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OTEHLUVOMETPUYECKMM METOAOM WCC/IefoBaHa KMHETUKA OKWUCNeHUs 2,4,6-TpuUMeTUIaHWIMHa Nof
[elicTBMeM nepokcuancynbaTa aMMOHUSI B BOAHOM pacTBope. MNMoka3aHo, YTO CKOPOCThb peakuuu
MOAYMHAETCS YpaBHEHU) BTOPOro mnopsigka. OnpeaeneHsbl

KOHCTaHTbl CKOPOCTWU W 3HEeprua

akKTuBauunm OKUCNneHns 2,4,6-TpI/IMeTVIﬂaHI/IﬂVIHa, a Takxe npeanoxeH mexaHm3sm peakumn.

KnioueBble croBa:  2,4,6-TpUMe TUIaHUNH,
AncynbaT aMMOHMS, KOHCTaHTa CKOPOCTU.

BBepeHuve

3BECTHO, YTO aHWAMH N €ero NpPou3BOAHbIE
MoABEpPratoTCca  OKUCAMTENbHOW  MOAMMepU3aLum
nog AeicTBMeM MepoKcuamcynbaTa aMMOHUS B
CONAHOKMCNOM BOgHOM pactBope [1]. Okucnu-
Te/lbHas NOMMMEPU3aLMs apoOMaTUYECKNX aMUHOB
MPOTEKAeT aBTOKATA/IMTUYECKM U HAYMHAEeTCa Co
CTaAun OAHO3MEKTPOHHOrO NepeHoca C MOMEKy bl
apomMaTMYecKoro amuHa Ha nepokcuaucynbgar-
MOH C 06pa3oBaHNEM KaTWOH-PagMKaioB, YTO
HeoHOKpaTHO o6cykaanock B nutepatype [1-3].
CorfacHo faHHbIM psfa Apyrvx aBTOpPOB, B Mpo-
Llecce OKMCAWUTENLHOW NOMUMepMU3aLmn  apoma-
TUYECKNX aMUHOB KaTWMOH-pafuKanbl He 06pasy-
l0TCA, @ POb aKTMBHOIO LIEHTPa UCMOMHAKOT KaTu-
OHbl HUTPeHus [4]. Ncxoasa 13 3Toro, Tpu3ameLleH-
Hble aHWIMHBI MOTYT SBAATLCA MOAXOAALLEN
MOZENbI0 151 PELLIEHMS BOMPOCa O MPUPOLe aKTuB-
HbIX LEHTPOB B OKUCAMTENbHOW MOAMMepU3aLum
apomaTuyecKmx amrmHoB. B cnyuae, ecnim okucam-
Te/lbHas MO/MMEPU3aLMA  apoMaTUYECKNX aMUHOB
MPOTEKAaeT C Y4yacTMeM KaTWMOH-PafuKaios, TO
MPOV3BOAHbIE aHW/IMHA C TPEMS 3aMECTUTENSAIMU B
OpTO- U Mapa-nonoXeHNsx OyAyT HeaKTUBHbI.
Kpome TOro, ycTaHOBNEHO, YTO OKUCIMTENbHAs
nonMMepmu3auus apoMaTMYecKMX aMmHOB HOCUT
aBTOKaTa/MTMYecKnii xapaktep [1-4]. [MoaTomy
cnegyeT OXufaTb OTCYTCTBUA aBTOKaTa/M3a B
YCMOBUAX OKWUCMEHUSI aMMHOB, HE CMOCOOHbLIX K
nonMmepmsauun. BmecTe ¢ Tem, MexaHU3M W
KMHETUKA OKWUCNEHWNS apoOMaTUYeCKMX aMWMHOB, He
CMOCOBHLIX K MOAMMepM3aLmu, n3yyeHa
He0CTaTOMHO, TOr4a Kak ee uccnegosaHue mnpeg-
CTaBNsieT He TOMbKO CaMOCTOSATE/bHbIA MHTEpEC,
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NH;3 CI
CHy

+  2(NH4)2S2038 = H3C

CHj

OKucrieHue,

KMHETWKA, MEXaHu3M peakunmn, TMnepokcu-

HO MOXET Crnoco6CTBOBaTL Pa3BUTUIO MpeacTas-
NEHWA 0 MeXaHW3Me OKWUCMMTENbHON MonuMepn-
3aL M1 apoMaTUYECKNX aMUHOB B LIE/IOM.

B HacTosilein paboTe mccnegoBaHa KUHETMKA
OKMCneHus 2,4,6-TpUMeTUNaHWNMHA Nof  AeiCT-
BMEM nepokcuamcynbhata aMMOHMS B BOAHOM
pacTBOpe.

OKCcneprMeHTalbHadA YacTb

KuHeTuKy okucneHus 2,4,6-TpumeTunaHuInHa
1ccnefoBasn MOTEHUMOMETPUYECKM C MOMOLLbIO
pH-meTpa «3koTecT 2000». HaBeckn consHoO-Kuc-
noro 2,4,6-tpumetunaHnanHa  gupmbl  «Aldrich»
maccoii 0.17, 0.2 u 0.21 r (1103 1.17 103
1.22 10® monb) pactBopsiM B 50 MA ABaXAb
OUCTUNNMPOBaHHOK BOAbl. Takke FOTOBUAN TpU
pactBopa 2.28 r (0.1 monb) nepokcuancynbaTa
aMMOHUA «Peaxum» B 50 Mn ABaxAbl AUCTUNIN-
POBaHHOW BOAbl. IMonyyeHHble BOAHbIE PacTBOpbI
CONSIHOKUC/Oro 2,4,6-TpuUMeTUNaHNIMHA "
nepokcuancynbdara amMMOHWA CMeLMBan  npu
Temnepatypax 30, 35 un 40°C, COOTBETCTBEHHO, U
PeaKkUMOHHY0 CUCTEMY MPOLYBa/i  aproHOM.
Peakuuio KOHTpoNMpoBanu, peructpupysa pH yvepes
kaxgble 30 C, BNIOTb [0 [OCTMXKEHUSA €ro
MOCTOAHHOIO 3HAYEHNA BO BPEMEHMU.

Pe3ynbTaTbl U UX 06CYXAEHNe

Mpn  oKUcneHUn  consiHokucnoro  2,4,6-
TPUMETUNAHUAMHA MEPOKCUMANCY/b(ATOM  amMMO-
HWS B BOAHOM pacTBOpe HabMoJaeTcs nosiBieHme
OTYETIMBO  BbIPKEHHON  OpaHXeBO-KpacHOI
OKpacku, 06ycnoBneHHo o6bpasoBaHnem 1,2-
anmesntungmaseHa (puc. 1) [5].

CHs HaC

N=—/N

CHz 4+ 4NH,HSO, 4+ 2HCI

CHg H3C

Puc. 1. OkucnutensHasa gumepusaums 2,4,6-TpuMeTUNaHNINHA.
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KWHeTMKa OKUCIMTENbHOW aumepur3aumm 2,4,6-
TPUMETUNAHUMHA 6blla M3ydYeHa MNOTEHLMOMET-
PUYECKUM METOLOM B MPUCYTCTBUMU [eCATUKPAT-
HOro MOJILHOFO M30bITKA MNepokcuancynbtaTa
aMMOHus (puc. 2).

MpeanonaraembliAi  MexaHW3M OKUCMWUTENbHOM
anmepusaummn  2,4,6-TpuMeTUNaHUANHA NpUBeLeH
Ha puc. 3 1 BK/IKOYAET CTaAWUN MEeLNEHHOr0 OfHO-
3NIEKTPOHHOr0 MepeHoca C MOJEKY/bl apoMaTu-
YeCKOr0 amuHa Ha nepoKcuamcynbgat-uoH c
o6pa3oBaHMeM KaTWOH-pafaukana. [anee KaTWUOH-
pagmkanbl 2,4,6-TpPUMeTUNAHWUIMHA ObICTPO PEKOM-
6uHUpytoT ¢ o6pasoBaHuem N,N’-gumesnTun-
rmgpasviHa, KOTOpbI/i 3aTeM OKWCMSETCA 4O COOT-
BETCTBYHIOLLLEr 0 a30COENHEHNS.

3BECTHO, UTO ruapasvHbl OKUCNSOTCA CYLLECT-
BEHHO ObICTpee, YeM aMUHbI, YTO CBA3AHO C Ha/INUK-
em 6onbworo +M-apekta amuHorpynnol  [6].
Takum 06pa3oM, €CnvM NPUBELEHHbLIA  MEXaHU3M
crpaBeg/MB, TO peakums LOMKHa OblTb GUMONEKy-
NSAPHOM, ee CKOPOCTb [O/MKHA OMpeaensiTbCa TOMbKO
CKOPOCTbIO OAHO3/IEKTPOHHOIO MepeHoca C Mose-
Kynbl  2,4,6-TPUMETUNAHUIMHA  HA  MEPOKCUau-
Cynb(aT-UoH, a B 3HAYNTENbHOM M30bITKE OKMC-
NATENA NPOTeKaTh MO NCeBAONEPBOMY MOPALAKY.
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Puc. 2. SkcnepumeHTasibHble 3aBucumocTy pH
peakLMOHHOM cpefbl OT BPEMEHU B YC/OBUSAX
OKUCNEeHWs CONAHOKUCIONO 2,4,6-TpuMeTuNaHuIMHa
B BO4HOM pacTBope B NpucyTcTBum 10-TU-KpaTHOro
MO/IbHOI O M36bITKa NepoKeuancynbhaTa aMMoHMs
MpY pasfIyHbIX TeMMNepaTypax U HavyasibHbIX
KOHLIEHTpaLmMaX MOHOMepa:
1-30°C (102M); 2-35°C 51.17-10‘2 M):;
3-40°C (1.22107° M).
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Puc. 3. MexaHun3m OKUCNTENbHOW AuMepusauyun 2,4,6-TpUMETUIaHWINHA.

Tak Kak peakuus npoBogunacb B AecsATU-
KpPaTHOM M30bITKE OKUCIUTENS, TO MOXKHO MPUHATD
PABEHCTBO TeKyLLUeid M HayanbHOW KOHLEHTpauuii
oKucmTens B 060  MOMEHT  BPEMEHM
([0X]=[Ox]0), 4TO NO3BONSIET C YY4ETOM Yy4acTus B
O[HO3/1IEKTPOHHOM MepeHOce TOMbKO HEMpPOTOHU-
pOBaHHOW (hopmbl  2,4,6-TpUMeTUNAHUAMHA  [7]
3anmcatb KMHETUYeCKoe ypaBHeHMe (1):
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W, = — d [TMA]J/t = k[TMA][OX], =
= Kaks[TMAH'][OX]o/[H],

rae: Ws — CKOpoCTb 0fjHO3/1IEKTPOHHOI 0 NepeHoca ¢
MOneKynbl 2,4,6-TPUMETUNAHUINHA HA MNEepPOKCU-
ancynbaT-noH; ks — KOHCTaHTa CKOpPOCTW OfHO-
3NEKTPOHHOro nepeHoca; [TMA] Tekyllas
KOHLIEHTPALUS HENPOTOHMPOBaHHOW thopMbl 2,4,6-

1)



TpumetunaHuinHa; [TMAH'] —  KoHuUeHTpauus
NPOTOHMPOBAHHOW hopmbl 2,4,6-TpumeTnn-
aHnnnHa; [Ox]o — HavasbHasi KOHUEHTpaums nep-
okeuaucynbata ammoHus; K, KOHCTaHTa
auccoumaumm - COMPsKEHHoOR  2,4,6-TpUMETUN-
aHWUMHY KUCnoTbl; [H'] — TeKylas KOHLEHTpaLms
NPOTOHOB.

HavasibHble M Tekyluue KOHLeHTpauun 2,4,6-
TPUMETUNAHUMHA U MPOTOHOB CBA3aHbI MEX[Y
co60i1 ypaBHeHNEM MaTepuanbHOro 6anaHca (2):

[H]=[HTo+ K[TMAH o - [TMAH']), (2)

roe K = ([H']« = [H1o)/[TMAH']y — Konuuectso
MPOTOHOB, BbIAENAOWMXCA Ha OAWH MOfMb Mpo-
pearvposasLUero 2,4,6-TpumetunaHnnnua; [H']o -
Haya/bHas KOHLEHTpauus npotoHos; [H']« -
KOHEYHasl KOHLieHTpauus npoToHos; [TMAH'], —
HauyaibHas  KOHLEHTpauus  NpPOTOHUPOBAHHOM
thopmbl 2,4,6-TpUMETUNAHUINHA.

MogctaBnas ypaBHeHMe (2) B ypaBHeHue (1) n
uHTErpUpys B npegenax ot [TMAH], o
[TMAH'] u ot 0 o t nony4nm WUTOroBOE Yypas-
HEHNe KMHETMYECKOI KpuBoiA (3):

([H']o+K[TMAH]o) In([TMAHJ/[TMAH"]o)+  (3)
+ K([TMAH]o— [TMAH"]) = - Koks[Ox]ot
YpaBHEHNE  NINHEAHO B KoopamHaTax

«([Ho+k[TMAH]o) IN([TMAHJ/[TMAH™])  +
K([TMAH1o-[TMAH"]) — t», 4T0 No3BonseT onpe-
[ennTb KOHCTaHTY OfHO3MIEKTPOHHOrO nepeHoca ¢
MOneKynbl 2,4,6-TpuMmeTunaHuAnHa, npuHas pK,
€My COMPSPKEHHOI KNCNOTbI paBHbIM 4.74 [8].
3KcnepuMeHTaNlbHbIe  JaHHble MO  TeKyLLei
KOHLUEeHTpauun 2,4,6-TpUMeTUNaHUANHA B MNPO-
Llecce ero OKWUC/MeHWs B BOLHOM  pacTBope
0OHapyXVBalOT  IMHEHOCTb B KOOpAMHAaTax
«([H'Te+K[TMAH o) IN[TMAHJ/[TMAH]0))10%+
+ K([TMAH™]o — [TMAH"]) - t» B coOTBETCTBUU C
ypaBHeHneM (3), Kak NokasaHo Ha puc. 4.
KOHCTaHTbl CKOpPOCTW OJHO3/IEKTPOHHOIO Mepe-
Hoca C MOJeKynbl 2,4,6-TpUMETUIaHNIMHA Ha nep-
okcmaneynbaT-moH coctagnaoT 146, 2.3 n 3.17
n/(monbc) npu 30, 35 1 40°C COOTBETCTBEHHO; 3Hep-
rma aktmeauum 6117 k[pk/Monb. TemnepaTypHas
33BMCUMOCTb KOHCTaHTbI CKOPOCTY OAHO3/IEKTPOHHO-
ro nepeHoca ¢ Monekysbl 2,4,6-TpUMeTUNIAHWUIMHA Ha
nepokenancynshaT-MoH 334aeTCs ypaBHEHWEM (4):

In k = 24.68 — 7359/T (4)

B cooTBeTCTBUM C TeOpuell aKTUBMPOBAHHOMO
KOMMnekca dipuHra (K = 1) BO3MOXEH pacyeT
SHTAbNMM aKTUBALMW M 3HTPONUM aKTMBaLUM Mo
ypaBHeHusM (5) u (6):

3H* =E,-RT (5)
5S" = R In(Ah/ekgT) (6)
3HayeHVe 3HTaIbNUM aKTUBALWW OLHO3/NEKT-
POHHOrO nepeHoca cocTaensieT 58.5kx/Monb, a
3HayeHne 3HTpoNumM akTueaumm —63 Jx/(monb K).
Takum 06pa3omM, NepexogHoe cocTosHMe bonee
KOMMAaKTHO, YeM UCXOLHble peareHTbl, 04HAKO A5
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Puc. 4. SKcnepumeHTasibHbIe U TEOPETUYECKue
KWHETUYECKMNE KPUBbIE B YCMIOBUAX OKUCNTENBHOM
nonvmepu3saLmn consaHokmcnoro 2,4,6-
TPUMETWIAaHW/IMHA B BOAHOM PacTBOpe B
NpUCyTCTBUM 10-TU-KPATHOrO MOSILHOMO N36bITKA
nepokcuamcynbhata aMMOHUS:
1-30°C; 2-35°C; 3-40°C.

ero [OCTUMXEeHWUA TpebyeTcs NpeofoneHne 3Hayu-
TeNbHOro NoTeHUmManLHoOro 6apbepa. Bbicokoe no-
NOXUTENbHOE  3HAYEHWEe 3HTANbMUU  aKTUBaLMK
BEPOATHO CBA3aHO C Ha/MYMeM SBHOrO 3/1eKTPO-
CTATUYECKOr0 OTTaNIKMBAHUA MEXAY 3NeKTPOHO-
N30bITOYHLIM 2,4,6-TPUMETUNAHUIMHOM K OTpULa-
TeNbHO 3apsXKEHHbLIM MepoKCUanCYNbHaT-MOHOM B
Nepexo4HoOM COCTOSHUM. BMmecTe ¢ Tem, yxke yac-
TUYHbIA NEPeHOC 3M1eKTPOHA NPUBOAMT K UHBEPCUN
3apaga Ha 2,4,6-TpuMeTUnaHuInHe, YTO ABMAETCA
MPVUYMHOI YBENMYEHMSI KOMMAKTHOCTU MNepexoga-
HOro coctosHus. OTCYTCTBMe aBToKaTanmsa npu
OKUCNNTENbHOW anmMepunsaun 2,4,6-TpUMETUNAHN-
NNHA, B OTAMYME OT SIPKO BbIPaXXEHHOIO aBToO-
KaTa/IMTUYECKOrO XapakTepa OKUCAUTENbHOR Mo-
NMEPU3aLIN aHWMHA, AICHO CBUAETENLCTBYET 00
yyacTuu MONMaHW/MHA B KaTaMTUYECKOM LMKIIE
NPV  OKUCAWTENbHOW MNOMAMMEPU3ALMN  aHUMHA.
OTcyTCTBME aBTOKaTa/M3a Npu OKUCneHun 2,4,6-
TPUMETUNAHUNNHA, PaBHO Kak W 06pa3oBaHue
anvepa 6e3 ganbHelillein nonvmepusaunn, CBU-
[leTensCTBYET B NOMb3y 00pa3oBaHUA  KaTUOH-
pafuKanos, a He HUTPEHWEBLIX KATWOHOB B
KayecTBe AaKTMBHbIX LIEHTPOB, Kak 3TO paHee
npegnonaranocs psagoM aBTopos [4].

BbiBoAbI

YCTaHOB/IEHO, 4TO OKuCNeHue 2,4,6-Tpume-
TUNaHWIMHA NoA  AelCTBMEM  M30bITKA  Mep-
oKcmancynbMara aMMOHUSA B CONAHOKMCIOM BOA-
HOM pacTBOpe MPOTEKAeT B COOTBETCTBUM C ypaB-
HeHWeM MceBfOMepPBOro nopagka. OnpegeneHbl
KOHCTaHTbl CKOPOCTW, SHEPrUs aKTUBALMK, SHTPO-
nnsa akTMBauMM W 3HTANbMUA aKTUBauuM OfHO-
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3M1EKTPOHHOr0 MepeHoca C Mofeky/bl 2,4,6-TpU-  SBNSETCS BECOMbIM apryMeHTOM B MO/b3y 06pa3o-

MeTWUNaHWMHA Ha NepoKcnancynbdaT-moH. BaHMs KaTUOH-paaMKasoB apoMaTUYeCKNX aMMHOB
MokasaHo, 4TO 2,4,6-TPUMETUNAHU/IMH HE B KA4eCTBe aKTMBHbIX LEHTPOB.
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KINETICS AND MECHANISM OF 2,4,6-TRIMETHYLANILINE
OXIDATION

Ya.O. Mezhueve, Yu.V. Korshak, I.S. Strakhov, M.I. Shtilman,
T.A. Vagramyan

D.I. Mendeleyev University of Chemical Technology of Russia, Moscow, 125047 Russia
@Corresponding author e-mail: valsorja@mail.ru

The kinetics of oxidation of 2,4,6-trimethylaniline hydrochloride with ammonia peroxydisulfate in an aqueous
solution was studied by the potentiometric method. It was shown that the reaction proceeds as the second order
process. The rate constants of one-electron transfer from 2,4,6-trimethylaniline molecule to peroxydisulfate ion
were determined and are 1.46, 2.3, and 3.17 l/(molsec) at 30, 35 and 40°C, respectively. The activation energy of one-
electron transfer from 2,4,6-trimethylaniline molecule to peroxydisulfate ion is 61 kJ/mol, the entropy of activation
is =63 J/(mol K), and the enthalpy of activation is 58.5kJ/mol. It was determined that 2,4,6-trimethylaniline is not
prone to oxidative polymerization. This indicates that cation-radicals of aromatic amines which act as active
centers of aniline oxidative polymerization are formed. The fact that there is no autoacceleration during oxidation
of 2,4,6-trimethylaniline hydrochloride indicates that the oxidative polymerization of aniline is an autocatalytical
process.

Key words: 2,4,6-trimethylaniline, oxidation, kinetics, reaction mechanism, ammonia peroxydisulfate, rate
constant.
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