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adc 
aeaa 
ahxan 
aldtc 
amph 
apt 
aPY 
asp 
atp 
atsc 
atu 
bdda 
bet 
bipam 
bispicam 
buf 
bta 
btsc 
bPY 
Bu 
But-dab 
bztpp 
cat 
CbP 
cdta 
cmh 
cmomep 
crot 
CYS 
C,H,NS 
C2H602 
C202S2 

C3H603 

C J P 3  
C4H802 
C,H,N,S, 
c404 

C5H5 
CSH,N, 

C3H406P 

C4H5N6 

C,H,NOS 
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hydrogenacetylenedicarbox ylate 
a-( N-2-aminoethylamidino)alanine 
8-azahypoxanth inate 
diallyldithiocarbamate 
aminomet hylphosphoniate 
1 -amino-2-propanethiolate 
antipyrine 
aspartate 
adenosine-5’-triphosphate 
acetonet hiosemicarbazone 
6-amino-2-thiouracilate 
benzene- 1,2-dioxydiacetate 
betain 
di-2-pyridylamine 
bis(2-pyridylmethy1)amine 
di-tert-butylnaphthalenesulfonate 
(benzy1thio)acetate 
(benzylthiosemicarbazone 
bipyridine 
butyl 
N,N-di-tert-butyl- 1,4-diazabutadiene 
N-benzyltetraphenylporphirinate 
catecholate 
3,3’-iminobis(propylamine with 5-chloro-2-hydroxybenzophenone) 
cyclohexane- 1,2-diamine-N,N,N’,N’-tetraacetate 
cyclo(L-methionyl-L-hist idyl) 
cyt idine-5’-monophosphate 
crotonate 
cysteinate 
thioacetamide 
1,2-~thanediol 
1,2-dithiooxalate 
phosphoenolpyruvate 
monoglycerolate 
8-azaadeninium 
4-ethyl- 1,2,4-triazole 
1,6dioxane 
N,N’-dimethyldithiooxamide 
squarate 
N-oxopyridine-2-thionate 
cyclopentadienyl 
purinium 

CSH,N40, 4-amino- 1, 2-dihydro-l-methyl-5-nitroso-2-oxo-6-pyrimidinolate 
C,H,NO, 0x0-5-prolinate 
CSH,N2S 1-methylpyrimidine-2-thione 
C,H,N, adeninium 
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ZINC(1I) COMPOUNDS 181 

C5H7 2,4-pentadienyl 
C5H7O2 acetylacetone 
C,H,N,S methylthio-2-methyl-3-imidazole 
C,H,N,O 2-hydrazino-4-hydroxy-6-rnethylpyrimidine 
C,HyN2S2 S-methyl-isopropylidenehydrazinecarbodithiolate 
C,H , ,,NCOS cyclopentamcthylenethiocarbamate 
C,H , ,NO,S O-ethyl-L-cysteinate 
C,H , 3N2 2-dimethylamino-N-methylethylamido 
C,H,NO, Zpicolinate 
C,H,N3 benzotriazole 
C,H6N, 2,2’-biiniidazole 
C6H7N5 9-methyladenine 
C6H , ,N, 4-tcrt-butyl- 1,2,4-triazole 
C6H , ,N, hcxarnet hylenetetraam i ne 
C6HI,NO 2-diethylaminoethanolate 
C,H,,NO, triethanolamine 
C6H I ,N, I ,4,7-triazacyclononane 
C7H,S, trithiopcroxylbenzoate 
C7H6N2 7-azaindole 
C7H7S 4-toluenethiolate 
C7H80, 2,6-dimethyl-4H-pyran-4-one 
0, 4-oxoheptancdiolate 
C,H,NO 2,6-dimethyl-4-pyridinone 
CRH80, dimethylcantharatc 
C,H,,N,O, 2,2,5,5-tetramethyl-3-imidazolyl-l-oxyl-4-carboxylate 
C,H , ,N,OS [ 3-etlioxy-2-oxohutyraldehyde-bis(thiosemicarbazonatc)] 
C,H, , N.% 
C,H,NO benzoylaziridine 
C,H,NO, N-salicylidenc ethanolaminate 
C,]H,N2S2 S-methyl-benzylidenehydrazinecarbodithiolatc 
C,H , I N,O, 2,6-diacetylpyridine dioxime 
C,H , 3N, N-(2-pyrrolylmethylene)-tert-butylamine 
C , oH,NO,S 1,2-naphthoquinone-2-oximato-5-sulfonate 
C,,H,NS 2-mercaptomethylquinolinate 
C,  OHYO, benzoylacetonate 
C , ,H , ,N, 3-methyl-5-phenylpyrazolc 
C I ,H , ,02S 2-methyl-2-(phenylthio)propanolate 
C,,H, ,N, 1 -(2-pyridyl)-2,5-diaza-5-methyl-hcxa-I -ene 
C , ,H , ,N, N,N,N’,N’-tetramethyl-o-phcnylenediamine 
C, ,H,,,O, pentaoxa-l,4,7,10,I3-~yclopentadecane 
CIoH3,N, 1,4,7,1 I-tetraazacyclotetradecane 
C , , H , 6N 3O N-( 2-(2-aminoethylamino)et hy1)sal icy1 idencaminate 
C, I H16N, I -2(aminoethyl)- 1,5,9-triazacyclododecane 
c, , H,,N, 1,4,8,12-tctraazacyclopentadiene 
C I 2H,N2S 2-mercaptoazobenzoate 

tris(met hylam inomethy1)etliane 
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M. MELNIK el a/ 

2-pyridinaldazine 
(bis(pyrazo1-1 -yl)(pyridin-2-yl)}methane 
4,5-dihydro-4-isopropyl-2( 2’-oxidophenyl)oxazole 
N,N,N-tris( 1 -pyrazolylmethyl)amine 
N,N’-ethylenbis(monothioacety1acetoneiminate) 
bornanediol-derivat bisether 
1,4,7,11,14-pentaazacycloheptadecane 
1,4.8,11 -tetraazacyclotetradecane-6,13-diamine 
3-mercapto- 1,5-diphenyl formazan 
2-[(2-pyrrole)methylirnino]-4,6-dimethylphenolate 
N-butyl-bis-3-mercaptobenzo[b]thiophene-2-aldiminate 
di(cyclopentadienyl)methyl(dimethyl)ammonium 
a-(tert-butyl- 1 -aziridinyl-2)benzylideneamine 
a-(tert-butyl- 1 -aziridinyl-2)benzylamine 
2-bromo-l,3-xylyl-l5-crown 
N,N’-tetramethylene bis(thioacety1acetoneiminate) 
1 -isopropyl-3-methyl-4-cyclohexylald imino-5-thiopyrazolate 
cyclohexano- 1 5-crown-5-ether 
1 -(3-dimethylaminopropyl)- 1,5,9-triazacyclododecane 
1 -(2-(pyrrolidin- 1 -yl)ethyl)- 1,5,9-triazacyclododecane 
1,3-bis(2-hydroxyphenyI)- 1,3-~ropanedionate 
2-( 2-hydroxpheny1)- 1,5,9-triazacyclododecane 

C 5H32N4 1 -(2-(pyrrolidin- 1 -yl)ethyl)-l,5,9-triazacyclododecane 
C bH ,N30,S S-methyl-N’,N’-di(salicylidene)isothiosemicarbazide 
C I b H ,  ,N40 2,2’-bis( 1 -methylimidazolyl)phenylmethoxymethane 
C hHZ405 I ,3-xylyl- 1 8-crown-5 
CI7HT1N5 3,6,9,12-tetramethyl-3,6,9,12,18-pentaazabicyclo [12.3. I] octadeca- 

1(18),14,16-triene 
C I ,H,NOS 2-(2-mercaptophenyl)-iminophenol 
C ,H9N,02P bis(4,5-diisopropylimidazo-2-yl)phosphinic acid 
C, ,H I ,BrN,O o-bromobenzyl-di(2-pyridy1)kctonohydrazone 
C ,H , 4N4 
C, ,H ,N,O 2-bis(2-benzimidazolylrnethyl)amino 
C, sH24N202 1,2-bis(2-oxazoIinyl)benzene 
C ,H3,N,02 N-tert-butyl-2-(N7,N’-diethylamino)-2-(N”-tert-butyIimino)-~- 

C19H14N,S2 {2-(2-benzothiazolyl)-6-(2-thiolophenyl)-2-azaethyl}pyridine 
C, 9Hl ,N7 

C 9H23N7 2,6-bis[ 1 -(2-imidazol-4-yl-ethylimino)-ethyl]pyridine 
C2,H 5N,03 4,7-bis(2-hydroxybenzyl)- l-oxa-4,7-diazacyclononane 
C20H,,N,0, 3,4:9,1 O-dibenzo- 1,12,15-triaza-5,8-dioxacycloheptadecane 
C20H3,N,04 1 1 -methylamin0-6,16-dinitro-4,8,14,18,2 l-penta- 

azatetracyclo[ 14.4.2.1 399. 19.i3]tetracos-4-enato(6) 
C2 H 7N,S2 bis(2-thiobenzaldimino)-2,6-diacetylpyridine 

6,6’-bis( 4-methylthiazol-2-yl)-2,2’-bipyridine 

alanine ethyl ester 

8,15-dihydro-2,6-dirnethyl-tripyrido [c,d:i,j:l,m] [ 1,4,7,8,10,13,15]- 
heptaazapentadecin 
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ZINC(I1) COMPOUNDS I83 

C2, H3,N40 bis(4,5-diisopropyl-l-methyl-2-imidazolyl)ketone 
C23H27N7 
C,,H,,N, 

C,SH,SNS 
C64H60024 
daac 
damal 
dapo 
daPP 
daps 

dapsc 
dapth 
dcmomep 
dhmg 
dhP 
dhtcp 

dien 
dma 
dmaa 
dmbin 
dmf 
dmh 
dmpd 
dnbh 

dnbo 

dPt 
dtc 
dtm 
dtmm 
dtpb 
en 
er 
Et,ba 
Etznia 
Etsacsac 
etsc 
fmpa 
4-Fpa 
fum 
glut 
ham 

2,6-bis[ 1 -(( 1 -carboxymethyl)-2-imidazol-4-ylethyl)imino)ethyl]pyridinc 
3, l l  -dibenzyl-7(2’-pyridylmethyl)-3.7,11,17-tetra-azabicyclo[ 1 1.3. I ] -  
heptadeca- 1( 17), 1 3,15-triene 
1,2.3,7,8,12,13,17,18,19-dodecamethylbiladiene-a,c 
1 -(o-carboxymethoxyphenoxy)-2-(o-hydroxyphenoxy)ethanolate 
diaminodiacetate 
diamide malonate 
1,5-diamino-3-azapentane 
2,6-diacetylpyridinebis(2-pyridylhydrazone) 
2,6-diacetylpyridine-semicarbazone-2-(semicarbazono)propionyl- 
hydrazone 
2,6-diacetylpyridine-bis(semicarbazone) 
2,6-diacetylpyridine-bis(2-thenoylhydrazonate) 
deoxycytidine-5’-monophosphate 
2-(dihydroxymethyl)glycinate 
1,4-dihydro-I-pyridyl 
6,7,8,13,14,15,16,17,18,19-decahydro-5H-[e,n][ 1,4,8,12]-tetraazacyclo- 
pentadecane 
diethylenetriamine 
N,N-dimethylacetamide 
3-(dimethylamino)-2-aminoacrylyl 
3,3’-dimethyl-2,2’-biindazole 
N,N-dimethylformamide 
2,2-dimethyl-3,5-hexanedionate 
2,2-dimethylpropane-l,3-diamine 
6,7-dihydro- 1 5,19-nitrilobenzo[e,p][ 1,4,7,15]-dithiadiazacyclo- 
heptadecine 
7,8-dihydro-6H- 16,2O-nitrilobenzo[f,g]-[ 1,5,8,16]-dithiaazacyclo- 
octadecine 
dipropylenetriamine 
trithioperoxycumato 
dithiopyrilmethane 
bis( 1 -phenyl-2,3-dimethyl-5-thiopyril)methane 
1,1,4,7,7-penta(benzimidazol-2-ylmethyl)- 1,4,7-triazahcptane 
ethylenediamine 
erythromycin A 
diethylbarbit urate 
N,N-diethylenenicotinamide 
0-ethyl thioacetothioacetate 
S-ethylisothiosemicarbazide 
(2-formyl-6-methoxyphenoxy)acetate 
4-fluorophenoxyacetate 
fu m a rate 
glutamate 
n-hexylamine 
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hfac 
his 
hP 
im 
iprcit 
lac 
ma1 
mbP 
Me 
Meal 
MePhsal 
Mesa1 
mhapc 
nint  
m!J 
m PP 
nia 
nim 
ntP 
o-( 1 -ad) 
ocfb 
OCP 
ofpa 
omdPP 
OPd 
Pae 
PC 
P I1 
phen 
Phtscac 
pia 
piba 
picdien 

Pm 
pmpn 
P* 
pnol 
PP 
Pr 
Pr 

PiP 
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hexafluoroacetylacetonate 
histidinate 
hemiporphyrazine 
imidazole 
isopropylcit rate 
lactate 
malonate 
3,3’-iminobis(propylamino) with 2-hydroxy-5-methylbenzophenone 
methyl 
methylallyl 
N-(4-methylphenyl)salicylaldiminate 
N-methylsalicylaldiminate 
8-methyI-3,6,10,13,16,19,1 -hexa-azaphosphabicyclo[6,6,6]cosane 
inalconitriledithiolate 
N-niethylpyrrolidinone 
4-mcthyl-2,6-bis(pyrazol- 1 -ylmethyl)phenolate 
nicotinamide 
nitrozyl radical of 3-imidazoline 
2-isopropyl-4,4,5,5-tet ramet hylimidazol i ne- 1 -0xy1-3-ox i de 
1 -adamantan01 
octaethyl formylbiliverdinate 
2,3,7,8,12,13,17,18-octaethylporphinatc 
2-formylphenoxy acetate 
oclamet hyld iphenylporphyri n 
5-oxoniamesoporphinate-dimethylester 
phenoxyacetate 
phthalocyanate 
phenyl 
1 ,lo-phenanthrolinc 
4-phenylthiosemicarbazonc acetate 
2-picolylaminc 
phenoxyisobutyrate 
1,9-bis( 2-pyridyl)-2,5,8-triazononane 
piperidine 
pyridoxamine 
N-isopropyl-2-methyl- 1,2-propanediamine 
propanediamine 
1 -aminopropane-2-ol 
1,2-phenylene-bridged porphyrin 
ProPyl 
propionate 

(PriO),PS, di-isopropyldithiophosphate 
P l-0 proline 
Prop propionate 
Psa N-(2-pyrimidinyl)sulfanilamide 
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ZINC(I1) COMPOUNDS 185 

ptpp 5-pyridyl- 10,15,2O-triphenylporphyrinate 
pur purpurate 
PY pyridine 
pyac pyridyl-2-acetate 
pyd pyrozine-2,3-dicarboxylate 
pyr pyrazine 
pyt pyridine-2-thiolate 
py,tach 1,3,5-tris(pyridine-2-carboxaldimino)cyclohexane 
qu quinoline 
Sach sacharinate 
Sal salicylaldiminate 
sc semicarbazide 
sd 2-sulfanilamidopyrimidinate 
ser serinate 
spa sulphinamide 
taa I ,  3,5,7-tetraazaadamantane 
tacd I ,4,7, I 0-tetraazacyclododecane 
tbhpp cy,~,y,G-tetrakis(3,5-di-tert-butyl-4-hydroxyphenyl)porphyrin 
tc 4-thiazolidine-carboxylate 
tcpp oc,P,y,G-tetrakis(o-cyanopheny1)porphyrinate 
tdcpp tetrakis(2,6-dichlorophenyl)porphinate 
tg tetragonal 
thf tetrahydrofuran 
thgly thiodiglycolate 
tmt 1,4,8,11-tetramethyI-l,4,8,1 I-tetra-azacyclotetradecane 
to1 toluidine 
tpc 2,3-dihydro-cu,P,y,G-tetraphenylporphyrinate 
tpibc 2,3,7,8-tetrahydr0-5,10, I 5-20-tetraphenylporphinate 
tpp tetraphenylporphyrinate 
tptbp tetraphenyltetrabenzoporphyrinate 
tpyp a,p,y,Btetra(4-pyridyI)porphinate 
tr triclinic 
tre threoninate 
tren tris(2-aminocthy1)amine 
trien triethylenetetramine 
trppe {5-((2-(3-pyridyl)ethyl)carbonylamino)phenyl)-lO, 15,20-triphenyl- 

porphinate 
tsap 1 -( 3-(p-toluenesulfonamido)propyl)- 1 ~ 5,9-triazacycloundecane 
tsc thiosemicarbazide 
ts-8-ala N-tosyl-P-alaninate 
tta 1 -(2-thienl)-4,4,4-trifluoro- 1,3-butanedionate 
ttfa thenoyltrifluoroacetone 
tu thiourea 
xan xanthiosinate 
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2. INTRODUCTION 

Zinc has a relatively low abundance in nature of the earth's crust) but the 
chemistry of zinc compounds has been extensively investigated, and the relation- 
ships between structure and biomedical activity are of major importance. Zinc 
appears to bc one of the more biologically important metals,' second only to iron 
among the heavy metals (i.e. excluding sodium, potassium, magnesium and 
calcium). 

Many structural studies of zinc(I1) compounds have been carried out and 
sporadically summarised in annual reports2 To date there has not been a 
comprehensive overview of these structures, and this present review is aimed at 
providing such to cover the period up to the end of 1992. Almost six hundred 
publishcd zinc(I1) structures are included in this analysis and classification. It is 
hoped that such a survey will assist in understanding stereochemical interactions in 
the coordination sphere of zinc(I1) species. 

The derivatives have been sorted by nuclearity and subdivided according to the 
coordination number of the metal atom. Within each coordination numbcr, the 
compounds are listed in order of increasing covalent radius of the principle 
coordinating ligand atom and increasing complexity of the coordination sphere. 

3 .  MONOMERIC ZINC(I1) COMPOUNDS 

3.1 Coordination Numbers Two and Four 
Crystallographic and structural data for zinc(1l) compounds with coordination 
numbers two and four are presented in Table 1. There are only four examples of the 
f ~ r m c r , " ~  in which the two coordination sites are occupied by unidentate C-donor 
ligands to give a linear geometry. The Zn-C bond distances range from 1.950(2) to 
1.980(4)A with a mean value of 1.966& and the C-Zn-C angles are 180.0"3,4 and 
175.9( 1)".  All three complexes are organometallic. 

Coordination number four is by far the most common i n  the chemistry of zinc(I1). 
Thc two limiting configurations generally observed are tetrahedral and square 
planar. The data for over two hundred and sixty such complexes of zinc(I1) are 
givcn in Table 1, of which only a few can be classified as (distorted) square 
planar.2s-33 In these the coordination sphere is created by the four nitrogen atoms 
of a macrocyclic ligand, with the mean Zn-N bond distance of 2.03 l(5 1,29)A. Most 
of these species are either red or purple in colour. 

All of the other examples in Table 1 are essentially tetrahedral. There are 
examples with uni-, bi-, tri- and tetradentate ligands creating various degrees of 
distortion about the zinc(I1) atom. With the chelating ligands different sizes of 
metallocyclic rings are found, with corresponding variations in bond angles. Both 
electronic and steric effects are reflected in the L-Zn-L ring angles. For four- 
membered rings the S-Zn-S angle varies from 84.0" to 85.5" when the ligand is 
saturated, and from 73.8" to 76.4" when the ligand is unsaturated. For the 
five-membered rings the mean L-Zn-L angles are: 72.3(7,7)" for 0-donors; 
77.3(2.3,1.4)" for unsaturated N-donors; 84.3(2.8,3.7)" for saturated N-donors; and 
94.6(3.3,2.1)" for S-donors. This reflects the different covalent radii of the 
respective donor atoms. For the six-membered rings the mean L-Zn-L intraligand 
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angles are 93.1(3.1,11.9)" for N-donors and 104.3" for the S-donor. In seven- 
membered rings the corresponding angles are 100.5" for the N-donor and 117.5' 
for the S-donor. Where hetero-bidentate ligands are involved the mean L-Zn-L' 
angles for five- and six-membered rings are: 87.6(1.9, 3.9)" (N + S donors) for the 
former and 96.0(1.0,1.5)0 (0 + N donors), 99.3" (0 + S donors), and 99.5(3.5,3.5)" 
(N + S donors) for the latter. This again reflects the differing covalent radii of the 
donor atoms. 

Comparison of the Zn-L bond distances shows several trends, unidentate ligands 
giving shorter values than bidentate ones, but both increasing with increasing radius 
of the donor atom. For example the values for unidentate ligands are 1.9 13A (LO, 
0.73A) < 2.047A (LN, 0.75A) < 224.7A (Cl, 0.99A), < 232.0A (LS, 1.02A), < 
237.4A(Br, 1.14& < 241.3 8, (Se, 1.16A) < 257.0A (1, 1.33A). The values for 
bidentate ligands are: 2.066A (LN) < 2.246A (LO) < 2.317A (LS) < 2.447A (LSe). 
The mean Zn-N bond distance of 1.993A found for tetradentate N-donor ligands 
(tetrahedral) is shorter than that found for the square-planar complexes (2.031&, as 
expected. 

The same effect is also observed for the hetero-bidentate ligands, for example: 
0 + N, 1.923 and 1.980A, respectively; 0 + S, 2.004 and 2.246A; N + S, 2.091 and 
2.275A. For the hetero-tetradentate N + S ligands the mean values are 2.012 and 
2.2 85 A, respectively. 

The ZnX,-2 (X = C1, Br or I )  complexes were isolated as salts of large cations. In 
general there are two types of these cations, organic moieties (mostly NR,') and 
metal complexes (mostly cobalt). The formation of fluoro complexes is rather 
limited and none have been isolated in crystalline form. 

The effect of temperature on structure has been inve~tigated,~~,~"~".~~'.'"' a 
decrease in Zn-X bond distance being associated with decreasing temperature. 
Some mean values for room temperature and lower temperatures are: 2.2499A"' 
V.T 226.0A at 250K38b (X = Cl); 2.393A9' vs 2,404A at 193K93 (X = Br); and 
2.618A'" vs 2.621A at 150KIo3 (X = I) .  

Some tetrahedrally-coordinated zinc(I1) compounds are found in two isomeric 
forms in which the Zn-L distances and L-Zn-L angles differ by degree of 

In several cases two crystallographically inde- 
pendent molecules? differing by degree of distortion, have been found in one 
~ r y ~ t a 1 . ~ ~ ~ ' ~ ~ ~ ' ~ ~ ~ ~ ~ ' ~ ' ~ ' ~ ~ ~ ~ ~ ~  This type of distortion isomerism has been observed in 
other metal complexes, particularly in copper(I1) chemistry.'" 

Four-coordinate zinc(I1) complexes are usually colourless, but colour is observed 
where ligand absorptions or charge transfer bands occur in the visible range. 

disto~ion~51,59,97,1~~,l~9.176.177.18S,186 

3.2 Coordination Number Five 
Crystallographic and structural data for five-coordinate zinc compounds are found 
in Table 2. Two types of geometry are observed; square pyramidal and the more 
common trigonal bipyramidal. There are 24 examples of the first geometry 
(Table 2a). In colourless Zn(C,o~H902),(EtOH)22' the Zn atom is 0.32A above the 
plane of the two identical, chelating oxygen atoms. The apical position is occupied by 
the ethanol molecule, and this is the only example in which all five donor atoms are 
oxygen. The most common arrangement is a basal plane of four nitrogen atoms of a 
tetradentate macrocycle, with the apical position occupied by pyridine or chlorine. 
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The displacement of the Zn(I1) atom from the basal plane towards the apical 
position ranges from 0.3 1 to 0.71A. The mean Zn-L apical bond distance increases 
with the covalent radius of the ligand atom in the sequence: 2.082A (LO) < 2.158A 
(LN) < 2.314A (CI) < 2.637A (I). The L,,-Zn-Le, angles are in the range 72" to 92" 
and 138" to 163", indicating a considerable deviation from the ideal values of 86.6" 
and 151.9". The L,,-Zn-L,, angle ranges from 83" to 127" compared to the ideal 
square pyramidal angle of 104.1 O .  

There are thirty-six examples in which the coordination geometry of the Zn(I1) 
atom is a distorted trigonal bipyramid (Table 2b). The mean Zn-L,, bond distance 
is shorter than that of Zn-La,, for example: 2.01 vs 2.30A (LO); 2.02 vs 2.08A (NL); 
2.25 vs 2.28A (CI); 2.10 vs 2.16A (bidentate LN); 2.08 vs 2.235A (tridentate NL); 
2.05 vs 2.17A (tetradentatc NL); and 2.04 vs 2.28A (pentadentate NL). The angles 
for an idealized trigonal bipyramid are 120", 90" and 180". By contrast, the 
observed angles range from 82" to 142" (L,,-ZnL,,), 70" to 147" (L,,-Zn-La,) and 
143" to 178" (La,-Zn-L,,), respectively. Chelate ligands spanning the apical and 
equatorial positions are primarily responsible for these distortions. 

The remaining six examples (Table 2c) have a zinc(I1) environment intermediate 
between trigonal bipyramidal and squarc planar. The overall data in Table 2 show 
the use of mono-, bi-, tri- and tetra-dentate ligands. The chelating ligands show 
variations in thc L-Zn-L angle of the metallocyclic ring dependent on the ring size. 
For the four-membered rings, the intraligand angle at zinc ranges from 7 1 O to 80" 
for S-donors and 69" for N + S-donors. For the five-membered rings, the angle 
variations are 72" to 83" (unsaturated N-donor) and from 82" to 88" (saturated 
N-donor). For the six-membered rings the LZn-L angles are all within the range 82" 
to 94". In general, the mean value of the Zn-L bond distance increases as the 
covalent radius of the donor atom increases, and the values for the five-coordinate 
species are somewhat longer than those of the four-coordinate derivatives, as 
expected. 

Two crystallographically independent molecules, differing by degree of distortion, 
have been found present in one crystal in five exampales.242.249*252.262,269 The 
complex Zn(terpy)C1226"2h4 exists in two isomeric forms which differ only by 
distortions in the Zn-L distances and L-Zn-L angles. 

It is noted that while the square-pyramidal zinc(I1) compounds are mostly purple 
or violet in  colour, the trigonal bipyramidal compounds are mostly colourless. The 
former are mostly comprised of electron withdrawing ligands which are responsible 
for the colour. 

3.3 Coordination Number Six 
Crystallographic and structural data for almost one hundred mononuclear six 
coordinated zinc(I1) compounds are gathered in Table 3. Most of these are 
colourless, with a few examples of white, yellow (four each), orange and red (one 
each). The three principle types of distortion from the octahedron are, trigonal, 
rhombic and tetragonal, all of which are found in zinc complex chemistry. There are 
some examples with 0, symmetry. 

The data in Table 3 show mono-, bi-, tri-, tetra- and even pentadentate ligands. 
The most common coordination sphere of the zinc(I1) atom is the ZnO, chromo- 
phore and the most common ligands is water. 
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In the series of monodentate ligands, the mean Zn-L bond distance increases in 
the order: 2.100A (OL) < 2.185A (NL) < 2.562A (CI); in the series of bidentate 
ligands the order is: 2.150A (NL) < 2.174A (OL) < 2.523A (SL). 

The effects of electronic as well as steric hindrance of the coordinated atoms can 
be seen in the opening of the L-Zn-L bond angles of the respective metallocycles. 
For the four-membered metallocyclic rings, the L-Zn-L intraligand angles range 
from 52 to 6 1 ' for L = 0 donor atoms, 66" for L = N plus S donor atoms and 70.8" 
when L = S donor atoms. This reflects the difference in covalent radii of 0(0.73A), 
N(0.75A) and S( 1.02A). For the five-membered metallocyclic rings, the L-Zn-L 
anglcs range from 78.7 to 81.5" for L = 0 donors, and from 73 to 86" when L = N 
donors. In the series of five-membered metallocycles, the N-Zn-N angles range from 
73 to 80" (mean 77") when L = N donors with unsaturation (for example 
phenanthroline, 2,2'-bipyridine, etc.), and from 82 to 86" (mean 83.5") when the N 
donor is saturated. In the series of chelate ligands forming six-membered metallo- 
cycles, the L-Zn-L intra-ligand angles range from 84 to 88" (mean 86.5") for L = 0 
donors, from 88.5 to 92.3" (mean 90.5") for L = 0 plus N donors), and from 90.6 
to 96.2" (mean 93.2") when L = N donors. This clearly reflects the covalent radii 
of L. 

An occurs in two isomeric forms which differ mostly by degree of 
distortion involving both Zn-L distances and L-Zn-L angles. Two crystallographi- 
cally independent molecules, differing by degree of distortion have been found to be 
present in one crystal in three cases.3' ' 3 3 1 6 3 3 6 0  

In  general, the mean Zn-L bond distance increases with coordination number and 
covalent radius of the coordinated atom. Comparison of the four-coordinate, five- 
coordinate and six-coordinate distances gives: 1.993, 2.094 and 2. I O O A  (OL, 0.73A) 
< 2.047, 2.076 and 2.185A (NL, 0.75?.) < 2.247, 2.278 and 2.523A (C1, 0.99A). 
In the scrics of bidentate ligands, no such tendency can be seen, and the mean Zn-L 
bond distance increases in the order: 2.066, 2.130 and 2.150A (NL) < 2.246, 2.005 
and 2.174A (OL) < 2.371, 2.322 and 2.523A (SL). 

3.4 Coordination Numbers Seven and Eight 
The crystallographic and structural data for these compounds are listed in Table 4. 
Of the three idealized geometries for seven coordination, pentagonal bipyramidal, 
capped octahedral and capped trigonal biprismatic, only the first is found in zinc(I1) 
chemistry. The structure of colourless [Zn(bdda)(H,O),] . 3iH,O is shown in 
Figure 1 as a representative example.363 The geometry of the crystal is a distorted 
pentagonal bipyramid with two water molecules in axial positions. The pentagonal 
plane is formed by the four oxygen atoms. of the macrocyclic benzene-1, 2- 
dioxydiacctatc and the oxygen of a water molecule. There are twelve 

in which the zinc(I1) atoms are in a distorted pentagonal 
bipyramidal environment. 

Bond distances in the apical sites should usually be shorter than those of the 
equatorial sites because of steric crowding in the equatorial plane. From the data it 
can be seen that the mean Zn-OH, distances follow this expectation, being 2.089A 
for the apical sites and 2.1 12A for the equatorial sites. There are mono-, bi-, tetra- 
and pentadentate ligands. The monodentate ligands occupy apical positions, the 
mean Zn-La, distance increasing in the order: 2.081A (NL) < 2.089A (OH,) < 
2.236A (OL) < 2.350A (CI). 

examplesl 54,362,364-371 
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Figure I Structure of [Zn(bdda)(H,O),]. 3.5 H20.363 

One of the important characteristics for describing the pentagonal bipyramidal 
geometry is the ratio of the M-Lap to M-L,, distances. However, distortions are 
more definitively revealed by the bond angles LaP-M-Lep, Lap-M-Lap and L,,-M-L 
(cis and trans). In the ideal geometry, the values of these angles are 180", 90", 7;' 
and 142", r e s p e c t i ~ e l y . ~ ~ ~ . ~ ~ ~  The first of these angles ranges from 162.5(3)" to 
176.7(4)", with an average value of 171.7". The second differs from ideal by up to 
25" (range 75" to 11 5 " ,  and mean 90"). The third angle, within the pentagonal base, 
varies from ideal by about 20" (cis) to 17" (trans), confirming significant deviation 
from idealized geometry. Steric effects and constraints of multidentate ligands are 
primarily responsible for this observation. 

There are only two  example^^^^.^^^ in which zinc(I1) atoms are eight coordinated. 
The [Zn(N0,)4]-2 anion372 has approximately D,, dodecahedral symmetry with 
two distinct Zn-0 bond distances of 2.059A (r,) and 2.576A (rg). The difference of 
0.52A and rA/rB ratio of 0.80 indicates a considerable distortion but essentially 
dodecahedral character. In the other, yellow example, the difference is 0.24A and 
the ratio is 0.41.373 

4. DIMERIC ZINC(I1) COMPOUNDS 

Crystallographic and structural data for sixty dimeric zinc(I1) compounds are 
gathered in Table 5. There are several types of bridging, the distorted edge-shared 
bi-tetrahedral structure being the most common (Table 5a). The most frequently 
found ligands are: a pair of oxygen donors;313,376-385 a pair of nitrogen 
donors;368,385-389 a pair of chlorine  atom^'^^.'^^,^^^-^^^ and a pair of sulphur donor 
ligands.'R','95-402 
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246 M. MELNIK cf al. 

In  the crystal structure of colourless [Zn(C,H,,N,)H],386 the two bridging 
nitrogen donor ligands bring the zinc(I1) atoms to within 2.86A, with Zn-N-Zn 
angles of 88.0(4)". This is the shortest Zn-Zn distance found in the dimeric species. 
A relationship is observed between the bridge angles and the covalent radii of the 
briding atoms. As the radius of the donor atom increases, the Zn-L-Zn angle closes 
and the pL-Zn-pL angle opens, for example: 0-donor (0.73A), 95.9-104.6" (mean 
100.5") and 75.4-84.2" (mean 79.5") < N-donor (0.75A), 82.5-89.3" (mean 87.2") 
and 89.9-97.5" (mean 92.8") < CI-atom (0.99&, 85-88.4" (mean 86.7") and 
91.6-95" (mean 93.3") < S-donor (1.02&, 81.9-89.3" and 90.7-98.1" (mean 
95.0"). In the colourless derivative [ Z ~ ( ~ , ~ , ~ - B U ~ , C , H , S ) , ~ , ~ ~ ~  the mean value of 
the Zn-S-Zn bridge angles of 95.8" is by far the largest for complexes with two 
sulphur bridges. Since the Zn-Zn distance is quite large at 3.473(5)& one might 
have expected a smaller Zn-S-Zn angle. 

In  another six e ~ a m p l e s ~ " ~ - ~ ~ ~  two bidentate ligands act as three atom bridges 
(Table 5b). In colourless [Zn(pr~p) , (nia) , ] , ,~~~ two five-coordinate zinc(1I) atoms 
are bridged by the two propionate anions in a syn-syn arrangement, and the 
remaining two CH,CH,COO- anions act as monodentate ligands to each zinc(I1) 
atom. Tn another derivative404 two tetrahedrally-coordinated zinc(I1) atoms are held 
together by two Zn-C-C-0-Zn bridges. Five-coordinate zinc(I1) atoms are found in 
another two examples405-406 doubly bridged by two S-C-S groups. Finally, in the 
remaining two  example^^^^,^^* (Table 5b). two S-P-S groups serve as a bridge 
between two tetrahedrally-coordinated atoms. 

There are seventeen examples each of which have a unique structure (Table 5c). 
For example, Zn2(C,,H,,N8)409 contains two distorted tetrahedral zinc(I1) atoms 
where the tetrapyrrole chromophore displays a "ridge-tile" conformation with an 
interplanar angle between the two Z-configured pyrro-methene units of 88.8". In 
triclinic [Zn(p-Et2nia)(NCS),I4' ' two tetrahedra arc hcld togethcr by N,H- 
diethylnicotinamide molecules acting as bridges through the pyridine N and amide 
0 atoms. A yellow derivative4I3 has a dimeric cyclic structure incorporating two 
zinc(I1) atoms in a ten-membered ring with qzrasi two-fold symmetry leaving a 
central hole of approximately 3.2 by 2.9A. A colourless complex4L4 has two zinc(I1) 
atoms bridged by four MeCH=CHCOO- anions in a syn-syn arrangement, bringing 
the zinc atoms within 2.976A of each other. The structure of [Zn(p-OH)(y- 
MeC0,),(C9H,,N,)~]~C104"3 is shown in Figure 2. Both zinc atoms are in 
octahedral environments and are separated by 3.31 1(2).k 

The data in Table 5 show the dimeric zinc(1I) compounds to be mostly colourless, 
with a few examples of yellow (4), and one each of white, green and red. The 
coordination number of the zinc(I1) atom ranges from three to six, with the 
frequency of occurrence in the order: three (6) < six (7) < four (32). The 
four-coordinate examplcs are tetrahedral with varying degrees of distortion. The 
ligands involved are uni- to pentadentate, with some examples of octa- and 
nonadentate ligands. The most common bridging ligand is an 0-donor or a chlorine 
atom, and bridge distances increase in the order: 1.942A (OH) < 1.976A (LO) < 
2.072A (LN) < 2.360A (Cl) < 2.410A (LS), following the covalent radii of the donor 
atom. 

In the tetrahedral series, the mean Zn-L(termina1) distance increases in the 
sequence: 1.618A (H) < 1.996A (LC) < 2.003A (LN) < 2.070A (LO) < 2.208A (Cl) 
< 2.297A (LS) < 2.35A (Br). The mean Zn-L(bridge) distances are somewhat 
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C 

C6 

Figure 2 Structure of [ Z n ( ~ - O H ) ( ~ - M e C O z ) l ( C ~ H ~ , N ~ ) ~ ] .  Clod. H 2 0 . 3 1 3  

longer, for example: 2.360A (p-Cl) < 2.422A (p-LS). The shortest Zn-Zn distance 
in this series is 2.86A.386 

Two crystallographically independent molecules diffcring by degree of distortion 
have been found in one Mixed chromophores occur in two cxamplcs, 
ZnO, plus Zn0,4'9 and ZnN,Cl, plus ZnN,C1.422 

5 .  OLIGOMERIC ZINC(I1) COMPOUNDS 

The crystallographic and structural data for these derivatives are found in Table 6. 
There are seven cxamplcs containing three zinc(I1)  atom^.^^^^.^^^,^^^-^^^ The 
structures of [Zn{p-S(2,4,6-R,C,H2)}(Me,SiCH,)I,, where R is isopropyl or 
tert-butyl, are formed by trimerization via thiolate bridges of alkyl-zinc thiolate 
monomers.383 The cores consist of six-membered rings that are comprised of 
alternating zinc and sulphur atoms, with each zinc atom having trigonal 
coordination. 

The structure of colourless [Zn3{p-0(2,6-Pr', C,H3)},(Me3SiCH2),]383 is com- 
prised of an almost linear array of three zinc atoms (Zn-Zn-Zn = 175.7( I ) " )  that are 
bridged by four diisopropylphenoxy groups. The central zinc has a distorted 
tetrahedreal geometry, whereas the two terminal zinc atoms have a trigonal-planar 
coordination. 

A white t ~ - i m e r ~ ' ~  contains a central octahedrally coordinated zinc atom lying on 
the crystallographic two-fold axis, and two terminal pentacordinate zinc atoms. 
Each of the latter is connected to the central zinc by two shared oxygcn atoms, one 
at an axial and the other at an equatorial position of the trigonal bipyramid. 
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ZINC(I1) COMPOUNDS 253 

Octahedral coordination is also found in a colourless derivative4” where the 
central zinc is linked to each terminal zinc atom by three crotonate bridges, two 
of which are syn-syn bidentate, and the other monodentate, bridging through only 
one oxygen atom. The structurc of another colourless derivative425 is shown in 
Figure 3. The central zinc(l1) atom is octahedrally coordinated by six nitrogen 
atoms, while the terminal zinc(l1) atoms are coordinated by three nitrogen atoms, 
and three oxygen atoms of water molecules. 

In the series of trimeric derivatives, the zinc(I1) atoms range from three to 
six coordinate, with the most common donor atom being oxygen. The mean 
Zn-L(bridge) distance increases with the covalent radius of the donor atom and with 
increasing coordination number. For three-coordinate complexes the values are: 
1.959A (LO) < 2.319A (LS). The mean Zn-O(bridge) distances are: 1.9598( (three-) 
< 1.969A (four-) < 2.075A (five-) < 2.177A (six-coordinate). 

There are sixteen examples which contain four zinc(I1) atoms. The colourless 
molecule [Zn4(p-O)(p-MeC0,),1 has a central oxygen atom which is tetrahedrally 
coordinated to all four zinc  atom^.^^^,^'' Each zinc atom is tetrahedrally sur- 
rounded by four oxygen atoms, three from different bidentate acetato groups 
(Zn-0 = 1.946(4),&), the fourth being the central oxygen atom. A similar structure 
is present in three other e ~ a m p l e s . ~ ’ ~ - ~ ~ ~ .  
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254 M. MELNIK et u1. 

The structure of colourless Zn4(EtzNCO2),(Me), is shown in Figure 4.431 The 
zinc atoms lie in a plane and the unit is centrosymmetric with two independent zinc 
atoms. Four carbamate moieties bond along the edge of the Zn, parallelogram. Two 
further carbamate ligands bridge the diagonal of the parallelogram (Zn( 1)  to Zn( 1’)) 
above and below the plane of the zinc atoms. One of the oxygen atoms in each 
moiety bonds via a monoatomic bridge to Zn(2) and Zn(2’), the tetrahedral 
coordination being completed by a methyl group. 

A distorted Zn404 cubane core is the main structural feature of three derivatives 
In two of these432.433 the zinc units of the tetramer are linked 

via zinc-oxygen-zinc bridges (average Zn-0-Zn angle of 128.3( 1)”434 and 
13 1 .8(3)0435), which forms a central eight-membered Zn404 ring. The four zinc(I1) 
isopropylxanthate molecules in the unit cell of another t e t ~ - a m e r ~ ~ ~  are linked 
together by -Zn-S-C-S-Zn- bridges to form a tetramer with a sixteen-membered ring. 
The coordination of the four sulphur atoms about each zinc atom creates a distorted 
tetrahedron. An eight membered Zn404 ring in [Zn,(~f.~-OPh)(pac),Ph],~~~ is 
formed by alternating zinc and oxygen atoms. The ring is bridged twice by the 
oxygen atoms of the two PhZnOPH moieties. Two of the zinc atoms are four 
coordinate, the other two are six coordinate. 

In pale yellow [Zn(C9H6NO)2]4438 two of the monomeric units are connected 
by briding oxygen atoms. The crystallographically independent zinc atoms 
have different coordination geometries, pseudo-octahedral and distorted trigonal 

in Table 6.383.432.433 

“3) 

Figure 4 Structure of Zn4(EtZNC02),(Me2).43’ 
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ZINC(I1) COMPOUNDS 255 

bipyramidal. There is an example"39 in which the tetramer has an essentially planar 
Zn,P, eight-membered ring. Two of the zinc atoms are four coordinate and bridge 
by two OH units lying above and below the plane of the ring. The remaining 
two zinc atoms each bear a terminal OH unit and are three coordinate. A final 
variation is the adamantane cage structure which is found in the derivative 
(p-SPh)6(ZnSPh)4]-2.440 

The tetrameric derivatives have zinc(I1) atoms from three to six coordinate, with 
the tetrahedral environment being most common. The mean Zn-L bond distance in 
the four coordinate derivatives increases with the covalent radius of the donor- 
atom, for example: 1.965A (LO) < 2.227A (Cl) < 2.266A (LS); 1.963A (bidentatc 
LO) < 2.04A (N + 0) < 2.345A (bidentate LS); and 1.935A (p4-O) < 2.266A (k4-S). 

There is only one pentameric derivative, [Zn(Me,CS)(Me)ls which is shown in 
Figure 5. The zinc(I1) atoms lie near the comers of a square pyramid (apical 
position Zn(5)). The Zn-Zn distances range from 3.387 to 4.996(6)& Each zinc(I1) 
atom is tetrahedrally coordinated by three S atoms and one C atom of a methyl 
group. 

There are three heptameric examples, and the molecular structure of one of 
these433 is shown in Figure 6. The centrosymmetric complex consists of two 
distorted enantioniorphic cubes which share a comer, the centre of symmetry. The 
zinc atoms occupy the comers of a tetrahedron, while the oxygen atoms are at the 
comers of a smaller interpenctrating tetrahedron. A similar bi-cubic structure has 
been found in Z r ~ , ( M e o ) ~ ( M e ) , . ~ ~ ~  In another case, seven zinc atoms are found in 
a heptameric centrosymmetric unit bridged by acetate In each of the two 
semi units a central oxygen atom is tetrahedrally surrounded by three zinc atoms, 

i" 

Figure 5 Structure of [Zn(Me,CS)(Me)].44' 
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256 M. MELNlK et a/. 

Figure 6 Structure of Z I I , ( M ~ O ) , ( E ~ ) , . ~ ~ ~  

and the seventh zinc atom occurs in a tetragonally compressed octahedral 
environment. 

There are two examples containing eight zinc( 11) a t ~ m ~ . ~ ~ ~ . ~ ~ ~  The structurc of 
[Zn8(SPh),,C1]-445 is shown in Figure 7. In the [CIZn,(p-SPh),,(ZnSPh),]- 
molecular cage the central chlorine atom is surrounded by a tetrahedron of zinc 
atoms, itself being enclosed by an icosahedron of bridging benzenethiolate ligands 
which link an outer array of ZnSPh groups. In [Zn,{S(CH,),NMe,},,] there are 
central eight-membered Zn4S, rings in which the four symmetry related zinc atoms 
lie almost in a plane (0.187A deviation either side of the mean) and the sulphur 
atoms lie alternately on either side.446 Each pair of adjacent zinc atoms of this 
central ring is further linked by a S-Zn-S fragment, giving rise to  four six-membered 
Zn,S, rings fused to the central ring. These six-membered rings have a boat 
conformation and lie alternately above and below the mean plane of the four central 
zinc atoms. 

Therc is one example which contains ten zinc(I1) atoms.447 The molecular 
structure of the anion [Zn,,(S)4(SPh),6]-4 has a Zn,,S,S,, core with the macro- 
tetrahedral environment of the well known zinc sulphide lattice. Six of the zinc 
atoms are arranged as an inner octahedron, with four of its faces capped by triply 
bridging sulphide ions. The other four faces of the inner octahedron are capped by 
(p-SPh),ZnSPh groups, forming a large outer tetrahedron. Each inner zinc atom is 
thus coordinated by two triply bridging sulphide ions and two doubly bridging 
thiolate ligands. Each outer zinc atom is coordinated by three double bridging 
thiolate ligands and one terminal ligand. 
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ZINC(I1) COMPOUNDS 251 

Figure 7 Structure of [Zn,(SPh),,Cl]- .445 

6 .  POLYMERIC ZINC(I1) COMPOUNDS 

The crystallographic and structural data for polymeric zinc(1I) compounds are listed 
in Table 7. The variety in coordination geometry of these zinc(I1) derivatives is 
indicated by the absence of any simple classification of structural types as found in 
the previous series. There are over seventy polymeric examples in which zinc(I1) is 
found with four-, five- and six-coordinated geometries. 

Almost thirty examples are found in which the zinc environment is essentially 
tetrahedral, but with varying degrees of distortion. The mean Zn-L bond distances 
found in these derivatives shows expected trends. The mean bond distance for the 
unidentate ligands increases with the covalent radius of the donor atom, for 
example: 2.045A (LO) < 2.223A (Cl) < 2.295A (LS). A similar trend is found for 
the bidentate ligands: 1.947A (LO) < 1.977A (LN) < 2.359A (LS). 

There are fewer five-coordinate zinc(I1) polymeric derivatives (Table 7), but 
both the limiting geometries of square pyramidal and trigonal bipyramidal 
occur with varying degrees of distortion. In one derivative, Zn,(p3-OH)(p- 
C1C,H,C00)3)( H,O),, the ligands around two independent types of zinc atom 
form a trigonal pyramid and an octahedron, respect i~ely.~~’  

There are over thirty examples in which zinc(I1) atoms are six coordinate, mostly 
by 0- and N-donors. The mean Zn-N bond distance increases with the number of 
donor atoms in the order: 2.094A (mono-) < 2.146A (bi) < 2.166A (tri-) < 2.242A 
(hexadentate). In the case of the Zn-0 bond distance, the order is less systematic: 
2. I04A (H,O) < 2.120A (tetra-) < 2.124A (bidentate). 

Ovcrall, the data in Table 7 show the derivatives to be predominantly colourless, 
but there are a significant number of white, yellow, orange or purple examples. 
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There are three examples448~449:450.451:458 which exist in isomeric forms differing 
mostly by degree of distortion. 

7. CONCLUSIONS 

This review presents almost six hundred structures of zinc(I1) complexes. Although 
mostly colourless, many do have colour, which can be attributed to ligand 
absorptions or charge transfer bands. The latter is more common with electron 
withdrawing ligands. 

The lowest coordination number observed is two, which is found with the 
organometallic derivatives. The highest coordination number is seven. More 
commonly, coordination numbers four to six are found in the order of frequency, 
five < six < four. The four-coordinate derivatives are mostly distorted tetrahedral, 
a few examples having a distorted square planar environment. Consideration of the 
nuclearity of the complexes (i.e. the number of zinc atoms) indicates a wide range 
between mononuclear and polynuclear. 

Some zinc(I1) compounds occur separately as distortion isomers involving distor- 

263,2h4:314;448,449;450,451:458 Two crystallographically independent molecules of dif- 
fering degrees of distortion have been found present in one crystal in several 

common in the general class of distortion isomers.220 
In general, the Zn-L distances increase with increasing coordination number and 

covalent radius of the respective donor atoms. Several correlations can be seen 
between the Zn-Zn distances, Zn-L-Zn bridge angles, the type of bridging and the 
nuclearity. These have been discussed separately in each section. The shortest 
Zn-Zn distance observed overall is 2.86A.3x6 

This review presents the first overview of structural data for zinc(I1) compounds, 
and a related review on thc biological cffects of zinc(I1) is currently in progress. 
Despite the increasing availability of data retrieval systems, the tracing of relevant 
material is not always a straightforward task. Much data is only available as 
supplementary material and some is obscured. The systematic analysis and 
correlation of structural data should scrvc to highlight both areas of interest and 
those requiring more investigation. 

tions of both the Zn-L distances and L-Zn-L angles51:59;97:'38.139:176,177:185,186: 

CaSeS-39,hX.7 I ,  105. I 3  1,207.2 18,242,249,252.262.269.31 1,3 16,360,408 Such a coexistence is also 

A ckn o $2 )ledgem en ts 
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