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Organic Compounds of Lanthanide Elements. Part IV.
Alcoholates of Praseodymium and Neodymium Chlorides

B. 0. Mehrotra, T. N. Misrs, and §. N, Misra

Tho reaotlons of aphydrous prassodymium and nsodymium chlorides have bean studied with diffsrent
alschals msthanol, sthanol, lsopropancl, and a-batanol) and compounds of the type MCl,. 3ROH bave e
isolatsd. Their érichlorids monohydrates yisld sompounds with the general formuls MCly. H,0. 2 BQH. The
higher alooholates could also be synthesisad from lower alcoholates by aloohol-intarchangs techniqua. The
condachances of alocholie solutions of anhydrous prassodymium chlorids In methanol sad ethsnol have boen
mmoasured. A spectropholomeirio stody of pecdymium ohlorids tri-alcoholates (msthapol, ethencl, and
isopropeno] derivatives) has been mads.

The preparation and properties of alkoxides and slocholate derivatives of transition
olements have been extensively studied*’s, but only a few references are available on similar
derivatives of inner-transition elementa. Meyer and Koss4 reported that a crystalline solid,
LaCl,. 2C_H OH, separated from the ethanolic solution of lanthanum chloride El-Aggan
et als. have recently reported the synthesis of isopropann] derivative of lanthanum chloride,
LaCl,. 3 ¢-PrOH by alooholysis of the corrasponding ethanol compound, isolated during
the azeotropio drying of hydrated lanthanum chloride. Alocholate derivativea of lantha-
nom and cerium(uma) ohlorides have already been described'. In view of the above, it was
considered worthwhile to make an extensive study of the corresponding derivatives of
praseodyminm and neodymium.

The anhydrons chlorides of prassodymium and neodymium were found to dimsolve
in methanol, ethanol, isopropanol, and s-butanol to provide alcoholates of the gemeral
formula MCI,.3 ROH.

MCl, + 3 ROH — - MCl, . 3ROH

The solubility of the chlorides and the amount of heat evolved during dimolution of
theae chlorides decrease with the increasing molecular weight of the parent alochol. The
refluxing of the metal chlorides with the slecohol was found essential for their complete
dimolution in cases of isopropanol and a-butanol. Removal of the axcess alochols (under
reduced pressure and room temperature) from the clear alooholic sclutions, thus obtained,
yislded products which oarresponded in analysis closaly to the tri-alcoholates. The tri-
aloaholates of praseodymiom and neodymium, thus isolated, are green and reddish vicled
solids, respectively, highly soluble in the parent alochol, and inaoluble in benzene alone;
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but these dissolve in benzene also when a little aloohol is added. Out of theas, only the
isopropanol derivatives (MCl,. 3 i-PrOH) could be recrystallised from their alcoholic
aolution in the form of characteristio needle-like cryntals and thus these could be prepared
in a state of high purity. Interestingly, in the case of other metals like thoriumé,
uranium3, and chromium? also, the isopropanol derivative is the only one
which has a pronounced tendency of crystallising from the parent slechol. When the
ohloridea were refluxed with aes.-butanol, products with an appreciably lower metal
to chlorine ratio (approximately 1:2.2) were obtained, indicating the occurrence of some
side reaotions. The side descompoaitions were found to be even more marked in the reaction
of praseodymium chloride with {-butanol, in which case a light green, inscluble solid
with metal to chlorine ratio as low as about 1:0.7 was obtained.

During the course of the above investigations, observations were repeatedly meade
which appeared to confirm the work of Meyer and Koast who reported the formationof di-
alcohclate derivative only. The samplee of chlorides, obtained by evaporating praseodymi-
um and neodymium oxides in hydrochlorio acid, appeared to hold a molecule of water.
Buch samples on treatment with methanol, ethanol, and isopropanol provided di-alcoho-
lates of the type MCl,.H,0. 2ROH. The tri-alecholates (MCl,. 3 ROH), however, could be
prepared by the reaction of aleohols with anhydrous chlorides obtained by heating the
monohydrates in a current of diy HCl gas. These di-alcoholates appearcd to hold the
m>leoule of watar more tanaciously than the aloohol molecules. On treatment with the
required quantity of a-butanol, it could be converted quantitatively into its corresponding
n-butandl derivative without affacting the water content:

MCL.H,0.2i-PrOH -+ 2 n-BuOH

Exonss
— » MCL.HO. 2 n-BuOH + (2 :-PrOH | CgHy)
bensene

The di-isopropanolates could, however, be quantitatively converted into tri-
Isopropanolates by refluxing with a large excess of isopropanocl in presence of benzene
when the ternary water-alcohol-benzene azeotrope was continuously fractionated.

As described earlier®, the direct reaction of anhydrous metal chloride with secondary
and tertiary butanols led to side resctions with replacement of chlorinealso. In view of
the above cbservations, the azeotropic technique was attempted for the conversion of
praseodymiom and neodymium chloride tri-aleoholates to the ecorresponding butanol
derivatives, Thus n-butanol was found to interchange with the three alcohol moleculss
when required quantities of the two reactants were refluxed with excess of benzene for
several hours. The products, obtained after the slow removal of the areotrope and
drying under vacuum, corresponded in analysis to MCl,. 3 n~-BuOH. The metal: chlorine
ratio in the product of neodymium chloride tri-isopropanclate and aec.-butanol reastion

was.aboat 1:2.80 and that in prassodymium ohloride tri-isopropanolate— ¢-butancl
reaction was about 1:0.7.

Bimilar tendenociea of decomposition had been observed when chlorides or chloride
alkoxides of other metals were treated with an exowm of tertiary alechol. The mechanism

6. Bradley & al., J. Chem. Soc., 1054, 2002.
7. Mohrotra and Bbarms, private oommunication.
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for this type of reactions was initially propased by Bradley et al¥. Accarding to them, the
reaction of excees of s-butanol and eirconium chloride alkoxide provided a deopmn~
posed product along with alkyl chloride and olefins. In view of the decisive role played by
the exoess of tertiary aloohols : the following mechanism,

'_.H
VEAN
ZrCl(OCMe,)y+Me,COH —» Me,C Zr(0.CMe,),
25
H,C) O —=
\{/
Me—C—Me .
- I - + HO.Zr(OCMe,), + HC1
waa proposed. Provided that the cantral atom of the metalhalide alkoxide has a tendency
to co-ordinate in this position, the subsequent electronic rearrangement oecurs chiefly as
& consequence of the properties of tertiary aleohols and a similar mechanism -would be
expected to be operative in the case of praseodyminm and neodymium chlorides.

The same suthors® have also pointed ont that the decompositions, described above,
might possibly be occurring by a different mechanism, involving the formation of
carboninm ions:

MCl,. 3 ROH — - [MC], . (OH).2 ROH]™ 4 R*

(MCl,. (OH).2 ROH]™— +» MCI,(OH).2ROH 4 CI-
fallowed by

Rt 4+ CI- —~ RCl

Rt | ROH — - olefine 4 [ROH,]*

[ROH_]* + CI" —-» ROH + HCl
It is evident that further detailed mechanistic studies will be required to elucidate the
obeerved behaviour of tertiary alechols towards metal halides.

In investigating the pyrolytic behaviour of praseodymium and neodymium
chloride tri-isopropanoclates, theee compounds were heated under rednoed preseure
(0.08 mm) for seventy minutes at different temperatures. These were found to be stabla
to 50° undar the above experimental conditions, beyond which decomposition startad when
the isopropanol molecules of addition appeared to be lost with very slight decomposition
of the trichloridea even at higher temperatures.

The conductance of praseodymiom chloride was meesured in dry methanol and
ethanol in the concentration range of 10™* to 103 moles. At thess dilutions the chloride
was obsarved to be only partially dissooiated. The plots of Am (molecalar condue-
tance) against 4/¢ (concentration) provided a straight line and the extrapolated valnes
for the limiting molecular conductance in methanol and ethanc] were found to be 72.5
and 28.0, respectively. These low values indicate that praseodymiunk chlaride is only
pertially dissociated in aleoholic solutions.

PrCl, === PrCl+ 4 (I~
8. J. Chom. Soc., 1062, 4960.
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The abeorption spectrs measurements of different neodyminm chloride alecholate
solutions in the parent alochols were carried cut in the visible region. The resulis obtained
are plotted in Fig. 1-3 In almost all the cases studied, some prominent bands are obsarved
at wave lengths 515, 525, 582, 745, 805, and 875 my with only a alight variation with the
change of solvent. In addition to theee sharp bands, some less-defined bands are also detec-
table at wave lengths 430, 475, and 880 my. Inoidentally, NdCl, in aquecus solutions
shows? principal absarption bands at 364, 522, 575, 740, 742,798, 803, and 868 mp.
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Wacs lengih (mIL).
FIQ. 3. Noodymlam triahloride bri-isopropy] alscholate.

EXPERIMENTAL

Msthanol, ethanol, and propanols were dried by refluxing them with metallic sodium,
followed by fractional distillation with a amsall amonnt of benzene. Butanols were dried
by refluxing them over their reepective sodium alkoxides. Beniene was kept over sodium
wire, refluxed with metallic sodium, and finally dried azeotropically with s little sthanal.

Anhydrous prascodyminm and neodyminm chlorides were prepared from their axides
(Johnson Matthey, 99.9%). The aclutions of these oxides in HCl {cone.) were evaporated
to drynees and the mass was powdered and dissolved agein in the acid; the operation
was repeated four times. The samples, thus obtained, were found to hold a moleculs of
water of hydration. Finally, anhydrous samples were obtained by heating the above pro-
duct in a stream of dry HCI gaa.

Prascodymium and neodymium were estimated as thefr oxides by first precipitating
them as oxalates. Aloohols (methanol, ethanol, and isopropanol) in the compounds or
in the azeotrope were determined by the chromio acid oxidation method'®.

All-glass apparatus with etandard interchangeabls jointa waa used throoghout this
investigation. A Phillips magio eye type (P. R. 8500) canductivity bridge was used for
conductance measarements. The measurements of optical sbaorbance were carried out
with a Beckman spectrophotometer (model D.U. 2400) employing o siliea euvetie.

Preparation of Tri-alcoholaies of Praseodymium and Neodymium Chlorides:
Reaciion beiween Anhydrovs Praseodymivm Chloride ond Tsopropanol

Isopropanol (26.0 g.) was added to anhydrous praseodymium chloride (2.4g.) when

o mild exotharmio reaction waa found to oocar with partial dissolution of the chlaride.

10. Mehrotrs, this Jowrnal, 1953, 38, 585; 1004, 31, 904.
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The reactants were refluxed for 2 hr. when a olsar green solution was obtaiced. On cooling
to the room temperature, green needle-like crystals sepacated from the mother liquor.
After romoval of the upper liquor by detantation, drying of the producs gt 27°/10.1
mm yielded a green erystalline solid..The product wes reorystallised frem .isopropanot,
yield 3.2 g. (Fouand: Pr, 32.80; Cl, 24.80; i-PrOM, 42.10: Pr0lL,.3 +-PrON requires Pr,
32.08; (1, 24.87; i-PrOH, 42.17%). Thus several similar derivatives have been synthesiyed
and the resulis obtained during such investigetiops are summarised in Table I.

Di-alcoholaies of Proseodymium and Neodymium Chlorides:. Preparation
of Praseodymium Chloride Monohydrale Di-isopropandlate

Praseodymium ohloride monohydrate (4.4 g.) was refluxed with isopropanocl (5.0 g}
for 2hr. The green solution, thus obtained, containing some undissolved impurlities, wes
sepaiated while hot through a transfer tube. After cooling, & green compound crymllinea
from the mother liguor. On drying at 26°/0.2 mm, & benzens-Inschible crystaliine
solid (6.3 g.) was obtained. (Found: Pr, 37.530; Cl, 27.30; s—PrOH 31.20. PrCl,.H,0.
2 i-PrOH requires Pr, 37.28; Cl, 27.40; i-PrOH, 31.40%,). Pr/Cl is 1/2. 94: Prfi-PrOH

is 1/1.92, Several di-alcoholates of prueodymmm and neodymium prepared areé recorded
in Table IL

. Preparalion of Higher Alcoholates from Lower Ones by Alcohol-interchange Reactions:
Reaction of Praseodymium Chloride Tri-ethanolate with n-Butanol in Benzene

n-Butanol (5.0 g.) was added to praseodymium chloride tri-ethanolate(€.2¢.) in
benzene (45.0 g.). The contents were refluxed for about 3hr. The ethanol- benrerf®
azootrope (68°) was first collected and finally excesa of the solvent wis removid by
distillation. A green solid (3.3 g.) was obtained after drying the product at 27°/0.1 mm.
(Found: Pr, 30.20; Cl, 22.60. PrCL,.3 n-BuOH requires Pr, 30.00; Cl, 22.65%,).

Beveral alochol-interchange reactions were carried cut by taking both di- and tri-

alecholates of praseodymium and neodymium chloridee es stacting meterials. The resulta
are recorded in Table ITI.

TABLE IO
Starting material. Alcohol Formula, Metnl % Chlorine. Molar
added. Found. Rogd. Found. Reqd. ratio
{M[C]).
1 PrOl, monohydrate »-BuOH PrCly.H,0.22-BuOH 34.50 34.24 2540 2560 1/3.98
di-isopropanolate
3 PcCly brl-othanclate - PrCly.»-3Bo0H 30.30 30,00 28,60 139.65 12
3 Nd0l ¢clecpropanciste .,  NdOl,»-3BaOH  30.80 3050 32.00 2340 3.0
4 NdOl, tri-sthanolate " NdOl;.38-BuOH 3040 3050 2245 2948 1/3.00
[ Ndm,tnbp'rﬁplmhh a00.-BuOH . 52.30 90,60 3B 2]de 12
6 ~PrOly tri-isopropanclate  -BuOH . 80.10

30.00 1008 2565 ~T[036
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Conversion of Di-alcoholates to T'ri-aleoholales

@). Reaction of Prascodymivm CMbride Monohydrate Di-isoproramolale with
Exceas Isopropamol in Benzens —Prascodymigm chloride monohydrate di-isopro-
penclste (3.2 g) was dimolved in a mixture of benrene (7.0 g.) and isopropanocl
(119 g.). The reaction mixture was refluxed for several hours. The ternary
azectrope (water-aloohol-benzene) was slowly collected; exoees of the solvent was then
distilled and finally s green solid (3.6 g) was obtained after freeing the comtents from
the aolvents under reduced pressure. (Found: Pr, 33.00; Cl, 24.70; +-PrOH, 42.00. PrCl,.
3 i-PrOH requires Pr, 32.06; Cl, 24.87; i-PrOH, 42.17%).

(#5). Reasiton between Neodymium Chloride Monohydrate Di-isopreganclale ana
Ezcess Isopropanol in Bemzene.—Isopropancl (14.0 g.) was added to neodymium
chloride monohydrate di-isopropanolate (2.25 g.) in benzene (75.0 g.). The mixtuzs was
refluxed under a long fractionating column (130 cm) for about 8 hr. The ternary szeo-
troph (66.5°) was first oollected carefully, followed by fractionation of the binary azeo
(isopropanol-benzene) slong with the removal of excess of tho solvent. A reddish violet
crystalline solid (241 g.) was obtained after drying the product at 25°/0.3 mm. (Fougg:
Nd, 34.60; C1, 24 40; +-PrOH, 40.80.NdC],. 3:-PrOH requires Nd, 33.48; Cl, 24.69; i-PrOH,
41.839,). '

Effect of Heal on Alcokolates

Praseodymium and neodymiom chloride tri-isopropanolates were heated under re-
duoed pressure at different temperatures for a definite period. The results obtained
during the course of such studies are described in Table IV (A and B).

TABLE IV
Effect of heat ai 0. 05 mm for 70 min.
Temp. 9 Motal. 9¢,Chlorine. 9, Aloohol. M/Cl. M/alo.
A, PiCly.3 i-PrOH.
80° 22.7 25.1 40.5 1/3.0 1/8.04
o 5.2 26.0 38.0 1/2.04 12.34
70" 8.3 29.0 29.0 1/2.9 1/2.0
100° 53.5 7.0 9.9 1/2.8 1042
135° 55.7 8.4 ¢.8 1.8 1/0.3
B. NdCl;.3 i P-OH
800 4.3 33.38 20.5 1/9.88 11.08
750 5L3 35.70 12.3 1/2.89 1/0.68
1000 56.1 39.05 45 1/3.78 1/0.2
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