Notes

by a two-electron path,**7%19 (b) Ag* is the final product and
does not absorb at 267 nm, and (c) Ag(II) would either react
very slowly by a first-order path’ or undergo disproportionation
which would result in an Ag* dependence (cf. Table II). In
addition, although Ag(II) is probably deprotonated at these
low acidities,'®!” very rapid reduction of Ag(OH), to AgOH*
in the initial step would require a rate constant for AgOH*
reduction which is 6 orders of magnitude larger than that
reported in ref 7 for the first-order reduction of Ag(II).

(4) Using the equilibrium constant for Ag(II) dispropor-
tionation given by Po et al.” along with their kinetic data, we
estimate a first-order rate constant of about 1 s for the
reaction of AgO* with water. This seems to rule out AgO*
as the reactant under our conditions since ionic strength
differences and the effect of nitrate complexation!é and hy-
drolysis of Ag(II) would be insufficient to explain an increase
of more than 2 orders of magnitude.

At the low Ag(III) concentrations and short time scale of
this study, precipitation of solid Ag(OH); does not seem
important. However, a small degree of polymerization might
be an additional source of the observed experimental devia-
tions.

Since reaction 2 is complete in less than 2 ms, even at 0.0025
M H*, we are able to estimate that k, > 5.5 X 10° MLs7!,
We would, in fact, expect this reaction to be even faster with
k, close to the diffusion-controlled limit.

Spectral measurements and the relative stability of Ag(III)
indicate that Ag(OH),4 is the only important Ag(I1I) species
in base down to at least 0.1 M OH".!> When an Ag(OH),”
solution is rapidly brought to pH 11, decomposition occurs
within 1 or 2 s at 30 °C.? This latter observation is consistent
with a mechanism in which formation of Ag(OH,)(OH), is
rate determining (eq 4 and 5).

Ag(OH),” + H,0 = Ag(OH,)(OH); + OH" ks, kg
(4)
Ag(OH),(OH); — products ks (5)

Since solid silver oxides are formed under these conditions,
ks would probably be somewhere between k, and 2k, de-
pending on how effectively the conproportionation reaction
between Ag(III) and Ag(I) competes with the reduction of
Ag(III). The rate constant k4 has, in fact, been determined
from the solvent path for ethylenediamine substitution of
Ag(II1),'® and its value of 0.6 s7! is in good qualitative
agreement with the decomposition rate at pH 11. Further-
more, the fact that the reverse of reaction 4 suppresses rapid
decomposition at 0.1 M OH™ but not at [OH™] =~ 1073 M leads
to a rough estimate of K, = 10 M.
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The dithiooxalate ligand, (C,S,0,)*, dto, has the important
property of acting as a multifunctional complexing agent.!™*
The dianionic ligand may be 0,0, S,S, or O,S bonded to a
variety of metal ions according to the particular preference
of the metal for “hard” or “soft” ligands. In addition, under
appropriate conditions, the ligand may coordinate to more than
one metal ion forming polynuclear complexes. A series of such
complexes containing Sn(IV) and Cu(I) centers has been
recently described by Coucouvanis and Leitheiser.> The
complexes are of the gcncral type M[(OZCZS YCu(PPh,),] .
M = CI,Sn", CH,CL,Sn", (CH,),CL,Sn'Y, n =1, ; M =
Cl,Sn'Y, CH, ClSnI (CH;)ZSnIV, n=2,1I; M = CH,;Sn",
CISn'Y, BrSnIV, n =3, I
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The mode of coordination of the dithiooxalate ligands to-
ward Cu(I) and Sn(IV) and conceivable structures of the
complexes were deduced from infrared and NMR spectros-
copy. In this note we report on the 1'°™Sn Méssbauer spectra
of the above polynuclear complexes; the spectra assist in
determining the stereochemistry at the tin site and also in
determining the bonding properties of the dithiooxalate ligand
toward tin.

Experimental Section

Samples of the complexes were supplied by Professor Coucouvanis,
Their preparation and characterization has been reported.” Mdssbauer
spectra were measured on a constant-acceleration spectrometer.
Absorbers were maintained at 80 % 2 K dnd a source of Ba!!*Sn0O,
was used at room temperature. The spectrometer was calibrated
periodically by using the magnetic hyperfine spectrum of an iron-foil
absorber. Relative errors were less than £0.5 mm/s. The parameters
were obtained by a least-squares computer fit of the data. In
comparing the isomer shifts of different compounds, we assume that
the shifts of SnO, and BaSnO, are identical.

0020-1669/78/1v317-3719$01.00/0 © 1978 American Chemical Society
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Table I. Mdssbauer,? Infrared, and Electronic Absorption Data of the Complexes
‘ 10_37\maxyb
complex I Qs r, r, IR, C=0,% ¢! cm™!

1 C1,8n(0,C,S,)Cu(PPh,), , 0.46 0.52 13525 20.8

2 MeSnCl(0,C,S,)Cu(PPh,), , 0.71 1.76 0.40 0.37 1365 s 21.7

3 Me,Sn(0,C,S,)Cu(PPh,), , 0.96 2.50 0.42 0.34 1381 s 23.3

4 (BzPh,P)Cu(S,C,0,)(PPh,),SnCl, 0.52 0.45 1402 s 222

5 (BzPh,P)Cu(S,C,0,)(PPh;),MeSnCl, 0.80 1.90 0.45 0.49 1421 s 23.8

6 (BzPh,P)Cu(S,C,0,)(PPh,),Me,SnCl, 1.39 3.87 0.45 0.56 1447 s 25.6

7 CISn(0,C,S,)Cu(PPh,), , 0.15 0.64 1368 s

8 BrSn(0,C,S,)Cu(PPh,), 0.38 0.54 1364 s

9 MeSn(0,C,S,)Cu(PPh,), | 0.76 1.98 0.36 0.41 1392 s

10 K,Sn(S,C,0,), 0.85 0.58 1600 s, b

11 KSn(C,S,0,),Cu(PPh,), 0.50 0.81 0.51 0.60 16275,1371 s

¢1S, QS, I'y, and I', are in mm/s; absorber temperature 78 K; IS is expressed relative to BaSnQ, at room temperature; IS and QS are £0.04

mm/s. b Data from ref 5.
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Figure 1. Mossbauer spectrum of (BzPh;P)Cu(S,C,0,)-
(PPh;),SnMeCl; at 77 K.

Results and Discussion

Pertinent Mdssbauer parameters are listed in Table 1. A
typical spectrum is shown in Figure 1. The infrared spectra
of all complexes show strong absorption around 1400 ¢cm™,
which is considered as evidence for coordination of tin to the
a-diketone portion of the dto ligand.> The Mgssbauer results
are also in agreement with this mode of coordination. When
data for comparison are available, the isomer shifts of the
present complexes are closer to the shifts from other known
six-coordinate tin{IV) complexes containing O,0 chelating
ligands than to those of S,S chelating ligands, presumably due
to the different electron-releasing power of oxygen and sulfur.
The isomer shift of compound 4 for instance, 0.52 mm/s, is
almost the same with the reported value of 0.51 mm/s for
SnCl(MeO(CH,),0OMe), but it is quite different from the
shift of the analogous S,S chelate SnCl,(SMe(CH,),SMe),b
0.70 mm/s. Similarly, when the spectra are quadrupole split,
the observed splittings compare well with the data reported
for many model RXSn(00), or R,8$n(00), compounds.’

Compound 1 of the C1,Sn(0O0), type features a one-line
spectrum analogous with those of other complexes having 0,0
ligands.® In contrast, the spectrum of CL,Sn(2-S(py)0),, a
compound containing the S,0-chelated anion of 2-pyridethiol
1-oxide, has been reported to have a small quadrupole
splitting.® We have reconfirmed the two lines by measuring
the spectruin in our spectrometer. The different spectra appear
to oppose the possibility of S,0 coordination of the dto ligands
in 1. Compound 11 shows a similarly small but discrete
quadrupole splitting. An X-ray study!® of this compound has
shown that one of the dithiooxalates is O,O chelated to tin and
the other two are S,S chelated to tin. On the other hand,
compound 10 with only S,S-bonded dithiooxalate groups
exhibits an unsplit spectrum in agreement with other Sn(SS),
compounds.!! It seems that in Sn(SO) chelation the imbalance
in the polarities of tin-ligand ¢ bonds is sufficient to produce
an electric-field gradient at the tin nucleus, while it is not in
0,0 or S,S chelation.

The isomer shifts in complexes 1-3, 4-6, and 7-9 vary in
a systematic way with the electron-withdrawing ability of the

i s (mmisec)
3

13501360 1380 1400 TILT TAL0 126D
Vezoicm)

Figure 2. Correlation between the isomer shift, the C==0 stretching
frequency (cm™), and the Cu—>S charge-transfer band (X10° cm™)
in polynuclear dithiooxalato complexes of tin. The numbering scheme
is the same as the one used in Table 1. @ and + refer to plots of IS
vs. the position of the C==0 absorption; ® and @ refer to plots of IS
vs. the Cu—S charge transfer,

ligands. In a simple manner, increasing polarity of the tin-
to-ligand bonds results in lower shifts because of the diminution
in s-electron density at the tin nucleus. This effect is especially
pronounced in the progressive replacement of chlorine atoms
by methyl groups. On the other hand, the electron-with-
drawing abilities of the substituents on tin are also expected
to affect the C==O stretching vibration of the coordinated
dithiooxalate ligand. A substituent of high electron-with-
drawing power will increase the Lewis acidity of the stannic
compound resulting in a strenthening of the C==0-»Sn dative
bonds and consequently in a weaking of the C==Q stretching
vibration. In addition, it was found that the inductive effects
of the various substituents on tin cause a bathochromic shift
in the absorption band associated with a Cu — S charge
transfer.’ 1n view of these effects, the isomer shift is expected
to vary linearly with the C==0 stretching frequency or the
position of the Cu - S charge-transfer band. Such corre-
lations were indeed observed for the homologous series 1-3
and 4-6 and are shown in Figure 2.

The Mossbauer parameters for compounds 7 and 9 are
similar to those of SnCl(trop);, IS = 0.12 mm/s, and
MeSn(trop)s, IS = 0.76 mm/s, QS = 1.98 mm/s.® Since the
tropolinates are known seven-coordinate complexes of tin,!?
the similarities in the Mossbauer spectra indicate the same
coordination number for tin in the polynuclear complexes.

The large quadrupole splitting obtained for 6 indicates a
trans Me-Sn-Me configuration in agreement with other
similar trans complexes; e.g., the QS of trans-Me,SnCly(pyO),,
the structure of which is known from X-ray analysis,'” is 3.96
mm/s.'* On the other hand, the QS of 3, 2.50 mm/s, is
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appreciably lower than 3.95 mm/s for trans-Me,Sn(acac),.®
Since for R,SnL, complexes the ratio QS(trans):QS(cis) is
2:1, it is likely that in 3 an approximate cis arrangement occurs.

Me
\Sn
/

Me
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The stoichiometric alloy FeTi has been the center of a great
deal of interest as a result of its ability to absorb and desorb
hydrogen under conditions which are suited to storage of the
gas for use as a source of energy. Reilly and Wiswall! were
the first to investigate the properties of hydrides of the alloy.
While their primary concern was the investigation of the phase
diagram of the Fe-Ti-H system, they also conducted studies
of both its hydriding and its dehydriding kinetics.?

They found that the kinetics of the isothermal decomposition
reaction appeared to be first order for most of the reaction.
They also noted an apparent divergence from these kinetics
at short times. It was speculated that this divergence was a
result of differences in behavior between the higher and lower
hydrides of FeTi.

Historically, there has been a good deal of research into the
kinetics of decomposition reactions®* of the type

A(solid) — B(solid) + C(gas)

which includes the dehydriding reaction being considered here.
In general, it has been observed that such reactions are quite

Inorganic Chemz'stry,‘ Vol. 17, No. 12, 1978 3721

70 / T 1 T T T T T T
60} . — 4
N
N

50 -~

©

]

€ 4oF -

E]

<

-4 L -

w 30

é @ a+p 8 g+ ¥
205— -
10F -
okl 1 | ! I I Lo l

0 0.2 04 [eX3} 08 1.0
' ATOM RATIO H/(Fe + Ti)

Figure 1. Phase diagram for the Fe-Ti-H system; after Reilly and
Wiswall,!

complicated. Usually such phenomena as nucleation of the
product lattice, growth of such nuclei, and cracking of the
reactant lattice due to strain from product lattice growth, as
well as a variety of other such topochemical processes, can
determine the kinetics of decomposition. To our knowledge,
no systems other than metal hydrides exhibit apparent
first-order decomposition kinetics.

Decomposition of iron titanium hydride under vacuum by
first-order kinetics indicates that at any time each hydrogen
atom has a probability of being lost to the vacuum equal to
that of any other hydrogen atom. In the usual case during
decomposition, the probability that any particular atom of the
gas-forming species will be lost is determined by topochemical
factors such as proximity to a phase boundary. Consequently,
the probability of loss of a particular atom or molecule of the
gas-forming species is not a constant but instead varies widely
for particular atoms in the solid.

A partially decomposed sample of iron titanium hydride
should contain phase boundaries (see Figure 1) and decom-
position kinetics could thus be affected by them. The fact that
the kinetics are not so affected indicates that some process
which averages the environment of each hydrogen atom is
active and of prime importance to the decomposition of this
hydride. The relatively rapid diffusion of hydrogen in the
hydride lattice is one such process and is the basis of the model
described below. By contrast, the diffusion of the gas-forming
species in other solids which undergo endothermic decom-
positions (e.g., carbon dioxide in carbonates, or water in
hydroxides) is relatively very slow and such environmental
averaging does not occur, giving rise to the normal topo-
chemical control of decomposition.

We can postulate that a metal hydride decomposes by the
series of reactions in eq 1 and 2, where the diffusion process

D
H(interstitial) — H(surface) )

; k
2H(surface) — H,(adsorbed) @
H,(adsorbed) X, H,(gas) ‘

in the first step is fast enough to average out the topochemical
features which normally dominate the kinetics of decompo-
sition reactions. For a particular metal hydride either step
1 or step 2 could be rate determining (in practice the two
reactions of step 2 would be difficult to separate).

Microscopic investigation of iron titanium hydride shows
that after a few hydriding—dehydriding cycles the alloy
particles are split into block or platelike fragments by an
extensive series of fine cracks. Characteristic dimensions of
the resulting interlocked fragments are on the order 2-10 um.’
It therefore seems reasonable to compare the kinetics of
decomposition of this system with those predicted by the
equation for diffusion out of a slab.
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