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The telomerization of ethylene with CCI~ takes place at a sufficiently high concentration 
of the telogen in accordance with the free-radical chain mechanism [i] 

Scheme 1 

t. Initiator ------+ 

2. 1~/ q- CC14 -+ I1Cl -t- (~C13 
3. CC] 3 -[- C2H 4 --> CCI3CH2CH2 

4. CCLCH~CH2 ~- C2H~ ~ CCIz(CH2CH~)2" 
", k tr I 

5. CCI3CH~CH2 + CC14 --~ CCI3CH2CH~C](T~) § CC]3 
kn 

6. CCI~(CH2CHJ~ ~- C2H4 ~ CC13(CH~CH~)~+~ 

7. CCla(CH2CH~),~'@ CC14-~"r'*> - CCI,(CH2CH2)~CI(T~)-1- dCla 
8. 2CCla--+ Products. 

It can be seen from Scheme 1 that the relative yield of the telomeric homolog T n is 
solely dependent on the competition between the substitution reaction and the reaction in- 
volving the addition of the CCI3(CH2CH2)n" radicals (steps 4-7). This allows one, by employing 
the techniques for competitive kinetics, to study the reactivity of short-lived radicals. The 
determination of the chain-transfer constants Cn = ktrn/k~ is a widely employed technique for 
this purpose. A significant difference between C I = ktrI~kp I and Cn (n~2) is observed in 
the telomerization of ethylene with CC14 [i]. Since C n is the ratio of the rate constants of 
two competing elementary processes, indeterminacy in the estimates for these steps always 
arises during the investigation of the change in the values of Cn. 

The aim of the present work was to determine the rate constant for the abstraction of a 
chlorine atom from CCI~ by CCI3(CH~CH2)n" (n = 1-3) radicals (I)-(III) by means of ESR, which 
would allow one to establish the contribution of each elementary step to the telomerization of 

! 
} 

Fig. i. The ESR spectrum of 
2,3,5,6-Me~C6HN (O) (CH=CH=) ~CCI~ 
radicals prepared by the irradiation 
of CCI3(CH2CH=)=I with UV light in 
the presence of nitrosodurene and 
Hg(m-C2H2BIoH~-9)2. 
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ethylene by CC14. 

The radicals (I)-(III) were generated by the photochemical decomposition of CCIa(CHaCHa)n I 
in the presence of Hg(m-CaHaB1oHg- 9)~ and nitrosodurene(ND) (Fig. i) at 40=C. It can be seen 
from Fig. 1 and the data in Table 1 (experiments 1-3) that only signals from the nitroxyls 
2,3,5,6-Me4C6HN(O)(CHaCHa)nCCIa (A) are observed in the ESR spectrum during the decomposition 
of the trichloroiodoalkanes. When solutions containing Hg(m-CaH=B~oHg-9)a, ND, and CCI~ are 
irradiated, lines from the 2,3,5,6-Me4C~HN(O)CCI3 nitroxyl radicals (B) are observed in the 
ESR spectrum in addition to the signals from the radicals (A) (Fig. 2, line a). The former 
were assigned on the basis of an investigation into the dependence of the intensities of the 
signals due to the nitroxyl radicals (A) and (B) on the concentrations of [ND]o and [CCI~]o 
(see below) which permits one to calculate, from the ESR spectra which have been obtained, the 
values of the hyperfine coupling constants for radicals (B) (experiments 4-6) which are in 
agreement with the corresponding parameters for the same radicals studied in [3]. The for- 
mation of the radicals which have been identified can be described by the following scheme: 

CCla(CH~CH~)nI initiator, hv -- >' CCla(CH2CH~)~" 
~add _ 

CCIa(CH~CH~),~" + ~ ~ 2,3,o,6-Me4C6HN(O)(CH~CH~)~CCla(A) 
h'~r r~ 

CCIa(CH~CH~)~" -6 CCI~ ~- CCla(CH~CH~)nCt(T.) + r 

CCla + ND --+ 2,3,5,6-Me~CsHN(0)CC18 (B) 

(i) 

By applying the stationary-state approximation [4] to Scheme 2, we obtain 

[A]/[ B] : kadd/k~ [ND~ 
[CCldo (2) 

where [A] and [B] are the current concentrations of the nitroxyl radicals (A) and (B). 

The following results agree with the formation of the radicals (A) and (B) in accordance 
with Scheme 2. 

When CCIz(CHaCH2)I is irradiated with UV light in the presence of [Hg(m-CaH2B~oHg-9)=] = 
1.3,10 -4 M, signals from radical (A) ([A] = i0 -~ M) are observed in the ESR spectrum. At the 
same concentration of the initial reagents and under the same experimental conditions but with 
CC14 and without CCIa(CHaCHa)nI, we were unable to observe signals from radical (B) in 
concentrations sufficient to obtain the hyperfine coupling constant of the spectrum ([B] = 
i0 -s M)~ Furthermore, it follows from the data in Table 1 (experiment 5) that there is a 
linear dependence of the ratio [A]/[B] on [ND]o/[CCI4]o in complete agreement with Eq. (2). 

From Eq. (2), when kad d = 4.07.107 liters/mo!e-sec [6], and the data in Table I, we ob- 
tain: ktr I = 3.9-103 , ktrII = 9.0-104 , and ktr III= 1.4.105 liters/mole.sec, which corre- 
spond to the constants for the abstraction of a chlorine atom from CC14 by radicals I, II, 
and IIi, respectively.t 

Starting out from the values of ktr n and Cn, cited in [2] (C: = 0.087, Ca = 3.0, C3 = 
7.5), the rate constants for the addition of radicals (I)-(III) to ethylene at 40~ are de- 
termined as: kp I = 4.5"10, kp II = 3.0o104 , kp III= 1.87.104 liters/mole'sec. 

Hence, the changes in the values of C n in the telomerization of ethylene by CC14 are 
mainly associated with the difference in the rate constants for the abstraction of chlorine 
from CC14 by the telomeric radicals CCIaCH2"CH2 and CCIa(CHaCH=)~ (n>2). 

The use of Fe(CO)5 in conjunction with CH3OH as an initiator for the telomerization of 
ethylene by CC14 leads to a significant increase in the relative yield of CCI3CHaCHaCI (TI) 

*This result agrees with the data in [5] concerning the appreciably faster abstraction of io- 
dine from iodoalkanes by methyl radicals than the abstraction of chlorine from CC14~ 
tOn account of the impossibility of integrating the ESR spectral bands and allowing for the 
accuracy of the values for kadd determined in [6], it may be assumed that the error in the 
absolute values of ktr n will lie within the limits of half an order of magnitude, while the 
error in the relative values will lie within • (see Table i, experiment 5). 
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Fig. 2. The ESR spectra of 2,3,5,6- 
Me4C6HN(0)(CH2CH2)2CCI3 radicals (lines a); 
only the extreme lines of the triplets are de- 
noted (see Fig. i) and of 2,3,5,6-Me4C6HN- 
(0)CC13 radicals (several signals from 
them which coincide with the signals from 
radicals (A) have not been noted, see 
text), obtained by the irradiation of a 
solution of CCI3(CH2CH2)2I containing 
Hg(m-C2H=BzoHg-9) 2. [ND]o = 5.94"10 -3 and 
[CCl~]o = 7.04 M, 40~ 

in comparison with peroxide initiators or Fe(C0)5 without an additive. For instance, the 
yield of Tz is 3 and 6.3%, respectively, for initiation with peroxide and Fe(CO)5. Under the 
same experimental conditions and with the same initial monomer--telogen ratios, but with 
initiation by the Fe(C0)~ + CH30H system, the yield of Tz increases up to 67%. 

The value of ktr I calculated by us enables one to determine the lower limit of the rate 
constant ktr (Fe-CI) for the transfer of chlorine from intermediates of the FenCl type which 
are formed when the telomerization of ethylene by CC14 is initiated in the presence of nucleo- 
philic cocatalysts. 

The formation of T~ in the telomerization of ethylene by CCI~ can be described by step 
1 in Scheme 2 and, when Fe(C0)5 is used in conjunction with additives, it may be described 
by Scheme (3) 

~(.Fe-co 
~ r  

CClsCH~CH2 ~- Fe~C1 ~ CCI~CH~CH2C1 ~ Fe ~+1 (3) 

898 



Starting out from this and taking account of the data presented in [7], we obtain: 

kI,~(F~Cl) [CC14]o = 3,0 
t~J~t~ [Fe~CI] "66,7 

Since [FenCl] ~[Fe(CO)5], ktr(Fe-Cl) ~ 3.107 liters/mo!e.sec. Such a large value for 
ktr (Fe-C!) is in accord with the fact that the use of catalytic amounts of Fe(CO)~ (%10 -3 M) 
in conjunction with various different additives practically completely suppresses the telo- 
merization of ethylene by CC14. 

Hence, the results which have been obtained demonstrate the decisive role played by the 
step involving the transfer of chlorine by the intermediate particles of iron carbonyi onto 
the telomeric radicals which are formed in the telomerization of ethylene by CC14 with 
initiation by Fe(CO)5 in conjunction with CH3OH. 

EXPERIMENTAL 

The ESR spectra were recorded on a ~-1306 spectrometer. Ampuls containing the so- 
lutions were irradiated in the resonant cavity of the spectrometer with the output from a 
DRSh-500 lamp. Hg(m-C=H2BIoHg-9)2 and the nitrosodurene was dissolved in CHCI3 and subse- 
quently added to the reaction mixture. The iodotrichloroalkanes were prepared using the method 
described in [8], taking account of the kinetic data in [9]. 

CONCLUSIONS 

i. The rate constants for the abstraction of chlorine by CCIs(CH~CH2)n" radicals (I-III) 
(n = 1-3) from CC14 at 40 ~ were determined by the ESR method. 

2. On the basis of the values obtained for the rate constants for the transfer of chlorine 
from the intermediate iron complexes, the rate constants for the addition of the telomeric 
CCI3(CH2CH2)n" radicals to ethylene were calculated. The lower limit of the rate constant 
for the transfer of chlorine onto the CCI3CH=~ radical By iron complexes was also determined. 

3. The changes in the values of the chain transfer constants in the telomerization of 
ethylene by CC14 during initiation by peroxides and metal carbonyls are associated with the 
difference in the rate constants for the abstraction of chlorine from CC14 by the CCIsCH='CH= 
and CCI3(CH2CH=)" n (n ~2) radicals. 
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