Solution chemistry

CHs
A= or

() The volume belng doubied by mixing the two salutions, the molarity of each component will
be haed I.e.

[CH,COOH] = 0.1 M, [HCI] = 0.1 M

HCI Daing a stmng acld will remain -:ompletolf lonised and hance H* lon concantration fumishad
Dy It wilib& 0.1 M. This would axart common lon affact on the dissoclation of acellic acld, a weak
acld.

CH,COOH —_— CH,CO0" + H*
c 0 0
C (1-a) Ca Ca+0.1

Coux(C+ 0.9  Co® +0.%x

K. Cll-a)  (1-o)

Neglecting e In comparison to unity and Co” 1a.0.1x* In compansonto 0.1, we get K = 0.1c

K, 175x10*

ﬂl'l.'::ﬂ‘_l_ 01 =1.76x107*

[H)yy =0.1+ Ca,Ca Is negligible as comparad to 0.1

s [H),y =0.1
s pH=1




6
= —=0.15mol
() 6 g NaOH 20 5

0.1 mole of NaOH will b& consumed by 0.1 mole of HCI. Thus, 0.05 mole of NaOH will react
Wwith acelic acld (No. of mol of CH,COOH = 1 0.1 = 0.1) according to the equation.

CH,COOH + NaOH — CH,COOCNa +  HO
0.1 mol 0.05 mol 0 0
0.05 mol o mol 0.05 mol 0.05 mol

Thus, solution of acatic acld and sodium acetate will bacome acldic buffer. SO pH of the bufier
wil be

[salt] "
H= +lo = =bg(1.75<10 " )+log1= 4.75
pH=pK, u[“n a(l )+log

NICLF = sp?® (as CIIs weak Neld igand) - Tetrahadral
[NI{CN,)* = dsp? (as CN- s strong fisld ligand) - Square planar

Magnetic moments (u,,,,) values are as follows,

NCLF = J32+2) =282 BM

a) d=0.36kgm>=0 36g/L
() From Graham's Law of diffusion

1’ 33-4_ M, ﬂ33.l =77 =100% where M, = MW of the vapour

0.36
() Thus, 0,369 = ﬁmﬂl

.E']Eg mol mol occuples 1 L volume

18.00
s0 1 mol occuples HSEL

Thus, molar volume of vapour = 50.25 L
Assuming ldeal behaviour the volumea of the vapour would be

v Y% 500_
T = V=24 41025

FVL 1% 50.25
(i) Compressibliity factor (£)= VL.~ 141,026 =1.224

(IV) Z belng greater than unity, It Is the short range repulsive force that would dominate.

o) E=%Ic. T=%x1 38x10%1000=207x10J parmolecule.




5.

() ALC,+12HO — 4AI(OH,) + 3CH, T

() CaNCN + 3H,0 —— CaCO, | + 2NH,
Ammonla formad dissolves In watar to form NH,OH
CaNCN + 5HO —— 2NH_OH + CaCO, |

(W) 4BF, + 3H,0 —— 3HBF, + B(OH), (V) NCI, + 3H,0 —— NH, + 3HOCI
(v) 3X6F, + BH,0 —— X80, + 2Xo + 320, + 12HF

CH5CH; - C=C - HlPeties CHACH - C=C - CHeCHs
CHzCHs i‘”' reast
HO H CH; CH:\ /CH: CH:
HO H LA / \
H
CH2CH;s )
(Z)

Z Is In meso form having plane of symmetry. The uppar half molecule IS mimor Image fo the
lower hallf molecule, The molecule Is, therafore, optically Inactive due to Internal compensation.

when hot concentrated HCI Is added to borax (Na,B,0,.10H,0) the sparingly soluble H,BO,
Is formed which on subsaquent heating gives B,0, which Is reduced to boron on heating with
Mg, Na or K.

Na,B O (anhydrous) + 2HCl —, 2NaCl + H,8,0,

HB,0, + SH,0 —, 4H,BO, 2H,80, _Strongheding | B,0, + 3H,0
B,O, + 6K —— 2B + 3K,0 or 8,0, + 6Na —— 2B + INa,0
or B,0, + 3Mg —— 2B + 3IMgO
Hydrogen bridge bonding
BC - 25 bond)

”\?Ip

Structure of BH, H/

.

B,H; + HCl —— B,H,Cl + H,,
Nommally this reaction takes place In the presanca of Lewls acld (AICI,)




Let the rate constants of the above emisslon processes be K,, K, and K,, respectively and the
overall rate constant be K. Then

0693 _ 039-3

k=k1+k=+kﬂ_-

Also, k, = 0.38 k= Dﬂﬂx{;?:

| =0603x128
0.28x0.693

similarty,

usna 0603 0693
=TT 0%k 0.990.603 "

=33.68h

x128=67.36h

0693 0693 128 —20.76h

b= k, 042K 043

where t,, t, and t, are the partial haif ives for B~ emission, B* emission and electron capture
processes, raspactivaly.

X =NHCI A = CroCl,

B = Na,Cro, C = PbCIO,

Tha chemical reactlons are as rollows:

Cr2072+ 4CI + 6H* —— 2Cr0:Cl T+ 3H.0




CrO:Cly + 40H- —— CrOg2  +2Ck + 2H,0
(6l S

Pb{OCOCH:)2 + CrO42 —— PbCrOs  + 2CHsCOO
(vdbwer)

NH4* + 40H" + 2[HaL)* — / \ |+ 7F+ 3HO

\/"

Hd-d“hf&]] beme (brown pp.)

0
'D
10. Cl, FeCl Na-HoMd ,
w| (&

Cl
(&)

1

NO; NO:

CH:CHCHxCHy CHLHLCHCH,
Cl'l:fﬂ'lzCHﬂ'h CHE = EI-I—CI-EG'HE"'
cl
- (0 o ©

0- E:I-I:-Cl-h'm-la CH; -CH=CH;

11.  NoO.of double bonds =2
CH:CH;CHz-CH=CH-CH=CH- (CHz)s -CHz- OH

(Bombykol)
CHy - CHz- c?ﬁlj -CHz2-CHz-CHz - CH2 - (CHz)s - CH20H
4 Geometrical Isomers are possible.
H\ //(Cl'l?]# - CH:OH H\ /H
"y "N e =C
I\c . H >c - \(CHEH - cHﬂH
H/ I\\H H \H
10 122 w2122

H {CH?]B'E"I?W rh.
Se=c{ Neae”

R R
\mﬁﬁ TN




M 1 A B (tam 40y
yo T P20 o108k
o) nR 2x0082
P{atm)
05 C (0.5 mm, 40L)

| |
20 40
V (lire) =

() Total work (W) =W, + W, + W,
= _PAV+04+2.303 nRT Ing%

= =120+ 2.303x 2x0.082x121.95 log2
= -20+1386=-6.13L atm

Since the system has retumed to Its Initial state 1.e. the process IS cyclic S0 AU=0
Ad=q+W=0,s0
q=-W=6.13L. atm=620.7J

In a cycllc process heat absorbed Is complately corvertad Into work
(I) Entropy Is a state function and since the system has retumed to its Initial state S0 AS =0.

Simllarty AH=0 and AU =0 for the same reason |.e. U and H are also state functions
having definite viauas In a given state of a system.




Solution Puysics

(a) 2(Fundamental Fraquency of A) = 3 (Fundamental Frequency of B)

2, W
2, 4

_[RT ve f2e 3 fre M, _400
Aﬁ, "0'—11 M . 'Weé have ‘qMA 4 ML'NL. 139

Yo frM
© Vo "M,

(a) Time batween two consecutive collisions = %=t

Here, 1=5—;D sac and / = 1m = v =1000 m/s. Also, v=1‘% = T=160K

3
(b) Average Kinatic enargy of an atom of a monoatomic gas = Elr.T

E,,,%n: 3.312x10°" Joules

(c) From gas equation PV= %RT=H'I =0.2012gm

(a) As the pressure force axarted by liquid A IS radlal & symmetric Its net valua Is zero,
(b) For equiiibrium, Buoyant force = welght of the body

=h,p,Ag+hpAg=(h, + h+h, )Apcg (whera p_ = density of cylinder)

h =["'*"'*pﬂ].{h‘ +h, )=0.25¢m
[ =]

(©) a= F;HH;J-MQ =[hAPA + Pl-m"'hn}_[h'l'hn +hu]'l:': ] g =% upwrards

pch+h, +h)




4,

(a) No

(c) - Bridge Is balancad

Ry _06p_120
R, ~0dp X - oa

Where p Is resistance per unit langth.

(@) Ir X Is the diferance In quantum number of two states
then®'C,=6 =x=3
-2*(13.6aV)

Now, we have ~ =-0.85V weenen1)

-Z*(136eV) _
Y =-0544av ... (2)

Solving (1) and (2) we getn=12andz =3

(b) Smallest wavelength 3 IS given by -r-'-"-:- = (0.85-0.544) &V

Solving, we get A =4052nm .




(&) As there Is symmetry about the line SF, ringes will be clrcular.

Iy _[1-+0381

[ _(04Y _ 1
® . | Hi+dosa | (18] 16
(c) For maximum at B, path difference = nj, .
If AB IS shifted by a distanca x, It will causa an additional p&ll’l diferanca of 2x.

2= 3 (for minimum value of X) =x=Ai/2=300nm

(@) Torque dus to magnetic forces shoould act opposite to that of gravity I.e. along the -ve y-
axls. I pgk Is the magnetic moment

%t =MxB=Mkx(3] + 4K, = 3MB,] = Mis -ve
~ 1 should beé clockwise |.e. from P o Q
®) F=IL xB) = F_ =I[(<bj)x (31 +4K)B,] = IB b[3k- 4i]

mg
&b

() 3(ablB,=mga/2 = |=

(a) Number of photoelactrons emittad from plate A upto t = 10 s

A B

- d=1cm

V.

(5x107)x10"
10°

(D) Charge on plate B at L = 10 sec
Q=337 x 102-5 x 107 x 1.6 x 109=257 x 1012 C

ne= x 10 =5x10"

also Q, x 10 C
1
E—&-&: {Og'ﬂi‘]
25# 260 Zkll
o 177x10%  _ aeen
T 5x 107 x8.85x10" 0

(¢) K.E. of most energelic particies = (hv - )+ «Ed) =23aV




di Ldi
Q. l‘a} E—LE—iR= U=:r %—TH

2
®) Nt changa Infux = Jdb= [ 32ax-Li =42tin2-Li

!
) |
1 —_—
lo T € e

|

L

A i

- Xo - i

— 2Xo >
total change in flux £21In2-Li,
Net charge nown through rasistance R= = = .Z.IFH_

(c) Current In the circult for T< t < 2T Is given by | = |,e - TR/t

L_ R
Mt=2T,|=|.|f4 =ﬁ_2|ﬂ2

10. (a) From the diagram V. makes an angle of 45° with the x-axis.
(b) Using sine rule

Vo __Vi
sin138  sin15°

= Vn=3'|'lf$




11. (&) From F.B.D. of the ball

mv?
mgcose-N = R+d/D S )
Using consarvation of enargy
MA[R + (072)] (1 - coSa) = (%) MV? RO )
From (I} and ()

N = mg (3 cos 6 - 2) radlally outwards

(D) ¥

|| | [ ——

>Cc0s0

@ 23

12.  (a) Magnitude of centrifugal forca on both B and Cis
F,=mas!
~. Resuitant force

F = 2F, 08 30" = 3 M/
(b) Torque due to F about A

T.A -

Ffl=ic¢=2mfu a =—=F =

F, +F=——3m=23

_ __F
A e =

Ff=‘l'; miw’




Solution Mathematics

Cleary A+ A,=a+Db

et 1 Bl asb _A+A
H  H ab HH a GG,

A+ A, a+b ={2‘h+a}(2&+b}

—. —
H,+H, 1 1 9ab
33{2[1 +8a * Za+ h]

Let P(n) : (25)™1-24 n + 5735
For n =1, P(1): 625 - 24 + 5735 =6336 = (247 % (11)
which Is divisible by 247
Hence P(1) Is true
Let P(K) be the true , whera k > 1
= (25)"' - 24 K + 5735 = (24)° 5. where A=N
Forn=Kk+1
P(k+1) : (25)***- 24 K+ 5735
= 25[(25)%"1 - 24 K + 5735) + 25 . 24 . K - (25) (5735) + 5735 - 24 (K+1)
= 25((24)° A +(24)°K - 5735 X 24-24
= 25((24)2 4 +(24)2 K - (24) (5726)
= 25((24)° L +(24)* K - (24)* (229)
= (24)2[254 + K- 230]
which Is divisible by (24)°
Hence, by the mathod of mathematical Induction result Is true ¥ne N

For x > 0 cot'x = sin™ ! nd
];2+1




1
mfx-:ucﬂr'x=u—sin"[ ]
Jf+1

1
In both the cases sin(cot'x) = [ ]

- | .t X +1 X
mn Cl{ J!’+E]=J;

E, : coln In fair, E, : coin IS blased, A :Mirst toss shows head and sacond toss shows tall

. RAEPE)
P& A= BRTE)AE 1+ PAIEIPES)
mi1
_ N'2°2 _Sm _ 9m
-Ell_._ﬂ?mz 17 0n+8N-8m &N+m
N22 N 33
The given aquation can be written as (2 -1) (2 -1) = 0
B

=oa=e P ore 9
sinca p and q are prime to aach othar
3‘1 2 i
p q

Henoa there 1S no value of « which satisty both the equations simultaneously othar than 1.
S0 a willbethe root ofelther Z¢-1=00rz1-1=0

= oelther 1+a+....aP =0 ort+a+..+a® =0

The line y = mx meats the given ||nas|nP[ 1 ,l]andc{ 3 3'"]

=LCM. of — Is equalto 2mn whare m Is the L.C.M of k, and K, but c=1,

m+1 m+1 m+1 m+1
y- = x- 1 Joy-2x-1=3
Henca equation of L, Is ¥——=—= — =T (1)

and that of L, Is Y-m“ —3[

y=-2x=1
From (1) and (2) y=55— 3--2-

= X=3y+5=0 which Is a stralght line

Let the equation of the lina by (y-2) = m{(x-8) whare m <0

=P=[E-Ti~.0]and Q=(02-8m)

Now OP + 0Q = |e-%|+|2_an|=1n+im+a<-n¢a1n+z\fimx (-m) 218




s .'i'
8. Letthe ellipse be §+-b7= 1and O be the centra

b%x,
Tangent at P(x,, y,) Is x:' +%—1 0 whose slope = ——r—

ay
Focus Is S{ae,0)

aly
Equation of the line perpendiculartotangent at Plsy = —— (x=a8).... (1)

b,
Equation oTOP Is y=Yx......2)
(1) and (2) Intersect
=y = a?"’{x -ae)
Xy byxy

= x(a® -b*)=a’

=xa%e’=ae=x=ale

which IS the corrasponding directrx.
Alternate

P=(acosp, bsinf),R=(hk)

b k
tano = E"lﬁ“ﬂ: -I:l' ........m

and slope oftangent

tan(u-a}=-§ma

- tan90P - 6)= ﬁ= 2 tanp = E%.% (from(1)

k _ak

or i
htae b‘h

= h= tE l.e. R lles on the comasponding directrix, when $=(aao),h =%

and when S=(-ae,0), h=-§




9. Required area Is ABCD

y =1 y=x

[
HZ0) (0,0) L(1.0)| B0y M{2,0)

3 "E 5
T[ﬂ—[2—ﬂ]]dl+ﬁ2—-4r§l—i{x2—zldx= ﬁT-ZJi +2!2—4§]-|%—21E'
1 2
-—i:zﬁ )= 242 -9+ 22(42 - 19- {[--4}[@_2&]]

_ﬂ-_ 3-4..&- i z-!‘_— 2-42- 2J“_ - 42 squnits

3
mumm
Required area = area of rectangle LMCN - 2 (area of LBA) - area of BMC

i< 2
=2- ‘!{2—x=)dx—'l[]_{f—2,‘|dx

=%—4stqunits
a8 by ¢
10. HereV=|a.(bxt)|=|a, b, ¢,
a; by ¢

AlSO L = a,+h,+c,+a!+h§+cg+a§+hg+c1

Z[(@, + b, + ) (@ + b+ G) (@ + by +¢)])7 (- AMzGM)
=L’2(a, + b, +C,) (@, + D, +C,) (a, + D, + Cy)

2| (a,,C, + 8,0,C, + &,D,C,) - (3,b,C, + A,D,C, + a,0,C) | =72 V.
Alternate

a, by ¢

P2 22 ||= e, + abicy+ ey - (e, + ap, + ap,e) |
a8, by, ¢

V= max. {(a,DC; + aD,C, +a,0,C,), (a,D,C; + @G + a,0.0,)}




Let (3,D,C; + 30,0y + 3)D(C;) Z (A,DC; + 3,0,C, + 8,0,C,)
V <(abgc,+ap.c, +apc,)

a,+b, +c, a,+b, +¢; ) (8, +b,+¢,
S A s

L > (a1b2¢3)V? + (a,b,c)'? + (a,0,c)1*

L2 > (3D,€, * 80,0, + 30, (2)

From equation (1) and (2),

v L2

similarty we can prove for the case (ab,c, + ajp,c +abc.) <(ab,c,+abgc, +abc)

1. I=I¢(3m+ X X2 4+ 3% +6) ™ dx, x>0
j{x’“"‘ o X MY (2T 4 3x A 4 BX™)VM g

Lot 20 + 3x@n + gxm =t =(X™ +x™™ +x“"‘]dx=%

i 3

+j'm Im am m, (me-Ty/m
=_Ilﬂmdt_1 il oo 2"+ x4+ 6xT)

-

‘Bm  6m [m+1] &m+1 e
\ ;

m

x+a+1 X < -8
(x+a-1°+b,-asx<0
x° +b, DEx=<1
(x=2)° +b, x21

olft-a)7) =1 ]=b=0 (as gof Is continuous everywnhere)

12, g(f(x))= ;

gfi-a)*)=1+b

9{ftﬂﬂ=ta—ﬁ*}
NOW. . =a=1
g(f(0)*)=0

For this value of a and b, g (1(X)) IS continuous.
X+2 x<=1

And g(fx)) = Ix%, -1=x<1

(x-2, x21

Claarly at x =0 g(f(x)) Is difemaetiable.




