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Koit LÄÄTS

ON A MODEL OF CATIONIC TELOMERIZATION KINETICS
In a previous communication [ ! ], a reaction mechanism of the cationic

telomerization of alkenes is proposed. This involves the initial formation
of polarized nonionic monotaxogenic activated complexes (Bj) and poly-
taxogenic activated ionic intermediates carbocations (P/). At the same
time they differ from each other in relative reactivity towards chain pro-
pagation and transfer. In the kinetic equations ['] the average constants
of chain propagation and transfer for polytaxogenic intermediates (/?,- and
qi) are treated as independent of the molecular mass of a growing particle
(Pj). This may lead to inaccuracies in the description of the reaction
kinetics for different concentration ratios of the reactants.

In the present work the possibility of formulating kinetic equations of
cationic telomerization is considered. The changes in the molecular mass
and reactivity of polytaxogenic reaction intermediates are taken into
account. An additional constant is introduced into a kinetic scheme of
the reaction (using symbols of [*]) in order to achieve this.
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wnere v the constant of the decrease in the reactivity of a polytaxo-
genic particle in case the chain of its molecule is increased by one taxo-
gen unit.

Taking into account the identity of polytaxogenic intermediates and the
reactive centres formed, their selectivity towards chain transfer and pro-
pagation of telomerization is assumed to be constant {pjv' : qiV l = const).

At low catalyst concentrations [/Со] : И<lo-2
, the balance of catalyst

complexes is:
oo

[Ко] = [Ц +[А] +[вл+2[РЛ.
j=l

According to the kinetic scheme, the concentrations of the catalyst
complexes are expressed by

tц=—щ, т=пуl[А]...xi P ]У

and those of growing polytaxogenic partides by

[*жгГ
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According to the sum of an infinite decreasing progression : . C!

[Pi]= =[Bj] h-f •

•
,

,
Pjyj I—V

J 1 QiXi PjyjviPjyj+QiXi) v
if Pjyj<v{pjyj+qiXi).
By introducing the derived values into the catalyst balance we obtain:

ш =—=
№]

—-Ч-I+OЙ 1 1+- \
Xi j 1 V

QjXi Pjyj I

The reactivity of polytaxogenic intermediates in the telomerization
reaction is expressed as follows:

[Р;]уЬl= [P,] f _]
J“‘

v {Р]Уз~\~Яг Хг) -*

their general reactivity is given by:

2 [P,]vb>= кУ =[B j -Ml,,
3-1 1 _ Pj'ffj 4iXi

Pjyj+QiXi

On the basis of the above kinetic scheme and the expressions for the con-
centrations of activated particles, the reaction rates of components are
represented for:
telogen

dx ■ 00
_

-—-= {aiXi[Bj\-\-q ixi 2J [Pj]v j- 1} =—[A\rjyj(aixi +bjy j)=

j=i
_[KolrjyjiatXi+bjyj)

“

!MH i+—

I QiXi- p jy j jj
taxogen

du ■ 00

~dt~= (a i*i+26ji/j)-f-Pj#j Jjj [£*j]v j~i } =
j=l

=—[A]r jyj (aixi -\-2b jyj-{-b jyj
~? ]Уз -) =

' QiXi '

=■— [KoVrjyjlaiXi+bjyjl 2+~РзУз ■)] :U,
l \ CjiXi * J

the monoadduct
dZi ■

—— [Bj]aiXi= [A]rjyja ixi = [/С0 U.

/ dz, dу r, \

As seen, the conversion equations of the reaction \ —L J ydo not
involve the constant v and are identical with those presented in [•]. The
constant v is only contained in the general kinetic equation.
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It describes a decrease in the reaction rate resulting from the formation
of growing polytaxogenic intermediates of lower reactivity. From the
kinetic equation presented, it appears that the telomerization process is
completely inhibited if

I—v РзУз
> {

V QiXi

By deactivating the monotaxogenic complex {Bj) with nucleophilic
ligands (S) of the reaction medium according to a one-step mechanism;

Уз
S:Czi:Xi

rss

the catalyst balance is:
00

[/Co] = [Z.] +[B,] +
3=l

The kinetic equation of telogen will assume a simpler form:

dxj [Ко] {cLiXi-\-bji)j)
dt rss bjtjj+l+Уз 1 v

qiXi р sу sv

The new kinetic model explains well a decrease in the rate of telo-merization of isoprene with its hydrochlorides in the presence of SnCl 4by excess taxogen, and also the inhibition of the reaction in the presenceof catalyst FeCl 3 [3]. Changes in the conductance of the reaction medium,
as observed earlier, may also be explained [ 4 ], For example, in the presence
of Snd 4 (calculated bj/ai 0.2) the conductance increases in the course of
reaction by several orders of magnitude, while the reaction rate decreases
considerably. If FeCl 3 serves as catalyst {bj/at = 1.75), the high conduct-
ance of the medium is observed already at the beginning of the reactionwhen the process comes to completion at a conversion of 0.15—0.2 [3 - 4],

On the basis of the dual mechanism of cationic telomerization pre-
sented, also the effect of electrophilicity of the catalysts used on the com-
position of the reaction products of isoprene and allyl and alkoxymethyl-chlorides has been interpreted [ 5 * 6]. Thus, in the presence of strong electro-philes (AICI3, FeCl 3 ), the detachment of a chloride ion from telogen
takes place more easily, leading to an intermediate carbocation. The low
selectivity of the latter towards chain transfer results in higher telomers.
By using milder electrophiles (SnCl 4, ZnCb, BiCl 3), the reactions proceed
mainly through nonionic coordination complexes with the formation of
rnonoadducts. The relative electrophilicities of the catalysts, as established
for the above reactions [5 - 6], are not always observed for the lower
reactivity systems of telomerization. For example, in the reactions of
1,3-butadiene with tertiary butyl chloride [ 7], higher telomers are formed
mainly in the presence of SnCl 4 and AIC1 3) while ZnCl 2 and BiCl 3 favour
the formation of monoadducts. This indicates that the formation of carbo-
cations depends, besides the electrophilicity of catalyst and polarizability
of the C-Cl bond of telogen, also on the ionization power of the ternary
coordination complex of the latter with taxogen. In the kinetics model
presented, this is taken into account by the rate constant {bj) of the
formation of a polytaxogenic particle {Р/ ) from the equilibrium mono-
taxogenic reaction complex ( Bj ).
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To sum up, kinetic equations of cationic telomerization have been
formulated. The equations take into consideration changes in the chemical
nature and reactivity of activated intermediates in the transition from
monotaxogenic to polytaxogenic particles, as well as the increase in the
molecular mass and the decrease in the reactivity of the latter by chain
propagation.
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Koit LÄÄTS

KATIOONSE TELOMERISATSIOONI KINEETIKA MUDELIST

On koostatud katioonse telomerisatsiooni kineetika ja konversiooni võrrandid, mis
arvestavad aktiveeritud reaktsiooniintermediaatide keemilise olemuse ja reaktsioonivõime
muutumist polariseeritud (mitteioonsete) monotaksogeensete komplekside üleminekul
polütaksogeenseteks ioniseeritud kompleksideks, samuti viimaste moolmassi ja reaktsioo-
nivõime muutumist telomerisatsiooniahela kasvades. Reaktsioonikomponentide konversioon
lihttelomerisatsioonil on kirjeldatav kineetika võrranditega:
telogeenile

dxi [Ko]fjyj{aiXi+bjy})
dt ( r ss I bjtjj \

H+n!/) j H ; 1 = u
) Xi I—v JI QiXi PiUi j

taksogeenile

—-=^-[Ko]rjyj [ cuXi+bM ( )] : U,

monoaduktile
dzij

———= [Ko\rjyjdiXi:U,dt

kus [K'o] on katalüsaatori, x i telogeeni, у j taksogeeni, z{]- monoadukti ja s keskkonna nuk-
leofiilsete ligandide kontsentratsioon; Q on monotaksogeense aktiveeritud kompleksi tekke
ja fs nukleofiilsete ligandidega desaktiveeritud katalüsaatori kompleksi tekke tasakaalu-
konstant; monotaksogeense reaktsiooniintermediaadi kiiruskonstandid on a i telogeeniga,
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bj taksogeeniga; ditaksogeense reaktsiooni-intermediaadi kiiruskonstandid on q t
telogeeniga, p y- taksogeeniga; у on polütaksogeense intermediaadi reaktsioonivõime
langus molekuli ahela kasvades taksogeeni ühiku võrra.

Uus kineetika mudel interpreteerib hästi katalüsaatorite elektrofiilsuse ja ingredien-
tide suhte mõju reaktsiooniproduktide koostisele ning reaktsioonikineetikale, samuti
reaktsioonikeskkonna elektrijuhtivusele.

Койт ЛЭЭТС
О МОДЕЛИ КИНЕТИКИ КАТИОННОЙ ТЕЛОМЕРИЗАЦИИ

Составлены кинетические и конверсионные уравнения катионной теломеризации, учи-
тывающие изменения химической природы и реакционной способности активированных
интермедиатов реакции при переходе от поляризованных (неионных) монотаксогенных
частиц к политаксогенным ионным частицам, а также изменения молекулярной массы и
реакционной способности последних при росте цепи теломеризации.

Кинетика конверсии компонентов в ординарной системе теломеризации описывается
следующим образом:
для телогена

dxi
_

[Ko]r,#j(aiXi+bjt/j) ■■
dt { f*s

~
,

_

/, , bjyj \] TJI-l+Tji/j jIH " 1 —U
j Xi 1 1— v I l

qiXi — pjt/j j
для таксогена

~—-=-[КO ( 2+-- :U,

для получаемого моноаддукта
dzij
—=[Ko]r}yjaiXi:U,

at

где концентрации: [Ко] катализатора, x t телогена, уj таксогена, моно-
аддукта, s нуклеофильных лигандов; константы равновесия комплексов катализатора
и — с монотаксогенными активированными интермедиатами реакции, fs
с нуклеофильными лигандами среды; константы скорости а) монотаксогенного интерме-
диата: а г- с телогеном, bj с таксогеном, б) дитаксогенного интермедиата: qt с
телогеном, р

;- с таксогеном; v константа снижения реакционной способности по-
литаксогенной частицы при удлинении цепи ее молекулы на единицу таксогена.

Новая модель кинетики хорошо интерпретирует влияние электрофильности катали-
заторов и соотношения ингредиентов на состав продуктов и кинетику реакции, на изме-
нения электропроводимости реакционной среды.
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	Fig. 1. UV-absorption spectra of 5-methylresorcinol in aqueous sulfuric acid solutions Sulfuric acid %; 1 53.6, 2 62.1, 3 66.0, 4 67.4, 5 70.3, and 6 78.0,
	Fig. 2. UV-absorption spectra of 5-methylresorcinol in aqueous perchloric acid solutions Perchloric acid %: 1 0.0, 2 59.3, 3 60.5, 4 62.0, 5 65.0, and 6 71.8,
	Fig. 3. UV-absorption spectra of 2,5-dimethylresorcinol in aqueous sulfuric acid solu tions. Sulfuric acid %: 1 0.0, 2 56.0, 3 60.4, 4 63.1, 5 65.3, and 6 78.1
	Fig. 4. UV-absorption spectra of 2,5-dimethylresorcinol in aqueous perchloric acid solutions. Perchloric acid %: 1 39.9, 2 55.3, 3 57.1, 4 58.6, 5 60.4, 6 —62.7, and 7 70.3.
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	Fig. 1. 13C NMR spectrum of 5-methylresorcinol dissolved in DMSO (2% w/w).
	Fig. 2. ,3C NMR spectrum of 5-methylresorcinol (SMR) in 90% H2SO4. The low intensity signals denoted by P are due to the sulfonation products of SMR,
	Fig. 3. The plots log/ log Сн+ vs. X-function [9]; 1 C-1,3; 2 C-5. The numbers at points indicate the sulfuric acid concentrations (% w/w).
	Fig. 1. Set of chromatograms of reaction products from /г-butanol dehydration reaction. Catalyst is Porasil E covered with H3P04. Time resolution is 1 sec. Identification of peaks in triplets (from left to right): 1-butene, cis-, trans-butene, and isobutene. Reac' s, temperature was 283 °C.
	Fig. 2. Fitting cis-butene peak areas (from Fig. 1) with function in Eq. i. Rate constants are a = 0.940 sec-1 and &=0.193 sec-1. Interval between points is 1 sec; y-axis is reversed.
	Fig. 3. The rate constant of n-butanol, ft, as a function of temperature (note a logarithmic scale for ft). The Arrhenius plot for these data gives the following function log (ft) = 31.01 —18.74 X03 with the correlation coefficient of 0.998.
	Fig. 4. Mass flow rate constant, a, as a function of the carrier gas flow rate through reactor. Reactor temperature 7’ = 283°C. Filled squares /г-propanol (ft = 0.01 sec-1); open squares n-butanol (ft = 0.007 sec-1).
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	Fig. 6. Particular temperature points on polypropylene ignition thermochromatograms as a function of sample heating time, a temperature of the maximum intensity of the first peak; b temperature of the beginning of pyrolysis of the degradation products in helium; c temperature of the beginning of pyrolysis of the degradation products in air (open squares —0% FR, filled squares 40% FR).
	Рис. 1. Изменение [Со2+] [Со2+]0-1 (а) и [Со2*]-3 (б) во времени после начала реакции. Исходная концентрация кобальта: 0,10 (1), 0,15 (2) и 0,20 моль/м3 (5). Здесь ина рис. 2
	Рис. 2. Изменение pH раствора во времени после начала реакции.
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	Рис. 1. Зависимость извлечения железа (11, III) (/) и анионов С1- (2), F- (3) и SO*- (4) из аргиллита от температуры выщелачивания. Рис. 2. Зависимость извлечения молибдена (1), урана (2) и ванадия (3) из аргиллита от температуры выщелачивания.
	Рис. 2. Влияние температуры термообработки образцов А1203 на спектр термодесорбции абсолютного этанола: 20 (воздушно-сухой) (/), 300 (2), 500 (5) и 700 °С (4). Средняя скорость нагрева 0,155 град/с. Примечание. Неодинаковые интегральные выходы связаны с различным количеством образца оксида (здесь и на рис. 3).
	Рис. 1. Влияние содержания воды в этаноле и на поверхности А1203 и (3-Ga2o3 на энергию активации десорбции этанола, адсорбированного при температуре кипения: 1 (3-Ga2o3, воздушно-сухой, 96%-ный этанол; 2 А1203, воздушно-сухой, 96%-ный этанол; 3 А1203, воздушно-сухой, абсолютный этанол; 4 А1203, прокаленный при 300 °С, 96%-ный этанол.
	Рис. 3. Влияние температуры термообработки образцов (3- Ga203 на спектр термодесорбции абсолютного этанола: 20 (воздушно-сухой) (У), 300 (2), 500 (5) и 700 °С [4). Средняя скорость нагрева 0,244 град/с.
	Рис. 4. Влияние термообработки образцов А1203 на энергию активации десорбции абсолютного этанола: 20 (воздушно-сухой) (1), 300 (2), 500 (5) и 700 °С (4). Значения Ed вычислены 2-м (а) и 3-м методом (б).
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