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Introduction

Physical organic chemistry is a creation of the 
twentieth century in which the techniques used in physi-
cal chemistry were introduced to the study of structure, 
properties and mechanisms of organic molecules. As 
Tidwell has pointed out (1):

Thus by 1925 the experimental basis of the sub-
ject existed in a form very recognizable today: the 
major reactive intermediates, namely carbocations, 
free radicals, carbanions, and carbenes had been 
formulated, and the first three were even known as 
long-lived species; kinetic investigations of reaction 
mechanism were being applied; and the key factors 
influencing the structure-reactivity relationships were 
being considered such as stereochemistry, steric ef-
fects, and electronic substituent effects.

This new field came to be known as physical or-
ganic chemistry with publication of Louis Hammett’s 
book of the same name in 1940 (2). In the five years 
preceding the publication of Hammett’s book several 
British authors had written works which had a physical 
organic orientation, which attests to the interest in this 
newly developing area of investigation in Great Britain. 
Among these works are ones written by Watson (3) and 
Waters and Lowry (4). One must also acknowledge the 
1934 Chemical Reviews article by Ingold, “Principles of 
an Electronic Theory of Organic Chemistry” (5), which 
would have been available to many American chemists 
either directly or in libraries.
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These were advanced texts and likely were not used 
as texts for courses for undergraduates, but rather for 
reference and for keeping up with the latest developments 
in this new field of organic chemistry. The emphasis in 
instruction was still very much oriented to descriptive 
organic chemistry and its application to synthesis and 
elucidation of structure of natural products.

The person who had the greatest influence interna-
tionally on the development of physical organic chem-
istry was Christopher Kelk Ingold (1893-1970) (6). His 
appointment as Professor of Organic Chemistry at Leeds 
University in 1925 allowed him to initiate a revolution 
in the way organic chemistry was to be taught. Instead 
of rote memorization, understanding by examination 
of structure and mechanism became the emphases of 
Ingold’s revolution. When Ingold left Leeds in 1930 to 
become professor of organic chemistry at University 
College London, his former student and collaborator 
John William Baker (1898-1967) continued the course of 
lectures given to students in their third and final year of 
their B.Sc. degree course. In the three ten-week terms in 
the British academic calendar, third-year students would 
attend lectures in advanced topics chosen by the lectur-
ers and which reflected generally their interests. Thus it 
was quite natural for Baker to continue the Ingold course 
and to continuously update it with new discoveries in 
the burgeoning field of physical organic chemistry (7).

The new system of Ingold was given the name the 
“English school” to denote its origins and its difference 
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from traditional organic chemistry in the period up to 
1950. In the United States this new way of connecting 
structure and mechanism did not make much of an im-
pression. In the preface to his Electronic Interpretation 
of Organic Chemistry, published in 1943, A. E. Remick 
writes (8):

Another objective, shared by all advanced courses 
which are “frontier courses,” is to give the student 
such knowledge as is necessary to follow future 
developments in the field by reading the research 
literature. It is partly for this reason that the symbol-
ism and language of the English school have been 
introduced, despite the fact that they are not popular 
in this country at the present time.

The basis of this paper is the set of notes taken by 
Donald Vincent on Baker’s course in the second term 
(mid-January to Easter) of the academic year 1941-1942 
at Leeds University (9). Several of the topics covered 
will be discussed in the context of the work of Ingold as 
summarized in the 1953 first edition of his Structure and 
Mechanism in Organic Chemistry (10). The opportunity 
to present the George Fisher Baker Lectures 
at Cornell University in the fall semester of 
the academic year 1950-1951 was the incen-
tive to produce the first edition of this book. 
This book summarized the work of Ingold 
and his collaborators at University College 
London and included much research done 
by other physical organic chemists.

Major Topics Covered in the 
Lectures

The following is a list of the subject 
areas covered in the course of lectures at 
Leeds. Since the course notes do not have 
dates so as to gauge the amount of time 
devoted to each topic, they are listed in the 
chronological order as found in the notes. 

•The modern electronic theory of valency 
(14 pages)

•Application of principles: electrophilic 
and nucleophilic aromatic substitution (14 
pages)

•Tautomerism (24 pages)

•Substitution at saturated carbon (8 pages)

•Elimination reactions and addition reac-
tions (13 pages)

I will discuss in detail three of the subjects that are 
most associated with Ingold and the so called “English 
school.” These are the modern electronic theory of va-
lency; orientation effects of substituents in electrophilic 
aromatic substitution; and mechanisms of nucleophilic 
substitution at saturated carbon as well as elimination 
reactions. For the three subjects discussed in detail I 
shall make comparisons with the 1953 first edition of 
Ingold’s Structure and Mechanism in Organic Chemistry 
(henceforth SMOC) to show how advanced this course 
was for undergraduate instruction in 1942.

The Modern Electronic Theory of Valency

The lectures begin with a review of covalent bond 
theory and proceed to electronic displacements by the in-
ductive effect and other modes of electron displacement. 
The terminology used is pure Ingoldian such as inductive, 
inductomeric, mesomeric, and electromeric, and also + 
and – signs to note excess and deficiency of charge. In 
deference to Ingold’s longtime rival Robert Robinson 

Figure 1. Illustrations of the various types of electron displacement
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the curved arrow to show movement of electron 
pairs is also included. Coupling of these effects 
is also discussed in terms of where they work in 
tandem with each other or in opposite directions. 
Baker’s concept of hyperconjugation, for which 
he is probably best known, is offered as the best 
explanation for understanding the effect of alkyl 
groups. The important role played by poles and 
polar linkages as well as the position of these 
groups in molecules is illustrated.

Ingold devotes 32 pages in Chapter 2 of 
SMOC to the material covered in this first sec-
tion of introductory lectures presented by Baker. 
Shown below is a typical entry from this first part 
of the course which illustrates various electron 
displacement effects as well as the resonance 
(mesomeric) effect.

Substituent Effects in Electrophilic 
Aromatic Substitution

Orientation effects of substituents in aromatic sys-
tems had been the subject of much empirical investiga-
tion in the late nineteenth and early twentieth centuries. 
Experimental results from reactions such as nitration of 
monosubstituted benzenes had led to tables which gave 
guidance, by extrapolating back to the collected data, on 
what might happen to systems that had not been investi-
gated. However a rationale for why certain groups direct 
ortho and para and others meta was not known. Ingold 
was a pioneer in this field. He not only used his own 
insight but relied in the beginning of these investigations 
on ideas presented by his contemporaries Arthur Lap-
worth (1872-1941) and Robert Robinson (1886-1975). 
The explanations given by Ingold are summarized in 
Baker’s lectures and these are the ones that are found in 
any introductory textbook today.

After reviewing the history of the various structures 
proposed to explain the properties of benzene and why the 
Kekule structure was the best, Baker then discusses some 
of the conclusions that one can reach from experimental 
observations that had been made by various investiga-
tors. These general observations include the effect both 
electron-donating and electron-withdrawing groups 
have on orientation. Next specific examples are given 
concerning the effects of poles and polar linkages. The 
importance of position and charge in terms of orientation 

effects is reviewed. Much of the data presented by Baker 
can be found on pages on 231-243 in SMOC. 

After considering the effects of alkyl groups and the 
role of hyperconjugation as well as inorganic substituents 
he then discusses the evidence for his theoretical pre-
sentation. Baker discusses the transmission of electrical 
effects by various classes of substituents using the letters 
I and T for inductive and tautomeric effects and + and 
– to signify changes in electron distribution that occur 
in the course of reaction. Shown below (Figure 3) is an 
excerpt of the notes from Baker’s course as well as the 
table found on page 247 in SMOC.

Baker then discusses the role of inductive effects 
in electrophilic aromatic substitution. According to 
Baker ortho, para substitution may possibly arise from 
the following:

a) Increase in ortho, para activation with decrease in 
meta activation;

b) Increase in ortho, para activation leaving the meta 
activation unchanged;

c) Increase in ortho, para activation with smaller increase 
in meta activation.

Figure 2. Aromatic substitution results from Baker’s course (above) and 
from Ingold’s SMOC (below).
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Figure 3. Inductive and tautomeric effects in electrophilic 
aromatic substitution from Baker notes (above) and SMOC 

(below).

Data from experiments involving the competitive nitra-
tion of benzene and toluene was used to determine the 
correct scenario. In this study the ratio is 23 for toluene 
as compared to benzene and the o : m : p ratios are 58.4 
: 4.6 : 37.2. This supports the interpretation that (c) 
is the best explanation. Continuing in this vein Baker 
discusses what happens in the case of a combination of 
inductomeric and electromeric effects and how this leads 
to a large increase in the activation of the ortho, para 
substitution. The inductive effect of electron withdrawing 
groups has the greatest effect at the ortho, para positions 
and by default increases the amount of meta substitution.

The unusual activity of the halogens is explained in 
terms of the conflict between resonance displacement and 
the inductive effect which leads to an overall deactiva-
tion of the molecule. This favors meta substitution. The 
final portion of the lectures in this section deals with the 
question of how the attack by reagent molecules occurs 
in aromatic substitution. The conditions for nucleophilic 
aromatic substitution are discussed by analogy to elec-
trophilic aromatic substitution.

Substitution at Saturated Carbon and 
Elimination Reactions

The two last topics are nucleophilic substitution 
reaction at saturated carbon as well as elimination 
reactions. These two types of reactions are the ones 
chemists most associate with the so-called Ingold or 
English school. Most of Baker’s lectures deal with the 
nucleophilic substitution reactions. He introduces the 
distinction between SN1 and SN2 reactions and the two 
types of elimination reactions are briefly mentioned in 
the context of how they can compete with SN processes. 
An alkyl group that favors the release of electrons will 
favor the release of X as an anion in alkyl halides.

According to Baker there exists a continuum of 
substitution reactions depending on the conditions. 
Five possible ways for changing bimolecular to uni-
molecular and six for the reverse are presented. Some 
of these factors are:

•Strong electron affinity of X will favor ionization.

•Weak nucleophiles or low nucleophile concentrations 
hinder attack on the substrate.

•Factors favoring ionization include having a solvent 
with a high polarity.

•Temperature changes as they apply to the energy of 
activation.

Applications of these ideas are discussed with spe-
cific examples of reactions that had been investigated. An 
example of this comes from the work of Hughes, Ingold 
and Shapiro (11) on the hydrolysis of alkyl halides. This 
is shown below in the form of a graph which summarizes 
the arguments in his lecture (Figure 4). A similar graph 
can be found as Figure 24.1 in SMOC (Figure 5).

Figure 4. Schematic illustration of how mechanism, kinetic 
order, and rates change as shown by Baker (1942).
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A brief section is devoted to the discussion of the 
mechanisms of elimination reactions and their relation-
ship to substitution reactions. Due to their similarities a 
duality exists as far as the mechanisms are concerned. 
Baker points out that the electronic character of the leav-
ing group is not the key factor in the removal of the β 
hydrogen atom in the E2 mechanism. In the case of the 
E1 reaction he draws attention to the similarity to the SN1 
reaction in terms of the rate determining ionization step.

Baker’s lectures identify actors in the ratio of SN2 
versus E2 in terms of the basicity of the attacking re-
agent. Using the series Br– , OAc– , OPh– , OH– as an 
example, it is shown how the increasing basicity favors 
the SN2 over the E2 reaction. This is due to the nature 
of the attack on carbon versus that on hydrogen. As the 
basicity decreases the ability to attack carbon increases 
and causes a rise in SN2.

The ionizing power of solvents is next considered 
in elimination versus substitution reactions. The key to 
the ratios of SN versus E is the charge distribution in 
the transition states of these reactions. In the transition 
state for elimination there is a wider distribution of the 
charge as compared to substitution. Four scenarios are 
shown in the diagram below (Figure 6) for bimolecular 
reactions. In each pair the two transition states are shown 
and the effect of solvation shown. Table 33-2 on page 
457 in SMOC (Figure 7) is more detailed but in many 
ways similar.

Conclusions

This set of notes offers a unique snapshot in time 
between leading edge research and its transfer to the 
advanced undergraduate classroom of the day. These 
lectures show how advanced undergraduate students 
in the course discussed in this paper were exposed to 
a whole new way of thinking about organic reactions. 
For a student to understand the new insights that Ingold 
and collaborators brought to the study of mechanism 
and structure would have required extensive reading of 
the primary literature. This would have been a daunting 
task for an undergraduate or post graduate student espe-
cially in the United States. As illustrated by the detailed 

Figure 7. Solvent effects in substitution and elimination 
reactions from SMOC.

Figure 5. Schematic illustration of how mechanism, kinetic 
order, and rates change as shown by Ingold (1953).

Figure 6. Solvent effects in substitution and elimination 
reactions from Baker notes.
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examples given above, students in Baker’s course were 
exposed to data and interpretations considered worthy 
of inclusion in a specialist monograph a decade later. 
Moreover, the treatment of that material has become 
standard even in introductory organic chemistry half a 
century later.

We have previously examined a course in physical 
organic chemistry given by Paul Bartlett (1907-1997) at 
Harvard in the spring semester of 1938 (12). This course 
is much more oriented to the application of physical 
chemistry in organic chemistry than the approach of 
Ingold which emphasized structure and mechanism. 
Baker’s course of lectures to advanced undergraduates 
in this time period may have been possibly unique and 
we can only answer this question if more material is 
found from this era.

The significance of the work of Ingold and his col-
laborators which is discussed by Baker as part of his 
lectures was so important that Remick devoted a whole 
chapter to it in his 1943 text (8) which was written for an 
American audience assumed to be unfamiliar with it. By 
contrast, the 1953 first edition of SMOC contains many 
references to the work of a new generation of American 
chemists. Many of them had spent time in Ingold’s labo-
ratory as Fulbright Fellows in the immediate post war 
era such as J. F. Bunnett (13). American chemists would 
soon become the leaders in physical organic chemistry 
in the post war era. 
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