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VIBRATIONAL DYNAMICS AND RAMAN SPECTRA OF AROMATIC MOLECULES WITH
HEAVY HALIDE ATOMS: BROMOBENZENE AND ORTHO-DIBROMOBENZENE

Annotation. This study investigates the vibrational dynamics of heavy halide atoms in the structure
of bromobenzene and ortho-dibromobenzene molecules, as well as their manifestation in Raman spectra.
Using experimental Raman spectra, vibrational frequencies and intensities related to molecular symmetry
were determined, and spectral differences between mono- and dihaloaromatic molecules were analyzed. In
the ortho-dibromobenzene molecule, an increase in the number of spectral lines and a redistribution of
infensities were observed as a result of the heavy atom effect. The results were interpreted using quantum
chemical calculations and showed good agreement with experimental data. The results of the study will
provide a scientific basis for a more thorough interpretation of the spectral properties of aromatic halogen
compounds and an assessment of the heavy atom effect in molecular spectroscopy.

Keywords: Raman spectrum, heavy atom effect, molecular symmetry, bromobenzene, ortho-
dibromobenzene.
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OG‘IR GALOID ATOMLI AROMATIK MOLEKULALARNING TEBRANISH DINAMIKASI
VA RAMAN SPEKTRLARIDA NAMOYON BO‘LISHI: BROMBENZOL VA ORTO-
DIBROMBENZOL

Annotatsiya. Ushbu tadqigot brombenzol va orto-dibrombenzol molekulalari strukturasida og ‘ir ga-
loid atomlarining tebranish dinamikasini hamda Raman spektrilarida namoyon bo ‘lish gonuniyatlarini o ‘r-
ganishga bag ‘ishlangan. Eksperimental Raman spektriari asosida molekulalarning simmetriyasi bilan
bog ‘lig tebranish chastotalari va intensiviiklari aniglanib, mono- va digaloidli aromatik molekulalar orasi-
dagi spektral farqlar tahlil qilindi. Ortodibrombenzol molekulasida og ‘ir atom effekti natijasida spektral
chiziglar sonining ortishi hamda intensiviiklarning gayta taqsimlanishi kuzatildi. Olingan natijalar kvant-
kimyoviy hisoblashlar yordamida izohlanib, eksperimental ma lumotlar bilan yaxshi mos kelishini ko ‘rsat-
di. Tadgigot natijalari aromatik galoid birikmalarning spektral xususiyatlarini chuqurroq talqin gilishga
va molekulyar spektroskopiyada og ‘ir atom ta sirini baholashga ilmiy asos bo ‘ladi.

Kalit so‘zlar: Raman spektri, og ' ir atom effekti, molekulyar simmetriya, brombenzol, orto-dibrom-
benzol.
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JTUHAMUKA KOJIEBAHUI Y CIIEKTPBI PAMAHA APOMATHUYECKHX MOJIEKY.JI C
TAKEJBIMU I'AJJOUJHBIMU ATOMAMMU: BPOMBEH30JI 1 OPTO-AUBPOMBEH30JI

Aunnomayus. Jlannoe uccie0oeanie noceaujeHo u3yueHuIo KoaedameasHol OUHAMUKY AMOMO8 Misl-
JHCENBIX 2A0UO08 8 CIPYKMYPe MOJEKVI Bpomben301a 1 0pmo-0ubpoMbeH30a, a MAKHCe 3aKOHOMEPHOC-
meti ux nposenenus ¢ cnexmpax Pamvana. Ha ocnoee sxcnepumenmanvuuix cnexkmpog Pavana vy on-
peoenenst KoiedamenvHbie YACmOmyl U UHMEHCUGHOCTI, CEA3AHHBIE C CUMMEMPUEH MOJIEKY, U NPOAaHA-
JUZUPOGAHBI CNEKMPATbHBIC PAIUYUS MEICOY MOHO- U QUSATOUOAPOMAMULECKUMU MOTeKyIamu. B mo-
Jexyne opmo-oubpomoOeH301a HAOIIOOAIOCH YEeIUdeHUe YUCIA CReKMPATbHBIX JTUHUE U nepepacnpeoe-
JleHue uHmeHcusHocmeidl @ pesyismame s¢hghexma msaxncenoco amoma. IHonyuennvie pezyromamol 0ol UH-
mMepnpemupoBansl ¢ UCNOIb308AHUEM KEAHMOBO-XUMUYECKUX PACHEMO8 U NOKA3AN XOpouiee COOmeen-
Ccmeue IKCne PUMeHMATbHbIM OaHHbIM. Pe3yibsmamul uccied0eanus obecneyam HAayYHy 0CHOBY 0 bosiee
2nYyOOKOT UHMEPNPemAayul CHeKMPATbHBIX CE0TICING APOMAMUYECKUX 2ANOUOHBIX COCOUHEHUT U OYEeHKU
IhPexma maiceno20 amoma 6 MOIEKYJIAPHOT CReKMPOCKONUIL.

Knrueesvie crrosa: Pamanosckuti cnexmp, sQhQexm mancensix amomos, MOACKYAAPHAS CUMMEmpPUs,
bpomben3on, opmo-oudbpoMmbeH3o.
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CALCULATION OF ELECTRONIC PROPERTY CHANGES IN Zn-DOPED ¢-SiO; USING
DENSITY FUNCTIONAL THEORY

Annotation. In this study the Vienna Ab-initio Simulation Package (VASP 6. 5) with the Heyd—
Scuseria—Ernzerhof 2006 (HSEOG6) hybrid functional was used fo calculate the variation in the electronic
density of states and band gap of o-SiO: upon Zn doping using density functional theory (DFT). For
undoped silicon dioxide calculations showed a band gap of 9. 06 eV. The band gap dropped to 0. 839 eV
when Znwas added at a concentration of 8. 33 percent in relation fo silicon atoms. According to an analysis
of the electronic density of states the hybridization between the O p-valence orbitals and the Zn d-valence
orbitals was responsible for this band gap narrowing. This led to a shifi in the valence band and the
formation of new electronic states within the forbidden gap. According to the obtained results Zn
incorporation into a-Si0: increases the materials sensitivity to light in the infrared spectrum and induces
semiconductor-like characteristics in terms of band gap energy. The theoretical basis for the possible use
of Zn-doped SiO: in semiconductor materials sensors photocatalysts and optoelectronic device
technologies is provided by these findings.

Key words:VASP, HSEOG6, Silicon dioxide, PBE, TDOS, PDOS

ZICHLIK FUNKSIONAL NAZARIYASI ASOSIDA Zn KIRITILGAN ¢ -SiO: NING
ELEKTRON XOSSASIDAGI O‘ZGARISHLARNI HISOBLASH

Annotatsiya. Ushbu tadgiqotda zichlik funksional nazariyasi (DFT) asosida rux (Zn) kiritilgan a-
Si0: materialining elektron holatlar zichligi va taqiglangan zona kengligidagi o ‘zgarishlarni hisoblash
uchun Heyd—Scuseria—Ernzerhof 2006 (HSE06) gibrid funksionali bilan Vienna Ab-initio Simulation Pac-
kage (VASP 6.5) dasturidan foydalanildi. Doplanmagan kremniy dioksid uchun hisoblashlar natijasida ta-

29



