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of the original paper.) Subs t i tu t ing  eq 9 f rom the original 
paper 

= CQIn,, ex~[Ci(Li$I, ip1) /k TI e x ~ [ C ~ ( L i $ ~ , i f i 2 / r k r ) l  

(9) 

for E in eq iii above gives 

gexcess = -kT In Q - Ci(Li41,ipl) - C&5i42,i~2/r) (iv) 

Substituting eq 19,111-7, and 111-8 from the original paper 
-(ln Q) = 

n2 In 42,. + Cinl,i In q51,i + Cinz,i In pi + A U / k T  (19) 

Inc} 

p2/kT = 1 - 42,. - r41,* + In 42,. + rxq51,4 - 42,J 
(111-7) 

(111-8) 

for Q, pl, and p2 in eq iv above gives eq 20 in the original 
paper. Note that gexces8 here is equal to the total surface 
tension r A / k T  as defined b y  Roe8 and by Scheutjens and 
Fleer.2 
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Formation of a Surface Monolayer and a Built-up 
Multilayer from a Well-Defined Amphiphilic 
Block Copolymer 

In this report we show that a well-defined amphiphilic 
block copolymer (3)) derived from poly(ethy1 acrylate)-  
block-poly(styrene) (2)) can be prepared by using the 
catalytic system of halo-containing macroinitiator 1 and 
manganese  carbonyl (Mnz(CO),,) and that such an am- 
phiphilic block copolymer readily forms a sur face  mono- 
layer, which is s t rongly  a f fec ted  b y  poly(styrene) (PS t )  
chain l eng th  and by vary ing  pH in subphase, and fo rms  
a built-up multilayer. 

Langmuir-Blodget t  (LB) fi lms have received much at- 
tention in recent years  due to the fac t  that the control of 
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the molecular aggregation state is readily achieved by the 
preparation technique of thin films developed by Lang- 
muir' and Blodgett.2 

For most practical applications the LB film will need 
to be mechanically and thermally stable. From this point, 
research efforts on LB films consisting of monolayers of 
synthetic polymers are rapidly expanding. Most of those 
polymeric materials are, however, homopolymers3 or co- 
polymersM with hydrophilic comonomers prepared from 
long alkyl chain containing vinyl monomers which are 
attached along the resulting polymer backbone, and they 
are mainly discussed by virtue of lateral fixation. On the 
other hand, there has been little study of the surface 
monolayer of synthetic amphiphilic block polymers com- 
posed of hydrophilic and hydrophobic segments. Roberts 
et al.' reported the preparation and dielectric properties 
of a quaternary ammonium salt terminated polybutadiene. 
Ikada et al.* reported the surface monolayers of graft and 
block copolymers consisting of poly(styrene) (PSt) and 
poly(viny1 acetate) or poly(viny1 alcohol), which were 
prepared by a radiation-induced copolymerization. Un- 
fortunately, the chain length of each segment in those 
copolymers seemed to be uncontrollable and too long to 
discuss the monolayer behavior precisely. 

We have reported that a well-defined block copolymer 
can be easily prepared by making use of the catalytic 
system9J0 of halo-containing macroinitiator 1 and Mn2(C- 
O)lo as shown in Scheme 1.l' The block copolymer 2 will 
be transformed readily into the amphiphilic form by hy- 
drolysis of ethyl acrylate units with ethanolic KOH. 

In this paper, we report the preparation of amphiphilic 
block copolymers 3 with systematically different chain 
lengths and properties of those peculiar monolayers at the 
air-water interface. Macroinitiator 1 was prepared by 
polymerization of ethyl acrylate initiated with a,a'-azo- 
bis(isobutylonitri1e) (AIBN) in the presence of carbon 
tetrabromide (chain transfer agent) as described before.12 
The number-average degree of polymerization (A) of the 
macroinitiator thus obtained was estimated to be 7.2 on 
the basis of vapor-pressure 0~mometry.l~ Block polym- 
erization of styrene (St) as a second monomer with ma- 
croinitiator l was carried out in bulk with Mn2(CO)',, at 
80 OC (Table I). Blocking efficiencies were almost 100% 
for any block polymer with different conversions, resulting 
from Soxhlet extraction. Mg values, which denote the 
molecular weights a t  peak tops of gel permeation chro- 
matography (GPC) curves14 calibrated with polystyrene 
standard, were ccnsistent with the number-average mo- 
lecular weight (M,) calculated from the peak intensities 
assigned to each blocking unit in the 'H NMR spectra.15 
M,, (calcd) values, estimated by using the feed composition 
of St and macroinitiator and the conversion (X,) (see 
Table I), were very close to the values of Mg (GPC). These 
indicate that well-defined block copolymers with controlled 
chain length of blocking were able to be prepared by 

Table I 
Block Polymerization of St with TBE-Mn2(CO)lo in Bulk 

at 80 "C" 
macro- 
initiator [St], conversion M n e  

[TBE], mol/L mol/L X,, % (GPC) fiC md (calcd) 
0.30 6.56 27.4 1750 7.2 6.7 1670 
0.20 7.59 31.6 2480 7.2 13.7 2298 
0.10 7.91 28.1 3500 7.2 23.5 3368 
0.05 8.92 52.9 12480 7.2 109.7 10958 

Concentration of manganese carbonyl, 5.0 mmol/L. 
*Molecular weight calibrated with polystyrene standard at the 
peak top of the GPC curve. Number-average degree of polymeri- 
zation of the macroinitiator. Number-average chain length of 
blocked PSt. "Molecular weight calculated, M,, = 1050 +-(104- 
[StlX,/[TBEl). 
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Figure I. *-A isotherms of 3 containing different chain length 
(m) on pure water at 20 "C. Inset shows a schematic illustration 
of surface monolayer; 5 PSt chain. 

varying the conversion of the second monomer and the 
feed composition of macroinitiator and the second mono- 
mer. 

After hydrolysis of these block copolymers with ethanolic 
KOH in dioxane and neutralization with aqueous HC1, 
they were transformed completely to the amphiphilic form 
containing a poly(acry1ic acid) (PAA) chain instead of a 
poly(ethy1 acrylate) chain. These transformations were 
confirmed on the basis of 13C NMR spectro~copy.'~ Re- 
sulting amphiphilic block copolymers consist of a PAA 
chain (ii = 7.2) as the hydrophilic part and a PSt chain 
(fi = 6.7-109.7) as the hydrophobic part. 

Spreading experiments of 3 were performed on a mi- 
croprocessor-controlled f h  balance (San-esu Keisoku Co. 
Ltd.). A series of 3 were spread from a benzenechloroform 
mixture (812 in vol) or benzene. The concentrations of 
the spreading solutions were about 1.5 mg/mL. 

Figure 1 shows the surface pressure (*)-area ( A )  iso- 
therm of 3 containing different chain length (m) on pure 
water (pH 6.5) a t  20 "C. Mean areas were computed by 
using the number-average molecular weight of the block 
copolymers. The n-A curves depend strongly on the hy- 
drophobic chain length (m), and the limiting area, esti- 
mated by extrapolating the steepest region to zero surface 
pressure, tends clearly toward expanding with increasing 
A. When iii becomes longer, the hydrophobic polymer 
chain may be unable to stand up perpendicularly to the 
interface due to the formation of a random-coil structure 
on the water surface as shown in the schematic illustration 
inserted in Figure 1. 

On the other hand, in the shorter case (a = 6.7) the 
polymer chains seem to be oriented perpendicularly and 
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Figure 2. a-A isotherms of 3 ( A  = 6.7)  a t  different p H  values 
at 20 "C. Inset shows a conformational model of PAA in subphase; 
-, PAA chain. 
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Figure 3. p H  dependence of t he  mean area a t  zero pressure. 

packed more tightly. Since the area did not change for 
several hours when we checked the time course of area at  
a constant pressure (20 mN/m), dissolution of amphiphilic 
molecules into the subphase might be negligible. 

Figure 2 shows the T-A isotherms of 3 (r?i = 6.7), a 
typical polymer, at  different pH values. The T-A curves 
have a tendency to expand with pH. Figure 3 shows the 
pH dependence of the area at  zero pressure. The pK, of 
the carboxylic acid group of a PAA chain is probably about 
5.0, so the fraction of ionized carboxyl groups will vary 
considerably in the range of pH investigated. I t  is, in 
general, expected that ionization of the carboxyl groups 
will introduce ionic repulsion, which caused a conforma- 
tional change of the PAA chain from a globular coil in 
acidic solution to an expanded conformation at  high pH 
in the subphase. This probably explains the pH sensitivity 
of T-A curves as shown schematically in the Figure 2 inset. 

Deposition of the surface monolayer of 3 (f i = 6.7) was 
examined by using a quartz plate at  20 "C under a surface 
pressure of 20 mN/m. In the first downward stroke the 
monolayers could not be deposited, but in further strokes 
the monolayer was readily transferred in both the upward 
and downward strokes. The formation of the Y-type 
multilayer was assured, because decreases in the surface 
area were the same in the downward and upward strokes. 
The UV absorption spectra also supported the formation 
of a multilayer. Figure 4 shows the absorbance at  262 nm, 
which corresponds to PSt, plotted against the number of 
layers (N) deposited. The absorbance was proportional 

0024-9297/88/2221-1880$01.50/0 
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Figure 4. Absorbance at 262 nm of a built-up film as a function 
of the number of deposited layers (N). 

to N at least up to 20 depositions. 
We conclude that the monolayer properties of the 

well-defined amphiphilic block polymers are quite sensitive 
to the chain length of PSt as the hydrophobic segment and 
also to pH in the subphase resulting from the conforma- 
tional change of PSt and/or PAA chains. The monolayers 
could be transferred on a quartz plate in the Y-type de- 
position. Attempts to reveal the structural characteristics 
of such multilayers are now in progress. 
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Mechanisms of Ring-Qpening Polymerization of 
2-(Perfluoroalkyl)-2-oxazolines Initiated by 
Sulfonates: A Novel Covalent-Type Electrophilic 
Polymerization 

The present paper describes the results of study on the 
ring-opening polymerization of 2-(perfluoroalkyl)-2-oxa- 
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