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B pe3y/ibTaTe UCC/Ief0BaHUS CNEKTPOB MOJIEKY
OopraHu4yecKMx NosynpoBoAHUKOB, COAEPIKALLUX
retrepoaTomMbl a3oTa U kucaopoga, o6HapyXXeH
3¢ deKT, CBA3bIBAOLWMI WUMPUHY 3aMNpeLLeHHOMN
30HbI GOTONPOBOANMOCTYU C UHTErpasibHOM
ABTOKOPPENALUOHHOMN XapaKTepuCcTUKOMN
crneKTpa norsoweHns B BUAUMOM u YO-
AuanasoHax. B kayecTtBe ¢peHOMeHoIornyeckomn
XapaKTepUCTUKM UCMOJIb3YETCS UHTErpasibHbIN
napameTp aBTOKOppensLMOHHON GYHKLUMN
(MAK®). OTOoT napameTp oTpaxkaeT Koppensauuto
3/1eKTPOHHbIX COCTOSIHUIA, BO3HUKAOLLUX

npu Bo36y>XAeHUM MosieKy. YCTaHOB/IeHHas
3aKOHOMEPHOCTb 06bSAICHAETCS BUSSHUEM

Ha WMPUHY 3anpeLL,eHHON 30Hbl pasIn4YHbIX
3/1eKTPOHHbBIX COCTOSIHUM, KOTOpble BAUSIOT

Ha nepexop, 3/1eKTPOHOB M3 BaJIEHTHOM

30HbI B 30HY NPOBOAUMOCTU. MOCKONbKY
aBTOKOppensuuoHHas GyHKLMS cnekTpa
nepepaeT B3aMMOCBSI3b pe30HaHCHbIX
3/1eKTPOHHbBIX COCTOSIHUM, CO3AaloLWNX
onTu4yeckui cnekTp, To MAK®D xapaktepusyerT,
C OJHOI CTOPOHbI, KOppeNsLUOHHOEe
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As a result of experiments with spectra of organic
semiconductors molecules, a new physical

effect was found that connects the bandgap
width of photoconductivity and the integral
autocorrelational characteristics of absorption
spectra in the visible and UV-range. An integral
parameter of autocorrelational function (IACF)
was taken as a phenomenological characteristics.
The parameter reflects a correlation of electronic
states under molecules excitations. The regularity
found can be explained by the dependence of
bandgap width on electronic states that govern
electron transfusions from the valence to the
conduction band. Since the autocorrelational
function of spectra reflects interconnection
between resonant electronic states which create
optical spectra; then, the IACF, on the one hand,
reflects correlational interactions of electron, on
the other hand, electron states energy. That is
why we can speak about correlation between the
mentioned parameter with the bandgap width
that is connected to relevant activation energy of
photoconductivity.

The discovered regularities are confirmed by
investigations in organic semiconductors rows on
the base of anthraquinones and oxypyrenes. The
regularities allow to evaluate the bandgap width
of photoconductivity of organic semiconductors
on the base of anthraquinones and oxypyrenes
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B3aMMOJENCTBUE 3/IeKTPOHOB, C ApYyromn —
3HEpPruio 3/1IeKTPOHHbIX COCTOSIHUI. [To3TOMY
MMeeT MeCTO B3aUMOCBSI3b 3TOro NnapameTpa
C LULMPUHOM 3aMnpeLLeHHOW 30Hbl, CBSAI3AHHOMN
C COOTBETCTBYIOLLEN SHepruen akTusauum
¢$oTONPOBOANMOCTMU.

O6HapyXeHHble 3aKOHOMEPHOCTU
NoOATBEpPXAAloTCA NCCNef0BaHUSIMU
B psifiaX OpraHM4YecKmMx nosiynpoBoAHNKOB
Ha OCHOBE aHTPaXUHOHOB 1 OKCUMUPEHOB.
[laHHble 3aKOHOMEPHOCTM NO3BOJIAIOT
NpOBOAUTb OLLEHKY LUMPUHbI 3aNpeL,eHHON
30Hbl GOTONPOBOAUMOCTU OPraHNYECKUX
noJliynpoBOAHUKOB Ha OCHOBE aHTPAaXMHOHOB
n okcunmpeHos No MAK® ontunyeckmx
CreKTpoB nornouieHus B Y®- n BuaAUMon
obnacTax ¢ AOCTAaTOYHOW AJ1 NPAKTUYeCKNX
NpUI0XEeHU TOYHOCTbIO onpeaeneHus
+(0,01-0,02) 3B. Pe3ynbTaThl UCC/Ief0BaHUMA
MOryT 6bITb MPAKTUYECKU UCMO/Ib30BaHbDI
B MOJIEKYJIIPHOM 3/1IeKTPOHUKe, POTOHUKE,
HaHO- U MMUKPO3JIEKTPOHUKE, a TAKXe Npu
paspaboTke KBaHTOBbIX FeHepaTOpoOB Ha OCHOBE
opraHu4yecKkmMx NoaynpoBOoAHUKOB.

KntouyeBble c/I0BA: LIMPMHA 3aMNPELLEHHON 30Hbl
$OTONPOBOANMOCTH, INEKTPOHHASA KOPpPenauus,
WMHTerpanbHbIM NapaMeTp aBTOKOPPENALMOHHOM
GYHKLWU, 3NEKTPOHHbIE CNeKTPbl, ONTUYecKas
cnekTpockonus nornoweHns

CTaTbst nocTynuna B peaaxkumio: 15.12.2019
CTaTtba NpuHATa K nybamkaumm: 14.01.2020

BBEAEHWE

3HaHHe IIKPUHBI 3alIpelleHHOL 30Hbl GOTONIPOBOLH-
MOCTH HMIMeeT CYLIeCTBeHHOe 3HaueHHe JJIs OIITHMHU-
3aI[MK PaboThl CBETOAHUOMO0B, POTO3TEKTPOHHBIX ITpe-
obpasoBaTesiell U CEHCOPOB Ha OCHOBE OPraHHYeCKHX
[IOJIyIIPOBOJHHUKOB.

OLleHKa IIMPHHEL 3aIlpellleHHOM 30HbI GOTOIIPOBO-
AHUMOCTH (Egh"“’) MosKeT OBITh ITpOBefleHa pacueTHBIM
M 3KCIIePUMEHTAIbHBIM IIyTeM. B HacTosllee BpeMs
IJIs pacyeTa Ezh”m HM3BeCTHBI KBAHTOBO-MeXaHHYeCKue
CI10co6bl OIIeHKH MeTOAOM GYHKIHOHAIA IJIOTHOCTH
B mpubnmskeHuu TD-DFT BLYP [1]. B stom meTone
[Ipe/101araeTcs MCII0/Ib30BaHHEe HeCTallMOHAPHOIO
ypaBHeHHM /i1 QYHKUMOHA/A [UIOTHOCTH, II03BOJIS-
Iolllee OLIeHUBATh BpeMs 3JIeKTPOHHBIX I1€PeX0f0B M3
OCHOBHOTO B BO30yskIeHHOe cocTosiHUsI AEAT>h, a crte-
I0BaTe/lbHO, W LIMPHHY 3alpelieHHON 30HBI OTO-
IIPOBOJMMOCTH. ITH CIIOCOOBI IIPeAIoIaraloT, YTO

=

by the IPAF of optical absorption spectra in the
visible and UV ranges with the consistent accuracy
for practical applications +(0,01-0,02) eV. The
results of research can be applied in molecular
electronics, photonics, nano and microelectronics,
in construction of quantum generators on organic
semiconductors base as well.
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INTRODUCTION

Knowledge of the bandgap width of photoconductivity
is essential for optimizing the operation of LEDs,
photoelectronic converters and sensors based on
organic semiconductors.

Evaluation of the bandgap width of photoconductivity
(EZ"”“’) can be carried out by calculation and
experimentally. Currently, quantum-mechanical
methods for estimating the density functional method
in the TD-DFT BLYP approximation are known for
calculating (E/"*) [1]. This method assumes the use of a
non-stationary equation for the density functional,
which makes it possible to estimate the time of electronic
transitions from the ground to the excited state AEAT=h,
and therefore the bandgap width of photoconductivity.
These methods suggest that the bandgap width of
photoconductivity is equal to the excitation energy of
electronic states in the UV-range [1].

The disadvantages of the calculation
approach include the impossibility of applying to
multicomponent semiconductor systems and complex
organic semiconductors.

There are methods for the experimental
determination of AEAt=h by the fundamental
band of the absorption spectrum k?=f(A) [2] where k
is the absorption coefficient, 10> m?/kg; f(A) is the
distribution density of the square of the absorption
coefficient, 10* m*/kg? A is the wavelength of
electromagnetic radiation of a monochromatic source,
nm. is determined by extrapolating the fundamental
absorption band of the spectrum and determining the
corresponding wavelength A, by the formula:

photo __ he
Ef =5 @
where h is the Planck constant, 6.13567-107%5 eV's; ¢ is
the speed of light in vacuum, 299793 m/s; A, is the
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MIMPHHA 3allpelleHHOHN 30HBl (OTOIPOBOSHMOCTH
paBHa 3Hepruu Bo30yKIeHUS 3TeKTPOHHBIX COCTOS-
Hu# B YO obnacru [1].

K HemocTaTKaM pac4eTHOro IIOAXOAa OTHOCSTCS
HeBO3MOXKHOCTb IIPHMeHeHHS K MHOIOKOMIIOHEHT-
HBIM IIOJIYIIPOBOAHHKOBBIM CHCTeMaM H CJIOKHBIM
OpPraHHYeCKUM II0IYIIPOBOAHHUKAM.

M3BeCTHBI CI10COObI 3KCIIEPUMEHTAIBHOIO OIlpesie-
JIeHHU S ES*‘”‘” o QyHAAMeHTa/JIbHOM II0JIOCE CIIEKTpa
nornomenus k2 =f(\) (2], roe k - koadduIMeHT TOrIO0-
meHus, 102 m?/kr; f(A) - IVIOTHOCTD pacIpesieneHuUs
KBazpaTta Ko3doHuIMeHTa IoriomeHus, 104 M*/kr’;
A - IUIMHA BOJIHBI 3JeKTPOMArHUTHOIO H3JIy4eHHs
MOHOXPOMAaTHY€CKOr0 MCTOYHMKA, HM. Eg'w“’ ompene-
7seTCsl IyTeM SKCTPANoMSLHH QyHAAMEHTAIbHOM
TI0JIOCHI IIOIVIOLIEHMS CIIeKTpa M OIpeleleHHI0 COOT-
BETCTBYIOLIEN AJIMHBI BOJIHBI A 110 dopmyIie:

Ef° =%, o)
0
rae h - mocrosiHHas [naHka, 6,13567-107%° 3B c; ¢ - cKo-
POCTb CBeTa B Bakyyme, 299793 M/c; A, - TpaHHUYHas
JUIMHA BOJIHBI 3/IeKTPOMArHUTHOIO U3J/Iy4eHHs, OIpe-
JelleHHas [yTeM 3KCTPaIloMPOBaHU S, HM

HecMmoTps Ha KaxkyIIyIocsi IIPOCTOTY, CI10cob MMeeT
PSI He[OCTaTKOB:

* HEBO3MOXKHOCTb MCII0/Ib30BAHUS [/I1 MHOTOKOM-
MIOHEHTHBIX ITOyIIPOBOAHKKOB, COCTOSIIHX H3
IOBYX U 607ee coeqUHEHUN;

* HEBO3MOXXKHOCTb MCIIOJIb30BaHUS [JISI C/IOSKHBIX
OpraHHUYecKUX IIOJIYIIPOBOLJHHUKOB, B KOTOPBIX
TPYLHO Pa3felUTh CIIeKTPHl IIOIVIOLIeHHs, He
npuberast K mpeobpasoBaHuio Pypee;

* HENPUMEHHMOCTb A/ OpraHUYeCKHX I0JIyIIpo-
BOJHHUKOB, [/ KOTOPBIX OTCYTCTBYeT HCYePIIbl-
Bamollas MHPOPMALMA O COCTaBe U CTPYKType
MOJIEKYII.

Mbl o6HapyRUIKU 3PeKT, IO3BOMSIOMIMNK YCTpa-
HHUTb JaHHbIe HeOCTaTKH. MHOTOUMC/IeHHbIe HCCIe-
NOBAaHUS IOKa3alH CyIIeCTBOBAaHHE 3aBHCHMOCTH
MEKIY EZ*“”” Y MHTerpajbHbIM IIapaMeTPOM aBTOKOP-
PpesLHOHHOM QyHKIIHHU.

Lesnbio paboTel CTa/Io HCCIeN0BaHHe HHTEIPaTbHbIX
KOPPeJISILIMOHHEIX GPeHOMEHO/IOTHYeCKUX XapaKTepH-
CTUK ONTHYECKHX CIIeKTPOB OPraHHUYeCKHX MOJIeKYJI
Ha OCHOBe aHTPaxXHMHOHOB M OKCHIIMPEHOB, KOTOpHIe,
KaK H3BeCTHO, 00/1afaloT IOJYIIPOBOAHUKOBBIMHU
CBOMCTBaMHU [3-5]. B 4acTHOCTH, H3y4deHHe CBs3el
MHTeTPa/IbHBIX I1apaMeTPOB aBTOKOPPEeISLIMOHHEIX
oyukuui (AKD) ONTHYECKOTO CIIeKTpa C IIHPHUHOH
3alpemieHHOM 30Hb QOTOIIPOBOAMMOCTH B PaMKax
TUIIOTe3bl O CHJIBHOM KOPPeIsiIUK 3JIeKTPOHHBIX
COCTOSHMH. ONTHYeCKHe CIeKTPbl OPraHHYecKHX
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boundary wavelength of electromagnetic radiation,
determined by extrapolation, nm

Despite its apparent simplicity, the method has
several disadvantages:

« the inability to use for multicomponent
semiconductors consisting of two or more
compounds;

« the inability of wusing complex organic
semiconductors, in which it is difficult to
separate the absorption spectra without resorting
to the Fourier transform;

« inapplicability for organic semiconductors for
which there is no comprehensive information on
the composition and structure of molecules.

We found an effect that eliminates these
shortcomings. Numerous studies have shown the
existence of a relationship between E/* and the
integral parameter of the autocorrelational
function.

The aim of the research was to study the integral
correlation phenomenological characteristics of
the optical spectra of organic molecules based on
anthraquinones and hydroxypyrenes, which are
known to have semiconductor properties [3-5]. In
particular, the study of the relationships between the
integral parameters of autocorrelational functions
(ACF) of the optical spectrum and the bandgap width of
photoconductivity in the framework of the hypothesis
of strong correlation of electronic states. The optical
spectra of organic semiconductors (anthraquinones
and methoxypyrenes) are characterized by a
combination of overlapping bands with maxima at
A=240, 250, and 280 nm.

In earlier researches [6, 7], the authors’ approach to
the study of characteristics was that they calculated
the phenomenological parameter of the spectrum
without separating individual bands using the Fourier
transform method. It was shown in [7] that the
autocorrelational function (ACF) is a measure of the
interaction of electronic states. As follows from a
theoretical and experimental study of signals [8-10],
ACF has the form:

Ac=["S(0) S(0+Ao)do, )

where S(w), S(w+Aw) are the spectral distribution
functions of the intensities of the absorbed radiation
at frequencies w and w+Aw, respectively. Using the
Wiener-Khinchin theorem [11], the autocorrelational
function can be expressed in terms of resonant
frequencies:

Ac= [ "e"dF (o). 3)
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MO/NYIIPOBOAHUKOB (AaHTPaXHMHOHBI M METOKCHIIH-
PeHBl) XapaKTePH3yIOTCSI COBOKYIIHOCTBIO II€PeKphI-
BAIOIUXCS IIOJIOC C MaKCMMyMaMHM Ipu A=240, 250
U 280 HM.

B 6onmee panHuX paboTax [6, 7] moAxon aBTOPOB
K MCCIe0BAHUIO XapaKTePUCTUK COCTOS/I B TOM, YTO
OHH BBIUMCISUIM (QeHOMEeHOJOTHYecKUH IapaMeTp
crexTpa 6e3 pasfesneHHs OTHENbHBIX I10JIOC METO-
nom ®ypre-ipeobpasoBaHusi. B pabote [7] mokasaHo,
YTO aBTOKOppessiLiuoHHas QyHKUUSA (AKD) siBiseTcs
MepOM B3aHMMOJEMNCTBHUS JIeKTPOHHBIX COCTOSHHH.
Kaxk cimemyeT M3 TEOPETHYECKOIO M KCIIePHUMEHTAIb-
HOTO HCC/IemoBaHUA cUTHalIoB [8-10], AK® mmeer
BHJ:

Ac:Jt:S(w)-S(w+Aw)dw, )

rie S(w), S(w+Aw) - crIeKTpa/ibHble PyHKIIUU pacIpe-
IelleHUs] MHTEeHCHBHOCTEH IIOIVIOIAeMOro H3jyde-
HHS Ha 4acTOTax W U +A® COOTBETCTBEHHO. MCII0/Ib-
3ys TeopeMy BruHepa-XuH4MHA [11], MOSKHO BBIPasUTh
ABTOKOPPEISILIMOHHYI0 PYHKIIHIO Yepe3 pe30HaHCHBIe
YaCTOTHI:

Ac= _[i:ei"’dF(m). 3)

dopmyna (3) HeloCpeACTBEHHO OTpa’kaeT CBSI3b
SHEepPreTUYecKoro CIIeKTPa Pe30HAHCHBIX 3JIeKTPOH-
HBIX COCTOSHUHN U AK®. OmHaKO MOHCK 3THUX YaCTOT
Ipu IoMoIIU IpeobpasoBaHus Pypre He SIBISETCS
3amayel HCCIeqoBaHMs.

B pmannHOM pabore paccmarpuBaercs OMDKHUM
Y®- 1 BUAUMBIN [HAIMa30H CIIeKTpa B obnactu 190-
760 HM (6,53-10,63 3B), a BMecTo AK® HcIonp3yeTcs
MHTEeTPa/IbHBIN ITapaMeTp OT 3Tok GyHKuuHU (MAKD),
NpeCTaB/ISIIOIIUL OIlpefle/IeHHbIN HMHTerpal C KOH-
KPeTHBIM YMCIeHHBIM 3HaueHHeM B SHepreTUUecKon
IIKaJje:

L= [S(E)- S(E+AE)dE, @)

roe E - sHeprus usiydeHusd, 3B; E,, E, - AuamnasoH
CIIeKTpa, 3B; S(E) u S(E+AE) - CIIeKTpajJbHble QYHK-
LMK paclpefeneHNs] HHTEHCUBHOCTEH IIOIJIOIIeHHS
H37y4eHHs B BUOUMOM U YP-criekTpe OJ1s1 SHepruH E
U E+ AE COOTBETCTBEHHO.

HAK® mpezncraBiseT coboll HHTerpajibHoe IIpeobpa-
30BaHMe B BUJIe IIPOK3BeJleHH s OCHOBHOM U 3amasfbl-
BaloIller jorapudmuyeckor GyHKIIUK OT MOJISIPHOTO
Kko3pounmenTta nornomenus €(E), T.e. S(E)=1ge(E).
Torma

I,= J:lgs(E)~lgs(E+AE)dE, (5)
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function (IACE), eV

4,5+ I \

IIupurHa 3arpelleHHON 30HEI, 3B

4,0- 1) Y f e

3,5 Lf i

Bandgap width, eV
T
A

3,04

| | | | | | | | | | | |
3,2 3,4 3,6 3,8 4,0 4,2 4,4 4,6 4,8 50 52 5,4

WHTerpajbHBbI [IapaMeTpP aBTOKOPPEeISLIMOHHOMN
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Integral parameter of autocorrelational
function (IACE), eV

Puc. 1. Onmuyeckue cnekmpbl: a) GHMpaxuHoHd;
b) 3-okcunupeHa
Fig. 1. Optical spectra: a) anthraquinone; b) 3-hydroxypyrene

Formula (3) directly reflects the relationship of the
energy spectrum of resonant electronic states and
ACFE. However, the search for these frequencies using
the Fourier transform is not the task of the study.

In this paper, we consider the near UV and visible
range of the spectrum in the range 190-760 nm
(6.53-10.63 eV), and instead of the ACF, we use the
integral parameter of this function (IACF), which
represents a certain integral with a specific numerical
value in the energy scale:

1,=[.'S(E)-S(E+AE)dE, (4)

where E is the radiation energy, eV; E,, E, - spectrum
range, eV; S(E) and S(E+ AE) are the spectral distribution
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1,4 =

1,3+

IIupuHa 3aIpelleHHOMN 30HH, 3B
Bandgap width, eV

1,1 | | | | | |
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WHTerpanbHbIM [TapaMeTpP aBTOKOPPEISLIMOHHON
dyukuuu (MAK®), 3B
Integral parameter of autocorrelational
a) function (IACF), eV

Puc. 2. 3asucumocmsb WupuHbl 3anpeuieHHol 30Hbl pomonposodumocmu om UAKD 8 2emepoamomHbix 0p2aHUYecKux noay-

npoeoan(ax Kaacca: (J) dHmMpaxuHoHos, b) OKcunupeHos

Fig. 2. Dependence of the bandgap width of photoconductivity on the IACF in heteroatomic organic semiconductors classified

as: a) anthraquinones; b) oxypyrenes

Bandgap width, eV

IllypyHa 3allpelleHHON 30HbI, 3B

1,30 L | | | | | | | |
31 32 33 34 35 36 37 38 39 40

HHTerpaabpHbII ITapaMeTp aBTOKOPPEISILOHHOMN
dyukuuu (MAK®), 5B
Integral parameter of autocorrelational
b) function (IACF), eV

I, ©MeeT pa3MepHOCTH 3B.

B mpoBefleHHBIX paHee HCCIeJOBaHUSX [7,12] 6bL10
yCTaHoBJIeHO, 4TO MAK® cBf3aHO € MOTeHIIMaJlaMH
MOHM3AaLMH U CPOJCTBOM K 3JIEKTPOHY OPraHHUYeCKUX
MOJIEKY/. DTO [JaeT BO3MOKHOCTb IIPeJII0JIOKUTh
CyIIeCTBOBAHME 3aBUCHMOCTU MexXay MAK® u EZ"“‘”.

JJIs. TpOBepKH HNAHHOM TUIIOTEe3bl HCC/IeHOBATHChH
B3auMoCBs3U MAK®, ompezie/ieHHBIX 10 SKCIIePUMEH-
TaJIbPHBIM CIIeKTPaM IIOIJIOIIEHHS TeTePOLIUKIHYe-
CKHX MOJIeKYII C Egh”w, IIO/Iy4YeHHBIX METOIOM OIIpesie-
JTeHUsT Mo Kpaw (QyHIaMeHTaJbHOM II0JIOCHL
nornomeHus [2]. IIpy pacueTax AOIYCKAeTCS 3Pro-
JUYHOCTh YU CTALIMOHAPHOCTh CHUIHAa/lA, T.e. BpeMs
IIPOXOKJIEHUSI CBeTa depe3 MCCIedyeMbIN obpaserlr
3HAYMTE/JbHO MaJjio II0 CPaBHEHHIO CO BpeMeHeM
pelaKkCcalluy /IeKTPOHHBIX COCTOSIHHM.

DKCNEPUMEHTAJIbHAA YACTb
ObBeKTaMU UCCIeNOBAHUS B JAHHOM paboTe SIBISUTUCH
CIIEKTPbl FeTePOATOMHBIX OPIraHHUYECKUX IOTYIIPOBO-
OHUKOB psiia aHTPAxXHMHOHA U OKCHUIIMPEHa, CIIeK-
TPbI OTHENBHBIX COeAUHEHUI ITPUBeIeHbl Ha pHUC. 1.
Kak K3BeCTHO, CIIeKTPBl I'eTepPOATOMHBIX OpPTraHHYe-
CKHX I10JIyIIPOBOAHHUKOB XaPAaKTePHU3YIOTCS I10JI0CAMH
[IOTJIOLIEHHWS, BBI3BAHHBIMHU TL- Tl -[I€PEXOJAMH,
00yCJIOBIIEHHBIMU IIPUCYTCTBHEM COIPSIKEHHOM
LIEIIOYKH, OHHU XaPaKT€PHU3YIOTCSl BBICOKOM MHTEHCHUB-
HOCTBIO U (J1ab0 MHTEHCHUBHBIMHU 3aITpeIleHHBIMHU I10
CUMMETPHH N1, N0 [IePeXOofaMHu.

CrieKTpBI IOIJIONIEHUSI PETUCTPUPOBATIUCE B 0671a-
cti oT 190 mo 760 HM ¢ marom 1 HM IIpH IIOMOIIH

188 ®OTOHUKA TOM 14 N2 2 2020

functions of the radiation absorption intensities in
the visible and UV spectra for the energies E and
E+AE, respectively.

The IACF is an integral transformation in the form
of the product of the main and delayed logarithmic
functions of the molar absorption coefficient €(E), i. e.
S(E)=1ge(E). Then

1= [ lge(E)-lge(E+ AE)E, (5)
I, has an eV dimension.

In previous studies [7, 12], it was found that IACF is
associated with ionization potentials and electron
affinity of organic molecules. This makes it possible to
assume the existence of a relationship between the
IACF and E}"".

To test this hypothesis, we studied the
interrelationships of the IACF, determined from the
experimental absorption spectra of heterocyclic
molecules with E", obtained by determining the
fundamental absorption band along the edge [2]. In
the calculations, ergodicity and stationarity of the
signal are allowed, i.e. the time of light passage
through the sample under study is much shorter than
the relaxation time of electronic states.

EXPERIMENT RESULTS

The objects of study in this work were the spectra of
heteroatomic organic semiconductors of a number
of anthraquinone and oxypyrene, the spectra
of individual compounds are shown in Fig. 1. As
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aBTOMAaTH4YeCKOr0 3JIeKTPOHHOILO CIIeKTpoMeTpa
CP-2000, pesynabTaThl BBIBOOM/IHCH Ha IBM uepes
AIII. CHeKTpBl OTAeJIbHBIX COeJUHEHHM B3SITHl M3
6a3bl JAHHBIX [13-14].

B manpHelIIeM pacyeT IIPOU3BOJKIICS B SHEPreTH-
YecKoH HIKaje CIIeKTpa.

O6paboTKol AAHHBIX CIEKTPOCKOIMHK K PacueToB
E;”“’"’ crocoboM 3KCTpamoasinuu QyHAAMeHTATbHON
I10JIOCHI IIOIJIOIIeHKM S MeTOLOM HauMEeHBIIMX KBaJpa-
TOB HCCIAe[NOBaHbl CTaTHUCTUYECKHUE CBA3HU EZ*"’“’
U HMAK®. YcTaHOB/IIeHHBIE 3aBUCUMOCTHU [IJid II0J1Y-
IIPOBOJHUKOB Psiia aHTPAaXHUHOHOB (PUC. 2 a) U OKCU-
nupeHoB (puc. 2 b) UMeIoT BUA:

E/"=D,-D,I,, (6)

e KOHCTaHTa D; xXapakTepus3yeT IIHMPHHY 3aIipe-
IIeHHON 30HBI (OTONPOBOAMMOCTH IIPH OTCYTCTBHUH
ABTOKOPPENISILUU 3JIeKTPOHHBIX COCTOSIHUN (I,=0),
KOHCTaHTa D, oTpakaeT yMeHbIIeHHe IIHUPHHBI
3aIpelieHHON 30HBI GOTONPOBOAMMOCTH IIPHU YBe-
JTMYeHUH KOPPeIsSLIMOHHON SHEePruH OTTa/JIKHBAHHUS
3JIeEKTPOHOB. 3HaueHHs D; u D, Iy psja aHTPaxXHUHO-
HOB M OKCHUIIMPEHOB, a TaKKe pacyeThbl CTaTHCTHYe-
CKUX ITOTPEeIIHOCTEN IIpHBeJeHEl B TabI. 1.

[To pesyspTaTaM 3KCIIePUMEHTA YCTAHOBJIEHO, YTO
Ezh""’ I/Is8 AaHTPAaXWHOHOB HAaXOOMTCS B [AHaIla3oHe
1,31-1,43 3B, a Ojd OKCHUIIMPEHOB COOTBETCTBEHHO
1,40-1,48 3B. IlonyueHHasl 3aBUCHMOCTb 0OOCHOBaHA
CTaTUCTUYECKH : TaK KOIQPUIIKEHT JeTepMUHALINH R?
HaxXoOguTCd B guamasoHe or 0,72 mo 0,89, cpemHss
OTHOCHUTe/JIbHAas IOTPelIHOCTs - B [Halla3oHe
ot 0,44 1o 1,16%.

i g

is known, the spectra of heteroatomic organic
semiconductors are characterized by absorption bands
caused by m-m" transitions due to the presence of
a conjugated chain, they are characterized by high
intensity and weakly intense n-»>mn’, n->¢" symmetry
transitions.

Absorption spectra were recorded in the range
from 190 to 760 nm with a step of 1 nm using an
SF-2000 automatic electronic spectrometer, and the
results were displayed on a computer via ADC. The
spectra of individual compounds were taken from the
database [13-14].

Subsequently, the calculation was performed on the
energy scale of the spectrum.

By processing the data of spectroscopy and E/"*
calculations by extrapolating the fundamental
absorption band using the least square method, the
statistical relationships of E/"** and IACF were studied.
The established dependences for the semiconductors
of a number of anthraquinones (Fig. 2 a) and
oxypyrenes (Fig. 2 b) have the form:

Ezhm =D,-D,l,, (6)

where the constant D, characterizes the bandgap
width of photoconductivity in the absence of
autocorrelation of electronic states (I,=0), the
constant D, reflects a decrease in the bandgap width of
photoconductivity with increasing correlation energy
of electron repulsion. The values of D, and D, for a
number of anthraquinones and hydroxypyrenes, as
well as calculations of statistical errors, are given in
Table. 1.

Ta6nunua 1. 3HayveHne sMAnpUYecKmnx K03GPULMEHTOB 3aBUCUMOCTH ES’"’“’ oT IAK® a9 opraHuyeckmnx nosyrnpoBogHU-
KOB psifa aHTPaXMHOHA W OKCUNUpeHa
Table 1. Value of the empirical coefficients of the dependence ong’“’“’ on the IACF for organic semiconductors of the
anthraquinone and oxypyrene series

Knacc D, 3B D,-1073, KosdduuneHt OLeHKa NorpeLHocTen
OopraHn4yeckmnx D, eV 6e3pasmepHas neTepMuHa- Error estimation
nolynpOBOAHNKOB Be/NYMHA unn, R?
Organic D,-1073, Determination CpegaHss CpefHss CpenHee
semiconductor class dimensionless coefficient, R? abcontoTHas OTHOCUTENbHAas KBagpaTuyHoe
quantity MOrpeLHoCTb, NMOrpewwHoCcTb, % = OTKJIOHeHMe, 3B
3B Average relative Standard
Average error,% deviation, eV
absolute error,
eV
1 aHTPaxXMHOHbI 1,56 5,15 0,72 0,02 1,16 0,03
anthraquinones
2 MeTOKCUMNUPEHDI 1,68 6,84 0,89 0,01 0,44 0,02
methoxypyrenes

PHOTONICS vOL. 14 N222020 189



| ‘.@ ONTO3J/IEKTPOHHbIE NPUEOPbI U YCTPOVNCTBA I

Tabnumua 2. CpaBHeHMA pe3y/bTaToB ONpPeAesieHns LWNPUHbI 3anpeLLeHHON 30Hbl GOTONPOBOANMOCTM Pa3INUYHLIMMU

mMeToaamMmu

Table 2. Comparison of the results of determining the bandgap width of photoconductivity by various methods

OpraHunyeckue
MOaYNPOBOAHNKMN
Organic semiconductors

OnNTUYecKMM MeToL0M Mo Kpako

®YHA. NONIOChI

LLInpnHa 3anpeLyeHHOM 30Hbl POTONPOBOAMMOCTH, 3B
Bandgap width of photoconductivity, eV

AbC.
norpeLuH., 3B
Absolute
error, eV

OTHOCUT.
norpeLuH., %
REEYS

Mo 3aBMcmMmocTy (6) error, %

By dependence (6)

By optical method around the

edge of fund. band

1 1-aMmMmeTnnamMmunHo- 1,48 1,33 0,15 10,13
2,3,4-TpndTOPaAHTPAXMHOH
1-dimethylamino-
2,3,4-trifluororantraquinone
2 11-okcnbeHso[blnupeH 1,33 1,37 0,04 3,01
11-hydroxybenzo[b]pyrene
CpefHsAs norpewHocTb, % 0,58 6,57
Average error, %

B KavecTBe IprMepa ObUIH OIIpefie/leHbl 3HAUeHHUS
EZ’“’“’ OpraHMYeCcKHX II0JyIIPOBOAHUKOB: 1-IHMEeTHII-
aMHHO-2,3,4-TpudTOpaHTpaxUHOHA U 11-oKkcubeH30(b]
nupeHa. OmnpeneneHHe IIPOU3BOAHIOCH 10 Kpato GyH-
JaMeHTaJIbHOM I10JIOCEL CIIeKTpa IOIJIOUIeHHUs \ U II0
3aBUCHMOCTH (6) (Tabm. 2). M3 Tabn. 2 cienyer, 4To
CpefHssl OTHOCHUTe/IbHAS IIOTPEIIHOCTh OIpefe/leHUs
NIMPHUHBI 3aIlpellleHHOM 30HBl (QOTOIPOBOJHMMOCTH
OpraHHYecKHX I10/1yIIPOBOAHMKOB I10 3aBHCHMOCTH
(6) B CpaBHEHHHU C OITHUYECKUM METOLOM II0 Kpalo
dyHIaMeHTa/lbHOL II0/I0CH cOCTaBiseT 6,57%. Ciiemo-
BaTelbHO, IIpe[jaraeMblll CIocob ompeneneHUs
IMIMPHHEl 3alpellleHHON 30HBl (HOTONPOBOLKMOCTH
JaeT afieKBaTHhIe Pe3y/IbTaThl B CPAaBHEHHH C H3BECT-
HBIM aHAJIOTOM.

TakuM 06pa3oM, CyIIecTBYeT BO3MOKHOCTBH OIIpe-
JelleHUs IIMPHHBL 3allpellleHHOM 30HbI $OTOIIPOBO-
JHUMOCTHU HeIloCPeICTBeHHO U3 CieKTpa 110 MAKD.

BbiBO/Dbl

J7s OpraHHu4YecKUX reTepoaTOMHBIX I10JIyIIPOBOLHM-
KOB psAlla aHTPaXMHOHA KM OKCUIIMpPEHa B XOJe 3KC-
[IePUMEHTA/IbHOTO H3Y4YeHUs ONTHUYECKHX CIIeKTPOB
B BUAMMOM U Y®-IHara3oHax YCTaHOBIeH 3¢¢exT,
CBSI3BIBAIOIIMM IIMPHUHY 3allpelleHHON 30HH $OTO-
IIPOBOJAMMOCTH C MHTErpPaJIbHBIM IIapaMeTPOM aBTO-
KOPPensLMOHHOKM QYHKIHH CIeKTpa IIOIJIOLIeHHS,
KOTOPBIM XapaKTepHU3yeT B3aMMOJIEHCTBHE BO30YXK-
JIeHHBIX 37IeKTPOHHBIX COCTOSTHUH .

YCTaHOBJIeHHble 3aKOHOMEPHOCTH II03BOJISIOT
NIPOBOAUTD OLIEHKH IIMPHHBI 3aIlpelleHHON 30HBI
$OTONPOBOAMMOCTH OpPraHHYeCKHX II0JyIIPOBO-
JHUKOB PSIOB aHTPAXMHOHOB M OKCHUIIMPEHOB IIO
HHTErpa/IbHOMY IapaMeTpy aBTOKOPPeIsLIHMOHHOU
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According to the results of the experiment, for
anthraquinones is in the range 1.31-1.43 eV, and for
oxypyrenes, respectively, 1.40-1.48 eV. The obtained
dependence is statistically substantiated: thus, the
determination coefficient R? is in the range from 0.72
to 0.89, the average relative error is in the range from
0.44 t0 1.16%.

Asan example, the values of organic semiconductors
were determined: 1-dimethylamino-2,3,4-
trifluororantraquinone and 1I-hydroxybenzo(b]
pyrene. The determination was made at the edge of
the fundamental band of the absorption spectrum
and according to dependence (6) (Table 2). It follows
from Table 2 that the average relative error in
determining the bandgap width of photoconductivity
of organic semiconductors from dependence (6)
in comparison with the optical method along the
edge of the fundamental band is 6.57%. Therefore,
the proposed method for determining the bandgap
width of photoconductivity gives adequate results in
comparison with the known analogue.

Thus, it is possible to determine the bandgap width
of photoconductivity directly from the spectrum by
the IACF.

CONCLUSIONS

During the experimental study of optical spectra in
the visible and UV ranges for organic heteroatomic
semiconductors of the anthraquinone and oxypyrene
series, an effect was established that relates the
bandgap width of photoconductivity to the integral
parameter of the autocorrelational function of
the absorption spectrum, which characterizes the
interaction of excited electronic states.
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GYHKIIUY ONITHYeCKUX CIIEKTPOB IIOIJIOMeHUs B YO-
U BHUAMMOH 007acTSIX C JOCTATOYHOM /JISI IPaK-
THUYeCKUX IPHJIOKEHUN TOYHOCTBIO OIIpelle/leHHSs
+(0,01-0,02) 3B. ObecmeunBasi TeM CaMBbIM IIOJY-
YeHHe KOPPeKTHOM MHQOPMAaLMK O HIMPHHE 30HBI
IIPOBOOUMMOCTH B OPraHHUUYeCKUX IOy POBOLHUKAX
6e3 mpoBefeHUSI KBAHTOBBIX PACYETOB U pa3ziesleHUs
CIIeKTPAIBHBIX II0JI0C C IIOMOIIBI0 ITpeobpa3oBaHHUS
dypre.

HOJ'IY‘{EHHLIE pe3yanaTbI Hpe,Z[Ha3Ha‘-[eHbI AJ1s1
HCIIO/Ib30BAHUSI B MCC/IEOBAHHUSX IIOIYIIPOBOJHU-
KOB IS 337a4 COo3maHUs GOTONMEKTPOHHBIX IIpeod-
pasoBaTenell, a Takke IIPH Ppa3paboTKe KBAHTOBBIX
reHepaTopoB.
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The established regularities make it possible to
estimate the bandgap width of photoconductivity
of organic semiconductors of anthraquinone and
oxypyrene series by the integral parameter of
autocorrelational function of optical absorption
spectra in the UV and visible regions with an accuracy
of £(0.01-0.02) eV sufficient for practical applications.
Thus, providing the correct information on the width
of the conduction band in organic semiconductors
without quantum calculations and separation of
spectral bands using the Fourier transform.

The results obtained are intended for use
in semiconductor research for the creation of
photoelectronic converters, as well as in the
development of quantum generators.

The idea of the experiment belongs to M. Dolomatov,
schematic design and processing of the results was
made by K. Latypov.
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