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2
1
2

68 32 2 2 2) O( ) ( ) ( ) /H l H g O g H kJ→ + = +Δ  

3 2 221 52 5 2 3 3) O ( ) ( ) HPO ( ) /P s H O l aq H kJ+ → = −Δ  

2 22 3 2 4N O g NO g N O g( ) ( ) ( )→ +

 1 402 2 3 1) ( ) ( ) ( )NO g NO g N O g H kJ+ → = −Δ  

2 2 582 4 2 2) ( ) ( )N O g NO g H kJ→ = +Δ  

ΔH2 ΔH1 ΔHa a

 S s O g SO g H kJa( ) ( ) ( ) /+ → = −3
2

395 22 3 Δ

1 2 3 22 3 1) ( ) ( ) ( )S s O g SO g H kJ+ → =Δ ?  

2
3
23 2 2) ( ) ( ) ( )SO g S s O g H kJ→ + =Δ ?  

ΔH

 CS l H O l CO g H S g H kJ2 2 2 22 2( ) ( ) ( ) ( )+ → + =Δ ?
 1

3
2

562 62 2 2 2 1) ( ) ( ) ( ) ( ) /H S g O g SO g H O l H kJ+ → + = −Δ  

2 3 2 1075 22 2 2 2 2) ( ) ( ) ( ) ( ) /CS l O g CO g SO g H kJ+ → + = −Δ  

 1 2
1
2

1692 2 1) ( ) ( ) ( )Cu s O g Cu O s H kJ+ → = −Δ  

2
1
2

1552 2) ( ) ( ) ( )Cu s O g CuO s H kJ+ → = −Δ  

Cu O s O g CuO s2 2
1
2

2( ) ( ) ( )+ →



C H O g CO g H g(s, ) ( ) ( ) ( )SÃÎHo¬ + → +2 2 ΔH

1 393 52 2 1) (s, ) ( ) ( ) /C H g CO g H kJSÃÎHo¬ + → = −Δ

2 2 2 566 52 2 2) ( ) ( ) ( ) /CO g O g CO g H kJ+ → = −Δ

3 2 2 483 62 2 2 3) ( ) ( ) ( ) /H g O g H O g H kJ+ → = −Δ

SO3 SO2

 1 2972 2 1) ( ) ( ) SO ( )S s O g g H kJ+ → = −Δ  

2 2 2 1962 2 3 2) ( ) ( ) SO ( )SO g O g g H kJ+ → = −Δ  

S O g(s) ( ) SO (g)+ →3
2 2 3

2 22 2 2N g O g N O g( ) ( ) ( )+ →

 1 1932 2 1) ( , ) ( ) ( ) ( )C s N O g CO g N g H kJSÃÎHo¬ + → + = −Δ  

2 393 52 2 2) ( , ) ( ) ( ) /C s O g CO g H kJSÃÎHo¬ + → = −Δ  

3 2 2 5662 2 3) ( ) ( ) ( )CO g CO g O g H kJ→ + = +Δ  

N g H g2 2 33 2( ) (g) NH ( )+ →

 1 2 912 4 2 2 1) ( ) (g) H ( )N H g N g H kJ→ + = −Δ  

2 2 1832 4 2 3 2) ( ) H ( ) (g)N H g g NH H kJ+ → = −Δ  



 2 22 3 2 3Al s Fe O s Fe s Al O s H( ) ( ) ( ) ( )+ → + =Δ ?

 1 4 3 2 33522 2 3 1) ( ) ( ) ( )Al s O g Al O s H kJ+ → = −Δ  

2 4 3 2 16442 2 3 2) ( ) ( ) ( )Fe s O s Fe O s H kJ+ → = −Δ  

C s H g g( , ) ( ) CH ( )SÃÎHo¬ + →2 2 4 ΔH

 1 393 52 2 1) ( , ) ( ) ( ) /C s O g CO g H kJSÃÎHo¬ + → = −Δ  

2 2 2 890 54 2 2 2 2) ( ) ( ) ( ) ( ) /CH g O g CO g H O l H kJ+ → + = −Δ  

3
1
2

2862 2 2 3) ( ) ( ) ( )H g O g H O l H kJ+ → = −Δ  

ΔH

 2 6 5 4 62 2 2 2N g H g O g NO g O l H( ) ( ) ( ) ( ) H ( )+ + → + =Δ ?
1 3 2 92 22 2 3 1) ( ) H ( ) ( ) /N g g NH g H kJ+ → = −Δ  

2 4 5 4 6 1169 23 2 2 2) ( ) ( ) ( ) H (l) /NH g O g NO g O H kJ+ → + = −Δ  

ΔH

2 7 4 62 6 2 2 2C H g O g g H O g H( ) ( ) CO ( ) ( )+ → + =Δ ?
1 3 2 2 1326 82 4 2 2 2 1) ( ) ( ) CO ( ) ( ) /C H g O g g H O g H kJ+ → + = −Δ  

2 1372 4 2 2 6 2) ( ) ( ) C ( )C H g H g H g H kJ+ → = −Δ  

3 2 2 489 82 2 2 3) ( ) ( ) O( ) /H g O g H g H kJ+ → = −Δ  



ΔH

CH g O g CO g H O l H4 2 2 22 2( ) ( ) ( ) ( )+ → + =Δ ?  

1 3942 2 1) ( , ) ( ) ( )C s O g CO g H kJSÃÎHo¬ + → = −Δ  

2
1
2

2862 2 2 2) ( ) ( ) O( )H g O g H l H kJ+ → = −Δ  

3 2 762 4 3) ( , ) ( ) ( )C s H g CH g H kJSÃÎHo¬ + → = −Δ  

 N H H l N g H O l H2 4 2 2 2 22 4(l) O ( ) ( ) ( )+ → + =Δ ?

1 2 6222 4 2 2 2 1) (l) O ( ) ( ) ( )N H g N g H O l H kJ+ → + = −Δ

2
1
2

2862 2 2 2) ( ) O ( ) ( )H g g H O l H kJ+ → = −Δ

3 1882 2 2 2 3) ( ) O ( ) ( )H g g H O l H kJ+ → = −Δ

C H g H g C H g H kJ3 4 2 3 82( ) ( ) ( )+ → =Δ ?

 1 4 2 4 11442 2 2 1) ( ) ( ) ( )H g O g H O l H kJ+ → = −Δ  

2 4 3 2 19373 4 2 2 2 2) ( ) ( ) ( ) ( )C H g O g CO g H O l H kJ+ → + = −Δ  

3 5 3 4 22203 8 2 2 2 3) ( ) ( ) ( ) ( )C H g O g CO g H O l H kJ+ → + = −Δ  

1 2 2 2 7882 2 1) ( ) ( ) CO ( )C s O g g H kJ+ → = −Δ  

2 2 2 5662 2 2) (g) ( ) CO ( )CO O g g H kJ+ → = −Δ  

a CO g CO g g H kJa) ( ) ( ) O ( )2 22 2→ + =Δ ?  

b C s g CO g H kJb) ( ) O ( ) ( )+ → =2 2 Δ ?  

c C s g CO g H kJc) ( ) O ( ) ( )2 22+ → =Δ ?  



2 3 4 33 2 2 2NH N g N g H O(g) O( ) ( ) (l)+ → +

1 4 3 2 6 15303 2 2 2 1) ( ) ( ) ( ) ( )NH g O g N g H O l H kJ+ → + = −Δ

2 3672 2 2 2 2) ( ) ( ) ( ) ( )N O g H g N g H O l H kJ+ → + = −Δ

3 3
3
2

3 8582 2 2 3) ( ) ( ) O( )H g O g H l H kJ+ → = −Δ

C s S s CS H( , ) ( ) (l)SÃÎHo¬ + → =2 2 Δ ?

1 393 52 2 1) ( . ) ( ) ( ) /C s O g CO g H kJSÃÎHo¬ + → = −Δ

2 2962 2 2) ( ) ( ) ( )S s O g SO g H kJ+ → = −Δ

3 3 2 10722 2 2 2 2) ( ) ( ) ( ) ( )CS l O g CO g SO g H kJ+ → + = −Δ

) )

 1 393 52 2 1) ( ) ( , ) ( ) /CO g C s O g H kJ→ + = +SÃÎHo¬ Δ  

2 2 2 556 52 2 2 2) ( ) ( ) ( , ) ( ) /CO g N g C s N O g H kJ+ → + = +SÃÎHo¬ Δ  

2 22 2 2N O g N g O g( ) ( ) ( )→ +

C s O g( , ) (g) CO ( )SÃÎHo¬ + →2 2

 

B A

ΔH1



N g O g N O g2 2 2
1
2

( ) ( ) ( )+ →

 1 1932 2 1) ( , ) ( ) ( ) ( )C s N O g CO g N g H kJSÃÎHo¬ + → + = −Δ  

2 3942 2 2) ( , ) ( ) ( )C s O g CO g H kJSÃÎHo¬ + → = −Δ  

3 2 2 5662 2 3) ( ) ( ) ( )CO g O g CO g H kJ+ → = −Δ  

 2 2 2 2C H g C H g H(s, ) ( ) ( )SÃÎHo¬ + → =Δ ?   

 1 393 52 2 1) (s, ) ( ) ( ) /C O g CO g H kJSÃÎHo¬ + → = −Δ  

 2
1
2

285 82 2 2 2) ( ) ( ) ( ) /H g O g H O l H kJ+ → = −Δ  

 3 2 5 4 2 2598 82 2 2 2 2 3) ( ) ( ) ( ) ( ) /C H g O g CO g H O l H kJ+ → + = −Δ  

 H H g O O g H O H g H kJ− + = → − − = −( ) ( ) ( )
1
2

242Δ   

H H−O O=
(kJ/ mol)

O H−

O H− H g O g H O l2 2 2
1
2

( ) ( ) ( )+ →



ΔH

 2 3 63 2 2NH g l g N g HCl g( ) C ( ) ( ) ( )+ → +  

N N≡Cl Cl−N H−H Cl−

( / )kJ mol

H Cl− −187 kJ mol/

H g Cl g HCl g H H Cl Cl2 2
12 436 242( ) ( ) ( ) ( : , : kJ.mol )+ → − − −, 

NH3 N H−

 

H H−N N≡

( / )kJ mol

C H−C O−O O−O H−C O=

( / mol)kJ

ΔH



)





( )−COOH R COOH−

HCOOH

CH COOH3



  

  

    

  

    

    

  

  





)

( )R

II

Zn s Cu aq( ) ( )+ →+2

Zn s Cu aq Zn( ) ( ) (aq) Cu(s)+ → ++ +2 2

Zn s Cu aq Zn( ) ( ) (aq) Cu(s)+ → ++ +2 2

Zn

Zn aq2+ ( ) Cu aq2+ ( )

A B→

A B A

B A B

BA

(n )1

(n )2

4 0 4− = +6 10 4− = −
( )Δn n n= −2 1



+ −

(R)

A R A( ) R

A B→

n2 A t2 n1 A t1

n2 B t2 n1 B t1

R
n
t

n n

t
A

A A= − = −
−Δ

Δ Δ
( )(A) ( )2 1 A

R
n
t

n n

t
B

B B B= + = +
−Δ

Δ Δ
( )( ) ( )2 1 B

/ 2 22 2 4NO g N O g( ) ( )→

Δ Δt s n mol n mol n mol= = = = −180 7 5 2 1 81 2, , / , /

R
n

t
mol
s

molNO
NO

( )
( ) ( / )

/ .s2
2 1 8

180
0 01 1= − = − − = −Δ

Δ
/ / B A B→

B

Δ Δt s
s

n mol n mol n mol= × = = = = +120
1
60

2 0 8 1 1 0 31 2
min

min , / , / , /

R
n
t

mol
molB

B= = = −Δ
Δ

0 3
2

0 15 1/
min

/ .min

M

mol.L−1

A A

A B→

R
A
t

A A
t

R
B
t

B
t

A B= − = −
−

= + = +
−Δ

Δ Δ
Δ
Δ Δ

[ ] ([ ] [ ] ) [ ] ([B] [ ] )2 1 2 1

mol L. .min− −1 1 mol L s. .− −1 1

A B→

n B1 ( )n A1 ( )t1

n B2 ( )n A2 ( )t2



///////

//////

Cl NO NO CH, , ,2 3



kianos anthos

A

A

B

  

  

  

  



II

2 22 2NO NO O→ +

 

III

II



H g N g No H g O g H O l2 2 2 2 2( ) ( ) Reaction ( ) ( ) ( )+ → + →,  

 1 2 2 22 2 2 2) H ( ) ( ) (g) ) ( ) ( ) ( )g I s HI H g I g HI g+ → + →

 1 22 2) ( ) ( ) ) (s) ( )Cu s H O l K H O l+ → + →

 1 22) HCl(g) NaOH(l) NaCl(s) H ( ) ) (aq) NaOH(aq) ( )+ → + + →O l HCl NaCl aq ++ H O l2 ( )

))

1 22 2 2 2 2 2 2 2 2) H ( ) O ( ) ( ) H ( ) ) (aq) O ( ) ( )O aq g O g O l H O g H lI+ → + ⎯ →⎯ +
−

N O2 5

 2 42 5 2 2N O NO O→ +  

:N O2 5

:NO2

[N ]2 5O



AB g A g B g2 2( ) ( ) ( )→ +

AB g2( ) 1 1mol L. −

A B→ B

B

 

2 3 32 2NH N H→ +

2 23 2 2SO SO O→ +

2 23 2 2KNO s KNO s O g( ) ( ) ( )→ +  



)

α β δ γA B C D+ → +

R
n
t

n
t

n
t

n
t

A B C D
( )

. . . .
y¹ Ḧ» = − = − = + = + =Δ

Δ
Δ

Δ
Δ

Δ
Δ

Δα β δ γ

R R R RA B C D

α β δ γ
= = =

3 2 62 3 4 3 4 2 2Ca OH H PO Ca PO H O( ) ( )+ → +

R
R

R
R

R
R

A

B

A

C

A

D
= = =α

β
α
δ

α
γ

, ,

BrO3
− (aq) BrO− (aq) /

3 23BrO aq Br− − −→ +(aq) BrO ( ) (aq) BrO− (aq)

Bro n mol n mol n mol t s
s

: / , , / ,
min

/ min1 20 75 0 0 75 6
1
60

0 1= = = − = × =Δ Δ

R
n

t
mol

molBrO
BrO

( )
( ) ( / )

/ min
/ .min−

−
= − = − − = −

Δ

Δ
0 75
0 1

7 5 1

R
R

R
R molBrO

BrO

BrO
BrO

( )

( )

( )
( )

/
/ .min3 3

3

1
3 7 5

1
3

2 5 1
−

−

−
−= ⇒ = ⇒ = −

mol.min−1 0 05 1/ .mol s−

3 2 62 3 4 3 4 2 2Ca OH H PO Ca PO H O( ) ( )+ → +

R
R R

R mol sr
Ca OH Ca OH

Ca OH= − ⇒ = ⇒ = ×−( ( ) ) ( ( ) )
( ( ) )/ / .2 2

23
0 05

3
0 15

601 ss
mol

1
9 1

min
.min= −



R
N O
t

NO
t

O
tr = − = + = +

Δ
Δ

Δ
Δ

Δ
Δ

[ ] [ ] [ ]2 5 2 2

2 4
N O2 5

NO2

O2

2 42 5 2 2N O NO O→ +

NO g2 ( ) / 2 22 2NO g NO g O g( ) ( ) ( )→ +

/ NO g2 ( )

Δ Δt
s

s n n n molNO= × = = − = − = −1
60
1

60 0 28 0 44 0 16
2 2 1min

min
, / / /( )

Δ Δ
[ ]

/
/ .LNO

n
V

mol
L

mol2
10 16

2
0 08= = − = − −

R
NO
t

mol L
s

mol L sNO( )
[ ] ( / . )

/ . . .2
2

1
3 1 10 08

60
1 3 10= − = − − = ×

−
− − −Δ

Δ

R
R

R R mol L sO

NO
O O

( )

( )
( ) ( )/ / . .2

2
2 2

1
2

1 3 10
1
2

6 5 103 4 1 1= ⇒ = × × ⇒ = ×− − − −

2 6 2 33 2Al s HCl g g( ) ( ) AlCl (aq) H ( )+ → +

mol L. .min− −1 1 / /

Δ Δt M M mol L= = − = − = − −4 0 8 1 2 0 42 1
1min , M / / / .

R
HCl
t

mol L
mol LHCl( )

[ ] / .
min

/ . .min= − = − − =
−

− −Δ
Δ

0 4
4

0 1
1

1 1

R
R

R
R mol LH

HCl

H
H

( )

( )

( )
( )

/
/ . .min2 2

2

3
6 0 1

3
6

0 05 1 1= ⇒ = ⇒ = − −

A B→



A B→ 2

2A B→

2 22 2NO NO O→ +

NO NO2

O2



  

  

    

  



2 22 2NO NO O→ +

BrO aq−( ) 3 2 3BrO aq Br aq BrO aq− − −→ +( ) ( ) ( )



 − = + = + = + = +Δ
Δ

Δ
Δ

Δ
Δ

Δ
Δ

Δ[C (NO ) ] [ ] [ ] [N ] [O ]3 5 3 3 2 2 2 2

4 12 10 6
H
t

CO
t

H O
t t ΔΔt

 

 2 33 2 2NH g N g H g( ) ( ) ( )→ +  

 

N O2 5

 2 42 5 2 2N O NO O→ +  

N O2 5

500�C

 4 2 2 43
500

2 2 2KNO s K O s N O g O gC( ) ( ) ( ) ( )>⎯ →⎯⎯⎯ + +
�

 

KNO3 0 04 1 1/ . .mol L s− −

( . )KNO g mol3
1101= −



 2 3 2 3 2 2NaHCO s CO s CO g H O g( ) Na ( ) ( ) ( )→ + +  

1 1mol.s− 2 2 3A B C D+ → + C

D

Q mc= Δθ



ΔH H H Qp(y¹ Ḧ») ( ½jn»HoÎ j H¼¶) ( ½k¹Àj y¹ Ḧ» j H¼¶)= − =

ΔH

ΔH

R
n

t
R

n
t

( ½k¹Àj ïy¹ Ḧ») ( ½k¹Àj ïy¹ Ḧ») ( ½jn»HoÎ) ( ½jn»HoÎ)
= = +-

Δ
Δ

Δ
Δ

 



26 20/ �C 22 7/ C�

( , , : . , / . )H C O g mol g mLethanol= = = =− −1 12 16 0 7891 1ρ

0 45/

Li s( ) − −598 8 1/ .kJ mol Li O s2 ( ) 25�C ΔH

4 22 2Li s O g Li O s( ) ( ) ( )+ → 150 kJ



38�C 25�C 168kJ

 ( / / cm , / . . )ρGa Gag c J g C= = − −5 904 0 3723 1 1�  

−35 kJ mol/ ( / )M g mol= 111 ΔH

( / / . )c J g CH O2
4 2= � 45�C 25�C 250g

 CaCl s Ca aq Cl aq kJ Cl Ca g mol2
2 12 83 35 5 40( ) ( ) ( ) ( / , : . )→ + + = =+ − −,  

 ( / / . )c J g CH O2
4 185= �

 CH OH g HCl g CH Cl g O g3 3 2( ) ( ) ( ) H ( )+ → +  

C Cl−H Cl−O H−C O−C H−

ΔH kJ mol( . )−1

W Z→

kJ mol. −1 W Z→ ΔH

 



B D→ ΔH

 ( , , : )Δ Δ ΔH H H KJ1 2 4200 100 150= − = − = +

PH g3( ) P H−

 
1
4

3
2

234 2 3P s H g PH g H kJ mol( ) ( ) ( ) /+ → =Δ  

P s P g H kJ mol4 4 1334( ) ( ) /→ =Δ  

H g H g H kJ mol2 2 435( ) ( ) /→ =Δ  

A B g− ( )

 A B g C D g A C g B D g H kJ− + − → − + − = −( ) ( ) ( ) ( ) Δ 300  

( / / / )( ) ( ) ( ) ( )Δ Δ Δ ΔH H H HA B g C D g A C g B D g− − − −= = =1 5 0 8 0 469  

H O g2 2( ) H O g2 ( ) H O g2 2( ) H O g2 ( ) O H−

H O O H− − − O O−



N H g N g H O l2 4 2 2 22(l) O ( ) ( ) ( )+ → + ΔH

1 2 3 4 3 10103 2 2 2) ( ) O( ) ( ) ( )NH g N g N g H O l H kJ+ → + = −Δ  

2 3 3172 2 2 4 2) ( ) ( ) H ( ) ( )N O g H g N l H O l H kJ+ → + = −Δ  

3 2
1
2

1433 2 2 4 2) ( ) ( ) H ( ) ( )NH g O g N l H O l H kJ+ → + = −Δ  

4
1
2

2862 2 2) ( ) ( ) ( )H g O g H O l H kJ+ → = −Δ  

N O g N O O g2 3 2 5 2 42( ) (s) N ( )+ →

 1 39 82 2 3) ( ) ( ) ( ) /NO g NO g N O g H kJ+ → = −Δ  

2 112 52 2 2 5) ( ) ( ) O ( ) ( ) /NO g NO g g N O g H kJ+ + → = −Δ  

3 2 57 22 2 4) ( ) ( ) /NO g N O g H kJ→ = −Δ  

4 2 2 114 22 2) ( ) ( ) ( ) /NO g O g NO g H kJ+ → = −Δ  

5 54 12 5 2 5) ( ) ( ) /N O s N O g H kJ→ = +Δ  

( ( ))C H g3 6

( ( ))C H OH l2 5

 ( / , / , OH( ( )) ( ( ))Δ ΔH kJ mol H kJ mol C HC H OH l C H g2 5 3 6
1368 2058 2 5= − = − = 446 g mol/ )  

= 18 = 20 kJ g/

= 3

= 800 kJ h/



C H g4 10( )

( , , / )H C O g mol= = =1 12 16 : CO g2( )

−2900 kJ/ mol

H2(g)

 H g O g H O l H kJ mol2 2 2
1
2

286( ) ( ) ( ) /+ → = −Δ  

H H− H l H O g H kJ mol2 2 44O( ) ( ) /→ =, Δ

O H− O O=

R
n N g
t

n H g
t

n NH g
tr = − = − = +

2 2
3

2 2 3Δ
Δ

Δ
Δ

Δ
Δ

( ( )) ( ( )) ( ( ))

 2 1 12 16 233 2 3 2 2NaHCO Na CO CO H O H C O Na gmol→ + + = = = =, ( , , , : )  

1 6 10 4/ /× − mol s 2 2 2NOBr g NO g Br g( ) ( ) ( )→ + NO g( )

mol s/ Br g2( )



2 2 33 2KClO s KCl s O g( ) ( ) ( )→ +

0 0015/ / .mol L s

 ( / / )KClO g mol3 122 5=  

NO2 O2 N O2 5

NO2 N O2 5

O2

O g= 16 / mol ρO g L
2
0 8= / / MnO2

 

1�C

c
q

m T
=

.Δ

25�C

35�C



CO g H O CH g O g H kJ2 2 4 22 2 891( ) (l) ( ) ( )+ → + = +, Δ

( , : .mol )H C g= = −1 12 1 CH g4( )

   
20�C 70�C

 ( / / . )c J g C= 0 235 �
  ( / / . )c J g C= 0 902 �

 ( / / . )c J g C= 0 340 �
  ( / / . )c J g C= 0 129 �

J g C. .− −1 1� D C B A

D B C A〈 〈 〈  C A D B〈 〈 〈  B D A C〈 〈 〈   A C B D〈 〈 〈

ΔH

A

 B

 C

 D

ΔH N O NO2 2 2+ →

 ( : , : , : / )N O NO kcal mol2 2225 119 150  

 +   +  
ΔH

A B C H kJ+ → = −Δ 100

C B D H kJ+ → = −Δ 50

A B D H+ → =2 Δ ?
C B II+ −2 150, ,  D III, ,−150  C B III+ −2 50, ,   C I, ,− 50

( . )Mg g mol= −24 1

 Mg aq H g(s) HCl(aq) MgCl ( ) ( )+ → +2 2 2  

   

 

 



C g( ) B g( ) A g( )

A g C g H( ) ( )→ Δ 1 B g A g H( ) ( )→ Δ 2 B g C g H( ) ( )→ Δ 3

Δ Δ ΔH H H1 3 2= +    Δ Δ ΔH H H1 3 2= −

Δ Δ ΔH H H1 2 3
1
2

= +( )   Δ Δ ΔH H H1 2 3= −

ΔH 412kJ mol/ C H−

+1648kJ

CH g C g g4 22( ) ( ) H ( )→ +   CH g C g4 22( ) (s) H ( )→ +

CH g C g g4 4( ) ( ) H( )→ +  CH g C g4 4( ) (s) H( )→ +

−890 kJ/ mol

   
ΔH 1 atm 20�C

( , , mol c / . . )H C O g J g CH O= = = =− − −1 12 16 4 21 1 1
2

: , �

 

 
2 2 4842 2 2H g O g H O g H kJ( ) ( ) ( )+ → = −, Δ

    
ΔH

( , / mol)H C g= =1 12 :

 CH g g CO g H O g H kJ4 2 2 22 2( ) O ( ) ( ) ( )+ → + =Δ ?  

  +  

   

H I− I I− H H−

   



 

 

−110 5/ /kJ mol CO

C s O g CO g( ) ( ) ( )+ →1
2 2

CO g O g CO g( ) ( ) ( )+ →1
2 2 2 ΔH

TiCl g H O g TiO HCl s4 2 22 4( ) ( ) (s) ( )+ → + ΔH

2 22 2 2H g H g O H bO( ) ( )→ + + =Δ   Ti s Cl g TiCl H a( ) ( )+ → =2 2 4 Δ                     

2 2 2HCl g H g Cl g H d( ) ( ) ( )→ + =Δ  TiO s Ti s O H c2 2( ) ( )→ + =Δ                                         

d c a b+ − −    d c a b− − +

− + + +2d c a b   − − − +2d c a b

D A C+ → 4 ΔH

A B H kJ→ = +2 401,Δ

B C H kJ→ = −,Δ 2 50

2 203C D H kJ→ = −,Δ

 +   +  

  

 2 1 12 16 233 2 3 2 2NaHCO s Na CO s CO s O H C O( ) ( ) ( ) H (l) ( , , ,Na g .mo→ + + = = = = ll )−1  
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