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The linear correlation of rising energy of the longest 
wavelength d-d transition with increasing applied field for 
6(59C0) in six-coordinate cobalt(II1) complexes of oxygen- and 
nitrogen-containing ligands and cyanide ion (Figure 1) has 
long been Before the present work was undertaken, 
the only reported 59C0 shifts for complexes containing second 
row ligating atoms was restricted to the sulfur-containing 
ligands R2NCS2-, ROCS2-, RSCS2-, RCS2-, and ROPS2-.3” 
Very recently the spectrum of the hexakis(trimethy1 phosphite) 
complex was reported.’ 

The dashed line in Figure 1, drawn through the previously 
reported sulfur ligand points and the phosphite ligand points 
taken from the data given in Table I, unambiguously confirms 
the existence of a second linear correlation for second-row 
elements, which contrary to earlier conjectures5~* does not have 
an intercept common with the line for first-row element 
ligands. The trend among the phosphorus ligands to  exhibit 
stronger ligand fields and higher 59C0 chemical shifts in the 
order 1 C 2b C 2a C 3 C 4 parallels their decreasing a-basicity 
order 1 > 2a > 2b > 3 > 4,9 except for the reversal of 2a and 
2b. While the reason for the reversal in the isomeric 2 species 
is presently obscure, the rise in ligand field with generally 
decreasing basicity may be rationalized by postulating a 
dominance of phosphorus 7r acidity in these ligands or a 
decrease in ligand-ligand repulsion upon increased ligand 
constraint. Evidence for the former postulate was recently 
published from our laboratories in the form of a monotonic 
rise in energy of the lowest d-d transition with decreasing 
charge in two series of phosphite complexes NiLS2+, CoL5+, 
and FeL5.10 

The paramagnetic contribution to the shielding tensor which 
dominates the 59C0 chemical shifts is given by (l).11J2 The 

up = ( - 3 2 b ’ / A E ) ( ~ d - ~ )  (1) 

high-field 59C0 shifts of the sulfur ligand complexes have been 
ascribed to an increase in the metal-ligand d i ~ t a n c e , ~ , ~  cor- 
responding to a decrease in (rd-3) wherein rd is the cobalt 
d-orbital radius. These shifts have also been a s s o ~ i a t e d ~ ~ ~ ~ ~  with 
an increase in covalency which can be expressed by introducing 
a ( K ’ ) ~  term into eq 1, where K’ (the orbital reduction factorI2) 
is the coefficient of the dZ2 and d+2 AO’s on cobalt in the 
ligand field treatment. Inclusion of the diamagnetic con- 
tribution of the cobalt ion’* into eq 1 gives ( 2 ) ,  where i denotes 
qS9c0) a fJd + up = ( e 2 / 3 m c 2 ) C ( r ; l )  + 

1 

32p2( K ’ ) 2  ( rd-3} AE-’ (2) 
all doubly occupied orbitals. The slope of the lines in Figure 
1 is therefore given by 32b2(K’)2(rd-3) and the intercept by Ud. 
The ratio of the intercepts of the first- and second-row elements 
given by x i ( r ; 1 ) 1 / x l ( r ; ‘ ) 2  = 1.60 strongly suggests that 
cobalt radius changes are important in comparing correlations 
involving ligands from different periods. Moreover, the lower 
field intercept of the second row element line accords with the 
expectation of a larger cobalt radius for such complexes. The 
present data do not allow assessment of the relative importance 
of the K’ and (rd-3) terms in determining the slopes. 
Experimental Section 

Materials. Co(BF,J2.6H20 was obtained from Alfa Products 
(Ventron) and used as received. The ligands (CH30),,POCH- 
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Figure 1. 

Table I. Spectroscopic Data for [CoL,] (BF,), Complexes 

IJ( 59 CO- 
L 6 a  A, nm ”P), Hz A U , ~ ~ ,  Hz 

-305 340 443b 150 

2b -307 341 c ca. 3000 

2a 0 4  -356 339 c ca. 3000 

‘I 
M e 0  

3 .eo{] -1185 317 c ca. 2500 
0 

0 7  

4 (:,-&-Me -1243 ca.300d 412 75 

a K,Co(CN), = 0; negative sign indicates upfield shift. Taken 

Partially obscured by charge-trans- 
from the spacing in the septet T o  resonance. 
due to rapid Co relaxation. 
fer band. 

Unobservable 

I 

(CH3) CH2CH(CH3),,0,13 (CH30),POCH(CH3),CH2CH- 4 I 
(CH3)q0,13 CH3OPOCH2CH20,I4 and P(OCH2)3CCH315 were 
prepared by literature methods. Trimethyl phosphite and 2,2-di- 
methoxypropane were obtained from Eastman Kodak Co. and used 
as received. The preparation followed for the tervalent complexes 
was essentially that reported earlier.16 In a typical preparation, 1.33 
g (3.9 mmol) of CO(BF,,)~.~H~O was dissolved in 10 mL of dry acetone 
and 20 mL of 2,2-dimethoxypropane, and the solution was allowed 
to stir for 30 min under a N2 atmosphere. The ligand 
CH30POCH2CH20 (4.02 g, 33.0 mmol) was then added to the 
stirred Co(I1) solution and the reaction mixture was stirred for 1 h. 
The white CO(CH,OPOCH,CH~O)~(BF,), was then filtered off 
under a N2 atmosphere, washed with ether, and recrystallized from 
acetonitrile-ether solution. 

Spectra. UV-visible electronic spectra were recorded in acetonitrile 
solution using a Cary Model 14 spectrometer. Cobalt-59 NMR spectra 
were recorded in acetonitrile-d3 solution on a Bruker HX-90 spec- 
trometer operating at 21.35 MHz in the Fourier mode. Chemical 
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shifts a r e  reported relative to external (aqueous, saturated) K3- 
CO(CN)~,  contained in a capillary which was held coaxially in the 
sample tube by a Teflon vortex plug. 
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