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5 NOBLE GAS CHEMISTRY
INGC]

Introduction:
1) Noble gas elements are helium (He) Neon (Ne) Argon (Ar)

Krypton (Kr) Xenon (Xe) and Radon(Ra).

2) They have very little tendency to form chemical compound
with other elements,so they are also called as inert gases.

3) But recently researcher have shown that can react with
some chemical compound under some specific condition &
with sdme specific element so they are also called as noble
gases it shows that they enter into very few chemical
reactions.

Position in the periodic table:-

Noble gas elements are placed in P-block and are present
in the 18% group and are occupied from 1% period to 6% period
they have highly stable ns? np®electronic configuration.Helium has
stable 1S? configuration.

The electronic configuration of Noble gase are given below.

Noble gas Outer electronic conf.
Element

, He 152
1o Ne 1S3, 252,2p6
18 Ar [Ne] 3S2,3pS
36Kf [Ar] 4S2,4pS
sqX€ [Kr] 5S2,5pS
ggRN [Xe] 6S2,6P%
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A) Under excited condition:-

1) If we promote one of the electron from 1S orbital to2S orbital
then condition of chemical activity is expected.

152 460 s #e
He = 1 ' :?{?l{\gm .y 1
‘
Ground Excited state

state

2)  This require high energy condition ie. 460 Kcal per gram atom

and these are influenced electric discharge electron
bombardment and radioactivity

3) In a discharge tube the helium can form molecule ion,He",and
three electron bonded species(H. . .He)* and hydrogen Helium
combination of the type HeH*,HeH,* have be prepared but
they survive momentarily.

4)  Metal electrodes in discharge tube absorb inert gases,to
form Pt, He, Fe-He, and Fe-Ar as a intersititial compounds .

5) Under suitable conditions of energy halides of a number of
elements have been prepared eg.Bi, In, Zn, Na, K, Rb, P,
Pd, U, I, S etc.

B) Through Co-ordination:-

1)  Inert gas atoms may donate an electron pair to a powerful
electron acceptor.

Booth and Wilson(1935)reported the compounds of argon
with born trifluoride

Ar with BF, was said to give peaks in the freezing point
Curves 1Ar:1,2,3,6,8,& 16 BF,

e ————
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2)

3)

4)

5)

those in which the gases are trapped in cavities in the crystal
frame work of other compounds during their lattice formation.
H.H.Poweel called these compounds as cage compounds or
‘Clatherate compounds’ because a molecule of one compound
is completely enclosed or trapped by those of the other
involving no chemical bondS formation.

If quinnol (1,4 dihydroxy benzene)is crystallized in the
presence of Ar, Kr, or Xe under a pressure of 10-40 atm the
gas becomes trapped in the cavities of about 4A°diameter in
the B-quinol structure.

They escapes only when the clatherate is dissolved.The
compound has approximate composition (C6H602)3Ar.
However enclatheration does not take place in the case of

He or Ne because of small size of He and Ne,the trapping in
the cage is not possible.



Fluorides of xenon :

preparatioh properties & structure of XeF,,XeF, XeF_

1) XeF,(Xenon difluoride):

Preparation :-

a) Xenon difluoride is best prepared by heating a mixture of xenon
and fluorine in 2:1 ratio at 400°C in a sealed nickel tube.

On Cooling the above reaction mass colourless solid XeF,

results.
Ni
Xe + F W XeF,
Xenon  Fluorine Xenon difluoride

b) It is also prepared by photochemical combination of xenon &

fluorine under the influence of mercury vapour.

Hg
Xe + Fp——5=XeF,
Vapour ,
Xenon  Flyorine Xenon difluoride

c) It can also be prepared by fluorination of xenon by
oxygendifluoride(O,F,)at -178°C

Properties:
1)  Xenon difluoride is a colourless crystalline solid which have
m.p.140°C

2) Itissoluble in HF without reacting

3) It reacts with hydrogen to give xenon and hydrogen fluoride.

.XEFz———> Xe + 2HF

Xenon Xenon hydrp(?en
difluoride fluoride

4) It reacts with water to give oxygen

e ——
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3)

6)

7)

8)

9)

10)

2XeF, + 20,0 — 2xe +2HF + O;

X water el Rﬁg;lo een Oxygen
enon
difluoride

It oxidizes iodine in the presence of BF, to give iadine

fluoride(IF)

BF3
Xe + I,———»2IF + Xe

Iodine
Xenon  Jodine fluoride

It reacts with sulphur trioxide to give xenon
XeF; +280; —> Xe t S,06F;

Xenon Sulphur Xenon

difluoride trioxide

It is mild fluorinating agent ie.when it reacts with benzene

to give fluorobenzene C,H.-F
It is strong oxidizing agent it oxidizes HCI to Cl, and Ce(III)

to Ce(IV).

XeF, + 2HCI —— Xe +2HF + Cl,

Xenon Hydrogen Xenon

difluoride chloride hydrogen chiorine

fluoride

+ In BF, solution XeF, form complex compound

XeF, + SbFs ——— [XeF]* -
Xenon antimony 1" ISR
difluoride Pentafluoride Complex

XeF; + AsFs ——— [Xe,F5])* [AsFg]
Xenon arsenic
difluoride pentafluoride
It is reacts with
anhydrous HSO3F, HCI O, CF3COOH to give

mixed fluoro-oxy-compound i.e. FXeSO,F, FXeocClO.F
FXeO,CF,, B
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11) It reacts with CF, in vapour phase to give Xe (CF,), which
contain Xe-C bond.

Plasma
C2F2 —» 2CF3

2CF3 + XeF,—> Xe(CF3); + F2

12) It reacts with HN(SO,F), in CF.Cl, \©

XeF, + HN(SOF) —  p F-Xe-N(SOF), + HF 40

. ) &= p A & A &= 8
StructureoerFz. \él 25 2e° 3¢ 3¢

P
saXe = [Kr] 552,5p® ﬁ */2‘ 4

Ground state,configuration

caXe = [Kr] 552 5ps 54 1
TR LI
Excited state configuration
sqeXe = [Kr]1 55 sp 5d
A,

SP3d-hybridisation
configuration in XeF, State

Fig.Linear geometry
SP3d-hybridisation




the 5P electron
In the formation of XeF, molecule one of

shifted to S d orbital

So one 5S,three P and one 5
hybrid orbital containing single electron overlap with half-filled p-

orbital to form two Xe-F sigma bond.
Xenon & Fluorine occupy linear position.
While three equatorial positions are occupied by three lone

d orbital hybridise to give sp3d

pairs of e- to minimize electron pair repulsion.
Xenon tetrafluoride [XaF ]

Preparation:
1) Itis prepared by passing a mixture of xenon & fluorine,in 1:5 ratio

through a nickel tube at 400°C under a pressure of 5-6 atm.

400°c
Xe +2F,—— 5 XeF,
~ 5-6 atm
Xenon  Fluorine Xenon tetrafluoride

2) Itisalso synthesized by passing an electric discharge through
a mixture of xenon & fluorine in 1:2 ratio at -80° c.

Properties :
1)  Itis colourless crystalline solid which melts at 117°C it sublime

easily
2) Itis sgluble in HF without reacting.
3) Itis reduced by hydrogen at 117°C to give Xenon.
XeFq + 2H; —— Xe + 4HF

Xenon tetrafluoride Xenon hydrogen
fluoride

4) It reacts with born trichloride to form born trifluoride
3XeF4 +4BCl; —— 3xe + 4BF; + 6Cl,

Xenon Boron Xenon Boron ' chlori
tetrafluoride trichloride trifluoride Srthe
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it undergoes disproportionation in water giving a highly

5) .
explosive solid ie. XeO,(xenon triiodde).
HF,
2XeFa +3H0 ——>Xe i XeO; & Maa) + F2(qy
<~ Xenon Xenon Xenon hydrogen Fluorine

tetrafluoride water trioxide fluoride

But when reaction is carried out at -80°C it forms xenon oxo

fluoride.
-80°
XeFs 4+ H,0 —> XeOF, 4+  2HF
AsnOn Xenon hydrogen
tetrafluoride water oxofluoride flz off dge

6) Itis a stronger fluorinating agent than XeF,.It convert Hg to
HgF,,and NO,F, SF,to SF,

XeF, + 2Hg — Xe  + 2HaF;
Mercury
Xenon Mercury difluoride

tetrafluoride

XeF4 + Pt —»  Xe + PtF;

Xenon Platium z:aﬂggg\e
tetrafluoride

XeF, + 2 SF4 — Xe + 2SFg

Sulphur

Sulphur
Xenon P hexafluoride

tetrafluoride tetrafluoride

7) It forms addition compound with antimony pentafluoride.
XeFs  + SbFs —  1yor 1 [SbFe]

Xenon Antimony
tetrafluoride pentafluoride Complex
compound

8) It combine with molten TaF _to form straw coloured compound.

\
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XeF, + TaFs — xe(TaFg), + F2

Xenon Straw
tetrafluoride coloured
Structure of XeF:-
1) In XeF, formation two of the 5 P electron go to the 5d
orbital so there are four unpaired electron.
2)  The six orbitals ie.one 55, three 5P and two 5d of Xe hybridise
to form six, SP3d? hybrid orbitals.
3) The covalent bond are formed by overlapping four of these

hybrid orbital each contain one single electron.The two lone
pairs occupy axial position to minimize electron pair repulsion
and F-atom is placed at equatorial position and the molecule



54Xe = [Kl’] SS; SPA
Ground state

caXe = [Kr] 582 5p* 547
Excited state

NAARIEAREN

XeF, molecule

e B ———— . —— -

SP3d? hvbridisation

Xenon hexaﬂuoﬁde(XeF.):

Preparation :-
It is prepared by heating xenon with excess of fluorine in
1:20 ratio in a nickel vessel at 250-300°C under 50-60 atm

pressure

2) It can be obtained by interaction of XeF, and F2 under

pressure

Xeﬂ . F) ——l xeF6

XeNon  Flyorine Xenon hexafluoride

(N

)1t is also prepared by passing electric discharge through a
mix of Xenon and fluorine in 1:3 ratio at low tempt.

4) Itis extremely reactive so it cannot be stored in glass or

quartz vessel because it give explosive XeO,.

5)  On reaction with H,,NH ,or HCl it is reduced to xenon.

Properties :

1)

It is crystalline solid substance which melts at 49.5°C

ee——
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2)  Itis most volatile of all the fluoride of xenon Its vapour haye
a greenish yellow colour.

3) Itdissolve hydrogen fluoride giving a solution which is gooq
conductor of electricity. (it forms ions).

+ -
XeFs 4 HF —_— XeFs + F
Xenon Xenon
hexafluoride penta
fluoride ion

4) It is extremely reactive so it cannot be stored in glass o
quartz vessel because it give explosive XeO,.

2XeFg +38102 —> XeO; SiF,

Xenon silica Xenon
hexafluoride trioxide

5)  On reaction with HZ,NH3,or HCl it is reduced to xenon.

)(eF6 + 3H2 —_ Xe + 6HF

Xenon hydrogen
hexafluoride

XeFg + 8NH3 — 5 xe 6NHsF  + N,

Xenon Ammonia
hexafluoride

XeFg + O6HCI — o ¥e + 3Cl, + 6HF

Xenon Hydrogen
hexafluoride  chloride

6) It undergoes slow hydrolysis with atmospheric moisture

producing highly explosive Xe03.

XeFe 4+ 3H,0 —  XeO; + 6HF
Xenon
hexafluoride water i(r?gﬁge Rng:%geen
. g
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7)

XeFg + AsF5 — [XeFg .‘[SbF()] )
Xenon Arsenic Complex
hexafluoride pentafluoride compound

g)  With alkali metal fluoride it form compounds containing XeF.,
XeF % ie it accepts F- ion.

9.
20% 50%, |
XeFs 4+ JRbF—— 2RbXeF7 (Rb+ )2XCFg
XenoH id :
hexafluoride +XeF6
9) It reacts with alkali to give perxenates.
. +0
XeFe +16NaOH— NasXeOg+ 2NaF + Xe *©2
Xenon Sodium +8H,0
hexafluoride perxenate

Structure of Xer -

1) In the formation of XeF, three of the 5P electrons of Xe
shifted to three 5d orbitals so that 6 unpaired electrons are
present.

2)  Seven orbitals ie.one S, three P and three d orbitals hybridise
to give seven SP3d3 hybrid orbitals.

3)  Six of these orbitals containg single e- are used in bonding
with six atoms of fluorine.

4) It has been suggested that molecule has distorted
octachedral structure.

5eXe = [Kr] 552 5p6
Ground state
\
Atevt hanl, oo

It reacts with fluoride ion acceptor to form adducts.




54xe = [Kr] 552 5P3 5d3

Excited state

JIN (RN

s4Xe = [Kr] 552 5p6
Ground state '
{y (U 1Y)
sqXe = [KI"] 5S2 5p3 5d3

Excited state

JALN RN

XeFg molecule

_____

Fig.Distorted octahedral
SP3d3 Hybridisation
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