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THERMAL AND RAMAN SPECTROSCOPIC ANALYSIS OF COBALT-CONTAINING PHTHALOCYANINE
PIGMENT
Annotation
This study presents detailed thermal analysis and Raman spectroscopic data of the synthesized cobalt phthalocyanine pigment.
Thermal analysis was used to determine the thermal stability and decomposition temperatures of the pigment, while Raman
spectroscopy provided insights into its molecular structure and chemical bonding. In addition, the pigment’s optical properties,
including its absorption and photoluminescence spectra in various solvents, were investigated to assess its light absorption capacity
and emission intensity. The results demonstrate that the pigment is not only promising for use in industrial coatings but also as a
high-performance material for optical applications and dye-sensitized solar cells.
Keywords: cobalt, phthalocyanine, pigment, thermal analysis, Raman spectrum, optical absorption, photochemical analysis.

TEPMHUYECKHIA U PAMAHOBCKHI CIIEKTPOCKOIIMYECKHUIA AHAJHN3 KOBAJIbTCOJIEPKAIIET'O
OTAJIOIIMAHUHOBOI'O IMT'MEHTA
AHHOTALHSA

B nanHoii pabote moapoOHO MpeACTaBICHBI TaHHBIC TSPMHUECKOTO aHAIN3a U PAMAHOBCKOM CIICKTPOCKONUN CHHTE3UPOBAHHOTO
KpacuTemsl - KoOanbTdhranonuannHa. TepMUdecKuil aHaIu3 O3B0 ONPEICIUTh TEPMUUCCKYIO CTA0MIBHOCTh U TEMITEPATYPhI
pas3JIoKEHHsT MUTMEHTA, TOT/Ia KaK PAMAHOBCKAsl CIICKTPOCKOMHUS Jajia HHPOPMAITUIO O MOJICKYJIIPHOH CTPYKTYpEe H XUMUYIECKUX
cBa3ax. KpoMe Toro, u3ydeHbl ONTHYECKUE CBOMCTBA MATMEHTA - CIICKTPHI MOTJIOMICHUS W (OTOTFOMUHECIICHIIUH B Pa3IMIHBIX
PacTBOPHUTEISIX, YTO MO3BOJMIIO OLEHUTH €ro CIIOCOOHOCTH K TOTJIOMICHHWIO CBETa M MHTEHCHBHOCTH dMHCCHH. IlonydeHHbIe
Pe3yabTaThl HOKA3bIBAIOT, YTO JAHHBIA ITUTMEHT SIBJISIETCS MEPCIIEKTHBHBIM MaTePHAIOM HE TOJIBKO JJISI IPOMBIIUICHHBIX KPACOK,
HO ¥ JiJIs BBICOKOA(D(DEKTUBHBIX ONTHYIECKUX U (POTOUYBCTBUTEIBHBIX COTHEYHBIX IIEMEHTOB.

KnroueBbie ciioBa: ko06anbT, ()TAaJONMAHUH, MMUTMEHT, TEPMUYECKHAN aHAIN3, CIEKTP KOMOWHAIMOHHOTO DPACCESIHUS CBETA,
ONTUYECKOE MOTJIOINIEHHE, HOTOXUMUICCKUIT aHAIH3.

TARKIBIDA KOBALT SAQLAGAN FTALOSIANIN PIGMENTINING TERMIK VA RAMAN SPEKTROSKOPIK
TAHLILI
Annotatsiya
Ushbu ishda sintez qilingan kobolt ftalosianin bo‘yoq pigmentining termik analiz va Raman spektroskopik tahlil ma’lumotlari
batafsil keltirilgan. Termik tahlil orqali pigmentning issiqlik barqarorligi va parchalanish haroratlari aniglangan bo‘lsa, Raman
spektroskopiyasi molekulyar tuzilish va kimyoviy bog‘lanishlar hagida ma'lumot beradi. Shuningdek, pigmentning optik xossalari
ya’niy turli erituvchilarga nisbatan absorbsiya va fotoluminesensiya spektrlari o‘rganilib, uning yorug‘lik so‘rilish qobiliyati va
emissiya intensivligi baholandi. Natijalar pigmentning nafaqat sanoat bo‘yoqlari, balki yuqori samarali optik va bo‘yoq-sezgir
quyosh elementlari uchun istigbolli material ekanligini ko‘rsatadi.
Kalit so‘zlar: kobalt, ftalosianin, pigment, termik analiz, raman spektr, optik yutulish, fotokimyoviy tahlil.

Introduction. In our country, the growing population and the steady increase in industrial production have led to a rising
demand for energy resources year by year. Today, one of the most promising and effective solutions to energy challenges is the
use of solar energy. This renewable, environmentally friendly, and economically viable source holds particular scientific and
practical importance, especially for the development of modern solar cells based on inorganic and organic semiconductor materials.
In accordance with the tasks set out in the Resolution of the President of the Republic of Uzbekistan Ne.PQ-4422 of August 22,
2019, “On measures for the further development of alternative energy sources,” effective research and experimental design work
are actively being carried out on the synthesis of semiconductor materials intended for solar radiation utilization, as well as on
technologies for their photoelectric and thermal processing [1].

Literature review. Phthalocyanine-based molecular semiconductors are currently generating significant scientific interest
as promising materials for various fields of organic electronics, including light-emitting elements, solar energy conversion systems,
and modern nanoelectronic devices [2]. Charge transport in phthalocyanine molecules involves both electrons and holes. In such
materials, under the influence of energy and temperature, the n-electrons in the aromatic system become activated through quantum
jumps between energy levels and move in the direction of the applied electric field [3]. The presence of a metal atom at the center
of the phthalocyanine structure enables interactions with multi-electron organic components, which significantly enhances overall
electrical conductivity. Metal-phthalocyanines exhibit high sensitivity to chemical interactions, making them suitable for use as
photoactive layers or coating materials in tandem solar cells, where they efficiently facilitate electron transfer processes. Therefore,
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the development of organic semiconductor materials based on such structures represents one of the promising directions for their
effective application in solar cells [4].

The key advantages of organic semiconductors based on phthalocyanine include their high optical and electrical activity,
the possibility of synthesis using inexpensive and simple technologies, environmental safety, and economic efficiency. These
characteristics make these materials an important scientific and practical platform for new research and technological directions.
Today, semiconductors based on metal phthalocyanines are being successfully applied in the development of new-generation solar
cells, energy storage devices, as well as sensor materials for highly sensitive gas detectors [5]. Phthalocyanine-based complexes
exhibit efficient absorption of electromagnetic radiation in the visible and near-infrared regions, and are used to create complex
semiconductor structures and tandem solar cells that combine the advantages of both organic and inorganic semiconductors [6].
Furthermore, phthalocyanine and its derivatives are used to fabricate molecularly structured semiconductor films, which serve as
nanocomposite bases or active layers for thin-film transistors, sensor devices, photoconverters, and other types of nanoelectronic
components. The unique combination of optical, electrical, and chemical properties of phthalocyanines makes them widely
applicable in modern materials science and technology. The class of semiconducting polymers includes some of the most important
and widely studied representatives: polyaniline (PANI), polypyrrole (PPy), polythiophene, polyacetylene, polyphenylene (PP),
poly(p-phenylene vinylene) (PPV), poly(3,4-ethylene dioxythiophene) (PEDOT), polyfuran (PF), graphene and graphene oxide, as
well as phthalocyanines and their derivatives containing central metal and nonmetal atoms, among others. These polymers and
complex macromolecular structures possess high stability, resistance to aggressive environments, high photo- and electrical
conductivity and can be integrated with flexible substrates. Table 1 below provides data on the most important and widely studied
semiconducting polymers and phthalocyanine-based materials [7].

Table-1.
General information about organic semiconductor polymers and organometallic materials
Optical
Name of absorption -
Ne - Year of Conductivity
No semlcon_ducto discovery Structural formula energy S/em-1
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Phthalocyanines containing metal or non-metal elements as central atoms, as well as phthalic anhydride fragments acting
as ligands, form complex organometallic structures through heterocyclic compound formation. The synthesis and study of these
new structures represent one of the promising scientific directions in the development of semiconductor and photoanode materials.
These compounds exhibit chemical stability, are resistant to strong acids and alkalis, and possess significant optical absorption in
the infrared and visible regions [8].

Currently, researchers such as J.B. Fayziyev, Kh.S. Beknazarov, A.T. Djalilov, and A.T. Tillayev are conducting research
focused on the synthesis of complex molecular complexes based on phthalocyanine derivatives. They are also exploring methods
to increase the number of macrocycles by introducing functional groups into the ligand structure that bonds with the central metal
ion, with the aim of studying the electrical and optical properties of these molecules. In addition, active research is being carried
out to characterize the photodynamic, optical, and electrophysical processes occurring in these complex organic semiconductors

[9].

Research methodology. To investigate the thermal properties of the synthesized semiconducting cobalt phthalocyanine
pigment, differential thermal analysis and thermogravimetric methods were employed (DTG-60, simultaneous DTA-TG,
SHIMADZU). To study the pigment’s composition and bonding nature, Raman spectroscopy was performed using a HORIBA
instrument. The optical and semiconducting properties of the pigment were examined using a V-5000 spectrophotometer
(FORTEK), and the pigment’s photochemical characteristics were analyzed using digital multimeters of models 111300 and DT
9205A.

Analysis and results

Raman Spectroscopic Analysis of Cobalt-Containing Phthalocyanine Pigment

The Raman spectroscopic analysis of the cobalt-containing phthalocyanine pigment was carried out using an instrument
manufactured by HORIBA Scientific, Japan (Figure 1).
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Figure-1. Raman Spectroscopic Analysis of Cobalt-Containing Phthalocyanine Pigment.

The following conclusions were drawn from the Raman spectroscopic analysis conducted to study the composition of the
pigment. The presence of an aromatic group in the benzene ring was identified by an absorption band at 3140.62 sm*. The bands
at 3237.60 sm correspond to N-H stretching vibrations, while the band at 2559.81 sm is attributed to —O-H (hydrogen-bonded)
stretching vibrations. The spectra at 1764.83 sm™ are related to —-C=C- bonds, showing stretching and intense vibrational spectra.
The 1864.96 sm™ band corresponds to C=0 bonds, and differential vibrational bands of N-H bonds are observed at 1584.42 sm.
The spectra at 1400.09 sm™* are assigned to C-H bonds, and the band at 886.23 sm™ corresponds to differential bonds of Me-N
[10].

Thermal Analysis of Cobalt-Containing Phthalocyanine Pigment

The thermal stability of the sorbent obtained by solid-phase synthesis using cobalt sulfate, urea, phthalic anhydride, and
sodium borohydride was evaluated through differential thermal analysis (DTA) and thermogravimetric analysis (TGA) using a
SHIMADZU-DTG-60 instrument (Japan). For the analysis, 5.485 mg of the substance (in powdered form) was placed in a porcelain
crucible. The analysis was conducted at a heating rate of 10°C per minute up to 800°C under argon atmosphere (argon gas flow
rate: 80 mL/min), with T-800, TG-200, and DTA sensitivity of 1/10 galvanometer [11]. The derivatogram was recorded
automatically (Figure 2).

Figure-2. Differential thermal analysis (DTA) and thermogravimetric analysis (TGA) of the Cobalt-containing
phthalocyanine pigment.
A characteristic single exothermic heat release was observed in the differential thermal analysis of the cobalt-containing
phthalocyanine pigment. This heat release occurred at 46.75 minutes into the analysis, at a temperature of 396.12°C, and concluded
at 31.85 minutes, when the temperature reached 586.37°C. The maximum heat absorption point was observed at 38.24 minutes, at
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a temperature of 410.13°C. As a result of this exothermic effect, 1.82 J (398.65 J/g), or 409.45 ncal (94.08 cal/g), of heat was
released. This heat release is attributed to the decomposition of the organic component of the sample.

In the thermogravimetric analysis (TGA) of the sample, decomposition of the substance under the influence of temperature
occurred in three stages. The first stage of mass loss began at 0.05 minutes of heating, when the temperature reached 36.92°C, and
concluded at 18.87 minutes, at 116.76°C. During this stage, 2.101 mg, or 17.258% of the sample mass, was lost. The mass loss
within this temperature range is attributed to the evaporation of hygroscopic water and partial decomposition of the organic
component of the substance [12].

The second significant mass loss began at a temperature of 190.82°C and concluded at 346.30°C. This process started at
18.87 minutes of heating and ended at 31.75 minutes. During this stage, 1.914% of the sample mass, equivalent to 0.233 mg,
decomposed. The third stage of mass loss commenced at 31.85 minutes of heating and continued until 38.24 minutes. This stage
started when the temperature reached 410.13°C and continued up to 800°C. In this decomposition stage, 0.193 mg of material,
corresponding to 1.585% of the sample mass, decomposed. At this stage, the organic components in the sample completely
decomposed at temperatures up to 305°C. Based on the results of differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) of the sample, it can be concluded that the synthesized semiconductor pigment is thermally stable, as evidenced by
the minimal mass loss during thermal analysis.

Optical properties of cobalt-containing phthalocyanine pigment

The absorption spectra of metal phthalocyanins exhibit two main regions with very high intensity. The first is the Soret
band, located in the 300—400 nm range, which represents a high-energy strong absorption peak in the ultraviolet (blue) region. The
second is the Q band, located in the 650-800 nm range, which represents a lower-energy absorption in the visible red-blue region,
characteristic of the pigment's color (Figure-3) [13].

The shape and position of peaks in the absorption spectra can vary depending on the substituent groups present in the
central and peripheral parts of the phthalocyanin molecule, the solubility in different solvents, and the specific features of the
molecular structure. The mt-orbitals of the ligands can act both as n-donors and n-acceptors. The orbitals of the nitrogen atoms in
the pyrrole rings define the coordination of the central metal atom and, together with the m-orbitals, form a conjugated electron
system. The graph illustrates the shifts in spectral peaks and variations in intensity under the influence of different solvents.
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Figure-3. Optical absorption spectrum analysis of cobalt-containing phthalocyanine pigment.

This graph illustrates the shifts in spectral peaks and differences in intensity due to the influence of different solvents. In
N-methylpyrrolidone, the Soret band - representing the high-energy, strong absorption peak - is observed at approximately 340
nm, while the Q band - representing the low-energy absorption peak - occurs at 675 nm. In dimethylformamide, the Soret band is
located at 345 nm and the Q band at approximately 665 nm. In dimethyl sulfoxide, the Soret band appears at 335 nm, and the Q
band is near 640 nm. These two optical absorption bands are critical indicators in the study of the photophysical and photochemical
processes of phthalocyanins.

Additionally, the spectra of many PcM (metal phthalocyanins) exhibit three additional absorption bands in the ultraviolet
(UV) region, designated as follows:

N band — 36,400 cm™ (275 nm)

L band — 40,800 cm™ (245 nm)

C band - 47,600 cm™ (210 nm)

The N band is the most sensitive to changes and strongly responds to variations associated with the substitution of the
central metal atom. In the B and Q regions, the highest and lowest absorption bands correspond to the movement of electrons, i.e.,
the energy gap between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO),
sometimes referred to as the frontier orbitals. The energy difference between these frontier orbitals (HOMO-LUMO gap) defines
the optical properties of metal phthalocyanins in response to incident light and can be used to estimate the pigments’ intensity,
stability, and coloration in solution [14].

Conclusion and Recommendations. Based on the results of differential thermal analysis (DTA) and thermogravimetric
analysis (TGA), the obtained pigment was found to be thermally stable. In addition, the pigment's solubility in various solvents
and its optical absorption spectra - specifically, its photodynamic properties—were studied. Due to its excellent photon absorption
capability in sunlight, this pigment is recommended as a semiconducting photosensitive dye for use in dye-sensitized solar cells.
Furthermore, today’s increasing industrial and production scales are turning energy supply into one of the most pressing global
challenges. Therefore, it is necessary to further expand the use of alternative energy sources and elevate their development to a
new level. The ongoing intensive research aims to broaden the application scope of cobalt-containing phthalocyanin pigment in
future solar cells, photoanodes, and energy storage applications. This, in turn, will serve to ensure sustainable development,
environmental balance and energy security.

REFERENCES
1. O‘zbekiston Respublikasi Prezidentining “Iqtisodiyot tarmoqlari va ijtimoiy sohaning energiya samaradorligini oshirish,
energiya tejovchi texnologiyalarni joriy etish va gayta tiklanuvchi energiya manbalarini rivojlantirishning tezkor chora-
tadbirlari” to‘g risidagi qarori, 22.08.2019. PQ-4422-son.

- 459 -



0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/2 2025

10.

11.

12.

13.

14.

Dresselhaus, M.S., Thomas. I.L., Alternative energy technologies. Nature 2001, pp. 332-337.
https://doi.org/10.1038/35104599

Diacon A, Rusen E, Boscornea C, Pandele AM, Cincu C. New phthalocyanine-fullerene dyads sensitizers for solar cells.
UPB Sci Bull, Ser B, (2011). 73(3) pp.87-98.

M. Antonietta Loi et al., “Long-lived Photoinduced Charge Separation for Solar Cell Applications in Phthalocyanine
Fulleropyrrolidine Dyad Thin Films,” Journal of Materials Chemistry, (2003).vol.13, No.4, pp.700-704.

Kuan-Ch. Huanga et al., “Enhanced Performance of a Quasi-Solid-State Dye-Sensitized Solar cell with Aluminum Nitride
in its Gel Polymer Electrolyte,” Solar Energy Materials & Solar Cells, (2011), vol. 95, No.8, pp.1990-1995.

Kay A, Grdtzel M.., Low-cost photovoltaic modules based on dye-sensitized nanocrystalline titanium dioxide and carbon
powder, Sol. Energy Mater. Sol. Cells, 44(1) (1996), pp. 99-117.

M. Gratzel. “Dye-sensitized solar cell”. Journal of Photochemistry & Photobiology C: Photochemistry Reviews (2003) pp.
145-153. https://doi.org/10.1016/S1389-5567(03)00026-1. Volume.4, Issue 2, 31.

Pramod K. Singh et al., “Mesoporous Nanocrystalline TiO2 Electrode with Ionic Liquidbased Solid Polymer Electrolyte for
Dyesensitized Solar Cell application,” Synthetic Metals, (2008), vol.158, No.14, pp.590-593.

Shukurov D.X., To‘rayev X.X., Djalilov A.T., Karimov M.U. Tarkibida kremniy saglagan ftalosianin sintezi va tadgiqgoti.
Kimyo va kimyo texnologiyasi. 2021. Ne 3. b. 38-43.

Zhang Y, Wang L, Liu B, Zhai J, Fan H, Wang D, Lin Y, Xie T., Synthesis Zn-doped TiO2 microspheres with enhanced
photovoltaic performance and application for dye —sensitized solar cell, Electrochim. Acta (2011); 56 (18): pp.6517-6523.
https://doi:10.1016/j.electacta.2011.04.118.

Chang H, Wu HM, Chen TL, Huang KD, Jwo CS, Lo YJ., Dye-sensitized solar cell using natural dyes extracted from spinach
and ipomoea, J. Alloys Comp. (2010); 495: pp.606-610. https://doi.org/10.1016/j.jallcom.2009.10.057.

Kim I., Haverinen H.M., Wang Z., Madakuni S., Kim Y., Li J., Jabbour G.E. // Efficient Organic Solar Cells Based on Planar
Metallophthalocyanines // Chemistry of Materials. (2009). VVol.21.(18). pp.4256-4260. https://doi:10.1021/cm901320p
Turaev Kh.Kh et al.,, “New Review of Dye Sensitive Solar Cells,” International Journal of Engineering Trends and
Technology, (2021).vol.69, no. 9, pp.265-271. https://doi : 10.14445/22315381/1JETT-V6919P232.

Shukurov D.Kh. et al., Synthesis of zinc phthalocyanine pigment and its application to new generation solar cells.
International Journal of Engineering Trends and Technology (IJETT). (2023). vol.71, No.4, pp.453-461.
https://doi.org/10.14445/22315381/IJETT-V7114P238.

- 460 -


https://doi.org/10.1038/35104599
https://doi.org/10.1016/S1389-5567(03)00026-1
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology-c-photochemistry-reviews/vol/4/issue/2
http://dx.doi.org/10.1016/j.electacta.2011.04.118
https://doi.org/10.1016/j.jallcom.2009.10.057
http://dx.doi.org/10.1021/cm901320p
https://doi.org/10.14445/22315381/IJETT-V71I4P238

