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The pure quadrupole resonance of bromine was observed in potassium hexabromostannate( IV) and ammonium 
hexabromostannate( IV). The potassium complex showed a triplet, indicating the presence of a t  least three kinds 
of non-equivalent bromine atoms in the crystals. The ammonium complex gave rise to a single resonance line 
in agreement with the results of X-ray analysis. The covalent character of Sn-Br bonds calculated from the 
observed quadrupole coupling constants is smaller and the net charge on the central metal atom is greater than 
those of the corresponding platinum or palladium complexes. This is explained in terms of the smaller electro- 
negativity of tin and the difference between the electronic structures of SnIV and Pt‘V (or PdlV). 

Introduction 
In a series of  paper^,^-^ we have reported the 

results of study on the pure quadrupole resonance 
of halogens in hexahaloplatinates(1V) , hexahalo- 
palladates(IV), and hexahalotellurates(1V). By 
means of an analysis through the Townes-Dailey 
proced~re,~ the covalent character of metal- 
ligand bonds was evaluated and discussed in 
relation to the electronic structure of these 
complexes. Whereas the inner d orbitals of 
palladium(1V) and platinum(1V) ions (4d for 
Pd, 5d for Pt) are partially filled with electrons, 
leaving vacant orbitals available for the d2sp3 
hybridization, the 4d orbitals of both tin and 
tellurium ions are completely occupied. Unlike 
a tellurium(1V) ion, in which the 5s orbital is 
filled, a tin(1V) ion has a vacant 5s orbital. 
The present investigation has been undertaken in 
order to discuss the nature of Sn-Br bonds in 
potassium hexabromostannate(1V) and ammo- 
nium hexabromostannate( IV) . 

Experimental 
Apparatus.-A self-quenching super-regenerative spec- 

trometer already described2 was employed for the deter- 
mination of the frequencies of the pure quadrupole 
resonance of bromine. 

Materials .-Potassium hexabromostannate( IV)6 was 
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prepared by adding potassium bromide to the solution of 
tin( IV) tetrabromide in hydrobromic acid containing a 
small amount of bromine. Pale yellow crystals were 
separated and recrystallized from the mixture of dilute 
hydrobromic acid and a small quantity of bromine. Anal. 
Calcd. for K1SnBrO: Br, 70.9. Found: Br, 70.6. 
Ammonium hexabromostannate( IV)B was prepared from 
ammonium bromide and tin( IV) tetrabromide and was 
recrystallized in a similar manner. It formed pale yellow 
crystals. Anal. Calcd. for (NH&SnBr6: Br, 75.6. 
Found: Br, 75.3.  

Results and Discussion 

Measurements were made a t  liquid nitrogen, 
Dry Ice, and room temperatures. The known 
ratio of quadrupole moments of bromine isotopes, 
7gBr and *lBr, was used to identify the bromine 
resonance lines. The observed resonance fre- 
quencies of 79Br a t  these temperatures are listed in 
Table I. A4dditional measurements were made a t  
intermediate temperatures in order to follow the 
temperature dependence of the frequency of each 
multiplet component correctly. The curves of 
multiplet frequencies plotted against temperature 
are gently sloping downward with increasing 

TABLE I 
PURE QUADRUPOLE RESONANCE FREQUESCIES AND 

IN HEXABROMOSTANNATES( IV) 
QUADRUPOLE COUPLIXG CONSTANTS OF BROMINE 

Multi- --Frequency, Mc./sec.a- 
plet Liquid e Q g ,  

Compound nents 23.0’ -72’ temp. sec. 
compo- PIT2 wc./ 

1 I 128.71 129.83 130.53 

I11 127.12 129.52 132.00 
I1 128.02 128.73 129.17 261.14 

126.53 126.87 . . . b  253.74 
i KzSnBre 

(NHdnSnBrs 
’ Experimental errors are estimated a t  h0.05 or less. 

No resonance line was observed. 
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temperature and are slightly convex upward as 
in the case of hexahal~tellurates(IV).~ 

Potassium hexabromostannate(1V) showed a 
triplet a t  all temperatures studied, revealing the 
presence of at least three kinds of non-equivalent 
bromine atoms in the crystals of this compound. 
The multiplet components, I, 11, and 111, of 
the triplet changed the order of frequency values 
with temperature. The frequencies of I1 and I11 
coincide with each other a t  a temperature (ca. 
-25’) between room and Dry Ice temperatures, 
while those of I and I1 coincide at  a temperature 
(ut. - 100’) between Dry Ice and liquid nitrogen 
temperatures. Although potassium hexabromo- 
stannate(1V) was found to crystallize in a slightly 
distorted potassium hexachloroplatinate( IV) struc- 
ture,’ complete crystal analysis has not been 
performed as yet. The observed X-ray powder 
patterns of this compound are similar to those of 
potassium hexaiodoplatinate(IV), potassium hexa- 
bromotellurate(IV), potassium hexaiodotellurate- 
(IV), and ammonium hexaiodotellurate( IV), all of 
which show triplet resonance lines of  halogen^.^^* 
Accordingly, it  is suggested that these compounds 
are isomorphic with one another. 

Ammonium hexabromostannate(1V) showed a 
single resonance line a t  all temperatures studied 
between room and Dry Ice temperatures. This 
agrees with the results of X-ray ana ly~ i s ,~~*  
which have shown that this compound forms 
potassium hexachloroplatinate(1V) type crystals. 
A search for the corresponding resonance line a t  
liquid nitrogen temperature was unsuccessful. 

From the observed quadrupole resonance 
frequencies (data available a t  the lowest tem- 
perature of observation were used and the fre- 
quencies of the triplet components were averaged) 
the quadrupole coupling constants were evaluated 
as shown in Table I. The covalent character, 
1 - i, of Sn-Br bonds and the net charge p on a 
tin atom were calculated by5 

eQa = (1 - i)( l  - S)(eQa)atom 

p = 4 - 6(1 - i) 
where (eQq)atom denotes the atomic quadrupole 
coupling constant, i is the extent of ionic charac- 
ter, and s is the extent of s-character in the bond- 
ing orbital of the halogen. In accordance with 
Dailey and Townes’ as~umption,~ s = 15% was 
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(1955). 

used throughout. The results are shown in Table 
11, in which potassium hexabromoplatinate(1V) 
and potassium hexabromopalladate(1V) are in- 
cluded for comparison. 

TABLE I1 
THE COVALENT CHARACTER OF METAL-LIGAND BONDS, 
THE NET CHARGE, AND THE ELECTRONEGATIVITY OF THE 

CENTRAL METAL ATOM 
Covalent Net Electro- 

Compound character charge negativity 

K z S n B r e  0.40 1.60 1.7 
(NHdzSnBre .39 1.66 1.7 
KzPtBr6 -62 0.28 2.1 
KzPdBr6 .63 * 22 2.0 

The covalent character of Sn-Br bonds is 
smaller than those of the corresponding bonds in 
platinum and palladium complexes by as much 
as about 0.2. Conceivable reason for this is 
twofold. In the first place, the electronegativity 
(1.7) of a tin atomlo is smaller than that of plati- 
num and palladium atoms by about 0.4. The 
small electronegativity of the central atom de- 
creases the covalent character of metal-ligand 
bonds. We already have found213 from the 
results for potassium hexahaloplatinates(1V) and 
hexahalopalladates(1V) that the change of co- 
valent character with the difference between 
electronegativities of the central metal atom and 
the ligand atom is d ( l  - i) /d(XM - xx) = 0.30 
to a good approximation. Since the electronega- 
tivity difference XPt - xsn is 0.4, one may expect 
a decrease in the covalent character of Sn-Br 
bonds below that of Pt-Br bonds by only 0.12 
rather than by 0.22 as was actually found. 
Secondly, bond orbitals involved in the Sn-Br 
bonds are different from those of Pt-Br and Pd- 
Br bonds, because the 4d orbitals of a tin(1V) ion 
are filled, whereas the 4d and 5d orbitals of 
palladium(1V) and platinum(1V) ions, respec- 
tively, are partially occupied. Accordingly, 
whereas platinum(1V) can avail itself of six 
bonding orbitals resulting from the 5d26s6p3 
hybridization, tin(1V) uses one 5s and three 5p 
orbitals for boad formation, 5d orbitals being less 
important. Conceivable resonance structures are 
I, I1 (IIa and IIb), and I11 (IIIa and IIIb) 
having zero, one, and two positive charges on the 
tin atom, respectively, contribution from those 
having three or more charges being disregarded. 

(10) For instance, W. Gordy and W. J. 0. Thomas, ibid., 24, 439 
(1956). 
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Here, full lines and broken lines indicate bonds 
involving the p orbital and the s orbital, respec- 

tively. There are 24 equivalent structures for 
type I, while the I1 and 111 types have 56 and 42 
structures, respectively. The predominance of 
types I1 and I11 over I is contrasted with the case 
of hexabromoplatinates(IV), in which structures 
having a vanishing charge on the platinum atom 
are the most important, as has been discussed 
already.* The increase in the positive charge on 
the central atom implies increase in the ionic 
character or decrease in the covalent character of 
metal-ligand bonds. 
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Electromotive force measurements were used to evaluate the association constants K1, Kz,  and Kl,z for the forma- 
tion of AgCN, Ag(CN)?-, and Ag,Cn’+, respectively, in dilute solutions of Ag+ and CS-  in molten equimolar 
NaXO3-KNO3 mixtures a t  246, 286, and 326’. The very strong associations necessitated measurements a t  ex- 
tremely low concentrations in order to evaluate the association constants. Yalues of K1, Kz, and Kl,z in mole 
fraction units are 230,000, 140,000, and 80,000 a t  246’; 220,000, 108,000, and 60,000 a t  286”; and 190,000, 
(50,000), and (36,000) a t  326”. The entropies of association of the ion pair involving the diatomic CN- (and the 
polyatomic previously measured) are much more positive than for the association of h g +  with the mon- 
atomic ions C1- and Br- and are larger than the “configurational” contribution to the entropy of association 
calculated from the quasi-lattice model. 

Introduction 

In previous papcrs2 i t  has been showu that the 
teiiipera lure coeflicieiits ol soiiie of the associa- 
tion constaiits for the iiionatoiiiic ioiis Ag+ 
with Ct- ,  or Hr-, iii iiiolteii nitrates are correctly 
predicted by the quasi-lattice theory.:’ I t  is of 
interest to test the theory for associations in- 
volving polyatoniic ions to see what iiifluence 
changes of the internal (including rotational) 
degrees of freedom of ions involved in the asso- 
ciation process will have on the temperature 
coefficients of the association constants. In this 
report measureiiieiits are presented on solutions 
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(3) M. Blander, J .  Chem. Phys., 34, 432 (1961); 

of -1gf and CS-  ioiis in molten equiniolar mixtures 
of NaNO, a i d  KNOd. ’I’he only prior iiieasure- 
iiients iii iiioltcn salts iiivolving a. polyatoniic 
ligand were for tlic “mciatioii of *Ig arid SO$--? 
in inolteii EiN03.* It also may be noted that 
values of Kl do not appear to have been measured 
in water for the association of Ag+ and CN-. 

Electromotive force iiieasurements in the cell 

were made aiid used to calculate the associatioii 
constants K1, K z ,  aiid Kl,z for the formation of 
AgCN, Ag(CN)2-, and ilg,CN+, respectively. 
The association constants are very high and meas- 
urements a t  extremely low concentrations of Ag 
and CN- were required to evaluate them. 

(4) W. J. Watt and M. Bldnder, %bid , 64, 729 (19GO) 


