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Results
90:10and85:15 toluene:PDMSwerefound to beopticallysimilarwith opticalmicroscopy

and scanningelectronmicroscopy. The85:15 ratio printed more preciselinesand had less
over spraythan its counterpart. Whenspiropyranis addedit is speculatedthat it will have
trouble findingPDMSdueto the excessiveamountof toluenein solution,so in 85%toluene
it will havea better chanceof finding the polymer than in 90% toluene. It wasconcluded
that the 85:15 ratio of toluene to PDMSwas the best systemto embed and print with
spiropyran. Spiropyran(0.5 wt% SPin PDMS)wassuccessfullyincorporatedinto the 85:15
systemandprinted.

Abstract
Security printing prevents forgery, tampering, and counterfeiting of a wide variety of

documentsand consumergoods. In this research,a polymer-basedmechanochromicink for
security printing is suggestedas a viable option for a reversible,easily detectable way of
determiningthe legitimacyof a documentor product. Generally,mechanochromicpolymers
changecolorandexhibit fluorescencein responseto a mechanicalforcedueto the presenceof
mechanophoremolecules covalently linked within the polymer structure. A well-known
mechanophore,spiropyran, is easily incorporated into poly(dimethylsiloxane) (PDMS),an
elastomericpolymer. In this study,PDMS-basedink for securityprinting applicationsis studied
by tuning the initial polymerviscositywith a solvent. Additionally,the film quality is explored
through both optical and mechanicaltechniques. Printing conditions and an appropriate
mechanophore-polymersystemaredeterminedto be appropriatefor printing with anaerosol-
jet microprinter. Theresponsivenessof mechanochromicink isshownthroughfluorescenceof
the printed area.

Background

Procedure
Materials
ωSylgard184SiliconeElastomerBase,EllsworthAdhesives
ωSylgard184SiliconeElastomerCuringAgent,EllsworthAdhesives
ωToluene
ωFunctionalizedspiropyran(SP-b)-pen
Formulation
PDMSwas formulated using a 10:1 baseto crosslinkingagent ratio. After the polymer was
weighedout, tolueneis then addedto a previouslyspecifiedweightpercent.
ViscosityTests
Immediatelyafter the polymer-solventmixturewascreated,a smallamountwasplacedon the
rheometeranda viscositytest wasrun in order to determinethe initial viscosityof the mixture.
SpinCasting
Thesamesamplewasthen spincastedasa pre-printing test. After spincastingwascompleted,
the glassslide was cured. At the end of the curing period, the dry film was qualitatively
analyzed.
Printing
If the viscosityof the polymer was under 10 cP and the results of the spin castingwere
optimistic, the sametoluene and PDMSmixture was recreated,printed, and cured. After the
printed ink wascured,the samplewasanalyzed.
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Figure 3. SEM Image of Plain Printer Paper Figure 4. SEM Image of 85% Toluene �t
Oven Cured Printed onto Printer Paper

Figure 5. Cross-Sectional Area of 
Plain KaptonFilm 

Figure 6. Cross-Sectional Area of KaptonFilm 
with Two Coats of Printed 85% Toluene-PDMS 

Mixture 

Future Work
Examinethe responseof the films to heat. Investigateif spiropyranis covalentlylinked into
the PDMS-toluenesystemby the printed film responsivenessto mechanicalforces.

Figure 2. Initial Viscosity vs. Volume Percent Toluene Measurements

Figure 1. Spiropyranand Merocyanine
Transformation6
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A mechanophore is a compound whose
reaction can be triggered by a mechanical
force. One particularly useful mechanophore
is spiropyran, which is known for its color
changing and fluorescent properties.
Spiropyrantransformsto merocyaninewhena
stress is applied to the system, causing a
reversible color changeto occur as seen in
Figure1. Covalentlylinkingspiropyraninto an
elastomeric poly(dimethylsiloxane) (PDMS)
network allows for covalent bond activation
under macroscopic deformation.3 During
formulation,PDMSis crosslinkedinto polymer
chainsthat chemicallybond to one another.
This process occurs when the crosslinking
agent (or curing agent) is added during
formulation. This particular polymer-
mechanophoresystemhasthe possibilityto
be printed onto legitimateproductswith detectionfollowinga forceon the printed area,and
is an interesting systemfor the security printing industry. In addition, spiropyrancan be
transformedto merocyaninewith heat andUVlight. Unfortunately,PDMSis a highlyviscous
polymer and is difficult to print through traditional methods. Theapproachbeing taken to
solvethis problemis to dilute the polymerwith a solvent(toluene)beforecuringto makethe
polymerprintablewith anordinaryhouseholdprinter.

115.4 µm
(SP-b)-pen, supplied by UIUC

Figure 7. 85% Toluene �t PDMS Mixture          Figure 8. 85% Toluene �t PDMS Mixture Printed 
onto Glass and Oven Cured                                    Printed onto Plain Printer Paper and          

Oven Cured
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