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providing a complete analysis of this case. In contrast, if the ratio
of signals varies with crystallization conditions or indicates unusual
ratios of methyltin(IV) compounds present in the sample, then
the presence of more than one crystalline modification (type B
polymorphism) is strongly indicated; isolation of the individual
crystalline forms for characterization (by NMR, X-ray, etc.) would
provide absolute confirmation of this analysis.

Experimental Section

[Me,SnS]; and MeSnPh;, were obtained from commercial sources.
Me,Sn(S,CNEt,), was prepared according to the published procedure.®
The purity of different recrystallization crops of these compounds was
established by melting point and/or solution *C NMR. Small, colorless
hexagonal plates (orthorhombic modification®) of Me,Sn(S,CNEt,),
were obtained from slow evaporation of a CHCl,/EtOH solution at room
temperature. Mixed crops containing the orthorhombic and the known
monoclinic and triclinic modifications were obtained from recrystallizing
at reduced temperature or by adding water to the recrystallization solu-
tion. Their presence in the mixtures was demonstrated by single-crystal
X-ray unit cell determinations. Under no conditions were we able to
obtain pure the other crystalline modifications.

Slow crystallization of [Me,SnS]; from cyclohexane solution at room
temperature gave well-formed octagons which match the description® of
the tetragonal form. Recrystallization of #-hexane solutions at low tem-
peratures (+5 to ~70 °C) gave variable, mixed crops containing smalil
amounts of octagonal crystals (as little as ca. 10%) and larger amounts
of small needles and plates. Mixed crops of very small crystals were also
obtained by sublimation.®® The small size of these crystals prevented
separation by hand of amounts (0.1-0.4 g) sufficient for NMR analysis
of the individual modifications.

MeSnPh, as obtained commercially gave a slightly broadened NMR
spectrum in which two distinct Me resonances were present. Recrys-
tallization from hydrocarbon solvents gave microcrystalline powders;
clear, colorless crystals were obtained upon very slow crystallization from
methanol or isopropy! alcohol. Twinning of the crystals prevented suc-
cessful X-ray analysis.

NMR spectroscopic equipment and methods have been described
elsewhere.'%

Note Added in Proof. The X-ray structure of allyltriphenyltin has just
appeared (Ganis, P.; Furlani, D.; Marton, D.; Tagliavini, G.; Valle, G.
J. Organomet. Chem. 1985, 293, 207). This compound also crystallizes
with two independent, though structurally nearly identical molecules in
the unit cell.

Registry No. [Me,SnS];, 16892-64-1; Me,Sn(S,CNEt,),, 19413-37-7;
MeSnPh,, 1089-59-4..
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There has appeared a literature summary dealing with 1,3-
diamino-2-hydroxypropane-N,N,N’, N “tetraacetic acid (DHPTA)
and its complex formation with various metal ions.! Thompson
et al.,? in particular, determined the stabilities of some divalent
metal complexes formed with the DHPTA anion at 25 °C and
I = 0.1 (KNQ;). Their results showed that both normal and
protonated complex species existed and that neglect of the latter
had contributed to the widely discordant results previously pub-
lished for alkaline-earth metals. The values obtained were com-
pared with results for trimethylenediamine-N.N,N-N“tetraacetic

(1) Klausen, K. S.; Ruud, O. E. Anal. Chim. Acta 1971, 57, 351.
(2) Thompson, L. C.; Kundra, S. K. J. Inorg. Nucl. Chem. 1966, 28, 2945.
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Table I. Anion Protonation Constants of DHPTA and TMDTA at
25 °C and I = 0.1 (KNOy)

log K,

K, definition DHPTA 1 2 TMDTA®

K, [HLY/ 9.49 9.49 949 1046-0.2
(H][L]

K, [H,L]/ 7.04 6.36 6.96 8.02 - 0.1
[H,]1[H]

K, [H,L)/ 2.62 2.52 260 257+0.1
[H,L}[H]

Ki [H,L]/ 1.47 1.6 ~16 1.88 + 0.1
[H,L][H]

acid (TMDTA), and it was concluded that in such complexes,
with the possible exception of those of strontium and barium, there
is no participation of the OH group in the coordination sphere.

On examining the available literature, we found that someone
had been interested in the stabilities of Ln(DHPTA) complexes?
and that others® professed to have studied the complex behavior
of DHPTA with rare-earth metals, but we were unable to find
any published data.

Experimental Section

Reagents and Apparatus. 1,3-Diamino-2-hydroxypropane-N,N.N',-
N'tetraacetic acid was obtained from Aldrich Chemical Co. Approxi-
mately 0.1 M Ln(NO,), solutions were prepared by dilution of previously
prepared® stock solutions and carefully analyzed prior to use.” All other
chemicals used were of AR grade and all solutions were prepared from
deionized water.

A Corning pH meter 130 was used for the pH, measurements and was
calibrated as described elsewhere.®

Anion Protonation Constants. The anion’s four protonation constants
were obtained from pH, measurements on a series of independently
prepared solutions of the ligand acid and carbonate-free KOH. In the
final determinations, exactly enough KNO,; was added to adjust the jonic
strength to 0.100 M.

Stability Constants of the Chelate Species. The individual formation
constants of the Ln- and Y(DHPTA) species were determined by the
usual potentiometric method employed in this laboratory® at 25.0 °C and
I=10.100 (KNO,).

Results and Discussion

Anion Protonation Constants. The anion protonation constants
obtained are listed in Table I along with data sets reported by
two other groups.!> The values coincide well with each other.
Comparison of the DHPTA protonation constants with corre-
sponding values for the analogous ligand, trimethylenediamine-
N,N,N’ N'tetraacetate (TMDTA), which differs only by having
a hydrogen atom in place of the OH, reveals that DHPTA is
definitely the more readily dissociated acid.

Stability Constants. A summary of the data obtained in this
work is given (along with data for TMDTA and EDTA) in Table
IT and plots of log Ky vs. crystal ionic radius’ are compared for
DHPTA, TMDTA, EDTA, EEDTA, and BPETA in Figure 1.

As known, the neutralization of DHPTA in the presence of an
equivalent amount of rare-earth metal cation indicates release of
four protons at a relatively low pH, but a much higher pH is
required to release the hydroxyl proton. We are concerned only
with complex formation at low pH values, which are ambient in
the application of polyamino polycarboxylates to cation-exchange
elution separations. Thus DHPTA can be considered to be a
tetraprotic acid. Only one species, LnL", is prevalent at pH 3-5.
For lanthanum, the rare earth having the least affinity for the
DHPTA anion, the value of the calculated complex formation
constant was observed to vary somewhat with pH, and subsequent

(3) Dyatlova, N. M,; Seliverstova, I. A.; Yashunskii, V. G.; Samoilova, O.
1. Zh. Obshch. Khim. 1964, 34, 4003. .

(4) Adolphson, M. Ph.D. Dissertation, Iowa State University, Ames, Iowa,
1969.

(5) Pribil, R, “Applied Complexometry”; Pergamon Press: Oxford, Eng-
land, 1982.

(6) Miller, J. H.; Powell, J. E.; Burkholder, H. R. J. Inorg. Nucl. Chem.
1978, 40, 1595.

(7) Templeton, D. H.; Dauben, C. H. J. Am. Chem. Soc. 1954, 76, 5237.
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Notes

Tabie II. Stability Constants of Ln(DHPTA) and Other Chelate Species at 25 °C and 7 = 0.1 (KNO,)*

rare-earth ionic log Kmr az?t!
metal radius,” A DHPTA TMDTA?® EDTA!® DHPTA TMDTA EDTA
La 1.061 11.61 11.28 15.50 3.0 3.0 3.0
Ce 1.034 12.08 11.75 15.98 3.1 1.9 2.6
Pr 1.013 12.57 12.04 16.40 2.0 2.2 1.6
Nd 0.995 12.88 12.39 16.61
Pm (0.979) 6.0 6.6 34
Sm 0.964 13.66 13.21 17.14 2.0 2.6 1.6
Eu 0.950 13.96 13.62 17.35 1.0 1.4 1.0
Gd 0.938 13.94 13.76 17.37 4.1 3.0 3.6
Tb 0.923 14.55 (14.24) 17.93 1.9 3.0 2.3
Dy 0.908 14.83 14.71 18.30 1.1 1.2 2.0
Ho 0.894 14.88 (14.78) (18.60) 1.1 1.2 2.0
Er 0.881 15.09 14.85 18.85 1.7 2.0 3.0
Tm 0.869 15.31 (15.16) 19.32 2.6 2.0 1.5
Yb 0.858 15.72 15.47 19.51 1.4 1.3 2.0
Lu 0.848 15.87 15.59 19.81
Y 0.88 14.15 18.08
“Data in parentheses are interpolated values.
20— T T I cota 0h donor capability of the nearby N atoms,!? but the net effect is
~CHyCHy - a nearly 10000-fold attenuation in lanthanon affinity.
19— — An analogous effect can be seen by comparing the corresponding
log Ky values for (bis(2-aminoethyl) ether)-N,N,N’,N'-tetra-
18— EEDTAUIZ) ] acetate (EEDTA)'? to those for (bis(3-aminopropyl) ether)-N,-
~{CHe)p=0=(CHy)p- N,N',N'-tetraacetate (BPETA).!! In this case, adding a methylene
L o group to each of two (out of six) five-membered rings in the case
! of lighter lanthanon (La—Eu) chelates attenuates affinity by almost
~CHpCHCH,- Ty
OHPTA a million-fold.
16 TMDTA(S) DHPTA differs from TMDTA only by having an OH instead
~CHpCHCHp - of an H attached to the central C atom of the backbone. It would

15 =

log Ky~

BPETA(I)
2} .

~(CHp)3-0~{CHyly-

U= —

1.05 1.00 0.95 0.930 0.85 0.80
o A BT VR R I T | |
Lo Pr Pm Eu Tb Ho Tm Lu
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Figure 1. Comparison of log Ky sequences of various 1:1 polyamino
polycarboxylate chelates of the rare-earth metals.

calculations with a program that evaluates both Ky and Ky
gave log values of 6.33 and 11.27, respectively.

Comparison of the stability constants of DHPTA (Table II)
with those of TMDTA?®? and EDTA!? reveals that the stability
constants of the Ln chelates of both DHPTA and TMDTA are
on the order of 10000-fold less than those of EDTA. As has been
reported in a previous paper,'! a great difference in chelate stability
constants exhibited by homologous ligands may be caused by two
factors: an inductive effect and the effect of chelate-ring size.
In going from EDTA to TMDTA, one chelate ring out of five
changes from penta- to hexadentate. Simuitaneously, the added
methylene group produces an inductive effect that enhances the

(8) Anderegg, G.; Wenk, F. Helv. Chim. Acta 1971, 54, 216.
(9) Martell, A. E.; Smith, R. M. “Stability Constants”; Plenum Press: New
York, 1974; p 244.
(10) Schwarzenbach, G.; Gut, R.; Anderegg, G. Helv. Chim. Acta 1954, 37,
937.
(11) Tse, P.-K.; Powell, J. E.; Potter, M. W_; Burkholder, H. R. Inorg. Chem.
1984, 23, 1437.

seem, however, that the O atom of the hydroxyl group could
become a donor atom to cause the DHPTA to act heptadentately,
as EEDTA apparently does, in bonding to the lighter lanthanons.
Obviously, the DHPTA backbone is not sufficiently flexible for
this to happen, since the affinities of the lighter lanthanons
(La—Eu) for DHPTA are nearly 100000-fold less than for
EEDTA. Actually DHPTA resembles TMDTA, which has no
potential donor atom on its backbone, very closely.

Unlike EEDTA,'* DHPTA exhibits a stability sequence that
offers no likelihood that it would prove useful in partitioning Am
and other tervalent actinons from lanthanide—actinide mixtures,
since there is no rise to a maximum and subsequent decline in
stability.

The separation factors for adjacent lanthanons, calculated from
Ln(DHPTA) stability constant ratios, are displayed in Table II.
From these values, we conclude that DHPTA might prove useful
for separations of most lanthanons from each other, but not the
Eu-Gd pair (and probably not the Dy-Ho pair). With DHPTA
the Nd-Sm separation factor appears to be 2-fold greater than
in the cases of EDTA, DTPA, and HEDTA, which are often used
for recovering promethium from nuclear wastes (Pm occurs be-
tween Nd and Sm in the Ln series). Faster exchange kinetics
should result from the overall lower chelate stabilities in the case
of DHPTA and produce smaller theoretical plate heights than
are observed with EDTA and DTPA under comparable conditions.
Thus DHPTA might prove to be a very effective reagent for
isolating promethium from nuclear wastes.

Of further great interest is the behavior of Y(DHPTA). In
contrast to other systems, its stability falls between those of
Gd(DHPTA) and Tb(DHPTA). The resultant Dy-Y separation
factor thus is about 4.8, significantly higher than that observed
for EDTA (ca. 1.5). This behavior conceivably could be exploited
in recovering yttrium by various two-step recovery schemes.
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York, 1977.
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