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ABSTRACT. Carbon-based nanomaterials of different dimensions (1-3D, tubes, bundles, films, papers and sponges,
graphene sheets) have been created and their characteristic properties are discussed in the literature. Due to their
unique advantageous, tunable properties these materials became promising candidates in new generations of applica-
tions in many research laboratories and, recently, in industries as well. Protein-based bio-nanocomposites are referred
to as materials of the future, which may serve as conceptual revolution in the development of integrated optical
devices, e.g. optical switches, microimaging systems, sensors, telecommunication technologies or energy harvesting
and biosensor applications. In our experiments, we designed various carbon-based nanomaterials either doped or not
doped with nitrogen or sulfur during catalytic chemical vapor deposition synthesis. The amounts of heteroatoms in
the composites were determined by radioanalytical and isotope analytical methods and their physico-/chemical prop-
erties were compared. Based on 14C-analytics the yield of protein functionalization was also evaluated.

KEYWORDS: HC analytics, carbon nanotubes, nanocomposites, N- and S-doping, reaction center protein.

INTRODUCTION

Recent developments in information/computer technologies, informatics, optoelectronics and
molecular biology made it possible to manipulate materials on nanometer scales, or even at the
level of molecules, which led to new disciplines of the 21st century, such as “Nanotechnology”
(see e.g. Bhushan 2004; Wolf 2004), “Nano-bionics” (see e.g. Wong et al. 2017; Giraldo et al.
2014), “(Bio-)photonics” (see e.g. Wilson et al. 2005; Gerd 2016; Kneipp 2017), etc. Thanks to
the achievements of these technologies new types of materials, nanomaterials, are produced,
which offer new generations of practical applications (Shoseyov and Levy 2008;
Carmeli et al. 2007; Darder et al. 2007; Fabian et al. 2010; Scholes et al. 2011; Magyar et al.
2013; Nagy et al. 2014).

Among the nanomaterials, the nanocomposites are of special interest because the advantageous
properties of the components can be combined and/or new characteristics can appear with the
possibility of tunable, predefined manner (Kamigaito 1991; Evangelos 2007; Nemeth et al.
2017). The special class of nanocomposites is the bio-nanocomposites, which are considered as
materials of the future (Darder et al. 2007; Shoseyov and Levy 2008; Ruiz-Hitzky et al. 2010;
Nagy et al. 2014). Although the exploitation of the bio-nanocomposite materials is mainly a
wish at present, there is intensive research in many laboratories aiming to explore their fun-
damental properties or to develop their possible practical applications. The extremely high
specificity, sensitivity, and effectiveness of the biological component offer promising applica-
tions e.g. in active elements ofbiosensors (Li et al. 2011; Crespilho 2013; Houet al. 2016; Szabd
et al. 2017), integrated optical (Fabian et al. 2010, 2011), and optoelectronic (Flanagan et al.
1988) devices. Many attempts have been made for creating light energy converting (e.g. pho-
tovoltaic) bio-nanocomposite devices (Kietzke 2007; Lee et al. 2014; Hartmann et al. 2014;
Szekeres et al. 2015; Szabo et al. 2015). Additionally, the processes happening at the interface
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between the biological and non-biological components can be a useful model to avoid
unwanted reactions against the histocompatibility of artificial tissues, organs or other implants
in living beings.

To improve the electrical properties of MWCNTSs, doping of lattice of carbon nanotubes with
differentheteroatoms (N, B, or S) (Duclaux 2002; Liu etal. (2017); Sharma et al. (2017) via chemical
vapor deposition technique is a very popular method in the field of carbon nanotube science.

There are several fields where isotope analytics and radioanalytics provide useful insights to
design, create and apply nanomaterials (also (bio-)nanocomposites) in environmental sciences
aswell (Geranioet al. 2010; Feietal. 2012; Kimetal. 2013,2014; Magyar et al. 2013; Roiget al.
2016; Yedra et al. 2016; Gottselig et al. 2017). Examples are as follows:

I. Determination of types/sources of precursors (carbon sources from different environment),
heteroatoms (e.g. N or S content) when carbon materials are produced.

Il. Determination of element content vs. physico-/chemical characteristics of (carbon based as
well) nanomaterials. We are focusing on the effects ofdoping (N, S doping), covering with
metal oxides or functionalization on the optical and electric properties.

I1l. Functionalization with biological materials leads to the creation of bio-nanohybrid
materials which are materials of the future. Isotope analytics helps in determination of
yield of functionalization, absolute quantity of components and enzyme activity.

Our aims were to prepare nitrogen and sulfur doped carbon nanotubes and to determine the
heteroatom and 14C content for further characterizing the biohybrid material for future use.
The heteroatom containing MW CNTs will be used as carriers and reaction center proteins
(RCs) as sensitizer matrices.

MATERIALS AND METHODS
Preparation of Nitrogen and Sulfur Doped CNTs

During the experiments either Fe(lll)-Co(ll)/calcium carbonate or nickel(ll)-oxide catalysts
were used. In this study, a catalyst containing 5m/m% Fe and 5m/m% Co was prepared by
the impregnation technique. Calculated amounts of Co(ll)-acetylacetonate, Fe(lll)-
acetylacetonate and CaCO3 were mixed in a beaker with distilled water. After that a short
sonication process was applied to prevent the aggregation of solid precursor particles.
Ammonia was added to the system to set the pH to 9, and then the dispersion was placed on a
magnetic stirrer and was heated and stirred intensely at 70°C until most of the solvent had
evaporated. After the evaporation, the powder catalyst was dried at 100°C for 24 hr. In the case
of the nickel(ll)-oxide catalyst, calculated amount of NiO was dissolved in acetone and the
suspension was dropped onto a Si-sheet.

In this study, catalytic chemical vapor deposition (CCVD) method was applied to synthesize
nitrogen and sulfur doped multiwalled carbon nanotubes (MWCNTs). Nitrogen and hydrogen
gases were passed through the reactor to maintain an inert atmosphere during the synthesis that
prevents MW CNTs from oxidation at higher temperatures. The elemental nitrogen gas did not
take part in the doping process itself. Therefore, acetylene gas, thiophene, and tripropylamine
(TPA) were used as carbon, sulfur and nitrogen precursors, respectively. Acetylene and nitrogen
gases were introduced into the system by passing through a Y-shaped junction, while the liquid-
phase TPA or thiophene were added by the bubbling technique, where the gases were conducted
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Figure 1 Schematic image of the CCVD reactor

into liquid TPA or thiophene, before the reactor, thus the gas bubbles carried the TPA or thio-
phene to the reaction site (Figure 1). For more intense TPA feed, injection method using a syringe
pump was also applied; for further experimental details see Szekeres et al. (2015).

In these experiments, 150mg of catalyst was measured into a quartz boat. After 15min of
leaching, the quartz boat was placed into the oven heated up to 720°C. In the following step,
after the reactor was heated, acetylene flow was set to 35L hr-1 and the MWCNT growing
process started. To finalize the synthesis, the acetylene flow rate was set to zero, and after a
short-time of leaching, the reactor was cooled down to room temperature to collect the
MWCNT samples. In all cases TPA or thiophene was fed into the reactor during the whole
reaction time (30 min).

Preparation of MWCNT/RC Complexes

RC Purification

The carotenoidless R-26 strain of Rhodobacter (Rb.) sphaeroides purple bacterium was grown
photo-heterotrophically under anaerobic conditions in a Sistrom-medium supplemented with
potassium succinate (Sistrom 1960). RCs were prepared by LDAO (lauryldimethilamine
N-oxide, Fluka) solubilization and standard protein purification methods (ammonium sulfate
precipitation, DEAE Sephacell (Sigma) column chromatography and ultrafiltration) as
described previously (Maroti and Wraight 1988).

Functionalzation of MWCNTs with -COOH Group

MWCNTs were functionalized with carboxyl groups in aqueous nitric acid solution with a
concentration of 10m/m% for 1hr. After functionalization, the samples were washed with
distilled water and put in a drier at 90°C for 2 hr.

Binding RC to MWCNTs
RC was bound to carboxyl-functionalized MWCNTs by EDC/NHS chemistry procedure.
CNT was activated by the addition of crosslinkers N-hydroxysuccinimide (NHS) and
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Figure 2 Schematic representation of binding reaction center to -COOH functionalized MWCNTSs by the EDC/
NHS method.

I-[3-dimethylaminopropyl]-3-ethyl-carbodiimide (EDC). After activation, the mixture was
dialyzed in potassium phosphate buffer (O.IM, pH 7.0) to remove the unbound crosslinkers.
Then, the calculated amount of RC solution (typically ca. 100pM) was added to the activated
MWCNT and it was stirred at 4°C for 3 hr. Finally, the sample was separated and washed by an
ultracentrifuge until the steady-state absorption spectrum of the supernatant did not show the
characteristic peaks of the RC in the near infrared. The reaction scheme is summarized in
Figure 2.

Electron Microscopy

Each sample was characterized by transmission electron microscopy (TEM, FEI, Technai G2
20 X-TWIN, 200kV) to study their morphology, which plays a key role in the understanding of
the MWCNT doping. The samples were prepared as follows: firsta small amount of sample was
dispersed in absolute ethanol by ultrasonication (35kHz) in an ultrasonication bath (Transsonic
T570/H), then a few drops of the dispersion were placed on a 200 mesh Cu TEM grid with
carbon layer.

X-Ray Powder Diffractometry (XRD)

The graphitic properties of MW CNTs was investigated by XRD method (Rigaku Miniflex Il
Diffractometer) utilizing characteristic X-ray (Cu, Kot) radiation (angle range 0 = 20-70°).

Raman Spectroscopy

Graphitic properties of MWCNTs were also verified by Raman spectroscopy measurements
(Thermo Scientific DXR Raman microscope) using 532 nm laser excitation, 20x objective,
I0mW laser power and I5min measuring time

Measurements of the Radiocarbon Contents

The carbon content of the samples was liberated by sealed tube combustion method. The
sample and the MnO2oxidant were weighted into a glass tube. When the initial sample was in a
liquid matrix it was weighted into the combustion tube and dried with the help of a freeze dryer
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unit. The quantity ofthe sample was calculated from the combustion tube with the dried sample
and the empty mass of that. The tubes were evacuated to <5.10 3 mbar and sealed by a torch.
The samples were combusted to C02in a muffle furnace at 550°C for 48 hr. The gained C02was
purified using a dedicated gas handling system equipped with cryogenic traps in order to remove
the other combusted gas components. The quantity ofthe pure C02was determined in a known
volume by high-precision pressure sensor (Janovics 2016). The yield of the carbon extraction
can be calculated from the quantity of the pure C02. The trapped and cleaned C02 were
converted to graphite by zinc reduction sealed tube graphitization method (Rinyu et al. 2013;
Orsovszki and Rinyu 2015). In the case of less than 100 micrograms carbon, zinc micro-
graphitization technique was used (Rinyu et al. 2015).

The measurements of the 14C contents were carried out on a MICADAS type accelerator
mass spectrometer (Synal et al. 2004, 2007) in the Institute for Nuclear Research, Debrecen,
Hungary (Molnar et al. 2013). In order to track possible modern carbon contamination
during the pretreatment and combustion process, we have extracted chemical standards with
well-known 14C activity (IAEA C7 and C8; Le Clercq et al. 1998) on the same treatment line
and measured them together with the samples in the same measurement magazines. BATS
AMS data evaluation software was used to treat, process and analyze all of the 14C data
(Lukas 2010).

Measurement of Stable Isotope Ratios

Stable isotopes were measured by a Thermo Finnigan DeltaplusXP isotope ratio mass spec-
trometer attached to an elemental analyzer (Fisons NA1500 NCS). This EA-IRMS method is
based on the rapid oxidation of the sample by flash combustion, which converts all the organic
and inorganic substances into combustion products, then the resulted gases are separated in a
chromatographic column and detected by the mass spectrometer (Major et al. 2017). The
measured values are expressed in delta notation like 813C and 815N, which delta values are
de ned as follows: 8 (1) = (R /R - 1) x 1000, where R is the 13C/12C, 15N /14N
ratio in the sample orin the international reference material as indicated. The uncertainty ofthe
measurements is 0.2 1 for S13C and +0.31 for 815N.

Measurement of Sulfur Content

Carbon nanotube samples were digested using a Mars 5microwave system. 50mg ofthe sample
was weighted into the Teflon bombs and was digested by 2mL 67% (m/m) nitric acid (supra-
pure, VWR Chemicals). The applied power was 800 W, 200°C was reached within 20 min, and
it was held for 30 min. The samples were transferred into 50mL volumetric flasks and filled up
with ultrapure water.

The analysis of sulfur was performed by Agilent 8800 ICP-QQQ-MS system, using MS/MS
mode. Chemical reaction cell (CRC) was operating with oxygen reaction gas. The sulfur was
measured with mass-shift, measured on m/z 48 (cf. Equation 1):

32S+ + 320 2= 325160 + + 160 (1)
RESULTS AND DISCUSSIONS

Structural Characterizations of MWCNTs

By comparing the TEM images of undoped (Figure 3), N-doped (Figure 4) and S-doped
(Figure 5), morphological changes can be clearly identified. The micrograph of N-doped
MWCNTs (Figure 4) revealed that the reaction product was a carbon deposit containing
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6 T Szabo et al.

Figure 3 Representative TEM image of undoped CNTSs.

Figure 4 Representative TEM image of N-doped MWCNTS, visualizing the structural degenerations caused by the
dopant, e.g. the bamboo structure.

hollow MWCNTs with bamboo-like segments. Different from the N-doped nanostructures,
S-doped nanostructures showed a special coiled morphology, which is overall representative
for the samples. The structural varieties found in the N-doped and S-doped samples can
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Figure 5 Representative TEM image of S-doped MWCNTS, showing the coiled morphology.

Figure 6 XRD diffractograms of undoped and N-doped CNTSs.

possibly indicate the presence of dopants, as similar reaction conditions with different
heteroatom resulted in distinct structural changes. The structural differences can result from the
many forms the dopants can incorporate into the MW CNT lattice (Szekeres et al. 2015; Yang
et al. 2015).

Powder XRD measurements were performed to determine, whether the synthesized samples
possess a graphitic structure. The diffractograms in Figure 6 show the characteristic reflections
of the graphitic lattice at 20 = 26.11° and 44.65°, but with different relative intensities to each
other in the two datasets, which is the result of the significantly changed structures. The results,
however, assure that the severe structural degeneration upon doping does not necessarily result
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Figure 7 Raman spectra of undoped and N-doped CNTSs.

in the loss of graphitic properties, and therefore in the exclusion of unique electrical
characteristics.

Raman spectra of undoped and doped MW CNTs are shown in Figure 7. Graphitic properties
are often explained by the intensity ratios ofthe D-band (1341 cm-1, assigned to the presence of
defect sites) and the G-band (1527 ¢cm 1, assigned to the graphitization level). The increased
D-band intensity, as well as the decrement in the G-band intensity suggest that the continuous
graphitic lattice is significantly corrupted in the N-doped sample. However, the presence of the
G- and G ’-bands indicate that the sample did not lose its overall graphitic identity, only its
homogeneity—due to the altered reaction conditions caused by introducing a dopant—is lower.
Similar conclusions can be drawn from the XRD and Raman investigations of the S-doped
MWCNTSs.

Isotope Analytical Investigations of CNTs

Nine different type of carbon nanotubes were analyzed by isotope analytical methods and the
sample identification with characteristics (Table 1) and results of stable N and C content
(Tables 2, 3) and 14C content (Table 4) are summarized.

The mass spectrum ofthe sample nanotube iscompared to the reference material ofknown carbon
and nitrogen content and all of these calculations of weight percent determination refer to the
so-called signfiicant peak. There are samples with some nitrogen content between 2.61% and
5.3m/m% (1/1466/9,10,13,14). The carbon content of different samples is fairly different however,
itranges between 33 and 67%. The samples with nitrogen content has a 815N value between4.251
and 6.091 and the stable carbon isotope results cover a wider range between -20.57! and
-29.571.

By using thiophene, we found that the increase of CV D synthesis temperature resulted in higher
carbon deposit thus higher carbon (m/m%) (Table 2). On the other hand, increasing tempera-
ture is not advantageous for the incorporation of heteroatoms into graphitic structures there
through the built-in amount of sulfur is somewhat lower at 800°C.

The bubbling method used for the preparation of S-doped CNT was found to be much less
effective in the synthesis of N-doped materials, while using TPA as dopant. The stable N
content of samples 11, 12, and 15 was not detectable (see Table 2), however, TEM
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Table 1 Identification and description of different types of nanotubes used for the analysis.

Sample description

Reaction time/

Sample ID Method Liquid doping time [min] T [°C]
1/1466/1 S-dop. Bubbling  Thiophene 30/30 700
1/1466/2 Bubbling  Thiophene 30 30 800
1/1466/9 N-doped Injection TPA - ferrocene-acetone 10 2 720
1/1466/10 Injection TPA - ferrocene-acetone 205 720
1/1466/11 Bubbling TPA 40 40 720
1/1466/12 Bubbling TPA - acetone 40 40 720
1/1466/13 Injection TPA 205 720
1/1466/14 Injection TPA 20 10 720
1/1466/15 Bubbling TPA 40 40 750

Table 2 Stable nitrogen, sulfur and carbon isotope results of investigated nanotube species.
The sample ID refers to the samples listed in Table 1.

Sample N 0 Nitrogen C 0 Carbon 0
ID (1, AIR) (1, AIR) (m/m%) (1, VPDB) (1, VPDB) (mm%) S ((mg/kg) ((mg/kg)
1/1466/1 — — — -26.79 0.16 33.30 318 3
1/1466/2 — — — -25.89 0.04 41.94 256 4
1/1466/9  6.09 0.03 5.30 -24.22 0.09 66.43 — —
1/1466/10 4.25 0.33 2.61 -27.55 0.11 66.35 — —
| 1466 1 — — — -25.05 0.16 45.41 — —
1/1466/12 — — — -26.03 0.24 41.34 — —
1/1466/13 5.13 0.01 2.84 -29.57 0.08 58.79 — —
1/1466/14 5.96 0.39 3.47 -29.50 0.27 55.78 — —
1/1466/15 — — — -20.57 0.04 37.56 — —

Table 3 14C content of the investigated nanotubes.
The sample ID refers to the samples listed in Table 1.

Combustion yield 14C content

Sample ID (%) (pMC)
1/1466/9 56.0 18.0
1/1466/10 44.0 6.2
1/1466/11 63.0 4.0
1/1466/12 73.0 3.0
1/1466/13 59.0 13.6
1/1466/14 58.0 13.4
1/1466/15 33.0 34.1

investigations revealed some bamboo-like character of these carbon nanotubes, too. Sample 15

demonstrated that increasing reaction temperature is not a solution for getting higher N-dop-
ing. For the synthesis of sample 12 the liquid used for bubbling was changed, namely TPA was
mixed with acetone (1:9 ratio), which provided better volatility. However, this modification did
not result in higher N-doping either.
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Table 4 Summary of data obtained during determination of the 14C quantity. Sistrom med-
ium is the growing medium of the bacteria, RC is reaction center protein, f-MW CN T COOH is
the -COOH functionalized 1/1466/11 sample, and f-MW CNTCOOH/R C isthe carbon nanotube/
reaction center nanocomposite, respectively.

Sample quantity Measured carbon Yield
Sample (mg) (mg) (%) pMC
Sistrom-medium 9.93 2.07 21% 31.9+05
RC 2.78 149 54% 66.1 + 0.3
f-MWCNT 1.15 0.85 74% 6.4 £0.1
f-MW CNTCOOH/RC 0.39 0.28 73% 29.1 £0.1
F 38.0+ 2.0%

A reasonable explanation for this significant difference between thiophene and TPA dopants
can be found in their vapor pressure values at room temperature, which differ by 2 orders of
magnitude (TPA: 1.51 mmHg, thiophene: 79.7mmHg). This experience inspired us to some-
what modify our CVD setup and build a syringe pump into the system.

N-doped samples prepared with the injection technique (9, 10, 13, 14) resulted in signfficantly
higher stable N content of CNT samples (Table 2). Ifwe compare the N m/m% data for samples 13
and 14, we can conclude that increasing doping time from 5 to 10min (applying 20 min reaction
time) can result in a slightly higher amount of incorporated N. It is known from literary data
(Yadav et al. 2005) that ferrocene is able to block the nitrogen incorporation into the carbon
nanotube structure, therefore samples 9 and 10 were prepared with ferrocene feed. Stable isotope
measurements also revealed that the inhibition effect of ferrocene appears only after an induction
period. 2min “TPA - ferrocene - acetone” feed is not sufficient to block nitrogen incorporation,
hence the stable N content value for sample 9 is similar to that of other samples prepared by
injection. Increasing ferrocene injection to 5min, the blockage can be already detected (approx.
50% lower N-content in Table 2) which is in accordance with former EM observations.

The 14C content of the nanotubes was also examined and the results are summarized in
Table 3. We did not get a valid resultin two samples (1/1466/1 and 2). The combustion efficiency
fluctuates significantly for the different samples. It seems that this efficiency is highly dependent
on the carbon content ofthe sample, which is determined by the applied carriers and precursors.
Results indicate that the 14C content of the nanotubes produced by the various preparation
modes varies widely (from 3.0pMC up to 34.1 pMC). Isotopic analytical studies have
shown that the used starting materials, precursors and carriers have a strong iMuence on
the characteristics of the produced nanotubes. For binding studies, it is important for the 14C
content of the nanotube and the protein has to be significantly different. As the 14C content of
the investigated protein is determined by the carbon source from which the protein is developed,
one aspect was the selection of those nanotube types, which have the lowest 14C content during
the analysis. Eventually, the two sample candidates for further investigations were 1/1466/11
and 1/1466/12 (cf. Table 4). We used sample 1/1466/11 for nanocomposite preparation. A low
14C content of the nano-tube is required in order to better determination of 14C concentration
change caused by reaction center complex binding (which is recent). This can be used to more
accurately determine the bonded RC ratio.

In the case ofthe reaction center, the primary carbon source is supplied by the Sistrom-medium
(31.9£05pMC, cf. Table 4). However, the recent atmospheric carbon-dioxide (around
100 pMC) as secondary source also iMuences the 14C content of the bacterium cells.
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Measurements on MWCNT/RC Hybrid System

For preparing MWCNT/RC biohybrid system MW CNTs functionalized by -COOH groups
were used, hereafter referred as f-MW CNTCOOH. In order to determine the absolute quantity of
the RC in the f-MWCNTCOOH/RC complex the amount of the protein bound to the
f-MWCNT was determined. For this reason, the pMC unit was determined for the RC,
f-MWCNT and f-MWCNT /RC samples. The RC fraction ofthe f-MWCNT /
RC complex is obtained by 14C balance equation. 14C content of the two-component mixture is
defined as Equation 2:

pMCf_mwcntcooh/rc =Frc ®M C rc + (1- Frc) -pMCf_mwcntcooh (2)
where pMCRC, pMC and pMC is the measured 14C content of
the RC, f-MWCNT and f-MWCNT /IRC complex, respectively. FRC is the RC
fraction of the 14C content of the f-MWCNT /IRC complex. The RC fraction of the mix-

ture is obtained after the rearrangement of 14C balance equation (Equation 3):

FrC:pMCf-MWCNTcooh/RC_pMCf_mwcntoooh 100 % . 3)

pM CRC_pMCf_MWCNTc

By using the data obtained during the determination of 14C quantity and summarized in
Table 4, Frc = 38.0 £ 2.0% can be calculated. Finally, the total RC/f-MWCNT ratio and
the amount of RC (m/m) by the known molecular weight (MW: 80 kDa, 48% carbon content)
can be calculated using the RC fraction constant and the carbon extraction yields of the
appropriate components. Carbon content was estimated by the RC structure of 2W X5.pdb
deposited in the Brookhaven Protein Data Bank (https://www.rcsb.org/pdb/home/home.do)
after omitting the water molecules. The calculated amount ofthe photosynthetic reaction center
bound to MWCNTs found 53 m/m% RC when the protein bound by the EDC-NHS chemical
binding method.

CONCLUSIONS

For summary, we can conclude that by applying a specific change in the element compo-
sition of the precursors during NWCNT synthesis specific doping can be achieved, for
example N and S can be inserted in the CNT structure. The yield of the doping was proved
by the isotope analytical investigations. Doping the MWCNTs by N and S resulted in
specific structural changes with the appearance of “bamboo-like” or spiral structures,
respectively.

The isotope constitution of bio hybrid materials prepared from the bare and/or doped carrier
CNTs and enzymes proved that isotope analytics is a useful tool for determining the quanti-
tative binding of the biological materials to the carrier matrices. After determining the
quantitative amount of the enzyme the specific activity of the sample can be determined. The
amount of the photosynthetic reaction center bound to MW CNTs can be determined in a
sensitive way and found 53 m/m% RC when the protein bound by the EDC-NHS chemical
binding method. Detailed investigation of the effect of different carbon sources under the
growth conditions are beyond the scope of this publication, however, this can be a matter of
further investigation.
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