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In any living creature, there are chemical reactions continu-
ously happening which are vital to sustaining life. These reac-
tions never reach equilibrium. Understanding these 
out-of-equilibrium systems is a key component to under-
standing many of the mysteries of life. In our research, we 
looked at the formation and dissipation  of a bovine serum al-
bumin (BSA) based hydrogel, fueled by a redox reaction be-
tween hydrogen peroxide (H2O2) and dithiothreitol (DTT). We 
specifically look at the impact of adding polyethylene oxide 
(PEO) at various molecular weights on the dissipative self-as-
sembly of the hydrogel. 

Dissipative self-assembly, out-of-equilibrium processes are 
more common in nature than a lab setting. These processes are 
vital to many different cellular processes, which use molecules, 
such as adenosine triphosphate (ATP), as a fuel source.[1] While 
difficult to replicate in a lab, out-of-equilibrium systems have a 
lot of potential for learning about biological systems.[2] Dissipa-
tive self-assembly in a lab works in a very similar manner to the 
processes found in nature, consuming a chemical fuel to create 
the structure.[3] We can alter various values, such as reaction 
rates and fuel levels, in order to change the properties of an 
out-of-equilibrium system, such as lifetime stiffness, and 
self-regeneration.[4] 

BSA was chosen for its ability to conjugate and transport mol-
ecules.[5] Protein based hydrogel also are significantly more 
bio-compatible and biodegradable, allowing for a safer a 
more sustainable experiments compared to synthetic hydro-
gel.[6] The goal was to understand how different concentra-
tions of fuel impact the formation and dissipation rates of the 
hydrogel. We also added various levels of polyethylene oxide 
(PEO). The addition of a polymer was to see how it would 
change the mechanism of the hydrogel. Previous studies, 
which did not implement polymers, had relatively slow for-
mation and dissipation rate. Our study tries to shorten an ap-
proximate twelve-hour process into a significantly shorter 
time frame.[7] In order to study the hydrogel, we primarily 
used dynamic light scattering (DLS). This involves using ana-
lyzing light scattered by a material to better understand the 
material’s properties. Since larger particles diffuse light more, 
we can see an increase in the intensity of the scattered light 
when larger particles are being analyzed. [8] For our purposes, 
this is associated with the hydrogel being in a more solid, less 
viscous, state.[9] The process used to study began with obser-
vational analysis on many different hydrogels to see if the hy-
drogels successfully formed and dissipated in a reasonable 
amount of time. This involved adding various amounts of 
BSA, DTT, and PEO which were dissolved in a 6M Guanidine 
buffer at 5.4pH. After fully dissolved, H2O2 was added, start-
ing the redox reaction that fuels the hydrogel. Successful hy-
drogels were later recreated using the same process and then 
analyzed using DLS. This allowed us to a more quantitative 
understanding of the hydrogel formation and dissipation. 

Limitations

Graph of Hydrogel Particular Size Overtime

Analysis
From our experiments, we saw about a 10-to-20-minute ex-
tension to the life span of the hydrogel when PEO was imple-
mented. In graph above, we see three separate hydrogels: 
one without any PEO (#1 - blue), one with 0.3mM of PEO 
20,0000 (#2 - orange), and one with 15mM of PEO 2,000 (#3 - 
green). All other variables were held constant between trails. 
#1 gives a base understanding of the time of dissipation. 
From this, we see can see both #2 and #3 have significantly 
longer dissipation times. While #2 does have a higher molec-
ular weight (MW) of 20,000 g/mol, it has a concentration 50 
times less than #3. #2’s lower concentration is what most 
likely causes it to dissipate faster than #3. The PEO could be 
providing a sort of chemical structure to support the solid hy-
drogel. This structure could make the solid state more stable, 
enabling it to consume less chemical fuel overtime, and 
therefore extending its lifespan.

Future Research
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Out-of-equilibrium systems and protein-based hydrogels 
have several reasons to further studying, such as better under-
standing the cell processes that enable life and possibly short-
ening the healing time for wounds.[10] Our paper discovered 
that increasing the concentration of PEO can extend the lifes-
pan of a hydrogel. This is most likely due to the hydrogel con-
suming less fuel overtime. One would expect that there is a 
saturation concentration associated with the amount of PEO 
added. Future research could explore this idea and try to dis-
cover at what concentration does the addition of PEO no 
longer have an effect. Our research also was primarily focused 
on the dissipation of the hydrogel. This was due to the fact 
that, in the time required to align the laser, most of the hydro-
gel was formed. Future research could try to either slow the 
formation time so that this time is insignificant or use other 
methods of analysis. This would allow researchers to get a 
better understanding of the effects of PEO on the formation of 
the hydrogel.
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The primary limitation to our method is inconsistencies with the 
timing of the hydrogel preparations. The amount of time the DTT 
has to interact with the BSA impacts how the gel forms and dissi-
pates. Our current timing mechanisms can sometimes does not 
provide enough time for the BSA to fully dissolve, while also keep-
ing the timing consistence between tests. The DLS system also re-
quires the sample to be mostly transparent, meaning higher con-
centrations of PEO were not possible as the sample became translu-
cent.
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