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Paccunransl npuBeaéHHbIe MOMEHTHI HHepuuu OeHzanbaeruna, 4-Cl-, 4-CH;- Genzanpaerunos. U3 pemenns
ypaBHEeHUsI MaTbe ¢ MCIOJIb30BaHHEM 3HadeHui yactoT 7(CHO) TopcuoHHbIX nepexonoB 0—1 paccuuTansl
NOTEHLUANbHAs SHEeprusi BHyTpeHHero BpameHus V(a)=V,(1-cos2a)/2 u 3Ha4eHUS TOPCUOHHBIX YPOBHEH
sueprun E,, E; 5THX MONeKys1. PaccMOTpeHO BIHMsSHHE DJIEKTPOHHBIX (P (EKTOB 3aMECTUTENICH Ha BEIHMUHHY
Gapbepa BHYTPEHHET 0 BPAIIEHHS B ATUX MOJIEKYJIax.

Knrouegvle cnoea: OeH3ambIEeTHIB, BHYTPEHHEE BpallleHHE, NOTEHIMaNbHas (YHKIHS, 3aMECTHTENH,
IJIEKTPOHHBIC P EKTHI.

BBEJIEHUE

B MHOroaToMHBIX MOJNEKyJdaxX BO3MOXEH IOBOPOT OAHOM YAacTH MOJIEKYJbI
OTHOCHUTENBHO APYTO YacTH BOKPYT XMUMHYECKON CBSI3U MEXKIY HUMH. Takoe ABM)KEHUE
Ha3bIBAIOT BHYTPEHHUM BpaimieHueM B Monekyne [1, 2]. Ilpu BHyTpeHHEM BpalleHUH
MU3MEHSETCSl TOTEHIHMalbHass »Heprus V(a) MONEKydsl B 3aBUCUMOCTH OT yria a
BHyTpeHHero BpauieHus. Pynkmuio V(a) nHaseBaroT (II®BB). Bung m mapamerpst
¢byHkmu V(o) TO3BOINSIOT TONYYUTh WHPOPMALUIO O Pa3IMYHBIX XapaKTEPHCTHKAX
MOJIEKYJ, O B3aMMHOM BJIMSHHUHM aTOMOB B MOJIEKyJe, 00 YCTOHYMBOCTH KOH(pOPMEPOB
MoJieKyl1 u ToMmy mnogoOnoe [1, 2]. Hampumep, B [3] mokasaHo, 4YTO CyILIECTBYET
KOPPETSIMOHHAS 3aBUCUMOCTh MEXK]Ty DIIEKTPOHHBIMHU 3 (dexramu 3amecTutenei B 4-X-
MPOU3BOAHBIX (heHoJIa ¥ 3HaueHueM napamerpa Vo, IIOBB V(a)=V,-(1-cos20)/2.

ATnpHOpH MOKHO TPENTNOJIOKHUTE, YTO U B 4-X-mpou3BoaHbIX OcH3anbaeruaa (BA)
anekTpoHHble 3()dekThl 3amectuteneii X OyayT okaspiBaTh BiusHue Ha [IOBB. Dtn
CcOoOOpakeHHsI OTIpeaeny BEIOOp 00BekToB M3ydeHus — bA, 4-Cl-, 4-CH;-BA. B pabore
[4] MeTomOM MUKpPOBOJHOBOH CIEKTPOCKONUU IOKa3aHO, 4TO Mojekyna BA sBmnsercs
wiockol, rpynmna cummerpun Cg. [losTomy B Hacrosmied paboTe anbaeruaHasi rpymia
paccMaTpuBaIach KaK TUIOCKHA BOTYOK, COCTMHEHHBIN C TUIOCKMM OCTOBOM (OCH30JIBHOE
KOJBII0).
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MATEPUAJIBI U METO/IbI

ITpuBen€HHBIE MOMEHTBI MHEPUMHU [,, MU3yYEHHBIX MOJEKYJ OBUIM PACCYMTAHBI IO
dbopmyiiaM, npuUBEAEHHBIM B [5] ¢ HCIOJB30BAaHHEM T€OMETPHUCCKHUX IapaMETPOB
MoJiekysl BA, mosmydeHHBIX B [4] MEKPOBOJIHOBBIM METOJIOM, a TAKXKe JAHHBIX M3 PaOOTHI
[6]. Paccrostaus Cy4-X mnst X=Cl, CH; Obutr mpUHSATHE Kak B XJIOPOCH30JIC U TOIYOJIC
cootBeTcTBeHHO [7]. ['eomeTrpust CH;-rpymimiel mpuHATa Kak B dTHIICHE [7].

3ravenus 9actoT 7(CHO) TOpcHOHHBIX iepexonoB 0— 1, HeoOXoauMBbIe I pacdyéra
[I®BB, OpuM 3auMCTBOBaHBI U3 PadOTH [8], B KOTOpO#l 3TH AaHHBIE OBLIM MOIY4EHBI
MetojoM UK-ciekrpockonuu.

PE3YJIBTATBI U OBCYKIEHUE

B [9] moka3zaHo, 9TO IJIi MOJIEKYJ C OTHOCHTEIHBHO BBICOKHUM JIBYXKPATHBIM
OappepoM BHYTPEHHETO BpaIlleHUsA, K KOTOpeIM OTHOCUTCS BA m 4-X-BA, IIOBB
YAOBIETBOPUTEIHLHO OMUCHIBAETCS 3aBUCUMOCTBIO:

V(a)=V,[(1-cos2a)/2, 1)
Omuomeproe ypaBHeHnue lpeaunarepa mis BHyTpeHHero BpamieHus ¢ [IOBB (1) moxHO
MIPUBECTHU K ypaBHEHHIO Matbe:

2
ddy(f) +(b - s os’ x) H(x) =0, (2)
X
roe x=a+n/2, b=E/F, E — »Heprus TOPCHUOHHBIX KojecOanmii, F — mpuBenéHHas

BparaTelibHas mocTosHHas, s=V,/F. Pemenns ypaBHeHus (2) U3BECTHBI, 3aBUCUMOCTH b
OT § TIPUBEJICHBI B HECKOJBKUX MyOnukanmsx. Jjis nmpoBeneHust pacuéros B ciiydae BA u
4-X-BA ObUIH UCTIONB30BaHbI JaHHKIE, TpuBeAEHHBIE B [10].

UTtoOBl  BBIYMCIHTH 3HaueHUs V, 1o Qopmyie V,=F-s, HYKHO HalTH
COOTBETCTBYIOIIUE 3HAYCHHS §, JUIsI 4€r0 HEOOXOAMMO MPEIBAPHUTEIBHO ONPEICIIUThH
3HaueHus Ab=b;-by, tne bi=E\/F, by=Ey/F. Tax xak B [10] q1aHHbIC MPUBEACHEI C OOIBIIUM
IIIaroM, COOTBETCTBYIOIIME 3HAYCHHS S OBUIM OMPENCICHBI IyTEM MapaboimuecKoi
UHTEPHONANU. [lapamMeTpsl MHTEPIIOISIITMOHHON TapadoIMdecKol 3aBUCHUMOCTH OBLTH
HaNICHBI METOZIOM HaWMEHBINUX KBaapaToB. [loaydeHHBIE TaKuM criocoO0M 3HadYeHUs V,
u AV,=V,x — Vo ipuBeeHs! B Ta0. 1.

Taoauna 1
JluteparypHsie (7) u paccuutanubie (F, V,, AV,, E\, E;) nannsie 1ia 4-X-BA

7, Fa V29 AV29 E09 Eb
X -1 -1 A1 a -1 -1
CM CM CM CcM CcM cM
H 111 1,889 1690 0 56,0 167,0
CH; 89,5 1,727 1210 —480 45,2 1347
Cl 81,5 1,661 1040 -650 41,2 1227

Jlns HaxoXACHUS 3HAYCHW TOPCHUOHHBIX YpOBHEH 3Hepruu Ey, E; 1mo ¢dopmynam
Ey=F-by, E\=F-b;, npeABapUTEILHO JJI1 COOTBETCTBYIOIINX 3HAYCHUHN S OBUIH ITOTYICHBI
3HaueHHUS by, b; TyTéM UWHTEPNOANMN TaOMWIHBIX naHHeIX [10] cremenHoi
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3aBUCUMOCTBIO, TIapaMeTpPhl KOTOpPOW OBUIM OMNpeaesieHbl METOJAOM HAMMEHBIITHX
KBaaparoB. [lonydeHHBIE TaKUM CIIOCOOOM 3HaueHus Ey, E|, OKpyrJIEHHBIC IO OJIHOTO
JICCATUYHOTO 3HAKa, IPUBE/ICHBI B Ta0M. 1.

3uauenus 1(CHO), npuBenéuneie B Ta0n. 1, ObUTH MONyYeHBI B [8] IS M3y4YCHHBIX
4-X-BA B ra3opoi (haze, mo3roMy 3HaueHus V, B Ta0JI. 1 COOTBETCTBYIOT ra3oBoi ¢ase. B
[4] nna BA B razoBo#i ¢aze METOIOM MHUKPOBOIHOBOH CIEKTPOCKONMHH OBLIO MOJTY4EHO
(CHO)=113,84+5,0 em! u V,=1710+150 cm”'. Buauenus V, mis BA, MOJIyYCHHBIC B
JlaHHOM paboTe u B [4], HAXOMATCS B XOPOIIEM COTVIACHH MeXay coboit. B [11] meTtomom
Y®-cnexkrpockonuu noiaydero mist bA 7(CHO)=110,7+0,5 em 1 V,=1900+120 em™'. D10
3HaueHue V, 3aMETHO OTJINYAETCS OT 3HAYCHUH V), TIONYYCHHBIX B JIaHHOU paboTe u B [4].

Cremyer OTMETHTD, YTO 3HAYCHHUS YACTOT TOPCHOHHBIX KOJICOAHUH 3aBUCAT OT TOTO,
B KakoM (pa30BOM COCTOSIHHM BeIeCTBa OHU ObLIM ompenaeneHsl. Hampumep, mis BA B
KUAKOM COCTOSIHUU ObU10 mosrydeHo t(CHO)=133 em” [8], 132 em™ [12], mwrst 4-Cl-BA
(CHO)=104 cm™' [8], ms 4-CH5-BA ©(CHO)=114 cm™' [8]. CooTBercTBenHO, B [12] mis
BA Obuto monydeHO 3HAYCHHE V,=2370cm™, uro CYIIIECTBEHHO OOJbINEe 3Ha4YeHUA V, B
razoBoil (aze. [losToMy mpu aHanusze BIMsSHUS 3amectuTeneil Ha mapamerpsl [IOBB
MPEIOYTUTEIFHO HCIONB30BaTh JAaHHBIC IS ra30Boi (pa3bl, Tak Kak B Ta30BOM Qase
OyZIeT CBeACHO K MHUHHUMYMY BIFSIHHE MEXKMOJICKYISIPHBIX B3aWMOJCHCTBUN, KOTOPHIC
HMEIOT MECTO B JKHJIKOM COCTOSIHUU BEIIIECTBA.

W3 manueix Tabna. 1 BuaHO, uro 3aMmectuTend B 4-X-BA OKasbIBaroT 3aMeTHOE
BIIUSHAC Ha BEIWYMHY Oaphepa BHYTPCHHETO BpaIleHUS, YTO MOXXHO OOBSCHUTH
BITUSTHAEM DJICKTPOHHBIX d((PeKTOB 3amecTuTeNeil. D10 BiusHuE B cirydae 4-X-BA Goiee
CYIIIECTBEHHOE, YeM B ciaydae 4-X-penonos [3]. M3 mannerx Tabdn. 1 cienyer, 4ro B 4-X-
BA Oapbep BHyTpeHHero BpamieHusi yoeiBaetT B psimy H>CH;>Cl, uto cormacyercst ¢
JTAaHHBIMH, IPUBEIEHHBIME B [12].

3AK/IIOYEHHUE

1. Paccumranel mpuBEeNEHHBIE MOMEHTBHI HWHEPIUH, MOTCHIUANBHBIC (DYHKIUH
BHYTPEHHETO BpallleHHUs, 3HAUEHUS] TOPCUOHHBIX YpoBHEW sHepruu E,, E; monexyn
4-X-0enzanpaeruna, rae X=H, CHj;, Cl.

2. Tloka3zano, uto B 4-X-OcH3ampleruaax Oapbep BHYTPCHHETO BpAICHHS YyOBIBACT B
psaxy H>CH;>Cl.
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INTERNAL ROTATION IN BENZALDEHYDE AND IN SOME ITS
DERIVATIVES

Sheikh-Zade M.-1.

Fevzi Yakubov Crimean Engineering and Pedagogical University, Simferopol, Crimea,
Russia Federation
E-mail: tospcrimea@gmail.com

Using the geometrical data of benzaldehyde and 4-Cl-, 4-CHj-benzaldehyde
molecules, the reduced moment of inertia of this molecules relative the axis of internal
rotation is calculated. In solving the problem of internal rotation in benzaldehyde and
4-Cl-, 4-CHj-benzaldehydes, the following assumption were made: 1 — a semi-rigid
molecule model was used, when a rigid top performs a retarded internal rotation relative
to a rigid framework; 2 — the value of the rotation constant F :hz/( 87r2-1,) does not depend
on the angle of the internal rotation o and on the torsional quantum number v; 3 — torsional
vibrations do not interact with other vibrations of the molecule. With these assumption
and using experimental data of frequency of the torsional transition 0—1, the potential
function of the internal rotation V(a)=V,(1-cos2a)/2 for benzaldehyde and 4-Cl-,
4-CHj-benzaldehydes and the values of the torsional energy levels E, and E; were
calculated from solving the Mathieu equation. Value of the height of the barrier of internal
rotation in this molecules where obtained.

It is noted that the values of the torsional vibration frequencies T depend on the phase
state of the substance in which this values were obtained. For example, for benzaldehyde
t=111 cm™ in the gas phase and =132 cm™ in the liquid phase. This leads to the fact that
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the value of the parameter V, of the potential function of internal rotation for
benzaldehyde is equal to 1690 cm™ in the gas phase and 2370 cm™ in the liquid phase.

The difference in the values of V; in the studied 4-X-benzaldehydes was explained by
the influence of electronic effects of X-substituents. It is shown that influence of the
X-substituents in 4-X-benzaldehydes is more significant then in 4-X-phenols. In
4-X-benzaldehydes, the values of the parameter V, decreases in the series H>CH;>Cl.

Keywords: benzaldehydes, internal rotation, potential function, substituents,
electronic effects.
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