Thermodynamics & Thermochemistry ﬂ—

THERMODYNAMICS ISt LAW

SEEfOH e 99 (Thermodynamics Ist Law)

Bl Exercise-1
= Marked Questions may have for Revision Questions.

» faffed ge Sevm AT e B
PART - | : SUBJECTIVE QUESTIONS
AT - | : fASqTHP U9 (SUBJECTIVE QUESTIONS)

Section (A) : Basic definitions

qus (A) : g gRHT
A-1= Categorize these properties into state and path functions.
(a) Internal energy (b) Volume (c) Heat (d) Enthalpy
(e) Temperature (f) Work (g) Molar heat capacity
1 U1l 1 37aveIT Held dAT U Held H i Py |
(a) MAR® Il (VEIESE] (c) ST (d) T
(e) ATUHAH (f) B (g) AR w1 eTRar
Ans. State function : (a) (b) (d) () ; Path function : (c) (f) (g)
SR, ATRAT B : (@) (b) (d) (e) ; 91 ®eld : (c) () (9)
Sol. State function depends on the state of the system and path function depends on path which a system
follow.
T, SO oM MG @ 3Rl R R HRAT ® 91 9 Bod 9 R R #Rar | e e are
HRAT B |
A-2.» Categorize these properties into extensive and intensive
(a) Temperature (b) Internal energy (c) Heat (d) Density
(e) Molar volume (f) molar enthalpy (g) viscosity
=T ol 1 ArETES N T AT WAF O H aigd Hifey |
(a) TTIHE (b) 3raR® SHul (c) ™A (d) &
(e) ATeR AR () AR oA (9) T
Ans. Extensive Property : (b) (¢) ; Intensive Property : (a) (d) (e) (f) (g)
SR, AEHAS o1 (b) (€) ;A W&da I : (a) (d) (e) () (9)
Sol. Extensive property depends on size or mass of the system while intensive property is independent on

size or mass of the system.
B AEHAS U MBI & BRI GFHM IR MR B © Sidie A W@ad Ul ME™h & ABR 9 GFHH

) iR 81 - 2

A-3.Ma ldentify the state functions and path functions.
(a) The potential energy of a book in shelf.
(b) The heat evolved when a cube of sugar is oxidized to CO2(g) and H20g).
(c) The work accomplished in burning a litre of gasoline.
IR Bl TAT U Held bl gl |

(a) IR § J&dsd @ fawa o |
(b) 59 @RI (sugar) BT Y& &9 (cube) COz(g) T HO() H SATdATgHd BIAT § T Icdfoid SST
(c) 1 &fer TNt & <89 ¥ fobar a1 &t |
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Thermodynamics & Thermochemistry ﬂ—

Sol.  (a) Potential energy is state function.
(b) Heat is a path function because a part of it may be used in work.
(c) Work is not a state function.

g (a) Rafos Sl saven wod 2|
(b) ST TP U HoAd © difh $HD T 9F S H TJad 81 AT © |

CEREEZIREEIE RS

Section (B) : Thermodynamics processes & graph
Gug (B) : SIS Ushd AT UTh
Draw the P-V diagram for the following cyclic processes
=1 T s H & g P-V oG §9TEd |
B-1. Isothermal expansion from state A to B, isochoric pressure increment from B to C, isothermal
contraction from C to D, isobaric contraction from D — A.
RN A ¥ B dh TR JER, B9 C T6 RIS &9 H gfg,C ¥ D d% FHag 9gad, DI A

SEZRSECIEIRISEACE]

P =0
b %
©
Sol. B
V—>
B-2.  Isobaric expansion from A — B, isochoric pressure increase from B — C, isobaric compression from C

— D, isochoric pressure drop from D — A.

A Bd® GASE YR, B ¥ C T6 9HeRAN® &9 d gfg, C 4 D 06 FAcE d¥ed, D9 A T®
eI D <14 H B |

T D o}
P
Sol. A B
V—>
B-3. Isobaric expansion from A — B, isochoric pressure drop from B — C, isothermal compression C — A.

A Bdh GUSH TR, BY C db AHIIdN® &9 | $Hl, CF A T I FHIs |

1 2
N
Sol. c

V—>

Section (C) : Work calculation

@us (C) : ™ B T

C-1.~ Calculate the work done by 0.1 mole of a gas at 27° C to double its volume at constant pressure (in
isobaric process) (R = 2 cal mol™* K1)
d 39 (FAeER U W) R I P ad I @R @ oy 27°C d™ W 39 0.1 A gR1
T B gR&Bfd HIRY | (R = 2 cal mol K1)

Ans. 60 cal.

Sol. Vi_ o = v _ 390

Vv, T, 2V T,

W = — PAV = nRAT = W =-0.1x 2 x 300 =-60 cal.

= T, = 600 = AT = 300
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Thermodynamics & Thermochemistry ﬂ—

C-2.  Calculate the work done during isothermal reversible expansion of one mole ideal gas from 10 atm to 1
atm at 300 K.
300 K @19 R 10 atm ¥ 1 atm T& UH Al NS I & FAAUR SShAYT JR & SR149 foean T &
aRaferd HIRTT |
Ans. —5744.4
Sol.  Giventhat: faar &
Pi=10atm, P2=1atm, T=300K,n=1
R = 8.314 J/K/mol
Now, by using
TgH B R

W = —2.303 nRT logio I;—z

1
=-2.303 x 1 x 8.314 x 300 log1o %
W = -5744.1 Joule

C-3.= At 25°C, a 0.01 mole sample of a gas is compressed in volume from 4.0 L to 1.0 L at constant
temperature. What is work done for this process if the external pressure is 4.0 bar ?

25°C IR 0.01 At 3 & UP 97 DI 90 09 R 4.0 L 9 1.0 L R0+ a& wdifed fHar smar 21 3
911 <9 4.09R & d 39 UshH & forg fdar T & faen g 2

Ans. 1.2x10%J

Sol. W =—Pextarga (V2a— Vi) =—4 (1 —4) bar.L = 1.2 x 10° J

Section (D) : Heat & Internal energy

@ug (D) : ST AT MM=IRD SHoil

D-1.~ Calculate the heat necessary to raise the temperature of 60 g of aluminimum from 35°C to 55°C. Molar
heat capacity of Al is 24 mole™ K.

60 UM TYMAMTH & ™ P 35°C § 55°C 98 & oy 3Maedsd ™1 GRSfed difoig | Al & Aok I

oTRdT 24 molet K12 |
Ans. 1.066 kJ

Sol. q=nCAT= (%}x 24 x (55 — 35) = 1066 J = 1.066 kJ

D-2.2w. In a container, two mole of a diatomic ideal gas is allowed to expand against 1 atm pressure & volume
change from 2 litre to 5 litre isobarically then calculate change in internal enrgy.

TP U A 2 A fguREme ey 19 1 atm S 9 RGH & fdwe g9iRG e ¢ | e 9 295
e I I w0 | gRac o SIdl & A1 Sf<IR® ol H Rdd= &1 0T BIfg |
Ans. 760J

Sol. AU=nCwdT =n x %R (T2 —T)

5 (PV, PV,) 5 5
= 2pR| 22 TN |2 2 (P, —PaVa) = 2 x P(V2— V
2 (nR nR) p (PAV2=Piva) = 9 P(V2=Vi)
:gX1><(5—2):3X5><101.325:760J

Section (E) : First law of thermodynamics

Qs (E) : SHNIa! &1 gem fAgH

E-1. The work done by a system is 8 joule, when 40 joule heat is supplied to it. What is the increase in
internal energy of system.

U R gR1 fRar 1 R 8 S 7, 99 e Bl 40 T ™ &1 IR &, 99 M @ SM<IRd Sl
# gfg @ 8l ?
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Thermodynamics & Thermochemistry ﬂ—
Ans. 32
Sol. g=40J

W = -8 J (work done by the system) (FM&rr grRT fdoar )

AU=q+w=40-8=32J

E-2. A gas expands from 2 L to 6 L against a constant pressure of 0.5 atm on absorbing 200 J of heat.
Calculate the change in internal energy.
200 S[& ST ARG FR W 0.5 atm 79d0 3@ & favg t& T 2L ¥ 6 L d& WIRG 8ril © o
IIR® Fott F aRad= s PR |

Ans. -261J

Sol. AU=q+w

=200J - 0.5 atm (62 — 22)

200J -2 L atm

2003 -2x101.3J (1L atm=101.3J)

=-261J

Section (F) : Adiabatic, isothermal, polytropic & free expansion processes

Gus (F) . SEI™ GHAIUY Ush¥, Uicigiiue il Jad TR WA
F-1. One mole of an ideal monoatomic gas [y :gj is mixed with one mole of a diatomic gas[y =gj

(y denotes the ratio of specific heat at constant pressure, to that at constant volume) find y for the

mixture?

mwwﬁv(yzgjmww,@wiﬁﬁﬂ (y:%)zﬁwﬂﬁaﬁﬁ%%m T B

(y Fraa <19 qen fFaa s R faRre Sl &1 Sgurd e SRl & [) s & fag ¢ @t o a1 |
Ans. E

2

5 7
Ix—R+1x—R

Sol.  ym= eme= 2 2 g

Vinix 1><§+1><§R
2 2

F-2.~ A piston freely move in a insulated cylinder from volume 5 lit to 10 lit then calculate work done & heat
during this expansion.
T el RAeivey # Tdh fiRed 5 ¥ 10 ©iieR ¥dd 9% Jad w9 § gAdl B 99 39® Y9R & AR R
T BRI AT IS DI IO DI |

Ans. W=0;q9q=0

Sol. process is of free expansion
soo,W=0,q9=0

BA. - UHY o YR W ©
3T, W=0,q=0

Section (G) : Enthalpy

GuE (G) : T

G-1.~  If 1.0 kcal of heat is added to 1.2 L of Oz (consider real gas) in a cylinder at constant pressure of 1 atm,
the volume increases to 1.5 L. Calculate AU and AH of the process. (1 L-atm =100 J, 1 cal = 4.2 J)
Ifg 1atm 9 3@ R (& Reive’ § O (@fdd I/ AF) & 1.2 L ®1 1.0 kecal 1 <1 1Y, A1 1ga+d
H 1.5LT% gfg & oIl 8| uh¥ & g AU @ AH gR&fora @ifSte | (1 L-atm = 100 J, 1 cal = 4.2 J)
Ans. AU =4170J, AH =1 kcal
Sol.  AH = heat added at constant pressure = 1 kcal
AH = 4919 319 R &1 18 ST = 1 keal
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Thermodynamics & Thermochemistry ﬂ—

AU=q+W
W=—Pext(V2—V1)=-1(15-12)=-0.3L-atm=-30J
=-30J

AU =4200-30=4170J

G-2.%.10 g of argon gas is compressed isothermally and reversibly at a temperature of 27°C from 10 L to 5L.
Calculate enthalpy change. Assume ideal behaviour (AH) for this process R = 2.0 cal K™ mol=. log102 =
0.30 (Atomic mass of Ar = 40)
27°C 919 TR 10 UM (M I FAHaTF d1 SohAY w0 ¥ 10 L9 5L 9% |¥Isd B8Rl 2 a1 39 uhA
% fory areel @@sR A gU Tl § uRadH (AH) I SIS | R = 2.0 cal K mol. logi02 = 0.30
(Ar &1 MaH SIAE = 40)

Ans.  Zero (3[)

Sol. For reversible isothermal compression, (.- AU = 0)
Also at constant temperature
PV = constant
AH=AU+A(PV)=0+0=0
Sol. SwHHYI AR F¥isd & oy, (- AU = 0)
g a9 ) @
PV = (Fraa)
AH=AU+AMPV)=0+0=0

Section (H) : Phase transition

Hus (H) : AHHAT qeAqT

H-1.=». What is AU when 2.0 mole of liquid water vaporises at 100°C ? The heat of vaporisation (AH vap.) of
water at 100°C is 40.66 KJmol=.

AU F1 & 919 100°C R &9 oid & 2.0 Al 91fd 8 & | 100°C TR oA & arSiIHR0] B ST (AHqmem)
40.66 KIJmol* & |
Ans. AU=7512kJ

Sol. AU = AH - (P2V2 — P1V1) (- V2 >> Vi)
= AH — (P2V2) = AH — nRT
AU = 40.66 x 2 - 228314373 _ 35 153
1000

PART - Il : ONLY ONE OPTION CORRECT TYPE

W - || : DI U Hal fddhed YBR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Basic definitions
Qug (A) : Jo1 TR
A-1.  Warming ammonium chloride with sodium hydroxide in a test tube is an example of :

(A) Closed system (B) Isolated system (C*) Open system (D) None of these

TP RETl H QST SSSIFAgsS B A1 HIIH FARISS DI T HRAT 9+ BT S8R © |

(A) < B &1 (B) faaf@ g &1 (C*) gol Favra &1 (D) S7H & PIg B!
Sol Test tube is open to atmosphere.

TREGTA! AR H Gelt B |

A-2.=a Out of boiling point (I), entropy (1), pH (III) and e.m.f. of a cell (IV), intensive properties are :

(A) 1, I (B) I, 11, TII (CH 1, 11, IV (D) All of the above

FALATE (1), Terdl (11), pH (1) T2 ¥ & g aes 9 (IV), § 9 A3 Wad o o -

(AL 1II (B) I, 11, TII (CH 1, 11, IV (D) SWRIa |+
Sol Entropy is extensive property & others are intensive properties.

T Us AETS U7 B, Safdh o=y |l A Wad T 2 |
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Thermodynamics & Thermochemistry ﬂ—

A-3.m

Sol.
A-4. =

Sol.
A-5/7

In how many cases, bodies become hot due to mechanical energy losses ?

(i) Rub our hands for sometime (i) Two vehicles collide with each other
(iif) Aeroplane crash (iv) Sliding of legs on roof surface

(v) Transfer of energy from hot body to cold body

=1 % 9 feam e 9ifye ot 9 8 ® T 8 IRiN-

() To ¥ & g g1l 31 Mo § e (ii) T ATEA BT TH—gEX B A FHoSford Il

(iii) TS STETS BT IR B (iv) TGRS a8 W IR BT TR

(v) T e I S B H SOl BT RImER

(A)5 (B*) 4 ©3 (D) 2

(i), (i), iii), (iv)

Predict the total number of intensive properties :

(i) Free energy (ii) Critical density (i) Viscosity (iv) Specific heat capacity
(V) molar heat capacity (vi) Kinetic energy (vii) Specific gravity (viii) Dielectric constant
(ix) pH

AT WA= A B G F= g3y |

(i) ga Sl (OEUSEREE: (iiil) T (iv) fafdre ot anfar
(v) TR &1 enRar  (vi) TIfcrst et (vii) faRre ecarayor  (viii) WRIagd®

(ix) pH

(A)9 (B) 8 (cy 7 (D) 6

(iii), (iv), (v), (vi), (vii), (vi), (ix)

An ideal gas filled at pressure of 2 atm and temp of 300 K, in a balloon is kept in vacuum with in a large
insulated container. Wall of balloon is punctured then container temperature :

(A) Decreases (B) Increases (C*) Remain constant (D) Unpredictable

300 KA g 2 atm &1§ TR T 3MGe T4 H Th @R F - 9T & | 39 @R $I afd gaaq 9 wgr=
Grell U 3 I@1 el 2 | Afe @R 6 AR H B8 B o 9™ @ 9rF & dmd—

(A) T (B) ¥ (C*) Rer =™ (D) S & HR Fhd

Section (B) : Thermodynamics processes & graph
@us (B) : SHTII®! Ushd ol UTH

B-1.

B-2./

B-3./

A gaseous system changes from state A (P1, Vi, T1) to B (P2, V2, T2), B to C (Ps, Vs, Ts) and finally from
C to A. The whole process may be called :

(A) Reversible process (B*) Cyclic process (C) Isobaric process (D) Spontaneous process

TS R AR A (P, Vi, T1) 9 B (P2, V2, T2) 320l #, B | C (Ps, V3, Ta) 31a%AT H TN < § C A
A sraRen H gRafia gidr 8 | ol WshH HEd o

(A) STHHIE Tk (B*) Tshig UshH (C) WS UshH (D) ¥ad: ushH

A well stoppered thermos flask contains some ice cubes. For small time duration, this is an example of
a_

(A) Closed system (B) Open system

(C*) Isolated system (D) Non-thermodynamic system

TP A TRE I8 U FARD H BO 9B b TS © | HH AHI AR B [T TB e SRS
(A) 3= e @1 (B) Gal T

(C faafa e &1 (D) AF—SHrII®E Her &1

Five moles of a gas is put through a series of changes as shown graphicallay in a 4 A B
cyclic process the A — B, B — C and C — A respectively are

(A*) Isochoric, Isobaric, Isothermal o

(B) Isobaric, Isochoric, Isothermal = C

(C) Isothermal, Isobaric, Isochoric S

(D) Isochoric, Isothermal, Isobaric >
Temperature

/\
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Thermodynamics & Thermochemistry ﬂ—

B-3. 9 & Ufd Al 3R & AR ARhY WA ¥ ORI & | A A B
W A—>B,B > CdI C > ABRE B | i
(A*) TR, TSI, FHATI E i
(B) FHETERI, AHTRIAS, THATI™ © o
(C) FHATI, AHRTE, FTHAII : >

(D) HHIMAAS, FHAATIR, FAGTET SIREIS]
Sol. A — B, volume is not changing (Isochoric)

B — C Isobaric

C — A Temperature is constant (Isothermal)
g A B,Idd # gRadT T BT § (FHITIAiT®)

B —» C §HaEId

C - AdEE frad ? | (Faard)

B-4. A cyclic process ABCD is shown in P-V diagram for an ideal gas. Which of the diagram represent the
same process.

et T B U P-V UT% § Us T Ushd ABCD a7 ™1 8| 799 & |9 ®I91 I1% FH9 UshH Bl

PEARNGEGEG
B
N
P
(atm)1
C
D c D
(A) Vv
A B A
T V
B-5. The P-T graph as given below was observed for a process on an ideal gas, 1
which of the following statement is true. P
A= fear P-T U1, sl i W e Uy & forg uferd faar | e | | A~
DI HAT FEl B— A 5
(A) w = +ve, AH = +ve
(B)w=-ve, AH=-ve R
(C*Yw=-ve, AH=+ve T—
(D) w = +ve, AH =—-ve
Sol. From graph we know that Vs > Va, so expansion has taken place so w will be with —ve sign and AH will

be +ve as both AE and A(PV) have increased.

Sol. U% ¥, B9 WMd 8 f Ve > Vadid: YR BIAT & | O 81 AE @1 A(PV) # 3fg 8t w &1 oTes o (-)
AT AH BT gD g (+) B TR |

Section (C) : Work Calculation
@us (C) : ™ B T
C-1.  Athermodynamic system goes from states (i) P, V to 2P4, V (ii) P, V1 to P, 2Vi. Then work done in the

two cases is
(A) Zero, Zero (B*) Zero, — PV1 (C) — PVy, Zero (D) —PV1, —-P1V1
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Thermodynamics & Thermochemistry

Sol.

c-27

Sol.

C-3.

C-3.

Sol.
Bel.

D-1.A

D-2.

Sol.

/\g

UH SHNIGE B (i) Py, VI 2P, V (i) P, V1 9 P, 2V1 @=en | ofmar g | a1 a Reafaal § fean

T B R

(A) T3, 3T (B*) T4, —PV1
case () AV=0,W=0

Rerfd (i) AV=0,W=0

case (ii) P =constant, W = —-P(2V1-V1) =—-PV1
Rerfdy (i) P = frd, W = — P(2V1 V1) = — PV1

(C)—PVy, T (D) —PV1, —P1V1

The work done in ergs for the reversible expansion of one mole of an ideal gas from a volume of 10

litres to 20 litres at 25°C is :

25°C TR Tdh Hidl e A & 3MIdT Bl SShavilg vy F 10 ofley I 20 oiiex d& yaiRka fear omar 8

ar far @ e ot § B

(A) — 2.303 x 298 x 0.082 log2
(C) — 2.303 x 298 x 0.082 log0.5

W =-2.303 nRT log %

1

(B*) — 298 x 107 x 8.31 x 2.303 log2
(D) —8.31 x 107 x 298 x 2.303 l0g0.5

=-2.303 x 1 x 8.314 x 107 x 298 log %

=—298 x 107 x 8.314 x 2.303 log 2.

An ideal gas is taken around the cycle ABCA as shown in P-V diagram. The B

net work done by the gas during the cycle is equal to : 1‘ 6P -

(A) 12P1V1 g

(B) 6P1V1 ﬁ

(C*) 5P1V1 ‘;‘:) P, e C

(D) P1V1 s

vV, 3V,

Volume —

P-V X@Tfed # SR AR dfhd ABCA & IRI 3R s 377eel I &1 for B

ST 2 | Fsh & SR fhar T Gl B aRER § T6P1 """

(A) 12P1V1

(B) 6P1V1 E =3 c

(C*) 5P1V1 A

(D) PlVl \/1 3V1 >
IMITT —>

Work done by the gas in the cyclic process = Area bounded (ABCA) = 5P1V1
Ifha Uhd § N gRT a1 T sl = g eF%a (ABCA) = 5P1Va

Section (D) : Heat & Internal energy

@us (D) : ST TAT ARIRSD Holl

For freezing of liquid in a system :
(A)g=0
(C)g<0
% e § 59 & "M & o :
(A)g=0
(C)a<0

(B)q>0
(D) g > 0 or g < 0 (depending on the nature of liquid)

(B)g>0
(D)q>03d1 q<0 (FT & YR W AR F=a1 2 |)

For 2 mole of an ideal gas; the relation between Cp & Cyv (non-molar) is :

2 Ard a7reet M & foly Cpd Cy (A -ATeR) # w9+

(A*) Cp—Cv: 2R (B) Cv—Cp: 2R
Cp — Cv = nR for non-molar heat-capacity

Cpm — Cvm = R for non-molar heat-capacity

(C)Cp—Cv:R (D)Cv—Cp:R

/\
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Thermodynamics & Thermochemistry ﬂ—

Sol. Cp—Cv=nR @F-"eR T aRd & forg)
Cp,m - Cv,m =R (ﬂﬁ—‘ffa? HHI HT@H ?E m)

Section (E) : First law of thermodynamics

Gug (E) : SHRTAS! BT Yo g4

E-1.~ A system absorb 600J of heat and does work equivalent to 300J on its surroundings. The change in
internal energy is

R 600 S[& ST AT HRAT & TAT $Hd URIY W 300 T & IR H1A BRAT B | MRS SHoll
# oRad= 7|
(A%) 300 J (B) 400 J (C) 500 J (D) 600 J
Sol.  We knowthat AU=Q+W — 600+ (-300)
W = — 300, because the work done by the system.
B g1 o ' f AU=Q+W - 600+(-300) =300 J
W = — 300, Frer gRT fdar w1 &1 & |

E-2. In an isochoric process the increase in internal energy is
(A*) Equal to the heat absorbed (B) Equal to the heat evolved
(C) Equal to the work done (D) Equal to the sum of the heat evolved and work done
RIS UshA H MM<IR® ol 4 gfg 2 -
(A%) A ST & aRIER (B) SHRIT ST & TR
(C) fd B & & R (D) Sftd o1 den fHF A S & AT & R
Sol. For isochoric process AV = 0, so gqv = AU i.e. heat given to a system under constant volume is used up

in increasing AU.

g FHSIAD WhH @ ford AV =0, 3d: qv = AU ifd a0 oias &R R &1 & 18 S AU 1 g3fg &
forr wga 8l 2 |

E-3.» In anisothermal expansion of an ideal gas. Select wrong statement :
(A) there is no change in the temperature of the gas
(B) there is no change in the internal energy of the gas
(C) the work done by the gas is equal to the heat supplied to the gas
(D*) the work done by the gas is equal to the change in its internal energy

e 19 & FHAN TR & oy Tord HUE g |

(A) T & 99 A gRadT & Brm |

(B) T & raRRe Hott H uRad+ =&} 8N |

(C) 1 g1 fvan 1 B, T BT ) TE W B SRIER B

(D*) T gRT fohar a1 &, I A AR® ot & yRIAT & a_TER 8I |
Sol. In isothermal expansion AU TR |

T = constant 3 AU=0 W = AQ

option (D) is correct.  fa®eq (D) W&l B |

E-4~ A system undergoes a process which absorbed 0.5 kJ of heat and undergoing an expansion against
external pressure of 1 atm, during the process change in internal energy is 300 J. Then predict the
change in volume (lit.)

TH T DI UihAT § 0.5 kJ ST @A BRI & S SR S 1 atm 918d T@ & fd%g THIRd Bl 2 |
39 Ufhat | omIRa& ot # uRadd 300 J & dl A (cfiex) # uRad= Sa difg |
(A1 (B 2 €)3 (D)4
Sol. AU=q+w=q—Pex(V2—V1)
300 = 500 — 1(AV) x 100

AV = M =2 lit.
100
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Thermodynamics & Thermochemistry ﬂ—
Sol. AU=qg+w=(—Paea(V2—V1)

300 = 500 — 1(AV) x 100
_ 500300
100

AV =2 lit.

E-5.= When two moles of Hydrogen atoms join together to form a mole of hydrogen molecules in a closed
rigid vessel with diathermic walls.
H (9) + H (9) —> H2(9)

(A)w<0 (B*) AU = negative (C) gsystem = positive (D) Qgsurrounding = Negative
9 fgardia SaRi o Th 9 g6 UTF H &l A1 BTSgIo WA IA0H H JSHR Uh Al BIggIoT 317
RIS

H(g) + H (9) —> H2(9)
A)w<0 (B*) AU = UTH® (C) gfiem = UTTHD (D) o = FROTCAD

Section (F) : Adiabatic, isothermal, polytropic & free expansion processes
Gus (F) : TG GHAE UshH, Uieligiiud o1 Jadd TR W5pH

F-1.  The temperature of the system decreases in an

(A) Adiabatic compression (B) Isothermal compression
(C) Isothermal expansion (D*) Adiabatic expansion
e &1 aaE 99 § 9 foed gear § 7
(A) BT TR H (B) Ty RS #
(C) w9 IR H (D*) TG YR H
Sol.  When a real gas is forced through a porous plug into a region of low pressure, it is found that due to

expansion, the gas on the side of low pressure gets cooled.
The phenomenon of producing lowering of temperature when a gas is made to expand adiabatically
from a region of high pressure into a region of low pressure is known as Joule-Thomson effect.

Sol. ©@ U& aR<Ad I BI, W A9 R RS &3 H gAgdd Faifed fHA1 Sidl g | 99 I8 grn W
f% TR & R HH S dTel W B I SUSI B IR B |
ush¥ fH Ud 19 9% QW &9 9 79 <9 87 @ 3R Ses ©Y 9 J9iRd Bkl ® s aRo

ATAE H HH I B © 39 Sl AHET U919 FHEd & |

F-2. 1 mole of NHs gas at 27°C is expanded in reversible adiabatic condition to make volume 8 times (y =
1.33). Final temperature and work done respectively are :

27°C R NH: & 1 Al ®I SchAviia was gRRIfT 3 378 T[T as d& TR fban Srar (y = 1.33)
7, a1 arf<aw amu g far 1 drf e ©
(A*) 150 K, 900 cal (B) 150 K, 400 cal (C) 250 K, 1000 cal (D) 200 K, 800 cal
Sol. TVt =TVt = 300 x V3 = Tx(8V)Y® = T.=150 K
W =nCy (T2—T1) =1x 3R (150 —300) = 3 x 2 (—150) = —900 cal

F-3.= Infigure, A and B are two adiabatic curves for two different gases. Then A and B P
corresponds to :
(A) Ar and He respectively T B
(B*) He and H: respectively A
(C) Oz and Hz respectively
(D) H2 and He respectively

—
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Thermodynamics & Thermochemistry

F-3» fo #ATB I 1 141 & foly wgr™ @ & @1 AGB 97 B :
(A) spHT: Ar 9 He
(B*) 2 He T Ha
(C) 9 029 Ho
(D) FHT: Hz d He
Sol.  Slope @l = —y
As slope of A > slope of B AP T > BB I
~.yof A>yof B
ordr A — Helium fBferH
B — Hydrogen BIggarsH

Section (G) : Enthalpy

guE (G) : T

G-1. One mole of non-ideal gas undergoes a change of state (1.0 atm, 3.0 L, 200 K) to (4.0 atm, 5.0 L, 250
K) with a change in internal energy (AU) = 40 L-atm. The change in enthalpy of the process in L-atm ;
(A) 43 (B*) 57 (C) 42 (D) None of these
et 9 BT 1 Hied, 3M<IR® $olt AU = 40 L-atm # gRddd & w1, 3r@=er (1.0 atm, 3.0 L, 200 K)
(4.0 atm, 5.0 L, 250 K) 9% gRafdd &=ar € | L-atm # ushd & 0Ol § gRad+s 4 & ¢
(A) 43 (B*) 57 (C) 42 (D) 79 | PIs T

Sol.  When both P and V are changing
W9 P9V aH gRafdd g 2 |

AH=AU+A(PV) =AU+ (P2Va—Pi1V1) =40+ (20-3) =57 L-atm

G-2.  For the isothermal expansion of an ideal gas

(A) U and H increases (B) U increases but H decreases
(C) Hincreases but U decreases (D*) U and H are unaltered
el N & FHAUE IR & ford
(A) UdemH sad 2 | (B) U deaT ® W=y H gedm 2 |
(C) H9edT 8 W=y U gedr 7| (D*) U qerm H 3raRafidd v&d 2 |
Sol. In isothermal reversible process ideal gas has constant temperature and so AU=0 and AH=AU=0.

T Shaoiid Uhd § 31t I &1 fAd 919 81aT 8 9 AU =0 dem AH =AU = 0.

G-3.  Avessel contains 100 litres of a liquid X. Heat is supplied to the liquid in such a fashion that, Heat given
= change in enthalpy. The volume of the liquid increases by 2 litres. If the external pressure is one atm,
and 202.6 Joules of heat were supplied then, [U - total internal energy]

UH 9 H 100 <ficy §9 X SURYUA 8| §d ® W 39 UGR I ol & fb & 18 o1 = U H
aRac | &a $1 FTT &l <iiex 9¢ Sl & | X 9181 @ 1 atm & T1 202.6 S H™A1 1 5, 79 [U -

A AARD I

(A)AU=0, AH=0 (B) AU=+202.6J,AH= +202.6J
(C) AU =—202.6J, AH = —202.6J (D*) AU =0, AH =+ 202.6J
Sol.  AH = heat given. So, process is isobaric.

W = — Pext (AV) =— 1 x 2 litre.atm = — 202.6 J
Hence, g =202.6 J=AH.and AU=q+w=0.
Sol.  AH=& € S @ FHGET UHH ¢ |

W = — Paeg (AV) = — 1 x 2 litre.atm = — 202.6 J
39T =202.6J=AH.da1 AU=q+w=0.
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Thermodynamics & Thermochemistry ﬂ—

Section (H) : Phase transition

Gug (H) : GshHYT 3aeedl
H-1.» H20(s) — H20(¢)

This phase transition is carried out at constant temp and pressure then work done during the process :

(AYW<0
H20(s) —— H20(¥)

(B*YW>0 C)yw=0 (D) can’t detamined

39 HhHUT IR B a4 91U 9o g R fAwnfed fear wirar 8 O uspH & SR fhar a1 arf g —

(AYW < 0

(BX)W >0 (COW=0 (D) frgiRa =1 o= d&a

H-2. At 1 atm pressure, n moles of water (0°C) are frozen to ice (0°C). Then heat transfer is :

(A) NAHjusion

(B*) — N AHusion (C) nCy, mAT (D) AHiusion

1 atm ¥ TR n A ST (0°C) BT 9% (0°C) H STHIT ST B | A1 RAFTIRT ST 2 ¢

(A) NnAH<wrem

(B*) — N AHcimert (C) nCy, mAT (D) AHsirar

PART - lll : MATCH THE COLUMN

HET - Il : DI BT FATT DI (MATCH THE COLUMN)

1. Match the column:
Columm-| Columm-II

V.

(A) Reversible isothermal expansion of an ideal gas (9) w = -2.303 nRT log {VzJ
1
(B) Reversible adiabatic compression of an ideal gas (Q) PV' = constant
nR
(C) | lrreversible adiabatic expansion of an ideal gas N w= =1 (T2—Ta)
(D) | lrreversible isothermal compression of an ideal gas (s) |AH=0
Pie™ ™ ST |
PicH-| Pic-11

(A) | T 377eE I H ISHAYNY FHATUR TR (p) | w=-2.303nRT Iog[%]

(B) | U@ 33 TN &1 IhAYIY HEISH HYIST (@ |PVv=fwa

(C) | & oreel I &1 Ifehveiid ©EIw TaR " W=£(T2—T1)

(v-9

(D) | U% 37Teel I &1 rJhHeiid FHaTdg |UreH | (s) | AH=0

Ans. (A-p,s);(B-0q,nN;(C-1;(D-59)
Sol.  (A) Reversible isothermal expansion of ideal gas

W = - 2.303 nRT log %and AE = AH =0 (as AT =0)

1

(B) Reversible adiabatic compression of an ideal gas

PV’ = constant and W =

nR(Tz _Tl) — szz — P1V1
y-1 y-1

(C) Irreversible adiabatic expansion of an ideal gas

_ NR(T, -T)
vy—-1

(D) Irreversible isothermal compression of an ideal gas

AH=0 (as AT =0)
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Thermodynamics & Thermochemistry ﬂ—
Sol. (A) U& eel ™ &1 ISHHAVY FHATIT TR

W = —2.303 nRT log %aeﬂ AE = AH = 0 (ST @1 AT =0)

(B) U e N & ITHAIY B Ul
nR(Tz _Tl) — szz _P1V1
-1 y-1
(C) T ezl N &1 AgohAuia $ET™ TR
_ NR(T, -T)
=
(D) T MR IR BT AJShAvII FAAUR HUTed
AH =0 (as AT = 0)

PV =fogg dem W =

2.: Match the column:

Column-| Column-Il
(A) | A process carried out infinitesimally slowly (p) | Adiabatic
(B) | A process in which no heat enters or leaves the system | (q) | AE=0, AH=0
(C) | A process carried out at constant temperature (n Reversible
(D) | Cyclic process (s) | Isothermal
Die™ A PR |
DictH-| PictH-|
(A) | uP uHH BI a=d G q FAT 1A & | () | vs™=
B) |wup R IWATM I A gu RN e 9@ e A | (@) |AE=0,AH=0
IR et 7 |
(C) | v umhH frad a9 R AT Il § | (n | Sspaeia
(D) | @bl UshH (s) | wHamd™
Ans. (A-1);(B=-p);(C-s);(D-0)
Sol. (A) A process carried out infinitesimally slowly is called reversible process

(B) A process in which no heat enters or leaves the system is called adiabatic process

(C) A process carried out at constant temperature is called isothermal process

(D) In a cyclic process, state function have no change in their value.So, AE = 0, AH = 0.
B (A) TP UshH b1 r=1d i F PRIAT ST 8 SHDI STHAVIY UshH HEd & |

(B) T& UshA frgH &S 9 @ Fdrg # U9 &xell & 9 & e 9 9wR Aded 8, B ©gIvg UshA
PEd T |

(C) U® UhHA S fud a9 R R[N SIAT & SHIAAAIIY UhH HEd & |

(D) I THH H AARRAT B d A F R & BIAT 8 | 31 AE =0, AH = 0.

Bl Exercise-2 |

PART - 1: ONLY ONE OPTION CORRECT TYPE

T - | : Badel b Ga) fdsed YR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Basic definitions
Qug (A) : Io1 TRHmMT

1w In which one of the following sets, all the properties belong to same category (all extensive or all

intensive)?
(A) Mass, volume, pressure (B) Temperature, pressure, volume
(C) Heat capacity, density, entropy (D*) Enthalpy, internal energy, volume.
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Thermodynamics & Thermochemistry ﬂ—
1 Al § ¥ B U O H 9 O 99E 99 9 =Y § (8 AETd Jferal /T W@a) ?

(A) SIHM, 3T, TE (B) TT9H, €14, 3T
(C) ™A1 aTRal, '-icd, TSidl (D*) T, amaRe I, *imraad
Sol. H, E and V all are extensive.

BA:  H, Ede Vad 9 © |

Section (B) : Thermodynamics processes

@S (B) : SHNIG®! Ushd

2.
=} ]
1\
Ve—>
The plots between P and V which represent isochoric and isobaric process respectively :
HHIIAMNS TAT THAGTEIT UshH BT Hen: USRId BT aTell P AT V & 787 3R R |
AN B" IV, I o1 1v (D) I, 1
Sol. For IV volume is constant (isochoric)

For | pressure is constant (isobaric)

B IV S ford emuad g @ (FHemaaf®)
| & forr g9 fF9d & (F9erE)

3. Match the enteries of column | with appropriate entries of column |l and choose the correct option out of

the four options (A), (B), (C) and (D).
Column-| Column-l

) Isothermal (p) AT =0

(YY) Isobaric ()] AV =0

2 Adiabatic (9] AP =0

(W) | Isochoric (s) qg=0

Bict-1 BT icrH-Il & e S Jen (s (A), (B), (C) T2 (D) § | 921 fawen S |
PieH il

(X) | wHag (P) | AT=0

(Y) | 9HaE (@ |AV=0

2) | vevE (N |AP=0

(W) | a¥eIdi® (s) |g=0

(A) X—p, Y=q, Z-r, W-x (B*) X—p, Y-, Z-s, W-q (C) X-=s, Y—p, Z-r, W-q (D) X-s, Y-p, Z-¢, W-r
Sol. In isothermal process, AT =0

In isobaric process, AP =0

In adiabatic process, q = 0.

In isochoric process AV =0
T :  FHATYT WHH H , AT =0

G U9 |, AP = 0

HEIST UHA H, q=0.

FHIITHTD UshH H, AV = 0
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Thermodynamics & Thermochemistry

4. Consider the cyclic process R - S — R as shown in the Fig. You are told R
that one of the path is adiabatic and the other one isothermal. Which one of P
the following is(are) true?
(A) Process R — S is isothermal S
(B) Process S — R is adiabatic v
(C) Process R — S is adiabatic
(D*) Such a graph is not possible
4. fora 9 <o gaR AfPT U9 R > S > R iR | oMo &8l ol & 6 R
ST A US UHd GEIWE § dU1 T UHH §HaUE © | T H | P p
HUT A B —
(A) UHA R — S FHAM 7 | Y S
(B) U9 S —» R vgI™ & |
(C) U9 R — S T B |
(D*) 39 TBR Bl JNE A9 & 2 |
Sol. Because two state of a system can not be connected by one adiabatic & one isothermal path.
Sol.  ifd P S T faA%LA Th SRS T Th FAMGI I §RI ol ofs Fdhell & |
Section (C) : Work Calculation
Gus (C) : ™ B T
5. Work for the following process ABCD on a monoatomic gas is :
TH WAV I R 774 9shH ABCD & forw W (br) 2 1
t t
P P
P A B P4 g B
: Isothermal | \ e
| | 1
1 | |
B e ror-prC
| | H
1 1 ! | | |
'y 4 o b 4 s
V, 2V, 4V, V— V, 2V, 4V, V—
(A*Yw=—=2Po Voln 2, (B)w=—-2PoVolIn4,
(C)w=—Po Vo (1+In 2), (D)w=—PoVoln2,
Sol. At A and D the temperatures of the gas will be equal, so
AT D WR I H1 AGHA FHIF BT A<
AE =0, AH=0
Now(3Td) W = was + Wac + Wep = — PoVo — 2PoVo In 2 + PoVo = — 2PoVo In 2
6. 50 L of a certain liquid is confined in a piston system at the external pressure 100 atm. This pressure is

suddenly released and liquid is expanded against the constant atmospheric pressure, volume of the
liquid increases by 1 L and the final pressure on the liquid is 10 atm. Find the magnitude of work done.
100 atm 9T8d &9 W 50 L &1 FA¥=d g9 o fives Mamg & @1 g 2| 39 Q@ &1 /@a qaa &

ST § IR Fa agave S & 9% &9 JHIRT BT § I §9 &1 a1 L ¥ 98 Sfral ©, a1 &4

R f<Tq T9 10 atm B SIar ® O {6 U sRf & aR|er 1 oEr wR

(A*) 1 L.atm (B) 5 L.atm (C) 500 L.atm (D) 50 L.atm

Sol.  W=—Pex(V—-Vi)=—-1atm (1 L)
Sol. W =—Pg (V2-Vi)=—1atm (1L)

Section (E) : First law of thermodynamics

@us (E) : SENIa &1 gem fAH

®
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Thermodynamics & Thermochemistry ﬂ—

7N Which one of the following equations does not correctly represent the first law of thermodynamics for
the given process in ideal gas ?

(A) Isothermal process : g =—w (B) Cyclic process: q=—-w
(C*) Adiabatic process : AE = q (D) Expansion of a gas into vacuum : AE =
WaﬁﬁﬁvﬁﬁﬁwwzﬁﬁmﬁwﬁéW@anﬁaﬁ%qwmﬁﬂﬁmﬁ
TefRid T8 Hahl 87
(A) F9ATYT UshH g =—W (B) TshI UhH 1 q=—W
(C*) S|THIT UhH : AE = q (D) fatd % i &1 TR AE = q
Sol.  According to 1% law of thermodynamics,
AE =q+w.

For isothermal process, AE = 0. Hence, q=—w

For cyclic process, AE= 0 Hence,

For expansion into vacuum, w = 0. Hence AE = g.
T WD & 1599 & SR,

AE =q+Ww.

JHATI WshH & forl, AE= 0. 31d: q=—w

BT TshA B ford, AE= 0 37a:

fafa # TR @ o w= 0. 8/ AE = q.

Section (F) : Adiabatic and isothermal processes
Gus (F) : GG R T shd
8.» One mole of an ideal gas (Cv, o= gRj at 300 K and 5 atm is expanded adiabatically to a final pressure

of 2 atm against a constant pressure of 2 atm. Final temperature of the gas is :

foq 9@ <19 2 atm & fa%g 300K @ 5atmwwﬁamﬁﬂ(cv,m:gRJaﬁmﬁﬂﬂﬂwﬁ 2
atm 31f~9 g9 d% TR far S 2 | 19 &1 s1f~aw @ = B -

(A) 270 K (B) 273 K (C*) 248.5K (D) 200 K
Sol. g=0 AU =w

= NCvm (T‘Z - Tl) = — Pext |:I’]RT2 —ﬁ:|

PZ Pl
© Cym[T2=T1 =Pex.R L_T = ER['|'2—300]=2><R{@—L} T2=2485K
P, P, 2 5 2

Section (G) : Enthalpy
gug (G) : T
9. The magnitudes of enthalpy changes for irreversible adiabatic expansion of a gas from 1L to 2L is AH:

and for reversible adiabatic expansion for the same expansion is AHz. Then

(A) AH1 > AH2

(B*) AH1 < AH2

(C) AH1 = AHz, enthalpy being a state function (AH1 = AH>)

(D) AH1 = AE1 & AH2 = AE2 where AE1 & AE2 are magnitudes of change in internal energy of gas in
these expansions respectively.

TH I B fg 1L 9 2L 9% STohAvi $eI™ T9R & ot Ul gRadd &1 9RAmT AHL © den
AU FEIW TR & foly 999 J9R & fog e aRacds AH, a9

(A) AH1 > AH2

(B*) AH1 < AH2

(C) AH1 = AH., Tl T& 37aveqT e & | (AH1 = AHy)

(D) AH1 = AE1 @1 AHz = AE; ST&f AE1 @1 AE, A9 39 TRV & forg 19 @ eridRe Sotfell # uRadw
BT aRHATT & |
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Thermodynamics & Thermochemistry ﬂ—

Sol. [Wrev| > [Win|
Trinal(rev) < Tfinal(rr)
ATrev > AT
* AH oc AT
AHrev > AHirr

PART - 1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

AT - Il : Uhd G4 f§—quii® AM USR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1.2 How many statements are false ?
(i) Thermodynamics is concerned only with total energy of the system.
(ii) I*t law of thermodynamics can be applied on the individual particle enclosed in vessel.
(iii) Many thermodynamic properties can not be measured absolutely, so change in thermodynamic
property is required for calculation.
(iv) Feasibility of any chemical reaction can not be explained by thermodynamics.
(v) When surrounding is always in equilibrium with the system, the process is called reversible.
(vi) Thermodynamics can predict the time to attain the equilibrium.

1 # 9 foam o= o & ?
(i) SSFIRIDI, Had T3 D G SHoll & A1 Fafgd o |
(i) SSA@! & Y oW @1 98 urF H fafdee vpeii &R o] faan S | 2 |
(iii) 3T HHEEIADH! oI BT Yof HY | AT T&l HR Fhd, A 0T & fog HwmIfTe! o § gRad=
B MMITIHT ® |
(iv) ot Y Sarafee Afifhar & TaeR B SHEAS! | & THSAT ST bl 2 |
(v) 519 aRae &R OF & A1 ArIERAT § gl ® d 39 Ufhar @1 SohAvi wEl Sl & |
(Vi) TS §RT AR UK & T99 b1 S (a1 ST dhdT 2 |
Ans. 4 (i, ii, iv, vi)
Sol. (i) F- Thermodynamic is concerned with total energy of universe
(i) F- Applied on whole system
(i) T
(iv) F - Thermodynamics predict the feasibility of reaction
v) T
gvi)) F - Thermodynamics can not predict the time of attain equilibrium because there is no relation
below keq and time.
T (i) 3IT- SENID], FFl JEHS B G SHoll $ A1 F=Gd © |
(ii) 3TIT- SHFITS! BT Yol G5 R AN fHar 5 qawmar 2|

(iii) 9
(iv) 3T - IS AMATHATST & FIER B SHHNIID! F THSAT ST HhaT & |
(v) 9
(Vi) T - HHMAS! §RT AR U & F9T B A el fhal S Adhdl FAife T8 ke 9AT FHI |
| e e g
2= How many of the following physical properties are extensive :
(i) Free energy (i) vapour pressure (iii) mole (iv) Kinetic energy
(v) Entropy (vi) Internal energy (vii) Enthalpy  (viii) specific heat capacity

(ix) Coefficient of viscosity (x) Total heat capacity

=1 3 @ fran 9 o7 JErere o e -

(i) g Sl (ii) arereTa (iii) =ret (iv) TSt St
(v) =TT (vi) TIR® FHell (vii) T (viii) faRre T arRar
(ix) AT OTTD (X) BA ST GIRAT

Ans. 7 (i, lii, iv, v, vi, vii, X)
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Thermodynamics & Thermochemistry

Sol. Extensive properties are (i) ; (iii) ; (iv) ; (v) ; (vi) ; (vii) ; (X).
AETAS T (i) ; (iii) 5 (iv) 5 (V) 5 (vi) ; (vii) ; (X) B
3.2 = How many of the following are state function :
(i) Internal energy (i) Heat (i) Enthalpy (iv) Entropy
(v) Pressure (vi) Temp. (vii) volume (viil) Work
(ix) specific heat capacity (X) molar heat capacity
o1 § & fpan sraven wad ® —
(i) 3TIR® FHeli (ii)) SoST (iii)) Tt (iv) T=rdr
(v) T (vi) ™ (vii) I (viii) BRI
(ix) fafre. w1 enRRar (x) AR &A1 emiRar
Ans. 6 (i, iii, iv, v, vi, vii)
Sol.  state function are (i) ; (iii) ; (iv) ; (v) ; (vi) ; (vii)
sraven wa (i) ; (i) 3 (v) ; (v) 5 (vi) ; (vii) B 1
4. Two moles of He gas (y = 5/3) are initially at temp 27°C and occupy a volume of 20 litres. The gas is
first expanded at constant pressure until its volume is doubled. Then it undergoes reversible adiabatic
change, until the volume become 110 lit, then predict the value of T/100 (where T is the final
2/3
1
temperature, | — ==
e
2 Wi He 399 (y = 5/3) R™ # 27°C 1Y W 20 @ilex Id= &I 2R & 8 | N fF9d 39 W s &
AT BF O TR BRi 2| O9 I8 SSHAUIE werd UREdd s 110 offie} BN 9 qundl B,
2/3
T/100 &1 |9 A DI | (ST_F T 3if<a# d &, (1%) :%)
Ans. 3
Sol. Ist procese is isobaric
volume become double so, T is also become double
So, for adiabatic Ti = 2 x 300 = 600
Vi= 40
T¢=7?, Vs= 113
for adiabatic, Pi1V1' = constant = TV*! = constant
TiVo31 = TR
600 x (40)%® = Tix (40)22=Tix (110)%?
Tr= 300 K
Ans. = =3
100
T UYH UHA HASEN B,

I QYA B W= T A1 YT 81 S 2 |
oY, g™ UshH & fofy, Ti= 2 x 300 = 600

Vi=40
Te=7?, Vi= 113
®EIH Uhd & fory,

Pyt = R = Tvrt = foga
TV = TveRR
600 x (40)%* = Trx (40)%®=Tsx (110)%°

Ti=300 K
Ans. @ =3
100
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Thermodynamics & Thermochemistry ﬂ—

5. A sample of an ideal gas is expanded from 1dm3 to 3 dm? in a reversible process for which P = KV3,
with K = 1/5 (atm/dm®), what is work done by gas (L atm).
eyt N P UH Uee S UhH H 1 dmd ¥ 3 dm® 9% yuIRa BT & | e fag P o= KV,
K = 1/5 (atm/dm®) | 39 (L atm) gRT far m &1 7|

Ans. 4

3
Sol. W = dev
1

3 478
W = [Kvidv= kY- = 5[81—1] 1 . 80-4Latm
d 4 | 4 5x 4
6. The valve on a cylinder containing initially 1 liters of an ideal gas at 7 atm and 25°C is opened to the

atmosphere, Whose the pressure is 760 torr and the temperature is 25°C. Assuming that the process is
isothermal, how much work (in L.atm) is done on the atmosphere by the action of expansion ?
g ek UR™ # 7 atm @ 25°C R 3y W & 1 <fley AT B | SHH dTed URIY H Fall gL T,
fST®T g9 760 SR T A9 25°C B | 9 Ushd H1 AHANI ANMGY TR & HF g1 aRaw # feaa o
(L.atm #) foam @ 2

Ans. 6

Sol. T = Constant fad
P1V1 = P2V2

7x1= de V2 = V2 =7 liter ofiex
760

W =-P (AV)
=-1x(7-1)
=—6 L.atm

W =-6L.atm

7N The work done (in Cal) in adiabatic compression of 2 mole of an ideal monoatomic gas by constant
external pressure of 2 atm starting from intial pressure of 1 atm and initial temperature of 30 K (R = 2
cal/mol-degree)
TR I 1 atm 9 URMS ¥ 30 K § UR™ &% 2 atm & 9 983 &6 & gRI U M&d

THFARATGG T & 2 Ald & S|g ©9 4 9ued # b w1 s (@as #) 9 & (R = 2
Darl/Ara f$3)

Ans. 72

Sol. g=0,AU=W
NCv(T2 — T1) = — Pext(V2 — V1)

23R (T2—30) =~ 2 [RTz _NRx30
2 2 1

= g (T2=30) = (60-T2) = T2 = 42K

W =nCy(Te=T1) = 2 x g 2 (42 —30) = 72 cal.

8.m One mole of a non-ideal gas undergoes a change of state (2.0 atm, 3.0 L, 95 K) — (4.0 atm, 5.0 L, 245

K) with a change in internal energy, AU=30.0 L. atm. Calculate change in enthalpy of the process in L.
atm.

1 A AF-eest I # R ol yRaad & A1 @R uRdads (2.0 atm, 3.0 L, 95 K) — (4.0 atm,
5.0 L, 245 K) ; AU=30.0 L. atm B | Ush¥ & T&edl § gRad= @1 0T L. atm H IR |
Ans. 44
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Thermodynamics & Thermochemistry ﬂ—

Sol. (20 atm, 3.0 L, 95 K)— (4.0 atm, 5.0 L, 245 K)
n=1;AU=30.0L. atm
AH = AU + PAV
= 30 +(P2V2tP1Va)
=30+(4x5-2%x3)=30+14=44 L. atm

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

HRT- Il : U T U 9§ 3P A8l fahey UoR

1. Which of the following properties of a system are intensive?
(A*) color (B*) kinetic energy per mole
(C) X (where X =U + H) (D% specmc volume (volume per unit mass)
Th TF B mﬁﬁrgvh H F B O AT WIGF 0T (intensive) |
(A*%) 3 (B*) irsresett ufer At
(C) X (ST8f X=U + H) (D*) fafdre emaaw (9fd 3@ g™ & forg smad)

2. Choose the correct statement :
(A*) system and surrounding are always separated by a real or imaginary boundary.
(B*) perfectly isolated system can never be created.
(C* in reversible process, energy change in each step can be reversed.
(D) irreversible process is also called quasi-equilibrium state.
AL HUF BT I DI
(A*) frama qem aRaer g¥en, IRdfdd 3redT Bredfd TR gRT 9rd T&d 2 |
(B*) goia: faaifia fdra &1 fmfor &3 =€ e i \aar 2|

(C*) STHIVI Uhd H IS U H SHoil gRadd, SThAN 81 Fhdl & |
(D) JrghAvi Ush¥ B Faril |TRIaTl (quasi-equilibrium state) i H8T ST B |

3. In an isothermal expansion of a gaseous sample, the correct relation is : (consider w (work) with sign
according to new IUPAC convention)
[The reversible and irreversible processes are carried out between same initial and final states.]
(A) Wrev > Wirrev (B*) Wirrev > Wrev (C) Arev < Qirrev (D*) AErev = AEirrev
e T T $ US G T9R § el 999 © (73 IUPAC fEEl @ o gER w (@) @ e @
|1 o &) FAM URMSG q1 Sifvqd v & A& SShAvI 9 IgshAviE Ushd §R - fHd 91 € |

(A) Wespmiia > Wargeratha (B*) Wargepmoia > Wespaha
(C) Ouoreta < Qargoraiia (D*) AEssrata = AEsmspmtta
4, During the isothermal expansion of an ideal gas :
(A*) The internal energy remains unaffected (B*) The temperature remains constant
(C*) The enthalpy remains unaffected (D) The enthalpy increases
el I & FEAET TR & QR
(A*) ITIR® o1l uHIfAT & 8 | (B*) AyA™ ford & B |
(C*) T sraRafidd & | (D) T Tl 2 |
Sol. AT=0, AE=0, AH=0
5% P-V plot for two gases (assuming ideal) during adiabatic processes are given
in the figure. Plot A and plot B should correspond respectively to : P
(A) He and H: ) A
(B*) Hz and He B
(C*) SOsand COz2
V—>

(D*) N2 and Ar
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Thermodynamics & Thermochemistry

53 T T (@NeRl A9 Q) B P-V NG wa|I™ UHH b aRM T gia § A

T ¥ IRTA T IR B e ¥ Fafda B @ P

(A) He @11 H2 (B*) Hz @1 He 7 é*

(C*) SOs @21 CO2 (D*) Nz =11 Ar

vV—>

Sol. PV = constant for isothermal proces

PV = constant for adiabatic process so more

Value of y, more decrease in pressure as volume increases.
B 9HAOY WhH @ ford PV = fua g R

T TPR SET™ WhH & for PVY = g B B |

y &1 A, 9 F 1% HH HRAT B, OI9 IMIAT g 7 |
6. An ideal gas undergoes adiabatic expansion against constant external pressure. Which of the following

is incorrect :

(A) Temperature of the system decreases.

(B*) The relation PV* = constant will be valid (where P and V are gas variables)

(C) AE + PexAV = 0

(D*) Enthalpy of the gas remains unchanged.
TH e TN, U 98T q9 & v, veIvg JaR Sk ® | T A A Sen) $UH TTed 2 (E)
(A) T3 & a9 H HH A B |

(B*) w=g PV! = fRrdiss w19 8l | (STBI PV, 99 & =R & |)

(C) AE + Pz AV = 0

(D*) 9 # T uRafefa v 2 |

Sol. In adiabatic expansion, g = 0. S0 AE = W = —Pex AV.
Irreversible adiabatic So PV" = constant not valid.
Since g = 0, so gas does work by utilizing its internal energy.
So, T decreases and also enthalpy (H) decreases.

Sol. “E™ YR #, g =0. S0 AE = W = —Pqga AV.
rger iy SIS 3 PVY = o a1 7181 & |

TfF q =0, 37 TP AR SHoft B ST X B far S 2 |
37 T uedl & a1 Gl (H) 41 gedl 2 |

7.5 For the sublimation of a solid at 1 atm, which of the following may be correct

(A*) AU > 0 at low temperature (B¥)gq>0

(C*) AU < 0 at high temperature (D*) AH>0

1atm 39 R 3N & SHUTH & forg 7191 § &4 a1 |& 8 IH © |
(A*) f7/<1 @™ 9= AU > 0 (B¥)q>0

(C*) STa du R AU<O0 (D*) AH > 0

PART - IV : COMPREHENSION

HET - IV : T (COMPREHENSION)

Read the following passage carefully and answer the questions.

1 g @1 erYES ufed e UeEl & SR Qg |

Comprehension #

When a system is taken from state A to state B along path ACB as shown in figure below, 80 J of heat
flows into the system and the system does 30 J of work.
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Thermodynamics & Thermochemistry

4

v
O

AT #

9 T T Pl faRAT A 3faRer B H oA # SR 9y ACB & IR I ST 8, @9 80 J B I, T
# yarfed Bl & 91 OF 30 J F B HRAT B |

A
C s B
P N H
A —> D
\
1. How much heat flows into the system along path ADB if the work done by the system is 10 J :
92 ADB & gfa, T3 § &S @l fba= A3 arfed &1 Sl &, Ifa 93 g1 fban ™1 drf 10J 2
(A)401J (B*) 60 J (C)801J (D) 100 J
Sol. Since AE=q+w=80-30=50
So for ADB
AE=qgq+w; 50=9-10; q=60J
gl Yd AE=q+w
=80-30=50
39feTy ADB & forg
AE=qg+w; 50=9-10; g=60J
2. When the system is returned from state B to A along the curved path, the work done on the system is

20 J. Does the system absorb or liberate heat and by how much ?

(A*) =70 J ; heat is liberated.
(C) +70 J ; heat is absorbed.

(B) —60 J ; heat is liberated.
(D) +60 J ; heat is absorbed.

afe T g @ B 9 A W afshd U2 (curved path) @& 3TfRT amow oMl & 9o @F R fhar T &
20J %, 99 9F o+l AT3T H ST S 3RMaT IOl HRAT P

(A*) =70 J ; ST &1 ITqoiT
(C) +70 J ; &SI &1 G=NET]

Sol. For B to A, AE=-50J
w=+20J
g=-50-20=-70

heat is liberate.

Bl BIAA® foly, AE=-50J

w=+20J
q=-50-20=-70
S Safoia Bl 2 |

(B) =60 J ; ST &I ITwI
(D) +60 J ; T BT AT

3N If Eb — Ea = +40J, the heat absorbed in the processes AD and DB are respectively :

(A) gap =30 J and gos = —90 J
(C) gap=-30Jand gos =90 J

(A) gap =30 J 1T goe = -90 J
(C)gap=-30J AT qos = 90 J

(B) gap =+60 J and gps =0 J

(D*) gap = +50 J and qos = 10 J
e Ep— Ea=+40J 8, 9 UshHd AD T DB # Ia9If¥d ST HA: 8 -

(B) gap =+60 J A1 gps = 0 J
(D*) gap = +50 J TAT gps = 10 J

®
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Thermodynamics & Thermochemistry

Sol.

\
-
J

In ADB process, DB process is isochoric, so wos = 0
ADB UsH H, DB Ush¥ IHRMIAM® &, FAfTT wps = 0

So (s9fem), AEnD = gap + WaD

—40 = gap + (-10) ; gap =-30J
Now (319), Oas = gap + (os ; 60 = —30 + qos
Oos =90J

* Marked Questions may have more than one correct option.

* fyfeed U o 9 e 98 fAeew a9 ue= ® -

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARYS)

1T - | : JEE (ADVANCED) / IIT-JEE (fiSel a8f) & w¥

Sol.

2.

Sol.

3.*

Sol.

The given reaction
2CO + 02 — 2CO2 AH = -560 kJ
2moles 1 mole

is carried out in one litre container, if the pressure in the container gets changes from 70 atm to 40 atm

as reaction gets completed. Calculate AU of the reaction. [1L atm = 0.1 kJ]

[JEE 2006, 6/184]

& T AT UF oiler U H FE Bl & | Ak ifdfhar gof @M W U & <@ § uRadd 70 atm 9

40 atm 81 SITaT ® | @ ifAfshar &1 AU uRafera #IRvig | [1L atm = 0.1 kJ]
2C0 + 0, —> 2CO AH = — 560 kJ
2 A 1 At

AH = AU + A(PV)

[JEE 2006, 3/184]

so,  AU=AH—A(PV) = — 560 — [40 — 70] (L atm) = (- 560 + 30 x 0.1) kJ = — 557 kJ.

Among the following, the state function(s) is(are) :

(A*) Internal energy (B*) Irreversible expansion work
(C) Reversible expansion work (D*) Molar enthalpy
foraforRaq # | sfaxen B+ (state function) 8 /& :

(A¥) T=<iR& el (Internal energy)

(B*) 3rgcshHvia TR P (Irreversible expansion work)

(C) =AY TR ®1d (Reversible expansion work)

(D*) ATeR T (Molar enthalpy)

State function are internal energy and molar enthalpy.

Work is path function whether it is reversible or Irreversible.
IR® FHoll TAT AR V! 3TaReN Her & |

BRI ATE ISHAUIY Bl AT AJSHAUIY 8l g U el sl o |

Among the following, the intensive property is (properties are) :

(A*) molar conductivity (B*) electromotive force
(C) resistance (D) heat capacity

=1 9 w@a=ETS [OIEH (intensive property) §/8 ¢

[JEE 2009, 4/160]

[JEE 2009, 4/160]

[JEE 2010, 3/163]

[JEE 2010, 3/163]

(A*) HIeR ATeTdhdl (GHEEGEIEEIER] (C) ufeRy (D) &1 aTRar
Molar conductivity and electromotive force (emf) are intensive properties as these are size independent.
AR ATAhd] dl Jgadied 9 (emf) WAFAEHS OTEH (intensive property) 8 ®ifd I8 MHR W

R 81 Bxa B

One mole of an ideal gas is taken from a and b along two paths denoted by the solid and the dashed
lines as shown in the graph below. If the work done along the solid line path is ws and that along the

dotted line path is wa, then the integer closest to the ratio wa / ws is :

[JEE 2010, 3/163]
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Thermodynamics & Thermochemistry ﬂ—

Ans.
Sol.

454
4.0
3.5
p 3.0
(atm.)

2.5
2.0+
1.5

1.0 1

0.5 b

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 55 6.0
V (lit.)
TH NTeel I & Udh Al B aW b d® =9 (solid) Y1 3R S (dashed) X&1 gR1 7741 3% & @y w1
3) YRl gRT o ST -1 | Ife O N@1 @ IRG OGN fHar T B ws & SR S W b IR W fHar T
BRI wo B, T9 U Wa / Ws BT FH FHIY T 2 | [JEE 2010, 3/163]
454

a

4.0

3.57

p 3.01
(atm.)

25T
201+

1.51+

1.0

0.51

0.0 05 1.0 15 20 25 3.0 35 4.0 45 5.0 55 6.0
V (lit.)
2
Process shown by solid line is reversible isothermal
So, work Ws=—-4x 0.5In (5.5/0.5) =—2In 11 L atm.
For dotted process (three step irreversible) work done will be

Wd:—{4><1.5+1><1+§ x 2.5} L atm.

:—{6+1+§}Latm. :—? L atm.

W, 26
sO, —=——— =2,
W, 3x2 Inll

S

/\
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Bl

5*

5*

Sol.

79 391 g1 yelRfa umha Sopqeia aHardiy ushE B |
3, B Ws =—4 % 0.5In (5.5/0.5) = —21In 11 L atm.
S Y@ gR1 v usmd (Bud srgaraeiy) & foag ort

wd:—{4x1.5+1x1+§ x 2.5} L atm.

=—{6+1+§}Latm. :—23—6Latm.

W, 26

= x2.
W, 3x2 Inl1

S

A,

The reversible expansion of an ideal gas under adiabatic and
isothermal conditions is shown in the figure. Which of the following
statement(s) is (are) correct ? [JEE 2012, 4/136]

(A T1=T2

(B) Tz>Ta

(C) Wisothermal > Wadiabatic

(D*) AUisothermal > AUadiabatic

I gu vafa § e omeel W & fou $@™ (adiabatic) iR
JHATIT  (isothermal) SRR H SohAYIM AR (reversible
expansion) fa@mn w1 8| F=faRed wai § 9 &9 dUF @

/87 [JEE 2012, 4/136]
(AN T1=T2
(B) Ts>T1

(C) Werardiia™> Wgist
(D*) AUwmardia > AUsgrs:

(P, Vi, T)

isothermal

PV, T
adiabatic (P Vo Ta)

(PS! V2! TS)

V

(A) T1 = T2 (due to isothermal)
(B) Tz > T1 (incorrect) cooling will take place in adiabatic expansion)

(C) Wisothermal > Wadiabatic { With sign, this is incorrect}
(D) AUisothermal = 0 > AUadiabatic = — Ve
So, answer is (A,D).

A

N (P, V,, T)

isothermal

A

adiabatic (P, V,, T.)
v >
M (P, V., T)
FHATIR
(P,, V,, T,)
SEH (P, V,, T.)
N >

/\
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Thermodynamics & Thermochemistry

(P, V., T)
AT
(P, V5, T))
o8 (Ps V,, T
Vv

(A) T1 = T2 (G 89 & HRUT)

(B) Tz > T1 (319 T YR ¥ e &1 )
(C) Wisothermal > W adiabatic { forg & i, g 3 e 1}
(D) AUisothermal = 0 > AUadiabatic = — Ve

Ia: SR (AD) R

6.* An ideal gas in a thermally insulated vessel at internal pressure = Pi1, volume = Vi and absolute
temperature = T1 expands irreversibly against zero external pressure, as shown in the diagram. The
final internal pressure, volume and absolute temperature of the gas are P2, V2 and Ta, respectively. For

[JEE(Advanced) 2014, 3/120]

this expansion,

Po. = 0

ext

Irreversible

P, V,, T,

\\

Thermal insulation

SHRI (thermally insulated) sd9 & U
WRAAMY = T, W Y[ 9189 9@ & fdog 1 SR FEGAR Sigepaiid (irreversibly) FaTRd g1 21 14

BT IR IMIRP 979, AT Td URHAATY HH: Po, Vo T T2, ® | 39 fawror & forg
[JEE(Advanced) 2014, 3/120]

/I

AM<IR® <T@ =

— — PEX‘ = 0
P =0 (Irreversible)
P, V, T,
P,V.,T, i
SIER
\(Thermal insulation)/
(A% g=0 (B¥) T2=T1 (C*) P2V2 = P11
Sol.  Since the vessel is thermally insulated so

q=0
Pex =0,sow=0

so AU =0 (ideal gas)
Hence AT =0

Pi, AT = Vi AT

(D) PV =PV{
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Thermodynamics & Thermochemistry ﬂ—

= AT=0
= T2=T:
= P2V =P1V:

The process is however adiabatic irriversible.
So we cannot apply P2V2' = P1VyY
Hence ans is (A) , (B), (C)
B Wifd 9 SHRIE B
gq=0
Pex =0, AT W =0
gafeg AU =0 (arrest 99)
3 AT=0
= AT=0
= T2=Ta
= P2V =PiV1
g U T FEISNT wU A g 2 |
iy B9 I8 Ugad el dY ddhd  PaVo = PiVy?
3ra: SR (A), (B), (C) B |

7.* An ideal gas is expanded from (pi, Vi, T1) to (p2, V2, T2) under different conditions. The correct
statement(s) among the following is (are) [JEE(Advanced) 2017, 4/122]
(A*) The work done by the gas is less when it is expanded reversibly from Vi to V2 under adiabatic
conditions as compared to that when expanded reversibly from V1 to V2 under isothermal conditions
(B) The change in internal energy of the gas is (i) zero, if it is expanded reversibly with T1 = T2, and (ii)
positive, if it is expanded reversibly under adiabatic conditions with T1 = T2
(C* If the expansion is carried out freely, it is simultaneously both isothermal as well as adiabatic
(D*) The work done on the gas is maximum when it is compressed irreversibly from (p2, V2) to (p1, V1)
against constant pressure p1

& Ml I BT (p1, Vi, To) & (p2, V2, T2) G A= sraxensii & refig daman mar g | F=feRad st
H 98 HU9 BE) [JEE(Advanced) 2017, 4/122]
(A*) 59 V1 ¥ Vo O g™ 31avi] & 31EfiF 39dT SohAY (reversibly) ®ama fbar S o1 i g1 fasan
T &R Vi d V2 d& FAAMI (isothermal) sawensii & i Sahavia hema # & R 1 @ g
P B
(B) 1 @l MRS ol H 9 (i) YT & IR SHT1= T2 & WY baad SahAv (reversibly) T &
oo STy, 3R (i) & s ® IfQ A To# T & A1 $&IW (adiabatic) uRReftai & oefm Sopaofi
(reversibly) %erma fHar S
(C*) afe bera gad wU 9 fHa1 S @1 I8 F1g—w1er qH1 GHan (isothermal) Td w&I™1 (adiabatic) 2 |
(D*) 919 39 AFHAYI TRID 4 (irreversibly) (pz, Vz) 9 (p1, Vi) 6 ReR I p1 & favg garn o g ar
N & SR a1 T B If&ean B R |

P

A

(P1,V1,T1)

Sol. (A) />reversible isothermal

reversible adiabatic

»
»

V, V
Area under curve in reversible isothermal is more. So, more work will be done by gas.
(B) Ti=T2 = AU=nCvAT =0

In reversible adiabatic expansion, T2 < Ti

S AT =—ve . AU=-ve
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Thermodynamics & Thermochemistry ﬂ—

(C) In Free expansion, Pex=0 .. W =0
If carried out isothermally (AU = 0) = q = 0 (Adiabatic) ; From | law
If carried out adiabatically (q = 0) = AU = 0 (Isothermal) ; From | law

P
A

(P1,V1)

(D)
(P2,V2)

»
»

V
During irreversible compression, maximum work is done on the gas (corresponding to shaded area)

(P1,V1,T1)

g (A)

IHAYIT FHATE TR WshH H SIRW & I Bl &3hd AfSd 7, 39 YBR I gRI1 fbar w1 &rd +f
AfeH B |

(B) T:=T2 = AU=nCvAT =0

IhAUT BRI TR H, To< Ti

S AT =—ve . AU = —ve

(C) J&d YR H, Pex=0 .. W =0

Ife I §9 | G99 8IdT &, (AU = 0) = q = 0 (Far™) ; | a9 &

IfY SIS BY F FU 84T 8, (g = 0) = AU = 0 (|FFam) ; | 9 |

P
A

(P1,V1)

(D)
(P2,V2)

»
»

V
Irgep e Fafied & SRM T R fHa1 T orf iffead B B | (BHifdhd &9%ha & ITHR)

8.* A reversible cyclic process for an ideal gas is shown below. Here, P, V, and T are pressure, volume and
temperature, respectively. The thermodynamic parameters g, w, H and U are heat, work, enthalpy and
internal energy, respectively.

A(P1,V1,T1)  C(P2,V1,T2)

Volume (V)

B(P2,V2,Ty)

Temperature (T)
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Thermodynamics & Thermochemistry ﬂ—

The correct option(s) is (are) [JEE(Advanced) 2018, 4/120]
(A) gac = AUsc and was = P2 (V2—V1) (B*) Wee = P2 (V2—V1) and gsc = AHac
(C*) AHca < AUca and gac = AUsc (D) gsc = AHac and AHca > AUca

TE Iee I @ foly va IopHeig T sH (reversible cyclic process) A a@fa | faman mam B |
T8 P, VIR T A 19, M- 3R AT 8 | SIS Urae g, w, H 3R U, e $O1, R, Tded
AR ariaR® Soif € 1

A(P1V1T1)  C(P2,V1,T2)
S
Q
£
=
(@]
> B(P.V2TY)
Temperature (T)
T8 fawew 8 (€) [JEE(Advanced) 2018, 4/120]
(A) gac = AUsc 3R Was = P2 (V2—V1) (B*) Wec = P2 (V2—V1) 3R gec = AHac
(C*) AHca < AUca 3R gac = AUsc (D) gsc = AHac 3R AHca > AUca
Sol.  AC = isochoric process
AB = isothermal process
BC = isobaric process
= gac = AUac = NCym(T2 — T1) = AUsc
= Was = —nRT1 €n(ﬁ]
Vi
= Wec = —P2(V1 — V2) = P2(V2 — V1)
= (ec = AHec = NCp,m(T2 — T1) = AHac
= AHca = nCpm(T1 — T2)
= AUca = NCym(T1 — T2)
AHca < AUca since both are negative (T1 < T2)
Sol. AC = IHRIEdM® UhA
AB = |HdMUg UshH
BC = |HSEII UshH
= gac = AUac = nCym(T2 — T1) = AUsc
= Was = —nRT1 €n(ﬁJ
Vi
= Wec = —P2(V1 — V2) = P2(V2 — V1)
= Qsc = AHec = NCp,m(T2 — T1) = AHac
= AHca = nCpm(T1 — T2)
= AUca = nCV,m_(Tl -T2
AHca < AUca 9 SIFT 0TS B (T1 < T2)
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
T - 11 : JEE (MAIN) / AIEEE (RBar aul) & ue=
JEE-MAIN OFFLINE PROBLEMS
1. Assuming that water vapour is an ideal gas, the internal energy change (AU) when 1 mol of water is

vapourised at 1 bar pressure and 100°C, (Given : Molar enthalpy of vapourization of water at 1 bar and
373 K=41 kJmol™and R =.3 J mol~* K1) will be : [AIEEE 2007, 3/120]
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Thermodynamics & Thermochemistry ﬂ—

ST Bl Y IMMEe I AFGR (AU) 91 Yo Al 9T B 100°C 19 dof 1 bargd W a1fad &)d & al
AR® Folt § gRad« &8rm (fam 8 uril &1 91fyd Aler W=t 373 K @9 @2 1bar & WR 41 kJ mol-
1gem R=8.3JmoltK1§): [AIEEE 2007, 3/120]
(1*) 37.904 kI mol™*  (2) 41.00 kJ mol-! (3) 4.100 kJ mol* (4) 3.7904 mol!

Sol.  AU=AH-ANRT

=41000 -1 x 8.314 x 373 = 41000 — 3101.122
= 37898.878 J mol™ = 37.9 kJ mol™.

2. A piston filled with 0.04 mol of an ideal gas expands reversibly from 50.0 mL to 375 mL at a constant
temperature of 37.0°C. As it does so, it absorbs 208 J of heat. The values of q and w for the process
will be: (R =8.314 J/mol K) (In 7.5 = 2.01) [JEE(Main) 2013, 4/120]

Rer dM™ 37.0°C R U& a1cel M & 0.04 A1 9 -7 ganl five Sapavi &0 9 50.0 mL 9§ 375 mL 0@
HAd B | T B H ST BT 208 J AT &A1 1 q AR wd 7 UshH B ford BRY ¢

[JEE(Main) 2013, 4/120]
(R = 8.314 J/mol K) (In 7.5 = 2.01)

(1*) g=+208 J, w =—208 J (2)g=-208J, w=—-208J
(3)g=-208 J, w=+ 208 J (4) g=+208 J, w=+ 208 J

Sol.  The process is isothermal expansion Hence, g = - w Au=0
g=+208J

w = — 208 J(expansion work)

Sol. f&&r 1 UshA FHATIR TR d1 UeRid oxar B, g9fel q=-w  Au=0
g=+208J
w = — 208 J(THR BRI

3. AU equal to : [JEE(Main) 2017, 4/120]
(1) Isobaric work (2*) Adiabatic work (3) Isothermal work (4) I1sochoric work
AU f599% SRT6R 8, 98 ® : [JEE(Main) 2017, 4/120]
(1) FHeTE BRi (2*) SEI¥ FRi (3) FHATH B (4) FH—IRIAS B

Sol.  For Adiabatic process (€I Ushd & ferg), Q =0
Now (319), AU=Q+W
= AU =W

JEE-MAIN ONLINE PROBLEMS

1. If 100 mole of H202 decompose at 1 bar and 300 K, the work done (kJ) by O2(g) as it expands against 1
bar pressure is : [JEE(Main) 2016 Online (10-04-16), 4/120]
2H20(l) == 2H20(I) + O2(g) (R=8.3JK*!mol?)
afg H.0. @& 100 Arel 1 bar @1 300 K TR faaifSid &1 @1 1 bar G190 & fawg sifRioH & fOwRd 89 w®
o gom s (kJ) BN [JEE(Main) 2016 Online (10-04-16), 4/120]
2H202(l) == 2H20(I) + O2(g) (R=8.3JK1mol?)
(1) 498.00 (2) 62.25 (3*) 124.50 (4) 249.00

Sol.  2H202(l) == 2H20(l) + O2(q)
W = —Pex (AV) = —(ng, ) RT

100 mol H202 on decomposition will give 50 mol Oz
100 #Arat H20; faaifora grax 50 Ara Oz 3d B |
= W = —(50)(8.3)(300)J = —124500 J
W =-124.5kJ
= Work done by O2(g) = 124.5 kJ Ans.
O2(g) gw1 & a1 &1 = 124.5 kJ Ans.

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ | Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 ADVTDS - 30



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Thermodynamics & Thermochemistry

/\g

2. A gas undergoes change from state A to state B. In this process, the heat absorbed and work done by
the gasis 5 J and 8 J, respectively. Now gas is brought back to A by another process during, which 3 J
of heat is evolved. In this reverse process of Bto A : [JEE(Main) 2017 Online (09-04-17), 4/120]

(1) 10 J of the work will be done by the surrounding on gas.
(2) 10 J of the work will be done by the gas.

(3*) 6 J of the work will be done by the surrounding on gas.
(4) 6 J of the work will be done by the gas.

UH IRT STael A AT B B Wl 81 39 UHA H, I gR1 fdd w1 qen fear war it wHe 510
Jorr 8J 21 3@ N9 B T UHH gRT Y: A M@ § ot € 597 3J ™ Advardl 21 B A D 39 I
HH ¥ : [JEE(Main) 2017 Online (09-04-17), 4/120]
(1) ¥ R aRaw R fFan ™ s 108 | (2) T 8RT 10 J B o SR |

(3% T W aRaer gR1 foar 1 st 6 B (4) T 8RT 6 J S A SR |

So. A—— B:
g=+5;W=-8 .. AE=-3
B—— A:
AE=3;,9=-3 .. W=+6J
= 6J of the work will be done by the surrounding on gas.

= 19 ) aRJer g1 fHar a1 srf 6J 2|

3. An ideal gas undergoes a cyclic process as shown in Figure.

[JEE(Main) 2018 Online (15-04-18), 4/120]

T anesl N UEh aphig UshH 9 o g o & o 6 qwiin w2

[JEE(Main) 2018 Online (15-04-18), 4/120]

AUsc = -5 kJ mol=?, gas = 2 kJ mol=

Wag = =5 kJ mol=%, Wca = 3 kJ mol

Heat absorbed by the system during process CA is :
CAUSH H T gRI AINd S5 8 :

(1) =5 kI mol* (2%) + 5 kJ mol* (3) 18 kJ mol* (4) — 18 kI mol™?

Sol.

V
AB — isobaric (FAHIR®)
BC — Isochoric (FHMIdM®)
CA — not defined (GR+1¥dT E)
AUns =g+ W
=2-5=-3
AUnec = AUas + AUgc
=-3-5=-8kJ
AUcpa = +8
= Q +W
8=Q+3
Q = +5kJ

4, Consider the reversible isothermal expansion of an ideal gas in a closed system at two different
temperatures T1 and T2 (T1 < T2). The correct graphical depiction of the dependence of work done (w)
on the final volume (V) is : [JEE(Main) 2019 Online (09-01-19), 4/120]

®
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/\g

A= Al Toden T2 (Ti<T2) R Uh §€ o™ # g eyl 19 & IhAvi Iuadl TR R fIarR
FINC | fHY T B (w) B i 3maa (V) R ka1 &1 I ameifas e §
[JEE(Main) 2019 Online (09-01-19), 4/120]

T2
w]
T1

(1)

O In V

T2

Iwl Ta
)

O In V

Sol. [w] = nRT mYt

Vi
[w| = nRT /nvs —nRT v;
Intercept will be — ve
IS —ve B |

T2
w]
T1

)

o)

In V
T1
In V

T2
w]
(4%
o

5. An ideal gas undergoes isothermal compression from 5 m? to 1 m® against a constant external pressure
of 4 Nm=2, Heat released in this process is used to increase the temperature of 1 mole of Al. If molar
heat capacity of Al is 24 J mol~*K=2, the temperature of Al increases by:

[JEE(Main) 2019 Online (10-01-19), 4/120]

4Nm2 & ReR 911 @ & f9%6g, Te oyl i & §Hard ddisd 5 m3 ¥ 1 md & fhar &ran 281 59

Uhd H IcAfid S BT T 1 A1t Al S 919 @ g™ & forv fear S 2 1 afe Al & Arer ™ anRan

24 J mollK1® a1 Al &1 a9 59+ sedr &, 98 &:

[JEE(Main) 2019 Online (10-01-19), 4/120]

(1) gK (2%) % K (31K (4) 2K
Sol. W=-4[1-5]=16J
16 =1 x 24 x AT
AT = 2 K
3
6. For a diatomic ideal gas in a closed system, which of the following plots does not correctly describe the

relation between various thermodynamic quantities ?

[JEE(Main) 2019 Online (12-01-19), 4/120]

e 98 P H e fgurar] sedl I & fou 9 H 9 S te wie A Swriiae aikeml &

e R Pl Fel—al el 9ardl 8 7

[JEE(Main) 2019 Online (12-01-19), 4/120]

CP Cv Cv U
(1% | ) | ®) | ’ (4) | :/
P Vv T T

Sol.  Cp should not change with pressure.

Cp @ & W1 yRafid «&l BrFr =Ry |
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Thermodynamics & Thermochemistry ﬂ—

7. The combination of plots which does not represents isothermal expansion of an ideal gas is:
[JEE(Main) 2019 Online (12-01-19), 4/120]
U 3MEY N & FHATIT YRRV BT T8l efid BR= arel Wiel Bl \ae g
[JEE(Main) 2019 Online (12-01-19), 4/120]

= P PVo— /
(A) (B) ©) o) Y

SRV OV, T °T .
(1) (B) and (C) (2) (A) and (C) (3) (A) and (D) (4) (B) and (D)
(1) (B) T2 (C) (2) (A) T2 (C) (3) (A) T2 (D) (4%) (B) Term (D)
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