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ao .... -rr-ce n1r, detcm1ned the ciJ1"'1ductivity; tlD<lo o f'Urth~ 

o< d1.tlon ond OEnin detominai~ ~h'? condu~tivitv. The nol ution 

fr tl e cell rros then r over! nn<l r:nc2N"Oeil.. Tl!i.~ e:;ovc tha 

c -'lcentrot:ton '" 1rt.nr· i:lv.; BOODJ d recdi.r.g eorrcetct _ .. ,~ rm,3 

orptinn toot lll1tr.llt !16ve oeeul"r.ed, 1mt the e~tta ti n 

1r¥r~,;~ the fittot reodin...": t103 a-til l bC n 1bject to on D~orptlnn 

er-ror. 

In t i:r p_ ~li~inDPJ rl<!s01.w ntn OOlloreclw t:md lilDolm 

<lctcm1Md the oond:ootivi ~ .. Of h-5 ccr~ sDl,tti n; 20 ccn or th!o 

ooluti ere !'er.'IOVet.l cna onolyn , thu!J ,1 tinz the ~or~n~ t 

c ccnttJoti -• Purthc '!:to re . de b~! repl ~inc tbe 

20 .ecn rlol~.t 1m r~~ !Wetl ith 20 ec~ · t.<?r nnd r~ ::-:otine t:w 

pr~e 0. In t ... f"our s· r-ico U!' rooo1 ~ :f.inol]3 token, bwevcr, 

the t clmi':}U(I 1n doacnbccl . o tbt:t .addi t 1 of . ·l 11 ... 1nto 

~ c . ttt!1te6. .oOll to m:. t 11., 1!.\ the cell .. o nention if'J . ode 

or n lyo:i or these resul t1n:; o?lu+imls. _.,i tro ~on rea uocd 

to k"e<!P out c~. 

~or do .1ot clenr.ril> t. · ir ne tllOO. 

o.r neoa ront. H 10vcr, oiru..te t 

1t is Q:l1tc pt)~ 1b1e tliSt t ~ ·loo U~"' d H n 1til00lm!n cy' teclmiJ!UC 

:ror f11lut oolut1ons (10), \1ilic cnteil$ n: !lines nt 

the c--nl1 u1 tl1 t•1e nolut! 1 tn be nca. urc(l.. J.ny etbot"'p1:ion 
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c rincnt 1 point~ do ot 1nrl1cat~. Tl1o b..,at n l{~lt 11ne 

otrn brooflil the 1m1ntn l a a oott f1 t, no c elusive 

C'l~tict'C<! 1o owtlo'hlc to cro.rJC · on to be 1nco:apl"' tcly 1o _in . • 
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ho r sul to of.! nor ll ooli l ve not be 

ree 'lC'.tltlt t, c1; co ~ nol'\1ont ccmdUe.&1V1 ty to .. 1 tl 

ntion " .c1so1J!, nor carr ct(:d fa:zt. 

m: M.m1 Ao 1 c Obtairu;d by Jefft:~J 1]{! '/! .. cl a ·o 

e by • i765 · t ~ ce t 1e solttti .. urr~ to d tcm1 

their- <~ell a t ~t 1 o . -ctt1c c tetivi o. 'J(.r; hid.h6 

tho». t t tJ y u"a in their c lculo·ti • on npplytne •hi 

eorl'Oot1 tho A"' v. ,Jc of ~. 7 ia c:Rltoin .... 
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orr>t1on ef ec,;s~ 1t aP , 111 ol tlwt n 
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n 21.S.t) .±:. o.ta.; t~li 1 

oot r l .. l~ , etcro1n 

mtl!in 

toincd by t cin. he rJeGil. o£ the 

~ tho.~ of Sive tz, lei . eier t: , 
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Vr.(~l ( 2 B. 7.,) ~all .... 
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T:le · -pptWn tun woo, \ti 1h sli~;ht ~11f1cat1onq s thet used 

by led'1ill antl de:Jc~ibed in hia r •· c. thcn1th (lJ)It 

T11•~ l.ct il""'(!~l)D t:.~'hi "': : Ut!e{l i G 0 r'!Y i l"CmtlU t()l," '\'IDS 

rc .. c~loeecl b~.r c0p~r tubblf;. t.ll tlOCt' !:; 1" leo s ve1· ~ setllad 'lP 

~1 tl '11cene ·m:.., cmd tltc ~t11el'iD..:."m mice dc1.1.;r !n. too rot:n 

'bela •. t1l£! co~wta~:. t ter:rp~x·ntut>e t•?an 70t'e C.18co:::tinn!lt1~ 

Jlftor thcno ci nee~ l a bct~n e:r.f'r:.)t~t~t t'h.<1 tacrtYf¥\t,1~"E or 

tLc non.sl(-ont tcnpl'!ratur'2 rom vr.r;ic.1 l~y leo!! tl o .. 1°c. 

! 1iJ 'lijg ~tbCI],!2PJJt.!:. 

Ti 1o ooa r:lodt:f'icd fi'ton u vacool "built by ill('~'-1111 f'C!­

Uf:"...C f-9 n tll~moatot 1n f!f·tert'l1::.1ng the C''luuil1tio!:1 of 

o:pa~1nslY oolnblc nolt • /1. ne·rr i"Mt"'r vcsocl o!." ohcet--eO!JPCI? 

\190 , ..... ldc, ei1.0c the one OVt'1ltble c::..tl·: n:>t scacxnodctc tlU! 

e!)ll. 

•l'hc tc:·;r.w!l~tullC or the tht.:n:lootnt ~.-nn rend by 1r.r.t:Jro!ng 

o 16°- J4° ther;aep;eter in t!lc out(!r b~tll... It \'flf:l nt~ ndDrd1ncc" 

nr{ainnt o ~"9 .. P.L .. t iem~ter n~'i £otllltl to r<:od 0 .. 03:-t0 too !~1cb 

ot ~?5°o. Pm~ t1ot<.:-l"rt.tLdll:: nore oecuvotezy the net-~al v rint1on 

in t!~t¥, tOO tnt tanpcrottb.""'C .o :r.ccln"'m..'l t 1et't'10: ~(!teP ~,nn icrJe::reeil 

1n t·z.c !li~te~ lwth ffll\.1. the ~"'ol1m .. 1nr.t rcn 11nr;:r tol;:cru 
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a .. sn . r.t. 

3. 55 
9·0 
9,-0'j 

. • 10 

.• 15 

. • t; '· ..-1:1. 

k.t'21 
h.Ol9 

tore 

;~. \ ._l 

t.. 02l .. 

! .022 
4.020 

2 .. y; 4-020 

3• I 4 -02 
-----J~,... '"" ............... 

variotion t. c 

var. nt1 1n tho tc;:-JPC~ 

lC· t -..... .......... t, .. ~Uc 
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conde "'C ~td iG u t 

e fJ lc ..... 
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tt r:o e) ' ,!'(! t n t :. . in c, 

lc ne n oe:r.-1~ ed by 1~.Ul (lee eit) 

~)Dt6. c tn1-. t· n 10""' 

· dch 1. the 11rli 1\ J:.t1rc "· 

twcn t!iC lc emulCct1 t b:ri to tile c~ll, 

f. :md to ter th 1o10 o m. 

e hode . orlo111o ph, a ~ c.ne .:bed ll]l 1, · lill ( J..oo c:f, t) 

""' 91·. L' t. · • 
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--------- ·---~----.---.-.,,.,,, __ ..... 11 ---·--~---.-..... ~-...-. .............. 

1 freque cy 

?}n c .. "t 1 .... 1/n COJlt'!. 
lOCO ,. 

~(1()0 ,. 

Ptreq,ut'!!lc.y foun. 

by "lc:..lill 

90 eye leo /eP.c 
111:: 

22]0 " 22<)0 

P.rcqueney 

tlotcmined 

____ ..,.. r r .....-~...,.f#'~-----.. ----.1.-.,.......,.......,... __ , ___ ,..., -·-~-• 

Ap_ ·cntJ.y t!~rc hno been. a rli~.ht <.1r1~t 1n f'requency, 

ov~ th r1 or four yca1• tc ~n t &te :tinationc. 

! t;v l Tiw Cell.. 

~ .. r~c~nto y • ..FotWe t7i th vop:f. s i:tlrinr. aovtc o 

1~1 .iCOtCJd tbtlt t ~ one prcoa t i!l "e c .. ,l by Gledhill 

( loe c1 t) onl.Y producca cmplotQ n1.#1ne ~tcr otil"r1n ror 
30 n1nut~o t tl "'c of 2-.3 bubble c~./l ccond. rr ted 

r od1 1cot1on h1ch pr nccrt c lete .1U"J· . ft r o1nute, 

etit'lllllJ t tl oota of' one b-ubbl /oceond. -~ ftlrtl {} t ilo 

e • e. !1<?' ia of {tn 1>e G nnittro a 10rt~r) al~lld 

be conotll ted. he r:1 if1c tion 

· w1 1 KCl, bof'nt•e t?hio .. l t · ·1c the G~ dhill 

...... K .!'mlre? lo:o d.iocovc:red t. t ~lle lcotln Of h1o cell 1 

lcf.l&! of? tl ~ 11 ' aft in thir. 

t the clcot ... ec 1th · e vn1uc ;tou d. o 

1 crcn eol'r'coted b t rta tnt. w. resin one..:~ quoted LY! 



..< lv} 'lSw - tl,l~e:t t~ ~ 

Set:J ·ctijn ~ .. 

{v) .. )N' , p1pgtte •. 

t Normo.x 100 nl ;vi._,ettc mn un(.>d to l>lit 200 ~11 wntox- in 

th ... eall .. t thz 1Jee1nn1nc of cuch t1 tro tiun. 



Pol~ :-· k1nB' ~ 11 odd1 t1on1~ or J~flmr t~olution, correc-t to 

0.1__.. • opecia~ ~tte o dcai(1led. w 1>1.1r'0tte de c:tti .. ea. 
by 01 hill (loo eit), ~ol~ use ith JiCl, t:an uneo·t1Bf etory, 

, 
*oecmt !e tlf t~ presence or ffl"l{1 ae ( f:t> lu1,ricote t· to}1C) ~ tt111oh 

1u ottoo!ted b..,v the • C..T£. 

~ight burette. 

•.o ~cnt cvoport~tlon, o gloss t!t:~oNl-~lbc a ul.Def..:rd en; r tl e 

nc rna and jcL"letl ~n to tl noin bo;ly 01' the llurcttc b~l ans 

o'£ _ 1• iber tul.line.- ~ llltrfJttt! ' o tcete<l co :rollrnm: an enpt"J 

ielling bottle, 1-;itll 1:ld, ond the h1.rettn ct.t. t . n1n; ~ ces 

tc:r, , ;eit~ cd; 0.2 ce o ti1en tr,o sfcrrcd .f'ron b rette 

to ut:islline llottl~ ~·rdl both. ~c ue!~tea ~ tt. (In thcne, 

' ld l.n ell u~o:·mcnt 1t!hilll~, 0 darjpCd l3Un(;"C "tmlonce, n:1 

ai!~hts ut; 1ch 1 •x\ lmen at libra ted oc:,oi11~t ~_tw~tz otondtlt'(iS ~ 

weP<! uae .• ) If th,.. bUl."Ctt·-. •o f'anetianincr p1~. .rly. tbc loss 

in ueieht ~ tl burette, tho eoL'I\ 1n \1Ci[11t or the 

cigbil\':! bottle. nho:.tltl bcv, ~greed. to 0.1 · . ~ \; t.r)l.t l~t 

t1Y tM bw.,1tette. llCMeVCF, tr..:.e ~ot!.lr them t t c 1ntJd 1>11 the 

bux . ttc~ tltrmi~Jh :o-hich fJV o tior.. too .. plor.c.. Tile foll!)uJ.ne 

o pl eoo over the 

top 'POl' . !£ thn plu.nr:c r to c- :'Jilrc th t no tr"J'upor t1on to'Ok 

.. lnc!! tJ~re 1 the conneo-tion of thn ncctUc to the re::t of: t l 
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'bt'lrct e tmC' 11 covered trith "Ccllo-r,rense ', d nc 

tube , fitted. , t thin nt f.. 1t wos noticed tJ .t> 

l.'rdr!n1ng tlw plunccr llD • t r v. s r~ea tt of th 1-

f"..laos j nt 1.~1 w no!n. boil.v m: the ll'i tto: t 1.1 le o 

t .. 

g1rt (J till Ui 

; pi t-e 11 tll'"' nodif1oot1ons. 

t l 0.1 • . 'lC buret 

t 1 'Wt. ·r:t 0 Y.Cl 

or 'l• tl n cell c to tr; f.~ ·e dif e:c-cnt it10lln l'C 

• _ of: thcoe eell constnnta 

1ndic tit.m of 11e cc-:1 acy or b -e ... etta . 

~U)gpt 1 •. 

c ootiv1 ~J tat- n ·. pl' d ·ey dou lc d1ot11lot1 of 

top !." 1n eont!nu L1S 1ot1.llat cm o . _ ... u.o of' ~~ 

glt an u1t 1 r:r a jo1nto. ~ ~ tU.otillc f'r o 

~lo t.. ~ .nt .tnine ol , line 1 an 1nte11 d1 te 

- .. -~, .... r intn oceond t"losk, tr t PC !'C 

. rurt.her condcn cr.a, r1 coll ~ <'d .. 

. 200 1:11 0~ t 10 in the ocll, etirrcd 

\11 tJ purified 1r~ The o1r [ o r~ an<il !'r<n f e rea or, vt 

~h a lon.t. trc1n of· nod.o-lir.}C 

tubt!o 

.o2 and 3 1~n~c ivcly. It ·no the 1 ec tl!rOttcr r , t!!i"' 

~u~i:':lar tn ntrn .. ~1te i! t1:!. th 9tcr va. 1r ot 24 °c, ond t!JGi' in o 

tile tltettl lilt t tt 1e~ 1 t a bx-ou['th t to ?5°C: ond tnro r<;d \7i th 
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tc" v pour t t t tonpo·" -t:.t~ in o pt>t sh b l.b. 

Mt(:"' bubb11ne iF thrO"..tgh it ~or oocte t~, t~ uote~ 

(uc:l..'l{: l dhill's cell c :u~tant of 0.1090). in dit1m of' 

0.2 33 KCl ·!lol"tt! (7 .1~9 f\):10 '£ K lllb 'o • ~ KCl 
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.Addition 1 2 3 4 5 6 7 nuniber . ~ " 

Voltnnc 0 .239(; 0.5146 0. 6893 0.9180 1-156 1. 318 1-479 (rol) 

Cell 0. 1097 Q.lQ96 0-1095 0.1093 0.1092 0.1()92 0-1091 constant 

- ~ .. 
A comparison o:r t 11cse results with those of' the preceding 

experi ment, when a ir sti rrine was used, shown that t here is a 

s i milar downward drift i n cell c onstant, but lese in ma@l.itude . 

I f' the ef'f'ect is due to ads orption, it still taltes p l ace i n o 

n i trogen a tnoephere, c ontrary to the f'i ndine;s o:r Kol thoff and 

Kame<la • 

.At t~1is stage tho sti rring device i n the c ell was changed, 

to ensu1 .. e c ompl ete u i xing af'tcl:' addition, aa described i n 

Sec tion C (iv). The cell con~tant was redetermined. by the 

titration of' KCl into water, us ine n i trogen st i rring; two 

titra tion~ uere carri ed out, i n order to test the reproducibility 

of' the results. 

Experiment 11 . 

The conductivity wate1, \'183 prepared by o new mct11od, 

sugges ted 1ly P.K.Faure .. ( A t'nll d.escri-ption will l)C z iven in 

his U.Sc. thesis, to be subrJi tted) . The t.rater was distilled 

off phosphol,ic ocid, through a fl"actionatine coh.U'111 and a 

condenser, and col lected. The spcci~ic conductivity o~ the 
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li" ttd.n 1 the ooo • OOl'Nott "' or tho offcc't, 

cell oonetf:n hauld be ob fj1; llJ tl' 1.to va i.tt 1n ~flll 

oonot nt choul o cl:tr.d te • o l"ttioo, if 1..'1 odtlt t1c.1 to 

1 ~ olo ;dr.H». .. pt1on, n 1m:1edi t Odeol'-'.n.t1on ooO'Ul.~ Cbt1'1 

n ulatell bV ( 1 6hlll ( 13), pace 

U9, t~ oec:ount i'ott tt d0\1n I'd &'-\tt 1n o .. U o tent 

) aJ.II"'t'it on 1litratins trol 1n o tc.t~, , oal.l ornlGtan 

t in honld d or o o t 

u tho o ll o-orotont t 0.1073{ t 

t saur .a 1 ·c) , t el!'lc eonctttctivlty of' c;oeb 

olution at \'he tt.me o£ additi·m (t,4l) o e lOUl ·~d., :t 

.eio c.<~ttropolo t t... t11e tit c or l;.i!lfl t t odd1 tion 

( 1). epotl!:ric ao uct1vtf'3,( 7 i owx-oopmltlt to the 

renin 

1s lao 

w next 

co~. oti now 01 ti!>n, ond , e the cor etl011 t.'ott 

to l cloo o tia!l t C'ooh t. _,1 t1on. 4 en cooh npeoific 

oontiuottv1 to 1 o 1x;en col'l'cotcd t'or total lOt1 so.Pption~ 

the re totonoc ( ,. ) t t1 t l}Ol'tieillo .. opcot.r:'tic c a<ltivJ ty (K') 

iG colcrJlt'lted, 'l ina the cell oonat&nt 0 .. 1073· 



'he ·dte(Wetic 1 peoi ic eon 1ettv1 ty ( ) 

h1'bh tl ol11tion n "1"11lld • v· , ·eeomi~ to tl fl• t or 

lowey, g1v e Cf.}l:" ot e U CMD nt 'l'. ~Y 

o.nto o~o15 o.o1a 0.023 o.o26 

11 ... ,... ~ btL ..... 

t 17&~ 

lt h lo=' 2 .. 925 6.230 7" 7'$1 
-----·- -·-··-· -·-·-"'1-----+----1:~...., ............. , ___ -+-----~ 

tho fi t M1 !nl'l, tl 

l lo clue or ' 
lu Of' 

tho tir:·t 

o!' ~""'~""'.,polo t1on 



(!)G) 

n 

f . 

tt.on row to b .. 11 a, fit'Y or t1 

t1 t t1on orily e 'bo J lied ' .~.oll I 

l ot 

0.1073 1 ooc > ed o et o ll o t nt, 

0 1 co· o ·n tt I' 1t1 tn 

= 1-250 lo-5 ( 8984 ~ tho rcsi tcmce, 
ino y ) 

tho lo i 

OUb .. ottnll t!d. val·t 

aS£1 c 1 

t. e t J;,. 1c 1 

-s =~ 10 • 
otl t -a .o.JI+ x 1o • 

o cun eti ty 

c. J:t- tl' fil 1 &11 lan, 12. ~13 ~ lo-.;,. ha crn~z.(Kl 

12.179 l.o-5 1a ob 1 ~ o1a tl c 1 c::. ':l 
r• 

c 1 11 ,..•rJ 12.17 . l~ - . .> x 895. ~; (\1he e 

ll eo 

un 

in 

opeo1 . ic e '< e tivl u- •he t 1 1 c loul: tc:d 

1 ou to b o. Ol4 x lo~.5. .o ot1o .. 1 e1f1c 

lr'..ol dd:l tio. • m'k"l r- ocloulot1on or tl:te 

eoll crm tan· ctva o.·1092. 

'ttoct th1o volu .. 

cell c 
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~ mo r mll to, 0.1090 ana o .1ce2, nro tn coOd n._~(r~'lt. 

but di!'fc~ by 1.?;; f".r-on .lr.f/3, the n of tJ dtl' ct 

do 'Ocxt1.1:m tiona uotns KOl and tlncl. 

ru,-thcr s.nv 11BUtiorm ~ not com:s1cfl out, aino<l this 

wol'lt. fell!! 171 :dn tM tcope )-f the .sc .. 1ih ott; tt> be 

pr<mcnt 'b~ P.x.~. 

SiMo .. ro ~c us 1n ter: ina tiOll on :tonlo mob!li t1 t~, 

ti tt- tttJnS of l'faOl! into w te~ \701'C inv tif-'.Dt ins teed .. 



p. 

The moot rreauent4 reool'l"i ~ lr..tt--r.lri ty 1n noon 1o cnr'bonr. to, 

ao the t thrXia f'Ol4 proporotimt of ao2-1"'ree ~' \1111 be 

~nc4.t 

£~ the our ... oce .. lly thc~o 1o ctn:'bonote p~nent in 

tho o tieka t1 welvoo, no tlte L'lC tllolt 1o not VOX"¥ 

c~ct1 "10 ,. 

(11) ~ ol.iBht er.cceo or bo:r!w:1 chlor1dc ~ bm"~i ~ilc 

1~ oMotl to tltc !!oOll nolut1on, to ~c1p1tot~ Ol\V 

cm.~bQlVltc3 Itreoent. ~ t 1ntrodnecs cxtro iontt 

. ·c:1 ntteet the o · ct1v1 t;r .. 

Since noon io knOtJ!l to ilisaolve e,'l.Gcs, tltc enntnincl'O 1n 

which 1 t 1o o~ed t bo a. 
me cld.ot octhod.o tmO(l by vo t '\70rltcro :ror. the prepol'Otton 

or .nO'.l ineltldc ( } P oct1on or tel' on , t 111e ood1un a 

(b) ~\e eleatrolya1o of o Otlt o aul.t • 

.Lnl1!Jr; 9Rtton or ggScr gn r~rtol.+}..£.,e.pd1~.k 

:tougf1eld and 'I$~ (JO) wclghcd o la"...nm 1ount or c<x'liura 

eon tot 1er 1n en s lO,..plwro of lWdro~an. s-te a p:: aoed 1n 

to co.~v t tl:ie cod1ut1 to n on. lO disnd\ranto :c o£ thin nethol 

l1eo in the cm:Jp~1oo.tcd owor tua uoM. 

moll 1 s~ lionc (7 J I'ed1n tillod r;odi: in o voeuur1, 

ona 1ntl~uoed fl(J'Jf! or t~ li<).uld Ofli1_m into c 4: illD~J; tJben 

cool, too mf.d.dlc o1") tile copUlo~y ;;oo br01:en o:r::- ..cma. placeo. 



f 
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into oonduot1v1 tr tev 

ln n 

el oo oap1l .. '9 • a: nd 

3 f ~.~ 

u t .o., o al 

" to 

t tlil"'l.l . } t! t .~ .. #\ . .U 

0 tm !.ft(.! 1 ' 

e ott ·. ,, 

orm 11 ton b1! oo2 f'r t• o· • 

c 1.1 ;ed. to l'coot 

o into OGn t th t 

0 

to va1.,y di ieult 

u · t ethe 

Jt:ne'¥!'9 

_ otUl~ 

cl r.d fQon ·o ( 6) ploo toll. to ~ ;:>di S.n 8 1lv 

vo cl in ( d }Wdruxido J tl 

- .......... '""d 1n the 1 -:- n ol. 

To tpr (lo) eu . ll e ,;od1"' · n 

u 

to. .. c tc1ri11'l,.... co2~cr mt t".. TI 

w1 o ll ~t ot anncnc .. 

!'tar "'lC 

>!.' :t...io t 1 ob t.nad n on 



(Go) 

'1.f: tllC prcoene(t of' !wllx-ocen slo dom tha ctlro 

tuN'1o1enu:r. then ·10 nathod 1o t 

lwulJl e po1..~t ~ out ho~:ttnr ., l ll too ltrd\:'0 n lU t b 

t t"\iGl"do f 1noe otl'on.P. dcO!'Vtlon o omt 

Dl ce - o Jzy..~o'" oopl· (~ ). 

,(1>) Qloqp:!Q~ ~t t a..~lJWl:l·. 

:~ m ~ ta (31) Pl'<roru: .. f!il 

trolys!o of _ tr rr elution of 

t lOt' <t Oj? vurm iJ. romw. 
lnttllcd r c 

1 

~\71 

ItorouniilY 

ct1v1t rmtc~, 

t I' in t . rtJ e!loe r 
lt'ltinm • oiol Pl' ct t!~m rc to to cltelud 

c~' thcr itt lwtly ~!lib111 w o£ her bctna ·,, 

acntt.n1 ton bU o l'llonote, 

.~,Yo kc ond ~ (32), u nd n c od snd 

on ~·o o tt.> el otrcl,yso 1 01 . el~ct- ly ia ll 

lllo:T i di..tticul t to eo 1."!' o t. 

·tH.ffcry u Vogel (9) .lcc"'roly . i1 01 itl c 

ir:'ct1l • tu , l1 \ n d~pt a, t 

. 
contoi chl ' ide. 

S1vcrtn. ei lor and ... trto~ (10) pt~GPQ · 0<11 

l by eleetroJ..YD1 o£ tttlOl. but ntv no c;·, ~mont 1 

de 110 . 

Do 'en and. oiex• ( ll J uneil .ci tltor o:r th~ too ( o ) 

ld (b). Y ,l'C t'ed ll b:,r cU.lt~t1on ot 1.,0 d 

solu ion, ar.t r tb3 oertL.AlOto twd. ll .n ollOtrCcl t . ttlc: cnt. 
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one . or c ~bontt t e o be 

•. lOO. .fin ll;f 

1fietl 

Pta. ( .lb).. 1~ 11, 111 11d 1 ... -11 . e l'd-'h . 
Qre lengths 

joined to he el 0 tub 0"~ Mtl~"S Of N'hbor tub1~..,g, ~ 

r1 ttc th c clip • ne 118 to J.g. ( ... 1 )t nl tl.'-~n 

1o IJQn o4. in tlwuugh At 1 bel clo eil ond bt bblcd tl'rm 1. 

10 ml c o t1 t'J t . 1n · (l lS. tJ.'C fltl l 1 .;..Ol' t 

ou , to gt"!t r1d of d1a ol c 2 .. be J 1 t 

SOmlo 

r !t l t~ pt u 1,cuey inti lu.o d into i'lo 

50°0 tor l~ inu aa. J 1 ~ lOc a lU og n 1 :bbl 

th t tllo ole 

1o ·t l$ 0 -:->- !'Nc. 
.ot; 

c CO"k C i ti 0 

fr n~v out r;!ctce or tntl'Oduc: • It 1 ocut1 ly 

th cla ' 11 t 

0 C\l tl cvoluti 

h1o n1tl'c't 1 1n 1 h.A h .. J.Y 

p1 r • ta.r lf' vn 11 

to di per e, tho co~k o in r pl o~<t 

'&..r h (ll vtno b n 1n1 

t -~:1 blo OVtltt on to t 

ts ol cd und n1 (J 1n~l ; l 1 ol 

0 tt1c1en niu~n vreo ur 11 built up ln t 

8 

)0 

c , 
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op~r. . nc 11:! 1 1a open~ r.md th~ or lctn:t 1 ft to d~e .o 

f 1" 24 h~U" , tt1 th fitCQ.1-tcnt ol'l'l~ine. 

nt.tm.e n1 tronen 1 . bubbl tl'lrou 1 the pp rtetuo 

h 1 in 1'1t. • ( .lb) , fo~ .t'~ mlf'tl t th n1 tro • io po oed 

(oven} thfJ on or tUb~ L), tllr. "llZfi 100 t'1l c· _ .tot1vity 

~ tal' n t one 11't:to uor.;,~ a. !'1 ok Y. krt 'f'1<l1 ~ t tit 

hr.t f'!n l'- df t nitroe n 

flo Into A n 1 1 Otte c , lV 1 op ~' :ttil r -tube 

ot ti f¥.1 Of' t. 1' 4, oorit o 1u 11 nd col~ 

~· crt« tn it Dl ce. nitro an. fl o · · n t n 

mt off~ lll tc ope. lV clo df ti no I 1 ttum 1 

~ into y. 

thr t_ch t £ the o rk o' 1o r. 

be :b. l\ lJQll r1 t out nil. 

1" ploe. b iet'te o gl.. ·~- 1 J fi t c1 1th 

nd n M~t'! o11p. 1 • 

t 

1 

i~ R (n np~n), nd 111 cl ·e , t1ll 

of ~ o · l a coll c t c:\ 1n tl 100 tll .,.._.,~.,.li. 

pi ·t t be 

1.rf"!ci t 

• io chnt tt 

n1 tro n sne . in throu 1 D \71 t • t lC p1IX!t ir?r.ier in he 

. 1oient to ~oro 'c 



(G3) 

ftcl" four ~nthn th sro>ttt'X f). Noon wua ~Ol to 

C01J.tn1n. as p. p .... ~if}2 tiM ~a !i·,Ll.Il.. 203. .Al thm'~ the 

lgro:1 o 1 ft tG deca."J!)o !!or ;-J.t hr>Uro 1n tho un1mxcd 

IJ:/1'~ VOCOGl X, little eleoO Uld. 1U1'9i diOS:OlVCd in th!a tlmet. 

~ oonncetinrr ittbc bo on tho two :elonl::o Y ona ~, t, ra the 

~ OH 1 Zinolly atorali, io o£ . xed wrcx, . 1 t 1 Pl.,ObD1)1e 

tl t n.oo t of tM n1o2 end 2o3 d1 ~lvod fu.>r.t th1 tube. A 

way out of tm di:f'ticr~l ty 1 to C:tVC the conn ottne t\1-'be 

~ ~ tho 100 nl fi k z nd 1tCploee l t b3 n n1 trollCn 1nlc t 

t'dbe not in contnot lFltll t" li_UidJ ao 1'31 con 1) toNd in 

th1a nost:, tt1 thoUt t olut1~ cood.."\C:t into o~ tao U1 th the 

~b ~ toppor. Gtnca only 2 tll io ttaqu1red fO!'~ n complo te 

tl tv.o t 10.9'J.t f 10 c cldi ti lO 1 t lc 0 t 20 ·U. tra t OM C n 1HJ 

camplet \11th'lut tb:! u~ oe ot tho l1qu1d oo~r.:r.! . too loo 

f::>'r ·h4 p1tl~ttc t~ 1X! .. n1• ed Auitob:Qf in 1t... ltelTl/.Dtiv .1~ 

onJ.y Ao ru !t OJ-I 1100 b a c : thQ ncocoG1V for he f'ln 

Y i s thuo ali..r:dn ted. 

It 1 eo· id.c dv1 !ble to 'P rooroc t'x~oh "7~C ~ avoxw 

'ttTO olmj nincc o v~o 11:llitN to of tl·o dit:ru i'm ":Jf co~ 

thl" ~ tho rtibbcr co 'ka ni tubinc;. 



(04) 

~rJl··!! l~ l·. 
~ cell wa weotcdlrlth (leo ol and. ntwic voi(t, ntl 

otemua(l out Cor· one t'llk1 o bcl:t hou.-eQ.. 200 ml conduotivi ~J 

tor \1erf! tl'Km. intrfX.1110<lli~ ontl. 1'.Ut'~!~d 1'\1 tro .. ..: l 1'ubbloi1 

tt~ou,Cll in thO oa:~ TtO:J r o bC!tOl1(1 t1 tratt ·L ltOl .Lnto tmter. 

'i"?.w c :motcmt . ci.r1c eo~ Juot1v1ty of?' t..tt..o tC"' !'ef -CMt'l wao 

2.17 :x lo-7.. An sr1(1.1 ... o.n ._.f! o.2?tlO r lO inOii o l ~t1on 
.. 

( o. o*r.~~·1) uno nadc t') the (~e ... in tho ~111 £i~'tc ' ebt tli:nutco 

tho renin to nco of the anlu-tton ~a 61;"77 ol .. 3, 1:rtlt ~oc rtioinc 

XtOnitll3'• '1'he olo <J doCi'i(!O r::f1 o Tlfi 1: oftcr 0.1 h:>UV, but tho 

Vnriouo rc M \7\13! t'l ~lt ftn,. the x!.rtn 1n .r-~r·.tntonoet 

at o l:t-e~io nnoe 1"Et:.U1nr; of (1!""5 c , tl~ e at the tap of: the 

con \=till re..,>l c by o c-:-iiu-lilno fl'..ta'Nl ... tllb-c n to4~ on \11th 

~t1,ber tuld .. ~., No. nmroooif.l'ble ol· neo .S~n .l.orm tm ouaex-vod .. 

J\t o rco1ot~ cc ot 7':,L !>l-c tho o.tord-tut~ n x·~Dlnc d l:J' 

n1 tvoccn or ld be s en 

t'#000.1n.Js oui ft'Otl th>'t C't!ll tht-Ol1~ t 'do U•tu1La too etm.naot1on 

to the oillc-ort'l or th'J oell mo 1 pee ted end ~ -r..u¥1 to hllv a 

lenk.. - t o aoa 4 tJ t t! ~1oc o lld be foo w a ~ 
. <;. 

41. tuntne 111to tlUJ ocll tht'ou~ thio leok., bUt tihcn it oos 

ocoled the l"<l 1o tone~ t .. oso oo bc~(')lle .. 
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,, t tlua at ee renintonco vcQdin£,-; 1 x-e taken m t h the. 

~ll o n, w:t tl1 th,.. eop r:N~~ tltcJ t!)p, nnd \1i th the KOR tJ-+tube 

~ittcd. The V< rlot:ton o£ v .c1ntn'10e U1 tll t1 , tlf'..d.or thcoc 

el')~ t1 ~ 10 oltOWn 1n PiG<! (P ~ 2}.. It a otad ba n, ted the t 

both the re. 1 tnnoe ond ttl!! ti~..c ocnle r-o et'l'bi t..""1 1"113 eh!)tlen. 

/la con be en zr:x'1 I~g. ('' .2 ). , the nlopa · · d~t!n! t ly 

t'then the cev roo r 1 eed over tho top of the cell.. but 

no u1~~c~~nce 1n tl nlope on produted ~n the cop nn 

l'Cpl.oc by tl KO :i fJ ... t\tb(h 'It l'!t. n th<n'C~PC bta fl''l'1'(1.. .. ~.: . that 

the baa ':: d.l.:tuo.i.oa of Ct 0 tlrcr11ch . tj., ttr.1all env boi:woen the 

top of' thr ('-ell is n~cl t ;.tb1 • 

'.al r te of at1rrinfi of the 11q:u1d in tllo call u2; u vrrr-ied 

ot o rrt iot e ot 7474 ob-4·, on. definite ohmv,.;(! !n nlope 

' ob ervcd, tho olopo inel"~tHlin ' th the !;'a o;a ot o tir.r1 !8• 

~J?:tmmt 2·, 
Th1 o on r-! .. _ 1'1 t to t ot t1 rep~oduo1b111ty o-r t 

1ee obt in 1 1n the pt-eVlotlO ~zv P: n-t.. poc1fie 

conduct1 v1 ey of: th er m 1. 49 x l r.t-1. l'.n t ddi ti -or 
o. 22~~ ::1a "to on solu tlon \'r~o too o. ond tll.c raaio toz e ruoo o 

bt;!1'orc. #-)ext t:tOm1ng. l!mav 'I!. ""ho 1'oa:l J*('l U.J ooo t'amd to 

hovo b."W :1t Ot'\t and tlw eon at t xp~ tu!'e r o o t 30°0; 

aloo the p nr.m.r-c tubing r.~ the n1 tMc<m C'Ttl:Ln&.:m to t:~ 

v..n-1t'ieo t1on train bad opli t, oo th ~ l'C: · n nc- bUbbltnu in tho 

c~u.. On. l'COm:Jption ot: bull'bl1ng tl x•eoic tttrwc rooe 1u a 

1 lDl" r:tmVte!' to thot in t:x'i>rlli•'\ent 1. IJ.1hc ef'f,..,c o~ 'ftlJ•yi.ne 
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c 1 or 

1 n it t ll l d t t tha ri in ~ 1 t oe s 

ot t 1 o o ~ t1: ' inc tn +!:rough ht! t J.; 01 
c;. 

o 1b1l:t . eotwid r- . or t 

1l .... c, 

l 

wcr o. t ilicn t 

y ~ ti_ d !lieu 

e1t1 u 0 tric cid ~d t 

- ~r~'a t ot n the~ to ~ b and thf.l 

u · fo .. t 

t~ 

(1: 11, t" 

"o el • 

inN n 

to 

- t ' 

' n1 10 

r t Of' h'l 1' 

tl.c: 2.5 .il. 

o.2WJ 2.5 m1 0 t olu !. (102 

(81 ' li er)a the ollow 

tv :ihio t !)Olr- .\l o o~luti 

(17Cl- , ) pe 11 J;k ) oolour 

1 tl t ot 1 le • 

t t 11 )l 

n1lic nolut1on bo lntH,ltt'ble 1l1 

olut:t by 

ll (35). j olution · ly'od 

v n in {~), 0.2 I . 2 to3n 

contain o,.l. 102. tart~ tll ~!0" 
4 3 
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conn1ota lo~ely of' !' 2 ( ·1.t12 )2 • 

Tho roJ.ut1on ~ovett t"JJx1 tb: eoll nt thct end o£ i!!:pCri i.Snt 

2 wnn oc1Ltifietl trt th Hal ond toe tea ~~ Uien. S111c wao 

fount p o nt; thUUBh .,otinito)y" l n thsn 0.7 p .. p.m; !)O ml 

o t;:· ooid1f1 e ... U olttt1 , Oti'"'VOP tion dol · to 5 lul. 

onot1ett tt· oo~nce t a p. ..m. 102 , lnd1oat1:t'1G t}1(! ox-1r.cinal 

solttt!on i:(') con to in 0.2 p* P• .. 

S1 t •c ia oet't 1n oan.t o:r expo 

i"t for tox-inc lt ... ot~k ooluti J 

ni .... too tcc t o oow1Cd mtt on 'Cbo c?ltti on m 1 

atu: ; t. 0.2 ml f took ool tion to 200 tU. r t~ o pyxtelt 

bottl t ~ ·~ ly t: o1d~ t1i th l l ( ... o t . t.L"\e o 

- r o1l1c on 

thi aolution (r on ! till~ tol' I'C 

lndioot lo s ollie t n in c li 1d r v . fr l tl"l o 11. 

It to thun {lenni tol:r tdbliohOd tho t 111~ diC!aolvee out 

o. Oll. 

'11ncc t onount or 1lico discolvnd 1n t tlDUO 1 oo 

11, 1. 'IC do~.i.(Uz to l ve the t• Olf 1n thn e U tor- ..:tv 

OP nlx dn;m.. Tl'\C .t'inel opccif1c condtlattv1 ty o:r.· tl te~ • 

pl oM 1.'\ th (!011 · c 1.5 ~ 1o .. 7 • J\1'tm un addition or noon 
. a nad , th r 1otn .o rooc in a .imilor 11 nn :tt o thf.ilt in 

· ;;-- r nts l ontl 2. l~t> 1n d pra ot1oolll' eonn1' t 

ov xt pc~1od f:l.,.an 12 o 1J.9 hotU."' ott~r tl t!o ~ midi t11)n, 



A voaci~ule cnrplcn tloo Of the !tt't ·t~ r·loo 1o t~· t the J?Ut'11ff1n 

in tha i · £ ... tncmootnt vttoool ottool~cd the rubber emmoct1on 

'b t n :}Itt vocael 

ovc~ £1 cyo tho cell ~ r twed r.r. t tl r::10 tat ond t1 

aolut ion oe1ttitied \11th 11:1. 

uooet to dotermino nil1e quontlt t1v J.y, ·~ de al'~bed bY 

. 3VOOd ld '!hod (..~7). r.rocedn Of "tdllo~ n 31U'Xiiti 

o follo at 10 nl tent t'f;)).ut1 

t1oncB. on pu 

hia nnluti<m ra p:L tted 1nt to 

a r t11· ' c ald b tek , a· d a hol:t to ' nute haa 

:t.npo . ; ino tl colour o1ltoin~d ~. iL d rnvidl$, 1. · c 

nooo n~· t u a o tond.crd ti:w. 

ti-:.mcc1 .o.vll.r 

thnt 0.2 gna 0' thte nno~10:5" Ztiel~cd (J.l_39 G:lO U102 on 

onolyn1t... In the follo\1'11(5 dtncannton uantitico otatcd only 

no ):)•1? .n. \rl.ll. ~<tt' P to p. ,., • ot tbi& ".In:"'' 11.03 n orul therc!"oro 
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((~) 

t'1U t 'ba l t1nl1 t.l by O~ 695 to b f!!XPX'$ d o p .. · hO· Si(,"~. 
~-

1. prcli'l 1.!' t.rJ :lttarit1sotian. oho d t 

ovod. t'r 1 c 11. J.i' .vofo_ 

0~8 - 0.9 P•ll· • 

100 nl o-e 
·ht ooltti e ~"~W "'oroted dOtm. lC nl 

e, a .. s u ~ 9 P·P · • uet'O ;z~ ~ed. 

-~~ db tai.."l & 

0.022 

0.233 
.2,42 

0 .. 257 
o,.a 

-
0.211 

.220 

0.2. 5 
.$! 

of 

------------~·---,~--~--·---· ----------·---·-------~-·-·----------~-·-·--~·-
A 

J col t~ to develop. .otiti of tl 

nl;r 1 elnt ' 

li. ·d 1:01' 

e4 th t 

cott. ot f r tb blnn .. - dintJ, ~ b n pl ttcd n 1J'..ot p.p.c. 

1 oh ld 11 o eht 11n , 

lo ·1"1 'de ool t 

in .be n rot ~ o 

a lu ton eottrtJt 1 o 7 .9, eh. em~ 

102• iW olu ion re !>V d :ro 0 ll tt fo o nt 1 d 

0.5!.) p.p .... 101') .. ... 
tho in1 tioJ. ~oe A toe -18· ( .4) ·o b du to 

dool'£) ~ .~ L o~ . 1 otli .ra !t.1i ar .. ff ot, tho tr 1 ht 11 
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(70) 

i po ib~y ttue o ~1~tt1 'l or 11· ~'~: 

1 tf) G ro t "' t ~ll mo 0\l'&d hom t 

he • ....t. t, a ri o fi)QU 68/4-0 o 7ru.B 1 ilt 1n • 

It \' ctto:n. 1 ~n t n ott ntl t elo at'.. · 

o 'bo n 1 n H:J l:. · t. 1 .. ~ 

· Ullt 1: . 

. ci.tio c 

.. 
(). 

ilioo tno o t1" · ~a b"J 
" 

;i'nS ~1 l · o '2 
10~ , C1G t t . C ~ t 11-: lv to 

9i0a = l1l 

ptto tin 

lt2J tho ot r 
.... 

aolu io~ 

~oref 

o-tu- .. J;; .._ c;.. ~ 

t o·no o, _ 

o XtO ct lnulo t 

th l OH or eydt' ted ailic • 

ClC!l in OOlu.t!o;n OOtl.OiEJt , IIller al,·a 

Uo 

'b t re 

o call c 

r.:: . ,.. 
s 1 56.~ 1c/'''~ m 1. ··a .. 1,-, ~ 

t ra ~ c c1f1o o - ot vi 1 . .5 

o:mduot1v1t,v ~ ~ ·olut;.on (ct 

1~ ~ of Ii tla:t: (12), quot d on v 21) • t follow 

n~ t1 1 vo~idt ... 

~., r AoH- := l9(J (,.,.....n ... (2). pa 17'1}, o 1 tl e. ..ntr tion 

in qu1"t • to/li ~ of' t JtJ '1 .il.too rt 1ono ptt ent 1n OQl'l i ·- ,. 

<). ,\Sil \ tl « ... liootc" 

1 • 

I 



f'l'l) 

1 tc t 

in I. . ~. (39); iJ1J 

1 vi W O't 1 uzli.O 1 

50. .:t .. a l (2), 

1. lo "t4 c y ut0.1'•el,y 

! 

by !Wdl"nlu 1 

tO-r ( ) ,i>.e,;, 1 

lo ' ~s.·1 t 

e u.t1 !) . t 

io 

t 0 

) ·0~1 P·l'· .. 

0 001\ tn 0.55 P•l'>• • 

v u .. inc n-o C! 

to '£ ~ro2 i o3 e ·e uotecl 

thi &;· s ~ cqu1 1 1t 

nb 160. ctine ANa. ... -

17~, ~s; l 1- • 

Xs.-r Q h1t:b lu 

to tL co uetl ,..l · or , 
.. ~ polot1. . j .c .. ':~ ..1 

an.:cy 39. h1 ~lu 

<!P>), ' '&{) l 0 

t ! • 

N l!ef 

t. II , . ,, 1o 
' ... ~·~ 

4 . 
·~1~ 5 1 '1. onl J 

1~ o .... ~.p .. I 0 

t 

ieh li 0 

tion 

tt \:) 1 0 nt in olut1 ' thcr uc ..... 

tono o .. 
1£)' ~ her tl' t Uie r j?OtlC . l .or 

1 1n 1 

c rt"'J tltrotl 1 0 01" z i. ll 

al n lf>Ctr pp rt . inc el ctrod.e 



zt" u t th:t ooll rt: a lioblc to crro:• due e t . Pcl"Uor 

ot'fcot. d(?OC1"1b d b:l .lelU:lUl (lJ) ~ l'Q .. :.q. l ;:ever-. 1t 

A 

,-... bouM 

&m !£ll1Sn! ,14·. 
q; z-ta · ·o 1 

ote a out for n 

rith 01- ~02 nbt\U' 

t1~ ot t1 tb loohol nd n1.ltrio e~1 

tt " U'llCt ( leo tv~ ·rrr ol ne4 

m. . t d '£oP , ena t 

6l.o s elecwode aur>po:r:-t tr c ted tr! tlt pur 4 n-1! • 
Xolllb 's ".Pt 6 °- 72°C mwi 1 d by l tine 

nth on, then 1 oohtne l11t bnt divttlled. tor tlll ~ ~ 

lk 11, 

uot1v1ty 

b to 

ll:r weo till6 1! of tineo .1 th not c -

tc:-r.. m tror:on 0 bUbbled t ouan 'tl 200 V1l 

.... 1 d in 'the ooU, but ~ bO\ll.-s a l tld 

oont'! t. '' . tot~ n itl1 ti .. ~ 

. H, t£ u a{ l teop tno, nllG\104 by o low o , , c ob ~. 

TWo ~ tnc • t:lrtu d, bDVin() 

a 4 ti t tJ (!U{l~tu so 1 n 1 o bei . , tl toe .. eel b1' 

the ... on. To v r1t'y tllio c lCltution o tit~ tton r not)! 1~ .to 

ter c c r,.r-1 out ua1nc l c Jplot 13 ·tolCGd q urtz cell. 



(7.J) 

~1natd 5. 

~M quortz ·cell n thol'~ wonhod and d¥:1 d und t! ,..n 
oooteti with hlbGU!:'l wx u .. Pt. 68° .. 7t~~u. 17-"" l'Otorh bulb 1ftl 

cl oned v.t 'rlith olooh.Ol ena ni r-lc "e1d, n4 t'efill 4 m. th 

fl .. oh c ·:uot1vity ootett. the ~llol n the puriticotion 

t1'81n oi a.. M acld1 t1on n:r t ,H to tar u: o e t t 
. 

pooirtc condUat!v1ty o de; \en n steep r.-ino in l'Co:t.ntouoc, 

f'Oll d by o 1~ o , cna t d. A oeoona cdd1 t1on o~ ltooH 

won ll£tcv ttm doyo; tho n. t do3' the oloDQ 1ncreo 

f 5 .. 5 - 1·./J otnute to 7.5 ) /5 ·nuton. ai.'l .. t 

. th vor~ t!on ~t ubbline ~,., t l.. 1nooncltt21 . • ;L\lo du;.re 

1 t tl rio dur the pveviou nl 1t tm obo rvatl to t vo 

. to 0.19 o~/3minutt?o.. At t .1!' ~ nee t~ .. o~ tmo e 

cJ of nitro~ eyl1 ern, ooe ani 6. by v 1."9 t t bubbling 

ond r- o. Ddl o buret • Pa.:u.~ ·1-JU~ oft~-n · .-~~ al'ID;neo o~ the 

r 1ot c ~ t rtc til"'. ping (I ) • onct continued to dztop f"O!' 

thx'oe: deyo, .lwn 1 t n need to riae !n.. xp tt-imcnt 

a dlcc tim.ted 1>!'1" ond o 1 lf ®10 lotcr, j, th ·~ rlc ot11l 

1n !)~ • 

'?hi vortotton or th rt: 1etcnc ot FisOll in a c lot lJ1 

tm:l~ c ll c b er.:ploi~ ~ 1th:!v bY th tntr ootion or 
tr.T,tlm-1 tt b:r t otirtttne n, ~v by ol,lt1on ?~ i.mpur1 t1et 

e 1ne in th"J i1QX. ~ :ro x- tmeoibil1 t11 , o 1nvc ticoted 

oo foll 1 on Bdd1 t1on of HoQH to t r 1n tho PYl .. eX cell o 



- e, . n 

n . cell 1 c""·npl t l3' ol ' l 

1t 1!:1pU!'1 t1cs 1n the t1mnc caa 
n ibl tor tho r.1 t lot tt honld 

ooonCnoina tl .. e: , t · lJ"Jrif oot,.un tram 

c l~t ... y r·oplen1oJwd... w r JloC :,. tr cell 

i'i a t t t"t.. c!t-.lc c ucttv cy of l - lo•7, 

on o f 1tio . f o. ':641. 

0 0 .. 15 

lY to 0.12 o A. ..tnut , 
,_,_,...,.tot l1ltl en d 

eeu 

te!mtmro"Ctn~ n OG 

3·9 
0.10 

;ntnu t • i :t:,.tnollU' ttl 

~t, in t 

ltltlfl .,. .. , --lO .. ttS ,.t} .. 

10.59 7190.0 
u .. 7191.9 
11.'5'/ 7196.8 
ll..ta 72d~·'• 
u.47 7219.5 
11.52 7~)8.8 

11-57 7253· } 

0-98 
1 .. !) 

3·0 
3-9 
.;;•G 

• 

l loin 



. ].2.02 p. 

J.P. .. \17 
12.12 
n.a" .. l7 
12.22 

(75) 

J ....... 

. 72GS .. 9 o 
7Z72.G 1.4 
me.~ o .. r:s 
1218 .. ~ (),.42 

7278.6 o.1o -... ......... ~~ ....... ~----~~~ 

line Pl) oo 1·11! cell 

1 1 • ! n t mPor-e 

to t 

pi 

,.ic con :pl. a i.l'V:d 1W thG tUff~ :to of 

r :t·~t inca 

or~! n/i 1..~ .. rtc 

1o • tho 1" 't ~ ~ 

"/! t t e 11, it con b e{'' elu d 

y f't'ect 

t tt~ t'ioe 

in .1' oJ. '10 ~ n~ · to . 

• 

JUt t1on f 

.,., 0 J b f=>•' lit1g t 

o l! n · /1M lt , . 011. 2< :/l.2/l~6 1 

... , ... -............ 2 V1214G to 15/l/47 no r l7 

On 9/l/47 t• iotono a ri en to 1 .... 944 ~ 

c r k J.T . t over the 2G dey 

lt, the :t't>ll 

ol Antrm 



(7") 

ana then 

c to v lnwJ.y t1ll the 6SJ.td ,oy, 1t re'!ool-·~1 the 

volu .' 15.312 n • 'l'.ho 11 then o ,cnea. . nd n1 irogcn 

thO rc t o ar , etl t J)·~"9;; ol oon 

0 t 

to 1465~ 
1 ue of U.54G ol • 

hon ~ · p1 ca. tir-1'~~ i?W 30 

t lO 1"' ftntl. · t th. he 

rio ·b e~ in ot1!'1'1 

no Wl'1 • noc 

ro t rtv, t 

110 ver1 it in t t 

- v luc l27 a l t 

olution oid1f1 - Cl, t ~ beinc 1n t ceu 
fo~ 67 • 

hr oluti t if ou . rc led up 1t 

p~ex t-tub le ... t in l ct 1o oven t ao0o, 11111 

,,../l/47. e eolut1m t 

10 enoh oe 
(1) at lt oolut!on ot ott (Q. 05 )~ 

(t ) t c; olutian or cr~ 1lut 100 ttl ( 0 . OCJ(};)'"ll) • 

(11.1) ook oo 'uti m of d1lute~l 1000 t Al (0~ 05U) 



(Tl) 

Tl lottcr oluti l o the o e concentration ~lo the oolution 

in tl cell Ill th. tollo diocuo.sion, th c olutiono 

ntim1e on the pz-ev1ou P'lne 11.1 b ret :t'l'(3 · to 

ana (111 ) co. ctiv 1r· 

(1), (11) 

Ar,y rcttction be en wrcx and n \, 
I 

~.llt.l b oool r "" 

boa e ,. 11 clef; ted t tu.l'C • ttv t 

for tho c ti 1:\'te"~ tu o£ pyr x ( "'"'-1,U tJ ~r 

p 1bl } tt ctu:-r1 d out l ho~ (1), (11) (lll) l{l 

ol 00 t..llo ol t !} ti cell t en Of 

n G. 
·-.. 01: cppl1cd. c _ t1'"'3 (41}, quo o t 

c n eo oompon1t1~ of p~ t 81~ Go.6, n2o3 11.9, 

te tn enrrtet! outs 

!! ttropo toot olu 1 1, 1 drop eonc n1 tnc ct 

nd tho olut!on bo11 ~Oil .. t.'linu"· ; ::S dl'opo l' 

t n Dadcd to the o lut1on, tlnd ott 1' e ol!nn ot o-

oJ: 

(111) re all 1 to con 1n. l th n 10 P•P• • irotm, tlh1oh 

io tle lln1t ct ocno1t1v1t:/ of t -t • 

• 

ot oorib y nell (42) 

to l. tc t colu t1 ,.l~llHCl · 

follo lJY 3 t'.Wopn · rc odd.ct J th1 

u ~a. a toll J 



(78) 

_.,. ....... ""'!tum ]\1drax:ido end tho oolut1 let't to otonll fort 

5 ntnut • f'i UV 1 dl-op 5N ocotio 1 c1d a added. ~ 

~.,..,..,'llun ~14e itood s !4 pat~ed b7 pa oinrs a~oua or:non1o 

into t r 1 !.no colut1ono of ~ :.1 ~zid() t d in 

glna re l1oblo to dis ol\ta oluc!ni 1 in tho ,., ~ y 

11 oJI. ot a1 aluo oo tc.l'lil.ol'\"1 {In th1 

e nn ction 1 t!bou.ld be enti thDt ll ctondv%' u in 

tl t c u u t.nc o .. cl1 eclc. ). 

e l~n1 cont t of (1), (11) and (1!1) 111 b 

t t d o c. (i) eonta1nc 10 p.p .. m. lum-

f.llil oxttl • Per the t to c ~1cd out on (11) (111), 4 

drop or 

oluti n 

ox1dc 

olut1 IY ' 1 tc o~ 1 ltrop ot toot 

opa l10t l'J (it) oontnS: 4 o. 7 p. p.o~ lunint 

c; t {111) r-y 1I!l1l r to t . .., blont: toot 

c- rr! 1 t.'tt the ~ nt on din t1U 4 

· pprro;it te ti[JUJ'e in O.J. P•P· . .. ll lr&tttm 1<1 .• 

S!J.ct!tn· 
to deneril.i d lJY tal (33) 2.(i7 o miX11ts a 

1 o 4 llrop o .. neutr l te t t'Olution ddcd 2 4rop 

of! ted olu ti or d1l~o:-QI l'tol'te ne1d oo zone; 

·, olutionc o:r. oelc:1 o rbonot tt1.ooolvcd 1n IICl 

t n 10 p.p.n. 

o let c tc (i.e~ 4 p.p.n .. calcium). Til letter olut1 

ifuot d? .. tirlgUishobl f~ 1 the blank. 



(79) 

t st ot Fcirtl(33) ee m. tt e nc foll ' 

to4® . t olttt1on &1 

:tte OJJOi ol( o .. 001 .r ty} obJ3 .. f on), n4 

)p l fx•.e hly PttQ!)OJ:> t1 Oi{. 0"3'0 t lli 

liJ :u.r:ti or oc.nai t1v1t' or t t ot 

ulp! te(or 10 .. ,. • ). (1} 

t - :tnt. 

1U p...U ob no u - « p thol 

(in c no l.tr t1on ), Sllge et 

by tal, l V•P• ,. £1\C 1 could , u bot (1). 

(111) 001 t l 0 1 .t.a lOltn • 

t fo ~ .. t " (~ h tettb ci r (~) , 

il the ollooinn · t 

t ) 3 cenc !fa <\ 

' • 000:1 0~0($ t 1n 

o~lo 10. n .. d. 0 0 • (1). (11) nd eono ~ 0,"• 
(111) to orm in ,. o, 20 20 • 203 

. 1ne 0 Ol · qu1D011z l~ii in c o 1;. 1 

0~ . tp - 12 0~ ( 11) ( j) 0 c t 

•. J l.&ttml· t 

Tcoto r c~· a. ont u u the thod or hl r (•• ), 

t t r 11£i wi l 11 - t •"lut1 • 0 

ol'lt ti on t u in t-· e.viO"JO t o 

~ \l.?.:f4 , nt l 1), (11) 4 (111) ' re ohM'm. 1n 2000, 

70 l4 p.p.z • 8101} J' op ot1VClu· 
c.;. 



(8v) 

. l.lti f 0 t o ll et th 0 

nt C t ot bor. ' 
OlW\11\ c.nt 1.n 1.4 1~ .At tM 

t:1; ( ~; /:t/47 ) tf n 

ov·. r.r m the !l 't'J on lyo1o 1· _, to nt in 

28 p~p.m. 03 flS 1~; t 0~028 P•'P•tl• 

o, o .. osa P· .a ... f ,~ 'il s lu .t ~ o 

<'.Jt 1 1 • 

.u t f'1 thcoe t t ou~ tc. 0 

1 e et to l.O ' il"~e thad. o.r Vi 1 ,JIQ 

a.. 

2500 l !J 

'--_________ ... ___ .. , 1 "'- ..... ............._. ___ _ --------
In bove tnbl t un1 t N p. .o. 



(61) 

~het ~ertmentn eortt1 0\lt h!rw h~wn t t the );t!i~e in 

1.,.co1otrm.<J nerved on ition. o OB to ~. 1 not 

oitnor to CO~p o-r to the 1nb"oduct1on flf ~~lt!.oo by thO 

e tirr1 ,., co . .t.no]l'Oia or t ,. nolu tl ~ 1'1~ ~ the cell 

nt tl of ritlont G l n tltUc t tho !' "'""ence ot 1-4 
p.p.. • ,2o . oM 1.4 p .. p .. ~. 0:\0 , \ih!ch 
~ ~ .... 
r1 c (cf m ~oton ~ pace 7 n.). 

~ f t, mteth£!!1. in ddition to ·h!! r!1 o f") t>lttin-

t cell t t ~ "'-............... ~-.-t 6 

nt or npeeto phlc { tthey etM1 

·11. ro ve :llt 1 y t ov 1l.eblo .. 

...... ~,-..ta ot 1~, ~~ 03 nil ~03 

thot dt ol out ot the ~•: ~ t•tubcn had b en 

t 1t11 vorioua conocmwot1 ~ ot nocm t o, ttor ttvc 

l"C ul.to we e: oo pcroentcee to 1 ~JJPUM,t,-. 

r r1oon, t t'iLtUr uot 11 ~o~to 

leU ru of opplt cltcr.l1o'try (!fl.) t for the parccntsc;e 

c«:tl)oo1 t1 an or ~ alo o vo n 1nru. eo tl'!ft ln t :r1 t 

nol . 'l'hc ~itle 1n t110 n1.ut1on . ov f'J:UJ tllC con 

t tho end ot rirlcnt G l vc on noted i n tbc !'l tb 

col'Ur:11\ 



. 9*1. ,n·.~ . ......_ 

.l.. em co.n.cn 

o, ao.G 

03 11 .. 9 

?. 

It 1. ov1 nt tl' 

0.0005 onil • f'' 

o conccntr t1 

obl t 0-00005!1', 

',I-CO 

n mth 

(82) 

.o5}t Q.OQO!jf o • 
M ~~ .,.. ........ I .. ,. 

_ .. 
71· 77.2 4l.l 50 
21.,8 22.1 r:~.G so 
o.4 o.a .s 
g~ 91 

1000 35 l~ 

l.n.O 10 1 
_. ...... * + .. 

t I diltlt cone n~ i 

t, 

j.o 1c .. r .Ct\lol'lY tiee-
13 t n truch 

otion t'Otio t o. • A1 0 

c # 1' t11 t 100 -. --·... 1nto oluti 
c; 

1 .. 

coo 1lu 

2 

1000 

1000 

e n l&r r 
oluti_D, 

105 

42 

l 
~----------.. "'-"" __ , ___ ._.I .. I .. .....,.~.,_ ----..~ 



(83) 

.: 11 th atll()tta timu: 1n tho dt cuani on :e Poe-A 

1 n , !Yrde dlG -o,. oo l~illoo .. 

M.tall 11 ne 11.~ (7), ckD iUadkn (8)" DG*.en enc.'t 

e:f.o~ ('ll) r:;.etl.Olta (12) Clo not t nt1on Gl\V' tf eta uo to 

tl'~ ion or. •t OH on tl1e ootcr1 1 of' thoir colla. Je~ r'.l 

on Vi ~1 {9J, usin..&J: ~ ... cell. elGin thnt o.ooa .... o .. oln 

lut1~ ot noon, Wbc \ l f"t in t eell f'ov 14 b.-,ur ~ ohomld. 

o !n cCll' l®tivitzr ot le o thDn o.l:,. Siwrtz, net i et" 

and tor (10) 1ntal that t c nd'..lOtivttics o.t 0.005 ... 

o.Olli olutio ot ooH' r 'ha 1g d. in t~ 11! ~quiJ'ed 

ox- me t. unca o ohodlovs ~ cell of ;] no c.ltJt1th 

~wtield end ! ... O"ar!/ (,.l) cd plot11'llf1 cell Col' neon 
cond.Uctiv1ty mea~n-to. :1 hod ob orwa. t oo1ut1.<ms 

or ·n ott ll.!Ml ~d in gl.nac -~ uel ~ha 

0t10Unti in ou:\0 lnstnncco to 1 ... 6 • bUt \'lith. 1)". tlnum veooclo 

thl ouroo or orro~ nl t t d. ~wy f-ound, 

~ .. tt t thO t dll utc olutiona Q!inrul,. 1n conduot1v1eyo 

by <.U.o olut!an of tho rrloeo. 'Jh!l~ t tlut oolution 

l · ou, o~ o. 25rr, rn."tiJ ~l.Y 5000 timeo atronaer t tl"te 
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