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In recent years considerable interest has been ex- 
pressed in soluble, polynuclear transition metal com- 
plexes. A number of soluble complexes containing a 
few metal centers have been reported [l], but only 
one high molecular weight complex, an iron/hydroxy/ 
nitrate compound, has been described [2-4]. It was 
shown to have a spheroidal shape. We wish to report 
the preparation and characterization of a soluble, 
high molecular weight polymeric transition metal 
complex containing Ni*+ and Sphenyltetrazolate 
which has a rigid, rod-like shape in solution. We 
believe this to be the first report of a soluble, exten- 
ded structure polymer containing transition metal 
ions in its backbone. 

When aqueous solutions of Ni(NO,)* -6H2O and 
sodium Sphenyltetrazolate*** (hereinafter NaT) are 
mixed together so that the final concentration of NaT 
ranges from near its maximum solubility of 0.6 M to 
less than low4 M and the T- to Ni*+ ratio ranges from 
0.1 to 20, a blue precipitate of NiT2-3H20 forms 
immediately. Anal. Calcd. for NiT2-3H2O: Ni, 14.58; 
C, 41.71; H, 3.97; N, 27.81. Found: Ni, 13.84; 
C, 41.56; H, 3.99; N, 27.67. Upon standing some of 
the blue precipitate dissolves. If the T- to Ni2+ 
ratio in a solution is at least five, all of the precipitate 
dissolves after an hour or two to yield a clear, viscous, 
pink-purple solution. Solutions which are at least 
0.25 M in T- cannot be poured at room temperature; 
those of lower concentration are less viscous and 
foam readily when agitated. Membrane filtration 
(membrane pore size 50 A) of a solution initially 
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The sodium salt was made by titrating pure tetrazole [ 51 to 
pH 8.2 and flash evaporating to dryness. 

0.02 M in Ni*+ and 0.2 M in T- yielded a clear 
material which, when moist, could be stretched in 
sheet form or pulled out into a long thread. Once 
formed, all of the solutions are quite stable. They 
show no signs of decomposition over a period of 
months at room temperature and they can be heated 
to 80 “C without visible change. If heated above 
80 “C, NiT2-3H20 begins to precipitate. 

A pink-purple precipitate of NaNiTs-7H20 was 
isolated from a concentrated pink-purple solution 
which had been slowly evaporated to dryness by 
rapidly washing the residue with large amounts of 
methanol to remove excess NaT. Anal. Calcd. for 
NaNiTJ*7H20: Na, 3.58; Ni, 9.13;C, 39.21;H,4.51; 
N, 26.14. Found: Na, 3.34; Ni, 9.12; C, 39.62; H, 
4.52; N, 26.48. Solutions with the same final Ni*+ 
and T- concentrations prepared either by dissolving 
solid NaNiTs-7H20 in a NaT solution or by mixing 
solutions of Ni(N0,)2 -6H2O and NaT have identical 
visible absorption spectra. If solid NaNiT, is allowed 
to stand in methanol for any length of time, it 
partially decomposes to the blue NiT2. Because isola- 
tion of pure NaNiTs is difficult, other studies 
reported here were conducted on solutions of the 
compound made by mixing appropriate solutions of 
Ni*+ and T- without first isolating the solid. 

Viscosity measurements were made on 2.00 X 
10e3 M and 4.00 X low3 M Ni*+ solutions in which 
the T- to Ni*+ ratio was 20. Measurements were made 
at 18.0 ‘C using Cannon-Fenske type viscometers 
having flow times of 275.4 and 336.9 seconds for 
water. Reference solutions contained T- at the same 
concentration as the corresponding polymer solu- 
tions. Densities were measured at 18.0 “C using a 25 
ml pycnometer. At various time intervals several 
dilutions of each parent solution were made and the 
intrinsic viscosity for the solute, [a] , was determined 
by extrapolating the quantities (l/c)[(q’/~) - l] and 
(l/c)ln(a’/~) to infinite dilution (q’ and 17 are the 
viscosities of the solution and solvent respectively and 
c is the concentration of Ni*+ in units of g NiTJ/ml). 
Values of [Q] for the 2.00 X 10m3 M Ni2+ solutions at 
0.3, 8 and 14 days were 270, 700 and 1400 ml/g 
respectively. The corresponding values of [a] for the 
4.00 X lo9 M Ni*+ solutions were 1200, 2700 and 
3000 ml/g. At longer times viscosities are even greater. 
Such high intrinsic viscosities suggest that the solute 
has a high molecular weight and that it may have an 
extended, rigid structure.* The steady increase in 

*Two notable examples of substances for which [q] > 
1000 ml/g are native collagen (M.Wt. = 3.45 X lo’, [q] = 
1150 ml/g) and DNA (M.Wt. = 6 X 106, [Q] = 5000 ml/g). 
These molecules have relatively rigid triple and double helical 
structures respectively. Random coil polymers seldom have 
[Q] > 1000 and when they do their molecular weights are 
on the order of 10’ or greater [6]. 
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[q] indicates that molecules are joining to form 
longer polymeric molecules. 

Osmotic pressure measurements were made using 
a modified Wagner-Schulz osmometer [7]. Readings 
made after eight days on 2.00 X 10e3 M Ni*+ solu- 
tions with Ni*+ to T- ratios of 20 indicated there 
were 150 to 300 Ni*+‘s per polymer molecule which 
corresponds to a number average molecular weight 
of0.75 to 1.5 x 105. 

The geometry and stoichiometry of the chromo- 
phoric species in solution was determined by spectro- 
photometric studies on solutions of the polymer. The 
UV-VIS spectrum of the pink-purple viscous solu- 
tions shows absorption maxima at 334 run (e = 11 .I 
M-’ cm-‘), 520 nm (e = 6.1 M-’ cm-‘) and a band 
which has a maximum) at h > 800 nm (e7se = 4.5 M-’ 
cm-‘). This spectrum 1s consistent with octahedral 
coordination around Ni*+ and is in good agreement 
with reported spectra for other octahedral Ni*+ 
tetrazolate complexes [8]. Limiting absorbances for 
the compound were reached when the T- to Ni*+ 
ratio was seven. 

A continuous variation study was conducted in 
which 5.00 X 1O-3 M aqueous solutions of Ni*+ 
and T- were mixed in various mol ratios and allowed 
to react overnight. Using Ni*+ solutions at the same 
concentration as references, Job’s plot showed a 
maximum in absorbance at mol fraction Ni*+ = 0.25 
when absorbance was measured at 520 nm and 
corrected for a small amount of scattering. This maxi- 
mum corresponds to a T- to Ni*+ ratio of three, 
which is in agreement with the analysis of solid 
NaNiT3.7H20. 

When 50 ml aliquots of solutions 2.00 X 10m3 M 
in Ni*+ and 4.00 X IO-* M in T- were titrated with 
5.00 X low3 M NaOH, only one equivalence point 
appeared between pH 7 and 10. The equivalence 
point was sharp and corresponded to a Ni*+ to OH- 
ratio of about 85. Since the solutions being titrated 
contained only Na+, T-, Ni*+, NO; and H20, the 
presence of an equivalence point suggests that water 
is coordinated to Ni*+ in the polymer. If one water is 
coordinated at each end of the polymer, the titration 
data indicate the polymer contains 170 Ni*+‘s per 
polymer molecule. Two waters coordinated at each 
end of the molecule corresponds to 340 Ni*+‘s per 
polymer molecule. These results are in reasonable 
agreement with number of Ni*+‘s per polymer mole- 
cule obtained from osmotic pressure measurements. 

The above solution data indicate the formula for 
the polymer is (NiT;),. The only structure consistent 
with the data is one in which each Ni*+ is bound to 
another Ni*+ by three T-‘s, each acting as a bidentate, 
u-bonded bridging ligand. Molecular models indicate 
that coordination through N(2) and N(3) of the tetra- 
zole ring [9] minimizes steric interaction between 
phenyl groups. This mode of coordination creates 
three nearly strain-free, six-membered Ni-N rings 

per Ni’+ which should result in a rigid structure for 
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the polymer. The presence of one or two water mole- 
cules at each end of the polymer suggested by titra- 
tions and osmotic pressure measurements is consis- 
tent with the proposed structure since each end of 
the polymer has three coordination sites which are 
not occupied by bridging T-‘s and may be filled with 
water or monodentate T-. 

The partial specific volume of the polymer was 
found from density measurements at several con- 
centrations to be 0.73 ml/g NiT;. If the polymer 
molecule is assumed to behave as a rigid, rod-like 
hydrodynamic particle, this value may be used in 
conjunction with intrinsic viscosity data and bond 
lengths to deduce an average molecular weight for the 
polymer in solution [6]. If it is assumed that no 
hydration of the polymer occurs in solution, an 
average length molecule in an eight day old 2.00 X 
10e3 M Ni*+ solution is calculated to contain 330 
monomer units. However, some hydration of the par- 
ticle is expected. If ten to twenty percent hydration 
by weight is assumed, the mean number of monomers 
is found to range from 310 to 290. All of these values 
are compatible with those obtained directly from 
experiment. 

In addition to the Ni*+ 5-phenyltetrazolate poly- 
mer, we have also been able to prepare soluble poly- 
mers from Fe’+, Co*+, Co3+, Cu*+, Rh3+ and Pt2+ and 
5-phenyl-, 5@-nitrophenyl), and 5-(p-methylphenyl) 
tetrazolate. We are now in the process of characteri- 
zing these species, several of which appear to have 
interesting magnetic and redox properties. 
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