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ABSTRACT The results on the photocatalytic activity of 0 — 2 wt.% Pt/g-C3N, in the hydrogen evolution reac-
tion under visible light (430 nm) are presented. Triethanolamine (TEOA), glycerol, glucose and cellulose were
used as electron donor. During the reaction, not only the target product, hydrogen, but also by-products of
the reaction in the gas phase, namely CO and CO,, were controlled. In order to study the chemical compo-
sition, microstructure and optical properties, the samples were investigated by XPS, TEM and diffuse reflec-
tion methods. The maximum hydrogen evolution rate obtained for 1 % Pt/g-CsN4 from TEOA solution was
3.96 umol-min—!, with a selectivity of 100 %. The use of glycerol and cellulose resulted in the production of
syngas, and varying the platinum content allowed the selectivity of the process to vary (42.4 to 100 %). Glu-
cose using led to the formation of a mixture of CO, and Hs with a selectivity of 90 % or higher. In general,
hydrogen-containing mixtures obtained using organic substrates can be further used in various applications.
KEYWORDS photocatalysis, hydrogen evolution, carbon nitride, triethanolamine, glycerol, cellulose, glucose,
visible light
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1. Introduction

Currently, one third of the world’s energy is produced by burning coal, with coal-fired power plants emitting large
amounts of greenhouse gases into the atmosphere [1]. With the depletion of the world’s fossil fuel reserves and global
warming, the search for alternative energy sources is an urgent task today [2, 3]. Solar energy is sustainable, renewable
and more environmentally friendly energy source than conventional energy sources as it has no negative impact on the
environment [4]. In recent times, there has been a worldwide trend to convert the inexhaustible energy of solar irradiation
into useful products, such as hydrogen in the process of photocatalytic hydrogen production using semiconductor cata-
lysts [5,6]. However, the realization of such a kinetically slow process requires the development of materials active under
visible irradiation, since the spectral range of solar irradiation consists more of visible light [7].

The most common photocatalyst is titanium dioxide, as they are commercially available (e.g. Degussa P25) and
non-toxic [8,9]. However, the application area in photocatalytic reactions is limited to the UV range. Graphitic carbon
nitride, an n-type semiconductor, is a new generation photocatalyst because it is nontoxic, thermally stable, chemically
stable in both alkaline and acidic media, and its band structure is suitable for the process of photocatalytic hydrogen
evolution [10, 11]. However, the activity of pristine g-C3Ny in such a process is low due to the rapid recombination of
electrons and holes [12]. Currently, several strategies have been proposed to increase the activity of graphitic carbon
nitride, including doping with various heteroatoms [13, 14], deposition of co-catalysts [15-17], grinding of graphitic
carbon nitride [18], surface engineering including nanosheet formation [19, 20], surface modification with acids [21], and
so on. It is also interesting to modify the synthesis procedure, using different nitrogen-containing precursors, including
combining them in different ratios [22]. For example, using a mixture of melamine and urea as precursors, a high
surface area of g-C3Ny can be achieved due to the formation of a supramolecular melamine-cyanuric acid complex during
synthesis [22].

Platinum nanoparticles are known to increase photocatalytic activity. In this case, the formation of Schottky barrier
between the metal (Pt, Au and Ag) and semiconductor (g-C3Ny) is observed, which leads to an increase in photocatalytic
activity due to an increase in the lifetime of electron-hole pairs [9]. Noble metal nanoparticles “capture” electrons in the
conduction band of the semiconductor, which further reduce protons to form hydrogen. In addition, the work of electron
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escape from vacuum for Pt in the metallic state is 5.40 eV, which is the highest value among noble metals [10]. Based on
this, the choice of co-catalyst (Pt) for surface modification of graphitic carbon nitride was carried out.

When carrying out the photocatalytic process in solutions of organic compounds, an important task is to analyze all
products in the gas phase, such as CO and CO,, which can be formed as a result of complete or partial oxidation of
substrates. The composition of the resulting hydrogen-containing mixtures influences their further applications.

In this work, we have shown for the first time the complex influence of the mass fraction of platinum deposited
on the surface of graphitic carbon nitride and the electron donor used on the activity and selectivity of photocatalytic
hydrogen evolution under visible light irradiation (430 nm). Not only model substrates — triethanolamine, glycerol, but
also components of plant biomass — glucose and cellulose — were used as electron donors. The novelty of the work consists
in determining the correlation between the electron donor, the mass fraction of platinum Pt/g-C3N4 and the selectivity of
the photocatalytic hydrogen evolution reaction.

2. Materials and methods
2.1. Photocatalyst synthesis

A method to obtain graphitic carbon nitride is described in [22]. Briefly, the required amount of a mixture of melamine
(Sigma-Aldrich, USA, 99 %) and urea (Acros Organics, USA, 99 %) in a mass ratio of 1:3 was placed in a crucible, then
in a muffle oven with subsequent heating at a rate of 10 °C/min to 525 °C, held for 1 hour. The resulting powder was
cooled to room temperature, grinded and used further.

The deposition of platinum particles was carried out by soft chemical reduction method. 500 mg of prepared g-C3Ny
was placed in a glass beaker, suspended in a small amount of distilled water, a solution of 0.1 M H5PtClg (Reakhim,
Russia, 98 %) was added dropwise and stirred for an hour. Then an excess of 0.1 M NaBH,4 solution was added and
stirred for one hour. The precipitate was washed several times and then dried at 50 °C for 3 hours. The mass fraction
of deposited platinum particles was varied during the synthesis. The catalysts were denoted by = % Pt/g-C3Ny, where
x=0.1,0.5,1, 2.

2.2. Photocatalyst characterization

The photocatalysts were characterized by physicochemical methods of investigation, including X-ray photoelectron
spectroscopy (XPS), transmission electron microscopy (TEM), diffuse reflectance electron spectroscopy (DRES) and
UV-vis spectroscopy.

The chemical composition of the sample was investigated by X-ray photoelectron spectroscopy (XPS) on an electron
spectrometer of SPECS SurfaceNanoAnalysisGmbH (Germany). The spectrometer was equipped with a PHOIBOS-150-
MCD-9 hemispherical analyzer, XR-50 X-ray characteristic radiation source with double Al/Mg anode. Non-monochro-
matized radiation AlKa (hv = 1486.61 eV) was used to record the spectra. The position of the peak corresponding
to the carrier was used to account for the charging effect of the samples (Table 1). Relative concentrations of elements
in the analysis zone were determined on the basis of integral intensities of the XPS peaks taking into account the pho-
toionization cross section of the corresponding terms. For detailed analysis, decomposition of spectra into individual
components was used [23]. Accordingly, after background subtraction using the Shirley method [24], the experimental
curve was decomposed into a number of lines corresponding to the photoemission of electrons from atoms in different
chemical environments. The data were processed using the CasaXPS program package [25]. The shape of the peaks was
approximated by a symmetric function obtained by summation of the Gauss and Lorentz functions.

TABLE 1. Relative atomic concentrations of elements in the near-surface layer of the studied catalysts

Sample [NV/[C] | [PtVIC] | %, Pt° | %, Pt>" | [0,])/[C] | [Na]/[C]
0.1 % Pt/g-CsN, | 135 | 0.001 68 32 0.15 0.03
0.5 % Pt/g-CsN, | 133 | 0.004 83 17 0.18 0.03
1% Pt/g-CsN, | 1.36 | 0.008 85 15 0.16 0.03
2 % Pt/g-CsN, | 133 | 0.008 82 18 0.20 0.03

*[C] - carbon in the C-N=C carrier (288.1 eV);
**[Carbon] — surface carbon of C=C (284.9 eV);

***[0,] — surface oxygen-containing impurities.
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The microstructure of the photocatalysts was studied by transmission electron microscopy (TEM) using a ThemisZ
microscope (Thermo Fisher Scientific, USA) at an accelerating voltage of 200 kV.

The UV-vis diffuse reflectance spectra were obtained with the use of Shimadzu UV2501 PC (Shimadzu, Kyoto,
Japan) spectrophotometer with an ISR-240A diffuse reflectance attachment in the wavelength range from 400 to 850 nm.

2.3. Photocatalytic experiments

The photocatalytic hydrogen evolution reaction was carried out in the reactor shown in Fig. 1. 50 mL of electron donor
(10 vol.% triethanolamine (AO Base #1 Chemicals, h.), 0.4 M glycerol (AO Base #1 Chemicals, h.),
0.2 M a-D(+)-glucose (Acros Organics, 98 %), 3 M a-cellulose (Sigma)+ 0.1 M NaOH (Thermo Scientific, 98.5 %),
and 25 mg of catalyst, which was pretreated in an ultrasonic bath for 10 minutes. The reactor was then purged with
argon for 20 minutes. An LED with a wavelength of 430 nm was used as the light source. The gaseous reaction products
including Hs, CO, CO4 were analyzed using a CHROMOS GC-1000 gas chromatograph equipped with a methanator and
a thermal conductivity detector.
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F1G. 1. Schematic representation of the reactor for photocatalytic hydrogen evolution reaction

In addition to the photocatalytic hydrogen evolution rate, the apparent quantum efficiency (AQE) was calculated using

the formula 2 (Hy)
AQE = 22 \172)
QF = =3

where W (H) is the hydrogen evolution rate, mol/min; Ny is the photon flux, mol/min.

3. Results and discussion
3.1. Photocatalyst characterization

All investigated catalysts were characterized by X-ray photoelectron spectroscopy. Peaks corresponding to Pt, N,
C, Na, and O were detected in the XPS spectra of the catalysts. The relative concentrations (atomic ratios) of elements
in the near-surface layer of the catalysts determined from the XPS data are presented in Table 1. The values of binding
energies of Cls, NIs, Pt4f7 /5 peaks are presented in Table 2. It is important to note that the peak in the C/s spectrum
of carbon corresponding to the spectrum of the carrier (g-C3Ny4) was chosen for calibration of the binding energy scale.
At the same time, the obtained values of binding energy of the C/s carbon peak included in the carbon impurities on the
catalyst surface lie in the range of 284.8 — 285.0 eV (Table 2), which confirms the correctness of the calibration.

According to the data presented in Table 1, platinum in the investigated samples is represented by two forms: oxidized
(Pt**) and reduced (Pt®), and with the increase of its content in the samples, the fraction of metallic platinum increases
and reaches 85 % for the sample 1 % Pt/g-C3Ny.

Figure 2 shows the C/s and N/s spectra of the catalysts. The Cls spectrum is well described by two peaks with
binding energies around 284.9 and 288.1 eV. The first peak is characteristic of carbon-containing impurities present on
the surface of the catalysts. The second peak is characteristic of C/s g-C3Ny and corresponds to carbon forming bonds
with nitrogen atoms in the g-C3Ny structure [26,27]. In the case of the Nis spectrum, 4 peaks with binding energies
around 398.6, 399.9, 401.0, and 404.5 eV are observed. According to literature data, the first peak refers to nitrogen
atoms forming a C—N=C bond, the second peak refers to form a bond with three carbon atoms N—(C)3, and the third peak
refers to N-H terminal groups [26,27]. The fourth peak corresponds to an excited m-bond.

Figure 3 shows the Pt4 f spectra of the studied catalysts. The 4f-level of platinum is known to split into two sublevels
Pt4f7 /2 and Pt4f 5 /o due to spin-orbit interaction, the spin-orbit splitting of which is 3.33 eV. In the literature, for massive
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TABLE 2. Values of Cls, N/s and Pt4f7 /5 binding energies. The spectra are calibrated on the C/s line
(EeSv =288.1eV)

CIls Nlis Pt4f7/2
Sample 0 T
C=C, C-N=C, | C-N=C, | (C)3-N, N-H, T, Pt-, Pt
2849 eV | 288.1eV | 398.6eV | 399.9¢V | 401.0eV | 404.5eV | 71.0eV | 729 eV
0.1 % Pt/ g-C3Ny 40 60 72 14 10 4 68 32
0.5 % Pt/ g-C3Ny 42 58 73 14 10 3 83 17
1 % Pt/ g-C3Ny 40 60 72 14 10 4 85 15
2 % Pt/ g-C3Ny 47 53 72 14 10 4 82 18
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FI1G. 2. Clsand Nls spectra of the carrier. The N/s spectrum is normalized by the integral intensity of
the C1s peak corresponding to the carrier spectrum (g-CsNy)

metallic platinum samples, the binding energy of Pt4f; /5 is 71.1 — 71.6 eV [28]. In turn, for massive PtO, PtO; and
Pt(OH), the values of Pt4f7 /5 binding energy lie in the range of 72.3 —73.0, 74.0 — 74.1 and 74.2 - 74.4 eV [29-31]. In
the case of the investigated catalysts, the Pt4f spectrum is approximated by two Pt4f,,—Pt4f7 o doublets with Pt4f7,
binding energies around 70.8 —71.0 and 72.8 — 72.9 eV, respectively. These doublets are related to platinum in the metallic
state as well as to platinum in the oxidized state, |
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FI1G. 3. Pt4f spectra of the investigated catalysts. The spectra were normalized by the integral intensity
of the C/s peak corresponding to the spectrum of the g-C3Ny
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The microstructure of the photocatalysts was studied by transmission electron microscopy (TEM). For the 0.1 %
Pt/g-C3Ny catalyst, small single Pt particles of size 2.1 4= 0.9 nm uniformly distributed on the surface of graphitic carbon
nitride g-C3N4 were observed. With the increase in platinum loading (0.5 — 2 %), agglomeration of Pt particles is
observed. Thus, in the case of 0.5 % Pt/g-C3Ny the size of agglomerates is about 12 nm, and for 2 % Pt/g-C3Ny it is
about 50 nm. It should be noted that according to the particle size distribution (Fig. 4), the average particle size does
not practically change with increasing platinum loading. The agglomeration of platinum particles may be related to the
supersaturation of the graphitic carbon nitride surface by the platinum precursor HoPtClg. The literature indicates that
when using the precursor Pt(IV), namely HyPtClg, there is no formation of m-complexes with carbon-containing surface,
and therefore leads to a high degree of agglomeration of platinum particles [32].
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F1G. 4. SEM images and particle size distribution for 0.1 (a); 0.5 (b); 1 (c); 2 (d) % Pt/g-C3Ny catalysts

The diffuse reflectance spectra for 0 — 2 % Pt/g-C3Ny catalysts are shown in Fig. 5. Light absorption is shown to
increase in the region of 450 — 800 nm when platinum particles are deposited on the surface of graphitic carbon nitride g-
C3Ny, which is due to the effect of surface plasmon resonance of Pt particles (Fig. 5a). The determined bandgap energies
of all catalysts was carried out in Tauc coordinates (Fig. 5b) by extrapolating the dependence of (F(R) - E)°® of E. For
g-C3Ny, 0.1 % Pt/g-C3Ny, 0.5 % Pt/g-C3Ny, 1 % Pt/g-C3Ny, 2 % Pt/g-C3Ny, the bandgap energies were 2.62, 2.69, 2.66,
2.63, 2.66 eV, respectively.

3.2. Photocatalytic activity

All synthesized Pt/g-C3Ny catalysts were tested in the reaction of photocatalytic hydrogen evolution from aqueous
solutions of electron donors: 10 vol.% triethanolamine, 0.4 M glycerol, 0.2 M a-D(+)-glucose (glucose), 3 M a-cellulose
(cellulose) + 0.1 M NaOH. Summary on the rates of formation of photocatalytic reaction products for all catalysts from
aqueous solutions of electron donors is presented in Table 3.

When studying the dependence of the hydrogen evolution rate on the platinum content on the surface of graphitic
carbon nitride, a dome-shaped dependence was obtained in the case of using TEOA, glycerol and glucose as electron
donors, as shown in Fig. 6. An increase in the platinum content (0.1 — 1 %) on the surface of graphitic carbon nitride
g-C3Ny leads to an increase in the number of adsorption centers for organic molecules [33,34] and an increase in metal-
semiconductor contacts, due to which the lifetime of photogenerated charges increases [35]. On the other hand, high
metal concentration (2 %) hinders the light absorption and also limits the adsorption of organic electron donors. When
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TABLE 3. Summary table of the rates of formation of photocatalytic reaction products for 0 — 2 %

0 ; : ; ‘
300 400 500 600 700 800
Wavelength, nm

01— ‘ . ‘ . ‘
2,38 2,55 2,72 2,89 3,06 3,23

E, eV

Pt/g-C3Ny catalysts from aqueous solutions of electron donors

e — | na
H,, pmol-min CO, nmol-min CO3, nmol min
TEOA 0.1 0.7 0 0 0.5
0.5 1.9 1.2
1 4.0 2.6
2 2.8 1.8
Glycerol 0.1 0.1 1.4 0 <0.1
0.5 0.2 2.2 0.1
1 0.3 0.2 0.2
2 0.1 0.4 <0.1
Glucose 0.1 0.06 0 04 <0.1
0.5 0.03 3.6 <0.1
1 0.2 15.2 0.1
2 0.1 10.0 <0.1
Cellulose 0.1 0.0008 0.5 0 <0.1
0.5 0.006 1.3 <0.1
1 0.02 1.0 <0.1
2 0.07 1.0 <0.1
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the mass fraction of Pt increases, according to TEM images (Fig. 4), nanoparticles begin to aggregate, which is one of the
possible reasons for the decrease in catalytic activity. According to the XPS results (Table 1), the highest proportion of
metallic platinum, namely 85 %, is observed for the 1 % Pt/g-C3Ny catalyst, which in turn is the most active in the process
of hydrogen evolution for all the substrates used. Thus, the separation of photogenerated electrons and holes proceeds
more efficiently with higher amounts of reduced platinum (Pt°). In general, the observed dependence is a combination of
several factors: the platinum state (oxidized Pt>*, reduced Pt°) and its content on the surface of graphitic carbon nitride
g-C3Ny, as well as the distribution of platinum particles on the catalyst surface. The maximum rate of hydrogen evolution

was observed from TEOA solution (10 vol.%) when 1 % Pt/g-C3N,4 was added and was 3.96 umol-min_l.
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FI1G. 6. Dependence of hydrogen evolution rate on Pt loading on g-C3Ny. Experimental conditions:
m/(catalyst) = 25 mg, V(suspension) = 50 ml, A = 430 nm, ¢(reaction) = 90 min, C(TEOA) =
10 vol.%; C(Glycerol) = 0.4 M; C(Glucose) = 0.2 M; C(Cellulose) = 3 M

In addition to the identification of the target product, hydrogen, the presence of carbon monoxide and carbon dioxide
in the gas phase was additionally analyzed. The formation of such products can occur in the process of complete or partial
oxidation of organic substrates. The dependence of the product ratio on the mass fraction of platinum on the surface of
graphitic carbon nitride using TEOA (Fig. 7a), glycerol (Fig. 7b), glucose (Fig. 7c), cellulose (Fig. 7d) as electron donors
is presented in Fig. 7.

When the photocatalytic hydrogen evolution reaction is carried out from triethanolamine solution, the formation
of pure hydrogen is observed. Impurity-free hydrogen can be used to power fuel cells, since proton exchange mem-
branes inside fuel cells are known to undergo CO poisoning [36]. Probably, during phototocatalytic transformations
triethanolamine is oxidized to glyceraldehyde by photogenerated holes, while complete oxidation does not occur.

The use of glycerol and cellulose results in a mixture consisting of hydrogen and carbon monoxide. A general pattern
is observed: the mass content of platinum on the surface of graphitic carbon nitride strongly influences the distribution of
reaction products, and hence the selectivity for CO and Hs. In particular, in cellulose solution at increasing of Pt loading
mainly reaction product in gas phase is hydrogen, while for catalysts 0.1 % Pt/g-C3sNy and 0.5 % Pt/g-C3Ny the CO:H,
ratio is 1:1.3 and 1:3.7, respectively. This result can be explained by the fact that Pt is a catalyst for hydrogenation, so
with the increase of its loading the amount of CO decreases both in the case of the reaction in glycerol solution and in
cellulose solution [37,38]. Hydrogenation of carbon monoxide to various reaction products (probably light hydrocarbons)
takes place [38].

Varying the ratio of gases in the carbon monoxide:hydrogen mixture makes it possible to obtain products for the
production of synthetic fuel (synfuel). Synthesis of synfuel is extremely important because such combustible liquids are
used as motor fuel in internal combustion engines [39]. The combustion of synfuel proceeds without the formation of
soot and NO,, etc [40]. Thus, for production of ethylene glycol and vinyl acetate synthesis gas is used in the ratio 1:1
(CO:Hy), and for realization of steam conversion process the ratio 1:2,2 (CO:Hs) is necessary [41].

As for the products of substrate oxidation in the liquid phase, according to literature data, in the case of glycerol,
oxidation proceeds through the C—C bond, which ultimately leads to the formation of the main product Cs in the liquid
phase — glycolic acid [42]. This is explained by the fact that irradiation of the photocatalyst results in the formation
of a large number of reactive oxygen species, which induce the conversion of the intermediate product, glyceraldehyde,
into glycolic acid. The formation of glyceric acid and dihydroxyacetone is also observed [43]. When carrying out the
photocatalytic reaction in a weakly alkaline cellulose solution, the mechanism of oxidation of the organic substrate is
more complex, since such a process can proceed in several directions simultaneously. Thus, oxidation of primary alcohol
groups (Cg) with formation of aldehyde and then carboxyl groups; secondary alcohol groups (C, and C3) with formation
of ketones and their subsequent oxidation to carboxyl groups is possible [44]. In general, glycerol and cellulose are
resistant to oxidation by photogenerated holes, so complete oxidation of substrates does not occur.
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F1G. 7. Distribution of products in the gas phase as a function of platinum loading for the Pt/g-C3Ny
catalyst when the process is carried out in a solution of TEOA (a), glycerol (b), glucose (c), cellulose
(d). Reaction conditions: m(catalyst) = 25 mg, V (suspension) = 50 mL, A\ = 430 nm, ¢(reaction) =
90 min, C(TEOA) = 10 vol.%; C(Glycerol) = 0.4 M; C(Glucose) = 0.2 M; C(Cellulose) = 3 M

Complete oxidation of glucose proceeds relatively easily even in anaerobic environment, so a mixture of CO2 and
H, was detected in gas phase analysis for all catalysts. The selectivity is almost independent of the amount of platinum
deposited on the surface of g-C3sNy. The mixture of gases obtained in this case can be converted into carbon monoxide,
which, as previously mentioned, is a valuable product for organic synthesis. It is also possible to obtain methane by
hydrogenation of COs. From the thermodynamic point of view, the more favorable product of glucose oxidation in the
liquid phase at high temperatures is lactic acid. On the contrary, lower temperatures are favorable for the production of
formate [45]. The photocatalytic reactions presented in this work were carried out at room temperature, hence, the main
oxidation product in the liquid phase is probably formic acid.

When comparing the results obtained with literature data (Table 4), it was found that the values of the rates of
formation of photocatalytic reaction products exceed or are on par with already published data. It should be noted that
there are very few papers devoted to photocatalytic hydrogen evolution with simultaneous detection of not only the target
product — hydrogen, but also detection of reaction by-products, including CO and CO3. At the same time, there are no
papers in which low-soluble biomass components, such as cellulose, are used as electron donors.

4. Conclusion

In this work, a series of photocatalysts based on graphitic carbon nitride g-C3N,4 with subsequent surface modification
with Pt particles (0 — 2 wt.%) were synthesized. The samples were tested in the reaction of photocatalytic hydrogen
evolution under visible irradiation (430 nm) not only from model substrates, including triethanolamine, glycerol, but also
from plant biomass components — glucose and cellulose. The dependence of catalyst activity on platinum content was a
combination of several factors, namely: the state of platinum: Pt>t, Pt°, and the ratio of these forms; the distribution of
platinum-containing particles on the catalyst surface: single particles or agglomerates. The maximum hydrogen evolution
rate was observed when 1 %Pt/g-C3sN4 was added from triethanolamine solution and amounted to 9.6 mmol- gfl-h*1
(AQE = 2.6 %). When studying the influence of Pt loading and the nature of electron donor on the selectivity of reaction
product formation in the gas phase, it was found that using cellulose and glycerol, it is possible to obtain synthesis gas
in different CO:Hy ratios by varying the Pt loading. Carrying out the target reaction in TEOA solution resulted in the
production of high-purity hydrogen. The formation of a mixture of CO5 and Hy occurred when glucose was used as an
electron donor.
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TABLE 4. Comparison of the obtained values of formation rates of reaction products, including Hy, CO
and COao, of the synthesized sample with literature data

Light Electron W(Ho,), W(CO), W(COy),
Catalyst source donor | pmol-g=*-h™* | ymol-g=th™! | pmol-g~th~! Ref.
Cdy.gZng 2S/2 Xe lamp 0.1M
wt.% Au/gCsNy | A > 420 nm | glucose 123.21 8.1 38.2 [46]
0.5 wt.% Pt/ LED 10 vol.%
TiO2/g-C3Ny A=450nm | TEOA >100 0 2100 471
10 vol.% 860 0 2100
glycerol
LED 10 vol.% .
1 wt.% Pt/g-C3Ny \—430nm | TEOA 9600 0 0 This work
04M 720 0.5 0
glycerol
02M 480 0 36.5
glucose
3 M 48 24 0
cellulose
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