The Kendrick Mass Defect (KMD) plot method is a powerful and
convenient tool for assessing information for polymer analysis.
This application note will show two examples, a model compound
mixture for polyurethane synthesis, where a straightforward inter
pretation of the observed mass spectra using KMD plots could
be performed, and a comparison of different hair care products,
where the KMD plots instantly show the differences.

Introduction

Introduction to Kendrick Mass Defect
(KMD)

The concept of KM and KMD (Kendrick Mass
Defect) was originally introduced by Edward
Kendrick in the 1960s as a method for ana-
lyzing mass spectral data [1]. Since then,

the KMD plot, derived from these principles,
has found widespread utility across various
scientific disciplines, including petrochemical
analysis, environmental chemistry, and lipid
characterization, and offers valuable insights
into hydrocarbon component distribution [2].

multiple polymer species, such as blends,
copolymers or those with diverse end groups.
The benefit of the KMD plot lies in its ability
to simplify the interpretation of complex poly-
mer spectra. By plotting polymer signals on

a two-dimensional plane based on their KMD
values, a clear linear trend emerges with the
addition of repeat units, facilitating easier
interpretation even for mixed samples. This
unigue feature makes the KMD plot invaluable
for unraveling the composition and structure
of intricate polymer mixtures.
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Traditionally utilized in these fields, the KMD
plot has emerged as a powerful tool in poly-
mer analysis, facilitated by advancements

in mass spectrometry techniques. In poly-
mer spectra, typically signals from different
degrees of polymerization are observed.
These pose challenges for interpretation, par
ticularly in complex samples containing

In this application note, we show two exam-
ples, a model sample used for polyurethane
synthesis (PU) and a selection of hair care
products, with straightforward data interpre-
tation by the KMD plots. For an introduction
to the KMD features used in PolyTools, please
read this application note:

" Anal. Chem., 1963, 35, 13, 2146-2154
2 Anal. Chem., 73 (2001) 4676-4681




Experimental

Mass spectrometry setup

The autoflex® maX mass spectrometer
(Bruker) was used in positive reflector mode
for data acquisition of the model sample of
the polyurethane synthesis (PU) while the
enhanced ultrafleXtreme (Bruker) was used
for the hair care products.

Sample preparation

Polymer samples were dissolved in
tetrahydrofuran (THF) at a concentration of
10 mg/mL for the PU sample and 20 mg/mL
for the hair care products.

A matrix solution of trans-2-[3-(4-tert-
Butylphenyl)-2-methyl-2-propenyliden]
malononitril (DCTB) in THF at a concentration
of 20 mg/mL was prepared for the PU
sample. 2,4,6-Trihydroxyacetophenone (THAP)
as matrix at the same concentration and the
same solvent was prepared for the hair care

Results

Polymer mixtures and quality control in
Polyurethane synthesis

Today, most of the polymers in our daily

life are made from a mixture of different
monomers to give them a higher functionality.
Polyurethanes (PU) are synthesized from
polyols and diisocyanates, but the polyol
fraction might contain several monomers and
additionally, polyesters might also be present.
For quality control purposes it's essential to

products. For enhanced ionization sodium
trifluoroacetate (NaTFA) was prepared in

THF at 2 mg/mL as the cationizing agent.

The samples were then mixed with the
matrix solution and the cationizing agent
solution in a typical ratio of 1:20:1 for the PU
sample and 10:10:1 for the hair care products.
Subsequently, 1 pL of the mixed solution
was applied onto the ground steel target
plate and allowed to dry.

Data processing and analysis

The acquired mass spectral data were
processed by the flexAnalysis software
(Bruker) for peak picking and external
calibration with the Bruker fleXstandard
polymers, followed by data analysis in
Polytools 2.0 (Bruker) for KMD plot display
and homopolymer assignment. In addition,
Polymerix 3.01 (Sierra Analytics) was used for
copolymer spectra interpretation.

check incoming goods before the synthesis
of the polyurethane is done. Figure 1 shows
a spectrum of a polyol fraction used in the
polyurethane synthesis. With the extremely
high complexity of the spectrum, a manual
spectrum interpretation would be very time
consuming (see insert for overlapping isotope
patterns). Even when PolyTools 2.0 may not
be able to identify all series directly, the KMD
plot will show the lines of black dots for the
unidentified series.
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Figure 1. Mass spectrum of a complex mixture of different polymers (polyethers and polyesters,
a model sample of a polyol mixture used for polyurethane synthesis).




slope for the series B, C and D indicating a
higher presence of oxygen and/or a lower
presence of hydrogen in these monomers
compared to the selected PPG. The distinctive
monomer units are discernible based on the
intervals between signals in these series.
Based on all this information, the PolyTools
result table (Figure 3) is compiled. Component
A corresponds to PPG with three different
end-groups, B corresponds to PEG with

two different end-groups, C corresponds to
Poly(Adipic acid-DiEthyleneGlycol) with two
different end-groups, and D corresponds to
Poly(Phthalic acid-PropyleneGlycol).

Visualizing mass spectra with KMD plot
in PolyTools

As shown in Figure 2, PolyTools 2.0 enables
mass spectrum visualization as a KMD plot for
easier interpretation.

As the repeating unit was set to PPG, all
polymers containing propylene glycol as
monomer show up as horizontal lines, as in
the distributions A, E and F. Additionally, the
signals in the E- and F-distributions form a
grid-like structure in the KMD plot, indicating
the presence of copolymers . Even when not
all series are identified immediately (black
dots), the KMD plot elucidates a negative
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Figure 2. KMD plot of the polyol mixture shown in Figure 1. The mass of the repeat unit was
set to 58.0419 Da corresponding to PPG.
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Figure 3. End-group assignment of the homopolymer species A-D by Polytools 2.0. The peak list which is extracted from the
original data based on m/zand KMD values is used. The detailed structures of the polymers A-D are displayed.




Copolymers analysis with KMD plot and
Polymerix software

As the distributions E and F in The KMD

plot were assigned to copolymers, a further
investigation was carried out by the Polymerix
software. The result is shown in Figure 4.

In both cases the monomer B was defined as
propylene glycol displayed on the horizontal

axis. In sample E, the second repeating unit
was defined as ethylene glycol. In sample F,
the second repeating unit was an ester of
one propylene glycol with phthalic acid
(PGPA). Both copolymers were terminated
by glycerol. The most intense signals were
found at the masses of glycerol terminated
and sodium attached species of EG6PG47
and PGPA7PG28 respectively.
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Figure 4. Polymerix copolymer analysis of the distributions E and F found in
the polyol mixture of the polyurethane synthesis. The distribution plots show
the relative intensities of the signals for different combinations of the two
monomer units and fixed combinations of end groups, i.e. glycerol and the

attached sodium ion.
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KMD Plot for analyzing hair care product
mixtures

Figure 5 showcases another practical
application of the KMD plot, particularly
beneficial for discerning complex mixtures
which are commonly encountered in
commercial products such as hair care
products. In this case, six hair care products
(I-VI) were analyzed. A special focus was set
on the presence of siloxanes, i.e. dimethyl
siloxane was also selected as the base unit in
the KMD plot for the analysis.
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Differentiating polymer distributions in
hair care products

The hair treatments I-IV contain PDMS, while
hair conditioners (V-VI) do not. PEG is very
common among all products except VI. The
hair treatments | and Il are the same brand
but different types showing that they are
similar with small differences in polymer
distribution. The KMD plot aids in identifying
the polymer species present in each product,
facilitating comparison and differentiation
between products, thus demonstrating its
relevance in industrial and consumer product
analysis.
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Figure 5. KMD plots of six different hair care products. Polydimethylsiloxane (74 Da / Dimethicone), polyethylene glycol (44 Da

/ PEG), stearic acid adduct (282 Da / Pentaerythritol polystearate, etc.), polysaccharide (162 Da / hydrogenated starch hydrolysate),

, probably polyacrylicacid (72 Da / no description in

ingredient list) and probably fatty acid esters (28 Da / no description in ingredient list) could be identified in the samples




Conclusion

KMD plot for quality control

As an example for the quality control of
incoming goods, a complete analysis of the
ingredients of the polyol fraction used in

polyurethane synthesis has been performed.

It was shown how the Kendrick Mass
Defect plot in PolyTools 2.0 can simplify the
interpretation of very complex spectra.

Polymerix software for copolymer species
interpretation

Additionally, a detailed interpretation of

the copolymer species in the sample was
performed using the Polymerix software.

As a second example it was shown how

the KMD plot can help to distinguish
between different samples of the same kind.
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