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Mass Defect fromNuclear Physics toMass Spectral Analysis
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Abstract.Mass defect is associated with the binding energy of the nucleus. It
is a fundamental property of the nucleus and the principle behind nuclear
energy. Mass defect has also entered into the mass spectrometry terminology
with the availability of high resolution mass spectrometry and has found
application in mass spectral analysis. In this application, isobaric masses
are differentiated and identified by their mass defect. What is the relationship
between nuclear mass defect and mass defect used in mass spectral anal-
ysis, and are they the same?
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Introduction

Mass defect and binding energy of the nucleus are two
related fundamental properties of atoms. Even though

they are often discussed in the context of nuclear energy, mass
defect and binding energy are concepts with wider applica-
tions. Mass defect exists universally in bound systems of all
sizes in which the components are bound together by force. It is
applicable to small systems such as the nucleus of an atom as
well as large systems such as the solar system [1]. A bound
system has a lower potential energy and mass than its compo-
nents in an unbound state. The difference between the mass of a
bound system and its constituents in an unbound state is
referred to as mass defect. Binding energy is the energy equiv-
alent of mass defect according to Einstein’s theory of mass-
energy equivalence, and is more pronounced in the atomic
nucleus than the solar system due to its small size and enor-
mous amount of energy involved. Nuclear binding energy is
the source of energy of the sun and nuclear power plants.

The emergence of the concepts of nuclear mass defect and
binding energy goes back to the early 20th century after atomic
weights were determined accurately by chemical methods and
the deviation of atomic masses from whole numbers was
investigated by mass spectrograph [2–8]. Early research in
mass spectrometry was primarily focused on determining the
accurate mass and isotopic composition of elements. However,
by the 1940s this work was largely complete and mass

spectrometry moved from academic laboratories into research
and development facilities in the petroleum and chemical in-
dustry [9]. Resolution and accuracy of the instruments in-
creased over the years and the accurate mass of molecules
made determination of their empirical formula possible. Mass
defect re-entered scientific literature this time for mass spectral
analysis and applied to the identification of molecules rather
than analysis of atoms [10, 11]. In order to make the following
discussion clear, applications of mass defect in nuclear physics
and mass spectral analysis are referred to as nuclear and chem-
ical mass defect, respectively, even though this distinction does
not exist in the literature. Chemical mass defect, defined as the
difference between the monoisotopic mass and the nominal
mass, became a useful criterion for sorting through a crowded
mass spectrum from a complex sample in order to identify
compounds of interest among many unrelated ion peaks. It
was first utilized to visualize and identify different classes of
compounds in petroleum samples, and later found applications
in drug metabolism and pharmacokinetics studies and identifi-
cation of endogenous compounds in complex biological sam-
ples [12].

Nuclear mass defect and binding energy are often discussed
in connection with chemical mass defect and mass spectral
analysis and are incorrectly considered to be the same [12–
15]. Referring to both nuclear and chemical mass defect simply
as mass defect can cause confusion, especially when discussed
among a broader audience from different disciplines. For ex-
ample, the nuclear mass defect for carbon-12 (12C) is 0.1 mass
unit (u), which when converted to energy is equal to the
binding energy per nucleon (protons and neutrons in theCorrespondence to: Soheil Pourshahian; e-mail: spoursha@its.jnj.com
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nucleus) of 7.7 mega-electron volt (MeV) for a carbon atom.
On the other hand, 12C with the atomic mass of 12.0000
(selected as an integer value by convention to define atomic
mass scale) has a chemical mass defect of zero when it comes
to mass spectral analysis and this could be incorrectly
interpreted as the equivalent of zero binding energy for carbon.
One would only be able to differentiate the two usages of the
term mass defect based on the context in which it is discussed.

The goal of this discussion is not to review different appli-
cations of mass defect in mass spectrometry, which can be
found elsewhere [12], but to discuss mass defect in general.
The importance of mass defect in nuclear physics is reviewed
and its significance in mass spectral analysis is discussed. It is
argued that nuclear and chemical mass defects are not the same
and their difference is highlighted at the end, by looking at the
mass defect plots of the elements in the periodic table. While
nuclear mass defect reflects a physical property, chemical mass
defect does not, and it is based on a convention that carbon has
a mass defect of zero. It is proposed to refer to chemical mass
defect as mass excess in order to eliminate confusion surround-
ing the usage of the term Bmass defect.^

Nuclear Mass Defect and Binding
Energy
Mass of the nucleus is slightly less than the added masses of its
constituent protons and neutrons and this mass difference is
called nuclear mass defect [16]:

NuclearMassDefect ¼ m− Z� mHð Þ þ N� mnð Þ½ � ð1Þ
where m is the atomic mass, mH is the mass of hydrogen, mn is
the mass of neutron, Z is the number of protons, and N is the
number of neutrons. The energy equivalent of the nuclear mass
defect is known as the nuclear binding energy. In other words,
binding energy is the energy released with the formation of a
nucleus from its nucleons, or is the energy required to break a
nucleus into its individual components.

The nuclear mass defect is a fundamental property of a
nucleus and is a fixed value corresponding to a certain amount
of binding energy for that nucleus. Mass defect and binding
energy are important factors in the energy involved in nuclear
reactions. Looking at how mass defect and binding energy
change from one element to another will make the relationship
between mass defect, binding energy, and nuclear energy more
apparent. A plot of nuclear mass defect versus mass number for
different elements is shown in Figure 1.

The nuclear mass defect changes with mass number from
zero for hydrogen to a value close to –2 for uranium. The
nuclear mass defect per nucleon, which is mass defect divided
by mass number, is a more useful value. It provides a more
meaningful way of comparison between different elements and
is plotted against mass number in Figure 2a. The corresponding
energy, the binding energy per nucleon, is the amount of
energy that is released per nucleon upon the formation of a
nucleus and is an indication of its stability (Figure 2b).

If we start from hydrogen and move to heavier atoms on the
curve in Figure 2b, we find that binding energy per nucleon
increases and reaches a maximum around 56, the mass number
for iron. If we continue past iron, the binding energy per
nucleon decreases gradually. Therefore, the medium mass nu-
clei are the most stable. Iron has the highest binding energy per
nucleon and is the most stable nucleus (62Ni is more stable than
56Fe but it is not the most abundant isotope of nickel). The
difference in the binding energy between elements provides an
opportunity for producing energy if elements with lower
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Figure 1. Nuclear mass defect versus mass number for the
most abundant isotopes. Masses are based on the 12C mass
scale

-0.010

-0.009

-0.008

-0.007

-0.006

-0.005

-0.004

-0.003

-0.002

-0.001

0.000
0 50 100 150 200 250

N
u

cl
ea

r 
M

as
s 

D
ef

ec
t 

p
er

 N
u

cl
eo

n

Mass Number

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0 50 100 150 200 250

B
in

d
in

g
 E

n
er

g
y 

p
er

 N
u

cl
eo

n
 (

M
eV

)

Mass Number

a

b

Figure 2. (a) Nuclear mass defect per nucleon based on the
12C mass scale, and (b) binding energy per nucleon versus
mass number for the most abundant isotopes
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binding energy per nucleon are converted into more stable
elements with higher binding energy per nucleon. Figure 2b
shows that heavy nuclei gain stability and therefore give off
energy if they are fragmented into two mid-sized nuclei. The
process of splitting a nucleus into smaller nuclei is known as
fission. The breakdown of the uranium nucleus into more
stable nuclei as a result of collisions with neutrons releases
energy and is an example of a fission reaction [17]:

1
0n þ 235

92 U→142
56 Baþ 91

36Kr þ 310n ð2Þ
where the subscript shows atomic number Z, superscript shows
mass number A, and n represents neutrons. This is the process
by which nuclear energy is produced in nuclear power plants.
Energy is also released if light nuclei are combined or fused
together to form more massive nuclei with greater binding
energy per nucleon than that of reacting species. This too is a
change towards a greater stability. The process that is called
fusion is exothermic only for the nuclei of mass number below
56. The reaction of deuterium and tritium to form helium is an
example of a fusion reaction [17]:

2
1H þ 3

1H→4
2Heþ 1

0n ð3Þ

Nuclear fusion is the source of energy of the sun and other
stars. Combination of hydrogen nuclei to form more complex
nuclei was first proposed as the mechanism of production of
stellar energy in 1920 after the publication of masses of iso-
topes by Aston [18]. The difference in the binding energy per
nucleon between hydrogen and helium is much more than
between uranium and a mid-mass element such as iron and as
a result hydrogen fusion can produce more energy, kilogram
for kilogram, than the nuclear fission of uranium.

Mass Excess and Q-Value
The released energy as a result of the formation of nuclei can be
compared to the heat of formation of molecules. The heat of
formation of a molecule is the energy released with the forma-
tion of a molecule from its elements and it is a measure of the
stability of the molecule. A large heat of formation is an
indication of a stable molecule since a large amount of energy
is required to decompose the molecule into its constituent
atoms. The energy released with the formation of a nucleus
from its constituent protons and neutrons is a measure of the
stability of the nucleus in a similar way. The heat of formation
of molecules is considerably less than the energy released with
the formation of nuclei. The standard heat of formation of CO2

from carbon and oxygen is 394 KJ/mole, which is the amount
of heat released under standard conditions per mole of CO2.
(For comparison, the energy released as a result of the forma-
tion of a carbon nucleus from protons and neutrons is 8.9 ×
109 KJ/mole). This corresponds to a mass loss of 4.4 × 10–9 g
for each mole of CO2 formed. Unlike nuclear mass defect, the
mass loss is too minute to be measured and is largely ignored.

The energy change in chemical reactions is calculated from the
heat of formation of the reactants and products. Similarly, we
can calculate the amount of energy released or consumed in a
nuclear reaction. The Q-value is the energy involved in a
nuclear reaction and is defined as:

Q‐value ¼
X

initial

mc2−
X

final

mc2 ð4Þ

where m is the atomic mass and c is the speed of light. The Q-
values are usually reported in units of MeV (c2 = 931.5 MeV/
u). A positive Q-value is an indication of an energetically
favored reaction. The Q-value for the reaction 3, for example,
is calculated using atomic masses of reactants and products:

Q‐value ¼ 2:014102þ 3:016049ð Þ− 4:002603þ 1:008665ð Þ½ �
� 931:5

¼ 17:6MeV

The neutral isotopic mass is not always given in isotope
tables, but the mass excess is listed instead in units of mass or
energy (MeV). It is defined as the difference between the
measured atomic mass (m) and the mass number (A):

ΔA ¼ m−A ð5Þ
where ΔA is the mass excess. Since the sum of the mass
numbers on either side of a nuclear reaction is the same, A is
conserved. If (A + ΔA) is substituted for m in Equation 4, A
cancels out because the total number of protons and neutrons
between reactants and products are unchanged (charge and
mass conservation). We are left with an equation for the Q-
value that depends only on the mass excess. For the above
example, one can use the mass excess in mass unit (u) to find
the Q-value:

Q‐value ¼ 0:014102þ 0:016049ð Þ− 0:002603þ 0:008665ð Þ½ �
� 931:5

¼ 17:6MeV

However, it is easier to use the energy equivalent of the
mass excess, which is commonly listed in tables [19]:

Q‐value ¼ 13:136þ 14:950ð Þ− 2:425þ 8:071ð Þ
¼ 17:6MeV

The value that is reported in the tables of nuclear properties
is the mass excess (in units of energy) rather than the mass. The
above example shows that the use of mass excess makes
prediction of the Q-values straightforward and simplifies the
calculation of energy involved in nuclear reactions. Definition
of mass defect in general chemistry and physics textbooks is
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consistent with Equation 1 and what has been discussed so far
[17, 20]. The definition used in mass spectrometry is discussed
next.

Chemical Mass Defect
Application of mass spectrometry was extended from mainly
atomic to molecular analysis as commercial instruments be-
came available to meet the demands of the chemical and
petroleum industry. Resolution of molecular ions with the same
nominal mass but arising from different combination of ele-
ments became possible with the increasing resolution of the
instruments. Petroleum samples contain many compounds with
the same nominal mass but with different elemental composi-
tions that could be identified by high resolution instruments. A
goal of petroleum analysis was to identify compounds based on
their class, type, and the degree of alkylation. Compound class
is collectively defined as all of elemental compositions with the
same heteroatom content. Compounds with the same heteroat-
om but with various numbers of hydrogen in their empirical
formula belong to different compound types. Compound type
arises from different number of double bonds or rings in the
molecule. Within the same class and type, there are many
compounds with varying degrees of alkylation, which differ
only in the numbers of methylene (CH2) groups in their for-
mula. They are commonly known as homologous series. Pres-
ence of a large number of different molecules made the inter-
pretation of the mass spectra of petroleum samples a difficult
task. The high-resolution spectra of such samples with many
resolved peaks at the same nominal mass demanded a new
approach for data interpretation. A data interpretation strategy
was developed based on the chemical mass defect. Mass defect
was defined as the difference between the accurate mass of the
ion in question and a reference hydrocarbon ion with the same
nominal mass [10]. This approach was used to identify several
new compound classes and types not reported before.

Chemical mass defect was later defined as the difference
between the nominal mass and the measured monoisotopic
mass by Kendrick and was utilized to facilitate analysis of
petroleum samples [11]:

ChemicalMassDefect ¼ A−m ð6Þ
where A is the nominal mass and m is the monoisotopic mass.
Nominal mass is the mass calculated using the integer mass of
the most abundant isotopes of each element. It is equivalent to
mass number expressed in mass unit [21] and they are both
represented by the same symbol, A, here. Therefore, chemical
mass defect is the difference between the monoisotopic mass
and a whole number mass, whichmay not be the closest integer
mass. Nominal mass is the closest integer mass to the mono-
isotopic mass for low molecular weight compounds but this is
not necessarily true at higher masses where the difference
between monoisotopic and nominal masses can be quite large
[22]. For example, polystyrene, C4H9(C8H8)100H, has a nom-
inal mass of 10458 u and monoisotopic mass of 10464.338 u.

Chemical mass defect as defined in Equation 6 is what is
currently used in mass spectral analysis. Because homologous
series constitute a large portion of the compounds found in
petroleum samples, Kendrick introduced a new mass scale
based onCH2 = 14.0000 (

12C scale basedmasses are multiplied
by 14.0000/14.01565 in order to be converted to the Kendrick
mass scale). On this mass scale, the repeating mass of methy-
lene does not change the mass defect and all of the compounds
in a homologous series that belong to the same class and type
will have the same chemical mass defect. Plotting chemical
mass defect versus nominal mass will help visualize all of the
compounds present in the spectrum in a way that would not be
possible by just viewing the spectrum. Figure 3 shows an
example of such a plot for peaks from the high-resolution mass
spectrum of a crude oil sample [23]. Compounds belonging to
the same class and type but with different number of CH2

groups will fall on a horizontal line on this plot. Similarly,
compounds of the same class but different type differ by two
hydrogens and will fall on horizontal lines separated by the
mass defect of H2. Compounds belonging to different classes

Figure 3. Kendrick mass defect versus nominal Kendrick
mass for about 1000 odd-mass ion peaks from an ESI FT-ICR
mass spectrum of a crude oil sample. Six different classes of
compounds are identified. Different compound types are listed
under each class. Compound type is reported as the value of Z
in the genera l e lementa l composi t ion formula of
CcH2c+zNnOoSsPp. Points on horizontal lines differ in the num-
ber of CH2 groups and belong to homologous series. Reprinted
from reference 23. Copyright 2001 American Chemical Society
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are now readily identified because their chemical mass defect
will be displaced vertically from each other. Visualization of a
complex mass spectrum is simplified by using a simple two-
dimensional graphical display of the data based on chemical
mass defect. Patterns are recognizable on the plot, and the
outlier data are easily identified. Identification of a few com-
pounds on the plot, at least one from each class, is the key to
identifying the majority of the compounds. Such a plot has
been used for analyzing data from a single high resolution mass
spectrum of a crude oil sample containing several thousand ion
peaks [24]. Class and type assignment for so many compounds
in the sample was accomplished by taking advantage of their
chemical mass defect, a task that would be difficult to achieve
in the absence of such a powerful data interpretation strategy. A
CH2 based mass scale is historically the first one used for the
analysis of crude oil samples by mass defect. Other mass scales
(16O- and H2-based for example) have also been used to plot
data on two-dimensional plots similar to the one shown in
Figure 3, and are useful for environmental samples [25]. The
use of more than two mass scales for graphical visualization of
data on higher-order plots makes data interpretation easier and
increases the number of assigned chemical formulas [26].

Applications of Chemical Mass Defect
in Mass Spectrometry
Applications of chemical mass defect in mass spectrometry
have been the subject of a recent review [12] and can be divided
into two general categories. In both cases, chemical mass defect
is used to facilitate the identification of compounds of interest
in a complex sample in the presence of many other mass
spectral peaks.

In one category, the existing chemical mass defect in the
compound of interest is used to identify or track it. The char-
acterization of crude oil samples [23, 24] or identification of
metabolites [27–30], proteins [31], lipids [32], and natural
organic matter [25] falls in this category. Mass defect filters
have become common in metabolite identification in the phar-
maceutical industry [33]. The central structure of drugs does
not change drastically after metabolism. Therefore, the chem-
ical mass defect of the parent drug and its metabolites usually
remain similar and fall into a narrow range. In mass defect
filtering, a limited chemical mass defect range is defined and
ions with chemical mass defects outside of this range are
removed from the spectrum through post-acquisition data pro-
cessing. The result is a clean mass spectrum with less back-
ground noise or signals unrelated to the compounds of interest.

In the second category, a chemical mass defect tag is intro-
duced into the compound of interest, which will help its differ-
entiation from chemical noise or other compounds. In a typical
complex mass spectrum such as the spectrum of a whole cell
protein digest, ion signals are clustered around certain spots
and there are gaps in the mass spectrum where no signal is
detected because no peptides have masses at those values [34].
Mass tags contain atoms with large chemical mass defects per

nucleon. The presence of a mass tag in a compoundwill shift its
ion signal from the crowded areas of the spectrum to the gaps
where it can be easily detected and identified [13]. Tagging
proteins, for example, has been used to improve protein se-
quencing and identification [35]. Fluorinated compounds have
long been popular for mass calibration and as internal standards
because they have chemical mass defects that are different from
naturally occurring compounds and less likely to interfere with
the analysis [36].

Comparison between Nuclear
and Chemical Mass Defect
Chemical mass defect as defined by Equation 6 was originally
developed for the mass spectral analysis of molecules in petro-
leum samples. Because chemical mass defect in a molecule is
due to contribution from its constituent atoms, Equation 6 can
also be used to find the chemical mass defect of atoms. This
provides an equal platform for a comparison between the
nuclear and chemical mass defects. In applications other than
Kendrick mass defect, it is common to calculate chemical mass
defect such that elements with a lower mass than carbon, such
as hydrogen, have a positive mass defect (mass defect =m – A).
This definition is used for plots in Figures 4 and 5. Figure 4
shows a plot of chemical mass defect versus mass number for
different elements in the periodic table. One of the curves in
Figure 4 is based on the 12C mass scale, whereas the other is
based on the 16O mass scale. Apart from the obvious differ-
ences between the nuclear and chemical mass defect plots in
Figures 1 and 4, a comparison between the two reveals a few
points:

1. Nuclear mass defect in Figure 1 changes to increasingly
negative values with increasing mass number. This means
that the binding energy increases with mass number and is
higher for heavier atoms. The last element on the plot in
Figure 1, uranium, has the highest total binding energy.
Such a relationship does not exist for the chemical mass
defect in Figure 4.
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2. Nuclear mass defect is a negative value and has the same
sign for all elements and therefore binding energies as the
energy that keeps the nucleus together will all have the same
sign as expected. On the other hand, chemical mass defect is
positive for some and negative for others.

3. The chemical mass defect curve in Figure 4 changes by
changing the mass scale from 12C to 16O, which shows that
chemical mass defect is dependent on the mass scale. This is
in contrast to the mass scale dependency of the nuclear mass
defect. The nuclear mass defect values in Figure 1 (which is
based on the 12C mass scale) will be 0.03% higher when
calculated based on the 16O mass scale, a change that will
not be noticeable on the graph. This dependency is small
and can be ignored compared with the mass scale depen-
dency of the chemical mass defect. Even though the nuclear
mass defect for a certain nucleus is slightly higher on the 16O
mass scale, the corresponding binding energy is the same
whether it is calculated based on the 16O or 12C mass scale.
The conversion factors from the nuclear mass defect to the
binding energy are different for the 16O and 12C mass scales
such that the binding energies calculated based on different
mass scales will have the same value. The nuclear mass
defect and binding energy are intrinsic properties and repre-
sent physical values in absolute units of mass or energy
(grams or joules). Chemical mass defect is defined relative
to the atomic mass unit scale, which is a matter of
convention.

In addition, nuclear mass defect by definition is only con-
cerned with the nucleus and does not include electrons, wheras
chemical mass defect includes electrons. Mass defect per nu-
cleon is another value that one can compare between the
nuclear and chemical mass defects. This is the same concept
reported by Aston as the packing fraction [4]. Chemical mass
defects are divided by the corresponding mass numbers and
plotted as a function of mass number in Figure 5. One of the
curves in Figure 5 is based on the 12C mass scale, wheras the
other one is based on 16O. A comparison between Figure 5 and
the nuclear mass defect per nucleon in Figure 2a shows that the

position of the curve along the vertical axis is changed. This is
because chemical mass defect is a relative value, with its
reference zero point depending on the mass scale. The position
of the curve along the vertical axis changes so that in the case of
12C mass scale, carbon-12 has a chemical mass defect of zero.
On the 16O mass scale, the curve shifts along the y-axis so that
oxygen-16 has a zero chemical mass defect. Consequently,
both nuclear and chemical mass defects per nucleon show
similar trendsmoving on the curves from hydrogen to uranium,
but a certain element will have two different values for the
nuclear and chemical mass defects. On a mass scale based on
hydrogen (H = 1.0000), the nuclear and chemical mass defects
will have values that are close to each other.

It is interesting to see that despite the differences between
the nuclear and chemical mass defect plots in Figures 1 and 4,
the nuclear and chemical mass defect per nucleon curves in
Figures 2a and 5 have similar trends. This is because the
underlying phenomenon behind them, the strong nuclear force,
is the same. The strong nuclear force is one of the four basic
forces in nature (along with the weak nuclear force, electro-
magnetic force and gravity), that holds the subatomic particles
of the nucleus together. It pulls the protons and neutrons in the
nucleus tightly together, slightly more or less tight in different
nuclei. It is useful to compare an atom in the presence and
absence of the nuclear force to understand its effect. In the
absence of the nuclear force, an atom can be considered as a
collection of protons, neutrons, and electrons. Themass of such
a hypothetical atom can be calculated from the mass and
number of electrons, protons, and neutrons present in the atom.
This calculated mass divided by mass number for different
elements, called mass per nucleon, is plotted against mass
number in the top section of the plot in Figure 6 (CV-1). The
mass per nucleon in the presence of the nuclear force is calcu-
lated by dividing 12C-based masses by mass numbers and is
plotted against mass number in the bottom section of the plot in
Figure 6 (CV-2). The effect of the nuclear force on atomic
masses is clear on the plot. The almost straight line trend (CV-
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number for the most abundant isotopes based on the 12C (●)
and 16O (▲) mass scales
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1), in the presence of the nuclear force, is converted to the
familiar trend seen in the mass defect curves (CV-2). Therefore,
the trend seen in Figures 2a and 5 is the result of the nuclear
force acting inside the nucleus.We can get a hint of the strength
of the nuclear force in different nuclei by measuring nuclear
mass defect, a higher nuclear mass defect per nucleon indicat-
ing a stronger force per nucleon. The nuclear mass defect is the
difference between the mass of a nucleus in the presence and
absence of the nuclear force. Therefore, it can be calculated by
subtracting the two curves (CV-1 and CV-2) in Figure 6 (elec-
trons are present in both curves and will cancel out after
subtraction). Subtracting a straight line from a function such
as a sine wave will not change its trend and will produce
another sine wave. Similarly, because CV-1 is close to a
straight line, the resulting nuclear mass defect curve from the
subtraction of CV-1 and CV-2 will have a trend similar to CV-
2. Figure 6 is in fact a graphical representation of Equation 1
divided by mass number. CV-2 is a plot of m/A versus mass
number and CV-1 is the second part of Equation 1 divided by
mass number ([(Z × mH) + (N × mn)]/A) plotted against mass
number. CV-2 has the exact same trend as the chemical mass
defect plot in Figure 5. However, there is a slight difference
between CV-2 and the nuclear mass defect curve in Figure 2a.
Because CV-1 in Figure 6 is not a straight line (it has slight
variations from one element to the next), its deviation from a
straight line will cause the nuclear mass defect curve resulting
from the subtraction of CV-1 and CV-2 to have a slightly
different trend than CV-2. Therefore, nuclear and chemical
mass defect will have slightly different trends. Superimposing
the nuclear and chemical mass defect curves will reveal their
differences and show that despite their similar trends, they do
not follow the exact same track.

Mass Defect or Mass Excess?
The discussion so far concludes that nuclear and chemical mass
defects are different. On the other hand, chemical mass defect
has the same definition as mass excess, a concept introduced to
simplify the calculations of energy change involved in nuclear
reactions. They are both defined as the difference between the
measured monoisotopic mass and nominal mass. It is therefore
logical to restrict the use of mass defect to discussions of
binding energy and nuclear science and use mass excess in
mass spectral analysis. Looking back at the example discussed
in the Introduction, 12C has a mass defect of 0.1 u and binding
energy per nucleon of 7.7 MeV, but as far as mass spectral
analysis is concerned, it has a mass excess of zero. However,
this is against the recommendation of the International Union
of Pure and Applied Chemistry (IUPAC), which supports the
use of mass defect and defines it as the difference between the
nominal mass and the monoisotopic mass of an atom, mole-
cule, or ion [21]. In applications where the decimal value of a
reported mass is of interest [37], the use of fractional mass is
more appropriate (polystyrene with the monoisotopic mass of

10464.338 u has a mass defect of 6.338 and a fractional mass of
0.338).

Conclusion
Why are atomic masses not whole numbers? The quest to
answer this question and to evaluate the divergence of atomic
masses from whole numbers led to the concepts of nuclear
mass defect and binding energy. Later on, chemical mass
defect played an important role in mass spectral analysis.
Nuclear and chemical mass defects are both caused by the
strong nuclear force. However, despite their common origin
and close relationship, they are different concepts. Nuclear
mass defect is an absolute parameter whereas chemical mass
defect is a relative value. Nuclear mass defect and binding
energy are intrinsic properties and are fixed values for a certain
atom. On the other hand, chemical mass defect is not a fixed
value and depends on the mass scale. Nuclear mass defect
reflects a physical property whereas chemical mass defect is
not a physical property and is based on a convention that
carbon has a mass defect of zero. Considering the differences
between the nuclear and chemical mass defects, it is proposed
to refer to the latter as mass excess. This will eliminate confu-
sion surrounding the use of the term mass defect especially
among different disciplines and will harmonize the terminolo-
gies used in nuclear physics and mass spectrometry.
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