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crowding in the plane of the Ir complex brought about by
the trimethylene chelate links in the dpp ligands, thus leading
to a weaker P-Ir interaction. On the other hand the higher
CO bond order in the vpa complex indicates that vpa has a
greater tendency than dpe to delocalize electrons from iridi-
um, and this may be due to the better overlap between the w
orbitals on the As and Ir atoms or be due to the presence of
the double bond in the vpa chelate backbone. In fact the
latter factor is probably more important as (CO) appears at
1955 cn1” ! in the infrared spectrum of [Ir(CO)(vpp),]CL.°
Both [Irf(L™L),]Cl compounds (L™L = dpp, vpa) form
stable, irreversible oxygen adducts, [[t{L™L)(0,)]Cl, which
exhibit #(0,) bands at 830 cm™! (dpp) and 840 cm™! (vpa).
This work has shown that using ligands of type Ph,L~L'Ph,
(L,L" =P, As) in reactions with zrans-Ir(CO)CIPPh;), does
not produce stable products when L = L' = As and that the
type of backbone in the chelate is very important, for in the
system L = P, L’ = As reaction occurs with ligand containing
the cis-CH=CH- linkage but not with the -CH,CH,~ linkage.
Moreover, even with diphosphine ligands, the chelate back-
bone exerts a profound effect since the dpc ligand does not
react with Ir(CO)CI(PPh3),. It can also be seen that when
reaction does occur, the chelate backbone exerts a large in-
fluence on the resulting complex as illustrated by the large
difference in ¥(CO) in the dpe and dpp complexes.

Registry No. Ir(CO)CI(PPhs),, 15318-31-7; [Ir(CO)-
(L~L),]CL; L~L = dpp, 39494-90-1; [Ix(CO)(L~L),]Cl;
L~L = vpp, 36390-33-7; [Ir(CO)(L~L),]Cl; L~L = vpa,
39494-85-4; [Ir(L~L)»(0,)]Cl; L~L = dpp, 39494-86-5;
[Ir(L~L)»(0,)]Cl; L~L = vpa, 39494-87-6; [Ir(dpp).]Cl,
39494-88.7; [Ir(vpa),]Cl, 39494-89-8.
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The protonation of polyaminocarboxylic acids in solution
and in the solid state has been reported in the literature. The
complexes formed between the ions of the alkaline earths
and ethylenediaminetetraacetic acid (EDTA) have been stud-
ied extensively in terms of their properties in solution.> Al-
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Notes
Table I. Binding Energies from Photoelectron Spectra®
of H,EDTA and Its Salts?

Compd Eg(N 1s), eV Compd Eg(N 1s), eV
H,EDTA 402.2 Mg,EDTA 399.8
Na,H,EDTA 402.6 CaNa,EDTA 400.1
Na,EDTA 400.3 CuNa,EDTA 400.1
MgH,EDTA 399.8, 402.2 ZnNa,EDTA 400.3

@ Obtained from spectra using Mg Ka X-rays. ® Average binding
energies for C 1s: 286.0, 288.5 eV. Average binding energy for
Ols: 531.5eV.

though the ability of EDTA to form stable complexes in solu-
tion with many polyvalent metal ions is firmly established,
little is known of the properties and structures of these com-
plexes in the solid state. EDTA complexes have been stud-
ied by infrared spectroscopy offering some information about
metal-carbonyl bonding, but there is still disagreement re-
garding the nature of bonding.*

In this paper we present data from X-ray photoelectron
spectroscopy. From such data one may learn about the
electrostatic environment surrounding each atom in the mol-
ecule.® Photoelectron spectra were obtained on EDTA
tetraacid, disodium dihydrogen EDTA, dimagnesium EDTA,
magnesium dihydrogen EDTA, calcium disodium EDTA,
copper disodium EDTA, and zinc disodium EDTA.

Experimental Section

Photoelectron spectra were taken with a double-focusing electro-
static electron spectrometer, located in the Physics Division of the
Oak Ridge National Laboratory. Details of this spectrometer have
been presented elsewhere.® Magnesium Ka X-rays (1254 eV) were
used as a photon source. The data were taken with 0.1% resolution.

Binding energies were derived from the photoelectron data by
means of the familiar relationship Eg = hv — Eg, where E'g is the
binding energy, /v is the photon energy, and E, is the measured
photoelectron energy. The binding energies have been standardized
to gold evaporated onto the surface. The Au 4f binding energy is
taken as 83.8 eV. Supplementary calibration was obtained by mixing
KCl with the samples and using the K 2p, , level as a standard
(295.0 eV).

The preparations of the various solids studied in this paper were
made with slight modifications based on previous procedures.*®

Zinc EDTA, disodium EDTA, and dimagnesium EDTA were ob-
tained from J. T. Baker Chemical Co. Except for zinc EDTA, they
were recrystallized.

Ethylenediaminetetraacetic acid, magnesium salt (H,MgEDTA),
was precipitated by mixing magnesium sulfate solution and H,Na, -
EDTA solution at pH 4.5. The crystals obtained after several days
were washed with acetone and dried in a vacuum desiccator.

Results and Discussion

The photoelectron spectra in the region of the K-shell
binding energy for carbon and oxygen remained fairly con-
stant throughout the series of compounds. The carbon
spectra showed two principal peaks corresponding to the
average binding energies of 286.0 and 288.5 eV, while a
single binding energy was determined for oxygen of 531.5
eV. The deviation among the different samples for carbon
and oxygen was not larger than several tenths of 1 eV. The
most interesting results were obtained on the s binding
energies of nitrogen, which fell into one of two groups
depending on the nature of the EDTA compound (¢f. Table I
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Figure 1. Photoelectron spectra in region of N 1s binding energy

for various EDTA compounds. FEg is binding enérgy obtained using
Mg Ko X-rays (1254 eV). Solid vertical lines indicate average
energies for the two groups of nitrogen binding energies.

and Figure 1). (The relative binding energies have a standard
deviation of 0.2 eV although the absolute values are kriown
with less certainty.) Photoelectron spectra of sodium and
the other cations were also determined and they confirmed
the elemental composition of the solid.

As has been thoroughly demonstrated,® the inner-shell
binding energies will shift according to changes in the electro-
static environment, higher binding energiés occurring with a
higher positive atomic charge. Siegbahn, et al.,5 have also
correlated binding energies for nitrogen with a calculated
charge based on Pauling’s scale of electronegativity. In
EDTA compounds there would appear to be two possible
environments for nitrogen, the unprotonated form

C\N/C
\C

and a protonated form

C\KJ _c
¢

These two forms yield calculated charges, gp,, of respectively
—~0.18 and +0.25 which from Figure V:34 of ref 5 give the
respective binding energies 398.4 and 400.7 eV.
These values are slightly lower than the average value of the
two groups found in this work, but the energy separation of
2.3 eV isin good agreement. Thus one sees from the photo-
electron data that H;EDTA and NaH,EDTA can be corre-
lated with the protorated form of nitrogen, while Na,EDTA,
Mg,EDTA, CaNa,EDTA, CuNa,EDTA, and ZnNa, EDTA
possess only the unprotonated forms. MgH,EDTA appears
to have nitrogen with two different binding energies—one is
apparently protonated while the other is unprotonated.
Based on our interpretation of the photoelectron spectra
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Figure 2. Structires suggested for various coinpounds of EDTA:
(a) H,EDTA, (b) Na,H,EDTA, (c) Na,EDTA, (d) MgH,EDTA,
(e) Mg,EDTA, and (f) MNa,EDTA where M is Ca, Cu, or Zn.

as to whether the nitrogens were protonated or not, we have
given in Figure 2 possible structures for EDTA and its salts.
Structures a and b (Figure 2) are supported by X-ray diffrac-
tion*®7 which has indicated the zwitterion structure of
EDTA. O’Donnell® has studied crystals of MgH, EDTA
formed at pH 3.0 and concluded that Mg is not complexed,
in agreement with structure d, but that both nitrogens are
protonated, which is in disagreement with our data. Di-
valerit metals should be complexed® for the remainder of the
EDTA salts as shown by structures e and f. Structure e
suggests that magnesium should exist in two chemical envi-
ronmerits. However, we found in our photoelectron spec-
trurh for magnesium only one peak.  From analysis of the
data, we can say that if two forms of Mg exist, the core bind-
ing energies corresponding to the two species must differ by
less than 0.3 eV. This may not be unreasonable, since it is
known that chemical shifts in the core electrons of magne-
sium compounds are generally rather small.®

Radiation Damage

It is noted in the studies on H4EDTA, Na,H,EDTA, and
MgH,EDTA that with continuous radiation an extra nitrogen
peak grew which exhibited a binding energy about 2 V lower
than that assigned to the protonated nitrogen. This behavior
was studied in detail for H;EDTA, and it was found that the
growth of the new photoelectron peak was exponential with
the time of radiation rising to ah asymptotic valie after sev-
eral hours, at which time two different nitrogen peaks were
observed with equal intensity. These binding energies cor-
responded to the chemical environnient of a protonated and
unprotonated nitrogen. A similar observation was miade on
the photoelectron spectrum of a related compound, N-(2-
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hydroxyethyl)ethylenediaminetriacetic acid. No other
changes in the spectra of any of the other compounds were
observed as the result of radiation damage. The data reported
in this paper are for spectra extrapolated back to zero irradia-
tion time.

Registry No. H4EDTA, 60-00-4; Na,H,EDTA, 139-33-3;
NayEDTA, 64-02-8; MgH,EDTA, 3459-31-2; Mg, EDTA,
39208-13-4; CaNa,EDTA, 39208-14-5; CuNa,EDTA, 39208-
15-6; ZnNa,EDTA, 39208-16-7.
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Halogen exchange in binary mixtures of SnCly, SnBr4, and
Snl, were first investigated by Burke and Lauterbur® using
nuclear magnetic resonance. Mixed halides were found to
form in a moderately rapid reaction and ''°Sn magnetic res-
onance signals could be identified for all mixed halides SnX,,-
Ya-n. The equilibria, as far as could be determined, rep-
resented a random redistribution of halogen atoms among
the tin compounds. Nonrandom redistribution of halogen
atoms and alkyl groups was also studied independently by
Grant, et ¢, and Van den Berghe, et al.,® under both equi-
librium and nonequilibrium conditions in reactions of R,,-
SnX,_,, compounds.

A recent study using proton magnetic resonance by Van
den Berghe, er al.,* of binary mixtures of methyltin halides
showed that halogen exchange could be rapid or slow on the
nmr time scale and was dependent on the particular mixed
halide and on the solvent in some cases. No mention of the
dependence of exchange on the concentration of the com-
ponents, the effect of impurities, or the mechanism of the
reaction was made.

A preliminary study with emphasis on purity of reactants
and solvents was made of halogen exchange in binary mix-
tures of dimethyltin dihalide,® and a simple mechanism was
proposed for the process. With the utilization of a gener-
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Notes

alized method® to study the mechanism of a chemical-
exchange reaction using pseudo-first-order rate constants in
a complete nmr line shape fitting, the fifteen-site” halogen
exchange in binary mixtures of dimethyltin dihalides was
much simplified and studied in detail.? This note reports a
similar study on trimethyltin halides and comparison will be
drawn where appropriate between the two systems.

In the fast-exchange region the proton magnetic resonance
spectrum of a binary mixture of trimethyltin halides consists
of five peaks, one intense main peak in the middle and two
satellites on each side. Because of the similar magnetogyric
ratios of 178n and '1°Sn, their satellites are only about 1 Hz
apart. If the exchange is slowed down by either lowering
the temperature of the system or addition of an appropriate
retarding agent, the complete spectrum in the slow-exchange
limit consists of ten peaks, two main peaks corresponding to
the two constituents and their eight satellites. If the !7Sn
and '1°Sn satellites remain well resolved in the fast-exchange
limit for the halogens, then there is a negligible rate of
breaking and forming of Sn-C bonds in the system at least at
around room temperature or below. Thus the spin-spin
coupling is preserved during the exchange process and the
ten-site problem can be simplified to a mere two-site prob-
lem,5:%.® which is repeated with appropriate intensity adjust-
ments five times.

Experimental Section

Purification of Trimethyltin Chloride and Trimethyltin
Bromide. Trimethyltin chloride and trimethyltin bromide were
obtained commercially from Alfa Inorganics, Inc. The chloride was
purified by recrystallization from carbon tetrachloride and dried in a
desiccator under reduced pressure. The bromide was first distilled
in vacuo at room temperature and then recrystallized from carbon
tetrachloride in an ice bath as the bromide has a melting point around
room temperature.

Preparation of Trimethyltin lodide. Trimethyltin iodide was
prepared from trimethyltin hydroxide and hydriodic acid. The crude
iodide resulted from the reaction

(CH,),SnOH + HI — (CH,),Snl + H,0

in aqueous medium which was colored reddish brown by the iodine
usually present due to slight decomposition of the rather unstable
iodide. The solution was decolorized by treatment with sodium
thiosulfate and was then shaken with several portions of chloroform
to extract the trimethyltin iodide. The chloroform was removed
from the extract by evaporation under reduced pressure. The viscous
liquid was then distilled in vacuo at room temperature and the
distillate was finally recrystallized at a subzero temperature from
toluene in a Dry [ce-acetone bath. The trimethyltin iodide is a
colorless liquid when freshly prepared but turns slightly yellowish
in 4 or 5 days even when kept in a refrigerator in the dark.
Preparation of Nmr Samples and Their Storage. Binary mixtures
of the three trimethyltin halides were prepared with about 1% by
weight of TMS in toluene of Spectro Quality previously and per-
manently dried by keeping over molecular sieve. Standard 5-mm o.d.
nmr tubes were used. In the upper part of each tube a glass wool
plug was inserted and some molecular sieve (Linde 4A) was suspended
above it. After that the samples were degassed by the conventional
freeze-pump-thaw cycles and then sealed. The spectra were recorded
within 3 days (at the most) and while not in use were always stored
in the dark in a refrigerator. The above precautions were made to
reduce to a minimum the presence of water or other hydroxylic
impurities to which the chemical-exchange rates of the halogens in
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