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Abstract—Conditions for isolation of a 1-hydroxyethane-1,1-diphosphonic aciglXHomplex of the
composition PbHL -H,0 from aqueous solutions of various composition are studied. The X-ray analysis of
the resulting polycrystalline sample showed that it is single-phase. The IR spectrum is presented, and the
solubility and thermal transformations of the sample are studied.

Polarographic and potentiometric studies of comThe complex is soluble in ammonia and alkalis,
plex formation of PB" with 1-hydroxyethane-1,1- ethylenediaminetetraacetate solutions, and hydrochlo-
diphosphonic acid CEC(OH)(POQH,), (H,L) in ric, sulfuric (with decomposition), and nitric acids. It
aqueous solutions revealed the formation of PbL is poorly soluble in water, acetic acid, DMSO, DMF,
Pb,L, and some other complexes [1, 2]. Solid,Pb glycerol, ethanol, isopropanol, ethyl acetate, aceto-
2H,0O [3] and PbHL-H,O [4] were isolated. The ne, dioxane, carbon tetrachloride, and benzene. The
latter compound was obtained by the reaction of leagoor solubility of the complex in nondestructive polar
carbonate with a 30% aqueous solution glLHin a  solvents is consistent with its polymeric structure. The
1:1 molar ratio, followed by slow evaporation of the complex is nonhygroscopic and stable on handling in
mixture at room temperature. The complex BbH air.

H,O forms monoclinic crystals of the space group
P2,/c with the following unit cell parametersa
10.896(6) A, b 8.297(5) A, ¢ 10.317(6) A, P

From the aqueous solution wiB3, = 0.3 M and
a 1:1 molar ratio of Pb(Ng), and HL, fine crystals

109.82(6%, andZ = 4 [4]. The PB* ion coordinates immediately precipitate and then gradually pass into

. . avy concretions of coarse lustrous crystals; by
six phosphonate oXygen atorzrls of one bldentgte an&%mental analysis and X-ray powder diffraction, the
four monodentate ligands ,H“ (partial dentacity). latter are a single-phase complex BhHH,O. When
the total dentacy equal to fotrThe molecules of ,osition of the precipitate remains the same (yield

crystallization water do not enter into the coordinationggo) | ead carbonate dissolves in a large excess
sphere of PB but form hydrogen bonds with the (1:3) of agueous kL.

hydroxyl oxygens and the phosphonate oxygens and

hydrogens of the ligand [4]. PbCQ, + 2H,L — Pb(Hl), + H,0 + COZT

In the present work we studied conditions of for-
mation and some properties of the complex BbH However, here, too, the precipitate also contains
H,O. nothing more than PDbjl-H,0.

The pattern calculated from single-crystal X-ray o) H PbH.L -H-O1 + H.L
diffraction data [4] coincides with the experimental b(FsL)z + H0 OFRL-HO) + Hal

powder X-ray diffraction pattern of PbH-H,O (see ; : P nH
table). This fact together with the elemental analysi%v Probably, the isolation of PbEH),:nH,O was

. C recluded by the poor solubility of PBH-H,O in
shows that the polycrystalline sample is single-phas ater and dﬁute H?\I@ and alsoythe Io%v thezrmody-

The PbHL-H,O sample consists of concretionsnamic stability of Pb(HL), in solution. At the same
and separate sphenic crystals up to 3 mm in lengthime, stoichiometric M(HL),-nH,O complexes are
known for many bivalent metals {8].

1 The definition of ligand dentacity was taken from [5]. According to differential thermal analysis (see
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Powder X-ray diffraction results for PbH-H,0%

d A I, % d A I, %
) ) ) h kI . . h k|
experiment|calculation| experi- |calcula- experiment| calcula- | experi- | calcula-
ment tion tion ment tion
10.23 10.251 100 100 100 2.334 1 312
5.125 2 200 2.332 2.334 2 4 123
5.11 5.107 5 5 TO?2 2.305 1 314
4848 | 4853 6 19 002 2298 {2.300 05 { 1 213
4.484 4.491 3 5 211 2.276 2.276 2 3 231
4.353 4.360 2 2 210 2.209 2.210 2 2 411
4.324 4.333 2 6 202 9200 { 2.200 1 { 1 331
4.179 4.189 0.6 1 012 : 2.200 1 10 4
3.904 3.904 7 20 102 2.124 2.126 0.5 2 11 4
3.841 4 212 2.112 2.112 1 2 423
3.811 3.815 7 14 021 2.100 1 512
3.742 3.742 10 20 121 2.096 1 414
3.604 3.607 2 2 211 2.091 2.090 2 1 511
3.528 3.533 1 2 112 » 072 {2.074 ) { 2 040
3.429 4 121 : 2.073 1 223
3.419 {3.417 4 { 2 300 2.032 2.033 1 2 140
3.382 3.386 5 9 302 2.017 1 513
3.325 3.327 3 4 311 2.011 2.010 2 2 331
3.274 3.276 15 24 221 1.990 1.990 2 2 510
3.160 3.159 3 3 310 1949 {1.952 1 { 1 204
3.135 3.135 2 3 312 ' 1.947 1 412
3.046 3.046 3 5 202 1.923 2 240
2.879 2.882 1 2 221 1.992 1.992 2 2 142
2.858 2.859 2 4 212 1.921 1 432
2.759 2.760 2 2 311 1.907 1.907 0.5 2 042
2.733 3 3 321 1.871 1 2 242
27130 { 2.728 { 2 313 1.870 { 1.870 { 1 514
» 670 { 2.671 3 { 2 402 1.845 1.846 0.5 2 225
: 2.670 2 130 1.835 1 511
2.644 2.647 4 11 123 1831 {1.832 1 { 1 142
2.581 2 411 : 1.829 2 125
2.572 {2.575 3 { 5 223 1.827 1 332
2.564 2 T04 1.805 1.805 0.3 1 325
{2.553 { 2 204 1774 {1.774 1 {08 612
2.547 2.551 3 6 023 : 1.773 0.8 340
2.542 2 412 1.769 1.769 1 0.9 342
» 449 {2.456 5 { 3 231 1.757 1.758 0.5 2 025
2.449 3 410 1.741 1.741 0.5 1 613
2.434 2 230 1.716 1.719 0.5 1 206
2.432 2.432 2 1 3002 1.704 1.702 1 1 531
2.427 1 004 1.686 1.688 0.3 1 106
2.399 3 304 1.659 1.659 1 1 614
2.392 2.392 3 4 321 1.649 1.651 0.3 1 125
2.368 2.371 1 3 323 1.610 1.613 0.5 1 T4 4
2.352 2.354 0.5 1 713 1.576 1.577 0.5 1 044

@ |Interplanar distancegd) corresponding to reflections with> 1% are presentedexp

pattern. I .. relate to integral intensities of the reflections.
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in 15 ml of water, a solution of 3.31 g of Pb(NJ2 in

15 ml of water was added with stirring. After the
TG primarily formed curdled precipitate had completely
10 passed into heavy coarse crystals-2® days), the

solvent was decanted, and the residue was washed
first with 0.1 N HNG; and then thrice with water. The
4904 20 precipitate was pressed out on a paper filter and dried
in air at room temperature until constant weight. Yield
97%. IR spectrumy, cnm: 3600-2400, 23002100,
1680-1640 w B(H,0)], 1240 ~1200 s, 1165 s
[v.{PO,)], 1090 sh, 1067 s, 1035 sJPO,)], 945 sh,

920 s {v[PO(H)]}, 825, 700, 658, 545 s, 488, 463,
445 s, 408. Found, %: C 5.2; H 1.6; P 14.1; Pb 48.0.
C,HgOgP,Pb. Calculated, %: C 5.60; H 1.88, P 14.43,;

Weight loss, %

100 200 300 400 500 Pb 48.27.
TemperatureSC REFERENCES
Thermoanalytical curves for PH-H,0. 1. Nozaki, T., Oka, Y., and Yamashita, HNippon,

] ) ) ) Kogaku Kaishi, 1989, vol. 4, pp. 697701; Chem.
figure) and isothermal gravimetry, dehydration of  Apstr., 1989, vol. 111, no. 13203.

Psz_L'HZO begins only at 14% (DTAy,, 160°C). 2. Deluchat, V., Serpaud, B., and Bollinger, J.-Bhos-

Holding the powder of PbiL-H,O at 183C to phorus, Sulfur Silicon1995, vol. 104, no. 1, pp. 81

constant weigh results in a weight loss (found 4.4%, g2,

calculated 4.20%) corresponding to the formation of ; -

anhydrous lead(ll) 1-hydroxyethane-1,1-diphospho- \E)(;Jl“’ZlDAM'ngndG Psga,(s;\il.érzrgran J. Chem. 1982,

nate(2). The thermal decomposition of the complex N A . .

with P-C bond cleavage in the Ilgandsz begins at 4. Silvestre, J.-P., El Messbahi, N., Rochdaoui, R.,

220°C and is accompanied by an endothermic effect Nguyuen, Q.D., Lee, M-R., and Neuman, Acta

(DTA,;, 245°C). The thermal stability of Pbitl is Crystallogr., Sect. C1990, vol. 46, no. 6, pp. 989

onIy slrghtly lower than those of compounds contain- 988. _ _

ing the "E'— anion and alkali metal cations [202]. 5. Poray-Koshits, M.A. and Serezhkin, V.Nh. Neorg.

Khim., 1994, vol. 39, no. 12, pp. 1967984.
EXPERIMENTAL 6. Kushikbaeva, B.Kh., Mitrofanova, N.D., Martynen-
ko, L.I., and Spitsyn, V.l.Jzv. Akad. Nauk SSSR, Ser.
The IR spectrum was recorded on a UR-20 spec- Khim., 1987, no. 12, pp. 2642654.

trometer for a suspensron in Vaseline oil in the range 7. Kushikbaeva, B.Kh., Mitrofanova, N.D., Martynen-

4000-400 cnt*. The X-ray diffraction patterns were ko, L.I., Kupriyanova, G.N., Yashkarova, M.G., and

obtained on a DRON-3 diffractometer (Ky radia- Chechernikova, M.V., Zh. Neorg. Khim., 1988,

tion, Ni filter, 26 3-60°. Thermal analysis was per- vol. 33, no. 6, pp. 1509514.

formed on a Q-1500 derivatograph (ceramic crucible, g nohdaoui R, Silvestre.  J.-P Nguyen, Q.D

sample 250 mg) under nitrogen at a heating rate of =~ | .o\ R’ and Neuman, A.Acta Crysta”’ogr' K

5 deg/min in the range 2600°C. Elemental analysis Sect. C" 19"92' vol. 48, no. 12" op. 2132135, B

was carried out on a CHN analyzer. Analysis for R Afonin, E.G., Aleksandrov, G.G., and Sergienko, V.S.,

phosphorus was performed by spectrophotomety after .
oxidation of the HL? anion to orthophosphate. Koord. Khim.,1997, vol. 23, no. 11, pp. 84852.

Analysis for lead was perfomed by complexometrylO. Afonin, E.G. and Pechurova, N.Eh. Obshch. Khim.,
(back titration of excess sodium ethylenediaminetetra- 1987, vol. 57, no. 3, pp. 53844.

acetate with a solution of CuSOin the hexa- 11, Afonin, E.G., Matkovskaya, T.A., and Pechurova, N.1.,

methylenetetramine buffer with pH-6 at 66-80°C, Zh. Obshch. Khim.1988, vol. 58, no. 7, pp. 1512
indicator xylenol orange). 1516.

Lead(ll) 1-hydroxyethane-1,1-diphosphonate(2)  12. Afonin, E.G. and Pechurova, N.Eh. Obshch. Khim.,
monohydrate. To a solution of 2.69 g of . -H,O 1989, vol. 59, no. 2, pp. 31B21.
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