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Civil Services (Main)

Examination, 2026 KVMS-P-CHY
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CHEMISTRY (PAPER-I]

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting questions)
There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH,
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.
The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one,

Coordinate diagrams, wherever required, shall be drawn in the space provided for answering
the question itself.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if considered necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of
a question shall be counted even if atternpted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off,
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B IUANT Hiferw (rT® i ST 7oTw
Some useful fundamental constants and conversion factors

N, =6-022%x10% mol™

frganf f@is /Rydberg constant =2.178 x1071% J
c=2-998x10% ms!

kg =1.38x1072% JK!

e=1-602x107!° ¢

m, =9-109x1073! kg

F =96485 C mol!

R=8-314 JK 'mol !

h=6-626x10"%Js

n=3-142

1 amu =1-66x107%7 kg

1 cal =4-184 J

1.J=1Lkg m? g2

1A=10%"em =10""m =01 nm =100 pm
1 atm = 760 torr =1-01325x10° Pa

1 bar =1x10° Pa =0.9869 atm
l1ev=1602x10"""4

1L atm=101-34 J

1 eV =23060 cal mol ™’

41202 =3-55x10%2 cm? 572

i 2
8m,

=6.025%107%8 Jm?

he=1-986%x10"%° Im
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WUE—A / SECTION—A
1. (o) UF ardias W o, 99 € 99 g
-
[P+u]{v—nb§znb?i‘
VZ

8| SWiefEn odfte § FE-T TEd SW-iEs S 9w o Fe-m -
Whaedm A a9l 87 ST wonell § el gehldl i g

OUne real gas equation is van der Waals equation

2
[m%‘i] (V —nb) = nRT

Which parameter in the above equation reflects the intermolecular force of
attraction and which one reflects the intermolecular force of repulsion?
Give their units in SI system. 5

(b} TE AT YE TE 7 B % U8 794 | U@ ¥ | WA-T 9 SA@ (i) 99 37, () e =14,
(iii) o=, (iv) i fEm @R ) e T welife ot s B

The surface tension of liquid A is greater than that of liquid B. Which liguid
will show larger (i vapour pressure, (i) cohesive force, fifi} boiling point,
(iv) capillary action and (v} wetting property? Explain. 5

(¢} TF arg F T T 2 =aln Rk s=weE we ¥, s wum semafa €15 O KO (Rl
fen T ® 5 @R R W fed 5@ W), o 3 e i aem 300 K @W 400 K
HR | S A w § iR e § e 9 e 9% g #, @ sifm aE @ i
qitads A e it (e 36t st ¥ fefe 93w e )

Two blocks of a metal having same mass have same heat capacity 15 J K™}
{presumed independent of T}, but are at different temperatures 300 K and
400 K, respectively, Calculate the final temperature and entropy change, if the
blocks are in thermal contact and reach equilibrium. (Assume two blocks
together constitute the isolated system) 5

(d} 300 K a9H 3N 1 atm 3@ W SEARISN 29088 1 20 TarW Agem eedisss 3
ferifm g ®1 @ TR w afifEn @ gr B (K ) T T w3 A afed
U] S

N304(8) = 2NO,(g)

At 300 K temperature and 1 atm pressure, dinitrogen tetraoxide is 20 percent
dissociated into nitrogen dioxide. Calculate the equilibrium constant (K o
and standard free energy change for the reaction at this temperature :

N;04(g) = 2NO; (g)
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(e} NH,Clis) ™ %= = frifaa #m )
(i) 56 a0 FI = TF =52 Teea 8w T s 2, ot oot Toren wes s wrawand ufdm #7
(i) #a a9 efifom 38 s & afefe NH, ff TfEm 3 fem aes ol vt aufee
B
WH,Clis) decomposes when heated.

fil How many components and phases are present when the salt is heated
in a closed container?

(i} Now, suppose additional NH; is also present in the container. How many
components and phases will be present? =

(N & = o3 (few T8) = foem e & faomm & fmdl @@ G(ANO,)
=5x107" kmol m™> @ gaft foeat U Hi €, (AgNO,) = 1 %1072 kmol m ™ #} |z
A faetuA § s Bean s 21 Sega-ammza el o) qau 8g % ged 8 sg @ R
25 °C W Tagu-mahE 49 % T faw F s AR #1 e At (FemEen Eaf
F ) |

One silver rod is immersed in a silver nitrate solution of the concentration
C,(AgNO;) =510 * kmol m™ and a second silver rod in the concentration
Cg{thD3}=1x1G_2 kmol m™. The electrolyte solutions are connected by

salt bridge. Calculate the difference AE of the redox potential [or the
electrochemical cell at 25 °C (under equilibrium conditions). 5

fg) 4= TaveE & fawanrd g sp-uaw il 8 oo w0l st 27

Why is it necessary to measure the cell potential using potentiometer under
zero-current conditions? S

(hy Tt w1 agea Tl ® B amn i & o R S e d wm o aem o I @ B
M, 1 et =0E g o fe S R w8 °C TeE Fi g § 30 °C dMHE W 40
AT STE] Wed! WOE R, A §1 S99Ed WEAT #1 afEwm e # seed RifEy)
Everyday experience demonstrates that food will spoil outside in a hot
summer day much faster than it would be i a relrigerator. Estimate
the activation energy of these decomposition processes by assuming that

food will spoil about 40 times faster at a temperature of 30 °C than at
a temperature of 8 °C.

() uF EE fe % v # wa dm RoTa Fowh v § me W own dmtoe ae 6oy
Hifer|

A flower is red in colour in daylight. What will be its colour in green light at
night? Justify your answer. 5

o

() oW udE W W F e AN F1 d9E W OgEd w6 B #=, =we fifb)

Spontanecus adsorption of gas on solid surface favours low temperature.
Explain, why.
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2. (o) & g el F AU aew 99 R degde e RataiEe 2

a/2
AN, =4HN[%J i S Mc2f2}{g~dc
(Fhdl & a1y )

{lx ‘_iN-':-J # ¢ F WY HeE FE—
N de

(i} 3 FEM-TE AT T @l T, 9 Ty > 1

(i) & WE-E FERE M, a1 MW M, > M.
o aerEl 1 gfe S

The Maxwell distribution of molecular speed of a gaseous system is

372
dN, = 4:11’\{ M ) o2 g~ Me? [2RT 4
2nRT

(Symbels have their usual meanings)

Plot rlx dN"] against e—
de

|V

(i} at two different temperatures T} and T;; T, > Ti;

() at two molar masses M; and M,; M, > M.

Justify your plots. B+7=15

(b) (i) 1 AfHriE TWE A FN B ¥ I8 7= FAM: ¢, Ay, BT A we T ouw = W
femn w1, Al 37 2 7= wEEnE ¥ 9o siwgdE A wn Em? (R R iy, >y g)

Two immiscible liquids A and B have surface tension values y, and vg,
respectively. When both the liquids are taken in a container, then what
would be the interfacial tension between the two liquid phases? (Given ;
Ya >¥s)

L

(i) 20 °C A W TETE F AAFER 93, B e 220 nm R, 35 Gde ¥ anemw
fades 2@ it M Fif) W TUEE © EETE S 98 T 22:39 mN mo! 2

Calculate the pressure differential across the surface of ethanol spherical
droplet of radius 220 nm at 20 *C. The surface tension of cthanal at that

temperature is 22:39 mN m ! 10
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feb i) 25°C w FEER § vfa TE FEuET A 7 e 62-3 kJ mol ™! R A9 Hi(g) 7
& o TEEf 24-7 kJ mol ! ®1 S 225 °C @A W HI(g) T el @ =9 g,
@ wAF gfads e i) 25°C & 225°C A TNER dWOF TH-AGE
E 1 e i oo 1 el L

Halgh Cp,m =29-08 JK™! mol™!

I(8); Cpm =33-56 JK mol™!

HI[R); Cp o =29:87 JK ! mol !
At 25 °C, the latent heat of sublimation per mole of iodine is 62-3 lJ mal !
and the standard enthalpy of formation of Hlg) is 247 kJ mol 1.
Calculatc the enthalpy change which occurs when HI(g) is formed from

the gaseous elements at 225 °C. The mean molar heat capacities over
the temperature range 25 °C to 225 °C are :

Holg); Cpom =29-08J K™ mol™!
Il Cp o =33:56 JK™' mol™

HIfg); Cp m =29 87 JK ' mol™ i3

(i) foferfaa sfufirn % e 400 K amm @ aG® i momn Hifag .

SN (@)+> Hy(g)  NHs g

2
7+ Sifsn 75 AS® wamm w fnft & R
(B 2 @ AGjggy =-16-496 kJ mol !

Snu, =192-45 J K™ mol™
Sk, =191:61J K™! mol ™'
Sti, =130-68 J K™ mol ™)

Calculate AG® at 400 K temperature for the following reaction :

%Nz[g}i- %Hﬂg} -+ NHalg)

Assume that AS” is independent of temperature.
(Given :  AGjeay =-16-496 kJ mol™

Sty =192:45 J K~' mol !

Sy, =191:61 J K™ mol™’

Sh, =130-68 J K ! mol ') 10
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3. fa) (i) o e vl d o wes F o tomfE fve A s o semivs $ fadied
TRE U, H, A9 G ¥ d89 § = i)

Derive the expressions of chemical potential of a component in a mixture

system in terms of extensive thermodynamic properties IJ, H, A and . 10

(i) Fehr (reFmEE = 321 °C) A frmy (e = 271 °C) tH-gw & i g faerm
1 A TE TR E e o 4y e ¥ 61 wr wfawa awn 146 °C W
@ 21 % e st = ety fifsg q $E-d8 e g €, =9k F
o, el il &) olee il g9 deEmilos Weu & slded gl f sanen fifi)

Cadmium (m. pt.=321 °C) and bismuth (m. pt.=271 °C) do not form solid
solutions or compounds with one another. Their eutectic point lies at
fil weight percent of bismuth and 146 °*C. Sketch their phase diagram and
label each region to show what phases are present. Explain the cooling
curves of this eutectic mixture.

(iif) -2 w1 fRuwd e ¥R wm wE

How does acetone-dry ice freezing mixture worlk? 5

fb) 25°C W ¥l Fem F E =5V em™ 1 vl fagm-43 =11 3o &, @i 2n?" sl
Fafd v=2.74%x10"° m s7! ¥

fi) st Zn?' AG £ B r ¥ TR w1 "Eed St fRu o ammm woss
FF TOF 1= 0890 mPa s B

() 3 & Fgon iw D F e i

In a homogeneous electric field E =5Vem™!, the speed v of Zn2" ions in

agqueous solution at 25 °C is 2- 74 x10™ m s~L.

fii Estimate the radius r of the hydrated Zn?* jon. The coefficient of viscosity
n of water at the given temperature is 0-890 mPa =.

(i} Calculate the diffusion coefficient D' of the ion. 10

(c) (i SI ¥l § 800 nm FgrgeehE fafem & wfa smmeRa St 6 e g

Calculate the energy of 800 nm electromagnetic radiation per einstein

in 3] system. 5
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fii) Hllg) =1 wHer-s9ges Freterign fow m @ gifys soi 3 2 2
Hi{g) + v — H(g) +1(g)
Hig) + Hllg) —2— H, g) +1(g)

| L(g) +1{z) Jﬁ_p I(g)
sl & forg, _ﬁaﬁm,maﬁmwmaﬁm—ﬁmm

& Tdl =mEe|

The photedecomposition of Hl(g) takes place following three elementary
steps

HI(g) + hv — Hig) +1(g)
Hig)+Hilg) — 2 1, @ +1ig)
I(g)+1fg) —3 5 L(g)

dHI(g)]

Find the expression of —- =

the reaction, 10

. quantum vield (¢ and kinetic order of

4. (a) gaciiEs O fagyd e s | T S TE gEveEE a1 e ey Ay e
EaiE
Draw and discuss the polarographic wave obtained in the case of a dropping
mercury electrode in polarography. 10

(b) (i} 25°C W IR A = B +C % WA § a=w gy A 7, e B A ©
1 w9 =z ) fyuify w30 ps AW T TR woeR ¥ faw 25 °C W oEnE
B 2.0x107'"" moldm™ % 3R 25°C W B a4 C =241 &1 @ @iga
2.0x10°* mol dm™ 21 38 wonelt # wnfie a0 st €1 o fifm)

The equilibrium A = B +C at 25 °C is subjected to a sudden temperature
increase that slightly increases the concentrations of B and C. The
measured relaxation time is 30 us. The equilibrium constant for the
system is 2.0x10°'® mol dm™ at 25°C, and the equilibrium
concentrations of B and C at 25°C are both 2-0x10~% mol dm >,
Calculate the rate constants involved in the system. 15

rﬁ)ﬁfﬁﬁ,ﬁﬁmmwﬁpwyﬁﬂmmmmﬁ
De—t_p_2 ., gu ulEfa dW B & & wifE  wEm
Cp g =0-5 kmol m™ 1 40 =z % @18, B 1 wza #5 §9 0- 05 kmol m ™3

% Wt 3 W IR DR @ 2, fawe @iEe Cp=0-1 kmol m ? R
AN T Ky TNk, T U i)
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A substance B converts simultanecusly ﬁu the products D and D' by two
parallel elementary reactions De¢——B - 2 3D’ The initial

concentration of B is Cg 5 =0-5 kmol m™. After 40 minutes, the

concentration of B has decreased to 005 kmol m >

the product D’ with a concentration Cp =0-1 kmol m™ is formed.
Calculate the rate coefficients k; and k. 10

fc) ZMH-HeR I To-vEw amgeR sifufEm i nfas Wi, iim afufEs S e F o
witaRa Bl ¥ giwema BeRfa % oy s S
The kinetic order of the solid-surface catalyzed gas-phase decomposition

reaction varies with the pressure of the gaseous reactant. Explain with
plausible mechanism. 15

; in the same time,
3

WIE—B / SECTION—B
5. (a) TE IEA (140 g), F 40 m s~ i wf & 5o w R, w2 wrel oed F9 RF w9
oty o foopft Fifem)

What is the de Broglie wavelength for a baseball (140 g) moving at 40 m s~'?
Comment on your finding. 5

fb) Tays sl w1 WEM wE, g@OTd- A9 [ATa-ErnEaneieE 4 e e fifm)

Distinguish between cis- and trans-dichloroethylene by using dipole moments. 5
¢} Tvir= smEm & Wy e s f et e Sqersy Sifem)

Provide the resonance structures with formal charges for the nitrate ion. 5

(d) HE R e, e Fn F 99E 200 pm B, 39F 2 EiE 111 wuae & = 6 v 5
70 7 &7 = $ifsw

What is the shortest distance between two successive 111 planes of simple

cubic lattice of edge length 200 pm? Explain. 5
(e} REFET w0 37 Al FE afiFa fEm sma g0

What is ferredoxin? How is it classified? 5
(i Fele uwE w27 UF G99 5 AR § % wlEaa e BT

What iz chelate effect? How is it affected by the ring size? 5
gl R R st 9w w6 w37 e g A e Fik

Why is ferrocene termed ag a sandwich compound? Explain its structure, 5

(h) #FEEA TEEEEE #ORY 3 o ARt % e § geamea ¥ gEn w1 3@ fife
fii) [Co(NH;)5S04]NO, @ [Co(NH;)sNO,1S0,

fiii) [PLINHz)4] [PtClg] 1 [PtiNH3),Cl;] [PtCl,]
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What is ionization isomerism? Mention the type of isomerism in the given
pairs of complexes : 5

) [Cr{H,0)4Cl,] and [CrCIH,0)5]Cl, -H,O
fii) [Co(NH;)5S04]NO; and [Co(NH,)sNO5]SO,
fii} [Pt(NHjz),] [FtClg] and [PLNH;),4Cl,] [PtCl,]

(i) HFEE EE F 2P e wney g F Eg i)

What is inorganic benzene? Explain it with structure, S
() AfEEE amEEA wn R = Hifi
What is actinide contraction? Explain. 3

6. (o) (i) VSEPR fagm & e fr=fofan i wie dwmei au sarfafy =0 sm @
[1} SDE: {g] ]5) ‘Ej SFq_, [‘1‘] BIFE, [5} KEF,-_I

Predict the Lewis structures and geometry of the following as per
VSEPR theory : 10

(1) 805, (2) I3, (3) SF,, (4) BrFs, (5) XeF,
fG) F, 3 % A0+ F4F ANE SR 791 795 @G FH a9 JEEW TR 7 gE
whifeg)

Draw the molecular orbital diagram for F, molecule, and mention its
bond order and magnetic behaviour. 10

b)) [CoH, D))" = wmliE wan B emE, AR [CoCl,]?~ = ey T Fmn
Fii 27 =rEy fifs

Why is the electronic spectrum of [Cnﬂ-lﬂl.‘}]ﬁ]2+ pale pink, whereas the

spectrum of [CoCl,|?" is deep blue? Explain. 10
(i) EAN Frm =1 %7 Frefefae % EAN 9@ & momn $ife

(1) [Cr(CO)g] (2) [FelCNIg]*

(3) [ColNH;)6)%" (4) [Ni(NH;3)6]%"

Whalt is EAN rule? Calculate the EAN value of the following : 10

(1) [CriCO)g) (2) [FelCN)g]*

(3) [CofNH,)e)* (4) [Ni(NH;)6]%"

() [Re,Clgl?™ =M&A * WY %A 941 SgI0 =G 1 a9 Hiag)|

Describe the bond order and quadruple bonding in EREQCIE]Q ion, 10
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7. (a) muaﬁiaﬁ%m%w[x]:e”,aﬁuiaﬁ=in 1 AEH WoA £ APH FH w1 BT

= T
Show that y(x) =e™" is an eigenfunction for the operator A = i = What

dx
is the eigenvalue? o

(i} wF Hige fowhl TEE L B, WE HA e 3= gy 8, of wes 9w e =i
A ®, T8 wEw A gw e (B oo om %) % fo wwe-Fade Aiftw wie

—— Y (X) =0; O xS L
iy 72

2| Fwfafies wdem &1 wumE g, (x) = 1“| sm[“L ) % WE o n=123 .. %l
n=0 F7 F TRl &t = FifEey

The time-independent Schrédinger equation for a free particle (of mass m)
in a box of lenegth L (inside the box potential energy is zero, but outside
the box is infinity] is

a2y gmp*
2 "

=0, 0=x=L

The splution of Lhe above eguation is wn[x]=‘|'l%3in[$]; where

n=12235 ... Why is n =0 not allowed? Explain. 5

(b} (i) 3 EH TF WA F A A F Ap, xAx = h F W A w=fim w1 9w § ol
Ax=50 pm ®, T €T 41 a0 § <FaH AHTI0A w1 a1 TRl J9 5 e 5w
famoft Fifm
Find the minimum untertainty in momentum and speed if we wish to

locate an electron within an atom so that Ax-50 pm, using Ap, xAx = h.
Comment on yvour two findings. 10

fii} 2p, Fah F e n, 1A my F 99 w0 E7 =R S
What are the n, ! and m; values of 2p, orbital? Explain. 5
(c} ﬁ; 1 it deadiEl 8C, BCC aa1 FCC ¥ @ $d-d doaqn wad sifus ain $9-d
HET TR FH RS wEfea 37 U e WA A Hged SE S AT S
Lt R U ol

Out of three lattice structures SC, BCC and FCC, which one is maost
economically packed and which one least? Give your answer, calculating
packing fraction of each lattice structure. 20
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(ii) reeeia 3@ 9 9 ven-fem fads % swma ¥g s =i & i am Ao
T 27 =mEn fifm)

For Bragg X-ray diffraction studics of crystalline sclid, what is the Bragg
condition for constructive interference? Explain, 5

8. (o) #FWrAE & T A9 R 99%4| O e we Hifag)

Differentiate between T and R conformation of hemoglobin. 10

() (i) TEEHA A W a9 FEE w90 FiE)

Describe the structure and bonding in diberane. 10

i) fafeel =01 %8 @ffda fFn am 87 Fafvlise wfes= * 9@ 9o dEme @ w39m
ER ;

(1) Si03™ =, (2) 8i,05” 2, (3) Si,05 w=A

How are silicates classified? Predict the namcs and structures of the
following silicates : 10

(1) 8103 ionm, (2) $i,08 ion, (3) Siz08 ion
e} ) 300 KW Eu®' a9 Sm®", &FARe % Jafim sl & 97+ sgwia =i @
w4 &1 =AmEn #if)

Why do Eu®’ and Sm3' not follow the trend of magnetic moment of
lanthanides at 300 K7 Explain. 5

(i) Eu 947 Yb W BigH La @ Lu °% = gifras e = &4 & sfl &7

Why do the metallic radii decrease from La to Lu except at Eu and Yb?  3+2=5

(it} erdAEe & e Fefn B g FE osem e s R e g

How are lanthanides separated by a complex formation method? Give
description. 5

fiv) Ced* amm“qmmmﬂmmﬁmaﬁ%,mmﬁw w1 i 9|
s gl &7

Why do Ce>®" and Yb®' not absorb in the visible region, but show
sharp absorption in the ultraviolet region? 5

L
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