CHEMISTRY - State of Matter @:
SOLUTIONS

TOPIC

STATE OF MATTER

STATE OF
MATTER
Exercise-01
1. Let initial temperature and pressure are M, =91.84 =92 C,Hg
T, &P, (ekuk 1kjfikd rki o nkicCi, 0P, 9 | 9. Vv,=05dm3, Vg =1dm3
0.4 d, =3 g/dm3,  d; = 1.5 g/dm?
P2 = (Pl +100 Plj T2 =3(T1 + l) ~ lM _ dART _ dBRT
M, = =M, Pa= M, Pe= M,
P, T, 100 T,
P, T, 1004 (T,+1) 117 250K Po_di Mg 3
- = —x2=4
Pe dg M, 15
2. N, + 3H, — 2NH,
1 3 _ 3x0.082x400 _
0 0 2 10. P= 0 P =4.92 atm
Vinitial :i 2 11. PV = w RT i-const
Vfinal 2 = 1 . B I\/Iw wT B .
3. SO, replaced by O, (SO,, O, I TfrLRkfir gkrh g) P, P, 405 _ P
= W
P, V, T = same w,T,  w,T, wx300 W, 5gg
n = constant No.= Neo
2 5% P, = 1.92 MPa
Wo, Wy, 1 W
32 64 Wo, =7 Wso, 12. pv = 3 RT
4.  Atconstpressure (fu;r nkc 1)V T WRT  1x0.082x273
vV, T, Mu = TPV ™ T 2x0.350 My = 32
5. VT v, T, The mass of one atom (,d Tjek.k dk &0;eku)
3 =16 amu = 2.64 x 10738 g
T2 = 375 x3.8 = 246.4 K T2 = -26.6°C 13. PV = nRT
6. Pn2 x nH2 Ptotal x (nHz +nCH4) PV 7.6 x107%° 1
= — X
Py,  w/2 8 "TRTT T 760 ' 0.082x273
Pow  W/2+W/16 7 9 n = 0.0446 » 10-12
1010 10°3 The no. of oxygen molecule (ViDIfEu v.k di 1] ;k
= = X - -12 -10
7. PV = nRT n 760  0.082 x293 = 0.0446 x 10 Ny,= 2.7 x 10
number of molecules (V.kvk dh 1[;k = " vol.of O, molecule (0,0v.k dk Vk; ru)
109 x 10 " vol.of O, moleculeatSTP(STPAJ [0, V.k dk Vk; ru)
x6.023x10% = 3.29 x 10° 4
760><0082 ><293 77_[)(8)(10—30 Xlo3
W = 3 = 0.09 %
8. PV= —RT 22.4/N,
MW
_ WRT  2.8x0.082x400 15 u_ = [PRT_ [3x8314x300
Mo = v = 1x1 meo VM, 2x107
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CHEMISTRY - State of Matter

Upms = 1934 m/sec.

l16. U =

2RT
17. Upp =

ToM

= 480 K
2

2x8.314 x293

- \/1.67 x1072 x6.023 x10%

_[3pv _ [3P
ms "M\ d

18.

[

/ 1.2x10°
= % = 300 m/sec.

19. M, =2M, (U

(Urms)A_ P_A MB

20.

[

3x8.314x300

ms~ 103

= 0.352 cm/sec.

_[8RT
21. UAvg.' TI:_M

U,  =0.6 m/sec.

Avg.

22. U _ =

23. U _ =

3
24. E = RT E =RT

E ‘ERT+RT= gRT= gx 300 x 8.314

total ~ 2
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_\/3RT_\/
ms=\ M T V107 x6.023x10%°

3.52
m/sec. = W cm/sec.

Uy,

vg.

0.3

TocM

= 2124 m/sec.

25.

26.

27.

28.

29.

30.

[1200
300

33.

36.

37.
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= 6235.5 J
3 3N
KE. = 2nRT x= 3"y 1150 R

2X =§><N—X 300 xR N =N
2 N

A

KE-EnRT
T2

K.E 3 8 300x8.314
= —X X ———————x 2

Molecule = 2 16 N,

= 6.21 x 1021 J/molecule

h_ M, _ 64 4
o \M, V44 11

20 30 32
——x—=

v, 60 V64

V, = 14.14 t.
1

I'OCW

1 01,1 1.1

r

N2: I'HZI rHe:: 28 > m 14 1

Y

r

14 7
Rate of diffusion (folj.k db

N P PP
Ny * "Hy * "He

1
\/molecular mass (Vkf.od &0; eku)

PV 40x0.4
" RT ~300x0.082
Z = 0.65
C,H, *+ (x + y/4)0, — xCO,+ y/2 H,0
1.0 10x Sy
10x = 40 5y = 50
X =4 y =10
C4H10

CH, +20,—> CO, + 2H,0
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CHEMISTRY - State of Matter

38.

13
CHy + 50, —> 4CO, + 5H,0

13
58 gm —x32
2
13
58 g CH, required vol. of O, at NTP = 7><22 A4 lit

(NTP1jE8gcH,d fy, [0, dk vio";d vk;ru)

47.

o

1000 g CH, required vol. of O, at NTP=
13 224 000

2

(NTP ij[MooogcH, d fy, [0, dk vio";d vk; ru)
= 2510 litre

Extent of intermolecular hydrogen bonding
increasing the viscosity.

(";kurk c<u 1j virjkf.od gkoMiu clhu dh ek=k

11.

12.

13.

14.

15.

16.
19.

20.

22.

26.

28.
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3WRT W RT 0, 1
= P = —- — ==
oel ~ 32V %" 32V P
K.EE.a T
Z PV Vin <1 \Y 22.4L
= < .
P 22.4 m
PV = nRT _ 2x0.82x546
- - 44.8
P =2 atm
3RT
Urms = MW
dRT
P=u
dT = const d,T, =dT,

dx300=075dxT,

T,= lOOX4:>4OO K
3RT Urms)

rms MW rms

u

o Ve =5

Lowest pressure and hlghest temperature
2H.S (g) + SO, (9) —> 2H,0 (I) + 3S (s)
2.8 1.6

H,S is limiting reagent

SO, remaining = 1.6 - 1.4 = 0.2 lit

. . 1
Rates of diffusion ¢ ———
/Molar Mass
n P
PV = nRT P'V =—RT p' =—
2 2
1
I o ﬁ rCH4 =2 r,
rCHA — Mx 4 MX
rx MCH4 - 16
M = 64
(Urms)SO2 B MHE _ 4 0.25
(Urms)He - MSOz “\64 -

29.

30.

31.

36.

39.

40.

41.

42.
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Exercise-02

t_z_&
I’oc— t 1
@l = {1573 i s
- =
X =7111
PV, =PV, 1 x 550 = P, x 600

5 5
P,= g;,um P,= EX760 = P,=633.33 mm

Pressure decrease = 760 — 633.33 = 126.67 mm

dRT 7.71x0.082x309
P = MW =
M, 2.88
M, = 67.83 Molecular formula = CIO,
rate of diffusion o ;
Molar mass

he = Meo - 28 _; 65
leo M, 4
/ so2 f
My

3
K.E. = EnRT nT = const
0.3xT =0.4x 400 T=533.33 K
4 5
V = —ar
3

m

4
V = EXTEX (10193 x 6.023 x 102

V_=2.52x10°m?

V. _2.52 mL
e 1
Rate of diffusion o ——=
Jmolar mass
11 13
Cv = > —R ;Cp=—R
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CHEMISTRY - State of Matter

43. 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 x16.42 = 15 x 0.0821 x 300

P =225 atm

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

PV = (n-x) RT, (1)
and P,V =(n+XxRT, (2
- n(T1 - Tz)
T,+T,
] nRT,
finally P, x2V = 2nRT_; V = P put eqg. ...... 1)
1
P x nRT1 _[n _ n(Tl - TZ)jRT
= 1
A P, (T, +T,)
PA - _?P1T2
1 +T2
latm
45. Pocd;P=kdand k = Imetre

1
PV = nRT ; kd (Emﬁj =nRT:

d; _n,
E—E, o n/n,; n, =256
Comprehension # 2
1. 200 < T, < 1000

a
200 —< 1
= 00 Rb 000

a
= 400 cal < B < 2000 cal

a
= 0.4 k cal mol? <E < 2 k cal mol™

2. mPpnic {k= e Z=1+ o=

46.

47.

o

% relative humidity

Partialpressure of H,O

= x100
Vapourpressure of H,O
75=PH—20><100 = P .. =225 torr;
30 H,0 : !
(22.5)

x100=2.96

% of H,O vapour in air = 760

29x97.04 +2.96 x18
100

molar mass of wet air =

2814.16 +53.28
- 100

= 28.67

PM 1x28.67

density of wet air= RT  0.0821x300

=1.164g/L

Density of air at sea level,

_29x1 1
©70.0821x290 0.821

g/L

density at 831 m =d

_[29x10’3x10x831]

d e—Mgh/RT _ 1 e 8.31x290
° 0.821
L L eoi_ 9
0.821 0.821

Let x be number of balloons

103xg+x+40¢g

0.9
-0.821x8.21xgxx = X = 20 balloons

Exercise-03

nkuk fcinvk d fy, gy dj yr gA=10°atm"

1

ZRT

vm

P
= =Um =
Use z RT

= 0.065 L
ck;y rki 1j] oiLrfod x1 de nkc {k= e vkn'k
0;00k n"krh gA

_1+Pb
" RT

z . <lyG:>rii d 0;Reluikrh gA
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CHEMISTRY - State of Matter

1 P -(EJXRXT '
. x8 = M )

from eq.(i)/(ii)

(3.0) .
Px8=|—| xR (T +15) ... (i

M

3.6 xT=3(T+ 15)
45

- 3T + 45 T=-">-75K
3 = 0.6
3.6 0.0821x75
o 308 00821xI5 _( 062atm
= PE T g

2. P x %n(10)3 :(%)R xT . (i)

from eq. (i)/(ii)
_ 075,

4 3
=— = 3,/]—x10
=7 ,/4

P 075 3

r=9.0856 cm
3. Px30=05x38x60x1

P = 38 atm

4. CH,O, + 60, —— 6CO,+6H,0
0.2
0.08928 mole 22 4 x60mole 0.53568 mole
= 16.071 gm = 11.999 lit
5 Px1l= (E i+ijx 0.0821 x 300 = 66.74
: 28 2 32 : e
atm
P = 66.74 atm
6 Px10 = (£+6—4j x 0.0821 x 473
: “\l2 32 :

= P = 27.1833 atm
= 27.54 x 10% N/m?

2
5 2
(5-4) - 4
Px10 =5 x 0.0821 « 473
P x 19.4166 atm = 19.66 * 10° N/m?

1
H, + 50, — H,0()

7 80 _P 17 P = 2.1979 atm
" 20 1V365 ~ "%
X (32 +6x19)
8. = = X = 228 Ans.

100 28
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10.

11.

12.

13.

14.
15.

16.

18.
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o

Exercise-4(A)

\/ =d,,=50.8 cm
b My _ |2 :
t, M, 0g = t, = 0.2672 hr ~ 16 min

_dno
100 —dyo

234 My 100
= =M, =34.92 =
224 \ 32 = Mm™3 80 20
32 M
M = 46.6 Ans.
0.3 17 dP
= |=— —=0.325
(a) (dP/ dt) 20 = dt torr/sec
(b) Mavgz 0.30x4 +0.2x32+05%x28-=
21.6
dP 21. 6 dP
—=0.3 — = 0.3387 torr/sec
dt 17 Tt
Hint : P = p g™t
28.8x107°x9.8x10x10°
= (101.325) e 8.314x243 = 25.027 kPa

If it melts then (;fn ;g fi%yrk g rk T> 1800 K

250 x V PxV 250
N = Rx300 - Rx1800 — = - 1800 354
P = 1500 kPa

1500 kPa > 10° Pa (or 10° kPa)
so it will blow up before melt. (vt ;g fi%kyu 1 igy
QVxIA)

_ Mx9.8x1
':’2_o:|;>Oe 8.314x298
M = 175.133 kg mole™!

E— & M = 32.1428 gm/mole
0 V28 T M7 oetne8d

\/3RT \/3><8.314><273
vV = =
M

32.1428 <10 _ 100-28 m/s

J 3RT _J 8R x 300

64x10° ~\nx32x107°
_ 8x300x64
T 3x32xn

= 509.29 K = 236.29°C

3P \/3 x1.01325 x10°

u_ = = = 493.03 m/s
me d 1.2504
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CHEMISTRY - State of Matter

5
) u,- \/§X1.01325x10

= 454.259356
T 1.2504
(c) u,, = 403 m/s
20. Use the results :
- \/BRTl _ [8RT, =\/2RT3 _1500m /s
M ™ M
T, =2886K rms
T, =3399K  avg.
T3 =4330K  m.p.
3/4
1 M
22. —dN =4 ~Mu2/2RT 2
N n(ZnRTj e .ucdu
u=0.995u
putting mP 14N -8.303x10°°
du=0.01up,
23. Similar as Q.22
25 (2P (gjxo.oszlngs.lsatm C 479% 10°%KP
(@P={ 24 0.5 e 8
1 2
P+(j x363.76 1 42.67
(®) 2 (0'5_? 1000)
(0.5)°
1
= Ex8.3187x298.15|<Pa
P = 2225.55 kPa
26. 195=_800xL )
nR x223
1.10 = 200xV .
10 = o g7 e (i)
1.95_800 1 373 V= 3.77 it
= 1.10 200 V 223 - e 0
07 ogp7 - 10:1325 x10° x100x10°°
T nx8.314x273.15
1 phy=ph,,

In one hour (,d %.V €), h, =37x2 =74 mm
1.034 x 74 = 13.6 x h2
h, = 5.626 mm of Hg

_5.626

P = atm/ hr.
760

PV = nRT

www.aviral.ac.in
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w =nx 32 =1540 x 10 gm = 15.40 kgm

Hint : At critical temp (T ) and critical pressure (P.) O
will behave ideally.

@rd rkilgry) o @krd nkclip,) 1jLd, vin'k
0;00k djxnA)

find T (T, Kkr dift,)

large value of b a largest molecular vol. (b Ak
vikdre eku o vikdre vif.od vk;ru)

least value of a and b (a 0L dk U;ure elu)

28.

2

(i)
P 299
I:)C

30.  Reduced pressure. (Rekfur nkc) P =

. T
Reduced temperature (Rekfur rki) T = ﬁZl-go

31. Hint: low density (de %UR0) = high molar volume

lim

(vikd etyj visruv,): v 5o

[15 +

= T=6235K = T =350.5C
P12 = 15 x 0.0821 x (273 + 30)n
P =31.1 atm

G

= 15 x 0.0821 x (273 + 30)

jg

9x%x6.7
(10)*

32. j(lO -3x0.0564) = 3+x0.0821 x T

33.(i

=

(15)% x0.2107
+—

127 J (12 - 15 x 0.0171)
P = 31.4 atm

nRT, nRT,
P P

34. 1000 x g :e(

nR xM
RT;

1000 = (T, - Ty)

35. Q= CV1 (1000 - 500) + CV2 (1500 - 1000)

(3_R+3_ij 500 +(3_R+3_R+3R
2 2 2

=5 j (500)

1500 R + 3000 R = 4500 R

Exercise-4(B)

5.626
———x0.016 =
760 X nx0.821 x 310

n = 4.653 x 10~ mole/hr.
rate of O, consumption = n x 22400 cm®
=0.104 cm*/m

(0,d 1;Dr gku dh nj) =104 mm*/hr.
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CHEMISTRY - State of Matter @:

2. P =750-17.5=732.5 torr —~ 920 b = RT
T = 20°C = 293 K 4
Inhdled (xg.k dh Xb) O, = 52.5 x 0.2032 = b =24.33 cm’mol™ = 4 x s 6.023 1 107
. ,=525x0.
Exhaled(fu"dkflr) 0, = 52.5 x 0.1675 =r=134x10" cm = 134 pm
RT
<o at STP PV, _ PV, 6. V=t B = 2.058 L. Also, for the given equation
T T - -
. 2 (vkj] nh x;h Teldj.k d fy,)
732.5x52.5(0.2032 -0.1675) 760xV
x52.5( ) _ 760~ PB .  10(-0.1814)
293 273 Z=1+ RT =1 +m 0.918
= V = 1.683 L for 6 min.
} } From vander Waal's equation, for Z < 1, Z
oxygen consumption per min (1fr feuV 1;Dr
VIDITEU) === === = 280 mL/min VRT
- - L — 2 2
3. Letmoles of water vapour initially (€kuk ikjEtk e ty = YRt - 0.082=a=3.77 bar L* mol
o't d eky)=n, i i
. 7. o o [ —=—]dt
Le"t_moles of water vapour Finally (€kuk VUr e ty I 6[ P N‘!
o't d eky)=n,
17.5%0.8 xV 6.5xV (P_oj_ﬁ _AK
_—foxV.oxV - =In = = In4-= =2K
M= Rx293  — M TRx277 P) M Va
M- 2036 InE—5 =7.07 atm
n, B p 2 He = *
n
n_2_0-491 Also, In(P—Oj _kt and In(&j _Kkt
1 P He 2 CH, 4
so fraction of water vapour condensed
. :(P_Oj _(&T _ 10 _100
=1 -n—2= 0.509 PJue \PJew, ~ 7.07 PZ,
1
(vri 1%fur ty ok'i dh filu) — P, =8.4atm
8. NH.g) +  HCIg) —> NH,CIs
4. Average velocity (VKIr 0X) = 8RT _ 41102 {0 9 <)
™ Moles 0.08 0.26 0
RT . . 0 0.18 0.08
= —=2x10* = RT = 2nM x 10
™ =  Q=0.0814300 = 3440 J
Total K.E. of He
6 3 9 9 Also, Q=nCAT = AT =ﬂ= 955.55
=2 *SRT = RT =— .21 x4 x 107 x 10°=180m 0.18x20
T (Tyire) = 1255.55 K
Total K.E. of Ne
12 3 o o 5 )= 0.18x0.082x1255.55
=== x=RT=—RT=— =x10%= wa Putre 1.8
20”5 10 1p ' 21+20x107:10%=360
J = 10.3 atmosphere (0k;le.My)
Average K.E. per mol (Ifr eky VKIrLKE)= |9  b=39.1cm*mole’=39.1x 10°m° mole™ = 4V x N,
(360 +180)x o _,, 4 s 23
= 7 = 39.1x10" =4 x —7ar x6.023 x 10
1.5+0.5 807.84 J 3
- -10
5. V-b=RT=100(0.011075 V - b) = 1.1075 r=157x10"m
99b c=2r=3.14x10"m = 314 pm
_ - =921b
V-100b = V=g
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CHEMISTRY - State of Matter

.314x298
.- SRTsz:474.8 m/sec.
avg. ™ 3.14x28x%x10
10210132
N*:i: 0 ~101325 =3.24x10"

kT 760x1.38x107%°x298

_ 1 1
T \2no?N* 2x3.14x(3.14x10°)? x3.24 x10™°

=0.0705 m = 7.05 cm

Z, =2 n6®UN* f2 x 3.14  (3.14 x 107%?x 474.8 «
3.24 x 10" = 6739.4 sec’t

ZIN* 6739.4x3.24x10"
2 2

7 —i GZUN*_
11_\/571: -

121.09 x 10 cm™ sec™
6=0.26 nm=2.6x10"m

= 1.09 x 10®m~sec”
10. A=26x10"m,
T =300 K
1

hom
V2na?N *

1

2.6110°=
V2 x3.14x(2.6x10°)2 xN *

P

N* = 1.281 x 10 m™ —
8 0 KT

N* =

P=1.281x10%x1.38 x 102 x 300
P =530.3 Pa

11. V, n, T - same (l€eku)
Hh Beku)

o — same (I€eku)

so P — also same (VI P

given (v

I'ITIS)
& vV =

1
38_71: ( avg) =T (Vavg )CH4

avg
avg CH 4 V

3f
For X (d fy1) Z \/77[(5 avg
ForcH,d fy,): Z,=nc (Vavg.)CH4 N*

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

Zl(X) =\/E (Vavg.)x - 2
Zl(CHA) (Vavg.)CH4 \/53\/;

www.aviral.ac.in
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Z,x) =7, (CH,) . 2\/\;
12. CH, + 20, —> CO, + 2H,0
.. - ek, _ 1
Initially (ikjEHk e K_lQ_Z
. Nen, _ 1
Finally (VI €) o, )
E_L( 2}
6 192 16
32=2"2: 5=n/2 = n =10 steps

Let initial moles of CH, — x so after 10 steps
(CH, d Hkjftkd ekyds x vrildo ink 1*pkn)
x(0.9)*°x 100 = 1000

10

X = ——=27.78mole
0.36

moles of O, initially (IkjEk e[D, d eky)
= 192 x 27.78 = 5333.3 moles

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

Ny R

v - 3.2 -154=1.66

ne><p.

=2.2875 -1.25 = 1.0375

Nep 1.0375

0 ., 1.66
) nA == A, with 50% yield (Yfi/k d Bk
Theoretical increase in pressure with temp. should

be 1.66 atm but actually it is 1.0375 only so.

(rkielu d 1iF nic e of} I}frd -i 1466
atm giuh pifg, yfdu olLrfod -1 1 ;g doylilos7s

= 0.625

)

1, .
1.66 - 1.66 x 0.5 +—66nXO S - 1.0375
083+ 283 10375 n=-4

14. Each time Sabu sucks air, volume of CO become Half
S0

(IR;d ckj tc lkc ok; dk f[kprk g rk[¢o dk
vk;ru vik gk thrk g v

1 n
—| <0.001
5(2)

log 5 + nlog 0.5 < log 107
log5-03n<-3 03n>3+1log5
n>12.3 n=13

5(0.5)"< 0.001

www.aviralstore.com




CHEMISTRY - State of Matter @:

15, Piuer ™ Puoper t Priston Temp=300K moles of OH - CH, - CH,, - NH, required
5, Rx300 _5Rx300 DY 4 e (vko" ; d[OH - CH,- CH,-NH,d ely)
\Vi 4 piston
VART T = 0.1174 x 2 = 0.2349
5
15 Rx300 - .
S XV P (1) MG 17.() Let€luh n=mT+cC
_ 2=300T+C&3=200T+C
Plower - Pupper + Ppiston Terrp. =T
3 . 1

4RT 4RT 2| 1 mole Onsolving (@Y dju 1j) m=-—=,C=5

vV 3 + piston 100

\/ 1 mole T
4 So(Vr) n= ——=+5
8RT _ ) Final vr 100
vV ~ ' piston - (2)
_ (ii) PV=nRT:lXV=(i+5jRT

From equation (1) & (2) 100
15 Rx300 8RT _ _ 4500 . o RT? . cpT

4V v T T3 T =V 700 ">

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

ekukfd fed.k dk 1kjfEtkd vk;rulv L g rk

. . . -2RT
H,—» 05V, CO—- 045V, CO,— 0.05V g_¥=03100+5R=01T:250

(i)  For max. volume (Vfkdre vk;ru d fy,)

On reaction with excess steam (ki d vif/kD; d
IFk 135k 1))

-R(250)°
o + HO — co. + H V=%+5X250R=—625R+1250R=
2 2 2
0.045V - 0.05V 0.95V 625 R =625x0.0821 L = 51.3125 L
- - 0.5v 0.95v 18 PV=RT A . 2B
095V=5 ' vV oV?
- 2
V=5.263L Ve RTV +AV—£:O
P P P

(i) Molecular mass of initial mixture (IkjfEHd feJd.k dk

.y . - _ 3 -
vif.od 0: elu) At critical point [@kfUrd fcln 1j] (v -VveP=0
VP-3V.V2+ VAV - V3= 0
M =052+ 0.45x 28 + 0.05 x 44 = 15.8 ; B
so on comparision (VI ryuk ij)

PM = pRT VI=A/P . ()
1x15.8 = p x 0.0821 » 273 3V,=RT/P ... (i
p=0.7g/L vi=28/P L. (i)
3) V. 2B
(i)~ Volume of CO,= 0.5V =0.5x5.263 = 2.6315L On m = 3 :T
moles of COZ=2'6315 =0.1174 =V, = 6B/A

from equation (j)

moles of KOH required = 0.1174 x 2 = 0.2349 A3

= 108B?

2
B
3(6—j =A/P, = P
moles of Ca(OH), required = 0.1174 A
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3RV, 3 A (G_Bj
from equation (i) T.=——="=2"| 70882 | A
A® 6B
A2 Taar? A 1

T = = Z= PCVC=lOSB 2A =3

:” 6RB RT. g A 3

'6RB

14 gN, — 0.5 mole
T = 200 k, P=8.21 atm

PV, 3 PV, _

e 2 =222

PV = nRT (number of moles = nV)
n/V = P/RT
Value of gas constant
(R) = 0.0821 L atm K™'mol™
= 8.314 x 10" ergs K™*mol™
= 8.314 JK™'mol* = 1.987 cal K'mol™

The expression of root mean square speed is

_ 3RT
Urms - M

Hence,

U, _ | 3RGOK)/@gmolt) T
U0, - |3R@B00K)/@B2gmol)| 1
M
Under identical condition, i M
r M,

As rate of diffusion is also inversely proportional

. . t M
to time, we will have, %= |—*%*
t M

1 1

_ 4
(a) This, For He, t,= \/;(58) = 525 = 10s

32

(b) For O,, t, = 1/7(55) = 20s
28

(c) For CO, t,= 7(58) # 258

_ |44
(d) For CO,, t,= 7(58) # 555

N,O,(9) == 2NO,9)

At start 100/92 mol 0
= 1.08 mol
At equilibrium 80792 mol 20/46 mol

www.aviral.co.in

p=P v=YX 1=1T

(PP ) (Ve V) - EXZ_Z — ﬂ:ixzz
R(T,T,) 8 RT 2

v =3,22x0.0821x200 _ o\

8 8.21

so volume of 0.5 mole N, (Vri[a.5 eky IN, dk vk; ru)
=165x05=0.8251L

Exercise-5(A)

3
K.E.ofneonat40°C _ 5 K*313 313

K.E.of neonat20°C gK «293 293

In van der waals equation 'b" is for volume correction

Exercise-5(B)

= 0.86 mol = 0.43 mol

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

P,V = nRT,

1xV=1.08xRx300 ... (i)
At 600 K;

P,V = nRT,

P, xV =(0.86 + 0.43) x R x 600 ..... (ii)
Divide (ii) by (i),

P, 1.29x600

1 1.08x300

1.29x2

P1= W = 2.38 atm. = 2.4 atm.

TIPS/formulae :
Use vander Waal's equation
Real gas equation for on mole is given as

a a RT
P+W (V -=b) =RT or P+W = V_p

5. RT a RT a
=>P= — - — = _ -
V- Y,
b V(l—gj v
Vv
pV = RT(l—Ejl 2
== v) TV
(b b ) a
= RT L VARVEARS v
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(using binomial expansion)
oy < ryl140-8/RT b* b
= = L v vz Tys e J ..... 0]
Given equation :

[l+B+ ]
PV = RT v

Comparing (1) and (2), we get, B =

According to Graham's law of diffusion for two gases
undergoing diffusion at different pressures throught same hole
r Mg P_A

i: — X
f P

M

A B

(

1 )
LI’ o P x M At constant temperatureJ

Weight of gas = 50.5 - 50
w
using, PV = nRT = FRT

760 100 05 oo a0 {n _ 0.5}
= — X X =
760 1000 ~ m m

Molecular weight of gas (m) = 123
Van der Waals equation for n moles of gas is

n’a
{P+ V2

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

} [V = nb] = nRT

2

Thus, {ll+ 2
4

2"‘}[4 ~2%0.5] = 21 0.082 * 300

a = 6.46 atm litre? mol™
We know that

B M Pt MR
r M, P, t, n, M, P,
1 57 M 0.8
or — X — = ,|J— X ——
38 1 8 1.6
= 252
Xe +(F), =252
131+19x=252; .. Xx=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) = TRT

15.

17.

19.

21.
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o B

For one mole of ideal gas at STP

_ Px22.4
~ RT
PxV,
For other gases Z < 1 and Z = RT
V< 22.4 litres
Alternate solutions
(PV)Observed/(PV)ldeal <1
= Voo < Viear Vops < 22.4 litre.
TIPS/Formulae :
_ [3RT
rms M
/ = 7 PR 3RT,,
TNZ :2THZ or TNZ > Ty,
Van der Waals equation for one mole of a gas is
P+— V-b
{ V2 }( )=RT . (1)

Given that volume occupied by CO, molecules,
‘b =0
Hence, (1) becomes

a RT a
P+— 1|V = = —
{ V2i| RT or P YERRYE
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 atm
T 224 T (2247 T 7
o PV
We know that, Compressibility factor, Z = BT
_ 100 x V

05 = 5.082x273

V =0.1119 L
Note : Further when volume of a gas molecule is

negligible, Van der Waal's equation becomes

[P+Vij (V-0)=RT

a
or PV=RT—Vora=RTV—PV2

Substituting the values
=(0.082x0.1119x273)—(100x0.1119x 0.1119)
= 1.253 and L?mol™

(a d=0.36 kgm=>=0.36 g/L

(i) From Graham's Law of diffusion

M
= % . 133 = 32
MV MV
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32 C,. =1.085xC_=1.085x400 = 434 ms™
M, = (1.33)? =18.09 24. For positive deviation : PV = nRT + nPb
Where M, = MW of the vapour - ﬂ:1+P_b
nRT RT
. h _ 0. | Thus, the factor nPb is responsible for increaseing
(i) Thus, 0.36 ¢ = 18.09 mo the PV value, above ideal value, b is actually the
0.36 effective volume of molecule. So, it is the finite size
18.09 ™Mol occupies 1 L volume, so 1 mole of molecules that leads to the origin of b and hence
occupies positive deviation at high pressure.
18.09 25.  The Van de Waal equation (for one mole) of a real gas
'ES'E;E;'L- =50.25 L is

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

(V, —b)=

TN
\__/

a ab
V. 500 PV -Pb+ 77 - 7z =RT
2=Ve v =224 2241025 L m Vo T Vo
T, 7 273
(i)  Compressibility factor (2) PV = RT +Pb -y + IVERREE (i)
(PV)ObS 1x50.25 Note This step : To calculate the intercept P —
T (PV)iew ~ 1x41.025 1.224 0, hence V_— oo due to which the last two terms
on the right side of the equation (I0 can be

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

neglected.

PV, = RT + Pb
When P = 0, intercept = RT
3 3 8.31 26. TIPS/Formulae :

by E= KT =5 g 02x102 100 Use Grahms' law of diffusion

= 2.07 » 107 J per molecule r My, 16
(*+ K, Boltzmann constant = R/N) r A M “\2 ~
CH, He

22. TIPS/Formulae :

Pb
27. F A ,a=0,Z=1+ — implies Z varies
3RT c. 8RT or gas A, a =0, rT Impli vari
™ linearly with pressure.
a
Cums _ [SRT 3T _4 085 For gas B, b =0, Z= 1 - 7o . Hence, Z does

not vary linearly with pressure.
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