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allowed to warm and distil slowly from one trap to another 
through the vacuum line. Approximately the first 1% and last 
5% were set aside. 

This procedure was repeated on the middle fraction several 
times until the product was found to be free from impurities on 
the basis of its infrared spectrum5 and fractional codistillationa 
of a sample. 

Irradiations were carried out in a 2-1. Pyrex glass flask equipped 
with a quartz finger containing a water-cooled Hanau 350-w 
mercury-arc lamp. 

In  a typical run 13.2 mmoles of oxalyl fluoride was condensed 
into the irradiation flask, 59.3 mmoles of oxygen YI”S added, the 
Aask was allowed to warm to room temperature, and irradiation 
was begun. After about 12 hr, irradiation was terminated. The 
products were bled through a trap held at - 183” and substances 
volatile at that  temperature were pumped away. The remaining 
materials were separated by fractional codistillation and identi- 
fied by infrared spectroscopy. The amounts were: 5.0 mmoles of 
COFz and SiF4 (combined), 9.9 mmoles of COZ, 0.4 mmole of 
C Z O ~ F ~  impure with C ~ O ~ F Z ,  and 6.1 mmoles of pure C204F2 
(46y0 yield). 

Bis(fluorocarbony1) peroxide was identified b y  comparison of 
its infrared spectrum7 with that  of a sample prepared using 
Schumacher’s synthesis, b y  its vapor density molecular weight 
(theoretical 126, found 129), and by liberation of iodine from aque- 
ous potassium iodide. 

It is probable that  higher yields of the peroxide could be ob- 
tained by irradiating for shorter times and recycling the un- 
reacted oxalyl fluoride after separation from C204Fz. Quantita- 
tive conversion is unlikely, however, since both oxalyl fluoride 
and bis(fluorocarbony1) proxide decompose irreversibly under 
prolonged ultraviolet irradiation. 

hv 
(FC0)2 --+ COFz + CO 

laV 

( F C O Z ) ~  --+ COFz + Con + ‘ / 2 0 z  

Bis(fluorocarbony1) peroxide has been reported to decompose, 
and even explode a t  elevated temperatures.’ Though no difiicul- 
ties were encountered during this work, thc compound was 
treated as if hazardous, and care was taken to maintain sample 
temperatures below 30”, with adequate shielding during manipu- 
lations. 
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The dependence on pH of the rates of acid dissocia- 

tion (hydrolysis) of metal complexes with a variety of 
bidentate ligands has been well studied.*~3 It is be- 

lieved that the proton acts as a scavenger for one re- 
leased end of the bidentate ligand, giving a moderate 
accelerating effect on the rate with decreasing pH. 
Eventually a limiting rate is reached in sufficiently high 
acid concentration and the first-order rate constant in 
these conditions is equated to that of the metal-ligand 
bond rupture. The mechanism for acid dissociation 
of bidentate ligands capable of protonation should be 
equally adaptable to multidentate ligands also.2 We 
report here on the effect of acid concentration on the 
dissociation of metal complexes containing the terden- 
tate ligand 2,2’,2”-terpyridine, using mainly X f -  
(terpy)**+ ions and Yi = Fe and Co 

M(terpy).z2+ Jr M(terpy)(Hp0)32f + terpy 

Experimental Section 
Kinetics.-The rate of dissociation of Fe(terpy)yz+ in [H+] < 

0.2 df and of Co(terpy)?+ in neutral (pH -6) solutions was 
measured by 3H-terpp exchange  experiment^.^ The dissociation 
of C o ( t e r p y ) P  in dilute acid was effected by addition of ferrous 
ions.5 Complete dissociation of Fe(terpy)*z+, Co(terpy)22+, 
Co(b ipy )P ,  and Co(terpy)2+ in suitablc concentration occurs 
at [H+] > 0.1 M and was easily followed with a Cary 14 or a 
glass Lucite stopped-flow apparatus spectrally at 550, 520, 425, 
and 420 mp, respectively. Dissociation of Fe ( t e rpy )P  in high 
base concentration was also followed a t  550 mp in the presence 
of EDTA M )  to  maintain a homogeneous s o l ~ t i o n , ~  
although apparently this is not essential.? Complexes used in this 
study were prepared as described p r e v i ~ u s l y . ~  Excellent first- 
order kinetic plots were obtained in all cases. In  all runs [H+] 
remained constant. 

( I )  

Results and Discussion 
We can be certain that  we are measuring reaction 1 

in the acid dissociation experiments since the mono 
species both is less absorbing and dissociates a t  a slower 
rate than the bis. In  the isotopic exchange experi- 
ments, also, only the equilibrium in (1) contributes to 
ligand interchange.8 The first-order dissociation rate 
constants (k ,b ,d)  for a number of complexes and con- 
ditions are shown in Table I. The variation of kobsCl 

with pH for the Fe(terpy)22+ and Co(terpy)z2+ ions 
can be‘ accommodated by the mechanismQ shown in 
Scheme I. Stationary-state conditions are assumed, 
with B, C, D, and E in very small concentration.tO 

I n  the low [H+] region where dissociation follows 
the route A +. B +. C + products, the value of kobsd  is 
pH independent, and i t  is easily shown that  
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(2) 

As the concentration of H +  increases and when [ H f ]  - 
K D  (the acid dissociation constant of D),ll the route 

TABLE I 

kikoks 
kzk4 + kzks + kaks kobsd = ~- = k ,  

DISSOCIATION RATE CONSTANT FOR TERPYRIDINE 

Complex ion 

Co( terpy)Z2+ 

Co(bipy)2+ 

Co( terpy)Z+ 

Ni(terpy)12+ 

Fe( terpy)n2 

AND BIPYRIDINE COMPLEXES 
Temp, IH+l ,  kobsd, 

O C  M sec-1 

18.0 10-6 8.0  x 1 0 - 4 a  

18.0 3 x 1 0 - 6  2 .0  x 10-3* 
18.0 o.ooi 5.7 x i o - *  
18.0 0.10 7 . 6 x  lo-'* 
18.0 0.5 12* 
18.0 1 . 0  22* 
0.2 1.0 2.gb 

18.0 2.0 39* 
18.0 3.0 48* 
18.0 0.7c 
18.0 1 .0  23 
18.0 2.0 32 

26.0 0 . 5  0 .3  
26.0 l o e 6  10-4 5 

1 .0  10-6 7 x 1 0 - a  
1 .0  2 .0  5 . 8  x 10-3 

35.0 10-6 1.0 X 
35.0 1 . 0  X 
35.0 0.0001 1 . 2  X 
35.0 0.0004 4.0 X 
35.0 0.0018 1 . 4  X 
35.0 0.006 2.7 X 
35.0 0.18 1.3 X 

35.0 0.50 2 . 5  X 
35.0 0.20 2.0 x 10-3* 

35.0 1.0 3 . 9  x 1 0 - 3 b  
35.0 2.0 6 . 0  x 1 0 - 3 b  

35.0 3 .0  7.3 x 10-3b 

70.7 8 .8  4.7 x 10-4 
70.7 10.7 1.3 x 10-3 
45.0 13.0 7 . 0  x 10-3 

Temp,  O C  p H  kobsd, 

kealod? 
sec-1 

1.0 x 10-3 
1.8 x 10-3 
2.5 X 

11 
21 

43 
47 

2.5 

1.0 x 10-6 
1.1 x 10-6 
1.8 x 10-6 
4 .2  X 10+ 
1 . 5  X lod6  
4.8 x 10-5 
1 . 2  x 10-3 
1.4: x 10-3 
2.7 x 10-3 

5.7 x 10-3 
6 . 5  x 10-3 

4.2 X 

a Extrapolation of exchange data.4 I = 3.0 Musing " 0 8 -  

NaN03. By adding terpyridine. I 
NaC1. e On the basis of eq 4, see text. 

= 0.01 M using HC1- 

(3) 

When kb [ H + ]  << 1, kobsd = klk [ H + ] ,  and a first-order 
dependence on [ H + ]  is predicted and observed. At 
sufficiently high [ H + ] ,  k b [ H + ]  >> 1 and kobsd = k1. 

This limiting value is almost reached around [ H + ]  - 
3.0 M with the Fe(terpy)2z+ system but the limiting 
trend is barely noticeable with Co(terpy)2z+. I n  the 
region where the limiting trend is commencing, Le., 
fairly high acidity, k b [ H + ]  = 1 and therefore (kobsd)-l 

= ( k l ) - l  f ( k l k b [ H + ] ) - l  so that  the linear plot of 
( k o h s d ) - l  against [ H + ] - l  gives an intercept of (rtl)-' and 
this is how this value was obtained. 

If the scheme is considered in toto 

The approximation in (4) can be made if the reasonable 
assumptions k2 >> ka and k4 > kg are made. Our results 
over a 108-fold range of [H+] agree well with the ap- 
proximate form of (4) if, for iron, k ,  = 1 .O X sec-', 
kl = 9.0 X sec-l, and kb = 0.9 M-l a t  35" and, for 
cobalt, k ,  = 1.0 X sec-l, k1 = 125 sec-l, and k b  = 
0.2 M-l a t  18". The agreement between kobsd and 
koa lcd  is shown in Table I and is seen to be very good 
except for the dissociation of C ~ ( t e r p y ) ~ ~ +  in the pH 
1.0-3.0 region. This was affected by the addition of 
Fe(I1) ion; the reaction did not go to  completion and 
the rate was slightly dependent on [Fe2+], so that  
only an order for the dissociation rate was probably 
measured. From fragmentary data for Ni(terpy)z2+, 
K ,  = 7 X lov8 sec-l and kl = 5.8 X sec-1 a t  0". 

In the neutral region, since kz  >> k s  and k4 > k 5 ,  then 
(2) reduces to kobsd = k1k3k5/&k4. We have previously 
used this value for kobsd in conjunction with kf (the re- 
verse of ks) to estimate K2,  the formation constant for 

SCHEME I 

B 

k,\ 

C 

& - % products 

"\M ' M \ /  
D E 

A -f B 4 D 4 E 4 products becomes increasingly 
important. After it takes over (and then we justi- 
fiably assume that  the A + B 4 C 4 E --*. products 
route is unimportant), relation 3 is obtained. 

the bis(terpyridine) complexes.6 There is a t  least a 
104-fold increase in the rate constant from neutral (k , )  
to strongly acid solution ( -k l )  and this simply reflects 
the high ratio for k2k4/k3ks (formation rate constants/ 
dissociation rate constants). The striking dependence 
of rate on p H  is also shown (from a few experiments) 
by Ni(terpy)zz+ and even a mono species, Co(terpy)2+. 

(11) From the results, this places PKD - 4 ,  which is understandably close 
P. O'D. Offenhartz. P. George, to  t h a t  of pKe for terpyridine (3.3 a t  2 5 O :  

and G. P. Haight, Jr., J. Phys. Chen . ,  67, 116 (1963)). 
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The behavior contrasts strongly with that of the bipyri- 
dine complexes, A i  ( b i ~ y ) ~ ~ + .  The corresponding ratios 
are ci.012 (a1 = Fe), 40 (AI = Co), aiid -1,012 (PIT = Ni). 
However the limiting values xvhich we equate to k1 are 
quite similar for the highest bipyridine and terpyridine 
complex of a particular metal, e.g., Fe(bipy)32+ disso- 
ciateslZa in 1.5 X HC1 with a first-order rate constant 
3.5 X sec-' a t  35") remarkably close to that for 
Fe(terpy)Zzf, 9.0 X lW3 sec-I. For C ~ ( b i p y ) ~ ~ + ,  k1 = 

32 sec-I and, for Co(terpy)sz+, kl - 125 sec-I, both a t  
18'. Finally for Ni(bipy)32+, kl = 3.8 X 
sec-l 12h and, for IYi(terpy)2z+, kl  - 5.8 X l o p 3  sec-I 
a t  1.0". It thus appears that  the rate constant for rup- 
ture of a pyridine nitrogen-metal bond is only slightly 
smaller when i t  is part of a single ring (bipyridine) than 
when it  forms part of a double ring (terpyridine) sys- 
tem. Both are, of course, much smaller than in the 
metal-pyridine complex itself. The order of kinetic 
stability of the metal-nitrogen bond measured by kl is 
Fe > Ni > Co. 

Burgess and Prince' have shown that the dissociation 
of Fe(terpy)22f is strongly base catalyzed and our own 
work is in agreement with this. There is no indication 
that a limiting rate is reached in strong base, but, for 
example, a t  35" and in 0.12 ;I/ OH-, the first-order rate 
constant' is 4.4 X sec-I, of the same order as the 
corresponding value in 0.1 H+. I t  appears that  
both OH- and H+ can prevent rejoining of severed 
hi-N bonds in terpyridine complexes by attaching 
themselves to vacated positions of the metal ion or the 
basic nitrogen.2 
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IVe present evidence of stereochemical nonrigidity' 
in five- and seven-coordinate molecules. The seven- 
coordinate species were derived from complexes of 
molybdenum and tungsten hexafluorides, and the five- 

(1) E. L. Muetterties, 1no;g .  C h e m . ,  4, 769 (1965). 
(2) References pertinent to  rearrangements are given in reviews by E. L. 

hluetterties and R. A. Schunn, Qiiari .  Rev. (London), 20, 245 (1966), for 
five-coordination and  by E. L. Muetterties and C. M. Wright, ibid., 21, 
109 (1967), for seven-coordination. 

coordinate molecule is (C6H&XPF., kindly furnished us 
by Dr.  R. Schmutzler. 

The acceptor activity of metal hcxafluoridcs lias bcell 
established relative to fluoride ion3 and organic donor 
m o l e c ~ l e s ; ~  hovever, the structures of the resulting 
complexes have not been determined although in Nas- 
UFs preliminary analysis of X-ray data indicates the 
uranium atom is coordinated to eight fluorine atoms."h 
We have reexamined the FIg spectra of tungsten and 
molybdenum hexafluoride complexes Tvith organic bases 
and find a fairly rigorous demonstration of seven- 
coordination in WF6.P(CH3)3. 

The F19 spectrum (56.4 and 94 Mc) of WFs. P(CH3)a 
dissolved in acetonitrile or in sulfur dioxide consists of a 
major doublet due to PF coupling with W183-F19 satel- 
lite doublets. The doublet resonance was unperturbed 
down to the lowest temperatures (--85") possible 
with these solutions. These data are nearly conclusive7 
for a monomolecular complex with the phosphine and 
six fluorine atoms bound to the tungsten atom. Strict 
equivalence of fluorine atoms in mTFG.P(CH3)3 is not 
possible in any of the idealized seven-coordinate geom- 
etries.2 Spectroscopic equivalence may be a reflection 
of a very small fluorine chemical shift or a rapid intra- 
molecular rearrangement through which fluorine a tom 
environments are averaged. \.'\'e favor the latter alter- 
native.2b6 This observation of nmr spectroscopic 
equivalence of ligand atoms is characteristic of many 
seven-coordinate structures. 2 ' 6  

Tungsten hexafluoride complexes with nitrogen bases 
were prepared, e.g., \ITFGK(CH~)~, and solution spectro- 
scopic equivalence of fluorine atoms !vas observed ; 
however, the possibility of equivalence having genesis in 
a fast base dissociation 

\VF6N(CHs)3 e WFs + S(CHs)a 

could not be eliminated because, unlike the nmr spec- 
trum of the phosphine adduct, there was no observable 
spin-spin coupling between fluorine atoms and mag- 
netic nuclei associated with the amine ligand. Inter- 
estingly the less sterically hindered amine, pyridine, 
yielded with %:F6 the complex WF6(IYCjH:)2 in addition 
to a I :1 adduct. The single-line FI9 resonance of 
WFFNCSH: (-164 ppm) is shifted slightly to high 
field of %'Fs (-166 ppm) and the single line of IVFo- 
(NC;H:)2 appears a t  still higher field ( -  136 ppm, 25 ' ) .  
The chemical shift of the 1 : 2 adduct is temperature de- 
pendent ( -  122 ppm, -30") and the change in chemical 
shift n-ith temperature is consistent with the equilibrium 

A 
\VFe(SCjHj)? e TVFe(NCjHi) + SCjHj  
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