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[Tempo] dependence predicted by eq 4 was also verified for
1a at 78.0 °C and at [Co(II)]/[Tempo] ratios of 0, 0.026,
0.047, and 0.097 and k, and k_;/k, values comparable to those
available in the literature'* were obtained from the slope and
intercept, respectively, k; = (1.7 £0.9) X 10°s™! and k_,/k,
= (2 £ 1) X 10, although the range and precision of the data
were limited by the growth of the overlapping peak at 460 nm
from the reaction of Col- + Tempo.

Under conditions with excess nitroxide where k4 = k; (eq
3 and Figure 1) the temperature dependence of k; was ob-
tained at 11 temperatures over a 60-90 °C range for
PhCH,Co[C,(DO)(DOH),,; 1T and at 6 temperatures over a
65-90 °C range for (CH;);CCH,Co[C,(DO)(DOH),,]1, AH*
= 27.9 £ 0.8 kcal/mol, AS* =8 £ 2 euand AH* =322 %
2.0 kecal/mol, AS* = 18 £ 6 eu, respectively,'” to yield the first
estimates of the R-Co[C,(DO)(DOH),,]I bond energies
(=~AH* - 2 keal/mol)? of 26 (R = PhCH,-) and 30 (R =
(CH;);CCH;-) keal/mol. The available AH* and AS* values,
including Schrauzer and Grates’ estimates for cobalamins and
cobinamides with O, as a trap, make an interesting comparison
(Table I). Especially interesting are the observations that
(a) the RCo[Cy(DO)(DOH),,]I complexes with their weak
I" axial ligands show the same AH* and AS* values within
experimental error as those for the base-off alkylcobinamide
complexes and (b) the alkylcobinamide and RCo[C,(DO)-
(DOH),,JT complexes exhibit a neopentyl vs. benzyl ABDE
(ABDE = BDE(neopentyl) — BDE(benzyl)) of only 4-5
kcal/mol. Clearly the B, model chosen and the effect of the
axial base are significant, and a collaborative program to
determine the solid-state structures vs. the RCo[C,(DO)-
(DOH),,](base)*X~ R—Co BDE:s for a series of alkyls and
bases is under way.!® In the case of cobalamins, preliminary
experiments show, as expected on the basis of the similar £,
values for Co'[C(DO)(DOH),,]* and Co" By, that By
is relatively stable to nitroxides and that 1.0 equiv of By is
produced by the thermolysis of benzylcobalamin in the pres-
ence of a nitroxide.!” Studies of this and other alkyl cobal-
amins and cobinamides will be reported in due course.
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Alkali-Metal Insertion in the Pyrochlore Structure
Sir:

Intercalation or insertion reactions of alkali metals with
transition-metal oxides or chalcogenides have been the subject
of considerable research in recent years.!™ These reactions
formally involve reduction of transition-metal ions with the
change in charge being compensated by diffusion of alkali-
metal cations into a host structure (eq 1). Ideally only small

A+ M"X, = A*M™IX, (1)

structural changes occur on insertion, which allows the reac-
tions to be readily reversed by oxidation. The reaction rates,
which are often fast at room temperature, are limited by the
rate of alkali metal ion diffusion into the host structure. Many
van der Waals bonded layer compounds such as graphite, TiS,,
or MoQ; are able to accommodate a wide variety of ions
because the weak interlayer bonding allows easy interlayer
expansion and reorientation of the layers to create favorable
sites for the inserted ions. More rigid, three dimensionally
bonded hosts are also capable of insertion reactions with alkali
metals, but the size and site requirements are more critical.
Most of the oxide systems studied to date are lithium spe-
cific.#7 Insertion of the larger alkali metals in such oxides
is not common. The recently synthesized hexagonal WO, is
the most versatile host for the larger alkalis, yielding com-
pounds with the limiting formula A1/3WO3 (A =Na, K, Rb,
Cs).> In this paper we report the insertion of A = Na, K,
Rb in the defect pyrochlore compounds ANbWOs to give the
corresponding A,NbWOQ,. This is the largest stoichiometry
change in an oxide for insertion reactions with these alkali
metals.

The full pyrochlore stoichiometry is A,B,X¢X’, and a wide
variety of compositions are known with various permutations
of large A cations (Na, K, Rb, Cs, Ca, Cd, Tl, Pb, Sc, Lu,
Yb, etc.), smaller B cations (Ti, Nb, V, W, Ta, Re, Ru, etc.),
X (O or F), and X’ (O or F).!*!* The structure may be
conveniently thought of as a B,X¢ framework composed ex-
clusively or corner-shared [BXg] octahedra interleaved with
an A,X’ network as shown in Figure 1. The ideal structure
is cubic with space group Fd3m and eight formula units per
unit cell. The A, B, and X’ ions occupy the special positions
16d, 16c, and 8b, respectively. The X ions occupy the 48f
positions. The A ion is linearly coordinated to two X’ and six
approximately coplanar X ions. The X’ ion is coordinated
tetrahedrally to four A ions. Defect pyrochlores have been
synthesized with stoichiometries A,B,X¢,!¢ AB,X;,!7% and
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Figure 1. The pyrochlore structure. The octahedra are randomly
occupied by Nb and W. The large sphere is the 8b site in the center
of a truncated tetrahedral cavity, and the smaller spheres are the 16d
sites.

ABX X!, "2 Structural studies have shown that the
A ions may occupy the X’ (8b) site for some AB,X?* com-
pounds or the more general 32e positions.?® Tonjc conductivity
measurements of several AB,O, compounds give low activation
energies (~20 keal/mol) for A ion mobility.?**  Jon-exchange
studies also confirm ion mobility.?*2®  High ion mobility,
vacant cation sites, and the presence of reducible W* sug-
gested that insertion reactions of the type shown in eq 2 might

ANBWO, + A’ — AA'NDWO, (2)

occur. The series of reactions represented by eq 2 for A =
Na, K, Rb, Cs and A’ = Na, K, Rb, Cs have been carried out
with use of solutions of A’ in liquid ammonia. KNbWQy was
synthesized directly from K, WQ,, Nb,0O;, and WO in air at
600 °C. The Rb and Cs analogues were prepared by ion
exchange in the molten alkali nitrates as previously reported,?
but the Na compound could not be synthesized by this method
without substantial inclusion of nitrate in the product, which
could be removed only at 600 °C with irreversible structural
change. However, exchange in aqueous NaCl solutions at 95
°C yielded NaNbWQ,H,0, which could be dehydrated at
400 °C. The insertion reactions were run in H-cells loaded
in a drybox with reactants separated by a frit. Ammonia was
transferred on a vacuum line (107 torr). The metal ammonia
solution was added to ANbWQO, through the frit. After re-
action the product was repeated]y washed with ammonia on
the frit. Reactions with A and/or A’ = Na, K, Rb were
generally complete in 4-5 K at —20 °*C. All combinations with
A or A’ = Cs failed to react,

Metal-ammonia intercalation reactions are often accom-
panied by decomposition to the alkali amide, cointercalation
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Figure 2. Cubic lattice parameters vs. ionic radii for ANbWO, and
A NDWO,. The ANbWO, points are anhydrous, and ion exchange
was >98% by flame analysis. The alkali contents of A;NbWOy are
Na = 2.02, K = 1.95, and Rb = 1.93.

of NH;, or ammonolysis. No ammonia was detected in these
products by the Dumas method, and no significant quantity
of hydrogen, a byproduct of decomposition of alkali-metal
ammonia solutions, was produced during these reactions.

Reactions for A = A’ = Na, K, Rb each gave products with
the limiting stoichiometry A,NbWQ;. The unit cell lengths
of ANbWO; and A,NbWOj are plotted against the jonic radii
of the alkali cations in Figure 2. There is a nearly linear
relationship between the cubic unit cell length and the ionic
radius of A for the A;NbWOq compounds. This rejationship
suggesis that the A ions in A,NbWOQ, occupy the same set
of sites for each A. The six-coordinate, hexagonal 16d sites
occupied by A ions in the fully stoichiometric pyrochlores are
the logical choice. The linear relationship observed for
ANBWO, with A = K, Rb, Cs suggests that they also share
a commen site, but the large deviation for NaNbW O, suggests
that Na occupies a different site in that compound. Previous
studies have shown that Rb and Cs occupy the 8b site.® Thus
it is likely that K also occupies 8b whereas Na prefers the
smailer 16d site. Calculations of X-ray powder diffraction
intensities and comparison to our observed patterns are con-
sistent with the above assignments. The unit cells with K, Rb,
and Cs are smaller than for Na because the 8D site is somewhat
large for these ions and the structure contracts as much as
possible. The dependence of cell size on ionic radji is much
steeper for A;NbWQ, than for ANbWOQO,. This is because
the 16d site is smaller. 1t is interesting to note that the
Na,NbWQ; cell is smaller than that of NaNbWO,. This
implies that Na* is slightly smaller than the ideal size for the
16d site, causing the structure to contract. The structure
contracts further when fully occupied. The Cs reactions do
not occur, presumably because Cs* is too large to occupy the
16d site,

We have demonstrated intercalation of Na, K, and Rb in
the ANbWO, pyrochlore structure. Even though half of the
potential alkali-metal sites are filled in the initial host, the
observed stoichiometries of 0.5 atkali per transition metal are
the highest observed for these alkalis in metal oxide hosts. A
pyrochlore with all the potential A* sites vacant in the host
could give stoichiometries of one alkali per transition metal.
This is a major goal of our synthetic efforts.
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Surface Modification of Conducting Particles. A New
Approach to Conducting Plastics
Sir.

Conducting polymers have been the focus of avid study by
chemists and physicists in recent years.! In addition to fun-
damental interest many potential commercial applications, e.g.,
batteries, radio-frequency interference, and electrophotogra-
phy, are envisaged for conducting polymers. The most widely
studied conducting polymers (e.g., polyacetylene) possess ex-
tended = systems that are partially oxidized or reduced with
dopants. These polymeric conductors are frequently brittle
and react with oxygen.

An alternate approach to developing conducting polymers
is to use refractory conducting inorganic particles and cova-
lently bond them to a polymeric matrix. The resulting con-
ductive polymer would maintain some of the physical prop-
erties of the polymer.

Herein, using ferrophosphorus? (1) as an exemplary con-
ducting pigment, we demonstrate that both surface-modified’
and polymer-bound conducting particles can be achieved
without deleteriously affecting the conductivity of the con-
ducting particle (Scheme I).

Silanation of 1 with either alkoxy- or chlorosilanes does not
directly occur. Pretreatment of 1 with 1 M NaOH (3 days,
25 °C) leads to hydroxylation of 14, Hydroxylated 1 may
be silanated with chlorosilanes, but not ethoxysilanes, in tol-
uene. With use of (3-chloropropyl)dimethylchlorosilane the
-0OSiMe,(CH,CH,CH,Cl) pendant group is grafted onto 1.
The presence of this pendant group was confirmed with use
of energy-dispersive X-ray (EDX) and ESCA analyses. The
EDX spectra (Figure 1) show the presence of chlorine and
enhanced abundance of silicon for the silanated 1. With
ESCA, chlorine is observed at a binding energy of 198.8 eV.

(1) Seymour, R. B.; Ed. “Conductive Polymers”; Plenum Press: New York,
1981; Chem. Eng. News 1982, 60 (16), 29-33; Mol. Cryst. Lig. Cryst.
1981-1982, 77, 79, 81, 83, 85, 86.

(2) Hooker Chemical Co. commercial Ferrophos product, nominally of
Fe, (P composition with Mn, Ti, and Si impurities, Median particle size
is 6.5 um; 400 mesh and finer was used for the studies herein. Briel,
G. In “Metallurgy of Ferroalloys”, 2nd ed., Volkert, G., Frank, K. D.,
Eds.; Spinger-Verlag: New York, 1972; Chapter 7.

(3) Reviews include: Miller, J. S., Ed. “Chemically Modified Surfaces in
Catalysis and Electrocatalysis”; American Chemical Society: Wash-
ington, DC, 1982; ACS Symp. Ser. No. 192. Arkles, B. CHEMTECH
1977, 7, 766~778. Murray, R. W. Acc. Chem. Res. 1980, 13, 135-141.
Leyden, D. E.; Collins, W., Eds. Midl. Macromol. Monogr. 1980, 7.
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(4) Upon hydroxylation a new P Auger peak assignable to PYOH appears
at 398.7 eV.

(5) Control reactions, e.g., p-chlorobenzylamine and unmodified 1, hy-
droxylated 1, or allyl alcohol modified 1, did not result in positive EDX
tests for chlorine.

Scheme I. Generalized Procedure To Modify Ferrophosphorus?®
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% S is a surface group, and B is a point of attachment of S to a
polymeric binder.

Scheme II. Reuction Scquences To Introduce EDX Tags to Styryl
Groups on the Surface of 1
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Table I. Surface Resistivity of Surface-Modified Ferrophosphorus

surface resistivity,® Q/in.

Ferrophos:PVC? ratio®

attached surface group 9:1 8:2
non¢ (unmoditied) 4 9
-0SiMe,CH,CI 3 7
-0SiM¢,(CH,),CI 3 7
-OCH,CH=CH, 3 3
—OCHzC\H/CH2 3 8

0
-0SiC1,C,H,, 3 6

-OS|(0Me)zCHz—@—\\ 8 31

9 Nominually 75-um thickness. © PVC = poly(vinyl chloride).
¢ Weight basis.

Attachment of the alkoxy pendant group was achieved by
reacting allyl alcohol (containing 5% LiMe) with 1 (1 day,
25 °C). Confirmation of allylalkoxylation of 1 required in-
troduction of an EDX tag. We epoxidized the allyl alkoxide
with m-chloroperbenzoic acid and subsequently reacted the
epoxide with a tagged epoxide-sensitive reagent, p-chloro-
benzylamine. The ESCA spectrum of the epoxidized func-
tional group shows a new peak at 288.3 eV assignable to the
Cy, in the strained three-membered ring containing the elec-
tronegative oxygen. EDX spectra confirm the presence of
chlorine resulting from the latter reactions.
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