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SECTION A — ENGLISH ANSWERS

Q1. Classify the elements of group 14, 15 and 16 into metals, non-metals and
metalloids. (2 Marks)

Answer:
» Group 14: Carbon (C) is a non-metal; Silicon (Si) and Germanium (Ge) are metalloids; Tin

(Sn) and Lead (Pb) are metals.

» Group 15: Nitrogen (N) and Phosphorus (P) are non-metals; Arsenic (As) and Antimony

(Sb) are metalloids; Bismuth (Bi) is a metal.

» Group 16: Oxygen (O) and Sulphur (S) are non-metals; Selenium (Se) and Tellurium (Te)

are metalloids; Polonium (Po) is a metal.

Trend: On moving down a group, the metallic character increases and non-metallic character

decreases, because atomic size increases and ionisation enthalpy decreases.

Q2. Two beakers A and B contain ferric hydroxide sol and NaCl solution
respectively. When a beam of light is allowed to converge on them (in a darkened
room), the beam of light is visible in beaker A but not in beaker B. Give the

reason. What is this effect called? (2 Marks)

Answer:

 Ferric hydroxide sol [Fe(OH)3] is a colloidal solution. Its particle size (1-1000 nm) is large
enough to scatter light falling on it, so the path of light becomes visible as a bright cone
(beaker A).

» NaCl solution is a true solution. Its particle size is very small (less than 1 nm) and cannot

scatter light, so the path of light is not visible (beaker B).

+ This scattering of light by colloidal particles, making the path of light visible, is called the
Tyndall Effect.
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Q3. In the given chemical reactions, indicate whether you would expect the

entropy of the system to increase or decrease, and why: (2 Marks)
(i) 2802(g) + 02(g) — 2S03(g)
(i) N2(g) + 3H2(g) — 2NH3(g)

Answer:

* (i) In this reaction, 3 moles of gaseous reactants (2 mol SO2 + 1 mol O2) form 2 moles of
gaseous product (SO3). Since the number of gas molecules decreases,

randomness/disorder of the system decreases. Hence, entropy decreases.

* (ii) Here, 4 moles of gaseous reactants (1 mol N2 + 3 mol H2) form 2 moles of gaseous
product (NH3). Again, the number of gas moles decreases, so the system becomes more

ordered. Hence, entropy decreases.

General rule: Entropy decreases when the total number of moles of gas decreases during a

reaction, and increases when the number of moles of gas increases.

Q4. Write down the reactions involved during the formation of photochemical
smog. (4 Marks)
Answer:

Photochemical smog is formed due to the reaction of unburnt hydrocarbons and nitrogen

oxides released from automobile exhaust, in the presence of sunlight. The major steps are:
NO2(g) » NO(g) + O(g) (in presence of sunlight)
0(g) +02(g) » 03(g)
03(g) + NO(g) —» NO2(g) +02(g)

Unburnt hydrocarbons present in the air react with ozone and oxygen atoms to form a variety

of secondary pollutants such as formaldehyde, acrolein and free radicals.
RCH = CH2 + 03 - RCHO + HCHO + other products

These free radicals further react with NO2 to form peroxyacyl nitrates (PAN), the major

component of photochemical smog:

RCO-0-0e + NO2 - RCO-0-0-NO2 (PAN)
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Thus, photochemical smog mainly consists of NO2, O3, PAN and aldehydes, and causes

irritation in eyes, throat and lungs, along with damage to plants and materials.

Q5. Explain the pattern of variation in the oxidation states of (i) B to Tl and (ii) C
to Pb. (4 Marks)

Answer:
(i) B to Tl (Group 13):

» Boron shows only the +3 oxidation state because all three valence electrons (2s2 2p1)

take part in bonding.

» On moving down the group from Al to Tl, the +1 oxidation state becomes progressively

more stable, while the stability of the +3 state decreases.

» This happens due to the inert pair effect: the 6s2 (or ns2) pair of electrons in heavier
elements (especially Tl) resists participation in bonding due to poor shielding by inner d/f
electrons, so it remains as a lone pair while only the outer p-electron is used for bonding,

giving the +1 state. As a result, TI(I) compounds are more stable than TI(lll) compounds.
(ii) C to Pb (Group 14):

« Carbon and Silicon show mainly the +4 oxidation state, as all four valence electrons
participate in bonding.

+ On moving down the group, the stability of the +2 oxidation state increases while that of

the +4 state decreases, again due to the inert pair effect.

* Thus Sn(lV) is more stable than Sn(ll), whereas for lead, Pb(ll) is more stable than
Pb(IV); for example, PbO2 is a strong oxidising agent because Pb(lV) readily gets

reduced to the more stable Pb(ll) state.

Q6. Consider the compounds BCI3 and CCIl4. How will they behave with water?

Justify your answer. (4 Marks)
Answer:

Behaviour of BCI3 with water:
« BCI3 undergoes rapid/vigorous hydrolysis in water to give boric acid and HCI:

BCI3 + 3H20 - H3B03 + 3HCI
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* Reason: Boron has only 6 electrons in its valence shell (electron deficient, incomplete
octet) and possesses an empty/vacant orbital. This vacant orbital readily accepts the lone
pair of electrons from the oxygen atom of water, forming an intermediate which collapses

to release HCI. Hence, BCI3 is easily hydrolysed.
Behaviour of CCl4 with water:
* CCl4 does NOT undergo hydrolysis with water; it remains unaffected.

» Reason: Carbon has a complete octet (4 bond pairs, sp3 hybridised, no lone pair, no
empty orbital) and, being a second period element, has no available d-orbitals to expand
its octet or to accommodate an incoming lone pair from water. Hence, water molecules

cannot attack the carbon atom, and CCI4 is kinetically inert towards hydrolysis.
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SECTION B — 8¢ 30X

99T 1. Feg 14, 15 31X 16 & cledl 1 &1, 31T 3R 3TET] & gafiehd | (2 37h)
34l
* HHE 14: F1E (C) 31 &; Ffriat (Si) 3R ST (Ge) 3Utnq & f&eT (Sn) 3R A5 (Pb)
SIS
- FIHg 15: ASEIateT (N) 3R BIEpRE (P) 3747 §; 3mifata (As) 3R Tt (Sb) 39erq &;
ey (Bi) e B
» HHE 16: 3iRIST (O) 3 ToH (S) 3T &; HATTTH (Se) IR TRIA (Te) 39T 8
drellferas (Po) eTd B
AIAT YT HHE H w1 ST TR IRAV] ITHR TG & 3R AT ey e &, forad
errfeae 707 d6r & 3R srenfeass aqor T &

TaT 2. el dia A 3iX B & Sha2l: BhReh grssiadrss diet 31X NaCl 8T §1 Ueh 378 ek &
YehreT T fohdoT 37 W AR ta T}, fhor st A 7 T@rs &t & <ifehaT B & 81|
$ROT IdIV | ST FHT ! FIT had 62 (2 37h)

3

- %R grSsIFarss Aiel [Fe(OH)3] Tk Sieliss! f[AerdsT &1 SHa& Ul & 3R (1-1000 nm)
ST 93T 81T & T 3 TerTer ST YhIfOT (scatter) X & &, ToT@Y Yehrer &7 AT Ueh THARGR
M & & H fom@rg ST & (T A)l

. NaClWﬂ?&/mﬁEﬁmH%,mmwmagﬁmm nm ¥ &) 81T &,
sHTIT I Y1 T TRITOT 16T &Y 9T 3R TehTer &7 AT fe@rs 18T &t (et B)|

« HICISST FHUI GART ThILT & SH TehiUTel ohl, ToTAH TenTeT Sl AT T gl SIld &, fesel ToTa
(Tyndall Effect) g &1
geaT 3. & IS JfRTFAT3T 7 gamv o Far Bees i veerdr geaft Ir geah, 31 i (2 37)
(i) 2502(g) + 02(g) — 2S03(g)
(i) N2(g) + 3H2(g) — 2NH3(g)

3
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o (i) 39 AfRfFAT 7 AT 3RS & 3 Al (2 AT SO2 + 1 Arel 02) Fera T 3cu1g &%
2 AT (SO3) =TT &1 3| & Avell Y TE&AT Teat T 37eTaET (disorder) Tedl &, 37d: Teerdl
gedl g
o (i) 3T =T 31TAFRFT & 4 AT (1 AT N2 + 3 Aol H2) TRt IR 3c91E & 2 A
(NH3) §=ITct & | 3 o Alelt hr T&ar e & Tared 3186 caaffyd (ordered) & STAT g,
37el: TegldY e B
A=Y T2 JAfRar & St 3 & Alell I el HEAT T § of Tegidl ged 8, 3R 519 78
TEIT S6dT & o Uegial J&d gl

52T 4. TehRIeT THTA TR 4 g (Photochemical Smog) & AT & GRT glet aTell
sifafhare faf@e (4 31)
3t
hIRT AT A g, G o TR0 1 3UTEATd 7 argal § folehorst aTel 37eToTel gTSgIehTest i
SATSEISTeT JTFATSST chl THTHAT & ToIcll & | HET TROT S8 TN o
NO2(g) - NO(g) + 0(g) ({3 o ehrer <l 3ufeUfd #)
0(g) + 02(g) — 03(g)

03(g) + NO(g) —» NO2(g) + 02(g)
arg H SUTEA 3eTolel gISsrenlelet, isilel 3R JiTereiolet TRATILT & HTY JTRTHAT Fleh
BIHATCSEISS, TohlelleT AR Herd Helehi (free radicals) Si¥ gfdciiden TG S=ird &

RCH = CH2 + 03 = RCHO 4+ HCHO + 3« 3c4lq

A FFT Heleh NO2 & 1Y JTATHIT iteh TRATHRINTRA ATS¢e (PAN) ST €, ST & il I
HEY TCh &

RCO-0-Oe + NO2 — RCO-0-0-NO2 (PAN)
$H JehI, Teh1el AT oTeh S gy & H&I: NO2, O3, PAN 3iRX Tfesgrss gid 8, Sit 3, arel
3R et 3 STeret T et @ Ereel T affd gard €
UQaT 5. a1 dcal Fr Terdianor 31aTA13il H AfFeaIdr & deat FT 3oa@ HITAT: (i) B A
Tl O (ii) C & Pb dh| (4 37h)
ECCE
(i) B & TI dsh (HeE 13):
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o SRIoT Fhad +3 HTFEIHIVT ITTEAT &2ATAT &, FAIfF 5TF T3 T TAS sl (252 2p1)
YA F HIT o B

« AIE TI T 1 SfTet O +1 3TTFERI0T IaeT efR- 318 T2y gidT STdl &, Sfafeh +3
31aET Fr fEeRar gedy ST g

* SHDT HRUT TATSHIT aTel Y314 (inert pair effect) §: T dcal (AT &9 & T1) 7 ns2 Sererele
Zater, T d/f Seterglail & AN TRETOT & HROT SEfeT 3 HIT 6T oIl R Tehlehl JaTeT oh
] H TEdT &, STafh dhadl SIgLT p-Selaeied 94T Saldl &, Torad +1 37aTAT Tl ¢ |
gRUTFEEGEY TI(1) T TI(1) Dt I 31fs Tarh gia &1

(i) C & Pb T (Hg 14):

- reeT 3R [Afclehlcl HTT: +4 TFEIOT IHAEAT ST &, FiTeh Tl TR HATSH Felergiol
FereT & T o B

- | A A ST OF, AT aTer TTE o IROT +2 AT ht AT TGl § ST +4
3aeT $r FFRar gedt s 81

* SHYHR Sn(IV), Sn(ll) & 3118 TR §, T o5 & T Pb(1l), Pb(IV) & 31Tt TR0 E;
3eT8Y0T & foIw, PbO2 Ueh Yool 3iTeFHIhRe & it Pb(1V) eldr & 318 TARN Pb(ll)
TEAT F IR & ST B

g2+ 6. T3 BCI3 3 CCl4 U faa & | A Tl & HI2N HaT cagR GRITTa? 39«1 3aX
AU (4 37)
3l
BCI3 &I STol & €Y STdgR:

« BCI3, ST & &Y doit ¥ STel-398e+ (hydrolysis) X sie 315 af 3 HCl §ATaT §:

BCI3 + 3H20 — H3BO3 + 3HCI
« SHIOT: SRTeT & HAISH P H FHdel 6 Seldele I o (Felacle-wgsT, 37qUT 3rsceh) 3T FH
U Ueh Rercl/@TelT @heTeh 81T ¢ | Ig Nefel SheTeh STol oh JHIeFdToTe] GNATI] o Tehlehl JaTel i

AT T TGUT X AT &, TSI veh Fegactl Aifieh STcm & Sit geahk HCl FeFd T 81 59
SHROT BCI3 T H STel-31qfed &1 STl &

CCl4 &7 3Tl & g1y cIdgR:

« CCl4 T & T TA-3THCT o781 T, Tg Tl J JATHTTIT Igar g
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» ST e T 35Ceh 0T GIelT § (4 S aTel, sp3 HBcA, hig Tehlehl JaTel o781, his Nerel
heTeh oTgT) 3R EfIc 3MTacT T ed 8o & FRUT 58 YR d-haTeh 3Teletl oAgT gl forad
g 3791 3r5ceh aEcl T Heb AT STel { 3HTel ATel TehTehl JaTeT T AT Y Heh | TH HROT STel
o 30T STeleT GIATI] G ITRAVT 61 Y Hehdt, R CCl4 STel-3198ee o 9 I1fcish &9 &
fATSH (kinetically inert) AT &1
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