WO 03/ 001168 PCT/ US02/ 22079 Thernmochrom ¢ Pol ynmers for Rapid Visual
Assessnent of Tenperature Background of the Invention 1. Field of the

| nvent i orwb o3let11ishvent i on rel ates to pol yt hi ophene-based PEFISOAL207E
indicators. 2. Description of Relevant Art Pol ythi ophenes are known for
their electrically conductive properties. One technique used to study

pol yt hi ophenes is to anal yze associ ated col or changes when the tenperature
of the polythiophene is varied. Color changes provide insight into the 10
el ect r o- conductThéanédReRId Pasmers fhhRaf@ ViRl AssEhahdt of Eempsitugsls pat ent and
literature citations which describe this work. In many instances it is
clearly desirable to know when an object or article reaches or has
exceeded BPREGUAL 6 theMRRhEbHI € Sinply by view ng the object and noting

t hat at Ieas% a portion of the object has exhibited a col or change.

Vi ewi ng includes visual 15 observation by an individual or detection of

col or change by a sengglof thdinetnt@nsor woul d output a signal to be
detected in any suitable manner. As an exanple, in the food service

i ndust ryd t her e Thednvantion relgtss tpplyibiapheneayased tempgratens indieaioiss st or ed and/ or
served. If a cold tray, such as by regulation, is required to be

mai ntai ned at a tenperature of 38 or |lower then a sensor system m ght be in

pl ace to 20 si ghal (Resaripfon ¢iRelevant Artnperature i s above 38F.

Al ternatively, t her nonet er m ght .be.. used,, . ver, i.n the fpod rvice
i ndustry, mar gi@%ytg\pgﬁ%) nzfrealfﬁ]%"nf%rsglefreﬁﬁ‘fqlg%%ﬁondrué:&ﬁ? aﬁr?%e 1S en eng
syst ens Witkdhnitfle UREd tisStlldy polgTRopHeReER Ui PIeCassddiatad icoNds ciifpee when theoul d
be desirable to provide a visual color indicator which wuld appear on an

articl e i femperature gp dhepgldhigphee isswried. Heplog changes ysevids ipsightt g the
etceter r [Welc) ri N olE-N , fis

ot oot or 10 WkBrac o jibydhiade G2 ARG, Therd e sRRRFER pl A A feature
ovens. BriockhtiGhsmiecly dederibéiéhis weent i on The present invention utilizes the

col or change characteristics .of | yt hi ophepes i.n a nsjn te whi ch
system wi | ? chdRgRany ghgipnegs 1t4s %ﬂﬁg‘gﬁ' %{?Sbra@gé‘? E?P‘Y g%ﬁraﬁt%&%{ orartidlé reaches

or has exceeded a specific temperature simply by viewing the object and noting that at

least a portion of the object has exhibited a color change. Viewing includes visual
15 observation by an individual or detection of color change by a sensor, which sensor
would output a signal to be detected in any suitable manner.

As an example, in the food service industry there are hot trays and cold trays in
which food is stored and/or served. If a cold tray, such as by regulation, is required to be
maintained at a temperature of 38° or lower then a sensor system might be in place to

20 signal (alarm) that the temperature is above 38°F. Alternatively, a thermometer might be
used. However, in the food service industry, margins are thin, and unless required by
regulation, sensing systems will not be used. There are enumerable situations where it
would be desirable to provide a visual color indicator which would appear on an article if
the temperature were unsafe, hot drink cups, stove tops, etcetera and/or not functioning

25 properly, hot plates, freezers, etcetera, or if to know when desired temperatures were

reached, e.g. ovens.

Brief Summary of the Invention
The present invention utilizes the color change characteristics of polythiophenes

in a sensing system, which system will change color at a specific design temperature.

30 The polythiophene is generally of the structure:



30 The pol ythi ophene is generally of the structure: W 03/001168
PCT/US02/22079 2 R2ZR1 RS SnSmll R3 wherein RI-R6 = a hydrogen,
substi t utwo oeounsubsti tuted al kyl radical, substituted oPCTUrssuzdre t ut ed
al koxy radical, substituted or unsubsti%utedmaryl radi cal, substituted or
unsubstituted thioal kyl radical, substituted or unsubstituted trialkyl silyl
radi cal, 5 substituted or unsubstituted acyl radical, substituted or
unsubstituted ester radical, substituted or unsubstituted am ne radical,
substituted or unsubstituted am de radical, substituted or unsubstituted
het eroaryl or substituted or unsubstituted aryl radical n is between 1 and
1000, mis between 0 and 1000, and 10 1 is between 1 and 1000. The

synt hesi zed pol yt hi ophene is mxed with a carrier systemor liquid nedium
Dependi ng upon the specific polythi ophene used, the carrier systemcan be
aqueous or organic. The pol ythi ophene can be used in the carrier system as
a nechani cal separation, colloidial solution, or a nolecular solution.

Al so, surfactants, anionic, cationic or non 15 anionic, can be used if
necessary in the carm,er systemto ensure uniformdistribution of the

pol yt hi ophendi{ n the System For the exanple described in the Background, a
pol yt hi ophene i thesized to exhibit the color change at about 38F and
mai nt ai n t hat tenperatures when used in a carrier
system whigch t transfer 20 relationship with the
tray (artiche) ich is being nonitored. WO 03/001168
PCT/ US02/ 22079 1 I

wherein R;-R¢ = a hydrogen, substituted or unsubstituted alkyl radical, substituted or
unsubstituted alkoxy radical, substituted or unsubstituted aryl radical, substituted or
unsubstituted thioalkyl radical, substituted or unsubstituted trialkylsilyl radical,
5 substituted or unsubstituted acyl radical, substituted or unsubstituted ester radical,
substituted or unsubstituted amine radical, substituted or unsubstituted amide radical,

substituted or unsubstituted heteroaryl or substituted or unsubstituted aryl radical
n is between 1 and 1000,
m is between 0 and 1000, and

10 1is between 1 and 1000.

The synthesized polythiophene is mixed with a carrier system or liquid medium.
Depending upon the specific polythiophene used, the carrier system can be aqueous or
organic. The polythiophene can be used in the carrier system as a mechanical separation,
colloidial solution, or a molecular solution. Also, surfactants, anionic, cationic or non-

15 anionic, can be used if necessary in the carrier system to ensure uniform distribution of
the polythiophene in the system.

For the example described in the Background, a polythiophene is synthesized to
exhibit the color change at about 38°F and maintain that color change at lower
temperatures when used in a carrier system, which system is placed in heat transfer

20 relationship with the tray (article) the temperature of which is being monitored.



3 Conversely, if the hot tray is to be maintained at about 180F or hi gher
then a pol ythiophene is synthesized to change col or at about 180F. The

pol yt hi opWervg/odes mi xed in a carrier system which carri ePCTUsOEmMOTS pl aced
i n heat exchange rel ationship, such as,by coating, at |east a portion of

the tray. ln_a, pr red e odi.rret,\)/eéol t hi ophene | amount of 0.05
to 5.0% byé()%fsﬁh{’) gtfagé%l g%tt A e rng-ﬁ{tals?d“’?th%%bi%@% O{)[g EHMI 0.2
to 0. 8% wepdlhithiophéndTisx §ehthesized tarchan@aBhier SO bVART 18098 t B ?o@ﬂhéﬁﬁﬁh@ is

i nclude tetrahydrofuran, chloroform  methylene chloride, toluene, and

N- et hy| pyRixsdiiagrarriarsygiemn, srhrerrieysigmais placed i heatiexphange relationshiznount
of 1.0-25 2 | al weight of the system

pr ef er abl ys@yﬁés}é‘%b%f%gvétﬁa%?ﬁ%?%ﬁ iogggertg d in comercially avail able
printabl & ink flrspreferred embadimem, polwthidphemsimsn gpheurrndf 0.0%tte MeXsbynd
other additives. The system can b rinted usjng, conventional nethods.  such
as ink jetW “Paé?‘?% ﬂé‘?@ .Wﬂsilﬂ&_&ﬁ Sy@femwﬁ’?&efj?r@ghw-%tt? er%)/"t"‘f%&hta 1s n}lxed

pol yt hi ophgAg &AMNrBshic HoFREE.S e Buithbls b1 qﬁau&@r{bﬂrmgm&ﬂﬁnofcmcﬁé o, such
as cellulose, nitrocellulose with co 15 binders including pol yam des,

pol yest er maihyilese chibiigel tolupa ynd demethyyrrohiddnee acryl ates, pol yur et hanes,
and pol yvi nyl %’tcglr al (UNI - , UNI-JET, BECKOSOL, EPOT%JFI) sujtable oils
such as napt he pletnobet §R Fnéer%ﬁ’_nﬁ‘_’lﬁ cIRENCTR S A -g@?%o_@éﬁ’eéﬂ_m, and
sui t abl €0 PhA3EEBh R tRAAREBhENOHB ALY BRARRY TR 1% WaEHO 9 iperR§ ifls and
esters of organic acids such as falic acid and organic ol’ventg such as

1, 5- pent anaimérciatly e hvnilablee prititahley dokt , fomhulagonsi té1gotdikerwidh ekias,s pimibnt

rel ated conpounds (VERTEC, SYLFAT, UNI - KYD, and I CM DY-SOLVE |Ines of
addi t i ves. §xtendsrsyand et Additiussh Jdierpiemosandhe priRted Gz equvepiongl methods

ol ythio k Ste i i Q. am. 0] leat i QR | t 1
0 {0 25" o oh et RPIEEE il AR e OF A B RideR 20 BB cBPRY,
The i nk f odispdrsetiiocars ishelicoabindtions bfredins puchrisedllaosa thitr@gHtloge withicoon of

a suita .Sybstrate, e.qg. ortion of  paper,, plastic, or ceram

F ood botbragiersiidtepafinfeh HohveRten pmid i, Bpat s aies a7 FOBHESand
goods, | absliSyreai bh®BoRYidyRBalyTal AINEKRYS UNLFET, BECKD VEPOTS!
printing ﬁ@tﬁggs. Th‘lé ggﬁy?ﬁ?oph@%e@ drl:spe?selg‘fpﬁ ’tﬁe syg(gpﬁ ggn be i n
parti cul atsuithblemilaRdcthay aapthenic petroleum oils and vegetable oils, e.g. soy bean oil, and

suitable pigment extenders and additives that can include organic acids and esters of
organic acids such as malic acid and organic solvents such as 1,5-pentanediol, diethylene

20 glycol, along with other alcohols and related compounds (VERTEC, SYLFAT, UNI-
KYD, and ICM, DY-SOLVE lines of additives.).

In yet another embodiment of an ink formulation system, polythiophene is
dispersed in an ink formulation in an amount of about 1 .0 to 25% by weight of the
total system, preferably 7.0 to 14% weight. The ink formulation system can then be

25 printed on at least a portion of a suitable substrate, €.g. a portion of paper, plastic, or
ceramic food/beverage containers, a portion of packaging materials for foods and
goods, labels, a portion of labels, stickers, etc., using conventional printing methods.
The polythiophenes dispersed in the system can be in particulate form and have
diameters in the range of between about 0.01 — 0.1 microns thereby rendering the

30 system suitable for fine printing.

In another embodiment of the invention, the system is applied to the article as a
coating on an area of the article, or the entire article, which will be visible during the
expected use of the article. The coating can be applied by any technique known in the
art, such as by brush, roller, spraying, etc. Accordingly, the coatings typically have a



dianeters in the range of between about 0.01 - 0.1 mcrons thereby
rendering the 30 systemsuitable for fine printing. In another enbodi nment
of the irwenBioengest he systemis applied to the article asPaT/usSoaiony on an
area of the article, or the entire artigle which will be visible during
the expecte e of the article. The_cOating can be a plled by any
t echni que q&ﬁ’gﬂ?\gsl of Orle to 4000 migzensas e sartieh sysiesm (cap E) sgbebop. a
Accor di ngl SRR LV RI EurfacdO 03/ 001168 PCT/ U802/22079 4
t hi ckness s})/q %@% %%%%%%ragﬁgdr{)%%@%ar ri g\? system can al so be absorbed
on a surface dindnotlhr adpsaztrdfehb mmehtanhsﬁrelsgstemns eomsprided ©f polythieptenbethads pect
of the invent t he s mis rised pol yt hi ophenes that_  visually
and revermlﬁ%%tlmﬁaﬁa‘@r% Vs m}a&e%ﬁqﬁ%@cmeffé e SAFRREATE B o6 TERES OLARGEE of
about - arat range
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of about 2 € “of t

pol yt hi ophenesTh&eexﬁperaﬁuteeroftme cdlblercﬁmghr ofritte tpoBiopheigs, haﬂlﬂaher hbhgh and
| ow tenperature colors can be tailored by chem cal nodification of the

pol yt hi optiBerazochy mn@mm@l@nz pchy the lyéhwﬁul@ﬁﬁémerﬂ@re golopreedns be: tadlosedyhy
tenperatur e e ol y(3-al kyl t hi ophene)s there is
roughly art eﬂ’@‘%ﬂ%’ PP@F%’L\%{? Oéﬁ'tﬁjﬁpﬁ%% ength of the n-al kane substituent
and the t enper anuyathekizingea pbBLIDEHEhE Wof at spacisic tdesign frompbatuie, ddidor the

regi orandom (Rl=al kyl, R4=al kyl, n!--0.8, mD.2, 1=40-80, R2, R3, R5, R6=H)

and relf} @r:agsu bépolyésiﬂhylﬂy@hen&)smels ds rovghly muRar;sez@aH):lauon with the length

l y(3- t hi h d I b t t
oeh e e fARe R Tiepnard e TnRh AR it R SRR SRR FansHoR o ihe a1
Q) than shé besiohaid RUaRYL, %ﬁaﬂkﬁuﬁho 85 ma 90440-60.30, IR, ROSH) and

regi oregul ar pol yners hav i'gher thérmochrom'c transiti ons

r egi or egulragiopegujare(®, =ailitylf me= sH&0,i meed s R, RoR;elhH |p©ly(wmf{1kﬁﬂﬁopﬁeﬁa)gt his
observed. _The n-hexadecyl and n-octyl have thernochromic transition

centered Egrogegiorapdomypolymersc longer| sihstignentsy suchy @ ekt h§¥adlePN oﬁﬁ%e‘oﬁ’ﬁrt s in
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have | overn-b@ybersd Qe The rregoﬁrgam Qolymers have higher thermochromic transitions

than the regioregular polymers but the same inverse correlation with chainlength is
observed. The n-hexadecyl and n-octyl have thermochromic transition centered
around 125 and 175 °C. As long as the number of thiophene units in the polymer is
20 approximately greater than sixteen the thermochromic transitions is molecular weight
independent. Oligothiophenes (n+m+1 < 16) have lower temperature thermochromic
transitions than the polythiophenes (n+m+1 > 16).
Yet another aspect of the invention comprises paint, plastic or rubber composites
comprised of the polythiophenes that are one color at temperatures below the
25 thermochromic transition and are another color while above the transition. Both the low
and high temperature colors and the temperature of the color change vary as a function of
the substituent groups Rj, Rz, Rs, Ry, Rs, and Rg, the number of repeat units (1), and
regioregularity of the repeat units (n and m).
The invention also comprises polythiophenes that can be used as pure compounds
30 or can be incorporated into paints including polyurethanes, polysiloxanes, polyacrylates,
and other related polymer-based paints and coatings with about 0.5 % polymer based
pigment with retention of the thermochromic behavior. The thermochromic polymer-

based pigments can be incorporated via injection molding or extrusion into many



transitions than the pol ythi ophenes (n+m+l > 16). Yet another aspect of the
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cold.
Fig. 2 is a graph depicting the visible spectrum of a polythiophene film of the invention
20 as a function of temperature.
Fig. 3 is a graph depicting a plot of the wavelength of the absorption band edge at half
the maximum intensity for a polythiophene as a function of temperature.
Description of the Preferred Embodiment(s)
Referring to Fig. 1, a photograph of two films is depicted, one at room
25 temperature and one above the thermochromic transition. The films are comprised of a
polythiophene wherein R; and Ry are -(CH,)17CHs, Ry, R3,R5 and Rg are H, n is 0.8, m is
0.2, and 1 is between 40 and 80. The film changes color at about 60 °C.
Referring to Fig. 2, a graph of the visible spectrum of a polythiophene wherein R;
= R4 = -(CH;);7CH3, Ry = R3 = Rs = Rg = H as a function of temperature is shown. The
30 graph displayé,a dramatic difference in absorption around 500 nm. At low temperature
the absorbance is quite high while at high temperature the absorbance is low. This
feature in the optical spectrum is responsible for the visual color change of the
polythiophene.
Referring to Fig. 3, a plot of the wavelength of the absorption band edge at half



Brief Description of the Drawing(s) Fig. 1 is a photograph depicting a
pol yt hi ophene filmof the invention on glass, hot and <cold. Fig. 2 is a
gr aph depwotmnogiitte vi si bl e spectrum of a pol yt hi ophene f iPICrmiush2/230e9
invention 20 as a function of tenperature. Fig. 3 is a graph depicting a
pl ot of the wavel ength of the absorptioﬁ band edge at half the maxi num
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t he pol ymer "backboné. Based on the  teachings of this disclosure, one
skilled in the Bretinventlon widlsfughersbe grscbadh withesferenie to @llpwangenen-hingfing
t her m)cgr %r)pér%pfersansi tion by investigating the

Preparation of Poly(3-alkylthiophene)s

3-n-octadecylthiophene

3-n-octadecylthiophene was prepared as set forth in Kumda et al Bull. Chem Soc.

Jpn. 1976, 49, 1958-1969 and Tetrahedron 1982, 38, 3347-3354. A dry 1000 mL 2 neck

20 flask was charged with Mg ribbon ( 3.34 g, 137 mmol) under N followed by addition of
~200 mL of anhydrous Et;0. The flask was cooled in an ice bath (0° C). In a separate
500 mL flask 40 g (120 mmol) of #-C;sH37Br was dissolved in ~200 mL of anhydrous
Et,0O under N,. The Et,O solution of #-CigHs7Br was slowly transfer into the flask
containing the Mg ribbon, with sonication, stirring, and addition of I, to initiate

25 Grignard. After complete addition of n-CigHs;Br to the Mg the reaction mixture was
allowed to stir overnight to allow for complete formation of the Grignard reagent (n-
CisH37MgBr). A dry 1000 mL 3-neck flask was charged with 0.540 g of 1,3-
Bis(diphenylphosphino)propane nickel (II) chloride was added under nitrogen followed

by ~100 mL of anhydrous Et;O and 11.25 mL (120 mmol) of 3-bromothiphene. The

30 flask was then cooled in an ice bath (0° C). The Et;0 solution of #-C;sH3;MgBr was
slowly added to the flask containing the nickel catalyst and the 3-bromothiophene to
prevent the generation of excessive heat and high concentrations of n-CygH3;MgBr in the
presence of the catalyst. The reaction mixture was allowed to stir overnight resulting in

the formation of two layers. The top Et,O layer contained the product and the second



systematic trends of the thernochromc transition as a function of

pol yt hi ophene or 10 ol i got hi ophene structure. The tenperature can be
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m xture 1o t hst vernight to allow for conplete formation of
t he GIQHMM%@O dagefhgeqiio 7MyBr). A dry 1000 rnL 3-neck flask was
char gediov t h 0. A 3%n-0¢ardecdihiBphdid) WaEPih@ee 39 RirthOihP T RBRACet NdI C KRkr b d])
chl ori de was added under nitrogen followed by -100 nL of anhydrous Et20

and 11. 25 Ghem. 11989ntl, 3185~ 331@” grasetadenyithiophanre(1908.f30a8molawas addeddodt ed in
an ice bath ( T (o) [ 1 to
the flask dg%nsgagﬁ{“n%ﬁpﬁtg%ﬁ?@k%#kc&{aa{)%&n gn(ﬁls_%%%‘géq:% birlkg)smt[hll)g}g?m% ? gdd
prevent t hkeparatealratsiodmlofladxaeles Ny evasadtiedaReCli(2h3 (gpm: ﬁﬂﬁcﬂpambmo oil. of
n- CL8H37 | n .t he esence t he catal yst. The act | on S
al | oved 'It\%’%@ br T@\?&Iﬂ% APLUFER %-Pﬁga#em {iARhanE YRR IO GRnsteiee }E? fasipe
top Et2(3 Mﬁ‘a’imﬁ% HeaF é@gretsﬂl@ing 19 eheCdengfloh Q? héﬁcolﬂfé OReAR G B3sk were
PCT/ USOZ/ 22079 | ower "dark brown oily layer contained the N
cat al yst aticred raé R@f@a@é{ -36 h. The reaction mixture was then slowly dripped into rapidly
stirring MeOH (1 L) resulting in the precipitation of the polymer. The precipitate was
collected via vacuum filtration, washed with MeOH (100 mL) and redissolved in ~150
mL of CHCI; with the assistance of sonication. The solution was washed/reduced with
20 aqueous hydrazine (2x100 mL, 0.5 M) and aqueous HCIl (2x100 mL, 0.5 M). The
organic layer was slowly dripped into of rapidly stirring MeOH (1 L) to reprecipitate the
polymer which was collected by vacuum filtration.
One skilled in the art would recognize that other known methods only precipitate
the polymer once and reduce/purify the polymer via Sohxlet extraction with MeOH.
25 Further, it will be apparent to one skilled in the art that the polymerization reaction can

be carried out in methylene chloride as opposed to chloroform if it would be more

economical or EPA acceptable.

Development of Thermochromic Paints
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The primary side product of the reaction was the coupling product of two
equi valents of n-Cl8H37MyBr to form C36H74, which was easily separated
form t he wooduetiési nce it had |ow solubility in Et20. Thecprusduznas
purified via aqueous workup followed by 5 filitration and renoval of the

Et 20 by rotoevaporation to | eave the m’éure low melting solid product.

Thi s sol i dSohemerdedi ssol ved in a minimal ambunt of Et20 (- 30 nL) followed
by addition of -250 m_ of MeOH and pl aced into Iowtenperature freezer (-80

C) for recryst J( 18] %
Pol y( 3- n- ocat d?gy Bme);”z?&alé%t?o?é&éo%a ecy th| o%ﬁene \A%lgglgrqenpar ed
as forth |thbmellewdlem R alClg%Masrrbtsolvedthan 1D 9 tettdYdrofdiah- Thisvdeeply

3- d hio | dded dry..500 d
bot t o 1| A SRS vielid Fopd a o6 MiSuSnEstes tronav kg emartive ory
500 m. fk 3@4&5_?’”@%& PEvines a afteAn mALhR hddwds ﬂppl% 8TPaber, ?Bﬁué d Bhir®dd

CHC13. Th C13 sol ution of 3-ocatadecylthiophene was s transferred
to the fl asitaligriaees aVpom griting (30ming thesufacehyhens hepted ge 109Ut fasrd win treat .

The contentodl Henl{ak RLE sk HeolliaTnd Mol dndtel o 1081 830EEN, |

mxturewa ydrlp edintora stirr

in the pr etempefaaim O fizk cbhlengam mmtem’ﬁhfauneehe pdided” wafaces atelredt axiheti a
vacuumflltratlon washed with M and redissolved in -150 nL of

100 nL

CHC13 wi t Hh % Fréi astares afp beatsd abovs @a?é “Gnthe ?ﬁi@r 96 s %ﬁcm‘@%@m reditRed

th 20 ’Hfﬁﬂm’ 0.5
m Thelé‘ ganl C afgtfflé\%grslé%fgjavfo |egpb3,dﬁlvi&h@§g rf‘ﬂfé %ﬁ?’ﬁg’f%em (1
L) to reprsacig tedtigt h®hepothgnred oshiingh isnesaquio| wisibd adheinweﬂawuﬂhmcbaﬂxmg & ion.
One skilled in the vvoudrec mz that ther kno t hods o
preci pi t atiEns ]Pﬁ%mpoig)‘ﬁer?’oﬁ‘?‘?éés Vﬁ E’E f’§ 9bserv %rlﬁ?e V] p§§h>@ et
extracti Orbc‘fhid’ééylﬂﬁﬁﬂene)zﬁl'fél&édﬁ% adhéreé/\fstkdngll)y? tA PaYser ! eﬂhst{co aﬁd‘ﬁaﬁ’t&ﬁ%@tﬂl in

the art that thesgo ymerization reaction can be carried out in nethylene
chl ori de a#riaggsosaddition of (bircopigmenisfsuch agnglitamasiae hive allew edivsinsat obtheepA

accept aby &, PeYELOPORAL. Ofne Q5 R £8;&sté°cf‘{ L%ray%urﬁr when cold and bright

green when hot. The thermochromic paints can be applied in various manners including

brush, sponge, roller, and airbrush.

) R' ONa FeCl3
TCHCL, -

Scheme 2
20 Non-regioregular 3-alkoxy-4-alkyl substituted polythiophenes for thermochromic

OR'(R)

applications have been synthesized according to Scheme 2, where R = CHz and R’=
CisHs7. These polymers can be used as a reversible thermal sensor that detects excursion
through a single temperature with visual or optical detection. At temperatures below the
thermochromic transition polymer films are violet, above the transition the films are
25 orange. The temperature of the thermochromic transition can be adjusted by variation of
the backbone alkyl or alkoxy substituents.
All of the polythiophene-based pigments described herein, most particularly 3-
alkylpolythiophenes and 3-alkoxy-4-alkylpolythiophenes, can be incorporated into

polymer based-paints such as polyurethanes and polysiloxanes or plastics and retain the
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Schene 1 50 ng of poly (3-octadecylthiophene) prepared via the procedure
shown i n wBaohmemaesl, where R = C18C37 was dissol ved in 2. 0Pail/ush2/22079
tetrahydrofuran. This deeply colored 30| ution was added to 25 m of M nwax
fast drying pol yurethane (clear semi 57gloss). This provides a uniform

mi xtur e tHeEMaghEOmiSp| | Behaviprpaper, PPas mcerpoaﬁwnpaloaﬁt ethe néh%imoshmﬁa@es
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t enper at Ufoe FDX hfpro¢Mol i ng to room tenperature the "painted” surfaces are
red. Wien the red surfaces ar e heat ed above 60-70C the color of the

sur f aces Deveig a The coI or change is acconpani ed by

a chan n t o ‘ ace (o en t red
coat i ng§| !s opgg‘ﬁéh’%&{e tgvﬂ%;bo%a; ﬁ) oW t ‘@m%]? 16‘ q4° ﬁgﬁlg'ls%élelﬁt agT rﬂg
process ig o‘f@fo}y(s-lomddaﬁylﬂhibpﬂﬁﬁé) Was atidedr woethef pﬂyﬁx’@pyl@ﬂé e Rl ﬁfm(t&e was

oct adecyl t hi op ene). The 0@“ ng adheres strongly to pa;l) pl astic, and
pai nt ed” rPEEYPUS xuﬂag%smﬂ £ t PURCoctaseerdtipnigasl: avas vl a@sanedaﬁmthme bl ue

al I ow adj t I ‘Eﬂin@{ ljy!st ed
to a gr ayﬁbﬁme\/\heﬁgoﬁ@gdﬂ%ﬁgﬂ'{&a&efgeﬁ{es %ﬁﬁﬁl 8??2%920 romc
pai nts canjebgorampldingimachinatd ploeumuhmrspylﬂml ahibsrgntaining B,5% powgisht of)l | er,
ggd( gl Eﬁr@h(}ogmgﬁ;élt}%o%h%;le) %Vhel?l € re poly%rop e|131re l?: p(s:l_lzci:r]é3 heateg
temperatures above 60-70° C the chips turn yellow. When the chips are removed from

the heat they return to the low temperature color as at a rate comparable to that of the

cooling rate of the chips. The color change is accompanied by a change in transparency.

The chips are significantly more transparent at high temperatures than at low
15 temperatures.

Two hundred g of polystyrene was weighed into a small self-sealing bag. 1.0 g
of poly(3-octadecylthiophene) was added to the polystyrene. The mixture was
vigorously shaken until the poly(3-octadecylthiophene) was well dispersed in the
polystyrene. The mixture was then added to the addition funnel of a BOY 22-D injection

20 molding machine to produce polystyrene chips containing 0.5% by weight of poly(3-
octadecylthiophene). When the red polystyrene chips are heated to temperatures above
60-70° C the chips turn yellow. When the chips are removed from the heat they return to
the low temperature color as at a rate significantly slower to that of the cooling rate of
the chips. The color change is accompanied by a change in transparency. The chips are

25 significantly more transparent at high temperatures than at low temperatures.
Development of Thermochromic Coatings

12.5 mg of poly(3-octadecylthiophene) was added to a 25mL solution of
poly(vinylidine fluoride) (PVDF) in THF (50 g/L of PVDF). The mixture was sonicated
for 3 h to form a homogeneous solution. The solutions were solution cast onto silicon

30 wafers and dried at 50° C to form red films. When heated above 60-70° C the PVDF
films containing 1.0 % poly(3-octadecylthiophene) changed from red to yellow. When
the films were allowed to cool back to room temperature the films changed back to red.

The foregoing description has been limited to a specific embodiment of the

invention. It will be apparent, however, that variations and modifications can be made



20 Non-regioregul ar 3-al koxy-4-al kyl substituted pol yt hi ophenes for
thernochrom ¢ applications have been synthesized according to Schene 2,
where R =wOH3/oeneds R = C18H37. These pol ymers can be usedPas/usoz/e2oes si bl e
thermal sensor that detects excursion hrough a single tenperature with

visual or optical detectjon. At,tenper% ures below the thernpchromc
transitidf B6I yention, | with dhe afiagmeant ofpsomet pe 3l Hfsithg @dvaniegesi pivghare 25

orange. T er of ..t heqt.hgr.nnc ! it a just ed by
vari ati onlgg?ﬁtﬁ)?ﬁe ’@{ggi@{)eﬁelt aig k% @?"Q%I o%g (s‘iﬂé)ésntalgc? u"lel%’?{sg. FOAP P‘pegf 21? hsgwﬁ

pol yt hi ophehatohasriimpiificaidn 8 sfki witin kiR teidspifiD&id Ropé bEtheanvention.

al kyl pol yt hi ophenes and 3-al koxy- 4-al kyl pol yt hi ophenes, can be i ncor por at ed
into pol yner BaERY- paesrrided ycWUEs FHIEPifRt haWtd arf® pohg¥i | Slaifes s

pl astics and retain the WO 03/001168 PCT/ US02/ 22079 9 thernochrom c

behavi or. Upon incorporation of the thernmochrom c pol yner based pignments
into plastics the materials have been determ ned to be viable for FDA
approval . Devel opment of Thernochromc Plastics 5 Two hundred g of

pol ypropyl ene was wei ghed into a small self-sealing bag. 1.0 g of

pol y( 3-oct adecyl t hi ophene) was added to the pol ypropyl ene. The m xture was
vi gorously shaken until the pol y(3-octadecylthiophene) was well dispersed
in the polypropylene. The m xture was then added to the addition funnel of
a BOY 22-D injection nolding machine to produce pol ypropyl ene chips
cont ai ning 0.5% by wei ght of 10 pol y(3-octadecylthi ophene). Wen the red
pol ypropyl ene chips are heated to tenperatures above 60-70 C the chips
turn yell ow. When the chips are renoved from the heat they return to the

| ow tenperature color as at a rate conparable to that of the <cooling rate
of the chips. The col or change is acconpani ed by a change in transparency.
The chips are significantly nore transparent at high tenperatures than at
low 15 tenperatures. Two hundred g of polystyrene was weighed into a small
self-sealing bag. 1.0 g of poly(3-octadecylthiophene) was added to the

pol ystyrene. The m xture was



vi gorously shaken until the pol y(3-octadecylthi ophene) was wel | dispersed
in the polystyrene. The m xture was then added to the addition funnel of a
BOY 22- D wojoapoitehr 20 nol di ng machi ne to produce pol ystyr eqg/ushl/p979

cont ai ning 0.5% by wei ght of poly(3- oc# decyl t hi ophene). When the red

pol ystyrene chips are heated tq t er at'ures ‘above, 60-70 C the chips turn
yel | ow. ﬁ\hen t chi‘gs By Oger?gv t9CiigE, (WHenh @Bt aFtels, MEetsy 9 ¢ BXCepdt 4 ow

t enper at4ire CO's‘b@ciﬁé{.ﬂﬁepe?ai{l?éﬁh%h% [gatly slower to that of the cooling
c

rate of the chrps. ol or change“i's acconpani ed by a change in
transpar®ncy. Tineatiapigusleastea pdfiiohi ghitlid aetitld withos econipdBisipar eiiprised hfgh
tenperatures than_ at | ow tenperatures. Devel opnent of Thernochrom c

Coat i ngs# 1cppongd bavipg e fellowingddigheei ophene) was added to a 25ni sol ution
of poly(vinylidine fl uoriRge) (PVDF) in THE (50 g/L of PVDF). The m xture
was sonicated forg3 h to forma honbgeneous solution. The solutions were
solution cast onto silicgn 30 wafers and dried at 50 Cto formred fil ns.

ed to yellow. Wien the filns were
the filnms changed back to red. The
ml 0 1@ specilfic enbodi nent of the
invention. It will be apparent, 7 , that variations and nodifications
can be made WO 03/001168 PCT/ U$02/22079 10 to the invention, with the
attai nment of some or all of RBhe advatages of the invention. Therefore,
it is th® object of the appended clains to cover all such variations and
nodi fi cad | \WRsteiASREREE MhidvoBerd, RIbSHtURISH ddstibstinfe® e ratficdlh substient bon.
Havi ng described our invention, what we now claimis: WO 03/001168

PCT/ US027 2medisstituted plkpxy Aadisel subgiftuigdt acunsybstitpted agyl eadidab| subgisated of

exceeds Lfig. eral:ure I onpr j " r i DQ.qat t a
portion %fuﬁ%}%@&%{%é cﬁ%&a%g? hrr%fl%(%’np%{)}{g%tﬁpt gﬁ ggn%?sl%gseu tSP glﬁlkﬁglgﬂnpgé(ﬁ havi ng
t he fol |9wubgitateduet ungibstituted acyl radical, substituted or unsubstituted ester radical,

foregoi ng description

10 substituted or unsubstituted amine radical, substituted or unsubstituted amide radical,

11 substituted or unsubstituted heteroaryl or substituted or unsubstituted aryl radical
12 nis between 1 and 1000,
13 m is between 0 and 1000, and

14 1is between 1 and 1000; and

15 a carrier medium, the compound present in the medium in an amount of about
16 0.05 to about 5.0% by weight based on the total weight of the composition, the
17 structure of the compound designed such that when the composition is placed in a heat-
18 exchange relationship with the article, the composition will exhibit a color change

19 when the specific temperature is met or exceeded in the article; and

20 detecting when the article has met or exceeded the specific temperature.
1 2. The method of claim 1 wherein treating comprises brushing.
1 3. The method of claim 1 wherein treating comprises rolling.

1 4. The method of claim 1 wherein treating comprises spraying.



RLR2 Rg SnSM1Il R35 6 wherein RLI-R6 = a hydrogen, substituted or
unsubstituted al kyl radical, substituted or 7 unsubstituted al koxy

radi cal , wolmsnities ed or unsubstituted aryl radical, substiPChttsd2/22079 8
unsubstituted thioal kyl radical, substifuted or unsubstituted trialkyl silyl
radical, 9 substituted or unsubstituted acyl radical, substituted or
unsubstituted ester radical, 10 substituted or unsubstituted am ne radical,
substitut eéd or Thesmieghddt of edaisnildevhessin c dleatingldbnyurises:i t ut ed or

unsubstijuted heteroaryl or sybstituted or unsubstituted aryl radical 12 n
i s between 1 afgl@%éfyﬁ@mﬁqs 108&’3%@%%9%@11%Gg@eé‘ﬁ?ﬁe-m 1 is between 1
and 1000; and 15 a carrier nedium the conpound present in the nediumin an
amount of about.. 16 0.05.to0. aboyt 5.0% by wei ght based on the total i ght
of the chrfhosi tThsmeaor dging f Pfisrsih BegAm REEBT AR Helery ROl Phat
when the cppesition is placed in a heat- 18 exchange rel ationship with the
article, the conposition will exhibit a color change 19 when the specific
tenperature is net or exceeded in the article; and 20 detecting when the

article has MelTYmAK6REAQH | HHRRAE Wbing @IFRERA! Wafing adieds g PORIIPSMIAY. O

claim1 wherein treating conprises brushing. ) hod "of claim1l

wher ei n 2 ragtitle agd edmixingstbe combodithon with 4t leTdie pogidnodf the articlsi m 1 wher ei n
treating conprises spraying. WO 03/001168 PCT/US02/ 22079 12 1 5. The

met hod of claim 1 wherein treating conprises: 2 adm xing the conposition
with at 3 éast allpomtihod obfclaimel wheieid the design tdhperatmtd ofithef cophmisitioh istier ei n

treati ng, ctﬁgparnlgg%bgt%%gﬂg%% lzli(ﬁ’?,s.t a portion of the 2 article.

1 0. The method of claim 8 wherein the composition will exhibit a color change in a

2 range of plus or minus 5-10°C.

1 10.  The method of claim 9 wherein the design temperature of the composition is any

2 selected temperature within the range.

11.  The method of claim 1 wherein the medium is selected from the group
consisting of polyurethanes; elastomers including polysiloxanes and polydienes;
polyacrylates, poly(ethylene terephthalate)s (PET), polysytrenes, polyolefins including
polyethylenes (HDPE and LDPE) and polypropylene, polycarbonates, polyacrylics,
polyacrylic acids, polyacrylamides, polymethacrylics, polyvinyl ethers, polyvinyl
halides, poly(vinyl nitrile)s polyvinyl esters, polyesters, polysofones,
polysulfonamides, polyamides, polyimines, polyimides, carbohydrates, and organic

solvents including tetrahydrofuran, chloroform, methylene chloride, toluene, and N-

O 00 N N b AW

methylpyrrolidone.

12. The method of claim 1 wherein R; and Ry are -(CH3),7CHs, R, R3, Rs, and Rg are
H, nis 0.8, m is 0.2, and 1 is between 40 and 80, the composition characterized in that a

low temperature color is red, a high temperature color is yellow, and the color change of

BN

the composition occurs at about 60 °C.

1 13.  The method of claim 1 wherein the compound is present in the medium in an



1 7. The nethod of claim1 wherein treating conprises coating at |east a
portion of the 2 article and adm xing the conposition with at |east a
portion oWotoheorsgicle. 3 8. The method of claim1l wherei RCThEsozizorgn
tenperature of the corrp05|t|on isin 4 he Jange of between - 40 to 180C.

Lo TG Bl 9 R 0, %@%% o i B saten ol i m o

wherein the deS| gn tenperature of the corrp03|t| on is any 2 selected

terrperat t he .range. The net hod of. clajm 1 vvherelnth

roc um i b Tl echerRORPRE qebpbeie R brRfe® dndishic]  FotPii which

el ast omeg Sex[h[BiIsUd?I Edler Bigings RN ANE SoMPEsiIe HdEBMR Txceeds raodpxé&%wbﬁb@ﬁme

pol y(et 3/I ene terephthal ate)s (PET), polysytrenes, polyolefins including 4
pol yet hy? effeish cemppEseshd LDPE) and pol ypropyl ene, poI ycar bonat es,

I 5 I d I th l'ics,
ol yuimft ot hers, "ot oM B BECRIG BB RTR MY 8y < pol Yui ny

esters, polyesters qglysofones, 7 pol ysul f onam des, pol yam des,

polylnlnes 626] 3 car bohydrates, and organic 8 solvents including

hlCor of orm net hyl ene chloride, toluene, and N~ 9

nmet hyl pyrrol i deng. i\ 2 The nmethod of claim1l wherein RL and R4 are
-(CH2) 17CH3, K4 and 6 araqr.2 H nis 0.8, mis 0.2, and 1 is

bet ween 40 Sposit oy

tenperature color is red, § high menperaturel color is yellow, and the color

change of 4 the conpositi ofcurs at about 60 T. 1 13. The met hod of

claim 1l wherein the conmpou is\present in the nediumin an WO 03/001168
PCT/ US02/ 22079 13 2 a nt of awout 0.5% by wei ght based on the total

wei ght the conposition. 1 14. A thernochrom c pol yner-based tenperature
i ndi cat of wherpiasR}H RN=hgdrogen,exbitituted ok wheuREiCHPAIRE twRAL tshbstit@epesi t i on
meets or_exceeds a specific tenperature 3 which conprises: 4 a conpound

conpri sell Wiubghiguted| nigdicel, ywbstitgted or unsubstituted aryl radical, substituted or

8 unsubstituted thioalkyl radical, substituted or unsubstituted trialkylsilyl radical,

9 substituted or unsubstituted acyl radical, substituted or unsubstituted ester radical,
10 substituted or unsubstituted amine radical, substituted or unsubstituted amide radical,
11 substituted or unsubstituted aryl radical or substituted or unsubstituted aryl radical,

12 n is between 1 and 1000,

13 m is between 0 and 1000, and

14 11is between 1 and 1000; and

15 a carrier medium, the compound present in the medium in an amount of about 0.05 to
16 about 5.0% by weight based on the total weight of the composition, the structure of the
17 compound designed such that when the composition is placed in a heat-exchange
18 relationship with an article, the composition will exhibit a color change when a design

19 temperature or a temperature beyond the design temperature is reached in the article.

1 15.  The composition of claim 14 wherein the design temperature is in the range of
2 between about -40 to 180°C.

1 16.  The composition of claim 15 wherein the composition will exhibit a color change

2 in arange of plus or minus 5-10°C.

1 17. The composition of claim 16 wherein the design temperature is any selected



RLRal RSSnSmll R35 6 wherein RI- R6 = a hydrogen, substituted
or unsubstituted al kyl radical, substituted or 7 unsubstituted al koxy

radi cal , wolmsnities ed or unsubstituted aryl radical, substiPChttsd2/22079 8
unsubsti tut ed thioalkyl radi cal, substituted or unsubstituted trial kylsilyl

radi cal 9 sub@{rl t or unsubsti tutelé1 acyl radical, substituted or
unsubst ix GEBRCTARIG T8 10 substituted or unsubstituted am ne
radi cal , substl tuted or unsubsti t ut ed am de radical, 11 substi tut ed or

unsubsti.t radl subst it ut ed unsub t| t.ut ed d| cal, 12
n is betweé&n la];[ﬁ{?dc fjr:r‘l’ 3 YXE%rﬁmO&ﬁ onalﬁcfoatfa ‘}i‘ F‘rs el%tt heen 1
and 1000y p@ﬂ%lﬂ&‘tﬁegﬁfd’ch@ftwlaw t he corrpound present in the nmediumin an
anount of "about 0.05 to 16 about 5.0% by wei ght based on the total weight

of the composition, the structure of the 17 conpound desi gned such that

when the GoIPOSfid &iﬁlﬁoémrah%@%ﬂmm@wﬁa% B ChRAPSStion B Jaatiatd Qnahi E’ea‘ﬁf a h an
article, the conposition will exhibit a color cthange when a design

tenperat%rmrfmn thenaybigleat ur e beyond the design tenperature is reached in
the article. 1 15. The conposition of claim 14 wherein the design
tenperature is in the range of 2 between about -40 to 180C. 1 16. The
conposi tli @9. of TeadompbSitinh of elaimt Idewbemipotbe comnosifidn iseodatedi an andcalnsixed hange

wher et n 2 HEtugran Pefise P8 oy "ol ect ed VIO 03] 001168 PCTI S0 22078
14 2 tenperature within the range. 1 18. The conposition of claim 14
wherein the conposition is coated on at |east a

1 21. The composition of claim 14 wherein the medium is selected from the group
consisting of polyurethanes; elastomers including polysiloxanes and polydienes;
polyacrylates, poly(ethylene terephthalate)s (PET), polysytrenes, polyolefins including
polyethylenes (HDPE and LDPE) and polypropylene, polycarbonates, polyacrylics,
polyacrylic acids, polyacrylamides, polymethacrylics, polyvinyl ethers, polyvinyl
halides, poly(vinyl nitrile)s polyvinyl esters, polyesters, polysofones,
polysulfonamides, polyamides, polyimines, polyimides, carbohydrates, and organic

solvents including tetrahydrofuran, chloroform, methylene chloride, toluene, and N-

O 00 Ny i W

methylpyrrolidone.

22. The composition of claim 14 wherein R; and R4 are ~(CHy)17CHs, Ry, R3, Rs, and
Rg are H, n is 0.8, m is 0.2, and 1 is between 40 and 80, the composition characterized in

that a low temperature color is red, a high temperature color is yellow, and the color

O U R

change of the composition occurs at about 60 °C.

1 23.  The composition of claim 14 wherein the compound is present in the medium in

2 an amount of about 0.5% by weight based on the total weight of the composition.

24. A method of detecting when an article meets or exceeds a specific temperature

which comprises:

treating at least a portion of the article with a composition comprised of a

AWy -

compound having the following structure:



2 portion of the surface of the article. 1 19. The conposition of claim14
wherein the conposition is adm xed with at least a 2 portion of the
article. wWO2B/0otibke conposition of claim 14 wherein the comp@4isn?/zae7d s
coated on and adm xed 2 with at Ieastd% portion of the article. 1 21. The
conposition of claim 14 wherein the nmediiumis selected fromthe group 2
consi sting of polyurethanes; elastoners including polysil oxanes and

pol ydi enes; 3 polyacryl ates, poly(ethylene terephthalate)s (PET),

pol ysytrenes, polyolefins including 4 polyethylenes (HDPE and LDPE) and
pol ypr opyl ene, pol ycarbonates, polyacrylics, 5 polyacrylic acids,

pol yacryl am des, pol ynethacrylics, polyvinyl ethers, polyvinyl 6 halides,
poly(vinyl nitrile)s polyvinyl esters, polyesters, polysofones, 7

pol ysul f onam des, pol yam des, polyim nes, polyim des, carbohydrates, and
organic 8 solvents including tetrahydrofuran, chloroform nethylene
chloride, toluene, and NN 9 nethyl pyrrolidone. 1 22. The conposition of
claim14 wherein RL and R4 are -(CH2)17CH3, R2, R3, R5, and 2 R6 are H, n
is 0.8 mis 0.2, and 1 i & between 40 and 80, the conposition characterized
in 3 that a | ow te8gperat/ure color is red, a high tenperature color is
yel l ow, and the colo A\change of the conposition occurs at about 60 C. 1
23. The conpositio c\&iyn 14 wherei n\t he conpound is present in the
mediumin 2 an g@ny
t he conposition. S
exceeds a specific tenperature

Jdet/ect i ng whenp an article neets or
I ch cdrrprise : 3 treating at |least a

the follow ng structure: WO 33/ 00116¥ PCT/ US02/ 22079 15 RL R2Z RS S n Sin

wherein Rj;-R¢ = a
hydrogen, substituted or unsubstituted alkyl radical, substituted or unsubstituted alkoxy
radical, substituted or unsubstituted aryl radical, substituted or unsubstituted thioalkyl
radical, substituted or unsubstituted trialkylsilyl radical, substituted or unsubstituted acyl

O 0 3 &N W

radical, substituted or unsubstituted ester radical, substituted or unsubstituted amine
10 radical, substituted or unsubstituted amide radical, substituted or unsubstituted heteroaryl
11 or substituted or unsubstituted aryl radical

12 nis between 1 and 1000,

13 m is between 0 and 1000, and

14 1is between 1 and 1000; and

15 a carrier medium, the compound present in the medium in an amount of about
16 1.0 to about 25% by weight based on the total weight of the composition, the structure
17 of the compound designed such that when the composition is placed in a heat-exchange
18 relationship with the article, the composition will exhibit a color change when the
19 specific temperature is met or exceeded in the article; and

20 detecting when the article has met or exceeded the specific temperature.

1 25. The method of claim 24 wherein treating comprises printing the composition on at

2 least a portion of the article.

1 26.  The method of claim 25 wherein treating comprises printing the composition on,

2 coating the composition on and admixing the composition with at least a portion of the



11 R35 wherein RI-R6 = a 6 hydrogen, substituted or unsubstituted al kyl
radi cal, substituted or unsubstituted al koxy 7 radical, substituted or
unsubst i twDedoerys radi cal, substituted or unsubstituted trhirasbkyio7o 8

radi cal, substituted or unsubstituted t{é al kyl silyl radical, substituted or
unsubstiléu%g% acyl 9 radical, substituted or unsubstituted ester radical,
substitute P unsubstituted amine 10 radical, substituted or
unsubstituted am de radical, substituted or unsubstituted heteroaryl 11 or

S bt webit o anheLBsBod kgt P 4R den Binrlnor B fo RS ey |
medi um 2 Rfe ¢RIFR O BEWRERS Do 1B0tdIe medi um in an armount of about 16 1.0 to

about 25 % by wei ght based on the total weight of the conposition, the
structure 17 of the conpound designed such that when the conposition is

placed in 2 heathexGAADE claki 2’7%1%@:@%@@:&1%5&%&\@?9%&9& 8olo} BRange in a

conposition will exhibit a color change when the specific tenperature
is met o} tengeeldus prmimye Sal0fCecl e; and 20 detecting when the article has
met or exceeded the specific tenperature. 1 25. The nethod of claim 24
wherein treating conprises printing the conposition on at 2 least a
portion bf2% he Hna inethed of clagn 2§ ivhernin Hedlesignd¢maparatns: afitbe epmpositat ismgy
conpri se i nting the composition on, 2 coating the conposition on and
adni xi ngftﬁ%Lecgem%BFrﬁ%%wgg"{nahgfanﬁ%ast a portion of the WD 03/001168

PCT/ US02/ 22079 16 3 article. 1 27. The method of claim?24 wherein the
desi gn tggspoerature of the conposition is in 2 the range of between - 40 to

180C. 1 Thelht meods of | daim 24 \hsreinn the, medii¥ods  bninki formulation ¢ a

color change in a 2 range of plus or mnus 5-10C

1 31. The method of claim 30 wherein the ink formulation comprises oils, resins,

2 pigment extenders and additives.

32.  The method of claim 24 wherein R, and R, are -(CH,),;,CHj,, R,, R;, R;, and R,
are H, nis 0.8, m is 0.2, and 1 is between 40 and 80, the composition characterized in

that a low temperature color is red, a high temperature color is yellow, and the color

DW=

change of the composition occurs at about 60 °C.

33. A thermochromic polymer-based- temperature indicator composition which
exhibits a color change when the composition meets or exceeds a specific temperature

which comprises:

N S N S

a compound comprised of the following structure:

5 wherein R- R, = a
6 hydrogen, substituted or unsubstituted alkyl radical, substituted or unsubstituted alkoxy
7 radical, substituted or unsubstituted aryl radical, substituted or unsubstituted thioalkyl



1 29. The nmethod of claim 28 wherein the design tenperature of the
conposition is any 2 selected tenperature within the range. 1 30. The
met hod ofwoloajom1gsl wherein the nmediumis an ink fornmulati ®T/US2/32D79 The
met hod of claim 30 wherein the ink for ation conprises oils, resins, 2

PR afé%c‘ﬁe%t PP Of ptisBstitgig | FAlKESIlo Redigaly & mgﬁgutt;&{ S e
and 1 ig Faﬂnécfsa d dﬁ%alt Qﬁq?ﬁ@tg%er a@&ﬂbﬁm &‘%Etli%{% 'Aﬁgflf nsub’étlth{}?t oft I ow

t enper at ure co ure co he" col or
4 changk anhsmm;aunmmmaiet tadivah csubstiuet @benstbbuted aﬂmcﬁ’tﬁrad?cail haubseaifed bt C

pol yner - based- erature_ indicator conposition which 2 exhibits a col or
change Wé‘ﬁs‘ttﬁéuﬁ & radicsh oprighstituged escensebrtityied prvd radiealt enperature 3
whi ch corrprl ses: a conpound conprised of the follow ng structure: Rl R2

I erein RlI- R6 = a 6 hydrogen, substituted or
unsubstltt?t ?egWian%}élglldcgg[ substituted or unsubstituted al koxy 7

radi cal , substltut ed or unsubstituted aryl radical, substituted or
unsubsti3 wh édbétiveanO layd 19@,03md01168 PCT/ US02/ 22079 17 8 radical,

substi tut ed or unsubstitut ed trialkylsilyl radical, substituted or 9
unsubst g acyl tﬁ‘i‘g @&b bstituted or unsubstituted ester radical,
substlt gtwegn 1 and 10995 88 ed ani ne radical, substituted or
unsubstltut ed am de radical, substituted or 11 unsubstituted aryl radical

or substg tuted acaarm&h&mﬁmttué e6mpsild ot the Addimi & REIMKER of aBA 11000,
13 mis between 0 and 1000, and

16 to about 25% by weight based on the total weight of the composition, the structure of the

17 compound designed such that when the composition is placed in a heat-exchange

18 relationship with an article, the composition will exhibit a color change when a design

19 temperature or a temperature beyond the design temperature is reached in the article.

1 34.  The composition of claim 33 wherein the design temperature is in the range of

2 between about -40 to 180°C.

1 35.  The composition of claim 34 wherein the composition will exhibit a color change

2 in arange of plus or minus 5-10°C.

1 36. The composition of claim 35 wherein the design temperature is any selected

2 temperature within the range.

1 37. The composition of claim 33 wherein the composition is printed on at least a

2 portion of the surface of the article.

1 38.  The composition of claim 33 wherein the composition is printed on, admixed with

2 and coated on at least a portion of the article.

1 39.  The composition of claim 33 wherein the medium is an ink formulation.

1 40.  The composition of claim 39 wherein the ink formulation comprises oils,

2 resins, pigment extenders and additives.



14 1 is between 1 and 1000; and 15 a carrier nmedium the conmpound present
in the nmediumin an anmount of about 1.0 16 to about 25% by wei ght based on
t he t ot alwessghticof the conposition, the structure of theprCIUSonepound

desi gned such that when the conposition s placed in a heat-exchange 18
relationship with an article, the conposition will exhibit a color change
when a design 19 tenperature or a tenperature beyond the design

t enper atludd. i s Tleacémupdsitionheofardlaiol e33 1vﬂxereiﬂ'ﬁeand)Rpa&i {(CHy);«fHg Rai Ra, 33
wherein n tepperatyre is i e of en about -40 to
180c 1 %6 il Bomsolh & Bl B mhin0r #ad A Gween a8 Bl e SRmperiion

exhi bi t 3 aQlelericb@RDMat £ 1dW té’mﬁcﬁfﬁ‘lﬂfe éﬁloﬂs%d O high AsapaatiiCeoldr tQSGycall-EWa
conposition of claim 35 wherein the design tenperature I's any selected

t enper atduragdwi the n qober r ghapge 1 087. thghe comppution | orecafs clabi nalB®t Whed°€l.n t he
conposition is printed on at least a 2 portion of the surface of the
article. 1 38. The conposition of claim33 wherein the conposition is
printed on, adm xed with 2 and coated on at |east a portion of the
article. 1 39. The conposition of claim33 wherein the nmediumis an ink
formulation. 1 40. The conposition of claim39 wherein the ink formnulation
conprises oils, 2 resins, pignent extenders and additives. WO 03/001168
PCT/ US02/ 22079 18 1 41. The conposition of claim33 wherein RL and R4 are
-(CH2)17CH3, R2, R3, 2 R5, and R6 are H nis 0.8, mis 0.2, and 1 is

bet ween 40 and 80, the conposition 3 characterized in that a | ow
tenperature color is red, a high tenperature color is yellow, 4 and the
col or change of the conposition occurs at about 60C



