1 1 100-80 20 1
300 T, 100x300 100x300 1500

1 1 1 5-1_ 4

T, 300 1500 1500 1500
T,=375
Change in temp = 375 — 300 = 75 Ans.

Subjective based Questions :

19. The conversion of A into B is an auto-catalytic reaction A — B where B catalyzes the reaction.
The rate equation is —dx/dt = kxy where x and y are concentrations of A and B at time t.
Integrate this equation for initial concentration x, and y, for A and B. Show that:

Kt = 2.303 o xo—y_
Xo+Yy  X—Y,
Sol. A - B

Xo Yo
(Xo—a) (Yo + @)

=x =
SLXtYy=EXo-atyota=XotYo
—(:I—)t( =kxy

Putxg—a=x

_da_dx
dt dt
da
adt =K(x, —a)(y, +a)

= K[xoy0 +ax, —ay, —a2:|

= K[Xoyo +(X0 _yo)a_az]

=K (Xoyo)_{az—z(xo—gyoj.a—(xogyoj.,.(xogyoj H
= I Xo_yo Xo_yo 2
=K Xoyo_(a— 5 j+( 5 j:|

On integrating,

Xy Yo + a_Xo_yo
1 2 2

Kt+C = log
2(X +Yo)  Xo+VYo 0 X Yo
2 2 2
Kt+C=— 1 Jog-21Yo
Xo+Y, (X, -a)
att=0,a=0
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20.

Sol.

Yo

C= log
XotYo X%
Kt=— 1 jog @Yo Xo__ 1 0¥ =%
Xo t¥o (Xo—a) Yo Xo+Yo X—=Y,
_ 2303 o Y =X,

(X% +¥o) ~X=Yo
Derive an expression for the rate of reaction:
2N;05(g) — 4NO,(g) + O2(9)
With the help of following mechanism
N,0, —%>NO, +NO,
NO, +NO, —*=>N,0,
NO, +NO, —% »NO, + 0, +NO
NO +NO, —*=2NO,

k, xk,

Rate = —2 >
K, +2k,

[N-Os]

N,O, —NO, +NO,

NO, +NO, —*—NO, + O, +NO

NO +NO, %ZNOZ

% =k, [N,0;]-k ,[NO,][NO,| ... 0
d['\;?e,] - k,[N,0, ]~k , [NO,][NO, ] -k, [NO, ]
[NOs] ~ ke [NOJ[NOg] =0 ... (ii)

@ =k, [NO,][NO, ] -k, [NO][NO, ] =0 .......(iii)

From equation (jii)
[NO] = 2[NO ]

putting this in equation (i)

—~d[N,0;] Kok o [N,Os]

gt~ Ka[NOs - K, +2k,

~d[N,0,]  2k.k, [N,0;]

dt k_, +2Kk,

_1d[N,0,] Kk, [N,O ]
2 dt K, +2k,
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21.

Sol.

22,

Sol.

For the reaction
A=P
Following data is produced

Time/Hr. | O 1 2 3 4 0
%A 100 72.5 | 56.8 | 45.6 |139.5 |30

Find k4, k.4 and Keq.
ki =9.74 x 10° sec™, k"' = 4.16 x 10° sec™
At t = oo when equilibrium is established

[P]_7
=m=§=2.33

:_1 =233 =k, =233k

-1

_ k2 [A]O —(ky+k_)t
[Al= mﬁ e

0.725 = L[»] i 2_33e—3.33k_1x3600]
3.33

k,=4.16 x 10°sec™
ky=2.33k_; = 9.7 x 10 °sec™’
The decomposition of a compound P, at temperature T according to the equation
2P — 4Qg *+ R + Sy)
is the first order reaction. After 30 minutes from the start of decomposition in a closed vessel,
the total pressure developed is found to be 317 mm Hg and after a long period of time the
total pressure observed to be 617 mm Hg. Calculate the total pressure of the vessel after 75
minute, if volume of liquid S is supposed to be negligible. Also calculate the time fraction t;.
Given: Vapour pressure of S, at temperature T = 32.5 mm Hg.
P; = 379.55 mm Hg, t;;s = 399.96 min

2P = 4Qq + Rg + Sy

t=0 Po
t = 30 min. Po—P 2P P/2
t=w -2 Po Po/2

soPy—-P+2P +P/2=317-325
ie.Po+1.5P=2845 ... (i)
&25P,=617-325=584.5

so Py =233.8

P =338

233.8

kx30=In =k =0.0052
200

Att=75min
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23.

Ans.

Sol.

24.

Sol.

233.8
P°—P

P°—-P=158.23 = P =7557
Pr=325+P,+1.5P =347.155+ 32.5
Pt =379.65 mm Hg

(i) 0.0052 xt=1In8

t = 399.89 min.

0.0052x75 =

The acid catalysed hydrolysis of an organic compound A at 30°C has a time for half change of
100 minutes, when carried out in a buffer solution at pH 5 and of 10 minutes, when carried out
at pH 4. Both times of half change are independent of the initial concentration of A. If the rate

of reaction is given by [ | =k[AT[H' T, what are the values of a and b?

(a=1,b=2)

Independency of half-life on initial concentration is a characteristic of first order rxn. Since
halflife doesn’t change with change in conc. of A. Also, half-life is inversely proportional to the
concentration of H. . a=1&b =2

Derive an expression for the rate of reaction:

Hz (g) + Brz (9) > 2HBr (9)

With the help of following mechanism

Br,—“—>2Br ;Br+H,—2—>HBr+H
H+Br,—>HBr+Br ;H+HBr—*“H, +Br ; Br+Br—Br,

d[HBr] 2k, (k, /ks)"*[Br,]"*[H,]
L 8 1+ (k, /k;)[HBr]/[Br,]

The rate law of the above reaction can be conveniently derived by using the steady-state

approximation. The rate of formation of HBr is given by

d[:tBr] — K, [Br][H,]+ ks [H][Br,] -k, [H][HBr] ....(1)

Applying the steady-state approximation to H and Br, we get

dgT] 0 =k, [Br][H,] -k, [H][Br, ]k, [H][HBr] .....(2)

d[dBr] 0=2k [Brz] k [Br][H ]+k [H][Br2]+k [H][HBr] 2k [Br]2 ...... 3)

Making use if Eq. (2) in Eq. (2), we get
2k, [Br,] -2k, [Br] =0
1/2

or [Br]=(::—;[Br2]j ...... (4)

From Eq. (2), we get
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] B

" ky[Br, |+ k, [HBI]
Substituting [Br] from Eq. (4) in the above relation, we get

k, (k, /ks )" [Br]"* [H,]

(M= K [Br,]+k,[HBI] ®)
Invoking Eq. (2) in Eq. (1), we get
d[HBr]

Tl =2k, [H][er,

Substituting [H] from Eq. (5) in the above expression, we get

d[HBr] k, (K, /ks )" [Br, ] [H, ]
a2 Kk, [Br, ]+ k, [HBT] [Br.]

2k, (k, I kg )"*[Br,]"* [H, ]
1+ (k, / ky )[HBr]/[Br,]

d[A]

25, For the reaction A — B, the rate law expression is — = K[A]'2. If initial concentration of A is A,.

Calculate : (a) integrated form of the rate law expression
(b) nature of plot of [A]'2 vs time.
(c) half life period.
Sol. (a) A—> B

— d[A]

=K [A]?
5 [A]

A—s B
t=0a=C,
t=t(a—x) =C,

1 7%
{(A*) } =—kt  2[(C) - (Co)]=-kt

1 1
AF - =5 = (A (A=A S

(Slope = — %

& A =(‘?"]t+JAT Al I

—> t

(c)  ForHalf life A = (%)
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26.

Sol.

(a)

(b)

(c)

(d)

(a)

(b)

(c)

(d)

AO _ kt1/2 kt1/2 _ AO
T AR
CHERSE] L ] AR

=t
1Tk Tk T2 K 112

2 2
Let there be as first-order reaction of the type, A —» B + C. Let us assume that all three species

are gases. We are required to calculate the value of rate constant based on the following data.

Time 0 T e

Partial pressure of A P, P, -

Let there be a first order reaction, A - B + C. Let us assume all three are gases. We are

required to calculate the value of rate constant based on the following data

Time 0 t 0
P, =

Total pressure P,

Calculate the expression of rate constant.
A(9) — B(g) + C(9)

Time 0 t

Total pressure of B + C - P, P

Calculate the expression of rate constant.
A(9) — B(g) + C(s)

Time 0 t

Total pressure of B - P, P

Calculate the expression of rate constant.

A—B + C
t=0 a 0 0
t=t a-x X X
Kt = In (Lj — =
a-x | B
A— B + C
t=0 a 0 0
t=t a-x X X

axP,

(a—x) < P,

axP,

(a+x) <« P,

Ktzln(ij - f_ et B R
a_x t \P,—(P.-P,)

A—> B + C
t=0 a 0 0
t=t ax X X 2x oc P,
t=w 0 a a 2a o« Po
Kt =In| —2— = K=lin| P
a-x t \P,-P,
A(Q) — B(gg + C(s)
t=0 a 0 0

x < (P, —P,)
At
t (2P, —P
Pt
X o —
2
P’X)
a o —
2
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a-Xx X
0 a
;P,=a

a
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