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Chapter 19

Electrochemistry
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19.1 Describing Electrochemical Cells

LEARNING OBJECTIVE
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Galvanic (Voltaic) Cells
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CONCEPTUAL PROBLEMS
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NUMERICAL PROBLEMS
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19.2 Standard Potentials

LEARNING OBJECTIVES
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Measuring Standard Electrode Potentials
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Calculating Standard Cell Potentials
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Reference Electrodes and Measuring Concentrations
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19.3 Comparing Strengths of Oxidants and Reductants

LEARNING OBJECTIVE
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I<;L:<�8EP�JG<:@<J�FE�K?<�C<=K�J@;<�F=�8EFK?<I�?8C=
I<8:K@FE�K?8K�C@<J12?F5@K�@E�K?<
K89C<��2<�:8E�LJ<�K?<J<�><E<I8C@Q8K@FEJ�KF�GI<;@:K�K?<�JGFEK8E<@KP�F=�8�N@;<�M8I@<KP
F=�I<;FO�I<8:K@FEJ��� T:<CC��
�	�8J�@CCLJKI8K<;�@E�!O8DGC<���

�?8GK<I����!C<:KIF:?<D@JKIP

������FDG8I@E>�.KI<E>K?J�F=�+O@;8EKJ�8E;�-<;L:K8EKJ ����
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EXAMPLE 5

/?<�9C8:B�K8IE@J?�K?8K�=FIDJ�FE�J@CM<I�F9A<:KJ�@J�GI@D8I@CP��>� .��/?<�?8C=

I<8:K@FE�=FI�I<M<IJ@E>�K?<�K8IE@J?@E>�GIF:<JJ�@J�8J�=FCCFNJ�

8� -<=<II@E>�KF/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=

-<8:K@FEJ�8K���T��	�GI<;@:K�N?@:?�JG<:@<JY$� +� �8H�	�4E�J�	�%̂�8H�	
.E �� �8H�Y:8E�I<;L:<��> � .�KF��>�LE;<I�JK8E;8I;�:FE;@K@FEJ�

9� +=�K?<J<�JG<:@<JY$� +� �8H�	�4E�J�	�%̂�8H�	�.E�� �8H�	�@;<EK@=P�N?@:?�@J�K?<
JKIFE><JK�I<;L:@E>�8><EK�@E�8HL<FLJ�JFCLK@FE�8E;�K?LJ�K?<�9<JK
:8E;@;8K<�=FI�8�:FDD<I:@8C�GIF;L:K�

:� "IFD�K?<�;8K8�@E/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE
$8C=
-<8:K@FEJ�8K���T��	�JL>><JK�8E�8CK<IE8K@M<�I<;L:@E>�8><EK�K?8K�@J
I<8;@CP�8M8@C89C<	�@E<OG<EJ@M<	�8E;�GFJJ@9CP�DFI<�<==<:K@M<�8K�I<DFM@E>
K8IE@J?�

Given: I<;L:K@FE�?8C=
I<8:K@FE	�JK8E;8I;�<C<:KIF;<�GFK<EK@8C	�8E;�C@JK�F=
GFJJ@9C<�I<;L:K8EKJ

Asked for: I<;L:K8EKJ�=FI��>� .	�JKIFE><JK�I<;L:K8EK	�8E;�GFK<EK@8C�I<;L:@E>
8><EK�=FI�I<DFM@E>�K8IE@J?

Strategy:

A "IFD�K?<@I�GFJ@K@FEJ�@E/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;
-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T��	�;<:@;<�N?@:?�JG<:@<J�:8E�I<;L:<��>� .�
 <K<ID@E<�N?@:?�JG<:@<J�@J�K?<�JKIFE><JK�I<;L:K8EK�

B 0J</89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ
8K���T�� KF�@;<EK@=P�8�I<;L:K8EK�=FI��>� .�K?8K�@J�8�:FDDFE�?FLJ<?FC;
GIF;L:K�

Solution:

2<�:8E�JFCM<�K?<�GIF9C<D�@E�FE<�F=�KNF�N8PJ������:FDG8I<�K?<�I<C8K@M<
GFJ@K@FEJ�F=�K?<�=FLI�GFJJ@9C<�I<;L:K8EKJ�N@K?�K?8K�F=�K?<��>� .��>�:FLGC<�@E
/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K
��T�� FI�����:FDG8I< � T�=FI�<8:?�JG<:@<J�N@K?� T�=FI�K?<��>� .��>�:FLGC<
�^
����1��

�" �H�� �4�	�T�
�� ���F�1 �í ���" �H�	�T�
�� �4���1�	�B�R�
�&�h�� �1�������� �7

�?8GK<I����!C<:KIF:?<D@JKIP

������FDG8I@E>�.KI<E>K?J�F=�+O@;8EKJ�8E;�-<;L:K8EKJ ����



8� A /?<�JG<:@<J�@E/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE
$8C=
-<8:K@FEJ�8K���T��8I<�8II8E><;�=IFD�KFG�KF�9FKKFD�@E�FI;<I�F=
@E:I<8J@E>�I<;L:@E>�JKI<E>K?��+=�K?<�=FLI�JG<:@<J�>@M<E�@E�K?<�GIF9C<D	
%̂�8H�	�.E�� �8H�	�8E;�$� +� �8H��C@<�89FM<��>� .	�8E;�FE<�54E�J�6�C@<J�9<CFN
@K��2<�:8E�K?<I<=FI<�:FE:CL;<�K?8K�4E�J��:8E�I<;L:<��>� .�J��LE;<I
JK8E;8I;�:FE;@K@FEJ	�N?<I<8J�%�̂8H�	�.E�� �8H�	�8E;�$� +� �8H��:8EEFK�
.E �� �8H��8E;�$� +� �8H��8GG<8I�KN@:<�@E�K?<�K89C<��FE�K?<�C<=K�J@;<
�FO@;8EK��@E�FE<�?8C=
I<8:K@FE�8E;�FE�K?<�I@>?K�J@;<��I<;L:K8EK��@E
8EFK?<I�

9� /?<�JKIFE><JK�I<;L:K8EK�@J�4E�J�	�K?<�JG<:@<J�FE�K?<�I@>?K�J@;<�F=�K?<�?8C=

I<8:K@FE�K?8K�C@<J�:CFJ<I�KF�K?<�9FKKFD�F=/89C<�������.K8E;8I;�,FK<EK@8CJ
=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T��K?8E�K?<�?8C=
I<8:K@FEJ
@EMFCM@E>�%�̂8H�	�.E�� �8H�	�8E;�$� +� �8H�����FDD<I:@8C�GIF;L:KJ�K?8K�LJ<�8
G@<:<�F=�Q@E:�8I<�F=K<E�D8IB<K<;�8J�8�ZD@I8:C<�GIF;L:K[�=FI�I<DFM@E>
K8IE@J?�=IFD�J@CM<I���CC�K?8K�@J�I<HL@I<;�@J�KF�8;;�N8ID�N8K<I�8E;�J8CK�=FI
<C<:KI@:8C�:FE;L:K@M@KP��

:� B +=�K?<�I<;L:K8EKJ�K?8K�C@<�9<CFN�4E�J��@E/89C<�������.K8E;8I;
,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T��	�8E;�K?<I<=FI<
8I<�JKIFE><I�I<;L:K8EKJ	�FECP�FE<�@J�:FDDFECP�8M8@C89C<�@E�?FLJ<?FC;
GIF;L:KJ���C�J�	�N?@:?�@J�JFC;�8J�8CLD@ELD�=F@C�=FI�NI8GG@E>�=FF;J�

!O<I:@J<

-<=<I�KF/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=

-<8:K@FEJ�8K���T��KF�GI<;@:K

8� N?@:?�JG<:@<JY.E�� �8H�	��Ĉ�8H�	��> � �8H�	��I �� �8H�	�8E;�FI�$ � +� �8H�Y:8E
FO@;@Q<�)E+� �J��KF�)*+ �

^ LE;<I�JK8E;8I;�:FE;@K@FEJ�
9� N?@:?�JG<:@<JY.E�� �8H�	��Ĉ�8H�	��> � �8H�	��I �� �8H�	�8E;�FI�$ � +� �8H�Y@J

K?<�JKIFE><JK�FO@;@Q@E>�8><EK�@E�8HL<FLJ�JFCLK@FE�

Answer:

8� �> � �8H���$� +� �8H�
9� $ � +� �8H�

�?8GK<I����!C<:KIF:?<D@JKIP
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EXAMPLE 6

0J<�K?<�;8K8�@E/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=

-<8:K@FEJ�8K���T��KF�;<K<ID@E<�N?<K?<I�<8:?�I<8:K@FE�@J�C@B<CP�KF�F::LI
JGFEK8E<FLJCP�LE;<I�JK8E;8I;�:FE;@K@FEJ�

8� .E�J�����< �� �8H����.E �� �8H�����<�J�
9� )E+ � �J����$ � +� �8H�����$ � �8H����+ � �>����)E �� �8H�����$ � +�C�

Given: I<;FO�I<8:K@FE�8E;�C@JK�F=�JK8E;8I;�<C<:KIF;<�GFK<EK@8CJ��/89C<�����
�.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T���

Asked for: I<8:K@FE�JGFEK8E<@KP

Strategy:

A %;<EK@=P�K?<�?8C=
I<8:K@FEJ�@E�<8:?�<HL8K@FE��0J@E>/89C<�������.K8E;8I;
,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T��	�;<K<ID@E<�K?<
JK8E;8I;�GFK<EK@8CJ�=FI�K?<�?8C=
I<8:K@FEJ�@E�K?<�8GGIFGI@8K<�;@I<:K@FE�

B 0J<!HL8K@FE�����
KF�:8C:LC8K<�K?<�JK8E;8I;�:<CC�GFK<EK@8C�=FI�K?<�FM<I8CC
I<8:K@FE��"IFD�K?@J�M8CL<	�;<K<ID@E<�N?<K?<I�K?<�FM<I8CC�I<8:K@FE�@J
JGFEK8E<FLJ�

Solution:

8� A )<K8CC@:�K@E�@J�FO@;@Q<;�KF�.E�� �8H�	�8E;��< �� �8H��@J�I<;L:<;�KF
<C<D<EK8C�9<IPCC@LD��2<�:8E�=@E;�K?<�JK8E;8I;�<C<:KIF;<
GFK<EK@8CJ�=FI�K?<�C8KK<I��I<;L:K@FE��?8C=
I<8:K@FE��^�����1��8E;
=FI�K?<�=FID<I��FO@;8K@FE��?8C=
I<8:K@FE��^
����1��;@I<:KCP�=IFD
/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=

-<8:K@FEJ�8K���T���

B �;;@E>�K?<�KNF�?8C=
I<8:K@FEJ�>@M<J�K?<�FM<I8CC�I<8:K@FE�

�?8GK<I����!C<:KIF:?<D@JKIP
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/?<�JK8E;8I;�:<CC�GFK<EK@8C�@J�HL@K<�E<>8K@M<	�JF�K?<�I<8:K@FE�N@CC
>?DF::LI�JGFEK8E<FLJCP�8J�NI@KK<E��/?8K�@J	�D<K8CC@:�K@E�:8EEFK
9<�LJ<;�KF�I<;L:<��<�� KF�9<IPCC@LD�D<K8C�LE;<I�JK8E;8I;
:FE;@K@FEJ��%EJK<8;	�K?<�I<M<IJ<�GIF:<JJ	�K?<�I<;L:K@FE�F=
JK8EEFLJ�@FEJ��.E�� ��9P�D<K8CC@:�9<IPCC@LD	�N?@:?�?8J�8�GFJ@K@M<
M8CL<�F=� T:<CC	�N@CC�F::LI�JGFEK8E<FLJCP�

9� A )E+ � @J�K?<�FO@;8EK��)E�� @J�I<;L:<;�KF�)E�� �	�N?@C<�$� +� @J
K?<�I<;L:K8EK��+�^ @J�FO@;@Q<;�KF�+� ���2<�:8E�F9K8@E�K?<�JK8E;8I;
<C<:KIF;<�GFK<EK@8CJ�=FI�K?<�I<;L:K@FE�8E;�FO@;8K@FE�?8C=

I<8:K@FEJ�;@I<:KCP�=IFD/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI
.<C<:K<;�-<;L:K@FE�$8C=
-<8:K@FEJ�8K���T���

B /?<�KNF�?8C=
I<8:K@FEJ�8E;�K?<@I�:FII<JGFE;@E>�GFK<EK@8CJ�8I<
8J�=FCCFNJ�

/?<�JK8E;8I;�GFK<EK@8C�=FI�K?<�I<8:K@FE�@J�GFJ@K@M<	�@E;@:8K@E>
K?8K�LE;<I�JK8E;8I;�:FE;@K@FEJ	�@K�N@CC�F::LI�JGFEK8E<FLJCP�8J
NI@KK<E��$P;IF><E�G<IFO@;<�N@CC�I<;L:<�)E+� 	�8E;�FOP><E�>8J
N@CC�<MFCM<�=IFD�K?<�JFCLK@FE�

!O<I:@J<

0J<�K?<�;8K8�@E/89C<�������.K8E;8I;�,FK<EK@8CJ�=FI�.<C<:K<;�-<;L:K@FE�$8C=

-<8:K@FEJ�8K���T��KF�;<K<ID@E<�N?<K?<I�<8:?�I<8:K@FE�@J�C@B<CP�KF�F::LI
JGFEK8E<FLJCP�LE;<I�JK8E;8I;�:FE;@K@FEJ�

�D�B�U�I�P�E�F��

�B�O�P�E�F��

�P�W�F�S�B�M�M��

�.�O�0�� �	�T�
�� ���) �� �	�B�R�
�� ���F�1 �í �.�O���� �	�B�R�
�� ���) �� �0�	�M�


�) �� �0�� �	�B�R�
�í �0�� �	�H�
�� ���) �� �	�B�R�
�� ���F�1

�.�O�0�� �	�T�
�� �) �� �0�� �	�B�R�
�� ���) �� �	�B�R�
�í

�0�� ( �H) �� �.�O���� �	�B�R�
�� ���) �� �0�	�M�


�&�h�D�B�U�I�P�E�F�� ���������7

�&�h�B�O�P�E�F�� ���������7

�&�h�D�F�M�M�� �&�h�D�B�U�I�P�E�F�1 �&�h�B�O�P�E�F

�� �1���������7

�D�B�U�I�P�E�F��

�B�O�P�E�F��

�P�W�F�S�B�M�M��

�.�O�0�� �	�T�
�� ���) �� �	�B�R�
�� ���F�1 �í �.�O���� �	�B�R�
�� ���) �� �0�	�M�


�) �� �0�� �	�B�R�
�í �0�� �	�H�
�� ���) �� �	�B�R�
�� ���F�1

�.�O�0�� �	�T�
�� �) �� �0�� �	�B�R�
�� ���) �� �	�B�R�
�í

�0�� ( �H) �� �.�O���� �	�B�R�
�� ���) �� �0�	�M�


�&�h�D�B�U�I�P�E�F�� ���������7

�&�h�B�O�P�E�F�� ���������7

�&�h�D�F�M�M�� �&�h�D�B�U�I�P�E�F�1 �&�h�B�O�P�E�F

�� �1���������7

�?8GK<I����!C<:KIF:?<D@JKIP
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8� ��< �� �8H������C �̂8H������< �� �8H�����C� �>�
9� �)E+ � �J�����+ � �>�����+$ �̂8H�����)E+ � �̂8H�����$ � +

Answer:

8� JGFEK8E<FLJ��� T:<CC��
����1�
9� EFEJGFEK8E<FLJ��� T:<CC��^
��
�1�

�CK?FL>?�K?<�J@>E�F=� T:<CCK<CCJ�LJ�N?<K?<I�8�G8IK@:LC8I�I<;FO�I<8:K@FE�N@CC�F::LI

JGFEK8E<FLJCP�LE;<I�JK8E;8I;�:FE;@K@FEJ	�@K�;F<J�EFK�K<CC�LJ�KF�N?8K5HD5>DK?<
I<8:K@FE�GIF:<<;J	�8E;�@K�;F<J�EFK�K<CC�LJ�N?8K�N@CC�?8GG<E�LE;<I�EFEJK8E;8I;
:FE;@K@FEJ��/F�8EJN<I�K?<J<�HL<JK@FEJ�I<HL@I<J�8�DFI<�HL8EK@K8K@M<�LE;<IJK8E;@E>
F=�K?<�I<C8K@FEJ?@G�9<KN<<E�<C<:KIF:?<D@:8C�:<CC�GFK<EK@8C�8E;�:?<D@:8C
K?<IDF;PE8D@:J	�8J�;<J:I@9<;�@E.<:K@FE�������!C<:KIF:?<D@:8C��<CCJ�8E;
/?<IDF;PE8D@:J��

Summary

/?<�FO@;8K@M<�8E;�I<;L:K@M<�JKI<E>K?J�F=�8�M8I@<KP�F=�JL9JK8E:<J�:8E�9<
:FDG8I<;�LJ@E>�JK8E;8I;�<C<:KIF;<�GFK<EK@8CJ���GG8I<EK�8EFD8C@<J�:8E�9<
<OGC8@E<;�9P�K?<�=8:K�K?8K�<C<:KIF;<�GFK<EK@8CJ�8I<�D<8JLI<;�@E�8HL<FLJ
JFCLK@FE	�N?@:?�8CCFNJ�=FI�JKIFE>�@EK<IDFC<:LC8I�<C<:KIFJK8K@:�@EK<I8:K@FEJ	�8E;
EFK�@E�K?<�>8J�G?8J<�

KEY TAKEAWAY

U /?<�I<C8K@M<�JKI<E>K?J�F=�M8I@FLJ�FO@;8EKJ�8E;�I<;L:K8EKJ�:8E�9<
GI<;@:K<;�LJ@E>� T�M8CL<J�

�?8GK<I����!C<:KIF:?<D@JKIP

������FDG8I@E>�.KI<E>K?J�F=�+O@;8EKJ�8E;�-<;L:K8EKJ ����



CONCEPTUAL PROBLEMS

�� /?<�FI;<I�F=�<C<:KIF;<�GFK<EK@8CJ�:8EEFK�8CN8PJ�9<�GI<;@:K<;�9P�@FE@Q8K@FE
GFK<EK@8CJ�8E;�<C<:KIFE�8==@E@K@<J��2?P�� F�PFL�<OG<:K�JF;@LD�D<K8C�KF�?8M<�8
?@>?<I�FI�8�CFN<I�<C<:KIF;<�GFK<EK@8C�K?8E�GI<;@:K<;�=IFD�@KJ�@FE@Q8K@FE
GFK<EK@8C��2?8K�@J�@KJ�8GGIFO@D8K<�<C<:KIF;<�GFK<EK@8C�

�� 2@K?FLK�I<=<II@E>�KF�K89LC8K<;�;8K8	�F=��I� ��I 	̂��8 �� ��8	�+ � �+$ 	̂�8E;��C�� ��C	
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19.4 Electrochemical Cells and Thermodynamics

LEARNING OBJECTIVES
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The Effect of Concentration on Cell Potential: The Nernst
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Using Cell Potentials to Measure Solubility Products
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EXAMPLE 11
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Using Cell Potentials to Measure Concentrations
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Summary

� coulomb (C)I<C8K<J�<C<:KI@:8C�GFK<EK@8C	�<OGI<JJ<;�@E�MFCKJ	�8E;�<E<I>P	
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@Eamperes (A)	�N?<I<�����@J�;<=@E<;�8J�K?<�=CFN�F=�����J�G8JK�8�>@M<E�GF@EK��/?<
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KEY EQUATIONS

Charge on a mole of electrons (faraday)
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Relationship between � � ¡ and � � ¡
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Relationship between � � ¡ and ! for a redox reaction
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CONCEPTUAL PROBLEMS
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NUMERICAL PROBLEMS
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19.5 Commercial Galvanic Cells

LEARNING OBJECTIVE
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NickelÐCadmium (NiCad) Battery
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CONCEPTUAL PROBLEMS
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19.6 Corrosion

LEARNING OBJECTIVE
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Summary
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19.7 Electrolysis

LEARNING OBJECTIVE
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EXAMPLE 14
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Note the Pattern
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Electroplating
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Quantitative Considerations
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Relationship of charge, current and time
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APPLICATION PROBLEMS
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