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ABSTRACT: Two polyamide 6 (PA6) radical initiators (PA6ini), AI and AlA types (A: PA6 segment, I: azo group), were 
prepared from 4,4'-azobis-2-cyanopentanoyl chloride and PA6 prepolymers having controlled average molecular weights. 
Various PA6-hlock-vinyl polymers were synthesized by radical polymerizations of vinyl monomers, such as styrene, methyl 
methacrylate (MMA), butyl methacrylate, hydroxyethyl methacrylate and vinyl acetate (VAc) using PA6inis. The 
polymerizations of MMA proceeded homogeneously in phenol/methanol (4,01/1,01), formic acid and 2,2,2-trifluoroethanol. The 
overall initiation efficiency of PA6ini (AI type) was 0.11 for the polymerization of MMA in formic acid at 60oC for 24h. 
Poly(MMA) in the polymer synthesized using PA6ini was dependent on concentration, molecular weight and type of PA6ini. 
PA6-block-poly(VAc) was synthesized in 2,2,2-trifluoroethanol (TFE), but not in phenol/methanol (4,01 /1,01). 
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Polyamide 6 (PA6) has many industrial applications. 
Block copolymers from P A6 and other polymers, such 
as vinyl polymers, polyethers, polyimides and polyesters, 
were synthesized, expecting new properties. 1 However, 
there have been few studies on synthesis and character
ization of block copolymers of P A6 with vinyl polymers 
except poly(styrene) (St) 2 - 7 and rubbers such as poly
(butadiene-acrylonitrile), 8 - 11 poly(St-butadiene), 12 • 13 

poly(butadiene)6 •14 - 16 and poly(isobutylene). 17 Melt 
polymerizations are often applied to the synthesis of 
block copolymers with PA6. 1 One problem is required 
thermal stability of vinyl polymer components. If block 
copolymerizations are carried out under mild condi
tions, new block copolymers having unique properties 
should be obtained. 

Polymeric radical initiators, such as macroperoxy
initiators and macroazo-initiators (MAl), are useful for 
preparation of block copolymers because they make 
it possible to copolymerize a wide variety of vinyl 
monomers under mild conditions. 18 In these studies, 
polymeric radical initiators consisting of polyamides 
were mainly MAis. In unique cases, Craubner studied the 
synthesis of block copolymers with partially nitrosated 
polyamides, such as PA6, polyamide 66 (PA66), poly
amide 610 (PA610) and poly[imino(4,4'-bisphenylene
methylene)imino-l, IO-dioxo-decamethylene]. 19 ·20 But, 
detailed studies on MATs of polyamide from amino
carboxylic acid or lactam have been scarcely reported, 
except those of Craubner's. 

4,4'-Azobis-4-cyanopentanonic acid (ACPA) and 4,4'
azobis-4-cyanopentanoyl chloride (ACPC) have been 
used for synthesis of various MAis. 18 •21 •22 Ueda et al. 
synthesized MAis consisting ofPA66 or PA61 0 and block 
copolymers from these MAis and St. 23 - 25 These MAis 
were prepared by the interfacial polycondensation m 

1 To whom all correspondence should be addressed. 
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the presence of ACPC, and had many azo groups in per 
polymer chain. MATs of polyamide obtained from 
aminocarboxylic acid or lactam, however, cannot be 
synthesized by interfacial polycondensation. 

In this study, novel PA6inis, AI and AlA type (A, 
PA6 segment; I, azo group), were prepared by the 
condensation of ACPC and PA6 prepolymers having 
various molecular weights. These PA6inis have only one 
azo group per polymer chain, and the length of PA6 
segments in the block copolymer prepared with PA6ini 
will be easily controlled by used PA6 prepolymers. 
Block copolymers of PA6 and various vinyl polymers, 
such as poly(methyl methacrylate), poly(St), poly(butyl 
methacrylate), poly(hydroxyethyl methacrylate), and 
poly(vinyl acetate), were synthesized using PA6ini. 

EXPERIMENTAL 

Materials 
E-Caprolactam (CL) (Ube Ind., Ltd.) was a commer

cial-grade. Vinyl monomers, such as St, methyl methac
rylate (MMA), butyl methacrylate (BMA), hydroxy
ethyl methacrylate (HEMA), and vinyl acetate (V Ac) 
(Wako Pure Chemical Co.) were distilled just before 
use. 26 Phenol, benzene, methanol, m-cresol, formic acid, 
2,2,2-trifluoroethanol (TFE), I ,3-dimethyl-2-imidazoli
dinone (DMI), and LiCl as extra pure grades of Kishida 
Chemical Co. were used without further purification. 
I, I, 1,3,3,3-Hexafluoro-2-propanol (HFIP) (Central 
Glass Co.) and tetrahydrofuran (THF) (Wako Pure 
Chemical Co.) were distilled before used. ACPA 
(Aldrich) was recrystallized twice from methanol. ACPC 
was prepared according to Ueda et a/. 23 

Polymerization 
P A6 Pre polymer. PA6 prepolymers were obtained by 

the hydrolytic polymerization of CL in the presence of 
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Scheme 1. Syntheses of AI type (I) and AlA type (2) polyamide 6 radical initiators. 

stearylamine (SA) as terminator. CL, water and SA were 
heated in a stainless steel reactor under nitrogen at
mosphere at 250oC. PA6 was washed with methanol 
by a Soxhlet apparatus for each 20 h and dried under 
reduced pressure at 60°C for I day. 

P A6ini. PA6 prepolymer was dissolved in phenol/ 
methanol (4vo1/lvoi) at r.t. or DMI (containing lOwt% 
LiCl) at 60oC. A solution of ACPC in THF was added 
to the solution cooled at soc with vigorous stirring. The 
reaction was carried out under various conditions. The 
solution was poured into an excess amount of methanol 
to precipitate PA6ini, which was filtered, washed with 
methanol 3 times, and dried under reduced pressure at 
r.t. for 1 day. 

P A6-block- Vinyl Polymer. PA6ini and a vinyl 
monomer were dissolved in a solvent at r.t. The solution 
was stirred at 60°C for 24 h. The solution was poured 
into excess methanol to precipitate crude PA6-block-vinyl 
polymer, which was filtered, washed with methanol 3 
times, and dried under reduced pressure at r.t. for 1 
day. The product was washed with chloroform by a 
Soxhlet apparatus for 20 h to remove the vinyl homo
polymer. The product was dried under reduced pressure 
at r.t. for 1 day. 

Measurements 
1H NMR, IR, UV, End Group and Solution Viscosity. 

1H NMR spectra were measured in D 2S04 (97%) at 
r.t. using tetramethylsilane (TMS) as internal standard 
with a JEOL JNM-EX400WB FT-NMR (400MHz) 
spectrometer or JEOL EX270. 

IR spectra ofPA6-b/ock-poly(St) were measured using 
a Shimadzu FT IR-8100A. 

UV spectra for PA6inis and ACPA in formic acid 
(5moldL - 1) at r.t. were measured with a Spectro Multi 
Channel Photo Detector M CPD-1 000 (Otsuka Elec
tronics Co., Ltd.). 

The concentrations of amino groups at the chain ends 
ofPA6 and PA6ini were measured by titration in phenol/ 
methanol (9voiflvoi) with 0.05 N sodium hydroxide at 
r.t. 

Reduced viscosities (IJred) of 0.5 g dL - 1 PA6 and 
PA6ini solutions were measured in m-cresol at 25oc with 
an Ostwald viscometer. 

Molecular Weights. Molecular weights of PA6-b/ock
poly(MMA), poly(MMA) segment, and poly(VAc) were 
measured by GPC. PA6-b/ock-poly(MMA) was dissolv-
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ed in HFIP (containing 5mM CF3COONa) and GPC 
was carried out with Tosoh HLC-8020 and columns of 
Shodex HFIP-806M x 2 (Showa Denko K.K.); column 
temperature= 38°C, flow rate= 1.0 mL min- 1 . Molec
ular weight was calibrated with poly(MMA) stan
dards. 

A sample for estimating molecular weight of the 
poly(MMA) segment was prepared as follows. PA6-
block-poly(MMA) (30mg) and 48% hydrobromic acid 
(5 mL) were heated in a sealed glass tube at 120oc for 
24 h. The insoluble parts were coiJected by filtration and 
dried under reduced pressure at r.t. for I day. The solids, 
methanol (0.5 mL) and benzene (5 mL) were mixed, and 
2.0 M (trimethylsilyl)diazomethane in hexane (Aldrich) 
(0.2mL) was added to it. The solution was stirred at r.t. 
for 1 day. After the solution became homogeneous, a 
solution of acetic acid (2.0 M) in benzene (0.2 mL) was 
added and stirred at r.t. for 1 h. The sample was ob
tained by evaporation of the solution. GPC was achieved 
with Shimadzu Class-LCIO, RID-lOA, and LC-lOA 
pump with columns of Shodex 80M x 2 (Showa Denko 
K.K.); column temperature= 40°C, flow rate= 1.0 mL 
min - 1 . THF was used as solvent. Molecular weight was 
calibrated with poly(MMA) standards. 

GPC of poly(VAc) was carried out by Shimadzu 
Chromatopac C-E4A, SPD-lOA UV detector and LC
lOA pump with columns of HSG-lOH, 15H, 20H, and 
40H. THF was used as solvent; column temperature= 
sooc and flow rate= 0.8 mL min- 1 . The molecular 
weight was calibrated with poly(St) standards. 

Number-average molecular weight (Mn) of PA6 was 
calculated from the concentration of amino groups. 

RESULTS AND DISCUSSION 

Synthesis of P A6ini 
According to Scheme 1, P A6inis, AI, and AlA, were 

synthesized by the condensation of PA6 prepolymer and 
ACPC. Since reacted PA6 segments have no amino 
groups, the mole fraction ofreacted PA6 segments, PN6 , 

was calculated as, 

[NH2] 
p -1---- -

N6- [NHzJo 
(I) 

where [NH2] and [NH2] 0 are the concentrations of 
amino groups after and before the reaction, respectively. 
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Table I. Synthesis of AI type PA6 radical initiators with ACPC• 

Original PA6 Resulting 
Time Temp 

Run b [ACPC]/[PA6] Yield 
'1red 

Mn X 10- 3 h oc 
dLg- 1 wt% 

'Ired 
b 

PN6 
c 

dLg- 1 

II 5 0.50 3.0 40.0 5 89.2 1.0 0.51 

12 6 0.60 2.7 40.0 5 82.3 1.0 0.65 

13 8 0.79 3.0 40.0 5 96.8 1.0 0.81 

14 13 1.10 3.0 40.0 5 91.3 1.0 1.15 

15d 5 0.50 2.7 1.5 25 91.0 1.0 0.48 

16d 13 1.10 2.7 3.0 20 83.0 1.0 1.18 

• Reacted in phenol/methanol (4vodlvo1). b Measured by Ostwald viscometer in m-cresol at 25°C, c= 0.5 g dL - 1 • 'Mole fraction of reacted PA6 
segments. d Mixture was stirred at soc for 30 min before the reaction. 
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Figure I. 1H NMR spectra ofPA6ini (Run II) (I) and original PA6 prepolymer (2) in D 2S04 . 

The usable solvents for synthesis of PA6inis were 
limited since PA6 dissolves only in few solvents. Seo et 
a!. synthesized PMMA-graft-PA6 oligomers by con
densation reaction between the acid chloride groups 
of poly(MMA)-co-poly(methacryloyl chloride) and the 
amino groups ofPA6 oligomer in phenol. 27 In this study, 
synthesis of AI type was done in phenol/methanol 
(4voiflvoi) and the results are summarized in Table I. Most 
amino groups were reacted at 5°C for 40h (Run Il-I4) 
and PN6 s were 1.0. Figure I shows 1 H NMR spectra of 
PA6ini and original PA6 prepolymer. The signal (e) at 
2.69 ppm, assigned to methylene protons of PA6 seg
ments adjacent to amino groups, was not observed in 
1H NMR spectrum of PA6ini. Acid chloride groups of 
ACPC thus preferentially react with amino groups of 
PA6 prepolymers rather than with large amounts of 
hydroxyl groups of phenol and methanol. The signals of 
methyl protons due to methoxy groups and aromatic 
hydrogens due to phenoxy groups were observed at 
3.9ppm and 7.4-7.7ppm, respectively. These signals 
remained after purification by reprecipitation from the 
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TFE solution into excess methanol. Excess acid chloride 
groups, remaining unreacted with amino groups, may 
thus react with phenol and methanol. 

Solution viscosity, 1'/red• of PA6inis (Run ll-14) little 
changed before and after the reaction. Thus, the mo
lecular weights of PA6inis were almost the same as 
original PA6 homopolymers. 

UV spectra of PA6ini (Run II), ACPA, and original 
PA6 measured in formic acid are shown in Figure 2. 
Absorption based on azo groups was observed at 300--
400 nm in the solution of PA6ini (Run II). The area 
of absorption due to PA6ini was almost the same as 
that of ACPA when solutions with similar concentra
tions to that of azo group were prepared. This indicates 
that PA6inis could be obtained without significant 
decomposition of azo groups during the condensation 
reaction. Several MAis were prepared at room tem
perature and above. 18 Laverty et a!. synthesized 
MAis from poly(ethylene oxide) and ACPC at 35°C.28 

When the reactions were performed at higher tempera
ture, PN6 s for 1.5 h at 25°C (Run 15) and 3 h at 20°C 
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Figure 2. UV spectra ofPA6ini (Run II) (a), ACPA (b) and original 
PA6 prepolymer (c) in formic acid. 

(Run 16) were both 1.0. It was confirmed by UV spectra 
that no significant decomposition of azo groups occurred. 

The results of synthesis of AlA type are summarized 
in Table II. PN6 was O.S when PA6ini was synthesized 
from PA6 prepolymer (Mn=S x 103) in phenol/benzene 
(4voiflvoi) at soc for 48 h. The rate of condensation in 
DMI is expected higher than that in phenol/benzene 
because DMI is a basic solvent.29 In DMI (containing 
lOwt% LiCl) at soc for 48 h, PN6 was 0.8 (Run 19). To 
complete the condensation, the temperature was raised 
to 20°C. PN6 reached 1.0 in both cases of at S h in 
phenol/benzene (4vodlvoi) (Run 18) and for 0.2h in DMI 
(containing lOwt% LiCl) (Run 110), as shown in Table 
II. The relationship between Mn and 1'/red of PA6 is 
expressed by 

17red=3.08x w-4.Mno.s7 (2) 

between Mn=4 x·l03 and 30 x 103 . 30 1'/reds ofPA6 whose 
Mn are 10 x 103 and 16 x 103 were calculated as 0.93 and 
1.40 by eq 2, respectively. 1'/red of PA6inis (Run 18 and 

Table II. Synthesis of AlA type PA6 radical initiators with ACPC 

Original P A6 Resulting 
Time Temp 

Run 'Ired 
a [ACPC]/[PA6] Solventb Yield '1red 

a 

M. X 10- 3 h oc PN6 
c 

dLg- 1 wt% dLg- 1 

5 0.50 0.51 PhOH/Bz 48.0 5 90.4 0.5 0.68 
5 0.50 0.50 PhOH/Bz 5.0 20 92.0 1.0 0.86 
5 0.50 0.51 DMI (+LiCI) 48.0 5 83.2 0.8 0.73 
5 0.50 0.52 DMI (+LiCI) 0.2 20 95.0 1.0 0.85 
8 0.70 0.50 DMI (+LiCI) 0.5 20 1.0 
8 0.70 0.50 DMI (+LiCI) 1.0 20 93.3 1.0 1.21 

13 1.10 0.50 DMI (+LiCI) 0.5 20 0.9 
13 1.10 0.50 DMI (+LiCI) 1.0 20 1.0 

• Measured by Ostwald viscometer in m-cresol at 25°C, c=0.5 gdL - 1 • bPhOH/Bz, phenol/benzene (4.odlvol); lOwt% LiCI in DMI 
(1.3-dimetyl-2-imidazolidinone). c Mole fraction of reacted PA6 segments. d Mixture was stirred at 5°C for 30 min before the reaction. 

Table III. Polymerization of MMA with PA6 radical initiator at 60oca 

PA6 initiator Poly(MMA)d 
[-N=N-]/ Polym. solventc Yield 

Run [MMA] content 
M,PA6 

b 
Type X !03 mL wt% 

X J0-3 mol% 
g 

Ml 5 AI 0.25 5 PhOH/MeOH 5 54.8 77 
M2 5 AI 0.49 9 PhOH/MeOH 20 56.8 60 
M3 5 AI 0.50 20 PhOH/MeOH 5 38.0 50 
M4 5 AI 0.98 19 PhOH/MeOH 20 73.9 53 
M5 5 AI 0.97 25 PhOH/MeOH 20 86.4 51 
M6 5 AI 1.47 27 PhOH/MeOH 20 79.8 44 
M7 8 AI 0.50 19 PhOH/MeOH 5 52.5 30 
M8 13 AI 0.50 20 PhOH/MeOH 5 94.2 26 
M9 5 AI 0.50 18 Formic acid 5 89.5 54 
MIO 5 AI 0.50 20 TFE 5 83.2 60 
Mil 13 AI 0.50 19 TFE 5 92.8 27 

----------------------------------------------------------------------------------------------
Ml2 5 AlA 0.50 5 PhOH/MeOH 5 37.2 27 
Ml3 5 AlA 0.50 10 PhOH/MeOH 5 42.0 32 
Ml4 5 AlA 0.50 20 PhOH/MeOH 5 32.0 22 
MIS 8 AlA 0.50 5 PhOH/MeOH 5 25.4 7 
Ml6 5 AlA 0.50 9 TFE 5 76.9 51 
M17 8 AlA 0.50 10 TFE 5 53.1 7 
MIS 5 AlA 0.50 20 Formic acid 5 82.7 48 

a Polymerization time, 24 h. b M. of original PA6. c PhOH/MeOH, phenol/methanol (4.0 Iflvoi); TFE, 2,2,2-trifluoroethanol. d Amount of 
poly(MMA) in the product. Calculated from 1H NMR data (solvent: D 2S04 ). 
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112), whose M" were expected to be 10 x I 03 and 16 x 103 , 

were close to the above values, as shown in Table II. 
This indicates that the PA6inis are AlA. 

Inoue et al. reported that the average degree of 
condensation of MAis based on ACPC and a,w-bis(3-
aminopropyldimethy)polysiloxane decreased with an 
increase of siloxane chain lengths. 31 In this study, the 
rate of condensation appeared to decrease with increase 
of M" of PA6 prepolymer since the PN6 of PA6ini (Run 
113) obtained from the prepolymer, whose M" was 
13 x I 03 , was 0.9 for 0.5 h at 20°C, compared to that of 
PA6inis with lower molecular weight (Run 110 and Ill). 
This may result from the fact that the condensation 
reaction hardly took place due to relatively low con
centrations of both amino and acid chloride groups, 
as well as the results of Inoue et a/. 31 

Synthesis of P A6-block- Vinyl Polymer 
P A6-block-PM M A. The results of the polymerizations 

of MMA with PA6inis are listed in Table III. The 
reactions were carried out at 60oC for 24 h on a 
reference. 24 Ueda eta!. reported that MAis ofPA66 and 
PA610 precipitated from the m-cresol solutions by an 
addition of various vinyl monomers, except St.24 No 
P A6inis precipitated from the solutions, such as 
phenol/methanol (4voif1voi), formic acid and TFE, by an 
addition of MMA. The radical polymerization of MMA 
proceeded homogeneously. Figure 3 (a) shows 1H NMR 
spectrum of PA6-block-poly(MMA) (Run M3). Signals 
based on PA6 and poly(MMA) were observed. 

Hydrolysis of PA6-block-poly(MMA) was done to 
estimate the molecular weights of poly(MMA) segments. 
Figure 4 (a) shows IR spectrum of the product, which 
was poly(methacrylic acid) (poly(MA)) obtained by the 
hydrolysis of poly(MMA) segments. A sample (poly
(MMA)) used for GPC, therefore, was prepared by 
esterification of the poly(MA) with (trimethylsilyl)diazo
methane. 32 It was confirmed by the IR spectrum that 
the product was poly(MMA), as shown in Figure 4 (b). 

Figure 5 shows GPC curves ofPA6-b/ock-poly(MMA) 
(Run M9), PA6ini (AI type, M" = 5 x I 03 ) and poly
(MMA) segments. The GPC curve of PA6-b/ock-poly
(MMA) (Run M9) showed two peaks. One coincided 
with the GPC curve ofPA6ini and another one was close 
to that of poly(MMA) segments. This suggests that the 
product is a mixture ofPA6-block-poly(MMA) and PA6 
homopolymer which cannot initiate the polymerization 
of MMA, and the initiation efficiency of P A6ini is not 
100%, as also for several MAis reported. 18 

The block copolymers formed from vinyl monomer 
and PA6ini (AI type) are shown in Scheme 2 when it is 
assumed that initiation efficiency is 100% and chain 
transfer reactions are negligible. If recombination re
actions are not dependent on molecular chain or chain 
length, the ratio of (A) and (B) type in Scheme 2 may 
be I : 2. The total number of block copolymer chains, 
Np. obtained from PA6ini is calculated as, 

Ll 
Nr=(3+p)-

4 
(3) 

where L 1 is the number of initial PA6ini chains and pis 
a fraction of chains terminated by the disproportionation. 
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Figure 3. 1 H NMR spectra of PA 6-block-poly(MMA) (Run M3) 
(a) and poly(MMA) (b) in D 2S04 . ( • ); Signals based on PA6 segment. 
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Figure 4. IR spectra ofpoly(MA) (a) and poly(MMA) (b). Poly(MA) 
was prepared by hydrolysis of PA6-b/ock-poly(MMA) (Run M9) and 
poly(MMA) was obtained by esterification of poly(MA). 

Molecular Weight 

Figure 5. GPC curves of PA6-block-po1y(MMA) (Run M9) (a), 
PA6ini (Run II) (b), and poly(MMA) (c). Poly(MMA) was prepared 
by hydrolysis of PA6-b/ock-poly(MMA) (Run M9) and esterification 
of resulting poly(MA). Molecular weights were calibrated with 
poly(MMA) standard. 
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Scheme 2. Types of copolymers obtained from AI type PA6 radical initiators, when it is assumed that initiation efficiency is 100% and chain 
transfer reactions were negligible. 

Table IV. Polymerization of vinyl monomers with Nylon 6 radical initiator at 60°C" 
-· -----

Nylon 6 initiator 
Vinyl [-N=N-]/ 

Run monomcrb 
MnPA6 ' 

[Vinyl] 
Type X 103 

X J0- 3 
g 

Sl St 5 AI 0.94 20 
S2 St 5 AI 0.94 20 
S3 St 13 AI 1.20 9 
S4 St 13 AI 0.50 22 
S5 St 13 AI 0.50 20 

Bl BMA 8 AI 0.53 20 
B2 BMA 13 AI 0.50 10 

------- -------------------

HI HEMA 8 AI 0.50 8 
H2 HEMA 8 AI 0.50 9 

Polym. solventd 

mL mL 

PhOH/MeOH 5 
PhOH/MeOH 20 
PhOH/MeOH 20 

TFE 5 
Formic acid 5 

TFE 5 
Formic acid 5 

---------

TFE 5 
Formic acid 5 

Yield 
Vinyl polym. 

wt% 
content' 

mol% 

66.3 43 
68.2 17 
33.6 7 
50.0 21 
51.4 15 

56.9 21 
45.0 II 

-----------------

46.8 30 
62.3 36 

Remarks 

Heteror 
Hetero.' 

Hetero.' 
----------

----------------------------------------------------------------------------------------
VI VAc 5 AI 0.96 17 PhOH/MeOH 20 43.3 0 
V2 VAc 5 AlA 0.58 5 TFE 5 38.1 19 
V3 VAc (ACPA) 0.03 10 PhOH/MeOH 20 7.6 M.=310" 
V4 VAc (ACPA) 0.33 100 PhOH/MeOH 20 54.5 M.=340" 

a Polymerization time, 24 h. b St, styrene; BMA, butyl methacrylate; HEMA, hydroxyethyl methacrylate; V Ac, vinyl acetate. 'Mn of original 
PA6. d PhOH/MeOH, phenol/methanol (4,01/lvorl: TFE, 2,2,2-trifluoroethanol. 'Amount of vinyl polymer in the product. BMA, HEMA, VAc, 
calculated from 1 H NMR data (solvent: D 2S04 ); St, calculated from elemental analysis (N-analysis). r Precipitation of copolymer and vinyl 
homopolymer. • Determined by GPC using polystyrene as standard. 

The number of MMA units in block copolymers, N 2 , is 
estimated from molar ratio of MMA units, c2 , and Mn 
of PA6 segments, Mn,: 

Cz Mnl. Ll 
Nz=- ----

(l-c2) m 1 

(4) 

where m1 is the molecular weight of PA6 units. Thus, 
Mn of poly(MMA) segments, Mn 2 , is calculated as, 

N2 c 4 m 2 

Mnl = N; m2 = (!-2cz) . (3 + p) MnJ--;;;; (5) 

where m 2 is the molecular weight of an MMA unit. Then, 
overall initiation efficiency, fall• is estimated by 

M -{' _ ncalc 

nape 

(6) 

where Mnca!c is Mn calculated by eq 5 and MnGPC is Mn 
measured by GPC. Mn,.,, of PA6-b/ock-poly(MMA) 
prepared in formic acid (Run M5) was 6 x I 03 if the 
fraction of disproportionation is 0.6, 33 while M"GPc was 
54 x I 03 • Thus, overall initiation efficiency was calculated 
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Figure 6. Effects of the concentrations of PA6ini, AI (e) and AlA 
(.). on amount of poly(MMA) in the polymer synthesized using 
PA6ini. 

0.11 by eq 6. This agrees with overall initiation efficiency 
(0.15) of the MAl consisting of PA66 or PA61 0 in 
m-cresol, as reported by Ueda et a/. 24 

Figure 6 shows the amounts of poly(MMA) incor-
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porated in the product to increase with decrease in 
azo groups. This is consistent with the results of synthe
sis of poly(MMA)-block-poly(St) with MAl consisting 
of poly(St), as reported by Oppenheimer et al. 34 The 
amounts of poly(MMA) decreased with increase of Mn 
of PA6ini, as shown in Table III. The amounts of 
poly(MMA) in polymers prepared with AlA were less 
than those with AI under similar conditions. This may 
result from reduction in the rate of diffusion, as point
ed out by George et al. for low initiation efficiency of 
MATs based on bisphenol A and ACPC. 35 

Block Copolymers from P A6 and Vinyl Polymers. The 
results of synthesis of block copolymers based on PA6 
and various vinyl polymers are shown in Table IV. In 
all runs, PA6inis did not precipitate by the addition of 

(a) 

I I I I I I 111111111111!1 
3200 2400 2000 1600 1200 800 400 

Wavenumber, cm-1 

Figure 7. IR spectra ofPA6 homopolymer (a), poly(St) homopolymer 
(b), and PA6-b/ock-poly(St) (Run Sl) (c). 

(1) 

A 
CH3 

PA6--- --- · 
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5 4 
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* 

3 

the vinyl monomer. 
IR spectra of PA6-block-poly(St) (Run Sl), PA6 and 

poly(St) are shown in Figure 7. The IR spectrum of 
PA6-block-poly(St) was comprised of absorptions ofPA6 
with poly(St). The radical polymerizations of St in TFE 
and formic acid (Run S4 and S6) proceeded heterogen
eously because poly(St) and PA6-block-poly(St) were 
insoluble in these solvents. St in these PA6-block-poly(St) 
was higher than that in PA6-b/ock-poly(St) prepared 
in phenol/methanol (Run S3), whose polymerization 
proceeded homogeneously. 

1 H NMR spectra of PA6-block-poly(BMA) (Run Bl) 
and PA6-b/ock-poly(HEMA) (Run HI) are shown in 
Figures 8(1) and 8(2). These spectra indicate that block 
copolymers were synthesized by the radical polymeriza
tion of BMA and HEMA with P A6ini as well as synthesis 
of PA6-block-poly(MMA). 

PA6-block-poly(V Ac) could not be synthesized in 
phenol/methanol (4vodlvoi), as shown in Table IV. Mn 
of poly(VAc) prepared with ACPA as an initiator in 
phenol/methanol was very small. This may result from 
the high chain transfer constant of V Ac to phenol 
(600 x 10- 4 at 60oC) in contrast to that of St 
(14x 10- 4 ). 36 PA6-block-poly(VAc) (Run V2) could be 
synthesized in TFE. 1 H NMR spectrum of P A6-block
poly(V Ac) is shown in Figure 8(3). Signals based on 
poly(V Ac) and P A6 were observed. 

CONCLUSIONS 

1. PA6ini, AI, and AlA, were synthesized by the 
condensation reaction of PA6 prepolymer with ACPC. 
AI and AlA were prepared in phenol/methanol (4voiflvoi) 
and phenol/benzene (4voiflvoi) or DMI (contain lOwt% 
LiCl), respectively, as verified by measurements of 
solution viscosity; IJreds of AI was the same as for origi-

* 

A 

* 

* 

* 

2 1 0 

o,ppm 

Figure 8. 1 H NMR spectra of PA6-b/ock-poly(BMA) (Run Bl) (1), PA6-b/ock-poly(HEMA) (Run HI) (2), PA6-b/ock-poly(VAc) (Run V2) 
(3), in D 2S04 . ( * ); Signals based on PA6 segment. 
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nal PA6 homopolymers and AlA agreed with those of 
expected values calculated by eq 2. 

2. PA6-block-poly(MMA) were synthesized by the 
polymerizations of MMA with P A6inis in several sol
vents, such as phenol/methanol (4vot!lvo1), formic acid 
and TFE. The polymerizations proceeded homogene
ously. Initiation efficiency of PA6ini for the polymeriza
tion of MMA in formic acid was 0.11. The amount of 
poly(MMA) in the polymer synthesized using PA6ini was 
dependent on concentration, molecular weight and type 
of PA6ini. 

3. PA6-block-poly(St), PA6-block-poly(BMA), and 
PA6-b/ock-poly(HEMA) were synthesized by the polym
erizations of St, BMA, and HEMA with PA6inis in 
various solvents as well as syntheses of PA6-block
poly(MMA). PA6-b/ock-poly(VAc) was synthesized in 
TFE, but not in phenol/methanol. 

4. The results of synthesis of various block co
polymers with PA6inis showed that PA6inis are useful 
for the preparation of novel PA6-block-vinyl polymers. 
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