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Introduction 
 
Block copolymers are of interest in a wide range of applications 
including information storage, microelectronics, anti-fouling 
agents, and drug delivery, to name a few.  Although block 
copolymers have great potential for many different applications, 
it is difficult to synthesize polymers containing more than four 
blocks. 
 
Previous synthetic methods have been used to make polymers 
with four or five blocks of different functional groups; however, 
there are no previous examples of polymerization with complete 
control over block functional groups and block sequence.  An 
improved system would be able to polymerize many different 
blocks with control over their sequence and functionality to fully 
access the unique properties of block copolymers   
 
 
 
 
 
 
 
Scheme 1: Block copolymer with five different blocks, five different 
blocks with block sequence freedom, and a block copolymer with five 
different blocks of alternating functionality. 
 
Previous work by the Coates group at Cornell University has 
shown that epoxides and carbon dioxide can be copolymerized 
with perfect alternation using a β-diiminate zincII acetate [(BDI)
ZnOAc] catalyst producing polycarbonates that are capable of 
forming blocks.  This catalyst is shown in Figure 1.  
 
 
 
 

 
 
 

Figure 1: (BDI)ZnOAc catalyst for living alternating copolymerization of 
epoxides and carbon dioxide. 
 
Could we use this catalyst to synthesize block copolymers?  How 
well would this polymerization scheme tolerate different 
functional groups and different block sequences?   
 
Block Polymerization by Sequential Monomer 

Addition 
 
The (BDI)ZnOAc catalyst was used to polymerize functionalized 
cyclohexene oxide-derivatives and carbon dioxide to produce 
polycarbonates with functional groups. This reaction can be 
found below in Scheme 2. 
 
 
 
 
 
 
 
 
Scheme 2: Addition of cyclohexene oxide derivatives and carbon dioxide 
will polymerize to form polycarbonates in the presence of (BDI)ZnOAc. 

Addition of only one monomer to the reactor will produce a 
polycarbonate homopolymer.  After complete consumption of all 
epoxide from the first block, a second epoxide can be added to the 
reactor to form a second block.  This process of monomer 
consumption and addition of a new monomer can be repeated 
many times with different functional groups on each block.  A 
diagram of this process is found in Scheme 3. 
 
 
 
 
 
Scheme 3: Monomers are added sequentially to the reactor to produce 
multiblock copolymers. 
 
We synthesized a wide variety of monomers with functionalized 
side chains that can be polymerized using this method.  These 
include hydrophilic, lipophilic, fluorophilic, protected hydroxyl 
and diol groups, etc.  These monomers are shown in Figure 2. 
 
 
 
 
 
 
 
Figure 2: Monomers polymerizable by (BDI)ZnOAc. 

 
Current Results 

 
The multiblock polymers were analyzed by NMR spectroscopy. 
Spectra were taken after the addition of each block to determine 
that the epoxide was completely consumed during the course of 
the reaction.  The growth of new peaks corresponds to the 
addition of new blocks.  The NMR spectra are overlaid below in 
Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: NMR spectra showing epoxide consumption and growth of new 
polymer blocks for a hexablock copolymer (sampled after the addition of 
each block).  Starred peaks are from the most recently added block. 
 
 

The block copolymers were also analyzed using gel-permeation 
chromatography (GPC) to determine molecular weight and 
molecular weight distribution.  The GPC traces of increasing 
number of blocks are shown in Figure 4.  As molecular weight 
increases, the traces shift from right to left.  The distributions of 
the traces are narrow throughout the course of the reaction. 

 

 

 

 

 

 

Figure 4: GPC traces for monoblock(right) to hexablock (left) overlaid 
together.  This plot indicates that the width and shape of the distribution 
does not change with the number of blocks.  

Results from multiblock copolymers synthesized using this 
process are summarized below in Table 1. 

 

 

 

 

 

 

Table 1: Multiblock copolymerizations of functionalized cyclohexene 
oxides and carbon dioxide. 

Entries 9-11 show different sequences of lipophilic, fluorophilic, 
and hydrophilic monomers on the same chain.  All three entries 
show similar molecular weights, molecular weight distributions, 
and lengths of time for polymerization. 

Conclusions 
 

We conclude that our (BDI)ZnOAc system will copolymerize 
carbon dioxide and functionalized cyclohexene oxide to produce 
functionalized polycarbonates.  Our polymerization method has 
complete control over the length, functionality, and block 
sequence. 
 

Future Work 
 
We are currently investigating the phase separation 
behavior and mechanical properties of these 
polycarbonates.  Future work will focus on polymer self-
assembly and applications to self-assembly of inorganic 
nanoparticles. 
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Entry Block Copolymer Reaction Time 
(min) 

Mn (kg/
mol) 

MW/Mn (kg/
mol) 

Yield 
(%) 

1 p(CHC)50-p(V-CHC)50 20-20 15.9 1.06 99 

2 p(CHC)50-p(V-CHC)50-p(CHC)50 15-15-15 22.8 1.05 98 

3 [p(CHC)30-p(V-CHC)30]2 20-20-20-20 18.9 1.07 91 

4 [p(CHC)30-p(V-CHC)30]3-p(CHC)30 20-20-20-20-20-20 29.8 1.09 94 

5 p(CHC)50-p(V-CHC)50-p(TES-CHC)25 15-15-30 23.5 1.05 99 

6 p(CHC)50-p(V-CHC)50-p(TES-CHC)25-p(F-CHC)25 15-15-20-30 32.4 1.09 99 

7 P(TES-CHC)50-p(CHC)100-p(F-CHC)50-p(V-CHC)100-p(Ket-CHC)50 45-30-30-30-540 53.2 1.11 94 

8 P(Hex-CHC)70-p(TES-CHC)50-p(F-CHC)30-p(Ket-CHC)30-p(CHC)70-p(V-
CHC)60 

30-30-45-90-45-540 47.4 1.12 87 

9 p(Hex-CHC)30-p(F-CHC)30-p(PEG-CHC)30 20-30-30 25.8 1.12 98 

10 p(Hex-CHC)30-p(PEG-CHC)30-p(F-CHC)30 20-30-30 25.4 1.11 96 

11 p(PEG-CHC)30-p(Hex-CHC)30-p(F-CHC)30 20-30-30 24.9 1.11 95 


