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I. INTijOWCTION 

Tallol 1a a waat,e product ot t.h• paper industry. 

It is obtained by t.he acid hydrolyaia ot the aoapa pre• 

o1p1t.ated when tbe apen\ cooking llquora trom the kratt 

paper pulp p~ooeas are aubJected to eYaporation. Th••• 

aoaps cause considerable trouble 1n the evaporat.ora by 

foaming and by coa\ing t.b.e eTaporat.or t.ubea. S.cauae ot 

t.hi•• t.he evaporators baTe to be ahut•down t,o clean t.ne 

t.ubea of these aoapa. Naturally• an etfort. la made to 

ut.1111z• the soaps 1n order to diapoae ot t.hem and t.o 

make t.hem yield 1ome return. 

The hydrolyaia of the soaps by a mineral acid 

auoh a• 1ulturic acid produce• a mixture coapoaed chiefly 

ot reainoua materials and tatty acids. Thia mixture baa 

been named by various inveatigat.ora; tallol• tall 011, 

\alloel, 11qu1d rosin, crude tat.t.y ac1da, awed1ah rosin 

011 and tallol diat1llate. The term tallol is the moat 

oommon uaed 1n tbe tJn.1t.ed States and will be ueed 1n \bia 

diacuaaion. 

The production ot \allol tor 1937 was estimated 

by Ward and V1lbrand\ to be abou~ 401000 tone in the 



Un1ied a\aiea. In recent. years t,b1a figure will be in• 

creaaed to •om• extent,. Much of tnia crude material 1a 

ued aa a cheap tuel with a value ot about six dollara 

per t,on. But at\er ret1n1ng, t.lle value oan be increased 

io about eighty dollar• per \on. The converaion cost 

would be about t,wenty•tour dollars per ton. 

The uaea ot crude tallol are limited; 1ta dis• 

agreeable color and odor make 1 t, undesirable tor moat, 

oemmeroial purpoaea. However, when t.allol is par1t1ed, 

it 1a a source of varioua der1va\1vea made from separated 

tatty and resin aoida. Tb• fatty aoids separated troa 

tallol and puritled can be uaed 1n various waya. They 

are uaed in t.he aoap 1nduat,ry tor manutaoturing soft, aoapa, 

liquid eoapa, and ot,ber toilet preparations. They are 

eul t.able tor uae as bases tor lubr1cat,1ng greaaee, t.ex• 

tile oils, cutting o1la, metal polishes, and wax polian••• 

$ater1t1ed1 \bey are aaed aa substitutes tor 11naeed oil 1n 

paints and varnishes. Tnese tatty acids are now aleo uaed 

aa sot\ening agent.a 1n rubber 1n place of oleio and a\ear1c 

ac1da and aa emulsifying agents in Buna•s. The pur1fled 

rea1na are similar t,o common rosin and can be used 1n 

place ot rosin. As examples, tile resins can be uaed in 

plaatica, aclhea1ves• paint.a, Yarniabea, aboe pol1ab.ea, 

llnolewa, and in many other waya. The aultonatod product 
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oan -• used in place ot Turkey-red oil and alao aa 

a det.ergen\ in \be tex~1le induatry. 

Various met.hods nave been dev1aed tor the pur1-

f1oat.ion of t.allol by separating 1t. into ta\ty and reain 

aoida. Tb••• me\boda are mainly; d1at1llat.1on, solvent 

extraction, and chemical m•ane. Tb• cbem1oal means are 

oblor1nat.1on, esteritica\ion, and au.ltonation. M yet, 

4iet1llat.1on 1a \be commercial method ot purification 

adopt.ed in t,b1a coun\ry. ObJeot.1one t.o tills met,hod are 

corroa1on of equipment and lossea a• carbonaoeoua material 

incurred at t.he h1sh d1st.1llat1on temperature• involved. 

The purpose ot t.b.ia reaearob ia to 1nveat1gate 

the poaa1b111ty ot a commercial met.hod ot aeparatins the 

resin and tat,t.y acida in t,allol by solvent, ext.ract.1on and 

oryetall1za\1on, and t.ne aubsequent purit1cat1on ot \ile 

resins. 
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The ooapoa1t1on of \allol varies from mill \o 

mill and even ~1th different ~a\obea in a given 11111. 

The \allol produced 1n luropean co\lntrlea baa eomewhat 

different capos1t1one than that produced 1n t.he United 

Stat.es. 

Generally• tne compoaitlon of tallol is re• 

ported by investigators a• per oent tatty acids, resin 

acids, and 1.1naapon1t1abl••• Al noted from different 

aouroea, (9, 10, 12, 25, 44, 46) \he oompoa1t1on ot 

iallol 1a aa tollowa; 

l'at.\y Ao1cla 

Resin Acids 

UnaaponJ.t1ablea 

The tatty acida are report,ed to cone1at mainly 

ot oleic, 11nole1c, and' linolen1o acids with small amoW'lta 

ot related acids. It baa been found that, t,be average ooa• 

poa1t1on ot the tat\y acids las (9, 25, 29) 

Ole1c Acid 15•2()){ 



Llnole1o Acid 

L1nolen1c Ac1d 

Keghel <25> reported tnat the ta\\y acids oon­

ataied ot W\allolatc•, 11nolenio, laurio, palm1t1c, and 

myriat1c acida. 

Tile resin acids, port.ion ot t,allol baa been re• 

port.ed t,o be composed primarily ot abiat,ic acid w1 t,n a 

•mall alllO\lnt ot eim1lar acida. (9• 22, 29) 

Tb• wisapon1t1able matter 1a conaidered to be 

a mixture of at,erols sucb as pb.Yt-oat.er'ol. (9 , 25, 3S) 

Schmid (3&) baa etated ~hat pnyioaterol may be present 

in tallol 1n amounts up t,o two per oent. 

The analysis ot tallol may also be given 1n 

terma ot auch propertiee as acid nWliber, aaponit1cat.1on 

number, and iodine nwaber. ~ comp1la\1on ot the analyses 

ot several 1nveat.1satcra is given below:<l, 10, 22, 25, 

30, 44, 46) 

Acid number 120•170 

Sapon1t1cat1on number 120•185 

Iodine number 117-180 

The above da\a tor \he oornpos1~1on and analyaia 

of tallol haa been ~a.ken from the various reterenc•s and 

1• tor tallol produced 1n d1tterent, count,riea. 



JlanJ 11e\boda nave been deYiaed and advocat.ed tor 

t.be pur1ticat.1on ot t,allol. These met.nod.a fall int,o tbr•• 

aeneral claaaee; d1at1llat1on1 solvent •~t.raetion, and 

obe■ical ~reatment. aom• of t,ne met.hods are a oombinat,1on 

ot two or more of the above procesa••• A tourtn method 

recently proposed is t.tle cryat.all1zat.1on of the ree1na 

from a tallol aolution uaing a suit.able polar aolven\. 

Tb• above methods have been uaed tor ti.be purl• 

t1cat1on ot tallol and alao ae a mean• ot separating the 

reain acids trom the tatty ac1da. 

D1a\1lltt1qa, This waa the earliest method••• 

ployed tor purifying tallol and has been adopted 1n tbe 

oountry tor the purpose ot separating the constituents ot 

'&.allol. 

By d1a\1llat1on, ~.1101 can be aepara~•d in\o 

traotionaJ or. one purified overhead product can be obtained. 

The obJeotions to tbia method are \ha poor beat 

tranater onaracter1st1cs of tallol, corroaive ac~ion ot 

tallol at the h1gn d1s\1llat1on temperatures (200-aooOc. 

under blgb vacuum), and tne loaaee as carbonaceoua ma\er1al 

incurred at tboae temperatures., D1at1llat1on mus\ be 

carried out under very low pressures to prevent cracking 
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and polyaer1aat.1on w1\h resulting loaaea aa ree14ue. 

~ooordlng t,o Ward• (45) th••• lo•••• ma, ooun\ ,o abou\ 

t.wen\y-tlYe per cent, of t,he original char&•• 

§ol•19t. ll)r1qt.&2ns The exiract1on met.hod• ot 

purifying \allol are generally unt\11 tor reaovins color -

and odor - bodies tram the 011. aoae ext.ract.1on proc••••• 

haYe also been devised tor the aeparat1on of. \he reain 

and ta\ty ao14•• Th••• met.bode are usually coupled w1tb 

ohemloal treatment t,o change the aolubil1t.y ot \he reainou, 

and ta\ty a.old port.ions of tallol, thereby making it, 

poae1ble \o uae t,wo 1u1acible solvent.a tor aeleot1ve ex• 

traction ot tn••• portion•• 

The oolor • and odor• bodiea 1n tallol ar• 

generally extraot.ed by uaing two 1mm1acible solvent•; 

one ot which aelec\1vely d1asol••• \he impurities wh11• 

\be other d1eaolvea ~he resin Etlld fat\y acids. 

aegeaamann (4o) •p1011 \be uae ot varioua aol• 

ven\a aucb aa e\b7lene oblorohydrin• alpha-d1chlorohydr1n1 

ethylene glycol, etc., to extract the lmpur1\1ea 1n a 

\allol aolution uaing a suitable peirolewa aolven\ auoh 

a• gaaoline, petrolewn naphtha, or heptane. 

MoK•• and Blenaa11 (I?) deacr1be a proceaa 

uaing gaaoline and tw-tural aa t.be solvent.a. The.tw-tural 

la uaed 1n amall portions ~o remove ine wides1rable material•• 



The ga■oline solution may also b• treated witn ao\ivatod 

charcoal or Fuller•• earth. 

Humphrey (23) uaes petroleum napht,ha and tur­

tural tor t.l:le pur1f1cat-1on ot rosin. Tile turtural is 

used in amall amounts to extract tbe dark rosin part 

leaving a refined rosin 1n t,he pet.roleu napb.tb.a solt1t.ion. 

After diat1llat.1on of the aolYents from tne1r respective 

solutions, two grades ot roein are obtained. By tn1e 

metnod, 1t was stated that seven grades of refined rosin 

can be obtained, o, H, I 1 K, M, N, and WO by the roe1n 

color scale. 

Qqem1oal Treatment: The main cbemioal me\hoda 

ot purilying tallol are chlor1nat1on, esteritication, and 

sulfonation. Tnese met.nods attempt t.o separate the 

resin and tatty aoids of t,allol by aelect.1ve chemical 

act.ion. 

1. Qblor,n1ti9ni Chlor1nat.1on nietb.oda have 

been devised generally tor refini.n~ t.allol wi t.nout. 

aaparat.ion of the constituents. (6) Tno aeparation of 

tbe resin and tatty aoida by selective chlorination naa 

been attempted by Crockin (6) wit.bout m\lCb eucceae. 

2. Jate[1f1cat109: Many methods have been 

devised •mploying esteritioat.ion tor separating the 

eonaiituenta of tallol. Generally. tbey attempt \o 
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ester1ty tbe fatt,y a.cide only and then separat..e t.lle 

tatty esters trom tne resin.a by d1at1llat.1on or by 

eolYan\ extraction. 

Schul tae, (38) Brown and soott, (3) and others 

eaterity the tatty acids w1t,n an alcohol, such aa ethyl 

or methyl alcohol, in tne presence of aultur1c acid, 

and tben distill the esters from the solution. 

Gayer and Fawkes (17 ) neutralize the resin 

acids with a base such as aod1um hydroxide before aepara• 

ting the eaters and salts by using two 1mm1soible sol• 

vents, turtural and a hydrocarbon solvent. The hydro• 

carbon solvent will dissolve t.ne eaters. In anotner 

prooeea, Gayer and Fawkee (18) react tbe reaina wit,b 

a1nc oxide t.o form resinatea and separate the t,wo pro• 

duc\s by d1a\1llat1on. 

aeseaamann (39) eateritiea the tatty aoida 

with a low boiling•point alcohol euen as metbyl alcohol 

and the resin acids with a hlgb bo1ling•point elcohol 

such aa glycerol• and tb.en aeparates tb.e esters by d1a• 

·t,1llat,1on. 

~. su&fo44~1oa: The sultonation method ot 

purity1ng tallol baa been worked on extensively. 

Geigy (19 ) treats a mixture ot 't,allol and 

phenol wi t.b a aultonating agent. The product. obtained 
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b.a.s been deacr1bed as a resinou:;s water soluble sttbat,anco 

useful in the text.ile ind~a,ry. 

Chapman (5) at.tempted the separation of reain 

c.nd tat-t.1 aoida by aeleot1v• &l.lltonat.ion. H• treat.ed 

· t.1le t.allol w1 t.h. small amoun\e ot conoant.ra\e4 sultur1o 

acid and found that t.be rea1u and ta.tt,y acid ;?ort,iona 

ot tallol could be separated by t.llis SAet.llod. 

Crockin and Vilbra.11at, (?) have designed a pilot, 

plant. for the pur1t1cat,1on of t,a.llol by the sul.f onation 

met.hod. The proc;.iuct. obtained by tJlis met.bod baa been dea­

cri bed as a limpid etraw•eolored oil wh1cn on standing 

yields clear abiet1o acid oryeials. 

Q£Y•tell111t,1on, Jenkins <24) has dev1aed a 

method of separating the reain acids from the tatt,y acids 

by diaaolTing tne \allol in a suitable polar solvent con• 

taining a considerable aaoun, vt water and tnen crystal• 

l1z1ng t.ne reein acid.a ou'I. by any suitable means. The 

eolven\s employed were the monomethyl etner of ethylene 

glyool, diaoetone alcoho1, or turtural. When turtural 

waa used, the amount ot water 1n the solution waa t1ve 

per cen\ by weignt. Tne ratio ot tallol to solvent waa 

varied but results were obtained with tallol content ot 

fifty per cent or leas by weight. 
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Ab1et,1o ac1d 1s one of tne earliest roa1n 

aoida iaolaied and studied. It 1• t,ne principle conati tuent, 

of American roa1n and ine resin acid• in \allol. The 

term •ab1et1c aoid" has been used 1nd1acr1m1nately 1n 

the literature \o daacribe various rosin acids tnought 

to be individual compounds. Compound• tnought to be ab1et1c 

acid nave been reported in t,b.e l1t.erat1.1re wi t,n mel tiug 

point.a varyins trom 132°c. ,o 1a2°c. and having been named 

•abietic acid" or •tsomera ot abietic acid". Later in• 

veat,1gatora found tnat many of tneae eompounda were not 

pure but mixtures of abietic acid and abietio acid der1va• 

t1vea. As an example, Fleck and Palkin (lS) have snown 

t.nat pyro-ab1et.1c acid, a ao•called •isomer of abiet,1o 

ao1d" wit.n a melt.ing point. ot 173-174°0. is 1n reality a 

mix\ure ot \bree acida similar to ab1et1c acid - dehydro­

ab1et.1c, d1hydroabiet1c1 and tetranydroab1etic acids. 

Tne1r work wae substantiated later by Ruzicka, et al. <34) 

Lat.er, Hoaaelatrom. et al (20) proYed tnat p1n•ab1etio acid 

long considered a at-ereoiaomer ot ab1et,1c acid was a 111xt.t.tre 

of ab1et1c• detlydroab1et1c, and d1hydroab1et.1c ao1aa. 

iA aearcb ot t.ne 11 t.erat.ure revealed tnat, there 

are but two known isomers ot abietio acid - one named 

•abietio acid• and t.ne ot.her named •levo•p1mar1c acid•. 



• 12 • 

The atrllOturea ot tbeae two acids were determined bJ 

Fieser and Campbell. (14) The a\ruo\urea ditter 1n that 

abietic acid has 1ta two double bond• ln two rlqs where• 

-aa levop1mar1o acid has \be double bonds tn the•••• rina. 

These structures are p1otured belows 

J'1a. 1 • ..Abiet1c Ao1d 

Tb• above at.ruot.ureator ab1et1o and le:•o•pimar1o 

aoid have been aocep\6d by var1oue 1nveat1ga\ore.<•, 16, 33• 35) 

The phyaioal propertiea ot ab1et1c and levo•pi• 

mar1o acida differ aomewhai. The m•ltin1 point ot ablet1o 

acid baa been report.ed 1n varloua reterences<l_l, 21• 28, 3S, 42, 4?) 

i.o be ln t.he range 153•160°0. Jllingt.on (ll) at.at.eat.hat. 

ab1at.1c acid 1a not- cbaract,er1zed by a sharp melting po1iit. 

but melt.a over a range of three or tour degreea. Ab1et.1o 

aoid oryaiala are deaor1oed aa being \bin, \raneparen\1 color• 

1•••• t.riangular pla\ea wil1cb grow 1n cl11at,ers. (11, 13, 42) 
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These crystals belong to tile raonocl1n1c eyat,em (ll, 42 ) and 

are opt.1cal!y negative. (42) 

The melting point of lavo-p!mario acid 1s dittloult 

to det,erm1ne aince levo•pimar1c acid can be eaa1ly 1aomer1zed 

t.o abietic acid. (14, ~5 ) According to Bacon and Ruzicka,(2) 

levo•p1maric acid will 1aomer1ze t.o .abiet,io aoid at,, \empera­

turea near ao0 c. Veeterberg (43) determined that 

levo-p1mar1c acid crystals belong t,o the ort.no-rhomb1c ayet,em 

and are 01.;tically posi t.1Ye 41tter1ng trom abiet,ic acid 

crystal• 1n tneae reapect.a. The cryet,als grow in reot,angular 

t,ablet.a w1 tb. t,wo axes nearly equal. The melting point, baa 

been tound to be 1n the range ot 140•150°c. but. a ebarper 

melt.ing po1n1. could not. be obtained. (43) 
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III. HPERigNT,\L 

This research was aonduct.ed to det.ermine the 

poas1b1l1t.y ot separatinu tlle resin acids from the ta\t.y 

acids in t.allol and to pur1f7 the resin acids. 

Another objeci of th1s investigation was \o 

attempt an 1dent1ticat.ion ot any resinous product• ob• 

tained in the course of the 1nvest.1gat.1on. 

The plan ot this, 1nvest1iat.1on can be devioed 

into three sections as given below: 

1. To etfeot a aeparation of the ree1n 

acids trom the tatiy ac1da by the uae 

ot turtural and t.allol as 1m1ac1bl• 

aolvenis to selectively dissolve por­

tions of tallol and then t.o crystal• 

l1z• the resin aoide trom tne solution. 

2. To effect a separation ot tbe reain 

aoids from the tatty acids by uaing a 
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turfural ... water solution to act as a 

polar solvent of the tallol and allowing 

the subsequent cryst.allizat1on of tne 

resin acids trom tho solution. 

3. To identity any orye\ale obtained 1n the 

oouree oft.he investigation by standard 

methods set up in Shriner ana Fuson (41) 

and/or by methods found in the lit.era• 

Tallol: The tallol uaed in this 1nveatigat,1on 

wae obtained trom t.he West, Virginia l'Ulp and Paper Com• 

pany, Industrial Sale• D1v1sion1 New York City, and 1• 

curren\ly sold under the name •Ligroft. 

The oompoaition ot tnic ma.t.erial as supplied 

by t.b.e company 1• listed below: 

Fat.t.y Aotda 48.6 1' 

Rea1n Acid& 44.l ,! 

Unaapon1t1ablea 7 .3 i. 

Aeh .24;( 

Moisture .02,; 

Acid Hwaber 166 
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Tb• material is a dark brown, visooua liquid 

containing many crystals believed to be rosin cryatala. 

Before using, the tallol was thoroughly mixed to 1naure 

a uniform sample. 

Petcoieum Ether: The peiroleum ether WJed a.a 

a aolvent in th1a work was a five poWld shipment ot 

analytical reagent grade obtained trom the Mallinckrodt 

Chemical Works, New York. Thie aolvent had a boiling 

point range ot 30•60° cen\1grade. 

FurturAJ:: The furtural wted was obtained trom 

tne Chemical Engineering storeroom and was part ot a 

shipment prev1o~aly used for extraction. Before using, 

t,ne turtural was p1.1r1tied by dist.illat.1on. The product 

distilled at 1ss0a. at atmospheric pressure and waa a 

light yellow color. 

l!\QXl Alcoqo&: The methyl aloonol uaed wae 

ob\a1ned from ine Cnem1cal Engineering sioreroom and 

was part ot a ah1paent ob\a1ned from the Phipps and Bird, 

Inc. ot R1otuaond, Virginia. This alcohol waa absolute 

ret1ned. 

H1•2•ll19eous Chemical:1: The var1oua reqents 

used in \be 1dent1tica\1on of the oryatala were obtained 

from tne Chemistry S\ockroom and were generally ot c.P. 
grade. 
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Q•niritye: The.cent,rltug• ued waa a labora• 

\ory mod•l obt.ain•d trom tbe Int.ernational Equipment. Com• 

pany, Boat.on, Ma•••• through \he Fiaoher So1ent,1f1o Com• 

pany, Pittsburgh• Pa. Ii had a five inch basket and a 

maximum speed ot 3600 R.P.M. The tilterilli medium 

used was wnatman No. 2, large sheet.a. cut t.o the proper 

aize. 

D1at,1llat1on APPara\ua: • standard laboratory 

vacuum d1st.1llat1on apparat,ua was set up using a labora• 

t.ory aspirator as a YaouW1 pwnp. Tile oomplet.e apparatus 

consiat,ea of; 

l. One 500 cc. d1st1111ng tlask. 

2. One glass condenser. 

3. One 500 cc. round bot.tom flask. 

4. One 1000 oc filter flaak. 

5. <.ne 10 gallon carboy. 

6. One 30 1n. moroury manometer. 

7. U1soellaneoua slaea and rubber t,~bin&, 

r11bber sloppers, rings, ringatande, 

and olampa. 

a. Cile Bunsen burner. 

The aboye 1\ema were obtained trom the Chemical 

lng1neer1ng Storeroom. 
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N!Nl\191, WMS!: Tll• analyt,1oal balance waa 

obtained trom t,lle F1aner Sc1en1i1t1c Company, P1t.t,aburgh, 

Pa., and uaed wnen accurat,e weigh.ins• wer• neoeaaary. 

l!M Balanae: #. beam balance of t,b.e ainsl• 

pan t.ype was used for rougn weighings and waa obt,a1ned 

trom t-b.a Cllam1cal Rubber Compan1, Cleveland, Ohio. 

TQtrP!9e!t.er: A mercury t,hermome\er graduat.ed 

1n degrees with a range trom •10°C. io i600c. was uaed 

tor temperature measurements and was ob1ia1ned from 

Brot,hoom1 New York. 

li1c11tlane2ua 1su&,ement: All other miscellaneous 

laborat.ory equipment auoh as glassware used 1n this in• 

vestigation was obt.ained from the Chemical Engineering 

St,oreroom. 

Two metnods were attempted 1n order t,o aeparate 

t.he resin ac1de trom t,h• tatty acida ot \allol. For the aake 

ot clarity, tbeae methods na•e been named "Furtural - Pe\ro­

leum Ether" and "Furtural • Water", indicating tne solvent.a 

used in tne1r respective procedures. The general procedure 

tor each method along witn the general procedure tor the iden-

t-iticat.ion of. the crystols is given on tile tollo.wing pages. 
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[qrtsr11 ~ Pet,rolewn ;r;;tne,:: Thia meibod employed 

\be use ot turfural attd petrolewn etller as 1mm1ecibl• aolvent.a 

t.o aeparat..e the dissolved t,allol 1nt.o t.wo port,iona. Five runa 

were made ua1ng :350 srama of petroleum et.her and 25 grama ot 

t.allol in eacb but. varying t.he ratio of turtural to t,allol. 

These ratios were l/2-1, l•l, l-i-1, 2•1 • and 3•1. Mother 

run waa made ua1ng 200 grams ot t.allol, 1000 gram• ot pet.ro• 

leum et.her, and 100 grams of turfural. Tn1a procedure waa 

\ne same except that two cryat.allizat.iona were made from the 

aame rea1due. 

The general procedQre for the runs is aa tollowst 

1. The tallol 1a weighed in a 600 cc 

Erlenmeyer flaak and tben t.ne weighed 

amount ot petroleum etber is added. 

2. The tallol and pet.roleum ether are 

thoroughly agitated tor about ten 

minutes. Thia is aufticien\ ~ime 
~ 

tor tolut.1on. 

3. Tne solution 1a centrifuged ~ore• 

move insolubles. The amount ot 1naol• 

ubles 1n each caae is determined by 

weighing tne tilter paper before and 

aft.er centrifuging. 
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4. Tb• proper amouni ot turtural ls added 

\o t.be.aolut.ion and ag1t.at.ed tor approx1• 

mately l/2 bour. 

5. The turtural and petroleum et.her layere 

are allowed to separat.e at room \empera• 

t.ure ot about, aa0c. tor t,bree daya. Tb.e 

tlaak 1• stoppered during tbia time. 

6. Aft.er ha.Ying set.tled, t.he turtural 

layer 1a aeparated trom the pet.rolewa 

ether layer by deoantin6 the petroleum 

ether aolut1on. Each solution 1a then 

weighed. 

7. The petrolewn ether 1a diet.illed frcm 

the eolui1on at atmospheric preaaure. 

111• t.emperature of t..he aclat.ion 1a not. 

allowed to exceed 120°c. 

a. D1at.1llat.1on la turt.ner carried out under 

a 27 1n. vacuum. The temperature or the 

residue 1a kept below 6000. 

9. The amount ot petroleum ether recovered 

1• determined. 

10. Tbe reaidlle is weighed, .pu1' in a teat,-

• 



/ 
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\ube, and aet aside tor oryaiall1zat1on. 

Dur1ng \his t.1mo, \he iea\-tube 1a 

aioppered, kept, ai a room t.empera\ura 

approx1aataly 2a0 c., an4 agitated tre• 

quently. 

11. Tb• reaidue is then centritused t.o re• 

cover the cryetala. Tn••• oryat.ala are 

washed in ibe oentr1tua• w1\h petroleum 

ether, dried• and th.en weigtled. To in• 

agre eutticient time tor cryatall1zat1on, 

the raaiduee are not oentrituged unt.11 

two weeks aft.er crystallization begina. 

During t.n1a time tbe reaidue 1a agitated 

ai 1nt.ervala. 

tYt(KAl • !1!rfr: In t,hla met.hod a turtw-al • 

water solution 1a uaod aa a polar solvent, to diaaolve tbe 

tallol and to allow the aubaequent orya~all1zat1on ot the rea1n 

acids frOJII the aolut.ion. Three runs were attempted ws1ng 50 

grams ot \allol and vary1ns ine t..allol • aolveni rai10. Tn••• 
rai1oe were l•l, 1•2, and 1•3. The solvent contained S~ of 

wat.er by we1gltt.. 

Ttt. procedure tor t..nia met.,nod 1a given below: 

1. The eolvent. ie made ~p by weigning 

,he proper amo~nts of furfw-al and wat..er 
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and then thorou.ghly mixing them to 

dissolve the water. 

2. Tallol 1a weighed in a 250 co 

Erlenmeyer tlaak and the weigned 

amount ot aolvent 1a added. 

3. The aolvent and tallol are agitated 

tor 30 minutes and then centrifuged 

to clarify the solution. 

•• The eol~tion was tnen set aside at a 

room temperature of about 26°c. tor 

cryatallizat.1on. 

14•nt1f!2;tiog .2f. lh• Qrx!tals• The 1dentitioat1on 

ot tne crystals was carried out by the standard metnoda ot 

snriner and Fuson (41} and Mulliken <28). It ia not deemed 

necessary to include a detailed deaor1pt1on of the met,noda 

of identification used 1n the general metllod of procedure, 

but the teats used will be deaoribed as used in the "Reaul\s." 

The general procedure for identifying tne cryatala 

was as tollowa: 

1. Tlle solubility olaas or tne crystals 

waa de\erained by dissolving the 

crystals in various solvents. 
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2. Using Ya.r1oas elasa1t1cai1on reagents, 

t.ne funot.ional groaps ot tile cryat.ala 

was det,ermined. 

3. Tne melt.ins point, ot t,lle cryat.ala was 

fowtd by tne capillary \ube method. 

4. An approximation ot the moleoular 

w•ight wae made by tne depression ot 

melting point, method uaing camphor aa 

tho solvent, and by det.erm1n1ng t,he 

Neutral Equivalent of the cryotala. 

5. A survey of the literature was made and 

a d•r1Yat1ve was prepared. Tne prooedure 

tor making the derivative will be given 

int.he "Results•. 

6. Pert.inant. crtat.allographio data waa 

obtained by studying the cryat.ale witn 

ine naked eye and oy' aeini;; a pet,ro­

graphic microeco~. 
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[urtu[al • Pe\rQAtwn gther: The daia for ine 

t1Ye runs using 85 grams ot \allol and tor the run using 

200 grams of tallol is tabulated in Table 1. 

Tile insolubles obtained when contr1fug1ng t,b.e 

petrolewn •ether• tallol aolut1on were a dark brown color. 

Thie ma\erial was readily soluble 1n turtural 1mpar\1ng a 

dark brown color t,o \he solution. 

When distilling tne petrolewn ether, the re• 

ce1v1ns flaak was empi1ed or eolvent before applying a 

vacuum. No solvent waa oollooied under vaouwn distillation 

condition• since the atmospheric temperature ot about 26°c. 

waa autf1c1ent to Yaporize any solvent at the low pressure 

of the distillation. 



- 1 2 , ,. s ' f'wfwal to Tallol (raUo) i,-1 1-1 li-1 2-l ►l i-1 
•· Pet. Bther (gme) 2SO 250 2SO 250 2.SO 1000 
¥• Tall.ol (au) 2S 25 2S 25 2S 20() 
Wgt.. Inaolabl• (pa) 1.4 1.1 l,J 1.4 i.s 13.1 
Iaaolubl.N (j) 5.6 6.8 5.2 s., 6.0 ,., 
Wat,. Pvtval (pa) 12.s 25 37.5 so ?S 100 
Wgt.. Pet.. Kt.her Lqer (pa) 258.8 252.9 278.3 244-6 269.6 1122.) 1 
Wet,. furfUl'al. LaJv (pa) 10., 21.9 ,3).8 46.s 68.4 89.0 
hrtval. :Loa (j Initial Wgt.) 17.6 12-4 9.85 1.00 8.8 ll.O I\) 

a, 
Pet.. &tw Beaovered (pa) m.6 195.a 228.S U14.9 :JD?.O 8'18.2 t Pet. Abar Lou (% Initial Wgt.) 19.4 21., 12.6 25.6 17.2 a.a 
... ltNidue ~) 2(..8 26.9 26.1 25.7 30.5 218.5 
lniclue Gain . Tallol Wgt..) 1.2 7.6 4.4 2.a 22.0 ,., 
Baa.i.clP Color dkd'ed ta-. dk.red-br. Nd-bzo. ........ amber elk._ ......... 
Wgt,. Cryatal. (pa) 1., .9S .10 .., .25 u., 
ez.,wt.ala (lld.tial Sempl.e,, j) ,.o , .. 2.8 l.8 1..0 s.a 
W&'• Crpt.al.a (2nd Cr,ata. pa) - - - - - 6.2 
Cr,at.ala (2nd Cr7at,A• I) - - - - - ).1 
Cr.,at.ala (TDW.. j) ·- - - - - ,., 

.&ll.OJ7111.alaobtataed ..... finer tnan,OJINb., u. s. standard 
Sine,. and were a wbit.• oo1or w1Ul a faint, pl.l.ow.1all t.inp. 
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fgrtural • Wa\eri No quantiia\ive data waa ob­

iained tor \h1e method a1nce the runs made tailed to cryatal• 

lize. In approximat.ely three months t.1me, no eryat.ala were 

evideni in any of the solutions. The solutions were not 

viscous bu\ very tluid. 

-An attempt waa made to induce cryatall1zai1on 

by chilling. The l•l turtural to tallol ratio aolution was 

1111naraed tor tnree days 1n a constant temperature bath at 

2°c. Al thougn t.b.e aolut.1on became more viscous, no 

crystals appeared in the solution. 

It was also tried to distill part of the solvent 

trom t.he solut.1on. This was also a failure since tt1e tur­

tural polmerized at t.be distillation temperature ot about. 

l58°C • 

Ident.1tioat1on .21 the c,ryatva: Tne crya\ala 

were 1deni1t1ed by t.he standard procedures aet. up by Shriner 

and ruaon (4l) and wit.n the nelp ot sundry data found in 

t.he 11 t.erat.ure. 

1. Solubili\Y Class: The solubilit.y class of 

t.ne cryat.als waa determined by at.t.empt.1ng to dissolve aome 

oft.he powdered oryst.als in various solvenia. Tne solvent.a 

and results are listed below; 

Waier (distilled) 

Sodiam bydroxide (5~ aq. sol.) 

insoluble 

solu.ble 
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Sodium bicarbonate (si aq. sol.) soluble 

Hydrocblorlc ao1d (5i aq. aol.) 1neoluble 

Sulfuric acid (98~) aoluble 

Phoaphoric ·acid (851') lnaoluble 

Thia placed the cryatala in \be aolub111ty olaaa 

A-1 whicn cc:ntaina most of the ao1d1c compounds. 

2. fyns\12&11 9t9i2!: ay ••an• ot reac\1ona 

witb various claaa1t1cat1on reagen\•• the functional groupa 

of the crystals were determined. 

aom• ot the powdered crystals waa shaken with 

bromine 1n carbon tetrachloride solution and w1,n a 2~ 

water•pot.assiwa permansanate solution w1tb the followina 

result.a. 

Carbon t.etrachlor1da • • • d1achars• of 
oolor. no evolution 
ot aa• 

Potassium permanganate•• discharge of 
oolor 

Thia would indicate unsaturated linkage 1n the molecule 

ot the cryat,a.la. 

Teata were attempted with the following reagenia: 

Tollen•a Reasani, Schitt•a Reagan\• rehllna'• eo1ui1on, 

pben7lbydraaine,111d 1od1o acid. No reac\ion waa evident 

wi\b any of ,beae aolut1ona 1ndioaii11i t~• abaeno• ot aucb 

sroupa aa alcohol, aldeb.yd•• ket,on•• pheol1o, or anlllne 

derivative. 
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i. ll•&\in& Po&at,i Tbe aelt.1ng point, of t,ne 

oryat.ala was deter■1n•d by \he a\andard capillary t,ube 

method ue1ng glycerine aa the liquid bath. Tb• melt,1ng 

point. range waa 155•159°C. Three arama oft.he cryat.ala 

were purified by reoryat.all1zat.1on trom m•thyl alcohol. 

The prooedure waa t.o diaaolve t.h.e orya\ala ln 25 oo. ot 

alcohol, tilter t.he aolut1on1 and t.hen allow the alcohol 

t,o evaporate alowly at. about. 26°c. In \hr•• day• tbe 

cryatala nre fll\ered, dried, and weighed. Th• weigh\ 

ot \he crye,ala obtained •aa 1.4 grama. Th• melting 

point of tneae cryat.ala was det.enained and towid t.o be 

155o•l69~C. The melting point ot a m1x~ur• of puritied 

and lmpure orya~ala was determined and tound to be 155°• 

159°0. also. 

•• Ko~•osllf Weigpt,: An approximation of the 

aolecalar weight, oft.he oryatala waa made by ine Neu\ral 

lquivalent metbod and by tne molar freezing poin\ depreaa1on 

me\bod. Tbe N•u\ral Bqu1Talen\ waa determined by \1\ra\ing 

a 0.499 aram sample of the cryetale dleaolved 1n 50 cc. 

ot metbyl alcohol with 3.7 cc. ot a 0.441 normal aqueows 

eolution of potaaaiwn hydroxide. Tb• Neu\ral Equ1Tal~nt ••• 

calculated by the formula: 
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Subet.1tut.1ng 1n t.b.e formula: 

N.B.e Qej99 X &QQO • 306 
le? X 0.441 

:Ua.oe t,he molecular weignt. of a compound 1a equal t.o t,he 

N.E. timee t.ne number ot acidic groups 1n t.he molecule and 

aaaum1ng one acid group 1n t.ne moleoule ot t.b.e eryat,ala, 

tne molecular we1gnt, of tne cryat.ala would be 306. 

The molecular weight. was also det.ermined 

by melt.1ng ,.o grams ot pure camphor and 0.4 grams ot 

t.he crystal• t.oget,ner, cooling tb.e melt, and powdering 

tne mixture. The mel~ing points ot pure camphor and ot 

t.he m1~ture was det.ermined «nd found to be l7~•1?7°c. a.nd 

160-163°c. respeot.ively. The average treeaing point, de• 

preaaion was 13.5°c. Tb.a molecular weigllt was calculated 

from the formula: 

where: 

11.w •• 39.7 X w I lQQQ 
DX G 

39.'7 1• t.ne molar depression of oamph.or 

• 1a t.lle we1gnt, of t-b.e uryst.ala 

G ia ih.e weight. ot camphor 

and D 1• the depresaion in melting point.. 

Subat.1 t,uting the values in t.h.e equattion; 

• __ 39 ......... 1 ..... x ........ o ....... , .... x_,_0_00 __ • 29 .. .u.v1.- - " 13.5 X 4.0 



8. xEXfitllts,tlRB\9 RI!&: Th• oryat,ala previoual.v 

obialned by recryat.all1zat,1on from alcohol (page 2s ) were 

at.ucl1ed w1t.ll 1.ne naked •Y• and wit.h. t.he pet,rograp1l1c mlcro­

scope. These at.ud1es wero made by Professor P. s. Dear ot 

1.be Virginia Polyt.eobn1c Inst,1 t,ut,e Oara11ic Depar\ment,. The 

oryat.ala appeared t,o be t,h1n• t.ranapareni, t.rian.gular •baped 

plates. Th.ea• plat.••• some nearly 0.5 oentiaaet.er• long• 

grew in cluet.era. Tbey were en\1rely colorleea. ay uae 

ot t.he petrograpnio m1croaoope 1 1t. waa det.era1ned ~bat \be 

cryat.ala were b1axi-1t opt,1cally negative, and bad an opt.lo 

anale ot about, 55 degrees.(~) From t.be shape ot t.be cryat.ala 

and t.be above data, 1t was coneluded t.hat, t.he cryat.ala be• 

longed t,o t.ne monoclinic ayat,em.< 8 ) Confirmation ot tb1a 

conolua1on by t.ne measurement ot t.he int.ertinal angle• 

waa not poaaible einoe \ha microsoope w.ed did noi have a 

IUliYeraal at.age. 

6. R,r1vat1vesi Two derlvat.1vea were made ot t.h• 

cr7at.ale following the procedure ot a\eele. <42> The s•n• 

eral procedure 1• \o dissolve t,tie crya\ale in met.byl alcohol 

and t.ben neut.ralize t.he a ol ut.ion w1 t.b. alcollolic aodiwa 

hydroxide ao1Llt.1on ualni; phenolplltllalein as an indica\or. 

,n1a aolu\1on-1a then poured, while mixing, into a water 

eolut.ion ot oobalt onlor1de or •ansan••• aulta\e. Th• 

precipitate which torma 1e tilterea, waehed wi\n water, 



and \ben drS ed in a vacuum at. 80 t,o 90°c • The quanti t.1•• 

ot material• used were aa follows: 

a grams ot oryatala 

10 oc. of metnyl alcobol 

6 grams of t.ne cobalt, o bl or 14• 

or manganese sulfate 

and 100 oo. ot d1et.1lled water. 

The cobalt derivative was a lavender color and melt.ad 1n t.be 

range 195•242°0. Th• mangan••• derivative was a ta1nt-

p1nk color and melted at. 252•276°c. Tb• colors oorreapond 

to tboae recorded by a\eele but, no melting point• were 

recorded eo subat.ant.1at1on of t.ne melting point clat.a waa 

not poasible. Tne melt.ins point, of the \wo der1va\1vea 

made are presented nere as a matter of record for future 

lnveatigat.iona. Tbe lligh melting point. rana•• 1nd1oat,e 

t.nai the der1vai1ves are impure or are aaorpnoua coapoW\da. 

Tile aut.hor w1aned t.o make th• bydroxy der1vat.1ve 

ot the cryatala but ine lack ot aelerium dioxide prevented 

ttbia • 



IV. RI§CU§§ION 

No data was obtainable tor tnis method einc• 

it was not aucoesaful in separating tne resin acids from 

ine tat,y acida of t.allol. It may be that this met.hod 

would work 1t tallol to solvent ratioa other than the 

ones employed in thia investigation were used 1n fu.rtuer 

etudiee of thie method. Ditferent methods of 1nduo1ng 

cryatallizaiion might be necessary to attain success by 

t.h1s method. 

From ihe data it can be seen that the mtt.hod 

ot using turfural and petroleum ether as 1mm1ao1ble aol• 

vents of tallol 1a fairly sucoesaful in eeparat1ns the 

reain acids (abietio aoid) trom the fatty aoida of tallol. 

Xi•ld1: The maximum yield of cryatals baaed on 

the weight ot tne original tallol sample was 6.0j& by one 

crystallizatiQn. But assum1n~ that the maximum amount ot 

resin acids 1n tallol ie about 5~, the actual yield ot 
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reain acids by this met.hod is calc~lated a.a 12~. I\ 

is sllown that by a second oryat.u.llizat-ion of t,ue resid1.1e, 

t.lle yield based on the sam,t,)le weigh.t can be increased 

to 8.9~, and t.b.e act.ual y!eld oacomes 17 .a,;. W1t,n t.b.1a 

yield it may be possible t.o adapt t.his process for com­

mercial purposes; or, after more stady of t.ne problem, 

th.e yield may be increaseu by increasing t.nei number ot 

crystallizations. 

Graph No. I. (page 34) ot the furtural t.o 

t.allol rat.ioa etteot on the yield of crystal& ob~a1ned 

snows t.hat as less turfural is used more crystals are 

obt.a1ned. This oan be explained inat some furtaral 

disaolvee in t.b.e petroleum eU1er aolu.t.ion and 1s not. 

completely removed by diat.illation. Tnia reaidaal fur• 

rural probably hinders t.he cryatall1zat1on thereby lowering 

tlle yield. Table I. ab.owa t.nat 1n eacll caae t.here is a 

loss ot weight. in the turtural layer while t.llere is a 

gain 1n the reeidue. Tnis oan be attribu.ted t,o the 

dissolving of the turtural in the petroleum ether solution. 

ccratal 42RGl[AOC8: The oryetala obtained 

att.er centrifuging tne residues were white and opaque as 

•••n by the naked •Y•• Under tne microscope tney appeared 

oolorless and transparent.. Tne aryat.als ar-own in alcohol 

were colorless ana transparent t.o tne eye. Tna reason 
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\hat. t.he original crystals appeared opaque 1a probably 

because t.hay were not single oryatals but amall aggregat.ea 

ot crystals. The be\erogeneous arrangement ot the crystals 

in tne aggregates would allow the retleot1on of light 

simulating opaqueness. 

In tb.e opinion of tlle a1,rt.nor, th• crys t.al• can 

be identified aa abiatio acid cryetala. It has been shown 

tnat the crystals belong to the A•l solubility claaa wn1ch 

cont.aina most acidic compounds. Tile bromine and perman• 

ganate test.a indicate unsaturated linkage in the oompoWld. 

The negat.1 ve resul t.s obtained wi tn Tollen• e Reagen\• 

Sctl1tt •• Reagent, Fenl!ng • s solution, phenylllydra.zine, and 

1od1o acid preclude tna absence ot such functional groups 

u alcohol, aldeb.yde, keto:,e • pllenol, or aniline derive• 

t.ivea. From these react.ions 1t may be concluded t,nat. 

tb.e compound 111 an acid wit.ti unaat,urat.ed linkagea. 

Tbe only compound listed by Heilbron (21) and 

Mulliken (ea) as an unsaturated acid with a melting poini 

range ot 155•159°C. • a Neutral Equivalent ot approx1maiel7 

306• and a molecular weigbt ot about, 296 1a abietic acid. 

Abietic acid has reported melt1n8 points in the range 153• 

l6e>°C • and a raoleoular weii:;ht. or 302 • Tile crystals nave 
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been dea9ribed a• t,nin, oolorleea, transparent., t,riansu­

lar shaped plates growing in cluaters, whicn is alao a 

deQcr1pt1oa of a~iotio acid cryat.als aa recorded in t.ne 

literature. (li, 13, 42) Tb• derivatives mad~ oorreepond 

t,o Steele's (42) cobalt and mansanese ab1etates in color 

alt.t1ou~n no melting point dat,a waa obt.a1nable t,o aubatan• 

t.1at.e t,nis data. 

Ab1et.1o acid naa one iaomer, levo•pimaric acid. 

Tna cryatala cannot be levo•p1mar1o acid crystals tor ,ne 

following reaaone: 

l. Levo•p1mar1c acid can be isomerized to abiet1c 

acid at, about, aooc. Since distillation waa 

carried out above ~his temperature it. can be 

concluded tnat any levo-pimaric acid present, 

would be converted to ab1et1c acid. 

2. Levo•pimario acid oryatala belong to the 

orthorhombic system. <43 ) The crystals from 

tallol and also abietic acid are in the mono­

clinic system. (a, 11, 42) 

3. I.evo•p1mar1c acid crystal• are opiically pos1• 

t1Ye <4~} whereas tbe cryst.ala trom t.allol 

and ab1et1c acid cr1stals are optically nega• 

tive. (a, 42) 



,. Levo-pimario acid oryatals are rectangular 

anaped pri•~• (43} but ine cryatala from 

\allol and abie\1c ao1d crystals are \ri• 

·angular ahaped priema. (ll• 43, 42) 
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Tbe following recommendat,ions are auggeat.ed tor 

future at,udy. 

l. Mak• addi t.1ona.l runs by U1e turtural•wat.er 

method ueing different. solvent t,o tallol 

rat.ioe t..ban used by t,ne auitior. 

2. Det.enn1nat.1on of t.he opt-1mwa furtural t.o 

t.allol rat.lo by making more rWUI and uains 

turtural t,o tallol ratios larger and smaller 

t.tlan \hose used by t,h.e aut,ilor. 

3. Determination of t.he optimum pet,roleum et.tier 

to tallol ratio by making more runs and varying 

t.ne amou<1t of petroleum einer llsed while keep1n~ 

t,ne tallol and turfural amounts constant.. 

4 • .O.t.ermination ot the optimwa number ot crye• 

t.all1zat1one necessary tor increasing the 

yields ot abiet,ic acid cryatala. This would 

probably necessi t.ate t.he use of la.rser t.allol 

samples than used by tne auinor so ~bat 

several recrystallizations of t.ne aarae residue 

can be made. 
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5. Determination of \he commercial teaa1• 

bility of turfural•pet.roleum ether method 

by large scale development of t.he process. 

6• Ident1t1cat.1on ot the materials dissolved 

in tne rurtural layer. 

7. Improve on the 1dent.it1cat1on ot tne crystals 

by makins. puritying1 and determining the 

properties ot a more suitable dariva~ive 

tnan those made by \he author. A suggested 

derivative would be hydroxyabiet.io ao1d wnica 

b.as been identified with recorded dat.a in 

the lit.erature. 

Only a limited 1nvesi1gat1on was attempted by the 

author t.o effect separation ot resin acida from tatty aciaa 

1n tallol by the furtural•water a.a a polar eolvent method. 

This et.udy baa not been con1plete 1n determining 

\he commercial possibility of \he turtural•petroleum etner 

proceaa tor aeparat,ing abietic acid from t,allol. Fur\b.er 

work will be necessary before definite conclusions can be 

drawn. 

Tile oryat,allograpnic data determined by Prot. 

Dear was not. complete since the microaoope used did not.. 

have a univer-al stage witn wnicn to measure the 1nter-tao1al 

angles. 
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V • QONCt.USIONS 

The following ooncluaiona can be drawn trom 

the results ot \his 1nvea\1gat1on: 

1. Uaing turfural to t.allol ratios of 1/2•1 up 

t,o 3•1 by we1gbt, and a pet.rolewn et.her t.o 

~allol ratio of 10•1 by weignt,, crystals were 

obtained trom tallol with these solvent.a 

aet.1ng aa immiscible aolvent,a and t.he al.lb• 

sequent cryet.all1zat1on of the compound 

trom the residue left aft.er tne remoYal of 

t,ne petroleum et.her by d1st1llat.1on_. 

2. The crystals obtained by t.b1s method are 

identified aa abietic acid oryst.ala navins a 

melting point ot l55•159oC •• the eppearance 

of thin• transparent., ~riangular sbaped prisms, 

1n the monoclinic system, biaxial, optically 

negative, and nav1ng an optic axis of about 

56 clegreea. 

3. In tne turfural to tallol ratio range ot 

1/2•1 up to 3-1, t,he y1elds ot crystals were 
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inversely proportional \o tne turfural t,o 

t.allol rat.1o, var7ing from 6.0% t,o 1.0,:. 

,. W1t.n a turtural t,o t.allol ratio of 1/2-1, 

an increase 1n t,b.e yield from s.ai t.o a.9,r; waa 

obtained by a aeoond crystallization ot t.h• 

reaidue. 

5. No separation or resin acide and tat.\1 ac1de 

oan be made by the turtural•wat.er met,hod wains 

solvent, \o t.allol raiioa of l•l, 2-1, and a-1 
and at.tempting to lnduoe crystallization by 

onilling io a0 c. tor 72 noura or by diet.illa• 

t.1on of about, 50% of 'iine fh>lvent.. 
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VI • iUl!MAHI 

The 1nveaiigat.1on was widert.aken io effect a 

aeparat,1on of t.he reain acid• trom t.be fat,t.y ac1da of t.allol 

a waste product. oft.he paper induatry. 

The turtural•wat.er and turtu.ral•pet.roleum et,ller 

met.hods were 1nves\igat.ed. In tbe ftrat method, a~ solu• 

'I.ion of wat.er in turtw-al by weight. waa uaed a• a polar 

solven\ w1t.h eolTont to t.allol ratios ot l•l• 2•1, and 3•1 

by weight, and at.t.empt.ing to induce cryat.all1zat.1on by 

allowing the solution to stand at. a temperature ot about. 

2s0c., chilling t.ne solution to 2°0. tor about. 72 no~ra, 

and diet.1111ng abo1.1t, 5°" ot the solvent, from tbe aolut.1on. 

No crya\alllzation was evident 1n any ot t.be aolut1ona. 

In tbe aecon~ method, eoluiions of t.allol and 

petroleWII ether were agitated w1t,h turfural. Tne pet,rolewn 

et,ner t,o t,allol ratio waa 10-1 by we1gnt, and t.he turtural 

\o tallol ra~1os were 1/2•1• l•l, 1-1/2 - l, 2-1, and 3•1 

by weigh\. After agitation tbe solut,1ona were allowed io 

stand at approximately 2s0o •• and then t-b.e two layers formed 

••re separated by decantation. Tne petroleum ether lqers 
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were d1ai1ll•d• and ine residues allowed io etand a\ 

aoou\ 2e0 c. Crystals appeared in three days and were r•• 

covered by centrifuging \be residues. 

Tneae oryaiala wi\n yielda varying be\ween 1.()% 

and 6.o,( were 1deni1t1ed by tne1r melting point ot 155•159°C., 

moleoular weign\ do\erminaiion as approximately 306, reaot1ona 

w1\n various reagents, and per\1nent cryetallograpn1c daia. 
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