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Na*-12-Crown-4 complex Cu?*(bpy), complex
BFERTIERDO IS ITHMZIN TS (“Physical Organic Chemistry” Neil. S. Isaccs ¥ (1987 4F)
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AE
&r Enomo — Erumo

: (6.36)

in which ¢,, g, are charges on nucleophile and electrophile, respectively,
and c,, c. the coefficients of the HOMO and LUMO at the interacting
centers. Values of Eyomo and Epumo can be experimentally determined
from measurements of ionization potentials and electron affinities, respec-
tively. They necessarily refer to the gas phase but, when corrected for
solvation, yield values (E*) which are a quantitative measure of hard-soft
character (Table 6.7).

Now the attractive force between hard acids and bases is mainly due to
the electrostatic term, while that between soft acids and bases is mainly due
to the HOMO-LUMO overlap term. It is hardly surprising, therefore, that
relative nucleophilicity depends upon the electrophilic center to which it
refers. Simple calculations of E; can duplicate observed reactivity orders,
which change according to the LUMO of a reference electrophile; this
variation affects the importance of the last term %, thus:

ELumo = —5 eV (low-lying, easily accessible, e.g. Hg**).
E(overlap) = nucleophilicity: HS™ >CN™>Br™ >Cl" >0OH™ >F~.
This is the order of reactivity at a soft center.
E umo = +1eV (high-lying, inaccessible e.g. Ca**)
Nucleophilicity: OH™ >CN " >HS " >F >ClI">Br >1".

This is the order of pK . (reactivity at a hard center).



Table 6.7 Hard and soft nucleophiles %

Bases (nucleophiles) Acids (electrophiles)
Hard Hard
H,0, OH , F~ H*, Li*, Na*, K*
CH,CO, , PO}, SOZ- Be’*, Mg®*, Ca®*
Cl , CO3", Clo,, NO; AP*, Ga**
ROH, RO, R,0 Cr’t, Co*t, Fe?*
NH,, RNH,, N,H, CH,Sn**
Si4+, Ti4+
Ce3+, sn4+
(CH,),Sn*"

BeMe,, BF;, B(OR),

Al(CHs;),, AICL;, AlH,

RPO;, ROPO;

RSO;, ROSO;, SO,

1—7+’ IS+, Cl7+, Cr6+

RCO*, CO,, NC*

HX (hydrogen-bonding molecules)

Borderline Borderline

C¢HsNH,, C;HsN, N5, Br, NO;, Fe?*, Co** Ni¥*, Cu®*, Zn**, Pb**, Sn?*,
SO~ B(CH,);, SO,, NO*, R,C*, CH;

Soft Soft

R,S, RSH, RS~ Cu*, Ag*, Au*, TI*, Hg"

I~, SCN™, 8,05 Pd**, Cd**, P**, Hg’*, CH,Hg",

R,P, R;As, (RO),P Co(CN)2~

CN~, RNC, CO Ti**, TI(CH,),, BH,

C,H,, CcH, RS*, RSe*, RTe*

H ,R™ I, Br*, HO*, RO*

I,, Br,, ICN, etc.

Trinitrobenzene, etc.

Chloranil, quinones, etc.

Tetracyancethene, etc.

0, Cl, Br, I, N, RO, RO;
(metal atoms)

Bulk metals

CH,, carbenes

Corrected experimental energies of frontier orbitals for some nucleophiles and electrophiles

Nucleophile HOMO Electrophile LUMO
energy, E*/eV*® energy, EtfeV

H —7-37 soft Ca?* 233 hard
I -8-31 Fe** 0-69
SH™ —8-59 Li* 0-49
CN~ ~8-78 H* 0-42
Br~ -9.22 Na* 0
Cl~ -9-94 Ag* —-2.82
OH~ —10-45 Hg?* —4-64 soft
H,O -10-7
F~ —12:18 hard

“ 1 eV =96-45 kJ mol ! = 23-05 kcal mol™!
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