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Radiometric A.aalysie of Scaad.JtJm 
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ln CODiinlAtioo of the 11.udy on the eatimation of ac&ndium u pyrophosphate by radiometric ~UIC 
• lower limit of - 55y ha1 been rea.chl'd wing p!" as a mea.uriDg indicator. ~low •• OJ! n.g of ICandium. 
hall abo been estimatro min« Sd6 ofltip lpCiti.fJ:: .:tlvir,>. TC~"~W.lmL nre eanh1 and yttrium, bi:Yal~t ion I 
like Fe (II). Cd (II), Be (II) do not inter!'~ In the esdmatlon, wh<:rea• Fe (III), AI (III)int~J'fere to a cxm­
•ickrablc C'JI:tc:ut. Pyropbaspbatc of IICalldiunJ with two difli:rt-n.t compt11ition1 ..-h u: ScHPaO, IIDd & 1 
(P~0.,)3 have been o~ in the raune of the nw:ly. The precipitah• a1rume1 the r-t- cumpo~itian io 
pre-enoc of""'';~ II of pynJphooph"lc 11nd. the latter in :pzesenc:e of~~~ of ICimiium. 

Scawlium lull been ~ep~~ntnl from a compln; mineralliK beryl mainly~ COKpan.Iion wilh 
eerie pyrophoaphate Ulinl!' Se46 as an indiCI.Lor tht'OU8houl the proc<:dure. The llcparation proeeduze i• w:ry 
conft11icm Gd. i• aucoe~lfu.l n'l:n wiLh ln.«: amount of 1candium. 

Mostofthemethodadellcrihedintheliteraturefurtheestimationofacandimninvolve 
the estimation of maoro amount of BCBndiam•-~. y·order of ~~S~~.dium can, however, be 
deternuned epectropbotometriofilly'. The pre98Dt study is a. oontinll&tion of the previons 
W'ork~ on the nuiiometrio estimation of 1108ndiom u pyropboeph&te. Conct'lll.trat.ion aud 
po:rifica.t.ion of~~eandiu.m thrungb cerio pyrophoaphate1 and aubl!equentest.im&t.ioD IWI pyro­
phoapbate baa alao been attempted. 

EXPERIMENTAL 

Carrier-free P'• wu 11upplied by D.A.E. TrQIDbay. &""of high ~i6o B.Ct.ivity wu 
prooured from Meesra. Philips Dupbar, Holland. 

Labelled pyropb,osphat.e was prepared by B.dding ll&ITier-free ps• to a BOlution of 
diaodiam hydrogen phosphate, evaporating the aolution and he~~ting ali oooo for li-6 holll'll7. 

A mixtureofNa.4P 1 0, (about. twioe the amount required by the formula BcHP.O,) andaa 
excess of KI aollltion wa.a added to a. mixtnre ofT I I and aea.ndium so1ntion a.nd.pH W&l!!l 

adjusted to 4-6 by ammonium aoeta.te, The procipitate of TJ I (whic.h oa.rried ScBP.07) 

wa.s coagulated by gentle warmi:qg. Tbe volume wa.e adjusted to 2~ ml~~ond an a.liqaot waa 
pipetted out for ~~ootivity me&lllJ'elnent. From thi11 the Na.P~07 left in aolution wu 
computed. 
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In theestimationof11108.1ldium with &48, about hAlf the q11ant.it.y of Na4P .o, u mqu:l.r· 
ed by the formula Be, (P 1 0 7) 1 wu added to a aoaadium aolution eonl:iainitag Beta aot.iTity. 
From the loBB ln activity, the amoant of aoandi\IJJI. preacnt in solution was oalcul&ted on 
the BoAnmption that all pyrophosphate was precipitated aa So, (P ,.07) 1 . 

Berylwu procured from.Me118t'll- Starke&: Co.,New Delhi. U W&ll found to OODtain 

Bi01 81.3%, BeO 12.8%, Fe.01 Ul%, Al10 1 20-3%- It waa ground to 100 IDelh, 
f'naed with NaOH, cooled and taken with hot wat-er. Alkali wu neut.ra1iaed with BClllolld 
wa.e heated with perchlorio acid to fumel to aepa.rate silica.. H.,B was paued to remove 
Group II elem.enta, and the exce1111 w" then boiled off from aolution. Gaseo'WI ammonJa 
was pused and the hydrazide prooipitate was di11110lvod in nitrjo acid to get the fin&]. a.oid 
concentration 2-4N. A solution of oeric IIUlphate [60 mg Co(IV)] waa addod a.nd cerium 
wu precipitated aa iodate with an UOOIIB of potauium iodate aolution- Tbe precipitate 
Wall filtered off- Exc:eN iodate was removed either by boiling with pot-aaium iodide or by 
precipitating beryllium hydroxido with &DJJDonia which oarTied sumdium. An allquotOf 
aerie &Ulphate IIOlution was agaiu addod nd ooriOJD. wu preoipit.ted u pyropboepba.t.e. 
The precipitate wauepara.ted and diuolvedin aoidichydrogen pe:rozide. The aolut.ion wu 
boiled with 20% nitrio &Oid for !Wveral hours to convert pyrophollphate to phoeph&te.. n 
wu:madeammoniaoa.l, the precipitate WBoB diuolved in dilute H.S04 , BD.dBC&II.dium wa~ esti· 
mated in the n11ual way. So4ll activity wo.s used throughout the procedures to detect any 
lou of IIO&Ddium at evm-y Btage &nd as a m~ing indi011otot' in the est.im&tion prooed.ure. 

TABLE I 

Eo!tim.tltioft. of Bcandiv.m or Pgrop1w8f'hal~ bg 8e46. 
Final volom.e=20 ml. Acid oonoent.n.tion=0.15N H.SO,. 

Sc&ndium N~~o&P.O, Iu.toferlns Scandium N._.p.o,. Enor 
takea(ms} added ( 1111) iona (1118) band (1111!1} found (1111) (%) 
15.280 !5.00 14.7!0 !5.78 3.5 
7.640 16.46 7.74 16.MS 1.2 
~-280 12.10 5.14 11.761 2..8 
2.564 7.00 2.MI6 7.056 0.8 
1.282 2.244 1.24-7 2.1!111 2.-t 
l.ll2 2.244 LllO 2.241 0.2 
0.513 1.112 0.529 Ll~7 3.0 

•0.278 0.659 0.272 0.647 2-0 
•0.112 0.126 13.0 
7.69 16.46 Ce(IIJ) 100 7.61 16.295 1.0 
2.5Cit 7.00 100 2.!16-t 7.00 0.0 
1.282 3.50 25 1.2!1!1 !1.416 2.4 
1.112 2-24-4 AI 25 1.2.26 2-469 10,0 
1.112 2.2+4 25 1.277 2.581 15.0 
1.112 2.244 F~ (Ill) 10 L9 71.2 
2.2M 4-.188 F~ {11) 25 2.200 4.44:3 l.O 
1.112 2.244 25 1.149 2.311 3.0 
1.112 2.244 Cd 25 1.1!10 2.2114 1.8 
1.112 2..24-f u 1.080 2.1116 2.6 
1.112 2.24f y 10 I.l'lO 2.307 2.8 
1.112 2..244 Be u 1.103 2.226 0.8 
1.112 2.244 N•1HP04 u 1.114 2.248 0.2 
1.112 4.488 I !I 1.117 4.503 O.t 

•1H ~ rai,et! to "'-S with l,l!liDOnium. acewo. Sc:a.ndium pyrapbolpl:l..ae wu carried by Til. 
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TABLB II 

E~iota. of 8t:Gntlivm ~» P71Y~Ital.• M"f/1*. 

Scaod.iUUI. Scandium Enw 
taken fouud (%) 
(mg). ' (q) 

0.112 o.uo 1.8 
0.112 0.11'3 G.9 
0.112 0.113 IL9 
0.056 0.052 1.0 
0.056 0.0~'36 :i.O 
0.0.56 0.053! !1.0 
0.0112 0.0075 no 

TABLE III 

A fUJluna of Sedtldi•• .PJro:pAo.splAle. 

Found (%) Ratio 

&; Po~; H~O Sc P.0,-4-: H.O 
1. Pzqw-ed in I!Seell ai ICllld.lum. 
(c) at ordinary temperatun: 
17.03 ~-2 3!1.77 4.02 3 20 
(b) at SOQDC_ 
25.!11 71.86 2.6!1 4.11 ~ 1.06 
2. Prepared in~ ofPJxt4Jbotpbale 

19.05 
(at 300") 

72.0 8.!6 1.02 1.12 

TABLE IV 

Rewt~ef'1/ and E~timati<m of Scanili,v:mfram .Btwyl. 

Sample of beryl Seandium mixed with Recovery% &aJidium folmd 
taken (gm). beryl (Ill&'~. (lllf) 

1.3800 TrKC~"lk 86 No precipitate whh 
Na..P.O, 

2.3375 1.000 89 I.DSO 
9.1863 0.609 83 0.640 
1.2115 1.000 76 1.023 

•1.3265 0.756 81 0.783 
•1.5231 0.756 79 0.7!10 

•In theR cues beryl W:I.JI wxed with about 10 mg. ofNb, T., Zr lllld Ti aDCI wu fiued with 
alb.li. 

DISCUSSION 

Table I aho•e that a.s low a.s 0.5 mg of acandium can be estimated with • fair degree 
of aecura.cy using So43 u a meuuring indicator. It may be llta.ted that rare eanha and 
y1trium. do not interfere in auoh eetimation. Bivalent element& like Bet-+, Fe+ ... , Qd.++, etc., 
also do no~ interfere. But tervalent elements lib Fe'""" a.nd A}ttt do interfere to a oonai­
derable extent probab1y due to oomple.x ion f0l"1DIM.ion. An intereating applieation of the 
me5hod lies In the quantitative 111tim.ation of pyrophoaphs.te in preunce of ph.oaphate. 
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Previrro11 to thi1 lltildy, the possibility of l!llthna.tion of scandium a.a pyrophD&pb&te 
u11ing ~as a. mOIWJ':Jrlng indicator wu el!tablished in thi1laboratory and npto 1 mg ROaD.· 

Ilium wa.s eatima.ted with a lair degree of accuracy. The application of J>3• in the elti­
matitJn 0 f still lower amountfl of acandium hu been illustrated in table II. Thill b&a been 
po&Jible by 1111ing a suitable carrier liket.hallouB iodide. Keeping the pH bmween 4: BoDd ~ 
a.nd eMrying ~~ea.ndium pyrophoiiJ.lbate by thallous iodide, upto 5!}y of &candium baa been 
BPtima.ted. Tha.lluWI iodidB acts o.~ 11. faithful carder of both the forma of !IO&ndium PYla· 
phosphat-e. That the oarrier and tbc gllailt have a morphological relation is well ilhutrated 
by the faot that undor id.enti~l oourlitim18 •ilver iodide does not carry scandium pyro­
pho"tphBte to tl1e dt'lllired ext.ent-

In the coune of thi11 work it ba.a been confirmed t.hat there are two pyropholphatel 
of ~~ea-ndiuw, BQ fa.r u the ratios of fio:P.07 are oonoorned, namely, HoHP.07,3H.O 111D.d 
Bo.(P.07~.xH.O (vide t.a.hle III). 'Tho former 11:1 prOClipitAted in presence of U:l'e811 of 
pyroJ>hOMphat.e and tho latter in e:zOOI!e uf sca.ndium. l'lle former wu described by G . 
.Heok1 11ond tho latter une ool"nlllponds to tho rooent obHervo.t41n by B. Hajeokl. On 
hpa.ting to 20U0-30u" t-he r.ompuundJI M'JUm(l the oompoBitioDB ScHP.07, ~0 a:od. 
Sc.W.O,)!I, B.O retqJeet-iveJy. 

It. had hoon ob110rved oarlier6 l]ta.t. t-lu~ partition faotor in the upt-ake of BC&ndium 
tracor by zirconium and caric pyrophoBphBtc IWI hOtrts h1 much higher than unity. Puri. 
fioa.t-iun and r::oneentratit.ln of IIO&ndium t.hruugh coprecipit.a.tion with eerie pyrophospha.~ 
from a complex mineral like beJ"yl }lag been found to be a BUCCeBBful met bud. Use of &48 
in such ~~ep&nt.ion helps in tracing the lOIIB of IIIC&ndium in each Htage and in altimatin& 
BO&ndium nu:liome~rica.IJy 'll"hen the recovertd amount ex~eeda 0.5 D13- Spoct.roeoopic 
determination with some va.rietie~ of Indian beryl ha.a 1hown tha.t 8CII.ndiu.m content•• 
is of the order of JQ-4-10·11 per cent- Estimation of s\l()h a low 111mount of acandium ia 
beyond the 11eope of the present method- The fe&Sibility of this method of ~~epe.mtion of 
~~C~Lndium has tlterefore ~ voriticd by prior a.ddit:on of kno11·n amount. of BC&D<iium 
to beryl (table IV). By this method t.raoo amount.& of scandium can aJ111o be reoovered 
and lroibetqoonily estimated by method of aetiva.tion. 
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