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1. Mass defect and Kendrick mass

2. Few examples of KMD analyses

3. What about new terms ?

4. What about a “real-time” KMD plot ?
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(wicked = great, cool)
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Mass DefectKendrick

1. KMD ?

KMD analysis =

data processing tool to visualize mass

spectra and/or filter and/or assign ion series

using an additional m/z-related dimension
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Mass DefectKendrick

1. Atomic mass defect

E. R. Cohen, T. Cvitas, J. G. frey et al, Quantities, Units 

and Symbols in Physical Chemistry (3rd ed) IUPAC, 2007.

Atomic mass constant 𝑚u = 𝑚a(
12C)/12

𝑚a(
12C) = 12

𝑚a(
1H) = 1.007825

𝑚a(
14N) = 14.003074

𝑚a(
32S) = 31.972071

…
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Mass DefectKendrick

E. R. Cohen, T. Cvitas, J. G. frey et al, Quantities, Units 

and Symbols in Physical Chemistry (3rd ed) IUPAC, 2007.

Δ = 𝑚𝑎 − 𝐴𝑚𝑢Mass excess (atom)

Mass of atom
Mass number 

(nucleon number)

Atomic mass constant 𝑚𝑢 = 𝑚𝑎(12𝐶)/12

= 𝑟𝑜𝑢𝑛𝑑(𝑚𝑎) − 𝑚𝑎

Element-dependent

Element-independent

1. Atomic mass defect

Fractional mass (atom)
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Δ = 𝑚𝑎 − 𝐴𝑚𝑢
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“All” 3120

Isotopes 

from all 

elements
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Fractional mass (round, half up)

287 stable

Isotopes 

from 82 

elements

1. Atomic mass defect

= 𝑟𝑜𝑢𝑛𝑑(𝑚𝑎) − 𝑚𝑎

Kiwi 

plot
Mirrored plot

~ mass defect

“mass defect plot”
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S. Pourshahian. J. Am. Soc. Mass Spectrom. 2017, 28, 1836.

Δ = 𝑚 − 𝐴

Mass DefectKendrick

Mass excess (molecule)

Monoisotopic 

mass

Nominal mass

Fractional mass (molecule) = 𝑟𝑜𝑢𝑛𝑑(𝑚) −𝑚

1. Molecular mass defect

composition-

dependent

Composition-

independent

Polystyrene

C4H9(C8H8)100H

A=10458

m=10464.338

D=6.338

Fractional mass=-0.338
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CH2 CH2OH O H
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Mass excess

Fractional mass

(round, half up)

Δ = 𝑚 − A

= 𝑟𝑜𝑢𝑛𝑑(𝑚) − 𝑚

𝚫 𝐂𝟐𝐇𝟒𝐎 = +𝟎. 𝟎𝟐𝟔𝟐𝟏𝟓

𝑚 C2H4O = 2 ∗ 12 + 4 ∗ 1.007825 + 15.994915 = 44.026215

A C2H4O = 2 ∗ 12 + 4 ∗ 1 + 16 = 44

𝑟𝑜𝑢𝑛𝑑 44.026215 − 44.026215 = −0.026215

1. Molecular mass defect

Mirrored plot

~ mass defect !
“mass defect plot”

“mass excess plot”
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CH2 CH2OH O H
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Mass excess

Fractional mass

(round, half up)

Δ = 𝑚 − A

= 𝑟𝑜𝑢𝑛𝑑(𝑚) − 𝑚

𝚫 𝐂𝟐𝐇𝟒𝐎 = +𝟎. 𝟎𝟐𝟔𝟐𝟏𝟓

𝑚 C2H4O = 2 ∗ 12 + 4 ∗ 1.007825 + 15.994915 = 44.026215

A C2H4O = 2 ∗ 12 + 4 ∗ 1 + 16 = 44

𝑟𝑜𝑢𝑛𝑑 44.026215 − 44.026215 = −0.026215

1. Molecular mass defect

Mirrored plot

~ mass defect !
“mass defect plot”

“mass excess plot”
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1. Kendrick mass

Mass DefectKendrick

E. R. Cohen, T. Cvitas, J. G. frey et al, Quantities, Units 

and Symbols in Physical Chemistry (3rd ed) IUPAC, 2007.

Atomic mass constant 𝑚u = 𝑚a(
12C)/12

𝑚a(
12C) = 12

𝑚( 1H2
12C) = 14.015650



10

1. Kendrick mass

Mass DefectKendrick

E. Kendrick. Anal. Chem. 1963, 35, 2146

Change of mass scale

𝑚( 1H2
12C) = 14

𝑚( 1H2
12C) = 14.015650
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1. Kendrick mass

Mass DefectKendrick

𝑚( 1H2
12C) IUPAC = 14.015650 𝑚 IUPAC

KM( 1H2
12C) = 14 KM

KM = 𝑚 𝐼𝑈𝑃𝐴𝐶 ∙
14

14.015650

𝑚( 1H2
12C) = 14

Change of mass scale



KM = 𝑚 𝐼𝑈𝑃𝐴𝐶 ∙
round(R)

R

12

1. Generalized Kendrick mass

Exact mass 

(IUPAC) of 

any moiety

Nominal mass
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1. Kendrick “mass defect” plot

fractional KM = round KM − KM ~ Kendrick mass defect (KMD)
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𝑟𝑜𝑢𝑛𝑑 44.026215 − 44.026215 = −0.026215 𝑟𝑜𝑢𝑛𝑑 44 − 44 = 0

Kendrick “mass defect” plot

CH2 CH2OH O H

0-100

R = 44.02621 IUPAC
Repeating unit: C2H4O

“mass defect” plot

KM = 𝑚 𝐼𝑈𝑃𝐴𝐶 ∙
44

44.02621

R = 44

fractional m = round m −m ~mass defect (MD)

Basis of a KMD 

analysis for polymers
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1. Generalized Kendrick mass (2)

KM = 𝐙 ∙ 𝑚/𝑧 ∙
round( ൗR 𝐱)

ൗR 𝐱

𝐫𝐨𝐮𝐧𝐝 𝟐𝐑/𝟑 < 𝐱 < 𝐫𝐨𝐮𝐧𝐝(𝟐𝐑)
“recommended range”

= 𝟏

KMD(fractional mass~mass defect) = round(KM) − KM

Kendrick mass

Kendrick mass-

to-charge ratio
KM = 𝒎/𝒛 IUPAC ∙

round(R)

R

Charge-dependent

resolution-enhanced

Kendrick m/z

KM = 𝑚 𝐼𝑈𝑃𝐴𝐶 ∙
round(R)

R

KM(R, x, Z) = Z ∙ 𝑚/𝑧 ∙
x

R

“Divisor” for 

enhancement 

of resolution
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1. KMD analysis

Regular Charge-dependent

Resolution-enhanced
Charge-dependent

resolution-enhanced

Pseudo-continuous

resolution-enhanced

Z = 1
x = round(R)

Z = 1
x = round R ± 1,2,3… ∈ ℕ

Z = 𝑧
x = round(R)

(Z, x)
Z = {z, z + 1, z + 2… }

x ∈ ℝ

Z = z
x = round R ± 1,2,3… ∈ ℕ

KM(R, x, Z) = Z ∙ 𝑚/𝑧 ∙
x

R
KMD(fractional mass~mass defect) = round(KM) − KM

Anal. Chem. 2017, 89, 2682

J. Am. Soc. Mass 

Spectrom. 2014, 25, 1346

Rapid Commun Mass 

Spectrom. doi: 

10.1002/rcm.8500

J. Am. Soc. Mass Spectrom.

2018, 29, 1611

+ combination in 

sequential analysis

Main point

Minor issue



16

Major asset

KMD analysis done using

Any spreadsheet

Excel spreadsheet with macro and VBA: Kendo

+ several R programs

Commercial programs

Mass Mountaineer, msRepeatFinder,

Spectrascope

Open source

mMass

MZMine
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2. Examples: KMD plots

Example 1:

MALDI-MS, PEO

T Fouquet, H Sato. Anal Chem. 2017, 89, 2682

H Sato, S Nakamura, K Teramoto, T Sato. J Am Soc Mass Spectrom. 2014, 25,

1346
T Fouquet, H Sato. Mass Spectrom. (Tokyo) 2017, 6, 

A0055

CH2 CH2OH O H
Na

+

Rotating KMD plot

Enhancement of resolution (isotopic pattern)

RB Cody, T Fouquet. Anal. Chem. 2018, 90, 12854
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Example 2:

MALDI-MS, PEO

Fouquet T, Nakamura S, Sato H, Cody R. Rapid Commun Mass Spectrom. just accepted

S. Nakamura, RB Cody, H Sato, T Fouquet. Anal Chem. 2019, 91, 2004

CH2 CH2OH O H, CH3

Li
+
, Na

+
, K

+

2. Examples: KMD plots

(pseudo-continuous) Enhancement of resolution 

(end-groups, adducted ion)
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Example 3:

ESI-MS, PPO

T Fouquet, RB Cody, Y Ozeki, S Kitagawa, H Ohtani, H Sato. J. Am. Soc. Mass Spectrom. 2018, 29, 1611

xNa
+
, yNH4

+
, zH

+

2. Examples: KMD plots

Charge state distribution (regular KMD plot)

Charge-dependent KMD plot

Enhancement of resolution (end-groups)

Simulator

Q Zheng, Y Zhang, W Diono, T Fouquet, X Zeng, H Kanda, M Goto. Fuel 2019, under review

CH2 CHOH, C3H7O3, C4H9O O H

CH3
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2. Examples: DP plot

Example 4:

MALDI-MS, EVA40 vs EVA25

T Fouquet, RB Cody, H Sato. J. Mass Spectrom. 2017, 52, 618

CH2 CH2H CH2 CH H

O

C

CH3

O

Na
+

x y

Allied plot: “degree of polymerization” plot (DP plot)

T Fouquet, S Nakamura, H Sato. Rapid Commun. Mass Spectrom. 2016, 30, 973



Example 5:

MALDI-TOF/TOF MS, PMMA
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2. Examples: Remainders plot

CH2 C H

C

O

CH3

H

CH3

O

Na
+

y

Allied plot: “remainders of KM” plot (RKM plot) for low-resolution data

T Fouquet, T Satoh, H Sato. Anal Chem. 2018, 90, 2404

T Nagy, A Kuki, M Zsuga, S Kéki. Anal Chem. 2018, 90, 3892
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3. What about new terms ?

• Mass defect

• mass excess

• fractional mass ~ mass defect

• mass vs. mass-to-charge

• Kendrick mass analysis

• Kendrick mass defect analysis

• KMD analysis

Kendrick plot or K-plot ?

Implied function of R, x, Z

• resolution-enhanced

• charge-dependent

• pseudo-continuous enhancement

• Kendrick mass defect spectrum

• Kendrick mass defect plot

• KMD plot

• Kendrick mass plot

• Kendrick mass defect diagram

• Kendrick plot

-0.25

-0.15

-0.05

0.05

0.15

0 200

Kiwi plot

Kendrick plot or K-plot ?

Implied function of R, x, Z
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4. What about a real-time K(MD)-plot ?

Instant computation of KMD plot while recording data ?

MSTornado (JEOL)

KMD plot =

• not CPU-intensive

• from m/z only
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Instant computation of KMD plot while recording data ?

KMD plot

scan by scan

KMD plot

sum

Base unit

4. What about a real-time K(MD)-plot ?
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Instant computation of KMD plot while recording data ?

Examples of use:

▪ Tracking of sweet spots

4. What about a real-time K(MD)-plot ?
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Instant computation of KMD plot while recording data ?

Examples of use:

▪ Tracking of sweet spots ▪ Mass defect filtering

4. What about a real-time K(MD)-plot ?
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Instant computation of KMD plot while recording data ?

Examples of use:

▪ Mass defect filtering ▪ Tracking of sweet spots ▪ Miscalibration

4. What about a real-time K(MD)-plot ?



28

Acknowledgements

Polymer chemistry group, AIST Tsukuba

S. Nakamura

H. Sato

S. Poyer, L. Charles (Aix-Marseille University)

R.B. “Chip” Cody, T. Satoh (JEOL)

K. Ishitsuka (AGC)

A. Korf (University of Muenster)

All the users of our KMD plots

And E. Kendrick


