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Abstract
The investigation of the relation between chemistry and quantum mechanics includes 
examining how the two theories each describe an isolated molecule. This paper focuses 
on one particular characteristic of chemistry’s and quantum mechanics’ descriptions of an 
isolated molecule; namely on the assumptions made by each description that an isolated 
molecule is stable and has structure. The paper argues that these assumptions are an ide-
alisation. First, this is because stability and structure are partially determined by factors 
that concern the context in which a molecule is considered (i.e. thermodynamic condi-
tions, time-range of experiment, environment, etc.). Secondly, the stability and structure 
of a molecule can only be empirically identified with reference to those factors. This paper 
examines these assumptions in the context of the philosophical literature on idealisations. 
This examination is a novel contribution that raises interesting questions about the relation 
between the two theories, the nature of stability and structure, and the function of these 
assumptions in the two theories.

Keywords Idealisations · Relation between chemistry and quantum mechanics · Stability · 
Molecular structure

Introduction

When chemistry and quantum mechanics each describe an isolated molecule, they assume 
that the molecule is stable and has structure. Identifying these assumptions as an idealisa-
tion is a novel contribution to the discussion of idealisations in chemistry and in quantum 
mechanics, and raises interesting philosophical issues, including those concerning the rela-
tion between chemistry and quantum mechanics.

The paper is structured as follows. “The philosophical investigation of idealisations” 
section presents how idealisations are understood and discussed in philosophy. “Stability 
and structure in chemistry and quantum mechanics” section explains why regarding an iso-
lated molecule as being stable and having structure is an idealisation. When it comes to 
describing an isolated molecule, both chemistry and quantum mechanics make this ide-
alisation. “Philosophical implications” section presents how this idealisation contributes 
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to the investigation of various philosophical issues. Lastly, “Conclusion” section concludes 
this paper by restating the paper’s main claim.

The philosophical investigation of idealisations

Making idealisations is one of the most common practices in science and numerous cases 
can be invoked as examples. ‘(F)rictionless planes, point masses, infinite velocities, iso-
lated systems, omniscient agents, and markets in perfect equilibrium’ are regarded as 
idealisations that are made in the relevant theories or models (Frigg and Hartmann 2012, 
Section  1.1). Assuming that gas molecules are infinitely small, or that light consists of 
‘one-dimensional beams rather than waves’ are also examples of idealisations (Strevens 
2017, p. 2).

The philosophy of science examines various questions regarding idealisations. For 
example, it examines the nature of idealisations and whether there are distinct kinds of 
idealisations in science. Moreover, it examines how particular figures in the history of sci-
ence have understood idealisations. This is because idealisations are crucial to the work of 
central figures such as Aristotle, Galileo, and Newton (McMullin 1985, pp. 240–262). For 
example, McMullin analyses Galileo’s understanding of idealisations in order to identify a 
particular type of idealisation; namely Galilean idealisation (1985). Furthermore, the use 
of idealisations in science is often examined in relation to philosophical topics such as sci-
entific realism, emergence, models in science, representation and explanation (Ladyman 
2008, pp. 360–365). For example, the use of idealisations in science is used as putative 
evidence for antirealism (Weisberg 2007, p. 657; Cartwright 1983). On the other hand, it is 
also argued that idealisations can support scientific realism (Weisberg 2007, p. 657; Norton 
2012, p. 211).

Perhaps as is to be expected, there is no standardly accepted single account of idealisa-
tions. As Weisberg states:

Philosophers of science increasingly recognize the importance of idealization (…). 
Yet this recognition has not yielded consensus about the nature of idealization. The 
literature of the past 30 years contains disparate characterizations and justifications, 
but little evidence of convergence towards a common position. (2007, p. 639)

The lack of a common position about idealisations becomes apparent from the fact that 
numerous definitions of idealisations are given. For example, Frigg and Hartmann propose 
the following definition:

An idealization is a deliberate simplification of something complicated with the 
objective of making it more tractable. (2012, Section 1.1)

McMullin defines idealisations in a similar manner; namely as ‘a deliberate simplifying 
of something complicated (a situation, a concept, etc.) with a view to achieving at least 
at a partial understanding of that thing’ (1985, p. 248). Norton argues that idealisations 
should be taken to ‘refer to new systems some of whose properties approximate some of 
those of the target system’ (Norton 2012, p. 207), whereas Weisberg defines idealisations 
as ‘the intentional introduction of distortion into scientific theories’ (Weisberg 2007, p. 
639). These definitions illustrate that idealisations are ‘a feature of both the formulation 
of laws and theories and of their application to the world’ (Ladyman 2008, p. 358). For 
example, Weisberg understands idealisations as a feature of scientific theories, whereas 
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Norton understands them as a feature of the system or phenomenon that scientific theories 
describe.1

A question which is raised about idealisations concerns their function in science. 
According to Frigg and Hartmann, the function of idealisations is to make ‘something’ 
more ‘tractable’ (2012, Section 1.1). Other philosophers specify in more detail the function 
of idealisations. For example, idealisations are used in order to:

(1) ‘reduce the complexity of the model’, by either ‘making the mathematics more tractable 
or by reducing the empirical demands of the model’ (Strevens 2017, p. 3);

(2) identify the ‘core or primary causal factors that give rise to the phenomenon of interest’ 
(Weisberg 2007, p. 651); and,

(3) construct ‘a single model for a particular target or class of target phenomena’ (Weisberg 
2007, p. 655).

Moreover, a particular notion of idealisation is often supported with respect to the descrip-
tion of a particular phenomenon. For example, Batterman proposes the notion of ‘infinite 
idealizations’ with respect to phase transitions and critical phenomena (2011, p. 1033). 
Weisberg proposes the notion of ‘multiple-models idealization’ regarding the description 
of global weather patterns (2007, p. 646). McMullin argues that the application of geom-
etry for the specification of the movement of planets is an example of ‘mathematical ideali-
zation’ (1985, pp. 248–254).

There are disagreements about several issues regarding idealisations. For example, 
some argue that idealisations are distinct from approximations, whereas others use the two 
terms interchangeably.2 Also, there are particular examples of theories, models, or repre-
sentations for which it is not very clear whether idealisations or some other notion (such as 
analogues) accurately specifies their ‘representational styles’ (Frigg and Hartmann 2012, 
Section 1.1).3 Another issue that is discussed concerns the categorisation of idealisations. 
For example, Frigg and Hartmann argue that there are two main kinds of idealisations; 
i.e. ‘Galilean’ and ‘Aristotelian idealisations’ (2012, Section 1.1). McMullin distinguishes 
between ‘mathematical’, ‘Galilean’ (which are further distinguished into ‘construct’ and 
‘causal idealisations’), ‘material’, ‘formal’ and ‘subjunctive idealisations’ (McMullin 1985; 
Ladyman 2008, pp. 361–362). Weisberg argues that there are three kinds of idealisations; 
namely ‘Galilean’, ‘minimalist’, and ‘multiple-models idealizations’ (2007). Strevens 
examines ‘asymptotic’ and ‘simple idealisations’ (2017). Whether there is a unique clas-
sification that underwrites all proposed kinds of idealisations is not examined here. Regard-
less of the exact characterisation of ‘idealisation’ and its various species and cognates, the 

1 McMullin, as well as Frigg and Hartmann, formulate a definition which allows both understandings of 
idealisations; namely as a feature of theories and as a feature applied to systems or phenomena in the world.
2 The former is supported by Norton (2012). An example of the latter is (Wayne 2012, p. 343). A similar 
issue arises with respect to the distinction between idealisations and abstractions (Cartwright 1989; Lady-
man 2008, pp. 362–363).
3 Specifically, ‘some scale models would also qualify as idealized models and it is not clear where exactly 
to draw the line between idealized and analogue models’ (Frigg and Hartmann 2012, Section  1.1). This 
question requires a detailed analysis of models and representations in science and is not examined here (for 
example Ladyman 2008, pp. 360–364).
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way chemistry and quantum mechanics describe the stability and structure of an isolated 
molecule counts as idealisation of some kind in the sense of all the accounts above.4

Lastly, a number of examples from chemistry and quantum mechanics have been 
invoked when discussing idealisations in science. For example:

1. The use of approximate wavefunctions in order to calculate the properties of molecules, 
is regarded as an example of Galilean idealisation (Weisberg 2007, p. 641).

2. Treating ‘the vibrating bond as spring-like with a natural vibrational frequency’ in order 
to calculate the vibrational properties of a covalent bond, is regarded as a minimalist 
idealisation (Weisberg 2007, p. 644).

3. The description of atoms and molecules via the molecular orbital or the valence bond 
approach is regarded as an example of Weisberg’s third kind of idealisation; i.e. the 
multiple-model idealisation (Weisberg 2007, p. 646).

4. The Bohr image of the atom is regarded as an example of Galilean idealisation (McMul-
lin 1985, p. 260).

5. The Lewis electron pair model of chemical bonding is also regarded an idealisation 
(Weisberg 2007, p. 650).

While this paper does not examine the general role of idealisations in chemistry and 
in quantum mechanics, the above examples illustrate that both chemistry and quantum 
mechanics employ various idealisations of possibly different types. Moreover, some of 
the above examples illustrate that there are particular features of the quantum mechani-
cal description of an isolated molecule which have been examined in terms of the notion 
of idealisations. Nevertheless, there is a particular feature of quantum mechanics (and of 
chemistry) that has not been identified as an idealisation in either the philosophy of science 
or the philosophy of chemistry literature; namely the assumptions that an isolated molecule 
is stable and has structure.5

Stability and structure in chemistry and quantum mechanics

This section presents how stability and structure are defined, understood, and empirically 
identified.6 This analysis explicates why the assumption of an isolated molecule with sta-
bility and structure is an idealisation. Specifically, this assumption is correctly construed as 
an idealisation for two main reasons. First, stability and structure are partially determined 
by factors that concern the context in which a molecule is considered (i.e. thermodynamic 

5 This paper leaves it open whether there are other features in chemistry or quantum mechanics which have 
not been considered as idealisations in the philosophical literature and which could possibly be construed 
as such.
6 A central reference of this paper is the Gold Book (IUPAC 2014) which is provided by the International 
Union of Pure and Applied Chemistry (IUPAC). IUPAC is one of the leading authorities regarding chem-
ical nomenclature and the definition of chemical terms. The glossary of the Gold Book is more or less 
accepted by the entire chemical community; the terms and their respective definitions have been rigorously 
reviewed and published in chemistry journals.

4 The particular example may be alternatively identified as an abstraction or approximation. This is not 
examined here.
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conditions, time-range of experiment, environment, etc.).7 Secondly, the stability and struc-
ture of a molecule can only be empirically identified with reference to those factors.

Note that a particular account of idealisations regarding their nature, function, etc. is not 
currently assumed. The aim of this section is to present the scientific evidence which sup-
ports the claim that this assumption is an idealisation.

Stability

There are two cases in which stability is considered with respect to a single molecule, 
namely:

a. the stability of a molecule when considered as part of an ensemble; and,
b. the stability of a molecule in isolation.

IUPAC (2014) does not provide a definition of stability with reference to a molecule 
(whether isolated or not).8 However, it is common practice in chemistry to talk about a 
molecule’s stability. Regarding the stability of a molecule that is part of an ensemble, a 
molecule is stable in virtue of being part of a stable chemical species, and not in virtue 
of being in its ground state.9 This is because the molecule that is part of an ensemble is 
neither static, nor always fixed at its ground state. A molecule that is part of an ensem-
ble interacts both intermolecularly and intramolecularly, and its conformation dynamically 
changes over time.10 Therefore, when one refers to a molecule (which is part of an ensem-
ble) as being stable, what is meant is that the molecule is part of a stable chemical species.

Given this, it follows that the stability of a molecule is partially determined by the fac-
tors that determine the stability of the chemical species of which the molecule is part. 
These factors become apparent from the definition of stability with reference to chemical 
species:

As applied to chemical species, the term expresses a thermodynamic property, which 
is quantitatively measured by relative molar standard Gibbs energies. A chemical 
species A is more stable than its isomer B if ΔrGo > 0 for the (real or hypothetical) 
reaction A ≥ B, under standard conditions. If for the two reactions:

ΔrG
o

1
> ΔrG

o

2
 , P is more stable relative to the product Y than is Q relative to Z.

P ≥ X + Y
(

ΔrG
o

1

)

Q ≥ X + Z
(

ΔrG
o

2

)

7 Llored (2012) also points out factors that are involved in the empirical identification and description of 
molecules. However, contrary to the present paper, those factors are taken by Llored to include the relevant 
tools, methods, instruments and modes of access. Given this, as well as that he does not discuss this issue 
with respect to idealisations, this paper does not further consider his account.
8 What is meant by ‘isolation’ is explained later on in this paper.
9 A chemical species is ‘(a)n ensemble of chemically identical molecular entities that can explore the same 
set of molecular energy levels on the time scale of the experiment’ (IUPAC 2014, p. 264).
10 The term ‘conformation’ standardly applies to molecules which exhibit different stereoisomeric struc-
tures. However, it is also understood more broadly as referring to the different possible spatial arrangements 
of the atoms that comprise a molecular entity. The latter understanding of conformation is assumed here.
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Both in qualitative and quantitative usage the term stable is therefore always used in 
reference to some explicitly stated or implicitly assumed standard. (IUPAC 2014, p. 
1432)

Based on the above, the stability of a molecule which is part of a chemical species is rela-
tive to the following factors:

• The particular reaction(s) with respect to which the stability of the relevant chemical 
species is considered. For example, while a chemical species P is more stable relative 
to Y when considered with respect to how stable Q is relative to Z, P is less stable rela-
tive to Y when considered with respect to how stable A is relative to T (for the hypo-
thetical reaction A ≥ X + T, ΔrG

o

3
 , where ΔrG

o

3
> ΔrG

o

1
).

• The particular chemical species with which the relevant chemical species’ stability is 
relative. For example, while P is more stable relative to Y (when considered with the 
reaction Q ≥ X + Z), it is less stable relative to M (when considered with the reaction 
Q ≥ X + Z), if it is the case that there is a hypothetical reaction P ≥ X + M (with ΔrG

o

4
 ) 

such that ΔrG
o

4
< ΔrG

o

2
.

• The thermodynamic conditions in which those reactions are performed. The relative 
molar Gibbs energies are calculated and compared under the assumption that the con-
sidered reactions are performed under standard thermodynamic conditions. However, if 
the thermodynamic conditions are different (for example, the temperature or pressure 
of the examined systems are different), then it is possible that the relevant molar Gibbs 
energies are different, and thus that the stability of the chemical species is different.11

• The environment in which that particular set of reaction(s) is assumed to be performed. 
This includes the specification of the type of solution or background gas within which 
the reactions are performed. For example, there are polymers which ‘are reported to be 
stable in air up to 500 °C and to nearly 800 °C in nitrogen’ (Marvel 2009, p. 361).

Given the above, the stability of a molecule that is part of an ensemble is a relational 
property of that molecule; namely a property which the molecule has ‘in relation to other 
things’ (Ney 2014, p. 285).12 This is because the molecule has this property in virtue of the 
relation that the relevant chemical species has with other chemical species, as well as in 
relation to particular thermodynamic conditions, to a set of reaction(s), and to the environ-
ment in which the relevant chemical species is assumed to be found.

The other case considered here is a molecule in isolation. Contrary to a molecule which 
is part of an ensemble, one would expect the stability of an isolated molecule to be an 
intrinsic property which is only determined by its composing entities and interactions.13 In 
this case, the stability of a molecule in isolation would refer to the ground state of the mol-
ecule; namely to ‘the state of lowest Gibbs energy’ (IUPAC 2014, p. 646). This is because 
the ground state of a molecule is taken to correspond to a particular internal structure of 

13 Intrinsic properties are ‘properties objects have just in virtue of how they are in themselves, not how they 
are in relation to other things’ (Ney 2014, p. 285).

11 For example (Marvel 2009) examines stability with respect to various thermodynamic factors, including 
temperature.
12 Ney’s definition of relational properties provides a rather general understanding of relational properties 
because it does not specify what renders an object in relation to something else. This understanding of 
relational properties suffices in order to support the claim that the stability of a molecule that is part of an 
ensemble is not a property that the molecule has in and of itself.
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the molecule. This structure corresponds to the average nucleonic and electronic configu-
rations of the atomic nuclei and electrons within the molecule, and is determined by their 
respective interactions. However, the in principle impossibility of empirically identifying 
any property of an isolated system, entails that this model of the stability of an isolated 
molecule (specified solely in terms of the molecule’s ground state) is highly idealised.

In order to support this claim, it is important to first define what is meant by ‘isolation’. 
The term is understood in science in various ways; there is thermodynamic isolation, mate-
rial isolation, radiative isolation, etc. Given how science understands ‘isolation’, a mol-
ecule is understood here as a system in isolation when the following requirements are met:

• The molecule is far removed from any other system and thus doesn’t interact with other 
molecular entities (i.e. with other atoms, molecules, ions, etc.); and,

• The total energy of the molecule is conserved.14

This is a highly idealised representation of a molecule for three reasons. First, it is very 
difficult to empirically examine a molecule’s properties in an environment in which the 
molecule doesn’t interact with other molecular entities. In practice, when it comes to the 
empirical support of chemical properties, the experiments are performed on chemical sub-
stances and not on a single molecular entity. Given this, it is common in chemical practice 
to assign chemical properties to a single molecule by measuring properties of samples of 
matter. The experiments are performed in such conditions that it is safe to assume that the 
behaviour of each molecule of an ensemble, closely resembles the behaviour of a single 
molecule when in isolation.15

This is merely an epistemic difficulty which, with the improvement of technological 
means, could possibly be overcome.16 There is, however, a second reason why the descrip-
tion of an isolated molecule is highly idealised. The empirical identification of a mole-
cule’s stability (or of any other property) necessitates the interaction of that molecule with 
an experimental device, through the emission of light or the imposition of a field to the sys-
tem. Therefore, the properties of an examined system are necessarily those that the system 
exhibits when it is in a state of non-conservation of energy. This cannot be overcome; in 
principle any act of measurement will probe the examined system in such a way that it will 
cease to be in isolation.

Thirdly, there is one additional feature that renders the chemical and quantum mechan-
ical descriptions of an isolated molecule an idealisation; namely the way in which they 
represent it in time. To the extent that the stability of an isolated molecule is taken to 
correspond to its ground state, the stability of an isolated molecule is defined independ-
ent of time. This is because the ground state of a molecule is a stationary state; namely 
a state that ‘does not evolve with time’ (IUPAC 2014, p. 1443). Taking stability to be a 

14 To my knowledge, there is no bibliographical reference in chemistry or quantum chemistry which explic-
itly specifies what renders a molecule in isolation (for example IUPAC 2014). However, based on how 
chemists and quantum chemists describe an isolated molecule and on how physics defines isolation, I take 
this to be a correct definition of an isolated molecule.
15 One could justify this assumption if, for example, the chemical substance is examined in very low pres-
sure.
16 In fact, there has been extensive development of techniques and experiments in chemistry which aim at 
measuring the value of properties of single molecules, instead of inferring the properties of a single mol-
ecule by measuring the properties of an ensemble of molecules. This research is often referred to as ‘single-
molecule chemistry’ (Bai et al. 1999; Walter 2008).
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time-independent property is an idealisation because in practice the stability of a molecule 
is always relevant to the particular time range of an experiment. In fact, there is empiri-
cal evidence of particular molecules which change from one structure into another in the 
course of time, suggesting that a molecule may not remain in one stable state indefinitely. 
For example (Meléndez-Martínez et al. 2014) examine the time-dependence of the differ-
ent isomeric structures of carotenoids. So, given that in non-isolation, stability is a time-
dependent property, it may be assumed that stability in isolation is a time-dependent prop-
erty as well. On the other hand, one can assume that the stability of an isolated molecule is 
time-independent, in accordance to how it is described in quantum mechanics through the 
stationary states. While both assumptions are consistent with empirical evidence, the above 
analysis suggests the following. When describing an isolated molecule, chemistry’s and 
quantum mechanics’ understanding of stability as a time-independent property is an ideali-
sation; namely something that is assumed, rather than empirically identified.

In sum, the stability of a molecule is empirically verified always in relation to particular 
factors, including the thermodynamics conditions, the environment, and the time-range of 
an experiment. Given this, the stability of an isolated molecule refers to a state of the mole-
cule which can never be empirically identified and whose existence is assumed, rather than 
empirically verified. This idealisation is made both in chemistry and in quantum mechan-
ics, whenever the two theories describe a stable isolated molecule. The next section argues 
that a similar idealised understanding is assumed with respect to the structure of an iso-
lated molecule.

Structure

Molecular structure is a central property of molecules that figures in the explanation of 
their chemical behaviour. The particular structure of a molecule can explain (to a certain 
degree) the stability and reactivity of that molecule. Also, the structure of a molecule that 
participates in a reaction may partially explain the process through which it transforms into 
particular products (i.e. the reaction mechanism), as well as the sort of products that are 
produced during the reaction. Moreover, physical properties of matter may be explained in 
terms of the structure of the molecules that compose it.

While molecular structure is employed by IUPAC for the definition of other chemical 
terms (such as molecular modelling and the Lewis formula), the term itself is not defined 
in the Gold Book. In light of this, this paper proposes a definition which is based on how 
the term is broadly understood in chemistry. Moreover, similarly to the examination of 
stability, this paper investigates how a molecule’s structure is understood and empirically 
identified for two cases, namely:

a. a single molecule which is part of an ensemble; and,
b. a single molecule in isolation.

Two concepts are often employed when referring to molecular structure; ‘shape’ and 
‘conformation’. The ‘structure of a molecule’ is often employed interchangeably with the 
‘shape of a molecule’ or ‘molecular shape’ (Ramsey 1997; Woolley 1976, p. 28). Moreo-
ver, depending on the type of molecules that are examined, molecular structure is often 
referred to in terms of the conformations that a specific molecule can take. Furthermore, 
the specific structure of a particular molecule is described by specifying the spatial 
arrangement of the atoms within that molecule.
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Given the above, the structure of a molecule is defined here as the spatial arrange-
ment of the atoms that constitute it. The factors that determine this spatial arrangement 
are contingent not only on the identity and interactions between the atoms that comprise 
the molecule, but also on the context in which the molecule as a whole is considered. This 
becomes evident when examining the structure of a molecule that is considered as part of 
an ensemble. In this case, the spatial arrangement of a molecule’s atoms is determined by 
(i) the interactions between the molecule’s own atoms (i.e. the intramolecular interactions), 
and (ii) the interactions between the molecule’s atoms and one or more distinct molecular 
entities (i.e. the intermolecular interactions).17

Molecular structure is a collective term in the sense that it doesn’t refer to one par-
ticular and empirically measurable chemical property, but rather to a collection of empiri-
cally measurable chemical (but also quantum mechanical) properties of the molecule. This 
seems to be in accordance with intuition. For example, when describing the structure of a 
box, one specifies its angles, the length of its sides, the distance between its surfaces, etc. 
There is no one measurable property that fully identifies and describes the structure of a 
box. The same applies to a molecule’s structure. There is a set of properties that need to be 
specified in order to provide a satisfactory description of molecular structure.

Given this, the properties that specify a molecule’s structure when that molecule is part 
of an ensemble, can be categorised into two sets. The first set includes the information that 
specifies the intramolecular interactions. This includes reference to:

• the types of intramolecular interactions, both bonding and nonbonding;
• the properties that are assigned to the intramolecular interactions;
• certain properties that are based on the quantum mechanical description of molecules;
• the pictorial representation of molecules; and,
• the properties that specify the structural differences between molecules.

Moreover, the structure of a molecule can be significantly affected by its intermolecular 
interactions. For example, the helical structure of DNA is determined by the intermolecu-
lar interactions (mainly hydrogen bonds) between the nucleic acids of the two strands that 
make up the DNA. These two strands are distinct molecules, and the reason why these two 
strands curl up into the overall helical structure of DNA (and why therefore they acquire 
their particular structure) is due to the intermolecular interactions between them. Another 
example is the structure of a water molecule  (H2O). Two water molecules in a water dimer 
[i.e.  (H2O)2] do not have the same structure and each molecule’s structure in the water 
dimer is also different from the structure of a single water molecule (whether in gas-phase, 
liquid-phase or solid-phase water) (Klopper et al. 2000).18 In light of this, there is a second 
set of properties which are invoked for the specification of a molecule’s structure. This set 
includes reference to:

• the types of interactions between the molecule (or its constituting atoms) and one or 
more distinct molecular entities; and,

17 This justifies why this paper distinguishes between the structure of a single molecule considered as part 
of an ensemble, and the structure of a single molecule in isolation.
18 Needham raises a similar point regarding the properties of a molecule: ‘A molecule in the liquid isn’t like 
a water molecule in isolation (in the gas phase at very low pressure), but will be subject to all the stresses 
imposed by the ambient medium’ (2017, p. 135).
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• the properties that are assigned to those interactions.

This set is dependent on the identity of the molecule under examination, but also on the 
identity of the surrounding molecular entities.

Depending on the explanatory, predictive, and heuristic needs of chemistry as well as on 
the particular type of molecule that is under examination, intermolecular interactions may 
be disregarded in the description of a molecule’s structure. For example, a molecule with 
aromatic character exhibits unusual stability due to its structure, regardless of the particular 
environment in which it is considered (IUPAC 2014, p. 109). Therefore, its structure and 
stability are usually explained independently of the environment and conditions in which 
the molecule may be found. On the other hand, there are also cases where intermolecu-
lar interactions play an important role in explaining molecular structure, and thus in the 
behaviour of molecules. For example, the ‘abnormal physical properties’ of matter com-
posed of  NH3,  H2O or HF is explained with reference to the intermolecular interactions 
that take place between such molecules (namely in terms of hydrogen bonding) (Needham 
2013, p. 52).

In light of the above, it is clear that when a molecule is considered as part of an ensem-
ble then its structure is a relational property, in the sense that a molecule’s structure is par-
tially determined by the relations it develops with other molecular entities.

Concerning an isolated molecule, it becomes evident that, in virtue of being isolated, 
intermolecular interactions do not play any role in the determination of the molecule’s 
structure. However, it is not entirely accurate to infer from this that what determines an 
isolated molecule’s structure are only its intramolecular interactions. Just like in the case 
of stability, molecular structure is empirically supported in the context of chemical spe-
cies, and not of an isolated molecule. The terms employed for the description of molecu-
lar structure are defined with reference to chemical species and empirically supported by 
experiments done on ensembles of molecular entities. Moreover, the structure of a single 
molecule is partially determined by the thermodynamic conditions in which the molecule 
is considered, as well as by the environment in which it is found.19 Therefore, the structure 
of an isolated molecule refers to an idealised state of the molecule which can never be 
empirically identified and whose existence is assumed rather than empirically verified.

Consider, for example, the empirical identification of chirality; namely of the ‘geometric 
property’ of a molecule ‘of being non-superposable on its mirror image’ (IUPAC 2014, p. 
269).20 A chiral molecule is experimentally identified through the measurement of the opti-
cal activity of the sample in which that molecule is contained (IUPAC 2014, p. 1030). Any 
assembly of chiral molecules that is either enantiomerically pure (i.e. it contains only right 
or only left-handed enantiomers) or that contains an unequal amount of a pair of enantiom-
ers (i.e. it contains, say, more left- than right- handed enantiomers) is optically active. The 
measurement of optical activity is performed on a sample of material, i.e. on matter com-
posed of an ensemble of (either chemically distinct or identical) molecular entities. While 
chemists infer from such experiments that the observed sample contains molecules with 

19 For example, depending the temperature of the system, the molecule may exhibit different structures 
(Xiao et al. 2016).
20 A molecule has the property of being chiral when its mirror molecule is not identical to itself. The term 
‘enantiomer’ refers to each molecule of any pair of chiral molecules. The two enantiomers of a pair of chiral 
molecules are often referred to as the right- and left-handed enantiomers.
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specific chiral structure, the observed optical activity is that of the entire sample, and not of 
a single chiral molecule.

It should be noted that there are advances on single-molecule chemistry concerning the 
measurement of the polarisation of light produced by one single molecule. This is directly 
relevant to the empirical examination of the chirality of a single molecule (Chuntonov and 
Haran 2013). However, even in single-molecule chemistry, the single molecule whose 
properties are measured, is considered in a system where it interacts with other molecules. 
It is not the case that the single molecule is far removed from other molecular entities. 
Therefore, both the presence of other molecules, as well as the environmental and thermo-
dynamic conditions in which a molecule is considered, are still relevant to the determina-
tion of its structure.

An additional idealisation concerning the structure of a molecule becomes apparent 
from how structure is pictorially represented. In chemistry, the structure of a molecule is 
represented statically, as if the molecule and its constituting atoms are not continuously 
moving and rotating in space. However, the pictorial representation of a molecule’s struc-
ture only highlights the average shape of a molecule, and does not refer to a static and 
unchanging structure. This is important because, even if one considers an isolated mol-
ecule, it is still the case that the particles that comprise an isolated molecule interact with 
each other and move in space. This is due to the existence of intramolecular interactions 
which persist even when the total energy of the system is constant (since the angular 
momentum of its comprising entities is non-zero). Therefore, the structure of a molecule 
is dynamic in the sense that a molecule (even in isolation) can possess different conforma-
tions in time as a result of the continuous interactions of the entities (namely electrons and 
nuclei) that comprise the molecule (Longuet-Higgins 1963, p. 446).

There is one additional factor that plays a central role in the understanding of struc-
ture; namely time. The empirical identification of a molecule’s structure is only possible if 
the examined molecule is stable for a particular range of time. If a molecule is not stable 
under particular conditions and within a particular environment, then it is not possible to 
empirically identify its structure. Given that the empirical identification of the stability of 
a molecule is relevant to the time-range of an experiment, it follows that the empirical 
identification of a molecule’s structure is also relevant to that particular time-range. This is 
further supported by the fact that there are types of molecules whose structure changes in 
the course of time (Meléndez-Martínez et al. 2014). All the above is not taken into account 
in quantum mechanics which describes the properties of a molecule by specifying its sta-
tionary (i.e. time-independent) states.

All the above illustrate the idealised framework in which chemistry and quantum 
mechanics each describe the structure of an isolated molecule.

Philosophical implications

The previous section presented the factors that determine a molecule’s stability and struc-
ture. A molecule’s stability and structure are by necessity empirically identified in rela-
tion to those factors. Hence, when one describes a molecule in isolation, it is just assumed 
that it is stable and has structure, because this description (whether chemical or quantum 
mechanical) disregards the factors that partially determine the stability and structure of an 
empirically identifiable molecule. Whether this assumption is justified (namely whether an 
isolated molecule is stable and has structure) is not examined here. The paper only points 
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out that, given how science empirically identifies these two properties, an isolated mol-
ecule with stability and structure is an idealisation.

If one takes into account the philosophical literature on idealisations, then numerous 
questions can be raised about the assumption that an isolated molecule is stable and has 
structure. First, there are various ways in which one could understand this idealisation. For 
example, one could define this as a deliberate simplification/distortion of the description 
of a molecule which disregards some of the factors that determine the molecule’s proper-
ties, in order to achieve one or more goals (i.e. tractability, solubility, simplicity, generality, 
identification of core causal factors, etc.) (in line with McMullin 1985; Weisberg 2007). On 
the other hand, one could say that chemistry and quantum mechanics each refer to a new 
system (i.e. an isolated and time-independent molecule) some of whose properties approxi-
mate some of those of the target system (i.e. a non-isolated and time-dependent molecule) 
(in line with Norton 2012). Contrary to both views, it could be argued that there is no inter-
esting difference between these two interpretations of the idealisation; both interpretations 
capture the same understanding of idealisation regardless of whether we formulate it in 
terms of descriptions or in terms of the system to be described. However, there are philoso-
phers who would possibly disagree with this. For example, Norton argues that his proposed 
understanding of idealisation introduces ‘reference to a novel system’ and thus carries ‘a 
novel semantic import’ (2012, pp. 208–209).

Another question is whether the assumption that is presented here is an example of a 
particular type of idealisation. For example, one could say that this is an example of Gali-
lean idealisation as the latter is defined by Weisberg:

Galilean idealization is the practice of introducing distortions into theories with the 
goal of simplifying theories in order to make them computationally tractable. One 
starts with some idea of what a nonidealized theory would look like. Then one men-
tally and mathematically creates a simplified model of the target. (2007, p. 640)

Alternatively, one could say that this is an example of Aristotelian idealisation, as defined 
by Frigg and Hartmann:

Aristotelian idealization amounts to ‘stripping away’, in our imagination, all proper-
ties from a concrete object that we believe are not relevant to the problem at hand. 
This allows us to focus on a limited set of properties in isolation. (2012, Section 1.1)

While it is possible to argue for different types of idealisations, there are particular types 
that do not apply to the idealisation presented here. For example, the idealisation is not a 
case of an infinite idealisation where the latter is defined as ‘distortions or misrepresenta-
tions (…) in which some parameter takes on an infinite or infinitesimal value’ (Shech 2018, 
p. 1). In fact, it is not a case of a mathematical idealisation, in the sense that some math-
ematical value that is involved in the description of the system, is set to infinity or zero. 
Consider, for example, McMullin’s definition of mathematical idealisation:

Mathematical idealisation is a matter of imposing a mathematical formalism on a 
physical situation, in the hope that the essentials of that situation will lend them-
selves to mathematical representation. (1985, p. 254)

That the particular assumption is not a case of an infinite or mathematical idealisation is 
supported as follows. Indeed, quantum mechanics imposes a mathematical formalism on 
molecules via the Schrödinger equation. The equation assumes that an isolated molecule 
is stable and has structure by setting the values of some parameters in the Schrödinger 
equation. However, the same does not apply to chemistry’s description of a molecule. This 
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is because chemistry is not primarily a mathematical description; its description of the rel-
evant phenomena includes non-mathematical vocabulary as well. While it employs math-
ematical formalisms (from thermodynamics, quantum mechanics, etc.), it also employs a 
formalism that is non-mathematical. For example, chemistry’s definition and understand-
ing of stability involves reference to chemical reactions which in turn are described with 
reference to the elements of the periodic table.

This issue also raises the question of why this idealisation is made in chemistry and in 
quantum mechanics. Since this idealisation is not only made in the mathematical formal-
ism of quantum mechanics, it is inadequate to claim that its function is the mathematical 
tractability of the system. Perhaps its function is simplicity in general, in the sense that one 
includes in the descriptions as little as possible (Weisberg 2007, p. 650). Alternatively, its 
function may also be explanatory because the descriptions employ this idealisation in order 
to ‘include only the core causal factors which give rise to a phenomenon’ (Weisberg 2007, 
p. 642). While this section does not examine and specify in detail what the function of 
this idealisation is, it is evident that this idealisation serves more than one function in the 
relevant descriptions. First, this idealisation accommodates the mathematical tractability of 
the quantum mechanical description of a molecule. This is because, if quantum mechanics 
took into account time and the different conditions in which the molecule can be consid-
ered, then the relevant mathematical equation would be very difficult, if not impossible, to 
solve. Moreover, this idealisation has an explanatory function in the following sense. It is 
much easier for chemists to explain and understand the properties of a molecule, if they 
consider it in isolation and independent of time. By considering a molecule in isolation, 
chemists identify particular properties of the molecule and explain how these properties 
account for macroscopic properties of the matter in which the molecule is part of. These 
properties play a large role in understanding why the molecule behaves the way it does, 
even if these properties are not the only factors which determine its behaviour (see also 
Weisberg 2007, p. 650).

One more issue that is revealed in light of the literature on idealisations, concerns the 
nature of stability and structure. If stability and structure are only empirically identifiable 
when external factors partially determine them, then it is a matter of philosophical debate 
whether stability and structure are intrinsic or relational properties of a molecule. Put dif-
ferently, can an isolated molecule be stable and have structure? Is the assumption of an 
isolated stable molecule with structure a ‘legitimate idealisation’ or an ‘outright falsehood’ 
(Ladyman 2008, p. 360)? This is a particularly interesting question, if one considers exam-
ples of idealisations in science which are considered as false or impossible:

For example, a perfectly reversible (or maximally efficient) Carnot engine is impos-
sible to build in practice, and yet is considered a respectable part of the subject mat-
ter of thermodynamics. On the other hand, a perpetual-motion machine of the sec-
ond kind, the sole effect of which is the complete conversion of heat into work, is 
regarded as fundamentally impossible. What is the difference between an impossibil-
ity that can be considered possible in ideal circumstances and an impossibility that 
remains so no matter how idealised the scenario we envisage? (Ladyman 2008, pp. 
360–361)

Lastly, there is a general consensus in the philosophy of chemistry literature that the man-
ner in which quantum mechanics describes an isolated molecule’s structure is problematic 
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when it comes to specifying the relation between chemistry and quantum mechanics.21 
Specifically, the inability of quantum mechanics to recover a molecule’s structure is posed 
as a challenge to the strict Nagelian reduction of chemistry to quantum mechanics, as well 
as to reductive and non-reductive physicalism (see for example Hendry 2010, p. 212; Wool-
ley 1998).22 Identifying that the chemical and quantum mechanical descriptions of an iso-
lated molecule involve the use of idealisations, can accommodate one’s understanding of 
quantum mechanics’ description of molecular structure, as well as of the relation between 
chemistry and quantum mechanics. These issues go beyond the scope of this paper. Nev-
ertheless, the manner in which philosophy investigates the nature, type, and function of 
idealisations indicates that the identification of idealisations in chemistry and in quantum 
mechanics can provide novel insight into the relation between the two theories.

Conclusion

When chemistry and quantum mechanics each describe an isolated molecule, they assume 
that the molecule is stable and has structure. This paper showed that these assumptions 
are an idealisation. This is because stability and structure are relational properties when 
referring to a molecule that is part of an ensemble. In fact, given that the empirical iden-
tification of a molecule’s stability and structure requires taking into account the environ-
ment, the thermodynamic conditions and the time-range of an experiment, it follows that 
chemistry and quantum mechanics assume, rather than empirically verify, that an isolated 
molecule is stable and has structure. The paper examined these assumptions in the context 
of the literature on idealisations and outlined the philosophical questions that are informed 
by this idealisation, including the question about the relation between chemistry and quan-
tum mechanics.
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