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Henaimi OLIbIIE MOIINPIOETHCS
BUKOPHUCTaHHS ITiJXO/MiB KBAHTOBOI XiMii st
JIOCHIKEHHS €JIeKTPOHHOI OymoBu cronyk [1],
MPOTHO3YBaHHS peakiliiiHoi 3maTHocTi [2] Ta
perioceneKTUBHOCTI  mepebiry  peakmiin  [3].
3BHUYAIHO X, HE OOXOIUTHCS 0€3 TaKOoro POy
JOCTKEHB 1 JIJIsl MOJISIOBaHHA B 007acTi XiMii

FETEPOLUKIIIYHUX ~ YETBEPTHHHHUX  aMOHIEBHX
cionyk [4] Ta MOBEepXHEBO-aKTHBHUX PEYOBHH
30KpeMa [5]. e TrmipuanHiro (LTI7)

XJ0pua/OpoMil IIMPOKO BHKOPUCTOBYIOTHCS B
NPOMHCIIOBUX Ta MOOYTOBHX MHIOUMX 3aco0ax
Ta (apMaIeBTUYHUX TMpenaparax y sSKOCTI
KaTIOHHOI ~ TIOBEPXHEBO-aKTHUBHOI  PEUOBHHH
(xITAP) [6-8] Ta nesidikyrodoro arenra [9, 10].
Kpim TOTO, cor IT IITUPOKO
BHKOPHCTOBYIOTBCS B SIKOCTI Karaji3aToOpiB B
opraniyHoMy cuntesi [11]. V naniit po6oTi Oyo
BUPIIICHO  30CEPEIUTHCS Ha  JIOCIiKEHHI
JleJIoKami3aIlii eJIeKTPOHHOI TYCTHHH y KaTioHi
IIII ©Ha OCHOBI aHaNi3y 4YacCTKOBHX 3apsmiB.
Takoro poxmy pnani OyAayTb UIHHUMH JJIS
MOJANBIITUX TEOPETHUHUX OCHIKEHb KaTiOHY

I
Pe3yabTaTi Ta iXx 00roBopeHHs

B nmomepennix poOortax, yxe Oyio
MOKAa3aHo, L0 MO3UTUBHHUN 3apsill y CUCTeMax 3
YETBEPTUHHUM HITPOTCHOM HE € JIOKAJIi30BaHIM
caMe Ha aToMi HITPOTeHY, SK II¢ IPHHHITO
¢dopmankHO ~ mo3Hayatu  (puc. 1), a
JIeJIOKaT30BaHUH 110 OJIIKHIM aToMaM KapOoHy

Ta rigporeny [12, 13].
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Hus JEeTaIbHOTO JOCIiPKEHHS
JeNoKaji3amii HO3UTHUBHOTO 3apsily Yy BUIAIKY
IIII, Oyio mpoBeneHO MOIECTIOBAHHS KaTiOHY 3
BUKOPHCTAHHSM  HAMIBEMITIPUYHOTO  METOTY
AM1 [14] y xomb0iHamii 3 KOHTHHYAJILHOIO
mogemto posunaarnka COSMO [15].B Tabnuiri
1 npencraBiaeno dactkosi 3apsau C-H rpyn y
kationi LI1. B nanomy Bumaaxy Oiibll 3py4HO
PO3IIISIIATH HE OKpEMi 3apsau KOXKHOTO aToMa, a
CyMy AaTOMHHX  3apsiiiB y  HEBEIHKHX
¢dparmenTax (rpymnoBuii 3apsa), 30Kpema, TpyIu
17-19 Bignosinatots CH rpynaM mipuIuHOBOTO
Ky, Tpynu 1-15 — me MeTWIeHOBI TpynH
mimodiasHOrO TeTHIBHOTO saHmiora CHz, a
rpyna 16 — e TepMiHaibHa METHJIBHA TpyIa
LETUIBHOTO JIAHLIIOXKKA. v TabIMLi
IPE/ICTABICHO PO3PaxOBaHi 3apsAan 32 METOAAMH
Koyncona [16] ta Mamrikena [17]. Takox, 3

METOI0  MOJICIIIOBAHHS  CJICKTPOCTATUYHOTO
BIUIMBY PO3YMHHUKA TIPUBEICHO JaHi s
razoBoi (asm  (miemekTpuYHA ~IPOHMKHICTH
Epiera 1), Ta A BOJHOTO  PO3YHHY

(mienexkTpuuHa nmpoHUKHICTH mpuitHaTa 80).

SIk  BumHO 13 TabmuIl, caM aToM
HITpOTEHY, SKHH TPaaWIliHHO TI03HAYAETHCS
MO3UTHBHO  3apsA/PKCHUM,  HACHpaBIi  Mae
YAaCTKOBUM HETaTHBHUU 3apdll, 110 3BUYAIHO XK
00yMOBIICHE BHCOKHUM 3HAYECHHSAM
enexTpoHeratuBHOCTI. Came >k TpHIWHIEBE
KUTBIIE € MIO3UTUBHO 3apsAKCHNM, alie TPYIOBUI
3aps] HE BIANOBIZA€ ONWHUIN, a JEKHUTh B
Mexkax Bix +0,6% mo +0,7%. 3amumkosuii
MO3UTHBHUN 3aps]| MOBUHEH JCIOKANIi3yBaTHCS
B3JI0BXK I[ETUJILHOIO JIAHIIIOTA.

13 15
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CH, _CH, _CH, _CH; CH,
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Puc. 1. Kartion neruimipuHito Ta HOMeparlis KapOOoHiB, 0 BUKOPUCTaHA Y JAHOMY JOCIiPKCHHI.
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Tabauns 1. Yactkosi rpymoBi 3apsau (B e)
po3paxoBaHi JBOMa METOAaMHU TIPH PI3HUX
3HAYCHHSIX JICICKTPHIHOT IPOHUKHOCTI &

I'pyna |3apsaau Koyncona |3apsan Majikena
aToMiB e=1 | £=80| =1 | €=80
nipuauniii| 0.6888| 0.7069 0.6463| 0.6653
1 0.2031] 0.2242 0.2305| 0.2567
2 0.0295| 0.0324 0.0335| 0.0373
3 0.0250| 0.0227 0.0276| 0.0249
4 0.0159]| 0.0093 0.0183| 0.0106
5 0.0100] 0.0029 0.0116] 0.0033
6 0.0065| 0.0013 0.0076| 0.0015
7 0.0047| 0.0002 0.0055| 0.000Z
8 0.0033| 0.0001 0.0038| 0.000Z
9 0.0025| -0.00010.0029| -0.0001
10 0.0018] 0.0001 0.0021| 0.0001
11 0.0014| -0.0001L0.0016| -0.0001
12 0.0011| -0.00010.0013| -0.0001
13 0.0005| -0.00050.0006| -0.000%
14 0.0003| -0.000f70.0004| -0.0006
15 -0.0025| -0.0040| -0.0056| -0.0072
16 0.0081| 0.00530.0120| 0.0086
17 0.2043| 0.2334 0.2424| 0.2743
18 0.0639| 0.0488 0.0730| 0.0568
19 0.1840| 0.1746 0.1882| 0.1773
N* -0.0316|-0.0321) -0.1727| -0.1741

Sk BumHO 3 TaOmumi 1, o-MeTHIEHOBa
rpyna HeTWIBHOTO (pparMeHTy y BCiX BHIAIKax
XapaKTePU3YETHCS 3HAYHUM YaCTKOBUM 3apsiIOM
nopsinky +0,2. Ilpu BigmaneHHI MeTHIIEHOBOI
rpynd  Big UUKIy TIpUAUHIIO,  CYTTEBO
3MEHIIYEThCA  YacCTKOBUM TpPyHOBUN  3apsn
BIJMOBIAHOI I'pynH, 0 MOXKE OyTH HOSCHEHO
iHIyKTUBHUM  edekroM. Tak, y BHIAAKy
BogHOro po3unHy (£ = 80), s 060X MeTomiB
pO3paxyHKy YacTKOBUX AaTOMHHUX  3apsiB,
YaCTKOBUU T'PYNOBHUM 3apsi]i METUIIEHOBUX TPYII,
[MOYMHAIOYH 3 IT’ ATOI € 3HayHo MeHmuM 3a 0,07e.
o » mo ra3oBoi (a3u, TO YACTKOBUH TPyHOBHUi
3apsn crae menire 0,0le mounHa4M 13 MIOCTON

METHJICHOBOI TpYyNH IETHIBLHOTO JIAHITIOTA.
Takuit, x04 1 He IyKe B3HAYHHUNA BIUTUB
PO3UMHHHUKA, CIOHYKaB HAc JUIS  OLIbII

JIETaIBFHOTO JOCTIKCHHSI ACIIOKANi3aIii 3apsmy
HIT y MomenbHHMX cepeloBHIIAX 3 Pi3HUM
3HAYCHHSIM JAieJeKTPUYHOI NpOHUKHOCTI. Ha
puc.l  300pakeHO  BIUIUB  Ji€JICKTPUYHOI
MPOHUKHOCTI HA TPYNOBHN 3apsj  ajiKiji-
HmipUAMHIEBOTO  (parMeHTy 3 BpaxyBaHHSIM
pi3HOI KinmbKoCTI MeTwieHoBux rpyn C16-
nanmrora. Ha puc. 2 mpezacraBieHi pe3ynbTaTi

orpumani 3a cxemor Koymncona. Cig
BIIMITHTH, IO 3apsId OTPUMAaHI 332 JOTIOMOTOIO

po3moaury MamtikeHa MalOTh  TaKWUd — kKe
xapakrep.
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Puc. 2. BB gieieKTpUYHOT IIPOHUKHOCTI
CepeIOBHUINA HA BEJTMYMHY IPYIIOBOTO 3apsiay:
MIPUAWHIIO Ta Pi3HOT KITBKOCTI METHIICHOBUX TPYIT
LEeTWIHLHOTO JaHitora. 3apsau 3a KoyiacoHoMm.

Sk BUIHO 3 pHC. 2, BXKE IMOYHUHAIOUYH 3
CepeIOBHIIA 3 AiCIEKTPHUYHOO MPoHUKHicTIO 20,
YaCTKOBHH 3apsiJl B PO3MNISHYTUX (hparMeHTax
(mipuavHiEBUI UWKI Ta JCKUIbKAa IEpIINX
MeTrIeHoBUX rpyn Cl6-1anirora) BUXOIUTh Ha
TUIATO 1 TOJANbIIe 30iMbIICHHS JiCICKTPUIHOT
MPOHUKHOCTI MaiKe HE Ma€ HisKOrO BILIHBY.
OueBUIHO, € CYTTEBA PI3HUI MK 3HAYCHHSIMH

3apaiB = OTpUMaHMMH  0e3  BpaxyBaHHS
posumHHuka (£ = 1) Ta mpu BpaxyBaHHI
HNOJSIPHOCTI ~ PO3YMHHMKA, M0 BKa3ye Ha
HEOOXiTHICTD aJIeKBaTHOTO BpaxyBaHHs

€JIEKTPOCTATUYHOIO BIUIMBY CEpEIOBHINA TPH
MozaemoBaHHI cucteM 3a ydacti III. Oxpim
Toro, KpuBi 4 Ta 5 Mai)ke TOBHICTIO
criBnagarte npu £ > 10, ToOTO MO3UTUBHUI
3apsii B OCHOBHOMY  JIOKaJi30BaHMH  Ha
MIPUAMHOBOMY KIJIBITI Ta OIMKHIX YOTHPHOX
METHJICHOBUX Tpylax ICeTUIBHOTO JIAHITIOTA.
TakuM YWHOM, TP  KBAHTOBO-XIMiYHOMY
MojemoBaHHI cucteM 3a ydactio LI1, 3 meToro
€KOHOMii KOMI IOTEPHHX PECYpCiB, MOIIILHO
CKOpOTUTH A0BXHHY jnaHIora C16 no C6.
Bubip came mectu kapOoHiB, a He
YOTHPHOX 00yMOBJICHHIA crerudiuHuM
XapaKTepoOM TEPMIHAILHOI METHJIBHOI TpPYIIH.
3o0kpema, sk BHAHO i3 Tabmumi 1, dYacTKoBi
TPYIIOBI 3apsiid TEPMIHATBLHOI METHJIBHOI Ta
CyCiTHBOT METHJIEHOBOI rpyn CYTTEBO
BIZPI3HAETHCS BiJl 3apsilliB 1HIIMX METUICHOBHX
rpymn. CrnenmdidHa TOBEMIHKA ITUX IBOX TPYyI
crioctepiraerscs 1 y IIMP crektpax comeit LIIT
[18], a xopemsmito MK PpPO3paXOBaHUMH
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YaCTKOBUMHM 3apsilaMd Ta XIMIYHUMH 3CYBaMH
POTOHIB OyJ10 ToKa3zaHo paxiire [19].

EKCl'lepl/IMeHTa.leHa JacTHHA

[louatkoBy  reomeTpito o LI
MozemoBanu y mporpami  Avogadro [20].
Iloganpury onTuUMI3aIlit0o TeOMETPil MPOBOIUIN
AM1 I'aminbTOHIAHOM 32 JOIIOMOTOIO IIPOTPaMH
MOPAC216 [21].ITinrotoBKy BXiZHUX MOpPae
(haiimiB mpoBoAWIH Yepe3 iHTepdeiic mporpaMu

Gabedit [22]. 3uaueHHs  JieNEeKTPUYIHOL
NPOHUKHOCTI CEpPE/IOBHINA 33aJaBATUCh depe3
kaouoBe cioBo EPS=n.nn me n.nn ue

BignoBifHe 3HaueHHS & EdexktuBHuil pagiyc
posunHHHKa TpuiiMaes pisanM 1,3 A uepes
BiJIIOBiIHE KitoyoBe ciioBo RSOLV

BucnoBku

PosrnsnyTro menokamizariirto  3apsagy B
KaTiOHI TEeTHIMipHauHI0. BcTraHoBieHo, 10
MO3UTHBHUN 3aps/i HE 30CEPESKCHUI Ha aTomi
HITPOT€HY, SK II¢ TPUUHATO TIO3HAYATH, a
JIEJIOKTI30BaHUH TI0 MPUIUHOBOMY ITUKITY Ta
HETUIBHOMY JaHIiory. Ilpu domy, y BMIAaKy
noysipHuX po3unHHuKiB (£>10), mepiii 4oTHPH
METHJICHOBI TPy HECYTh OCHOBHY YaCTHHY
no3UTUBHOTO 3apsiny. 1o sk 1o MojeTroBaHHS y
razoBii  ¢asi, TO 3apsax €  OLIBII
JICIIOKATI30BaHUM, 1 HaBiTh ChOMa METHJICHOBA
rpyna wmae 3apsag ~0,00%. Takuii BrIUB
MOJISIPHOTO CepEeIOBHINA MOXKE OyTH TOSCHEHUH
nokamizamiero  3apsay y LI, BHacmimok
EIeKTPOCTATUYHOI ~ B3aEMOJII 3  TOJSAPHUM
cepenoBhIeM. MeTwibHA, Ta CyCigHS IO Hel
METHJICHOBA TPyHH HECYTh JIOBOJI BHCOKI
3HAUEHHS YAaCTKOBUX 3aps/iB, IO MOSICHIOE
JesiKi 0co0nMMBOCTI y CHEKTPAITBHUX
BIIACTUBOCTSAX TepMiHambHOi CHsz-rpymu. s
MOJICTFOBAHHS BENUKUX cuUcTeM Ha ocHosi LI,
JIOIIUTEHO CKOPOTHTU JIOBXHHY JIAHITFOTa JI0
IIECTH aTOMIiB KapOOHy (3BMYAaMHO X SKIIO HE
came e(eKTH BHKIMKaHI JIOBXHWHOIO JIAHIIOTa
IUIaHY€ThCsL JOCIIDKYBaTH). Bubip naniora,

SKAHA  MICTUTh IIICTH  aTOMIB  KapOoHY,
OOYyMOBJICHHM  HEOOXITHICTIO  IOHANMEHIIE
YOTUPHOX  KapOOHIB IS aJCeKBaTHOTO

MOJIENIIOBAHHsI JIeOKaNi3alii 3apsmy, CXOXKOro
Ha nmenokama3arito B LI, Ta me aBOX KapOOHIB
JUIs  BiATBOpeHHA  eQeKTiB  TepMiHaIbHOI
METHJIBHOT TPYIIH.
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THEORETICAL INVESTIGATION OF CHARGE DELOCALIZATION IN
QUATERNARY AMMONIUM CATIONSIN THE CASE OF CETYLPYRIDINIUM

Telychka V.S, Fizer O.1., Fizer M.M., Rusyn |.F., Lendel V.G.

Uzhhorod National University, Pidgirna St., 46, 80Uzhhorod, Ukraine
e-mail: max.fizer@uzhnu.edu.ua

Cetylpyridinium chloride or bromide are detergemtisich are widely used in industrial and
household cleaners and in pharmaceuticals as @atgurfactants and disinfectants. Moreover,
cetylpyridinim salts are popular catalysts in oigasynthesis.In this work, we have considered the
delocalization of charge in the cation of cetylpgimium. The starting geometry of cetylpyridinim
cation was modeled in the Avogadro program. Furgje@metry optimization was carried out by using
AM1 Hamiltonian in the MOPAC216 package. Preparatd incoming mopac files was carried out
through the Gabedit program interface. The valdabedielectric permittivity of different mediums
were varied from 1 to 120.

It was established that the positive charge is looalized on the nitrogen atom, as it is
commonly shown, but delocalized over the pyridimgg rand the cetyl chain. The pyridine ring is
partially positively charged, however, the groumargfe does not correspond to the unit while lies
within the range from +0.@5o +0.7%. The rest residual positive charge is delocalededg the cetyl
chain. Moreover, in polar solvents, the first fonethylene groups of cetyl substituent carry thenmai
part in delocalization of the positive charge. Asthodeling in the gas phase, the charge is evea mo
delocalized, and the seventh methylene group haertal group charge is about +0.@0%uch an
effect of the polar medium can be explained by libealization of charge due to electrostatic
interaction with the polar solvents. The methylyg@nd the neighboring methylene group adjacent to
it, have rather high values of partial charges,ciWwhéxplains some of the features in the spectral
(NMR) properties of the terminal GHjroup.

To simulate large systems based on the CP catia®,aidvisable to reduce the length of the
chain to six carbon atoms (of course, if not tHea$ caused by the chain's length itself is pldrtoe
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be investigated). The choice of a chain contaisimgcarbon atoms is due to the need for at least fo
carbon atoms to adequately simulate delocalizaifan charge in a similar way as in the CP and two
more carbons to reproduce the effects of the texhmethyl group.

Keywords: cetylpyridinium; AM1; charge; delocalization; seampirical.
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