
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 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

Metal-Containing Initiator Systems. XXXIII. Polymerization of Vinyl
Monomers Initiated by Binary System of Bis(ethyl Acetoacetato)copper(ll)
and Sodium Tetraphenylborate
Yang-Un Muna; Tsuneyuki Satoa; Takayuki Otsua

a Department of Applied Chemistry Faculty of Engineering, Osaka City University, Osaka, Japan

To cite this Article Mun, Yang-Un , Sato, Tsuneyuki and Otsu, Takayuki(1984) 'Metal-Containing Initiator Systems.
XXXIII. Polymerization of Vinyl Monomers Initiated by Binary System of Bis(ethyl Acetoacetato)copper(ll) and Sodium
Tetraphenylborate', Journal of Macromolecular Science, Part A, 21: 5, 639 — 654
To link to this Article: DOI: 10.1080/00222338408056578
URL: http://dx.doi.org/10.1080/00222338408056578

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, 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/10.1080/00222338408056578
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A21( 5), pp. 639-654 (1984) 

Metal-Con tai ning Initiator Sys terns. XXXl 11. 
Polymerization of Vinyl Monomers 
Initiated by Binary System of Bis(ethy1 
Ace toace tato)copper(l I) and Sodium 
Tet raphenyl borate 

YANG-UN MUN, TSUNEYUKI SATO, and TAKAYUKI OTSU 

Department of Applied Chemistry 
Faculty of Engineering 
Osaka City University 
Sugimoto, Sumiyoshi-Ku, Osaka 558, Japan 

A B S T R A C T  

The polymerization of vinyl monomer with the b i s  (ethyl aceto- 
acetato)copper (11) (Cu (eacac)2) and the sodium tetraphenylborate 
(TPB) sys tem was  investigated. This  binary sys tem w a s  found 
to initiate effectively the radical polymerization of methyl meth- 
acrylate (MMA) and methyl acrylate (MA). The polymerization 
of MMA with the Cu(eacac)  /TPB sys tem was  studied kinetically 
in acetone. The overall  activation energy  of the polymerization 
was  calculated to be 15.8 kcal/mol. This  value is a little lower 
than that ( 17.6 kcal/mol) for the polymerization of MMA with 
Cu(eacac)  alone. The polymerization rate (R ) is represented  
by 

2 

2 P 

R = k [ C ~ ( e a c a c ) ~ ]  Oa5[TPB] o.5[MMA]2.5 
P 

639 
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640 MUN, SATO, AND OTSU 

The high order for the monomer concentration suggests participa- 
tion of the monomer in the initiation process in this polymerization. 
This is supported by examination of the visible and ESR spectra of 
the Cu( eacac)2/TPB/MMA/acetone system. Reduction of Cu (TI) 
to Cu(1) was observed from the ESR spectrum. To elucidate the 
initiation mechanism, the spin trapping technique was applied to 
the Cu( eacac)2)/TPB/MMA system. Based on these results, an 
initiation mechanism for the binary system of Cu (eacac) and TPB 
is proposed and discussed. 2 

I N T R O D U C T I O N  

In a previous paper [11 we found that the binary system of bisacetyl- 
acetonato cobalt (11) (Co ( eacac)2) and sodium tetraphenylborate (TPB) 
could effectively initiate the polymerization of methyl methacrylate 
(MMA) and methyl acrylate (MA). The polymerization mechanism 
was examined by a kinetic study and by the spin trapping technique. 
It was apparent that vinyl polymerization of this binary system pro- 
ceeded via a radical mechanism and that the monomer participated in 
the initiation step. Further, the phenyl radical was trapped in this 
polymerization system. It was  concluded that the reaction of bis (ethyl 
acetoacetato)copper (11) (Cu( eacac)2), borate, and monomer produced 
phenyl radical which initiated the polymerization. 

It is well known that the initiation mechanism and the initiating ac- 
tivity of a metal chelate in polymerization initiated with metal che- 
lates vary with the kind of central metal atoms. We recently found 
that the polymerization of MMA and MA is effectively induced by the 
Cu( eacac)2 and TPB system. Co (11) is a lower valent ion and shows 
a strong reducing nature, whereas Cu(I1) has a high valence and a 
strong oxidizing nature. Therefore comparison of the initiation ac- 
tivities of cobalt and copper as central metals is of interest. 

of vinyl polymerization with the Cu(eacac) /TPB system and on an 
ESR spectroscopic study of the initiation mechanism. 

The present paper i s  concerned with the results on a kinetic study 
2 

E X P E R I M E N T A L  

M a t e r i a l s  

Cu( eacacI2 was prepared by the reaction of cupric acetate with 
ethyl acetoacetate, with purification by recrystallization from acetone 
[ 2 ] .  TPB (Dotait Materials) was used without further purification. 
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METAL-CONTAINING INITIATOR SYSTEMS. XXXIII 64 1 

Monomers, solvents, and additives were purified by the usual methods. 
2-Methyl-2-nitrosopropane (BNO) as a spin trapping agent was  pre- 
pared by oxidation of tert-butylamine with m-chlorobenzoic acid ac- 
cording to the method of Perkins [31. 

P o  l y m e  r i z  a t  i o n  

The polymerizations were carried out in degassed sealed tubes 
without diffused light as described in a previous paper [ 11. To isolate 
the polymer formed, the polymerization mixture was poured into a 
large amount of methanol containing a small amount of HC1 which de- 
composes metal chelate. The intrinsic viscosity ( [TI ) of the resulting 
poly(MMA) was measured in benzene at 30°C, and the number-average 
degree of polymerization (pn) was calculated by [4] 

log Pn = 3.346 + 1.32 log [ql (1) 

M e a s u r e m e n t  of E S R  a n d  V i s i b l e  S p e c t r u m  

The reaction of C ~ ( e a c a c ) ~  and TPB was carried out in the presence 
of BNO in a monomer-acetone mixture in an ESR tube, which was de- 
gassed and sealed. After a given time the ESR spectrum of the reaction 
mixture was recorded by a JES-ME-3X spectrometer with 100 kc/s 
field modulation. The visible spectrum of the Cu( eacacI2/TPB system 
was recorded by a Hitachi ESP-2T spectrometer. 

A n a l y s i s  of P r o d u c t s  f r o m  T h e r m a l  R e a c t i o n  of 
C u (  e a c a c l 2 / T P B  S y s t e m  by  G a s  C h r o m a t o g r a p h y  

The reaction of Cu( eacac)2 with TPB was carried out in a sealed 
tube in acetone at 50°C for 10 h, and extracted with n-hexane. In order  
to analyze the reaction products, a Yanagimoto GCG-550 gas chromato- 
graph was used with Apiezone Grease L as the column. The column 
was programmed for a heating rate  of 4"C/min from 80 to  170°C. 4- 
Methylbiphenyl (MBPH) was used as an internal standard. 

R E S U L T S  AND DISCUSSION 

P o l y m e r i z a t i o n  of V i n y l  M o n o m e r s  w i t h  
C u ( e a c a c I Z  a n d  B o r a t e  I o n  S y s t e m s  

The polymerization of some vinyl monomers with Cu(eacacI2 and 
TPB o r  tetraethylborate (TEB) systems was first carried out in ace- 
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642 MUN, SATO, AND OTSU 

TABLE 1. Polymerizations of Some Vinyl Monomers with the 
Cu( eacac)2/borate Systems in Acetone at 50°C” 

Monomer Borate Time (h) Yield (%) 

MMA TEB 3 8.3 

MMA none 3 0 

MMA TPB 3 8.5 
MA TEB 3 99.8 

MA TPB 3 39.3 
St TEB 15 4.4 
st TPB 15 3.4 

AN TEB 15 12.4 

AN TPB 15 1.0 
V Ac TEB 15 2.0 

V Ac T PB 15 0.3 

[Cu(eacac)2] = 8.00 X 

[monomer] = [mlvent] = 5 mL. 
[borate] = 1.00 X lo-’ mol/L, a 

tone. The results a r e  summarized in Table 1. The polymerization 
activity was found to change according to the monomer used in the 
following order: MA > MMA > acrylonitrile (AN) > styrene ( St) > 
vinyl acetate (VAc). Thus, these binary systems were found to show 
selectivity for the monomers used. Cu(eacac)2 alone o r  TPB alone 
induced no polymerization under the present conditions. The TEB 
system gave a somewhat higher polymer yield than the T P B  system. 

E f f e c t  of S o l v e n t s  a n d  S o m e  A d d i t i v e s  o n  
P o l y m e r i z a t i o n  

Table 2 shows the effect of solvents on the polymerization of MMA 
with the Cu(eacac)2/TPB system at 50°C. A s  can be seen from the 

table, this initiator system showed high activity in CHC13 and in CH3CN, 
but more polar aprotic solvents, such as DMF and DMSO, caused a very 
slow polymerization rate. A s  described below, this result  agrees well 
with our ESR examination. Table 3 shows the effects of some additives 
on the polymerization of MMA for this system. Halogen compounds 
such as CC14 and CHC13 showed a marked accelerating effect on polym- 
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METAL-CONTAINING INITIATOR SYSTEMS. XXXIII 643 

TABLE 2, Effect of Solvent on the Polymeriza- 
tion of MMA with the Cu(eacac)2/TPB System 
at 50°C for  3 ha 

~~ 

Solvent Yield (%) Fnx lo+  

DMF 
DMSO 

CH3CN 
CHC13 

Bz 
THF 

EtOH 

Acetone 

2.4 12.0 
3.5 17.0 

26.5 8.5 

39.0 9.7 
7.8 9.7 

12.9 11.7 

1.3 - 
8.5 30.9 

a [ C ~ ( e a c a c ) ~ ]  = 8.00 X lo-', [TPB] = 1.00 X 

lo-', [MMA] = 4.68 mol/L. 

TABLE 3. Effect of Some Additives on the 
Polymerization of MMA with the Cu(eacac)2/ 
TPB System in Acetone at 50°C for 3 ha 

Additive Yield (%) 

C 6H5C H2Br 

CHC13 

Phenyl acetylene 
18-Crown-6 

CC14 

11.7 

12.8 
46.6 

0.4 

1.7 

a [ C ~ ( e a c a c ) ~ ]  = 8.00 X lo-', [TPB] = 1.00 
X lo-' mol/L, [additive] = 0.5 mL/10 mL, 
[18-Crown-6] = 2.00 X lo-' mol/L. 
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644 MUN, SATO, AND OTSU 

erization, but crown ether and phenyl acetylene (PA) apparently re- 
tarded polymerization. In order  to clarify the mechanism of polym- 
erization with the Cu ( eacac)2/TPB system, the copolymerization of 
MMA and St was carr ied out at 60°C in acetone o r  benzene. The 
composition curves obtained in both solvents were in agreement with 
that obtained with ordinary radical polymerization. Therefore,  it is 
suggested that polymerization with this binary system propagates by 
a radical mechanism. 

A K i n e t i c  S t u d y  of  t h e  P o l y m e r i z a t i o n  of M M A  
w i t h  t h e  B i n a r y  S y s t e m  of C u ( e a c a c ) 2 / T P B  

Polymerization of MMA with the Cu(eacac)2/TPB system was in- 
vestigated kinetically in detail in acetone. Figure 1 shows the time- 
conversion curves obtained at relatively low temperatures ( 30- 50°C). 
This system showed no induction period compared to that observed in 

lo I 5ooc 

8 

2 

0 
0 1 2 3 4 5 

Time (h )  

FIG. 1. Time-conversion curves in the polymerization of MMA 
with Cu( eacac)2/TPB system in acetone: [Cu ( e a ~ a c ) ~ ]  = 8.00 X lo-', 
[TPB] = 1.00 X [MMA] = 4.68 mol/L. 
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3 .0  3 . 1  3 . 2  3 . 3  
1 
T 
- lo3 

FIG. 2. Temperature effect on the polymerization rate (R ): 

2 
P 

[MMA] = 4.68 mol/L. [Cu(eacac) ] = 8.00 X lo-', [TPB] = 1.00 X 

polymerization with the Co (acac) /TPB system [ 11. The yield of the 

polymer increased linearly with time at every temperature. 
Figure 2 shows an Arrhenius plot of the polymerization rate (R ) 

determined from these curves. From the slope of the straight line 
obtained in Fig. 2 ,  the overall activation energy of this polymerization 
was calculated to be 15.8 kcal/mol. This value is a little lower than 
that ( 17.6 kcal/mol) of the bulk polymerization of MMA with Cu( eacac)2 
alone [2]. 

Figure 3 shows the relationship between R and the Cu(eacac)2 con- 

centration when the concentrations of MMA and TPB were kept constant. 
Similarly, Fig. 4 shows the relationship between R and TPB concen- 

tration. R was  found to be proportional to the square roots of the con- 
centrations of both initiator components. This indicates that bimolecu- 
lar termination of the polymer radical occurs in this polymerization 
system. A s  shown in Figs. 3 and 4, a linear relationship is observed 
between R and the reciprocal degree of polymerization ( l/Fn) of the 

P 
polymers obtained. This linear relationship indicates that the chain 
transfer reaction of the polymer radical to the initiator component i s  
negligible under the present conditions. 

and R 

2 

P 

P 

P 
P 

Figure 5 shows the relationship between the monomer concentration 
A s  can be seen, R was  found to depend on the 2.5 order of the 

P' P 
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- 4 . 0  
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: - 4 . 2  
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9 - 4 . 4  

- 4 . 6  

R~ x lo5 (moiiL s)  

2 .o  3 .0  4 .O 
I I 1 

I I I 1 

- 2 . 3  - 2 . 2  - 2 . 1  - 2 . 0  

Log i C ~ ( e a c a c ) ~ I  (rnol/L) 

4 . 0  

3 . 0  

2 . o  

FIG. 3. Dependence of the polymerization rate ( R  ) on the 
P 

Cu( eacac) concentration and on l/Fn at 50°C in acetone: [TPB] = 

1.00 X l o” ,  [MMA] = 4.68 mol/L. 
2 

MMA concentration. This high-order dependence suggests a partici- 
pation of the monomer in the initiation process in this polymeriza- 
tion. From the above results,  the following rate equation was derived 
for the polymerization of MMA with the Cu(eacac) /TPB system: 2 

R P = K [ C ~ ( e a c a c ) ~ ]  o‘6[TPB] o*s[MMA]2’5 (2 ) 

V i s i b l e  a n d  ESR S p e c t r a  of C u ( e a c a c ) 2 /  

T P B  S y s t e m  

Figure 6 shows the visible spectrum of the Cu(eacac)2/TPB sys- 
tem after reaction at  50°C. The spectrum behaved differently de- 
pending upon the absence o r  presence of MMA. The absorption at 
340-450 nm increased with time, even in the absence of monomer 
( A  in Fig. 6), but this increase was much lower compared with that 
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R~ x lo5 (rnoi/L 5 )  

2 .o 3 .O 4 .O 

- 

- 

- 
I I I I I 

: -4.3  
J 
1 

- E" 
P a 

g -4 .5 
-I 

-4 .7  

-2 .5 -2 .3  - 2 . 1  -1.9 
Log [TPBl (mol/L) 

FIG. 4. Dependence of the polymerization rate ( R  ) on the TPB P 
concentration and on l/pn at 50°C in acetone: [ C u ( e a ~ a c ) ~ ]  = 8.00 X 

lo-', [MMA] = 4.68 mol/L. 

FIG. 5. Effect of the MMA concentration on R at 50°C in acetone: 

[ C ~ ( e a c a c ) ~ ]  = 8.00 X lo-', [TPB] = 1.00 X lo-' mol/L. 
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2 1.0 
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1 0 min 
2 30 min 
3 150 rnin 

A 

340 400 4 5 0  

Wavelength (nm) 

2.0 

1.0 

0 
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~~ 

1 0 min 
2 30 min 
3 1 2 0  min 
4 150  min 

B 

340 400 4 5 0  

Wavelength (nm) 

FIG. 6. Visible spectrum of the Cu(eacac)2/TPB system after re- 
action at 50°C in acetone: [ C ~ ( e a c a c ) ~ ]  = 2.00 X lo-', [TPB] = 3.00 

X lo-' , [MMA] = 4.68 mol/L. A: In the absence of MMA. B: In the 
presence of MMA. 

in the presence of monomer (B in Fig. 6). In the absence of MMA, no 
increase of absorption was observed after about 150 min. This indi- 
cates that a complex was formed between Cu( eacac)2 and TPB, but no 
further reaction proceeded after equilibrium was attained in a given 
time. However, in the presence of monomer, the reaction between the 
Cu(eacacI2 and TPB proceeded rapidly and reduction of Cu(I1) to Cu(1) 
occurred. The occurrence of this reduction was supported by the fact 
that the color of the polymerization system changed from green to 
green-yellow and finally to yellow. 

Figure 7 shows the ESR spectrum of the Cu(eacac)2/TPB system in 
acetone. Typical absorption of four lines of Cu(I1) is observed in Fig. 
7. After 2 h at 50°C, the strength of the absorption was slightly lowered. 

A s  shown in Fig. 8, however, in the presence of monomer this bi- 
nary system showed only a very weak absorption after 2 h a t  50°C, in- 
dicating reduction from Cu(TI) to Cu(1). This result is consistent with 
the results from visible spectroscopic and kinetic studies, suggesting 
participation of the monomer in the initiation process. 
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After 2 h at 50°C 

FIG. 7. ESR spectrum of the Cu(eacac)2/TPB system in acetone: 

[Cu(eacac)2] = 2.00 X lo-', [TPBI = 3.00 X lo-' mol/L. 

After 2 h at 50°C 

FIG. 8. ESR spectrum of the Cu(eacac)2/TPB/MMA system in ace- 
tone: [Cu(eacac)2] = 2.00 X lo-', [TPB] = 3.00 X lo-', [MMA] = 3.76 
mol/L. 
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Cu (eacacI2/MMA/DMF system 

-50 G 3  
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Cu (eacac)l/MMA/DMSO system 

n 

I \  ' Cu (eacac)2/TPB/MMA/DMS0 system 

V 

FIG. 9. ESR spectrum of the Cu( eacacI2/MMA/DMF and Cu( eacacI2/ 
TPB/MMA/DMSO systems: [Cu( e a c a ~ ) ~ ]  = 2.00 X lo-' , [TPB] = 3.00 X 

lo-', [MMA] = 3.76 mol/L. 

Figure 9 shows the ESR spectra of the Cu(eacac)2/MMA/DMF 
and the Cu ( eacac)2/TPB/MMA/DMS0 systems. A s  mentioned above, 
polymerization by this binary system did not proceed appreciably in 
DMF and DMSO. A s  shown in Fig. 9, the ESR spectra in DMF and 
DMSO differed from that in acetone. It is suggested that different cop- 
per complexes a re  produced in those solvents. Further, the ESR spec- 
trum in a mixture of MMA and DMSO was almost unchanged after 2 h 
at 50°C, indicating that reduction of Cu( 11) is very difficult in DMSO. 
This finding is in accord with the solvent effect results on polymeri- 
zation. 
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R e a c t i o n  of  C u ( e a c a c ) Z  a n d  T P B  

To elucidate the initiation mechanism, the reaction between the 
Cu(eacac)2 and TPB was carried out in acetone at 50°C for  10 h. The 
product analysis for the reaction W ~ S  performed by gas chromatog- 
raphy. 4-Methylbiphenyl (MBPH) was used as an internal standard. 
The results a r e  shown in Table 4. A s  can be seen, t race amounts of 
biphenyl (BPh) were produced. The production of ethyl acetoacetate 
(EA) was also confirmed because BPh production was accelerated by 
an increase in Cu(eacac) concentration. However, it w a s  found that 
the amount of BPh decreased with an increase in monomer concentra- 
tion. These results suggest that BPh might be formed through a re- 
action other than radical formation. However, the possibility of BPh 
formation from the phenyl radical cannot be neglected. It has been 
reported that BPh is a major product of the electrooxidation of TPB 
[51 where the formation of phenyl radical was confirmed by the spin 
trapping technique [6] : 

2 

- 2e 
B(C6H5)4- electrode- B(C$5)2+ -k (C$5)2 ( 3 )  

TABLE 4. Reaction of TPB with Cu(eacac)2 at 50°C for  10 h in 
Acetonea 

~ ~~ ~ 

Solvents and monomer (mL)  

Acetone CHC1, MMA Product of biphenyl (mg) 

10 - -b 0.4 

10 - - 7.2 
5 5 - 0.7 
4 3 3 0.3 

5 - 5 0.3 
7 - 3 0.4 
9 - 1 1.1 

Reaction condition: [Cu(eacac)2] = 16 mmol, [TPBI = 17 mmol, 
car r ie r  gas, nitrogen; column temperature, 80- 1'70°C; programmed 
rate, 4"C/min, injection temperature, 200°C. 

bReaction condition: [ C u ( e a ~ a c ) ~ ]  = 8 mmol, [TPB] = 17 mmol. 

a 
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In the reaction of Cu(eacac) and TPB, the formation of BPh may be 
suppressed by the reaction of MMA and phenyl radical, 

MUN, SATO, AND OTSU 

2 

A S t u d y  of t h e  I n i t i a t i o n  M e c h a n i s m  b y  M e a n s  
of t h e  S p i n  T r a p p i n g  T e c h n i q u e  

A s  described above, it is apparent that the Cu( eacacI2/TPS system 
in acetone is a useful initiator for the radical polymerization of vinyl 
monomer. In order to clarify the initiation mechanism, the spin 
trapping technique w a s  applied. 2-Methyl-2-nitrosopropane (BNO) 
was the spin trapping agent. 

0 
I 

C 6H 5-N-t-BU 

I 

I 
R-CH C- N-t-Bu 

2- I 
C02CHQ 

II 

Figure 10 shows the ESR spectrum of the Cu(eacac)Z/TPB/BNO 

system in acetone. Nitroxyl Radical I produced by trapping the phenyl 
radical was  observed, although broadening of the spectrum probably 
occurred by interaction of the nitroxyl radical with copper ion. In 
contrast to this system, nitroxyl radical I was not observed in the 
Co(acac)2/TPB system in the absence of monomer. Figure 11 shows 
the ESR spectrum of the system Cu(eacacI2, TPB, and BNO in the 
presence of monomer. Nitroxyl Radicals I and I1 were observed. 
The latter radical was produced from trapping by BNO of a radical 
formed by addition of some radical(R') to the monomer. 

From the above results, the initiation mechanism of this polym- 
erization was considered to be as follows: 

II Na' B (C 6H5)4- + Cu ( eacacI2 - [Cu ( e a ~ a c ) ~ * B  ( C6H5)4] 'Na' 

I11 (4 )  

III-[Cu(eacac)2]-Na+ + B ( c ~ H ~ ) ~  I 
'sH5 

IV 
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I MMA + Cu (eacac) + eacacPNa+ (6) IV - 
C02CH3 

V 
I 

C H -CH k-' N-t-Bu 6 5  2 1  
C02CHQ 

VI 
6 

BNO I 
IV I__ C H -N-t-Bu 6 5  

FIG. 10. ESR spectrum of the Cu(eacac)2/TPB/BN0 system after 

reaction at room temperature for 1 h in acetone: [Cu( eacac)2] = 1.50 
X lo-', [TPB] = 1.50 X lo-', [BNO] = 2.00 X lo-' mol/L. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



654 

C - 1 0 G  3 

MUN, SATO, AND OTSU 

FIG. 11. ESR spectrum of the Cu( eacac)2/TPB/MMA/BN0 system 

after reaction at room temperature for 0.5 h in acetone: [Cu(eacac),] 
Y 

= 1.50 X lo-', [TPB] = 1.50 X lo-', [MMA] = 5.60, [BNO] = 2.00 X 
lo-' mol/L. 

A t  first, Complexes III and IV are formed by equilibrium reactions be- 
tween Cu( eacac)2 and TPB. Complex IV has a phenyl group coordin- 
ating to the center metal. Complex IV seems to react with MMA, and 
Radical V is formed and initiates polymerization. Nitroxyl radical VI 
is formed by trapping of this radical by BNO. A s  mentioned above, 
nitroxyl Radical I was observed in the absence of monomer, suggesting 
that IV reacts directly with BNO to form nitroxyl Radical I. 
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