Strongly Pressure, P Volume increase,
oxidizing AV=I]xA

Standard potential —>

Strongly
reducing

Heated calcium carbonate

- FIGURE 6.15
Voltmeter

Less randomness More randomness
(less entropy) (more entropy)

10 1130

[

(5% agar) Nos; ¥
Saltbridge (¢,

NYJVF NI

Solid Liquid

Cu(s) — Cu?* +2¢ Agt+e — Agls)
Oxidation, anode Reduction, cathode
SHE as
anode
» H, gas 4
bubble Ho(g)
Ammetes

(1 atm)

Voltmeter
<~ Electrons .

[ Y
S s aa
- w8y

Battery

-
y K w-
Salt bridge

Graphite Graphite electrode

| (inery Copper
atom, Cu
Ring-shaped Graphite
iron cathode anode

(b)

Hy — 2H* 4 2"

Cu®* +2¢ — Cu(s)

A g sadacel S imgidi Oxidation, anode Reduction, cathode
(Na* +le” — Na: (@C1 > Cly +2¢7);
therefore, cathode therefore, anode

(@



725

%&'

ee{:ﬁ-l—l—l————mggooﬁﬂ *

L2 WS W WSy

$SL
$SL

$$
$*
*8
*8
*8

*%

5%
*|
*|

*|

FILG ] %(1

K

! " #S

I "#
% &' % !"#
% &' "#( ()
% ! "#
+,- '/ 0# &12 3&4
# 6&7 % ! "#( ()
- & <= /> 0
# ?"# @= A)
B CD2
? "# F1G H@(
% !'"# J>
K# % ! "#
K# &' % ! "#
# & 7?7 @
# ?2%; >
# ?2%; >M
3 N 3#7
&@
F1G & O%# N&4
FIGP(:&GQ ? %
+R & R1 F1G
+R &% R1 FIGP( 1S 30T
K UVW R1 F1G

F1G > R,
F1G > R,P( 1S 30T
F1G? 7S & XK YS!
Kp, Kc 1 >1%
Kp,Kc 1 >%( 1S 30T
F1G Z#
?"# \K1QO#
K,Q 1 >1%

K,Q 1>1%( 1S 30T
(¥ .01 1 &7~1ISPI( 1]SISO

IS]1& (%K FIGASP( 1S 30T

/=
F1GP( :&GQ ? %
(7 O

725



726

* /= P( ¢c'@ ? % ? % ;= &Ga

*15 P( +&@ d+,&Ga

*LE T+&@ d+,K F1G 1 >%

*L F1G I= P(:+&@ d+, &Ge MZ(

*L I= P( K ("# , ( &# & V & Ga

*L$ Jd+, JOG ] ] ] P( K , ("# , ( &# &Ge MZ(
+ &@

*L P( DK@ 9VW & V & Ga

*L5 I= P(? C." ;= &G

*L5 P( 9VW M3 : .& Ga# MZ(

*L5 FIPLG /= P( .J'@ ?]] % &J@ Jd¥VW] ] &# &JG PJ( [3OT

*8 fK# &'

*8% c+&@ b , &)

*8 &@ >T ;&V# , &) F1Gl >1%P( 1S 30T

* o+ 0

* L 3

*L +&@ ¢

* L +&@( ., +4 "

* L +&@( h "

*8 +&@ ¢ i2

*8 >T j'S >

*8 >T

*8 +&@ >T

* +&@ >T +&@ d+, 1N&"

* + &@ k >:S

* [+ &@ &%

* 4§ . + &@

* g ( +&@

* +&@ %

* * +&@ %

*x +&@ +&@ % 1 >1%

* +&@ % +&@ 1 >1%

*5 + &@ +&@ % +&@ PQL S 30T

*$l Jde 1+&@ A O# P( 1S?

*$ ?"# +&S

*$ +&@( ., +4 ' "# ()

*$8 +&@( h '"# ()

*$8 cO ) bl+&@ m#@

*$8 O) n&%

*$ F"#( O) >N S

*$ "o @l #! O) D>

*$$ + &@ ,% 1# S!Th

726



127

*$$
*E
*E
*E

*|

*8
* *
*5
**E
**I

**I

**L
**L
**L
**L

*%*
*%*
*%*

**

**8
**8

**

**

*5E
*5l
*5$
*5*
*5*
*55
*55
SEE
5E$
SE
SE*
SES
SIL
Sl
518
518
ol

+ &S

R,% o03; I'"'# O) ~"SP( 1S~
[3 O) &V
s [3 @
?"# +&Sp
# +&S
[3 # +&S” S
[3 # +&S~SP( 1S~?
N &#S :+ &S
N&#S +&SP( 1 S?
A, ot + &S
1qg +&S
1g ( XS0 # (%
n"zZ# +&S
o+q + &S
A@ ; e +&S
d+ +&S
+ 0 +&S
& ZO# + &S
# +&S
?"# +&SP(:&GQ B
dF1G9vV= F1GDKB? "# 2 r@ # i&Y

("% .

K ("# , ? " @

F1 G DKS AN &#S ? B? "# +&Sk >
&% . dnh

&% . dJ Z#1? "# +&@ k > TC
&% J Z#[1? "# +&Sk 3 1S?
CA, %o# +I8BL G9V= AN &#S &b? " +&Sk >
F1) +&@ ?h@(f2 >

f2 >M

f2 > 2

f2 > 2e @= A)

f2 >P( 1S~?

T1& >4

91& S p P(l#@ s d

91& p &) P(lI#@ s d

T1& >4P( 1S°~?

&t "X 3;,0)°
&t "e O)°
e +(0O 0O)°

&12 +1:+,
+&@ ¢ ?0,P( (@ ;= 30T

727



728

23,

S5L5
S5L5
S5E
51
5L
5L
5L
5L
58

5%
5%
5%
5%

5*
5*
55
58L
58*
SE
SE
S
S
51
51
58
5%
5%
5%
5%

SE
SE
SE
SE
5L
58
5*

5*

55

! [ O*

1[& 1[& B

F1G9v= DK@ &V z

1

3
u , &) ;
? " 3
, &) JY Vv I[[n+%
Yeih
6#" JY
wiV JY
A% JY
@ /1 JY S
@ R,%
VA v "JY BC
c+-# xd+@( 7B C
yc(C,x(3#h: & B C

+&@ (
% &' % (%
(C >T

@ |,

?V-

?V-

?V- "SP(@ 1S7?

{>T j"S >u ,&) ;Ae 3
Aeu ,&) 3 hZ R@
F1 G DKS
#1 G+ &S d+,
A%JIYo Y (
&, (
Aeu ,&) >P( 1S7?
O) (C >T 1>%
O) (C >T 1>%( hZz R@
(np} nr) ., |&H#- 1
(nR=m)~S K ("# .'" ;|&# "
c.', |&#- Rb93; ([ O(h, | &H#- 1"

O) ;&V# (C >T ;&V# >%( 1S 30T
+8&@ () 3 1l&#e

3# (%

3#  (%( 0

3# " &VH ()
3(# & VH#( ()
1&#e

u ,&) ;) 3

1&#e o3; u ,&) ;) 3 M

728

1&#e >T



729

55
S5
S*L
5*
5*
5*
5**
S55E
55l
55
55%

IEES8
IEE
IEES
IEIL
<.-
IEI$
IEI
IEI
IE*
IEIS
IELI
IELI
IELL

IEL8

IEL$
IEL$

<2

IEE
IE |

IE |

IEL
IE 8
IES
IESE
IES8I
IE8

IE88
IE8$

o=+ ) 3
" R@#%# ; 1&#e &V
1&#e”"SP( 1S 3T
[ 3 1&#e
u ,&)(~) 3
"% ; 1&H#e &V
[3 1&#e ;&V# >"SP( 1S 30T
c[3 &@ >bh:&@ fOd >4
[3 :&@ >T ;&V#

fOd ,% o03; " .+ &@ d+ &Ga

fOld >4 ;& V# O ]); & V# J1&#He ];&V# 1 BB( 30T
&@
HO&@ >T

[ 3 :&@fOd >4 ;&V# 30K .# F1GD>

[3 :&@ >T ;&V# 1G 19%6¢ 1S 30T

u , &) ?0;P( + #C (3]
5 6$789:; (4
IN&'( @= () A#C : e n&%

e,
&h %( : e, >
e, "@ 1S 30T
A#C e !'"

A#C e R, % .

@ "# n0 3&4b &# ° e 384
Ullle Dlc &fll#  Tl1eb?]] *# nO]] JI3&T1 R,J]% ( FIBOT
3 W@

&J# ]Je B&T1LAJ#C :Je!]" .11 AJ@1 ;]= 30T
@ "# n0b

e, 3&4

] > WJSU] ];: e, 3&T1IA#C e R,% . 30T
e, 3&T1

"K 1Z ;+# &

& Z c¢c & D@ !
{1& %; :§ (Z d~S
L& NT>e | d

d+ XT>nh

729



730

IE8* Sd XT3
IE E [3 7 XT>
IE E (Z dP( 1S 30T
IE & ((

IE$ & (( P( 2 HO(

IE * Z d;:&GQ ? %
IE5 z d > R,
IE5 [3 A#C ,dJ zZ#[1 (Z dP( 1S 30T
[E* {F& ,%{ & K 1 >%
IE*8 # (2 ,% ##]|
IE*8 F& ,% 90
IE* F& ,%P( 1S 30T
IE5L &# IC
IE58 d+ ke k >
IE5 d+ keP( 1S 30T
IE5 pHk 3
IE5* (Z d:&@ fOd >4 1 >%
IE55 1& %; :3 [> 1SK.# F1G
lEI E (Z dK F1G 1>%( 1S 30T
= % &' % IZ
IE* # &t % ?h#
lIE5 1& ?(@#
HE 1& ?(@# (%1 TO& &2 Y €%l

I 1& ?(@# (C "(K (Z 1 +3
11 J,0 +(+0 1& ?(O#

ns J,0 +(+0 1& ?2(@# (C? 3 &4
1$ {01& d+ <#]g( 1& ?(@#
Il o : 1& ?(@#
1H1* JIO , A(@ 1& ?(@%
5 2 @ ;1& ?2(@% >
IILE J,0 +(A@ 1& 2 (@#
lILL k@ #&0 A(@ 1& ?(@#
L u[@ +(A@ 1& 2 (@#
L J,0 #&O A(@ 1& ?(@#
L AT>e +-11& 2 (@#
L 1& ?2(@#( ( 30T
lIL* J,0 +(+0 1& ?2(@# T[1J, 0 /0
L5 J,0 + (A(@ 1& ?2(@# AC J,0 +2+( /0
Il J elo
L k@ 3v1& gT 3#

[l & , NS vi1& ?(@#( &2'Y
[l g( 1& ?(@# d+ .'e# P( 1S
[l * 1& ?2(@#(1,+; >
[* Ael,+; >

730



731

I
115
lIBE
1181
[18L
1
118
1

1
11$I
11$I
1$
1$
[1$*
Il E
Il E
IIL
1
I
15
II'5
111
I1*
11*8
1I*$
I*
II**
1151
)

.3<H

ILE
ILE
ILE*
ILES
ILIE
ILIE
ILIE
ILIE
ILII
ILII
ILII
ILII
ILIL

& g; S
Ael,+; 3 <=
gl& ANSxJ o xl,+" n&%
l,+" ) 3
l,+; >P( 1S 30T
"Te z
1& g!'T X|[&#
% - +TO
K- (Cv e IZ
B3 ;K (Z
wO (C
) +TO
€S tBh+ +T1 vBh& D& (C
{, (J , ? +T1
% +27? +T1
J)( +T1
,> IC

+K#E (K 1Z 1 MZ(
&0 A O# g-' q,> IC

& +R O
;& +RO ?(@# O
s
0% 2« I'"
W@ 9 ; S %T3 ?2# | " 6&7
| 3 A%# 9 ; S I3 ?2«# | " 6&7

\+W ?2e# &47
{? o# @{7?# /
TO @
1& ?20;P( ;= 30T
190B CDE)F6 A?0 >? @ +
Fle vaR
'+1F [
Fle h;(%# JZ ,
Fle & w4
@ xfOK v;=" 2
( xJ e x&K v &Ga

& (
&( # & ?C, ! "#
J GIG 2
J GIG ([ 2
J G ([J GIG (] 2
Q# !"
Fle 7 &Y

731



732

ILIL
ILIL
ILI
ILI
ILI
ILI8
ILI8
ILI8
ILI8
ILI8
ILI8
ILI
ILI
ILI
ILI$
ILI$
ILI$
ILI$
ILI$
ILI$
ILI
ILI
ILI
ILI*
ILI*
ILI*
ILIS
ILIS
ILIS
ILIS
ILIS
ILIS
ILIS
ILIS
ILLE
ILLE
ILLE
ILLE

ILLE + 20

ILLI
ILLI
ILLL
ILL
ILL8

Pe &Y
) &Y
Q# ( 2
FleBC
Fle "h @ # ? %
F [, & %
( &%
e & %
Flep
L% 1 1'+0 F [e
o# /&I!'+0 F [e
O P(lI#@ F [e
€le 1 '+0O F [e
|l @ I'+0 F [e
&@O0 \ J3 I!'+0 F|[e
Z(11'+0 F [e
u& U(Z I T+1F |
R.1F |
% OT F [e
Fle hCp
g vo G
3
IV ?V-# O 1 [[e f &e
g +0
g 1:,d X -
g & J>
g ;m&C 6!
g ,;6le
g & "S
g 1:,d X - D3
O, 6le
&V
3% ,
o, .V
vV ;JZ# g "h
g K % N&4
& # (1
3# (i

'P 2C g P(I1&K # :,#% (%
g( d+Z K %vg & N&4

<7&H# X[&H | K# (
0 &K 3&4
+0 ,0 &K 38&4

C ,0 &K 3&4



733

ILL
ILL
ILL
ILL
ILL$
ILL$
ILL$
ILL$
ILL$
ILL
ILL
ILL*
ILL*
ILL*
ILL*
ILL*
ILLS
ILLS
IL E
IL E
IL E
IL E
IL E
IL |

IL |

IL |

IL |

IL |

IL |

IL L
IL

IL 8
IL 8
IL

IL

IL$
IL$
IL$
IL$
IL$
IL

IL

IL

IL*

C

& #

F  3&4
F 1g K % 3&4
J,0 F .pd&#

F p

F &K #38&4 1/K

Z g &W@ 3&b e MZ# 38&4

(96G

733

e

(C
c+ (

1& +

K & J>
R, O
R,O J Z#|
e RO
R,O 1K 2
\'( (C K%
(C K% 3&4
K% ; Z# D2
D3%% f &, (2 3
+( &W@ 3&4
+(1 K% 2
e +(&W@ N&4
A &#Qro) G
3
JZ A&#O a-
JZ A&O a- & " &Y
{ 1& &Y{vP e &Y
P &Y N
W% &YvVv ) &Y
) &Y A
{) @ &Y{v)) &Y
)@ &Y
A&#HO & &
& T3#
& #
O& P( YS! &V#
+&@ & #
l"@ & #

"@ & # z K
+&@ & # |"@ & #

I+Z0 & #
d+ & #
A&#O D 3
JZ A&#Q)
d (
(e T3
+&@ 3
& T3# m



734

IL*
IL*
IL*
IL5
IL5
IL5
IL5
IL5
ILSE
ILSE
ILSE
IL8I
IL8I
IL8I
IL8I
IL8L
IL8L
IL8L
IL8L
IL8L
IL8L
IL8
IL8
IL8
IL8
IL88
IL88
IL88

F&O O
JZ 9" K|
A T3
A T3 % 3&4
# ? %
6le O
30# 1&
30# 1& &4
N&@ T3 € >
#e D>+
# e D>+ % N&4
+ .d
);
)i Z#
[ &
C T3 % N&4
[ & Z#]
&T ,>
& T ,> "h
A >
A%#7 hC
A F.d
"@ T3
A ?,
(e T3
#&0
, > F.
F #

734



