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1T 

·:l:ha ~tbo:r bi.shes to ~res.s i#. r:d..'l.oere £i1Jpl."Ni.at1on io 

!Jl:', .. H. M. i1rllwle_ l':rot'-es,--o:r or c.tlemi.Gtll'.f• nuder 'WJJ,n;io sa.p~lidau 

this wos was carried. out. 

1:h.e wthor eJ:il.NSS\W g;s.-ati ta4G to t{!Q Chci :.it.1-y-~~$ 

or Okl~ t~l cul~ and .M..&CUtui1ceJ.. Ooll~"G ttJr tlie oppor

twii ty of .ia~ as sr-..adu.a\e fJJ'Jai ett.mt. 



l 

li<l~)lloline• t.e:tra11J,'1h"O 1.4,,.o._;im.ne, was tirat p ra-,Psred by Knorr 

(lJ in l BOO. Up un. tU the l ast t:ew t ears !il0:cphalln«$ ilad uo1t btMt1 ;v.t~ 

du~ed ~ere:ialJ.7 -.d ll.ad rc~ed a relatiTf'itly rti.rc mhst tin,eei. 

I-teem t.1.7 twl>rG· hae bOClll ta irHl?'~ in~st w1 t h 01d de.1l1.c! a:mweri.cw. 

· ~i th th.o 901.1,f.iible e~ti,en or £Otr.o o:t 1 ts deri ·fiiltlv~. t b.~ 
t..eitla to be llO otaer ~ !iOWld tilat i a m. ~oible m tn or !olvent 
t or, sucli a m.de V<".....riety o!' or,-3~:ic l"lat.erial..s. 'm.e e:t'tect ot 
the hetei,>c:yel.ic r~ .ia 1)&1,.iA~a &D:ll'.~ ill t he 11~eamve iuoreaee 
in m>J.vct action 1n the o.1riea., b,m~e, p71".idino,. dio~1ne, 
lllOl"plu)lilltJ.li." 

~bolluo 1e ~ morlosio.. :m.ooUctt 11 ':."Uid ;..4th u ~ . amaom.acw. 

odor. !'t boil$ 9.t l ~ij'*_goc (S), hat4 ttt.e treo~ 1)01.·t t or -4.9 • O.l. (S}.. 
' -

readU:1 h'o'la. the u r to to.a ~ 1.iOluhle caro.atia:t.e ?it.doh 'Wl~oa d1.i'i

oocio.tion u~ hMt~ to 9~0 or 100°0. 

ltor;,)hol.iru;> .mJ.V be referred. t() art t\ oyoJ.i e ~er ~e rum luw ·tu 

u m & i, n>p,e:tti~ ot a ~d.w:7 ~. It ~binA:>G Wi.Ut a..eidic ~,oundo 

tl) tom aal.1s. I; m.q be noov~ ~ - li'l~~ acids • ffll.® u ol01.e acid 



b to salted ou·t 0£ a:u.utiorull ~Y .ineau.s of ww1, but- 1" ia emltoa out 

by eodi• or r,ot:.uJm.-. ~nu. It t"<>ma ao~H;j Just ·ias. other 

amines do .ad ~ ha?e J ro'ftd $l0d for ~e to.ma'tion or atwle oil 

1n water mu.lsiGe mul film ~ ~mons. It i e desirabl.e ·tlll4 

.tU. f'ollld.ns amlm.mu• as uaetl tor ;lOl.1$.~'9.$1 lu,,.uen,_ paints. 

a~t, p~w eoai~s. ano. leat.a.er dro$.s1us, $UOU.ld not be ~ 

«!lQlaitJ.m>le ~poa d~ In tho iJnpa.n:t1on ot ~on .amu.GlOIU'l 

ao~line oun be heated ~a~ 11 ttl.e loM at tc~eratures ~ to oo•c. 

1et u11Cm shn~ 1110~0 ~ally vol.atilizes to leavo water rea

istwtt filw.L 

~:l'Pholiuo ~;& to .hOl.d pt"Oim1se in V'Ui.o.u.a e:dr'<itetiona wch u 

the reoo~ o:r 1"Sil0Yal ot ~oida. pharwl.e und sultur ~eta. 

~~ine has beflQ .tou.rul uMltlll in texiile cllald~t.r-J as a~ 

ooJ.vct tor Cb"•, pri.ntill8 9fu1wa ~d web .mat~l'ial.s. It e,;:41 be usocl 

tw a eolo7 .rmoYer tor ga:-ol!ae awl lumcm~ oils. C:entda of ita 

den Tati.es ~ b.Glaa 1xrvee~"""Gad m.1ib.. NSaN w t...~r m.edi~ 

poootbili ti~ 

Com~~ td.th the aeoel~tin& oom.w.eroial intereot 1n m(lp.. 

:i?lw.ine• ~ ~w,lk~s have b·e{G cg~oo in detQllinb.a 1t.e pl'WaiCkU 

ca.atant,o. In l t~ A. 1... ~Uson (Z) ad in 1937 De•el" &r1d ~-

(3} publish,ed a(lCiO 1:~si=al couat..ults tor _pure ~1"11bolino. In 1.~ 

m~an,, Dama.rd• tbe and l!bx (4) crm.trlbuted YriluEW fo·r ~e ti~;i,ecit1e 

~vitie-a, 1ud1.ee.s o.:r ~ef"l"autia, v1aeos1.t1es. and .. ~a(la tasunons 

o:t morp~ue-wa~r t"3lutions ,rt ~c. 

It BOG.ad o.t :t.ntcefift te inTeati~tce ~ tt.o densit1e:s ot ~> 

~holinit and ot' miJ.Ctu.Na ot: water md ~r1*.ol.1nc. Ti4.~ tno-.si~ re_porta 



det~n:dnations of 4~451 t"J vt.J.uiae .t'.J.I' :aor,,i.uoli&e tmd UOJ!"J l:.ol..irt~·'Ml~ 

00-l:utioos at -::.~/J.c., ~ 0 c. &n·ll 35° c . tog etl.'....~r with vrJ.uetJ ot ;;.JJ @<.iiti.c 

vo1W.Ul6• ililrti& tlOJ.,tll"' 'i'll.lw::.~, ,mid ~af.t.il'Jifl!lts or C%,yi~sio.u i:<.J.

~J.lutoo f1"01li ttte rlaua tiee. 



T.l::w r»>r.;,boline wa• ib:z ~ a.a.st ty d.e~t1oJ.l3 was o'btain.ad. 

'b7 1.illn.t";fi,a~ tue ~txt0iw. ri~et! iu.un~ ·ita~Uall.y tho m.ol.ba4 

~4i!ded 1>$' Dc1~'0~ end DeJtcwr (3) and .ll-1~ &ma.rd• we, a4 

mx (4.e}. ~U"Oiw. ~ ~;;i?Qlln• ~ dia'iilled ma tt..e .r~ncttioa 

l»Ui~ bel.ow i2;>c ~s dis~ 'lho m.i4dle ~1:loa boil~ 

betwec l~.P aad 1.2fllc v.1\IS dlecMd .and ntluxod over lll\itail14\ 

ao.ttua m.r roar o:r five ~rs. Su.b~;;;uct di&tlll~tta ~To .a 

oc:,n,s~t boi.Ung p ;:ttdY.l~ SU&oo ao:J"pi»lint1 ~l:, cl)~:res mis:tun 

•d. ~ 41o~4.e. an· ~ t~m at all ~a to exol.v.&l tttesa 

~bat.l'l/ll~ 

Dia.sr<Bi'il' or ·the retlu,4.ng at1d di&tilU~ nt,.up#3 nil n toutt4 

in plate l. 'lh.cv wn 4QS1ped to exclude h'om the prei;;amtion 

eal."bon diold..a mt\ .~stun ~d. ot..b.ff 1ur$1.1:J1 u.tmiilt1 ·tma't w.oul4 

N&ll:t bom. oaa-., m~. ~w or..,-. G~d ~ass cmmeottoas 

were utaed ~t. ib.e .side ,um o.:t ~- diAl-tilUng t'las •~ 

~ded .in l~th io ea.ct u c air oon.dc.sel". A'tt~ ta ,.1e 

m.de am ~ a ~Urie to•• I:n the re.tl:i.l.Xi.n.g opeuuon the 

Naotion .tlo.s .a t.t t'tod m tu • umer reflux iv:iie ot' ooad&sv. 

lor th€1 tiGtillai1on set,...up t,, t.iJ.titD.le-t.- mh• ·se suJ,s t.ituted Jfo.r 

~r~l ine we l"'&QOT.-. Ell.'\\8 the .mr:,D,b.olino-•'to.r ml.utiaas 

b7 ~ wt! loiuit p,;..· t ~scrJiwi. h:;~nu e.rt1'1 d.l.o~ the sy-/Jts lo 

OOtW to tt,~Ubaw. i'ollo~ ~ 1».athod ot De11su11~ ~d Dcme { s). 

~ tx):ta&ai.Ul.'I. ~:mz.l.lifi l.~«r ~ the dr"~ otf. Altbo DO ~t 



nth ,'l. fitty p•r am, -1ution o:t ro&uall ~4:ro:iJ.4e. ihe atrae,hd 

tlet";,boline begaa. ta. boil at ~)c'p-m:.d.Wlte.1.7 lla°C ~ob. ~d CO.Pio 

~:Ja4 to 1w.u1t,r-t1vo ?er oa'lt by Vi9itclil't. ,..:: &il~n.e. lt ~• 

th.~n ~1at th'fl •ia~•.r.t• oaud1 ti.an u mol'l;bol 1.n.,.~t~ 

~ tanstta li,rdm:la ~ 1:i •ch t be ame- ~fj wJ.t.h-,r;;lhoJ.1:t.ie,.. 

wa~oodium. lqdr.>z.14e milt~ I.$ p~s.17• tAle eul.y t'l'"4leltiGa 

was rejecud u.aW l.-ia1lo ne, re&.ebod. ~'le reatwe \aS saTed •4 

puttied aG \ud'o.re. iue l.e.~ &.nai t,, a•~tians -.- ~• 

lll.*l the rec,o.~ ~ .. 

'a1.e -~ ~ iJ1 t.1.e u..~Uon of tAe i~OH and in the 

p1"t\it~t1Wl ot solu.Ume ~a t'~ redla:Ull«l wtl bOil.ed Ju.tit 

before u~ to ~Ye~ 41ol.1@ and othv 1.'tl~ritiea. 

Zlle oraui~t t•p-~ itar.ea. ~c. 3l0 a-. •d a~c,: WON ~tuined 

Nlad. uen ..,_eoh.--ed ~" fl .&lnau ot Stan,urda t a~e\er and foad 

to be ae~k. T.he ~z;rowta,.._ nre oorw~t to ! o ... 1°a.. 
~ p-~Mra ~ €,1.us ~--;;.>~ veattel.s w1 ton ~ ~..adnated 



~i,Hl~tted. ;~ the la:lom dw.ntiu o:t ~ at ~ t~e~tllree. 

the ffll<il ~a corns~ to -. ~e ~..din,ss wow catwJ..ateu. 

the ~ helil by a ; 1lmmtull~. co~~ io ~ NO.dins• was 

~ ·~ Jlet(l l>y, imat i•~filter W481 1:iUed to tl'lO U.pp~d 

~ miss ~t ~ .4SQ G,,JtAti.OUs to bo u-. •tn ~ 4itte~1, 

p~e~ RN: ~ly devd,o,pod. 1he ~l>rat1oa had g.:. vc m.x 

fo.<V th& f~r u~~$ .~ a~ ~ 

i~ter I V • :s.?....at& - :ii; 

~m v-~512-a 
P;pmm«1tm' 1V v • st.Hi - a 



Tll.Gee e ;uat.ione !lteG tuwd in ®!~~ all ~oa clul"l.ng the 

tlet~et1on1i. 

A reduoec:i PN®t~ or ~ ... u,tl<m. ;:;iutiJod 'RB uu«l to till tiu, 11,t.. 

nom.eten. A .l'ilketct ot ~ &,,d,m.ent a.kv will be totmd in pl.ate 

II .. 1he ~~ ~ bo t.tllod ~ fit~ to the tle* aon~ 

ti.1.e p.n~U.on i,y nei.'As ot s. ade ~1ii1d oonn0cti.ne wu t t'~ t£lic:h 

extended a tube roown~ to tue bot~ o:r the tlatk.. l'ht> side um 

~ ~ectoo tr.r ~ ~~ to .a pro·teo~ng w.ct:1= r.l.atl!t web. 

1n mm-~ J..im:ed by tllill..ng to a ra~ ~~· ?.w ~" a,rst • 

l&U eiraQQated untU tae ll r,µid. boiled t.or n sbort th:i._ Upon ro

loo~ the tiabiug £.mm the~·® am ot ~ uuit, 1mo rd~ ~tted 

at ntffi.os1mc-ie pn&~ tw.weed the l.i~d into 'the py-~eler. Tins 

evacua:t.t.Qll ~ea to ~ce too -~uty 0£ ~r dis~veu. 1n t.ile 

11. ,.~d. 

Oa~. ~ ~M'tion or the 11,~d oaused by the low 

l)MG!JU.N tflfld.ed to in t,a,.(l.loe ma ff.ml!' into ~ d$W'-1uSti.OJW., ;'lll)w,.. 

ever. tis.@ ~ n.µ11"04 to-z filltq tae ;;i~otm.-a W4 brief. rt 

io to be noted tllat tJ:iG dcsi ty vrs...lu.oLlf oht>.:un.ed .fi'om the !'.our 1~fi

tvs .. w no ar!atioa o.cco~ to order ot .tillill$• as m.iOUl..d htilY-e 

b«m. ·the oase :1 t t:l.e solu.t10ll.s wee 1Xm.cetrated. ~ - till,ed th.G . 

It 1 · ballev.i. ~)re. that no ~:r.t~r a. dmui tta~ ~ ,;)I"O&loed la 

tb.i S l\7,Hl)'lhod, ,of !~ill~ 

i!lo:t~lill.:ln.-e ~vae ~1' .,1,JW!'ified £.or ~ detaminaUau. :Che 

1"ract1on to ho used w.tn di.nilled di:r!eotly into thtt t'l.a.?.1' in ~e..11 

the oolutioa •JlruS JJ~~~ and~ ikdoo ~ p~~te:r.lli ~~ t1ll.04. 

':he ;.,.01.utioru:. w;~:,e .;\L~ ~ in. .}e.l" octa by wi.{~t . r.ti1e fl.a.a 



oon t.-n..n.1.n.g ·, ·~.~e \.'it'4e 1..;oleLied M,l ti-:.cn :M)t1oi@b,od u~wn the 

ai:kli tton or the deairffli ,1~ ti tu ol \'iUte:r. Sin.ee hei.1t tl:.lB 

~lved u.;ion tne addition o:t •t.~. t.t.ie tl.a.m:s WUNt cooled to ~ 

t ~IH)l'QW:1'0 heto:re t b.e ~ ~f;.h.in;;;. 

In aos~ o~ tata 4etcw.nation.s 'i>~ ;mwa u~ ~...;;® oolution. 

'lhe p:~ct.ora tUl.ed ilt1. tb. the !~ pw."Gd m.lution ~~ ~i.'1.lly 

watglled. ~~ wore ~ r;J,.aeed in. the t~'ter ba~~ cme &~er 

ano~ ., and allowed to l"el~ in. .~ u.n.til the 'fi)lwue ~.li.JlSa 

had b~e oaus~t. ~ the. 'Vt>l\lmQ 1~<t1iW.ll$U ~<ie true vol.w.iie~ w..~ 

eulw.l.ated u~ oal.4W,.&t1m ~f the dam. t1~J follo•lld. 



'l"able l ~ v~ ~e exp~ct..J.. drltu fo:e the dam tiu o.f' t~l"-

1;.h.ol.ue and mo~illOlin.,.wat&r m~ ~t =-0 • 3:>0 • ~a S!"J0 ,.;. 

lnclt.Ulei'.l in "-.e tabla U-r6 'Mlllil d.i!lu.i tie~ ot ·water :t'o.r til.e&Q tm;,W'_., 

tareu a@ lnkm .~ Do~ {6) .• 

1>1.liblo Il ~1 ves a ~ of the d«lsi ty datili.. lnclud.od w,"'e 

the dm.ai ties ot mo~ino-i~ter :.'nlu.tion:s at -ro0 o its d~t~uned 

by Fri~ .• na.maat. Doe, and Fo:x; (4} zd ~ da1.aity ot pun 

.ZWrfl~& fiit ro0 c. t."iv=-. or Don:Ler .mid Deimv (3). 

'Jh!>le Ill Bi vu tae spoeitic '\l'Olum(;$ e-~eulatod ~ t ue d«tl.$1• 

tie.o a.a 5iVG1. J.n t able :u... She eonaent.rati.ane ot mr;;,beline. are 

~Med (al in per o~t.1; b1~ woi~t and (b) 1n wl fl."(.u:~i,ns. :I.he 

call:, t-r:..e ftt:toct or ad@:tns rn,or to oor~ine. 

~e IV gtvu the ealoulat-od ~al ~u vo.lwa.~ ot hler~line 

&'ad Qt la&ter in the ~tions a"t r:%J0 • 31-0, ?.md. 3:Pc :tor va:rtw~ eon

cmtr-.ltio.aa. oJ: s.o~l.JJ.t-e. 'l'al)le V (;;ivoa oal.~too ooet':t1¢1ent.s e~ 

~ons ai :,;,t.lc: tor mo11'boUne end vari.Ot\s .r...o~:mte,r 

mi~ 

1"t~e ~UQ~ ~~e M tre been incl.1.u1oa. 

I . Dms.t.tie.s or ~~~U1ul M.i.tl mo~lin~water mi~ t4\ m0 • Zif' 11 

3:1° mid 55°C vs.per amta by flai.@ht. ot 1:..or_:J.boline. The ro0 values 

!t>r U-.Grpll0l1tl&-•ter ®lut.1on:. a..."'t1 fK~tJn f l'Olll l'n~1:u:-a1* Damara,. lbe. 

tm.d .roz., ~d t:10 ale value tor ltl0:t'~1'hol1n@ tl'Qlll Do.l!/1$1" ,;.nd De:i,; .. e r ( 3}. 



10 

:it. ~ooii'ic vol~~ o.t m.o:rpliGl.111.e imd m.01.•;?iJOllne-~t.er m.rluree 

o:t :Or:;, tr.'f:i'Ji , 3l",, ~ So.a.a v.a. -uer ~it$ t.toi::ihol.tnG by • e;;b:t. Tue 

~o vad.ttes ~ .eel~~tod ~ ~.st ty TdlueG ~ivc in the U to~ 

tu:re as cited i'reviOU:.31.y. 

m . Dtn®i 'ti.ea vs,~ ~oticsaa of ~ r t~hol.1n.e. 

IV. S,.-i00:1 t'!c 'f\Utm.~3 YG.=l .t'~tlou or Ml.'ll'mline. 

v. Der.I.st ti&s vs. tW.t':l of wa-~ ~ ml of ~1,in.Gl:!.nc. 

·n. il@lw. tiea vz. t~iemtu.re .t;l)l!' m.orJ:boline and V>-J.riooe r,el" OEP..lt 

oolutioao of: Sr.{mol~.e in & 'tR-. 

VII. S~"Oitlc vul.~Gs &t 2rPo vs.ml fractions or rt»r-~ia~ ~ 

&-,.o.1id.~ tl'Mll 9·.:~<:wJ. t:le.un.G by ~'i.11!11 tne p~i:i.>.l mo,1.ar 1'nl.u..~f.JS ~~ 

ealt'Jtlln.t~ 



1VUMJ) 
{1~ lb.~ {i}) 

7' 1i01FtDIJ:U 

14.l.?;£ 

J...OOii 

l.®OV 

1.0l.Cl 

1.0141. 

l..ol.40 

l.OJ.«l 

la.AA., 

l.OOai 

i.ooea 

l..00~ 

l..®BS 

1.Ql.16 

L.OUG 

u. 



i'iS.JS 1 
-matizmeii-

1 ... 0~. 

J..~ 

1.031K 

1.0500 

l..,;03$ 

1.0~~ 

l.OSia 

wa 

l.02.U 

i.om. 
1.0~ 

1=t0ZrJ.G . 

l.OISIO 

i..o:so · 

1.0290 

l,.O~ 

l.OS31 

l.O~ 



;t.i/Jllf,E I 
-~timlodi-

1.o

lJf.:)49 

l.OlM 

l.Ol.M 

l.07,10 

1.0~ 

40.Ui 

1-.01.1, 

40~5$ 

l;;eO!§;I 

15 



Pai aw~ mr. :m:~ 
WM~.E 'fIOD..~ t)f 

iii.OJ.ii)al'£.J:U 

o.oo .0000 
(1001) iia(>} 

14.J.? .OS~ 

.$172 l..Oa'U l..ON l..~4 l.Ol.t>a 

.~~~ l.O~~ 1.0l.64 l..Ollt l.OOVS 

.0000 .~fJi4. ·""' ..,.'$:elf -~ 

1-1-t&1titi .to:r ~ow~ 'ttlits hr• lbne:r (&.). 

a,.....um,!4 u .u tor aoltJ:m\dlne-wa~ m.~s a.at al~C ~ ~at. 1q 
~ .CW.~, .J' -- $)~~ _9·~~- BiVff.t t'~ ~ 
Yiil:au d~ll4 'bz, J:d.._• lf~ ~ ~ lib-x (4l., 



?.ml '5~ 
m~Di-lltli: 

~T~ Wl.Sll,P 
~ii.Ji.$ OF 1~~ l mL 
W~B MO.m?HOLtl>JJ:j aa° C 

(t..,00 .. 0000 ,o,O i.ooia 
(1001$ a.a} 

14.l? Jj·3S) •• jt,_?f5!1 .~4 

Li? .ll~ 1,.1,~3 .i~ 

26+~ .om l.3.~ .i199 

as..uo .10~ S.7$28 . i?:D 

., .• .l~ o.s,zz ... ~ka 

53,.0"1 .l.al$ 4. ?743 .9(.141 

~?.05 .~ 5.6390 .~te6 

'h1.i7 . 3...~ i.a:,s . IS04 

&l.O:fi . ;S;.:1£» ,SU.Vi .• Iii-& 

.a11.se. -~ .-5$-BO .sr~ 
1.00.00 l..~ 1~, 

15 

1.ooaa J..00.f.4 1.:00&1 

.tt34 .n:&3 ,.;tliM 

.,en .t~6 .ans 

.gaaa ,.9~S . ..,Jj~ 

.9'r"J8 ... !fff,t .. 9&~ 

.soos .~118 .,,a 

.,~, .96t!:'S .J728 

.t·&U: .. ,,~ .~11l. 7 

.~ .,m .t?d 

.tft7 .t800 • .9'$W. 

.. ,~ .1,a.~ .,9',UlS 

1.oou i.J)l.04 l..olW: 



~OL ~~"l:r053 
O'S&tOHi.~ 

liJl. ~W'TIONS 
OJ'~ 

61.l.S 

Si.U 

l&O~ 

1, •. ~ 

li.ft 

16.00 

16.~ 

16.ll& 

~oa 

so •. u 
67.a£ 

27.GS 

av •. g 

.a11.u 

1S.OV 

1,.~ 
17.-,04 

l&.if 

lG.97 

llld1 

64.,~ &>..Q. 

f.D..fi Gl.4' 

a1 •. oo C:,&QQ 

S?.19 88.40 

a?.n ~40 

at. ti Stl.·-il> 

1a..10 le.U 

17.M l?.U 

J.?.JJ. l.?-.J.t, 

1,.00 1?.U 

1,.0:s 1,.u 
1,.0~ l.7.ll 



Ti'J3LE V 

OOEFFI.Cl.ENTS OF EXP.AN&ON }UR MOHPWLINE 

.AWD MORPIDL.I.NE-VJA'l'ER MIX1URES AX 300 C 

14.17 

21.97 

26.72 

55.55 

47.35 

53.07 

5?.05 

72., 67 

84.05 

89. 65 

100.00 

00 :EF.FI CI1ilITS OF EXP J;NSION 

.0004018 

.0004547 

.0004766 

.0005615 

.0006994 

. 0007325 

.ooo ·'F".J41 

.0008565 

. 0008876 

.0009004 

.0008005 
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1s 

The only literature i'ound on t h e deusi ties of: .raorphol.ine-water 

mixtures i s t he before mentioned ret'erence by Friedl::l.c:U1, Bam a:rd, D::>e. 

and Fox (4) in which the specif'ic gr avities a t ro0 c are given. It 

v.ould be asaulled t hat t l:i.es.e values are re.i'erred to ... --ater at 4°C as 

st .. mdard, sinoe this is the usual prooedura. :fuis seeus :probable 

too, since t he au tho r s in elude wit h their results the specit'i c 

g.ravi ty as given by Beilstein, namely, 1.0007, and this spe~ific 

GruVi ty i s de.finitely referred to the density o.f water a t 4°C a.s 

standard. 

In graph VI the densities of solutions o:f the di~tereo.t concen

tretions a.re plotted against temperature. T'.ue values detemined 

for 25°, 3:l0 , and ~O fall upon a s trai,ght line f'or eao.h concentra

tion. T'nese lines when extrapol.ated to 00° fell unif oml.y below the 

Fr:l.ednl.an, Barnard• D:>e, and Fox (4) values !'or the oome per cent 

solutions. 

In .recaleulatin.g these values to 4°0 by multiplying by t l1e ratio 

of the density at ro0 c to densi. ty at 4°c, that is by . 9982/1 .. 0000 (6}, 

the _points f all on the straight line:s passing th1u t he detemined 

values. It i s im.possible to tel.J. :t':rom the arti cl!3 :JY Frie4mant Bama.rd_. 

!be, and Fox ( 4) whether this correction should be applied or not. 

That b.ei.ng the cruse-, we have basoo. our aaleu.lations of the ooeffioiac:t 

of expansion upon our experi.m.ental. results al.one. 

The most recently detelmined value :!'or the dens! ty of pura mol"

plloline at m0 o i s by Demer and Dein.er (3) and the values tor 25°,. 

3>0 , and 3l5°C, d&tenuined in this t hesis,, tall upen a straight l.ine 

with the Demer and Demer Tdl.ue. 



lf 

'lfr1e n~ duuu. ty o'3;' m.:i.n~ ~~ ~or ~rpholillo-m.t"ffr 

oolutions Geeu.:rs in ~!i:P~:diil.atel:, ~ 65 per ect or .25 ~ tra<J'tion. 

~rpb:>Un¢ t»l.utian b. ~uca tho ratio of wat.C' ~ lllOl";;t.ho.Unc is 

~1)ro%1m.at&y 3.0 io l:. lt. ii!) intenat:u,-i; to note th.at .Uamal"d. 

:i'r.i.~, n:>e., and 8o.x :t-bun.d the~~ vl~sity on.d. ~ he~ 

~l e.ttcot to occur :ill e4)lll'O~Wy a ro p~ ect 1n0r.p:lloline oo-la

tic to.r W'.dieh t.b.e w'-1.o or water to ~~ine is IW!llOat axacta.y 

2 to l.1 C0l."'N~7'1m~ to ime !O.-Uli:I. C.AJo;A,.2ii;P. 

~ p~al tlO.l..ar vol.Uil.es ot mor;holine and of water. tha'i 1a. 

the wl,a.QS Wlioh on• mol or et:ieh aotl:ulllly oceup1.es 1n the mlu1.ioa., 

~ found tor ~ou.s ma. ~ot1Ql1 «mceatmtiona bf~-. 

g:t""clphi.Ow. aetwtl illustmied 1n ~?11 VII. The mp&Oifie vo~ o~ 

'the soiu:ti.s ~ &":""~ ~a:il\.-$t .mol, .t'rac'1ona. thee too al~ 

wen billarf a;yst!B&tt the 01.r.linate o:r o.o mol £raot1QI.\ off: •l'P~Ile 

~ ·tb,e- ordinaw of' 1.0 .al. £:Jo;:ictia 0£ water. and Yiu vun3. 

~ts~~- to ~ OU.l'"le o.t tile 1'Qints oor.oofJ.;,,~ to o.o. 

o. z. 0,.4, 0.1.i;. o • .e c.d l..o 2AOl t~ticm :cor~e or i.o. o .• a, o.~. 

0.,4:. o.i fJlld 0.0 ml fr.action ate:1". Tlie t,me;mi lucs ¥'ore extG1dod 

to the lJai ts o.t th.o g~h. l.;he rooding of e,r,acine volwlr.G at tn• 

iateru~tion ot t.b.e t:~t lin-fi 'l!t!th the ordinak of 1.0 ~ ha.etion.. 

.morpl~Hne ~Te the pertiu .s,.>.oaii'le 'tt>l\ZO of m.o~;~ ior tho D)J. 

h"'~ion at wel:l t1m tr~{.l;ct llne iwus ~,-... Liketd."* the ~\<ling 

ot DJ,;caitic ~• ill>J'f tb.e inter~Uo:n. 0£ t.ile $ifi;e ~ct liae 

Wl 1W. 1,be. o.l.'dina-te or 1.0 J.101 tl'ti.O:tioa ot wate gave tho :,.(!ll"tial 3'P~

t1c -ml,a,• o:t ale :i'br th@~ ~Uoa -.moea.w:at1cm at macn the 

~Ellt Uno ~ ~. 



a=t(~~)f 
~ • :ooet!illif.llt. ot ~~m.an e.t oo0 c. 

'V • th-e !t1eun bev."'l!em til6 $:peci.tie Ynl:ume;a at z...-"PG md 3!>.oa. 

<) V • dif'f~ce tu:rli\'fflffl. t.hs apeeiti o voltmu:ta a\ 3.!f'C 



I.t. will be wt.ed tr.mt -tile ooei"'i~tlient o.t ex~Biim c;;0ws a 

oon~t cd gr-aaual inez..:.it,.~e ,ti tl'i. incr~:ng (XW,0«1t1,ttona to 

rltK'm.t. nil·u1~ ;i~ eeit, ®ett~ it .fHl.l.s al-i sll.t.1.1 to tt10 ~a . .:'t'ieial 

oi' e:xp~::m.s.on or pure ..mor:vl»i 1ne. 



~ daa mties ct ~rphol.tn.e ~d •tior1:,~e, .. :1,.,ateJr mixtt1~s 

a.uve bf;& ~~~¥ d~un«t tor •• ~~-~ ~. ~. 

imd 35.:,Cs m4 the fJ:~fic ·'It)~ •4 partial wl.~ 11Ul~• haw 

~ ealwll!?i.~ for~ tsiper<ltnna• toaetuor with the eoe.rt1-

e1.mu Qf ~$tQA at sPc. 



"• lbr--.. u. l1nu,ati l?m,i;;~ea of Ol'di.D.,U'J 'fia"tt•i P.ei:lbo\4 

?ubli~ t:o., llew roa {U«>) 



JU.ice .lran-.s Btiae. ~a bo:m in CohceJi;:• New Yos. &reu. 191.5. 

She aitcdoci ~ vt,iWe ~ls or that c1 •• ~.lt.u:1.~ t1'0!ill 

\.bhoea 11.igk Sc.bi»l b. l~ ln SGo·~ o.t tb.o ~c yGa:R ~• 

-~ l\UJtJOll. ~e Q)ll~ 1'my. 1;e,., lbs •d ~aHi. .t.rom. 

tu&t irt.fli tutiGa l'd. 'th a lffi~ ot l~ 4~ in .rune l.937. 

lbr three aead-.1.e '¥~ sbo ·~ apl.o7e4 by .iU~ ~ 

OQllcge as ~ssift-t w. the ~ .3~ 4sp~1,. l~ tu ~ 

aa o:t l.9:S 31:le ~,~ 'ttie ~a-t.e t.i~ ot Nn: ·tos S'k'8 

~~• tt,:r ~~"• .ilb~. N-, Yos. 'fh:e follt1~ ~- -. 

v.-us ~ased. 1n m-1.eal •* 1'b:r tbe ~ .P:roam.N OU 0capflll.Y ot 

~ea.. ff.fit Ycn.'k. 

la 3$p~V 1'«.lt shr.t ~Ni Ted f'l'CiiU Okl.~ Agr:iOW. tiaN 

ml4 M~-1 C.,U-e Q halt'-tae ~~uhip in~ ehci$'ta!:, 

4$1~1 ~ w.mU-1 ia. tile. ~•at~ ·~ ot thllt coll ... 






