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Thermodynamic study and application of the
temperature difference cells

Abstract:

If the temperature difference cell only goes through the following reaction

Mg + M™ gty = Msnar + M™ iy Then the potential created by the cell is
proportional to the temperature difference, and such a reaction purely changes the thermal energy
into electrical energy through chemical reaction, which we often name it “typical temperature
difference cells”.

We can come to the following formula for the typical temperature difference cells through a
series of thermodynamic formula: e= AT - AS/nF  (AS = S(5) —S(aq), Where S is the standard
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entropy, and n is the number of electrons gained or lost, and 1F = 96487 C). We also provide the
following three inferences to demonstrate the special phenomenon for the temperature difference
cells:

1. Within the same temperature cell, the electromotive force (EMF) is proportional to the
temperature difference.

2. When the temperature difference keeps constant, the electromotive force is proportional to
the AS in different temperature cells, and is inversely proportional to the number of electrons gained
or lost. Within the typical temperature difference cells, when the concentration of the electrolyte
becomes more diluted, the concentration of the metal ions also proportionally become lower, which
will make the absolute value of the following equation bigger, as a result, will make the electric
potential of the temperature difference cells bigger: AS = (S) —S(ag)

3. The value of AS decides the value of the electromotive force. The AS of the following
temperature difference cells is positive value: Cu(NOs), and ZnSO4. As a result, within the copper
and zinc temperature difference cells, the higher temperature glass is the anode. On the other hand,
the AS of the AgNO; temperature difference cell is negative, which means that within the silver
temperature difference cell, the higher temperature glass is the cathode.

Meanwhile, because the cations and anions can not exist alone, therefore, it is not possible to
find the standard entropy of the single ion solution. However, scientists define the standard entropy
of the solution containing hydrogen ion to be zero, as a result, we only have to determine the
electromotive force for a typical temperature difference cell, while keeping the temperature
difference constant, followed by finding the standard entropy for the said metal S). Inserting it into
the following equation to find the standard entropy for the ion solution.  S(q) = S¢s) — nFe/AT
If the electrolytes for the Cu(NOs), temperature difference cell contains 1M or 0.5M KNOj_ the
electromotive force is still proportional to the temperature difference, and we can obtain bigger
electric current. We call this kind of temperature difference cells “improved version of the typical
temperature difference cells”. We try to make more environmental, energy saving, and recyclable
temperature difference cell by applying the theory of the improved version of the typical
temperature difference cells. We use PVC water pipe as the containers, both edges of the pipe sealed
with copper metals, also work as the electrodes. Within the pipe filled with sponge and 0.125M
Cu(NO3) and 1M KNOj solution. The heat source keeps heating the upper copper metal to keep
constant temperature difference. When the temperature difference is kept around 70°C, the electric
potential is 70 mV. If we can connect 30 practical temperature difference cells in a series, the
electric potential will reach 2V, which can then charge the lead rechargeable battery. The heat
sources of the practical temperature difference cells can be supplied by the recycled air conditioners,

heat waste from a factory, or directly comes from the solar power.



BiE Frp s | SR |
B PR

et TR FL R E e s ?%EILJWE IR PPV RCRIS TR TR A
Oy PR IHFTW& ﬁ%ﬂfﬁf}h l?ﬁ P m\ﬁﬁpw:wgwam;&‘m’m%w Ffr"ﬁ?
IF'EJ@*T& 2 RS - VPR T M8 %’L%‘Iﬁﬁ%ﬁuﬁfi@ eI e
EHRER O o SR R e E»?EIVJ%Q* (R I RES K
LTE SRR > (0 RSV SRR SR O S R E T R
W%@’WPWW@“m”ﬁﬁ@*ﬁﬁﬁﬂ@%ﬁﬁﬁﬁ” S| (A 2 SR
PPN > F LA R O B & 2 R R

L~ PR Y
~ PR R ﬁﬁﬁg ~ PR A S B P P O -
= "ﬁmﬂ"*% 2 Efimmw *TFjd?LbF“f b;ﬁﬁ ﬂw%é@
= . %”F' J$£|$Efi@ql'F'Jj£ T%Lp [FI j’jfﬁ’ﬂ;%[%g
D“"?fﬂ“q"F'J& 2P AR T S T Efi&*ﬂfﬁﬁbﬁ Lk TR -
Do~ FP RN FEABPORCE - F IR [ﬁ'ﬂﬁﬁf‘ﬁ&*ﬁﬂ F@;’W’ﬁpm H I Y
B ’ij%l%ﬁﬁb%gﬁ
PVC A=~ s ~ A3Rltgt ~ I3 *FE*EJJ PIETE ~ YA - 250mL S - U B
=S~ B8R ~ TR ~ TR BRI R~ = B ITE ~ IR Ol pUEasL -
250 ZUBH - SRR - SRS - SEE G BB R - RIS - TIRPRSE - LS - s
PP~ TSR] ~ TRTPRERT ~ TS ~ TS~ P -
P R
- P
(—)  EAESR PSR - OO N ISERD KR TeRyEAT 250mL) U E‘Tﬁu R
<m%m”ﬁU%ﬁﬂ%“%@ﬁ[ BT T I ™ Ry o W%F% £l
H IR A = = H IR R - BT T?E'Jiﬁi@ﬁlﬁﬂfﬁ‘ﬁﬂf“&ﬂ Rl

JRAT
{250mL)
BfE <

EfhER | 1]

N S

=iz ||

o o 4wt

ik

=—HE=




( ) U R BRI O
PR PR PVC R T 5 PR FR
&ﬁzﬁ A F[%ﬁ] By PRI AI S > S HIRESRES P S PVC T E -
2\?ﬁ$§§fg['1ﬂfj’F" RIS TR T SR O
%1” PVC”E‘“’ 12 F “?F@U?L%‘j}[ﬂ?f =y TWFI EUIEJF‘ F o
R ¢ @%?HHIE%FUHH**:F'JF%%’*“m;‘ﬂfiﬂ@ﬂﬁ BIPySH 7 -

o )Iﬂr‘é[uﬂ;‘%
- WP R EhpUR
(=) M P IERA (UP 06 FEPRROsil - pipeii KOy P p & RO -
L PO~ PO RgBeft flssfe S Hr et - %Pm&t‘ 0.0625Mfisph s -
2 W%F"ﬁiﬁif&iﬂ@ GRS iE”l*%*EJ‘ PR AfT 1%& BT YF"&E% 210 °C
R ?ﬂ‘é#_: HIFAV I LA -
3 [lE e (R PRSI ST R EE 0125 M ~ 0.25M ~ 0.5M » 1M -
4~ [l (R ) I R RS b PSR -
(&) [AERC ) » (U P sngtent el B FORIREE - PRS-
() RG] e s ’%ﬁmrt e -
(P TR RRC ) SR Py R ”F'%EJ%ZF@’S% 0.0625 Mgt -
(o) TPORRC ) - SR TRt o Feripeifleltl 0.0625Mrhpesy -
T~ HrRe U ALENRE
(=) TR F Ik (s T IV PRSI ,IMPE Al o
[fil - IH’FF @#ﬁﬁda STHEEE 0.5 M > 0.25M 0125M ® 0.0625M ©
(=) fﬁ]ﬂj B gipjpfizlsrtf,ﬁ&da@ F[Ljﬁlj‘[l&%fﬁjb K JFAIOSM?F_EJ\FI&%B[ o
(Z) [PVERC ) - Pty 0.5M RS 5 1M f5 0.5 M) -
SRR LK E'%‘i’J?*“ il
() PR (s “E:}’” FRSRH o FEPRATR LIRS IM &%Fﬁ& PVCHRT 1% 2
I R T B 20 T R uwﬁﬂiﬁq [ty Jeabsg = = MU PVCTHY
ot HegEl > ) 2SOWAERS BT et S
1~ ?g.: (BN WFHQFET NS 40C53j 1&%%%3@%}5{79%@% o
2~ [FPRR 1 (AR 3 -
3 [AIRR 1 (g8 TaPH BEEES T 9> 302555 ~ 402755 ~ 502057 -
4~ [ 1 [HPVCRET] 18 2.5~ 3~ 350 «
(7)) SR PVC i
1~ SRR E o PR R i&@ 0.125 M PRSI » Hr it R I 0T R - F
Eﬁ%ﬁow%&@wﬁw Hi b RS PR RS T0C W 60CH 5 BRI
Hﬂpjr_f@ﬂy Fj'iﬂ‘
2 iWER 1 (ks 0.125MFIsr= 1M fwwgm
3~ Fl "QJI‘E’Wﬁiz [k 2 FEPPAT -l STRAENE T L BRIFH R



1=

= PGP (ERREE S TR )

F 1-a 0 6 7 FIFVIEE T - FREE 0.0625M » BRI pjﬁrﬁh 7o
EESGE |
o 10°C 20°C 30C 40°C 50°C 60°C
M- F I m
Cu—CuSO.4 9.7 17.6 27.4 41.2 54.3 65.9
Zn—7nS0O4 10 20.3 28.2 36.8 40.6 50
Fe—Fex(SO4);3 -9.7 -21.5 -34.4 -57.2 -77.8 | -109.9
Al—Al2(SO4)3 43.1 18.6 -4.8 -23.8 -31.8 -5.9
Ag—AgNO3 -4.7 -94 -14.5 -18.3 -22.9 -26.6
Ag—AgCH3COO | -6.3 -104 | -14.2 -16.8 -18.2 -21.2
100
Ml /‘/’/0’/”/‘—/..’//”"
0 é/w‘/ -
>§ 60 70 8
fom 11
= 50
——7nSO4
- Fe(SO4)3
Lo [ AREOS
- CuSO4
—— AgNO3 \-\'
AgCH3COO0

-150

= (0)

i 1-a ¢ 113k L-a AR > 6 FEIEKE D EFILSSEIRE OB T -

F 1-b 6 78 ] [HIFVIEE FT o PRI 0.0625M o FERIAEEIRIE OB AT -

N . ; . ; .

T mA 10C 20C 30C 40C 50C 60C
Zn—7ZnS0O4 0.004 | 0.008 | 0.011 | 0.013 | 0.015 | 0.018
Fe—Fey(SO4); | -0.006 | -0.012 | -0.021 | -0.037 | -0.051 | -0.074
Al—Al2(SO4)s 0.01 0.004 | -0.001 | -0.007 | -0.006 | -0.001
Cu—CuSO4 0.002 | 0.005 | 0.009 | 0.015 | 0.020 | 0.026
Ag—AgNO3 -0.001 | -0.002 | -0.004 | -0.006 | -0.008 | -0.010
Ag—AgCH3COO | -0.001 | -0.002 | -0.003 | -0.004 | -0.004 | -0.005




0.04

0.02

g -0.02

=
40,04

——ZnSO4

0.06 H —= Fe2(S0O4)3

AIASO43 \
008 || Cuso4
—*—= AgNO3
AgCH3CO0

-0.1
=)

[t 1-b = A 1-b BB 6 FEREE TR AR POl (I -

# 2-1-a * CuSO4FE FIPH1 > 78 CuSO4 % - B Ul T -

(REANRNEES |
L (m 10°C 20°C 30C 40°C 50C 60°C 70°C
1M 8.9 19.4 24.1 35.0 39.0 49.0 56.9
0.5M 9.0 172 | 248 | 345 | 465 | 588 65
0.25M 5.7 14.8 20.9 27.8 493 57.6 63.3
0.125M 8.3 13 203 | 357 | 536 | 674 | 83.1
0.0625M 9.7 176 | 274 | 412 | 543 | 659 | 762
— 90
E go || —e—1m Vs
& 70 H-m—0.5M e
a0 H 0.25M ™
30 f—n12sM
40 N ——n.0675M
70 o
e
0 10 70 30 40 50 &0 70 BEC)

Q%ﬂ 2-1-a : l15k 2-1-a By » F‘,fé CuSO4 % » %’Eﬁ?iﬁ%ﬁfjﬁl}gfﬁ@l o
%< 2-1-b * CuSO4 I FFIPHI - 578 CuSO4 RS » B ZEE AVRH 7 -
[RRAN 5=

N 10°C 20C 30C 40C 50C 60°C 70°C

IM 0.017 | 0.030 | 0.047 | 0.063 | 0.082 | 0.106 | 0.126
0.5M 0.011 | 0.022 | 0.032 | 0.039 | 0.057 | 0.075 | 0.09
0.25M 0.005 | 0.015 | 0.022 | 0.034 | 0.056 | 0.071 | 0,077
0.125M 0.004 | 0.007 | 0.012 | 0.022 | 0.034 | 0.044 | 0.054
0.0625M 0.002 | 0.005 | 0.009 | 0.015 | 0.020 | 0.026 | 0.028




0.14
0.12 o 1M
0.1 —H—®—05M

T 0.08 025M
2 0.25 M
4 006 —%—0.0625 M

0.04

0.02

40
= (0)

80

[ 2-1-b ¢ (1% 2-1-b Bedganipl ﬁﬁj CuSO4 ™ > ?&T?ﬁff?iﬂ%ﬁ@%fﬂ%ﬂ o

F< 2-2-a 1 Cu(NOs)2 EE FERPH 1 » 578 Cu(NO3) 1% » BRIl (7
%’E’:‘J{ \EL;—\;;: O, o, l O, o, O, o, / O,
e 1= Vie | 10C | 20T | 30C | 40C | 50C | 60C | 70T
1M 9.5 16.5 23.7 31.3 39.8 48.2 554
0.5M 10.1 16.3 232 30.1 38.2 46.9 60.0
0.25M 8.7 154 22.7 34.4 42.9 60.0 67.0
0.125M 7.4 13.4 21.5 34.9 493 60.0 71.8
0.0625M 5.5 10.2 17.8 35.3 53.1 66.0 84.9
90
80 A
——1M X~
0 —m—o05M e
0 025 M P
z 0 [ se0125M X
Zy 40 T —%—0.0625 M
F ool .
20 - ¢
10 *
0
10 40 50 60 70 2

W (C)

i 2-2-a ¢ [l15k 2-1-a GETFHN (78 Cu(NO IS » TR O T -

< 2-2-b © Cu(NO3) IEhE FPFlT > (478 Cu(NOs) IR » BEFfl s puRgl i -
E N | ’
e [ /f— 10C | 20C | 30°C | 40°C | 50C | 60C | 70°C
M 0.030 | 0.054 | 0.078 | 0.104 | 0.148 | 0.188 | 0.217
0.5M 0.019 | 0.032 | 0.049 | 0.068 | 0.091 | 0.112 | 0.154
0.25M 0.008 | 0.017 | 0.03 | 0.044 | 0.063 | 0.117 | 0.135
0.125M 0.006 | 0.012 | 0.021 | 0.038 | 0.056 | 0.071 | 0.086
0.0625M 0.002 | 0.005 | 0.01 | 0.022 | 0.033 | 0.044 | 0.059




02 ¢ 1M

—&—05M
0.25 M
0.125M

—%—0.0625 M

80

6 (0)
@‘2—2—b'f'l$‘ﬁ<2—2—b HASTR > (578 Cu(NOs), % - FHIREIE ﬂiﬁxﬁllqﬁaﬂ“
% 2-3-a © Cu(CH;COO), JE3% FHpfl1 %70 Cu(CH,CO0), I » FEESEE 2 fO (7 -
:r YEI ,
. e - 10C | 20C | 30C | 40C | 50C | 60°C | 70°C
0.25M 200 | 339 | 480 | 60.0 | 702 | 785 | 834
0.125M 160 | 289 | 420 | 549 | 650 | 740 | 774
0.0625M 227 | 37.6 | 465 | 571 | 677 | 78.0 | 769
90
80 - —4—0.25M /{;’
60 H - 00625M P
Z 50 A/
%

0 10

20

162 (C)

60

70

80

i 2-3-a |13 2-3-a YT {7 Cu(CH3COO) LY » PRSI VR 71 -

#2:3-b 1 Cu(CH;CO0), 1 1 » {571 Cu(CH:COO), 4 » st Ol
Al ON\JE
(oA 10C | 20C | 30C | 40C | 50C | 60C | 70°C
0.25M 0.005 | 0.010 | 0.015 | 0.020 | 0.025 | 0.028 | 0.031
0.125M 0.003 | 0.006 | 0.009 | 0.013 | 0.017 | 0.020 | 0.020
0.0625M 0.003 | 0.005 | 0.007 | 0.009 | 0.012 | 0.014




- |—e—025M
| |—m—0125M
0.0625 M

FEif(mA)

20

40
17 (0)

50

60

70

80

i 2-3-b ¢ i 2-3-b YT + (5785 Cu(CHICOO) 7% » T seifhss o (il -

% 2-4-a % Zn (CH3COO)21£ PRI 78 Zn(CHICOO) I » FEPESSRIE 2 O 7 -
. e - 10C | 20C | 30C | 40C | s0C | 60C | 70C
M 9.8 | 189 | 252 | 274 | 294 | 324 | 333
0.5M 10.8 | 192 | 286 | 315 | 341 | 366 | 358
0.25M 9.1 | 157 | 226 | 294 | 369 | 426 | 453
0.125M 59 | 126 | 204 | 269 | 33.9 | 429 | 54.0
0.0625M 107 | 188 | 233 | 299 | 364 | 464 | 53.9
M

50 1 —a—gs5Mm / o
40 0.25M */ Ti -

E 30 - 0.125 M :;;A

——

ﬁm{ﬂ by X006 M

10

10

\ ]
O

30

N
o

0]

4
e

©)

[ 2-4-a ¢ 113 2-4-a Gri5TH - 1 £ Zn(CH;COO) i > Pl f UFTJ (8

4. 2-4-b : Zn(CHgCOO)z I VP 0 (57 Zn(CHICOO) 1% » FEVEii 2 o 7
(o A 10°C | 20C | 30C | 40C | 50C | 60°C | 70°C
M 0.006 | 0.012 | 0.019 | 0.021 | 0.024 | 0.026 | 0.027
0.5M 0.008 | 0.015 | 0.022 | 0.026 | 0.028 | 0.033 | 0.030
0.25M 0.004 | 0.008 | 0.013 | 0.017 | 0.022 | 0.027 | 0.028
0.125M 0.002 | 0.004 | 0.008 | 0.01 | 0.014 | 0.018 | 0.023
0.0625M 0.003 | 0.005 | 0.007 | 0.009 | 0.011 | 0.014 | 0.016

10



0.035
—— 1M
003 | a5y e
0025 [ s \/
£ 002 [ 0125M
3"::10,015 —%—0.0625 M X
0.01
0.005
0
0 10 20 30 40 50 60 70 80
6 (C)

[ 2-4-b ¢ ik 2-4-b BT > 578 Z (CH3COO)2 Y E'@%%JI'%F%' °
# 2-5-a : ZnSO, % FABl1 - 78 ZnSO4 % - FHESIEE FORHET -

B =S
. e - 10°C | 20C | 30C | 40C | s0C | 60C | 70C
M 120 | 217 | 313 | 40 | 466 | 523 | 53.9
0.5M 126 | 21 | 299 | 374 | 443 | 572 | 59.5
0.25M 126 | 221 | 302 | 394 | 462 | 558 | 60.5
0.125M 13.4 | 214 | 287 | 366 | 453 | 552 | 63.0
0.0625M 17.6 | 28 | 375 | 43.6 | 47.6 | 542 | 616
£ 70 1|1
i 50 [ -m—035M
m

S0 H—4—025M
a0 | E#01zsM
—— 006250

30
20
10

] 10 20 30 40 50 60 70 8=
[ﬁlZSa 1%k 2-5-a Pyisdir » | 1 ZnSO4 A » ’E%T’yﬁ ﬁIJTJ[z [ﬁ["

< 2-5-b * ZnSO4 IR TP f; ZnSO4 2" - FEAREEIEE Uﬁpil

" o mjf = | 1oc | 20c | s0c | a0c | soc | eoc | 70
M 0.020 | 0.040 | 0.057 | 0.081 | 0.092 | 0.104 | 0.116

0.5M 0.016 | 0.027 | 0.041 | 0.053 | 0.065 | 0.078 | 0.091
0.25M 0.008 | 0.014 | 0.020 | 0.025 | 0.030 | 0.037 | 0.040
0.125M 0.005 | 0.009 | 0.013 | 0.017 | 0.023 | 0.029 | 0.033
0.0625M 0.004 | 0.008 | 0.011 | 0.013 | 0.015 | 0.018 | 0.021

11



F 2-6-a 1 AgNOs IR I

0.14
i 0.1
0.1
0.08
0.08

—— 1 M

=05 M

025 M

—— 0125 M
—+— (0625 M

(.04
0.0

a

a

10

0 40 50 60 70 #HET)

20
[ 2-5-b ¢ 15k 2-5-b GeARTITE o 75 ZnSO LY - FERAEIRIE (ORI FH -

&7

<7 AgNO; 7%+ TEIESEIE OB 7 -
FEONPE | ; O o 1
™ o 10C | 20°C | 30C | 40C | 50C | 60C
M 3.0 | -6.1 95 | -12.8 | -141 | -142
0.5M 33 | 62 | 90 | -128 | -16.7 | -17.0
0.25M 57 | -103 | -15.6 | -19.8 | -21.7 | 235
0.125M 58 | -104 | -151 | -199 | 22.7 | 233
0.0625M 47 | 94 | -145 | -183 | -229 | -26.6
o 0 10 20 30 40 50 60 70
E O | | | | | | |
Z
ﬂ_}j—L-S ””””””””””””””””””””””””””””””””
10 -
—— 1M
B e gsm
20 1 —A—0.025
s | 0.125M
—-0.0625M
30 -
B 2-6-a 7 115k 2-6-a BTN > (576 AgNOs IR% - PSR FORETR -

% 2-6:b 1 AgNOs W ] > <78 AgNOs Y » IR OB T -

e N\ 10°c | 20C | 30Cc | 40Cc | 50C | 60°C
> mA
M 20.007 | -0.013 | -0.020 | -0.028 | -0.032 | -0.038
0.5M 20.003 | -0.008 | -0.013 | -0.021 | -0.027 | -0.030
0.25M 20.004 | -0.008 | -0.013 | -0.014 | -0.020 | -0.025
0.125M 20.002 | -0.005 | -0.007 | -0.015 | -0.016 | -0.017
0.0625M 20.001 | -0.002 | -0.004 | -0.006 | -0.008 | -0.010

12



£ 0

*‘é\

-0.01

0o L ——IM N .

e —&—(.5M
—A—0.25

0.03 Y I E e S S
——0.0625M

004 FTm T

[ 2-6-b © [11% 2-6-b G5y ﬁfﬁf AgNO;3 H - ?ﬁﬁé’?fﬂ%ﬁﬂ%fﬁ?ﬁ‘ o

= RS D CuNOs, I UETEE BT
7 3-1-a: Cu(NOs), + IM KNO3 =% Fipfl 1> 578 Cu(NOs), B - FEE=Eit FW%%I'{': .

%’E’;{ \EL;_\L:': O, o, O, l o, O, o, O,
M 10°C | 20°C | 30°C | 40°C | 50C | 60°C | 70°C
M 9.4 158 | 232 | 303 | 389 | 463 | 553
0.5M 83 146 | 217 | 292 | 371 | 479 | 595
0.25M 6.3 134 | 211 | 310 | 413 | 560 | 685
0.125M 73 130 | 198 | 287 | 383 | 598 | 775
0.0625M 75 132 | 201 | 294 | 452 | 598 | 733

#< 3-1-b : Cu(NOs)2+ IM KNO3 3} FUBH T 578 Cu(NOs), 1 - B =il EI@%% [

e vk f’z 10°C | 20C | 30C | 40C | 50C | 60C | 70C
M 0.048 | 0.085 | 0.130 | 0.166 | 0.230 | 0.270 | 0.340

0.5M 0.044 | 0.078 | 0.116 | 0.159 | 0.211 | 0.281 | 0350

0.25M 0.031 | 0.065 | 0.105 | 0.158 | 0.219 | 0.303 | 0.370
0.125M 0.034 | 0.062 | 0.096 | 0.143 | 0.195 | 0.313 | 0.393
0.0625M 0.031 | 0.059 | 0.094 | 0.141 | 0213 | 0.272 | 0.362

#3-2-a 1 Cu(NOs): +0.5M KNO3 B FEH9H1 » 780 Cu(NOs) it » FEHIESEigss O 7 -

T [ v 10C | 20°C | 30C | 40C | 50C | 60°C | 70°C
M 94 | 165 | 239 | 294 | 353 | 413 | 534

0.5M 82 | 156 | 22.6 | 315 | 40.0 | 49.7 | 645

0.25M 79 | 140 | 21.0 | 284 | 39.0 | 545 | 682
0.125M 62 | 12.8 | 198 | 30.6 | 481 | 603 | 688
0.0625M 95 | 152 | 22.6 | 322 | 463 | 665 | 769
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# 3-2-b : Cu(NO3)> + 0.5M KNOs JfI=% B 12 (578 Cu(NOs) % FIR== 1R o (7 -
[ ANTE ' ’
e [ /f— 10C | 20C | 30°C | 40CC | 50C | 60C | 70°C
IM 0.044 | 0.084 | 0.125 | 0.160 | 0.195 | 0.243 [ 0.302
0.5M 0.037 | 0.071 | 0.108 | 0.156 | 0.206 | 0.261 | 0.336
0.25M 0.030 | 0.056 | 0.088 | 0.123 | 0.176 | 0.247 | 0.315
0.125M 0.020 [ 0043 [ 0.070 | 0.113 | 0.180 | 0.235 | 0.275
0.0625M 0.031 | 0.149 | 0.078 | 0.118 | 0.175 | 0.255 | 0.295

% 3-3-a 1§ 60°CH o [l CuNOs), + KNOS LR A 7 » Bt (ol (i -

Cu(NO3), % 1 0.5 0.25 0.125 0.0625
- IOg 2 ( Cu(N03)2 ) 0 1 2 3 4
KNO;iE®E 0 M 48.2 46.9 60.0 60.0 66.0
KNO; 3 0.5 M 46.3 47.9 56.0 59.8 59.8
KNO;E® 1.0M 41.3 49.7 54.5 60.3 66.5
B (mV)
0
4 0
. 0 .5M
22 / ol —k— 1 M
&0
45
40
39 : . : '
0 1 7 3 4 S
—logz [ Cu(lNO3)2 )

#3-3-b 1 Jf2E 60°CH Il Cu(NOs) + KNOs B A 7 » FErse it ol 7 -

Cu(NOs), 74, 1 0.5 0.25 0.125 | 0.0625
- IOg 2 ( Cu(N03)2 ) 0 1 2 3 4
KNO; % 0 M 0.188 | 0.112 | 0.117 | 0071 | 0.044
KNO; R 0.5M 0243 | 0261 | 0247 | 0235 | 0255
KNO; R 1.0 M 0270 | 0281 | 0303 | 0313 | 0272
B imA) |
0.3 =0
o gg o
0.7 1M
018 T~
o \*Q—f—""""\\\
0.0% ==
0 . . . .
] 1 7 3 4 5
—ll:l;:_E: [ '[jll(N{:h): ]

% 3-4-a 1 0.5M Cu(NOs), 2 KNO; F¥ NaNOs J2 A4 5 ﬁ RS E[@F%ﬁf;«?: o
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e v 10C | 20C | 30C | 40C | 50C | 60C | 70C
IM KNO; 8.3 146 | 217 | 292 | 371 | 479 | 595
IM NaNO; 9 156 | 229 | 294 | 346 | 424 | 534
0.5M KNO; 8.2 156 | 226 | 315 | 400 | 497 | 645
0.5M NaNO; 9.0 153 | 217 | 288 | 377 | 480 | 60.7
% 3-4-b : 0.5M Cl.l(I\IO3)21;F'?t KNO; fl& NaNO; E& 7 ]:/‘\[ ’ ?t-f‘:ﬁ‘ e [EIJF—J,%I}E °
I T ’
%%\@‘AL 10C | 20C | 30°C | 40C | 50C | 60C | 70C
IM  KNO; 0.044 | 0.078 | 0.116 | 0.159 | 0.211 | 0.281 | 0.350
IM NaNO; 0.036 | 0.072 | 0.112 | 0.145 | 0.179 | 0.215 | 0.280
0.5M KNO; | 0.037 | 0.071 | 0.108 | 0.156 | 0.206 | 0.261 | 0.336
0.5M NaNO; | 0.036 | 0.060 | 0.082 | 0.139 | 0.178 | 0.236 | 0.301
=~ R Elfﬂﬁﬁ’E'Jiﬁﬁ%?ﬁ*ﬁ
Fed-1 UORREE YD > T SIAA 0 8 40°C - PR FERESEEE ORI -
Vi £ Y ,mzz;ﬁ
HH<mV | 30.1 28.8
= mA | 0.143 0.144
Fo 42 UPIEE Y 0 PVC T IR - W 40°C - FRTEES - FR b pOR I -
[ 200 |25 3.0 [3.50
FEsmV_ ] 269 26.6 28.0 27.7
FfmA 0128 [0.179 0.228 |0.302
F4-3 AR YD PVC T TSR - B 40°C > Fp i Essiil FUEJ%I,] o
j'i@ 20cm | 30 cm 40cm | 50 cm
EH<mV | 30.8 29.8 27.9 27.2
=i mA | 0200 | 0.178 0.144 [0.115
Fed-4 1 PFEECY R FRYY 0 FRYD - FREIVESRE o
&Lr_ 60°C 70°C
F‘%ﬁﬁé‘]r& %ETﬁ] }%”Eﬁtm\/ %Eﬂ; L mA }%”Eﬁtm\/ %Eﬂ; L mA
AT | 0.125M Cu(NOs), | #itH 60.0 0.071 71.8 0.086
PVC 7 | 0.125M Cu(NOs), | #itH 55.2 0.268 69.8 0.332
PVC IMKNO, S 54.5 0.296 72.5 0.361
wo | 0.125M Cu(NO3), | &ifH
PVC #i IMKNO, | iz 55.7 0.321 71.0 0.390
F 4-5 1 PR BT 0 R L T0°CI o BPES  BAE R H“’“”IFEW%FAII °
ke 1 2 3 4 5
Y mV) 71.0 140.8 212.6 282.8 355.3
i (mA) 0.390 0.478 0.594 0.672 0.738
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i pH=2.85 )= ik & G5 -
(Z) Fe Jfi }:ﬁ? (Fe / Fex(SOxs)aaq) » [ 1614 T F-,’EP*“J@}‘& [ Ry AR ﬁ' JEVFE
AL E VET]’ b 60 CIR RS = i 109.9mV - [AIFRREAT i & B s - SO I
1 EL TSR ok 550 (H5 FURE ™ 7] Fea(SOun A s
0. 0625M Fex(SO4)saq [ k% pH 1.48 )ﬁﬁﬁ & ES o
(=) P ot Fyp R 7\’?93— P ISP TRV EREE Y 0 HAH fﬁﬁﬂj &
i_ﬁfé EIR N M(s ‘w)+M“ (aqriju?l) — Mgy + MM g .V I i i P 2RI RREEE (LpJ
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(P4 2R EREEE E—WE VE ’?F:!ﬁfll%ﬁ* 5 TR e PRI [7 [V ALIERE Fvb gy iE T S
Al — A13+(aq) +3e = 2H*@q+2e — Ho [yl > ﬁj%‘@#ﬁﬁﬁ??ﬁg'ﬁ%ﬁ'@%”
Al ATPVEEE TV - B P AR S TR AT VS ’IEU]%&
7 2H*@q+2e — Hx ®IRF M~E [NIF“E[LE [ A% 30 CEHJE ﬁ 1£LT7F[J£FH Hl=a
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() STREE Frbp 2 e
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e “F' J#ﬁ]s]m :
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LELE > Bl > R E TR R TP ERESE e FE F"H:@I AG T+ 4 R
Eirn Ry b
2~ f,’Ej’MiEL%;”‘FEﬁ*bF][EI%JDTgy[n :
TRV A > s M™ag @y +ne = M @u - ®

AGauwy =AHeu - A(TS) guo=AHgu - Ty AS @y -—--- (1)
[(REFFF D M™ag @ +ne = M ) -0
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i1 PO - Pt

18



S © Msmi) + M™aqpu = M + M™(aq )

AGen
= (A Heyey -

PES A Heppw

H AGew =

W AG=AH —A(TS)= —nFe= - AT-

=AGa) — AGsm)

AHgmi) = (T AS

A Hs

~(Twy—Tw) AS= - AT- AS

AS ()

(e — T = AS NH)]
= AS@m =A

AS

W OWEEMWERS e= AT- AS/nF )
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S
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e ?‘uﬂ* (%ﬁﬂ?r&) 1M Cu(NOs)2 1M ZnSOs 1M AgNO:s
PoEr Cuy |Cu?ag| Zne | Zn?ag | Age | Ag*ag
° (kJ-mol- ) 0 65 0 - 153 0 106
SO(JK-tmol-1) | 3315 | -99.6 | 4163 | -1121 | 42.55 72.68
AS  (Se) —Saq) 132.75 153.73 -30.13
e CEHI
B2 50CH 34.4mV 39.8mV - 15.6mV
e (HrEE )
B 50°C Eﬁ 39.0mV 46.6mV - 14.1mV
e 13.4% 17.1% 9.6%

1~ }':[ﬁj’r & TpifilE e & s AURERER Y 7 Y)Y e= AT - AS/nE 7 T‘“'E,Yﬂf
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