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Thep - Block Elements

Theedementsinwhichthelast € ectron entersthe other most p orbital arecalled p- block el ements. As
the maximum number of electronsthat can beaccommodated in aset of p-orbitalsissix, thereforethere
aresix groupsof p - blocksintheperiodictable.

Group 13 Elements: Boron Family

TheElementsare B (Nonmeta),Al, Ga, In, T (Metals)
General eectronic configuration [Noblegas] ns? npt

Atomic and Physical properties.
(@D} Atomic and lonic radii
Atomicradii: B>Ga<Al<In<T

2 lonization Enthalpies.
B>T >Ga>Al>In(SumofthreelEvaues)

)] Melting and Boiling points
M.P B>AI>TI>In>Ga
B B>AlI>Ga>In>Tl

4 Electropositive Character
Dueto high IE they areless e ectropositive on moving down the group metallic character increasesdue
todecreaseinlE[ .. Bisnonmetalsand other elementsare metals.]

B < Al<Ga<In<TI

Non Metals
metal

Note : Boronexistsinmany dlotropicforms. All thedlotropeshavebasic building B, , icosahedral unitsmade
up of polyhedron having 20 faces and 12 corners.For exampleoneisthesimplest form: o - rhombohedral
boron. .

ButAl,In& T al have close packed metal structure.

Chemical Properties:
B already discussed.

(@)} Reaction with Air at Water
Al should react air to form avery thin oxidefilm (10# to 10 mm thick) onthe surface and protectsthe
metal fromfurther attack

3
2Al(s) + 5 0O,(9) > Al O4(9) AH°=-1670 kJ/mole (Thermal reaction)

Gaand In are attacked neither by cold water nor hot water unlessoxygenispresent. T forman oxide

nnawrfara
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2 Reaction with Oxides and Bases
Al dissolveindiluteminerd acidsliberatingH,
2Al +6HCl — 2AICl, +3H,
Al dsodissolvesin agueousNaOH (.. amphoteric) liberating H,, and forming duminates
2Al +2NaOH + 6H,0 — 2 Na[AlI(OH),] + H,,

or
2NaAlO, + 2H,0

Ga, In, T dissolveindiluteacidsliberating H, Gaisamphoteric likeAl and it dissolvesin ag. NaOH

liberating H,, and forming gall ates.

I solation of " B":
® Preparation of B,O, from Borax or Colemanite
Na,B,O, + HCI/H,SO, — NaX + H,B,O,
H.,B,0, +5H,0— 4H,BO, _2 ,B,0,+H,0
(iN) Reductionof B,O,
B,O; + NalK/Mg/Al — B + Na,0/K ,0/MgO/Al O,

Chemical Props.:

0] Buminginair: 4B + 30,— 2B,0,
4Al + 30,— 2Al,0,
(i) Reaction with water
B +H,O(Cold & hot) — noreaction
2B+3H,0— B0, +H,
(red hot)

L
Al +3H,0— Al(OH), + — H,

(i) B + HCI—— noreaction
B +H,SO, (dil}— noreaction
2B + 3H,S0, (conc.) —> 2H;BO; + 350,
B + 3HNO,— H,BO, + 3NQ% .
2Al + 6H,S0,— Al(SO,), + > 6H,0
Al + HNO,(80%) —— Al O, (passivelayer) and doesnot react further.
(v) 2B +2NaOH + 2H,0 — 2NaBO, + 3H,
2Al + 2NaOH + 2H,0—— 2NaAlO, + 3H,,
) 2B + N,— 2BN 2Al +N,— 2AIN
48+C—B,C 4Al +3C—> Al C,
(vi) 3Mg+2B—— Mg,B,

MbKESH SHARMA

Preparation of B,H:
0] Mg,B, + HCl— B,H, + B H,, + B.H, etc.
(10%)

(i). " ByHyp ——— B,H, +H, + higher borane

Electric

(iii) BCl, (or B Br,) +6H B,Hg + 6HCI

2 dischargeat low pressure
(V) 3LIAIH,+4BF;——> 3LiF + 3AIF, +2B,H,
orLiBH, or 3(BF,)
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Reaction of B,H:

burnsin
G) BZH6 + O2 8203 + HZO

air spontaneously

(iN) B,H, + H,O (Coldis enough) — H,BO, + 6H,

(i)  B,Hg+HCI (dry) :I”—g> B,HCl +H,
3

Orthoboric Acid
H,BO, issolublein water and behaves asweak monobasic acid. It does not donate protonslike most
theacids, but rather it accepts OH- . Itis thereforeisLewisacid (B(OH),)
B(OH), + 2H,0 —= H,0" + [B(OH),]-

or
H,BO,
Since B(OH), only partially reactswith water toform H,O" and [B(OH) | ~ it behaves asaweak acid.
Thusit cannot be titrated satisfactorily with NaOH as a sharp end point is not obtained. If certain
polyhydroxy compounds such as glycerol, mannitol or sugar are added to thetitration mixturethen
B(OH), behaves asastrong monobasi c acid. and hence can now betitrated with NaOH and end point
isdiluted using phenol phthaein asindicator.
B(OH), + NaOH — Ng[B(OH) ]
NaBO, + 2H,0

The added compound must beaasdiol to enhancetheacidic proprietiesinthisway thecis-diol forms
very stablecomplexeswith [B(OH) |~ formedinforward direction above, thuseffectively removingit
from solution. Hencereaction proceedsinforward direction (Le-Chatelier principle.)

| ] o, . | -
—C—OH | Hao  OH — T_O\ AN
B

| + B HAO- A
[l HO/ \OH HJ'ZM:H' Hr".“-.'c:_()/ \OH

_lc—o\B/O—lc— . HO—Cli—
c—o No—c— -2H,0 Ho_cl;_
* Heating of boriclzacid : -
H,BO, <*XC 5 = HBO, ¢, H,B,O, ?‘hog B,O,
Metaboric acid tetraboric acid Glassy mass

0-0
* H3BO, #H,0,—(H,0)+ (HO),B-0-0-H N1 ,Na, (110, B\/ \/B (OH), | 6H,0
0-0

Sodium peroxy borate used in washing powder
as brightener
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Preparation of Borax :
2Ca0 - 3B,0, + 2Na,CO, —— 2CaCO, { + Na,B,0, + 2NaBO,

Colemanite
Filtered

— CaCO;(as residue)

NaBO, + [NaZB ,0,10H,0 }  Concentraed  Na,B,0, + NaBO,
inFltrate asresidue and allowed to

crystalliseout in solution
and filtered
CO, passed and
crystallise out again [4NaBO2 + C02 — NaZB4O7 +N aZCOJ

Na,B,0, -10H,0 ¢
as 2nd Crop. of the
resction.

Uses of borax: (i) Inmaking glass, enamel and glaze of pottery.
(i) Asantisepticinmedicina soapspreparation.

Al O, preparation :

@ 2AI(OH), 3%€ , ALLO,+3H,0

(i) Al(SO,), L)AIZO3 + 380,

(i) (NH,),SO, Al,(SO,); 24H,0 —2 5 Al,O, + 2NH, + 4SO, + 25H,0
Uses: (i) Inmaking refractory brick

(i) asabrasive
(i)  Tomakehighauminacement QX ESH SHARMA

AICl, preparation: 2

() 28 +  BHCI(vap)——> 2AICI,+3H,
(over heated) dry

@)  ALO,+3C+3Cl; =——>2AICI, (vap.) +3CO

2 1000°C
Cooled
Solidanh. AIC,
Props:
® Itsanhydrousformed isdeliquescent and fumesinair.

(i) It sublimesat 180°C.
(i) It iscovalent and existsintheform of dimer evenif in non polar solventse.g. Ck Cl
ac., ether, benzene, whereitissolubleinfair extent. / \ /

/ \ / \
Uses: (i) Friedd-Craft reaction
(i) Dyeing, drug. & perfumesetc.
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Alumns: M,SO,, M, (SO,), 24 H,0 Props: Swelling characteritics

where M = Na', K*, Rb*, Cs*, As*, TI*, NH,
M' =Al*3, Crt3, Fe™3, Mn*3, Co*3

K,SO,-Al(SO,);24H,0 Potashaum
(NH,),SO,-AL(SO,),24H,0 Ammoniumaum
K,SO,-Cr,(SO,), -24H,0 Chromeaum
(NH,),SO,Fe,(SO,),24H,0 Ferricaum

Preparation: Al,O, + 3H,SO, — Al(SO,); + 3H,0

Al(SO,);+K,SO, + ag. sol"— crystallise

Uses: (i) Act ascoagnlant

(1)
@)

2
3)

(4)

(I1)

(i) Purification of water
(i)  Tanningof leather
(v)  Mordantindying
v) Antiseptic

Group 14 Elements (Carbon Family)

TheElementsare  C[Nonmetasg] ,
Si, Ge[Metdloidg],
Sn, Pb, [Metalg]

Generd eectronic configuration [ noblegas] ns? np?

Atomic and Physical properties
Atomic Radii pa—
Covdentradii: C<Si<Ge<Sn<Pp [MHeisnania

| onizations Enthalpies |

C>Si>Ge> Pi=sSn (IE, values)

Melting and Boiling Points -
M.P C>Si>Ge>Pb>5Sn
BP S >Ge>Sn>Pb

Metallic Character
C<Si<Ge<Sn<Pb (Metalic character)
C, Si[Non metal]
Ge[ Metd ]
Sn, Pb[Metd]
Chemical Properties(Discussed in sheet)
Unique Character of C

Catenation

Theproperty of forming bondswith aomsof the samed ement or tendency to self linking caled catenation.
Carbon shows maximum catenation. On moving down the group catenation tendency decreases. This
becausethe strength of C— C bond is very high and in case of other elements, strength of M —M (where

M =Si, Ge, Sn, Pb) bond is decreases down the group.
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Bond Bond Energy (kJmol2)
Cc-C 348
Si—Si 297
Ge-Ge 260
Sn—Sn 240

Typesof Carbide
® lonicand sdtlike:

Classfication on basisof (@) C, unit
no. of carbon atoms (b) C, unit
present in hydrocarbon (c) C, unit
found onther hydrolysis

C, unit: Al,C,, Be,C

Be,C + H,0 —> Be(OH), + CH,
Al,C, + 12H,0 ——> 4AI(OH), + 3CH,

C, unit: CaC,, BaC,
CaC, + 12H,0 — Ca(OH), + CH=CH

C,unit: Mg,C,
Mg.C, + H,0—— 2Mg(OH), + CH,-C=CH : Propyne

(i) Covaent carbide: SIC& B,C
(i) Interdtitial carbide: MC (Trangition eement or inner transitional eementsformsthiskind of carbide)

Interdtitia carbideformation doesn't affect tk_1e metaliclustureand eectrical conductivity.( nochemicd
bond ispresent, no changein property)

. {ESH SHARMA
Preparation

SIO, + 2C(coke) ——2° 5 g+ 2cOT

2 2500°C L
Si+c 2% , ¢ diamond like structurecolourlessto yellow solidin room temp.
2500°C
\2
whenimpurity ispresent

Properties

M Itisvery hardandisused in cutting toolsand abrassive powder(polishing materid)
(it) Itisvery muchinert
(i) It isnot being affected by any acid except H,PO,
Cco
—How to detect
<~ How to estimate
— What are its absorbers

@ How to detect
(& burnswith blueflame
(b) COispassed through PdCI,, sol ution giving riseto black ppt.
CO + PdCl, + H,0—> CO,T + Pd{ + 2HCI
Black metallic

Aennaitinn
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(i) How to estimate
1,0, + 5CO— |, + 5CO,
l,+S,05 — 21"+ S,05
@iy  What areitsabsorbers
(a) Cu,Cl, : CuCl + CO + 2H,0—— [CuCI(CO)(H,0),]

Uses:
Inthe Mond's process of Ni - extraction
COisthepurifying agent for Ni

Impure Ni + CO —2<— Ni(CO), —2¥° Ni + 4CO

recycled
Producer gas: CO+ N, + H,
Water gas: CO+H,
Water gasishaving higher calorific valuethan producer gas.  “inwater gas, both CO & H, burnswhile
in producer gas N, doesn't burn.

Teflon —(CF, - CF,)-

heatedwith heated Polymerisation at
_— _—> = > —
CHCI; + HF = CF,HCI cgain CF,=CF, e, —CF, -CF,)-

catalyst —-HClI

Purpose
Temp. withstanding capacity upto 500-550°C (1% organic compound withstand thiskind of hightemp.)

SILIGDN (Si)
Occurrence
Siliconisthe second most abundant (27.2%) @lement after oxygen (45.5%) intheearth'scrust. It does

not occur freein nature but in the combined State, it occurswidely in form of silicaand silicates. All
minera rocks, claysand soilsarebuilt of slicatesof magnesum, duminium, potassumor iron. Aluminium
slicateishowever the most common constituent of rocksand cl ays.
Silicaisfoundinthefreestatei n&dﬂ-’m&ﬁd quartzand inthe combined state assilicateslike

® Feldspar — K,0. Al,04. 6510, .

(it) Kaolinite—ALQO,. 2810,:2H,0

(i)  Asbestos— CaO.3MgO0. 4Si0,

Preparation
M Fromsilica(sand): Elementd siliconisobtaned by thereduction of silica(SO,) withhigh purity cokein
andectricfurnace.

SiO,(9) + 2C(s) —Mantemperature - gj(s) + 2CO(g)

(i) Fromsilicontetrachloride(SiCl ) or silicon chloroform (SIHCI,) : Silicon of very high purity required for
making semiconductorsisobtained by reduction of highly purified silicontetrachlorideor silicon chloroform
with dihydrogenfollowed by purification by zonerefining.

SiCl () + 2H,(9)— Si(s) + 4HCI(g)
SiHCI(s) + H,(g)— Si(s) + 3HCI (g)

PHYSICAL PROPERTIES:
0] Elementa siliconisvery hard having diamond like structure.
(i) It has shining luster with amelting point of 1793 K and boiling point of about 3550 K.

(il Siliconexistsinthreeisotones.i.e.Si. 2°Si and 3°Si but 28Si isthemost common isotooe.
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CHEMICAL PROPERTIES:
Siliconisparticularly unreactive at room temperature towards most of the elements except fluorine.
Someimportant chemica reactionsof silicon arediscussed bel ow.
® Action of air : Silicon reactswith oxygenof air a 1173 K to form silicon dioxide and with nitrogen of
arat 1673K toformsilicon nitride,.

Si(s) +O,(g) 173K SIO,(s)
Slicondioxide
3Si(s) +2N,(g) _1673K_ Si.N,(9)
Sliconnitride
(i) Action of steam: Itisdowly attacked by steam when heated to redness liberating dihydrogen gas.
Si(s) +2H,0(g) __rednes  SiO,(s) +2H,(Q)

(i) Reaction with halogens: It burns spontaneoudly in fluorine gas at room temperatureto formsilicon
tetrefluoride (SF)).

Si (S) + 2|:2(g) Room Temperature | G |:4(|)

However, with other ha ogens, it combinesat high temperaturesforming tetrahaides.
(iv)  Reactionwith carbon : Silicon combineswith carbon at 2500 °C forming silicon carbide (SiC) known
ascarborundum.

Si(s) +C(s) __200°C , SIC(9)
Carborundumisan extremely hard substance next only to diamond. Itismainly used asan abrasiveand

asarefractory material.
USES:

(0] Siliconisaddedto steel assuch or moreusudly inform of ferrosilicon (analoy of Feand Si) to makeit

acid-resistant.
(i) High purity siliconis used as semiconductorsii e ectronic devicessuch astransistors.
(iii) Itisused inthepreparation of aloyssuch assiM n-bronz rqlagnesi um silicon bronze and ferrosilicon.

HKESH SHARMA
COMPOUNDSOF SILICON:
Whatissilane. S| H,,,,, SIH,& S, H |

Only thesetwo arefound \ /
Higher moleculesarenot formed. show catanetion property

Hot Mg + Si—vap— Mg,Si = 212001, MgSO, + SiH, + SiH, + ...
Ques. SiH,ismorereactivethan CH,. Explain
Reasons

G) SiS+_H6— in CS—_H8+
C - electro-ve than H
Silesselectro-vethan H
So bond polarity isreversed when Nu- attacks, it facesrepulsionin Cbut notin Si
(i) Siliconishaving vacant d orbital whichisnot incaseof carbon
(i)  Siliconislarger insizecomparedto C. By which theincoming Nu- doesn't faceany steric hindranceto
attack at S whereas CH, istightly held fromall sides.
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Silicones
Itisorgano slicon polymer
CCl,+H,O——> nohydrolysis
but CCl,, + H,O0—> COCI,, + 2HCI
super heated
steam
SiCl, +H,0—> Si(OH), + 4HCl

"S5 SIO,(3-Dslicate)

)

R R

I I I

R,SiCl,+H,0 —5-=—>R,Si(OH), ——> -0-Si-0-S -0-S -0~
e H,0 | |
R R R

Linear silicone

O
R,CCl, + H,0 —-=—R,C(OH), — 2~ |
R-C-R
loosesH,O
readily

Siliconesmay havethecyclic structurea so having 3, 4, 5 and 6 nos. of silicon atomswithinthering.
Alcohol analogueof sliconisknownassilanol

R R
I I
RO AR R-Si-O-Si—-R
Ry OODD R o
\Sll\ Sp/3$|i/ I, )
R/ 5%3 \R R—S||—O—?|—R
dicsli R R
cyciicslicone MUKESH SHARMA
not planar
R.SIC —"22 ,RSOH — "5 R S-OSR,
A
Silanol R
R R
. . H,0 \ -H,0 | |
R,SICL,+RySIClL e fe T g R$-0)~S ~O-Si————
condensation | |
R R
Thisend of thechain can't be extended hence
R,SCliscalled aschain stopping unit
* Using R,SiCl inacertain proportion wecan control the chain length of the polymer
| |
0] R o]
I I I
RSICl,+H,0—— R-Si(OH), — 5> R-Si-0-Si-0-Si-O-
I I I
O O R
| I

crosslinked silicone
3dimensional network
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It providesthe crosdinking among the chain making the polymer more hard and hence controling the
proportion of RSICl; we can control the hardness of polymer.
Uses

(@D} It can beused aselectrical insulator (dueto inertness of S—O—Si bonds)

2 Itisused aswater repellant ( surfaceiscovered) eg. car polish, shoe polish, massonary worksin
buildings

) It isused asantifoaming agent in sewage disposd, beer making and in cooking oil used to prepare potato
chips

4 Asalubricant inthe gear boxes.

SILICA(SO,)
Occurrence: h

Silicaor silicon dioxide occursin naturein thefree state as sand, quartz and flint and inthe combined
Stateassilicateslike, Feldspar : K,0.Al,0,.6Si0,, Kaolinite: Al,O,. 25i0;. 2H,0 €tc.

PROPERTIES:

® Pureslicaiscolourless, but sandisusualy coloured yellow or browndueto the presence of ferric oxide
asanimpurity.
(i) Silicon dioxideisinsolublein water and al acids except hydrofluoric acid.
SiO,(s) + 4HF(I) — SiF,(1) + 2H,0(1)
(i) It al so combineswith metallic oxidesat hightemperaturegivingsilicatese.g.

SiO(9) + CaO(s) —2— CaSiO,(9)
(v)  Whenslicaisheated strongly with metallic salts, silicatesareformed and thevol atile oxidesaredriven
off asvapours.

SiO,(s) + Na,CO4(s) __hishteme. ., Na,SiO4(s) + CO,(g)

SiO,(s) + Na,SO,(s) __higtemp. _Ng SiO,(s) + SO,(0)
3SiO,(s) + Cay(PO,),(s) M’T‘_ﬂi‘BCaSi O4(s) + P,Oc(0)
Thefirst two examplesquoted herearei mportar kt_én Igl ass Lnakl ng.

STRUCTURESOFSILICA:
Silicahasathree-dimensiona network structire. Insilica, silicon isgp3-hybridized andisthuslinked to
four oxygen atomsand each oxyg\eg,if#gdl nked to two silicon atomsforming athree-dimensional
giant moleculeasshowninfigure. ThiSthree-dimensional network structurei mpartsstability to SO,
crystal and hencealargeamount of energy isrequired to bresk the crystal resultingin high melting poi nt

—Si—O—Si—O—|S|
o o &
5 0 & o5
o & 0

I I I
—S—0—S—0—S—

USES: | | |

0] Sandisusedinlarge quantitiesto make mortar and cement.

(i) Beingtransparent to ultraviolet light, largecrystd of quartz areused for making lensesfor optica insruments
and for controlling thefrequency of radio-tranamitters.

(i) Powdered quartzisused for makingsilicabricks.

(iv) . Silicagel (SiO,.xH,0) is used as a desiccant (for absorbing moisture) and as an adsorbent in
chromatography
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TIN& ITSCOMPOUND

@)  Sn—=%C5n0,[Burnswithabright flame]
02

.
¥»\C‘2’A5nc14
34 .qns,

room temp.

No reaction
@) Sn+2H0= 0 sn0, + o,
(i) Reactionwith acid.

dil.HCI reaction is very slow {Eluneatt(t)l rr;onoxidising}
Ef’lt‘;‘)“;(')HCI S+2HC—>SnCly+H,
o dissolve Sn Slowly forming SnSO,+H,T
—thot conc. H,SO,
Sn+4H,S0,——>Sn(S0,),+2S0,+4H,0
cold dil. HNO4

4Sn+10HNO;—>4Sn(NO; ),*NH,NO;+3H,0

hot conc. HNO;

5S8n+20HNO;——H,Sn50 ;. 4H,0+20NO,+5H;0
Metastannic-acid
[
SnO,
vy  Sn+2NaOH + H,0— Na,Sn0O, + 2H,T.
or
KOH [In absenceof air Na,SnO, formsand in contact with air it readity convertsinto Na,SnO,|

1 1500°C
+50 strongly

Oxides 2 2 .80, (White) <22 _ g4 0,
SnO (grey) . e
& SO, (white)  snc,0, — snON(grey) + CO + coz\_ H,Sn<0,, 4H,0
out of
contact of

AT W A(in abséenet oFair)
snCl, —%; Sp(OH),

Both areamphotericin nature: ===
SnO +H,;80,—»8nSO, +H,0
SnO + 2HCI——> SnCl, + H,0
SnO + 2NaOH or KOH _<d . Na,SnO, or K,SnO, +H,0

But conc. hot alkai behavesdifferently.

2Sn0 + 2KOH or NaOH — K,SnO, or Na,SnO, + Sn + H,O
* Bi(OH),+ [Sn(OH),]> —> Bi { +[Sn(OH)]*

(black)
SnO, + 2H,S0, 2, Sn(SO,), + 2H,0
(Solubleenlyinhot conc. H,SO,)
SnO,+ 2NaOH—— Na,SnO, + H,0
SnCl,& SnCl,,:
(1) Sn+2HCI (hot conc.)—> SnCl, + H,T

SnCl,.2H,0 __4 , Sn(OH)Cl +HCI T +H,OT = Henceanh. SnCl,, cannot be obtained.

J
SnO+HCI T
{SnCl, +4H,0——> Sn(OH), + 4HCIT fumes comes out}
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2 A pieceof Snisawaysaddedto preserveasolution of SnCl.,. Explain.
6SnCl,, + 2H,0 + O,— 2SnCl,, + 4Sn(OH)CI{ (white ppt)
SnCl,, + Sn— 2SnCl,,

SnCl,, + 4H,0—> Sn(OH) | (whiteppt.) + 4HCI
(3)  SnCl,+HCl— HsSnCl, —< , H,snCl,

~— ”
—~ 3
Chlorostannous acid

SnCl,, + 2HCl —— H,SnCl (Hexachloro stannic (1V) acid)
SnCl ,+ 2NH,Cl— (NH,), SnCl; (colourlesscrystalline compound knownas” pink salt ")
4 Red Prop. of SnCl, :
Sn*? + 2Fet —— 2Fet2 + Sn*t
2Cu*? + Sn*2—— 2Cu* + Sn*4
Hg+2 +Snt2— Hg d +sn+4
PhNO, + SnCl,,/ HCl — PhNH, + Sn*4
K,Cr,0, + SnCl, + HCl — Cr*3 + Sn** + KCl + H,O
(5)  Readily combineswithl,=>SnCl, |, = Thisreactionisused toestimatetin.
Formation of SnCl ;:
0) Sn + Cl,(Excess) — SnCl, ()  2HgCl,+SnCl,—> 2Hg{ +SnCl,
(molten) (dry)
(i) Sn+Ag. rigia—> SnCl,+ NO+H,0
* SnCl,,. 5H,0 isknown asbutter of tin = used asmordant.
(NH,), SnCl;isknown as'pink salt' = used ascalico printing.

Mosaicgold : SnS, yellow crystallinesubstance:
Sn+4NH,Cl — (NH,), SnCl, + 2NH, + H,
2(NH,), SnCl, + 25— + 2NH,Cl + (NH,),SnCl

* Distinction of Sn*2/ Sn*4: e
KESH SHARMA

(HH,S (i) Hg*2 (iii) Fe™3 + K [Fe(CN)] _s , Blue ppt.
COMPOUNDSOF LEAD
Oxidesof lead : N
(i) PbO (i) Pb,O, (Red) (iii) Pb,O(reddish yellow) (Sesouioxide)
(iv) PbO, (dark brown)
Yellow (Massicot) % Litharge
@ PO Apondered
Reddish yellow (litharge)
Laboratory Prep".:
Pb(NO,), — 2PbO + 4NO, + O, o
above 600°C PbQ, hot oxide 2
PbO, > | easlyreducediopbby /> PP H0
Pb,O, ? H,orC C
Pb,0, —> 27 \—=>Pb + CO

Prepar ation of Pb,O,:
2PbO  + NaOCl — Pb,0, + NaCl
Limited

hot sol " amount
of itin NaOH

Pb,O, + 2HNO,—> PbO, | + Pb(NO,), + H,0
Thisreaction sugaests that P.O, contains PhO...
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(2  PbO,:6PbO+0, %2%304 {Inthe same way, provethat itsformulais 2PbO. PbO.}
Pb,O, + 4HNO, (cold.conc) or (hot dil.) — 2Pb(NO,), + PbO, + 2H,0

But 2Pb,O,+6H,SO, 2 ,6PbSO,+6H,0+0O,
Pb,O, + 8HCI — 3PbCl, + 4H,0 + Cl,
(3)  PbO,: Insolubleinwater. HNO,, But reactswith HCI + H,SO ,(hot conc.) and in hot NaOH / K OH.
(i) Pb,O, + 4HNO, —2Pb(NO,), + PbO, + 2H,0
(i)  Pb(OAc), + CaiOCI)CI + H,0—— PbO,[Brown(dark)] + CaCl,, + 2CH,CO,H

Excessbleaching powder
isbeing removed by stirringwith
HNO,
Reaction:  PbO, + 4HCl — PbCl, + Cl, + 2H,0

2PbO, + 2H,S0, —~— 2PbSO, + 2H,0 + O,
PbO, + 2NaOH — Na,PbO, + H,0
PbO,: Powerful oxidisingagent:
® PbO, + SO,—— PbSO, [spontaneously]
(i) PbO, + 2HNO, + (COOH), — Pb(NO,),+ 2CO, +2H,0
(i)  2Mn(NO,), + 5PbO, + BHNO, — 3Pb(NO,), + 2PbSO4~L +2HMnO, + 2H,0

PbCl,: ExistsasH,[PbCl ]
PbO, + 4HCl — PbCl, + 2H,0
{icecold conc. saturated with C.}
PbCl, + 2HCI—— H,PbCl

TetraEthyl lead : ]
4Na-Pb(alloy 10%-Na.) + 4C,H Clfvap.) —> 3Pb + Pb(Et), + 4NaCl
Itisantiknocking agent.
MbKESH SHARMA

Group 15 Elemen_t]s(Nitroqen Family)

Thedementsare w Non metal]

As[ Matdlloid]
b, Bi [Metdl]
The Generd dectronic configurationis[noblegas] ns’ np?

() Atomic and Physical properties
@ Atomic and lonic radii
Covaentredius: N<P<As<Sb<BI

(@) lonization enthal pies
N>P>As>Sb>Bi (IE, vaues)

©)] Electronegativity N >P>As> Sh=Bi

@ Metallic Character
N<P As < Sh<Bi

Non Maetdloid Metals
metd
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5) Catenation
* Thegroup 15 elements al so show catenation property but to much smaller extent than carbon. For
examplehydrazine (H,NNH,) hastwo N atoms bonded together HN, hasthreeN atoms.

(1] + (L) e
* Among group 15 e ements P hasthe maximum tendency for catenation forming cyclic aswell. asopen

chain compounds consi sting of many phosphorousatoms.

P,H, hastow P atomsbonded together thelesser tendency of elements of group 15 to show catenation
incompressionto carbonistheir low dissociation enthal pies.

CcC-C 353.3kJ/mole
N-N 16.8kJ/ mole

P-P 201.6 kJ/ mole
As—As 147.4kJ/ mole

(6) Allotropy
Except N and Bi all other elementsof thisgroup show allotropy.

Phosphorous White, Black and Red
Arsenic : Yellow or Grey
Antimony : Yelow or Silvery grey.

Preparation of N,
@  NHNO, 4 ,N,+2H,0
(i) (NH,), Cr,O, _A N, +4H,0 + Cr,0,
@) BaNy, 4 ,Ba+3N, }Pures_t N, obtained
2NaN, __4_,2Na+ 3N, J by this method
(iv)  2NH;+ 3NaOCl — N, + 3NaCl + 3H,0
) 2NO + 2Cu—— 2CuO + N,
(red,overheated)  (Black)
(V) Cl, passedintoliquor NH,
3Cl, + 2NH;——> N, + 6HCI MUKESH SHARMA
6NH, + 6HCl — 6NH ,Cl
_______________________________ 3

3Cl, + 8NH;,—— N, + 6NH,Ch, 4
Inthis method NH, cone. should not belowered down beyond aparticular limit.
3Cl, + NH;~—— NCl; + 3HCI
(Trimendously explosive)
Propertiesof Nj:
® Itisinert duetohighbond energy.
(i) It isabsorbed by hot metal like Ca, Mg, Al etc.
3Ca+ N,—— Ca;N,
Bright hot 2AI'+ N,—— 2AIN

ALO, +3C+N, —>—2AIN +3CO
(BN), : Inorganic graphile
Whitedippery solid having 2D-sheet structure.

3000°C
(BN), ——— > (BN),

3-D network structure similar to diamond (Borazon) which is harder than diamond and used for dimond
cutting.

Na,B,0, + 2NH,Cl —2 52NaCl + 2N H,; +2B,0, + H,0O

B,O; + 2NH;—— 2BN + 3H,0
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(i) N, can be absorbed by calcium carbide at thetemp around 1000°C ~ CaC,

CaC, + N, __1000°C , caNCN+C

cyanamideion nitrolim
Itisavery good fertiliser.
anamideion 20
o Nlcgﬂ
o o
N=C=N

(Ca(NCN) + C) + 3H,0—> CaCO; + 2NH; + C

|—) Slowly decomposes /
i) \—NH,~CO-NH,
(Intermidiate formed)
TYPESOFNITRIDE :

® Saltlikeorionic: Li;N, Na;N, K;N (?), Ca;N,, Mg;N,, Be;N,
(D) Covalent:AIN, BN, Si;N,, Ge;N,, SN,

(i)  Interdtitid : MN (M =Sc, Ti, Zr,Hf ,La)
HCP or FCC

No of metal atom per unit cell isequal to no of octahedral voidsper unit cell.

All the octahedral voidsare occupied by nitrogen atoms. Hence thefornmulaisMN.
HCP: Hexagond closed pack
FCC : Face centred cubic

NH, preparation:

M Nitrate or nitritereduction: NO; / NO, +Znor Al + NaOH—— NH, +[Zn(OH) ] Zor[Al (ORH), I
(i) Metal nitride hydrolysis: N3 + 3H,0—=NH, 1 30H-

iii Haber's process : N, + 3H, —29C 5 oN
(ii) p 2 2

200-1000atm
M KESH SHARMA
catalyst Fe/ Mo

Q.1  NH;can'tbedried by H,SO,, POy and anh.CaCl, because:

2NH, + H,S0, — (NHp), SQ,
H,O + NH, + P,O, — (NH ), PO
CaCl, + 8NH, —= CaCl,, . 8NH, )
forms adduct
Quick limeisusedfor thispurpose
Ca0 + H,0——> Ca(OH), (base) }Henceno
NH, (base) ] interaction
Properties:
® It dissolvesseveral electropositivemetalslikeLi, Na, K, Rb, Cs, Sr, Baetc.
Eg.:KinligNH;= (i) Blueincolour
(i1) Conductsdectricity
(i) having reducing property

K—sKr+e

K* (NH;) e(NH;), |1t is the cause
" solvated e~ [for above property

K,[Ni(CN),] KNLH“‘M K,[Ni(CN),]
Squareplanar ®  Tetrahedral
complex complex
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@)  Ag(NO,)(ag) + BaCl,(ag)—> AgCl ¥ + Ba(NO,),

Residue Filtrate
AgCl Ba(NO3)2
RS
Cl-+ [Ag(NHS)Z]Jr
l Ba(NO;),
crystal

BaCl, V+[Ag(NH,),] "+ NO;
(i) CH,COOH isstrongacidinlig. NH; whileinwater isweak acid.
AcOH = AcO +H*
NH, + H*—— NH, H,O+H"—— H,O"
Basstyorder NH;>H,O
moresolvationof H* inNH,,
(v)  Hydrolyssand Ammonolysisoccursisasameway.

SiCl, + 4H,0— 4HCl + Si(OH), —2>SiO, + 2H,0

SiCl,+8NH,— 4NH,Cl + Si(NH,), _2 ,Si.N, + NHST
Rate of hydrolysisand Ammonolysiswill be affected by the presence of HCI vapour & NH,,CI vapour
respectively.
NH;, —SaltsPr eparation

Gypsum (NH4),S0, #€aCO;
oM
with NH; NH,CI NH4NO;
and CO, .
passed lNaNO'z Caco,
W T (NH),C0;s
OXIDESOFNITROGEN
Oxides of nitrogen  Structure Physical state Colour of gas
N,O N=N=0 Gas Colourless
NO :N=0: or :N=O: Gas Colourless
N,O Q 0;0=N-O-N Blueliquid (-30°C)
273 N
NN I
o @)
ZN//O O\\N N//O
NO = - Gas Brown
2 AN 0 O/ N 0
N A
N,Og O/N\O/N o Colourlesssolid  —(no existance in gas phase)
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Preparations.
1. N0
@®  NH,NO,— N,O +H,0
@  (NH,),SO, + NaNO,— NH,NO, + Na,SO,

l

N,O + 2H,0
(i)  Zn+HNO;—— Zn(NO,), + N,O+H,0
(dil.& cold)
2. NO
® Cu+ HNO, (1h: 1) — Cu(NO,), + NO + H,O
ot

@)  KNO,+ FeSO, + H,SO, — Fe,(S0O,), + K,SO, + NO + H,0
FeSO, + NO—— FeSO, . NO_4 , FeSO, + NOT
(i) Oswald process-Restricted oxidation of NH.
Industria process.
6 atm

3. N0,
@)  HNO,+As,0,—> H,ASO, + N,O,

@i Cu + HNO,4(6M) ——> Cu(NQ,), + (NO+NO,)

Cool (—-30°C
4. NO, [
BIueI_iq(NZO3)

@)  M(NO,), —2->MO+ 2NO, + ~ O,

2
M =Pb, Cu, Ba, Ca
(iN) (Cu, Pb, Ag) + HNO,—— M-nitrate + NOF+H,O 4 A
(hot & conc.)
5. N,O. 4
® 2HNO + P,O,— 2HPO, +
(i) 4AgNO + 2CI ,(dry gas)—> 4AgCI + 2N PaMENC

Properties.
M Decoposition Behaviour
500°C-900°C
® N,O >2N, + O,
(i) 2NO 8¢ N, + 0O,
(iii) N,O, < Roomtemp._ . NO, + NO
(Blue lig)) at (-30°C)
(v) 2NO, __620°C . 2NO + O,

-11°C
N204 — 2NO2

(white solid) Brown gas
at (-11°C)
0 o 1
(V) N,O; 3¢, N,0, —2¥€,2NO, + EOZ
colourless yeI I ow
solid
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(1) ReactionwithH,O & NaOH
H,O NaOH

® N,O: Fairlysolubleinwater and

producesneutrd solution ~ -------
(i) NO: Spaingly solubleinwater

and producesneutral solI".  -------
(iii) N,O;: 2HNO,

Henceitisknownas

anhydrideof HNO, NaNO,
(iv)  NO,; HNO,+ HNO,

called asmixed anhydride NaNO, + NaNO,
(v)  N,O;: 2HNO,

caled asanhydride of NaNO,

HNO,

Other properties:.

N,O: 2N,O—> 2N, + O, {mixturecontai ns
Henceitisbetter supporter 33% O, compared
for combustion to20%inair
S+N,0— SO, +N,

P+N,0— PO, +N,
Mg+ N,O—> MgO + N,
Na+ N,O— Na,0 + N,
Cu+N,0—> CuO + N,
H, + N,O—> H,0 + N,

1
NO: () It burns: NO + EOZ—') )

(i) It supports combustion a safer molten sul phur and hot phosphorous.
S+2NO— J0,+N; MYKESH SHARMA
5
2P +5NO— PO, + > _I_\fz

(i) Itisbeing absorb&ah;L_@'gg4 solution.
(iv) Itishaving reducing property. .
KMnO, + NO + H,SO, — K,SO, + MnSO, + HNO; + H,O
HOCI'+ NO +H,0—— HNO, + HCI
V) NOshowsoxidising property aso.
SO, +2NO + H,0— H,SO, + N,O
H,S+2NO—— H,0+ S| + N,O
3SnCl,, + 2NO + 6HCl — 3SnCl , + 2NH,OH
(Used for NH,OH preparation)
(V) NO combineswith X, (X,=ClBr,F,) to produce NO X
2NO + X, —> 2NOX
N,O;: No more properties.
NO,: (1) Itishaving oxidising property.
S+ NO,— SO, + NO
P+ NO,— P,0O; + NO
C+NO,—— CO, + NO
SO, + NO, + H,0—— H,SO, + NO
H,S+NO,—— H,0+ S| + NO

O+ NN N 4+ NN
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NO not formed : 2KI + 2NO,— |, + 2KNO,
2 Reducing property of NO,,.
KMnO, + NO, + H,SO,— K,SO, + MnSO, + HNO; + H,0

0 +4 0 +5
O3 +2NO2—— O, + N,,O,
not thereduction product of Oy
N,O:. :
|, + 5N,O, — 1,0, + 10NO,
|,O isused for theestimation of CO

1,0, + 5CO — |, + 5CO,

l,+ 25,05 —— 21"+ S,0"

N,O; + NaCl — NaNO, + NO,CI
Thislikesprovesthat N,O, isconsisting of ion pair of NO, & NO;
Oxyacidsof N :

HNO,:
Preparation
@)  M-nitrite—9-a9 , UNO,
HClor H,SO,
(i) N,O, + H,O—— 2HNO,
Properties
® Oxidising property of HNO,

KI+HNO, + HCl — KCI + H,O+ NO + |,

SnCl, + HNO, + HCl — SnCl, + NO + H,O

SO, + HNO,, + H,0 — H,SO, #INO

H,S+HNO,— H,0+ S| + N

FeSO +HNO +H,80,—> F >04)3 1N\

NaSAsO + HNO o Na3AsO ¥ NO +

(i) Reducing property of HNO, :
KMnO, + HNO, + H,SO,—— K3 MnSO, + HNO, + H,O
K,Cr,O, + HNO,+ H,SO,— K,SO, + Cr(SO,), + HNO, + H,O
H,O, + HNO,— H,O + HNO,
HNO, +urea—>
+thiourea——>
+ sulphamic acid——>
+ NH,— NH,NO,
+ C,H,NH, — C,H.OH + N,

+Ph-NH, —>— PhN,*X-
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Nitric acid (HNO,)
It was named aquafortis (means strong water) by alchemists.
Preparation
() L aboratory Method
KNQ, + conc. H,SO, — KHSO, + HNO,(vap)
vapoursof nitric acid evolved are condensed inaglassreceiver.
(i) Industrial Preparation
(A) Birkeland EydeProcessor arc process

3000°C

step 1l N,+O, —_ .~ 2NO - heat
step 2 NO + O,—> NO,
step 3 NO, + H,0 —> HNO, + HNO,
step 4 HNO,—> HNO, + NO + H,0
(B) Ostwald’sProcess
step 1 NH, + O, — o> NO + H,0 + hest
step 2 NO + O, — x> NO,
step 3 NO, + H,0—> HNO, + HNO,
step 4 HNO,—— HNO, + NO + H,0
PROPERTIES
Physical

Nitric acid usually acquiresyellow colour duetoitsdecomposition by sunlightinto NO..
4HNO, st ANO,##2H,0 + O,
Theyelow colour of theacid can be removed by warfing it to 60-80°C and bubbling dry air throughiit.
It hasextremely corrosive action on the skin and calises painful sores.
MEKESH SHARMA
Chemical
(@ Itisvery strong acid. It exhibitsusua properties of acids. It reactswith basic oxides, carbonates,

bi carbonates and hydroxidesforming corresponding sats.
Ca0 + 2HN03n.'—>‘qiﬁ%3)2 +H,0
Na,CO, +2HNO,—— 2NaNO, + H,0 + CO,
NaOH + HNO, — NaNO, + H,0
(b) Oxidisngnatur e Nitricacid actsasastrong oxidising agent asit decomposesto give nascent oxygen
eadly.
2HNO,—— H,0+ 2NO, + O
or 2HNO, —— H,O + 2NO + 30

(@) Oxidation of non-metals: The nascent oxygen oxidises various non-metalsto their corresponding
highest oxyacids.

1) Sulphur isoxidesto sulphuricacid

S+ 6HNO
conc.and hot s HZSO4 + 6N02 + 2H20

2 Carbonisoxidisedto carbonic acid
C +4HNO, — H,CO, +4NO, + 2H,0
3 Phosphorusis oxidised to orthophosphoric acid.
2P + 10HNO, — 2H_PO, + 10NO, + 2H,0
conc. and hot

CHEMISTRY BY MUKESHSHARMA:
JOIN IN OUR TELEGRAM CHANNEL https://t.me/AIMSKRISHNAREDDY [21 of 40]



(4)

www.aimsdaretosuccess.blogspot.com [944 0 345 996] [22 of 40]
lodineisoxidisedtoiodicacid
|, + 10HNO, — 2HIO, + 10NO, + 4H,0
conc. and hot

(i)  Oxidation of metalloids
Metdloidslikenon-metalsa so form highest oxyacids

@)

or

2

3

Arsenicisoxidisedtoarsenicacid
2As+ 10HNO, — 2H,ASO, + 10NO, + 2H,0
As+5HNO, — HASO, + 5NO, + H,0
conc. and hot
Antimony isoxidisedto antimonicacid
Sb + 5HNO, — H_SbO, + 5NO, + H,O
conc. and hot
Tinisoxidised to meta-stannic acid.
Sn+2HNO, — H,SnO, + 4NO, + H,0

(i)  Oxidation of Compounds:

@)
2
3
(4)
©)

(6)
()

(8)

(©)

JOIN

Sulphur dioxideisoxidised to sulphuricacid
SO, + 2HNO, — H,SO, + 2NO,
Hydrogen sul phiodeisoxidised to sul phur
H,S+2HNO, — 2NO,+2H,0+S
Ferrous sulphateisoxidised to ferric sulphatein presence of H.,SO,
6FeSO, + 3H,SO, + 2HNO, — 3Fe,(SO,), + 2NO + 4H,0
lodineisliberated fromKI.
6KI + 8HNO, — 6KNO, + 2NO + 31, + 4H,0
HBr, Hl areoxidisedto Br, and |, respectively.
2HBr + 2HNO, — Br, + 2NO, + 2H.,0
Similarly, 2HI + 2HNO, — 1, + 2NO, + 2H,0
Ferrous sulphideisoxidised to ferroussulphate
FeS + HNO, — Fe,(SO,)..48NO, + 4H,0
Stannous chlorideisoxidised to stannic chlofi@eis presence of HCI.
2HNO, + 14H — NH,OH#INH, + 5H,0
Hydroxyl U'rg
NH, + HNO, —» NH,NO,
7SnCl, + 14HCI + 3HNO, — 7Sn€l, + NH,OH + NH,NO, + 5H,0
Canesugar isoxidised to OXdiCM
C,H,, 0, + 36HNO, — 6(COOH), + 36NO, + 23H,0

1270 22711

EH SHARMA

Action on Metals: Most of the metalswill the exveption of noble metalslike gold and platinum
are attacked by Nitric acid playsadoublerolein the action of metals, i,e, it actsasan acid aswell
asan oxidisingagent. ARmstrong postul ated that primary action of nitric acidisto produce hydro-
geninthe nascent form. Beforethishydrogenisallowed to escape, it reducesthe nitric acid into
number of productslike NO,, NO, N,O, N, or NH, according to the following reactions:

Metal + HNO,—— Nitrate + H

2HNO, + 2H — 2NO + 2H.0

2HNO, + 6H—— 2NO + 4H,0

2HNO, + 10H — N, + 6H,0

2HNO, + 16 H—— 2NH_ + 6H,0
The progress of the reaction iscontrolled by anumber of factors:
(a) the nature of the metal,
(b) the concentration of theacid,
(c) thetemperature of thereaction,
(d) the presence of other impurities.
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Concentration of M etal Main Products
nitricacid
_ Mg, Mn H,+Metal nitrate

Very diluteHNO, (6%)  smmmmemeeeeeeee e SRR o &
Fe, Zn, Sn NH,NO, + metal nitrate + H.O
Pb, Cu,Ag, Hg NO + metal nitrate + H,O

Dilute HNO, (20%) Fe, Zn N,O + metal nitrate + H,0
S NH,NO, + Sn(NO,),

S NO, + H,SnO,
Metastannic acid
Action on Proteins
() Nitric acid attacks proteinsforming ayellow nitro compound called xanthoprotein. It, therefore,
stains skin and renderswool yellow. Thisproperty is utilized for thetest of proteins.

(i) Oxidation A number of organic compoundsare oxidised.
Sawdust catchesfirewhen nitric acid ispoured on it. Turpentineail burstsinto flameswhen treasted with
fuming nitric acid. Cane sugar isoxidised to oxalic acid. Tolueneisoxidised to benzoic acid with dil.
HNO,.

Sructure
Nitricacidisamonobasic acid, i.e., themolecule consist of one hydroxyl group asit isformed by the
hydrolysisof nitryl chloride, NO,CI. Itmay.bestructurally represented asbelow:

0

No p— .

Gaseousnitricacdisaplanar molecule. The'ﬁg'r*iaaﬁtﬁg andbond anglesas present in themolecule
arerepresentedinthefigure: H : o

HO-N
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PHOSPHOROUS

INTERCONVERSION OFWHITE'P' & RED'P

White'P —24020C , Red P

inaninertatm.like
N20r002
I,:catalyst

Red'p —eaedosSCC o \white'P

inaninertatm.andthen
rapidcooling toroomtemp.

PREPRATION OFWHITE'P
(i) BoneashorApatiterock | Ca(PO,),+3SI0, _1200°C_, 3CaSiO,+ P,0;
2P,0, + 10C —2%€ , p +10CO 1

(Coke) white 'P
(if) Cay(PO,), + 3H,SO, (conc.) — 3CaSO, + 2H,PO,

HPO, ———  HPO,

20 meta phosphoric acid

both havesameformula

12C + 4HPO, —2%C; 24,1 + 12COT + P,
Coke white 'P
REACTIONSOF'P
* P+ H,SO, (hot & conc.) — H,PO, + SO, + H,O
P+ KIO; + H,SO, — H,PO, + |, + K,SO,
* Reactionwith hot metal —
3Na+ P—— Na;P
3Mg +2P—— Mg,P,
3Ca+2P—— CaP, MbKESH SHARMA
2Cu+2P—— Cu,P,
Al +P——>AIP
Ca,P, + H,0—> M( + PH
or Mags3 M
or AlIP
PREPARATION OF PH, (PHOSPHINE GAS)

(i) 4H,PO, —255 PH, +3H,PO,
(i) PH, +KOH——>KI +PH,+H,0
(PH + HI) } Purest PH,
(iii) 2AIP+ 3H,S0,—> Al (SO ), + PH,T
PHYSICAL PROPERITIES
(i) Itishaving ‘rotten fish' smell
(ii) Itissolublein CS, andinsolublein water.
(NH,issolubleinwater)

NH, + OH"
<PH3 +H,0 — PH;+ OH—
in s-orbital, so donating capacity is less

PH" isformed with acids
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(iii) Like NH,, PH, also can form addition product.

CaCl,* 8NH,  Cu,Cl,*2PH,, AICl,+2PH,, SnCl,*2PH,
PH,, can be absorbed by Ca(OCI)Cl.
PH, + 3Ca(OCI)Cl + 3H,0—— PCI, + 3HCI + 3Ca(OH),
2NH, + 3Ca(OCI)Cl — N, + 3CaCl,, + 3H,0
OTHER REACTIONSOFPH,

(i) PH; + 0, X 5 P,0, + H,0
(i) PH, + 3Cl,—> PCl, + 3HCI
eectrical
(iii) PH; + 4NLO W H,PO, + 4N,
(iv)  2PH,+3CuSO,— Cu,P,| +3H,S0,
Detection of PH, Black ppt.
(v) PH, + 6AgNO, —> [Ag,P* 3AgNO,{] + 3HNO,
yellow ppt.
Ag,P* 3AgNO, + 3H,0— 6Agl + 3HNO, + H,PO,
Black ppt.
(vi) PH, + 4HCHO + HCl — [P(CH,OH) ] *CI-
white/colourless solid

which is used for making
fire-proof cotton fabrics

EXAMPLE OF DEHYDRATING REACTION OF P,0,
HCIO, + P,O, —> 2HPO, + Cl,0,

H,S0, + PO, —> 2HPO, + SO,

HNO, + P,0, — 2HPO, + N,O,

Group 16 EIemels(Oxvqen family)

MEKESH SHARMA
The Elements are O, S, Se, Te, Po

(Chalcogens)
Atomic and Physical Properties \ .

(@D} Atomic radii and‘lonic radii
Covaentradius: 0<S<Se<Te

2 lonization Enthalpies
O0>S>Se>Te>Po (IE,vaues)

)] Melting and Boiling points
M.P: Te>Po>Se>S>0
BP ~Te>Po>Se>S>0

4 Electronegativity
0>S>Se>Te

(5) Metallic Character
O0<S<Se<Te<Po
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(6) Elemental State
Oxygen exist asdiatomic molecul ar gasinthiscasethereispr — pr overlap thustow O atomsform
doublebond O = O. Theintermolecular forcesin O, areweak VB forces. .. O, existasgas. Onthe
other bond, other elements of family do not form stable prn —pr bonds and do not exist as M.,
molecules. Other atomsarelinked by single bondsand form poly atomic complex moleculesfor
€g. S—Sg, Se—- Sy

) Allotropy
All dement exhibit alotropy for eg.

Oxygen— O, and O,
Liquid O, - pale base
Solid O, - blue
Sulphur -
Themaindlotropicformsare
(1) Rhombic sulphur (o, sulphur) (i) Monaoclinic (3 sulphur) (ii1) Plastic sulphur (6 sulphur)

0] Rhombic Sulphur (a sulphur)
Thisallotropeisyellow in colour (m.p. 385.8K).
Itisinsolubleinwater but readily solublein CS,.

(i) Monoclinic Sulphur (8 sulphur)
Itissolublein CS,

o >95.5°C< ¢
<95.5°C

(i) Plastic Sulphur (@sulphur) Itisinsolubl'elCSZ.

(8) Catenation MBKESH SHARMA
Inthisgroup only Shasastrong tendency for catenation oxygen hasthistendency to alimited extent.

H,0, H-O-O-H (Poly.oxides)

H,S, H-S-S—-H (Polysul phides or polysul phones)
H,S, oS So5_ H

H.S, H<«S+S-S-S-H )

SULPHUR CHEMISTRY

* Allotropes: - (i) Rhombic or a-sulphurr. }S(G)%S(B)

(i) Monodlinicor B-sulphur. § below above
@iii).  y-Sulphur 95.5°C 95.5°C
Amorphousformsare

0] Plagtic sulphur
(i) Milk of sulphur
(i) Colloidd sulphur
* Viscosity of 'S with temperature: n 190°C
m.p. of 'S——112.8°C.
0) > 112.8°C to 160°C = slow decreases dueto
S;ringsdlipandroll over oneanother easily.
(i) > 160°C, increases sharply due to breaking of 160°C
S; ringsinto chainsand polymersesintolargesizechain.
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(i) 190°C, again large chains are being broken into small chain.

* Milk of sulphur :
Powdered'S + Ca(OH),, suspension— Sol ution—2991ed o Milk of 'S
12 S + 3Ca(OH), — 2CaS; + CaS,0, + 3H,0

2Cas; + CaS,0, + 6HCl —> 3CaCl, + 12 S+ 3H,0

* Colloidal Sulphur:  Na,S,0, + 2HCl — 2NaCl + H,0+ SO, + S{
2H,S+S0,—> 31 +2H,0
Props.of 'S : (@ Thin Cu-strip catchesfirein sul phur vapour.
Cu+S—— CuS.
(b) 'S burns spontaneoudly influorine. S+ 3F,—— Sk
Cl, passedintoliq. sulphur=2S+Cl, - S,Cl,
(0 S+ 2H,S0,— 3S0, + 2H,0
S+ 2HNO,— H,SO, + 2NO
(d 4S+6KOH— 2K,S+K,S,0,+3H,0
(e Burnsinair:S+0,— SO,

H,S:
Prep".. FeS + dil. H,SO,—— FeSO, + H,S
FeS+dil. HCl —— FeCl, + H,S

S, S, + (conc.)6HCl —— 2ShCl, + 3H,S

* Drying agent for thisgas:: fused CaCl,,, Al O, (dehydrated)
P,O; etc. But not H,SO,,, because
H,SO,+H,S— 2H,0+ S0, +S
Reducing property of H,S:

Cl,+H,S—> 2HCI +S
l,+H,S——> 2HI +S
H,O,+H,S— 2H,0+S
SO, +2H,S——> 2H,0+3S  jiikesn sHarma
2FeCl, + H,S—— 2FeCl, + 2HCI + S

* 4H,0 + 4Cl, + H,S—— H,SO, + 8HCI
KMnO, + H,S + H,SO,s— S+ Mn?
H.,Cr,O, + H,S+ H,SO, —Cr** + S+
HNO, + H,S—— S+ NO, + H,0
With metal (hot)
2Na+ H;S—— Na,S+H,
Cu+H,S——> CuS+H,
Pb +H,S—— PbS+H,
With metal oxide (hot)
Ca0+H,S—> CaS+H,0
ZnO +H,S—— ZnS+H,0O
Meta ion +H,S—— M-Sulphides

*x ()] Alkali-sulphide—— water soluble

(i) Alkaineearth-sulphide— sparingly soluble
@) — ALS,& Cr,S; +6H,0—— Al(OH), or Cr(OH), + 3H,S

Test :

0] Smell = rotten egg.

(i) Pb- Acetate paper—black

(ii1) Purple colour when alk. Nitropruside+ H.,S
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Absorbent:  NaOH, KOH, PoNO, solution
Pb(NO,), + H,S—— 2HNO, + PbS (Black)

S0,
Prepn.:
Industrial:  4FeS, + 110, — 2Fe,0, + 8S0,
2ZnS + 30,—> 2Zn0 + 280,

Labprep”.. Cu+2H,S0, (conc.) — CuSO, + 2H,0 + SO,
Hg+H,SO, —— HgSO,+H,0+ SO,
2Ag+H,SO, —> Ag,SO, + H,0 + SO,

S+ 2H,S0,— 3S0, + 2H,0
(Charcoal)C + 2H,SO, — CO, + 2SO, + 2H,0
NaHSO,+ H,SO, — NaHSO, + H,O + SO,

Props (i) Incombustiblegas, but heated K burnsin SO,

4K + 380, — K,SO, + K,S,0,

SO
/WSSL NaHSO3 + CO2T
| evaporation Na,$S,05.xH,0

N?2C.O3 inexcess SOy porosulphite
solution or disulphite
\.SL, NasSO, \#’ Na,SO, + SO,
in excess

Na,S + 3Na,SO,
Reducing Prop.: (Revisefrom acid radicdl)
® FeCl, + SO, — FeCl,+ H,SO,
MYKESH SHARMA

AddHCI
to make strongly FeOm l

idic'and'SO.
e N -
4FeCl, + SO, + 4HCl <= 4FeCl, + H,0 +S-
6SnCl, + 2SO, + 8HCl~— 5SnCl, + 4H,0 + SnS, {(Yellow solid)

. 150°C
()  SO,+2H,50, T gues 2H,50, + S

*  FeSO,—> Fe0, + SO, + SO,
Fe,(SO,), — Fe,0, + 350,
H,S0, & SO :

Both gas
S0, +Cl, —> SO,Cl,

H,SO, + 2PCl,— .......... —S0O,Cl,, + 2POCI; + 2HCl
Useof H,SO, asnitrating mixture: \J
good chlorinating agent
** P,O; isstronger dehydrating agent thanH,SO,, . H,SO, + P,O, —— 2HPO, + SO,
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Propertiesof H,SO, :
(@  Dissociation: At444°C. H,SO, = H,0+ SO,
(b)  Acidic nature: NaOH + H,SO, = NaHSO, + H,0 S8 Na SO, + H,0
(0 COf +H,S0,—> SO; +H,0+CO, }

HCO, + H,S0,— H,SO, + H,0 + CO,
(d) Zn/Fe+H,S0,——ZnSO, & FeSO,+ H,

whereas

Cu + 2H,S0,— CuSO, + SO, + 2H,0

2Ag + 2H,S0,— Ag,S0O, + SO, + 2H,0

Hg + 2H,S0,—— HgSO, + SO, + 2H,0

Carbonatesor bicarbonates
are getting decomposed

©  NaCl HCI
Cay(PO,), H,PO,
FeS H,S
CH,CO,Na |+ H,SO0,—> AcOH
NaNO, HNO,
CaF, HF
NaNO, HNO,

® OxidisngProp.:
HBr / HI + H,S0,— 1,/Cl, + SO, + H,0
C + 2H,50,— CO, + 280, + 2H,0
S+ 2H,S0,— 3S0, + 2H,0
2P + 5H,S0, — H,PO, + 580,

(9 Dehydrating agent: o
11{‘;30(43 C,H;0-C,H;

H,SO
C12H501 7liH 2) »12C ' ¢,H;0H
2 \_180°C C.H
2Hy
Ha30, |
CeH1.06 —6H,0 6C MitKESH SHARMA
_ M0, H,SO
(COOH), ™5 7 CO+CO, + PhH —2—— Ph-SO_H
2
HCOZH TZO)CO S —

SODIUM THIOSULPHATE

Prep"..
0] Na,SO, sol". + S(powder) __boling | Na,S,0, __eavporation  Na,S,0,.5H,0, monoclinic crystal

S0, {NaZCO3 +280, +H,0—— 2NaHSO, + CO,
passed” | 2NaHSO, + Na,CO,—— Na, SO, +H,0+CO,
Na,CO;
€XCEeSS
(ii) Na,SO, +4C roasting . Na,S + 4CO
Salt cake ~ Coke SO, passed into it

Na,S,0, [3S0, + 2Na,S— 2Na,S,0, + S|
(i) 2Na,S + Na,CO, + 4SO, — 3Na,S,0, + CO,
(iv). . 6NaOH + 4S—— Na,S,0, + 2Na,S + 3H,0
3Ca(OH), + 12 S—— CaS,0, + 2CaS; + 3H,0
v) Na,SO; + Na,S + I, — Na,S5,0, + 2Nal
(Vi) 2Na.S+20,+H.0—> Na.S,0, + 2NaOH [Na,Sisreadily oxidised in air aivinarisetoNa,S,0,]
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Props : (1) 4Na,S,O, %Nazss + 3Na,S0O,
(i) N&,S,0, + 2H*— H,S,0, ——>H,0 + SO, + S (Whiteturbidity)
Reaction: ()  NaS,0,+1, > S,05 + 21

+ Cl, — water —> SOLZ[ + S+ 2HCI
+ Br,— water——> SO3 + S+ 2HBr

+ 40l + 20H — 280 + 41"+ H,0
+4Cl, + 5H,0 —> Na,SO, + 8HCI + H,S0,

excess

OZONE

= Unstabledeep blue, diamagnetic gas, with fishy smel. Toxic enough (moretoxicthan KCN). It'sintense
blue colour isdueto the absorption of red light.

= 2F, +2H,0—— 4HF + O, }Ozonised isseparated by passing into spira tubecooled by lig.
F, +3H,0—— 6HF + O; | oxygen } air. Ozonecondensesat —112.4°C.
[b.p. of O,=183°C ; b.p. of liq. airis —190°C]
= Oxidising property of O,
Itisoneof best oxidising agent, in acid solution, itsstandard, reduction potentia valueis2.07 V.
O;+2H"+2e—— O, +H,0 E°=+2.07V
Itisnextto F,. [above 2.07V, only F,, F,O arethere]
M Meta Sulphidesto Sulphates.
MS +40,—— MSO, + 40, [M = Pb, Cu, Zn, Cd]|
i) 2HX+0,—> X,+H,0+0,  [X=Cl,Brl]
(i)  NaNO, + O,— NaNO, + O,
Na,SO, + O;— Na,SO, + O,
Na,AsO, + O;,—> Na,AsO, + O,
(v) MoistS PAs+0O,=
S+ HZO + 303_) HZSO4 + 3or2v1LJ'*LESH SHARMA
2P + 3H,0 + 50, — 2H,PO, + 50,
2As + 3H,0 + 50, +—— 2H,AsQ# 50,
) Moist |,— HIOswhereesdryPegmej 1,0, (yellow)
|, + 50, + H,O—— 2HIOQ, + 50,
21, + 90, — 1,04 + 90,
V)  2K,MnO, + O, + H,O—— 2KMnO, + 2KOH + O,
2K ,[FE(CN)] + O, + H,O—— 2K [Fe(CN)] + 2KOH + O,
2FeSO, + O, +H,SO, — Fe,(SO,), + O, + H,0
(vii)@ 2KI (acidified) + O, + 2HCl — |, + 2KCl + H,0+ O,
(b) 2Kl (neutral) + O, + H,O—— 1, +2KOH + O,

K1+KOI
Kl + KOI + 2HCl — 2KCl + I, + H,O O, estimated by thisreaction

2- 2-

,4 25,027 — 5 S,0% +2I

[ KI+ 30,—> KIO, + 30,
© 1 Kl +40,—> KIO4+402}

(vii) . Hglosssitsfluidity (taling of Hg)
2Hg + O;— Hg,0 + O,
similarly2Ag+O;,——>Ag,0 + 0O,

Brown
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(x) BaO,+ 0O, —» BaO+ 20,

H,O, + O;,—> H,0 + 20,

Na,0O, + O; + H,O0—— 2NaOH + 20,
9] 2KOH + 50, — 2K0O, + 50, + H,0

Inall abovereaction O, givesup O, but somer eactionsaretherewhich consumesall O-atom.
0] 380, + O;—— 380,
(i) 3SnCl,, + 6HCl + O;—— 3SnCl, + 3H,0
Absorbent: (i) Turpentineail

(i1) Oil of cinnamon

Uses. (i) Seriligngwater

(i) Detection of position of the double bond inthe unsaturated compound.

H,0,

Method of preparation:
0] Na,O, + H,O (ice cold water) — 2NaOH + H,O,
()  BaO,+H,SO,— BaSO, + H,0,
Instead of H,SO,,, H,PO, is added now-a-days because H,SO, catalyses thedecomposition of H,O,
whereas H,PO, favourstorestoreit.
3Ba0,+2H,PO, — Bay(PO,),+3H,0, and Ba,(PO,),+3H,SO,—3BaS0,,+ 2H,PO, (reused again)
(i) Electrolysisof 50% H,SO, using high current density.
2H,S0, = 2H* + 2H,SO,
2H,S0, — H,S,0O4 + 2e. [At anode] [At cathode 2H™ + 2e — H,]
HZSZO +2H,0 — 2H,S0, + H,0,

Propertles MUKESH SHARMA
® Colourless, odourlessliquid (b.p:152°)
(i)  Addicnaure H,0, + 2NaOH —> NaQO'h +H,0
H o + Ba(OH), 8 2H ,0
o + Na,CO,—> azf) +co + H,0
(iir) Itisoxidant aswell asreductant
H,O, + 2H" + 2e— 2H,0 [reactionin acidic medium]
H,O, + 2e— 20H" [ixn"inakali medium]
Oxidising Properties:
® PbS +4H,0,— PbSO, + 4H,0 (Used inwashing of ail painting)
(i)  NaNO, +H,0,—— NaNO, + H,0
Na,SO, + H,0, — Na,SO, + H,0
Na,AsO; + H,O,— Na,AsO, + H,0
2Kl + H,0,—— 2KOH +1,, [X2+H202—>2HX+02X=CI,Br.
HS+HO —>S¢+2Ho S.R.Porder of Cl,, > Br,>H,0,>1, }
H SO + 2FeSO +H,0,— Fe,(S0O,), + 2H,0
2K 4[Fe(CN)6] - Hzo2 ¥ H,S0,—> 2K, [Fe(CN) ] + K,SO, + 2H,0
2[Cr(OH),]- + 3H,0, + 20H-—> 2Cr0% +8H,0
CrO%™ + 2H* + 2H,0, — CrO, (Blue) ¥ + 3H,0
4CrO, + 12H* —— 4Cr*3 + 70, + 6H,0
Mn*2+ OH~ + H,0,—— MnO, + 2H,0 = Thisreaction can be utilised to detect NH,
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Reducing properties:
@  Ag0+H,0,— 2Ag+H,0+0,
b) O;+H,0—> H,0+20,
©  MnO,+H,0,+H,S0, - MnSO, + 2H,0 + O,
d  PbO,+H,0, - PbO+H,0+O0O,
(e  Pb,O,+4HNO,— 2Pb(NO,), + PbO, + 2H,0
PbO, + H,0,—> PbO + H,0 + O,
PbO + 2HNO, —— Pb(NO,), + H,O
Pb,O, + H,0, + 6HNO,— 3Pb(NO,), + 4H,0 + O,
f  X,+H,0,— 2HX + 0, [X =Cl, Br]
2KMnO, + 3H,0, — 2KOH + 2MnO, + 2H,0 + 30,
2MnO;, + 20H-—— 2MnO; +H,0+ O

2MnO;~ + 2H,0—> 2MnO, + 40H~ + 20
2MnO, +H,0—— 2MnO, + 20H" + 30
(@  2KMnQ, + 5H,0, + 3H,SO, — 2MnSO, + K,SO, + 50, + 8H,0
(h)  2[Fe(CN)g* + 20H + H,0,— 2[Fe(CN)]* + 2H,0 + O,
(i) NaOCl + H,0,— NaCl + H,0 + O,
() NalO, + H,O,—— NalO, + H,0 + O,
Uses: (i) Asarocket propdllant:
NH,.NH, +2H,0,—— N, + 4H,0 [highly exothermic and largeincreasein volume]
(i) In detection of Cr*3, Ti** etc.
Ti(SO,), + H,0, + 2H,0—— H,TiO, + 2H,S0,
Yellow or orange
Pertitanic acid

Group -17 EIement(HaloqensFamily)
Method of Prep":
F,:  Byédectrolysisof KHF, (whichisobtanedfrom CaF,)

CaF, + H,S0,— CaSO + 2HF | KF decreaseﬁthemp of
HF+ KF—5 KHF, 4 themix. dependingupon

S the composition.
KHF, _Electrolyss "H‘ﬁ cathode) + F, (at anode)
Cl,: (i) Byelectrolysisof ag. NaCl

2NaCl + 2H,0—— 2NaOH+H, + Cl,

(anode)
at cathode

(i) 2NaCl —Eetrdyss o, onNg + Cl
(Molten) (cathode) (anode)

(iii) Inlaboratory : Oxidising HCl by KMnO, or MnO,
2KMnQO,, + 16HCl — 2KCl + 2MnCl, + 5Cl, + 8H,0
MnO, + 4HCl — MnCl, + Cl, + 2H,0

,.  FromBrinewater (contains 65 ppm of Br)
Cl, +2Br—— 2Cl~ + Br, (Br, isvolditein nature)
Henceitiscollected by
(i) remova of Br, vapour by streamof air.
(i) absorbingit into Na,CO, solution.
Br, + 60H"—— Br-+ BrO; + 3H,0
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Thenacidifiedtoget pureBr,

5Br-+ BrO; +6H*— 3Br, +3H,0

Chille salt petre containstraces of Nal O, whichisreduced to I~ by NaHSO,, then
oxidationof I-tol, by 10; .

210; +6HSO;—> 21~ + 6505 + 6H*

5-+ 10; — 531, +3H,0

Q. Liquidl, conductselectricity. Explain

Ans.  Duetoitsself ionisation 3l,— Ig +15

Q. X,+OH —— X"+ OX" + H,0 but on acidification thedisproportionated product gives
—> X7+ XO; +H,0 back the same element.
X,=Cl,,Br,,1,.ButForF, e X~ +OX™ +2H' —> X, +H,0
5X~+ XO5 +6H*—— 3X,+3H,0
2F, + 2NaOH — 2NaF + F,0 + H,0 [X=Cl,Br, 1]

F,0 + 2NaOH — 2NaF + O, + H,0

2F, + 4NaOH — 4NaF + O, + 2H,0

HALOGENACID:

Acidity order: HI > HBr > HCI >>HF.(due to hydrogen bonding & less effective overlap with
H atom)
Q. CaF, used inHF prep". must befreefrom §i0 .Explain.
Ans.  CaF, + H,SO,— CaSO, + HF
If SO, present asimpurity
4HF + SIO,—— SiF, + 2H,0 Henceépresence of onemolecule SO,
SiF,+ 2HF— H_[SIF] consimes 6 molectle of HF

HF can not be stored in glassvessdl. Explaifi= same reason.
In the salt-cakemethod of prep”. 'of HCI, NI; Cl isbeing used instead of NaCl. Explain.

Ans. NaCl +H,S0, —X%5 NaHSsO, + HC|

Insoluble

OO

NaCl + NaHSO, _5¢C_, ' Na,SO,, + HCl
(Salt Cake)

2NH,Cl + H,80,~—— 2HCI + (NH,),SO,
[NH,HSO, intermediateiswater soluble and easy to handl€]
** Another aternative processto avoid theformation of NaHSO,

NaCl + SO, +HZO+%OZ —> Na,S0, + 2HCl

gaseous mixture

Q. Inthesimilar typeof preparation of HBr and HI from bromideto iodide, H,SO, can not be used and
H.PO, isused. Explaain.
Ans. . SinceH,SO, isanoxidising agent it oxidisesHBr & HI to Br, and |, respectively.
2HBr + H,SO,— Br, + SO, + 2H,0
Hence. NaBr + H,PO, — NaH,PO, + HBr
Another process: PBr; + 3H,0—— H,PO, + 3HBr
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Q. Boiling point order of HX : HF>HI >HBr > HCI
\!

Dueto H-bonding
Q. HCI, H,SO,, HNO, are basesin liquid HF where HCIO,, isacid. Comment.

Ans  HCl + HF — H,CI* + F~; H,S0, + HF—> H,SO} + F~; HNO, + HF— H,NO% +P"
But HCIO, + HF—s H,F* + CIO;

* HFisweak acid but addition of BF;, AsF, PR, S, makesit strongly acidic. Explain
OXOACIDS:
—40°C

HOF:H,O + F, —— HOF + HF

HOX: very unstable because
itreactswith both H,O
and F, asfollows:

HOCI HOF+F — > F,0+HF
HOBr}X +H,0—— HOX+ HX  Hor + .0, 1,0, + HE

HOI
OX~ disproportionatesin hot solution eg. 30CI"—— 2CI= +ClO;
X =Cl,Br, |

e
Bleaching Powder : Ca
OCl1

Prep™.. Cl(g) + gael}(edcl)H) _4rc , CaOCI)Cl +H,0
@ Onlong standing it undergoes
(i) atooxiation 6Ca(OCI)Cl——> Ca(ClO,), + 5CaCl,

(i) 2Ca(0Cl)Cl %mau

(III) C&(OC')C' +H O—) Ca(omzjﬂ'r:c_;l.t:..q,_,,pr AA
OxidisngProp.:

CaOCl, + H,S—— S+ CaCl+ H

CaOCl, + 2FeSO,+ H; 4—> e,S0,), + CaCl, + H,O

CaOCI + KNO, —> C O,

3CaOCI + 2NH —> 3CaCI + 3H O +N,

CaOCl, +2KI'+ 2HCl = CaCI +2KCl + H,O+1,

CaOCI2 + 2KI'+ 2AcOH — CaCI2 +2KOACc+H,0+1,

CaOCl, + Na,AsO, — Na,AsO, + CaCl,
Reaction with-acid:

CaOCl, +2HCl — CaCl, + H,0 + Cl, ; Ca(OCI)Cl + H,SO,— CaSO, + H,0 + Cl,

Ca(OCI)Cl + CO,— CaCO, + Cl,
HXO,:
BaO, + 2CIO,— Ba(ClO,), + O,/ Ba(CIO,), + H,SO,—— BaSO4~L +HCIO,
(dil)

Only KnownHCIO,, Itisstablein alkalinesol ution but disproportionatesinacid solution.

5HCIO, —— 4CIO, + HCl + 2H,0
HXO,: HCIO, >HBrO, > HIO, areknown and acidic order isas shown
Prep™
HCIO,: Cl,+6NaOH __hot , 5NaCl + NaClO, + 3H,0
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Similarly dectrolysisof hot haide solutionwith severestirring givesthe same product.
2Cl~ +2H,0 — Cl, + 20H + H, NaClO, + KCl—> KCIO, 4 +NaCl [KCIO, prep."]

Cl,+6NaOH—>5NaCl+NaClO,+3H,0 on cooling
(recycled) NaClO, + BaCl,— Ba(ClO,), + NaCl |
first
Properties: Ba(ClO,), + H,S0,—> BasSO, { HCIO,
* 3HCIO, —&@odion_, 5C|0, + H,0 +HCIO,
* 10; + 51~ + 6H* — 31, + 3H,0 o
}OXIdISI ng property

ClO; + 3502 —— Cl + 3507

low temp

* Disproportionadtion: ~ 4KClIO; ————— KCl + 3KCIO,
absenceof catalyst

2KClo, —2XXXC_, oK Cl + 30,
MnO, (Cat.)

HXO,: NaClO, + H,0O _Electiolyss  NaClO, + H,,
KCIOQ, + H,SO,(conc.) — HCIO, + KHSO,

: N - +
Electrodereaction{ A1 ClO;+H0—— CIO, +2H" + 2e

C:2H*+2e—>H, —q KGO, — "% , Hclo,
Props K*+HCIO,—> KCIO,{ +H*
Zn+2HCIO,—> Zn(CIO,), + H,
Fe+2HCIO,— Fe(ClO,),+ H, T
Acidity order : HOX < HXO, < HXO, <HXO,
Oxidising power HOX > HXO,>HXO, > HXO,
Thermd dability: HOX < HXO, < HXO, <HXO,
OXIDESOECHL ORINE
(1 +1 +4 +6 +7
MbtKESH SHARMA
Cl,0 ClO, 850, Cl,0,

(Brownish yellow) (PaeYellow) (liq. — dark red + colourless

id - yellow) solid
Prep".: Cl,, doesnot combinedi Muce Itsoxides but indirect methods arethere.
Cl,0: 2Cl, + 2HgO(s) —= HgO.HgCl, +CLOT (Brownishyellow gas)

dry in cooled tube Basic Hg(Il) chioride

Condensedto orangeliq.

Props.
® It dissolvesinwater : Cl,O + H,O0—— 2HCIO
(i) Explodesviolentlywith NH.,.

3Cl,O+ 10 NH;—— 2N, + 6NH,Cl + 3H,0
(iii) Itisoxidisng agent

Cl,O + 2HCI — 2Cl, + H,0O

0O S

(iv) _© Structures. Cl/ﬁﬁ\cl Cl/?@Cl {Back bonding

(1)~ CIO,: Prep".:
@  3KClo, + 3H,50, —> 3KHSO, + HCIO, + 2CIO, T+H,0

(i) 2(38683 + Hzéozr& — %€, 2H,0 + 2ClO, + 2?5;&% gas
i)  2AgClO,+Cl, < 2AgCl +2ClO, + O, [By thisreaction pure ClO, obtained]
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ClO, dissolvesinwater ClIO,— ClIO+0O
producting dark green 2CI0 + H,0—— HCI + HCIO,
solution which decomposes

inpresenceof light.

Butinakali givesamixtureof chloriteand chlorate.
2CIO, + 2NaOH — NaClO, + NaClO, + H,0O
where 2CIO, + 2NaOH + H,0,— 2NaClO, + O, + 2H,0
usedinbleaching
textlesand paper.

ClO, does not dimerise because odd € undergoes delocalisation (initsown vaccant 3d-orhital )
Cl,0, (CI.CIO,) isnot thedimer of ClO,. Actudly itis Cl-perchlorate.
CsClO, + CIOSO,F—— Cs(SO,)F + CIOCIO,

Cl,O4: Possiblestructures are:

OCl 01/0 O O\ O

og/ \Oo 5 ’Cl\o /Cl\o Cl0}.ClO;,
lig— dark red
Solid— Ydlow

Q.  Provethat Cl,O4isconsistingof CIO; and CIO, .

Prep".: 2CI0, + 20, ——Cl, 0, + 20,
Cl,04 = 2CIO, (monomer is paramagnetic)
Reactions:  Cl,O+ H,O0—— HCIO, + HCIO,
Cl,O4 + NaOH — NaClO, + NaClO, + H,0
Cl,04 + HF—— CIO,F + HCIO,
Cl,O4 + NO,— CIO, + [NO,] " [CIO, |
Cl,0O, (colourlesssolid): It isthe anhydriide@f HCIO, and prepared fromit by theaction of P,O..
2HCIO, + P,O, ——> 2HPO, #:CLO npn

Structure: O;C| \ggi/d//\o k
' 7 00N\

CHEMISTRY BY MUKESHSHARMA:
JOIN IN OUR TELEGRAM CHANNEL https://t.me/AIMSKRISHNAREDDY [36 of 40]



www.aimsdaretosuccess.blogspot.com [944 0 345 996] [37 of 40]

INTERHALOGEN

Types: AX AX, AX, AX,

CIF cl Fs cl Fs IF,

BrF BrF3 BrF5

BrCl { CI3)2 IFg

ICl IF3(unstabI e)

IBr

IF(unstable)

SIF—— IF;+ 21, [Theoverdl system gains B.E. by 250 kJ/mal |
Thereare never morethan two type halogensinamolecule.
Bondsareessentialy covalent and b.p. increasesasthe E.N. differenceincreases.
AX. & AX, typeformed by large atomslike Br & | to accommodate more atomsaroundiit.
Theinterhalogens are generally more reactivethan the hal ogens (except F,) dueto weaker A—X bonds
compared toX—X bond.
Reactions: ICl + H,O0—— HCI +HOI Oxohalideisalways formedwithlarger
1‘ hal ogen present during hydrolysis of
:BFr s Jgﬁ HC%O HBrO; + SHF } interhalogen compounds
= +3H,0—— HIO, + 5HF
IF, + H,O—— IOF, + 2HF less
4H 20_> Hi 04 +7HE } Parallel reaction

® CIFishighly reactive and asafluorinating agent.
6CIF + 2Al — 2AlF; + 3Cl,
6CIF + U— UF, + 3Cl,
6CIF + S— SF, + 3Cl,
CIF + SF,—— SF.Cl

* % Ok X *

Onepecularitywith ICl :

Cl_4 CO,H
CO,H ICl vap. is chlorination (I)
7 OH
OH NUClin___, MK @5&4& RMA
NitrobgnZSie @ is Todination (II)
~ ~OH

In 11" case, the attacking SPECi &Was been supporetd by theformation of I infused state

asfollows: 3ICI— [I,Cl]* +[ICI]
* |Cl, doesnot exist
but itsdimer exist: —— 2ICl; = 1.Cl

Structureisplanar.

c1\I/c1\I/c1 > W
right OwW SOl
o Nas Ng o

| .Cl, - lig. hasappreciableelectrical conductivity likeother interha ogens.
IL.Cl = [ICL]" +[ICI,]~
BrF, = [BrF,]" +[BrF,]-
IF, = [IF,]* +[IF]
3ICI = [LCIIF+[ICL ]

Polyhalides:
M KI+1,—>Kl,
(i) ICl + KCl — K*[ICL, ]~
(iii) ICl,; + KCIl— K™ICl, -
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(v)  IF;+CsF—— Cs'[IF]~
) ICl + KBr—— K*[BrICI]~
Rb[ICI,] —2>RbCl+ICl  [notRbl +Cl,]
Herethe products on heating depends on thel attice energy of the product halide. Thelatti ce energy of
dkai hdidewith smdler haogenishighest sncetheinteratomicdistanceisleast.

- - (-2
Structure of [ [

nl) b incsy,
*x Only F; not known [dueto absence of d-orbital] [i.e. Cs, I, — L= L]

I3, Bry, Cl; areknown CI; compoundsarevery |ess.
Stability order : I > Bry > CI; : dependsupon the donating ability of X"

PSEUDO HAL OGEN
Thereareunivaention consisting of two or more atomsof which at least oneisN, that have properties
smilar tothoseof thehdideions. E.g.
® Nasdtsaresolubleinwater but Ag-saltsareinsolublein water.
(i) H-compoundsareacidslike HX.
(i) Some anionscan be oxidised to give molecules X...

Anions: Acids Dimer

CN- HCN (CN),

SCN- HSCN(thiocyanic i KESH 54%)2
SeCN- (SeCN),
OCN-~ HOCN (cyanic acid) {

NCNZ (Bivalent) H,NCN (cyanamide

ONC- HONC (Fulminieacid)

N3 HIN, (Hydrazoic acid)

CN® showsmaximumsimilariteswith Cl-, Br-, |-

® fromsHCN

(i) forms(CN),

(i) AQCN, Pb(CN),, areinsoluble

(iv)  Interpseudo halogen compounds CICN, BrCN, ICN can beformed

) AQCN isinsolublein H,O but solubleinNH,

(vi)  formslargeno.of complex.eg. [Cu(CN),]* & [CuCl,]
[CO(CN)g] > & [CoCly]
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Group -18 Elements (Noble Gases)

|.E. order : He>Ne>Ar>Kr>Xe>Rn
M.P. order : Te<Ne<Ar<Kr<Xe<Rn

* %

B.P. order: (-269°C) same order

Atomicradiusorder: Sameorder

Density order : Sameorder

Relativeabundance:  Arishighest (Ne, Kr, He, Rn)

"He" (helium) hasthelowest b.p (-269°C) of any liquid (lowest of any substance)

(1) Itisused in cryoscopy to obtain thevery low temperature required for superconductor and

laser.

(i) Itisusedinairshipsthough H, ischeaper and haslower density comparedto Hebecause H,
ishighly inflammable.

(iii) Heisusedin preferenceto N, todil. O, inthegas cylindersused by divers. Thisisbecause
N, isquitesolublein blood, so asudden changein pressure causesdegassing and gives
bubblesof N, intheblood. This causesthe painful condition called bends.

Heisdightly soluble sotherisk of bendsisreduced.

Noblegasesaredl| ableto diffusethrough glass, rubber; plastics and same metals.

* Heliquid canexist intwo forms. I-form when changesto I1-form at A.-point temperature many
physical propertieschangeabruptly.
eg.
(1) Sp. heat changes by afactor of 10
(ii) Thermal conductivity increasesby 10° and it becomes 800 timesfaster than Cu
(iii) It shows zeroresistance
(iv) It canflow up thesides of the vessel

* Ar, Kr, Xecanform clathrate compoundsbut He, Necannot dueto their smaller size,

What isnoblegashydrate?

eg. Xe- 6H20 } formed only when

* % F X *

Ar « 6H,0
Kr « 6H,0

water freezes at high
pressure together with nobleigasiE= - SHAR M A

Xe— COMPOUNDS
Xenon Fluorides.—
400°C, latm 21 _))re];-z- =
600°C,7atm 1 :5 —)XCF4
1:20— XCFG

(1) Xe+F,
300°C, 60-70 atm
(2) H, reduces Xe- fluorides to Xe
XeF,+ H,— Xe+2HFand so on

(3) Xe-fluoridesoxidise Cl-to Cl,and I tol,,

XeF, +2HCl—— 2HF + Xe+ Cl,

XeF, + 4Kl — 4KF + Xe + 21,
(4) Hydrolys's

Xek, reactsslowly withwater

2XeF, + 2H,0—— 2Xe+ 4HF + O,
XeF, and XeF, react violently withwater giving XeO,

3
3XeF, + 6H,0—> 2Xe+ XeO, + 12HF + S 0,
XeF, + 3H,0—> XeO, + 6HF

(explosive, white hygroscopic solid)
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(5) SIO, a'so converts XeF into XeOF,
2XeF, + Si0,—> SiF,T + 2XeOF,
violet
Similarly, XeO, + XeOF, — 2XeO,F, | XeO, + 2XeF,—— 3XeOF,
(6) Xe-fluoridesared so hydrolysed in dkaline medium
2XeF, + 40H-—— 2Xe + 4F + 2H,0 + O,

XeF, + 70H —— HXeO, +3H,0 + 6F
Xenaieioﬁ
2HXeO, +20H — XeOy | +Xe+2H,0+0,

perxenateion
(7) They areused asfluorinating agent
2SF, + XeF,— 2SF, + Xe
Pt + XeF,— PtF, + Xe
(8) Act asafluoride donor
XeF, + MF,— [XeF]" [MFJ]- (M =As, Sh,P)
XeF, + BF;— [XeF]" [BF, ]
XeF, + HF— [XeF]* [HF,]-
(9) Act asFluoride acceptor a so:
XeF, + RbF/CsF—— Rb*/Cs" [XeF,]~

2Cs'[XeF ]~ ?‘8 XeF, + Cs,[XeF,]

XeF, + MF —— M* + XeR
(alkai metalsfluoride)

MbKESH SHARMA
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