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Introduction 

The period of this review covers those publications in volums 96 and 97 

of Chemical Abstracts. Thus, although the majority of papers covered were 

published in 1992, many from 1981 are also included. The major journals are 

covered up to the end of 1962. 

The review concentrates upon the coordination chemistry of technetium. 

No attempt has been made to cover work of an essentially organumetallic, 

catalytic or kinetic nature. 

Two publications of general interest to technetium chemists have been 

published this year: the first discusses the preparation am3 characterisation 

of nitrogen-sulfur donor ligands and their technetium complexes [I], and the 

second describes the preparation and characterisation of several technetium 

ccmplelms with tetraazamacrocyclic amine ligands for their potential 

radiophamace Utica1 use [2]. 

OOlO-8545/86/$4.20 0 1986 Elsevier Science Publishers B.V. 
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7.1 mchnetim(vII) 

l?ke first report of a "Tc NMR spectroscopic study of a technetium 

complex other than [TcO,]- has been reported. " Tc is the only NMR active 

technetium isotope (I = 9/2) possessing a significantly long half life. It can 

be cbteined in 100% abundance and has a relative receptivity ( =W=ed to% 

of 0.275. The ranges of 9'Tc NMR parameters for do technetius( VII) and d2 

technetium(V) were established. 99 TcandlR NMR spectroscopic studies have 

provided definitive evidence for the existence of the stereochsmically 

non-rigid [TcE,]~- ion. The 99 Tc resonance is shifted 3672 pps to high field 

of the [TcO,]- resonance with a 99 Tc-1H coupling of 224 Iis. ggTc , 170 and 19F 

NRR spectra were also used to 

cation. Preliminary results 

identified as [P202TcoTco zF23 

The facile reduction of 

(iron, cobalt and nickel) 

characterise [TcO3P] and the novel [TcO3]+ 

on nw technetium(VI1) omfluorides (tentatively 

and [Tc02F3])were also reported 131. 

technetate(VII) by transition metal %orides" 

produced by the reaction of the transition metal 

halides with sodius lwrohydride has been investigated and diSCuSSed [4]. The 

extraction of H[Tc04] has been studied in benzene solutions with acidity 

ranging from pH 1 to 10 and concentrations of organic oxide (trioctylarsine 

oxide or trioctylamine oxide) between 0.001 and 0.2 N; the extraction 

isotherms indicated the formation of mom- and di-solvates. The IR spectra of 

the extractants [R3EOfI][Tc04] and [(R3EO)2E][Tc04] (E = AS or N) were 

presented and can be seen not to contain water [5]. 

The reduction of [NH4][lk04] with aminoiminawkhane sulfinic acid in the 

presence of Na[S2cleEt2] was found to give the technetium(II1) complex 

f*(S2=t2)3(=W 16,71. 
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7.2Technetium(VI) 

The catalytic oxidation of plutonium(fltf) by hydrogen peroxide in nitric 

acid in the pre8ence oftechnetium(Vs)v?as etudiod epact~~photcmtrically. me 

reaction orders were found to be 1, 1.4 and 2 in H202, technetium(vI:) and [El + 

respectively. The InechMiam was thought to include a rate determining 

reduction of technetium(VI) by plutonium(fII), followed by the rapid oxidation 

of technetium(V) to [Tc02J2- W R202 WI- l%a effect of nitric ackd and 

hydraziniwn nitrate concentratiorm, and alkyl chain length, on the formation 

kinetics and stabilities of technetium xanthate ~lexee in microemulaione 

have been studied. The technetiumxanthate ratio in these complexes is lt6. 

The IR and electronic spectra of the ccmpletx were presented [S]. 

7.3 Technetwm(v) 

The range of 99 TcNMRapectralpammetereof d2 tecluretium(V) cmplexes 

hae been established. !Phe diemgnetic d2 anion [WZU~(CN),]~- represents the 

most deshielded "Tc enviromnt encountered in this fir& detailed "!Pc aa(R 

spectmxwopic study of species other than [Tc041- Cd]. 

The preparation of [Bu~N][Tc!CC~~] has been ppo&ed in rnorgantc 

Synthests (technetium chemistry haa ccme of agel). kgueoue [NE14][W04] is 

added to hydrochloric acid to give a green solution, to which [Bu+N]Cl (75% 

w/w solution) is then added dropwise to precipitate the w/g-n 

[Bu4N][TcCC14]. ‘L’he propetrkiee of the cmpound are also reported [lo]. 

The catalytic oxidation of plutonium(III) by hydrogen peroxide in nitric 

acid solution in the pre8ence of technetim(VI) ham been e+udied 

apectrophotawtrically. The mechanism was found to include a rate determining 

reduction of technetium(VI) to technetiwv) by plutoniua(II1) followed by ita 

rapid oxidation [e]. 

The olive-gree n ooalpl.ex C~~41C~141 (prepared by bubbling ~cl gke 
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through an ethaholic solution of [Ph4A8][Tc04]) wm used to syntheeise the 

violet brown [TcSC~L'~]~ (l), and the deep orange [Ph4As][TWC13L'] (XL' = 

N-phenylaalicylideneimine). The complexes were cheracterised, and an X-ray 

crystal structure of (1) showed the crystal to have a monoclinic space group 

Pzp, with the technetium in a distorted octahedral environment 

one oxygen, one chlorine and two chelated L' ligands. The 

parameters were ae expected 1111. 

produced by 

structural 

Addition of l,P-diaminoethane to a solution of [Bu,NJ[TcCC14] in 

tetrahydrofuran until the green colour of the starting material had 

disappeared yielded the complex trcns-[Tc02(en)2]C; (2), as a brownish orange 

to pink aggregate. Chromatography isolated an orange-pink product, which was 

converted to the yellow iodide by allowing a solution of the complex in 

saturated potassium iodide solution to stand overnight. The crystal structures 

of the chloride and iodide were determined. The technetium(V) showed 

octahedral geaaetry with two trmw 0x0 ligands. This unusual configuration 

(UK& other oxotechnetium(V) structures are square pyramida with one apical 

TcrO bond) has long Tc4 bonds [r(Tc=O): 0.1746 nm., czmpaxed to 0.162-0.165 

nm. for moncoxo complexes) believed to be due to the pronounced frms effect 

of the 0x0 ligands, which was also noted for monoomtechnetium(V) complexes. 

The diamagnetic complex was rapidly hydrolyzed in acidic media to yield free 

1,2-diaminoethane 1123. 
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0 

I I 
+ 

I C--N\Tc,f+C, 
t-N" I'N-C 

0 

(2) 

To enable a more cmplete characterimation of technetium 

radiophamace uticals, l-uxo- 2,3,6-(~penicillaminato- lU,S,O)-4,5- 

(~penicillamiMt~N,S)-tech~ti~V), [Tco(C5Eg~2S)(C6H10N02S)~~ (3), 

(3) 

has been synthesised by the addition of D-(-)-penicillamine in water to a 

eolution of [NEI,][TcOC19], followed by w-ration to dryness. The crystals 

arere ahowr to be orkhUi-mmbic, space group P212121' and the technetium wae 

bonded to oxygen (r(Tc=O): 0.1657 nm.], the nitrvgen, sulfur and om etdne 

of a D-penicillaminato dianicm deprotonated at sulfur and oxygen, and the 
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nitrogen and sulfur atans of a D-penicillaminato monoanion deprotonated at 

sulfur. The Tc-0 bond was 0.2214 nm. long, comparable to the Tc-N bonds of 

0.2185 ml. and 0.2209 m. The Tc-S distances were as expected. The molecules 

were strongly hydrogen-bonded from carboxylic acid to carboxylate ion in a 

helical chain within the crystal 1131. 

7.4 T%zhnetium(IV) 

The luminescence spectra of [+l!~Cl,]~- in Cs2[TeC16] and of [TcBr6]2- in 

Cs2[ZrBr6] have been measured at -1 5 K between 15000 and 3000 cm . Five 

electronic transitions between the states derived fram the t 
2g 
3 configuration 

were observed, each showing extensive vibronic structure. The assignments of 

the transitions were discussed 1141. 

Ph4JW=14(saU 1 was synthesised from C~h4W2C=161 and 

salicylaldehyde, and was characterised by standard techniques. The crystal 

structure was determined as mnoclinic, with space group P2,/c, and shown to 

consist of octahedral anions with tetrahedral cations: 

(TcC12(sal)) unit has approximate planarity [Is]. 

Rsactions of [TcBrg] 2- and different substituted 

aliphatic carboxylic acids (including tartaric, malic, 

the equatorial 

and unsubstituted 

a-hydroxybutyric, 

malonic , maleic, succinic. glutaric and aconitic) were studied using 

spectrophotometric, electrophoretic and chromatographic methods. Unsubstituted 

di- and tri-carboxylic acids were unable to stabiliee technetium(N) against 

hydrolysis in these reactions: the products were dark 

probably of ToQ2. The hydroxycarborcylic acids were able to 

ligands to give brcrm 1:l polymeric anionic complex ions 

weight red-violet hydroxycarboxylatotechnetates(IV), 

brown precipitates, 

replace the bromide 

and ICW anolecular 

even with a 

wnohydroxyraxtocarboxylic acid as ligand. It was thought that the red-violet 

complexes were mired hydr0x.o and/or oxo compounds [16]. The reaction of 

Na2[TcBr6] and citric acid yields a violet polynuclear ccauplex of composition 



Nas[Tc303(cit)5].10H20. It was characterised by chemical, spectral (IR end 

RWR), magnetic and electrochemical measurements. The effective magnetic moaaent 

of 1.2 s ia well belcw the spin only value for a d'-octahedtal centre and is 

thought to be a result of extensive spin exchange within the trimeric 

technetium core. 

0 -0) GTc.> 
I; po,cit g,o 01 

(4) 

On the basis of these data, a structure for the complex (4) was proposed [17]. 

A series of mixed chloro/phoephine technetium(IV) complexes have been 

synthesised by reaction of [Tc04]- with PPh3 in various concentrations of 

hydrochloric acid. With concentrated hydrochloric acid, [TcCl,]*- was obtained 

and as the hydrochloric acid concentration was decreased, brawn-orange 

[TcCl,(PPh3)]- and yellow [TcC14(PPh3)2] could be precipitated by the addition 

of cations such as [PPhp]+, [AsPh41+ or [Ph3PC(t&)2CR2CC44e]+. The cryEM 

structure of (l,l-dimethyl-3-oxobutyl)tripbenylphosphoniu 

pentachloro(triphenylphosphino)- technetate(IV)r (J), prepared by adding an 

ethanol&z solution of triphenylpbosphine to a mixture of 

[H3NC(We)2Ui2CCWe][Tc04] and hydrochloric acid (37%) (the novel cation being 

forwd by reaction of triphenylphosphine with the original cation), showed 

well separated units of psetl do-octahedral C=l,( =h3 )I- anions and 

pseudo-tetrahedral phosphonium cations: (r(Tc-Cl) 0.234 nm., r(Tc-P) 0.257 
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m.). No intexmdiate ie seen in the reduotion of [W+]- to technetium(W) by 

PFh 3' which contrasts with the reduction of [l?e04]- Ln which a Re-0 

intermediate is ob8emed [le], 

(5) 

7.5 Technetiuma(IT1) 

Orange-brown ((carbonyl) tris(diethyldithiocarbamato~technetium(~ff), 

I~(s2~z)3(co~l: (61, ww prepared by the reduction of [NH4][WOq] with 

aminoiminomethane sulfinic acid in the presence of Na[S2CN5t2]. The formation 

of the cat-bony1 complex was unexpected, but it ia of signifimuxx to any 

intended We of the aminoiminomethane sulfinic acid ae a reducing agent in the 

preparation of 99m Tc radiophamaceuticals. The crystal structure was 

determined and the oomplex shun to be isostructural with the rhenium 

anal-owe, consisting of discrete [Tc(SzCBJEtz)3(oO)] units each containing a 

linear Tc-C-0 group (T&-o: 17e(1)0). 
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Et2 

(6) 

The seven-coo rdination aroundthetechnetium isbest described as a distorted 

pentagonal bipyramid with two of the S2CMEt2 l%gauds occupying eguatorti1 

positions and the third spanning an eguatorial and an axial site. The 

fomamidine sulfinic acid acts as the source of CO and it ia thought that the 

carbonyl group is formed after lUE2(NIi)CS02E, or soem deccmpoaition product, 

bas ccordinated to the technetium(III) centre [6,7]. 

Dibydridochlorobis(1,2-bis( diphenylphosphino)ethane)technetium(III) has 

been prepared by treating [TcC12L2] (L = dppe) with Li[AlE4] in thf [19]. 

7.6 Lou Oxidation States of Technetim 

me crystal structure of potassium 

dichlorcrtetra~it~h~tate(III/II) K[Tc2(CEX3coO)4C12] shows that each 

technetium is octahedrally coardinated by one technetium atom, four oxygen 

atcms and one chlorine atom. The four ethanoate groups act as bridging 

bidentate ligands [20]. The crystal structure of vc2(Q13~)+lCl has also 

been determined. It consists 

between (Tc2(CS3c00)6]+ cations. 

with a bond order of 3.5, linked 

c211. 

of chloride iona acting as bidentate bridges 

These cations consist of two technetium atoms 

by four bridging bidentate ethanoate g?mups 



The crystal structure of yttrium octachloroditechnate(III/II) 

nonahydrate shawe that the molecule contains equal numbers of [Tc,C~~]~- ious; 

(7), at sites of C4 syxemtry and slightly distorted square antiprismatic 

m*C)*13+ ions on sites of D2 symetry [22]. 

Cl A1 3- 

The shortness of the TC-TC bond (0.2108 ma. I bond order 3.5) when ccmpared to 

that in [Tc~C~~]~- (0.2151 rum., [233), where the formal bond order of four is 

higher, is attributed mainly to the decreased effective positive charge on 

the metal atcms in the 3- ion, which leads to stronger v-bonding [22]. 

There has been a charge overlap study of multiple metal-metal bonding 

and conjugation in linear chains of transition metal atoms including 

technetium 1241. 

Rocm temperature EPR spectra of the parsmagnetic low spin d5 technetium 

cation tram-aquanitrosyltetraanminetechnetium(II)~ (R), and anion 

nitrosylpentachlorotechnetate(I1)~ (91, have been obtained. 

rw~3)4wo)~x20~12+ was oxidised wing K2[Cr207] or cerium(IV) sulphate to 

give an RPR spectrum of (8) with ten lines. On warming in concentrated 

hydrochloric acid the spectrum changed and the new species vas 

cWWc15J2- ,(9). The g-factors are shown in the table 7.1. 
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Table 7.1 BPR pareamters for (8) and (9) 

4 1.%1*0.039 1.891*0.038 

sr 2.114*0.030 2.104*0.022 

wG 2%.6+4.0 201.0*4.0 

Al/G 108.8~.0 109.3i5.0 

%.SO 
2.026*0.001 2.024*0.001 

Ai8o/G 165.4t1.3 l59.4t1.4 

Ihe relative closenees of perpendicular and parallel *factors can be 

accounted forbyasmmingthatthemagnitude oftetragonaldietortion ismh 

smaller than that of the spin-orbit coupling [25]. 

[(PPh3)2Tc(CO)3c1] has exhibited moderate catalytic activity in the 

metathesis of a-pentene to 2-butene and 3-hexme. The effects of temperature, 

tirss and Tc~eubatrate ratio were determined 1261. 
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