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The silver chemistry reported tends to confkrn the basic principles wrked 

outovertheyearswiththe imxeasing use of X-ray analysis providing greater 

definition. Itisnotablethatthecoordinationn~rsandg~~varies 

withsin@3ligandsandthat 

clustersareinvolvedthata 

silver ion. 

5.1 CDMKUNX AND cD4PIExE.S 

it is where mre cmphx ligands, macrocycles and 

greaterdegreeof syrrmtryis iqosedonthe 

WITHsIMPixLIGwDs 

someimp- ts in Our -ledge of relatively simple silver ocBopounds 

havebeenrepcrtedthisyear. Aseamdfmof Ag2Owasreportedii~u1~time 

ago, but it has now been skwn to be Ag602, (I), and to ccmsist of a hexagonal 

amangmtof silver atoms with sharedoxygenatombridgingeach silver-silver 

bond 111. 

f2Onplexes of the type M2[&~13 1 amtain [w1312- units in a pyramidal C3v 

arrangenwtin solution, butalthoughananalogous structuxeis seeninthe 

solid stats, (M=Kor DiH~l), largercationsforwachangeinthesolidstate 
coordination not observed in solutioli [2]. Since snail bare silver clusters 
areofklpo3Aance in la- inwe *tograpk-y, the structures of kw31, [m31- 
ad I&31+ have been investigated by theoretical methods [31. It is suggested 
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that [Ag31 and Dg~l+bmldbe triangular and [Ag31- linear. Inanotl~r study, 
wzll-defined W-visible ahsorption and fluorescence -a of Pig21 traFped in 
a rare gas matrix have been repxted [4]. Amngthe newcoqmunds reported is 

an Jq3P11 species 151, found at the silver-rich end of the silver-phosphorus 
phasediagram; the silveristetrahedrallycaxdinated to thephosphorus. 
Tmnewbcrates,2gEz& [61 andAg3Bo3 [7l,were preparedby heating &Oand 
B203 in the presence of oxygen under pressure. Heating AS2O5, AgW3 and either 
hydrated cobalt sulphateor zinc sulphateproducedccanpounds of formula 
AgM&(AsO4)3 (M = Co or '2x1) [81- !lXe silvergecpnetry inbthccinpounds is 
planarardfoLlr-c oordinate but, in Mk3(Nos)2 (M = K, [NH41 or Fbl, it is a 
distortedtetrahedral arrangmt 191. 

Awiderangeofsolventshasbeenusetlthisyeartoobtainna~elsil~ 
species in solution atn3 as isolated cxxqmmds. Silver cyanide dissolved in 
liquid antmniaproduces a rangeof coordinationiscmzrs including species such 

as RgcN, NW, rAg(WPI-, mfmc)21- and NTKN) 0x31- [l”Ol. Using a range 
of solvents, Ag(scN), k~@C!N)21- and [&JP LSCN)31- have beem prepared in 
solution [ill with, for example, the first tkm being detected in thf, the 
secondindmfandthethirdin hexamethylphosphxamide. Liquid BrF3 wasused 

to prepare AgJW4 Cl21 and in liquid HF, Z!gluF~l and~[tXIF51 can be prepared 
1131 by mixing solutians of [Ul?~j'* and [UOF51- with &JF. These latter tm 
ms ccnalement thf2 kncxrln ccq=nds ~tUF61 and Ag3 tW81 obtainedby 

heating LIE’5 and AgF. 
Dg(po4)12- and [Agn@O4 )I- have been identified in a potenticanetric study 

inmltennitrate, inaicatingthatthe silver-oxygen affinity inphosphatesis 
quite strong [141 and, in an aqueous solutionamtainingperchlorate, Ag(O3) 
has keen identified far the firsttiim. Previously only [Pq(CD)~j- had been 
identified, withAg beingcharacterisedonly iqlic@dHF 1151. 

AtnongthecrystalstructuresofsilvesccpnpoUnas~th~yyear~~ 
Solves theproblemof tIx2 Structure oftheccm@ex fi.rstisolat.ed~~~ in 
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1910 [161. it is a silver derivative of a binuclear amide-b-psromdiccbalt 

species [(en)~Co(N&) (02)cOkn)21 DKh13.15/8 W[NDBI .HzO 1171. The silver is 

infactdirectlycmrdinatedtotheperoxohridge, as shown in (2). In the 

binuclear cnapl= [‘5(~31~1 [Jq(=)31, the Silver ionsarebridge&throughthe 

Sulphur of the thiocyanate [181, and in [Co(NH3)3(~) 1 [ClOd3, the evidence 

f~~fr~ed~I?anmn spectroscupy is that the Silver is again~tedto 

the sulphur [19]. Inthis latter case, theuxpoundis armdelforthe 

intermediatespresentinthecatalyticaquationofhdli~andpseudo-halide 

complexes of transition metals. The relative 'hardness' of cobalt axapared to 

silver is illustrated by an extensiontothechencistryofone0fthose 

bi.uuclearmqxnmdS. The rmncmeric cor~lex [(PhsP)Ko&SCN. SeCN]21, on 

dissolution inarangeof coordinating solvents Suchas thf, -es chain 

caqomd coordinakd through bridging LSeCNl- and [.9X]- gnxps, with the 

nitrogen am mordinated to the cobalt 1201. 

[(Ph3P)3zqCll contains approximately tetrahedral si.Zver ions with three 

phosphines and one chlorine attached 1211, and in [(Ph2kkP)3&g(BH~)1 it is also 

tetrahedrally coordinated witha mmodentate [E%&1- unitccqleting the 

coordinalx? shell 1221. Esranples ofoxygenmordinationfoxtjhichthe crystal 

structurehasbeenreported include silver(I) malonate,whichcontainsboth 
mmccoordinated~speciesand five-coordinate silverwithfouroxygenand 

one silver ion in ths amrdination sphere 1231. 4-aniakenzoa~ coarple~es 

with cenl0syrraoetricdimeL-icunitslinkedby~~la~sandl~chains 

linked by carboxylate and amine gxmp~ have also been mpor!mJ 1241. 

1,2-ethane disulphonate ccqlexes also coordimte through both Sulplmnate 

g&ps, to give sheets of silver ionswithlong Ag-Z4g diSt.anceSlinkedby the 

ligand,butwiththenr&e flexiblebutaue ligand,this -breaksm 

togive averydistortedtrigonalbipyramidal arrangementroundthe silver 

[251. substit.utedbenmne selena~ligands are alsobcmded to Silver through 

ti oxygen atoms [26] ard bis(creatinine)si.lver(I) ccqlexes provide an exwple 

of nitrogen cocm%mtion 1241. Thesilverisbondedtotvaoiminonitrugen 

atcanswiththeprotoDlt3xnsferredtoan exrrcyclic nitrogen to produce the 



charye necessary fox the pfm&lorate salt. I-bweva, in 

(pyridine)(anUne)silver(I) nitrate; a triangular ccordination to tim nitrogen 
atcms and the nitrate ion is founA [283. Thus, these structures indicate no 
real trend in silver coordination, except that it is clear that relatively 
snallelectronicorstericeffectscanproducealargechangeingeoanetry. 

It is perhaps riot surprising, therefore, that crystal structuresof silver 
ccnp?lexeswithmore~lexligandsproduce coordimtiongecmhries inwhich 
the requirenwts of the ligand rather than the metal pre&mhate. An mle 
of how subtle the changes can be occurs with (tetraazacyclotetradecane)silver(I), 
tiichcrystallises autinbothaneedle fomandablcck form. mbothcases, 
the silver is coordinated in aplanararrangemntto fournitrogensbut, inthe 
block form, there is anassociationwithaperchlorate oxygen in anaxial 
position (291. Other examples of more complex ligands axe shown in (S)-(6). 

CH3YYcH3 
HN N 

Y 
S 

(3) 

With (3), %J(HL)~X (n = 1 or 2; x 

Ph 

(4) 

(6) 

= Cl, EM, I etc.) ccntain N- and S-lxx-d4 
ligands but in J!gL, the ligand behaves as a tridentate bridging ligand (301. 
Ligand (4) gives rmmneric ccqlexeswiththe silvertrigonallylxmdedto~ 
nitrogen groups and a plmsphine (3U, whereas ligands (5) and (6) farm 
binuclear ccprplexes such as iL3Ag21 D~41 and trinuclear wlexes L&J~(~zcR)~ 
r321; silver-phqhimering systems are involmd inthe stru~sof the 
cmplexes with (5) and (6). 
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Carp?lexesof~idineandbi~idinewithsilverflllphonatecantainboth 

nitrogen and oxygen silver bonds [34] and substituted edta complexes contain 

only silver-oxygen bonds [35]. Other series of corqlexes with substituted 

thiobenzoylureas [36], chloro derivatives of diazo amino benzene [37], 

tetramethylurea [38] and thiodicarboxylic acids13%.:have also ken reported, and 

the use of a substituted cystenato silver(I) cmqmund to complex copperm] has 

been described 1401. 

5.2 CmmSXESWITHMACxC!YCLICIZANDS 

Silverconplexes of ~newmacrocycleshavebeencharacterisedthisyear. 

(7) 

N 

I dAb 0 
0 

“c,, 0 

(8) 

The X-ray s trmtural analysis of the complex ion EL@~z(H~O) I*+ {L = (7)) shows 

that the silver is coordinatedti nitrogenandoxygen ratherthanto sulphur 

atcm 1411. (8) produced the co@ex L&g(N&) (H20) xhicb, on the basis of 

infraredevidence, is comdinatedto thenitrogmaW [42]. A range of 

cryptates of which (9) and (IO) are representative examples produce ocmplexes 

of fonmila ML and MzL (433. 

Macrocyclic polythioethers investigated as solvent-extraction agentswith 
picrates gave a range of cxurpl~s, including &g(L) (pit] and p93 (L) (pic)s t441. 
The use of crm ethers and picrates for silver extraction was also investigated 

[451 and a synergistic effect of tricctylphosphine oxide on these systems was 
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reported 1461. 
The stable oxidation states of silver in porphyrins are silver(I1) and 

silver(111), with the silver(I) porphyrin tending to dissociate. This 
reductionprocedurehas bsen followed.for substituted porphyrins using pulse 

radiolysisand,inaddition,thefreeligandpsoducedcouldbefurtherreduoed 
and~~~ld then reactwiththe silver(I1) poqhyrinto cause further reduction 

1471. TIE reduction of the silver(II) ccmplex electrochemicdlly is also 
easier than expfzt& as a result of the tendency of the silverCL1 complex to 
dissociate [48]. Theeaseofcmidationofthese amplexeswasprobedby 
studyingthe effectof substituents on theporphyrinringon 
silver(II)/si;Lvec(III) oxidation. Electron-donatingsubstituentsmke 
oxidationeasier,electkukwithdrawing substituents have the reverse effect 

[@I. Silver porphyrins give gcod EPR signals and, rather unusually, 
spin-spin splitting has been observed [50]. CambLrned studies of 
ele&m&emistryandEPRmay therefore shedrmre lightonlwnding in these 
silvercoqlexes. It is a little unusual,inthatscineothermacrocycles 
accept silver(I) and formstablecoa@axes. 

5.3 sILvERcLuSm 

Theincreasedsymnetryandorderofsilvermordinationin~el~ 
kction 5.2) is as expscted since it, like the previous sirtpler system 
(Section 5.11, is dcminated by ligand effects. Hxwer, the inorganic 
clustersfoundthisyeararemremlsual, inthattheyfonnregulargecanetries 
anazogous~organa= tallic systems but for less obvious reasons. 
Fenicillamine forms a wall-lcxxm series of cluster axpour& of gensral formula . 
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[M~~M~~IL~~C~] MI = CufI) or zq(I); MII = Cu(II), Mn(II) or W(II)). This 
year the crystal structure of the complex with M(I) = J!g(I) and MUI) = Nil111 
was repxted [511. Its structure is anal0gous to the bqper(I)/aqer(II)I 
case, and consists of a cube of silver ions D a central chloride ion. 
In addition, each silver is coordinated to three sulphurs in a plane and the 
nickel ions are arranged aroundthis inanoctahedralmanner. The ccarplex 

tPqe(SzC=C(W2)61 '- has a related structure [52], in that it cansists of a 
cube ofAg(I1 ions inscribed inanicosahedxonof sulphur atoms in such away 
that each silver is again awrdjnatedto three sulphur ati. Howeve_r,there 
is M Cl- in the centre of the cube, and the silver-silver distance along the 
edge is sh0rter. ThesetwJ amq0unds raise the question of h0w widespread 
inorganic clusters of this type are, and also provide a~contrast with the 
previous partof this report, inthatthe structures are so regular. 

5.4 oRG?MxEIYuJ_Jc (zHExc= 

Silvercoq~lexeswithbcnds torhodiumandosrciumare zportedthisyear. 
Ag[C!pF&(o3) (PPh,)] [PFs].PW contains a FbAg-Rh rtDiety with a bond angle of 
171°, and this coqlexis alsoauseful source of the reactive radical cation 

@R(oO) (Pphl (cp)lt: 1531. 
I I 
[OS{A~(OC~~~))(CC~H~-~-M~)C~(CO) W-u)21 contains 

both a silver-oanium box-d ti a silver-carbon bond [54]. Otherax@exesof 
bxganic interest include athicetherwhichcontatis silverbndedbathtoa 
sulphur and an alkene [551, a new alkynylide of silver of foxxula 
IMz{R(C=C) (CQHLI))I~, forwhichthecolour (andprobablythe structure) dew 
0n the rrethod of preparatbn [56] and scane new silver derivatives of ferrocene 

1571. 

5.5 APPLZCATIONOFSILVER aMeODDSTDoRGANIcC%IEMIsTRY 

Silveroanpoundsare~~lyusedinarganic~s~andthisyear 
is n0 exception, wit& exanples of oxidative dihydzqenation of alkenes [58], 
oxidative C-Cbondeleavage 1591, transfer of alkylgxcups frcanorganosilver 
ccplpounds [601, cycloadditions 1613, ring rearrangements 1621 and ring openings 
1631. Inmanycases, anorgan0silver intermsdiatehasbeenisolatedor 
postulated; forexaqle, inastudyofhalideextxactionframa ferxcene 
derivative [64]. H0xever,althoughthereareoften cCqWndsorccnplexesof 
silverisolatedduringthereactions, it is the organic chemistxybM.ch is 
investigated in detail, and so the field was not reviewed further. 
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5.6 PHYSICALMETH3DSAPPLIPDToSILVER~ 

Lastyearthe useof 'OgAg NMR spectrosmpy was reported but, in general, 

the signal-to-noise ratio is not sufficiently good to make this a useful prObe 

in the chemistry of silver corqlexes. HaEWXc, in 1979, mrris and Freeman 

described a pclarisation transfer sequence which enhanced the NMR signals frm 

metals of low gyrmqnetic ratio [65]. Called the INEPT sequence (Insensitive 

Nuclei mced by P0larizatim Transfer), it involves the transfer of nuclear 

spinp0larisation frcmnucleisuchasprotms (whichhave a large Boltman 
populatim difference ) to the nuclear spin of the species under investigation. 

An example of its use for a silver complex is illustrated in Figure 1 1661. 

Thei.np- t in signal-to-noise ratio over conventional logAg NMR 

spectmsc0py is clearly illustratedand since long-rangenetal-protonscalar 

Omplings canbeexpectedincmlI@exes, it should prove a useful addition to 

the spectroscopic techniques used in silver chemistry. 

IY~otherexperimntsusinghlMRspectroscopy, 13CNMRshifts frcmccqlexed 

pyridinecculdbe cmrelatedwithmetalioncharge, but changes in ligand 

complement wze not observable [671. Proton NMR spectra of silver(I) canplexed 

tol-mathimine, l-ethionine and S-n-ethyl-l-cysteine indicate amine ccmplexation 

whentheamine is deprOtonated [681. 

The RPRspectrumof silver(O) in frozenMlueneiskrmin,butthisyeaXan 

investigation of frozen solutions of silver(I) perchlorate in aqueous ethanol 

mixtures after y-irradiation to produce silver(D) provided spectra both Of 

presolvated silver atoms at 4 K, and solvated atcms at 77 K. Therewsre 

changes in cmordinaticmdepmdingonethanOlcOncentration and, rather 

surprisingly at 4 K, the spectra indicated that samples with less than 13% 

e~lhada~~emrironment~thesilverandabove13%ane~lone 

[691. Using EPR spectroscopy, it was possible to wnfirm the presence of 

silver(O) at the centre of a cmwn ether after y-irradiation [703. 

~vituratioMlstudieshavealreadybeen~~~ratedinprevious 

sections. other infrared studies include spectra of nitrates at high pressure 

in which different crystal mdifications silver nitrate ware detected (713, 

andareportofachange instmctureofthe ligand 

tetrabutyl-S-dithiopympho sphateonccmrdinationto silver; theP-O-P 

vibration is lost and new P-S-P and P=C vibrations appear 172). !l2Eresonance 

Rman effect pr0ved diagnostic of ccpnplexaticm of silver to flavins 1731, and 

tkRatmndep0larisationratiowas us& todetectaphasechange inc&!gI at 
430 OC [74]. 

Tmm0remusualstudiesappear~thisyear. Inelastic electron 

tmlling spactrosc0py 1753 was used to study silver clusters supportedon 
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alminimoxide, and&(I) photoemission spectroscopyderrpnstratedthathalide 
absorption was a function of cluster size for silver, but not for copper [76]. 

Innore traditionalinorganicexperinents, the stability ccmstants of ten 
~aminoand silver ccdqlexeskeremaasured. In many cases, additional 
functional groupsontbe amimaud side chains were involved in amplexing,but 
onlyhistidine,msthionineandarginins ~uldccanplexwhentheamine w=s 
protonated [771. 

5.7 CATAbYTIc oxIDATIoNs 

Arange of experinents inwhich silverwasused inoxidatiouorcatalytic 
deccqaosition reactions has appeared. Hymen peroxide oxidation is catalysed 

by [Ag(bipy) zl’+ ions but it is the [Ag(biw)]*' ionwhichis the active species 

[781. Pmoxymnosulphate decomposition is catalyzed by silver peroxydisulphate 
ion and cobalt ions, and the slow step in the reaction is the reaction of silver 
with thiosulphate [79]. Fluomxysulphate oxidation is catalysed by silver(I) 
[80], and silver(I) and peroxydisulphate catalyse the oxidation of thiourea 
[81] and of cr-valima 1821 by a first-order process in [&08]'-. In a study of 
the role of copper(I1) and silver(I) in peroxodisulpbate oxidations, only silver 
acts by direct reaction with oxidant [83]. 

5.8 SURFZCE-maBY (SERS) 

Lastyearaverymch increased interest in surfa ce-e&ancedFGlnEul 
spectrosmpy (SEEG) was reported, andthis has continuedatsuchapaceas to 
preclude systematic coverage each year. Ihe threamainareasof interest seem 

toba inthenatureofthe effect, in itsextensionusingn-@.ificationsof the 
basic technique, and in the applicationof SEFG tonewsystems. There is, as 
yet, no evidence of a consensus uponthenatureoftheeffect, althoughanmker 
of good reviews and papers characterise it and make the options clearer [84-881. 
In addition to further papem using electrodes, thin films or sols, SEXS from 
microlithographic silver particle surfaces [89] and a new mthod of observing 
mleculesonelectrode surfaces by potential mdulation Raman spectroscopy 1901 
havebemreported. The systems sttiied this year include chloride-metal hoods 
formed during the prepmation of the electrode [91], various dyes, soluble 
sulphonated copper phthalocyanine [921, pyridine /93,941, ethamate 1951, 
cyanide [96,97J, D.~(CN)C]~- 1981, nucleic acid cmponents 1991, thiocyanate 
[loo], diphemylthiocarbazoue [loll, edta [102] and others. Theexperirmltation 
is notyetquiteroutineandthere are curmtlym general guidelines to 
indicate wbicb mlecules will give gocd SERS enhm cemmtbut,with continued 
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effort in the field, the wxk this year shows promise that solutions, both 

theoretical and practical, will be found in the next few years. 
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