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can correspond to the unique intermolecular, intra unit cell 
vibration sought in this treatment. These two bands correspond 
to the monomer. None of the other Raman frequencies ob- 
served correspond to a reasonable integer unit above the 
monomer, thus ruling out structure C. This finding corrob- 
orates the Mossbauer IS and QS data which specify four- 
coordination at tin, ruling out structure B, and the magnitude 
of the slope of the plot of area vs. temperature also rules out 
a polymeric lattice as in structure C. Thus we are forced to 
conclude that the triphenyltin dithiophosphate esters adopt a 
rare, monomeric, monodentate structure such as A.44 
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A fluorinated phase of copper niobium oxide with the formula has been synthesized. The oxyfluoride powder 
pattern can be indexed on the basis of orthorhombic symmetry with a = 9.665 ( 9 ,  b = 10.395 (3), and c = 7.847 (3) A. 
Magnetic susceptibility data indicate a Curie-Weiss behavior consistent with the quantity of Cuz’ (d9) present. The measured 
room-temperature resistivity is 0.5 52 cm, and the electronic activation energy of 0.06 eV indicates some electron delocalization. 

Introduction 
The chemistry of transition metal oxyfluorides has aroused 

interest in recent years. In view of the fact that oxygen and 
fluorine have similar ionic radii’ the possibility of fluoride 
incorporation into these systems exists without creation of large 
structural changes. Such substitutions have been shown to 
occur in the formation of spinel,* magnetoplumbite, garnet,3 
perovskite: and rutile5 oxyfluorides. 

Another group of compounds with rutile related structures 
are formed when niobium pentoxide reacts with divalent and 
trivalent ions. In nature the mineral columbite, iron(I1) or 
manganese(I1) niobate, occurs with a unique structure. The 
objective of this work was to prepare and characterize a copper 
niobium oxyfluoride crystallizing with the columbite structure. 
The preparation was achieved by a new fluorination technique. 
Experimental Section 

Material Preparation. The starting material, CuNbz06, was 
prepared by solid-state reaction between CuO, which was synthesized 
by successive oxidation of metallic copper (Johnson Matthey) under 
oxygen atmosphere, and Nb205  (Kawecki Berylco Industries, Inc.). 
The proper molar ratio of the two oxides was mixed in a high-speed 
mill and pressed into small pellets. The pellets were then placed on 
a platinum disk and heated at  1000 OC in a tube furnace for 24 h 
under a continuous flow of oxygen. The material was obtained as 
a dark green powder. 

Fluorination. The fluorination apparatus6 consisted of two nickel 
tubes placed in two separate tube furnaces. H F  was generated by 
means of the thermal decomposition of potassium bifluoride (Research 
Organic/Inorganic Chemical Corp.), a sufficient quantity of which 
was placed in a nickel boat and positioned in one of the nickel tubes. 
The sample was then placed on platinum in a second nickel boat and 
positioned in the second nickel tube. The two tubes were connected 
together and also to the carrier gas tanks in such a fashion that as 
the H F  was generated, it was carried by a gas stream which first passed 
through a flowmeter and a phosphorus pentoxide drying tube and then 
over the sample and finally exited into a trap containing a 5% solution 
of sodium hydroxide. 

The fluorination reactions were carried out on pressed pellets of 
copper niobate by using 15% H2/Ar as the carrier gas which also served 
as reducing agent. The apparatus described above allowed working 
temperatures of up to 800 OC. The fluorinations were usually allowed 
to take place for 4 h. At 800 “C dark brown, well-sintered disks were 
produced which were then subjected to chemical and physical as well 
as X-ray measurements. 

X-ray Analysis. The X-ray diffraction data were collected on a 
powder sample by using a Guinier camera with copper Ka  radiation 
(A = 1.5405 A) and silicon (a = 5.430 62 A) as an internal standard. 

Chemical Analysis. The fluoride content of the sample was leached 
out by means of sodium hydroxide fusion in a platinum boat. The 
process was carried out in a closed system to ensure that no fluoride 
escaped. The fluoride ion concentration was then determined by using 
a fluorine-sensitive electrode (Orion 94-09) and a Leeds and Northrup 
7415 pH meter. 

Densitv Measurements. Densitv measurements were made bv usine 
_l_l_ 
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Table I. X-ray Data on CuNb,O,,F,., 
intens dobsd, A dcalcd, A hkl 
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used was a Mettler H-54. The liquid medium was standardized by 
using a high-purity silicon standard (Atomergic Chem. Metals), p 
= 2.328 g/cm3. 

Magnetic Measurements. Magnetic susceptibilities were measured 
by using a Faraday balance8 over the range from liquid nitrogen to 
room temperature at a field strength of 10.4 kOe. Honda-Owen plots 
were also hade in order to determine the presence or absence of 
ferromagnetic impurities. The data were then corrected for core 
diamagneti~m.~ 

Electrical Measurements. Electrical measurements were made by 
using the standard van der Pauw technique.'O Indium leads were 
placed on the sample ultrasonically and then soldered to the terminals 
of high-resistivity epoxy cement blocks. 
Results and Discussion 

Fluorination of CuNb206 resulted in the formation of an 
oxyfluoride with a density of 5.18 0.1 g/cm3. The X-ray 
diffraction data for this compound are given in Table I. The 
peaks were tentatively indexed on the basis of an orthorhombic 
unit cell with the cell parameters a = 9.665 ( 5 ) ,  b = 10.395 
(3), and c = 7.847 (3) A. However, the relative intensities 
and positions of a few of these peaks led to some reservation 
with respect to the assignment made; the unit cell may be of 
lower symmetry. 

The results of the chemical analysis indicated the presence 
of 0.7 mol of fluorine/l mol of the oxyfluoride. Moreover, 
the magnetic data indicated that the material is paramagnetic 
containing no ferromagnetic impurities as determined by the 
field independent Honda-Owen plot. Figure 1 shows the plot 
of x-' vs. temperature for copper niobate, CuNbz06, with a 
peff of 2.08 pB. This value is within the expected range of 
magnetic moments of 1.8-2.2 pB8 observed for Cu2+ (d9) 
systems. 

Figure 2 affords the plot of x-l vs. temperature for the 
oxyfluoride system with an apparent moment of 0.68 pB. This 

(8) Morris, B.; Wold, A. Rev. Sci. Instrum. 1968, 39, 1937. 
(9) Selwood, P. W. "Magnetcchemistry", 2nd ed.; Interscience: New York, 

1956. 
(10) van der Pauw, L. J.  Philips Res. Rep. 1968, 13, 1 .  
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Figure 1. Thermal variation of the molar magnetic susceptibility of 
copper niobate. The slope corresponds to a peff of 2.08 pg. 
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Figure 2. Thermal variation of the molar magnetic susceptibility of 
fluorinated copper niobate. The slope corresponds to a weft of 0.68 
PB. 
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Figure 3. Thermal variation of the resistivity of fluorinated copper 
niobate. The slope corresponds to an activation energy of 0.06 eV. 

value corresponds to the presence of 0.32 mol of Cu2+ in the 
fluorinated sample with the remainder being Cu+. This is in 
agreement with the value of 0.3 mol of Cu2+ obtained from 
chemical analysis. 

The resktivity measurements are given in Figure 3. The 
material shows a room-temperature resistivity of 0.5 Q cm and 
a low activation energy of 0.06 eV. As observed for other 
conducting transition metal compounds,i1J2 the failure to 
obtain a Hall voltage indicates low mobility (<0.1 cm2/V) and 
a large number of carriers (>lo1*). 

~ ~~~ 

(11) Frederikse, H. P. R. J .  Appl. Phys. 1961, 32, 211. 
(12) Koffyberg, F. P.; Dwight, K.; Wold, A. Solid State Commun. 1979, 30, 

433. 
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Attempts were made to prepare copper niobium oxyfluorides 
with varying amounts of fluorine. The two procedures in the 
fluorination of CuNb20, involved either the use of H2/Ar as 
the carrier gas or the use of pure hydrogen. The former 
method gave essentially identical products between 600 and 
800 "C. Fluorination did not occur below 600 OC. The latter 
procedure tended to result in the formation of decomposition 
products. 

In view of these observations, it can be concluded that the 
limit of fluorination was reached and that the maximum 
amount of fluorination achieved corresponded to the compound 

Moreover, the high electrical conductivity of 
this compound may be attributed to some delocalization of 

19, 1672-1680 

the 3d electrons probably via metal-oxygen-metal overlap. It 
is of interest to note that such delocalization occurs despite 
the presence of fluoride ions which favor localization of 3d 
electrons. 
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Syntheses of several tetraphenyldithioimidodiphosphinate (L) copper complexes, [Cu14L3+] [Cu'C12]CC14, [CU'~L,+] [CIO,], 
Cu13L3, C U ' ~ L , . ~ * / ~ C C ~ ~ ,  Cu3L4, and [Cu"(NH3)tt] [L-I,, and tetraphenylthioxoimidcdiphosphinate (L') complexes, C U I ~ L ' ~  
and Ni11L'2, are described. Electronic absorption and EPR spectra of CUIIL'~ and electronic spectra of Ni11L'2 indicated 
a square-planar MO& core geometry for these chelates. Oxidation of L-containing cuprous complexes and redox activity 
of Cu(I1)-L combinations yielded the oxidized ligand, HL'. Infrared and Raman spectra of the above copper chelates 
as well as HL, NaL, Mn"L2, Fe11L2, and Co"L2 were measured between 1700 and 200 cm-I. The resonance Raman spectrum 
of Cu"L2 was obtained and compared with similar spectra of Cu3L4. The infrared spectra of tetramethyldithioimidodi- 
phosphinates (L"), HL" and CO'IL"~, and the Raman spectrum of HL" were also measured. Vibrational mode assignments 
of v(PN), v(PO), v(PC), and v(MS) and phenyl and methyl group bands are made. Structural and bonding changes are 
correlated with these vibrational frequencies. 

Introduction 
Ligands that are identified by the generic name imidodi- 

phosphinate, (R2XPNPYR2)-, where R = CH3 or C6HS and 
X,Y = S, 0, or NH,  were first synthesized by Schmidpeter 
et al.' Structure and bonding in dithioimidodiphosphinate 
(L) ligands make them unique among sulfur donors in several 
respects: (1) stereochemical trends in M"L2 complexes, M 
= first-row transition metal; (2) redox behavior of metal and 
ligand in complex formation; and (3) nonrigidity of chelate 
ring geometry. 

The tetrahedral geometry about P atoms of L was expected 
to produce appropriate puckering of six-membered chelate 
rings in M"L2 complexes and so, possibly, induce tetrahedral 
geometry about the central metal atom. Tetrahedral M"S4 
core structures2 were verified for Mn(II), Fe(II), Co(II), and, 
surprisingly, Ni(I1) and Cu(I1) as well. The latter two metal 
ions generally form square-planar complexes3 with sulfur 
ligands. Analyses of d-d bands in the electronic spectra2a,d 
of M"L2 compounds did not indicate an unusually low ligand 
field strength for this ligand. Nor did magnetic and electronic 

(a) A. Schmidpeter and H. Groeger, Z .  Anorg. Allg. Chem., 345, 106 
(1966); (b) A. Schmidpeter and H .  Groeger, Chem. Ber., 100, 3979 
(1967); (c) A. Schmidpeter and J. Ebeling, ibid., 101, 815 (1968). 
(a) A. Davison and E. S. Switkes, Inorg. Chem., 10, 837 (1971); (b) 
M. R. Churchill, J. Cooke, J .  P. Fennessey, and J .  Wormald, ibid., 10, 
1031 (1971); (c) M. R. Churchill and J. Wormald, ibid., 10, 1778 
(1971); (d) 0. Siiman and H. B Gray, ibrd., 13, 1185 (1974); (e) R. 
D. Bereman, F. T. Wang, J. Najdzionek, and D. M. Braitsch, J .  A m .  
Chem. Soc., 98, 7266 (1976). 
R. H. Holm and M. J. O'Connor. Prog. Inorg. Chem., 14, 214 (1971). 
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spectral evidence for planar Ni(I1) and Cu(11) c o m p l e x e ~ ~ ~ , ~  
with imidodiphosphinates, X = 0, Y = 0, and X = NH, Y 
= NH, show that tetrahedral geometry was a common 
characteristic for all imidodiphosphinates. Since explanations 
for the observed trend for dithioimidodiphosphinates have not 
been put forward, we explored the tendency of analogous 
MT1S202 core complexes to form similar tetrahedral structures. 

Metal ion-dithioimidodiphosphinate solution redox prop- 
erties also deviate from the norm for sulfur donor ligands. 
Stable Mn"L2, Fe"L2, and Co"L2 compounds were isolated2 
in aqueous solution and were immune to the usual air 02- 
mediated oxidation of metal and/or ligand. On the other hand, 
cupric ion-L- solutions were unstable.2 Reduction of Cu(I1) 
to Cu(1) and subsequent formation of cuprous complexes under 
ambient conditions were consistent with a characteristic feature 
of cupric ion-sulfur ligand systems. Preliminary reports5 of 
multinuclear complexes of L with Cu(1) indicated no formation 
of dimeric disulfides6 or thioethers7 that were observed in the 
oxidation of some thiolate ligands. Details of the syntheses 

(4) H. J .  Keller and A. Schmidpeter, Z .  Naturforsch., B,  22, 231 (1967). 
(5) (a) 0. Siiman, C. P. Huber, and M. L. Post, Inorg. Chim. Acta, 25, L11 

(1977); (b) C. P. Huber, M. L. Post, and 0. Siiman, Acta Crystdlogr., 
Sect. B, 34, 2629 (1978). 

(6) (a) P.  J. M. W.  L. Birker and H. C. Freeman, J .  Am. Chem. Soc., 99, 
6890 (1977); (b) W. Kuchen and H. Mayatepek, Chem. Ber., 101,3454 
(1968); (c) S. H. H. Chaston, S. E. Livingstone, T. N. Lockyer, V. A. 
Pickles, and J .  S. Shannon, Ausr. J .  Chem., 18, 673 (1965). 

(7) (a) K. Olsson and S.-0.  Almquist, Ark. Kemi, 27, 571 (1967); (b) A. 
Fredga and A. Brandstrom, ibid., 1 ,  197 (1950); (c) A. Brandstrom, 
ibid., 3, 41 (1951); (d) J. J. Daly, J .  Chem. Soc., 4065 (1964). 
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