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Hydrogen bonding in block copolymer mixtures with 

nanostructure has been a topic of intense interest in 

polymer science because of their potential applications 

such as their  electronic, photonic, and magnetic 

properties.  Combining self-assembly block copolymer 

with supramolecular structure offers unique possibilities 

to create new materials with tunable and responsive 

properties.   Here, we investigated a new type A-b-B/

C blend system, where A and B segments could be 

immiscible or immiscible between each other, C segments 

is able to interact with A or B individually or both miscible 

with A and B.  Through mediated by different hydrogen 

bonding strength between binary B/C and A/C blend, 

we can obtain different self-assembly nanostructure.   

Results from small angle X-ray scattering (SAXS) and 

TEM consistently indicate that different compositions of 

A-b-B/C blends induce different micro-phase separation 

structures such as sphere, hexagonal and lamellar phases.
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Materials already get into the nano-scale manufacture 

and the preparation of these nanostructures is generally 

divided into two different methods.  One is called “top-

down” method, which is traditional fabrication technique 

offering arbitrary geometrical designs and superior 

nanometer-level precision, accuracy, and registration 

and employing two-dimensional etching, deposition and 

layer-by-layer manufacturing processes that constitute 

the foundation of current microelectronic technologies. 

However, with the continuous requirement for high-

performance and low-cost devices, this approach itself not 

only reaches its resolution limit due to light diffraction at 

nanometer scales, but is also inefficient in terms of energy 

and materials.  Self-organizing materials as “bottom-up” 

method provide relative simple and low-cost processes 

to make large-area periodic nanostructures that are 

from diblock copolymers or other materials such as low 

molecular weight compounds by controlling the self-

assembly behavior.  The driving force for producing the 

nanostructure by self-assembly behavior of diblock 

copolymers has from two different reasons: one is the 

repulsion effect between blocks A and B in bulk state, 

which comes from the immiscible behavior between A 

and B block segments or the repulsion effect comes from 

the solution state due to the immiscible behavior between 

the one block segment and the selective solvent.  However, 

controlling the micro-phase separation into the nano-scale 

should have the attractive force within A and B blocks.  The 

other reason is derived from the covalent bond between 

A and B blocks segments to confine into the nano-scale 

size.  As a result, diblock copolymers have many different 

well-defined self-assembly nanostructures in bulk state 

including lamellar, hexagonal-packed cylindrical, and 

body-centered cubic micellar structures, as a result of the 

presence of two immiscible polymer chains connected 

by covalent bonds and depending on the relative volume 

fractions of the blocks, total degree of polymerization and 
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Flory-Huggin interaction parameter.  The 

block copolymers that have well-defined 

structures, such as known molecular 

weights, molecular weight distributions, 

compositions, architectures, and end group 

functionalities, are in high demand.

Blending diblock (A-b-B) copolymers 

with homopolymers (C) has attracted 

great interest in polymer science during 

last few years because of their unusual 

phase behavior.  Most studies have concentrated on an 

immiscible A-b-B diblock copolymer with a homopolymer 

A.  Other systems have also been investigated involving 

blends of homopolymer C with immiscible A-b-B diblock 

copolymer, where C is immiscible with block A but interacts 

favorably with block B.  Recently, we investigate that the 

PS-b-PVPh/P4VP = 1/1 can form the gyroid structure from 

lamellae structure of pure PS-b-PVPh diblock copolymer as 

shown in Fig. 1.

In addition, other systems comprising an immiscible 

A-b-B diblock copolymer and a homopolymer C, where 

homopolymer C is miscible with both A and B.  We 

investigate the PCL-b-P4VP with PVPh, where hydrogen 

bonding interaction of miscible PVPh/P4VP blend 

(KA = 598) is much stronger than miscible PVPh/PCL 

blend (KA = 90) based on Painter-Coleman association 

model, but PCL/P4VP blend is immiscible.  The morphology 

also can change from the lamella to cylinder structure with 

the increase of PVPh content as shown in Fig. 2.

Fig. 1:  SAXS and TEM of PS-b-PVPh/P4VP blend

Fig. 2:  TEM and SAXS of PCL-b-P4VP/PVPh blend
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Recently, we also change our attention in A-b-B/C 

systems with all negative but different interaction 

parameter values of χAB , χBC , and χAC (all binary blends 

are miscible).  Due to the inherent flexible and long-chain 

nature of most synthetic polymers, specific interactions in 

polymer blends usually occur in an uncontrollable way and 

consequently lead to irregular structures. 

Therefore, it has been a great challenge to construct 

regular self-assembly structures through specific in-

teractions from polymeric building blocks in bulk state. 

When all three binary pairs (B/A, B/C, and A/C) are 

individually miscible in a ternary polymer blend system, 

a closed immiscibility loop phase separation diagram 

has been observed as mentioned above because of delta 

K effects in ternary polymer blends.  Nonetheless, these 

ternary blend systems only show irregular macroscopic 

phase separation, a regular self-assembly structure has 

rarely been observed.  A miscible diblock copolymer 

adopted blending with a third homopolymer tends to 

confine the phase separation at nanometer scale is quit 

interesting in this issue.  We first reported a new type of 

A-B/C blend, formed between PMMA-b-PVP/PVPh, which 

displays unusual phase behavior.  In this blend, the PMMA 

(A) and PVP (B) blocks within the PMMA-b-PVP (A-B) 

copolymer are miscible; although PVPh (C) experiences 

attractive interactions through hydrogen bonding, with 

both the PVP and PMMA blocks, its interaction with the 

former block is significantly stronger than that with 

the latter.  The proton spin-lattice relaxation time in the 

rotating frame; indicates that phase separation occurs 

for blends containing ca. 20-60 wt % PVPh.  TEM images 

indicated clearly that the morphology of phase separation 

consists of a matrix of homogeneous mixed PVP/PVPh 

and micellar domains of excluded PMMA.  In addition, we 

also investigate the polymer blending PVPh-b-PMMA with 

PVP.79  This miscible PVPh-b-PMMA copolymer becomes 

immiscible by blending with 20~60 wt% PVP (27~56 wt% 

PMMA in the blend system) and forms unusual self-

Fig. 3: SAXS and TEM of PVPh-b-PMMA /PVP blend
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assembly morphologies due to significant difference in 

hydrogen bond interaction strength.  Results from TEM 

indicate that different compositions of PVPh-b-PMMA/PVP 

blends induce different micro-phase separation structures 

mediated by hydrogen bonding interactions.  Figure 3 

illustrates the different PVPh-b-PMMA/PVP blends with 

different compositions At a lower PMMA fraction (27 wt%) 

in blend system, small PMMA microdomains are finely 

dispersed and confined within the matrix of miscible 

PVPh/PVP phase as shown in Fig. 3.   Most of these PMMA 

rich microdomains are nearly spherical.  Increasing the 

PMMA content to ca. 42~48 wt%, short PMMA cylinders 

dispersed within miscible phase of PVPh and PVP 

are obtained for as shown in Fig. 3B and 3C.   Further 

increasing the PMMA content to 56 wt%, the blend adopts 

a lamellar morphology as illustrated in Fig. 3D.  Clearly, the 

self-assembly nanostructure of miscible diblock can be 

obtained through mediated by hydrogen bonding.◆
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