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Kopsavilkums: Izmantojot pusemprisko kvantu kimisko AM1
metodi, petits sisemas  etkskabe/propionskabe  kross-
ketonizacijas mehanisms SiG, katalizatora kl atbatne. Konstatets,
ka mijiedarbiba ar katalizatoru parsvara stasies etkskabes
molekulas, veidojot virsmas aceita struktiras. Propionskibes
molekulas regse ar aktivajam dalinam, kas atrodas @gzes fizeé un
parvérSas par propionilkatjoniem. Reakcija starp acefitu un
propionilu noris saskapa ar bimolekularas aizvietoSaas
mehanismu, un tas rezultata veidojas CQO;, un asimetrisks ketons
— 2-butanons.

Atdegas vardi:  kross-ketonizcija, 2-butanons, SiQ
katalizators, AM1 metode

Karbonslkabju ketonizcijas reakcija mata oksdu
klatbatng ir paZstama organiskajkimija jau kops 1895. g.
[1]. legustamie ketoni tiek plaSi izmantotia kstarpprodukti
pestiddu, herbigdu, %kidinataju, kosngtisko fidzeKu, ka an
arstniecisko prepatu raZzoSaa.

Neskatoties uz to, ka reakcijas rierisma @tiSanai velti
daudzi darbi, literara pasivoSie viedok joprojam ir
diezgan pretruigi.

Tiek piedivats skibes anhidda dekarboksiBanas
melanisms [2]; Klaizena kondehsija ar p-ketoskibes
veidoSanos un tam sekojoSo dekarbeKsihu [3];
koncertmehnisms, kui piedais divas monodedii
adsorlatas karboksiita ddinas [4]. Pagiv ain uzskati, ka
reakcijas gait rodas virsmas kems, kura mijiedaribas

rezulita ar adsorbto karboksifitu veidojas ketons [5,6].

Tomer §s stadijas detas netiek konkretétas.

Ir skaidrs, ka reakcijas dzkai izpratnei, 1idzas
eksperimerilajiem [Etijlumiem, plagk ir jaizmanto
molekukiro mode¢Sanu un mode#s kvantukimijas metodes,
kas dod iesgju risinat probEmas molekulraja [imern.

Pedgja laika aktuala ir kluvusi nesimetrisko ketonu séze.
Sadi savienojumi tiek iegti divu daZdu karbonskbju
dekarboksilavas konderiijas rezulita [5,7-9]. Visprgja
reakcijas sbima ir sekojosa:

RCOOH + R'COOH—
RCOR’ + RCOR + R'COR’ + C@+ H,0.

Reakcip tiek iediti tris daZdi ketoni: divi simetriskie—
katras skbes homokondeasijas rezulita, un asimetriskais
ketons, kas rodas kross-ketatigas céa.

Masu g@Etijjuma nerkis bija, izmantojot puseripsko kvantu
kimisko metodi AM1 [10], noskaidrot sé&has
etikskabe/propionskbe kross-ketonicijas melnismu. AM1
metode s@ ar augstu preciZiti apikinat  aktivacijas
enegiju, protona afinidti, ka ai kataftisko reakciju gaitu. K
katalizatora modeli &% iz\elgjamies silicija diok®du, kas tiek

plasSi izmantots prakska katalizators, adsorbents un &ss
Katalizatora aktia virsma tika modeta ar elektroneiilu

molekubiro Klasteri SiO,oHg (1a. att.). Saj klastef adegpraza
atomi, kuri neietilpst virsmas hidroksilgragy kalpo ,sarauto”
saiSu valences kompeatgai [11].

Koordinatvi nepiegtinatais silicija atoms Sil (Luisa
skabais centrs) un blakus esoS3ais tedtsis skibelkda atoms
O1 (Luisa laziskais centrs) modelakiivo centru pri, kas
veidojas pie augsmn temperatram uz ralo Kkatalizatoru
virsmas [12].

Musu iepriek8ja darls, kas bija velts etkskabes
ketonizcijas melainisma @tiSanai, tika konstats, ka uz
blakus esoSajiem Kkatalizatora abkjiem un Bziskajiem
centriem efiskabes molekula adsogfas disociatwi, veidojot
virsmas karboksita struktiru. Adsorbcijas process noris
spontini ( bez enetijas barjeras frvarcSanas) ar entalpiju
AH; =-102.1 kcal/mol [11].

Turpret, ka rada apekini, propionskbe skuma veido ar
katalizatoru Wji saisftu virsmas kompleksuAH; = -9.6
kcal/mol) (1a. att.). Sajkomplekd at@lums starp virsmas
atomu Sil un molekulas akeKa atomu O2 ir 3.581 A, un
atalums starp hidroksilgrupas atomu H1 un ter@tonatomu
O1 sastda 1.967 A,

Lai noskaidrotu aktiacijas enegiju molekulas ilakai
hemosorbcijai, izmantain reakcijas iek§as koordirates
metodi. ledita enegijas \ertiba E= 8.4 kcal/mol. Talk, kad
ir parvarets parejas sivoklis, notiek disociavas adsorbcijas
process, kura rezata protons H1 pievienojas katalizatora
atomam O1 un izveidojas virsmas karbaditsil (propiomnta
jons) (1b. att.). Jaas saites SHO2 garums ir 1.790 A un
Sis saites #rta ( bond order) samta 0.628. Processa entalpija
ir -84.0 kcal/mol.

Salidzinot karbonskbju adsorbcijas raksturu varam setjn
ka ekvimofira maigjuma gadiuma, mijiedarkiba ar
katalizatoru prsvana stisies efiskabes molekulas, veidojoi t
rezuléita virsmas acéta struktiras. Ta ka tadgjadi tiek bldgéti
katalizatora akvie centri, propionsibes molekulas aks
reget ar akivajam ddipam, kas atrodas ages fize virs
katalizatora. Tiek uzsk#s$, ka reakcijas apstlos (320-
400°C) &du ddinu avots iridens molekulas [11].

Aprekini rada, ka propiongdbes molekulas mijiedatba ar
elektroflu — protonu - noris spofi ar AH; = -121.1
kcal/mol. Protons uzlak hidroksilgrupas sibela atomam,
kuram ir visslieikais n-elektronu bivums (4.459) molekal
Reakcijas rezuita veidojas udens molekula un
propionilkatjons (HC-CH,-CQO").

35



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry
2010

\olume 22

€l
(@]
-1

o:§ 8]
C C

a)
2.069
G2
2.0l6
b)
b)

1.att. Propionskbes mijiedartba ar SiQ katalizatoru: a — adsorbcijas
komplekss; b — hemosorbcija ar karboitsil veidoSanosaftalumi ir doti
angstrémos).

Ta ka adsorlstas aceita ddinas ir \erstas pret katalizatora

virsmu ar sa#m karboksilgrupm, tad propionilkatjoni @am c)

var uzbrukt tikai no metilgrupu puses. lzejagvekli . _ o _

atlums starp pozti ladsto (0.437) atomu C1 propioailun zﬁatt.klesz|Jat St"’g/’ o anjon prog'okr:!',az ':)at:c’””: a “ﬁ:‘ﬂkm;

negatvi ladeto (-0.268) atomu C2 anjarbija 4.255 A (2a. é(\)lzo 19 B~ StApsloKls, © = reakclas produiti: ~-bulanona molekd

att.). Reakcija noris spami ar AH; = -176.6 kcal/mol.

Sakuma tiek nowerota re@gjoso ddinu pakipeniska tuvoSais. Tadgjadi, §s bimolekuiras elektrofits aizvietoSanas

Kad atilums C1-C2 ir samaziijes idz 2.069 A — fikst saite reakcijas rezufta rodas oglela dioksds un kross-

C2-C3 un no atoma C2 aiziet prom £@olekula (2b. att.). ketonizcijas produkts — 2-butanona molekula.

Sis€mas fdzsvara @ivoklis ir paédits 2c. att. legitie rezultiti lauj afl secirat, ka 2-butanons ir reakcijas
pamatprodukts. Simetrisko ketonu — acetona unlkiétina —
iznakums his daudz maaks.
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Mendel Fleisher, Vladislav Stonkus, Kristine Edolfa Edmunds Lukevics. Quantum-chemical study of the dalytic cross-ketonization
mechanism of carboxylic acids.

The mechanism of cross-ketonization of acetic/poighionic acid mixture over Siwas investigated by semiempirical quantum chemical
AM1 method. We have modeled the catalyst by a nudeelectroneutral cluster §&8,9He. The hydrogen atoms that are not involved in the
surface hydroxyl groups are added to satisfy tHeney of the Si-O bonds that were disrupted byirgtout the cluster from the bulk of the
catalyst. It has been found that adjacent acid-lpaseof the catalytic sites provokes dissociatagsorption of the acetic acid molecules
resulting in the formation of surface carboxylgeaes. The reaction is a barrierless process evithalpyAH; = -102.1 kcal/mol. When the
Lewis acid sites of the catalyst surface occurddlmcked by carboxylate species, the propionid aeblecules begin to interact with the
active species located in the gas phase. It casupgosed that at the temperature range of the ikatamn reaction being about 250-480,
water molecules on the oxide surface could sertbesource of protons and hydroxyl ions, and actcd-basic catalyst. The proton attack is
directed to the hydroxyl group oxygen atom havinhg highestt-electron density (4.459) in the molecule, and ltesu the formation of a
water molecule and propionyl cation. As the adsorb@rboxylate species is directed towards the ysttaurface by its carboxyl group, the
attack on it by propionyl cation is possible onlgrii the methyl group side. The reaction proceedstsmeously with enthalpyH= -176.6
kcal/mol. The yield of this bimolecular electroldhisubstitution reaction is a carbon dioxide malecand the target produeta 2-butanone
molecule.

Menpea ®aeiimep, Baaaucnas Cronkye, Kpucrune Inoada, Iamynac Jykepun. KBanToBo-XuMH4eckoe uccjie0BaHHe MeXaHH3Ma
KaTaTUTHYECKOH KPOCC-KeTOHN3aINH KAPGOHOBBIX KHCJIOT.

IMonysmnupudecknuM MetonoM AMI1  HccienoBaH MEXaHH3M KPOCC-KETOHHM3allMH B CHCTEME YKCYCHas KUCIOTa/PONHMOHOBAs KHUCIOTA B
npucyTcTBUM Karanuzaropa SiO,. B kauecTBe MOZENM aKTHBHOM MMOBEPXHOCTU ObUT BBIOPAH AJICKTPOHEHUTPAIBHBII MOJICKYJSIPHBII KiacTep
SigO19Hs. ATOMBI BOIOPOJA, HE BXOSIINE B HOBEPXHOCTHBIC THIPOKCHUIIBHBIC IPYIIIIBI, CIY)KaT HACHILICHUIO BAJIICHTHOCTEH "00OpBaHHBIX"
cBszeil. [TokazaHo, 4TO NPHU HAIyCKE B CHCTEMY SKBUMOJILHON CMECH KUCJIOT, C aKTUBHBIMHU LIETPAMH KaTaIM3aToOpa MO NPEUMYILECTBY OyIyT
pearupoBaTh MOJIEKYJIbl YKCYCHOM KHCIIOTBI, 00pa3ysi MOBEPXHOCTHbIE KapOOKCHIIATHBIE CTPYKTYpbI. [Ipoliecc npoTekaeT caMonpou3BOJIBEHO ©
sHTanenmen AH; = -102.1 kkan/mons. Ilocne Toro, kak JIBIOMCOBCKHE KHCIIOTHBIC ILEHTPHI MOBEPXHOCTH OKAXKYTCS OJOKHPOBAHHBIMH
KapOOKCHJIATHBIMHM 4aCTHLIAMH, MOJIEKYJIbl IIPONMOHOBON KHUCIOTBI CTAHYT B3aMMOJCHCTBOBATh C aKTUBHBIMU YAaCTULIAMH, HAXOJALIMMUCS B
ra3oBoil ¢aze. FICTOUHHKOM TaKWX HacTHI], B TEMIICPATypPHBIX YCIOBHUIX PEaKIUH KETOHW3AIMU HaJ IIOBEPXHOCTHIO OKHCHBIX KaTAIN3aTOPOB,
CITyXKaT MOJICKYJIBI BOJBI. ATaka MPOTOHA HAIpaBJIeHa Ha aTOM KHJIOPOJa THAPOKCHIBHON TPYIIIIBI, HMEIOIIEro HauOOJIBIIYIO T-3JIEKTPOHHYIO
wioTHOCTh (4.459) B Mousekyne. B pesynprate 3TOif peakuuu 00pasyercss — MOJICKyJa BOIbl W IPOIHOHHJI-KaTHOH. ITOCKOJBKY
ajcopOupoBaHHbIe KapOOKCHIATHBIE YAaCTHIBI OOpalIeHbl K MOBEPXHOCTH CBOMMH KapOOKCHIBHBIMH IPYNIIAMH, TO MX aTaka IIPOIHOHUI-
KaTHOHOM BO3MOXKHA JIMIIb CO CTOPOHBI METHJIBHOM Ipymmbl. Peakimsi mpoTekaer cmoHTaHHO ¢ sHTambmmedn AHe —176.6 kkan/mons. B
pe3ysbTaTe 3Toi OMMOJIEKYJIAPHOM pEeaKLUH 3JIeKTPOGUIBHOTO 3aMeIleHHsT 00pa3yeTcst MOJICKyJia JBYOKUCH YIJIEpOAa M LeleBOi MpOayKT
KPOCC-KETOHH3ALMK — MOJIeKyJsia 2-0yTaHOHa.
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