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The objectives of this study were to apply the Gordon-Taylor equation and modified 

version equation, Kwei equation, to explain the change in glass transition temperature (Tg) 

of the mixtures containing chlorpheniramine maleate (CPM) and Eudragit@RL (ERL) in a 

ratio of 0 - 100 % w/w; and to develop transdermal drug delivery system using CPM, acting as 

an active pharmaceutical ingredient and a non traditional plasticizer. The mixtures were 

analyzed via Differential Scanning Calorimetry (DSC), using the heating program; heating to 

170
D
C, 10 DC/min; cooling to -30 DC, -20 DC/min; finally heating to 170 DC, 5 DC/min. The Tg 

values of CPM in ERL mixture were fit to the Gordon-Taylor and Kwei equation by non-

linear regression using Prism version 4.0. The correlation coefficient obtained from the 

Gordon-Taylor and Kwei fit were 0.9606 and 0.9881, respectively. The experimental Tg 

values were not significantly different from the estimated Tg obtained from of Gordon-Taylor 

equation (P-value = 0.06667) and Kwei equation (P-value = 0.2619). Kwei was better to be 

used to explain the Tg of CPM in ERL mixture, indications an interaction between CPM and 

ERL. The reduction of the Tg as the increase of CPM concentration was associated with the 

decrease of the modulus of elasticity. However, the modulus of elasticity of 15% w/w CPM 

in ERL film added polyethylene glycol 4000 (PEG) as a traditional plasticizer was lower 

than that of ERL film using CPM as a non traditional plasticizer alone. In addition, CPM 

release from ERL film with PEG at 10 hours was higher than that form ERL film without 

PEG. 
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U'Yl 'Yl 1 
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U'Yl"1 

d:UUUl~"tll~eh'wu" (Transdermal drug delivery system) dlud:UUUl~M.n~hi 
'II 

riel 1 ~dl<il~ll:JJL~uth<il~a~J,·.ltJ1 UnldU1'V1ldtil L~funldtla~fu~ln~J1 tI L il,a"~lmihLd:uU~ 
'II 'II 

~l~ldbl~lu~~nldtliil<illlL'la tI"lIa" tllL~ LLiil:Lrla~a"nld'VI tI<iltil ~l~ldbl'yhL~~l til ~tI"~" LL~U 
q q 

LLll:aan~ln~TV\ir" €lnrf" £J"aamLuud:uUUl~,,1 ~~l~ldbla anbl'Yl~'~UlU;}U L"lfU ~l~ldblaan 
bl'Yl~'~UlU 'VIiill tllU~lnnld~<il bb~ULLll: 1 ~f~ ~l~ldtliil<ilnldLn<ilt-liil"lTl" b~tI"~lnnldlitil L<ilo.{1) 

nlda an LLUUd:U'lJnldUl~" til ~~1'VI ir,,~ a" <ild:'VIirnii~ ~ld·lh til u~lfu b "lfU~ld'Y'-l a~h~ af ~ld 
'II 

"lf1 tI ti<il bnl: ~lj·lh tI L ~~nld41~~lubbiil:'Y'-liill~YiL6Jl"b6Jl"af bUU~<il~l~rul unld~~ldrnl b 'Y'-Idl:~t-liil 
q OJ 

~anldlliil<illlL'l a tI til nlj41~ ~lU ~ll~~"~lbbiil:~"t-liil~a~~'lJ1ib ii"niil~l" 6)~"illbUU~ ad:'lJUnlj 

Ul~" tll~~l'VIib" (2) 
'II 

'Y'-Im~YiL6Jl"b6Jl"af bUU~ldbd~U'VI1mUU"lIa"b'VIiil1~~Jl'VIirn l:JJLiilniil~l (low molecular 
q 

weight, LMW) ~"'Yh 1~~l~ldm"lTlLllLL'Yldn~lm.h:'V\';h" l~biilniil"lla"'Y'-Ia~b~af l<il tI~:Lll'Yh 1~bbd" 
'II q 

vrUTI:~l"1fi.unljb~E1~~mlu"lIa"bL~iil:'Y'-Iel~L~af (polymer chain secondary bonding) ~"t-liill~~ 
nldb~~aU"lI £JU'VI1E1 "bliil~l"ll a"~lj 16Ji'Y'-la~b~ afbn<ilL~~ln;}u iil 1 ~'Y'-Ia~b~af~l~ljm"lTl~lb ~a~ 
'VI1ad1~~lnuL~ ~'UL~bb~u~Gf~~~~~u1i'Yll"b~~nltlJll'Y'-l~~L~ ~a'Y'-la~b~af~~ll~~au~lbbiil: 
fj<il~lL~~;}U(3) ~l:IJldbl'Yh1 ~'Y'-Iel~b~ aft Ud:UU~~ll~fj<il'VI ciu (flexibility) ~ln;}u b ~~j:tI:"lIa" 

q 

nld~"fj<il (Elongation) ~ltlnldiil<il~ll~'VIib<il"lla~'Y'-Ia~b~elf~'VIiila~L'VIiil1 (polymer melt viscosity) 

iil<il~h 1~<il ~~~ll~ ti<il'VI ciu (Modulus of elasticity)(3, 4) iil<il arn'VIJlii~'Y'-I a~b~ afbn<ilnldbll~ tlU 
'II q q 'II 

~bllU:~ln"lla"LbojJ"~~ltILLn1bUU"lIa"fj<il'VI~U~~ltltll" (glass transition temperature, Tg) ~"~t-liil 

'Yh 1 ~ ~l~ldbl;]UdtJL~<ill~~ a"nld (Processibility)(5) bbiil: "lTa~'V\'ct,""lIa"'Y'-liill ~YiL6Jl"L6Jl"aft U d:UU 
'II 

nldUl ~~ til ~~TVI,r" 5nlld:nld'VI.ct,,,~ anldU l ~l bUU~ld"lf1 til u~lf'lJl unld~lu~~nldll iil<illl L'l a tI 
'II q 

til L~'VIln b~ an 1 i"15U<il bbiil:~ll~b "lT~"lTU"lI a"'Y'-liill ~YiL6Jl"b6Jl"elf~b 'VI ~l:~~l U d:UUL~ n L'lll ii" aftl biil'Yl 

'Y'-Ia~b~af bUU'Y'-Ia~b~afi"b~ld:lf l<iltlbuU methacrylic amino acid copolymer ~linu 
bb 'V'd'VIiill til U'Yll"bJli"1fnjd~ b il,a"~ln~~ll~lliil a <il.ntlflUb dmda ~vru~l UnldUdj~ til L~~" 'YlU 

q 'II 

~anldb~a~~iilltl~lnnldbn<illlnn1t1l~l" 6) LLiil:~dlmL~~~~lnirn bbiil:£J"~l~ldblli11~nU'Y'-liill 
~~L6Jl"b6Jl"afrf""15U<il hydrophillic LLiil: hydrophobic ~~~~<ild~lf'lJ'VI1mJl i"1f.nrn~'VI iill tldll bbU'lJl U 

'II 'II 

r1a~<iliill<il~1i Eudragit@ bUU'Y'-Ia~b~aft Ud:U'lJ(6) ~"t9lldl",nlldl tI~a"llUt9l"ll a"'Y'-liill~YiL6Jl"b6Jl"af~~ 
q 

nldUl~l1"1fi.ud:UU'Y'-Ia~b~af ~lnU'Yl~ll~ Pharmaceutical Applications of Plasticized 
(6) 

Polymers 



Pharmaceutically Used 

Polymer 

Plasticizer 

Blends of ethyl cellulose and dibutyl sebacate 
.® 

Eudraglt L 

2 

Applied as 

enteric film coating 

Copolymer of methacrylate tributyl citrate, triacetin, PEG moisture protection and 
® 

ester ammoniated (Eudragit 200, secondary plasticizer odor/ taste masking coatings 

E grades) (propylene glycol, diethyl bioadhesive drug delivery 

phthalate, oleic acid) system 

Copolymer of ethyl acrylate water, 

and methyl methacrylate monohydrate, 
® 

(Eudragit RL and RS ingradients 

citric acid time-controlled drug release 

active polymeric matrices 

(Metoprolol 

grades) tratrate, 

maleate), 

compounds 

Chlorpheniramine 

Auxiliary 

(surfactants, 

preservative-methykpa raben, 

solvent, cosolvent, 

desolvating and cocervating 

agent) 

flsHlby.jitjliiu :JJl~bEl'Yl (chlorpheniramine maleate; CPM) iif]'Yl~rn"blli".l51'Yl~1 
"l1~"lJ11"nljElElnf]'Yl~;El,,5~~liiu (histamine type I) iittl'VI,xn:JJ1~ 1:JJb~n~ 390.86062lii'nMl 

q 

mnljU vrfh n~~lnnlj'Vl i" ~ljf1~'Vl i,,5~~liiu ".l5it~ H 1 fin Ell 'lXdl~ mnlj'Vl ~ El~~:JJ~1Ji.~ U~~ 
Ellnljbb vrfiii~l b 'VI~ :JJlliJlnnljbb vr~lj'V'l1n~~El El" bn~j~ Eln i.3T ~U~~El El" 'Vl1El~ljl UEllnl~~'j,\, 6) 

q q 

bonU i.,y~~ElEl"y.jl" Ellnljbbvrfiii~lb'Vl~:JJlliJlnmnlj'Vll~ EllnljliJl:JJ ttl:JJni.'Vl~ ~lbb~" j1:JJJ" 
q ~ 

mnljbb vrfib n~~ln bb:JJ~" i~ln~ ~ El ~ U~~mnljbb vr".l5it~ b ~Eli'"fii.~'Yljl1J~l b 'Vl~ (7) CPM djumfiii 
q 

flill~:JJu'1i'Yll"bfl:nm.nun~:JJ cationic amphiphillic amine drug (CAD) 1.h:nElU~1~ aromatic 
q ~ q 

hydrocarbon ~"U~~"~:JJ1J'1i~i.~".l5ElUttl U~~ side chain dju~1ufi".l5Eluttl iilh:IiJU1n (cation) 
q 

, . 'I 1 "" 1 (7.8) 
"lJEl"n~:JJ amine bU flj"~jl" :JJb~n~ 

q q 

iinlj~m~1'V'lUl1 CPM(7. 9) ii~:JJu'1idjU'V'l~l~fii.6jJb6jJElfl'IXbbnElfli'm~'Yl'V'lEl~b:JJElf 1~~'Yh 

1 'IX'V'l El~b:JJ Elfiifl11:JJ fj~'Vl rJU (flexibility) :JJlnifu b ~ :JJj:: ~::"lJ El"nlj~" fj~ (elongation) ~~fl11:JJ'Vlil~ 
q 

"lJ El"'V'l El ~ b:JJ Elffi'Vl ~ El:JJ b'Vl ~1 (polymer melt viscosity) ~~ El ill 'Vlfliifi'V'l El~b:JJ Elfdl~nljbi.J ~ ~u~rnu~ 
q ~ 

~ln"lJEl"uoTI"fl~lmbn1bUU"lJEl"fj~'Vl~Ufl~1~m" (glass transition temperature, Tg) bb~~~~fll 



3 

1:IJ~i~fl11:IJ t1~'VIr.hl, (modulus of elasticity) Lrim ~:lJfll1:IJL"li:IJ"liU"lJEh'l~1£J1~1~ruYl'Yl1'V1Ul'YldjUVI 
'IJ q ., 

Gn~fil6]JL6]Jerf(9, 10) 

~nT'Jtl j::: £J n ~1 i~:IJ nlj"lJ El \I ne:rf~ ElU-L 'Yl iiHG'Hlf LL~:::~:IJ nT'J"lJ El\l Kwei ~\I L UU~:IJ n1j 
q 

El't vrUlJ"lJ El\ln Elf~ ElU-L 'Yl ~ L ~ Elf 1 Un1jElIT1.J1 £Jn1jL tl~ £JULLtl ~\I T 9 "lJ El\l ~lj(:..J ~:lJj:::'VIll\1V1 El~L:IJ Elf 
d'l .1 .... (11,12) &!/ (13), A 

LL~:::£J1'YlEl£J UjlJ El~ru~lU ~nnn1Wrn1!Jo1"lJEl\l Claeys LL~::fllli::: VI'lJl1 Tg "lJfl\lVlfl~L:IJ'Yl1fl 
'IJ 'IJ "" 

fm~'YlYl~ ibuprofen (:..J~:lJmJ1ui~ci'lU~l\16) ~f11~\lnllfhYl'YllU1ml1n~:lJn1jnflf~flU-L'Yl~L~Elf 
'IJ 'IJ 

Ufln'<\llnd ~n1j~m~lL~flflIT'lJ1£JnljLtl~£JULLtl~\I Tg "lIEl\l~lj(:..J~:IJ ibuprofen 1u EudragitRL 

(ERL) VI'lJl1~l:IJ1jblflIT'lJ1 £Jl~~l £J~:lJnl'J Kwei ~\lLUU~:lJn1jEl'tvrUTI"lI El\lnElf~ElU-L 'Yl~L~Elf14) 
, 

'<\11 n ~:lJu~1 Un1jLUU VI ~1 ~fil6]JL6]JElf"lJ fl\l CPM Yi~ ~ El flflfm~'YlVl El ~L:IJ Elf~\I~fll1:IJ 

Luultll~Yln1jLtl~£JULLtl~\I Tg"lJfl\l~lj(:..J~:lJj::'VI11\1 CPM 1u ERL ~i~ci'lU~l\16) '<\I:::ElIT1J1£Jl~ 
~l£J'Yl'lM~"lJfl\lnflf~ flU-L 'Ylm~Elf mh\lljn~l:IJ r.J\l11l~nlj~n1!Jo1L ~flElIT'lJ1£Jn1j~~~\I"lJ El\l Tg "lJ El\l 

ERL Lrifl~ CPM mj1ui~ci'lU~l\16) ~1£J~:lJn1j"lJEl\lnElf~ElU-L'Yl~L~Elf'VI1fl~:lJn1jEluvrUTI t11(:..J~ 
'IJ q 

nlj~n1!Jo1V1'lJl1nlj~~~\I"lJfl\l Tg "lJEl\l ERL LriEl~ CPM i~ci'lU~l\16) (:..J~:lJEl~~l:IJ1jflElIT1.J1£J1~ 
~l £J~:IJ nlj"lJ El\l n Elf~ flU-L 'Yl ~ b~ Elf 'VI1El ~:lJn1jflU vrUTI '<\I:::~tlj::: 1£J"ll'u~ flnlj'Yl1U1 £J ~fl1U:::'Yl1\1 

q 

n1£JJllV1"lJfl>'l ERL Lrle:J~ CPM (:..J~:lJElr.J1ui~ci'lU~l\16) ~\I'<\I:::Luutlj:::1£J"ll'U~fln1jvr~u1LJli"ll' 
'IJ 

nru6¥lbUjtl matrix diffusion controlled release Yl1i ERL LUU~ljflTJJfl:IJn1jtl~~tl~fl£J£J1 CPM 
'IJ q 

~(:..J~~~l£Jlfi hot-melt extrusion, film casting, LL~:::n1jLfl~ElULbUU drug layering 

~,"n,~~,r~A~d'Wji~ l~:{jAl'3Jaj{jVi3J'~ 11~{jd 
~ q 

1, flIT'lJ1 £J'V'Hl ~nn:IJnljL tl~ £JULbtl ~>'l Ellli 'VIJl iin~l ~'Ylj1U~i'U"lJ fl\l ~lj(:..J ~:IJ~tlj:::n El'lJ 
q 'IJ 

'" .,1 A"" .... 1 ® 1...." 1 1 ... 6' ~1£Jfl~ml'~Uj1:IJUnj:::'<\I1£J~1 U Eudragit RL U~~~lU~l\16) ~£J "ll'~:lJnlj"lJEl>'lnElU~Elj-

6' .... 6' 
L 'Yl~ L~ EljbL~:::~:lJn1jflU 'V'lUIi 

q 

.1 ~ ... 0 A "".... ® 2, lJj:::£Jn~ b"ll'nlj'YllU1£Jnlj~~~\I"lJEl\lEllli'VIJl:IJn~1~'Ylj1U6]J"ll'U"lJEl\l Eudragit RL 
q q 'IJ 

brlEl~fl~m wib1~ui~ci'lU~l\16) 1 Unljvr~u1 bL~U'vhf:IJ~~~:lJU~L ~\ln~YlL 'VI:lJ1:::~:IJ~ Eln1jvr~u1 
LUU j:::'lJ'lJ'l.bci'>'l £J1 ~lU 'Yl1\1 ~1'VIu\l1~ £Jlll~El\ll i traditional plasticizer "ll'it~gULUU~ljtl'j":::n Elu1 U 

o .... 
~ljU 

~1 :lJ1jfl e:J IT'lJ1 £J'V'l 'l~ nj'j":lJnl jL tl ~ £J ULbtl ~\I"lI El>'l Ellli 'VIJl ii n ~1 ~'Ylj1U~i'U"lJ El\l ~lj(:..J~:IJ ~ 
q 'IJ 

tl'j":::nEl'lJ~1£Jfl~flbWitj1~u1u Eudragit@ RL 1~tJ1i'VIinnlj"lJEl>'l Gordon-Taylor :lJ1ElITU1£J 

flll:IJ i:IJvrUTIL ~>'l U1:IJ1lli (Quantitative way) l~bb~:::tlj::: £J n~1 ifll1:IJ ~1:IJ1jfl1 Un1j'Yl1U1 £J 
q 

Ellli'VIJliin~1~'Ylj1wni'U"lJ El\l~l'j"(:..J~:lJfl ~ ElL witjl~u1 U Eudragit@ RL 1 Un1jvr~u1bL~U'vhf:IJ 
q 'IJ 
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fl1Ufl:JJnldtJflWltJ~eHJ tn~~~:JJU~bcTI .. :mflrlbVl:JJ1::tnJ 1~HJhlGlth'l1i traditional plasticizer d'h", 
q 

~1utJd::n elu1 u~hfu 

A a.-

t! eJ U t'lJ @l 'lJ eJ \J \J 'lltl Ti~HJ 

.. :nu ii'tJ'ddJu.,'J1U ii'tJ b cTI\l'YlWlfl el\l (Experimental research) 3-I\l~m~nnld~:JJu1inldbuu 
q 

'V'lfll ~fib6]Jb6]Jelf"lJ el\lfl ~ elb vHbl~U~~ ~ el Eudragit@RL 1 UGllU 'V'l'l~ndd:JJnldbtJ~tmbbtJfl\l"lJ el\l 

el ruVlJliin fll ~'YldlU~';U"lJ el\l ~ld~~:JJ~tJd::n elUGl1 tJfl flelb vHbl~u1 U Eudragit@RL 1 UiWl~1U 
q 'II 

~1\l61 Wll:JJVIin nld"lJ el\l Gordon-Taylor bbfl::tJd::tJn WlL itJddtJ"11'"hnnnld'YllUl tJelruVlJliinfll~'Yl 
) q q 'II 

dlU~';U"lJ el.,'J ~ld~ ~:JJd::Vlll.,'J flfl el b ~ibl~U 1 U EUdragit@RL 1 unldvr~ulbb~W~ Gf:JJfl1ufl:JJnld 
q 

tJ flWl tJ ~ el tJ tn1 ~~ ~:JJ1J'1i b .:n.,'Jn flrl b VI :JJl:: ~:JJ~ elnldUl ~\l tJl ~lU 'Yll\l tl1V1 u\l1W1 tJL3-IGl el\l1 i traditional 

plasticizer 1 u~'hfu 

mdulhfl~ntt1 
.... tJ"'" '"9 .... .;r 1. Wl1bb del~d:: bbU\lbuUWI\lU 

1.1 iWl~1U"lJel\lflflelb~ibl~U~el Eudragit@ RL 1U~ld~~:JJbbfl::1ubb~W~Gf:JJ 

plasticizer) 

2. ~1 bbtJdWll:JJbGlbbfl el ruVlJliinfll ~'Yldlu~iu"lJ el\l ~ld~~:JJd::Vlll\lflfl elb ~ihl~u1 U 
q 'II 

Eudragit@ RL bbfl:: tensile strength, elongation "lJru::WGf:JJ"lJ1W1 bbfl::nldtJflWltJ~eltJflflelb~ibl~U 

elelmnmb~U W Gf:JJ'V'l el~h:JJ elf nldWld1'<iJ ~elUJll1::'V'l'Vl iru.!lU (polymorphism) "lJ el\lflflelb ~ibl~U 

1W1 tJ b'Yl flii.fl X-ray bbfl::nldtJd::biiutJd:: ~'YlTIJll'V'l"lJ el\l bb~U W Gf:JJ'V'l el ~ b:JJ elf 

... ..... .. 
lUI13J~'" 'YHit't'n:::: 

1. 't'Hnafil'15t61H:J'f (Plasticizer) VI:JJltJfi\l bUU~ldb d~UVl1elbUU"lJel\lbVlfl1r1~,tlV1un 
1:JJbflnfl~1 (low molecular weight, LMW) b,i'1LtJbb'Yldn~1mh::Vlll\l1:JJbflnfl"lJel\l'V'lel~b:JJelf 1W1tJ'<iJ:: 

q 'II q 

btJ'Yll1 ~bb d\lvrUll::~1"11'1 unldb ~el:JJ~ elflU"lJel\l bb~fl::'V'lel~b:JJ elf (polymer chain secondary bonding) 

~\l ~fl1 ~~nldbfl ~ elU"lJ rJUVl1el brl fl~1"lJ el\l ~ld 16J5'V'l el~b:JJ elfdlWl bGl:JJln~rU 'Yll1 ~'V'l el~b:JJelf~l:JJldrl bil 

:JJl b ~el:JJVl1eld1 :JJ~1nu bGl '<iJU bGlbb~U W Gf :JJrI~ ~:JJU1i'Yll\l bfl~nl tJJll'V'lrl~bGl 
2. f)flfm~'t1't'H)~b3Jf){ (Acrylate polymer) VI:JJltJfi\l 'V'lel~b:JJelfi\lbfldl::lf 1W1tJbuu 

methacrylic amino acid copolymer n~11ii\l Eudragit (ERL) rl1inubbwiVlflltJ1U'Yll\lbJli"11'ndd:JJ 

b tiel\l'<iJln~fl1l:JJtJ fl el WI IltJ nu b ii'el b riel ~~url1 unldUdd'<iJ tJl b~~\l 'YlU~ elnldb&el:JJ ~fll tJ'<iJlnnld 
q 'II 

bnWltJnn1tn~1\l GJ ~1:JJldrl1ii1:JJnU'V'lfll~~b6]Jb6]Jelf;f.,'J"1l'ii.WI hydrophillic bbfl:: hydrophobic 
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3. 'Yi~nn1''i'7lu\lnuf{PH)"-trI6H6H:)'f (Gordon-taylor theory) 'VI3J1r.Jn-\l 'VI~nn11~li 

eJTIU1 r.Jn11bU ~mublJ I.'l-\l Tg "lI eJ-\I~11(:,J ~3J1:::'VI11-\1'\A1 eJ ~b3J eJfbbl.'l::: r.J1~eJ £.11 U 1U eJim~1U t~ r.Jn11l i 
'IJ 'IJ .... 

'" '" .d."! .... '" '" '" ~3Jn11"l1 eJ-\ln eJ1~ eJU-b 'Yli.'lbl.'l eJ1 bbl.'l:::~3Jn11"l1 eJ-\I Kwel 6JJ-\I buU~3Jn11eJU '\AIUll"ll eJ-\ln eJ1~ eJU-b 'Yli.'lbl.'l eJ1 
q 

A A ..... 

~aJaJ<PI;)1,"n1"i"J~ £.I 
<'9 

1. ~3JU1i~113J bUU '\AI 1.'l1 ~&il6JJb6JJeJf"ll eJ-\I ~ I.'l m 'V'Jii 113ju ~3j(:,J I.'l <il eJ eJ ~fml.'l'Yl'\AI eJ ~ b3J eJf~13J11rl 
eJTIU1 r.Jl~1~ r.Jli'VI~nn11"l1 eJ-\I Gordon-taylor 

2. i~ ~lU~b 'VI3J1:::~3J"lIeJ-\I~ I.'lm 'V'Jii113jU~(:,J~3J eJ til U Eudragit@RL ~-\I (:,J1.'l1 ~eJm'VIllii 
'IJ q 'IJ 

nI.'l1~'Yl11U~,rU"lI eJ-\I ~1dt:-l ~3J3j~113J b 'VI3J1:::~:JJ <il eJn11bfi~ bb~U ~Gf3J'\AI eJ~b3J eJf~3j~113J ~3J~l.'ld:::'V\'J1-\1 
q 

~113J bb"li-\l bb 1-\1 bbl.'l::: ~113J Ej~ 'VI tiu ~-\I b uu~n Mm::~ ~1 f1ru"ll eJ-\l1:::UUU1 ~-\I r.J1 ~1U'Yl1-\1 fJl'VIU-\I 
q ~ 

(Transdermal drug delivery system) 



I 
.0:::( 

lJ'Yl'Yl 2 

1. d:;uun1d'\.b~\lmt·hu'Yl1\le!l'V1U>'! (Transdermal drug delivery system) 

2. 'V'l~1~Yil6Jl'b6Jl'erf (Plasticizer) 

3. ~3Ju1i'Yl1>,!bVliin1t1111'V'l"lJtl>'! Eudragit® RL (ERL) 

4. ~3Ju1i'Yl1>,!bVliin1t1111'V'l"lJtl>'!VI~my.jih1iiu 3J1~btl~ (CPM) 

5. n1dbU~ tlUbbtl~>'! e:Jru 'VI1l3jn~1~'Yld1u~-iu 1~ tl1 i'VI ;nn1dn e:Jf~ mt-b 'Yl~ b~ e:Jf 
~ 'II 

(Gordon-taylor equation) 

6. n1db~1t13J~1d'Yl1>,!blli"1l"ndd3JhtdUtliru~i1U 
'II '" 

.c:::IIo t5'.c:::IIo .co. Q..I 'i.I A. • 

7. n1dlbVld1:;'V\tlru'VI1l3Jn~1~'Yld1U6Jl'"1l"U~1 tIL 'Yl~UVI Differential Scanning 
~ 'II 

Calorimeter (DSC) 
A 6' Q.,.o.::::t.A I a.,. A 6' l1.I 

8. n1dl bVld1:;'V\ tlU~dndmd:;'VI11\l tJ1nuvw ~ b3Jtld~l tI Fourier Transform Infrared 

Spectroscopy (FTIR) 

9. n1d~dT'iI~e:JU1l11:;'V'l~iru~1U (Polymorphism) 

o I lAo Q"..I 

1. ';j~'lJ'lJ"1~\J~16H.J,;)Vi"\J (Transdermal drug delivery system) 
'U 

d:;UUU1~>'!tJ1~~1'V\U\l bUU d:;UUU1~\ltJ1~1~1UVl113J~uh3J1n~Ub~tltJ 6) J\litn1d~ 
'II 

transdermal drug delivery system 1~ 1UVl113JutJmyj3J3J1noTIuditl\l"iJ1n transdermal drug 

delivery system ii-ne:J~'VI~1 tJe:J tJ1>'!<i\lit bUUd:;UUU1 i.t>'! tJ1~~13J1drl'VI~m~tJ>'!n1d rlnih~1 tJ"lJtl\l 
'II 

tJ1~'Yl1>,!b~UtlTv\1d 13J11"iJ:;bUU"iJ1n Vl113JbUUnd~"lJtl\lnd:;b'V'l1:; 'VI1e:J"iJ1mtlul6Jl'~~1\l 6) ~13J1drl 
'VI~m~tJ\ln1ddi~ first-pass metabolism ~<iul~ ~13JTJrlVllUVl3Jn1dU~~U~tltJ"lJtl\ltJ11~ bb~:;brltl 

~ 

~tl\ln1d'VI tJ~W1 ~13J1drlyh 1~~1 tIL 'IAl tJ\l~\l bb~umJ:;tl tln"iJ1ne!l'V1U\l ~13J1drl'Yl~ bb'YlUn1d1 ~tJ11 U 
~ 

dUbbUU 1uud:;'Yl1ul~~ 1~mU'V'l1:;1u~JltJ~iitl1n1d e:J1b~tJU 'VI1tll3J~13J1drln~uml~ ~13J1drl 
'II 'II 

'Yl~ bb 'YlUn1d1 ~tJ11 U dU bbUU5.~ 1~~ 1~ tJl3Jntl 1 ~di~Vll1m~UU1~bbn ~Jl tJ bb~:;~Jl tJ ~13J1drl 
'11'11'11 

U1'V11dtJ1~1 tJil btl>'!l~ ~13J1drl tle:JmbUUd:;UUU1i.t>'!1 'IX~13J1drl tl tlnr]'Ylrr'~u1uoTIu b"liU ~13J1drl 
tle:Jnr]'Ylrr'~U1U 'VI~1 tJ1U"iJ1nn1d~~bb~UbbU:; 1 VIi>'! ~13J1drl~~n1dbfi~ t-.I~cJ1>,!b~tJ>,!"iJ1nn1d 1itJ1 

bb~:;bUUd:;UUU1~\ltl1~1~1un1dtJtl3J1U"iJ1n~JltJ(1. 15. 16) 
'II 
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2. 'YiGi1?fnl6j$t6j$€Ji (plasticizer) 

~L'l1~Yil6JJL6JJe)'fVl1mn:H ~3Jflll3Jejel'UU3J (softeners) Vl3Jl tJii>1~11"Vl1a1~~ l~ 6) rlL~3JL'l>1 
q q 

1ul U ~ el~b3J afb.y:J a L -nl1ul U 1"::UIJLJl i-ntl rn~rlii~ a ~b3J elfb uut'huu1"::n au iifl rn~aJu1i'Y11>1 L ;r>1nL'l 
q 

, ,j' ,j' .:: 
Yi~"l.IU~ a ~l3Jl1"t;l Yill ~~ a ~ b3J el 11 U 'J::uu ii f1l13J £j' ~'VI ~ U (flexibility) 3Jln"ll U L ~ 3J1":: tJ::"l.I a>1nl1" 

q 

,dl ~ ~ d,::::a,. 6'~ 
~>1tJ~ (Elongation) ~ltJnl1"L'l~flll3JVlU~"l.Ia>1~aL'lL3Ja'J'Y1V1L'lel3Jb'VIL'll (polymer melt viscosity) 

L'l ~ a rn'VI Jl iirl~ a ~ baJ afb n ~ nl1" L U ~ tJ U~t;ll U::'o\)l n"l.l a >1 LL ij >1 fI ~1 tJ LL nl L UU"lI a>1 £j' ~ VI ~UfI ~1 tJ tJ1 >1 
q 'II q 

(glass transition temperature, Tg) bbL'l::L'l~fh 13J~i~f1l13J£j'~'VI~U (Modulus of elasticity)(3, 4, 6) 
'II q 

~ L'l1 ~Yil6JJL6JJaf bUU~l1"b 'J~U'VI1mUWlJ a>1 L'VI L'llrliiti'lmXn 1aJL~n ~~1 (low molecular 
q 

weight, LMW) ~>1Yill ~ ~l3Jl'Jm il1u bL 'Y11"n~l a ~1"::'V\')1>11aJL~nL'l"l.l a>1~ el ~ b3J af 1~ tJ'o\)::luYill 'lXbL 1">1 
'II q 

~U1i::rll-nlunl1"L~a3J~flflU"lIa>1bL~~::~el~L3Jaf (polymer chain secondary bonding) 1~tJvhf3J 
~a~L3J af'o\)::u1":: n au1u<lll tJ 13J b~n~"l.I a>1~a~L3Jaf (polymer molecutes) L ~aaJ~ flflU<lll tJ~U1i:: 

q 

Vander Waal ~>1~L'l1 'lXiinl1"LfI~elW'lJ rJU 'VI 1 a 1t;l~~l"l.la>1~11" 16Jl'~a~L3JafLn~ l~3Jln'~ru Yill 'IX~a~ 
b3J elf~l3Jl1"t;l bilaJ1L ~a3JVl1a1"l3J~lnU 1~ 'o\)U l~bb~u vhf3Jrlii ~3JU1i'Y11>1LfI iinl tJJll~rI~l~ ~ a~ a ~ 
L3J afiiflll3J ej aU~l bb~:: £j'~ ~ll~~-ifu (3) ~~ a rn VlJl iirl~ a ~L3J afL n~nl1"L U ~ tJU~t;llU::'o\)ln"l.l a>1 wn>1 

q 'II 

f1~lmbnlbUU"l.Ia>1£j'~'VI~UfI~ltJtJ1>1 (glass transition temperature, Tg) ~>1ii~L'lYill'IX~l3Jl1"t;l;Ju 
1"u1~ ~13J ~ a >1 nl1" (processibility) (5) LbL'l:: i el ~'V\'rt>1"l.1 a >1 ~ L'l1 ~Yil6JJL 6JJa11 U 1"::UU nl1"tb ~>1 tJl ~ 
'II 'II 

~l'VIu>15nu1"::nl1"'V\'rt>1~ a nl1"t4,13J1LUU~1'J·lh tJl u~lful Unl1"f1lUfl3Jnl1"UL'l a~u~ atJ tJl1~'VIln 
q 

b~ an 1 ,y-nu~ bb~::flllaJ b i3J"lJu"l.I el>1~~l ~f116JJL6]'elfri b 'VI3Jl::~3J 1 U 1"::uu1~ 
d ..,.... Cl (17) Vi .,.s """" """ "Vi ..-

6JJ>1 ~a~ fI L'l a>1nu nlWlm~l"l.1 el>1 Zhu bbL'l::f1 rn:: b~~n'l31 ~3JU ~f1l13J LuU ~L'l1 ~'Y1 b6JJb6]'a1" 

"l.Ia.J1~ ba~f1L'l ~L~1"'Y1 bbL'l::flL'l m ~u1"liiu~a elflfmL'l'Y1~el~LaJaf ~Ul1~L'l1~Yil6JJL6JJaf ~l3Jl1"m ~aJ 
f1l13J [j~'VI ~'U"l.I a>1 aflfmL'l'Y1~ a~L3J elf 1~ tJnl1"L ~3Jnl1"bfl~aU"l.I rJu'VI1a1t;lL'l~l"l.la.J~11" 16Jl'~a~b3Jaf 

q 

LL~L'l::13Jb~nL'l ~>1ii~L'lL'l~fh 1aJ~i~f1l13J£j'~'VI~U fll tensile strength fllf1l1aJ'V\'il~"l.Ia.J~a~L3Jafri 
q 'II q 

'VI ~ a 3J b 'VI ~l bb~::L'l~ a ill 'VIJl :iJnL'll ~'Y11"lU~';U"l.I el.J aflftJ b~'Yl~ a ~b3J elfl~ 
q 'II 

nl1"L~ an~ L'l1 ~fil6JJL6JJafri b 'VI3Jl::~3J ~l'V1fu 1..n'Y11.J nl1"bb ~'Y1 rfLbL'l::'Yll>1 LJl i-nn1"1"3J iii afll1" 

f1l'U.J ii.J'VI in 6) ~a <lla.Jiiflll3JbilnU l~nUb dm~a 1 U 11.Jnl mbL'l::"15U~"l.I el.J~ a~L3J af ii~L'l~ anl1" 

UL'l a~u ~ el tJ tJ1 ii~L'l~ afl rn~aJu1i'Y11.J b?ibb~::nl tJJll~ ~l3Jl1"t;lii~3Ju1il unl'J-ifu 1"url1<ll ~13J ~ a.Jnl1" 
q 'II 

(processibility) bL ~:: ii f1l13J f13J fll f13J 'Y1 U (18) ~ ~1 ~f116JJ L 6JJ a f ~.J1 ~LL U:: tl.l1 11 ULJl i-n~lfu 
q q q 

(The United States Pharmacopia, USP35, 2011) bbU.J~l3J~3Ju1iflll3J-nauti'lbb~::hl-neluti'l ~.J 
~11"1.J(6) 



Hydrophilic 

Glycerin 

Polyethylene Glycols 

Polyethylene Glycol Monomethyl Ether 

Propylene Glycol 

Sorbitol Sorbitan Solution 

Hydrophobic 

Acetyl Tributyl Citrate 

Acetyl Triethyl Citrate 

Castor Oil 

Oiacetylated Monoglycerides 

Oibutyl Sebacate 

Oiethyl Phthalate 

Triacetin 

Tributyl Citrate 

Triethyl Citrate 

""1 6'd6} '1J .... 0 1 '1J .... .,:'(6) 
2.1 'n~1iif'YI ·lH·lH)~'YI t"1l''YI1\1tlliif"1l'n~~3J ~1tmm.h::tll'YI ~~\I" 
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2.1.1 ,tl-;ij~ bUU'VH'n ~YlL6!Jb"1H)f[~ tlJ)11~"n1~ t~ mJn~ ,tlbuu~1t~~ul unl1 

i~b~11::~eJuvru£l'VIl~bUU biopolymer ~~i~b~11::~'VIt'llt1 GJ"nit~5n~1t1 
q 

2.1.2 'V'Hn~YlL6!Jb6!JeJf"nit~"neJU,tl (hydrophillic plasticizer) b"liU ffl1lun~~ 
q 

polyhydric alcohol ~1mh~ glycerol, propylene glycol, polyvinyl alcohol, sorbital Lbt'l:: mannitol 

2.1.3 l"It'll~Yll6!Jb6!JeJf~b'lhnu,rlL~-:Dln~ (plasticizer with limited miscibility with 

water) ;jmuUl"It'llffYiL"1rb6!JeJf~:n~~u~eJrh::'V\';h~ hydrophillic bbt'l:: hydrophobic ~11lun~3J 
~ q 

L~bbn diester and triester of acids bUU'V'lt'll~YlL6!Jb6!JeJf~fieJwnl~llt'leJ~.ntl ~13Jl1m,ylnUL~nu 

b deJ bdeJ 1 uil~nl tI (biocompatibility) 5nrf~ buUn~~l"It'll~YiL6!Jb6!JeJf~li~ln 1 u'Yn~ blli"nn11~bbt'l: 
q 

.d 0 ~19) 
eJ~ ~1'V1 n11~ b~1eJ~ ffl eJl~~ 
q 

~1 mh~"lI eJ~ diesters and trimester of acids L~bbn triethyl citrate (TEC), tributyl 

citrate (TBC), acetyl triethyl citrate (ATEC), dibutyl sebacate (OBS), diethyl phthalate (OEP), 

dibutyl phthalate (DBP) bb~: ~1 mh~"lI eJ~ diesters and trimester of alcohols l~bbn triacetin 

(TA), vegetable oil, fractionated coconut oil, acetylated monoglycerides 

2.1.4 Oligomeric and polymeric plasticizer ,yeJ~"lIeJ~l"I~l~Yil6!Jb6!JeJf"nit~;i;jeJ ~~ 
'VI1mJ eJ~nunl1b~ ~eJUrJl tI eJU1l1~1l1 til U"lI eJ~1::UUl"I eJfib~ eJf ~1 mh~~l ib "liu poly(lactic acid), 

q 

poly(lactide-co-glycolide) bU U~U 

2.1.5 Non-traditional plasticizer 'VI1eJ:n~m1t1n5n'VI~lt1~eJ b"liU non-traditional, 
• e!I " • • d 'i,.I Q..oo oI:::t. 

non-conventIonal 'VI1eJmultlfunctlonal plastICIzers 6!J~~eJ~~t'leJ~nU11t1~lWiJ1nU'Y1~11~1"nlnl1 

. (6) dId ~ .d d &::..6' Q.,.I oI:::t. • • 

"lI eJ~ SneJdrova bb~:~ bU.: 'Yll"lU11 ~ tJ1'V11eJ ~11'Yl ~~'YlJ)'Yll~ bll ~"n1'YWl Ibuprofen, theophylline, 
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" , 
salts of metoprolol bb(;l:::: chlorpheniramin 11:IJ'Yl\l~11·lhr.J'Yll\1bJli"Ifn:i'~i:IJaU"J b-.dU ~11(;lenbb1\1~\1 

~1 ~11riUb~tl Jln'j::::~l r.J til ';h~1:IJ11f1'yhv\'tXl bUU ~(;l1~fi16Jl'b6Jl'e)"rl~ ten mnennl1&'len bb1\1n1::::rh 

Jll r.J1 U t:IJ b(;ln &'l nl1&'len bb1\1n1::::'Yll1::::VI11\1 b(;ln(;l nl1b ~:lJnl1bfl~ e:JU"lJ rJlJ"lJ e:J\I t:IJ b(;ln(;lJll tl1 U 'j::::lJlJ~ e:J 
~ ~ ~ 

~b:IJ e:Jiten r.Jnl1 1 i~~\I\llUb c75\1n(;l bb(;l::::nl1n1::::~U~1 r.Jfl11:IJ1e:JUb"lJl:IJl b rj r.J1"lJ e:J\I LUU~U iinl1~nMl 
~ 

(20) d I 0 v d .. 9 AV) 6"d.d I 

"lJe:J\I Wu & McGinity 'Yl11r.J\llU11 Ibuprofen 'Yllv\Ul'YlbuU~11~(;l1~'Yl b6Jl'b6Jl'e:J1'Ylenene:J Eudragit 

RS 30 D ~e:J~b:IJe:Jfl~ ~e:J~1:IJ11f1(;lene:JrnV\Jl3jn(;l1~'Yl11wn-nU"lJe:J\I Eudragit RS 30 D ~e:J~b:IJe:Jf 
~ 'U 

Lrlm ~:lJfl11:IJ b "lJ:IJ"lJU"lJ e:J\leJr.JlJ1 hhL 'V'Iu bb(;l::::nl1~nMl"1.1 e:J\I Siepmann bb(;l::::fl rn::::(9) rt11 r.J\llW-;ll 
'U 

Metoprolol tratrate, Chlorpheniramine malelate bb(;l:::: Ibuprofen 'YllV\-tXlrtbUU~&'l1~fi16Jl'b6Jl'e:Jfrt~ 

brle:J1i Eudragic RS bUU'V'Ie:J~b:IJe:Jf1~ 

enl11 \I 2 ~1tJ11 tl~ e:J"lJ uen"lJ e:J\I ~ (;l1 ~fi16Jl' b6Jl' e:Jfrt ii nl1U 1 :lJl1 "If1 U 1::::lJ lJ ~ e:J ~ b:IJ e:Jf -;Ul n lJ'Yl fl11:IJ 
~ 

Pharmaceutical Applications of Plasticized polymers(6) 

Pharmaceutically used Plasticizer Applied as 

polymer 

Cellulose nitrate castor oil historically the first 

plasticized polymer used as 

a medicinal preparation 

(wounds covering) 

PVP di(2-ethylhexyl) phthalate, medical devices (bags, 

diisononyl phthalate, catheters, gloves, 

diisodecyl phthalate, intravenous fluid containers, 

epoxidized triglyceride, blood bags, medical 

vegetable oils from soybean tubings) 

oil, linseed oil, castor oil, 

sunflower oil, fatty acid 

esters 

Ethyl cellulose dibutyl sebacate coatings free membranes 

Cellulose acetate dibutyl phthalate, PEG 600, polymeric membranes for 

propylene glycol, transdermal system 

poly( caprolactone triol) 
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Pharmaceutically used Plasticizer Applied as 

polymer 

Blends of hydroxypropyl diethyl phthalate microparticles 

methylcellulose and 

ethylcellulose 

Blends of ethyl cellulose and dibutyl sebacate enteric film coatings 

Eudragit® L 

Cellulose acetate phthalate triacetin, acetylated enteric or colonic drug 

Cellulose acetate trimellitate monoglyceride, delivery 

Hyd roxypropyl diethyl phthalate 

methylcellulose phthalate 

Polyvinyl acetate phthalate 

Shellac 

Hydroxypropyl succinate triethyl citrate, press-coated tablets for 

methylcellulose acetate triacetin, acetyltriethyl citrate colon targeting 

Chitosan salts (chloride, glycerol, ethylenglycol, free membrane 

lactate, gluconate) propylenglycol, PEGs 

Blend of native rice starch glycerol, PEG 400 free membrane 

and chitosan sorbitol, 

hermoplastic starch Amylose polyhydric alcohols polymeric matrices 

Cassava starch (glycerol, xylitol, sorbitol), 

secondary plasticizers 

(stearic acid, sucrose, urea) 

Gelatin glycerol, sorbitol, mannitol, free membranes 

sucrose, citric acid, tartaric 

acid, maleic acid, PEGs 

Kollicoat SR30D (aqueous triethyl citrate polymeric matrices 

colloidal dispersion of PVA) 



Pharmaceutically used 

polymer 

Whey protein Sunflower 

Poly(lactic acid) Poly(lactide­

co-glycolide) 

Star-like branched 

terpolymers of 

dipentaeythritol, O,L-Iactic 

acid and glycolic acids 

bioadhesive 

Copolymers of methacrylate 

esters ammoniated 

(Eudragit® E grades) 

11 

Plasticizer Applied as 

protein triethyl citrate, particulate systems 

tributyl citrate, acetyl triethyl 

citrate, acetyl tributyl citrate, 

glycerol, ethylene glycol, 

propylene glycol, PEGs 

oligoesters or low-molecular 

polyesters, polyesteramides, 

free membranes polymeric 

PEGs, polypropylene glycol, 

blend of triacetin and 

oligomeric poly(1 ,3-

butanediol), active 

ingredients (ibuprofen, 

theophylline, salts of 

metoprolol and 

chlorpheniramine), ethanol, 

polysorbate 80, water, 

tricaprin, peanut oil, 

isopropyl myristate 

triethyl citrate, methyl 

salicylate, ethyl salicylate, 

hexyl salicylate, ethyl 

pyruvate 

matrices in situ forming 

systems microparticles 

drug delivery systems 

tributyl citrate, triacetin, PEG moisture protection and 

200, secondary plasticizer odor/taste masking coatings 

(propylene glycol, diethyl bioadhesive drug delivery 

phthalate, oleic acid) systems 



Pharmaceutically used 

polymer 

Copolymers of ethyl acrylate 

and methyl methacrylate 

(Eudragit® RL and RS 

grades) 

Poly(methyl methacrylate) 

Blend of polyvinyl alcohol 

and polyvinylpyrrolidon 

Various non-soluble 

polymers 

Plasticizer 

water (relative humidity), 

citric acid monohydrate, 

active ingredients 

(metoprolol tartrate, 

chlorpheniramine maleate), 

auxiliary compounds 

(surfactants, preservatives­

methylparaben, solvents, 

cosolvents and desolvating) 

Triacetin, supercritical 

carbon dioxide, dibutyl 

phthalate 

glycerol, PEG 200 or 400 

benzyl alcohol, benzyl 

benzoate, ethyl heptanoate, 

propylene carbonate, 

triacetin, triethyl citrate 

12 

Applied as 

time-controlled drug release 

polymeric matrices 

microparticles intraocular 

lenses hard contact lenses 

polymeric membranes for 

transdermal system 

in situ implants 

® ""'I Eudragit RL buU copolymers "llf)\I ethyl acrylate, methyl methacrylate bbt'l~ 

methacrylic acid ester with quaternary ammonium groups (trimethylammonioethyl 

methacrylate chloride) hH.J:iJi'.9l~lU"llf)\I'V\~ carboxylic acid ~f) ester bUU 1:1 :iJ~m~H1-b~'Yll\1 
'U 

nl tlJll'V'HUU~\lt'l~b5 tI'.9l~"ll11 :iJn~Ub~'Wl~~l ~'.9l11f1·H~'11\1'Yll\1 bfl:iJ~..jbb~'.9l..j1waJ 1 
'U 'U 
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tJ 1 ., "" ® (20) 
1l1'V'l d~nEllJ 1 fld"~dl"'Yll"Lfl:IJ"lIEl" Eudragit RL 

mhlrl"ElflfmGl'Yl'V'lEl~'h:IJElf LUU'V'lEl~L:lJElfi"Lflld~lK 1~muu methacrylic amino acid 

copolymer ~linuLL 'V'l1'V\Gll rll U'Yll" Lll i"l5ndd:IJ L ~El""illnijfll1:IJtJGlEl~nrlnlJL itmriEl ijvru~l unld 

lJdd"il rlll<il~" 'YluG\ElnldL~El:IJ~Gll rl"illnnldLn~tJ1in1m~h" 6) LLGl~ijdlfll1aj~":lJlmrn LLGl~rJ" 
~ ~ ~ ~ 

~l:IJldrt li11:IJnlJ'V'lGll~~16JrL6JrElf~""l5it~ hydrophillic LLGl~ hydrophobic ~"ij~~d(ihflJ'V\~mlli"l5 
~ 

.nrn~'V\Gll rldtJLLlJlJl WYlEl"~Gll~~li Eudragit® LUU'V'l El~L:lJElfl Ud~lJlJ(6) Eudragit ~ijl"l51 utJ;"ilUU 
~ ~ 

"il~~~~ 1~rllJ1M'Yl"lIEl" Evonik Industries LLGl~ Rohm GmbH & Co. KG. Darmstadt in Germany 

ij~~~flf"LLdnluflfl1~indl"l5 1950 1~rll~"illnnldL~1rl:IJ"illnnd~lJ1Unld polymerization "lJEl" 

acrylic LLGl~ methacrylic acids 'V\~El esters rln<tlElt!l\1L-riu butyl ester 'V\~El dimethylaminoethyl 
.d ""tJ...... "" 0 1 ~ .d (21) .... .d 

ester 6Jr" Eudragit :IJ d~l~nld~Gl~LLGl~rmUl:IJl "l5bUEl~~1'V\ndd:IJrll'YlmlU1U ~"~ldl"'Yl 3 
~ ~ 

LL~~"tJd~11lnld~~~LW~rtn';h:IJ11"l51uEl~~1'V\ndd:IJrll 'V'IEl~L:lJElf EUDRAGIT® (ERL) <i\l""l5it~nu 
~ ~ 

n"il~LL~~"flrn~:lJU~'Yll"LfliiLLGl~nlrl1l1'V'l~<i\1"nu L-riU (aqueous dispersion, organic solution 
~ 

granules and powders) ~1:IJ'V\3J'V'l"""n..nU(R) fll1:IJLL~n<i\1""il~Ylld~'V\il" Poly(meth)acrylates rI 
~ 

Gl~GllrllU"lJEl"L'V\Gll1U'Yll"L~UEll'V\ld1~rlnld form Ln~ElnlJ EUDRAGIT® L, S, FS LLGl~E 

polymer nlJn~:IJ~Luund~'V\~El<i\l""lIEl"~ld~lflt1Jlu~hflJ ~ldl" 4 LLGl~ 5 LL~~"~:lJlJll"llEl"'V'IEl~ 
L:lJElf ERL LL<i\Gl~"l5it~(21) 



1954 

1959 

1961 

1968 

1972 

1977 

1983 

1985 

1986 

1999 

Years of Introduction 

® 
EUDRAGIT Polymer 

L 30 0-55 

L 100-55 

L 100 

L 12,5 

S 100 

S 12,5 

FS 30 0 

Eudragit Grade 

Eudragit L 12.5 Eudragit S 12.5 

Eudragit E 12.5 

Eudragit E 100 

Eudragit RL 100 Eudragit RS 100 

Eudragit NE 30 0 (formerly Eudragit E 30 D) 

Eudragit L 30 0-55 (formerly Eudragit L 30 D) 

Eudragit RS PO Eudragit RL PO 

Eudragit L 100 

Eudragit NE 40 D 

Eudragit L 100-55 

Eudragit RL 30 D Eudragit RS 30 0 

Eudragit E PO Eudragit FS 30 D 

Availability Dissolution Properties 

30 % Aqueous Dispersion Dissolution above pH 5.5 

Powder 

Powder Dissolution above pH 6.0 

12.5 % Organic Solution 

Powder 

12.5 % Organic Solution Dissolution above pH 7.0 

30 % Aqueous Dispersion 

14 
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Trade Name Solubility, Description Applications 

Eudragit E 100 Soluble in gastric fluid- to Film coating 

pH 5 Cationic, Yellow in 

Colour 

Eudragit E 12.5 Soluble in gastric fluid- to Film coating 

pH 5 Cationic, Yellow in 

Colour 

Eudragit NE 30 D Swellable, permeable Sustained release 

Cationic, Yellow in Colour 

Eudragit L 100 Soluble in intestinal- fluid Enteric coatings 

from pH 6 Anionic, white 

free flowing Powders 

Eudragit L 12.5 Soluble in intestinal- fluid Enteric coatings 

from pH 6 Anionic, white 

free flowing Powders 

Eudragit L 12.5P Soluble in intestinal- fluid Enteric coatings 

from pH 6 Anionic, white 

free flowing Powders 

Eudragit L 30 D- 55 Soluble in intestinal- fluid Enteric coatings 

from pH 5.5 Anionic, white 

free flowing Powders 

Eudragit L 100-55 Soluble in intestinal- fluid Enteric coating 

from pH 5.5 Anionic, white 

free flowing Powders 

Eastacryl 30D Soluble in intestinal- fluid Enteric coating 

from pH 5.5 
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Trade Name Solubility, Description Applications 

Kollicoat MAE 30 D Soluble in intestinal- fluid Enteric coating 

from pH 5.5 Anionic, Milky 

White, Low Viscosity 

Kollicoat MAE 30 DP Soluble in intestinal- fluid Enteric coating 

from pH 5.5 

Eudragit S 100 Soluble in intestinal-fluid Enteric coating 

from pH 7 Anionic, white 

free flowing Powders 

Eudragit S 12.5 Soluble in intestinal-fluid Enteric coating 

from pH 7 Anionic, white 

free flowing Powders 

Eudragit S 12.5 P Soluble in intestinal- fluid Enteric coating 

from pH 7 Anionic, white 

free flowing Powders 

Eudragit RL PO High permeability Cationic, Sustained release 

non biodegradable 

Eudragit RL 30 D High permeability Cationic, Sustained release 

non biodegradable 

Eudragit RL 12.5 High permeability Cationic, Sustained release 

non biodegradable 

Eudragit RS 100 Low permeability Cationic, Sustained release 

non biodegradable 

Eudragit RS PO Low permeability Cationic, Sustained release 

non biodegradable 

Eudragit RS 30 D Low permeability Cationic, Sustained release 

non biodegradable 

Eudragit RS 12.5 Low permeability Cationic, Sustained release 

non biodegradable 



~ldl.J 6 ~dl.hl ~~fl"l.lii.~"l.I fl.J'V'l~l ~Yi'61wlHrfri~nld'l.b:1J11';1:" d::UU'VH)~b3J flf "illnU'Ylfl113J 
~ 

Pharmaceutical Applications of Plasticized Polymers (6) 

Pharmaceutically Used 

Polymer 

Plasticizer 

Blends of ethyl cellulose and dibutyl sebacate 
® 

Eudragit L 

Applied as 

enteric film coating 

Copolymer of methacrylate tributyl citrate, triacetin, PEG moisture protection and 

17 

® 
ester ammoniated (Eudragit 200, secondary plasticizer odor! taste masking coatings 

E grades) (propylene glycol, diethyl bioadhesive drug delivery 

Copolymer of ethyl acrylate 

and methyl methacrylate 

(Eudragit® RL and RS 

grades) 

phthalate, oleic acid) 

water, citric acid 

monohydrate, active 

ingradients (Metoprolol 

tratrate, Chlorpheniramine 

maleate), Auxiliary 

compounds (surfactants, 

preservative-methykparaben, 

solvent, cosolvent, 

desolvating and cocervating 

agent) 

01 
0 

'. 
0 

system 

time-controlled drug release 

polymeric matrices 

OH 
OH 
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fI iHH y.J it d1 ~ U ~J1 ih El ~ ~ ~~ d hJb ~ n ~ dlu C20H23CIN204 ,x 1 'VI it' n aJ 'Hl t aJ b ~ n ~ 
'II q q 

390.86062 ~,JbUUtJ1ri~f1rn~aJu1i'Yn\lbfl~mJ1un~aJ cationic amphiphillic amine drug (CAD)(7) 
q 'II q 

l.h::nElU~ltJ aromatic hydrocarbon ribb~~\l~1Uflrn~aJu1iril3J"ll'ElU,x1 ~ side chain bUU~1Uri 
q 

"ll'ElU,x1 ~th::"iJU1n (cation) erUbnlil"iJ1n-1JEl,m~aJ amine ribUUEl\l~th::nElumj1u~lWl.lEl\l 
q q 'II 

tfld\l ~11\l taJ b~n~ (7) 
q 

f1~my.Jitd1~u aJ1~:hEl~1"ll'lun1d'lhuliltlnn1tJ1n1dbbYr~1\l6) b"liU l-n~::ElEl\l (~~lb'VI<iJ"iJ1n 

n1dbb vr~ld'Vnn~::ElEl\l bn~dlil Eln l:JJ ~U~::El El\l 'VI1El~ld1 UEl1n1~gu 6) El1n1dbbYr bb~::El1n1d'VI11i1 
q 

El1n1d"iJ1aJ ,x1aJn l 'VI ~ ~lbblil\l dlaJrr.:J El1n1dbbvrridl~"iJ1mbaJ~,n~"~{nlil~ El tJ d1 aJrr\l El1n1dbb Yrribn~ 
'II 

"iJ1nn1d'VI£.:J~ldf1Ii1'V1 i\l5~~1~U "ll'itlil H 1 fin El1 Vi'bnlil El1n1d'VI~ ElIiI~aJ~Ullilo..(8) "iJ1nn1dfl~m y.Jitd1 

:iJu aJ1~hEl~~(:,J~,rIil"ll11.:Jn1dElElnr]'Ylrr;El\l5~~1:iJu (histamine) :iJn~lmuu Histamine H1 

agonist tlil tJ ~ld 5~~1:iJU bUU~ldbfl:iJri11\ln1 tJ i\l bfld1::~effUbrl El:iJ El1n1dbb vr El ti1\ld'UW iU"iJ1n ~\l 
bbtl ~ ntl ~ ElaJ ~1\l 6) bb~::ElT'ilYh 1 Vi':iJn1delm~U bnlileffu~laJaJ1l~ b"liU brlmm tJ\lnlil'VI1mbaJ~\l~vh~ 

'II q 

~ El tJ 11\ln1 tJ"iJ::tl ~ El tJ ~ld "5~~1:iJU" effUaJ1~ ElU ~UEl\l ~ El ~\l b 'VI ~ltfu i\l bn ~ l~ilil"iJ1mrl El:iJb~ iii ~aJ 
q 

~ A Q...I ~ ~ e:::t Q; ~ Ci d Q.,.II,::t Q.ot I d ~ d 
(:,JIiI"lIUUU(:,J1'V1U\l U1 aJ bblil.:JUdb 1 rn U U 6) bb~:::JJ El1n1dflU d1 aJIiI1 tJ 'VIdEl'Ylb d1:JJm dtJnnU 11 (:,JUbb 'Y'l b:JJ El 

q 

fI ~ El b y.J it d1:iJU aJ1 ~ b El ~:iJfl'Ylrr;rIil"lJ11\ln1d'Yh\llW1J El\l5~~n:iJu b 'Y'ld1::U.::tfU~\l ~laJ1drJ ~~n1dd::f11 tJ 
'" .d ..... VI ~23) 

bflEl\l (:,JUbblil\l bb~::El1n1d1J1mb~::f1U~.:J b~ 

~n1d~m~1'Y'l1Jl1 CPM(7. 9) :iJ~:JJU1ibUU'Y'l~l~Yil6j)'b6j)'ElflVi'bbnElflfm~'Yl'Y'lEl~baJElf tliltJ 
<Ii. (9) 0 ....,. _"I 

n1d~nM1"lJEl\l Slepmann bbiil::f1rn 'Y'lU11 Ibuprofen, Metoprolol bb~:: CPM bb~IiI\l~aJU~buU'Y'l 

~1 ~Yil6j)'b6j)'Elfl Vi'bbn f)f1fm~'Yl'Y'l El ~b:JJ Elf tlil tJYl1 1 Vi''Y'l El ~ b:JJ Elf:iJfl11aJ ti~'VI tiu (flexibility) :JJ1 neffu b v:iaJ 
q 

t::S do ..:9 A 6"d 
d:: tJ::"lJ El.:J n1 d~ \l tJ iii (elongation) ~ iii f111:JJ 'VI U~"lJ El \l'Y'l El ~ b:JJ El d'Yl'VI ~ El m 'VI ~1 (polymer melt 

viscosity) ~ iii El m VI Jl :nri'Y'l f) ~ baJ Elfb n IiIn1dbtl ~ tJ U~rJ1U::"iJ1n"lJ El\l bb;J\l fI ~1 tJ bbn1 bU U"lJ f)\l ti ~'VI tiu 
q 'II q 

f1~ltJtJ1.:J (glass transition temperature, Tg) bb~::iillilfhtaJliI~~f111:JJtilil'VItiu (modulus of 
'II q 

elasticity) brlEl b ~:JJfl11aJ b -n:JJ-nU"lJ El\l<?l1 tJ1 ~1f1qJriYhWU1ribUU 'Y'l ~1 ~Yil6j)'b6j)'Elf9. 10) 
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Equation 

mnG~"Yldl'\..1,4ri''\..I, (glass Transition) L{jund:::UlunldLU~rlUUUiil~Gnl1'\..1,::~l~ufi~El-1 
.... d VJ ~ .... d "'1 ..."9.... "" d di (second-order transition) "lJEln~~ 6J1~vm b~ b'\.tl~~'Yl6.1 f1d-1~dl-1LuUEl~rn~lWV\'JEln~~iiln 

(amorphous or semi-crystalline material) 1~ mriEl1'~~ijEl lli'VIl1ii~~n11 Ellli'VIl1iifiL1rln':h 
q q 'II 'II q 'II 

El lli 'VIl1ii1 unldL n~n iill ~'YldlU~';U (glass transition temperature) ~lU fiij1f1d-1 ~fl~L{jUEl 
q 'II 

illi~lu1u1'~Ci.r'iJ::LU~rl'\..l,~fll'\..1,:::"ln~fllU::f1~lmLnl (solid-like glassy state) ~~ij~nMlli:::LLoii-1 
LU'Jl:::niill m{jU~fllU:::f1~l rl rll-1 (liquid-like rubbery state) ~~ij~nMlli:::L 'V\'nrllUiil:::fj~'VI ciu 1~ rl 

q 

El lli 'VI 11 ii1 U nldL n ~ n iill ~'Yl 'Jl U~';U"lJ El-11'~~ ,rUEl tJ nuu .... "" .... F.J 'VI iill rl U'J:::nld L"liu "1l'U~"lJ El~1'~~ 
q 'II q 'II q 

~ .... 1 .... X...."9 ... (24) 1 x.... "". IA ~ 
Ul'V1Un 6.1Liilniil"lJEl-11~~ f1116.1"1l'U"lJEl-11~~ LuU~U ~mQ'V'I1:::f1116.1"1l'U"lJEl~1~~ 'VI'JEllJ'J6.1llliUl 

q q q q 

1 U l' ~~ Lit El~ "1 n ,t 1 ~16.1ldfl ill 'VI U lfi L {j U'V'I iill ~&l n L6J1 L 6J1 El f (Plasticizer) ~ ~ ij'VI U lfiill1 vi 
q 

1 f1'J~ ~fl~"lJ El~1' ~~ll,:JJ Uiil::Jl rl ~ ElnldLn~ nld'YldlU~';U6J1 n,ru l' ~~ fi ijJ'16.1l n'VI1El ij f1116.1ifu~~~~ 
q q q 'II 

ij Ellli 'VIl1ii1 unldLn~n iill~'YldlU~';U~liil-1 
q 'II 

Ellli'VIl1ii1'\..1,nldLn~niill~'Yl'J1U~';U (glass transition temperature) L{jU~6J1r&l'Yll~Lflij 
q 'II 

"lJ El-1 ~ld'V'l El ~L6.1 Elf'V\'rt~ fi1 iU-1U Eln ~lUUd:::n ElU"lJ El-1 ~1'J'V'I El ~ L6.1 ElfU1~'Ylif1 U~ld~ ~6.1"1l'U~ ~El-1 L ~ ~ 
q 

L~ ~~LL~~~i1-1f111:JJL-nln'\..l,L~lu'J::uU'V'IEl~L:JJElf~~6.1 'V'IUdlrl-11Unld~nMl"lJEl~ Brostow Uiil:::f1lli:: 

(25) fiL~'V'l rll r.J1:JJ L~UEl ~:JJnld 1 'VI ~fi,,:::il, 16.111 iillU 1 rl El lli 'VI 11 ii1 UnldL n~niill ~'YldlU~';U"lJ El~ ~ld 
q 'II 

~ ~:JJ"1l'U~ ~El~ L 'V'l ~Ll,t'I:::~ld'V'l El ~L:JJ Elf'i16.1 I,U1 rlU LVi rlunu ~6.1nl'JL~:JJfiij El tJ L"liu Gondon-taylor 
'II 

• ...C:S I ~ ~ Q...oo I q., Q.; 

equation Uiil::: Kwel equation 6J1-1'V'1Ul1UEln"ln~6.1nld 2 ~6.1nld"lJl~~U~~niill11,I,iill rl-1'V'1U~:JJnld 

1 'VI~fi ~1:JJldfl1 iill Ul rlfil El lli'V\Jl ii1 unldLn~n iill ~'Yl'J1U~';U (glass transition temperature) 
q 'II 

LCil~6.1nld"lJEl~ Gordon-Taylor ~-1~6.1nl'Jfi (1) 

l~rl 

Tg=W1Tg1 + kW2Tg2 

w1 + kW2 

(1 ) 

Tg1 

Tg2 

k 

~I 00 Q 6'Ad 
f1Elfil glass transition temperature "lJEl-1'V'1EliilL6.1Eld"1l'U~'Yl 1 

d. I Q. f5'.::I. d 
f1Elfil glass transition temperature "lJEl~'V'IEliilL:JJEld"1l'U~'Yl 2 

~e:Jfil weight fraction "lJEl~'V'IEl~L3.JElf"1l'u~fi 1 

d I • • A 6" Q d 

f1e:Jfll weight fraction "lJEl-1'V'1Elm3JEld"1l'U~'Yl 2 

~ e:J fil fI ~ fi L {j Ufilfi Lb ~~ ~ f1113J i3Jvrulh:::'VI 11 ~ fil density 

transition temperature "lJEl~'V'IEl~L3JElflud:::UU 

LLiil::: fil Glass 
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3jnTJtJ":i~r.Jn ~1iVl innTJ"lJ eh'l Gordon-Taylor 1 Unl":iElTIUl r.JnT;ibtJ~mmtJ lihHlillVlJlii 
q q 'IJ 

nlill~'Yl":ilWihrU"lJEI-\I solid dispersion ~3j 17p-estradiol n":i~"iJlr.J<i1E1~lu Eudragit® RS(11) 

'V'lU1l ~l3Jl":irlli~3Jnl":i"lJEI-\I Kwei ~-\ldJu~3Jnl":iEl~vrUTI~<i~LLtJlil-\l3Jl"iJln~3Jnl":i Gordon-Taylor 

I.~ 1 Unl":iElTIUl r.Jnl":ilil~ lil-\l"lJ E1-\1 EI illVlJl iinlill~'Yl":ilu6fi,rU"lJEI-\I Eudragit RS 'V'lEl ~b3J E1fl~ ~-\lI.<ii3j 
q 'IJ 

f11l3J'V'l t.l1 r.J13J~"iJ~tJ":i~ r.Jn~1iVlinnl":i"lJ E1-\1 Gordon-Taylor 1 Unl":iElTIUl r.Jnl":ilil~lil-\l"lJ E1-\1 E1illVlJlii 
q q 'IJ 

nlill ~'Yl":ilU6fi,rU 1 U~l":i~ ~3J"lJ E1-\1'V'l E1~b3J E1f~3j m6J1-\13j ~3Ju1i dJu 'V'llill ~&iI.6JjL6JJElfi~ ~1U~1-\1 6) ~ ~3J EI rJ 
'IJ 

d ':::'.Ct. <V • G..o< ® 
"iJlnnlW'lm~nnl":ilil~t'l-\l"lJ E1-\1 Elm VlJl3Jn lill ~'Yl":ilU6JJ"lJ'U"lJ E1-\1 ~l":i~ ~3J":i~Vl1l-\1 ibuprofen nu Eudragit 

q 'IJ 

(26) d ...., 1 ~..... .r, , 
RS b3JEI~~~1U mJU1V1Un"lJEI-\I Ibuprofen ~-\I"lJU 'V'lU1lf1l glass transition temperature "lJEI-\I 

'IJ 

~l":i~ ~3J~I.<ii"iJlnnl":i'Yl~ lil E1-\1 b tJ1tJU b Vi mJ11u~~hu 1 ill 1.<ii"iJln ~3Jnl":i"lJ E1-\1 Gordon-Taylor 3jfl1l3J 

bb~n~h-\lnuElrJl-\13jUtJ~l~qj bb~fll glass transition temperature "lJEI-\I~l":i~~3J~I.<ii"iJlnnl":i'Yl~lilEl-\l 
btJ1r.JUbVir.Ju~f11U1ml.~"iJln~3JnTJ"lJEI-\I Kwei dJu~3Jnl":iEluvrUTI"lJEI-\I~3Jnl":i Gordon-Taylor 3j 

q 

Tg = w1 Tg1 + kW2 Tg2 

w1 + kW2 

fiElfll glass transition temperature "lJEI-\I'V'lEl~b3JElf"lJ''il~~ 1 

T g2 fiEl~h glass transition temperature "lJEI-\I'V'lEl~b3JElf"lJ''il~~ 2 

~'. .Ct. It Q,. d 
w1 f1E1f11 weight fraction "lJEI-\I'V'lEllilb3JEI":i"lJ'U~'Yl 1 

t:S I. Q 6' t:::l. d 

f1E1f1l weight fraction "lJEI-\I'V'lElm3Jm"lJ'U~'Yl 2 

k fiEl ~l f1-\1 ~ L UUfll ~bb~~-\I f11l3J i3JvrUTI":i~Vl1l-\1 fll density 

transition temperature "lJEI-\I'V'lEl~b3JElflu":i~UU 

Lblil~ fll Glass 

q fiEl~lf1-\1rl rlbb~~-\lfl1l3J1.1"lJEI-\lnl":ibtJ~r.JUbbtJlil-\lfll Tg ~1.<ii"iJln~3Jnl":i Gordon-

Taylor 
" UUfiElVl~nnl":i"lJEI-\I Gordon-Taylor ~13Jl'H1E1TIUlr.Jnl":ilil~lil-\l"lJEI-\lfll glass transition 

.® d 'ioI "" temperature "lJEI-\I~1":i~~3J":i~Vl1l-\1 ibuprofen bblil~ Eudraglt RL b3JElfl1l3Jb"lJ3J"lJU"lJEI-\I ibuprofen 
.,,: .r VI ...{25, 26) 

b 'V'l3J"lJU b~ 

o , '" 6' . • • • (27) 
nl":ifllU1Ufll'V'l1":i13Jb~E1":i Solubility bblil~ Molar Volumes of liquids 

Chlorpheniramine Maleate: C16H19CIN2'C4H404; Molecular weight = 390.86 

ERL (Poly( ethyl acrylate-(O-methyl methacrylate-co-trimethylammonioethyl 

methacrylate chloride(1 :2:0.2)) ; Molecular weight = approx. 32000 [g/mol] 



1. Vapor condensation 

2. Super cooling of liquid 

3. Precipitation from solution 

3.1 Solvent evaporation 

3.2 Freeze drying 

3.3 Spray drying 

3.4 Wet granulation 

3.5 Drying 

3.6 Polymer film coating 

4. Disruption of crystalline lattice 

4.1 Grinding 

4.2 Desolvation 

4.3 Compaction 
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1 <n rJ b~ €l '\,l, 1, "lJ 1 ifrl dii eJn 1"J5"'iJ ~.ff'\,l, El ci flU fl rnl,nJ1r~"lJ El \l ~11r1"'iJ ~ih:JJl b <n~rJ:JJ 1 iK El ci1 '\,l, 1U El 
~ , ~ ~ 

irn~l'\,l, b-rl'\,l, l-nnUl:JJl b<n~rJ:JJ 1~wlif Melt quench ~11JW~~~El\lbU'\,l,~111.h~nElurI~1:JJ11tl'Yl'\,l, 
flll:JJ1El'\,l, i,~ nl1b<n~rJ:JJ 1~W1TI Grinding ~111h~n ElU"'iJ~~ El\liiinMrn~'Yll\lnl rJrI~1:JJ11tl~Elnl1 
b~El:JJ~~lrJ'Yll\lnlrJ111'Wi,i il'\,l,lTI Precipitation 'VI1El spray drying ~11th~nEluJ'\,l,"'iJ~~El\liiflll:JJ 
'Ylw~l El~11~~~1 rJrlhi.r '\,l,n1~Ul'\,l,nl1'Yh 1 iK~m.J~n bb~~lif Freeze-drying ~111h~nEluJ'\,l,"'iJ~~El\l 
~1:JJ11tl~~~lrJtili,i dj'\,l,~'\,l, 

lif~11"il~€lU~11'Yll\lbl1i"1Jn11:JJ1'\,l,~uElirn~l'u (Amorphous Screening) ~\ld 
lifnl1r1ijnl11i~11~~~lrJ 

1. Evaporation 

2. Cooling 

3. Antisolvent addition 

4. Lyophilization 

5. SupercriticC;l1 fluid 

1~rJi\lbn~fil'Wl11ih~Elf b-rl'\,l, Solvent, concentration, cooling rates, evaporation 

rates, addition rates bU'\,l,~'\,l, 
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i~nld~l~~nldli~ld~~~l~ 
1. Melt quench 

2. Grinding 

3. Desolvation 

4. Compression 

Months Days Hours Minutes Seconds 

I Evaporation I 
I Ripening/Slurrying I 

I Cooling Crystallization I 
Antisolvent Diffusion II Antislovent Addition I Reverse Antisolvent I 

I Crystallization with Additives or Templates I 

I Capillary Crystallization I Spray-drying J 

I Salting ouUpH Changes 
1 

! Lyophilization I 
I Supercritical Fluid I 

I Expose to Solvent Vapor I I Sublimation 

I Expose to High or Low Humidity II Grinding I 
I 

I HeatinglTemperature Cycle I Compression I 
-

I Cool form Melt I 
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A 6' A AQ",.I C)..J A 

7. n'l~'Jt~~l~Vif)mVill3Jn~l~'V1~l"~~\-Mpl'HH'YI~"~ Differential Scanning 
q <u 

Calorimeter (DSC)(30) 

Differential scanning calorimeter (DSC) djUb 'I'1flUflYl~13JT'Hl1bfl1l~lfnT~' 
bll~~ubbll ~~'I'1l~fl1l3,rfem (thermal transition) "1.1 eJ~~11~1 eHh~ Yllil~nl1bll~~ubbll~~'VHf~"lu 

, ' 

eJ1~d:teJ~lIl"Ulnn1~1nunl1~~fl1l3J1m\' (endothermic process) nl1fll~fl1l3J1eJU (exothermic 
'II 

process) "1.1 eJ~ ~11~1 eJ th" bri mm b ~3J ('VI1eJ ~ ~) eJ rn 'VIll iJ 1 uU11~lnl~.yj rm fl1U fl3J 'VI1eJnl1 
'II q 'II 'II q 

bll ~ ~Ubbll~~fl1ll1~fl1l3JfeJU (heat capacity changes) "1.1 eJ" ~11bri eJ b~fuy.jtf~~lUfl1l3JfeJu 1 U 
q 

eJ~1l bb~ ~ ll~ 3Jl m YI '<ill b y.jl ~ ~ ~ ~13Jl1bll"111, U nl11 bfl1l~lf fl rn ~3J U~'Yl1~ nl ~ 111 y.j (physical 
q 

properties) "1.1 eJ ~ ~11.yj b 11 ~ ~ubbll ~~ bll bri eJ b~fuy.j tf~~lUfl1l3JfeJU 1 Uel ~1l bb~~ll~3Jl rn YI"ill b y.jl ~ 
b 'I'1flUfldbln bb u~'\.b 1 'VI1,"111, unl1~m~nn11b n~ eJU~1n1~11~'VI11~ ~1 ~l ~1f1runu~11·1h ~1 '\.\,~lfu 

'II ~ 

Q,..oo A' ., .. A 0 do 

'VI~ny.jU~ll1."1.IeJ~ differential scanning calorimeter (DSC) fleJ Ulbll~3Jl 2 bll~ fleJbll~ 

Yl1J11~~11~1eHh~ (sample pan) bb~~bll~eJl~El~ (reference pan) ~~bUUbll~bll&il1l~eHhh~nu 
q 'II 

b1l1l~eJ rJuueJlln1m1 ~fl1l3JfeJU (heater) "11U~b~~1nu brim~3Jnl1'1'1~~eJ~eJlln1rn' ~fl1l3JfeJU 
'II q q 

~~b~3Jl ~flll3JfeJUbbribll~rf~~eJ~ 1~ mfl~eJ~ DSC "U~fll1Jfl3J el~1lnl1b ~3JeJm'VIlliJl ~fl~.yj (b"liU 
q q 'II 

10 eJ~~lb6jJ"m9j~~ ~eJ 1 U1Yi) 1~~ ~~fllUfl3Jl~flll3J1eJ'\.\,bll~rf~~eJ~.yjll~bb~nnu ~1~el~1lnl1 
q 

b ~ 3J flll111eJ u.yj b 'Yh nu~ ~ eJ ~ rf~ nl1'1'1 ~ ~ eJ ~'VI ~~ nl11 ~ fl113J1eJ U eJ rn 'VIll iJ"1.I eJ~bll~rf" ~eJ~~ ~ b ~ 11 
q 'II 

~1~eJ~1l.yjbaJb'Yhnll. biieJ~~ln sample pan ii~leHh~eJrJ"1il~lu bb<ii reference pan baJii nl1ii 
'II 

~11~leJrJl"eJrJ"1il~lwyhl~ sample pan ii~~111u1l13JlrnYl3Jlnnll reference pan liu 
'II 

'VI3Jl~fl1l3Jl1 furnace ~eJ~1~flll3J1eJU sample pan 3Jlnnll.yjl~ reference pan b~eJYI~~fl~ 
eJ~11nl1b~3JeJm'VIJliJl~b'Yhnu ~~ifu furnace .yjeJ~hr sample pan ~~~eJ~'Yh~lU'VI,rnn11 

q 'II 'II 

furnace .yjeJ~l~ reference pan ~mrU~eJ~1~flll3J1eJU3J1nnll bb~~nl11~flllmb~n~1~"1.IeJ" 
'II 

U13Jlrnflll3J1eJU~ln furnace rf~~eJ~d ~eJ'VI'IX1.yj'VI~n"1.leJ~bfl~eJ~ DSC bb~~~~iinl1111~3J1~~~ 
djUbb~Ullly.j 1~ ~ ~fl~n11v.J iiunu X bUUfll"1.1 eJ~ eJrn 'VIll iJ bb~::bbnU Y bUUfll"1.1 eJ~flll3J bb~n~l" 

q 'II 

"1.IeJ~1l111lrnflll3J1e:JU"1.IeJ~ furnace rf~~eJ~ rn eJrn'VIlliJl~eJm'VIlliJ'V\'rt~ 
q 'II q 'II 

fl1l111eJwYil ~~11~1 eJ rJl~ (heat flow) iifl1 ~eJ~fl~eJ~nuy.jtf~~lu.yjl ~~11~1 eJ ~l~ bb~:: 
blnl~ 1 U'V\'I-l.l ~ iJ~~l~<if (milliwatts, mW) brimbfi1y.j~~~1U1I1flrn~1 m 1~1 ~~~y.j1f.yjb~~eJ 
'II 'II 

u13J1my.j~~~1u.yjblmb~~~lu'V\'t,l.l~ iJ~~1~<iflu1Yi (mW.s) 'VI1eJ iJ~~~~~ (mJ) y.j~~~1u.yjl~~11 
~ 'II 

~l eJ rJ1~iifll~eJ~fltteJ~nunl1bll~~Ubbll~~ beJU'Yl~U (Enthalpy) "1.1 eJ~~11~leJ rJl~ brieJ~11~1 eJ rJ1~ 
~~y.j~~~1U b11b1tJnl1 Enthalpy iin11bU~~UbbU~~bbU1J Endothermic bb~~brieJ~11~1eJrJl~fll~ 
'II 

y.j~~~lU b11b1~nl1 Enthalpy iif111bll~~Ubbu~~bbUU Exothermic brieJ~11~leJrJ1~iinl1 
bll~~Ubbll~~'I'11~nl~1l1y.j b"liu nl1'V1~eJ3Jb'VI~1 (melting) furnace ~eJ,,1~flll3J1eJU sample pan 

3Jlnnl1.yjl~ reference pan b~eJ.yj~~fllleJm'VIlliJ"1.IeJ~ sample pan bb~~ reference pan l~b'Yhnu 
q q 'II 
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~11:1J'ftJu"il::rm~,H·h'U~tlrJ-\l sample pan :lJ1nnl1'V11mrmJn';hrirm~-\lt-llu~tlrJ-\l reference pan 
'II 'II 

Ju oj}UtJ tinul1nljbtl ~ rJ'Ubbtl ~-\lribfi~oj}u JmUUbblJU Exothermic 'VI1tJbbUU Endothermic 
'II 

<?11tJtil-\l,ymqj~ri~1:JJljrll~~~"illnnlj1ib~~tJ-\l DSC b"liU ~~'VI~tJ:JJb'VI~l (melting point) 

tJrn'VIJliJnljbtl~rJU~rll'U::~~lmbTl1 (Glass Transition Temperature, Tg) fll1:JJb~nrJj~tJ 
q 'II 

tl:5fi1mtJtJnsjfb~';U (oxidation stability) "il~WV'l~fll~~f"lltJ-\ltl:5fi1m (reaction kinetics) bb~:: 
6' 'iJ I I 

~11:JJU1~YlTI- (purity) <?1-\l,xu differential scanning calorimeter (DSC) ~-\lbUUb~1tJ-\l3jtJlb~jl::,.ffi 
q 

rl n ,,\13J11 i tJ til-\l bb v,d'VI ~1 rJ t-\l bb~1 UeJ ~ ~1'V1 njj:JJbfl ii 'W ~1 ~~ n ~h ~ n YljtJun tf m UrJU<?l tJ1 nl fl 
'II q 

mu ~tl"iluii-\l tJ1'V11jbb~::tll 1~ rJrln'l.b 1tltlj:: tln~1 i J-\l ~l'V1funljlb~jl::,.f~ rnJll'W t:-I ~ ~TlrnGYf 
'II q q 

d &S d.d~ 0 Q • 

61h'l'WunljflnMl'V1 ~1 rJnljflmylYl:IJnljUl b 'YlflU~ differential scanning calorimeter 

(DSC) bUUb YlflU~ri ~1 :JJljrllbfljl::,.fnljbtl~ rJUbbtl~-\lYll-\l~11:JJftJU (thermal transition) "lI tJ-\l~lj 
~leJtil-\l b"liU nlj~nMl"l1eJ-\l Wu & McGinity(20) rijlrJ\llUl1 Ibuprofen Yil'V1UlribUU~lj'W~l~~ 

~6Jl'b6Jl'eJfri~~tJ Eudragit RS 30 0 'WeJ~b:JJeJfl~ ~tJ~l:JJljrl~~tJrn'VIJliJn~l~Yljlusjf';U"lItJ-\l 
q 'II 

Eudragit RS 30 0 '\I'ltJ~b:JJtJf "illnnlj1ibYlflU~ differential scanning calorimeter (DSC) 1Unlj 

jlrJ\llUt:-I~bUU~l Glass Transition Temperature, Tg b"liub~tllnU nlj~nMl"l1tJ-\l Brostow bb~:: 

fl rn::(25) ri~~'W m m:JJ b ~'UtJ ~:JJnlj 1 'VI aJri"il::u 1:IJ11 iYilUl tI tJ rn 'VIJl iJ1 Unljbfi~n ~1 ~Yljl'Usjf';U"lI tJ\I 
q 'II 

~ljt:-l ~:JJ"15U~ ~eJ\I b ~ ~bb~:: ~lj'W eJ~b:IJ eJfil:IJ 1~ rJ1 ib YlflUfl1 Unljlbfljl::,.f~l Glass Transition 
VJ ...., .... (16,31) 

Temperature, Tg b~ b"15'Unu 

8. n1"a~ t~"a1~..,f el"<Pl"an~~1"a~Vi-j1\1 ~1n'lJ'VHI~t3Jvf~'UJ FTIR(32) 

Infrared spectroscopy (IR) bUUb Ylfluflri~nMlnlj~~n~Ufl~UbbaJb 'VI~n ~ ~Yh 1 U"lil-\l 
'II 

fl ~uau ~jl b j~"lI eJ\I ~lj~-\l bfi ~ eJU~jfi1rJlj::'VI11\1fl~uau ~jl b j~ bb~:: 1:IJ b~n~"lI eJ-\l ~lj 1~ rJri ~ljtJl"il 
q 

tJ ti1 U~rll'U::"lI tJ\I bb~\I "lI tJ-\l b 'VI~1 'VI1eJ bbn~ nlj~~n~Ufl~UaU~jl b j~<?1-\ln~11ri tJ1,xbfi~nlj 
'II 'II 

btl~rJUbbtl~-\l'Wi-\l\ll'UnT'J£'U ( vibration energy) bb~::'W~-\l\ll'Unlj'VI:JJU ( rotational energy) "lIeJ\I 
q 

1:JJ b~n~"lI tJ\I ~lj ~-\l bU'Ub 'Yl~uflriiitlj:: lrJ"15li1 Unlj'VI11~j\l~fl\1"l1 eJ\ll:JJ b~n~ 1 i'W~"ilUbtJninMn! 
q q 'II 

"lI tJ-\l ~ljJ-\l ~ljaU 'Yl1 rJbb~:: ~ljtJU U Yl1rJ UeJ n"ill n drJ-\l ~1 :JJljrl U 1 ~tl1 itlj:: rJn ~1 i~l'V1funlj 
q 

1 b fl jl::,.f 'VI 1 tl1:JJl rn~l j~ ~ ~ ~ U a WVhl b j~ b U U"lil \I fl ~ U'VI rt\l"ll tJ \I bbaJ b 'VI ~ n ~ ~ ~1 ri eJ ti ~j -\l n ~1 \I 
'II 

j::'VI11\1"li1-\l~~'U1~bU~ (visible wave) bb~:: fl~u1:JJ lfljb1~ (microwave) 'VI1tJ~~Ul'YlrJ 
q 

Fourier Transform Infrared Rpectroscopy (FTIR) bUUbfl~tJ-\l~btln 1 YljiJb~tJfri1,r 
'VI~nnljl~fll1:IJb ,y:JJ~~uau~lb j~rifll1:IJ rJl1~~U~1-\l6) tJ cil\1~ eJ b {j,tJ-\lb fi rJUrlU b 1~1 b1rJn 

.... ,J'" d VJ"" ~ 
'VI~nnljUl1 time - domain spectrocopy 6Jl'\I"il:: b~ time - domain spectrum eJeJn:JJl "illnUU 

time- domain spectrum "il::rlmtl~rJUbUU frequency - domain spectrum ~lrJ fourier transform 
'II 
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''iJlnnTJ101fd::lJU~~<ilEl~flEl:IJVi1Lmrf'Yhh~' FTIR 1Lfldl::vf~ld~1mh~t~mh~d1~H~1 V4fl<i\l~ ") 

LLUn"iJlnnu~.ffu LL~::iiiqJqJlrn~uwYint~<i\rJiqJqJlrndun1U [signal to noise ratio] ~~.ffu 
"" . (33) ... "" 0 A A 6' .., AA 

VmnlW(m~l"lJrJ~ RaJan LL~::flrn:: 'Yl:IJnl'JU1L'YlflUfl FITR :lJl1Lfldl::VtrJU<ildndm 

d::Vtl1~fl~ elL y.jihliiu :lJl~LrJ <ilnu rJflfm~'YlV'l rJ ~L:IJ Elf"11ii<il<i\l~ ") 1 ULL<i\ ~::~lfu.yh"lfu Eudragit@ 

RS-1 00 LL~:: Eudragit@ RL-1 00 LL~::V'l~l~~t6Jl'L6Jl'rJf~rJ polyvinyl pyrrolidone (PVP) LL~:: dibutyl 

phthalate (DBP) ~~ ~~nld~m~ldl U~lU t~V'lUnldLfl~rJU"lJ cl"'U"lJ rJ~Yifl~LL~<il~Vt~y.j--:'n,rUVt~n"lJrJ~ 
'lJ 

mLL~::V'lrJ~b:IJ rJft U'Yln G1 ~<ild~lfuLLuuiium~'lf1blJ'Yll~~n~ 
~ J ~ v 

'""' 9. nTHil~T~HHn..l1l1d~'ViVii;H\Mn" (polymorphism) 
q d.9 

1111::V'lVt irn~lU (polymorphism) d1utJdln llnldrulidd:IJ"111 ~ri ~ld~1 L~ u1nuiinld 
~ ... ~ 

i<m1U~~1"lJrJ~ t:IJ L~n~"lJ rJ~~ld1 U~f:nu::"lJ rJ~LLojj~~LL<iln!ih~nu t~Vt~l UdtJ (form) t<il uV'lVtirn~i1uri 
~ 'lJ ~ '" 

<i\l~nU"iJ::rJ ~1 U dtJ ~ ~n <i\l~nu Vt1rJ<il n ~~n L UU dtJ ~~n~<i\l~nu V'lVt irn~luriLL<iln<i\l~nU"iJ::ii 
cu cu ClJ q .u 

tfld~~fl~lll U 1 U ri LL<iln <i\1~ nU~\I ~ ~ 1 'lKiifl rn~:lJu1i'Yll~ Lfliinl UlllV'l (physicochemical properties) 
~ 

<i\1~nu~1U L"lfU flrn~:lJu1inld~::~lU, "iJ<ilVt~rJ:lJLVt~1, fl11:IJVtU1UUU, fl11:IJLLojj~, fl11:IJ~UtEl LL~:: 
q q 

IR spectrum LUU~U elU"iJ::~~~~nd::'Ylu<i\rJihtJd::~'YlTI~~ (bioavailability) LL~::tJd::~'YlTIlllV'l"lJEl~ 

m 1 unldfm~l iimVt~l u~1riiiVt~1 U t V'l~:IJ rJfy.j bL~::iimul~~1~iiLU V'll::Ul~V'lVtirn~lUL 'Yhtturi 
q '" 

iitJd::~'YlTIlllV'l1 unldfm~n Vt1rJ iifl rn~:lJU~~b Vt:IJ1::~:lJ1 unld~ ~ <il m ~~ttu 1 Unld~~<il mriiiV'lVt 
q q 

irn~lWih LUU!ii El~fnMlfl rn~:lJu1i"lJ rJ\lV'lVt irn~luLL<i\~::dtJt l' L ~ rJ"iJ::t!ii'YldlUl1dtJ1<il El rJnrj'YlTILL~::ii 
oC3 q q "" cu ClJ 

fl11:IJfl~~1 ~~~<iI L ~El1 'IK mri ~~<il El rJn:IJl rr~fl\l rJ ~1 U dtJ~iitJd::~'YlTIlllV'l~~~<iI (34) 
'lJ q 'lJ 'lJ 'lJ ~ 

~firitm"n1')~'nJ~aJ~rnn1'n~v\i~.J1ri3j'n'ViinMi1"1tri"iJ::urJnfl11:IJbL<iln<i\1~"lJrJ~ 
q q ~ ... 

vm irn~lU"lJ El~~ldiiVt ~1 U1t ~\l1t~1"111 unld~m~liii\l<i\ rJ ttJii'(35) 
q ... 

1. Crystallography : X-Ray Diffraction LUUL 'Ylfliifl1i<ild1"iJ~rJU tfld~~fl~ 

"lJ rJ~ C;1 rJ ~1~ t<il £J thlll uUrJn ~~ntJd::n rJU~1 UWUl C;<ilVt ~1 U~lU~~ L uu~nMrn::LU V'l1::111 U 1 U~ ~n 
Lb<i\~::"11ii.<il~~ Ln<il"iJlnnldL1U~ tfld~ ~fl~ 1 U d::C;U rJ::<il rJ:lJVt1rJ t:IJ L~n~ 

q 

1.1 Single Crystal X-Ray Diffraction LUUL'Ylfliiflnld<ild1"iJ~ElU~m~rn:: 

tfld~~fl\1111U1 UVt1rJnldi<ilL1U~ t:IJb~n~"lJrJ~~~m~m (single crystal) t<ilULL~<iI~"llrJ:IJ~LUUfl11:IJ 
q 'lJ 

Li:IJ"lJrJ~dtJ LLuunldLtu1LUULL~~ (diffraction pattern) "l.J rJ\I~~n LVt:IJ1::nunld1"111 U~lU1im ~rJVtl 
'lJ 

V'lVt irn~lU"lJ rJ~ m ~1~ ") LL~::~nMl ~nMrn:: tfld~ ~fl~"l.J rJ\lvm irn~luLL<i\~::dtJ 
q "" q oC3 cu 

1.2 X-Ray Powder Diffraction 1i<ild1"iJ~ElUl<i1f:l~u~rJ~1udtJ 
~ 'lJ 'lJ 

microcrystalline powder l1LUUV'lViirn~lUdtJ1<il bL~::~~"iJ,rl1LUU~ld~!iiEl~nldVi1Elt~ t<ilULL~<il~ 
q of3 cu cu 

"llrJ~j;HUU scattering angle "lJrJ~~~n LUUXRPD pattern LVt:IJ1::nunldtJDU~~lUtJd::~1~!iirJ~ 
<ild1"iJ ~rJuinMrn::"lJ El\lV'lVt irn~i1u Lb~:: cl"'\1 L UUL 'Yl fliifl~iid::U 1 U"ll mllVi U<il:IJl <ild~lUnld1Lfldl::vf m 

q of3 q oC3 

1ULlli"l5!i11fu (USP) 'i1"llrJ X-Ray Diffraction ~nlViU<ill1 i1mh~.yjUl:IJ1<i1d1"iJ~rJu"iJ::ii~nMrn:: 
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, 
Gl'J~nu reference n~mije:);IJ:lJn'J::b~~"lJEl~U~~~1ElrJl~1'i1r1~u~h~"iJln reference L3Jdiu ± 0.20 

~ ~ 

El~f'n bb~::fl11:IJboiJ:lJoiJU"lJEl~ peak ~l~nuL3Jdiu 20% 

2. Polarizing Optical Microscopy 1~oiJEl:IJ~~n'Mm::bQ'I"l1::bb~::~lfl~fi"lJEl~(:.J~n'Yh 
'II 

1 ~'Yl'J1U ~n 'Mm::'JtJ ~ ~n lGl ~n ttEl~"iJ ~'Yl'JW1U fi1 on' Ub 'YlflUfld L~bbri n ttEl~"iJ ~'Yl'J'JV1UUU u1 ibb~~ 
'II ~ ~ 

(optical microscope) 

3. Phase Transition: Thermal Method of Analysis b 'YlflUfl Thermal analysis ii 

1'i1r1tJ'J::~~ fi ~l'v\'ruth:: biiunl'JbtJ ~ ~UbbtJ~~'Yll~nl ~ 1l1'1"l U~::bfliibrl El ~1 El rJl~ L~fufl11 :lJfElU l'i1 ~ 
~ 

"JJEl:IJ ~ ~L~"iJ:: El rJ1 U 'JtJ thermogram ~ bb~'iI~ ii~.ffu'iI ElU"lJ El~nl'Jb n 'iltJ ;;n1~1 ~~ b n 'iI"iJln nl'J 
'11'11'11 ~ 

btJ~ ~UbbtJ~~Elm'VIlliiEl1"iJ bUU L~~~Gl'iln~Ufl11:IJfElU (endothermic)b "liu nl'J'VI~Elm 'VI~1 nl'Jb~El'il 
~ 'II 'II 

nl'J'J::b~'iI nl'Jn~lmUULEl nl'J~~1~~1'Yll~bflii bUU~U 'VI1Elnl'Jfll~fl11:IJfElU (exothermic) b"liU 

crystallization bUU~U b 'YlflUfldL~r1m.tl:IJ11on' UEl'il ~l'V1n'J'J:IJ El rJl~nl1~"lJ11~ l'i1 ~1onl unl'J 
'II ~ 

'iI'J1"iJ ~ElUfl11:IJU1~'YlTI'; El~ ~l'Jnl'Jbn'il'l"l'VI iru~nu l'i1 ~ b 'YlflUflri b~ ~1oiJ El~nunl'Jfl1ufl :lJflm1l1'1"l m 
~ ~ ... ~ ~ 

riii'l"l'VIim~lUL~bbfi 
~ '" 

3.1 Thermogravimetry (TG) bb~'iI~oiJEl:IJ~bUU TG thermogram ~~bb~'iI~nl'J 
'II 

b tJ ~ ~UbbtJ~~:lJ1 ~"lJ e:J~ ~l'Jbrl El L~fu fl11 :lJfElU~l :lJl'JrlU 1 LtJ1 on'~~~~lutJ'J::,h bb~::~lU 1"iJ"'~ l'i1 ~1 U 

~lUtJ'J::-.ijl1 on1 UnlWl'J1"iJ ~ElUbEln ~n'Mm"lJ El~1'i1r1~U ~1U 1 U~lU 1-;~1 on' unl'J~n'Ml ~n'Mm::bQ 'I"l1:: 
~ 

"lJEl~'I"l'VIiru~lW-jlbUU'JtJ hydrate 'VI1El anhydrous L~ ~~ thermogram "lJEl~'I"l'VIiru~lUbb~~::".ll'U'iI 
q atSI cu q "'" 

.c=A I q,... I Q,.; 

:lJfl11:IJbb'iln'il1~nUEl m~onGlb"iJU 

3.2 Differential Thermal Analysis (DTA) buunl'Jl'i1fl11:IJfElurirlnGl'iln~u 
'II 'II 

'VI1EltJ~GltJ ~ El ~ El Eln :lJl"iJln ~l'JbrlEl bn'iltJ;;n1~1 b iiEl~"iJln El ru 'VIllilrib tJ~~u LtJ l'i1 ~ bb~'iI~oiJ El:IJ~ bUU 
~ ~ 'II 'II 

DTA thermogram 1~oiJEl:IJ~Elru'VIllilri~1'Jbn'il typical solid-stage change ~~bUU~n'Mm::bQ'I"ll:: 
'II ~ 'II 

"lJ El~ ~l'Jbb~ ~::".ll'U'iI b'VI :lJl::nu nl'J~n'Ml1-;~ b 'I"l'Jl:: 1 ~oiJEl:IJ ~ bQ 'I"ll::~-.ijl b UU 1 unl'J~n'Ml~n'Mru:: 
'II 

3.3 Differential Scanning Calorimetry (DSC) bb~'iI~oiJEl:IJmuu DSC 
'II 

thermogram ~~1:IJ1'JrlUl LtJ~hu1ru'VI1~1'1"l~~~lU ri1on' unl'JbtJ~ ~UUtJ~~ ~r11U::"lJ El~ bbojj~ (solid 

stage transitiion) L~ El rJl~ bb3Juih b 'VI:lJl::nu~lutJ'J::-.ijl b 'I"l'Jl:: 1 i~lU~l ~nil DTA U~::b 'VI :lJl::nu 

nl'J~m~nli~ bUUEl rJl~ ri~ b 'I"l'Jl:: 1 ~"llEl:IJ~riijfl11:IJ bb3Juihnil DTA U~::cl"'~bUUb 'YlflUflriii'J::u1 U 
'II ~ 

oiJElfll'V1UGl:IJ1Gl'J~1unl'J1 bfl'Jl::'I-f m 1 Ublli-n~hf'lJ (USP) b "liUb~ ~1nu b 'YlflUfl X-Ray Powder 

Diffraction (XRPD) 

4. Vibrational Spectroscopy 'I"l~~~lUrib~ ~1"JJEl~1 unl'J£u~::d1Elulm~n~bbttTYll 
~ 

1'V11m~n~bn'ilnl1bfl~ElU~ElrJ1wlh~ 400 - 4,000 cm-
1 "iJ::~1:IJ1'Jmb~'iI~nl'J'iI'iln~u1u"li1~ 

~ 'II 'II 

Eiu 'lAhl b 'JGl ~b lln'ilf:IJ 'VI1El nl'Jn'J::b~~"lJ El~ bbrlU ~btJn'ilf:IJ1 U"li1~'I"l~~~lU~1 brlmbb'f~fiiifl11:IJ b"JJ:IJ ~~ 
'II 
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.. "" 
"lI eh'l"ll e}\I ~~"l"'1"il~bb~Wh'ld1 £.l ~~~e:J £.len 

4.1 Infrared Absorptions Spectroscopy ilmJ1iend1"ilGfe:J1m~~~m!l-ll:IJ~~n~ 
q 

"lI e:J\l Gf1d1 UGfrl1U~"lI e:J\l ~~..u\l "lI e:J\l m ~1 ~~n ~ len £.llenn1denenn~U~~~\l"ll e:J\l ~ld<111 e:J r11\l ~ ri £.lUflU e:J1 n1V'f 
'IJ 

~rle:J 1:IJ ~~n~"lI e:J\l Gf1denenn ~U~~~\I EiUVh1 ~ den"il~rlnnd~~U (excite) "il1n~.n11~vru (ground state) 
q 'IJ 'IJ q 

~uul:IJ~~n~fl:jh~i\l\llUGf\l'Yh1~~nenn1diu (vibration) 'VI1e:Jn1d'VI:IJU (rotation) ifu EiU'vh1~den 
q 'IJ q 

Gf~unenf:IJiin1dlenn1denenn~u f\l ~1 U dUGf~unenf:IJfl~~Gfen\ld1 £.l~~~~ £.len"ll e:J\llfld\l ~f1\l ~~n ~ VI:lJ1~~:lJ1 U 
'IJ 'IJ 

n1d~nM1'V'lVlirn~lwiJ\liTIfl1~~~unenf:IJfl~VI:lJ1~Gf:IJ1un1d~m!l-l~e:J Fourier transform infrared 
q ... 

methodology (FTIR) ~ 'V'ld1~Gf1:IJ1drll~fld1~'VI1~d1en~:-h iifl11:IJbGf\l~\lGf1:IJ1drl1iGf1d<111e:J r11\l1 U 
'IJ 

n1dl~fld1~lfite:J£.l 6) 1~ ~~~~iifl11:IJ~1:IJ1drl1un1dbb£.ln~\l (high resolution) ~iie:J\l"il1n~hbb'VIU\l"lle:J\l 
'IJ 

wave number ~t UUe:JU ~UU~ 'Ylflil~fliid~ul u-nml1'V1Uen:IJ1end~lUn1di~~d1~lf£.l11 u~.ni"1r<ihfu 
q ... 

(USP bb~~ BP) ~1-ne:Jn1dend1"il~e:Ju~e:JntrnMrnlen £.ln1d~U1£.lU ~ Yi£.lUGf~unenf:IJ"lIe:J\lGf1d<111e:J r11\lnU 

reference standard 

4.2 Raman Spectroscopy ~uun1d1i~1~~~\l1:IJ 1 Ulfld:IJ1&inflii~11:1Jb-n:IJ~\l 
'IJ 

t:-l1U~-nllu rJ\l <111n ~1\l1 u'f\ll ~ bb~\l ~1U 1 'VI ru"il~ t:-l1U 'Yl~~ lul~~~~"il~ii ~~~\l ~1U Ue:J £.l ~ nenn1dnd~~~\llu 
~ q 

'YlnfiV'f'Yl1\l ~~~~~n~n1d"1JU~~1Ju~en'VItJu (elastic collision) 'VI1m~uul:JJ~enVltJu (inelastic collision) 
q q q 

nu 1:IJ~~n~"lIe:J\lGf1d ~rle:J 1 vJ~e:Jut:-l1u~-nllu1 ul:IJ~~n~Gf1d"il~iin1denenn~u 'V'li\l\llU~-n11u ~\l'V'li\l\llU 
q q 'IJ 

flm~e:J"il~1~Gf~unenf:IJe:Je:Jn:IJ1 trnMrn~Gf~unenf:IJ"il~~uu peak bb'VI~:IJ ~~~~l~~Lun~f:IJfl6J1e:Junuue:J£.l 
nl1 ~~un~f:IJfll~"il1n Eiu vJd1 ~ den 

.9 Add"" 
5. Nuclear Magnetic Resonance Spectroscopy (NMR) ~uU~'Yl~U~'VIU\l'Yl:IJ 

fl11:IJ ~lfltll1 un1d~nM1fl rninMrn~"1.I e:J\l1~rl len £.ln1d~nMlfl11:IJ bb~n<?\l\l"ll e:J\l'V'lVl irn~lU fl ~nennld 
QI q q q '" 

~ u ~ £.l U~~u ~\l Gf:IJ U&i'Yl1\l ~~:JJ ~ VI ~ n"ll e:J\l nuclei "lI e:J \l111 ~ fl ii ~:IJ'lr&i'Yl1 \l bb:JJ ~ 'VI ~n 1 U nonequivalent 
q 

magnetic environment 1 U l~d\l ~f1\l ~ ~n <111 e:J tJ1\l"ll e:J\l e:J~~ e:J :lJfl1"1r1 un1d~n M1 
\I)'" ,13 1 19 29 .9'" 0'" A d1 "!I d "" ... .4.., 
ben ~bn C, H, F, S ~ u U~ U ~l'V1dU ~ 'Yl ~U~'Yl "1r bUn1dfl1U~:lJfl rn.n1'V'l r.J1'Yl:IJ'V'l'VI Gfrn~lUrl\l ~~:IJ 

q q q cU 

"il~1:JJ iifhVlUeniTIn1d~dT:U Gfe:JU ~e:J ntrn Mill111 U~.n i"1r<ihfu e:J r11\l-nen ~"ilU bb~ nl~iin1dn1'V1uen 1 ~ 

~dT:U~e:Ju~e:JninMrn"lle:J\l £.l1 ~\llTIflliu1\11TI~l:IJ1drl~d1"il~e:JU 1 'V'l~:lJe:JfvJl~ ~e:J X-Ray powder 

Diffraction (XRPD), Differential Scanning Calorimetry (DSC) ~~~::: Infrared Absorption 
(36) 

Spectroscopy (IR) 
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"" lJ'YI'YI 3 

1.1 6' ..r .... "". 1. f) n'im tA'if)\J3Jf)tt~~~1'itA3J (Matenals, Instrument and Reagents) 
~ 

1.1.1 ~l"J3Jl<il"J~lU 

Eudragit® RL (Lot No.G10023645) 

Dramstdt, Germany) 

1.1.2 ~l"Jbfl3j5u G) ri1i 
Chlorpheniramine maleate (Lot NO.CPM/026/05/2003) 

CO.L TD, Thailand 

Methanol (Lot No. 12 10 0123) 

Buffering agent: Phosphate buffer saline pH 7.4 

Sodium hydroxide (AR grade) 

Potusstuim Dihydrogen orthophosphate 

(AR grade)391-500G 

Potyethylene glycol (Lot N.A7) 

Cremophor RH 40 (Lot N.05586924UO) 

CO.,LTD 

Methanol (AR grade) (lot no. 12 10 0123) 
" ill (Purified water) 

Differential scanning calorimeter (DSC) 

with a refrigerated cooling system and 

nitrogen as a purge gas 

standard indium 

standard aluminium pan "1.IUl~ 40 1-11 

Fourier transform infrared spectroscopy (FTIR) 

UV spectophotometer (UV-1601 PC version, SV-1 00/2001) 

Franz diffusion cell 

Haake 

Evonik Rohm GmbH, 

PC Drug centre 

RCI Labscan Limited 

QReC New Zealand 

Ajax Finechem Rty Ltd 

Uniqema, France 

The sun chemical 

RCI Labscan Limited 

Mettler Toledo 

823e,Switzerland 

Perkin-Elmer 

FTIR Spectrum One 

SHIMADZA 

Thermal scientific 

S5P 



Snake Skin@Dialysis Tubing (Lot NK 176444) 

Universal Testing Machine 

55R4502 

Scanning Electron Microscope 
o 0 
~ Q,..o.c. 0 , 

bfl·H)-:J"ll'-:J'Yl~UtI:IJ 2 <il1bb'VIU-:J) 
o 0 

bfl1f)-:J';-:J'Yl~UtI:IJ 5 <ii1bb'VIU-:J 

bfl~f)-:Jl<ilfl11:IJbUUnj<il-(ih-:J 

Digital micrometer 

Desicator 

Autopipette 

,,= ... =:t 0 

2. dil'Yl1n1';i'Yl1Vl~f)\J (methods) 

29 

Thermal scientific Prod 

68100 

Instron Model 

S-3400N Hitachi 

Sartorious, Germany 

Sartorious, Germany 

CHOTT/Schott­

GerategbbH, 

Germany 

n1j~n M1~:IJ u~ fl 11:IJ b UU 'W ~1 ~Yib6JJ b6JJElf"lJ El-:J fl ~ f) b vJ Uj1 iju :lJ1 fi b f) <il (CPM) 

1 U Eudragit@RL (ERL) 

(Gordon-Taylor equation) 

2.1 n1'n<Pl~tJ3Jt11" physical mixing 'lIeh,) CPM'" ERL 

-i-:Jfl~mvJUj1iiu :lJ1fibEl<il (CPM) bb~:: Eudragit@RL (ERL) liijtil'l,nrn~-:Jlu<il1j1-:J 
'VIi-:J~lmfw!J<il~~:lJli~ljvf-:J 2 "ll'U<il nj::~1t1~1m.h-:J~J1b~:lJf) 1<iltll"ll'lni-:Jn1J~n 1ni-:J ~ltlb'YlflUfl 

'II 

geometric dilution Ujj~ ~lj~ ~:lJb 11 Ulll"ll'U::Ujj~J El-:Jnubb~-:J b nUb 11 U dessicator 
q q 

~f)rn'VIllnif)-:Jb ~mt1 buibfljl::'VIL wffU<ilf)Unlj~nMl<i\l-:J 61 <i\f) bU 
q 'II J 



CPM 

ERL 

CPM:ERL(90: 1 0) 

CPM:ERL(80:20) 

CPM:ERL(70:30) 

CPM:ERL(60:40) 

CPM:ERL(50:50) 

CPM:ERL(40:60) 

CPM:ERL(30:70) 

CPM:ERL(20:80) 

CPM:ERL(10:90) 

bUe:Jfb~U<.9l1~w 
... 

UTI.,\un"lJe:J-\I 

CPM (%w/w) 

100 

0 

90 

80 

70 

60 

50 

40 

30 

20 

10 

U.U"lJe:J-\I 

CPM (mg) 

1000.00 

0.00 

904.00 

807.90 

699.80 

597.00 

500.10 

413.22 

299.82 

207.56 

105.23 

U.U "lJe:J-\I ERL (mg) 

0.00 

1000.00 

100.44 

201.97 

299.91 

398.00 

500.10 

619.83 

699.58 

830.24 

947.07 

30 

2.2 n1";i~nM-16'f3J'l.J~Yll\l~'J13J-r£)"'lI£)\l CPM, ERL UliI:::6'fl";iN6'f3J'lI£)\l CPM L" ERL 

rt91tlL"15m~"~ differential scanning calorimetry (DSC) 

Ul CPM, ERL bbs:l~ physical mixture "lJe:J-\I CPM 1u ERL e)<.9l1lthu 10 - 90 % w/w :1..11 

,r-\ltilV1unrhbUUe:JU 1~ aluminium pan fl~H·h bbs:l~Ul~11b~1l~lf ~lUb~~e:J-\I DSC hw1i 
heating program: heating to 170°C at 10 °C/min; cooling to -30°C at -20 °C/min; finally 

heating to 170°C at 5 °C/min Ul DSC curve ~l~"inn second heating scan ~11b~1l~lf 
e:JmVl.niins:ll~'Yl11U~-nU (Tg) 
q 'II 

2.3 n 1 ";i ~ n M-1 'n fJ ~ n ";i ";i 3J n 1 ";i L tJ ~ tI '" LL Ulil \l £) rn Vi n3j N 6'f 3J r t9l tI L"15 Vi ~ n n 1 ";i'll £) \l 
q <u 

(12) 
Gordon-Taylor 

Ulfll glass transition temperature (Tg) "lJe:J\I~11~~~ CPM 1u ERL e)<.9l1l~1U 0 - 100 

% w/w ~1~"innnl1ib~1l~lf~,;ltJ DSC bU1r.J'lJbrir.J'lJn'lJ~iilUlr.Jl~"inn~~nl1"lJe:J-\I Gordon-Taylor 

bbs:l~~~nl1"lJe:J-\I Kwei ~1r.JiTI- non-linear regression analysis 1<.9lr.J1']'1u1bbn1~ Graph Pad Prism 

version 4.0 ~-\I 
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n1d'Yl1U1tlfh Tg "lJa.J~1d CPM 1u ERL iCilGf1U<fh.J 6) i1tl~3Jn1d"lJa.J Gordon-Taylor 
..., ..., ... ..., .r 

~n:JJfl113J~3J'V'ml) ~.JU 

T 9 = W 1 T g1 + kW2 T g2 

w1 + kW2 

(1 ) 

l~tl T g1 ~afl1 Glass transition temperature "lJa.J CPM 

T g2 ~afl1 Glass transition temperature "lJa.J ERL 

... , 
w1 flafl1 weight fraction "lJEI.J CPM 

w2 ~afl1 weight fraction "lJa.J ERL 

k ~afl1f1.J~ bUUfl1~bbG1'~.Jfl11:JJi3Jvrurrd::'VI11.Jfl1 density bbG'l:: fl1 glass 

transition temperature "lJa.Ja.J~lh::nau1ud::lJ'lJ ~fl1b'Yhnu [brla K= (P1Tg1)/(P2Tg2)] 

T 9 = W 1 T g1 + kW2 T g2 

w1 + kW2 

l~tl Tg1 fiafl1 Glass transition temperature "lJa.J CPM 

Tg2 ~afl1 Glass transition temperature "lJa.J ERL 

"" , W1 flafl1 weight fraction "lJa.J CPM 

"" , 
W2 flafl1 weight fraction "lJEI.J ERL 

k ~afl1f1.J~ bUufl1~bb~~.Jfl11:JJi3Jvrurrd::'VI11.Jfl1 density bbt'l:: fl1 glass 

transition temperature "lJa.Ja.J~1.h::nau1ud::uu~1~~1n~:JJn1d Gordon-Taylor 

q ~afl1f1.J~ ~bb~~.Jfl11:JJbb-l1.J bbj\l"lJa.Jn1jbn~vrul)::1~ 1~jb~ud::'VI11.J CPM 

bbG'!:: ERL 

'Yl~~au goodness of fit d::'VI11.Jfl1 Tg ~1~~1nn1dlbfld1::~~1tl DSC nUfl1 Tg 

~'Yl1U1tl1i~1n~3Jn1j"lJa.J Gordon-Taylor bbG'!::~:JJn1j"1Ja.J Kwei ~1nn1dlbfld1::~~h coefficient 
2 

of determination (R ) bbG'!::n1j'Yl1 residual plot 



2.4 n1"~·~h~'i1~tfn1'itn~5"<Pl'in~tl1'i~Vi".h\) CPM fl'U E RL t~tl1~ fourier 

transform infrared spectroscopy (FTIR) 

32 

U1~THHUJj::'VI';h~ CPM bb~::: ERL fl3J5<ilj1&tlU~~<il1j1~fI 7 rf~1UjU physical 
'II 

mixture bb~:::fI~,hun1jibflj1:::lf~ltJ DSC 3J1ibflj1:::'V\1<iltJ1ibfl~fl~ FTIR (Perkin-Elmer FTIR 

Spectrum One) ~lm'YlflUfi KBr disks 

<il1j1~ 8 bUerfb~U<il1<iltJti1'V1,rn"1.lfl~ CPM 1u ERL 1UjU physical mixture bb~:: melted mixture 
'IJ 

flL~:U1nn1jibflj1:::lf~ltJ DSC 

~uu'U'Un1'i~~3J (mixing) 

physical mixture melted mixture (OSC: 25 - 170 

DC, 10°C/min; 170 - (-30) DC, 20 
.,; 
"lfel ~1';i DC/min; (-30) - 170°c, 5°C/min.) 

(%w/w) (%w/w) 

CPM 100:0 100:0 

CPM:ERL 80:20 80:20 

CPM:ERL 60:40 60:40 

CPM:ERL 40:60 40:60 

CPM:ERL 30:70 30:70 

1.1 "'..., ~ "" 'l.I '" 2.5 n1'i 'i~t3J"'i~~'U~113H1J"~~WlHl\) CPM ~1m't1~"~ X-ray Powder 

Diffraction (XRPD) '"mi"iJGf3Jttl~U'ULi1t1UflU physical mixture 

~m~1fl11:JJbUUI!-J~n"1.lfl~ CPM 1u physical mixture bb~:::1ubb~wvhf:JJ ~"Wb'YlflUfi XRPD 

l<iltJ1ibfl~fl~ x-ray diffractometer ibflj1:::lffl~Jl11:::: generator operating voltage 40 KV, 
. 0 . • 0 0 

current voltage 40 mA, scamng speed 2 /mln; 20; scanlng range 5 -50 

, 

oi~ ERL i<il&tlui~1U<il1j1~ 7 ~:::~nr.J~lr.J methanol U1:JJ1<ilj 15 ml :UUL~ 

~1j~:::~1tJ1~buub.nm~tJlnu b'Yl1&t petri dish "lIU1<ilbiu~hf'(urfn~1~ 9 cm fljfl~vru~ltJnj:::<il1'M 
'IJ 

n11bfl~flu3Tufi~Lll U~<il<ilfl1n1f'( rn flrn'V\Jljj'IKfl~ bUUb1~1 24 -il1:JJ~ i~bn<ilin'Mrn:::bb~wvhf:IJ~~ 
'II 'II q 'IJ 

<il1j1~bb~<il~U1:JJ1rn ERL ~fl'V\'d~'VI'\.btJvrufl1un1jvr~u1bb~wwmh"lfl~b:JJflf 



... . 
a.,.. I I I ~.::::I 2 
i'f~H"fTWllf)\I ERL G'lfl'VIU'HJ'WU't1 (mg/cm ) 

2 
30 mg/cm 

2 
40 mg/cm 

2 
50 mg/cm 

1909.20 

2545.60 

3182.00 
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2.6.2 n1'~·-nGM"1tu.iuvhnf CPM riL'1f' ERL tfiUi'f1';i~'J'lJ~3Jn1'H.I~~t1Gifl~~J1LU 
q 

~1f'lJriL'1f' traditional plasticizer 

bfil~tJ3Jbb~Uv:ltf3J CPM ~n1~-:UltJil1u ERL bbG'l~ Polyethylene glycol (PEG) biJu'V'l 

G'll~~L6Jjb6Jje:rflui~Ghu 10 %w/w 1~tJG'l::G'lltJ ERL 1u methanol flU-:UUL<;iHlu~11G'l~G'lltJ1~ L~3J 

PEG bbG'l~ CPM ~nl'v\u~ G'l~G'l~G'l1tJt:-J~3J flWiJUL<;i'd1U~T'JG'l~G'lltJ1~ Vli~-:Ulmfu b'YI~11G'l::G'lltJ~L<;i' 
1~1u petri dish ~1El~vru<;i'ltJn1~~lHnl1bfl~f.)lJarU t~.yf~Ll1u<;i'fiI~f.l1nl~ fib f.)fibVlllii~f.)~ d1u 

'II 'II q 'II 

blG'll 24 ,r113J~ djf.)L<;i'bb~Ubb~Uv:lG'l6f CPM ~1i PEG bUU'V'lG'll~~L6Jjb6Jjf.)fbb~l 'Ill3Jl~m~n 

bU~mJbritJlJnlJ~·h1'lJ~~~~~1wllf.) 2.5.2 6f1~ii CPM 1ui~~Tu,~b'Yhnu ~~fiI111~ 10 bb~~~ 
q 

U13.J1fib CPM bbG'l~ ERL 1ui~~lU 20, 30,40,60% 1u ERL fil13J~1~lJ bbG'l~~fiI1~h1lJflG'lmy.jii.11 
'II 

iiu 3Jl~bf.)fi1 40% 1u. ERL ~ij 10%PEG 1U~~11~11lJbb~UiAltf3J'V'lf.)~b3Jf.)f 
'II 

fil111~ 10 bb~~~tl13Jlfib CPM bbG'l:: ERL 1ui~~lU 20,30,40,60% 1u ERL fil13J~1~lJ 

0 ..... 
Chlorpheniramine i'fG'l';iG'l1';i'lJ ... 

(g) 

20%CPM 0.768 

30%CPM 1.152 

40%CPM 1.536 

60%CPM 2.304 

40%CPM+PEG 1.536 

Eudragit® RL 

(g) 

3.84 

3.84 

3.84 

3.84 

3.84 

PEG Methonol 

(g) (ml) 

0.384 

15 

15 

15 

15 

15 
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~lnnl'J'Yl~~eh11'U,-ira 2.6.1 vnrhtfhnrn ERL ~~'VI:lJl::~:lJ1'U,nl'Hia1~di~bb~Wv:J~:IJ~a~ 
~:lJaf~'1-\ldtlmj1~;)a 40 - 50 mg/cm

2 bb~::~ln~~nTJ·1"ilf:.l~1'U,1'U,~hfu 60%CPM ~f1l~:IJlr~ 
'\J '\J 

~~.:m~1:!-lbu'U,~1:IJ'Ylb]M~tf'U,dJ'U,~ ~dl::~lnnld~Unld~n~~n"lJe:J-\I CPM 1 'U,bb~'U,~~:IJ ERL ~-\I~~~~-\I 
--,h CPM 1:!-l ~l:IJldm~~~-\I~:lJ1J1ifl'"n:IJ ~U'U, ~~l ~fi16J1~6J1Elfl~ ~~~::~ 'VI~t-I~'VI'rt-\l;)a'1ll:IJ~l:IJldfl1 'U, 

q 

nld~::~l f:.I"lJa-\l CPM ~~tl~:lJlrn:IJln di'U,1tl1 'U,~~d(?hf1J"lJEl-\lbb~'U,~~:IJ ERL ~lnnld~m~l"lJa-\l 
'\J 

Siepmann bb~::'1rn::(9) ~1~~~'U,a--.h CPM ~1:IJldm~~~-\I~:lJu1iwn:lJbu'U,~~lLlYi16J1b6J1afl~1~f:.I~ 

i~~l'U, 1~ f:.IJ1'V1irnd::'VI';h-\l f:.Il ~~~::~a~~:lJaf 7.5 - 30% ~-\I'yh 1 'VIl~~~~'U, ~~:IJ~~~m~rn::~~-ii-\l1:!-l 
fi~'VI tJ'U, ~ru ~ ~f:.I Ll:IJ u~ ~ 15 -\In ~ ~ ~ 'VI:lJl ::~:IJ"lJ a-\l"lJ a -\I ~~~ wv:! ~ ~ bb~:: ~rl a ~n Ml ~ fi £.JU ~:lJU~ ~ 15-\1 n ~"lJ a-\l 

q '\J'" 

~~~'U,~~:lJ1'U,~lfu 40%CPM ~ii~~~::1:!-l PEG ~Ull ~lfu~ii PEG (other plasticizer) ~-\lal~~fi~ 
nld~'VI~~~ri'1~lml'U, ~-\I~~L~~-\l1'U,~~d~lfu 60%CPM;)a CPM 1:!-l~1:IJldm~~~-\I~:lJ1J1i'1ll:IJ' 

q '\J 

LU'U,~~1~Yi16J1L6J1af LL~::'1ll:IJ~l:IJldfl1'U,nld~::~lf:.1"lJa\l CPM bL~:: PEG 1~f:.Inld~n'M-l"lJa-\l 
(37) dV) ... ,"" 1 ... . . 1 "" ~, 1 Shari-Yang LL~::'1rn:: 'Yl b~L~'U,all:IJnld "ll" secondary plasticizers (PEG) ~f:.I:IJ~~~l'U, ~f:.I 

,ll'V1'Und::'VIll-\1 plasticizer LL~::~a~~:lJafatJ~ 1.43-5.48 ~~~11~~~:IJ~~ ERL Lu'U,~a~L:lJaf~ 
'\J 

~:lJu1iL15\1n~~~bb~::L'VI:lJl::~:IJ ~lf1J.ytii PEG (other plasticizer) riiitl~:lJlrn 10% ~Ull tl~:lJlrn 
~:lJlmfi'U,1tl1 'U,~~d~lfu"lJ a-\l ~L~'U,~~:IJ ERL ~'U,Lfi'U, .yt~::LL'Yldni11 'U,LL~'U,~~:IJ ERL iil 1id~'U,LU'U, 

'\J 

bb~Wv:J~:IJ.ytbU'U,bL~U~"lJl1"llU ~'1ll:IJLL-ii\l 1:!-lfi~'VItJ'U, bb~,.f-\l~lf1J 40%CPM ri~LL~::1:!-l PEG rJ-\l1:!-l 
q q 

~1:IJldfl'Yh1idi~~b~'U,~~:IJ CPM 1'U, ERL ri~1~1~f:.I~~lnf1l tensile strength ri~f1l'IXaf:.lnll 4 
'\J 

~ -\I ~l n nl d~fl \I LL ~ 'U, ~ ~:IJ 1~ mr11 tl '11 d~:: ii f1l flll:IJ fi ~ 'VI tJ '\,UL~:: flll:IJ L U 'U, ~ ~l ~fin (tensile 
q 

strength> 4.0 MPa) 

~-\ltf'U, 1 unld'l4'~'U,l bb~'U, ~ ~:IJ ERL 1 iii 5 ~dlnldtl ~~tl~ a f:.I f:.I1 bb~::~:lJU1iL 15-\1n ~.ytL 'VI:lJl::~:IJ 
1~ f:.I~ CPM ~U'U,~l f:.I1 ~lf1ru ~L~::iil'Vl'\.il~ ~u'U,~ ~l ~~16J1L6J1afl ibbri~lfu ~-\liilnld~n'M-l1~ f:.I~~ ... 
flll:IJL-ir:IJ-irWlJEl-\l CPM 1'U, ERL 1'U,~~d~lfu,.f\lriii~~~::1:!-lii PEG ~-\I~ldl-\1 11 bb~~-\ltl~:lJlrn CPM 

'\J 

Lb~:: ERL 1'U,i~~'-,l'U, 5, 10, 15% 1'U, ERL riii/1:!-lii 5%PEG 1'U,~~d~lfubb~'U,~~:IJ~a~L:lJaf 
'\J 
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~1d1~ 11 bb~~~trhJ1rn CPM bb~:: ERL 1'\.1,~~~'''nj, 5,10,15% 1'\.1, ERL rlii/~~ii 5%PEG 1'\.1,~~d 
'IJ 

o ..... 
6'f \PI ~ \PI1"nJ Chlorpheniramine Eudragit® RL PEG Methonol ... 

(g) (g) (g) (ml) 

5%CPM 0.192 3.84 15 

10%CPM 0.384 3.84 15 

15%CPM 0.676 3.84 15 

5%CPM+PEG 0.192 3.84 0.192 15 

10%CPM+PEG 0.384 3.84 0.192 15 

15%CPM+PEG 0.676 3.84 0.192 15 

~::~1rJ ERL 1'\.1, methanol flWil'\.1,~<?ldj'\.1,~1d~::~1rJ1~ b&i:lJ CPM ~~~::~1rJ~~:lJ b&i:lJ ERL 

flWim~<?lbU'\.1,~1d~::~1rJ1~ 'V\i~1iJ1mf'\.1, b'Yl~1d~::~1rJrl~(fi1~1'\.1, petri dish rldeJ~~'\.1,~':lrJnd::~1~nTd 
bfl~mJ3.r'\.1, i~.yf~~nlt~~~eJ1n1f1 fib eJfib'V\llii'lXf)~ bU'\.1,bl~1 24 -i11:lJ~ 

'IJ 'IJ ~ 'IJ 

2.6.3 n1~l..h:aihf,6'faJ1Jmb~\ln~'2J£h'ju~"VhfaJ'VHl~ baJuf (3, 23) 

2.6.3.1 fl11:lJ'V\lt1 (thickness) "1Jf)~bb~Wvhf:lJ 1~rJn1dl~fl11:lJ'V\'\.1,1"1JeJ~bb~wVhf:lJ 

'<il1lt1'\.1, 6 1iJ~ 1~rJ1i digital micrometer bbtt"nl1:lJ1'V\1~1b'i:l,~rJ (mm) 
q 

, "". (38) 
2.6.3.2 fl11:lJ'Yllt~mbd~~~ (tensile strength) 

YhnTJ'Yl~~eJiJl~rJ1ibfl~f)~ Instron Model 55R45021ibbd~nd~'Yhrl50 KN ii 
, 

extension speed fi 5 mm/min ~1:lJ:lJ1~d~1'\.1,"1JeJ~ (American society for testing materials, 
o (3) 1" <V ~ .... ~ 1.1 ~ .., "" ~ 

ASTM) 0882 at 25±2 C; 56±2%RH b~rJn1d(fi~"ll'U'Yl~~eJ'lJ~~bb~~~b'\.1,d b"ll'fl11:lJbd1bttn1d 
'IJ 

'Yl~~eJ'lJ 500 mm/min (~hmh~'V\it~~~dliJ:: 1i~'\.1,'Yl~~eJ'lJ 3 ~'\.1, 'V\1~1b'i:l,~rJ d1rJ~1'\.1,~1fl11:lJ'Yl'\.1,'i\f) 
'IJ 

"" <V ,<V ~ "", (38) 
bbd~~~ (tensile strength) 1l1'V'Hb~~~ ~1 f) rJ1~~n~rn,::"1J f)~"ll''\.1, 'Yl~ ~f)'lJ bbd~~~ bb'lJiJ bb~lt 

rJ11 100 mm 
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,,,, . 
2.6.3.3 fl11~£J~£J<?l rn ~<?l"ll1<?l (elongation at break) 

~ 

'Yhn11'Yl<?l~e:JUb'VIiienj,n11'Yl<?l~e:JUfl11:IJ'YlU~mb1~~~ ( tensile strength) Yi1~1~~~1<?l 

1<?l £Jn11ehuYi11~ £J~rl,ru 'Yl<?l ~e:JU~l :lJ11bl ti<?l~11~~U"lI1<?l 11 £J~lU~~ bUUbl.l e:Jii6Jl'Wlifll1:IJ~l:IJ11bl 
'1 "'..... ..... .J' 
bUn11£J<?l<?l1 ~ln~:lJn11 <?l..JU 

elongation at break (%) = {(L - Lo) / Lox 100 

2.6.4 n1~'l.h~tih~6UJ'lJ@Jnl"HPl~ozf'lJ,r1 (water absorption) ileJ\lueJ"yhfaJ ... 
o <s • d <s • (3) do.""," <s 

'Yl1n1WIn'M1 water absorption <?l1:IJ'Yln1WIn'M1"l1e:J..J RaJan 'YlbbU~U111m1WIn'M1 

~:lJU~n11<?l<?lsUuJ1 (water absorption) "lIe:J~bb~Wvhf:IJ 1<?l£J il1n11';..JJ1'V1,rn~bbUUe:JU"lIe:J~ 
'lJ 

bb~wvhfmb~~~~<?l1GlTrurlb<?l1£J:lJl~~lnie:J 2.6.2 ~blnii1:IJ1<i..J.yf~li.yje:Jrn'VIl1ii~e:J..J bUUb1~1 24 
'lJ 'lJ ~ 'lJ 

-i11:IJ~ 1u 2 ~1111~~fll1:IJifui:IJ~'Yl1f 75% (.yjii~11~~~1£J~:IJ~1"l1e:J..J 16Jl'b~£J:lJfl~e:Jh~) 1u 

desiccators rlb<?l1tJ:lJi.il<?l £J~:lJu1in11<?l<?lsUuJ1 (water absorption) "lIe:J..J bb~Wvhf:IJ~~blnl<?l~lnYi1 
'lJ 'lJ 

bl.l e:Jfb.rrU~~ b ~ :IJ~U~lnJ1'V1,rn b~:IJ bb1n"ll e:J~J1'V1,rn"ll e:J~ bbf-lwvhf:IJ (%wt) 1<?l £Jil1n11-i~J1'V1un~ 
bbUUe:JU 11£J~lUbuuYi1bU~£J~1~~lnn11-i~J1'V1,rmhu1U 3 fl~ 

.:::t. tt I ~I 6' CJ,; A ~ 6'.:::.. 4) q "'" 
2.6.5 n1~dt~~1~'ViUJ:.l",n~aJ~d~t't1~"~'t11\1~1"~~'t1~~~"eJt~~@l~eJ"t@l~ t2l' 

1 

6'A. • • • 
~~'t1~~~"m~~@l~eJ"U'lJ'lJaeJ\ln~1~ (Scannmg electron microscope, SEM) 
~ 

~n'M1in'Mrn~"lIe:J..Jvru~1"l1e:J~bbf-lwvhf:IJ CPM 1u ERL 1U~<?l1Gl1fu~± PEG bb~~ ~± 
'lJ 

Cremophor RH 40 ~~1111~n11bnufn'M1~e:Jrn'VIl1ii'IXe:J~ <?lin'Mrn~"lIe:J~vru~1"l1e:J..Jbbf-lwvhf:IJ 1<?l£J1i 
~ 'lJ 'lJ 

SEM 1U S-3400N Hitachi (Tokyo, Japan) 
~ 

2.5.6 n'~~n'l!t1 n1~u~ ~uGieJ ~ ~1eJ eJ n~1 n ueJ"YJ GfaJ'W eJ~ taJ eJf81 

n11~n'M1n111.l~<?l1.l~e:J£J"lIe:J~~1m111£JUe:Jn11~n1£J (In vitro drug release studies) 

~n'M11<?l£J1i Franz cell diffusion ~~1.l1~ne:JU~1£J donor flU receptor ~ii"llU1<?lbiuf-l1~urfn~1..J 
'lJ 

15 mm bb~~1i phosphate buffer pH 7.4 bUU receptor solution 1.l1:IJ1<?l115 ij~~~<?l11Ubb~~~ 

diffusion cell l<?l£Jii magnetic stirrer bUU~1-rl1£Jfl1Ufl:IJn11bfl~e:JU~"lIe:J~ medium 1u el<?l 11 
~ 

~ l.:t 0 A d ~ 0 A~ 
fl11:IJb111e:JU 50 1e:JU<?le:JU1'Yl 'Yl1n11~n'M1'Yle:Jrn'VI11:IJ 37±2 C fl1Ufl:IJe:Jrn'VI11:IJ<?l1£J water bath 

~ 'lJ ~ ~ 'lJ 

1<?lmt1bb~wwtf:IJ CPM rl~~U1~U"lIU1<?l 6.25 cm
2 11~UU Snake Skin@Oialysis Tubing 1U~1U 

donor ~~~e:JflU receptor ~U11~ phosphate buffer pH 7.4 <?l<?l~11~~~1£J CPM 1u receptor 
~ 'lJ 

e:Je:Jn:IJ11.l1:IJ1<?l1 5 mI1~~~lu tube ~b<?l1£J:lJlliJ<?l~1£J 'Y'I111~U <?l<?l~11~~~1£J phosphate buffer 
'lJ 

pH 7.4 1.l1:IJ1<?l1 5 ml bb'Ylurl~11~~~1£J~<?l<?le:Je:Jn:IJ1'YlU~ (lUn11bnU~11~~~lmb~~~flf..J~:il1n11 
'lJ 
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bb'\'l'l-b.yhJ1:lJ1<il~"lJEh'l phosphate buffer pH 7.4 l'IX~h'lti 1<il£.ri'n'M1l'IXEltll'1-btU111:: sink condition 
'IJ 

(~1l11::ti~';Jn~1~ ihJ1:IJ1<il~:lJ1nn'".h 3 b 'Yl1"lJ El~tl1:lJ1<il~til on1 'l-bn1~'Yh 1 'lXdi<il~l~~::~l tJ ri:lJ~l"lJ El~ 
tJ1)) <il~El<il<],1~"lJEl~n1~~nM1 'Yhn1~bfi1J~1~~::~ltJ~lmh~tl1:lJ1<il~ 5 ii~~~<il~ tibl~l 1,2,3,4, 

5, 6, 7, 8, 10 bb~:: 24 -il1:lJ~<il1:lJ~1~1J U1~1~~::~ltJ~lElrJ1~tiL~:lJ11<iln1~tl~<iltlf'iEltJtJ1"lJEl~ 
CPM bU'l-bbl~l 24 -ill:lJ~ U1~1~~::~ltJtiL~:lJ1ibfl~1::vf~ltJ UV spectrophotometer tifll1:IJtJ11 

fI~'I-b 262 'l-b11 'l-bb:lJ<il~ 

3. n1";it@l~lI3JG'f1";i6H~~"uH.yj€l'm,"\J1,"~hll1 
3.1 n1~b<il1tJ:lJ~1~~::~ltJ:lJ1<il~~1'1-b"lJEl~ CPM 

'" 
b<il1tJ:lJ Stock solution "lJEl~ CPM tiflll:lJb-n:lJ-n'l-b 1 ii~~nf:lJ<iiElii~~~<il~ 1<iltJtl1:IJ1<il~ 

100.0 ii~~~<il~ 1<iltJ-i~ CPM ti1'VI'Un 1.0004 nf:lJ ~::~ltJ~ltJ phosphate buffer pH 7.4 bb~::tlf1J 
tl1:lJ1<il~1'IXfI~1J 100.0 ii~~~<il~ 1'1-b"lJl<iltlf1Jtl1:lJ1<il~';ij1mf'l-b ';ij::L~~l~~::~ltJ"lJEl~ CPM tifll1:IJ 

b-n:lJ-n'l-b 10 ii~~nf:lJ<iiElii~~~<il~l'1-b phosphate buffer pH 7.4 (~l~~::~ltJ A) Yhn1~ dilution ~~ 

10 b'Yl11<iltJn1~ihtl<il~1~~::~ltJ A :lJ1 1 ii~~~<il~~::~ltJ~ltJ phosphate buffer pH 7.4 bb~::tlf1J 

tl1:lJ1<il~1'IXfI~1J 10.0 ii~~~<il~ 1'1-b"lJl<iltlf1Jtl1:lJl<il~ 

b<il1tJ:lJ~1~:lJ1<il~~1'1-b"lJEl~ CPM tifll1:lJb-llmJ'I-b 8, 24, 40, 56 bb~:: 72 L:lJ 1f1~nf:lJ~El 
'" 

ii~ ~~<il~ b ~ElU1 Ltll on1 'l-bn1~~f1~n~1~:lJ1 <il~~1'1-b ~1'V\f1Jr11on<il~1 El rJ1~fll1JfI:lJflruIl1'V'l 1<il tJr11 
"" q q q 

... ,J' 
Serial dilution <il~'I-b 

o 

1. ihtl<il Stock solution "lJEl~ CPM fifll1:lJb-n:lJ-n'l-b 1 ii~~nf:lJ~Elii~~~<il~:lJ1 80 

L:lJ 1f1~~<il~ 1~1'1-b"lJl<iltlf1Jtl1:lJ1<il~ bbGfltlf1Jtl1:lJ1<il~~ltJ phosphate buffer pH 7.4 ';ij'l-bfl~1J 10.0 

ii~~~<il~ ';ij::L~fll1:lJb-n:lJ-n'l-b 80 L:lJ 1f1~nf:lJ~Eln~~~<il~ 

2. ihtl<il Stock solution "lJEl~ CPM tifll1:lJb-n:lJ"n'l-b 1 n~~nf:lJ~Elii~~~<il~:lJ1 240 

L:lJ 1f1~~<il~ l~l 'I-b"lJl<iltlf1Jtl1:lJ1<il~ bbGfltlf1Jtl1:lJ1~~~':W phosphate buffer pH 7.4 ';ij'l-bfl~1J 10.0 

ii~~~<il~ ';ij::L~fll1:IJb-n:lJ-n'l-b 240 L:lJ 1f1~nf:lJ<iiElii~~~~~ 

3. ihtl~ Stock solution "lJEl~ CPM tifll1:lJb-n:lJ-n'l-b 1 n~~nf:lJ~Elii~~~<il~:lJ1 400 

L:lJ1f1~~<il~ 1~1'1-b"lJl<iltlf1Jtl1:lJ1<il~ bb~ltlf1Jtl1:lJ1~~~ltJ phosphate buffer pH 7.4 ';ij'l-bfl~1J 10.0 

n~~~~~ ';ij::L~fll1:lJb-ll:lJ-n'l-b 400 L:lJ 1f1~nf:lJ~Eln~~~~~ 

4. ilbtl~ Stock solution "lJEl~ CPM tifll1:lJb-n:lJ-n'l-b 1 n~~nf:lJ~Elii~~~<il~:lJ1 560 

L:lJ 1f1~~<il~ l~l 'I-b"lJl<iltlf1Jtl1:lJ1~~ bbGfltlf1Jtl1:lJl~~~ltJ phosphate buffer pH 7.4 ';ij'l-bfl~1J 10.0 

ii~~~<il~ ';ij::L~fll1:IJb-n:IJ-n'l-b 560 L:lJ 1f1~nf:lJ~Eln~~~~~ 

5. ilbtl~ Stock solution "lJEl~ CPM tifll1:lJb-n:lJ-n'l-b 1 ii~~nf:lJ~Elii~~~<il~:lJ1 720 

L:lJ1f1~~<il~ 1~1'1-b"lJl<iltlf1Jtl1:lJ1~~ bb~ltlf1Jtl1:lJl~~~ltJ phosphate buffer pH 7.4 ';ij'l-bfl~1J 10.0 

ii~~~<il~ ';ij::L~fll1:lJb"li:lJ-n'l-b 720 L:lJ 1f1~nf:lJ~Eln~~~~~ 
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"" (39) 
3.2 nTH<il·HJll~THI:~1£.J phosphate buffer pH 7.4 

~TJ~:~1£.J phosphate buffer pH 7.4 tJ11l1<ilj 200 ii~~~<ilj L<il1£.J1l"iJ1n momobasic 

potassium solution (KH2P04 ) 50 ii~~~<ilj bb~: 0.2 M sodium solution (NaOH) tJ11l1<ilj 39.1 

ii~~~<ilj 

';\J KH2P04 ,!l'vn:rn 27.22 nfll bb~: NaOH Jl'VI'IXn 8 nfll 1~lu"Ul<iltJf1JtJ11l1<ilj 
"UU1<il 1000 ii~~~<ild ~:~1£.Jil£.JJ1bL~:tJf1JtJ11l1<ilj"iJUf1j1J 1000.0 ii~~~<ilj ib tJf1Jv:1beJ"1l'~l£.J 
o-Phosphoric acid 'VI1eJ NaOH 1'V1'iv:1beJ"1l'<il11l~eJ\Jn1j 2.6 n1jb<il1£.J1l~1j~:~1£.J t6Jl'b~£.Jllf1~eJh~ 
d ~ cv q,... 6' d.d ~ Q..I 

'Ylf1111l"1l'U~1l'VfYl1) 75% ('Yl1l ~1j~:~1 £.J eJll<ill"l.1 eJ\JNaCI) 

';\J NaCI J1wun 35 nfll lbtlu"Ul<iltJf1JtJ1~1<ilj"UU1<il 100 ii~~~<ilj ~:~1£.J~1£.JJ1 
n~Ubb~::tJf1JtJ11l1<ild"iJUf1j1J 100.0 ii~~~<ilj 



1. n'l";j~n~'l~3JuGt~d'laHih,~cvHn~fll~t~€)fil€)\I~6HHcW"";j'l3j" 3J'l~t€)(P) 

1.1 n'l";j~n'aliHJ1JmYll\lA'Jl3J~u\U.IB\lileh'lAGHHrJ"";jl3j" 3Jl~ tu(P), Eudragit®RL 

UGU::Gfl";jfHf3Jilu\lfl~utrJ"";jl3j" 3Jl~tu(P) t" Eudragit®RL t(P)tlt~tYlA"A differential 

scanning calorimetry (OSC) 

DSC curve ht"1h,,~lifl11~1E1u~nn 25 - 170 °c ~1tJ5~dl 10°C/min lUfI'r"udn 'V'IlJ 

~~'VISlEI~b'VISl1"lJEI"f1S1my..jib1iju ~l~hEl~ (CPM) ~ 134.51 °c ~"hhJdlnl1E1rn'VI11iinSl1G~"YldlU~ 
q ~ q 'IJ 

"lfU (Tg) "lJEI" CPM ~"u".ff';hlUGl11l1~tln~ ~E1 CPM E1~lUGlbllU~~~n (crytalline form) ~"UGf~" 
lu~tl 4(a) 1~tJ~h Tg "lJel" CPM ~lbfld1~'VI1~~ln DSC curve lw.d1"lifl1l~1E1U~ln -30 - 170 

°c, 5 °C/min ~"buun1dlifl1l~fElulUflf,,~ 2 ij~h 6.33 °c ~"bbGl~"ludtl 4(b) i,~,hh1nl1~~ 
'IJ ~ q 

'VI SI E1~ b'V\ Sl1"lJ E1" CPM bbGl~"ll CPM btl~ tJUGlbllU~~ln ~~n i,tl EI rjl U dtl mfrn~i1u 111 tJ'VI i"~ln 
'IJ 'IJ ... 

i,~flJfl113J1E1U~Ub n~n1db tl~ tJUGlbllU~~ln"lJ E1" bb-n"i,tl bUU"lJEI" b'VI Sl1 bb~1blnih 1 ibflu~1S1" EI rj1" 
'IJ 

~1'V\'rlJnldlifl113JfElulufI.fJbbdn ERL tldlnil~h Tg ~ 58.71 °c bbSl~i,:!Jtldlnil~~ 
'VISlEl3Jb'VISl1"lJEI" ERL ~"u".ffll1UGl11l1~tln~ ~E1 ERL E1~lUGlbl1U~E1irn~lU (Amorphous form) 

~"bbGf~"ludtl 5(a) ~l'VIflJ Tg "lJEI"Glld~Gl3J CPM lu ERL ~i~~1U~1" 6) iifilElrjd~'VIll" 60.58 -
'IJ 'IJ 

63.02 °c ~"iifilln~b~tJ"nu Tg "lJEI" ERL bbGl~"ll Tg "lJEI"Glld~Gl3J CPM lu ERL ~lbfldl~'VI1~ 
~lnn1dlifl113J1m.j,lufI.f"bbdmuufi1 Tg "lJEI" ERL 

~l'VIfu ERL brlEli,~fufl1l~1E1Uluflf,,~ 2 bbGl~"fi1 Tg ~ 76.85 °c ~"bbGl~"lu~tl 5(b) 

bbSl~fi1 Tg "lJEI"Gl1d~Gl3J CPM lu ERL ~f11l3Jb"lJ3J"lJU 10 - 90 % w/w iifi1E1~lw.d1" 7.97 -

63.69 °c ~"bbGl~-:Jludtl~ 6 'V'IlJll~h Tg "1JEI"Glld~Gl3J"1JEI" CPM ludtlElirn~lu~Gl~r1U ERL iifil 
'IJ 'IJ ... 

SI~SI" brl E1f11l3Jb "lJ3J"lJU"lJ E1" CPM 1 U dtl EI irn~lU 1 WV'l E1~b3J E1fb ~3J Gl,,-ifu ~"ii'V'lr]~ndd3JfI~l tJr1Unld 
'IJ" 'IJ 

btl ~ tJUbbtl SI" fil T 9 "lJ E1-:J'V'I EI ~ b3J E1f~ Gl3J ~13J'Ylr]'M-~"lJ E1-:J n E1f~ E1U-b 'Yl SI bSi Elf 
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Aexo 
(a) Wg"-l &]l[I"CJOM 

.0 
CJOM, 10.80OJ mg 

.~ -t- .. --~ ... -4 
I ,~ .. 
I I , , 
• , 

-0.5 • , , • , I , , , 

-1.0 

-1.5 

Integral -661.44 mJ 
rormalized -61.24 Jg"-l 

Onset 132.07 "C 
-2.0 Pe9k 134.51 "C 

Enctet 139.84 "C , 
" • 

4() ~ 80 IOJ 1~ ~4() If{) °C 
Pharmaceutical Tech. SWU: METTLER STAR" SW 9.01 

"'exo 
(b) Wg"-l 1]3[CI=M 

[\ 
CI=M, 10 .800J mg 

0.0 

I. 

O. 5 

0.0 

\ Glass Transition , On9Ct 4.66 °C 
-0.05 ". Midpoint 6.33°C 

- -~ 

--0.10 

-)n n _20 40 60 80 100 ,;.., .140 .160 OC 
Pharmaceutical Tech. SWU: METTLER STAR' SW 9.01 

.nl'V'lU1~nElU 4 DSC curve "lJEl..J CPM 1~m1~fldl:JJfmt"il'Ufi..J 170 °c ~dtJ5<f111 10 °C/min UGl~ 

'Yh1~Lfl'UG'1..J"il'Ufi..J -30 °c ~dmr<fl11 -20 °C/min 'V\i..J"illmf'U1~fldl:JJfEl'Uniuif'UbU"il'Ufi..J 
170 °c ~dtJ5<f111 5 °C/min; (a) n111 ~fldl:JJfEl'U1 'Uflf..J~ 1; (b) n111~fldl:JJfEl'U1'Uflf..J~ 2 



"exo 
(a) WgA-l 1&)l["ERL 

ERL, 14.38CO mg 

-0.20 

-0.25 

-0.30 

WgA-l 1&)3["ERL 

(b) 
~" 

ERL, 14.380) mg 

o 5 

O. 0-

O. 5 

) 

OO~ 

-oo~ 
-0.10 

-?n ~ Xl 

Glass Transition 
Q-)92t 54.89 OC 
Mdpolrt 58.71OC 

. 

40 m 
Pharmaceutical Tech. SWU: METTLER 
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Glass Transition 
Onset 55.99°( 
Mldpoirt 76.85°( 

- ---
80 100 12Q ~"O ~60 OC 

STAR" SW 9.01 

Jll'vfl.h~mJlJ 5 DSC curve "lJel\l ERL 1Ci1rJ1'IXfl11~J'i'm.j,"ilun-:J 170 °c ~'WSCil11 10 °C/min LL~~ 

ih1'IXdluG'l-:J"ilun-:J -30 °c ~lm)CiI11 -20 °C/min 'VIi-:J"il1n,xu1'IXfI':n:IJfElUniuiYuLU"ilUn-:J 

170 °c ~lm)\9l11 5 °C/min; (a) n111'IXfl11:IJfem1ufI~ri 1; (b) n111'IXfl11:IJfelu1ufl-r-:Jri 2 
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: ~:--------==-=-;"--.5-8.-c------------------

" l - ~~~~---------------~ 
(d) TI!;S4.7;;-1~·C---------___ _=::1 

f \1 m-- ____ Tf1; 36.20·C -I Te; 27.3SoC 

"- (f) 
r~ 

(g) 
Te; 15.44·C 

Vlg"l .\l 

11..1 
(h) 

Tg= 11.74°C 

\ (i) Tg=10.21 DC 

\. 
(j) Tg 8.49°C 

\:.... (k) 
Tg 7.97°C 

-- -~=6.33°C 

-
-i I j I j I I I I Ii! 1 iii iii I 1 

-tl1 0 20 '10 ED OCI iCO 120 1'10 160 CC 

Pharmaceutical Tech. SWU: METTLER STAR" SW 9.01 

1l1'Wlh::mnJ 6 DSC curve bb~W1_:J~1 Tg "lJ€h1ERL briflii CPM i~~lmtJflfb6Jl"u~l~£JttTwIXn: 
(a) 0; (b) 10; (c) 20; (d) 30; (e) 40; (f) 50; (g) 60; (h) 70; (i) 80; 0) 90; (k) 100 ~l:JJihiu 

~ 6' a..." Q."I 6' • I d~ <J,.I ~ 
lbf1dl::'VIf111:JJ~:JJ'WU1id::'VI11_:Jf11 Tg "lJfl_:J ERL 'Yl:JJ CPM f111:JJb"lJ:JJ"lJU 0 - 100 % w/w 

.yjb~911n DSC nUfl1 Tg .yjb~911nnld'YllUl£J~1£J~:JJnldnElf~ElU-b'YlG'lbG'lElf bbG'l::~:JJnld"lJEl_:J Kwei 

~_:J bilu~:JJnldfl'U vfWIT"lJ fl_:J ~:JJnldn Elf~ ElU-b 'Yl G'l bG'l flf 1~ £J1 inldlbf1dl::~ nldbl~b1 flU bbUUb:Jj b i_:J biu 
q 

(non-linear regression) fili:JJ1h::~'Ylrr~'VIi:JJvfun (coefficiceint of determination; R2) .yjb~911n 
nldlbf1dl::~~l Tg "lJfl_:J~ld(:,J~:JJ CPM 1u ERL f111:JJb-ll:JJ-llU 0 - 100% w/w ~b~911nnldlbf1dl::~ 
~1£J DSC nU~l Tg .yjb~911n~:JJnld"lJEl_:JnElf~flU-b'YlG'lbG'lflf bbG'l::~:JJnld"lJEl_:J Kwei ii~lb'yhnu 
0.9606 bbG'l:: 0.9881 ~l:JJ~liu (11J 7) ,xUflfl ~:JJnld"lJfl_:J Kwei ~l:JJldblflrrUl£JnldbtJ~£JUbbtJG'l_:J 

'lJ 

~1 Tg "lJEl_:J~ld(:,J~:JJ CPM 1u ERL b~~w.h~:JJnld"lJEl_:JnElf~ElU-b'YlG'lbG'lElf bb~~_:Jl1~1 Tg "lJEl_:J~ld 

(:,J~:JJ CPM 1u ERL bilu(:,JG'l911ni~~lUl~£Jttl'V1irn"lJEl_:J CPM 1u ERL bbG'l::e)U~dn1£J1d::'VI11_:J 
CPM nu ERL 

9l1nnld'Yll run test 'WU11~1 Tg .yjb~911nnldnldlbf1dl::~~1£J DSC bbG'l::~l Tg ~b~911n 
nld'YllUl £J 1~ £J1 i~:JJnld"lJ fl_:Jn flf~ ElU-b 'Yl G'l bG'l flf bbG'l::~:JJnld"lJ El_:J Kwei ii ~1 b:Jj bb~n~l_:JnuEJrh_:Jii 

ir£J~lflru'Yll_:J~fi~ l~£Jii~l P-value b'Yi1nu 0.06667 bbG'l:: 0.2619 ~l:JJ~liu bb~~_:Jl1 ~:JJnld"lJEl_:J ... 
6' 6' Q. I ~ 

nfld~ElU-b'YlG'lbG'lEl1 bbG'l::~:JJnld"lJfl_:J Kwei ~1:JJldbiElliUl£JnldG'l~G'l_:J"lJfl_:Jf11 Tg "lJfl_:J~ld(:,J~:JJb:JJEl 
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, 
.yjii~El ERL 

.c:::. 'i.I .d 6' 6' 
~l~THl Elll'lJl tJ'il1 tJ'Ylrj'Ml)"lI El~n Eld'il ElU-L 'Yl ~H~ Eld 

mh~1dn'ill~ ~ln residual plot "lIEl~~l Tg riL~~lnnld1L~dl::lf~1tJ DSC n'lJriL~~ln 
~~nld"ll El~n Elf'il ElU-L 'Yl ~ L~ Elf LL~::ff~nld"ll El~ Kwei 'W'lJ':h hhL~'iI~nldnd::~l tJ mh~ a ~d::"lI El~ 
-nEl~~ (non-randomness) ~~LL~'iI~1Udll 8 LL~'iI~"h~~nld"llEl~nElf'ilElu-L'Yl~L~Elf LL~::~~nld"llEl~ 

~ ~ 

Kwei rJ~L:Jjffl~ldtlElTI'lJltJ'Wrj~ndd~nldLll~mtLLll~~ Tg "lIEl~~ld(:,Jff~ CPM 1u ERL L~Elf.h~ 

~ln1L~dl::lfnldtl'iltlElmL'lJ'lJL:JjLi~Liun'lJ~~nld"llEl~ Kwei 'Y'l'lJ':h~l K LL~::~h q riL~~ln 

nld1L~dl::lfii~lL 'Ylln'lJ 1.008 LL~:: -88.02 'ill~~l~'lJ ~~~1 q LUU~lriLLff'il~~11~LLii~LLd~"lIEl~ 
nldLn'il-WUll::1~ 1'i1dL~Ud::'VIil\1~ldriLUUEl\lfflld::nEl'lJ1 WV'l El~h~ Elf(:,J~~ nldri q ii~l~'iI~lJ LL~'iI~ 
il-WUll::riLn'il~u d::'VIil~ CPM nu ERL LUU -wull::riii~11~ LLii~ LLd\lUEl tJnil-WUll::riLn'il~U111 tJ 1 U 

1~L~n~"15'it'ilL~tJ1nu 
q 

90 

~ 80 

./ 70 

60 // 
I •• 50 l ~'. ," - //.' (.) 

40 

j --/ 

0 -
.... '" 30 

20 

10 t-ll-i~ 
o . I I 

0.00 0.25 0.50 0.75 1.00 1.25 

weight fraction of ERL 

111'Y'llld::nEl'lJ 7 ~11~i~-wufd::'VI':ll\1~1 Tg n'lJi'ilGhu1'i1mtl'V1Un"llEl\l ERL 1U~ld~~~: (.) Tg 

riL~~lnnld1L~dl::~~1tJ DSC; (----)Tg riL~~ln~~nld"llEl\lnElf'ilrn.t-L'Yl~L~El{( ) Tg riL~ 
~ln~~nld"llEl~ Kwei 
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10 I (a) I Tg,(OC) 

I 

0-
~ 0 .... '" I 

10.25 O.SOI 0.75 tOO 1.25 
• weJg ht fraction of ERL 

'I 

I 
I 

·1 

(b) I Tg(OC) 

• 

I • 0- • 
~ 

I 

1-"" 0.0 
0.25 0.50 lim 1.00 1.25 

,2.5 • weight fraction of ERL. 

·5.0 • 

1.3 fl1~~h~~1g;:,.ffl1~tn\9l5w.?1~n~tlTJg;:'Yi-j1\1~GHHv.J"~1ih-b 3J1~tuGlfiiJ Eudragit® 

RL t\9ltl1~fourier transform infrared spectroscopy (FTIR) 

FTIR spectrum "l.Ieh'l CPM u'nn!j-wnft 3013 bbiil:: 2434 cm,1 ~~d'hJ,-wnftbb~~~"'~ 
vr:'rfoiU"l.leN C-H stretching vibration "l.IeJ~ aromatic hydrocarbon bbiil:: alkane ~13J~1~lJ nl1" 

U1"1n !j-wnft 1703 cm,1 bb~~~ii~'V\ ~vl~noiu"l.I eJ\I C-O stretching vibration "l.I eJ~ carboxylic acid 

tllU FTIR spectrum "l.IeJ~ ERL tl1"1n!j-wnft 1734 cm,1 ~\lbuuYlnftbb~~\I'V\~vl~rf,rU"l.IeJ~ RCOO-

(3. 23) 0 .... '1 • I h . I . t strong band of ester group ~1'V\1"lJ FTIR spectrum "l.IeJ~~l1"~~3J m1"u p YSlca mix ure 
'IJ 

"l.IeJ\I CPM 1u ERL rif'l113Jb"lJ3J"lJU 40 % w/w 'V'llJ'·h-wn"l.leJ\I carbonyl stretching vibration "l.IeJ\I 
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ester group iinTHf1~eJU~"il1n 1734 cm-
1 1J1~ 1716 cm-

1 bb~en-\l"hiin11bnenvrU1i::: 
1.~1en1b"ilU1:::'Vd1-\1 carbonyl group "l.IeJ-\I ERL flU carboxylic acid group "lJeJ-\I CPM ~-\lbb~en-\llj.j, 

1U 9 
'U 

"il1n FTIR spectra "lJeJ-\I ERL ~~.hun11'V1t'leJ1Jb'VIt'l1 U11nlJ~n"l.leJ-\I carbonyl stretching 

vibration "lJeJ-\I ester group ~ 1739 cm-
1 'V'Iu"h1u~11~~1J"lJeJ-\I CPM 1u ERL f1111Jb..u1J..uU. 40 % 

w/w 1U.1U melted mixture iin11bf1~eJU~"lJeJ-\I carbonyl stretching vibration peak "lJeJ-\I ERL "il1n 
'II 

1739 cm-
1 1J1~ 1731 cm-

1 U-\lUeJnii-\ln11bnenelUen1n1tn~hlbbi1-\1Lb1-\11:::'VI'"l1-\1 CPM flU ERL 

~-\I bb~en-\l1 U.1U 10 611-\1 611-\1 ~eJ en f1 ~ eJ-\I flU n111 bf111:::~ n11rl en rl tlU bbUU 1.3-1 b if-\l Liu (non-linear 
'II 

regression) ~hi1Juj:::~'Ylrr~'VIi1Jvrwtf (coefficiceint of determination; R2) ~1.~"il1nn111bf1j1:::~ 

fl1 Tg "lJeJ-\I~11~~1J CPM 1u ERL f1111Jb..u1J..uU 0 - 100% w/w ~1.~"il1nn1jlbf1j1:::~~lEJ DSC 

nU~'V'IU';hfl1 Tg ~b~"il1n~1Jn11"l.1eJ-\I Kwei iifl1b'Yhnu 0.9881 611-\1~-\ln11fl1 Tg ~1.~"il1n~1Jn11 
"l.IeJ-\lneJfeneJU-L'Ylt'lbt'leJf ~U~tl ~1Jn1j"l.leJ-\I Kwei ~11J11rleJrrU1EJn11bU~EJUbbUt'l-\lfl1 Tg "l.IeJ-\I~11 
~~1J CPM 1u ERL 1.~~n11~1Jn11"lJeJ-\lneJfeneJu.-b'Ylt'lbt'leJf bL~en-\l11fl1 Tg "lJeJ-\I~1jt:-J~1J CPM 1u 

ERL L,jUt:-Jt'l"il1nien~lU1enmr1'V1,rn"lJeJ-\I CPM 1u. ERL Lbt'l:::elu.enjn1EJ1j:::'VI11-\1 CPM nu ERL 



(a) 

(b) 

%l 

(c) 

4000.0 

3013.sa 

2457.52 

3OtS.28 

em-I 
1000 

Anilly.st 

rl1VuJ1::nmJ 9 FTIR spectra: (a) CPM; (b) 40 % w/w CPM 1u ERL 1U11l physical mixture; 
'II 

(c) ERL 

4OO(l.C [000 
Analyst 

Jl1'V'l1l1::m:ru 10 FTIR spectra "1JeJ-:J~11~~.hun11'V\~eJ~b'V\~'1: (a) CPM; (b) ~11t:.1~~1::'V\11-:J 
CPM 1u ERL fl'11~b-nmju 40 % w/w; (c) ERL 

46 



47 

1.4 n1'ltl'l::dh~'l::~UWJ1:~Hilu~~ n'2H)\I A iiHHWiL'l13jU 3J1~ tf)Gl1,"U~Ufhf3J 

tU~tlutrh.l1Jllu physical mixture ~'Jm't1AiLA XRPD 

"illn';fU 11 bUWh'l XRPD pattern "lJEh'l CPM, ERL VlGf:IJtiii CPM i~~lU1~~,rl'v\,xn 
'IJ , 

<i\1~ G) flU i"IlJ";h XRPD pattern "lJEl~ CPM U';f1nlJ diffraction peak Yiciilbb'VIU~ ~El 12.25, 

13.03, 19.21, 19.29, 21.14, 24.09, 24.97, 26.71, 29.83, 34.07 bb~:: 35.55 two theta(degree) 
.... 1. I d ..,.... A .... (40) d 
~~bb~~~ U';fu 11 (a) 6JJ~~fl~fl~El~nUt:-J~~lUl"il~"lJEl~ Manjusha R bbSl::ml-\,:: 'Yli"llJ diffraction 

'IJ 

peak "lJEl~ CPM ticiilbb'VIU~ 12 - 35 two theta(degree) bb~~~ii~f111:IJbUUt:-J~n"lJfl~ CPM briElElci 
'IJ 

1U~1l11::un~hrllU brim~"ill';frnl XRPD pattern "lJEl~~l';ft:-J~:IJ (physical mixture) briElflll:IJ 

b-iJ:IJ-iJU"lJfl~ CPM 1u ERL Sl~Sl~ 1U';fUbbUlJ physical mixture ti 60, 40, 30, 20% CPM 1u ERL 
'IJ 

i"IlJl1 XRPD pattern ~""~fl~U';flnlJ diffraction peak ticiilbb'V\'I,.i,~ticiilbb'VIU~b~:lJbb<i\im~rn:: 
diffraction peak iiflll:IJb-iJ:IJ (Intensity) Sl~Sl~ ~lmh~lJ ~~bb~~~1u';fU 11(b-e) ~U~fl CPM ti 

'IJ 

n';f::"ill~1u ERL VlGf:IJmJ1u';fu~~n "lJrn::~ XRPD pattern "lJEl~ ERL Vl~:lJU';flnl1 halo pattern ~~ 
'IJ 'IJ ~ 

bUU~:lJlJ~"lJfl~~l';ftimJ1U';fUflirn~nub"1l'ub~~lfllJ XRPD pattern "lJEl~ ERL powder ~~bb~~~1u 
'IJ 'IJ ... 

';fU 11 (f) bbSl:: 12(f) 
'IJ 

1U"lJrn::tibriflVi"ill';frnl XRPD pattern "lJEl~ ERL Vl~:IJ~ii CPM i~~lU<i\l~ G) ~~b~1~:IJ 
b~1"il1'V1~ G1 bb~~~11 CPM 1u ERL VlGf:IJ~b~1~:IJb~1"il1'V1~ G) m.i1u';fu EliU'iilU (amorphous form) J ClJ ClJ o:U 

~~bb~~~1u';fU 12(b-e) ~U~fl CPM ~n';f~"ill~1u ERL VlGf:IJElci1u';fUflirn'iilU "illnnl';f~nMl~:lJU~ 
'IJ 'IJ 'IJ .., 

'Yll~f111:IJfflU"lJfl~ ERL ~ii CPM 1u~uElirn~lUi~~lu<i\1~ G) i"IlJ';h Tg "lJfl~ ERL Sl~Sl~brifl 
i~~lU1~~,rl'V1,xn"llfl~ CPM ~~;ru ~~~U ERL VlGf:IJtiii CPM 1u';fuElirn'iilutiflll:IJb-iJ:IJ-iJu~~;ru 

'IJ 'IJ'" 'IJ 

ciEl:IJiifil Tg Sl~~~~l:IJlU~l~ 

~l:IJ'VI~nnl';f"lJfl~ Gordon-taylor ~1"1l'1unl';fiilUl~'VH1~n';f';f:IJnl';fbU~~UbbUSl~"lJfl~ Tg 1~~ 
Vl9)l';frnl~l:IJflll:JJ im~·"UTI';f~'VI11~fh Tg "lI El~~l El cil~d~lJU El irn~lU~~:IJ bbSl::i~~lU 1~ mtl'V1,xn 

"lJEl~"lJEl~bbcjj~1U';f::lJlJ ~'l~1:JJldnUl:IJ1ElrrlJl~i"I'l~ndd:IJnldbU~~UbbU~~"lJfl~ Tg "lJEl~ CPM 1u 
ERL briEl CPM Elti1u';fuElirn'iilU 1UnldElrrlJl~flll:IJi:IJvrUTIb.:n~U1:IJlrn (Quantitative way) l~ 

'IJ 'IJ .... 
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48 

[)l'Y'ltb~neJ1J 11 XRPD pattern: (a) CPM; ERL b<il1r.J~b~1'ilYlblL'11 (1 itl<illvf) Ylii CPM 

btleJfb~'U,<ill<ilr.J~l'V\un (physical mixture): (b) 60; (c) 40; (d) 30; (e) 20; (f) 0 
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t 

i 

.~-

IlTVfl.h::mliJ 12 XRPD pattern: (a) CPM (physical mixture); ERL vhf3J b<il~~3Jb~~"iJ.yib1~l 
(1 iU<illlf) .yjii CPM bUerfb6JfU<il1<il~,tl'Vlun: (b) 60; (c) 40; (d) 30; (e) 20; (f) 0 

2. n1iivr(N.I"1U~h'bVj~aJ~6HH....J"ii1aJ" 3J1~tf)(p)ii1.~ Eudragit@RL tii"i:i1ii~TlJ~3J 
q 

n1iit.J~~'lhif) ~ 

2.1 nTll'i1t1~3J1m~Hh'J ERL (?}ul'id"l'iu'"J ~~,"ri1,"n1'~'vrlm,"1 Luh.f,~huf'VH)~ L3Ju{ 

"iJlndU 13(a) bb~<il~~m!l-m::"lJEh'lbb~w~Gf3J.yili ERL bUU~ldr\eJYlGf3JU13Jlm 30 mg/cm
2 

'IJ 

ii~n1!l-m::l~dteJYlGf3Jl~ bUUbb~U iifl113J'VIU1"lJeJ~bb~uYlGf3JeJtJlwnl~ 0.37 + 0.08 mm iifl113J 
'U 

'lJl~ bUdl::bb<iln~l~ brleJli ERL U13Jlm 40 bb~:: 50 mg/cm
2 ~~bb~<il~h\'dU 13(b) bb~:: (c) 

'U 

<il13J~1~'lJ 'V'l'lJllb'iteJYlGf3J.yjl~ii~n1!l-m::bb<iln~h~nu ~eJU13Jlm ERL 50 mg/cm
2 ii~n1!l-m::l~bi!eJ 

YlGf 3Jfl eJwnl~"Ilu iiwn 3J b 'VIit~l fl<il'VI tJWUeJ ~ bUUbb~U 'VIU 1 ~ eJ iifl113J'VIU1"lJ eJ~ bb~U Yl Gf3J eJ tJl Wnl~ 
~ ~ 'U 
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bbt:-Juvhf:IJfi1i ERL dJu~l':nie)'Vhf:lJ'lJ1:IJlrn 40 mg/cm
2 ~"Ul1rnl"Uln~m~rn::'Yll-\!nltlJll'V'l"1JfJ-\! 

bbt:-Jwvhf:IJ ERL ii~nMrn::djubbt:-JWvhf:IJfifl-\!1U fJf.tl~ 13Jn1fJU bb~n~n~l tl b itfJ.yhf:IJ1~ WJ1:IJ'VIUl 
'U 'U 

"1JfJ-\!bbt:-Jwvhf:IJfJf.J1wnl-\! 0.48 + 0.03 mm ~-\!bb~~-\!hnufi 13(b) ~-\!rh1~~1Ul~11U~:lJlrn"1JfJ-\! 
'U 'U ~ 

ERL ~fJ'VIrt-\!WI.b tl~ufi1 unl1vr~ul bbt:-Jwwmf'V'l fJ~b:IJ fJffib 'VI:lJl::~:lJ1 unl1n fJ 1 ~di~bbt:-Jwvhf:IJ'V'lfJ~ 
b:IJfJffifl-\!1UfJf.Jl~~fJ 40 mg/cm

2 
'IJ 'IJ 

Jll'V'lU1::nfJU 13 bb~~-\!~nMru,::bbt:-JUfJflfm~'Ylvhf:IJfib~1tl:IJb~1"U (48 i'11:IJ-\!) fi1i ERL dJu~11nfJ 
Yl~:lJU~:lJlru,~l-\16) 1uWU,1tl mg/cm

2
: (a) 30; (b) 40; (c) 50 

2.2 n1~-WWn~>1Uf·hl:rhurf>HHH-rl"~13j" 3J1~tfHY1~1-A' Eudragit®RL t1J"?f1~flTl.Jfl3J 
~ 

n1~t.JG=4t9lt.J~eUJ ~1 

nl1b~fJn~~1~l'rU ERL Yl~:lJfllUfl:IJn11U~~U~fJtl CPM "U::~"Ul1ru,1"Ulnflll:IJ'VIUl 
'U ~ 

(thickness) ~:lJu1ibiJ-\!n~ l~bbr\ flll:IJ'YlU~€lbb1-\1~-\! (tensile strength) bb~::fll1::tl::~~ rn "U~"1Jl~ 
~ 

(elongation at break) "lJfJ-\!bbt:-JuYltf:IJfi1i ERL dJu~11r\fJYltf:IJ1uu~:lJlrn 40 mg/cm21~tlii CPM 

flll:IJb-iJ:IJ-iJU 15, 20, 30, 40, 60 % w/w bU1tlUbfitlunu ERL Yl~:lJfiii CPM flll:IJL-iJ:IJ-iJU 40 % 

w/w ~~:lJ11:IJnU PEG flll:IJL-iJ:IJ-iJU 10 % w/w LL~:: LU1tlULfitlUrlU ERL Yl~:lJfiii CPM flll:IJ 

L-iJ:IJ-iJU 15 % w/w t:-J~:lJ11:IJnU PEG flll:IJb-iJ:IJ-iJU 5 % w/w 

1~tliifi:IJ1"Ulnn11~nMlbfimJ~:lJu1ibiJ-\!n~"lJ8-\! ERL Yl~3ffiii CPM flll:IJL-iJ:IJ-iJU 40 % 

w/w 1 U~~1~l'rufiiiLb~::13J PEG i'h 1 '!X'Yl11Ullflll:IJ L"JJ:IJ-iJU"lJ El-\!~11fi'Yil'V\,xlfidJu'V'l~1~~16Jrb6JrElf 
'IJ 

ii~~~ El ~:IJ'lnh iJ-\!n ~fi~"lJ El-\!nl1vr~ul LLt:-JuYl~:lJfi1 on1 unl1Ul~-\! tll ~-\!,ru 1 unl1vr~ul LLt:-JUYl~:IJ 
ERL 1 '!Xii ~:lJu'1i L iJ~ n~ LL~::nl1U ~~U ~ El tl tIlfiL 'VI :lJl::~:IJ 1~ tl ii CPM Lilu~l til ~lflru LL~::'Yil'V1,xlfi ... 
Lilu'V'lm~fil6JrL6JrElfl'!XLLn~l'ru~-\!i'hnl1~nMl1~tl~~flll:IJb-iJ:IJ"JJU"lJfJ-\! CPM 1u ERL 1U~~1~lfu 

'IJ 
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J~riiibbiil::hJii PEG 'Yhnld~n'l!l-11~tJ~~:IJ CPM flU ERL 1U~~dGllfuJ~riiibbiil::i.1Jii PEG 1u 
'II 

~~dGllfU bb~ uv:l Gf:IJ'I"l El ~ b:IJ Elf::5~ iinldUd:: b~U~:lJtJ~ b ~~ n iil"lJ e.J~ bb~ U v:l Gf:IJV'I e.J ~ b:IJ Elf fll1 :lJVlUl 
'II 

(thickness) "lJEl~bb~Uv:lGf:IJ wn:IJ'Y1U~mbd~~~ (tensile strength) 

(elongation at break) "lJe.J~bb~Uv:lGf:IJ"lJe.J~bb~uv:liilaj CPM 1u ERL 

I &9. ,do 

(Maximum load) fll1:IJ'Y1U~mbd~~~ (tensile strength) flld::tJ::tJ~ rn ~~"lJl~ (elongation at , 
break) "lJe.J~bb~Uv:lGf:IJ CPM 1u ERL brlm~~ldrnlim~rn::"lJEl~bb~uv:lGf:IJriii CPM fll1:IJb-n:IJ-nU 

~1~ 6)V'lU';hrifll1:IJb-iJ:IJ-nU 15, 20, 30 bbiil:: 40% w/w iiin'l!l-rn::i.~'drElv:lGf:IJrifl~dumJi.~ bbiil::fl~ 
'II 'II 

fll1:IJ1~ 1~mb~uv:ltf:IJrifl11:IJb-n:lJ"iJu 15% w/w ~::iifll1:IJ1~bbiil::iifl11:IJU1~:lJlnri~~ iifll1:IJVlUl , 
"lJe.J~bb~Uv:ltf:IJe.Jfl1wlh~ 0.2495±0.019 mm ttlV1fubb~Uv:lGf:IJriii CPM fll1:IJb-n:IJ-nU 60% w/w 

'II 

V'lU'"J1 in'l!l-rn:: djUbb~U v:l Gf :lJriiifll1:IJ bbajj~ ~m~rn::"liWlJl1 e.J r.h~-n~ b ~U i.1Jiifll1:IJ £j~VI flu ndElU , , 
bb~mKn~ltJ bbiil::iifll1:IJVlUl"lJEl~bb~Uv:lGf:IJe.Jr.J1wlh~ 0.676±0.058 mm 

'II 

brlmfitJUbb~uv:lGf:IJriii CPM fll1:IJb-n:IJ-nU 40% w/w rib'Yilnu d::VI':h~i.1Jiibbiil::ii PEG 

fll1:IJb-n:IJ-nU 10 % w/w V'lUl1bb~Uv:lGf:IJriii PEG iiin'l!l-rn::"liU"lJl1 iifll1:IJ£j~Vlr.JwtXe.JtJ bbiil::ii , , 
fll1:IJVlUl"lJe.J~bb~Uv:ltf:IJElr.i1wlil~ 0.860±0.041 mm ~~bUU:IJlnn11bb~uv:ltf:IJrii.1Jii PEG ~~bb~~~ 

'II 

1UdU 14(d) bbiil:: 15(b) ~l:IJ~l~U 
'II 

bbiil:: brl El Vi~ldrnl in 'l!I-rn::"lJ e.J~ bb~U v:l Gf :lJriii CPM fll1:IJ b -n:IJ-nU~l~ 6)V'lUl1ri fll1:1Jb -n:IJ-nu 

15% w/w riiibbiil::i.1Jii PEG V'lUl1ii~n'l!l-rn::i.~Hte.Jv:lGf:IJrifl~dUe.Jr.ii.~ bbiil::fl~fll1:IJ1~ J~Yi iifll1:IJ 
'11'11'11 

VlUl"lJEl~bb~Uv:lGf:IJElr.J1wlh~ 0.1523±0.095 bbiil:: 0.2495±0.019 mm ~l:IJ~l~U ~~bb~~~1udU 
'II 'II 

14(a) bbiil:: 15(a) ~l:IJ~l~U 

~ldl~ 12 fll1:IJVlUl, tensile strength, % elongation at break bbiil:: modulus of elasticity "lJEl~ 

ERL v:lGf:IJriii CPM i~~lU1~tJ,rlV1un~1~ 6) (n = 3) ribdiill 1 iU~l~ 

CPM:ERL Maximum Thickness Elongation at Tensile Modulus of 

Load (mm) break strength elasticity 

(N) (%) (MPa) (MPa) 

15%CPM 21.230±11.114 0.275±0.105 30.71±0.766 3.76±0.936 181.59±17.602 

20%CPM 18.486±1.252 0.366±0.080 202.84±3.791 4.24±0.035 62.77±5.990 

30%CPM 9.297±0.258 0.560±0.090 224.50±18.45 3.30±0.075 42.79±5.610 

40%CPM 2.623±0.066 0.483±0.035 249.54±0.316 2.56±0.051 32.49±0.830 

60%CPM 4.293±0.783 0.676±0.058 17.22±1.01 1.08±0.050 174.94±51.050 

15%CPM+PEG 14.486±2.170 0.181±0.005 94.58±8.279 1.203±0.030 29.58±10.629 

40%CPM+PEG 12.045±1.690 0.860±0.041 4.955±1.32 2.37±0.026 170.11±26.440 
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~aJu1h~~n~"lJe:hm~uvhurriii CPM fl'1laJb"lJaJ-llU 15, 20, 30, 40 % w/w 'V'IUll,h 

elongation at break b ~!J~U "lJm~ri,h modulus of elasticity bb~~ tensile strength ~~~~brla 
i~tt'1wlJa~ CPM b~!J~~~U ~~ii'VI~ltJnl~~nNl'V'1Ull CPM 'Yh'VIulridju'V'I~l~.yji.6Jfb6Jfafbb~~ 

'II 

~laJl~rl"1htJtlfutl~~L'f!Ju1h~~n~"lJa~bb~\l,Yl~aJ1~..(8, 10, 41) lijlnnl~ri CPM bUUL'fl~Ylihtl'V1,rn 
q 

1m~n~~1 (low molecular weight, LMW) ~~~laJl~m-llli.tlbb'Yl~n~'1mh~'VIll~ 1aJb~n~"lJa~'V'Ia~ 
q 'II q 

baJaf 1~ tJi.tl~~bb~~"lJ El~vrU1J~Yl1"lrl unl~b ~aaJ~ anU"lJ a~~l tJ'V'I a~baJaf (polymer chain secondary 

bonding)(18) tt~ ~ ~ 1 'IX nl~bfl ~ a\l,"lJ cl'u 'VI 1 a i.rl ~~'1"lJ a~ ~l~ 16Ji'V'l a ~ baJ afb n~ i.~aJln~u Yil1 'IX'V'I a ~ 
baJaf~laJl~{l b "lJlaJl b ~ElaJ'VI1a~'1aJ~'1nu i.~ IijU i.~bb~\l, YlGfaJYlii~aJu1i'Yll~ bfliinl tJ111'V'1Y1~i.~ ~ a'V'l a ~ 
baJ a fiifl '11 aJ e) a\l,~'1 bbG'l~ ri~ ~'1 i.~~~\l, (3) ~1 aJl~{lYil1 'IX'V'I a ~ baJ aft \l, ~~UUiifl'11aJ ri~'VI ri\l, (flexibility) 

q 

.cf ~ & .c.t • "" ~ ~ 6"'d 
aJl n"lJ\l, b 'V'I aJ~~ tJ~"lJ a-\l nl~~~ tJ~ (elongation) ~'1 tJ nl~~ ~fl'11 aJ'VI U~"lJ a~'V'I a ~ baJ a~'Yl'VI ~ a aJ b 'VI ~'1 

(polymer melt viscosity) ~~,h 1aJ~~~fl'11aJri~'VIriU (modulus of elasticity)(3, 4) ~l'V1fUbb~uYlGfaJ 
'II q 

riii CPM fl'11m-lJaJ-lJ\l, 60 % w/w bb~~~~aJu1ib~~n~i.~bU\l,~laJ'Ylr]MljJ\l,bUUb'V'l~l~'V'IUnl~~n 
~~n"lJa~ CPM 1Ubb~UYlGf!J ERL ~~bb~~~ll CPM i.~~laJl~mb~~~~aJu1ifl'11!JbU\l,'V'I~1~Yii.6Jf 
b6Jfafl~ bb~~ b 'VI~ ~~'VIi1~~Elf111aJ~laJl~rl1 \l,nl~~~~l tJ"lJ El~ CPM Yliitl~aJlmaJlnbnU i.tl1 \l,~Gl~ 

q 'II 

~'hfU"lJ a~ bb~UYl Gf aJ ERL ~~Yil1 'VI'~bb~\l, Yl GfaJriii~"lJl1"1l\l, ~nMm~bbiJ~ i.~ri~'VI ciu ~rub~tJ~aJU~ 
q q cu Q.I 

b ~~n~rib 'VIaJl~~aJ"lJ a-\l bb~U Yl mf 

brla~nMlbtl1tJUbYitJU~aJu1ib~~n~"lJa~bb~uYl~aJ1\l,~lfuriii CPM f111m"lJaJ"lJ\l, 40 % 

w/w riiibb~~i.~ii PEG 'V'IUll ~lfuriii PEG iifil elongation at break YI~laJln bb~~iifil 
modulus of elasticity YI~~ bb~~~fi~nl~~rub~tJ~aJu1ib~~n~rib'VIaJl~~aJ"lJa~"lJa~bb~uYl~arri~ ~~ 

'II 'II ... 

allijbn~lijlnnl~~nt:-l~n"lJa~ CPM 1\l,bb~\l,YlGfaJ ERL Yil1'IX CPM i.~~laJl~mb~~~~aJu1ifl'11!J 

bUU'V'I~l~.yji.6Jfb6JfElfl~ ~~i.~~laJl~rl"1i1tJtlfu'Lh\lflm~aJu1ib~~n~"lJ a~ ERL YlGfaJi.~ bb~djnb 'VI~~~ 
q q q 

.d "" 1 .d ,~ "'tl"" 'VIU~flafl11aJ~laJl~{l unl~~~~ltJ"lJa~ CPM bb~::: PEG 6Jf~'V'IU'11'Yl~ CPM bb~~ PEG aJ ~aJlru. 
..,: ,j' 

aJlnbn\l,i.tl1\l,~~~~lfu"lJa~bb~\l,YlGfaJ ERL ii~~Yil1'IXfil modulus bb~:::tensile strength b'V'laJ"lJ\l, 
'II 

(42-44) 
elongation ~~~-\I 

bb~J~~T~iJbb~uYlGfaJrlii CPM fl11aJb"lJaJ"lJU 40 % w/w riiibb~:::i.~ii PEG rJ~i.~riEl1'IXbn~ 
bb~\l,YlGfaJ CPM 1\l, ERL YI~i.~ 1~tJ'IAllijl~mllijlnfil tensile strength YliifiluatJnll 4 ~~lijlnnl~ 
~fl~ bb~\l, Yl GfaJ 1~ tJrr'1 i.tlfl1~Iij~iifilfl1laJ ri~'VI ci\l,bb~:::fl11 aJ bUU 'V'I~1 ~.yjn (tensile strength > 4.0 

q 

MPa)(18) 

Iijlnnl~~nMlbYitJU~aJu1ib~~n~"lJa~ ERL Vlmfriii CPM fl'11aJb"lJ!J"lJU 40 % w/w 1\l, 

~~1~lfuYI iibb~:::i.:JJ PEG Yil1 'IX'Yl11Ullfl'1laJ b "lJaJ"lJ\l,"lJ a~ ~l~riYil'V\U lri b U\l, 'V'I ~1 ~Yii.6Jfb6Jfaf ii ~ ~ 
'II 

~ a~aJu~ b~~n ~ri~"lJEl~nl~vr~\l,lbb~\l,VlGfaJri1"lrl \l,nl~ultt~ tJ1 ~~J\l,1 \l,nl~vr~ul bb~\l,VlGfaJ ERL 

1 'lXii~aJU1ib ~~nmbG'l:::nl~tl~~tl~atJ tJ1rib 'VIaJl:::~aJ 1~ tJii CPM bUU~1 tJ1~lflrubb~:::Yil'V1U1Y1bUU ... 
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'V'Hn~YiL6JJL6JJerfl'IXbLfi(ihfu~-:JYhnld~m~n 1~~~~~113JL')3J"li\t"lJEl-:J CPM 1 U ERL 1 u~~dCi'hfuJ-:J~ 
'II 

iiLL~:;LaJii PEG Yhnld~m~n 1~~~~3J CPM nu ERL 1u~~dCihfuJ-:J~iiLL~:;LaJii PEG 1u~~d 
'II 'II 

'ill fULL ~ U v:l Lf 3J 'V'l El ~ L 3J El f ~ -:J ii n 1 d tl d:; L n U ~ 3J U~ L i -:J n ~ "lJ El-:J LL ~ U v:l Lf 3J 'V'l El ~ L 3J El f ~ 11 3J 'VI U 1 

(thickness) "lJEl-:JLL~uv:lLf3J ~ll3J'YluCilmLd-:J~-:J (tensile strength) ~ld:;~:;li~ rn "iJ~"lJl~ 
~ 

(elongation at break) "lJEl-:JLL~U'vhf3J"lJEl-:JLL~U'W~:J CPM 1u ERL 

LrlEltld:;LnU~3Ju"~hi-:Jn~"lJEl-:JLL~uv:lmr~ii CPM ~ll3JL')3J')U 15% w/w ~iiLL~:;LaJii 
PEG 'V'lUll ii~3JU'1iL i-:Jn~;;El~ll3J li~'VI ciULL~:;~ll3J dlU'V'l~l ~Yin L'ii'~LaJLL~nCill-:Jnu 1~ mL~~-:J~l 

~ 

tensile strength ElrJ~ 20.18±0.254 LL~:; 6.043±2.348 ~l3J~lciu tB-:J"iJlnnld~fl-:JLL~uv:lLf3J 
'II 

1~~~lLtl~ld"iJ:;ii~1~113Jfl~'VI~ULL~:;~113JLUU'V'l~1~Yin (tensile strength> 4.0 MPa)(18) LL~~-:J 

llJ-:J 2 ~~d'illfULLGf~-:J~3J'1iLi-:Jn~~L'VI3Jl:;~3J LUU~~mn"iJlnnld~"iJlnnld~ CPM ~;11'V1it'l~ 
'II 

LUU 'V'l ~1 ~YiL6JJL6JJElf L,)l Ltl LLYldn<?ll El cid:;'VIll-:J 1m~n ~"lJ El-:J'V'l El ~L3J Elf 1Cil ~"iJ:;Ltl;111 'lXLL d-:JvruJj:;~l i 
'II ~ 

~ d,.... 0 .. 6'. (18) 0 'I ""'" 
bUnldL"1l'El3JCilElnU"lJEhmCil~:;'V'lEl~L3JEld (polymer chain secondary bonding) ~-:J~~b'VI3Jnld 

L~~ ElU"lJ £JU'VI1El Lrl ~ ci1"lJ El-:J ~ld 16!l'V'l eJ ~L3J ElfLnCil LCil3Jlnoifu ;111 'IX'V'l eJ~L3J Elf~l3Jldrl L ,)l3Jl L iiEl3J'VI1El 

dl3J<?llnU L'ii' "iJU L'ii'LL~U v:l Lf3J~ii ~3JU'1i'Yll-:J L~ iinl ~1l1'V'l~~L~1i-:J 1 'IX ~3Ju'1iL i-:Jn~ L'ii'L ".rluL~~lnunld 
1~ PEG ~-:J;11'V1itl'Yhu U 'V'l~1 ~YiL6JJL6JJElf~n"JjiiCil'VIi1-:J 'ii'lun~nld;11'V1itl~"lJ El-:J'V'l~l ~YiL6JJL6JJElfifu 
'V'lUll ~ ~"lJ El-:Jnld~~ld~;11'V1'1Xl~dju 'V'l ~1 ~YiL6JJL6JJElfl U'V'l El~L3J ElftfU"iJ:;~-:J L~13J'VIitl~LCil3Jln~U 
'VI 1 n ii ~l3Jl drl iitl13Jl rn ~ L 'VI3Jl:; ~3J LL~ :;~113J L,)l L U UL del L~ ~ 1 nu L'ii'~nu 'V'l El ~ L3J Elf~ L UU 

6'. I (45. 46) 
eJ-:J~lJd:;nElU 
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1l1'V'l1.l1::ne:JU 14 ~m~rn:: ERL ~~:l-J'Yh~1r.J3JU~1"iJ (48 i'113J~) ~~ CPM ~ll3Jbi3J-n\ul.le:Jfb6)jU~ 
1~r.Jtil'v\,:rn: (a) 15 (b) 20; (c) 30; (d) 40; (e) 60 
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, , 
Yi (a) 15 %w/w of CPM + PEG m~:: (b) Yi 40%w/w of CPM + PEG ~n3J~l~1J 

2.3 n1')t1~~::tih~G'l3JlJ~n1')~~szTlJ,r1 (water absorption) 'lIil\lu~"vhf3J .... 

~lU~3J1J1inl~<iI<il6J!1Jtil (water absorption) "lleh'lbb~Wyhf3J 'J1n<ill~l>'lri 13 bb~~h'l~3J1J1i 
'II 

nl~<iI<il6J!1Jtil"llf)>'l ERL ~Gf3Jriii CPM i<ilthu 20, 30, 40, 60 % w/w 1U~.nl1::~r"l13Jifui3Jvr'YlTI 
'II 

75% (riii~l~~::tn tJ ri3J~1"lJ f)>'l16}1b~ tJ3Jfl~f) b ~~'> 

<ill~l>'l 13 water absorption ri 75 % RH "llf)>'l ERL ~Gf3Jriii CPM i<il~1U1<i1tJtil'v\tt'nGh>'l6) 
(n = 3) rib1~l 1 i'1.J<ill~ 

CPM:ERL 

20%CPM 

30%CPM 

40%CPM 

60%CPM 

40%CPM+PEG 

Thickness 

(mm) 

0.366±0.080 

0.560±O.090 

0.483±O.035 

O.676±O.058 

O.860±O.041 

Water absorption 

(wt%) 

4.39±0.828 

4.72±2.906 

5.41±O.639 

2.57±O.342 

0.97±0.387 
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'V'lUl1 ERL ~rr1JYiii CPM i~Gt1U 30 % w/w ~~i'U.J:1L<il1JlnYi~~ "iJlnnld~m!l-l"lJeh' 
~ q 

(47) d 0 0 "'""" .... ~ • 0 .'71 6' .J' 0 .... 

Lin bb~~f1rn~ 'Yln~1111~1JU~nlWl~6JfUUl (water absorptIon) "lJfl-\lbbI!-JUYi~1J ERL "iJ~"lJummlJ 
~ ~ 

"15it~"lJfl-\lbb~U~rr1J ERL bb~~ plasticizers Yili brimYifJlJ ERL ~rr1JYiii CPM i~Ghu 20 • 30 bb~~ 
40% w/w 'V'lUl1brimvi1Jflll1Jb-n1J-nU"lJfl-\l CPM f1111J~11Jldfllunld~~i'u.J:l~-\lb~1Jifu biifl-\l"iJln 

~ 

CPM ;11'V1U1Yi dht 'V'l ~1 ~fin L6Jfb6Jfflf"15it~~ii f1111J"15flU.J:l (hydrophilic plasticizer) ~-\I ii 
f111:JJ~11JldfllunldfJfl1Jl~.J:l~:JJ~lUL~~ bb~brifllAl"iJldrnl ERL ~rr1J~ii CPM i~Gt1U 60% w/w 

n~u~~i'lJ.J:1L~t'l~t'l-\l bUUI!-Jt'l1Jl"iJlnnld~nl!-J~n"lJfl-\l CPM ~-\lbb~~-\llUdU 14(d) Yidi~"iJlnnldii 
~ ~ 

U11Jlrn1JlmnU"uhtbb~ll.~rr1J ERL bn~nldbb'tnn~1"lJfl-\l CPM lUd~'VI11-\1~lfJ"lJfl-\l'V'lfl~h:JJflf;11 

h~\n~nldbfl~flll."lJiJU"lJfl-\l bb~t'l~ 11Jb~n~ L~Ufl fJ~-\I L~~l:JJldfl~~ intermolecular force "lJ fl-\l~l fJ'V'lfl 
q 

~ b :JJ fl n ~ 11J b t'l n t'l ~ -\I fj ~ "il U n U bb U U if U Gt-\lI!-J ~ 1 ~ i:JJ U d ~ ~ 'Yl tt U n 1 d bb 'V'l 1"lJ fl -\I .J: 1 tf U ~ ~ ~ -\I 
q 

f1111J ~l:JJldfll unld~~i'u.J:l~-\I ~~~-\I~1:JJLU~1 fJ 
~ 

brlmYifJU~1Ju'1inld~~i'u.J:l"lJfl-\lbb~U~rr1JYiii CPM f111m-n1J-nu 40% w/w Yib'Yhnu 
~ 

d~'VI11-\1iibb~~L~ii PEG f1111Jb-nwnu 10 % w/w bb~w~rr1J~ii PEG 'V'lUil~1Ju'1inld~~i'u.J:l~-\I 
~ 

~~~-\lfltil-\11Jln bUll.b 'V'Idl~nld~nl!-J~n"lJfl-\l CPM 1Ubb~U~Gf:JJ ERL ;111~ CPM Laj~l1Jldmb~~-\I 

~:JJ1r~f1111JbUU 'V'l~1 ~fiL6Jfb6Jfflfl~ ~-\lL3J~l1Jldfl"1h fJufUUd-\lfl rn~1JU~b i-\ln~"lJ fl-\l ERL ~Gf1JL~ 
q q 

b~fl-\lfl11:JJ~1:JJldfllll.nld~~t'llfJ"lJfl-\l CPM bb~~ PEG ~-\I'V'llJl1yf-\l CPM bb~~ PEG 'V'lUnld~nl!-J~n 
"lJfl-\lyf-\l CPM bbt'l~ PEG YiiiU11Jlrn:JJlndiuLulu~~d~lfU"lJfl-\lbb~u~Gf1J ERL ~-\lfll"iJ;111~di~l!-J~ 

~ 

'I'll 1 'VIl1Jb~n~ fj~"ilunubb 1-1, uifu Gt-\lI!-J~ 1 ~ i:JJUd~~'YlTI1 unldbb 'V'l1"lJ fl-\l.J:ltfU~~~-\I f1111J ~1 :JJldfll unld 
q 

~~i'U.J:l~-\lt'l~t'l-\l~11J"U<il1fJ 
~ 
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A tf I ~I tf 4J.; tfA I 

2.4 n1~d t~~1:::'YI tUn,lIn GUJ~1l1~iiI't1~~AlH) tiil~ @l~u"U1J'lHH)\I n~1~ (Scanning 

Electron Microscope; SEM) 

~rlEli.'ffh'l~~1tJn~eh'l~~'Yl11~UEh~n~1EltU~iJui.'fa~n11~ ERL wGf:IJ~ii CPM ~11:IJ~"ll:IJ"llU 
'II ~ 

40 % w/w 'V'IUiliiim!l'rn~~~UElUfll~ "1.IEl~ CPM (~~r1~~~V\~tJ:IJ~U~1tJ11) ~UUt:-I~m~'Yl1n~lElci1u 
~ 'II 

bb~UWGf:IJ ERL bii~nl1~~mJ"Jl:IJnU"1.IEl\lElUfll~'V'IEl~~:lJElf (coalescence) ~~bb~~~1u"JU 16(a) 
~ 'II 

~~~~~rlm~~l"Jrnl ERL WGf:IJ~ii~11:IJ~"ll:IJ"llU"1.IEl~ CPM r1b'YhnUb~~ii PEG ~11m"ll:IJ"llU 10 % w/w 

';hii~nMrn~~UUt:-I~n~,r~~~U"1.IEl~ElUfll~ "1.IEl~ CPM (~~'Yl~~~V\~tJ:IJ~U~1tJ11) ~b~~ t:-I~n'1JEl~ PEG 
~ 

(~bV\~tJ:IJ~U~l) ~UUt:-I~mb'Yl1n~111:IJElci1Ubb~uwGf:IJ ERL Elcil~,r~b~U ~~bb~~~1u1U 16(c) ~ln 
'II 'II 

nl"Jl~~"Jl~vi~~~uwGf:IJ ERL ~lnfll'V'1rlltJ SEM 'Yh1~b~Ut:-I~n"1.lEl~ CPM ~Lll~1:IJ11rl~~~ltJL~ 
V\:IJ~ 1 U~b~U ERL wGf:IJ ~'Yh 1 ~i.'f~ t:-I~~ m~:lJU~b ~~n~ ~b~~~11:IJ~1:IJ1"Jrl1 unl"J'YllV\tt'l~~UU'V'I~l~Yi 
L6Jl'~6Jl'Elf"1.lEl~ CPM L~ bb~~ri~brlmv:i:IJ PEG WJ1:IJb"ll:IJ"llU 10% w/w ri~'V'IUn11~nt:-l~n"1.lEl~vr~ PEG 

d x 
bb~~ CPM 'Yl:IJln"1.lU 

~lunl11b~11~vibb~uwGf:IJ ERL ~ii CPM ~11:IJb"ll:IJ"llU 15 % w/w ~iibb~~Lllii PEG 

~11:IJb"ll:IJ"llU 5 % w/w 'V'IUil~lnnl"J~~~11:IJb"ll:IJ"llU "1.IEl~ CPM bb~UWGf:IJ ERL ~ln 40% :lJl~ 
~11:IJb"ll:IJ"llU 15 % ~~bb~~~1u"JU 17(a) b~'YlUL~'V'IU~~n"1.lEl~ CPM bb~~ ERL b~~~~ii~~11:IJb"ll1 

'II 

buub-d'm~tJlnu (homogenouse) b~~~~11:IJ~1:IJ1"Jrl1un11~~~ltJL~~"1.IEl~ CPM 1Ub~~UWGf:IJ ERL 

b~~~brlEliin1"H~:IJ PEG ~11:IJb"ll:IJ"llU 5 % w/w ~~b~~~\I1u"JU 17(b) 'V'IU~nMrn~b~UElUfll~~~L~ 
'II ~ 

~1:IJ11rl1~UL~ilbUU "1.IEl~ CPM I ERL bn~nl"Jb~El:IJ"Jl:IJnU"1.IEl~ElUfll~'V'IEl~b:IJElf (coalescence) 
q ~ 

~uu~~n~~~'Yl1n~lElci1ubb~uwGf:IJ ERL ~~Ju~UUt:-I~"iJlnnl"J~ CPM ~1:IJ11mb~~~~:lJu1i~11:IJ 
'II 

b U U'V'I ~1 ~YiL6Jl'~6Jl' Elf1~ tJn ~ Ln LU ~ ~ bb "J ~"1.1 El~vrU1i~r11"1l'1 unl1b ~ El:IJ ~ El nu"1.I El~ ~1 tJ'V'I El ~b:IJElf 
(18), '1 "" d .., "" VI'" 1'" 6" (polymer chain secondary bonding) ~~t:-I~ bV\nl"Jb~~ ElU"1.I tJUv\1El brl~~l"1.1 El~~11 6Jl''V'I Elm:IJEl1 

bn~L~:lJln~U 'Yll1~'V'IEl~b:IJElf~l:IJ1"Jrlbil:IJ1~~El:IJv\1ml:IJ~lnUL~ 
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(a) (b) 

(c) 

llT"'nJ";i~nmJ16 1l1'Wrl1tJ SEM "lJf)~ ERL vhfaJ ~b~1f.JaJb~1"iJblhl,L1b'11 1 itl~lr{ ~ii CPM fl11aJ 

b-naJ-n\l, % w/w: (a) 40; (b) 40 + PEG 10 % w/w; (c) 0 ~~1l11~nl";idi'Ufm~n 
A 'l; 0 Q.; I 

rn f)rn'V\llaJYH)~ nlb'1~"lJf.J1f.J 5,000 b'Yll 
q 'IJ 
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(a) (b) 

(c) 

.nl'V'lth~nalJ 17 .nl'V'lrlltJ SEM "lJa>'l ERL vhf:JJ~b<?l1mJb~1"ilbUUbl~1 1 iU<?llrf ~ii CPM flll:JJ 

b-n:JJ-nubuafb6J1u<?ll<?ltJ,il'V1,xn: (a) 15; (b) 15 + PEG 5 % w/w; (c) 0 ~~.nll~nl'HfilJfnMl 
m am'VI.nii~a>'l r11i>'l"lJ£J1tJ 5,000 b'Yh 

~ 'IJ 
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2.5 nT':i~fl'lt1 fl1'l"tl~{PJtl~ a tI tl1 a an~J1 n mh..,fJ a3J'W aa t3Jer{ 

"iJ1n";iU 18 n";i1v..J~11dJ~iJvrUlh::Vi11~bUe:rfb~U~n1";iU~~U~fltJ CPM ~11dJb"lidJ"liU 40% 
'IJ 

w/w flfln"iJ1n ERL v:ltfdJrliibb~::11lii PEG rlb1~1~1~ G) ~lJ11~~";i<illflJrl11lii PEG iibUflfb~U~ 
'IJ 

nl";iU~~U~fltJ CPM flfln"iJ1n ERL v:ltfdJb~dJ~ubrlm1~1~hu1u bb~::rlb1~1 10 -i11dJ~ bUflfb6)jU~ 
nl";iU~~U~fltJ CPM flfln"iJ1n ERL iifilb'YhnlJ 22.55 % b"liub~tJ1nlJ~~";i<il1flJrlii PEG ~lJ11ii 

'IJ 

bUflfb6)ju~n1";iU~~U~fltJ CPM flfln"iJ1n ERL v:ltfdJb~dJ~ubrlm1~1~.hu1u bb~::rlb1~1 
10 bUflfb6)ju~n1";iUG'l~U~fltJ CPM flfln"iJ1n ERL iifilb'YhnlJ 17.10 % ~~,rfltJn11~~";i<il1flJrl11l 

'IJ 

ii PEG ~ lJ11 U .... "iJ"iltJ"lJ fl~~ G'l1 ~Yi16JJb6JJ flfrl ii ~ ~ ~ flnl'~'U ~ ~U ~ fl tJ tJl iiVi ~1 tJ u""'''iJ.,)m"liu "lfU~ bb~:: 
U1dJ1 rn"lJ fl ~ ~ ~1~.y; 16JJ b 6JJ flf ~ 11 dJ b"1Yl nu 1~"lJ fl ~ ~ G'l1 ~.y;16JJ b 6JJ fl fnlJ ~ fl ~ bdJ flf37, 48) '1'111 'tXbrl fl 

-W"iJ1";irn1~~";i~1flJ 40% CPM rlii PEG ~lJ1TYr~ CPM bb~:: PEG d~U~~1~.y;16JJb6JJflf~ii 
'IJ 

~11dJ"lffllJJ1 (Hydrophillic plasticizer) rr~fi 1~ tJ~11unl";ib ~dJU1dJ1rn~~1~Yi16JJb6JJflf[~ mu ~1:: 
'IJ 

fl rh~ ri~ d1U"lfu~.yjii ~11 dJ"lffllJti1 fi"iJ::~~ ~ ~b ~dJ~11dJ ~ldJ1";irl1 Un1";itJ fldJ1 'tXti16JldJ ~1U 1~~(49) 

"iJlnn ~ 1n"lJ fl~~G'l1~Yi16JJb6JJflfrib "lil1uG'l~ intermolecular force "lJ fl~~l tJ~ fl~bdJ flf b ~dJ bn~nl";i 
b~~flU"lJ UlJ"lJ fl~ bb~G'l:: 1dJb~n G'l 1dJ b~nG'l~~ ~~")lJnUbblJlJVi~1 dJ G) ~~ ~~ 1 'tXidJu";i::~'Y1fit Un1";ibb ~iii 

q q 

dJln~U n1 ";i6Jlm.h U"lJ fl~ tJ1fidJ1n~U n1";iUG'l~U~ fl tJ tJ1~~dJ1n~U~1dJ1u~1 tJ bb~ ~G'ln1";iU~~U~fl ~ 
CPM "iJ1n~~";i<il1f1J 40% CPM rlii PEG nilJ1u~~rI~";i~nu"li1dJ ~~trUfl1"iJbn~"iJ1nn1";i~lJn1";i 

'IJ 

~n~~n"lJfl~ 1 Ubb~U v:ltfdJ ERL ih 1 'tX CPM 1~~ldJ1";imb~~~~dJlJ1i~11dJbflu~~1~.y;16JJb6JJflf1.~ 1~ tJ 

n1";i~m~1~dJlJ~b~~~11dJ1flU"lJeJ~ CPM rl1ib'Yl~u~ DSC ~lJ11 CPM 1u";iueJirn:ij1ub'Yi1,xurI"iJ:: 
'IJ ... 

~ldJl";irl~~ Tg "lJeJ~ ERL 1~ i~trunl";i~lJ~~n"lJeJ~ CPM 1ubb~wwtfdJ ERL ~~1~~1dJ1";irl"li1tJ 
UflJU";i~~rn~dJ1J1ibii~nG'l"lJeJ~ ERL -wtfdJ1~ bb~::~m Vi~~~wrt~rI~~ ~~ 1 'tXiin1";iU~~U~fltJ tJ1r1~~~~ 

q q q 

fifim~eJ~~11dJ~1dJ1";irl1un1";i~::G'l1tJ"lJeJ~ CPM bb~:: PEG ~~~lJ11rr~ CPM bb~:: PEG ~lJn1";i~n 
~~n"lJeJ~rr~ CPM bb~:: PEG ~iiu1dJ1rndJ1mnu1u1u~~";i<il1flJ"lJfl~bb~uv:ltfdJ ERL ~~eJ1"iJ'Yh1'tX 

'IJ 

b n ~ ~ ~ 'Yl11 Vil dJ b ~ n ~ ~ ~"iJ""lJ nUbb u U~U ~~ ~ ~ 1 iidJU";i:: ~'Y1 fi' Un1";ibb ~i"lJ eJ ~ ti1 trUG'l ~ ~ ~ 
q 

~11dJ ~1dJ1";irl1 Un1";i~~6JllJJ1 ~~~~ n1";i6J1dJ ~lU"lJfl~ tJl~~G'l~~~ n1";iUG'l~U~ eJ tJ tJ1~~~~ ~~~1dJ1u 
'IJ 

'" (50) 
~1tJ 
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0 2 4 6 8 10 12 

fl1l"llb-:::neJu 18 nl'Jtl~<iltl~eW CPM eJElmnn ERL v:lGf:JJ~b<il1~:JJb~~~ (1 itl~1"') ~ii CPM 

fl11:JJb"JJ:JJ"JJU 40 % w/w: (~) without PEG; (0) with PEG 
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~1n1tl 19 n11y.jfl11:JJi:JJvrUlh:::'VI';h-:JbtleJfb~U~n11tl~~tl~eJ~ CPM fl11:JJb"JJ:JJ"JJU 15% 
'lJ 

w/w eJeJn~1n ERL v:lGf:JJ~iibb~:::1~ii PEG ~bl~1~1-:J 6) l"lU11~<il1~hfU~1~ii PEG iibtleJfb~U~ 
'IJ 

n11tl~<iltl~eJ~ CPM e:JeJn~1n ERL v:lGf:JJb~:JJ~ubrlml~1~-hu1tl bb~:::~bl~1 10 -ill:JJ-:J btleJfb&jjU~ 
n11tl~<iltJ~e:J~ CPM eJeJn~1n ERL iifi1b'Yhnu 20_64 % b-n-Ub~~lnU~<il1~1fU~ii PEG l"lU11ii 

'IJ 

btleJfb&jjU~n11tl~~tl~mJ CPM eJeJn~1n ERL v:lGf:JJb~:JJ~ubrlml~1~.hu1tl bb~:::~bl~1 10 

btleJfb&jjU~n11tl~<iltl~mJ CPM eJeJn~1n ERL iifi1b'Yhnu 24.45 % ~-:J~-:Jn11~<il1~1fU~1~ii 
'IJ 'IJ 

PEG ~-:Jl"lU11rf-:J~<il1~1f~~iibb~:::1~ii PEG ~1~l"lu~~n"lJe:J-:J CPM ~fl11:JJb"JJ:JJ"JJU 15 % w/w 
'IJ 

ifU'VI:JJ1~fl11:JJ11 CPM mJ1u1tJ Amorphous form ~-:JbUU1tlbbUU~bb~~-:J~:JJU1ifl11:JJbUUl"l~1~Yi 
'IJ 'IJ 'IJ 

16Jl"b6Jl"eJf ~-:J bb~<il-:J1lfb ~un11b ~eJ:JJ11 :JJnU"lJ eJ-:J eJUfl1 fl~ eJ ~h:JJ eJf (coalescence) 'Y11 1lfl"lU11 brleJ ii 
q 

i<il~lU"lJeJ-:J CPM bb~::: ERL l"leJ~b:JJeJf ~b'VI:JJ1:::~:JJ~-:Jbb~~-:Jii-:Jfl11:JJ~1:JJ11f:l1un11~:::~1~1~'VI:JJ<il 
"lJeJ-:J CPM 1Ubb~Uv:lt:JJ ERL 1U~1fu~:::~1:JJ11f:l~<il Tg "lJeJ-:J ERL v:lGf:JJ1~ brleJ Tg "lJeJ-:J ERL v:lGf:JJ 

~<il~-:J ~eJru'VIfliilfe:J-:Jl"leJ~b:JJeJf~-:Jbtl~~U~f:l1u:::~1n glassy 1tlbUU rubbery ~-:J~~b~:JJ 
q 'IJ 

fl11:JJ ~1 :JJ11f:l1 U n11 ~ e:J :JJ1lfli 16J1:JJ ~1 U 1~~(49) ~1 n n ~ 1 n"lJ eJ -:J l"l ~1 ~Yi16Jl"b6Jl" eJf~ b "JJ11 tJ ~ ~ 

intermolecular force "lJ eJ-:J ~1 tJl"l eJ~b:JJerf b Yi:JJ bn<iln11bfl~ eJU"lJ ~U"lJ eJ-:J bb~~d:JJb~n ~ l:JJb~n ~~-:J ti~-:iju 
q q 

nUbbUU'VI ~1:JJ 6) ~~ ~ ~ 1lfi:JJtl1:::~'YlTI1 un11bb l"l'iii:JJ1n~u n116J1:JJ ~1U"lJ eJ-:J ~1n:JJ1n~u n11 

tl~<iltl~eJ~m~-:J:JJ1n;fu<il1:JJ1tl~1~ 1U"lJru:::~ ERL v:lGf:JJ~ii CPM fl11:JJb"JJ:JJ"JJUb'Yhnu ~eJ 15 % 

w/w ~ii PEG (plasticizer) iibtleJfb~u~n11tJ~<iltJ~eJ~ CPM eJeJn~1n ERL v:lGf:JJ~-:Jn11 biieJ-:J~1n 
'IJ 
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PEG ~1:IJ11{J bb~~h'l ~:IJ'lJ1ifll1:IJ bU\.I,'V'l ~1 ~l1bsnbsnaf"1fi1,~~"1fa'IJJl nl1b ~:IJ1J1:IJ1 rn Y-I~l~l1bsnbsnaf 
~n"iJ::~-:J ~ ~ 1 ~H1~nl1~:IJ ~lU bi:IJln,ru "iJlnnl1~d1~nl'Hfl~ a'\-l,"lJ rJ'IJ"lJ a-:J bb<?i~:: t:IJ b~n ~ 1 '\-I,bb~'\-I, Y-I a~ 

q 

35 

30 

:lE 25 
0.. 
u 

C» 20 '" '<:'1 -:= 
c 

15 '" -:= ... ... 
(;: 

* 10 

5 

0 

0 2 4 6 8 10 12 

l'ln"l ('l1'lt~I~) 

------ ----- ------- -------------------- --- ---- ------ --------- -------------------------.------------

.1l1Y-1U1::na'IJ 19 nl1U~~U~mJ CPM aan"iJln ERL Vhf:IJ~b~1E.J:lJb~~"iJ (1 iU~l~) ~ii CPM 

fll1:1Jb"ll:IJ"llU 15 % w/w: (~) without PEG; (0) with PEG 



.::J 
U'YI'YI 5 

a":lU ~ ~ n''':l';hr U €lllU":l' U bb~ ~11 eH~\-HHb"~ 
~ 

nTJ~m~1~:lJu'1iwn~Jbu'U'V'Hn~Yi16Jfb6]Jf)'f"lJ eh'lflGHlb y.lit'nii'U :lJl~hfl<n .yiii~ fl ERL hw 
b'Ylflitfl DSC 'V'IUll Tg "lJfl~ ERL ~<n~~brlflWn:IJbi:IJi'U"lJfl~ CPM 1wnJflirn~n'U1'U'V'Ifl~b:IJflfbvi:IJ 

'\J ... 

~~,r'U ~."ii'V'Hl ~ n11:IJ fl~l tJflunl1b tl ~ tJ'Ubbtl ~~ ,h T 9 "lJ fl~'V'I fl ~b:IJ flf~~:IJ <nl :IJ'Ylfll!f~"lJ fl~n flf<n fl'U-

b'Yl~b~flf "illnnl11bfl1l::,.{nl1f1<nflflmbuu13,jbi~b~'U"lJfl~f1l Tg .yi1~"illn DSC flU Tg .yiYll'UltJ1~ 
fj' 6' & .. ~ Q.,.ofj' I 2al ,(L,.o 

"illn~:lJnl'mm<nfl'U-b'Ylm~fl1bb~::~:lJnTd"lJfl~ Kwei 6]J~bu'U~:lJnl1fl'U'V'I'(1) 'V'IUll R :lJfllb'YllnU 
q 

0.9606 bb~:: 0.9881 <nl:IJ~l~U '!'Ufifl ~:lJnl1"lJfl~ Kwei ~1:IJ11f1flTIUltJn11btl~tJ'Ubbtl~~f11 Tg 

"lJ fl~ ERL brlflflll:IJ b i:IJi'U"lJ fl~ CPM ~~,r'U 1~~nll~:lJnl1"lJ fl~n flf<n fl'U-b 'Yl~ b~ flf 
'\J 

"illnnl1Y1l run test 'V'IUllf11 Tg .yi1~"illnnl1'Y1<n~fl~iif1l13,jbb<nn~1~"illn Tg .yi1~"illnnl1 
Yll'UltJ 1<ntJ~:lJnl1"lJfl~nflf<nfl'U-b'Yl~b~flf (P-value = 0.06667) bb~::~:lJnl1"lJfl~ Kwei (P-value = 
0.2619) '!'Ufifl ~:lJiJ'1iflll:IJbU'U'V'I~1~~16]Jb6]Jflf"lJfl~ CPM .yiii~fl ERL ~1:IJ11f1flTIUltJ~ltJ'Ylr]l!f~ 
"lJ fl~nflf<n fl'U-b 'Yl~b~ flf mh.,,11n<nl:IJ residual plot ~1~"illnnl11bfl1l::,.{nl1f1<nfl fltJbbuu13,jbi~ 
b~'U"lJfl~f1l Tg .yi1~"illn DSC flU Tg .yiYll'UltJ1~"illn~:lJnl1nflf<nfl'U-b 'Yl~b~flf bb~::~:lJnl1"lJfl~ 
Kwei iinl1n1::"ill tJifl:IJ~ mh~13,jbu'UEi~1:: bb~<n'~11vf\l~:lJnl1"lJfl~n flf<n fl'U-b 'Ylm~flf bb~::~:lJnl1 

'\J 

"lJfl~ Kwei J~13,j~1:IJ11f1flTIUltJ'V'IfI~n11:IJn11btl~tJ'Ubbtl~~ Tg "lJfl~~11~~:IJ CPM 1'U ERL 1~ 
, .-

fl m~ ~:lJU1rn 
'\J 

b'iifl~"illn~fI~n11:IJn11btl~tJ'Ubbtl~~ Tg "lJfl~~11~~:IJ CPM 1'U ERL ~1:IJ11f1flTIUltJ~ltJ 
~:lJnl1"lJfl~ Kwei 1~~nll~:lJnl1"lJfl~nflf<nfl'U-b'Y1~b~flf u~ciii~el'U<n1n1tJl1::'Vdl~ CPM bb~:: 
ERL ~~~fl<nfl~fl~flU FTIR spectra "lJfl~~11~~:IJ"lJfl~ CPM 1'U ERL flll:IJbi:IJi'U 40 % w/w 1'U 

1tl melted mixture iinl1bfl~fl'U.yi"lJfl~ carbonyl stretching vibration peak "lJfl~ ERL "illn 1739 
'\J 

cm-
1 

:lJl.yi 1731 cm-
1 u~uflnii~nl1bn<nel'U<n1n1m~1aJbb-n~bb1~1::'Vdl~ CPM flU ERL ~~ 

~ Q.,.o I d ~ I A 

~fl<nfl~fl~nUfll q "illn~:lJnl1"lJfl~ Kwei 6]J~:lJflllQl<n~'lJ 

"illnnl1.y\ CPM 1'U1tlflirn~1'U~1:IJ11f1~1Ql Tg "lJfl~ ERL '!'Ufifl CPM .yimJ1'U1tlfl 
'\J ... '\J '\J 

irn~l'Ub 'Yh,!'U .yiYll 'VI it' 1.yi b fl'U 'V'I ~l ~Yi16]Jb6]Jflf bb~::~1:IJ11f1,h tJtlfUtl1~ ~:lJu'1i b i~n~"lJ fl~ bb~'U oW ~ aj' 
.... q 

1~ b'iifl~"illn CPM bU'U~11.yiii,tl'V1irn 1:IJb~n~~1 (low molecular weight, LMW) ~~~1:IJ11mi11tl 
q 

bb 'Yl1n il €I cid"::'VIll~ 1:IJ b~n~"lJ fl ~ 'V'I fl ~ b:IJ flf 11Ql tJ 1tl ~ IQl bb d"~"lJ fl~vr'(1)::.yi1 "151 'Unld"b ~fl:IJ ~ f)f)'U"lJ fl~ ~l tJ 
'\J q 

~fl~b:IJflf (polymer chain secondary bonding) ~~(:..l~1iiinld"bfl~fl'U"lJJU'VI1fl1f1~il"lJfl~~1d"16Ji 
'V'I fl~ b:IJflfbn<n 1~:lJln,r'U Yll1 vI'V'I fl~b:IJ flf~l:IJld"m il:IJl b ~fl:IJ'VI1fld"1:IJ~ln'U 1~ "il'U 1~bb~wvhf:IJ.yiii 
~:lJu'1i'Yll~bfliinlwn~.yi~l~ fifl~fl~b:IJflfiiflll:IJelfl'Uilbb~::~1Ql~11~~,r'U ~1:IJ1d"f1Y111i~fl~b:IJflf 
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1 U 1::::UU3Jfl11:IJ ti<ilV'HJU (flexibility) :lJln,ru b v:i:IJ1::::tJ::::"lJ ehml1~-:J ti<il (elongation) ~1 tJnl1~<ilfl11:IJ 
q 

V'\'u'<iI"lJeJ-:J'\AleJ~b:IJE)'f~'VI~eJ:lJb'VI~1 (polymer melt viscosity) ~<ilf11b:IJ<iI~~f111:IJti<il'VHJu (modulus of 
'II q 

elasticity) 

nl1~m!nnl1tl~<iltl~eJtJtJ1eJeJmnn ERL YlGf:IJ~3J CPM f111:1Jb"JJ:IJ"JJU 15 LL~:::: 40 % 

w/w 1U~1111::::ri3Jbb~::::L:JJ3J PEG '\AlU11 rifl11:IJb"JJ:IJ"JJU 15 % w/w CPM eJflfm~'Yl'vhf:IJ~3J PEG 1u 

~<il1~lfu 3JLtleJfb~uGfnl1tl~<iltl~eJtJ CPM eJeJmnmb~uVlGf:IJ~-:Jn11~<il1~lfuriL:JJ3J PEG 3Jf11 
'11'11'11 

b'Yhnu 24.49% Lb~:::: 20.64% <ill:IJGh~u bb~rifl11:1Jb"JJ:IJ"JJU 40 % w/w CPM eJflfm~'YlYlGf:IJri3J 
PEG 1U~<il1~lfu !htleJfL~uGfnl1tl~<iltJ~mJ CPM eJeJmnmL~uYlGf:IJ~ln11~<il1~lfuriL:JJ3J 

'II 'II 

PEG b'V\<iI~~'V\~n ")mj 2 tl1::::nl1~eJnl1<i1n~~n"lJeJ-:J 1UbL~uVlGf:IJ ERL 'Yh1lX CPM L:JJ~1:IJ11f1 
q 'II 

bb~<iI-:J~:lJU1ifl11:IJ btlU'\Al~l~fiL6JJb6JJeJf1~ b<il tJnl1~m!l-1~:lJu1iL -n-:Jfl11:IJfeJU"lJeJ-:J CPM ~1,rL 'YlflUfI 

DSC '\AlU11 CPM lu1tleJirn~lUL'Yhtfu~"iJ::::~l:IJ11f1~<iI Tg "lJeJ-:J ERL L~ ~-:Jtfunl1'\AlU~~n"lJeJ-:J 
'II '" 

CPM 1Ubb~UYlGf3J ERL ~-:JL:JJ~1:IJ11f1·1htJtlfutJ1-:Jflrn~3Ju1h-n-:Jn~"lJeJ-:J ERL YlGf:IJL~ bb~::::~n 
q q 

b 'VI<iI ~~'V\'tt-:Jri~-:J ~~ llX3Jnl1tl ~<iltl~ eJ tJ tJ1ri ~<iI~-:J n~ m~eJ-:Jfl11:IJ ~1:IJ11f11 unl1~::::~1 tJ"lJ eJ-:J CPM 
q 

bb~:::: PEG ~-:J'\AlU11rf-:J CPM bb~:::: PEG '\AlUnl1<i1n~~n"lJeJ-:Jrf-:J CPM bb~:::: PEG ~3Jtl1:IJlrn:IJln 
diuLtl1 U~<il1~11U"lJ eJ-:J Lb~uVlGf:IJ ERL ~-:J eJl"iJ'Yll1 'lXdi<il~~'Yll1 'V\1:IJb~n~ ~<iliUnUbL 'tl,u,ru ~-:J~~ 1'IX 

'II q 

i:IJtl1::::~'YlTI' unl1Lb '\Al1"lJ eJ-:JtiltfU~<iI~-:J f1113J~l:IJ11f11 Unl1<i1<i16J1util~<iI~-:J nl1~:IJ ~lU"lJ eJ-:J tJ1~-:J 
'II 

~<iI~-:J nl1tl ~<iltl~mJ tJ1~-:J~<iI~-:J<ill:IJLtJ~1 r.J 
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ERL 

CPM 

40%CPM in 

ERL (physical 

Mixing) 

-1 
wave number (cm ) 

standard 

2962-2853 

1750-1735 

-1410 

1220-1020 

800-600 

-3030 

2760-2450 

1800-1600 

1400-1300 

1350-1280 

1220-1020 

995-985 

800-600 

-780 

2962-2853 

1750-1735 

1485-1445 

1360-1310 

1220-1020 

1220-1020 

800-600 

test 

2955 

1734 

1450,1388 

1148 

752 

3013 

2434 

1703,1586 

1357 

1205 

1152 

971 

864 

753 

3013 

1716 

1586 

1357 

1205 

1152 

753 

C-H Stretching, alkane 

RCOO - Strong band of ester group 

N-R quaternary amine salts 

C-N Vibration, aliphatic 

C-CI Vibration, aliphatic 

C-H Stretching aromatic vibration 

C-H Stretching, alkane 

72 

C-C Multiple bond stretching, aromatic 

COOH carboxylate anion Stretching 

C-N Vibration, aromatic 2° amine 

C-N Vibration, aliphatic tertiary amine 

CH=CH Bending, alkene 

C-CI Vibration, aliphatic 

C-H Bending aromatic adjacent 3 

hydrogen atom 

C-H Stretching, alkane 

RCOO - Strong band of ester group 

N-R quaternary amine salts 

C-N Vibration, aromatic 2° amine 

C-N Vibration, aliphatic 

C-CI Vibration, aliphatic 

C-H Bending aromatic 2 adjacent 



40%CPM in 

ERL (Melted) 

-1 
wave number (cm ) 

standard test 

2962-2853 

1750-1735 

1485-1445 

1360-1310 

1220-1020 

1220-1020 

800-600 

2954,2686 

1731 

1587 

1385 

1150 

1014 

753 

C-H Stretching, alkane 

RCOO - Strong band of ester group 

N-R quaternary amine salts 

C-N Vibration, aromatic 2° amine 

C-N Vibration, aliphatic 

C-CI Vibration, aliphatic 

C-H Bending aromatic 2 adjacent 
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~ldl.Jbb~~.J Atom and Group Contribution to the Energy of Vaporization and 

CH 

C 

-CH= 

C= 

HC(triple bond) 

-C(triple bond) 

Phenyl 

Atom or Group 

Phenylene (o,m,p) 

Phenyl (trisubstitued) 

Phenyl (tetrasubstitued) 

Phenyl (pentasubstitued) 

Phenyl (hexasubstitued) 

Ring Colsure 5 or more atoms 

Ring Colsure 3 or 4 atoms 

Conjugation in ring for each 

double bond 

Halogen attached to carbon 

atom with double bond 

C03 (carbonate) 

COOH 

CO 

o 
the Molar Volume at 25 C 

llei 

call mole 

1125 

1180 

820 

350 

1030 

1030 

1030 

920 

1690 

7630 

7630 

7630 

7630 

7630 

7630 

250 

750 

400 

-20 percent of 

llei of halogen 

4200 

6600 

4300 

4150 

llVi 

3 
cm Imole 

33.5 

16.1 

-1.0 

-19.2 

28.5 

13.5 

-5.5 

27.4 

6.5 

71.4 

52.4 

33.4 

14.4 

-4.6 

-23.6 

16 

18 

-2.2 

4.0 

22.0 

28.5 

18.0 

10.8 
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~l1"l-\1bb~~-\I Atom and Group Contribution to the Energy of Vaporization and 

o , 
the Molar Volume at 25 C (~e:J) 

!::lei !::lVi 

Atom or Group call mole 
3 

cm Imole 

CHO (aldehyde) 5100 22.3 

CO2 CO2 (oxalate) 6400 37.3 

C20 3 (anhydride) 7300 30.0 

HCOO (formate) 4300 32.5 

CONH2 10000 17.5 

CONH 8000 9.5 

CON 7050 -7.7 

HCON 6600 11.3 

HCONH 10500 27.0 

COCI 5000 38.0 

NH2 3000 19.2 

NH 2000 4.5 

N 1000 -9.0 

-N= 2800 5.0 

CN 6100 24.0 

N02 (aliphatic) 7000 24.0 

N02 (aromatic) 3670 32.0 

N03 5000 33.5 

N02 (nitrite) 2800 33.5 

SCN 4800 37.0 

NCO 6800 35.0 

NF2 1830 33.1 

NF 1210 24.5 

0 800 3.8 

OH 7120 10.0 



<ifldl-\1LL~~h'l Atom and Group Contribution to the Energy of Vaporization and 

o , 
the Molar Volume at 25 C (<iff) 

Atom or Group 

OH (disubstituted or on 

adjacent C atoms) 

SH 

S 

F 

F (disubstituted) 

F (trisubstituted) 

CF2 (for perfluoro 

Compounds) 

CF3 (for perfluoro 

Compounds) 

CI 

CI (disubstituted) 

CI (trisubstituted) 

Br 

Br (disubstituted) 

Br (trisubstituted) 

I (disubstituted) 

I (trisubstituted) 

calf mole 

5220 

5000 

3400 

3450 

3380 

5700 

4500 

6800 

1000 

850 

550 

1020 

1020 

2760 

2300 

1800 

3700 

2950 

2550 

4550 

4000 

3900 

b.Vi 

3 
cm fmole 

13.0 

28.0 

22.7 

28.0 

12 

23.0 

27.6 

31.5 

18.0 

20.0 

22.0 

23.0 

57.5 

24.0 

26.0 

27.3 

30.0 

31.0 

32.4 

31.5 

33.3 

37.0 
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<?l1d1..:J bb~<?l..:J Atom and Group Contribution to the Energy of Vaporization and 
o , 

the Molar Volume at 25 C (<?la) 

6.e i 6.Vi 

Atom or Group call mole 
3 

cm Imole 

B 3300 -2.0 

AI 3300 -2.0 

Ga 3300 -2.0 

In 3300 -2.0 

Ti 3300 -2.0 

Si 810 0 

Ge 1930 -1.5 

Sn 2700 1.5 

Pb 4100 2.5 

P 2250 -1.0 

As 3100 7.0 

Sb 3900 8.9 

Bi 5100 9.5 

Se 4100 16.0 

Te 4800 17.4 

Zn 3460 2.5 

Cd 4250 6.5 

Hg 5450 7.5 

.., 0 I (27) 
(<?l<?lbbu~..:J,,\)1n<?l1d1..:J"lJa..:J Robert ) 





llTV-flJ1:nmJ DSC curve "lJEh'l CPM Lb~~h'lfh Tg "lJEh'l ERL bdElii CPM 

1 t.bi~~lt.bbi.l E1fb~t.b~1~ mtTv\,xn~h-:J 6) 

WgA-I !&13[ AGM:ERL( 10:90) 

0\\5 

GM:ERL(IO:90), 14.3(0) mg 

o. 0 

O. 5 

0.0 

-0.05\ 
Glass Tr ansitlon 
en,.,t 49.56°( 
Mdpolrt 63.69°( 

-0.10 

-Xl n Xl 4n lin An 1m lXl 140 1m or 

Pharmaceutical Tech. SWU: METTLER STAR' SW 9_01 

1l1'V'Hb~~-:J DSC curve bb~~-:Jfh Tg "lJEI-:J ERL bdElii CPM i~~lt.bbi.lElfb~'\,\,~l~~,rl'V1,xn 

(10%w/w) 

79 



WgA-l 1&]3["CRYI:ERl(20:80) 

r'l 
CRYI:ERl(20:80), 12.2100 mg 

0 5 

O. 0 

O. 5 

O.Op 

-OO~ Glass Transition 

t-- Onset 38.18 "C 

• Mldpolrt 54.71 "C 

-0.10 

-?fl n 20 40 6CL 00 _100_ 120 140 I f{1 Of': 
Pharmaceutical Tech. SWU: METTLER STAR· SW 9.01 

lll'V'Hb~~h' DSC curve bb~~h'fh Tg "1JEl~ ERL bflElii CPM i~~1UbllElfb~u~1~mtl'v\,xn 

(20%w/w) 
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"exo 
WgA-l 1&]3[ ""C>'M:ERL(30: 70) 

[. 
C>'M:ERL(30: 70), 14.4500 mg 

0 0 

O. 5 

O.C 

Glass Tr<nSition 

\: Onret 22.60"C . Midpoirt 36.200( 

-0.05 ..,.. 

-?rl n ?rl 4() nil An 1m 1?rl 14n 160 ~ 
Pharmaceutical Tech. SWU: METTLER STAR' SW 9_01 

1l1'V'-lLUWh'! DSC curve LL~(~h'!~h Tg "lIEh,! ERL LrlEdj CPM io/l~1'j,\,Lt1ElfL~'j,\,o/I1o/1~~l'v\un 

(30%w/w) 
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"exo 
WgA-l 1&]3[Ci=M:ffiL 

Ci=M: ERL, 11.820) mg 
I~ 

0, ° 

0, 5 

0,( 

\ Glass Traosltlon 
Onset 16,38 "C 

-0,05 Mlq,olrt 27,35 "C 

-0,10 

-?fl n ?fl 40 no An 1m 1?fl 14n 1 ffi or 
Pharmaceutical Tech. SWU: METTLER STAR' SW 9.01 

111'V'1bb~~h'l DSC curve bb~~-\lfh Tg "lJEh'l ERL briElii CPM i~~d'U,btlErfb~'U,~1~tJJ'TV\,rn 

(40%w/w) 

82 



Aexo 
WgA-l 1&]3[(HvI:ERL(SO: SO) 

( 
(HvI:ERL(50:50), 11.43OJ mg 

O. 0 

O. 5 

0.( 

\; 
Glass Tnnsitlon 
Onset 8.47 "C 

-0.05 • Midpain: 15.44 "C 

-0.10 

-70 n 20 _4Cl 60 80 -.illl i2!l 140 160 ."C 
Pharmaceutical Tech. SWU: METTLER STAR" SW 9.01 

.nl'vm~~-:l DSC curve ~~~~-:lfh Tg "lJeJ-:l ERL ~rleJii CPM i~~l'l .. mJeJf~41'\..l,~"1~tJ,rl'l,nrn 

(50%w/w) 
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"exo 
WgA-1 1&)3[CRV1:ERL(60:40) 

[, 
o:M:ERL(60:40), 12,3300 mg 

0, ° 

0, 5 

0,( 

\ Glass Transition 

, . O"lset 5,77 "C , Mlc\:Joint 9,17 "C 
-0,05 

~ 

~~ -
-0,10 

-?() n ?() 4n f'l1 An 100 1?fl ...1<10. ...16Q--"C 
Pharmaceutical Tech. SWU: METTLER STAR" SW 9.01 

111'V'lbbGf~h'l DSC curve bbGf~.;jfh Tg "lJEl.;j ERL briElii CPM i~~"d'\.tbUElfb~'\.t~l~£.JtiTv\ibn 

(60%w/w) 
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WgA-l 
1&]3[CI'M:8l.L(70: 30) 

(\ CI'M:ERL(70:30), 8.720) mg 

O. 0 
I 

O. 5 

! 

o.ob 

\: Glass Transition 
O1set 7.50 "C ,. . Mic\Joint 11.65"C 

-D.05 - , ..t. --
-Xl n ?iJ ~o 60 sO 100 120 l~O HiO "C 

Pharmaceutical Tech. SWU: METTLER STAR" SW 9.01 
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