UNIT # 03

STATE OF MATTER

EXERCISE # 1

1.

Let initial temperature and pressure are
T, & P, OIODOMIOIO0OI0I 000000, O P, OO
0.4
P, = (Pl +mplj T, =3(T, + 1)
P T 100 T,
P, T, 1004 (T,+1) 11~ 250K
N, + 3H, —— 2NH,
1 3
0 0 2
Viniﬁal :i g
vfinal 2 = 1
SO, replaced by O, (SO,, 0, UIUIOIIIOUIOIOL O
P, V, T = same
n = constant n02= nSO2
Wo,  Wso, w _lw
32 64 O g 780
At const pressure (:DDD]DUD]DD) VoT
V, T,
Vel VT,
T,= —>_x38 = 2464 K T,=-266C
3.75
ng o 1’.1H2 ptotal o (nH2 +1ﬁlCH4_)
PH2 _ W/2 8
P, w/2+w/16 " 9
PV = nRT = 107~ X 10~
- "7 760 T 0.082x293
number of molecules (DD_DU] (il DDDU) =
107°x107

x6.023x10% = 3.29 106
760x0.082x293

Py = Y RT
M

w

_ wRT  2.8x0.082x400
w- py 1x1

. =91.84 =92 C.H,

M
M

V, = 0.5 dm? Vg = 1 dm?
d, = 3 g/dm?  d; = 1.5 g/dm?

1 d,RT d,RT
M, = SM; Py = MA’PB:MB
P, dy Mg 3

10.

12.

13.

14.

15.

16.

17.

18.

3x0.082x400

P P=492am
PV = — RT P const
MW WT const.
PP, 4'2‘20 = Py
= X
w,T,  w,T, W 5 285
P, = 1.92 MPa
W
pv = 3 RT
M - wRT 1x0.082x273 M = 32
w~ PV T 2x0.350 w

The mass of one atom (DDDDDD:DHDD:DDDDDUD)
=16 amu = 2.64 102 g

PV = nRT
PV 7.6x107"° 1
"TRTT T 760  0.082x273

n = 0.0446 10712
The no. of oxygen molecule (IIOIOOIODIOTOOM)
= 0.0446 10712 N,= 2.7 10710

vol.of O, molecule (O, 10000OmOmon)
vol.of 0, moleculeat STP (STPIUIO, UIILIHIINN)

inx8x10_30 x10°
3 = 0.09 %

22.4/N,

U - /SRT [3x8.314x300
rms ]\/[W = 2)(10_3

U .= 1934 m/sec.

rm:

T
Urms = ]\/[w T o Mw
T, _20
To 32 T02 =480 K

\/ 2x8.314 x293
- V1.67x107% x6.023x10%

U B /3PV B /3_P
rms M d
’3 1.2x10°
= % = 300 m/sec.

= 2124 m/sec.



19.

20.

21.

22.

23.

24.

25.

26.

27.

(Urms)A _ PA X MB
(Urms)B PB MA

o

\/ 3x8.314 x300

U _\/3RT B
rms M 107° x6.023x10%

U - 3.52 3.52
s —103 m/sec. = 10

cm/sec.

= 0.352 cm/sec.

_ [8RT U,  [1200
Avg. ™ 0.3 300
UAVQ. = 0.6 m/sec.
U 3RT T M
= — oC
rms M
~ [erT
mp M
E.= - RT, E, = RT
3 5 5
E _ERT + RT = ERT = E 300 8.314
= 62355 J
3 3N
K.E. = EHRT X =5 N, 150 R
2x —EXN— 300 R N' =N
N,
K.E. = E RT
E.=Zn
K.E 3 8 300x8.314
—_— = —X—X————x2
Molecule 2 16 N,
=6.21 102! J/molecule

n_ M, _ [64_ 4

I, M, 4

Vi1

28.

29.

30.

33.

36.

37.

38.

47.

Vit _ M
V, M;
20 30 [32
VvV, 60 64
vV, = 14.14 lit.
1
r oC \/M
1 1.1 1 11
er:er:rHe:: ZS:E:ﬁ:: 14' 1' 2
er er : I‘He:: 1 V14 :\/7
Rate of diffusion ([OOODIL O 00y «
1
\/molecularmass(D[:DDD]DDDD[D)
7 PV 40x0.4
= ——
RT 300x0.082
Z = 0.65
CXHy + (x + y/4)0, —> xCO,*+ y/2 H,0O
1.0 10x 5y
10x = 40 5y = 50
x =4 y =10
CHyy
CH, + 20, — CO, + 2H,0
13
C,Hy, 702 —— 4CO, + 5H,0
13
58 gm ?x32

58 g CH, required vol. of O, at NTP = %x 22.4 lit

(TP [lIs8 ¢ cH, OlI00Io, LIOO00OIOEON)
1000 g CH, required vol. of O, at NTP=

13,224 1000
2 58

(NTP Ll1000 ¢ cH, U000, OIOD00OIONON
= 2510 litre

Extent of
increasing the viscosity.

(00N o0d o DiomoodioiUnol fmol Do ooy

intermolecular hydrogen bonding



STATE OF MATTER

EXERCISE # 2

7 P _ﬂg P — EE POZ :l
ol 32 0 32V P
9. KE aT
PV \YJ
. = m n_ <1 < 22.
11. Z Py 29 4 V < 224L
12. PV = nRT p- 2x0.82x546
' " 44.8
= 2 atm
3RT
13. U_ = ™
dRT
14. P = M.
dT = const lel = d2T2

d 300=0.75d T,
=100 4:4001(

2
3RT (Urmsdo, \f
15. U, M T ,/

16. Lowest pressure and hlghest temperature
19. 2H,S (g) + SO, (g) —> 2H,0 (/) + 3S (s)
2.8 1.6
H,S is limiting reagent
SO, remaining = 1.6 - 1.4 = 0.2 lit

1
20. Rates of diffusion ot ———
JMolar Mass
P
22. PV = nRT P'V ==RT P ——
2 2
1
26. rmﬁ ey, = 2 1,
rCH4 — Mx 4 Mx
Iy Mey, 16
M = 64

2g. rmelso, ,/ ,/ - 0.25
’ rms He 502 64 4
_2: 2
29. T £, 1/
f / / 16
- =

- 71.11
30. PV, =PV, 1 550 =P, 600

5 5
P, = gatm P2= gx760 = P2= 633.33 mm

2

Pressure decrease = 760 - 633.33 = 126.67 mm

31.

36.

39.

40.

41.

42.

43.

44 .

dRT 7.71x0.082 %309
P = M, =
M, 2.88
M, = 67.83 Molecular formula = CIO,
rate of diffusion o ;
J/Molar mass

o Mo [y
T'co My, 4

THe _ Mg, _

Tco M,

3
K.E. = EHRT nT = const

0.3 T=04 400 T=533.33 K

4
e’ (1019 6.023 102

\Y
3
V =252 10°m?
V_2.52 mL
1
Rate of diffusion o ———=—
Jmolar mass
11 13
v=—R ;Cp=—7R
2 P= 7
N, + 3H, —— 2NH,
11 12
9 6 4

Volume remaining after injected water
=20 - 3.58 = 16.42

All NH, dissolve in water PV = nRT
P 16.42 =15 0.0821 300

P =225 atm

Let T, > T,; final pressure will be same, let x mole
transfer from A to B vessel.

. P,V = (n--x) RT, ...(1)
and PV = (n + x) RT, ...(2)

n(T, - T,)
T, +T,

nRT,
finally P, 2V = 2nRT, ; V = put eq. ...... (1)
1

o ORT [n _n(T, - TZ)JRTl
A P, (T, +T,)
2P,T,

P 1,471,




1atm 47. Density of air at sea level,
45. P o« d; P=kd and k = 1
metre
1 B 29x1 1 L
PV = nRT ; kd [gﬂd3J=HRT; 0 0.0821x290 0.821 s
d _n 1 density at 831 m = d
E—z; 4—4= n,/n,; n, = 256
46. % relative humidity 29x10x10x831
d e Mah/RT _ 1 _[ 8.31x290 ]
_ Partialpressureof H,0 <100 0® —mxe
Vapourpressureof H,O
75 =210 100 P = 22.5 torr ; - L oo 2 g
30 2 0.821 08219
(22.5)
9 in air =———x100 = 2.
% of H,0 vapour in air 760 * 296 Let x be number of balloons
| ¢ wet ai _29x97.04+2.96x18
molar mass of wet air 100 10° g+x 40 g
~2814.16 +53.28 98.67
100 . __99 8.21 = 20 ball
' _PM_ 1x2867 _ = 0821 ) g X =>x-= alloons
density of wet air RT = 0.0821x300 1.164g/L
STATE OF MATTER EXERCISE # 3
Comprehension # 2
m zRT
1. 200 < T, < 1000 3. Use z = =Um =
= 200 < Rib< 1000 - 0.065 L
a 4. [O0DMDIDCDOOODMOOMODOOOiI@ooom
= 400 cal < €< 2000 cal 00omom
1.2 -1 1+Pb b -
= 0.4 k cal mol" <" < 2 k cal mol 5. z- ., 000z== 0000000000000 0m
p RT RT
2. [00OO0IOon0 Z=1+ —
0N orotrtbiDonooihd= 10 atm™
STATE OF MATTER EXERCISE # 4[A]|
4 0.75
3.6 P
1 p s- (Wj ROT w B S LI (i)
from eq.(i)/(ii) 3
o _ 1 _4 gﬁxlo
P 8= (Wj R (T + 15) ... (ii) r = 9.0856 cm
36 T=3(T+15) 3. P 30=05 38 60 1 P =38 atm
45 4. CH, 0, + 60, —> 6CO,+6H,0
=3T+45 = T=— =75K 0.2
0.6 0.08928 mole | 55 |*60mole  0.53568 mole
. p- 36,00821x75 e im = 16.071 gm = 11.999 lit
44 8
5 P 1= (EJriJriJ 0.0821 300 = 66.74
2. P Zruop =(1)RxT ) 28 2 32
3 4
atm
from eq. (i)/(ii) P = 66.74 atm



6.

10.

11.

12.

13.

14.
15.

16.

P 10—(E+%j 0.0821 473
L2 32 :

= P = 27.1833 atm
= 27.54 10° N/m?

1
H, + 50, — H0()

2

5 2
(5-4) - 4

P 10=5 00821 473

P 19.4166 atm = 19.66 10°N/m?
S0 _P 17 b 51979 at

20 1\365 ‘ atm

x _ [32+6x19) s A
100 28 = X _ ns.

m— 30 = dyo= 50.8 cm

b M [2 -
‘[1_ Ml_ 28 jt2=0.2672 ht"_16 min

&— Mmix - M _ 34 99 = 100
224 32 mix N @
32 M
M - 46.6 Ans
0.3 7 dp

@) @p/ay "~ \z0 T g 325 torr/sec
(b) Mavg: 030 4 + 02 32 + 05 28 =
21.6

P 0320 o L 03387 tony

i o N17 T dt : orr/sec
Hint :

= -Mgh/RT
P =Pe

28.8x107°x9.8x10x10°
8.314x243

P = (101.325) e = 25.027 kPa
If it melts then (U0IUOIIONOCIOM) T > 1800 K

_250xV_ PxV_ o 250
"7 Rx300 Rx1800 300
P = 1500 kPa

1500 kPa > 10° Pa (or 10° kPa)
so it will blow up before melt. (ULOLIOOIIOIO0OIE
00000000

~ Mx9.8x1
I;—Ozpoe 8.314x298
M = 175.133 kg mole™!

— = M = 32.1428 gm/mole

\/BRT \/3><8.314><273
"= _

(i) "M " \321428x10° 16028 m/s
I8 \/ 3RT \/ 8R x300
: 64x1073 x32x107°
8x300x64
T=222"20 _509.29 K = 236.29 C
3x32xm
5
19.(a) u —‘/3—P=\/3X1'01325X10 - 493.03 m/s
ms A\ g 1.2504
1.01325x10°
(b) u = \/§XM - 454.259356
v\ 1.2504

(c) uo= 403 m/s
20. Use the results :

21. \/SRTl =J8RT2 :\/21:;3 =1500m /s

M ™M
T, =2886K rms
T, =3399K  avg.
T3 =4330K  mup.

3/4
1 M ,
. —dN=4 -Mu®/2RT 2
22 N n(anTj e .u“du
u=0.995u,,,

tti
pHtng {duzO.Olump

1
N
23. Similar as Q.22

dN =8.303x1073

22) 0.0821x298.15
X atm =2.479 10%kPa

1\2
P +(2j x363.76

(0.5)°

—

b)

(0.5 1 42.67)
21000
1

= E><8.3187 x298.15kPa

P = 2225.55 kPa



96, 1.5 - 800 x1 0 31. Hint :low density (JUII0I0) = high molar volume
- nRx223 l OmoIooIoo )
110 = 220XV i v Do
.10 = NRx373 (ii) m
9%x6.7
195 800 1 373 (15+ j -
= - - : 32. (10 - 3 0.0564) =3 0.0821
= 110 200 V 223 V= 377 it (10)°
T
27 0.927 2101325><105 x100 ><1073 = T =6235 K = T =350.5C
S nx8.314x273.15 33.)) P 12 =15 0.0821 (273 + 30)n
w=n 32=1540 10% gm = 15.40 kgm P = 31.1 atm
28. Hint : At critical temp (T ) and critical pressure (P_) .
O, will behave ideally. (i) [ _,_w] (12 - 15 0.0171)
([Onno00oler,) DIOMOOIDDl ey Ollo, DO 12)
0001 Coo0m, =15 0.0821 (273 +30) P =31.4 atm
29.() find T, (T, DI0COTOD) 34, 1000 g _e(nRTZ _nRTl]
(ii) large value of b a largest molecular vol. (bU i P P
{00000 o OITOO0IDI00O00IOOny AR x M
(i) least value of a and b (a Olb ONI0000IOM) 1000 = “pp Tz =T
30. Reduced pressure. (DD:DDDD:D) P =Pi:2.99 35. Q= CVl (1000 - 500) + CV2(1500 - 1000)
C
- (3_R+3_R] 500 +(§+ﬁ+3Rj(500)
T 2 2 2 2
Reduced temperature (JOI0C00I) T = €=1.9O = 1500 R + 3000 R = 4500 R
STATE OF MATTER EXERCISE # 4[B]|
1 p.h; = p,h,, = V =1.683 L for 6 min.
In one hour (JUIIIIOIO), h; =37 2 =74 mm oxygen consumption per min (J[OII000I0000
1.034 74 =136 h
1.683 0.28L
h, = 5.626 mm of Hg 0000000 = =27 ==""= = 280 mL/min
=%atm/hr. PV = nRT 3. Let moles of water vapour initially (U000
5 626 0000rooraoom) = n,
0 x0.016 = n 0.821 310 Let moles of water vapour Finally ([0l 000000
n =4.653 107 mole/hr. 0Ioro0o) = o,
rate of O, c?(’)nsumption =n 22400 cm® 17.5x0.8xV 65xV
= 0.104 cm”/m " T R %293 "2 TRx277
(o, UI00D0IOIDIOTID = 104 mm?®/hr. .
2. P=750-17.5= 7325 torr —-=2.036
T =20C =293 K ’
Inhaled (JOCZIOIIO0) O, = 52.5  0.2032 :—2= 0.491
1

Exhaled((0C0II00) 0, = 52.5 0.1675

Plvl _ PZVZ

so at STP _T1 __T2

732.5x52.5(0.2032 -0.1675) 760 xV
293 273

so fraction of water vapour condensed

n,
=1-—==0.509

n;

U0 DIooo0OnomoT tooain,



Average velocity (U/II00) = ‘{81;'[1" =4 10°
b

RT_,
= ™

Total K.E. of He

10* = RT = 2asM  10*

6 3 9 9

=—xZRT==RT==2n 4 10° 10*180nJ
4 2 4 4
Total K.E. of Ne
12 3 9 9
=—x—RT =—RT =— -3 4
20><2 10 10 2n 20 10 10
= 360 nd
Average K.E. per mol (UI0I0IOIOIONIK.E.) =
(360 +180)n 807.84 J
1.5+0.5 ’
V -b=RT =100 (0.011075V - b) = 1.1075
99b
_ = =921b
V-100b = \Y 00175

= 920 b = RT

4
=b=2433 cm’mol™ =4 gnﬁ 6.023 10%

=r=134 10° cm = 134 pm

RT
vV = ?+B= 2.058 L. Also, for the given

equation (LI OOT 00000 OOy -

PB 10(-0.1814)

Z=1 405~ 10 0s2xzg73 - 0-918

RT
From vander Waal's equation, for Z < 1, Z

a

QOoIooionoomilz <1 000, z=1 -

VRT
e _ 2 -2
= VRT 0.082 = a = 3.77 bar L® mol
P _KP P K [y
dt \/M P P \/Mo

:(P_oj _(&)Z _, 10 100
P \PJey, 7.07 P,

= Pg,;, =8.4atm

9.

10.

NH,(g) + HCl(g) —— NH,CI(s)
Moles 0.08 0.26 0
0 0.18 0.08
= Q=0.08 4300 = 3440 J
Also, Q = nCAT = AT 3440 _ 955.55
‘ 0.18x20
et (Tgpp) = 1255.55 K
p _0.18x0.082x1255.55
tmat P = 1.8

= 10.3 atmosphere (UI0I0000O)
b=39.1cm®mole™=39.1 10°m® mole! =4V N

A

4
39.1 10° =4 gms 6.023 10%
r=157 10m

c=2r=3.14 10"m = 314 pm

SRT [8x8.314x298
- [BBE_ jSXCoiBXE00 _ y7s 8 .
Mo "\ TM V3.14x28x10° m/sec

P 107°x101325
KT 760x1.38x107x298

*

=3.24 10%

_ 1 _ 1
1 one®N* V2x3.14%(3.14x107°) x3.24 x10"°

= 0.0705 m = 7.05 cm

Z, =2 nc’UN* o 3.14 (3.14 107"

474.8 3.24 10 = 6739.4 sec!

ZN* 6739.4x3.24x10"
2 2

11

1
Z . =—=mno" UN* =
NO)

=1.09 10®m3sec!'=1.09 107 cm™® sec’
A=26 10°m,6=026nmm=26 10"m
T = 300 K
N S
J276°N *
1
26 10°=
V2 x3.14%(2.6 x100)? x N *
N* =1.281 10®*m™
P
N* = —
KT
=1.281 10*® 1.38 10 300
= 530.3 Pa



11. V, n, T » same (UUI) so P — also same (LI
p 100000
o — same (DDUD)

given (V )X =—=(v_ )

rms (6 avg. CH4

& v

? avg.)x = % (Vavg‘)CH4
(Voo )x 8 1 2

(Vavg.)CH4 - a . \/g 3\/;

For X (UIIUD) - Z, =V2ne? (v,,), N*
For cH, (UIIOL) : z, = n6’ v Jen, N*

avg.

since T, P, v, n are same, N* will also be same.

Z,(x) \/5 (Vavg_)X \/— 2
= - J2. £
Zl(CH4) (Vavg.)CH4 3\/E
242
Z.(x) = Z. (CH)) .
1 1 4 3\/E
12. CH, + 20, — CO, + 2H,0
oo e -—
Initially0] — =5
nitally 1’102 192
Ney 1
Finally (010 —=—
inally ( ) n,, 6
LL[ 2]
6 192 \16
32 = 277

5=n/2 = n =10 steps
Let initial moles of CH, — x so after 10 steps

(cH, OIUINNDI00I— x 000010 DOCODOM)

x(0.9)'° 100 = 1000
X = 1—0227.78mole
0.36

moles of O, initially (DﬂD]DHUDUOz I
=192 27.78 = 5333.3 moles

R
13.(a)Slope of P & T graph is n7

ng, R
so —— =3.2-154=1.66
\Y)
nepr
T = 2.2875 - 1.25 =1.0375
n,, 1.0375

O T {66 = 0.625
() nA —= A with 50% vield (OIIIIOI0I)

Theoretical increase in pressure with temp. should
be 1.66 atm but actually it is 1.0375 only so.

QOO0 oor oo o000l .66 atm
JOoooOoorohiooiroodi.oszs i

1.66x0.5

n

1.66 - 1.66 0.5 + = 1.0375

0.83 =1.0375=>n=4

0.83 +

14. Each time Sabu sucks air, volume of CO become
Half so

CDONIODoDIioiiiico LIHOdo
i)

1 n
= < 0.001
5(2) 0.00

log 5 + n log 0.5 < log 107
0.3n > 3 +log 5

5(0.5)"< 0.001

log5-0.3n<-3

n>12.3 n =13
1 5 " Plower = Pupper piston Te =300K
ermp.
YA\
5 % R X\?OO _ 5R 2300 . o 5 1 Imle
y 1 nole
5
15 Rx300 "
v P o Initial
lower - upper piston Teer = T
3
4RT 4RT 4| 1 mole
V - 3 piston
\}4 1 nmole
8RT Hnal
T = piston : (2)
From equation (1) & (2)
15 Rx300 8RT 4500
x = =SS - 4219 K

4 v v = 32

16.(i) Let initial volume of mixture is V L then

O o A2 o 0 )
H,—»> 05V, CO - 045V, CO,— 0.05V
On reaction with excess steam ([I\U]UI0OIIO0IO

Oimnioamon

co + H,0 > CO, + H,
0.045V - 0.05V 0.95V
- - 0.5V 0.95V
0.95V =5

V =5.263 L



(i)

(iif)

Molecular mass of initial mixture (J0IIJIOCIHOIT !
glttoooooom
M=05 2+045 28+ 0.05 44 =158
PM = pRT
1 158 =p 0.0821 273

p=0.7g/L
Volume of CO,=0.5V =05 5.263 = 2.6315L

2.6315

moles of CO, = 9o 4 =0.1174

moles of KOH required = 0.1174 2 = 0.2349
moles of Ca(OH), required = 0.1174

moles of OH - CH, - CH, - NH, required
(0I0000IoH - cH, - cH, - NH, OIOI0)

=0.1174 2 =0.2349

17.@) Let (L) n=mT + C
2=300T+C&3=200T +C
On solving (01000000 m - ﬁ c-5
-T

So (DDD) n = m+5
. (—T j
(ii) PV=nRT=>1 V=|—+5|RT

100
RT?
=V =- 100 +5RT

(iif)

For max. volume (DHDHDDDUDHDDDUDMDD)

& _ 928l s5r -0, T - 250
—_— : = =
dT 100 !
_ 2
v=%+5 250 R = - 625 R + 1250

R=625R =625 0.0821 L =51.3125 L

18.

19.

PV = RT ALZB
B IAVARRVE
2
vo RIVZ A, 2B
P P P

At critical point [DHUDDDDUD[DDDD] Vv - Vc)3 =0
VP- 3V VE+ 3V - VP =0
so on comparision (DDDUDDD:UDD)

3vi=A/P L. (i)
3V =RT/P ... (i)
vi=2B/P ... (iif)
On 8 Ve _28

(1) 3 A
=V_= 6B/A

from equation (i)

2
6B Al
3(—) = A/P, = P

A <~ 108B?
o 3PV, 3 A (6_3)
from equation (ii) T, "R R \108B2 )\ A
A® 6B
2 T hob 2 A 1
T = = z- EYe_1088" A 2
° 6RB RT, R A 3
'6RB
14 g N, - 0.5 mole
T = 200 k, P=8.21 atm
PV, 3 PV,
RT. 8 , T =2.2
P=£, Vr=i , T,=T/T_ so,
C VC
PPIVV) _ 3 55 L PV_3 55
R(T.T,) RT
v =§><2.2><O.0821 x200 _ 165 L
8 8.21

so volume of 0.5 mole N, (J0llo.5 DUDDNZ i
U000y =165 0.5=0.825L



STATE OF MATTER

EXERCISE # 5[A]

1. PV = nRT (number of moles = nV)
n/V = P/RT
2. Value of gas constant
(R) = 0.0821 L atm K 'mol™
=8.314 10" ergs K'mol™
= 8.314 JK 'mol™" = 1.987 cal K'mol™
3K 313
KE.ofneonat40°C o~ 313
> KEof t20°C 3 " 203
.E.ofneona 3K x293
2
6. In van der waals equation 'b' is for volume correction
STATE OF MATTER EXERCISE # 5[B]
2. The expression of root mean square speed is Divide (ii) by (i),
3RT P, 1.29x600
Ui = M 1 1.08x300
1.29x2
Hence, » P= ~Too~ =238 atm = 24 atm,
3R(50K) /(2 I ’
U Hy) {3R($OOK;;§3§mO 1)1)} = 6. TIPS/formulae :
Ui (O2) gmo Use vander Waal's equation
r M Real gas equation for on mole is given as
3. Under identical condition, = =, |—2% RT
I Ml P+i _ — P+i - —
v (V-b)=RT or V2 V-b
As rate of diffusion is also inversely proportional
p RT a RT a
t, M >P=c— - T~ "z
to time, we will have, %= |—% V-b ’ V(I—E] v?
t M
1 1 \Vi
4 _
(a) This, For He, t, = 5(55) = 5\/55 # 10s Py - RT[l_Bj 1 a
\Y, \Y,
32 ( 2 \
(b) For O, t,= 4|"=-(5s) = 20s S SO UL A .
2 SRT [Py )Ty
(¢) For CO, t, = §(5S) 4 25 (using binomial expansion)
)
V2 :PVRT(lJFb—a/RT b ob ] 0
44 = v YERRTERMREY IR i
F t, = ,/— 5s
(d) For €O,, 1, 2 (58] = 555 Given equation :
4. N,0,g) == 2NO,g) ( ]
274 2 = 1+—+.....
At start 100/92 mol 0 PV=RTUTY ™) e (i)
= 1.08 mol c ing (1) and (2) C B - b—-a/RT
At equilibrium 80,92 mol 20,/46 mol omparing 14} and 1), we geb, v
= 0.86 mol =043 mol 8. According to Graham's law of diffusion for two

According to ideal gas equation, at two conditions
At 300 K;

P,V = n,RT,

1 V=108 R 300 .. (i
At 600 K;

P,V = nRT,

P, V =(0.86 + 0.43)

1

R 600 ... (i)

gases undergoing diffusion at different pressures

throught same hole
A _ My P,

Ty M A PB

( 1 )
Lr o P x i At constant temperatureJ



10.

12.

13.

14.

15.

Weight of gas = 50.5 - 50
w

using, PV = nRT = —RT
m

0.5

100 0.5
0.082 300 n T

@X— —
760 1000
Molecular weight of gas (m) = 123

Van der Waals equation for n moles of gas is

n2a
P+ vZ | IV - nb] = nRT

Given V = 4 litre; P = 11.0 atm, T = 300 K;
b = 0.05 litre mol™, n = 2

2%a

42

Thus, {11+ }[4 -2 05=2 0.082 300

a = 6.46 atm litre” mol™
We know that

n_o My Byt Mo Py
) M, P, t, n, M, P,

1l 57 M 08
' 38 1 28 16
M = 252
Xe+(F), =252
131+19x=252; ~x=6

Thus compound of xenon with fluorine is XeF,
For an ideal-gas behaviour, the molecules of a gas
should be far apart. the factors favouring this
condition are high temperature and low pressure.
TIPS/Formulae

PV
Compressibility factor of ideal gas (Z) = ——=
nRT
For one mole of ideal gas at STP
_ Px224
RT
For oth Z<1and 7 = 22X Yn
or other gases an = “RT
V< 22.4 litres
Alternate solutions
(Pv)Observed /(Pv)ldeal < 1
= Ve S Vi Vo < 22.4 litre.
TIPS/Formulae

U - [3RT
rms M
3RT
M ﬁ/ N
2 28

T,, = 2T,

or TN2 >TH2

17.

19.

21.

Van der Waals equation for one mole of a gas is
a

[P +F}(V—b) =RT

Given that volume occupied by CO, molecules,

b =
Hence, (1) becomes

a RT a
Pr— |V = A
{ vz} RT or P =y 7y

Using R = 0.082, T = 273 K, V = 22.4/ for 1
mole of an ideal gas at 1 atm pressure

- 0.082x273 3.592 _ 0.9922
T T 224 7 (ezap T U7UecAm
PV
We know that, Compressibility factor, Z = RT
05 - 100xV
"~ 0.082x273

V=01119 L

Note : Further when volume of a gas molecule is

negligible, Van der Waal's equation becomes

a
P+— ~0) =
[ +V2] (V-0) =RT

a
or PV=RT—vora=RTV—PV2

Substituting the values

a=(0.082 0.1119 273)-(100 0.1119 0.1119)
= 1.253 and L’mol™

@ d=10.36 kgm>*=0.36 g/L

(i) From Graham's Law of diffusion

M
Lo Do y33- 32
rOZ Mv Mv

32
M = ——— = 18.09
v (1.33)

Where M = MW of the vapour

(ii) Thus, 0.36 g = W mol
0.36
m mol occupies 1 L volume, so 1 mole
occupies
18ﬁl— = 50.25 L
0.36

Thus, molar volume of vapour = 50.25 L
Assuming ideal behaviour the volume of the
vapour can be calculated by

500
o5 =41.025 L

v
L=Ve Sy =224 73

T T,



22.

24.

(iii)  Compressibility factor (Z)

_ (PV)y,  1x50.25 1 294
(PV)igear 1x41.025 '

(iv) Z is greater than unity, hence it is the short
range repulsive force that would dominate
(* actual density is less than given density)

3 3 8.31

OF E=5KT= 5 Gozxior 100

= 2.07
(-~ K, Boltzmann constant = R/N)

TIPS/Formulae
B /3RT ~ [8rT
’ ™

/SRT /TcM /Sn 1085
SRT

107*°J per molecule

C,. =108 C_=1.08 400 =434 ms
For positive dev1at10n : PV = nRT + nPb
)

nRT RT

Thus, the factor nPb is responsible for increaseing
the PV value, above ideal value, b is actually the
effective volume of molecule. So, it is the finite size
of molecules that leads to the origin of b and hence
positive deviation at high pressure.

25.

26.

27.

The Van de Waal equation (for one mole) of a real

gas is
([ a)
P+—(V, -
ozt
a ab
PV, -Pb+ y— - yz —RT
a ab
PVm=RT+Pb—W+W ..... (i)

Note This step : To calculate the intercept P —
0, hence V_ — o due to which the last two terms
on the right side of the equation (I0 can be
neglected.

PV_= RT + Pb
When P = 0, intercept = RT
TIPS/Formulae
Use Grahms' law of diffusion

rHe — % — 1_6 —
Ten V My 4

Pb
Forgas A,a=0,Z2=1+ ﬁ implies Z varies

linearly with pressure.

a
Forgas B,b=0,Z=1 - VRT - Hence, Z does
not vary linearly with pressure.



