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Ultra-Rapid Photopolymerization Method

Novel (meth)acrylate monomers for ultra-rapid
photopolymerization have been developed by
researchers at the Photopolymerizations Cen-
ter (PC). This program has identified and char-
acterized several new monomers that provide
highly photosensitive acrylate compositions
with excellent physical and mechanical proper-
ties. These materials have potential for the
design of improved structural adhesives in
engineering applications. One application
noted by UCB Chemicals is that of inks used in
printing on food packages. Fast-reacting
monomers can reduce both cost and food con-
tamination. The fast-reacting monomers result
in inks that dry faster and in packaging that is

not as slippery, thereby improving the ability to stack packages. These two effects help reduce packaging
costs. These materials have also been demonstrated to improve properties when used as dental restorative
materials.

An added benefit to the fast-drying ink is that it does not seep through the packaging and therefore does
not contaminate food contained in the package with chemicals. 

Economic Impact:  The economic impact of this project is significant in several respects. First, the
enhanced understanding of the formation-structure-property relationships in monomers has
been critical in designing formulations. This approach dramatically reduces the experimental
evaluation necessary to develop photopolymerizable formulations for new applications, enhanc-
ing their penetration into new markets. Further, the existence of new monomers developed by
this project that have enhanced characteristics will improve coating performance. Through
improved performance, the solventless photopolymerization process, which has improved eco-
nomics and environmental compatibility, will be able to penetrate markets that could not be
reached otherwise, particularly in automotive or other outdoor applications.

For more information, contact Christopher Bowman, 303.492.3247, christopher.bowman@colorado.edu.

Fiber optic coatings are one potential use for this technology.
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Photopolymerizations Center (PC)
Covalent Adaptable Networks (CANS)

PC researchers have developed Covalent Adaptable
Networks (CANS), which are polymer networks that
are adaptable and have reversible structures with
concomitant abilities to reduce stress and change
shape after polymerization. These networks have the
unique combination of being covalently bonded
polymer networks that maintain an ability to change
their bonded state. This capability enables materials
to alleviate stress, change their shape, become adhe-
sive (or debond), or even to heal fractures and cracks. 

Two different classes of CANs exist, those that utilize
radical-mediated addition fragmentation and those
that utilize thermoreversible Diels-Alder reactions as
the activatable bond. In a series of papers, we have
demonstrated that the addition-fragmentation based
CANs enable three critical advantages: reduction of
polymerization shrinkage stress, photoactuation and
light induced shape changes, and a novel mechani-
cally assisted photolithographic process that enables
a single light exposure to achieve complex topogra-
phy. The thermoreversible CANs have also been dem-
onstrated to be of significant value through three key
developments as well: the ability to heal cracks, the
ability to be remotely actuated and manipulated through radiofrequency exposure, and an ability to form
complex, custom 3D objects simply through a thiol-ene based photofixation process.

Economic Impact:  These materials present an entirely new and functional class of thermosets.
Thermosets resins represent a multi-billion dollar market that has exclusively focused on polymer
networks that are permanent and unalterable. Here, for many applications, nearly all of the same
advantages can be achieved with this CANs approach, with the added benefit of numerous addi-
tional and desirable properties such as reduced stress, the ability to heal and mend cracks and
defects, and the ability to be recycled more easily. Because the technology has such broad
reaches across industries from adhesives to composites to 3D prototyping and photolithography,
there has been significant interest from companies. Several invention disclosures have already
been submitted spanning applications from conventional composites to dental material to 3D
prototyping, to photolithography and adhesives. Dental companies involved in 3D prototyping
and adhesive companies have expressed interest or have already optioned the technology in
these fields.

For more information, contact Christopher Bowman, 303.492.3247, christopher.bowman@colorado.edu.

Dental companies benefits from this technology.
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Photopolymerizations Center (PC)
Improvement in Photo-Cured Acrylate Coatings

At the University of Iowa's Photopolymerizations Center,
(PC) a novel photochemical method to eliminate oxygen
inhibition in free-radical photopolymerizations has been
developed. This work provides a unique and practical
solution to a major problem involving photo cured acry-
late coatings, namely, inhibition by air at the coating sur-
face. The advance involves the inclusion of two specially
selected components in the reactive formulation: 1) a
light-absorbing molecule which interacts with the
ground state (triplet) oxygen to produce an excited (sin-
glet) state of oxygen (Zn-ttp in the figure), and 2) a second
compound which reacts with the singlet oxygen thereby
removing from the system (dimethyl anthracene in the
figure). By introducing the near infrared illumination
before ultraviolet curing, the combination of singlet oxy-
gen generator and trapper can effectively remove the
molecular oxygen dissolved in the system. It therefore
significantly increases the polymerization rate in air envi-

ronments. Unlike the traditional methods to mitigate oxygen inhibition, this new method decouples the
oxygen consumption and the polymerization process. The peroxide products formed from the oxidation of
trapper have the potential to create new reactive centers upon UV illumination or heating.

Economic Impact:  Oxygen inhibition is widely regarded as the most important unsolved prob-
lem in acrylate polymerization. Methods to mitigate the problem are generally expensive, inef-
fective, or undermine the properties of the resulting polymer coating. This breakthrough
provides an attractive new alternative for solving this important problem. Because the method is
based upon the addition of trace quantities of specially selected additives, it can be applied to
any acrylate system with no other modifications to the reactive formulation. Henkel Loctite Cor-
poration expects this technology to be of significant commercial value.

For more information, contact Alec Scranton, 319.335.1414, alec-scranton@uiowa.edu.

Increasing the polymerization rate in air 
environments. 
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Photopolymerizations Center (PC)
Improved Understanding of Photopolymerization Using 
Photobleachable Dyes

Understanding the mechanism of this chemistry helps provide the basis for essential irreversible loss of
color in a variety of consumer products. Research at the Photopolymerizations Center (PC) has examined
brightly colored photopolymerizable compositions. Research at PC is providing improved fundamental
understandings of the photo-induced electron transfer processes that determine the retention or loss of
color, as well as the formation of active centers that lead to polymer formation. The work provides direct
evidence for conditions required to achieve simultaneous photopolymerization and mechanistic under-
standing of both reversible and irreversible photobleaching of colored compositions. The work is impor-
tant for photocurable adhesives in dental and orthodontic materials that provide easy visualization during
placement (due to color), then upon light exposure, polymerize and become colorless.

Economic Impact:  A fundamental understanding of photopolymerizable systems that possess
color has important economic implications for a variety of products. The work has played a key
role in the dental industry by in the form of photo-bleachable sealants, orthodontic bracket
adhesives, as well as electronic adhesives. It will have significant economic impact in industries
that use photopolymers for an array of coatings, dental/orthodontic materials, electronic adhe-
sives, and encapsulants. It has already impacted dental material including photocurable compos-
ite fillings, sealants, and orthodontic bracket adhesives.

For more information, contact Alec Scranton, 319.335.1414, alec-scranton@uiowa.edu. 

Real Time Methods to Examine Photopolymerization Conversion

Researcher have developed real time instrumentation and methodologies to examine and correlate photo-
polymerization degree of conversion versus shrinkage stress and key mechanical properties. This work at
the Photopolymerizations Center has provided results that improve upon 25 years of previously unsuccess-
ful attempts to understand critical relationships involving dental materials and other photocurable, cross
linkable systems. Key critical questions relating to shrinkage, stress, degree of conversion, and associated
mechanical properties have finally been definitively addressed. These advances have provided definitive
proof concerning the polymerization, shrinkage stress, and mechanical properties. Previous efforts failed
to address all three relevant aspects resulting in extensive speculation and hand waving arguments.

Economic Impact:  A more thorough understanding the relationships among the degree of con-
version, the shrinkage stress, and the mechanical properties could impact any product that is
based upon crosslinked polymer networks. This advance will have significant impacts in any
industries that use photopolymers for a coatings arrays, dental/orthodontic materials, electronic
adhesives, and encapsulants. It has already impacted the development of dental material includ-
ing photocurable composite fillings, sealants, and orthodontic bracket adhesives.

For more information, contact Christopher Bowman, 303.492.3247, christopher.bowman@colorado.edu or
Alec Scranton, 319.335.1414, alec-scranton@uiowa.edu. 
190      2014 Compendium of Industry-Nominated NSF I/UCRC Technological Breakthroughs


	Photopolymerizations Center (PC)
	Ultra-Rapid Photopolymerization Method
	Covalent Adaptable Networks (CANS)
	Improvement in Photo-Cured Acrylate Coatings
	Improved Understanding of Photopolymerization Using Photobleachable Dyes
	Real Time Methods to Examine Photopolymerization Conversion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


