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Statement of Purpose: Modular scaffolds hold great 
promise for tissue engineering.1  Small hydrogels bearing 
different functionalities can be crosslinked in the presence 
of cells to produce tailored environments for the growth 
and differentiation of cells into tissues.  We are 
introducing a new type of modular scaffold made from 
micron-sized poly(ethylene glycol) (PEG) hydrogels.  The 
micron-scale hydrogels are formed via a solution process 
without organic solvents or surfactants.  Above the lower 
critical solution temperature (LCST) of PEG, which may 
be adjusted via the addition of kosmotropic salts,2
spherical PEG-rich domains form.  The spherical phase 
may be stabilized by rapid chemical crosslinking of the 
PEG.  Control of the size and size distribution of the 
microspheres is critical to engineer the strength, porosity 
and degradability of modular scaffolds.  Thus, we 
investigated the kinetics of microsphere formation 
through experiment and simulations. 
Methods: PEG-octavinylsulfone and PEG-octaamine are 
reacted until reaching a mean effective diameter of about 
100 nm by photon correlation spectroscopy (‘microgels’).  
Sodium sulfate is added to the solution to reach 0.6 M.  
The solution is then heated in a 70°C heating block for 5 
min to form microspheres.  Formation of microgels was 
modeled as a Monte Carlo process using code written in 
C, as previously described.3  The kinetics of gel formation 
were modeled with the molecular dynamics package 
COGNAC (http://octa.jp).  The backbone atoms of eight 
arm PEG, mol. wt. 10,000 were modeled, with reaction 
between ‘amine’  and ‘vinyl sulfone’ endgroups allowed.  
To model microsphere formation, the Cahn-Hilliard 
equation was solved via spectral analysis in C. 
Results: If the PEG reactants were mixed above the 
LCST of PEG, a loose scaffold/hydrogel formed, which 
was undesirable.  Therefore, solutions of PEG-octa-
vinylsulfone and PEG-octa-amine were initially allowed 
to crosslink below the LCST.  The solutions reacted until 
reaching a mean effective diameter by PCS of 100 nm.  
The molecular weight distribution of PEG at this degree 
of crosslinking was investigated by GPC with triple 
detection (viscosity, refractive index and light scattering).  
This demonstrated a strong deviation from the size 
distribution expected from the classic Flory-Stockmayer 
theory.  End group conversion of the microgels was found 
to be about 30% by NMR, much beyond the expected gel 
point by Flory-Stockmayer theory.  Therefore, it was 
concluded that the principle of equal reactivity does not 
apply to this system of reacting eight-arm PEGs. 
         To better understand the distribution of microgel 
sizes, a Monte Carlo simulation was developed.  It was 
assumed that the reactive groups on the surface of 
growing PEG chains were more reactive that those in the 
interior.  Thus, the reactivity of end groups in a growing  
chain were scaled with 1/R^(3/5), which is the ratio of 
‘surface’ to ‘volume’ of a chain in a good solvent.  It was  

found that the gel point was delayed under these 
conditions and that microgel formation was predicted.  To 
further understand the phenomenon, microgel formation 
was simulated using an atomistic model of PEG with the 
multiscale simulation package COGNAC.  It was found 
that backbone flexibility alone was sufficient to lead to 
strong deviations from Flory-Stockmayer theory and 
subsequent microgel formation (Figure 1).  Simulation of 
the microsphere formation process was undertaken by 
modeling the dynamics of phase separation of PEG above 
its LCST as a Cahn-Hilliard equation.  The distribution of 
microsphere sizes found by light microscopy agreed well 
with the distribution of sizes obtained by simulation 
(Figure 2). 

Figure 1: Simulation of microgel formation using an 
atomistic model.  Backbone flexibility alone was found to 
lead to enhance microgel formation, evidenced by the 
increase in the density of ‘loops’, i.e. intramolecular 
crosslinks. 

Figure 2: (A) Photomicrograph of PEG microspheres 
formed by reaction of PEG-OVS/PEG-OA microgels 
above the LCST of PEG.  Scale bar = 20 microns. (B) 
Simulation of microsphere formation by numerical 
solution of the Cahn-Hilliard equation.   

Conclusions:  A variety of simulation techniques help to 
explain the sizes of PEG microspheres formed from PEG 
microgels above the LCST of PEG.  This should enhance 
our ability to engineer the microspheres for assembly into 
scaffolds. 
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