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Making the Correlations for Triplet States
Correlation for the °A,, Term from °F

We begin by examining the split terms from tRdree-ion term on the
left of the diagram.

The®A,, term is unique among the weak-field terms, amaist
correlate with the uniqua,, term frome,” on the strong-field side.

The strong-fieldA,, term must also must be a triplet.

It now becomes evident that our choice of spin ipldities for
the terms fromg,” must be

1 3 1
Ay + Ay + 7y
We can draw the correlation line for tfg, term and remove the

ambiguous spin state notation for e andE, terms fore,* on the
strong-field side of the diagram.



Correlation for °A,;, Added

These spin states can
now be established.
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Making the Correlations for Triplet States
Correlation for the °T,, Term from °F

We turn now to théT,, term arising fromF.

This is the only triplet,, term on the weak-field side (the two other
T,, terms are singlets).

There can be only one such term on the strong-$iele.

We have already identified’d,, term fromt,,'e,* on the strong-field
side, which must correlate with tfg,, term from°F.

This means that thg,, term fromt,,®> on the strong field side
must be a singlet.

From this it follows that the spin multiplicitiesrfterms from
t,,> must be

1 Alg + 1Eg + 3Tlg + lTZg



Correlation for °T,, Added

T These spin states can
19 .

now be established. 1A
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Making the Correlations for Triplet States
Correlation for the °T,, Terms from °F and°P

We now can make the correlation for the remaing triplet terms on
the weak-field side; vizT,, (F) and®T,, (P).

From thenoncrossing rulewe conclude that
* °Ty, (F) connects withT,, fromt,

* °T,, (P) connects withT,, from t, ',



Adding the °T,, Correlations

1S 1A
19 1Alg
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These lines cannot cross.
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The remaining correlations between singlet statelsath sides can now
be made by applying the noncrossing rule.



Adding the Singlet State Correlations

These line cannot cross.
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The Completed? Correlation Diagram
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Other Configurations and Other Fields

In principle, we could construct the correlatioagham for anyl"

configuration in an octahedral or other field bkitg an approach
similar to what we have shown here for thecase.

As the number of microstates and terms increaststing number of
electrons, the labor of constructing the correfaticagrams “from
scratch” becomes considerably more onerous.

Fortunately, some general relationships betweefigrmations,
terms, and ligand environments minimize the neexffexit.



Ligand Field Splitting for d" and d**" Terms

Free-ion terms for a configurati@! and a configuratiod '°" are the
same.

Each free-ion term splits into a specific collentmf terms in any
ligand field.

The splitting of terms for a configuratiall' is identical to that
for the configuratiord 1"

However,the order of splitting of a given titerm will show the
reverse pattern of that of a'd™ configuration in the same ligand
field.

The same ligand-field term that becomes more s(ahd®es to lower
energy) for a" ion will become less stable (moves to higher eyjerg
for ad'®"ion as , changes.



Term Splitting of d* and d®
d* Correlation Diagram

Both configurations give rise to’B free-ion term, which is split into
’E, and’T,, terms in an octahedral field.

In thed! case, the two terms in the octahedral field drmm the
following configurations

e -

tog

t291 egl
ground state =T, excited state 2E,

As the , gap betweely, andeg, orbitals increases with increasing field

strength théT,, term will become more stable and tieg term will
become less stable.

Thus, the separation between the two states witease.
The separation is numerically equal tg the magnitude of the field.
Relative to the energy of thB free-ion term, théT,, term will be

stabilized by —(2/5), and the’E, term will be destabilized by
+(3/5) ..



d* Correlation Diagram




Term Splitting of d* and d®
d® Correlation Diagram

The same terms will arise from tFe free-ion term of al®
configuration, but they now correspond to the fallog two
configurations in the octahedral field:

%

T

t296 e93 t295 e94
ground state ZE;,  excited state =T,

( = hole = absence of an electron in an orbital)
Using the hole as a marker, note that the groustétsf’e,’
configuration consists of two equivalent orbitadigaments and

therefore must correspond to tifg term.

Likewise, the three possible orbital assignmentsie hole in the
t,; e, configuration show that it gives rise to tiTg, term.

Thus, the energy ordering of the termsddiis the reverse of the
! case.

For thed® (Oy) case théE, term is stabilized by —(3/5) and the'T,,
term is destabilized by +(2/5).



d® Correlation Diagram




Hole Formalism

The relationship betwead andd'°" term splittings in the same
symmetry ligand field is sometimes called tiode formalism

The name comes from seeidgas a configuration af electrons and
d'°" as a configuration af positive holes (equivalent to positrons).

A configuration ofn electrons will interact with a ligand field in the
same way as a configurationmpositrons, except that repulsions in
the former case become attractions in the lattse.ca

Example: For @'ion in an octahedral field a transition from theund
state to the excited states involves promotingetbetron by .

eg L L °

electron promotion

T .

The same kind of transition fordd ion involves demoting the hole by,

e o

b

hole demotion

g




Applying Hole Formalism to Correlation Diagrams

The correlation diagram fat'°" can be obtained by reversing the order
of the sets of terms for the variolyg, configurations on the strong

field side of thed" diagram, relabeling for the appropriat&™
configurations, and redrawing the connecting lipagjing attention to
the noncrossing rule.

We can use this principle with odf O, correlation diagram to obtain
thed® correlation diagram.

Note that in thel diagram the sets of terms for the thtge,
configurations on the strong-field (right) side ardered

[ Tig Tog 'Eg A < [Tag “Tag Tag "Tagl < [*Agg 'Egy "Aug]
The order will be reversed for tldeé diagram:

[Pog gy "Arg < [PTag “Tag "Tog "Tagl < [PTag "Tog 'Egy "Augl
The ordering of ligand-field terms within each searbitrarily

chosen for convenience in drawing the diagramshasdno
significance regarding relative energies within $keé



d® O, Correlation Diagram

eyt
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Note that the connections between certain weadt fexins and their
strong field counterparts have changed as a rektlie noncrossing rule.



Relationship Between Octahedral and Tetrahedral Filels

Ligand-field term symbols for the states in a te¢dral field arising
from anyd" free-ion term are the same as those in an octahield,
except the labels for the tetrahedral terms onaitsiioscripty notation.

The energies of the new terms in the tetrahedzll fiave an inverted
order.

Analogous to the splitting af orbitals intoe andt, levels in a
tetrahedral field, which is the inverse of the thiplg into t,, ande,
levels in an octahedral field.

The tetrahedral and octahedral fields have sirbildropposite effects
on thed orbitals.

 The same is true for the terms arising frdheconfigurations.



Relationship Between Octahedral and Tetrahedral
Correlation Diagrams

The correlation diagram fa™ (T,) can be obtained by reversing the
order of the sets of terms for the variays, configurations on the
strong field side of thd" (O,) diagram, relabeling for the appropriate
" tetrahedral configurations, omitting the subsagipibtations from all
terms, and redrawing the connecting lines, payttenaon to the
noncrossing rule.

This is essentially the same process we have se@omfigurations
related by hole formalism.

The correlation diagram fa™ (T,) is qualitatively the same as that
for d*°" (O,), except for minor changes in labels of configiarat
and term symbols.

For example, the? (O,) correlation shown is essentially the same
as the correlation fa® (T,).

Thed® (O,) correlation shown is essentially the same as the
correlation ford? (T,).



Tanabe-Sugano Diagrams

Most chemists refer to a more detailed set of ssmpirical diagrams for
octahedral complexes, originally developed by YaiKianabe and Satoru
Sugano in 1954.

A complete set of these diagrams for octahedralpbexes of metal ions
with the configurationsl ? throughd® is shown in Appendix D.

Tanabe-Sugano diagrams plot term energy versusdisgtngth.

Energies of all states are plotted relative toaihergy of the ground state
term; i.e., the ground state energy forms the abaf the plot.

Term energies and field strengths are expresstwasriables/B and
/B, respectively, wherB is theRacah parameter

 The Racah parameter is a measure of the interetectrepulsion and
IS used to measure the energy difference betweagessbf the same
spin multiplicity.

Example: Cé', 3d’, has a difference between tireandP free-ion
terms of 18 14,500 cr.

» By using the appropriate values of the Racah patamthe Tanabe
and Sugano diagrams can be used with a varietyetdlnons and
complexes.



Tanabe-Sugano Diagram ford’



Notes ond’ Tanabe-Sugano Diagram

Thed’ diagram, like all such diagrams for configuratioinat may be
either high spin or low spin, has a perpendicute hear the middle
marking the change in spin state.

To the left of the line (low field strength, highis), the ground state
is “T,, emerging from the free-idir term.

To the right of the line (high field strength, I®pin), the ground
state iS’E, and therefore becomes the abscissa beyond thestspée
crossover point.

The high-spirfE ground state is a continuation of the line for the
low-spin excited statéE term, which emerges from tBé free-ion
term.

The line for the former high-spin ground st&fgterm ascends as an
excited state on the low-spin (right) side of tinegdam.



Making Sense of the Confusion

Sometimes it can be difficult to trace back thefren origin of some of
the octahedral terms, particularly on the diagréon&igh-spin/low-
spin configurations.

Rememberthe spin multiplicities of the split terms must ntdit those
of the free-ion terms

Failure to recognize this has caused some texdsdmeously render
the d® diagram with the low-spin ground stafg term originating
from the®D free-ion term, rather than the corrdcterm.



