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1 

TS! lUiLAfl'.CN BETWli''.e;?f VIacoatn 

A ll) s.U .. JJ)A CvffCitMTRATIOH or 
o;;.IUClC /~CI.1.:» OILS 

fho fGr n;.tlon or ei11clc acld eel.a fro eol.a or 

collol4~l e1l1cti 1}a$ b~en tound to 'ba fift~urted br 1uob 
fiact\Qr!t a~ \ht coneont:re,.lon of 11J.1cfl! •nd &c1d, pn~ d• rto 

Of agl \(*t,10Pa t.«rf#l~}(lf't\\\U"flt \)' •• Of td-11¢ te \:Utt.tdl "tld the 

am11nani ot ~dded eoluble mater1al•!h In tbt paro\ the 

•tf o\ ot these v~rt.nbl11• ha• been a\utU.ed o.e Q tuno'\1on 

<>t ttui f~$lu \ion t.1mo or au cell.ad \lml' ot s•ft ueln ~he . 
\llt.ed rod w•\bQd t.t& d.fu1c,rlbed "by fh~rd(l). la \.c11e .-ork'. 

\'Alts hav• agt!ih bten eonotrned wt t,b tlHt et 11oa concentra\ion 
' 

but b.ove -eleQtioct \t> u1e: v1acoa1ty aute \U"e .en\; a& '-• mea.ne 

ot $\Urlyln&! the .,H"O·<Huu.i; ot celt~ftiun r'·&ti1t'it tl:uan r,n tOl"t4$1" 

11~ \t1 Qd ua~d bf Hurd end ~better(~)• JH> po\nted OU\. 'b~ 

itu:rit r.u1d ~ltU.nt·Qr.~a) 1 -wb<> uasd tho 111ecometer tn $tUd;tlns 

'-h·t •rtect ot add d eltlctf'olyt. • t,~1e proqtun1 tf g11d. tion 

•~:r 1o tl+i!l ua;y bll observed. Ono oen follo·'· 1t. trom the 

\lmt of n lx ttn~i ffUb~equilnt el e · 1<a~l un1on ot oodlu o1llcat.e 

t\nd ~tl~\lo aQld yt.eld1nfit ~olloldal •i1.tt1¢ aotd, \hrousb 

\bt crow'b or «1alorn ratlon ot ,oo1loldfll stied pnrtlol••• 

at\d f1ttal.ly tbe ge1a:tiln1za.\ion. of tbe b·7drat.t.td ooltoldal. 

v•rt1~1·~ tb••••1V$'• 
our maln obJeot.i•e w&e to f;tn;d bother aole 



oould be pre:par•4 ot aucb dllwtiolll 1io to y1o1d a con1t~nt 
•iucoait¥ 1:ft1H'I a lap~•· ot \1nnh All f·acti.ore 'tber than 

\»e o•ncentrati.t.on Qf etll~a wort metlntaintd «a;c conat nt. ~.• 

oU<r api"•r~'ua &t'ld l.alXU'"~\~Q \.eQru11que wGuld perm1 ~ 

¥~r•parn\1(:>n ot Solu~ioo1u 
Abot4\ 2 ,;&l.tonei Qt. ai.l.iotlt<i o4u'\1r.m ~1u""• prepcr d. 

by ~U.lU\int~ 1°'1~tr~1al W4Ur tt.ltUlli wltb tr · blf 'boilQ(l 

d lstt ll·ed fJO.t•J!"• \.'h• latter pr ·C(!U.'tiltn botnQ '°'~ $1noe "Os 
'baa ~ congultit1n1 ~ttoo\ on tb• •i'U.cfii:\•• s brf.ihd stllcat• 
tntU\Ut110.turtd b7 tb · rtiil.eit4t 11>bln 1'11tu.U:'"\~ Co;~pllllY Wf.141) ua•d 

ct.not tt b~tt irro •·n t11Qt1t t.ta\1etec\or1 in the pa t, 320 al. 
11f wt.ttsr t>e1ns lU~•d tor ov·$ey 100 r1l. of td.ttou.te to yteld 
$ $Jlolu~1on ~l~<"n\ e~u1vn.l'4ut\ t.-o l. 2t\ !If aodtum hydt"'oxtd~h 

t<h1G concen'"~'1t:in btln,s ~ oonv,nltn\ at.art.ins po1nt. in 

•1U.oa ;el il'\Udle:a. ~be t10\uat Rorti!l\llty, · e 1 t.• equt 'O' lent. 

i.n aodh•~ byd.ro)d,dt• wn• to:\lr1d \o \ltt 1.21 ~ it \!'4\ton 

rd.th a et.in\delrd t:nllfurle iudd aulu\ton u lns tltt.h,vl ot-an31 
~·• ln lcn.t.e>:r, Ottro •hould be: t,.,u.en h•r• to pl"tPitont tbe m1x­ 

t.ur• tro• .ae,\lna d\\r1ng fll \r t 1<m by f i.re\ dl. lu\1ng tl.it!l 

a111ct1.t-.a ftl'h ttb<Jut an .equal Ynlttfllt of wa.tcu• and. oorry1AQ 

tna\ th• t1 ~'rmtn. t1ofl ati rapidly at pe>t iblca. 

fin e-qual qthlnU. ty ot ~c1tio n•id. l'1t\o ll1nd• up bJ 

di lu\1ng t9~JS1' .i;lat:1.al uo•ttc wl th 'bolled d1AJt111 d water 
\o r•duo1 1~ ~o a conesn\rat!on Qt ~bou' 2 N. ay 1'ra\1on 

w1 \b a eodltun bJdroxtdo •olutlon wblth bad b •n at.andard­ 
iztd aaaln.e\ o~al1o aold, th• nortlle.lt.ty wa to~nd two be 2.04. 



S·~r•p•r,a,lGn t>t Chtl 'U.J:t.Ur'a•; 

In tvory .o&ee a \Oti1tl ot· 150 al. •t s•,1 lxt..ure 

w~·re Gad• l.tPI $ ML• tJo bi11 t.Uttd tor Yl~coet t.1 mt1aa\U"tlm n\a• 

SQ ml. tin de\eninlng ~·· \lJM of se\ bJ \11tr•d 'tOd1 a:ri<:t' 
€$5 ml. tor ob\a1.n1na t,De pH. la•h ''-•• •(lua.l quant.l 1t1.•• 

ot •11l1tt\c ~nd t.u.ttttt aold aoltJ\tona w•r• Qect4,, the 

b6l.Qnc:o betn1 ttu~d~ up Di t.b bQl;ltd d1et:!.ll;d \tt>iWr bicb 

b~d 'bt•n. prepa.retA and a\ore4. S.n a eto,pper•d bo·t.:'\l• tor 
\blta wo.tk. 

Sy •eau fitl ,plpt\tee tires t-&qu1r•d alQount..s ot 
$lltO$\• "net riottt1o aold: tor 111.neh nn "ere o~r•fully 

' 
m~unJ'lltt.4 and pliH>«td 1Dr aeptira1ia, d.rf 200 rd.. mrleu 1er 
tlllttka~ The: tn$Ctea(&r1 ~at.tu" wiul added ti\ \t•1t!i t..1 to 

tt~a\ tl.atk O(IUl\&1n~.q the aoldt b~th St'lt1nd1tr'*& til•n 

b l na co'terad wi tn wa tJ::>n alatH~ tG and p le.eed 1 n ~be wa \er 
'b(l'tib fllP•ttclf ilolizU.ng tr&e vtaoomtt\:ar a\ a. \empttrntive <'lt 

il;Oto. ~b10 \b& \wG s~1ut.1ort.s bad &1.\a1ned ba\b \empor-. 

tfture, the7 Wfer1 re .oved. ttM \hortJ\1.gh17 mlNtd by ti.rat. 

pour11ag \hie 1llloetG ln1Hi ·tJle a.old, {!nd \btln polU"'1ng fth• 

1d.!lrti,ure baok .and f<U'\1' b(r\ween \he tlaak• Qga1n. h• 

t\.~ou.nto ru1to~utnry ror the ve.r1~tut de\ .rm1nntliont wer then 

:E>.ppor\lontd ou\1 'tht b1flkttr tu~n'i•1nlng \be sel tor ob\aln• 
tnt t.ime or &•t wa c;o••red w!. th a w.fltch sl&aa €i.nd csa1A 
ro1t.urntd \o the w~ \tti balh. 

Tl'.HlJ $bQVt prc>#l.if(l,tn•e h~ ~ll.i:l'i to b• (h"inildfAred troo 

dt\al lad G1Ree. t.lHi isu~e11l1t ld, t.b \Jb1oh ~n.t •~1 dup11c0;t.e 



b1e roaultt depende ta a larse mGeaurt upon t:b••• prt11m1.nar; 
,approaohtu1. 

Tilt Otrt;w.14 ftf.lOOmt\e:r.}, 

?ht tact ·\b8\ we \'lf~l"tl lRter•at•d b~r-• in t.b rt.letlve 

'ieeoa1t.tae only p$f"Jtd,tt.-ed our 'l4G of \tui oet.wo.ld v1.1oomo\.ar .. 

Mo\ on.ly 1$1 tbe 1rte\rumtiU\\ «a•Y \a worit 11l~ 'but, 1t• r~ou1t,a 

art roprqducl'bl,e: io • tat~ d•·1r•~ ~t 6'CO\U"~u)Y• Hurd and 

ifU\\~H·•(:5) bafe dt$Ol"1~d 1 ta ope·ra\ton tull.7 tU\d h ve J.n 

tblt w-or~ toll~w•d \h• ~~me ,.ri:niledure, tha' ta, oel1br \1on 

a;.a1n•\ pur~ wa\•r and u11 or E\ otop wat.oh in reco:rdtng 
ttm:e of t·low. ml nee aotAt ot crn.ar mQ·I"• d1 lu\e mixt.uree re• 

ma1n•d ln tt.1 ;•ifa<Hnttttr tor days ~t a time, bow~1rf r• 
1Ulfl.1u:res h~d w 'b• \ak<U~ tu pre-11·1nt. 1vaporat..lon of the 

we\cr 11n:llo tbl• •ould tHfr1outt1;r alt<to\ the cono•ntrat.ton 
ot \b~ til11 ?bl$ •a• ~<:ooi"Pllatuad by rlre:\ removing \he: 
ft)'r$.Qiio bull> a\\Achmant., wtitoh #Ett.O 1uuJd tn to-reins the 

lMtur• up 'tto oepi.11ary_., ~tter ••Ch rt.1th A rubbtu~ pol.lee .. 
••n wa$ t.l'UJt\ 4rnwn over \.h• •, a1l•r \Ube and u .abort. 

ptto$ or rU;b'tu~r iH>•e wiu~ polltd t>'ftU" \he lH"fJ•r.. Tue oe• 

fl(\$ \1gbtrl;r cloaed then wl \b t\ Fiebor c1ru!ip • t'or" aoh 

run \he "\t.m~ att;cn" r~ !~tt l!Wfi.fl recordod tt-11. ti.be J.ru.l\ant. t.he 

SQ1 p~ssed th• t1tfl\ f&Ol"atol.t.. tn 4'tiorti ruru~ \hie point, 

lgh\ eetm t:rl "Vtn.l bt1\ ~ibfi'f'~ 1 t • o. e ro.ei. tt4r of \ n or more 

tn!.QU\f bt:tor•· tlhtt eol htu~ pa$ o<i \ho a•aond mark, l.\• 

!niporte.nt t.he:t. on \l(;I non.$11\«Jnt aG to •here b.e ebal.1 

re:ttrd ltlt ~tim~ et\tr m1a~ ' 



Do,.ermtaf4t1on of Time or set w11.b Til~tild Rodi 

Tbla: mt\bod OQn~1at. merely or 1nrusr\tns ~ sl~•• 
rod. into t.h.c gal a\ tU\ angle ot alilou\ ;us,o \o t.he · vert.lcal 
fin& o~ne14eriq \ht srd. •~·" when 1'\ otu1 wpport. ti.he t'6d in 

thts W.l\t'd poet\1on. Qaro 1ma\ bo token mt\ to .punct.ur1 

\b · gel 1JOQ of'l!tn ttlnoe ev:ot1 ntptur• wt 11 retero. 1 t. 

"'t\ins.. Nol'"' abotd.a <>nt teat the a•l. alone th• e:lde• ot 
\.be beak~u· for 1\ 11; luu•e !thti\ t.h• ge·l t1ril\ ••te •nd any 

rta41nga e:o \ekan would be no 1ndloet.1on e• \o what'• 

bopp~nlq ln th• a 1n bOd.f at 1.hE* stl. fb.e a1iuui rod u.a;ctd 

was ot tb11 ~fl.0$ft. dl•entl1o~s ~• \boea· 1'.ritld• by o\btn" tnvea\t. 

satora; i ••• in di me\er .• 10 cm. ln ltA&fib . .- ¥Vltb one end 
dr~•n to e \u'bh: potn•. 

De if.lr1tlna. \ion ot ,Vlh 
e:h:ie• 01u· t'U>r'* waa in the acld rogton e£l·\1r ly• 

'hi• Qulnb7drOQO pot~uat10111H•t."'u· u&lrw; th• colorne1 t.tlec\rod.t 
Wfl<O tllit•&>11cd \br'1U ru>ut.. A pl~iti.nut@ •1J:e ~l•otr·ode wtua used 
1n t.b el and cl•eintHJ ott ~tt•r e4~b dGt.er i.1u,i'\lon ~ 1\1\ 

oonoe.nt,r-.tod afJ»d1um hJdro.-tde 4olut.lon,. tut.u aHit'bod Gs l~ 

the past.. Hurd .ttad nrt f f<t\h(4), been tou:nd \o ulve reliable 
ro&ultei wit.b ~111c1e ao1d gel o.nd our warK has ttlao 

et6rried \bl ou\ • . 
Tli~Ol\l' Alttl DlSOU.)$l'Jtf or DATA 

Out curvea, inoludod ltl the back ot tbie tt al•• 
oontttaefl t.bo ~ieoey ln $Very r••P•~'- The.\ 1 , wt \h '\be 

mcu-• 41 lu t• OQ1~ u ttraa tte.r lap•• of tl•e wee n~c;ts4ar1 
betore tuns \oolt plaqei tb• viaooa1 t.1 ctuu1s1ns ut. 



s.rnd~tlU.y unt;1. J. th11 tina.1.. e\as~e ot ooad1nmt.tlo.n 'ffere rtaobed. 

Th~ ir1aQQa\ \y \betl lnor(uu1ct.!l raplaly ut \h tb• 101 aoon be• 

tlH)mins ao YllH)Ot~S ttlat 1\a p ;fU)qG trbF<lllgb th•· •~p1l.1 .,., 

waa no lensef' poasd.\!Jl1. I\ te 1nttfu~cu~t1r1a \o tH>t•1 t.ba\ 

wl \b \ht ia·~re dllute mixtur••• a•la 10 o.n4 11, a at.age h4 

raaobed in nU:1oh \tie· •1•u1oai:t.1 hover.ed obou\ a Mo.n valu• 

tqr. outtie aome \l e ~•tore closstna ot tne. .eap1llari took 

pln(fe. A O.~•r.•·• wae no\ p19\t•d tor eel. 11 t1nce no gr-ta\ 

lnt.f'fU)ee tn Y1.etoe1t1 •vtu· toc.k pl•tut and e' beat,• tbo 
4t\\$ could: be reprtDebl\e4 only b7 ... btoktQ 11•• ra.ph. 

lnut.tl:ld ot \be U$\Utl ~,awtniit 'luh:ie t·o11fl>w•d a period in 

'1h1,tb the eo1 tJ<>ttld flow pQ:t>\ly \hrouab th• Yls•o •t•r 

bulb ,,md \l:len &\op. Tbf.f gel. never 1d:id tt<r\.nullJ 10\ 1n the 

vlttomH1\~r n<i>r 414 l\ ••er euppor\ \be: til tad rod• ye• 
th1• at$St w:~e noobt<l p«naltwt1n; no tur\be:t' t1t~uur;ure ent•• 

W• t·eel t-ba\ "1th GVIEU1 moro d1 lu\1 11'.l~\ttre.o ~ oona\ant. 

Vl4H10n.l t1 talsh \ u PtltU•ku14 .d. \h \llt l">t\l"'tiol.•a re1aa1nitna 
iltn(ltll cnotaBb •o ao no'L t0: t1os t,bt: O•p11111117 •. 

Tb• tii'U)rt. arro11·a ~' \tu' \t;>p of tt•oh sr pb 4~not• 
\Mao t.:lm.s ot $i'tt tor e(l&ch s•1 ua:in1 ·~"Cl 11 '\•d rod• l•l tiba 

rtret. w 4a•• \bt "-•• t'l!J~trd•d 1n ffttnut.t• 81$, p1ott. .d and 

ha t.h e(UJQt1d \h 101 btiQ been \akett. 

a 1 noe our • t-udy b<;) r• 1-tud.:ud 4 on lJ tlu.l \ o t 1Jl o 

4'1ngle V'1r~ablt,, o~no.~n'Lr•ti.toii ot .a11tca. 1'\ iute net •.ear, 

\bn\ ~e r:rud •. n\l'l1fi 'lut plf eonat.o.nt 4• ••11 t1.a t.b:e o hor 

m!!if'$ eei.e:lly O<'Jhtl"Q1 le4 tootor$. Tb.le w•~ done· by o 1~Ulflih8 
tho o<incetl\t~ti,on ot tl1t aotd $~ ~• did that. ot tb• at,llaa. 

alway• iu•tna cu1\olo,l. quant1 f,1• qf bG\b $Olu\1one. A• our 
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d$.ta 'bearlii ott\ wio wert sucHHUH~1fU.l 11.1 t.110 re:epectr .. our npread 

'tu11ing only .48 in pH t.brouehoQ\ our work. 

tti wo'uld p'1rbaps be t1 tt1ng \r;> ment.1on briefly her 

thii Qt.epa involved tn \he acttual meohanlain r.Jt condtnaat1on 

tor· id l.i'Qlo acid aelit. From the ov1.dence ave.1 lable a\ 

prEUUJnt a J"(1Uuionabl.e p:lot.ur. nu.iy 1ru~ had 1 t wa aseum ; 

( l.) Tha \ c monoid.11 oi. e t\Oid or m~r• corri!act.ly, ei 11 con 

b)'drOHid• is tormtd. in the :tire\ atep of th& proQesa, 

(2) Tbat. '\bte a.oidt or bydrox14e1 ls a phot.erio• givtns 

$1.tber bydroa«U), e>r hydro)cy'l-ions~ (3) Tlla'\ condona~t1on 

OQ~Ur& wh•n tbe poait,tye and negative lona oonta1nins th• 

$ll1¢on oom• in\o oontaQ\. (4) ThQ\ water re~ains combined 

or adsorbed• in tbe teaul t.1ng •truo.turt. The fact that 

these gel• have bten rttttrr~d: to tb.roushout t.his t,heeis 

e.•· 1111c1o &.014 gels ie tJ:le.n. not because we believe t..na t 
any stmpl.e e111~1~ e.cid 1a presen.t ln th,$ t1na1 gel• 'but 

beoo.uat it,, app•ars o$r\a1n tl:la t. tbe tar\ing mn t.erial 1& · 

monO$ll1c1a •old. 

?!§ention eb.otild 'be mad.~ btre of the. apparent dis· 

l'U"·'*PanQy in t.he two 1cet1: ot c:>a.l1bra\'ion data.. The snorter 

'ime of flow recQrdtd aft tbe end ot our worle; 's due to th1 

diaaol•ing fi\Ction of 'title •dlicate upon the gbo~• of t. t: 

viaoorn~t.er tubt and qoneequen\ enlargett1en\ ot tbe capillary 
bore. T:hJ:e probably d1d not octcur until. wt tnad.e ~ur 

lonstst runs $1nce prior to this \llt s111ca\e wa 1n tne 
tu'tle no lona•r t.han nec.uHUHU"Y to otr\e.1n t.be ne oe$saey data. 

our work b:y t.h1.$ t1me waas doru1 and wo theretora teel 



~UGO ss tIOl~tl Fell FU$~'lt'HER t'tl'Rlt 

1~ 1 \b~ush our wori< tlttu1. ir~o.-(lln41J$d :t)Ur .\Cno lede;6 ot 
~tlllo1c tU)l.d s;•1• 1t 4',m1;v ltl1'rodut:'$d ue \q \b4 more tru1t• 

ful tl.ii'ld1, ntinu)lJ that of lo~ oono•m rnt.tonth I\ 1 e he:r• 

\b«\ ~U .. n1H'Aln•.1 11,itf.Ultti' t~lle\ion tor b1Uh p()l11Mira m~1 bt 
a1plli1d• Me li.bowod ~14t t.bf.l VilltCo•tiy N of \ihG $QDptHtnlon. 

rela 1 v• \~ t.htl.\ ot 1.btJ •o1Ytn\ ?lo, le turdlon ot t.be 
fOl\lm. tre.t\ir,H\ O-. o.ml la 1.ntiept'Uidont ot tho part.1~1~ o1z•• 

~pto1flllr~l.1.1• 

fl/No- • Mr o l ,t. a.5 c. 
or 

Nr • l • N$p • e.1 Cv 

wb•r• N1tp ma1 :be <rnl1~Hl t'.tu• QJ;Hllc1:fio v1:H.lOfit:l\1 tntt rn~nt. 

Tb1ts 11n•ar relu\ion holds e.triQ\11 Qnly ovar a nnrrt)• ta. • 

llf oorH'nni'.\:t'l'}\tem, t~~ tihe curYe tor rtltltiv~ vlraeoetty {Aa 
' '1al1 aA \~~• lillpee1t1o v1uoo~i toy irJ.Cr•~nt) va* Q:onotu:i.trbiion 

eoon 'b~Qotmt,s e:GnV•l!C to th.• •onoen\t"a'tr1on a:d,th Th1e lei 

otrtr1fld ou'tli turttt•r tor 1tacn"omol.eculnr aolut.ionu ln general 
b-1 ~riuuner,(5) w1·t.b ~16dlt1•lt1onn $t,;aeet~d tol" h1eb.ar con ... 
c(:ntr~,\lon& ~n i11hi<l!b \he i.-~lattive vise t1ty 1~'n.o l nsar a 

1huud' fttl\ofw:ton of tbt eioruJi:tnt.ra.t1on. such trea\me nt we• 

i:t1iJ•'.uu11;ibl"1 ln Qtu~ C(UH) etnc• \he vls~~:u1tty et any 011• 

pl\ff\leulnr oomJ~Hi\ra~ton vut• ~ontit•u.a:elly cbt.mging. 

He v1na ob\aintd ~etusu t"tilJ;~nt.a una-er thtt C()tld1 tione 

dh~eerfbed r;«'bove, on• nucd ~· but a •\op turtbe.r to d \er~lne 

tbo Ul.Q1ecul.t~.r '1f~,1gh\ o·f a11le1o t£c1d gel" ua1ng 
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Stiandinger•s e{J.uat1Qn. 

-?1-Nsp I Ogm = l{ .mM 

'*SP is again tb.e spee1f1Q v1scos1 ty in()rementi, Cgm is. the 

aonoentra\ign in molarity of polymeric unit (ln our ease 

\hi$ would be the H2 Si O;, group) and Km is a constant; of 

proportionality. Since this is an '$mpir1oal rule, the dlf­ 

f icn~lty lie$ :i.n the measurement of' th$ molecular weight.s 

to be used in determining the constant. Both \he osmotic 

prliltu.'lure and freezing point 1netnoda are limited to the very 

low molecular weights by the •err nature or t.be equations 

used; M appearing in the denominatG>r on the lett band side 

thus reducins the accura.Qy the greater the rnolecular 

w<tigtat. For example, the highest values recorded by 

p •-&.... RT 
~ 

. kn 
Trea.dwell(6) for polysilicic aoid by the freezing point 

lowering ar~ in. the neighborhood Q.f 6000. The press re ot 

e<:>dium acetate in the sols as prepared by us also complicates 

these determlnatlons. 

ln contra$t.1 ultraoent.r.ifugal methods ~ave many 

ad,ve.ntagee bu\ untor1'unately there have so far been published 

Qnly a few ul tracentr1fugal researches on the. molecular 

weights Gf mc>Qrc1nnoleaulee ot higb 1ntrinsio v1soos1 ty ... 

certainly none on silioio acid gele. It was tor this very 

reaeon tua\ we were unable to makQ any oaloulations our­ 

selves. Al\ho~gh a truly constant viscosity was not 
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at.\ain•d 1n •••·n ot1r t11oe\ cUluW mt.a\urt, d •1ib\ bave e ally 
;,,oap~rod mo1eQular ltoip\a ot th• 'f1r1<.nu1 solt a\ t: e eem.e 

•t.lui• aft,u• ml,x.tt 

l\QNU .. ttEt•r•e rul• lVla rt1u111ve4 4 great. deal of 

1IU.ifu.tu:a 1t;l)n; f!n4 QlJ.ec~in,g t&nd 1\ l.$. l;)eU.•••d tio b~ff b en . 

eid4(fU1'\tlll oontlr·•d ~iua11\n\lve:l1 tor li.neer maorotaolocul«Ht• 

1\n"~htut ~o~ •le;>ng tbte nbQ•• 11'"' ~bould pro•• ot •t1n1'- . 
valut ~i.n elno• l\ provldaa 1u ma~ oaset "' t r.1()et 

oonYtn1tn\\ m•'hod tor et\lma'tiilna rt.ltitiv · aol 4U1flr w l&btr•· 
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( l) Murd.1 tJ.a ... J. Qk~IHh l!!d,., V.ol. u •• tlth, 2, , Feb. l.93? 

(ll) l1'J1"4. O.'.). Ahd Sb1tter,, n, 
Tb a1a. Un1.;an Gl'i)l1ege(l93~) 

($} aurd, (1.s. and ne;n\ora, A.O. 

Tiul1fa'• t'JnloQ Collo·gt(193t) 

(4) Huret. e,e, und Gr1tt-.th• R. t., 

T1•&1&1 Unton College 

{'5) Kraemer, nr.o ..... Tb• Ch•m18\rf ot I.Jn"G• t<to:leoulea, 
C ~apt.or 3i In\erfl'Jc:1~t.'UHt ~ubli$l\lta, !nc. 1 

ti•~ Yark( 1943) 
(6) Tro.ndw•11 •. 1•t.,t)., t11:nd 't161nnd. w- 

H•1•• C'hlm • A Ota Uh 54•$9( 1933)· 
(7) t.efJ:t.a, SqQ1rtSt and fat'OU(lh\CH:\ 

IndurH,ritt.l Cbemietir1 ot ...,ollo1dal and 

/if!!orpbmus Matttrhil$, 1942 - ~fl°'• l&4-..16t 

(6) lark; n. a.nd 'Rafft n • .,. Htgb Pa1ymerie ~eaot.1ont1 

In\oraclenQt Pu'bU~•hott11 lno. New Yor (li41) 

pge. 1f•1SO, 70•71 

(9) ?A ;yer. t< .. n .... Ne.\ural and 1'yn~llot.lc U1&h i~olynuu"a• 

J'.t\t.tre11tu1ce Pttbll tun~o Inc .. , Neu Y<u•k( 1942) 

p •• 20•26. 601 .... 60$ 
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6 ~l.. pnre W!i. \er oft 25.00 C 
4 , ihU"ttilMd 9•21•41 

T1ni• ot rlow' 
, ln Ulfh and. aeo. 

ltZ0.2 
l:30.$ 
l:SQ,.6 
i:ao.a 
1;io.a 
J.:.30. 6 
J. t30.8 
l.t30.8 
1:31.0 

J3 llll' 

'ml. pur• w•t•t a\ es.oo a 
determl.n:tllt 1·25•44 lt2f#. 

1t2t.2 
1:2 .a 
1H~t.O 

1;2 ·' 



10 till 'o ml 
l'tl &l 
4+$0 
$0 min. 
1.s,1 

T'lf:t'l:lt et!\er ttlx 

6 11n. 
11 
U$ 
.10 
86 

~hc"urt ea to11o••; 
60 al 
60 •1 
10 ad, 
4.00 
53 min. 
l.'124 

Tlm:G at \fU" ~lx 
G Mln. 

10 ... 
!O 
2$ 
31 

13 

011.mr1 1 

a.otllum nt.lloti.k 
Aoet1 o ,\c1d 
"4ct4r 
plt 
Ttmo ot Se\ 
!..og Ttmu ot ~· t 

T1ae ot 11ow 

aott1um S11ieate 
AOt\10 l\014 
lftA'ht 
pt{ 
fltat Qf S«'t; 

t.oe ft (I ct iiif•' 



Mlxture aa tollowa: 

eo ml 
5() ial 
&O m1 
11,tnrera 
cz i ln. 
1.919 

40 ml 
40 Eal. 
70 tul 
•• 10 
'146 ~1tb 
2.164 

T1tt•• at't.ier tllX 

8 ttl,lh 
1$ 
$0 
4$ 
60 
1$ 
&O 
95 
l.01 
10' 
i!.4 

14 

·aodim S1llcnt.t 
11o<rt1.r.t 1.c!.d 
l'Jtl t.et" 
pH 
Ttt<lt& of SG\. 
t.os Ti e or a•\ 

n41d1um 1t~111c,te 
AC:H'f\14' Acld 
M:i.t.er 
pfl 
fl of $e:\ 
Log Tlm• ot 6«i\· 

Tio:~ (:}f r1o{j 

l.;4~h0 
1~5!-.G 
a;oc.e 
2;11~4 
£: 2(h,2 
flt5l.2 
""' .. ~ 0 ~ ........ {Jf. 

4':04.2 
4;3 .2 
5;4£~4 
'~sa.a 



l:1lt t.ure a• to l '.l.owt t 
30 l. 
so ml 
90 ml 
4 •. $7 
21! Ula!l' 
e .• 436 
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a·o<t 1 um. .1111 cc t• 
Afut\ie Ao1d 
·nter 

'rim ot .U•1i 
f.,f>R Ttme of 3et- 

,114:.:i+4 
1:. 4$.0 
litie.o 
2io1.a 
2;oe.a 
fH ia,a 
.JJ2 .. 2 
a:aa.i 
l1·4.1ih6 2~1a •. a 
&ii.a.a 
3;43.2 
4; 0.4 
4~40.i 
5:09.i 
fh4?.o 
6:4S.e 
•has.& 



OU.RV! & 

18 •1 
16 ml 

SOdiUGt 0111qa\e 
AQt\i.c 4.ol4 

100 fffl . Wat.or 
4.te PR 
411 i.!1n, tim<* of So\ 
2.$20 toQ T1r.itl ot tit\ 

Tl.me or Flow 

1;41.0 
li41.6 
lt43.4i 
l; il..,Q 
ltOl.8 
ltlG.4 
2:30.,4 
1;50.0 
3t24.4 
S:0'.4.t\ 
S:4g .. a 
G:l~h4 
"lt32.la 
9:41.0 
24: U5.o 



so l 
!O ml 
110 ml 
•~vi 
t84 l'tn. 
a.Ii& 

17 

f~Odlum ~llill~te: 
At«*'\1c 11014 
WA'fttr' 

pl'l 
·u.me cf ett 
Ltl T1me of Se\ 

tlme of !"*low 
ltl'f.O 
1:'41,0 
1i41.0 
1:41.tl 
1; 52h2 11ss.e. 
2 l 05,. '.$ 
2:0 118 
2:1~.4 
1;14.0 
lhJ.8 . .,C 
~u~a.s 
21$4..I 
2i4Q.,O 
2;4'1..2 
2;65.0 
$;04.& 
$;16.a 
3}.28 •. 0 
lt42.6 
4;00.4 
4:t)?.6 
4i2S.O 
•ia .e 
t49.0 

5;21.6 
St.51-.,4 
eis1.s 



lS 

$l!Slf.fttJtie ae ttll•w•t 
l5 ml 
16 ml A01i1\1C fl.Old 

110 ml W~t•~ 
4.,19 pH 
1200 ~hh T1•• or set 
$•0'9 Log tlmt ot I•' 

T1rne of Flow 

1iS6.-4 
lt:5'1.4 
l:S&.,2 
l:co.e;. 
1 nt.?1.6 
1~• .2 

1'"'·' 1: 4 .o 
l.;SO.~ 
1;61.1 
1;1~.- 
1;S4.e 
l.~54,6 
1~57.,0 
ltll.6 
2;09.2 
2;.12.2 
21 re,a 
tai22.4. 
2:33.6 
2~40.6 
fh48. 
i;51.0 
3;08 .. t .a:ia .. o 
!:!54 .. 0 
4i2B.O 
6t23.6 e~so.a 
fll2T.6 

1.e; 1t.t 
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M1llttura ••toll.ow&; 

10 •1 
10 1 
130 •1 

s-Odto• atlt.cet.t 
f\Oe\1o Ac14 

~""' 4.'1~ pH 
s OtlJa(ltMO l:t.n.) Timo ot HCJ\ 

'Tim$ after m.tx 
s 1-t:iti, 

so 
10 

10?'1 
1131 
1152 
1aao 
11145 
1332 
1013 
l&?'a 
lflS 
1?'10 
lttO 
1816 
1680 
).ESGtl 
18t0 
2449 
£:504 
25!1 
i&SO 
ases 
tlS?i 
111e 
£5$6 
aste 

Tim of Fll)W 

lt$ .o 
ld54,,4 
1;!4.6 
1;49.6 
1:61.0 
t~s1.2 1:sa.o 
.lt54.0 
ll& .-4 
2t03.0 
s:s.a.a 
St13.2 
£h1S.2 
2tl9.4 
2Hil.6 
2:22.4 
itlt .. 4 
2i27'1112 
1::50.i 
3~&•.e 
,,; 10.a 
4:3lt& 
6;03.4 
5:54 .. 4 
'1:34.0 
l.0~50.8 
Uh4 • 



~~'l;;¢:\Uf"tJ 6(8 fol lo~% 

I :nl. 
a 1 

134 titt 
4.59 

T'1•• af ttr M'$.)t 

~ :till• 
$0 eo io 

llO 
11•0 
1£00 
ieeo 
13!0 
1599 
25VT 
e~"5o 
2G?6 
£\).).5' 
uooo 
&955 
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OURVI 10 

so<.U.um Sili.cet.\e 
.Attt1c Acid 
Wa\.J,Jf 
pH 
t:ild Qf.l.\ llt\ 

ll3C.8 
1iaz.a 
l.t3S.4 
.l;S&.6 
li<t~:i.4 
lt 2. 
1~44.2 
l.ui4.. 
ltie.a 
l:.50.4 
~h£4.e 
2:~0.0 
·u;4il.O 
e145.a 
lh6fh4· 
fhez.o 
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ll~ttirf't ae f$llows.: 

I ml 
$ml 

140 ml 
4.52 

Sodium Sill.ctt1.t• 
MU:1\to Ao1d 
water 
pH 
Did. U$t $,ff, 

Pa\o ,,., T1me Ttwae ot Flow 

12·29..-4$ 4t15 P,M. mixed 
29 •~20 1;35.6 
29 4i30 1235.8 
$() l.Oi30 A .M:. 1:5~.a 
31 9il.5 A.lt. 1:$5.2 
11 2~2S P.M: •. lt3S.2 

l· 1-44 11~30 A.M •. t:37.a 
! 4t&S P .. M .• lt45.0 
4 10:3.0 A.M. 1;49.& 
4 enao .P. u. 1:50.4 
5 2:25 2:02.a , ~h30 A.M, 2;08.8 

1,0il& 2:10.6 
2:45 P.H .• 2:10.8 
a:ao P.M. 2il3.4 

1·0 9:40 A.M. e:l9.4 
ll l(h25 A,M. 2:.£5.0 

2t00 P~~t. a~as.2 
4:00 2:36.6 
5tCO ~h3th4 

12 1:45 P.ta. 2;2?.4 
8::00 2:21.6 
&:40 2:21.6 

11 10;2$ A,M. 2;1e.a 
14 1:45 P,M, 2;0ih6 

a.sc e:es,o 
3:lS 2~29.2 



22 

, to w Tl¥1 AF'l'.u.l\ iUZ ;n; ~IN. FROM CURVES 

ftme in 
Min. 1 s a 5 ' ' 
1t35 5 

1:1& 6 e'5 
1:$.9 4$ 

lt41 

1:42 6 

1i4~ 16 43 1£0 295 

1~49 5 
·1154 ).$ 

.. lJ56 4 

2:00 12 3(.) . 71 141 ess 520 

211$ '> ' auao 11 13 36 6$ 1$2 22$ S7£ ?36 

o;OO 18 21 47· 79 160 267 433 854 

·. i;OQ 24.f$ 30 ,, 91 190 ~15 500 984 

5t00. 27 a• $4.5 1oa.e eo 339 656 1045 

6i00 2i 35.5 $6 109 214 554 sse 1074 

TtOO 16.2 vo.e 112 223. 364 570 1091 

S;CO 72 114 226 310 1104 

9:00 7~.2 llS.4 226.1 374 1116 

10~00 74 11? 230.1 37& 



Flow 
11•• 

ip Min. 

.1 ::55 
t:ae 
1:39 

1:4l 
1t4S 
1;45 

J.~49 
1;54 
1tG$ 
a~oc 
.B;lS. 
a:SO· 

s-;oo 
4t00 
5:00 
6:00 

'?;00 
t~OO 
t;OO 

1CHOO 

23 

LOG OF TIME A"l'l'lft MIX 

1 2 3 4 $ 6 ,,, ' .6,, 
.699 l.813 

l..591 
.699 

.VTB 
1.204 1.esa e.019 2.470 

.699 
1.176 

,.602 
1.07$ 1,4?? 1.&S6 2.l4f> 2.407 2.'716 

.11s .a.e 
1.0411.114 i.M4 1.?99 2.121 e.::ss2 a.511 2.&64 
l.255 1.~22 1.672 l.Btl 2.204 2.42? 2.63$ 2.930 
1.~e11.4,, 1.111 l."97$ 2.279 2.496 2 .. ego 2.991 
1.431 1.531 i.ao7 2.01s a.:;10 e.s:so 2.129 s.019 
1 .. 447 1.545 r.ssa 2,oa1 a.sso 2.549 e.74''1 s.csi 

1.es? 1.a45 2 •. 041 a:,a44 a.5e1 2.v&G s.ese 
1.e&7 2.057 2.354 e.&ee s.043 

1.a&a e.oe2 2.~s~ 2.s?a 3,04a 
1.a69 2.068 e.see 2,5115 
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fLOW 
CURV! •• CURVi 10 fil'4G 

tn Time at\•r Los 1'1ttte 'Fimt -.tt.er Loi Tiltle Min. Mlk 1n Mith Attar ).t1.k Mt.1e; in M1n. After tx 

1:32,& ~ .477 
1:33.0 .ett 
l::3~h2 30 1.477 

i~a3.4 so 1. '776 
1~~~.e ~o l.954 
1;33·.4 120 2.0?9 

lt 34.-0 120 2.019 

.J. :37.0 SGO 2.1$56 

1:41..0 720 e.as1· 
1:42.$ 1140 3.057 
1:46.0 960 2,982 

1 ;.50.4 15t9 3.204 

1~54.0 1260 3.100 

2:oe.o 1690 z.201 

2H24'.6 2$17 Z.411 

2use.o 2000 3.301 

~h45.s 2911 :5.4&$ 

&:oo.o 2280 5,3$2 

4¢09.0 2531 3.40$ 

s.oo,s 25$6 3.409 

5~22 3955 S,697 

';OO 2577 5.41.l 

9~00 2682 3 •• 12 

1·0; 51 2$$£ 3.411 
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