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ABSTRACT 

An i n v e s t i g a t i o n of the attainable oxidation 
states of osmium i n reaction with f l u o r i n e and 
fluorine-oxygen mixtures was c a r r i e d out. The f i r s t 
simple heptavalent compound of osmium, osmium oxide 
pentafluoride, OsOf^, was prepared by the f l u o r i n a t i o n 
of anhydrous osmium dioxide. This compound was 
characterized by an a l y s i s . X-ray single c r y s t a l and 
powder methods, and by inf r a r e d spectroscopy. The 
vapour pressure-temperature r e l a t i o n s h i p and derived 
thermodynamic data have been evaluated^ The magnetic 
s u s c e p t i b i l i t y has been measured over the temperature 
range 77° to 300°K. The existence of an octavalent 
osmium oxyfluoride, osmium t r i o x i d e d i f l u o r i d e , 
OSO3F2 has been confirmed. This compound i s 
diamagnetic and the s o l i d i s dimorphic. Preliminary 
s t r u c t u r a l work has indicated that the osmium i s s i x -
coordinated i n th i s compound. A related ternary 
f l u o r i d e , NOOSO3F3 containing octavalent osmium was 
prepared and characterized. The r e s u l t s of the 
investigations indicate that OSO2F4 and higher 
fluorides of osmium than 0sF6 are u n l i k e l y to be 
stable at ordinary temperatures and pressures. 

The o x i d i z i n g properties of the noble metal 
hexafluorides have been investigated. The reactions 
of platinum hexafluoride with nitrogen t r i f l u o r i d e , 
carbon monoxide, krypton, chlorine and hexafluorobenzene 
have been studied with the aim of preparing some 
unusual cations and to set an upper l i m i t to the 
ox i d i z i n g power of PtFg. The reaction of xenon with 
platinum hexafluoride was further investigated i n 
order to better characterize the reaction product. 
Dioxygenyl hexafluoroplatinate (V) was prepared on a 
large scale for a neutron d i f f r a c t i o n study. This 
study was c a r r i e d out by J.A. Ibers and W.C. Hamilton 
of the Brookhaven National Laboratory. Interpretation 



of t h e i r findings i s given. 

Reactions of n i t r i c oxide with 0sF6, IrF6 and PtF6 
were investigated to e s t a b l i s h the oxidi z i n g trend i n 
the series and to prepare as complete a series of 
N0MF6 s a l t s as possible. The products N0MF6 were 
characterized by analysis, magnetic measurements and 
X-ray powder photography. Reactions of these 
hexafluorides with sulphur t e t r a f l u o r i d e were also 
investigated and products containing SF3+ cations were 
obtained and characterized. 
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ABSTRACT 

i i 

An i n v e s t i g a t i o n of the a t t a i n a b l e o x i d a t i o n s t a t e s of 

osmium i n r e a c t i o n with f l u o r i n e and f l u o r i n e - o x y g e n mixtures 

was c a r r i e d out. The f i r s t simple heptavalent compound of 

osmium, osmium oxide p e n t a f l u o r i d e , OsOF,., was prepared by the 

f l u o r i n a t i o n of anhydrous osmium d i o x i d e . T h i s compound was 

c h a r a c t e r i z e d by a n a l y s i s , X-ray s i n g l e c r y s t a l and powder 

methods, and by i n f r a r e d spectroscopy. The vapour p r e s s u r e -

temperature r e l a t i o n s h i p and d e r i v e d thermodynamic data have 

been ev a l u a t e d . The magnetic s u s c e p t i b i l i t y has been measured 

over the temperature range 77 to 300 K. The e x i s t e n c e of an 

o c t a v a l e n t osmium o x y f l u o r i d e , osmium t r i o x i d e d i f l u o r i d e , 

OSO3F2 has been confirmed. T h i s compound i s diamagnetic and 

the s o l i d i s dimorphic. P r e l i m i n a r y s t r u c t u r a l work has i n d i ­

c a t e d t h a t the osmium i s s i x - c o o r d i n a t e d i n t h i s compound. A 

r e l a t e d t e r n a r y f l u o r i d e , NOOsOgFg c o n t a i n i n g o c t a v a l e n t osmium 

was prepared and c h a r a c t e r i z e d . The r e s u l t s of the i n v e s t i g a ­

t i o n s i n d i c a t e t h a t OSO2F4 and higher f l u o r i d e s of osmium than 

OSFQ are u n l i k e l y to be s t a b l e at o r d i n a r y temperatures and 

pr e s s u r e s . 

The o x i d i z i n g p r o p e r t i e s of the noble metal hexa-

f l u o r i d e s have been i n v e s t i g a t e d . The r e a c t i o n s of platinum 

h e x a f l u o r i d e with n i t r o g e n t r i f l u o r i d e , carbon monoxide, kryp­

ton, c h l o r i n e and hexafluorobenzene have been s t u d i e d with the 

aim of p r e p a r i n g some unusual c a t i o n s and to set an upper l i m i t 

to the o x i d i z i n g power of PtFg. The r e a c t i o n of xenon with 

platinum h e x a f l u o r i d e was f u r t h e r i n v e s t i g a t e d i n order to 



i i i 

better characterize the reaction product. Dioxygenyl hexa-

fluoroplatinate (V) was prepared on a large scale for a neutron 

d i f f r a c t i o n study. This study was carried out by J.A Ibers and 

W.C. Hamilton of the Brookhaven National Laboratory. Inter­

pretation of their findings i s given. 

Reactions of n i t r i c oxide with OsFg , IrFg and PtF Q were 

investigated to establish the oxidizing trend i n the series and 

to prepare as complete a series of NOMFg s a l t s as possible. The 

products NOMFg were characterized by analysis, magnetic measure­

ments and X-ray powder photography. Reactions of these hexa-

fl u o r i d e s with sulphur t e t r a f l u o r i d e were also investigated and 

products containing SF3 + cations were obtained and characterized. 
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Chapter I 

INTRODUCTION 

F l u o r i n e i s w e l l known f o r i t s r e a c t i v i t y . I t i s the most 

o x i d a t i v e l y r e a c t i v e of a l l the chemical elements; indeed i t 

combines e x o t h e r m i c a l l y with most of them and o f t e n e x c i t e s the 

h i g h e s t a t t a i n a b l e o x i d a t i o n s t a t e of the element. I t s r e a c t i ­

v i t y i s a t t r i b u t a b l e to the low d i s s o c i a t i o n energy of molecular 
1 2 3 f l u o r i n e , ' i t s s m a l l atomic s i z e and the e x o t h e r m i c i t y of i t s 

4 
bonds to other elements. 

Although much i s now known of the f l u o r i d e s of the commoner 

elements, the f l u o r i n e chemistry of the p l a t i u m metals (ruthenium, 

rhodium, pal l a d i u m , osmium, i r i d i u m and platinum) has r e c e i v e d 

much l e s s a t t e n t i o n than i t deserves. A p p r e c i a b l e advancement 

has, however, been made i n the past few years i n c l u d i n g the 
p r e p a r a t i o n of s e v e r a l new f l u o r i d e s , the r e c h a r a c t e r i z a t i o n 

of some of those a l r e a d y known, and b e t t e r c h a r a c t e r i z a t i o n of 

the s t r u c t u r e and bonding of the e s t a b l i s h e d f l u o r i d e s by way of 

e l e c t r o n d i f f r a c t i o n , 5 ' 6 c r y s t a l l o g r a p h y , 7 - 9 ' 3 2 magnetochemistry 1 0 

11—15 
v i s i b l e , u l t r a v i o l e t and i n f r a r e d spectroscopy, , n u c l e a r 

i c _ O f | 0"i n o 
magnetic ° and e l e c t r o n s p i n resonance " L''°* spectroscopy. 

Notable among the. r e c e n t l y prepared f l u o r i d e s are the hexa-
oq OA 25 OR 

f l u o r i d e s of p l a t i n u m , t e c h n e t i u m , " ruthenium and rhodium^" 
27 

and one h e p t a f l u o r i d e , that of rhenium. The r e c h a r a c t e r i z a t i o n 
i n c l u d e d one of the f i r s t v o l a t i l e metal h e x a f l u o r i d e s to be 

prepared, osmium h e x a f l u o r i d e . T h i s f l u o r i d e was f i r s t d e s c r i b e d 
28 

i n 1913 but was i n c o r r e c t l y i d e n t i f i e d as osmium o c t a f l u o r i d e 
29 and was so known f o r the next f o r t y f i v e y e ars. Osmium o c t a -
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f l u o r i d e was regarded as the prime example of the a b i l i t y of 

f l u o r i n e to e x c i t e the hi g h e s t valency and hi g h e s t c o o r d i n a t i o n . 

Undoubtedly the u n c r i t i c a l acceptance of the erroneous o c t a -

f l u o r i d e f o r m u l a t i o n was c o n d i t i o n e d by the ready formation and 

high s t a b i l i t y of the t e t r o x i d e of osmium. Since a l l e i g h t 

valence e l e c t r o n s of osmium are presumably i n v o l v e d i n bonding 

i n the t e t r o x i d e , the p o s s i b i l i t y of them a l l being used to bond 

f l u o r i n e c o u l d not be e a s i l y denied. 

The e s t a b l i s h e d h i g h e s t v a l e n t oxides and f l u o r i d e s of the 

second and t h i r d t r a n s i t i o n s e r i e s are given i n Table I. 

Table I 

The Highest V a l e n t Oxides and F l u o r i d e s of the Second and 

T h i r d T r a n s i t i o n S e r i e s . 

F l u o r i d e s MoFg TcF6 RuFg RhFg PdF4 AgF 2 

Oxides M0O3 TC2O7 RUO4 Rh02 Pd203 AgO 

F l u o r i d e s WF6 ReF 7 OsF 6 IrFg P t F 6 AuF 3 

Oxides WO3 Re 207 OSO4 I r 0 3 Pt03 AU2O3 

I t i s apparent t h a t both f l u o r i n e and oxygen e x c i t e the same 

hi g h e s t formal o x i d a t i o n s t a t e except f o r the elements Ru, Os, 

Rh, Pd and Tc. Rhodium and pa l l a d i u m a t t a i n t h e i r h i g h e s t 

s t a t e s of o x i d a t i o n most r e a d i l y with f l u o r i n e . The converse 

i s the case f o r ruthenium and osmium, both of which form t e t r o -

x i d e s . There i s , t h e r e f o r e , no i n d i c a t i o n from t h i s simple 

c o r r e l a t i o n t h a t higher f l u o r i d e s of osmium than OsFg should 

not e x i s t . Moreover, a comparison of osmium with rhenium (the 

preceding element), which forms a h e p t a f l u o r i d e , lends some 



support to the view that osmium may form a h e p t a f l u o r i d e . How­

ever, the marked decrease i n thermal s t a b i l i t y , with i n c r e a s e 

i n the atomic number of the t r a n s i t i o n metal, i n each hexa-
5 

f l u o r i d e s e r i e s , i n d i c a t e s that osmium h e p t a f l u o r i d e would be 

much l e s s s t a b l e towards d i s s o c i a t i o n than the h e p t a f l u o r i d e of 

rhenium. 

The work of Hepworth and R o b i n s o n 3 0 i n d i c a t e d that Os (VIII) 

c o u l d occur i n o x y f l u o r i d e systems. They r e p o r t e d osmium t r i -

oxide d i f l u o r i d e OSO3F2, and complex s a l t s of g e n e r a l formula 

AOSO3F3 with A, as monovalent metal (K, Cs and Ag). The d e s c r i p ­

t i o n of the compounds, however, was b r i e f and t h e i r a n a l y t i c a l 

i d e n t i f i c a t i o n r e s t e d only on f l u o r i n e a n a l y s i s . The i d e n t i f i ­

c a t i o n of osmium t r i o x i d e d i f l u o r i d e and i t s complex s a l t s pre­

dated the c o r r e c t i d e n t i f i c a t i o n of the " o c t a f l u o r i d e " of osmium. 

In the absence of other evidence and on the b a s i s of a n a l y t i c a l 

evidence alone, t h i s o x y f l u o r i d e c o u l d be formulated as OSO2F2 

and the complex s a l t s as AOSO2F3 as shown i n Table I I . 

Table II 

A n a l y t i c a l Data f o r OSO3F2 and AOSO3F3 S a l t s . 

OSO3F2 AgOs03F3 

Found: F, 13.5%; Found: F, 13.8%; Ag, 26.7% 

14.2%. 

OSO3F2 r e q u i r e s F, 13.8%. AgOs03F3 r e q u i r e s F, 14.1%; Ag, 26.8% 

OSO2F2 r e q u i r e s F, 14.6%. AgOs02F 3 r e q u i r e s F, 14.7%; Ag, 27.9% 

(Cont'd) 



TABLE II (cont'd) 
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KOSO3F3 C s O s 0 3 F 3 

Found: F,20.0%; E 317. Found: F,15.1%; E 454. 

KOSO3F3 r e q u i r e s F,17.0%; E 334. C s G s 0 3 F 3 r e q u i r e s F,13.3%; E 428. 

KOSO2F3 r e q u i r e s F,17.9%; E 318. CSOSO2F3 r e q u i r e s F,13.8%; E 412. 

Con f i r m a t i o n of these f i n d i n g s was, t h e r e f o r e , d e s i r a b l e . 

No other o x y f l u o r i d e s of osmium except an i l l - c h a r a c t e r i z e d 
31 

osmium oxide t e t r a f l u o r i d e , OSOF4 were known p r i o r to the 

present work. A l l o w i n g that the h i g h e s t valence a t t a i n a b l e i n 

a s t a b l e b i n a r y f l u o r i d e of osmium i s s i x , the o x y f l u o r i d e OsOFg 

appears improbable. The p o s s i b l e e x i s t e n c e of the o x y f l u o r i d e s 

OSO2F4 and OSOF5, however, cannot be r e a d i l y denied. In order 

to b e t t e r e v a l u a t e the f a c t o r s which l i m i t the formal o x i d a t i o n 

s t a t e of osmium, an i n v e s t i g a t i o n of the osmium-oxygen-fluorine 

system was, t h e r e f o r e , undertaken together with a simultaneous 

search f o r a higher b i n a r y f l u o r i d e of osmium than the hexa­

f l u o r i d e . The r e s u l t s of t h i s i n v e s t i g a t i o n and t h e i r s i g n i ­

f i c a n c e form a major p a r t of t h i s t h e s i s . 

The t h i r d t r a n s i t i o n s e r i e s elements are of p a r t i c u l a r 

i n t e r e s t i n that h e x a f l u o r i d e s of the elements from tungsten to 
7 

platinum are known. These h e x a f l u o r i d e s have been w e l l charac­

t e r i z e d p h y s i c a l l y . The molecules have o c t a h e d r a l symmetry and 

the s o l i d s are molecular. They are, t h e r e f o r e , r e a d i l y v o l a t i l e . 

In the vapour phase the metal to f l u o r i n e d i s t a n c e i n these hexa-
o 

f l u o r i d e s i s e s s e n t i a l l y constant, being about 1.83A as found 
5 

by e l e c t r o n d i f f r a c t i o n . At low temperatures these molecules 

are c l o s e packed i n an orthorhombic c r y s t a l s t r u c t u r e , the 



e f f e c t i v e m o l e c u l a r volumes" 3^ v a r y i n g as shown i n T a b l e I I I . 

T a b l e I I I 

E f f e c t i v e M o l e c u l a r Volumes of the Orthorhombic Form of 

the H e x a f l u o r i d e s of the T h i r d T r a n s i t i o n S e r i e s . 3 ^ 

WF 6 ReFg I r F g PtFg 
o3 

108.5 106.6 105.4 104.6A 

A l l of them show a s o l i d - s o l i d t r a n s i t i o n a t r^0°C from a 

c l o s e packed o r t h o r h o m b i c t o a l e s s dense body c e n t r e d c u b i c 

form^. In the gas phase the m o l e c u l e s w i t h non-bonding e l e c t r o n i c 
1 2 

c o n f i g u r a t i o n s d and d show a dynamic J a h n - T e l l e r e f f e c t 
5 13 

a r i s i n g from a c o u p l i n g of e l e c t r o n i c and v i b r a t i o n a l motion ' ' 
oz. q q 

^'^ . The v i s i b l e and u l t r a v i o l e t s p e c t r a o f t h e s e h e x a f l u o r i d e s 

have been w e l l i n t e r p r e t e d i n terms of l i g a n d f i e l d t h e o r y w i t h 

due c o n s i d e r a t i o n g i v e n t o the h i g h s p i n - o r b i t c o u p l i n g , c h a r a c t e ­

r i s t i c o f the h e a v i e r e l e m e n t s . 1 1 E x c e l l e n t g e n e r a l r e v i e w s have 
5,6 

r e c e n t l y appeared on the h e x a f l u o r i d e m o l e c u l e s . 

A l t h o u g h the c h e m i c a l i n v e s t i g a t i o n of the h e x a f l u o r i d e s 

has h i t h e r t o been s p a r s e , the spontaneous l i b e r a t i o n of f l u o r i n e 
23 

a t o r d i n a r y t e m p e r a t u r e s from the h e x a f l u o r i d e s o f p l a t i n i u m , 
25 2fi 

r u t h e n i u m and rhodium c l e a r l y i n d i c a t e d t h e i r h i g h o x i d i z i n g 

p o t e n t i a l . T h i s p o t e n t i a l remained l a r g e l y u n e x p l o r e d u n t i l 

1962. The d i s c o v e r y of d i o x y g e n y l h e x a f l u o r o p l a t i n a t e ( V ) , ? 

C>2+ [PtFg] ~ by B a r t l e t t and Lohmann 3 4 and i t s i d e n t i f i c a t i o n i n 

t h a t y e a r , e s t a b l i s h e d p l a t i n u m h e x a f l u o r i d e t o have a s u r p r i s ­

i n g l y h i g h e l e c t r o n a f f i n i t y ; a v a l u e i n e x c e s s of 160 k c a l / m o l e . 
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T h i s i s c o n s i d e r a b l y g r e a t e r than the h i g h e s t known e l e c t r o n 
35 a f f i n i t y of any element or compound. The o x i d a t i o n of xenon, 

the f i r s t i o n i z a t i o n p o t e n t i a l of which i s the same as that of 

oxygen, 12.2e.v., 3 6 f u r t h e r supported these c o n c l u s i o n s . The 

1:1 xenon-platinum h e x a f l u o r i d e adduct was formulated by B a r t l e t t 

as Xe+{ptFa~} by analogy with the 0 2 + [PtFg] ~ compound. 

The e n t i t i e s C>2+ (PtFg"]"" and Xe + [PtFg"] ~ are of s t r u c t u r a l 

i n t e r e s t . The f o r m u l a t i o n C>2+ [PtFg^J ~ has been w e l l founded by 
34 

B a r t l e t t and Lohmann. T h e i r p r e l i m i n a r y s t r u c t u r e determina­

t i o n of C^PtFg was d e r i v e d from X-ray powder data, s i n c e s i n g l e 

c r y s t a l s of t h i s compound were not a v a i l a b l e . The low X-ray 

s c a t t e r i n g f a c t o r of the l i g h t atoms, oxygen and f l u o r i n e , 

compared with platinum, together with the l i m i t e d data, prevented 

d e t e r m i n a t i o n of the 0-0 d i s t a n c e i n 02 + c a t i o n with s i g n i f i c a n t 

accuracy. A neutron d i f f r a c t i o n study of a p o l y c r y s t a l l i n e 

sample d i d , however, h o l d high promise of s i g n i f i c a n t accuracy 

but c a l l e d f o r a large, pure, w e l l c r y s t a l l i n e sample. Some 

e f f o r t was devoted s u c c e s s f u l l y towards t h i s end. The formula­

t i o n X e + (PtFg"] ~ of the 1:1 r e a c t i o n product of Xe and PtFg 

r e q u i r e d f u r t h e r s u b s t a n t i a t i o n . At the o u t s e t even,the o x i d a ­

t i o n s t a t e of the platinum i n t h i s compound had not been e s t a ­

b l i s h e d with c e r t a i n t y . Moreover, a survey of the compounds of 

37 

xenon i n d i c a t e s t h a t xenon has even valence i n a l l i t s simple 

compounds, e.g. XeF2 , XeF4 , XeFg , XeOg, XeOF^ etc., whereas the 

f o r m u l a t i o n Xe + |PtF^] ~ r e q u i r e s an odd valence of xenon. 

The o x i d a t i o n of molecular oxygen and xenon i n d i c a t e d the 

lower l i m i t of the o x i d i z i n g power of platinum h e x a f l u o r i d e . 
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The upper l i m i t remained to be assessed. In the present work, 

i t s r e a c t i o n s with a v a r i e t y of elements and compounds were 

s t u d i e d toward t h i s end. 

At the ou t s e t i t was b e l i e v e d that the h e x a f l u o r i d e of 

platinum was merely the most p o w e r f u l l y o x i d i z i n g i n the s e r i e s 

and a smooth tr e n d i n o x i d i z i n g power with i n c r e a s i n g atomic 

number of the t r a n s i t i o n metal, was a n t i c i p a t e d . Furthermore, 

i t was re c o g n i z e d that each of the second t r a n s i t i o n s e r i e s 

h e x a f l u o r i d e s was more p o w e r f u l l y o x i d i z i n g than i t s t h i r d 

t r a n s i t i o n s e r i e s r e l a t i v e . A more syst e m a t i c examination of 

the o x i d i z i n g power of the h e x a f l u o r i d e s of each s e r i e s was, 

t h e r e f o r e , undertaken. N i t r i c oxide, which has a much lower 
3 6 

i o n i z a t i o n p o t e n t i a l than molecular oxygen (Ij^o = 9-25 e.v. ), 

was c o n s i d e r e d to be a u s e f u l reagent f o r t h i s survey. 

Ruthenium h e x a f l u o r i d e and rhodium h e x a f l u o r i d e , both of which 

l i b e r a t e f l u o r i n e at o r d i n a r y temperature and are even l e s s 

s t a b l e than PtFg, were c o n s i d e r e d most l i k e l y to have o x i d i z i n g 

p o t e n t i a l comparable to that of the platinum compound. 

Not only d i d an i n v e s t i g a t i o n of NOMF6 r e a c t i o n s 

appear to be u s e f u l as an i n d i c a t i o n of the r e l a t i v e o x i d i z i n g 

power of the f l u o r i d e s but the i n v e s t i g a t i o n a l s o presented 

the p o s s i b i l i t y of p r e p a r i n g new s a l t s of g e n e r a l formula NOMFg. 

It was presumed t h a t such s a l t s would be s t r u c t u r a l l y a k i n to 

(^PtFg. Although a pr e v i o u s i n v e s t i g a t i o n ^ had shown that 

i r i d i u m h e x a f l u o r i d e r e a c t s with n i t r i c oxide to gi v e a q u a d r i ­

v a l e n t s a l t , (N0)2lrFg, i t n e v e r t h e l e s s appeared p o s s i b l e that 

the quinquevalent s a l t , NOIrF , c o u l d be i s o l a t e d with proper 
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c o n t r o l of the i n t e r a c t i o n . 

The h e x a f l u o r i d e s are st r o n g f l u o r i n a t i n g agents and hence 

t h e i r o x i d i z i n g power can a l s o be i n v e s t i g a t e d by i n v e s t i g a t i n g 
5 

t h e i r f l u o r i n a t i o n r e a c t i o n s . I t had been r e p o r t e d t h a t IrFg 

f l u o r i n a t e s sulphur t e t r a f l u o r i d e t o the h e x a f l u o r i d e and i s 

i t s e l f reduced to quinquevalent i r i d i u m to y i e l d the adduct, 

S F 4 , I r F 5
3 8 which can be formulated as S F 3

+ [ i r F ^ j ~ . The 

r e a c t i o n s of S F 4 with these h e x a f l u o r i d e s were, t h e r e f o r e , a l s o 

i n v e s t i g a t e d i n the present work. 
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Chapter II 

EXPERIMENTAL 

2.1 GENERAL EXPERIMENTAL TECHNIQUES 

2.1.1 F l u o r i n e Handling and Vacuum Techniques 

( i ) M a t e r i a l s of c o n s t r u c t i o n 

The m a t e r i a l s chosen f o r the c o n s t r u c t i o n of the 

system f o r han d l i n g f l u o r i n e i n the present work were monel, 

n i c k e l , copper and i r o n . Gaskets f o r high temperature work were 

of aluminum, otherwise they were of t e f l o n . K e l - F t r a p s were 

used wherever p o s s i b l e i n p r e f e r e n c e to quartz or Pyrex g l a s s . 

As a window m a t e r i a l i n i n f r a r e d spectroscopy, s i l v e r c h l o r i d e 

was p r e f e r r e d to sodium c h l o r i d e and potassium bromide, because 

of i t s lower r e a c t i v i t y to f l u o r i d e s and f l u o r i n e . 

( i i ) P u r i f i c a t i o n of f l u o r i n e 

The f l u o r i n e s u p p l i e d commercially has a p u r i t y 

of 98%, a major i m p u r i t y being hydrogen f l u o r i d e ( 0.2%). I t i s 

d e s i r a b l e to remove t h i s hydrogen f l u o r i d e as i t causes c o r r o s i o n 

of g l a s s or s i l i c a c o n t a i n e r s with e v e n t u a l decomposition of 

any r e a c t i v e f l u o r i d e s by the c y c l e of r e a c t i o n s : 

4HF + S i 0 2 = 2H20 + SiF4 

H 20 + MF n = M0F n_2 + 2HF e t c . 

Hydrogen f l u o r i d e was removed by passi n g f l u o r i n e through a 

brass tube packed with porous sodium f l u o r i d e p e l l e t s . The 

a c t i v i t y of the sodium f l u o r i d e was maintained by p e r i o d i c 

h e a t i n g at 250°-300°, w h i l e purging with dry n i t r o g e n . 

Traces of hydrogen f l u o r i d e not removed by the 
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scrubber were condensed from the gas stream by a trap cooled i n 

l i q u i d oxygen. Liquid oxygen could not be used with pressures 

of f l u o r i n e i n excess of 40 p . s . i . since f l u o r i n e condenses at 

l i q u i d oxygen temperature under these conditions, 

( i i i ) Disposal of fl u o r i n e 

In order to protect the vacuum pumps from 

attack by flu o r i n e a soda lime scrubber was included i n the 

fluo r i n e system. 

(iv) Vacuum pumps 

Two vacuum pumps were incorporated i n the 

fluo r i n e supply l i n e . The f i r s t , a mechanical pump (Welch 

DUOSEAL), was used for i n i t i a l evacuation of the apparatus and 

removal of excess f l u o r i n e . The second was a mechanical and 

o i l d i f f u s i o n pump combination, which was used for production 
-5 

of pressures of the order of 10 mm. of Hg or lower. 

(v) Apparatus for handling f l u o r i n e 

30,000 p . s . i . Autoclave Engineering compression 

f i t t i n g s made of monel were used to bu i l d the fluorine system. 

These f i t t i n g s consisted of various lengths of 3/8 i n . O.D., 

1/8 i n . I.Dp tubing linked by crosses, tees and straight and 

L-valves. Great v e r s a t i l i t y of design was possible and the 

system could be e a s i l y demounted, cleaned and reassembled. 

A t y p i c a l assembly suitable for both high and 

low pressure fl u o r i n e work and containing f l u o r i n e p u r i f i c a t i o n 

and disposal units is; shown i n Figure 1. Suitable barricades 

were used for the fl u o r i n e cylinder and high pressure f l u o r i n e 

sections. The flu o r i n e pressures were measured with Bourdon 



type gauges. A simple low v i s c o s i t y f l u o r o c a r b o n o i l bubbler 

served to warn of the b l o c k i n g of l i n e s or v e s s e l s and acted as 

a s a f e t y v a l v e . 

( v i ) Adapters f o r high and low pressure f l u o r i n e 

S p e c i a l l y c o n s t r u c t e d adapters (Figure 2) of monel 

metal p r o v i d e d with t e f l o n gaskets were used f o r t a k i n g high 

pressure f l u r o i n e i n t o r e a c t i o n v e s s e l s . These adapters were 

s i l v e r s o l d e r e d to the high pressure metal t u b i n g . 

For low pr e s s u r e f l u o r i n e , 1/4 i n . monel 

Swagelok compression f i t t i n g s with t e f l o n f r o n t f e r r u l e s and 

nylon or t e f l o n back f e r r u l e s were used to j o i n lengths of 1/4 

i n . metal t u b i n g . These f i t t i n g s c o u l d a l s o be adapted f o r 

connecting 7 mm. g l a s s or q u a r t z tubing to 1/4 i n . metal tubing. 

One s i d e of the compression f i t t i n g was d r i l l e d to take the g l a s s . 

T h i s adaption dispensed with the need f o r r a t h e r f r a g i l e Kovar 

s e a l s . 

( v i i ) Storage and r e a c t i o n v e s s e l s 

The v e s s e l s f o r s t o r i n g the v o l a t i l e and 

r e a c t i v e f l u o r i d e s were made of monel or n i c k e l sheet, 1/32 i n . 

t h i c k . They were c y l i n d r i c a l cans of 2 i n . diameter and 3 i n . 

len g t h and were p r o v i d e d with Hoke A431 v a l v e s j o i n e d by s o l d e r 

tube f i t t i n g s . 

These cans were a l s o used f o r the f l u o r i n a t i o n 

r e a c t i o n s with elemental f l u o r i n e at moderately high p r e s s u r e s 

(up to 150 p . s . i . ) . For hig h e r p r e s s u r e s , t h i c k - w a l l e d r e a c t i o n 

v e s s e l s were used. For high temperature work y i e l d i n g i n v o l a t i l e 

products the v e s s e l s were pr o v i d e d with heavy gauge l i d gasketed 
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MV, 30,000 p . s . i . monel v a l v e ; MX, Monel c r o s s ; MT, Monel tee; 
G i Monel Bourdon gauge, 400 l b . p . s . i . ; G2, Monel Bourdon gauge, 
1000 mm. Hg; C, 30,000 p . s . i . seamless monel t u b i n g 3/8 i n . o.d., 
1/8 i n . i . d . , s i l v e r s o l d e r e d to 3/8 i n . o . d . copper tubing; F, 
3/8 i n . f l a r e f i t t i n g ; K, 3/8 i n . 30,000 p . s . i . t u b i n g , s i l v e r 
s o l d e r e d to \ i n . monel t u b i n g ; H]_ and H 2 Hoke A431 and A432 
v a l v e s , r e s p e c t i v e l y ; B, F l e x i b l e copper bellows; SL, Soda lime 
tower; BV, 3/8 i n . bore t e f l o n - s e a t e d b a l l v a l v e ; J , Connection 
f o r vacuum pumps; HP, High-pressure f l u o r i n e o u t l e t ; LP, Low-
pr e s s u r e f l u o r i n e o u t l e t v i a "Swagelok" compression f i t t i n g s ; 
S, "Swagelok" o u t l e t f o r apparatus r e q u i r i n g f l u o r i n e d i l u t e d 
w i t h n i t r o g e n . 

F i g u r e 1. A General Purpose F l u o r i n e L i n e . 
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w i t h aluminum and s e c u r e l y b o l t e d to the body. 

( v i i i ) General purpose vacuum system 

A g e n e r a l purpose vacuum system f o r h a n d l i n g the 

v o l a t i l e f l u o r i d e s and s t u d y i n g t h e i r r e a c t i o n s was b u i l t using 

\ i n . monel, n i c k e l and copper tub i n g , Hoke A431 v a l v e s and 

K e l - F t r a p s . The Hoke v a l v e s were j o i n e d to the tubes through 

s o l d e r tube f i t t i n g s . Two types of connector were used to j o i n 

the tubes. The f i r s t c o n s i s t e d of monel welding unions i n 

s t r a i g h t connectors, elbows, tees and c r o s s e s . They were used 

i n those p a r t s of the system which r e q u i r e d minimum c l e a n i n g . 

The second were Swagelok. compression f i t t i n g s which c o n s i s t e d 

of s t r a i g h t unions, elbows, tees and c r o s s e s . Swagelok f i t t i n g s 

were a l s o used f o r connecting g l a s s or quartz to metal as 

d e s c r i b e d p r e v i o u s l y . 

K e l - F t r a p s (15 cm. long, 1 mm. t h i c k and 

20- mm. O.D., obtained from Argonne N a t i o n a l Laboratory, I l l i n o i s ) 

were atta c h e d to the metal system by means of the s p e c i a l adapters 

shown i n F i g u r e 2. The K e l - F t r a p s were, by v i r t u e of t h e i r 

r e s i s t a n c e to chemical a t t a c k , of great value i n the m a n i p u l a t i o n 

of r e a c t i v e f l u o r i d e s . Moreover, these t r a p s c o u l d be detached, 

cleaned and used again. 

(ix) V alves 

The main d i f f i c u l t y encountered i n h a n d l i n g 

f l u o r i n e and r e a c t i v e f l u o r i d e s was the f o u l i n g up of the v a l v e s 

used i n the system. A l l v a l v e s i n time developed a " l e a k through" 

which arose from poor c o n t a c t of the stem-tip with the seat of 

the v a l v e . The cause of t h i s was the d e p o s i t i o n of s o l i d s 



5 i n . Monel tube 

N i c k e l 

S t a i n l e s s s t e e l s l e e v e ^jgsg-
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Bottom p l a t e p r o v i d e d w i t h 
T e f l o n gasket. 

•i i n . Monel tube. 

(b) 
.Kel-F trap 

F i g u r e 2. (a) Adapters f o r K e l - F Trap. 

(b) Adapters f o r High P r e s s u r e F l u o r i n e . 
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( n i c k e l f l u o r i d e from the v a l v e m a t e r i a l and other i n v o l a t i l e 

f l u o r i d e s from the decomposition of the r e a c t i v e f l u o r i d e s ) at 

the stem-tip and seat. 

30,000 p . s . i . A u t oclave E n g i n e e r i n g v a l v e s 

were found to be q u i t e s a t i s f a c t o r y i n overcoming t h i s d i f f i ­

c u l t y i n that they c o u l d be demounted, cleaned and used again. 

However, they are heavy and bulky and were u n s u i t a b l e i n many 

a p p l i c a t i o n s , e.g. when accurate weighing of the v e s s e l was 

r e q u i r e d . 

Among the s m a l l v a l v e s used were (a) Whitey  

v a l v e s which were b r a s s - b o d i e d or s t a i n l e s s s t e e l bodied and 

with m e t a l - t i p p e d or K e l - F t i p p e d stems. They were designed to 

take 1/4 i n . tubing with the help of compression f i t t i n g s . 

These v a l v e s were, however, found to be good f o r low pre s s u r e 

work only and they developed " l e a k through" r a t h e r r a p i d l y . 

They c o u l d be demounted, cleaned and reassembled but those 

reassembled d i d not always g i v e s a t i s f a c t o r y s e r v i c e , (b) Hoke  

A431 v a l v e s which were b r a s s - b o d i e d and had bellows s e a l s and 

were p r o v i d e d w i t h a s t a i n l e s s s t e e l Vee stem. They were s a t i s ­

f a c t o r y f o r moderately high p r e s s u r e work (^250 p . s . i ) and had 

a p p r e c i a b l y longer l i f e than the Whitey v a l v e s . A f t e r much use 

they developed " l e a k through" and o f t e n a l s o developed a 

bellows leak. These v a l v e s c o u l d not be r e s t o r e d to u s e f u l 

s e r v i c e . 

2.1.2 F l u o r i n a t i o n Reactions 

( i ) F l u o r i n a t i o n with elemental f l u o r i n e 

F l u o r i n a t i o n w i t h elemental f l u o r i n e was 
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usually done i n one of two ways: f l u o r i n a t i o n i n a closed 

system in a monel can with high pressure f l u o r i n e (^150 p.s.i.) 

and f l u o r i n a t i o n i n a flow system i n a quartz or Pyrex apparatus 

with low pressure fl u o r i n e diluted with an inert gas l i k e 

nitrogen, 

A general closed system high pressure f l u o r i ­

nation i s described here. A reaction vessel, loaded with the 

material to be fluorinated, was connected to the high pressure 

side of the fl u o r i n e system. It was evacuated and then f i l l e d 

with f l u o r i n e at the desired pressure. The vessel was then 

heated in a furnace at the required temperature for the desired 

time. At the end of the heating period, the vessel was quenched, 

i f necessary. It was then cooled i n acetone - dry ice mixture 

or to lower temperatures, i f necessary, to r e t a i n the v o l a t i l e 

product and excess f l u o r i n e was pumped off through the fl u o r i n e 

scrubber. 

The procedure for a t y p i c a l flow system 

f l u o r i n a t i o n was as follows. The apparatus which i s shown i n 

Figure 3, consisted of a quartz reaction tube and a series of 

glass traps joined to i t on one side by a cone and socket and 

on the other side by a graded seal. The material to be f l u o r i n ­

ated was contained i n a n i c k e l boat i n the quartz tube. As the 

apparatus was made of s i l i c a and glass, great care was taken to 

dry i t . Thorough drying was achieved by prolonged evacuation 

of the apparatus which was simultaneously heated with a flame 

adjusted to maintain the glass temperature below the softening 

point. A l l traps i n the apparatus were cooled i n l i q u i d oxygen 

arid the apparatus was f i l l e d with diluent gas nitrogen or oxygen 
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(the l a t t e r used i n oxyfluorination) which had been dried by 

passing f i r s t through a sulphuric acid bubbler and subsequently 

through l i q u i d oxygen cooled traps A and B. The blow-off tube 

T i n the system indicated when the apparatus was f i l l e d with 

one atmosphere of gas, after which the apparatus was opened to 

the atmosphere through end G. Traps E and F prevented ingress 

of moisture; C and D, provided with break seals, were used to 

c o l l e c t the v o l a t i l e products of the reaction. A mixture of 

fl u o r i n e and nitrogen (or oxygen) was passed, the r a t i o of 

fl u o r i n e to other gas being roughly estimated with the aid of 

the blow-off tube. The reaction was carried out by appropriate 

heating of the material i n the ni c k e l boat by means of a Bunsen 

flame or e l e c t r i c furnace. V o l a t i l e s condensed i n traps C and 

D. On completion of the reaction, the f l u o r i n e supply was shut 

off and the apparatus purged with the diluent gas to displace 

f l u o r i n e . It was then evacuated and the products were sealed 

off under vacuum i n traps C and D. 

( i i ) Reactions with bromine t r i f l u o r i d e and iodine  

pentafluoride 

Bromine t r i f l u o r i d e and iodine pentafluoride 

are associated l i q u i d s at room temperatures and are good solvents, 

p a r t i c u l a r l y for i o n i c f l u o r i d e s . Bromine t r i f l u o r i d e p a r a l l e l s 

the behaviour of fluorine i n oxidative f l u o r i n a t i o n s . Iodine 

pentafluoride i s thermodynamically more stable than BrF 3 and 

accordingly has a lower oxidizing power and i s therefore of 

value i n the preparation of low valence fluor i d e s and complex 

f l u o r i d e s . 
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Bromine t r i f l u o r i d e as supplied commercially 

was quite pure and was used without further p u r i f i c a t i o n . 

Iodine pentafluoride was found to be impure. It was bluish in 
39 

colour, presumably due to monovalent iodine. It was p u r i f i e d 

by room temperature f l u o r i n a t i o n i n a monel can. 

An apparatus of glass or metal, depending 

on the nature of the reactants, was used for reactions with 

bromine t r i f l u o r i d e and iodine pentafluoride. In the case of 

glass apparatus, the reaction vessel was a s i l i c a bulb attached 

to the system through a graded seal and i n the case of a metal 

system, the reaction vessel was a Kel-F trap. 

The glass apparatus used i n a t y p i c a l 

reaction with bromine t r i f l u o r i d e i n which a v o l a t i l e compound 

was fluorinated i s shown in Figure 4. The apparatus was 

evacuated and dried thoroughly. The break seal of bottle B 

containing the reactant was broken i n the usual way and the 

reactant was condensed into the reaction bulb, C. Bulb B was 

then sealed off from the apparatus. Bromine t r i f l u o r i d e was 

condensed into trap A and the cylinder of BrF 3 was disconnected 

from the rest of the apparatus by sealing off at c o n s t r i c t i o n 1. 

The f l u o r i d e from trap A was then condensed into reaction bulb 

C. Traps D and E were cooled in l i q u i d oxygen and dry a i r was 

slowly admitted into the apparatus. These traps prevented any 

moisture from entering the reaction bulb from the atmosphere. 

The reaction bulb was then allowed to warm to room temperature. 

Usually, with bromine t r i f l u o r i d e , vigorous reaction took place 

at t h i s stage with evolution of bromine and other gases. The 
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r e a c t a n t s were r e f l u x e d , when necessary, by warming the r e a c t i o n 

bulb with a hot a i r blower or a s m a l l luminous flame. A f t e r 

the r e a c t i o n was complete, the apparatus was evacuated and the 

excess r e a c t a n t (BrF3) and v o l a t i l e products were d i s t i l l e d o f f 

i n t o t r a p s D and E. The product i n the r e a c t i o n bulb was com­

p l e t e l y f r e e d from BrFg by hea t i n g the bulb f o r s e v e r a l hours 

i n a s m a l l furnace at an a p p r o p r i a t e temperature. Afterwards 

the r e a c t i o n bulb was s e a l e d o f f at c o n s t r i c t i o n 2*. The excess 

bromine t r i f l u o r i d e was destroyed by pouring i t i n t o an excess 

of dry carbon t e t r a c h l o r i d e . (In the i o d i n e p e n t a f l u o r i d e 

experiments the excess of the reagent was destroyed by pouring 

i t i n t o an excess of conc e n t r a t e d s u l p h u r i c a c i d ) . 

2.1.3 A n a l y s i s 

The g e n e r a l a n a l y t i c a l techniques,used f o r 

the e s t i m a t i o n of metals and f l u o r i n e were p y r o h y d r o l y s i s and 

c o n v e n t i o n a l a n a l y s i s f o l l o w i n g a l k a l i n e h y d r o l y s i s , 

( i ) P y r o h y d r o l y s i s 

In the p y r o h y d r o l y s i s method, the f l u o r i n e 

c o n t a i n i n g compound was i n i t i a l l y h y d r o l y s e d by moist a i r at 

room temperature and f i n a l l y by steam at e l e v a t e d temperatures, 

g i v i n g hydrogen f l u o r i d e and an oxide of the metal. The 

hydrogen f l u o r i d e evolved was absorbed i n water and the f l u o r i d e 

In t h i s s o l u t i o n was estimated. The metal oxide was reduced 

to the metal and weighed. T h i s method was f r u i t f u l l y a p p l i e d 

•During the course of the r e a c t i o n care was taken to remove 
any plug formed by s o l i d s i n the arms of the t r a p s by m e l t i n g 
i t w ith a hot a i r blower. 
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f o r the e s t i m a t i o n of f l u o r i n e and metals i n the compounds of 

platinum and i r i d i u m . 

The apparatus used f o r p y r o h y d r o l y s i s was the 

same as that used by Lohmann 4 0 and was s i m i l a r to that d e s c r i b e d 
i . . 41,42 by e a r l i e r workers. 

The u s u a l procedure f o r p y r o h y d r o l y s i s was 

as f o l l o w s . The empty platinum boat was heated to 300° i n a 
stream of steam f o l l o w e d by h e a t i n g i n a stream of hydrogen at 

the same temperature and was weighed to a constant weight. The 

sample f o r p y r o h y d r o l y s i s , approximately 0.3 g., was t r a n s f e r r e d 

to the platinum boat i n a dry box and the boat reweighed. It 

was then q u i c k l y t r a n s f e r r e d to the p y r o h y d r o l y s i s tube. The 

h y d r o l y s i s was c a r r i e d out by f i r s t p a s s i n g mqist n i t r o g e n over 

the sample, both the steam generator and the p y r o h y d r o l y s i s tube 

being at room temperature. The temperature of water i n the 

steam generator and the temperature of the furnace were then 

g r a d u a l l y r a i s e d u n t i l e v e n t u a l l y steam was p a s s i n g over the 

sample at 300°. The hydrogen f l u o r i d e was c o l l e c t e d by bubbling 

the gases coming out of the steam condenser through 50 mis. of 

water c o n t a i n e d i n a c o n i c a l f l a s k and by c o l l e c t i n g the d i s ­

t i l l a t e i n the same f l a s k . Washings from the condenser were 

a l s o c o l l e c t e d . The f l u o r i d e i o n c o n c e n t r a t i o n i n the s o l u t i o n 

was estimated by t i t r a t i o n of h y d r o f l u o r i c a c i d with 0.1 NaOH 

using p h e n o l p h t h a l e i n as an i n d i c a t o r . I t was a l s o checked by 

p r e c i p i t a t i o n as l e a d c h l o r o f l u o r i d e . 

For the d e t e r m i n a t i o n of the metal l e f t as 

oxide i n the platinum boat i n the p y r o h y d r o l y s i s tube, hydrogen 
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was passed and the excess was burnt as i t emerged, from the 

p y r o h y d r o l y s i s tube. The metal oxide was reduced to metal at 

a high temperature i n hydrogen, and a f t e r the r e d u c t i o n , the 

hydrogen was d i s p l a c e d by n i t r o g e n . The apparatus was cooled 

b e f o r e the boat was taken f o r weighing, 

( i i ) A l k a l i n e h y d r o l y s i s ; 

T h i s was used where the p y r o h y d r o l y s i s method 

c o u l d not be a p p l i e d , as i n the a n a l y s i s of osmium compounds 

which gave r i s e to the v o l a t i l e oxide, OSO4. 

To prevent the l o s s of any osmium t e t r o x i d e 

produced i n the h y d r o l y s i s , the h y d r o l y s i s was done i n a c l o s e d 

system. An apparatus as shown i n F i g u r e 5 was used f o r t h i s 

purpose. A t y p i c a l procedure f o r the h y d r o l y s i s i s d e s c r i b e d 

here. A sample was s e a l e d o f f i n an evacuated s m a l l t h i n w a l l e d 

g l a s s bulb of s m a l l diameter p r o v i d e d with a long neck, and 

weighed. About 75 mis. of 2N NaOH s o l u t i o n were taken i n the 

f l a s k E. The sample bulb was p l a c e d i n B, which f i t t e d snugly, 

the neck p r o t r u d i n g through the tap C. Cap A was r e p l a c e d and 

the a i r i n the apparatus was pumped out through tap D. Tap D 

was c l o s e d and the apparatus was turned upside down so that the 

neck of the bulb was immersed i n the a l k a l i n e s o l u t i o n . The 

neck was broken by turning tap C. (To assure a c l e a n break, 

the neck was s c r a t c h e d with a f i l e p r i o r to weighing of the 

B u l b ) . The r e s u l t a n t s o l u t i o n was d i l u t e d to a known volume 

and a l i q u o t s were taken f o r osmium and f l u o r i n e a n a l y s i s . The 

weight of the sample was found by weighing the broken sample 

bulb and the g l a s s p i e c e s i n the apparatus. 
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F i g u r e 5. Apparatus f o r H y d r o l y s i s of Osmium Compounds 
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In some of the osmium compounds i t was 

found that some osmium d i o x i d e was p r e c i p i t a t e d during the 

a l k a l i n e h y d r o l y s i s . E s t i m a t i o n of osmium i n a l i q u o t s would 

not have been p o s s i b l e i n such cases, so i t was d e s i r a b l e to 

p r e c i p i t a t e a l l of the osmium from s o l u t i o n at t h i s stage. A 

g l a s s bulb c o u l d not be used f o r a sample bulb because of the 

r e s u l t i n g admixture of osmium d i o x i d e p r e c i p i t a t e with broken 

g l a s s p i e c e s . In view of these d i f f i c u l t i e s the h y d r o l y s i s 

method was s l i g h t l y m o d i f i e d . Some hydrazine hydrate was added 

t o the a l k a l i n e s o l u t i o n i n order to p r e c i p i t a t e osmium. The 

s m a l l cap A was r e p l a c e d by a second f l a s k l i k e E and the g l a s s 

bulb was r e p l a c e d by a s m a l l g l a s s - s t o p p e r e d weighing b o t t l e . 

The apparatus was turned upside down so that the end B of the 

apparatus was down. 75 mis. of the a l k a l i n e s o l u t i o n c o n t a i n i n g 

h y d r a z i n e hydrate were taken i n the f l a s k A. A i r was pumped 

out through tap D and tap C was c l o s e d . Subsequently a i r was 

admitted to f l a s k E which was then opened f o r i n s e r t i o n of the 

weighing b o t t l e c o n t a i n i n g the sample. A i r was pumped from the 

recapped f l a s k E, tap C was then opened to admit the a l k a l i n e 

s o l u t i o n . Care had to be taken to ensure t h a t the a l k a l i n e 

s o l u t i o n had minimum c o n t a c t with the tap grease. A voluminous 

p r e c i p i t a t e of osmium d i o x i d e formed i n the apparatus. The 

suspension of t h i s i n the a l k a l i n e l i q u o r s was t r a n s f e r r e d to a 

beaker and the p r e c i p i t a t i o n of osmium was completed as d e s c r i b e d 

below. 

( i i i ) E s t i m a t i o n of osmium 

Osmium i n an a l i q u o t of hy d r o l y s e d s o l u t i o n 
43 

was estimated using hydrazine hydrate to p r e c i p i t a t e osmium 
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as a mixture of metal and hydrated d i o x i d e . For complete pre­

c i p i t a t i o n , repeated b o i l i n g of the s o l u t i o n , with dropwise 

a d d i t i o n of hydrazine hydrate was necessary. A Munroe platinum 

c r u c i b l e was used f o r the f i l t r a t i o n of the mixture and the pre­

c i p i t a t e was i g n i t e d to metal i n hydrogen f o l l o w i n g the procedure 
44 

d e s c r i b e d by G i l c h r i s t and Wichers. 

(i v ) E s t i m a t i o n of f l u o r i n e 

F l u o r i n e i n s o l u t i o n s c o n t a i n i n g f l u o r i d e 

i o n (such as the s o l u t i o n s o b t a i n e d i n p y r o h y d r o l y s i s or the 

f i l t r a t e from p r e c i p i t a t i o n of osmium) was estimated as le a d 
45 

c h l o r o f l u o r i d e f o l l o w i n g a standard procedure. The p r e c i p i t a t e 

was f i l t e r e d i n a medium p o r o s i t y s i n t e r e d g l a s s c r u c i b l e and 

was heated to constant weight at 130-140°. 

E s t i m a t i o n of f l u o r i n e i n s o l u t i o n s c o n t a i n ­

ing complex f l u o r o - a n i o n s (as obtained i n a l k a l i n e h y d r o l y s i s ) 

was achieved by f i r s t d i s t i l l i n g hydrogen f l u o r i d e from the 

s o l u t i o n and then e s t i m a t i n g f l u o r i n e i n the d i s t i l l a t e as le a d 

c h l o r o f l u o r i d e . The d i s t i l l a t i o n procedure was that given by 

W i l l a r d and Winter. 4® A l i q u o t s of (50 ml.) s o l u t i o n c o n t a i n i n g 

complex f l u o r o - a n i o n s were p l a c e d i n a two-necked d i s t i l l a t i o n 

f l a s k f i t t e d with a s i d e arm. One neck c a r r i e d a thermometer, 

the other a dropping f u n n e l , and.the s i d e arm c a r r i e d a condenser. 

Ferrous sulphate (5 g.) was added to the s o l u t i o n (FeS04 prevented 

d i s t i l l i n g of osmium t e t r o x i d e . Osmium was r e t a i n e d i n the d i s ­

t i l l a t i o n f l a s k as osmium d i o x i d e ) . Concentrated H2SO4 (25 ml.) 

was added sl o w l y through the dropping f u n n e l and the mixture 

was heated. I t was kept b o i l i n g at 130-135° by a d d i t i o n of water 
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from the dropping f u n n e l ; 250 mis. of d i s t i l l a t e were c o l l e c t e d . 

F l u o r i n e i n the d i s t i l l a t e was p r e c i p i t a t e d as PbClF. 

A check on the p u r i t y of l e a d c h l o r o f l u o r i d e 

was r o u t i n e l y done but was p a r t i c u l a r l y important f o l l o w i n g a 

s u l p h u r i c a c i d d i s t i l l a t i o n whencontamination with PbS0 4 was 

l i k e l y . T h i s was done by d i s s o l v i n g the p r e c i p i t a t e i n c o l d 

d i l u t e n i t r i c a c i d , the c h l o r i d e being p r e c i p i t a t e d from t h i s 

s o l u t i o n as s i l v e r c h l o r i d e . 

(v) E s t i m a t i o n of n i t r o g e n 

The e s t i m a t i o n of n i t r o g e n i n these com­

pounds was done by the c o n v e n t i o n a l Dumas method i n the M i c r o -

a n a l y t i c a l Laboratory of the Chemistry Department of the 

U n i v e r s i t y of B r i t i s h Columbia. 

( v i ) E s t i m a t i o n of Sulphur 

Sulphur was estimated i n the case of i r i d i u m 

and platinum compounds by a s l i g h t m o d i f i c a t i o n of the pyro­

h y d r o l y s i s method. During the p y r o h y d r o l y s i s sulphur evolved 

as sulphurous a c i d along with hydrogen f l u o r i d e . The two a c i d s 

were absorbed by bubbling through a standard a l k a l i n e s o l u t i o n . 

The t i t r a t i o n of excess a l k a l i gave the combined a c i d concen­

t r a t i o n s . The s u l p h i t e was o x i d i z e d to s u l p h a t e by the a d d i t i o n 

of hydrogen peroxide and su l p h a t e was p r e c i p i t a t e d as barium 

s u l p h a t e . But p r i o r to the p r e c i p i t a t i o n of BaSO^ i t was neces­

sary to remove f l u o r i d e i ons from the s o l u t i o n which would pre-

c i p i p a t e as BaF2 along with BaS04. The removal of f l u o r i d e 

was achieved by v o l a t i l i s i n g hydrogen f l u o r i d e from the s o l u t i o n 

by repeated a d d i t i o n of c o n c e n t r a t e d HCl f o l l o w e d by e v a p o r a t i o n 

i n a t e f l o n beaker. 
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The e s t i m a t i o n of sulphur i n osmium com­

pounds was done i n the f i l t r a t e a f t e r the p r e c i p i t a t i o n of osmium. 

A l i q u o t s of h y d r o l y s e d s o l u t i o n were t r e a t e d as d e s c r i b e d above. 

Sometimes i n d i v i d u a l compounds c r e a t e d 

problems i n t h e i r a n a l y s i s . Methods had to be m o d i f i e d f o r 

them and they are d e s c r i b e d i n the a p p r o p r i a t e s e c t i o n s . 

2.1.4 Gauges f o r Vapour Pressure and Gas Pressure Measurements 

Two types of gauges - a n i c k e l bellows 

gauge used i n c o n j u n c t i o n with an o p t i c a l l e v e r and a diaphragm 

gauge with an e l e c t r i c a l make and break - were used f o r vapour 

and gas p r e s s u r e measurements. 

( i ) The N i c k e l bellows gauge 

T h i s c o n s i s t e d of a s m a l l n i c k e l bellows 

which terminated one arm of a n i c k e l U-trap; the bellows being 

s i l v e r - s o l d e r e d to the t r a p . The other end of the t r a p was 

p r o v i d e d with a Hoke A431 v a l v e which was connected to the 

vacuum m a n i f o l d . The arm of the U-trap below the bellows was 

i n the form of a cone on which a _ c y l i n d r i c a l metal tube, one 

end of which was i n the form of a socket, was f i t t e d , thus 

housing the bellows. The other end of the c y l i n d r i c a l tube 

was threaded i n s i d e and out. Another t h i n and s m a l l threaded 

c y l i n d e r c a r r y i n g a c i r c u l a r plane m i r r o r was f i t t e d i n s i d e 

the main tube. The m i r r o r was mounted on a metal p l a t e which 

was a t t a c h e d to the s m a l l e r c y l i n d e r by means of two t h i c k wires 

s o l d e r e d at the ends. The metal p l a t e on which the m i r r o r was 

mounted was grooved at the back. A p i n which was glued to the 

top of the bellows was s i t u a t e d to move i n t h i s groove. At the 
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top of the main c y l i n d e r a c i r c u l a r g l a s s p l a t e was f i t t e d by 

means of neoprene O-rings and a metal screw cap having a c i r ­

c u l a r window i n i t s c e n t r e . The main c y l i n d e r was a l s o con­

nected through a s i d e arm to a mercury manometer, vacuum mani­

f o l d and an arrangement to admit dry a i r . The bellows was thus 

housed i n a l e a k - t i g h t c y l i n d e r . A l i g h t s ource,the plane 

m i r r o r at the top of the bellows and a screen were used as the 

o p t i c a l l e v e r to magnify the movements of the bellows. The 

gauge was used as a n u l l instrument, the p r e s s u r e due to a gas 

i n s i d e the bellows being balanced by adjustment of the p r e s s u r e 

i n the bellows housing and the l a t t e r p r e s s u r e being r e g i s t e r e d 

by a mercury manometer. An accuracy of b e t t e r than 0.5 mm. of 

Hg was a t t a i n a b l e with t h i s arrangement, 

( i i ) The diaphragm gauge 

T h i s gauge was a s l i g h t l y m o d i f i e d form of 
47 

Cromer E l e c t r o n i c Pressure T r a n s m i t t e r . A c r o s s - s e c t i o n a l 

diagram of the gauge i n c l u d i n g the e l e c t r i c a l c i r c u i t i s shown 

i n F i g u r e 6. The main m o d i f i c a t i o n was i n the i n s u l a t i o n of 

the diaphragm, housing from the a d j u s t a b l e e l e c t r i c a l c o n t a c t . 

In the present case the h o l d e r f o r the a d j u s t a b l e c o n t a c t was 

made of n i c k e l - p l a t e d brass and was i n s u l a t e d from the main 

body housing the diaphragm ( n i c k e l 0.003 i n . , 4 1/2 i n . diam.) 

by a t e f l o n r i n g and t e f l o n s l e e v e s f o r the screws. A s m a l l 

c y l i n d r i c a l monel r e s e r v o i r to which two 1/4 i n . O.D. monel tubes 

were welded, was j o i n e d by one arm to the gauge and by the other 

to a Hoke A431 v a l v e which was connected to the vacuum ma n i f o l d . 

The gauge was used as a n u l l instrument, the sensing depending 
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Figure 6. The Diaphragm Gauge. 



31 

upon the making or breaking of an e l e c t r i c a l c i r c u i t . The n u l l 

point of the gauge was determined with a high vacuum on both 

sides of the diaphragm. It was sign a l l e d by a small lamp incor­

porated in the e l e c t r i c a l c i r c u i t . The e l e c t r i c a l make and 

break was so adjusted that with high vacuum on both sides of 

the diaphragm, the diaphragm just closed the e l e c t r i c a l c i r c u i t 

and the lamp glowed. In vapour pressure or gas pressure measure­

ment the diaphragm was brought back to the zero position with a 

controlled admission of dry a i r to the outside housing of the 

diaphragm. The pressure was read d i r e c t l y from a manometer 

reg i s t e r i n g the pressure of the admitted a i r . The gauge was 

very s e n s i t i v e , even a difference of pressure of 50 microns 

being detectable but the accuracy i n t h i s work was limited by 

the cathetometer which was accurate only to +_ .01 mm. 

The ni c k e l bellows gauge had the advantage 

of being thermostated e a s i l y because of i t s compactness; the 

diaphragm gauge, on account of i t s large size, was inconvenient 

in t h i s respect. However, the former was found to suffer from 

mechanical hysteresis, i t s n u l l point changing after r e l a t i v e l y 

few readings. Both the gauges were susceptible to damage by 

large pressure differences. 

2.1.5 Tensimetric T i t r a t i o n s 

During t h i s work reactions of some of the 

v o l a t i l e hexafluorides with gaseous reactants were followed 

tensimetrically. The reactants were measured out by pressure 

and volume at a fixed temperature. Sometimes the measured re­

actants were mixed as gases; these reactions w i l l be referred 
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to as gas-gas r e a c t i o n s . At other times one of the r e a c t a n t s 

present as a gas, r e a c t e d with the other, present as s o l i d and 

as vapour; these r e a c t i o n s w i l l be r e f e r r e d to as s o l i d - g a s 

r e a c t i o n s . The apparatus used f o r these t i t r a t i o n s i s shown 

i n F i g u r e 7. A l l pr e s s u r e measurements were c a r r i e d out using 

one of the gauges d e s c r i b e d i n S e c t i o n 2.1.4. 

( i ) S o l i d - g a s r e a c t i o n 

A known pre s s u r e of h e x a f l u o r i d e was taken 

i n a f i x e d volume c o n t a i n i n g the gauge and the two c r o s s e s C-̂  

and Cg. I t was condensed i n the r e a c t i o n bulb A with l i q u i d 

n i t r o g e n . A known pre s s u r e of the other gaseous reagent was 

a l s o taken i n the same volume and was a l s o condensed i n bulb A. 

The bulb was then warmed to room temperature. The h e x a f l u o r i d e 

r e a c t e d with the other gas, both as s o l i d and vapour. The 

r e s i d u a l gas was condensed i n the r e s e r v o i r of the gauge where 

i t s p r e s s u r e , i n the f i x e d volume at room temperature was 

measured. 

( i i ) Gas-gas r e a c t i o n s 

A known q u a n t i t y of h e x a f l u o r i d e was 

measured out and t r a n s f e r r e d to the r e a c t i o n bulb as d e s c r i b e d 

above. I t was v a p o r i z e d i n the bulb by warming to room tem^ 

p e r a t u r e . A s i m i l a r volume of the other r e a c t a n t at a higher 

known pre s s u r e was then admitted to the r e a c t i o n bulb. A f t e r 

the r e a c t i o n the pr e s s u r e of the r e s i d u a l gas was measured i n 

the u s u a l way. 

( i i i ) T i t r a t i o n w i t h a r e a c t a n t gas having an a p p r e c i a b l e  

vapour pressure at l i q u i d n i t r o g e n temperature. 

In such cases the r a t i o of the volume of 
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To Metal System 

To Gauge 
f o r p r essure 
measurements 

Source of 
other gaseous 
r e a c t a n t s 

H Hoke A431 V a l v e s 
Wi Whitey V a l v e 
W2 Whitey Valve designed to 

j o i n g l a s s or s i l i c a to 
metal. 

MM Swaglok Compression F i t t i n g 
S t r a i g h t Union (Metal to 
Metal) . 

A G l a s s or S i l i c a Reaction 
Bulb. 

B Storage V e s s e l f o r M.FQ 

F i g u r e 7. Apparatus f o r T e n s i m e t r i c T i t r a t i o n s . 
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the system c o n t a i n i n g the gauge, the c r o s s e s and the r e a c t i o n 

bulb to t h a t of the gauge and two c r o s s e s was determined be­

forehand with the a i d of a co n d e n s i b l e i n e r t gas. The r e a c t i o n 

was c a r r i e d out as i n the gas-gas case hut the pressure of the 

r e s i d u a l gas was measured i n the system c o n t a i n i n g the gauge, 

two c r o s s e s and the r e a c t i o n bulb. T h i s p r e s s u r e was converted 

to the e q u i v a l e n t p r e s s u r e i n the system c o n t a i n i n g the gauge 

and two c r o s s e s only. 

In most cases the i d e n t i t y of the r e s i d u a l 

gas was e s t a b l i s h e d by i t s i n f r a r e d spectrum. Sometimes the 

r e a c t i o n bulb was r e p l a c e d by an i n f r a r e d c e l l p r o v i d e d with 

a r e s e r v o i r and r e a c t i o n s were c a r r i e d out i n the c e l l , the 

i n f r a r e d spectrum being recorded b e f o r e and a f t e r r e a c t i o n . 

2.1.6 Magnetic Measurements 

The magnetic s u s c e p t i b i l i t y measurements 

of the compounds were made by the Guoy technique. The samples 

were e n c l o s e d i n t h i n w a l l e d q u a r t z or Pyrex tubes of 3 to 5 mm. 

O.D. The sample tubes were loaded i n a dry box and were s e a l e d 

under vacuum. However, i n some cases i t was d e s i r a b l e to a v o i d 

m a n i p u l a t i o n i n a dry box. T h i s was accomplished by s e a l i n g o f f 

the compound with n i c k e l shot i n a qu a r t z or Pyrex bulb with a 

s i d e arm t e r m i n a t i n g i n a Guoy tube. The sample was powdered 

i n s i d e the bulb by the n i c k e l shot and t r a n s f e r r e d to the Guoy 

tube which was then s e a l e d o f f at a proper l e n g t h . 

To prepare Guoy samples of v o l a t i l e f l u o ­

r i d e s the l a t t e r method was used. The f l u o r i d e was condensed 

i n a q u a r t z tube c o n t a i n i n g n i c k e l shot, the Guoy tube being a 
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s i d e arm. The sample was powdered by a l t e r n a t e c o o l i n g i n 

l i q u i d n i t r o g e n and pounding with n i c k e l shot. A f t e r t r a n s ­

f e r r i n g the sample to the Guoy tube, both the main bulb and 

the Guoy tube were kept c o o l i n l i q u i d n i t r o g e n w h i l e the Guoy 

tube was drawn o f f . 

Magnetic measurements were done using the 
4 8 

same Guoy balance d e s c r i b e d i n d e t a i l by C l a r k and O'Brien. ° 

E s s e n t i a l l y i t c o n s i s t e d of an electromagnet, a microbalance 

and a c r y o s t a t . The electromagnet produced a f i e l d of a p p r o x i ­

mately 15 k i l o g a u s s with a c u r r e n t of 2 amp. The microbalance 

had a s e n s i t i v i t y of + .01 mg. The arrangement was s i m i l a r to 

that d e s c r i b e d by F i g g i s and Nyholm.49 The temperature of the 

sample.was kept constant at any p o i n t to w i t h i n + 0.1° over the 

range 77°-300° K by use of l i q u i d n i t r o g e n , an e l e c t r i c a l heater 

and a i r pressure adjustment w i t h i n the i n n e r Dewar v e s s e l . 

Temperatures were obtained using a copper constantan thermo­

couple and a potentiometer. 

The sample tube was suspended from the 

balance pan by means of a brass c h a i n and a brass cap. A l l 

the sample tubes used were of the same len g t h (11.4 mm. i n the 

present case) to ensure that the bottom of the sample tube was 

always at the c e n t r e of the pole caps. The l e n g t h of the 

sample column i n s i d e the tube was u s u a l l y 8-9 cm. The Guoy 

tube c o n t a i n i n g the sample was weighed with the f i e l d on and 

the f i e l d o f f at each temperature. Mercury c o b a l t t e t r a t h i o -
50 

cyanate was used as the magnetic standard f o r paramagnetic 

m a t e r i a l s . Whenever p o s s i b l e , the same tube was used f o r the 
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sample and the standard. A l t e r n a t i v e l y the tubes were from 

the same length of tu b i n g . A diamagnetic c o r r e c t i o n f o r the 

c o n t a i n e r was o b t a i n e d by weighing the c o n t a i n e r i n and out 

of the f i e l d over the temperature range used f o r the sample. 

Whenever p o s s i b l e uniform packing of the 

sample or standard was ensured by using a mechanical v i b r a t o r . 

The gram s u s c e p t i b i l i t y , ̂ g> w a s c a l c u l a t e d 

from the equation: 

X(s) = * g ( s t ) x A W ( s ) + dm W(st) 
W(s) AW(st) + dm. 

where Xg(s) i s t h e g. s u s c e p t i b i l i t y of sample, Xg(st) the g. 
—6 

s u s c e p t i b i l i t y of standard (= 16.44 x 10~ c.g.s. u n i t s f o r 

HgCo(CNS) 4 at 2 0 ° ) , 5 0 AW(s) and AW(st) are the changes i n 

weights f o r the sample and standard r e s p e c t i v e l y , W(s) and 

W(st) are the weights of the sample and standard r e s p e c t i v e l y , 

and dm. i s the diamagnetic c o r r e c t i o n due to c o n t a i n e r . 

The molar s u s c e p t i b i l i t y , X M , was c o r r e c t e d 

f o r the diamgnetic s u s c e p t i b i l i t y of l i g a n d s with P a s c a l ' s 
51 "V c o n s t a n t s , to g i v e the Gram atomic s u s c e p t i b i l i t y A A. yx eff 

i s g iven by H-eff = 2.839J'X^ x T, where T i s the temperature 

i n K. 

In the cases where the p l o t of vs. T 

i n d i c a t e d obedience to the Curie-Weiss law, the best s t r a i g h t 

l i n e was obtained by a l e a s t squares approximation, using 

program No.l (Appendix 1) on an IBM 7040 Computer. 

2.1.7 X-Ray Powder Photographs 

Quartz or Pyrex c a p i l l a r i e s (0.3 or 0.5 mm. 
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diam| were used f o r the X-ray powder samples. As a l l of the 

compounds s t u d i e d were m o i s t u r e - s e n s i t i v e , the c a p i l l a r i e s 

were loaded i n a dry box. 

Sometimes, f o r a very r e a c t i v e m a t e r i a l , 

the sample was made without exposure i n a dry box. The sample 

along with some n i c k e l shot was s e a l e d o f f under vacuum i n a 

q u a r t z or Pyrex bulb f i t t e d with an arm c a r r y i n g a d r i p cone 

with a c a p i l l a r y p r o t e c t e d by an outer j a c k e t . The compound 

was powdered with the n i c k e l shot by c a r e f u l shaking of the 

apparatus.and a sample was t r a n s f e r r e d to the c a p i l l a r y , which 

was then drawn o f f . 

The c a p i l l a r i e s were s e a l e d w i t h a s m a l l 

hot flame and the newly s e a l e d ends were dipped i n t o molten wax 

to ensure a p e r f e c t s e a l . 

X-ray powder photographs were taken using 

a camera with Straumanis l o a d i n g having a diameter of 14.32 cm. 

A g e n e r a l E l e c t r i c Model XRD-5F11 X-ray d i f f r a c t i o n u n i t was 

used. The u s u a l r a d i a t i o n was CuK,^ with Ni f i l t e r to reduce 

the ^ r a d i a t i o n (K<* = 1/2, ( 2KoQ + K^ 2) = 1.5418A. = 1.5443A, 

K<5^ = 1 . 5 4 0 5 5 ) . For a quick exposure f o r i d e n t i f i c a t i o n pur­

poses a s l i t c o l l i m a t o r was used but f o r the f i l m s to be measured 

and indexed a p i n h o l e c o l l i m a t o r was p r e f e r r e d . The exposure 

time r e q u i r e d with s l i t c o l l i m a t o r was 2-4 hours and with p i n h o l e 

c o l l i m a t o r 10-16 hours. 

The p o s i t i o n s of the a r c s on the X-ray 

powder p a t t e r n s were measured on a l i g h t box p r o v i d e d with an 

a c c u r a t e s c a l e and v e r n i e r . Readings were obtained with an 

accuracy of + .005 cm. Bragg angles, i n t e r p l a n i n g spacings, 
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1/d v a l u e s and Nelson R i l e y e x t r a p o l a t i o n f u n c t i o n 3 were 

ob t a i n e d from the arc measurements by use of program No.2 

(Appendix I I ) , the computer being the IBM 7040. To a s s i s t i n 

i n d e x i n g a complex p a t t e r n the c a l c u l a t e d 1/d 2 v a l u e s f o r an 

assumed s e t of parameters of the u n i t c e l l were obtained by 

using program No.3 (Appendix I I I ) . Whenever p o s s i b l e the para­

meters were c o r r e c t e d f o r a b s o r p t i o n by a Nelson R i l e y p l o t . 

2.1.8 I n f r a r e d , V i s i b l e and UV Spectroscopy 

Because of the r e a c t i v i t y of the f l u o r i d e s 

of the noble metals the body of the 10 c m . i n f r a r e d gas c e l l was 

made of n i c k e l or monel, and was p r o v i d e d with Hoke A431 v a l v e s . 

The m a t e r i a l f o r the windows of the c e l l was s i l v e r c h l o r i d e 

which had the advantage of being t r a n s p a r e n t i n the r e g i o n 400-

4000 cm. 1 and being l e s s r e a c t i v e towards these f l u o r i d e s . 

The windows were from s i l v e r c h l o r i d e sheets 1 mm. t h i c k (sup­

p l i e d by the Harshaw Chemicals, E l y s i a , Ohio). The c e l l ends 

were pr o v i d e d with heavy gauge brass f l a n g e s each of which was 

cut to h o l d a t e f l o n r i n g . The windows were h e l d under com­

p r e s s i o n betweeen these r i n g s and end caps with s i x s t e e l b o l t s . 

The s i l v e r c h l o r i d e windows were p r o t e c t e d from l i g h t by means of 

b l a c k tape. 

A monel r e s e r v o i r was a t t a c h e d to the 

c e l l by way of a Hoke A431 v a l v e by the use of which the p r e s ­

sure of the sample i n s i d e the c e l l c o u l d be v a r i e d while r e c o r d ­

i n g the IR spectrum. The r e s e r v o i r a l s o helped i n c a r r y i n g out 

some r e a c t i o n s i n the i n f r a r e d c e l l and i n s t u d y i n g the nature 

of the products by i n f r a r e d . The i n s i d e of the c e l l body and 
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the r e s e r v o i r c o u l d be cleaned and windows c o u l d be r e p l a c e d 

whenever r e q u i r e d . 

The i n f r a r e d s p e c t r a were recorded using 

v a r i o u s P e r k i n Elmer i n f r a r e d spectrophotometers. 

The v i s i b l e and UV gas c e l l s were made of 

q u a r t z and were p r o v i d e d with Whitey v a l v e s ( d r i l l e d on one s i d e 

to take 7 mm. q u a r t z tube). The s p e c t r a were recorded using a 

Cary 14 spectrophotometer. 

2.1.9 Reagents 

( i ) The f o l l o w i n g were used as s u p p l i e d . 

F l u o r i n e j N i t r i c oxide, N i t r o s y l c h l o r i d e , 

Bromine t r i f l u o r i d e , and Iodine p e n t a f l u o r i d e were ob t a i n e d 

from the Matheson Co., Inc., East R u t h e r f o r d , N.J. Sulphur  

^ e t r a f l u o r i d e was o b t a i n e d i n c y l i n d e r s from E. I. Dupont De 

Nemours & Co., Wilmington, Delware. Tungsten h e x a f l u o r i d e was 

o b t a i n e d i n c y l i n d e r s from A l l i e d Chemical, General Chemical 

D i v i s i o n , Beaton Rouge, L o u i s i a n a . Xenon and Krypton were A i r c o 

reagent grade s u p p l i e d i n 1-1 Pyrex f l a s k s by Matheson of Canada, 

L t d . , Whitby, O n t a r i o . Osmium and I r i d i u m were ob t a i n e d i n 

powder form ( s p e c t r o s c o p i c a l l y pure grade) from Johnson, Matthey 

& Co. L t d . , London and from A. D. Mackay Inc., New York. Rhodium 

and Pt w i r e s of 0.03 in.diam. were ob t a i n e d from Johnson, Matthey 

& Co. L t d . , London, 

( i i ) Cesium f l u o r i d e 

I t was prepared by the a c t i o n of 48% 

h y d r o f l u o r i c a c i d on cesium carbonate i n a platinum c r u c i b l e . 

The s o l u t i o n was evaporated to dryness. The s o l i d was then 
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melted to d r i v e o f f a l l hydrogen f l u o r i d e and was r e s o l i d i f i e d . 

I t was kept i n a vacuum d e s i c c a t o r u n t i l use. 

( i i i ) Osmium t e t r o x i d e 

I t was prepared by i g n i t i n g osmium powder 

i n a stream of dry oxygen. I t was c o l l e c t e d i n g l a s s t r a p s 

p r o v i d e d with b r e a k - s e a l s which were c o o l e d i n l i q u i d oxygen. 

The t e t r o x i d e c o l l e c t e d was then s e a l e d o f f i n the b r e a k - s e a l 

b o t t l e s . 

( i v ) Anhydrous osmium d i o x i d e . 

It was prepared by r e d u c t i o n of osmium 

t e t r o x i d e w i t h a b s o l u t e a l c o h o l . Osmium t e t r o x i d e was d i s s o l v e d 

i n a s o l u t i o n of potassium hydroxide to which r e q u i s i t e amount of 

a b s o l u t e a l c o h o l was added. The s o l u t i o n was then n e u t r a l i s e d 

to l i t m u s w i t h d i l u t e H2SO4 when p r e c i p i t a t i o n of b l a c k O S O 2 , 

2H2O occurred. The mixture was b o i l e d and f i l t e r e d o f f . The 

p r e c i p i t a t e was washed with very d i l u t e N H 4 C I s o l u t i o n . I t was 

f i r s t d r i e d i n an oven at low temperature to d r i v e o f f moisture. 

The anhydrous m a t e r i a l was o b t a i n e d by h e a t i n g t h i s hydrated 

product i n vacuum f o r a few hours at 500°. U s u a l l y the hydrated 

m a t e r i a l was put i n t o a monel r e a c t i o n b o t t l e and heated under 

vacuum at 500°. The anhydrous d i o x i d e produced was d i r e c t l y 

f l u o r i n a t e d i n the monel can. 

(v) OsF 6 and I r F 6 

These h e x a f l u o r i d e s were preapred by heat­

i n g the r e s p e c t i v e metals i n powder form i n a monel can at 300°-

400°, with excess f l u o r i n e f o r about two hours. The can was 

c o o l e d i n acetone-dry i c e bath and excess f l u o r i n e was pumped 

out. The h e x a f l u o r i d e s were then s t o r e d i n monel storage b o t t l e s 
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c o n t a i n i n g dry sodium f l u o r i d e (to abosrb any hydrogen 

f l u o r i d e p r e s e n t ) . 

( v i ) PtFg and RhFg 

These h e x a f l u o r i d e s were prepared by e l e c t r i c a l 

h e a t i n g of the metal wire i n an atmosphere of f l u o r i n e by an 
c q p q / u \ 

a d a p t a t i o n of the method of Weinstock and h i s coworkers. 

The y i e l d of platinum h e x a f l u o r i d e was approximately 60% 

whereas the y i e l d o f rhodium h e x a f l u o r i d e was onl y 8%. 
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2.2. THE FLUORIDES AND OXYFLUORIDES OF OSMIUM 
2.2.1 Search f o r Higher B i n a r y F l u o r i d e s of Osmium 

i 

M e t a l l i c osmium powder ( l g . ) was taken i n a 

high pressure monel r e a c t i o n v e s s e l which had been p r e c o n d i t i o n e d 

to f l u o r i n e , the r e a c t i o n v e s s e l was then f i l l e d with f l u o r i n e at 

180 p . s . i . The v e s s e l was heated i n a furnace at 400-500° f o r 

s e v e r a l hours, then i t was quenched i n c o l d water. 

The r e a c t i o n product was condensed i n the 

r e s e r v o i r of a monel i n f r a r e d gas c e l l which had been p r e t r e a t e d 

with f l u o r i n e . The product was expanded i n t o the gas c e l l , the 

i n f r a r e d spectrum recorded, the vapour pumped out and the process 

repeated e x h a u s t i v e l y . The i n f r a r e d spectrum of the product 
13 

was found to be i d e n t i c a l with that of osmium h e x a f l u o r i d e . 

2.2.2 Osmium Oxide P e n t a f l u o r i d e 

( i ) P r e p a r a t i o n 

S e v e r a l p r e p a r a t i v e r o u t e s to osmium oxide 

p e n t a f l u o r i d e were t r i e d . 

(a) Osmium metal was t r e a t e d with a mixture of oxygen and 

f l u o r i n e (1:2 volume) i n a flow system (See S e c t i o n 2.1.2). 

The r e a c t i o n , which was c a r r i e d out i n a q u a r t z tube with the 

osmium i n a n i c k e l boat, was i n i t i a t e d by the heat from a s m a l l 

flame. Once s t a r t e d , the r e a c t i o n continued to completion. 

The product was a mixture of an emerald green s o l i d and a p a l e 

yellow, more v o l a t i l e s o l i d . The d i f f e r e n c e i n v o l a t i l i t y of 

the components of the mixture p e r m i t t e d t h e i r s e p a r a t i o n by t r a p 

to t r a p f r a c t i o n a l d i s t i l l a t i o n under reduced pressure, from a 
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t r a p h e l d at -16° to r e c e i v e r s c o o l e d with l i q u i d n i t r o g e n . 

The emerald green s o l i d remained behind i n the t r a p at -16°. 

The more v o l a t i l e yellow component from i t s i n f r a r e d spectrum 

proved to be osmium h e x a f l u o r i d e . Freedom of the emerald green 

s o l i d from OsFg was e s t a b l i s h e d by i n f r a r e d spectroscopy. The 

y i e l d of t h i s m a t e r i a l was 50%. I t melted s h a r p l y at 59.2°. 

(b) A v a r i a t i o n of the above method was the f l u o r i n a t i o n of 

anhydrous osmium d i o x i d e . (See S e c t i o n 2.1.9). F l u o r i n e d i l u t e d 

with n i t r o g e n was passed over the d i o x i d e . The products were 

again the h e x a f l u o r i d e and oxide p e n t a f l u o r i d e of osmium, the 

y i e l d of the l a t t e r being 50%. 

(c) O x y f l u o r i n a t i o n of osmium metal i n a c l o s e d monel can 

(See S e c t i o n 2.1.2) pr o v i d e d with a Hoke A431 v a l v e using a 

f l u o r i n e - o x y g e n mixture (2.5:1) by volume at 300° f o r a p e r i o d 

of two hours, a l s o y i e l d e d the oxide p e n t a f l u o r i d e and hexa­

f l u o r i d e but the y i e l d of the former was l e s s than 50%. 

(d) The best p r e p a r a t i o n of osmium oxide p e n t a f l u o r i d e proved 

to be the f l u o r i n a t i o n at 250° of anhydrous osmium d i o x i d e i n a 

s i m i l a r system to the l a s t , the f l u o r i n e being i n s l i g h t excess 

of that r e q u i r e d by the equation OSO2 + 2^ F 2 = OSOF5 + ^ 0 2 . 

The oxide p e n t a f l u o r i d e was recovered from the admixture with 

OsFg i n the u s u a l way. The y i e l d of OSOF5 under these c o n d i t i o n s 

was above 90%. 

( i i ) A n a l y s i s 

The a n a l y s i s was done by a l k a l i n e h y d r o l y s i s 

of osmium oxide pentafluorid|e f o l l o w e d by e s t i m a t i o n of osmium 

and f l u o r i n e i n the h y d r o l y s e d s o l u t i o n . The h y d r o l y s i s was 
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done by breaking a s e a l e d capsule, c o n t a i n i n g the sample, i n a 

c l o s e d system c o n t a i n i n g an aqueous a l k a l i (See S e c t i o n 2.1.3). 

Osmium was determined by the hydrazine hydrate method and 

f l u o r i n e was estimated by W i l l a r d and Winter d i s t i l l a t i o n f o l ­

lowed by p r e c i p i t a t i o n of f l u o r i d e as PbClF. F l u o r i n e was a l s o 

determined i n the f i l t r a t e a f t e r osmium p r e c i p i t a t i o n . ( F o u n d : 

F, 31.1; Os, 61.9%. OsOF 5 r e q u i r e s F, 31.5; Os, 63.1% .) 

( i i i ) The Vapour pressure-temperature behaviour of OSOF5 

A diaphragm gauge (See S e c t i o n 2.1.4) was 

used f o r the vapour pressure measurements. The monel r e s e r v o i r 

of the gauge was t r e a t e d with f l u o r i n e and was then c o n d i t i o n e d 

to OSOF5. A sample of OsOF 5 was then condensed i n the r e s e r v o i r . 

I t was kept at the temperature of acetone-dry i c e and pumped f o r 

a few hours to remove any t r a c e s of hydrogen f l u o r i d e or s i l i c o n 

t e t r a f l u o r i d e . The sample was then i s o l a t e d from the vacuum 

m a n i f o l d . The e n t i r e gauge was immersed i n s i l i c o n e o i l contained 

i n a 51-Dewar v e s s e l which served as the thermostat bath. Tem­

per a t u r e s were measured with a p r e c i s i o n of +0.1°. The gauge 

was used as a n u l l instrument (See S e c t i o n 2.1.4). The pressure 

of dry a i r r e q u i r e d to balance the vapour p r e s s u r e of the sample 

at c e r t a i n temperature was read d i r e c t l y from the manometer with 

a cathetometer with an accuracy of +̂ .01 mm. 

A f t e r each run, an i n f r a r e d spectrum of the 

sample from the gauge was recorded. T h i s showed t h a t n e g l i g i b l e 

p r o d u c t i o n of v o l a t i l e products (e.g. CF^, SiF^) had taken p l a c e 

i n the gauge during the run. 

The vapour pressure data are summarized by 
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the equations: 

S o l i d OsOF 5 (32°-59°). 

log Pmm.= - 2 2 6 6 + 9.064. 
T 

L i q u i d O S O F 5 (59°-105°) 

l°g pmm = ~ 1 9 1 1 + 7.994 
T 

The equations were d e r i v e d from the vapour 

pr e s s u r e data, the curve f o r each phase being c o n s i d e r e d to be 

a s t r a i g h t l i n e . The p l o t of: l o g P m m. vs. 1/T i s shown i n F i g u r e 

8. The observed and c a l c u l a t e d vapour pressures^ and t h e i r d i f -

f e r e n c e s are l i s t e d i n Table IV. The m e l t i n g poirtt o b t a i n e d 

from the vapour pressure data was 58.8° ±0.2° whereas that 

observed d i r e c t l y using a sample i n a t h i n w a l l e d q u a r t z c a p i l ­

l a r y was"•59.2°. The b o i l i n g p o i n t and some thermodynamic data 

were d e r i v e d from the vapour p r e s s u r e equations and they are 

t a b u l a t e d i n Table V. 

The e x i s t e n c e of a phase t r a n s i t i o n i n the 

s o l i d was i n d i c a t e d by the vapour pressure data to be between 

32° and room temperature. Since the change i n slope of the 

lo g Pmm. v s - 1/T p l o t at the s o l i d - s o l i d t r a n s i t i o n was s m a l l , i t 

was not p o s s i b l e to p r e c i s e l y l o c a t e the t r a n s i t i o n p o i n t from 

t h i s data. I t was determined a c c u r a t e l y w i t h the a i d of a 

p o l a r i z i n g microscope and X-ray powder photographs, 

( i v ) The s o l i d - s o l i d phase t r a n s i t i o n 

(a) X-ray powder photographs 

X-ray powder samples were prepared i n 0.3 mm. 

q u a r t z c a p i l l a r i e s i n the u s u a l way f o r the v o l a t i l e products 



Figure 8. P l o t of log Pmm. vs. 1 / T f o r OsOF 5. 
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Table IV 

Vapour Pressure Data f o r 

Temp°K P 0t> s. (mm.) P c ai c.(mm) 

S o l i d 304.8 41.1 42.6 

310.0 58.0 56.8 

313.8 68.6 69.6 

320.5 95.3 98.6 

326.7 136.7 134.3 

328.4 147.7 145.9 

330.9 169.4 164.4 

L i q u i d 332.8 176.4 178.6 

334.2 189.5 188.8 

336.1 205.4 202.8 

338.8 227.3 225.9 

343.3 267.5 267.9 

346.0 307.7 295.8 

349.4 341.6 335.0 

352.4 376.5 372.4 

356.0 416.8 422.7 

363.5 542.9 545.8 

368.7 640.1 647.1 

374.0 763.4 767.4 

378.1 877.4 871.0 

OsOF 5 

p c a l c . - p o b s . ( m n u ) 

+ 1.5 

-1.2 

+ 1.0 

+3.3 

-2.4 

-1.8 

-5.0 

+ 2.2 

-0.7 

-2.6 

-1.4 

+0.4 

-11.9 

-6.6 

-4.1 

+ 5.9 

+ 2.9 

+ 7.0 

+4.0 

-6.4 
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TABLE V 

Some Thermodynamic Data for OSOF5 

T r i p l e point B.P. Latent heat of vap. Latent heat of sublima-
of l i q u i d . tion (above t r a n s i t i o n 

°C mm. °C (cal/mole) . point), (cal/mole) . 

58.8 173.0 100.6 8,745 10,368 

Entropy of vap. of Heat of fusion Entropy of fusion 
l i q u i d (cal/mole/deg.) (cal/mole) (cal/mole/deg.) 

23.4 1,623 5.29 

(Section 2.1.7) and X-ray powder photographs were taken at 

various temperatures. Higher temperatures were achieved by 

blowing hot a i r over the c a p i l l a r y , the temperature being 

cont r o l l a b l e to +1°. 

The d i f f r a c t i o n pattern of powder photographs taken 

at room temperature was indexed on the basis of an orthorhombic 

unit c e l l , as shown in Table VI, with a = 9.540, b = 8.668, 

c = 5.019A\ U = 415.oX3 and Z = 4. 

X-ray powder photographs of the sample at temper­

atures above 35° were indexed on the basis of a cubic unit 

c e l l as shown i n Table VI I with a = 6. 143A\ U = 231..8A3 and 

Z = 2. 

From the X-ray examination the t r a n s i t i o n point 
o 

from orthorhombic to cubic form was found to l i e between 3,1 

and 35° . That the cubic form changed back to the orthorhombic 

on cooling was also established. 



TABLE VI 

X-Ray Powder Data f o r OsOF 5 (Orthorhombic) * 

1/d 2 i / a 2 

h k l C a l c . Obs. h k l C a l c . Obs. 

O i l 
020 

0.0530 
0.0532 0.0527 203 0.4012 0,4021 

210 

111 

0.0572 

0.0644 

0.0577 

0.0645 

531 
601 

0.4342 
0.4353 0.4365 

201 0.0837 0.0859 

121 

301 

311 

112 

321 

0.1039 

0,1386 

0.1519 

0.1831 

0.1918 

0.1042 

0.1390 

0.1525 

0.1840 

0.1925 

611 
620 

432 
223 
303 

152 
450 

0.4486 
0.4488 

0.4544 
0.4545 
0.4562 

0.5024 
0.5085 

0.4488 

0.4561 

0.5057 

202 
231 

401 
212 

0.2027 
0.2034 

0.2155 
0.2160 

0.2027 

0.2162 

161 

710 

612 

0.5298 

0.5518 

0.5667 

0.5305 

0.5513 

0.5689 

411 
420 

0.2288 
0.2290 0.2285 

243 
361 

0.6141 
0.6178 0.6158 

302 
331 

312 

510 
132 

0.2577 
0.2584 

0.2710 

0.2880 
0.2895 

0.5297 

0.2721 

0.2899 

641 
162 
433 

603 
811 
820 

0.6482 
0.6489 
0.6529 

0.7529 
0.7564 
0.7566 

0.6510 

0.7547 

322 
501 

232 

402 
431 

0.3109 
0.3144 

0.3225 

0.3346 
0.3353 

0.3124 

0.3247 

0.3368 

134 
552 
613 

371 
741 

0.7659 
0.7662 
0.7662 

0.7908 
0.7911 

0.7663 

0.7908 

(cont'd) 

* Since the photograph was s p o t t y i n t e n s i t y estimates were 
i m p o s s i b l e . 
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TABLE VI (cont'd) 

h k l C a l c . Obs. 

0.8083 623 0.8061 
404 0.8110 

562 0.9127 
661 0.9145 0.9140 
822 0.9154 

860 1.1826 
415 1.1816 1.1838 
473 1.1853 

TABLE VII 

X-Ray Powder Data f o r OsOF 5 (cubic) 

1/d 2 

R e l a t i v e 

h k l C a l c . Obs. I n t e n s i t y 

110 0.0530 0.0543 10 

200 0.1060 0.1069 5 

211 0.1590 0.1603 8 

220 0.2120 0.2122 4 

310 0.2650 0.2646 7 

321 0.3710 0.3712 5 

411,330 0.4770 0.4770 4 

(b) P o l a r i z a t i o n microscopy 

In order to determine the t r a n s i t i o n p o i n t 

with g r e a t e r accuracy, a p o l a r i z i n g microscope p r o v i e d with a 

hot stage ( L e i t z Model 350, E r n s t L e i t z GMBH Wetzlar, Germany) 

was used. A s i n g l e c r y s t a l of osmium oxide p e n t a f l u o r i d e which 

had developed from a powder specimen i n a c a p i l l a r y over a p e r i o d 



of days, was used. The c r y s t a l c o u l d be seen with the p o l a r i z e r 

and the an a l y z e r c r o s s e d . The stage of the microscope was 

then g r a d u a l l y heated and at 32.5° the c r y s t a l disappeared from 

view. T h i s i n d i c a t e d the s o l i d - s o l i d t r a n s i t i o n temperature, 

(v) Magnetic p r o p e r t i e s , 

A sample f o r magnetic measurement was pre­

pared i n a t h i n w a l l e d q u a r t z tube of 4 mm. diameter. The 

magnetic s u s c e p t i b i l i t y was measured between 77° and 295°K. 

One s e t of readings was taken w h i l e c o o l i n g the sample and the 

other s e t w h i l e warming up. The molar s u s c e p t i b i l i t i e s were 

c o r r e c t e d f o r diamagnetic c o n t r i b u t i o n s from the l i g a n d s i n the 

molecule (See S e c t i o n 2.1.6). The s u s c e p t i b i l i t y was found to 

obey the Curie-Weiss law throughout the temperature range, the 

molecular f i e l d constant being +6°. The observed atomic sus­

c e p t i b i l i t i e s and the d e v i a t i o n s from the i d e a l s u s c e p t i b i l i t i e s 

( f o r Curie-Weiss law obedience) at v a r i o u s temperatures are shown 

i n Table V I I I . The p l o t of 1/X A vs T i s shown i n F i g u r e 9. 

The value of y i e f f (1.47 B.M.) was found to be n e a r l y constant 

throughout the temperature range as shown i n Table V I I I . 

A separate s et of measurements on another 

sample gave s i m i l a r r e s u l t s , 

( v i ) I n f r a r e d spectrum 

The i n f r a r e d spectrum of OsOF 5 was recorded 

at room temperature using a monel i n f r a r e d c e l l . Because OsOFg 

had an a b s o r p t i o n i n the r e g i o n of 960 cm.~^ where 0 s 0 4 has 
54 

s t r o n g a b s o r p t i o n , the spectrum of 0 s 0 F 5 was a l s o recorded 

with OSO4 kept i n the r e f e r e n c e beam. The pre s s u r e of the OSO4 
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vapour was a d j u s t e d to c a n c e l the a b s o r p t i o n by the OsO^ 

imp u r i t y i n the OsOFg. T h i s e s t a b l i s h e d the a u t h e n t i c i t y of 

the 960 cm" 1 O S O F 5 peak. 

TABLE V I I I 

Magnetic Data f o r OsOFg 

a) I n c r e a s i n g temperature 

Temp.°K X A ( o b s . ) x l 0 6 J ^ C o b s . ) - X A ( i d e a l ) ̂ ] x l O 6 f i e f f ( B . M . ) 

c.g.s. u n i t s c.£ j. s . u n i t s 

78.1 3,521 195 1.49 

84.8 3,068 -6 1.45 

91.5 2,828 -30 1.44 

102.5 2,477 -85 1.43 

112.7 2,262 -76 1.47 

127.1 2,002 -79 1.43 

146.9 1,848 39 1.48 

164.5 1,632 12 1.47 

181.1 1,498 23 1.48 

198.4 1,387 38 1.49 

215.4 1,267 23 1.48 

232.9 1,161 9 1.48 

249.7 1,065 -10 1.46 

263.9 1,008 -10 1.46 

279.0 966 2 1.47 

293.8 917 1 1.47 

(cont'd) 

* Curie--Weiss law obedience, © = 6 ° . 
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TABLE V I I I (cont'd) 

b) Decreasing temperature 

Temp.°K X A ( o b s . ) x l 0 6 [* A (obs.)-X A (idea 1 ) J x 10 6 f l e f f ( B J 

c.g.s. u n i t s c.g.s. u n i t s 

295.6 913 2 1.48 

280.2 948 -12 1.44 

267.6 994 -10 1.43 

250.7 1,058 -13 1.43 

235.5 1,136 -3 1.43 

216.3 1,255 16 1.46 

199.4 1,352 10 1.48 

182.1 1,473 6 1.48 

165.1 1,634 20 1.47 

151.2 1,792 33 1.47 

138.5 1,958 42 1.47 

123.9 2,146 12 1.48 

114.4 2,208 -97 1.47 

102.7 2,459 -99 1.46 

93.4 2,718 -84 1.46 

84.5 3 ,052 -32 1.46 

77.1 3,553 186 1.47 



F i g u r e 9. P l o t o f 1/XA v s . T f o r O s O F 5 
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The vapour pressure of OsOF^ i s only about 

22 mm. at room temperature; hence i t was d e s i r a b l e to r e c o r d 

the IR spectrum at higher temperatures where the vapour pr e s ­

sure i s much g r e a t e r . T h i s was achieved by p l a c i n g the IR 

c e l l i n a s m a l l e l e c t r i c a l l y heated box f i t t e d with s i l v e r 

c h l o r i d e windows. 

The observed a b s o r p t i o n s are l i s t e d i n 

Table IX and the IR s p e c t r a at d i f f e r e n t p r e s s u r e s are shown 

i n F i g u r e s 10 and 11. 

TABLE IX 

I n f r a r e d Data f o r OSOF5 

Cm I n t e n s i t y 

440 w 

535 vw 

640 s (shoulder at 650 cm - 1) 

700 vs (shoulder at 710 cm" 1 

800 w 

960 s 

1337 w 

1405 w 

1915 w 

( v i i ) UV, v i s i b l e and near i n f r a r e d s p e c t r a 

The s p e c t r a i n UV, v i s i b l e and near i n f r a r e d 

r e g i o n s were recorded using a qu a r t z c e l l p r o v i d e d with a 

Whitey v a l v e . 
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In the near infrared region peaks were observed 

at 8,080 (w) , 8,300 (w) , 8,"450 (w) , 8,700 (w) , 8,950 (w) , 10,800 

(w), 11,200 (w), 11,450 (w), 11,925 (w), and 12,380 (w) £. 

In the v i s i b l e region the sample started to 
o o absorb at 4600A and showed a maximum at 3500A. 

In the u l t r a v i o l e t region from 3500S to 
o 

2600A the absorption was very high. 

( v i i i ) N.M.R. and e.s.r. spectra 

A solution of OsOF 5 i n WFg (1:3) prepared in 
a 4 mm. diameter quartz tube was used as the sample for record-

19 
ing the F n.m.r. spectrum of OsOF^. A single broad low 

int e n s i t y peak with chemical s h i f t at -215 p.p.m. from the 

in t e r n a l SiF4 standard was observed. 

A 1% solution of OsOFg i n WFg prepared in a 

quartz tube was used as a sample for recording the e.s.r. 

spectrum of OsOF^. The spectrum consisted of a single broad 

sign a l centred around grv/2 and about 200 gauss wide. No fine 

structure was observed. 

(ix) Reaction of OsOFg with NO 

(a) Tensimetric t i t r a t i o n 

A solid-gas reaction of OsOFg with NO was 

followed tensimetrically i n the usual way (See Section 2.1.5). 

A d i r t y white product was formed i n the reaction bulb. The 

res u l t of the tensimetric t i t r a t i o n s are shown below. The 

residual gas was condensible at -196°. 

The X-ray powder photograph of the product 

showed a more complex d i f f r a c t i o n pattern than NOOsFg and i t 

was not indexed. 
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OSOF5 p r e s s u r e , mm. 40.1 

I n i t i a l NO pressu r e , mm. 98.0 

R e s i d u a l p r e s s u r e , mm. 62.3 

Combining r a t i o , N 0 / 0 s 0 F 5 0.89:1 

(b) Reaction i n tungsten h e x a f l u r ^ i d e s o l u t i o n 

An apparatus was set up as shown i n F i g u r e 12. 

The s m a l l monel can M contained p u r i f i e d n i t r i c oxide at -~ 150 

p . s . i . The storage can of OSOF5 and the c y l i n d e r of WFg were 

attac h e d to the main vacuum m a n i f o l d . 

Approximately 1 g. of OsOFg was condensed i n 

the K e l - F r e a c t i o n t r a p D from the OsOF,. storage b o t t l e . 

Tungsten h e x a f l u o r i d e was then condensed i n the same t r a p , 

enough being taken to h a l f f i l l the K e l - F t r a p . The mixture 

i n the t r a p was warmed to <~10°, whereupon the OSOF5 d i s s o l v e d 

i n the l i q u i d WFg to g i v e a l i g h t green s o l u t i o n . The K e l - F 

t r a p was kept at 7-10°C. The apparatus was then f i l l e d w i t h 

dry n i t r o g e n through Pyrex t r a p s A and B c o o l e d i n l i q u i d 

oxygen. A s u l p h u r i c a c i d bubbler i n the n i t r o g e n l i n e served 

as a blow o f f to mai n t a i n the i n t e r n a l p r e s s u r e of the apparatus 

c l o s e to one atmosphere. With the apparatus f i l l e d w i t h dry 

n i t r o g e n , t r a p s A and B were drawn o f f . The remaining apparatus 

was opened to the atmosphere at the end K through Pyrex t r a p s 

E and F c o o l e d i n l i q u i d oxygen. With K e l - F t r a p D maintained 

at 7-10° n i t r i c oxide was bubbled i n t o the WFg s o l u t i o n . A 

white p r e c i p i t a t e formed i n i t i a l l y but subsequently the whole 

mixture turned brown. When the r e a c t i o n was judged t o be 

complete, excess WFg was pumped o f f . A pa l e l i l a c s o l i d 



To vacuum M a n i f o l 

K 

N 2 through a 
cone. H 2S04 bubbler, 

To a cone. 
H2SO4 bubbler 
a c t i n g as a 
blow-off t r a p . 

A,B,E,F, 
D, 
H, 
G, 

GM, 

GMT, 

M, 

G l a s s Traps 
K e l - F Trap 

H o k e A 4 3 I V a l v e s 
2 mm. G l a s s Tap 
Swagelok Compression F i t t i n g 
S t r a i g h t Union (Glass-Metal) 
Swagelok Compression F i t t i n g 
Tee Union (Glass to Metal) 
Monel Can c o n t a i n i n g NO. 

Figure 12. Apparatus f o r the Reaction of 0 s 0 F 5 w i t h NO i n WFg S o l u t i o n . 



remained i n the t r a p . 

The X-ray powder photograph of the product 

was s i m i l a r to that of the product formed i n the t e n s i m e t r i c 

t i t r a t i o n of NO and O S O F 5 . 

A n a l y s i s of the product was done by a l k a l i n e 

h y d r o l y s i s . Osmium was estimated by the hydrazine hydrate 

method. D i f f i c u l t y was experienced i n o b t a i n i n g complete pre­

c i p i t a t i o n of the osmium and i t i s probable t h a t some remained 

i n s o l u t i o n as evidenced by the l i g h t yellow c o l o u r of the 

f i l t r a t e . F l u o r i n e was estimated i n the f i l t r a t e from the 

osmium p r e c i p i t a t i o n . N i t r o g e n was estimated on a separate 

sample by the c o n v e n t i o n a l Dumas method (Found: N, 3.25; 

F, 29.3; Os,50.l%.NOOsOF 5 r e q u i r e s N, 4.23; F, 28.68; Os,57.42%. 

(NO) 2 OsOF 5 r e q u i r e s N, 7.75; F, 26.30; Os, 52.65%). 

Magnetic s u s c e p t i b i l i t y measurements done 

at room temperature gave the v a l u e X g = 0.788 x 10 c.g.s. 

u n i t s , with | x e f f = 0.78 B.M. (using NOOsOFg as the molecular 

formula of the p r o d u c t ) . 

In one of the r e a c t i o n s of NO with OsOFg i n 

WFg, the r e a c t i o n product was red. A p r e l i m i n a r y a n a l y s i s 

showed t h a t i t co n t a i n e d tungsten. I t was assumed t h a t WFg 

was s t i l l adsorbed i n the product so i t was heated to 100° i n 

vacuum f o r two hours. The c o l o u r of the product changed from 

re d to grey but no WFg was ob t a i n e d i n the c o l d t r a p s i n the 

vacuum l i n e . 

The X-ray powder photograph of the grey 

product was i d e n t i c a l with that of the red one. The p a t t e r n was 

s i m i l a r to that of NOOsFg and was indexed on the b a s i s of c u b i c 
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unit c e l l with a = 10.152 + .003A\ 
The product was analysed for f l u o r i n e , osmium 

and tungsten. The l a s t mentioned element was estimated as i t s 

tr i o x i d e . (Found:F, 29.3; W, 23.9; Os 30.2%. NOOsFg, NOWOFg 

requires F, 31.7; W, 27.9; Os, 28.9%). 
The magnetic s u s c e p t i b i l i t y was measured over 

a temperature range 77° to 297°K. Molar s u s c e p t i b i l i t i e s were 

calculated by taking the molecular formula, NOOsFg, NOWOF5. 

They were corrected for diamagnetic contributions from the 

ligands i n the molecule in the usual way. The s u s c e p t i b i l i t y 

was found to obey the Curie-Weiss law throughout the temperature 

range, O being 24°, with | J L E F F = 3.15 B.M. at 297°K. The observed 

values of the atomic s u s c e p t i b i l i t i e s and the i r deviations from 

the i d e a l values (for Curie-Weis law obedience) at various 

temperatures are shown i n Table X. The plot of 1/̂ . vs T i s , 

shown i n Figure 13. 

TABLE X 

Magnetic Data for the Mixture NOOsFg, NOWOF5 

T°K 
^ i x l O 6 

c.g.s.units 
|^A(obs. 

* p. 
)-/A(ideal)JxlO D 

c.g.s. units 

295.7 4,159 19 
274.3 4,443 6 
253.2 4,733 -40 
233.7 5,227 92 
213. 7 5,609 42 
193.3 6 ,051 -38 
173.5 6,631 . -68 

* Curie-Weis law obedience, © = 24° (cont'd) 



T°K 
* A x l 0 ' 

e.g.s. 

153.5 7,329 

139.2 7,995 

121.9 8,858 

107.3 9,847 

95.0 11,112 

84.6 12,542 

77.1 13,946 
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TABLE X (cont'd) 

[ / ^ ( o b s . ) - ^ ( i d e a l ) ] x l O 6 

c.g.s. u n i t s 

-125 

-112 

-210 

-228 

-4 

361 

862 

2.2.3 Osmium T r i o x i d e D i f l u o r i d e 

( i ) P r e p a r a t i o n 

Osmium t r i o x i d e d i f l u r o i d e was prepared as 
30 

d e s c r i b e d by Hepworth and Robinson, by the r e a c t i o n of 

bromine t r i f l u r o d i e w i t h osmium t e t r o x i d e . The apparatus and 

method used were s i m i l a r to those o u t l i n e d i n S e c t i o n 2.1.2 

f o r f l u o r i n a t i o n with BrF3. The r e a c t i o n took p l a c e on warming 

the mixture of OSO4 and BrF3 to room temperature. Large amounts 

of bromine and oxygen were evolved. A dark red l i q u i d with 

some s o l i d i n i t was f i r s t formed. T h i s mixture was warmed 

g e n t l y t o complete the r e a c t i o n , then excess bromine t r i f l u o r i d e 

was removed under vacuum. Complete removal of BrF3 was accom­

p l i s h e d by h e a t i n g the product to 60° under vacuum f o r a few 

hours. The product \»as an orange yellow powder. 

( i i ) A n a l y s i s 

The product was analysed f o r f l u o r i n e 

f o l l o w i n g a l k a l i n e h y d r o l y s i s (Found: F, 13.46%. OSO3F2 
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r e q u i r e s F, 1 3 . 7 5 % ) . 

( i i i ) Phase t r a n s i t i o n i n the s o l i d 

When f r e s h l y prepared osmium t r i o x i d e d i ­

f l u o r i d e was orange-yellow. The c o l o u r of the sample changed 

to red slo w l y at room temperature. The red form on hea t i n g 

changed to the orange-yellow form at ' - v 9 0 ° . 

( i v ) X-Ray powder photograph 

The X-ray d i f f r a c t i o n p a t t e r n of the 

orange-yellow form was indexed on the b a s i s of a m o n o c l i n i c 

u n i t c e l l as shown i n Table XI with a = c = 5 . 5 7 1 ° . , b = 5 . 5 5 5 A , 

f> = 9 3 ° , U = 1 7 1 . 9 A * 3 and Z = 2 . 

The X-ray powder photograph of the red 

form was more complex than that of the ye l l o w form and was not 

indexed. A s u p e r f i c i a l s i m i l a r i t y of t h i s p a t t e r n was found 

to the p a t t e r n s of the p e n t a f l u o r i d e s , R u F 5 , 5 5 R h F 5 , 5 6 I r F 5 , 5 7 

and P t F 5 . 5 8 

(v) Magnetic p r o p e r t i e s 

The magnetic s u s c e p t i b i l i t i e s of both the 

yellow and red forms of osmium t r i o x i d e d i f l u r o i d e were measured 

at room temperature. Both were found to be diamagnetic. The 

val u e of the s u s c e p t i b i l i t y was based oh benzene as standard. 

The magnetic s u s c e p t i b i l i t y of benzene s a t u r a t e d with a i r was 
—6 5 9 taken as-. 7 2 0 x 10 c.g.s. u n i t s . The r e s u l t s are shown 

below: 

f o r y ellow form = - 2 4 . 9 x 1 0 " c.g.s. u n i t s 
6 

yCu f o r red form = - 2 6 . 0 x 10 c.g.s. u n i t s 
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TABLE XI 

X-Ray Powder Data f o r OSO3F2 (orange--yellow 

h k l C a l c . 

1/d 2 

Obs. 
Relat: 
Inten; 

100 0.0324 0.0334 
; 6 

101 0.0603 0.0618 7 

110 0.0648 0.0653 10 

101 0.0693 0.0707 5 

111 0.1017 0.1032 5 

200 0.1296 0.1313 7 

210 0.1620 0.1634 6 

201 0.1710 0.1727 5 

112 0.1854 0.1872 7 

112 0.2034 0.2033 

0.2160 

3 

1 

202 0.2412 0.2428 4 

220 0.2592 0.2612 5 

300 0.2916 0.2928 6 

221 0.3006 0.3026 6 

301 0.3105 0.3117 7 

310 0.3240 0.3254 6 

311 0.3429 0.3444 6 

311 
222 

0.3699 
0.3708 0,3718 7 

222 0.4068 0.4057 vw 

320 0.4212 0.4238 7 

302 0.4482 0.4473 5 (cont 
These s u p e r l a t t i c e l i n e s are accounted f o r by: a u n i t c e l l 
double c e l l edge. 



TABLE XI (cont'd) 

1/d' 

h k l 

400 

401,232 

410 

411 
401,232 
322 
141 

411 
331 

331 

412 
420 

313 
421 

402 
332 

421 

412 

431 
341 

403 
501 

502 
413 
511 

\ C a l c . 

0.5184 

0.5328 

0.5508 

0.5652 
0.5688 

0.5778 
0.5787 

0.6012 
0.6021 

0.6291 

0.6444 
0.6480 

0.6561 
0.6624 

0.6840 
0.6858 

0.6984 

0. 7164 

500,430 0.8100 

0. 8244 
0. 8289 

0. 8640 
0.8649 

0. 8946 
0. 8964 
0. 8973 

Obs. 

0.4944 

0.5192 

0.5322 

0.5513 

0. 5677 

0.5795 

0.6029 

0.6293 

01646 3 

0.6599 

0.6856 

0.6972 

0.7162 

0.7863 

0.8096 

0.8267 

0.86 4 5 

0.8956 

R e l a t i v e 
I n t e n s i t i e s 

w 

1 

2 

6 

2 

2 

1 

1 

1 

vw 

6 

vw 

vw 

(cont'd) 
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TABLE XI (cont'd) 

1/d' 

h k l 

342 
333 

520 

251 
404 
342 

512 

433 

441,252 

404 

351 

600 

513 
442 

514 

620 

C a l c . 

0.9124 
0.9153 

0.9394 

0.9630 
0.9648 
0.9664 

1.0170 

1.0476 

1.0872 

1.1088 

1. 1475 

1.1664 

1.2015 
1.2024 

1.2708 

1.2960 

Obs. 

0.9136 

0.9386 

0.9659 

0.9907 

1.0158 

1.0477 

1.0847 

1.1076 

1.1494 

1.1667 

1.2018 

1.2532 

1.2708 

1.2943 

R e l a t i v e 
I n t e n s i t i e s 

vw 

1 

1 

1 

2 

1 

1 

1 

vw 

1 

2 



69 

2.2.4 N i t r o s y l T r i b x y t r i f l u o r o o s m a t e (VIII) 

( i ) P r e p a r a t i o n 

• The s a l t n i t r o s y l t r i o x y t r i f l u o r o o s m a t e 

(VIII) was prepared by the r e a c t i o n of B r F 3 and N0C1 with OsO^. 

The apparatus was s i m i l a r to that used f o r the p r e p a r a t i o n of 

O S O 3 F 2 , the only d i f f e r e n c e being the i n c l u s i o n of a c y l i n d e r of 

N0 C1 i n the apparatus. The r e a c t a n t s O S O 4 , N0C1 and B r F 3 were 

condensed i n the r e a c t i o n bulb one a f t e r another. A vigorous 

r e a c t i o n with e v o l u t i o n of l a r g e amounts of gas took p l a c e on 

warming the r e a c t i o n mixture to room temperature. On pumping 

out excess B r F 3 a yellow powder was l e f t i n the r e a c t i o n bulb 

along w i t h some white s o l i d . The l a t t e r was assumed to be 

NOBrF 4 (formed by the r e a c t i o n of N0C1 with B r F 3 ) . T h i s was 

completely removed from the product by h e a t i n g under vacuum at 

100° f o r s e v e r a l hours. 

( i i ) A n a l y s i s 

The sample was analysed f o r osmium and 

f l u o r i n e a f t e r d i s s o l u t i o n i n aqueous a l k a l i . N i t r o g e n was 

estimated by the Dumas method. (Found: N, 3.38; F, 16.72; 

Os, 5 7 . 9 7 0 . N O O S O 3 F 3 r e q u i r e s N, 4.30; F, 17.53; Os 58.48%). 

The X-ray d i f f r a c t i o n p a t t e r n of the compound 

was complex and was not indexed. 

The compound was found to be diamagnetic. 

2.2.5 The search f o r OSO2F4 

During the i n v e s t i g a t i o n o f the osmium-

o x y g e n - f l u o r i n e system ( S e c t i o n 2.2.2) the r e a c t i o n c o n d i t i o n s 

were v a r i e d i n order to o b t a i n other o x y f l u o r i d e s i n a d d i t i o n 
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to OSOF5. Larger r a t i o s of oxygen to f l u o r i n e than 1:2 were 

t r i e d but no products other than OSOF5 and OsFg were observed; 

f i n a l l y w ith a 2:1 r a t i o of oxygen and f l u o r i n e the orange-

yellow s o l i d , OSO3F2 was formed. 

It was assumed that i f any Q S O I 2 F 4 was formed 

i t might be c o l o u r l e s s and hence d i f f i c u l t to de t e c t v i s u a l l y 

i n the admixture with OsOFg. However, the i n f r a r e d s p e c t r a of 

osmium oxide p e n t a f l u o r i d e prepared under v a r i o u s c o n d i t i o n s 

were i d e n t i c a l with one another. Two independent magnetic 

measurements on samples of OsOF^ prepared i n d i f f e r e n t batches 

gave magnetic s u s c e p t i b i l i t y v a l u e s equal w i t h i n the e x p e r i ­

mental u n c e r t a i n t y . ,. Furthermore the magnitude of the s u s c e p t i ­

b i l i t y was c o n s i s t e n t with pure OSOF5. 
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2.3 OXIDIZING PROPERTIES OF THE NOBLE METAL HEXAFLUORIDES 

2.3.1 Platinum H e x a f l u o r i d e and Oxygen 

( i ) I n f r a r e d , v i s i b l e and UV s p e c t r a 

A 10 cm. monel i n f r a r e d c e l l p r o v i d e d with a 

monel r e s e r v o i r was attached to a vacuum m a n i f o l d and evacuated. 

A known pressure of platinum h e x a f l u o r i d e vapour was admitted to 

the c e l l body. A known q u a n t i t y of dry oxygen was taken i n the 

monel r e s e r v o i r at a p r e s s u r e i n excess of that of the PtFg 

vapour i n the body of the c e l l . The i n f r a r e d spectrum of the 

PtFg vapour was recorded. Oxygen from the r e s e r v o i r was admitted 

to the c e l l which r e s u l t e d i n the instantaneous disappearance of 

the deep red PtFg vapour and the appearance of a y e l l o w i s h powder 

on the c e l l windows. A l a y e r of 02PtFg was thus d e p o s i t e d on the 

windows. The spectrum showed peaks at 631 cm. - 1 (vs) and 545 cm - 1 

( s ) . 

In a s i m i l a r way a l a y e r of 02PtFg was 

d e p o s i t e d on the windows of a q u a r t z gas c e l l and v i s i b l e and 

UV s p e c t r a were recorded. Only one i n t e n s e a b s o r p t i o n was 

observed with a maximum i n the neighbourhood of 3500A*. 

These val u e s are s i m i l a r to those r e p o r t e d 
34 

by B a r t l e t t and Lohmann. 
( i i ) S o l i d - g a s r e a c t i o n 

Platinum h e x a f l u o r i d e was condensed i n a 

s i l i c a bulb and excess oxygen was i n t r o d u c e d i n t o the bulb. The 

bulb was then warmed to room temperature. When the dark red 

c o l o u r of PtFg vapour vanished, the r e a c t i o n was assumed to be 

complete. When excess oxygen had been removed, however, some 

PtFg vapour was subsequently removed from the bulb. E v i d e n t l y 
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the platinum hexafluoride and oxygen had not reacted completely 

presumably because of the formation of an impervious layer of 

02PtFe on s o l i d PtFg. 

This preliminary reaction showed that this 

method could not be used for large scale preparation of (^PtFg 

without higher reaction temperatures - an undesirable condition 

i n quartz or glass apparatus. 

( i i i ) Synthesis of C^PtFe on a large scale 

A flow method was used for large scale pre­

paration of 02PtFg by a gas-gas reaction. The apparatus was set 

up as shown i n Figure 1.4. The monel storage bottle B contained 

a known amount (^4 g.) of PtFg. The apparatus was evacuated 

and flamed out thoroughly. Platinum hexafluoride was condensed 

in trap C from bottle B. Trap C was kept cool i n l i q u i d oxygen 

and a l l the other traps (except D) i n the system were also cooled 

in l i q u i d oxygen. The apparatus was then f i l l e d with nitrogen 

which had been dried by passing through concentrated sulphuric 

acid bubblers (one bubbler acting as blow off valve) and through 

trap A cooled i n l i q u i d oxygen. The blow o f f valve bubbler was 

disconnected from the system and nitrogen was kept passing 

through the apparatus at a slow rate. Oxygen dried by passing 

through trap I cooled i n l i q u i d oxygen was also passed through 

the apparatus. Streams of oxygen and nitrogen thus passed 

through the apparatus and escaped through the small mercury head 

i n the manometer M. 

Liquid oxygen around the trap C containing 

PtFg was replaced by an ice-water mixture. Platinum hexafluoride 

vapour was carried into the reaction trap D by the stream of 
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n i t r o g e n where i t came i n t o c o n t a c t with oxygen coming out of 

tube H. At the opening of tube H an orange c l o u d formed and the 

p a r t i c l e s c o l l e c t e d , f o r the most p a r t , at the bottom of D. 

Some m a t e r i a l was a l s o c a r r i e d by the gas stream to the h o r i ­

z o n t a l tube T and t r a p E. Frequent adjustment i n the r a t e s of 

flow of n i t r o g e n and oxygen was necessary i n order to keep the 

r e a c t i o n zone always around the opening of H. The r e a c t i o n was 

continued u n t i l a l l of the PtFg had been consumed, when the 

n i t r o g e n and oxygen streams were stopped and the apparatus was 

evacuated. Trap D and tube T c o n t a i n i n g 02PtF6 were drawn o f f 

under vacuum. 

The X-ray powder photograph o f the product 

was i d e n t i c a l w i t h that of 02PtF6 r e p o r t e d by B a r t l e t t and 

Lohmann. 3 4 The product was heated i n vacuum at 70° f o r some 

time to convert any of the rhombohedral f o r m 3 4 i n t o the c u b i c 

form. The sample was then packed i n a dry box i n t o a t h i n 

w a l l e d aluminum c y l i n d e r of \ i n . O.D. x 3^ in . long which was 

c l o s e d by a screw cap s e a l e d with a t e f l o n gasket. 

T h i s sample and a d u p l i c a t e can were d i s ­

patched to the Brookhaven N a t i o n a l Laboratory, Upton, N.Y. f o r 

s t r u c t u r a l a n a l y s i s by neutron d i f f r a c t i o n s pectroscopy. 

2.3.2 Platinum H e x a f l u o r i d e and Xenon 

( i ) Gas-gas r e a c t i o n i n g l a s s apparatus 

A Pyrex g l a s s b r e a k - s e a l bulb, the s e a l of 

which was bypassed by a s m a l l bore tube was j o i n e d to a metal 

m a n i f o l d by way of a metal v a l v e . The bulb was evacuated by 

way of a g l a s s s i d e arm to av o i d i n t r o d u c i n g moisture to the 
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metal system. The g l a s s was flamed out under vacuum, and the 

s i d e arm drawn o f f . Platinum h e x a f l u o r i d e of known volume^ 

temperature and pressure was condensed from the metal system i n t o 

the g l a s s tube. The b r e a k - s e a l bypass was s e a l e d to i s o l a t e the 

f l u o r i d e , which was allowed to v a p o r i z e . Xenon, a l s o measured 

out i n the metal system, was admitted by breaking the g l a s s s e a l . 

The c o l o u r of PtFg vanished and yellow powder was produced. The 

r e s i d u a l gas was c o l o u r l e s s and c o n d e n s i b l e at -196°. The 

r e s u l t s f o r the r e a c t i o n s are. shown below. 

Experiment No. 

PtFg p r e s s u r e , mm. 

I n i t i a l Xe p r e s s u r e , mm. 

R e s i d u a l Xe p r e s s u r e , mm. 

Combining r a t i o Xe/PtFg 

1 

95.0 

156 .6 

82.0 

1:1.27 

2 

70.0 

72.0 

23.0 

1:1.42 

( i i ) S o l i d - g a s r e a c t i o n i n q u a r t z apparatus . 

S o l i d - g a s r e a c t i o n s of PtFg w i t h Xe were 

c a r r i e d out i n a q u a r t z bulb as d e s c r i b e d i n S e c t i o n 2.1.5. The 

r e s u l t s of the t e n s i m e t r i c t i t r a t i o n s are shown below. 

Experiment No. 1 2 3 

I n i t i a l PtFg p r e s s u r e , mm. 93. ,0 117. 5 56. .0 

R e s i d u a l PtFg p r e s s u r e , mm. 0 0 12. .0 

I n i t i a l Xe p r e s s u r e , mm. 108. ,0 117. 5 27. ,5 

R e s i d u a l Xe p r e s s u r e , mm. 17. ,0 59. ,0 0 

Combining r a t i o Xe/PtFg 1:1. ,02 1:2. ,0 1:1. ,6 
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( i i i ) Solidr-gas r e a c t i o n s i n n i c k e l apparatus 

A s e r i e s of r e a c t i o n s were c a r r i e d out using 

a n i c k e l weighing can with a c a p a c i t y of approximately 113 ml., 

weight 174.5 g. T h i s b o t t l e was f i t t e d w i t h a Hoke A431 va l v e 

and was j o i n e d to-the vacuum system by a compression f i t t i n g . 

The can was c o n d i t i o n e d by exposure to platinum h e x a f l u o r i d e 

gas f o r s e v e r a l hours. In each experiment t e n s i m e t r i c a l l y 

measured platinum h e x a f l u o r i d e was condensed i n the can, which 

was then weighed. Next a tensimetered sample of xenon was con­

densed i n the can, which was then warmed to room temperature. 

Gaseous r e s i d u e s were t r a n s f e r r e d to the gauge f o r measurement, 

and the can was reweighed. The r e s u l t s f o r a sequence of s o l i d -

gas r e a c t i o n i n the n i c k e l can are summarized below. 

Experiment No. 1 2 3 4 5 6 

PtFg, p r ., mm. - 97.0 73.0 90.0 96.0 95.0 

P t F 6 , wt., g. 0.1117 0.0829 0.0714 0.0828 0.0897 0.0893 

I n i t i a l Xe, - 58.0 46.0 53.0 59.0 74.0 
pr., mm. 

R e s i d u a l Xe, - 6.0 7.0 3.0 5.0 23.0 
pr. , mm. 

Xe, wt., g. 0.0175 0.Q212- 0.0144 0.0188 0.0255 0.0212 

Temperature °C 20.8 22.2 23.6 23.6 23.6 23.6 

Combining r a t i o : 

T e n s i m e t r i c 1:1.87 1:1.87 1:1.80 1:1.78 1:1.86 

G r a v i m e t r i c 1:2.3 1:1.66 1:2.1 1:1.87 1:1.49 1:1.78 

The o v e r - a l l combining r a t i o : 

T e n s i m e t r i c 1:1.83 

G r a v i m e t r i c 1:1.89 
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(iv) The reaction of Xe ( P t F 6 ) 1 > 8 9 with xenon gas. 

S u f f i c i e n t xenon (311 mm.) was added to the 

weighing can containing 0.6464 g. of adduct of composition 

XetPtFg)^ gg to bring the composition to XePtFg, and the can was 

heated to 130° for one hour. Most of the xenon was consumed 

(residual pressure 128 mm.) and amqunted to 0.0621 g., t h i s re­

presenting a change i n composition to Xe(PtFg)-^ 2 4 - Prolonged 

heating with excess xenon did not change th i s composition 

s i g n i f i c a n t l y . 

(v) Gas-gas reaction i n a n i c k e l apparatus 
1 

The procedure was similar to that described 

for the gas-gas reaction i n a quartz bulb. The re s u l t s for the 

reactions are shown below. 

Experiment No. 1 2 3 4 

PtFg pressure, mm. 86. 0 76. 5 88. 5 88. 5 

I n i t i a l Xe pressure, mm. 112. 0 94. 5 154 146. 0 

Residual Xe pressure, mm. 12. 0 53. 0 114 95. 5 

Combining r a t i o Xe/PtFg 1:0. 86 1:1. 84 1:2. 2 1:1. 75 

(vi) Spectra of Xe-PtFg adduct 

The infrared spectrum of material deposited 

on s i l v e r chloride windows i n the nickel-bodied gas c e l l was 

recorded. The composition of the adduct was Xe(PtFg)^ 72• Only 

two peaks i n the region 400-4000 cm - 1 were assignable to the 

adduct: 625 cm - 1 (vs), 550 cm - 1 (s). The v i s i b l e and u l t r a v i o l e t 

spectrum of material deposited on the windows of a s i l i c a gas 

c e l l was recorded. A single peak at 3825A* was observed. No 
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d i f f e r e n c e s i n the a b s o r p t i o n s p e c t r a were noted f o r s e v e r a l 

separate adduct samples. 

( v i i ) P h y s i c a l p r o p e r t i e s of the Xe-PtFg adduct 

The adduct i s yellow when d e p o s i t e d i n t h i n 

f i l m s but i n bulk i s deep red. The s o l i d becomes g l a s s y i n 

appearance when heated to 115°, but does not melt below 165°, 

when i t decomposes to produce xenon t e t r a f l u o r i d e , X-Ray powder 

photographs of the adduct of composition XePtFg show no d i f r a c -

t i o n p a t t e r n . Complex p a t t e r n s were observed with samples of 

m a t e r i a l r i c h e r i n platinum. The p l a s t i c i t y of the m a t e r i a l 

made the p r e p a r a t i o n of good powder samples d i f f i c u l t . Even 

w e l l - c o o l e d samples d i d not g r i n d w e l l . 

( v i i i ) The thermal decomposition of the Xe-PtFg adduct 

A sample of m a t e r i a l of composition Xe(PtFg)^ 

c o n t a i n e d i n a quartz b o t t l e was heated under an atmosphere of 

n i t r o g e n . No change was observed up to 115°, when the red s o l i d 

deepened i n c o l o u r and became g l a s s y . There was no f u r t h e r 

change up to 165°, when the s o l i d f e l l to a b r i c k - r e d powder and 

a d e p o s i t of c o l o u r l e s s c r y s t a l s c o l l e c t e d on the c o l o u r l e s s 

s i l i c a . The temperature was maintained c l o s e to 165° u n t i l 

decomposition appeared to be complete (<~lhr) . 

An i n f r a r e d spectrum of the white s o l i d over 

the range 400-4000 cm - 1 showed peaks at 595 cm-^1 (vs) and 589 cm" 

( v s ) , v a l u e s i n c l o s e agreement with those g i v e n by Claassen, 

Chernick and Malm u f o r the s t r o n g doublet of xenon t e t r a f l u o r i d e 

The r e s i d u a l platinum compound was analysed 

f o r platinum and f l u o r i n e by p y r o h y d r o l y s i s (Found: F, 27.0, 



79 

26.4; Pt, 54.5; Xe, 14.7, 14.7%. X e P t 2 F 1 0 r e q u i r e s F, 26.7, 

Pt, 54.8; Xe , 18.5%). 

The decomposition product, XePt2F-^Q was found 

to be diamagnetic. I t s i n t e r a c t i o n with cesium f l u o r i d e i n 

i o d i n e p e n t a f l u o r i d e gave a yellow product, X-ray powder photo­

graphs of which i n d i c a t e d the presence of cesium h e x a f l u o r o p l a -

t i n a t e ( I V ) . 

(ix) The p r e p a r a t i o n of RbPtFg from XePtFg i n i o d i n e  

p e n t a f l u o r i d e 

Platinum h e x a f l u o r i d e ( t o t a l p r e s s u r e i n the 

known volume at 21.3° of 186 mm.) was condensed, f o l l o w e d by 

xenon (pressure 216 mm.) on rubidium f l u o r i d e (0.10 g.) i n a 

q u a r t z bulb. The q u a n t i t i e s of PtFg and RbF were arranged to 

be equimolar. The mixture was warmed sl o w l y u n t i l the platinum 

h e x a f l u o r i d e was seen to r e a c t with the xenon. The r e a c t i o n was 

moderated by j u d i c i o u s c o o l i n g . A r e s i d u a l p r e s s u r e of xenon 

of 34 mm. i n d i c a t e d a composition Xe ( P t F g ) 0 2 f o r the adduct. 

Iodine p e n t a f l u o r i d e was d i s t i l l e d onto the rubidium f l u o r i d e -

xenon f l u o r o p l a t i n a t e mixture and the s o l i d s d i s s o l v e d , some 

gas (porbably xenon) being evolved. An orange-yellow s o l u t i o n 

formed. Removal of the i o d i n e p e n t a f l u o r i d e under vacuum l e f t 

an orange-yellow s o l i d . X-ray powder photographs of t h i s m a t e r i a l 

r e v e a l e d a s t r o n g p a t t e r n of l i n e s which were i n d e x e d , on the 
o , o 

b a s i s of a rhombohedral u n i t c e l l , a = 5.08A; c<= 96 58', 

i n d i c a t i v e of RbPtFg. Subsequently r e p o r t e d rubidium h e x a f l u o r o -

i r i d a t e (V) and hexafluoroosmate (V) have been found to have unit 
g 

c e l l s of s i m i l a r dimensions as t h i s compound. 
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(x) The p r e p a r a t i o n of CsPtFg from X e ( P t F g ) 2 > 0 i n i o d i n e 

p e n t a f l u o r i d e 

An experiment s i m i l a r to the above, i n v o l v i n g 

i n t e r a c t i o n of m a t e r i a l which proved to have the composition 

X e ( P t F g ) 2 and cesium f l u o r i d e i n i o d i n e p e n t a f l u o r i d e , produced 

an orange-yellow s o l i d . The amounts of PtFg and CsF had been 

se t to be i n an equimolar r a t i o . X-Ray powder photographs of 

the s o l i d i d e n t i f i e d i t as cesium h e x a f l u o r o p l a t i n a t e (V). No 

other l i n e s were present on the photographs other than those 

a t t r i b u t a b l e to the rhombohedral u n i t c e l l , a = 5.27$, cK= 96° 25'. 

T h i s c e l l i s very s i m i l a r i n dimensions to that r e p o r t e d f o r 

cesium h e x a f l u o r o i r i d a t e ( V ) and osmate(V). 

(xi ) Xenon t e t r a f l u o r i d e w i t h platinum t e t r a f l u o r i d e i n  

i o d i n e p e n t a f l u o r i d e s o l u t i o n 

Although xenon t e t r a f l u o r i d e d i s s o l v e d i n 

i o d i n e p e n t a f l u o r i d e without r e a c t i o n , no adduct c o u l d be 

i s o l a t e d . Furthermore, t h i s s o l u t i o n f a i l e d to r e a c t w i t h 

platinum t e t r a f l u o r i d e even on prolonged r e f l u x at <~100°. 

( x i i ) The gas-gas r e a c t i o n of Xe and PtFg on a l a r g e s c a l e 

An apparatus s i m i l a r to t h a t used f o r the 

r e l a t e d r e a c t i o n of oxygen and platinum h e x a f l u o r i d e was used 

here. The oxygen supply s e c t i o n of that apparatus was r e p l a c e d 

by a xenon supply. Xenon was taken i n a monel can at high p r e s ­

sure. The r e a c t a n t gases were c a r r i e d i n streams of n i t r o g e n . 

The two streams met i n the r e a c t i o n t r a p D where a yellow c l o u d 

was produced. Brown p a r t i c l e s d e p o s i t e d i n the apparatus. Un-

r e a c t e d xenon was t r a n s f e r r e d back from the t r a p s to the storage 
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b o t t l e and was r e a c t e d with PtFg again i n the same way. The 

product i n t h i n l a y e r s seemed to be a y e l l o w i s h powder but i n 

bulk i t was a dark r e d s t i c k y m a t e r i a l . 

An X-ray powder photograph of the f r i a b l e 

m a t e r i a l showed a complex p a t t e r n and the p a t t e r n was weak even 

a f t e r long exposures. 

Only one very s m a l l sample c o u l d be prepared 

f o r magnetic measurements. I t was packed i n a Pyrex tube of 

2 mm. diameter. Because of the sm a l l length of the sample the 

magnetic balance d e s c r i b e d i n S e c t i o n 2.1.6 c o u l d not be used. 

Instead a permanent magnet of f i e l d s t r e n g t h 8000 gauss 

(Arnold E n g i n e e r i n g C o r p o r a t i o n , I l l i n o i s ) was used along with 

a microbalance. The magnetic s u s c e p t i b i l i t y at room temperature 

was found by the u s u a l mercury II c o b a l t t e t r a t h i o c y a n a t e 

standard. I t was found to be 9.89 x 10~ 6 c.g.s. u n i t s at room 

temperature. A s s i g n i n g the formula Xe(PtF6)2 ^ G ^he product, 

the magnetic moment i s c a l c u l a t e d to be 4 B.M. 

The sample from the magnetic measurements was 

pyr o h y d r o l y s e d f o r platinum and f l u o r i n e a n a l y s i s . (Found: 

F, 32.2; Pt, 51.7%. X e ( P t F 6 ) 2 r e q u i r e s F, 30.4; Pt, 52.1%). 

2.3.3 Reactions of PtFg with ( i ) Kr, ( i i ) NF 3, ( i i i ) CO, 

(iv ) C6F6 and (v) Cl2 

( i ) Krypton 

Platinum h e x a f l u o r i d e and a l a r g e excess of 

krypton were s e p a r a t e l y condensed i n a s i l i c a bulb. The red 

vapour of PtFg was observed on warm up and was s t i l l o b servable 

at 50°. 
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A c e r t a i n p r essure of platinum h e x a f l u o r i d e 

was taken i n the i n f r a r e d c e l l and a higher pressure of krypton 

was taken i n the r e s e r v o i r of the c e l l . The IR spectrum of 

PtFg was recorded and krypton was admitted to the c e l l . The 

re d c o l o u r of PtFg vapour was s t i l l v i s i b l e . That the platinum 

h e x a f l u o r i d e was not consumed at a l l was shown by the IR spec­

trum of the r e a c t i o n mixture, 

( i i ) N i t r o g e n t r i f l u o r i d e 

N i t r o g e n t r i f l u o r i d e was t r e a t e d w i t h platinum 

h e x a f l u o r i d e i n the same way as krypton and the r e s u l t s o b tained 

were s i m i l a r , i . e . , platinum h e x a f l u o r i d e d i d not r e a c t with 

n i t r o g e n t r i f l u o r i d e . 

( i i i ) Carbon monoxide 

The gas-gas r e a c t i o n of PtFg with CO was 

h i g h l y exothermic as evidenced by the p r o d u c t i o n of a flame i n 

the r e a c t i o n bulb. A b r i l l i a n t r e d c o l o u r e d s o l i d was i n i t i a l l y 

produced which turned red-brown and f i n a l l y grey on pumping o f f 

the r e s i d u a l gases. The r e s u l t of the t e n s i m e t r i c t i t r a t i o n 

i s shown below. 

I n i t i a l PtFg I n i t i a l CO R e s i d u a l gases 
(PtFg absent) 

Pressure, mm. 59.8 159.1 146.5 

An i n f r a r e d spectrum of the r e s i d u a l gases 

showed the presence of COF2 and CO only. The X-ray powder 

photograph of the s o l i d product showed l i n e s a t t r i b u t a b l e to 

PtF^ and, i n a d d i t i o n , there was a c u b i c p a t t e r n which was 

proved to be that of platinum metal. 
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( i v ) Hexafluorobenzene 

The gas-gas r e a c t i o n of CeFg w i t h PtFg was 

very v i o l e n t and a l i g h t brown s o l i d was produced. The r e s u l t 

of the t i t r a t i o n i s shown below. About 1 mm. of the r e s i d u a l 

gases was i n c o n d e n s i b l e at -196°, p o s s i b l y i n d i c a t i n g the pre­

sence of f l u o r i n e . 

I n i t i a l PtFg I n i t i a l C 6 F g R e s i d u a l gases 
(PtFg absent) 

Pressure, mm. 29.7 60.2 65.2 

: The i n f r a r e d spectrum of the r e s i d u a l 

gases showed the presence of CgFg and f u r t h e r peaks at 1200, 

1260, 1280 and 1300 c m - 1 a t t r i b u t a b l e to C F 4 and other f l u o r o -

carbons. The X-ray powder photograph showed the s o l i d product 

to be amorphous. 

(v) C h l o r i n e 

The gas-gas r e a c t i o n of P t F 6 w i t h C I 2 was 

exothermic but was not accompanied by a flame. The product 

was a p a l e yellow powder. The r e s u l t s of the t e n s i m e t r i c 

t i t r a t i o n s are shown below. 

I n i t i a l PtFg I n i t i a l C l 2 R e s i d u a l gases 
Pressure,(mm.) Pressure,(mm.) Pressure, (mm.) 

PtFg absent) 

Experiment I 41 . 0 132.8 115.8 

Experiment II 49 . 0 100.9 85.8 

The r e s i d u a l gases were c o n d e n s i b l e at -196° 

and t h e i r i n f r a r e d s p e c t r a showed C 1 F , C I F 3 , or C 1 F 5 to be absent, 

The X-ray powder photograph of the s o l i d product showed t h a t i t 
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was amorphous. 

2.3.4 Reactions of Rhodium H e x a f l u o r i d e with ( i ) Xe and 

( i i ) Kr 

( i ) Xenon 

Since rhodium h e x a f l u o r i d e was reduced i n the 

gauge and main l i n e so r a p i d l y t h a t t e n s i m e t r i c measurements 

of the q u a n t i t y of h e x a f l u o r i d e were u n r e l i a b l e , the s t o i c h i o -

metry of the r e a c t i o n with xenon was determined from rthe weight 

of adduct formed i n the consumption of a t e n s i m e t r i c a l l y mea­

sured q u a n t i t y of xenon. Rhodium h e x a f l u o r i d e was roughly 

measured out t e n s i m e t r i c a l l y and q u i c k l y condensed i n a n i c k e l 

weighing-can at -196°. Xenon, i n roughly twofold molar excess 

of the rhodium f l u o r i d e , was a c c u r a t e l y measured t e n s i m e t r i c a l l y 

and a l s o condensed i n the can, which was subsequently warmed 

to room temperature. R e s i d u a l xenon was t r a n s f e r r e d from the 

can to the gaujge by c o o l i n g the w e l l of the gauge to -196°. 

The weight of xenon consumed was computed from the temsimetric 

measurements, the volume of the l i n e and gauge being a c c u r a t e l y 

known. 

R e s u l t s : (1) Wt. of xenon consumed 0.0050 g. 

Wt. of adduct formed 0.0139 g. 

Combining r a t i o , Xe/RhFg 1:1.05 

(2) Wt. of xenon consumed 0.0120 g. 

Wt. of adduct formed 0.0337 g. 

Combining r a t i o , Xe/RhFg 1:1.0 
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Samples prepared i n quartz and of uncertain 

composition were deep red. X-Ray powder photographs of thi s 

material showed only a f a i n t , sharp pattern, perhaps belonging 

to a minor phase, 

( i i ) Krypton 

When a mixture of RhFg and large excess of 

krypton was warmed to room temperature in a quartz bulb, the 

deep red vapour of RhFg persisted. It persisted even on heating 

up to 50°. This established that RhFg does not react with 

krypton. 

2.3.5 Iridium Hexafluoride and Chlorine 

When a known excess of chlorine was admitted 

to a reaction bulb containing IrFg vapour at lower pressure, 

no reaction seemed to occur. The reaction mixture was then 

condensed and slowly warmed to room temperature. Reaction 

occurred r e a d i l y when the reactants became l i q u i d and a pale 

yellow s o l i d was formed. After a few minutes this s o l i d trans­

formed to darker yellow l i q u i d droplets. The res u l t s of the 

t i t r a t i o n s are shown below. 

I n i t i a l IrFg I n i t i a l C l 2 Residual gases 
Pressure (nim.) Pressure (mm.) Pressure (mm.) 

Experiment I 77.0 185.5 130.5 

Experiment II 33.0 98.5 66.5 

The r e s i d u a l gases were condensible at -196° and their infrared 

spectra indicated absence of C1F, C I F 3 or C I F 5 . Only small 

peaks were observed at 1300, 1280, 1240 and 1150 cm - 1. 
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The r e a c t i o n bulb with the l i q u i d d r o p l e t s 

was s e a l e d o f f . A f t e r a few weeks the l i q u i d d r o p l e t s had 

disappeared and a b r i g h t yellow s o l i d had formed.. An X-ray 

powder photograph of t h i s showed i t to be i d e n t i c a l with 
57 

i r i d i u m p e n t a f l u o r i d e . 

2.3.6 Reactions of the H e x a f l u o r i d e s of Osmium I r i d i u m and  

Platinum with N i t r i c Oxide, 

( i ) General 

The r e a c t i o n of n i t r i c oxide with the three 

h e x a f l u o r i d e s was f o l l o w e d t e n s i m e t r i c a l l y both i n s o l i d - g a s 

and gas-gas phases. The i d e n t i t y of the r e s i d u a l gas i n a l l 

these cases was e s t a b l i s h e d by i t s i n f r a r e d spectrum. I t was 

found to be n i t r i c oxide only , i n a l l cases. X-ray powder 

photographs were taken to c h a r a c t e r i z e the s o l i d products. 

The gas-gas product i n each case was heated 

with excess NO at 80° f o r two hours to check whether any more 

NO was consumed by the product to change to a 2:1 adduct. 

The r e a c t i o n of NO with these h e x a f l u o r i d e s 

was a l s o c a r r i e d out i n tungsten h e x a f l u o r i d e s o l u t i o n s , the 

procedure being s i m i l a r to t h a t d e s c r i b e d i n the r e a c t i o n of 

NO and OsOF 5 ( S e c t i o n 2.2.2). The product i n each case was 

c h a r a c t e r i z e d by a n a l y s i s , magnetic measurements and X-ray 

powder photographs. 

( i i ) Osmium h e x a f l u o r i d e and n i t r i c oxide 

(a) T e n s i m e t r i c t i t r a t i o n s 

The t e n s i m e t r i c t i t r a t i o n s of NO with OsFg 

gave a l i l a c t i n t e d white product i n a l l the cases. The r e s u l t s 



87 

of the t i t r a t i o n s are shown below. 

s o l i d -gas r e a c t i o n gas- gas r e a c t i i 

I II I II 

OsFg, pr. , (mm.) 96 .2 108.3 122. 0 98.0 

I n i t i a l NO, pr., (mm.) 103 .0 160.5 178. 0 142.0 

R e s i d u a l NO, pr. , (mm.) 6 .0 52.0 58. 0 47.0 

Combining r a t i o , NO/6sF6 1.00 :1 1.00:1 0.98: 1 0.97:1 

To the adduct from gas-gas r e a c t i o n I 82.0 mm. 

of NO was added and the mixture heated at 80° f o r 2 hours. 75 mm. 

of NO was l e f t unreacted. The s t o i c h i o m e t r y of the f i n a l adduct 

was thus 1.04:1 (NO: OsFg). There was no change i n the s o l i d 

phase as shown by the i d e n t i t y of the X-ray powder photographs 

of the adduct b e f o r e and a f t e r h e a t i n g w i t h excess NO. 

(b) P r e p a r a t i o n on a l a r g e s c a l e 

The r e a c t i o n s of OsFg with NO were a l s o done 

on a l a r g e s c a l e i n a g l a s s apparatus. Osmium h e x a f l u o r i d e was 

condensed i n t o a r e a c t i o n bulb f o l l o w e d by the condensation of 

excess NO i n t o the same bulb. The r e a c t i o n bulb was then opened 

to the atmosphere through two g l a s s t r a p s c o o l e d i n l i q u i d oxygen. 

The bulb was then warmed to room temperature when NO and OsFg 

r e a c t e d g i v i n g a l i l a c t i n t e d white s o l i d . The bulb c o n t a i n i n g 

the product was drawn o f f under vacuum. 

(c) R e action of NO w i t h OsFg i n WFg. 

The r e a c t i o n of NO w i t h OsFg i n l i q u i d 

tungsten h e x a f l u o r i d e gave a white s o l i d product. 

(d) A n a l y s i s . 

The s y n t h e s i s of the product from NO and OsFg 
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i n 1:1 r a t i o e s t a b l i s h e d the formula NOOsFg. 

(e) X-ray data 

The X-ray powder photographs of the products 

of the r e a c t i o n s of NO and OsFg done i n v a r i o u s c o n d i t i o n s were 

i d e n t i c a l w i t h one another. The X-ray powder photograph was 

indexed on a c u b i c C s C l type u n i t c e l l as shown i n Table XII 

a = 10.126 + 0.002$, U = 1038.3A*3 and Z = 8. 

(f) Magnetic data 

The magnetic s u s c e p t i b i l i t y was found to obey 

the Curie-Weis law with 9 = 22° i n the range 77° to 300°K with 

Heff = 3 » 3 6 B ' M ' at 297°K. The magnetic data are shown i n 

Table X I I I and the p l o t of l / ' T ^ versus T i s shown i n F i g u r e 15. 

TABLE XII 

X-Ray Powder Data f o r N00sF6 

h k l 
l/d.2 

C a l c . Obs. 
R e l a t i v e 
I n t e n s i t y 

200 0.0390 0.0401 8 

220 0.0780 0.0797 10 

222 0.1170 0.1192 5 

321 0.1365 0.1391 1 

400 0.1560 0.1584 4 

411,300 0.1755 0.1784 1 

420 0.1950 .0.1979 7 

332 0.2145 0.2183 2 

422 0.2340 0.2372 9 

431,510 0.2535 0.2570 1 

440 0.3121 0.3150 6 

(cont'd) 
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TABLE XII (cont'd) 

1/d 2 R e l a t i v e 
h k l C a l c . Obs. Inten 

442,600 0.3511 0.3542 8 

620 0.3901 0.3931 7 

622 0.4291 0.4323 7 

444 0.4681 0.4712 4 

640 0.5071 0.5100 7 

642 0.5461 0.5491 8 

651,732 0.6046 0.6074 1 

800 0.6242 0.6260 2 

820,644 0.6631 0.6658 7 

822,600 0.7021 0.7055 6 

662 0.7411 0.7431 5 

840 0.7802 0.7835 6 

842 0.8192 0.8221 
0.8215 o l 2 

7 
3 

664 0.8582 0.8602 5 

844 0.9362 0.9396 4 

860,10 0 0 0.9752 0.9773 5 

862,10 2 0 1.0142 1.0171 
1.0166 o i 2 

7 
3 

666,10 2 2 1.0532 1.0558 c*i 
1.0551 c< 2 

5 
2 

864,10 4 0 1.1312 1. 1330 ol-, 
1.1339 <A2 

7 
3 

10 4 2 1.1702 1.1722 c*! 
1.1717 JL2 

6 

880 1.2482 1.2491 O^L 1 

s i t y 

(cont'd) 
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T A B L E X I I ( c o n t ' d ) 

1 / d R e l a t i v e 
h k l C a l c . O b s . I n t e n s i t y 

882,10 4 4 1.2872 1.2885 dki 6 882,10 4 4 
1.-2885 Jc.2 2 

866,10 6 0 1.3263 1.3281^! 6 866,10 6 0 
1.3277cA2 

3 

10 6 2 1.3653 1.3665 dki 6 
1.3661 d s 2 3 

844 ,12 0, 0 1,4043 1.4051 dki 5 844 ,12 0, 0 1,4043 
1.4046 ck2 

2 

12 2 0 1.4433 1.4436 oki 3 
1.4438 c^ 2 1 

12 2 2 , 1 0 6 4 f 
1.4823 1.4832 oki 7 12 2 2 , 1 0 6 4 

1.4826 ^ 2 
5 

12 4 0 1.5603 1.5604 ^ 3 
1.5599cA 2 

1 

12 4 2,10 8 0 1.5993 1.5994 ok 1 7 
886 1.5992^2 6 

10 8 2 1.6383 1.6383 <*i 6 
1.6383 dk2 5 
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TABLE XIII 

Magnetic Data* f o r NOOsFg 

(a) I n c r e a s i n g temperature (b) Decreasing temperature 

T°K " X A(obs.) ("X ( o b s . ) -
^ ( i d e a l ) * } 

T°K ^ ( o b s . ) pfc (o b s . ) -
X ^ i d e a l ) 

77. 1 16,213 458 296.3 4,717 -151 

83.5 14,535 -255 273.0 5,078 -176 

95.2 13,369 70 253.3 5,763 132 

107.4 11,434 -601 233.2 6,057 -20 

121.4 10,492 -359 213.6 6 ,635 51 

139.5 9,643 17 193.6 7,343 145 

156 .4 8,864 155 174.2 7,998 84 

173.2 8,119 164 154. 5 8,944 141 

192. 8 7,347 122 137.0 9,870 91 

213.4 6,695 105 121.6 10,461 -374 

233.6 6 ,167 100 109.2 11,183 -685 

253.4 5, 763 134 95. 7 12,948 -294 

273.5 5,402 157 85.0 14,696 116 

297. 1 4,717 -139 77.1 16,300 545 

* Curie-Weiss law obedience Q = 22° 

t The data i n columns f o r ?^ are 10 times the a b s o l u t e 

val u e s i n c.g.s. units/mole. 





93 

( i i i ) I r i d i u m h e x a f l u o r i d e and n i t r i c oxide 

(a) T e n s i m e t r i c t i t r a t i o n s , 

The s o l i d products from t e n s i m e t r i c t i t r a t i o n s 

of NO and IrFg were white to l i g h t y ellow i n c o l o u r . The 
/ 

r e s u l t s of the t i t r a t i o n s are summarized below. The i d e n t i t i e s 

of the r e s i d u a l gases were e s t a b l i s h e d by t h e i r i n f r a r e d s p e c t r a . 
S o l i d - g a s r e a c t i o n Gas-gas r e a c t i o n 

I II I II 

I n i t i a l IrFg pr., mm. 69.0 116.0 68.0 70.0 

I n i t i a l NO pr., mm. 69.0 184.0 89.0 145.5 

R e s i d u a l IrFg pr., mm. 16.0 0 0 0 

R e s i d u a l NO pr., mm. 0 40.0 12.0 34.5 

Combining r a t i o , NO/lrFg 1.30:1 1.24 :1 1,13 :1 1.58:1 

To the adduct from i gas-gas r e a c t i o n I 95.0 mm 

of NO was added and the mixture heated at 80° f o r two hours, 

30 mm. of NO being consumed. It was f u r t h e r heated f o r two hour; 

and another 22 mm. of NO was consumed. These consumptions of 

NO brought the r a t i o of NO:IrFg i n the f i n a l adduct to 1 .89:1. 

The X-ray powder d i f f r a c t i o n p a t t e r n s of a l l 

the r e a c t i o n products were complex but were s i m i l a r to one 

another. In the complex p a t t e r n a c u b i c p a t t e r n s i m i l a r to 

that of NOOsFg was r e a d i l y d e t e c t a b l e . The r e l a t i v e i n t e n s i t y 

of the c u b i c p a t t e r n as compared to that of another p a t t e r n 

present v a r i e d from product to product. The c u b i c p a t t e r n was 

very weak i n the product of the composition ( N O ) I r F g . The 

s t r o n g p a t t e r n due to another phase resembled t h a t of (NO^PtFg 

( q . v . ) . 



94 

(b) Reactions of NO with IrFg i n WFg 
•« 

The reaction of NO with IrFg i n l i q u i d 

tungsten hexafluoride gave a white s o l i d , the characterization 

of which i s given i n following sections. 

(c) Analysis 

The compound was analysed by pyrohydrolysis. 

(Found: N, 4.15,; F, 33.43; and Ir, 57.16%. NOIrFg requires 

N, 4.16, F, 33.91; Ir, 57.17%. 

(d) X-Ray data 
The powder photograph of the s o l i d product 

from the WFg reaction was indexed on a cubic CsCl pattern as 
o 

shown i n Table XIV with unit c e l l s i z e , a =10.114 + 0.002A, 

U = 1034.6 and Z = 8. The pattern was i d e n t i c a l with that pre­

sent i n the complex pattern of the NO- r i c h adducts formed i n 

the tensimetric t i t r a t i o n s . 
TABLE XIV 

hkl Calc. 
1/d 2 

Obs. 
Relative 
Intensity 

200 0.0391 0.0398 8 

220 0.0782 0.0792 10 

222 0.1173 0.1186 5 

321 0.1368 0.1387 1 

400 0.1564 0.1577 4 

411,330 0.1759 0.1776 1 

420 0.1955 0.1971 7 

332 0.2150 0.2163 2 

422 0.2346 0.2363 8 

(cont' d) 



T A B L E X I V ( c o n t ' d ) 

1 / d 2 R e l a t i v e 
h k l C a l c . O b s . I n t e n s i t y 

431,510 0.2541 0.2562 1 

440 0.3128 0.3149 6 

442,600 0.3519 0.3540 8 

620 0.3910 0.3929 7 

622 0.4301 0.4322 7 

444 0.4692 0.4700 4 

640 0.5083 0.5093 7 

642 0.5474 0.5495 8 

800 0.6256 0.6275 1 

644,820 0.6647 0.6662 7 

822,660 0.7038 0.7059 6 

662 0.7429 0.7441 5 

840 0.7820 0.7831 6 

842 0.8211 0.8222 7 

664 0.8602 0.8608 5 

844 0.9384 0.9395 4 

860,10 0 0 0.9775 0.9778 5 

862,10 2 0 1.0166 1.0168 6 

666,10 2 2 1.0557 1.0555 5 

864,10 4 0 1.1339 1.1349 o ^ i 7 

10 4 2 1.1730 1. 1725 x 6 
1.1709 <^2 

2 

880 •1.2512 1.2519 c k i vw 

882,10 4 4 1.2903 1 .£907 c k i 6 882,10 4 4 
1.2907ds2 

2 

( c o n t ' d ) 
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TABLE XIV (cont'd) 

1/d Relative 
hkl Calc. Obs. Intensity 

866,10 6 0 1.3294 1.3297 d v i - 6 
1.3279 cK2

 2 

10 6 2 1.3685 1.3699©kl 6 
1.36900^2 3 

12 0 0 1.4076 1.4087^! 5 
1.4077<?k2 2 

12,20 1.4467 1.4470 cAi 3 
1.4452 ok2 1 

10 6 4,12 2 2 1.4858 1.4864 c A i 7 
1.4850 ck 2 5 

12 4 0 1.5640 1.5639 ok i 3 
1 . 5 6 3 0 c A 2 1 

12 4 2 1.6031 1.6033 7 
10 8 0,866 

•1.6030 2 6 
10 8 2 1.6422 1.64200^ 6 

1.6424o( 2 5 

(e) Magnetic properties 

The magnetic s u s c e p t i b i l i t y of the sample 

was measured over the temperature range 77°-298°K. It was fou 

to show nearly temperature-independent paramagnetism as shown 

in Table XV with ^ e f f =1.23 B.M. at 298°K. 

TABLE XV 

Magnetic Data for NOIrFg 

Temp.°K X A ( o b s . ) x l 0 6 Temp.°K "X A(obs.)xlO 6 

c.g.s. units c.g.s. units 
77.1 696 204.2 686 

100.5 695 242.3 647 
121.1 694 282.1 628 
165.7 641 298.0 636 
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(i v ) Platinum h e x a f l u o r i d e and n i t r i c oxide 

(a) T e n s i m e t r i c t i t r a t i o n s 

The c o l o u r of the products of t i t r a t i o n s of 

NO with PtFg v a r i e d from white to yellow. U s u a l l y a mixture of 

white and yellow m a t e r i a l s was obt a i n e d i n the s o l i d - g a s r e a c t i o n . 

The i d e n t i t y of the r e s i d u a l gas was e s t a b l i s h e d by IR spectror-

scopy. The r e s u l t s of the t i t r a t i o n s are t a b u l a t e d below. 

S o l i d - g a s r e a c t i o n Gas-gas r e a c t i o n 

I II I I I I II I I I 

PtFg pr.,(mm.) 72.1 54.5 48.0 43.0 71.5 48.5 

I n i t i a l NO 

pr.,(mm.) 130.0 105.5 98.7 120.5 147.5 120.5 

R e s i d u a l NO 
pr.,(mm.) 37.2 9.5 11.0 74.5 77.2 53.0 
Combining r a t i o , 
NO/PtFg 1.28:1 1.76:1 1.83:1 1.07:1 0.98:1 1.39:1 

The t e n s i m e t r i c t i t r a t i o n s of NO and PtFg 

i n the s o l i d - g a s r e a c t i o n showed the combining r a t i o to vary 

from 1.3:1 to 1.8:1. X-ray powder photographs of the adducts 

from s o l i d - g a s r e a c t i o n s had a s i m i l a r complex p a t t e r n to that 

of the N O ( I r F g ) x adducts. A c u b i c p a t t e r n s i m i l a r to that of 

NOOsFg was e a s i l y r e c o g n i z e d , however, the c u b i c p a t t e r n was 

indexed on the b a s i s of a c u b i c C s C l type u n i t c e l l with a = 

10.12 + 0.01A. 

In gas-gas r e a c t i o n s the r a t i o was found to 

vary from 1:1 to 1.4:1. The X-ray powder photograph of the 1:1 

adduct was indexed on the b a s i s of a rhombohedral u n i t c e l l as 
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3 shown i n Table XVI with a = 5.03A\oi= 97.6° and U = 123. 5$ 

The X-ray powder photograph of the adduct r i c h e r i n NO was 

complex and c o n t a i n e d the above rhombohedral p a t t e r n as w e l l . 

h k l 

100 

101 

110 

111 

200 

2 0 l 

211 

202 

211 

212 

300 

310 

312 

311 

313 

TABLE XVI 

X-Ray Powder Data f o r NOPtFg (rhombohedral) 

1/d' 
Obs. 

0.0414 

0.0699 

0.0956 

0.1111 

0.1644 

0.1804 

0.2349 

0.2795 

0.3157 

0.3689 

0.4491 

0.5141 

0.5391 

0.6691 

R e l a t i v e 
I n t e n s i t y 

10 

8 

• 8 

6 

5 

4 

9 

4 

5 

5 

3 

1 

1 

The adduct from gas gas r e a c t i o n II was heated 

with 100.6 mm. of NO at 80° f o r two hours i n the r e a c t i o n bulb. 

The pressure of r e s i d u a l NO was 31.6 mm. The consumption of 

NO i n d i c a t e d the s t o i c h i o m e t r y of the f i n a l adduct to be 1.95:1 

(NO:PtFg). The X-ray powder p a t t e r n of t h i s adduct was found to 
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be present i n the complex p a t t e r n of the above mentioned 

NO-rich adducts from s o l i d - g a s and gas-gas r e a c t i o n s , 

(b) Reaction of NO with PtFg i n WFg. 

The r e a c t i o n of NO with PtFg i n l i q u i d tungsten 

h e x a f l u o r i d e was done i n a s l i g h t l y m o d i f i e d way as K e l - F t r a p s 

were found to crack w h i l e h a n d l i n g s o l i d PtFg. Platinum hexa-

f l u r o i d e vapour c a r r i e d i n a stream of n i t r o g e n , and a stream 

of NO, were bubbled s i m u l t a n e o u s l y through l i q u i d tungsten hexa­

f l u o r i d e . The product was s l i g h t l y yellow i n c o l o u r . The 

c h a r a c t e r i z a t i o n was done as f o l l o w s , 

(c) A n a l y s i s 

The compound was analysed by p y r o h y d r o l y s i s . 

(Found:F, 30.72; Pt, 54.78%. NOPtFg r e q u i r e s F, 33.62; Pt, 

57.53%. (N0) 2PtFg r e q u i r e s F, 30.88; Pt, 52.86%). 

(d) X-Ray data 

The X-ray powder p a t t e r n showed two mixed 

phases, a weak c u b i c p a t t e r n ( i d e n t i c a l to that found f o r the 

s o l i d - g a s r e a c t i o n product) and another, a st r o n g p a t t e r n which 

was indexed on the b a s i s of a hexagonal u n i t c e l l , a = 10.01A, 
o3 

c = 3.53 and U = 306.3A, the data f o r which are gi v e n i n 

Table XVII. T h i s s t r o n g p a t t e r n was i d e n t i c a l with that of 

the 1.95:1 adduct of NO and PtFg mentioned e a r l i e r . A remarkable 

f e a t u r e of these photographs was that they c o n t a i n e d sharp and 

d i f f u s e l i n e s . 
(e) Magnetic data, 

The g. s u s c e p t i b i l i t y of the sample was found 
—6 

to be 0.747 x 10~ c.g.s. u n i t s at room temperature (which g i v e s 
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TABLE XVII 

X-Ray Powder Data f o r (NO) 2PtFg 

l / d ^ R e l a t i v e 
h k l C a l c . Obs. I n t e n s i t y 

110 0.0399 0.0399 10 S 

200 0.0532 0.0539 6 D 

210 
101 

0.0931 
0.0935 0.0942 4 D 

300 
111 

0.1197 
0.1201 0.1193 8 S 

201 0.1330 0.1344 6 D 

220 0.1596 0.1599 4 S 

301 0.1995 0.2011 6 D 

400 0.2128 0.2150 4 D 

311 
320 

0.2531 
0.2527 0.2548 3 D 

410 0.2793 0.2801 5 S 

401 0.2930 0.2915 3 D 

002 0.3208 0.3204 1 D 

330 0.3591 
112 0.3603 0.3580 4 S 
411 0.3595 

202 
420 

0.3740 
0.3724 0.3735 1 D 

302 0.4405 0.4406 2 D 
331 0.4393 

421 0.4526 0.4557 2 D 

520 0.5188 0.5172 2 D 

402 0.5332 0.5335 4 S 

610 0.5719 
322 0.5735 0.5754 4 S 
431 0.5723 

(cont' d) 
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TABLE XVII (cont'd) 

1/d 2 Relative 
hkl Calc. Obs. Intensity 

.6123 2 

512 0.7349 
701 0.7319 0.7339 w D 
531 0.7319 

710 0.7581 0.7566 1 D 

-- 0.8343 vw D 

800 0.8512 0.8496 I D 

the values of = 0.73 or 0.81 B.M. on the basis of a molecular 

formula NOPtFg or (NO) 2PtFg re s p e c t i v e l y ) . 

(f) Reaction with KF i n water 

A small amount of the product from the tungsten 

hexafluoride reaction was poured into a saturated solution of 

potassium f l u o r i d e i n water. The yellow s o l i d which precipitated 

was f i l t e r e d and washed. iThe X-ray powder photograph of the 

s o l i d was i d e n t i c a l with that of K 2PtFg. 

(g) Preparation of pure NOPtFg 

The pure cubic form of NOPtFg was prepared by 

Mr. S.Beaton of these laboratories using the novel reaction: 

NOF + PtFg = NOPtFg + 1/2 F 2 . 6 2 The X-ray powder photograph 

of the bright yellow product was i d e n t i c a l with the cubic 

pattern observed i n the photograph of the NO + PtFg products. 

Mr. Beaton has indexed the powder photograph of the pure material 
o 

on the basis of a CsCl type cubic unit c e l l , a = 10.112 + .002A, 
U = 1033.9A*3, Z = 8, 
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(h) Treatment of pure c u b i c NOPtFg with excess NO. 

Some pure NOPtFg, k i n d l y s u p p l i e d by Mr. 

Beaton, was taken i n a g l a s s r e a c t i o n bulb and t r e a t e d with 

excess NO. The c o l o u r of the s o l i d changed from yellow to 

brown. The X-ray powder photograph was i d e n t i c a l with the 

photograph indexed on the hexagonal p a t t e r n mentioned e a r l i e r . 

2.3.7 Reactions of the H e x a f l u o r i d e s of Osmium, I r i d i u m and  

Platinum with Sulphur T e t r a f l u o r i d e 

The r e a c t i o n s of OsFg, IrFg and PtF6 with 

SF^ were f o l l o w e d t e n s i m e t r i c a l l y i n the us u a l way both i n 

s o l i d - g a s and gas-gas r e a c t i o n s . 

Large s c a l e r e a c t i o n s of these h e x a f l u o r i d e s 

with sulphur t e t r a f l q o r i d e were a l s o c a r r i e d out. They were 

done by condensing the h e x a f l u o r i d e i n a g l a s s bulb then con­

densing an excess of sulphur t e t r a f l u o r i d e i n the same bulb. 

The bulb was then opened to the atmosphere through two g l a s s 

t r a p s c o o l e d i n l i q u i d oxygen. The r e a c t i o n bulb was warmed 

to room temperature and the r e a c t i o n between h e x a f l u o r i d e and 

SF4 took p l a c e . In some cases the bulb was s l i g h t l y warmed 

with a hot a i r blower to complete the r e a c t i o n . Excess SF4 

was pumped o f f and the bulb was drawn o f f . 

( i ) Osmium h e x a f l u o r i d e and sulphur t e t r a f l u o r i d e 

(a) S o l i d - g a s r e a c t i o n . 

A known pressure of OsFg vapour i n a known 

volume was condensed i n the r e s e r v o i r of a monel i n f r a r e d gas 

c e l l f o l l o w e d by the condensation of a known q u a n t i t y of S F 4 . 

The r e s e r v o i r was warmed to room temperature. The pressure of 
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residual gases was nearly the sum of the pressures of OsFg and 

SF4 taken. The infrared spectrum of the residual gases showed 

the presence of OsFg and S F 4 . 

(b) Gas-gas reaction 

A gas-gas reaction of OsFg and SF 4 was done 

i n a glass bulb. No v i s i b l e reaction seemed to occur and the 

IR spectrum of the residual gases again showed the presence of 

SF 4 and OsFg. 

(c) OsFg and l i q u i d S F 4 . 

The reaction of s o l i d OsFg with l i q u i d SF 4 

was exothermic, s t a r t i n g before the reaction mixture had 

attained room temperature. After the reaction was complete, 

the reaction bulb contained a white p r e c i p i t a t e i n a deep yellow 

orange l i q u i d . The colour of the solution indicated that the 

product was possibly soluble in l i q u i d SF 4. On pumping out 

excess SF^ a white s o l i d remained. 

(d) Analysis. 

The analysis of the product was done by the 

closed system alkaline hydrolysis and osmium, sulphur and f l u o ^ 

rine were estimated i n the hydrolysed solution. Because of the 

presence of sulphite ions i n the hydrolysed solution the method 

of analysis was s l i g h t l y modified. Osmium forms a sulphite 

complex with sulphite ions and hence the destruction of sulphite 

ions was necessary i n order to p r e c i p i t a t e osmium completely. 

This was achieved by oxidizing sulphite to sulphate by addition 

of hydrogen peroxide solution i n an aliquot of hydrolysed 

solution. Osmium was then precipated as usual with hydrazine 
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hydrate. 

F l u o r i n e and sulphur were estimated i n the 

f i l t r a t e from the es t i m a t i o n of osmium as d e s c r i b e d i n S e c t i o n 

2.1.3. F l u o r i n e was a l s o estimated by the W i l l a r d and Winter 

d i s t i l l a t i o n of an a l i q u o t of h y d r o l y s e d s o l u t i o n f o l l o w e d by 

p r e c i p i t a t i o n as PbClF. (Found :F, 42.00; S, 7.46; Os, 47.82%. 

S F 4 , 0 s F 5 r e q u i r e s F, 43.48; S, 8.14; Os, 48.36%). 

(e) Magnetic data 

The magnetic s u s c e p t i b i l i t y was measured at 

room temperature only. V> eff = 3.46 B.M. at 294°K. 

(f) X-Ray data. 

The X-ray powder p a t t e r n was s i m i l a r to that 

of NOOsFg. L i n e s only up to 6 = 40° were observed on the pat­

t e r n even with long exposures of the sample, hence the u n i t 

c e l l dimensions were not found with great accuracy. However, 

a crude Nelson R i l e y p l o t gave the u n i t c e l l s i z e a = 11.162 + 
o o3 

0.004A, U = 1390.6A , Z = 8. The X-ray data are shown i n 

Table XVIII. 

( i i)[ I r i d i u m h e x a f l u o r i d e and sulphur t e t r a f l u o r i d e 

(a) Gas-gas r e a c t i o n . 

No v i s i b l e r e a c t i o n seemed to occur i n the 

attempted gas-gas r e a c t i o n of SF^ and IrFg i n a g l a s s bulb. The 

i n f r a r e d spectrum of the r e s i d u a l gases showed the presence of 

both S F 4 and I r F g . 

(b) S o l i d - g a s r e a c t i o n 

In the attempt of s o l i d - g a s r e a c t i o n of S F 4 

and IrFg some y e l l o w i s h white s o l i d was found t o form at the 
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bottom of the r e a c t i o n bulb. The i n f r a r e d spectrum of the 

r e s i d u a l gases showed the presence of both SF4 and IrFg. I t 

seemed that a r e a c t i o n had taken p l a c e where s o l i d IrFg was i n 

co n t a c t w i t h excess of l i q u i d S F 4 . 

(c) IrFg and l i q u i d SF4 

T h i s r e a c t i o n was more exothermic than the 

r e a c t i o n of s o l i d OsFg with l i q u i d SF4 as i n d i c a t e d by the 

r e a c t i o n bulb becoming q u i t e hot. A f t e r the completion of the 

r e a c t i o n , the bulb c o n t a i n e d a b u f f c o l o u r e d s o l i d i n a pale 

pink s o l u t i o n . The c o l o u r o f the s o l u t i o n i n d i c a t e d t h a t the 

product was p o s s i b l y s o l u b l e i n l i q u i d S F 4. On pumping o f f 

excess SF^ a pa l e yellow to b u f f s o l i d was l e f t . 

(d) A n a l y s i s 

The a n a l y s i s was done by p y r o h y d r o l y s i s . 

Sulphur and f l u o r i n e were estimated i n the d i s t i l l a t e as des­

c r i b e d i n S e c t i o n 2.1.3 (Found:f;43.53; S, 7^46; Ir 47.86%. 

S F 4 , I r F 5 r e q u i r e s F, 43.26, S, 8.11; Ir 48.62%). 

(e) Magnetic data. 

The magnetic s u s c e p t i b i l i t y measurement at 

room temperature gave a value of i f A e f f = 1.51 B.M. 

(f) X-Ray data, 

The X-ray powder photograph was almost i d e n t i ­

c a l w i t h t h a t of SF4,OsF5. L i n e s only up to 6 = 40° were 

observed. In the v i s u a l comparison of the photographs of SF^, 

O S F 5 and S F 4 , I r F 5 a few (two or three) l i n e s near © = 40° 

i n d i c a t e d t hat the u n i t c e l l s i z e of the l a t t e r was s m a l l e r than 

t h a t of the former. Because of the very low i n t e n s i t i e s of these 

l i n e s , they c o u l d not be measured a c c u r a t e l y . The u n i t c e l l was 
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cu b i c as shown i n Table XVIII with a = 11.162 + .004$ U = 

1390A, Z = 8. 

( i i i ) Platinum h e x a f l u o r i d e with sulphur t e t r a f l u o r i d e 

(a) Gas-gas r e a c t i o n 

U n l i k e OsFg and IrFg, PtFg r e a c t e d with SF 4 

i n a gas-gas r e a c t i o n , producing a brown s o l i d . The sample was 

p o o r l y c r y s t a l l i n e and very few l i n e s were seen on the X-ray 

powder photograph which seemed to have some s i m i l a r i t y to.the 

p a t t e r n of ( N O ) 2 P t F g . 

(b) PtFg with l i q u i d S F 4 

S o l i d PtFg seemed to r e a c t w i t h l i q u i d S F 4 

at very low temperature, i n f a c t the r e a c t i o n seemed to occur 

w h i l e SF4 was being condensed on the s o l i d PtFg. On warming to 

room temperature a c h o c o l a t e c o l o u r e d s o l i d was seen i n a c o l o u r ­

l e s s l i q u i d . The c o l o u r l e s s l i q u i d i n d i c a t e d t h a t the product 

was not s o l u b l e i n l i q u i d S F 4 . On pumping o f f excess S F 4 a buff 

s o l i d remained. 

(c) A n a l y s i s 

The a n a l y s i s was done by p y r o h y d r o l y s i s . 

(Found: F, 35.48; S, 6.17; Pt, 52.54%. S F 4 , P t F 5 r e q u i r e s 

F, 42.93; S, 8.05; Pt, 49.02%. ( S F 4 ) 2 P t F 4 r e q u i r e s F, 46.78; 

S, 13.15; Pt, 40.06%) . 

(d) Magnetic data. 

The magnetic s u s c e p t i b i l i t y measurements were 

done only at room temperature. ^Cg = 0.877 x 10~® c.g.s, u n i t s 

at 295°K. ( T h i s g i v e s 1.00 B.M. f o r j-*.eff u s i ng S F 4, PtFs as 

molecular f o r m u l a ) . 
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(e) X-Ray photograph 

The product was amorphous. No l i n e s were seen 

on the X-ray powder photograph. 

2 . 3 . 8 N i t r o s y l H e x a f l u o r o n i o b a t e and - t a n t a l a t e 

NONbFfi and NOTaF„ were prepared by the r e a c t i o n 
6 

of Nb2C«5 a n d Ta2C<5 w i t h N 0 C 1 and B r F 3 . The apparatus and methods 

used were s i m i l a r to those given under the p r e p a r a t i o n of N O O S O 3 F 3 . 

The only d i f f e r e n c e was that the oxides i n t h i s case were taken 

i n the r e a c t i o n bulb i t s e l f b e fore j o i n i n g i t to the apparatus. 

Both NONbFg and NOTaFg were white s o l i d s , 

(a) X-Ray data 

The X-ray powder p a t t e r n s of these two com­

pounds were i d e n t i c a l with each other and were s i m i l a r to that 

of NOOsFg. They were indexed on the b a s i s of c u b i c u n i t c e l l s 
o 

of C s C l type with a = 10.22 + .004A and Z = 8 f o r both. The 

X-ray data powder are gi v e n i n Table XIX. 

2 . 3.9 Magnetic P r o p e r t i e s of Platinum H e x a f l u o r i d e 

A sample of platinum h e x a f l u o r i d e was s e a l e d 

i n a 4 mm. diam. quartz tube and the magnetic s u s c e p t i b i l i t y 

was measured over the temperature range 77° to 297°K. The 

molar s u s c e p t i b i l i t y was found to be n e a r l y temperature-inde­

pendent. The magnetic data are gi v e n i n Table XX. The value 
o f P-eff a t 296°K was found to be 1.30 B.M. 
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TABLE XVIII 

X-•Ray Powder Data f o r S F 3 0 s F 6 and S F 3 I r F g 

SF 3OsFg S F 3 I r F 6 

h k l 1/d 2 (Calc;) 1/d 2 (Obs.) 
R e l a t i v e „ 
I n t e n s i t y l/d^(Obs.) 

Relat: 
Inten! 

0.0262 1 0.0263 1 

200 0.0321 0.0323 8 0.0321 8 

0.0419 * 1 0.0423* 1 

0.0526 2 0.0532 2 

220 0.0642 0.0646 10 0.0646 10 

0.0744 * 1 0.0751 * 1 

222 0.0963 0.0974 6 0.0975 

0.1039* 

6 

WW 

0.1170* vw 0.1174 vw 

400 0.1284 0.1293 5 0.1297 5 

420 0.1605 0.1618 6 0.1622 6 

422 0.1926 0.1935 7 0.1945 7 

0.2268 * vw 0.2309 * vw 

521 0.2408 0.2418 1 0.2436 1 

440 0.2568 0.2575 5 0.2586 5 

442, 
600 0.2889 0.2901 7 0.2906 7 

620 0.3210 0.3216 5 0.3232 

0.3403* 

5 

vw 

622 0.3531 0.3545 4 0.3550 

0.3777 * 

4 

w 

444 0.3852 0.3871 1 0.3884 1 

640 0.4173 0.4186 4 0.4200 4 

r: 200 

ft 220 

(cont'd) 
* The i n t e n s i t i e s of these l i n e s vary between photographs of 

d i f f e r e n t specimens and hence are assumed to be l i n e s due to 
some i m p u r i t i e s . 
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TABLE XVIII (cont'd) 

Relative 9 Relative 
hkl l/d 2(Calc.) l/d2(0bs.) Intensity l/d^(0bs.) Intensity 

642 0.4494 0.4514 6 0.4517 6 

0.4889* vw 

6 4 4 » 0.5458 0.5477 3 0.5472 3 820 

|®°' O.5779 0.5787 1 0.5774 1 

662 0.6100 0.6112 vw 

840 0.6421 0.6422 1 

842 0.6742 0.6761 1 0.6746 1 

TABLE XIX 

X-Ray Powder Data for NONbFg and NOTaFg 

hkl Calc. 
i / d 2 

Obs. 
Relative 
Intensity 

200 0.0383 0.0391 8 

211 0.0574 0.0589 vw 

220 0.0766 0.0776 10 

310 0.0957 0.0948 w 

222 0.1149 0.1164 5 

321 0.1340 0.1358 1 

400 0.1532 0.1545 4 

330,411 0.1723 0.1732 1 

420 0.1915 0.1933 7 

332 0.2106 0.2120 2 

422 0.2298 0.2313 8 

(cont'd) 
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TABLE XIX (cont'd) 

1/d 2 Relative 
hkl Calc. Obs. Inten 

431,510 0.2489 0.2506 1 

440 0.3064 0.3081 6 

442,600 0.3446 0.3464 8 

620 0.3829 0.3851 7 

622 0.4212 0.4230 7 

631 0.4404 0.4389 w 

444 0.4595 0.4615 4 

640 0.4978 0.5003 7 

642 0.5361 0.5385 8 

732,651 0.5935 0.5937 w 

800 0.6127 0.6146 1 

644,820 0.6893 0.6915 7 

660,822 0.6893 0.6915 6 

662 0.7276 0.7304 5 

840 0.7659 0.7676 6 

842 0.8042 0.8058 7 

664 0.8425 0.8429 5 

844' 0.9191 0.9206 4 

860,10 0 0 0.9574 0.9589 5 

862,10 2 0 0.9957 0.9964 6 

666,10 2 2 1.0340 1.0325 4 

864,10 4 0 1.1106 1.1124* 6 

10 4 2 1.1489 1.1505* 6 

880 1.2255 1.2259* w 

*These li n e s are due to CuKd(,i. The corresponding 0̂ 2 l i n e s were 
weak and hence could not be measured accurately. 
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hkl Calc. Obs. 

882,10 4 4 1.2637 1.2639* 

866,10 6 0 1.3021 1.3032* 

10 6 2 1.3404 1.3409* 

12 0 0 1.3786 1.3788* 

12 2 0 1.4169 * 
1.4171 

12 2 2,10 6 4 1.4552 1.4563* 

12 4 0 1.5318 1.5338* 

12 4 2,10 8 0, 
886 

1.5701 1.5707* 

10 8 2 1.6084 1.6093* 

TABLE XX 

Magnetic Data for PtFg 

Set I 

Temp.°K X x l O 6 

(c.g.s.units) 
Temp. °: 

77.1 740 77.1 

92.8 702 92.2 

107.6 698 107.1 

122.3 706 122.8 

138.9 702 140.6 

156.1 708 157.2 

171.3 714 173.1 

191.2 714 191.2 

208.0 715 209.2 

Relative 
Intensity 

6 

6 

6 

5 

3 

7 

3 

7 

5 

Set II 

X A x l 0 6 

(c.g.s.units) 

721 

707 

697 

697 

702 

701 

707 

708 

715 
(cont * d) 
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T A B L E X X ( c o n t ' d ) 

T e m p . ° K X x l O 6 T e m p . ° K * A

x l ° 6 . + , 
P ( c g . s . u n i t s ) ( c . g . s . u n i t s ) 

2 2 5 . 9 714 2 2 7 . 4 7 0 1 

2 4 2 . 9 713 2 4 3 . 7 714 

2 6 1 . 0 720 2 5 9 . 9 7 1 3 

2 7 8 . 0 7 2 1 2 7 7 . 8 7 1 1 

2 9 6 . 2 7 1 1 
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Chapter I I I 

DISCUSSION 

3.1 THE FLUORIDES AND OXYFLUORIDES OF OSMIUM 

3.1.1 Higher O x i d a t i o n S t a t e s of Osmium 

As expected of a t r a n s i t i o n metal, osmium shows 

a wide range of o x i d a t i o n s t a t e s i n i t s compounds. I t s e l e c t r o n i c 
fi P 

c o n f i g u r a t i o n i s (Xe)5d 6s and a l l of the extra-xenon e l e c t r o n s 

can be i n v o l v e d i n bonding as evidenced by the compounds 0s0 4 

and OSO3F2. 
Attempts to prepare higher simple f l u o r i d e s of 

osmium than the h e x a f l u o r i d e have f a i l e d ( though r e c e n t l y a 
63 

very u n s t a b l e h e p t a f l u o r i d e of osmium has been reported- ) • T h i s 

i n s t a b i l i t y , or absence, of higher simple f l u o r i d e s than the 

h e x a f l u o r i d e , i n s p i t e of the e x i s t e n c e of oxides and o x y f l u o ­

r i d e s which show o x i d a t i o n s t a t e s higher than 6 (e.g. OSO4, 

OSOF5 and OSO3F2) i s at f i r s t s i g h t p u z z l i n g . T h i s i s p a r t i ­

c u l a r l y so i n view of the f a c t t h at both oxygen and f l u o r i n e 

are u s u a l l y able to e x c i t e the h i g h e s t o x i d a t i o n s t a t e of an 

element. A study of the osmium-oxygen-fluorine system has, 

however, b e t t e r d e f i n e d the a t t a i n a b l e o x i d a t i o n s t a t e s and the 

f a c t o r s which c o n t r o l them. 

The nature of the compounds produced with v a r y i n g 

p r o p o r t i o n s of oxygen and f l u o r i n e i s shown below. 

Os + 3 F 2 —> OsFg (29) 

Os + 2|F 2 + l / 2 0 2 -» OsOF 5 (present work) 
Os + F2 + 3/20 2 —»• O s 0 3F 2 ( 3 0> 

Os + 20 2 —• 0s0 4 (64) 
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The above r e a c t i o n s show that the a t t a i n a b l e 

formal o x i d a t i o n s t a t e of osmium decreases as the p r o p o r t i o n ^ of 

f l u o r i n e i n the o x i d i z i n g gases i n c r e a s e s . I t i s seen that the 

maxitfmum number of l i g a n d s around osmium i s s i x ; moreover, there 

i s no other known example of osmium i n an oxygen or f l u o r i n e 

environment having a c o o r d i n a t i o n number g r e a t e r than 6, so the 

o x i d a t i o n l i m i t f o r a f l u o r i d e may be supposed to have been 

imposed by a maxiyftnum c o o r d i n a t i o n number of s i x f o r osmium. 

However, t h i s c o u l d not exclude the p o s s i b i l i t y of OSO2F4 f o r 

which a very c a r e f u l search was made i n t h i s work, but of which 

no t r a c e was found. So the c o o r d i n a t i o n l i m i t does not seem to 

be the s o l e f a c t o r c o n t r o l l i n g the a t t a i n a b l e o x i d a t i o n s t a t e s 

of osmium with oxygen and f l u o r i n e . 

T h i s behaviour can be r a t i o n a l i z e d i f a d i s t i n c ­

t i o n between r e a l and formal o x i d a t i o n s t a t e s of a metal i s made. 

The e l e c t r o n withdrawing power of an oxygen atom i s supposed to 

be twice that of a f l u o r i n e i n a s s i g n i n g the formal o x i d a t i o n 

s t a t e . T h i s seems u n l i k e l y i n view of the low e l e c t r o n a f f i n i t y 

of oxygen compared to f l u o r i n e . On the other hand i f the e l e c ­

t r o n withdrawing power of oxygen i s taken to be only 1.5 times 

that of f l u o r i n e then the r e a l o x i d a t i o n s t a t e of osmium i n 

0s0 4 i s equated with that i n OsFg. On t h i s b a s i s OsOF & and 

OSO3F2 would be e q u i v a l e n t to OsFg.5. A l s o O s 0 2F 4 would be 

e q u i v a l e n t to OSF7, both o f which are unknown. In view of the 

i n s t a b i l i t y of OsFy and the presumed i n s t a b i l i t y of OSO2F4 i t 

can be taken t h a t OsFg w i l l be extremely u n s t a b l e . 
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3.1.2 Osmium Oxide P e n t a f l u o r i d e 

Osmium oxide p e n t a f l u o r i d e i s of s p e c i a l 

i n t e r e s t i n that i t i s the f i r s t simple compound of osmium to 

show a formal o x i d a t i o n s t a t e of + 7. I t has only one non-bonding 

e l e c t r o n . As such i t i s e l e c t r o n i c a l l y r e l a t e d to rhenium hexa­

f l u o r i d e , although i n i t s molecular symmetry i t more c l o s e l y 
6 5 

resembles the only p r e v i o u s l y known MOFg compound, ReOF^. 

Since the oxygen atom i s s i m i l a r i n s i z e to 

f l u o r i n e and s i n c e the non-bonding d - e l e c t r o n should not show 

any s t e r i c a c t i v i t y , the molecule OsOFg i s expected to be s i m i l a r 

i n s i z e and shape to OsFg. A complete c r y s t a l s t r u c t u r e a n a l y s i s 

of the orthorhombic form ( s t a b l e below 32.5°) has been done by 

B a r t l e t t and T r o t t e r and has been d e s c r i b e d i n d e t a i l . I t 

shows th a t the s t r u c t u r e c o n s i s t s of d i s c r e t e , approximately 

o c t a h e d r a l OsOFg molecules (Table XXI and F i g u r e 16). I t has not 

been p o s s i b l e to d i s t i n g u i s h between oxygen and f l u o r i n e atoms 

on the b a s i s of the e l e c t r o n d e n s i t y d i s t r i b u t i o n alone because 

of the high s c a t t e r i n g f a c t o r of the osmium atoms. 

A non-centrosymmetric s t r u c t u r a l u n i t i s i n d i ­

c a t e d by the i n e q u a l i t y of the d i a m e t r i c a l l y opposed t r i a n g u l a r 

f a c e s of the approximately o c t a h e d r a l molecular u n i t of OsOFg 

which i s r e p r e s e n t e d i n F i g u r e 16. In p a r t i c u l a r the s i d e s of 
o 

f a c e 2,3,3' are 2.50, 2.50 and 2.48A and of face 1,4,4' are 

2.62, 2.62 and 2.55A. 
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TABLE XXI 

In t r a m o l e c u l a r D i s t a n c e s with Standard D e v i a t i o n s 

and Valency Angles (degrees) f o r OsOFg Molecule. 

Os - 1 1. 74 + 0.03 1 -• Os - 2 176 

Os - 2 1.71 + 0.03 1 -- 0s - 3 87 

Os - 3 1.80 + 0.03 1 -- Os - 4 97 

Os - 4 1. 75 + 0.03 2 -- Os - 3 91 

2 -- Os - 4 86 

1 - 3 2.43 + 0.04 3 -- Os - 4 90 

1 - 4 2.62 + 0.04 3 -- Os - 3' 87 

2 - 3 2.50 + 0.04 3 -- Os - 4' 175 

2 - 4 2.36 + 0.04 4 -- Os - 4' 93 

3 - 4 2. 51 0.04 1 • - 3 - 2 89 

3 - 3 ' 2.48 + 0.04 1 -- 4 - 2 88 

4 - 4' 2.55 + 0.04 3 • - 4 - 4' 89 

4 • - 3 - 3* 91 

P o s i t i o n 1 has been assig n e d to the oxygen 

l i g a n d on the b a s i s of t h i s asymmetry. Since oxygen has a 

g r e a t e r van der Waals r a d i u s than f l u o r i n e as a consequence of 

i t s lower n u c l e a r charge, the o x y g e n - f l u o r i n e d i s t a n c e s are 

a n t i c i p a t e d to be g r e a t e r than the corresponding f l u o r i n e -

f l u o r i n e d i s t a n c e s . The l i g a n d i n p o s i t i o n 1 i s g e n e r a l l y 

f u r t h e r from i t s immediate l i g a n d neighbours than the l i g a n d s i n 

p o s i t i o n s 2,3,3',4 and 4' and so l i g a n d 1 i s c o n s i d e r e d most 

l i k e l y to be oxygen. 
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2.50 2.50 

Figure 16. The Molecular Structure of 0s0F 5 
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I t i s s i g n i f i c a n t t h a t a l l the O s - l i g a n d d i s t a n c e s 
° 5 

are s h o r t e r than the Os-F d i s t a n c e of 1.831A giv e n f o r the gas 

phase OsFg molecule. T h i s i n d i c a t e s that the p o l a r i z i n g power 

of the osmium i n OsOFg i s g r e a t e r than i n OsFg. The s h o r t e r 

bond d i s t a n c e s i n O s O F c w i l l i n p a r t be r e s p o n s i b l e f o r the 
5 o3 

s m a l l e r volume of the orthorhombic o x y f l u o r i d e (Uobs./Z = 103.8A ) 32 °3\ compared wi t h the orthorhombic h e x a f l u o r i d e (Uobs./z = 105.7A ). 
The g r e a t e r d e n s i t y of the oxide p e n t a f l u o r i d e , however, w i l l 

a l s o be due i n p a r t to the d i p o l a r i n t e r a c t i o n s of the molecules. 

The s i n g l e , unpaired, valence e l e c t r o n of the 

OsOFg molecule i s presumably non-bonding, and i t s most probable 

l o c a t i o n , because of the g r e a t e r p o l a r i z a b i l i t y of the oxygen 

compared with the f l u o r i n e l i g a n d s , i s i n the plane normal to 

Os-0 a x i s . With the oxygen l i g a n d i n p o s i t i o n 1 ( F i g u r e 16) 

the lowest energy o r b i t a l a v a i l a b l e f o r the e l e c t r o n i s the 

atomic d - o r b i t a l which has i t s nodes approximately c o i n c i d e n t 

with the 3,3' 4 and 4' l o c a t i o n s of the f l u o r i n e l i g a n d s . A 

consequence of t h i s assignment would be a weakening of the 

p^- d-fl bonding i n the plane, because of the a n t i - b o n d i n g i n f l u ­

ence of the e l e c t r o n . T h e r e f o r e the Os-F bonds normal to the 

Os-0 a x i s i n OsOFg are a n t i c i p a t e d to be longer than the unique 

Os-F bond. The atomic assignments g i v e bond lengths i n accord 

w i t h t h i s . 

Osmium oxide p e n t a f l u o r i d e resembles the r e l a t e d 
65,67 

rhenium compound, ReOFg i n v a r i o u s p r o p e r t i e s . The oxide 

p e n t a f l u o r i d e would a l s o be expected to resemble the c o r r e s ­

ponding h e x a f l u o r i d e on account of the s i m i l a r i t y i n s i z e of 
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oxygen and f l u o r i n e . In Table XXII some thermodynamic data 

f o r ReFg, ReOFs and OsFg, D d e r i v e d from vappur pressure 

temperature s t u d i e s , are compared with the data d e r i v e d f o r 

OsOFg i n t h i s work. 

TABLE XXII 

Comparison of Some Thermodynamic Data f o r ReFg. 

ReOFtj, OsFg and OsOF 5 

R e F 6
1 6 R e O F 5

6 7 0 S F 6

1 6 OsOF 5* 

M.P. (°C) 18. 7 40.8 33.4 59.2 

B.P. (°C) 33.8 73.0 47.5 100. 5 

T r a n s i t i o n p t . (°C) -1.9 30.0 -0.4 32.5 

Heat of f u s i o n (cal./mole) 940 1220 1760 1623 

Entropy of f u s i o n 
((cal./mole/deg.) 3.21 3. 88 5.72 5.29 

Latent heat of vap. 
of l i q u i d ((cal./mole) 6,860 7,720 6,720 8,745 

Latent heat of 
s u b l i m a t i o n (above 
t r a n s i t i o n pt. , (;(cal./mole) 7,800 8,940 8,480 10,368 

Entropy of vap. of 
l i q u i d ( (cal./mole/deg.) 22.3 22.3 21.0 23.4 

•Present work, 

As with the h e x a f l u o r i d e s and ReOFg, OsOFg i s " 

not a s s o c i a t e d i n the l i q u i d phase, as i s i n d i c a t e d by a value 

of 23.4 f o r Trouton's constant. The low value f o r the entropy 

of f u s i o n of OsOFg i s s i m i l a r to the v a l u e s of the h e x a f l u o r i d e s 

of the 4d and 5d s e r i e s 1 6 ' 2 3 a n d ReOFs, which undergo 

t r a n s f o r m a t i o n from the orthorhombic form to c u b i c formrat/shigher 
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+ + 29,23(b),6 , ' _ 
temperatures. ' ' The molecules m t h i s form are presumed 
+ v, ~ + +• n * j 23(b) ,5,6 to have some r o t a t i o n a l freedom. ' ' 

The entropy of f u s i o n of 5 f - h e x a f l u o r i d e s which 

do not undergo such a t r a n s f o r m a t i o n i s higher (^13 cal/mole/ 
v 5 ,6 deg.) than ' 

m o l e / d e g . ) . 5 ' 6 

5 6 
deg.) ' than that of 4d- and 5d- h e x a f l u o r i d e s (^3 to 5 c a l / 

Although the vapour pressure-temperature s t u d i e s 

i n d i c a t e d t hat a s o l i d - s o l i d phase t r a n s i t i o n o c c u r r e d i n the 

neighbourhood of 30° and the entropy of f u s i o n data i n d i c a t e d 

the e x i s t e n c e of a c u b i c phase above t h i s temperature, t h i s 

remained to be e s t a b l i s h e d . A c c o r d i n g l y , X-ray powder photo­

graphs were taken above the m i c r o s c o p i c a l l y observed t r a n s i t i o n 

p o i n t of 32.5°. The photographs e s t a b l i s h e d the higher tempera­

t u r e s o l i d phase to be c u b i c . 

The molecular volume of O S O F 5 i i i the c u b i c form 

i s l e s s than that of the c u b i c form of OsFg, j u s t as the mole­

c u l a r volume of orthorhombic form of OsOFg i s l e s s than that of 

the orthorhombic OsFg. The volumes of the orthorhombic and 

cub i c forms of OsOF^ and some h e x a f l u o r i d e s are shown i n 

Table XXIII. 

TABLE XXIII 

Comparison of the M o l e c u l a r Volumes of Orthorhombic 

and Cubic forms of PtFg, OsFg, IrFg and OsOFg. 

Compound PtFg OsFg I r F g OsOFg 

Cubic, A33 119 . 7 2 3 ( b ) 121.5 2 9 120.5 3 2 115.9 

Orthorhombic, X 3 104.6 3 2 105.7 3 2 105.4 3 2 103.8 

D i f f e r e n c e , , X3
 15.1 15.8 15.1 12.1 

S 
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The osmium of OsOF^ possesses one f o r m a l l y non-

bonding d e l e c t r o n . For a d-system, the s p i n only value of the 

magnetic moment should be 1.73 B.M. However, the s p i n - o r b i t 

c o u p l i n g constant, f o r Os (VII) should be large,® 8 and with 0 h 

symmetry the moment f o r a t 2 g
1 system would be l e s s than the 

s p i n only v a l u e . 1 0 T h i s s i t u a t i o n i s observed i n the ReFg 
fi Q 

molecule, the low value of 0.51 B.M. ^ f o r the magnetic moment 

being a t t r i b u t e d to the c o n s i d e r a b l e s p i n - o r b i t c o u p l i n g (4000 

c m - 1 ) . The s u s c e p t i b i l i t y of OsOF 5 obeys the Curie-Weiss law 

and s i n c e the Weiss constant i s s m a l l , 6 = 6°, the magnetic 

moment i s almost temperature-independent w i t h y*ef f = 1.47 B.M, 

T h i s compares c l o s e l y with the value f o r (jleOFjP ~ s a l t s and 

indeed with the moments f o r [jVOXg] 2 - s a l t s as shown i n Table 

XXIV. 

TABLE XXIV 

Magnetic P r o p e r t i e s of Some d 1 Complexes 

Complex Heff e Reference 

Rb 2 (WOCI5] 1.55 18 70 

Cs 2 [ W 0 C l 5 ] ' 1.49 12 70 

[_(CH 3) 3N] 2[W0C15] 1.35 6 70 

Rb 2[WOBr 5] 1.37 _. 71 

Cs 2[W0Br 5] 1. 55 20° 71 

M [ReOF 5J 1.4 - 72 

(M = K, Rb, Cs) 

OsOF 5 1.47 6 Present w< 
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The higher value of the moment in these compounds 

compared with ReFg must be attributed to the non-On symmetry of 

the f i e l d about the t r a n s i t i o n metal, the energy s p l i t t i n g by 

the asymmetric f i e l d being at least comparable with the spin-

o r b i t coupling. The highest symmetry permitted the osmium in 

OsOF 5 i s C 4 v. In a f i e l d of t h i s symmetry the degeneracy of 

the t 2 g o r b i t a l s would be removed. Since the oxygen ligand, by 

virtu e of i t s smaller nuclear charge, i s more polarizable than 

the f l u o r i n e ligands, i t i s presumed that the o r b i t a l i n the 

plane normal to Os-0 axis w i l l be lowest i n energy and the 

degenerate pair of o r b i t a l s i n the planes containing the Os-0 

axis w i l l be higher i n energy. The d - o r b i t a l s p l i t t i n g accom­

panying the change from ReFg to OsOFg can be represented thus, 

as follows: 

d y z dzx 
ReFg t2g dxy_ d y z d ^ OsOF 5 t 2 g 

" ^xy 

The location of the single non-bonding electron 

of OSOF5 i n the non-degenerate o r b i t a l i s presumably responsible 

for the greater moment than observed for ReFg. 

From the structure of OsOFc, one would expect two 

f l u o r i n e resonances i n the F n.m.r., one due to the a x i a l 

f l u o r i n e which would be a quintet and other due to equatorial 

f l u o r i n e s , which would be a doublet. But the n.m.r. spectrum 
20 

of OsOFg dissolved i n WFg shows only one broad resonance to 
20 

high f i e l d . The related diamagnetic compound, ReOFg shows 

the expected quintet and doublet. The resonance i n OsOFg i s 

i n the region where, by analogy with ReOFs, the quintet of the 
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19 

a x i a l F resonance should be observed. T h i s peak i s t h e r e f o r e presumed to be a smeared q u i n t e t . The a n t i c i p a t e d s t r o n g e r 

e q u a t o r i a l resonance i s not observed, presumably because i t i s 
19 

broadened by i n t e r a c t i o n of the F e q u a t o r i a l n u c l e i with the 

unpaired e l e c t r o n l o c a l i z e d i n that plane. Assuming that the 

oxygen dominates as a fj-bond donor and hence monopolizes the 

d y Z and d z x o r b i t a l s (the Os-0 a x i s being taken as z a x i s ) , the 

non-bonding unpaired e l e c t r o n w i l l be c o n f i n e d to the d x y o r b i t a l . 

The broad, asymmetric e . s . r . a b s o r p t i o n 

c e n t r e d around g ~ 2 observed f o r a s o l u t i o n of OsOFg i n tungsten 

h e x a f l u o r i d e was of no d i a g n o s t i c v a l u e . 

Due to the near o c t a h e d r a l symmetry of the 

OsOFg molecule, some s i m i l a r i t y between the i n f r a r e d spectrum 

of OsOFg and the s p e c t r a of r e l a t e d h e x a f l u o r i d e s i s expected. 

Indeed, as may be seen by r e f e r e n c e to F i g u r e 11, t h i s i s so. 

Of course, the s p e c t r a of the MOF5 molecules are markedly 

s i m i l a r as may be seen by r e f e r e n c e to F i g u r e 10. 

Unambiguous assignment of C4 V fundamentals has 

not been made. The green c o l o u r of the compound renders the 

s e c u r i n g of a Raman spectrum i m p o s s i b l e with the instruments 

p r e s e n t l y a v a i l a b l e . However, some assignments have been made 

on the b a s i s of pseudo o c t a h e d r a l symmetry. In 0 n symmetry 

there are s i x fundamentals. Each of the Oh fundamental modes, 

except l)]^, i s r e s o l v e d i n t o two modes with the t r a n s i t i o n to 
C 4 v symmetry. Thus ^ (0 h) (C4 V) ; i>2 « V % ' > T>2" ( C 4 v ) ; 

>j)3(on) -»^ 3 ' , T)3 H(C4 V) e t c . Table XXV g i v e s assignments made f o r 

OSOF5 on t h i s b a s i s and compares the 0 h fundamentals f o r OsFg and 

R e F 6 . 
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TABLE XXV 

Infrared Data for OsOFg compared with 
15 13 those for ReFg and OsFg. 

OsFg ReFf 

Peaks 
cm~l 

230* 

252 R 

268 IR 

364 IR 

402 IR 

632 R 

720 IR 

733 R 

894 IR 

969 IR 

1268 IR 

1352 IR 

1453 IR 

Assign- Peaks 
ment,On cm~l 

170* 

246 R 

257 IR 

Assign­
ment , O n 

V>>4 
V>>6 
Vo 

^2+^4 

V ^ 5 
2V^>3 

V ^ 3 

403 IR ^2 _^g 
596 R i> 2 

715 IR S)0 

755 R 

952 IR }3+V>5 

1302 IR ^ 2
+ ^ 3 

1468 IR \ + % 

OsOF 5 

Peaks 

Obs. Calc 

440 IR 

535 IR 520 

640 IR 

650 IR 

700 IR 

710 IR 
960 IR 

800 IR 

1337 IR 1340 

1405 IR 1400 

1915 IR 1920 

Assignment 
Pseudo 0. 

K4 

^ 4 

2T>i 

* Inactive, R, Raman active; IR, inf r a r e d active. 
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It i s of i n t e r e s t t h a t the t o t a l l y symmetric 

fundamental v i b r a t i o n a l mode f o r OsOF 5 (Vj = 960 cm - 1) i s of 

lower frequency than f o r the corresponding ReOFg molecule 
» -1 62 

(V-^ = 989 cm. . ) .This may be a consequence of the antibonding 

e f f e c t of the s i n g l e unpaired e l e c t r o n of OsOF^. Although 

f o r m a l l y non-bonding, t h i s e l e c t r o n W i l l have ant i - b o n d i n g 

i n f l u e n c e i n dif-pjr bonding with the f l u o r i n e l i g a n d s as r e p r e ­

sented below. 

The comparison of the v i s i b l e and UV s p e c t r a of 

OsOFg with those of ReFg, a l s o a d 1 system would seem p r o f i t a b l e . 

There are three r e g i o n s of a b s o r p t i o n i n OsOFg, one c e n t r e d 

around 11,700 cm - 1, another around 8,700 cm - 1; these two are 

of low i n t e n s i t y , and the t h i r d i s a very broad and i n t e n s e 

maximum extending from 28,500 cm"^ to 38,500 cm - 1. The abosrp-

t i o n spectrum of ReFg which show peaks around 5200 c m - 1 and 

24,000 c m - 1 and 32,500 c m - 1 have been i n t e r p r e t e d by M o f f i t t 
11 

and h i s co-workers a c c o r d i n g to l i g a n d f i e l d theory with 

proper r e g a r d to the hig h s p i n - o r b i t c o u p l i n g common to the 

heavy metals. On the b a s i s o f t h e i r i n t e r p r e t a t i o n f o r ReFg 

the broad a b s o r p t i o n at 28,500 c m - 1 f o r OsOFg i s assig n e d to 
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the e l e c t r o n i c t r a n s i t i o n s from the pseudo t 2 g o r b i t a l s to 

pseudo e g o r b i t a l s thus g i v i n g lODq a value of 33,500 cm - 1. 

The s p e c t r a of ReFg and OsOF^ are d i f f e r e n t i n d e t a i l . The 

absence of an a b s o r p t i o n at 5000 cm - 1 as seen i n ReFg and 

a t t r i b u t e d by M o f f i t t et a l . to a t 3 / 2 -> t l / 2 e l e c t r o n t r a n s i ­

t i o n must be a t t r i b u t e d to the non-O h symmetry of QsOFg. 

Osmium oxide p e n t a f l u o r i d e i s expected to show 

some s i m i l a r i t y i n i t s chemical p r o p e r t i e s to OsFg and r e l a t e d 

h e x a f l u o r i d e s . Although the formal valence of the osmium i n 

t h i s compound i s seven, the g r e a t e r p o l a r i z a b i l i t y of the 

oxygen l i g a n d compared wi t h f l u o r i n e as a l i g a n d was expected 

t o l e a d to a g r e a t e r s i m i l a r i t y of OsFg and OsOF^ than p r o v i d e d 

f o r on a formal b a s i s . The o x i d a t i v e s i m i l a r i t y of OsFg i s 

demonstrated by the r e a c t i o n s of the compounds w i t h n i t r i c oxide. 

The r e a c t i o n of OsOFg wit h n i t r i c oxide under a v a r i e t y of 

c o n d i t i o n s g i v e s r i s e to N O + £ p s O F r ^ ] - and OsFg g i v e s , under 

s i m i l a r c o n d i t i o n s NO +[OsFg"]~. The behaviour of OsOFg i s t h e r e ­

f o r e much c l o s e r to OsFg than i t i s to I r F g . The l a t t e r com­

bines with n i t r i c oxide to g i v e mixtures of the compounds 

NOIrFg and (NO) 2IrFg, excess n i t r i c oxide e n s u r i n g the formation 

of the q u a d r i v a l e n t i r i d i u m complex. 

It appears t h e r e f o r e that the r e p r e s e n t a t i o n 

g i v e n e a r l i e r of OSOF5 as OsFg_5 i s a b e t t e r approximation than 

OSF7. The l a t t e r would s u r e l y be more l i k e IrFg i n i t s o x i d a ­

t i v e power. 

The formal o x i d a t i o n s t a t e of Os i n NOOsOF^ i s 

+6 and hence i t would be i n t e r e s t i n g to compare i t s magnetic 



127 

p r o p e r t i e s w i t h other compounds of Os i n which Os has both the 

c o o r d i n a t i o n number and o x i d a t i o n s t a t e of 6. The magnetic 

moment of the compound i s 0.78 B.M. at room temperature. Some 

examples of the above mentioned compounds are c o l l e c t e d i n 

Table XXVI. 

TABLE XXVI 

Magnetic P r o p e r t i e s of Some d 2 Complexes of Osmium 

Compound Magnetic moment Reference 

CS2OSO2CI4 diamagnetic 30 

K 2 0 s N C l 5 diamagnetic 73 

OsFg 1.50 B.M. 74 

The magnetic behaviour of OsFg i s i n keeping with a 
2 10 ' d system i n an o c t a h e d r a l l i g a n d f i e l d . The diamagnetism of 

CS2OSO2CI4 and K2OSNCI5 i s e x p l a i n e d by the assumption that the 

l i g a n d f i e l d departs markedly from o c t a h e d r a l symmetry, a s i n g l e 

d o r b i t a l l y i n g lowest or by the assumption t h a t there i s a 

str o n g magnetic exchange. 1^ The low value of 0.78 BM i n the 
0 

case of NOOSF5 can be a t t r i b u t e d to p a r t i a l s p i n p a i r i n g due to 

departure from an o c t a h e d r a l l i g a n d f i e l d , the departure not 

being as great as that i n the case of C S 2 O S Q 2 C I 4 and K 2 0sNClg . 

The r e a c t i o n of OsOF 5 i n WFg s o l u t i o n w i t h n i t r i c 

oxide gas proved to be unexpected and remarkable. P r e v i o u s 

experiments had e s t a b l i s h e d that n i t r i c oxide r e a c t e d with OsOFg 

to g i v e non-cubic s o l i d N0+QOSOF5J ~, and th a t WFg and NO d i d 

not i n t e r a c t . When n i t r i c oxide was passed i n t o a s o l u t i o n of 

OSOF5 i n WFg, however, a c u b i c phase s t r i k i n g l y s i m i l a r to 

N0+[0sFgJwas o b t a i n e d . T h i s proved to be (NO) 2OsWOF 1 1 and a l l 
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of the e x p e r i m e n t a l e v i d e n c e s u g g e s t s t h a t i t i s a s o l i d s o l u ­

t i o n o f an e q u i m o l a r m i x t u r e of NO + {j0sFg]~ and NO 4 [ w O F t Q - . , 

The magnetic p r o p e r t i e s o f t h i s s o l i d s o l u t i o n were e x a c t l y as 
75 

e x p e c t e d f o r such an e q u i m o l a r m i x t u r e . NOWFy i s not c u b i c 

and NOOSOF4 i s u n l i k e l y t o be c u b i c . 

The f o r m a t i o n of the e q u i m o l a r m i x t u r e , NOOsFg, 

NOWOF5 can be e x p l a i n e d by the r e a c t i o n s g i v e n below: 

NOOsOF 5 + WFg -»NOWOF 5 + OsFg 

NO + OsFg -» NOOsFg 

I t i s p o s s i b l e t h a t the exchange of oxygen o c c u r s 

by way o f an oxygen- and f l u o r i n e - b r i d g e d i n t e r m e d i a t e as i n d i ­

c a t e d below: 

F F F F F 
\\/ \7 

_ F ~» Os — 0 —» W — F 
/ \ / [\ 

F F F F F 

I f t h i s i s so, i t may be p o s s i b l e t h a t some [OsOF^]~ s a l t s can 

r e a c t w i t h t u n g s t e n h e x a f l u o r i d e t o y i e l d osmium h e x a f l u o r i d e . 

3.1.3 Osmium T r i o i x d e D i f l u o r i d e 

Other f l u o r i d e s of osmium were s u s p e c t e d o f 

w r o n g f u l c h a r a c t e r i z a t i o n a f t e r the i d e n t i f i c a t i o n of 'osmium 

o c t a f l u o r i d e ' as osmium h e x a f l u o r i d e . The r e i n v e s t i g a t i o n of 
31 

lower f l u o r i d e s o f osmium by Harg r e a v e s and Peacock showed 
28 

t h a t 'osmium h e x a f l u o r i d e ' r e p o r t e d by R u f f and T s c h i r c h i s , 

i n f a c t , osmium p e n t a f l u o r i d e . The former w o r k e r s a l s o p r e ­

p a r e d osmium t e t r a f l u o r i d e w h i c h has q u i t e d i f f e r e n t p r o p e r t i e s 
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from the substance of the same composition r e p o r t e d by Ruff. 

The r e i n v e s t i g a t i o n of the o x y f l u o r i d e , OSO3F2 

done d u r i n g the present work confirms the f o r m u l a t i o n OsOgFg. 

Furthermore i t has been found to e x i s t i n two m o d i f i c a t i o n s , a 

low temperature r e d form and a high temperature yellow form. 

The u n u s u a l l y low v o l a t i l i t y of OSO3F2 compared 

with OSO4 can be e x p l a i n e d i f i t i s supposed to e x i s t i n a 

polymeric form with f l u o r i n e or oxygen b r i d g i n g i n which osmium 

i s s i x - c o o r d i n a t e d . Some evidence to t h i s e f f e c t i s p r o v i d e d 

by the scanty s t r u c t u r a l data obtained. U n f o r t u n a t e l y d e t a i l e d 

s t r u c t u r a l i n f o r m a t i o n c o u l d not be obt a i n e d because of the 

f a l i u r e of the attempts to prepare s i n g l e c y r s t a l of t h i s 

compound. The X-ray powder photography shows t h a t the high 

temperature form of OSO3F2 has a m o n o c l i n i c u n i t c e l l i n which 

a=c/b. The pseudo u n i t c e l l has,as i n d i c a t e d by i t s volume, 

two molecules i n i t . The X-ray powder p a t t e r n of the low tem­

p e r a t u r e form i s more complex than that of the high temperature, 

form. I t c o u l d not be indexed but i t i s a k i n to the powder 

photographs of the p e n t a f l u o r i d e s of the noble metals e.g. 

R u F 5 , 5 5 R h F 5 , 5 6 I r F 5 , 5 7 P t F 5 . 5 8 T h i s s i m i l a r i t y suggests t h a t 

the low temperature form may c o n t a i n s i x - c o o r d i n a t e d metals i n 
Q 

t e t r a m e r i c u n i t s as i n those p e n t a f l u o r i d e s . The high tem­

pe r a t u r e form of OSO3F2 i s probably a dimer with two l i g a n d -

b r i d g i n g of the osmium atoms wi t h a t o t a l of s i x c o o r d i n a t i o n 

of each osmium as i n d i c a t e d below: 

^ O s ^ ^OsC 

L L 
(where L = 0 or F) 
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As expected, since a l l osmium electrons are 

involved in bonding, t h i s compound i s diamagentic and i t s 

molar s u s c e p t i b i l i t y i s -25x10 c.g.s. units. 

3.1.4 N i t r o s y l Trioxytrifluoroosmate (VIII) 

The n i t r o s y l derivative of O S O 3 F 2 , NOOSO3F3 i s 

s i m i l a r i n i t s properties to the other derivatives, MOSO3F3 

30 
(M=K,Rb,Cs,Ag). It reacts with cold water giving n i t r i c 

oxide, osmium tetroxide and hydrofluoric acid. It i s therefore 

formulated as N 0 + C P S O 3 F 3 J~. It i s diamagnetic as expected for 

an Os(VIII) compound. 

3.1.5 Interrelationships of Osmium Fluorides 

The i n t e r r e l a t i o n s h i p s of the osmium flu o r i d e s , 

oxyf luorides and their complexes are shown i n Figure 17. 



Os0 4+BrF 3 (30) 1 0 s o 3 F 2 

NOOsOF5 
NO 

w a t e r ( 3 0 ) O s Q d + H F 

rapid hydrolysis I AOSO3F3 

j 0 2:F 2::2:1(30) 
OS+O2+F2 

250°,O 2:F 2::l:2(a) 

A. = Ag;K,Cs,NO 

J 0s0F 5 
250° 

Wat 
, exo 

er (a) 
thermic 

-Os02+F2 

Os0 4+BrF 3+AgIO3 (30) 
KBr,CsBr (30) 
NOC1 (a) 

Os+F2 

(29,74) 

Os04,HF 

h (UV) o r ^ 7 l F 5 

or W(CO)6^(33) 

Water (29) ^ 90%.[OSF6] 2- 0s0 4, HF 

0s0 4,Os0 2, 
Q)sF 6] 2", HF 

a l k a l i 

OsBr 4+ABr+BrF 3 

A = Li,Na,K,Rb,Cs, 
Ag (78,79,8) 

aq. a l k a l i , Na +, K + 

(79, 7&) 

[OsFg] 2" a q , K + s a l f | H 2OsF 6( aq, 

_ ter 
dissolves) 

ion exchange 
(79) 

(a) Present work 
[ O s F ] 2 -

CO 

Figure 17. Interrelationships of Osmium Fluorides 
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3.2 THE OXIDIZING PROPERTIES OF THE.NOBLE. METAL HEXAFLUORIDES 

3.2.1 Dioxygenyl H e x a f l u o r o p l a t i n a t e (V) 
I 

Since i t was c l e a r t h a t s i n g l e c r y s t a l s of dioxy--

g e n y l hexaf l u o r o p l a t i n a t e (V), [PtFg"] ~ would be both d i f f i c u l t 

to prepare and manipulate f o r X-ray s i n g l e c r y s t a l work, a l a r g e 

p o l y c r y s t a l l i n e sample was prepared f o r a neutron d i f f r a c t i o n 

study. Such a study h e l d high promise of y i e l d i n g the oxygen-

oxygen d i s t a n c e i n the 0 2 c a t i o n with s i g n i f i c a n t accuracy. 

In the experiments p r e l i m i n a r y to the necessary 

l a r g e s c a l e p r e p a r a t i o n , i t was found t h a t r e a c t i o n of oxygen 

gas with a s o l i d - v a p o u r e q u i l i b r i u m mixture of the h e x a f l u o r i d e 

l e d to product c o n t a i n i n g occluded h e x a f l u o r i d e . In order, t h e r e ­

f o r e , to produce pure 0 2 P t F g i t was necessary to c a r r y out the 

O 2 + PtFg r e a c t i o n i n the gas phase by a flow method. Se v e r a l -

gram l o t s of 0 2 P t F g were prepared i n high p u r i t y by t h i s t e c h n i ­

que. 

The neutron d i f f r a c t i o n study was c a r r i e d out by 
80 

Drs. J . A. Ibers and W. C. Hamilton of the Brookhaven N a t i o n a l 

Labo r a t o r y . They concluded from a n a l y s i s ' o f t h e i r data that 

the space group and unit c e l l atomic p o s i t i o n s were as given by 

B a r t l e t t and Lohmann 3 4 on the b a s i s of the X-ray data. The 

parameters o b t a i n e d from the neutron data, however, are s l i g h t l y 

d i f f e r e n t and much more p r e c i s e l y d e f i n e d than those a r r i v e d 

at from the X-ray data. 
80 

Ibers and Hamilton f i n d t h a t the 0-0 bond 
l e n g t h i n the 0 2 c a t i o n i s 0.91 + 0.03A* and that the PtFg group 

i s approximately a r e g u l a r octahedron with a Pt-F bond length 
o 

of 1.83 + 0.02A. T h e i r parameters show t h a t the s h o r t e s t 0-F 
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d i s t a n c e ( t h a t from one end of the 0 2 c a t i o n to the three 
o 

c l o s e s t f l u o r i n e l i g a n d s of one PtFg group) i s 2.56A. The s a l t 

l i k e c h a r a c t e r of 0 2 P t F g i s t h e r e f o r e confirmed but the extreme 

shortness of the 0-0 d i s t a n c e i n the c a t i o n 0 2 i s unexpected 

and there i s no ready e x p l a n a t i o n f o r i t . 

To a p p r e c i a t e the s i g n i f i c a n c e of the observa­

t i o n i t i s f i r s t necessary to review the a v a i l a b l e i n t e r n u c l e a r 

d i s t a n c e s r e p o r t e d f o r gaseous 0 2 and r e l a t e d s p e c i e s . These 

data are d e r i v e d from emission s p e c t r a . Table XXVIII g i v e s the 

i n t e r n u c l e a r s e p a r a t i o n s r e p o r t e d f o r v a r i o u s ground s t a t e 

d i a t o m i c s . The 0-0 d i s t a n c e i n the dio x y g e n y l s a l t c a t i o n i s 
o 

seen to be 0.21A s h o r t e r than that given f o r the gaseous i o n 
and i s seen to be s h o r t e r than the d i s t a n c e r e p o r t e d f o r the 
2 + 8 1 

0 2 i o n a l s o . At f i r s t s i g h t then i t appears that f o r m u l a t i o n 
2+ 3+ + of the c a t i o n as 0 2 or 0 2 would be more a p p r o p r i a t e than 0 2. 

Formulations 0 2
+ [ P t F g ] 2 _ and 0 2

+ [ P t F g ~ J 3 ~ may be 

disposed of on thermodynamic grounds alone, although they are 

a l s o i n c o n s i s t e n t with the magnetic and chemical p r o p e r t i e s of 

the compound. I t i s seen from Table XXVII t h a t i f the s a l t 
2 +

r •-, 2-
were O2 LPtFgJ the combined e l e c t r o n a f f i n i t i e s f o r the 
formation of (PtFg"] 2 - would need to be g r e a t e r than 653 kcal/mole 

(see Appendix IV) . 

Since the f i r s t e l e c t r o n a f f i n i t y i s always more 

exothermic than the second, the f i r s t e l e c t r o n a f f i n i t y of PtFg 

should be g r e a t e r than 326 kcal/mole. T h i s value i s g r e a t e r 

than that needed f o r the formation of NgjPtFg"^ - (233 kcal/mole) 

but n i t r o g e n and PtFg do not r e a c t . On the same grounds 
3 + r -13 

0 2 L-PtFgJ 1 S s e e n t o be even l e s s probable. 
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TABLE XXVII 

A l t e r n a t i v e Formulations f o r 0 2 P t F g and the L a t t i c e Energy, 

I o n i z a t i o n p o t e n t i a l and E l e c t r o n a f f i n i t y Data. 

Formulation U i.1 Minimum £E f o r 
ExothermicAHf 

(kcal/mole) (kcal/mole) (kcal/mole) 

[ p t F 6 ] " [PtFg] 2-

0 2 [ P t F g ] ~ -125 281 -156 

2+r n o 
°2 L P t F 6 J - 5 0 0 1 1 5 3 " 6 5 3 

The magnitude and temperature behaviour of the 

magnetic s u s c e p t i b i l i t y of 0 2 P t F g have been w e l l accounted f o r 
34 

by B a r t l e t t and Lohmann on the b a s i s of the f o r m u l a t i o n 
2+ 

Cv j f p t F g ] - . If the s a l t had the f o r m u l a t i o n 0 2 ( P t F g l 2 ~ i t would 
be diamagnetic, s i n c e (j?tFg] 2 ~ i s known to be diamagnetic i n 

10 2 + 

other compounds and Og being i s o e l e c t r o n i c with n i t r o g e n , i s 

a l s o expected to be diamagnetic, the i o n being formed by the 

removal of two antibonding e l e c t r o n s from 0 2. 

I t i s s i g n i f i c a n t that the Pt-F d i s t a n c e , 1.83 + 
o 

0.02A, observed i n the PtFg s p e c i e s i s the d i s t a n c e expected 
f o r a [PtFg"] - i o n . The Pt-F d i s t a n c e observed by M e l l o r and 

8 9 ° Stephenson ^ i n the s a l t K 2PtFg i s 1.91A, t h i s being c o n s i s t e n t 
61 

w i t h P t ( I V ) . In KOsFg Hepworth, Jack and Westland noted an 

Os-F d i s t a n c e of 1.82$. The only s a t i s f a c t o r y f o r m u l a t i o n f o r 

0 2 P t F g , t h e r e f o r e , i s as the 0 2 [ P t F g ] ~ s a l t . 
An e x p l a n a t i o n of the s h o r t i n t e r n u c l e a r d i s t a n c e 

83 has been g i v e n by B a r t l e t t . He suggests a novel arrangement 
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of the e l e c t r o n s f o r the 0 2 s a l t i o n , the new arrangement being 

a t t r i b u t e d to the high l i g a n d f i e l d about the c a t i o n . 
TABLE XXVIII 

I n t e r n u c l e a r D i s t a n c e s and Mol e c u l a r O r b i t a l E l e c t r o n 
81,84,85 

C o n f i g u r a t i o n s of some Diatomic s p e c i e s . 

r N 1.098 1.116 1.150 1.062 1.082 1.207 1. 123 1.010 

crg3s — CTg3s _ _ 

— — — — — — — — 

V p — — — — V p 1 _ — — — — 2. 1. ± _ — — 

(Tg2p 1 7\u2p t i t i tttt tt 1 tt tt tt tt tt tt 

A U2P tt ft CT 2p 
g 

t i tt tt tt tt tt 

CT2s u u (Tu2s t i tt tt tt tt tt 

ffg2s n . t t <5g2s tt tt tt tt tt tt ffg2s 
+ 

<5g2s 
+ + + 2+ 

N2 N 2 
NO NO N0 2 °2 o 2 °2 

o 
* I n t e r n u c l e a r d i s t a n c e , i n A. 

B a r t l e t t p o i n t s out that the observed i n t e r n u c l e a r 

s e p a r a t i o n i n 0 2 ( s a l t ) can be s a t i s f a c t o r i l y accounted f o r i f 

seven e l e c t r o n s are pe r m i t t e d i n the i n t e r n u c l e a r r e g i o n . I t i s 

noteworthy i n Table XXVIII t h a t a d i m i n u t i o n occurs i n the i n t e r ­

n u c l e a r s e p a r a t i o n with i n c r e a s e i n the t o t a l n u c l e a r change f o r 

the i s o n u c l e a r p a i r s NO and NO + (g) and 0 2 (g) and 0 2 (g). 
2+ 

S i m i l a r l y the 0 2 (g) i n t e r n u c l e a r s e p a r a t i o n i s l e s s than i n 
0 2 (g). The c o n t r a c t i o n with removal of an antibonding e l e c t r o n 

o 
i s seen from Table XXVIII to be about 0.08 to 0.1A. T h e r e f o r e , 

+ 
i f the 0 2 s a l t i o n i s p e r m i t t e d seven bonding e l e c t r o n s , such as 

would be the case i f the ant i b o n d i n g 7L2p and 0T,2p o r b i t a l s were 
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higher i n energy than certain 3(5" or 37\ bonding o r b i t a l s a 

contraction somewhat greater than 0.08$ would be expected. If 

the shortening i n the internuclear separation by the addition 

of an extra bonding electron i s equivalent to the shortening 

due to the removal of an antibonding electron then the contrac­

tion from the 0-0 distance of the gaseous Og ion would be 0.16 

to 0.2A. Thus an internuclear separation of 0.96 to 0.92A* in 

Og (salt) could be accounted for. 

It i s not unreasonable, as pointed out by 

B a r t l e t t , that the antibonding o r b i t a l s should be high i n the 

02 s a l t since the cation i s cl o s e l y surrounded by twelve 

electron r i c h ligands. Presumably th i s high f i e l d renders the 

internuclear region energetically preferable, for electrons, 

to the peripheral antibonding regions. 

It should i n c i d e n t a l l y also be appreciated that 

the removal of a bonding electron, such as would occur for 
2 + 3 + 

O 2 — » O 2 , should lead to an increase i n the internuclear 
separation, such as occurs for N 2 (g) —>N^(g). And on t h i s 

3 + 

ground Og w i l l not account for the short 0-0 distance i n 

0 2 P t F 6 . 
Of course the change i n the order of molecular 

+ + r - 1 - + o r b i t a l s required for O 2 i n 0 2 \_PtFgJ probably occurs i n NO also 

when that cation i s surrounded by (j?tFg~j ~ groups. However, 

thi s change w i l l not a f f e c t the number of bonding electrons 

since the antibonding 7\g2p and C^p o r b i t a l s are empty in N0 +. 

Hence the internuclear separation i n N0 + i n i t s s a l t s should 

be akin to that i n the gaseous N0 + and as a consequence the 

internuclear separation i n N0 + s a l t ion should be greater than 

file:///_PtFgJ
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i n the 6^ s a l t ion, 

U n f o r t u n a t e l y , although sample of NOIrFg and 

NOPtFg have been submitted f o r neutron d i f f r a c t i o n study, 

r e s u l t s are not yet a v a i l a b l e . However, the u n i t c e l l dimensions 

of the rhombohedral form of NOPtFg r e p o r t e d i n t h i s work and 

the accurate c u b i c dimensions f o r NOPtFg (cubic) o b a t i n e d i n 
62 

these l a b o r a t o i r e s by Beaton , show t h a t the n i t r o s y l s a l t 

i s more voluminous than the di o x y g e n y l s a l t . The molecular 

volume d i f f e r e n c e s w i t h i n the p a i r s of NOPtFg (rhomb.) and 

OgPtFg (rhomb.) and NOPtFg (cub.) and 0 2 P t F g (cub.) may be 

assumed to be due to the d i f f e r e n c e i n the e f f e c t i v e molecular 

volumes of N0 + and 0 2 c a t i o n s . The volumes are compared i n 

Table XXIX. 

TABLE XXIX 

Comparison of NOPtFg (rhomb.) and 0 2 P t F g (rhomb.) and NOPtFg 
o3 

(cub.) and 0 2 P t F g (cub.) M o l e c u l a r Volumes ( i n A ). 

Compound Rhomb. Cubic 

NOPtF- 123.5* 129.2 6 2 

6 
0 2 P t F g 119.9 3 4 126.2 3 4 

D i f f e r e n c e 3.6 3.0 
* Present work 

+ o3 
The data show that NO i s approximately 3A 

+ 

l a r g e r i n i t s e f f e c t i v e s i z e than 0 2. In p a r t t h i s may be 

a t t r i b u t e d to a s h o r t e r i n t e r n u c l e a r s e p a r a t i o n i n 0 2 than i n 

NO + (the r e v e r s e of the gaseous i o n s i t u a t i o n ) but w i l l a l s o be 

a consequence of the g r e a t e r n u c l e a r charge i n the 0 2 s p e c i e s , 

although the l a t t e r e f f e c t would have been a p p r e c i a b l y o f f s e t by 
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the presence of an antibonding e l e c t r o n . To pursue the l a t t e r 

p o i n t i t i s worth n o t i n g t h a t the e f f e c t i v e volume of the 
o3 86 

f l u o r i n e molecules i n i t s ^-form i s 37.IA compared with 

t h a t of the oxygen molecule i n the isomorphous "]f-form which i s 
o3 ' 0 3 39.8A . The c o n t r a c t i o n of 2.7A i s a s s o c i a t e d with an i n c r e a s e 

i n n u c l e a r charge of two u n i t s and i n c r e a s e of two i n the number 

of a n t i b o nding e l e c t r o n s . I t i s p o s s i b l e then that the c o n t r a c ­

t i o n a s s o c i a t e d with u n i t change i n n u c l e a r charge and the number 
o3 

of a n t i b o n d i n g e l e c t r o n s would only be /~1.5A . 
r 

3.2.2. Xenon - Noble Metal H e x a f l u o r i d e s Adducts 
35 

In h i s i n i t i a l work on the xenon-platinum 

h e x a f l u o r i d e r e a c t i o n B a r t l e t t o b t a i n e d t e n s i m e t r i c data which 

i n d i c a t e d a combining r a t i o c l o s e to 1:1, and by analogy with 

the s a l t 0 2 [PtFg] ~ he formulated i t as X e + [ P t F g l ~ . 

F u r t h e r i n v e s t i g a t i o n of xenon-platinum h e x a f l u o ­

r i d e has shown, however that the r e a c t i o n i s more complex than 

was f i r s t supposed. A l a r g e number of t i t r a t i o n s have been 

c a r r i e d out and the r a t i o of the Xe to PtFg i n the s o l i d product 

i s seen to vary between 1:1 and 1:2. Indeed the v a r i a t i o n i n 

the nature of the product p a r a l l e l s the behaviour of n i t r i c 

oxide i n i t s r e a c t i o n with i r i d i u m h e x a f l u o r i d e (q.v) i n which 

v a r y i n g p r o p o r t i o n s of the adducts NOIrFg and (NO) IrFg have 

been det e c t e d . U n f o r t u n a t e l y , the absence of r e l i a b l e X-ray 

powder data has prevented the establishment of the e x i s t e n c e of 

two compounds i n the Xe + PtFg products, although the s t o i c h i o -

metry l i m i t s suggest XePtFg and Xe(PtFg)2 to be present i n 

v a r y i n g p r o p o r t i o n s . 
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The d e r i v a t i o n of h e x a f l u o r o p l a t i n a t e s (V) both 

from m a t e r i a l of composition XePtFg and from m a t e r i a l of com­

p o s i t i o n Xe(PtFg)2 has e s t a b l i s h e d the quinquevalence of the 

platinum i n the adducts: 
I F 5 

2XePtF 6 + 2RbIF 6 ° > 2RbPtFg + 2 I F 5 + Xe + XeF 2 ? 
IF 

2Xe[PtF63 2 + 4 C s I F 6
 5 > 4 C s P t F 6 + 4 I F 5 + Xe + XeF 4 ? 

The i o d i n e p e n t a f l u o r i d e s o l v e n t was shwpn to be i n c a p a b l e of 

o x i d i z i n g Pt(IV) to Pt(V) even i n the presence of xenon t e t r a -

f l u o r i d e . 

F u r t h e r support f o r the quinquevalence of the 

platinum i n the adducts i s gi v e n by the s i m i l a r i t y of the i n f r a r e d 

s p e c t r a with those of potassium and d i o x y g e n y l h e x a f l u o r o p l a t i n ­

ates (V). The data are compared i n Table XXX. The s p e c t r a of 

the adducts of v a r i o u s composition show no r e c o g n i z a b l e change. 

The strong a b s o r p t i o n at ~ 6 4 0 c m - 1 I s a t t r i b u t a b l e to the 

o c a t h e d r a l [PtFg^ *^ 3 fundamental mode. For PtFg, S>3 = 
1 1 3 f i 2— *\ _1 88 705 cin and f o r [PtFg] , "V3 = 583 Cm . 

TABLE XXX 

Comparison of the I n f r a r e d Data f o r X e [ P t F 6 ] x , 

KPtFg and OoPtFg 

X e [ P t F 6 ] 1 > 7 KPtFg 8 7 0 2 P t F 6 

IR (cm - 1) 625(vs);550(s) 649(vs);590(s) 631(vs);545(s) 

V i s i b l e & U.V(S) 3825 - - 3500 

Although the Xe[PtFg") x m a t e r i a l has the c o l o u r 

and p l a s t i c c o n s i s t e n c y of platinum p e n t a f l u o r i d e i t i s u n l i k e l y 

t h a t i t i s merely a mixture of xenon d i f l u o r i d e and platinum 
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p e n t a f l u o r i d e . M a t e r i a l of composition XePtFg c o u l d not be 

accounted f o r on t h i s b a s i s and although XeF 2, 2PtFs r e p r e s e n t s . 

X e ( P t F g ) 2 i t i s u n l i k e l y that the two f l u o r i d e s c o u l d m a i ntain 

t h e i r separate i d e n t i t i e s i n c l o s e mixture. Xenon d i f l u o r i d e 
89 

has been shown by Edwards, Holloway and Peacock to form 

d i s t i n c t compounds with antimony p e n t a f l u o r i d e and tantalum 

p e n t a f l u o r i d e . Furthermore, platinum p e n t a f l u o r i d e u s u a l l y 

g i v e s a d i s t n i c t i v e X-ray powder d i f f r a c t i o n p a t t e r n and t h i s 

p a t t e r n has at no time been observed i n photographs of X e ( P t F g ) x . 

A sample prepared i n a l a r g e s c a l e gas-gas 

r e a c t i o n of Xe and PtFg had the e m p i r i c a l formula X e ( P t F g ) 2 

based on a n a l y s i s . The magnetic moment of t h i s m a t e r i a l proved 

to be 4 B.M. at 298°K. T h i s i s best accounted f o r on the basis 
of the f o r m u l a t i o n Xe 2 +[_PtFg J 2 . I t i s necessary to p o s t u l a t e 

2+ 
t h a t the Xe io n s would have a high s p i n c o n f i g u r a t i o n . The 
moment c a l c u l a t e d from the combination of the s p i n only value 

2+ 
f o r Xe with a p - o r b i t a l c o n f i g u r a t i o n T l , t , T and the observed 
momei nt f o r [ P t F g l - , y i e l d s a value of 3.75 B.M. A mixture of 

90 
the diamagnetic X e F 2 and 2PtFg would have a moment of 2.70 B.M, 

58 
on b a s i s of the known moment of 1.9 B.M. f o r PtFg. Although 

F F F , F F F 
\ \y \ / \ \y 

the f l u o r i n e - b r i d g e s t r u c t u r e Pt Xe Pt i s 
/ 1 \ / \ F F F F F F 

a t t r a c t i v e , i t i s l e s s l i k e l y t h a t xenon i n such a bonding 

s i t u a t i o n would be paramagnetic. The near degeneracy of the 

p - o r b i t a l s , r e q u i r e d f o r paramagnetism of the Xe(II) would be 

most l i k e l y with a c a t i o n i c xenon i n a near o c t a h e d r a l or 
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tetrahedral ligand environment. 

Combustion of a platinum wire i n a xenon-fluorine 
91 

atmosphere had been reported to res u l t i n XePtFg. Subsequently 

the product was given the formulation Xe(PtFg) 2. With these 

products however, there was no i n d i c a t i o n of the valence of the 

platinum. The product could be the diamagnetic XePt^F-^o 

material observed i n t h i s work. 

Compounds of consitution XeF2,2MF5(M=Sb and Ta)have 

been r e p o r t e d 8 9 which have been prepared by the reaction of 

XeF^ or XeF 2 with corresponding pentafluorides. A bridged 

structure with xenon j o i n i n g two hexafluoroantimonate octahedrons 

has been suggested for the antimony compound i . e . FgSbFXeFSibFg . 
89 

It has also been suggested that Xe(PtFg) 2 might be of similar 

constitution. However, the weak X-ray powder patterns a t t r i ­

butable to Xe(PtFg) 2 are not si m i l a r to that of XeF 2,2SbF 5. 

The photograph of the l a t t e r was kindly made available by 

Professor R. D. Peacock. 

The formulation Xe + [PtFg") ~ requires the minimum 

electron a f f i n i t y of PtFg to be 160 kcal/mole and the formulation 
2+r — 1 

Xe (PtFg ~J2 requires t h i s value to be 172 kcal/mole (Appendix 

IV) . 

It i s clear that the constitution of the Xe(PtFg) x 

adducts w i l l only be s e t t l e d when single c r y s t a l s of the adducts 

have been obtained. Unfortunately, attempts to grow more 

c r y s t a l l i n e material by the slow formation of adduct by reaction 

of xenon and PtFg i n tungsten hexafluoride solution f a i l e d . 

The usual sticky material was obtained. It i s possible that 

more c r y s t a l l i n e material may be produced from an i o n i z i n g 
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s o l v e n t such as anhydrous hydrogen f l u o r i d e . 

M a t e r i a l of composition XePtFg was never 

o b t a i n e d i n s u f f i c i e n t q u a n t i t y f o r magnetic s u s c e p t i b i l i t y 

measurement. Since the platinum i s quinquevalent, however, 

the xenon i s r e q u i r e d to be monovalent. As such i t i s an 

e x c e p t i o n to the normal even numbered valence of xenon. 

The diamagentic b r i c k - r e d s o l i d of composition 
f 

X e P t 2 F i o , formed along w i t h xenon t e t r a f l u o r i d e i n the p y r o l y s i s 

of X e ( P t F g ) ^ g [and other adducts of d i f f e r e n t composition, 

Xe(PtFg) x3' c o n t a i n s q u a d r i v a l e n t platinum. T h i s i s i n d i c a t e d 

by the diamagnetism of the m a t e r i a l and i t s i n t e r a c t i o n w i t h 

cesium f l u o r i d e i n i o d i n e p e n t a f l u o r i d e . The X-ray powder 

photographs of the product of i n t e r a c t i o n of X e P t 2 F^Q m a t e r i a l 

with CsF i n I F 5 p o i n t out the presence of cesium hexa-

f l u o r o p l a t i n a t e ( I V ) , CSgPtFg. The powder photographs show 

the p e n t a p o s i t i v e s a l t , CsPtFg to be absent. Although the 

X-ray powder p a t t e r n of XePt2F-^Q i s complex, i t does not con­

t a i n l i n e s a t t r i b u t a b l e to platinum t e t r a f l u r o d e . Formulation 

of t h i s m a t e r i a l as the mixture P t F 4 + XePtFg i s t h e r e f o r e 

i n a d m i s s i b l e . 

As p o i n t e d out e a r l i e r rhodium and ruthenium hexa-
5 6" 

f l u o r i d e s are normally l e s s s t a b l e than platinum h e x a f l u o r i d e ' 

and hence are expected to have o x i d i z i n g powers g r e a t e r than 

t h a t of platinum h e x a f l u o r i d e . However, rhodium h e x a f l u o r i d e 

i s c l e a r l y not powerful enough as an o x i d i z e r to r e a c t with 

krypton. I t does r e a c t with xenon, however, and the departure 

from the 1:1 r e a c t i o n s t o i c h i o m e t r y i n t h i s case i s l e s s than 

f o r the platinum system. T h i s i s s u r p r i s i n g . In view of the 
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greater i n s t a b i l i t y and chemical r e a c t i v i t y of the rhodium 

hexafluoride the adduct Xe|jlhFg^J2 might also have been expected. 
94 

Ruthenium hexafluoride has been reported to combine non-

sto i c h i o m e t r i c a l l y with xenon i n ra t i o s greater than 2:1. It 

has been suggested that some reduction of ruthenium occurs i n 

th i s reaction. However, the reaction product has not been 

characterized. The 1:1 addition i n the case of Xe and RhFg 

may well have been favoured by the excess xenon and the use of 

small concentrations of the reactants. It may be that the 

1:2 adduct would r e s u l t from the inte r a c t i o n of higher p a r t i a l 

pressures of the reactants. The 1:1 adduct has not been 

characterized but Xe+{^RhFg^ i s a fea s i b l e formulation. 

Rhodium hexafluoride has been found to react 

with oxygen but the reaction product has not been s a t i s f a c t o r i l y 

characterized, largely because of the small quantity of material 

available and i t s high r e a c t i v i t y . 

3.2.3 The Reactions of N i t r i c Oxide with the Noble Metal  

Hexafluorides 

The increase in the oxidizing power of the 

t h i r d t r a n s i t i o n series hexafluorides with increase i n atomic 

number i s borne out by their behaviour towards n i t r i c oxide. 

The nature of the reactions of these hexafluorides with n i t r i c 

oxide i s summarized below: 

62 
WFg + NO -» No reaction* 

ReFg + NO —»NOReFg 
OsF. + NO -+NOOsFg +excess NO N o reaction* 

6 80° 
IrFg + NO -*N0IrFg + (NO) 2 IrFg excess NO ( N 0 ) 2 I r F g * 

80° 
PtFg + NO NOPtFg + (NO) 2PtF 6 excess NO ( N Q ) 

•Present work. 
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I t i s seen that i r i d i u m and platinum hexa-

f l u o r i d e s form mixtures of pentavalent and q u a d r i v a l e n t complexes 

at low temperatures whereas under the same c o n d i t i o n s WFg does 
95 

not r e a c t and the other h e x a f l u o r i d e s form pentavalent com­

pl e x e s . T h i s d i f f e r e n c e i n d i c a t e s t h a t IrFg and PtFg are the 

most p o w e r f u l l y o x i d i z i n g and that WFg i s the l e a s t o x i d i z i n g . 

Although t e n s i m e t r i c t i t r a t i o n s of NO with IrFg and PtFg do not 

g i v e pure 1:1 products i t was n e v e r t h e l e s s d e s i r a b l e to o b t a i n 

these NOMFg s a l t s pure. The isomorphism of the compounds pro­

v i d e s f o r comparison of anion volumes i n the s e r i e s Ta to Pt 

and the u n i t c e l l being c u b i c i n d i c a t e s 0 h or near 0 n symmetry 

of the QMFgJ i o n s , hence magnetic measurements on these com­

pounds were more l i k e l y to be i n t e r p r e t a b l e than f o r more com­

plex l i g a n d arrangements. Furthermore, the isomorphism of 

NOPtFg wi t h 0 2 P t F g and the diamagnetism of the N0 + c a t i o n pro­

mised a r e l i a b l e measure of the c o n t r i b u t i o n made by £PtF^TJ ~ 

to the 0 2QptFg]]~ s u s c e p t i b i l i t y . From such a study, of course, 

i t was hoped t h a t a r e l i a b l e assessment of the s u s c e p t i b i l i t y 
+ 

of the 0 2 i o n c o u l d be made. 

A promising a l t e r n a t i v e route f o r the prepara­

t i o n of the compounds NOMFg appeared to be c o n t r o l l e d r e a c t i o n 

i n l i q u i d tungsten h e x a f l u o r i d e . Tungsten h e x a f l u o r i d e proved 

to be a good s o l v e n t f o r these h e x a f l u o r i d e s and i s s u i t a b l e f o r 

c a r r y i n g out the r e a c t i o n with n i t r i c oxide because of i t s con­

v e n i e n t l i q u i d range (M.P. 2.3°, B.P. 17°) and i n e r t n e s s towards 

n i t r i c o x i d e . 9 5 Since n i t r i c oxide i s admitted slowly to the 

h e x a f l u o r i d e system i n t h i s procedure the h e x a f l u o r i d e i s gen­

e r a l l y i n excess of NO and s i n c e the s a l t p r e c i p i t a t e s from 

s o l u t i o n there i s l e s s o p p o r t u n i t y f o r the formation of (NO^MFg^ 
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than i n the gas-gas r e a c t i o n . T h i s technique proved to be a 

good one f o r the p r e p a r a t i o n of NOIrFg i n q u a n t i t y . In the case 

of platinum h e x a f l u o r i d e r e a c t i o n , however, a mixed NOPtFg, 

(NO) 2PtFg product was again obtained. 

I t was observed that the treatment of the mix­

t u r e of the 1:1 and 2:1 NO-products of IrFg and PtFg with excess 

NO tends to the composition of the adducts to 2:1. T h i s con­

v e r s i o n i s r a p i d i n the case of platinum but slow i n the case 

of i r i d i u m . The adduct NOOsFg does not consume NO even when the 

mixture i s heated. The treatment of NOReFg with excess NO has 

not been done, but i t i s c e r t a i n t h at (NO) 2ReFg would not be 

formed. Thus, the o x i d i z i n g power of the h e x a f l u o r i d e s of the 

t h i r d s e r i e s appears to be i n c r e a s i n g smoothly i n the sequence 

WFg < ReFg < OsFg < I r F g < PtFg . 

The formation of NOReFg, NOOsFg, NOIrFg and 

NOPtFg i n d i c a t e s a minimum value of the f i r s t e l e c t r o n a f f i n i t y 

of the h e x a f l u o r i d e s of approximately 89 kcal/mole s i n c e the 
3 6 

enthalpy of i o n i z a t i o n of NO i s 213 kcal/mole and the l a t t i c e 

energy f o r each of these s a l t s cannot be much more than 124 k c a l / 

mole (Appendix IV). Since NOWFg i s not formed, the f i r s t e l e c ­

t r o n a f f i n i t y of WFg i s u n l i k e l y to be much more exothermic than 

89 kcal/mole. The formation of (NO) 2PtFg and (NO) 2IrFg, the 

l a t t i c e e n e r g i e s of which can be taken as 372 kcal/mole, i n d i ­

c a t e s that the minimum value of the sum of the f i r s t and second 

e l e c t r o n a f f i n i t i e s , + E 2 of PtFg and IrFg i s 54 kcal/mole 

(Appendix IV). As (NO) 20sFg i s not formed i n these r e a c t i o n s 

the sum E-, + E 2 f o r osmium h e x a f l u o r i d e cannot be more exothermic 
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than 54 kcal/mole. By e x t r a p o l a t i o n i t can be s a i d t h at 

(NO)2 ReFg would not be formed by the NO+ReFg r e a c t i o n . 

Although the NOPtFg s a l t was not prepared pure 

i n q u a n t i t y i n t h i s work a rec e n t novel r e a c t i o n has been d i s -
6 2 

covered i n these l a b o r a t o r i e s which p r o v i d e s an e x c e l l e n t 

p r e p a r a t i o n of the compound i n q u a n t i t y and high p u r i t y . T h i s 

i n v o l v e s the r e a c t i o n of NOF with the h e x a f l u o r i d e : NOF + PtFg = 

NOPtFg + 1/2 F 2 . 

The powder p a t t e r n s of the 1:1 adducts c l o s e l y 

resemble those of KSbFg 9 6 and 0 2 P t F g . 3 4 The isomorphism of 

NOOsFg wit h 0 2PtFg had been p r e d i c t e d by B a r t l e t t and t h i s was 

of value i n su p p o r t i n g the i o n i c f o r m u l a t i o n of 0 2 P t F g . ^ 4 The 

powder p a t t e r n s of NOMFg (M = Ta, Re, Os, Ir and Pt) and 0 2PtFg 

are shown i n P l a t e I. The u n i t c e l l parameters and the mole­

c u l a r volumes are compared i n Table XXXI. 

TABLE XXXI 

Comparison of U n i t C e l l Parameters and Mo l e c u l a r Volumes 

of NOMFg s a l t s of the T h i r d T r a n s i t i o n S e r i e s 
62 

NOTaFg* NOReFg NOOsFg* NOIrFg* 
a, A 10.22 10.151 10.126 10.114 

Mo l e c u l a r 
©3 

Volume,A 133.4 130.7 129.8 129.3 

•present work. 

These compounds are undoubtedly s a l t s , NO+jj\IFg3 

A complete s t r u c t u r a l a n a l y s i s of an NOMFg s a l t has not yet 

been done. I t was c o n s i d e r e d u n l i k e l y t h a t an unambiguous 

s t r u c t u r e d e t e r m i n a t i o n would be p o s s i b l e w i t h the X-ray powder 

N O P t F g 6 2 0 2 P t F g 3 4 

10.112 10.032 

129.2 126.2 
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data since the l i g h t atom contributions to the l i n e i n t e n s i t i e s 

are small and the difference between nitrogen and oxygen i n 

scattering power i n these s a l t s i s i n s i g n i f i c a n t l y small. The 

p o s s i b i l i t y of discerning whether the l a t t i c e has an ordered 

N0 + or disordered N0 + arrangement and the internuclear distance 

i n N0 + must rest on a neutron d i f f r a c t i o n analysis. Such 

analyses have been undertaken with NOIrFg and NOPtFg samples 

by Dr. W. C. Hamilton at the Brookhaven National Laboratory. 

The magnetic moment of NOOsFg i s 3.36 B.M. at 

297 K which i s as expected for a t h i r d t r a n s i t i o n series d° 

system. Very simple theory predicts that a t 2 g 3 configuration 

in an octahedral ligand f i e l d w i l l possess a 4 A 2 ground state. 

Such a state would, i n a magnetically d i l u t e system, possess a 

magnetic moment equal to the spin-only moment of 3.88 B.M. The 

lower value observed here can be attributed following Figgis, 

Lewis arid Mabbs 9 7 i n th e i r i n t e r p r e t a t i o n of the [OsFg]- r e s u l t s , 

to the large spin-orbit coupling i n Os(V). The data for other 

[OsFg]~ s a l t s are compared with that for NOOsFg i n Table XXXII. 

TABLE XXXII 

Magnetic Data for Some d 3 C M F6^ Species. 

Compound ^eff> B.M. Reference 

KOsFg 3.34 97 

CsOsFg 3.23 97 

NOOsFg 3.36 present work 

NaOsFg 3.05 98 

AgOsFg 2.95 98 

IrFg 2,, 90 97 
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I r i d i u m has a d 4 c o n f i g u r a t i o n i n n i t r o s y l hexa-

f l u o r o i r i d a t e (V). T h i s compound has a magnetic moment of 1.23 

B.M. at 297°K. The magnetic s u s c e p t i b i l i t i e s of a number of 

complexes of the metals of the second and t h i r d t r a n s i t i o n 
4 

s e r i e s having d e l e c t r o n i c c o n f i g u r a t i o n s have been measured 
and the r e s u l t s have been d i s c u s s e d by Earnshaw, F i g g i s , Lewis a 

99 A 

Peacock. The d c o n f i g u r a t i o n s are of the low s p i n type 

( d t 2 g 4 ) a s a r e s u l t of the high l i g a n d f i e l d found commonly i n 

t h i r d t r a n s i t i o n s e r i e s compounds. 

The temperature-independence of the paramagnetism 

however, i s a consequence of high s p i n - o r b i t c o u p l i n g . The 

s p i n - o r b i t c o u p l i n g e v i d e n t l y l i f t s the d e g e n e r a c y " of the 

term (given by the R u s s e l l Saunders scheme as the lowest 

l y i n g term). For £lrFg3~ the s p i n - o r b i t c o u p l i n g i s so g r e a t 

t h a t only the lowest non-degenerate l e v e l of the system i s 

occupied a t a v a i l a b l e temperatures and the s u s c e p t i b i l i t y a r i s e s 

Only from the second order Zeeman e f f e c t between t h i s and higher 

l e v e l s , the s u s c e p t i b i l i t y being of the temperature-independent 

type with X M = 24Njb2/^ where N i s Avogadro's number, jo i s 

Bohr Magneton and £ i s f r e e - i o n v alue of s p i n - o r b i t c o u p l i n g . 
99 -y Earnshaw et a l . have c a l c u l a t e d the expected v a l u e of A - j r i n 

d 4 complexes, i n which I r i s approximately i n a c u b i c f i e l d of 

the l i g a n d s , to be n e a r l y independent of temperature and to 

have a value of 650 x 10 c.g.s. units/mole. The value found 

f o r NOIrFg i s about 650 x 10™ c.g.s. units/mole and t h i s i s 

n e a r l y independent of temperature. T h i s value i s also compar­

abl e to t h a t of platinum h e x a f l u o r i d e which i s a l s o a d 4 system. 

The s u s c e p t i b i l i t y of PtFg i s approximately 700 x 10~ 6 c.g.s. 
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units/mole and again the s u s c e p t i b i l i t y i s nearly independent 

of temperature. The value of the magnetic moments of NOIrFg 

i s compared with the values of some other related d 4 situations 

i n Table XXXIII. 

TABLE XXXIII 

Magnetic Data for Some d 4 [MFgl Species. 

Compound Heff> B-M« Reference 

KIrF 6 1.27 99 

CsIrFg 1.29 99 

NalrFg 1.23 98 

AgIrF g 1.24 98 

NOIrFg 1.23 present work 

PtFg 1.30 present work 

The stronger oxidizing properties of PtFg and 

IrFg caused some d i f f i c u l t y i n the synthesis of the 1:1 adducts 

but the preparation of pure 2:1 adducts was easier to e f f e c t . 

The 2:1 NO:MFg complexes, however, have not been as well 

characterized as the 1:1. 

The characterization of (NO) 2 PtFg i s not 

straightforward. The sample prepared from solid-gas reaction 

of PtFg and NO gives r i s e to cubic NOPtFg plus another phase. 

This mixture, on treatment with excess NO, consumes more NO 

and a f i n a l product with stoichiometry N0:PtFg :: 2:1 i s 

obtained. It was anticipated that (NO) 2 PtFg would be isomor­

phous with K 2PtFg but this has not proved to be so. X-ray 

powder photographs show t h i s phase to possess a hexagonal unit 

c e l l , a = 10.01%, c = 3.53 & and U = 306.3A. The reaction 
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product o b t a i n e d from NO and PtFg i n WFg a l s o proved to be a 

mixture of the 1:1 and 2:1 phases on the b a s i s of X-ray and 

magnetic evidence. Although the X-ray powder p a t t e r n of 

(N0>2 ptFg has been indexed on the b a s i s of a hexagonal u n i t 

c e l l , no s t r u c t u r a l d e t a i l s are a v a i l a b l e . The occurrence of 

sharp and d i f f u s e l i n e s i n the p a t t e r n i n d i c a t e s t hat there 

w i l l be some d i s o r d e r i n the l a t t i c e . S i m i l a r e f f e c t s have 
100 m i been noted i n U 0 2 F 2 and NaNdF 4, the d i f f u s e r e f l e c t i o n s 

being a s s o c i a t e d w i t h d i s o r d e r i n the planes g i v i n g r i s e to 

them. 
38 

The compound (NO^ I r F c , has been r e p o r t e d , 

that s i m i l a r s p e c i e s are not present i n the v a r i o u s r e a c t i o n 

products of NO and PtFg has been demonstrated i n two ways. 

F i r s t l y the i n f r a r e d spectrum of the r e s i d u a l gas f o l l o w i n g 

the r e a c t i o n of NO w i t h pure NOPtFg to g i v e the 2:1 adducts, 

shows NOF and other n i t r o g e n f l u o r i d e s to be absent. T h i s 

i n d i c a t e s t h a t the [PtFg] group remains i n t a c t ; i t c o u l d only 

l o s e f l u o r i n e by i n t e r a c t i o n w i t h the NO. Secondly treatment 

of the N 0 ( P t F g ) x product from WFg s o l u t i o n w i t h s a t u r a t e d 

aqueous potassium f l u o r i d e s o l u t i o n g i v e s ^ P t F g . T h i s again 

i n d i c a t e s t h a t the [PtFg]group i s present i n the products. 

The s a l t ( N O ^ I r F g has been r e p o r t e d by Robinson 
38 

and Westland. In the present case i t s i d e n t i f i c a t i o n depended 

on the s i m i l a r i t y of i t s X-ray powder photograph w i t h that 

c h a r a c t e r i z i n g (NO)2PtFg. 

Reference to Table XXXI shows t h a t the e f f e c t i v e 

m o l ecular volume of NOOsFg, NOIrFg and NOPtFg decreases i n t h a t 

o r d e r . As they are isomorphous and c o n t a i n the same c a t i o n , N0 +, 



151 

the decrease i n the volume may be supposed to be due to the 

decrease i n the volume of the h e x a f l u o r o - a n i o n s (V). A l a r g e 

number of other AMFg s a l t s of the second and t h i r d t r a n s i t i o n 
8 

s e r i e s are known. The e f f e c t i v e molecular volumes of a few 

AMFg s a l t s have been computed and the volume trends are com­

pared i n F i g u r e 18. Comparisons are made only f o r isomorphous 

s e r i e s of s a l t s c o n t a i n i n g the same c a t i o n s ; thus the e f f e c t i v e 

m olecular volumes of the h e x a f l u o r o - a n i o n s (V) are compared. 

I t i s seen i n g e n e r a l , that ( i ) the volume of the h e x a f l u o r o -

anion(V) decreases with i n c r e a s e i n atomic number of the 

c e n t r a l atom i n each s e r i e s , ( i i ) the decrease i n volume i s 

sharper i n second t r a n s i t i o n s e r i e s than i n the t h r i d , ( i i i ) 

the volumes of the second s e r i e s h e x a f l u o r o - a n i o n s are s m a l l e r 

than those of t h e i r sub-group r e l a t i v e s of the t h i r d s e r i e s . 

The same th r e e f e a t u r e s are seen i n the com­

p a r i s o n of the e f f e c t i v e m o lecular volumes of the h e x a f l u o r i d e s 
32 

(both orthorhombic and c u b i c forms) of the second and t h i r d 

t r a n s i t i o n s s e r i e s as shown i n F i g u r e 18. 

It has a l r e a d y been remarked that the thermal 

s t a b i l i t y of h e x a f l u o r i d e molecules decreases, i n each s e r i e s 
23 

with i n c r e a s e i n atomic number of the c e n t r a l atom, PtFg, ° 
25 op, 

RuFg and RhFg having been found to d i s s o c i a t e to f l u o r i n e 

and lower f l u o r i d e s r a t h e r r e a d i l y . There i s , t h e r e f o r e , a 

c o r r e l a t i o n of e f f e c t i v e molecular volume, o x i d i z i n g power 

and thermal s t a b i l i t y . The s m a l l e r the e f f e c t i v e volume of 

the MFg s p e c i e s the more p o w e r f u l l y o x i d i z i n g i t i s . Presum­

a b l y t h i s c o r r e l a t i o n o c c u r r s as a consequence of the s i z e 
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and electron a f f i n i t y of MFg being dependent upon the polari z i n g 

power of the central atom. In Table XXIV d-electron configura­

tions of hexafluoride molecules and hexafluoro-anions (V) are 

shown. 

TABLE XXIV 

d-Electron Configuration of Hexafluroides and Hexa-

fluoro-anions(V) of the Second and Third Transition 
Series. 

d 5 d° d 1 d 2 
d3 d 4 

MoFg TcFg RuFg RhFg 

WFg ReFg OsFg IrFg PtFg 

NbFg" MoFg- TcF 6" RuFg- RhFg 

TaFg" WFg- ReFg" OsFg" IrFg PtFg" 

In a l l of the hexafluorides except MoFg and WFg 

and i n a l l of the hexafluoro-anions(V) except ^NbFg] ~ and 

jJTaFg^J- non-bonding d-electrons are present which are located 

in the lower lying t 2 g o r b i t a l s . These electrons do not ef f e c ­

t i v e l y screen the ligands from the charge on the central atom, 

metal-ligand bond axes being i n the nodal planes of. the t 2 g 

o r b i t a l s . Consequently the e f f e c t i v e nuclear charge (Z-S) 

which i s a measure of the p o l a r i z i n g power of the central atom 

increases with increase i n atomic number (Z) as long as the 

non-bonding electrons are i n t 2 g o r b i t a l s . Both the decrease 

in volume and increase i n oxidizing power with increase i n Z 

i n each series, i s therefore accounted for. It must be supposed 

that i n PtFg, RhFg, and RuFg, where ready d i s s o c i a t i o n to 

f l u o r i n e and a lower f l u o r i d e occurs, that the p o l a r i z i n g power 

of the central atom i s so high that an electron i s read i l y with-
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drawn from the bonding region. 

It i s surprising i n view of the decrease i n 

hexafluoride e f f e c t i v e molecular volume i n the s o l i d phase 

that the M-F distances given from electron d i f f r a c t i o n studies 

are almost the same, the values being shown below . 

Compound WFg OsFg IrFg 

M-F distance, A 1.833 1.831 1.830 

An increase i n the p o l a r i z a t i o n of electrons i n 

the cT-bond region with increase i n Z of the central atom i s to 

be expected although at the same time Tt-bonding involving 

u n f i l l e d t 2 g o r b i t a l s of the central atom and f i l l e d o r b i t a l s 

of the f l u o r i n e ligands w i l l of course decrease. It must be 

supposed, i f the electron d i f f r a c t i o n findings prove to be 

correct that these two e f f e c t s roughly cancel, in t h e i r e f f e c t 

on bond length. The non-bonding sp electron pair of f l u o r i n e 

trans to the metal-fluorine bond w i l l be polarized more in the 

case of Pt (vi) say, than i n the case of W(VI)as shown in Figure 19. 

It i s presumably the changes i n size of these f l u o r i n e non-

bonding electron pairs which are responsible for the changes in 

e f f e c t i v e molecular volume of the hexafluorides., 

3.2.4 The Reaction of Sulphur Tetrafluoride with the Noble  

Metal Hexafluorides. 

The nature of the reactions of SF4 with OsFg, 

IrFg and PtFg indicates that the oxidizing (or fluorinating) 

power of the hexaf luorides decreases in. the order PtFg > IrFg> 

OsFg. 
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In the gas-gas reactions OsFg and IrFg do not 

react with SF 4, whereas PtFg does, to give a product the X-ray 

powder photograph of which bears some resemblance to that of 

( N 0 ) 2 P t F g . Osmium and iridium hexafluorides need contact of 

the s o l i d phase with excess of l i q u i d sulphur t e t r a f l u o r i d e 

before they react. 

The reaction products of excess l i q u i d sulphur 

t e t r a f l u o r i d e with s o l i d OsFg and IrFg are pentavalent com­

plexes S F 4 , 0 s F g and SF^,IrFg which were found to be isomorphous 
' 1 0 9 

with' S F 4,SbF 5. It was found q u a l i t a t i v e l y that the heats of 

reaction increase i n the order OsFg <C IrFg<CPtFg. Platinum 

hexafluoride reacts v i o l e n t l y with l i q u i d SF4 and the reaction 

product i s amorphous. The analysis (see Section 2.3.7) rules 

out the composition S F 4, P t F 5 > For pentavalent platinum 

(d t2g 5) the expected magnetic moment i s ̂ -*1.73 B.M.fi2 but thi s 

reaction product has a magnetic moment of 1.00 B.M. on the basis 

of a molecular weight of 398 (SF 4,PtFg). This low value of 

the magnetic moment could ari s e from the presence of Pt(IV) i n 

the reaction product, i n addition to Pt(V). That the Pt(IV) 

compound present i n t h i s mixture cannot be ( S F 4 ) 2 P t F 4 i s ruled 

out on the basis of analysis. The low percentage of f l u o r i n e 

and sulphur (Section 2.3.7) and the low value of the magnetic 

moment can be explained i f the product i s assumed to be a 

mixture of SF 4,PtFg and P t F 4 . 

The room temperature magnetic moments of S F 4 , 0 s F g 

and SF 4,IrFg are those expected for 0s(V) and Ir(V) compounds 

respectively as may be seen by reference to Tables XXXII and 

XXXIII. 
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The X-ray powder photographs of these complexes 

indicate cubic symmetry with the platinum metal atoms lying i n 

a simple cubic l a t t i c e with a^5.58$. (this indicates a volume 
0 3 

of 173.8A for the formula S F 4, MFg which i s the volume expected 
103 

on the basis of Zachariasen's method ). Allowing each F 

ligand a volume of 18 to the volume of SF4,MFg should be 

between 162 and 171$. A preliminary X-ray study of the i s o -

morphous S F 4 , S b F $ complex has been interpreted i n terms of 

anionic l a t t i c e composed of [SF 3~] + and [SbF 6] ~ i o n s , 1 0 2 ' 1 0 4 

t h i s being the most sa t i s f a c t o r y model to account for the cubic 

symmetry. 
3 8 76 

Hepworth, Robinson and Westland ' had pre­

pared the complex SF 4,IrFg by the reaction of s o l i d IrFg with 

l i q u i d SF4 and had observed that t h i s complex hydrolysed com­

pl e t e l y to a c o l l o i d a l iridium dioxide, sulphurous and hydro­

f l u o r i c acids; there was no evidence of [irFgJ 2 ~ i n solution. 

The analogous selenium complexes SeF4,OsFg and S e F 4,IrFg they 

formulated as [SeF 3] + [OsFg] ~ and [SeF3~] + [lrFgJ - i n that these 

compounds produced the [.MFg] 2 ~ ions on hydrolysis. Furthermore, 

they argued that S e F 3
+ was a f e a s i b l e ion on the grounds that 

the conductivity of l i q u i d SeF^ was consistent with autoioni-

zation: 2 SeF 4 ^ [ j 5 e F 3 ] + + [_SeF5]". In view of the difference 

in behaviour of sulphur and selenium complexes towards hydro-
76,105 

l y s i s i t has been postulated that selenium complexes 

are ion i c and the sulphur complexes may be coordination compounds, 

F^S—* M F 5 . B a r t l e t t has pointed out, , however, that the d i f ­

ference i n the hydrolytic behaviour in the two cases may well 

be a t t r i b u t a b l e to the reducing nature of sulphurous acid. The 
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X-ray evidence o b t a i n e d i n t h i s work supports t h i s p o i n t and 

i n d i c a t e s the i o n i c f o r m u l a t i o n of the SF^jMFg complexes. 

P l a t e II shows the X-ray powder photographs of NOOsFg, S F 3 O S F 6 

and S F 3 I r F 6 . 

It i s of i n t e r e s t to assess the S F 3 + c a t i o n 

volume. The anions being common, the d i f f e r e n c e i n the molecular 

volumes of the isomorphous S F g + and N0 + s a l t s can be taken to 

a r i s e due to the d i f f e r e n c e i n the e f f e c t i v e volumes of S F 3 + 

and N0 +. The e f f e c t i v e molecular volumes of some S F 3
+ and N0 + 

s a l t s are compared i n Table XXXV. 

TABLE XXXV 
03 

Comparison of M o l e c u l a r Volumes ( i n A ) of 

Some S F 3
+ and N0 + S a l t s . 

Mol. Mol. M o l . 
Volume Volume s . Volume 

S F 3
+ [ S b F 6 ] ~ 178.0 S F 3

+ ^ O s F 6 ] " 173.8 S F 3 + [ l r F 6 ] ~ 173.8 

NO +^SbF^ " 132.4 NO +[OsFg] ~ 129.8 N O + [ l r F 6 ] " 129.3 

D i f f e r e n c e 45.6 44.0 44.5 

From the above t a b l e i t i s seen t h a t the SFg+ 

c a t i o n i s about 45A*3 l a r g e r than the NO + c a t i o n . If the N0 + 

i s taken to have a volume of ~ 2 0 $ 3 , as i s i n d i c a t e d by i t s 

s i m i l a r i t y to K + 1 0 3 then the volume of S F 3
+ w i l l be~65%?. 

3.2.5 Other O x i d i z i n g Reactions of the Noble Metal H e x a f l u o r i d e s 

( i ) Krypton and carbon monoxide 

The r e a c t i o n s of krypton and carbon monoxide, 
36 

which have higher i o n i z a t i o n p o t e n t i a l s than oxygen or xenon, 

with platinum h e x a f l u o r i d e were examined i n order to assess the 
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upper l i m i t of the o x i d i z i n g power of PtFg. Assuming both K r + 

+ 4-

and CO to be a k i n i n volume to 0 2 the o x i d a t i o n of Kr and CO 

to g i v e K r + [ P t F g ] ~ and C0 +[PtFg] ~ would r e q u i r e that the 

e l e c t r o n a f f i n i t y of platinum h e x a f l u o r i d e should exceed 198 

kcal/mole (Appendix IV). Krypton d i d not combine with platinum 

h e x a f l u o r i d e but carbon monoxide r e a c t e d v i o l e n t l y . Carbonyl 

f l u o r i d e , COF 2 and a mixture of platinum metal and platinum 

t e t r a f l u r o d e were produced. I t i s not necessary to p o s t u l a t e 

CO +£ptFg']~ or r e l a t e d s p e c i e s here, s i n c e an adequate e x p l a n a t i o n 

can be found i n terms of o x i d a t i v e f l u o r i n a t i o n by the PtFg. 
The f o r m a t i o n of two C-F bonds i n COF 2 w i l l l i b e r a t e c o n s i d e r ­

ing 
a b l e energy (the average C-F bond energy i s ~105 kcal/mole) 
and s i n c e the d i s s o c i a t i o n of PtFg to lower f l u o r i d e s and 

23 
f l u o r i n e o ccurs r e a d i l y , the e x o t h e r m i c i t y of the r e a c t i o n 

I 

with CO i s e a s i l y understood. Moreover, i f an i n t e r m e d i a t e i s 

formed i n the case of CO, i t should a l s o form i n the case of 

krypton as both r e q u i r e the PtFg to have approximately the 

same o x i d i z i n g power. Presumably K r F 2 and P t F 4 do not form 

because of the low Kr-F bond energy. The experimental evidence 

i n d i c a t e s t h a t krypton d i f l u o r i d e d i s s o c i a t e s s l o w l y to the 
108 

elements, even at o r d i n a r y temperatures, t h e r e f o r e the average 
109 

bond energy cannot g r e a t l y exceed 18.4 kcal/mole, which i s 
1,2 

the enthalpy of formation of atomic f l u o r i n e . The f a c t that 

xenon and oxygen are o x i d i z e d , whereas krypton i s not, i n d i c a t e s 

t h a t the e l e c t r o n a f f i n i t y of platinum h e x a f l u o r i d e i s u n l i k e l y 

to be g r e a t e r than 198 kcal/mole. I t i s probably much l e s s , 

( i i ) N i t r o g e n t r i f l u o r i d e . 

The absence of any i n t e r a c t i o n between n i t r o g e n 
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t r i f l u o r i d e and platinum hexafluoride i s h o t surprising. The 

i o n i z a t i o n potential of NF3 i s 13.2 e.v. 1 1^ and the NF3 + cation 

being large, the l a t t i c e energy for a s a l t NF3 +[PtFgl ~ would 

be smaller than i n the cases of 0 2
+ [ P t F g ] ~ and Xe+[PtFgl~. It 

i s s i g n i f i c a n t that despite the strong oxidizing and f l u o r i n a t -

ing properties of PtFg there was no i n d i c a t i o n of the formation 

of NF 4 or NF &. 

( i i i ) Hexafluprbbenzene 

It seemed worthwhile to attempt the oxidation 

by i o n i z a t i o n of hexafluorobenzene i n view of the remarkable 

ele.ctron a f f i n i t y of platinum hexafluoride and low i o n i z a t i o n 
111! 

pote n t i a l of CgFg (9.9 e.v.). However, even at the outset 

i t was recognized that a prime d i f f i c u l t y i n e f f e c t i n g the 

reaction PtFg + CgFg -^CgFgj + j^PtFgjJ~ would be the competition 

from the highly favourable alternative reactions: 

3PtFg + CgFg -> 3PtF 4 + C 6 F 1 2 

9PtFg + CgFg 9PtF 4 + 6CF4. 

Unfortunately the reactions such as the l a t t e r predominated and 

there was no i n d i c a t i o n that the i o n i z a t i o n reaction could 

occur. 

(iv) Chlorine 

The chlorine molecule has an i o n i z a t i o n potential 

of 11.3 e.v. and for the formation of £Cl23 + L P t F 6 l ~ t n e minimum 

value of the electron a f f i n i t y of PtFg i s therefore required to 

be at least 118 kcal.mole (Appendix IV). Apart from possible 

side reactions the formation of t h i s compound appears to be 

favourable since for the 0 2 case as we have seen the minimum 
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electron a f f i n i t y of PtFg i s required to be greater than 156 

kcal/mole. The reaction product of C l 2 and PtFg was amorphous 

but no evidence of free CIF^ or C I F 5 was obtained i n the infrared 

monitoring of the reaction. Absence of any free fluorinated 

species of chlorine indicates that chlorine i s bound i n the 

s o l i d product. The various reactions which can be supposed to 

occur are given below along with the expected stoichiometry of 

the reactions. 

Stoichiometry 
+ r - 1 - C 1 2 : P t F 6 C l 2 + PtFg ->ClJ(PtF6j (i) 1:1 

C l 2 + 2PtFg -^CIF + 2PtF 5 

2C1F + 2PtF 5 ->2ClF,PtF 5 ( i i ) 1:2 

C l 2 + 6PtF6 -> 2C1F 3 + 6PtF 5 

2C1F 3 + 2PtF 5 - * 2 C l F 3 , P t F 5 ( i i i ) 1:6 

The observed stoichiometry of the reaction was 

approximately 1:2.5 hence a l l three reactions could occur. 

Reaction ( i i i ) i s c l e a r l y not predominant. The s o l i d product 

could not be characterized by X-ray powder photographs as i t 

was amorphous. Incidentally ClFgjPtFg normally y i e l d s sharp 
8 7 

l i n e X-ray powder photographs. Obviously t h i s reaction needs 

further investigation. 

Though iridium hexafluoride f a i l s to oxidize 

oxygen (observed i n the present work) or xenon 9 4 i t does 

react with n i t r i c oxide not only to produce NO +^IrFgJ~ which 

requires a minimum electron a f f i n i t y of 89 kcal/mole but oxidizes 

more n i t r i c oxide to y i e l d (NO) 2IrF f i as well. This indicated 

that IrFg was perhaps capable of oxidizing chlorine. As i n the 
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case for Clr^PtFg]"" the minimum value of E^ of IrFg i s required 

to be 118 kcal/mole. No free C1F or CIF3 was formed during the 

observed reaction of chlorine with iridium hexafluoride. In 

two reactions the CI2". I r F g stoichiometries were 1:1 and 1:1.4. 

The very pale yellow s o l i d formed i n i t i a l l y became a deeper 

yellow l i q u i d i n a few minutes. This l i q u i d on keeping in an 

evacuated glass container for a period of a few weeks produced 

a yellow s o l i d which was i d e n t i f i e d by X-ray powder photography 
57 

to be iridium pentaf luoride. This l a s t observation is... i n 
q Q 

accord with the findings of Robinson and Westland who r e p o r t e d 0 0 

that chlorine reacted with iridium hexafluoride at 55-60° to 

y i e l d an o i l which gives " i r F 4 " as a sublimate at 120-140°. 

The "IrF4" of Robinson and Westland has been recently i d e n t i f i e d 
57 

i n these laboratories as.IrFs. The sequence of changes 

observed i n t h i s work suggests that the f i r s t product may be 

C l 2 [ l r F g 3 ~ , which decomposes perhaps to a CIF3, IrFs; IrF^ mixture 

6C1 2
 + [lrFg]~ -»2ClF 3,IrF 5 + 5 I r F 5 + 5C1 2, 

The ClF3,IrFg adduct could have decomposed by i n t e r a c t i o n with 

the glass container: 4 C l F 3 , I r F 5 + 3 S i 0 2 -*4IrF 5 + 3 S 1 F 4 + 

302 + 2C1 2. 

It w i l l be necessary i n further investigations 

of these i n t e r e s t i n g systems to work at lower temperatures and 

in non-silaceous containers, i n order to preserve the i n i t i a l 

products of reaction. 



A P P E N D I X 'I 

P R O G R A M N U M B E R 1 • " •. / 

, _ ^ ̂  ^ ^ ^ 5 c E p T i B T L"f 7 y V S T T E MP S T R A I G H T L I N E A P P R O x T M A T I ON 

S J O B \ '  
S I 8 F T C A A E M 

C F O R T R A N F O U R C O N V E R S I O N O F S T R A I G H T L I N E A P P R O X I M A T I O N 

c E S T I M A T I O N O F P A R A M E T E R S F O R A S T R A I G H T - L I N E A P P R O X I M A T I O N S 3 - 6 1 
r 
v_ L E T N = N U M B E R O F O B S E R V A T I O N S S 3 - 6 3 
c L E T X = I N D E P E N D E N T V A R I A B L E S 3 - 6 4 
c L E T Y = D E P E N D E N T V A R I A B L E S 3 - 6 5 

c T H I S P R O G R A M F I T S L I N E TO 1 / M A G S V S T E M P 

c L E T Y ( J ) B E M A G S NOT 1 / M A G S 

c L E T X ( - J ) B E T E M P 
1 4 S X = 0 . S 3 - 6 6 

S Y = 0 . S 3 - 6 7 

S X X = o. S 3 - 6 8 
S X Y = 0 . S 3 - 6 Q 
S Y Y = 0 . S 3 - 6 1 0 

J = 0 
R E AD ( 5 i 1) N » A X > A Y 

1 F O R M A T ( 1 6 » 2 X , A 4 , 2 X > A 4 ) S 3 - 6 12 
D I M E N S I O N X ( 1 0 0 ) >Y( 1 0 0 ) 
DO 2 I = 1 » N S 3 - 6 1 3 
J - ^ J + 1 

R E A D ( 5 , 3 ) X ( J ) , Y ( J ) 
-> F O R M A T ( F 7 . 0 . F 7 . 0 ) 

Y ( J ) = 1 . / Y ( J ) 

S X = S X + X ( J ) 
S Y = S Y + Y ( J ) 



APPENDIX I CONTINUED 

SXX=S'XX + X ( J )*X( J ) 
S X Y = S X Y + X ( J ) * Y ( J ) 

2 

20 

S Y Y = S Y Y + Y ( J ) * Y ( J ) 
READt5,20)TEST 
FORMAT(A3) S3-6 22 

11 

CALL SETHOL(CHECK,3HEND) / 
I F ( T E S T - C H E C K ) 1 1 , 1 2 , 1 1 
W R I T E ( 6 »1 3 ) 

13 FORMAT(5IH WRONG NUMBER OF DATA CARDS OR LAST DATA 
1 32HFOLLOWED BY AN END-OF-DATA CARD ) 
STOP 

CARD NOT , 

S3-6 27 
12 FN = N • 

DN = l . / F N 
AVX = -SX*DN 

S3-6 
S3-6 
S3-6 

28 
29 
30 

AVY = SY-DN 
CALL SKIP TO (1) 
WRITE ( 6 » 4)AX,AVX,AY,AVY 

S3-6 31 

4 FORMAT(16H MEAN VALUE OF AA,3H = E13.6/15X,AA,3H = E 
DNN = 1./ ( FN - 1 . ) 
S = SXX - SX*AVX 

13.6 ) 
S3-6 
S3-6 

35 
36 

COVX = S «DNN 
COVY = (SYY - SY---AVY) *DNN 

• COVXY = (SXY - SX*AVY)*DNN 

S3-6 
S3-6 
S3-6 

37 
33 
39 

STDX=SQRT(COVX) 
STDY=SGRT(COVY) 
WRITE( 6 » 5)AX,STDX,AY,STDY . ' T 5 FORMAT(//23H STANDARD DEVIATION OF AA,3H = E13,6/22X» 

1 ) 
CORR = COVXY/(STDX*STDY) 

AA > 3H = E13 .6 
Sr 

12 

FORMAT(//23H STANDARD DEVIATION OF AA,3H = E13,6/22X» 
1 ) 
CORR = COVXY/(STDX*STDY) S3-6 A A 

J i 
10 • 
9 

WRITE(6»6)AX,AY,CORR r—1 

cn 
8 
7 
fi 
5 
4 
3 

1 
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6 F O R M A T ( / / 2 1 H C O R R E L A T I O N B E T W E E N A 4 » 4 H A N D A A » 3 H = F 1 0 . 8 ) 
A = C O V X Y / C O V X S 3 - 6 4 7 
W R I T E ( 6 > 7 ) A , . . . 

7 FORMAK//32H S L O P E O F R E G R E S S I O N L I N E = E 1 3 . 6 ) 
B = AVY - A * A V X [ . ' S 3 - 6 5 0 
W R I T E ( 6 » 8 ) 6 

8 F O R M A T ( 3 2 H I N T E R C E P T O F R E G R E S S I O N L I N E = E 1 3 . 6 ) 
R = S Q R T ( ( F N - 1 . ) * ( C O V Y - A * A » C O V X ) / ( F N - 2 . ) ) • - 
W R I T E ( 6 , 9 ) R . 

9 F O R M A T ( 3 2H S T A N D A R D E R R O R O F E S T I M A T E = E13.6) 
S I = R * S Q R T ( D N + A V X * A V X / S ). . • ' • . - 
S S = R^-SORT ( 1. /S ) 
W R I T E ( 6 , 1 0 ! S S > S I 

1 0 F O R M A T ( 3 I H C O N F I D E N C E I N T E R V A L P A R A M E T E R S / 2 I X J Q H S L O P E = E l 3 . 6 / 
1 2 1 X 1 0 H I N T E R C E P T E 1 3 . 6 ) . 
W R I T E ( 6 » 2 2 ) 

2 2 F ORMAT ( / / / / 1 1 5 H T E M P S U S C . ( O B S ) S U S C ( C A L C )  
: I D E V I AT I ON ( C G S # 1 0 E - 6 ) 1 / T E M P 1 / S U S C ( 0 B S ) ( 1 / C G S ) ) 

N = FN 
J = 0 :  

D 0 4 2 1 =1-,N ' . 
J = J + 1 
Y C A L C = A * X ( J ) +B ; ' 
SCA.LC=1 O O O O O O . / Y C A L C 
S O B S V = 1 0 0 0 0 0 0 . / Y ( J ! 
S D E V I = S - 0 B S V - 5 C A L C .  
T I N V = l " . / X ( J ) , 
W R I T E ( 6 » 3 3 ) X ( ' J ) » S O B S V » S C A L C » S D E V I » T I N V J Y ( J ) ' 

3 3 F O R M A T ( F 1 Q . 2 >8H > F 1 0 . 2 ,9H > F 1 0 . 2 > 9 H , F 1 0 . 2 » 
1 1 6 H »F10.5»2H »F10.2") 
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4 2 C O N T I N U E 
W R I T E ( 6 >44) 

4 4 F O R M A T ( / / / / 2 3 H T E M P 
T E M P = 6 0 . 
D 0 5 2 I = 1 » 1 2 

S U S C ( C A L C ) / / ) 

TEMP=TEMP+20. 
Y C A L C = A * T E M P + 8 
S C A L C = 1 0 0 0 0 0 0 . / Y C A L C 

5 5 
5 2 

W R I T E ( 6 » 5 5 ) T E M P , S C A L C 
F O R M A T ( F 1 0 . 2 , 8 H 
C O N T I N U E 

» F 1 0 . 2 ) 

GO T O 1 4 
• E N D 

S E N T R Y 

S 3 - 6 
S 3 - 6 

6 1 
6 2 
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P ROGRAM NUMBER 2 

C A L C U L A T I O N O F 0 > D . 1 / D * D » N F R N FROM ARC M E A S U R E M E N T S 

S J O B ' 
$ I B F T C 
4 4 

I N D E X X 
B N = 0 . / 
C N = 0 . . • ' 

C 

S C P = 0 . 
S B P - O . 
C A L C OF B E A M S T O P C E N T R E B P A = A V ( X 1 + X 2 / 2 ) 

C 
1 
3 0 

D A T A C ARD W I T H X 1 = X 2 = 0 S I G N A L S E N D O F D A T A 
R E A D ( 5 » 3 0 ) X 1 » X 2 ' 
F O R M A T ( 2 F 1 0 . 3 ) 
8 P = ( X 1 + X 2 ) / 2 . 
S B P = S B P + 6 P 
I F ( B P . E O . 0 . ) G O TO 3 

3 

B N = B N + 1 . 
GO TO 1 . 
B P A = S B P / B N . . 

C 
C 
4 

C A L C OF C O L L I M A T O R C E N T R E C P A = A V ( X 1 + X 2 ) / 2 
D A T A CARD W I T H X 1 = X 2 = 0 . S I G N A L S E N D O F D A T A 
R E A D ( 5 » 3 0 ) X 1 > X2 
C P = ( X 1 + X 2 ) / 2 . 
S C P = S C P + C P 
I F ( C P . E O . O . ) G O TO 5 

5 

C N = C N + 1 . 
GO TO 4 

C P A = S C P / C N 
W R I T E ( 6 . 7 5 ) 



APPENDIX II CONTINUED 

75 FORMAT(IX,10H .XI ,20H 2THETA »20H D 
1HKL ,20H' 1/D»D >3QH NRFN // 
2/ ) 

C FACTOR TO CONVERT ARC TO ANGLE 
ANGLE=3.1414/(CPA-BPA)  
IF(ANGLE.LT.O.)GO TO 7 . 
GO TO 13 .' 

7 ANGLE = -AMGLE ' ' _____ 
C CALC OF 2THETA»DCORR»l/D*D 
C IF X FOR ALPHA 1 ADD 100 TO X VALUE 
C IF X FOR ALPHA2 » ADD 200 TO X VALUE  
C X1=0 SIGNALS END OF DATA + NO OTHER SET 
C Xl=999 SIGNALS END OF DATA + ANOTHER SET FOLLOWING . 
1 3 READ (.5 » 2 ) XI : \ • 
2 FORMAT(F10.3) 

, IF(XI.EQ.O.)GO TO 17 
I F ( X 1 . E Q . 9 9 9 . )GO TO 70 ; .  
I F ( X I . G T . 2 0 0 . ) G O TO 14 . . . 
I F ( X I . G T . 1 0 0 . ) G O TO 15 
AMBDA=0.7 7Q9  
GO TO 16 • • • 

14 X l = X l - 2 0 0 . 
AM8DA = 0. 7 7217  
GO TO 16 

15 X1=X1-100. 
AMBDA=0.77025 ' 
GO TO 16 

16 X2=X1-BPA -
T H E T A 2 = X 2 A MG L E  
IF(THETA2.LT.0.)GO TO 20 . 
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2 0 
G O TO 21 
T H E T A 2 = - T H E T A 2 

2 1 T H E T A = T H E T A 2 / 2 . 
C T H E T A = C O S ( T H E T A ) . 
S T H E T A = S I N ( T H E T A ) ' 
X T H E T A = 1 » / S T H E T A , 
DHKL = AMB'DA*XTHETA . •' 
D I NSQ= 1 . / ( D H K L * D H K L ) 
X N R F N = 0 . 5 * ( ( C T H E T A * C T M E T A / S T H E T A ) + ( C T H E T A * C T H E T A / T H E T A ) ) 
T H E T A 2 - 3 6 0 . / 6 . 2 8 2 8 * T H E T A 2 
W R I T E ( 6 , 1 8 ) X 1 » T H E T A 2 , D H K L , D I N S Q » X N R F N 

1 8 
1 

F O RMAT ( I X ,F 1 0 . 3 , 1 0 H » F 1 - 0 . 3 » 1 0 H , F 1 0 . 5 » 1 0 H 
, F I O . 6 2 OH , F 1 0 . 3 / ) ...... 

GO TO 13 " " . 
7 0 

1 7 

C A L L S K I P TO (.1) 
GO TO AA , 
S T O P 

S E N T R Y 
E N D 
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PROGRAM NUMBER 3 

C A L C U L A T I O N OF 1/D*D FOR ASSUMED SET OF U N I T C E L L P A R A M E T E R S 

S J O B 
' ST I ME 15 . . . ' 

S I B F T C DATAPR 
C DATA P R E P A R A T I O N FOR C R Y S T A L STRUCTURE A N A L Y S I S 
C c 
9 3 8 

X-RAY A N A L Y S I S GROUP CHEMISTRY DEPARTMENT U N I V E R S I T Y OF 
B R I T I S H COLUMBIA 
READ 9 8 9 , I P R l , I 0 U T 1 . - '.' 

9 8 9 FORMAT ( 1 2 , 1 2 ) 
REWIND I OUT 1 
GO TO ( 9 0 , 9 9 ) , I P R l 

9 0 
80 

READ 8 0 , W A V E , A l , A 2 , A 3 , C S A 1 , C S A 2 , C S A 3 , S N A 2 , P H I 0»FL1M 
F O R M A T ( F 5 . A , 4 X , F 6 . 6 , F 6 . 6 , F 6 . 6 , 2 X , F 7 . 5 , F 7 . 5 , F 7 . 5 , F 7 . 5 » 2 X , F 7 . 3 , F 3 . 2 ) 
R1=WAVE*A1*SNA2 
R 2 = W ' A V E * A 2 * ( C S A 3 - C S A 1 * C S A 2 ) / SNA2. 
R3 = W A V E * A 2 * S Q R T ( 1. - C S A l * - * 2 - C S A 2 * * 2 - C S A 3 * * 2 + 2 • * C S A 1 * C S A 2 * C S A 3 ) 

1 /SNA2 
RH> = W A V E * A 1 * C S A 2 ' 
R5 = W A V E * A 2 * C S A 1 • 
R6=WAVE*A3 

8 1 

F O V L S = 4.0/(WAVE#*2) 
READ 8 1 , L S T R T » L N E G1 » L N E G 2 » L , M » N , !< I N » J I N , I I , J J » K K 
FORMAT ( 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 1 2 , 7 X , 1 2 , 1 2 , 6 X , 1 1 , 1 1 , 1 1 ) 

69 
70 

J S I G N = 1 
K S I G N = 1 
DO 1 I P--LSTRT ,50 , L -
F I = I P - l 
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7 1 DO 2 JP=1> 50,M 
IF ( J S I G N ) 5 2 , 5 3- , 5 3  

72 DO 3 KP=l"»50,N 
IF (KSIGN) 56,59,59 

73 X1=R1*FKD+ R 2 - F J + 0.0000001  
X2=R3*FJ 
X'3 = R4*FKD + R 5 * F J + R6*FI 
DIMENSION L F I (3 )  
S I N S Q = 0 . 2 5 * ( X l * * 2 + X2**2 + X3**2) 
OOVDS = FOVLS * SINSQ 
IF ( SI NSQ-FL1M) 8,9,9'  

9 IF (FKD) 2,10,2 
10 IF ( F J ) 1,20,1 
8 - TW0TH=114.59156*ATAN(SQRT ( S I N S Q / ( 1 . - S I N S Q ) ) ) 

CHI = 57.29578*ATAN(X3/SQRT ( X l * * 2 + X2**2>) 
PHI = 57. 29578*ATAN(X2/X1 ) '+PHI0 
IF ( X I ) 30 0 1 , 3 1  

30 PHI=PHI + 180. 
GO TO 35 

31 IF (X2) 32,35,35  
32 PHI=PHI + 360. 
3 5 L F I ( i ) = F K D 

L F I ( 2 ) = F J  
L F I ( 3 ) = F I 
IF ( P H I - 3 6 0 . ) 3,37,37 

37 PHI=PHI-360 . ; 
3 PUNCH 2011 LFI ( I I ) ,LFI ( J J ) ,LFI (KK),OOVDS 
2011 FORMAT ( 10X , 3 I 3,27X,F8.3) 
_2 COMT I MUE •  
1 CONTINUE 
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2 0 

2 2 

I F ( K ' S I G N ) 2 1 , 2 2 , 2 2 

K S I G N = K I N 

9 1 

I F ( K S I G N ) 9 1 , 2 1 , 2 1 

L S T R T = L N E G 1 

GO. T O 7 0 

2 1 

2 A 

I F ( J S I G N ) 2 3 , 2 4 , 2 4 , 

J S I G N = J I M 

I F ( J S I G N ) 9 2 , 2 5 , 2 5 

9 2 

2 3 

L S T R T = L N E G 2 

G O T O 7 0 

I F ( K S I G N ) 6 9 , 2 5 , 2 5 
-

. • -

2 5 

2 6 

P R I N T 2 6 

F O R M A T ( I X , 1 4 H S T A R T I N G S O R T ) 

G O T O - 1 0 0 

.52 

5 3 

F J = - J P + l 
G O T O 7 2 

F J = J P - 1 

5 6 

G O T O 7 2 

F ; < D = - K P + I 

G O T O 7 3 
5 9 

C 1 0 0 

F K D = K P - 1 

G O T O 7 3 

. L I B R A R Y P R O G R A M F O R S O R T I N G D A T A ( I B S R T ) 
C 

C 

1 0 0 

W I T H F I N A L O U T P U T O N P R I N T E R C 

C 

1 0 0 G O T O 9 8 8 
9 9 

1 0 1 

R E A D 1 0 1 , W A V E , A A , B B , C C , C S A , C S 3 , C S G , N C U R V 

F O R M A T ( F 5 . 4 , 4 X , F 6 . 6 , F 6 . 6 , F 6 . 6 , 2 X , F 7 . 5 , F 7 

W A V E 2 = WAVE-«-"-2 

, I F I L E 
. 5 , F 7 . 5 , 9 X , I 2 , 2 X , I 2 ) 

A H H = 0 . 2 5 * W A V E 2 *. A A * * 2 
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A K K = 0 . 2 5 * WAVE2 * 8 3 * * 2 
A L L = 0 . 2 5 * WAVE2 * C C * * 2 
A H L = 0 . 5 0 * WAVE2 * A A * C C * C S B 
A H K = 0 . 5 0 * WAVE2 * A A * B B # C S G 
A;<L = 0 . 5 0 * WAVE2 * B B * C C * C S A 

2 0 0 

D I M E N S I O N F C U R V ( 8 ) » F O ( 8 ) , P ( 8 ) , F ( 8 , 1 4 ) 
DO 2 0 0 1 = 1 , N C U R V 
R E A D 2 0 1 , P ( I ) » F O ( I ) , ( F ( I , J ) , J = 1 , 1 4 ) 

2 0 1 

4 0 0 

F O R M A T ( 1 6 F 5 . 3 ) 
DO 4 0 0 1=1,8 
F C U R V ( I ) = 0 . 

... -

C 
O N O L S = 1./WAVE2 
R O U T I N E FOR W I N D I N G O U T P U T T A P E TO P R O P E R 
A S S I G N 2 5 3 TO I E N D F 

F I L E 

2 5 4 

C A L L E O F ( I O U T 1 , I E N D F ) 
N F I L E = I F I L E 
I F ( N F I L E - 1) 1 0 2 , 1 0 2 , 2 5 2 

2 5 2 

2 5 3 

R E A D ( I O U T 1 ) I I , I G P E N , S S O L S , F H , F K , F L , F O B S , F 0 B S 2 , 
GO TO 2 5 2 
N F I L E = NF I L E - 1 

( F C U R V ( I ) , 1 = 1 , 8 ) 

1 0 2 
1 0 3 

GO TO 2 5 4 
R E A D 1 0 3 , I I , I G P E N , F H , F K , F L , F I N T , V B S , S 1 N S M 
F O R M A T ( I 2 , 1 X , I 2 , 5 X , F 3 . 0 , F 3 . 0 , F 3 . 0 , 2 X , F 5 . 0 , 4 X , F 5 . 2 , 5 X , F 5 . 5 ) 

3 0 1 
3 0 0 

I F ( I I ) 3 0 0 , 3 0 1 , 3 0 0 
I F ( I G P E N ) 3 0 0 , 3 0 2 , 3 0 0 
S S O L S = 0 . • 

. ! 
Y 

12 

F R E L = 0 . 
F S Q R = Q . 
DO 3 0 3 I = 1 , N C U R V 

11 
10 
9 

3 0 3 F C U R V ( I ) =0 . 

-
i—1 

<i 
CO 

8 
7 
fi 
5 

'4 
3 
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GO TO 105 
302 FS1N2 = AHH»FH**2 + AKl<* FK**2 + A L L * F L * * 2 + AHL*FH*FL + AHK*FH*FK + 

1 AKL*FK*FL 
IF (FS1N2 -1 .) 104,104*102 • f' 

104 RCL0R = 2 «»SQRT ( (1.-FS1N2)*(FS1N2-51NSM) )/(1.-2.*FS1N2 + 2.*F51N2**2) 
FSQR = FINT * RC LOR * VBS 
FREL = SORT (FSQR) 
SSOLS = FS 1N2 * ONOLS 
• STOLS = SQR T (SSOLS) 
IF (STOLS - 0.1) 203,204,204 

203 DO 202 I = 1,NCURV . • " 
202 F C U R V ( I ) = F O ( I ) / E X P ( P ( I ) * S S O L S ) 

GO TO 105' 
2 04 I F (STOLS - 1 .0) 205 , 206,206 
205 KO = 1 
207 K l = KO + 1 

E 1 = K l • 
F 1 = 0.1*E1 
I F (STOLS - F l ) 40,41,41 

4 1 KO = KO + 1 
GO TO 207 

4 0 EO = KO 
FO = 0.1*E0 
K2 = KO + 2 
K3 = KO + 3 
RANGE STOLS - FO • __ 
DO" 40 2 " T ~ » N C U R V " 

402 F C U R V ( I ) = F ( I , K O ) + .( F ( I , K l )-F ( I , KO ) ) GRANGE* 10 . + 5 0 . * 
1 (F( I , K 2 ) - 2 . * F ( I ,K1 )+F( 1 ,KQ) )*RANG£**2 + 166.667*  
2 ( F ( I , K 3 ) - 3 . * F (' I , K 2 ) + 3 . * F ( I , K 1 ) ~ F ( I , K Q ) ) * RANGE** 3 >-• 
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GO TO 1 0 5 
2 0 6 KLOW = 1 0 
2 0 9 K H I G H = KLOW + 1 

E H I G H = K H I G H 
F H I G H = 0.1 * E H I G H 
I F ( S T O L S - F H I G H ) 4 2 , 4 3 , 4 3 

4 3 KLOW = KLOW + 1 
GO T O 2 0 9 

4 2 DO 5 0 2 I = 1 , N C U R V 
5 0 2 F C U R V ( I ) = F ( I , K H I G H ) + ( F ( I , K L O W ) - F ( I , K H I G H ) ) # ( F H I G H - S T O L S ) - 1 0 . 
1 0 5 P R I N T 2 0 1 3 , I I , I G P E N , S S O L S , F H , F K , F L , F R E L , F S Q R , ( F C U R V ( I ) , I = 1 ,8 ) 
2 0 1 3 F O R M A T ( I X , 12 , I X , I 2 , I X , F 7 . 4 , 2 X , 3 F 5 . 0 , 2 X , F 6 . 1 ,2X , F 6 . 0 , 7 ( F 6 . 3 , I X ) , 

1 F 6 . 3 ) 
1 0 6 I F ( I I ) 1 9 8 , 1 0 2 , 1 9 8 
1 9 S GO TO 9 9 

E N D 
S E N T R Y 
0 10 2 
1 2 1 1 1 -1 1 2 3 

Ol 
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APPENDIX IV 

Estimation of Minimum Electron A f f i n i t i e s of The Noble 

Metal Hexaf luorides for Various A y
x +[MFg^x Formulations, 

The value of the minimum electron a f f i n i t y of a noble 

metal hexafluoride, MFg has been derived by using a Born Haber 

cycle for the formation of s a l t s Ay |_MFg_x : 

where A i s a reagent l i k e C^jNO.CO etc.; x = 1 or 2, y = 1 or 2;£E 

i s the t o t a l electron a f f i n t y of MFg molecule; £.1 i s the t o t a l 

enthalpy of i o n i z a t i o n of A; U andAH f are l a t t i c e energy and 

heat of formation of Avjj\IFgjx respectively. L a t t i c e energies 
112 

were calculated using Kapustinskii's equation, 
U = 287.2£n Z ] - Z 2 (1- ° - 3 4 5 ) where £ n i s the 

rC+r*A r C + r
A 

number of ions i n the molecule Ay[jlFg^ x , z_ and Z2 the ionic 

charges and r_+r^ i s the sum of the r a d i i of the anion and cation 

i n the l a t t i c e when referred to coordination number six. 

The values of r c + r A for (^[PtFg] " a n d NO+QMF^J " were 

obtained by correcting the observed i n t e r i o n i c distances for 
113 

coordination number s i x . The i n t e r i o n i c distances i n these 

s a l t s were calculated from the known unit c e l l parameters (CsCl 

type, 8:8 coordination). 
The values of r_+ r^ f ° r other s a l t s have been derived by 

° + 
subtracting 1.33A (for the 02 radius, taken to be equal to the 



177 
K + radius) from r^+r^ of 0 2PtF_ and then Adding the appropriate 

value of the radius of A 

The r a d i i of Xe + and Xe were taken to be 1.50 and 1.00A* 

respectively on the basis of the calculated covalent radius of 
o 93 

xenon i n XeF^ (1.31A, Xe having a postive chrage of 1.36) and 
o 114 

on the basis of the bond length, Xe-F being 2.Q0A i n XeF 2. 

From the' Born Haber cycle given i n the l a s t page, 

A H f = £ l + £ E + U . For the formation of Ayj^MF^ x A H f should 

be exothermic and hence£,E should be more exothermic than £ I + U. 

The minimum value of ̂  E has been taken a s ^ I + U. The values 

for the minimum electron a f f i n i t i e s of MF_ for the formation 

of some Ay|~MFg_x s a l t s , along with the values of io n i z a t i o n 

potentials of A and l a t t i c e energies of Ay^MFg_\x are tabulated 

below. 
Minimum^, E for 
exothermicAHf 

nole ) 
U 

(kcal/mole) kcal/mole 

(kca 

[MF^' 
0_ [PtFgl " -125 '281 -156 
N0 +[MFgJ- -124 213 -89 
( N O + ) 2 [ M F ^ 2 " -372 426 
CI2

+[MF^\- -112 230 -118 
C O + [ P t F 6 1 " -125 323 -198 
k r + [ P t F 6 l " -125 323 -198 
Xe + [ P t F ^ " -120 280 -160 
X e 2 + _ P t F 6 - ] 2 -402 74 7 -172 
N 2

+ [ P t F 6 _ - -125 358 -233 

[MF6] 2-

-54 
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