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T h e s y n th e t i c w o rk d o n e d u r in g th e la s t 2 5 y e a r s in th e f i e ld

o f b in a r y f lu o r id e s o f n o b le g a s e s ( e s p e c ia l ly x e n o n a n d k r y p to n )

a n d th e i r c o m p o u n d s i s c r t t i c a l ly r e v ie w e d . B e s id e s , a h i s to r i c a l

in t r o d u c t io n to th e n o b le g a s c h e m is t r y , i t s c h a l l e n g e s in th e f u tu r e

a n d p o s s ib le u s e s o f th e n o b le g a s c o m p o u n d s a r e a l s o g iv e n .

IN T R O D U C T IO N

1.1. General Introduction

S in c e 1 9 6 2 , w h e n th e f i r s t x e n o n c o m p o u n d w a s r e p o r te d " , m a n y b o o k s

a n d r e v ie w s t r e a t in g th e d e v e lo p m e n ts in th e n o b le - g a s c h e m is t r y h a v e b e e n

p u b l i s h e d . U p to n o w th e m o s t e x te n s iv e o n e , d e a l in g w i th a l l a s p e c t s o f th e

n o b le - g a s c h e m is t r y , w a s w r i t t e n b y B a r t l e t t a n d S la d k y - . R e c e n t ly , a r e v ie w

o f c a t io n ic a n d a n io n ic c o m p le x e s o f th e n o b le g a s e s w a s a d d e d b y S e l ig a n d

H o l lo w a y " ,

T h e p u r p o s e o f th i s r e v ie w is to s u m m a r iz e th e s y n th e t i c w o rk d o n e

d u r in g th e la s t tw o a n d a h a l f d e c a d e s in th e f i e ld o f b in a r y f lu o r id e s o f n o b le

g a s e s ( e s p e c ia l ly x e n o n a n d k r y p to n ) a n d th e i r c o m p o u n d s .

1.2. Historical Introduction

A rg o n , th e m o s t p le n t i f u l o f th e g r o u p o f n o b le g a s e s , w a s i s o la te d a n d

a n n o u n c e d a s a n e w e le m e n t in 1 8 9 4 b y L o rd R a y le ig h a n d S i r W . R am s a y .

T h e y t r i e d v a r io u s c h e m ic a l r e a g e n t s to f o rm c o m p o u n d s o f th e n e w e le m e n t

b u t w i th o u t s u c c e s s . R am s a y a l s o s e n t a 1 0 m l s a m p le o f th e g a s to h i s f r i e n d

H . M o is s a n , th e d i s c o v e r e r o f f lu o r in e , s o th a t h e s h o u ld a t t e m p t to p r e p a r e a

f lu o r id e . I n 1 8 9 5 , M o is s a n r e p o r te d " th a t th e r e a c t io n b e tw e e n a r g o n a n d f lu o -

r in e d id n o t p r o c e e d . T h i s e x p e r im e n t w a s c o n s id e r e d th e u l t im a te te s t f o r

c h e m ic a l in e r tn e s s o f a r g o n . S o m e y e a r s la te r , th e e le c t r o n ic th e o r y o f v a le n c e š - "

s u p p o r te d th e p r o p o s e d c h em ic a l in e r tn e s s o f n o b le g a s e s . T h e n o b le - g a s

v a le n c e e le c t r o n c o n f ig u r a t io n w a s c le a r ly d e f in e d a s th e c o n f ig u r a t io n to

w h ic h o th e r e le m e n ts te n d e d in th e i r c h e m ic a l b o n d in g .

I n 1 9 3 3 , s o m e n e w r e p o r t s 7
,8 ,9 , lO o f u n s u c c e s s f u l e x p e r im e n ts to m a k e n o b le

g a s c o m p o u n d s w e r e p u b l i s h e d s im u l ta n e o u s ly w i th s o m e th e o r e t i c a l s p e c u -

la t io n s th a t n o b le - g a s c o m p o u n d s s h o u ld e x i s t l1 ,1 2 . A m o n g th e s e e x p e r im e n ts

th e m o s t p r o m is in g e x p e r im e n t w a s m a d e b y Y o s t a n d K a y e o n a s u g g e s t io n



1 6 4 B . Z EM V A

o f P au lin g , w h o w a s c o n v in c e d th a t, a t le a s t , x e n o n an d f lu o r in e sh o u ld re a c t.

T h is fa ilu re w a s re a lly u n fo r tu n a te s in c e a s im ila r e x p e r im en t, c a r r ie d o u t

32 y e a rs la te r b u t re p la c in g th e e le c tr ic d is c h a rg e o f th e e a r ly e x p e r im en t

w ith su n lig h t 1 3 ,1 4 p ro v id e d a c o n v en ie n t p re p a ra tiv e m e th o d fo r x e n o n d i-

f lu o r id e .

T h e re is n o d o u b t th a t if x e n o n h ad b e en a s a b u n d an t a s a rg o n w e sh o u ld

n o t h a v e h ad to w a it m o re th a n 6 0 y e a rs fo r th e n o b le -g a s c h em is try . T h e

le g e n d th a t th e in e r t g a se s d o n o t fo rm s ta b le c om p o u n d s w a s a ra th e r f irm ly

e s ta b lish e d ch em ic a l d o gm a u n til th e sp r in g o f 1 9 6 2 . A t th a t t im e B a r tle tt a n d

L o hm an n d is c o v e r e d a n o x y f lu o r id e o f p la tin um w h ic h p ro v ed to b e th e sa lt

0 2 + P tF 6 - 1 5 . T h is fo rm u la tio n in d ic a te s th a t P tF 6 is a n o x id iz e r o f u n ex p e c te d

p ow e r . B a r tle tt n o te d th a t th e io n iz a tio n p o te n tia l o f x e n o n a tom s is a lm o s t

id e n tic a l to th a t o f o x y g en m o le c u le s (0 2 = 1 2 .2 eV , X e = 1 2 .1 0 eV ) . H e tr ie d

re a c tio n o f x e n o n g a s w ith P tF 6 v ap o u rs . Y e llow -o ra n g e x en o n f lu o ro p la ti-

n a te (V ) w a s o b ta in e d --P . T h is a n d th e su b se q u en t d is c o v e ry o f x e n o n f lu o -

r id e s 1 7 ,1 8 ,1 9 s ta r te d a n ew e ra o f in o rg a n ic c h em is try .

2 . X E N O N C H EM IS T R Y

T h e n o rm a l o x id a tio n s ta te s a re e v e n an d ra n g e from + 2 to + 8 . T h e

o x id a tio n s ta te + 8 is k n ow n in th e o x id e X e0 4 , th e p e rx e n a te s X e0 6 4 - a n d

x en o n tr io x id e d if lu o r id e . X eF s is n o t k n ow n . T h e f lu o r id e s a re re a d ily p re -

p a ra b le f rom th e e lem en ts a n d a re th e rm o d y n am ic a lly s ta b le . A m on g th e

o th e r b in a ry c om p o u n d s w ith th e h a lo g en s o n ly X eC l 2 a n d X eB r2 a re k n ow n .

2.1. Xenon Fluorides

T h re e b in a ry f lu o r id e s o f x e n o n a re k n ow n : X eF 2 , X eF 4 a n d X eF 6 . X en o n

d if lu o r id e a n d x en o n h ex a f lu o r id e fo rm n um e ro u s s ta b le c om p le x e s w ith f lu o -

r id e - io n a c c e p to rs . T h e f lu o r id e io n d o n o r a b ili ty o f X eF 4 h a s b e e n sh ow n to

b e le s s th a n th a t o f X eF 2 a n d X eF 6 : X eF 6> X eF 2 » X eF 4 2 0 T h e se f in d in g s

a re in a g re em en t w ith th e e n th a lp ie s o f io n iz a tio n d e r iv e d from p h o to io n i-

z a tio n s tu d ie s '" .

XeF2(g) -+ XeF+(g) + F-(g)

XeF4(g) -+ XeF3+(g) + F-(g)

XeF6 (g) ->- XeFs+(g) + F-(g)

H O (eV )

9 .4 5

9 .6 6

9 .2 4

T h e en th a lp y o f io n iz a tio n o f X eF 6 is m o re th a n 0 .6 eV le s s th a n an ti-

c ip a te d o n th e b a s is o f X eF 2 a n d X eF 4 d a ta . T h is is c om p a tib le w ith th e g re a te r

s ta b il i ty o f X eF s+ s a lts c om p a re d w ith X eF 3+ an d X eF + . I t s e em s th a t th e

p se u d o o c ta h e d ra l g e om e try o f X eF s+ io n is e sp e c ia lly fa v o u ra b le .

A lth o u g h th e re is n o d o u b t th a t X eF 6 is th e s tro n g e s t f lu o r id e io n d o n o r ,

th e re is d is a g re em en t a s to th e re la tiv e f lu o r id e io n d o n o r a b ili t ie s o f X eF 2

v e rsu s X eF 4 . O n th e b a s is o f th e le n g th , d ire c tio n a n d n um b e r o f f lu o r in e

b r id g e s in th e X eF + an d X eF 3 ; s a lts i t w a s c o n c lu d ed th a t th e o rd e r o f f lu o r id e

io n d o n o r a b ili ty is X eF 2 <X eF 4 < X eF 6 2 2 . T h e fa c ts th a t v e ry few X eF 3+

s a lts h a v e b e e n iso la te d a n d th a t th e y a re th e rm a lly n o t so s ta b le a s th o se o f

X eF 2 d o n o t c o n f irm th e la s t s ta tem en t.
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The simple cation XeF+,_l derived from each of the bin ary fluorides has

been in each case crystallographically defined. Removal of F- from XeF x in

each case leaves one short Xe-F bond trans to the site vacated by F-. The

detailed structural arrangements suggest that the non-bonding xenon valence-

-electron pairs are distributed as shown in Figure 1, w ith anionic species

making their closest approaches to the cations in the directions indicated by

the arrows.

o;:\\)
~ .

•

t

/

Figure 1. Shapes of the XeF\_l ions based on steric activity of the non-bond ing

xenon valence-electron pairs.

(From D. E. M cK e e, A . Za 1k i n, and N . Bar tle t t, Inorg. Chem. 12 (1973)

1713.)

2.1.1. Xenon Difluoride

Xenon difluoride was first prepared independently in two laboratories-š-".

A fter that, several effective syntheses were reported 24
,25,2G . If the thermal

method of preparation is used27 ,28, a large excess of xenon over fluorine should

be employed in order to m inim ize formation of higher xenon fluorides. A

convenient preparation using very simple apparatus, affording a pure product,

is the exposure of xenon-fluorine gas m ixture to sunlightl3,14,29. Very pure

XeF 2 in bigger quantities (up to 1 kg) can be best prepared by UV irradiation

of a gaseous xenon-fluorine m ixture in the mole ratio 1: 2 w ith addition of

about 1 mol ofo of RF in fluor1ne as catalyst. The rate of XeF 2 formation is

thereby increased by about four times!",

The thermal reaction between xenon and fluorine to form xenon difluoride

is heterogenous and it takes place on the prefluorinated walls of the reaction

vessel and/or the surface of added fluoride~1-3G .Among the exam ined fluorides,

nickel difluoride proved to be an excellent catalyst for the xenon-fluorine

reaction. In its presence it is possible to synthetize XeF 6 even at 120 ce,
starting from the gaseous m ixture w ith the mole ratio Xe : F2 = 1 : 537. Fur-

ther, it was shown'" that under certain conditions the reaction between xenon

and fluorine could also be homogeneous.



1 6 6
B. 2EMVA

A l th o u g h x e n o n d i f l u o r i d e i s p o t e n t i a l l y a s t r o n g o x id i z e r , i t i s f r e q u e n t l y

u n r e a c t i v e f o r k in e t i c r e a s o n s . I t s s t a b i l i t y i n a q u e o u s s o lu t i o n (X e F 2 m a y

b e r e c o v e r e d b y C C 1 4 e x t r a c t i o n o r f r a c t i o n a l d i s t i l l a t i o n ) i s t y p i c a l o f t h i s

k in e t i c i n e r t n e s s . N e u t r a l o r a c id s o lu t i o n s d e c o m p o s e r a th e r s l o w ly ( th e h a l f

l i f e b e in g ~ 7 h a t O 0c) w h i l e in b a s i c s o lu t i o n th e d e c o m p o s i t i o n i s v e r y

f a s t , t h e b a s e c a t a ly t i c e f f e c t b e in g r o u g h ly in th e o r d e r o f b a s e s t r e n g th . T h e

h y d r o ly s i s p r o d u c t s a r e x e n o n , o x y g e n , f l u o r i d e io n s a n d h y d r o g e n p e r o x id e .

T h e in t e r a c t i o n o f X e F 2 w i th w a te r i s n o t o n ly c a t a ly z e d b y b a s e b u t a l s o b y

s p e c i e s w h ic h h a v e a n a f f i n i t y f o r f l u o r i d e io n s . S o m e p h y s i c a l p r o p e r t i e s o f

x e n o n . f l u o r i d e s a r e g iv e n in T a b l e 1.

2.1.2. Xenon Tetrafluoride

T h e f i r s t d i s c o v e r e d b in a r y c o m p o u n d o f n o b l e g a s e s w a s x e n o n t e t r a -

f l u o r i d e '" . I t w a s p r e p a r e d b y h e a t i n g a g a s e o u s m ix tu r e o f x e n o n a n d f lu o r in e

in th e m o le r a t i o 1 : 5 a n d to t a l p r e s s u r e o f 0 .6 M P a a t 4 0 0 ° C in a s e a l e d

n i c k e l c a n . T h e s e c o n d i t i o n s a r e c lo s e to th e o p t im u m f o r X e F 4 p r e p a r a t i o n .

A s W e in s to c k e t al.47 h a v e d e m o n s t r a t e d , it i s n o t p o s s ib l e to p r e p a r e p u r e

X e F 4 b y th e th e rm a l m e th o d . L o w te m p e r a tu r e s a n d h ig h f lu o r in e p r e s s u r e s

f a v o u r X e F 6 f o rm a t io n w h i l e lo w f lu o r in e p r e s s u r e s a n d h ig h t e m p e r a tu r e s

f a v o u r X e F z f o rm a t io n . I f h ig h p u r i t y m a te r i a l i s d e s i r e d , i t i s n e c e s s a r y to

p u r i f y i t b y c h e m ic a l m e th o d s b e c a u s e i t i s v e r y d i f f i c u l t t o s e p a r a t e x e n o n

t e t r a f l u o r i d e f r o m th e d i f l u o r i d e b y p h y s i c a l m e a n s ( t h e tw o h a v e s im i l a r

v a p o u r - p r e s s u r e r e l a t i o n s h ip s a n d a l s o f o rm a 1 : 1 a d d u c t ) . C h e m ic a l p u r i f i -

c a t i o n c o u ld b e d o n e f r o m a m ix tu r e o f x e n o n f lu o r id e s s o p r e p a r e d th a t t h e

c o n t e n t o f X e F z i s m in im a l a n d X e F 6 i s t h e m a jo r im p u r i t y . X e F 6 c o u ld b e

r e m o v e d b y t r e a t i n g th e m ix tu r e w i th s o d iu m f lu o r id e , w h ic h f o rm s a c o m p le x

w i th i t a t r o o m te m p e r a tu r e š " . A m o r e g e n e r a l c h e m ic a l p u r i f i c a t i o n '" , w h ic h

e f f e c t i v e ly e l im in a t e s X e F 2 a n d X e F 6 s im u l t a n e o u s ly ,e x p lo i t s t h e in f e r i o r

f l u o r i d e io n d o n o r a b i l i t y o f X e F 4 c o m p a r e d to X e F 2 o r X e F 6 . T h i s p u r i f i c a t i o n

i s a p p r o p r i a t e f o r a X e F 4 s a m p le w h ic h c o n t a in s s ig n i f i c a n t q u a n t i t i e s o f X e F 2

a n d X e F 6 .

X e F 'j
X e F

4
+ A s F s ( e x c e s s )

--------+
X e F

6
in B rF s s o ln .

o 'C i n s t a t i c v a c u u m

-A s F 5 • -B rF 5 X e F 4 + (X e ZF 3) (A s F 6 t+
(X e Fs t (A s F6t

vacuum

---+, X e F
4

2 0 'C

R e c e n t l y , t h r e e n e w m e th o d s f o r t h e p r e p a r a t i o n o f X e F 4 h a v e b e e n d e v e -

lo p e d 4 9
-
5 2 w h ic h g iv e v e r y p u r e X e F 4 a n d a d d i t i o n a l p u r i f i c a t i o n i s n o t n e c e s -

s a r y :

- p h o to c h e m ic a l r e a c t i o n b e tw e e n x e n o n a n d e x c e s s f l u o r i n e in th e p r e s e n c e

o f N iF 2 a s c a t a ly t s 4 9
,5 0

t h e rm a l d e c o m p o s i t i o n o f X e F 6 in th e p r e s e n c e o f N a F . ( T h i s m e th o d c a n

a l s o b e u s e d f o r t h e p r e p a r a t i o n o f p u r e f l u o r in e š ')

p y r o ly s i s o f X e F + P tF 6 - o r X e P d 2F lO a t 1 5 0 "c 5 2 :
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2 X eFPtF6(c) ->- XeF4(g) + XePt2F lO (c)

XePd2F lO (c) ->- XeF4(g) + Pd2F6(c)

XeF4 can be kept in thorough ly dried g lass or quartz and can be sto red

indefin ite ly in K el-F , n ickel o r m onel con ta iners. The u ltim ate products o f

hydro lysis are X e, O2, HF and X e0353. The low bond energy o f X eF4 causes

it to be a strong ox idative f1uorinato r (com parab le w ith B rF3) bu t it has h igh

k inetic inertness like X eF2.

2.1.3. Xenon Hexafluoride

The preparation o f X eF6 was first described in four independent and

alm ost sim u ltaneous reports19,54 ,55 ,56 .A ll p reparations are carried out in n ickel

o r m onel reaction vessels. F rom the equ i1 ib rium constan ts fo r the fo rm ation

o f xenon fluorides'" it can be se en that an excess o f f1uorine(usually X e : F2=

= 1 : 20) is necessary to m in im ize the fo rm ation o f xenon tetraf1uoride. In

add ition , the reaction tem peratu re shou ld be as low as possib le, yet consisten t

w ith a reasonab le reaction rate. In the presence of n ickel d if luoride as cata lyst'" .

the activation energy fo r the xenon-f1uorine reaction is low ered and the

reaction proceeds rap id ly at 120CC, in con trast w ith 250aC w ithou t a cata lyst'" .

The equ ilib rium constan t fo r the reaction X eF4 + F2 --+ XeF6 is m uch h igher

at 120°C (K = 330 atm ") than at 250aC (K = 0.94 atrrr") 47 . To purify X eFs,

the crude m ateria l shou ld be condensed on to N aF which fo rm s acom plex

w ith X eF6 at 50oC . Im purities (X eOF4, XeF2, X eF4) m ay be rem oved by pum -

p ing on the NaF m ix tu re to constan t w eigh t at tem peratu res upto 50oC .

N a2XeF8 is then decom posed at 125aC under vacuum and pure X eF6 is co l-

lected in a co ld trap". Sm all im purities o f X eF4 in X eF6 can also be rem oved

by treating it w ith excess o f K rF2 at room tem peratu re or a little h igher= .

The xenon hexaf1uoride is m uch m ore vo latile-? than either XeF2 or

X eF4, although m uch less so than other hexaf1uorides. C rysta lline X eF6 is

effective ly X eFs+Y -. The geom etry o f the X eFs+ and F- c lusters59,60 ,61suggests

that the nonbond ing xenon(V I) va lence electron pair is located on the four-fo ld

ax is o f the cation , trans to the ax ia l H e-F bond. Thus described HeFs+ is

pseudo-octahedra l. The X eFs+ un it in (XeF6)x po lym eric groups is a lm ost ind i-

stingu ishab le from that observed in the X eFs+ salts.

X eF6 is a m uch m ore powerfu l ox id izer and f1uorinato r than the low er

xenon f1uorides. It a lso has low er k inetic stab ility than X eF2 and X eF4• Thus,

X eF6 cannot be sto red in g lass or quartz bu t reacts w ith it exchang ing fluorine

fo r oxygen to y ie ld in itia lly X eOF4 and fina lly xenon triox ide, w ith silicon

tetraf1 uoride elim ina tion :

XeF6 + x/2 S i02 ->- XeOxF 6-2x + x/2 S iF4

2.2. Xenon(II) Compounds

A ll known xenon(II) com pounds inc lud ing m olecu lar adductsare listed

in Tab le II. S trong f1uoride ion acceptors, such as SbFs, A sFs and m etal pen-

taf1uorides, som e m etal te trafluorides and BF3 can w ithdraw a f1uoride ion

from XeF2 fo rm ing X eF+ species. The increase in the X e-F bond energy in

the cation fo rm ation (195.9 kJ/m o l in the cation '" , 133 .9 kJ/m o l in X eF2 (;2 )

contribu tes to fluoride ion donor ab ility o f the d if1uoride. Furtherm ore, one
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or bo th o f the fluo rine ligands o f X eF2 m ay be substitu ted by O (e. g .99 ,104)

o r N (100) a tom s rendered h igh ly e lec tronegative by pendan t e lec tro nw ith -

d raw ing group s fo rm ing F -X e-L o r L -X e-L (w ith L be ing -O S02F,

-0C (0 )CF3 , -O PO F2, O SeFs, O TeFs, O C I03 -N (O S02F )z etc .). X enon d if luo ride

fo rm s also m o lecu lar adducts w ith o ther hyperva len t spec ies in w h ich the

negative ly charged F ligands are attrac ted to the positive cen tre o f the partner

m o lecu le o f the adduct.

2.2.1. [XeF+] and [Xe2F/]

X eF2 com p lexes can be prepared by fusing sto ich iom etric am oun tso f the

com ponen t f luo rides under an atm osphere o f a d ry inert gas o rby d isso lv ing

them in a non ox id iz ing o r reduc ing so lven t. O ne cornponen t can a lso be used

in excess and rem oved by vacuum evaporation to constan t w eigh t.

Som e reactions betw een b inary fluo rides in low er ox idationsta tes and

X eF2 have also been carried ou t in the m elt o f X eF2. U nder these cond itions,

the ox id iz ing as w ell as the fluo robase properties o f the X eF2 are revea led and

X e(II) com p lexes o f h igher ox idation sta te fluo rides are form ed :

M nF2 + nX eF2 -* X eF2 • M nF4 + X e + (n - 2) X eF286 .

X enon(II) com pounds have a lso been prepared from hydraz in ium or am -

m on ium fluo rom eta la tes instead o f b inary fluo rides'" , T h is syn thetic rou te

has been ex trem ely usefu l in the p reparation o f new xenon(V I) f luo rom eta-

la tes94,95 ,9G bu t it has no t y ie lded xenon(II) f luo rom eta la te w h ich cou ldno t be

prepared using o ther syn thetic rou tes. T he reaction systemX eF2 - am m on ium

fluo rom eta la tes o ffers a un ique syn thetic rou te fo r the p reparation o f am -

m on ium fluo rom eta la tes w ith the m eta l in h igher coo rd ination and ox idation

sta tes (e . g . N H4V F 697 , (N H 4)N F893 , (N H 4)4U F lO 98).

X enon d if luo ride fo rm s w ith pen ta fluo rides th ree types o f com pounds:

2 X eF2 • M Fs, X eF2 • M Fs and X eF2 • 2 M Fs. It is a lso possib le that com positions

poorer in X eF2 con ten t cou ld ex ist'" .

X enon d if luo ride fo rm s w ith te tra fluo rides th ree types o f com pounds:

2 X eF2 . M F 4, X eF2 • M F4 and X eF2 • 2 M F 4• The 2 : 1 com pounds betw een xenon

d if luo ride and te tra fluo rides do no t ex ist in a dynam ic vacuum at room

tem peratu re . O n ly the1 : 1 and 1 : 2 com pounds are vacuum stab le . A ll appear

as the X eF+ salts w ith po lym eric an ions (M Fs-)x and (M2F 9-)x '

W ith trif luo rides on ly 2 X eF2 . B F3 and X eF2 . B F3 are know n.

In X eF2 rich system s the V -shaped X e2F3+cation usua lly occu rs. It was

first characterized by B artle tt and h is cow orkers '" and is plan ar and sym -

m etrica l abou t the b ridg ing fluo rine atom . It is characterized by strong Ram an

bands in the X e-F stre tch reg i on at cca.593 and 580 cm '" and in the bend

reg ion at 160 cm -I. T he X eF+ ion w as first defined struc tu ra lly by Peacock&

Russe ll+ " and is characterized by strong v ib ra tiona l bands in the600-610 cm :"

reg ion '" .

2.2.2. Molecular Adducts o f XeFz

The first iso la ted m o lecu lar adduct o fXeFz w as X eF2 • X eF4 w h ich w as

in itia lly though t to be a second crysta lline m od if ica tion of X eF 4. S ince then

m any o ther adducts o f X eF2 have been prepared . Som e o f them are lis ted in
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TabLe II continued: Footnotes

e Ref. 79. The ečistence of the compound was established only by measurements
of the electrical conductivity of XeF2/TiF4 melt as a function of the composition.

h Ref. 65. The isolation of compound 2 XeF2·TiF4 was notconf irmed.š? The reportecl
light yellow colour of 2 XeF2·TiF4 might be due to the parti alhydrolysis of the
isolated material because allčenonrl I) and xenon(V I) fluorotitanates(IV) are white
solids.š?

C The isolation of 2XeF2·ZrF4 and 2XeF2·HfF4 was not conf'irrned'" even using
the efficient route of hydrazinium fluorometalates and XeF2 (thus preparing
tetrafluorides in situ in the very reactive, so called »molecular« form .).

d The isolation of 2 XeF2• VF5 was not confirrned'". Stable 2: 1 compounds were
not obtained either in the NbF5/XeF2 or TaF5/XeF2 systems .

• Ref. 73. The way the cornpound was isolated and characterized does not support
the existence of the 2 : 1 compound, which was neither confirmed by others'".

r The existence of adducts XeF2· MoF6 and XeF2• WF6 was established from the
melting point - composition diagrarn.

g The existence of XeF2• UFe, was established from the melting point - composition
diagrarn.

h Compound XeF2' 20sF5 was not prepared. Even the 1 : '1 compound is thermally
unstable at room temperature and decomposes to 2 XeF2' OS05

3 XeF+OsF- --r Xe2F30sF6- + Xe + 2 OSF6

I The interaction of liquid XeF2 at 140-150oC with PdF4 (or Pd2F6) yielded a
diamagnetic yellow material. Changes in slope in a weight-Ioss time curve indi-
cated that 4: 1,3: 1, 2: 1 and 1: 1 XeF2: PdF. complexes probably all occur
but the 1 : 1 complex los es XeF2 at or below 20=c.

J In the historical oxidation of xenon by platinum bexafluoride it was found ' that
the stoichiometry of the product of spontaneous reaction varied between XePtF ~
and Xe(PtF6h. Chemical and physical evidence indicated that the oxidation state
of platinum in Xe(PtF6)xwas +5. Pyrolysis of Xe(PtF6)x, at 1650C, yielded XeF4
as the only volatile product and the solid, of composition XePt2FIO, was diama-
gnetic, thus suggesting a Pt(IV ) compound. The product of spontaneous reaction
between xenon and PtF6 at 200C contains XeF+PtF6-, as it was shown by X-ray
powder photography. When the material of composition Xe(PtF6l2 was warmed
to 60oC, the product [XeF"] [Pt2Fll1- was obtained thus indicating that, in addition
to Xe+FPtF6-, amorphous PtF5 was also present.

k Adduct 2 XeF2' PF;;, XeF2' PF5, 2 XeF2' BF3 and XeF2' BF3 were not established
with certainty and some additional work should be done in these two systems.

I The reported compound Xe2SiF6 is probably erroneous. The authors claimed to
have prepared it from a gaseous mixture of xenon and fluorinein the mole ratio
2 : 1 in a glow discharge.

m The existence of the 2 : 1 compound was not confirrned?". The existence of 2 XeF~'
'SnF4 was not noticed in the XeF2/SnF4 system even during a very careful
recording of the course of pumping off the excess of xenon difluoride at O aC.
It is possible that the compound claimed to be 2XeF2·SnF4 wasonly XeF2·2SnF4
with some impurities. In favour of this conclusion are the follow ing facts: the
published infrared spectrum of the compound reported to be 2XeF2' SnF4 is
practically identical w ith the infrared spectrum of the 1 : 2compound'" and the
colour of the 2 : 1 compound is reported to be lemon yellow, whereas pure xenon
(II) and xenon(V I) fluorostannates are all white solid materials66•110

n All efforts to prepare a phase richer in AsF;; than XeF2· AsF5 failed and even
the 1 : 1 compound loses AsF5 at room temperature to yield 2 XeF2· AsF5 67.

o Ref. 69 and 70. In the system XeF2/SbF5 a whole set of compounds was postulated
on the basis of the melting point - composition diagrarn.

p The adduct XeF2' 2BrF5 was postulated on the basis of the melting point -
composition diagram.

r Ref. 77. It was reported that xenon tetrafluoride interacts w ith IF5to yield IF,
and an adduct XeF2· 2IF5. The authors?" did not find evidence for an adduct
of that composition and, furthermore, they found that XeF4 dissolves easily in
IF5 but does not form a thermally stable adduct w ith it. A t ambient temperatures
there was no evidence of evolution of xenon or of iodine heptafluoride formation.
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T ab le I I . In th ese ad d u c ts th e in d iv id u a l m o le cu la r sp ec ie sh av e essen tia l ly

th e sam e s ize an d sh ap e as in a c ry s ta l o f th e p u re com ponen t. In a l l o f th em

th e F l ig an d s o f o n e m o le cu le sh ow m ax im um avo id an ce o f o th e rF l ig an d s

an d a re d ire c ted tow a rd s th e p o s it iv e ly ch a rg ed cen tra l a tom o f th e o th e r

m o le cu le . T h is p ro v id es th e b es t la tt ic e en e rg y fo r th e sem i- io n ic assem b ly .

T h e ex is ten ce o f X eF2· IF5 7 5 ,7 6 an d X eF2· X eF46 8 an d th e iso e le c tro n ic

re la t io n sh ip an d n e a r id en ti ty o f sh ap e o f X eF5+ to IF 5 an d X eO F4 su g g es ted

th a t X eF2 m ig h t a lso m ak e ad d u c ts w ith X eF5" sa lts . 2 X eF2 . X eF5+ A sF6- u l,

X eF2 . X eFs+ A sF6- an d X eFz . (X eF5+ A sF6- )z6 8 ,9 1 a re ty p ic a l an d a re co n v en ien t ly

p rep a red b y m ix in g th e com ponen t in th e ap p ro p r ia te m o la r p ro p o r t io n s e ith e r

b y fu s in g th e com ponen ts o r d isso lv in g th em in a su itab le so lv en t. S u ch ad -

d u c ts a re l im ited to m ono an io n s , in w h ich th e f lu o r in e - l ig an d ch a rg e is su f -

f ic ie n t ly low , so th a t X eF2 can e f fe c t iv e ly com pe te w ith th e an io n in in te r -

a c t io n w ith th e X eF 5+ '

2.3. Xenon(IV) Compounds

X enon te tra f lu o r id e is th e w eak es t f lu o r id e io n d o n o r am ongx en o n f lu o -

r id es an d o n ly ad d u c ts w ith th e s tro n g es t L ew is ac id s (S bF 5 and B iF5) h av e

b een iso la ted a t ro om tem pe ra tu re (see T ab le I I I ) . S u ch ad d uc ts w e re f irs t

p re sen ted as X eF3+ sa lts o n th e b as isO I th e c ry s ta l s tru c tu re o f X eF3S b2F I11 0 2 .

T he ex is ten ce o f an ad d u c t X eF4 • A sF 5 has b een c la im ed - '" a t low tem pe ra tu re s

an d in th e p resen ce o f an ex cess o f A sF5.

T A B L E I I I

Xenon(IV) Compounds

X eF 4 ' A sF 51 0 1

X eF 4 ' S bF 51 0 2,1 0 3
X eF 4 ' 2S bF51 0 2 ,1 0 o

X eF 4' B iF s 72

X eF4· 2 B iFs72

T he k n ow n x en o n ( IV ) com pound s h av e b een p rep a red b y fu s in g th e co rn -

p o n en ts o r b y d isso lv in g th em in an h y d ro u s R F , e ith e r in s to ic h iom e tr ic

am oun ts o r b y u s in g ex cess o f o n e com ponen t an d rem o v in g th e ex cess u n d e r

v acu um to co n s tan t w e ig h t.

T h ese com p le x es a re b es t d esc r ib ed in te rm s o f a T -sh ap ed ca tio n , (X eF 31 )

co o rd in a ted to th e an io n v ia f lu o r in e b r id g es , th e len g th s an d p o la r ch a rac te r

o f w h ich a re d e te rm in ed b y th e L ew is ac id i ty o f th e an io n . T h eto ta l ly sy rn -

m e tr ic s tre tc h in g v ib ra t io n V I o f X eF3+ is ~ 643 cm - lo

2.4. Xenon(VI) Compounds

A num be r o f ad d u c ts in v o lv in g X eF 6 in com b in a tio n w ith re co gn ized F -

accep to rs (T ab le IV ) an d reco g n ized F - d o n o rs h av e b een rep or ted (T ab le V J .

H ig h co n d u c tiv i ty o f X eF6 in R F so lu t io n s , in com pa r iso n w ith th o se o f X eFz

o r X eF4, in d ic a te s th e p o ss ib i l i ty th a t X eF6 is e x ten s iv e ly io n iz ed in su ch

so lu t io n s an d is in fa c t [X eF5+ ]. F - (so lv ) .

T h e ad d u c ts w ith f lu o r id e - io n accep to rs a l l a p p ea r to b e e ith e r X eF5'

o r X ezFI l+ sa lts , th e p ro to ty p e s tru c tu re s o f w h ich w e re X eF5+ P tF6-1 2 8 an d

X e2F I1 + A uF 6 -1 0 5 . T hese ca tio n s a re th e X e (V I) an a lo g u es o f X eF + and X e2F 3+ '
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Table IV continued: Footnotes

n X eF 6 ' S C F 3 h as b een p rep a red o n ly b y th e reac tio n b e tw een N 2 H5 ' S cF 4 an d ex cess

o f X eF 6 a t ro o m tem p era tu re . T h e ad d u c t is s tab le a tO ° b u t it d eco m p o ses a t

2 00C to S C F 3 an d X eF 6 . T h e reac tio n b e tw een so o b ta in ed S C F 3 an d XeF o to

fo rm X eF 6 ' S C F 3 is n o t rev e rs ib le .

b T h e co m p o u n d 3 X eF 6 ' Y F 3 is th e f irs t k n o w n m o n o m eric sa lt o f X eF 5 + w ith a

m eta l in th e + 3 v a len ce sta te . R am an sp ec tro sco p y sh o w s th a t th e co m p o u n d

is an X eF 5 + sa lt. I t can b e fo rm u la ted as (X eF 5 1 3 Y F 6 3 -. I t h asb een p rep a red

b y th e reac tio n b e tw een Y 2 0 3 o r N 2 H 5 Y F 4 an d ex cess X eF 6 .

c W ith th e lan th an id es, tw o ty p es o f X eF 5 sa lts h av e b een sy n the tized . I f th e

lan th an id e is o x id ized to th e + 4 o o id a tio n sta te , th e 4 : 1 an d 1 : 2 co m p o u n d s

a re fo rm ed (in th e case o f p raseo d y m iu m a lso'1 : 4). O n ly th e 1: 2 co m p o u n d s

a re th e rm a lly s tab le a t ro o m tem p era tu re (1: 4 in th e case o f p raseo d y m iu m ).

I f th e lan th an id e is n o t o x id ized to th e+ 4 o x id a tio n s ta te , th e 3 : 1 co m p o u n d s

a re o b ta in ed w h en th e lan th an id e tr if lu o r id e h as th e Y F 3 stru c tu re . W h en th e

tr if lu o r id e h ad th e L aF 3 stru c tu re , n o x en o n (V I) co m p o u n d sw ere p rep a rab le .

d T h e ev id en ce fo r th e 2 : 1 co m p o u n d w as fo u n d o n ly d u rm g th e th erm a l an a ly s is

o f th e co m p o u n d w ith th e h ig h x en o n h ex a f lu o r id e co n ten t. T h e sm a ll d if fe ren ce

b e tw een th e d eco m p o s it io n tem p era tu res o f th e4 : 1 an d 1 : 1 co rn p o u n d s h am p ers

th e iso la tio n o f th e 2 : 1 co m p o u n d .

e C o m p o u n d s X eF 6 ' M F4 (M = Z r, H f) w e re iso la ted b y u s in g h y d raz in iu m flu o ro -

m e ta la tes ass ta rtin g m ate r ia ls fo r th e reac tio n w ith X eF 6 . T h e reac tio n b e tw een

th e co rresp o n d in g te tra f lu o r id es an d X eF 6 d id n o t p ro ceed .

r T h e ex is ten ce o f 2 X eF 6 ' M o F 6 an d X eF 6 ' M o F 6 w as estab lish ed o n ly fro m th e

m e ltin g p o in t - co m p o s it io n d i ag ram .

• X eF 6 ' F eF 3 is an o th e r ex am p le w h ere th e u se o f a h y d raz in iu m sa lt is essen tia l

fo r th e sy n th es is o f an X eF 5 + sa lt. R am an sp ec tra estab lish th a t it is an X eF 5 '

sa lt. T h e an io n is p ro b ab ly p o ly m eric (F eF4)n n -.

h T h e sy n th es is o f 2 X eF 6 ' R u F5 h as n o t b een d esc r ib ed . H o w ev e r, th e co m p o u n d

is iso s tru c tu ra l w ith th e o th e r 2 X eF 6 ' M F 5 w h ere M is R u , Ir , Pt an d A u .

1 T h e sy n th eses o f 2 X eF 6 ' I rF 5 an d X eF 6 ' I rF 5 h av e n o t b een d esc r ib ed . F o r th e

2 : 1 co m p o u n d see h ). T h e 1 : 1 co m p o u n d is iso s tru c tu ra l w ith X eF 6 ' M F 5 w h ere

M = R u , Pt, N b .

j B o th n ick e l co m p o u n d s h av e b een p rep a red u s in g X eF 6 an d K rF 2s im u ltan eo u s ly ,

T h e 4 : 1 co m p o u n d d eco m p o ses a t ro o m tem p era tu re y ie ld in g X eF 6 an d th e 2 : 1

co m p o u n d ,

k T h e X eF 6 ' A g F3 co m p o u n d w as sy n th e tized o n ly b y s im u ltan eo u s u se o f X eF 6

an d K rF2.

1 T h e X eF 6 'A u F g co m p o u n d rep resen ts w ith X eF 6 A u F G th e f irs t in s tan ce o f X eF 5

o ccu rr in g w ith tw o d if fe ren t v a len ce sta tes o f a m e ta l.

n o C o m p o u n d s X eF 6 ' G aF 3 , X eF 6 '2 A lF 3 an d X eF 6 ' In F 3 a re ad d it io n a l ex am p les o f

th e sy n th e tic ro u te u s in g h y d raz in iu m flu o ro m e ta la tes as th e sta rtin g m a te r ia ls

fo r th e p rep a ra tio n o f X eF ;;+ sa lts . A ll th ree co m p o u n d s a reX eF5+ sa lt w ith

p o ly m eric an io n s. T h e in d iu m co m p o u n d is th e rrn a lly u n stable , d eco m p o s in g a t

2 0 ° to X eF 6 an d In F 3 .

u O n th e b as is o f v ib ra tio n a l sp ec tra , th e4 : 1 co m p o u n d s can b e fo rm u la ted as

X e2 F ll; ' sa lts , w h ile th e 1 : 4 co m p o u n d s a re X eF5+ sa lt w ith p o ly m eric an io n s. T h e

4 : 3 an d 3 : 4 co m p o u n d s a re ap p a ren tly in te rm ed ia te co m p o u n d s w ith b o th

X e2 F ll+ an d X eF5+ ca tio n s p resen t.

o T h e ex is ten ce o f an ad d u c t X eF 6 ' K rF 2 w as n o t co n f irm ed168 u s in g th e sam e ex p e -

r im en ta l ap p ro ach as th e au th o rs !" an d a lso o th e r sy n th e ticro u tes .
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2.4.1. [XeFs+] and [Xe2Fll+]

For the preparation of xenon(VI) fluorocomplexes many synthetic schemes
have been used, which can be roughly represented by the following three
groups:

a) Direct method: The interaction of an excess of xenon hexafluoride with
a binary fluoride in a melt of XeF6 (temperatures higher than50°C.)
Several complexes have been prepared by oxidizing a lower-valent fluo-
rides in the presence of an excess of XeF6. In other cases the complexes
have been prepared by mixing the component fluorides in a nonreducing
solvent.

The stoichiometries of these complexes appear to be determined by the
favoured coordination number of M (commonly six as in [MFn, [MF62-])
and the formation of either XeFs+ or Xe2FIl+. The latter is formed only
when the anion is monomeric (MFxn-) and XeFs is available to form a
p- bridge to XeFs+.

b) Indirect method: The corresponding bin ary fluoride is sythetized in situ
in a very reactive »molecular form«. In this case xenon hexafluoride
is both oxidizer and complexing agent. As starting materials, hydrazinium
salts or ammonium fluorocomplexesv"?" or oxides'!? have been used. Using
this synthetic route a whole series of xenon(VI) fluorocomplexes have
been isolated (e. g. XeF6· FeF3, XeF6· GaF3, XeF6' InF3, XeF6· 2 AlF 3,

XeF6 . HfF4, XeF6 . ZrF4).

c) Combined Method: In this method, KrF2 and XeF6 were used concurrently.
This method is efficient in cases where the binary fluoride does not exist
in the oxidation state in which the xenon(VI) fluorocomplexes are
expected (e. g. xenon(VI) fluoronickelatesđ.Vj-") or in the cases where the
bin ary fluoride exists in the oxidation state appropriate for the formation
of xenon(VI) fluorocompound, but where this binary fluoride could not
be obtained by using only XeF6 as oxidizer (e. g. xenon(VI) fluoroargen-
ta te(III)129).

Xenon hexafluoride forms complexes with monomeric and polymeric
anions. In the case of monomeric anions we have the followingset of
complexes: Xe2Fll+MF6-, XeF5+ MF6-, XeFs+M 2Fll -, (XezF1t)2 MF62-, (XeFs+h
MF62-, (XeF;h MF63-. In the case of polymeric anions we have with tetra-
valent fluorides the following mole ratios: XeF6: MF4 4: 3, 3: 4, 1: 2,
1 : 4110,87and with MF3 1 : 1 and 1: 294,96. Among all structurally defined
xenon(VI) fluorocomplexes, only in the cases of XeF6 . AgF3 and XeF6 .
. AuF3 the anions are not octahedrally coordinated with fluorine.
The Xe2Fll+ cation behaves vibrationally like two weakly coupled XeFs+
species. The F bridging of two XeFs groups in the Xe2Fll cation appears
to be characterized by a »bridge stretch« at cca.360 cm-lt05. For XeFs+

of C4v symmetry, nine fundamental vibrations were observed.166,167

2.4.2. [XeF7-] and [XeFi-]

Complexes of XeF6 with fluoride ion donors, e. g. N02F, NoF, and alkali
metal fluorides (with the exception of LiF) are listed in Table V. With alkali
fluorides, complexes of the type MXeF7 and MzXeF8· have been reported. They

)
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probably contain anions XeF7- and XeFs2-. The XeFs2- in the fully characterized

compound (NO)z+ XeFs2- 134 has an approximately archimedian antiprism geo-

metry, the stereo activity of the non-bonding xenon valenceelectron pair

being only weakly evident. NF4+ XeF7- decomposes to NF3, F2 and XeF6 and

evidence for (NF4)z XeFs as an intermediate has been given133•

TABLE V

Xenon(VI) Compounds with p- Donors

2 NaF . XeF657.125

2 KF . XeF6125

2 RbF . XeF6106.125
RbF . XeF61060125

2 CsF . XeF6106.125
CsF . XeF6106,125

N02F . XeF6131

2 NOF . XeF6132

NFl XeF7-133
(NF4+l2 XeFs2-133

3. KRYPTON CHEMISTRY

The chemistry of krypton is limited to that of krypton difluoride and

its derivatives. All efforts to confirm the synthesis of krypton tetrafluoride

or higher fluorid es have failed. Furthermore, there is no firm evidence of

the existence of oxides, oxyfluorides or chlorides.

3.1. Krypton Difluoride

Krypton difluoride was first prepared by Turner and Pimentel+" who

prepared it by u1traviolet photolysis of fluorine suspended in a solid mixture

of argon and krypton at 20 DK. Because krypton diffluoride isthermodyna-

mically unstable-"; all effective syntheses have to be carried out at lower

temperatures (-196DC). Methods used for the preparation of KrF2 in the

laboratory include electric discharge of a gaseous mixtureof krypton and

fluorine at low temperature and pressure+". The method is claimed to yield

about 250 mgKrFzlh. High frequency discharge in a mixture of krypton and

CFzClps has also been claimed. Other methods involve irradiation of fluorine

- krypton mixtures: with 1.5 MeV electrons-š"; with 10 MeV protonsv? OJ;'

(with low efficiency) exposure tosunlight-v.

A very efficient method for the preparation of KrF2 on a bigger labo-

ratory scale has been developed (30-40 g/chargej-". This isbased on the

irradiation of a liquified mixture of fluorine and krypton with neal' UV

light at -196 DC. The yield is about 1 g of KrFzlh.

Properties: krypton difluoride is colourless in the solid and vapour phase.

It decomposes at temperatures above-80 DC. The decomposition rate is very

much dependent upon the pretreatment of the reaction vessel. If this is well

pretreated with KrFz before starting, the decomposition ofKrFz is much lower.

Krypton difluoride has the lowest average bond energy of anyknown fluoride.

The atomization energy ofKrFz (tl Hat = 98 kJ mol-I) is smaller than the

dissociation energy of elemental fluorine(tl Hdiss.= 153 kJ mol-I), thus indi-

cating that krypton difluoride is closest in activity to atomic fluorine.
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TABLE VI

Some Physical Properties of KrF2

!J. H,ub/kJ mol-Ia
!J. Hfo(g)/kJ mol-Ib

solid density/g cm'?"
vapor pressure/mm Hga

41
60 ± 3
3,301 (calcd.)
10± 1 at 257.7K
29 ± 2 at 273.2K
73 ± 3 at 288.2K

mean thermochemical
bond energy(kJ mol:")" 49.0

a Ref. (143);b Ref. (136);c Ref.(144).

3.2. Krypton(II) Compounds

So far only those krypton-fluorine compounds are known which exhibit
a significant amount of ionic character and can be describedin terms of
(KrF)+ and (Kr2F3)+containing species. The (Kr2F3)+ cation consists of two
(KrF)+ un its joined by a fluorine bridge.

All known krypton compounds are listed in Table VII. They arecomplexes
of KrF2 with Lewis acid pentafluorides and have the stoichiometries 2 : 1, 1 : 1
and 1 : 2. In addition, there are a number of compounds in whichadditional
KrF2 units appear to be weakly associated, probably with the cationic part
of the compound. Recently, also the first adducts of KrF2 with tetravalent
fluorides have been isolated: 2 KrF2 . MnF4 and KrF2 . MnF4153. The 1 : 1 com-
pound is most probably (KrF)+ (lvInFst with a polymeric anion. Claims for
compounds 2 KrF2 . TiF4 and 2 KrF2 . SnF, have not been supported by any
characteriza tional evidence.

Krypton complexes may be prepared directly by the reaction of KrF2
with the appropriate pentafluoride or using a solvent. In some cases the
pentafluoride has been prepared in situ using KrF2 as the fluori.nating agent.
So far no X-ray crystal structure of any KrF2 complex has been deterrnined
and the characterization of the complexes has rested largely on vibrational
spectroscopy. Raman spectroscopy has been especially valuable in the studies
of these compounds, all of which are of low thermal stability.

Observed Raman and infrared frequencies for Kr(II) compounds are best
assigned on the basis of ionic formulations. (KrF)+ (M2Fll )-, (KrF)+ (MF6)- and
(Kr2F3)+(MF6f. The appearance of Kr ... F and M ... F bridge-stretching and
F-Kr ... F bending modes point to a strong interaction between cation and
anion indicative of some covalent character to that bonding. For the (KrF)+
salts the stretching vibration is in the range from626 cm"! (in the case of
KrF+ Sb2Fll -) to 597 crrr" (in the case of KrF2• 2 NbFs).

The spectra of the (Kr2F3)+cation have been correlated withthose of
the (Xe2F3)+species but additional peaks, which have no equivalents in the
xenon spectra, suggest that the (Kr2F3)+is less symmetrical than its xenon
analogue, with one long er and weaker Kr-F bond and one shorter and
stronger Kr-F bond. An alternative interpretation is that this cation involves
distorted KrF2 molecule fluorine bridged to a (KrF)+ cation. KrF2 is a very
strong oxidizer. KrF+ salts are even more powerful electrophiles since the
electron affinity of (KrF)+ is 12.5 ev' This makes it an effective source of
F+, exploited effectively in the synthesis of BrF6+ andClFt salts.
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4. RADON CHEM ISTRY

There are no stable isotopes of radon and the long est lived »natural«
isotope, 222Rn, has a half-life of only3.83 days. Experimental difficulties

arise not only from radiation hazard, but also from the radiation decompo-
sition of the reagents. The most detailed review of radon chemistry, to early
1981, was made by L. Stein!55.

The low first ionization potencial of radon (10.7 eV) and its chemical

sim ilarity to xenon indicate that a number of other radon compounds apart

from RnF2 should exist, such as RnF4' RnF6, RnCb, RnC14, RnO, Rn02, Rn03
and RnOF4. The existence of. RnF4 or RnF6 and Rn03 has been claimed.P"
So far no complex compounds containing (RnF), (Rn2F3)+or (Rn)2+ have been

isolated and fully charazterized. Radon reacts spontaneously at room tempe-

rature with many solid compounds that contain oxidizing cations (e. g. XeF+

and O2+salts). By analogy with xenon, it is bellieved that radon also forms

RnF+ salts.

5. CHEM ISTRY OF LIGHTER NOBLE GASES

The first ionization potentials of lighter noble gases Ar(15.76 eV), Ne

(21.56 eV) and He (24.59 eV) show that these gases will remain truly inert

gases. The only chance is probably for the formation of ArF+ cation in con-

nection with a high ionization potential anion, which is also a very poor

fluoride ion donor. A possible candidate is the Sb2F ll - ion but AuF6- could

also serve the purpose. The2+ oxidation state for krypton and xenon are

more stabilized in the diatom ic noble-gas fluoride cation (G-F)+. The energy

of the bond in KrF+ is 1.63 eVG2as compared to XeF+ which is2.03 eV21 and

ArF+ which is 1.655 eV157.

6. CHALLENGE S OF THE NOBLE GAS CHEM ISTRY IN THE FUTURE

An extension of noble gas chemistry to other elements than Kr, Xe and

Rn is possible only w ith argon in ArF+ salts. Further, new oxidation states

and a greater range of ligands migth be used in radon chemistry. Otherw ise,

the extension of the chemical compounds of xenon and kryptonin known

oxidation states with other electronegative ligands mightoccur. The high

proton affinities of the heavier noble gases158 (Xe;::: 6 eV; Kr > 4 eV) also

raise the possibility of (XeH)+ and (KrH)+ salts being preparable. These are of

potential value as protonating agents. The greatest extension of noble gas

chemistry is expected in the exploitation of noble gas compounds as fluor i-

nating and oxidizing agents.

7. POSSIBLE USES OF THE NOBLE GAS COM POUNDS

The greatest utility of the noble-gas compounds is derived from the

weakness of their bonds and the relative inertness of the reduction product,

the noble-gas atom. Their greatest potential value, therefore, lies in their

employment as clean oxidizers. The lighter the noble-gas atom the greater

is the oxidizing power of the compound. Because of the ready ionization of

noble-gas fluorides to form cationc species (XeF+, KrF+ etc.), they are fast

and efficient electrophilic oxidizers.
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The use of XeF2 as a fluorinating agent for the preparation of some

ammonium fluorometalates with metals in higher oxidation state (e. g.

(NR4)4UF!O)98suggests that it can have a valuable role as a potent electrophilic

oxidizing agent in the generation of high oxidation state species.

It has also been used as a source of F ligands in the substitution of F ligand

into aromatic hydrocarbons-š" and as a route to oxidative reagents which do

not contain a noble gas atom (e. g. source ofS03 radicals)!". The interaction

of XeF2 with water as a component in the inetraction has also been an

effective route to the synthesis ofperbromate'v". This could be further

exploited as an effective [O] atom source: XeF2 + R20 ~ [XeO] + 2 RF.

The most spectacular reagents so far have proven to be the GF+salts

(G = noble gas atom). They act as suppliers of F+ (synthesis of BrF6+ 161 etc.).

Reactions between radon and strong oxidizers, such asO2+ salts, can be

used for scrubbing radon from air. This is of particular value in uranium

mines.RQPONMLKJIHGFEDCBA

A e k n o w L e d g e m e n t . - The author is grateful to the Research Community of
Slovenia for supporting this work.
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PO V ZETEK

Pregled dela na sintezi b inarnih fluoridov žlahtnih plinov

B . Ž e m v a

Podan je kritičn i pregled dela na sintezi b inarnih fluoridov žlahtnih plinov
(posebno ksenona in kriptona) in njunih spojin v obdobju zadnjih 25 let. Peleg tega
je podan tudi zgodovinski uvod v kem ijo žlahtnih plinov, izziv za bodočnost in m ož-
nosti uporabe spojin ž1ahtnih plinov.


