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FroM the NMR spectra of °Co, in Collll) complexes
of the type [Coeny(R)CIJCI, where en = ethylenedia-
amine R = aliphatic or aromatic amine, the chemical
shift values {¢) have been determined. The ¢ values
have been calculated theoretically also using Griifith
and Orgel’s formula, The observed and calculated o
values agree well, Taking o values as a measure of
ligand field strength a decreasing order of ligand field
strengths in terms of amine R is reported.

Magnetic susceptibility and temperature-independent
paramagnetism (t.1.p.), x, values of the Co(IIl) com-
plexes of the type [Coen.{R)CI]Cl; where R = alipha-
tic or aromatic amine have been reported by the
authors! and Patankar and Datar®, On the basis of
the theory of Griffith and Orgel®, x, (t,i.p.) values have
been calculated theorefically®* also. Further ®%Co
NMR spectra of some of these complexes have been
reported by Dodwad and Yatars, In the present
investigation %Co NMR spectra of some more similar
complexes have been recorded. From the specira
the chemical shift values (¢) have been determined
and compared with those calculated using Griffith

and Orgel’s formula,

Experimental

Concentrated aqueous solution of the complexes
was placed in the probe of the varian wide-line spectro-
meter V-4200 which was coupled with 12 inch electro-
magnet.  Solution of Colen);,Cl; was used as an
external standard. The stabilities of RF oscillator
and the magnetic field were of the order of 1 in 10°%
The apparatus could give a resolution of about 50
milligauss. The NMR spectra for [Colen),Cl;] and the
complex under investigation were recorded by scanning
the field over a limited range of 7,000 gauss, A typical
spectrum obtained is shown in TFig. 1, where two
NMR lines one for the complex and the other for the
reference {Coen,Cly) can be secen, Values of a7,
were calculated from the separation between the two
lines in the spectra. The shifts have bcen expressed
in terms of the dimensionless quantity,
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where H; is the resonance field for the complex under
study and H, that of (CoenyCly). From the values
of 6%, thus obtained exverimentally, a%; values relative
to K;Co(CN), were calculated and reported in column
4 of Table 1.

Discussion of the Results

An examination of the results shows that the observed
values ol ¢%, are ncgative. This is because the reso-
nance occuss at a field Jower than that for KyCo(CNJ,.
Following Griffith and Orgel® one can assume that the
dominant contribution to & arises from the second
order paramagnetism, The observed data thus indi
cale that the o para has larger valugs i these com-
plexes compared to that of reference. Subsiituting
appropriate  values of e, k, m and ¢ in the Goflith
and Orgel’st expression we get,

9-3 x 108 _ (1
Il::I“.I'»'III-I-".I. == AE X ;E)

using this expression values of of, for all the conw
plexes  studied in  this  investigation have  been
theorctically colculated  and reported  in Table L
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Observed and calculated valies of chemical shifts in NMR spectra of Co(lll} complexes

- i, i

Opars (75)
S1, Formula of the complex Energy of I W - Petcentage®
No. (complexing ligand) seoaration Obs. Calc. deviation
(& E)em™?

1. [Coen(CH,NH.CI]Cl, 18870 —0-801 —1-073 25-35
imethylamire)

2. [Coengo-C,H;ONH)I] Cl, 19230 —0-818 ~1-024 20-23
(o-anisidine})

3. [Coendp-C,H,NHIC} Cl, 19610 —( 823 —Q-979 15-93
(p-toluidine)

4. [Coen(p-CsH;ONH,) Clj Cl, 19040 —0-826 —1-048 2118
{p-ohenetidine)

5. [Coeny(C HNH,)CI] Cl, 19610 —0-826 —0-974 15-19
(aniline)

6. [Coersfe-C,H,NHICI Cl, 18520 —0+867 11 7.2
(o-toluidine)

7. {Coeng(C,HNH,)CI) Cly 19610 —0-908 —C-979 7-252
{ethylamine)

8. [Coenso{C.H,NH:)C1} Cl, 19420 —0-92] —0-999 7-800

{iso_ropylamine)

ﬁbS- — cals-
cale,

X 100]

Value of (1/r}) used is that of Co*? jon which is 5-3
angstrom units as done by Griffith and Orgel® and the
energy of separation (A E)} values required fcr this
purpose were obtained from the optical data and are
also reported in Table L.

A cornparison between the observed and calculated
values shows that the calculated values are lower
than the observed ones,  Griffith and  Orgel®
estimated the probable errors in their galculation
of & and concluded that the theoretical caleulation
can at best give an agreement within 20%, of the
observed data, Xanekar and Nipankar® and Dedwad
and Datat® have also made similar observations,

The results obtained in the present investigation
are within £ 20% of the calculated values except for
compliex at Sr.WNo. 1 and therefore ar¢ in agreement
with the conclusions of the theory, Trom the results
it is obser.ed that the enerpy separation { A E) between
Ay, and T,, states in these complexes must be smalier
than the corresponding sejaration in Colen),Cl;.

This is also evident from the AE values. AFE is
21400 cm~? for Colen),Cl; whereas it is in the neigh-
bourhood of 13200 cm™ for the complexes under
investigation,

The observed vzlues thus show that the combined
ligand field strength of amine R and chlorine in the
complexes is Jower than ethylenediaming,

[" Deviation (%) =

One ol the conclusions of Griffith and Orgel's
theory is that y, {t.i.p) term should decrease as the
ligand field strength increases. Considering ¢ para
values as 2 measure of ligand field strength, the follow.
lrg order of refative ligard field strengths has been
established :  methylamine > ¢-auisidive > p-toluidine
> p-vheretidine ~ aniline > o-toluidine > ethylamine
> 1sopropylamine.
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