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Crystal Field Diagrams for Octahedral and
Tetrahedral Complexes
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Magnitude of A Depends on Following Factors

1. Oxidation state of the metal 1on
[Ru(H,0)]** 19800 cm-t

[Ru(H,0)cJ?* 28600 cm-

2. Number of ligands and geometry
A< A, A= 4/9A,

3. Nature of the ligand
I-<S><SCN-<CI'<NO;<N;<F<OH<C,0,#<H,0<.....CN<CO
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Crystal Field Splitting Energy (CFSE)

* In Octahedral field, configuration is: t,;* e ¥

* Net energy of the configuration relative to the average energy
of the orbitals is:

= (-0.4x + 0.6y)A,
As =10 Dqg

BEYOND d?

* Inweak field: Ao <P, => t, %!
* Instrong field Ag>P, =>1,,*
« P -paring energy
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High-Spin and Low-Spin Complexes for 3d* — 3d’ ions
d Octahedral 3d Complexes
A, = P(pairing energy)

Both low-spin (A, < P) and high-spin (P =2A,)
complexes are found.

O Tetrahedral Complexes

Arqy = 4/9 A, henceP >>A., and tetrahedral
complexes are always high spln
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When the 4™ electron is assigned it will either go into the higher

energy e, orbital at an energy cost of D, or be paired at an energy
cost of P, the pairing energy.

— — d4

Strong field = + Weak field =

Low spin High spin
(2 unpaired) + + -‘_ (4 unpaired)

i

P <A, P> A,

Coulombic repulsion energy and exchange energy
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Possible Electron Arrangements in the Split 3d - Orbitals in an
Octahedral Complex of Co3®*

; ; | 2l “\
e  Strong - field (low - spin): v v ’ !
Strong fielc

* Yields the minimum number (a)
of unpaired electrons.
« Weak - field (high - spin): A il A
= Gives the maximum number |
of unpaired electrons.

«  Hund’s rule still applies.
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Placing Electrons in d-Orbitals
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The Splitting of d-Orbitals Depends on the Ligands
Bonded to Ni%* in It’s Octahedral Complexes
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The Spectrochemical Series
Weak-field ligands I"<Br- < ClI"<F-<H,O <NHj; <en < CN~ Strong-field ligands
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What is the CFSE of [Fe(CN)]3?

CN-=s.f.l.
CN.=6..0,  Fe(ll . d h.s. T
e CN \3-
_+CN //' 4 4 eg //' - eg
NC-u. ., Fo~ v % +0.6 Aget
NC/ ‘ ~CN < <\ ________________ I_._..
AN N -0.4 A

CN ¢ ¢ ¢ N oct
N\ g/ R S i o % % % t2g

CFSE = 3xX- 0.4 Ay + 2 X 0.6 Aggy = CFSE =5 X - 0.4 Ay, + 2P =- 2.0 Ay + 2P

Because CN- is a strong field ligand, CFSE = - 2.0 A, + 2P

If the CFSE of [Co(H,0)¢]?* is -0.8 Ay, What spin state is it in?

C.N.=6 .. O, Co(ll) .. d’ h.s. l.s.
OH, 2+ P ey . 4 — o, I
H,0O: , ~=OH, “ 7 + 0.6 Ag
2\ CO; </ <\ ________________ I_ - .
— ‘ OH N N ~0.4 A
H,O 2 N N t . oct
| OH, | %%4 tag %%% =
CFSE = (5 X - 0.4 Agey) + (2 X 0.6 Aoey) +2P CFSE = (6 X - 0.4 Augy) + (0.6 Ayy) +3P

= - 0.8 Ay +2P SR



Correlation of High and Low Spin Complexes
with Spectrochemical Series
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Weak-field ligands I"<Br < ClI"<F < H,O <NHj3; <en <CN~ Strong-field ligands
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Factors Influencing the Magnitude of A-Splitting

« Oxidation State
A, (M%) > Ay(M*)
e.g. A, for Fe(lll) > Fe(ll).
The higher oxidation state is likely to be low-spin

 5d>4d>3d
e.g. Os(ll) > Ru(ll) > Fe(ll)

All 5d and 4d complexes are low-spin.
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