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A. INTRODUCTION 

~oordiu~~on chemistry is making increasing use of uon-aqueous solvents 
as i-eaction media, Most of the usual s&ents are donor solvents and thus play 
a considerable r@e in coordination chemistry in solution. When an acceptor 
compo~d A ii dissolved and solvated the interaction with the solvent D will be 
a douor~~~~tor reaction 

At-nD T+ AD,, 

A “complex reaction” is then a ~~lac~ment or ligand~xchange reaction in 
which solvent rnol~~~(s) are replaced by competitive aced X which should 
have scanter ~oor~nat~ng properties than the solvent molecules : 

AD,,+nzX +1 AX,+nD 

In order to choose a suitable solvent for a particular reac~on, the donor 
rties of the solvents should be known. It is understood that d~erent solvents 

have different coordinating properties, but no measurable quantity representing 
the degrees of donor properties has been available until recently. 

The interaction of a covalent acceptor molecule, such as SbQ, capabIc of 
increasing its coordinator number by one unit with d~erent O-donor solvent 
molecules, D, has been measured ~orimet~~a~y in an inert medium% 

~b~i~~~~~~~=~~ + D<ai-lvcd) zf: D * sbC~s~*i~~~~~; -AND - sb~ts 

The figures obtained were found to be propo~ional to the th~~ody~~~c equ~ib- 
rium constants K obtained from spectrophotometr%? *2, and n.m.r. measurements3 

TABLE I 

--dHD.mIs AND LOO KwscbIs -VALUES FOR St%‘ERAL DONOR SOLVENTS (D) 

SOCI, 0.4 

POc& 11.7 
C&I&IV 14.1 
PDC 15.1 
Acetone 17 

Ii,0 t8 

Ether 19.2 
TMP 23 
T~bu~iphos~hat~ 24 
DMSO 29.8 

0.3 
0.7 
2.8 
3.0 
4.87 
5.3 

i?:: 
10.5 
II 
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(Table I), shrank that the entropy ~n~bu~o~ are equal for tbe solvent- 
acceptor interactions uuder consideration. 

It would be de to ~lc~ate - d H-values 
rt3M.ions. An empirx apprua~b is allowed for ce 

- A~,+,~Is- values were found defray ~ro~o~io~~~ $5 the - AHD.~-val 
when A is SbC134, SbBrs4, 
indkate that there am no considerable contributions due to s ierc int~~ction~ 

between the solvent molecules and the acceptor molecules under consideration 

Xf such a linear ~e~atio~~~ holds for other acceptors, the rne~s~r~rne~t of 
--&Z-values for 2 donor molecules should ahow us to obtain approximate values 
of -AH for ioteractio~s with Oberon other donor molecules. 

This leads to the suggestion that the donor rmmber DN of a solvent may 
be de d as the uurn~~cal -d H~~~*~ -value for the res~c~ve solve~t6-~ : 

BNSbCfs = - Afh. SbCls 

The donor num s nearly a molecular p rty of the solvent rnoi~ul~ 
and expresses the total ount of interaction witb acceptor mol~c~e 
the con~b~tiu~s of moments F~he~rno~ it can be readily det 
by experiment. Thus the donor numbe ay be considers a se~q~ti~~~ve 

~di~~o~ of the ~~l~~nt ~~er~~~~~ wi 



242 V. GUTMANN 

C. THE PREDICTION OF DONOR-ACCEPTOR INTERACTIONS 

The approximately linear relationship between the donor number of donors 
and the. -AHkD- values of a chosen acceptor towards such donors, suggests an 
empirical method of predicting -AH,.,- values. Calorimetric data for the inter- 
actions of A&h 2 different donors are neccessary. These values are then plotted 
against their donor numbers. From this plot - AH*.,-values towards different 
donors can be readily derived. 

Drago and Wayland have suggested an interesting method of predicting 
- AHA.,,- values according to the expression 

-AH,., = CACD+E&D 

where C is the covalent and E the eIectrostatic contribution denoted by A and 
D for acid and donor respectively. For the calculation the -AH-values of A 
towards’4 different donors (D1 to Da) are measured. With 

Cnr = aR,i 
E Di = bRDi 

(R being the polarizabilities and p the dipole moments) 
four equations 

Ed,,lb+CARDla = -AH1 
E.,p,-,lb + CARDza = -AH, 
E,+pD3b+CARDja = -AH3 
EGD4b+C,,RD4a = -AH, 

are obtained, which contain 4 unknown quantities (EA, C,, a and b). 
When C, and E* and the - AHkD- values towards 2 donors are known, 

calculations of -AH,.n-values towards other donors can be carried out. With 
iodine and phenol, very good agreement is obtained between the observed and 
the calculated figuresg, whilst with trimethylboron the agreement is less satis- 
factory. Lack of agreement for trimethylamine has been ascribed to steric factors. 

The discrepancies are appreciable when SbCl, is used as an acceptor 
molecule’“. When methyl acetate and dimethylformamide are used as reference 

TABLE III 

CALCULATED AND OBSERVED -A H-VALUES FOR THE REACITONS 
OF B(CH& TOWARDS CERTAM N-BASES 

Base -AU (cafe.) -AH (ohs.) 

NHs 
CHaNHa 
(CH3,NH 
V-I&N 

20.72 
25.82 

13.75 as basis for the 
17.64 1 calculations 
19.26 
17.62 



,,cts = 5.1’7 and baa = 2.9, whist with acetone and 
as reference bases CsbctS = 2.56 and EsbcfS = 2I.70. 

I s~ox~de 

-~~~I~.0 
- ~IcKIo~ed o~~e~yed 

16.03 14.1 
12.52 t7.0 
20.75 117.1 
26.82 19.2 
28.43 27.8 
28.90 29.64 
30.20 29.8 
47.16 33.1 

Thus the graphical approachlVGe8 appears to be of wider applicability than 
cutation”’ of o and Wayla~dg. Both approa~b~ before 

the same coast of empirical d - d H-v~~~s r~~r~e~~ 
~~~er~~~~~ of the aerator towards Tao di nt donor rno~~~~* 

When the fo~at~on of an anionic complex, such as a ch~~ro-~~rn~~ex in 
a s&eat is ~uns~dered~ the re on ocam by addition of a ~umpet~t~ve i 
SIX& as Cl- and be rep~se~t~d as due to a li a~d~xc~~nge xea~tion, e.g.: 

~*~b~~~~~~~~~~~, + Cl-~~i~~l~~~~ * Esbekl -~d~~~~~=d~~ a 

may be expec~d the eq~Iib~~ comity, ~~~*~==, of such reactions for 
different solvents D, were found to be inversely proportional to the donor num- 
bers of the ~~~ffts6-~ (POCI, is aa exceptions. 

t at the subvert will th~r~f~~ cover the tendency of 
~mpetitive beans to form exes since the formation of such ~rnpl~x~ 
wiII be f~voured by a de io of the coor~~at~~ ~ro~~~~s of solvent 
rnoIec~~ to those of t&e corn itive eland. On the other ~aad with ~n~r~s~~~ 

de~e~i~~ coordi roper&s of the competitive liga 
for the solute ia. solution. Wi 

and co a~tacomp~ex fo~atio~ 
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TABLE 5 

FORMATION-CONSTANTS Kcompler OF THE CHLORO-COMPLEX33 FROM Ph&Cl AND SbCls AT 
CONCENTRATIONS BETWEEN loJ TO 10” M IN SOLVENTS OF DIFFERENT DNSbCis 

Solvent DNSbCl, K complex 

1 ,2-&H&it 
SO,Clp 
SOCI, 
GH,COCI 
POCI, 
CH,CN 
PDC 
C6H5POFa 
C,H,POCI, 
<CH,b),PO 
HCON(CHJ, 

<CHASO 
C.H,N 

0.1 > 105 
0.1 > 105 
0.4 > 105 
2.3 > 105 

11.7 1.1 . 10’ 
14.1 I- 105 
15.1 3.4 * 101 
16.4 1.3 - 103 
18.5 3.9 - 101 
23.0 2.5. 100 
26.6 5.0 - 10-z 
29.8 4.0 - 10-2 
33.1 < lo-” 

With increasing donor number, the solvent will be increasingly useful as 
an ionising solvent, but the formation of complex compounds will become more 
difficult especially with weak competitive ligands. Since with small donor number 
solubility properties will in general be poor, solvents of medium donor number, 
such as acetonitrile (DNsbC15 = 14) or PDC (DNsbCla = 15) are most suitable as 
media for numerous coordination-chemistry reactions. 

E. THE DIELECTRIC CONSTANT 

A high dielectric constant may be useful for an ionising solvent but this 
property is mainly responsible for the degree of dissociation of ionised compounds 
into separate ions. Despite its high dielectric constant hydrogen cyanide is a poor 
ionising solvent due to its low coordinating properties. On the other hand a solvent 
of low dielectric constant may be a very good ionising medium provided its 
donor properties are good, as for example is tributyl phosphate (DNSbCls = 24, 
dielectric constant = 6.8). 

F. STERIC CONTF3BUTIONS 

With increasing coordination number steric consideration may become a 
decisive factor with bulky solvent molecules and with small acceptor molecules 
or ions. Thus with various transition-metal ions steric contributions may become 
apparent when the solvent positions in solvated metal cations are stepwise replaced 
by anionic ligands X-, such as Br-, Cl- or N3-. 
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The i~t~~cti~~ between V02+ and the five soIvent moleeuks is similar for 
both a~to~~t~e (~~~~*~ = 14) and DMSO (DN,bQ, = 30) because they have 
favourabIe steric protein. The i~t~~~tio~ is weaker with pro~~n~diol-~,~- 
carbonate and trirnethyl p~o~pbate~~ where steric hindrance is possible. VUhen 
four of the Iigand positions are occupied by two a~tyIaceto~ate groups, one 
coordinating site is available with sapient room for a buRy donor m,~le~u~e. 
Thus the degree of interaction of lVO(acac),]2f with the solvents k&ntioned 
above again follows the respective doaor numbers, i.e. DMSO > TMP > FDC 
> AN”. 

The consecutive replacement of solvent molecules by donor ~gauds in the 
coordination sphere of metal cations has been fo~o~ved by s~~trophotometric, 
potentiometri~ and ~onductomet~~ techniques. The deter~nation of the nature 
of the species in different solvents will indicate the occurrence of io~sation, auto- 
complex formation, anion-complex formation or certain structural features im- 
Posed on the ~ompiexes by solvent contributions_ 

Although it is impossible to draw definite conclusions which will allow us 
ta predict the behaviour of a system in a particular solvent it may be useful to 
present the available results and to attempt a brief discussion from the point of 
view outlined above. Nowever, metal-ha~de or meal-pseudoha~ide system may 
not be the best choice, due to the various coordination forms possible, and the 
consecutive equ~bria involved. Kinetic considerations are also important, but 
they have not been investigated. 

The solvents used cover a reasonabIe range of donor number from ace- 
. . 

tonttlde ~~~~~~~~ = 141, propanediol-1,2-carbonate (XM&,cts = 1 S), ~methyi- 
phosphate (DNsWrS = * 23), dImethylfo~amide (~~s~*~ = 27) and dimethyI~ 
sulfoxide (~~s~~~~ s 30). The coordinating properties of the competitive tigands 
towards group-A metals increase in the order Br- c CX- c N3-. 

In the mauganes~I~bromide system all possible coordination species are 
found in a~~toni~e13. The change from octahedral to tetrahedral coordination 
occurs from ~n~r]~ to ~n~r~~ just as in the man~n~e~hlo~de system 
in the same solvent. In PDC, manganese bromide undergoes complete auto-come 
pIex formation: 

2 MnBr, + 6 PDC “, j2++ 
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Tetrahedral [MnClJ” is formed in acetonitrile but not ‘in propanediol-1,2- 
carbonate, indicating the stronger interaction of Mn” with PDC’f,:fpdeed to- 
wards MB” PDC behaves interme~ate in donor strength between AN-;&d TMP, 
the latter having a higher donor number and favouring the formation of octa- 
hedral coordination species. The formation of the chloro-compounds in TMP 
is much slower than in PDC due to the relatively-high kinetic stability of the 
species with low Cl- coordination number’4. The bromide ion is too weak a 
ligand in tomparison to TMP, to form any bromo-complexes in this solvent13. 
Thus manganese@) bromide is ionised in TMP, even in the presence of excess 
bromide ions, just as occurs in dimethyi sulfoxide’3. 

MnBr, -f- 6 TMP z$ [Mn(TMP)J2 * + 2 Bt- 
octahedral 

MnBr2 +6 DMSO z$ ~n~MSO)~] 2*+2 Br - 
octahedral 

TABLE 6 

MANGANESE(Xi) SYSTEMS 

Species 

IMnBr]+ 
IMnBr,] 
[MnBr& 
[MnBi,lz- 

[MnCI]+ 
lMnCh1 
[MnCi,]- 
[MnCl,]‘- 
[MnCI,]+ 

MnW& p 
‘Ma WI 
fMuW,),I- 
‘MnG%W- 
~rvfn&W- 

Solvent 

AN PDC TMP DMSQ 

+ - - - 
+ - - - 
+ - - - 
+ f - - 

+ - - 
-i- + -I- 
- - - 
+ - + 
- ? ? 

- - 

-I- + i- 
- - - 
-t- + ? 

- ? 

Thus, towards Mn” the bromide ion is a stronger ligand than AN com- 
parable in donor strength to PDC and definitely weaker than TMP or DMSO, 
whilst the donor strength of the chloride ion towards Mn” may he between those 
of TMP and DMSO. 

Only tetrahedral azido complexes are formed in AN and PDC while in 
solutions of TMP the octahedral diazide and an octahedral azidomanganate(Ir) 
ion is preferred. 
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TABLE 7 

COBALT(II) SYSTEMS 

species 

[COBT] f 
ICoBr,l 
ICoBrJ- 
[CoBrJ2- 

[cxm]” 
ccocr,1 
ECOCW 
fC0CI,]‘- 

kON# 
fCm%h] 
fCo@Ul- 
lcocN,)l“- 

sotvent 
AN PDT= nne,CO TMP i3MF L)MSO 

c - - + - 

-!- - - 

+ - d f - 

-E- + -t + - 

- - -I- - 
+ -i- 1 
i- c : z - 
-i- c + c -t 

- + - 

-I- + f 
- - 
c i- -+- 

Towards Co2+ the bromide ion seems to be comparable in donor strength 
to PDC”, which gives rise to autocomplex formation in its solution. CoBr, 
gives a pink solution at once in DMSO since it is c~rnp~ete~y ionised”’ : 

CoBr, + 6 DMSO s [CO(DMSO),]~ f + 2 Br- 
octahedral 

Excess of bromide ions will not lead to the formation of a bromo-compiex. The 
more-strongly coordinating Cl- ions readily give chloro-complexes in AN and 
TMP16 and are comparable with the coordinating properties of DMSO towards 
Co”, where auto-complex formation occursf7: 

CoC12 ~6 DMSO z+ [CO(DMSO),]~* f [CoCl.J2- 
octahedral tetrahedral 

CoCl’ is unassociated in nitromethane17a (-DNsbcls - 81, autocomplex in aceto- 
* * 

mtrxle (IV+&-,, = 14.1) acetone’ 7b (LW&cI~ - 17) as well as in TMP, DMF and 
DMSO with decreasing stabilities of the anionic complex ions. 

Cobalt azide is also subjected to autocomplex formation in solution of 
dimethyl sulfoxidc. It might be expected that CoCIz and Co(N3), will undergo 
io~sa~on iu a solvent of still higher L)A&,clJ_ 

The species [CoBr]+ found in AN and TMP and [CoN$ found in TMP 
are octahedral, In the cobalt~~~o~de system no analogous species were found, 
althou~ {CoCl]* is Iorown to exist in aqueous soIutionsL**lp. All higher coordin- 
ated forms show tetrahedral structures in AN, PDC and DMSO. The change 
from octahedral to a tetrahedral species takes place when the second competitive 
ligand is added to give the neutral species CoXzD2, which has a slightly distorted 
t~~~e~ structure* 

Cm~din. Chetn. I&a, 2 (1967) 239-256 
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TABLE 8 

NICKEL(EI) t3lTlXMS 

Sdveflt 

AN PDC TMP DMF . DMSC.2-- 

-I- - - - 

+ - -f- - 

-I- - - - 

+ + + - 

- + - 
-t- - - 
-i- t - 
+ - - 

- - - 

c f -I- 
- - - 
-f- ? -t- 

? 
-I 

TMP however, differs as a solvent, since tetrahedral species are converted 
to octahedral or pseudo-octahedral species in its solutionszO. 

Auto-complex formation occurs with nickeI~I) and Br- ions in PDC?, 
with Cl- ion in the more-strongly coordinating DMF” and with N,’ ion at least 
in part in DMSO 20. Both NiBr, and NICI, are simply ionised in DMSO with 
no iadication of formation of chloro-complexes in the presence of excess chloride 
ion 

~iBr~~6 PDC z$ [~i(PD~~~~2~ +@IiBrJ*- 
octahedral tetrahedral 

NiBr, -t- 8 TMP %z Iryi(TMP),]2* i- @liBr,(TMP),]2- 

NiBra -t-6 DMSO * CNi(DMSO)B]2’ 4-2 Br- 

NiCI, + 6 DMSO z+ mi(DMSO),J2 + -f-2 Cr- 
octahedral 

T~me~yl phosphate (DNsbc15 = 23) exhibits unique properties towards Ni” 
in as much as pseudo~~t~e~a~ coordination occurs towards the bromide ion. 

Additional solvent contributions account for the fact that in TMP the 
hexa-coordimation of rhe solvated nickel(U) ion is maintained by stepwise azide 
coordination with the probable formation of a hexaazido complex ion. The sta- 
bility of Ni(N& is low compared with that of the hexaazidouickel(II) ion, in- 
dicating some autocomplex formation of Ni(N& in this solvent. 

In aceronitrile a change to the diazide is found, In this solvent hexacoor- 
dinated species ~i(~~)=(A~~-~~tz-~ are again present. 
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In DMSO the azido complexes show lower stabilities than in AN since 
reasonable competition is provided by the strongly-coordinating solvent molec- 
ules2’. The species mi(N,).J2- seems to have a distorted octahedral arrangement 
with two DMSO molecules coordinated at the apices of the octahedron.Thus 
wi(N,)J2- may be considered as planar with respect to azide coordination, just 
as is known in ~i(CNJJ2-. 

The preferred hexa-coordinated arrangements in the azido complexes in all 
three solvents may be favoured by the small size of the rod-like azide ions and by 
x-bonding contributions in the metal-azide bonds. 

(0) Copper (II) systems 

TABLE 9 

COPPER@) SYSTEMS 

Species 

[CuCI]+ 
[CUCI,] 
[CuClJ- 
[CuCI,I”- 

W0JJl+ 
[Cu(N&l 
KWWJ- 
rcW%W- 

Solvent 

AN TMP DMF DMSO 

+ + + + 
+ -I- - + 
+ ’ + - 
+ T - - 

+ + 
L 
4 

+ J 
+ - 

+ + + 

In the copper(H) system in acetonitrile and trimethyl phosphate all possible 
coordination forms with chloride’6D22 and azide are found2’; autocomplex forma- 
tion occurs for CuCI, in DMF” (DiV&,~ = 27) while ionization of CuCI, 
takes place in the more strongly coordinating dimethyl sulfoxide even in the 

presence of excess chloride ions. 
In the copper(H)-azido system, [CuN,]+, Cu(N&], [Cu(N,)s]- and [Cu- 

(N&J’- are found inTMPand AN. In DMSO, [CuN,]‘, [CU(N~)~I and [Cu(N3),-] 
may be formed. All azido-complexes have distorted-tetrahedral structures as is 
characteristic for Cu”. The stability of the azido-cbmplexes in DMSO is higher 
than that of corresponding chloro-complexes in the same solvent, where there is 
stronger competition between chloride ion and DMSO molecules as ligands. 

(ui) Vanadium(III) systems 

VCI, and VBr, give colored solutions in AN in which six-coordinated units 

VX3 l (AN), were shown to be present f3. Several X--coordinated species are 
found in ANand TMP with some indication of partial dissociation of the tetrahalo- 

Coordin. Chem. Rev., 2 (1967) 239-256 
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TABLE 10 

- - -+ 
+ - - 
“i- - -l- 
i- %” - 
- c -I- 
- - - 

+ + -i- 
+ c - 
-I- + -I- 
- - - 

+ -I- -f- 
- -l” - 
-i- 4 - 

complex~2*; this is more pronoun~d in the strong~y~oordina~~~~ DMSO. 
avouch acetmitrile and propan~diol-i,2-~rbonate have n~~lyNiden~ca1 

donor numbers, complexes of low coordination number towards halide andpseudo- 
halide ions show higher stabilities in AN. In the bromide system autocomplex 
fo~atio~ occurs in PDCL3, while partial ionization of VBr, occurs in TMP. 

(TMP)sVBr3 i- 2 TMP s [(TMP&VBr] + 4-2 Br- 

Again TMP is unique in that even the octahedral triazide has a low sohbility 
and shows no marked tendency to further Ns --~~rdinatiou24. This is likely to 

TABLE 11 

lTrw(rfI) SYf3xx%fs 

Species Solvent .~. -~ 
AN Pm.7 TMP 
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be due the presence of polymeric and possibly partially-solvated species, suggested 
by the poor solubility and the tendency to form colloidal s01utious~~. 

The tendency for hexa~o~i~atio~ with a disto~~d~~e~~ structure is 
observed for titanium(III) compounds, where cationic species are harQly detect- 
ed24*25. The neutral species TiXa are uon~l~trol~~ in Al? where &ey are six- 
coordinated, and in TMP polymeric species seem to be present. In PDC both 
hexachloro- and hexaazido species seem to be formed; the latter is also formed 
in AN. 

In AN pi(N&]- is found as an intermediate in the formation of the hexa- 
azido cornpk~~~, w bile in PL)C there are no indications of the tetraazido com- 

pound. 

(viii) Chromium(IU) systems 

TABLE 12 

CUR0 (m) - 

Species Solvent 
AN P.DC TMP 

- - + 
-i- -i- - 
-+ z -i- 

-t” 
; - - 

- - -+ 
-f- -f- - 
+ + + 
- - 

c + - 

As mdy be expected for Cr “I, only hexacoordinated forms2’ are present in 
this system 24*2s. Again the highest chtoro- and ~do~omplexes are not formed 
in TMP, due to factors indicated in the discussion for Tim and Vu’ compounds. 
In AN and PDC the cationic species [CrX,D,lt is formed in e~uitib~~ with 
both [Cr(D),]3f and CrX,D,. 

ned in the iro~(III) systems in provide evidence that 
t&e coordirmting properties of both the solvent aad the combative figaod are 

very ~mpo~a~t. Thus in DMSO, a solvent of high DJVsM)“ts, no chlor~~rnpI~x~ 
of ferric ion can be d~t~ted~‘02a since DMSO is a sculler li than the chjor- 

GWr&& ctiem. Rev., 2 (1967) 239-256 
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ide ion. Accordingly no bromo- and iodo-complexes can be expected to be formed 
in this solvent apart from the instability of such iron(IiI)-systems towards redox 
reactions. With azide ion - a ligand which is stronger than the chloride ion - 
only octahedraI [Fe(&),]- can be detectedzg, indicating autocompfex formation 
of the assumed’ triazide just as has to be assumed for ferric ffuoride in the same 
solvent. With stronger hgauds such as SCN-, stronger complexes with higher 
coordination numbers can be found even in DMSOZs. 

Both chloro- and azido-complexes can be formed in solvents of lower 

D&bcIs such as AN or PDC, while in DMSO ~e(N,)&DMSO),]- is the highest 
anionic species. 

While FeCl, is completely dissociated in the strongly-coordinating DMSO 
even in the presence of a large excess of chloride ion, autocomplex formation is 
favoured both in TMP3’ and triethyl phosphate3’. The formation of chloro com- 
plexes is preferred in solvents of lower DiV&-,% even if only small amounts of 
chloride ions are present, as seems to occur in phosphorus oxychloride32p33 or 
phenylphosphonic dichloride 34 Indeed POC13 and (EtO),PO have vastly-different . 

coordinating properties and any conclusions drawn from the results in triethyl 
phosphate cannot be applied to a different solvent such as POCI, as has been 

TABLE 13 

LRON(Ur) SYSTEMS 

Species 

+ + - - 
- - + f - -t- + t + -i- - + + + + -?- - 
- -I- - 
- + - - 
+ + i 
- - - -t- 
+ + + 

- 

-t- 
- 
-t- 
- 

- 

: 
-i- 

- 

+ 
-- 



recently ~~v~~c~~3 s*36. In the latter solvent considerable association of F&I3 is 
observed as well as in the weakly e~or~natin~ solvent ui~omethane37. 

It is remarkable that in all the sol nvest~gated, no octets’ chIoro 
compiexes have beesl found - even * tetrahedral fFeC1J’ iGjK being 
pr~ent30. The change from ~cta~~~ [FeLJ3* to tetr~edr~ species occurs 
with the coordination of the first chloride ion; [FeClf2’ is &arly tetrahedr~ in 
AN and PDC?. 

: 
i- -J- - -f- 
-J- i- -J- - 

- -J- 1 - 

-6 c i- -i- - 
- - 

t 

I 

T 
- 

-!- z - - - -+- P 

-6 -J- + + 

ro- and ado-systems of va~adyl(~~ is the 
hest anionic complex ia all solvents investi- 

whilst [vo(N,),~3- a rs to be present under similar conditions. The 
t forms are produced and PDC with stoi~biome~~c amounts of the 

excess and in DMSO a f SO-fold excess of 
ligand is necessa~ for the azido com~~exes3’. This is again an ~~~t~o~ of the 
importance of the relative cour~~ati prupe~~ of solvent molecules and of 
the competitive glands. 

The greater coordinating stren of the azide ion is clearly shown in 
DMSO, where ~ss~iation of VOCI, takes place even in the presence of excess 
chloride ionsz2 
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TABLE 15 

VANADYL(tij PERCHLORATE SPECTRA IN DXFFERENT SOL’JENTS 

an 785 675 

PDC 680 H,O 765 22 
TMP 720 820,78S,550,380 
DMSO 825 625 

A consideration of the el~~~o~c spectra of vanady1~ perchlorate in AN 
PDC, TMP and DMSO shows the ~ntribution by the solvent molecules as seen 
in Table 15. 

In solvents of low- and of high donor numbers, nameiy AN and DMSO 
respectively, the maximum is found at long wavelen~h and the shoulder at smaller 
waveiengtb, while in solvents of jnte~ediate ~~s~~~, namely PDC and TMP 
the reverse is true. Thus the steric factor appears to determine the degree of ion- 
solvent interaction: the smafi size of the AN-molecules favours stronger i~temction 
than with PDC! or ‘I”MP3*. 

II, CONCLUSIONS 

The discussion above shows that, in a qualitative way, the order of the 
donor strengths of the solvents is usuahy invariant but steric contributions are 
also important. 

Acetonitrile with its medium donor number, reasonably high dielectric 
constant and favourable steric prope~ies gives rise to most of the possible coor- 
dination species which are of course in eq~~brium. 

Propanediol-1,2-carbonate, similar in donor number to AN but with high 
dielectric constant and less-favourable steric properties gives rise to auto-complex 
formation in certain bro~de systems showing an interaction with the metal 
cations which is stronger than that of AN. Sometimes octahedral forms are fa- 
voured, while in AN the corresponding species have tetrahedral a~angemen~. 

TMP of stronger coordinating prope~es favours hexa~ordination (only 
Co’” and Fe”’ giving tetrahedral species in this solvent). Autocomplex formation 
is found in some bromo- and chloro-systems and possibly also in the nickel(H)- 
azido system. The number of coordina~on forms ~tabIishe~ in the solutions is 
in general smaller than in AN or PDC, some of lower~coordi~ated forms show 

kinetic stabilities. Hexachloro- and hexaazido complexes are usually easily 
formed, but with Tim, V”” and Cr”‘” complexes, of the type M(N3), are extra- 
ordinarily stable; this is probably due to the for~tion of polymeric species. The 
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teude~ey to form macromo~e~u~a~ species is in example of a specific solvent e&ct 
which has not been investigated in any more detail. 

Xn DMF, a st~il-strongly ~oordin~t~~ solvent (DNsbcrs = 27& ~~to~ornp~~x 
formation is indicated for NiCI,, CuCI, and F&I, which wili show io~~a~~on in 

DMSO ~~~s~c~~ = 30)_ 

DMSQ, the strongest donor solvent: under consideration, ionises many 
halides without aay possibility uionic complexes even in the presence 

of a large excess of halide ion; include CoBr2, MaBr2, CuCI,, NiCl*, 
FeCl,, VC3CIz and S&39. Wi nds such as N3 - or CN”, and 
Fe”” ion, hexacoordinated forms containing solvent moIecuks as ligauds are 
preferred, e.g. [Fe(~~)~(D~fSO)~~ being the highest azide complex. 

It will be of interest to extend the investigations to other ~r~sit~ou-metal 
systems and to other solvents, to measure coordinating properties of various 
~orn~~tit~~e ligauds and the acceptor stren of various me&f cations. 
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