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Abstract—Addition of a KOH solution to aqueous solutions containing methanephosphonic gciartdi
rare-earth ions L results in crystallization of LnH (Ln = La-Er, Y) and KLngHgLg (Ln = Yb, Lu); Tm
forms the salts of both types. The solubility and thermal stability of the products were studied.

From aqueous solutions containing rare-earth iontking fractions of the precipitate, it is possible to
Ln®* and alkanephosphonic acids R{PQ (H,L), isolate first KTmHeLg and then TmHL (see table).

various compounds were isolated: Ln(Rf);- nH,O . . ‘
(HoL = CeH:C(CH)POH, [1], CHCH(NH,)CH,- s 2deiNg a drop of a KOH solution 1o aith, -
PO, [2I}, LnHL ,-nH,0 (H,L = HOC4H,OCH,- OH, nCl; solution, a gelatinous precipitate is
P H2 [3])’ and L2 L -%H O 2{H | = CBH 4PQH formed, which quickly dissolves on stirring. The last
C%| CZ:(CH;)PQH Fi] 3C HZC(OHZ)(CI—g)F?QSH [4]}2’ added drop of the KOH solution gives a precipitate
6 'S 3 215 ~67°5 2123 dissolving very difficultly. From the resulting solu-
Also, neodymium alkanephosphonates NgHare he ab d ibed talli th metal
known (HL = CHPOMH, CICH,POH,, CoHyec: tions, the above-described crystalline rare-earth meta
POH. C.td.-PO.H )3[5] 2 2 2 ~r'15 methanephosphonates precipitate gradually. Due to
OsHz, CgH1POH,) [5]: complexation of LA* with CH,PO;H, [6] and forma-
Here, we report the preparation and some propertiggon of a solid phase, the solution pH decreases, and
of methanephosphonates fH= CH;PO;H,) of rare- the product yield is low. The repeated careful alkaliza-
earth elements (Ln = La, Nd, Sm, Gd, Dy, Er, ™m,tion (until the initially formed precipitate ceases to
Yb, Lu, and Y). dissolve on stirring) yields an additional crop of a

ell-crystallized secondary precipitate, identical in

On adding a KOH solution to aqueous solutions oftN " . . ;
= _ he composition to the precipitate of the first fraction.
the composition 3CEPOH, + LnCly (Ln = LaBr, 0% 001 humber of moles of the alkali added per

Y) (pH < 3), dense finely crystalline precipitates of . .
L21|—(|E s )gradually forr)llwedy(see taé)le) Pl'he <amdnole of methanephosphonic acid does not exceed 1,
comp%unds crystallize with NaOH or NQH used °° that the reaction mixture remains strongly acidic.

instead of KOH, and also upon alkalization of solu- }
tions with other reactant ratios: 4GPIO,;H, + LnCl, 2CHPOsH, + LnCls < LNH(CHzPO)z, + 3HCI,
and CHPG;H, + 2LnCl;. The fact that the precipitate Ln = La—FEr, Y.

composition is independent of the reactant ratio and

the base used for neutralization suggests that the rare- TCHPOH, + CHPOHK + 3LnCls
earth metal methanephosphonates obtained are indi- & KLngHglLg, + 9HCI,
vidual compounds. Ln = Yb Lu

A different pattern is observed with Yb and Lu.

Addition to solutions containing CHPOH, and The acidic medium ensures a low crystallization

. ) ) _ rate. WhemCH;PG;H, + LnCl; mixtures are quickly
LnCl; (molar ratio from 4: 1 t0 1: 2) of a KOH solu- 0o o4 pH 46 with solutions of MOH (M =

tion up to the onset of crystallization (pH < 3) results L
in formation of loose precipitates consisting of hexag'Naﬁ’OEé Nt:_r'ﬁ)eogrf xf%rprﬁg:jylenedlamme, gels stable for

onal plates; their most probable composition, accord®

ing to elemental analysis, is KgHgLg. As expected, The compounds LnHL(Ln = La-Tm, Y) are fine-
the precipitate composition changes when NaOH oly crystalline colorless or pale-colored substances;
NH,OH is used instead of KOH. their color corresponds to the color of the correspond-

ing Ln®* aqua ions (see table). The compounds
By adding to a 3CEPO;H, + TmCl; solution KLngHgLg (Ln = Tm-Lu) are colorless substances
KOH in portions up to the onset of crystallization andcrystallizing in the form of hexagonal plates. The
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Analytical data for rare-earth metal methanephosphonates

Found, % Calculated, %
Compound Formula
Ln P Ln P

LaHL,? 415 18.9 C,H,LaOgP, 42.36 18.89
NdHLZb 42.9 18.5 C,H,NdOgP, 43.28 18.59
SmHL,? 43.9 18.4 C,H;0gP,Sm 44.31 18.25
GdHL,? 45.2 17.6 C,H,GdO,P, 45.41 17.89
DyHL, 46.0 17.2 C,H,DyOgP, 46.23 17.68
ErHL,® 46.5 17.3 C,H/ErozP, 46.95 17.39
TmHL,?2 475 17.0 Cy,H,OgP,Tm 47.19 17.30
KTmsHgL g2 394 19.1 CgH3gKO,4PgTmy 38.86 19.00
KYbgHgLg? 39.5 18.9 CgH3zoKO,4PsYb4 39.43 18.82
KLugHgLg? 39.9 18.9 CgH3zoKLu30,4Ps 39.70 18.74
YHL 2 32.0 22.0 CoH,O6P,Y 31.99 22.29

a Colorless.? Lilac. ¢ Pink.

compounds are soluble in mineral acids and in amveight loss (%) on heating at 18D to constant
Na,EDTA solution (on heating) and sparingly solubleweight is as small as 0.07 (La), 0.18 (Nd), 0.56 (dr),
in water (the solubility sharply increases at low pH,0.36 (Y), 0.20 (Yb), and 0.15 (Lu) and is due to re-
Fig. 1), aqueous alkalis and ammonia, DMSO, DMFmoval of adsorbed water. The compounds show a
acetic acid, glycerol, ethanol, acetone, dioxane, ,CCl high thermal stability: The methanephosphonate anion
and benzene. The substances are nonhygroscop#tarts to decompose only at 40030°C, and the
X-ray diffraction patterns show that LnHlare well- weight loss in this stage is as small as-24%5%
crystallized substances with a strong texture. (Fig. 2). The stability increases in the order &b <
La < Er < Nd~ Sm. Heating above 5570°C causes

The IR spectra and thermal analysis confirm that more profound degradation, with carbonization and

the compounds are anhydrous. For example, thelease of large amounts of gaseous pyrolysis products

(Fig. 2).
EXPERIMENTAL
0.020
Methanephosphonic acid was prepared by hydrol-
ysis of methanephosphonic dichloride. The acid con-
0.015 1 centration in aqueous solution was determined by
s alkali titration with methyl red and thymolphthalein
- as indicators. The L3 solutions were prepared from
<
0.010f TG 0 %
RNRE g
10 5
0.005 152
DTA
0 ] ] ] W
95
1 2 3 4 . | 465 .
pH 0 200 400 600
Temperature;C
Fig. 1. Solubility of NdHL, in water at 28C as a
function of pH. Fig. 2. TG and DTA curves forNdHL,.
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chemically pure grade LnginH,O; their concentra- air at room temperature to constant weight. An addi-
tion was determined by complexometric titration. Thetional crop of the product was isolated from the fil-
thermal anlaysis was performed on an OD-103 derivatrate by adding a KOH solution dropwise until the

tograph (100-mg sample, quartz crucible) in apndt

initially formed gelatinous precipitate ceased to dis-

mosphere at a heating rate of 6 deg Thiim the range solve on stirring; the pH was kept below 3.

20-600°C. To detect more precisely the onset of ther-
mal decomposition of the anion, the product obtained
by calcination at a given temperature in an inert at-
mosphere for 1 h was heated first with 2 M Hjh@nd
then with molybdate solution and NNO;. Forma-
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date is indicative of the occurrence of ~ pyrol-
ysis. The Ln content was determined complexometri-
cally by back titration of excess NBDTA with a
solution of CuSQ in hexamethylenetetramine buffer
(pH 5-6) at ~60-80°C (xylenol orange indicator).
The phosphorus content was determined gravimetr'b-
cally in the form of quinolinium phosphomolybdate
[7] after oxidation of methanephosphonate to ortho-
phosphate (fusion of the complex with NahGt
500-550°C [8]). To determine the solubility, water
was acidified with the required amount of HCI and

mixed with the NdHL, powder until a constant N& 4

concentration was attained, and the equilibrium pH
was registered.

Rare-earth metal methanephosphonates. A
1.0 M solution of CHPG;H, (15 ml) was mixed with
a 0.50 M solution of LnC} (10 ml). A 1.0 M KOH
solution was added dropwise with stirring until the

initially forming precipitate ceased to dissolve, and’-

the resulting solution was filtered if necessary. The

precipitate that formed within several days was vacus.

um-filtered through a glass frit, washed with three
portions of water and then with acetone, and dried in
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