
Orgaaic Compomula of Laathudde Elemeaa. Part IV. 
Alcoholates of PralleOdym.iam uul Neodymium Chloridn 

B. 0. :.eh.roVa. T. 1'. llia'a. and B. 1'. Elra 

TIHI.-oUDu of -~ p~ U1CI. II80dymJD..m cbloriiB :Un ~ riudied ..W.. ~ 
~mnhaDDI,nuool,l.lopropqol,a.Dd•blrtanol) and oampa11Ddaof t.bet;ne KCJ,. IBOHha.., ~ 
ilolatal. Thair trioUJrid8 moaollyd.r&w J1ald oompouada wilh t.b.e a-ni form.ubl )[C]1 .B10. 1 BQB. Tbe 
b.ls¥r olooboleteo -ttl a1m be ~ from lowar ~!au. by .Joobal-llltal .... teelmtqall. n. 
CIOIIClaaMn.- of aloohoUa IIDildkma af •ahyd.J'OII8 p~ium ahlorld. 111 ~I IIDti etbmol hn8 '-. 
~.A. !pDf;ropbollomMria dDdy of DIIOiiJmllllll ahlorldo trl...Jcohnlo•• (111114Mpol, .u-o1, lllld. 
~I dllrlnotli~) hM bMu mode. 

The preparation and properties of alkozidee &nd &looholate derivativeeof trausmion 
element~~ have bean e.xt..enslvely sliudied• •s, but only a few refereDeea are available on similar 
deri:vativea ofi.Jmm--trauaition element.&. Meyer and:Koes4 reported that a cryat.llionoUd, 
LaCI1 • 2C,.H110H, flep&1'&ted from the etb&nolio aolotion of la.n.thanom chloride El-Agpn 
d al~. have reoeo.tly reported ~e ayntheaia of isopropanol derivative of lanthanum chloride, 
L&Cls· 3 i:-PrOH by &looholyais of the cornapondiog ethanol compound, isola~ duriJig 
~e aseotropio cbyiog of hydra~ lanthanum cb.loride. Aloohola\e darivatlvea of lanUia
DDID &Dd. cerium(m) oh.loridee have already beeo.desaribed•. In view of the above. it wu 
oonaidered worthwhile to make an Rtensive study of the COtt«ipondiDg derivativ. of 
praeeodym.iom a.n.d neodymium. 

The a.ohydrous ohlorides of praeeodymium and neodymium ware found. to du.olve 
in meth&ool, ethanol, isopropanol, and a-butanol to provide alooholat. of the gmaeraJ 
formul& 11011.3 ROH. 

M~ + 3 ROB--+ MCJ,. 3BOB 

The aolubility of the ohloridee and the amount of heat evolved during du.olutioa. of 
theae obloridea deoreue with the inareaaiog molecolar weipt of the pereni. aloalwl. The 
re8u.s:ing of the metal chloridell with the aloohol wu fCRlllCi 81E!ltial for their oamplet.e 
diiiiOlution in 0&1188 of iaopropa.nol and ..-butanol. Removal of the UCBBB aloobn1s (lllldBr 
raduoed p:te111111re a.nd room tempG'rature) from the olear alooholio 10lutiaoa, thua obtained. 
yielded produote whloh oo:rresponded in &D&lyais obaly to the tri-&l.ooholat.. The tri
&looholatea of prueodymium and neodymium, thu iaolated. are green and reddiah vioW 
aolids. ~ively, highly 110luble in the panm1i a.loohol, &Dd inaolubl8 in btmsene akmei 
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but theee di.&Bolve in benzene also when a. little a.loohol is a.dded. Out of these, only the 
iaopropanol derivatives (MG'1 3 . 3 i-PrOH) oould be recrystallised from their aJcoholic 
aolation in the form of oharacteriBtio needle-like arynals and thua theae could be prepa.red 
in a ata.te of high purity. Interestingly, in the Cla8e of other meta.la like thoriu.m.6, 

uranium!, a.nd chromium' also, the isopropanol deTiva.tive ia the only one 
which has a. proqoanood tendency of crystallieing from the parent alcohol. When the 
ohl~ldell !V'ere refhu:ed with .sPo.-botanol, produote with an appreciably lower _met-al 
to chlorine C'&tio (approxima.tely I :2.2) were obtained, indicating the occorrenoe of I!OlDI!I 

aide motions. The a ide deoompoe itioDB were found to be even more marked in the reaction 
of pra.seoiymium chloride with '-butanol, in which OIL!It'l a. light green, insoluble aolid 
with metal to chlorine T&tio a.s low as about 1:0.7 was obtained. 

During the COUJ'IIe of the above inve~~tiga.tiUI18, obllervatioua were repeatedly made 
whioh appeated to confirm the work of :Meyer and KuM• who reported the format ion of di
aloohGlate derivative only. The aamplea of chlorides, obta.ined by evaporating praseodymi
um and neodymium oxides in hydrochloric acid, appeared to hold a molecule of water. 
Suoh B&mplel!l on tl'80t.ment with methanol, ethanol, and i80propanol provided di-a.Jcoho
latea of the type MCl,.H.O. 2RQH_ The trl-alooholatea (MC18 . 3 ROH), however, could. be 
prepared by the reaction of alcohols with anhydrous chloridea obtained by heating the 
monohydrate& in a. current of dJ y HCI gaa. These d i-alcoholatea appeared to hold the 
m::tleoule of wa.br mJre t3M.aioualy than the alcohol moleoulea. On treatment with the 
required quantity of 11--butanoJ, it oould be eon vetted. quantitatively into ita ooneapon.di.ng 
a~butandl derivative without affecting the watet content: 

MCJ,.H8 0.2 i-PrOH + 2 ,.._BuOH 

~ 
---.... MCJs.H.O. 2 n-BuOH + (2 i-PrOH + CeH6l 

beDseDe 

The di-iaopropanolatea could, howevw, be quantita~ively oonverted ink) tri
lllopropanolatea by refluing with a. large 8XC81!8 of iaopropa.nol in presence of ben~ 
When the terna.ry water-alcohol-benzene azeotrope was oontinuoualy fractionated. 

As d.eaoribed earlier•, the direct reaction of a.nbydrous metal chloride with aeoond&ry 
and tertiary buiianols led to aide M&Ctioiiii with replacement of ohlorinea.lao. In view of 
the above observations, the a.zeotropic technique waa attempted for the conversion of 
prueodym.iam and neodymium ohlorid.e tri-alcoholates to the corresponding butanol 
dai-IVa.tives. ThUll ,....butanol wa.a found to interchange with the three alcohol mo1ecalfa 
when required quantities of the two rea.ct.a.n.te were refluxed with exceaa of benzene for
several ho11l"B. The products, obt~ined after the alow removal of the azeotrope &Dd_ 

dryingunder va.ouum, corresponded in an.alyaisto MCJ.,. 3 ft-BuOH. The metal: ohloriDe 
ratio in~ product of neodymium chloride tri-isopropa.nolate and oftle.-buta.nol reaotiao. 
W., -about l :2.80 and t.bat in praseodymium chlorlde tri-isopropaaolate- 1-buta.nol. 
reaotio.n was about 1 :0.7. 

Similar tendenoiee of decomposition bad been observed when chlorides OJ' ablaride 
&lkoxides of other met&la were treated with an ~or- of tertiary aloohol. '1'he m,eoba.ni11111 

6. Bndl.y • al., J. Ole.. Soc., 19M, 200!. 
7. Kahrotra UJd Bbanzul, private aamm.11Dioatiou. 
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lor ihiA type of m&OtiOD.II waa initially propoted by Bn.dley et al'. Aooo:rding to ibelb, U. 
~ion of UceiB of '-butanol and •lroonium chloride alkoxide provided a deooira
paaed. produot aions with alkyl chloride a.nd olefl.ne. In view of the deoillive role played by 
the exe~M~ ofte"rti&ry aloohola: the following mechanism, 

ZrC1(00M~)1+Me,C0H ----to-

Me----C-Me 
U + HO.Zr(OCMe1)5 + HCI 

H-C-H 

was proposed. Provided that the oantra.l atom of the metal halide alkos:ide h.a.B a teadency 
to co-ordinate in ihia position, the subsequent electronic rearrangement oocnrs chil!dly u 
a OOD88CJ.uenoe of the propM"tiea of krbia.ry a.looholl and & similar meoha.niam ·would be 
ezpec\ed to be operative in the caae of prueodyminm a.nd neodymium ahloridel. 

The aame authoia! have also pointed out th&t the decompositions, de10ribed above. 
might poa~ibly be occnning by a di:ffere.n&. meohaniBID, involving the forma.&.ion of 
carbonium ions: 

MCI,. 3 ROH -... [liCI1 . (0H).2 ROHr + R• 

[MCls. (OH) . 2 BOHr--+ M.Cl.(OH) . 2 ROH + Ct-
followed by 

Rt + rn- --+ RCl 
Rt + ROH --olefine + [ROH_]t 

[ROH8]' + rn- - .... ROH + HOI 

It i.B evident that furthel' d.t-ta.iled m.eohabistio etudiea will be.required. to elucidate the 
observed behaviour of tertiary aloohale towards metal halides. 

In innrtiigating the pyrolytio behaviour of praeeodymium &Dd neodymium 
chloride tri-illopropanolatel, theae compounds wwe heated under rednaed prelllllll'e 
(0.06 DUD.) for seventy minutes at different tempera.tum~. Theae were found to be stable 
to 60° under the above es:pori.mental conditions, beyond which decomposition started when 
the isopropanol moleoulee of addition a.ppeamd. to be lost with very slight deoompositioD 
of the triabloridee even at higher temperature.. 

The oonduota.nae of prueodymium ohlorida wae measured in dry met.hanol and 
ethanol in the oonoent.r&tion nmge of JQ-tl to JQ-1 mole~~. At theee dilutiooa the ohloride 
waa obl!erved to be only pa.rtially diaaooiated. The plots of fj,m. (DJ.oleonl&r oondno
t&noe) against v'c (oonoan~ratian) provided a maight line and the BDr6polated value~~ 
for the limiti.ag molecnlar oonducta.n.ce in. methanol and eth&no1 "'W8Ie fonod to be '72.111 
and 28.0, reepeotively. These low va.lnes indioa.te that prueod.ymi._ ohloride ia oul7 
panially diallooiated in &lcoh~io aolt!;tians._ 

PrCI, ~ Pr CI,.t- + CJ-

8. J. en-. 11«., IIIII!, 4880. 



The absorption llpeCtr& Ill8U1ll'eiiiBot.e of diJJenm.t neodymium chloride alcoholate 
aolutioDB in the parent. aloobola were oa.rried out in the visible region. ~ :reao1tll obli&ined 
a.re pldt~ in Fig. 1-3 In aJ.most. all the 0&11811 studiod., .aome prominent bands are obflernd 
at wave lengths 515, 52fi, 1582, 745, SOli, a.nd 875 mp. with only a Rlight variation with the 
ahange of aolvent. In addition tO theee 11harp bands,IIODI.e leE-defined bands a.re also deteo
table at wave length& 430, 475, and 880 ml'· Inoident.ally, NdCI, in aqueous aolmiona 
lhowal prinoipalaba11'p1;ion bands at 364,622, 5715, 740, 742,798, 803, and 868 mp.. 

- ... -

a ~ •14 :1 fD4 J1# •. os,. ,.-2"" 

....... _. .. .., .. .... .. -
w--.(•uJ. 

J'IG. I. lfeod,ymbam trfailoride"trietJaYI aleoholate, 

e. J1oeDu Mill ~. AMI. Ole.., 11110. J1. us. 
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FIG. 3. Neodyml11111 trie.blarlde 'rl-J.aprapJ1 aleohoJa&e. 

BXPBRIKENTAL 

Methanol, ethanol, and propanollwere dried by reftuxing them with met&ll:ic BOd bull, 
followed by fraotional distillation with • small amount of ben,....., Bu.t.aolll w.n dried 
by re.ftUJ[ing them over their respective BOd.ium ~- &mV..... wu bpt over mdiam 
wire, Mfi.UDd with metallio aodium., and fi.n&)]y dried ueotropia8Jly with •litUe eUYmol. 

Anhydrous prueodymiom. and neodymium chloridee 'W1IIft prepared from their cm.id.
(Johnson Matthey, 99.9%). The 110lutiona of ihe.e oll:idee iD BCI (cone.) wen en.porated 
to dryneaa and the ID&BII W&ll powdered &nd diaaolved apia in ~ 8.Cid; &be opera~ioD 
Wll8 repea~ four times. The a&mpleB, thua obtained, were found to hold • moleaale of 
water of hydration. IPioally, anhydrous a.mplee were obtained by he&tiDg &be abonpv
duot in & BVe&m of dry BCJ gu. 

Praseodymium and oeodymium were estimated aa their cmlch. byfl:m p:ecipiiatiq 
them aa oulatee. AlooholB (methanol, Mha.ool, &Dd laoprop&nol) in t.be aompouuda Gl' 

in the auotrope ware determined by~ ol:uomio acid oll:idatim method••. 
All-glaaa &ppa.ra.tuA with at&ndard intercbange&ble join• wu a.ed lihToapoat thla 

investigation. A Phillips magio eye type (P.R. 9500) ocmduct;ivny bridge vu u.d for 
oond.uot.a.nce mea.surement.a. The m8UillemeDta af opt;ic.J. abaorbanae Win ouried Gd 
with & Jleokman apeat;rophcOOmeter (model D.U. 2400) employiDa a. .me. evntk. 

.Pf'lparalioA of T~ of ~ GAd N~ 01rltrilw. 
~iort beltDMR .AM.ytlrou .Pnueod,.... 01tloridt awdl80Jifcpul 

Iaoprop&nol (J&.o 8.) wu added to anhydrou prueod.ymivm abloride (J.,~o) ...._ 
a mild eli:Othmm.io reaot.i.on 'WU found to ooour with padial.,.4t.olutbJ. al the al:ibJde. 

10. ~ W. Jrll&l'riiiJ. 1161, a~U; 18M, :U.IIM. 
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The re&et&ntll were refttDed for 2 hr. when a ole&r green BOlntion W&!l obt&Uled. On cooling 
\o the room !ie!Qerature, green needle-like ory~~tals aepa.rated from. the mother liquor. 
:After !'81D.oval or the upper liquor by decl&nt&tion, dryins of t.he ptdduol; ·it. ft"/10.1 
mm yielded a greenoryst..Uine aolid .. Th.e product wu reoryat;&l:li8ed .frem.iaop~ 
yield 8.2 g. (ll'ound: Pr, 32.80~ Cl, 24.90~ i-PrOH, 42.10; ~-.3 -i-PrOlJ .. require~ Pr, 
32.96; 01, 24..87; i-PrOH, 42.17%). Thus aeveralslmilar defivativa~ have beeli. BJ~tht~~t.ed 
•nd the reau.lte obt&ined during suah Investigations a.re IIUJIIIIlll.tiaed in Table L 

Di-alcoMZakl of PrllftOdpivm aftd Neodymivm CJtlori!Ur:. PreparalW. 
of Prueodymivm 01&loride Mot~olaydmU. Di-~olaU.. 

Prueodymium ahloride monobydra.t.e (4.4: g.) wu refln:a:ed. wi:th laoprOp&nol'(e5.0 g.) 
Cor 2hr. The green eolution, thus obtained, containing !OD\e undiuolved ~ri:rpmltiel!i, w8s 
l!le:J?&o"Bted while hot through a trarud'er to be. After oooling, a IV8eJl cio:o:rPound cry.ta.mliia 
from the mother liquor. On drying at 28"/0.2 mm, a ~-loi.o'hiole crYwtaifme 
aolid (6.3 ~.) wu obtained. (Found: Pr, 37.50; Cl, 27.30; i-P~H. 31.20, PrCI!..H.O; 
2 i-PrOH requires Pr, 37.28; Cl, 27.40; i-PrOH, 31.40%). Pr/Cl ia 1/2. 9( Prfi-PrOH 
Is] /1.92. Several di-Blooholatea of pf'IU!eOdym.ium and neodymium prepared are recorded 
in Table II. . 

Prtparatioft of Higi&M AleolaoZalM from LmDr:r 07IU 'by Alcolwl-iKtercAattge Beacliou: 
&adiml. of PmMOdgm.ivm Chloride Tri-etla710ZtJU IDilA n-B11taswl iw .Bmzmc 

a-Butanol (6.0 g.) wu added to praseodymium ahloride tri.ethanolate{l.~j~:-) in 
benzene (46.0 g.). The oontenta were refluxed for about 3 hr. The· etli&nol~beDI!fetl6 
ueotrope (68a) waa :fl.mt oollected and finally exceu of the aolvimt·-wa. remoVill bY 
dil!ltill!tion. A green aolid (3.3 g.~ wu obtained. after drying the product at 27°{0.1 mm. 
(Found: Pr, 30..20; Cl, 22.60. ~.3 a-BuOH requires Pr, 30 .. 0Q; Cl, 22.65%). 

BeveraJ. a.loohol-int.er~ reao1iions were carried ou~ by t:.U.ing both di· .. ~ tri
alooholates of prueodymitiDl and neodymium chloridee as ata.riing meteriala. The n!B1l.lta 
are reOord.ed in Table m. 

1 PrOI, monohydra&r 
dl-iloprapi.DOI&te 

I PrOJs 'rl-elilwlola.t.e 

I NdDia 5rl-lqropiGOIMe 

' NdCla 5rl-4ltlwml&te 
~·. 

I l!TdOJ,tri-~te 

8 "PrOia tri-ilop~ 

A.lcohol 
added. 

TABLB m 

FormulA. % X e t. • I. %Chlorine. llolaw: 
:Fuund. Beqd. l"Dllad. Reqd. :rMiD 

-(K/Cl). 

a-B..OK &Cl,.U..,O.S.-&OH 3Ui0 u.u 25.40 115.60 1/1.91 

.. PrCla.a-3Bv.OK ao.so so;oo u.eo u.M ·xJI'.i& 
NclOJ1 ..... aBuOK 30.80 110..80 D.OO 21A8 "1/l.do 
NclOia .S.-BuOH 30.40 SOJiO 12.41 U.4.11 1}3.00 

.,,.BuOH lii.IO 80,110 -~ ,~ lJl.'HI 
1-BuOH 60,10 10.00 10.00 U;~<:T~.:ij 



B. C.KEHBO'mA. T. N. IOBBA. AND B."N. KISBA 

0071H1'rion of Di-akoTaol.ales to !1'ri-tJleolaoltUu 

('1). lUactiofl rof ~it&m fJ1Aritk .MOM1&1/f].roU Di-~Ofi.Oiala llritl 
8srua l~l i11 Beuna.-Pnaeodym.i1p11· obloride monohydrate di-iaop:ro
pe.nolate (3.2 g.) was diaaolved. in a. mixture or benzene (67 .0 g.) a.nd illopropanol 
(11.9 g.). The !'MOtion mixture wa.a refi.U%ed for aevmal hou:ra. The ternary 
ueotrope (water-a.lcohol·benzene) waa 1lowly oollected; e:z:oea~ of the &Olvent wu then 
dilltDied a.nd finally a green solid (8.6 g) waa obtained after freeing the oontent.fl fi-om 
libe solwmtll under red.uoed prellllllftl- (Found: Pr, 33.00; Cl, 24.70; i-PrOH, 42.00. PrCI,. 
3 i-PrOH requ.irea Pr, 32.00; Cl, 24.87; i-PrOH, 42.17%). 

(ii). BetJMfml. bel~ Neotl.p&iKm 01t.lMitle MMiohydrol~ Di-iBOfWCpaflol~ a.wt~ 
BZ'(21M lmprrJfHJAOl iw. &w..r.me.-IIOp!'Op&nol (14.0 g.) waa added to noodym.ium. 
eh1oridf monohydrate di-iBOpl'Oplmola.te (2.26 g.) in benzene (75.0 g.). The minw;. wu 
refluxed under a. long fra.oliionating oolumn (130 em) for about 8 hr. The liema.ry_ueo
kopll (66.5") wu fl.rBt oolleoted carefully, followed by fractionation of the binary a.zeo~ 
(iiiOpi'Op&DOI-benzene) along with ~he removal of e:J:OOI!II of tho ~alvent. A reddish violet 
aryD&D.ine ll()]id (!.41 g.) wu obtained after drying the product a.t 25a/0.3 m.m.. (Fo~: 
Nd, 34.60; Cl, 24-.40; i-PrOH, 40.80.NdCI5 • 3&-PrOH requires Nd,33.48; Cl, 24.60; i-PrOH, 
4:1.83%). 

Efft.U of Hml 011. Alroiolatu 

Pnliaodymium and neodymium oh.loride tri-i&Opropa.nolates 1V8l"B heated under re
du.oed prMBUI'8 at; diffin.nt temperatlmlll for a definite period. The l1l8Ulte obtained 
dnriQg the oour&e of1Uah 6u.diea are deecribed in Table IV (A a.n.d B). 

TABLE lV 

llf!m of Aeal al 0. O.IS mm for 70 .,;,.., 

'l'wmp. %1[eVJ. %Chlorine. %AJ.cohol. JI./Cl. Jl.f~-

A.. PrCJa.l ._PrOH. 

10" 82.7 J6.1 iO.Ii lfi.O 1/S.M 
eo- 11.1 H.Q 38.0 1/J.M lJ'I..M 
'lo- 111.3 i&.O P.O 1/1.1 1/J.O 

loo- lil.li l'l.O 1.9 1/2.8 1/().4.2 
liP 511.7 .. , ,,8 1/J.8 1/0~ 

B. lidCJa.I._PrOH 

100 48.3 U.JB 10.11 1/1.81 1/1.08 
7110 111.1 311.70 11.1 lJ'I.BI 1/0.118 

1000 111.7 18.05 f.. I 1/1.78 1/fU 

Two of the a..nhorB (T. N. "M. and B. N. M..} are th.ankfu.l to the Dep.d;mem.ti 
Momio B:nargy. ~bay, Cor UJ.e award of ftiiMr'Qh, a.iat&Dteh.ipa and flnaDaiaJ ....,..,.,., 
dmiDg the OOUl8ll of thil ioTeetipil.on. 

P••w• .... ..., . .,. .... 


