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Featured Application

The main objective of this work was to perform an exploratory preliminary analysis of
latex from the Diplorhynchus condylocarpon tree for the presence of natural rubber to find
alternative sources of rubber that retain all the properties of Hevea brasiliensis rubber
and/or exhibit other properties that could be used industrially to diversify the natural
rubber supply chain. Instrumental analytical methods used for this purpose included
NMR, FTIR, ICP-OES, and elemental analysis. The obtained results were compared with
corresponding data reported in the literature. As human activities continue to intensify;,
environmental pollution has become an increasing concern, highlighting the need for
effective environmental monitoring tools. Therefore, the secondary goal of this study was
to investigate the reaction of NO, with the rubber fraction of Diplorhynchus condylocarpon
latex, focusing on the effect of rubber as a spin trap and the formation of radicals that can
be studied using EPR.

Abstract

The objective of this study was to introduce Diplorhynchus condylocarpon as a potential latex
source. In addition, the physicochemical properties of the polymer as a trap for NO, were
investigated. Advanced spectroscopic methods, such as FTIR-ATR, EPR, and 'H and '3C
NMR, were used in addition to traditional elemental analysis to evaluate the properties of
the latex. Analysis of latex from the Diplorhynchus condylocarpon tree revealed the presence
of rubber. In addition to rubber, analyses revealed the presence of other aromatic and
aliphatic compounds in the latex sample. The presence of semiquinone radicals indicates
the presence of antioxidant phenolic structures in Diplorhynchus condylocarpon. The reaction
of latex with NO; resulted in the formation of a stable nitroxyl radical, as proven by the
characteristic EPR parameters.

Keywords: Diplorhynchus condylocarpon; latex; nitroxyl radical; EPR; FTIR; NMR; semiquinone
radicals; NO, trapping

1. Introduction

The best-known latex-producing plant is the natural rubber plant, Hevea brasiliensis.
Hevea brasiliensis is currently the sole major commercial source of natural rubber. Natural
rubber (cis-1,4-polyisoprene) constitutes approximately one-third of the latex volume and
cannot be fully replaced by synthetic rubbers in many key applications because of its
superior elasticity, resilience, abrasion and impact resistance, and heat dispersion [1-4].
Latex is a colloidal aqueous emulsion of cis-1,4-polyisoprene particles (=30-40% by weight)
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in water (=55-65%), with particles coated with proteins, lipids, and phospholipids [5-8].
These non-rubber components, including proteins and lipids, significantly influence the me-
chanical properties and processing behavior [4]. Natural rubber is used in tens of thousands
of products (often estimated to be ca. 40,000-50,000), including tires, gloves, condoms,
and other medical devices, where its mechanical performance is critical [2,5-8]. Global
production (~14-15 million tons/year) already lags behind demand and is constrained by
Hevea's strict tropical requirements and disease vulnerability [2—4].

Herein, we present the results of selected analyses of latex from Diplorhynchus condy-
locarpon as an alternative to Hevea. Diplorhynchus Condylocarpon is a small tree or shrub
that grows to about 2 m in height. Each fragrant blossom produces two firm, dark-brown,
fruit-shaped pods. For this reason, the tree is also known as the Horn Pod Tree [9]. This
species is found mainly in southern Africa, including Angola, Zambia, Zimbabwe, Malawi,
Mozambique and South Africa. It grows on dry, sandy—loamy savanna soils, meadows,
forests, and stony slopes [10]. The tree is a member of the Apocynaceae family, which
produces both latex and rubber [11]. Diplorhynchus condylocarpon produces a sticky bluish-
white latex, a characteristic common to members of the Apocynaceae family. However, its
potential commercial utilization as a latex source has not yet been studied.

Nitrogen dioxide (NO;) is one of the most important atmospheric pollutants and
is recognized worldwide as a major environmental and public health concern [12]. It is
generated primarily through high-temperature combustion processes, including vehicle
emissions, fossil fuel combustion, industrial activities, and biomass burning [13]. In the
atmosphere, NO; plays a crucial role in photochemical smog formation and contributes
to the production of tropospheric ozone and secondary particulate matter, both of which
significantly affect air quality [14]. In addition, NO; participates in atmospheric oxidation
processes and contributes to acid deposition, resulting in adverse effects on terrestrial and
aquatic ecosystems [12,14]. Exposure to NO, has been associated with numerous adverse
health effects, including respiratory inflammation, decreased lung function, increased
susceptibility to respiratory infections, and exacerbation of chronic respiratory diseases such
as asthma and chronic obstructive pulmonary disease [15]. The World Health Organization
has identified NO, as a priority air pollutant requiring continuous monitoring because
even relatively low concentrations may negatively impact human health [16].

Consequently, the development of simple, sensitive and environmentally friendly
methods for the detection and monitoring of NO, remains an important scientific and tech-
nological challenge [17]. Biological and naturally derived materials capable of interacting
with and stabilizing reaction products of NO; are of particular interest because they may
provide alternative approaches for environmental monitoring and pollutant detection.

Many organisms can provide a natural and effective system for monitoring environ-
mental pollution levels. One of the most well-known bioindicators is lichens, which are
used to determine air pollution levels. Besides assessing pollution based on the presence or
absence of lichens, the use of electron paramagnetic resonance (EPR) has been proposed to
examine the presence of nitrogen oxide (IV) in the air [18,19]. The formation of iminoxyl
radicals in lichens after reaction with NO, has been observed under laboratory and natural
conditions. These radicals are stable and can be detected using this technique [18-21].
Nitrogen-containing radicals are also formed by the reaction of NO, with lignin found in
wood and the cell walls of some algae [20]. Because plants absorb NO, from the air, natural
rubber could also potentially act as a spin trap and enable NO, detection via radical forma-
tion. Formation of nitrogen-containing radicals by reaction with NO, could have different
pathways depending on the structure of the initial natural organic matter. As a result,
different radicals could be produced, from (3-diketone iminoxyls (like in lichens or humic
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substances) [18,19], while for carbon-chain polymers nitroxyl radicals are formed [21]. The
type of radical formed can be very easily established with the use of EPR.

The study, thus, had two primary objectives: (i) to evaluate Diplorhynchus condylocarpon
as a potential future source of natural latex and (ii) to demonstrate the potential application
of natural latex as a NO, trap for environmental monitoring. In addition, latex-derived
products are expected to undergo similar reactions with NO,, highlighting the broader
relevance of these findings. The formation of nitrogen-containing radicals is strongly
influenced by phenolic structures naturally present in the latex matrix, as these compounds
participate in electron-transfer reactions [21]. The pathways of these redox reactions are
also affected by the metal-ion composition of the latex; therefore, the concentrations of
metal ions were determined.

2. Materials and Methods

Latex was collected from three mature Diplorhynchus condylocarpon trees in Mpika
town in Muchinga Province of Zambia in the month of May, a month after the rainy
season, by making shallow incisions in the bark. The exuded latex was collected into glass
bowls. It was cleaned by sieving to remove foreign particles, packed into glass containers
and stored at room temperature. It was then freeze-dried (temp.~—48 °C) to obtain an
enabling analyte.

2.1. Experiment with NO;

Concentrated HNOj3; was added dropwise to a flask containing copper metal (about
5 g), yielding NO,, which was then piped to the closed vessel containing the small piece
of previously freeze-dried sample. Dropping of HNO3; was stopped when brown NO,
fumes appeared in a closed glass container. The reaction was conducted for 30 min. The
experiment was repeated four times, for different pieces of rubber.

2.2. Latex Analysis

The percentage composition of the elements (C, H and N) was determined in triplicate
using the apparatus Vario EL Cube from Elementar, Langenselbold, Germany. Oxygen
content was calculated from the difference. Metal-ion content was established for each of the
four samples on the Thermo Fisher Scientific spectrophotometer, iCAP 7400 DUO ICP-OES,
Waltham, MA, USA. The samples were prepared as follows: previously weighed portions
were mixed with concentrated HNO3 and then mineralized using a microwave mineralizer
(Plazmatronics, Wroctaw, Poland). Analyses were performed in quadruplicate. 'H and
13C NMR spectra were made for latex dissolved in deuterated chloroform on a Bruker
Avance III NMR (Karlsruhe, Germany) spectrophotometer at 500 MHz. FTIR spectra were
performed for standard parameters in KBr pallets on the Bruker Vertex 70 spectrometer
(Karlsruhe, Germany). X-band EPR spectra of dry latex were obtained with a Bruker
Elexsys E500 spectrometer (Karlsruhe, Germany) at room temperature. For simulation of
the spectra, SimFonia by Bruker (Karlsruhe, Germany) was used.

3. Results
3.1. Physicochemical Properties of Latex from Diplorhynchus Condylocarpon

Elemental analysis of the freeze-dried latex fraction revealed that the material was
dominated by a hydrocarbon-rich polymeric phase (Table 1). Results of the same analysis
repeated after 3 months showed very insignificant variation, indicating that the bulk
composition remained stable during storage.
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Table 1. Freeze-dried latex elemental content.

C(SD) [%] H(SD) [%] N(SD) [%] O(SD) [%]
First Measurement  78.28(0.15) 9.18(1.31) 0.17(0.03) 12.36(1.22)
After 3 Months 78.67(0.65) 10.48(1.58) 0.17(0.02) 10.68(2.08)

The elemental composition reported corresponds to the freeze-dried whole latex rather
than to an isolated rubber fraction. Hevea brasiliensis typically contains approximately
87-89 wt% carbon and 10-12 wt% hydrogen, reflecting the hydrocarbon composition of cis-
1,4-polyisoprene. The slightly lower carbon content observed here reflects the presence of
co-extracted plant metabolites, including terpenoids, fatty acids and phenolic compounds
commonly found in non-Hevea latex systems [22-24]. The elemental analysis reflects the
composition of the freeze-dried whole latex and indicates the presence of substantial non-
rubber constituents. Therefore, the evidence for the presence of natural rubber is derived
primarily from NMR and FTIR spectroscopic analyses, which demonstrate the occurrence of
a cis-1,4-polyisoprene phase. Isolation and characterization of the purified rubber fraction
will be necessary to establish its composition and properties relative to commercial Hevea
brasiliensis rubber. A feature of note is the very low nitrogen content, suggesting that
the latex contains relatively small quantities of proteins. This is advantageous from an
industrial application perspective, as protein residues in Hevea latex are known to contribute
to latex allergenicity in medical gloves [25].

Minimal change in elemental composition after three months shows that the polymeric
hydrocarbon backbone is chemically stable under ambient conditions, with no significant
oxidative degradation or volatilization of minor organic components. Such stability is an
important prerequisite for industrial processing.

The metal-ion content in the analyzed sample was very low (Table 2). Metal ions like
titanium, arsenic, lead, strontium, manganese, cadmium and cobalt were not detected.
Content of inorganic elements in plant latex is very important because laticifers transport
not only polymer particles but also dissolved mineral nutrients absorbed from the soil [20].
Similar elemental profiles have been reported for latex obtained from Hevea brasiliensis and
other members of the Apocynaceae family, including Periploca angustifolia [26]. As metals
influence rubber elasticity, hardness and aging behavior and are also able to catalyze radical
oxidation in polyisoprene, their low concentration in the studied sample is a positive
welcome result.

H and !3C spectra show the presence of rubber in latex as well as the presence of
other aromatic and aliphatic compounds.

The 'H NMR spectrum of the latex (Figure 1) reveals three dominant resonances
characteristic of the repeating unit of cis-1,4-polyisoprene, the principal structural polymer
in natural rubber. Signal A at 1.69 ppm corresponds to the allylic methyl protons (-CHj3)
attached to the double bond of the isoprene unit. A resonance at signal C at 2.03 ppm arises
from methylene protons (-CHjy—) located adjacent to the double bond along the polymer
backbone. Signal B at 5.12 ppm corresponds to the vinylic proton (-CH=) associated with
the unsaturated carbon-carbon double bond. These spectroscopic data indicate the presence
of a cis-1,4-polyisoprene phase with characteristic features similar to those reported for
other natural rubber-producing species, e.g., Periploca angustifolia and the gold standard
for natural rubber, Hevea brasiliensis, although quantitative comparison of microstructural
parameters was beyond the scope of the present study [26]. The agreement indicates that
the polymer present in Diplorhynchus condylocarpon latex possesses the same 1,4-addition
microstructure and unsaturated hydrocarbon backbone characteristic of natural rubber.
Additional minor resonances between 0.5 and 1.5 ppm indicate the presence of saturated
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aliphatic compounds, likely derived from plant lipids and terpenoids. A weak signal
near 6.5 ppm suggests the presence of aromatic metabolites, which are also commonly
detected in the latex of Apocynaceae species. With all the above signal peaks taken together,
the 'H NMR spectrum confirms that the major resonances observed in the NMR spectra
are consistent with the presence of a cis-1,4-polyisoprene phase, although the relative
proportions of rubber and non-rubber constituents were not quantified in the present
study. The polymer phase corresponds to cis-polyisoprene chains with a high degree of
stereoregularity. The values of chemical shifts on the obtained spectrum correspond to
literature values obtained for natural rubber from Periploca angustifolia, a species belonging
to the Apocynaceae family, as well as Diplorhynchus Condylocarpon, the proposed candidate
for the sourcing of natural rubber for commercial use [26].

Table 2. Metal-ion content in freeze-dried latex. Measurement in 4 replications. Standard Deviation

in brackets.
Metal [mg/g] (SD)
Calcium, Ca 1.81 (0.628)
Potassium, K 5.00 (0.085)
Chromium, Cr 0.096 (0.027)
Iron, Fe 0.86 (0.142)
Nickel, Ni 0.11 (0.0391)
Zinc, Zn 0.089 (0.419)
Aluminum, Al 0.24 (0.087)
Barium, Ba 0.082 (0.024)
Copper, Cu 0.081 (0.050)
Magnesium, Mg 1.41 (0.19)
Sodium, Na 0.77 (0.42)
A
Diplorhyncus Condylocarpon
latex
C C
ok
SN c
A B
B
il L W
15 ' 10 ' 5 ' 0
[Ppm]

Figure 1. Spectrum of 'H NMR latex from Diplorhynchus condylocarpon.
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The 3C NMR spectrum (Figure 2) provides further insight into the microstructure
and stereochemistry of the polymer backbone. Five major resonances characteristic of
the cis-1,4-polyisoprene repeating unit were observed. Signals B at 135.55 ppm and E at
125.38 ppm correspond to the sp? carbons of the C=C double bond, while C at 32.24 ppm
and D at 26.30 ppm arise from the methylene carbons of the polymer backbone. Signal A at
23.48 ppm is attributed to the methyl carbon of the isoprene unit. The observed chemical
shifts are consistent with those reported for high-cis natural rubber, confirming that the
polymer chains possess a cis-1,4 configuration. In natural rubber systems, this stereoregular
arrangement arises from enzymatic polymerization of isoprene units within plant laticifers
and results in atactic polymer chains with highly regular cis-configured double bonds.

Diplorhyncus Condylocarpon CDCl,
latex

154

A
ch/ \H
A

B E

| L J‘ L | L Ll
2Cl)0 I 1;)0 I 1(IJO I 510 I CI)
[Ppm]

Figure 2. Spectrum of '3C NMR latex from Diplorhynchus condylocarpon.

This microstructure is responsible for the characteristic elasticity, strain-induced crys-
tallization and viscoelastic behavior of natural rubber. Importantly, the '>*C NMR spectrum
obtained for Diplorhynchus condylocarpon latex closely resembles that reported for latex
from Periploca angustifolia [26], suggesting that these two Apocynaceae species produce
polyisoprene with similar stereochemical microstructures.

Minor signals in the aliphatic and aromatic regions further support the presence of
non-rubber organic constituents, consistent with the observations from the proton spectrum.
'H and !3C spectra show the presence of rubber in latex as well as the presence of other
aromatic and aliphatic compounds. But it should kept in mind that examined samples
were not purified, but just freeze-dried latex.

The FTIR spectrum of the freeze-dried latex (Figure 3) provides additional evidence for
the presence of cis-1,4-polyisoprene. Strong absorption bands at 2961, 2927, and 2855 cm ™!
correspond to C-H stretching vibrations of methyl and methylene groups within the hydro-
carbon backbone. The band at 1639 cm ™! is assigned to C=C stretching vibrations, which
arise from the unsaturated double bond of the isoprene unit. Additional bands at 1377 cm™!
and 1250 cm ™! correspond to C-H bending and skeletal vibrations, while the absorption at
833 cm~! represents the out-of-plane deformation of =C-H, a diagnostic vibrational mode
associated with cis-1,4-polyisoprene. These spectral features closely match those reported
for natural rubber derived from both Hevea brasiliensis and Periploca angustifolia [26]. The
presence of the characteristic 833 cm ™! band provides strong evidence that the polymer
backbone predominantly adopts the cis configuration, as the corresponding band in trans-
polyisoprene appears at significantly different frequencies. In addition to the polyisoprene
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signals, several bands associated with minor organic constituents were observed. A broad
absorption at 3425 cm ! corresponds to O-H stretching vibrations, suggesting the presence
of alcohols or phenolic compounds.

Diplorhynchus Condylocarpon
latex latex

latex +NO,

I T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber [cm™]

Figure 3. FTIR spectra of untreated and NO, treated latex from Diplorhynchus Condylocarpon.

The band at 1712 cm ™! indicates C=O stretching vibrations, which may originate from
esters, ketones or oxidized terpenoid species. The absorption at 766 cm ™! is characteristic of
aromatic C-H bending vibrations, further supporting the presence of aromatic metabolites.

To evaluate the stability of the polymer during storage, the FTIR spectrum was re-
measured after three months storage. The resulting spectrum was essentially identical to
the initial one, indicating that no detectable structural changes occurred within the polymer
backbone during the 90-day storage stability analysis under ambient conditions.

The EPR spectrum exhibited a single resonance signal (Figure 4), with no resolved
hyperfine splitting or anisotropic features. The value of g-parameter 2.0040 is characteristic
for a semiquinone radical structure [27]. Semiquinones are observed in natural organic
matter where polyphenolic species play an important antioxidant role [28].

Diplorhyncus Condylocarpon
latex

T T T T
3460 3480 3500 3520
magnetic field [gauss]

Figure 4. EPR spectra of semiquinone radicals in Diplorhynchus Condylocarpon.
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Semiquinone radicals are formed in redox equilibria between hydroquinones and
quinones (Figure 5). These radicals are stabilized by the natural matrix in which they are
embedded, making the unpaired radical inaccessible to external factors. The equilibria
could be shifted by pH redox potential change.

OH OH . OH OH
/..L\ OH -H )\\\ /O - H' /J‘§ /O. - e /J\ 0
(L = I e [ I= [T
Ho S Fhon MO e oL A
\\O (0] (0] o)

semiquinone radicals
Figure 5. Radicals in polyphenol equilibria.

3.2. NO; Trapping by Latex from Diplorhynchus Condylocarpon

A new radical was formed as a product of the reaction of latex and NO; (Figure 6). The
shape of the EPR spectra varied from the previously observed single-line type. Observed
spectra revealed an anisotropic hyperfine structure attributed to the interaction of an un-
paired electron with a nitrogen nucleus (I = 1). EPR parameters obtained from simulation
were characteristic of nitroxyl radicals [20] and remained unchanged during subsequent
measurements performed one month later. Due to the presence of the C=C double bonds
in the studied latex sample, the reaction with NO, occurred spontaneously without the
need for an additional UV radiation source. Formation of nitroxyl radicals is characteristic
of synthetic rubber. However, exposure to NO, can induce polymer degradation through
radical chain reactions as observed in synthetic isobutene-isoprene rubber [29].

Ax=Ay=9.0G
Az=320G
gx=gy = 2.0070
gz = 2.0022
sym.
exp.

I T T T T T T T T T T T T T T
3400 3420 3440 3460 3480 3500 3520 3540
magnetic field [gauss]
Figure 6. EPR spectrum of Diplorhynchus Condylocarpon treated with NO,, black line; experimental

spectrum; red line: simulation spectrum.

Elemental analysis repeated after the reaction of sample latex with NO, showed
that percent mass content of nitrogen increased from 0.17% to 0.5%, while percent mass
content of oxygen increased from 10.68 to 12.36% to 13.94%, confirming that a reaction
had occurred. The mass percent contents of carbon and hydrogen were 75.35% and 9.43%,
respectively. The small difference in carbon and hydrogen is the result of total mass change
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due to NO; incorporation by the substitution to the double bond in isoprene units. This
increase in nitrogen content and the simultaneous increase in oxygen concentration indicate
incorporation of nitrogen- and oxygen-containing functionalities into the latex matrix.
However, the total nitrogen content determined by elemental analysis cannot be directly
correlated with the concentration of radicals detected by EPR spectroscopy, as some of
the newly formed nitrogen species could be diamagnetic, and thus EPR-silent. Reactions
of NO, with unsaturated polymers are known to produce numerous nitrogen-containing
species, all of which originate from the reaction of NO, with carbon—carbon double bonds
(C=C), yielding both diamagnetic and paramagnetic products [20,21].

Surprisingly, the FTIR spectra did not show spectacular differences between the spectra
of the raw latex and the latex after NO, treatment. After careful analysis of the spectra,
an increase in the intensity of one band was observed. An asymmetric N-O stretching

vibration at 1550 cm ! -1

, marked in Figure 7, confirmed the reaction. The band at 1639 cm
originating from the C=C stretching vibration remains unchanged, indicating that NO,
reacted with a small amount of rubber. These FTIR observations indicate qualitative
evidence consistent with limited chemical modification of the latex matrix rather than

quantitative proof of the extent of reaction.

Diplorhynchus Condylocarpon
latex

latex +NO,

T T T T T T 1
1600 1400 1200 1000
wavenumber [cm™']

Figure 7. FTIR spectra of untreated and NO,-treated latex from Diplorhynchus Condylocarpon.

4. Discussion and Conclusions

This study provides the first physicochemical characterization of latex obtained from
Diplorhynchus condylocarpon and demonstrates its potential relevance both as a source of
natural rubber and as a reactive matrix for NO,-induced radical formation. Elemental
analysis, FTIR spectroscopy, and 'H and '*C NMR spectroscopy collectively confirmed the
presence of cis-1,4-polyisoprene as the dominant polymeric component of the latex. The
spectroscopic characteristics closely resemble those reported for natural rubber obtained
from Hevea brasiliensis and other members of the Apocynaceae family. The latex also contains
minor aromatic and aliphatic constituents, indicating that further purification and composi-
tional analyses will be required to fully characterize the material. Presented preliminary
studies indicate potential to perform further analysis of Diplorhynchus condylocarpon
latex as a possible new source of rubber.
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The observed stability of the elemental composition and FTIR spectra during three
months of storage suggests that the latex exhibits good chemical stability under ambient
conditions. EPR spectroscopy further revealed the presence of stable semiquinone radicals,
indicating the occurrence of naturally occurring phenolic antioxidant structures within the
latex matrix.

Exposure of the latex to NO, resulted in the formation of stable nitrogen-containing
radicals whose EPR parameters are consistent with nitroxyl radicals. The accompanying
increase in nitrogen and oxygen content determined by elemental analysis, together with
the appearance of characteristic FTIR bands, confirms that a chemical reaction between
the latex matrix and NO, had occurred. These findings demonstrate that Diplorhynchus
condylocarpon latex can interact with nitrogen dioxide; moreover, the formed radical is
stable, detected by EPR spectroscopy. The reaction of latex with NO, generates not iminoxyl
radicals, which have been studied in the literature for environmental monitoring [12], but
nitroxyl radicals formed through NO; reactions with rubber. However, results of analysis
indicate that latex still acts as a spin trap and is an effective matrix for NO; analysis using
EPR. This potentially allows for the use of latex in environmental monitoring, but this topic
requires further research.
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