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INTRODUCTION 

This review covers mainly the papers recorded in Chemical Abstracts 

Volumes 102 and 103, as well as the 1985 issues of the main English language 

inorganic chemistry journals. Thus, although most of the papers covered were 

published in 1985, many from 1984 are also Included, together with earlier 

work which was slow to reach Chemical Abstracts. 

Once again the amount of published material has greatly increased, with 

particular areas of growth being studies of binary and ternary compounds, and 

blomedlcal appllcatlons of platinum complexes. In an attempt to control the 

explosive growth of the review's length, I have thls year limited coverage of 

reactions catalysed by palladium and platinum complexes to papers In which the 

main intertest Is In the coordination chemistry. For papers In which the 

primary interest is the organunetalllc chemistry, readers are referred to the 

annual surveys of the organometallic chemistry of nickel, palladlm and 

platinum, published in the Journal of Organometallic Chemistry. 

General reviews published this year have included accounts of the 

hmnunological, pharmacological and physiological effects of platlnuol salts 

exposure In primates 111, and the extraction of platinum group metals by 

aromatic amines 121. A review of the Inorganic chemistry of the platinum-group 

metals stressed particularly X-ray studies of clusters and carbonyl casplexes 

131, and there has been an account of the advances reported in 1982-1983 in 

the study of clusters contalnlng heteronuclear WM bonds. Platinum 

derivatives of PhsPpy, cyclometallated complexes, and A-frame complexes were 

discussed In detail [4]. Two reviews of the use of transition metal complexes 

In organic synthesls, covering 1983, have been publlshed [5,81. A method for 

the determination of palladium In palladlun based catalysts involved ignition 

of the sample followed by decomposition with aqua regia. After cooling and 

dilution the sample was tltrated with potassium iodide 171. 

1.1 PLATINUW(V1) 

Kinetic constants for the species [XFJ were obtained on the basis of 

Wilson's group theory. These gave rise to a slgnlflcant constant 

characteristic of the configuration of the molecules. Using these kinetic 

constants and the revised vlbratlonal frequencies, unique sets of force 

constants were evaluated, and used to calculate the mean square amplitudes of 

vlbratlon and centrifugal distortion constants of the molecules. [PtFJ was 

included in the discussion 181. The general inertia defect of tXF.1 type 

molecules (including [PtFsI) was evaluated for the first tism by applying the 
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method suggested by Herschbach and Laurie 191. 

1.2 PALLADIUM(V) AND PLATINWV) 

The electronic structure and ionisation potential for [PtFel’ was 

calculated using the non-relatlvistlc spin-polarised verslon of the discrete 

varlational X, method [lo]. The species [PdFs]' was consldered in calculations 

of the electronic structures of the first and second transition series 1113. 

In the oxidation of [PtLJ (HsL = (1)) a cherry red PlatlnumW species, 

[PtLsCll, was identified by EPR spectroscopy 1121. 

Ph SH 

X 
I 

Ph SH 

(1) 

1.3 PALLADIUR(IV) AND PLATINUN(IV) 

A solvent extraction procedure has been developed for the recovery of 

rhodlm(IIIl frcm solutions conta1nlng palladlunW), platlnurnW/), 

rhod1um(III) and irldlum(III) [133. There has been a study of a platinum on 

slllca catalyst in the presence and absence of Cd[SO,l. It was concluded that 

Cd[SO,] did not poison the catalyst for HsOs decomposltlon. Poisoning was 

related to the amount of soluble Pt4+ present, which depended mainly on the 

method of catalyst preparation 1141. The binding of platinun(IV) and 

palladium(I1) to rat liver metallothlonetn has been investigated 1151. 

1.3.1 Cmplexes with Croup 17 donor 1 fgands 

The nephelauxetlc effect in metal ion paramegnetlc shielding of 

spin-paired d6 transltion metal complexes has been discussed; [PtFs12- and 

[PtC1s12' were consldered 1161. Force field calculations for [NFs12- (M = Ru, 

Rh, Pd, OS, Ir or Pt) were undertaken on the basls of the theoretical analysis 

of vibrational frequencies. The data obtained were compared with the chloro, 

bromo and lodo analogues 1171. 

Ion-molecule equilibria In the saturated vapour of the PtF2/RnFs system 

were studied by high temperature mass spectrumtry. The electron affinity of 

PtF, was detenslned, and a number of complex equilibria studied 1181. 

Recent thensodynamlc data were used to construct a scale of increments for 



the entropy of dissolution of many ions, Including [PtClal*- 1191. An aerosol 

of Na2[PtClsl was found not to stimulate the pulmonary irritant receptors in 

cynomolgus monkeys t201. 

The [PtCls]*- ion has been used as the counter ion In a number of 

detennlnat1ons of structure by X-ray diffraction techniques. In 

[He2NH2]2[PtC1s] the ion had a regular octahedral gecinetry and the cations 

were llnked to the anions by hydrogen bonds 1211. An almost regular octahedral 

geometry was adopted In tHsN(CH2)sRHs][PtClsl, and again the crystal lattice 

was stabllised by hydrogen bonding between anions and cations 1221. 

[HL12[PtClsl was prepared from L, 2-(4-methylphenyl]qulnollne, and H2[PtClsl, 

and was characterfsed by IR spectroscopy, thermal analysis and X-ray 

dlffraction studies 1231. 1H2tmen1[PtC1,] and [H2tmen][PtC1e] were isolated as 

side products from the reactlon of [Pt(C2~)Cl(tmen)]t and cont. HCl, and were 

characterlsed by X-ray dlffraction studies. The crystals were again stabilised 

by hydrogen bonding [24]. 

Two papers have reported EPR measurmnts on Re++ in [NH412[PtClaI at 10 

and 34 QHr. A random dlstortion model was developed, which predicted 

significant llne shifts and other effects In accord with the experlwntal 

results 125,261. 

The complex [(HsO]+l&crown-Bl,[PtCls] was studied by IR and Raman 

spectroscopy 1271. The effect of hydrogen bonding on the structure of 

tHhmta12tPtC1sl was Investigated using IR and laser Ranan spectroscopy, and 

theoretical approaches [28]. 

The Pd LIII absorption spectra of K2[PdCls], Ks[PdCl4], [NH4]2[PdC14] and 

tfu~s-[Pd(NHs]2C121 were measured using a 50 cm bent quartz crystal vacuum 

spectrograph. Experimental data were interpreted in molecular orbital terms. 

The white line absorption of K2[PdC1s] was some 2.0 eV to higher energy 

relative to K2[PdC141, due to the palladlun oxidation state 1291. 

In a low temperature NMR spectroscopy experiment Ti and Tip of protons in 

pure and partially deuterated [NH412[MC1s] 04 = Pd or Pt) were measured. The 

data were explained on the basis of one- and two-phonon relaxation, due to 

low-temperature tunnelllng 1301. 

PtC14 and H2[PtC1e] doped polyacetylene was studied by XPES and TW. It Is 

thought that platinum doping Involves charge transfer from the polymer chain 

to the platlnum(IV), resulting In partial reduction to platinum(I1). The TEll 

data indicated the existence of PtC12 clusters on the polymer surface 1311. 

The transport mechanism in H2[PtC1sl doped polyacetylene was studied by EXAFS. 

The data also supported partial reduction to PtC12 1321. 

[Ptcls]*- was used as a counterion for the Isolation of (2) 1331. The 

thermal behaviour of Walkylpy12tPtC1sl has been studled. At about 170 'C, 
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HC~ was lost to give IN-alkylpyl[PtW-alkylpy-HlClsl, In whfch the pyridine 

ring had been metallated 1341. 

(2) 

Dlelectrlc constants and vapour pressure data for solutions of 

[RsNHlJNClsl (N = Pt., Ir, OS or Re; R = octyl) were used to calculate dipole 

moments and effective molecular weights. The degree of anlon/catlon 

association In non-polar solvents was determined. It was noted that the 

associated species could adopt cfs or trans geanetries, (3a) or (3b), wlth the 

tran~specles predominating to the extent of about 85:35 1351. Further 

assoclatlon could also take place with the predomlnent initial process being 

dlmerisatlon of the cWlsomsr 1361. 

(3a) WO 

A more efficient method for the preparation of HaIPtClsl by 

electrochsmical dissolution of the metal in HCl, has been described. A higher 

ouallty product was obtained, and environmental pollution by nitrogen oxides 

avoided [371. 

Platinum on titania catalysts were prepared by photoelectrochemical 

deposition of platinuRl from Hs[PtClsl. The rates of reaction under various 

conditions were determined l391. The propertles of the catalysts for CD and Hs 

adsorption were measured 1391. There has been an X-ray electron study of core 

levels and valence regions of catalysts prepared by the deposition of 0.6 X 

(by welght) of platinum on L-reolite In the potasslun form, and also by 

simultaneous deposition of 0.6 X phosphorus and 1 X molybdenum. In the 

presence of molybdenum the platinua(IV) of the hexachloroplatinic acid was 

completely reduced by molecular hydrogen, but wlthout molybdenun material 

containing both reduced and Ionic metal was obtained 1401. Hs[PtClsl on 

alumina or CaY teollte was used to prepare chlorlded platinus catalysts for 
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n-butane isomarisation 1411. 

When an aqueous solutlon of HJPtClsl was either hydrogenated or 

photolysed in the presence of a surfactant, a co1 loidal dispersion of 

platinum protected by the surfactant was obtained [42]. Y-Irradiation 

of an aqueous solutlon of Hs[PtClsl containing Maethylolacrylamlde, 

gave a catalyst solution for the photodecomposltion of water 1431. 

[Zn(TPP)I as well as tetramethyldipyridylhexahydrotetrazine efficiently 

promoted the photogeneration of hydrogen from water containing the system 

K~[PtC1s3/[Rh(blpy),13~/triethanolemine 1443. 

The reactions of Hs[UCle] (including M = Pt) with graphlte In a stream of 

chlorine gas at high tmperature gave graphite salts [461. 

In the electrosynthesis of persulphurlc acid, almost complete deposition 

of copper and platinum (from H,[PtClsl) occurred at the graphite cathode 1461. 

In a vigourously mixed suspenslon of CNH,l[PtClsl in anolyte, the 

electrodlalytlc dlssolution of [NHJ[PtClsl was limited by the transfer rate 

of [NH+]+ ions In the msmbrane 1471. There has been an extenslve study of the 

redox behavlour of the 4d- and Sd-hexachlorometallates. The data suggested 

that It should be possible to oxidise [PtCls]*- to [PtCls]-, and to study the 

product by electrochemical methods 1481. 

gas adsorption chromatography of ethene on PdC12, PtC12 and -PtCl, 

suggested that a chemical reaction was occurrlng at r- temperature. On PtCl+ 

chlorination occurred at room temperature, giving a chlorinated oligumer, via 

a radical mechanism 1491. Oxldatlon of secondary alcohols by molecular oxygen 

was photocatalysed by H2[PtClsl and CuCl,. Photoreduction to platlnum(I1) 

occurred vfs a platlnum(II1) intermediate, and the oxidation was almost 

certainly of the radical type 1501. Klnetlc data have been obtained for the 

dealkylatlon of methylcobalamlne and related species by [PtClal*‘/H+. A 

mechanism Involving a single electron transfer and a platinw(II1) 

Intermadlate was proposed [511. Transitlon metal complexes, Including 

H2[PtClsl, were combined wlth hydride donors to initiate the radical reduction 

of trichloromethyl compounds [521. 

When the mass spectra of phthalocyanine complexes were measured In the 

presence of K,[PtClsl, sm of the hydrogen atoms of the rings were found to 

have been chloro-substituted tS31. A study of the preparative titratkn of 

precious metal ha1 Ides agalnst cetyl pyrldinlum chloride included 

investigations on [MClal*- and [14C1,12- (M = Pd or Pt) 1541. 

The selectivity coefficients of nitrate and chloride ions, and of anlonlc 

chloro complexes of palladl~(II) and platinum(IV), on Spheron MAE in the 

chloride form, were determlned by the dynamic methods [551. Decnaslng the pH 

resulted in decreased adsorption of [PtClel*- on alunlna, but depth 



penetration increased [Ml. 

The heterogeneous equilibrium between platinun(IV), platlnum(II) and 

platinum(O) at 152.5 'C in 1N H2SD4 was Investigated. The dlsproportlonatlon 

constant for [PtC1,12- was determined, as was the rate of aquation of 

[PtClgl2- r571. 

All the general quadratlc force field potential constants of K2[PtC14Br21 

were evaluated using kinetic constants, and were then used to obtain other 

molecular constants. Some unassigned vibration frequencies were correctly 

predicted 1581. The exchange of bromlde for chloride in [PtCla12- adsorbed on 

alunlna was studled by lssPt NMR spectroscopy, and compared with solution data 

1591. The species Me2NH21#tXsl (X = Cl or Br) were used to oxidise 

tetrathiofulvalene derivatives. With dlbenzotetrathlofulvalene (dbttfl, for 

example, a species of stolchelometry [dbttflelPtCls]a was obtained. An X-ray 

dlffractlon study indicated that the dbttf formed regular stacks wlth an 

interplanar distance of 3.49 A 1801. 

A general quadratic valence force field was applied to INBr,12' (M = Pd or 

Pt), using molecular kinetic constants and Wilson's Fg matrix method to give a 

theoretical descrlptlon of the IR and laser Raman spectra of the complexes 

1811. The roun temperature elastic constants of A2tPtBral (A = K or [NH,]) 

were measured by Brlllouin scattering or ultrasonic pulse echo overlap. The 

elastic stiffness and Debye temperatures of the compounds were small compared 

with the alkaline earth fluorides, due to their larger lattice spacings and 

weaker Coulomblc forces 1821. 

Neutron powder diffraction profiles were obtlaned for K,[PtBrsl at 298, 

180, 141 and 120 K. Each corresponded to a different crystal structure, and 

space groups were assigned on the basis of the neutron diffraction data, and 

from bromine NQR spectroscopy. The data indicated that only two true phase 

transltlons occur between 298 and 120 K 1831. XPES was used to study the 

Interaction of PtBr4 and a silica support. Bombardment with argon atoms gave 

PtBr, after one minute and a Pt(I)Br species after five minutes [841. 

The preparations of t$PtI,I 04 = K or Rb) were described using [PtIa12- 

and an excess of MI. X-ray diffractlon data indicated that the potassium salt 

crystalllsed in a tetragonally distorted variant of the K2tPtC1al type. TOA 

and DTA data showed an exothenn at 398 K, asslgned to a reversible phase 

transltlon wlth a transition enthalpy of 5 kJ m01'~. X-ray powder data 

Indicated that this was a transition from tha tetragonally distorted variant 

to a true K2tPtC1el structure [851. 

Platlnun has been determined as the [PtIe12’ salt of (4) in concentrations 

as low as 0.02 ppm 1881. The reaction of [ptIs12- with cyanide Ion has been 

Investigated by stopped-flow techniques. The reaction mechanism was 
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determlned, and some Intermedlates were observed by UV spectroscopy 1671. 

(4) 

1.3.2 Cmplexes with Group 16 lfgands 

The preparation and thermolysis of the dlmgnetic low rpln complex, 

[PtLL'aCllCl, in which L = (6) and HL' = (6) have been described. IR 

spectroscopic data implied that coordination of IL']' involved the oxygen of 

the nitroso group and the adjacent phenolate ISSI. 

OH 

The reactions of [PtC1s12- with the mono potasslm salt of MN(CH2CNW2 

(K[HMldal) have been Investigated, and were shown to glvo KUW4ldaN1sl In 

water at pH S-6. Both kinetic factors and conslderatlons of angle strain would 

suggest that ths fat-Isomer would be formed preferentially. It had earlier 

been claimed that KaIPtCl,l reacted with this llgand to give 

K[Pt(mida)C1].2HCl, but thls reaction could not be repeated, and It wa8 

concluded that ths previously reported products were in fact platlnWIV) 

complexes formed by air oxidation. [Pt(lda)21, assumed to be ths transisomer, 

was prepared by H202 oxidation of the platinum(I1) ccmplex tran*tPt(Hlda)21 

t691 
Platlnun(IV) was determlned spectrophotonetrically with reasonable 

selectivity using 2-oxlnlno-1-lndanone; an N,Whslated caAplex was postulated 

1701. Reaction of (7) with platlnum(IV) in the presence of chloride Ion gave 

(81, n = Ptcl, [711. 

Electrochsmlcal oxidation of (9) gave a palladlun(IV) complex, (101, In 

whhzh X = Br, Cl or OH, depending on the reaction conditjons. The complex (10) 

oxldised alcohols to ketones In moderate yield, and could bs reduced to (9) by 

CC or RH20H 1721. 
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/ & / 
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(7) (8) 

(9) (10) 

Both platinun(I1) and platinum(IV) have been said to form stable complexes 

with thiophenol, and substituted thiophenols, and stability constants were 

determined in dilute solution. Some of the structures were probably ollgomeric 

1731. Reaction of Ka[PtClsl with anrnonlum polysulphide gave a brjck-red 

complex, [NH,l,[Pt(Ss),l, when crystallisatlon wes carried out slowly. Rapid 

crystallisatlon or addltlon of cont. HCl gave a maroon species, [NH,l,[PtSS,,l, 

which was much less water soluble. [NH41n[Pt&)sl crystallised as a racemate, 

which could be resolved using tRuLB12+ (L = bipy or phen). The [PtSI,12- ion 

underwent spontaneous resolution on crystallieetion, and this represents the 

first spontaneous occurrence of optical activity In a purely inorganic salt. 

In Pt(Sd312- there are three pentasulphido &elate rings, but for [PtSI,12- 

structures corresponding to either [Pt(Ss)s(8~)]” or [Pt(Ss)(Ss)2]2’ were 

proposed 1741. 

Acid dlssoclation constants were detenni ned for tPtL(HpO)Cl,l, 

[PtL(H20)2C1]+ and [PtL(H20)s12+ (H2L = 0=S(CH2COOHj2). These aqua complexes 

were stronger acids than simple sulphoxlde derivatives, though [L12’ did bind 

at sulphur In an analogous manner [75]. 

The platinuaW) complex of the dianion of L-cysteine was shown to have a 
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high stability constant 1761. The species [PtLaX,] (L = glyOEt, glyglyOEt or 

glyleuOEt or La = metOEt; X = Cl or Br) were prepared by oxldatlvr addition of 

Xs to [PtL2X21. “N NNI? spectroscopic data were presented. In [Pt(metOEt1Cl,l, 

the amino acid acted as an S,ACbldentate llgand 1771. 

Reaction of tetramethylthiourea wlth KstPtBr,] gave the known complex 

[{Pt(tmtu)Br,},l, In which tmtu acts as a bridge between the platinum atoms. 

Further addition of tmtu gave [Pt(tmtu-H)nBrzl, (111, characterised by an 

X-ray diffraction study. The geometry of the complex was close to regular 

octahedral, and this is the first example reported of the cyclcnnetallation of 

tmtu [78]. 

C32 

(11) (Reproduced wlth permission from 1771) 

1.3.3 Cancer Chsmotherapy 

The platlnum(IV) species, cfs,cis,tran~lPt(NH,),C1a(0H)al was shown 

to be ten times less toxic than cf+platin, and to have a longer 

duratlon of activity t791. However, no evidence for its blndlng to 

PMe-DNA or cleavage of PNa-DNA could be found, and the SMW observatlon was 

made for CHIP, cfs,cfs, trans-tPt(H7NC~,)zCl~(~)~l [801. Pulse radiolysls of 

CHIP resulted In the Initial formatlon of [Pt(III)(RN~)aCl,(OH)i!l-, follared 

by disproportionation to give a mixture of platinun(I1) and platinum(IV) 

canplexes 1811. CHIP was compared with cls-platin and CARBOPLATIN In the 

C{4-(5-nitro-2-furyl1-2-thlazolyl}mathanamlde Induced murlne bladder turnour 

model [821. 

A nunrber of structures of platinum(IV) complexes with anti-tumour activity 
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have been determined by X-ray dlffraction methods, including 

cfs,c~s,tfans-[Pt(3-HeOPrNH,)zClz(OH),l. Oxldatlon of cfs-Wt.(RNHa)z)X,l wtth 

HaO, gave cis,cfs,truns-tPt(RNHz),X,(cm)Pl for X2 = propane dloate, and the 

propane dioate ring was shown to adopt a boat conformation by an X-ray 

diffractlon study. The reactions of the cmplexes in which Xa was either 

P-ethyl propane dloate or cyclobutane-1,1-dlcarboxylate were more complex, 

however, giving more than one product as monitored by lssPt nmr spectroscopy 

1831. 

The complex IPt(dach)Cl,l was prepared from the ligand and K,[PtCl,l In 

water, followed by oxidation by molecular chlorine 1841. Species of the type 

(12) were generally prepared by addition of Ys to the corresponding 

platinun(I1) complex. Most of the complexes had high activjty and low renal 

toxicity [851. 

R' 

(12) 

The new complexes cfs,cis,tran~[PtLzC12(OH)21 and cis-[PtL,Cl,l, in which 

L was a polychlorlnated aniline, were prepared, and their anti-tumour aotlvlty 

Investigated [861. Both platinum(IV) and platlna(II) derivatives of 

adamantldlne, A, including cfs,cls,tran~tPtA,X,(OH)il and cts-[PtAaXal showed 

actlvlty against L-1210 In BDA/2 mice [871. 

1.3.4 Complexes with Group 15 donor ligands 

In the salt [Pt(NHs)s14+[Lasalocid Al4 the structure was maintalned by 

hydrogen bonding Involving the ammlne protons, but no unambtguos picture of 

the structure was established [8801. [Pt(NHs),J4+ was shown to inhibit the 

electron transfer reactlons of plastocyanln [891. 

Ulcroscale syntheses of cf*[1eiPtLaC121 (L = NH. or cyclopropylamlne) 

lslPt-CHIP and islPt-CARBOPLATIN have been described 1901. The lssPt and lsN 

NW spectra of eer-tPt(lsNHs)s(OHH),Zl~ and Wt.(lsNH&(OH),Z,l~ have been 

recorded. There was good agreement between experimental and predicted values. 

The changes In 'JptN depended on ths variation In the platinum 6s contribution 

to the Pt-N bond [Ql]. 

The quenching of the luminescence of [Ru(blpy),lC12, and its 
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photosensitlsed reaction with [Pt(NHa)sXl[C1041s (X = Cl or Br) have been 

studied. Electron transfer yielded a platlnum(I1) complex which readily 

dlsproportlonated 1921. There has been a kinetic study of the solution 

photochemlstry of the complexes trsns-tPt(NH3)4Xz][C10,1z (X q Cl or Br), 

which yields [Pt(NHa),(OH)Xlzt. Photoaquation of the chloride proceeded from 

an excited state, by haaolytic cleavage of the chloride to give a 

platinum(II1) intermediate. Photoaquatlon of the bromide proceeded from the 

lower ligand field type excited electronic state, with hetorolytic 

platinum-bromine cleavage. In all [Ru(blpy)a12+ sensitised photolyses of these 

platinum(IV) complexes platlnum(III) intermediates were formed 1933. The 

photochemistry and luminescence spectrsoscopic properties of polycrystalline 

trans-[PtA,X,][ClO,], (A = NH, or A2 = en or pn; X = Cl or Br) have been 

investigated. In the complexes of en or pn, excitation !n the region of ligand 

field bands resulted In photoreduction to mlxed valence species. Paramagnetlc 

platlnum(II1) complexes were observed as intermediates 1943. 

The solubilities of [Pt(en)J[Fe(CN)a] in aqueous solutions of NaCl, NaBr 

Na[NO,] or Na[OOCH] were established at 295.15 K. It was demonstrated that 

platinum(IV) formed more stable associates than did Co(III), Rh(II1) or 

Id1111 1951. 5-Nitroimldazole complexes of plath-nzn(IV) and palladium(I1) 

were shown to have funglcldal activity against Pestalotia and Altenaria [Se]. 

A series of platlnua(I1) and platinum(IV) porphyrins were prepared and 

characterised. The kinetics of the reduction of the platinum(IV) derivatlver 

by amlnes were establ Ished. In the reactlon with piperldlne, which gave 

pyridlne, a unique g-electron oxldatlon was proposed, and dihydro and 

tetrahydropyrldlne intermediates were responsible for the complex kinetics 

observed [97]. The reactlon of adenine, adH, with PtCl, gave IPt(adH)2Cl,], 

which was Insoluble In conxaon organic solvents. A polymeric structure was 

proposed for the complex, wlth metal bindlng through N(9) and N(7) 198). 

Hydrogen peroxide oxidation of trans-[Pt(NH,)2(1-Necyt)21 gave 

trans,trans-tPt(NH,)2(l-Necyt-H)2][N0312.2H20, (13), characterlsed by an X-ray 

diffraction study. This demonstrated that the deprotonated 1-methylcytosine 

was coordinated to the platinum(IV) through N(3) and N(4), forming an almost 

planar 4-membered chelate rlng. This represents the first example of N(3),N(4) 

chelation of a metal to a cytosine nucleobase to be establlshed by a 

diffraction study 1991. 

Photoreduction of [Pt(N02)s_~(x]2- (x = 0, 1, or 2; X = Cl or Br) gave the 

platinum(I1) complex [Pt(N02)4]2-, irrespective of the initial composition. 

Quantum yields were establlshed for the reaction, and It wa8 shown that two 

lntra-llgand CT states were the states responsible for the photochemical 

reactions [loo]. The Influence of single oriented layers on the electrode 
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kinetics of unadsorbed, unchanged redox couples at smooth polycrystalllne 

platinum electrodes in aqueous solutions was investigated by means of thin 

layer cyclic voltametry. The redox couples investigated included 

[Pt(No,),(NH,),Cl,1/[Pt(NO~)~(NHs)~l [loll. 

b NC101 

(131 (Reproduced with permission from [QB]) 

Oxidation of [BuqN12[Pt(N3),l by Xa (X = Br, I or [SCNI) gave 

tfans-[Bu,Nl,[Pt(Ns),X,l. Sane spectroscopic data for the new complexes were 

reported 11021. 

Oxidation of [PdL21C1s (L = (14)) by HNOs/H[ClOJ gave [PdL$171[C10,],; 

the Product stereochemistry was not specified [1031. The stability and ligand 

exchange reactions of [PdL#l,l have been lnvestlgated by stopped-flow 

techniques 11043. 

F 

F \ PHe2 0 I 
/ PMe2 
F 

(141 

1.3.5 Camp lexes with Group 14 donor 1 igands 

The reduction of tram-[Pt(CN),X,l (X = Cl or Br), by [SCNI-, tS+0312-, 

[CNI’ or [SOs12-, in aqeuous solution, has been investigated; the product in 

all cases was [Pt(CN),12-. The results were interpreted in terms of a 

mechanism which involved transfer of Xt from platlnum to the reducing anion 

[1051. Transfer of Br* was also the key step In the hydrolysis of 

tfans-DWCN)4Br21 2- (reactions (l)-(5)) t1061. 
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IPt(CN)4Br,12- + [HO]- + [Br...Pt(CN),...Br...0H13- (1) 

[Br... Pt(CN),...Br... OHI+ + [Pt(CM),12- + HOW + Br- (2) 

HOBr + [HOI- % Hz0 t [BrO]- (3) 

H,O t [Pt(CN)+12- t HOBr ----) EH20-Pt(CN),Br]- + [HOI- (4) 

IH20-Pt(CN),Brl- t [Ho]- ---+ [Pt(CN),Br(OH)]2- t Hz0 (5) 

1.4 PALLADIUW AND PLATINUM COMPLEXES WITH MIXED IV/II OXIDATION BTATES 

Thermolysis of PtI, at 300 ‘C under an 6 atmosphere pressure of iodine 

gave a species of stoicheiometry PtIs, which was in fact a mixed valence 

compound. Single srystals could be grown from PtI, and aqueous Solutions of 

KI/12 at 270 'C. An X-ray dlffractlon study revealed square planar CPtI,] 

units and octahedral {PtIs} units which were connected in chains by cormnon 

edges 11071. 

Structural evidence with respect to the one-dimensional oxalato platinates 

has been described for the existence ln these sytems of a superstructure of 

electrons (or holes) which is totally ccornensurate wlth the underlying 

lattice, but statistically lncommmnsurate along the chains [ lOBI. 

Nio~a,[Pt(C204),].6H20 was shown to undergo the same two phase transitlons as 

had been previously observed for cobalt(I1) and zinc(I1) salts, but at higher 

temperatures. X-ray diffraction studies indicated that the crystals 

deteriorated at high temperatures due to loss of long-range order, but 

partially recovered on cooling [log]. The canplexes Mo,a[Pt(C20+)21.6Hs0 

(M = Ni, Co, Zn, Mg or Hn) were found to be isostructural at hlgh 

temperatures, and were one-dlmenslonal conductors with 0 = 2-200 0-l cm**. At 

low temperatures the values of a suggested that a simple Peierls transltlon 

took place, but diffuse X-ray scattering experiments showed unexpected 

behavlour, ascrlbed to a second competing instablllty associated with catlon 

ordering. The competition gives rise to metastable states which relax towards 

ectuilibrlum in a stepulse fashion remlnlscent of the devll’s stalrcase [llO]. 

The phase transltlon In M&_e[Pt(C204)21.6H20 was studied in more detatl by a 

combination of electrical conductivity, DSC and X-ray techniques. Evidence for 

chaotic behavlour and long llfetlme metastable states was presented [ill]. 

Many papers again described features of CPt(mnt)21k complexes. The 

cheusical canposition of the lithium salt was dlscussed, and the platlnun 

ccinplexes were compared with those of nickel and palladium. The d,, and dyr 
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orbitals played a central role In delocalising the charge across the anion 

11121. The Lio,u salt gave an irregular stack with metal-metal lnteractlons, 

but the Lio,sz derivative gave a more regular stack. Ths rubidium salt 

gave only a dlmer. Related complexes of other transition metals gave 

dlmers with metal-sulphur interactions [113]. The structure of 

IHs010.s3Lio.etPt~mnt~,1.1.67H~0 was determined by X-ray diffractlon 

techniques at 153 K and at room temperature. The anlons were stacked 

face-to-face along the taxis with Pt-Pt = 3.6 A. The room temperature 

conductivity was 200 S an-', and the compound underwent a metal insulator 

transition (Peierls transition) at 220 K. The conduction path through the 

ligand centred n-system was composed predominently of sulphur 3p, orbltals 

11141. The pressure dependence of the temperature at which the Peierls 

transltion occurred has been measured for pressures up to 10 kbar. At high 

temperatures the metallic properties improved wlth pressure and it was 

concluded that the Peierls lnstablllty was gradually supressed by pressure 

because of an increase in interchain coupling [115]. 

Thermoelectric power and EPR data have been reported for 

tpery1ene1,D4(mnt),1 04 = Au, Pd or Pt). EPR data suggested that the cunplexes 

did not undergo a simple Peierls transition, but that the nature of the anion 

was significant. The transitions had some spin-Peierls character [1161. The 

palladium and platinum complexes underwent clear metal insulator transitions 

at 28 and 8.5 K respectively. The electrons on the segregated perylene stacks 

were itinerant, but those on the dlthlolate stacks appeared to be locallsed. A 

formulation with one unpaired electron per dithiolate and 0.5 holes per 

perylene was in agreement with both magnetic and conductivity data. 

Conductivity definitely involved the perylene stacks, with holes as the 

carriers [117,1181. The structure of [perylenel[Pt(mnt),1, formed by oxidation 

of perylene by iodine In the presence of [BuSNls[PtOnnt)slr was established by 

an X-ray diffraction study. It contained mixed cation anion stacks running 

parallel to the <Oil> direction, with the alternatlon of two cations and two 

anions trig]. 

The preparations and conduction properties of polymers based on 

transition metal complexes of 1,1,2,2-ethene tetrathiolate, (IS), have 

been described. The nickel, copper and platlnun complexes showed high 

conductlvlty, but cobalt and palladium derivatives gave poorer results [1201. 

[Et,N12[{Pd(C,S,),.s}(C,S4)1 was prepared from [Et4N171CsS41 and PdCls. The 

materlal was air stable and bed Q = 1 S cWL [121]. The nature of the metal 

also played a predomlnent role In determining transport properties and 

structures of the complexes [TTFltkl(dmlt)alx (M = NI or Pd, x = 2; I4 = Pt, 

x = 3; H&It = 4,5-dimercapto-l,3-dlthlol~2-thione~. The palladium complex 
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exhibited quasi metal-like conductivity at temperatures down to 220 K. Below 

this temperature the crystals underwent an irreversible metal insulator 

transition, and subsequently exhibited semiconductor behaviour. The platinum 

ccmplex showed thermally activated conductivity. The structure consisted of 

non-uniform stacks of [PtLsl comprising alternate monomer and dimer units, and 

uniform stacks of TTF, with large stacking distances 11221. 

rYk\ 2n- 
‘RsAs/ ‘in 

(16) 

There have again been several reports of the preparation and chemistry of 

w+ 

mixed valence “platinum blue” and related complexes. EPR data on the blue 

ccmplexes derived from l-methylhydantoin and &methyl-2-pyrrolidone were in 

good agreecnent with calculations which asssumed that the hyperfine structure 

was attributable to the coupling of an unpaired electron with four platinua 

nuclei In a tetrameric structure [1231. The structure of cts-diamnine 

cr-pyrrolidone violet, EPt,~NH8~e~C~He~~,lfPFslilWObl~.se.5~0, has been 

established in an X-ray diffractlon study. Each platinum atom was coordinated 

by two NHs ligand in a cis-relationship, and either two oxygens or two 

deprotonated nitrogens of the pyrrolidone. The platin~platinus distancea 

were found to be related to oxidation state, established by titration against 

cerium(IV1 to be 2.14. The compound is in fact a non-stoicheiometric mixture 

of platinum pyrrolidine blue and platinum pyrrolidine yellow 11241. 

Reaction of cls-[Pt*(NH,)e(C,He~,N0),16+, cisdiaAnine platinum pyrrolidone 

tan, with an average oxidat~~ state of 2.5, with water gave a dark 

blue species, IPt4(NHs)e(G,HaNO)I16+ (average oxidation state 2.5) and 

Wt,fNHs)s(C,H*No),I . 4+ In an aqueous solution under air a yellow 

platinum(II1) complex was formed. It was concluded that the pyrrolidone tan 

was only stable In acidic solution, and in the dark [125]. 

Three new platinum blues have been prepared from the half amides of 

propanedioic acid, butanedioic acid, and (181. The complex derived from (16) 

had significant anti-tusour activity fi261. Reaction of either benroic acid or 

phthalic acid with c~P[P~(NH~~~(H~O)~I*~ gave a blue precipitate, in which 

analytical data suggested that there was only one aimrim, llgand per platlnun. 

Structures were not definitively established, and lIPR spectroscopic data 

suggested an oxidation state close to 2.0, but oxidative titration gave a 

value of 2.56. The phthalate blue showed activity against the Ascites Sl8OJ 



tumour system in mice 11271. Reaction wlth (17) gave initially a 

complex, which was oxldised in air to give a paranagnetic blue 

structure of which has not yet been established 11281. 

/ 
NOH 

C-NH2 

,O 

COOH 

cc 

% 
HO 

CONH2 
0% 

(18) (t71 

17 

platinum(II1 

product, the 

The structures of two crystalline modlflcations of 

~Pt~en~211Pt~en~zBrzl~C10~l~ have been established by X-ray diffraction 

studies. Both were typical Wolfram’s salt analogues with Inflnite chains of 

{Pt(en),} units bridged by bromide ions. Strong hydrogen bonds between the 

anions and cations imposed three dimensional ordering. Irradlatlon (Cu X,-J 

converted the monoclinic form to an orthorhombic modification [1291. The 

structure of the related palladium complex was also determined. On the basls 

of the Pd-8r distances (2.496(l) and 2.911(l) A) It was concluded that the 

oxidation states were less localised than in the chloro analogue 11301. The 

structure was also determined by another group, who further noted thsrmally 

activated motion of the bromlde ions in the direction of the Infinite chains 

[1311. 

XPES data for [Pd(en)21[Pd(en12X211C10,12 (X = Cl or Brl have been 

reported. The dlfference in the binding energies of the Pd 3d electrons 

between W(H) and Pd(IV) was smaller for the brcmo than the chloro complex, 

confirming the lower oxidation state locallsatlon in that ccmplex 11321. In 

the XPES of [Pd(en)~l[Pt(en),X,I[C10~12 (X = Cl, Br or I), as the halogen 

changes fran chlorine to Iodine, the blndlng energies of the platinum(IV) 4f 

electrons were lowered, whilst those of the palladlus(I1) 3d electrons 

increased, with both gradually approaching the M(III) levels 11331. 

Absorption, luminescence and Raman spectra have been recorded under high 

pressure for Wolfram’s red salt, [Pt(EtHH~),l[Pt(EUIH2)~C121[C10,1,. The data 

suggested that the quasf one-dimensional elect ron-phonon system was 

continuously changed by pressure from a moderate coupling state et atmospheric 

pressure to a weak coupling state, not by a decrease In the electron-phonon 

coupling energy but by Increased energy transfer 11341. Raman spectroscopic 
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data under high pressure suggested that the energy of the LO phonon whioh 

resonates most strongly with tha CT excitation from Qt(IV) to Qt(II) shows 

several stages of change In response to pressure, but the microscopic 

mechanism of the changes remained uncertain t135l. 

The absorption spectra of [Pt(en)~l~Pt(en)~X~IIClO~l~ (X = Cl, Br or I) 

and Wolfram's red salt have been measured. The reflectance spectra werB 

obtalned for the chloro and iodo complexes. The data could not be explained in 

terms of a simple band made1 [136,1371. When resonance Raman, IR, luminescence 

and absorption spectra were obtained for single crystals using polarised light 

at 2 K and room temperature, the results were in contrast to previous work on 

polcrystalllne samples. In this case the incident photon energy dependence of 

the Raman cross-section due to the synxwatrlcal Cl-Pt(IV)-Cl stretching mode 

had a resonance peak at the CT absorption edge, which was well explained using 

the P-band model in a one-dimensional system [138]. 

The syntheses of the neutral linear chain mixed valence campounds 

[Pd(en)Cl,l[Pd(en)Cl,l, [Pd(en)Br,l[Pd(en)Br,l, [Pd(tn)Br,l[Pd(tn)Br,l and 

{Pd(en)QBrsClQ} (tn = 1,3-diamlnopropane) have been described. Their 

electronic spectra showed intense broad Intowalence bands, and thelr 

resonance Raman spectra showed tha typical overtone progressions in tha 

X-W(N)-X synmetrlc stretching modes. Oxidatlon states were more delocalised 

than in the ccmplexes of the t2 charge type, and these species were 

consequently better semiconductors 11391. Electronic, resonance Raman and IR 

spectroscopic data for ~Pd(LL),3[Pt(LL~~Cl,l[ClO~l~ (LL = 1,2-dlmninopropane 

or 1,3-diaminopropane) suggested that the metal-metal interactions In these 

cases were weaker, and oxldatlon states more locallsed that for Pd(II)/Pd(IV) 

or Qt(II)/Qt(IV) analogues 11401. 

The X-ray absorption near edge structure of mixed valence 

~~~~~~~l~Pt~en~~X~l~C10,l, and [Pd~en~~lfPt(en)pX,ltC1O~l, complexes was 

measured using synchrotron radiation with a high energy resolution. It was 

confirmad that the unoccupied level was formed from dX2_y2 and dxs, and that 

the latter was the orjgln of the charge density wave 11411. 

Photolyia of [Pt(en)2X21tlC10,12 in the solid state gave the nixed valence 

apecles as the end Product. The course of tha reaction was followed by EQR 

apectrsocopy, lndlcatlng that the first step was formation of chlorine 

radicals and [Qt(III)(en)2Cll 11421. The platinun(III) state was detected In 

single crystals of tPt(en)211Pt(en)2X21[C10,1, (X = Cl, Br or I) by EPR 

apectraocopy. The defect density responsible for the Qt(IIIWt(II) stetea was 

1 in 10' for tha method of recryatal1laatlon used [143]. 

Reaction of K21Pt2(pop),l.2H20 with tQt(e10~X~lX, at 100 'C gave 

~Pt~II~~en~21tPt~IV~~en~21tPt~III~2~pop~4X~l as copper needles for X = Br and 
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as green dlchroic microcrystals for X = I. Spectroscopic evidence Indicated 

that the complex should be formulated as a linear chain R(II)-X-FT.(W) cation 

in association with a dlmeric platinurn(III1 anion. The complex, unique in its 

three different oxidation states for platlnur, is also unusual In thet it is 

Class II tn respect of the partly locallsed valence In the cation chains, but 

Class I In the locallsed valence interaction between the cation and anion 

chains. The X-Pt(IIIMt.(III)-X backbone lies parallel to the cation chain 

axis [1441. 

Conducting compounds based on phthalocyanine derivatives, Including 

[PcPtlI,, have been revlewed 11451. Oxidation of tPt(dbtaal1, (IS), wlth 

molecular iodine, gave a mtxture of [Pt(dbtaa)Ial, which was an insulator, and 

Wt(dbtaall[1310.s7, which was highly conductive. Both complexes were fully 

characterised by X-ray diffraction studies, and other phases with varylng 

iodine contents were also prepared 11461. 

(18) 

The structure of [Pt(dien~)(~N),l,[Pt(CN)el has been established in an 

X-ray diffraction study. There were weak Interactions between the nitrogen 

atoms of the cyano groups and the hydrogens of the mnlum Ion 11473. 

A review has been published dealing with the one-dImensIona conductor 

K2tPt(CN)41Bro_s (KCP) and related complexes 11461. A classroom experiment to 

determine the Pt-Pt distance using powder dlffractlon data has been described 

11491. A number of papers have discussed a new pinning mechantsm for KCP, 

based on the 2KF quasi-modulated bromide ion dlstributlen [15ll-1621. The 

pinning mechanism was used to calculate the far IR conductivity. Fatr 

agreement with experimental data was obtained when the phason lifetime was 

included 11531. 

The low frequency regions of the Reman spectra of KCP and 

RbsWt(CNl,Clo~sl have been enalysed. The Al mode assoc*ated with the 

(Pt(CN14) units exhlblted strong temperature dependent properties connected 

with interchaln ordering. There was, however, no phaee transition and the 

Pelerls distortion persisted up to 273 K [1641. The Pelarls Instablllty has 
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been compared for KCP and Li~t~(mnt)*l fl553. 

EFB data obtained at 85 K for KCP h6ve been rlnnilat6d in term6 of coupl6d 

platfnun nuclear spfns. The platlnun hyperflne Parameters and the degree Of 

delocalisatlon were discussed tl581. Soliton formation was alSO studled by 

this technique l.1671. Polarised absorption spectra of single crystals of 

MxlPt(CN),l.Hi20 04 = Na, Sr, Ca, Ba or Wg) have been recorded at 10 and 

300 K. The energetic order of the low lying excited electronic state6 was 

established [%581. 

It was shown that crystals of EUetal],CPt(CN),1~@+60 (metal = Sr, Ca, 8a, 

Hg or Lu) could be partially photooxidised at 1.7 K. An exiton-exlton 

interaction wlthln the polaron-like A’lu state removes electrons frool the 

antf-bonding orbltals of the platinum chain. The electrons could k trapped 

between the chains where they were coordinated by crystal water molecule6 The 

nature of the partially oxldised Species was discussed [189]. 

1.5 PALLADIUM(II1) AND PLATINUf(III) 

The papers published on platfnun(III) complexes up to June 1984 have been 

reviewed. The artfcle include6 diSGUSSfOn6 of mono and blnuclear 6p6Gles, 

plat4num blues and mixed valence platinun(III)/PlatinumW) CoIsPlexes Zl601. 

Binuclear mixed dfmers and or~~tallic derlvatfvms of platin~~~~1) were 

al60 revlewed ItSll. The EPB specttwm of Pds+ tn a stnsle crystal of CaD at 

the X-band frequency showed an InteWlate quadrupole fnteractlon and a 

static Jahn-Teller effect [1821. 

Palladiun(II1) has been UnambfgUO6lY characterfsed in elparolites, 

AsA’IPdFsI, where A and A’ are alkali metals. K6LlfPdF61 was shown to be cubic 

at room temperature, with the other compl6xes pos6ee6ing tetragonal syseretry. 

T)le phase transftion in the elpasolites was followed Us<- low and hieh 

temperature X-ray diffraction atudfes; all the complexes underbmnt a 

tetragonalL_ublc phase transitlon between 200 and 500 K. EPB 6pectro6coPic 

data were characteristic of a doublet ground state, t2k6e,‘, stabilised by an 

important Jahn Teller splitting of the 2E, state 11631. 

Further relativistic multiple scattering X, calculations on IPtClels-, 

IPtc1,12- and fPtCl+f’ have been undertaken. All of these species have been 

proposed as short lived tranlrients generated by pul6e radfolysis or flash 

photOlySi6 Of [PtCls]+- ff641. These and other SpsCieS containing water or 

hydroxyl ligands were subjected to the ~(1110 CalCUlatiofIS, as model6 for the 

transients generated by pulse radiolysis of WtC1~lz’/B60. The calculated 

structures and predicted spectra of the6e cemplexes were cxxnpared with 

experimental data, with the conclusion that the short-ttvsd tran6iant Is 
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either [Pt(OH2)(OH)C1412’ or Pt.(Otl)2C1,13' tl651. 

A new preparation of K2tPtp(pop),] (pop = [P20sH21*-), without 

contamination by partially oxidised species, has been described. Oxidation of 

Wt*(poP),l4- by X2 gave [P~~(PoP)~X~I’- (X = Cl, Br, I, [NO*] or [SCNI). The 

influence of the ligands on the electronic structures was investigated by UV 

spectroscopy and XPES [1661. The structures of [Bu4N14[Pt2(pop),Br2], 

K’[Pt2(pop),I,] and K2[Bu4N]2[Pt2~pop)412] Were establlshed. The Pt-Ft 

distances were shown to be in the order X = I > X = Br > X = Cl, in accord 

with the o-donor ability of the halides. The Pt-X distances were long due to 

the high trans-influence of the Pt.-Pt bond [167]. Oxidation of [Pt2(p0p)4]‘- 

by NO2 gave [Pt2(pop)4(NO2)2]*-, the structure of the sodium salt being 

established by an X-ray diffraction study. One of the NO2 llgands was readily 

displaced by X- to give mixed complexes IlSSl. 

Electronic, IR, Raman and resonance Raman spectra have been recorded for 

K4[Pt2(po~),l.2H20, K4[Pt2(pop),X21.2H20 and K4tPt2(pop)4Xl.IH20. The lowest 

transjtlon in the Pt(II)2 complex was confirmed to be ;A,, * I&. The resonance 

Raman spectrum of the {Pt(III)2] species conslsted of long and nearly harmonic 

progressions In vi. In the mixed valence complex the electronic spectra were 

dominated by the Pt(IIMt(II1) intervalence band. For X = Cl valences were 

shown to be highly localised, with very non-synmetrlc bridges, but the bromo 

and iodo derivatives showed more delocalisation [1691. MCD spectra were 

recorded for the Wt(II)2] and {Pt(III)2] c@nplexes; most of their features 

could be interpreted In molecular orbital terms [1701. 

PhotOlySiS Of [Pt*(pop)*]‘- gave an excited species with a mlcrosecond 

lifetime. The excited state ((d$)2(d*z2)1(pr)1) added ArBr or ArI to give the 

{platlnur(III)2] complex tPt2(pop)4ArX14’ 11711. 

All the eoullibrium and rate constants were determined for reaction (6). 

The substitution of ths axial halides was some 10’ times faster than In 

[Pt2(pop)‘X2] *--, due to a strong metal-metal bond in the vhydrogen phosphate 

species, which has a high traneeffect [1721. The unlts {Pd2)at and (Pt2}st 

have a d7d7 net single bond. The synthesis of eight examples of {PIJ~]~+ 

derlvatlves has been noted and SIX of these were characterlsed by X-ray 

dlffractlon studies 11731. 

t&(km’H)‘(H20)21 2-+x-* [Pt2(YP04H)4W20)X13- * [Pt2(~m’H)‘X214- 
(6) 

The hydrolyses of trj- and pyrophosphate anion8 was accelerated by 

[Pt(NH2)2(H20)2] *+ and its conjugate bases. Ths reaction was subjected to a 

kinetic study using 3rP ninr spectroscopy. A very complex series of 
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intermedlates waa proposed, including mixed valence platlnur(III)/platlnwr.!iI) 

canplexes [1741. lrsPt NMR spectroscopic data were reported for [PtzZ4XYIp 

(2 = SO4 or HPO4; X,Y = l%N, i5N02, or "NH*). lJm was larger for the 

phosphate bridged complexes, although neither Rrnrn spectroscopic data nor the 

Pt-Pt bond lengths determined by X-ray dlffraction studies indicated a 

stronger bond. The observations were interpreted tn terms of the 

rehybridisation of both platlnun atoms when one is substituted 11751. 

The oxidation of the platinum pyrldone blue, 

[{Pta(NH3),(CsH4N0)2}~l[N0als.2Ha0 with HNOa gave a platlnum(II1) dller 

I(~~)P~(NHJ)~~(~~~~,~~~~(NHS)~(H~O~I[~~I~.~H~O, which was fully 

characterlsed by an X-ray diffraction study. The platln~platinun distance 

was 2.540(l) A. A similar species, but with two capping nitrate groups, waa 

obtained by electrochemical oxidation of tha related platlnum(I1) dimer. Other 

structural data for related platinum(II1) dlmers with different capping 

ligands were also reported [1761. 

1.6 PALLADIUR(I1) AND PLATINWII) 

A review of complexes of nickel(II), palladlun(II) and platlnun(I1) 

focussed on cfs/trana+iaaneriam, magnetic properties and electronic structures 

11771. Chromatography of eleven pairs of cfs- and trens-camplexes of 

palladlunr(I1) and platinum(I1) on silica In 28 solvent systems has been 

undertaken. In all single solvent systems the transscmplexes had higher Rf 

values [1781. IR spectroscopic data have been reported for 40 complexes of the 

type ds-[PdLaXal and 70 of the type cf+IPtL,Xal. The date were dlscusoed in 

terms of the tfana-Influence of L 11791. 

The formatlon of metal particles during the thermal treatment fn vacua of 

stablllsed HY zeolite exchanged with Pdzt cations was assd to arise by 

reduction of hydroxyl ions [lSOl. 

1.6.1 Cmplexes wfth Group 17 donor Ifgamls 

Fluorine bearing flulds were generated by the breakdown of PdFa In 

hydrothermal experiments. This allowed the additlon of a fixed amount of 

fluorine without affecting the composition of the rest of the system. PdFl was 

found to be superior to the more generally used silver fluorjdes, since It Is 

non-hygroscoplc, and safe to handle [11311. Relations between tha high pressure 

form of PdF2 and other RX2 and RzX, structural types have been discussed. The 

anionic packing in hp-PdFa Is IntermedIate ktween tha fluorite type and the 

pyrite type [1821. 
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The structures of the IPdC1,12- and Wt.C1,12- salts of (19) were 

established in X-ray diffraction studies. (19) was not metal coordinated, but 

the crystal lattices were held together by extensive networks of anion-cation 

hydrogen bonding 11831. 

H+ 

N (CHtCOOH12 

N(CH2COOH)2 
H+ 

(19) 

Derivation of the AOM Parametrlzatlon from the effective Hamiltonian for 

complexed transitlon metal ions was undertaken with application to tetragonal 

four-coordinate systems including [RX,12- 04 = Pd or Pt, X = Cl or Brl 11841. 

Relatlvistlc M-X, calculations were reported for [PtC1,12-, and the data were 

in good agreement with the optlcal spectrum. The high lntenslty spectrum could 

clearly be interpreted In terms of Rydberg platlnum 5d+Op transitions [1851. 

The electronic properties of [PtLCl,lg (L = CN, CO, tNOlt or N2) were 

calculated, and donor acceptor properties of the llgands were dfscussed in 

terms of Kl populations [1863. Ab fnftfo calculations using the effective core 

potential were reported for {Pd(Nu)2} (No = Me-, K, Br, Cl-, F, 

[CH(CH0)21-, ttW-, [MeOl- or MOl-1. An analysis of the reactivity of 

coordinated nucleoph1les was carried out on the basis of bond strength and the 

energy of the Pd-NU bonding orbital. The ability of a nucleophlle to migrate 

wlthin the coordination sphere was found to be correlated with the 

metal-nucleophlle bond strength 11871. 

Hooded Llster rates were sensitlsed to [NH,I[PtCl,l in a conjugated form 

with ovalbmin. There was significant cross-reaction with [NH,J[PtC1,1 and 

other [PtC1,12- conjugates, but little with other platinum salts 11881. WC12 

caused elevation of the binding of %-c1met1d1ne to rmmbrane from rat brain, 

apparently due to fofmatlon of a cimatldjne palladlun complex 11891. 

The electrorecovery of palladlu from spent eolutionr wed in 

electroplating, and containing PdC12, was accomplished by electredeposltion of 

palladium on graphite fibre cathodes tl901. The electrochsmioal detectlon and 

removal of copper from an #mine chloro palladlun electroplating bath has been 

studied 11911. A cyclic voltemogram of SnC12/PdC12 sensitising solution was 

used to monitor concentrations of tin and palladlm fn sftu 11921. 

A number of papers have reported the sorption of palladium, halides onto 

various supports. The sorption of platlnm(I1) chloro complexes on T102.M20 



and SnCs.rHsO, both modified by Sn2+, was studied by Mssbauer spectrsocopy. 

Nodification of the supports increased sorption. The mechanism of sorption was 

complex, including ion exchange, redox reaction and complex formation steps 

[193,194]. There were found to be three types of adsorptlon Interactlone 

between r-alumina and [Pd(H20)2C121, [Pd(HsO)C1sl- or [PdC1412- [1951. The 

activity of palladium catalysts formed by deposition of palladium from aqueous 

solutions of U2[PdC1,1 04 = H, [NH*], Na or K) for oxidation of carbon 

monoxide has been studied 11961. Low concentratjons of HsS and HCN could be 

reRloved from air at room tamperature by oxidation on contact with a catalyst 

containing PdC12 and copper(I1) on alumina 11971. 

The sorption of PdC12 or [PdClJ2- by silica Innnobllised 8-methylqulnoline 

was studled by diffuse reflectance, electronic and IR spectroscopy. Structures 

detected included [PdL212+, IPdLCl,l, and [PdL211PdC1J 11981. The kinetics of 

palladium sorptlon frun chloride containing solutions were studied on 

copolymers of Wethenyl-3(B)-methylpyrazole with dlethenylbenzene 11991. 

Nodified PVA fibres were found to have a hjgh sorption capacity for platinum 

metals 12001. 

Hydrogen generation by irradiation of aqueous solutions containing a 

photosensitiser, an electron donor, and K2[PtC14] as the catalyst, has been 

studied [2013. Quantum yields were determined for a range of systems-12021. 

Asslgnment of the IR and Raman spectra of D4Vl[PdCl,l was accanplished using 

deuterated species [203]. 

The X-ray dlchroism observed at the L-absorption edges of platinum In 

K2[PtC1,], and the anomalous scattering tensor for platifnas, were measured In 

experiments with linearly polarlsed synchrotron radiatlon. The polarisation 

anisotropy of up to 10 electrons atom -I for f” is the largest yet reported for 

anomalous scattering 12041. The K-absorptlon-edge spectra of the chloro ligand 

in the square planar complexes cfs-and trans-[Pd(NHe)2C121 and CNH412[PdC141 

were reported, and were dicussed in connection wtth data for K2[PtC141 and 

K2[PdC1,] 12051. 

Changes in the loaPd radioactive decay probability were masured in solid 

‘OsPdC12, and in solution, giving aX/x = 0.0126~.0012. The reasons for such a 

large change in X, and possible applications of the effect, were discussed 

[2061. 

The transient absorption spectrum of [PtC1J2- in an ethane-1,2-dial/water 

matrix was recorded at 158 K. Excitation was at 347 nm with a pulsed ruby 

laser source, and the excited state absorption of IPtC1412- in its lowest 

trlplet state, was well structured between 16,600 and 33,000 cm-‘. The 

emlttlng state was significantly dlstorted along the totally synrnetric 

stretching coordinate [207]. 
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The temperature dependence of proton T, values at Various Larmor 

frequencies was measured for IguH12PtC141, [guHl,[PtBr,3 and the palladium 

analogues ([guH12+ = [C(NH2)r]a+). The phase tranSitiOn for [guH12[PtC141 was 

at 359 K, and the high temperature phase was easily Supercooled. Below room 

temperature the data for the chloro salts showed an unusual temperature 

dependence which was not easily explained by BPP theory [2081. 

A closed flow thermostable titration vessel was used for a study of the 

reaction of Pd2+aq with iodide ion to give [PdIl+ [2091. Palladlum was 

determjned In hydrogenation catalysts by conversion to [PdIq12-, and 

measurement of the absorbance at 410 nm [210]. 

The equilibrlun (7) was studied under ouas+eouilibrium conditions. The 

existence of an intermadiate, unstable phase, [pyHltPd(py1Clal, was 

establlshed 12111. When tran+[Pd(2-aminopyridine1,C121 was allowed to stand 

in dmf containing HCl for several weeks, [(2013[PdC1,12 was isolated and 

characterlsed by an X-ray diffraction study 12121. 

(7) 

(201 

Tha solid phase reaction of PdO with [NH&l at temperatures above 250 'C 

gave IPd(NH3)2C12]. Further reaction with INH4lCl at a tamperature between 

250 and 300 'C gave [NHJ2[PdC1+l, which decompoeed to I#tallic palladium 

above 350 'C 12131. 

Reduction of palladium(II1 chloro, bromo and sulphato 

was accelerated by gaseous oxygen. The mechanism is 

(8)-(12) [2141. 

[PdXJ2- + O2 e [Pd(021Xs1- l X- 

tPd(Op1xsl- + CO 4 [Pd@O1X,I- + 02 

tPd(o,1xsl- + co * [w(co1(0,1x,1 + x- 

[Pd(CO)Xe]- t H20 --, {Pd(O)) + CO2 + 3X- + 2H+ 

aquo complexes by CO 

shown in reactions 

(8) 

(9) 

(10) 

(11) 



[Pd(cO)(O,)x,l + HsO --+ {Pd(Ol) + CO2 + 2H+ + 2X- + 0s (121 

Thin films of Pd@CDMelz, Pdcls or PdBr, on polyimlde substrates were 

irradiated by ton beams to give metallic films [215]. The kinetics of 

ozonatlon of palladium(I1) in aqueous chloride containing solvents were 

studled. Two pathways were discerned, one of them chloride catalysed [2161. 

Chlorination of the Si-H bond of FcSiPhMeH was acccmpllshed using PdCls in 

CsHs/hexane [2171. 

The reactions of varlous halo platlnuin(IIl complexes with BFs.EtsO were 

Investigated. K#tCl,l gave 8_PtCls, and KDWPY)C~,I gave [UWw)C12121 

t2181. In complexes of stoicheiometry NasMCl~(amlde), (W = Pd or Pt; smlde = 

dmf, methanamlde or Mnethylmathanamide, the carbonyl groups of the amldes 

showed substantial changes In their IR spectra, but it was demonstrated that 

they acted only as solvating llgands 12191. 

1.6.2 Complexes wfth Group 16 donor lfgands 

7.6.2.1 Unfdentate oxygen donor 1 fgands 

Very slow water exchange at [Pt(Hz01,32t has been studied in the 

temperature range 273-334 K at pressure from 0.1-228 nPa by "0 nmr 

spectroscopy. Exchange was much faster in the related palladium complex. The 

reaction between the palladlun complex and dmso was studied by stopped-flow 

techniques, and the data were Interpreted in terms of an assoclatlve 

activation mode 12201. The pressure and temperature dependence of the data for 

the platinum complex supported an Ia transitlon state 12211. 

The products of hydrolysis of K2[PdC141 sorbad on Y,Os, Ca[COsl or BatCOsl 

were studied spectroscoplcally. [Pd(OH)412t was observed on Yps and Ba[cQl. 

On CatCOsl a polymer aquo hydroxo palladlun complex was produced, and thls 

could be converted to the tetraaquo species on boiling in the presence of 

HtClO,l 12221. The kinetics of the reactlons of Ma1 and BuI with Pd2t/MeCDOH 

were studied. Only the species [Pd(H20),12+ and Wd(HsO1o(OCOMe)l+ appeared to 

bs kinetically slgnlficant 12231. 

Reaction of Na,tPd(OH),1 with ROH 04 = Sr or Bal gave M[Pd@H),l.H20, 

characterlsed by IR spectroscopy, DTBA and X-ray studies 12241. 

The canplexes [P2Pt(Rx)(OH)1 (P2 = basic monophosphine or blphosphlne; 

RX = activated alkyl or aryl group) were In equilibrium with IP2Pt(Rxllt and 

[HOI-. The complexes were catalysts for the epoxldation of I-•lkenes by H202 

12251. It had been assued that the oxidation of I-hexene to P-hexanone and 

I-hexene-P-01 ethanoate, by MesCOOH In the presence of Pd(OCMe),, involved 

insertion of the alkene Into {PdDOR} or {PdOCDMe) followed by a B-hydride 
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shift or a B-hydride ellminat1on. The reaction of Pd(OCCMe), with H202, 

however, was shown to give a palladium superoxo complex, and in this case 

epoxides were the maln reactlon products 12261. Treatment of [Pt(dppe)Cl,l 

with Na[OUel in benzene/methanol gave the thermally unstable species 

[Pt(dppe)KMe),l, which decomposed In CD2C1, to give methanol, methanal and 

various oliguners. The reaction was slower In thf, suggesting that 

B-elimination from the methoxyl group required an open coordination site. 

Carbonylatlon of the dlmethoxy compound gave [Pt(dppe)(COOUel,l, stable at 

room temperature 12271. 

A range of mixed ligand complexes with oxygen and nitrogen donor ligands 

and containing at least one optlcally active llgand have been synthesised, and 

their HCD spectra recorded and Interpreted [228]. The mobility of the 

propanone ligand In trans-WtWezCO)(substltuted pyridine)Cl,l has been 

studied by 'H and 13C nmr spectroscopy. Only for symnetrlc ketones 

exchange between (21s) and (21b) be studied: non-syas&rlc ketones 

strongly preferred conformation 12291. 

could the 

adopted a , 
Cl 

y---$ ’ 
Y Cl -b 

R 

(21al Mb) 

1.6.2.2 Bidentate and mult identate oxygen &nor 1 fgands 

The IR and Raman spectra of [Pd(acac)al have been recorded and Interpreted 

12301. The synthesis of [Pd(C1sCCOCHCOCHs)al hes been described. When the mass 

spectrum of the complex was compared with that of the tfacac analogue, loss of 

{CCls) fragments suggested that a chlorine atom might be transferred to the 

metal 12311. 

Vapour pressures of metal complexes of tfacac have been determined In 

hellum, and in helium containing the llgand vapour. The subllmatlon enthalpy 

for [Pd(tfacac),l was found to be 26.510.5 J mol-I, but the data were not 

reproducible 12321. The dipole moment of [Pd(dlxn)al both alone and In 

molecular complexes with iodlne has been measured in various solvents. The 

data obtalned demonstrated that the molecular lnteractlon between polar 

solutes and non-polar aromatlc moieties is governed by dipole induced dipole 

electrostatic interactions [233]. [Pt(acaclsl/PEte, tPd(acacl,l and 

palladiup(II1 complexes of N,lY-diethyldithlocarbmsate were used to precipitate 

WSteS of rather dubious compositions on 9laSS or cerrxalc supports [2341. 

Preparation of derivatlves of (221, L, [PdLJ (R = 4-FCeH*, R' = Re, Et, 
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CF,, C,Fs or 2,3,5,6-F&H) has been described. The aUthorS were not able to 

separate cis- and traps-Isomers [2351. [Pdl’J (HL’ = (23)) was prepared from 

Pd@CONe)s and HL’ 12361. A copolymer of ethenyl benzene and 

P-methyl-1,3-butadjene was prepared bearing I.4 X acac groups attached to some 

of the ethenyl benzene units. The copolynmr was cross-ljnked by chelation of 

the acac groups using PdWCONe), to form bls(acac) palladium species 12371. 

0 

RQ , 
(22) 

Reaction of [PdLsl 

q&Q 
OH 0 0 OH 

(23) 

(HL = hfacac or tfacac) with L’ (L’ = 2-, 3-, or 

4-methylpyridlne or 2,6-dlmethylpyridine) gave [PdL’,l[Lls [2381. Treatment of 

[Pd(acac)sl with BFa.0Et.s ylelded [Pd(acac)WF),B(acac)lF, vja 

[ (acac)PdWF)sB(acac)Fl , In which the boron atun was 5-coordinate. The 

reaction was monitored by IR and UV spectroscopy [239]. Beprotonation of 

[Pt(PPh,),(hfacac)l gave initially (241, which rearreWed readily to (25) 

[240]. 

(24) (25) 

Cocrystal 1 isation of [Pd(hfacac),l and (26) gave a species of 

stolchelometry {Pd(hfacac)sLz). There was no specific intermolecular 

Interaction between the species, however 12411. 

NC / xx 
(26) 

Complexes of the type (27) were prepared for a wide ranBe of llgands, L. 

NNR spectroscopic data allowed the static trans-tnfluence of the fluorinated 

alkoxy group to lie between that for Cl’ and Br’. A dynmlc transeffect was 

measured from the barrier to inversion in thioether complexes, and adjudged to 
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be less than that for Cl' 12421. 

CFs 

CFs 
CFs 

* 

PtL2 

CFs 

(27) 

The structure of cf.+-[Pt(NH,),(cyclobutane-l,l-dicarboxylate)] has been 

established in ,an X-ray diffraction study. Substantial dynamic puckering of 

the dicarboxylate &elate ring was deduced frcm substantlal disorder in one of 

the carbon stuns 12431. Host-guest binding of the complex with or-cyclodextrin 

was studied by nmr spectroscopy and microcalorimetry. The dicarboxylate ligand 

was situated in the cyclodextrln cavity, and a 1:l ccmplex was readily 

isolated [2441. 

The structure of [Pt(NH,)2(propanedioate11 was established in a 

diffraction study. The &elate rings of the dicarboxylate ligand adopted a 

boat conformation, and the conrplex molecules were stacked along the &axis 

wlth hydrogen bonds between adjacent molecules. [Pt(NH,)2(C,0,)I was also 

stacked in the &direction, with intercolumn hydrogen bonds in the b- and 

c-directions [2451. 

Photolysls of [HL2(C20,)] (H = Pd or Pt; L = RsP or SEtP) gave CO2 and 

(ML+). The latter fragment reacted readily with L' (alkenes, alkynes, or R,P) 

to give [MLsL'l. {ML21 underwent oxldatlve addition with organic halldes, and 

hydrogen t2461. The preparations of TTF and TSF derivatives of [Pt(Cs0,)212- 

and [Pt(C204)C1212' have been described. The partially oxidised salts (such as 

ITTF12~#t(C20,121) contain neutral TTF as well as TTF radical cations. XPES 

implied that there was some transfer of electron density from TTF to the 

platlnate. All the species prepared were semlconductors with reslstivlty 

between lo2 and 10' Oan+ 12471. 

The influence of steric factors on the lengths of metal-metal bonds has 

been studied uslng molecular models. Calculations for {Pd2}*+ (in a 

hypothetlcal species {Pd(OCOCH3)2}n) In which no metal-metal bond was present 

accounted successfully for the metal-metal distances [248]. 

Reactlon of Vt(PPhs)2(02)l with CPt(PPha12(CO)C11t gave (28); further 

treatment with PPhs yielded (291 12491. When [Pt(PPha),(PhNO)l was reacted 

with Cop, (301 was formed reversibly, and could be isolated and characterised. 

This Is the first example of reversible CO2 insertlon into a 8etal-nitrogen 

bond. Insertion of other species, lncludlng CSa, PhNCO and PhNCS, gava similar 

results. Further reactions of (30) were studied in detail t2501. Treatnent of 
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the related complex (31) with [NOI[PF.l gave (321, which could also be 

prepared by reactlon of IPt(PPh,)2C121 with AgtON(R)NCl 12813. 

PhrP O-O, I ‘pt’ 
PhsP’ ’ 0’ 

PPhs 
+ 

PhsP O-O 
\ I 

‘Pt’ 
Phsd ‘PPha 8 

-PPt-Cl 

I 
PPh3 1 

(28) (23) 

PhsP, ,0-N< 

Ph 

,Pt,o/C=o 2HX [Pt(PPhs)2X2l[BF412 + 

Phr P 
(30) 

I 

\ 

Co? + PhNHOH 

HBF4 
[(PhsP)zPt(OHkPt(PPhs 123 + 

PhCOC 1 
Co2 + PhNHOH 

~~~~$,cop]Cl or ~~P>Pt<~~~Ph]Cl 

I 
PhCOC 1 

[Pt(PPhs)zClz] + PhCON(Ph)OCOPh + COz 

1.6.2.3 Ambidentrte sulphur oxygen donor 1 tgands 

The structure of cf~[Pt(dmso)2C121 has baam determined In an X-ray 

dlffractlon study. The coordination at platinum was square planar, and the 

dmso llgands was S-bonded to the metal 12521. Dmso was also S-bonded in 
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tranP[Pt(NH,),(dRlso)Cl]Cl. The cations were stacked In columns Parallel to 

the e-axis, and were linked within the colunrns by N-H...0 hydrogen bonds. The 

columns were linked to each other by N-H... Cl hydrogen bonds 12531. An X-ray 

diffraction study of cfs-[Pt(tetrahydrothiophene-9-oxide)sClsl revealed that 

the sulphoxide ligands were S-bonded 12541. 

The new complexes [Pt,L,(~Cl),Cl,l (L = dmso or Et$O) were prepared from 

cfs[PtL,Cl,l and PtCls. IR spectroscopic data indicated that the llgands were 

S-bonded. Reaction of the dimsrs with further L gave tfans-[PtL,Cl,l, in 

equilibrium with the cfs-lscnners in CH2C12. The kinetics of the isomerlsation 

reactlon were investigated, and preliminary studies showed that ligand 

exchange was much faster In both isomers than was their interconversion. Two 

mechanisms were proposed for the lsomerisation 12551. The S-bonded complexes 

[PdLL'sClICl (L q &so or tht-S-oxide; L' = cycloalkylamine) were prepared 

frun [PdLsClJ and L'. Possible anti-tumour activity was investigated 12591. 

Reaction of dmso with K[Pt(C2HI)C1el gave tfan~[Pt(PCy,)(dmro-S)Cl,l which 

slowly Interconverted wlth the cfs-S-bonded isomer; at equllibrlum 85 X of the 

cfs-isomer was present. This is in contrast to the related PPhe complex, for 

which iscimrisation was so fast that the tram-iscmr could not be isolated. 

Dibenzylsulphoxide, however, reacted slowly to give the species 

trans-[Pt(PCy,)(R2SO-O)C121. Over a period of 8 months In CDCls this 

isomer-i& to give 90 X of the cf*S-bonded complex 12571. 

1.6.2.4 Bidentate oxygen sulphur donor 1 igands 

The llgand (33) was said to form palladiun(I1) complexes of the type (341, 

but these were not well characterised 12581. Chranatography of the chelate 

canplexes of (35) Including those of palladium(I1) and platinum011 has been 

studied [2591. Complexes of Rh(III), Ir(III), Pd(II) and Pt(I1) could be 

determined simultaneously chrunatographically, as complexes of the type (361 

12601. 

(33) 

Halo derivatives of cobalt(II1) dicarbolllde +n organic solvents 

containing nitrobenzene have a high extraction selectWty for palladlWII1 

bound In chelates containing llgands such as (37) [2911. Self-sensitised 

photooxldatlon of [Pt(bipy)(TSA)l (TSAHe = thlosalicyllc acid) has been 
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studied 12621. 

(35) (36) (37) 

1.6.2.5 Ambfdentate oxygen nftrogen donor lfgands 

Palladlum(I1) has been determined gravlmatrically using (38), but there 

was no indication of the mode of bjnding in the complex isolated 12631. The 

trioxim, (39), was also used in both gravimetric and sp%trophotometric 

analysis for palladlum(I1). The third oxime group enhanced water solubilty of 

the complex (40), which is closely t-elated to dmg derivatives [2641. 

Spectrophotomet rl c detenalnation of palladim(I1) has also employed 

2,4-dihydroxy-3,5-dlbrcmoacetophenone oxime, but the binding mode of the 

ligand was not established (2651. (41) was determined by potentiometrlc 

titration wlth PdCls in Brltton Roblnson buffer at ptl 6.63, using a silver 

indicator electrode 12661. 

(38) (39) 

Ph 

(40) (41) 

IR and Raman spectra of palladium(I1) bls(salicylaldoximates) have been 

recorded between 4000 and 200 cm-l. Most bahds could be asslgned t2671. 

The structure of (42) was established in an X-ray diffraction study. The 

molecules are planar and stacked (2681. The structure of (43), 

tPt(oaoRz)(oaoH)lI. was also established by a dlffractlon study. Tha cations 
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exhlblted substantlal distortion frcm planarity, and the units fommd a stack 

of dlmers, clamped in pairs by hydrogen bonding 12691. In the related [TCNQI- 

salt there were regular segregated stacks and the compound was a 

semiconductor. The structure of the 2:3 Pt:TCNQ CoII)pleX, (441, was also 

established; it contained segregated acceptor stacks with half a negative 

charge per molecule. These ran perpendicular to mixed stacks of the type 

-donor-donor-acceptor-donor-donor-acceptor- wlth integral charges on both 

donor and acceptor [270,2711. 

OH 
I 

(42) 

(43a) Reproduced with permlsslon from [2691 

The [Pt(oaoH)(oaoHa)]+ complex cation with bond distances (i1 and angles co). 

Thermal cantors are at 50 X probability. 

Reactjon of [Pd(HL)al (HsL = (45) with chloranll gave [PdLsl, In which the 

second deprotonatlon occurred at the nitrogen atom 12721. The preparation of 

(451, HaL’ , has been detailed; thls was easily converted to [Pd(HL’lal 12731. 

The reaction of chelating dloxime caaplexes with Meski’ gave methane and 

species such as (47). The complex for which M = Pt and M’ = Qa, (451, was 

investigated by a dlffractlon study; the complex was not planar and there were 
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weak Interactions between Ga(II1) and Pt(II) 12741. 

(43b) Reproduced with permission from 12691 

Section of a stack along 8 with relevant distances (A). The complex cations 

are related in pairs by inversion centres, and the top and bottom molecules 

by a unit cell translation, a. Inter-planar distances refer to the planes 

through the four oxlme #atoms 

(44a) Reproduced with pefdssion from 12711. 

Projection of the structure of tPt(oaoH)(oaaH2)lo((tcnq)s)~ along the ten* 

stack. 
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p H19) qH(lO) 

(44b) Reproduced with permission from 12711 

Bond lengths in pm in the complex cation (top) and in the tcnq anions 

(bottom). In the case of the anions the upper value applies for the ten+ 

ion of the pure stack, the lower one for the tcnq- ion of the nixed stack. 

NOH 
Hoti 

(45) (46) 
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(48) (Reproduced with permission frcnn [2741) 

ORTEP drawing with 50 X probability ellipsoids. 

Ths synthesis and characterisatlon of transition metal cmplexes of 

4,5-dimethyl-2-hydroxyacetophenone oxime have bean described. Although IR and 

Uv spectroscopic data were presented, the authors were unable to assign either 

binding mode, or complex stereochsmlstry, wlth any certainty C2751. The 

extraction of palladiun(I1) by cyclic secondary amunincoxlmas has been 

described. N,N-bonding appeared to be the general rule [2761. 

Reaction of oximes wlth KOs in the presence of ally1 palladium halide 
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complexes in CH,Cl, gave species of the type (R'R%=N-O)aCH,; the Mended 

palladium complex fommd with tha oxime acted as a phase transfer agent to 

solubilise the KOs [277]. 

The compounds 4-chloro and 4-bromoisonitrosobenzoylpropanone were used as 

chromogenic reagents for palladium and ruthenium. The [PdLsl complex formed 

was postulated to have the structure (49) (sfc), but it was not clear whether 

the cfe or the tran*isomer was formed 12781. 

EPR spectroscopy of transition metal complexes of sulphamidate, [l&NsO,l-, 

were recorded, and linkage isomerism could ba deduced from the differences 

observed in the Nis and 82p binding energies. In the palladium complex, 

[PdLs], the ligand was g-bonded to the metal [279]. 

1.6.2.6 Bfdentate and multfdentate oxygen nitrogen donor lfgands 

Complexes of the type tran~[Pt(LH)&l,l, [PtL21 and [Pt(LH)2(8R),l for 

LH = H,NCN~,CH$IH or HsNC(CH,CH)s have been prepared. An X-ray diffraction 

study of tfan~[Pt(H2N~PCH,0H)aC121 was described; in this complex the 

ligand is monodentate and N-bonded. The N,O-chelate complexes, [PtLsl, reacted 

with HCl or RSH to give the species containing the monodentate ligand 12801. 

The palladium and platinum derivatives of 8-hydroxyquinoline could be 

separated using supercritical fluid chromatography [28tl. The platinm complex 

shows suitable light absorption, redox, and excited state properties to 

decompose water under illumination by visible light 12821. Reaction of (50) 

with palladium ethanoate 

rather low yield 12831. 

\ o\/ I 

t-t 
CMe2 

0 

in the presence of methanol gave (511, albeit in 
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Various palladium(I1) complexes of amldo substituted arene carboxylic 

acids, including P-(amlnobenzoyl)benzoic acid have been prepared, and tested 

for anti-fungal actlvlty. The structures of the ccnnplexes were not discussed, 

and did not se8111 to have been established [284]. The substitutjon kinetics of 

X in [Pt(pyridlne-2-carboxylate)LXl- (L = Cl or NCs; X = Cl) by V- (Y- = Br-, 

[t&l-, &I-, [NCSI’ or I-) have been studied. The atlde and thlocyanate 

nucleophiles were more effective than had been predicted 12851. 

Spectrophotometrlc methods were used to determlne the stabiljties of 

palladium(I1) complexes with azoeosine, (52). The authors suggested that the 

metal was coordinated to the deprotonated phenol and n-coordinated to the 

njtrogen-nitrogen double bond, which seems a little unlikely 12881. A very 

sensitive detrmination of palladium(I1) involved the use of 

2-(2-hydroxyphenyl)imlnomethyl phenol, but complex structures were not 

discussed 12871. IR spectroscopic data were used to assign the blnding of (53) 

as being via the deprotonated phenol and the imino nitrogen atom. The geometry 

of the complex was not assigned 12881. 

(52) (531 

Two papers have reported the preparation of complexes of barblturlc acid. 

With LH = 5,tdiethylbarblturlc acid, (541, a complex of stoichelometry [Pdlal 

was formed, with coordination of N(1) and O(2) jn a lactim form In a 

tranPcomplex [2891. The coordlnatlon of the unsubstltuted barbiturlc acid was 

postulated to be different, and may involve the CHs group in an enollsed fern 

[2901. 

(54) 
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O,N-Binding was proposed for coordination of 2-carboxamldopyrldlne in 

[PdLslCls, with IR spectroscopic data Indicating that only the amide group was 

involved in coordination. This seems to ba unlikely, particularly tn vlw of 

the fact that the 3- and 4-carboxamldo isomers were monodentate llgands in 

[PdLsCl,], with coordination only through the pyrldyl nitrogen atom 12911. 

The structure of bis{lY-(4-butylphenyl)salicylidene~lnato}palladlucn~II~, 

(551, has been determined In an X-ray dlffraction study 12921. 

trans-Stereochemlstry was deduced from a diffraction study on 

bis{IV-~2-pyridyl)-l-imlno-2-carbaethoxy-3-oxo-buta~2-ldo~palladi~(II) 12931. 

b 

(65) (Reproduced with perm+ssion fran 129211 

IR spectroscopic data indicated the importance of tautomerlsm and strong 

hydrogen bonding In 1,3-diphenyl-3-hydroxytriazine, (60). This was supported 

by data for the tfanscanplex, (57) t2941. Reaction of [MLL'I 04 = Pd or Pt; 

L = (661, L' = acac) with NHe or RNH, (Al resulted in the formation of 

complexes of stoicheiometry [NLL'AI in which condensation of the mine with 

the aldehyde had occurred, and the initial N,O-chelate, (Se), had been 

converted to an N,Wcoordinated complex. Tha reaction with HtXHsCHsNHs gave 

the tridentate species, (60) t2961. Reaction of tPd(hfacacls1 with (61) gave 

(62) In very low yield, via an unknown mechanism. The metal is bound in an 

n2-manner to the reduced nltroxyl group t2961. 

Reaction of K2tPtC141 with IdaH gave [Pt(idaHH)21, and the reaction was 

also successful for mldalis, although it had been previously reported to fall. 

In base, tPt(idaH)21 yielded CPt(ida),12-, but bound and free ethanoate groups 
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did not Interconvert readfly, only slowly in concentrated base. The 

trm~lsomer was generally isolated, and was in very slow equllibrlm with the 

cSs-compound l&T]. 

Ph 
‘N-O 

I > 
N =N, 

Ph 

ph\ 

i?J 

‘Ph 

(!%a) CSBb) (6W 

(57) (58) 

(59) (60) (61) 

The mass spectra of [PdLCIl, IPtLCtl and IPdL’CTl (HL = f631, HL’ = (641) 

have been recorded. A structure Involving coordinateion of the pyridyl 

nitrogen, deprotonated phenol and one of the azo nitrogen atoms was proposed 

[2971. (65) was characterlsed In an X-ray dlffraction study; the six-membered 

{PdR,C} rlng adopted a shallow boat conformation [2983. A range of tridentate 

complexes of Schiff’s bases, such as (661, have been prepared and 

characterised [2993. 

The structure of (67) was establlshed In an X-ray diffraction study. The 

complex was isostructural with Its copper and cobalt analogues t3001. 

A range of complexes, (681, with varying substituents X, Y and 2 has bsen 

prepared and characterlsed t3011. Reaction of HsL, (6@), (R = Rs or OEtl with 

Ks1PtCl,I gave IPtLl, in whfch the metal was coordinated by an imine nltrogan 

and the oxygen of the @OR) group In the enolate tautanar 13021. 
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(62) (Reproduced with permlsslon from [2961) 

Thermal ellipsolds have been drawn at the 60 x probability level. Hydrogen 

atoms have been omiitted for clarity. 

(64) 

Palladlum(I1) was determined in W/C catalysts by conversion to (70) and 

nmasursment of the absorbance of the complex 13033. The Schiff base complex 

(71) has been prepared and characterlsed 23041. 

1.6.2.7 Multidentate oxygen nftromn phosphorus donor ligands 

The carbaldehyde substituted phosphine (72) reacted with (73) to give 

(741, which was characterlsed by an x-ray diffractlon study 13051. It appears 

that the starting material had decomposed to give 2-amihobenzaldehyde, which 

condensed with (72) to give a Schlff base. The transformation was completed by 

oxidation. 
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(6.5) (Reproduced with pensission from [2g61) 

Projection of the molecule onto the plane of the fomazan nucleus. 

(66) 

1.6.2.8 Bfdentate oxygen phosphorus donor 1 fgands 

The complexes [MLzl (H = Pd or Pt) were prepared and characterlsed for 

HL = Ph2PCH&(CFa)#H. RMR spectroscopy lndlcated cfs-coordination of the 

ligands as 0,Pchelates [3061. 

1.6.2.9 Bfdentate oxygen carbon donor 1 fgands 

The reactlons of the complex (761, the synthesls of which had been 

previously described, have been detailed. The palladium-oxygen bonds are 

rather more labile than palladi~nltrogen bonds In other cyclomtallated 

species, and the carbon-palladium bonds also showed enhanced reactlvlty 13071. 



43 

(67) (Reproduced with permission from [3001) 

Ths hydrogen atoms are represented by open circles of arbltrary radius, the 

other atoms by thermal ellipsoids of 50 X probability. 

NHCH=C(COOEt)COR 

(68) (69) 

CoNe 

(70) 



PPh2 / \ 9 - - 
(72) (73) 

1 
‘pt’ 

PPhz 

0’ ‘Cl 

The structure of (761, prepared from SOdlUlll ascorbate and 

c~~~pt(RRH,),(Cm,),l[~sl~, has been detensined In an X-ray diffractIon 

study. This is the first example of a C(2)-O(5) coordinated ascorbate complex 

to be so characterlsed 13081. 

1.6.2.10 Unfdentate sulphur donor lfgands 

Colourlmetric determination of llncomycln as Its palladlun complex has 

been reported. Although the nature of the complex formed was not speclfled, a 

thloether group seems to be the most likely site of llgatlon 13091. Addltlon 

of an extracting agent with hard nucleophlllc atoms (for exmsple, trlbutyl 

phosphate) to the extractlon mlxture of palladlm(II) with RI8 (or other soft 

groups) was shown to catalyse the extractlon. The explanatlon of thls 

phenomenon lay In the fact that the extraction agents with “hard” donor atoms 

were appreciably concentrated at the Interface and reacted with the salts of 

the soft cations, when the phases were In contact, and transferred thorn to the 

organic phase as a solvate. They then reacted wlth the “soft” extraction agent 

to give the thermodynamically stable product [310]. 

An Anderson rearrangement of a complex of 1-oxa-4-thlacyclohexane, 

thloxone, (to) has been reported. [pylil~[Pt2(to)C1sl, on thermolysls, ylelded 

[Rts(py)s(to)Cl,l wlth the ellminatlon of RCl, and the benzlmldarole complex 

reacted slmllarly 13111. Cyclic volt=try was used to study ths mode of 

blndlng of 1,4-dlthlacyclohexane-l-oxide to platlnm(I1). Model studies had 
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shown that thloether complexes require more negattve potentlals for reduction 

than do those of the analogous sulphoxides. When the llgand reacted with 

[Pt,(PPhslp(uC1)zC1sl, ligation occurred through the thioether rather than 

the sulphoxlde, giving [Pt(PPhs)LCl,l [3121. DRIFT was used to monitor 

functional group interconversions on modified silica surfaces, including the 

reaction of {SiOa}-CHaSEt with Vt~(PPh&(uCl)2C121 to give 

{SlO&CHsSEtPt(PPh,)Cls 13133. 

Me Me 

PhwPh 

1 
Me Me 
I I 

Reaction of palladlun(I1) with N-ethanoylthlaproline gave a complex in 

whtch the sulphur atm, but neither nitrogen nor carboxylate, was bound to 

palladium. The reaction with thlaproline, (771, was slnllar, with sulphur 

blndlng, but it was thought that sane other group must be Involved In binding 

In a polymeric structure 13141. 



(76) (Reproduced with pemlssion from 13081) 

40 x probability ellipsoids for all non-hydrogen atoms. 

(77) 

Substituted thiopyrrolidones, (78), reacted with t& t0 giV8 ttd(78),cl,l 

(n = Pd or Pt). All the complexes isolated had tran~stereochamistry and the 

llgand was S-coordinated, The complexes had moderate antlphage, antibacterial, 

and antifungal actlvltles [3151. 

R 

4 NH 

S 

The complexes [PtLsXlX (L = #ethyl-Dethylthlocarbmate, ETC, or 

+propyl-0-ethylthlocarbamate, PTC) have been prepared and characterised. The 

complex for which L = PTC, (791, was investigated by X-ray diffractton 

(78) 

techniques [3161. In [PtWe2NCSSNee)2121 the platlnu was 1Uated by two 

halides and two thiocarbohyl groups in a tr8nwleoIaetry. In the related 

ciomvlexes, [PtLX21, houevor, this and other dlthiocarbasmtes acted as 

$,*&elating ligahds, and the complexes necessarily adopted clswonetry 
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13171. 

(79) (Reproduced with pemisslon from [3161) 

Positlons of the hydrogen atoms are not shown. 

Reaction of K,[PdClsl with K2[C0,1 and SOs yielded Ks[Pd{(SOs)sH)ClJ, 

(80), characterised by an X-ray diffraction study. The CFH. ..o hydrogen bond 

was very short (2.396(4) A), symetry restricted, and close to linear [3183. 

O-H. .o 
O\I I/O 
o/s\pd/s\o 

d ‘Cl 

(80) 

1.6.2.11 Bfdentate and multidentate sulphur donor lfgands 

The polysulphides of platinm(I1) have been reviewed 13191. The 

preparation of [n{l,l’-bls(thloalkyl)ferrocene}Xsl 04 = Pd or Pt; X = Cl or 

Br; alkyl = Me, Ph, CHsPh, CHcIes or CHaCtMes) has been described. The 

casplexes were characterised by IH, 13C and 19% NMR spectroscopic studies, 

and for (81) by an X-ray diffraction study [3201. Varjable temperature NMR 

spectroscopic studies were used to investigate the sterodynamlcs of the 

ccmplexes, wjth particular reference to establlshing the barrier to pyramidal 

inversion at the sulphur atoms [321]. 
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(81) (Reproduced with permission from 13201) 

In the complex [HLX2] (H = Pd or Pt, L = EtS(CHpIioSEt)) the chelating 

ligand occupies tram-positions in the coordination sphere. No association Was 

noted either in the solid state or in solution [3221. The metal-based 

dithioether ligand, (821, was used in a preparation of (83) [3231. 

(82) 

SR 

(83) 

[PFs 12 

The conductivity properties of thiooxalate polymers such as (84) have been 

reviewed 13243. EPR data for dithiooxalate contplexes, (WI (H = Pd or Pt) were 

reported; there was a linear relationship between binding energy and effective 

charge 13251. 
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,s 

nw+ I 

s ,2- 

[ I XA ‘s s 
n 

(84) 

The electrocrystallisation of solutlons of [N(mnt),12- 04 = Pd or Pt.1 gave 

semiconducting materials. Nickel, palladlum and platinum complexes of (88) and 

(87) gave similar results 13281. The complexes Cu[N0nnt121 04 = Pt, Pd, Ml or 

Cu) and Cu[H(mntJ212 04 = Pt, Ni or Cul all exhibited compressed pellet 

conductlvities In excess of 10m6 S cm-l at room temperature. The monoanionic 

species were more conducting than either neutral or dianlonlc species. The 

particularly good results obtained with the copper salts may be related to 

involvement of a Cu(I)/Cu(II) redox couple [327]. Spectroscopic and 

electrochemical behaviour of mnt casplexes of palladium and platinuRl was 

compared at platinum or transparent SnC2 electrodes. For Wt(mnt)212- the main 

band corresponded to the NLCT excitation, and cathodic photocurrents were 

observed. In the palladium complex the corresponding band was assigned to 

LNCT, and no current was observed 13281. 

(86) (87) 

The reaction of (88) with methoxide ion gave a species of stolchelunetry 

tCsOS412- not [CsSr14- as previously reported. Reaction of thls product with 

[NWRs),C121 (N = Pd or Ptl gave (8Ql 13291. 

The ollgcnneric species (QQ) was formed from the ligand L, palladlum(II1 

and RX. Thermolysls gave an Intermediate [{PdL’)nl, which was reasonably 

stable. Further heating resulted In the formation of palladia metal [330]. 
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Themolysls of the related species, (91) was also investigated [331]. 

R R 
I I 

(90) 

(911 

There continues to ba considerable Interest in dithiocarbamate complexes. 

Derivatives of diethyldithiocarbamate deactivated 3-4 moles ozone per mole of 

ligand, with rate constants in the region of 102-lo4 U 1” s-l. The machanism 

of the reaction was discussed 13321. Complexes of palladiun(I1) with 

[PhNHNCS21- were determined by tic 13331. Palladium(I1) and platlnum(I1) were 

separated by glc as their bls(trlfluoroethyl)dithiocarbamate chelates 13341. 

Complexes of the plperidlne derlved dithiocarbamate, (921, were prepared 

and characterlsed by IR and UV spectroscopy and by thermal analysis [3351. 

Reaction (13) was used to prepare the novel dithlocarbmate derivatives (93) 

[3361. When the structure of [Co{(rt-Ph2PO)2Pt({CsH~o}2NCSa))2J was initially 

determined 13371 the space group was assigned as Pi* but It was later shown to 

possess higher symetry, C2/c [33131. 

C N - C/i- 
'S 

(92) 
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[{Ru(warene)Cl2121 + [H2NEt71 Pt(S#JEt~)WQS)J --* 

(131 

(931 

Some reactions of thiocarbonate derivatives have been described (S&ems 1) 

[3391. 

S[(CsFs)Pd(PRs)2(OClOs)] + Tl2CCSs1 - 2Tl[C1041 + PRs + 

PRs 
I 

S-Pd-CsFs 
[Pd(CSs )(PRs l2 1 

bR3 

PRs 
,QS\ / 

- 6d - S ‘+-_F<, 
PRs 

,Pd\ 1 [Cl04 1 

bR3 
! s PRs 

Schame 1 Reaction of thiocarbonate derivatives [3391 

1.6.2.12 Ambidentate sulphur nitrogen donor ligmds 

IR spectra have been recorded for [PdL2(SCN121 (L = ArsPl. Both these and 

powder diffraction data implled S-coordination of ths SCN groups. However, In 

[Pd{PPh(C,H,ONe)212(SCN),] the [SCNI- may act as a brldglng ligand 13401. 

Palladiun(II1 has bveen determined as [H(lobellne)][Pd(H,O)(SCN)s] by 

amperometric titration with [SCN]- in the presence of lobeline, with 0.1 M 

H2SO* as a background electrolyte. IR data implied that the [SCN] groups were 

S-coordinated In the complex (3411. 

Thermolysis of (blpyH21CM(SCN),l (H = Pd or Ptl yielded (t4(blpy1(SCN121, 

and a similar reaction was observed with 2-(2’-pyridyl)benrimldazole, pyBA2. 

In the complexes prepared in this way the [SCNI group was A-coordinated In 

M(blpy)(NCS121 and [Pt(pyBAZ)(NCS121, but S-bonded In [W(PYSAZ)(SCN)~I. When 

[Pt(bipy)(SCN)21 was prepared from K2[Pt(SCN),l and bipy, the *bonded complex 

was formed, and was only isomerlsed to the wooordinated species at 130 ‘C 
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[342]. 

Photolysis of tran~[Pd(PPr,),(NCS)21 in ethanenitrlle gave (941, 

[(Pr,Pl(SCN),Pd(~N@C)Pd(PPr3),(NCS)l, possibly vfa [Pd(PPr&(SCN),l. The 

modes of ligation in (94) suggests that both steric aand electronic effects 

are significant. No stable product was produced on photolysls In lnethanol, but 

the origin of the M-CN was not definitively established 13431. 

C42 

(94) (Reproduced with pennlsslon fran 13431) 

The tnfluence of the conterlon on the [SCNI bondlng mode in (961 has been 

investigated. It had previously been stated that the IBPhJ salt contained the 

S-bonded llgand. Now it has been shown that this salt my exist In two form. 

The unsolvated salt and the propoanone solvate contained the Wbonded ligand, 

whilst the methanol solvate was S-bonded, but unstable. The CHsBrCl solvate 

was also #bonded. It was concluded that the nature of the ligatjon was 

dictated by the crystal packing, and was not a direct consequence of the 

nature of the counterlon 13441. 

+ 

In the new Complexes [RL2Q21 (L = WV NeNHs, M~,NH, py or 
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2-amlmopyrimidine; Q = methylated thiourea) the thiourea llgands were all 

*bonded [3451. PalladlWII) forms both 1:l and 1:4 complexes with thiourea; 

IR spectroscopic data imply that both contain the S-bonded llgand. A similar 

result was obtained for EY-propenyl thlourea 13461. 

Palladlun(I1) complexes of variously substituted thiadlazoles, (961, have 

been prepared and characterlsed. The 2-mercapto-5-methylthladiazole acts as an 

S,#chelate, releasing halide, whereas the 2,5-dlnmthyl derivative acts as 

monodentate ligand, binding at the ring nitrogen atom. 2-Aminosubstituted 

ligands were bound at the amino function as monodentate ligands In most cases, 

but N,IY-chelates were also formed in some complexes [3471. 

R2 

(96) 

1.8.2.13 gidentate and multidentate sulphur nitrogen donor ligands 

2-Aminoethanethlol, HL, fotamd complexes of the type [PdLsl, which 

probably adopt trans-geometry [3461. Palladlum(I1) reacted wlth (97) to give a 

1:2 canplex, of unspeclfled structure, which was used for the 

spectrophotcmetrlc determination of palladium 13491. Complexes of 

stolchelometry {PtLCl,} in which L = (96) (R1 = (CH&NNes or 

CH,CH(Ne)CHsNMet; R' = COCHMes or ONel were prepared from the llgand and 

H2WtClel. Their insolubility suggested that the complexes were polymeric, and 

IR spectroscopic data indicated bonding through the sulphur atom and the 

tertiary nitrogen of the side chains 13503. Similar palladlun complexes have 

also been reported 13511. 

6 I 

SH 
Hz 

Palladlun(I1) could be extracted as [PdLJ (the bindlng was assumed to be 
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via the nitrogen of the heterocycle and the deproptonated mercapto group) 

using HL = 2-propyl-8-msrcaptoqulnollne 13621. Reaction of (99) (R = CHsSEt or 

CHzSPhl with Ks[PtClJ at room temperature in water gave [PtLsl[PtCl,l. 

However, if these or the ligands for which R = CHsCtisSMe or C&We were 

reacted with Ks.PtCl,] in dmf at 60 'C the product was [PtLCl,]. The 

differences in the products with the reactlon conditions were ascribed to 

differential solubllities 13531. Clear brick-like crystals of (1001, 

tetrakis(~l,3-benzothiazole-2-thlolate-N,S~dipalladl~(II), were obtained 

from the llgand and K,[PdCl,l. The palladium-palladium distance was determined 

to be 2.745(l) A, less than that in palladium metal [3541. 

6$ "R 

(99) 

(100) (Reproduced with permission from 13541. 

Two groups have published the structure of (101) established in X-ray 

diffraction studles. In one case the platinum complex was prepared by reaction 

of [Pt(PPhs)s] with S,N,, and the related palladlm derivative using 

[Pd(PPhs),l 13551, whilst in the other the complexes [M(PPhsla(CsH,)J were 

used as the precursors 13561. This is tha first exmple of a binuclear 

platinum complex with inorganic sulphur nitrogen units to be thus 
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characterlsed. 

(101) (Reproduced with parmission from 135611 

Perspective view of [(Ph3P)pt(~S,N,),pt(Pphs)I. oR7EP drawing 

probabjllty ellipsoids. 

the canplex [PdaLaClsl, (1021, In which L = RS(CRs)sR& was 

with 30 x 

prepared and 

characterised. It was compared with the related njckel complexes [3571. 

n \N 
’ \Pd&i 

Cl 

Cl’ ‘S’ ‘N’ 

V 
\ 

(102) 

For a reviewer who Is attempting to ba systcwtlc, this area contains much 

material which is highly irrltatlng, since a number of authors present data 

about new complexes without maklng very much attempt to prove their structures 

definltlvely. For example, Pd2+ is said to form a 1:l caaglex with (103) at 
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ptl 1, but the paper gives no details of the structure, nor any data which 

might allow readers to draw their own conclusions [3581. Data concerning 

derivatives of thiosemicarbazones Is often similarly lacking. (104) reacted 

with both palladium(I1) and platinun(IV), but the mode of bIndIng in the 

products was not proven [3591. IR spectroscopic data suggested bindlng at the 

imino nitrogen and the thiocarbonyl for [PtLXal, L = (1051 13501. UV 

spectroscopic data were reported for complexes of the type [MLa] (I4 = Pd or 

Pt; HL= RR'C=NNHC(=S)NHa), In which bonding through the jmino nitrogen and 

deprotonated thiolate in the tautomeric form of ths ligand occurs [3811. In 

neither these cases nor in the related complex of (1081 was it clear whether 

cis- or trans-isomers had been formed [382]. 

(103) (1041 

S 

K 
X” NH2 

0 
(105) (108) 

Reactlon of the bls(thiocmlde), (1071, wlth [Pd(PhCN)sCl,l gave a 

bls(palladlum) derivative, with N,bcoordination 13831. Treatment of 

[Pt(PPhs),(CpH~)l with (108) resulted in a ring opening oxldative addition 

reaction to give (1091, character&d by an X-ray dlffractlon study 13841. New 

complexes of the type (110) have been prepared and charactertsed 13851. 

A direct spectrophotometric method for the determination of cfs-platln in 

urine was based on complexatlon with (111) [3881. 

Crown ether type ligand containing sulphur and nitrogen blndtng sites have 

been prepared. (112) reacted with [Pd(PhCN),Clal to give a 

bis(palladlus) derivative, (1131, characterlsed by Wcroanalysls, IR 

spectroscopy and mass spectrometry. The related monopalladlun 



derivatives of (114) and (116) were also prepared [3671. In the FAB 

mass spectrum of [(113)1Cl, the {LPd&ls)+ fragment gave rise to a 

particularly intense signal 13681. Palladium(II1 and platinum(II1 complexes 

of 3,3,7,7,11,11,15,15-octarnethyl-l,9-dithia-5,13-diazacyclohexadecane have 

been prepared 13691. 

(107) (108) 

(109) (Reproduced with permission from 13641) 

For the sake of clarity only the first carbon atom of each phenyl ring is 

shown. The asyrmnetric unit contains 1.5 disordered molecules of dioxan, and 

one phenyl ring is disordered. 

RsN N Ph 
\ 

YY NH2 
-2 

M 

(110) 
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A ‘d 
s S 

W 

(112) 

(113) 

\ 
I A 

DS sQ 
(114) (116) 

A series of heterocycle substituted thiosWlcarbarones have provided 

trldentate llgands in canplexes of the type [MLCll (I4 = Pd or Pt.). For 

example, (116) (X = H or MHz; Y = H or Me) reacts with K2[F%C1~] to give a 
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species coordinated through the Imine nitrogen, the ring nitrogen and the 

deprotonated thlol [370,3711. A similar derivative was prepared of (1171, but 

all these complexes showed poor anti-tumour activity 13721. 

q (, 
“/Ny/S 

NH2 ,x,Z 

(116) (1171 

The potentially polydentate llgand (118) reacted with PdCl, to give 

[PdL]Cl. The structure proposed was (1191, on the basis of IR and UV 

spectroscopic measurements and conductivity data 13731. The product obtained 

from the reaction of HL, PhCH(MelNHC(=S)NRNR'R", with palladium(II) depended 

on the PH of the reaction solution. At low pH [Pd(HL),lC12 was formed, but in 

less acidic solution the product was [PdLsl, (120). Very detalled mass 

spectrometric studies were used to demonstrate that the complex was monomeric 

13741. 

(118) (119) 

Square planar monomeric complexes of diphenylthiocarbarone, (1211, HsDz, 

of stoicheianetry [N(HDz),I could be prepared for M = Pd or Cu, but it was not 

deduced whether cfs- or trans-lsuners were formed. Resonance Raman 

spectroscopic data indicated tranegeometry. The species [MDzl probably have 

the structure (122) [375,3761. Palladium(II1 has been extracted using (121) 
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t3771. 

Y 
Ph 

N 

bN 
1[1Mez 

s\ / 

/pd\ 
Me2N S 

(121) (122) 

1.6.2.14 Bfdentate and nwlt identate sulphur phosphorus donor 1 fgands 

Preparations of the camp1 exes trans-blLJ[ClO,l (M q Pd or Pt, 

L q PhsP(CH2)2SR) have been described. Monodentate species [ML-P)sXal were 

also reported 13781. Many analogues of crown ethers containing sulphur and 

phosphine blndlng sites have been prepared. Reaction of (123) with 

IPt(codNl,l followed by treatment wlth Ag[PFsI gave [PtLI[PFa17, (124). The 

X-ray diffraction study establlshed that the phenyl groups were cis, and that 

both the {SPtP(CHa)s) rlngs adopted a chair conformatlon 13791. 

1.6.2.15 Bfdentate sulphur carbon donor 1 fgands 

The product of the cyclomatallation of (124) depended on the conditions of 

the reaction. The product, (1261, was a mixture of dl and IW#_? Isomers, which 

could be resolved by additlon of a chlral ligand In a bridge splitting 

reaction, and separation of the products [380,3811. 
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CRTEP plot with 

(124) (Reproduced with persiission from [3791) 

non-hydrogen atoms represented as 30 X probability ellipsoids 

1.6.2.16 Selenfum donor lfgands 

Reaction of [WeCN)sX,l (M q Pd or Pt; X = Cl, Br or I) with a range of 

bis(selenoethers), (L-L, including MeSe(CH,1,SeMe, PhSe(CH,),SePh, 

I-MeSeCH=CHSeMe and 1,2-bis(methylseleno)benzene), gave [M(L-L)Xsl. The 

complexes were characterised by microanalysis, UV, lH, “Se and lssPt NMR 

spectroscopy. The trends in 6(77Se) and lJWtSe) with the invertomer, chelate 

ring size and tram-halide were discussed [3821. The complexes 

[M{MeC(CH,SeMe)s)Cl,l (M = Pd or Ptl were prepared and characterised. the 

1 igand was bidentate, and NWR spectroscopy was used to determine the rate of 

pyrmidal inversion at selenim. Complexes of various other bis(selenoethers) 
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were also prepared [383]. 

The complex (127) proved to be an effective anti-tumour agent, and a 

number of analogues were also prepared [384]. 

N 

(127) 

1.6.3 Complexes with amino acids, peptides and nucleic acids 

Since most biologically important molecules bind to palladium and platinum 

through Group 16 and Group 15 donor atoms, the practice of considering them 

between ligands belonging to these two groups Is continued. 

1.6.3.1 Amino acids 

Palladium(I1) complexes with amino acids and peptides have been reviewed 

13851. 

The complexes cls-K[Pt(NH,CH,COG)Cla] and cis-Cs[Pt(L-serinato)Cla] have 

been investigated with respect to their anti-tumour action; it was found to be 
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significant, but lower than that of clsplatin f3881. The products of the 

reaction of cisplatin with glycine or histidine have been analysed by 

electrophoresis and lH and 13C NHR spectrsocopy. Chelating complexes appeared 

to be the main products [3871. The reaction of [Pt(H20),12+ with glycine has 

been reinvestigated in considerable detail, by spectroscopic techniques. The 

monocarboxylate substituted complex, cis- and trans-disubstituted carboxylate 

complexes and the cis- and tranechelatlng complexes were identified under 

appropriate conditions. The reactIons wlth cis-platin were shown to be equally 

complex (Scheme 2). This is the first report of glycine complexes which 

involved only carboxylate binding 23881. 

cis[Pt(NXa f2 (OH2 )2 12+ + -0aCCH2NH2’ = HsN, ,OCOCH2NHs+ 

I 

2+ 

TI H3 Nlpt\ OH2 

II H+ HO’ 

I1 
cisCPt(NH2 )2 (OH)2 1 

+ \ 
[HJ N, ,OCOdHz NH2 ‘1 

,?I HsN’ H;NJ 1 1 ;pt; 
-I [H3 N’ ‘OCOCH2 NH2 +] 

/ 

H3 N&/ NH2 CH2 COO- 

H3 N’ ‘NH2 Cl.42 COO- 1 

2+ 

Scheme 2 Reactions of cfs-platln with 9lYCine 

The syntheses of the complexes cis[Pt(H2NCMe,){H2NCH(R)COOH}C12] (R = H, 

Me, CH2Ph, CH2OH, CH(OH)CHs or (CH2),NH2) via [Pt(H2NCt4e,)C1sl- have been 

descrfbed. The complexes had low antl-tumour activity [389]. The complex 

tram-It4L2Ct2f (t = (128)) was arepared and characterised in an X-ray 

diffraction study; 0, #chelating complexes were formed frun the free acid 

[3901. When L12[PdC1,1 was reacted with He2NCH(Ph)COOH, HL, a trans-g,#V- 

chelating complex was formed, and could be crystallised on addition of sodium 

ethanoate . Under the same condittons the related ethyl ester gave the 

~ycl~tal~ated complex (129) 13911. 



NH2 

COOEt 

The reactions of [PdCl,12- with HL, ArNHCH,COOH, gave chelated complexes 

[PdL21, which were suggested, on the basis of IR spectroscopy, to possesr 

transgeometry. Reaction with [4-EtC,H,N(CH,COOH)CH,COO]Na also gave ar 

N,0-chelate. On thermolysis the unbound carboxylate lost CO2 fairly readily, 

with the bound carboxylate reacting only at much higher temperatures. By 

contrast, 2,6-Me2C,H,N(CH2COOH), gave an O,O-chelate, which underwent only E 

single decarboxylation [392]. 

When H2NCH2CH(NH2)COOH.HC1, HL.HCl, was reacted with K2[PtCl,], a mixture 

of cis- and trans-[Pt(LHCl)2C12] was formed, in which only the carboxylate 

group was metal coordinated. On heating this was rapidly transformed to the 

N,&chelate, (1301, and longer heating gave (131) [3931. In a rather similar 

reaction sequence, L-2,4-diaminobutanoic acid reacted to give (132) as the 

initial product, which could be converted on heating to (133). Lysine and 

ornithine gave N,O-chelates, whilst 4,5-diamlnopentanoic acid gave an 

N,kchelated product, indicating that the size of the chelate ring formed is 

important in determining the nature of the product of this type of reaction 

j3941. 

COOH 

d 
HsN 

'Pi 
NH2 

Cl' 'Cl 

0 “‘%J 
Cl' 'Cl 

(132) (133) 

The reaction of H,[PtCl,] with histidine has been reinvestigated. The 

initial product, (134) underwent various acid base transformations. Reaction 
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with cis-platin gave a range of products; (135) was stable and could be 

isolated and purified, whilst the others (Scheme 3) were identified by 

electrophoresis [3951. 

The synthesis of [Pt(pro)(pyrrolidine)Cl] has been described. The 

prolinato anion was shown to be N,&chelated, and the nitrogen atoms to be 

tram in an X-ray diffraction study. The 5-membered ring of the proline ligand 

adopted an envelope conformation [3961. 

Reaction of K,[PtCl,] with HL, S-alkyl cysteine, gave a series of 

complexes [Pt(HL)Cl,], [Pt(HL)s]Cl, and [PtL,], in which the amino acid acted 

as an S,IY-chelate. Two diastereomers of each complex were formed, due to the 

generation of a chiral centre at the sulpur atom. When [Pt(HL)Cl,] reacted 

with a nucleoside, such as guanosine or inosine, complexes of the 

stoicheiometry [Pt(HL)(nucl),], in which the nucleoside was bound at N(7), 

were formed. The higher translnfluence of the sulphur ligand meant that the 

nucleoside trans to sulphur had a longer and weaker N-Pt bond [397]. 

[Pt(HL)C12] (HL = methionine) reacted with ammonia to give [Pt(NH,),L]Cl in 

which the amino acid anion was SO-ligated. A similar type of binding was 

found in [Pt(NH,)(OH,)Ql (H&l = cysteine), whilst in [Pt(NH3)2(H,0)Z]- 

(H,Z = glutathione) the glutathjone moiety was S-bonded 13981. 

Various palladium and platinum complexes of D-cycloserine have been 

Prepared and used in assays of the amino acid. The structures of the materials 

obtained were not, in general, established [399]. Reaction of KJPdCl,] with 



aspartic acid dihydrazide gave [PdsLsCl,]Cl, or [Pd,L2Cl,][OH12 depending on 

the reaction conditions. EPR, IR and UV spectra indicated that chloride ions 

bridged the dinuclear cations, and that the ligands were coordinated through 

amino nitrogen and carbonyl groups, (136) [400]. A more extensive study using 

both mono and dihydrazides of aspartic and glutamic acids, allowed the 

preparation of both mono and dinuclear complexes, and IV,!+ and N,C-chelates, 

the exact course of the reaction depending both on the ligand and the reaction 

conditions E4011. The complex (137) was prepared by reaction of the glycinato 

metal complex with an amide acetal. A related process occurred with 

Me2NCH(OR), [402]. 

! 

H3N 

H3N 

Y 

! 

H 

H3N 
'pt' 

/ 

H3N' ' 

H3N\ /Cl 

H3N'Pt\C1 
+ HisH H 

#HCl H 

COOH 
H3N 

H3N 

Scheme 3 Reactions of histldine with cfs-platin [3g5]. 
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HsNNHwNHNHs 

/\ 

The structure of the novel complex trans[Pt(hydroxyprolinate]J.2H,O was 

determined in an X-ray diffraction study. The five membered chelate rings 

adopted a flattened envelope conformation with the pyrrolidine rings gauche. 

uv and CD spectroscopic data were compared with those for 

trans[Pt(hydoxyprolinate)(prolinate)] and cfs- and trans-[Pt(prolinate],] 

[403]. In trans[Pt(pro)(proH)X] (X = Cl or Br) the proline is a unidentate 

ligand, and the complex exists as a mixture of diastereoisomers due to the 

chit-al centre at the nitrogen donor atom. For the diastereoisomer with the 

S-configuration at the bound nitrogen, conversion to the chelate complex 

[Pt(pro],l, is very rapid, but the reaction was rather slow for the complex 

with the R-configuration at this position. In basic solution an equilibrium 

was established between the distereoisomers with the R-isomer very much more 

abundant [404]. In the complex trans-[Pt(proH)(sarH]Clsl, prepared via 

reaction (14), the configuration at the proline nitrogen was R, but both 

configurations were found at nitrogen in the other ligand [405]. 

0 
MeNHCHsCOOH 

11 Separate 
diastereoisomers 

21 "Cl 

Complexes of the type [Pt(bipy>L]* (HL = amino acid; n = 1 or 2) wsrs 

shown to inhibit the growth of P388 lymphocytic leukaemic cells fn 

vitro 14081. Reaction of tfans-[Pt(H,NCRR'COC)21 with [NOItXl ([Xl = [PFsl, 

[BF,l or [SbFsI] In ethane nitrlle at -20 'C gave a blue complex 

{(ON)Pt(H2NCRR'COO)p}X, which could be converted to the platinum(IV1 species, 

[Pt(H,NCRR'COO)2X2], by X2 or LiX. Nltrosation of the amino group did not 



occur 14071. 

1.6.3.2 Pept ides 

Chloro glycyl-L-methioninato platinum(X), prepared from Ka[PtCl,l and 

glycyl-L-met, has been used specifically to label methionine residues in 

collagen, and hence to discriminate collagen types t4081. This complex was 

also used to label histones, for scanning TEH [4091. 

The reaction of [PtC1,J2- with triglycine, [H2Gsl-, gave a mixture of the 

complexes [Pt(Gs)C112-, (1381, [Pt(Gsll- and [Pt(Gs)(OH)12- identified by lH, 

13C and ls5Pt NMR spectroscopy. The value of the ls5Pt chemical shift was very 

high, indicating the high donor strength of the deprotonated nitrogen atom of 

the peptide. Some CO data for related alanyl complexes were presented [410]. 

The stability constants of palladium(I1) glygly complexes with a series of 

aliphatic amines were logarithmically related to the pKa's of the amines 

14111. 

(138) 

Various platinum(I1) complexes of glyalaH (gaH2), cfs and 

trsns[Pt(gaH2)2C121, ci* and trans[Pt(NH3)2(gaH)21, cfs- and 

trans-[Pt(NH3)2(gaH2)2]C12 have been Prepared and characterised. The complexes 

closely resembled the related glygly complexes, and in all cases the peptide 

acted as a unidentate ligand, coordinated through the -NH2 group [4121. Both 

cis and trans[Pt(peptide ester12C121 could be prepared by peptide synthesis 

at the free carboxyl group of an #coordinated amino acid, using a water 

soluble carbodiimide as the coupling agent. The free peptide ester could be 

recovered using either dppe or molecular hydrogen, with little or no 

racemisation [4131. 

Rotamer populations in (139) and the related copper complex were 

investgated using IH NMR spectroscopy. The data indicated that there was 

stacking between the bipy ligand and the aromatic side chain of the peptide 

[4141. At acidic pH the growth modulating tripeptide, H-gly-his-lys-OH formed 

ccmplexes (140) with K2[PdC1,1, involving the glycyl nitogen atom, and the a- 

and ring nitrogen atoms of the histidine [4151. 
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1.6.3.3 Nuclefc acids and nut leosides 

The FTIR spectra of nucleic acids and their metallated derivatives have 

been reviewed 14161. The interaction of cis-platln with DNA and model 

nucleobases has been discussed [417]. A Raman and CD spectroscopic study of 

the determination of the secondary structure of nucleic acids as a function of 

base composition and platinatlon, revealed distinct differences between cis 

and transplatin, in both low and high salt conditions 14181. A review of 

reactive derivatives of nucleic acids as affinity reagents Included a 

discussion of blfunctional platinum complexes [419]. 

Ion exchange chromatography was used to isolate mono platinated 

derivatives of adenine, guanosine and cytoslne, but characterlsatlon of the 

complexes was poor [420]. Platinum complexes of 9-methyladenine, 

(141) and 1-methylcytosine, (1421, have been studied. Reaction of 

[Pt(9-HeAH)Clsl with ammonia gave [Pt(S-MeA)(NHs)s12+. The structure of 

the [C1041- salt was established in an X-ray diffraction study, 

coordination of 9-t&A being through N(7) [421]. A range of mlxed complexes 

Including the mononuclear species c~s-[Pt(NHs)2{9-t4eA-N(7)}{1-MeC-N(3)}12+, 

(1431, cis-[Pt(NHs12{9-MeA-N(1)){l-HeC-N(3)}12+, and the related 

tran~[Pt(NHs>2[9-MeA-N(7)}{l-MeC-N(3)}]2t, (1441, and the blnuclear complex, 

cts-[(NH,)2{1-HeC-N(3)}Pt{~~MeA-N~1~,N~7)}Pt{l-HeC-N(3~~(NH,~2]4t, were 

prepared and characterised. In (143) the two nucleobase planes are at right 

angles relative to the platlnum coordination plane with a hydrogen bond 

between the exocyclic keto group of l-HeC and the exocycllc amino group of 

9-MeA, glving a 91.6 o angle between the two base planes. In (144) the 

nucleobases are close to coplanar, but perpendicular to the platinum 

coordination plane 14221. 1:l Complexes of palladium(I1) with adenosine 

5'-monophosphate have been isolated, [Pd(H2AMP)C121. Bindlng involved N(7) of 

the purine and the phosphate 14231. 



NH:, NH;! 

3 
Me A, 

(141) (142) 

(143) (Reproduced with permission from [4221) 

(144) (Reproduced with permission from [422]) 

Kinetic studies of the reaction of [Pt(NHs]s(OH,],l*+ with various 

nucleobases showed that guanosine reacted faster than adenosine, cytidine or 

thymidine. A monophosphate unit considerably enhanced the rate of reaction of 

guanosine 14241. The preparation of Ca[Cu(S'-GHP),(en)(OH*)*].5H~O has been 

reported, and the complex was characterised by an X-ray diffraction study. 
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This Is the first non-platinum complex in which the central metal ion shows 

coordination essentially identical to that of the analogous platinum complex, 

and suggests that copper might be a potential candidate for replacement of 

platinum in anti-tumour complexes 14251. 

The reaction of 9-ethylguanine, OH, (1451, with [Pt(NHs)s(H20)12+ yielded 

[Pt(NH,)s(GH)12+ In which the OH was bound at N(7), E(NHs),Pt(CcG)Pt(NH,)s13+, 

in which the deprotonated guanine was platinated at N(7) and N(l), and finally 

[{Pt(NHs~s}s(G)lS+ with guanine platinated at N(7), N(1) and N(3). The 

structure of t~Pt~NH~~~)~~~~l~N0,1~.0.5~~t~N~3)41[NO~l~.H20, (1461, was 

established in an X-ray dlffractlon study, this being the first example of an 

X-ray structure of a guanine complex wlth a sfte of platination other than 

N(7) 14261. In ci*[Pt(NHs),(GH),lX2 ([Xl- = [NO&, Cl-, [ClOJ, 0.5[So412-, 

or 0.5[Pt(CN)412-1 the 9-ethylguanlne was coordinated to platinum at N(7). The 

structures of the sulphate and tetracyanoplatinate salts were determined by 

X-ray diffraction studies, and the guanines were shown to be head-to-head, as 

is the case in the previously studied chloride. However, the three complexes 

did show differences in dihedral angles between the guanine planes which led 

to variations in the interbase distances. The solid state Raman spectra of the 

complexes could be divided into three classes which differed in the degree of 

intramolecular base overlap 14271. 

(145) 

The N(7)-O(6) chelate hypothesis for guanlne binding to platinum 

has once again been receiving attention. Titration curves for 

cfs-[Pt(NHa)2(9-ethylguanine)(OH2)12+ suggested that this is not 

signfficant. All the available data indicated that 

cis,cf~I~NHs~2tGH-N~7~~Pt~~O-N~1~,N~7~~Pt~NH,~2~OH2~l3+ was formed t4281. A 

range of mono and bis nucleobase complexes has been prepared, and their 

reactions with [CNI- lnvestlgated. Honodentate 9-ethylguanlne or 

9-methyladenine bound at N(7) were substituted rapldly, as was 

1-methylcytosine bound at N(3), except in mixed complexes with deprotonated 

1-methyluracil, (U), or deprotonated 1-methylthymine, (T). The kinetic 

stability of complexes contalnlng U or T was general, and was due to the 

shielding of platinum by the exocycllc oxygen atoms close to the platinum 
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coordination site. The first ligand substitution 

of both cis and tt-unsligands, and eventually to 

f 4293. 

by [CNJ- led to labilisation 

the fo~tion of [Pt(CN),jZ- 

(146) (Reproduced with permlsslon from 14261) 

View consisting of a pair of centrosymnetrically arranged I{(NH3)sPt}s(G)ls~ 

cations and a [Pt(NHsI.J2+ cation in the centre of inversion between the two 

trinuclear species. 

The SIX diastereomeric conformations of the chiral square planar complex 

IPt(N,N’-Mesen)(guanosine121 have been Investigated. Three sets arise from the 

configurations of the nitrogen atoms of the en ltgand, and the ribose moieties 

of the guanosines break mirror symmetry in and between the stereoisomers. 

Rotation about the platinum guanosine bond, which was shown to be fast on the 

nmr spectroscopic timescale at 103 ‘C, causes exchange within each pair of 

diastereoisomers [4303. Model complexes cis-IPt(NHs>a(N)slCls in which N was 

guanosine, inosine or xanthosine were prepared. many spectroscopic data were 

reported, and it was shown that guanosine formed tha strongest complex. The 

use of the complexes in the treatment of herpetic lesions was explored [4311. 

NMR spectroscopic and titration data have been presented for [Pt(NHs)2L21C12 
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and [Pt(NH,)sLL'lCl, In which L = cytosine-N(l) or -N(3), or 

cytidlne-N(3) and L' = guanosine-N(7) or Inosine-N(7) 14321. Reaction 

of an excess of cfs-platin with guanosine, guoH, in the presence of [Cl]‘ 

gave three products, 2t cfs[Pt(NH&(guo),l , cis[Pt(NH,),(guo)Cll+ and 

cis,cf.s-[(NHa>,C1Pt{ctguo-N(7),N(1)}Pt(NHs),C11+, analogous to tthe products 

previously reported with GMP [433]. 

There has been a study of cfs- and trans[Pt(NH,),(5'GMP),] and the 

derivatives of the related desoxy ligand by 'H NHR spectroscopy at 400 MHz. 

Whilst in all cases the platlnation was at N(7), the ci+ and tran*complexes 

showed substantially different conformational changes in the nucleotide 14341. 

In particular, in the cis-complex, the jE + 2E equlllbrium for the sugar was 

signjficantly shifted towards the 3’-endo conformers [435]. It was also clear 

that the purine ring was reorientated on N(7)-platination 14361. 

The reaction of 7-methyl<nosine, (1471, with cfs[Pt(dmso12C121 was 

studied by NHR spectroscopy. The initial displacement was of a chloride 

ligand, and various equilibria were noted (Scheme 4). The inosine was bound to 

the metal at N(l), and similar results were obtained with 7-methyl-9-propyl 

hypoxanthine, (148). Cytldlne derivatives were also studied, but complex 

formation was less favourable in these cases [437]. The kinetics of the 

substitution of halides ions In [Pt(NHs)2LX]X (L = inosine or cytidine) by 

further inoslne or cytidine have been studted. The substitutlon of X was 

slower using inosine as the incomlng ligand, but the presence of inosine in 

the initial complex accelerated reaction, presumably due to Its bulk [4381. 

(1471 (148) 

A wide range of complexes of substituted xanthlnes, (1491, (XH), has been 

prepared, and their blndlng sites asslgned by IR spectrsocopy. In 

[Pd(l-HeX)2(NHa)2] and [Pd(NH,),(7-HeX1,1 binding was at N(9), whllst In 

[Pt(NHs)2(9-HeX)IC1 the xanthine acted as a chelating llgand bound at O(6) and 

N(7). In [Pd(7-MeXH)21C12 chelation involved O(2) and either N(1) or N(3) 

14391. In a study uslng 8-ethylxanthine, complexes of the type tran.+[PdL2C121 

were prepared and characterlsed. In this case *H NMR spectroscopy was used to 

show that the ligand binding slte was N(9) 14401. Thermochemistry of the 



complexes, as well as of the free ligands, has also been studied [4411. In the 

thermal decomposition of transEPt(NHJ),(3-MeX)21 and trans[Pd(NH,),(g-HeX)21 

the ammonia ligands were lost first, but this was followed by a rapid loss of 

the xanthine. The activation energy for the second process suggested that the 

pyrimidine was intially cleaved, and that this was closely followed by the 

loss of the remaining imidazole [442]. In the complex [Pt(en)Ll,[PFal, of 

L q (1501, each platinum was coordinated to two non-linked hypoxanthine bases 

via N(7) [443]. + 
D D 
'Pt' - 

L 
D 

Cl' 'Cl 1 1 \PtiD 
Cl- 

D Cl 

Cl' 'L 

'Pt' 
= Cl' 'L 

cl-l’/ L LIT 

Scheme 4 Equilibria in the reaction of 

cistPt(dmso),Cl,l (D = dmso) 14371. 

D 1 
+ 

\ptiL 
Cl' 'L 

L D+ 
'pt' 

I Cl' '0 

7-methylinosine, L, with 

\ / 
(CH2 14 

(149) (150) 

Complexes of theophylline, HL, [HL21.xHz0 04 = Pd or Pt; x = 2, 3 or 41 

were prepared and poorly characterised by microanalysis, IR spectroscopy and 

TGA. It was suggested that bonding was through N(7) 14441. A poorly 

characterised series of mixed ligand complexes of 2,+diaminopurine and 

6-thioguanine was reported 14451. 
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The tris(nucleobase) complex, [Pt(NH,)(l-MeC),I[ClO,l,.H,O, (1511, 

(l-MeC q 1-methylcytosine, (152)) was prepared and characterised by an 

X-ray diffraction study. The I-MeC was bound to platinum at N(3) and the 

trans-cytoslne ligands were roughly coplanar 14461. The structure of 

cis-[Pt(NHs),{l-methylthyminato-N(3)}Cl], (1531, was also established; there 

were no intramolecular hydrogen bonds 14471. 

(151) (Reproduced with permission from 14461) 

NHz 

(152) 



(153) (Reproduced with permission from 14471) 

Hydrazine derivatives of the anions of uracll, HU, (154) and 6-azathymine, 

ATH, (155), formed complexes of the type [{PtUCl}a].rM,O, which were prepared 

and characterised. The ligands acted as chelates bonded through N(3) and the 

hydrazine NH, group [448]. The anlonic ligands l-HeU and I-methylthymine, 

(l-HeTH = (156)) are generally platinated at N(3). Reaction of 

cfs-[Pt(NHe)2L21 with simple metal salts gave species of the type (157) and 

(158) 14361. 

(154) (155) 



(158) 

The lH and 31P NMR spectra of cis-[Pt(NH,),(d(CpGpG)-N7(2),N7(3)}] 

together with pH profiles were interpreted in terms of stack % destack 

equilibria changes. d(CpGpG) adopts a normal B DNA-like single helical 

stucture, but in the platinated species the central sugar ring 

adopts an IV-type conformation. Despite this, the C(1) residue stacks 

well on G(2), with normal backbone torsion angles r4501. The 

conformations of cis[Pt(LL){d(GpCpG)-N7(lI,N7(3)11 (LL = (NH,),, en, tmen 

or 1,2-bis(aminomethyl)cyclohexane) were also studied by NMR spectroscopy. In 

all but the tmen derivative there was fast Pt-N(7) rotation on the NMR 

spectroscopic timescale, and a head-to-tail arrangement of the guanines at 

platinum. The tmen induced changes due to restricted rotation about the 

Pt-N(7) bonds, resulting in a preferred and rather rigid conformation [4511. 

The cation [Pt(phen)(en)lzt forms a 1:2 crystalline complex with the 

5'-phosphorylthymidylyl-3'-5'deoxyadenosine ammonium salt, (1591, 

characterised by an X-ray diffraction study. The complex molecules form 

sandwich-like stacks with the adenine/thymine hydrogen bonded pairs along the 

a-axis 14521. 

The complex cip[Pt(NH3)sClzl was reacted with each of 

{5'-d(GpGpTpCpGpApCpC)-3'), and {5'-d(CpGpGpApTpCpCpG)-3'}2, and the products 

were then treated with the exonuclease, snake venom phosphodiesterase and/or 

calf spleen phosphodiesterase. Semiquantitative analysis by HPLC showed that, 

as expected, adjoining guanine bases have a specific binding affinity for 

cis-platin [453]. With a single strand undecanucleoside decaphosphate, 

cis-platin reacted to give a chelate complex at a d(GpTpG) site, bonded at 

N(7). The distortions of a double helix on platination resulted in the loss of 

two hydrogen bonds and a lowering of the duplex melting temperature by 26 'C. 

This distortion is considerably greater than that noted when cis-platin binds 

to adjacent guanines, so that although this lesion is relatively infrequent, 

it may be of considerable significance [4541. The structural distortion on 



platination of [Pt(NH,),{d-(TpCpTpCpGpGpTpCpTpC)-N7(5),N7(6)}1 was studied by 

31P NMR spectroscopy. The position of the resonance of P(6), between the two 

guanines, was shifted to the greatest extent, and a similar result was noted 

for salmon sperm DNA [455]. 

(159a) (Reproduced with permission from [452]) 

A portion of the l,lO-phenanthroline-platinum(II)-ethylene diamine:d-pTpA 

structure viewed from a skewed direction. 

Molecular mechanics calculations have been undertaken for 

cfs[Pt(NH,),{d(pGpG)ll adducts in oligonucleotide complexes. The 5'-endo 

coordinated guanine is predicted to tilt out of the base stack, thus breaking 

one of the amino hydrogen bonds involved in GC base pairing, and weakening the 

imino hydrogen bond (A-DNA), or forming a weak bifurcated hydrogen bond 

(B-DNA). It was also predicted that a hydrogen bond would be formed between 

the ammine ligand at platinum and the 5'-phosphate of d(pGpG) in both A- and 

B-DNA, thus closing a ring in which the 5'-sugar is constrained into a twisted 

conformation. In B-DNA platination was predicted to switch the sugar pucker in 

the 5'-guanosine to C(3')endo, thus offering an explanation for the C(3')endo 

and C(2')endo sugar conformations previously detected by NMR spectroscopy in 

platinated species 14561. 

In the adduct of cfsplatin with the guanine residues of 

poly(dGdC).poly(dGdC), alterations in the secondary structure of the polymer 

were investigated by electron microscopy. The extent of distortion increased 

with the drug:nucleotide ratio [4571. The results of the low temperature 

platination of poJyI.polyC were investigated by NHR spectroscopy. In contrast 

to earlier reports, it was shown that the platinum was attached to two 

adjacent I residues vfa N(7), with essentlally complete disruption of the 

duplex, for cfs-platin and [Pt(en)Cl,l. Little disruption of the duplex was 
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noted using tran%platin or [Pt(dien)CllCl [4581. The reaction of (160) 

(X q OH,, Y = Br or OH) with oligonucleotides has been studied. Water was the 

most easily displaced ligand. Cytidine was platinated at N(3), inosine at 

N(l), and guanosine at N(7) 14591. 

(159b) (Reproduced with permission from [452]) 

A portion of the l,lO-phenanthroline-platinum(I1) ethylene diamine:d-pTpA 

structure viewed from a direction perpendicular to the drug molecule and base 

pairs. 

The structural distortion of a single and double stranded 

decadeoxynucleotide on binding of cis-platin was studied by 'H NHR 

spectrsocopy. Most of the signals of the selectively platinated derivative 

could be assigned, and the shifts could be rationalised in terms of the 

platinum binding causing a kink located at the G(5)G(6) base pair, 

characterised by a bend of 40-70 O, with a large change in helical winding. 

Platinum binding caused overall destabilisation, resulting in a decrease of 

lo-20 oC in the melting temperature, but CO spectroscopic data did not imply 

gross unwinding of the duplex, nor a complete loss of hydrogen bonding between 

opposite strands. Structural distortions around the phosphates were more 

severe in single than in double stranded material [460]. A solution of 

cfs-platin was diffused into crystals of the pregrown B-DNA double helix 



dodecamer, C-G-C-G-A-A-T-T-C-G-C-G, and bound preferentially to the N(7) 

position of the guanines with an aquo bridge between platinum and the adjacent 

O(6) atom of the same guanine. The X-ray diffraction study of the platinated 

material shows that the entire guanine moiety moves slightly towards the 

platinum site, into the major groove. Only three of the eight potential 

binding sites were occupied, which could be explained in terms of the relative 

freedom of motion of the various guanines towards the major groove [461]. 

(159c) (Reproduced with permission from 14521) 

A portion of the l,lO-phenanthroline-platinum(II)_ethylene diamine:d-PTpA 

structure viewed from the &axis. For clarity, water structure has been 

omitted. 
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(160) 

The interactlon of DNA and RNA with cis and trans-platin has been studied 

by FTIR spectroscopy. A correlation between metal-base binding and 

conformatlonal changes in the sugar pucker was established. DNA exhibited a 

S+Z transition on reaction with trans-platin 14621. The dependence of the 

conformation and flexibilty of DNA on base composition has been probed in 

solution by laser Rarnan scattering. Conformational changes on platination were 

probed, and again substantial changes in sugar pucker noted 14631. The 

interaction between ten different platinum complexes and salmon sperm DNA was 

investigated using UV and CD spectroscopy. Differences were noted between 

active and inactive complexes, which it was hoped would provide the basis of a 

useful assay [4641. 

31P NHR spectroscopy was used to investigate the reactions of a range of 

platinum complexes with salmon sperm and calf thymus DNA. With complexes which 

have anti-tumour activity, a shoulder l-2 pm downfied of the signal for DNA 

was observed. No shoulder was noted with inactive complexes, agaln providing a 

possible assay [465]. The interaction of theophilline and cytidine complexes 

of platinum(I1) and platinum(IV) .with calf thymus DNA were followed by UV 

spectrsocopy and XPES. All the data were interpreted in terms of binding to 

the N(7) of a guanine residue, and a phosphate group [466]. 

Salmon sperm DNA was reacted with cisplatin, and the product was then 

enzymically degraded to oligonucleotides. The major aducts were of d(pGpG) and 

d(pApG), bonded in all cases at N(7); adducts of d(pGpA) were not detected 

[4671. The sensitivity of Sl nuclease to cis- and trans-platin modlfied DNA 

was examined as a function of the level of platlnation, the percentage of 

{G+C) in the DNA, and the DNA sequence. The extent of DNA digestion increased 

with platination and decreased with the percentage of {G+C). The results were 

discussed in terms of the mode of platlnum blndlng [468]. 

A theoretical model was developed for the binding of cisplatin to DNA. 

Quantum mechanical calculations indicated that the best binding slte was N(7) 

of a guanine residue, but that bindlng to N(3) of cytidine might also be 

important 14691. Posslble mechanisms for DNA shrinkage after platination have 

been considered. Calculations suggested the opening of a 3.4 nm segment of 



DNA, and were compatible with experimental data 14701. 

The effective unwinding angle, e, for cfs and tran*platin, was determined 

using high resolution gel electrophoresis and supercoiled @Xl74 RF DNA as 

substrate. The value of 0 was greatest at low levels of bound platinum and 

decreased with an increase in platination 14711. cisPlatin was twice as 

effective as the transisomer. cis_Platin binding to DNA was responsible for 

the effective inhibition of restriction endonuclease cleavage, and the 

topoisomerase 1 mediated unwinding, and inhibition of DNAase II was attributed 

to a direct inhibition in the vicinity of the cleavage site by bound platinum, 

but did not involve distortion of large region of the DNA structure [472]. 

The products of the reaction of salmon sperm DNA with cisplatin fn vitro 

were purified and compared with model compounds. Kinetic studies suggested 

that binding was initailly at N(7) of a single guanine residue, but that most 

of these lesions rapidly chelated to another Purina base, usually, but not 

exclusively, guanine. The remaining monofunctional lesions reacted slowly, 

mainly with adenine [473]. The interaction of cis-platin with phenylalanine 

tRNA from yeast was studied by X-ray diffraction. Two major sites of binding 

were noted, the N(7) positions of the guanine bases G(15) and G(18), and there 

were no intrastrand cross links [474]. 

The reactions of cis- and transplatin with DNA or chromatin have been 

studied. For cfs-platin, binding to two guanine residues was the major outcome 

in both cases, but transplatin gave more monofunctional adducts. The 

Vans-complex reacted preferentially with the chromosomal proteins in 

chromatin, resulting in lower level of DNA platination [475,476]. The rare 

interstand crosslinked adducts have now been studied in the reaction of 

ci.s-platin or [Pt(en)Cl,l with DNA. In most cases these also involved two 

guanine residues 14771. 

Structural damage to DNA on binding to cis- or tfanpplatin, or to 

IPt(dienl}, was probed using the peptide lys-trp-lys, which preferentially 

binds to single stranded structures. Phosphorescence lifetime measurements 

implied that platinum induced heavy atom effects were similar in all three 

peptide/DNA/Pt complexes, but fluorescence quenching depended on the nature of 

the platinum derivative. Quenching was therefore attributed to stacking 

interactions involving the tryptophan residue with the nucleic acid bases. 

Modification by cfsplatin induced formation of strong stacking sites, 

implying the existence of locally opened DNA regions [478]. 

Immunochemical analysis was employed to investigate the cell cycle 

dependent protein-DNA cross-linking by cfs-platin in HeLa-S,, cells. Several 

antigens changed their DNA cross-linking pattern during the progression of 

HeLa cells through their reproductive cycle [479]. 
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Treatment of primed phage Ml3 mp8 viral DNA templates with cis-platin, 

followed by second strand synthesis using large fragment DNA polymerase I, 

reveals that cis-platin forms an adduct which inhibits DNA synthesis in vitro. 

Inhibition occurred at all (dGjn sequences for n )i 2 [4801. 

1.6.4 Cancer Chemotherapy 

The coverage of papers concerning the use 

chemotherapeutic agents in this section is not 

chosen are those with some chemical interest, 

principal interest is clinical, and particularly 

of platinum complexes as 

comprehensive. The papers 

and papers in which the 

those in which a platinum 

drug is only one of a long list of chemotherapeutic agents considered, are 

largely excluded. 

Reviews this year have addressed the general topic of platinum complexes 

in cancer chemotherapy [481-4871, and others have focussed on cisplatin 

1488-4951, with particular reference to its binding to DNA [4961, its 

nephrotoxicity 14971, radiopharmokinetics [498] or chemistry in a biochemical 

context [4991. The mechanism of action of the platinum drugs has been 

considered [5001, and their uses in tumour radiosensitisation discussed 

[501,502]. Polymeric analogues of cisplatin have been reviewed 15031. 

Two reviews have discussed the use of hplc for the clinical monitoring of 

cisplatin in biological fluids [504,5051. cisPlatin in plasma ultraflltrate 

was derivatised with sodium diethyldithiocarbamate and determined by hplc 

against NiCl, as an internal standard [506]. High performance tic on a 

precoated SiO,-60 plate with Me,CO/H,O (95:5) or He,CO/PhMe/H,O (76:20:4) as 

the mobile phase was used to separate cis and Vans-platin, and the aquo 

derivatives of cisplatin [5073. Liquid chromatography with electrochemical 

detection was applied to the determination of cisplatin, carboplatin, (1611, 

and related complexes 15081. cisPlatin has also been determined by 

differential pulse polarography [5091, and by a combustion method [5101. FTMS 

of cisplatin and related drugs has been reported; since relatively few ions 

are needed the technique is particularly useful for biological studies T.5111. 

(181) 

The purity of cisplatin is very important for its use in chemotherapy. 

The preparation of adducts of cis[Pt(NH,),XJ (X = Cl or I) with RR'NCHO was 

used as a method of purification, and the structure of (162) was established 



in an X-ray diffraction study 15121. The synthesis of 13N labelled cfs-platin 

has been described. It was used to asses drug delivery to primary and 

metastatic brain tumours 15131. 

(162a) (Reproduced with permission from (5121) 

The platinum complex and the solvate molecule showing atom numbering. 

One of the main disdvantages of the use of cfs-platin in chemotherapy is 

that it is extremely toxic, causing damage to both liver and kidney. There 

have been many further reports of substances which, when coadministered with 

cisplatin, reduce its toxicity. Diethyldithiocarbamate does not inhibit the 

anti-tumour effect of cisplatin, but does ameliorate nephrotoxicity. In an 

attempt to discover its mode of action, [Pt(NH,),(guanosine)sl was prepared as 

a model of platinated DNA, but this did not react with diethyldlthiocarbamate 

(5141. The use of sodium thiosulphate as a protective against the nephrotoxic 

effect of cis-platin was studied in rabbits [515], and methylprednisolone and 

meloclopramide were also useful (5161. Fosfomycin had a preventative effect on 

renal and hematotopoietic toxicity, but not on hepatic toxicity [517,518]. 

Quinine and cyanine protected against the inhibition of renal cation and anion 

transport, and the renal lesions caused by cfs-platin [519]. Phenobarbital, 

when coadministered, increased liver oxidase activity, an indication of 

decreased cfpplatin toxicity [520]. Pretreatment with Cu[S04], NaCl or 

[NH,]Cl also offered considerable protection [521,522]. 

Squalene was shown to potentiate the cytotoxicity of cis-platin, against 

S180 ascites cells [523], whilst bestatin enhanced its effect against a 

syngenic solid tumour of colon adenocarcinoma 26 In BALB/c mice (5241. A 



single dose of cfsplatin enhanced in viva tumour kllling 

melphalan [5251. There was a synergistic effect between cipplatin 

3',5'-dichloromethotrexate in treatment of the human colon carcinoma cell 

CT-8 15261. 
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(162b) (Reproduced with permission from [5121) 

Packing within the unit cell. b and c are parallel to the bottom and side of 

the page respectively, and the view is down a. 

It was shown that cfs-platin Is embryotoxic, and causes a decrease In 

foetal weight and a decrease In the number per litter, but severe 

malformations were relatively rare [527]. 

The administration of cfs-platin to ovarian rat tumours showed large 

necrosis in the central area, but did not seem to have a cytotoxic effect on 

the peripheral region of the tumour 15281. A proliferation inhibltion study 

using cis-platin on a L1210 cell culture suggested a mechanism of action 

different from that of the previously studied copper complexes [529]. A 

combination of cfs-platln and cytoxan was the most effective treatment in 

retarding tumour growth and metastatic spread In the murlne bladder tumour 



model [5301. 

Proliferative lesions in inbred F 344 rat kidneys were studied at six and 

fifteen months after a single injection of 6 mg of cfs-platin. Solid or cystic 

lesions developed from altered proximal tubular epithelial cells 15311. The 

effect of cisplatin on ATPase activity was determined in vitro and in vivo to 

investigate the correlation between nephrotoxicity and inhibition of ATPase 

activity. The highest concentration of platinum found in kidney tissue in 

Sprague Dawley rats was too low to inhibit the enzyme's activity in vitro, and 

it was concluded that the two were not connected [5321. In rats cisplatin 

inhibited the normal accumulation of Cuzt and Zn2+ in the kidney. This may 

result from the inhibition of tubular reabsorption of copper and zinc, and/or 

the inhibition of the synthesis of metallothionen [533]. The effect may also 

be connected with the binding of platinum to cystolic proteins [534]. Binding 

of the drug to metallothionen in Ehrlich cells has been investigated. At 

concentrations which caused 60 X inhibition of cell proliferation most of the 

platinum is found in the cytosol, and of this 30 X was metallothionein bound. 

Isolated rat liver metallothionein reacted slowly with hydrolysed cfs-platin, 

and it was concluded that this is a major site of platinum binding [535]. 

After cis-platin exposure dam-3 E. coli were more sensitive to- the 

cytotoxic effect of the drug. Differences in the repair of DNA damage were 

thought to underlie this effect [536]. Protease deficient recA431 mutants of 

E. co11 are defective in their capacity for induction of SOS responses, and 

were intermediate in their sensitivity to UV light and cfsplatin. Survival 

after treatment, determined as colony forming ability, was greater in ret+ 

strains, and decreased in recA13 mutants which are defective in both r8cA 

proteolitic and recombination capability [537]. Mutant human cells were found 

to be more sensitive to cis-platin than normals, and data presented suggested 

that induced interstrand crosslinks were an important and potentially lethal 

lesion [536]. 

The effects of in vivo treatment with cisplatin and/or cyclophosphamide 

on overall cellular cytoplasmic and mitochondrial protein synthesis in Zajdela 

hepatoma were examined. The rate of overall protein synthesis was decreased by 

60-80 X, but the rate of the process in the mitochondria was affected only 

marginally [539]. There has been an EPR investigation of the effects of the 

drug on the iron sulphur centres of the mitochondrial membranes. 

Characteristic changes were produced in the electron transport chain in 

various organs [540]. 

The concentrations of platinum and other trace elements were measured 

exploiting a 50x50 un proton beam for PIXE analysis. The lateral distribution 

of platinum in cisplatin treated human kidney and dog tissues was measured; 



the highest concentrations of platinum were found in arterial walls, followed 

by glomeruli and tubules. Chronic kidney damage is related to this Pattern of 

retention [5411. A physiological model has been developed to describe the 

disposition of platinum following IV dosing in female rats bearing Walker 256 

carcinoma 15421. 

Following the IP injection of cisplatin into tumour bearing mice two 

immune responses were augmented. The total splenlc plaque forming cells' 

response to sheep red blood cells, and the delayed hypersensitivity reaction 

to oxazolone were higher in treated animals 15431. 

Treatment of rats with cis-platin for seven days caused a 70-80 % 

reduction in the microsomal cytochrome P450 levels In the testis. This was 

accompanied by a 70-80 % reduction in steroid 17a-hydroxylase activity and in 

plasma testosterone concentration. The effect was not related to deficiencies 

in the haem metabolic processes, and Is was concluded that the anterior 

pituitary hormones control the factors involved, and that this process is 

interrupted by cis-platin [544]. 

The rate of inactivation of T4 phage by cis-platin, [Pt(en)Clzl or 

[Pt(en)(OH2)21[N0312 at fixed pH was substantially reduced by phosphate 

buffer, and sllghtly by ethanoate buffer. The mechanism of the process was 

discussed [5451. 

Crosslinking and inactivation of the plasma protein a,-macroglobulin by 

ci*platin was used to study the binding of platlnum(I1) to protein in the 

presence of other compounds. Diethyldithlocarbamate completely prevented 

crosslinking, whilst amino acids showed lower but still significant effects 

[546]. With polyclonal antibodies raised against c~s[Pt(NH,),(Guo)(GMP)] 

small quantities of specific platinum adducts could be detected in DNA from 

Chinese hamster ovary cells treated with cfs-platin, after the DNA was 

dlgested with nucleases, and the degradation products separated by anion 

exchange chromatography. 35.9 % of the platinum was recovered as 

cf~IPt(NH,>,{d(pGpc)}l and 3.1 % as cfs[Pt(NH,),{d(GMP)}21 15471. 

The kinetics of a model reaction between cfsplatin and the signal 

nucleotide dladenosine 5',5"'-P1,P4-tetraphosphate was studied using 

potentiometry and a chloride specific electrode. At least four steps in the 

reaction could be detected, and inltial reactlon was probably at a phosphate 

group 15481. 

The drugs cfs-platln, CHIP and carboplatin were tested for induction of 

chromosome aberrations and the formation of micronuclei, as well as for sister 

chrcmatid exchange 15491. Carboplatin was less effective than cfs-platin in 

the treatment of pancreatic ductal adenocarcinomas 15501. However, DNA protein 

and DNA Interstrand crosslinks were formed In cells exposed to either drug, 



although the rates of reaction were different 15511. The antitumour effects of 

cisplatin, carboplatin, CHIP, spiroplatin, (163), and JM40 were compared 

using HRl-H-207 t5521. 

(163) 

Numerous new compounds have been prepared in a search for improved 

platinum anti-turnout- drugs. Carboplatin was cytotoxic against the MGH-Ul human 

bladder carcinoma cell line [553]. Spiroplatin was more cytotoxic towrds the 

Lewis lung carcinoma line Ml087 15541. Aqueous solutions were shown to contain 

hydrolysed and oligomerised species, and the toxicity could be reduced if this 

hydrolysis was inhibited by Na,[SO,l 15551. 

The preparation of (164) has been described; the complex is reasonably 

active against Sarcoma 180 [556]. A binuclear complex of stoicheiometry 

[Ptz(NHs),(165),][S0,] had similar activity [557]. A range of complexes of 

quinones such as (166) has also been tested for activity against leukaemia 

L1210 and Ehrlich ascites tumours grown in viva [558,559]. 
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(166) 

Complexes of the type [Pt(NHs)(L)Cl,l in which L was a cycloalkylamine, 

have been prepared and shown to have significant anti-tumour activity, and low 

nephrotoxicity [560]. Related species, (1671, in which the two carboxylate 
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units are connected by a cycloalkyl ring or a benzene ring, have also been 

claimed 15611. Structure activity relationships have been determlned for the 

series cistPtL2Xl and [PtL2(0Hl2X] in which L was cyclohexylamine and [Xl*- 

was the anion of a dicarboxylic acid. The platinum(I1) complexes were more 

active than the platinum(W) derivatives 15621. 

(167) 

Complexes of the type [Pt(L)(L')C12] in which L was an aminophenol and L' 

was a substituted pyridine were prepared by addition of the aminophenol to the 

bridged species [{PtL'C1(tiC1)]21. In general, either the cis or the 

trans-isomer was obtained reasonably pure, depending on the steric demands of 

the ligands. The complexes were tested as inhibitors of the growth of murine 

leukaemic cells [563]. The complexes cis-[PtL,X,] and [PtL2(OH)2X2] in which L 

was cyclohexylamlne and X was the monoanion of a dlth<ocarbamic acid were also 

tested against mouse tumours [564]. Binuclear amine complexes with bridging 

water solubilislng groups, and derivatives of (168) have been patented 

[565,566]. 

(168) 

A number of papers have reported the activity of platinum complexes of 

substituted en llgands. For example, [PtWOCH2CH2NHCH2CH2NH2)C121 had good 

activity and low toxicity in treatment of Sarcoma 180 [567]. In (169) the R,R- 

or S,S-stereojsomers were more effective than the R.8 for inhibition of 

estradiol receptor Interactions, and there were only slight nephrotoxic and no 

myelotoxic effects [568]. Other en ligands with aranatlc substituents have 

also been investigated [569]. 
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(169) 

Numerous complexes of 1,2-diaminocyclohexane, dach, have been prepared, 

characterised and tested. In some cases the stereochemistry was not specified, 

and in this group the anions used included isophthalic and homophthalic 

t570,5711, nitrate and malonate derivatives [5721, ascorbate and 

furandicarboxylate [573]. Both isomers of the bis(ascorbate1 derivative had 

significant activity in vitro against L1210 leukaemla and were relatively 

non-nephrotoxic, but they did cause bone marrow and gastrointestinal toxicity 

[574]. Sugar derived dicarboxylate anions were used in complexes of both cfs 

and transgeometry 15751. The complex [Pt(trans-dach)(oxalate)l was compared 

in its anti-tumour action to cis-platin. It inhibits RNA synthesis better, and 

was also more active against various mouse tumours [576,5771. 

The radiosensitisation of EMT 6 cells by four platinum complexes has been 

studied. Ligands used included P-nitroimidazole and 2-amino-5-nitrothiazole, 

and all the ligands have the potential to undergo a redox reaction with the 

platinum centre during irradiation [578]. Palladium(I1) and platinum(I1) 

complexes of (170), [PtLCl,], contained S,Wchelate rings; the platinum 

complexes had good anti-tumour action, but the palladium complexes were 

inactive 15791. 

COOH 

CHNHz.HCl 
I 
CHzSCHzCH2NHz 

(170) 

A series of intercalating square planar platinum(I1) complexes have been 

prepared, and had significant activity against murine leukaemia L1210 cells. 

The complex (171) was inhibitory in culture, and caused cell lysis at high 

concentrations 15801. The antltumour antibiotic daunomycin was Wacylated by 

sytmnetrlcal disulphide diacids and then reduced to thiols by dlthioerythrltol. 

Coupling to [Pt~terpy)(OH)l[CFsCOCl using a derlvatlve with a six carbon 
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linkage gave a complex with sufficient flexibility to permit bis intercalation 

with DNA 15813. 

(1711 

1.6.5 Complexes with Group 15 Donor Ligands 

1.6.5.1 Unfdentate amine donor 1 igands 

A number of studies of the biological effects of cis-platin and related 

complexes have not been directly related to their anti-tumour activity. For 

example, African trypanosomlasis could be treated by the IP injection of 

cieplatin 15821, and both cis and transplatin had activity against the 

trypanosome 7. brucef gambiense [583]. The cis-platin prolactin complex 

retains the capacity of native prolactin to blnd to cell receptor membrane, 

and might be used to target cfpplatin to cells with prolactin receptors 

[584]. 

The complex ions [Pd(NHs1412+ penetrate into the channels of zeolite 

NH,-ZSM and are probably stabllised close to {AlO,}- tetrahedra. Vacuum 

treatment at 180-500 oC resulted in the destruction of the palladium ammlne 

complex, and eventual reduction to palladium(O). The larger clusters of Pd(0) 

appearing on reduction in molecular hydrogen were capable of being redispersed 

in an oxygen atmosphere with the formation of Pd*+ in the zeolite structure 

[585]. Impregnation of Al,O, or Si02/A1203 from an aqueous solution of 

[Pd(NH3)41C12 and/or [Pt(NHs),]Cl,, followed by ion exchange, and reduction, 

gave a catalyst powder carrying the noble metals. Thls was mixed with A120, 

sol to give a paste, used in a detector for flarmnable gases 15861. 

The vibrational modes of [Pt(NHa),]*+ on Na-Y zeolite were directly probed 

in situ by far FUR spectroscopy. The technique was also used to probe the 

dehydration/deamlnation processes which occur on in situ vacuum and thermal 

treatment, resultlng in the reduction of Pt(I1) to give highly djspersed 

platlnum(01 clusters itmnobilised on the zeollte 15871. Ion exchange of 

[Pt(NHs)412t on ZSH-5 and ZSH-11 was studied in detail [588]. The dlsperslon 
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of the platinum(O) on ZSH-5 was critically dependent on the temperature of 

calcination, when the calcination is conducted under a high air-flow, but 

temperature was less important when reduction was conducted in a nitrogen 

atmosphere 15891. Ion exchange reactions were studied for H-mordenite with 

[Pt(NH,),]*+ [590]. 

The oxidations of [Pt(NH,),][NO,l,, [Pt(NH,),Cl][NO,], cis and 

trans-[Pt(NH,),Cl,l, K[Pt(NH,)Cl,] and K,[PtCl,l were studied at a Platinum 

electrode against a background of 2H KC1 and 2M [ClO,]- [591]. In the anodic 

oxidation of [Pt(NH,),]*+ in HCl solution, the first wave was associated with 

the formation of [Pt(NHs),Cl,]Cl,, and the second with the production of 

[Pt(NH,)(OH)Cl]X, 15921. 

Isomeric energies and conformations for a range of platinum annnine 

complexes were calculated from ab initio MC theory using energy gradient 

methods. The trends in the metal-ligand bond distances obtained allowed the 

ordering of the ligand transinfluence. The hydroxyl group was predicted to 

occupy an anomalous position, and it was suggested that differences between 

theory and experiment arose from the importance of hydrogen bonding 15931. 

The concentration of [Pt(NH3>,12+ was determined by means of its redox 

reaction with [IrC1,]z- [594]. 

The complex [Pt(NH,)2C12] was used to platinise Nafion film [595]. Anodic 

slipping voltammetry at a glassy carbon electrode was used for the 

determination of platinum species derived from cfsplatin [596]. 

PdO may be prepared by the decomposition of [Pd(NHa)$12] in oxygen at 

500 OC. However, reaction of PdO with ammonia at 250 oC gave [Pd(NHs)2C12], 

and thermolysis of this complex at 300-340 oC yielded [NH,12[PdC1,]. Above 

350 OC decomposition to palladium metal, ammonia, HCl and nitrogen occurred 

t5971. 

The complex cfs-platin was purified by formation of an adduct with dmf at 

room temperature, followed by chilling at 3 oC for 15 h to recover crystals of 

the adduct. The dmf was removed by holding the complex at 2 oC and 1 &ar 

pressure [598]. Quenched biacetyl phosphorescence was used for the detection 

of platinum complexes such as cisplatin and carboplatin in HPLC 15991. 

Potential energy surfaces were obtained for low lying electronically 

excited states of cfs- and trans-platinum(II) complexes, and for the lowest 

singlet and triplet terms of tetrahedral isomers. The data were used for an 

analysis of the mechanism of intramolecular photoisomerism, suggesting a route 

involving twisting through tetrahedral Intermediates. In cases in which the 

tetrahedral species was relatively stable, the tram-to-cfs isomerisation was 

deduced to proceed through a triplet intermediate, and the cfs-to-trans 

through a singlet species. The results were used to interpret experimental 
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data for [Pt(NH,),Cl,l, [Pt(py],Clal and [Pt(gly]sl 16001. 

Solvolysis of clsplatin in dmso/HsO has been investigated [6011. The 

kinetics of the hydrolysis of cis and tfans-platinum(II1 ammlne and amine 

complexes were monitored conductimetrically at 25 OC. Association of an 

ion-dipole type of chloride ion with the cis, but not the transcomplexes, 

was established; the chloride then increases the hydrolysis rates [602]. The 

hydrolysis reaction of tri- and pyrophosphates was accelerated by 
2+ [Pt(NHs>s(OH,],l . Kinetic data suggested the formation of 

[Pt(NH,),(H,P,O,)(OH,)1 from pyrophosphate, but from the triphosphate, 

platinum blue complexes were obtained, especially in air. Very complex schemes 

for the reactions were proposed, and were to some extent justified by the 

observation of the reaction intermediates by NHR spectrsocopy [603]. 

During crystallisation from aqueous solutions, a continuous series of 

cis-[Pt(NH,),C1,$r,_n] (n = O,l, or 2) solid solutions were obtained, and were 

characterised by powder diffraction data. A method for obtaining 95 % 

cis-[Pt(NH,),ClBr] was described [604-6061. 

Reaction of cis-platin with l&crown-6 in the presence of dma gave a 1:2:2 

complex (18-C-6:Pt:dma), (1721, characterised by an X-ray diffraction study. 

Hydrogen bonding involves all three hydrogen atoms on both ammine ligands and 

all six oxgen atoms of the crown ether, as well as one chloride and the 

carbonyl group of dma [607]. Complexes of [Pt(NHa)t(bipy)12+ with 

dibenzo-30-crown-10 and dibenzo-24-crown-8 have been characterised by X-ray 

diffraction studies. As well as extensive hydrogen bonding, some stabilisation 

is also provided by stacking interactions and charge transfer between the bipy 

ligand and the benzene rings of the crown ether 16081. The cx-cyclodextrin 

complex of carboplatin, (1731, has been the subject of an X-ray diffraction 

study. The cyclobutane diacarboxylate ligand occupies the cyclodextrin cavity 

and there are two N-H . ..O hydrogen bonds between the ammine and the secondary 

hydroxyl group at C(3) on neighbouring glucose units. This provides a 

relatively rare example of a neutral metal guest molecule bound into a 

cyclodextrin [609]. 

The structure of trans-[Pd(4-FC,H,NH2)2C12] has been determined in an 

X-ray diffraction study 16101. In (174) the crystal structure was stabilised 

by N-H...Cl intermolecular hydrogen bonds [611]. Reaction of 

[{Pt(SnC1,](PEts)(U-C1)}2] with 4-XCsH,NH, (X = Cl or He) gave (1751, shown in 

an X-ray diffraction study to possess approximately square planar 

coordination. The Pt-Cl distance of 2.331 A suggested that the SnCl, group had 

a weak to moderate tfans-influence, similar to that of an alkene [612]. 
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(172) (Reproduced with permission from [607]) 

Crystal structure of {18-crown-6[cis-PtC1,(NH,)z.MeCONMe,12}. 

( 

1 

(173a) (Reproduced with penslssion from [SOS]) 

A plan view of the framework representation of [Pt(NH,)2(CBDCA).a-CD]. Note 

that the a-lbglucopyranoside units are numbered 1 to 6 in an anticlockwise 

direction. 
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(173b) (Reproduced with permission from [6091) 

A side-on view of the framework representation of [Pt(NH3)s(CBDCA).a-CD], 

showing the atomic numbering scheme for the guest and two (1 and 3) of the 

a-D-glucopyranoside units in the host. 

(174) (Reproduced with permission from 15961) 

The ellipsoids correspond to 50 X probability 

Platinum complexes of fluoresceinamines such as (176) have been prepared, and 

used as low toxicity radtatlon sensitisers [6131. 
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(175) (Reproduced with permission from [5971) 

NH2 

(176) 

IR and NHR spectroscopic data have been presented for [ML,X21 in which 

H = Pd or Pt, L = MeNHOH, and X = Cl, Br or I. The palladium complex adopted 

transgeometry, whilst the platinum complex was cis. In both cases MeNHOH 

acted as a monodentate ligand coordinated through nitrogen. The stabllisation 

of various rotamers by hydrogen bonding was investigated [614]. Applications 

of UVPES and XPES in organometallic chemistry have been reviewed. The N,, 

ionisation potentials were determined for palladium complexes such as 

[Pd(NMe,)Cl,l- and [Pd(NMes)&l,l, and supported analogues [6151. 

Single crystal polarized spectra were obtained for EPr,NI[Pt(NMe,)C131 at 

10 K. Both spin-allowed and spin-forbidden ligand field transitions were 

assigned. The data were compared with those obtained at room temperature and 

for [Pt(NH,)C13]-, Cossa's salt. Angular overlap parameters indicated that 

HesN is a strong o-donor, and its influence on the d-orbitals of n-sytmnetry 
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through a proposed electrostatic interaction iS Significant [6161. 

The complex transtPdLzC121, in which L = 2,6-dimethoxy-4-chloroaniline, 

has been prepared and characterised 16171. A range of derivatives of 

CH,CH2CH2NH2 has been prepared and characterised by IR and NHR SPeCtrOSCOPY, 

DTA and thermogravimetric techniques. Both [PtL,Br]Br and [PtL,lBr, yielded 

Vans-[PtLaBr,] on themolysis [61Bl. IR spectroscopy and thermal analysis were 

used for the characterisation of palladium complexes of the strained cyclic 

amines (1771 and (1781 [619]. The complexes [Pd(hmtal,X,l 

(hmta q hexamethylene tetramine; X = Cl, [NO,], [OCOMel or [SCN]) have been 

claimed; they were apparently characterised only by microanalytical techniques 

[620]. Another paper from the same group reported that trans[Pd(hmta),Cl,l 

was formed on reaction of the ligand with Ka[PdCl,l in dmf. When the substrate 

was [RaNHIZIPdC1,l and the solvent was Ccl,, however, the species isolated was 

[Pd(hmta),Cl,].ZhmtaHCl, which appeared to be an inclusion complex 16211. 

JN\, 
(1771 

NH 

Ii 
(178) 

The cfs+trans isomerisation of complexes [MLaX,] (H = Pd or Pt; 

L = (179); X = Cl or Br) has been studied. The ligand is monodentate in all 

the complexes, and is bonded through the NH2 group. The palladium complexes 

were isomerised at lower temperatures than the platinum analogues, but in both 

cases DTA indicated that iscmerisation occurred before further decomposition 

16221. Amine functidnalised polyethene was reacted with [Pd(PhCN),Cla] to give 

a complex which catalysed the hydrogenation of nitroarenes [623]. 

/JJ 
R' NR2 

b NH2 

(1791 

R' = Bu, I-C5HLI or C7His; R, = 0 or H2 

1.6.5.2 Unfdentate heterocyclfc nitrogen donor Ifgands 

The solvent extraction and spectrophotometric determination of 

palladium(II1 as pyridine thiocyanate ccmplexes has been reported 16241. 

Relaxation parameters, T1, in 13C and lssPt NMR spectra have been compared in 

different solvent systems, and were used to obtain correlation times for 



rotation about the Pt-N bond in [Bu,NI[Pt(py)Clsl. The ion Pair was shown to 

form aggregates or stacks in solvents of low dielectric constant 16251. 

The structure of trans[Pd(P-aminopyridine)$lal was determined in an 

X-ray diffraction study. The crystal packing was maintained by both intra and 

intermolecular N-H... Cl hydrogen bonds 16261. The complexes ci*[PtLzXal in 

which L = isonicotinlc acid, (1801, and the related amide, were prepared from 

the ligands and K,[PtCl,]. The trans-isomers could be obtained by treatment of 

[PtL,l'+ with HCl [6271. 

COOH 

(180) 

The kinetics of the reaction of tran*[PtL(amine)C12] with HCl to give 

[PtLClsl- and [Hamine]+ were investigated for L = C,H,, CO, PHes or 

substituted pyridines. Reactivity decreased as steric hindrance increased 

16281. Complexes of the type trans[Pt(C2H,)LC12] were prepared by addition of 

the ligand L to [Pt(C,H,)Cl,]-. The ligands studied included phenazine, 

pyrazine, quinoxaline, and their substituted analogues. The phenazine complex 

was a hydrosilylation catalyst. Using phenazine as the ligand, binuclear 

species, such as (1811, could also be prepared [629]. Reaction of 2 

equivalents of 2,6-dimethylpyrazine with (182) gave (1831, but with equal 

amounts of the two components, a mono chloro bridged species, (1841, was 

formed, although it disproportionated rapidly above room temperature [6301. 

(181) (182) 

In the complexes trans-[PtL(PEta)C121, where L = 8-substituted quinoline, 

(1851, the coupling constant between the Proton of the R group (CHO, CH,, 

CHMe2 or CHBr,) was rather large for a normal B-bond coupling, and suggested a 

pt...H-C Interaction 16311. Reaction of [Pd(PhCN)sCl,] with 

o,mRC8,,HloCCHaNR', (sic) was sald to yield a &W&elated chloro bridged 
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dimer. The dimer could be opened with 4-methypyridine to give (1881, and 

multiple insertions of alkynes were also noted 18321. 

(183) (184) 

The structure of the complex (187) was established in an X-ray diffraction 

study. The methyl groups occupied equatorial positions in the puckered part of 

the five-membered ring in an envelope conformation 16331. 

(187) 

Reactlon of [Pd(PhCN),Clal with [(C,H,N)Mn(CO)sl gave 

[[(C,H,N)~n(CO)s},PdClzl in which the heterocyclic ring was coordinated to the 

palladium at nitrogen. [(C,H,N)FeCp] reacted similarly, and the related 

platinum derivatives could be obtained from K,[PtCl,l 16341. Phthalimide acted 

as an anionic ligand in the complexes [M(PPh,)a(ptm)Cll 04 = Pd or Pt.), which 

were prepared from [M(PPhs)zClz] [6351. 

The complex trans-[Pd(NLpropylImidazole~,Clzl was prepared by reaction of 

the ligand with Kz[PdCl,l, and its structure was established in an X-ray 

diffraction study 16361. A range of complexes of imidazole and 

Mnethylimidazole has been prepared and characterlsed, including 
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[Pd(imidH),lCla, [Pd(imidH),][PdCl,] and tie and tr8n~~Pd(l-Heimid),C1,l. 

When the ligand used was the related histamine, (1861, analogous 

species were obtained, and spectroscopic data indicated that metal 

binding was at the ring nitrogen atom 16371. In preparing [PtL,Cl,l 

where L is a substituted 5-nitroimidazole, the kinetic product, the 

cis-compound was formed, but with 2-nitroimidazoles the thermodynamic 

traneproducts were obtained, as was verified in an X-ray diffraction 

study of trans-[{l-(2'-hydroxy-3'methoxypropyl)-2-nitroimidazole))PPtC12l, 

(189). Coordination to platinum was shown to lower the wavelength of the e+r* 

absorption of the ligand, and to reduce its polarographic reduction potential 

by 0.15-0.2 V 16381. 
NH2 

(188) 

(189) (Reproduced with permission from 16381) 

A number of complexes of the type [PdLsXsl in which L is a 2-substituted 

benzimidazole have been claimed. The characterisation of the complexes was 

poor 16391. A palladium dichloride complex of polybenzimidazole was reduced by 

molecular hydrogen, under basic conditions, to give a stable polybenzimidazole 

palladium(O) derivative, which had high activity as a catalyst in the 

hydrogenation of nitroarenes, and considerable stability towards metal 

leaching [6401. 

Complexes trans-[PdLsCla] in which L is 3-Me or 1,3-Hespyrazole, have been 

prepared and characterised by thermal analysis, diffuse reflectance 

spectroscopy and dipole moment studies. Both were rather toxic and had no 

antiviral activity 16411. In complexes prepared from l-ethenylimidazole and 

related ligands, there was no coordination of the alkenyl double bond. Some 
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polynuclear species in which the azole acted as a bridging ligand were also 

prepared [642]. Platinum and palladium complexes of (190) involved ligand 

bonding at a ring nitrogen atom, and had significant antibacterial, antiviral 

and fungicidal properties [643]. 

(190) 

An X-ray diffraction study of [Pt(dPpe)(3,5-Me,pzlH),I[BF,12.CH,C1,, 

(1911, showed that the complex was unusual in that the pyrazoles are similarly 

oriented away from the coordination plane [644]. 

F4 

(191) (Reproduced with permission from [644]) 

ORTEP plot and numbering scheme of atoms, viewed down the o-axis of the cell. 

Thermal ellipsoids enclose 25 X of the electron density. Carbon atoms are 

indicated only by numbers. Hydrogen atoms are omitted for clarity, except 

those involved in hydrogen bonding. 
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1.6.5.3 Bidentate and polydentate amine donor 1 igands 

The structure of [Pt(en)zl[MoS0,(ox),(OH,),l.3H,0 was determined in 

conjunction with a study of the exchange of laOHe in the anion [6451. The 

complexes of platinum(I1) formed during sorption and separation of platinum 

metals using a macroporous hydrophilic glycidyl methacrylate polymer 

functionalised with en groups have been studied [646]. The dimerisation of 

[Pt(en)(OHz)z12t was studied by ion pair HPLC at pH 2.5-10, Dimerisation to 

give a bis(&khydroxo) complex occurred betweem pH 4.9 and pH 8.5, but not in 

other pH ranges 16471. 

Reaction of (192) with HCl gave (193), in which the protonated en ligand 

adopted a gauche conformation with a hydrogen bond between the -NHa+ and the 

cischloride 16481. 

(192) 

Treatement of (194) with 

characterised by an X-ray 

formed, and the mechanism 

elsewhere 16491. 

(193) 

CsFsCOOTl in the presence of pyridine gave (195), 

diffraction study. Only this stereoisomer was 

of this unusual reaction is to be published 

c 

NHz, ,PY 

/Pt\ 
NMer Cl 

(194) 

There has been a study of the conformations of dabp, (196), in 

complexes such as [Pt(S-Pn)(dabp)lC12 and [Pt(transs,S-dach)(dabp)lClz 

(pn = i,2-diaminopropane, dach q 1,2-diaminocyclohexane). The dabp ligand 

adopted a S-conformation in the S- and S,S-derivatives, and (197) was 

characterlsed in an X-ray diffraction study [650,6511. 

The structure of (198) was determined in an X-ray diffraction study; the 

0-Pt-0 angle was only 80 o, substantially smaller than in related complexes. 

The electronic structure of the molecule was investigated by CNDO/P, and the 

relationship of the unusual bond angle to the anti-tumour effect of the 

complex was discussed [652]. The ligand (t)-2,3_diaminobutane (bn) reacted 
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with (1991, tPt(R-dmdabp)Cl,l, in a stereospecific manner to give only 

[Pt(R-bn)(R-dmdabp)lC12 t6531. 

(195) (Reproduced with permission from [649]) 

NHz 
NH2 

(196) 

Reaction of [PtLClsl (L = C1CH,CH2NHCH2CH,NH2) with KOH gave (200) and its 

platinum complex [6541. 

The structure of racemic [Pt(trunsdach)(OCOMe)21.H,0, (2011, prepared 

from [Pt(trans-dach)Clel and Ag[OCOMel, has been determined In an X-ray 

diffraction study. The molecules are stacked in pairs along the baxis with 

the two molecules of each pair 180 o apart about the stacking axis and forming 

N-H...0 hydrogen bonds 16551. A range of water soluble salts 

[Pt(dach)(RCOe)s], (R = cycloalkyl and cycloalkenyl) or related complexes with 

the anions of dicarboxylic acids, has been prepared. The water solubility 

appears to be important in the cytotoxic effects of the complexes [6561. 

Derivatives of {Pt(dach)} with arene carboxylic acids and dithiocarbamates 

have also been prepared and evaluated for their anti-tumour properties 16571. 

The ligand lR,25,3S-(202) has been resolved and Its absolute configuration 

assigned on the basis of the Cotton effects in trans-[Pt(NH,)*(202)12+ and 
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[Pt(en)(202)12+. The ligand backbone adopts a S-configuration, mainly because 

of the preferred equatorial orientation of the C2Cs bond of the ring [6581. 

(197) (Reproduced with permlssion from [651]) 

OCOCH2Cl NH’&/ 
NMei ' OCOCH2Cl 

(199) 

*-NH2 

(200) 



105 

(201) (Reproduced with permission from 16551) 

View of the [Pt(dl-dach)(OCCMe),l molecule. Ellipsoids correspond to 50 X 

probability. Hydrogen atoms are represented by spheres of arbitrary size. 

NH2 

NH2 

(202) 

The ligand (203) was resolved vfa tartrate salts, and complexes of the 

resolved ligand, [PtLC12], were prepared and characterised. A 'S-conformation 

was deduced for the S-ligand on the basis of CD data and a study of molecular 

models [65g,6601. In a related study by the same authors, racemic trans-dach 

was reacted with [Pt{R-(204)}Cls] to give only [Pt{R-(204)}(R,R-dach)lCl, in 

which both ligands adopted a x-conformation [661]. 

NH2 
NH2 

(203) (204) 

Reversed phase HPLC analysis was used for the estimation of splroplatin 

and the products of its oligomerisation and hydrolysis. In aqueous solutions 

the sulphate was found to be in equllibrium with various aquo complexes and 
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hydroxo bridged dimers 16621. 

The preparation of the macrocyclic ligand (205) was described; reaction 

with [Pt(RCN),Clal gave (2061, which was characterised by FAB-MS. Related 

palladium complexes were also prepared 16631. The formation of 

[Pd(R,dien)(OCO,)] (Rsdien q 1,1,7,7-Me,dien or 1,1,7,7,Et,dien) was followed 

as a function of pH, carbonate concentration and temperature. The kinetic data 

suggested that the complex was not produced by CO, uptake, but by anation of 

an aquo complex by [HCO,]-/[CO,]*-. The complexes produced underwent acid 

catalysed aquation, and basic hydrolysis, and the activation parameters 

obtained suggested that the solvolysis was associative in character [664]. The 

complex [M(LH,)Cl,] (LH, = (207)) has been prepared, and was characterised by 

conductivity measurements, TGA, powder diffraction data, UV, IR and NMR 

spectrsocopy. The data indicated that coordination involved the amino nitrogen 

groups in a transcomplex, which may be polymeric [665]. 

/ c ‘t-4 
- 

(205) 

NcOqH 

bt Cl Cl b,-z 

N&N-> 
I‘ 

_2+ 

i 

(206) 

NH2 H2N 

\ 
SO2 - NH NH-SOa' 

(207) 
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The chemisorption of palladium(I1) onto silica modified by either bipy or 

phen has been investigated using IR and diffuse reflectance spectra 16661. 

Diffuse reflectance spectra and emission behavlour were used to characterise 

the lowest excited state of platinum(I1) anionic and cationic species, 

including studies of complexes such as IPt(bipy),l[PtCl+l, 

[Pt(bipy)(4-Me,4'-heptylbipy)]IPtCl,] and the related [Pt(CN),]'- derivatives. 

Salts of [PtCl,]*- have lowest excited states of the ligand field type [667]. 

The kinetics of the reaction of tPt(phen)212+ with [CNI- to give 

[Pt(phen),(CN)l+, and the reaction of [Pt(phen),(CN)l+ to give 

[Pt(phen)(CN)el+, have been studied. It was concluded that [Pt(phen)z(CN)l+ 

was not four- but five-coordinate [668]. 

Reaction of (208) (X = I) with iodide ion gave mainly substitution 

products, and the effect of the metal on the reaction rate was minimal. 

However, in (208) (X = OCOMe), using [HeCOOl-3 the rate of elimination was 

increased by a factor of lo3 over that for the free ligand, due to 

conformational changes on complexation [669,670]. The preparation of palladium 

and platinum complexes of (209) has been reported. Their electronic spectra 

are rather different from those of the parent bipy complexes, which is 

attributed to a different degree of twist about the 2-2' bond [671]. 

Br 
X2 Pd 

H 

(208) 

MeOOC COOMe \ \ 0-b I I 

d d 

(209) 

Complexes of 3,6-bis(2_pyridyl)pyridazine, dppn, have been studied. Both 

mono, (210) (H = Pd or Pt) and bis, (211) 04 = Pd or Pt, M' = Pt, Ni, Cu or 

Co) complexes could be formed depending on the stoichiometry of the reactants. 

The electronic spectra and magnetic properties of the heterobinuclear species 

were studied, and indicated some magnetic interaction between the metals 

16721. The complex (212) has also been described [673,6741. 

The synthesis of (213) has been described; reaction with Pd(OCOMe), gave a 

bis(palladium) deivative [675]. PdCls in HeCN reacted with 2- or 

8-aminomethylquinoline, L, grafted on Aerosil to give the species [PdLCla] 

and/or [PdLal[PdCl,l [6761. The Preparation of K2[PtL&1,1 (L q (214)) has 

been described, and the structure of the product, (215), established in an 
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X-ray diffraction study. The synthesis of the binuclear species (216) was also 

noted [67-l. 

w 
Clr’cl 

Q-cp 
‘e, 6‘ , 

Cl~“~C, Cl" Cl 

(210) 

! w 
ON~lr\c,/p~Cl 

(211) 

12' 

(212) / \ / \ 
2% YN \ N / \ 

- - 

0 

(213) (214) 

@v 

(215) (Reproduced with Permission from [6771) 

Thermal ellipsoids correspond to 20 x probability 
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(216) 

A sensitive and selective spectrophotometric method for the 

determination of palladium(I1) was based on its reaction with 

4-(3,5-dichloro-2-pyridylazo)-1,3-diaminobenzene in sulphuric acid to 

give a violet-blue complex 16781. A method for analysis of 

palladium in ores has been developed, based on the reaction with 

5-(3,5-dibrcmo-2-pyridylazoj-2,4-diaminotoluene. A 1:l metal:ligand complex 

was formed [679,660]. In none of these papers was the structure of the complex 

formed described. 

The complex (217) was formed when the dehydrogenation of (2181 was 

attempted using Pt02 16811. Condensation of 1,2_diaminobenzene with (219) gave 

(220) 16821. 

(217) (218) 

The reactions of PdClz with a range of ligands, (221), has been 

investigated. In most cases monomeric species of the type (222) were formed, 

but in cases in which these would be very strained, dimers such as (223) were 

produced [683]. Related results were obtained for the series (224). With 

R' = CHaCHe and R2 = Me both [PdLlC12, (2251, and tPdL21C12, (2261, could be 

formed. They were isolated by different work-up procedures and were 

characterised by X-ray diffraction studies 16841. 
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(225) (Reproduced with permission from [6841) 

(226) (Reproduced with permission from 16841) 

7.6.5.4 Porphyrin and Phthalocyanine Complexes 

The lH and 1% nmr spectra of 2,3,4,8,12,13,17,18-octaethylporphyrin and 

meso-tetrakis(3,5-di-tert-buty\-4-hydroxyphenyl)porphyrin derivatives of 

platinum have been reported. Long range couplings between platinum and 
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hydrogen involved Fermi contact through the n-system, but the couplings to 

carbon were through the o-framework [685]. The 'H and 13C NHR spectra of the 

platinum complex of deuteroporphyrin IX dimethyl ester were reported, and were 

used in a study of aggregation phenomena [686]. 

Mass spectroinetry of metal phthalocyanaine complexes, including 

derivatives of palladium and platinum, have been recorded [687]. FAB mass 

spectra of palladium corrinoids have also been described [6881. 

The effect of substituents at the periphery of a porphyrin ring on the 

TM* absorption was determined in a quantitative manner using a new approach 

based on the four orbital model. The UV/visible absoption spectra of Mg, Sn, 

Zn, Cu, Ni and Pt complexes with differently substituted porphyrins were 

systematically investigated 16891. The electronic spectra of metal complexes 

of meso-tetramethylporphine, and their methylene bridged dimers, have been 

recorded. The dimers showed an intense splitting of the Soret band, which was 

a result of the conformation of the exciton coupled porphine dimer [690]. The 

porphyrin derivative (227) was prepared with the intention that the amphoteric 

functional groups would improve aggregation properties and adsorption 

characteristics of its complexes. The Soret bands of the metal porphyrin 

complexes, including that of palladium(I1) were reported [691]. 

R 

(227) 
R = -CH,COC-, -CH2CH,COO-or -CHeCH,SO,- 
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There has been a study of the dependence of the phosphorescence of the 

palladium(I1) complex of etioporphyrin I on concentration and temperature 

[692]. Kinetic data on quenching in 10-*-6~10-~ M solutions in toluene was in 

agreement with a mechanism involving the formation of a complex between a 

molecule in the ground state and one in the triplet state. The Shock type 

complex was found to be more probable than the eximeric one [693]. 

The Zeeman splitting in the lowest phosphorescent state of palladium 

phthalocyanine in Shpol'skii matrxes of mixed I-chloronaphthalene and rr-octane 

has been reported. This is the first study of a randomly oriented large 

molecular system investigated using Zeeman spectrsocopy, without reliance on 

photoselection [6941. Metal phthalocyanines were examined in thin film form on 

metal substrates by electron microscopy, UV/visible spectroscopy and 

electrochemical and photoelectrochemical techniques. The palladium and 

platinum derivatives had poor photoelectrochemical activity [6951. 

A method has been suggested to determine the mean degree of association in 

a solution of molecules which exhibit luminescence. In this way, the 

palladium(I1) complex of tetra-6-tert-butyl-2,3_naphthalocyanaine was shown to 

form trimers in toluene [696]. The complex formed between platinum 

uroporphyrin I and methyl viologen has been investigated by resonance Raman 

difference spectrsocopy and UV/visible spectroscopy. It was deduced that the 

complex was a 2:l n:rr-species with a substantial contribution to the binding 

energy coming from electrostatic interactions [697]. Non-Stern-Volmer 

quenching of the triplet state was observed in a donor acceptor system 

comprising palladium octaethylchlorin as the donor, and ytterbium 

etioporphyrin as the quencher. The quenching mechanism involved direct and 

reversible energy transfer [6981. 

Metal complexes of 5,10,15,20-tetrakis(3-carboxyphenyllporphine were 

tested for the chemiluminescence reaction of luminol and hydrogen peroxide. 

The iron derivative gave better results than either the palladium or the 

platinum complex 16991. 

The structure of (228) was determined in an X-ray diffraction study. This 

represents a rare example of 5-coordinate palladium, with the metal adopting 

coordination best described as square planar with a trigonal pyramidal 

distortion. The distortion arises from significant intramolecular Pd-H bonding 

17001. 

Metal complexes of tetraarylporphyrlns have been separated by reverse 

phase high-performance liquid chromatography 17011. However, even in polar 

solvents there were some problems in the separation of the nickel and 

palladium derivatives of the meso-tetrakis (4-methylphenyl)porphine [702]. 
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(228) (Reproduced with permission from [7001 

Thermal ellipsoids are drawn at the 50 % probability level 

The complex mesotetrakis(4-MsethylpyridYl)porPhine palladium(I1) 

interacted strongly with mononucleotides and nucleosides in aqueous Solution. 

The interactions involved stacking, with extensive overlap of the n-systems 

(7031. 

1.6.5.5 Imine donor lfgands 

Derivatives of (229) with i:l and i:2 1igand:metal stoicheiometries were 

used for palladium analysis, but the structures of the CCiSpleXeS were not 

given [704]. Stability constants were determined for the reaction of (230) 

with palladium(II), but again the structure of the CCUIWleXeS formed were not 

given [7051. 

XPES of various imine complexes of platinum(I1) such as (231) Were 

compared with five cdbrdinate species, [Pt(diimine)(alkene)Clsl 17063. 

Palladium and platinum complexes of a polyimide were studied by TG and 

difference TO 17071. 
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(230) 
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\N’ 

NMez 

(231) 

1.6.5.6 NW-0 ligands 

The complex anions [M(NO&,12- (H q Pd or Pt) were extracted by [RINlt as 

ion pairs, and [R4N]2[M(N0,),l could be isolated. Tha platinum complexes were 

more extensively associated than the palladium analogues 17081. The photolysis 

and isomerisation of trane-[Pt(PPr,),(N02)s] has been investigated. Photolysis 

in the UV region gave a photostationary trans/cfs equilibrium mixture, but in 

the dark the cfsisomer reverted to the transform. The Pure cisiscmer could 

be isolated after photolysis in hexane, and was fully characterised. Crossover 

experiments indicated that the isomerisation was intramolecular, probably 

involving a twist mechanism 17091. 

1.6.5.7 Other nitrogen 1 igands 

Complexes of glycolphosphorous acid diethylamide have been studied [7101. 

The reaction of [Pt(PPh,),(C2H,)] with (HesSiN),S gave (2321, which was 

characterised by an X-ray diffraction study [711]. 

The azide complex (233) underwent 1,3-dipolar cycloaddition reacttons 

involving the azide ligand to give complexes such as (234). The cycloaddition 

reaction was also successful with RCN, CS2, PhNCS or CH2CHCN [7121. 
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(232) (Reproduced with permission from [7111) 

The kinetics of the reaction of tfanstHPt(PEts)zC1l with [ArNal+ in HeCN 

have been investigated using the stopped flow technique. The Initial reaction 

was replacement of the chloride by MeCN, to give trans-[HPt(WeCN)(PEt,),l+, 

followed by the formatlon of (235). (2361, (237) and (238), the aryl diazine 

product. The electronic effect of the substltuent at the 4-position in the 

aryl group was considerable. For Ar = 4-HeOCeH4, (237) lost nitrogen to give 

tran~[ArPt(PEta)&ll [7131. 
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(235) (236) 

7.6.5.8 Bidentate and polydentate nitrogen phosphorous donor lfgands 

Reaction of the ligands (239) and (240) with [MC1,12- 04 = Pd or Pt) gave 

initially trans-[HL2C12] in which the ligands were monodentate, bound at 

phosphorus. Treatment with base resulted in activation of an N-H bond to give 

cfs and trane[M(L-H),], in which the ligands were bidentate. The process is 

analogous to orthometallation. Reaction of the chelate complexes with HCl gave 

cistHL$1,1 [7141. 

PPhz 

NHCOPh 

PPh2 

CONHPh 

(239) (240) 

Reaction of H2[PdX,l (X = Cl or Br) with an excess of Ph,PCH,CH(CHs]CN 

gave trans-[PdL2X21. Similar results were obtained for Ph2PCH2CH2CN and 

2-diphenylphosphinobenzonltrile. However, If the amount of ligand was reduced, 

[{LPdX2]21 was formed. NMR spectrsocopic data indicated that In these 

complexes there was an equilibrium between halide bridged, (241), and ligand 

bridged forms, (242). Reaction of the dimers with an alcohol, ROH, gave the 

phosphine imidate complex, (2431, via a facile attack on the coordinated 

nitrile [715]. 

Treatment of either [Pt(PhCN12C121 or [Pt(dms~]~Cl,l with a mixture of the 

stereoisomers of (244) (shown as the S,S-form) gave two complexes. The complex 

derived from meso(244), (2451, was tetradentate with two amino and two 

phosphine llgands. However, the racemlc complex, derived from R,R- and 

S,S-(2441, (2461, was trldentate, with two phosphlne, one amine and one chloro 
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ligand. This is the first demonstration of ionisation isomerism, from 

tridentate to tetradentate coordination, with racemic and 

meso-diastereoisomers [716]. 

X 

X /N 
\pd/x\pd/P 

c 

P-P&-EC 
X' 

p/ lx/ \ 
X 

NC X ON--P&--P 
X' 

(241) (242) 

(243) 

At-,, n ..Ph 
+'p P; 

Ph' Ar 

(244) (245) 

The reaction Of [Nia(PNNP)al (HPNNP = (247)) with [PdC1,12- gave (248) vfa 

an interesting metal transfer synthesis 17171. 

1.6.5.9 Bfdentate nitrogen arsenic donor ligands 

The two bidentate nitrogen arsenic donor ligands (249) (R = Me or Bu) were 

prepared and resolved via palladium cyclometallated complexes, (250). CD 

spectra were recorded for [HLX+] (H = Pd or Pt). The arsines were readily 

racemised by HCl, but their complexes were more stable 17181. 

1.6.5.10 Bidentate and polydentate nitrogen carbon donor ligands 

The reaction of PhCH2NH2, L, with Pd(OCOMe), gave either [PdL2(OCOne),] or 

[PdL,I[OCOMe12. A determination of the structure of [PdL,l[OCOMelCl by X-ray 

diffraction showed that there was no interaction of the ortho-hydrogen atom 

with the metal. Similarly PHCH,NHMe, L', gave [PdL'2(OCOMe)21. However, the 
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reaction with PhCH,NHea yielded the cyclometallated complex, presumably via 

initial formation of the simpler species [7191. Related cyclometallated 

species were obtadned from (251). The kinetics were in this case studied with 

great care, and it was concluded that the cyclopalladation was not the 

rate-controlling step. Spectroscopic data also supported the initial formation 

of simple amine complexes [720]. The structures of the three regioiscmers, 

(252) were determined in X-ray diffraction studies; all adopted trans-geometry 

[7211. For the first time, and somewhat surprisingly, cyclometallated 

complexes of primary and secondary benzylamines have been obtained (Scheme 5) 

(R3 = H or alkyl, RI, R* = OMe, H or OCH20) [7041. 

(246) (Reproduced with permission from 16971) 

The structure of [PtTI(rac-L)C1]C1.2H20. An amino hydrogen atom on N(la) is 

strongly hydrogen bonded to a water molecule with H...O 1.93 A 

(247) (248) 

R 
I 

(249) 



(252) 

Scheme 5 Preparation of cyclcmetallated complexes of 

benzylamines [7221 

primary and secondary 

Reaction of PhCH(NHe,)COOEt with Lis[PdCl,l gave (2531, whereas the 

related free acid gave an &U-chelated complex 17231. Treatement of Pd(OCOHe)s 

with He,NCH2CHes yielded the cyclometallated species (2541, which underwent 

the usual bridge-splitting reactions [724]. 

My ,Me 

4-J 
“\,,FJ/ 

2 

(253) (254) 

Reaction of dimethylaminomethylferrocene with [PdC14J2- in dioxan gave the 

complex Vans-[PdLsClsl, but in methanol in the presence of sodium ethanoate 
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the cyclometallated species (255) was formed: this underwent all the usual 

bridge splitting reactions [7251. Carbonylation of the optically active 

complex in the Presence of HOCH2CH(OCH,Ph)CH,0H gave HOCHaCH(OCH,Ph)CH,OCOFc 

with 36 X asymmetric induction [726]. 

(255) 

The reaction of either cis or trans(256) with Ag[OCOMe] gave the 

ethanaote bridged dimer, which showed dynamic behaviour in its NMR spectrum. 

However, when 2,N,N-trimethylaniline was reacted with palladium ethanoate in 

ethanoic acid, the product was a trimer, (257) 17271. 

(256) (257) 

The reversible reaction of (258) with iodomethane has been further 

studied. The initlal step is electrophilic reaction at platinum, followed by a 

reversible 1,2-alkyl shift along the platinumcarbon bond. In the reaction of 

(259), a single Stereoisomer, (260) was formed t7281. 

/- NMe2 

ZC G’ + Pt-I 

Me1 
- NMe2 

(258) 
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There has been continued interest in the cyclometallation reactions of 

imines. An improved method of preparation of the cyclometallated complexes was 

described (reaction (15)), and the usual bridge splitting reactions of the 

product investigated 17291. Most imine complexes, however, continue to be made 

by direct metallation of an aryl ring using Pd(OCOMe),. In reaction (16) the 

rate of metallation depended on the nature of Y; the process was slow when Y 

was an electron-withdrawing group [7301. Metallation of (261) seemed to occur 

at the 2-position of the naphthalene ring, but the structures of the product 

were not given in the paper 17311. The related reaction of (262) was assumed 

to occur at the unsubstituted ring, and some bridge splitting reactions were 

studied, but details again seemed to be rather lacking [732,733]. Reaction of 

the benzylamine derivative, (2631, gave only the cyclometallated species 

containing a five-membered ring, and only the Vans-dimeric form of the 

product (264) was observed [734]. 

R' 

R2 

xN,R;pd(dbaJ21, Rg;&pph3 .,&?, (,5) 

N 2 

A3 

Pd(OCOMe)n 

y , \ 
I‘ v yJdyJ (16) 

N 

\ 

0 

I 
/ 
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(263) (264) 

Metallation of the substituted hydrazone, Me$C(He)=NNMePh, gave a mixture 

of (265) and (266) as previously described; these complexes have now been 

fully characterised by X-ray diffraction studies. Bridge splitting reactions 

were studied, and the temperature dependence of the NMR spectrum was 

interpreted in terms of &s/traps-isomerisation and restricted rotation about 

the N-N bond 17351. 

The regioselectivity of the metallation of non-symmetrically substituted 

azines such as (267) has been further studied. Palladation occurs 

preferentially in the ring with the higher electron density. The electronic 

spectra of both ligands and complexes were recorded, the low energy region 

being dominated by transitions localised on the azobenzene chrcnnophore 17361. 

The azo compound (268) was reported not to react directly with PdClz, but with 

the copper complex, (289) was formed. Reactions of the related ligand bearing 

a carboxylic acid group at the 2-position were also studied, and 

cyclometallation reported .to occur, but the characterisation of the palladium 

complexes left much to be desired [7371. It was known that benzalazines 

reacted with PdCla to give oligcnneric coordination complexes. However, when 

they were treated with Pd(OCOHe)z followed by K2[PtC141, the first mixed metal 

bis(cyclometallated) species, (270), was prepared. This was oligomeric, but 

reaction with PEt, gave the monomer (271) [7381. 
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(265) (Reproduced with permission from [7351) 

The structure of (272) was established in an X-ray diffraction study. The 

central B-membered ring adopted a boat conformation, and at 3.165(3) A the 

pelladiumpalladium distance was rather long for Pd-Pd bonding [739]. The 

preparation (from pyridyl substituted polymer, 2,6-bis(CH,CHRs)pyridine and 

NasIPdCl,l), and characterisation of a cyclunetallated polymer supported 

palladium complex, (2731, has been described. When the polymer is generated at 

high temperatures the material exhibits significant catalysis for the 

hydrogenation of cinnamic acid 17401. 

Reaction of bipy with Pd(OCOMe), gave a cyclometallated dimer (274). The 

usual bridge splitting and anion exchange reactions were reported, and it 

seems likely that cyclometallation of this ligand is a great deal more common 

than has previously been realised [741]. In similar vein, thermolysls of 

[ArsPt(bipy)l gave (275) with no significant coupling of the arenes. In the 

absence of a trapping agent this readlly oligomerlses, but in the presence of 

4-HesCPy, (276) was formed, and characterised In an X-ray dlffractlon study 
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(266) (Reproduced with permission from (7351) 
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(276) (Reproduced with permission from [742]) 

Thermolysis of (277) in water gave a cyclometallated derivative, 

tentatively formulated as (2781, although it was difficult to distinguish 

between this an a halo bridged dimer [743]. Reaction with bipy or py resulted 

in substitution of the chloride ligands [7443. When the substituted bipy 

palladium complex, (279) (R q CDDEt), was treated with base, double 

cyclometallation occurred in two controllable stages. The structures of the 

mono and bis(metallated) derivatives, (280) and (281) were established in 

X-ray diffraction studies. The binding of the bis(cyclometallated) complex to 

phage PM2 DNA was investigated with rather inconclusive results 17451. 

(277) (278) 

The treatment of tfans[{Pt(PEts)Cl(CI-Cl)),] with (282) at ambient 

temperature gave (283), characterised in an X-ray diffraction study. The 

distance between the platinum atom and the hydrogen atom of the aldehyde is 

relatively short (2.3 A), suggesting that the metal might activate the C-H 

bond. This indeed proved to be the case, with ready conversion to (2841, with 

loss of HCl [746]. 
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(280) (Reproduced with permission from [745l) 

The electrochemistry of the cyclometallated ylid complex, (2851, has been 

ivestigated [747]. The bridged cyclometallated dimer, (2881, was prepared from 

the ligand and Pd(OCOMe)2 or K7[PdC1,] 17481. 
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(281) (Reproduced with permission from [745]) / \ 
90 \ Ii’ 

CHO 

(282) 

(283) (Reproduced with permission fran [7291) 
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(284) 

QTJ_&SR 
CliPt\C1 

- 
(285) (288) 

7.6.5.11 Unidentate phosphine donor 1 igands 

The structure of cis[Pt(PPhs)$lsl was determined in an X-ray diffraction 

study. Metal ligand bond lengths werr, rationalised in terms of the 

trans-effect [7491. Reartion of 2-diphenylphosphinobenzaldehyde with K2[PtC14] 

Save transtPtL$l,l, (2871, in which the aldehyde was not metal coordinated. 

In fact the oxygen of the aldehyde was more closely associated with the 

phosphorus atom (P... 0 q 2.92(8) A) than the metal [750]. 

(287) (Reproduced with permission from 17501) 

FAB mass spectrometry has been used to observe platinum(H) ComPlexes of 
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Et,P in solution, and has allowed the identification of species in complex 

equilibria. In dilute HsSO4 solution a good spectrum was obtained for 

[Pt(PEts)sXl+ showing fragementations corresponding to the loss of each of 

the ligands. In a solution containing cis-[Pt(PEts)sCl,], PEts and Ag[C104] 

both [Pt(PEts)s(OH,)]t and [Pt(PEts)s(ClO,)]+ were identified from the FASMS 

[7511. 

The binding of phosphinidines, H,P-P:, to transition metal fragments has 

been studied theoretically; [PtCls]+ was among the fragments investigated and 

had a weak bonding interaction with the ligand [752]. Calculations on the 

mechanism of the reaction of [Pt(PPhe),(Oz)] with SO* have been undertaken, 

showing that the first step is coordination of the SO, with one oxygen atom of 

the complex, followed by M-O bond scission and reorientation to give (288). 

This rearranges rapidly to bidentate coordinated sulphate 17531. 

/* e-s, ,* 
I-8 

0, ,P 
l ’ 
'Pt 

0 
'PC 

/\ 

- 

\ /* 

P' 'P P' 'P - 
/pt\ 

P P 

(288) 

The complexes trans[PdL,Cl,l (L = (289)) have been prepared by reaction 

of the ligands with [Pd(PhCN)sCl,J 17541. 

R = Ph or 

(289) 

The tran~cfs isomerisation of [Pt{PPh(CFs)2],C1s] at 125-130 OC was 

studied by DTA and IR spectroscopic analysis 17551. There has been further 

discussion about the reported electrochemical data for [Pt(PRs),C12]. One 

group has coeanented that the reduction potentials for the cis- and 

Vans-isomers are necessarily equal since the two are in a catalysed 

equilibrium under the reaction conditions 17561. This suggestion is disputed 

by the authors of the original study [757]. 
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The reaction of trans[Pt(PR,),Cl,l with PdCl, or Vans-IPd(PRs),Cl,l with 

PtCla gave the bridged species trans[C1(RsP>Pd(WC1),Pt(PRslCll. The mixed 

metal bridged complex was in equilibrium with the homometallic dimers, the 

position of the equilibrium being dependent on the [Pdl:[Ptl ratio but not on 

temperature. 31P and ls5Pt NMR spectra were reported, and the structure of 

(290) was established in an X-ray diffraction study. The dimers reacted with 

SnCla by insertion into the terminal metal-chloride bonds [7581. The kinetics 

of the reactions of cis or trans-IPt(PPhs)LCl 1 s ssIid (L is a nitogen or sulphur 

donor ligand) to give gaseous L and trans[Pt2(PPhs)2(WCl)zClzl have been 

studied by a non-thermal method, based on analysis of the gas liberation 

curves. A dissociative mechanism seemed the most likely [7591. 

CL2 

(290) (Reproduced with permission from t7581) 

Stereoview of a molecule of the centrosyrmsetric complex. H represents the 

disordered Pd/Pt atom. 

The substitution reactions of [Pt(PEts)aCl,l by X- have been studied by 

mass spectrometry. Negative CI showed peaks due to [Pt(PEts),ClsIl-, 

[Pt(PEt,)2C1,1- and [Pt(PEt,)&lIl-, suggesting that there is a true 

five-coordinate intermediate in the substitution reaction, with a lifetime in 

excess of lo+ set 17601. 

Treatment of cis-[Pt(PHes),Clzl with sodium naphthalide under a hydrogen 

atmosphere gave trans-[HPt(PMe,),Cl], and this is further converted to cfs- 

and trans-[HsPt(PHes),]. The transisomer was crystallised in the Presence of 

naphthalene, the material being stable only in a hydrogen atmosphere [7611. 
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1.6.5.12 Other unfdentate phosphorus donor 1 iwnds 

Reaction of montmorillonite with PhsPCl, followed by treatment with 

[Pd(PhCN)sCl,], gave a montmorillonite with palladium(I1) phosphite Units 

truly anchored in the interlamellars. The material was characterised by powder 

X-ray diffraction studies [762]. 

When the complex tPt(S,CNEt,){(Ph,PO),H)1 was treated with 

[Co(acac)J, the cobalt replaced the hydrogen of the hydrogen bond to give 

(291), [Co{@-OPPh,),Pt(SCNEt,)]s], characterised in an X-ray diffraction 

study [763]. 

(291) (Reproduced with permission from 17631) 

General view of the molecule showing the coordination of the platinum and 

cobalt atoms. The CHCls solvate molecule and the hydrogen atoms have been 

omitted for clarity. 

Coordination of PhOPCls to platinum(II) was accomplished by reaction with 

cfs[Pt(PhCN)&l,]. Reaction of the ligand withln the coordination sphere 

successively with 4-methylphenol and 4-chlorophenol resulted in displacement 

of the two chlorides from phosphorus, and the preparation of the complex of 

the chiral phosphite, PhOP(OCsH,-4-Me)OCsH,-4-Cl. The complex could be 

resolved using cfs-[Pt{(t)-(292)},1,1, which reacted to yield diastereomeric 

mixed ligand complexes, which were then separated by chromatography. The 

chiral phosphite ligand was recovered by decomposition of the separated 

complexes with [CNI-, but racemised slowly over a period of weeks 17641. The 

reactions of cfs-[!4{(RO),P},(SCN),] with phosphlte ligands have been studied. 

Partially hydrolysed products were said to be obtained, but characterisation 
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was poor [7651. 

OCHCOOMe 

(292) 

1.6.5.13 Bidentate and mu7tidentate phosphorus donor ligands 

The structures of the complexes [Pd(dppe),lCl, and [Pt(dppe),lCl, have 

been established in X-ray diffraction studies 17661. The Preparations of 

derivatives of the non syrrmetric phosphines Ar,PCH,CHaPPh, (Ar = 3- or 

4-He&H,), [NLCl,] 04 = Pd or Pt), have been described. Reaction with NatHSl 

gave [ML(SH),l [7671. The cationic complex [Pd(dppe)(ROH),I[ClO,], was shown 

to promote the alcoholysis of silanes RsSiH to RaSiOR' via reactions (17)-(19) 

t7681. 

2[Pd(dppe)(ROH),l[ClO,l, t PPhsSiH t H[ClO,l --+ 

PhsSiOClOa t ROH ---+ PhaSiOR t HC104 

[Pd,(dppe),l[C1041z 

+ He + ZPhsSiOClO, 

PhsSjH + H[C104] --------~-~~~-~-----------~~ Ha t Ph,SiOClOa 

(17) 

(18) 

(19) 

When (HOOCCHa)aPCH,CHaP(CHaCOOH)a reacted with [MC1412- (M = Pd or Pt), a 

1:2 complex was formed, with the llgand acting as a P,Pdonor to the metal. 

The soft metal centre shows a preference for the soft site in the ligand 

[769]. In complexes [HLX,] of Ph2P(CH2)#Ph2 (n q 8, 10 or 16) the chelate 

occupied transpositions in the coordination sphere, and the complexes are 

monomeric [322]. 

Reaction of (293) with [Pd(PPhs),l gave (294), characterised in an X-ray 

diffraction study. Further reactions of the Product were discussed 17701. 

0 

=1 
PPhs Cl 

MeN 'Pd' 

0 
PPha' 'Cl 

(293) 
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(294) (Reproduced with permission from [770]) 

A substantial full paper detailing reactions of mono and binuclear 

palladium and platinum derivatives of dppm has been published (Scheme 6) 

17711. Binuclear derivatives with manganese carbonyls have also been studied 

(Scheme 7) [7721. 

Treatment of [Pt(SHeZ)sC12] with EtePCHaPEts, depm, gave [Pt(depm)Cl,] A 

similar reaction occurred with (MeeCH)sPCH,P(CHHes)e, but with dmpm an 

ollgomer, possibly cis-[Ptz(kdmpm),C1,l, was formed. The dimeric species 

formed with (MesC)HPCH,PH(CHes) was characterised by an X-ray diffraction 

study, and it was concluded that steric effects are of primary importance in 

determining product nuclearity [7731. 

When a mixture of isotropic liquid crystalline guests is equilibrated in a 

host capable of forming a clathrate phase, the mole ratio of the guests in the 

clathrate differs from that in the coexisting liquld. A preference for CsHa 

over CeDs in [Pt(PhzPCHPPhz)e] (separation factor = 0.95) was attributed to a 

tight fit of the guest in the host lattice, although vapour pressure may also 

be important 17741. 
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Scheme 7 Reactions of binuclear manganese platinum dppm complexes 17721 

The structure of [(dppf)PdCls] was established in a diffraction study: the 

cyclopentadienyl rings adopted a staggered arrangement. Derivatives of 

various related non-symmetrical diphosphinoferrocenes were also prepared by 

reaction of the ligand with [Pd(cod)Cl,], [Pd(PhCN)sCl,] or K2[PdC141 [775]. 

Phosphinated silica was prepared by treating SiOs with (EtO)sSi{(CH,)sPCys]s, 

and the product was converted to the platinum derivative with [Pt(PhCN)sCl,]. 

The complex, (295), was studied using high resolution electron microscopy, and 

showed aggregates of 5-6 platinum atoms, not on the surface, but on SteI3S 

which were uniformly distributed on the support 17761. 

Reaction of [(Me,PhP)ClPd(~Cl),PtCl(PNeaPh)] with PhsP-C=C-PPhs gave 

(296) in equilibrium with the {Pts} and {Pd,} species. The ten-membered ring 

is not planar, with some bowing of the {PC&P] moiety [777]. When 

cis-[Pt(PhzPC=CCHes)2Cls] was treated with [Fes(CO),], (297) was produced. The 

alkynes are forced close together in the coordination sphere of platinum and 

interact readily. A similar derivative was formed on photolysis with 

[c~Co(C0),1. However, when cfs[Pt(PhsPC=CPh)Cla] was used as the starting 

material, the reaction with [Fe2(CO),l gave the cyclopentadienone 

derivative, (296), also characterised in an X-ray diffraction study 

[776]. It has long been known that when the complexes [PdL,Cl,] and 

[PdL',Cl,] are mixed, there is a strong tendency to form [PdLL'C12]. When 

L- 1-phenyl-3,4-dimethylphosphole and L' = RaPCH=CHs, in the mixed Complex a 

diene and dienophile, suitable for a Diels Alder reaction, are forced close 

together in the coordination sphere. In practice the intermediate mixed 

complex was not observed, and the product of cycloaddltion, (299) was isolated 
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as a single d5astereoisomer. The platinum analogue reacted similarly [779]. 

(295) (Reproduced with permlssion from 17761) 

A model for aggregates of anchored Platinum complexes. Si-P = S~-OSi~C~~)sPR*. 

(298) (Reproduced with permission from [7771) 

Stereovlew with the crystallographic numbering scheme. The ellipsoids are 

shown at the 50 X probability level; the hydrogen atoms are spheres with an 

arbitrary radius. 
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(297) (Reproduced with permission from [778]) 

(298) (Reproduced with permission from [778]) 
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(299) (Reproduced with permission from [7791) 

Structure of dichloro 

5-(diphenylphosphino)-2,3-dimethyl-7-phenylphosphabicyclo~2.2.llheptene 

palladium(I1) showing the 50 X probability ellipsoids. 

The coordination chemistry of PhzPCH,P(PhlCHzPPh,, dpmp, has been further 

studied. In [H(dpmp)X,l (M = Pt, X = Me or CN, or H q Pd, X = Cl, Br or I) the 

internal phosphorus atom was uncoordinated. However, in solution at low 

temperatures, a monomer dimer equilibrium was observed in the palladium 

series, involving the formation of (3001. Mixed metal complexes such as (301) 

were also prepared 17861. 
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Phn 

Phz 

(301) 

The phosphorescence spectra from the individual triplet spin levels of 

K,[Pta(pop),] have been obtained (pop = PsOsH,). The spectrum from the upper 

degenerate component (E,, representation in the D',k double group) was well 

structured and had a long progression due to the Pt-Pt stretching vibration. 

The spectrum from the lower component (A,, representation in the D',k double 

group) was, however, broad and structureless, and was shifted to the red by 

about 300 cm-l compared with the E,, spectrum. This shift was attributed to the 

50 cm-l zero field splitting and 250 cm-l non-totally symmetric vibration 

responsible for vibronic coupling [781]. Reexamination of the phosphorescence 

of Bae[Pt,(pop),] revealed that the 10 K spectrum was a superposition of two 

electronic transitions, [3Aa,(E,,,AiU) + Aig] separated by =40 cm-l. Each band 

displayed a prominent vibrational progression. Franck-Condon analysis 

suggested an 0.25 A distortion of the Pt-Pt bond in the excited state, 

interpreted as a contraction 17821. 

The effects of a magnetic field of O-l.0 T on the luminescence lifetime 

and spectrum of microcrystalline K,[Pt,(pop),l at 2 K has been described. The 

decay lifetime decreases in the presence of the magnetic field, and the decay 

becomes non-exponential. The magnetic field also produces a blue shift in the 

luminescence peak wavelength, which is accompanied by an increase in the peak 

intensity of the spectrum. The results were explained using the spin-orbit 

model previously proposed, with the addition of a vibrational level above the 

ground state L7831. In addition to 'the characterisation of luminescence in 

aqueous and non-aqueous solvents, energy and electron transfer processes 

involving the lowest triplet excited state of [Pt(pop),14- have been studied. 

Effeicent transfer of excitation energy from the excited triplet occurred to 

various acceptors, including naphthalene and [Ru(bipy)sl*+. Direct evidence 

for the formation of redox products was also presented both for reductive and 

oxidative quenching [7841. 

1.6.5.14 Bidentate phosphorus arsenic donor 1 igands 

Reaction of PhsAsCHsPPhe, dafnn, with [Pt(cod)Xel (X = Cl, Br or I) gave 

[Pt(dapm)Xal or c~s[Pt(dapm-P)eX21 depending on the reaction stoicheiometry. 
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The latter complex was in equilibrium with [Pt(dapm)(dapm-P)X]X and 

[Pt(damklX2, the degree of ionisation depending on the nature of X and the 

solvent. Reaction of [Pt(dam-P),Cl,l with [Rh,(CC),WCl)al gave 

[Rh(CO)C1(cr-dapm)zPtC1,], (302), characterised by an X-ray dlffraction study. 

The platinum retains cis-geometry and phosphine coordination, and the rhodium 

adopts trans-geometry and is ligated by arsenic [785]. 

(302) (Reproduced with permission from 17851) 

1.6.5.15 Bidentate phosphorus carbon donor 1 igands 

Reaction of the oligomeric complex (303) (Ar q CsFs) with PhaPH in benzene 

resulted in simple bridge splitting to give a dimeric complex. However when 

the reaction was carried out in the presence of KOH in propanone, (304) was 

formed, in which a phosphorus carbon bond has been formed at the expense of a 

carbon-fluorine bond. (304) underwent a bridge splitting reaction with PPha to 

give (305) 17861. 

Ar 
Ye 

PhnPH 
HPhzP 'C 

'Pd' 
=N Cl 

Cl' ' 

'Pd' 
=C' 'PPhsH 

Me 'N 'Ar 

(303) 
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(304) (Reproduced with permission from 17861) 

(305) 

A number of bridge splitting reactions have been reported for (306) [787]. 

The decomposition of (307) (L = PPh3) to give (308) was followed in solution; 

this Is the first reported example of the platinum(I1) induced cleavage of the 

phosphorus-carbon bond of P(CHes), under mild conditions 17881. 
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I+ pt/cl\ 
P' ' 

tBu/ 'But 2 t Ed ‘But 

7.6.5.16 AfseftiC dOnOF 1 igands 

Reaction of &%ePt(cod)l with Ph~AsCH*AsPh*, dpam, gave 

[Me,Pt(!.+dpam),PtMe,] rather than the monomeric chelating complex formed in 

the analogous reaction of dppm. This implies that dpam is a poorer chelating 

ligand than dppm. However, a chelated complex, [Pt(dpam)Cl,], was formed from 

[Pt~MeCN)*Cl~] at 80 oc. Reaction with further dpam at 40 oC gave 

tFans[PtCdpsm)2C1,1 17891. 

tB~' 'But 

(308) 

The preparation of the polydentate arsenic donor ligand tasol, (3091, has 

been described. Reaction with [PdX412- gave a species 

(PdftasolfXz]. Solution data implied that this was in fact 

the behaviour of the platinum complex was similar. In 

however, palladium was coordinated by three arsenic and two 

the platinum complex involved coordination by three arsenic 

and a single halfde f790]. 

of stoicheioinetry 

[Pd~tasol)X]X, and 

the solid state, 

halide donors, but 

donors, the alkene 

MenAs-Ae- 

\ 

(309) 

The lithium derivative, (310) was prepared by metal halogen exchange on 

the corresponding bromide. This reacted with [M(SEt2)2C1al 04 = Pd or Pt] to 

give (311). Mixed cyclometallated complexes were produced by its reaction with 

(312) 17911. 
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(310) (311) (312) 

1.6.6 Complexes with Group 14 donor ligands 

Many of the complexes of Group 14 donor ligands are organometallics, and 

as such fall outside the scope of this review. The interested reader is 

referred to the annual surveys of the organometallic chemistry of nickel, 

palladium and platinum published in the Journal of Organometallic Chemistry. 

1.6.6.1 Car-bony1 cmplexes 

Equilibrium geometries and harmonic frequencies of {PtXY} (XV = CO, N,, 

[CN]- or [NO]+) in the lEt state were calculated using the a6 initio SCF 

method, with gradients using the appropriate effective core potentials. The 

calculated results for {PtCO) and {PtN,} were compared with the experimental 

IR spectra from the matrix isolated species 17921. 

The structure and properties of platinum films obtained by thermal 

dissociation of [Pt(CO)$l,] on amorphous alumina, single crystal KCl, or 

glass ceramics have been studied 17931. 

Cocondensation of platinum atoms with oxalyl chloride gave 

cis[Pt(CO)sCl,l as' colourless crystals 17941. A study of the vibrational 

spectra of [Pt(CO)sCl,l and [Pt(CO)sBr,l indicated a planar cisconfiguration 

in the solid state. However, in the gas phase or in solution in hydrocarbons, 

the geometry was deduced as tetrahedral [795,796]. 

The carbonylation of PhNOz to give PhNCO was catalysed by the 

palladium(I1) carbonyl complex [Bu,Nl[Pd(CO)Cl,], the palladium(I) derivative 

[Bu,N12[Pd,(C012Cl,l, and [Bu,Nls[Pd,Clsl t7971. 

1.6.6.2 Cyanide cmplexes 

Both unsolvated H2[Pt(CN),l and a range of alcohol solvates have been 

isolated. Neither the unsolvated material nor the glycine solvate had a 

columnar structure, but the other complexes did. For example, 

[PrOH,12[Pt(CN),I was colourless and had a Pt-Pt distance of 3.65 A. Shorter 

interplatinum distances were associated with deepening colour, with 

[glyH][HsO][Pt(CN),] having Pt-Pt = 3.17 A and being dark red. Anodic 



146 

oxidation of these materials led to the formation of partially oxidised phases 

with smaller repeat distances [7981. The solvent dependence of the sorptive 

ability of the clathrate [Cd(en)Pd(CN),.2CsHsl has been studied 17991. 

Triboluminescence spectra and photoluminescence spectra of single 

crystals, and of powders, have been recorded at atmospheric pressure, and high 

pressure photoluminescence spectra have also been recorded for 

KLitPt(CN),l.2H20, KNa[Pt(CN),].3H20, C+Ca[Pt(CN),l,.ni+O and 

Cs,[Pt(CN),].H20. There were large pressure dependent shifts in the 

luminescence maxima under hydrostatic high pressure conditions. This was used 

as a sensitive probe of the pressure at the crystal sites giving rise to 

triboluminescence, indicating that this was in fact only 1 atm. Thus 

triboluminescence takes place at sites where stress is relaxed, not at the 

tips of cracks [800]. Polarised single crystal absorption spectra of 

Ba[Pt,_flX(CN),].4Hz0 (M q Pd or Ni; O<x<l: T q 80 K) were recorded. The 

structures of the spectra depended on x [801]. 

Oxidation of [Pt(CN),12- by molecular chlorine in water has been studied 

by the stopped-flow technique. At pH<7 there were two reaction paths, with Cl, 

and HOC1 as the oxidants. In unbuffered H[C104], the slow HOC1 path 

predominated, but in weak acid buffered by HCl, oxidation occurred involving 

molecular C12, this path being scme lo* times more rapid. The primary product 

in acidic solution was trans-[Pt(CN),C1(H20)]-, which reacted slowly with Cl- 

to give tran~[Pt(CN),C1212-. In weak alkali at pH 11 oxidation by [ClOl- gave 

trans-[Pt(CN)4(OH)212-. Oxidation by either [ClOl- or HCOl is an inner sphere 

two electron transfer process with the oxygen of the hypochlorite acting as 

the bridge 18021. Thermolysis of [Ni(en)s][Pt(CN),].H,O was followed by TGA 

measurements, and investigation of the structure and morphology of the sample. 

The first two steps involved loss of water and en to give [Ni(en),][Pt(CN),], 

which was postulated to have a chain structure with the nitrogen 

atom of cyanides, which were bound at carbon to platinum, coordinated 

to nickel. Successive losses of two further en ligands followed 

18031. Reaction of [M(CN),12- (H = Pd or Pt) with [CO(H,O)~(NH~)~]~+ gave 

[(H20)(NH,),CoNC-M(CN),]+. The rates of the reactions and the stability of the 

products were strongly pH dependent [804]. 

The reaction of trans-[PtL,I,] (L = PhCH2NH2, EtNH, or 2,4,6-Me3CeH2NH2) 

with AgtBF,l/MeCN, followed by [Et,N][CN], gave tr8n.s-[PtL2(CN)2]. Treatment 

of anhydrous Pt(CN), with RNH2 gave cis[Pt(RNH2)2(CN)21 t8051. When the 

Platinum complex of protonated cyanide, [Pt(PPhej2(CNHj212+, reacted with 

4-methyl-3-pentene-2-one, (313) was formed by attack of the nitrogen on the 

protonated enone, and was fully characterised [806]. 
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(PhsPlsPt(CN 

(3131 

7.6.6.3 Isonitrile complexes 

The treatment of (314) ([Ml q CpMo(CO)e, CpW(COle or Mn(CO)sl with 

[Pt(cod)Cl,] gave cis[PtLeClel in which (314) was bonded to platinum at the 

isonitrile carbon atom. Similar results were obtained using [Pd(MeCNl&l,l. 

When the tungsten derivative was reacted with tran~IHPt(PPh,l,Cll, (315) was 

obtained 18071. 

PPhs 

I ” 
Cl -pt-CC/ 

[Ml 

NC 

(314) (3151 

The preparation of [PhsPNNC] has been described in detail. It was 

converted to a range of complexes including cis[Pt(PPhs),(CNNPPhs~Cll[BF,l 

and trans[Pt(PPhj)2(CNNPPh:,)21[BF,lz [8081. Treatment of 

trans[Pt(PPhs),(CNCH2PPha)C11[BF,12 with fluorenone gave (318) [SOS]. 

Formation of [PdL2X2] was also reported for L = (317) [8101. 

PPhs 

I 
Cl -pt-C=NC 

I 
PPhs 

Me0 \ 0 I 
/ 

C' 
Me 

ii 
‘NC 

1.6.6.4 Tfn donor ligands 

The geometry of [Et4N12[Pt(SnC1s)2C121 has been established in an X-ray 

diffraction study to be cIs, and coordination was shown to be square planar. 
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The electronic structure of the complex was calculated using the MO LCAO 

method and compared with [Pd(SnCls)Cls]- [811]. In another study, the 

electronic structure of the [SnCls]- ligand and of [Pt(SnCls)Clsl- was 

calculated using CNDO and Hulliken-Wolfsberg-Helholtz methods. The 

donor-acceptor nature of the Pt-Sn bond was discussed [812]. The average 

square amplitudes of vibration of the tin atom in various platinum containing 

anions have been determined as a function of temperature [813]. 

Reaction of W'(NR,), (M' = Sn, Ge or Pb, R = SiHes) with 

trans[Pt(PEt,)2(/.f-C1),C1,] resulted in insertion of the H'(NRs), into the 

terminal Pt-Cl bonds only. This is in contrast to the reaction of the more 

stongly nucleophilic Sn{CH(SiHes)s}s, which caused bridge splitting as well as 

insertion [814]. The product, (318), was characterised in an X-ray diffraction 

study, and a more detailed investigation indicated that substantial amounts of 

the cisisomer were also formed 18151. 

(318) (reproduced with permission from [615]) 

1.6.7 Hydride ccnnp lexes 

Reaction of platinum metal with NaH in an atmosphere of hydrogen at 

280-310 OC yielded Na,[PtH,], characterised by a neutron diffraction study on 

Naz[PtD4]. The [PtH,]*- anion was planar and diamagnetic, and its structure 

was compared with that of [PtCl,l*- [816]. A study of the T1 values of metal 



149 

hydrides complexes has been undertaken, and [HPt(PEt,),][BF,] was among the 

complexes chosen for study. It was concluded that the relaxation of hydrides 

may be anomalous, but anomalies occur in either direction, so that it is 

difficult to draw firm conclusions 18171. 

1.7 PALLADIUM(I) AND PLATINUM(I) 

Electrochemical reduction of [Pd(SacSac)al gave the palladium(I) species 

[Pd(SacSac),]-, the EPR spectrum of which was recorded. Although there was 

less anisotropy than in the analogous nickel complex, the coupling to the 

protons was larger, these results being consistent with a a-type singly 

occupied molecular orbital 18181. 

The structure of [Pd(yPh,PS),(CNMe,)zl.CHC1, was determined in an X-ray 

diffraction study; the two palladium(I) atoms were directly bonded. The 

structure of [Ptz(lt-Ph,PS)z(PPh,)2(PPh,),l was similar, and in both these 

cases the {H2P,S,} framework was planar. In the platinum(I1) dimer, 

[Pt2(LI-Ph,PS)2{P(CMe~)s}*H*lr however, the six-membered ring adopted a boat 

conformation and there was no metal-metal interaction [819,820]. The 

coordination chemistry of PhePCH,SMe has been further investigated. Reaction 

of either cis or Vans-[Pt(Ph,PCHaSMe-P),C121 with [Pt(dba)sl gave (319). 

related reaction in the palladium series gave a mixture of head-to-head 

head-to-tail dimers. Carbonylation of (319) yielded (320) [82il. 

Phn AH* 
I I 

Cl -PPt-PPt-Cl co Cl 

I I Ph2 I I Phz 

MeS 

v 

PPhz HeS"P-PP;.-it--PVSMe 

Cl co 

(319) (320) 

The 

and 

As always, there have been numerous studies of the complexes of dppm 

related ligands. The reaction of [Pt,(udppml,Cl,l with PPh, gave 

[Pt2(~dppn0e(PPhe)C11C1, the latter species also being formed on reaction of 

halide with [Pt,(/.+dppm)e(PPha),l 2+ [8221. An irreversible reaction occurred 

between tPd2W-dppm)2X21 and H2S to give (321) at a rate which depended on the 

nature of X (X = Cl >> Br >I). Oxidation of (321) with per-acid gave the 

starting material and S02; the intermediate bridging SO2 complex could be 
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isolated if H202 was used as an oxidant 18231. 

A 
Ph2P PPh2 

I s 1 
Pd’ Pd 

X'l I 'X 

Ph2P 

V 

PPh2 

(321) 

Insertion of (322) into the vdlladium-palladium bonds of two molecules of 

[Pd,&-dppm),X,l gave [{Pd,(~dppm),Xz]z(L,~'-CNCaH,-4-NC)], with a wide range 

of groups X. When X = Cl or CsFs one of the X ligands could be displaced by 

another isonitrile, RNC 18241. Insertion of (323) into [Pd,(cc-dppm)2C1,] gave 

the expected isonitrile bridged complex. However, an attempted X-ray 

diffraction study of this molecule proved rather unsatisfactory; the COOHe 

group could not be unambiguously located as it extends into a channel in the 

structure, and hence has rather high thermal motion [825]. 

MeOaCCH2 

CN~NC 
NC 

(322) (323) 

Treatment of [Pt2(/-+dppm)sl with [NH,I[PFel gave (324) (groups on 

phosphorus are omitted for clarity), but the results with analogous ligands 

were more varied. The phosphite complex [Ptz(~(EtO)zPCHzP(OEt)2]s(PPhs)21 

yielded (325); this is probably fluxional on the NHR spectroscopic timescale, 

since all the phosphorus atoms are equivalent. Products with the skeleton 

(328) were obtained from both [Pt,(ct-He2PCH2PHe2)s(PPhsll and 

[Pts(U-Et,PCH,PEt,)sl, and (327) was characterised by an X-ray diffraction 

study. It was concluded that diprotonation was possible only for complexes 

with relatively low steric requirements [826]. 

Reaction of Pd(OCOMe),, dppm and CO in the presence of an excess of 

CFaCOOH gave tPd,(~2-dppm1s0.fs-CO)l. The route proposed for the formation of 

the cluster involved initial reaction to give [Pd(dppm)X,], which was reduced 

to {Pd(dppm)}. The latter species combined with [Pd(dppmlX,] to give the known 

binuclear complex, [Pd(fidppr&X2], which was then carbonylated. Reaction of 

{Pd(dppm)] with [Pd(U-dppm)a(~CO)X21 completes the sequence. Spectroscopic 
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evidence was provided for some of the intermediates [827]. 

PAP 
H-k-t&-P *, 

I I 

pvp 
(324) 

1 [PFel 

L 

p\pt/p 

P' 'H 

P 

\Pt/P 
P' 'H 

(325) 

(326) 

(327) (Reproduced with permission from [826]) 

Ths structure of [H2Ptz(~depm),]*+ with the hydrogen atoms and the methyl 

carbon atoms omitted for clarity. 
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The bis palladium(I) complex, [Pd,(Lt-dmpm],Cl,l, was prepared from dmpm 

and [{Pd(CO)Cl},]. The structure of the related bromide, (328) (produced by 

exchange), was established in an X-ray diffraction study. The 

palladium-palladium distance of 2.603 i was consistent with the existence of a 

palladium-palladium bond [828]. 

C(4) C(I) ct.21 

(328) (Reproduced with permission from [828]) 

ORTEP drawing of the [Pd,(dmpm),Brsl molecule viewed down the P-fold rotation 

axis. Primed atoms are generated by the P-fold axis. 

Treatment of either [Pd(PEt,Ph),(NO,],] or [Pd(PEt,Phl,(NOs>Cl] with 

carbon monoxide in CHsCls gave the palladium(I) dimer, (3291, in which the 

carbonyl group is semi-bridging [829]. 

Oxidation of the mixed phosphine palladium complexes such as 

[Pd(PhsPC,H,-4-F),(PPhs)] gave species shown to be paramagnetic by EPR 

spectroscopy and XPES, and these were tentatively characterised as 

palladium(I) adducts of {O,]-. Slow decomposition to phosphine oxide and 

unidentified palladium dimers occurred [830]. 

Potentiostatic one electron reduction of cis-[Pt(RNC),Cls] at a mercury 

pool electrode gave [{Pt(RNC)2C1],l, the structure of which, (3301, was 

established in an X-ray diffraction study. Two electron reduction yielded 

clusters (vide infra) 18311. The structure of the analogous species 

[{Pd(CNCHea)$l},] was very similar, the complex this time being prepared from 

tPd,(dba)s] and [Pd(RNC)sCl,]. Photolysis cleaved the metal-metal bond to give 

trans[Pd(HejCNC)zC1,] 18321. The photochemlstry of [MM'(CNHela12+ 

(M = M' q Pd or Pt or M = Pd, H' = Pt) has also been investigated. Initially 
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the i5-electron species, [M(CNMe),]+.. was formed; this reacted with CX4 

(X = Cl or Br) to give [H(CNHe)sXl+. The rate of halide abstraction was 

greater for platinum than for palladium, this result being explained in terms 

of excited state decay channels [8331. 

(329) (Reproduced with permission from [829]) 

The hydrogen atoms are omitted for clarity. 

1.8 PALLADIUM(O) AND PLATINUM(O) 

1.8.1 Complexes with Group 16 donor 1 fgands 

There has been a study on the interaction of 54 aromatic and quinonoid 

compounds with platinum thin layer electrodes, to establish the surface 

coordination chemistry of polycrystalline platinum with these species in 

solution. Attachment of thiophenols was at sulphur [8341. The electrocatalytic 

hydrogenation of sulphur bonded pentafluorothiophenol was also studied 18351. 

Hartree Fock Slater calculations have been reported on bonding energies 

for complexes of 0, with {M(PHs)a} (H = Ni, Pd or Pt). The bonding energies 

were found to be in the order 3d > 5d > 4d, and back donation of charge from 

metal to oxygen was calculated to be more important than donation from the 

ligand to the metal 18361. Reaction of [M(PPh,)s(O,)l with RCDDH gave 
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successively cis[H(PPh,),(COH)(OOCR)l and ci*[H(PPh3)z(OCOR)21 and H,Oz. 

This casts some light on the earlier observation that the reaction of 

[Pt(PPh,),] with RCCOH to give the latter complex was SUCCeSSfUl Only in air; 

it proceeds via IPt(PPh,),(Oz)l 18371. 

(330) (Reproduced with permission from [831]) 

A review of the chemistry of stannane dithiocarboxylates has been 

published, including the complex (331) [838). 

SMe 

PhaP A-SnPhr 
'Ptql 

PhaP' \'S 

(331) 

The reaction of (332) (I4 = Pd or Pt., E = S or Se) with [Pt(PPhg)2Ll 

(L = CsH, or (PPh,),) gave (333). The structure of the related COmpleX, (334), 

was established in an X-ray diffraction study 18391. The reactions of [PdL,l, 

where L is a bulky phosphine, with CS2 have been investigated. With L = PCys 

or P(CHe,)Phe, [L,Pd(n2-CS,)] was precipitated, whereas with L = P(CHes)a or 

P(CMes),Ph the dimeric complex [L2Pd2(rr-CS2)21 was obtained. The dimers were 
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also obtained by treatment of [Pd,L,(CO),l with CS,, and (335) was 

characterised by an X-ray diffraction study [840]. 

Phz /s Phz 

C 
P&Y 

C 

P E 
‘“‘I2’pt’ 

PPhs 

E P' 'CS 
Phz Phz 

(332) (333) 

(334) (Reproduced with permission from [839]) 

A major full paper has been published detailing reactions and 

interconversions of mono and binuclear platinum(O) complexes of CS, (Scheme 

8). The mechanisms of the reactions are discussed in detail, and several of 

the complexes were characterised by X-ray diffraction studies 18411. 

1.8.2 Complexes with Group 15 donor lfgands 

Reaction of PdCl, and PPhe in the presence of (338) as reductant gave 

[Pd(PPh,),l [842]. A range of complexes [PtLIl (L = P(OBu),. AsBu, or SbBus) 

was prepared frcnn [Pt(cod)al and an excess of the ligand. In some cases both 

tri- and tetracoordinate derlvatives were produced [843]. 
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(335) (Reproduced with permission from [8401) 

Platinum films have been formed on quartz and graphite by UV laser induced 

deposition during the dissociation of [Pt(PF3j4] 18441. 

There has been a study of the lg5Pt NHR spectra of the complexes 

[Pt(PR,Inl. The values of the spin lattice relaxation time for platinum 

were strongly dependent on the coordination number, over several orders of 

magnitude. In [PtL21 relaxation was dominated by CSA effects, but in [PtLa] 

and [PtL,] there was also a contribution from spin rotation [845]. The 

absorption and emission spectra for [Pd(PRa),l, [Pt(PPhs),], [Pd,(dppm)a] 

and [Pd,(dpam)aI have been recorded in thf solution. On the basis of the 

data obtained, it was concluded that the observed solution luminescence 

arose from part dissociated species which are three-coordinate in both the 

ground and excited states. The radiative decay rates indicated that the 

electronic transitions responsible are only weakly allowed. Organic 

triplet quenchers quench the emissive excited states of [Pd(PR,),l and 

[Pd,(dppm),] at rates which depend systematically on the organic triplet 

energy, suggesting that emission from the dl" complexes originates from a 

low-lying triplet state. The insensitivity of the effect to the nature of 

the ligand implies that the excited state is mainly metal localised, in 

agreement with Huckel calculations. Possible applications to 

photocatalysis were discussed 18461. 
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Scheme 8 Reactions of Platinum(O) CS2 complexes 18411 
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It has been proposed that the initial stages of activation of [PdLsL'l by 

molecular oxygen to give a cluster which is an active hydrogenation catalyst, 

involve inner sphere oxidation of the aryl phopshines to give, initially, 

phosphine oxides and [{PdL'2}2] or [{PdL'}a]. This may well be true, but 

little evidence is presented 18471. 

The dimeric complex (337) has been prepared by the reaction of [Pt(PPh,),] 

with dmpm. Its stucture was determined in an X-ray diffraction study, and the 

molecule has approximately Cs symmetry with one platinum atom adopting 

approximately trigonal planar coordination, and the other having distorted 

tetrahedral geometry. The platinum-platinum distance was 3.3 A, compared with 

3.023 A in [Pt*(rr-dppm),], reflecting the greater degree of steric crowding. 

When the chelating ligand added was (EtO)sPCH,P(OEt)a, which has lower steric 

demands, [Pt,{~_(EtO),PCHzP(OEt)s]a(PPha)a] was produced. Fluxional behaviour 

was detected in the complexes by NMR spectrsocopy at room temperature [848]. 

(337) (Reproduced with permission fran [848]) 

CNOO calculations have been undertaken for [Pds(PPha),], to study the rBle 

of intramolecular Pd . ..Ph coordination in stabilising the complex. It was 

shown that the stability arose from a donor-acceptor interaction of the weakly 

populated 5s and 571 atomic orbltals of palladium with the filled orbitals of 

the aryl rings [849]. 

Platinum complexes of phosphaalkynes have been reviewed 18501. The 

diphosphaallene, Ar-P=C=P-Ar (Ar = 2,4,6-04e3C)&Hz), reacted with 

[Pt(PPh,),(C,H,)I to give an n2-complex, formed by simple displacement of the 

ethene. Although the 31P NHR spectrum was broad at room temperature, this was 

thought to be due to PPh, exchange rather than any fluxional 

behaviour in the phosphaallene [8511. Solid state 31P NMR spectrsocopy of 

tPt(PPhs)2{Ph2C=P(2,4,6-MeaCsH2)]l showed that the phosphaalkyne was 
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n%cordinated in the solid state, the spectrum being quite distinct from that 

of the n2-complex seen in solution [852]. 

1.8.3 Complexes wfth Group 14 donor 1 fgands 

The electronic structure of (Pd(C0)) was studied by means of effective 

core potential calculations, including configuration interaction. A study of 

the %+ and lLt states showed that their low spin states are bound and their 

high spin states repulsive [8531. Similar calculations were used to determine 

SCF equilibrium geometries and the properties of both mono and tetracarbonyls 

of nickel, palladium and platinum. As predicted, the relative stability based 

on M-CO bond energy is in the order Ni > Pt ) Pt, as observed experimentally 

18541. Hartree-Fock-Slater calculations have been reported on protonation 

energies for [M(CO),l (M = Ni, Pd or Pt) 18551. 

The preparation of homoleptic complexes [M{M'(NR,)2),] (M = Pd or Pt, 

H' = Ge or Sn, R = SIMes) has been described, using [Pd(cod)C121 or [Pt(cod121 

as the precursors. Carbonylation gave clusters [~W.I-M'(NR~)~ICO>~~, one of 

which, (338), was characterised in an X-ray diffraction study 18561. 

(338) (Reproduced with permission from [856]) 

The molecular structure and atom numbering scheme for [Pd{Sn(NR,),},. The Pd, 

Sn and N Atoms are all trlgonally planar coordinated. The SnN2 planes are at 

ca. 90 o to the PdSn, plane. 
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1.9 PALLADIUM AND PLATINUM CLUSTERS 

The SCF-X, (Direc scattered wave) method has been used in the calculation 

of the electronic energy levels of {Pt."} (n q 2-13) and {Pd,} (m q 3-13) 

[857]. A general topological electron counting rule has been proposed for 

polyhedral transition metal clusters. Among those considered were 

[Pts(CO),,12- and [Pd2(PPhs),L,lt (L q CHsC(CH,PPh,]a) [858]. Platinum 

clusters interacting with hydrocarbons in a molecular beam cause 

dehydrogenation to a C:H ratio close to unity, and exhibit a cluster-size 

dependent extent of chemisorption. Benzene is dehydrogenated on {Pta] and 

larger clusters, these having activity comparable to a platinum ~111, surface 

18591. 

1.9.1 Trimeric clusters 

In the presence of [Pd,(OCOMe)s], H[ClO,] is reduced by CO to HCl, this 

being the first example of the reduction of a dilute solution under mild 

conditions. The only identifiable palladium intermediate seemed to be 

[{Pd(CO)Cl],], but this was shown not to be the catalyst. It seems likely that 

the active species was [Pds(OCOMe)sJt, formed on cluster protonation. The 

reduction of HNO, successively to NO, and No was also studied. Although 

[Pd,(OCOHe),(CO),].2MeCOOH was the material isolated at the end of the 

reaction, it was not a part of the catalytic cycle, and in fact inhibited 

reduction [860]. 

Reaction of [Pt,(~X)s(PCy,),] (X q SO2 or CO) with a bidentate chelating 

phosphine yielded [Pt,(cr-X)s(PCy,),{Ph,P(CH,)#Ph,}] (n = 2 or 3). The 

chelating biphosphine adopts a low symmetry conformation with respect to the 

{Pts] plane so that the other two phosphines are inequivalent at low 

temperature in the 31P NMR spectrum. The structure of (339) was established in 

an X-ray diffraction study 18611. 

The reaction of [Pd(PPh,)sClI[BF,l with [Pt(PPh,],ClI[BF,l yielded 

[PtPd2(~PPh212(PPh,)sCl][BF4], the first example of a mixed palladium 

platinum cluster. Its structure, (3401, was successfully established in an 

X-ray diffraction study, despite the fact that the crystals obtained contained 

19 X [Pd,W-PPhz)2(PPhs)sCl][BF,]. The structure of the {Pd,} analogue was 

determined independently, as was that of [Pds(PPh,),(PEts)sCl][BF,]. The Pd-Pt 

distance in (3401, 2.92 A, is relatively long, but still bonding [862]. When 

[Pt(PPhs),(CsH,)l Is reacted with P,Ss, platinum is inserted into a P-P bond, 

and the trinuclear structure [(Pt(~P,Ss)(PPhs)}s]CsHs, (341). is formed by 

sharing one of the phosphorus atoms from such a bond between two platinum 
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atcnns i6631. 

(339) (Reproduced with permission frcnn [Ml]) 

C68 cc- 
c69 4s c70 C”Cl& 

1 c26 

% 
C3 ca IT.?7 

(340) (Reproduced with remission from [8621) 

ORTEP plot of the cation [PtPd$l(PPhp),(PPhs)s]+ 



(341) (Reproduced with permission from 18631) 

A view of the [{PtM-P,S)(PPh,)lsl molecule. Only the first carbon atom of 

each phenyl group is labelled. 

The bonding in triangular clusters of the type [HsLs]n has been discussed, 

with particular reference to all-terminal or terminal plus bridging 

arrangements of the ligands. [Pts(CO)s12- is a classic example of a 44e 

"unsupported-bridged" structure [864]. The calculations of the electronic 

structures of [{M,(CO)s),12- (M = Ni or pt, n = 1. 2 or 3) show that the 

highest occupied state in these diamagnetic anions is a low-lying molecular 

orbital fra the 29 CO system. The unoccupied molecular orbitals of 277, origin 

are at least 0.7 eV higher in energy. The data were used to discuss the 

different configurations of the nickel and platlnum complexes, and the absence 

of a related palladium series [8651. 

The reaction of [Pd,(~dppm)s(cr,-CO)12t with an anlon, X-, yielded 

[Pdj(~dppm),(l.rs-CO)(~s-X)lt (X = Cl, Br, I or [CF,CoOl). Equilibrium 

constants for the formation of the adduct were in the order 

I > Br > Cl > [CFaCOOl, as might be expected for a covalent interaction wlth a 

soft palladium acceptor. The structures of the adducts with chloride and 

bromide were established in X-ray diffraction studies. The Pd-Cl (2.741 A) and 
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Pd-Br (3.161 A) distances are too long for ordinary covalent bonding 18661. 

Treatment of [Pt,@-CO),L,l with a different ligand L' (L, L' are bulky 

phosphines) resulted in the replacement only of L, and not of the carbonyl 

groups. It seems likely that the mechanism of the substitution is associative, 

with the {Pts} triangular unit remaining intact. Carbon monoxide scrambles 

between clusters In a much slower reaction. When [Pt,(CtCO),(P(CMes),ph),l was 

treated with CS,, COS or SO, dimeric complexes were formed (Scheme 9) [867]. 

o%,s,o 
RsP-Pt'-Pt-PRs ----+ [Pt,(PR,),(~CO),(lSOz)l 

A0 Lo 

I 

so2 

cs2, -10 oc 
S 

[Pt,(rr_CO),(P(CHe,),Ph)31 ------------+ 
RsP\ptP-S\pt/CO 

\ 
OC' 'S< 'PRJ 

‘c’s ked 1' Oc 

A 
RsP-Pt-Pt-PRa 

lo A0 
RsP, /STS\ /co 

oC~~~\S--L%\PR~ 

Scheme 9 Some reactions of [Pt,(~C0)a(P(CHes12Ph}sl [8671. 

Reduction of [Pt,(rt-dppm),(~CO),12+ with Na[BH,l gave 

[Pts(~dppm),(cr,-CO)(~I-H)l+r which lost CO relatively easily, and reversibly. 

[Pt,W-dppm),(&,-HII+ was also obtained when the tricarbonyl cluster was 

reduced by sodium amalgam. The structur& of the reduction products were 

established in NMR spectroscopic studies; both showed fluxional behaviour 

[8681. 

Treatment of tPtLs1 (L q RLR2N-P=NRs) with Me&NC gave the trimeric 

cluster [Pts(CNCMes)s(rtL),(II-CNCMes)], (3421, which was also formed by the 

reaction of L with [Pts(~CNCMes)s(CNCNes),l. Carbonylation of [PtL31 gave 

[Pt.&-L),(CO),l, (343). The complexes (342) and (343) were characterised in 

X-ray diffraction studies [8891. Reaction of [Pt3W-CO)3(PCyJ)JI with three 

molar equivalents of 2,6-He&sH,NC yielded [Pts(II-CO)(U-CNR)2(CNR)(PCys)21, 
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(344). whereas with five molar equivalents, [Pts(~CNR)2(CNR)2(PCys)l, (3451, 

was formed. Both the new complexes were characterised in diffraction studies, 

and NMR spectroscopy indicated that the solid state structures persisted in 

solution. The bridging isonitrlles were severely bent about nitrogen, and it 

seems that their steric reqirements are not compatible with the presence of 

the bulky PCy, ligand on both of the metal atons that they are bridging. Thus 

the replacement of a bridging CO ligand by RNC labilises the adjacent terminal 

PCy, ligand to substitution. Reduction of [Pt(CO)(PCy,)Cl,l with sodium 

amalgam in the presence of RNC also gave (346) 18701. 

(342) (Reproduced with permission from [869]) 

1.9.2 Tetrameric clusters 

Reaction of Ks[Pt(OH),l with MeCOOH and HCOOH yielded the tetrameric 

cluster [Pt,(OCOMe),o(OH),l, which could be partially hydrolysed to 

[Pt,(~~e),(OH)e(OH,),l. The structures suggested were (346) and (347) on the 

basis of EXAFS data [871]. 

The structure of [Pt,(CO)s(PEta),] has been established; the four platinum 

atoms form a tetrahedral framework with edge bridging carbonyl groups and a 

PEts ligand on each platinum atom [8721. When the cluster tPd,(CO),(PPh,),l 

was treated with a mixture of CO and O,, [Pdlo(C0),2(PPhs)sl, PhsPO and CO, 

were produced. The same cluster was obtained from [Pd(PPh,),l under these 

conditions. Thus, oxidative removal of phosphine and CO ligands is a general 

method to increase cluster nuclearity [873]. 
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Cll331 5111 

‘. 

1 l31) 

6 Cl1321 

(343) (Reproduced with permission from [869]) 

(344) (Reproduced with permission fran [870]) 
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(345) (Reproduced with permission from [870]) 

1.9.3 Higher Nuclearity Clusters 

There has been a mathematical derivation of the preferred values of 

nuclearity (the magic numbers) corresponding to various SyRmetriCSl 

close-packed polygons and polyhedra. A simple general formula for various 

numbers of atoms was obtained. The application of these atom counting results 

to electron counting in close packed high nuclearity clusters was illustrated 

for (among other ccnnplexes) [NisePts(CO)4eH16- and [Pt3e(C0),,HX12- 18741. It 

has been suggested that bonding in high nuclearity clusters with close-packed 



arrangements is dependent primarily on radial interactions between the surface 

and the interstitial atoms. Clusters were characterised by having 12ns t Aj 

valence electrons, where ns is the number of surface atoms and A, is a 

characteristic of the interstitial group of atoms. It was thus shown how 

radial bonding interactions predominate in [Pt,s(C0),,14- and [Pt2a(CO)s,]2-, 

but in [Pt24(CO),o]2- tangential bonding interactions make a partial 

contribution 18751. 

In [~Pts(~2-CO),(CO),}n]2- (n q 2,3,4,5,6 or 10) the longer platinum 

chains were predicted to adopt a simple stack with a three fold axis and 0, 

symmetry. For n = 2 there is a departure from ideality in that the two {Pts} 

triangles are laterally slipped, whilst the trimer has a helical twist of 13 o 

from one unit to the next. In the pentamer the angular distortion is confined 

to the middle three platinum triangles of the cluster. [Pta(CO)s(Fe(CO),ja] 

was also dSscussed 18761. 

Reaction of tPt(PPhs),(n2-Me,CC=P)l with [Pd(PPh,),l gave 

[Pd,Pt,(PPh,)s(He,CCP),1, (3481, which was characterised by an X-ray 

dfffraction study. The {Pds) and {Ptsl species were isomorphous. The metals 

adopt a trigonal bipyramidal arrangement with palladium axial and platinum 

equatorial, and each metal bears one PPh, ligand. The phosphalkynes bridge two 

metals. The structure is in accord with predictions based on the cluster 

condensation generalisation [877]. 

The hydrogenation of Pd(OCOMe), in the presence of either bipy or phen, 

followed by treatment of the product with oxygen gave a palladium containing 

material which was studied by high resolution electron microscopy. This was a 

spherical palladium particle 26 i\ in diameter with 57Oi30 palladium atoms, 

which was formulated as ~~Pds~L~~O~,~OCOMe~,)n). The cluster is active for the 

oxidation of ethene to ethenyl ethanoate 18781. [PdIo(CO)12(PRJ)4] was among 

the clusters which could be prepared, yet again, from Pd(OCOMe),, CO and PRs 

under various conditions [879]. Chlorided Y-alumina was impregnated with 

IEt4N121Pt,s(CO)sOl and [Re2(CO),ol, and was then reduced and sulphided, to 

give a catalyst for the reformation of heptane [880]. 

7.9.4 Heteronoclear clusters 

The cluster [3,3'-Pt(1,2-C2BsHll)21, (3491, was characterised by an X-ray 

diffraction study, and has been used as a catalyst for alkene hydrosilylation, 

having particularly good activity for alkenes bearing nucleophilic groups 

[8811. The structure of nfd~[9-(PPh,)2Pt-6-CBeH,21, (3501, prepared from 

are&no-[4-CBeH14] and [Pt(PPhs),l, has also been established; the platinum 

atom is coordinated by two phosphine llgands and a triatomic n-allyl-like {B,) 
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fragment in the carborane [8821. The product of the thermolysis of 

[9-(PPh,)2Pt-6-CB,H,2] was characterised by a diffraction study. The 

structural change noted in (351) involved the attachment of the carborane 

ligand to two phenyl groups of the PPh, ligands [8831. 

P(3) 

(348) (Reproduced with permission from [877]) 

(349) (Reproduced with permission frown t8811) 
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(350) (Reproduced with permission from [882]) 

Hydrogen atoms have been omitted for clarity 

The addition of two molar equivalents of PHesPh to [04ezPhP)zPtBioHlzl 

resulted in the formation of [(He,PhP),PtzBloH,o] and [BloHe(PWe,Ph)sl. Yields 

were low, and the complexes could have been more thoroughly characterised 

18841. The reaction of cls-[PtL,C121 with 8-BIoH1sOH or [6,6’-(B,oH,s)sOl 

gave arachno-[L,PtBeH,sl, nid&[L,PtBloHi,l and [Ptz(lr,n3-BsHs)zLzl, (352). 

(352) is a centrosymmetric, fourteen vertex arachnodiplatinaborane in 

which two {BSH,} clusters are bonded above and below a linear 

{P-Pt-Pt-P) unit. In the palladium series, reaction of cfP[PdL2C121 

with [6,6'-(B,,H,,),)l gave phosphinated boranes and arachno-tL2PdBsH1sl. 

When arachf?@[(MesPhP)2PtBeH,,l was treated with KH, followed by 

cis-[Pd(PMezPh),C121, arachno-[(PhHe,P),PdPtB,oH,ol was produced, the 

first metalloborane to contain metals from different periods. When 

(352) was treated with cf~[Pt(PMe2Ph)zClz], a fifteen vertex SpeCieS, 

[Pt~~Ctr\a-BeH,)(~{~3-BsHe-n2-PtH(~e2Ph~2}~PH82Ph~2l, (3531, was formed, and 

was characterised by X-ray diffraction and NMR spectroscopy (8851. 
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(351) (Reproduced with permission from [883]) 

(352) (Reproduced with permission from [885]) 

ORTEP drawing of the molecular structure of [Ptz(L1-rr3-BaHs)z(Pe*Ph),3. 

Hydrogen atoms were not located in the diffraction analysis, but NMR 

spectroscopy shows that each boron atom has an exPtermina1 hydrogen bound to 

it, and that there are bridging hydrogen atoms at borane cluster sites (2,8), 

(4,5), and (5,8). Peaks corresponding to these positions-appeared in the 

final difference maps. 
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% 

(353) (Reproduced with permission from [SSSI) 

Schematic representation of the {Pt2(BsHs)(BsHe(Pt(PHe+Ph)2H])} unit of 

~Pt~~Lt-~3-BsHg~~LI-~r\3-BsHe-T\2-{PtH-c~~~~e2Ph)2}))(~e2Ph)2l with borane 

H-atoms and Porgano groups omitted for clarity. 

The reaction of T1[3,1,2-T1C2BsHii] with [(tmen)PdC121 gave 

[3-(tmen)-3,1,2-PdC2BeHII], (354), which was shown in an X-ray diffraction 

study to have a slipped structure. The tmen ligand could be displaced by two 

moles of MesP; the product, [3,3-04esP)2-3,1,2-PdC2BsH~Il, had a more 

symmetric structure, suggesting that the distortion should be 

attributed to electronic effects [888]. When [7,7-(PMe2Ph)2-nfd~7-PtBloHiz] 

was reacted with [Au(SCNEt2)Br21, ligand exchange occurred yielding 

[~-2,7-(S,CNEt,)-7-(PMe~Ph)-nfd~'l-PtB,~H~,], (3551, in which the 

dithiocarbamate is bridging the Pt(7) and B(2) positions. The tetrahapto 

platinum boron bonding has a considerable twlst distortion relative to other 

nido-7-platinaundecaboranes which do not possess this cyclic feature 18871. 

Reaction of trans-[HPt(PE&J2Cl] with NaD4n(C0)51 gave 

[(EtsP)2Pt(YH)(YCO)Hn(CO),l, characterised in an x-ray diffraction study. 'H 

NMR spectrsocopy revealed an interesting, and strictly intramolecular, 

fluxional process in which the {Pt(PEts12} unit rotates about the Mn-H bond 

18881. The {Pt(PPh,),} unit from [Pt(PPh,),(C,H,)] undergoes oxidative 

additlon of a P-H bond of [Cp(CO)(NO)Re(PCy,H)l+ to give (3581, as the initial 

product. This slowly loses CO to give successively (357) and (358). Various 

other transformations were investigated (Scheme 10) [889]. A similar lnitlal 

step may be postulated for the reaction of [Pt(PPhs),(C,H,)I with 

[CPn(CO)s(PPh,H)l[PFsl (M = MO or WI to give (359) and [HPt(PPhs)sl[PFal. 
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Reactions of (359) were investigated (Scheme 11) [8901. 

C(11) 

BUO) 

(354) (Reproduced with permission from 18861) 

Hydrogen atoms are omitted for clarity 

(355) (Reproduced with permisslon from 18871) 
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[CP(OC)(ON)Re(PCyzH)l+ + 

[pt(pphs 12 (CsH, )I - 

+ 
CY?: 

O~~Re’P\Pt’ 
PPhs 

A0 l!i 
\ 

PPhs 1 
(356) 

I 

-co 

slow + 
(358) (357) 

Scheme 10 Reactions of tCp(NO)(CO)Re(ll-PCyZ)Pt(H)(PPhs)21t 18891 

Phz 

PPhs 

I 

H[BF4 1 
M=W 

r Phz 

base , 

HCBFI 1 
M = MO 

Scheme 11 Reactions of [Cp(CO),M(YPPh,)pt(CO)(PPh,)l 18901 

The structures of the square planar complexes (380) 18911 and (381) [8921 

were established in diffraction studies. Reaction of [Pt(PPh,),l (n = 3 or 4) 

with [I(CFs)sGe)sHgl resulted in the insertion of {Pt(PPhs),) into each of the 

mercury-germanium bonds to give (362). Hydrogenation of (362) gave 

[(CFs),GePt(PPh,)sHl, whilst reaction wlth 1 RzHgI yielded either 

[RHgPt(PPhs12Rl or [R,Pt(PPhs)sl [8931. 
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co 

(OChMn-6t-M”(C0)5 
A0 

(360) 

NCPh 

(ON)(OC)~F~-~~-F~(CO)~(NO) 

t&P, 

(361) 

(362) Reproduced with permission from [893] 

Polymetallic chain of [{(CF,),GePtL,}2HgJ 

When [Pd,(kdppm),Clzl reacted with Na,[Fe(CO),] the product was (3631, 

formed by insertion into a Pd-P bond. This complex catalysed the carbonylation 

of nitroarenes. When a mixed {PtPd} precursor was used, both of the posslble 

products of insertion were obtained, and were not readily separable [894]. 

r PPh2 

Ph2P / 

I 
Fe(C013 

/\ 

~-rco 

(363) 

In the complex [Pt,(PPh,),(kS),l the sulphur atoms retain coordlnatlon 
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ability, and on treatment with [{Rh(cod)C1)zl, the cationic Complex, (364), 

was formed, in which each metal adopted approximately square planar geCm8trY 

[8951. A similar situation obtains In the reaction of 

[(Cp),Cr,(u-SCMe,),(~S)) with [Pd(PhCN)aCl,l to give (365) 18961. 

PhsP 

'Pt-S 
PhaP' \ 

/ 

\+ 
PhsP, 

\/ 

Rh(cod1 

PhaP 
,pt-s 

(364) 

(365) (Reproduced with permission fran 1896)) 

When [Rh,(CO),(udpma1,Cl,l (dpma = Ph,PCH,As(Ph)CH,PPh,) is reacted with 
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[Pd(PhCN),Cl,l, the palladium becomes bound to the uncoordinated arsenic 

centre in (366). The iridium complex reacted similarly [897]. 

(366) (Reproduced with permission from 18971) 

Perspective drawing of the cation [RhsPd(CO),Cl,(~dmpa),l+. 

The preparation and characterisation of [(M{c~,-M'(NR,),}(CO)),I (M = Pd or 

Pt, H' = Ge or Sn, R = SiMes) have been described. All the complexes undergo 

reversible one electron reduction in thf at -1.2 V, to give products which 

could be characterised by EPR spectrsocopy [898]. 

The tetrametallic complexes [M~M~~~s-C~H~~Z~~-CO~Z~~CO~~~PR~~zl (Ml = Pd 

or Pt; M2 = Cr, MO or W; R q Me, Et, Bu or Ph) have been investigated 

electrochemically in dmf or 1,2-dichloroethane. A two electron reduction was 

noted, but led to decomposition. Two distinct one electron oxidations were 

observed, with only the second leading to decomposition. A scheme was proposed 

for each process, and it was noted that the cluster radical cations appeared 

to be fairly stable [899]. 

The reactions of the unsaturated cluster [0s,Pt(~H),(C0),,(PCy,)1 with 

small molecules have been investigated. The product of carbonylation, 

[Os,Pt(~H),(CO),,(PCy,)l, (3671, had been previously prepared, but has now 

been fully structurally characterised. The metal skeleton is of the butterfly 

type, wlth the platinum atom at the wingtip. One hydride bridges the OS-OS 

vector of the "body", and one the Os-Pt vector. The platinum is ligated by 
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PCys and CO. The osmium atom at the wingtip bears four carbonyl ligands and 

the others three. By contrast, [OssPt(~H),(CO)lo(PCy,)], (3681, formed on 

hydrogenation, has a close tetrahedral metal core. The hydride ligands occupy 

edge bridging sites on two Os-Pt and two OS-OS bonds. The metal core has &d 

symmetry with two unbridged shorter edges, and four bridged longer ones. The 

reaction with diazomethane yielded [OssPt(~H),(~CH,)(CO),o(PCy,)l, (3691, 

which was formed as an equilibrium mixture of two isomers, one giving 

orange-yellow and one red crystals. In both cases the metal core was a 

distorted clos&tetrahedron, with the carbene bridging the OS-OS edge cisoid 

to the PCya on platinum in 

red form. NMR spectrsocopy 

solution [9001. 

the orange-yellow form, and transoid to it in the 

suggested that these structures were maintained in 

(367) (Reproduced with permission from [9001) 

When [Os,(~H)(~,-CH)(CO),,l was reacted wlth [Pt(C,H,),(PCya)l, the 

tetrameric cluster [OS,P~~LI-H~~~LC~-C~~CO~~~~PCY~~~~ (3701, and the pentametal 

species [OS~P~~~LI-H~~~~-C~~LI-CO~~CO~~~PCY~~~~, (3711, were formed. In (370) 

the osmium atoms form a triangle with the platinum atom bonded to them. The 

carbide is irregularly bonded to all four metal atuas. Hydrides bridge OS-OS 
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vectors. In (371) two platinum and two osmium atoms form a square plane with 

the third osmium atom bridging an OS-OS edge. The carbide is approximately 

equidistant from all of the five metal atoms, and again the hydrides bridge 

OS-OS bonds. NMR spectroscopic data in solution are In accord with the solid 

state structure. A related reaction was that of [Pt(C,H,)2(PCy,)] with 

~Os,~cI-H~~~CoHe~~CO~,,l to give [Os,Ptz(Cr-H)(y-C)(Il-OMe)(~CO)(CO),(PCy,),l, 

(372). This is an unusual process in that a carbide contalning species js 

generated from a non-carbide precursor. Two platinum and two osmium atoms form 

a buckled square plane and the third osmium is bonded only to OS(~). The 

distances from the carbide to the metal atoms are approximately equal. The 

bridging carbonyl is asymmetrically disposed on the Pt-Pt edge and the hydride 

bridges the shorter Pt-0s edge [9011. 

(368) (Reproduced with permlssion from [900]) 

Molecular structure of the complex [Os,Pt(~H),(CO),o(Pcy,)) showing one of 

the two crystallographically independent molecules and the atom numbering 

scheme. 
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(369al (Reproduced with permission from [90011 

Molecular structure of the complex [OssPt(LE-H),(~CH,)(CO)lo(PCy,)l (yellow 

isomer). 

The cluster [Oss(COls(~s-S)al reacted with [Pt(PMe,Phl+l, under an 

atmosphere of carbon monoxide, to give [OssPt(CO)s(PnezPh)z(cg-S)21, (373). 

This was shown to be an open triangular cluster of osmium atoms with the 

{Pt(PMeaPh),} unit bridging an OS-OS bond. The NMR spectra of the complex 

showed dynamic behaviour 19021. 

The reaction of [Osa(CO),ol with [Pt(codlal, under an ethene atmosphere, 

gave [OssPtz(CO),,(cod),l, (374). The cod ligands in (374) were readily 

displaced by dppe 19031. Treatment of [Et,Nls[FesC(CO),,l with [Pt(PPhs),l 

gave [Et,Nl,[FesPtC(CO1,,(PPh,)l, but the structure of the new carbide complex 

was not established [9041. 

In the reaction of [Pt(CaH,)sl with [Cp*Ir(CO),l, ethene was displaced 

to yield [Cp*sIrsPt,(Lt-CO1a(COlal, (3751, in quantitative yield. The 

dynamic behaviour of the complex was investigated by NMR spectroscopic studies 

[9051. 



(369b) (Reproduced with permission from [QOOI) 

Molecular structure of the complex [OssPt(YH)7(VCHZ)(CO)Io(PCys)l (red 

iSCiIIer) showins one of the two crystallographically independent molecules and 

the atom mumbering scheme. 

When Ag[OsSCF,l reacted with [Pts(CO)s(PCHNes)sl the bridged species 

[Ag(Pts(cr,-CO),{P(CHMe~)s}~l, (3761, was produced. A silver atan links two 

staggered platinum triangles, but these triangles rotate fast on the NHR 

spectroscopic tintescale [906]. A two electron reduction of cis[Pt(CNR)&ls] 

(R = 2,4,6-(CMea),CsH,) at a mercury pool electrode yielded [Hg@%s(CNR)alsl 

as the initial product, but this decomposed to give [Pts(CNR)a] 18311. 

The high nuclearity mixed clusters [NissPts(CO),eHs_nl* (n = 3,4,5 or 6) 

were prepared from [Nis(CO),,12- and either PtCl, or K2[PtC14] under a variety 

of conditions. The structure of [Ph,As],[H,PtaNi,s(CO~,e] was established in 

an X-ray diffraction study. The metal core consisted of an inner octahedron of 

Platinum atoms fully encapsulated by a ua octahedron of 38 nickel atoms. The 

metal cluster has the same structure as a fragment of a CCP metal lattice, and 

is closely related to the homonuclear cluster ion [H,Ptse(Co),,12-. 

Preliminary measurements indicated unusual magnetic behaviour [907]. 
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(370) (Reproduced with permisslon from (9011) 

(371) (Reproduced with WlSisSiOn ftWI [9011) 
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(372) (Reproduced with permission from (9011) 

The molecular structure of [Os,Pt,(~H)(Llg-C)(~DMe)(Lt-CD)(CO)s(PCYa)Z] 

showing the crystallographic numbering, but with the cyclohexyl groups 

omitted for clarity. 

1.10 CATALYSIS BY PALLADIW AND PLATINUM COMPLEXES 

In view of the limitations of space, many of the reactions formerly 

detailed in this section have been reserved for the reviews of the 

organometallic chemistry of nickel, palladium and platinum published in the 

Journal of Organometallic Chemistry. Only reactions which are not of a 

strictly organonretallic type are discussed here. 

The preparation of very active palladium and platinum powders for 

catalysis, by reduction of salts with alkali metals has been described 19081. 

The formation, structure, and properties of supported palladium catalysts has 

been investigated [909]. For platinum complexes the relationships between the 

coordination sphere and catalytic properties has been reviewed 19101. 
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c20 

(373) (Retxoduced wlth permlssion from 19021) 

Perspective ORTEP drawing of ~OssPt(CO),(PHe,Ph)(y-S)21 showing 50 x 

orobabllity ellipsoids. 

(374) (Reproduced with mmlssion fran t9031) 
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-0 

(375) (Reproduced with permission from [9051) 

Molecular structure of one of the two crystallographically independent 

molecules of [IrsPts(Lt-CO)s(CO)s(rCsMes)sl showing the atom numbering scheme. 

P3 

(376) (Reproduced with permission from 19061) 

ORTEP diagram of the structure of the catlon [AgIPts(L12-CO),(P(CHMe~}s)s}~l+; 

phosphorus atom substituents are omitted for clarity. 

PdC12 on alumina has been used as a catalyst for the oxidation of carbon 

monoxide by air 19111. In the oxidation of CO in the presence of 
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Pd(II>/Fe(III)/Na[NO,], the presence of bromide ion increased the rate 3-4 

fold. The iron(II1) acts as the oxidising agent, and is itself reoxidised, in 

oxygen-free solution, by [NO,]- [912]. The kinetics of CO oxidation in the 

presence of palladium(I1) aquo complexes, [VO,l+, Fe(II1) and heteropoly acids 

have been studied. A species with the stoicheiometry {Pdz(CO)}2+ was suggested 

as an intermediate [913]. Various palladium aquo carbonyl intermediates were 

proposed as intermediates in the oxidation by Ce(IV) or [Cr20,12- in the 

presence of palladium(I1) 19141. 

Reaction of carbon monoxide with [H(ArN012C121 (M = Pd or Pt), above the 

melting point of the complex yielded CO 2, though it is not clear that this 

reaction is strictly catalytic 19151. 

A patent has described the oxidation of CO using O,/BuONO/BuOH, in the 

presence of PdCl,, to give (BuO),CO, with excellent selectivity [9161. 

Palladium(I1) also catalyses the oxidation of CO to carbonate by [S20e12-. Two 

complex mechanistic pathways were proposed, involving Pd(IV), Pd(II1 and Pd(O1 

intermediates [917]. 

Hydrogenation of carbon monoxide and carbon dioxide has been studied using 

catalysts prepared by the decomposition of [Pd(acac),l on r-alumina 19161. 

Copper metal was produced by reduction of copper in basic solutions by 

carbon monoxide in the presence of Li2[PdC1,1/[CH,COOlNa 19191. 

Two patents have described the reaction of nitroarenes with CO to give 

isocyanates in the presence of [Pt,s(C0)so12- [920,921]. A PdC12/py catalyst 

system was promoted by a wide range of additives, including PhNH,, H20, 

[NH,lCl or PhNHCOMe 19221. For the conversion of azo compounds to isocyanates, 

the catalyst system was promoted by Lewis acids, and inhibited by organic 

bases [923]. Reduction of ArN02 to ArNH2 by CO was accomplished in the 

presence of [Pt(PPha),Cl,]/SnCl,/PPh,/EteN; the mechanism proposed involved 

carbonylation to ArNCO, hydration to ArNHCOOH, and decarboxylation [924]. 

Catalysts of reduced and non-reduced PdC12 with hydrazine, deposited on 

polyaminochloroquinones, were used for the reduction of styrene to 

ethylbenzene 19251. The reaction of an aldehyde with ArN02 in the presence of 

hydrogen to give ArNHCH2R, via reduction and reductive amination, was 

catalysed under mild conditions by palladium(I1) supported on an 

anion exchange resin 19261. The effect of the nature of supports and 

solvents on the catalysis of the reduction of ArNO,, in the presence of 

[Pd(3-aminocoumarin)2C121, was examined [9271. 

Kinetic data for the hydrogenation of 1-alkenes on palladium sulphide in 

the presence of various arenes, indicated that the arenes inhibit the reaction 

by displacing the alkenes from the catalytic sites. The measured deuterium 

isotope effects suggested that hydrogen participates in the rate controlling 
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steps of both hydrogenation and isomerisation [928]. Hydroisomerisation of 

1,3,+trimethylcyclohexane at 440 OC on PdS/A120, gave arenes, cyclohexane and 

cyclopentane, the reaction being kinetically controlled 19291. 

Blue tungsten oxides were produced in H,[S0,]/[NH412[S0,1 solutions of 

tungstates in the presence of PdClJH, at high temperatures and pressures. 

Palladium(I1) was reduced to metallic palladium, and the reaction may have 

been heterogeneous [9301. Similar reactions were studied for molybdates 19311. 

The ion pair complexes [Bu,N]Cl/Pd(OCOMe), and [Bu,P]C1/Pd(OCOHe)z were 

used as catalysts for the autoxidation of butanal under mild conditions in a 

radical reaction. Kinetic data indicated that [Pd,(OCOMe),Cl,]2- was 

responsible for the initiation reaction [932]. 

Disproportionation of H,SiCl, over active carbon and [Pd(PPh,),l gave SiH, 

and H,SiCl [933]. Chlorination of He,SiOSiH20SiMes by PdCl,/CCl, gave 

MesSiOSiHClOSiMe, in 89 X yield, with only a small amount of dichlorinated 

product [934]. 

Reaction of the trisilacyclopropane (377) with [Pd(PPh,J2C121 gave the 

silicon equivalent of a carbene and (He,C)2Si=Si(CHes)2. The disilaalkene 

reacted with PhC=CH to give (378) 19351. 

But But 
tBu 

tBu 
\ JBut 

\ ./V 

tBu 
/s' 

/But 
-Si, 

But 

(377) (378) 

Platinum(I1) bromide is known to promote cage growth and dehydrocoupling 

reactions between diborane and small polyhedral boranes and carboranes, to 

give larger single cage compounds or bridge substituted polyhedral 

carborane/borane complexes. The reactions of dibot-ane with [1,5-C2BsHs], 

[ 1,6-CzB,H,l and [b&l, we, respectively, srechn~[5,6-C2BsH12], 

2:1'2'-[1,6-C2B,Hs][B2Hs] and 2:1'2'-[BsHsl[B2Hs] [936]. 

1.11 NON-STOICHEIOMETRIC, BINARY AND TERNARY COMPOUNDS 

This year has seen an explosive growth in the literature to be reviewed in 

this section, Particularly in the area of superconducting intermetallic 

compounds and metal silicides. The author pretends to no expertise in these 

areas, and this section is designed to be a record of the literature, rather 

than a critical review. 
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1.71.7 Compounds with Group 17 elements 

Reaction of PdCl, with two molar equivalents of [NH,]Cl at 300 oC gave 

[NH,]a[PdCl,J, and the temperature of formation and stability of this species 

were determined. Above 300 oC it decomposed to palladium metal, [NH,]Cl, and 

HCl. A low melting eutectic of PdCla and [NH4]a.PdC1,] was formed at a 3:l 

molar ratio, and melted at 265 oC (9371. PdCl, was studied using tight-binding 

band structure computations on the crystal lattice, and MO calculations on 

fragments out of the lattice. It was concluded that the demands of local 

angular geometry of the anion and the cation were most important in 

determining the details of the crystal structure, but the energetics of the 

anionic matrix were also important [938]. 

Using the X-ray absorption near edge structure technique, the palladium 

L-edge absorption spectra of PdCla and PdAl, were studied. The palladium 4d 

population was depleted relative to palladium metal in both compounds. This 

was discussed in terms of the MO approximation for PdCla, and a charge 

compensation model for PdAl, [939]. 

The PdClJBiCl, system has a eutectic at 228 oC and 3 % PdCl,. There is a 

monotectic region above 329 oC from 11-51 % PdCl,. PdCl, and NiClz form a 

eutectic at 639 oC and 98 % PdCl, [940]. DTA and X-ray phase analysis showed 

that the PdClJZnCl, system is of the eutectic type, and there is a monotectic 

region from 55-95 % ZnCl, at temperatures above 310 oC. The compound 

PdCl,.ZZnCl, was formed below 160 oC [941]. The PdClaJAlCla system was shown 

to contain the compound PdC1,.2AlCl,, which melts congruently at 136 oC. The 

system was studied by DTA, DTGA, isothermal saturation, X-ray diffraction and 

IR spectroscopy [942]. In the TlCl/PdCl, system, DTA, X-ray phase analysis and 

IR spectroscopy showed the formation of Tl,[PdCl,] and TlCl.BPdCl,, which 

melted incongruently at 359 oC and 352 OC respectively. Tl,[PdCl,] was 

polymorphic with a tetragonal low temperature modification [943]. The 

equilibrium potentials of platinum in melts based on the ternary eutectic 

NaCl(KCl)CsCl have been measured [944]. 

1.11.2 Compounds with Group 16 elements 

The percentage thermal expansion of PdO has been derived from regression 

analysis of published data [945]. Both literature data and calculational 

methods were used to establish heat capacity of PdO. Its thermal decomposition 

was also discussed [946]. 

Mulliken population analyses for several metal oxides, including PdO, gave 

a value of -0.7 e for the negative charge at oxygen [947]. The shift in 
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binding energy of the core electrons due to chemical combination may be 

calculated using the valence shell potential model. The calculations were 

correlated with the chemical shifts of X-ray absorption edges observed 

experimentally. Compounds considered included PtO and PtS [9481. 

A gas detector has been constructed using a sintered compound containing 

Fe,O,, SnO,, PdO and/or PtO,. It had increased sensitivity for methane, but 

reduced sensitivity for hydrogen 19491. Coating with PdO/TiOz was shown to be 

useful for corrosion prevention on titanium 19501. 

Far IR reflection spectra have been recorded for PdO, PdS, PtS and PdSe. 

From Kramers-Kronig analysis the TO and LO-phonon frequencies were determined 

for PdO, PdS and PtS. Strong temperature-dependent free-carrier contributions 

to the reflection spectrum were observed for PdSe, and their relationship to 

the near zero band gap of the compound discussed [951]. 

The amount of PdO which does not dissolve in dilute HCl was determined as 

a function of its content in palladium catalysts which have been calcined in 

air. The dispersivity variations were correlated with the solubility of the 

supported (on alumina) PdO before reduction [952]. The oxidation state of 

palladium was determined as a function of its treatment, by temperature 

progression reduction and fromits dispersion. Dispersion occurs only after 

complete oxidation. Palladium crystallites are oxidised at 600 OC, but 

dispersion is still low at this temperature. Considerable redispersion occurs 

from 700-800 OC [953]. The surface of a palladium crystallite oxidised in 

oxygen at 900 K was analysed by XPS, showing that a thick and uniform layer of 

PdO had been formed. PdO decomposed in ultra high vacuum in two distinct steps 

at 420 K and 750-800 K. In the intervening temperature range XPS showed the 

presence of both metal and oxide. Similar results were noted with other noble 

metals, and were interpreted in terms of the formation of a cluster oxide 

phase, which could consist either of small metal clusters in an oxide matrix, 

or oxide clsuters enclosed in reduced metal 19541. 

The adsorption of methanoic acid, propenal or propenoic acid on SnOJPdO 

has been studied by transmission IR spectroscopy. At low temperature the acids 

are bound to the surface via the carboxylate groups, and can be removed by 

evacuation at high temperature. Propenal gave a surface coordinated complex at 

low temperature, but at higher temperature, bound propenoate was observed 

[9551. In a study of propene adsorption, it was shown that if the sample was 

outgassed at ambient temperature, the chemisorbed species were ethanoate and 

propenoate, but at 570 OC only the ethanoate was observed. The process 

involves electrophilic addition of surface acidic -OH groups to the 

carbon-carbon double bond to give surface 2-propoxide, which undergoes 

oxidation to ethanoate via surface bound propanone. The propenoate is formed 
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via palladium induced C-H bond fission of the methyl group of Propene, 

generating a surface bound propeneoxide species, which is subsequently 

oxidised [956]. Adsorption of ethane and ethene onto SnOJPdO at various 

pretreatment temperatures in the range 320-740 K was also studied by 

transmission IR spectroscopy. In all cases the ultimate surface product was 

ethanoate, via oxidation of surface ethoxide 19571. 

A pH electrode was constructed consisting of a palladium coated glass 

substrate coated with a stoicheiometric sputter film of PdO [9581. 

TGA, differential TGA and DTA studies have been undertaken of PdO alone 

and of PdO&[S,Os] mixtures. PdO catalytically lowers the T, values of 

decomposition of M,[S,Oel by 20 o. In the absence of water, at 80 oC, PdO 

reacted with Na2[S20,] to give Na,[PdO(S04)]s, stable below 155 oC. At higher 

temperatures the reaction gave Pd[SO,l. The eutectics Pd[S0,1.H2[S,0~1 (M = Na 

or K) were identified [959]. 

A platinum electrode was anodically polarised at 3 V vs the SHE in 0.5M 

H,SO,, or in 1M Na[OH] at 3 V vs an Ag/AgCl reference. The oxide coating 

formed in acid was Pt(OHl,, whilst in base, PtO(OH1, was produced [9601. The 

nature of the product of the basic reaction was confirmed by XPES. PtO(OH), 

decomposed at 400 oC to various oxides and hydroxides of platinum(II1 and 

platinum(W), and to platinum metal [961]. The surface chemistry of Pt<lll> 

single crystal electrodes in 0.5 M H,SO, was studied in the potential range 

O-4 V by XPES and cyclic voltammetry [9621. The dependence of oxygen surface 

covering on potential was shown to have several distinct regions, each 

corresponding to the formation of a specific compound [963]. 

Monolayer and multilayer oxide films on palladium metal electrodes were 

studied as a function of PH. The potential for the onset of oxidation 

increased with increasing pH, though less markedly than for platinum. The 

initially formed anionic species underwent exchange type reactions to give a 

more neutral deposit, and finally thick hydrous oxide films [964]. 

Oxidation of a platinum foil surface in K[OH] was examined by PES and 

Auger spectrsocopy. PtO and PtOz were detected at the surface and [Pt(OH>a]2- 

in solution [9651. Square wave hydrodynamically modulated voltammetry was used 

to study anodic reactions electrocatalysed by surface oxides at platinum 

electrodes. In particular, the anodic formation of {PtOH) in acidic media 

catalyses the oxidation of I- to [IO& [9661. 

The reactions of MgO with Pd or Pt metal have been studied; the products 

were not very well-defined [967]. A Pba[Vz07]/V20, melt dissolves platinum 

from a sealed crucible [968]. 

Single crystals of the hitherto unknown BaNdePtOa were studied by X-ray 

diffraction; platinum(I1) adopted square planar coordination [969]. 
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Ba(Sn,_,lIn,)O, p erovskites exhibit a maximum of solid solution for x = 0.4. 

At this composition they also have maximum activity for propene oxidation, 

this activity being increased by the presence of traces of ionic platinum 

r9701. 

The electronic structures of [MO,l~ (including M = Pd) have been 

calculated by the DV-X, method. In most cases their electron affinities were 

in excess of 3.5 eV, and they were classed as superhalogens [9711. 

The bulk photoluminescence of Schottky diodes constructed from palladium 

and ‘i-type CdS is sensitive to molecular hydrogen, providing a method for the 

optically coupled sensing of Hz [972]. 

Laser-pulse transient measurements were performed at single crystalline 

n_PtS, electrodes, with the aim of understanding light induced hydroxide, 

oxide, and oxygen formation. There were distinct changes in the reaction 

products with time, since surface oxidation gave rise to a large number of 

different surface states. Thus oxygen was evolved only when a rather large 

electrode biasing Eotential was applied [973]. 

Sulphur pressures in the Pd/S system were measured for liquid mattes and 

PdS/liquid matte mixtures. Standard free energies for the formation of solid 

and liquid Pd,S, PdaS, and PdlsS,, and solid PdS were derived. The results for 

Pd,S were substantially different from those previously accepted 19741. DTA, 

SEM, X-ray diffraction and electron microprobe analysis were used to study the 

liquid solid equilibrium in the Pt/PtS system. A nonvarient eutectic 

equilibrium at 9.2 % sulphur and 1240 oC was found [975]. 

The extended Zintl principle was discussed for framework structures of 

ternary metal chalcogenides, pnictides and hydrides, including AaPdX,, 

AsPdsX,, A,PtX, and AaPtsX, [9761. 

The synthesis of MPdaS, (M = rare earth) from a stoicheiometric mixture of 

the elements at 1125 K for three weeks has been reported. LaPdsS,, (3791, had 

the ideal NaPtaO, structure, as shown by X-ray and neutron diffraction. 

Magnetic measurements on the compound were discussed in detail. Neutron 

diffraction data and conductivity measurements were consistent with a 

partially reduced nature for the sulphides 19771. 

Polycrystalline samples of the CdIa-type mixed crystals, PtS2-se,, 

PtS,_,Te, and Pt2-xTex, were prepared and characterised by far IR spectroscopy 

and X-ray diffraction measurements. A change in the behaviour of the c/a 

ratio, and in in the x-dependence of the plasma resonance frequency of 

the free carriers present, was ,observed in PtS,-se, near PtSo.sSei_4. 

This was interpreted in terms of a critcal composition for p,d band overlap 

19781. 
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OLO 8Pd OS 

(379) (Reproduced with permission from [9771) 

Drawing of the LaPdsS, structure. The eight-coordinate lanthanum atoms are in 

the centre of the figure. 

Crystals of the layered material n_PdPS, (380), have been prepared. This 

is an n-type semiconductor with an indirect band gap of 1.45 eV, and a direct 

band gap of 1.66 eV. The photoresponse of the crystals was tested in a variety 

of redox electrolytes; only ferrocyanide supported large photocurrents, and 

was not associated with photocorrosion. Topographic photoresponse, studied by 

an in situ laser scanning technique, revealed that higher quantum yields were 

associated with non van der Waals crystal surfaces. The interaction of the 

ferrocyanide with the reactive edge sites of the PdPS crystal, resulting in a 

stable surface trap and an interfacial charge mediator, was proposed [979]. 

One dimensional ML2 chains with edge sharing tetrahedral or square planar 

coordination were subjected to theoretical analysis, and the band structures 

of the materials were examined in detail. The canpounds considered Included 

NasMSa 04 = Pd ot Pt), KaPtS,. RbaPtS, and a-PdCla [980]. 

The compounds &PdEs 04 = Ta or Nb, E q S or Se) were prepared from their 

elements. The tantalum derivatives, (3811, were characterised by single 

crystal X-ray diffraction studies, and were isostructural. In this novel 

laminar structural type, each layer consists of collocated units, {HsPdEe), 

composed of ME, face-sharing trigonal prismatic chains bridged by palladium 
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atoms in a square planar environment of E atoms. Conductivity measurements 

indicated a formulation of TaVPdTTS-IT 19811. 

3 23.: 

P o-s 
(380) (Reproduced with permission from 19791) 

Top view of the net making up the cleavage planes of PdPs (left), and the 

local geometry and bond distances through a layer (rfght). The long (3.23 A) 

distances are interlayer, while the intralayer Pd-Pd distance is 3:20 A. 

(381a) (Reproduced with permission from 19811) 

Drawing of an individual layer of b[TazPdSesl as viewed orthogonal to <lOl>. 

Ta atoms are small filled circles, Pd atoms are small open circles, and Se 

atoms are large open circles. 
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(381b) (Reproduced with permission from [981]) 

Perspective view of Ta,PdSes along (010,. 

High purity synthetic PdSe* was roasted at 300-900 oC, and then added to a 

copper electrolysis slime to prepare a feed containing copper (30 XI, nickel 

(20 %I, palladium (2 %), and an excess of sulphuric acid, for a study of the 

recovery of palladium and selenium [9821. 

The new compound Ta,Pd,Ses was prepared in a similar manner to the known 

NbsPdsSee, and was shown to be isostructural with it. CopTa,PdSe,, was derived 

from an attempt to substitute cobalt for five-coordinate palladium in 

TasPdsSes. The structure of the mixed compound is of a new laminar type with 

five-coordinate cobalt atoms. NW%. 71Se5 1 which showed metallic 

conductivity, resulted from a different starting composition in the Nb/Pd/Se 

system [9831. NbaPdo_,, Se7 was also prepared by the reaction of the elements, 

and its structure, (382), established by single crystal X-ray measurements. 

The structure is another new laminar type with layers of the formula 

z[NbePdSe,,]. Between the layers, palladium atoms occupy statistically 43 X of 

rhombic sites. A general model was proposed for the electronic structure of 

ternary phases containing niobium, palladium and selenium atoms 19841. 

TlzPdSez was prepared from TlSe and palladium metal at 1100 K. Palladium 

and selenium form infinite linear chains of edge sharing (PdSe,} rectangles 

separated by thallium atoms. Thallium is coordinated by eight selenium atoms 

in a distinctly polar configuration, with one palladium neighbour at 2.92 A. 

The lone pair of electrons on thallium plays a decisive role in determining 

structure [9851. 
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y=o 0 y=l/2 

(382a) (Reproduced with permission from 19841) 

Projection of the structure of the phase Nb Pd s 0.72Se7 onto the a-c plane. 

(382b) (Reproduced with permission from 19841) 

Perspective drawing of the phase Nb Pd s o.7zSe7 along the direction tOlO>. Nb 

atoms are small filled circles, Pd atoms are small open circles, and Se atoms 

are large open circles. 
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1.11.3 Compounds with Group 15 elements 

Far IR reflectance spectra of hot-pressed samples of PtY, (Y = P, As or 

Sb) have been recorded from 40-700 cm-l. The spectra show five reststrahlen 

bands, and more or less free carrier contributions to deviations from 

stoicheiometry. The phonon frequencies were determined and reflect the 

increase in bond strengths from P to As to Sb [986]. 

Hole sizes and intersite dimensions were calculated for all types of 

interstices in PdaP,-,,M,,, which has the structure of cementite (Fe&). In 

PdaPo.e9o.,s.~ the radii of the holes range from 0.87-0.43 A [987]. The 

geometric model was used to rationalise the observed site occupation; only one 

type of interstice, associated with a vacant phosphorus site, is actually used 

[9881. 

The ternary compound, EuPd,P,, has been classified as a mixed valent 

species from lattice volume anomaly data, but Mossbauer isomer shifts and 

magnetic measurements suggest divalent 4f7 europium. The Eu LIII-edge X-ray 

absorption spectrum is double peaked, as expected for a mixed valence 

material. The explanation suggested is a partly extended 4f radius [989]. It 

has also been proposed that final state configuration interaction affects the 

LIII-edge spectrum, and that there is significant 4f covalent bonding [QQO]. 

Valence band photoemission of the 4f shell is consistent with a divalent 

nature for europium, but white photoemission from the 3d deep core level 

suggested mixed valence [QQl]. 

New compounds AaBX, (A = K or Ru, B = Ni, Pd or Pt. X q P or As) with the 

orthorhombic K,PdP, structure, and the space group Cmcm, have been prepared 

from the elements. Their structures are characterised by BX, zigzag ribbons 

surrounded by channel like arrangements of alkali metal atoms [992]. 

The axial c/a ratio, unit cell volume, valence electron density average, 

and Madelung constants have been determined for the metastable phases of 

Pd5As, Pdo.4T10_,Aso.5, PdPb,.zAs,_e and Pdz5Si4~5Sn4_s, and were compared 

with the values for the stable phases [993]. Intermetallic resistors have been 

formed by reacting to completion a 300 A film of platinum with underlying 

GaAs. PtAs, PtGa and PtGas phases were identified after reaction at 450-550 oC 

[994]. 

The reactions of palladium on <lOO> and <ilO> GaAs surfaces at 20-500 oC 

has been studied by TEM. Two new Pd-Ga-As phases were identified for the first 

time. Below 250 oC, PdGao_sAso.z was formed, with a hexagonal structure 

similar to that of Pd,Ge or Pd,Si. Between 350 oC and 500 oC, in a high vacuum 

environment, only PdGa was produced, but at 500 oC, in a gas ambient, the 

hexagonal phase PdGao~5Aso~, was formed. It was concluded that the reaction 



of palladium with gallium arsenide is very sensitive to ambient 

conditions, but not particularly to surface cleanliness or substrate 

orientation L9951. 

Fifteen ternary compounds MsPd,Pn, (H = alkaline earth or rare earth, 

Pn = As, Sb or Bi) have been prepared. Guinier powder patterns showed that the 

arsenides crystallise in the ThCr,Si, structure, and the bismuth and antimony 

derivatives have structures related to CaBe,Ge* [996]. Ellipscmetry 

measurements on polycrystalline samples of PtHnSb at room temperature under 

high vacuum conditions have been reported. The measured optical conductivities 

are in reasonable agreement with those calculated from the band structures. 

The band gap for the minority spin direction is clearly observed, and can be 

brought into agreement with the band structure calculations by consideration 

of spin orbit coupling [9971. 

1. 71.4 Inter-metal lit compounds 

1.11.4. 1 Compounds with silicon 

Thfn films of Pd2Si and PtSi were formed by short duration incoherent 

light exposure of evaporated palladium or platinum films on <ill> or <lOO> 

silicon single crystals. After processing for 15 set at temperatures of 

500-800 K the silicides were characterised by their sheet resistivities 19981. 

Annealing at 200 oC of palladium films less than 10 A thick on silicon gave a 

polycrystalline film of Pd,Si, via the formation of flat PdlSi islands which 

grow epitaxially to the substrate. For thicker films annealing results in 

silicon segregation over the silicide surface 19991. Pd,Si has also been 

produced on monocrystalline silicon substrates by rapid thermal annealing at 

350-450 oC for l-60 sets. The results obtained were similar to those from 

annealing at a lower temperature for a longer time [lOOO]. The effects of 

impurities on the growth of the PdzSi layer, on thermal annealing of a 

palladium film on <lOO> and amorphous silicon substrates, has been 

investigated. Both nitrogen and oxygen retard silicide growth, If initjally 

present in the silicon, but not if present in the palladium. By using nitrogen 

implanted into silicon as a marker, palladium and silicon can be Induced to 

trade roles as the moving species, when the silicide front reaches the 

nitrogen rich region [lOOl]. Thermal annealing of palladium on Sic was studied 

by X-ray diffraction and MeV backscattering spectrometry. Initially PdsSi is 

formed, followed by Pd,Si at higher temperatures. The reaction temperatures 

for Pd/SiC are higher than those for Pd/Si, but carbon containing compounds 

were not detected [1002]. 

The reactions at the interface of <ill> St and palladium have been 
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investigated as a function of the thickness of palladium coverage in the range 

5-50 A, Surface conditions were monitored by Auger spectroscopy, and the 

structural interactions by Raman spectroscopy. With a 5 A coverage Auger data 

indicated strong Si-Pd bonding, but Raman spectra gave no evidence fpr the 

formation of a crystalline silicide until the depth was 10 A. The effect was 

attributed to the need for critical cluster sizes to form stable nuclei 

[1003]. The kinetics of the growth of epitaxial Pd,Si films on <lll>Si 

substrates were studied by X-ray diffraction in the temperature range 

160-222 oC [1004]. The kinetics were also compared for as-deposited and high 

dose H-implanted films. The growth rate increased, and the activation energy 

for silicide formation fell, in the implanted samples [1005], The growth of 

the Pd,Si phase was also studied using HeV-'He ion backscattering, and TEH 

[1006]. Palladium was deposited on x100> and <ill> Si, and on polycrystalline 

silicon, and cross-sectional samples for TEM were prepared and heated in situ 

[1007]. Interfacial reactions were studied between amorphous silican and 1, 5, 

50 or 200 nm palladium films in the as-deposited state, and after annealing at 

200-500 oC. An amorphous phase was observed in the as-deposited state in 

samples of 1 nm palladium on a-Si, but Pd,Si was formed from both as deposited 

and annealed states in thicker films. The growth of Pd,Si at 200-224 oC was 

shown to be diffusion controlled with E, = 1.25 eV [1008]. 

Various transition metal silicides were prepared by vacuum thermal 

annealing of 20 nm metal layers on silicon substrates. The samples were then 

argon sputtered at 2 kev in an ultrahigh vacuum Auger system until the 

silicide/silicon interface was reached. The interface was irradiated with 

electrons, and the Auger spectra recorded at regular time intervals. Metal 

atoms which had diffused into the silicon move to the surface under electron 

bombardment, and a surface silicide layer l-2 nm thick was formed by these 

migrating metal atoms. The electron induced migration of metal atoms was 

stronger for the PdaSi/Si interface than for the Pt,Si/Si interface [1009]. 

The effect of a platinum concentration in palladium films on nucleation and 

growth of PdSi and Pd+,_$i was investigated by TEM. A low concentration of 

platinum (10 X) enhances the formation of PdSi at lower than normal 

temperatures, by triggering nucleation. A high concentration (55 X) of 

platinum lowers the temperature of the phase transition from metal rich 

silicide to Pd$t,-$i [lOlO]. 

The thermal and ion-induced formation of Pd$i in a Pd-Si system with an 

interfacial silica layer was studied. The blocking of the thermal silicide 

formation by the silica is partjally removed by pre-irradiation with ions, 

inducing a quadratic laterally non-uniform thermal growth of the silicide 

[loll]. Silicfde formatlon with palladium on hydrogenated amorphous silicon 



198 

substrates was studied with Rutherford back scattering SpeCtrOmetrY and 

forward recoil spectrometry. The activation energy for silicide formation was 

the same as on single crystal substrates. During silicide formation hydrogen 

is released from the silicides, and presumably outdiffuses into a vacuum 

without interfacial accumulation. Thus, barrier formation does not occur, and 

the hydrogen has no effect on silicide growth [1012]. 

Evaporated tungsten and silver were used as markers in growth studies of 

silicides formed both by annealing and by ion mixing in the Pd/Si system. In 

annealing both palladium and silicon move, with the palladium moving faster. 

Using ion irradiation, the silicon is the faster moving species [10131. A 

titanium marker was used to investigate the moving species during PdaSi 

formation on (111, and <lOO> Si substrates. This work led to the conclusion 

that silicon was generally the mobile species, but palladium participated in 

mass transport when silicon motion was obstructed [1014]. A multilayer film 

structure, Pd/Pd,Si/Ge, in which germanium served as a sink for palladium, was 

used to monitor the flux of palladium through Pd,Si. The silicon flux was 

measured similarly using Si/PdaSi/Cr, with the chromium acting as the silicon 

sink. There was good agreement between the palladium mobility and the existing 

parabolic growth constant for the growth of Pd,Si at 200 OC. The mobility of 

the silicon was orders of magnitude lower [1015]. Palladium was also 

identified as the dominant moving species in a study using a sample of 

configuration Si<lll>/single crystal Pd,Si/polycrystalline PdaSi/Pd [1016]. 

The kinetics and mechanism of the oxidation of Pd,,$i on amorphous silicon 

at 900-1100 oC in wet oxygen have been studied. The silicide dissociates on 

the surface, and both palladium and silicon diffuse through the silicide to 

the substrate. Only silicon is oxidised, to SiO, [10171. Room temperature 

oxidation of M,Si (H q Ni, Pd or Pt) was studied by core-valence-valence Auger 

line measurements, before and after oxygen treatment. PdSiz was oxidised more 

rapidly than silicon, and gave SiO,, x < 2, whilst PtsSi reactd at a rate 

similar to that for pure silicon [1018]. 

Inverse photoemisison was used as a new probe for unoccupied electronic 

states, and the density of unoccupied antibonding states was determined for 

PdaSi [1019]. X-ray absorption spectroscopy was used to investigate the near 

L-edge structure of palladium in the pure metal and in bulk PdaSi and PdSi. 

Possible many body effects were used to explain the apparent discrepancy 

between the occurrence of La,a white lines and the 4d hole filling in the 

palladium silicides. The interpretations of the extended fine structures, and 

of the near edge features, were correlated to find common support for a 

dynamical relaxation model for the Ls,a deep core holes of palladium silicides 

[10201. 
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Deep level transient spectroscopy, current-voltage and Rutherford 

back-scattering spectrometry measurements of nickel, palladium and platinum 

silicide barriers on Il-Si annealed at 300-800 K have been reported. 

Reversed-bias leakage currents increased with an increase in the annealing 

temperature. Degradation of PtSi was negligible at temperatures at which 

nickel and palladium silicide barriers had become very leaky [10211. Phase 

transformations in a number of ion-implanted and subsequently annealed 

silicides have been investigated. The electrical resistance change as a 

function of **Sit ion implantation has been found to correlate with the 

presence of a disordered state in the silicide. Implantaion of an 1860 A Pd2Si 

layer on <lll>Si with 250 keV *%i+ ions, at liquid nitrogen temperature, 

yields no apparent diffuse halo in electron diffraction (TEH) experiments for 

doses up to 2~10~ 2eSit cm-*. Pd,Si layers show no saturation in resistance 

for doses up to 2~10~~ *eSi+ cm-*, with the resistance increasing by a factor 

of less than four 110221. 

A new platinum silicide formation method has been described, using the 

reaction between a platinum film and silane at 250-400 oC. This process was 

less influenced by oxygen contamination than the platinum silicon reaction 

110231. In general, when platinum silicides are formed in an oxygen 

atmosphere, or the platinum film contains significant oxygen, the rate of 

silicide formation is reduced. In the latter case an oxide layer is formed 

between the surface platinum and the Pt2Si and PtSi phases. Molecular oxygen 

diffuses from the ambient into the platinum during the Pt,Si formation stage, 

and an oxide layer is formed under the surface when the front of the Pt2Si 

phase meets the oxygen in the metal film. This hinders further growth of the 

Pt,Si phase. Subsequent formation of the PtSi phase proceeds until it meets 

the oxide layer, and is then hindered from further growth. The oxide layer 

has, however, little effect on the bulk growth of the two silicides, and other 

mechanisms are needed to account for the reduced growth rate (10241. 

High intensity quartz halogen lamps have been used to form platinum 

silicide films. Platinum films of 42. and 52 nm were evaporated on single 

crystal silicon, and subsequently processed in a roughing vacuum for periods 

from 5-20 sec. The electrical characteristics and the microstructure of the 

silicide films were studied by four point probe measurements, X-ray 

diffraction, AES, and Rutherford backscattering spectrometry. The dominant 

phase formed was PtSi, together with a small amount of Pt,Si [1025]. The 

growth of the Pt,Si phase under conditions of thermal annealing was shown to 

be a diffusion controlled process. Penetrating Xe ions did not induce silicide 

growth 110261. Layers of mixed platinum and silicon were formed on 

p+-n junction silicon crystal wafers by depositing platinum on the p+-Si 
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surface followed by heating to 320-350 OC. XPES data implied that PtSi (or 

PtSi and PtsSi) was formed when a 3.5 nm thick platinum layer on silicon was 

heated, whereas a non-stoicheiometric Pt-Si intermixed layer was formed from 

an ultrathin platinum layer [1027]. 

An interfacial silicon nitride layer, 30-60 A thick, could be produced by 

sputter etching of a silicon substrate with pure nitrogen, before platinum 

deposition. When the layers were annealed at >500 oC the platinum reacted 

locally with the silicon to form disc-shaped clusters, the cluster radius 

increasing with an increase in annealing time. The growth rate was inversely 

proportional to the thickness of the nitrlde layer. The silicide growth was 

explained by diffusion of platinum through the nitride layer in the locally 

stressed region of the growth front [1028]. Interfacial melting at near 

eutectic compositions has been observed for Pt/Si using pulsed ion beam 

irradiation. In all cases the reaction occurred at a temperature below the 

melting point of either platinum or silicon [1029]. The moving species during 

the formation of Pt,Si by both ion mixing with 300-600 keV Xe ions, and by 

thermal annealing, have been identified using inert markers and backscattering 

spectrometry. The thermal annealing data indicated a predominant motion of 

platinum, but in the ion mixing process, movement of silicon was marginally 

favoured [1030]. 

The current transport mechanism was studied for Pt,Si and PtSi contacts on 

n-silicon [1031]. 

All the compounds predicted by the Si-Pt phase diagram have been observed 

by depositing thin layers of platinum on silicon in known quantities and 

ratios to each other. The new binary compounds PtsSis and Pt,,Sis were 

identified experimentally for the first time in a planar film reaction. The 

materials were analysed using *He+ backscattering and X-ray diffraction 

110321. The interface structure beteen PtSi and <lll>Si was studied on an 

atomic scale with a 1 MV high resolution electron microscope. At the interface 

the transition is abrupt, without the presence of any other phase. Lattice 

fringe images show that the interface is heavily undulated, and has atomic 

steps [10331. 

Optical microscopy, X-ray diffraction and microhardness were used to study 

the interaction of the silicide phases in the Pd-Ho-Si system. Pd,Si was shown 

to be the most thermodynamically stable of the palladium silicides, and 

therefore the molybdenum silicides interacted only with this [1034]. The 

interaction of alumlnium with Pd/W alloys deposited on silicon, or on silica, 

has been studied using Auger-electron spectroscopy, Rutherford back-scattering 

spectrometry, X-ray diffraction and forward current-voltage measurement of the 

Schottky-barrier height. For the bilayers on single crystal silicon, annealing 
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shows extraction of palladium to both sides of the alloy, forming PdSi, at the 

silicon side and Al-Pd intermetallic compounds at the aluminium side. In the 

bilayer films on silica, the palladium reacts with the aluminium to give 

aluminium rich Al-Pd intermetallic compounds [10351. It has been suggested 

that the reaction of silicon with alloys may be regarded as a phase 

transformation of the alloy under the influence of a reactive substrate. At 

high temperatures an Er-Pt alloy reacted with silicon to give ErPt, ErSi, and 

PtSi [1036]. 

The magnetic properties of polycrystalline Pd,.,Mn,.,Si, Pd,.sMno.,Ge and 

PdHnGe have been Investigated using magnetometric measurements. All showed 

ferromagnetic properties at low temperature. The values obtained for the 

magnetic moment in the saturated state were discussed in terms of Pauling's 

valence concept [10371. 

There have been numerous studies of the mixed valence compound EuPd,Si, 

and related species. The mean valence of europium was determined by LIII-edge 

X-ray absorption and lslEu Miissbauer isomer shift measurements in the 

temperature range 1.7-300 K. EuPdsSi, exhibits the steepest temperature 

induced valence transition among europium based mixed valence systems 110381. 

A quantative correlation of these two valence sensitive spectroscopies was 

made over the range of the thermally induced valence change [1039]. In 

EuPd,Si,, EuPdeB, and Eu,Ni,P, the linewidth of the lslEu Mossbauer resonance 

attains a maximum value when the isomer shift varies most strongly with 

temperature [10401. Intra-configurational spin-orbit split (J) multiplet 

excitations were observed in EuPd,Si, and CePd,. The temperature dependence of 

the interconfigurational excitation energy and the fluctuation temperature 

were obtained from Raman peak positions and widths respectively. The 

spectroscopic data provide the first direct proof of the ionic 

interconfigurational fluctuation model [1041]. 

Mossbauer spectra and magnetisation have been measured for 

EuPd,_,yRh#uySi,_$eZ (0 < x + y 4 2; 0 6 z 4 2) in the temperature range 

4.1-295 K. In EuPd,_xRh.$i,, the valence electron transition temperature, TV, 

decreased as x increased. However, in EuPd,-,,RuySi,, the europium ions were 

predominently divalent, and TV was low. Only for y > 1.5 was the Eu trivalent 

component again dominant [1042]. Ls XANES and EXAFS studies of M in MPd,Si, 

(M = Sm, Gd or Tm), prepared by arc melting, have been reported. The results 

indicated that the d states in MPd,Si, are rather localised, and EXAFS 

features are governed by the nearest neighbours of the absorbing M ion [1043). 

Other Ls XANES studies of R in RPd,X, (R = Nd, Sm, Gd, Tm or Yb; X = Si or Ge) 

have also been reported 110441. Electrical field gradient measurement on 170Yb 

in YbPdsSi, were interpreted within the interconfigurational model, and 
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provide clear evidence of the persistence of crystal field effects in the 

intermediate valence state 110451. 

The structures of CePtaSi, and CePtaSi, were determined by X-ray 

diffraction studies on single crystals. Both crystallise in the tetragonal 

CaBe,Gez structure, space group W/nnun. The cerium was trivalent at room 

temperature but seems to approach a non-magnetic ground state at low 

temperatures. No superconducting transition was detected down to 20 mK [1046]. 

The compounds MPt,Si, (M = Y. La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, HO, Tm, Yb, Lu, 

U or Th) are isotypic, and crystallise with the primitive tetragonal CePt,Si, 

type structures. Their magnetic properties were investigated. At temperatures 

below 40 K, antiferromagentic ordering was found for the compounds of Gd, Tb 

or U. For the Dy, Ho, Er and Tm compounds the onset of ferromagnetism occurred 

below 4 K [1047]. In another study, 27 ternary intermetallic compounds with 

either ThCr,Si, or CaBe,Ge, type structures were investigated for their 

superconducting properties. Superconductivity was consistently favoured for 

the primitive tetragonal CaBe,Ge,-type structures, rather than the ThCraSis 

type. None of the latter showed superconductivity avove 1.1 K. ThPtaSia, 

ThPt,Ge, and LaPt,Si, were among the compounds with the CaBe,Ge, type 

structure studied. Examples of ThCraSi, type structures investigated included 

YPdaSi,, ThPd,Si, and ThPd,Ge, [1048]. 

1.11.4.2 Compunds with other Main Group Heta7s 

The electronic structure and reactivity of PdLi have been reported, and 

non-empirical pseudopotential CI calculations were performed on it 110491. 

LiPt, was prepared by the reaction of Li,[CO,] with platinum metal under 

a hydrogen atmosphere at 1260 K. It adopts a cubic space group, Fm3m 

[10501. 

The relaxation times for electron scattering and concentration dependence 

of extremal cross-sectional areas, A, of the Fermi surface of dilute PdB, 

(0 < x <0.002) have been established 110511. At 900 oC, the high platinum 

single phase PtAl, was more resistant to corrosion under acidic fluxing 

conditions than the low platinum two phase PtAl,-NiAl system [1052]. X-ray 

absorption spectra (XAS) were obtained with synchrotron radiation at the Pd 

La,a edges of Pd-Al alloys, and Bremsstrahlung Isochromat Spectra (BIS) at 

1486,.6 eV of these alloys and of PdaSi. The XAS and BIS results were similar 

for the alloys, but BIS resilts for Pd,Si showed differences attributed to 

more localised bonds 110531. 

A rapid increase of the yield stress with increasing temperature, often 

observed in Ll, ordered alloys, is commonly called "anomalous flow behaviour". 

It is believed to be due to thermally activated transformations of the core of 
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1/2<110> screw dislocations from a glissile form to a sessile form, at high 

temperatures. It has now been shown that another classs of Ll, alloys exists, 

in which these two forms of screw dislocation are not available, These are the 

alloys in which the APB on (111) planes is not stable, and the atomistic 

studies of screw dislocations in such alloys show that their cores are always 

sessile. The yield stress of these alloys increases as the temperature 

decreases. The theory was used to predict the behaviour of Pt,Al, giving good 

agreement with experimental observations [1054]. 

Single crystals of PdSn, and PtSn, were grown by fast cooling of a molten 

mixture of the pure metals, containing an excess of tin. In contrast to At&n,, 

no superstructure was observed 110551. Room temperature elastic constants of 

tetragonal PdPb, were measured, and the Debye temperature derived. This was 

compared with the value obtained from low temperature electrical resistivity 

measurements 110561. 

PtFeSn is hexagonal, with space group PGs/nnnc. The crystal structure is 

based on the NiAs unit cell, the iron atoms being equally distributed over the 

2a and 2c sites. The same structure was found for PtXSn, X = Ni, Co or Cr. 

PtFeSn has a saturation moment at 4.2 K of 2.2l/formula unit. The Curie 

temperature is comparatively high (Tc = 1010 K) and only slightly below that 

of natural iron. Mb'ssbauer data showed that only 56 % of the iron atoms were 

magnetic; the magnetic moment of these was = 2.7 MB/Fe, and a small magnetic 

moment of 0.7 pB/Pt was also ascribed to platinum [1057]. 

1.11.4.3 Compounds with Transition Metals 

The heats of formation of AsBH,, AaBH,, ABH,, AB,H, and ABsH, in which, 

amongst others A = Pd, and B is a transition metal, were calculated by a 

semi-empirical model based on the electronic structure of the host alloy. Only 

44 out of the 1380 systems tested were predicted to react with hydrogen with 

AHform between -12 and -25 kJ moV1, and hence to have potential for hydrogen 

storage. Among these were PdsSc, PtHf,, PdTa and PdNb [1058]. 

The phases Ti,Pt, TiPt and TiPts were detected in contacts of platinum and 

titanium across a weld zone [lOSSI. An energetically favourable bonding type 

was found for Ti,Pt, TiPt, Ti,Pt, and TiPt,_s, by using a binding analysis 

based on the plural correlation model 110601. Analysis of X-ray diffraction 

studies on a 70 % palladium, 30 X titanium alloy indicated that the main phase 

present was PdTi, with small amounts of PdsTia. At a 50:50 composition, PdTiz 

was the main component, together with scnne PdTi. The amounts of the minor 

phases depend on the heat treatment of the sample [10611. 

The thermal stability of a-ZrsPd was studied. It undergoes two-step 

crystallisation, with the initial formation of a disordered bee phase, 
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followed by formation of a tetragonal Zr,Pd phase with a cllb structure 

[1062]. The effect of hydrogen on its electronic properties was investigated. 

The electronic density of states decreases steadily with increasing hydrogen 

content, and T, is constant for H:Zr > 0.5. Results of mass density, 

electrical resistivity, thermoelectric power, T,, and upper critical field 

measurements could all be interpreted in terms of two different binding states 

for hydrogen at low and high hydrogen concentrations [1063]. The hydrogenation 

and isomerisation of I-hexene over Zr,PdH, has been described [1064]. 

Experiments conducted with bilayers of elements chosen to maximise 

chemical, and minimise physical, differences, demonstrated the importance of 

chemistry in determining the amount of interaction which results from ion 

mixing experiments. Thus, ion bombardment of Pd/Hf bilayers gave PdsHf, and 

the existence of such compounds was not detected in other bilayers of similar 

elements [1065]. 

New superconducting ternary transition metal compounds with fee E9, 

structure type phases have been reported. Details of structural studies were 

also reported for Ti,Pt,O, Zr4.2Pt1.e00.e, Zr,_,Pd,_eNo., and Zr,.,Pt,_,No.s, 

and T, values ranged from 1.34 to 2.51 K [1066]. 

The electric quadrupole interaction of l*'Ta impurity nuclei in HfePd was 

investigated by a time differential perturbed angular correlation experiment 

at 77, 295, 873 and 1023 K. The temperature dependence of the quadrupole 

frequency was described by a PI2 law 110671. 

Local spin density functional calculations were performed for VPd, and 

vpt,. These are non-magnetic in the TiAl:, structure, but ferromagnetic in the 

Cu,Au structure, which has a calculated total energy/fomula unit 0.25 eV 

higher than the TiAla structure. The calculations were compared with 

experimental results [10681. The electron configuration and X-ray 

photoemission spectra of VPd, with the CuaAu-type structure were calculated 

using the self-consistent LMTO method. The Stoner parameter of 1.04 may 

indicate that this material is a weak itinerant ferromagnet [1069]. PtaV 

quenched from above the ordering temperature shows short range ordering which 

can most conveniently be observed along a cubic zone pattern as lines of 

diffuse intensity along h = 2n + 1 and k = 2m + 1. These correspond to the 

existence of tetrahedra of nearest neighbours with a 3:l composition in the 

Ll, structure as well as in the DO,, structure [1070]. 

The synthesis of Pd#ry catalysts was studied by XPS and EXAFS. The test 

reaction with 13C labelled hexanes shows the influence of metal loading, 

temperature, and time of treatment in air [1071]. 

Inelastic scattering of polarised neutrons was used to study the nature of 

the magnetic response in the vicinity of the Curie temperature (Tc = 493 K) 
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for the imtermetallic ferromagnet Pt,Mn. The measurements were taken on the 

HB-1 triple axis spectrometer at ORNL, in a field of 10 koe, applied along the 

scattering vector Q. For 0.9 T, < T < 1.2 T, undamped magnons were observed, 

not only with the conventional (+) spin-wave polarisation, but also with'the 

"forbidden" (-) polarisation, with an intensity difference 1(+)-I(-) 

approximately proportional to the magnetisation. Both observations are in 

accord with the slowly fluctuating spin density theory of itinerant 

ferromagnetism [1072]. 

The electronic structures of Pd,Mn and Pd,Mo in the paramagnetic phase 

were calculated using the method of orthogonalised LCAOs. The Stoner criterion 

was applied to predict magnetic ordering in these compounds. The magnetic 

ordering predicted for Pd,Mn was in agreement with the observed 

antiferromagnetic phase transition in this compound. The Stoner criterion was 

not satisfied for PdsMo, and no experimental data are available for the 

ordered phase [1073]. Paramagnetic scattering from the localised metallic 

ferromagnet Pd,HnSn was characterised for the entire range of energy and 

momentum space for a temperature range between T, (193 K) and room 

temperature. The scattering function could be well described by a simple 

double Lorentzian [1074]. 

The structures of Pd,Fe and PdFe were determined after deformation to 

75-90 x, and annealing at 200-1000 oC. The as-deformed specimens showed a 

disordered structure, but long range order was present in PdaFe after 

annealing at 400-500 oC 110751. Magnetisation and 57Fe Mb'ssbauer data were 

recorded for PdaFeHom7; the strong ferromagnetic coupling noted for Pd,Fe was 

altered in the hydride. The magnetic moment was reduced, and there was a 46 % 

decrease in the magnetic transition temperature. Anisotropic antiferromagnetic 

coupling dominates in the hydride 110761. The structures of Y(Pd,Fe), and 

Y,(Pd,Fe),7 were studied in amorphous and crystalline states by X-ray 

diffractometry and Mossbauer spectroscopy. Palladium appears to stabilise a 

disordered distribution of iron [1077]. 

The formation of an amorphous structure in equiatomic Co-Pd films was 

considered. The microcrystalline structure containing bee and fee phases was 

transformed into a new fee phase by either the conventional mechanism of 

nucleation and growth, or favourable nucleation in the residual glassy phase. 

On heating to a temperature above 470 oC the new fee phase was transformed 

into a face-centred tetragonal phase [1078]. A photoemission technique was 

used to study the surface composition of PtPd, PtRu and PtIr alloys over a 

wide range of bulk compositions. The alloys were submitted to in situ oxygen 

exposure at 1 atm pressure and 200-600 oC. The platinum based alloys were 

oxidised if the impurity surface concentration was >13-20 X, and PtO, cx-PtOe 
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and PPtO, were detected. In the low impurity range neither component was 

oxidised 110791. 

6oCo irradiation of Cu[SO,]/PdC1,/2-propanol/PVA gave a dark green colloid 

of stoicheiometry CusPd. The diffraction patters obtained for the solid 

implied some ordering [1080]. 

1.11.4.4 Compounds with Lanthanides 

Based on a new method of chemical bond parameter computerised pattern 

recognition, a list of unknown intermetallic compounds was presented. It was 

predicted that LaPds would have the CaCus structure [1081]. By using a 

spectrum subtraction method it was possible to show directly the 4fb4fm1 

shakedown satellite near the LIII edge in LaPda, PrPd, and NdPda. Such 

shakedown effects are sufficiently small that they may be ignored in (mixed) 

valence determinations based on the LIII method 110821. A joint analysis of 

the palladium and rare earth (R) LIII XANES of RPda (R = La, Ce, Pr, Nd or Sm) 

intermetallic compounds made it possible to discriminate experimentally 

between the interactive hybridisation of 4f*(5d,6s) orbitals, and the 

interactive mixing of the R 4f orbitals with the palladium 4d orbitals [1083]. 

Magnetisation and susceptibility were measured as a function of magnetic field 

and temperature for R,Pt, (R = La, Ce, Pr or Gd), R,Pt (R = Gd, Tb, Dy, Er or 

Ho) and RePta (R = Gd, Tb, Dy or Ho). The magnetic properties were due 

almost entirely to localised f electrons. The inability of the 

Runderman-Kille-Kasuya-Yoshida theory to account for the paramagnetic Curie 

and magnetic ordering temperatures was attributed to magnetocrystalline 

anisotropy [1084]. 

Many papers concerning the properties of CePd, continue to be published. 

The magnetic susceptibility of some cerium intermetallic compounds including 

CePd, and CePt, was measured at temperatures up to 1200 K. Fluctuation 

temperatures were calculated using the susceptibility data and the valence 

derived from LIII X-ray absorption measurements 110851. A neutron scattering 

investigation of the high energy magnetic response in a-Ce and CePd, has been 

reported. For CePd, the magnetic response has a peak at 60 meV, which is 

attributed to the energy difference between magnetic and non-magnetic 

configurations [10861. Polarised neutron scattering with polarisation 

analysis on a-Ce and CePd, has also been reported. In CePd, the magnetic 

response is essentially inelastic, and reveals a characteristic excitation at 

65 meV. The data were discussed in terms of the theories of intermediate 

valence 110871. 

The electrical resistivity of CePda was measured at temperatures from 

1.5-300 K under hydrostatic pressures greater than 20 kbar. The temperature 
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for maximum resistivity increased with pressure [10881. Anomalies in the 

temperature and pressure dependence of the electrical resistivity of CePd, 

have been discussed. The effects were said to demonstrate the existence of an 

energy scale T,,h (related to the single-ion spin fluctuation scale T,f by a 

factor of 1/(2J + l)), over which coherence develops among spin fluctuations 

on different sites [1089]. 

Point contact measurements on CePd, have been reported. Point contact 

theory applicable to valence fluctuating compounds is still lacking, but the 

results were discussed in terms of bulk resistivity and thermopower via the 

classical heating model [1090]. This type of spectroscopy was also used as a 

tool to obtain information on anomalies in the electron density of states near 

EF, and on the quasiparticle density of states. A peak at EF in the electronic 

density of states was found with 14 meV width. In related measurements on 

ThPd, no anomalies were observed in the electron density of states, but the 

phonon density of states was obtained [1091]. 

The far IR absorptivity of CePd, was measured at temperatures between 4.2 

and 300 K, over a photon energy range an order of magnitude larger than 

previously reported. Together with earlier data, these results map out the 

entire region of the low temperature CePda absortivity, which is larger and 

extends to larger energies than extrapolation from earlier cavity measurements 

would suggest. The anomaly is too large to be compatible with simple 

conduction electron scattering off a resonant level near the Fermi energy 

[10921. 

The thermal expansion and specific heat of CePd, and YbInPd have been 

measured in the temperature range 1.5-400 K. Both properties were strongly 

influenced by the mixing of the two integral valence states [10931. 

The Hall coefficients for CePd, and Ce(Pd o.eeAgo.lr)a have been measured 

from 4.2-300 K [1094]. It has been proposed that the large anomalous Hall 

constants of mixed-valence and Kondo-lattice systems can be understood in 

terms of a simple resonant-level Fermi-liquid model. Splitting of a narrow, 

orbitally unquenched, spin-orbit split, f-resonance in a magnetic field leads 

to a strong skew scattering of band electrons. Both the anomalous signs and 

the strong temperature dependence of the Hall mobilities in CePd, were 

explained in terms of this theory [1095]. 

An extensive investigation of the XANES of palladium 3d, 2p and 2s levels, 

and of the rare earth 4p, 2p and 2s core levels was carried out at the 

Frascati synchrotron radiation facility, with the X-ray and the soft X-rays 

grasshopper beam lines. In CePd, the 4f-5d hybridisation is the dominant 

effect determining valence fluctuations [1096]. 

Photoemission studies revealed two peaks in the 4f spectral weight of 
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cerium based systems, and in their Pr and Nd homologues. The results suggested 

a new microscopic description for the mixed valent state in CePda [10971. The 

lineshape of the peak near EF has been analysed [10981. 

In CePd,, the intraionic J = 5/2+J = 7/2 excitation of the 4f' ('FJ) 

configuration, and the interconfigurational 4f1+4f0 + e- excitation energy, 

were observed near 256 and 325 meV respectively, by means of electronic Raman 

scattering [1099]. An amorphous film analogue of CePd, was prepared by sputter 

deposition onto cryogenic substrates using inter-metallic targets. LIII 

measurements on the new film were reported. The valence was determined as 

3.29, close to the saturated upper valence for cerium, and the film was 

chemically more dense than the bulk crystalline material. The film 

crystallised slowly over several months, but seemed to retain the near 

saturated cerium valence [llOOl. 

A cumulant expansion theory starting from the atomic limit has been 

presented for intermediate valence compounds. The IR conductivity calculated 

was in good agreement with the experimental results for CePd, [llOl]. Valence 

fluctuation and the Kondo effect have been discussed for the non-cubic 

compounds of the Ce-Pt systems [11021. Some debate has arisen concerning the 

two energy scales in CePd, [1103,1104]. 

The crystal structure of the CePds phase has been analysed by X-ray 

diffraction and electron micrsocopy. Two phases were observed, one stable 

at high and one at low temperatures. The low temperature phase was identified 

as a kind of long period antiphase structure with fee fundamental cells 

t11051. 

The EPR spectra of Gd3+ and Mn2+ impurities in CePd, have been recorded. 

The spectra can be explained within the phenomenological models of 

hybridisation and covalent magnetism [1106]. The first example of a resolved 

hyperfine structure of the manganese EPR spectrum was reported for 150 ppm 

manganese in CePd,. The linewidth of each of the six hyperfine components 

increased in a linear manner with temperature (1.5 cT < 4 K) [11071. 

CF parameters of diluted rare earth ions in CePd, were derived from 

inelastic neutron scattering spectra [11083. The specific heat, 

susceptibility, and resistivity of thorium diluted CePda was measured. As 

expected, dilution by thorium lowered the f level with respect to the Fermi 

level, driving the cerium to the t3 state. This more than offset any positive 

lattice pressure effects that are present when the thorium compound has a 

smaller lattice constant than its cerium counterpart [11091. 

Bulk susceptibility and I19 NMR spectroscopic data for CePdaB, have been 

analysed. Cerium becomes trivalent for x q 3 [11101. In a survey of rare 

earth/transition metal ternary borides it was noted that compounds were 
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R,TB, or RTB4 [llll]. 

Mixed valence and Kondo lattice systems exhibit large anomalous Hall 

coefficients with a striking change in sign at low temperatures in several 

systems. A study of the Hall effect for Ce,_xY#d, was carried out. In this 

compound the substitution of small amounts of yttrium for cerium prevents the 

development of coherence at low temperature. The Hall coefficient does not 

change sign at low temperature, and the data can be well understood in terms 

of the one impurity model of Ramakrishnan, Coleman and Anderson. This suggests 

that the change in sign of the Hall coefficient in CePd, is an effect of 

coherence [1112]. The results of the alloying behaviour of the low temperature 

constant susceptibility, xo, and the linear coefficient, Y, of the specific 

heat has been reported for Ce,_,Y,PdB. The correlation between x, and Y, known 

to exist for intervalence compounds, was shown to apply to this series, 

implying a 2J + 1 = 6 ground state degeneracy [1113]. 

Specific heat data for the system Ce(Rh,_,,Pty), system support earlier 

resistivity and susceptibility measurements, which were interpreted in terms 

of a mixed valence regime for y < 0.5 111141. There have been reported 

magnetic measurements under hydrostatic pressures up to 6 kbar on orthorhcmbic 

CeNi2t,-, dense Kondo ferromagnets with x = 0.0, 0.5 or 0.8. For all the 

compounds there is a decrease in the cerium magnetic moment. The reduction is 

weak for CePt. but about 35 % for x = 0.8. The pressure effect on the Curie 

temperature is similar to an increase in nickel content. The results confirm 

the Kondo lattice model, which predicts that T, passes through a maximum, but 

the Kondo effect always increases [1115]. The increase in the 4f-conduction 

electron hybridisatlon, as determined from deep-core photoemission studies, is 

compared with the increase in the mixed valence across the archetypal 

continuously variable valence system Ce(Pd,_,Tx) (T = Ag or Rh). No anomaly 

was observed in the hybridisation near %h = 0.2, where the mixed valence 

abruptly saturates. There was, however, a linear relationship between f-d 

hybridisation and the volume of the unit cell. The data were consistent with a 

recent model which explains the valence saturation in terms of thermodynamics 

[11161. 

Magnetisation measurements on single crystal PrPd, in the temperature 

range 2-100 K, and for magnetic fields up to 8 T, have been discussed. 

Specific heat measurements for polycrystalline material in magnetic fields up 

to 7.5 T, in the temperature range 4-16 K, were also reported. The 

experimental data were interpreted in terms of a Crystalline Electric Field 

(CEF), and were compared with existing CEF parameters [1117]. 

EuPda has been studied using X-ray excited photoelectron spectroscopy and 
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BIS. Due to the very small contribution from empty palladium d states, BIS 

gives a clearer view of the Eu 4f state than XPS valence electron spectra. In 

the BIS, a contribution from a divalent surface layer as well as core level 

spectra were observed. It was concluded that there is a substantial surface 

disproportionation of the compounds, with an increase in the europium 

concentration at the surface [11181. 

The alloying of boron with RPda gives RPdaB, (0 < x < 1). RPd, 

crystallises in the cubic AuCu, type structure, and addition of boron does not 

change the structure, but does expand the lattice, suggesting that boron 

occupies the vacant body centred position. Some susceptibility measurements of 

the compounds were reported, and it was noted that GdPda orders 

antiferromagnetically with TN q 6 K, but GdPdaB does not order magnetically 

above 4.2 K [li19]. The changes in magnetic properties and lssGd hyperfine 

field parameters was studied in several GdM compounds (M = Rh, Pd, Cu, Ag or 

Au) when these materials were charged with hydrogen gas. The changes comprise 

increases in the asymptotic Curie temperature as high as 107 K, and increases 

in the 15sGd hyperfine fields as high as 35 T [1120]. There has been a report 

of volume effects of the Mossbauer isomer shift in intermetallic compounds of 

gadolinium, including GdM,, GdM, (M q Pd or Pt), GdPd, Gd,Pt, Gd,Pt,-GdsPt,, 

and GdPt5 111211. 

Among the Heusler alloys, Pd,RSn, (R = Tb-Lu, SC or YJ the compunds of Yb, 

Tm, Lu, SC and Y were superconducting. Structural studies showed that none of 

the superconducting alloys showed a structural transformation. Structural 

transformations were observed for the derivatives of Tb and Dy. The 

transformation temperature was decreased by 50 K on going from stoicheiometric 

Pd,TbSn to Pd,Tbo,s5Sn, and the transformation was completely supressed in 

Pd,Dyo.,,Sn 111221. Magnetic susceptibilty and llsSn Mossbauer studies on this 

series were also reported. The magnetic susceptibility of Pd,TmSn and Pd,YbSn 

deviates from Curie-Weiss behaviour at low temperatures, indicating that 

crystalline electric field effects are appreciable. The Tb and Dy compounds 

order antiferromagnetically, whilst the Er and Ho derivatives are paramagnets 

down to 1.4 K [11231. The compounds RGa,Pd (R = Y, Tb, Dy, Ho, Er, Tm, Yb or 

Lu) have been prepared by direct interaction of the elements. The structures 

were shown to be isotypic, and cell parameters are reported [1124]. 

A revised phase diagram for Pd/Y has been discussed and related to 

electronic properties. None of the ordered compounds showed magnetic ordering 

[11251. 

By using neutron diffraction, the magnetic structure of the Er,Pt 

antiferromagnet (TN = 9 K) was investigated 111261. 

Specific heat, thermal expansion and electrical resistivity measurements 
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were used to investigate YbPd. It undergoes four phase transitions at 0.5, 

1.9, 105 and 125 K. Magnetic susceptibilty measurements show that the 

transition at 0.5 K is magnetic. The quasielastic magnetic linewidth is, as 

usual for mixed valence compounds, large, but decreases with temperature, and 

is everywhere less than kgT. The magnetic ordering of YbPd occurs at a 

fractional Yb valence of Y q 2.8 (measured by LIII absorption), near the 

configurational crossover of 4fi3 and 4f1+ [1127]. Resistivity, specific 

heat, and magnetic susceptibility measurements were used to investigate the 

magnetic ordering of YbaPd,. A magnetic phase transition at 3 K was noted 

111281. 

Magnetic and superconducting properties of the Heusler alloy, PdsYbSn, 

were investigated by heat capacity, resistivity, and magnetic susceptibility 

measurements. It undergoes a superconducting transition at 2.46 K and a 

magnetic transition at 0.23 K. The absence of reentrant behaviour implies that 

the magnetically ordered state is coexistent with the superconductivity 

111291. The thermodynamic and physical properties (crystal structure, thermal 

expansion, magnetic properties and heat contents) of YbPdIn and MPdIn (M = Ca, 

Sr, Er or Eu) were measured in the temperature range 100-1000 K, to explain 

the anomalous behaviour of YbPdIn. The results led to the detection of three 

previously unknown compounds (Ca, Sr or Eu)PdIn, which crystallise in the 

TiNiSi structure. The anomalous behaviour of YbPdIn depends on the instability 

of the valence of Yb, which shows an amost regular change from divalency to 

trivalency with increasing temperature. All the measurements converged to a 

room temperature value of the valence of 2.1-2.2, at variance with earlier 

data from X-ray absorption spectroscopy. The valence increased with 

temperature, reaching 2.55 at 1000 K. From the heat capacity measurements, the 

energy required was 0.11 eV, in good agreement with the results from other 

mixed valence compounds [1130]. 

1.11.4.5 Compounds with Actinides 

Phase equilibria and structures were studied in the palladium rich region 

of the Pd-Th system. Incongruent-type peritectic reactions occurred at 1145 oC 

to form the a-phase, at 1215 oC to form the S-phase (probably as ThsPd,,) and 

at 1340 oC to give the E-phase [1131]. 

Spin fluctuations and superconductivity have been revlewed in UPt, 

[1132,1133]. Superconductivity, spin fluctuation and magnetic order under high 

pressure, were reviewed for this material, and for a series of (nearly) 

ferromagnetic compounds, UHs, including UPts [1134]. UPt, was amongst the 

heavy fermion uranium inter-metallic compounds considered in a review of their 

physical properties, including crystal structure, electrical resistance, 
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superconductivity, magnetic moments and heat capacity 111351. 

It has been shown that the spin fluctuation temperature for UPts increases 

with pressure [1136]. The strength of the spin fluctuation spectrum has been 

found, using neutron scattering, to decrease dramatically with temperature on 

approach to the superconducting transition. The spin fluctuations are 

antiferromagnetic, and their thermally activated intensity is consistent with 

the existence of a gap-like structure in the normal phase. This seems to 

indicated that spin fluctuations take part in the formation of the 

superconducting state 111371. 

The thermal expansion and elastic constants of single crystalline UP& 

have been measured 111381. Thermal expansion of the polycrystalline compounds 

UPt,, UPts, and UPts was measured in the temperature range 1.4-80 K. The 

thermal expansion of UP& reveals a large anomalous contribution below 50 K. 

This appears as a low temperature upturn in a plot of a/T versus T2, and is 

associated with spin fluctuation. A similar, but less pronounced upturn was 

noted for UPt, and UPts [1139]. 

Specific heat, resistivity, thermal conductivity and thermoelectric power 

measurements have been reported for the normal and for the superconducting 

regimes of UPt, [1140]. UPt, shows a strongly enhanced linear contribution to 

the specific heat. A self-consistent, fully relativistic, band structure 

calculation for this material within the local density approximation was 

described, and the implications of the results for the properties of the 

material discussed [1141]. Heat capacity measurements in an 11 T magnetic 

field showed that, above approximately 7 K, UPts behaves like the spin 

fluctuation compounds UAl, and TbBe, [1142]. Specific heat, electrical 

resistivity and ac susceptibilty measurements on Czochralski-grown single 

crystalline UPta revealed the transition into the superconducting states below 

0.48 K. For the temperature dependence of the upper critical field, dBc2/dT, a 

value of -4.4 T/K was found. A numerical analysis of the normal-state specific 

heat data below 20 K results in a large 7'e1n(T/T*) contribution, indicating 

pronounced spin fluctuation effects [1143]. 

Measurements have been made of the ultrasound attenuation and sound 

velocity as a function of temperature, through the superconducting transition 

temperature of UP&. The attenuation varied as p at low temperatures, and was 

inconsistent with the indentification of UPt, as a singlet superconductor. 

Below T, the sound velocity varies as p, and above T, as 72, implying that 

UPts is an anisotropic (triplet) superconductor in a polar-like state [1144]. 

From the ultrasound attenuation below T,, a quasiparticle density of states 

linear in energy is deduced, which is also interpreted in these terms. The 

attenuation in the normal state gives the electron-phonon interaction 
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strength, and the product of the deformation potential times the 

effective mass is found to be the same as for ordinary "light" fetmion systems 

[11451. 

Magnetic and resistivity measurements were performed on polycrystalline 

UPt, at temperatures well below its superconducting transition temperature T,. 

T, varied linearly with H over a wide range of magnetic fields [1146]. 

Magnetic susceptibily measurements were made in zero and finite magnetic 

fields [1147]. The differential susceptibilities of UPt, were measured at low 

temperatures as a function of magnetic field up to 40 T. A systematic 

relationship was observed between the signs of the second derivative with 

respect to field and temperature. Low temperature anomalies indicated spin 

fluctuation phenomena [1148]. The effect was determined of hydrostatic 

pressure on the susceptibility, the 7e dependence of the spin-fluctuation 

resistivity, and on superconductivity in UPts. T, and the initial slope of the 

upper critical field decreased under pressure 111491. Experiments on the 

normal phase of UP&, showed a large positive magnetoresistivity, almost 

temperature independent and linear in field, and a positive thermoelectric 

power, which is not linear in temparature as T+O K. The superconducting phase 

is characterised by a high thermal conductivity, with a strong p term, by a 

coherence length smaller than the mean free path, and by lower and upper 

critical fields [1150]. 

Photoemission and Bremsstrahlung Isochromat Spectroscopic data have been 

reported for various 5f electron systems, including UPta [1151]. The 5f 

spectral weights in the heavy fermion materials, UAls and UPt,, were measured 

by electron spectrsocopy, and were compared with those from density-functional 

calculations. The calculated one-electron 5f widths are too large to account 

for the enhanced values of the specific heat coefficient, Y, and too small to 

account for the measured widths. In the Anderson Hamiltonian both 

discrepancies arise from the 5f Coulomb interaction [1152]. 

An attempt has been made to determine the electronic structure of UBe,, 

and upt,. The UP& electronic system was determined using the 

semi-relativistic LMTO method, and the electronic structure of both systems 

was determied self-consistently for the observed crystal structure at zero 

pressure. The electronic structure in both cases effectively separated into 

uranium and non-uranium bands. The inter-uranium separations are large, and 

the system does not exhibit local moment magnetism; with these large 

separations it is unusual to observe superconductivity [11533. 

No Josephson effect was found between UPt, and Al, Nb or UPt, as 

counterelectrodes, in accord with a possible anisotropic (L > 1, S = 0 or 

1) pairing in UPt,. For this material, the thermal conductivity in the 
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superconducting state approaches an asymptotic KS = ale law as T 

approaches zero, with a = 32 mWcmm1K3. The thermopower above T, shows a 

temperature dependence similar to that of the spin-fluctuation system UAl, 

111541. 

Recent results on the magnetic and electric properties of UPt under high 

pressure, and results of neutron diffraction and neutron depolarisation 

studies, have been presented. The experiments suggest that there are two 

different magnetic phases in UPt, with ordering temperatures of 19 and 27 K 

respectively. Internal stresses and oxide content determine the amount of each 

of these phases in a particular sample. The magnetic phase with the ordering 

temperature of 27 K exhibits a ferro to antiferromagnetic transition at 

4 kbar. This antiferromagnetic phase is characterised at 4.2 K by a 

metamagnetic transition at a field of 3 T [1155]. 

Measurements of the low temperature resistivity, and specific heat, of 

U(Pt0.e Pdo,ala have been reported. It was concluded that spin fluctuation was 

totally supressed, suggesting that spin fluctuation in UPt, depends critically 

on the hybridisation of the uranium electrons [1156]. Measurements of the 

temperature dependent electrical resistivity, and the superconducting 

transition temperature of the "nearly heavy fermion" compound, UsPtC2, under 

hydrostatic pressure, indicated that the superconductivity arises within a 

strongly pressure dependent, highly correlated electron system [1157]. The 5f 

electronic structure of UPt,Ir was investigated by XPES and BIS. The 

hybridisation between the 5f and ligand metal d states is large, giving rise 

to configuration fluctuation [1158]. 

The thermodynamic properties and sublimation behaviour have been 

investigated for a range of Pu-Pt compounds (PuPts, PuPt,, PuPt,, and PuPt,). 

Vapour Pressure was measured by Knudsen effusion using target collection and 

mass spectrometry. Sublimation gave mainly plutonium gas [1159]. 

Polonium vapour was noticeably absorbed by palladium at 340-350 oC to give 

the intermetallic compounds PdPo, Pd,Po and PdaPo. These dissociate with the 

separation of elememtary polonium, and pressures and heats of dissociation 

were measured [1160]. 



215 

REFERENCES 

1 

2 

3 
4 
5 
6 
7 

a 
9 

10 

11 

12 

13 

14 

15 
16 
17 

la 

19 

20 

21 

22 

23 

24 

25 

26 
27 

28 

29 
30 
31 

32 

R.E. Blaglnl. PnD, University of Cinncinati, 1964, Diss. Abstr. Int. 8, 
46 (1985) 786. 
N.A. Borshch. Tear. /Jr&t. fkstr. Metodov. (1985) 111; Chem. Abstr.. 103 
(1985) 110762~. 
W. Levason, Annu. Rep. Prog. Chem.. Sect. A: Inorg. Chem.. 80 (1964) 245. 
M.1. Bruce, J. Organomet. Chem.. 283 (1985) 339. 
L.S. Hegedus, J. Organomet. Chem., 283 (1985) 1. 
L. Marko, J. Drganomet. Chem., 283 (1985) 221. 
M. Etoh, K. Narimatsu and S. Nagai, Bunseki Kagaku, 34 (1985) T113; Chem. 
Abstr.. 103 (1985) 1528772. 
K. Sabapathy and R. Ramasamy, Indian J. Phys., Sect. B, 5BB (1984) 464. 
A. Dhanalakshmi and M. Lalitha, Bull. Cl. Sci., Acad. R. Belg., 68 (19841 
249; Chem. Abstr., 100 (1984) 127180x. 
G.L. Gutsev and A.I. Boldyrev, Sov. J. Coord. Chem.. IO (1985) 810; 
Koord. Khim., 10 (1984) 1455. 
G.L. Gutsev and A.I. Boldryev, Sov. J. Coord. Chem., 11 (1985) 245: 
Koord. khim., 11 (isas) 435. 
G.M. Larin and G.A. Zvereva. Doklady Physical Chemistry, 279 (1984) 1136; 
Dok?. Akad. Nauk SSSR. 279 (1984) 1404 [Phys. Chem.]. 
X. Lix, X. Wang, M. Jiang, Y. Wu and J. Shi, Huaxue Xuebao, 43 i1985) 
327; Chem. Abstr., 103 (1985) 31488q. 
V.I. Shekhobalova and T.I. Mochalova, Russ. J. Phys. Chem.. 59 (1985) 
204; Zh. Fiz. Khim., 59 (1985) 346. 
K.B. Nielson, C.L. Atkin and D.R. Winge, j. 6707. Chem., 260 (1985) 5342. 
N. Juranid, Inorg. Chem., 24 (1985) 1599. 
N.L. Rogalevich, E.Yu. Bobkova and G.G. Novitskii, Dokl. Akad. Nauk BSSR, 
29 (1985) 906: Chem. Abstr.. 103 (1985) 202972z. 
M.V. Korobov, N.S. Chilingarov, N.A. Igolkina, M.I. Nikitin and L.N. 
Sidorov, Russ. J. Phys. Chem., 58 (1984) 1368; Zh. Fiz. Khim., 58 (1984) 
2250. 
V.N. Kumov and O.M. Kuleshova, Russ. J. Phys. Chem.. 59 (1985) 188; Zh. 
Fiz. Khim., 59 (1985) 318. 
R.E. Biagini, W.J. Moorman, T.R. Lewis and I.L. Bernstein, Toxicol. Appt. 
Pharmacol., 78 (1985) 139; Chem. Abstr., 102 (19851 225319k. 
P. Khodadad, J.M. Delfontaine and N. Rodier, C.R. Acad. Sci.. Ser. 2. 299 
(1984) 625. 
P. Toffoli, H. Venumiere, P. Khodadad, N. Rodier and R. Juliet?, Acta 
Crystallogr., Sect. C: Cryst Struct. Commun.. C41 (1985) 1589. 
L.D. Borzova, A.K. Molodkin, B.E. Zaitsev, V.G. Pleshakov, E.A. Borzova. 
A.I. Ezhov and M. Zain-ul-Abedin, Russ. J. Inorg. Chem., 29 (1984) 1769; 
Zh. Neorg. Khim., 29 (1984) 3092. 
C. Bisi-Castellanl, A.M. Hanotti-Lanfredi, A. Tirioicchio, L. Maresca and 
G. Natile, Inorg. Chim. Acta. 90 (1984) 155. 
J.W. Tucker, R.F. Bufaical and E.A. Harris, Congr. 'AMPERE Magn. Reson. 
Relat. Phenom., Proc., 22nd, (1984) 231; Chem. Abstr., 102 (1985) 1242604. 
F.A. Harris and J.W. Tucker, J. Phys. C, 18 (1985) 2923. 
R. Chenevert, A. Rodrigue. P. Beauchesne and R. Savoie, Can. J. Chem., 62 
(1984) 2293. 
I.A. Khartonik, G.G. Novitskii. D.S. Umreiko, V.I. Efanov, T.M. Buslaeva 
and N.M. Sinitsyn, Zh. Prikl. Spektrosk., 42 (1985) 420; Chem. Abstr., 
102 (1985) 2ilallc. 
C. Sugiura and S. Muramatsu, J. Chem. Phys., 62 (1985) 2191. 
I. Svare, A.M. Raaen and B.O. Fimland, Physica BtC, 128 11985) 144. 
Y. Cao, K. Guo and R. Qian, Huaxue Xuebao, 43 (1985) 425; Chem. Abstr.. 
103 (1985) 97027v. 
C. Bai, Ii. Fu, Y. Tang, C. Young. 9. Renyuan, K. Lu, Y. Zhao and L. 
Chang, Wuli Huaxue Xuebao, 1 (1985) 162; Chem. Abstr., 103 (1955) 631963. 



216 

33 

34 

35 

36 

37 

38 

39 
40 

41 

42 
43 

44 

45 

T.P. Tolstaya. L.N. Vanchikova and I.N. Lisichkina, Bull. Acad. SCi. 
USSR, Div. Chem. Sci.. 33 (1984) 1282; Izv. Akad. Nauk SSSR, Ser. Khim., 
(1984) 1392. 
Yu.N. Kukushkin, A.N. Belyaev, V.N. Demidov and E.A. Bychkov, Russ. J. 
Inorg. Chem., 30 (1985) 389; Zh. Neorg. khim., 30 (1985) 689. 
N.M. Sinitsyn, T.M. Buslaeva. G.N. Kartsev, L.V. Samarova and S.I. 
Ignat'eva, Russ. J. Inofg. Chem., 30 (1985) 91; Zh. Neorg. Khim.. 30 
(1985) 166. 
N.M. Sinitsyn. T.M. Buslaeva, L.V. Samarova, E.S. Shcherbakova, G.N. 
Kartsev, and S.I. Ignat'eva. Russ. J. Inorg. Chem., 30 (1985) 1480: Zh. 
Neorg. Khim., 30 (1965) 2600. 
R.T. Khleborodova. P.V. Seliverstov, E.S. Avdeeva, A.N. Novikova and A.I. 
Ryazanov, Tr. IREA, 46 (1984) 22; Chem. Abstr., 102 (1985) 228162$. 
J.S. Curran, J. Domenech. N. Jaffrezic-Renault and R. Philippe, J. fhys. 
Ghem.. a9 (1985) 957. 
S. Sato, J. Catal., 92 (1985) 11. 
S.G. Gagarin, 1.1. Gintovt, Yu.A. Teterin and 1.1. Urbanovich, Kinet. 
Catal.. 26 (1985) 789; Kinet. Katal., 26 (1985) 913. 
A.V. Jain, PhD, University of Saskatchewan, 1983, Diss. Abstr. Int., S, 
45~ (1984) 1852. 
N. Toshima, T. Takahashi and H. Hirai, Chem. Lett., (1985) 1245. 
B. Yehuda, H. Yair, L.R. Arieh and B.R. Rafael, Israeli IL 61,373 (1984); 
Chem. Abstr., 102 (1985) 70082b. 
C. Gu and W. Gu, New Front. Organomet. Inorg. Chem.. Proc. 
China-Jpn.-U.S.A. Trilateral Semin., 2nd 1982, (Pub. 1984) 3; Chem. 
Abstr., 102 (1984) 140587w. 
E. Stumpp, K. Klink and C. Ehrhardt. Ext. Abstr. Program-Bienn. Conf. 
Carbon, 17th (1985) 53; Chem. Abstr., 103 (1985) 97762f. 

46 1-V. Rudneva and G.A. Seryshev, J. App7. Chem. USSR, 58 (1985) 241: Zh. 
Prikl. Khim.. (Leningrad), 58 (1985) 283. 

47 G.N. Shivrin, 1.1. Smirnov, I.A. Ratovskaya and A.F. Zolotov, Izv. Vyssh. 
Uchebn. Zaved., Tsvetn. Metall., (1964) (5) 76; Chem. Abstr., 102 (1965) 
51465n. 

46 G.A. Heath, K.A. Moock, D.W.A. Sharp and L.J. Yellowlees, J. Chem. Sot., 
Chem. Commun.. 11965) 1503. 

49 P.G. Hall, P. Heaton and D.R. Rosseinsky, J. Chem. Sot., Faraday Trans. 
I. 80 (1984) 3059. 

50 R.E. Cameron and A.B. Bocarsly, J. Am. Chem. Sot., 107 (1965) 6116. 
51 Y.-T. Fanchiang, J. Chem. Sot., Dalton Trans., (1985) 1375. 
52 R.Kh. Freidlina, R.G. Gasonov, N.A. Kuz'mina and E. Ts. Chukovskaya, 

53 

54 
55 
56 
57 

5s 

59 

60 
61 

62 

Russ. Chem. Rev.. 54 (1985) 662; Usp. Khlm., 54 (1985) 1127. 
K. Isa, K. Sasaki and K. Mizuta, Shitsuryo Bunseki. 32 (1984) 305; Chem. 
Abstr., 102 (1985) 10295lc. 
W.S. Selig, Fresenius' Z. Anal. Chem., 320 (1985) 562. 
F. VlaEil and K. Kodak, Co77. Czech. Chem. Commun., 49 (1984) 2349. 
M.S. Heise and J.A. Schwarz, J. Colloid Interface Sci., 107 (1965) 237. 
N.L. Kovalenko, G.D. Mal'chikov and G.A. Kozhukhovskaya, Russ. J. Inorg. 
Chem., 30 (1965) 563; Zh. Neorg. Khim., 30 (1985) 1002. 
K.G. Ravikumar, S. Gunasekaran and S. Mohan, Bull. Sot. Chim. Beige. 93 
11984) 847. 
V.K. Duplyakin, V.P. Doronin, T.V. Tsymbal, L.J. A't and A.S. Belyi, 
Dok?. Akad. Nauk SSSR, 281 (1985) 89 [Phys. Chem.]. 
R.N. Lyubovskaya and M.L. Khidekel. Oxid. Commun., 6 (1984) 71. 
S. Mohan, S. Gunasekaran, K.G. Ravikumar and S. Govindarajan, Orient. J. 
Chem., 1 (1965) 11; Chem. Abstr., 103 (1965) 45111~. 
N. Wruk, J. Pelzl, G.A. Saunders and T. Hailing, J. Phys. Chem. SoIids, 
46 (1985) 1235. 

63 R.L. Armstrong, R.M. Morra and B.M. Powell, Can. J. Phys., 63 (1985) 966. 
64 A. Katrib, A. Stanislaus and R.M. Yousef, J. Mol. Struct., 129 (1985) 151. 



65 

66 
67 

68 
69 
70 

71 
72 
13 
74 

75 

76 
77 

78 

79 

80 

81 
82 

83 
84 

85 

86 

87 

88 
89 

90 

91 
92 

93 

94 

95 

96 

97 

98 

W. Brendel, T. Samartzis, C. Brendel and B. Krebs, Thermochim. Acta, 83 
(1985) 107. 
S. Jaya, T.P. Rao and T.V. Ramakrishna, Analyst (LondonI, 109 (1984) 1405. 
A.V. Babkov, A.P. Horavskii and A.V. Khramov, Sov. J. Coord. Chem., 11 
(1985) 40; Koord. Khim., 11 (1985) 73. 
R.S. Sindhu, A.K. Sharma and R.P. Singh, Thermochim Acta, 84 (1985) 377. 
T.G. Appleton, R.D. Berry and J.R. Hall, Inorg. Chem., 24 (1985) 666. 
J.C. Kim, M.K. You, M.S. Won, Y.B. Shim and Y.S. Koh, Yakhak Hoechi, 28 
(1984) 61; Chem. Abstr., 101 (1984) 143018b. 
M.E. Lopez-Morales and J. Gomez-Lara, Inorg. Chim. Acta, 101 (1985) 141. 
A. Hamburg, C. Ho and T.A. Getek, Inorg. Chem., 24 (1985) 2593. 
E.M. Khairy, A.F. Shoukry and J.Ahmad, An. Puim., Ser. B, 80 (19841 176. 
R.D. Gillard, F.L. Wimmer and J.P.G. Richards, J. Chem. Sot., Dalton 
Trans., (1985) 253. 
V.I. Vshivtsev, N.N. Patrusheva, E.P. Mironova and Y.N. Kukushkin, Koord. 
Khim., 10 (1984) 1696. 
S. Iftekhar and K.P. Dubey, J. Indian Chem. Sot., 61 (1984) 702. 
H. Bissinger and W. Beck, Z. Naturforsch., B: Anorg. Chem., Org. Chem., 
408 (1985) 507. 
P. Castan, J. Jaud, N.P. Johnson and R. Soules, J. Am. Chem. Sot.. 107 
(1985) 5011. 
M.A. Presnov, A.L. Konovalova, A.M. Kozlov, V.K. Brovtsyn and L.F. 
Romanova, Neoplasma, 32 (1985) 73; Chem. Abstr., 102 (1985) 214729t. 
E.E. Blatter, J.F. Vollano, B.S. Krishnan, J.C. Dabrowiak, Prog. Clin. 
Bio7. Res., 172 (Mol. Basis Cancer, Pt. B) (1985) 185; Chem. Abstr., 103 
(1985) 16476r. 
J. Butler, B.M. Hoey and A.J. Swallow, Radiat. Res.. 102 (1985) 1. 
H.B. Niell, H.G. Herrod, A.F. Blatnik and M.S. Soloway, J. Ural. 
(BaItimore) 134 (1985) 399: Chem. Abstr., 103 (1985) 153504n. 
R. Kuroda, I.M. Ismail and.P.J. Sadler, 2. Inoig. Biochem.. 22 (1984) 103. 
V.L. Narayanan, M.K. Wolpert-Defillipes and R.D. Haugwitz, U.S. Pat. 
APPT., US 585,111 (1984); Chem. Abstr., 102 (1985) 203649r. 
E.J. Bulten and F. Verbeek, U.S. US 4,482,569 (1984); Chem. Abstr.. 102 
(1985) 50935d. 
D.G. Craciunescu, A. Furlani, V. Scarcia, C. Ghirvu and A. Doadrio, 
Chem.-Biol. Interact., 53 (1985) 45. 
W. Tang, Y. Qu, A. Tai, X. Ji, F. Zang and L. Liu, Nanjing Daxue Xuebao, 
Ziran Kexue, (3) (1984) 471; Chem. Abstr., 103 (1985) 152569a. 
J. Shaw and G.W. Everett, Inorg. Chem., 24 (1985) 1917. 
D. Beoku-Betts, S.K. Chapman, C.V. Knox and A.G. Sykes, Inorg. Chem.. 24 
(1985) 1677. 
J. Baer, R. Harrison, C.A. McAuliffe, A. Zaki, H.L. Sharma and A.G. 
Smith, Int. J. App7. Radiat. Isot., 36 (1985) 181; Chem. Abstr., 103 
(1985) 31566~. 
T.G. Appleton, J.R. Hall and S.F. Ralph, Inorg. Chem., 24 (1985) 4685. 
A.M. Zimnyakov, K.P. Balashev and G.A. Shagisultanova, Russ. J. Phys. 
Chem., 59 (1985) 453; Zh. fiz. Khim., 59 (1985) 777. 
S.A. Vinogradov, K.P. Balashev and G.A. Shagisultanova, Koord. Khim., 11 
(1985) 959; Chem. Abstr., 103 (1985) 113224q. 
S.A. Vinogradov, K.P. Balashev and G.A. Shagisultanova, Sov. J. Coord. 
Chem., 11 (1985) 389: Koord. Khim.. 11 (1985) 675. 
A.K. Pyartman and L.N. Kolobova, Rks. J. Inorg. Chem., 30 (1985) 561; 
Zh. Neorg. Khim.. 30 (1985) 998. 
N. Garg, N.C. Gupta and J.L. Vats, Acta Cienc. Indica [Ser.] Chem., 10 
(1984) 63; Chem. Abstr., 103 (1985) 100278k. 
B. Schwartz, PhD Thesis, Villanova Univ., 1984; Diss. Abstr. Int. B, 45 
(1985) 2549. 
C.M. Mikulski, D. Delacato, D. Braccia and N.M. Karayannis, Inorg. Chim. 
Acta, 93 (1984) L19. 



218 

99 R. Beyerle-Pfnur, H. Schollhorn, U. Thewalt and B. Liopert, J. Chem. 
sot., Chem. Commun., (1985) 1510. 

100 1.1. Blinov, K.P. Balashev and G.A. Shagisultanov, Sov. J. Coord. Cbem., 
11 (1986) 644; Koorcf. Khim., 11 (1985) 1121. 

101 J.H. White, M.P. Soriaga and A.T. Hubbard, J. Pnys. Chem., 89 (1985) 3227. 
102 W. Preetz and A. Grabowski, 2. Anorg. Allg. Chem., 518 (1984) 129. 
103 S.J. Higgins and W. Levason, Inorg. Cnem., 24 (1985) 1105. 
104 V.K. Polovnyak, T.E. Busygina and N.S. Akhmetov, Russ. J. Inorg. Chem., 

30 (1985) 222; Zh. Neorg. Knim., 30 (1985) 397. 
105 P. Chandayot and Y-T. Fanchiang, Inorg. Chem., 24 (1985) 3532. 
106 P. Chandayot and Y-T. Fanchiang, Inorg. Chem., 24 (1985) 3535. 
107 G. Theile, M. Steiert, D. Wagner and H. Wochner, Z. Anorg. A77g. Chem., 

516 (1984) 207. 
108 A. Bertinotti and D. Luzet. Mol. Cry&. Liq. Cryst. 120 (1985) 421. 
109 A. Braude, A. Lindegaard-Andersen and A.E. Underhill, Synth. Met., 10 

(1985) 223; Chem. Abstr., 102 (1985) 1412744. 
110 K. Carneiro, L.K. Hansen, A. Braude, K. Mortensen, C.S. Jacobsen, D. 

Turner and A.E. Underhill, MOT. Cryst. Liq. Cryst., 120 (1985) 413. 
111 A.E. Underhill, D.J. Turner, K. Carneiro and A. Braude, Mol. Cryst. Liq. 

Cryst., 125 (1985) 23. 
112 A.E. Underhill, M.M. Ahmad, D.J. Turner, P.I. Clemenson, K. Carneiro, S. 

Yuequian and K. Mortensen, Mol. Cryst. Liq. Cryst., 120 (1985) 369. 
113 S. Alvarez, R. Vicente and R. Hoffmann, J. Am. Chem. Sot., 107 (1985) 

6253. 
114 A. Kobayashi, T. Mori, Y. Sasaki, H. Kobayashi, M.M. Ahmad and A.E. 

Underhill, 6~77. Chem. Sot. Jpn., 57 (1984) 3262. 
115 K. Carneiro, J. Vazquez, A.E. Underhill and P.I. Clemensen, fhys. Rev. Br 

Condens. Matter, 31 (1985) 1128. 
116 R.T. Henriques, L. Alcacer, M. Almeida and S. Tomic, Mol. Cryst. Liq. 

Cryst., 120 (1985) 237. 
117 L. Alcacer, Mol. Cryst. Liq. Cryst., 120 (1985) 221, 
118 R.T. Henriques, L. Alcacer, J.P. Pouget and D. Jerome, J. Phys., C, 17 

(1984) 5197. 
119 R.P. Shibaeva, V.F. Kaminskii, M.A. Simonov, E.B. Yagubskii and E.E. 

Kostyuchenko, Sov. Phys. Crysta77ogr., 30 (1985) 283; 
KrystaIlografiya, 30 (1985) 488. 

120 G.E. Holdcroft and A.E. Underhill, Synth. Met., 10 (1985) 427. 
121 J.R. Reynolds, F.E. Karasz, C.P. Lillya and J.W.C. Chien, J. Chem. Sot., 

Chem. Commun., (1985) 268. 
122 P. Cassoux, L. Valade, M. Bousseau, J.P. Legros, M. Garbauskas and L. 

Interrante, Mol. Cryst. Liq. Cryst., 120 (1985) 377. 
123 P. Arrizabalaga, P. Castan, M. Geoffroy and J.-P. Laurent, Inorg. Chem., 

24 (1985) 3656. 
124 K. Matsumoto, Bull. Chem. Sot. Jpn., 58 (1985) 651. 
125 K. Matsumoto, Chem. Lett., (1984) 2061. 
126 P. Arrizabalaga, P. Castan, J.-P. Laurent, S. Cros and G. Francois, Eur. 

J. Med. Chem. --Chim. Ther., 19 (1984) 501. 
127 T. Ramstad and J.D. Woolins, Transition Met. Chem. (Weinheim, Ger.), 10 

(1985) 153. 
128 P. Arrizabalaga, M. Geoffroy, J.M.J. Tronchet and G. Zozino-Landolfo, 

Inorg. Cnim. Acta, 93 (1984) L31. 
129 H.J. Keller, B. Huller, G. Ledezma and R. Martin, Acta CrystaIlogr., 

Sect. C: Cryst. Struct. Conknun., C41 (1985) 16. 
130 M. Yamashita, K. Toriumi and T. Ito, Acta CrystaIlogr., Sect. C: Cryst 

Struct. Commun., C41 (1985) 876. 
131 R. Martin, H.J. Keller and B. Miiller, Z. Naturforsch., B: Anorg. Chem., 

Org. Chem., 408 (1985) 57. 
132 M. Yamashita, I. Murase and I. Ikemoto, Bull. Chem. Sot. Jpn., 58 (1985) 

2697. 



219 

133 

134 

135 

136 
137 

138 

139 

140 
141 

142 

143 

144 
145 

146 
147 

148 

149 
150 
151 
152 

153 
154 

155 
156 

157 

158 
159 

160 
161 
162 

163 

164 

165 

M. Yamashita, I; Murase, T. Ito, Y. Wada, T. Mitani and I. Ikemoto, Rul!. 
Chem. Sot. Jpn., 58 (1985) 2336. 
H. Tanino, N. Koshizuka, K. Kobayashi, M. Yamashita and K. Hoh, d. Phys. 
Sot. Jpn., 54 (1985) 483. 
H. Tanino, N. Koshizuka, K. Kobayashi and M. Yamashita. Solid State Phys. 
Pressure: Recent Adv. Anvil Devices, (1985) 115; Chem. Abstr., 103 (1985) 
203025e. 
M. Tanaka, S. Kurita, T. Kojima and Y. Yamada, Chem. Phys., 91 !1984) 257. 
M. Tanaka, S. Kurita, M. Fujisawa and S. Matsumoto, J. Phys. Sot. Jpn.. 
54 (1985) 3632. 
M. Tanaka, S. Kurita, Y. Okada. T. Kojima and Y. Yamada, Chem. Phys., 96 
(1985) 343. 
R.J.H. Clark, V.B. Croud and M. Kurmoo, J. Chem. Sot., Dalton Trans., 
(1985) 815. 
R.J.H. Clark and V.B. Croud, Inorg. Chem., 24 (1985) 588. 
H. Tanino, H. Oyanagi, M. Yamashita and K. Kobayashi, So77d State 
Commun., 53 (1985) 953. 
S.A. Vinogradov. K.P. Balashev and G.A. Shagisultanova, Sov. J. Coord. 
Chem., 11 (1985) 389; Koord. Khim., 11 (1985) 675. 
A. Kawamori, R. Aoki and M. Yamashita, J. Phys., C: Solid State Phys., 18 
(1985) 5487. 
R.J.H. Clark and M. Kurmoo, J. Chem. Sot., Dalton Trans., (1985) 579. 
V.B. Zhukhovitskii, M.L. Khidekel' and K.M. Dyumaev, Russ. Chem. Rev., 54 
(1985) 144; Usp. Khim., 54 (1985) 239. 
M. Hunziker and G. Rihs, Inorg. Chim. Acta, 102 (1985) 39. 
A.I. Yanovski, Kh.Kh. Vaskes, A.V. Babkov, M.Yu. Antipin and Yu.T. 
Struchkov, Sov. J. Coord. Chem., 10 (1984) 954; Koord. Khim., 10 (1984) 
1706. 
I. Baldea, Stud. Cercet. Fiz., 37 (1985) 147; Chem. Abstr., 103 (1985) 
47108b. 
D.L. Sedney and M. Tanner, J. Chem. Educ., 62 (1985) 254. 
M. Apostol and I. Baldea, Solid State Commun.. 53 (1985) 687. 
M. Apostol and I. Baldea; Mol. Cry&. Liq. Cryst., 120 (1985) 393. 
M. Apostol and I. Baldea, INIS Atomindex 16 (1985) Abstr. No. 16:020293; 
Chem. Abstr., 103 (1985) 15179j. 
I. Baldea and M. Apostol, Mol. Cryst. Liq. Cryst., 120 (1985) 397. 
M. Futamata, Y. Morioka and I. Nakagawa, Spectrochim. Acta, Part A, 41A 
(1985) 299. 
K. Carneiro, Mol. Cryst. Liq. Cryst., 125 (1985) 13. 
I. Ursu, L.V. Giurgiu, G. Nagy and 0. Pana, Ser. Fiz. (Univ. im. Adama 
Mickiewicza Poznaniu) 53 (Radio Microwave Soectrosc.) (1985) 347; Chem. 
Abstr., 103 (1985) 133706b. 
I. Ursu, L.V. Giurgiu, 0. Pana and G. Nagy, Se !r 
Mickiewicza Poznaniu, 53 (Radio Microwave Spec #t 
Abstr., 103 (1985) 114809w. 
W. Tuszynski and G. Gliemann, Ber. Bunsen-Ges. 
W. Pfab and V. Gerhardt, J. Lumin., 31-2 (1984 
(1985) 176321~. 
J.D. Woolins and P.F. Kelly, Coord. Chem. Rev. 
T.V. O'Halloran and S.J. Lippard, Is. J. Chem. 
A. Raizman, J. Barak and J.T. Suss, Phys. Rev. 
(1985) 5716. 

. Fiz. (Uniw. im. Adama 
rose.), (1985) 353; Chem. 

Phys. Chem., 89 (1985) 940. 
582; Chem. Abstr., 102 

65 (1985) 115. 
25 (1985) 130. 

B: Condens. Matter, 31 

A. Tressaud, S. Khairoun, J.M. Dance and P. Hagenmuller, Z. Anorg. A77g. 
Chem., 517 (1984) 43. 
A. Goursot, H. Chermette, E. Pengault, M. Chanon and W.L. Waltz, INIS 
Atomindex. 16 (1985) Abstr. No. 16:009518; Chem. Abstr., 103 (1985) 
14463. 
A. Goursot, H. Chermette, M. Chanon and W.L. Waltz, Inorg. Chem., 24 
(1985) 1042. 



220 

166 C.-M. Che. L.G. Butler, P.J. Grunthaner and H.B. Gray, Inorg. Chem., 24 
(1985) 4662. 

167 K.A. Alexander, S.A. Bryan, F.R. Fronczek, W.C. Fultz, A.L. Rheingold, 
D.M. Roundhill, P. Stein and S.F. Watkins, Inorg. Chem., 24 (1985) 2803. 

168 0. Hedden, D.M. Roundhill and M.D. Walkinshaw, Inorg. Chem., 24 (1985, 
3146. 

169 M. Kurmoo and R.J.H. Clark, Inorg. Chem., 24 (1985) 4420. 
170 H. Isci and W.R. Mason, Inorg. Chem., 24 (1985) 1761. 
171 D.M. Roundhill, J. Am. Chem. Sot., 107 (1985) 4354. 
172 R. El-Mehdawi, S.A. Bryan and D.M. Roundhill, J. Am. Chem. Sot., 107 

(1985) 6282. 
173 S. Han, PhD. Thesis, Texas A and M Univ., Diss. Abstr. Int. B, 45 (1985) 

3812. 
174 R.N. Bose, R.D. Cornelius and R.E. Viola, Inorg. Chem., 24 (1985) 3989. 
175 T.G. Appleton, J.R. Hall and D.W. Neale, Inorg. Chim. Acta, 104 (1985) 19. 
176 L.S. Hollis, PhD Thesis, Columbia Univ, 1984, Diss. Abstr. Int. B, 45 

(1985) 3228. 
177 Yu. N. Kukushkin, N.S. Panina and V.N. Yakovlev, Koord. Khim., 11 (1985) 

579: Chem. Abstr., 103 (1985) 42764~. 
178 G. VuEkovid, T.J. Janjid, Z.Lj. TeSid and M.B. delap, J. Chromatogr., 324 

(1985) 431. 
179 J. Mink and P.L. Goggin, Kern. Kozl., 61 (1984) 275; Chem. Abstr., 102 

(1985) 211900f. 
180 G. Spector, M. Briend and D. Delafosse, J. Chim. Phys. Phys-Chim. Biol., 

82 (1985) 449; Chem. Abstr., 103 (1985) 97926n. 
181 J.D. Clemens, Geochim. Cosmochim. Acta, 48 (1984) 2393; Chem. Abstr., 102 

(1985) 10015x. 
182 A. Tressaud and G. Demazeau, High Temp.-High Pressures, 16 (1984) 303; 

Chem. Abstr., 102 (1985) 15450~. 
183 E.N. Duesler, R.E. Tapscott, M. Garcia-Basallote and F. 

Gonzalez-Vilchez, Acta Crysta7 logr., Sect. Cr Cryst Struct. Commun., C41 
(1985) 678. 

184 M.L. Ellzey, Croat. Chem. Acta, 57 (1984, pub. 1985) 1109. 
185 A. Goursot and H. Chermette, Canad. J. Chem., 63 (1985) 1407. 
186 O.V. Sizova, G.B. Perminova, N.V. Ivanova, V.I. Baranovskii and A.B. 

Nikol'skii, Vestn. Leningr. Univ., Fiz., Khim., (1985) 102: Chem. Abstr., 
103 (1985) 42835b. 

187 J.-E. Backvall, E.A. Bjorkman, L. Pettersson and P. Siegbahn, J. Am. 
Chem. Sot., 107 (1985) 7265. 

188 R.D. Murdoch and J. Pepys, Int. Arch. Allergy Appl. Immunol., 77 (1985) 
456; Chem. Abstr., 103 (1985) 117746j. 

189 K.-Ozawa, Y. Nomura and T. Segawa, Neurochem. Int., 7 (1985) 435; Chem. 
Abstr., 103 (1985) 48036~. 

190 V.N. Bushkov and V.K. Varentsov, Izv. Sib. Dtd. Nauk SSSf?, Ser. Khim. 
Nauk (1984) (6) 127; Chem. Abstr., 102 (1985) 69303t. 

191 P. Juzikis, S. Didiulis and S.I. Khotyanovich, Zashch. Met., 21 (1985) 
459; Chem. Abstr.. 103 (1985) 61464~. 

192 T.M. Tam, J. Electrochem. Sot., 132 (1985) 1152. 
193 M.M. Kolosova, S.A. Simanova and E.S. Boichinova, J. Appl. Chem. USSR, 58 

(1985) 62; Zh. Prikl. Khim. (Leningrad), 58 (1985) 67. 
194 M.M. Kolosova, S.A. Simanova, E.N. Yurchenko, E.S. Boichinova and V.I. 

Kuznetsov, Zh. Neorg. Khim., 30 (1985) 1493. 
195 V.N. Ananin and A.I. Trokhimets, React. Kinet. Catal. Lett., 27 (1985) 

129. 
196 A.L. Tarasov, V.A. Shvets and V.B. Kazanskii, Kinet. Catal., 26 (1985) 

805; Kinet. Katal., 26 (1985) 932. 
197 V.F. Zackay, W.G. Lloyd, D.R. Rowe, J.M. Trenary and G.T. Swanson, U.S. 

US 4,474,739 (1984); Chem. Abstr., 102 (1985) 31331n. 
198 V.N. Zaitsev, A.K. Trofimchuk and V.V. Skopenko, Tear. Eksp. Khim., 19(5) 

(1983) 632; Chem. Abstr., 99 (1983) 219259u. 



221 

199 I.V. Vinarov. A.N. Grinberg and A.L. Bratslavskaya, Ukr. Khim. Zh. (Russ. 
Ed.), 51 (1985) 923; Chem. Abstr., 103 (1985) 221530~. 

200 S.A. Simanova, L.S. Bobritskaya, Yu.N. Kukushkin, I.Ya. Kolontarov and 
G.V. Kuznetsova, Ionnyi &men Khromatogr., (1984) 43; Chem. Abstr., 103 
(1985) 11976u.201 C. Zhao, X. Shi, H. Tang, W. Gu and C. Gu, Cuihua 
Xuebao, 6 (1985) 37; Chem. Abstr.. 102 (1985) 206506~. 

202 C. Zhao and X. Shi, Ganguang Kexue Yu Kuang Huaxue, (1985) 63; Chem. 
Abstr., 102 (1985) 206505b 

203 0. Poizat, C. Sourisseau and Y. Mathey, J. Chem. Sot., Faraday Trans.. I, 
80 (1984) 3257. 

204 O.H. Templeton and L.K. Templeton, Acta Crystallogr., Sect A: Found. 
CrystaIlogr., A41 (1985) 365. 

205 C. Sugiura and S. Muramatsu, J. Phys. Chem. Solids, 46 (1985) 1215. 
206 V.S. Belyavenko. G.P. Borozenets, I.N. Vishnevskii. V.A. Zheltonozhskii, 

Yad. Fiz,, 41 (1985) 12; Chem. Abstr., 102 (1985) 85363t. 
207 L. Viaene, A. Ceulemans and L.G. Vanouickenborne, Inorg. Chem., 24 (1985) 

1713. 
208 Y. Furukawa, S. Gima and D. Nakamura, Ber. Bunsen-Ges. Phys. Chem.. 89 

(1985) 863. 
209 L.-F. Olsson, Chem. Scripta, 25 (1985) 194. 
210 A.K. Kaz'mina and N.S. Fadeeva, Khim.-Farm. Zh., 19 (1985) 105; Chem. 

Abstr., 102 (1985) 142448a. 
211 V.A. Logvinenko, L.I. Myachina and G.V. Gavrilova, ./. Therm. Anal., 29 

(1984) 1095. 
212 M.C. Navarro-Ranninger, S. Martinez-Carrera and S. Garcia-Blanco, 

Polyhedron, 4 (1985) 1379. 
213 A.I. Ryumin, 1.1. Smirnov, A.I. Blokhin and V.G. Chumakov, Zh. Prikl. 

Khim. (Leningrad) 58 (1985) 2107. 
214 V.A. Golodov and E.L. Kuksenko, C, Mol. Chem., 1 (1984) 109; Chem. 

Abstr., 103 (1985) 43430~. 
215 S.S. Eskildsen and G. Sorensen, Nucl. Instrum. Methods Phys. Res.. Sect. 

8, 87-8 (1985) 481; Chem. Abstr., 103 (1985) 25823d. 
216 V.V. Zamashchikov and O.N. Prvadko. Ukr. Khim. Zh.. (Russ. Ed.), 51 

(1985) 371; Chem. Abstr., 103.(1985) 28009d. 
217 A.G.A. El-Agamey and L.P. Asatiani, Rev. Roum. Chim.. 29 (1984) 583. 
218 N.V. Vorob'ev-Desyatovskii, T.P. Smorodina, V.A. Paramonov, E.S. 

Postnikova, V.V. Sibirskaya, A.I. Marchenko and Yu.N. Kukushkin, Zh. 
Prikl. Khim. (Leningrad), 58 (1985) 977; Chem. Abstr., 103 (1985) 80805~. 

219 D.B. Powell and A. Woollins. Spectrochim. Acta. Part A, 41A (1985) 1023. 
220 Y. Ducotmnun, P.J. Nichols, L. Helm, L.I. Eldin9 and A.E. Merbach, J. 

Phys., co7 loq., C8 (1984) 221. 
221 L. Helm, L.I. Elding and A.E. Merbach, Inorg. Chem., 24 (1985) 1719. 
222 S.I. Pechenyuk and A.G. Kasikov, Deposited Dot., (1983) VINITI 1558-84; 

Chem. Abstr., 102 (1985) 85076b. 
223 S.L. Litvinenko and V.V. Zamashchikov, Ukr. Khim. Zh. (Russ. Ed.), 50 

(1984) 1148; Chem. Abstr., 102 (1985) 120713f. 
224 L.P. Petrischeva, B.N. Ivanov-Emin, B.E. Zaitsev and V.I. Ivlieva, 

Deposited Dot., (1983) VINITI 1316-84, Pt. 2, 93; Chem. Abstr., 102 
(1985) 71691m. 

225 G. Strukul and R.A. Michelin, J. Am. Chem. Sot., 107 (1985) 7563. 
226 E.P. Talsi, V.P. Babenko, V.A. Likholobov, V.M. Nekipelov and V.D. 

Chinakov, J. Chem. Sot., Chem. Cwun., (1985) 1768. 
227 H.E. Bryndza, S.A. Kretchmar and T.H. Tulip, J. Chem. Sot., Chem. 

Commun., (1985) 977. 
228 K. Nakayama, T. Komorita, and Y. Shimura, Bull. Chem. Sot. Jpn., 57 

(1984) 2930. 
229 P. Courtot, R. Pichon and J.Y. Salaun, J. Grgancmet. Chem., 286 (1985) 

c17. 
230 B. Vlckova, B. Strauch and M. Horak, Collect. Czech. Chem. Commun., 50 

(1985) 306. 



222 

231 R. Cea-Olivares and S. Real, Afinidad. 41 (1984) 451. 
232 
233 
234 

235 
236 

237 

238 

239 

240 

241 

242 
243 

244 

245 

246 

247 

248 
249 

250 

251 

252 

253 

254 

255 

256 

257 
258 

259 

260 

261 

262 

N. Matsubara and T. Kuwamoto, Inorg. Chem., 24 (1985) 2697. 
V. Singh and R. Sahai, J. Macromol. Sci. Chem., A22 (1985) 33. 
T. Kiersznicki, J. MaJewski, S. Krompiec, J. Mzyk, W. Pawlus, S. 
Achmatowicz, A. Mlozniak, A. Marczak and E. Zwierkowska, Zest. Nauk 
Politech. Slask., Chem., (1983) (No. 108) 99; Chem. Abstr., 102 (1985) 
37637~. 
K.C. Joshi and B.S. Joshi, Indian J. Chem., Sect. A, 24A (1985) 527. 
F. Teixidor, A. Llobet, L. Escriche and J. Casabo, Polyhedron, 4 (1985) 
215. 
Y.P. Ning, J.E. Mark, N. Iwamoto and B.E. Eichinger, Macromolecules, 18 
(1985) 55. 
B.K. Sahu, G.C. Dash and B.K. Mohapatra, J. Indian Chem. Sot., 61 (1984) 
694. 
V.S. Tkach, G.V. Ratovskii, T.V. Dmitrieva, N.D. Malakhova and F.K. 
Shmidt, Koord. Khim., 10 (1984) 1687; Chem. Abstr., 102 (1985) 1594129. 
F. Sasakura, K. Isobe and S. Kawaguchi, BuJl. Chem. Sot. Jon., 58 (1985) 
657. 
L.C. Porter and R.J. Doedens, Acta Crystallogr., Sect. Cr Cryst. Struct. 
Commun., C40 (1984) 1814. 
R.T. Boer-e and C.J. Willis, Inorg. Chem., 24 (1985) 1059. 
B. Beagley, D.W.J. Cruickshank, C.A. McAuliffe, R.G. Pritchard, A.M. 
Zaki, R.L. Beddoes, R.J. Cernik and O.S. Mills, J. Mol. Struct.. 130 
(1985) 97. 
D.R. Alston, T.H Lilley and J.F. Stoddart, J. Chem. Sot., Chem. Commun., 
(1985) 1600. 
F.D. Rochon, R. Melanson, J.P. Macquet, F. Belanger-Gariepy and A.L. 
Beauchamp, Inorg. Chim. Acta, 108 (1985) 1. 
R.S. Paonessa, A.L. Prignano and W.C. Trogler, Organometallics, 4 (1985) 
647. 
K. Ueyama, A. Tanaka, G. Matsubayashi and T. Tanaka, Inorg. Chim. Acta, 
97 (1985) 201. 
J.C.A. Boeyens, F.A. Cotton and S. Han, Inorg. Chem., 24 (1985) 1750. 
M. Kubota, F.S. Rosenberg and M.J. Sailor, J. Am. Chem. Sot., 107 (1985) 
4558. 
S. Cenini, F. Porta, M. Pizzotti and C. Crotti, J. Chem. Sot., Dalton 
Trans., (1985) 163. 
C.J. Jones, J.A. McCleverty and A.S. Rothin, J. Chem. Sot., Dalton 
Trans., (1985) 401. 
R.P. Shibaeva, Koord. Khim., 11 (1985) 129; Chem. Abstr., 102 (1985) 
103962u. 
J.-M. Delafontaine. P. Khodadad, P. Toffoli and N. Rodier, Acta 
CrystalTogr., Sect. C: Cryst. Struct. Commun., C41 (1985) 702. 
R. Melanson, C. de la Chevrotidre and F.D. Rochon, Acta CrystaIlogr., 
Sect. C: Cryst Struct. Commun., C41 (1985) 1428. 
G. Annibale, M. Bonivento, L. Canovese, L. Cattalini, G. Michelon and 
M.L. Tobe, Inorg. Chem., 24 (1985) 797. 
S.O. Oh and D.Y. Chung, Taehan Hwahakhoe Chi, 29 (1985) 406; Chem. 
Abstr., 103 (1985) 170977m. 
J.A. Davies and A. Sood, Inorg. Chem., 24 (1985) 4213. 
A. Izquierdo and L. Garcia Puignou, An. Quim., Ser. B, 879 (1983) 254; 
Chem. Abstr., 102 (1985) 55180~ 
K.-H. Konig, M. Schuster, G. Schneeweis and B. Steinbrech, Fresenius' I. 
Anal. Chem., 319 (1984) 66. 
K.-H. Konig, I. Kessler, M. Schuster and B. Steinbrech, Fresenius' Z. 
Ana7. Chem., 322 (1985) 33. 
F. Macasek, V. Mikulaj and M. Kyrs, Czech CS 224,993 (1984); Chem. 
Abstr., 102 (1985) 187464~. 
K.H. Puthraya and T.S. Srivastava, J. Indian Chem. Sot., 62 (1985) 843. 



223 

263 M. Mittal, K. La1 and S.P. Gupta, Rev. Port. Qulm., 25 (1983) 213; Chem. 
Abstr., 101 (1984) 16417f. 

264 J. Cache, M.A. Lacoma and C. Nerin, Talanta, 32 (1985) 11. 
265 G.S. Bhuee, J. Singh and S.N. Rastogi, J. Inst. Chem. (India), 56 (1984) 

163; Chem. Abstr., 102 (1985) 16783t. 
266 K. Karljikovic, 6. Stankovic, A. Granov and 2. Binenfeld, Acta Pharm. 

Jugosi., 33 (1983) 209; Chem. Abstr., 100 (1984) 80774b. 
267 A Bigotto and I. Pellegrini, Spectrochim. Acta, Fart A, 40A (1984) 979. 
268 M. Megnamisi-Belombe and H. Endres, Acta CrystaIlogr., Sect. Cr Cryst. 

Struct. Commun., C41 (1985) 513. 
269 H. Endres, Acta Crysta77ogr., Sect. C: Cryst. Struct. Commun., C41 (1985) 

1047. 
270 H. Endres, A. Bongart, D. Nothe, I. Hennig, D. Schweitzer, H.W. Helberg 

and H. Schaefer, MoJ. Cryst. Liq Cryst., 120 (1985) 365. 
271 H. Endres, Angew. Chem., Int. Ed. Engl., 23 (1984) 999; Angew. Chem., 96 

(1984) 993. 
272 S.V. Larionov, L.A. Kosareva and E.G. Boguslavskii, Bull Acad. Sci. USSR, 

Div. Chem. Sci., 33 (1984) 2374; Izv. Akad. Nauk SSSR, Ser. Khim., (1984) 
2592. 

273 V. Ahsen and 0. Beklroglu, Synth. React. Inorg. Met. -Org. Chem., 15 
(1985) 61. 

274 U. Kohler, H-D. Hausen and J. Weidlein, J. Grganomet. Chem., 272 (1984) 
337. 

275 M. Mittal, K. La1 and S.P. Gupta, J. Iraqi Chem. Sot., 6-7 (1982) 81: 
Chem. Abstr., 101 (1984) 102898v. 

276 E. Uhlig, J. Becher, K. Gloe and P. Muehl, 2. Anorg. Allg. Chem., 518 
(1984) 187. 

277 T. Hosokawa, T. Ohta, Y. Okamoto and S. Murahashi, Bull. Chem. Sot. Jpn., 
58 (1985) 194. 

278 B.J. Desai and V.M. Shinde, J. Indian Chem. Sot., 61 (1984) 695. 
279 J.R. Lusty and J. Peeling, Inorg. Chem., 24 (1985) 1179. 
280 F.D. Rochon, P.C. Kong and R. Melanson, Can. J. Chem., 62 (1984) 2657. 
281 F. Bickmann and B. Wenclawiak, Fresenius' 2. Anal. Chem., 320 (1985) 261. 
282 E. Borgarello, E. Pelizzetti, R. Ballardini and F. Scandola. Nouv. J. 

Chim., 8 (1984) 567. 
283 K. Hiraki. Y. Fuchita and M. Nakashima, Inorg. Chem. Acta, 97 (1985) L15. 
284 V. Ravindar and P. Lingaiah, Curr. Sci., 53 (1984) 1032; Chem. Abstr., 

102 (1985) 1853s. 
285 G. Annibale, L. Cattalini, G. Chessa, G. Marangoni, B. Pitteri and M.L. 

Tobe, Gazz. Chim. Ital., 115 (1985) 279. 
286 F. Capitdn, F. Salinas and J. Rodriguez-Gordillo, Afinidad, 42 (1985) 87. 
287 J. Aznarez, H.A. Belarra and A. Bona, Rev. Acad. Cienc. fxactas, Fis., 

Quim. Nat. Zaragoza, 37 (1982) 109; Chem. Abstr., 100 (1983) 131560~. 
288 M. Sharma, Y. Kumar, S. Chandra and R.P. Singh, Synth. React. Inorg. 

Met.-Org. Chem., 15 (1985) 471. 
289 O.V. Koval'chukova, B.E. Zaitsev, A.K. Molodkin and R.K. Gridasova, Zh. 

Neorg. Khim., 30 (1985) 1769. 
290 O.V. Koval'chukova, A.K. Molodkin, R.K. Gridasova, T.N. Susanina, V.A. 

Vychuzhamin and V.P. Dolganev, Deposited Dot., (1984) VINITI 5036-84, 
139; Chem. Abstr., 103 (1985) 638744. 

291 A. Yu. Tsivadze, G.V. Tsintsadze and L.G. Chikhladze, Russ. J. Inorg. 
Chem., 30 (1985) 240; Zh. Neorg. Khim., 30 (1985) 429. 

292 A.M. Manotti Lanfredi, F. Ugozzoli, H. Ghedini and S. Licoccia, Acta 
Crysta llogr.. Sect. C: Cryst. Struct. Commun.. C41 (1985) 192. 

293 G. Reck, G. Bannier, B. Heyn and E.G. Jaeger, Cryst. Res. Technol., 19 
(1984) 1603; Chem. Abstr., 102 (1985) 123456k. 

294 D.N. Purohit, Spectrochim. Acta, fart A, 41A (1985) 873., 
295 P. Mehta and R.K. Mehta, J. Indian Chem. Sot., 61 (1984) 571. 
296 L.C. Porter and R.J. Doedens, Acta CrystaIlogr., Sect. C: Cryst. Struct. 

Commun.. C41 (1985) 838. 



224 

297 Y.K. Bhoon and R.P. Singh, Natl. Acad. SC!. Lett. (India), 7 (1984) 79; 
Chem. Abstr.. 102 (1985) 102963h. 

298 S. Balt, C. Klok, J. Meuldijk, J. De Boer and C.H. Stam, Acta 
Crystal logr., Sect. C: Cryst. Struct. Cormnun., C41 (1985) 528. 

299 G.P. Pokhariyal, J. Indian Chem. Sot., 62 (19851 11. 
300 K.M.A. Malik, S.Z. Haider, A. Hashem and M.B. Hursthouse, Acta 

Crysta llogr., Sect. C: Cryst. Struct. Connnun., C41 (1985) 29. 
301 E. Kwiatkowski, M. Kwiatkowski and A. Olechnowicz, Inorg. Chim. Acta, 90 

(1984) 145. 
302 K. Mueller and E.G. Jaeger, Z. Chem., 24 (1984) 335. 
303 M. Zhou, G. Yang and L. Wang, Huaxue Shiji, 7 (1985) 102; Chem. Abstr., 

103 (1985) 115200~. 
304 S.F. Tan and K.P. Ang, Transition Met. Chem. (Weinheim, Ger.), 9 (1984) 

390. 
305 A.J. Jircitano and C.B. Me&es, Inorg. Chim. Acta. 103 (19851 L15. 
306 R.T. Boere, C.D. Montgomery, N.C. Payne and C.J. Willis, Inorg. Chem., 24 

(1985) 3680. 
307 H. Ossor and M. Pfeffer, J. Chem. Sot., Chem. Commun., (1985) 1540. 
308 L.S. Hollis, A.R. Amundsen and E.W. Stern, J. Am. Chem. Sot., 107 (1985) 

274. 
309 N.L. Egutkin, V.V. Maidanov and Yu.E. Nikitin, Khim.-Farm. Zh., 18 (1984) 

241; Chem. Abstr., 100 (1984) 180159y. 
310 V.S. Shmidt, N.A. Shorokhov and S.D. Nikitin, Soviet Radiochemistry, 27 

(1985) 465; Radiokhimiya, 27 (1985) 504. 
311 V.I. Vshivtsev and E.S. Postnikova, J. Appl. Chem. USSR, 58 (1985) 815; 

Zh. PrikJ. Khim. (Leningrad), 58 (1985) 893. 
312 J.A. Davies, C.S. Hasselkus, C.N. Scimar, A. Sood and V. Uma, J. Chem. 

sot., Dalton Trans., (1985) 209. 
313 J.A. Davies and A. Sood, Makromo7. Chem., 186 (1985) 1631. 
314 B. Radomska, T. Tatarowski, J.P. Morawiec and H. KosEowski, Inorg. Chim. 

Acta, 106 (1985) L29. 
315 A.D. Shebaldova, V.I. Bystrenina, G.V. Bespalova and V.I. Labunskaya, 

Koord. Khim., 10 (1984) 1559; Chem. Abstr., 102 (1985) 38619~. 
316 R. Bardi, A.M. Piazzesi, A. Del Pra, M. Celeste, G. Faraglia and L. 

Trincia, Inorg. Chim. Acta, 102 (1985) 45. 
317 G. Faraglia, L. Sindellari, L. Trincia, A. Furlani and V. Scarcia, Inorg. 

Chim. Acta, 106 (1985) 31. 
318 G. Liehr, D.K. Breitinger and M. Raidel, Acta Crystallogr., Sect. C: 

Cryst. Struct. Cormnun., C41 (1985) 304. 
319 R.D. Gillard. Chem. Br., 20 (19841 1022. 
320 B. HcCulloch, D.L. Ward; J.D. Woolins and C.H. Brubaker, Organometa77ics, 

4 (19851 1425. 
321 K.G. Orrell, V. Sik, C.H. Brubaker and 8. McCulloch, J. Urganomet. Chem., 

276 (1984) 267. 
322 R.V. Parish and S.M. Razzoki, Inorg. Chim. Acta, 96 (1985) 49. 
323 D. O'Hare, M.L.H. Green and F.G.N. Cloke, J. Organomet. Chem., 282 (1985) 

225. 
324 G.E. Holdcroft and A.E. Underhill, Mol. Cry&. Liq. Cryst., 118 (1985) 

365. 
325 B. Folkesson and B. Jonson, J. Electron Spectrsoc. Relat. Phenom., 34 

(1984) 319; Chem. Abstr.. 102 (1985) 53364~ 
326 A.E. Underhill, J.S. Tonge, P.I. Clemenson, H.-H. Wang and J.M. Williams, 

Mol. Cry&. Liq. Cryst., 125 (1985). 
327 G.E. Holdcroft and A.E. Underhill, J. Chem. Sot.. Dalton Trans., (1985) 

1731. 
328 L. Persaud and C.H. Langford, Inorg. Chem., 24 (1985) 3562. 
329 R. Vicente, J. Ribas and P. Cassoux, Noun. J. Chim., 8 (1984) 653. 
330 M.A. Herman, H. Hofmans and H.O. Desseyn, Thermochfm. Acta, 85 (1985) 63. 
331 H. Hofmans and H.O. Desseyn, Thermochim. Acta, 85 (1985) 67. 



225 

332 N.D. Yordanov and Y. Karadzhov, Transition Met. Chem. (Weinheim, Ger.), 
10 (1985) 15. 

333 N. Singh, M. Mehrotra, K. Rastogi and T.N. Srivastava, Analyst ILondon), 
110 (1985) 71. 

334 K. Kristsotakis and H.J. Tobschall, Fresenius' 1. Anal. Chem., 320 (1985) 
152. 

335 G.C. Franchini, A. Giusti, C. Preti, L. Tassi and P. Zannini, Polyhedron, 
4 (1985) 1553. 

336 J.D. Fotheringham and T.A. Stephenson, J. Grganomet. Chem., 284 (1985) 
c12. 

337 J.R. Allan, G.H.W. Milburn, L. Sawyer, V.K. Shah, T.A. Stephenson and 
P.M. Veitch, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C41 
(1985) 58. 

338 R.E. Marsh, Acta Crystallogr., Sect, C: Cryst. Struct. Commun., C41 
(1985) 1383. 

339 R. Uson, J. Fornies, M.A. Uson and H.A. Orta, Inorg. Chim. Acta, 89 
(1984) 175. 

340 V.K. Polovnyak, L.A. Tsytsybtueva and 0.1. Rusetskii, Russ. J. Inorg. 
Chem., 29 (1984) 1535; Zh. Neorg. Khim., 29 (1984) 2682. 

341 K. Nytko, Chem. Anal. (Warsaw), 28 (1983) 507; Chem. Abstr., 101 (1984) 
14300lr. 

342 Yu.N. Kukushkin, L.V. Vrublevskaya, R.A. Vlasova, T.S. Isachkina, E.S. 
Postnikova and N.K. Sheleshkova, Russ. J. Inorg. Chem., 30 (1985) 224; 
Zh. Neorg. Khim., 30 (1985) 401. 

343 G. Bombieri, G. Bruno, M. Cusumano, G. Guglielmo and V. Ricevuto, 
Polyhedron, 4 (1985) 1365. 

344 C.P. Brock, J.L. Huckaby and T.G. Attig, Acta. Crysta77ogr., Sect. Br 
Struct. Sci, B40 (1984) 595. 

345 F.D. Rochon, J. Bariyanga and P.C. Kong, Can. J. Chem., 63 (1985) 2425. 
346 B. Morelli, Anal. Lett., 17 (A20) (1984) 2267. 
347 A.C. Fabretti, G. Franchini, W. Malavasi and G. Peyronel, Polyhedron, 4 

(1985) 989. 
348 J. Suades, X. Solans and M. Font-Alba, Polyhedron, 3 (1984) 1227. 
349 A.K. Slngh and R.P. Singh, Chem. AnaT. (Warsaw), 28 (1983) 625; Chem. 

Abstr., 101 (1984) 143002s. 
350 B. Keshavan and R. Janardhan, Transition Met. Chem. (Weinheim, Ger.), 10 

(1985) 106. 
351 V. Cimpu, A. Zaharia, M. Zdrafeu and I. Jitaru, Rev. Chim. (Bucharest), 

35 (1984) 503. F 
352 A.K. Stlris, A.P. StIIris, L. Ya Pecha, M. Zikmund and Yu. A. Bankovskii, 

Chem. Pap., 39 (1985) 345; Chem. Abstr., 103 (1985) 1526021. 
353 A. Baldo, G. Chessa, G. Marangoni and B. Pitteri, Polyhedron, 4 (1985) 

1429. 
354 M. Kubiak, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C41 (1985) 

1288. 
355 R.Jones, P.F. Kelly, D.J. Williams and J.D. Woollins, J. Chem. Sot., 

Chem. Connaun., (1985) 1325. 
356 C.A. Ghilardi, S. Midollini, S. Moneti and A. Orlandini, J. Grganomet. 

Chem., 286 (1985) 419. 
357 H. Barrera, J.C. Bayon, J. Suades, C. Germain and J.P. Declerq, 

Polyhedron, 3 (1984) 969. 
358 J. Gimenez Plaza and C. Bosch Ojeda, Bol. Sot. Chil. Quim., 28(4j (1983) 

33; Chem. Abstr., 100 (1984) 150243d. 
359 J. Aznarez, H.A. Belarra and E. Meseguer, Rev. Acad. Cienc. fxactas, 

Fis., Quim. Nat. Zaragoza, 37 (1982) 95; Chem. Abstr., 100 (1984) 150199u. 
360 S. Puniyani, N. Bathla and T.S. Srivastava, Indian J. Chem., Sect. A. 24A 

(1985) 240. 
361 S. Chandra and R. Singh, Spectrochim. Acta, Part A, 41A (1985) 1109. 
362 H.B. Singh, S. Maheshwari, N. Wasi and H. Dm, Synth. React. Inorg. 

Met.-Org. Chem., 15 (1985) 335. 



226 

363 V. De Felice, A. De Renzi, G. Morelli and A. Panunzi, Inof-g. Chim. Acta, 
90 (1984) L35. 

364 H.W. Roesky, H. Hofmann, P.G. Jones and G.M. Sheldrick, Angew. Chem. Int. 
Ed. fngl., 23 (1984) 971; Angew. Chem., 96 (1984) 971. 

365 J. Hartung, G. Weber, L. Beyer, R. Szargan, Z. Anorg. Allg. Chem., 523 
(1985) 153. 

366 K. Inagaki, S. Yonehara and Y. Kidani, Chem. Pharm. Bu71., 33 (1985) 3369. 
367 D. Parker, J.-M. Lehn and J. Rimmer, J. Chem. SW., Dalton Trans., (1985) 

1517. 
368 D. Parker, Org. Mass Spectrom., 20 (1985) 260. 
369 D.K. Steohenson. PhD Thesis. Univ. Gueloh (1984): Diss. Abstr. Int. B. 45 

(1985) 3230. 
370 M. Mohan, P. Sharma and N.K. Jha, Inorg. Chim. Acta, 106 (1985) 117. 
371 M. Mohan, P. Sharma and N.K. Jha, Inorg. Chim. Acta, 106 (1985) 197. 
372 M. Mohan, P. Sharma and N.K. Jha, Inorg. Chim. Acta, 107 (1985) 91. 
373 K.H. Reddy and D.V. Reddy, Indian J. Chem., Sect. A, 24A (1985) 154. 
374 E.I. Kazakova, V.V. Dunina and V.M. Potapov, J. Gen. Chem. USSR, 55 

(1985) 1334; Zh. Dbshch. Khim., 55 (1985) 1499. 
375 G. Roebisch, W. Herrmann, R. Stosser and R. Szargan, Z. Anorg. Allg. 

Chem., 515 (1984) 230. 
376 0. Michalska and A.T. Kowal, Spectrochim. Acta, Part A, 41A (1985) 1119. 
377 H. Wagler and H. Koch, Talanta, 31 (1984) 1101. 
378 F. Morandini and M. Bressan, Congr. Naz. Chim. Inorg., [Atti], 15th, 

(1982) 26; Chem. Abstr., 100 (1984) 202358s. 
379 E.P. Kyba, C.N. Clubb, S.B. Larson, V.J. Schueler and R.E. Davies, J. Am. 

Chem. Sot., 107 (1985) 2141. 
380 V.V, Dunina, O.A. Zalevskaya, I.P. Smolyakova and V.M. Potapov, Dokl. 

Chem., 278 (1984) 323; Dokl. Akad. Nauk SSSR, 278 (1984) 628 [Chem.]. 
381 V.V. Dunina, O.A. Zalevskaya, I.P. Smolyakova and V.M. Potapov, J. Gen. 

Chem. USSR. 54 (1984) 2049: Zh. Obshch. Khim.. 54 (1984) 2290. 
382 D.J. Gulliver. E.G. Hope, W. Levason, S.G. Murray and G.L. Marshall, J. 

Chem. Sot., Dalton Trans., (1985) 1265. 
383 E.G. Hope, W. Levason, S.G. Murray and G.L. Marshall, J. Chem. Sot., 

Da7ton Trans., (1985) 2185. 
384 R.F. Stockel and P.E. Dumas, Jpn. Kokai Tokkyo Koho JP 59,190,999 

[84,190,9991 (1984); Chem. Abstr., 102 (1985) 203980s. 
385 L.D. Pettit and M. Bezer, Coord. Chem. Rev., 61 (1985) 97. 
386 A.J. Charlson and W.A. Shorland, Inof-g. Chim. Acta, 93 (1984) L67. 
387 V. Saudek, H. Pivcovd, D. Noskova and J. Drobnik, J. Inorg. Biochem., 24 

(1985) 13. 
388 T.G. Appleton, J.R. Hall and S.F. Ralph, Inorg. Chem., 24 (1985) 673. 
389 E. Bersanetti, A. Pasini, G. Pezzoni, G. Pratesi, G. Savi, R. Supino and 

F. Zunino, Inorg. Chim. Acta, 93 (1984) 167. 
390 H. Wanjek, U. Nagel and W. Beck, Chem. Ber., 118 (1985) 3258. 
391 V.M. Titov and A.D. Ryabov, Russ. J. Inorg. Chem., 30 (1985) 1072; Zh. 

Neorg. Khim., 30 (1985) 1887. 
392 E.C. Rodriguez, J.M.S. Peregrin, J.S. Varela and J.C.A. Roson, Synth. 

React. Inorg. Met.-Org. Chem., 15 (1985) 681. 
393 J. Altman and M. Wilchek, Inorg. Chim. Acta, 101 (1985) 171. 
394 J. Altman, M. Wilchek and A. Warshawsky, Inorg. Chim. Acta, 107 (1985) 

165. 
395 V. Saudek, H. Pivcova, D. Noskova and J. Drobnik, J. Inorg. Blochem., 23 

(1985) 55. 
396 L. Kh. Minacheva, O.P. Slyudkin, V.G. Sakharova, A.Ts. Chimitdorzhieva, 

Yu.V. Zefirov and H.A. Porai-Koshits, Sov. J. Coord. Chem., 11 (1985) 
471; Koord. Khim., 11 (1985) 837. 

397 V. Theodorou and N. Hadjiliadis, Polyhedron, 4 (1985) 1283. 
398 S. Xu, P. Dou, L. Yu, K. Wang and X. Ji, Fenzf Kexue Yu Huaxue Yanjiu, 4 

(1984) 537; Chem. Abstr., 102 (1985) 88998q 
399 B. Jararam and N.M.M. Gowda, Anal. Chim. Acta, 173 (1985) 381. 



227 

400 P. Bontchev. M. Boneva. M. Arnaudov and E. Golinsky. Dokl. Bolg. Akad. 
Nauk. 38 (19851 707: Chem. Abstr.. 103 (1985) 185415m. 

401 P. Bonchev, M. Boneva, V.I. Nefedov and Ya.V. Salin, PoIvhedron, 4 (1985) 
1315. 

402 B. Ambach and W. Beck. Chem. Ber.. 118 (1985) 2722. 
403 0-P. Slyudkin. L.Kh. Minacheva, G.A. Fedorova, V.G. Sakharova. T.S. 

khodashova and M.A. Porai-Koshits, Sov. J. Coord. Chem., 11 (1985) 545: 
Koord. Khim.. 11 (1985) 963. 

404 O.P. Slyudkin and M.A. Kerzhentsev, Russ. J. Inorg. Chem.. 29 (1984) 
1159; Zh. Neorg. Khim.. 29 (1984) 2029. 

405 O.P. Slvudkin, Russ. J. Inorg. Chem.. 30 (1985) 236; Zh. Neorg. Khim.. 30 
(198.5) 422. 

406 L. Kumar. N.R. Kandasamy, T.S. Srivastava, A.J. Amonkar. M.K. Adwankar 
and M.P. Chitnis, J. Inorg. Biochem., 23 (1985) 1. 

407 E. Ambach and W. Beck, Z. Naturforsch., 6: Anorg. Chem.. Org. Chem., 408 
(1985) 288. 

408 E.M. Kuhn, K.D. Marenus and M. Beer. J. Ultrastruct. Res.. 87 (1984) 172; 
Chem. Abstr., 102 (1985) 2785h. 

409 C.J. Stoeckert. M. Beer, J.W. Wiggins and J.C. Wierman, J. Mol. Biol., 
177 (1984) 483. 

410 G.E. Kirvan and D.W. Margerum, Inorg. Chem.. 24 (1985) 3017. 
411 S.H. Kim, PhD Thesis, Univ. Virginia, Diss. Abstr. Int. B. 45 (1985) 2149. 
412 M.F. Mogilevkina, I.B. Usmanov, I.K. Korobeinicheva and V.A. Logvinenko, 

Russ. J. Inorg. Chem., 30 (1985) 385; Zh. Neorg. Khim., 30 (1985) 683. 
413 W. Beck, H. Bissinger, T. Castrillo de Castro, L. Olgemoller and B. 

Purucker. Chem. Ber.. 118 (1985) 3135. 
414 0. Yamauchi and A. Odani, J. Am. Chem. Sot., 107 (1985) 5938. 
415 J.P. Laussac. R. Haran and N. Hadjiliadis, C. R. Acad. Sci.. Ser. 2. 300 

(1985) 137. 
416 T. Theophanides, Fourier Transform Infrared Spectrosc., [Pap. FT-IR 

Workshop] (1982, pub. 1984) 105: Chem. Abstr.. 103 (1985) 1192069. 
417 B. Lippert, Contrib. Oncol., 18 (Resistenzprobl. Chemo-Radiother. Maiig. 

Tumoren) (1984) 36; Chem. Abstr., 102 (1985) 35~. 
418 W.L. Peticolas and G.A. Thomas, J. Mol. Struct.. 126 (1985) 509. 
419 D.G. Knorre and V.V. Vlasov, Russ. Chem. Rev., 54 (1985) 836; Usp. Khim.. 

54 (1985) 1420. 
420 R. Olinski and 2. Walter, Z. Naturforsch., C: Biosci., 39C (1984) 1052. 
421 R. Beyerle-Pfnuer, S. Jaworski, B. Lippert, H. Schdllhorn and U. Thewalt. 

Inorg. Chim. Acta, 107 (1985) 217. 
422 R. Beyerle-Pfnur, B. Brown, R. Faggiani, B. Lippert and C.J.L. Lock, 

Inorg. Chem., 24 (1985) 4001. 
423 A. Grigoratou and N. Katsaros. J. Inorg. Biochem., 24 11985) 147. 
424 S. Eapen, M. Green and I.M. Ismail. J. Inorg. Biochem., 24 (1985) 233. 
425 S. Mangani and P. Orioli, J. Chem. Sot., Chem. Ctmnnun., (1985) 780. 
426 G. Raudaschl-Sieber. H. Schollhorn, U. Thewalt and B. Lippert. J. Am. 

Chem. Sot.. 107 (1985) 3591. 
427 H. Schollhorn, G. Raudaschl-Sieber, G. Muller. U. Thewalt and B. Lippert, 

J. Am. Chem. Sot., 107 (1985) 5932. 
428 G. Raudaschl-Sieber, L.G. Marzilli, B. Lippert and K. Shinozuka, Inorg. 

Chem.. 24 (1985) 989. 
429 G. Raudaschl-Sieber and B. Lippert. Inorg. Chem., 24 (1985) 2426. 
430 R.E. Cramer and P.L. Dahlstrom, Inorg. Chem., 24 (1985) 3420. 
431 S.G. Ward and R.C. Taylor, NATO ASI Ser., Ser. C, 124 (Magn. Reson.) 

(1984) 767; Chem. Abstr.. 102 (1985) 217a. 
432 A.I. Stetsenko, G.M. Alakseeva and K.I. Yakoovlev. Sov. J. Coord. Chem., 

11 (1985) 639; Koord. Khim.. 11 (1985) 1116. 
433 S.K. Miller and L.G. Marzilli, Inorg. Chem., 24 (1985) 2421. 
434 M. Polissiou, M.T.P. Viet, M. St. Jacques and T. Theophanides, Inorg. 

Chim. Acta. 107 (1985) 203. 



228 

436 S.G. Ward and C.R. Taylor. NATO ASI Ser.. Ser. C, 124 iMagn. Reson.) 
(1984) 767: Chem. Abstr.. 102 (1985) 217a. 

436 T. Theophanides and M. Polissiou, NATO ASI Ser., Ser. C, 139 (Spectrsoc. 
Biol. Mol.), (1984) 291: Chem. Abstr., 102 (1985) 1449299. 

437 M.D. Reily, K. Wilkowski, K. Shinozuka and L.G. Marzilli, Inorg. Chem., 
24 (1985) 37. 

438 A.I. Stetsenko. L.B. Sel'derkhanova and A.I. Mokhov, Sov. J. Coord. 
Chem., 11 (1986): Koord. Khim.. 11 (1985) 816. 

439 J.R. Lusty, H.S.O. Chan, E. Khor and J. Peeling, Inorg. Chim. Acta, 106 
(1985) 209. 

440 J.M. Salas-Peregrin, E. Sanchez-Martinez and E. Colacio-Rodriguez, Inorg. 
Chim. Acta. 107 (1985) 23. 

441 J.M. Salas-Peregrin, E. Colacia-Rodriguez and E. Sanchez-Martinez. 
Thermochim. Acta. 86 (1985) 189. 

442 H.S.O. Chan and J.R. Lusty, J. Therm. Anal.. 30 (1985) 25. 
443 B.L. Heyl. K. Shinozuka, S.K. Miller. D.V. Van Derveer and L.G. Marzilli, 

Inorg. Chem.. 24 (1985) 661. 
444 P. Umapathv and R.A. Shaikh, J. Indian Chem. Sot., 62 (19851 103. 
445 B.T. Khan, S.V. Kumari, K.M. Mohan and G.N. Goud, Polyhedron. 4 (1985) 

1617. 
446 R. Faggiani, C.J.L. Lock and B. Lippert, Inorg. Chim. Acta, 106 (1985) 75. 
447 ti. Schollhorn, U. Thewalt and B. Lippert, Inorg. Chim. Acta, 106 (1985) 

177. 
448 N.H. Spassovska, R.G. Pelova, S. WoIowiec and B. Jeiowska-Trzebiatowska. 

Inorg. Chim. Acta. 106 (1985) 171. 
449 D.M.L. Goodgame. R.W. Rollins and B. Lippert, Polyhedron, 4 (1985) 829. 
450 J.H.J. Den Hartog. C. Altona. G.A. Van der Mare1 and J. Reedijk, Eur. J. 

Biochem., 147 (1985) 371. 
451 J.H.J. Den Hartog, C. Altona, J.H. Van Boom and J. Reedijk, Rec1.3 J. R. 

Neth. Chem. Sot., 103 (1984) 322. 
452 S. Vijay-Kumar, T.D. Sakore and H.M. Sobell, J. Biomo?. Struct. Dyn., 2 

(1984) 333. 
453 K. Inagaki and Y. Kidani, Inorg. Chim. Acta, 106 (19851 187. 
454 J.H.J. Den Hartog, C. Altona, H. Van den Elst, G.A. Van der Mare1 and J. 

Reedijk, Inorg. Chem., 24 (1985) 983. 
455 J.H.J. Den Hartog, C. Altona, J.H. Van Boom and J. Reedijk, FfBS Lett., 

176 (1984) 393. 
456 J. Kozelka, G.A. Petsko, S.J. Lippard and G.J. Quigley, J. Am. Chem. 

sot., 107 (19851 4079. 
457 8. Revet. J.M. Malinge. E. Delain, M. Le Bret and M. Leng, Nucleic Acids 

Res., 12 (19841 8349. 
458 M.D. Reily and L.G. Marzilli, J. Am. Chem. Sot., 107 (1985) 4916. 
459 V.V. Vlassov, A.A. Gall, A.A. Godovikov, V.F. i'arytova, S.A. Kazakov, 

I.V. Kutyavin, G.V. Shishkin and S.V. Mamaev. Quad. Ric. Sci. 113 
(Macromol. Funct. Cell) (1984) 71; Chem. Abstr., 102 (1985) 204228q. 

460 J.H.J. Den Hartog, C. Altona, J.H. Van Boom, G.A. Van der Marel, C.A.G. 
Haasnoot and J. Reedijk, J. BiomoT. Struct. Dyn., 2 (1985) 1137. 

461 R.M. Wing, P. Pjura, H.R. Drew and R.E. Dickerson, EMBO J., 3 (1984) 1201. 
462 T. Theophanides and H.A. Tajmir-Riahi, J. Biomol. Struct. Dyn., 2 (19851 

995. 
463 W.L. Peticolas and G.A. Thomas, Struct. Motion: Membr., Nucleic Acids, 

Proteins, PFOC. Int. Symp. Struct. Dyn. Uembr., Nucleic Acids, Proteins, 
(1984, pub. 1985) 497; Chem. Abstr., 103 (1985) 344194. 

464 N.M. Akimenko, 2. Balcarova, V. Kleinwachter and Yu.M. Evdokimov, 
Antibiotiki (Moscow), 29 (1984) 743. 

465 L.G. Marzilli, M.D. Reily, B.L. Heyl, C.T. McMurray and W.D. Wilson, FEBS 
Lett., 176 (1984) 389. 

466 P. Umapathay, R.A. Harnesswala and C.S. Dorai, Polyhedron, 4 (1985) 1595. 
467 A.M.J. Fichtinger-Schepman, J.L. Van der Veer, J.H.J. Den Hartog, P.H.M. 

Lohman and J. Reedijk, Biochemistry, 24 (1985) 707. 



229 

468 W.H. Scovell and V.J. Capponi, Biochem. Biophys. Res. Comm.. 124 (1984) 
367. 

469 K.J. Miller, E.R. Taylor, H. Basch. M. Krauss and W.J. Stevens, J. 
B7omol. Struct. Dyn., 2 (1985) 1157. 

470 N. Turkkan, K. Jankowski and W. Brostow, THEOCHEM, 19 (1984) 255. 
471 W.M. Scovell and F. Collart, Nucleic Acids Res.. 13 (1985) 2881. 
472 F.R. Collart, PhD Thesis, Medical College of Ohio at Toledo, 1985; Diss. 

Abstr. Int. B. 458 (1985) 3398. 
473 N.P. Johnson, A.M. Mazard, J. Escalier and J.P. Macquet, J. Am. Chem. 

SOC.? 107 (1985) 6376. 
474 M. Sundaralingam, J.R. Rubin and S.T. Rao, Prog. C/in. Biol. Res.. 172 

(Mol. Basis Cancer, Pt. B) (1985) 175; Chem. Abstr., 102 (1985) 214432r. 
475 R. Olinski, R. Wiaderkiewicz and 2. Walter, Acta Biochim. Pal.. 32(2) 

(19851 119; Chem. Abstr., 103 (19851 205787d. 
476 R. Olinski and 2. Walter, Z. Naturforsch., C: Biosci., 39C (1984) 1057. 
477 A. Eastman, Biochemistry, 24 (1985) 5027., 
478 L.D. Trung, M. Guigues, J.-J. Toulme and C. Helene, Biochim. Biophys. 

*Acta, 825 (1985) 353. 
479 Z.M. Banjar, L.S. Hnilica, R.C. Briggs, E. Dominguez, J.L. Stein and G.S. 

Stein, Arch. Biochem. Biophys., 237 (1985) 202. 
480 A.L. Pinto and S.J. Lippard, Pfoc. Natl. Acad. Sci. U.S.A., 82 (1985) 

4616. 
481 N. Spasovska and K. Gruncharov, Usp. Mol. Biol., 2 (1984) 33; Chem. 

Abstr., 102 (1985) 197353w. 
482 P. Dodion, B. Gerard and Y. Kenis, Louvain Med., 104 (1985) 19; Chem. 

Abstr., 102 (1985) 214462a. 
483 E.B. Douple, Platinum Met. Rev., 29 (1985) 118. 
484 D. Camboli and J. Besancon, Actual. Chim., (5) (1985) 37: Chem. Abstr., 

103 (1985) 98160v. 
485 J. Kuduk-Jaworsca, Postepy Hig. Red. Dosw., 38 (1984) 281; Chem. Abstr.. 

103 (1985) 98203m. 
486 E.B. Douple, Pharmacol. Ther., 25 (1984) 297: Chem. Abstr., 102 (1985) 

39403h. 
487 D. Camboli and J. Besancon, Actual. Chim., (1985) 61; Chem. Abstr.. 102 

(1985) 178614r. 
488 M. Ogawa. Gan to kagaku Ryoho, 12 (1985) 179; Chem. Abstr.. 102 (1985) 

178552~ 
489 C.M. Riley and L.A. Sternson, Ana7. Profiles Drug Subst., 14 (1985) 77; 

Chem. Abstr., 103 (1985) 188984w. 
490 8. Rosenberg, Cancer (Philadelphia), 55 (19851 2303: Chem. Abstr., 103 

(1985) 47686~. 
491 W. Achterrath, R. Raettig, C.R. Franks and S. Seeber, Contrib. Dncol.. 18 

(Resistenzprobl. Chemo-Radiother. Halig. Tumoren) (1984) 58; Chem. 
Abstr., 102 (1985) 16939y. 

492 C.L. Litterst, Agents Actions. 15 (1984) 520; Chem. Abstr., 102 (1985) 
55484r. 

493 B. Winograd, J.B. Vermorken, J. Van Maanen and H.M. Pinedo, Pharm. 
Weekbl., 119 (1984) 1277; Chem. Abstr., 102 (1985) 105484~. 

494 E.P. Sidorik, A.P. Burlaka, O.A. Sidorik and L.M. Korchevaya, fksp. 
Onkol.. 6(6) (1984) 6: Chem. Abstr.. 102 (1985) 1055082. 

495 E. Uhlig and B. Heyn,.Mitteilungsbl.-Chem. Ges. D.D.R.. 31 il984, 194; 
Chem. Abstr., 102 (1985) 89530t. 

496 A.L. Pinto and S.J. Lippard, Biochim. Biophys. Acta, 780 (1985) 167. 
497 R.S. Finley, C.L. Fortner and W.R. Grove, Drug Intell. C?in. Pharm.. 19 

(1985) 362; Chem. Abstr., 103 (1985) 642174. 
498 R.R. Brechner, PhD Thesis, Univ. South. California. 1984; Diss. Abstt-. 

Int. 8, 45 (1985) 3278. 
499 M. Green, Transition Met. Chem. (Weinheim. Ger.). 10 (1985) 196. 
500 B. Rosenberg, Proc. Int. Congr. Chemother., 13th, 10 (1983) 322; Chem. 

Abstr.. 103 (1985) 115428h. 



230 

501 A.H.W. Nias, Int. J. Radiat. Bio?. Relat. Stud. Phys.. Chem. Med.. 48 
(1985) 297; Chem. Abstr., 103 (1985) 174657e. 

502 E. Ouehmke, Strahlentherapie, 161 (1985) 367; Chem. Abstr., 103 (1985) 
137703w. 

503 C.E. iarraher, C. Ademu-John, D.G. Giron and J.J. Fortman, 
Met.-Containing Polym. Syst.. (1985) 197: Chem. Abstr.. 103 (1985) 
171260~. 

504 D.R. Newell, Z.H. Siddik and K.R. Harrap, Method01 Surv. Biochem. Anal.. 
14 (Drug Determ. Ther. Forensic Contexts) (1984) 145; Chem. Abstr.. 103 
(1985) 98124m. 

505 L.A. Sternson, Methodol. Surv. Biochem. Anal., 14 (Drug Determ. Ther. 
Forensic Contexts) (1984) 161; Chem. Abstr., 103 (1985) 31819y. 

506 P.A. Andrews. W.E. Wung and S.B. Howell. Anal. Biochem.. 143 (1984) 45: 
Chem. Abstr., 102 (1985) 95.l. 

507 B. De Spiegeleer, G. Slegers, W. Van den Bossche and P. De Moerloose, J. 
Chromatogr., 315 (1984) 481. 

508 1-S. Krull, X.D. Ding, C. Selavka and F. Hochberg, Methodol. Surv. 
Biochem. Anal., 14 (Drug Determ. Ther. Forensic Contexts) (1984) 139; 
Chem. Abstr.. 103 (1985) 71~. 

509 G. Horn, Pharmazie. 39 (1984) 715; Chem. Abstr.. 102 (1985) 119770r. 
510 H. Zhu, Yaowu Penxi Zazhi, 5 (1985) 41; Chem. Abstr., 102 (1985) 154891c. 
511 R.R. Weller, J.R. Eyler and C.M. Riley, J. Pharm. Biomed. Anal., 3 (1985) 

87; Chem. Abstr., 102 (19851 197418w. 
512 G. Raudaschl, B. Lippert, J.D. Hoeschele, H.E. Howard-Lock, C.J.L. Lock 

and P. Pilon, Inorg. Chim. Acta, 106 (1985) 141. 
513 M.T. Haber, A.J.L. Cooper, K.C. Rosenspire, J.Z. Ginos and D.A. 

Rottenberg, J. Labelled Compd. Radiopharm., 22 (1985) 509. 
514 D.L. Bodenner, PhD Thesis, Univ. Minnesota, 1984; piss. Abstr. Int. B. 45 

(1985) 3223. 
515 Y. Iwamoto, T. Kawano, M. Ishizawa, K. Aoki, T. Kuroiwa and T. Baba, 

Cancer Chemother. Pharmacol., 15 (1985) 228; Chem. Abstr.. 103 (1985) 
205848~. 

516 Y. Lee, Nippon Hinvokika Gakkai Zasshi, 76 (1985) 895; Chem. Abstr., 103 
(1985) 153552b. 

517 M. Kurebe, T. Niizato, M. Sanda, H. Sasaki and H. Hayasaka, Jpn. J. 
Antibiot., 38 (1985) 65: Chem. Abstr., 103 (1985) 134625m. 

518 I. Ohtani, K. Ohtsuki, T. Aikawa, Y. Sato, T. Anzai, J. Ouchi and T. 
Saito, Gan to Kagaku Ryoho, 11 (1984) 2400; Chem. Abstr., 102 (1985) 
55779r. 

519 J.E. Bird, M.M. Walser and A.J. Quebbemann, J. Pharmacol. Exp. Ther.. 231 
(1984) 752; Chem. Abstr., 102 (1985) 72515~. 

520 G.I. Kulik, F.P. Pel'kis, V.F. Chekhun, O.A. Sidorik and T.M. Boim, Eksp. 
Onkol., 6 (6) (1984) 60; Chem. Abstr.. 102 (1985) 1058543. 

521 A. Naganuma, M. Satoh and N. Imura, Res. Commun. Chem. Pathol. 
Pharmacol., 46 (1984) 265; Chem. Abstr., 102 (1985) 39609e. 

522 P.T. Daley-Yates and D.C.H. McBrien, Biochem. Pharmacol., 34 (1985) 2363. 
523 M. Nakagawa, T. Yamaguchi, H. Fukawa, J. Ogata, S. Komiyawa, S. Akiyama 

and M. Kuwano, Jpn. J. Cancer Res. (GANNI, 76 (1985) 315; Chem. Abstr., 
103 (1985) 64445b. 

524 F. Abe, K. Shibuya, J. Ashizawa, K. Takahashi, H. Horinishi, A. Matsuda, 
H. Ishizuka, T. Takeuchi and H. Umezawa, J. Antibiot., 38 (1985) 411; 
Chem. Abstr., 102 (1985) 21472011. 

525 M.R. Horsman, D.G. Hirst, D.M. Brown and J.M. Brown, Int. J. Radiat. 
Oncol., Biol., Phys., 10 (1984) 1669; Chem. Abstr., 102 (1985) 17230x. 

526 A.F. Sobrero and J.R. Bertino, Cancer Treat. Rep., 69 (1985) 279. 
527 P. Koepf-Maier, P. Erkenswick and H.J. Merker, Toxicology, 34 (1985) 

321. 
528 T. Nishida, Gan no Rinsho, 30 (1984) 1186; Chem. Abstr., 102 (1985) 

39564m. 
529 P.O. Lumme and H.O. Elo, Inorg. Chim. Acta, 107 (1985) L15. 



530 G. P. Murphy. J.E. Pontes and P.D. Williams, Offcolo.9y. 41 (1984) 414. 
531 R. E. Bulcler and D.C. Dobvan. JNCI. J. Natl. Cancer Inst.. 73 (1984) 1235: 

231 

Chem. Abitr.. 102 (1985).39586v. 
532 J. Uozumi and C.L. Litter&, Cancer Chemother. Pharmacol., 15 (1985) 93: 

Chem. Abstr., 103 (1985) 189306p. 
533 R.W. Mason and R.I. Edwards, Biochem. Pharmacol.. 34 (1985) 2575. 
534 R.P. Sharma, Pharmaco7. Res. Commun., 17 (1985) 197: Chem. Abstr., 102 

(1985) 197651s. 
535 A. Kraker, J. Schmidt, S. Krezoski and D.H. Petering, Biochem. Biophys. 

Res. Commun., 130 (1985) 786. 
536 R.J. Fram, P.S. Cusick, J.M. Wilson and M.G. Marinus, Mol. Pharmacoi.. 28 

(1985) 51. 
537 G.P. Jarosik and D.J. Beck, Chem.-Biol. Interact., 51 (1984) 247. 
538 A.C.M. Plooy, M. Van Dijk, F. Bet-ends and P.H.M. Lohman, Cancer Res., 45 

(1985) 4178. 
539 E. Tkacova and S. Kuzela, Neoplasma, 32 (1985) 177. 
540 K.B. Yatsimirskii, E.P. Sidorik. L.M. Korchevaya, O.A. Sldorik, 1.1. 

Volchenskova, A.P. Burlaka. N.N. Maidanevich and L.I. Budarin, Ookl. 
Chem.. 283 (1985) 204; Do&l. Akad. Nauk SSSR, 283 (19851 391. 

541 T.G.M.H. Dikhoff, J.A. Van der Heide and J.G. McVie, Nucl. Instrum. 
Methods Phys. Res., Sect. 8, 810-11 (1985) 639; Chem. Abstr.. 103 (1985) 
64368d. 

542 F.F. Farris, F.G. King, R.L. Dedrick and C.L. Litterst, J. Pharmacokinet. 
Biopharm., 13 11985) 13; Chem. Abstr.. 103 (1985) 134414s. 

543 C.E. Andrade Mena, S. Orbach-Arbouys and G. Mathe, Int. Arch. Allergy 
Appl. Immunol.. 76 (1985) 341; Chem. Abstr., 103 (1985) 16502~. 

544 M.D. Maines and R.D. Mayer, J. Biol. Chem.. 260 (1985) 6063. 
545 H.B. Pedersen, J. Joshephsen and G. Kerszman, Chem.-Biol. Interact.. 34 

(1985) 1. 
546 S.L. Gonias, A.C. Oakley, P.J. Walther and S.V. Pizzo, Cancer Res.. 44 

(1984) 5764. 
547 A.C.M. Plooy, A.M.J. Fichtinger-Schepman, H.H. Schutte, M. Van D:.jk and 

P.H.M. Lohman, Carcinogenesis (London). 6 (1985) 561: Chem. Abstr., 103 
(1985) 134576~. 

548 E. Segal and J.B. Le Pecq, Cancer Res., 45 (1985) 492. 
549 I. Pleskova, H. Blasko and J. Siracky. Neoplasma, 31 (1984) 655. 
550 A.P. Kyriazis, A.A. Kyriazis, A. Yagoda and J. Fogh, Cancer Res., 45 

(1985) 4354. 
551 K.C. Micetich, D. Barnes and L.C. Erickson. Cancer Res.. 45 (1985) 4043. 
552 E. Boven, W.J.F. Van der Vijgh. t4.M Nauta. H.M.M. Schluper and H.M. 

Pinedo, Cancer Res. 45 (1985) 86. 
553 C. Erlichman, 3. Vidgen and A. Wu, JNCI, J. Natl. Cancer Inst., 75 (?985i 

499; Chem. Abstr., 103 (1985) 153566j. 
554 A. Sacchi, G. Zupi, F. Calabresi. C. Greco and A. Caputo, Proc. Int. 

Congr. Chemother., 13th, 16 (1986) 257/62; Chem Abstr.. 103 (1985) 
171537e. 

555 F. Elferink, W.J.F. Van der Vijgh, S.E.J.M. Van der Poort, S.C. 
Henzen-Logmans and H.M. Pinedo, Cancer Lett. (Shannon, Irel.1, 25 (1984) 
61. 

556 Shionogi and Co., Ltd., Jpn. Kokai Tokkyo Koho JP 59,222,497 [84,222,4971 
(1984); Chem. Abstr., 102 (1984) 203607a. 

557 Sankyo Co., Ltd., Jpn. Kokai Tokkyo Koho JP 59 76,065 [84 76,OSSl (1984); 
Chem. Abstr., 102 (1985) 124602s. 

558 V.P. Papageorgiou and M. Bakola-Christianopoulou, Eur. Pat. Appl. EP 
109,677 (1984); Chem. Abstr., 102 (1985) 125583~. 

559 A.N. Sagredos, V.P. Papageorgiou and A.S. Mellidis, Eur. Pat. Appl. EP 
144,809 (1985); Chem. Abstr.. 103 (1985) 1962664. 

560 A.L. Konovaiova, M.A. Presnov, P.A. Chel'tsov, A.N. Kravchenko, V.B. 
Ivanov and R.N. Shchelokov, Dokl. Biochem., 281 (1985) 44; Dokl. Akad. 
Nauk SSSR, 281 (1985) 200 [Biochem.]. 



232 

561 F.D. Rochon and P.C. Kong, Ger. Offen. DE 3,406,161 (1984); Chem. Abstr., 
102 (1985) 46144~. 

562 D. Craciunescu, A Doadrio Lopez, C. Ghirvu and J. Alvarez Bouilla, An. R. 
Acad. Farm.. 50 (19841 389: Chem. Abstr.. 102 (1985) 178734e. 

563 P. Pointeau; H. Patin; R. Rumin, Y. Letourneux, C. Chesne and C. 
Roussakis, Eur. J. Med. Chem.-Chim. Ther.. Xl (1985) 327: &hem. Abstr., 
103 (1985) 226258x. 

564 D. Craciunescu, A Doadrio Lopez, C. Ghirvu and J. Alvarez-Bouilla, An. R. 
Acad. Farm., 50 (1984) 599; Chem. Abstr., 102 (1985) 2146409. 

565 P.J. Andrulis and P. Schwartz, PCT Int. Appl. WO 84,04,524 (1984): Chem. 
Abstr.. 102 (1985) 179065z. 

566 G.E. Adams, I.J. Stratford and I. Ahmed, Brit. UK Pat. Appl. GB 2,131,020 
(1984); Chem. Abstr., 102 (1985) 6489n. 

567 B.K. Chakraborty, N. Biswas, K. Choudhury, R.K. Neogy and B.D. Sarma. 
Chemotherapy I6asell, 31 (1985) 55; Chem. Abstr., 102 (1985) 55774k. 

568 H. Schoenberger, B. Wappes, M. Jennerwein and M. Berger. Contrib. Uncol., 
18 (Resistenzprobl. Chemo-Radiother. Halig. Tumoren) (1984) 48; Chem. 
Abstr., 102 (1985) 89669v. 

569 H. Schoenberger. B. Wappes, M. Jennerwein, E. Von Angerer and J. Engel, 
Ger. Offen. DE 3.405.611 (1984): Chem. Abstr.. 102 (1985) 32242~. 

570 D.G. Craciunescui A.F. Candiani; V. Scarcia, A. Doadrio and C. Ghirvu, J. 
Pharm. Belg., 40 (1985) 79; Chem. Abstr.. 103 (1985) 115807f. 

571 G.R. Gale. P. Schnartz, C.W. Young, J.H. Burchenal and D.P. Kelsen, U.S. 
Pat Appl. US 540,667 (19841; Chem. Abstr., 102 (1985) 90137b. 

572 Y. Kitani, Jpn. Kokai Tokkyo Koho JP 60 34,982 185 34,982] (1985); Chem. 
Abstr., 103 (1985) 73360x. 

573 D.B. Brown, A.R. Khokhar, M.P. Hacker and J.J. McCormack, Eur. Pat. Appl. 
EP 130,482 (1985): Chem. Abstr., 103 (1985) 620x. 

574 M.P. Hacker, A.R. Khokhar, D.B. Brown, J.J. McCormack, I.H. Krakoff, 
Cancer Res.. 45 (1985) 4748. 

575 Y. Kidani and M. Noji, Eur. Pat. Appl. EP 136,012 (1985); Chem. Abstr., 
103 (1985) 1471563. 

576 T. Tayoda, S. Tsukagoshi and Y. Kitani, Rinsho Y&u-i, 16 (1985) 147: 
Chem. Abstr., 103 (1985) 81360n. 

577 G. Hathe, Y. Kidani, M. Noji, R. Maral, C. Bourut and E. Chenu, Cancer 
Lett. IShannon, Ireland). 27 (1985) 135. 

578 B.A. Teicher, S. Rockwell, J.B. Lee, Int. J. Radiat. Oncol., Biol., 
Phys., 11 (1985) 937; Chem. Abstr., 103 (1985) 137812f. 

579 S. Mylonas, A. Valavanidis, V. Voukouvalidis and M. Polyssiou, Chim. 
Chron., 12 (1983) 165. 

580 W.D. McFadyen, L.P.G. Wakelin, I.A.G. Roos and V.A. Leopold, J. Med. 
Chem., 28 (1985) 1113. 

581 D.A. Place, PhD Thesis, Syracuse Univ., (1984); Diss. Abstr. Int. B, 45 
(1985) 3501. 

582 M.S. Wysor and L.A. Zwelling, U.S. US 4,532,122 (1985): Chem. Abstr., 103 
(1985) 135185e. 

583 A.E. Balber, S.L. Gonias and S.V. Pizzo, Exp. Parasitol., 59 (1985) 74; 
Chem. Abstr., 102 (1985) 142832~. 

584 B. Hecquet, J.P. Peyrat, J. Bonneterre and A. Demaille, Biomed. 
Pharmacother., 37 (1983) 236; Chem. Abstr., 100 (1984) 62176d. 

585 Kh.M. Minachev. G.N. Baeva, E.S. Shpiro, G.V. Antoshin and A.B. Fasman, 
Kinet. Catal., 26 (1985) 1097; Kinet. Katal.. 26 (1985) 1265. 

586 Yazaki Corp., Jpn. Kokai Tokkyo Koho JP 59,137,849 [84,137,849] (1984); 
Chem. Abstr.. 102 (1985) 39283u. 

587 G.A. Ozin, M.D. Baker, K. Helwig and J. Godber, J. Phys. Chem., 89 (1985) 
1846. 

588 A.W. Chester, Y.F. Chu, R.M. Dessau, G.T. Kerr and C.T. Kresge, J. Chem. 
sot., Chem. Commun., (1985) 289. 

589 G. Giannetto, G. Perot and H. Guisnet, Stud. Surf. Sci. Catal., 20 
(Catal. Acids Bases) (1985) 265; Chem. Abstr., 103 (1985) 27938u. 



233 

590 F. Raatz. E. Freund and C. Marcilly, J. Chem. Sot., faraday Trans. I. 81 
(1985) 299. 

591 V.M. Kiseleva. M.Yu. Zenkevich and M.I. Gel'fman. Russ. J. Inorg. Chem.. 
30 (1985) 697; Zh. Neorg. Khim., 30 (19851 1234. 

592 V.M. Kiseleva, M.Yu. Zenkevich and M.I. Gel'fman, Russ. J. Inorg. Chem.. 
30 (1985) 1321; Zh. Neorg. Khim.. 30 (1985) 2324. 

593 H. Basch. M. Krauss, W.J. Stevens and D. Cohen, Inorg. Chem.. 24 (1985) 
3313. 

594 H.M. Khan. J. Chem. Sot. Pak., 7 (1985) 129; Chem. Abstr.. 103 (1985) 
81062s. 

595 N. Kakuta, J.M. White, A. Campion, A.J. Bard, M.A. Fox. S.E. Webber and 
M. Finlayson, ACS Symo. Ser., 288 (Catal. Charact. Scl.) (1985) 566. 

596 D.R. Atherton, PhD Thesis, Univ. Florida, 1984; Diss. Abstr. Int. S. 458 
(1985) 2893. 

597 A.I. Ryumin, 1.1. Smirnov. A-1. Blokhin and V.G. Chumakov, J. Aool. Chem. 
USSR. 58 (1985) 1939: Zhh. Prikl. Khim. (Leningrad). 58 (1985) 2101. 

598 B. Lippert and G. Raudaschl, Ger. Offen. DE 3,305,248; Chem. Abstr., 102 
(1985) 12452m 

599 C. Gooijer, A.C. Veltkamp. R.A. Baumann, N.H. Velthorst, R.W. Frei and 
W.J.F. Van der Vijgh, J. Chromatogr., 312 (1984) 337. 

600 P.N. D'Yachkov, Koord. Khim., 10 (1984) 1549: Chem. Abstr., 102 (19851 
53783~. 

601 B. Heyn and B. Burglen, Z. Chem., 24 (1984) 264. 
602 L.B. Sel'derkhanova, A.I. Stetsenko and V.E. Titov, Koord. Khim.. 11 

(1985) 259; Chem. Abstr., 102 (1985) 138473n. 
603 R.N. Bose, R.D. Cornelius and R.E. Viola, Inorg. Chem., 24 (1985) 3989. 
604 V.I. Kazbanov, A.K. Starkov, V.G. Chumakov and N.I. Pavlenko, Russ. J. 

Inorg. Chem., 30 (1985) 1319; Zh. Neorg. Khim., 30 (1985) 2321. 
605 V.I. Kazbanov, S.P. Kalenyuk, A.K. Starkov and V.G. Chumakov, Russ. J. 

Inorg. Chem., 30 (1985) 1555; Zh. Neorg. Khim., 30 (1985) 2727. 
606 V.I. Kazbanov, A.K. Starkov, V.Q. Chumakov and N.I. Pavlenko, IZV. Sib. 

Otd. Akad. Nauk SSSR, Ser. Khim. Nauk (5) (1985) 54; Chem. Abstr., 103 
(1985) 226338~. 

607 D.R. Alston, J.F. Stoddart and D.J. Williams, J. Chem. Sot.. Chem. 
Cominun., (1985) 532. 

608 H.M. Colquhoun, S.M. Doughty, J.M. Maud, J.F. Stoddart, D.J. Williams and 
J.B. Wolstenholme, Isr. J. Chem., 25 (1985) 15. 

609 D.R. Alston. A.M.Z. Slawin, J.F. Stoddart and D.J. Williams, J. Chem. 
sot., Chem. Commun., (1985) 1602. 

610 V.M. Padmanabhan, R.P. Pate1 and T.N. Ranganathan, Acta Crystaflogr., 
Sect. C: Cryst. Struct. Commun., C41 (1985) 1305. 

611 R. Melanson and F.D. Rochon. Acta Crystaflogr., Sect. Cr Cryst. Struct. 
Coiinnun., C41 (1985) 350. 

612 A. Albinati, H. Moriyama, H. Ruegger, P.S. Pregosin and A. Togni, Inorg. 
Chem., 24 (1985) 4430. 

613 B.L. Bergquist and J.C. Chang, U.S. US 4,490,543 (1984); Chem. Abstr., 
102 (1985) 200452k. 

614 S.S. Val'dman, S.D. Nasirdinov and Kh.T. Sharipov, Zh. Neorg. Khim., 30 
(1985) 159. 

615 J.C. Maire, J. Organomet. Chem., 281 (1985) 45. 
616 T.-H. Chang and J.I. Zink. Inorg. Chem., 24 (1985) 4499. 
617 G. Teodorescu, C. Mandravel, M. Gutul and G. Teodorescu, Rev. Roum. 

Chim., 30 (1985) 339; Chem. Abstr., 103 (1985) 133918x. 
618 V. Cherchi, G. Faraglia, L. Sindarelli and S. Sitran, Transition Met. 

Chem. (Weinheim, Ger.), 10 (1985) 76. 
619 V.N. Perchenko, G.A. Sytov, I.S. Kalashnikova, L.E. Ledina. I.M. 

Shanazarova, N.S. Nametkin and G.L. Kamneva, Koord. Khim., 11 (1985): 
Chem. Abstr., 103 (1985) 114945n. 

620 N.M. Sinitsyn, T.M. Buslaeva and V.I. Efanov, Russ. J. Inorg. Chem., 29 
(1984) 1708; Zh. Neorg. Khim.. 29 (1984) 2986. 



234 

621 N.M. Sinitsyn, T.H. Buslaeva, V.I. Efanov, V.V. Fomichev and K.I. Petw. 
Russ. J. Inorg. Chem., 30 (1985) 1152; Zh. Neorg. Khim.. 30 (1985) 2033. 

622 V.I. Bystrenina, A.D. Shebaldova and O.E. Koblova, Koord. Khim., 11 
(1985) 528; Chem. Abstr.. 103 (1985) 31594w. 

623 A.D. Pomogailo and M.V. Klyuev, Bull. Acad. Sci. USSR, Div. Chem. Sci., 
34 (1985) 1568: Irv. Akad Nauk SSSR. Ser. Khim.. (1985) 1716. 

624 P. Chattopadhyay and S.K. Majumdar,.J. Indian. Chem. Sot.. 62 (1985) 150. 
625 K. Lystbaek and H. Bildsoe. Magn. Reson. Chem.. 23 (1985) 263. 
626 M.C. Navarro Ranninger, S. Martinez Carrera and S. Garcia Blanco, Acta 

Crvstallogr.. Sect. C: Cryst Struct. Commun., C41 (1985) 21. 
627 L.S. Tikhonova, A.I. Stetsenko, L.I. Iozep and V.G. Pogareva, Koord. 

Khim., 11 (1985) 810; Chem. Abstr., 103 (1985) 133860x. 
628 L. Canovese, M.L. Tobe and L. Cattalini, J. Chem. Sot.. Dalton Trans., 

(1985) 27. 
629 A.R. Siedle. K.R. Mann, D.A. Bohling, G. Filipovich, P.E. Toren, F.J. 

Palensky, R.A. Newmark, R.W. Duerst, W.L. Stebbings, H.E. Mishmash and K. 
Melancon. Inorg. Chem., 24 (1985) 2216. 

630 R. Pichon, R. Rumin and J.Y. Salaiin, J. Organomet. Chem., 282 (1985) C60. 
631 C.G. Anklin and P.S. Pregosin, Magn. Reson. Chem.. 23 (1985) 671. 
632 V.N. Kalinin, A.V. Usatov and L.I. Zakharkin, Bull. Acad. Sci USSR, Div. 

Chem. Sci., 33 (1984) 1510; Izv. Akad. Nauk SSSR, Ser. Khim., (1984) 1646. 
633 F. Bachechi and L. Zambonelli, Acta CrystaIlogr., Sect. C: Cryst. Struct. 

Commun., C41 (19851 835. 
634 N.I. Pyshnograeva, V.N. Setkina and D.N. Kursanov, Bull. Acad. Sci. USSR, 

Div. Chem. Sci., 33 (1984) 2544; X.?v. Akad. Nauk SSSR, Ser. Khim., (1984) 
2778. 

635 S.J. Berners Price, M.J. DiMartino, D.T. Hill, R. Kuroda, M.A. Mazid and 
P.J. Sadler., Inorg. Chem., 24 (1985) 3425. 

636 S. Ianelli, G. Pelizzi, F. Vitali, G. Devoto, M. Massacesi and G: 
Ponticelli, J. Crystallogr. Spectrosc. Res., 15 (1985) 351; Chem. Abstr., 
103 (1985) 96707e. 

637 E. Danilczuk, Pal. J. Chem.. 58 (1984) 345: Chem. Abstr., 102 (1985) 
178097z. 

638 J.R. Bales. M.A. Mazid, P.J. Sadler, A. Aggarwal, R. Kuroda, S. Neidle, 
D.W. Gilmour, B.J. Peart and C.A. Ramsden, J. Chem. Sot.. Dalton Trans.. 
(1985) 795. 

639 N. Shashikala, N.M.N. Gowda and G.K.N. Reddy, J. Indian Chem. Sot., 62 
(1985) 928. 

640 N.-H. Li and J.M.J. Frechet, J. Chem. Sot., Chem. Commun., (1985) 1100. 
641 V.I. Egorova, L.N. Neokladnova, Yu.Ya. Kharitonov, L.V. Korobchenko, G.V. 

Vladyko and E.I. Boreko, Koord. Khim., 11 (1985) 672; Chem. Abstr., 103 
(1985) 80868x. 

642 V.N. Voropaev, E.S. Domninia, G.G. Skvortsova, Yu.A. Teterin, A.S. Baev 
and T.K. Voropaeva, Koord. Khim., 10 (1984) 1543; Chem. Abstr., 102 
(1985) 55050~. 

643 G.K. Kornienko, A.D. Shebaldova, V.I. Mar'in and L.K. Kulikova, 
Khim.-Farm. Zh., 18 (1984) 1339; Chem. Abstr., 102 (1985) 88974d. 

644 B. Bovio, G. Banditelli and A.L. Bandini, Inorg. Chim. Acta, 96 (1985) 
213. 

645 K.R. Rogers, R.K. Murmann, E.O. Schlemper and M.E. Shelton, Inors. Chem.. 
24 (1985, 1313. 

646 E. Kalalova, L. Jandova and S. Stokrova, Russ. J. Inorg. Chem., 30 (1985) 
843; Zh. Neorg. Khim.. 30 (1985) 1479. 

647 S. Murakami, A. Muromatsu. M. Moriyasu and Y. Hashimoto, Nippon Kagaku 
Kaishi, (1985) 1385. 

648 G. Natile, F.P. Fanizzi, L. Maresca, A.M. Manotti-Lanfredi and A. 
Tiripicchio, J. Chem. Sot., Dalton Trans., (1985) 1057. 

649 D.P. Buxton, G.B. Deacon, B.M. Gatehouse, I.L. Grayson and P.J. Wright, 
Acta Crystallogr., Sect. C: Cryst. Struct. Connnun., C41 (1985) 1049. 



235 

650 M.J. Jun and S.R. Choi, Bull. Korean Chem. Sot., 5 (1984) 237: Chem. 
Abstt-., 102 (1985) 105079k. 

651 C. Radlowski, C.F. Liu, C.H. Kim, S.R. Choi and M.J. Jun, Polyhedron, 4 
(1985) 769. 

652 Y. Qu, W. Tang, A. Dai, F. Wang and D. Guo, Huaxue Xuebao, 43 (1985) 507; 
Chem. Abstr., 103 (1985) 113730b. 

653 M.J. Jun and S.R. Choi, Bull. Korean Chem. Sot., 6 (1985) 119; Chem. 
Abstr.. 103 (1985) 6384Oq. 

654 V.B. Ukraintsev, S.V. Yakovlev and Yu.N. Kukushkin, J. Gen. Chem., USSR, 
52 (9185) 1082; Zh. Dbshch. Khim., 55 (1985) 1212. 

655 F.D. Rochon, R. Melanson, J.P. Macquet, F. Belanger-Gariepy and A.L. 
Beauchamp, Inorg. Chim. Acta, 108 (1985) 17. 

656 A.R. Khokar, I.H. Krakoff, M.P. Hacker and J.J. McCormack, Inorg. Chim. 
Acta, 108 (1985) 63. 

657 D.G. Craciunescu, A. Doadrio, A.C. Furlani, V. Scarcia and C. Ghirvu, 
Eur. J. Med. Chem.-Chim. Ther., 19 (1984) 353; Chem. Abstr.. 102 (1985) 
38538~. 

658 R. Saito and Y. Kidani, 6~77. Chem. Sot. Jon., 57 (1984) 3430. 
659 M.J. Jun and S.R. Choi, Taehan Hwahakhoe Chi, 28 (1984) 399; Chem. 

Abstr., 102 (1985) 71664e. 
660 M.J. Jun, Bull. Korean Chem. Sot.. 6 (1985) 238: Chem. Abstr., 103 (1985) 

170987q. 
661 M.J. Jun and C.F. Liu, 9~77. Korean Chem. Sot., 6 (1985) 173; Chem. 

Abstr., 103 (1985) 2263462. 
662 F. Elferink, W.J.F. Van der Vijgh and H.H. Pinedo, J. Chromatogr., 320 

(1985) 370. 
663 D. Parker, J. Chem. Sot., Chem. Commun., (1985) 1129. 
664 G. Mahal and R. Van Eldik, Inorg. Chem., 24 (1985) 4165. 
665 S.P. Perlepes and J.M. Tsangaris, Monatsh. Chem., 116 (1985) 603. 
666 V.N. Zaitsev and A.K. Trofimchuk, Mr. Khim. Zh. (Russ. Ed.), 50 (1984) 

1126; Chem. Abstr., 102 (1985) 105102n. 
667 V.H. Houlding and A.J. Frank, Inorg. Chem., 24 (1985) 3664. 
668 0. Wernberg, Acta Chem. Stand., Ser. A, A39 (1985) 223. 
669 J. Rebek and T. Costello, Heterocycles, 22 (1984) 2191. 
670 J. Rebek, T. Costello and R. Wattley, J. Am. Chem. Sot., 107 (1985) 7487. 
671 S. Dholakia, R.D. Gillard and F.L. Wimmer, Polyhedron, 4 (1985) 791. 
672 M. Ghedini, F. Neve, F. Morazzoni and C. Oliva, Polyhedron, 4 (1985) 497. 
673 F. Neve and M. Ghedini, Congr. Nar. Chim. Inorg., IAttil, 15th. (19821 

141: Chem. Abstr., 100 (1984) 166994k. 
674 F. Neve and M. Ghedini, Congr. Naz. Chim. Inorg., [Atti]. 16th (1983) 

136; Chem. Abstr., 100 (1984) 78833b. 
675 A.J. Canty and N.J. Minchin, Inorg. Chim. Acta, 100 (1985) L13. 
676 V.V. Skopenko, V.N. Zaitsev and A.K. Trofimchuk, Mr. Khim. Zh. IRuss. 

Ed.) 51 (1985) 3; Chem. Abstr., 102 (1985) 1781042. 
677 W. Beck, E. Ambach and U. Nagel, Chem. Ber., 118 (1985) 444. 
678 C.A. Fontan and C.B. Harone, An. Assoc. Quim. Argent., 71 (1983) 449; 

Chem. Abstr., 100 (1981) 6107ld. 
679 M. Huang and T. Kang, Fenxi Huaxue, 11 (1983) 660; Chem. Abstr., 100 

(1984) 44570~. 
680 M. Xu, Z. Pan, N. Xie and Y. Song, Wuhan Daxue Xuebao, Ziran Kexueban, 

(3) (1983) 59; Chem. Abstr., 100 (1984) 150346q. 
681 W. Flitsch, D. Schulz and H.-G. Kneip, Liebigs Ann. Chem., (1985) 1004. 
682 K. Huller and E.-G. JYger, Z. Chem., 25 (1985) 377. 
683 T.A. James, J.A. McCleverty, E.D. McKenzie and R.D. Moore, Inorg. Chim. 

Acta, 101 (1985) 113. 
684 G.R. Newkome, Y.A. Frere, F.R. Fronczek and V.K. Gupta, Inorg. Chem.. 24 

(1985) 1001. 
685 L.R. Milgrom, Polyhedron, 4 (1985) 1279. 
686 L.R. Milgrom, Polyhedron, 4 (1985) 1661. 



236 

687 K. Isa, K. Sasaki. I. Murano, K. Fukui and K. Mizuta. Nippon Kagaku 
Kaishi, (1985) 615. 

688 L. Grotjahn and L. Ernst, Z. Naturforsch. 6: Anorg. Chem.. Org. Chem., 
39B (1984) 1548. 

689 J.A. Shelnutt and V. Ortiz, J. Phys. Chem., 89 (1985) 4733. 
690 B. Von Maltzan, 1. Naturforsch., A: Phys., Phys. Chem., Kosmophys., 40A 

(1985) 389. 
691 S. Igarashi and T. Yotsuyanagi, Chem. Lett.. (1984) 1871. 
692 V.V. Sapunov, Khim. Fiz., 4 (1) (1985) 50; Chem. Abstr., 102 (1985) 

102838~. 
693 V.V. Sapunov, Vestsi Akad. Navuk BSSR, Ser. Fiz.-Mat. Navuk, (2) (1985) 

52; Chem. Abstr., 103 (1985) 61861~. 
694 W.H. Chen, K.E. Rieckhoff and E.M. Voigt. Chem. Phys., 95 (1985) 123. 
695 T.J. Klofta, P.C. Rieke, C.A. Linkous, W.J. Buttner, A. Nanthakumar, T.D. 

Mewborn and N.R. Armstrong, J. Electrochem. Sot., 132 (1985) 2134. 
696 V.V. Sapunov, A.T. Tsvirko and K.N. Solov'ev, Zh. Prikl. Spektrosk.. 42 

(1985) 219; Chem. Abstr., 102 (1985) 192216u. 
697 J.A. Shelnutt, J. Phys. Chem.. 88 (1984) 6121. 
698 V.V. Sapunov, Khim. Fiz., 4 (1985) 668; Chem. Abstr., 103 (1985) 113208n. 
699 5. Hara, M. Toriyama, H. Miyoshi and S. Syogase, Bull. Chem. Sot. Jpn., 

57 (1984) 3009. 
700 T.J. Bartczak, Acta CrystaIlogr., Sect. C: Cryst. Struct. Commun., C41 

(1985) 865. 
701 M. Kobayashi, K. Saitoh and N. Suzuki, Chromatographia, 20 (1985) 72. 
702 M. Kobayashi, K. Saitoh and N. Suzuki, Chromatographia, 20 (1985) 49. 
703 R.F. Pasternack, E.J. Gibbs, A. Gaudemer, A. Antebi, S. Bassner, L. 

De Poy, D.H. Turner, A. Williams, F. Laplace, M.H. Lansard, C. Merienne 
and M. Perree-Fauvet, J. Am. Chem. Sot., 107 (1985) 8179. 

704 M.R. Ceba, J.J.B. Nevado and A.E. Mansilla, An. Quim., 879 (1983) 2389. 
705 J.H. Mendez, C.G. Perez and M.I.G. Martin, An. Quim., B80 (1984) 390. 
706 G. Morelli, G. Polzonettl and V. Sessa, Polyhedron, 4 (1985) 1185. 
707 J.D. Rancourt and L.T. Taylor, J. Appl. Po7ym. Sci., 30 (1985) 4149. 
708 N.M. Sinitsyn, T.M. Buslaeva, P.I. Ukraintseva and L.V. Samarova, Russ. 

J. Inorg. Chem., 30 (1985) 407; Zh. Neorg. Khim., 30 (1985) 725. 
709 G. Guglielmo, V. Ricevuto, P. Bergamini, S. Sostero and 0. Traverso, J. 

Organomet. Chem., 276 (1984) 281. 
710 A.D. Troitskaya, K.S. Knirik, R.A. Konoval'chuk, I.G. Martynova and V.V. 

Sentemov, Ref. Zh., Khim., (1984) Abstr. No. 24Vl42; Chem. Abstr., 102 
(1985) 105094m. 

711 N.P.C. Walker, M.B. Hursthouse, C.P. Warrens and J.D. Woollins, J. Chem. 
sot.. Chem. Commun., (1985) 227. 

712 P. Paul, S. Chakladar and K. Nag, J. Indian Chem. Sot., 62 (1985) 933. 
713 V.L. Frost and R.A. Henderson, J. Chem. Sot., Dalton Trans., (1985) 2059. 
714 D. Hedden and D.M. Roundhill, Inorg. Chem., 24 (1985) 4152. 
715 M. Habib, H. Trujillo, C.A. Alexander and B.N. Storhoff, Inorg. Chem., 24 

(1985) 2344. 
716 C.G.W. Ansell, M.K. Cooper, K.P. Dancey, P.A. Duckworth, K. Henrick, 

M.McPartlin, G. Organ and P.A. Tasker, J. Chem. Sot., Chem. Commun., 
(1985) 437. 

717 T.G. Schenck, J.M. Downes, C.R.C. Milne, P.B. Mackenzie, H. Boucher, J. 
Whelan and B. Bosnich, Inorg. Chem., 24 (1985) 2334. 

718 Y. Shigetomi, M. Kojima and J. Fujita, Bu77. Chem. Sot. Jpn., 58 (1985) 
258. 

719 T.C. Jones, A.J. Nielson and C.E. Rickard, Aust. J. Chem., 37 (1984) 2179. 
720 A.D. Ryabov, I.K. Sakodinskaya and A.K. Yatsimirsky, J. Chem. Sot., 

Dalton Trans., (1985) 2629. 
721 N. Barr, S.F. Dyke, G. Smith, C.H.L. Kennard and V. McKee, J. Organcmet. 

Chem., 288 (1985) 109. 
722 P.W. Clark and S.F. Dyke, J. Organomet. Chem., 281 (1985) 389. 



237 

723 V.M. Titov and A.D. Ryabov, Russ. J. Inorg. Chem., 30 (1985) 1072: Zh. 
Neorg. Khim., 30 (1985) 1887. 

724 Y. Fuchita, K. Hiraki and Y. Matsumoto, J. Drganomet. Chem., 280 (1985) 
C51. 

725 J.C. Kotz, E.E. Getty and L.Lin, DrganometaIlics, 4 (1985) 610. 
726 L.L. Troitskaya and V.I. Sokolov, Bull. Acad. Sci. USSR, Div. Chem. Sci., 

34 (1985) 1548; Izv. Akad. Nauk SSSR, Ser. Khim., (1985) 1689. 
727 M. Pfeffer, E. Wehman and G. Van Koten, J. Drganomet. Chem., 282 (1985) 

127. 
728 J. Terheijden, G. Van Koten, I.C. Vinke and A.J. Spek, J. Am. Chem. Sot.. 

107 (1985) 2891. 
729 P.W. Clark and S.F. Dyke, J. Organomet. Chem., 276 (1984) 421. 
730 P.S. Pregosin and R. Ruedi. J. Organomet. Chem., 273 (1984) 401. 
731 A. Suarez, J.M. Vila, E. Gayoso and M. Gayoso, Rev. Port. Quim., 26 

(1984) 21; Chem. Abstr., 101 (1984) 72931f. 
732 A. Suarez, J.M. Vila, M.T. Pereira, J. Filgueira. E. Gayoso and M. 

Gayoso, Acta Cient. Compostelana, 20 (1983) 45; Chem. Abstr., 103 11985) 
37585r. 

733 A. Suarez, J.M. Vila, M.T. Pereira, J. Filgueira, E. Gayoso and M. 
Gayoso, Acta Cient. Compostelana, 20 (1983) 55; Chem. Abstr., 103 (1985) 
71468q. 

734 J. Albert, J. Granell and J. Sales, J. Organomet. Chem., 273 (1984) 393. 
735 B. Galls, F. Gasparrini, B.E. Mann, L. Maresca, G. Natile, A.M. 

Manotti-Lanfredi and A. Tiripicchio, J. Chem. Sot., Dalton Trans., (1985) 
1155. 

736 Y. Wakatsuki. H. Yamazaki, P.A. Grutsch, M. Santhanam and C. Kutal, J. 
Am. Chem. Sot., 107 (1985) 8153. 

737 E.A. El-Sawi and S.M. Shendy, Bull. Sot. Chim. Belg., 94 (1985) 171. 
738 R.M. Ceder and J. Sales, J. Drganomet. Chem., 276 (1984) C31. 
739 T.A. Anderson, R.J. Barton, B.E. Robertson and K. Venkatasubramanian, 

Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C41 (1985) 1171. 
740 G.R. Newkome and A. Yoneda, Makromol. Chem., Rapid. Commun.. 6 (1985) 77. 
741 E.C. Constable, J. Chem. Sot., Dalton Trans., (1985) 1719. 
742 A.C. Skapski, V.F. Sutcliffe and G.B. Young, J. Chem. Sot., Chem. 

Commun., (1985) 609. 
743 F.L. Wimmer and S. Wimmer, Polyhedron, 4 (1985) 1665. 
744 F.L. Wimmer and S. Wimmer, Transition Met. Chem. (Weinheim, Ger.1, 10 

(1985) 238. 
745 G.R. Newkome, W.E. Puckett, G.E. Kiefer, V.K. Gupta, F.R. Fronczek, D.C. 

Pantaleo, G.L. McClure, J.B. Simpson and W.A. Deutsch, Inorg. Chem., 24 
(1985) 811. 

746 A. Alblnati, C.G. Anklin and P.S. Pregosin, Inorg. Chim. Acta, 90 (1984) 
L37. 

747 G. Matsubayashi and K. Ueyama, Polyhedron, 4 (1985) 173. 
748 A. Suarez, J.M. Vila, E. Gayoso and M. Gayoso, Acta Cient. Compostelana, 

20 (1983) 173; Chem. Abstr., 103 (1985) 37584q. 
749 Y. Wang, Huaxue Xuebao, 43 (1985) 683; Chem. Abstr., 103 (1985) 113738k. 
750 A.J. Jircitano and K.B. Mertes, Inorg. Chim. Acta, 103 (19851 Lll. 
751 F.H. Cottee, J.A. Page, D.J. Cole-Hamilton and D.W. Bruce, J. Chem. Sot., 

Chem. Commun., (1985) 1525. 
752 G. Trinquier and G. Bertrand, Inorg. Chem., 24 (1985) 3842. 
753 S.P. Mehandru and A.B. Andersen, Inorg. Chem., 24 (1985) 2570. 
754 W.R. Jackson, R.J. Thomson and M.F. Mackay, Aust. J. Chem., 38 (1985) 111. 
755 E.I. Grigorov and K.A. Khokhryakov, J. Gen. Chem. USSR, 54 (1984) 2135; 

Zh. Obshch. Khim., 54 (1984) 2389. 
756 J.A. Davies and V. Uma, J. Electroanal. Chem. Interfacial Electrochem., 

179 (1984) 273. 
757 G.A. Mazzocchin and G. Bontempelli, J. Electroanal. Chem. Interfacial 

Electrochem., 179 (1984) 269. 



238 

758 H.C. Clark, G. Ferguson, V.K. Jain and M. Parvez, Inorg. Chem., 24 (1985) 
1477. 

759 V.A. Logvinenko, G.N. Sedova and V.F. Budanova, Russ. J. Inorg. Chem., 30 
(1985) 845; Zh. Neorg. Khim., 30 (1985) 1483. 

760 A. Turco. A. Morvillo, U. Vettori and P. Traldi, Inorg. Chem., 24 (1985) 
1123. 

761 D.L. Packett, C.H. Jensen, R.L. Cowan, C.E. Strouse and W.C. Trogler, 
Inorg. Chem., 24 (1985) 3578. 

762 B.M. Choudary, K.R. Kumar, 2. Jamil and G. Thyagarajan, J. Chem. Sot.. 
Chem. Connnun., (1985) 931. 

763 J.R. Allan, G.H.W. Milburn, L. Sawyer, V.K. Shah, T.A. Stephenson and 
P.M. Veitch, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C41 
(1985) 58. 

764 H.-P. Abicht, J.T. Spencer and J.G. Verkade, Inorg. Chem., 24 (1985) 2132. 
765 L.F. Gogolyukhina, A.D. Troitskaya, V.V. Sentemov and G.A. Levshina, J. 

Gen. Chem. USSR. 54 (1984) 2172: Zh. Obsch. Khim., 54 (1984) 2433. 
766 L.M. Engelhardt; J.M. Patrick, C.L. Raston, P. Twiss and A.H. White, 

Aust. J. Chem., 37 (1984) 2193. 
767 N.D. Sadanani, P.N. Kapoor and R.N. Kapoor, J. Coo&. Chem., 14 (1985) 79. 
768 F.R. Hartley, M.B. Hodge, S.G. Murray and A.R. Bassindale, J. Mol. 

Catal., 26 (1984)_313. 
769 J. Podlahova, J. Silha and J. Podlaha, Co/l. Czech. Chem. Commun., 50 

(1985) 445. 
770 D. Fenske and W. Bensmann, Z. Naturforsch. B: Anot-g. Chem., Org. Chem., 

39B (1984) 1819. 
771 F.S.M. Hassan, D.P. Markham, P.G. Pringle and B.L. Shaw, J. Chem. Sot., 

Dalton Trans., (1985) 279. 
772 S.W. Carr, B.L. Shaw and M. Thornton-Pett, J. Chem. Sot., Dalton Trans., 

(1985) 2131. 
773 K.A. Azam, G. Ferguson, S.S.M. Ling, M. Parvez, R.J. Puddephatt and D. 

Srokowski, Inorg. Chem., 24 (1985) 2799. 
774 S. Saba and N.O. Smith, J. Phys. Chem., 89 (1985) 5414. 
775 I.R. Butler, W.R. Cullen, T.-J. Kim, S.J. Rettig and J. Trotter, 

Organometallics, 4 (1985) 972. 
776 A.L. Chuvilin, B.L. Horoz, V.I. Zaikovski, V.A. Likholobov and Y.I. 

Yermakov, J. Chem. Sot., Chem. Commun., (1985) 733. 
777 H.C. Clark, G. Ferguson, P.N. Kapoor and H. Parvez, Inorg. Chem., 24 

(1985) 3924. 
778 T. Rukachaisirikul, S. Arabi, F. Hartstock, N.J. Taylor and A.J. Carty, 

OrganometaIlics, 3 (1984) 1587. 
779 M.S. Holt, J.H. Nelson, P. Savignac and N.W. Alcock, J. Am. Chem. Sot., 

107 (1985) 6396. 
780 A.L. Balch, R.R. Guimerans and J. Linehan, Inorg. Chem., 24 (1985) 290. 
781 Y. Shimizu, Y. Tanaka and T. Azumi, J. Phys. Chem., 89 (1985) 1372. 
782 J.G. Brummer and G.A. Crosby, Chem. Phys. Lett., 112 (1984) 15. 
783 G.A. Reisch, W.A. Turner, M.R. Corson and J.K. Nagle, Chem. Phys. Lett., 

117 (1985) 561. 
784 J.R. Peterson and K. Kalyanasundaram, J. Phys. Chem., 89 (1985) 2486. 
785 A.L. Balch, R.R. Guimerans, J. Linehan and F.E. Wood, Inorg. Chem., 24 

(1985) 2021. 
786 R. Uson, J. Fornies, P. Espinet, A. Garcia, M. Tomas, C. Faces-Faces and 

F.H. Cano, J. Organomet. Chem., 282 (1985) C35. 
787 H.C. Clark, V.K. Jain and G.S. Rao, J. Organomet. Chem., 279 (1985) 181. 
788 A.B. Goel and S. Goel, Inorg. Chim. Acta, 90 (1984) L33. 
789 G.B. Jacobsen and B.L. Shaw, J. Chem. Sot.. Chem. Conwnun., (1985) 692. 
790 F.H. Ashmawy, F.R. Benn, C.A. McAuliffe, D.G. Watson, W.E. Hill and W.D. 

Perry, Inorg. Chim. Acta, 97 (1985) 25. 
791 H.-P. Abicht, Z. Chem., 24 (1984) 387. 
792 H. Basch, Chem. Phys. Lett., 116 (1985) 58. 



239 

793 N.O. Ivanova, A.V. Yarovchuk, G.N. Kravchenko and S.P. Pak, Izv. kyssh. 
Uchebn. Zaved., Fiz.. 28 (1985) 105; Chem. Abstr., 102 (1985) 153257~. 

794 P.R. Brown, F.G.N. Cloke and M.L.H. Green, Polyhedron. 4 (1985) 869. 
795 S.M. Kim and O.V. Agashkin, Izv. Akad. Nauk Kaz. SSR, Ser. Khim., (6) 

(1984) 51; Chem. Abstr., 102 (1985) 1026322. 
796 S.M. Kim, V.Zh. Ushanov and O.V. Agashkin, Izv. Akad. Nauk Kaz. SSR, Ser. 

Khim., (1) (1985) 26; Chem. Abstr., 102 (1985) 194233w. 
797 G.A. Abakumov, I.L. Knyazeva, N.N. Vavilina, L.V. Gorbunova and S.V. 

Zhivtsova, Bull. Acad. Sci. USSR, Div. Chem. Sci., 33 (1984) 1242; Izv. 
Akad. Nauk SSSR, Ser. Khim., (1984) 1352. 

798 K. Krogman, A. Keim, R. Stahl and H.P. Pfleget-, Mol. Cryst. Lie. Cryst., 
120 (1985) 401. 

799 A. Sopkova, M. Singliar and P. Kralik, J. Inclusion Phenom., 1 (1984) 
263; Chem. Abstr., 101 (1984) 178150r. 

800 E. Leyrer, F. Zimmermann, J.I. Zink and G. Gliemann, Inorg. Chem., 24 
(1985) 102. 

801 W. Hozapfel and G. Gliemann, Ber. Bunsen-Ges. Phys. Chem., 89 (1985) 935. 
802 L. Drougge and L.I. Elding, Inorg. Chem., 24 (1985) 2292. 
803 B. Sollberger, A. Reller and H.R. Oswald, Thermochim. Acta, 85 (1985) 51. 
804 A. Escuer and J. Ribas, Inorg. Chim. Acta, 104 (1985) 143. 
805 A. Avshu and A.W. Parkins, J. Chem. Res., Synop., (1984) 245. 
806 M. Schaal, W. Weigand, U. Nagel and W. Beck, Chem. Ber., 118 (1985) 2186. 
807 G. Facchin, P. Uguagliati and R. Michelin, Organometallics, 3 (1984) 

1818. 
808 B. Weinberger and W.-P. Fehlhammer, Chem. Ber., 118 (1985) 42. 
809 G. Zinner and W.P. Fehlhammer, Angew. Chem., Int. Ed. Engl., 24 (1985) 

979; Angew. Chem., 97 (1985) 990. 
810 6. Weinberger, F. Degel and W.P. Fehlhammer, Chem. Ber., 118 (1985) 51. 
811 E.N. Yurchenko, T.S. Khodashova, M.A. Porai-Koshits, V.P. Mel'nikova and 

V.F. Brattsev, Sov. J. Coord. Chem., 11 (1985) 195; Koord. Khim., 11 
(1985) 359. 

812 P.G. Antonov, N.S. Panina, A.S. Dimoglo and V.N. Yakovlev, Isv. Vyssh. 
Uchebn. Zaved., Khim. Khim. Tekhnol., 28 (1985) 19; Chem. Abstr., 102 
(1985) 15502lf. 

813 E.N. Yurchenko, V.I. Kuznetsov and E.B. Burgina, Teor. Eksp. Khim., 21 
(1985) 194; them. Abstr., 103 (1985) 95565v. 

814 M.F. Lappert and P.P. Power, J. Chem. SOL, Dalton Trans., (1985) 51. 
815 T.A.K. Al-Allaf, C. Eaborn, P.B. Hitchcock, M.F. Lappert and A. Pidcock, 

J. Chem. Sot., Chem. Commun., (1985) 548. 
816 W. Bronger, P. Mueller, D. Schmitz and H. Spittank, Z. Anorg. Allg. 

Chem., 516 (1984) 35. 
817 R.H. Crabtree, B.E. Segmuller and R.J. Uriate, Inorg. Chem., 24 (1985) 

1949. 
818 G.A. Bowmaker, P.D.W. Boyd, M. Zvagulis, K.J. Cave11 and A.F. Masters, 

Inorg. Chem., 24 (1985) 401. 
819 A.F.M.M. Rahman, PhD Thesis, Wayne State Univ., (1984); Diss. Abstr. Int. 

B, 45 (1985) 3815. 
820 A.F.M.M. Rahman, C. Ceccarelli, J.P. Oliviet-, B. Messbauet-, H. Meyer and 

B. Walther, Inorg. Chem., 24 (1985) 2355. 
821 G.K. Anderson and R. Kumar, Inorg. Chim. Acta, 97 (1985) L21. 
822 R.J. Blau, Energy Res. Abstr., 10 (1985) Abstr. No. 21297; Chem. Abstr., 

103 (1985) 129835a. 
823 C.-L. Lee, G. Besenyei, B.R. James, D.A. Nelson and M.A. Lilga, J. Chem. 

sot., Chem. Cormnun., (1985) 1175. 
824 R. Uson, J. Fornies, P. Espinet and C. Fontufio, Inorg. Chim. Acta, 87 

(1984) 207. 
825 A.W. Hanson, A.J. McAlees and A. Taylor, J. Chem. Sot., Perkin Trans., I, 

(1985) 441. 
826 L. Manojlovic-Muir, I.R. Jobe, S.S.M. Ling, A.J. McLennan and R.J. 

Puddephatt. J. Chem. Sot., Chem. Cormnun., (1985) 1725. 



240 

827 B.R. Lloyd and R.J. Puddephatt. Inorg. Chim. Acta. 90 (1984) L77. 
828 M.J. Kullberg, F.R. Lemke, D.R. Powell and C.P. Kubiak, Inorg. Chem., 24 

(1985) 3589. 
829 R.D. Feltham. G. Elbaze, R. Ortega, C. Eck and J. Dubrawski, Inorg. 

Chem.. 24 (1985) 1503. 
830 N.I. Adamov. V.K. Polovnyak and A.Yu. Leont'ev, J. Gen. Chem. USSR, 55 

(1985) 1443; Zh. Ubshch. Khim., 55 (1985) 1624. 
831 Y. Yamamoto, K. Takahashi and H. Yamazaki, Chem. Lett., (1985) 201. 
832 Y. Yamamoto and H. Yamazaki, Bull. Chem. Sot. Jpn., 58 (1985) 1843. 
833 M.K. Reinking, M.L. Kullberg, A.R. Cutler and C.P. Kubiak, J. Am. Chem. 

sot., 107 (1985) 3517. 
834 M.P. Soriaga, E. Binamira-Soriaga, A.T. Hubbard, J.B. Benziger and 

K.-W.P. Pang, Inorg. Chem., 24 (1985) 65. 
835 M.P. Soriaga, J.H. White, D. Song, V.K.F. Chia, P.O. Arrhenius and A.T. 

Hubbard, Inorg. Chem., 24 (1985) 73. 
836 T. Ziegler, Inorg. Chem., 24 (1985) 1547. 
837 E.B. Boyar, D.S. Moore, S.D. Robinson, B.R. James, M. Preece and I. 

Thorburn, J. Chem. Sot., Dalton Trans., (1985) 617. 
838 U.R. Kunze, J. Organomet. Chem., 281 (1985) 79. 
839 M. Ebner, H. Otto and H. Werner, Angew. Chem., Int. Ed. Eng., 24 (1985) 

518: Angew. Chem., 97 (1985) 522. 
840 D.H. Farrar, R.R. Gukathasan and K. Won, J. Organomet. Chem., 275 (1984) 

263. 
841 E. Ma, G. Semelhago, A. Walker, D.H. Farrar and R.R. Gukathasan, J. Chem. 

sot., Dalton Trans., (1985) 2595. 
842 H.O. Foehlich and R. Schroth. Wiss. 2. Friedrich-SchiIler-Univ. Jenar 

Naturwiss. Reihe, 33 (1984); Chem. Abstr., 102 (1985) 214149n. 
843 D.H. Goldsworthy, F.R. Hartley, G.L. Marshall and S.G. Murray, Inprg. 

Chem., 24 (1985) 2849. 
844 H. Schroeder, I. Gianninoni, D. Masci and K.L. Kompa, Springer Ser. Chem. 

Phys., 39 (Laser Process. Diagn.) (1984) 257; Chem. Abstr., 102 (1985) 
54139v. 

845 R. Benn, H.M. Biich and R.-D. Reinhardt, Magn. Reson. Chem., 23 (1985) 
559. 

846 J.V. Caspar, J. Am. Chem. Sec., 107 (1985) 6718. 
847 N.I. Adamov. V.K. Polovnyak. V.Sh. Slobodina and N.S. Akhmetov. Russ. J. 

Inorg. Chem:, 29 (1984) 1639; Zh. Neorg. Khim., 29 (1984) 2865: 
848 S.S.M. Ling, I.R. Jobe, A.J. McLennan, L. Manojlovid-Muir, K.W. Muir and 

R.J. Puddephatt, J. Chem. Sot., Chem. Commun., (1985) 566. 
849 O.V. Gritsenko, R.V. Vysotskaya, A.A. Bagatur'yants and V.B. Kazanskii, 

Sov. J. Coord. Chem., 10 (1984) 771; KOOF~. Khim., 10 (1984) 1397. 
850 E.A. Ishmaeva and 1.1. Patsanovskii, Russ. Chem. Rev., 54 (1985) 243; 

Usp. Khim., 54 (1985) 418. 
851 C.A. Akpan, M.F. Meidine, J.F. Nixon, M. Yoshifuji, K. Toyota and N. 

Inamoto, J. Chem. Sot., Chem. Commun., (1985) 946. 
852 H.W. Kroto, S.I. Klein, M.F. Heidine, J.F. Nixon, R.K. Harris, K.J. 

Packer and P. Reams, J. Organomet. Chem., 280 (1985) 281. 
853 J. Koutecky, G. Pacchioni and P. Fantucci, Chem. Phys., 99 (1985) 87. 
854 C.M. Rohlfing and P.J. Hay, J. Chem. Phys., 83 (1985) 4641. 
855 T. Ziegler, Organometallics, 4 (1985) 675. 
856 P.B. Hitchcock, M.F. Lappert and M.C. Misra, J. Chem. Sot., Chem. 

Commun., (1985) 863. 
857 C.Y. Yang and D.A. Case, Local Density Approximations Quantum Chem. Solid 

State Phys., [PFOC. Symp.], (1982, pub. 1984) 643; Chem. Abstr., 102 
(1985) 138045~. 

858 B.K. Teo, Inorg. Chem., 24 (1985) 4209. 
859 D.J. Trevor, R.L. Whetten, D.M. Cox and A. Kaldor, J. Am. Chem. Sot., 

107 (1985) 518. 
860 R. Ugo, A. Chiesa and A. Yatsimirski, J. Chem. Sot., Da7ton Trans., 

(1985) 1971. 



241 

861 

862 

863 

864 
865 
866 

867 

868 
869 

M.F. Hallam, N.D. Howells, D.M.P. Mingos and R.W.M. Wardle, J. Chem. 
sot.. Da/ton Trans., (1985) 845. 
D.E. Berry, G.W. Bushnell, K.R. Dixon, P.M. Moroney and C. Wan, Inorg. 
Chem.. 24 (1985) 2625. 
M. Di Vaira, M. Peruzzini and P. Stoppioni, J. Chem. Sot., Dalton Trans. 
(1985) 291. 
C. Mealli, J. Am. Chem. Sot., 107 (1985) 2245. 
D.W. Bullett, Chem. Phys. Lett., 115 (1985) 450. 
L. ManojloviC-Muir, K.W. Muir, B.R. Lloyd and R.J. Puddephatt, J. Chem. 
sot., Chem. Commun., (1985) 536. 
C.S. Browning, D.H. Farrar, R.R. Gukathasan and S.A. Morris, 
OrganometaIlics, 4 (1985) 1750.. 
B.R. Lloyd and R.J. Puddephatt, J. Am. Chem. Sot., 107 (1985) 7785. 
O.J. Scherer, R. Konrad, E. Guggolz and M.L. Ziegler, Chem. Ber., 118 
(1985) 1. 

870 C.E. Briant, D.I. Gilmour, D.M.P. Mingos and R.W.M. Wardle, J. Chem. Sot. 
Dalton Trans., (1985) 1693. 

871 D.I. Kochubei, M.A. Kozlov, N.V. Cherkashina, R.I. Rudyi, K.I. Zamaraev 
and 1.1. Moiseev, Sov. J. Coord. Chem., 11 (1985) 479; Koord. Khim., 11 
(1985) 846. 

872 R.F. Klevtsova, E.N. Yurchenko, L.A. Glinskaya, E.B. Burgina, N.K. 
Eremenko and V.V. Bakakin, Zh. Strukt. Khim., 26 (1985) 84. 

873 E.G. Mednikov and N.K. Eremenko, Bull. Acad. Sci. USSR, Div. Chem. Sci., 
33 (1984) 2547; Izv. Akad. Nauk SSSR, Ser. Khim., (1984) 2781. 

874 B.K. Teo and N.J.A. Sloane, Inorg. Chem., 24 (1985) 4545. 
875 D.M.P. Mingos, J. Chem. Sot., Chem. Commun., (1985) 1352. 
876 D.J. Underwood, R. Hoffmann, K. Tatsumi, A. Nakamura and Y. Yamamoto, J. 

Am. Chem. Sot., 107 (1985) 5968. 
877 S.I. Al-Resayes, P.B. Hitchcock, J.F. Nixon and D.M.P. Mingos, J. Chem. 

sot., Chem. Commun., (1985) 365. 
878 M.N. Vargaftik, V.P. Zagorodnikov, I.P. Stolyarov, 1.1. Moiseev, V.A. 

Likholobov, D.I. Kochubey, A.L. Chuvilin, V.I. Zaikovsky, K.I. Zamaraev 
and G.I. Tomofeeva, J. Chem. Sot., Chem. Commun., (1985) 937. 

879 E.G. Mednikov, N.K. Eremenko and S.P. Gubin, Koord. Khim., 10 (1984) 711; 
Chem. Abstr., 102 (1985) 142160a. 

880 T. Ohmori, T. Fujiso, E. Yasui, S. Nomura and Y. Aizawa, Fr. Demande FR 
2,545,095 (1984); Chem. Abstr., 102 (1984) 187845~. 

881 N.I. Kirillova, A.I. Gusev, N.V. Alekseev, L.K. Knyazeva, Z.V. Belyakova, 
V.V. Strelets and S.V. Kukharenko, Dokl. Chem., 280 (1985) 56; Dokl. 
Akad. Nauk SSSR, 280 (1985) 1148 [Chem.]. 

882 G.A. Kukina, M.A. Porai-Koshits, V.S. Sergienko, Yu.V. Zefirov and G.G. 
Sadikov, Sov. J. Coord. Chem.. 11 (1985) 220: Koord. Khim.. 11 (1985) 385. 

883 G.A. Kukina, V.S. Sergienko and M.A. Porai-K&hits, Sov. J. Coord. Chem., 
11 (1985) 234; Koord. Khim., 11 (1985) 400. 

884 Y.M. Cheek, J.D. Kennedy and M. Thornton-Pett, Inorg. Chim. Acta, 99 
(1985) L43. 

885 N.N. Greenwood, M.J. Hails, J.D. Kennedy and W.S. McDonald, J. Chem. 
sot., Dalton Trans., (1985) 953. 

886 H.M. Colquhoun, T.J. Greenhough and M.G.H. Wallbridge, J. Chem. Sot., 
Dalton Trans., (1985) 761. 

887 M.A. Beckett, N.N. Greenwood, J.D. Kennedy and M. Thornton-Pett, 
Polyhedron, 4 (1985) 505. 

888 P. Braunstein, G.L. Geoffroy and B. Hetz, Noun. J. Chim., 9 (1985) 221. 
889 J. Powell, J.F. Sawyer and M.V.R. Stainer, J. Chem. Sot., Chem. Commun.. 

(1985) 1314. 
890 J. Powell, J.F. Sawyer and S.J. Smith, J. Chem. Sot., Chem. Conmun., 

(1985) 1312. 
891 0. Bars, P. Braunstein and J.M. Jud, Noun. J. Chim., 8 (1984) 771. 
892 P. Braunstein, G. Predieri, F.J. Lahoz and A. Tiripicchio, J. Organcmet. 

Chem., 288 (1985) C13. 



242 

893 M.N. Bochkarev, N.L. Ermolaev, L.N. Zakharov, Yu.N. Saf'yanov, G.A. 
Razuvaev and Yu.T. Struchkov, J. Organomet. Chem., 270 (1984) 289. 

894 P. Braunstein. J. Kervennal and J.-L. Richert. Anqew. Chem.. Int. Ed. 

895 

896 

897 

898 

899 

900 

901 

902 
903 

904 

905 

906 

907 

Engl., 24 (1985) 768; Angew. Chem., 97 (1985)'762: 
C.E. Briant, D.I. Gilmour, M.A. Luke and D.M.P. Mingos, J. Chem. Sot., 
Dalton Trans., (1985) 851. 
A.A. Pasynskii, I.L. Eremenko, G.Sh. Gasanov, O.G. Ellert, V.M. 
Novotortsov, Yu.V. Rakitin, T.Kh. Kurbanov, V.T. Kalinnikov, Yu.T. 
Struchkov and V.E. Shklover, Polyhedron, 3 (1984) 775. 
A.L. Balch, L.A. Fossett, M.M. Olmstead, D.E. Oram and P.E. Reedy, 3. Am. 
Chem. Sot., 107 (1985) 5272. 
G.K. Campbell, P.B. Hitchcock, M.F. Lappert and H.C. Misra, J. Crganomet. 
Chem., 289 (1985) Cl. 
R. Jund, P. Lemoine, M. Gross, R. Bender and P. Braunstein, J. Chem, 
sot., Dalton Trans., (1985) 711. 

908 

909 

910 
911 

912 

913 

914 

915 

916 

917 

918 

919 

920 

921 

L.J. Farrugia, M. Green, D.R. Hankey. M. Murray, A.G. Orpen and F.G.A. 
Stone, J. Chem. Sot., Dalton Trans., (1985) 177. 
L.J. Farrugia, A.D. Miles and F.G.A. Stone, J. Chem. Sot., Dalton Trans., 
(1985) 2437. 
R.D. Adams and S. Wang, Inorg. Chem., 24 (1985) 4447. 
C. Couture, D.H. Farrar and R.J. Goudsmit, Inorg. Chim. Acta, 89 (1984) 
L29. 
V.E. Lopatin, Bull. Acad. Sci. USSR, Div. Chem. Sci., 34 (1985) 2623; 
Izv. Akad. Nauk SSSR. Ser. Khim.. (1985) 2827. 
M.J. Freeman, A.D. Miles, M. Murray, A.G. Orpen and F.G.A. Stone, 
Polyhedron, 3 (1984) 1093. 
A. Albinati, K.-H. Dahmen, A. Togni and L.M. Venanzi, Angew. Chem. Int. 
Ed. Engl., 24 (1985) 766; Angew. Chem., 97 (1985) 760. 
A. Ceriotti, F. Demartin, G. Longoni, M. Manassero, M. Marchionna, G. 
Piva and M. Sansoni, Angew. Chem., Int. Ed. Engl., 24 (1985) 697; Angew. 
Chem., 97 (1985) 708. 
R.D. Rieke, Gov. Rep. Announce. Index (U.S.1 85 (1985) 54; Chem. Abstr., 
103 (1985) 31489r. 
D. Shopov, Ref. Zh., Khim., (1985) Abstr. No. 484260; Chem. Abstr., 102 
(1985) 192OOlv. 
H. Kurosawa, Shokubai, 26 (1984) 462; Chem. Abstr., 102 (1985) 138393m 
V.E. Zackay and D.R. Rowe, Brlt. UK Pat. Appl. GB 2,141,355 (1984); Chem. 
Abstr., 102 (1985) 120778f. 
V.M. Belousov and T.A. Pal'chevskaya, Ukr. Khim. Zh. (Russ. Ed.), 51 
(1985) 712; Chem. Abstr., 103 (1985) 166856d. 
E.G. Zhizhina, K.I. Matveev and L.1 Kuznetsova, Kinet. Catal., 26 (1985) 
404; Kinet. Katal., 26 (1985) 461. 
E.G. Zhizhina, L.I. Kuznetsova and K.I. Matveev, Kinet. Catal.. 25 (1984) 
930; Kinet. Katal., 25 (1984) 1095. 
G. Vasapollo, C.F. Nobile, P. Giannoccaro and F. Allegretta, J. 
Organomet. Chem., 277 (1984) 417. 
Toa Nenryo Kogyo K.K., Jpn. Kokai Tokkyo Koho JP 60 94,943 [85 94,943] 
(1985); Chem. Abstr., 103 (1985) 16OllOj. 
M.T. Abilov and V.A. Golodov, Kinet. Catal., 26 (1985) 1276; Kinet. 
Katal., 26 (1985) 1481. 
H.Q. Dao and F. Pruchnik, Pal. J. Chem., 58 (1984) 823; Chem. Abstr., 103 
(1985) 90117r. 
V.A. Golodov and M.T. Abilov, U.S.S.R. SU 1,133,309 (1985); Chem. Abstr., 
102 (1985) 152782~. 
Indian Explosives Ltd., Chemicals and Fibres of India Ltd., Jpn. Kokai 
Tokkyo Koho JP 59,148,750 [84,148,7501 (1984); Chem. Abstr., 102 (1985) 
24305d. 
S. Bhaduri, K.R. Sharma and G.S. Kalpathi, U.S. US 4,491,670 (1985); 
Chem. Abstr., 102 (1985) 166489r. 



243 

922 

923 

924 

925 

926 

927 

928 

929 

V.I. Manov-Yuvenskii, A.L. Lapidus and K.B. Petrovskii, Bull. Acad. Sci 
USSR, Div. Chem. Sci., 34 (1985) 1561; Izv. Akad. Nauk SSSR, Ser. Khim., 
(1985) 1709. 
V.I. Manov-Yuvenskii, K.B. Petrovskii and A.L. Lapidus, Bull. Acad. Sci. 
USSR, Div. Chem. Sci., 33 (1984) 2486; Izv. Akad. Nauk SSSR, Ser. Kbim., 
(1984) 2717. 
Y. Watanabe, Y. Tsuji, T. Ohsumi and R. Takeuchi, Bull. Chem. Sot. Jpn., 
57 (1984) 2867. 
0. Butufei, M. Mazare, I. Deaconescu, G. Rotea, C. Pascu and I.V. 
Nicolescu, J. Macrwnol. Sci., Chem., A22 (1985) 889. 
M.V. Klyuev, J. Org. Chem. USSR, 20 (1984) 1741; Zh. Org. Khim., 20 
(1984) 1908. 
L.M. Ryzhenko and A.D. Shebaldova, Khim. Tekhnol. Elememtoorg. Soedin. 
Polim., (1984) 14; Chem. Abstr., 102 (1985) 77977f. 
T.M. Matveeva, N.V. Nekrasov, M.M. Kostyukovskii and S.L. Kiperman, Bull. 
Acad. Sci. USSR, Div. Chem., Sci., 33 (1984) 2227; Izv. Akad. Nauk SSSR, 
Ser. Khim., (1984) 2437. 
S.S. Berman, I.M. Sokolova, M.K. Yulin and A.S. Arifulin, Neftekhimiya, 
24 (1984) 491; Chem. Abstr., 102 (1985) 952849. 

930 Z. Wang, 0. Shu and G. Xu, Xiyou Jinshu, 3 (1984) 18; Chem. Abstr., 102 
(1985) 117149w. 

931 D. Shu, Z. Wang, C. Tao, S. Chu and C. Chen, Miner. Process. Extr. 
Metall., Pap. Int. Conf., (1984) 651; Chem. Abstr., 102 (1985) 29242r. 

932 O.T. Onsager, H.C.A. Swensen aand J.E. Johansen, Acta Chem. Stand., Ser. 
B., 838 (1984) 567. 

933 Tokuyama Soda Co., Ltd., Jpn. Kokai Tokkyo Koho JP 60 60,916 [85 60,916l 
(1985); Chem. Abstr., 103 (1985) 125922d. 

934 D. Seyferth, C.C. Prud'homme and W.-L. Wang, J. Organomet. Chem., 277 
(1984) 203. 

935 A. Schafer, M. Weidenbruch and S. Pohl, J. Drganomet. Chem., 282 (1985) 
305. 

936 E.W. Corcoran and L.G. Sneddon, J. Am. Chem. Sot., 107 (1985) 7446. 
937 A.I. Ryumin, 1.1. Smirnov, G.A. Sorkinova and M.L. Blokhina, J. Appl. 

Chem. USSR, 58 (1985) 1477; Zh. Prikl. Khim. (Leningrad), 58 (1985) 1607. 
938 J.K. Burdett and D.C. Caneva, Inorg. Chem., 24 (1985) 3866. 
939 T.K. Sham, Phys. Rev. 6: Condens. Matter, 31 (1985) 1903. 
940 V.V. Safonov and V.A. Hireev, Zh. Neorg. Khim., 30 (1985) 2446. 
941 V.A. Mireev and V.V. Safonov, Zh. Neorg. Khim., 29 (1984) 2880. 
942 V.V. Safonov, A.M. Podorozhnyi, V.A. Mireev and S.K. Dubinas, Russ. J. 

Inorg. Chem., 30 (1985) 1361; Zh. Neorg. Khim., 30 (1985) 2391. 
943 V.A. Mireev and V.V. Safonov, Zh. Neorg. Khim., 30 (1985) 777. 
944 N.A. Saltykova, L.S. Pechorskaya, A.N. Baraboshkin and N.G. Molchanova, 

Soviet Electrochemistry, 21 (1985) 1045; E7ektrokhimiya, 21 (1985) 1110. 
945 D. Taylor, Br. Ceram. Trans. J., 84 (1985) 9; Chem. Abstr., 102 (1985) 

229708j. 
946 N.V. Borisevich, V.N. Lobko and V.A. Panfilov, Mater. Vses. Nauchn. Stud. 

Konf. "Stud. Nauchno-Tekh. frog.": Khim., 27st, (1983) 53; Chem. Abstr., 
102 (1985) 33674a. 

947 C.W. Bauschlicher, C.J. Nelin and P.S. Bagus, J. Chem. Phys., 82 (1985) 
3265. 

948 K.S. Srivastava, K. Sinha, M. Husain, A. Tandon and A. Sharma, Acta Phys. 
Pol., A, A65 (1984) 531; Chem. Abstr., 101 (1984) 81127a. 

949 Matsushita Electric Works, Ltd., Jpn. Kokai Tokkyo Koho JP 59,136,647 
[84,136,647] (1984); Chem. Abstr., 102 (1985) 39105n. 

950 H. Sato, Fushoku Boshoku Bumon Iinkai Kenkyushukai Shiryo, 28 (1984) 1; 
Chem. Abstr., 102 (1985) 49612q. 

951 G. Kliche, Infrared Phys., 25 (1965) 381; Chem. Abstr., 102 (1985) 
228622q. 

952 L.S. Kravchuk, N.I. Ivashchenko and S.V. Valieva, React. Kinet. Catal. 
Lett., 28 (1985) 359. 



244 

953 
954 
955 

956 

957 

958 

959 
960 
961 
962 

963 

964 

965 
966 

967 

968 

969 

970 

971 

972 
973 

974 
975 

976 
977 

978 
979 

980 
981 

982 

983 

984 
985 
986 

987 
988 
989 

H. Lieske and J. Volter, J. Whys. Chem., 89 (1985) 1841. 
M. Peuckert, J. Phys. Chem., 89 (1985) 2481. 
P.G. Harrison and 6. Maunders, J. Chem. Sot., faraday Trans., I, 81 
(1985) 1345. 
P.G. Harrison and B. Maunders, J. Chem. Sot., Faraday Trans., I, 81 
(19851 1329. 
P.G. Harrison and B. Maunders, J. Chem. Sot., Faraday Trans., I, 81 
(1985) 1311. 
V.A. Karagounis, P.A. Leary-Renick, L.T. Romankiw, Eur. Pat. Appl. EP 
125,560 (1984); Chem. Abstr., 102 (1985) 214352q. 
F. Jasim and I. Jameel, Thermochim. Acta, 86 (1985) 155. 
M. Peuckert and H.P. Bonzel, Fresenius' Z. Anal. Chem., 319 (1984) 676. 
M. Peuckert, Electrochim. Acta, 29 (1984) 1315. 
M. Peuckert, J. Electroana7. Chem. Interfacial Electrochem., 185 (1985) 
379. 
Yu.B. Vassil'ev, V.S. Bagotskii and V.A. Gromyko, J. Electroanal. Chem. 
Interfacial Electrochem., 178 (1984) 247. 
L.D. Burke and M.B.C. Roche. J. Electroanal. Chem. Interfacial 
Electrochem., 186 (1985) 139. 
L.E. Leonova and Yu.S. Mardashev, J. Serb. Chem. Sot., 50 (1985) 313. 
D.S. Austin, Energy Res. Abstr., 10 (1985) Abstr. No. 10171; Chem. 
Abstr., 102 (1985) 228098y. 
C.E. Warble, Mater. Sci. Monogr., 288 (React. Solids, Pt. B) (1985) 873; 
Chem. Abstr., 103 (1985) 171008h. 
B.M. Wanklyn, B.E. Watts and V.V. Fenin, J. Cryst. Growth, 70 (1984) 459 
Chem. Abstr., 102 (1985) 229616c. 
S. Schiffler and H. Mueller-Buschbaum, Z. Anorg. Allg. Chem., 523 (1985) 
63. 
J.M. Herrmann, 0. Foujols, M. Forrissier and M. Rosa-Nunes, Actas Simp. 
Iberoam. Catal., 9th, 2 (1984) 1573; Chem. Abstr., 102 (1985) 67973n. 
G.L. Gutsev and A.I. Boldryev, J. Struct. Chem. USSR, 26 (1985) 17; Zh. 
Strukt. Khim., 26 (1985) 22. 
M.K. Carpenter, N. Van Ryswyk and A. B. Ellis, Langmuir, 1 (1985) 605. 
W. Jaegermann, T. Sakata, E. Janata and H. Tributsch, J. Electroanal. 
Chem. Interfacial Electrochem., 189 (1985) 65. 
J.R. Taylor, Metall. Trans. B,,l6B (1985) 143. 
V.A. Bryukvin, L.N. Shekhter, V.A. Reznichenko, L.I. Blokhina and V.A. 
Kukoev, Izv. Akad. Nauk SSSR, Met., (1985) 191; Chem. Abstr., 103 (1985 
199225p. 
W. Bronger, Pure Appl. Chem., 57 (1985) 1363. 
D.A. Keszler, J.A. Ibers and M.H. Mueller, J. Chem. Sot., Dalton Trans. 
(1985) 2369. 
G. Kliche, J. Solid State Chem.. 56 (1985) 26. 
J.C.W. Folmer, J.A. Turner and B.A. Parkinson, Inofg. Chem., 24 (1985) 
4028. 
J. Silvestre and R. Hoffmann, Inorg. Chem., 24 (1985) 4108. 
D.A. Keszler, P.J. Squattrito, N.E. Brese, J.A. Ibers, S. Maoyu and L. 
Jiaxi, Inorg. Chem., 24 (1985) 3063. 
M.D. Ostrobrod, V.M. Kosover and T.N. Greiver, Izv. Vyssh. Uchebn. 
Zaved., Tsvetn. Metall., (5) (1984) 76; Chem. Abstr., 102 (1985) 82202d. 
D.A. Keszler, J.A. Ibers, M. Shang and J. Lu, J. Solid State Chem., 57 
(1985) 68. 
D.A. Keszler and J.A. Ibers, J. Am. Chem. Sot., 107 (1985) 8119. 
K.O. Klepp, J. Less-Common. Met., 107 (1985) 147. 
H.D. Lutz, G. Schneider and G. Kliche, J. Phys. Chem. Solids, 46 (1985) 
437. 
D.G. Westlake, J. Less-Common Met., 107 (1985) 189. 
D.G. Westlake, J. Less-Common Met., 103 (1984) 203. 
E.V. Sampathkumaran, B. Perscheid, W. Krone and G. Kaindl, J. Hagn. Magn. 
Mater., 47-8 (1985) 407. 



245 

990 E.V. Sampathkumaran, G. Kaindl, W. Krone, 6. Perscheid and R. 
Vijayaraghavan, Phys. Rev. Lett., 54 (1985) 1067. 

991 G.K. Wertheim. E.V. Sampathkumaran, C. Laubschat and G. Kaindl, Phvs. 
Rev. Br Condens. Matter, 31 (1985) 6836. 

992 P. Wenz and H.-U. Schuster, Z. Natut-forsch., 8: Anorg. Chem., Org. 
Chem., 398 (1984) 1816. 

993 M. Ellnet-, Z. Metallkd., 76 (1985) 372. 
994 S. Tiwari and W.H. Price, Electron. Lett., 21 (1985) 429. 
995 T.S. Kuan, J.L. Freeouf, P.E. Batson and E.L. Wilkie, J. Appl. Phys.. 58 

(1985) 1519. 
996 W.K. Hofmann and W. Jeitschko, Monatsh. Chem., 116 (1985) 569. 
997 P.A.M. Van der Heide, W. Baelde, R.A. De Groot, A.R. De Vroomen, P.G. 

Van Engen and K.H.J. Buschow, J. Phys. F, 15 (1985) L75. 
998 A. Nylandsted Larsen, J. Chevallier and A.S. Pedersen. Mater. Lett., 3 

(1985) 242. 
999 A. Oustry, J. Berty, M.J. David and M. Caumont, Vide, Couches Minces, 40 

(226) (1985) 205; Chem. Abstr., 103 (1985) 62791n. 
1000 D. Levy, J.P. Ponpon, A. Grob, J.J. Grob and P. Siffert, Physica B f C 

(Amsterdam), 129 (1985) 205. 
1001 K.T. Ho, C.D. Lien and M.A. Nicolet, J. Appl. Phys., 57 (1985) 232. 
1002 C.S. Pai. C.M. Hanson and S.S. Lau. J. ADD]. Phvs.. 57 (1985) 618. 
1003 R.J. Nemanich and C.M. Donald, J. iac. Sci. Technoj., 6, 3 (1985) 1142; 

Chem. Abstr., 103 (1985) 18847lb. 
1004 B. Coulman and H. Chen, Mater. Res. Sec., Symp. Proc., 37 (Layered 

Struct., Epitaxy, Interfaces) (1985) 601; Chem. Abstr., 103 (1985, 
460159. 

1005 A. Paccagnella, G. Majni, G. Ottaviani and G.D. Mea, Appl. Phys. Lett., 
47 (1985) 806. 

1006 l_;_;,Hung and J.W. Mayer, Thin Solid Films, 123 (1985) 135: Chem. 
,, 103 (1985) 63890f. 

1007 D.A. Smith, P.A. Psaras, I.J. Fisher and K.N. Tu, Mater. Res. Sot., 
Symp. Proc., 37 (Layered Struct., Epitaxy, Interfaces) (1985) 407; Chem. 
Abstr., 103 (1985) 473013. 

1008 H.T.G. Hentzell. P.A. Psaras and K.N. Tu, Mater. Lett., 3 (1985) 255. 
1009 K.A. Pandelisev, E.Y. Wang and J.C. Kelly, App?. Surf. Sci., 22-23 

(1985) 969: Chem. Abstr., 103 (1985) 9736313. 
1010 H. Kawarada, K. Mizugaki and I. Ohdomari, J. Appl. Phys., 57 (1985) 244. 
1011 Y. Horino, N. Matsunami and N. Itoh, Jpn. J. Appl. Phys., Part 1, 24 

(1985) 1218; Chem. Abstr., 103 (1985) 2263749. 
1012 L.S. Hung, E.F. Kennedy, C.J. Palmstrdm, J.O. Olowolafe, J.W. Mayer and 

H. Rhodes, Appl. Phys. Lett., 47 (1985) 236. 
1013 L.S. Hung, J.W. Mayer, C.S. Pai and S.S. Lau, J. Appl. Phys., 58 (1985) 

1527. 
1014 K.T. Ho, C.D. Lien, U. Shreter and M.A. Nicolet, J. Appl. Phys., 57 

(1985) 227. 
1015 E.C. Zingu, J.W. Mayer, C. Comrie and R. Pretorius, Phys. Rev. 8: 

Condens. Matter, 30 (1984) 5916. 
1016 C.D. Lien, M.A. Nicolet and C.S. Pai, J. Appl. Phys., 57 (1985) 224. 
1017 J.T. Lue and C.S. Yang, J. Mater. Sci. Lett., 4 (1985) 463. 
1018 S. Valeri, V. Del Pennino, P. Lomellini and G. Ottaviani, Surf. Sci., 

161 (1985) 1. 
1019 F.J. Himpsel, D. Straub and T. Fauster, PFOC. Int. Conf. Phys. 

Semicond., 17th (1984, pub. 1985) 39; Chem. Abstr., 103 (1985) 29703n. 
1020 M. De Crescenzi, E. Colavita, U. Del Pennino, P. Sassaroli, S. Valeri, 

C. Rinaldi, L. Sorba and S. Nannarone, Phys. Rev. 6: Condens. Matter, 32 
(19851 612. 

1021 A. Prabhakar and T.C. McGill, AIP Conf. PFOC., 122 (Phys. VSLI) (1984) 
181; Chem. Abstr., 102 (1985) 37686d. 

1022 C.A. Hewett, S.S. Lau, I. Suni and L.S. Hung, J. App7. Phys., 57 (1985) 
1089. 



246 

1023 Y. Takahashi, H. Ishii and J. Hurota, ./. App7. Whys., 58 (1985) 3190. 
1024 C. Chang, J. Appl. Phys., 58 (1985) 1412. 
1025 J. Van der Spiegel, C.S. Wei, J.J. Santiago and L.E. Seiberling, J. 

Ap~7. Phys. , 57 (1985) 607. 
1026 F.C.T. So, U. Shreter and M.A. Nicolet, Proc. SPIF-Int. Sot. Opt. fng., 

530 (Adv. Appl. Ion Implant.) (1985) 145; Chem. Abstr., 102 (1985) 
230051~. 

1027 Y. Nakato, M. Hiramato, Y. Iwakabe and H. Tsubomura, J. E7ectrochem. 
sot., 132 (1985) 330. 

1028 P. Joubert, L. Henry and D. Riviere, J. App7. Phys., 56 (1984) 2734. 
1029 R. Fastow, J.W. Mayer, T. Brat, M. Eizenberg and J.O. Olowolafe, App7. 

Phys. Lett., 16 (1985) 1052. 
1030 K. Affolter, X.-A. Zhao and M.A. Nicolet, J. Appl. Phys., 58 (1985) 3087. 
1031 V.I. Strikha, V.V. Il'chenko and E.V. Buzanaeva, Radiotekh. Elektron. 

(Moscow), 30 (1985) 998; Chem. Abstr., 103 (1985) 63204k. 
1032 G. Majni, H. Costato, F. Panini and G. Celotti, J. Phys. Chem. Solids, 

46 (1985) 631. 
1033 H. Kawarada, I. Ohdomari and S. Horiuchi, Jpn. J. Appl. Phys., Part 2, 

23 (1984) 799; Chem. Abstr., 102 (1985) 33181n. 
1034 M.V. Raevskaya, E.P. Lashuk, E.F. Kazakova and I.G. Sokolova, Vestn. 

Mask. Univ., Ser. 2: Khim., 26 (1985) 187; Chem. Abstr., 103 (1985) 
9981y. 

1035 M. Eizenberg, R.D. Thompson and K.N. Tu, J. Appl. Phys., 58 (1985) 
1886. 

1036 R.D. Thompson, K.N. Tu and Ottaviani, J. Appl. Phys., 58 (1985) 705. 
1037 W. Bazela, J. Less-Common Met., 100 (1984) 341. 
1038 G. Wortmann, K.H. Frank. E.V. SamDathkumaran. B. Perscheid. G. 

Schmiester and G. Kaindi, J. Magi. Magn. Mat&., 49 (19851.325. - 
1039 E. Kemly, M. Croft, V. Murgai, L.C. Gupta, C. Godart, R.D. Parks and 

C.U. Segre, J. Magn. Magn. Mater., 47-8 (1985) 403. 
1040 I. Nowik, E.V. Sampathkumaran and G. Kaindl, So7id State Commun., 55 

(1985) 721. 
1041 G. Guntherodt, E. Zirngiebl, S. Blumenroder and H. Wioke, J. Maw. Magn. 

Mater., 52 (1985) 147. 
1042 I. Felner and I. Nowik, Acta Phys. Pal., A, A68 (1985) 97; Chem. Abstr., 

103 (1985) 133620~. 
1043 B. Darshan and B.D. Padalia, Springer Proc. Phys., 2 (EXAFS Near Edge 

Struct. 3) (1984) 452; Chem. Abstr., 103 (1985) 29640q. 
1044 B.D. Padalia and B.D. Darshan, J. Phys. C, 18 (1985) 1087. 
1045 P. Bonville and J.A. Hodges, J. Magn. Magn. Mater., 47-48 (1985) 152. 
1046 A. Dommann, F. Hulliger. H.R. Ott and V. Gramlich. J. Less-Common Met.. 

110 (19851.331. - 
1047 K. Hiebl and P. Rogl, J. Magn. Magn. Mater., 50 (1985) 39. 
1048 R.N. Shelton, H.F. Braun and E. Husick, Solid State Commun., 52 (1984) 

797. 
1049 H.O. Beckmann, G. Pacchioni and G. Jeung, Chem. Phys. Lett., 116 (1985) 

423. 
1050 W. Bronger, G. Klessen and P. Mueller, J. Less-Common Met., 109 (1985) 

Ll. 
1051 H.L.M. Bakker, W. Joss, R. Griessen, L.M. Huisman and H. Brodowsky, 

Phys. Rev. B.- Condens. Matter, 31 (1985) 1729. 
1052 R. Streiff and D.H. Boone, Proc.-Int. Congr. Met. Corros., 2 (1984) 489; 

Chem. Abstr., 103 (1985) 914533. 
1053 D.D. Sarma, F.V. Hillebrecht, M. Campagna, C. Carbone, J. Nogami, I. 

Lindau, T.W. Barbee, L. Braicovich, I. Abbati and B. De Hichelis, 1. 
Phys. B: Condens. Matter, 59 (1985) 159. 

1054 G. Tichy, V. Vitek and D.P. Pope, Hater. Res. Sot. Symp. Proc., 39 
(High-Temp. Ordered Intermet. Alloys) (1985) 213; Chem. Abstr., 103 
(1985) 127630f. 

1055 R. Kubiak and M. Wolcyrz, J. Less-Cormon Met., 109 (1985) 339. 



247 

1056 B.K. Basu, K. Samudravijaya and A.K. Nigam, J. Appt. P&s.. 56 (1984) 
3018. 

1057 H.M. Van Noort, D.B. De Mooij and K.H.J. Buschow, Whys. Status Soiidi 
A. 86 (19841 655. 

1058 R. Griessen, A. Driessen and D.G. De Groot, J. Less-Common Met., 103 
(1984) 235. 

1059 E.A. Dzhur, A.N. Kvasha, I.D. Kedrin and A.G. Fesenko, Svar. Proizvod., 
(1985) 39; Chem. Abstr., 103 (1985) 40985b. 

1060 K. Schubert, J. Hater. Sci. Lett., 4 (1985) 988. 
1061 J.B. Moser, J.H.C. Lin, M. Taira and E.H. Greener, Dent. Mater., 1 

(1985) 37; Chem. Abstr., 103 (1985) 166122m. 
1062 J.S. Cantrell, J.E. Wagner and R.C. Bowman, J. Appl. Phys., 57 (1985) 

545. 
1063 M. Kullik, G. Van Minnigerode and K. Samwer, Z. Whys. f31 Condens. 

Matter, 60 (1985) 357. 
1064 E.N. Anisochkina, A.R. Akbasova and V.V. Lunin, Vestn. Mask. Univ., Ser. 

2: Khim., 26 (1985) 99; Chem. Abstr., 102 (1985) 2035573. 
1065 F. D'Heurle, J.E.E. Baglin and G.J. Clark, J. Appl. Phys., 57 (1985) 

1426. 
1066 H.C. Ku, D.C. Johnston, Chin. J. Phys. (Taipei), 22 (1982) 59; Chem. 

Abstt-., 102 (1985) 15913y. 
1067 M. Misheva and G.Kh. Tumber, Bulg. J. Phys., 12 (1985l 51; Chem. Abstr., 

103 (1985) 939863. 
1068 J. Keubler, J. Magn. Magn. Mater., 45 (1984) 415. 
1069 J. Xu, Wuli Xuebao, 34 (1985) 1373; Chem. Abstt-., 103 (1985) 225905u. 
1070 D. Schryvers, G. Van Tendeloo and S. Amelinckx, Mater. Res. Bull., 20 

(1985) 361. 
1071 P. Esteban Puges, F. Garin, P. Girard, P. Bernhardt and G. Haire, Actas 

Simp. Iberoam. Catal., 9th, 2 (1984) 1111; Chem. Abstr., 102 (1985) 
33260n. 

1072 W.-H. Li, C.H. Perry, J.B. Sokoloff, J.W. Lynn and R.M. Nicklow, J. 
Appl. Phys., 57 (1985) 3751. 

1073 S.S. Jaswal, Solid State Commun.. 52 (1984) 127. 
1074 G. Shirane, Y.J. Uemura, J.P. Wicksted, Y. Endoh and Y. Ishikawa, Phys. 

Rev. B: Condens. Matter, 31 (1985) 1227. 
1075 F.N. Berseneva, G.M. Gushchin, A.A. Kuranov and R.A. Sasinova, Izv. 

Akad. Nauk SSSR, Met., (1985) 108; Chem. Abstr., 102 (1985) 117908t. 
1076 M.H.P. Correa, W.H. Schreiner, J.E. Schmidt, P.J. Viccaro and J. 

Vasquez, J. Phys. f, 15 (1985) 1779. 
1077 M.M. Kandelaki, E.F. Kazakova, E.M. Sokolovskaya, G.K. Ryasnyi, A.A. 

Sorokin, S.I. Reiman and E.K. Osipov, Deposited Dot., (1983) VINITI 479; 
Chem. Abstr., 102 (1985) 103948u. 

1078 L.I. Vershinina, V.A. Petrov and T.G. Popova, Fiz. Met. MetaTloved., 58 
(1984) 980; Chem. Abstr., 102 (1985) 49653d. 

1079 L. Hilaire, G. Diaz Guerrero, P. LBgard, G. Maire and G. Krill, Surf. 
Sci., 146 (1984) 569. 

1080 J.L. Marignier, J. Belloni, M.O. Delcourt and J.P. Chevalier, Nature 
(London), 317 (1985) 344. 

1081 Y. Ning, X. Zhou, Y. Zheng, N. Chen, H. Xu and J. Zhu, Xiyou Jinshu, 4 
(1985) 31; Chem. Abstr., 103 (1985) 182183n. 

1082 S. Raaen and R.D. Parks, J. Magn. Magn. Mater., 47-48 (1985) 200. 
1083 A. Marcelli, A. Bianconi, I. Davoli and S. Stizza, Springer Proc. Phys., 

2 (EXAFS Near Edge Struct. 3) (1984) 52; Chem. Abstr., 102 (1985) 
21210lh. 

1084 H. Gamari-Seale, Proc.-Int. Conf. Magn. Rare-Earths Actinides, 1 (1983) 
68; Chem. Abstr., 102 (1985) 16221h. 

1085 P. Weidner, K. Keulerz, R. Ltihe, R. Roden, J. Rtihler, B. Wittershagen 
and D. Wohlleben, J. Magn. Magn. Mater., 47-8 (1985) 75. 

1086 R.M. Galera, D. Givord, J. Pierre, A.P. Murani, C. Vettier and K.R.A. 
Ziebeck, J. Hagn. Magn. Mater., 47-8 (1985) 139. 



248 

1087 

1088 

1089 

1090 
1091 

1092 
1093 

1094 
1095 

1096 

1097 

1098 

1099 

1100 

1101 
1102 
1103 
1104 

1105 

1106 

1107 
1108 
1109 

1110 

1111 
1112 

1113 

1114 

1115 
1116 
1117 

1118 

1119 

1120 

1121 

R.M. Galera, D. Givord, J. Pierre', A.P. Murani, J. Schweizer. C. Vettier 
and K.R.A. Ziebeck, J. Magn. Magn. Mater., 52 (1985) 103. 
J. Beille, B. Cheaito, A. Draperi, R.M. Galera and J. Pierre, Solid 
State Commun., 55 (1985) 179. 
J.M. Lawrence, J.D. Thompson and Y.Y. Chen, Phys. Rev. Lett., 54 (1985) 
2537. 
E. Paulus and G. Voss, J. Magn. Magn. Mater.. 47-48 (1985) 539. 
M. Moser, F. Hulliger and P. Wachter, Physica B+C (Amsterdam), 130 
(1985) 21. 
B.C. Webb, A.J. Sievers and T. Mihalisin, J. Appl. Phys., 57 (1985) 3134. 
R. Pott, NATO ASI Ser., Ser. C, 130 (Phys. Chem. Electrons Ions Condens. 
Matter) (1984) 117; Chem. Abstr., 102 (1985) 121041x. 
E. Cattaneo, J. Magn. Magn. Mater., 47-48 (1985) 529. 
P. Colemann, P.W. Anderson and T.V. Ramakrishnan, Phys. Rev. Lett., 55 
(1985) 414. 
A. Marcelli, A. Bianconi, I. Davoli and S. Stizza, J. Magn. Magn. 
Mater., 47-8 (1985) 206. 
R.D. Parks, S. Raaen, M.L. Den Boer, Y.-S. Chaug and G.P. Williams, J. 
Magn. Magn. Mater., 47-8 (1985) 163. 
F.U. Hillebrecht, W. Gudat, N. Mhrtensson, D.D. Sarma and M. Campagna, 
J. Magn. Magn. Mater., 47-48 (1985) 221. 
E. Zirngiebl, S. Blumenroeder, G. Guentherodt and W. Assmus, J. Magn. 
Magn. Mater., 47-48 (1985) 72. 
M. Croft, F. Lu, M.E. Melczer, A. Zolandz, G. Hall and E.G. Spencer, J. 
Magn. Magn. Mater., 47-48 (1985) 115. 
Y. Kuramoto and C. Horie, J. Magn. Magn. Mater., 47-48 (1985) 343. 
D. Gignoux and J.C. Gomez-Sal, J. Appl. Phys., 57 (19851 3125. 
T. Mihalisin and J.E. Crow, Phys. Rev. Lett., 55 (1985) 1701. 
J.M. Lawrence, Y.Y. Chen and J.D. Thompson, Phys. Rev. Lett., 55 (1985) 
1702. 
N. Kuwano, S. Higo, K. Yamamoto, K. Oki and T. Eguchi, Jpn. J. Appl. 
Phys., Part 2, 24 (1985) 663; Chem. Abstr., 103 (1985) 151240~. 
H. Schaeffer and B. Elschner, Congr. AMPERE Magn. Reson. Relat. Phenom., 
Proc., 22nd, (1984) 196; Chem. Abstr., 102 (1985) 1242569. 
H. Schaeffer and B. Elschner, Solid State Commun., 53 (1985) 611. 
E. Holland-Moritz and U. Walter, J. Uagn. Magn. Mater., 52 (1985) 329. 
R. Selim, D. Michels and T. Mihalisin, J. Magn. Magn. Mater., 47-48 
(1985) 99. 
E. Beaurepaire, P. Panissod and J.P. Kappler, J. Magn. Magn. Mater., 
47-48 (1985) 108. 
P. Rogl, J. Less-Common Met., 110 (1985) 283. 
A. Fart, P. Pureur, A. Hamzic and J.P. Kappler, Phys. Rev. B: Condens. 
Matter, 32 (1985) 7003. 
M.G. Besnus, J.P. Kappler and A. Meyer, Physica B+C (Amsterdam), 130 
(1985) 127. 
A. Harrus, T. Mihalisin and E. Kemly, J. Magn. Magn. Mater., 47-48 
(1985) 93. 
D. Gignoux and J. Voiron, Phys. Lett. A, IOEA (1985) 473. 
S. Raaen and R.D. Parks, Phys. Rev. B: Condens. Matter, 32 (1985) 4241. 
W. Drewes, A. Leson, W. Schelp, K. B&nken and H.-G. Purwins, Physica BtC 
(Amsterdam), 130 (1985) 213. 
N. Martensson, F.U. Hillebrecht and D.D. Sarma, Surf. Sci., 152-153 
11985) 733. 
S.K. Malik, S.K. Dhar and R. Vijayaraghavan, Bull. Mater. Sci., 6 (1984) 
263. 
J.W.C. De Vries, R.C. Thiel, K.H.J. Buschow, Physica B+C (Amsterdam), 
128 (1985) 183. 
J.W.C. De Vries, R.C. Thiel and K.H.J. Buschow, J. Phys. F, 15 (1985) 
1413. 



249 

1122 A.M. Umarji, S.K. Malik and G.K. Shenoy, Solid State Commun.. 53 (1985) 
1029. 

1123 S.K. Halik, A.M. Umarji and G.K. Shenoy, Phys. Rev. t?: Condens. Matter, 
31 (1985) 6971. 

1124 Yu.N. Grin Dopov. Akak. Nauk Ukr. RSR, Ser. 6: Geol., Khim. Biol. 
Nauki. (9) (1984) 33; Chem. Abstr., 102 (1985) 15466e. 

1125 R. Kuentsler and 0. Loebich, J. Less-Common Met., 106 (1985) 335. 
1126 D. Gignoux, J.C. Gomez-Sal, F.J. Rodriguez, Phys. Status Solidi A, 86 

(1984) 295. 
1127 R. Pott, W. Boksch, G. Leson, B. Politt, H. Schmidt, A. Freimuth. K. 

Keulerz, J. Langen, G. Neumann et al., Phys. Rev. Lett., 54 (1985) 481. 
1128 B. Politt, D. Duerkop and P. Weidner, J. Magn. Magn. Mater.. 67-48 

(1985) 563. 
1129 H.A. Kierstead, B.D. Dunlap, S.K. Malik, A.M. Umarji and G.K. Shenov, 

Phys. Rev. 8: Condens. Matter. 32 (1985) 135. 
1130 S. Cirafici, A. Palenzona and F. Canepa, J. Less-Common. Met., 107 

(1985) 179. 
1131 G.I. Terekhov, L.N. Aleksandrova and R.Kh. Tagirova, Izv. Akad. Nauk 

SSSR, Met., (6) (1984) 189; Chem. Abstr., 102 (1985) 65931y. 
1132 J.J.M. Franse, P.H. Frings, A. De Visser, A. Menovsky, T.T.M. Palstra, 

P.H. Kes and J.A. Mydosh, Physica .B+C (Amsterdam), 126 (1984) 116. 
1133 G.R. Stewart, J. Appl. Phys., 57 (1985) 3049. 
1134 J.J.M. Franse, P.H. Frings, A. Menovsky and A. De Visser, Physica B+C 

(Amsterdam), 130 (1985) 180. 
1135 2. Fisk, H.R. Ott and J.L. Smith, J. Magn. Magn. Mater., 47-48 (1985) 12. 
1136 H.S. Wire, J.D. Thompson and 2. Fisk, Phys. Rev. B: Condens. Matter.. 

30 (1984) 5591. 
1137 W.J.L. Buyers, J.K. Kjems and J.D. Garrett, Phys. Rev. Lett., 55 (1985) 

1223. 
1138 A. De Visser, J.J.M. Franse and A. Menovsky, J. Phys., F, 15 (1985) L53. 
1139 A. De Visser and J.J.M. Franse, Physica B+C (Amsterdam), 130 (1985) 177. 
1140 J.J.M. Franse, A. Menovsky, A. De Visser, C.D. Bredl, U. Gottwick, W. 

Lieke, H.M. Mayer, U. Rauchschwalbe, G. Sparn and F. Steglich, Z. Phys., 
f?: Condens. Matter, 59 (1985) 15. 

1141 P. Strange and B.L. Gyorffy, Physica B+C (Amsterdam), 130 (1985) 41. 
1142 G.R. Stewart, Z. Fisk, J.O. Willis and J.L. Smith Physica B+C 

(Amsterdam), 127 (1984) 448. 
1143 A. De Visser, J.J.M. Franse, A. Menovsky and T.T.M. Palstra, Physica B+C 

(Amsterdam), 127 (1984) 442. 
1144 D.J. Bishop, B. Batlogg, C.M. Varma, E. Bucher, Z. Fisk and J.L. Smith, 

Physica B+C (Amsterdam), 126 (1984) 455. 
1145 E. Bucher, B. Batlogg, D.J. Bishop, C.M. Varma, Z. Fisk and J.L. Smith, 

J. Appl. Phys., 57 (1985) 3060. 
1146 D. Jaccard, J. Flouquet, P. Lejay and J.L. Tholence, Ann. Chim. (Paris), 

9 (1984) 971. 
1147 J.W. Chen, R.R. Hake, S.E. Lambert, M.B. Maple, C. Rossel, M.S. 

Torikachvili and K.N. Yang, J. Appl. Phys., 57 (1985) 3090. 
1148 P.H. Frings and J.J.M. Franse, Phys. Rev. B: Condens. Matter, 31 (1985) 

4355. 
1149 J.O. Willis, J.D. Thompson, Z. Fisk, A. De Visser, J.J.M. Franse and A. 

Menovsky, Phys. Rev. 6: Condens. Matter, 31 (1985) 1654. 
1150 D. Jaccard, J. Flouquet, P. Lejay and J.L. Tholence, J. Appl. Phys., 57 

(1985) 3082. 
1151 F.U. Hillebrecht, D.D. Sarma and N. Martensson, J. Magn. Magn. Mater., 

52 (1985) 129. 
1152 J.W. Allen, S.-J. Oh, L.E. Cox, W.P. Ellis, M.S. Wire, Z. Fisk, J.L. 

Smith, B.B. Pate, I. Lindau and A.J. Arko, Phys. Rev. Lett., 54 (1985) 
2635. 

1153 A.M. Boring, R.C. Albers, F.M. Mueller and D.D. Koelling, Physica B+C 
(Amsterdam), 130 (1985) 171. 



250 

1154 F. Steglich, U. Rauchschwalbe, U. Gottwick, H.M. Mayer, G. Sparn, N. 
Grewe, U. Poppe and J.J.M. Franse, J. Appl. Pnys., 57 (1985) 3054. 

1155 P.H. Frings and J.J.M. Franse, J. Magn. Magn. Mater., 51 (1985) 141. 
1156 G.R. Stewart and A.L. Giorgi, J. Low Temp. Phys., 59 (1985) 185. 
1157 J.O. Thompson and G.P. Meisner, Physica DC (Amsterdam), 130 (1985) 168. 
1158 F.U. Hillebrecht, D.D. Sarma, N. Martensson, Z. Zolnierek and M. 

Campagna, J. Magn. Uagn. Mater., 47-48 (1985) 218. 
1159 D.E. Peterson, J. Nucl. Mater., 131 (1985) 44. 
1160 A.S. Abakumov, M.L. Malyshev, N.F. Reznikova and A.D. Khokhlov, 

Radiokhimiya, 27 (1985) 210. 


