This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Cage Effects in Dimethylaminyl Radical Formation
T. Oda®; T. Maeshima®; K. Sugiyama®

2 Faculty of Science and Engineering, Kinki University, HigashiOsaka-shi, Osaka, Japan " Faculty of
Engineering, Kinki University, Hiroshima, Japan

To cite this Article Oda, T. , Maeshima, T. and Sugiyama, K.(1979) 'Cage Effects in Dimethylaminyl Radical Formation',
Journal of Macromolecular Science, Part A, 13: 6, 715 — 725

To link to this Article: DOI: 10.1080/00222337908056684
URL: http://dx.doi.org/10.1080/00222337908056684

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222337908056684
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 14 25 January 2011

Downl oaded At:

J. MACROMOL. SCL—-CHEM., A13(6), pp. 715-725 (1979)

Cage Effects in Dimethylaminyl Radical Formation

T. ODA and T. MAESHIMA

Kinki University

Faculty of Science and Engineering
Higashi Osaka-shi

Osaka 577 Japan

and

K. SUGIYAMA

Kinki University
Faculty of Engineering
Hiro-machi, Kure-shi
Hiroshima 737-01 Japan

ABSTRACT

The rate of decomposition of 1,1,4,4-tetramethyl-2-tetrazene
(TMT) was measured in various unbranched alkanes of varying
viscosities. The observed rate constant for the decomposition
of TMT decreases with the viscosity of the solvent. A compen-
sating change was found in the enthalpy and entropy of activation.
It was also found that the decomposition of TMT occurs by the
scission of only one N-N single bond and undergoes cage return
in the alkanes by recombination of radicals.
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INTRODUCTION

1,1,4,4-Tetramethyl-2-tetrazene (TMT) is able to initiate the
radical polymerization of various vinyl monomers, such as ethylene
[ 1-3], styrene [4, 5], and acrylonitrile |5, 6]. It has been demon-
strated that the thermal decomposition of TMT is a first-order
reaction and that the reaction process involves the homolytic fission
of the nitrogen-nitrogen linkage to give two dimethylaminyl radicals
with liberation of nitrogen [7]. Furthermore, it was reported that
the activation energy of the decomposition of TMT is 31-36 keal/mole
with]a corresponding preexponential factor log A of 11.4-14.4 | 1,
8-10].

When a pair of dimethylaminyl radicals if produced from TMT in
solution, it may either diffuse out of the solvent cage or recombine
within the cage. The thermal decomposition of TMT has been thought
of as proceeding by two possible mechanistic routes: the synchronous
scission of two single N-N bonds to produce two dimethylaminyl radi-
cals or nonconcerted decomposition as a two-step mechanism.

Although there has been great interest in this cage effect on the
bond homolysis of various initiator such as peroxides and azoalkanes
| 11-14], systematic studies of the cage effect on the radical decom-
position of TMT have not been reported. Continuing our investigation
of the vinyl polymerization initiated by 2-tetrazenes, it was of par-
ticular interest to examine the effect of solvent viscosity on the
decomposition of 2-tetrazene. The present paper deals with a detailed
study on the effect of solvent viscosity on the rate of the decomposi-
tion of TMT in various unbranched alkanes.

EXPERIMENTAL
Reagents

1,1,4,4-Tetramethyl-2-tetrazene (TMT) was prepared according to
the method of Bull et al. [ 15]; bp 31.5-32°C/15 Torr; Apax (0

hexane) 276 nm (log € = 3.92). The unbranched alkanes hexane,
octane, decane, dodecane, tetradecane, and hexadecane were purified
by standard methods and then distilled twice under nitrogen before
use. Their purities were checked by gas chromatography (GLC). The
viscosities of the alkanes were determined at 110, 115, 120, 125, and
130°C by using an Ostwald viscometer.

Thermolysis Procedure

A known amount of TMT in alkane was placed in a glass tube which
was cooled in a Dry Ice/methanol bath and sealed. The sealed tube
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was shaken in a thermostat maintained at a definite temperature.

After thermolysis for a given time, the remaining content of TMT in
the tube was determined by UV measurement.

UV Measurements

UV spectra were obtained with a Shimadzu UV-200S double-beam
spectrophotometer. The rate of thermolysis of TMT in alkanes was
determined by measuring the rate of disappearance of the absorption
at 276 nm of TMT. The relation of absorbance versus concentration
followed Beer's law in alkanes over the concentration range from
0.6 to 2.2 X 10" * mole/liter. The observed first-order rate con-
stants kobsd were estimated from Eq. (1):

K paq = (1/8) In (Dg/Dy) (1)

where DO and Dt represent the absorbances at zero time and time t,

respectively.

Activation Parameters

The Arrhenius energy of activation Ea [ 16] was calculated from

a plot of log k versus 1/T. The enthalpy of activation was ob-

obsd
tained from the equation

AHI =E_ +RT
a
ASI was evaluated from Eyring's equation,

k = kT/h exp {- AHI/RT }exp {ASI/R}

obsd
RESULTS AND DISCUSSION

Measurement of the Viscosity of Alkanes

In order to see the effect of viscosity on the rate of the decomposi-
tion of TMT, it is necessary to use a solvent in which the viscosity
can be varied without sharply changing any other properties of the
solvent. In this work, the viscosities of alkanes were measured at
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TABLE 1. Activation Parameters and Viscosities of Alkanes at
Various Temperatures

Viscosity (Cpoise)

E .

n-Alkane 110°C 115°C 120°C 125°C 130°C (k‘(l:l:l/mole) Avis

Hexane 0.182 0.167 0.152 0,136 0.122 2,105 0.0145
Octane 0.346 0.329 0.312 0.295 0.277 2.420 0.0141
Decane 0.460 0.440 0.422 0.402 0.383 2,750 0.0124
Dodecane 0.778 0.757 0.736 0.714 0.695 3.020 0.0115
Tetradecane 0.896 0.872 0.849 0.823 0.802 3,340 0.0098
Hexadecane 0.920 0.883 0.859 0.829 0.803 3,570 0.0092

various temperatures. Arrhenius-like plots of the viscosities gave
straight lines, from which the activation parameters Evis and Avis

[ Eq. (3)] were calculated. They are tabulated in Table 1.

Thermal Decomposition of TMT

The kinetics of decomposition of TMT were measured in alkanes
over the temperature range 110-130°C. The reaction rate was strictly
first-order with concentration of TMT under these conditions [ 10].
The observed rate constants k for the decomposition of TMT are

- . obsd
listed in Table 2.

As can be seen from Table 2, k decreases with the viscosity

obsd
of the solvent. It may be concluded that the macroscopic viscosity
reflects the resistance to translational motion of dimethylaminyl
radicals in alkanes.

Arrhenius plots of the data in Table 2 yielded straight lines, from
which the activation parameters were calculated by the method
described in the Experimental Section. The results are shown in
Table 3.

From the effect of the viscosity of the solvents on the activation
parameters, a compensating change was found in the enthalpy and
entropy of activation for the decomposition of TMT, as shown in
Fig. 1. In addition, activation free energies are little influenced by
any kind of alkanes. These findings suggest that a single mechanism
is operative for the thermal decomposition of TMT in alkanes. Accord-
ingly the variation of kobs d with viscosity is not due to different
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TABLE 2, First-Order Rate Constants (kobs d) for the Decomposition
of TMT in Alkanes at Various Temperatures

LS 10° (sec™ ')
n-Alkane 110°C 115°C 120°C 125°C 130°C
Hexane 1.20 2,20 3.31 6.70 11.8
Octane 1.11 2,07 3.25 6.29 10.8
Decane 1.07 2.03 3.18 6.25 10.2
Dodecane 0.89 2.00 3.00 6.11 9.44
Tetradecane 0.87 1,72 2,85 5.87 9,09
Hexadecane 0.75 1.44 2,71 5.32 8.14

TABLE 3. Activation Parameters for the Decomposition of TMT in
Various Alkanes at 130°C

0.239AH% 0.239a8t 0.239AGE
n-Alkane (kJ/mole) (J/mole-deg) (kd/mole)
Hexane 36.0 7.73 32.9
Octane 36.9 9.83 33.0
Decane 37.4 10.9 33.0
Dodecane 39.2 15.2 33.1
Tetradecane 39.7 16.3 33.1
Hexadecane 41.1 19.5 33.2

i

decomposition mechanism, It is suggested that the variation of AH
does not depend on the reaction mode, but depends on the change in
the apparent rate of decomposition.

Qualitative Viscosity Test

In the reaction (2) kl’ k_ r kD’ kB represent the rate constants

for the bond homolysis, recombination of original geminate radicals,
diffusive separation of the geminate radicals, and any other scission
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: ! kl k
(CHa)sN——N=N—-N(CHs): === (Cage) — D2+ 2(CHy)2N* + N2
i ; k-1
a B
ky
(Cage-B) + HN(CHzs): (2)

that competes with diffusion and cage return. In this case, kobsd is
given as

k =k (ky +kp)/(k_; +kp +k (3)

obsd B)
The viscosity of alkanes may be written as [ 16]

N = Avis exp {Evis/RT} (4)
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while the temperature dependence of ki, can be expressed as [ 14]

kD = AD exp { -ED/RT} (5)
According to Pryor [ 14], the following relationship can be obtained
for the decomposition of TMT in high viscosity media;

1/kobsd

. 1/2

= 1/k, +(k_ /K ApMn /A ) (6)
Equation (6) suggests that the decomposition of TMT may be

divided into two classes.

Class I k_1 =0, TMT decomposes by the synchronous scission

of both @ and 8 bond. The rate of decomposition may be independent
on the solvent viscosity.
Class II: k_1 #0. TMT decomposes by the scission of the 8 bond

only to give cage return in whichever solvent by radical recombina-
tion, In this case, the kobsd decreases as the viscosity of the solvent
increases.

In order to check whether TMT decomposes by the initial scission
of only one N-N bond (B scission) or the synchronous scission of two
single bonds (a,3 scission), kobs q vas plotted against the viscosity

term. As can be seen from Fig. 2, the slopes of the lines are not
zero in the decomposition of TMT in various alkanes. Therefore,

it is concluded that TMT does not decompose by a concerted mechan-
ism but decomposes by a two step mechanism, That is, TMT de-
composes by the scission of only one N-N single bond, and undergoes
cage return by recombination of radicals. The same results have
been obtained in the decomposition of tetraphenyl-2-tetrazene [ 17]
and 1,4-dimethyl-1,4-diphenyl-2-tetrazene [ 18]. Accordingly it is
generally concluded that the 2-tetrazene does not decompose through
a concerted mechanism but decomposes by a two-step one.

Decomposition Mechanism

TMT is expected to act as the combination of three possible
mesomeric structures [ 19] shown in Eq. (7)

(CHs)2 N* =ﬁ—E—N(CH3)2 P

(CHS)Z N—ﬁ=ﬁ—ﬁ(CH3)2

(CH3)2N-N—

=ﬁ(+CH3)2 )
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FIG. 2. Viscosity plots for the decomposition of TMT at various
temperatures.
(CHs)2N*=N-N~ ----- N(CHs)2
trans-TMT —— cis-TMT — ”

(CH3)2:N-N=N- -N(CHs)z

|

(CHs)z N-N=N
(CH3)2N" + Ng ~—— H + *N(CHs)2

(CH3)z N-N" =N
(8)
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TABLE 4. Values of f,, for Decomposition of TMT at Various Tem-

peratures R
fR

n-Alkane 110°C 115°C 120°C 125°C 130°C
Hexane 0.37 0.27 0.24 0.20 0.06
Octane 0.41 0.32 0.25 0.24 0.14
Decane 0.43 0.33 0.27 0.25 0.18
Dodecane 0.53 0.34 0.31 0.27 0.24
Tetradecane 0.54 0.43 0.34 0.32 0.27
Hexadecane 0.60 0.52 0.38 0.36 0.35

Though TMT is in the trans form in the ground state [ 20], it is pos-
sible for TMT to isomerize from trans to cis form in the transition
state because of its small dipole moment (1.28 + 0.01 D) [21]. Such
a configuration change was found in the course of the photolysis of
tetraisopropyl-2-tetrazene [ 22]. It was also shown that the steric
factor plays an important role in the decomposition of aromatic
2-tetrazene, especially a series of 1.4-dimethyl-1,4-diphenyl-2-
tetrazene and its several p-substituted derivatives [ 23].

The mechanism of the decomposition of TMT shown in Eq. (8)
is, thus, proposed to account for the present observations.

Fraction of Cage Return

The fraction of the geminate pairs that give cage return, fR’ may
be written as [ 14]

fo=1 /k (9)

R =1 Kopsd/ ¥y

We have used Eq. (9) to calculate the value of fR for TMT. The
results are shown in Table 4. The fR decreases as the solvent

viscosity decreases and the temperature increases. The temperature
dependence of the fR suggested the difference between the activation

energy for diffusion and for cage recombination.
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TABLE 5. k, for the Decomposition of TMT
at Various Temperatures

Temperature 10° X k,
°C) (sec™ )
110 1.91

115 3.01
120 4.36
125 8.38
130 12.6

Activation Parameter Based on k.

The value for the decomposition of TMT were obtained from the
intercepts in Fig. 2 as tabulated in Table 5. The activation param-
eters for the decomposition of TMT based on k, were estimated to
be 31.6 kcal/mole, 0.24 cal/mole-deg, and 31.5 kcal/mole for AHI,
ASI, and AGi, respectively. A comparison of these data with those
in Table 3 indicates the importance of 3 scission for the decomposi-
tion of TMT.
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