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EILE BBESK
Chapter 9 The Rare Gases

Helium (He) ABH Neon (Ne) 7] Argon (Ar) it i)
Krypton (Kr) £ 5% [ Xenon (Xe) BA4E 1) Radon (Rn) &G
Electronic configuration: ns’np®  except He 1s?

M 1894-1900 4F W 1A) b H#: A AR 4K 2 i B,  Hih Ramsay Digis K, floR3k
1904 4F Nobel fL22% . 1892 4F, J.W.S.Rayleigh & M 25170 B8 i K BB RE HL AL
Yy BRI BR R BERSE (1.2565/1.2507) , HAZIHJRE . W.Ramsay EFEH )5,
DA RO R K SRR, S E R A JVERRE S5 ), AT RIAENT 1L
B A
—. General Properties:

1. "EATHERE # )5 - 43 F (monatomic molecular), TR Z4F T, EATEZSA, WM
1514 S {4 (noble or inert gases).

2. FRRIN AEIKP TR DRSS R AR N, O BRSSP R B 0 T2 I e
A A A BRI BT He FOWE 0N 42K, Ha i3 0N 204K, AR 2
2.178K, NMARREEE —Fhifi A (helium IT), KAETCRG RS, PRI A (superfluidity).
He-II f#f& 3 /2 He-1 (1) 10015, Lk R4 BHRERT 2 .

3. HTHA SR RSN T2 EE A AT 454 Coctet rule) , X HLT 45 H4 R 4H 24
TR, HEFREHHARETE, MEAAHRSHHEES, FeqEpsmm L
RINTEE

4. FEERFRI A AERGEERE I )2, B 1000 TR 48 9.3 THE. 18
ZTHR. 5 =THEL 1 ZTHEM 0.8 THI, BT LA SR SRR A UK 1) £ 25 R

5. FHik: . WAIEA SRR S A ORI B A AR SO D RE, TR 2R .

Z . Chemical Properties
FEMA SR — B TE A (1900-1960 42) , fEEAE R AYERT B 11 o
#1962 4F, Bartlett ¥t PtF 78U 555 B/RITUR S, 7EEIR N1 7 XePtFs (R
WA, JHERH 7 HFEE TIE 70 SEZ AR R T A UK e A B I B G ik
AT EE NS A RS A A
1. WAL (Fluorides of xenon) XeF.. XeFs. XeF
(1) preparation
Xe(g) + F,(g) ———"—> XeF, (s)
CHT Xe FEBR Fo 1 0L F A B
Xe(g) + 2F, (g) — "5 XeF, (s)
BHHE, BTN Xe f1 Fy (15)REY, JLH/NEEEHIE .
Xe(g) +3F,(g) ——"™" 5> XeF (s) (Xe:F2=1:20)
5 XeF, (s) +F,(g) —>XeF,(s) ({E#HE )
Irradiating a xenon-fluorine mixture with ultra-violet light at ordinary temperature

produces XeF; (together with some XeF4)

N2 Xe 5 FAREWILE G EN T ZHEEBA fE A i Xe b &H?
FEAXIUTHRE: B 8 Xe BERD: XTI B ACEABE IR
SEIRFORTE 5, B AR A HEAE .
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(2) properties
a. A RACYIER 5 K AR A S -
(1) XeFa 7E7K o BV AR TR0 HS RO Rk, FERR IRV v P K AR TS, (EAERRE I
TR K ARAR R -
2XeFs(s) + 2H20(1) —— 2Xe(g) + 4HF(1) + Ox(g)
XeFa FET PRV U A Redox B«
XeF,(s)+20H (aq) = Xe(g)+ %Oz(g) +2F (aq) + H,O()

(ii) XeFs FE/KHBER A B0 SN, SOR AR B AR IE SR OB
6XeFa(s) + 12H,0(1) == 2XeOs(s) + 4Xe(g) + 30a(g) + 24HF(I)
I3RS 3XeFa(g) + 6H0(1) == 3Xe(g) + 30x(g) + 12HF(1) (57K K484k IS JF B 3D
3XeFu(s) + 6H0(l) = 2XeOs(s) + Xe(g) + 12HF(l) B4k vi)
Fr UL b s B 7 R 2R & XeFa S5 BE IR 2 5 Ak e B AR 5 7K B S8 A I 5
SN L4 R o Sebr Xt — AN 2 S ECF I R .
(iii) XeFg(s) + HO(1) XeOF4(1) + 2HF(1)
XeOF4(1) + 2H0(1) == XeOs(s) + 4HF(l)
b. WAL ER 2 A A 7
XeFa(s) + CH2=CHx(g) =—— CH:F—CH:F(s) + Xe(g)
XeFa(s) + 2SF4(g) = 2SFes(g) + Xe(g)
XeFs(g) + 8NHi(g) = Xe(g) + Na(g) + 6NH4F(s)
A M HCl — Clp, Ce™ — Ce®™), NH; — N,
XeFe b 2= AR R 1k, H 254 TR
2XeFg(g) + SiOa(s) = 2XeOF4(1) + SiF4(g)
XeFe fERR ML 1F T tHAE R AR B IR M :
4XeFs + 18Ba(OH), = 3BaXeOg + Xe + 12BaF, + 18H,0

c. MIITAIHELAE K UF 1AL

RbF(s) + XeFs(s) = RbXeF(s)
XeFa(s) + SbFs(l) == [XcF][SbFs](s)
2XeFa(s) + SbFs(l) == [[Xe,F; J[SbF; ] (5)
2. WMAIEAY) (Oxides of xenon)

(1) preparation:
a. XeO; H XeFs Ml XeFe /K i1 o
b. XeOsH XeFsfE Ba(OH), H B AL 43 1 TR B BaxXeOg, i iR DL 5 R
JEIVA IS
Ba;XeOs(s) + 2H2S04(aq) = 2BaS04(s) + XeO4(g) + 2H20(1)
(2) properties:
a. faEME (stabilization)
Tt Tk XeOs(s)H A XeOs 4r T XeOs fEK T FaE, (ALEEZSH XeOs 22K
ARENE (RIRMZRN A HAES) ) EARIED o E4E OH MMl B HXeOy 1
W TR AR, 135 XeO! :

XeOs(s) + OH (aq) =—— HXeO, K=1.5x103
8OH™ +4HXeO, = Xe+3XeO, +6H,0
i 2HXeO,(aq) +20H (aq) —— Xeog_ (aq) +Xe(g) +0,(g) +2H,0()
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DAL T DAAS X RE ) S5 18 s 6 T & 8, ERR AT v b Xe VD FR
JE s TEBIEVE R Xe VD FRE
XeOs & —F 54K, IENHARJUAHAE . XeOs 2218 0 AL XeOs F1 02, 24 XeOs
B, ROELE 2R MR R AR E
b. AfbtE: C(oxidation) :
TR B R B R AL 2 — . BRI M2t 2 AL MO, « ClO; . ClO,
5Xe0,  +2Mn2" + 9H" == 5HXeO, +2MnO; + 2H,0
c. TEBUMEVEWT, MR EEE IR HXeOy , EH/KERIEIRE, SRR
PE W, Reduction is almost instantaneous:

, 1
H,XeO; +H' = HXeO, +H20+502

and the hydroxyl radical is involved as an intermediate.
= The Stereo Structures of Xenon Compounds
1. #F& VSEPR (valence shell electron pair repulsion) £

XeF, —> AB3Es sp’d HZA

XeFs —> AB4E; sp3d? -1 P9 77

XeO; — > AB:E sp? =AY

XeOy —> AB4 sp’ AE DY A

XeOFs — > ABsE sp*d? IRk

XeO,F, —> ABLE spid & DY i A

XeOf —> ABg sp’d? 1E )\ TH A
2. FERH P

Xe,Fy 2XeF, + AsF; =[Xe,F; J[AsF, ] xe 151 e | ..

XeFs The exact structure of the gaseous XeFs molecular has not  F F

been determined, but it is known to be a slightly distorted octahedron

F F
“"‘-\.
TR F\l%
\ &
| = PN

v =

(a) lone pair emerging through edge (b) lone pair emerging through face
of the octahedron Cay symmetry of the octahedron C3y symmetry

Element Reaction Flowchart

A Flowchart is shown for xenon, the only noble gas with a significant chem-
istry.

XeF,

OH OH H,SO,

: : Bal* .
Xe 2 p XeF, —2%% XeOF, —25 XeO; —b HXeOy~ ———> XeOgt™ ——> BayXeOs —— XeOy

XeF,

Bonding in Noble Gas Compounds
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As it was widely believed, prior to 1962, that the noble gases were chemically inert because of
the stability, if not inviolability, of their electronic configurations, the discovery that compounds
could in fact be prepared, immediately necessitated a description of the bonding involved. A
variety of approaches has been suggested, none of which is universally applicable. The simplest
molecular-orbital description is that of the 3-centre, 4-electron ¢ bond in XeF», which involves
only valence shell p orbitals and eschews the use of higher energy d orbitals. The orbitals involved
are the collinear set comprising the S5p,. orbital of Xe, which contains 2 electrons, and the 2p.
orbitals from each of the F atoms, each containing 1 electron. The possible combinations of these
orbitals are shown in Fig. A and yield 1 bonding, 1 nonbonding, and 1 antibonding orbital. A
single bonding pair of electrons is responsible for binding all 3 atoms, and the occupation of the
nonbonding orbital, situated largely on the F atoms, implies significant ionic character. The
scheme should be compared with the 3-centre, 2-electron bonding proposed for boron hydrides.

A similar treatment, involving two 3-centre bonds accounts satisfactorily for the planar
structure of XeF4 but fails when applied to XeFs since three 3-centre bonds would produce a
regular octahedron instead of the distorted structure actually found. An improvement is possible if
involvement of the Xe 5d orbitals in invoked, since this produces a triplet level which would be
subject to a Jahn-Teller distortion. However, the approach which as most consistently rationalized
the stereochemistries of noble-gas compounds (as distinct from their bonding) is the electron-pair
repulsion theory of Gillespie and Nyholm. This assumes that stereochemistry is determined by the
repulsions between valence-shell electron-pairs, both nonbonding and bonding, and that the
former exert the stronger effect. Thus, in XeF» the Xe is surrounded by 10 electrons (8 from Xe
and 1 from each F) distributed in 5 pairs; 2 bonding and 3 nonbonding. The 5 pairs are directed to
the corners of a trigonal bipyramid and, because of their greater mutual repulsions, the 3
nonbonding pairs are situated in the equatorial plane at 120° to each other, leaving the 2 bonding
pairs perpendicular to the plane and so producing a linear F-Xe-F molecule.

In the same way XeF4, with 6 electron-pairs, is considered as pseudo-octahedral with its 2
nonbonding pairs trans to each other, leaving the 4 F atoms in a plane around the Xe. More
distinctively, The 7 electron-pairs of XeFs suggest the possibility of a non-regular octahedral
geometry and imply a distorted structure based on either a monocapped octahedral or a pentagonal
pyramidal arrangement of electron-pairs, with the Xe-F bonds bending away from the projecting

nonbonding pair.
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