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Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
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For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

Important Termonologies in
Thermodynamics

Scilab code Exa 2.1 numerical

1 // example 2 . 1
2

3 clear;

4 clc;

5

6 //Given :
7 m=25; // we ight o f water vapour [ grams ]
8 w=18; // mo l e cu l a r we ight o f water vapour [ grams /mol ]
9 T=9.69; // i n c r e a s e i n t empera tu r e [K]
10 Qp =0.45; // heat s u pp l i e d at c on s t an t p r e s s u r e [KJ ]
11

12

13 //To f i n d the molar c on s t an t p r e s s u r e s p e c i f i c heat
14 n=m/w;//no . o f moles o f water vapour
15 Cp=Qp/(n*T);// s p e c i f i c heat c a p a c i t y at c on s t an t

p r e s s u r e [KJ ]
16 printf(”The s p e c i f i c heat c a p a c i t y at c on s t an t

p r e s s u r e = %f KJ/K/mol”,Cp)
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Scilab code Exa 2.2 numerical

1 // example 2 . 2
2

3 clear;

4 clc;

5

6 //Given :
7 m=16; // we ight o f oxygen [ grams ]
8 w=32; // mo l e cu l a r we ight o f oxygen [ grams /mol ]
9 T=300; // Temperature dur ing compre s s i on [K]

10 P1=1; // i n i t i a l p r e s s u r e o f p r o c e s s [ atm ]
11 P2=100; // f i n a l p r e s s u r e o f p r o c e s s [ atm ]
12 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
13

14 //To f i n d the minimum work o f compre s s i on
15 n=m/w;//no . o f moles o f oxygen
16 W=-n*R*T*log(P1/P2);

17 printf(”Mininmum work done to compress oxygen = %f J
” , W )
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Chapter 3

The First Law of
Thermodynamics

Scilab code Exa 3.1 numerical

1 // example 3 . 1
2

3 clear;

4 clc;

5

6 // g i v en :
7 V1=14; // i n i t i a l volume o f c y l i n d e r i n m3
8 V2=9; // f i n a l volume o f c y l i n d e r i n m3
9 P=2000; // p r e s s u r e dur ing the o p e r a t i o n i n N/m2
10 U=( -6000);// i n t e r n a l ene rgy o f the system in J
11

12 // to f i n d ene rgy t r a n s f e r e d i n form o f heat :
13 W=-P*(V2-V1);//work done dur ing the o p e r a t i o n i n J
14 Q=U-W;// ene rgy t r a n f e r e d i n form o f heat i n J
15 printf(” ene rgy t r a n f e r e d i n form o f heat i s %f J”,Q)

;
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Scilab code Exa 3.2 numerical

1 // example 3 . 2
2

3 clear;

4 clc;

5

6 // g i v en :
7 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]
8 T=300; // t emper tu r e f o r the p r o c e s s [K]
9 U=0; // change i n i n t e r n a l ene rgy [ J ]

10 V1 =2.28; // i n i t i a l volume [m3 ]
11 V2 =4.56; // f i n a l volume [m3 ]
12

13

14 // to f i n d the heat l o s t or ga ined by the system :
15 W=2.303*R*T*log10(V2/V1);//work done dur ing the

p r o c e s s [ J ]
16 Q=W;// heat l o s t or ga ined by the system [ J ]
17 printf(” the heat ga ined by the system i s %f J”,Q);

Scilab code Exa 3.3 numerical

1 // example 3 . 3
2

3 clear;

4 clc;

5

6 // g i v en :
7 H=29.2; // l a t e n t heat o f v a p o r i s a t i o n [KJ/mol ]
8 T=332; // t empera tu r e o f the system [K]
9 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]

10

11

12 // to f i n d Q,W,U f o r 1 mole o f bromine v a p o r i z e s
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13 // where Q i s heat absorbed or evo l v ed
14 //W i s the work done by system
15 //U i s the change i n i n t e r n a k ene rgy
16 Qp=H;// at c on s t an t p r e s s u r e [KJ ]
17 W=-R*0.001*T;//workdone [KJ ]
18 U=Qp+W;// change i n i n t e r n a l ene rgy [KJ ]
19 printf(” heat absorbed by the bromine vapours i s %f

KJ”,Qp);
20 printf(”\nworkdone dur ing the p r o c e s s i s %f KJ”,W);
21 printf(”\ nchange i n i n t e r n a l ene rgy o f the system i s

%f KJ”,U);

Scilab code Exa 3.4 numerical

1 // example 3 . 4
2

3 clear;

4 clc;

5

6 // g i v en :
7 disp(”C7H16 ( l ) + 11O2( g ) −> 7CO2( g ) + 8H2O( l ) ”);
8 n=-4; // change i n no . o f moles when r e a c t i o n p r o c e ed s

from r e a c t a n t s to p roduc t s
9 T=298; // t empera tu r e o f the p r o c e s s [K]

10 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]
11 Qv= -4800; // heat ene rgy at c on s t an t volume [KJ ]
12

13

14 // to f i n d change i n en tha lpy o f the p r o c e s s :
15 U=Qv;// change i n i n t e r n a l ene rgy o f system [KJ ]
16 H=U+n*R*0.001*T;// change i n en tha lpy o f the system [

KJ ]
17 printf(” the change i n en tha lpy o f system i s %f KJ”,H

);
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Scilab code Exa 3.5 numerical

1 // example 3 . 5
2

3 clear;

4 clc;

5

6 // g i v en :
7 n=1; //number o f moles o f an g i v en i d e a l gas
8 T=298; // t empera tu r e f o r the p r o c e s s [K]
9 V1=8.3; // i n i t i a l volume o f the i d e a l gas [m3 ]

10 V2 =16.8; // f i n a l volume o f the i d e a l gas [m3 ]
11 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]
12

13

14 // to f i n d the Q,W,H
15 // where Q i s heat absorbed or evo l v ed by the system
16 //W i s the net workdone
17 //H i s the change i n en tha lpy o f system
18 W= -2.303*R*T*log10(V2/V1);// [ J ]
19 Q=-W;// [ J ]
20 disp(”H=U+PV , where U i s change i n i n t e r n a l ene rgy

which i s z e r o due to i s o t h e rma l p r o c e s s ”);
21 disp(”PV where V i s change i n volume o f system ,PV=

RT & RT==0 s i n c e T i . e change i n temp i s z e r o f o r
system ”);

22 disp(” Ther e f o r e , the change i n en tha lpy i s 0J”);
23 printf(” the workdone by system i s %f J”,W);
24 printf(”\ nthe heat evo l v ed i s %f J”,Q);

Scilab code Exa 3.6 numerical
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1 // example 3 . 6
2

3 clear;

4 clc;

5

6 // g i v en :
7 T1=323; // i n t i a l t empera tu r e o f water [K]
8 T2=373; // f i n a l t empera tu r e o f water [K]
9 Cp =75.29; // s p e c i f i c heat o f water [ J/K/mol ]
10 w=100; // we ight o f water [ g ]
11 mol.wt=18; // mo l e cu l a r we ight o f water [ g/mol ]
12

13 // to f i n d the change i n en tha lpy (H) o f water
14 n=w/mol.wt;//no . o f moles o f water [ moles ]
15 H=(n*Cp*(T2-T1))*0.001; // change i n en tha lpy o f water

[ J ]
16 printf(”The change i n en tha lpy o f water i s %f J”,H);

Scilab code Exa 3.7 numerical

1 // example 3 . 7
2

3 clear;

4 clc;

5

6 disp(”SO2 + 0 . 5O2 −> SO3”);
7 // g i v en :
8 U= -97030; // heat o f r e a c t i o n [ J ]
9 n=1 -(1+0.5);// change i n no . o f moles

10 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]
11 T=298; // t empera tu r e dur ing the r e a c t i o n [K]
12

13

14 // to f i n d the change i n en tha lpy o f r e a c t i o n (H)
15 H=U+n*R*T;// change i n en tha lpy o f r e a c t i o n [ J ]
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16 printf(”The change i n en tha lpy o f r e a c t i o n i s %f J ”
,H);

Scilab code Exa 3.8 numerical

1 // example 3 . 8
2

3 clear;

4 clc;

5

6 disp(” i .C( s ) + O2( g ) −> CO2( g ) ”);
7 //Given :
8 H1= -393.5; // change i n en tha lpy [KJ/mol ]
9 T1=298; // t empera tu r e [K]
10 n1=0; // change i n no . o f moles i n r e a c t i o n moving i n

fo rward d i r e c t i o n
11 R=0.008314; // u n i v e r s a l gas c on s t an t [KJ/K/mol ]
12

13 // to f i n d the change i n i n t e r n a l ene rgy (U) o f g i v en
r e a c t i o n

14 U1=H1-n1*R*T1;// change i n i n t e r n a l ene rgy [KJ ]
15 printf(”The change i n i n t e r n a l ene rgy i s %f KJ/mol”,

U1);

16

17 disp(” i i .C( s ) + 0 . 5O2 −> CO( g ) ”);
18 //Given :
19 H2= -110.5; // change i n en tha lpy [KJ/mol ]
20 T2=298; // t empera tu r e [K]
21 n2=1 -0.5; // change i n no . o f moles i n r e a c t i o n moving

i n fo rward d i r e c t i o n
22 R=0.008314; // u n i v e r s a l gas c on s t an t [KJ/K/mol ]
23

24 // to f i n d the change i n i n t e r n a l ene rgy (U) o f g i v en
r e a c t i o n

25 U2=H2-n2*R*T2;// change i n i n t e r n a l ene rgy [KJ ]
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26 printf(”The change i n i n t e r n a l ene rgy i s %f KJ/mol”,
U2);

Scilab code Exa 3.9 numerical

1 // example 3 . 9
2

3 clear;

4 clc;

5

6 disp(”The s tandard heat o f combust ion o f ”);
7 disp(”2C6H6( l )+ 15O2( g )−> 12 CO2( g )+ 6 H2O( l ) ”);
8 disp(”H1( s tandard heat o f combust ion )=−6536 KJ/mol”)

;

9 //Given :
10 H1= -6536; // s tandard heat o f combust ion [KJ/mol ]
11

12 // to f i n d the s tandard heat o f rxn f o r combust ion o f
1 mole o f C6H6

13 disp(”C6H6( l )+ 7 . 5 O2( g )−> 6 CO2( g )+ 6 H2O( l ) ”);
14 H2=H1/2; // s tandard heat o f combust ion [KJ/mol ]
15 printf(” H2( s tandard heat o f combust ion f o r 1 mole

o f C6H6)= %f KJ/mol”,H2);

Scilab code Exa 3.10 numerical

1 // example 3 . 1 0
2

3 clear;

4 clc;

5 disp(”N2( g )+3H2( g )−> 2NH3( g ) ”);
6

7 //Given :
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8 H= -92.22; // s tandard heat o f r e a c t i o n [KJ/mol ]
9

10 // to f i n d the s tandard heat o f f o rma t i on o f one mole
o f product

11 H1=H/2; // s tandard heat o f f o rmat i on o f 1 mole [KJ/
mol ]

12 printf(”H( heat o f f o rmat i on o f 1 mole o f product )=
%f KJ/mol” , H1);

Scilab code Exa 3.11 numerical

1 // example 3 . 1 1
2

3 clear;

4 clc;

5

6 disp(”C2H5OH( l )+3O2( g )−>2CO2( g )+3H2O( l ) ”);
7 //Given :
8 T=298; // t empera tu r e dur ing the r e a c t i o n [K]
9 Hw= -285.83; // s tandard heat o f f o rmat i on o f l i q u i d

water [KJ/mol ]
10 He= -277.69; // s tandard heat o f f o rmat i on o f l i q u i d

e t h ano l [KJ/mol ]
11 Hco2 = -393.51; // s tandard heat o f f o rmat i on o f carbon

d i o x i d e [KJ/mol ]
12 Ho2 =0; // s tandard heat o f f o rmat i on o f oxygen gas [KJ/

mol ]
13

14 // to f i n d the s tandard heat o f r e a c t i o n
15 H=2* Hco2 +3*Hw -He -3*Ho2;// s tandard heat o f r e a c t i o n
16 printf(”H( s tandard heat o f r e a c t i o n )=%f KJ/mol”,H);

Scilab code Exa 3.12 numerical
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1 // example 3 . 1 2
2

3 clear;

4 clc;

5

6 disp(”CO( g )+NO( g )−>0.5N2( g )+CO2( g ) ”);
7 //Given :
8 Hrxn = -374; // s tandard heat o f r e a c t i o n [KJ/mol ]
9 Hno =90.25; // s tandard heat o f f o rmat i on o f NO[KJ/mol ]
10 Hco2 = -393.51; // s tandard heat o f f o rmat i on o f CO2 [KJ/

mol ]
11 Hn2 =0; // s tandard heat o f f o rmat i on o f N2 [KJ/mol ]
12 T=298; // t empera tu r e o f r e a c t i o n [K]
13

14 // to f i n d the va lu e o f s t andard heat o f f o rma t i on o f
CO

15 Hco =0.5* Hn2+Hco2 -Hno -Hrxn;// s tandard heat o f
f o rma t i on o f CO[KJ/mol ]

16 printf(”Hco ( s tandard heat o f f o rma t i on )=%f KJ/mol”,
Hco);

Scilab code Exa 3.13 numerical

1 // example 3 . 1 3
2

3 clear;

4 clc;

5

6 //Given :
7 // (”C3H6( g )+H2( g )−>C3H8( g ) ; H1=−29.6 Kcal ”) ;
8 // (”C3H8( g )+5O2( g )−>3CO2( g )+4H2O( l ) ; H2=−530.6

Kcal ”) ;
9 // (”C( s )+O2( g )−>CO2( g ) ; H3=−94.0 Kcal ”) ;

10 // (”H2( g ) +0.5O2( g )−>H2O( l ) ; H4=−68.3 Kcal . ” ) ;
11 H1= -29.6; // the s tandard heat o f hyd rogena t i on o f
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ga s eou s p r opy l en e to propane [ Kcal ]
12 H2= -530.6; // the heat o f combust ion o f propane [ Kcal ]
13 H3= -94.0; // the heat o f f o rma t i on o f carbon d i o x i d e [

Kcal ]
14 H4= -68.3; // the heat o f f o rma t i on o f l i q u i d water [

Kcal ]
15

16

17 // to f i n d the heat o f combust ion and f o rmat i on o f
p r opy l en e

18 disp(”C3H6( g ) +4.5O2( g )−>3CO2( g )+3H2O( l ) ”);
19 H5=[3*H3+4*H4]-[H1+H2]; // [ Kcal ]
20 printf(”\n H( s tandard heat o f combust ion )=%f Kcal . \ n

”,H5);
21 disp(”3C( s )+3H2( g )−>C3H6( g ) ”);
22 H6=-H5+3*H3+3*H4;// [ Kcal ]
23 printf(”\n H( s tandard heat o f f o rmat i on )=%f Kcal . \n

”,H6);

Scilab code Exa 3.14 numerical

1 // example 3 . 1 4
2

3 clear;

4 clc;

5

6 //Given :
7 H1= -114.1; // s tandard heat o f r e a c t i o n : 2NO( g )+O2( g )

−>2NO2( g ) ; [ KJ/mol ]
8 H2= -110.2; // s tandard heat o f r e a c t i o n : 4NO2( g )+O2( g )

−>2N2O5( g ) ; [ KJ/mol ]
9 H3 =180.5; // s tandard heat o f r e a c t i o n : N2( g )+O2( g )−>2

NO( g ) ; [ KJ/mol ]
10

11
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12 // to f i n d the heat o f f o rmat i on o f N2O5
13 // r e a c t on : N2( g ) +2.5O2( g )−>N2O5( g )
14 H4=(2*H1+H2+2*H3)/2; // s tandard heat o f f o rmat i on o f

N2O5 [KJ/mol ]
15 printf(”H( s tandard heat o f f o rma t i on o f N2O5)=%f KJ/

mol”,H4);

Scilab code Exa 3.15 numerical

1 // example 3 . 1 5
2

3 clear;

4 clc;

5

6 //Given :
7 Hc= -5645; // s tandard en tha lpy o f combust ion o f

r e a c t i o n : C12H22O11 ( s )+12O2( g )−>12CO2( g )+11H2O( l )
[KJ/mol ]

8 Hf1 = -393.51; // s tandard heat o f f o rmat i on o f CO2 : C( s
)+O2( g )−>CO2( g ) [KJ/mol ]

9 Hf2 = -285.83; // s tandard heat o f f o rmat i on o f H2O : H2(
g ) +0.5O2( g )−>H2O( l ) [KJ/mol ]

10

11

12 // to f i n d the s tandard heat o f formaton o f s o l i d
s u c r o s e

13 // r e a c t i o n : 1 2C( s )+11H2( g ) +5.5O2( g )−>C12H22O11 ( s )
14 Hf=12* Hf1 +11*Hf2 -Hc;// [KJ/mol ]
15 printf(”Hf ( s tandard heat o f f o rmat i on o f s o l i d

s u c r o s e )=%f KJ/mol”,Hf);

Scilab code Exa 3.16 numerical
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1 // example 3 . 1 6
2

3

4 clear;

5 clc;

6

7 //Given :
8 Hf1 = -46.11; // s tandard heat o f f o rmat i on o f NH3 at

298K // r e a c t i o n : 0 . 5 N2( g ) +1.5H2( g )−>NH3( g ) [KJ/mol
]

9 Cp1 =29.125; //molar heat c a p a c i t y at c on s t an t
p r e s s u r e f o r N2( g ) [ J/K/mol ]

10 Cp2 =28.824; //molar heat c a p a c i t y at c on s t an t
p r e s s u r e f o r H2( g ) [ J/K/mol ]

11 Cp3 =35.06; //molar heat c a p a c i t y at c on s t an t p r e s s u r e
f o r NH3( g ) [ J/K/mol ]

12 T1=298; // i n i t i a l t empera tu re [K]
13 T2=400; // f i n a l t empera tu r e [K]
14

15

16 // to f i n d the s tandard heat o f f o rma t i on o f NH3 at
400K f o r same r e a c t i o n

17 Cp=Cp3 -0.5*Cp1 -1.5* Cp2;// [ J/K/mol ]
18 T=T2 -T1;// [K]
19 Hf2=Hf1+Cp *0.001*T;// s tandard heat o f f o rmat i on f o r

NH3 at 400K[KJ/mol ]
20 printf(”\n Hf2 ( s tandard heat o f f o rmat i on f o r NH3 at

400K = %f KJ/mol . \n”,Hf2);

Scilab code Exa 3.17 numerical

1 // example 3 . 1 7
2

3 clear;

4 clc;
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5

6 //Given :
7 Cp1=poly ([29.07 , -0.836*10^ -3 , 20.1*10^ -7] , ’T ’ , ’ c ’ );

// heat c a p a c i t y f o r H2( g )
8 Cp2=poly ([25.72 , 12.98*10^ -3 , -38.6*10^ -7] , ’T ’ , ’ c ’ );

// heat c a p a c i t y f o r O2( g )
9 Cp3=poly ([30.36 , 9.61*10^ -3 , 11.8*10^ -7] , ’T ’ , ’ c ’ );//

heat c a p a c i t y f o r H2O( g )
10 Hf1 = -241820; // s tandard heat o f f o rmat i on H2O( g ) at

298K : H2( g )+ 0 . 5O2( g )−>H2O( g ) [ J/
mol ]

11 T1=298; // i n i t i a l t empera tu re [K]
12 T2 =1273; // f i n a l t empera tu r e [K]
13

14 // to f i n d the s tandard heat o f f o rma t i on o f H2O( g )
at 1273K

15 Cp=Cp3 -0.5*Cp2 -Cp1;// heat c a p a c i t y f o r the f o rma t i on
[ J/K/mol ]

16 i=horner(Cp ,1273) -horner(Cp ,298);// [ J/mol ]
17 Hf2=(Hf1 -i)*0.001; // [KJ/mol ]
18 printf(”The heat o f f o rma t i on o f H2O at 1273K = %f

KJ/mol”, Hf2);

Scilab code Exa 3.18 numerical

1 // example 3 . 1 8
2

3 clear;

4 clc;

5

6 // g i v en :
7 H1=435; //bond d i s s o c i a t i o n ene rgy f o r : CH4−>CH3+H [

KJ/mol ]
8 H2=364; //bond d i s s o c i a t i o n ene rgy f o r :CH3−>CH2+H [KJ

/mol ]
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9 H3=385; //bond d i s s o c i a t i o n ene rgy f o r :CH2−>CH+H [KJ/
mol ]

10 H4=335; //bond d i s s o c i a t i o n ene rgy f o r :CH−>C+H [KJ/
mol ]

11

12

13 // to f i n d the C−H bond ene rgy o f CH4 from the above
bond e n e r g i e s

14 H=(H1+H2+H3+H4)/4; // the bond ene rgy f o r C−H bond in
CH4 [KJ/mol ]

15 printf(”\n H( the C−H bond ene rgy i n CH4)=%f KJ/mol .
\n”,H);

Scilab code Exa 3.19 numerical

1 // example 3 . 1 9
2

3 clear;

4 clc;

5

6 //Given :
7 H1= -84.68; // heat o f f o rma t i on : 2C( s )+3H2( g )−>C2H6( g

) [KJ/mol ]
8 H2 =2*716.68; // heat o f f o rma t i on : 2C( s )−>2C( g ) [KJ ]
9 H3 =3*436; // heat o f f o rma t i on : 3H2( g )−>6H( g ) [KJ ]
10 H4=412; // t ak i n g i t as bond ene rgy f o r one C−H bond [

KJ/mol ]
11

12

13 // to f i n d the C−C bond ene rgy i n e thane bond
14 H=H2+H3-H1;// heat o f r e a c t i o n : C2H6( g )−>2C( g )+6H( g )

[KJ/mol ]
15 H5=H-6*H4;//bond ene rgy f o r one C−C bond in ethane

bond [KJ/mol ]
16 printf(”\n Hc−c ( bond ene rgy f o r one C−C bond in
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e thane bond )=%f KJ/mol . \ n”,H5);

Scilab code Exa 3.20 numerical

1 // example 3 . 2 0
2

3 clear;

4 clc;

5

6 //Given :
7 //MgBr2 ( s )−−>Mg( s )+Br2 ( l )−−>Mg( g )+Br2 ( l )−−>Mg( g )+Br2

( g )−−>Mg( g )+2Br ( g )−−>Mg+2(g ) + 2 e ( g ) + 2Br ( g )−−>
Mg+2(g ) + 2Br−(g )

8 H1= -524; // en tha lpy o f f o rma t i on o f MgBr2 ( s ) from i t s
e l ement [KJ/mol ]

9 H2=148; // en tha lpy o f s ub l ima t i o n o f Mg( s ) [KJ/mol ]
10 H3=31; // en tha lpy o f v a p o r i z a t i o n o f Br2 ( l ) [ KJ/mol ]
11 H4=193; // en tha lpy o f d i s s o c i a t i o n Br2 to 2Br ( g ) [KJ/

mol ]
12 H5 =2187; // en tha lpy o f i o n i z a t i o n o f Mg( g ) to Mg+2(g )

[KJ/mol ]
13 H6= -650; // en tha lpy o f f o rma t i on o f Br−(g ) [KJ/mol ]
14

15 // to f i n d the l a t t i c e en tha lpy o f magnesium bromide
16 H=-H1+H2+H3+H4+H5+H6;// l a t t i c e en tha lpy [KJ/mol ]
17 printf(”\n H( l a t t i c e en tha lpy o f magnesium bromide )=

%f KJ/mol . \ n”,H);

Scilab code Exa 3.21 numerical

1 // example 3 . 2 1
2

3 clear;
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4 clc;

5

6 //Given :
7 Cp1=poly ([26.0 , 43.5*10^ -3 , -148.3*10^ -7] , ’T ’ , ’ c ’ );

// heat c a p a c i t y f o r CO2( g ) [ J/K/mol ]
8 Cp2=poly ([30.36 , 9.61*10^ -3 , 11.8*10^ -7] , ’T ’ , ’ c ’ );//

heat c a p a c i t y f o r H2O( g ) [ J/K/mol ]
9 Cp3=poly ([27.30 , -5.23*10^-3, -0.04*10^ -7] , ’T ’ , ’ c ’ );

// heat c a p a c i t y f o r N2( g ) [ J/K/mol ]
10 H1= -881.25; // heat o f combust ion o f methane at 298K[

KJ/mol ] : CH4 + 2O2( g ) −−> CO2( g ) +
2H2O( l )

11 H2 =43.6; // heat o f v a p o r i z a t i o n o f water at 298K[KJ/
mol ] : H2O( l )−−>H2O( g )

12 T1=298; // i n i t i a l t empera tu re [K]
13

14

15 // to f i n d the maximum f lame tempera tu r e when one
mole o f methane i s burnt c omp l e t e l y i n
c a l c u l a t e d amount o f a i r (N2 to O2 r a t i o 4) , a t
c on s t an t p r e s s u r e

16 H=(H1+2*H2);// en tha lpy o f r e a c t i o n : CH4 + 2O2( g ) −−>
CO2( g ) + 2H2O( g ) [KJ ]

17 printf(”H( en tha lpy o f r e a c t i o n )=%f KJ/mol . \ n”,H);
18 printf(”H( en tha lpy o f h e a t i n g )=%f KJ/mol . \n”,-H);
19 Cp=Cp1+2* Cp2+8*Cp3;// [ J/K/mol ]
20 P=poly ([0 , 305.12 , 52.28*10^ -3 , -41.66*10^ -7] , ’

T ’ , ’ c ’ );
21 i=horner(P,298);

22 c1=-H*1000+i;

23 P1=poly([-c1 , 305.12 , 52.28*10^ -3 , -41.66*10^ -7]

, ’T ’ , ’ c ’ );
24 T2=roots(P1)

25 printf(”T2 (maximum f lame tempera tu r e )= %f K”,T2(1))
;
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Chapter 4

Defining Thermodynamic State
The State Postulate

Scilab code Exa 4.1 numerical

1 // example 4 . 1
2

3 clear;

4 clc;

5

6 //Given :
7 M=2.5; //mass o f the sub s t an c e [Kg ]
8 x=0.6; //mass f r a c t i o n f o r vapour phase
9 P=7; // p r e s s u r e [ atm ]

10 T=438; // t empera tu r e [K]
11

12 // to f i n d the mass o f s ub s t an c e p r e s e n t i n l i q u i d
and vapour phase

13 Ml=(1-x)*M;//mass f r a c t i o n o f l i q u i d phase [ Kg ]
14 Mg=x*M;//mass f r a c t i o n o f vapour phase [ Kg ]
15

16 printf(”M( l i q u i d phase )=%f Kg , M( vapour phase )=%f
Kg”,Ml ,Mg)
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Scilab code Exa 4.2 numerical

1 // example 4 . 2
2

3 clear;

4 clc;

5

6 //Given :
7 Vl =0.0177; // s p e c i f i c volume o f s a t u r a t e d l i q u i d [m3/

Kg ]
8 Vg =4.43; // s p e c i f i c volume o f s a t u r a t e d vapour [m3/Kg ]
9 P=7; // p r e s s u r e [ atm ]

10 T=438; // t empera tu r e [K]
11 x=0.6; // f r a c t i o n o f vapour phase
12 M=2.5; //mass o f the sub s t an c e [Kg ]
13

14 // to f i n d the t o t a l volume oc cup i ed by the mixture
15 V=[(1-x)*Vl+x*Vg]*M;// t o t a l volume oc cup i ed [m3 ]
16 printf(” Tota l volume oc cup i ed =%f m3”, V)

Scilab code Exa 4.3 numerical

1 // example 4 . 3
2

3 clear;

4 clc;

5

6 //Given :
7 M=2.5; //mass o f a sub s t an c e [Kg ]
8 x=0.6; // f r a c t i o n o f vapour phase
9 Ug =1105; // s p e c i f i c i n t e r n a l ene rgy o f s a t u r a t e d

vapour [ J/Kg ]
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10 Ul=298; // s p e c i f i c i n t e r n a l ene rgy o f s a t u r a t e d
l i q u i d [ J/Kg ]

11

12

13 // to f i n d the t o t a l i n t e r n a l ene rgy o f the mixture
14 U=M*[(1-x)*Ul+x*Ug];

15 printf(”The t o t a l i n t e r n a l ene rgy o f the mixture =
%f J”, U)

27



Chapter 5

The Second Law of
Thermodynamics

Scilab code Exa 5.1 numerical

1 // example 5 . 1
2

3 clear;

4 clc;

5

6 // g i v en :
7 T1=373; // i n i t i a l t empera tu re [K]
8 T2=573; // f i n a l t empera tu r e [K]
9 Q2=750; //Heat absorbed by ca rno t eng i n e [ J ]
10

11 // to f i n d the workdone , heat r e j e c t e d , and
e f f i c i e n c y o f the eng i n e

12 e=(T2-T1)/T2;// e f f i c i e n c y o f the eng i n e
13 W=e*Q2;//Workdone by the eng i n e [ J ]
14 Q1=T1*Q2/T2;//Heat r e j e c t e d by the eng i n e [ J ]
15

16 printf(” E f f i c i e n c y o f the eng i n e = %f ”, e);

17 printf(”\n Workdone by the eng i n e = %f J”, W);

18 printf(”\n Heat r e j e c t e d by the eng i n e = %f J”, Q1);
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Scilab code Exa 5.2 numerical

1 // example 5 . 2
2

3 clear;

4 clc;

5

6 // g i v en :
7 T1=250; // t empera tu r e o f heat r e j e c t i o n [K]
8 T2 =1000; // t empera tu r e o f heat a b s o r p t i o n [K]
9

10 // to ana l y s e the e f f i c i e n c y o f the eng i n e
11 e=1-(T1/T2);

12 printf(” E f f i c i e n c y o f the c o r r e s p ond i n g ca rno t
eng i n e = %f\n”,e);

13 disp(” The r e f o r e , the i n v e n t o r s c l a im o f 80%
e f f i c i e n c y i s absurd . The pa t en t a p p l i c a t i o n
shou ld be r e j e c t e d ”);

Scilab code Exa 5.3 numerical

1 // example 5 . 3
2

3 clear;

4 clc;

5

6 //Given :
7 T1=323; // t empera tu r e [K]
8 T2=423; // t empera tu r e [K]
9 W=1.3; //work [KJ ]

10
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11

12 //To f i n d the minimum heat r e q u i r e d from heat s ou r c e
to y i e l d the above work

13 e=(T2-T1)/T2;// e f f i c i e n c y
14 Q2=W/e;//minimum heat wi thdrawa l from heat s ou r c e [KJ

]
15 printf(”Minimum heat wi thdrawa l from heat s ou r c e=%f

KJ”,Q2);

Scilab code Exa 5.5 numerical

1 // example 5 . 5
2

3 clear;

4 clc;

5 //Given :
6 T=298; // Temperature [K]
7 n=1; //no . o f moles
8 V1=500; // i n i t i a l volume [ cm3 ]
9 V2 =1000; // f i n a l volume [ cm3 ]

10 R=8.314; // Un i v e r s a l gas c on s t an t [ J/mol/K]
11

12 // to f i n d the molar ent ropy change
13 S=R*log(V2/V1)//molar ent ropy change at c on s t an t

t empera tu re [ J/K]
14 printf(”Molar ent ropy change o f argon = %f J/K”, S);

Scilab code Exa 5.6 numerical

1 // example 5 . 6
2

3 clear;

4 clc;
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5

6 //Given :
7 W=1728; // I s o t h e rma l and r e v e r s i b l e work done [ J/mol ]
8 T=298; // I s o t h e rma l t empera tu r e [K]
9

10 // to f i n d the change i n molar ent ropy when the gas
expands i s o t h e rma l l y and r e v e r s i b l y

11

12 S=W/T;// change i n molar ent ropy f o r i s o t h e rma l and
r e v e r s i b l e p r o c e s s

13 printf(”The change i n molar ent ropy = %f J/mol/K”, S

);

Scilab code Exa 5.7 numerical

1 // example 5 . 7
2

3 clear;

4 clc;

5

6 //Given :
7 H= -92.22; // Standard r e a c t i o n en tha lpy [KJ ]
8 T=298; // Temperature [K]
9

10

11 //To f i n d the change i n ent ropy o f the s u r r ound i n g s
at 298K

12 // s tandard r e a c t i o n en tha lpy i s H. The r e f o r e , heat
ga ined by the s u r r ound i n g s at 298K i s −H

13 S=-H*1000/T;//Change i n ent ropy [ J/K]
14 printf(”Change i n ent ropy o f the s u r r ound i n g s at 298

k = %f J/K”,S);
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Scilab code Exa 5.8 numerical

1 // example 5 . 8
2

3 clear;

4 clc;

5

6 //Given :
7 T1=298; // I n i t i a l Temperature [K]
8 T2=573; // F i na l Temperature [K]
9 Cv =29.1; // S p e c i f i c Heat c a p a c i t y o f argon gas [ J/K/

mol ]
10 n=1; //no . o f moles
11

12

13 //To f i n d the change i n ent ropy f o r argon gas
14 S=n*Cv*log(T2/T1);//Change i n ent ropy [ J/K]
15 printf(”The change i n ent ropy o f the argon gas i s %f

J/K”,S);

Scilab code Exa 5.9 numerical

1 // example 5 . 9
2

3 clear;

4 clc;

5

6 //Given :
7 T1=276; // I n i t i a l t empera tu r e [K]
8 Tf =278.7; // F r e e z i n g po i n t t empera tu r e [K]
9 Tb =353.3; // Bo i l i n g po i n t t empera tu r e [K]

10 T2=373; // F i na l t empera tu r e [K]
11 Hf =9870; // Standard en tha lpy o f f u s i o n [ J/mol ]
12 Hv =30800; // Standard en tha lpy o f v a p o r i z a t i o n [ J/mol ]
13 Cp =136.1; // S p e c i f i c heat c a p a c i t y o f benzene [ J/K/mol
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]
14 mol.wt=78; // mo l e cu l a r we ight o f benzene [ g/mol ]
15 mass =200; // we ight o f s o l i d benzene [ g ]
16 disp(” Cp doe sno t change w i th i n t h i s temp l i m i t ”

);

17

18 //To f i n d the t o t a l en t ropy change o f s o l i d
19 n=mass/mol.wt;//no . o f moles
20 S1=n*Cp*log(Tf/T1);// ent ropy change i n h e a t i n g [ J/K]
21 S2=n*Hf/Tf;// ent ropy change i n me l t i ng [ J/K]
22 S3=n*Cp*log(Tb/Tf);// ent ropy change i n h e a t i n g [ J/K]
23 S4=n*Hv/Tb;// ent ropy change i n v a p o r i z a t i o n [ J/K]
24 S5=n*Cp*log(T2/Tb);// ent ropy change i n h e a t i n g [ J/K]
25 S=S1+S2+S3+S4+S5;// t o t a l en t ropy change i n h e a t i n g

from 276 to 373K
26

27 printf(” Tota l en t ropy change i n h e a t i n g 200 g benzene
from 3 to 100 ‘C i s %f J/K”,S);

Scilab code Exa 5.10 numerical

1 // example 5 . 1 0
2

3 clear;

4 clc;

5

6 //Given :
7 mass =32; // we ight o f methane gas [ gm ]
8 P1 =6*10^5; // I n i t i a l t empera tu r e [N/m2 ]
9 P2 =3*10^5; // F i na l p r e s s u r e [N/m2 ]
10 mol.wt=16; // mo l e cu l a r we ight o f methane gas [ g/mol ]
11 T=298; // Temperature [K]
12 // I s o t h e rma l p r o c e s s
13 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
14

33



15 //To f i n d the change i n ent ropy o f the gas
16 n=mass/mol.wt;//no . o f moles
17 S=n*R*log(P1/P2);// change i n ent ropy o f gas [ J/K]
18 printf(”The change i n ent ropy o f the gas i s %f J/K”,

S);

Scilab code Exa 5.11 numerical

1 // example 5 . 1 1
2

3 clear;

4 clc;

5

6 //Given :
7 N=3; // Tota l no . o f b a l l s
8 Nb=2; // Black b a l l s
9 Nw=1; // whi te b a l l
10

11 //To f i n d the t o t a l no . p o s s i b l e c o n f i g u r a t i o n
12 w=prod (1:N)/prod (1:Nb)/prod (1:Nw);

13

14 printf(”The t o t a l no . o f p o s s i b l e c o n f i g u r a t i o n s a r e
%f ”,w);

Scilab code Exa 5.12 numerical

1 // example 5 . 1 2
2

3 clear;

4 clc;

5

6 //Given :
7 n=1; //no . o f moles
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8 T=273; // t empera tu r e [K]
9 Hf =6000; // en tha lpy o f f u s i o n at 273K [ J/mol ]
10 k=1.38*(10^ -23);// boltzmann con s t an t [ J/K]
11

12 //To f i n d the r e l a t i v e number o f d i s t i n g u i s h a b l e
quantum s t a t e s i n 1 mole o f water and i c e at 273K

13

14 p=Hf/(k*T)/2.303;

15 w=10^(p);//w i s the r e l a t i v e no . o f d i s t i n g u i s h a b l e
quantum s t a t e s

16 printf(”The r e l a t i v e no . o f d i s t i n g u i s h a b l e quantum
s t a t e s i n 1 mole o f water and i c e at 273K i s %f”,
w);

Scilab code Exa 5.13 numerical

1 // example 5 . 1 3
2

3 clear;

4 clc;

5

6 //Given :
7 T=300; // t empera tu r e [K]
8 n=4; //no . o f moles o f an i d e a l gas
9 P1 =2.02*10^5; // i n i t i a l p r e s s u r e [N/m2 ]

10 P2 =4.04*10^5; // f i n a l p r e s s u r e [N/m2 ]
11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12

13 //To f i n d the va lu e o f Gibb ’ s f r e e ene rgy
14 G=n*R*T*log(P2/P1);// [ J ]
15 printf(” The change i n Gibbs f r e e ene rgy i s %f J”,G)

;
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Scilab code Exa 5.14 numerical

1 // example 5 . 1 4
2

3 clear;

4 clc;

5

6 //Given :
7 n=1; //no . o f moles
8 T=300; // t empera tu r e [K]
9 V1=2; // i n i t i a l volume [m3 ]

10 V2=20; // f i n a l volume [m3 ]
11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12

13

14 //To f i n d the work f u n c t i o n or He lmho l t s f r e e ene rgy
15 A=-n*R*T*log(V2/V1);//Change i n work f u n c t i o n [ J/mol ]
16 printf(”The change i n He lmho l t s f r e e ene rgy i s %f J/

mol”,A);

Scilab code Exa 5.15 numerical

1 // example 5 . 1 5
2

3 clear;

4 clc;

5

6 disp(”C6H12O6( s ) + 6O2( g ) −−> 6CO2( g ) + 6H2O( l ) ”);
7 //Given :
8 T=298; // Temperature [ k ]
9 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]

10 S=182.45; // s tandard ent ropy change at 298K [ J/K]
11 U= -2808; // change i n i n t e r n a l ene rgy at 298K[KJ/mol ]
12 // r e a c t i o n i s t a k i n g p l a c e i n bomb c a l o r im e t e r so no

volume change
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13 // t h e r e f o r e U=Q at c on s t an t volume
14

15 //To f i n d the ene rgy change tha t can be e x t r a c t e d as
heat and work

16 A=U-T*S*0.001; // Energy e x t r a c t e d as heat [KJ/mol ]
17 Wmax=A;//work done [KJ/mol ]
18 dn=6-6; // change i n no . o f moles
19 H=U+dn*R*T;//Change i n en tha lpy o f the bomb

c a l o r im e t e r [KJ ]
20 printf(”The ene rgy change tha t can be e x t r a c t e d as

heat i s %f KJ/mol”, A);

21 printf(”\nThe ene rgy change tha t can be e x t r a c t e d as
work i s %f KJ/mol”, -A);

22 printf(”\nThe change i n en tha lpy o f bomb c a l o r im e t e r
i s %f KJ/mol”,H);

Scilab code Exa 5.16 numerical

1 // example 5 . 1 6
2

3 clear;

4 clc;

5

6 disp(”C8H18 ( g ) +12.5O2( g )−−>8CO2( g )+9H2O( l ) ”);
7 //Given :
8 T=298; // t empera tu r e [K]
9 S=421.5; // change i n ent ropy [ J/K]

10 H= -5109000; //Heat o f r e a c t i o n [ J ]
11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12 dn =8 -(1+12.5);// change i n no . o f moles
13

14

15 //To f i n d the h e lmho l t s f r e e ene rgy and Gibbs f r e e
ene rgy

16 U=H;// [ J ]
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17 A=U-T*S;//Change i n h e lmho l t s f r e e ene rgy [ J ]
18 G=A+dn*R*T;//Change i n Gibbs f r e e ene rgy [ J ]
19 printf(”The change i n He lmho l t s f r e e ene rgy i s %f J”

,A);

20 printf(”\nThe change i n Gibbs f r e e ene rgy i s %f J”,G
);

Scilab code Exa 5.17 numerical

1 // example 5 . 1 7
2

3 clear;

4 clc;

5

6 disp(”C3H6( g ) +4.5O2( g )−−>3CO2( g )+3H2O( l ) ”);
7 //Given :
8 S= -339.23; // s tandard change i n ent ropy [ J/K]
9 T=298; // t empera tu r e [K]

10 Hf1 =20.42; // en tha lpy o f f o rma t i on o f C3H6( g ) [ J ]
11 Hf2 = -393.51; // en tha lpy o f f o rma t i on o f CO2( g ) [ J ]
12 Hf3 = -285.83; // en tha lpy o f f o rma t i on o f H2O( l ) [ J ]
13 dn=3-4.5 -1; // change i n no . o f moles
14 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
15

16 //To f i n d the He lmho l t s f r e e ene rgy and Gibbs f r e e
ene rgy

17 H=3*Hf2+3*Hf3 -Hf1;// Enthalpy o f the r e a c t i o n [ J ]
18 U=H-dn*R*0.001*T;//Change i n i n t e r n a l ene rgy o f the

r e a c t i o n [ J ]
19 A=U-T*S*0.001; // He lmho l t s f r e e ene rgy change [ J ]
20 G=A+dn*R*0.001*T;//Gibbs f r e e ene rgy change [ J ]
21 printf(”The change i n He lmho l t s f r e e ene rgy i s %f J”

,A);

22 printf(”\nThe change i n Gibbs f r e e ene rgy i s %f J ”,
G);
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Scilab code Exa 5.19 numerical

1 // example 5 . 1 9
2

3 clear;

4 clc;

5

6 disp(”CH4( g )+2O2( g )−−>CO2( g )+2H2O( l ) ”);
7

8 //Given :
9 S1= -242.98; // s tandard ent ropy change f o r the

combust ion r e a c t i o n [ J/K]
10 Hf1 = -74.81; // Enthalpy o f f o rma t i on o f CH4( g ) [KJ/mol ]
11 Hf2 = -393.51; // Enthalpy o f f o rma t i on o f CO2( g ) [KJ/mol

]
12 Hf3 = -285.83; // Enthalpy o f f o rma t i on o f H2O( l ) [KJ/mol

]
13 T=298; // t empera tu r e [K]
14

15 //To f i n d the t o t a l en t ropy change
16 H=Hf2+2*Hf3 -Hf1;//Change i n en tha lpy o f r e a c t i o n [KJ ]
17 S2=-H*1000/T;//Change i n ent ropy o f the su r r ound ing [

J/K]
18 Stotal =(S1+S2)*0.001; // Tota l en t ropy change
19 printf(”The t o t a l change i n ent ropy i s %f KJ/K”,

Stotal);

Scilab code Exa 5.20 numerical

1 // example 5 . 2 0
2
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3 clear;

4 clc;

5

6 disp(”2H2( g )+O2( g )−−>2H2O( l ) ”);
7 //Given :
8 Hf1 = -285.83; // s tandard en tha lpy o f f o rma t i on o f H2O(

l ) [KJ/mol ]
9 S=-327; // Standard ent ropy change f o r the same

r e a c t i o n [ J/K]
10 T=298; // t empera tu r e [K]
11

12

13 //To f i n d the s p on t an i t y o f the r e a c t i o n
14 H=2*Hf1 -0-0; // Enthalpy o f the r e a c t i o n [KJ/mol ]
15 G=H-T*S*0.001; //Change i n Gibbs f r e e ene rgy [KJ ]
16 printf(”The change i n Gibbs f r e e ene rgy i s %f KJ\n ”

,G);

17 disp(”As change i n Gibbs f r e e ene rgy i s n e g a t i v e .
The r e f o r e , the r e a c t i o n i s spontaneous ”)

Scilab code Exa 5.21 numerical

1 // example 5 . 2 1
2

3 clear;

4 clc;

5

6 disp(”CH4( g )+2O2( g )−−>CO2( g )+2H2O( l ) ”);
7 //Given :
8 S= -242.98; // s tandard ent ropy change f o r r e a c t i o n [ J/

K]
9 T=298; // t empera tu r e [K]

10 Gf1 = -50.72; // s tandard Gibbs f r e e ene rgy o f f o rma t i on
f o r CH4( g ) [KJ/mol ]

11 Gf2 = -394.36; // s tandard Gibbs f r e e ene rgy o f
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f o rma t i on f o r CO2( g ) [KJ/mol ]
12 Gf3 = -237.13; // s tandard Gibbs f r e e ene rgy o f

f o rma t i on f o r H2O( l ) [KJ/mol ]
13

14

15 //To f i n d the s tandard en tha lpy o f r e a c t i o n
16 G=Gf2+2*Gf3 -Gf1;// Standard Gibbs f r e e ene rgy f o r

r e a c t i o n [KJ/mol ]
17 H=G+T*S*0.001; // Standard en tha lpy o f r e a c t i o n [KJ ]
18 printf(”The s tandard en tha lpy o f r e a c t i o n i s %f KJ”,

H);

Scilab code Exa 5.22 numerical

1 // example 5 . 2 2
2

3 clear;

4 clc;

5

6 disp(”C6H12O6( s )+6O2( g )−−>6CO2( g )+6H2O( l ) ”);
7 //Given :
8 mass =25; //mass o f g l u c o s e f o r combust ion under

s tandard c o n d i t i o n [ gm ]
9 T=298; // t empera tu r e [K]
10 Gf1 =-910; // Standard Gibbs f r e e ene rgy o f f o rmat i on

f o r C6H12O6 [KJ/mol ]
11 Gf2 = -394.4; // Standard Gibbs f r e e ene rgy o f f o rmat i on

f o r CO2( g ) [KJ/mol ]
12 Gf3 = -237.13; // Standard Gibbs f r e e ene rgy o f

f o rma t i on f o r H2O( l ) [KJ/mol ]
13 mol.wt=180; // mo l e cu l a r we ight o f g l u c o s e [ gm/mol ]
14

15 //To f i n d the maximum energy tha t can be e x t r a c t e d
as non−expans i on work i s equa l to the change i n
f r e e ene rgy o f the system
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16 G=6*Gf2+6*Gf3 -Gf1

17 n=mass/mol.wt;//no . o f moles
18 Gactual=G*n;//Gibbs f r e e ene rgy f o r the combust ion

o f 0 . 1 3 9 mol o f g l u c o s e
19 printf(”The ene rgy tha t can be e x t r a c t e d as non−

expans i on work i s %f KJ”,-Gactual);

Scilab code Exa 5.23 numerical

1 // example 5 . 2 3
2

3 clear;

4 clc;

5

6 //Given :
7 a=1.39*10^ -2; // c on s t an t f o r a vanderwaal ’ s gas [ l i t 2 .

atm/mol2 ]
8 b=3.92*10^ -2; // c on s t an t f o r a vanderwaal ’ s gas [ l i t 2 .

atm/mol2 ]
9 R=0.082; // Un i v e r s a l gas c on s t an t [ l i t . atm/deg /mol ]

10

11 //To f i n d the va lu e o f the i n v e r s i o n t empera tu re f o r
the gas

12 Ti=(2*a)/(R*b);// i n v e r s i o n t empera tu r e [K]
13 printf(”The i n v e r s i o n t empera tu r e f o r the gas i s %f

K”,Ti);

Scilab code Exa 5.26 numerical

1 // example 5 . 2 6
2

3

4 clear;
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5 clc;

6

7 //Given :
8 T=169.25; // Bo i l i n g po i n t [K]
9 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]

10 disp(”dlnP/dT=He/R∗Tˆ2”);
11 disp(”dlnP/dT=(2 . 303∗834 . 13/Tˆ2) +(1 .75/T)

−(2 .30∗8.375∗10ˆ−3) ”);
12 disp(” The r e f o r e u s i n g t h e s e two e qua t i o n s we

c a l c u l a t e the He ( en tha lpy ) o f e t h y l e n e ”);
13

14 //To f i n d the Enthalpy o f v a p o r i z a t i o n o f e t h y l e n e
15 x=(2.303*834.13/T^2) +(1.75/T) -(2.30*8.375*10^ -3);//

i t i s dlnP/dT
16 He=R*0.001*T^2*x;// Enthalpy o f v a p o r i z a t i o n [ J/mol ]
17 printf(”\n\nThe Enthalpy o f v a p o r i z a t i o n o f e t h y l e n e

at i t s b o i l i n g po i n t i s %f KJ/mol”,He);

Scilab code Exa 5.27 numerical

1 // example 5 . 2 7
2

3 clear;

4 clc;

5

6 //Given :
7 P1 =101.3; // I n i t i a l P r e s s u r e [KPa ]
8 P2=60; // F i na l P r e s s u r e [KPa ]
9 He =31.8; // Enthalpy o f v a p o r i z a t i o n [KJ/mol ]
10 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
11 T1 =353.2; // b o i l i n g po i n t o f benzene at 1 01 . 3KPa [K]
12

13 //To f i n d the b o i l i n g po i n t o f b/ enzene at 60KPa
14 x=(T1^-1) -(R*0.001* log(P2/P1)/He);

15 T2=x^-1; // Bo i l i n g po i n t o f benzene at 60KPa

43



16 printf(”The b o i l i n g po i n t o f benzene at 60KPa i s %f
K”,T2);

Scilab code Exa 5.28 numerical

1 // example 5 . 2 8
2

3 clear;

4 clc;

5

6 //Given :
7 P1 =0.016; //Vapour p r e s s u r e o f pure e t h ano l at 273K[

bar ]
8 P2 =0.470; //Vapour p r e s s u r e o f pure e t h ano l at 333K[

bar ]
9 T1=273; // i n i t i a l t empera tu re [K]

10 T2=333; // f i n a l t empera tu r e [K]
11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12 P=1.01; // vapour p r e s s u r e at normal b o i l i n g po i n t [ bar

]
13

14

15 //To f i n d the molar en tha lpy o f v a p ou r i z a t i o n
16 x=(T2^-1) -(T1^-1);

17 He=-R*0.001* log(P2/P1)/x;//molar en tha lpy o f
v a p o r i z a t i o n [ J/mol ]

18 t=(T2^-1) -(R*0.001* log(P/P2)/He);

19 T=(t^-1) -273; // normal b o i l i n g po i n t [C ]
20 printf(”The molar en tha lpy o f v a p ou r i z a t i o n i s %f J/

mol”,He);
21 printf(”\n\nThe normal b o i l i n g po i n t f o r pure

e t h ano l i s %f C”,T);
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Scilab code Exa 5.29 numerical

1 // example 5 . 2 9
2

3 clear;

4 clc;

5

6 //Given :
7 T2 =353.2; // normal b o i l i n g po i n t o f benzene at

1 . 0 1325 bar [K]
8 T1=298; // t empera tu r e [K]
9 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]

10 P2 =1.01325; //Vapour p r e s s u r e o f benzene [ bar ]
11 // benzene obey ’ s Trouton ’ s r u l e
12 disp(” from Troutons r u l e , ”);
13 disp(” He/Tb=85J/K/mol”);
14

15 //To f i n d the vapour p r e s s u r e o f benzene at 298K
16 He=85*T2;//molar en tha lpy o f v a p ou r i z a t i o n [ J/K/mol ]
17 x=(T2^-1) -(T1^-1);

18 t=-He*x/R;

19 P1=P2/exp(t);

20 printf(”\nThe vapour p r e s s u r e o f benzene at 298K i s
%f bar ”,P1);

Scilab code Exa 5.30 numerical

1 // example 5 . 3 0
2

3 clear;

4 clc;

5

6 //Given :
7 c=1; //no . o f components ( on ly CO2)
8 p=2; //no . o f phas e s ( l i q u i d + gas )
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9

10 //To f i n d the d e g r e e s o f f reedom
11 F=c-p+2; // deg r e e o f f reedom
12 printf(” Degree s o f f reedom i s %f \n\n”,F);
13 disp(” Degree s o f f reedom 1 means tha t e i t h e r

p r e s s u r e or t empera tu r e can be v a r i e d
independen t l y , i . e . when tempera tu r e i s f i x e d ,
p r e s s u r e i s a u t oma t i c a l l y f i x e d ”);

Scilab code Exa 5.31 numerical

1 // example 5 . 3 1
2

3 clear;

4 clc;

5

6 //Given :
7 c=1; //no . o f components
8 p=1; //no . o f phas e s
9

10 //To f i n d the v a l u e s o f d e g r e e s o f f reedom
11 F=c-p+2; // Degree s o f f reedom
12 printf(” Degree s o f f reedom i s %f\n\n”,F);
13 disp(” Degree s o f f reedom 2 means both the p r e s s u r e

and tempera tu r e can be v a r i e d i nd ep enden t l y ”);

Scilab code Exa 5.32 numerical

1 // example 5 . 3 2
2

3 clear;

4 clc;

5
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6 //Given :
7 P=1.75*10^ -5; //Vapour p r e s s u r e o f pure water at 293K

[ t o r r ]
8 dP =1.1*10^ -7; // Lower ing i n vapour p r e s s u r e o f water
9 //To f i n d the mole f r a c t i o n o f s u c r o s e , so tha t the

vapour p r e s s u r e o f water w i l l be l ower ed by dP
10 x=dP/P;//mole f r a c t i o n o f s u c r o s e
11 disp(x, ’ The mole f r a c t i o n o f s u c r o s e i s ’ );

Scilab code Exa 5.33 numerical

1 // example 5 . 3 3
2

3 clear;

4 clc;

5

6 //Given :
7 P=94.6; //The vapour p r e s s u r e o f pure benzene at 298K

[ t o r r ]
8 n1=20; //no . o f moles o f pure benzene
9 n2=5; //no . o f moles o f pure naphtha l ene
10

11 //To f i n d the p a r t i a l vapour p r e s s u r e o f benzene
ove r the s o l u t i o n

12 x=n1/(n1+n2);// ( mole f r a c t i o n o f benzene )
13 p=x*P;// the p a r t i a l vapour p r e s s u r e o f benzene [ t o r r ]
14 printf(”The p a r t i a l vapour p r e s s u r e o f benzene i s %f

t o r r ”,p);

Scilab code Exa 5.34 numerical

1 // example 5 . 3 4
2
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3 clear;

4 clc;

5

6 //Given :
7 x=0.28; //mole f r a c t i o n o f s o l u t e
8 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
9 T=298; // t empera tu r e [K]

10

11 //To f i n d the r e du c t i o n i n chem i ca l p o t e n t i a l
12 du=R*T*log(1-x);// r e du c t i o n i n chem i ca l p o t e n t i a l [ J/

mol ]
13 printf(”The r e du c t i o n i n chem i ca l p o t e n t i a l i s %f J/

mol”,-du);

Scilab code Exa 5.35 numerical

1 // example 5 . 3 5
2

3 clear;

4 clc;

5

6 //Given :
7 Kb =0.51; // e b u l l i o s c o p i c c on s t an t o f water [K∗Kg/mol ]
8 n=155/180; //no . o f moles o f g l u c o s e
9 m=n/1; // [ mol/Kg ]

10 Ti=373; // Bo i l i n g po i n t t empera tu r e o f water [K]
11

12 //To f i n d the b o i l i n g po i n t o f the s o l u t i o n which i s
made by d i s s o l v i n g 155 g o f g l u c o s e i n 1000 g o f

water
13 Tf=(Ti+Kb*m) -273; // b o i l i n g po i n t t empera tu r e o f the

s o l u t i o n [C ]
14 printf(”The b o i l i n g po i n t o f the s o l u t i o n i s %f C”,

Tf);
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Scilab code Exa 5.36 numerical

1 // example 5 . 3 6
2

3 clear;

4 clc;

5

6 //Given :
7 Ti =5.44; // f r e e z i n g po i n t o f pure benzene [K]
8 Tf =4.63; // f r e e z i n g po i n t o f s o l u t i o n [K]
9 m1 =2.12; //mass o f the s o l u t e [ gm ]
10 m2=125; //mass o f the benzene [ gm ]
11 Kf =5.12; // c r y o s c o p i c c on s t an t o f pure benzene [K∗Kg/

mol ]
12

13 //To f i n d the molar mass o f s o l u t e (M2)
14 dTf=Ti -Tf;// d e p r e s s i o n i n f r e e z i n g po i n t [K]
15 M2=(m1 *1000* Kf)/(m2*dTf);//molar mass o f s o l u t e
16 printf(”The molar mass o f s o l u t e i s %f”,M2);

Scilab code Exa 5.38 numerical

1 // example 5 . 3 8
2

3 clear;

4 clc;

5

6 disp(”N2( g )+3H2( g )<=>2NH3( g ) ”);
7 //Given :
8 T=298; // Temperature [K]
9 Gf1 = -16450; //Gibb ’ s f r e e ene rgy o f f o rma t i on f o r NH3

( g ) [ J/mol ]
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10 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
11

12 //To f i n d the Kp va lu e o f the above r e a c t i o n
13 Gf=2*Gf1 //Gibb ’ s f r e e ene rgy f o r the r e a c t i o n [KJ ]
14 x=Gf/R/T

15 Kp=exp(-x);

16 disp(Kp, ’ The Kp f o r above r e a c t i o n i s ’ );

Scilab code Exa 5.39 numerical

1 // example 5 . 3 9
2

3 clear;

4 clc;

5

6 disp(” 0 . 5N2( g ) +1.5H2( g )<=>NH3( g ) ”);
7 //Given :
8 T=298; // Temperature [K]
9 Kp=900; // Equ i l i b r i um con s t an t f o r above r e a c t i o n

10 P1 =0.32; // p a r t i a l p r e s s u r e o f N2( g ) [ bar ]
11 P2 =0.73; // p a r t i a l p r e s s u r e o f H2( g ) [ bar ]
12 P3 =0.98; // p a r t i a l p r e s s u r e o f NH3( g ) [ bar ]
13 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
14

15 //To f i n d the r e a c t i o n Gibb ’ s ene rgy
16 G=-R*T*log(Kp);

17 x=(P1 ^0.5)*(P2^1.5);

18 p=P3/x;

19 Gr=(G+R*T*log(p))*0.001;

20 printf(”The r e a c t i o n Gibbs f r e e ene rgy i s %f KJ/mol
”,Gr);

Scilab code Exa 5.40 numerical
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1 // example 5 . 4 0
2

3 clear;

4 clc;

5

6 disp(”N2( g )+3H2( g )<=>2NH3( g ) ”);
7

8 //Given :
9 Kp1 =5.85*10^5; // e q u i l i b r i um con s t an t at 298K
10 H1= -46.11; // s tandard en tha lpy o f f o rmat i on o f NH3( g )

[KJ/mol ]
11 T1=298; // I n i t i a l t empera tu r e [K]
12 T2=423; // F i na l t empera tu r e [K]
13 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
14

15 //To f i n d the Kp at 423K tempera tu r e
16 H=2*H1;// en tha lpy f o r r e a c t i o n ; [ KJ ]
17 t=(T1^-1) -(T2^-1);

18 x=-H*t/(R*0.001);

19 Kp2=Kp1*exp(x);

20 disp(Kp2 , ’ The Equ i l i b r i um con s t an t f o r r e a c t i o n at
423K i s ’ );

Scilab code Exa 5.41 numerical

1 // example 5 . 4 1
2

3 clear;

4 clc;

5

6

7 disp(”Zn ( s ) | ZnCl2 ( aq ) | | CdSO4( aq ) |Cd( s ) ”);
8 // For Zn ( s ) | ZnCl2 ( aq ) | | CdSO4( aq ) |Cd( s )
9 //Given :
10 T=298; // Temperature [K]
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11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12 E1= -0.7618; // Standard e l e c t r o d e p o t e n t i a l f o r Zn2+/

Zn [ v o l t s ]
13 E2= -0.403; // Standard e l e c t r o d e p o t e n t i a l f o r Cd2+/Cd

[ v o l t s ]
14 F=96500; // Faraday ’ s c on s t an t [ coulomb/mol ]
15 n=2; //no . o f e l e c t r o n s b a l a n c i n g
16 //To f i n d the Standard Free ene rgy and e q u i l i b r i um

con s t an t
17 Ei=E2-E1;// Standard p o t e n t i a l f o r the r e a c t i o n [ v o l t s

]
18 Gi=-n*F*Ei;// Standard Gibb ’ s Free Energy [KJ/mol ]
19 Ki=exp(-Gi/R/T);// Equ i l i b r i um con s t an t
20 printf(”The Free ene rgy f o r the r e c t i o n i s %f KJ/mol

”,Gi *0.001);
21 disp(Ki, ’ The va lu e o f e q u i l i b r i um con s t an t i s ’ );
22

23

24 disp(”Cd( s ) |CdSO4( aq ) ,Hg2SO4 ( s ) |Hg( l ) ”);
25 // For Cd( s ) |CdSO4( aq ) ,Hg2SO4 ( s ) |Hg( l )
26 //Given :
27 E3 =0.6141; // Standard e l e c t r o d e p o t e n t i a l f o r Hg2SO4 (

s ) ,SO4ˆ2−/Hg( l ) [ v o l t s ]
28 //To f i n d the s tandard f r e e ene rgy and e q u i l i b r i um

con s t an t
29 Eii=E3 -E2;// Standard p o t a n t i a l f o r the r e a c t i o n [

v o l t s ]
30 Gii=-n*F*Eii;// Standard Gibb ’ s f r e e ene rgy [KJ/mol ]
31 Kii=exp(-Gii/R/T);// Equ i l i b r i um con s t an t
32 printf(”The Free ene rgy f o r the r e c t i o n i s %f KJ/mol

”,Gii *0.001);
33 disp(Kii , ’ The va lu e o f e q u i l i b r i um con s t an t i s ’ );

Scilab code Exa 5.42 numerical
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1 // example 5 . 4 2
2

3 clear;

4 clc;

5

6 //Given :
7 disp(”Zn ( s ) | ZnCl2 ( s o l n ) | | AgCl ( s ) |Ag−Ag | AgCl ( s ) | ZnCl2

( s o l n ) | Zn ( s ) ”);
8 m1 =0.02; // c o n c e n t r a t i o n [M]
9 Y1 =0.65; //mean i o n i c a c t i v i t y c o e f f i c i e n t
10 m2=1.5; // c o n c e n t r a t i o n [M]
11 Y2 =0.29; //mean i o n i c a c t i v i t y c o e f f i c i e n t
12 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
13 T=298; // Temperature [K]
14 F=96500; // Faraday ’ s c on s t an t [ coulomb/mol ]
15

16 //To f i n d the o v e r a l l e .m. f o f the above c e l l
17 E=R*T*(log(m2*Y2/m1/Y1))*3/2/F;// [ v o l t s ]
18 printf(”The o v e r a l l e .m. f o f the c e l l i s %f v o l t s ”,E

);

Scilab code Exa 5.43 numerical

1 // example 5 . 4 3
2

3 clear;

4 clc;

5

6 //Given :
7 disp(”H2( g , 1 atm ) |HCl ( aq ) |HCl ( aq ) |H2( g , 1 atm ) ”);
8 m1 =0.02; // c o n c e n t r a t i o n [M]
9 Y1 =0.88; //mean i o n i c a c t i v i t y c o e f f i c i e n t

10 m2=1; // c o n c e n t r a t i o n [M]
11 Y2 =0.81; //mean i o n i c a c t i v i t y c o e f f i c i e n t
12 R=8.314; // u n i v e r s a l gas c on s t an t [ J/K/mol ]
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13 T=298; // Temperature [K]
14 F=96487; // Faraday ’ s c on s t an t [ coulombs /mol ]
15 t=0.178; // Tran f e r en c e number o f Cl−1
16

17 //To f i n d the e .m. f o f the c e l l
18 E=-2*t*R*T*(log(m1*Y1/m2/Y2))/F;// e .m. f o f the c e l l [

v o l t s ]
19 printf(”The e .m. f o f the c e l l i s %f v o l t s ”,E);

Scilab code Exa 5.44 numerical

1 // example 5 . 4 4
2

3 clear;

4 clc;

5

6 disp(”The v a l u e s f o r r e a c t i o n tha t goe s on w i th i n
the cadmium c e l l ”);

7 //Given :
8 n=2; //no . o f moles
9 E=1.01463; // s tandard cadmium c e l l p o t e n t i a l [ v o l t s ]

10 d= -5*10^ -5; // i . e d=dE/dT [V/K]
11 F=96500; // [ coulomb/mol ]
12 T=298; // Temperature [K]
13

14 //To f i n d the v a l u e s o f dG , dS and dH
15 dG=-n*E*F;//Change i n Gibb ’ s f r e e ene rgy [ J ]
16 dS=n*F*d;//Change i n ent ropy [ J/K]
17 dH=dG+T*dS;// change i n en tha lpy [ J ]
18 printf(” dG=%f J”,dG);
19 printf(”\n dS=%f J/K”,dS);
20 printf(”\n dH=%f J”,dH);
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Chapter 6

The Question of Ideality

Scilab code Exa 6.2 numerical

1 // example 6 . 2
2

3 clear;

4 clc;

5

6 //Given :
7 T=500; // Temperature [K]
8 P=100; // P r e s s u r e [ atm ]
9 a=3.61; // van der waa l s c on s t an t f o r CO2 [ atm . L ˆ 2 . mol

ˆ−2]
10 b=0.0429; // van der waa l s c on s t an t f o r CO2 [ L . mol ˆ−1]
11 R=0.082; // Un i v e r s a l gas c on s t an t [ atm .K−1.mol ˆ−1]
12

13 //To f i n d the molar volume o f CO2
14 x=b+(R*T/P);

15 y=a/P;

16 z=a*b/P;

17 p2 = poly([-z y -x 1], ’Vm’ , ’ c ’ );
18 t=roots(p2);

19 printf(”The va lu e o f molar volume o f CO2 i s %f L . mol
ˆ−1”,t(3));
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Scilab code Exa 6.5 numerical

1 // example 6 . 5
2

3 clear;

4 clc;

5

6 //Given :
7 b=0.0391; //Van der waa l s c on s t an t [ dm3/mol ]
8 R=0.082; // Un i v e r s a l gas c on s t an t [ dm3∗atm/mol ]
9 P2 =1000; // p r e s s u r e [ atm ]

10 P1=0; // p r e s s u r e [ atm ]
11 T=1273; // Temperature [K]
12

13 //To f i n d the f u g a c i t y and f u g a c i t y c o e f f i c i e n t
14 x=b*(P2-P1);

15 y=R*T;

16 fc=exp(x/y);// f u g a c i t y c o e f f i c i e n t
17

18 f=P2*fc;// f u g a c i t y [ atm ]
19 printf(”The f u g a c i t y i s %f atm”,f);
20 printf(”\n The f u g a c i t y c o e f f i c i e n t i s %f ”,fc);

Scilab code Exa 6.10 numerical

1 // example 6 . 1 0
2

3 clear;

4 clc;

5

6 //Given :
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7 m1 =0.03; //mass o f CO2( g ) [ gm ]
8 w1 =44.01; // mo l e cu l a r we ight o f CO2( g ) [ gm/mol ]
9 m2=250; //mass o f water [ gm ]
10 w2 =18.02; // mo l e cu l a r we ight o f water [ gm/mol ]
11 k=1.25*10^6; //Henry ’ s law con s t an t [ Torr ]
12 T=298; // Temperature [K]
13

14 //To f i n d the p a r t i a l p r e s s u r e o f CO2 gas
15 n1=m1/w1;//no . o f moles o f CO2
16 n2=m2/w2;//no . o f moles o f water
17 x1=n1/(n1+n2);//mole f r a c t i o n o f CO2
18 Pco2=k*x1;// P a r t i a l p r e s s u r e o f CO2 [ Torr ]
19 printf(”The p a r t i a l p r e s s u r e o f CO2 gas i s %f Torr ”,

Pco2);

Scilab code Exa 6.11 numerical

1 // example 6 . 1 1
2

3 clear;

4 clc;

5

6 //Given :
7 W=1000; // Tota l mass o f a s o l u t i o n [ gm ]
8 x1=0.5; //mole f r a c t i o n o f Chloro form
9 x2=0.5; //mole f r a c t i o n o f Acetone
10 V1m =80.235; // P a r t i a l molar volume o f ch l o r o f o rm [ cm3/

mol ]
11 V2m =74.166; // P a r t i a l molar volume o f Acetone [ cm3/mol

]
12 M1 =119.59; // mo l e cu l a r we ight o f c h l o r o f o rm [ gm/mol ]
13 M2=58; // mo l e cu l a r we ight o f Acetone [ gm/mol ]
14

15 //To f i n d the Volume o f the s o l u t i o n
16 nT=W/(x1*M1+x2*M2);// Tota l no . o f moles
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17 V=nT*(x1*V1m+x2*V2m);// Tota l volume [ cm3 ]
18 printf(”The volume o f the s o l u t i o n i s %f cm3”,V);

Scilab code Exa 6.12 numerical

1 // example 6 . 1 2
2

3 clear;

4 clc;

5

6 //Given :
7 x1=0.5; //mole f r a c t i o n o f ch l o r o f o rm
8 x2=0.5; //mole f r a c t i o n o f p−xy l en e
9 T=298; // Temperature [K]

10 // to f i n d the e x c e s s volume
11 Ve=x1*x2 *[0.585+0.085*(x1-x2) -0.165*(x1-x2)^2]; //

Exces s volume measured by u s i n g a d i l a t ome t e r
12 printf(”Ve/( cm3 . molˆ−1) = %f ”,Ve);

Scilab code Exa 6.14 numerical

1 // example 6 . 1 4
2

3 clear;

4 clc;

5

6 //Given :
7 m1 =0.01; // mo l a l i t y [m]
8 v11 =1;

9 v12 =2;

10 Y1 =0.71;

11 m2 =0.005; // mo l a l i t y [m]
12 v21 =1;
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13 v22 =1;

14 Y2 =0.53;

15

16

17 //To f i n d the a c t i v i t y , mo l a l i t y o f the
e l e c t r o l y t e s

18 v1=(v11)+(v12);

19 v2=(v21)+(v22);

20 a1=(m1^v1)*(v11^v11)*(v12^v12)*(Y1^v1);

21 a2=(m2^v2)*(v21^v21)*(v22^v22)*(Y2^v2);

22 x=1/v1;

23 a1m=a1^x;

24 m1m=m1*(v11^v11*v12^v12)^x;// mo l a l i t y [m]
25 y=1/v2;

26 m2m=m2*(v21*v21*v22^v22)^y;// mo l a l i t y [m]
27 a2m=a2^y;

28 disp(a1, ’ The a c t i v i t y o f the e l e c t r o l y t e ZnCl2 i s ’ );
29 disp(a1m , ’ The mean a c t i v i t y o f ZnCl2 i s ’ );
30 disp(m1m , ’ The mean mo l a l i t y o f ZnCl2 i n [m] ’ );
31 disp(a2, ’ The a c t i v i t y o f the e l e c t r o l y t e CuSO4 i s ’ )

;

32 disp(a2m , ’ The mean a c t i v i t y o f CuSO4 i s ’ );
33 disp(m2m , ’ The mean mo l a l i t y o f CuSO4 in [m] ’ );

Scilab code Exa 6.15 numerical

1 // example 6 . 1 5
2

3 clear;

4 clc;

5

6 //Given :
7 m2=3; //mass o f the s u c r o s e [ gm ]
8 m1=0.1; //mass o f water [ Kg ]
9 Kf =1.86; // c r y o s c o p i c c on s t an t o f water [K∗Kg/mol ]
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10 dTf =0.16; // Lower ing i n f r e e z i n g po i n t [K]
11

12 //To f i n d the mo l e cu l a r we ight o f s u c r o s e
13 a=m1*dTf;

14 b=Kf*m2;

15 M2=b/a;// mo l e cu l a r we ight
16 printf(”M2=mo l e cu l a r we ight , then M2=%f”,M2);

Scilab code Exa 6.16 numerical

1 // example 5 . 1 6
2

3 clear;

4 clc;

5

6 //Given :
7 dTf =0.088; // Lower ing i n f r e e z i n g po i n t [K]
8 m2 =0.45; //mass o f su l phu r [ gm ]
9 m1 =0.09955; //mass o f benzene [ gm ]
10 Kf =5.07; // c r y o s c o p i c c on s t an t f o r benzene [K∗Kg/mol ]
11

12 //To f i n d the mo l e cu l a r f o rmu la o f su l phu r
13 a=m1*dTf;

14 b=Kf*m2;

15 M2=b/a;// mo l e cu l a r we ight o f su l phu r
16 printf(”The mo l e cu l a r we ight o f su l phu r i s %f”,M2);
17 x=M2/32; //no . o f s u l phu r atoms
18 printf(”\n The mo l e cu l a r f o rmu la o f su l phu r i s S%f”,

x);

Scilab code Exa 6.17 numerical

1 // example 6 . 1 7
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2

3 clear;

4 clc;

5

6 //Given :
7 m2 =1.35; //mass o f a macromolecu l e [ gm ]
8 V=100; // volume o f s o l u t i o n [ cmˆ3 ]
9 R=82; // Un i v e r s a l gas c on s t an t [ atm . cmˆ3 .Kˆ−1]
10 T=300; // Temperature [K]
11 II=9.9; // o smot i c p r e s s u r e o f the s o l u t i o n [ cm ]
12 d=1; // d e n s i t y
13 p=1013250; // Atmospher ic p r e s s u r e
14 g=980.67; // g r a v i t a t i o n a l f i e l d
15

16

17 //To f i n d the molar mass o f macromolecu le
18 a=m2*R*T*p;

19 b=V*9.9*d*g;

20 M2=a/b;//molar mass o f macromolecu le
21 printf(” M2 = molar mass o f macromolecu le ,

t h e r e f o r e M2 = %f g . molˆ−1”,M2);

Scilab code Exa 6.18 numerical

1 // example 6 . 1 8
2

3 clear;

4 clc;

5

6 //Given :
7 R=82; // Un i v e r s a l gas c on s t an t [ atm . ml .Kˆ−1.mol ˆ−1]
8 T=298; // Temperature [K]
9 V=250; // volume o f water [ ml ]

10 m2=2.6; //mass o f the p r o t e i n
11 M2 =85000; //molar mass o f p r o t e i n [ g . mol ˆ−1]
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12

13

14 //To f i n d the o smot i c p r e s s u r e o f a s o l u t i o n
15 n2=m2/M2;//no . o f moles o f p r o t e i n
16 II=(n2*R*T)/V;//Osmotic p r e s s u r e o f a s o l u t i o n [ atm ]
17 printf(”The osmot i c p r e s s u r e i s %f atm ”,II);

Scilab code Exa 6.19 numerical

1 // example 6 . 1 9
2

3 clear;

4 clc;

5

6 //Given :
7 R=8.314; // Un i v e r s a l gas c on s t an t [ J .Kˆ−1.mol ˆ−1]
8 Tb =373.15; // Bo i l i n g po i n t t empera tu r e [K]
9 M1 =0.018; // mass o f water [ kg ]

10 Hvap =40.7; // Enthalpy o f v a p o r i z a t i o n [KJ . mol ˆ−1]
11

12 //To f i n d the E b u l l i o s c o p i c c on s t an t o f water
13 a=R*0.001* Tb^2*M1;

14 b=Hvap;

15 Kb=a/b;// E b u l l i o s c o p i c c on s t an t o f water [K.Kg . mol
ˆ−1]

16 printf(”The E b u l l i o s c o p i c c on s t an t o f water i s %f K.
Kg . mol−1”,Kb);

Scilab code Exa 6.20 numerical

1 // example 6 . 2 0
2

3 clear;
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4 clc;

5

6 disp(”CaF2 ( s )<=>CaF2 ( aq )<=>Ca+2(aq ) + 2F−(aq ) ”);
7

8 //Given :
9 Ksp =4*10^ -11; // S o l u b i l i t y product o f s p a r i n g l y

s o l u b l e s a l t CaF2
10

11 //To f i n d the va lu e o f a c t i v i t y c o e f f i c i e n t
12 x=Ksp/4;

13 Cs=x^0.33; // S o l u b i l i t y
14 y=Cs^2;

15 Y=(x/y)^0.33; // a c t i v i t y c o e f f i c i e n t
16 printf(”The a c t i v i t y c o e f f i c i e n t i s %f ”,Y);

Scilab code Exa 6.21 numerical

1 // example 6 . 2 1
2

3 clear;

4 clc;

5

6 //Given :
7 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
8 T=298; // Temperature [K]
9 F=96500; // Faraday ’ s c on s t an t

10 Eo =0.98; // Standard e .m. f o f the c e l l [ Vo l t s ]
11 E=1.16; // e .m. f o f the c e l l [ Vo l t s ]
12 m=0.01;

13

14 //To f i n d the mean a c t i v i t y c o e f f i c i e n t o f ZnCl2
s o l u t i o n

15 a=R*T;

16 b=2*F;

17 x=a/b;
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18 Y=exp((Eo-E-(x*log(4*m*m*m)))/(3*x));//mean a c t i v i t y
c o e f f i c i e n t

19 printf(”The mean a c t i v i t y c o e f f i c i e n t i s %f”,Y);

Scilab code Exa 6.22 numerical

1 // example 6 . 2 2
2

3 clear;

4 clc;

5

6 //Given :
7 M1 =0.01; //no . o f moles o f KCl
8 M2 =0.005; //no . o f moles o f MgCl2
9 M3 =0.002; //no . o f moles o f MgSO4

10 M=0.1; //mass o f water [ Kg ]
11 z11 =1;

12 z12 =1;

13 z21 =2;

14 z22 =1;

15 z31 =2;

16 z32 =2;

17

18 //To f i n d the i o n i c s t r e n g t h i n a s o l u t i o n
19 m1=M1/M;// mo l a l i t y o f KCL[m]
20 m2=M2/M;// mo l a l i t y o f MgCl2 [m]
21 m3=M3/M;// mo l a l i t y o f MgSO4 [m]
22

23 I=0.5*[( m1*z11^2+m1*z12 ^2+m2*z21 ^2+2* m2*z22 ^2+m3*z31

^2+m3*z32^2)]; // [ mol/Kg ]
24

25 printf(”The I o n i c s t r e n g t h o f a s o l u t i o n i s %f mol/
Kg”,I);
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Scilab code Exa 6.23 numerical

1 // example 6 . 2 3
2

3 clear;

4 clc;

5

6 //Given :
7 T=298; // Temperature [K]
8 P=1; // p r e s s u r e [ atm ]
9 m=0.02; // I o n i c s t r e n g t h o f HCl s o l u t i o n i n CH3OH[ mol

/Kg ]
10 E=32.6; //Di−e l e c t r i c c on s t an t
11 d=0.787; // Dens i ty [ gm/cm3 ]
12

13 //To f i n d the mean a c t i v i t y c o e f f i c i e n t
14 I=0.5*(0.02*1*1+0.02*1*1);// I o n i c s t r e n g t h o f HCl

s o l u t i o n [ mol/Kg ]
15 a=I*d;

16 b=(E^3) *(298^3);

17 x=(a/b)^0.5;

18 Y=10^( -1.825*1000000*1*1*x);//mean a c t i v i t y
c o e f f i c i e n t

19 printf(”The mean a c t i v i t y c o e f f i c i e n t i s %f ”,Y);

65



Chapter 7

Statistical Thermodynamics

Scilab code Exa 7.1 numerical

1 // example 7 . 1
2

3 clear;

4 clc;

5

6 //Given :
7 N=20; //no , o f p a r t i c l e s
8 N1=4; //no . o f p a r t i c l e s i n E1 ene rgy l e v e l
9 N2=4; //no . o f p a r t i c l e s i n E2 ene rgy l e v e l
10 N3=6; //no . o f p a r t i c l e s i n E3 ene rgy l e v e l
11 N4=3; //no . o f p a r t i c l e s i n E4 ene rgy l e v e l
12 N5=3; //no . o f p a r t i c l e s i n E5 ene rgy l e v e l
13 //To f i n d the number o f ways o f d i s t r i b u t i n g N

p a r t i c l e s
14 N!=prod (1:N);

15 N1!=prod (1:N1);

16 N2!=prod (1:N2);

17 N3!=prod (1:N3);

18 N4!=prod (1:N4);

19 N5!=prod (1:N5);

20 n=N1!*N2!*N3!*N4!*N5!;
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21 W=N!/n;//no . o f ways o f d i s t r i b u t i n g
22 disp(W, ’ The no . o f ways o f d i s t r i b u t i n g the

p a r t i c l e s i s ’ );

Scilab code Exa 7.2 numerical

1 // example 7 . 2
2

3 clear;

4 clc;

5

6 //Given :
7 T=298; // Temperature [K]
8 v=6.5*10^13; // Frequency i n [ sec −1]
9 // Cons ide r z e r o po i n t ene rgy = 0 .

10 h=6.627*10^ -34; // planck ’ s c on s t an t [ J . s ]
11 k=1.381*10^ -23; //Boltzmann con s t an t
12 N=1; // S i n c e N=summation ( g j ∗ exp(−Ej /kT) )
13

14 //To f i n d the f r a c t i o n o f mo l e c u l e s p r e s e n t i n
v i b r a t i o n a l l e v e l

15 E1=h*v;// f o r ene rgy l e v e l 1 [ J ]
16 E2=2*h*v;// f o r ene rgy l e v e l 2 [ J ]
17 x=k*T;

18 g1=1;

19 g2=1;

20 N1=[g1*exp(-E1/x)]; // mo l e c u l e s p r e s e n t i n ene rgy
l e v e l 1

21 N2=[g2*exp(-E2/x)]; // mo l e c u l e s p r e s e n t i n ene rgy
l e v e l 2

22 n1=N1/N;// f r a c t i o n o f mo l e c u l e s p r e s e n t i n ene rgy
l e v e l 1

23 n2=N2/N;// f r a c t i o n o f mo l e c u l e s p r e s e n t i n ene rgy
l e v e l 2

24 printf(”The f r a c t i o n o f mo l e cu l e s p r e s e n t i n
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ene rgy l e v e l 1 i s %f”,n1);
25

26

27 disp(n2, ’ The f r a c t i o n o f mo l e c u l e s p r e s e n t i n ene rgy
l e v e l 2 i s ’ );

Scilab code Exa 7.3 numerical

1 // example 7 . 3
2

3 clear;

4 clc;

5

6 //Given :
7 dE =4.3*10^ -20; // d i f f e r e n c e i n ene rgy l e v e l s [ J ]
8 T1 =0.000001; // I n i t i a l Temperature [K] ( approx imate l y

z e r o , needed f o r e x e c u t i o n )
9 T2=300; // F i na l Temperature [K]

10 k=1.381*10^ -23; //Boltzmann con s t an t [ J/K]
11

12 //To f i n d the r a t i o o f no . o f p a r t i c l e per s t a t e f o r
two s t a t e s s e p a r a t e d by an ene rgy dE

13 x1=k*T1;

14 r1=exp(-dE/x1);

15 x2=k*T2;

16 r2=exp(-dE/x2);

17 disp(r1, ’ The r a t i o o f no . o f p a r t i c l e s per s t a t e at
0K i s ’ );

18 disp(r2, ’ The r a t i o o f no . o f p a r t i c l e s per s t a t e at
300K i s ’ );

Scilab code Exa 7.4 numerical
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1 // example 7 . 4
2

3

4 clear;

5 clc;

6

7 //Given :
8 T1=273; // [K]
9 T2 =14273; // [K]
10 E1= -13.6; // Energy o f ground s t a t e [ eV ]
11 k=8.617*10^ -5; //Boltzmann con s t an t [ eV/K]
12 g2=8; // t o t a l no . o f s t a t e s with ene rgy E2
13 g1=2; // t o t a l no . o f s t a t e s with ene rgy E1
14

15

16 //To f i n d the no . o f atoms in f i r s t −e x c i t e d s i n g l e t
s t a t e

17 E2=E1 /(2^2);// Energy f o r n=2 ( i . e . E2=E1/n2 )
18 x1=k*T1;

19 r1=(g2/g1)*exp(-(E2-E1)/x1);

20 x2=k*T2;

21 r2=(g2/g1)*exp(-(E2-E1)/x2);

22 disp(r1, ’ The f r a c t i o n o f atoms p r e s e n t i n l e v e l n=2
at 273K i s ’ );

23 disp(” The r e f o r e t o t a l 3∗10ˆ25 atoms we say tha t
a l l a r e p r e s e n t at ground s t a t e ”);

24 printf(”\n\nThe f r a c t i o n o f atoms p r e s e n t i n l e v e l n
=2 at 14273 i s %f\n”,r2);

25 x=r2 *3*10^25;

26 disp(x, ’ Th e r e f o r e no . o f atoms in l e v e l n=2 i s ’ );

Scilab code Exa 7.5 numerical

1 // example 7 . 5
2
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3 clear;

4 clc;

5

6 //Given :
7 r1 =0.001; // the popu l a t i o n o f the s t a t e s at a h i g h e r

ene rgy to tha t at a l owe r ene rgy
8 dE=8*10^ -20; //The d i f f e r e n c e i n ene rgy [ J ]
9 k=1.381*10^ -23; //Boltzmann con s t an t [ J/K]

10

11

12 //To f i n d the Temperature at t h i s c o n d i t i o n
13 x=k*log(r1);

14 T=-dE/x;// [K]
15 printf(”The Temperature at t h i s c o n d i t i o n i s %f K”,T

);

Scilab code Exa 7.6 numerical

1 // example 7 . 6
2

3 clear;

4 clc;

5

6

7 // s e c t i o n ( 1 )
8 //Given :
9 //The ene rgy l e v e l s a r e not d e g en e r a t e
10 w=1; //no . o f ways o f d i s t r i b u t i n g the mo l e c u l e s
11 k=1.381*10^ -23; //Boltzmann con s t an t [ J/K]
12 //To f i n d the ent ropy o f the system
13 S1=k*log(w);// Entropy o f system at 0K
14 printf(”The Entropy o f System at 0K and non−

deg en e r a t e eng l e v e l i s %f J/K/mol”,S1);
15

16 // s e c t i o n ( 2 )
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17 //Here the ene rgy l e v e l s a r e d e g en e r a t e
18 n=2;

19 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
20

21 //To f i n d the ent ropy o f the system
22 //S=k l og ( nˆN)=>S=R∗ l o g ( n )
23 S2=R*log(n);// Entropy o f the system [ J/K/mol ]
24 printf(”\nThe Entropy o f system at 0K and d e g e n e r e t e

eng l e v e l i s %f J/K/mol”,S2);

Scilab code Exa 7.9 numerical

1 // example 7 . 9
2

3 clear;

4 clc;

5

6 //Given :
7 V=0.001; //Volume o f v e s s e l [m3 ]
8 T=300; // Temperature [K]
9 k=1.381*10^ -23; //Boltzmann con s t an t [ J/K]

10 mol.wt=32; // mo l e cu l a r mass o f oxygen mo l e cu l e
11 h=6.626*10^ -34; // planck ’ s c on s t an t [ J . s }
12

13

14

15 //To f i n d the T r a n s i t i o n a l p a r t i t i o n f u n c t i o n o f an
oxygen mo l e cu l e c o n f i n e d i n a 1− l i t r e v e s s e l a t
300K

16 m=32*1.66*(10^ -27);//mass o f oxygen mo l e cu l e [ Kg ]
17 x=[(2*3.14*m*k*T)^(3/2) ]*V;

18 y=h^3;

19 zt=x/y;// T r a n s i t i o n a l p a r t i t i o n f u n c t i o n o f an
oxygen mo l e cu l e

20 disp(zt, ’ The T r a n s i t i o n a l p a r t i t i o n f u n c t i o n o f an
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oxygen mo l e cu l e c o n f i n e d i n a 1− l i t r e v e s s e l a t
300K i s ’ )

Scilab code Exa 7.12 numerical

1 // example 7 . 1 2
2

3 clear;

4 clc;

5

6 //Given :
7 R=1.99; // Un i v e r s a l gas c on s t an t [ c a l /K]
8 e=2.718;

9 V=22414; // volume [ cm3 ]
10 L=6.023*10^23;

11 h=6.626*10^ -27; // Planck ’ s c on s t an t [ e r g . s e c ]
12 m=6.63*10^ -23; //mass [ gm ]
13 k=1.381*10^ -16; //Boltzmann con s t an t [ e r g /K]
14 T=273.2; // Temperature [K]
15

16 //To f i n d the Entropy o f argon at 273K and 1
a tmosphe r i c p r e s s u r e

17 x=V*(e^2.5);

18 y=L*(h^3);

19 z=(2*3.14*m*k*T)^1.5;

20 S=R*log(x*z/y);// Entropy [ c a l / d eg r e e /mol ]
21 printf(”The Entropy o f argon at 273K and 1 atm i s %f

c a l / d eg r e e /mol”,S);

Scilab code Exa 7.14 numerical

1 // example 7 . 1 4
2
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3 clear;

4 clc

5

6 //Given :
7 T=298; // Temperature [K]
8 I=1.9373*10^ -46; //moment o f i n e r t i a o f O2 gas [ Kg/m2

]
9 h=6.626*10^ -34; // Planck ’ s c on s t an t [ J . s ]
10 k=1.381*10^ -23; //Boltzmann con s t an t [ J/K]
11 R=8.314; // Un i v e r s a l gas c on s t an t [ J/K/mol ]
12 u=2; //Homonuclear d i a t om i c mo l e cu l e
13

14

15 //To f i n d the r o t a t i o n a l en t ropy and f r e e ene rgy f o r
O2 gas

16 Sr=R+R*log (8*3.14*3.14*I*k*T/(u*h*h));// [ J/K/mol ]
17 Gr=-R*0.001*T*log (8*3.14*3.14*I*k*T/(u*h*h));// [KJ/

mol ]
18 printf(”The r o t a t i o n a l en t ropy f o r O2 gas i s %f J/K/

mol”,Sr);
19 printf(”\nThe r o t a t i o n a l f r e e ene rgy f o r O2 gas i s

%f KJ/mol”,Gr);

Scilab code Exa 7.15 numerical

1 // example 7 . 1 5
2

3 clear;

4 clc;

5

6 //Given :
7 T=298; // Temperature [K]
8 v=892.1*3*10^10; // f r e qu en cy [ sec −1]
9 h=6.626*10^ -27; // Planck ’ s c on s t an t [ J . s ]

10 k=1.381*10^ -16; //Boltzmann con s t an t [ e r g /K]
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11 e=2.718;

12 R=1.998; // Un i v e r s a l gas c on s t an t [ c a l /K]
13 //To f i n d the v i b r a t i o n a l c o n t r i b u t i o n to the

ent ropy o f F2 at 298K
14 x=h*v/(k*T);

15 a=R*x*e^-x/(1-e^-x);// a=E−Eo/T
16 b=R*log(1-e^-x);//b=G−Eo/T
17 S=a-b;// [ c a l / deg ]
18 printf(”The v i b r a t i o n a l c o n t r i b u t i o n to the ent ropy

o f F2 i s %f c a l / deg ”,S);

Scilab code Exa 7.16 numerical

1 // example 7 . 1 6
2

3 clear;

4 clc;

5

6 //Given :
7 T=1273; // Temperature [K]
8 h=6.26*10^ -27; // Planck ’ s c on s t an t [ J . s ]
9 k=1.381*10^ -16; //Boltzmann con s t an t [ e r g /K]

10 T=1000; // Temperature [ d e g r e e s ]
11 m=3.82*10^ -23; //mass o f Na [ gm ]
12 I=(1.91*10^ -23) *(3.078*10^ -8) ^2; //moment o f i n e r t i a [

gm . cm2 ]
13 dE =0.73*1.602*10^ -12; // [ e r g ]
14 v=159.23*(3*10^10);// f r e qu en cy [ s−1]
15 R=82; // u n i v e r s a l gas c on s t an t [ cm3 . atm/deg ]
16 u=2; // symmetry number
17 L=6.023*10^23; // avogadro ’ s number
18

19 //To f i n d the e q u i l i b r i um con s t an t
20 p=((3.14*m*k*T)^1.5)/h/h/h;

21 s=R*u*h*h/L/8/3.14/3.14/I/k;
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22 q=1-(exp(-h*v/k/T));

23 r=exp(-dE/k/T);

24 Kp=p*s*q*r;// Equ i l i b r i um con s t an t
25 printf(”The e q u i l i b r i um con s t an t i s %f”,Kp);

Scilab code Exa 7.17 numerical

1 // example 7 . 1 7
2

3 clear;

4 clc;

5

6 //Given :
7 T=298; // Temperature [K]
8 m1=32;

9 m2=36;

10 m3=34;

11 u1=8;

12 u2=9;

13 u3 =16*18/34;

14 z1 =0.99924;

15 z2 =0.99951;

16 z3 =0.99940;

17 h=6.26*10^ -27; // Planck ’ s c on s t an t [ J . s ]
18 c=3*10^10; // Speed o f l i g h t [m/ s ]
19 k=1.38*10^ -16; //Boltzman ’ s c on s t an t [ e r g /K]
20 vo1 =1535.8; // v i b r a t i o n f r e qu en cy o f 16O18O [ cm−1]
21 vo2 =1580.4; // v i b r a t i o n f r e qu en cy o f 16O2 [ cm−1]
22 vo3 =1490.0; // v i b r a t i o n f r e qu en cy o f 18O2 [ cm−1]
23 dE=0.5*h*c*(2*vo1 -vo2 -vo3);// [ e r g ]
24 r=dE/k/T;

25

26

27 //To f i n d the e q u i l i b r i um con s t an t f o r i s o t o p i c
exchange r e a c t i o n
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28 a=m3^3/m2^1.5/ m1 ^1.5;

29 b=(u3^2)*4/u2/u1;

30 c=z3^2/z2/z1;

31 Kp=a*b*c*exp(-r);

32 printf(”The va lu e o f e q u i l i b r i um con s t an t f o r
i s o t o p i c exchange r e a c t i o n i s %f”,Kp);
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