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Abstract: Introduction: To overcome the drawbacks caused by the high price and limited
availability of conventional Ru(lIl)-based sensitizer, such as N-3 and N719, and to achieve the commercial
possibility for dye-sensitized solar cells (DSSCs), the development of new sensitizers is of great
significance. In this paper, we explore an energy-efficient and high-performance new architecture. Goals
and objectives: The overall goal is to develop an innovative DSSC architecture by synergistically
combining high-efficiency, ruthenium-free, organoelemental dyes with nanostructured composite
photoanodes. The aim is to establish a route to low-cost, high-performance photovoltaics by making use
of readily available, abundant clay minerals in Azerbaijan as key photoanode constituent. Methods: The
approach adopted involves preparation of new composite photoanodes based on titanium dioxide (TiO2)
mixed with locally sourced clay minerals (bentonite and kaolinite). The preparation methods of the clay-
TiO2 composites and their photoanode film fabrication are described. The chapter combines a critical
overview of the main active classes of metal-free dyes—porphyrins, phthalocyanines, and indolines—to
couple with these novel anodes. Results and Discussion: The combination of Azerbaijani clay minerals to
the TiO2 photoanode will bring in significant benefits to the device performance through different
synergistic actions. These factors are (1) the higher specific surface area favoring an enhanced dye loading
and light harvesting efficiency, (2) the incorporation of light-scattering centers resulting in a prolonged
optical path length across the photoanode; and (3) significantly, the prevention of charge recombination at
the photoanode/electrolyte interface by surface passivation. Based on physicochemical studies, it is argued
that these effects will contribute to a marked enhancement in the crucial photovoltaic (Js/Voc) parameters,
resulting in an overall improvement in the PCE of the device. Conclusions: The combination of advanced
organic dyes and novel clay-composite photoanodes proposed in this study is a very attractive practical
method to develop cost-effective, environmentally friendly photovoltaic technology. The work has
demonstrated a promising theoretical and practical approach for experimenting and optimizing a next-
generation high-performance sustainable DSSC, with local natural resources to meet a global energy
challenge.
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1. Introduction

Dye-sensitized solar cells (DSSCs) are one of the most prominent third-
generation photovoltaic technologies, which can be the competitive option
compared to current silicon solar cells due to their feasibility of low-cost
production, simple fabrication, and employment of abundant materials. DSSCs
also have a few special characteristics, such as their mechanical flexibility and
excellent performance at low-light intensities, which make them well-suited for
building-integrated photovoltaic applications. The working mechanism of a DSSC
is quite unique, in which the light absorption and charge transfer activities are
separated in two materials to permit optimization of each component
independently.[4]. To date, the highest-performance DSSCs have been based on
ruthenium(l1)-polypyridyl complexes, which have provided power conversion
efficiencies (PCEs) of up to 13-14%. But, as is known, ruthenium is one
platinum-group metal, which is rare, expensive and toxicity, and is a main
limiting factor for the sustainable and large-scale application of DSSC
technology. To meet this challenge, a most active area in fundamental and applied
studies is to design new metal-free organic sensitizer. These dyes are made from
abundant building blocks, have larger molar extinction coefficients, and have a
more easily tunable molecular structure. State-of-the-art families such as
porphyrins, phthalocyanines or indoline-based dyes have already shown such
efficiency, which confirm that they could compete with efficient and now well-
established ruthenium complexes. [7]. The photoanode (usually a mesoporous
film of titanium dioxide (TiOy)) is as important as the dye. In this work a new
approach of advanced photoanode engineering has been proposed applying local
clay minerals originated from Azerbaijan to the standard TiO, photoanode. High-
quality bentonite and kaolasite clays are found in large quantities in Azerbaijan.
This is wanted as the natural low-cost mineral material is believed to be able to
facilitate in a synergistic manner the photoanode performance by enlarging the
surface area for the higher dye loading, by providing more light scattering centers
on the anode to improve photon capturing and by passivating surface trap states
on the TiO; to hinder charge recombination. This holistic approach is a practical
route toward sustainable, high performance and commercially leading
photovoltaics. [3,5,6].

2. Experimental

High-performance clay-TiO, composite photoanodes can be readily obtained
by the well-established wet-chemical approaches. The hydrothermal process
refers to the heat-treatment of a slurry containing TiO, nanoparticles and
disaggregated clay in an autoclave, facilitating to form well-developed and
homogeneous composite particles. Alternatively, sol-gel process can offer micro-
mixing of TiO; soles with a clay dispersion resulting in intimate chemical
bonding at the clay-TiO; interface. [1,2,7,8]

Irrespective of the process of powder-synthesis, the photoanode film is
prepared by making a viscous slurry of composite powder and spreading it on an
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FTO-coated glass with a scalable approach such as screen printing. The film is
followed by sintering at 450-500 °C to decompose organic additives and form
porous network. [13]

A series of characterization methods are necessary in order to confirm the
synthesis and investigate the properties of the material. X-Ray Diffraction (XRD)
will determine the crystal structure of the composite, ensuring that the anatase
TiO; is present, and that the clay structure is maintained. SEM measurement
would yield more detailed images on the morphology of photoanode, such as
particle size, film thickness and porosity. [17] Fourier-Transform Infrared
Spectroscopy (FTIR) would investigate the presence of the chemical bonds,
where definition of the Ti-O-Si bonds would indicate the existence of the strong
interfacial bonding. Lastly the specific surface area and pore size distribution
would be characterized using Brunauer-Emmett-Teller (BET) analysis to
determine the anticipated increase in surface area by the addition of the clay.

3. Results and Discussion

The typical n-type DSSC is a sandwich-type photoelectrochemical cell as
shown in Fig. Its functional components consist of a photoanode (omitting the
hole-transporting layer), a mono layer of dye on the TiO, an electrolyte
penetrated between the TiO; particles and a counter electrode; a redox-electrolyte
sandwiched between two electrodes serves as charge collector and charge storage,
providing the net driving force around 0.7V. [21].

DSSC Schematic Diagram
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Figure 1 - Schematic of a Dye-Sensitized Solar Cell (DSSC) illustrating its core components and the
electron flow pathway. Incident light passes through the transparent FTO-coated glass and excites the dye
molecules adsorbed on the mesoporous TiO: film. The generated electron is injected into the TiO., travels

to the external circuit, and returns via the counter electrode to regenerate the electrolyte,
completing the cycle.

23



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

The photoconversion action resulting in an electronic charge seesaw is
achieved through the cascade of electron transfer processes across these
component interfaces, the energetics of which is visually invoked via the line-up
of energy levels of the composing materials (Figure 2). [5] The mechanism starts
with (1) dye light absorption, followed by (2) ultrafast electron injection from the
dye excited state to the TiO, conduction band. The electron is subsequently (3)
transported in the TiO2 network to the external circuit. The oxidized dye is step4)
(4) regenerated by the electrolyte (5) regenerated in the counter electrode, closing
the circle. A foremost obstacle in DSSC development is the reduction of the non-
radiative charge recombination pathways, depicted in Figure 2 as well, where the
injected electrons recombine with the oxidized dye or electrolyte species. [15,16].

DSSC Energy Level Diagram

Energy
LUMO (5%)

Injection

(2
Conduction Band (CB) g™~

Undesirable Recombination

.. oy
. V\I/

2p0.10a|3 JaWunoD

Electrolyte (g T

. Dye —
("4 ) RegeneraticElectroly
N Regenerat

E)

Transport External Circuit

Figure 2 - Energy level diagram of a typical n-type DSSC showing the electron transfer pathway. (1)
Photon absorption excites the dye. (2) The electron is injected from the dye's LUMO into the TiO2
conduction band. (3) The electron is transported to the external circuit. (4) The oxidized dye is
regenerated by the 17/13™ electrolyte. (5) The electrolyte is regenerated at the counter electrode.
Undesirable recombination pathways are shown with dashed arrows.

The best metal-free organic sensitizers have Donor-n-Acceptor (D-n-A)-type
structures. The key design principles are the fine tuning of the HOMO and
LUMO energy levels, introduction of strong anchoring moieties (such as -COOH)
and bulky substituent addition to prevent the performance-reducing dye
aggregation. Besides, inspired from chlorophyll, porphyrins have obtained PCEs
of 11-13%. Various materials from phthalocyanines exhibit strong absorptions in
the red/NIR region and a great stability, but the aggregation remains an issue, and
recent studies have over-passed 4.6%. Indoline dyes are characterized by
extraordinarily high molar extinction coefficients, with optimized structures
reaching PCEs above 8.0%, directly comparable to the ruthenium based N719 dye
under similar conditions. A summary comparison is shown in Table 1. [11,13]
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Table 1 - Comparative Performance and Properties of Ruthenium-Free Dye Classes in DSSCs.

Feature Porphyrin Dyes Phthalocyanine Dyes Indoline Dyes

Record PCE | ~13% >4.6% >8%

(%)

Typical Strong Soret band (~400-450 Intense Q-band in Broad absorption in

Absorption nm), weaker Q-bands (~500- red/NIR (~650-750 nm) | visible (~400-600 nm)
700 nm)

Molar High (~5times104 M—-1cm-1) Very High (~105 Extremely High

Extinction M-1cm-1) (>6times104

(e) M-1cm-1)

Key High efficiency, versatile Strong NIR absorption, Highest molar

Advantages synthesis excellent stability extinction coefficients

Key Aggregation on TiO_2 surface | Severe aggregation Stability under

Challenges tendency prolonged illumination

Azerbaijan has abundant deposits of nonmetallic minerals, including a high-
quality bentonite and kaolinite that are used in the production of cement. The
largest bentonite deposits of the country are situated in the Gazakh region (the
Dash Salahli deposit), a high-quality sodium bentonite with montmorillonite
being the predominant mineral. Its characteristics, namely, high cation exchange
capacity (55-166 mg-eq/100g) and large specific surface area, are very favorable
to the application on a photoanode. Commercially important reserves of kaolin lie
in the Shamkir and Goygol regions as a result of the weathering of volcanic rocks.
Kaolinite is non swelling, rigid and it is chemically inert. The characteristics of
the clays are compiled in Table 2. [19]

Table 2 - Physicochemical Properties of Selected Azerbaijani Clay Minerals.

Property Bentonite (Dash Salahli Deposit) Kaolinite (Shamkir/Geygol
Deposits)

Primary Mineral Montmorillonite (>85%) Kaolinite

Cation Exchange High (55-166 meq/100g) Low

Capacity

Swelling Properties | High (swells 15-20x in water) Non-swelling

Potential Role in Surface passivation, porosity Light scattering, structural

Photoanode enhancement, high dye loading support, adsorbent

It is expected hence that incorporation of these clays in the TiO, photoanode
would result to substantial enhancement of DSSC efficiency. Its most relevant
consequence is though anticipated to manifest itself in the electron dynamics at
the photoanode/dye/electrolyte interface. The clay minerals will provide a
passivation layer on the surface of TiO,, acting as an energetic barrier preventing
the recombination of electrons in the TiO, conduction band with electron
acceptors in the electrolyte. This decrease in "dark current” results in electron
lifetime being increased and an instantaneous increase in open circuit voltage
(Vo) in the cell. [14] Moreover, the clay platelets also serve as the well light
scattering centers, enhancing the optical path length of incident photons inside the
photoanode and thereby improving light harvesting efficiency, resulting in the
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larger short-circuit current density (Jsc). All of these improvements are manifested
in an overall projected improvement in the key metrics of photovoltaics as shown
in Table 3.

Table 3 - Projected Photovoltaic Parameters for DSSCs with Clay-TiO- Photoanodes.

Photoanode | Sensitizer Dye Projected Jsc Projected Voc | Projected Projected

Type (mA/cm?) V) FF PCE (eta, %)

Pure TiO: Indoline (D- 104 0.74 0.70 ~5.4
series)

Bentonite- Indoline (D- 125 0.78 0.72 ~7.0

TiO: series)

Kaolinite- Indoline (D- 13.0 0.75 0.71 ~6.9

TiO: series)

Pure TiO: Porphyrin (YD- | 14.0 0.68 0.74 ~7.1
series)

Bentonite- Porphyrin (YD- | 16.0 0.72 0.75 ~8.6

TiO: series)

For a PV technology to be competitive in the market it needs to show long-
term stability of operation and financial viability. Although organic dyes may be
susceptible to degradation, sophisticated molecular design has led to dyes with
outstanding stability equivalent to that of Ru-complexes. The liquid electrolyte is
the bigger problem — volatile solvents can evaporate or leak. This has encouraged
the search of non-volatile ionic liquids or quasi-solid-state polymer gels that have
significantly improved long-term stability. This is the primary motivation for this
study: reduction of cost. The proposed structure removes costly ruthenium and
platinum and adopts readily available organic precursors and local cheap clay
minerals. [13] The techno-economic analysis of large-scale DSSC manufacturing
forecasts a very competitive Levelized Cost of Energy (LCOE) as low as $0.0438
per KWh and the use of locally sourced clays will reduce this even further.

4. Conclusion

A concept of the next generation DSSCs targeting to high efficiency,
environmental friendliness and low cost has been proposed here by fabricating
high-performance, toxic-free organic sensitizers with sustainable composite
photoanodes involving TiO2 and local Azerbaijani clay minerals. This holistic
approach targets the two main bottlenecks of cost and scarcity of materials
hampering a large-scale penetration of DSSC technology. By substituting now
cost-prohibitive and rare metals with abundant organic molecules and the local
natural mineral, it opens the way to a genuinely sustainable photovoltaic
technology. There is strong theoretical motivation but now the picture needs to be
experimentally confirmed. Effort needs to be focused on facile fabrication of the
devices to verify the predicted performance improvement, together with
systematic optimization of the composite photoanode, exploration of advanced
co-sensitization strategies, and investigation of the long-time stability, to explore
the full potential of this new ideal architecture. [20]
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PA3PABOTKA BE3PYTEHMEBBIX OPrAHORJIEMEHTHBIX KPACUTEJEWA IS
BBICOKO®®EKTUBHbIX COJIHEYHBIX 3JIEMEHTOB, CEHCUBWJIW3UPOBAHHBIX
KPACHUTEJIEM, C UCIIOJIb3OBAHUEM KOMIIO3UTHBIX ®OTOAHOAOB HA OCHOBE
TJIMHUCTBIX MUHEPAJIOB ASEPBAMIKAHA U TIO:

H.3. Haoxycaghzaoe
A3zepbaiiodicanckoe HAYUOHAIbHOE A3poKoCcMudeckoe azenmemeo, baxy, Azepbaiiocan

Pestome: Bsedenue: J[isi NPEORONCHUS HENOCTATKOB, BBI3BAHHBIX BBICOKOW LICHOM M OrpaHMYCHHOM
JOCTYIHOCTBIO TPAAUIMOHHBIX ceHcuOmm3aTopoB Ha ocHoBe Ru(Il), Takux xak N-3 u N719, a Taxke yis
JNOCTIDKCHHSI KOMMEPUYECKOH [eJIeCO00Pa3HOCTH  COJHEYHBIX AJIEMEHTOB, CEHCHOMIM3UPOBAHHBIX
kpacureneM (DSSC), pazpaGoTka HOBBIX CEHCHOMIIM3AaTOPOB HMEET OTPOMHOE 3HAucHHWE. B naHHOI
paboTe MbI HCCleyeM HOBYIO SHEProd()eKTUBHYIO U BBICOKOIPOM3BOIUTENBHYIO apXUTEKTYpY. Llenu u
3a0auu: OOIWas Uenab 3aKIoYaeTcs B pa3pabdoTKe HMHHOBAMOHHOW apxutekTypsl DSSC mytem
CHUHEPIreTHYECKOr0 COYETaHHsl BBICOKOI()(EKTUBHBIX, HE COJIEpP)KALIMX PYTEHHs, OPraHOAIEMEHTHBIX
Kpacurenel ¢ HaHOCTPYKTYPUPOBAaHHBIMU KOMIIO3UTHBIMM (hoToaHonamu. Llenb cocTouT B TOM, YTOOBI
cO3[aTh MyTh K HEIOPOTHM, BBICOKOIPOU3BOAUTEIBHBIM (OTOIICKTPUUIECKUM 3JIEMEHTaM 3a CYeT
HCIIOJIb30BAHMS JIETKOJOCTYIIHBIX, OOWJIBHBIX TJIMHUCTBIX MHHEpajoB AsepOaiipkaHa B KauecTBe
KJIIFOYEBOTO KOMIIOHEHTa (oToaHoma. Memoowi: TIpuHATBIA MOAXOM BKIIIOYAET MPUTOTOBJICHHE HOBBIX
KOMIO3UTHBIX ()OTOaHOAOB Ha ocHOBe quokcuna tutana (TiOz2), CMEMIaHHOTO ¢ MECTHBIMH TIIHHUCTHIMU
muHepanamu (OEHTOHUT U KaomuHWT). ONMCaHBI METOABI IIONYYEHHsT KOMIO3UTOB TiuHa-T1102 u
H3rOTOBJICHHSI U3 HHUX (HOTOAHOAHBIX IUICHOK. B riiaBe mpeacTaBieH KPUTHYECKHH 0030p OCHOBHBIX
AKTHBHBIX KJIACCOB 0€3METANIMYECKHX Kpacurened — Mnop(GUpHHOB, (GTaJolMaHUHOB U MHAOJIMHOB —
JUISL COYETaHHs C 9TUMM HOBBIMU aHOAAMHU. Pezyabmamut u o6cyscoenue: JJodaBnenue azepOaimpKaHcKux
[JIMHHACTBIX ~MuHepaioB B  ¢oroanonq wu3 TiOz mpuHeceT 3HAYMTENbHBIC MPEUMYINECTBA B
MPOU3BOAUTENLHOCTH YCTPOMCTBA 3a CYET Pa3iMYHBIX CHHEpPreTHYeckux 3pdexToB. ITumu pakropamu
sBisirorcsi: (1) Gonbluasi yaenbHasi OBEPXHOCTh, CIIOCOOCTBYIONIAs YBEIUYEHHUIO 3arpy3KH KpacuTens u
s¢dexTrBHOCTH cOOpa cBeTa, (2) BKIIOYCHHE CBETOPACCEHBAIOMIMX LEHTPOB, YTO IPHUBOIUT K
YBEJIMYCHUIO ONTHYECKOro mytH B ¢Qoroanone; u (3) 4ro 0COOCHHO BaXKHO, NPEAOTBpAIICHHE
pexoMOMHAIMHK 3aps/I0B Ha IpaHHLEe pasaena (pOoTOaHOI/INEKTPOIHUT 3a CUET HACCUBALMU ITOBEPXHOCTH.
Ha ocHOBe (hU3MKO-XUMUUECKUX HCCIECIOBAHUN YTBEPKIACTCS, YTO 3TH P PeKThl OyayT cnocoOCTBOBATH
3aMETHOMY YJIYYIIEHHIO KIIOYEBBIX (poTodekTpruueckux napamerpoB (Jso/Voc), 4TO MpUBEAET K 00IEMY
nosbimiennto  KIIJ[ ycrpoiictBa. Beigoowi: IlpeanokeHHOe B JaHHOM WCCJICIOBAaHUM COYECTAHHE
MEepPEIOBBIX OPraHWYECKHX KpacHTeJIed M HOBBIX TJIMHO-KOMITIO3MTHBIX (DOTOAHOIOB SIBISIETCS OYCHB
MPUBJICKATENBHBIM  MPAKTUYECKAM METOJOM Uil pa3paboTKH SKOHOMHUYECKH d(deKTHBHOW U
SKOJIOTHYECKH  YHCTOH  (pOTODIEKTpUUecKod  TexHomormu.  Pabora  HpoOIEMOHCTpUpOBaia
MHOT000CIIAIONHI TEOPETHUESCKUI M MPAKTUUESCKUH TTOIXO ISl SKCIIEPUMEHTHPOBAHHUS U ONTHMH3ALHN
BBICOKOITPOU3BOAUTENBHBIX ycTOi4unBbIX DSSC crienytomero moKoJeHUs ¢ HUCIOJIb30BaHUEM MECTHBIX
MIPUPOIHBIX PECYPCOB VIS PELICHHUS ITI00AIbHON SHEPreTHIECKOH IPOOIEeMBI.

KiroueBble cj10Ba: COJHEYHBIE JJIEMEHTHI, CEHCHOWIM3MPOBAaHHBIE KpacHuTeleM, Oe3pyTeHHEeBbIe
Kpacuresd, oppupHH, (TalOHUAHNH, AWOKCHI THTaHa, (OTOAHOJ, OEHTOHHT, KAOJIWHHT, TJIMHHCTHIC
MHHEpaJIbl, PeKOMOHHAILIHS 3apsII0B.

Haoxcaghzade Hypnan dnanyp dokmopaum

EBI?EAI?DKAHI{LIK CA3 MUHEPAJIJABI-TIO; KOMIIO3UTTI ®OTOAHOATAPBIH
MAUJAJAHA OTBIPBII, )KOFAPBI TUIMAI BOSIFBIIITAPMEH CE3IMTAJIIAHFAH
KYH 3JJEMEHTTEPIHE APHAJIFAH PYTEHHUIACI3 OPTAHOSJIEMEHTTI
BOSAFBILITAPADBI O3IPJIEY

H.3. Haoxcaghzaoe

Ozipbaiiscan ¥nmmuix aspogapviut acenmmizi, Baxy, O3ipbatiocan
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Tyiiingeme: Kipicne: N-3 sxone N719 cusxrel koximri Ru(Il) Herizinzgeri ceHcnOMiIM3aTOpiIapabIH
JKOFapbl 0aracbl MEH ILNEKTeyJl KOJDKETIMIUIIIHEH TybIHAAHTBIH KEeMINUNKTEpAl JKOI KOHE
OosFBIITApMEH ce3iMTangaHFaH KyH sneMeHTTepi (DSSC) ymiH KOMMEpHMSIBIK MYMKIHIIKKE KOJ
JKETKi3y MaKcaThIH[Ia >KaHa CEHCHOWIM3aToOpiapipl o3ipieyaiH MaHbi3bl 30p. byn Makamaga 6i3
SHEPrUsiHbl YHEMJCHTIH JXKOHE J>KOFapbl OHIMJI JKaHa apXUTEKTypaHbl 3epTTeiMis. Makcammap meH
mindemmep: Kanmbl MakcaT — OKOFapbl THIMJI, PYTEHMICI3, OPraHOIEMEHTTI OOSFBILTAP/bI
HAHOKYPBUIBIMIBI ~ KOMITO3UTTI  (DOTOAQHOATAPMEH  CHHEPreTHKAJIBIK Typiae OipikTipy — apKbULIb
nnHoBaumsibIK DSSC apxutexTypachid a3ipaey. Makcar — O3ipOaiibkanaarbl OHal KOJDKETIMII, MOJI ca3
MUHepajiapblH Heri3ri (oToaHoA Kypamzaac OeJiri peTiHze maijanaHy apKbUIbl ap3aH, KOFapbl OHIMII
(doToanexTpukara xoi aury. 9dicmep. KongaHbUFaH TOCLI KEePriulikTi ca3 MUHEepaigapbIMeH (OEHTOHUT
JKOHE KaOJIMHUT) apajiacTeipbliral TuTaH quokeui (Ti02) Herizingeri xaHa KOMIO3UTTI (OTOAHOATAP/IbI
naibiHaay el Kamtuael. Cas-TiO2 KOMIO3UTTEpiH JaiblHIAy OMIiCTEPl JKOHE OJIapAblH (DOTOAHOITHIK
yia6ipiepin jxacay cumarTanFaH. Byn Tapayna ocbl jkaHa aHOATApMEH OallyIaHBICTHIPY YILIIH METaJChI3
OosIFBIINTAP/ABIH ~ HErisri OejceHii KiacTapblHa — nOopdupuHaepre, (TaTOUUMAHUHACPIE IKOHE
MHJONUHJEPre ChIHU LIONY Kacanaibl. Homuoicenep men mankpiiay: O3ipOaikaHIblK ca3 MUHEpaIapblH
TiO2 ¢doToaHoabIHA KOCY OPTYPJIl CHHEPreTHKAIbIK OPEKETTEpP apKbUIbl KYPBUIFBIHBIH OHIMUTIriHE
alfrapiblktail maitna okeneni. byn dakropnap: (1) OOSFBILTBHIH KYKTENIYiH JXOHE JXAPBIKThlI JKHHAY
THIMJLUTITIH apTTHIPAThIH JKOFapbl MEHIIIKTI OeTTIK aynaH, (2) (HOTOaHOI apKbUIbI ONTHKAJBIK JKOJIBIH
y3apyblHa OKEJNETIH J>XapblK MLIAIIBIPATATIH OPTAJbIKTApAbl eHri3y; koHe (3) MaHBI3ABICH, OETTIK
rMaccuMBalys  apKbpUlbl  (DOTOAHOM/INEKTPOIUT  HMHTEpEWCiHae 3apsaTaplblH  PEKOMOWHALUSICHIH
Oonbipmay. Ou3MKa-XUMUSIIBIK 3epTTEyJIepre CyileHe OTBIPBIN, OyJI ocepiep MaHbI3/Ibl (HOTOIEKTPIIIK
(Jse/Voc) mapamerpriepiniy aiiTapibIKTail jKaKcapyblHa BIKITAN eTeli, HOTHKCCIHAE KYPBUIFBIHBIH JKAIIIbI
TKO (PCE) »xakcapanpl gen mnadieiMpanansl. Kopwimeinowiiap: byn 3eprreyne YCHIHBUIFAH O3bIK
OpraHUKaJIbIK OOSFBIIITAP MEH jKaHa Ca3-KOMIO3UTTI (POTOAHOATAPABIH YHIECIMI YHEM/II, SKOJIOTHSIIBIK
Ta3a (POTODICKTPIIIK TEXHOJOTHSHBI JAMBITY/bIH ©T€ TAPTHIMIbI HPAKTHKAIBIK S/iCi OOJBIT TaObLUIAIbL.
Byn skymbic jxkahaHABIK DHEPreTHKAJbIK MOCENEHI MLIeIly YIIiH JKeprilikTi TaOuFH pecypcTapibl
naiianaHa OTBIPBIN, Kejeci OYbIHHBIH JKOFapel ©HiMAlI TypakThl DSSC-iH 3KCIEpUMEHTTEY >KOHE
OHTAWIAHBIPY YIIIH MEPCIIEKTUBAIBI TEOPUSIIBIK JKOHE MPAKTHUKAIBIK TOCLIII KOPCETTI.

Tyiiinai ce3aep: OOSFBININEH Ce3iMTaNIaHFAH KYH 2JIEMEHTTEpi, PYTEHHMCI3 OOSFbIITAP, NOPGUPUH,
(bTanounaHuH, THTaH JHOKCHAI, (OTOAHOJ, OCHTOHHT, KAOJMHHUT, Ca3jbl MHUHEpaAap, 3apsATapibiH
PeKOMOMHANUSICHI.

Haoxcaghzade Hypnan dnnyp dokmopaum
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