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l!ffl'19!191 

.Uthoup pelJalJr••• 1• • relattYely •• •••••1•1 
t.te, it ha• lteen nowa ,o aoteaoe tv ner • llu4nC ,-ar,. 

. •··· -
P•lJ'•tyr•a• 1• a pol7Mrl••• ,re4uet ot th• •••1• tua••Ml 
utl or aonomer, atyr•••• la detialag the •••Ill. of U&l• •••• 
•• _lent pol,-r1zat1oa aboul4 be ••ll.•4et1a•4• 

Th• tua•••atal polymer1ut1•n r-.et1oll ••• toftl4trU , • .., 
o•1••4 es the ••lt-aa41tton •t •Jeble d nob 
aotton wllereln J)l'1mar, valanoe for••• are taYolYN 1a I.la• "'81••·• 

The Wel'4 JOlJINU' ••• 1Dtl'Od\lON _, Jerul1Qs <•) ••rlJ' a ·•-

tury •c• to nooea1z• th• taot Illa\ two •••JOuncl• •1 u-.• \Ile 

••• eheaieal ,u, 41ttereat aoleoular ••la,,,ta UC he 

elaaa1t1N pol7urlea •• a apeo1al IJpe ot 1a ... rt•• ht 

oe.ntlJ with the a4••••• 1n the f1•14, lb• abo•• ,et1a1t1oaa te 
not aal1at7 rational a1D4a. 1, 1a aore praot.ioal .-« •••tul. aaC ,· . 

•l•• aere ooaa1a,ea, wt tll aowal v.nc• • ••tl• polraei-1aa,1• 

•• aa, ehMical ooab1aat ton of a auaber o t a1a1lar •leoul.ea le 

ton • aingle aol••11l• <•>. ftere are nwabel!sot 41tter••• ••1• 
ot polyaer1za\1on. 

fll• atyrene whlell bee••• polJ•tJT•• oa JOlJU.a-1.&atloa 

tall• wtthla oae ot the•• lf'Ollpe of polJ11•r•. It ta au'ba11,u-

t1on ot 1t,·zieni ,-t 1a ~• ethJl••• croup. 
Like other oo'talent ooapounda, the pOlJ1Ur baa •l•o\llftt 

w ,,i ;:;g ·t.i;,11 end tt th• aoleoul• • are yer, la r• • 11 la a hlp 

polymer. l'he hip polfll•r la a pu.ra fora 1• not taowa thougll 

the lapor\aaee ot \he aubatano•• 1• 1nor•••1nl Yery ra.p1dl7. 



Both the ae1n.ara.l end 117nt1u,t10 h1ah ,ol7mer10 au\uatuna are mix• 

tu.re• (:U.}.; 1a4ivt<hual •leoulee •F titter in •1••; tba\ t •• la 
the ruamb•r ot r•peating monoatilr @1b wh1oh. 1a ottea Nlle4 the 

4epee of polJDleriut.lon. It aleo differ• 1n. u.ai- &ad .-... 

time, 1a oheaical oomixu,1 ·uon. The •1•'-• •t the hlab polyMr1o 

&'1.batanoea •Y, however, l>• hoae1e11eou 1n all reapeeta but the 

ulecula.r e1se. But. ,ae ••r1 ••••ropna1 tJ ot •• pQJ..,u, 1a of 

utmost 11.Lporta.1uu1. tll.• psouliar proper11•a oz _.h au.1,a,aae•• 

•h1oh aka \h.ea, •• a olou 4ittereni troa or7atalliaa aoao-
&•A•oua MMr1ela • are O.m w \he h•\eropu1,, of the •1••~ 
1u,1~t. Sinoe N1n& aoa-un1tora, 1ke, aJre 1nt1at Nl.f Yui.&1"1a. 

?be •l•oular ••1cht 41alr1bu.Uoa of a ll1p pol.,-r tor example, 

•1 Y&FJ tRa ••pl• to uapl.e; wi't.h natural protwate ,, tep.._,s 
oa lbe eouroe ct th• • ter1 el , with a ,a 1Ut• t .t.u, M lhe 11eaod at 

_pre,ent1ea, au • 1th both u l)l'n1ou tr••••t au.a •• pur,1t1• 

eat1oa1 bltuaohing • •1lliq. Taeretere • 1n ta• lat•l"'Pff• ttoa 

aad ••• ot • MeffllrfKt value cf ••1 pl"o,ertr, that S. • t\lution 

of •leeula;r ••iabt auoh ea o-.ttc J»rEUHIIUh or 9olu.Maa t,1.., 

ooei ty, it aua t be oleu11 r•ooeatze4 t. two ••'1• g1 v1Dg tbe 

same •~lue may yet be very ditfor~n, in other respeeta b•o••• ot 
n. 41ffar ,nt molecular 11ize dietr1but1on md that a "aoleouler 

weight" oaloulated from aioh a v&lue will be merely an averap 

1'&l Wt. As nu,y of the 1nduatr1ally 1m.vartant propert1ee or hip 

polymers l1k•w1aa deper.ui on the shape or the 41atril,at1oa ourTe, 

1 t ia highly imr,ort1u1t that me th.ode be ave ilabl• tor 4etera1aiq 

the molecular t;eipt 41atr1but1on in the heterogeneo•• material 

w1tbo~t neeesaarily aeparatiq it into homogeneous tnot1ona and 



tor pr•par1ng rraot1oas at l$.a,1:1 t approaeh1n& lu,mogeae11J w1 th r•-

at to moleu-u1lar 1ut10t • ia el"dR lo max• i, JM1u1atbl• to 4eter-

m1.n• the ll'wt r@lation between • gt.Yen ,rop•ty -.Cd aoleoUlu 

weipt.. uv.ob traot.iona'tioa • thod s, tertt.1Mlt4 y • ••• IMMa ad 

are luuq <t•••lope4. oae of the -.., w14oly UH4 aetllote now 

tor th• tnotioaation, ta ~• tnotl•ul preo1p1tat1oa Millot. 

It was ueM fop puritieat1en ot Nllber but new 11 1• ttetaa .. 

ploye4 OD na1nJrel •• well •• •P••tio ,-1111eN hf' ttaets- ee,era-

tiaa tnlo cUtt••••t trutlone «uu,oriB. tng to thelr «..-.• et 

polJMPtaatton. !'heh al'f!! snenl different •tlloda .r •V'filll 

out the treetloMl preot.pitatloa. 11.e _. ,hat •• wu;t «vtn1 

thts ••rt ta baaed oa the pPtnotpl• tlal tile 41atrtwttH. • .., 
etf1etent «•"'8n4e 011 ulec111.- we11111. In tk• •thod the be1er-

ogeaeo11a pclymr, pol:,11t7nne, wu. 4leaol•et la a 

suitable eolYent aad lbea partially JN1'1p1tatM w1'tll e tntllaltle 

noa•er,lTeat. file preo1p1 ta., •4 :pllaae, Wtiioh tu'8lne4 tl• ~lp 
molae\llar -•lgbt fnetin, aa4 lh• •up1Paa,aat aelutto WeN 
aeparatet ~, duantat ton wt tluna, oeatrtn11a«u a..- or Ille pelJ-

mel' was lb&B preot p1 'kt.•4, en4 ue :prtHUtdurs •• n,ealed, 



....... 

rtibl>er belie<t84 to cou 1~ t Gt ,~o OOll:fHlW\Cla, oaa •J.u:~l• 
and one 1niJohtble in ora•n1o aoJ.iv,uit ( 32) l 't ••• a•pan\ed 1n\tia 

traot1cu1a 01 tbe metboc. ot t»Xtreet1oca. 

Jr&ctional preoip1tet1on is o.u or ihe m1.u$ w14e11 ue4 

athoda tocb,y tor the aepar~tion ot a,a~httt1o polJMr• £11:to 

dittenu1t tr~ ot1ona &.oeor<lin.& to the 41t:fa.rent 4epee ot ,ol.r• 

••r1::at1oll 1n ihtt ·••ple. It YIU first WUld tor 'th• par1f'10&'."I" 

t1oa ot tht1t polJm«n•, e:w.d l»eeue y,ary p-opular 1n t!e tleld ot 
eellulofi'le. Later 1 t ·uni tak.en u.p by S'teu<liqer ~:14 bis oo• 

worJurrB and. ••• ~ppl1!!d to I n,unbtr or ditf,u."'0nt 11ynthet10 

polymers. In l tP9 ( 29 ~- nport•d 0 trcui t1ontH,1oa at poly-

styrene that 1~ or @peeial lntere~t beo,n,ue the prtut1p1tat1oD 

••• •ff~u,tod by ~n exce~a of aol ••nt. L•te.r on about ltf,O, 

'''h1tb:Y(30)dttBcribeid tbe tr~ctlonal pre<t1r>1t•t1on ot pol7et7rene 

:rro,a benzene solution. He 1.uutd the oonoentmtton about 1.5 _p9r 

oent and used alhi'ii!nol as non•f.H>lYtutt. BJ this •thod, be •• 

ahl• to gE)t six tmot!<"H'Ut,. The ides beh1nd 1-'e work oarried 

out by 

heterogeneous. Th~ m.ol.tH'tular tttt1gbt ot tb- •uaple ued by w1s1,by 

varied trt,m 4400 to 900. Att~r ttu1tt • 1n l9t4, a atudJ ot the 

frf.letionftl preo 1 p1 tat 1,,n ot pol78tf:Nn1e wat1 made bJ neaii ( 7. ) 

Ho tri@d to me•stU"e the v1soos1iy o.r th• tr:>Jtot1<:Uls tn ord•r to 

4etermln~ the degrt.H~ or polym,artzat ion. He apluaaiz•d the temp«u•-

l.\'t'-lr11 dependeno~ of th.et solttb 111 ty. His sc,lven, w•s beruuu.ie and 



• I• 

preotpit&11t, waa a mixtur• •t ••lhauol a.nd acetone. Sohula (-<'-ifl 

in 1036, obtained tract1onatioa ot polJatyreu uatnc ethJl 

me,byl ketone as solvent and methanol ea the preoipltant. H• 

was able to obtain aeven trao tiona. In the aame year, Dobi':J 

anti Schwab( 8) traot1onated polystyrene ~-1 ih •thanol trom 

't'arioua solvents. The 1dea waa to get froetton• tor ONlQlaetrio 

and 't1aoome,r11' atudy. In lt'8, .UtreJ, Bartovtca, and. Mart (1) 

traot1onated polyatyrena tor ~•matte preae\l.N and zr1acaoai'Q' 
11.easurementa. Tt.e teaperature dependence was oaretullJ obaen-

ed during the proceaa to get equ111-r1ua oonditton.a durtq pre-

o1p1,at1on. This gave homogeneoua traot1one. 



Pol.yat,r«uu1. d1aoOYe:red about; a hunct:red years aeo by tmon(29C) 

l'Ui8 flUh',IUi r•d OCH) !!i1dere bl~ t•ohnic&l import an•• in N08Dt Jli) e.re 
-btH:tetrn~ i t:s dieleot:rio ~roJH";tl"tie1 a.re auperior to those ot ~DJ' 

other na tur~.l or ~ynthetio rea1.n. Tht! initial au1:u.,Uincu1, elJNDe 

(phenyl ethylene or vinyl bn••-), 1• PN'Pfl?'ff CU>-J"Giellf 

fro• benzene and •thyl1iu1• Whleh u1 le to tors eihyl tutr.ia•n• 1'1 
(19) 

preflien.oe ot & cetaly,rt, aluminunt ohlortde. n a hllb•r h1tpe:ra-

tvo ethyl bensene :may be deeoapoaed. in the P"••••• ot suitable 

ooataot cu1tal7ats lnto st,rene and hydrct1•n 

c0H6 + ca11, -"> c6n6 cH2CH3 

1 

St,reu, C ,x,oa : ca1 , pcl7Jlflr1aes 111 the 4ark, uN n pictly ta 

the light end at hlpe:r t••~ntv$. tc torm the eaaia-,el,a•r•. 
' \'Ol.J•inane. ft1e •eeme to be 1nari•1:,ly &110r,tu,ua, alUaoaah 

Keir ( 16 Jrepoi-te ,hat atretohed ,olyat.1reae aao• a ,raee et l•hJ 

dittl"aetion pattern. T~• Yi rwal eluu~ne• et u X°•l'llJ pattera 
•UCJtuit• that the eo11po1.uut tuui an 1rr•cull'iU' a\11utve wh1th mar, 

perhaps. bo :rapreaented in tb• f@llow1q ••r (waare I 1a a Jh•a7l 

CNllp) 

-CHR-CHR-ca.-ca .... c,m-CH1•CUl1• 1. 

rathf)r tlHH\ by the formula 

2. 



J\p1n 'th1 iutt;U:mption is tha f aot di l!o@'fe,J'ed bJ ;~taud1RC.6l" C~8) 

tl'.i~t. i,hJ:rins d~cH.napoid.tinn by htat1ng ("oracktn,; ), oal7 trea-
ments in iOh Gl\f" cu1d Cfln•groupa alter~ t• aro obta 1n•4, tor 
exa11ple, 

out nev@r r.rf4i••nts in vihich phenyl groups are aitaoluu.t lo a4J•• 

oen't oarbon a toms. 'tthis argw.m t 1e l:h.lt oonel1.uai ve, iu,we'fer I a1nce 

lt is c.oncei'fable 'tbli\t linkages or the CRR•t.111 tJp• a:te aore 
staole than tb.ost ot the oim-::.1:iR typ• 1 ., that the lalie:r are the 

r 1rat to b~ d.•~troyed in oraek1ng. The irregul~r elruo\u~·• 11 

llllll\Uled. by ~t4liuding@r to be Clue to tbe urop.lar 411tr1 •lion ot 
optical 1u1t1poden along tt1'6i oh~in. !'t 1a 1mposa1bla a, '1\e pn-

t 1on whether rJr not polystyrene 1a a true hoaopol,-r ••t be 

left op1in1, 

Hi1ith•1mlymerto p,:,lyatyrem (molecular ••iah't !"'OO,ooo-zoo,ooo) 
0 softens et temperatures up to 180 o. ar.u1 •1 11u.u1 be worked 1nlo 

a'.!:u,~ b7 nml41n« or oostiq under pre•aur•. Th1' Jroduol la parti-

cule:rly tUh\ful tor el ~ot:ricfjl purpr.uuu, owtng iO lts 1r•t N•l•'• 
anoe to¥<ard o.hemioal •a•nt.a and its bJ8ror,l:u:>ti1e m ture, ,utber• 

mor•, the v11u~ble d.1electr1o prop;itrti\Ja, ree\llt.1q t:roa the ab• 

111.1uice of polar groups, Ui~ 1sotl"op1'o eleotrtcal aharaclor Wld the 

abs~nee of 1llhGmoaene1t1ea ot texture r•der it superior to 

erystf£lline su.b«rtanc••• It v-iioUlt'i. be d1tf1au.lt to obtain 11.-terial 

au.perior to 1iolystyrene 1:n this ritsp,et. 

'the ebov• typi!l ,)f polya.ui,:-·1zl'lt1on L,o. th~t or polya\yr«uu, 



fall• 1n one ot the two maJor typea ot polJ119rtr.alioaa, tae 

ti.rat b•in« oon4enea,toa po1J'lftwiaat1o• fl• 1ee.ff8l •1••• ·•t 
I 

oondenaatien pelymeri'latton is reJr•••nted '7 'llle •••••lei! 

!n the termula x-R-Y 11 a 'bitunc t tonal ractloal eat! X at Y •r• 
tunottonal grou•• ~opable et reaotlna wtlh •••h etJa• le tera 
the kn.own funottonal group z. Thu it X t• -HO- aat 'f ta 

-c~o:R-, 1, •111 be -co-o-. '!'hit ooapoun4a X•R• Y ••• tel l•t It• , 

tunetional oempounda and thetr reaolt•u ••• btt~M11eU1 Naotl•••• 
leacltona at Ille type -R- •• T•R'•Y- 1!•4101, aay M tae111t .. " 
ln thta al•••• 

The oti.r 'tJP• ot polym•r1ut1ea 11 al411loa ,.1,-•lull• 

ot uaalura\e4 •••powuta. fllua C•h•• (1) •'•••• lllel "'•• tN,.r-

ty ot ua4eraotna polJ'Mrlzaiion 1• penllu te uaal1lhtll ffa-

poun4a, troa a natural tendency to aatvate ,h .... l••••• a. tar 

•• the toraatton ot •ter1ala ot htp mol•wler ••llbt ts ••••rn-
e4, auch reaat1ona are much l••• elear•cut then btt'anntoaal ••• 
l•naa,1one, tor the latter 1nvol•• only ,he ap,lteatten ot •• 
mown rMottona or tyntcal. tuncttonal greupa, aa, the 1tnera1 

structural ple.n or the ~roduot •Y t,e 1nf'•rret1 ~tnotly tll'lta ,,. 

alruotur• ot the atari1ng material." Polystyrene tall• 1n lhe 

Vinyl type or ~oly•rtzatton. 3ubat1"'-ted ethylen•• ot the,,,. 

CH1• OH-R, in which R 1• a aeptiTe ~up, polynaertse mort r•tilJ 

than does eth7lene 1teelt. The 'beha·,·tor ot alyrene •1 h tana 
as ty:pteal of th1• group. The pol1•rizt1t1on 1• oarr1e4 on •• 



explained in the beginning. 

Poly•t1r•• 1e not a detln1te material having a ooaaiant 

aet at properties. 'By na,e•• method 1, 1• prepued 11 •• 

be ••pa.rated by rraottonal exino,1oa or pr•o1p1tat1oa into 

traotioaa hal'if.11 the ••• ohtunioal oeapoal tion bu\ cUttereat 

prol)erties and molecular Y<ei&h ••• Th• lower •••r• ue na411J' 

aoluble 1n ether and the h1gbeat ••••r• are q_u1te 1naolv.t.le. 

Th• apparent molecul81" ••1&b'• rue• trom 1000 to 10,000 er 
more (perhapa as high •• F00,000). ill th•• tnotlou are 

soluble in benzene and the :'1aoos1 \y ot Ille aolution.a 1aor••••• 
prognae1"fely '11th tnoreaetns aoleoul• wetghl. Th• •••r•-

•l•oular weight or the crude polJMr 4ependa upon the 001141 tlon• 

ot ita tor•tton. Tho•• tor•d TRY ra-pldlJ', e.g. b7 the aollon 

ot beat at ht&b temperature or by the aotton ot alannio ehlort«• 

at ordinary temperature, he•e relet1Yel.J' l01t moleoular ••lchte. 

'l'hoae tormerl more alowl7, e.g.; by apontaneoua pol7Mr1sat1on 

at room ,eaperatu.re ha•• muoh hlgM.oleoular ••1&h •• 

Th• polyatn•a•• baYing moleoular weight• abow 10,000 ab.ow 

oolle1uJ.. )ehe•lor; they •••11 before 41aaol'f1ng an4 tile ,'J1leooa• 

tty ot their aolut1on ta ••r1 high. ••••rthel•••• there la oon-

a14erable ••1d.enoe to ehow that these solutions 8N ,rue moleou-

lar 41apera1ona, and that the moleoule and the oollo14al parti• 

ole are 1dent1oal. (2'1) 

Chem1oally the polyat7rola are completely aelurated. They 

do not decolor11e permangena te or absorb bromine. Under 4raet1o 

cond.1 tiona they oan be aamplet3ly hydrogenated Without any aia• 

a.1t1oant ehange in molecular \'?81,;bt (?."I). On being heate4 to 
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about zao0 e. they r•Y•rt 10 '11• 11.011a•r at1•••• It 1• 4Rl>t• 

tul it th1a reveraion 1a e'fer quau1.t1,a,1ve. 

The polymerization · or vinyl ooapounda la enormoualJ 

auaoei,ttble to oatalytie end anttoatalyttc etteot1. a.et also 

aocelaratea the polymeriu.t 1on.. aJlil 1n a.-ral th• •" ,rap1"11 

the polymer 1• torm•d, tile lOWtd' 1• ,u &Yer•- IIOleOlllar ,rel.pt 
ot the product. Oqgen u4 pei-oz14•• are oatal.J•M•. UMI •"10tt-

:Jidanta ar• 1nJ11b1 iora. L1&ht, eapeo1al.J.J the •orkr • .,.,. . 

length• ot the v 1 ai\>le ape otrv.m. ••••l•n. t• s the P4)i..,...r lu• 1M., 

It ••••• tba t polJll.ltrize.tioA 1a aot a fQn•U•• at •n•ttl<I.• 
line aubatanoe witb UA1torm aoleoul.ar weip\, -•• ia.'11• •••••l• 
i1on or the mooomer1o unit to tor• a l.oq •••1• ,-1,..no uit. 
Ot oour••• aucb a toraat1oo oaane\ bt u1t•r• aM •• • •••llll 
the pol7•r 1• a noa-unit•:ra he'tergeneoua prod.uot ot loq ohata 

110lecul.M no1i all ot wulob haY• .U.• ••• aoleo'1la• •ti.pt .. Ia 

oi-cler to aepare\e ta• oulaa ot the 4esi.r•4 J10leftl.&I' ••1-ll' 
tr110~1ona, 1t 1• neoeaaa17 k> 4ev1ae alll la-.••''••• nlllt\l• · · 

••thoda tor rraot1onat1on ot the ... pl• 111,0 V&• f1'8ttittn• Jle•1ng 

the aame aoleoulu weip.i of •h• ..,.. tecree ot pelratriaa,1•• 
The methOda 11ae1d u:p '° tM present time t•• ,i.e t.reo\leaa-

tion ot auoh polJ1Mr1o aubstaaoea aN, in a•ua.l, aS.s. 

Th••• d1'Y1a1ona are Tery b,._4 Mtl ...,._ ot ,ae •••o4• are ••li>-
d1 v14ed. Th••• method.a (ta)•r•: 

(l) Mol.eoular d1at1llat1oa 

(!) Ultrat1l1irat1oa ta.rough cra4e4 ua'braaea 

(3) Ohromatograph1o adsorption 

<•> Ultracenlrituce 
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'fw baaie ~i neiplo oa wti.iah Ike eepa.r~ t.1oa Se oerri•4 eat 

1ra. ta\1~ rutll04 is that \he ltu•pr a'1le,nlloa ere 1••• 't'Ol.61.11• 

thcu1 tbe ••ller on••• ·rae m•luu1 1• it! .OJ"$ po~• ••• tor 
purtt1,uittoa ot b1ah pol111•.r• ~t ie, tbe l'NlOYal ot la,•ul•• 
01.uar-r.etih t steu·1-.t, 'hlUl t·or ti'ka ••1H1rot ioa ot alp•MletM1J.er-

w111isn t fNU'lllo&s. ln fUlJ' pel.JM.risa,ton or ?OlJ'ON48B.8.'l&en re-

aotton.1 ho'!.!'e'tff, iu,leoul•• fN>ft' all ~• -;:•7 tl':'OII ureaot.ed aono-

mer up to tho~• in thfl hith-mc,l~H,ul m'"•f;((f i&b t rep ar~ to~i1, 

and, 1n 6 ~eh\l/$• the removal of the lCR-mol~oular•••1pt ,_ ,or-
lal Is a (5a) 

MolttOiJ.l~r" d1.at1llat.1on 1a 'iHUHUlt1~lly eU•t1liat1on at 
"t . a 

vwr1 lo.,. pr4HH\{U~t;, lo-""' or 10- -• ot merC'-irf • fte diataaoa be• 

tween \no diSJt1ll.ing pa and th-, coll•ot1n,1 plat.• ia 1horler t.tuu, 

\he- &$1u1 tree p~th ot t.he ~,vapora\1ng molecn1lt1t11, • Iha\ they 

e'4.f'fttr (oa tn. aver11p} no coll1a1ona '1-ilile in the Yepor at••• 

Under the$e eond1 t1 ona, even Yery sl1ih tly volat.il• au:tuitano•• 

o~n be c:iatllled without. dGcompositlon. t~Novor, the <liftusitm 

veloo1 ty of u moltFH.t.l. • .la in'Yaruly proport1(nial t.o Ille square 

root of the m.oleeular wet51t, sc tbtitt the 1tpter 1toleoulen 

distill ott rtrf.!t • l eav ina :;u.r1r1ed residue.. The method •1 

aleo be tui•d to 1'l"r>Vtt tbe heterogene11iy or substances. 



1 i 1& of 1,u1 p1:Ja£% U,le \o aepere. ii ~x"ti clea ot 41 ttenA:t 

si&@a by u.ltrClt1lt.rst1vn tnrou.J;i oa.r~t!J.ll.Y gadt4 eoll1Uoa• 
or nJ. t.r,".:.iO$.ll~l<nu, ,1.eabranes. 1~h1$ $•peirei1o.n 1& Jlaaect on 

aleV1n& aot1r.:>zt; tea ,Pi.)Zft s11e41 ~r11 OhQ8iUl in aaoh a ••1 lbli t 

pa.rt.1cl.•tt up to o~r~ 1n a1a• CNl 1uu1a b\lt l•ra-.r on• oannot. 
'i'h1a 1~ $&t1s.t"ticto;ry enou.gh w1 th apberiaai pau•i1cl•,•••• 
though oompl ie&t 1ou, may oocu.r ~ben the •~bnAt ial•r-a,,. 
w 1th ttif¼ 11oltit ion tu1d pstuiege tziro .. ;,gn · the r.rulbl"&U q• p.l&oe 

in ~fly1 otlier than \\y •1•v1na action. The u,:~od (20.) la 

not •~ry n~t111t8et,or1 f.r,r chain pol.vdrs tl'l4 it le t.oo al~. 



Cbromatograph1e adsorption la a uaetul ••ho4 ter ••paral1a1 

aix\urea 1n\o th.•1r oomponenta; e't'en •loael7 related euli•\ant•• 

ha't'e ottea been auooeeatullJ aeperated (De). TM melllo4 •••• 

alats in ttlter1n1 the .aolutioa •oala1aina au,ve lo i.. 

aeperat ed lhr~ a colua ot ·ar. a4aor,ent, •••••loplq" lhe 

obroMIOSJ'G• bJ waehlfll •1 ,11 pure aolYeat •114 e1u,1a& YeJ'l•• 

1u1rte of tlle oolue separately to noOYu •h• ueorN4 --•rl•l• 

Tll• .pr1ao1ple on ,.hieh 'lb• separ•t1oa le bue4 1• pteter-.tial 
ataoPi,ttoa; tbe pretena\tallJ •4•or-•4 an t....a la 

tb• upper per\ or Ill• eol11•• \llo .. poorl1 aclaOl'Nd are 
tound 1n Ille lower pert, lboee moat poorl7 a4Ml',e4 la Ille flllra,e. 

llu\l.on re•••••• tb• pro•••!-!! at adaerpl1on, Iba, lt •••••• 

the av.ba'8nee to pea• trom lhe acl.aor\,ed lapr. 11110 eo1"11oa apta; 

11 oan be earr1•4 m •1 lhel' \J' til\erlag \h • •111,ant. -.ouall 

lb• oolwm an4 oolleo\1ag ihe t1ltrel•• ta a ••r1•• et oonlala•r• 
or •pe,re11ac lh• oolwm iaio tlaada and elultnc Hob •par~lel7. 

The method 1a q,ulte ••t1atao1aory ln lbe ... ot lh• oelluo•• 
4er1Ya,1Ye1 l»ul lt 1• not widely eaploye4 tor tu tnotloaat1on 
ot obain polpere. 

q I 

fbla m•ll'lod ta lu1aed on the r, l"tftot ple 1hat ae41Mntetlon 

••loot \J taoraasee w1 th ,he molecular welp ,. (le). 

Aft ul traoentrttup te aft. tftatrt.t•a• tn wbteb ae4f.Mntat1on 

tn ••ntrtfugal. tt~l thi oan bt- •••ur•d•• 4uantt teti wlJ; lh • 

e•ntrttugal tt•lds e11,101ea sr• of'\en. qv.lte and the appara-
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tua tor produetng them 1• rather to•Jl••• 
A.a ul traoentritup oan be uae4 1n two d1tteren t waye 

·. (a) to •tuJure secU-nentatton veloo1-t1. that 1a. the rate ot 

1 eettling or par,tole a in a given oentrttuaal t1•14. uad.er •tan4ar4 

.oond1tiona; (b) to measure aedi•ntation equ111'1r1ma., 'that ta; 

the oonoen tration ll"•d1ent when equilibrium 'between· ••4tn:en'la-

t1on and diffuaion has been eetabl1she4. Th• aeooo.d m•lllot 1 s 

uae<J tor molecular weight determ1nat1ona 01:'l bip t,olya•••; tbe 

tirat method oan be used tor 11oleoular-•e1gh'\ a.e,entlnalton alao 

bu\ its obtet value 1s tor the •• airemen, 01 1Ut1~.1•tt7. 

Singer and oroas (De) t in ltz, performed ul trao•irlfll'9 
••sure•nt• on pol7etyrene. The1 enouun'tered a d1f"tleull)' due 

to the "malting" ot the aoleculea, that 1a, ohatn entanal••••• 
wh1oh prevent moleoules trom aoting independently. 

The method tnvolvea placing the polymer ln ooataot wt,h a 

aol•ent. remo•1ng the aupernatant aolutton attel' a deftatte 

time in\erval, rer,lao1ng 1t with treah aol'fent. aa4' :r•peattn« 

tll• prooedure unt 11 the de ntred nuflber or fr• o,s.ona he~ be<ffl 

obtatned.f.la\.a y,ould be expected, the small• mol•oul•• ooaoeatrate 
in the first tractions amt' tha larger on• 1n the laal, tor the 

amaller aoleou.lea diffuse more rar,14ly and are, th••tor•, "first 
ex\rao1ed. 

In 1950 Wht'tby (31) ext:rac,tad poly11,1rene With ea.oil ot the 

aol'Yen'ta ether. and 41eihyl. o x a la te The melbo4 bas been 

applied to other high polyaerio aabatanoea too. 



The solubility method 18 om <::t the· most widely used 

methods tor tba tra:,otlonetton ~f twturel and •:,ntbetio polymers. 

Tho bEtsic pr1no1ple of the 111ethr,d ia the dE.1ortuu1e in aolub1l1\y 

iii th the inoreaa!e in moleo.ular w eigtrt. ( S!t depends on the 

greater aolubil1ty in a given liquid or the lower-aoleeular-

,uaigbt species, and. on the tact th~t the solvent power or a 

binary liquid aixture (of aolvffllt and non-solvent) 4epende on 

tb• p:roporit. ea of the ,.-o curapoatiu.1t1. It a non-sol vat or a 

JJ'fHt1ptt&nt is added to a pol,-r ael'ftu,, sy11tem, as 1n ttaotion-
al ,r-eo1p1'8t1on, or • Polymer is ad.a.ea 1'o a aol'fent-non-eol-

vent llix"t.,u·• • aa 1a tracttonel aolu.tien, twe -o••••• ue obtatm,d 

a't •1uilibr1u 1 1:f' th, p:rogortions or tae cu>aponen.ta are ,N--perlJ 

ed.Juated. The up:,w laJer is • aolu\1oa in Wbieh pelJlNl" :ts 

preuu1nt in low ooiu.u.ultl"tf&1aa; tllft lowe:, laytu•, or "JF••tpitated,. 

ghase, 1• either a awollen gel or a Ttl'f vtaoous l1q•14, and 

con ta ina a h1{1h pro?OJ"t.ion of ,ol,-r. The ••••rial of higher 

molec\ll• vndgbt tends to coiuuu1trate 1n the t;>f'ee1p11tl'15M pbaae. 

that ot lower :nol•oUlar Weight in supernatant l1q•14. 

The t1ret t11eor, ,I1.t.ov.t tae aolu~ility r:reot1onat1on 1uu1 put 

forward by Br-nsted (5 "). In eh&lNlly si.mtlsr matertala the 

potential energy or th& molecule 1e proportioned to 1.ts 11agn1-

tude. On the basis ot this e,uu1mpt1on, the roletioa between 

molecular magnt tude~ and l'U!!tr1 butlon in dit:fer1Jnt equ1l1br1& 

1 Ii) diaeUe! 88d. 

l 
1 n O /e • } M/R T 



l was ,u1t up; where e &nd c• &l"fj th• <h,ntfnltr:it ttona et pol1••• 

1n two nha11uHJ at e qull ibr1um, M ia 'the aol<-ioular ••t&bt ot the 

pe;lyr~er ;r,bd 1a a 001u,tau1t e}Harauat•l•t1e of Ille polymtW• 

a.tlven\ system 'but independent ot M. 

!:Ohulz (24) dev•loped th8s& ideas rurtht7n-· by 1uunm1ng 

thet 1n tbe i:u~se or binary liq_u.1t m1xturea ie • l1ntt:r- hnet1co 

or the liquid cmnpoait1on and sh.owed that th.u equ:Ctt1$1i 

CH>Mpoait1on et. th• preo1p1-tation- po1nt, anr.! the molecular 'l'etght, 

M, ot the polymer; A and B are emp1r1oal eonetanta. 

'the Drdnsted-.SOb~lz theory•~• r9merk~bly eucoeoa:tul 1n 

pret:Ueti n.g tM' oolu~1 l 1ty be~vior or h1&h-polr•r solutions. 

However, 1i -,,;ae,; soon a,u;peoted that 'the ~ntropy or .m1:d.ng ot 
polJJ1er and ,1oll'ent molecules ~•• a fQO tor or 111port•m• &ml 

should no\ l:io neglected 1.n devel,ping th'II tht,,,or:, "f solubility. 

\~ch ,,ork hiu, \Hten done on the therm.odynam.1c ;n:-opert1•m ot 
th$ !Olutiorni by l'lo:ry {1~ and, la;. Meyer and HU1gln.a (14}. ln. 

oar• ot blnary solution (14} th• act1 v lty ot compo.rl~nt /fl or a 

aolul1Gn 1• related b:, 'tbanaod;;nf'Am.io s to 1t s pe1rt1a l molal he~ t 

ot tA1.:a;1.ng ( Ll ) and ~tropy at mixing ( A s1 ) tiocor4 ing tc the 

SqWii t1on lna .... Ll _ -sl 
1,.. - - - (a1 :ls &ettv1ty} --•-l 

tor com-
,OfUHlt il2 

The 

RT R 



.1th the aid or certain r•sonable approxtaatione, •n• can 

deduce the equations 

- - I 
T 2 

___________ _. ............ 
(13) • K V1 --... K Tf V1 _,, _______ .,...., ------ 4 -

- -•here v1 and V 2 aFe the volume tractions of the eemponent1 and 

It is a constant v,hose map1 tude depends on the nature of' both 

compounds. 

Entrop'J' is a measure or rando~••• • The simple case ot 
a solution composed of two kinds ot mcl&oules. 'both •»~•~1oal 
ot the same a1ze and alike aa regard.a ,:be1:r e'ttraet1eas «nd.. re• 

pulsiona for other maltiHJUle a, can be trutttci bJ tbe method$ ot 
stat1st1oal moohanics. .rhe nuau,1" or possible d1stribut1ons 

ot the tJ.,o molecular species among t~e av&1le.tle a1 tea ean be 

computed as a function ot the com.po ai t ion. A1uu.u11n1 • 11 therr 
al t6rnat 1ves to be eq,u~lly probable, tbe •ntropies or mix1ng 

are computed to be 

The substitution ot 

to zero 

: ·R ln wl 

: ... R ln Na 

( l) and ( 1'- ) 

a :1 = N1 -
a • NI '£ -

---------------9 
g1vea tor L1 and La equal 

... - - - ... '1 

- - - - - a, 

This r~pre sen ts Raoul t' s Law. Empirically, this la¥-' 1s 

found to hold true (approximately) for man~ bina.r;y solutions tor 



there is little or no h~8t of mixing. But ror th~ solutions 

of lon&; ehain oompo•.1nd s these equations do not hold at all wall. 

The quant1 tet1Ve c~lou.lations of th• n1,ropy or 111:xiq tor 

sueh solutions haa been earri•d out in4ependen\ly by Flery (l~) 

an4 by Huggins (15) • 

...U.,«L .U.t.. aN e .•,pr::,xima. tely O?ns.tant • indep~ndemt ::, f the solu-
tion .. an4 v1 ad V2 an partial molar volWH• ot solvent imd poi,m.c. 

In pr&ctiea »... 1t fouftd to vary witb t~mperatu.re eocord-

:lng to t:ti. e O(jUB t1on 

r/.._ &. fJ are constant 

'!'he !"lolub111ty methcHle 08ll be furth~n· divided: 

1. Frei.ettonal preo1nitatton 

(1) By ad!ttion of 1·n~o1i,1tant 

(11) By eooling 

2. lr~otional solution 

(111) ciolvant ot varying 0011:poaition 

(iv) Varying temperature 
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F:raot1ona1 preoi p1tf!t '.lrJn procedures ar-, tbose 1n wb!eh 

the beterogenecrus polymer is eompletely ditHzol Vtld 1n a tu1 table 

11qu1d snd tb&n r,art1ally pnc1p1.tate~. The preoipttated ptuuse, 

.-111-ch contA1 ns the h1gb mol.,.ouliu• we tght t'r~iot ion, ant! the l!fUJ)e:r• 

natent 1tf'rllution are r.utpernted by t'!ecr:intation ~1th or •1 thout 

centrifuge; more or the polyar ts then prllHJ1p1tat1t(t a~d the 
eolut• 

pr-ocutdurf!! is carriaci on until the •ximum amount er "'" 
is taJ;•i·:rn out. 

and these Will b~ d"l t sepertt~ly 

(1) By ach'.11ng b precipitant 

( 11) Sy le11:ering the t~mperatu.rc 

and fi eomb1rw tion of both the m•tboda could be as nll used. 

In this •ork, a eomblnetitH1 ()f ooth the r.riflthoda bar~ \een \UJtn! 

which •ill 'be explained later~ 

l.n the eotual tnctionation the eho1ee et 1101 wnt and 

:prea1 p11.-,.nt is "lfU'J 1mpo rtant ae ha~ been reeent1y oo-nt1rmed 

1-y Morey and Tamblyn {~l). ftHtJ ha79 carried out the traetiona-

i1on of oellulose ,u,etate 1n ditf'eren.t i!H'll ven t-n,,n-sol vent 

syatema. ThEt fH>~clu1:tons thkly tu,ve dTawn are: 

(a} The @t'feot ~f 1ntt1/liil ooneentration on the etti-

preo i i;)i ti,mt 1 s bt• 
•e par ab 111 ty. 



a1ae4 by tiirat1n1 a aolutioa of lhe pel,aer la, .. MJ..wat 

wlta the precipitant, the ent-point be1111 tattea,et .,- the 

au44en app•aranoe ot opal•aoeno• or turb1t11t,, (8.) flO). Th• 

lu.ger 'tile amount ot preo1p1 tent nee4e45 '° rea•ll tile ftd• 

po1a,. 1ihe greater 1• the eolwnt power ot ,lle sol•••• or the 

smaller 1• the pr•o1p1tat1ng power ot th.e prec1p1t1u1t. Aring 

(9) compared the preoiptleting power ot lhe aaturet•• 

aloobels trea meth7l to ootyl, on pelyatyrene 41anlftt t• 
eihyl acetate, b"IJl •••tone, ou•on tetnohlort4, ••lorotora, 
metlayl ethyl ketone, benzene, xylene, tol•ee• and aeaomerio 

etJ"Pena. 

( 1) Jracttonal preat r,1tat1on tty the at!cU tton ot '1'1• preet-

pi teat. 

ln this method frt10 tionat1on 1s ettectad. by adding to 

tho solut ton ot the pol,-r a 1111,altl• euaouat of .Preolp1 taal • 

en0°.igh to oauae separati•a 1ato two phases, but aot eangh to 

oaaae precip1 tation et .. all t.h• JMtl,-r present; the phaaea ue 

then r:epa:ra,ed .• J1nd tAe aupernataat liqu14 a1a1a 1Nat•4 in the 
• 

aame fallbion until all 1he polyar (mono••• may r ... tn ta the 

aolution} bas been preotpitated. Yarloue mo41f'1oettona ot lh••• 

f'UAd.araeatal prinotple1 are poee1ble. Tbe .,,ork done on the 

polya\7r•n• by thi• m•thod tea alrecdy bee discuaaed in the 

h1a$orleal outline. 

(ii) J're e1'1onal pi-ec1 pt ta, ion by cool 1ng. 

The ettiolenoy or lbe treottenal preoi p1tet1en -.ery 

marke'!dly depends on the tem--oertiturf,· -!.s hf.it bl!len p.,inted. out by 

Alfrey and Ma:D'k (1), Dane• s ( 6), and Flory ( ll). It seems tha 't 
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eQ>ehl control ot ttM1!!;peratur• d\.\71QC tll• proee,iua 18 nr, ....... 

-,. I• thia m,etbo4, a:ttei~ th@ pol.7Rn is diuolved ia a Pl'•P• 

aolv~u1t. the ttlmp.i·~tUNi ot t:he 10luUoa ie lowered 1.1Wi allowe4 

'tio n,_.7.aia for tl rued time 11u1d tile pneipilate is remG'fed. 1n * 
••• way ti.a above anu ,,,rocet.Hll r@pcu1\ed witJ:; I.be aupe~t.ut liquid. 

2. h~·uaooJ. ~lut1cuh 

la \ts t:r:nctia:u!.l iolutioll prooedw•• iM po~ le Jl&eel 

hi oout11ct 'Rith ou.l.v~nt-non-•olvfl\A\ ~ixtur•, and tae s1111a 13 a.U.94 

to 001~ to e ,u1Ubr1um.; atter thitt •uplfl"llatut aulat.ion 1a deoaaW, 

tbe N•i4Wlt 1~ t:r11t !lt d wi tb a 1.'r@$h msture, richer ht sol Yo• 

than tll.t, t1r•t., 4!!:lU thia ,;ir004HltJ ia N~t• tmU.l t.he poJ.tmie.r •• all 

di11t1olved, or ur,til uo "!Oro will d111nolve. In this 1my tho lner 

molecular .rra~Uonii fil:O e:i.traoted ftr11t, the hip at:ecular <mN t)Ae 

l.'4,1\. 

s. i.)!!~ibU;ti!)ll \•,-~..e two tra?A!!l.bl! ~¥.-!A!•.:. 
'l'l:lis utaod ct.p.Q.da upon thllll t'ClC1i tlaat tile disvUn.tUO& OO-

ett'1o1tmt 1a a tunc1, ion \'>f th• m>lnular weigb.t. 

in grecipUaiion. ud 110].utio,i metbo4s, \ae eolTtUlt ad. aou-

aolvent VO COllil.,lU\43ly miDCitile; only the Pl'••··•~ of ,Ol.1llll!f.U!" O&UE,8 

a i.n\Olvent .t::Jat~ ¥<,j.~t ... !n tet~:ro,;eneou,i, even 1~ the absenett of 

:,ol.ylur; and the tUsia•ib'ut1oB ot .i<>lY'm•~ moleeuae in t1uch s. 

•1•'• 4e,oad$ OJi ralecru:Wr weipt. trut1ont1on. ••• 

t.n,n·•to.re, be ac~pll1'be4 by 'fUJi~ 111e eomposi\loa ot ou ot 



Roccr,1n end Glaaana aa, ha'ta pg1nte4 out ,hai la the 

pno••• (l) the o-.erlapp1n8 or trth!,1ona ooour• •••u• the 

loa .. r aole<nales pull the ahorter oou 4o?.·n tntio Vl• preo1p1• 

tats ~bile tbe sbor,ar keep \he longer ones in the aolut1on by 

enlan&l,ement end :>ther f~rma of in'tert1ei1on. i2 · Ulat the 

reprodu.oti'fi&J ot ihe rea\.ilts 1• aot aood. ~, ,hat a lia1te4 

nu,er ot tr•e,ioAa oaly ou be obtained in on• rua, ao lhet 

retrac,1onation 1a neo•aeary and ::,; ihat traoi1onat1on 11 

ertecte4 oD.17 ~1,a na.,.ot tu the dearoe ot obeaioal euba\11•• 

t1oa. 
a~, most of tho objeci1ona ,o the traotional preo1,1,at1en 

meth,.>d 41aapp•ar •h•a ,~ aol11Uon 1& Mde au.tf1o1enil7 41lule4. 

Preo1p1tation "en bloc~ ooo\U"s only when the aolu\ion 1• oonoea-

treted eQough to allow 1nter&ction bet•••n th• moleeulea; more-
oyer, thera is no reaaon why chain entanglements in the sol14 

aempl e should n{)t osu•e s similar d1 ttioul tJ tn the solution 

process. It is true,bowever, due to u~e aloYtneaa or the 1:1olu-

tion method~ th& equilibrium oonc.Ut1one ere be'tter ma1nte1ned lhan1a 

preo1p1tat1on method~. 

:Jpurlin · 26 rejAc>tEtd the rraotional ac>lution Mthod 1n 

rsv"r of the p reo1 pi tat ion bso•ua• the former m,thod doe• no't 

ao re lly r,err~1t fletraot1onat1on. 

Jtemr ar,i, ,,.'otars : l? lco"fa m&de a oompnr1son or se'ferel 

proeedur~~ a~1plied to rubber. 

Very rec~ntly ~adoraey and Straus -18 have done bigh-



vacuum pyrolyt1.o t:reotituietion ot pol7a11r•"• Jamplea ot 
,ol.yatyrene or an ii•6r•a• moleoul ar wai gb t of' a bout 2501 ooo . . . I 
and weighing !5 to GO mg. nr• pyrolyzed in a vaouwa of 10-

0 0 
ma. ot mercury at ::i10 • 410 o. ?he i1me of p1r•l1a14 YU1e4 

trom .I to ••o bol.lra. The tolJ.owtq resu.l u wero obt&1M,4t 

1 l. A solid res14wt heY1:ng ,-,a av eras;• mole<na.lu t1eigb c 
or 2102. 

P A "axlike traot1on eone18'1ng ot • mlxtve of a 41aer, 

triaer end tetrq•r or at7rene • w1 th an average ~oleouiar ••11h t 
ot 264. 

(3 A liquid tnot1on oonaist1ng or 94'.b mole %atyrene, 
d!. o.& mole ~toluene, and traoee ot ethyl t.enzena and methyl 

elyrentt.· 

i4' A p1•ous traotion ooneieting mainly or oarbon unoxlde. 



r::,~ -.• 1rr ·: -'!:(:1•r:-:1,~11 
Ill' 111•~ 

moleoula weiBbt •Ub?!ltaru.H,~ ts Uaetr bit.th -.1.sooetty. For may 

years -e1Noaity ft~• b•eln eppl ied &8 an ••'P1P1tHil 1ml unt\d 

6u1fe ,o the qu!!tlilJ of uny mteriala, 80 that• whole effl•• 

The vi stHHi1 ty 1& mo,umrect in d 11 ute BOl Utii,n • l n '"'h ich oaf!e, 

acoord 1niq; to &tal.ld.1 ng@r, Nsr; ia propc,rti onnl to th~ oomrnntrat 1 on, 

eo that Nap/o ls et,nu,tant. 



polystyret-.e and ref,,n• to thii.t cooatauit •a'UOMd •b;:ne to 

th 1 s e r.m e arrt r~ t i ~n. 1'h & eon~ 1- n t K ti, r 6. v it !\ h ~O\Ut 
11 

polymty:r1e ai:~ri!:l11 mt:,y ci"ump, ,,,1tJ:1 tt.e l\OlY.snt ~1,ff \t'-'ll~dl:"4.\t\l.N., 

1a 

Km: 4 -



work dooo on the actual rri:,ctional proc1pitat1011 or the poly-

styrene except aom work for the ••~ur••ni ot ta• v1aooa1ty 

ot tte polystyrene tr,,,. ctions. 

an idea of the factors influencing the process. These factors 

are:-

1 

4 

Tempera tu,re • 

Conct.,ntration. 

The cycle of time. 

Aa tar as the temperature was concerned, it was brought w1th-
o in control during the entire v.'Ork: by working et 20 0. and allow-

ing th~ nreoioitate to settle at l& - 1e0 a. 
The conoentretton is not very import~nt w1tb1n oerie1n 

limits and for the convenisnoe or the work. was chosen to be 

As t) the choice at solvent-non-solvent sys tesm, quite a 

tew sy$t&ms were atud1ed, basing the exper1~ents on data from 

the 'Aorks of Vlllrious authors and finally two of the sy1tems •••m-

ed to ofter promise. Th••• s7steuu were ohonen from the stand-

point ot the recovery of the solvent em non-solvtu1t ao as to 

avoid economic waste. Ttu,re are moy systems but the question 

of recov of the sol•ent and non-sol vent makes the 11st rela-



org&n1c solv~:ntt'i imd non-sol vents eliminate aorue of the 

systems. only method left waa to work by trial ~nd error 

and work1.QS 1n tb:i s way• it ••• found ihat in case or the 

polystJl"ene (commereial), the syatam or ethyl-acetate as 

solvent encl soetone as aon-eol"Veat 11-oru aa\1ataotor1ly. 

The cycle ,,r time all th:rcu,..out \he 1,cork was kept betl'een 

20 hours sno 24 hours. 



Cli~lCid. USED:- (1) PolJ&IJJ"e&l. -- (aolu1ie) 

f'ROC}tDURP:-

( eo.,.rcial pau " Ltustron" 

by Monaaa\o O&l••l•l Oorpontlon) 

(2) lhhyl uetate •• (Solyent) 

Commeroial sol'fents Corporation (Technical) 

(3) Aoetone (C.P.) •• (Non-aolTent) 

No ape et al a,.,...•• - ua... •• ce•r•l 
or4tnar7 a'PJ)an •• ltke luaaJa•r•, tlaaka, 

were uaed. 

An accurately we1gb.e4 (4r1e4) quaalitJ ot 
pol1•tyrene, (oryatalline pteoee) ••• 41•110lffd 

1n a weighed quantity of ethyl-aoeute to ebtaln 

tlle dea1recl conoantrat1on. II waa allowed to 

d1saolw at 10° c. an4 atter oomplete d11aolu-

t1on and equ111br1um, the aam,ple was kept at 

10° o. tor about 10 .a, houra. fllem tor th• 

aapantton ot the traotion; (i.e. preo1p1tete); 

the supernatant l1qu14 wu decanted and ••1ghe4. 

The precipitate was dried on water-balh 
/fl4 

and reao'ftd With the help ot diatill ··••r. 

The traction ••$ dried. (to remOT0 the water) 

until oonatent weight. rrom tt: 1a weight, th• 

peroenta.ge weight of the traotion was oaloulated. 



To the weighed 11uperne\ant liquid a YFeighetd 

amount or non-eolvct, aoetone, was added. to 

get the suulood f'rao tt,·m. The procnulure aa 

above was rapeated. 

In the same way other tr~Ctiom were 

obtained. 

The results WEH·e tabulated and n eurve of 

percentage fr;., otions versus the ratio ot the 

non-solvent/ solution was draw~. In the 

ratio the solution was taken to be 100 

so the ratio was on percentage basis. 



:- l FnotiJJ:ls of polrat:,rene obta11ut4 )J 
the p:ro<utdure described. 

, , Benzene ( aol vent ) 

Commercial 3ol l'9nt C;;;:,rn or~ t1on (Teehn1cal} 

>,n accurately ,u,1~e<1 quantity ot 1uu1h tr,.u,tlon 

11•,u1 d1~-solved 1n definite v::.lu.M of banaeu•• 

Jrn eq,1al 'Yzllurae of' &!'!1ah soltrtlon tras allo•• 

~d t('.) run throu$ th11 vbHH>meter ~nd the t 1•• 

In the same way \lie procadure "'•• rep,ea ieo 

t,.:; get the t 1a for th ti bffnzene (solve t} to run 

low 

and there wu very 11 ttl@ 41tterenoe behet!n the 

densities or t.he aolut1on and lb• aol'Ve't. 



"t ,,,.,.,f'"'ij> 
_:'< ~_;:. '-,· ' 

\t, t !':~ fl~ or th~ ~01 wn, t1u•ou1h the 

aam-e eaplllary ot tae •1acu,111uitar pv$ -&;i~ 

•~cttie vi9ooett1 obt~1n&d tbeae 

ty &ubtracttn, unity. 

• Nrel 

But \be dens 1 t1th s aro t.eerly equ&l, 

·u·~rj/;tf'r:,ire unity 



rne teeperatur• ,nas ka-:,t conatuil • k.t -- ,e.01° c. 
The rea\11 te obiat•4 aru ,a,w.ated tor ettoh um;-l• la •• 



Table Jfo. l Curve No .. l 

Weight of tlle p1.,lystyrene teken t.o I• 

tetgbt or the oolv•nt (ethyl acetate) 191.0 &• 

Ooneentnt&on of th• solution .e.1 .-r C'HHlt 

Non• eol •ent uaed Aeetone 
0 

Temperatur~ of wo1•k:1ng II C. 

Tem})flreture ot prec1:pt ta.t ton 11° C. 

Time allowed tor p:Mtotpi'la1te to setUe ao • e-t lloun 

Number Sam.µle Sample Sample Sample .Ratio ot 
of the l 4 ,. !fon-
traotiona ~, of Wt ot jilj1J of ·~- or eol'fea t 

tractions traotions traotiona lr-.. ,et;1ooa 
in in ta 1a 100 •· ot 

per oent p•r cent per out per cent solutioa 

1 a.2.02 ao.ota 10.0,, l!.!84 • 
2 ,.1, 6.404 10 •• , t.,u .01 

5 15.104 17.62 16.544 14.8! .o, 
4 11.664 11.86 11.3:!B l~.71 {).,f! 2 

5 16.S 14.964 l!.32 '15.04! @.55 

6 ,.1a 10.03 e.oos 10 .. 18 1.0 

7 1.99 8.95 1.84: ,.9 1., 
e 11.9?!5 11.r 14. ')5 ...... R••crv•••« 

bJ 
•••poraitan 



ha1'er of 
the 

traettona 

1 

2 

4 

8 
Reool'ered 

b7 
evaµtu•i2 ti on 

~,. of 
tracttnas 

in 
per ceat 

1e. 504 

11.566 

0 

.oz 

1.0 

1nftnitJ 

a 

1.142 

acet.o.w, 

rs~,. 

• 841 llcun 

1.a-. 10-4 ., 
se0 o. 

t4.I/ 
&, •• 

,o.48/ 
&4.$5 

6G.leg4•6~ 

a1.sc6,.u 
59.1::-'4.,3 "''·' 

1.210 o,.a/e..ai a,a., 
(l3otb trH, traat1oM co~rb1tHt4} 



Saro nle No. 2 

ietgh t or the p,:,lystyr(~ne taken 

s;;e1gbt ot thr: sol vent ( ethyl tuHita te} 

Conoentrat!or;; of the .solution 

Non-solvent used 

u. r. determined by .ap = Kl!. x M 
Cp lt.14, 

acetone 

21° c. 
11° C. 

·• 1 J IA t 1 J tu11 l!III )J ll$i l I • 

-----------
Numlter of -· tractions 

1 

6 

7 

B 
covered 

by 
evap1.,rat ion 

10.04? 

6.404 

1,.,10 

11.ee 

14.964 

10.oz 

P.05 

11.20 

0 

.os 

.01 

• P.2 

.r>e 

1.0 

1.1 

Intlni ty 

Cm, 
tor 
v1sooa1\J 
determiu-
tton 

l.196 

l.508 

o.&7o 

1.268 

l .. 82 

R•l•t1Ye 
v1••oa1\J 
tl/11 

!9.15/1,.1 

?O.OI/ IUJ • ~4 

ez.z/~g.s, 
,&.2,,9.:,, 

61.?5/ 
t'>t.24 zo, 

th the rraotionft combined) 

1.10 



S.111ple No. 3 Table lo. 4 

ieigh t or ~e polystyreu take& 

ieigu t of the solYen't (e'thJl aoel&te) 

Concentration ot the solution 

Kon-colvent used 

2.$ per cent 

aeetone 

Number of 
the 

tractions 

l 

2 

3 

I 

I , 
a 

Recoveried 
bv 

eva:pOrf.:it ion 

Teaperature of •oning 

Temperature or ,reo1~1iatton 

25. 9 c. 
• lti. C. 

D. P. determined by fJ •• 'l IC 
... , 

Km• 1.e x 10 ., 
Wt. ot 
tractions 

in 
per oent 

20.046 

10.,1 

lfi.344 

11.5~18 

15.62 

8.801 

1.84 

14.06 

0 

.03 

.oa 

.2! 

.5f> 

1.0 

l.6 

Inf lni ty 

Om, Rela- Degree 
tor live ot 
visooail7 viacoa• poly• 
deterlliaa• itJ aer1za-

\1on ,11,1 tton 

.991 7l.2t)/58.98 llK 

1.:s&• ,a.,o/a,s.te Ill 

.9l\$ et.f5/ee.to 713 

1.44 &a.M/18.98 121 

l..31 65.18/68. 98 4~15 

0.74 61.0/55.98 S:58.1 
tB,,th the rraotiona combined.) 

0 .62::~ 59. 2,1,e. te Zt.57 



FRACTION.l'I'ICN ff!i' I)OLYSTl''IUtNI ----~-~----
Table No.I 

iaigh t of the polystyrene taon 

r,eign t of the r.olv(tnt ( ethyl &oGta te} 195.o I• 

Number or 
the 

fre.otionm 

1 

2 

3 

a 
7 

a 

Coneentretion of the solution l.e per ceat 

NOD-solvent uaa4 acetone 

Temperature of working 21.P C. 

Temperature ot precipitation · l&.• o. 
Time el.lowed tor pree1 pi tate to ,u,ttle 10 • £'4 hou.ra 

'!Jt. of 
:rrao tiona 

in 
per cent 

!~.286 

9.254 

14, .8~ 

l}~.76 

11.,.042 

10.18 

2.90 

7.189 

Retio ot f • of aoetont 00 g. of · ·· 
solvent 

0 

.C3 

.oe 

.22 

.57 

1.0 

l.6 

Infinity 

Km tl.S X 10·4 
at 

Cm, 
for 
•1sooa• 
1ty de-
termina-
tion 

Rela-
ti•• 
viecoa-
1 ty 
,21,1 

1.lP 60.38/49 .l 

1.oi 57.84/49.1 

l.086 ~&.Z-i/49.l 

1.5:: 68.08/ 
49.l 

1.14 e~.,e/49.1 

1.11 lU.9/ ol~.l 
(Both f'reo'tiona 

-- --

11° c. 

Degree 
ot 

,oly-
aer lza-
iion 

1142 

910 

7tH, 

151.e 

4fil.5 

188 

combined) 
..... 

Recover•d by 
evaporation 



No-. of 
the 

trao-
tioM 

l 

I 

3 

4 

5 

6 
CoC:b1ned 

7 

a 

:::: f fl"".:z. cti :::u 1n parthtn ~• Y th e.>rr4ut~a41ng 
D. P.,tcr all t.aefour ••.el:~•.. . .. 

C.a Sa11ple Jaaple 
l 2 • "itt.:1i' tr. .,.,, -< JI 

....i•£•0• ,-i. ol ""4@t'f' .. -.... o Yt.: o"f JS.JS. of"' •t . "f • .. 0 45 .. .. 
in the tr. in tbe tr. in the tr. in ot 

pe:r eent tree- rer fne- PR trae- per the 
t10,ns cant tions cut t1ons C@-tlt 

t!~ 

2r. 1296 20.04:") l!Of: 10.046 1144 U .. 2&3 11•1 

7.14 g94.,9 6.404 ,eo 10.47 9~1 t'.IM tao 
15.504 772 17.62 766 15.5'44 ,•;;,_<t_ ..,..,,; 14.11 1s, 
ll.664 5~8 11.86 55t.5 11.5!'8 526 lP.14 651.1 

15.5 449.9 14.964 4t'{,"\ ...... 1~.ar ~!';8 15. 446 

7.22 10.03 8.805 10.lS 
266.9 ~o, 3~8 188 

1.99 2.95 l.84 2.9 

12e.e 158 S9.9 
11.920 11.2 14.05 --



f!ACflOHA!ION ,2! POLYS'f'!'tUQII 

Table Bo. ' 
AYerage degree ot poly1t11rizati011 •1th oorrespoa4• tnc &'ferage •o•um\llati'fe weight per cal ot traottoa. 

l'J>aettoa 1 ' .... ,. I I ... • .. ,. • 
A'ferap 
••1pt or 21.0, 19.~. 
t:ractioae 

44.,,. -~: ... , .• - ... 
1a per 
oent . , . 

.A.••r•1• 1>.P. 1111 ''' 786 18' ,,1 ••• . 118 · 



Vllk~Blla bal 
tDtffWM'l,lal:ta ot _. • ..._ ·•) 

Dip• ot pol7Mriu'ttoa •••"' ·IIMt •--. ________ ,_,..,._,. ___ ..,_......,_..,...._., 
100 OI 
IOO IA• 
100 •Ao•· 
.. ¢to 
IOO ·,f/lot 
MO .,.. 

,oe 101100 

.. t/UI· 

lGOe 
1100 
aoo 
1Ht 

8/J.M 
f/1N. 

1110• 
1/tfli 
·1/lft 











DISCUB.::;,l ON 

The quantitative result~ of tlle tnotion ere sat1etaotory 

taking into the account tht.tt the- 1n'festi1et1on ~-• done on • 

synthet1e be,elt).-naous polymer. 

The distribuUo:a curve as well as the ouve tor the 

••tan ts ot the tractions in percenta~e ••. the ratio ot the 

non-aol ven't to solution, (which 1a theoret1eally non-aolvent 

to solvent ratio) reveale that there is a sharp break a1 about 

f>7 - 60 %. T:t.1.is clearly sho1u1 that sixty per cent or the 

materiel oonsists of v ... ,ry high degree ot polymerlz;atiou and. 

forty per cent or the materiel eons1sts of low degree polymer1%a• 

tion compared to the high a et degre of polym.er1zat1on ot the f irat 

fraction. Th~ slope or the eune on both sidee is very oonstant 

enij reveals 'thet the rate of polymerizBtion of the material 

eons tantly. 

The fraot1onat1on or t'"l.e material is very efficient under 

the :,roper oond1t1ons of the non-eolvent - aolYent system e1ul 

thermal oond it ions. The ratio of the non-solvent to sol'Yent is 

quite t)TOportional to the molecular weight distribution of the 

material. lt confirms that longer the ort1illls of tb.e repeating 

unit the bind.ing po,;er 1s very weak and~= down easily on 

the addition of proper non-polar grotrps. Of cour1H1, it 1s not 

empirictU but perfectly within scitl'Jntifi e ooritrol. The th@rmal 

condition as well as the ratio riolar to non-polar groups it 



in Tabl~ No. l, t1how that trriotion 1u11ghta for a giv~n iuaotuit of 

non-solvent ag:r~~ within 1••~ th&n tj range. 

CorJlltu,ioru- Th~ above n.n_ge or Y&:riation in the r'1usult$ 
,,-... .. It cl. ,....,,_.;,tl;ll.w'~•--

is vrithln 1 it ot tr:ror sinee oaly one se1ti.flf':11ctor1 1n,egral 

or difft1trent1al cun,, @if'in bff dra"'n through the l>'Oints. fhoretore, 

tree author coxtelu.doa tlHt f, • oon\rolle4 f'ru t1one tton et polyatyrene 



1 

CONOWS ?OE 

Four 

•~etftte (concentration 2.6 per cent) were traot1oned 

by (1) Cooling (lyw•rilll@ t@mperatur~) 

(11) By addith,n ar non-aolven:; (acetone) 

. 2 seven f'r&.oti:ms wtu·@ obtained; each one of it around 
ten per eent with the exception of the first one. 

temperature at addition of non-sol v snt was ,a° C. f,'<, The ',,., 

and 0 the t9mperatu.re 4uriu,g prea1p1\$t1on wan 11 c. 

• The 

Staudln~er•, 9quet1on. 

(6) Agreement between tour independent sets ot traot1onat1one waa 

closed that it must be concluded that control at the traetionattoa 

wit.bin reaaooable limits has 'been attained. 
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