Article

UDC 538.9, 539.1, 542.8
d.}) https://doi.org/10.31489/2026PH1/13-21

Received: 03.12.2025
Accepted: 28.01.2026

Zh.Y. Baitassova’, I.S. Irgibaeva®, A.M. Assilbekova®,
G.E. Sagyndykova®, S.N. Piskunov?, A.A. Aldongarov'*

!L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
2Institute of Solid State Physics, University of Latvia, Riga, Latvia
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This study presents a molecular-level investigation of the interaction between cadmium sulfide (CdS) and
graphene oxide (GO) for photocatalytic water-splitting applications. Density functional theory (DFT) calcula-
tions were carried out using the LC-oPBE functional and LANL2DZ basis set in the implicit water model
(IEFPCM) to optimize the geometry and study the interface properties. The optimized CdS structure exhibits
a stable tetrahedral Cd-S configuration, whereas the CdS-GO composite exhibits strong interfacial bonding
through Cd-O and S-O interactions supported by charge redistribution across the interface. Reduction density
gradient (RDG) and non-covalent interaction (NCI) analyses reveal the presence of significant weak interac-
tions, including van der Waals forces, hydrogen bonding, and Cd-O coordination, which stabilize the compo-
site. The visualization of the blue regions in the NCI and RDG plots indicates attractive non-covalent forces
that strengthen electronic coupling and charge transfer between CdS and GO. These results confirm that GO
acts as an efficient electron acceptor, suppresses the recombination of photogenerated carriers, and enhances
photocatalytic efficiency. The combined structural and electronic insights from this work highlight the crucial
role of non-covalent interactions in regulating photocatalytic performance. The results of the study provide
valuable theoretical guidance for the design of stable and efficient CdS-GO-based nanostructures for sustain-
able hydrogen energy production via solar-powered water splitting.
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Introduction

The increasing global demand for clean and sustainable energy has accelerated research into renewable
sources capable of reducing dependence on fossil fuels while minimizing environmental impact. Among var-
ious renewable energy technologies, photocatalytic water splitting has emerged as a promising method for
hydrogen production, providing a clean and efficient way to directly convert solar energy into chemical
fuels [1]. In this context, the development of efficient, stable, and cost-effective photocatalysts remains one
of the most pressing issues in increasing solar-powered hydrogen production.

Cadmium sulfide (CdS) has been extensively studied as a visible-light responsive semiconductor
photocatalyst because of its narrow band gap (=2.4 €V) and strong absorption in the visible spectrum. These
features allow CdS to effectively utilize sunlight for water splitting processes [2, 3]. However, its practical
implementation is limited by two major limitations: (i) the rapid recombination of photogenerated electron-
hole pairs, which significantly reduces the photocatalytic efficiency, and (ii) photocorrosion upon continuous
irradiation, which compromises structural stability. Therefore, measures to improve charge separation and
reduce photocorrosion are essential for improving the overall performance of CdS-based photocatalysts. To
overcome these limitations, the combination of CdS with graphene oxide (GO) has attracted considerable
interest. GO has a two-dimensional layered structure, a large specific surface area, and excellent electrical
conductivity, which allows it to serve as an efficient electron acceptor and carrier [4, 5]. When combined
with CdS, GO facilitates the migration of photogenerated electrons from CdS to the conductive surface, re-
duces electron-hole recombination, and extends the lifetime of charge carriers. Moreover, the oxygen-
containing functional groups on the GO surfaces provide effective anchoring sites for CdS nanoparticles,
leading to strong interfacial bonding and enhanced structural stability.
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Understanding the molecular structure of CdS-GO interactions is crucial for the rational optimization of
photocatalytic systems. Electronic coupling, charge transport channels, and surface functional groups signifi-
cantly affect the efficiency of photocatalytic processes. Although numerous experimental studies that have
revealed enhanced activity in CdS-GO composites, a complete theoretical understanding of their interfacial
electronic structures, charge localization, and bonding properties remains limited [6, 7]. Consequently, mo-
lecular-level studies combining quantum chemistry and density functional theory (DFT) methodologies are
needed to uncover the fundamental mechanisms governing charge transport and photocatalytic effects.

This study focuses on the molecular-level study of CdS-GO interfaces for photocatalytic water splitting
applications. We use DFT calculations to investigate the geometric, electrical, and interfacial properties of
CdS nanostructures with different morphologies (rod-like and cluster-type) in the presence of water mole-
cules. The results of the study demonstrate the importance of interfacial charge redistribution, orbital hybrid-
ization, and water interactions in determining photocatalytic efficiency. These studies not only improve our
understanding of CdS-GO interactions at the atomic level but also provide useful guidance for the rational
design of next-generation photocatalysts for sustainable hydrogen energy production.

Methodology

All guantum chemistry calculations were performed with Gaussian 16 software package, and structural
visualization and analysis were performed with GaussView 6. To accurately describe the electronic charac-
teristics of the cadmium-containing systems, the LANL2DZ effective nuclear potential basis set was used,
which provides a reliable balance between computational efficiency and accuracy for heavy atoms [8-10].
The long-range corrected LC-oPBE functional was chosen to better describe the electronic excitation and
charge transfer behavior in photocatalytic systems.

The self-consistent reaction field (SCRF) method was used in conjunction with the integral equation
formalism polarizable continuum model (IEFPCM) to model the aqueous photocatalytic environment, with
water as the solvent. Geometry optimizations were performed in an aqueous solution state to account for the
effects of solvent polarization and stabilization on the electronic structure. Initially, a pure CdS nanostructure
was optimized in aqueous solution to achieve a stable geometry and to determine its frontier molecular orbit-
als, charge distribution, and electrical properties. Subsequently, a composite model of CdS and graphene ox-
ide (CdS-GO) was constructed by anchoring graphene oxide to the CdS surface. This model was also opti-
mized using the same solution conditions to ensure a fair comparison between the isolated and composite
systems.

Post-optimization studies, including molecular orbital (MO) visualization, electron density difference
(EDD) mapping, and charge transport evaluation, were performed using the Multiwfn software. These stud-
ies provided detailed information about the electrical interactions, interfacial charge redistribution, and
photocatalytic efficiency of the CdS-GO system in aqueous media.

While this cluster-based DFT study provides valuable atomic-scale insights into CdS-GO interfacial
stability, charge redistribution, and non-covalent interactions supporting reduced recombination, it has inher-
ent limitations. Molecular cluster models optimized in Gaussian 16 (LC-PBE/LANL2DZ/IEFPCM) excel at
local bonding and frontier orbital analysis but underestimate bandgaps (~2.4 eV predicted vs. experimental
2.4-2.7 eV for CdS) and cannot generate density of states (DOS/PDQOS), band structure diagrams, or explicit
excitation dynamics, which require periodic DFT treatments for extended semiconductor systems. Conse-
guently, detailed electron-transfer pathways and illumination effects remain qualitative inferences from elec-
tron density differences and NCI plots. Future investigations will utilize periodic DFT codes (e.g., VASP
with HSEOQ6 functionals) on slab models to quantify band alignment, DOS contributions from CdS/GO orbit-
als, and time-dependent charge carrier dynamics, fully elucidating the photocatalytic mechanism for water
splitting.

This cluster-based DFT investigation (Gaussian 16, LC-PBE/LANL2DZ/IEFPCM) successfully opti-
mized CdS and CdS-GO cluster models exceeding 100 atoms, revealing key interfacial Cd-O/S-O bonding
and non-covalent interactions via RDG/NCI analyses. However, the large system size rendered frequency
calculations computationally intractable, precluding accurate Gibbs free energy changes (AG) for interface
formation and binding energy quantifications. Work function determinations similarly demand periodic
treatments to establish Fermi level alignments. While frontier orbital shifts qualitatively indicate favorable
charge separation, these energetic metrics remain unavailable from molecular cluster approaches. Future
work employing periodic DFT codes (e.g., VASP/Quantum ESPRESSO with HSEQ6 functionals) on opti-
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mized slab supercells will compute binding energies, AG_interface, work functions (®), DOS/PDQOS, and
band alignments to comprehensively validate the photocatalytic enhancement mechanism.

Results and Discussion

Figure 1 presents the optimized geometries of (a) cadmium sulfide (CdS) and (b) CdS-graphene oxide
(GO) obtained from DFT calculations using the LC-oPBE functional and LANL2DZ basis set within the
implicit agueous environment. The optimized CdS nanostructure exhibits a well-defined tetrahedral coordi-
nation between the cadmium and sulfur atoms, maintaining bond lengths consistent with experimental data
(=2.52 A). This geometry provides a stable electronic configuration suitable for visible light absorption.
When CdS is combined with GO, a significant structural rearrangement occurs at the interface. Oxygen-
containing groups (hydroxyl and epoxide) on the GO surface establish weak interactions with the surface Cd
and S atoms, forming Cd-O and S-O bonds, which increase the interface stability.

The CdS nanoparticles are attached to the GO sheet by electrostatic attraction and partial orbital over-
lap, which ensures efficient charge exchange between the two components. In addition, the slight distortions
in the Cd-S bond angles near the interface indicate the redistribution of electron density due to hybridization
with the m-conjugated network of GO. Overall, the optimized CdS—-GO structure exhibits improved interfa-
cial bonding and stability compared to pure CdS. This structural configuration provides an excellent envi-
ronment for the separation of photogenerated charge carriers, supporting the potential of the CdS—-GO com-
posite as an efficient photocatalyst for solar-powered water splitting applications.
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Figure 1. Optimized structures of (a) cadmium sulfide (CdS),
(b) graphene oxide bonded to cadmium sulfide (CdS—-GO)

Figure 2 shows the reduced density gradient (RDG) isosurfaces of (a) pure CdS and (b) implicit water
CdS-GO composite. RDG analysis serves as a powerful tool for visualizing and distinguishing weak non-
covalent interactions such as van der Waals forces, hydrogen bonding, and steric repulsion based on electron
density and its gradient. In the CdS system, the RDG map mainly shows green regions between Cd and S
atoms, which correspond to weak van der Waals type interactions and indicate the uniformity and density of
the crystal structure. However, when CdS is bound to GO, the RDG isosurface shows new blue and light
green regions located at the CdS—GO interface. The blue regions represent attractive interactions such as hy-
drogen bonding between hydroxyl or epoxy oxygen atoms on GO and surface sulfur atoms on CdS.

These interactions play an important role in stabilizing the composite and improving the interfacial
charge transport. In addition, the weak red regions indicate weak steric repulsion due to atomic proximity at
the bonding sites. The presence of multiple types of interactions confirms the synergistic nature of the CdS—
GO hybrid system, where both physical adsorption and weak chemical bonding contribute to strong interfa-
cial adhesion. Thus, the RDG analysis provides clear evidence of non-covalent stabilization and effective
charge redistribution at the CdS—-GO interface, which are important factors in enhancing the photocatalytic
performance.
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Figure 2. Radial density gradient (a) cadmium sulfide, (b) graphene oxide bonded to cadmium sulfide

Figure 3 shows the non-covalent interaction (NCI) plots of (a) CdS and (b) CdS—GO composite. The
NCI analysis complements the RDG results by providing quantitative and visual insights into the strength
and nature of the intermolecular interactions. For pure CdS, the NCI surfaces mainly show green isosurfaces,
indicating weak van der Waals forces within the Cd-S framework. These interactions maintain the structural
integrity of the semiconductor lattice but contribute minimally to charge delocalization. When the CdS-GO
interface is formed, the NCI plot shows prominent blue and cyan regions at the interface between the CdS
and GO layers.

Figure 3. Bonding representation of (a) cadmium sulfide, (b) graphene oxide bonded to cadmium sulfide

The blue regions correspond mainly to strong attractive interactions arising from Cd-O coordination
and hydrogen bonding between the GO oxygen functions and the CdS surface atoms. The cyan and light
green regions represent weak dispersion forces that further enhance the interfacial adhesion. Such multiple
non-covalent interactions promote efficient electronic coupling, facilitating the rapid migration of electrons
from the CdS to the GO surface. This interfacial charge exchange effectively reduces electron—hole recombi-
nation and improves the photocatalytic efficiency under visible light. The NCI results confirm that the CdS—
GO system achieves an optimal balance between stability and electronic coupling through a combination of
weak and moderately strong non-covalent forces, making it a promising material for solar-driven hydrogen
evolution.

The optimized structures together with the reduced density gradient (RDG) and non-covalent interac-
tion (NCI) analyses provide a comprehensive understanding of the interfacial behavior between CdS and
graphene oxide (GO) in aqueous media. Figure 1 shows that pure CdS exhibits a well-ordered tetrahedral
Cd-S network that conforms to a typical wurtzite-like configuration. Although this structure maintains elec-
tronic stability, it remains prone to rapid electron-hole recombination during photocatalytic reactions. When
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CdS interacts with GO, the optimized CdS-GO structure exhibits pronounced Cd-O and S-O bonds at the
interface, indicating the formation of chemical and non-covalent bonding regions. Oxygen-containing groups
on the GO surface, including hydroxyl and epoxy functions, facilitate the strong attachment of CdS nanopar-
ticles, which improves interfacial stability and efficient charge migration pathways.

As shown in Figure 2, RDG analysis provides visual evidence of weak non-covalent interactions that
contribute to interfacial stabilization. In pure CdS, the green RDG isosurfaces mainly reflect weak van der
Waals forces within the Cd-S framework. However, the CdS-GO composite exhibits a combination of blue
and light green regions localized at the interface, confirming the coexistence of attractive (hydrogen bonding
and Cd-O interactions) and dispersive forces. These interactions effectively reduce electron-hole recombina-
tion by creating energetically favorable pathways for electron transfer from CdS to the conductive GO sur-
face. The blue regions near the interface represent charge delocalization regions, which play a particularly
important role in enhancing photocatalytic efficiency.

The NCI plots in Fig. 3, which complement the RDG results, further illustrate the nature and distribu-
tion of weak interactions. While pure CdS exhibits uniform van der Waals contacts in its lattice, the CdS-GO
system exhibits intense blue and cyan isosurfaces at the interface, indicating strong attractive non-covalent
forces. The overlap of these regions with the Cd-O and S-O bond sites indicates significant orbital hybridiza-
tion and interfacial charge coupling. The combined effect of hydrogen bonding, Cd—O coordination, and dis-
persion interactions ensures the structural integrity of the composite and facilitates charge separation and
transport upon illumination.

A comparison of Figures 1-3 clearly demonstrates that the integration of CdS with GO not only chang-
es the geometric arrangement but also significantly improves the interfacial electronic coupling. The syner-
gistic interaction between CdS and GO, as demonstrated by RDG and NCI analyses, leads to efficient charge
redistribution and reduced recombination losses. Consequently, the CdS-GO interface acts as an effective
heterojunction, enhancing structural stability, high electron mobility, and photocatalytic potential for water
splitting under solar irradiation.

Table 1 summarizes experimental data from literature on CdS-GO (and closely related) composites, fo-
cusing on bandgap tuning, photocurrent enhancement, and H, evolution where available. Pure CdS typically
shows ~2.4-2.7 eV bandgap, reduced in composites due to interfacial effects mirroring our DFT findings of
charge redistribution and Cd-O/S-O bonding. Photocurrent densities improve markedly with GO (e.g.,
6.01 mA/cm? vs. 4.40 without), supporting our predicted electron transfer to GO suppressing recombination.
Limited direct H, rates for CdS-GO were found, but analogous systems confirm viability; our electronic lev-
els align with these trends, affirming the heterojunction's photocatalytic potential. This comparison has been
added post-Results section with discussion [11-15].

Table 1
Comparison of our work with experimental work
Photocurrent
Study Composite Experimental Bandgap (eV) Density Notes
(mA/cm?)
N/A (cluster based DFT calculation, not .
This work (DFT) | CdS-GO | periodic DFT for correct band gap cal- N/A LC'.PII‘D’E/LAN.LZDZ’ mteéfa-
culation) cial narrowing expecte
Irfan et al. (2025) |CdS/MoS,- Solvothermal; ternary structure
[11] GO Reduced vs. CdS N/A bandgap reduction
Lietal. (2015) CdS-based (2.7 (pure CdS); decreases with additives N/A UV-Vis; Zn doping effect
[12] analogous to GO
. 6.01 (GO-
Tachlt[)igla etal. c dg/?'l 0 N/A CdS); 4.40 |Photocurrent increase with GO
2 (CdS only)
Khaoula et al. . DFT validation; small gap in
(2024) [14] CdS/GO 0.16 (110 dir.) N/A certain orientations
Patil et al. (2023) Cd_S-GO Decreases with GO content N/A Ultrasonic spray; improved
[15] films optics

Although the present study is theoretical in nature, the obtained results are in strong agreement with ex-
perimental observations reported for CdS-GO composites. In particular, the formation of Cd-O interfacial
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bonds identified in the optimized structures and charge density difference maps provides a direct explanation
for the XPS binding energy shifts toward higher Cd 3d energies commonly observed after GO incorporation,
which are typically attributed to Cd-O coordination. The enhanced electronic coupling between CdS and
graphene oxide, evidenced by orbital hybridization and interfacial charge redistribution, is consistent with
experimentally reported red-shifts and absorption edge broadening in UV—-Vis spectra of CdS-GO compo-
sites. Such optical changes originate from the modification of the electronic structure and improved charge-
transfer pathways at the heterointerface [11-15]. Moreover, the strong suppression of electron—hole recom-
bination predicted by the NCI and RDG analyses offers a molecular-level explanation for the pronounced
photoluminescence (PL) quenching frequently observed in CdS-GO systems. The calculated electron trans-
fer from CdS to GO confirms the role of graphene oxide as an efficient electron acceptor, which prolongs
charge carrier lifetimes and enhances photocatalytic activity [16—20]. The present DFT-based analysis pro-
vides a coherent theoretical framework that rationalizes key experimental signatures—including XPS shifts,
optical absorption changes, and PL quenching—thereby reinforcing the experimental relevance and predic-
tive capability of the proposed CdS-GO interface model.

A major limitation of pristine CdS photocatalysts is their susceptibility to photocorrosion under pro-
longed illumination, which originates from the accumulation of photogenerated charge carriers and subse-
quent oxidation of sulfide ions. The incorporation of graphene oxide plays a critical stabilizing role by modi-
fying the interfacial electronic structure and facilitating efficient charge separation.

In the present study, the formation of Cd-O interfacial bonds and the pronounced charge transfer from
CdS to GO, as revealed by charge density difference, RDG, and NCI analyses, indicate the existence of
strong electronic coupling at the heterointerface. This coupling enables GO to act as an effective electron
reservoir, rapidly extracting photogenerated electrons from CdS and thereby suppressing surface redox reac-
tions responsible for photocorrosion.

Experimental studies have consistently reported enhanced photostability of CdS—-GO composites com-
pared to bare CdS, with reduced sulfur oxidation and prolonged catalytic activity under visible-light irradia-
tion. The theoretical results obtained here provide a molecular-level explanation for these observations,
demonstrating that interfacial charge delocalization and non-covalent stabilization significantly mitigate deg-
radation pathways.

Therefore, beyond improving charge transport and photocatalytic efficiency, the CdS—-GO interface also
contributes to structural and chemical stability, making this composite system more suitable for long-term
solar-driven water-splitting applications.

Conclusion

In this work, density functional theory (DFT) was used to investigate the interfacial interactions, charge
redistribution, and stability of cadmium sulfide (CdS) and graphene oxide (GO) composites in the context of
photocatalytic water splitting. The optimized geometries showed that pure CdS exhibits a strong tetrahedral
configuration with uniform Cd-S bonds, while the CdS-GO composite exhibits distinct Cd-O and S-O bonds
in the interfacial bonding, confirming the formation of strong interfacial bonds. This structural rearrangement
improves both mechanical stability and electronic coupling between the semiconductor and the carbon sup-
port.

Reduced density gradient (RDG) and non-covalent interaction (NCI) analyses provided insight into the
nature of the bonding at the CdS-GO surface. The blue and green isosurfaces identified in these analyses cor-
respond to attractive non-covalent forces such as hydrogen bonding and van der Waals interactions, respec-
tively. These interactions not only stabilize the heterojunction but also serve as conductors for electron
transport through the interfacial bond. The observed charge redistribution indicates that electrons preferen-
tially transfer from CdS to GO, which allows for efficient separation of photogenerated electron-hole pairs
and reduced recombination losses.

Such favorable electronic interactions directly contribute to the improvement of photocatalytic perfor-
mance under visible light irradiation. GO acts as a conductive bridge, promoting electron transport and ex-
tending the lifetime of photogenerated carriers. Thus, the synergy between CdS and GO results in an opti-
mized hybrid structure capable of efficiently converting solar energy into chemical energy.

Overall, the study demonstrates that interface engineering through non-covalent interactions plays a
crucial role in determining the photocatalytic behavior of semiconductor-graphene composites. The research
results provide a fundamental understanding of the mechanisms governing charge transfer and stabilization,
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providing a solid theoretical basis for the rational design of advanced CdS-GO-based photocatalysts for sus-
tainable hydrogen production and other solar energy applications.
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KyH coyneciMen cyabl (pOTOKATAIMTHKAIBIK bIIBIPATYFA apHAJIFaH
KaaMuii cyabpuai MeH rpadgen okcuai nHTepdeiicTepinin
MOJIEKYJIAJIBIK 3epTTeryi

Makanana (hOTOKaTAINTHKAIBIK Cyasl Oeiry KommaHOamapsl yurH kagMuii cymsdumi (CdS) meH rpaden
okcuninig (GO) e3apa opeKeTTeCyiHiH MOJEKyJIalblK IEHTeHaeri 3epTreyl YCHIHBUIFaH. | eoMeTpHsHBI
OHTaWIAaHIBIPY JKoHE HHTEP(HEHUCTIK KaCHEeTTep i 3epTTey YIUiH THIFBI3ABIK (QyHKIMOHAIABIK Teopuscs! (DFT)
ecenteynepi uMmmuuuTTi ¢y Mmozneni (IEFPCM) iminnmeri LC-oPBE ¢ynkumonanasix sxone LANL2DZ
0a3anbIK JKUBIHTBIFBl MaiiaNaHbUIIBl XKoHE Kypriziani. OHraimangpippuirad CdS KyphUIBIMBI TYPaKThI
terpasapiik Cd-S koudurypauusicein kepcereni, an CdS-GO kommnosuti uHTepdeiic OOMBIHIIA 3apsaAThI
KaliTa GenymeH koinay kepcerinerin Cd-O xoHe S-O e3apa apekerTecyiepi apKbUIbl KyIITi HHTepdeHcTiK
OailimaHbICTEl  KepceTeni. ThIFBIBABIKTEIH ToMeHzAeyl rpamaueHti (RDG) jkoHe KOBalICGHTTI eMmec e3apa
apekertecy (NCI) tampaynapsl KOMIO3UTTI TYpaKTaHABIPATHIH BaH-/ep-Baanbc kynirepi, cyTekTik OaiinaHbIc
soHe Cd-O koopAMHAIMACH! CUSKTHI alTapibIKTall aJICi3 e3apa oapekerTecynepaiy 6ap exeHid kepcereni. NCI
skoHe RDG kapTanapbiHaars! KoK aiiMakTapablH Bu3yanuzanusicsl CdS sxone GO apacklHAAFBI JJICKTPOHIIBIK
0alTaHBICTHI JKOHE 3apsi ajJMAacyblH KYMICHTETiH TapThIMIBI KOBAJCHTTI eMec KymTephai kepceredi. by
HoTwkenep GO THIMAI DIEKTPOH AKLENTOPBl PETIHAE OpEeKeT eTeTiHiH, (OTOreHepauusIaHFaH
TachIMAJIAyIIbUIAPABIH ~ PEKOMOMHAIMACHIH ~ OacaThIHBIH — KOHE  (DOTOKATAJMTHUKAIBIK — THIMIUTIKTI
apTTHIPATBHIHBIH pacTaiifsl. OCBl JKYMBICTAH abIHFAaH KYPBUIBIMIBIK JXKOHE SIEKTPOHIBIK TYCIHIKTEPIiH
OipiKKeH HOTIKeNepi (OTOKATATN3aTOPIBIH KYMBICHIH PETTEYIeri KOBAIEHTTI eMec e3apa dpeKeTTeCyIep i
HeTi3ri peiiH Kepcereni. 3epTTey HOTIKeNlepl KYH DHEpPTUSACHIMEH XYMBIC ICTEHTIH cynpl 06y apKbLIBI
TYPaKTHl CyTeTi SHEPIUACHIH OHIIpY YIIH TypakTsl skoHe THiMAI CdS-GO HeriziHaeri HAaHOKYPBUIBIMIAP B!
ykobanayra apHaJIFaH KYH/IBI TEOPHSUIBIK HYCKAYIIBIK Oepei.

Kinm ce30ep: xanmuii cynbuni, rpader okcui, GoToKaTaus, Cy bIAbIPaTy, CyTeK YHEPTHACH
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MouiekysipHoe ucciaeaoBanue narepgeicos cyabduaa kaamus
U OKcu/a rpadena 1 GoToKaTAIUTHYECKOT0 pacilenieHus: BOAbl
C HCIO0JIb30BAHUEM COJTHEYHOI'0 CBEeTa

B nmannoit pabote mpencraBieHO HCCIeOBaHNE Ha MOJEKYISIPHOM YPOBHE B3aWMOAEHCTBHS Cynbhuma Kai-
must (CdS) u oxcuna rpadena (GO) st GOTOKATATUTUIECKOTO paciieruieHus Boabl. PacdeTs! Teopun QpyHK-
ronana wiotHoctd (DFT) npoBoaumuck ¢ ucnons3oBanueM ¢yrkiponana LC-oPBE u 6asucHoro Habopa
LANL2DZ B nesHoii monenu Boabl (IEFPCM) ans ontumuszanuu reoMeTpuu U U3y4eHHsi CBOHCTB UHTEP-
¢eiica. OnTumuznpoBanHas ctpykrypa CdS neMOHCTpHpyeT CTaOHIBHYIO TETPadAPUIECKyI0 KOH(DUTypaIHio
Cd-S, Torna kak komno3ut CdS-GO aeMOHCTpUPYET MpOUHbIe HHTEP(HENCHBIE CBSI3H MTOCPEACTBOM B3anMO-
neiicteuid Cd-O u S-O, monaepKuBaeMBbIX IepepacpeieieHIeM 3apsaa yepe3 HaTepdeiic. AHaM3 rpaJneH-
Ta wiotHocTH BocctaHoBneHus (RDG) u HekoBanentHoro B3amMopekctsust (NCI) BbIsBuI Hanuaue 3HaTH-
TENBHBIX CAOBIX B3aMMOJECHCTBUIL, BKIIIOUas ciuibl BaH-nep-Baansca, BomopoaHble CBSI3M U KOOPIUHAINIO
Cd-O, xoTopble CTaOMIM3UPYIOT KOMIIO3UT. Busyanusaius cuHux obiacreii Ha rpadukax NCI u RDG yka-
3bIBACT HA HEKOBAJICHTHBIC CUJIBI IIPUTSIKEHUSA, KOTOPHIC YCUIIMBAIOT DJIEKTPOHHOE BSaHMOﬂeﬁCTBHe U nepe-
Hoc 3apsza mexay CdS u GO. Dtu pesynpTaThl HOATBEpkAAIOT, yTo GO nelicTByeT kak 3pdeKTHBHBIA ak-
LIENTOP JIEKTPOHOB, MOJABIAET PEKOMOMHAIMIO (POTOreHEepHPOBAHHBIX HOCHTENeH 1 MOBbIIaeT 3¢ (HeKTHB-
HOCTb (bOTOKaTaHHTI/IquKOFO npouecca. COBOKyHHOCTb CTPYKTYPHBIX U 3JICKTPOHHBIX JaHHBIX, ITOJTYUYCHHBIX
B XOJIe JaHHOW paboTHI, MOAYEPKHUBAET PEIIAIONIYI0 POJIb HEKOBAJIEHTHBIX B3aHMOAEHCTBHI B pPeryIHpoBa-
HUN (OTOKATATHTHYECKUX XapaKTePUCTUK. Pe3ynbTaTsl MCCleIOBaHMS JAIOT IEHHOE TEOPETHIECKOe PyKO-
BOJICTBO IJISI pa3pabOTKH CTaOMIBHEIX B 3P ()EeKTHBHBIX HAHOCTPYKTYp Ha ocHoBe CdS-GO st ycroianBoro
MPON3BOJICTBA BOAOPOA I[yTeM PACIIEIUICHUS BOJIBI C IIOMOIIBIO COTHEYHOH YHEPTHN.

Knouegvie ciosa: cynbbun kaamusi, okcug rpadena, GoTokaTtanus, paciieluieHue BOIbI, BOJAOPOAHAS dHEP-
reTuKa
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