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A INTRODUCTION 

A review article devoted pnmanly to the research efforts of one man 1s unusual But 

when the field 1s coordrnatlon chemistry, and the man m question IS Alfred Werner, Its 
founder’, the hmltatlon III the scope of such an article IS more apparent than real. Werner 
played such a central and monopobstic role U-I coon&nation chemistry that his name IS vlr- 
tualiy synonymous with the field. Even today, more than a half-century after his death, co- 
ordmatlon compounds, particularly metal-ammmes, are known as Werner complexes, and 
the coordmatlon theory, the theoretical and practical basis for the field, IS coiioquralIy 
called Werner’s theory. 
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ConsequentIy, although thrs artzcle on structural rsomensm is hmrted prrrnady to 

Werner’s achr~vements, at shouId nevertheless provide a wrde coverage elf tfte mosf unpor- 
taat and fundamental problems 1x1 this area and be of use to practrcrng chemrsts as well as 
to hrstonarrs of scrence 

The v~ewpooit fn this review is largely ‘“hrstoncal”‘, in tfre sense that no pretense B made 
as to coverage of tl-~e contemporary kerature. Aithou& m some cases Werner’s res&.s 

have been related to later developments, tis artrcle IS rn no way Intended to compete unth 
the excellent recent revrews of what 3s probably the best investrgated type of structural rso- 
merrsm, viz hnkage rsumerzsmz-5f or mth the standard treatments H-I varzous textbooks 
and reference works ‘-I’ Engkh translatrons of srgmficant papers by Werner” and oth- 
ersr3 on some of the compotinds cited m the present artrcle are also avarIable 

In 1532 Benehus “‘proposed to caH substances of the same compositmn but &fferent 
pruperties ~SQKETT~, from the Greek &KI~E~@Z (composed of equal parts)“’ ‘, and the con- 

cept of rsomensm was born Although lsomensm 1s sometImes divided mto several types, 

basrcally there are only two types - (1) structural or postron ~~~~~ensrn, and (2) stereo- 
fSomensm ar space rsomensm Structural ur posrtron lsumensm results frum drfferences m 
the arrangement of atoms or groups of atoms in the moiecufes fconstiItut~~~) In o&~r 

words, an actual &fference in bondmg exrsts between the different Isomers Sterecrso- 

mensm or space r~~metrsm results from drfferences m the spat.& arrangement af atums or 
gruups of atoms (con@uratron) In other words, the same bondmg 1s present m the dtffer- 
ent Isomers, but the bonds are onented Ifferentiy m space Stereolsomedsm15’23, m turn, 
IS subdrvlded xnto geometnc rsomerrsm and optreal rsomerrsm24, whrch do not concern us 
here* 

Although of the two marn types of lsomensm encountered among coo&nation com- 

pounds stereozsomerlsm has been the most extensively Investigated, the more neglected 
structural rsomerrsm has alsu been of great importance m provrdmg a bnlhant confirmahon 
for Werner’s coordrnabon fhmxy, From the very imeptmn of has theary, Werner was wefl 
aware of the exrstence af structural isomers Magnus’s Green Salt”, fPt(NWJ)~ ] [PtCI, ] , 
and the drchJorodrammmes 26-28 of platrnum(If), czs- and frcnrs-[Pt(NH3)z Cl21 , later to be 
classed by Werner as pofymenzatzon rsumers, are mentlurred m Werner’s first pubhcat~on~~ 
on complexes (1893) In Werner’s second study of conductrvlty a0 with Mrolatl ( 1 S94), 
the two mentraned Jbrgensen’s’l erght polymelnzatxon Isomers of [Co(NH3)a(N02)3 1, 
and they measured the conductimues of four of them. Yet xt was not untti 1899 that 
Werner and Vzhos3* drew a sharp drstmctmn between stmmsomers ~~~~~~~~g hmmnf 

and structural isomers (Kuordmarranslsomerenl (not to be confused with Is later use of 
the latter term far the particular vpe of structural Isomers hsted below m Sect- II)_ 

StnctIy speak~~g~ ksamers must contain the same numbers of the same atoms dzfferentiy 
arranged, I e. they must possess the same molecular we#&~ For i&e phenomenon exhxblted 
by compounds m which the relative numbers of atoms in tie two compounds are the same 

but the absolute numkrs are different, Berzelius14~33 corned the term poQrr~~~sm* Inas- 

*The ciass~ca1 exan-@e of this phenomenon and the one ated by Berzelrus IS the case af the two hydra 
carbons olefirtnt gas or atiyiene (CzH4, then wrktten CH2) and butylene (C4H8, then wntten C2H4) 
Another famlltar pars of such “pofymers” 1s srcetylene (C2Hi) and benzene (Cfj&$, the latter cam- 
pound, madental&, can acmalfy be &tamed by pofymenzatxon of tfx@ former. 
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much sis Werr~r consrdered such “po,fymers” a~ ~SO~CSS and rt has become g~neraf practx~ 
to do so, Werner% class~ficatron and nomenclature, as grven U-L ~XS magnum opus,Neue~ 

Anschmrungen rmf dem Gebielee der morgamschen Chemm? , begmnmg wxth rts first e&- 
t~on fl905), wail be used m the present article Not only drd Werner devise a clas~~fic=abon 
systexn for structuraf isomers but z&o he and hs students prqxsed mariy such Somers fbr 
the fist time or unproved syntheses for known isomers Despite occasional overlap of the 
van~us types of Isomerism, Werner’s class&ation has proven extremely useful Alterna- 

tzve class&cations are mentioned bnefly m Sect L 

B PCLYMERIZATION ISOMERlShl OR COORDINATION POLYMERIZATION iSOMERfShi 
{KOORDINA TX?WPUt YMERIE) 

Wemer used thrs term to denote campounds vvtti the same empirical fclrmula but tvtth 
formula weights that are &fferent rnultlples af the same formula wergbt (refs 34a, pp- 

159~162,34b, pi? 252~256,34c, pp 319-324;34d, pp 328-333,34-e, pp- 330-335, 
35, p_ G)_ The term 1s used m a formal sense only and KS nut mtended to Imply that any of 
the Isomers are related by actual polymenzatlan processes fn other words, the fact that 
the compounds happen to have the same curnposltmn may be regarded as purely fortu- 

1Qx.G - as a comcrdence, so to speak As would be expected from the great differences IK 
structure among such compounds, their properties &ffer wdely m physical. and chemical 
properties. 

The &SE and best known example cited first by Werner ts that of the nine known 

compounds*of emprncal formula Ca(“NH&NO, )3 

[Co@& 13 (NO, j3 1 (refs 36,37, 1 
38, p- 302,39,40, p 174,4I, pa 166, 
42,431 

Stereorscrmers (cIs and trans) of both 

the catxon and amon are t.heoretrcaIly 
possible. they actuafIy exist m tie case 
of the catlon, but the anion fs known 
0nIy m the frcu2s f0i-m 
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Compound Formula weight mu1 tipfe 

WW% 15 NO2 I WXN-& 12 - 3 

(NO&J2 (ref. 31, p 177) 
N~tropentaammmecobalt(TI1) tetra- 

nitrod~ammmecobaItateOII) 

bmH3)61 Ko~H3~2CNW413 4 

(ref 31, p. 177) 
Hexaarnrnlnecobalt(IIII) tetranxtrodr- 
ammmecbbaltate(II1) 

The amon is known only in the trans 

form 

The amon zs known only m the trms 

form 

[CoCNH,)&NO,),] 3 KoWW61 4 
(ref. 31, p_ 178) 

Dlnltrotetraammlnecobalt(III) hexa- 
nrtrocobaltate(II1) 

[CoCNH&NOz I 3 ECo(N02 16 12 (ref. 5 

30, p 514) 
Nrtropentaammmecobatt(III) hexa- 
mtrocobaltate(II1) 

The catron exists m stereorsomeric 
forms (CLS and trz~rs) 

Such rsomerism IS obvrously not hmrted to complexes of cobalt A srmrlar exampIe 
among chromium compounds cited by Werner and Jovano~rts~ was the series of isomers 
of emptncal formula Cr(NR3)3(SCN)3. simple formula we&t (I) [Cr(NH3)3 (SCN)3 ] , 
double formula weight (2) [Cr(NH,),] [Cr(SCN)6] , (3) [C@JH,)4(SCN)2 f [Cr(NH,),- 
(SCN), ] , triple formula weight (4) [Cr(NH&SCN] [Cr(NH,),(SCN), ] 2 ; quadruple for- 

mula weight (5) [CrCNH& 3 ECrCNH3)#CN)413 T (6) CWNH3MSW2 13 CWSWG I y 
and quintuple formula we&t (7) [Cr(NH,),SCN] 3 ]Cr(SCN)J 2 One of the oldest 
known examples of polymenzatron lsomensm 1s the series of platinum(H) compounds of 
emprrrcal formula Pt(NH3)2 Cl2 _ simple formula weight (1) CIS- and tratrs-[Pt(NH3 )2 Cl2 ] 
(refs 26-28); double formula werght (2) [Pt(NH,),] [PtCl,] (Magnus’s Green Salt, the 
first platmum-ammme to be drscovered)25 , triple formula weight (3) [Pt(NH3)4] [Pt- 
(NH,)Cl,] 2 (ref 45), and (4) [Pt(NH3),CI] 2 [PtC14] (refs 46-48) Among other cases 
of polymenzahon rsomensm mvolvmg compounds prepared by Werner and hrs students 
may be listed 

(1) Cr(H, O), ] [Cr(H2 0)4 Cl2 ] (SO4)2 2H2 C (ref 49), rsomenc wtth [Cr(H* O), Cl] SO4 - 
Hz 0 (Recoura’s Sulfate) “, and 

(2) WH20)3F31, rsomerrc wrth [Cr(H, O), ] [CrF6] (both prepared by Werner and 
Costachescu) ” 

In some cases, the phenomenon of polymenzahon rsomerism has resulted in rmsinter- 
pretations and cases of mxstaken identrty, For example, the large number of such Isomers 
of emprrrcal formula Co(NH,),(NO ) z 3 resulted m uncertamtres as to which compounds 
were actually the monomolecular isomers cls- and ~r~~rs-[Co(N&)~(N0~)~ ] , predrcted by 
Werner’s coordmahon theory Inasmuch as the existence of two and only two nm-electro- 
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lytic fs~mers of zero r=undrictwy were requzred by Werner’s theory, the cunfuszon 1x1 this 
case enabled .T&pwzn ta attack the new theury In fact, the rrncertaint~s were nut cleared 

up untd very recently, Accordmg to MacDennott and Barfoeds’ , the various claims fur the 
isolation of the jkczal(1,2,3) Isomer of [Co(NH3)3(NOZ)3 ] requwd by Werner’s theo- 

53-63 are all w&out foundation, and the compound most commonly asszgned tht~ cun- 
Z*ration IS actually trans- [Co(NH3)4 (NOp )2 f ~~LZES- [Cu(NI13 )2 fNUz )& 1 59f Only the me- 

ndicznaf (I ,2,6) mxner has been ldentxfied fiefs 60,B 1) p 475), 
Another recent case typrfyrng erroneous conclusions based OR polymenzation isomer- 

Ism IS that of the yellow and red compolrnds of empirical formula Ir ((Cz H5)2 S) 3CI~, as- 

sumed by therr dwxnwers&Q to be ~zs and tram tsomer5 (1933) Thirty years later6’, mea- 
surements of dlpule moment, electrolytic conductance, electrophoreas, vx~ble and ~ltr;r- 

vzolet absorpt~un and reflectance spectra, and NMR spectra later confirmed the yellow 

form to be CZS(I ,2,3)- [Ir {(C, II5 )T S I3 Cl3 but showed the red furm tu be a polymer iza- 
ton ~sorner, trans-[Ir{tCzHS)2S~4C121 ~7~s-[Ir{(c,H,),S~~Cl~~ The preparation ofa 
thnd isomer has been clfumed by F&smart and KnnMa’6, but no detaxls or propertIes 
are gtven. This compound rrnght pusslbly be the true frcr~s rsomer, An analugous case of 
polymenzatron zsomensm occ~rs~~ wxth [Ir(R3As)sC1S] 3 where one of the two furm~ is 
monomeric, whtle the other 1s the electrolyte [Ir(R3 As)eClz f [IrfRs As)zClB ] . 

C NUCLEAR POLYMERIZATION ISOMERISM (KERNPOL IWERIE) 

Thxs type of xsumerism IS not mentioned by Werner m the first e&bun of Ins Neuere 
AFZXk~U?ZgH34a, and m the second edlbun {ref 34b, pp. 259-260) it IS mentIoned under 

“Polyme rism Phenomena of Another Type’” ~“~~~ymeraeerscheznun~~t renderer Art’?. In 
the third (ref 34c, pp 324-325) and fourth e&tlons fief 34d, pp 333-334), It IS con- 
sidered a separate type of lsomensm, but III the fifth edrtwn, Paul Pfetffer, the editor, 
merely considers it under “Pulymenc Cumpuunds” ~‘~Pui’ymere YerMdringen’3 (ref. Me, 
p_ 345) It IS so clusely related to the prev~~.~ type of rsumerism (Cuurdinatlun fulymerz- 
z&on Isomerism) that many workers make no drstmctrun between the two In nuclear 
polymenzation lsomensm, not only 1s une compound a “polymer” of the other, but also 
une cumplex catlon 1s a “‘polymer” of the other or cslll be formed from it by a polymenza- 
tion reactron At least one of the lsomerfc compounds 1s polynucIearS8 and mvolves a 
bndged structure 

Twu pars uf ~sumers, all prepared by Werner, v~ti suffice to Illustrate tb~s type of zsu- 
melnsm 

The second compound, t~srtetraamm~e-dl-lr-hydroxaccbJt(III)1 cobalt(II1) hahde, was 
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the firs1 completely inorganic coordmatron compound to be resolvedn 1Verner’s resolu- 

uon of this compound, first prepared, rromcally enough, by hrs screnbfic adversary 

Jmgensen= , provrded the final, unequwocal proof for his coortiation theory and the oc- 
tahedral configuration of cobalt 

6% 2H.p (ref 75) 

The cauon of the first compound can theoretically exist III czs and frans configurauons, 

but only the CLS cation has been found Werner postulated thrs confrguratlon from the fact 

that the monomenc compound could “polymeIlze” to form the dmuclear complex, wluch, 

rn turn, could be cleaved to re-form the monomer_ In thrs case, the termrnoiogy chosen by 

Werner seems partrcularly Justrfied masmuch as the compounds are mterconvertlble by 

polymerizauon and depolymerizahon 

An example which Karrer and Werner76377 belreved to belong to this type of isomerism 

was the case cf the red and black compounds of emprncal formula [Co(NHs)sNOj X2 

ongrndly drscovered by Sand and Genssler 78,7g Werner and Karrer believed that the black 

isomer was the monomerrc mtrosopentaammme compound [CO(NFI~)~NO] X2 and the 

red Isomer was the bmuclear compound [CO~(NH~)~~(N~ 0,) ] X, These compounds arc 

clrscussed m Sect J because for many years they were beheved to exemphfy the phenom- 

enon of valence rsomensm The compounds are now believed to be polymenzatlon isomers 

Like the polymenzatron tsomers to which they are closely related, the physrcal and 

chemical properhes of nuclear polymenzahon isomers differ greatly from each other 

Isomensm of thrs type, possrble for salts m whrch both the cation and amon are com- 

plex and rn whrch erther central metal atom can act as a coordmatron center for the hgands 

mvolved, arises from the different dlstnbutron of the hgands wrth respect to the coordma- 

tlon centers (refs 34a, pp. 165-169,34b, pp. 260-265,34c, pp 328-333; 34d, pp 337- 

342,34e, pp 32%330,35, p_ 7) If two different metals are involved, Isomers of the type 

iMAx1 IM’&ly lM’&I WLf 3 or any combmatron between these extremes are possible 

A few examples should suffice 

(I) [Co(NH,),] [Cr(CN&] (ref 80) and [Cr(NH&] [Co&N),] (refs 81, p 31,C 

P 42) 
(2) [CU(NI-I~)~] [PtCl,l (ref 83) and [Pt(NH3)4] [CuC14] (refs 84,85) 

(3) fCo(en)s 1 [Cr(C2 04j3 I* (ref- 82),[Co(en)l CZ 04 1 [Cr(en)(C, 0& 1 Cref 82L 
[Cr(en)3 C, O4 1 [Co(en)(CzO,), ] (ref 82), and [Cr(en), 1 [Co&, 0, )3 1 (ref 82) 

It 1s not necessary, however, for the metal ran m the catron and amon to be different As 

examples, Werner crtes the followmg pairs 

+ 
en = ethylenedmnme 



Werner first defined thxs type of mmer~m 1x1 19 10, and st appears m IV&WE A~xs&xrr- 
uqtzr2 begmnmg wxth the third edttian fiefs 34c, pp 340-341~ 34d, pp 350,351. ,34e, 

pp 328,329) Thms zsomensm, whtch Werner regarded as anafaguus to the fam&r substztu- 
titan QT pos~fson xsomerrmrn of czsganxc chemistry CH,-CHX, (ethyhdene chllorrde) and 
CH2 X-CH2 X (etlxylene chtorrdej, occxrs among drnuckar cumpounds m whxh different 

drsmbutmns of tb hgands about the two cczordmatzon centers are pm&k (refs 35, pp 7, 

8,x”& 32, m7, jt 11 2 93) Far exampte of the complexes 

two serves of salts are very different In chemrcal propertres 

ste~~~~mer~srn. The term IS also used to refer to the type uf lsomerXsm lulown as salt xso- 
meftsm or h&age Isomensm (Sect f) Efowever, Wmer Qrefs Ma, p- 3 76,34b, pp 275,276, 

Sk, pp 339,340,34d, pp 349,350,34e, p 342) used thrs term to den$e the type af 
rsomerism exemphfied by the compounds Hz N NO2 (mtramrde) and Hu l N +I NO (mtroso- 

hydscxcylamme) As examples c~f thus type of isomeftsrn amonll; caordmatlon compounds, 

f py = pyrrdrne 
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fsomensm mdoguus to the dassicd urea-ammomum cyanate ~smnerism first olxerved by 

WohferPg 
0) C(NH2)2-12 l W$SCN) 2 and (NH4 SCN)2 -Hg(SCN)2 

(2) [(NH;I)2 CS] 2 l Cc@XN)2 and (NH4SCN)2 l Co(SCN), 

(3) [(NH& CS] 2 l Zn(SCN)2 and fNH&CN)2 -~QI(SCN)~ 

Tl-ns type of lsomensm, m which compounds of the same composltxon yield drfferent 

Ions rn aqueous solutmn, was the first of the structural (as opposed to stereo) types to be 
sm@ed out by Werner (1897) [ref. 4fp p 145) for specta’l attent~on althou& he drd not 

gm tt a speczfic name at that trme. In the first (1905) edttmn of JVeztere Artsc~auungm 

frttf 34a, pp 172, S73), he designated the phenomenon mnmtmn rsomwh~ (hmrsa~tons- 
rsumene), but m his lecture Untersuchu~~en uber anorgarzrsche Konstrtuirons- urrd Kon- 

f’gurarrom-Fragen gmn before the Deutsche Chermsche Geselischaft m Berlin on November 

3rd, 1906 (ref. IOU, p 331, he changed the name to rorr~~~~~?z metamerrsm ~hnrsrrtrons- 

Arthur Ha.ntisch for another Lsomerlc phenomenon 111 the second and later editIons of 
Neuere Anscbuuurzgen (refs 34b, pp 26%271,34c, pp 336338,346, pp 345-347, 

Me, pp 33%340), Werner used the term ~orrrsutzonsrsletumerze He regarded It as analogous 

to the lsomerIsm exhlbrted by the pax of organx compounds 

(ref- 102) The first compound gives an Immediate prec~prtate with aqueous banurn chloride 
but not with aqueous slfver nrtrate, whrle the second compound exhibtts the reverse behavior 

Srnce tis type of Isomensm occurs frequently among metal-ammmes, we shall hmtt our- 
sefves 10 a few of the cases m whxh Werner was experunentaUy xnvoived 

JCo(NE-X&@Q >Cl] C1 (ref 6l_ p 468) (red) and fCa(NH& CI;z 1 NO2 (ref 103) (gre@ 
[Co(en),(N02)Cl] Cl (ref 104) (red) and [Co(en), Cl2 ] NO9 (refs lU5, 106) (green) 
[C+TQ’~ (NO&l] NO2 (ref 104) (red) and [G(en)z(NQ2)2 ] Cl (ref 107) (yellow-brown) 

[Co@@, (NO2 )Cl] SCN (ref 104) (red), [Co(en), (NQ2 )SCN] Cl (ref 108) (red-brown) and 
fCo(en)@CN)C11 NO2 (ref 109) (brown-vrolet) 

A pecuhar vanatmn on thus type of mxnermr~ IS the paxx 

[Cu(NH& SO3 ] NOJ (ref 110) and [Co(NH&N& ] SO4 (ref. 3 I, p 172) 
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H- HYDRATE ISOMERISM (HYDRA T.SOMERIE) 

This type of rsomerrsm arrses from the different possrble modes of bondmg of water m 
coordmatron compounds, vrz. (1) as coordurated water wrthln the complex Ion or (2) as 

water of crystalhzatron bonded outside the coordrnatron sphere Werner calied these two 
types of compounds aqua sal_ts (Aquosaize) and eso hydrates (EsohydrLte), respectIveI>. 
Such rsomerism may a!so be regarded as a special case of ronlzatron isometrsm, although rn 
most cases the anions rn the isomers &ffer not rn krnd but only 111 number Water, of course, 

IS the most wrdely used solvent, and hence Isomers mvolvmg drfferently bonded water 

molecules are the most common O’Brren’ preferred to regard this type of rsomerism as a 
specraf case of what he called solvate zsomensm, and he mentroned the possrbrhty of such 
rsomers u-r whrch alcohols, ammes, or ammonia take the place of water molecules 

The classic example of hydrate Isomerism, the first type of structural lsomerlsm to be 
gwen a specific name (1901) by Werner (refs 34a, pp 169-172,34b, pp 265--269,34c, 
pp 333-335,34d, pp- 342-345,34e, pp_ 335-338,ll I), IS furnished by the three chro- 
mrum(III) chlorrdes of emprrrcal formula CrCl3 l 6HZ O- It was these mtrrgumg compounds, 
already consrdered rn hrs first (1893) paper on the coordmatron theory (ref 29, p 290), 
that marked Werner’s entry tnto the field of chromrum complexes, an area to whose study 
he was to devote a dozen and a half papers4’ S’ ~L1l-lZ. 

Werner apphed to these hydrates of chromzum(III) chloride the same type of physrco- 
chemical methods that had done yeoman servrce 111 elucidating the constrtution of the 
metal-ammmes (conductrvity measurements, cryoscoprc molecuIar-we&t determmatrons, 
and behavror toward aqueous srlver nitrate) As a result, he proposed ‘11 the formulae 

MHZ O), 1 Cl 3 and [Cr(H2 O)qCls ] Cl - 2H2 0 for the so-called Recoura’s gray ‘*‘, 12* and 
green 128-130 chrommm chlorides, respectwely * Kmetrc studies of the aquatron of the green 
Isomer to the violet rsomerT led Nrels Bjerrum to predict the exrstence of an mterrnedlate 

compound containing the [Cr(Hz 0)s Cl] 2+ ran A story by Bier-rum concernrng this chloro- 

pentaaquochrommm(fI1) chlorrde that he discovered *4s-14g wrll give some msight rnto 

Werner’s modus operand1 and llhrstrate the speed and efficacy of his simple and direct 
technique 

.’ 
Werner also proposed the formulae [Cr(H20)4C12 ] CI (ref 111) and [Cr(H20)4C12 1 Cl-6H20 
([Cr(OH2 -H~O)Q(CI-H~ 012 ] Cl) (ref 113) for Godefroy’s 13*y132 hydrates CrC13*4HzO and 
CrC13 l lOH20, respectively Furthermore, together witi his assistant Robert Huber4” lx, he prepared 
a new green chromium chlorosulfate Eomenc with Recoura’s green chlorosulfate 133*1s_ Based on its 
reactions, he &armed that the new compound was a double salt fCr(H20)4C12] [Cr(H20)6] (S04)t*2H20 
slmrlar to the alums, a view with whrch the Danish physical chemist Nlels Bjerrum 135y1s concurred 
However, when Werner proposed the same formula for Recoura’s chlorosulfate stself, BIerrum, who 
beheved It to be [Cr(H20)5Clj SOa*H;!O, disagreed Although the chemistry of these chromium com- 
pounds IS far from slmple, BJerrum’s formulation seems to be correct 

e Although the system [Cr(H2 0)6 ] *- [Cr(H2 0)5CI] 2c -[Cr(H20)4C12]+ IS probably more rntncate than 
Werner beheved, hrs proposed equrhbrra still offer the best simple evplanatron for a complicated phe- 
nomenon 133-M4 



RecOura’s rntermedlaee chhmde Recoura’s Vmiet 

Green Chhmde predrcted by Werner Chlande 
and Isolated by BJerrum 

Sver nItrate preclpltates from the three compounds one-thrrd, two-thirds, afld all of the 
chlorme, respect~ely It is mdeed a remarkabXe cornczdence that ea& aE the tfiree s&d 
hydrates contains the exact number of water molecules needed to mamtain the constant 
tuta.! number SUL required to make the compounds EQM~~IC The commercial product 1s 

the dlchlorotetraaquo saft, and syntheses for the other two Isomers have been devrsed (refs 
f48,f49,153, pp 102, 103, 154) Werner proposed that tie ccexcessf’ water m&cuies m 
the d&lorutetraaquo and chlorapentaaque cumpounds are bonded uidxrectly m tie compfex 
catlun as [C<H2 0)4(Cf*& 0j2 ] C1 and fCr(& 0)~ (CI*I-Q 0)j Ciz Y respectrvdy- The iattlce 

structrrres of [Cr&, Uj6 ] Cl3 fief f 5 If and tram- fCr(H, C&C& ] Cf l 2ff2 0 (re f 152) have 
been determIned by X-ray crystallography. 

Relatiunshxps stiar to those among the Three hydrates of chr~m~u~~iII~ chlorrde also 
cxlst between the two hexahydrates of chramrum(III) bromtde (ref 34e, p 336,) From 
a suutmn of the bfu% isomer at1 the brumme 1s u-nmedlately preclpltated by sxhr nitrate, 
whereas from a salutxon of tExe green ~sumer t&e bromme IS only partzaUy pretxprtated 

brormde brumrde 

bhle green 
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Werner Cref, 155, p 344) proved the formuiatlon of the green ~sorne~- by preparing the 

&fficuItly soluble saI t [Cr(& cl)4 Br, ] [Co(NH3 Jz (NO2 j4 ] l 2Hz 0 
Werner’s student Paul Pfexffer Is’, together with M Tapuach, dlscovered a number of 

cases of hydrate wmerlsm among other chromium complexes 

(1) [C~(H~~)~CPY)~IB~~*~HZQ a-d [Cr(J% W,(PY)Z Brz J J+4H2 0 
(21 PfH2 Ql2 (PY12 Cl2 I Cl and rcrw2 OXPY)2 CJ3 Ii Hz Q 

(31 fCrfenI2 (HP 012 I % and [Crfen)2 (H2 O)BrJ Brz Hz 0 (ref_ Z 57) 
Hydrate Isomerism KS, of course, not hmrted to chromium compounds? wrtness the fuI- 

lowmg four cases recogmzed by Werner among the complexes of cobalt 

(2) fCo(NH&(Hz U)Ct] Cl2 (ref $03) and [Co(NH&Cf2 ]I C1 -Hz Q (ref_ 111, p 1587) 

ViUkt green 

(2) [Co(NH,),(H20),C1J Br, (ref. 158) and [Co(NH&(H&KlBr] Br*HzO (ref 158) 
violet bUlWl”i 

(3) [Co(NH,),(H,O)Cl] Br2 (ref 159) and [Co(NH3)4Br2fCl-H2Q (ref 160, p 215) 
vloIet green 

(4) [CO(N&)~(NO~)CI] Cl*HzO (ref 161) * [CO(NH~)~(H;!O)(NO~)] Cl2 (ref. 161) 
red yellow-brown 

The twu compounds listed as (3) above are also examples af iomzatzon x~omers because 
m soktron they yield different amens (see Sect G) The &V-I compounds hsted as (4) above 

are especralty mterestmg because the red es0 ~ydrafe, on dissofutron m xvater, IS n-nmedlately 
transformed rnto the yellow-brown aqrto saft The reaction 3~ reverszble, for tile red ~SO 
hy&zte can be preqitated from the resulting sulutron of the aqua s&l by add&on of po- 
tassium chlonde 

In the fifth edition of Werner’s Aklcere Anschauungcw (ref 34e, pp 337, 3381, Pfeiffer 

cites as a case of what he calls hydrate polymemm (klydmt,wZymerre) the mterconvertible 
pan- of compounds 

The dmuclear compuurrd has twice the molecular weight of tfre mononuclear compound 
In the earher ed&ons of Netlere Anschnurtnge~~. Werner had cksrfied these compounds as 
examples of nuclear polymenzatron isomerism ~Kempoiymerz~j (see Sect C, p 166) 

I SALT ISOMERISM, STRUCTURAL ISQMERISM, OR LINKAGE ESCWERISM (SdLZISUhfEfUE) 

Although thus type of lsomerlsm was called s&r isamerrsm by Werner (refs 343, pp 
X73-176, 34b7 pp 27&275,34c, pp_ 338,339,34d, pp 347-349,34e, pp_ 340,341, 

100, p. 34), xt has also been referred to as stnrctiraf zsornerLsM8*9, a term that Werner 
reserved fur zsumers of the type hsted m Sect F of thrs paper Smce we have used the term 
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s~ctur~2 zso?nerrsm to refer to the general type of rsomerrsm exhrblted by ail the compounds 

treated in the present revrew and smce the term hnkuge isomenim has now almost 
umversally come mto use, we shall use the term linkage isornen3m in tlm paper Of all the 

types of isomerism discussed tn tlus article, linkage isomerism is probably the one most ex- 

tensively mvestrgated in recent years The examples crted here are rllustratrve rather than 

exhaustrve, and articles2*4 reviewing the topxc should be consulted for further examples 

and de talled mformatron_ 

It 1s a well known fact of organic chemistry that tautomenc acids can grve rise to two 

series of covalent isomenc denvatlves, e g R-N& ‘0 (nitro compounds) and R-O=N=O 

(mtrrtes), R-EN (mtrrles) and R-N=C (isomtnles), R-0-(ZN (cyanates) and 

R--N=C=O (rsocyanates). R-S-CEN (throcyanates) and R-N=C=S (tsoth_iocyanates) 

Such rsomensm, of course, cannot exrst for Ionic salts of these acids, but the phenomenon 
would be expected to occur among complexes contarmng these amons as Irgands, 1 e co- 

valently hnked to a metal atom Lrgands whrch contam more than one coordmatmg group 

are known as urnbrdentu~e3~5, and if only one of these donor groups can coordinate with 

a given metal at one time, linkage rsomers, drffermg only in the mode of attachment of the 

hgand to the metal, are possrble* 

One Isomer (xanthocobaltrc chloride) 16* of the first pair of linkage isomers, was isolated 

m 1852, but the second isomer (rsoxanthocobaltrc chloride) was not isolated until 1894 

(ref 31, pp_ 148-l 74) In 1899 Wernerlw mxstakenly beheved that he had prepared several 

series of isomers exemphfymg throcyanato-isothrocyanato rsomensm, and he referred to 

this isomerism as structural isomerism In his first (1905) edItIon of Neuere Anschauungerz 
(ref. 34a, pp 173-l 76), he crted these compounds as examples of what he then and hence- 

forth called salt rsomerrsm It IS strange that he drd not mention the xantho and rsoxantbo 

isomers However, he did cite them m the second edition (ref 34b, pp 274, 275) Lrttle 

conclusive work on lmkage rsomerrsm was performed until the 1960’s, but since that time 

more than thirty pairs of lsomerlc compounds have been synthesized and characterized by 
physlcochemrcal methods4 - Most of these have been synthesized by relymg on mechamstlc, 

electronic, and sterlc conslderatlons These compounds Involve prrmarlly six ambrdentate 
hgands 

(I) M-NO2 and M-ON0 2somers (refs 4, pp 225~X28,5, pp 216-220) 

As already stated, the first and best known case of linkage rsomerlsm among complexes, 

and untrl recently the only substantrated case, was first observed by Jbrgensen, who isolated 

an unstable red salt of emprncal formula Co& -NO2 - 5NH3 (refs 3 I, pp 168-I 74,163, 

p 149), which he called rsoxantho cobaltrc chloride because rt was rsomeric with the yeilow 

xantho salt discovered by Wolcott Gibbs 162P164 m November, I852 and published by Gibbs 

and Centh 16+16’ u-r 1856 
Because of the st.ablIlty and color of the xantho compound, J4rgensen regarded it as a 

mtro compound Involving a Co-N bond; the rsoxantho compound he regarded as a rutrrto 
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compound mvolvmg a Co-O bond Werner and Zmseler r@ formulated these compounds 

as [Co(NH,), NO2 ] Cl, and [Co(NH& ONOj Ci, , respectrvely, and also prepared other 

compounds exhibiting the same type of rsomerlsm such as czs-[Co(en),(NOa or ONO)* ] X 
(ref. 168), trons- [Co(en), (NO2 or ONO)* ] X (ref 168) and trans- [Co(NH3)* (p~)~ (NO, or 

ONO)z ] X (ref 168). Although some workers 16g7170 have expressed doubt as to the exrs- 

tence of distinct xantho and isoxantho rsomers, such lsomerrsm has defimtely been verrfied 

(refs 171- 176, 177, pp 409-418), and studies of the rsornerrzatlon react:on have been 

made Thus the nitropentaammme and mtritopentaammme of cobait(IiI) constrtute the * 

most extensrvely studred case of hnkage rsomerrsm, and reproducrble syntheses and rso- 

merization reactions for these compounds have been devrsed and used as undergraduate 

laboratory experiments (refs 153, pp 105, 106,178--180). The xantho and lsoxantho 

cobalt compounds remained the only confirmed case of linkage rsomensm until 1962, when 

the correspondrng nitrrtopentaammlnes of rhodium(IlI), rrrdrum(IIi) and platmum(lV) 

were synthesized for the first trme, and then rsomerrzatron to the mtropentaammmes was 

stu&ed Is1 

[Bh(NH&ONO] 2+ t [Bh(NH&NOz ] 2+ 

Ur(NH3 )5 ON01 *+ 2 [Ir(NH& NO2 ] ‘+ 

P-‘ttNH3 )s ON01 3* Z [Pt(NH3)5 NO-, ] 3+ 

More recently, the unstabIe mtrrto Isomers [Nl(Me2 en)2 (ON0)2 ] rind (N1(Et2 en)* (ONO)2 ] 

have been detected in solution but were not rsolated is2 In short, the mtrrto group remains 

one of the most versatrle ambrdentate hgandsrs3 * 

fzzl M-CiVandM-NC wmers (refs 3,4, pp 233, 234,5, p 215) 

The first clear-cut case of rsomerlsm mvolved pseudohalogen salts Untrl Wohler 186 had 

analyzed silver cyanate and found Its composltton to be identical with that found by 

Lebrg”’ for srlver fulminate, rt was consrdered axromatrc that substances wrth the same 

composltron had to be zdentlcal Is8 _ As a result of Wohler’s drscovery, Berzehus I4 proposed 

the concept of rsomensm, as mentioned m the Introduction 

Although bifunctlonahty IS known for haIogens and many pseudohalogens, it 1s most 
prominent for cyanide and it mfluences the structures, propertres, and reactrons of cyamde 

denvatives In the older hterature cyanide hnkage isomers were often proposed, but defimtrve 

evidence for then existence has been fairly recent 3 _ Examples include [Co(CN),(CN or 

NC)] 3- (refs. 189, 190) and [Cr(H, 0)s (CN or NC)] 2+ (ref 19 l), m both cases the unstable 

M-NC isomer was detected m sofutron but was not 1soIated. It was not until 1967 that 

* A new type of isomensm (conformafrord rsontensm), which hes outslde the scope of this paper, has 
recently been ducovered 52*184 for the yellow and brown isomers of [Co(en)NH3(N0,), 1, orlgmdly 

isolated by Werner and Crun ls5 
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rsocyano (M-NC) complexes that do not isomerrze to the cyan0 (M-CN) form were reported’= 

These hnkage Isomers, whrch constitute the first mononuclear N-bonded cyamde complexes 

ever Isolated, were 

cis-a-[Co(tnen)(CN)Z ] Cl04 and czs-CY- [Co( trlen)(NC)Z ] ClO+ 

hght yehow deep yellow 

where trren 1s the te traden tate hgand trrethylene te tramme 

Pseudohahdes, hke hahdes themselves, can form bndges and consequently lead to the 

formation of poIymers The first recorded morgamc complex, Prussran Blue, contams such 

bridges 3 In 1965 Shnver et al 193 predrcted and discovered hnkage rsomensm m the com- 

pound K[FeCr(CN)6 ] (containing CrJU-CEN-Fe”), whrch on heatmg rsomerrzes to 

K [CrFe(CN)6 J (contammg Cr Izi-Nz-Fen) In 1968 cyanrde linkage rsomerrsm was found 

to occur m the solid state for the polymerrc complex Fe3 [Cr(CN),] 2 (ref 194) A total 

of four distinct structures exist, two mtermedrate stages were detected between the two 

hnkage isomers Fe’+--Ns--Cr3* and Cr3+-Nx--Fe2+_ 

(izz) M-SC/V a& M-NCS zSOnzerS (refs 4, pp 228-23 1,5, pp 205-210) 

In the last (1899) of his papers log to appear m the Zeztschrzftfzu Anorgarzzscjze Chemre*, 
Werner believed that he had encountered salt rsomerrsm, i e_ linkage isomerism, rnvolvmg 

throcyanate hgands In fact, rt was for such rsomers rather than for the longer known mtro- 

nrtrrto isomers that he orrgmated the term Salzzsonzerie For complexes of formula 

[Co(en)z(NCS)2 ] X, he obtamed two serves of compounds, an easily soluble one and a 

difficultly soluble one Since oxldatlon with chlorme converted the first series to trQrZS- 

[Co(en),(NH3)7 ] C13, he assumed that m these compounds the throcyanate nitrogen IS 

bonded drrectiy to the cobalt atom, i e these are lsothrocyanato compounds Srmrlar treat- 
c ment converted the second series to fr~ns- [Co(en), Cl2 ] Cl, m which the throcyanate group 

had been removed by complete oxrdatron, and Werner supposed that these compounds con- 

tamed Co-S bonds, 1 e they were true tbrocyanate compounds In 1907, Werner and 

Zmggeler 168 reported a srmrlar case of supposed hnkage rsomerrsm for compounds of for- 
mula [Co(NH,),(NO, )SCN] X Frnally, m f 912, on the basis of oxrdatron studtes mvoIv- 

ing hydrogen peroxrde and fumrng nrtrrc acid rn addrtion to the previously employed chlo- 

nne, Werner (ref 196, pp 22,41-43, 192-194) admrtted that he was m error and that 

these compounds were stereolsomers, not structural rsomers In all cases of throcyanate 
coordmatron lo99 168*197, th e lgand was coordrnated as rsothlocyanate, 1 e through the nl- 1 

l After 1899 m&t of Werner’s papers appeared m Berichte der Deutsclzen Chemrschen Gesetkchaft 
probably because he no longer approved of the philosophy underlymg Zeztschrzft fir Atzorganzsche 
Chemze In a letter of June 23rd, 1904, to Rxhard Lorenz, edrtor of the Zeztschnft, Werner reslgned 
from the edltorlal board because that journal had “gradually developed so strongly m the phyncc+ 
chemical dxectlon that It no longer meets the needs and evpectatlons of the pure morgamc chem&’ lg5 
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trogen The easily soluble “dusothiocyanato” compounds were found to be LWZS rsomers, 

and the sparingly soluble “dithrocyanato” compounds the corresponding CIS Isomers- 
Smce Werner’s day, chemrsts have learned that the throcyanate Ion forms both thm- 

cyanato and rsothiocyanato complexes dependmg upon the central metal atom, but until 

recently it was beheved that for a aven metal atom, only one type of complex could 
exrst 1p8-208 _ Then m 1961, Turco and Pecrle ‘09 observed that for palladnrm(I1) and platr- 
num(It) complexes, coordmated throcyanate ion 1s either S- or N-bonded, depending upon 
the other hgands present Their discovery that the presence of other hgands In the coordma- 
tron sphere can affect the nature of the metal-thiocyanate bond provided the impetus for 
much of the current mterest m ambidentate hgands ’ _ Acting on Turco and Peclfe’s observation, 
Basolo et al 210V211 were able to synthesize throcyanato-lsothiocyanato linkage isomers of 
[Pd ((C, H5 )3 A& (SCN), ] and [Pd(2,2’-blpyrldme), (SCN):! ] Once again, another of 
Alfred Werner’s predrctrons had been fulfilled The monopoly of xantho-rsoxantho compounds 
on what was once the least farmhar type of complex rsomerism was broken, and numerous 
thiocyanato-isothiocyanato linkage isomers were soon prepared, e g [Pd(NJJV’fl’-tetra- 

ethyldlethylene tnamme)NCS]’ (refs 2 12, 2 I3), [Cd(NCS), ] ‘- (refs 2 14-2 16), 
[MI=$CO)~ SCN] (ref 2 17), [Pd(B u’~~As)~(SCN)~ ] (ref 218), [Rh(NH,),NCS] 2c (refs 

219, 220) [Ir(NHa)s NCS] ‘+ (refs 220, 22 I), [Cr(H, O), NCS] *+ (refs 222, 223), 
[(C, HS)Fe(CO)* NCS] (ref 224), [(C, H~)M~I(CO)~NCS] (ref, 224) and 
[Pd {P(OMe)3 I2 (NCS)2 ] (ref- 225) The isomers of [Pd(4,7-drphenyl-1, l O-phenanthrolme) 
(SCN), ] (ref. 226) and [Cu(triethylenetetramine)(NCS)(SCN)] (ref. 227) mv!zlve both M- 
SCN and M-NCS bonding m the same molecule A case in which all three possible linkage 
Isomers are known, for a complex contammg two throcyanate groups, 1s provided by 

[CuL(SCN)(NCS)] , [CUL(SCN)~] , and [CuL(NCS),] , where L IS the bldentate Irgand 
(2-pyrrdyl)amme 2zs 

(w) M-SeCN and M-IVCS e Isomers (refs 4, pp 234,235,5, pp_ 210-214) 

Vntually no research was carried out on the ambldentate selenocyanate hgand until the 

1960’s The first pair of linkage isomers to be isolated22gY230 was [Pd(NJV,N’.N’-tetraethyl- 
diethylenetnamme)(SeCN or NCSe)] [l3(C,Hs)~] , this catron represented the first example 
of the dependence of the bonding mode of an ambidentate hgand on the nature of a non- 
coordmated group 230 

(v) M-SSU3 and M-U& 02 isomers 

Another potentially ambrdentate llgand 1s the throsulfate ion Smce rt possesses the struc- 

ture 
7 2- 

! 1 
O=S-O 

0 
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Whet a srtlfur atom or an oxygen atom could theoretIcal& function as a donor m furmmg 
a coordmatlon compound, thus ieadmg to Imkage ~somensm. SucSr EXXXX~PI~~ has been 

reported 23* far the camp ound H4 [CC%O3)(W5 I, h h w xc was sad to exist m gold and 

brown forms More recently, Imkage Isomers of the [CL$NH~)~ S2 Q3 3’ ion have been de- 
tected by kmetlc and spectral data from electran transfer studzes”“-2S_ The murture of 
WXTXXS was uutxaily Isolated m the sohd state 

The o+tiy pubhshed Information (ref 2, p- 298) on sulfite Irnkage Isomers 1s based upan 
an rncorrect quotatxun of D.R Stranks by R T-M_ Fraser, Stranks was sad ta have prepared 
the unstable pink O-bonded [Co@&&& US02 f’, but thrs specres was not isolated nor was 
any evidence presented that would poxnt to Its existence m solutzon230 Only the stable 
yellow-brown S-bonded species 1s known 2351 

%&age zsomerlsm mvalvrng brldgmg groups 1s rare, In addrtlon to the polymeric cyamde 
compounds r93F IS ctted above (Sect, I c&j), the dmuclear compounds 236-237, ty- and fl- 

[Pt, (SCN)2& {P(C,H7>s32] , first beheved to be structural isomers and then stereotsomers, 
were finally shown by X-ray analysis to be linkage 1somers238-240 

In 1901, Werner%’ drscovered the acetylacetonate complex K[i?t(acac),Ci] _ Although 
several drstmct bondmg and structural types mvolvmg acetylacetone and zts enulate amon 

are known “* , linkage Isomers mvoIvmg chelatrng hgands are sttiil rare Both Imkage lsumers 

have been Isolated 243 m the lsomerrzatxon reaction 

Accordmg to Werner (ref 34d, p 3821, “Valence Isomerism is predicated upon the fact 
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that m the issmers the sme m&cuEar companents are hked by dgfferent ~dences In orre 

wmxx the radxcals in question are linked to a defmrte atom by secondary valences (N&en- 
vu~erEz@, whi[e the banduq xn the other zsomer resuits from primary valences QY~zq?C 
v&nzen).” All the examples of tis type of lsomerrsm cited ongmally by Werner (refs 34a, 
pp ES-187,34b, pp 290,291,34c, pp 3X’&-373,346, pp ?82-385,34e, pp 377-379; 
35, pp 6,7) have been &spruved or shown ta be isomers of a djfferent type Indeed, smce 
no essentlai difference, but only an artlficlal ane, exists between prunary and secondary 
valences, as Werner hunself read$y admrtted, such rsomerism zs meanrngless (ref IO, pp. 
172, 573). Nevertheiess, these xs~mers present a number of mterestmg problems, and we 
shall naw bnzfly examine the history af three of them 

The must frequently cited example of valence isumensm now appears to be a case of 
polymerlzatlon lsomensm (ref_ 177, pp_ 408-412) The nrtrosapentaammmes correspcrndmg 

to the &moIecular formula [(llrgC& I2 (G@%13)& 1x0 were fuund to occur m two series, 
an unstable black one and a stable red one, to which therr drscoveres, Sand and Gens~kr~*~~ 
assrgned the fcxmulae 

Xz(NH&Co -0-N 
and 

X, (N&h Co 

X,(NH,),Ccr._ O=N X,N-h)&o 
>N2 02 

Werner and Paul Karrer, his successor as head of the Chemlsches Instltut der Umversltat 

Zurlch76S 77 ~ reinvestigated Sand’s compounds and concluded that the red salts were dx- 

moIecular, [Co, M2 Oa (NESS ) ro] & , but that the black salts were monomolecuIar, 
fC~NH~)fNO] X2. Smce thatt tune, these perplexmg compounds have been the subject of 
numefOus expenmental stud~2s~~-~“” The resuh of many of these have kd to conflxctmg 

mterpretatmns On the basis of several measurements of magnetic suscept~bll&@-~~ 1 whrch 

apparently showed tfre black Isomer to be paramagnetlc and the red fsumer ta be d~~~a~etlc, 
a new type of rsomerIsm - “electronic isomerism” - was proposed and the followrng struc- 

tural formulae were assl?gfied. [CO~~(NH,),(NO)~ ] X2 (black) and [Co*II(NM3),(NO)-] X2 

(red? %+9 f-J~e~s=K~~~ suggested that Werner and Karrer’s formulations shouXd be reversed 
and that the red salt was a mononuclear compound arrd the black salt a dmuclear compound, 
However, the mononuclear structure attnbuted to the red saitsz5’ was not confirmed ex- 
penmentdy* Asmussen et d_ “’ showed that previous magnetic measurements were Encorrect 

because of the presence of cobalt@) u-npunt~s, salts of both the red and black serfes were 
hamagnetic Mrkr et af ‘s3 beheved t&e compounds to be lxnkage (mtro-rutrrto) jsorners 

Recent studies have confirmed Werner and Kamx’s assqgmm~t af a dmuclear structure 

to the red salt Thus, Brintzmger and Plessmg”56 reported an romc weqjht of 380 for the 
IUII of this sait. Ardon “‘, by means of the elutron rate of the red salt from a catIon-exchange 
resm, showed that the lton had a +4 charge, and eonductrvlty studies by Feltham have 
shown the red isomer to be a 4 1 electrolyte The monomeric salt 1s betwed to csntarn 
Co-NO bondmg, whtle &e dmuclear salt 1s thought ta csntam an ONNU2- IQIZ of some con- 
figuration between tht: cobalt atoms 2s9~z60 _ Reproducible preparations for both compounds 
have been pubhshed “I * “’ 
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Of a second pan of valence Isomers cited by Werner (ref. 35, p. 18) 

[~r$,&<>C0~ C _3 x4 and ~enl_&P<~krj x, 

green, neutral reactton red, acid reaction 

the second compound has been shown not to be Isomerlc wrth the first at all, instead, it 

was found to contam only trIposltlve cohlt, and Thompson and Wti2rthz3 formulated 

It as the acid saIt of the one-electron reduction product of the first, v1z 

Thewalt and Marsh ” later showed for the mtrates of the two series that the green para- 

magnetrc compound contains a superoxo (02-) bndge, while the red dlamagnetlc compound 

contarns a hydroperoxtde (00H2-) bridge 68 

r 

gfeen, paramagnetlc fed, dlamagnettc 

A thrrd case of vaIence lsomerrsm cited by Werner fief 34d, p 383) concerns the so- 

caIled rhodo and erythro saIts of chromium, first dIscovered m 1882 by Jq5rgensen2m-266 

The relatlonshlps of these compounds to each other and to their basic salts, together wrth 

their properties and Werner’s constltutlonal formulae, are best shown schematlcally as 

valence 
ISollwrS 

\ 

normal(acldrc1 rhodo salts basrc rhodo salts 

CrWH& 
\ 

[ 1 OH- _ 
OH 

/ 
%I 

Cr(N H,l, H* 

( fed , neutral 1 C Indigo blue, strongly baslcl 

t 100°C on standmg aonlzation 
Isomerism 

normal (acldlc) efythfo salts basx erythro salts 

OH- 
Cr(NH,S 

c 

[ 1 ‘0 

-F- 
I 

Cr<NH& 

( red, strcmgly actdic) (catmme, ncutat) 



Xrr 1937, these compounds were remvestlgated by Jensen267, who, by use of X-ray 
powder pattern technques, found the rhodo and erythro bromides to be ~somorphous 
Smce no d~fferernce actually exists between prunary and secondary valences, the formulae 

proposed for the normnl. rhodo and erythro salts are Identxlcal ~~ns~~uent~y~ kns~~ pro- 
posed the folfowrng farmuIaQon to euplznn the isamerr~ reIation&kps 

normal Cactdrd rhodo salts 

More recently, on the baas ofanalyt~al data, degradation reactrons, and measurements 
of acldlty constants and magrtettc susceptrbrfrtles, Wfimarth et al ‘a have concluded that 
the rhodo and erythro zuns are not ~~omet~ at atI, and they reformulated the atuatlon as 

bastC rhodo satts 

I 
*NH,,-i-l,0 

I 

4-$3 l -NH 3 

normal facrdrc) erythro saits basic erythro salts 

-w _ 

+ff+ 

The alleged lsumerrsm had been predicated upon J&gcnsen”s ancarrect mtrogen analyses 

for the erythro compound linasmuch as Jensen analyzed the erythro bromide for chrom~m 
and bramme snfy, he naturally did not detect the replacement of an zm~moma molecule 
by water Wrlmarth et al “* used both Dumas and KJeldah! analyses to show that the erythro 
zun contamed nme rather than ten nrtragen atoms The conversIon of a hydroxo brsdge to 

an oxo bndge, as m the formatmn af bask rhodo s&s from normal rhodo salts, 1s readily 
detectable by dramatxc changes m the near-ultravlofet speCtra26P*25;L 



This type afrsomerrsm IS not yet mentioned m any of the standard texttmoks It was 

propused by Werner xn an ~~~~b~~shed~ but complete, lo-page, double-spaced, typewrztten 

manuscnpt “‘t%er Ku~dr~ratronsza3il ‘achr’ utu;l f&r &e we&s&r& Kuozrdmm~rtszn~f’, 

found by tie present author among Werner’s papers xn Zunch 12L’ In this manuscript 

Wetner de.scr&s the preparatmn, properties, and constitut~un of a serves of suppusedIy 

uctacuurdlnate chrumlum cumplexes whxh remams unreported m the hterat~re up to the 

present day He cited the fulIowmg pax of compounds as tsomers contammg the same metal 

with drfferent coordmatlon numbers 

On heatmg, the latter compound LS transformed mtu tile anhydrous form of the former 

compound 

On tie basis ofprellmn~ary refiectron spectraz” 9 the compound formulated by Werner 

as H[Cr(en)zCfq 3 h,as txen tentatrvefy xdentgfied as octahedral I,& 3-[Cr(en)(enH)C13] @I, m 

which une mokcule of ethylenedramme 1s brdentate, but the other (protunated) URG 1s 

munudentate*= The cuordmatron number wuuld thus appear tu be 6,, not 4, and the 

cumpounds do not exemplify Werner’s proposed type of isomerism The aqua compound 

wuuld presumably be 1,2,3- [Cr(en)(enH)C& ] OH, and the type of lsomerlsm exhibited 

wotid be xonlzat;lon isomerism I’4 

E OTHER CLASSIFICATIONS 

Other workers have defined addrtwnrrf types of sumensm suclr. as @and fsumer~m, rmg 
size xsomerrsm, summation rsomerIsm, and erectromc xsomerlsm (ref 9, pp 271-273) 

isomers 
Aries from lsomerfSm wlthrn the hgands themselves, e-g the two tnos of 
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Ring szm iscmenmz is tilustrated by the parr of xsomers”* 

propyIenediamme forms S-membered rings 

Sumrnar~txz lsotnerlsm IS rflustrated by compounds m which entirely drfferent groups are 
coordmated to the central atom, but the sum of all the atoms rs constant, e g ‘7~ 

[Ct$NH, CH2 CH, CH2 CH2 NH2 )fNH, CH2 CH2 NH&fz ]+ and 

[CofNHf2 Cl& CH2 CH2 NH& Cl2 f’ 

Ela~onzc zsmwism has already been menhoned m connectron wxth tie black and red 
““valence Isome&’ of the compounds of emprncal formula CO(NM~)~ NOC12 (Sect 3) 

As we have seen from the examples m thts artrcle, Werner’s classlficatron of structural 
lsomensm xs so thorough and detakd that the sheer number af the types defined 1s almost 

overwheknng at first sight Even Paul Pfelffer, m his fifth edltlon of Neuere Anschaztungen 34e, 
reduces the number of &fferent types of rsomerlsm by combmmg several Smce most cases 
of structural xsomensm arIse from the drfferent permutations and combmations of hSa.nds 
and mePal atoms, Martin and Martin”* propose B ciassifkatzork of such tsomeflsms mto three 
marn types ( I) ~uu~d~~~~~#-~~~~~~ mw~er~sm, which arises because of different distrrbutrons 
of hgands msrde and outside the coordmatron sphere and mcludes Werner’s hydrate, ionua- 
tron, and valence Isomerisms, (2) drstr~bu~~un t~urne~r~~~, wfuch is due to drfferent datrrbu- 
t~ons of a set of lrgands ahout two or more coordmatlon centers and tncludes Werner’s 
polymeruatron, coordmabon, and coordmabon position isomerzsms, and (3) lrgand rsomerrsm, 

wiuch mcludes Werner’s salt IsomerEm Regardless of whether or not such proposals even- 
tua& supersede Werner’s orrgmal classificatron, his scheme, which for many years provided 

a fruxtful frame of reference for research m the field, wlI undoubtedly retam its place m the 
annals of coordrnabon chemistry, 

The authr w&es to acknowledge the assrstance of the John Smon Guggenheim Mema- 
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