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Scandium chemistry continues to be a relatively unexplored area,and~only a 

small nw&er of papers on scandium have been published during 1980. Nevertheless, 

two review articles have appeared. Ikmissarova [l] has sumnarised the chemistry 
of the Sc3+ ion in aqueous solution, focussing on hydration, hydrolysis, 

polymerisation, and cunplex formation processes as a function of the scandium 

concentration, the pH of the medium, and the nature of the ligands. Corbett [2] 

has reviati the structural chemistry of reduced binary halides of early 

transition metals, including such conqounds as ScC1,,Sc&le, and Sc,Cl,o . lhese 

canpounds exhibit structures inwhich halide-cappedmetal octahedra are condensed 

into infinite chains, double chains, or double metal layers. 

The present review covers the major journals for the 1980 calendar year and 

the lesser knwn and/or foreign journals for the period covered by Chemical 

Abstracts, Volume 91, Number 21 through Volmne 93, Nuaber 18. 

1.1 SCANDIM(ITI) 

1.1. I Halides and halo-complexes 

The new ternary fluorides Ag$XF~ and AgScFs have been prepared by heating 

A@ and ScF3 atelevatedtemperatures. Ag&cF~ has amonoclinicstructureof 
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the Na3A1F6 type, while AgScFb has a monoclinic structure tiich is of anew, 

unknown structure type [3]. Stability constants for the formation of the fluoride 

complexes [SCF~](~-~)' in aqueous solution have been measured in 0.5 M Na[ClOs] 

at 25 OC; values of log@, are 6.18kO.02, 11.52kO.05, and 15.8rtO.4 for ~1 = 1, 2, 

and 3, respectively [4]. 

Gas phase equilibria in mixtures of ScCl3 and l\!gCl~ have been studied by mass 

spectrcmetric measurements on gases emerging frcm Knudsen cells. The following 

thermodynamic data have been obtained for reactions (l)-(4): 

0.5Mgzc14 + 0.5Sc2Cllj -MgScc1s AH" = -2.9 kJ ml-'; AS0 = 8.4 J K-l (1) 

MgClz + scc13 -MgScc15 AHa -= -191.6 kJ ml -l; AS' = -118.0 J K-l (2) 

MgzCl~+ + &Cl3 -MgzSCCl7 AR" = -207.1 kJ ml-' (3) 

MgCl2 + SC2C16 -MgSc2Cls AR' = -206.7 kJ mol-l (4) 

The gas phase ccmplexes EcC15 have also been observed in the systems ScCl3/MCl2 

(M = Ca, Sr or Ba) [5]. 

The tetramethylene sulphoxide adduct [ScCl~CC&SO)~] has been prepared and 

characterised by chemical analysis, IR spectroscopy, conductance tneasurements, 

and X-ray powder patterns. The IR spectra indicate that the sulphoxide is 

coordinated to scandium uia the oxygen atcm [6]. Ccqlex formation in MeCN 

solutions of ScC13 and ScC13 + K[NCS] has been studied by '5Sc NMR spectroscopy [7]. 

X-ray powder diffraction data indicate that cS3Sc2Clg has the Cs3Tl2Clg-type 

structure (space group R&, a = 12.707(2) A, c = 18.117(4) k) rather than the 

Cs~[Cr~C19]-type structure found for the other first-row transition metal 

canpounds, Cs~[h12Clg] (M = Ti, V, or Cr). The structure of Cs3Sc2Cls consists 

of close-packed (Cs + Xl) layers Frpendicular to the c axis with the Sc3+ ions 

in octahedral sites that lie in chains parallel to c. Every third octahedral 

site is vacant, resulting in CSc&1g1.3- groups that consist of two adjacent 

iScCl~)3- octahedra which share a ccxtmon face [8]. 

'Ihe reaction of Sc13 with alkali m&a.l iodides has been studied by differential 

thermal analysis. One ccqound, K$c16 (m.p. 556 OC), has been detected in the 

ScI3-KI system, and two cctnpounds, Rb$cIG (m.p. 602 'C) and Rb3Sc21g (m.p. 

611 OC>, have been identified in the SCIS-RbI system [9]. Among the first 

examples of iodo elpasolites are the new canpounds C&LiScI6 and Cs~NaScI~, which 

were preparsd by heating mixtures of scandium metal, iodine, and the appropriate 

alkali metal iodides. Cs~LiSc1~ has the trigonal Cs&iGaF~-type structure, while 

C&NaScI6 has the cubic KpNaAlFB-type structure [lo]. 



1.1.2 Complexes with O-donor Zigands 

The hydrolysis of Sc3+ ions in aqueous solution ([Sc(III)] = (4 x 10m5) to 

10m2 M; pH = 1.0 to 5.9), leading to formation of mononuclear and polynuclear 

hydroxo complexes, has been studied by ion exchange, dialysis, and spectro- 

photanetry. The first hydrolysis constant of [SC(H~O)~]~+ is (l.O*O.l) x 10e5 [ll]. 

The kinetics of tetramethylurea (trm) and N,?Mlimethylacetamide (dma) ligand 

exchange on the hexa-coordinated ions [Sc(tmu)~]~+ and [S~(dma)e]~+, respectively, 

in cI>BNC2 and c1)3(7sJ have been Studied by NR line-broadening te&IiiClueS. In 

both solvents, tmu exchange follows a first-order rate law, rate = 6kl[@c(tmu)e}3+], 

whereas dma exchange occurs by both first- and second-order paths, rate = 

6(kl + kp[dma])[{Sc(c%na)e)3+]. Kinetic data are sumnarised in Table 1. The 

TABLE 1 

Kinetic data for ligand exchange on [SCLS]~+ complexes 

L Solvent kl(300 K)/s" kz(300 K)/R m01-l s-l AH*/kJ m01-' AS*/J K-l m01-' 

tnu cD3No2 0.26kO.03 91.2k2.3 47.8t6.7 

CIMN 1.08+0.05 68.6k1.3 -15.7k3.8 

dfra ~3Noz 4.6 20.3 30.3k2.0 -132 +6 

a3m 112+3 26.0t0.6 -119 +2 

CI.NK 6.7 +4.2 28.3k5.5 -135 ?26 

WCN 199-+19 29.Okl.O -104 -c4 

authors attribute the first-order path to a dissociative (D) mechanism involving 

formation of a five-coordinate [ScLs13+ intermediate, and the second-order path, 

to an associative (A) mechanism involving production of a seven-coordinate [s~L,]~+ 

intermediate. The difference in mechanism for the tmu and dna cunplexes is 

probably due to the greater steric bulk of tmu, which favours the [Sc(trm)513+ 

intermediate over [Sc(tnm)713+; in the case of the less crowded dma cunplexes, 

the [S~(dma)~]~+ and [Sc(dma),13+ intermediates evidently have similar stabilities. 

NMR spectra of solutions of N,N-dimethylformamide and [S~(dmf)~][Cl01,]~ in C&C12 

at temperatures down to 180 K and of solutions of dimethylsulphoxide and 

[Sc(drr~o)~][ClO~]~ in C!D31Q at 245 K indicate that in these systems ligand 

exchange is fast on the NMR time scale [12]. 

Pandey et aZ. [X3-15] have measured equilibrium constants for f&nation of the 

binary and ternary chelate canplexes [ScL]+, [Sc(edta)L13-, and [Sc(egta)L13- 

(eqns. (5)-(7)), where L is a substituted salicylate ligand (3-Mesril, 4-Mesal, 



sc3+ + L2- L- sc!L+ (5) 

[Sc(edta)]- + L2- a [Sc(edta)L13- (6) 

[Sc(egta)]- + L 
2- 

= [WegtaKl 
3- 

(7) 

5-Clsal, or 3,5-Brzsal) and egta is the ethyleneglycolbis(@mrlmethylether)tetra- 

acetate(4-) anion. Measuresnents were made in 5O% (v/v) ethanol-water at 25 OC 

and u = 0.1 M @NO,); the results are sumaxised in Table 2. 

TABLE 2 

Equilibrium data for the formation of some binary and ternary scandium(II1) 
chelate complexes, as defined by equations (5)-(7) 

L Equation (5) Equation (6) Kquation (7) 

4-Mesa1 

3-Mesa1 

3,5-Brzsal 

5-Clsal 

10.41c0.04 6.10+0.07 5.83kO.01 

10.11?0.06 5.95kO.01 5.72kO.01 

9.68+-0.01 5.78+0,02 5.54kO.02 

9.07+0.03 5.34kO.02 5.21kO.02 

1.1.3 Oxganion salts and mixed-metal oxides 

?"ne reactions which occur upon heating mixtures of Sc203 and alkali metal 

persulphates, M2[S208] (M = Na or K), have been studied by BTA and X-ray 

diffraction techniques. Sc203 reacts with the thermally produced alkali mtal 

pyrosulphates to give SCZ(S~Q)~ (when M = Na) or KSC(SQ)Z (when M = K), 

according to equations (8) or (9)). SC;(SO+)~ is stable to 840 OC, at which 

Sc20s + 3Na2S207 - SC~(SO~)~ + 3Na&Q (8) 

%203 + ~~z~z~? - 2Ksc(sos)2 + flcz~4 (9) 

temperature it begins to deccnrpose to Sc203 [16]. 

Sc(N&+)(P207) has been prepared by heating SC203 with [NH,][H,FQ] at 

250-270 OC; it d ecomposes at 400-780 'C with stepwise loss of ammnia and water 

[17]. Coprecipitation of Sc(II1) and Sb(II1) hydroxides, followed by annealing 

the mixture at 700-750 'C under argon, produces a pure tetragonal phase of 
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ccmposition Sc2SbsOg (a = 10.051 ii, c = 8.544 1). Above 800 "C in an inert 

atmosphere, this cmnpound decmgoses to Sc203 and Sb203 [18]. Themal decunposition 

of scandium fonnate in a flowing dinitrogen atmosphere at 210-380 'C produces 

HZ, CO, COz, Sc203, and an intermediate product which is thought to be SC~O~(COS) 

on the basis of IR evidence. The intermediate product decunposes between 380 and 

1000 'C to SczO3 and CO2 [19]. 

The canposition of hydrated scandium vanadates(V), obtained by mixing Sc(No3)3 

and Na3V04 solutions, has been investigated as a function of the pR of the 

Na3VOs solution, the tenperature of the synthesis, and the vanadim:scandim ratio. 

'I'he following compounds were isolated and characterised by chemical analysis, IR 

and broad-line 'H NMR spectroscopy, and themogravimetric analysis: 

(ScoH)2V207.5.5H20, Sc,jOl,(OH)sVmOza .24&O, and ScsO~(oH)~V~oOz~ .25.5&O [201. 
Vibrational spectra (900-33 an-' region) have been published for a ram&r of 

scandimcontaining mixed-metal oxides. The ccmpouuds studied include Sc6yH3~ 

[21], LnScQ~ (In = Ia; Pr, Nd, SKI, Eu, Cd, 'I%, Uy or Y) [22], R~SCZOS, Ba2Sc205, 

and Ra&sOg [23]. In several cases the spectra have been assigned and force 

fields have been determined on the basis of theoretical calculation. BaSc20~ 

exhibits an anomalously high-frequency SC-O stretching band (IR -780 on-', 

Raman -760 cm-'), which has been interpreted in terms of the presence of five- 

coordinate scandium [23]. Raman spectra have been reported for single crystals 

of Sc203 [24]. 

1.1.4 Sulphides 

The canpound ScUgS17 has been prepared by heating a mixture of 16UO2 + ScnO3 

to 1300 'C in a stream of hydrogen sulphide. ScUsS17 has a monoclinic structure, 

space group B2/m, in which the scandium atans are octahedrally coordinated by 

four sulphur atans at 2.529(6) A and two sulphur atans at 2.446(9) A; the three 

sites occupied by uranium are octacoordinated [25]. 

1.1.5 Phosphides and Arsenides 

X-ray powder diffraction studies of the SC-P and SC-As system have revealed 

the existence of several new scandium phosphide and arsenide phases. TWJ new 

phases of ccmposition Sc3P2 have been identified; both are OrthorharWc, space 

group Prima, but one is isostructural with Rf3P2 while the other is isostructural 

with Cr3C2. The corresponding Sc3As2 polymzqhs have also been identified, along 

with a new phase of cunposition ScAs3, which is isostructural with YbsSb3 [26]. 

X-ray powler profile refinement of the structure of SC&Z (HfsPn-type polymorph) 

indicates that the As atcars are surrounded by seven scandium atans at distances 

ranging fran 2.655 to 2.847 i (average = 2.77 1) [27]. 
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1.1.6 OrganometalZic compounds 

Mass spectra have been reported for tris(n5 -cyclopentadienyl)scandium(III) 

and its alkyl-substituted derivatives [(RJz~)~SC] (R = Et, Pr, or CR&~). All 

of these cmpounds form fairly stable molecular ions, but the relative intensity 

of the molecular ion peak decreases with an increase in the number of carbon 

atoms in the alkyl substituent owing to rearrangements involving loss of ethene 

or propene [28]. 

1.2 ScANDILM(II) 

Reduction of cS3Sc2C19 with scandium metal at 695-700 'C affords the blue 

scandium(I1) compound CsScCls, which has the CsNiC13 structure (hexagonal 

perovskite, space group P63/rnmc, a = 7.350(2) A, c = 6.045(3) A). The structure 

of CsScC13 is closely related to that of Cs3Sc2C19 (C&c, 67Cla), in that both 

canpounds contain hexagonal .clcse-packed (SC + 3Cl) layers, but the octahedral 

scandium sites, tiich are one-third vacant in C!sSco 6,C1,, are ccmpletely filled 

in cSScC13. The close relationship between the two structures permits 

preparation of nonstoicheianetric ccxnpounds of the type CSSC~C~~ (0.67 s z 5 1.00) 

in which the octahedral scandium sites are partially occupied. The question of 

whether the scandium vacancies are ordered or disordered has been investigated 

by X-ray methods [8]. 

1.3 SCANDIUM(I) 

Rand calculations on ScCl are in accord with d-band metallic properties 

[29,30]. This compound has a structure in which two close-packed layers of 

scandium atcms are sandwiched between close-packed layers of chlorine atoms. 

The ClScScCl sandwiches stack along the (001) direction of the trigonal crystal [31]. 
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