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The solvating properties of a number of carbonyl com- 
pounds have been investigated. The ligands used are 
acetaldehyde, propionaldehyde, benzaldehyde, methyl- 
formate, formamide, N,N-dimethylformamide, aceto- 
ne, chloroacetone, butanone, acetophenone, ethylace- 
tate, acetamide, N,N-dimethylacetamide, acetanilide, 
chloroacetamide, trimethylacetamide, benzamide, ni- 
cotineamide, 2-nitrobenzamide, 2,6-dichlorobenzamide, 
urethane, urea and dimethylcarbamoylchloride. 

The complexes are characterized and identified by 
means of chemical analysis and physical. measure- 
ments. Ligand-field parameters are reported for the 
solvates of cobalt(II) (in the solid state) and nickel(i1) 
(both in the solid state and in nitromethane solution). 

A (linear) correlation between the ligand-field pa- 
rameters and parameters describing certain electronic 
effects of the substituents RI and RZ in RlRrCO mole- 
cules, has been investigated; it is shown that no cor- 
relation exists. 

Introduction 

Complexes containing carbonyl compounds (gene- 
ral formula R&CO) as ligands were prepared as early 
as in 1901.’ In following years quite a number of 
carbonyl complexes have been prepared and identified; 
in fact, the number of complexes now known is so 
large that it is impossible to review here in detail all 
investigations on this subject. 

However, we will mention a few investigations 
pertinent to this work: Drago et a1.*f3 prepared and 
identified a series of amide complexes towards Ni” 
and Cr’“. These studies were undertaken to investi- 
gate a correlation between the ligand-field parameters 
Dq and p and the enthalpy of adduct formation be- 
tween the ligands and phenol or iodine.4s5 Because 
this was the first systematic investigation of substi- 
tuent effects on ligand-held parameters, these studies 
are rather important. As regards the results (which 
were quite remarkable), we can best cite Drago:6 

(a) Present address: Chemical Laboratory of the Free University, 
De Lairessestraat 174, Amsterdam, The Netherlands. 

(1) A. Rosenheim and W. Stellmann. Chem. Ber.. 34, 3377 (1901). 
(2) R.S. Drago, D.W. Meek, M.D. Joestem, and L. LaRoche, 

fnorg. Chem., 2, 124 (1963). 
(3) J.H. Bright., R.S. Drago, D.M. Hart, and S.K. Madan, lnorg. 

Chem., 4. 18 (1965). 
(4) R.S. Drago, D.A. Wcnz, and R.L. Carbon, 1. Am. Chem. SOC., 

84, 1106 (1962). 
(5) M.D. loestcn and R.S. Draw, /. Ant. Chem. Sot., 84, 2696 

(I 962) 

“For a series of amides of the type R’C(O)N(Rz)R3 
it was found that whenever R’ and RZ are both alkyl 
groups, lower values for Dq and fi result for ‘the six 
coordinate nickel complexes than when either R’ or 
both RZ and R3 are hydrogens. This is not in agreement 
with the observation that toward phenol and iodine 
the donor strengths of these amides are found to in- 
crease with the number of alkyl groups. It was propos- 
ed that a steric effect exists between neighbouring 
coordinated amide molecules in the metal complexes”. 

Although the enthalpy investigations were extended 
to carbonyl ligands other than amides’*’ and acceptors 
other than phenol or iodine, the ligand-field parame- 
ters investigations remained restricted to amide com- 
plexes?” Most probably this was caused by synthe- 
tic problems. 

Recently, we studied the coordination chemistry of 
phosphoryl compounds.“‘2 It was shown that the 
ligand-field parameters did not vary significantly with 
the substituents investigated.“*” It seemed therefore 
interesting to extend the investigation to other oxygen- 
donor ligands, in order to see whether or not such 
behaviour is typical for oxygen-donor complexes. 

Now Driessen13*‘4 recently discovered a new pro- 
cedure for the preparation of a certain type of com- 
plexes (those of “weakly coordinating oxygen-donor 
ligands”). Quite a few of the new complexes that 
he prepared were carbonyl complexes which could 
hitherto not be synthesized. 

Because of these reasons, an investigation of the 
possible existence of a correlation between ligand- 
field parameters of carbonyl complexes and substi- 
tuent group electronic parameters, has been under- 
taken by us. 

The present paper is divided in two sections. The 
first section deals with the preparation and identifi- 
cation of a number of new carbonyl complexes. The 
second section deals with the investigation of the cor- 
relation mentioned above. 
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Experimental Section 

Starting materials. Most metal salts were commer- 
cially available or were prepared by standard proce- 
dures.15 The ligands were all commercially available 
and were used without further purification. 

Preparation of the complexes. All BF?- complexes 
were prepared by the method described by Van Leeu- 
wen.16 All SbCb- and Inch- complexes were prepar- 
ed by the method described by Driessen.‘3r’4 Most of 
the complexes are hygroscopic and must be handled 
in a dried glove-box. 

Meuslirements. Semi-micro metal analyses were 
carried out by complexometric titrations, as described 
by VogelI and Schwarzenbach.‘” Element analyses 
(C, H and N) were carried out under supervision of 
Mr. W.J. Buis at the Micro-Analytical Department of 
the Institute for Organic Chemistry TNO, Utrecht, The 
Netherlands. 

X-ray powder diagrams of the compounds were ob- 
tained with a Guinier type powder camera using Cu- 
Kcc radiation. The samples were mulled with vase- 
line and protected from atmospheric vapour by adhe- 
sive tape. 

Infrared spectra in the 4000-400 cm-’ region were 
recorded on an Unicam SP.1200 spectrophotometer. 
The samples were measured as nujol mulls sandwich- 
ed between potassium bromide plates. Absorptions 
were calibrated against polystyrene.” Infrared spec- 
tra in the 700-200 cm-’ region were measured on a 
Hitachi EPI-L spectrophotometer as nujol mulls be- 
tween polythene plates, using equal thickness of poly- 
thene in the reference beam of the apparatus. Water 
vapour served as a calibrant in this region.20 

Diffuse reflectance spectra of the solid compounds 
were recorded on a Beckman DK-2A ratio recording 
spectrophotometer (2500-350 nm), equipped with a 
standard reflectance attachment. Samples of moistu- 
re-sensitive compounds were prepared in a dried 
glove-box, and protected against moist air in a sample 
holder as described by Van Leeuwen.*’ Spectra were 
measured by the double-beam technique, with magne- 
sium oxide as a reference. Transmission spectra were 
recorded with the same apparatus, using a 1 cm silica 
cell, with the pure solvent as a reference. 

Conductivity measurements were carried out with a 
Philips cell, type GM 4221, and a Philips conductivity 
bridge, type 4249. 

Results and Discussion 

Section I. The complexes. In Table I the ligands 
investigated in the present work are listed together 

(15) G. Brauer, Handbuch der priiparativen Anorgnnische Chemie, 
P. Enke Verlag, Stuttgart, 1962. 

(16) P.W.N.M. “a” Leeuwe” and W.L. Groeneveld, Inorg. Nucf. 
C/tern. Letters. 3, 145 (1967). 

(17) A.I. Vogel. A Text-Book of Quantitative Inorganic Analysis, 
Longmans, London, 1964. 

(18) G. Schwarzenbach. Die Komplexometrische Titration. F. Enke 
Vcilag. Stuttgart, 1965. 

(19) K. Nakamoto, infrared Spectra of Inorganic and Coordination 
Compounds, Wiley, New York, 1970. 

(20) Hitachi Instruction Manual, N-6097E, 67.1(FT). 
(21) P.W.N.M. van Leeuwe”, thesis, Leiden, 1967. 
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with their abbreviations. In Table II the new com- 
plexes are tabulated with their colours, melting points 
and analytical data; details about the other complexes 
can be found in refs. 13, 14. 

Table I. Carbonyl ligands (R&CO) investigated in the 
present work. 

Description RI RZ Abbreviation 

Acetaldehvde H CH, AA 
Propionaldehyde 
Benzaldehvde 
Methylformate 
Formamide 
N,N-dimethylformamide 
Acetone 
Chloroacetone 
Butanone 
Acetophenone 
Ethylacetate 
Acetamide 
N,N-dimethylacctamidc 
Acetanilide 
Chloroacetamide 
Trimethylacctamidc 
Benzamide 
Nictotineamide 
2-Nitrobenzamide 
26Dichlorobenzamidc 
Urethane 
Urea 
Dimethylcarbamoylcloride 

2 
CH: 
CH, 
CH, 
CHI 
CH, 
NH, 
NH, 

::: 
NH, 
NHr 
NH2 
NH, 
N(CH,), 

G2H* PA 
GH, BA 
OCH, MF 

EZH,), L:F 
CH, A 
CHZCI CA 
C,Hs BN 
CaH, AF 
OC,Hs 

$H,,, 
ZM 
DMA 

N(H)GHs AAN 
CHIC1 CAM 
CYCH,), TMAM 

::::, 
BAM 
NAM 

C,H,NO, ONBA 
C,H,Cl, DCBA 
OC~HI UT 
NH? u 
Cl DMCC 

With the ligands FA, DMCC, DCBA, and ONBA, 
no solid complexes could be prepared. In the case of 
DCBA and ONBA, c the reason might be a steric ef- 
fect.” In the case of FA and DMCC, complex for- 
mation does occur (i.e. a colour change of the metal 
salt soiution took place upon addition of the ligand); 
we are here thus dealing with a crystallization pro- 
blem. With NAM solid complexes could be prepar- 
ed. However, coordination appeared to take place 
via the pyridine-N atom (cf. refs. 23, 24); consequen- 
tly this ligand was not investigated any further. 

Infrared spectra showed that in all complexes the 
C=O stretching vibration is shifted to lower fre- 
quencies compared with the frequencies of the C=O 
stretching vibrations in the free ligands. This indica- 
tcs that coordination has occurred through the car- 
bony1 oxygen atom of the ligands.‘3,“,‘9 

The far infrared spectra of the SbCl6- complexes 
all showed a strong and rather broad band at about 
345 cm-‘. This band is characteristic for the SbClb- 
ion and has been assigned to the vJ(tl,) mode of this 
octahedral.‘3,‘4*‘9 The spectra of the tetrafluoroborato 
complexes showed the vibrations usually found for 
uncoordinated BF4- ions.“,” 

Of further interest are the metal-ligand stretching 
vibrations, since the positions of these bands for the 
various complexes might give an indication about the 
relative ligand strength. Unfortunately we were un- 

(22) P.I. Krueger a”d D.W. Smith, Corz. j. Clrcm., 45, 1611 (1967). 
(23) R.C. Paul. H. Arorn, atid S.L. Chadba, Inorg. Nucl. Cherrt. 

Lcllcrs, 6, 469 (1970). 
(24) K.L.H. Chen and R.T. Iwamoto, Irior8, Chirn. Acln, 3, 223 

(1969). 
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Table II. New carbonyl complexes; their analyses, melting points and colours 

% M” Melting point 
Compound Found Calcd Colour CW 

Mn(U)r(BF& 9.37 9.33 white 178 dec 
Co(U)s(BF,)z 9.94 9.94 red 168-170 
Ni(U)&F+X 9.93 9.91 green 176 dec. 
Zn(Uh(BF& 11.2 10.9 white 138 dec. 
Cd(U)s(BF,)z 17.4 17.4 white 147-149 
Mn(UT)s(SbCLh 4.20 4.37 white 190 dec.a 
Co(UT)6(SbCl& 4.64 4.67 pink 199-201 
Ni(UT)6(SbCl& 4.64 4.65 light gleen 208 dec. 
Zn(UT)6(SbCl& 5.11 5.15 white 158-160 
Cd(UT)6(SbCl& 8.52 8.54 white 140 dec. * 
Mn(CAM)&SbCl& 4.30 4.28 260 dec.= 
Co(CAM),(SbCl& 4.59 4.57 

yellow 
pink 260 dec. 

Ni(CAM)&3bCl& 4.54 4.56 light green 252 dec. 
Zn(CAM)6(SbCl& 5.03 5.05 white 215-217 
Cd(CAM)@bCl& 8.39 8.37 white 194196 
Co(DMF)6(BF,)z 8.81 8.78 red 120-122 
Ni(DMF)s(BFJ2 S.82 8.75 green 142-144 
Zn(DMF)6(BF& 9.42 9.65 white 92-95 
Co(AAM)6(BFJ, 10.2 10.0 red 152-156 
Ni(AAM),(BF,L 10.4 10.0 light green 190-192 
Cd(AAM)e(BF,)z 17.9 17.6 white 95-98 

Nl(DMA),(BF& C?(DMA)s(BF,)z 
8.00 7.80 purple-red 84-86 
7.90 7.76 yellow 105-l 10 

Cd(DMA),(BF& 14.2 13.9 white 12(F122 
Co(BAMh(BF& 6.29 6.14 red 23(1238 
Nl(BAM),(BR)z 6.33 6.12 light green 249-25 1 
Zn(BAM)6(BF,)2 6.58 6.77 white 201-203 
Co(AAN)6(BF,)r 5.81 5.65 red 249-25 1 
Ni(AANJs(BF& 5.79 5.63 light green 249-25 1 
Co(TMAM),(BF& 6.72 7.02 pink 248-251 
N1(TMAMk(BF& 6.89 7.00 light green 249-251 

a %C: 16.4 (calcd 17.2), %H: (calcd 3.36), %N: 6.42 (calcd 6.68). * %C: 16.4 (calcd 16.4). %H: 3.19 (calcd 3.22), %N: 6.37 
(calcd 6.39). c %C: 11.2 (calcd 11.2), %H: 1.94 (calcd 1.88), %N: 6.58 (calcd 6.54). 

able to assign these bands definitely for all complexes 
(cf. refs. 13, 14). 

As can be seen from Table II, all complexes con- 
tain six carbonyl molecules per divalent cation. In- 
frared spectroscopy showed that all ligand molecules 
in a complex are equivalent and coordinated via the 
carbonyl oxygen atom; furthermore these spectra indi- 
cated uncoordinated anions. The band positions in 
the ligand-field spectra of the Co” and Ni” complexes 
agreed with octahedral symmetry of the cations (see 
also section II). Furthermore, the X-ray powder pat- 
terns showed that al complexes of a given ligand were 
isomorphous. 

It can therefore be concluded that all complexes 
listed in Table II are octahedral solvates and can be 
formulated as [M(ligand)6]2+(Anion-)2. 

Finally, it is remarked that with the ligands U, 
DMF, AAN, DMA, BAM, AAM, and TMAM, hexa- 
kis metal(I1) perchlorate complexes have been report- 
ed in the literature.2~g~10~2’~25~28 

Section II. Ligand-field and substituent parameters. 
For evidence about the coordination around the me- 
tal ions and the ligand-field strengths of the carbonyl 
compounds, ligand-field spectra of the Co” (in the 
solid state) and the Ni” complexes (both in the solid 

(25) M.B. Welch, R.S. Stephens, and R.O. Ragsdale, Inorg. Chim. 
Ado, 2. 367 (1968). 

(26) R.W. Gray, M.B. Welch, and R.O. Ragsdale, Inorg. Chim. 
Acto, 3, 17 (1969). 

(27) W. Scheider, Helv. Chim. Ada, 46, 1842 (1963). 
(28) M.A.J. Jungbauer and C. Curran, Nofurc, 202, 2% (1964). 

state and in nitromethane solution) were taken. 
The band positions in the ligand-field spectra of 

the Co” complexes are in agreement with octahedral 
symmetry of the cations. The methods of calculation 
for the parameters Dq and B from the ligand-field 
spectra of octahedral Con complexes were discussed 
by Reedijk et al:” These authors introduced a new 
method, which considers the lowering of the 4T1,(F) 
state by spin-orbit splitting. In Table III the band 
maxima, assignments and calculated parameters are 
listed. For details on the calculation method, we re- 
fer to the original paper by Reedijk et al.” 

The ligand-field spectra of the Ni” complexes also 
correspond with octahedrally surrounded metal ions, 
both for the solid and solution measurements. It 
seems appropriate to mention the way the solutions 
were made: Solutions of the BF4- complexes were 
prepared by dissolving the solid complexes in dry 
CHsNOz. Solutions of the SbCL- complexes were 
prepared by adding the ligand to a solution of Ni- 
(CH~NO&(SbCl& in CH~NOI (cf. refs. 13, 30). .In 
some cases this resulted in decomposition of the com- 
plexes; nevertheless measurements were possible in 
most cases. Whenever possible, metal to ligand ra- 
tios of 1: 6 and I: 8 were taken, besides a measure- 
ment with a large excess of ligand. Finally, it is re- 
marked that all solutions were about 0..05 molar. 

(29) J. Reedijk, W.L. Driessen, and W.L. Groeneweld, Rec. Trav. 
Chim.. Slf. 1095 (1969). 

(30) W.L. Driessen ond W.L. Grceneveld, Rec. Trav. Chim., 88, 
491 (1969). 
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Table III. Ligand-field spectra of solid cobalt(H) carbonyl co mplexes. 

Compound 
Band maxima (kK) and assignments* D¶ B 

VI V2 VA cm-’ cm-’ 

Co(AAWnCLJ2 
Co(PA)c(InCl,h 
Co(BAWbCL)z 
Co(MFls(InCLJ2 
Co(DMIWF.)z 
Co(AWnCLJ2 
Co(CA)41nCLJ2 
Co(BN)6(InCLJI 
Co(AF)6(InCL)2 
Co(EA)GbCL), 
Co(AAM),(BF& 
Co(DMA)dBF& 
Co(AAN)dBF,h 
Co(CAM)dSbCl& 
Co(TMAMMBF.)z 
Co(BAM14BFJt 
CoWT)s(SbCl& 
Co(WBF,)z 

8.68 
8.67 
8.74 
8.10 
8.17 
7.90 
7.73 
7.57 
7.47 
7.30 
8.06 
6.98 
8.05 
8.44 
8.30 
8.08 
7.87 
7.59 

16.4 sh 
16.2 
i6.1 
16.2 sh 
- 
15.3 sh 
15.3 sh 
15.8 sh 
15.8 sh 
14.4 sh 
- 
13.8 
- 
15.4 
- 
14.9 
15.4 
15.4 

19.7 948 805 
20.0 947 830 
20.2 954 840 
19.6 883 839 
19.4 891 823 
19.0 862 811 
19.1 842 827 
18.9 824 824 
19.4 810 866 
18.9 792 841 
19.3 879 824 
18.5 755 835 
19.2 878 817 
19.7 922 821 
19.3 906 806 
19.3 881 821 
19.3 857 831 
19.1 825 836 

*: v, = ‘Tz,t’T,,(F), vz = ‘A&T,,(F), v, = ‘TI,(P)+‘TI,W. 

Table IV. Ligand-field spectra o nickel(I1) carbonyl complexes. 

Band maxima (kK) and assignments a,b * 
Compound State VI VS VI V3 

Dqb B b.c 
cm-’ cm-’ 

Ni(AA)6(InCl,)2 
Ni(AAh(SbCl& 
Ni(PA)6(InCl+)~ 
Ni(PA)JSbCl& 
Ni(BA)a(SbCl& 
Ni(BA)e(SbCl)& 
Ni(MFJ,(InCl& 
Ni(MFh(SbCl& 
Ni(DMF)s(BF& 
Ni(DMF)dBFa), 
Ni(DMF)6(SbC16)z 
Ni(A),(InClJj 
Ni(A),(SbCl& 
NI(CA),(I~CI,)~ 
Ni(CA)s(SbCI,)2 
Ni(BN)6(InCI,)2 
Nj(BN)s(SbCl& 
Nt(AF),(InCl,h 
Ni(AF)6(SbC16), 
Ni(EA)s(SbCl,), 
Ni(EA)6(SbC16)2 
Ni(AAMh(BF+h 
Nl(AAM),(BR)z 
Ni(AAM)6(SbCI,)2 
Ni(DMA),(BKX 
Ni(AANh(BF,X 
Ni(AANh(BFJ, 
Ni(CAMh(SbCl,), 
Ni(TMAM),(BF,h 
Ni(BAMh(BF,), 
Ni(BAMs(SbCla), 
Ni(UT6(SbC16), 
NI(U)~(BFJI 

Solid 
In CH,NOz 
Solid 
In CHjNOz 
Solid 
In CHINOZ 
Solid 

%H3N0* 
In CHJNO, 
In CH,NOr 
Solid 
In CH,NOI 
Solid 
In CH,NO, 
Solid 
In CH,N02 
Solid 
In CH,N02 
Solid 
ln CH,NO, 
Solid 
In CHJN02 
In CH,NO> 
Solid 
Solid 
In CH,N02 
Solid 
Solid 
Solid 
In CHINO2 
Solid 
Solid 

9.44 
8.62 (8.70) 
9.39 
8.70 (8.58) 
9.48 
8.89 (8.93) 
8.80 
8.40 (8.40) 
8.77 
8.53 
8.45 (8.30) 
8.60 
8.16 (8.16) 
8.39 
8.10 (8.10) 
8.20 
8.06 (8.03) 
5.10 
8.00 (8.00) 
7.95 
8.03 (8.05) 
8.64 
8.33 
8.21 (8.22) 
7.29 
8.33 
8.23 
8.44 
8.50 
8.61 
8.31 (8.33) 
8.24 
8.10 

16.0 
15.3 
15.8 
15.3 
15.9 
15.4 
15.2 
14.3 (13.9) 
15.1 
14.9 
14.2 (14.8) 
15.2 
13.5 
13.4 
14.6 
13.9 
13.4 
15.4 
13.4 (13.3) 
13.2 
13.2 
13.7 
13.5 
13.4 ( 
12.4 
13.3 
13.7 
15.1 
i3.9 
14.6 

13.3) 

13.3) 

13.5 (13.6) 
13.4 
13.1 

13.9 sh 
13.6 
13.6 sh 
13.8 
13.4 sh 
13.5 
13.9 
14.3 (14.9) 
13.8 
13.6 
14.2 (13.6) 
13.9 
14.9 
14.6 
13.3 
14.8 
14.5 
13.8 
14.5 (14.5) 
14.8 sh 
14.8 (14.6) 
15.0 
14.7 
14.6 (14.4) 
14.5 
14.7 
15.1 
13.6 
13.9 
13.4 
15.1 (14.4) 
14.8 
14.5 sh 

- 
- 
26.5 
- 
- 
- 
25.5 
- 
25.G 
- 

24.8 
- 
24.8 

24.5 
- 
- 
- 
- 

23.6 
- 
- 
23.4 
24.7 
- 
- 
24.9 
25.2 
- 
- 
24.7 

944 
862 (870) 
939 
870 (858) 
948 
889 (893) 
880 
840 (840) 
s77 
853 
845 (830) 
860 
816 (816) 
839 
810 (810) 
820 
806 (803) 
810 
800 (800) 
795 
803 (805) 
864 
833 
821 (822) 
729 
833 
823 
844 
850 
861 
831 (833) 
824 
810 

18911 
Pgl 

[8531 

[E] 
911 

[;;;I c 

[8891 
[;;;I[ 
_ _ 

GM)] 

(865)] 

1;;; 1 
_ _ 
1;;; 1 

[8671 
rw1 
Rg1rwo1 
wo’ [(915)1 3 

[896 
[ii; [ (884)] 

903 

909 
[894][(894)] 
‘;;;I 

* v, =‘T,.,c’A:,, vz = ‘T,,(F)t’A,,, v, = ‘T,,(P)4A,,, v, = ‘E&Az,. b Values in parentheses are for solutions with excess li- 
gand (M: L = 1: 8); solutions are about 0.05 molar. ~Values in brackets wcrc estimated from the band-shape (see ref. 31). 

Reedijk et aZ.3l elaborately discussed the calculation 
of the ligand-field parameters from the spectra of oc- 
tahedrally coordinated Ni*+ ions. For details on the 
calculation method, we refer to this paper. It is how- 
ever remarked that in the case of the SbCL- and some 

(31) J. Reedijk, P.W.N.M. van Leeuwen and W.L. Groeneveld, 
Rec. Trov. Chim., 87, 129 (1968). 

of the I&L- complexes, the “third” band (~3) is 
hidden under charge-transfer absorptions. In these 
cases the parameter B had to be calculated from the 
“ band-shape “?’ In Table IV, the band maxima, as- 
signments and calculated parameters are listed. 

As regards the accurracies of the calculated ligand- 
field parameters, the following remarks can be made: 
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It was noted by Ferguson3* that reliable absolute va- 
lues for the parameters cannot possibly be obtained 
due to all kinds of perturbations on the original (sim- 
ple) model (e.g. low-symmetry fields). However, if 
one calculates a number of these parameters, relative 
to the same metal ion, from spectra of the same type 
of compounds, and all measured in the same way, it 
will be possible to compare these parameters. So, if 
the parameters are solely used for comparison purpo- 
ses, we believe that the accurracies, determined by 
the measurement limitations and similar errors, will 
be about 2% for Dq, 2% for B, and 4% for B deter- 
mined from the “band-shape”. (For the sake of com- 
pleteness, it is remarked that spectra of the uncolour- 
ed compounds were taken to get an indication about 
the presence of infrared overtones in the regions of 
interest). 

For a discussion of the influence of electronic pro- 
perties of substituents on the donor properties of li- 
gands, it is of course necessary to define parameters 
describing certain electronic effects of the substituents. 
The parameters which are the most appropriate for 
this purpose, are the Hammett v constants. However, 
more than 20 u sets are now in use, most of them 
being based experimentally on a single reaction se- 
ries.33 Swain and Lupton33 elaborately discussed the 
various sets, and calculated two new constants, F 
(the field constant) and R (the resonance constant), 
which are, according to them, “more accurately defined 
and more physically signicant independent variables 
for correlating or predicting substituent effects on all 
kinds of physical properties than any other pair con- 
sidered ,,. They showed that all earlier constants 
could be linearly expressed in the new constants: v= 
fF+rR+p. 

It seemed therefore most appropriate to attempt 
a linear correlation of the type Dq(B)RIRsO = a(FR, + 
FR$+b(RR, + RQ)+c, since in that case every corre- 
lation of the type Dq(B) = ko+ 1, leads to the same 
expression. 

The values for the F and R substituent constants 
that we used are presented in Table V (they are due 
to Swain and Lupton33). As can be seen from this 
table, no data are available for the substituents CHP 
Cl and N(CH&. It appeared to be possible to calcu- 
late (from data in ref. 33) F and R values for these 
substituents (FCH~CI = 0.250, Rcttg~ = -0.020, 
F N(CH3bz = -0.109, RN(cH~)~ = 4.541), but we decid- 
cd not to use them in the correlations but only as a 
means of “checking”. 

A computerized general-purpose linear least-squares 
multiple correlation analysis was used to determine 
the best values of a, 6, and c, standard deviations, 
and correlation coefficients. Several sets (solid, 1: 6 
and 1: 8 solutions) and selections of Dq and B values 
were used in the correlations. 

However, with selection of 9 (Dq or B) values or 
more, no significant correlation (i.e. with correlation 
coefficients (=C) of 0.900 or greater) was found 
(with one exception, to be discussed below). When 

(32) J. Fergoson, Spectroscopy of 3d Complexes, Progreps in Inor- 
ganic Chemistry, Edited by S.J. Lippard, Volume 12, p. 159, Inter- 
science, New York,, 1970. 

(33) C.G. Swain and E.C. Lupton Jr., I. Am. Chew. Sot., 90, 
4328 (1968). 
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Table V. Field (F) and resonance (R) substituent constants.* 

Substituent F 

Z-I, 
0.000 

-0.052 

E: 
-0.065 

0.139 
OCH, 0.413 
OGH, 0.363 

CN(HCH3)’ 
-0.104 

2 0.037 

* Due to Swain and Luptcm?’ 

R 

0.000 
-Q.141 
-0.114 
AI.088 
-0.500 
-0.444 
-0.138 
-0.681 

small selections (5 values or less) of Dq and B values 
(so selected that RI = constant) were used, correla- 
tion coefficients of 0.900 or greater were obtained in 
some cases, but since these correlations are based on 
such small selections they can hardly be called physi- 
cally significant. Some typical results for Ni” are 
presented in Table VI. 

As can be seen from this table, one “complete” 
selection (B of Ni*+ for 1: 6 solution) did give a signi- 
ficant correlation coefficient, but as this appeared to 
be the only one of the group, the results cannot be 
interpreted as indicating a positive correlation. 

It can therefore be concluded that ligand-field para- 
meters for Ni” and Co” carbonyl complexes in both 
the solid state and in nitromethane solution do not 
correlate linearly with electronic parameters of the 
subsituents. 

For the sake of completeness, it is remarked that the 
same holds for Dq/B, and that the relation ka+ 1 
was also checked graphically (with the same, negati- 
ve, result). 

It follows then that the variation of the ligand-field 
parameters with the carbonyl ligands is caused by (at 
least for a significant part) steric effects. It is thus 
seen that the same conclusion as reached by Drago’” 
for amide complexes, holds for this large group of 
ligands. 

As regards the relative values for the ligand-field 
parameters, the following remarks can be made: 

1. There is no significant difference between the 
parameters for the 1: 6 and 1: 8 solutions (the solu- 
tions with a large excess of ligand also gave the same 
results). This indicates that the group Ni(Ligand)Z+ 
is also present in the solutions. This is supported by 
results from conductivity measurements: The molar 
conductivities for the 1: 6 solutions of Ni(EA)@b- 
Cl&, Ni(AAM)e(SbCl&, Ni(MF)@bCl& and Ni - 
;BAM)6(SbCl& were found to be 316, 376, 262 and 
286 cm’ a-’ mol-‘, respectively; these values are all 
in the range expected for 1: 2 electrolytes.“,” It is 
further remarked that a variation of anion did not 
significantly influence the ligand-field spectra (compa- 
re e.g. Ni(AAM)6(BF& and Ni(AAMk(SbCl&); this 
supports the conclusions above. 

2. The Dq values for the solid Ni2+ complexes are 
almost invariably larger than those for the correspon- 
ding complexes in nitromethane solution. This can 

(34) W. Libus and D. Puchaska, J. Phys. Chem., 71, 3549 (1967). 
(35) J.H. Nelson, L.C. Nathan, ond R.O. Ragsdale, fnorg. Chem.. 

7, 1840 (1968). 
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Table VI. Correlation of Dq, B vs. F and R for complexes o the type Ni(RIRzCOX(Anion)l. 

Ligand R, R, DqF k Dqc (i BF ’ Bc b DqF m Dqc c BF n Bc d 

PA H 
:zz 

944 892 862 860 n.u. - 891 905 
AA ; 939 895 853 858 n.u. - 919 905 
BA 

zf, 
948 894 855 857 n.u. - 900 901 

MF H 880 861 884 880 n.u. - 911 910 
A CH, CH, 860 883 877 868 n.u. - n.u. - 
BN CH, 

2:; 
820 885 867 866 nu. - n.u. - 

AF CH, 810 884 860 865 nu. - n.u. - 
:;M CH CH, OC>Hs 

NH: $H,), 

864 795 856 844 & s94 :;i”4 857 - n.u. 
n.u. 

- - 

TMAM 850 845 850 858 n.u. - 
BAM N& C~HS 861 845 8”; 895 861 859 n.u. - 
UT 0CJ-L 824 817 n.u. - 824 826 n.u. - 
U 

:: 
NH2 810 804 n.u. - 810 809 n.u. - 

f = Found; c = calculated; n.u. = not used in the correlation. k Dq solid; ‘B of 1.6 solution; “1 Dq solid; “B solid. 0 Calcu- 
lated from the equation Dq = -13.5(&,+FsJ + 70.8(&,+&) + 901 (C = 0.567). 
,-0.558 (FR,+FRJ ‘- 56.8 (RR,+&*) + 852 (C= 0.960). 

b Calculated from the equation B = - 
~Calculatcd from the equation Dq = -11.0 (FR,+FRJ .t 87.4 

RRI+RRJ + 929 (C = 0.973). d Calculated from the equation Ll ,-12.4 (I;k,+Ps,) - 29.7 (RR~+RRJ + 900 (C = 0.300). 

be interpreted as indicating that the Iattice exerts a 
certain “pressure” on the group Ni(ligand)62+. With 
some exceptions (which may be due to the measure- 
ment error) the same holds for B. 

3. According to Drago,2,” the variation in Dq (for 
amide complexes) is caused by interaction of neigh- 
bouring ligand groups, i.e. RI vs. R? (for RtR$ZO 
complexes). Our Dq values seem to be in accordance 
with this proposition. The aldehydes, for instance, 
show high Dq values. However, the Dq values for 
AAM (Rr = CHj, Rz = NHs) and TMAM (RI = 
C(CH3)3, RZ = NH*) are hardly different. This agrees 
with earlier results of Cunningham ef aI.,” who ex- 
plained this observation by saying “that there is appa- 
rently sufficient space in the coordination sphere to 
allow for the increased bulk without affecting the 
amides ability to coordinate”. If one considers Table 
IV more closely, one can find more of such discrepan- 
cies (e.g. MF vs. BA). This can be interpreted as 
indicating that electronic effects still play a role in de- 
termining Dq and B. In this connection it is inte- 
resting to note that our correlations attempts (of the 
type Dq(B) = a(&, i- &) -l- b(& + RR2)+c) showed 
the parameter b to be almost invariably larger than a. 
It can therefore be concluded that if electronic ef- 
fects play a role, the resonance effect is relatively mo- 
re important than the field effect. 

If we compare the results found here with those 
obtained for phosphine oxides,“r’2 it can be said that 
carbonyl complexes (with a considerable variation in 
the ligand-field parameters) show a widely different 
behaviour than phosphoryl complexes (with almost 
no variation in the ligand-field parameters). We are 

inclined to explain this by the difference in steric 
build of the ligand skeletons (“planar” vs. “tetrahe- 
dral”) which will induce steric effects to be more 
important in the carbonyl case. Finally, it is noted 
that the fact that carbonyl ligands are more nephel- 
auxetic than phosphoryl ligands might cause electro- 
nic effects to be more important in the carbonyl case. 

Conclusions 

From the results discussed above, the following 
conclusions can be drawn: 

1. Carbonyl compounds are rather strongly coordi- 
nating ligands towards bivalent transition metal ions, 
yielding octahedrally solvated MO,2+ species. 

2. No linear correlation exists between the ligand- 
field parameters (relative to cobalt( II) and nickel( II)) 
and parameters describing certain electronic effects 
of substituents. 

3. The significant variations in the ligand-field pa- 
rameters for the various complexes are mainly caused 
by steric effects. 
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