M H2SO4 1 4 dc ⊥ 4 Room - 53/66/41 [87]

117 1 M H2SO4 1 4 dc ⊥ 4 20 123 89 [88]
112/1135/ 83/111/
115/117 1 M H2SO4 1 4 dc ⊥ 4 25 - 134/159 [91]

117 0.1M HCl 2 2 ac ⊥ 3 Room - 25 [93]
117 0.1 M HNO3 ac ⊥ 1 Room - 62 [114]
117 Water 8 2 ac ⊥ 0 30 22 40 [105]

112/115/117 Water 4 2 ac ⊥ 2 15 93 13/43/58 [98,99]
117 1 M H2SO4 4 ⊥ 4 25 - 140 [118]
117 Water 6, 12 2 ac ⊥ / ‖ 3 Room - 24/67 [102]
117 Water 6, 12 2 ac ⊥ / ‖ 4 Room - 23.9/85.6 [103]

117 Water 9 2 ac ‖ 4 25 103 101 [106]
112/117 Water 9 2 ac ‖ 4 25 - 100/100 [118]

117 0.03 M HCl 9 2 ac ‖ 4 25 - 160-200 [107, 111, 115]

115 Water 9 2 ac ‖ 25 143 128 [119]
All Water 9 2 ac ‖ 2 25 - 83 [113]

117 10-5 M H2SO4 10 4 dc ‖ 0/2 Room 11 63/79 [109]

1. Numbers refer to the listing of different techniques in the Introduction
2. 0: ”as-received”, hydrated at room temperature, 1: Ion-exchanged to protonic form, hydrated at room temperature,

2: Hydrated in hot (80-100 oC) water, 3: Ion-exchanged and hydrated in hot water,4: Hot, oxidizing agent (H2O2 or
HNO3), ion-exchanged and rinsed in hot water. Variations occur; these are only generic pretreatment procedures.

3. Fitted to Equation 3.3 based on experimental data given in the references.
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CO2 + H2 � CO + H2O

T2 &?U
)# 25#)�,5 25� ���42#)45�8 �4�� ����1����2

CO2 + 2H+ + 2e− � COads + H2O
T2 &FU

-5� ������$#��8 4)�4��2#�2�)� )* O: �� ���42�)� 2 &? �� F2; ?EE 778 �2237�4�� "B9JO )7 �#�2��, 4)� �2�)�� 0?=� ! ?2E1 & K��� *) 4�� 5�� $ ��� 7�2 )�
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E = Φc − Φa = Erev − iRmem − ηa
ct + ηc

ct − ηa
r + ηc

r − ηa
d + ηc

d

T2 &SU

E
O��� 7 )2��2���

Φa +�) � Q��1��� 7 )2��2���
Φc O�25) � Q��1��� 7 )2��2���
Erev ��1�#��$ �� 4��� 7 )2��2���
Rmem

:58 �4 #����2��4� �� 8 �8$#���
i

O�##��2  ����23
ηa

ct
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ηc

ct
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ηa

r
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ηc

r
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d
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i = id = 2Fkd(p

b
H2

− ps
H2

) = 2Fkd∆pH2
, kd =

DAB

RTδ

ε

τ

T2 &= U

kd
�� 25� 8 ��� 2#���*�# 4)�� 4���2 !

pb
H2

�� 
ps

H2
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DAB
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1 − y1

D1,m
=

n∑

j=2

yj

D1j

T2 &2U
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ps
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= 0
@

id,l = 2Fkdp
b
H2
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E = Φ
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a
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=
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ps
H2

pb
H2

= 1 − i

id,l

T2 &<U
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ηd =
RT ln 10

nF
log

[
1 − i

id,l

] T2 &�U
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id = 2Fkd∆pH2,lm ∆pH2,lm =
∆pH2,in − ∆pH2,out

ln(∆pH2,in/∆pH2,out)
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H2 + 2� � 2Hads Tafel step

T2 &?EU
Hads � H+ + e− + � Volmer step
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H2 + � � Hads + H+ + e− Heyrowsky step

T2 &?FU
Hads � H+ + e− + � Volmer step/5�#�
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iV =Fk0
a,V θ exp(αV f(E − E0))

− Fk0
c,V as

H+(1 − θ) exp(−(1 − αV )f(E − E0))
T2 &?SU

iT =2FkT,fps
H2

(1 − θ)2 − 2FkT,bθ
2 T2 &?= U

iH =Fk0
a,H(1 − θ)ps

H2
exp(αHf(E − E0))

− Fk0
c,Has

H+θ exp(−(1 − αH)f(E − E0))
T2 &?2U
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f = F/RT
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k0

i,j
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ps
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ps

H2
= pb

H2

�� 
as

H+ = ab
H+

U &

k0
c,V =

k0
a,V θrev

ab
H+(1 − θrev)

exp(f(Erev − E0))
T2 &?LU

kT,b =
kT,fpb

H2
(1 − θrev)2

θrev2

T2 &?<U

k0
c,H =

k0
a,H(1 − θrev)pb

H2

θrevab
H+

exp(f(Erev − E0))
T2 &?�U
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i0,V , i0,H
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ir,T
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E−E0 = E−Erev +Erev −

E0 = η +(Erev −E0)
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η
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iV
i0,V

=
θ

θrev
exp (αV fη) − 1 − θ

1 − θrev

as
H+

ab
H+

exp (−(1 − αV )fη)
T2 &?>U

i0,V = Fk0
a,V θrev exp(αV F (Erev − E0))

T2 &FEU
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iT
ir,T

=
ps

H2

pb
H2

(
1 − θ

1 − θrev

)2

−
(

θ

θrev

)2 T2 &F ?U
ir,T = 2FkT,fpb

H2
(1 − θrev)2

T2 &FFU
��3#)/ �I3 �2�7 @
iH
i0,H

=
1 − θ

1 − θrev

ps
H2

pb
H2

exp (αHfη) − θ

θrev

as
H+

ab
H+

exp (−(1 − αH)fη)
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i0,H = Fk0
a,H(1 − θrev)pb

H2
exp(αHF (Erev − E0))

T2 &F= U
-5� 8 ��� 2#���*�# ��8 �2�2�)� *)# 7#)2)�� T

as
H+/ab

H+
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/pb
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iT =

(
1−θ

1−θrev

)2

−
(

θ
θrev

)2

1
ir,T

+ 1
id,l

(
1−θ

1−θrev
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is =

id,lir,T
id,l + ir,T

=
2FkT,fkd

kT,f + kd
pb

H2

T2 &FLU
��������� �� ��� ��������

A� 25�� ��8 �2 /� ��2
(1 − θrev) = 1

/5�45 ��� � 2) � 8 �H )# ��87���4�2�)� *)#25� ()�8 �#�-�*�� 8 �45����8 & -5� #�2�) θ
θrev

4�� $ � ���8 ���2� *#)8 B���2�)�
2 &F2 @

θ

θrev
=

√
1 − i

is

T2 &F<U
/5�#�

is
/��  ���� �� B���2�)� 2 &FL & -5� 2)2�� 4�##��2 �� 25� ��8 � ��25� 4�##��2  �� 2) 25� ()�8 �# #��42�)� T

i = iV
U & B���2�)� 2 &F< ����#2� ��2)B���2�)� 2 &?> 3��� � 0?2�1 @

i

i0,V
=

(√
1 − i

is
− exp (−fη)

)
exp (αV fη)

T2 &F�U

y = ln i − ln

(√
1 − i

is
− exp (−fη)

)
= ln i0,V + αV fη

T2 &F>U

-5�� ! �* /� 7�)2
y
��  ���� �$ )1� 1� &

η
!
i0,V

4�� $ �  �2�#8 ��� *#)8 25���2�#4�72 ! �� 25� ��)7 � 3��� �
αV f

�2 �)/ )1�#7 )2��2���� 0?2>1 &
� �� ��
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Rp =
∂η

∂i

∣∣∣∣
η=0

T2 &SEU
-5� 7 )��#�/�2�)� #����2��4� 5��  ���#��2 4)�2#�$�2�)�� ��I� 45�#,� 2#���*�# ! �����)� �� #��42�)� #����2��4�� 0?2�1 & -5� �D45��,� 4�##��2  ����23!

i0
! ��25�� #���2� 2) 25� 45�#,� 2#���*�# #����2��4� !

Rct
! 25#)�,5 @

io =
RT

zF

1

Rct

T2 &S ?U
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Erev = E0 +
1

2f
ln

a2
H+

pH2

⇔
[

pH2

a2
H+

]
−

αV
2

= exp(αV f(Erev − E0))
T2 &SFU

�) 25�2
(

∂ ln i0,V

∂ ln pH2

)

a
H+

=
∂ ln θrev

∂ ln pH2

− αV

2

T2 &SSU
R� 5�1� ����8 � 25�2 25� � �)#72�)� )* 53 #),�� *)��)/ � 25� K��,8��#��)25�#8 @

K =
θrev

(1 − θrev)
√

pH2

⇔ θrev =
K
√

pH2

1 + K
√

pH2

T2 &S= U
-/) ��8 �2��, 4���� �#� �����3 *)�� @
?&

K
√

pH2
� 1

�) 25�2
θrev �� �8 ��� ⇒ ∂ ln θrev

∂ ln pH2

= 1
2F &

K
√

pH2
� 1

�) 25�2
θrev ≈ 1 ⇒ ∂ ln θrev

∂ ln pH2

= 0-5� ��)7 �
∂ ln i0,V /∂ ln pH2

�� 25�� �D7 �42� 2) 1�#3 *#)8
(1 − αV )/2

�2 �)/4)1�#�,� 2) −αV /2
�2 5�,5 4)1�#�,� &
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Rp

T)# #�25�#
Rr

�� 25�� 4���U �� 
ir

��  ���� $3 (�22�# 0?2�1 & C3 �� �#��2��2�)� )* B���2�)� 2 &FF /� �� 25�2 @
∂ ln ir,T
∂ ln pH2

= 1 + 2
∂ ln(1 − θrev)

∂ ln pH2

T2 &S2U
+,��� /� 4�� � ��2�*3 2/) ��8 �2��, 4��� *)#

(1−θrev)
25#)�,5 25� K��,8��#��)25�#8 & +2 �)/ 4)1�#�,� 25� ��)7 � 2�� � 2) ���23! �� �2 5�,5 4)1�#�,� 25���)7 � 2�� � 2) /�#) &
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(

∂ ln i0,H

∂ ln pH2

)

a
H+

=
∂ ln(1 − θrev)

∂ ln pH2

+ (1 − αH

2
)

T2 &SLU
+2 �)/ 4)1�#�,� 25� ��)7 � 2�� � 2)

1−αH/2
! �� �2 5�,5 4)1�#�,� 25� ��)7 �2�� � 2)

(1 − αH)/2
&
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i0,V T =
i0,V ir,T

i0,V + ir,T

T2 &S<U

i0,V H =
i0,V i0,H

i0,V + i0,H

T2 &S�U

-�$�� 2 &?@ 6 �7 �� ��43 )* �D45��,� 4�##��2  ����23 )� 7�#2��� 7#����#� )* 53� #),�� *)# 25�  �� �#��2 7 )���$ �� �2�7� �� )D� �2�)� )* 53 #),�� ����8 ��, 25�2)��3 )�� )* 25� �2�7� ��1)�1� �� ��8 �2��, &
� ��42�)� �2�7

∂ ln i0/∂ ln pH2

θrev � 1 θrev ≈ 1-�*�� ? E��3#)/ �I3
1 − αH/2 (1 − αH)/2()�8 �#

(1 − αV )/2
�
αV /2
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∆E
! �� #���2� 2) 25� )58 �4 #����2��4� �� 25� 4��� !

Rcell
! 25#)�,5 :58 ����/ @

Rcell = ∆E/∆I
T2 &S>U

A2 �� ������3 ����8 � 25�2 ��� )25�# )58 �4 #����2��4�� �� 25� JO �#� �8 ���4)87�#� 2) 25� 8 �8$#��� #����2��4� �) 25�2
Rmem = Rcell
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-5� 2)2�� 4��� #��42�)� ��
2H2(g) + O2(g) → 2H2O(l)

T2 &=EU
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ηc
ct = −RT ln 10

αczF
log i0 +

RT ln 10

αczF
log i = a + b log i

T2 &= ?U
-5� *)��)/ ��,

E − i
#���2�)��5�7 *)# 25� JO �� )$2���� /5�� -�*�� I ���2�4��#� ����8 � @

Ecell = Erev − a − b log i − iRmem − RT ln 10

nF
log

[
1 − i

id,l

] T2 &=FU
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Ecell = β0 − β1i − β2 log i − RT ln 10

nF
log

[
1 − i

α1

] T2 &=SU
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NH3 + OH− → NH2,ads + H2O + e−
TL &?U

NH2,ads + OH− → NHads + H2O + e−
TL &FU

NHads + OH− → Nads + H2O + e−
TL &SU

2Nads → N2

TL &= U
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OH− � OHads + e−

TL &2U
NH3,aq � NH3,ads

TL &LU
NH3,ads + OHads → NH2,ads + H2O + e−

TL &<U
NH2,ads + OHads → NHads + H2O + e−

TL &�U
NH2,ads + NH2,ads → N2H4,ads

TL &>U
NH2,ads + NHads → N2H3,ads

TL &?EU
NHads + NHads → N2H2,ads

TL &??U
NHads + NH3,ads or aq → N2H4,ads

TL &?FU
N2Hn,ads+nOHads → N2,ads+nH2O + ne−

TL &?SU
N2,ads → N2,aq

TL &?= U
NHads + OHads → Nads + H2O + e−

TL &?2U
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Control valve

Check valve, arrow indicates direction of flow

Pressure relief valve

Mass Flow Controller (MFC)

FT:  Flow Transmitter

LI Level Indicator

PID: PID regulator

PT:  Pressure Transmitter

TC. Temperature Controller (on/off)

TT:  Temperature Transmitter
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Notes:

1. Pneumatic cylinder for applying mechanical pressure to cell
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