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9。均相催化

Homogeneous catalysis

（5 学时）

Acid and base catalysis

 The mechanisms of some catalysed reactions

 Catalysis by non-covalent binding

Homogeneous catalysis (i.e. those that act in solution rather than, 
say, at solid surfaces) clearly must participate in the chemistry of 
the reaction and be regenerated at the formation of the product.

The rates of many organic reactions are enhanced by the presence 
of  catalysis, species which do not themselves appear in the products 
but which in various way assist the progress of the reaction.
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9.1 Acid and base catalysis

9.1.1 Specific and general catalysis

The kinetics of an acid- or base-catalysis reaction are frequently complex, 

the empirical rate equation containing several terms. 
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This is termed general acid catalysis and can be inferred from a plot of rate 
constant against buffer concentration; as the latter changes, constancy of the 
hydronium ion concentration is ensured but [AcOH] varies.
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Similarly, a reaction may be catalysed by all bases present (e.g. H2O, OH‒, A‒): general 
base catalysis, and it is also possible to have a reaction which is catalysed by both acids 
and bases.
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On the other hand, some reactions respond to catalysis only by hydronium or 
hydroxide ions (in general, lyonium and lyate ions) and are then deemed to 
show specific acid or base catalysis.

弱酸的催化被忽略
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特殊酸催化kH2O/kD2O ~1/6

普遍酸催化决速步是质子转

移， kH2O/kD2O ~ 1/6*7

特殊酸催化kH2O/kD2O ~1/6

普遍酸催化决速步是质子转

移， kH2O/kD2O ~ 1/6*7

9.1.2 Mechanism of acid catalysis
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单分子酸催化A1 双分子酸催化A2
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9.1.3 Method of distinguishing between A1 and A2 reactions

The Hammett-Zucker postulate

For A1 reactions, catalystic rates should follow H0 rather than [H3O+] and a plot 
of k against H0 should have unit slope. On the other hand, for A2 process,

Bunnett’s w-values

Plot of (ln k - H0) against the activity of water, aH2O, to give a slope, w, varying 
over the range -8 to +7, is  measure of this deviation, which has mechanistic 
significance. 
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The Bunnett and Olsen parameter, 
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9.1.4 Linear free-energy relationships: the Bronsted Catalysis Law

Catalystic rate constants can be expected to increase with increasing strength of 
acid or bases, and a very good linear relationship between kcat and KA is known as 
the Bronsted Catalysis Law.
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9.1.5 Interprelation of the Bronsted coefficients

The coefficients a and b have the significance of LFER susceptibility 
parameters and are a measure of the sensitivity of the catalysed reaction to the 
strength in water of its catalysis as acids and as base respectively.

Assuming the thermodynamic properties of the transition state for a proton 
transfer to be intermediate between those of reagents and products, a 
structural change will affect the free energy of the transition state by the 
amount dG‡ such that

where Gp, Gr are free energies of products and regents. Therefore, a is a 
parameter measuring the position of the transition state on the reaction 
coordinate.
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9.1.6 Nucleophilic catalysis

The following characteristics enable general base and nucleophilic
catalysis to be distinguished.

(a) Catalysis by the leaving group: a general base action; negative catalysis: 
nucleophilic catalysis

(b) Reaction with respect to the catalyst in a second order kinetics: a general 
base action, 6

(c) non-parallel for base strength and nucleophilic activity at carbon: 
nucleophilic catalysis

(d) isolated reactive intermediate: nucleophilic catalysis, 9a
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被离去基团催化：普遍碱催化；负催化：亲核催化

涉及催化剂的反应呈二级动力学：普遍碱催化

碱强度与在碳上亲核活性的非同向关系：亲核催化

分离到活性中间体：亲核催化

9.1.7 Solvent isotope effects
Acid-catalysed reactions are faster in D2O, and values of kH2O/kD2O =0.3~0.43 

for pre-equilibrium protonation; 0.45~1 for concerted reactions.
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When proton transfer becomes RDS, a full PKIE

9.1.8 Electrophilic catalysis

The elecrophilic catalyst may release a proton from water (11); it may 

coordinate with an elecrophilic reagent and increase its electrophilicity (12) or 

to a nuleophilic leaving group and increase its nucleofugacity (13, 14).
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9.2 The mechanisms of some catalysed reactions
9.2.1 Substitution a to a carbonyl group
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9.2.2 Keto-enol equilibra

Compd. keto:enol 

acetone 1:410-9

acetaldehyde 1:5.910-7
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9.2.3 Hydrolyses of acetals, ketals, orthosters and related compounds
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9.2.4 Dehydration of aldehyde hydrates and related compounds

The structural unit >C(OH)2 is found in the hydrates of aldehydes and 

ketones, and in hemiorthoesters, which are intermediates in hydrolyses of 

carboxylic esters and which rapidly revert to the carbonyl form. Aliphatic 

aldehydes are largely hydrated in aqueous solution (HCHO ~99.95%).
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9.2.5 The formation of oximes(肟), semicarbazones(缩氨基脲) and 
hydrazones(腙)

9.2.6 Decarboxylation
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9.2.7 Acid-catalysed alkene-alcohol interchange

9.2.8 Some acid-catalysed rearrangements
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9.3 Catalysis by non-covalent binding
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9.3.1 Host-Guest interactions
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(a) Crown ethers

(b) Cryptands

(c) Calixarene

(d) Cyclodextrins
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@阅读：

书1：第9章; 书2：第9章

@课后练习：

书1: Page 412-415，1-6
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